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_ surface _ Fig. 5is a sectional view of the carrier-disk
interface of a ' quuid bearing disk file with a skiing transducer _
carrier; 5 ig. 6 is a plan view of the disk side of the skiing
t ransducer -SE%F?lgg’of t he present i nventi on; Fig. 7is a

side view of the carrier of Fig. 6 on a disk;
TRANSDUCER ASSEMBLY AND DATA RECORDING DISK FILE INCORPORATING SAME

This invention relates to transducer assemblies and data recording
disk files including an improved transducer carrier at the head-disk

5 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 fér reading or
writing data onto the various tracks, and an actuator connected to a

10 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

15 disk to provide a substantially sealed environment for the head-disk
interface. In conventional magnétic 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 maintained against the disk surface by &
small force from a suspension which connects the slider to the actuator,

20 so that the slider is in contact with the disk surface during start and

. stop 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.

25 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 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

30 an o0il reservoir external to the disk file and discharged from a nozzle
located ahead of the carrier. In 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
carrigr which has triangular shaped feet to plow through the low

35 wviscosity liquid layer. This reference suggests that if the disk file is
hermetically sealed with no air _present the 16w vapor pressure lubricant
can evaporate which allows the$requ1red reé%rcula%ﬂb “?f{@hqﬂguh?icant ﬁq
occur by distillation. e §5 g RS >




Figs. 8A and 8B are pl \Lg&ﬂ@sm&; laexinat i ve enbodi nents of the skiing
transducer carrier of t nt| on, illustrating 10 alternative
positions of the front Elmi “ uts; THISTSIGEET 845 BEENGD are
al ternative enbodi nents transducef car rHE?[_AQEDt he gresent
I nvention, illustrating additional Skl feet or Biruwts stpporti ng
the carrier \shero2-bm disk file is not 2operating; and 15 - Figs.
9A-9F are sectional views of the skii ng transducer carrier of Fig. 8A
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wvherein a %on—rec1rcu§£&1ng high vf%cosi%y Iubricant film is maintained
5 on the disk and a transducer carrier, having specially adapted ski feet,

skis on the liquid film as the disk rotates. The transducer carrier
described in tﬁose applications is a modified three-rail air-bearing
slider which has a forward ski foot formed on each of the outer rails and
a rear- ski foot formed -on the center rail, the ends of the three ski feet

10 Dbeing essentially coplanar. When the disk file reaches operating speed,
the forward ski feet are raised above the liquid film due to the air-
bearing effect of the slider rails, while the iiquid lubricated rear ski
foot skis on the liquid film.

There are several challenges facing the developers of improved
15 liquigd-bearing disk files with skiing transducer carriers. The carrier
must provide a low static friction ("stiction") head-disk interface
because liquid—beafing disk files generally have larger amounts of free
lubricant'and smoother disks than air-bearing disk files. The carrier
must also be designed to minimize lubricant depletion from the disk. 1In
20 addition, the carrier must be able to perform adequately over a wide
range of relative carrier-disk velocities which occur at different disk

radii.

The present invention provides, in one aspect, a transducer
assembly for a data recording disk file which utilizes a liquid-bearing
25 head-disk interface, the assembly comprising: a transducer carrier
having a disk side, a front end and a trailing end,.the carrier
comprising an air-bearing surface on the disk side towards the front end,
a liquid-bearing ski surface on the disk side towards the trailing end
and shaped to have its leading edge wider than its trailing edge, and a
30 strut structure to support the air-bearing surface away from the disk
when the disk is not rotating, and; a transducer located on the carrier
hear the carrier trailing end for reading data from or writing data to
" the disk.

When incorporated in a disk file, the struts support the air-

35 bearing surface off the liquid film of the disk to provide a static
pitch-up for the carrier when the disk file 1s.hot operating. 1In a _
_preferred embodiment, the air- bearlng surface is in the form of a&pa1r‘5§i

alr—bearlng rails located outboafd of the rear ski pad so that only a“ '
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the carrier. The rear ski pad preferably has a convex shaped leading

edge which is wider than its trailing edge to minimize stiction and
lubricant thinning during skiing, and the angle -between the leading and
10 trailing edges of the pad is preferably selected to enable the pad to ski
over the wide ranges of carrier-disk velocity (and corresponding skew
angle between the carrier and a tangent to the disk track in rotary
actuator disk files) which occur as the carrier moves from disk ID to OD.

"In a second aspect of the invention there is provided a disk file

15 comprising: at least one data disk having a liquid film thereon; a
motor; connected to the disk for rotating the disk; a transducer assembly
according to the firsr aspect of the invention; an actuator for moving
the carrier generally radially across the disk so the transducer may
_access different regions of data oni the disk; means connecting the

20 carrier to the actuator for urging the ski surface of the carrier into
contact with the liquid film on the disk during rotation of the disk; and
means for supporting the motor and acfuator.

Thus is provided a liquid-~bearing disk file with an improved head-
disk interface which reduces stiction, minimizes lubricant depletion from
25 the disk, and permits the transducer carrier to ski over a wide range of

velocities.

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 a liquid-bearing disk
30 file H

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

Fig. 3 is a perspective view of a spacer ting lubricant reservoir
shown in partial cutaway of the type used in a liquid-bearing disk file;



nmotor 12. A read/wite 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
5 the recordi ng%ﬁ%i"éé(' Ejgg During operation of,the disk file the drive notor
12 rotates the dI's f at a constant speed, and the actuator 14, which is
typically a |inear @igtof asya phdarceieObf twetlanttén/Ch)diskmids dfhen waietteduizer

carrier 20 gene%ﬁh%ymgagighl% Ase0s Ssili hsurgadd;ace of the disk 16 so that
the read/wite ad may access different data tracks on disk 16. 10

Fig. 2is atop viewof the interior of the disk file with the cover 11
removed and il ustrdtigs Sahks annaestdpnalypiew aftthe coperias-diskointghfagg of a serves
as a neans for houdd-Bgaringuppkysiak witgui Gkiibar t:aasduckerearrieri epl eni shment
of the liquid filmon the surface of disk 16. A thin continuous film of
a relatively high viscosity lubricant i s _majntained on 15  the. surface of
di sk 16 and Bs repl diAfsifed® ByPIALYICURE the shskRide of phesakijnp trapsdyGrt ng
operation. Fig.cazridrsof itheuseseitednventbat:t er detail the suspension 24
whi ch provides a force to the carrier 20 to maintain the carrier in
contact with the lulricagnt filmon.the_disk 16. The . suspepnsi.on may be a
conventional type of lguggéﬁsai 8}12&%%71"’ §§dtthﬁa‘iarﬂlseerd°fr€1§06 fdn Jts:k(': di sk
files which have an air-bearing slider. An exanple is the

Figs. 8A and 8B are plan views of alternative embodiments of the

skiing transducer carrier of the present invention, illustrating

10 alternative positions of the front ski feet or struts;

Figs. 8C and 8D are alternative embodiments of the skiing
transducer carrier of the present invention, illustrating additional ski
feé% or struts for supporting the carrier when the disk file :is not
operating; and

15 Figs. 9A-9F are sectional views of the skiing transducer carrier of
Fig. 82 illustrating sequential steps in the fabrication of the carrier
of Fig. 8A.

