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DI DRI VE HEAD ASSEMBLY DESCRI PTION'5 his invention selates t

Hat a recordi ng di sk drives, and nore particul a?f SR h%a&&dasseﬁ%%geﬁor-%-
use in such disk drives. Disk drives, also calP&daiesik fpdoed ... 5% ¢ paged .4F.. ;

information storage devices that use a rotat aiierakisd(s\V pdyed ONCERW pideqdat a
tracks contai niwgg%oggg the information, a helagaBEudd ans &§" j;D?]o éeggéing
and/or witing data onto the various tracks, fand an actuator "¢on eRq%Ea -ro

carrier for the head for noving thﬁsfleﬁﬁvé%ﬂ@%%yed”“k and
maintaining it over the track centerline during read or wite operations.

There are typically a plurality of disks separated by spacer rings and
stacked on 15 a hub, that is rotated PBSCRIRIIOX drive notor. A housing
supports the drive notor and head actuator and surrounds the head and di sk

to provide Sa subst aq;x.salillyen%?c%! ?glaq_ms/i roogar@n}'ecgtg{' Lh 1spe rg\_redsi S:L(nci. ot eer face.
I n conventi'onal magneti C recording & sK rives, Hé ead Carrier 2 I S
an air-beari ng PeFHFalaglgate pi krdd Tifemblyesn HiF or syFh dApbWEivtese di sk surface

when the disk is rotating at its operational speed. The slider is
mai nt ai ned next to phg diSlesSWikacR1bya didiCkfilesV @Y fnEaGiakon storage
devices that use a rotatable disk with concentric data tracks containing
10 the information, a head or transducer for reading and/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
15 a hub that 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 drives, the head carrie5 —
20 is an air-bearing slider that rides on a bearing of air above the disk
surface when the disk is rotating at its operational speed. The slider
is maintained next to the disk surface by a relatively fragile
suspension that connects the slider to the actuator. The slider is
either biased toward the disk surface by a small spring force from the
25 suspension, or is “self-loaded” to the disk surface by means of a
negative-pressure" air-bearing surface on the slider. Contact
start/stop (CSS) disk drives operate with the slider in contact with the
disk surface during start and stop operations when there is insufficient
disk rotational speed to maintain the air bearing. In contrast to CSS
30 disk drives, Yload/unload" disk drives mechanically unload the slider
from the disk when the power is turned off, typically by means of a ramp
vhich contacts the suspension when the actuator is moved to a
predetermined location, and then load the slider back to the disk when
the disk has reached a speed sufficient to generate the air bearing.
35 Both types of disk drives maintain a relatively thin lubricant film on
the disk surface to prevent damage to the head and disk caused by any

contact between the head and disk.
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suspension that connects the slider to the actuator. The slider is either-
bi ased toward the di sk surface by a snall spring force fromthe 25

suspension or is "self-loaded" to the disk surface by neans of a

"negative-pressure” air-bearing surface on the slider. Contact start/stop
(CSS) disk drie¥8ptrate with the slider2in contact with the di sk surface
during start and stop operatlons when there is insufficient disk rotational
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di sk. In addition, this spacing is not maintained constant, but varies with
disk radius because the air velocity beneath the air-bearing slider is
directly proportional to the relative velocity of the disk beneath the

10 slider. To both minimize the head-disk spacing and to maintain it
constant with disk radius, liquid bearings have been proposed as
possible alternatives to 'the conventional air bearing at the head-disk
interface in magnetic recording disk drives. For example, in assignee's
pending application, U.S. Serial No. 264,604, filed October 31, 1988,

15 and published May 9, 1980, as European published application EP 367510,
a disk drive is described which uses a continuously recirculating, low-
viscosity liquid lubricant.which is maintained as a relatively thick
layer on the disk, and a transducer carrier that has triangular-shaped
feet to plow through the lpw-viscosity liquid layer. The EP 367510 —

20 reference suggests that a head-disk spacing of approximately
500 Angstroms can be obtained with a liquid film having a thickness of
approximately 10,000 Angstroms. Similarly, in U.S. Patent 5,097,368
assigned to Conner Peripherals, filed December 20, 1989, and issued
March 17, 1992, a recirculating 1iquid-bea}ing disk drive is described

25 in which a head-disk spacing of approximately 300-700 Angstroms can be
achieved at the operating speed of a conventional air-bearing disk drive
if a load of approximately 45 grams is applied to force the head carrier
against the liquid bearing (see Fig. 6 of the '368 patent).

30 In U.S. Patent 4,991,185 assigned to Toshiba, filed in the U.S5. on
July 10, 1986, and issued February 13, 1990, the problems of minimizing
and maintaining constant the head-disk spacing are addressed by a disk
drive which uses a combined air and liquid bearing to support the
transducer carrier. An air-bearing slider provides support for the

35 forward portion of the carrier while the rear portion, which includes
the magnetic head, contacts and is supported by a conventional liquid
lubricant film. This patent sugéests that a head-disk spacing of less
than approximately 800 Bngstroms can be achieved using a lubricant film
of greater than approximately 200 Angstroms thickness. . -



AMB- 93- 029 2 It has been known since the early
days of magnetic recording that m nim zing the head-di sk spacing is

desi rabl e because the anplitude of the read signal fromthe disk increases
Wit h decreasi ng head- di sk spacing. Hi gher recording densities can thus be
achi eved. | n®4%?3"nventional, comerciall y avail abl e air-bearing disk
drives the m ni num achi evabl e head-di sk spacing is typically between

1000- 2000 Angstro jti S [ .S N L nt.aj opst ant ,
but varies wiih digie Faqed b dseloler SR €%eé€j5f§5%§%e'aif%i%d‘ﬁ§“ﬁ 2
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proposed_as possible alternativ e_conyentiona i r beayling. a e

head- di sk i nf& 5%%?’%“1?89 éf*?’%%?%‘c%ﬁaianﬁe?dis 1drqa@es.wﬁffbrt9%>agé €7 n

assi gnee' s pEfafhag orppitilngtsrerd. Ehesaisdepring\ffetcaf g4, siiferedatist ober 31,

1988, 15  prsbipedlths hedmdvyysippodOI0r ths dabirDpeamipdlithe shed skppddacat i on EP

367510, a di il LigBateh PRSGELRRL WILEN ARS8 (OGNS ey eChfcul at i ng,

| ow vi scosMg/, i quid_l ubricant ich 1s maintained as a relatively thick

thickness of the lubricant film on the disk is approximately 20-

10 100 Angstroms, which would also be the approximate head-disk spacing
between the rear pad and the disk surface, assuming a perfectly smooth

disk surface.

While liquid-bearing disk drives present the opportunity for

15 closer head-disk spacing than air-bearing disk drives, they also present
several difficulties. The carrier must provide a low-static friction
("stiction") interface when the carrier is at rest on the disk because
liguid-bearing disk drives have thicker lubricant films and smoother
disks than air-bearing disk drives. The carrier must also be designed
20 to create small drag through the liquid film and to minimize liquid

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.

25 Accordingly the invention provides a head assembly for a disk
 drive comprising: a transducer for writing data to or reading data from
the disk; and a carrier supporting the transducer and having a disk
side, a front end and a trailing end, the carrier comprising an air-
bearing pad on the disk side near the front end, an air-bearing pad on
30 the disk side near the trailing end, and a nonair-bearing surface
separating the front and rear air-bearing pads. Typically the transducer

is located near the trailing end of the carrier.

Such a head assembly provides an improved head-disk interface that

35 takes advantage of an air bearing to aveoid the problems associated with

liquid bearings, yet provides a head-disk spacing that is significantly

less than achievable even by a liguid bearing, and is less sensitive to
variation with disk radius and to variations in head-carrier

manufacturing parameters. ’ -
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| ayér on the disk, and a transducer carrier that has triangul ar-shaped f&ét
to plow through the | pwviscosity liquid |ayer. The EP 367510 20

ref erence suggests that a head-di sk spaci ng of approxi mately 500 Angstrons
can be obtai nggo\htdbea iquid fil mhavingsa thickness of approxinately

10, 000 Angstronms. Simlarly, in US. Patent 5,097, 368 assigned to Conner
Peri pherals, filed Decenber 20, 1989, and issued I\/arch 17, 1992, a
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constant the pacl ng are addr esse rrve ICh uses a

conbi ned air sthetpridatty sederiy #BF Lhpfoe tret“ﬁé‘lf"rbéﬁé’d’l?c‘éard tarlerated ot
ai r-beari ng skhdapngitodinddscestgypond of othet dver 85, forward portion of the
carrier while the rear portion, which includes the nmagnetic head, contacts

and is s%)ported byn ger(x:e(g'g enct :ltsoggvanltggeous for the surface atrea of the front

air-bearing pad or pads to be greater than the surface area of the rear

air-bearing pad. This ensures that the carrier is pitched up during

operation of the disk drive. It is also beneficial for the front air-

bearing pad or pads to have a leading edge with an essentially convex
15 curvature, to minimise air drag and to push away any partlculate '

contamlnatlon on the disk surface.

In a preferred embodiment the rear air-bearing pad has a leading

edge wider than its trailing edge. This produces low drag, and also —

20 helps to avoid depleting ligquid in the lubricant layer on the disk. In
order to achieve this affect over the whole disk surface, preferably the
sides of the rear air-besring 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 a disk when the

25 carrier is operational in a disk drive. It is further preferred that the
leading edge of the rear air-bearing pad is nonparallel with its
trailing edge, to compensate for the skew of the slider to minimize the
flying height variation from the disk inside diameter to outside

diameter.
30
In a preferred embodiment, the front and rear ends of the carrier
are generally parallel ridge sections oriented transversely to the
longitudinal centerline of the carrier and the nonair-bearing surface
separating the ridge sections is recessed from the ridge sections.
35

Having the nonair-bearing section recessed prevents it from producing
any lift. Generally the nonair-bearing surface extends across
éubstantially the entire width of the carrier. It is also possible for
the front ridge section to comprise a pair of laterally spaced-apart

ridge areas, each ridge area supporting an air-bearing pad. Preferably

m\m\ \m\ i ﬂ
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luBricant film This pat ent suggests that a head-di sk spacing of |ess than
approxi mately 800 Angstrons can be achi eved using a |ubricant film of
greater than approxi mately 200 Angstrons thickness. 3 Mre recently, in
assignee's U QuoRatgsd 5,202,803, filed July 2, 1991, and issued April 13,
1993, a disk drive I's described in which a conventional nonrecircul ating,-
hi gh- viscosity lubricant filmis maintained on the disk and the transducer
carrier is a rendifroftl ribigeeeddoh Abludeed kG red isULFackNalhibBiaSebedrairectKi

pad. Wen the_a]qp&tgrgh eftroggcaq«;sbegp yaéédwgr}ggéeor the air-bearing effect of

the slider rails provides t rimar upport the carrier, while the
rear ski pad, which supports the magneti ¢ head, contacts the Iubri cant
film The thicknes3tagfs ¢l pessiblpafier thd hrewh atdrabll sk inslagrpprostirmht el y
20- 100 Angst r qgBatewhdt Bt WRHL € ok SPobE aime@mg@samtresdﬁa@ln@lbs{iﬁesm&; ng

bet veen the. 163" a2 ad: Lk dhel?YIUERGR. ABPILGiS RELL SGLIAcoImOLD i sk

surface. Wile ﬁ% I'ves pres unit
cl oser head- d|°§k”§pé’cﬁknbtl?h g ¥E. Beedei 4G %Eroaﬁuwsbeatrwég/pa%oﬂmres@nt
several diffi aubtriueson Tlch 6Arthewy. The struts serve to reduce start up friction

and low velocity drag, as well as providing increased lift. Another

10 possible way of reducing start up friction is to include a carbon film
on at least one front air-bearing pad for supporting the front of the
carrier substantially off the lubricant film when the carrier is on the
disk.

15 Such a head assembly can be incorporated into a disk drive, also
including at least one data disk having a lubricant film thereon; a
motor connected to the disk for rotating the disk; an actuator for
moving the head assembly generally radially across the disk so the
transducer may access different regions of data on the disk; means

20 connecting the head assembly to the actuator for maintaining the head

assembly near the disk; and means for supporting the motor and actuator.

it is preferred that the connecting means includes a suspension
attached to the side of the carrier opposite the disk for biasing the
25 carrier toward the disk in order to maintain the air-bearing pads of the
slider near the disk during operation of the disk drive. Preferably the
head assembly~to-actuator connecting means includes means for providing
generally gimbaled movement of the carrier, whereby the carrier may
pitch and roll during operation of the disk drive. It is also preferred
30 that the disk drive also includes means attached to the motor and
actuator supporting means for unloading the carrvier from the disk when .
the disk drive is not operating.

Typically in operation the pad near the trailing end of the head
35 assembly supports the trailing end on the lubrication film when the
carrier is near the inside diameter portion of the data region on the
disk and generates an air-bearing support for the trailing end when the
carrier is near the outside diameter portion of the data region on the

disk. The trailing end pad generates an air bearing to partially support

N




must provide a lowstatic friction ("stiction") interface when the carrfer

Is at rest on the disk because |iquid-bearing disk drives have thicker

| ubricant filns and snoot her disks than air-bearing disk drives. The

carrier nust agd-38-d»@ designed to create gmall drag through the liquid film

and to mnimze liquid depletion fromthe disk. In addition, the carrier

nmust be able to perform adequately over a wide range of relative

carri er - di skthetozilipgendivhen the cineibingdéridf prdkems idi sdatpetdivith SUWMMVARY OF THE
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nore di sadvagée%gg%eggratﬁg t@gi%rﬁ%t_é(igoirgdi%g‘.&.o one aspect of the present
e e

. . h . . . .
I nvention th IS provi a magnetic recording disk drive conprising: at
| east one magnetic recording disk having a lubricant filmthereon; a notor
connectes to the Ih ohe poeferotdenmgiinére, dilekdisk $liveers hawhtagpta di sk side, a
si de opposi t s¢e/sbopkaisk Afhiva ahb Oftlrthd dEGpS EGli #RLBQNELAEY dnf BRS¥RLRE tO
the siider 4 ongliudinal centerling And: HPAR" LINget Y0 8lans
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off the lubricant f£ilm when the disk drive is stopped. In another

preferred embodiment, the disk drive is a contact start/stop disk drive

10 and further comprises a carbon film located on the front portion of the
front air-bearing pad for supporting the front of the carrier

substantially off the lubricant film when the disk drive is stopped.

Thus a disk drive having an improved head-disk interface is

15 provided by a transducer carrier that is essentially a low-flying, air-
bearing slider designed to also function in contact and near contact
with the lubricant film on the disk. The slider has a front air-bearing
surface in the form of a pair of air-bearing pads, a rear centrally-
located air-bearing pad, and a central nonair-bearing surface that —

20 separates the front and rear air-bearing pads. The two front pads have
a surface area greater than that of the rear pad and thus provide a
positive pitch up of the slider. This causes the rear pad to also be
pitched up. This pitch, coupled with a step taper at the rear pad,
permits air to flow beneath the rear pad to generate an air bearing in

25 the rear portion of the slider. The presence of the central nonair-
bearing region eliminatés any lift in the central part of the slider,
which allows for tight tolerances at the low-flying height. The flying
height of the rear pad of the slider above the disk is controlled by the
width of the rear air-bearing pad. The rear pad has its leading edge

30 wider than its trailing edge so that it can withstand contact with the
lubricant £ilm on the disk, typically at the lower disk velocities near
the disk inside diameter, without generating unacceptable drag forces or
depleting the lubricant. The rear pad also has a skewed leading edge
that compensates for skew of the slider to minimize the flying height

35 variation from the disk inside diameter to outside diameter. In the
preferred embodiment, the disk drive is a load/unload disk drive so
that, under normal conditions, the slider does not contact the disk when

the disk is not rotating.

—
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spacéd about the slider longitudinal centerline, a rear ridge section
‘generally parallel to the front ridge section and supporting a rear
air-bearing pad | ocated on the slider |ongitudinal centerline, and a

nonai r - beat i ngusLdd-gge£ recessed fromand separating the front and rear

ri dge sections, the total surface area of the front air-bearing pads being
greater than the surface area of the rear air-bearing pad and the rear

ai r-bearing pad havnnethar lweads nghedges wraeded haseririe swpioktivg ddge, wher eby

the rear air- t{‘?aﬁéﬂgeﬁaagdhﬁv.{ryﬁtcﬁq}c iQseh ERAR dnBe aﬁ}ﬁ%&r@il&n@%ﬁ' Nge pads
to the lubricant filmon,t |nteract on Wlt eIurlgant film

on the disk bfafﬁézrr(é%‘lprﬁsilf‘g eattn earl('*]g iP2d m IuE atis ARG opkt &F?%n of
the di sk dri v@ﬂdafqm@q?eﬁ‘*‘{,mﬁeaa'da#’b a‘t*‘édgcﬁ*fpﬁ‘ﬂé £qri ther f’r@ére%@’eﬂ’eé’f*e
air-bearing padsk ds raadimgatdta dpepmionalspdeidngindat pad @nt ie disksidn

actuator for '}Réﬂ' e 181 Bngd&la Wg{\ﬂ!olrﬁn@a@ﬂeauaﬁﬁﬁr O oh h.@ledil%_(Kl§QIinhe

head may acce fereng regions gnsi o

S
Rt tachod to ¢t RBUSItHE S5F - 1o S mete i ATL SRET (P U er B8 Rt Bn R ng
the slider toonhtheadiskaerst £pogensiating ab fgrtisaringrsupeart feor fhestreilinge
slider near thaadihek thdrdédigiepes alebonhef ovtbieddfilte tHri y&tiand FMRRNGataOr

supporti th d fuator. According to another aspect of the
pr esent ﬁ%ven?egp Ee?‘g |(§gprow ded a transducer assenbly for a magnetic

recording disk drive having a disk with a lubricant filmthereon, the
assenbly conpri si n§arigusg|demjedinhats nf thedingkntdpaerilla nov de éﬁfpoﬂie{dein he disk”
side, a detail by way of example, with reference to the following drawings:
Fig. 1 is a wiew in section of a schematic of a disk drive;
15 Fig. 2 is an open top view of the disk drive depicted
schematically in Fig. 1;
Fig. 3 is a plan view of the bottom or disk side of a preferred
embodiment of the head assembly of the present invention;
Fig. 4 is a sectional view of the slider-disk interface of the
20 head assembly of Figure 3, illustrating the front and rear air-bearing
pads and the intermediate nonair-bearing surfacé;
Figs. 5A-SE are sectional views of the head assembly illustrating
sequential steps in its fabrication; and
Figs. 6, 7, and B are plan views of the disk sides of alternative
25 embodiments of the head assembly.

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

a schematic of the disk drive. The disk drive comprises a base 10 to
which are secured a disk drive motor 12 and an actuator 14, and a cover

30 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 drive and the outside
environment. This type of disk drive is described as being

35 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 connected to drive
motor 12 by means of hub 18 to which it is attached for rotation by the

© drive motor 12. A thin continuous film 50 of a relatively high-
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front ridge section generally transverse to the slider |ongitudinal
centerline and supporting two front air-bearing pads generally equally
spaced about the slider longitudinal centerline, a rear ridge section
general |y parglo.gi-obe the front ridge secgion and supporting a rear
air-bearing pad [ ocated on the slider |ongitudinal centerline, and a
nonair-bearing surface recessed fromand separating the front and rear

ri dge secti ongiscbdiey lubbidaptals sairftabedasreahofsutfweefafoniskais - bearthag pads
being gr egt er ,Ie%@&ehf@nbmntea@e thE gabpicatabqsr@%r,n@tnhm@rﬂe@glmd- and fj he
rear air-beari adi ng e wi der edge
and a magnetl%qﬁ%@‘&rl %}g%)ngusak RS del%%naé%r *The rgggfané}i trgr é?;{?(g& pad for
readi ng dat a #ndohs dpred; ¥¢ ﬁg”b‘él‘%tfstsoﬁ REPY@RERtelh &P Jgstitten- t Re assenbly is
| ocat ed isn anreappirdteé ngadliosktthbdeet e i febaeandr ahe 3nafldag aanesr Bet ween

the front and;ieq. aid slp&@rimg PadsaRkt Qlliet%yt be a%'ixﬁiﬁf:tl'él? @a@ Jdaewwtder
| eadi ng edge o{ the rear air- terac

ubri cant T AP oF U LT ERi TG RS 408 1 RV RERIEsiatictr (g to
still anot herreadpaensducer fermdekethin rfvbmdﬁmmut#m tedhpiques\dsdasl kaovmdneti c
recordi ng di stheOfritve MH@NFNiA6H 2Q: idkohRABd OHELEBERGItE 14€BP MR odi SK
havi ng ST rigid arm 22 and a suspension 24, the suspension 24 providing a biasing
force which urges the slider 20 onto the surface of the recording disk
16. During operation of the disk drive, the drive motor 12 rotates the
disk 16 at a constant speed, and the actuator 14, which is typically a
linear or rotary voice coil motor (VCH), moves the slider 20 generally
15 radially across the surface of the disk 16 so that the read/write head
may access different data tracks on disk 16.