The liquid-bearing disk file with the skiing transducer carrier
referenced in the co-pending European applications will be described
20 Dbriefly with respect to Figs. 1-5.

Referring first to Fig. 1, there is illustrated in sectional view a

schematic of a liquid-beariﬁg disk file. 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

25 housing for the disk file. Typically there is a gasket 13 located
between base 10 and cover 11 and a swall 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

30 and there is no external forced air supply for cooling the interior
components. A magnetic recording disk 16 is connected to drive motor 12
by means of hub 18 to which it is attached for rotation by the drive



wel b - known Watrous suspension, as described in U S. Patent 4,167, 765.
: This type of suspension-also provides a ginballed attachment of the
transducer carrier which allows the carrier to pitch and roll as it rides

on the liquid lubricant film 25 The annul ar | ubricant reservoir
30, which mayspalep-o3erve 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 meapriZsed 5e3d/HEiter hepdnon (Fsamgducer (rghi shewp) igpfmed@nfd om a
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el ect rost at i CHFEIHAY FEnsRELHY FRAPLIACERS S PR FRtarn oL the Biak,16,50 Ygtor
pores in thosheareadiwrithchepégwyvasicess Sifferant dataelragkshon disk Uer i cant by
placing it in a vacuum immersing it in the lubricant, and heating it

slightly .rl.& i ner e%i& t2h.|e.s raa;.o% @ie%k %ei J‘t‘ntLllL:i!oL’sdf Ill;'ee d[j.]mg{e 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 the liquid film on the surface of disk 16. A thin
continuous film of a relatively high viscosity lubricant is maintained on
15 the surface of disk 16 and is replenished by lubricamt from the
reseryvoir 30 during operation. Fig. 2 also illustrates in better detail
the sﬁspension 24 which provides a force to the carrier 20 to maintain
the carrier in contact with the lubricant f£ilm on the disk 16. The
suspension may be a conventional type of suspension such as that used in
20 magnetic disk files which have an air-bearing slider. Aan example is the
well-known Watrous suspension, as described in U.S. Patent 4,167,765.
This tfpe 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 £ilm.

25 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

30 entirely sealed, either by electroplating a material such as gold or by
glectroless 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

35 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
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“SA9+ 92- 010 6 " and size of the openings 36 are
sel ect ed T proovi de the desired ampunt of controlled |ubricant escape
during operation of the disk file, which is designed to nmatch the rate
at which lubricant | eaves the disk. \Wen the annulus 32 is designed to
al so serve as gqoSPAges ring in disk files vyhich 5 have nultiple disks
supported in a stack on the hub 18, the openings 36 may be | ocated
nearer to the aspdrdizenst ohe bheningaSér ard sglaghed togprovide the desivedcmowt kft he

di sks, so _thatco_ﬁé—'émécedu@ﬁ%ewgscﬁieed@aaecdpamqomotfht&neisk £i1Qf, Jrfien is
correspondi ng di sk surfaces. d he_si ni

36, the factor €Sy ht°a?‘?té:cttl}lehn5§rfeal gwond}‘ 3‘5‘%’7155?1 ieaevcaé%i %\hgee?if'nsé‘ '18&%‘ sﬁ?‘gs

i ncl ude the smovihwiedd ipfdeshgned &k alshEeHVesRs (foFRASEH TANT JPedisk fHes vhich

Vi scosity of tiaee mubtiptandiskatippdiees ainr & estacleshgihe Mibens t Biee dp&lings 380t

rotating, themgeme' 16da¥e@Thbl} 05 thDSdRIHSoS RADIBaLd K PiTBRh 8lreOfn

annulus 32 holcorstta;[créewi!thqtmeddisqél,dseo hrl]a\et ggfeeclig&) Io{wénings 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

10 disk include the smoothness of the disk, the disk rotational speed, the

viscosity of the lubricant, and the carrier design. Wwhen 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 specific type of lubricant reservoir or holding means is

15 not part of the present invention, there are numerous alternative
reservoirs which are possible. For example, in some applications where
the €ota1 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

20 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
vwhich has a higher viscosity so that the rate of depletion is somewhat

25 reduced. '

Fig. 4 illustrates the transducer carrier, denoted 20, which is
" described in applicant's co-pending application EP 522714. The ski feet
40,42 ,44 are formed on a conventional three-rail air-bearing slider, such
as that described in U.S. Patent 4,894,740. Each of the ski feet
30 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 or other etching means. The result is that the ski feet are the
remaining outer portions of the rails projecting outwardly from the newly
35 defined rails of the slider, with the ends of the ski feet_being
essentially coplanar. The ion milling is performed in a manner such that
there is a slight taper of the ski feet away from the outer surface of
the rails. This taper of the ski feet allows the transducer carrier to



Wi l'e the specific type of lubricant reservoir-or holding neans is 15 not
spart of the present invention, there are numerous alternative

reservoi rs which are possible. For exanple, in sone applications where
the total running tinme of the disk file is relatively short (e.g. severa
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carbon overcoat 60. The liquid lubricant is deposited as a film 64,

10 preferébly to a thickness in the range of approximately 2 to 10nm (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
tapéred at approximately a ten degree angle to an etch depth of

15 approximately 400nm. (4,000 Angstroms). The transducer 46 (Fig. 4) is
supborted on the trailing edge of the carrier 20 at the end of ski
foot 44, and so i5 maintained at a spacing of approximately the lubricant
film thickness. (e.g. 2 to 10nm (20 to 100 Angstroms)) from the top of the
recording disk. bDuring operation of the disk file the suspension 24

20 (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. 5) improves the ability

25 of the carrier to ski as it provides less of a barrier to the lubricant
which passes under theé end of ski foot 40 during start up of the disk
file. When the disk file reaches operating speed, the air-bearing rails
50,51 cause the ski feet 40,42 to 1lift off the liquid film, while the
suspension maintains ski foot 44 in skiing contact with the liquid film.