Fig. 2 is a top view of the interior of the disk drive with the
cover 11 removed, and illustrates in better detail the suspension 24
20 iwhich provides a force to the slider 20 to urge it toward the disk 16.
The suspension may be a conventional type of suspension such as the
well-known Watrous suspension, as described in U.S§. Patent 4,167,765
assigned to IBM. This type of suspension also provides a gimbaled
attachment of the slider which allows the slider to pitch and roll as it
25 rides on the air bearing. In the preferred embodiment of the disk
drive, a load/unload ramp 30 is mounted to the base 10. Ramp 30
contacts suspension 24 and lifts the slider 20 away from the disk 16
when the actuator 14 rotates the slider 20 toward the disk outside
diameter when the disk drive is powered down. Examples of conventional
30 types of load/unload ramps are described in U.S. Patents 3,984,873
assigned to Information Storage Systems, Inc. (see Fig. 5}, and
5,027,241 assigned to Quantum Corporation. The data detected from disk
16 by the transducer 42 is processed into a data readback signal by
signal amplification and processing circuitry in the integrated circuit
35 chip 15 located on arm 22. The signals from transducer 42 travel via
flex cable 17 to chip 15, which sends its output signals via cable 19.

The bottom or disk side of slider 20 is shown in Fig. 3, and the
side view of slider 20 in its air-bearing relationship with disk 16 and



| ubr'i cant filmthereon; a notor connected to the disk for rotating the
‘disk; a slider having a disk side, a side opposite the disk side, a front

ri dge section generally transverse to the slider |ongitudinal centerline

and supporti nguéwa-fzo0ont air-bearing pads ¢generally equally spaced about

the slider longitudinal centerline, a rear ridge section generally parallel

to the front ridge section and supporting a rear air-bearing pad | ocated on

the slider | ongbtigemthgilo 8Ptisr hawe, irafth-a¢ nofisd frdgasimbesuing aoefaceciessed
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act uat or for gpaeégglyt Q&uaahg, @ssc&e%@ d¥ £ﬁqglallttygd@%91§f deREe sk 50 the

head may acce |ffereé1 egl qns of data on a suspensi on

attached to thee SFefF B9 ﬁ% gl{, WP SPPosFact Héaﬁ’lngke‘?faﬂé°a’}‘l’d’lﬂb’r?né‘&| ng

the slider toatthdraxpoditorbiush asdin@ay mantictbrteadebr beahatngapddsprekeithe

slider near the t@lbﬁisﬂur BN aOPElrabd@nPbad 28 GitshasdEionea raRe 7B@NS for

SLH)portl ?9 t hsec QGa{Hltagi gegé%s as a step taper. Ridge sections 23, 26 are
oriented generally parallel with each other and perpendicular to
longitudinal centerline 60. The ridge sections 23, 26 are separated by
a central nonair-bearing surface 28 which extends across the entire
width of slidef 20. The nonair-bearing surface 28 removes any air lift

15 in that region of the slider 20, thus minimizing the total air 1ift on

slider 20 and assuring that the front end is pitched up to enable air to
flow under pitched-up rear pad 29.

The rear pad 29 has a leading edge 31 which is wider than its

20 trailing edge 33. The sides 35, 37 of rear pad 31 are thus slanted
relative to the ‘length of the slider. In the preferred embodiment, the
sides 35, 37 are angled approximately 20 degrees relative to the
longitudinal axis of the slider. By making the rear pad 29 wider in the
front than in the back, the rear pad 29 is prevented from acting as a

25 plow, thereby minimizing depletion of the lubricant in the wake of
movement of the disk 16 under the rear pad 29 during any contact of the
pad 29 with the lubricant film 50. This also maintains low drag and

minimizes thinning of the lubricant under the pad 31.

30 In disk drives with rotary actuators, the longitudinal axis of the
slider is_tangent to the disk at only one track position. For example,
in one commercially available 2.5-inch disk drive the slider is skewed
at approximately minus 4 degrees at the inside diameter (ID) and
positive 17 degrees at the outside diameter (OD). By making the angle

35 of the sides 35, 37 of rear pad 31 greater than the maximum absolute

value of skew, for example approximately 20 degrees, it is assured that

the rear pad remains nonplowing over the complete angle range of

operation of the disk drive as the slider moves from disk ID to disk OD.



6 Aécording to still yet another aspect of the present invention there is
tprovided a transducer assenbly for a magnetic recording disk drive having a

disk with a lubricant filmthereon, the assenbly conprising; a slider

havi ng a dis&ngggp o side opposite the dpsk side, a front ridge section

general ly transverse to the slider |ongitudinal centerline and supporting -

two front air-bearing pads generally equally spaced about the slider

| ongi tudi nal cent et ireer padrmais rilsgespeetrionigehar aké Yepdingl ddgk 310i4 he

front ridge sgg Ar%handr %lipmetmgtﬁ,ere&wh@ltpaﬁeag lage Bad hAcALRLan and
bei ng general"l symet and a-

n n
nonai r - bear i 1§2 %’ﬁ’rgf’a’:lgé r&‘fé esseﬁlﬂfr?o?’ﬁpi’ cfr”équrigct HQ! adlfg%gtw:’fﬁﬁ ?’éa ri dge
sections, theaotot dislsuelasdty dsekovotng hessf it atgithe b’é’dF CRgheaRIdhp eing
greater tshan pebfingUs frace idr Qaatdr blie toemie aighedeatdingisadkloag.a magnetic
head | ocated on the slider near the rear air-bearing pad for reading data
fromor witing data to the disk, wherehy when the assenbly Iocated I n
an operating di sk28ribge" fReigr f?'el’:'éenttf’é?l YR PETa S 83 %8’?'&/\@&1‘ EAEEr ont and
rear air-beampadg 2sady ps tochetert thansiliedeyr fage. aBESCRIPTY GAH @F- THRIPREFERRED
ENBO_:)I MENT ( S)feyﬁfrtaowixdeimogﬂ'ﬁﬁﬁﬁes oPfthk Nnh VB A Wk face I’EBV\/sQﬁrdﬁS:@ri bed in
detail By Ve, XA Geclldid J£7T AL CPERILY s k@;:&@@%% LRYengR: Fig 1
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slider 20 (see Flg. 4) whlch causes rear pad 29 to also have a positive

pitch, thereby enabling the air-bearing effect beneath pad 29 to support
the rear portion of slider 20.

15 The area of the front pads 25, 27 and the depth of the step taper
surface of ridge section 23 relative to the pads affect the slider-to-
disk stiction, the flying height of the front pads, and the lift on the
rear pad 29." The s$tiction has been found to be directly proportional to
the area of the slider wetted by the lubricant from film 50 and

i 20 inversely proportibnal to the separation between the slider and the
disk, where "separation® is the distance from the disk to the part of
the slider which is just wetted.

Since low stiction is desired, the area of 'the pads 25, 27 must be

25 kept low in combination with a large depth of the surface of ridge
section 23. However, the area of pads 25, 27 must also be sufficient to
provide the positive pitch of the slider in operation. With the same
pad area, different combinations of length-to-width ratio {L/w)} of each
of the pads 25, 27 can be used. ("Length" of the pads 25, 27 is the

30 direction parallel to centerline 60.) It has been determined that as
L/W increases for a given pad area, the total lift begins to decrease
and thus L/W should not exceed approximately 2. If L/W is made too
small, however, the slider loses roll stiffness, and the tolerances due
to manufacturing variances become unacceptable. Thus, L/W should not be

35 less than approximately 0.25.

The depth of the step taper surface of ridge section 23 must also
b{ chosen with regard to flyability. For example, if this depth is too
low, the lift will be too small and the pad area will have to be



Fig. 2 is an open top view of the disk drive depicted schematically in Fig.
*1; Fig. 3 is a plan view of the bottomor disk side of a preferred

enbodi ment of the head assenbly of the present invention; Fig. 4is a
sectional view@fostém slider-disk interfage of the head assenbly of Figure
3, illustrating the front and rear air-bearing pads and the internediate
nonai r- bearing surface; 7 Figs. S5A-5E are sectional views of the head
assenbly il | ushebbad sBydermlsaldesimple itn deflectf abdeptiatsuom;thanchnki @sngd, 7,
and 8 are pl ag,vingWgeph ciu@etodinﬁk.lf&kﬂi@%gof:oﬁlrgtﬂegalﬂlye:a%gpqufr%ntléry()f the
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whi ch are secﬁi"@(&ga“tf?%I€°ﬂﬂd\‘7é"“%ﬁ)rmi°za&‘l’ﬂh‘“éﬂ 15d’tal§a‘?%’—i“ Q%erwddat:hegver 11.
The base 40 amkk @epthr misk pe @vederatieubideafiyisd hyighead e dhdQUSIdIJik @he t he

di sk drive. Typi,Calld/iedsh®f bproxGR8LS! 3 I3nd O¢AL @9y R NAGH: RFSEhe
slider in the front. For cases where the slider is designed to be in
contact, the "flying height"” becomes essentially the waviness and
effective roughness of the disk.