30 Referring now to Figs. 6 and 7, there is illustrated an embodiment
of a skiing transducer carrier 100 according to the present invention.
Carrier 100 has a disk side 102, a back side 104, a front end 106 and a
trailing end 108. A transducer 109, such as a conventional thin film
head for reading or writing data from the disk, is formed on the trailing

35 end 108 of carrier 100. Head 109 may be an inductive read and write
transducer or an inductive write transducer with a magnetoresistive (MR)
read transducer formed by thin film depositidﬁ techniques as is well
known in the art. an air-bearing surface is provided on the disk side
102 of carrier 100 in the form of a pair of rails 110,112, each rail



etching or other etching neans. The result is that the ski feet are the
remaining outer portions of the rails projecting outwardly fromthe newy
35 defined rails of the slider, with the ends of the ski feet being
essentially coplanar. The:ion mlling is perforned in a manner such that
there is a slight taper of the ski feet away_fromthe outer surface of
the rails. ThisSP9&rO%f the ski feet al l ows®the transducer carrier to

SA9-92-010 1.ving a respective front ¥aper 114,804 Ualiky 1pkhtedNod @Re Aisk RQde
relatively hi ghlg:lz Snegt)rS IttrXilligg re'n%aﬂ)ta :fr.é larrgl?in foot or E:Qg 1qhswli1'ich provides a
. skiing surface for skiing on the liquid film 146 maintained on disk 150
(Fig. 7). As shown in Fig. 7, the skiing surface of ski pad 118 is
5 essentially coplanar with the air-bearing surface of rails 110,112.
Extending from the air-bearing rails 110,112 near the rear end of tapers
114,116 are a'pair of forward ski feet or struts 120,122. BAs depicted in
Fig. 7, the struts 120,122 provide a static pitch-up position for carrier
100 when the carrier is at rest on the surface of disk 150. Thus, when

10 at rest the air-bearing surface of rails 110,112 is maintained '
essentially out of contact with the liquid film 146 on disk 150, thereby
minimizing the static friction at the carrier-disk interface. The static
pitch-up of the carrier due to the struts 120,122 also defines the
shallow angle between ski pad 118 and the liquid film 146 on the disk,

15 which facilitates the skiing function of the ski pad, in the manner as
described with respect to Fig. 5. 1In addition, the ends of the struts,
begause they are in a plane parallel to but not coplanar with the ski pad
surface, also define a shallow angle with the liquid film. The
dimensions of air-bearing rails 110,112 are selected such that at the low ’

20 ,end of the velocity range of operation of the disk file approximately 80%
of the suspension load is borne by the air-bearing, while the remaining
load is borne by ski pad 118. Thus, at operational speed the front end
of carrier 100 and the struts 120,122.are maintained out of contact with
the liquid film 146 and the rear ski pad 118 skis on the liquid film 146,

25 in the manner essentially as shown in Fig. 7. Because there is lack of
any significant air 1ift in the rear region of the carrier 100 due to the
absence of air-bearing rails in that region, the ski pad 118 is
maintained in contact with the liquid film 146 on the disk 150 over a
wide velocity range. This maintains the transducer 109 in close spacing

30 to the magnetic layer on the disk 150.

Ski pad 118 has a leading edge 124 which is wider than its trailing
edge 130. The sides 126,128 of ski pad 118 are thus slanted relative to
the length of the slider. 1In the preferred embodiment the sides 126,128
are angled approximately 20 degrees relative to the length of the slider.
35 By making the rear ski pad 118 wider in the front than in the back, the
ski pad 118 is prevented from acting as a plow, thereby minimizing
depletion of the lubricant in the wake of movement of the disk 150 under

Y

the ski pad 118. This also maintains low drég and results in a
minimization of thinning of the lubricant under the pad 118. 1In disk
40 files with rotary actuators, the length of the slider is tangential to
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The interface between the transducer carrier and the disk with the

| ubricant filmis illustrated in Fig. 5. In the preferred enbodi nent, 5
the disk 16 has as its upper solid portion a conventional anorphous
carbon overcoat film®60, which is typically approximtely 25nm (250
Angstrons) thick. g gnetic layer 62, sugh as a conventional cobalt
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leading edge 124, combined with the fact that the front portion of
15 carrier 100 is maintained off of the surface of disk 150 as shown in
F%g. 7, minimizes any plowing action and guides any loose debris that may
be present on the disk to either side of pad :118.

"It has been determined that with the rear ski pad design of the

present invention it is possible to eliminate the lubricant reservoir for

20 some disk file applications. 1In one experiment several liquid bearing
disk files were assembled without a lubricant reservoir of any type and
with a transducer carrier like that depicted in Fig. 4, but modified so
that the rear ski pad 44 had the shape of the ski pad 118 in Fig. 6.
These files have operated continuously for over five months, with only

25 occasional start/stops and intermittent tear downs to check for wear. No
wear has been observed and the files continue to operate. Thus while
there are some applications of disk files which will require very long
run times and thus some means of maintaining the liquid film on the disk
will be a necessity, in certain applications where the run time is

30 §ignificant1y shortér, the transducer carrier of the present invention
‘will permit the elimination of a reservoir. Such disk files will thus be
less complex and costly.

Referring now to Figs. BA-8B, there are illustrated other
embodiments of the carrier wherein the struts 120,122 are located inboard
35 or outboard of the air-bearing surface rails 110,112, rather than on the
rails as in the embodiment of Fig. 6. In these embodiments, the struts
120,122 exterd directly from the disk side 102 of the carrier. These
embodiments have the advantage that since the struts 120,122 are not



whi ch passes under the end of ski foot 40 during start up of the disk.
file. Wien the disk file reaches operating speed, the air-bearing rails
50, 51 cause the ski feet 40,42 to |lift off the liquid film while the
suspensi on mai ntains ski foot 44 in skiing contact with the liquid film

30 Referg#gpgzqgw to Figs. 6 and 7, there is illustrated an
enbodi ment a skiing transducer carrier 100 according to the present
i nventi on. Eamediam UGOrads BLOHLLX, shyleffeR om theekridirdanceOdt the faiont

end 106 and a pearlihdiiki diIneitted081n Adiitidi(lutestald BndSereP FStike disk file
conventional thin fli%mo acgBRAZLIA! of QUG Ln Wik 1N1Gs 4ALA %gsm{;se gy sk, -

is fornmed onthe ral 108 of carrier ‘be” an
i nductive read gt Wr’Ffb° 15 "Fﬁ‘é‘i‘?gducer or an inductive wite transducer
wi th a magnetoresistive (M) read transducer formed by thin film
deposi tion te@chni quagfrasring nédl to Figs.KBOWD, | thetd@ralill luARafid ahQehdtide

surface 1S B OVLdtdulled 8 skt or rib0% Qe G841 64-ah0R: bhad B  OF M OF

a pair o rails®
carriers are prov1ded with either 3 or 4 struts to maintain the ski pad

118 out of contact with the lubricant film on the disk when the disk file
is not operating. In Figs. 8C-8D struts 132,134 are formed on disk side
10 102 rearward of the center of mass of the carrier. When the carrier is
at rest in the disk file, the carrier sits on struts 132,134 as well as
single forward strut 136 in Fig. 8C or dual forward struts 138,140 in
Fig. 8D. At start up of the disk file the transducer carrier initially
skis on all three or four struts and then rotates about the rear struts
15 132,134 due to the air-bearing lift provided by rails 110,112. At full
operational speed the carrier has rotated onto the ski pad 118 and all of
the struts are maintained out of contact with the liquid film on the
disk. The advantabe of the embodiment of Fig. 8D over that of Fig. 8C is
that because there is no strut directly in the path between the carrier
20 front end 106 and ski pad 118 in the carrier of Fig..8D, lubricant
accumulation on the rear ski pad 118 due to spraying at start and stop is

eliminated.

The preferred method of manufacturing the skiing transducer carrier
will be described with reference to Figs. 9A-9F, which illustrate the
25 steps of manufacturing the carrier depicted in Fig. 8A. Figs. 9A-9F are
sectional views of the carrier taken through a section intersecting the
struts 120,122.

In Fig. 9A a multilayer overcoat 172 is sputter deposited onto

carrier body 170. The body 170 of the carrier is typically formed of a
30 conventional ceramic mixture of titanium carbide (TiC) and alumina

(Al 3) The overcoat 172 comprises a first 5nm1(50 Angstroms) layer of

3111con (5i) sputter deposited onto body 170, followed by 15nm

(150 Angstroms) of amorphous hydrogenated carbon (H:C), 5nm

(50 Angstroms) of Si and a final layer of 200nm (2000 Angstroms) H:C. -
35 The overcoat, the major portion of which is the final 200nm

(2000 Angstroms) layer of H:C, is essentially carbon which will

ultimately form the struts 120,122. A layer of photoresist, such as

‘Riston brand of poly methylmethacralate (PMMA), is then rolled on top of



SA9- 92- 010 8 having a respective front taper

114,116. Also |l ocated on the disk side 102 near trailing end 108 is a
ski foot or pad 118 which provides a skiing surface for skiing on the
liquid film 146 mai ntai ned on di sk 150 (Fig. 7). As shown in Fig. 7,
the skiing surface.of ski pad 118 is 5 essentially coplanar with the
air-bearing SEAPREOW rails 110, 112. %&tending fromthe air-bearing

rails 110,112 pe oai%zrﬁar %ri@sst&p proximaté: 016'86m§f1‘?.m?te9§' rqpf forward
ski feet or struts 120, 1 ruts 120, 122

I.C e s
provi de a st aPhetyeetat hT) "Bﬁ'é |°f‘?‘%%df%ﬁ’°‘ég§‘r?lsé?tablg “5‘.’65 ‘b&&&h#ﬁ’e" Blrier is
at rest on theattarhaerespoiiziy 4% Ehe Findeaphngnraids 10, Bidt, reee shir psbais ng

surface of ralalné sLthsliﬂo | $22081 ARl RYelopmerdtS sEN rbidvaY FUthDtmepptart With
the |iquid Ip otor s:.sr% d{}%acé%r§g%gge§segé§)mted ﬂ %g‘hé’s”%}ﬂ%ﬂ@eﬁsé‘ ricti On

at the carr I'nt er F e carrier due
to the struts aIﬁ? I?‘Z“H%%%’é? hrogvenfaat 172 dp eoweé‘ﬁg‘l’ll?r BetiRe®t "Rar1pad
118 and the | raifisd1£9,11421 4620k Iped dil8kandlStruphileh, F28cvililt wlitdmateRp beki i ng

function of them%lai AR, pﬂoeoztelaesmmr oRY the aflRSCHHeREtpiiid 15€IBLGH110
Fig. 5. In addi tf préc% ttzlgee i ercxits' led ht%%orlé%lsst kslangseqﬁl!lsﬁﬁt h6¥% rGBI nm?

pl ane paralle not™"cop anar- surfta al so
define a sHal p&wear@laémwettﬁhltnﬁeoq PERiing Hroress isrftaen performed to remove the

S$i~C multilayer overcoat in the regions unprotected by photoresist.
Thereafter a reactive ion etching process is performed to etch away the
carrier body 170 down to the depth of disk side 102 to define the air-
bearing rails 110,112 and rear ski pad 118, with the result being

15 depicted in Fig. 9C. The remaining photoresist is next removed and a
second photoresist layer is applied and exposed and developed, leaving a
restpt-iéland 178 just over struts 120,122, as depicted in Fig. 9D. A
subsequent ashing process removes the remaining Si-C multilayer overcoat
from the areas unprotected by the photoresist, as depicted in Fig. 9E, to

20 qéfine rails 110,112. Finally, as shown in Fig. 9F, the remaining .
photoresist layer 178 is removed, resulting in the completed carrier
formed from carrier body 170 and having air-bearing rails 110,112, and
struts 120,122 formed of the Si-C multilayer overcoat and extending
beyond rails 110,112 by approximately 215nm (2150 Angstroms), the

25 thickness of the sputter deposited Si-C overcoat. While not shown in the
sectional views of Figs. SE and 9F, rear ski pad 118 has also been formed
during the process with its skiing surface being formed coplanar with the

air-bearing surface of rails 110,112.