10

In one experimental example the slider 20 was designed, by
appropriate seléction of suspension preload and air-bearing pad size and
shape, to fly at the disk ID on a theoretically smooth disk with a
spacing between the front pads 25, 27 and disk 16 of approximately

15 1000 Angstroms and a spacing between the rear pad 29 and disk 16 of
approximately 100 Angstroms. The leading edge 31 of rear pad 29 was
slanted or skewed at an angle of approximately 20 degrees relative to
trailing edge 33. This slider was tested on a disk having a
conventional amorphous carbon overcoat and a lubricant film of

20 ‘mpproximately 40 Angstroms of Demnum SP. The ID velocity was 4.4 m/sec
with a skew of -6.7 degrees, and the OD velocity was 9.5 m/sec with a
+14 degree skew angle. The suspension preload was 5 gm. Under these
conditions, the slider-disk spacing (the spacing between the top of the
disk carbon overcoat and the bottom of rear pad 29).was approximately

25 100 Angstroms at the ID and 150 Angstroms at the OD. Measurements of
the drag force on the slider indicated that it dropped from a relatively
high value to an essentially constant relatively low value at a velocity
of approximately 3.5 m/sec, which is the approximate velocity at which
the rear pad 29 is making minimal contact with the lubricant film.

30 Because the disk 16 is not perfectly smooth but has a peak-to-peak
waviness within the range of the designed flying height, it is believed
that the rear pad 29 is at least partially contacting the lubricant
film 50 up until approximately 7 m/sec, at which point the air bearing
is fully supporting the rear pad 29. Based on correlations of drag

35 force with flying height, it is estimated that during the period the
rear pad 29 is in contact with the lubricant film 50, thn air bearing
generated beneath pad 29 due to its p051t1ve pitch and ion-milled step
taper provides approximately 90% of the support for the rear half of
slider 20. The designed flying height is controlled by the width of the



10 and cover 11 and a snmall breather port (not shown) for equalizing
‘pressure between the interior of the disk drive and the outside
environnment. This type of disk drive is described as being substantially
seal ed since the drigmg notor 12 is |ocatedyentirely within the housing and
there is no external forced air supply for cooling the interior conponents.
A magnetic recording disk 16 is connected to drive notor 12 by neans of hub
18 to which itréss pdd aghedor exampdt aldeareabing bigishidtR BYOE®midibnsA Julhd

continuous fil iﬁQaﬂlfj‘n@ a8l AhLY b Yarddb Y- the séﬂ\@'?ﬁ{g@%% e drag profile, to
8 viscosity lubricant 1s nalnt%]ngq_ogsth surche 0 glgk 1é fi t e
preferred embotdrEft ot & IPEHPTCARTY) 3" a™CTSAVETT 0 MRT™ et Y 815 o-ThSofarst her
(PFPE) di sk | ubhaitchift, issgertrensrabedneyar SPaly argdsf oo hOsilkden, @npates for med

to a thickesscabemipraxsTikes whdf: ABGSt 83TBibubed over le8ah K I Ty ertheaghQr
transducer 42 ijg.forgpden LR& ttf‘@'slﬂﬂ*’aﬁﬂ@'q thigﬂ aif- ?ﬁrix're?%?s' i der 20.

t \ .
Transducer 42 may be an 1 nductive réad . Wt ransducer an i nductive
wite transduc‘@?"“g\icttH”é’gn%fblﬁé?”&Fésie§?‘?c\}é“(YI\/Fﬁlera"°es for crown and camber.

The slider design enables the slider to function in both the air-
10 bearing and contact head-disk interface regimes. While the slider
provides an extremely low-flying height air-bearing support over a
substantial part of the disk, the unique design, particularly the design
of the rear pad, enables the slider to also be in contact and near
contact with the lubricant film on the disk without deleterious effects.
15 The result is a low-flying height disk drive which can also operate in
the contact and near-contact regimes, yet without the disadvantages

presented by conventional liquid bearings.

The preferred method of manufacturing the slider will be described -
20 yith reference to Figs. 5A-~5E, wllich illustrate the steps of
manufacturing the slider depicted in Figs. 3 and 4. Figs. B5A-BE are
sectional views of the slider taken through a section intersecting the
front air-bearing pad 27.

25 In Fig. 5a the body of the slider 20, which is typically formed of
a conventional ceramic mixture of titanium carbide (TiC) and alumina
(A1303), has been saw cut to remove its central portion and thereby
define the center nonair-bearing surface 28, which separates front ridge
section 23 from rear ridge section 26. The depth of the cut can be in

30 the range of 10-100 microns. {As is known in the art, the sliders are
processed in rows and then cut into individual sliders, so that Fig. 5a
is actually the end view of a row of sliders.) Next, as shown in
Fig. 5B, the ends of the ridge sections 23, 26 are rough lapped and
polished to the correct height for the transducer 42 (Fig. 4) to be

35 formed later. »a layer of photoresist 63, such as Riston brand of poly
methylmethacralate (pMMR), is then deposited on top of the ridge
sections 23, 26 to a thickness of approximately 0.1 millimeters. The
photoresist is then exposed through a suitable mask which defines a

pattern corresponding to the air-bearing pads, including pad 27, as



read transducer formed by thin filmdeposition techniques as is known in
'the art. The slider 20 is connected to the actuator 14 by nmeans of a 10
rigid arm 22 and a suspension 24, the suspension 24 providing a biasing
force which upgesstée slider 20 onto the ssirface of the recording di sk 16.
During operation of the disk drive, the drive notor 12 rotates the disk 16
at a constant speed, and the actuator 14, which is typically a linear or
rotary voi ce @beun mmiFdg. CVCM(Frompvesl ehendlredepad R9genchadd Yorkted at tRLH al | y

across the surti.@ecsupfarz 3: Uik 16 0.t habeddise Iieasl wetcel&ﬁadvmymagcess

di fferent dat ahkf di sk ;} hé 3, % sﬁd re 2P & ER aterfor of

t he di sk dr|v TR B3VEY A1 Pertve ad 1 ’F?aft°8 milhed8Ft er det ai |
t he suspensi oﬂt’?ﬂw etchgd tohthy getided d&P¥'br Eeﬁ -t P -@hreicgppgieto 20itd the ge it
toward the di skr-béarihbheadsispendiosn imRyidesm CrHavhitbossakt tigPeheal remasnensi on

such as the wetds -kmw@ndv\éﬁé QH§ osfum%e@g QBe iAo RS Ghb AU sHi ars Pat ent
4,167, 765 aSS|gned to his type of suspension al so provi es a gi nbal ed

attachment of the sllder WhICh allows the slider to pitch and roll as it 25
rides on the air bEwrferdon afnthehslisiesforbled emonefagtyntingfrrofessdvisichdis ve, a
| oad/ unl oad r aifplBfliedSove® Utheeskdcosd [For hamerat Our ifpRBnEMtional air-bearing

10 sliders of the type having air-bearing rails. Because there are no
rails with their typically complex geometries, it is not necessary to
use reactive ion etching or other complex steps to remove material from
the center of the slider body. Instead, a single and much simpler saw
cut is used to define the parallel ridge sections 23, 26. Aalso, as can

15 best be seen in Fig. 4, all of the air-bearing pads are coplanar and are
thus formed by a single photoresist process step.

An alternative embodiment of the slider is illustrated in Fig. 6.

The alternative slider 70 is similar to slider 20 (Fig. 3) except that

20 the front ridgeisection comprises two laterally spaced-apart ridge
areas 72, 74, and the rear ridge section 76 does not extend across the
entire width of the slider 70. The slider 70 is used when the desired
material removal step for the central part of the slider is by reactive
ion etching (RIE); rather than the saw cut for the embodiment of Fig. 3.

25 The whole area, incluqing the area between ridge areas 72, 74 and the
areas on the sides of ridge section 76, can be removed in a single RIE
step, resulting in the central nonair-bearing region 77 separating ridge
areas 72, 74 from ridge section 76.

30 The embodiment of slider 80 shown in Fig. 7 is identical to that
of slider 20 of Fig. 3, with the exception that a taper 82 is added to
the front of ridge section 84 to improve the pitch and to better direct
the air beneath front pads 86, 88. The taper 82 is lapped at an angle
relative to the flat surface of ridge section B4, and requires an

35 additional processing step during manufacture.

The embodiment of slider 90 in Fig. 8 has front struts 91, 92 that
extend from front air-bearing pads 93, 94, respectively, and a rear

strut 95 that extends from rear air-bearing pad 96. The struts 91, 92,



,contacts suspension 24 and |lifts the slider 20 away fromthe disk 16 when
"the actuator 14 rotates the slider 20 toward the di sk outside dianeter when
the disk drive is powered down. Exanples of conventional 30  types of

| oad/ unl oad r asp®3asa described in U S. Patents 3,984,873 assigned to

I nformation Storage Systems, Inc. (see Fig. 5), and 5,027,241 assigned to
Quant um Cor poration. The data detected fromdisk 16 by the transducer 42 is
processed i nt 85 £*4erdh ot SATRLREN BFTRECHY S HAghA distares PEAPPEAFinALEly 500
processi ng ci teUiste Bngstrohe Whidbgiatsefificiercutd s@fport thhigaddSodtosat ed on arm
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slider 20 is Srde view D
ai r- bearti hg r‘é‘Pe&t F’E?ngh’r‘}ﬁrvﬁot ks c}i”s%’“fﬁc"aﬁﬂth th%ﬂ/BSJ‘QB Igpbhe manufacture of
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a pair of airsQQeriglg 9adgs,25e118ded By Ghs QLAY 1 1dR-diR e R LeBeRS ieB G, &L ect
air-bearing pads 93, 94, 96 around their respective struts. The front
struts 91, 92 can be formed to have a greater thickness, by deposition

10 of material, than the rear strut 95 so that the slider 90 has a positive
pitch up when at rest on the disk. The struts, as well as the air-

bearing pads around them, provide lift in the front and rear.

The slider embodiments shown in Figs. 4, 6, 7, and 8 can also
15 include an amorphous carbon film, as is known in the art for use on
slider air-bearing surfaces, which is deposited on the entire front
portion of the slider to a suitable thickness, e.g., 2000 Angstroms.
The carbon film has the effect of jacking up the front part of the
slider when the slider is at rest on the disk to thereby minimize the
20 amount of pad surface area that is in contact with the disk and/or the
lubricant. Since the carbon film is only on the fronmt portion of the
slider, it results in a reduction in stiction without otherwise
affecting the performance of the slider. In this embodiment, the front
pads are not coplanar with the rear pad.
25
The struts in Fig. 8 and the carbon film on the front portion of
the carrier improve the performance of the drive in both €SS disk drives
and in L/UL disk drives in the event of.a failure of the L/UL system.
In both cases, the struts and the carbon film raise up the carrier above

30 the lubricant £film when the carrier is on the disk and the disk drive is
not operating.



to sﬁpport the front end of slider 20 above the disk 16 when the disk is at
its operational speed. The pads 25, 27 extend froma frontridge 5 —— -

section 23 that acts as a step taper for the pads. Th e
general |y equahkyrespmeed about the slider 1songit udi naII ﬂﬂmgﬂﬂlﬂﬁﬂﬂﬂimme
front pads 25, 27 have convex curved | eadi ng edges to Nk « drag
and to brush aside any particulate debris that nmay be present on the disk.
A rear air-bearing pad 29 extends from aSHd¥E ridge 10 section 26 that

al so acts as a step taper. Ridge sections 23, 26 are oriented generally
parallel wth gach o4bef .afsPereReNdiatdl afivk CcdnpP@ihyidi nal centerline 60.

The ridge sections 23, 26 are parated.by a central ngnaiJ-bearing surface
28 whi ch bxtends act 55% H"eereﬁ%%rg"rmf’ﬁ’tdﬁ‘i"%fdag gae(fr E?frélﬁéigﬁ%rfgf“l’ -tgéari ng
surface 2Bsrenddsis ady air lift 15 in that region of the slider 20, thus

m ni m zihng the total clahrieki(fzb) Cﬁfﬁfaﬁdﬂtﬁlﬁj’ tRO ta&\iiﬁﬁéeﬁruﬁﬂd'lﬁa\ﬁih@tza tahaex fsl‘iﬁél,t aend
Is pitched up to enahle air flow.under pitched-up rear 1,29.. The rear
pad 29 has a | €38 negn e%f‘éigaStf%%ﬁnghé“ldén%edcea?k%ﬁaﬁgﬁpﬁf 28?8 'im Q% (gfaﬁlr?a pea(ﬁ]ge
33. The si des(Z3, oz theyfdisl gidg) agar3 the fgont,ard.spmsiedepeing: Pak (2D Padhe

| engt h of the &iskdeide nearttte pradfibrg edl,easodimeaty-bédrdng surface (28)

1o separating the front and rear air-bearing pads.

2. The head assembly of claim 1 wherein the front air-bearing pad -
comprises a pair of air-bearing pads (25, 27) generally equally spaced
about the longitudinal centerline (60) of the carrier. -

15
3. The head assembly of claim 1 or 2, wherein the pad or pads have a
length-to-width ratio of between 0.25 and 2.

. 4. The head assembly of any preceding claim, wherein the rear air-
20 bearing pad is located on the ldongitudinal centerline {60) of the
carrier, )

5. The head assembly of any preceding claim wherein the air-bearing
surfaces of all the pads are substantially coplanar.

6. The head assembly of any preceding claim, wherein the surface area
of the front air-bearing pad or pads is greater than the surface area of
the rear air-bearing pad, whereby the carrier is pitched up during

i operation of the disk drive.

7. The head assembly of any preceding claim, wherein the front air- _

bearing pad or pads have a leading edge having an essentially convex
curvature.

Bs 8. The head assembly of any preceding claim, wherein the rear air-
bearing pad has a leading edge (31) wider than its trailing edge (33).
9. The head assembly of claim 8 wherein the sides of the rear air-

bearing pad (35, 37) connecting the leading edge with the trailing edge
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sides 35, 37 are angl ed approxi mately 20 degrees relative to the
jongitudinal axis of the slider. By making the rear pad 29 wider in the
front than in the back, the rear pad 29 is prevenmnﬂ'ﬂmWst a 25

pl ow, thereby ni ni éﬂ_ 'gng depletion of the jubricanthyiniifingivelds! I8 novenent
of the disk 1634#d&r"%he rear pad 29 during any contact of thé pad 29 with-

the lubricant filmb50. This also maintains | ow drag and m nim zes thinning
of the |ubri ca@%fﬂ,@dﬁ{ atdle R3dh 3b. g@Bter than the maRirinSdnolfit \WESsKAISE kRd ary

actuators, the longitudi.nal axg;taoFrathg &l L 98Lk Wfed qﬂgeﬁg;,nteq, i{w di sk at
Xa I

only one track pdsfii’s R eXanml 6, T n one conmercially availabl e
2.5-inch di sk dpérpbianad i ¢ dFk % 1¥%ewed at approxi mately ninus 4 degrees
at the inside dianeter (1D and positive 17 degrees at the outside dianmeter
(hOD). Ey mpKi ngy t hgﬂ@ng.la% g’él_%lemblyoﬁf t&geiﬁ legi&s 93&“3? @he rleari_ngaétgglofggﬁeat er
t han t he maxi num a sqhute val ye, o0 W eh Qi e£X30P %.?B&r mat el y
degrees, it isY¥¥shte “haf ptaﬁelsr e?iri) gadleren%al ns nornﬁ 0 '%gjebver t he
conpl ete angl e range of operation of the disk drive as the slider noves
fromdisk IDto1di sStheQad assembly of any preceding claim, wherein the front and

rear ends of the carrier are generally parallel ridge sections (23, 26)

10 oriented transversely to the longitudinal centerline (60) of the carrier
and wherein the nonair-bearing surface (28) separating the ridge

sections is recessed from the ridge sections.

12.- The head assembly claim i1, wherein the front ridge section
15 includes a tapered surface.
13. The head assembly of claim 11 or 12, wherein the front ridge

section includes a pair of laterally spaced-apart ridge areas (72, 74Y
each ridge area supporting an air-bearing pad.

20
14. The head assembly of any preceding claim, further comprising a
strut (91, 92) located on at least one front air-bearing pad for
supporting the front of the carrier substantially off the lubricant film
when the carrier is on the disk.

25 )
15. The head assembly of any preceding claim, further comprising a
carbon film on at least one front air-bearing pad for supporting the
front of the carrier substantially off the lubricant film when the
carrier is on the disk.

30
16. The head assembly of aﬁy preceding claim, wherein the nonair-

bearing surface extends across substantially the entire width of the
carrier.

35 17.  The head assembly of any preceding claim, wherein the transducer

is located near the trailing end of the carrier.

18. A data recording disk drive including:

a2 head assembly as claimed in any preceding claim;
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AMB- 93- 029 10 The rear pad 29 is al so—asymretric
tn that its |eadi ng edge 31 is nonparallel or slante the
trailing edge 33. This skewed |eading edge provides iﬂﬁjﬂw m ll i ft
at the disk IRy %@[&gt he I ocal disk velocity is low a he
di sk OD where t air- bearing effect is greater due to the hlgher
| ocal disk velocity. As shown in Fig. 3, the total surface area of front

ai r-bearing pads 25t 12¥st engydata disk AR baeinga fupdcante 1T thagPnpad 29.
This feature, and LhRtpF gseNeonictidecmonadiskbidar ratgtig fieceid8 separating

10  the two rldge SEeld 995(125'3 fo?@noviﬁgs‘éiié %ewa@semag lgeN&aRiy Ghatap1pf the
slider 20 (see va'u f§| SO have a pps).tive

pi tch, thereb§i‘¢%‘?‘i&b?’!'gnﬂjlstkh%o &P? tb'é’ésrqr "Ry 8 e?’f ‘fesﬁeneaf'ffn (fgi‘énsto Stpbort
the rear port oarthefdiski der 20. 15 The area of the front pads 25,
27 and the depth oOfednBe(ast em)tmaéctsugftazeexe@ﬁ askelgdy secthoncdtoelfati ve to

the pads affect,the sli LA Gt LN a; ;khea,;‘dl ying hei ght of the
front pads, aRdAEItY eo'ﬁeat%he real;(S g * stiction has been found

to be directly IJFO?Rﬁ“FI(} &|qu0§upport1n the motor an actuator.

io 19. The disk drive of claim 18, wherein the connecting means includes

‘ a suspension {(24) attached to the side of the carrier opposite the disk
for biasing the carrier toward the disk in order to maintain the
air-bearing pads of the slider near the disk during operation of the
disk drive.

15
20. The disk drive of claim 18 or 19, wherein the head assembly-to-
actuator connecting means includes means for providing generally
gimbaled movement of the carrier, whereby the carrier may pitch and roll
during operation of the disk drive.

20 . i
21. The disk drive of any of claims 18 to 20, wherein the pad near the
trailing end of the head assembly supports the trailing end on the
lubrication f£ilm when the carrier is near the inside diameter portion of
the data region on the disk and generates an air-bearing support for the

25 trailing end when the carrier is near the outside diameter portion of
the data region on the disk.

22. The disk drive of claim 21, wherein the trailing end pad further
comprises generates an air bearing to partially support the trailing end
30 when the trailing end pad is in contact with the lubricant £ilm on the

disk when the disk is rotating at its operational speed.