~ The transducer carrier depicted in Fig. 8A was fabricated by the
30 described process with carbon struts 120,122 extending from disk side 102
to approximately 140nm (1400 Angstroms) beyond the air-bearing surface of
rails 110,112. The carrier was tested on a 2 1/2" thin film disk having
a cobalt-platinum-chromium magnetic layer and a 15nm (150 Angstroms)
pProtective carbon overcoat. A conventional perfluoropolyether lubricant
35 (Demnum brand SP) was applied by dipping to form a liquid film with a
thickness of approximately 4nm (40 Angstroms) on the carbon overcoat.
The load applied to the carrier by the suspension was in the range of 4-6
grams. The velocity at which the struts 120,122 lifted off the disk was
in the range of approximately 3-4 meters per second. The rear ski pad
40 118 was measured to be in contact with the liguid film from this range up



di rensions of air-bearing rails 110,112 are sel ected such that at .the |ow
.20 end of the velocity range of operation of the disk file approximtely

80% of the suspension load is borne by the air-bearing, while the
remai ni ng | oad is borne by ski pad 118. Thus, at operational speed the
front end Ghoom-oicer 100 and the strutsi220, 122 are naintained out of
contact with the liquid film 146 and the rear ski 18 skis on the

liquid film 14680 ZPrPHmMAREY TR meSEER RET &SP %‘ﬁoﬁ‘i‘ef‘ﬁ fﬁ’rﬁ'“‘? VaBecause
there is | ack efeasuredhoybesiappidxiinahedy i granst tandnthehdragewas measuved & hehe
carrier 100 dugppoiifdtely 0. &hﬁ‘ingﬁmﬁftl'&bﬁglfbﬁﬁrmégflﬂ.éildp&rdﬂioﬁdla{re]l’oegtyon t he

k300 eror " gange PRIEALNRE D SOnLAGhals bl 0P chilbihet 4P ifRollte B8 o

di sk 150 over rans ucer
in close spati myedOt PEraHenyhFretleps I’é‘y'é*!‘e S%Fkt ﬁ:\éledl Jle 1thdckness of the Ski
pad 118 has a liaclicant @dgamedddedidsch fisictdotiesf rinanting Suting trank followddge

130. The sides g,@%tlaﬁo@fth%km&amm s%?tfn %ﬁtﬁ'a@nniﬁ‘h&fh@ﬁﬂﬁ&é thckneéshe
| ength of the s

he erre
angled appr oxi At ERyosERE 2L CHEARFTtsanDs  IHRE ek SR Leor ek dheshtes 125y
maki ng t he reanbeslqss pdgn 101§mw (§ekngshiranse Aftenttve h’aus iof thesk fedkovinge
ski pad 118 is prevented fromacting as a plow, thereby mnimzing
depletion of the lubricant in the wake of novenent of the disk 150 under
the ski pad 118. This also maintains |low drag and results in a
m ni m zation of thinning of the lubricant under the pad 118. In disk



40 files with rotary actuators, the length of the slider is tangential to

»SA9- 92- 010 9 the disk at only one track
. position. For exanple, in one comercially avai lable 2 1/2" disk drive
the slider is skewed at approximately -4 degregs _at _the inside
di aneter (I1D) g-gzlgislegrees at the outsides di pEy ¢ ki ng
the angl e of trarsg s“r)+des 126,128 of ski pad 118 5 greaterﬁﬂﬁq?é‘i pqgr nmum
absol ute val ue of skew, for exanple appr oxi mat e
assured that the ski pad remains non- mAIMS ng over the corrpl ete angl e
range of operation of the disk file as the carrier noves fromdisk ID._
to disk OD. This permtsthecrrrer erI ove ul |
range of relative cdrrief-HHi*8g ‘i‘f&foaéff'lj‘bglé' 5 2 e%?g%rrr & félrieslz'p’fﬂ to

QD. utilizes a liquid-bearing head-disk interface, the assembly comprising:

a transducer carrier (100) having a disk side (102), a front end (106)
§ and a trailing end (108), the carrier comprising an air-bearing surface
(110, 112) on the disk side near the front end, a liquid-bearing ski
surface (118) on the disk side near the trailing end, the ski-surface
having its leading edge (124) wider than its trailing edge {(130), and a
strut structure (120, 122) for supporting the air-bearing surface away
10 from a disk when the disk is not rotating, and;

a transducer (109) located on the carrier near the carrier trailing end

for reading data from or writing data to a disk.

2. A transducer assembly as claimed in claim 1 wherein no
portion of the air-bearing surface is located on the carrier disk side

15 between the carrier front end and the liquid-bearing ski surface.

3. A transducer assembly as claimed in claim 1 or claim 2
wherein the strut structure comprises a plurality of struts located on

the air-bearing surface.

20 4. A transducer assembly as claimed in any of claims 1 to 3
wherein the struts are located outboard of the liquid-bearing ski

surface.

5. A transducer assembly as claimed in any preceding claim
wherein the air-bearing surface comprises two air-bearing rails (110,

25 112), each rail being spaced outboard. of the liquid-bearing ski surface.
6. A transducer assembly as claimed in any preceding claim
wherein the ski surface on the carrier comprises the surface of a ski pad

extending from the disk side of the carrier.

7. A transducer assembly as claimed in claim 6 wherein the ski

30 pad and the air-bearing surface are essentially coplanar.

AN i\ﬁiﬁﬁii\\ ﬂﬁ\lﬂ =



The | eadi ng edge 124 of ski pad 118 has an essentially convex curvature
with a radius of curvature on the order of the w dt h—efthe—
straight-back trailing-edge 130. The-local convexity TolS SHEEE i#SeBidiN
| eadi ng edge 124, conbined with the fact that the flont pRERLAGEDOf 15
carrier 100 is smar9R-Qithed of f of the surfacé*of di sk—t50—as—showr N
Fig. 7, mnimzes a pl Qwi n 1O (o101 | : rij,s:t Rat may
be present on the dirps{k tgv%ﬁa?ﬁ%%te{éi%ggg%lyp%gdgf%fggxn Nze 5?8?_&1?%,& khl,as been
det er mi ned t hatvharedn EbroskbRad hds HAgadRyi gigedraving an essptdaliyt PFENt i on
it is possible dwvatdursi nate the lubricant reservoir for 20 sone disk file
applications. |In one experinent several |iquid bearing. disk files were
assenbl ed without a |ubricant reservoir .of any .type and j t h

transducer carrier I%ke h%\rtanﬁéuﬁfﬁtagae'rbr%yﬁsg.Cilif.‘,mg‘gdf‘ Hoark cadims s Yo 8\
the rear ski§padenefinhthp shdessoffbe gtkitppsd sunepldag1ths la3dpgyedge with these
files have oper@ghelingostge ndedtind nf aiglewaiich iy egrieatirhshanntiehmatiym 2mount of
occasi onal Stargbdeﬁt&p&eaesirﬂiei §eMhiivENfo LEA! tARMISN P BEGK WA tiPRbrriehO
wear has been 0} servgd <1andsft,ge files continue to operate. Thus while
there are some EpPtitatF Rt disk files which will require very |ong
run tinmes and thus sone-neans of nmaintaining the liquid filmon the disk

will be a necessityzjoln geddtai recapfinigCailskOfide WtRpLisihg: run time is

10 at least one rotatable data disk having a liquid film thereon;
a transducer assembly as claimed in any preceding claim;

an actuator for moving the transducer carrier generally radially across
the'disk; and ’

means connecting the carrier to the actuator for urging the ski surface
15 of the carrier into contact with the liquid film on the disk during
rotation of the disk.