23.  The disk drive of any of claims 18 to 22, wherein the lubricant
film is liquid.

35
24.  The disk drive of any of claims 20 to 23, wherein the disk drive
is a contact start/stop disk drive and further comprising a strut

located on the front air-bearing pad for supporting the front of the

e mmm
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the area of the slider wetted by the | ubricant fr and 20

i nversely proport| onal to the separation between 'E H&ﬁﬂ ”H,Ie di sk,
where "separ m& 9 _d29 the distance fromthe disk te e slider
which is just Nttt e 5 Since |l aw stiction |s desired, the area of “the pads
25, 27 nust be 25 kept low in conbination with a |arge depth of the
surface of riggeiaectbaantBllHewevee, luheat el 10fvhpadse 2fisk 2¢ivaigt al so be
sufficient to, 'R’é yi de the positive pitch of the slider in operation. Wth

t he sanme pad ar ‘di fferent conbinations of length-to-width ratio. (L/W of
each of the pads 25 27 can be used. ("Length" of the pads 25, 27 is the
30 directizm palhaldl'ek drdve @it 2 phelang 20 tp Maswhseem thet dish deddet hat as
L/ Wi ncr epses;d grcontgity etar@pskopl @k adide tdaaaiurtliefrt chpgidinglocgechegsg and
thus L/ Wshotlic,l%age F&%@G&ogf%pe&om@'tye Frodd Al 3o dB4G 4,00, B0BL) g

however, the oses r g ness,

manuf act ur i ng”\?af‘i%ﬁc%fs“lffeéfﬁféeﬁrfé' EEARE AT § °ffhﬂ’§ 1‘1?FW%’H0‘UI1H hee the 35

| ess t han appliskidvivelip £topbed-The depth of the step taper surface of ridge
section 23 nust al so be chosen with regard to flyability. For exanple, if

this dept h i S tOO The disk drive of any of claims 18 to 23, further comprising means

(30) attached to the motor and actuator supporting means for unloading
the .carrier from the disk when the disk drive is not operating.

N



,Io"w,*' the lift will be too small and the pad area will have to be

“AMB- 93- 029 11 increased. It is also desirable to
sel ect a depth such that any change in the depth due to manufacturing

tol erances will 2¥%#8e8nly a very small resalting change in the flying

hei ght of the front pads 25, 27. Taking these consi derationshi ntohac](czlount
It has been determned that 5 the depth nust be qgreater than the yi ng
hei ght of the slider in the rear, 3§ ’I"§§'§ “Fﬁ%ﬁs%Fb‘B]g'om mately 3 tines the
flying height of the slider in the front. For cases where the slidéer is

designed to be in contact, the "flying hgsgri¢r becones essentially the
wavi ness and effective roughness of the disk. 10 In one experinental

exanpl e the slider 20 uas, gosydgrg}e by. lggprgw_f t.e seLq%tl.og %fl susgenm on
prel oad and air-bearing. pa ht Shape, 199 & TR AISKAY
t heor et i caI ly Sﬁf) f° ag £ V\Ab[eh”h contact and near contact with the lubricant film
on the disk. The slider has a front air-bearing surface in the form of
a pair of equally-spaced air-bearing pads 25, 27, a rear air-bearing pad
29, and a central nonair-bearing recessed surface 28 which separates the
front and rear air-bearing pads. The two front pads have a surface area
greater than that of the rear pad and thus provide a positive pitch up
10 of the slider. This causes the rear pad to also be pitched up so that
air can flow beneath the resr pad to generate an air bearing in the rear
portibn of the slider. The presence of the central nonair-bearing
region eliminates any lift in the central part of the slider, which
. allows for the low-flying height. The flying height of the rear pad of
15 the slider above the disk is controlled by the width of the rear air-
bearing pad. The rear pad has its leading edge 31 wider than its
trailing edge 33 so that it is able to withstand contact with the
Jubricant film on the disk, typically at the lower disk velocities near
, the disk inside diameter, without generating unacceptable drag forcés or
?0 depleting the lubricant from the disk. The rear pad also has a skewed
leading edge which compensates for skew of the slider to minimize the
flying height wvariation from the disk inside diameter to outside

diameter.

N



‘sppBi*ng between the front pads 25, 27 and disk 16 of approximately 15

f000 Angstrons and a spaci ng between the rear pad 29 and di sk 16 of
approximately 100 Angstrons. The | eading edge 31 of rear pad 29 was sl anted
or skewed at an angle of approximately 20 degrees relative to trailing edge
33. This slider was tested on a disk having124conventional anor phous car bon.
overcoat and a lubricant filmof 20 approxi mately 40 Angstrons of Demmum
SP. The ID velocity was 4.4 nisec wwth a skew of -6.7 degrees, and the CD
velocity was 9.5 nisec with a +14 degree skew angl e. The suspension prel oad
was 5 gm Under these conditions, the slider-disk-spacing (the spacing
between the top of the disk carbon overcoat and the bottom of rear pad 29)
was approxi mately 25 100 Angstrons at the I D and 150 Angstrons at the
OD. Measurenents of the drag force on the slider indicated that it dropped
froma relatively high value to an essentially constant relatively | ow
value at a velocity of approximately 3.5 nisec, which is the approxinate
velocity at which the rear pad 29 is making mniml contact with the

| ubricant film 30 Because the disk 16 is not perfectly snmooth but has a
peak-t o- peak waviness wthin the range of the designed flying height, it is

bel i eved
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" that’ the rear pad 29 is at least partially contacting the lubricant film 50
*up until approximately 7 msec, at which point the air bearing is fully
supporting the rear pad 29. Based on correlations of drag 35 force with
flying height, it is estinmated that qEang the period the rear pad 29 is in
contact with the lubricant filmb50, t thair beari ng generated beneath pad
29 due to its positive pitch and ion-mlled step taper provides
approxi mately 90% of the support for the rear half of slider 20. The
designed flying height. is controlled by the width of the AMB- 93- 029
12 rear pad 29. For exanple, decreasing this wdth by 60 mcrons, while
mai ntai ning all other paraneters the sane, caused the drag profile to
flatten out at approximately 5.5 msec rather than 3.5 msec. The fact
that lift is concentrated over snmall areas of the slider, conpared to 5
conventional sliders where it is distributed over essentially the whol e
slider surface, nakes the slider substantially insensitive to
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" wmanufacturing tol erances, especially tolerances for crown and canmber. The
slider design enables the slider to function in both the air- 10 beari ng
and contact head-disk interface regines. Wile the slider provides an
extrenely lowflying height air-bearing support over a substantial part of
t he di sk, the unique design, particul3f4y the design of the rear pad,
enables the slider to also be in contact and near contact with the

| ubricant filmon the disk w thout deleterious effects. 15 The result is
a lowflying height disk drive which can also operate in the contact and
near-contact reginmes, yet wthout the di sadvantages presented by
conventional |iquid bearings. The preferred nethod of manufacturing the
slider will be described- 20 with reference to Figs. 5A-5E, which
illustrate the steps of manufacturing the slider depicted in Figs. 3 and 4.
Fi gs. 5A-5E are sectional views of the slider taken through a section
intersecting the front air-bearing pad 27. 25 In Fig. 5A the body
of the slider 20, which is typically formed of a conventional ceramc

m xture of gostzani um car bi de (Tj and alumina (Al[err]Jerr]), has been saw

) W
cut to v i tsogentral portigh ans thereby 28
...... 237 Z ~26
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20 20
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.
A

define the center nonai r-bearing surface 28, which separates front ridge
section 23 fromrear ridge section 26. The depth of the cut can be in 30
the range of 10-100 microns. (As is known in the art, the sliders are
processed in rows and then cut into individual sliders, so that Fig. 5Ais
actually the end view of a row of slidsrﬁ.) Next, as shown in Fig. 5B, the
ends of the ridge sections 23, 26 are rough | apped and polished to the
correct height for the transducer 42 (Fig. to be 35 formed later. A
| ayer of photoresist 63, Zich as Ri Aobr afil of poly nethyl net hacral ate
(PMWA), is then deposited)on top the ridge sections 23, 26 to a
t hi ckness of approxi matglly (. 1 nllllnete;fl The {phot oresi st is then

S

exposed through a suitabl sk which deffnes a gattern corresponding to
the air-bearing pads, inclbtding pad 27, AMY- 93- 029

13 shown in Fig. 5C (Frn pad 25 and rear pge—49-~3ie also formed at this
time but are not shown ifn Fig. 5C because it is[jisectional vi ew only
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t hrough front pad 27.) The row of sliders is then ion nilled or otherw se
etched to the desired depth, e.g., 0.2 mcrons, to build the 5
ai r-bearing pads, as shown in Fig. 5D. The photoresist is then renoved

(Fig. 5E) and the row of sliders cut ing{o the individual sliders. The
design of the slider enables a manufacturing process which is sinplified
over the process for manufacturing conventional air-bearing 10 sliders

of the type having air-bearing rails. Because there are no rails with
their typically conplex geonetries, it is not necessary to use reactive ion
etching or other conplex steps to renove material fromthe center of the
slider body. |nstead, a sinBISKDRIVEHEAD ASSEMBEW cut is used to define
the parallel ridge sections 23, 26. Al so, as can 15 best be seen in Fig.
4, all gBsTRACEr'-bearing pads are coplanar and are thus forned by a single
phot oresi st process step. An alternative enbodi nent of the slider is
Illustrated in Fig. 6. The alternative slider 70 is simlar to slider 20

(Fig. 3) exc&n;aéa P&br&ﬁg d%(tﬁﬁvé aqaﬁ-ﬁyi&ggsn%eli&&rmﬂ ﬁ%ﬁ% e'tat&rgl' ly

spaced-apart ridge area , (4, and tthe re ge section 0es no

ex 2 egg SR find BarQidintdct with(th® IeBridahiefifih bfithe didk. THR Sidef€20) HasiaStrbftesr-when

bearing surface in the form of a pair of equally-spaced air-bearing pads (25, 27) a rear air-
bearing pad (29), and a central nonair-bearing recessed surface (28) which separates the front
and rear air-bearing pads. The two front pads bave a surface area greater than that of the
rear pad and thus proiride a positive pitch up of the slider. This causes the rear pad to also
be pitched up so that air can flow beneath the rear pad to generate an air bearing in the rear
portion of the slider. The presence of the central nonair-bearing region eliminates any lift in
the central part of the slider, which allows for the low-flying.

Fig. 4
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i BrDescription : paged .3 to pagea 7.

material rempval step for the central part of] EH€ishtger : pagddy/T enehigace/f o]

etching (RIE), rather than the saw cut for t efpm@@,ddpngmt ~dFt0to Ba 62§5.-
The whol e area, including the area between I’IFA@Q@@% 72;,‘, A 20 Jarea
on the sides of ridge section 76, cangbe rengved in a single RIEsep,

resulting in the central nonair-bearing regidn Sehara i e
g reg R Agy | Ade 00Te{897

72, 74 fromridge section 76. 30 The-- g

!

-

JJ

shown in Fi Mor& rccx:nﬂybemass:ghe& 9 U.BaPatefit 52021803, 2ﬁiled)fqu|2; 1991, and sstde
exception that a taper 82 is added to the front of ridge section 84 to

i mpr oveAPHE13i 1993, ard;slt driveist descrbedainrwhile 2 sprvastinedl menracirulagipgishigh,  88.
sect | onviseRsty bR, Him s wsgne«ia“ S50 Gn ‘?%%%&1 : ﬂé%%@iq'eﬁéari{éé%aé&q% 40°
oot B oL e 0l e B8, R L
strut gg’petrmx}g s%&c? ntﬂé a;r[be%g %ffe@f of tﬁg 81 de? Qm%a&o%%es th-lt;hp%xﬁﬁrgrusgusypor% ‘for
the carrier, while the rear ski pad, which supports the magoetic head, contacts the
Iubricant film. The thickness of the lubricant film on the disk is approximately 20-100
Angstroms, which would also be the approximate head-disk spacing between the rear pad

and the disk surface, assuming a perfectly smooth disk surface.

While liquid-bearing disk drives present the opportunity for closer head-disk
spacing than air-bearing disk drives, they also present several difficulties. The carrier
must provide a low-static friction ("stiction") interface when the carrier is at rest on the
disk because liquid-bearing disk drives have thicker lubricant films and smoother disks
than air-bearing disk drives. The carrier must also be designed to create small drag
through the liquid film and to minimize liquid 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

It is an object of the bresent invention to ameliorate one or more disadvantages of

the prior art.
According to one aspect of the present invention there is provided a magnetic
recording disk drive comprising: at least one magnetic recording disk having a lubricant

film thereon; a motor connected to the disk for rotating the disk; a slider having a disk

side, a side opposite the dlSk sxde a frg,g;_,;;ggre section generally transverse to the slider

14 0CT 1597




pren a2

it
AMD- 93- 029 14 95 ext <aREPnMEB/@r”h MiEET respective
pads a di stance of approximtely 500 to 1500 Apg$trons, WHTTIT s suff|C| ent
to support the pads out of contact with the lubric t her
mnimzing the static friction and | owgvel ocit ;irzg&g{d‘rlf?g%l e

during start up of the disk drive 5 when t hg ontact
with the disk. In the manufacture of the slider 90, a first io-mlling
step is required to formthe struts 91, 92, 95, TolToWwed by & second
ion-mlling step to formthe air-bearing pads 93, 94, 96 around their

r espect i pagitedipals centpdingr andt suppasting Awo é@nt sir-bearingr paté generaiire equgilyeat er

t hi ckness, by depositjon 10 of material, than the rear strut 95 so that

the sli d%na abgyt the ﬁl&qrtlpv&mmvé icenistlingen Taar Fidge seston igeneralix pamlel ¢ r ut s,

as vveII he ajr- bearin pads round them row de in the front and
rear. {:' %F‘%ﬁtﬁ?ﬂﬁ‘%r‘i‘gg nd FEqs aiizb agng7p Lﬂ?a@dc% the i

L:”?'.Egir “E%Pfﬁa%@iﬂrfarb ﬁéﬁoglbg%sﬁ#% I b 8 b ﬁ%ﬁvfg?ﬁﬁ%t “The
The o f cipit i KRrRgE heOlas Toe Rull anc 0t 006 Wi Jﬁﬁea?ﬁlgbfaﬁs eitf "2

greater than the surface area of the rear air-bearing pad and the rear air-bearing pad

having a leading edge wider than its trailing edge, whereby the rear air-bearing pad is
Iocated closer than the front air-bearing pads to the lubricant film on the disk and
interaction with the lubricant film on the disk by the rear ajr-beating pad is minimized
during operation of the disk drive; a magnetic head located on the slider pear the rear
air-bearing pad for reading data from or writing data to the disk; an actuator for moving
the slider generally radially across the disk so the head may access different regions of
data on the disk; a suspension attached to the side of the slider opposite the disk side and
connecting the slider to the actuator for maintaining the air-bearing pads of the slider
pear the disk during operation of the disk drive; and means for supporting the motor and

actuator.

According to another aspect of the present invention there is provided a transducer
assembly for a magnetic recording disk drive having a disk with a lubricant film thereon,
the assembly comprising: a slider having a disk side, a side opposite the disk side, a
front ridge section genmerally transverse to the slider longitudinal centerline and
supporting two front air-bearing pads generally equally spaced about the slider
longitudinal centerline, a rear ridge section generally parallel to the front ridge section
and supporting a rear air-bearing pad located on the slider longitudinal centerline, and a

nonair-bearing surface recessed from and separating the front and rear ridge sections, the



slider when the slider is at rest on the disk to thereby mnimze the 20
anount of pad surface area that is in contact wwth the disk and/or the

| ubricant. Since the carbon filmis only on the front portion of the
slider, it results in a reduction in stgction w thout otherw se affecting
the performance of the slider. In this enbodinent, the front pads are not
coplanar with the rear pad. 25 The struts in Fig. 8 and the carbon filmon
t he frontotposurfase anéa ofthe daontiadr-béaming pads beéiag peeatar thmm de afrfacharey d6fvgei n
both CSS disk drives and in L/UL disk drives in the event of-a failure of

t he L/ ULreasaiehearing pasd And ghaeecear taiebearingt padhavinghe lesdingoedgel wider ahae itsp t he
carrier abgve 30 the lubricant filmwhen the carrier is on the disk and

the di skt@Hingeedgs; apd aspagnstic head located ap (e shider nparihe sear; air-bearingapadgfoni sk
drive co%)a 51%;' Hzﬂa from or writing data to the disk, whereby .when the assembly is located in

an operating disk drive the differential surface area between the front and rear air-
bearing pads pitches the slider up and the wider leading edge of the rear air-bearing pad

minimizes interaction with the lubricant film if the rear-air bearing pad contacts the disk.

According to still another asp;:ct of the present invention there is provided a
magnetic recording disc drive comprising: at least one magnetic recording disk having a
lubricant film thereon; a motor connected to the disk for rotating the disk; a slider
having a disk side, a side opposite the disk side, a front ridge section generally
transverse to the slider longitudinal centerline and supporting two front air-bearing pads
generally equally spaced about the slider longitudinal centerline, a rear ridge section
generally parallel to the front ridge section and supporting a rear air-bearing pad located
on the slider longitudinal centerline, and a nonair-bearing surface recessed from and
separating the front and rear ridge sections, the total surface area of the front air-bearing
pads being greater than the surface area of the rear air-bearing pad, whereby the slider is
pitched up during operaﬁon of the disk drive; a magnetic head located on the slider near
the rear air-bearing pad for reading data from or writing data to the disk; an actuator for
moving the slider generally radially across the disk so the head may access different
regions of data on the disk; a suspension attached to the side of the slider opposite the
disk side and connecting the slider to the actuator for maintaining the air-bearing pads of
the slider near the disk during operation of the disk drive; and means for supporting the

motor and actuator.

REPLACEMENT SHEET
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»at l'east one magnetic recording disk having a lubricant filmthereon; a
not or connected to the disk for rotating the disk; a slider having a disk
side, a side opposite the disk side, a front ridge section generally
transverse to the slider |ongitudinal genterline and supporting two front
air- bearing pads generally equally spaced about the slider |ongitudinal
centerline, a rear ridge section generally parallel to the front ridge
section and supporting a rear air- bearing pad | ocated on the slider

| ongi tudinal centerline and a nonair-beating surface recessed from and
separating £eondingnto sl yeleanotherypspectofi the psesephmversion thetg isprovidedaa of t he

B £ bR R Ao (o7 oA et ATE JRHGE & Sk ifys dulrow der
than ¢ noih lrebE 0 el Solbislal® o S8, Boving 300l BieBoR sidkoBesi by '
o o RO, b PECcOR wehbrally Wnkiifetolthe Mol ok Find entEiRd 0o o
it ot o, SEARing duloCbne wi-Segfink AP Yencally RRANY dphBl Pl Tl (il || 19
acr oss lohgitelib cedtdriifie, e adhr MdpeoRERSS gehick{IB! FAThIcIA8 RO FroRk iRk &ebiod Ne

di sk; a suspension attached to the side of the slider opposite the disk
si de anshdcswppertingrigrear air-bearing pad located on and being generally symmetric about the

slider longitudinal centerline, and a nonair-bearing surface recessed from and
separatingthe front and rear ridge sections, the total surface area of the front air-bearing
pads being greater than the surface area of the rear air-bearing pad; and a magnetic head
located on the slider near the rear air-bearing pad for reading data from or writing data
to the disk, whereby when the assembly is located in an operating disk drive the
differential surface area between the front and rear air-bearing pads pitches the slider up.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Various embodiments of the invention will now be described in detail by way of
example, with reference to the following drawings:

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

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

Fig. 3 is a plan view of the bottom or disk side of a preferred embodiment of the
head. assembly of the present invention;

Fig. 4 is a sectional view of the slider-disk interface of the head assembly of
Figure 3, illustrating the front and rear air-bearing pads and the intermediate nonair-

bearing surface;

REPLACEMENT SPEET
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.the slider to the actuator for maintaining the air-bearing pads of the
slider near the disk during operation of the disk drive; and neans for
supporting the notor and actuator. 2. The disk drive according to claim 2
wherein each of the pads has a | ength-yo-width rati o of between
approximately 0.25 and 2. 3. The disk drive according to claim1l wherein
the air-bearing surfaces of all the pads are substantially copl anar. 4,
The disk drive according to claim 1l wherein each of the front air-bearing

pads has a | eadin dge haying an essentially convex curvature. 5. The
di sk drive a‘és%raﬁg-@ {56 PUpTAl ViaHR oLl head asseably dfustadng seguchiisl stensr ng

pad connecti .the | eading edge with the trailing edge define an angle
whi ch iéndﬁségl?'é‘fanf’ﬁa he maxi mum amount of skew of the carrier relative to