11. A data recording disk file as claimed in claim 10 further
comprising means for supplying liquid to the disk to maintain the liquid
film on the disk.

U
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36"5|gn|f|cantly shorter, the transducer carrier of the present invention

wll pernmt the eli mnatlon of a reservoir. Such disk files will thus be
- less conpl ex and costly. Referring now to Figs. 8A-8B, there
are illustrated other enbodi nents of the carrier wherein the struts
120,122 are |located inboard 35 or outbeagd of the air-bearing surface
rails 110,112, rather than on the rails as in the enbodi nent of Fig. 6.
~I'n these enbodi nents, the struts 120, 122 extend directly fromthe disk
side 102 of the carrier. These enbodi nents have the advant age that
since the struts 120, 122 are not SA9- 92- 010
10
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L3
gormed on the rails 110,112, any effect on the performance of the air-
* bearing is elimnated. In addition, at start and stop-of the disk file -
there is no accumul ation of lubricant on the rails near the struts, so
that stiction is reduced. 5 Referring now to Figs. 8C-8D, there
are illustrated alternative enbodi ne@t/$ to the carriers of Fig. 6 and
Figs. 8A-8B in that the carriers are provided with either 3 or 4
" struts to maintain the ski pad 118 out of contact with the |ubricant
. filmon the disk when the disk file is not operating. In Figs. 8C 8D
i struts 132,134 are fornmed on disk side 10 102 rearward qQf the center of
' mass of the carrier. When the carrier is at rest in the disk filg, the
carrier sits on struts 3p2~134 as well as single forwar rut 6 in
Fig. 8C or dual forward struXs 138,146+ Fig. 8D. start up of the
disk file the transducer carrder initially ks on all three or four
" struts and then rotates abedt WZhe rear struts 15 13A134 due 360 the
- air-bearing lift provideg/by r&fls 110, 112. At full gper ati onal speed
" the carrier has rotated fonto the-ski pad-118 and.all of the struts are
- mai ntained out of contaft with the Jiquid fNmon the &\ disk. The
advant age of the enbodihe { of Fi g.{ 8D over {§hat of Riglscis t hat
because there is no st‘ut directL’1ih t he _pat h bet wee he carrier 20
front end 106 and ski p 5 g-carfrier of Fig. 8DN | ubricant
accurrul ati on .on the rea :

dug to spraying @ tart and stop is
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ﬁelfﬁinated. The preferred nmethod of manufacturing the skiing

Ytransducer carrier W Il be described with reference to Figs. 9A-9F
' which illustrate the 25 steps of manufacturing the carrier depicted in Fig.
8A. Figs. 9A-9F are sectional views of the carrier taken through a
section intersecting the struts 120,122%, In Fig. 9A a
mul til ayer overcoat 172 is sputter deposit ano carrier body 170. The

body 170 of the carrier is typitcally forned of a 30 conventional ceramc

m xture of titanium carbide (Ti Cf\and al um na [err] The overcoat 172
conprises a first 5nm (50 Angstrpng) |ayer of silicon (Si) sputter
deposited onto~body 170,  fol | owg | 5nm (150 Angstrons) of anorphous
hydr ogenat ed carbon (H: C), 5nm {50 &ngstrons) ofSi and a final |ayer
of 200nm (2000 Angstrons) H:. C e 0Wer t e nmj ortion of which
is the final 200nm (2000 An 5 gr of K. I's essentially carbon
which w || ultimately formgrt s |12 . yer of photoresist,
such as Ri ston brand of pol A metjhg PMVA) ,
on top of

is then rolled

FIG. 5




$A9-92-010 11 overcoat 172 to a thickness of
, approximately 0.08 mllimeters. The phot oresi st is then exposed
t hrough a suitabl e nmask which defines a pattern corresponding to the.
. air-bearing rails 110,112, rear ski pad 118 and struts 120, 122. After
devel oprment and renoval of t he unexposed 5 detoreS|st the carrier is as
depicted in Fig. 9B, with photoresist’ areas renmai ni ng over the overcoat
. 172 in the areas where the air-bearing rai |l BISE ORAYEL2, rear. ski pad 118
and struts 120,122 will ultimately be for dgmgﬁnnNohotoreS|sﬁ(?reas
,-over the areas where struts 120,122 will be forned ar ent|9 ed as
. photoresist islands 174,176 in Fig 9B. An 1 oxygen nﬂ et ching or
: ashing process is then perforned1 o enmpve tHhe Si - C pil player over coat
~in the regions unprotected by phdtoresist. Thereaftér] a reactive ion
etching process is perfornedi2®d-gtch away the carrier|b 170 down to
- the depth of disk side 102 to deﬁtnéthe-alr- __QQQ

—112
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gbearing raids-110,112 and rear _ski pad 118, with the result being 15
- ~depicted in Fig. 9C. The renmining photoresist is next renpved and a
second photoresist |ayer is applied and exposed and devel oped, |eaving a .
resist island 178 just over struts 120,122, as depicted in Fig. 9D. A
subsequent ashing process renoves the renainidb/Si-C mul til ayer overcoat
fromthe areas unprotected by the photoresist, as depicted in Fig. 9E, to
20 define rails 110,112. Finally, as shown in Fig. 9F, the remaining
photoresist |layer 178 is renoved, resulting in the conpleted carrier
formed fromcarrier body 170 and having air-bearing rails 110,112, and
struts 120,122 forned of the Si-C nmultilayer overcoat and extendi ng
beyond rails 110,112 by approxi mately 215nm (2150 Angstrons), the 25
t hi ckness of the sputter dd@bsixed Si-C overcoat. Wile not shown i

sectional views of F
during the process w
air-bearing surface o
depicted in Fig.
struts 120, 122 e
(1400 Angstrons) beyo
carrier was tested on
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83 (Demmum brand SP) was applied by dipping to forma liquid filmwith a
thi ckness of approxi mately 4nm (40 Angstrons) on the carbon overcoat.
The |l oad applied to the carrier by the suspension was in the range of 4-6
grans. The velocity at which the struts 120,122 lifted off the di sk was
in the range of approximately 3-4 neters per second. The rear ski pad 40
118 was neasured to be in contact with the Iiéu’lﬁj filmfromthis range up