GatR L ecks 909 ol SRS BEnfOF Uit B Lot RgHEE o el
beari ng hggglaésgd%%npar allel with its trailing edge.
Referring first to Fig. 1, there is illustrated in sectional view a schematic of the

disk drive. The disk drive 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 substantialty
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 drive and the outside environment. Thls type of disk drive is
described as being substantially seale(i since the drive motor 12 is located entirely within
the housing and there is no external forced air supply for cooling the intefior
components. A magnpetic recording disk 16 is connected to drive motor 12 by means of
hub 18 to which it is attached for rotation by the drive motor 12. A thin continuous film
50 of a relatively high—

14 OCT B97
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7. -The disk drive according to claim1 further conprising neans attached
to the notor and actuator supporting nmeans for unloading the slider from
the di sk when the disk drive is not operating. 8.+ The disk drive
according to claim1 further conprising a strut | oGaum _

ai r-bearing pads for supporting the front of the sﬂmﬂﬂ“ﬂamg“nmgy of f
the lubricant filmwhen the carrier is on the disk. 9. ¢ %hetdisk *drive
according to claim1 further conpri §IAIMScarbon filmon the front pads for
supporting the front of the carrier substantially off the [ubricant film
when t hel.carfimagnetic gcordiag diskidrivecomprisinghsducer assenmbly for a magnetic

recordi ng di 55 drive havipng a disk., 'g;‘a | ubrjcant. fil mthereon, the
assenbl y corfirfast Age m&%‘?ﬂ"&@?"’ﬁ%@éﬂ Vi & lurigant fmsthgreogpposite the di sk

i de, f t rid tJ |1y t toth lid I i tudi nal
Center|ine dhRCIToBRRGisd,forthe disK Y rolne WE QS g pads general |y oqual Iy
d about ' I i.F4udi | j : ' ti
coner al 1y pet Sfer bl o BB slddl " Be CRROS 1aiol ol fpMORET e,
Do S AN R0 15 STkt oot B S 90 o i,
ridge seghiifgadt PRnbalip! eqhbiy %?&eér%umhet Brtdek N18AginRisal (tjl%ﬁfeh%, RAdSbel ng

greater than the surface area of the rear air-bearing pa
ridge section generally parallel to the front ridge section and supporting a rear air-

bearing pad located on the slider longitudinal centerline, and a nonair-beating surface
recessed from and separating the front and rear ridge sections, the total surface area of
the front air-bearing pads being greater than the surface area of the rear air-bearing pad
and the rear air-bearing pad having a leading edge wider than its trailing edge, whereby
the rear air-bearing pad is located closer than the front air-bearing pads to the lubricént
film on the disk and interaction with the lubricant film on the disk by the rear air—beatiing
pad is minimized during operation of the disk drive;

a magpetic head located on the s-;lider near the rear air-bearing péd for reading data
from or writing data to the disk;

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

a suspension attached to the side of the slider opposite the disk side and connecting
the slider to the actuator for maintaining the air-bearing pads of the slider near the disk
during operation of the disk drive; and

means for supporting the motor and actuator.

2.  The disk drive according to clai;n 2 wherein each of the pads has a length-to-width
ratio of between approximately 0.25 and 2.

3.  The disk drive according to claim 1 wherein the air-bearing surfaces of all the pads

are substantially coplanar.

14 0CT 997




and the rear air-bearing pad having a | eadi ng edge Wi der than its trailing

edge; and a magnetic head | ocated on the slider n

air-bearing pad for reading data fromor witing dat mﬂmmﬁunﬂimuwereby
when the assenbly is located in an operaygng di sk driwe the- di¥férential
surface area between the front and rear air-bearing pads pitches the slider
up and the wi der |eading edge of the rear air-bearing pad mnimzes

i nteracti of. wi The wisk drinNer docerding td chrinf 1twikereinzachdf thiecfaorit air-peading ratis s
the disk. 11. The transducer assenbly according to claim 10 wherein each of
the front aleadingedgedyvingdn assentiglly epuNesguedgiehavi ng an essential |y convex
curvature. _12. The_ transducer ,assenbly accor di to claim 10 wherein the

sides of tfe r&he digk drivReascoRtng e clidhne Bhere ifesfi thy TRATGETREANE R
tsrkg/\/lhICJP :t ﬁggrgqegﬁ'faé HiePATIRg g, ik, e ifHeced dehle éﬁ&m@ﬁkﬁﬁg Bt dhar «
[ [ ive. 13. T . ' '

wher o1 n hirel BaRiiNG BngRAcer SR GRS caftRF Rle B°GHY Bl o o BT s,

its trail igg, ﬁf’%e‘mtﬁédisyzﬁiv%r ansducer assenbly according to claim 10
wherei n t h&€ Tront ridge section

6. The disk drive according to claim 1 wherein the leading edge of the rear air-
bearing pad is nonparaliel with its trailing edge.
7. The disk drive according to claim 1 further comprising means attached to the

motor and actuator supporting means for unloading the slider from the disk when the
disk drive is not operating.

8.  The disk drive according to cléim 1 further comprising a strut located on the front
air-bearing pads for supporting the front of the slider substantiélly off the lubricant film
when the carrier is on the disk. i

9. The disk drive according to claim 1 further comprising a carbon film on the front
pads for supporting the front of the carrier substantially off the lubricant film when the
carrier is on the disk.

10. A transducer assembly for a magnetic recording disk drive having a disk with a
Jubricant film thereon, the assembly comprising:

a slider having a disk side, a side opposite the disk side, a front ridge section
generally transverse to the slider longitudinal centerline and supporting two front air-
bearing pads generally equally spaced about the slider longitudinal centerline, a rear
ridge section generally parallel to the front ridge section and supporting a rear air-
bearing pad located on the slider longitudinal centerline, and a nonair-bearing surface
recessed from and separating the front and rear ridge sections, the total surface area of

the front air-bearing pads being greater than the surface area of the rear air-bearing pad
and the rear air-bearing pad having a leading edge wider than its trailing edge; and
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I ncludes a pair of laterally spaced-apart ridge areas, each ri'd'g'é”é'r'ea_
supporting an air- bearing pad. 15. The transducer as
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the lubricant filmwhen the slider is on the disk. 16. The transducer
assenbly according to claim10 further conprising a carbon filmon the
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11. The transducer assembly according to claim 10 wherein each of the front air-
bearing pads has a leading edge having an essentially convex curvature,

12. The transducer assembly according to claim 10 wherein the sides of the rear air-
bearing pad connecting the leading edge with the trailing edge define an angle which is
greater than the maximum amount of ;kew of the slider relative to data tracks on the disk
when the slider is in the disk drive.

13. The transducer assembly according to claim 10 wherein the leading edge of the
rear air-bearing pad is nonparallel with its trailing edge. |

14. The transducer assembly according to claim 10 wherein the front ridge section
includes a pair of laterally spaced-apart ridge areas, each ridge area supporting an air-
bearing pad.

15. The transducer assembly according to claim 10 further comprising a strut located
on each of the front air-beating pads r_for supporting the front of the slider substantially
off the lubricant film when the slider is on the disk.

16. The transducer assembly according to claim 10 further comprising a carbon film on
the front air-bearing pad for supporting the front of the slider substantially off the
lubricant film when the slider is on the disk.

17. The transducer assembly according to claim 10 wherein the length-to-width ratio of
each of the front pads is between approximately 0.25 and 2.

18. The transducer assembly according to claim 10 further comprising means attached
to the side of the slider opposite the disk side for connecting the slider to the actuator of

the disk drive, whereby the slider is biased toward the disk during operation of the disk
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. 19. ‘A magnetic recording disc drive conprising: at |east one nmagnetic
recordi ng disk having a lubricant filmthereon; a notor connected to the
disk for rotating the disk; a slider having a diskgi i osite
the disk side, a front ridge section ggnerally trar,iﬂllmguﬂlm"ﬂmzﬁgnl der

| ongi tudi nal centerline and supporting two front air- beaking pads

gener al !eét equal |y spaced about the slider longitudinal centerline, a rear
ri dge sé@ i oh mpgnetictdcording dist drive comprisibgont ri dge section and supporting
a rear air- bearing pad | ocated on the slider |ongitudinal centerline, and
a nonai r - beAtileast g magreticgeeording diskobavingia bibpiganttfilythereons r ont and rear
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drive; an
bearing pad located on the slider longitudinal centerline, and a nonair-bearing surface

recessed from and separating the front and rear ridge sections, the total surface area of
the front air-bearing pads being greater than the surface area of the rear air-bearing pad,
whereby the slider is pitched up during operation of the disk drive;

a magnetic bead located on the slider near the rear air-bearing pad for reading data
from or writing data to the disk; |

an actuator for moving the slide;' genérally radially across the disk so the head may
access different regions of data on the disk;

a suspension attached to the side of the slider opposite the disk side and connecting
the slider to the actuator for maintaining the air-bearing pads of the slider near the disk
during operation of the disk drive; and

means for supportihg the motor and actuator.

20. A transducer assembly for a magnetic recording disk drive having a disk with a
lubricant film thereon, the assembly comprising:

. a slider having a disk side, a 'side opposite the disk side, a front ridge section
generally transverse to the slider longitudinal centerline and supporting two front air-
bearing pads generally equally spaced about the slider longitudinal centerline, a rear
ridge section generally parallel to the front ridge section and supporting a rear air-
bearing pad located on and being generally symmetric about the slider longitudinal

centerline, and a nonair-bearing surface recessed from and separating the front and rear
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nmeans for supporting the motor and actuator. 20: "A transducer assenbly for
a magnetic recording disk drive having a disk ilm
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DISK DRIVE HEAD ASSEMBLY

ABSTRACT

A data recording disk drive a low-flying air-bearing slider that is also able to be in
contact and near contact with the lubricant film on the disk. The slider (20) has a front air-
bearing surface in the form of a pair of equally-spaced ail;-bearing pads (25, 27) a rear air-
bearing pad (29), and a central nonair-bearing recessed surface (28)-which separates the front
and rear air-bearing pads. The two front pads have a surface area greater than that of the
rear pad and thus moﬁde a positive pitch up of the slider. This causes the rear pad to ailsé
be pitched up so that air can flow beneath the rear pad to generate an air bearing in the rear
portion_ of the slider. The presence of the central nonair-bearing region eliminates any lift in
the central part of the slifler, which allows for the low-flying.

Fig. 4