SA9- 92- 010 12 to approxi mately 15-20 neters per
second. The static friction was nmeasured to be approximately 5 grans,
and the drag was neasured to be approxi mately 0.1-0.4 grans throughout
the file operational velocity range of 5.5-11 neters per second. Both of

t hese val ues are adequate to 5 prevent operational problens in the disk
file. The thickness ‘of the .

. 178
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| ubrti cant was neasured as a function.of run time during track follow ng
operation of the disk file. Starting-with an initial l|ubricant thickness

of approximately 4nm (40 Angstrons), |ubricant depletj
be |l ess than 0.5nm (5 Angstrons) after two days of tra‘qlnsfsﬂggqvw;@BEEN
REp

neasured to

CLAI M5 1. A gmt-a2t03g0r di ng disk file conggi sing:
data disk having a liquid filmthereon; a not or—e n'rh,
di sk for rotating the disk; a trankBHEBAAT for witing data to or

readi ng data fromthe disk;

10

15

TRANSDUCER ASSEMBLY AND DATA RECORDING DISK FILE INCORPORATING SAME

A data recording disk file of the liquid-bearing type has an
improved head-disk interface provided in by a transducer carrier with new
properties. The carrier suppofts a conventional head for reading and
writing data to the disk. The carrier has an air-bearing surface near
its front end, a ski pad near its rear end, and a plurality of ski feet
or struts which support the air-bearing surface off the liquid film of
the disk when the disk file is not operating. The air-bearing surface is
in the form of a pair of air-bearing rails located outboard of the rear
ski pad so that no air-bearing effect occurs in the rearward region of
the carrier to assure the skiing action of the rear ski pad. As
operational speed is approached the air-bearing lifts the struts off the
disk and the rear ski pad is the sole ski foot on the liquid film. The
rear ski pad has a convexly shaped leading edge which is wider than its
trailing edge to minimize static friction and lubricant thinning during

skiing, and the angle between the leading and trailing edges of the pad

is selected to enable the pad to ski over the wide ranges of carrier-disk
velocity which occur as the carrier moves from disk ID to OD.

i



a transducer carrier havi ng a disk side, a front end and atrailing end,
sald transducer g 3 said trailing ¢ the—cart1
conprising an air ﬂél@rShﬂEﬁT HAS BEEN [on the disk sidé HE%M‘E‘Ff\&Eﬂ“TeﬁFE’én , a
Liquid-bearing sk surM@EA@EDthe di sk side near the tra I ma
shaped to have it der than its traill PR§: edqe
plurality of struts to support t he alr-ﬂéarlng surface away Tromtne di sk
when the disk is not rotating; an actuator for noving the carrier
generally radially across the disk so the transducer nmay access different
regi ons of data on the. disk; means connecting the carrier to the

actuator for ur gGFRANSPUCKR ASBENMBE YOANDDATK RECORDING DISKIBUE W th the
liquid filmon the disk during natGRPORAIING'SANEK: and nmeans for

supporti ng the notor and actuator.

ABSTRACT

A data recording disk file of the liquid-bearing type has an improved head-disk
interface provided in by a transducer carrier with new properties. The carrier supports a
conventional head for reading and writing. data to the disk. The carrier (106) has an air-
bearing surface near its front end, a ski pad (118) near its rear end, and a plurality of ski
feet or struts (120, 122) which support the air-bearing surface off the liquid film of the disk
when the disk file is not operating. The alr-bearmg surface is in the form of a pair of air-
bearing rails (110, 112) located outboard of the rear ski pad (118) so that no air-bearing
effect occurs in the rearward regio.n of the carrier (100) to assﬁre the skiing action of the
rear ski pad (118). '

Fig. 6
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T
2. The data recording disk file according to claim [
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lubricant film is maintained on the disk and a transducer carrier, having specially adapted

ski feet, skis on the liquid film as the disk rotates. The transducer carrier described in
those applications is a modified three-rail air-bearing slider which has a forward ski foot
formed on each of the outer rails and a rear ski foot formed on the center rail, the ends
of the three ski feet being essentiglly coplanar. When the disk file reaches opefating
speed, the forward ski feet are raised above the liquid film due to the air-bearing effect
of the slider rails, while the liquid lubricated rear ski foot skis on the liquid film.

There are several challenges facing the developers of improved liquid-bearing disk
files with skiing transducer carriers. The carrier must provide a low static friction
("stiction") head-disk interface because liquid-bearing disk files generally have larger
amounts of free lubricant and smoother disks than air-bearing disk files. The carrier
must also be designed to minimize lubricant depletion from the disk. In addition, the
carrier must be able to perform adequately over a wide range of relative carrier-disk
velocities which occur at different disk radii. |

SUMMARY OF THE INVENTION.

According to one aspect of the invention there is provided a data recording disk file
comprising: at least one data disk having a liquid film thereon; a motor connected to the
disk for rotating the disk; a transducer for writing data to or reading data from the disk;
a transducer carrier having a disk side, a front end and a trailing end, said transducer
being located near said trailing ends, the carrier comprising an air-bearing surface on the
disk side near the front end, a liquid-bearing ski surface on the disk side near the trailing
end and shaped to have its leading edge wider than its trailing edge, and a plurality of
struts to support the air-bearing surface away from the disk when the disk is not rotating;
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
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transducer assenbly according to claim3 wherein the :

the air-bearing surface. 6. The transddcer assenbly according to claim3
~Wherein the struts are located outboard of the |iquid-bearing ski surface,
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disk during rotation of the disk; and means for supporting the motor and actuator.
| Adcording to another aspect of the ihvention there is provided a transducer
assembly for a data recording disk file which utilizes a liquid-bearing head-disk
interface, the assembly comprising: a transducer carrier having a disk side, a front end
and a trailing end, the carrier comprising an air-bearing surface on the disk side near the
front end, a liquid-bearing ski surface on the disk side near the trailing end and shaped to
have its leading edge wider than its trailing edge, and a plurality of struts to support the
air-bearing surface away from the disk when the disk is not rotating, and; a transduc;er
“located on the carrier near the carrier trailing end for reading data from or writing data
to the disk.

According to another aspect of the invention there is provided: a transducer
assembly for a data recording disk file which utili_zes a liquid-bearing head-disk
interface, the assembly comprising: a transducer carrier having a disk si(ie, a front end
and a trailing end, the carrier comprising a liquid-bearing ski pad on the disk side near
the trailing end and having a convexly shaped leading edge wider than its trailing edge, a
pair of air-bearing rails on the disk side near the front end and outboard of the ski pad,
and a plurality of struts to support the air-bearing surface away from the disk when the
disk is not rotating, and; a transducer located on the carrier near the carrier trailing end
for reading data from or writing data to the disk.

DESCRIPTION OF THE DRAWINGS
. 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 a liquid-bearing disk file;

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

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

cutaway of the type used in a liquid-bearing disk file;
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7. The transducer assenbly according to claim3 wherein_the air-bearing
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assenbly according to claim8 V\/nerei n the ski pad and the air- bearl ng
surface are essentially copl anar. Mgﬁmsducer assenbly according to
claim 8 wherein the ski pad has a Ieadl ng ge having an essentially
convex curvat ur @ datd tecofdifig diskTHE ¢eMbrisiagendl y according to claim 8 wherein
the sides of the ski pad connecting the | eading edge with the trailing
edge define an amighst onbidata disk bavdag & lighidafiim theeeonpxi mum anount of skew of
“the carrier relative to data tracks on the di sk when the

a motor connected to the disk for rotating the disk;

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

a transducer carrier having a disk side, a front end and a trailing end, said
transducer being located near said trailing ends, the carrier comprising an air-bearing
surface on the disk side near the front end, a liquid-bearing ski surface on the disk side
near the trailing end and shaped to have its leading edge wider than its trailing edge, gnd
a plurality of struts to support the air-bearing surface away from the disk when the disk
is not rotating;

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 surfacej of the carrier
into contact with the liquid film on the disk during rotation of the disk; and

means for supporting the motor and actuator.

2. The data recording disk file according to claim 1 further comprising means for
supplying liquid to the. disk to maintain the liquid film on the disk.

3. A transducer assembly for a data recording disk file which utilizes a liquid-bearing
head-disk interface, the assembly comprising:

a transducer carrier having a disk side, a front end and a trailing end, the carrier
comprising an air-bearing surface on the disk side near the front end, a liquid-bearing ski
surface on the disk side near the trailing end and shaped to have ‘its leading edge wider
than its trailing edge, and a plurality of struts to support the air-bearing surface away
from the disk when the disk is not rotating, and;

a transducer located on the carriér near the carrier trailing end for reading data

. from or writing data to the disk.
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surface is located on the carrier disk side between the carrier front end and the liquid-
bearing ski surface.

5.  The transducer assembly according to claim 3 wherein the struts are located on the
air-bearing surface.

6. The transducer assembly according to claim 3 wherein the struts are located
outboard of the liquid-bearing ski surface, whereby no struts are located between the ski
surface and the disk front end.

7. 'f‘he transducer assembly according to claim 3 wherein the air-bearing surface
comprises two air-bearing rails, each rail being spaced outboard of the liquid-bearing ski
surface. |

8.  The transducer assembly according to claim 3 Wherein the ski surface on the carrier
is the surface of a ski pad extending from the disk side of the carrier.

9. The transducer assembly according to claim 8 wherein the ski pad and the air-
bearing surface are essentially coplanar.

10. The transducer assembly according to claim 8 wherein the ski pad has a leading
edge having an essentially convex curvature.

11. The transducer assembly according to claim 8 wherein the sides of the ski pad
connecting the leading edge with the trailing edge define an angle which is greater than
the maximum amount of skew of the carrier relative to data tracks on the disk when the
carrier is in the disk file. |

12.. The transducer assembly according to claim 3 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 ski surface of the carrier into contact with the

~liquid film on the disk.

13. The transducer assembly according to claim 12 wherein the carrier to actuator

connecting means includes means for providing generally gimballed movement of the
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carrier, whereby the carrier may pitch and roll as|[ifs, Kims S ACE 5|
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14. A transducer assenbly for a data recording di sk gl elvfliJiL 1992 i Zes a
| i qui d-bearing head-disk interface, the assenbly Isipgrrr
transducer carrier having a disk side, a Font end and a traili ng end, the
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air-bearing surface away fromthe di sk when the disk is not rotating, and,
a transducer4.| ogataddwer hsembly forer daie sdcotdisg dizk rfile whictautilizeg adivphid-bearing
reading data fromor witing data to the disk.

head-disk interface, the assembly comprising:

a transducer carrier having a disk side, a front end and a trailing end, the carrier
comprising a liquid-bearing ski pad on the disk side near the trailing end and having a
convexly shaped leading edge wider than its trailing edge, a pair of air-bearing rails on
the disk side near the front end and outboard of the ski pad, and a plurality of struts to
support the air-bearing surface away from the disk when the disk is not rotating, and; ‘

a transducer located on the carrier near the carrier trailing end for reading data

from or writing data to the disk.
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ABSTRACT
TRANSDUCER ASSEMBLY AND DATA RECORDING DISK FILE INCORPORATING SAME

A data recording disk file of the liquid-bearing type has an
improved head-disk interface prov1ded in by a transducer carrier with new
properties. The carrier supports a conventional head for ré;élng and
writing data to the disk. The carrier has an air-bearing surface near
its front end, a ski pad near its rear end, and a plurality of ski feet
or struts which support the air-bearing surface off the liquid film of
the disk when the disk file is not operating. The air-bearing surface is
in the form of a pair of air-bearing rails located outboard of the rear
ski pad so that no air-bearing effect occurs in the rearward region of
the carrier to assure the skiing action of the rear ski pad. BAs
-operational speed is approached the air-bearing lifts the sgrutswaf the
disk and the rear ski pad is the sole ski foot on the liquid film. The
rear ski pad has a convexly shaped leading edge which is wider than its
trailing edge to mlnlmlze static friction and lubricant thinning during
skiing, and the angle between the leadlng and trailing edges of the pad
is selected to enable'the pad to ski over, the wide ranges of carrier-disk

velocity which occur as the carrier moves from disk ID to OD.



