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SHALLOW ETCH AIR BEARING SURFACE
FEATURES FOR OPTIMIZED TRANSDUCER SPACING

BACKGROUND OF THE INVENTION

1. Field of the Invention.

This invention relates in general to air bearing
sliders for use with recording media and more particulérly,
to a slider having'air béaring surface features which
minimize the difference bétween the minimum meéhanical

slider/disk spacing and the magnetic head/disk'épacing:

2. Description of Related Art.

Conventional magnetic disk drives are information
storage devices which utilize at least oﬁe rotatable
magnetic media disk with concentric data! tracks, a
reéd/write transducer for reading and writing data on the
various tracks, an air bearing slider for holding the
transducer adjacent tofthe track generally in a flying mode
above thé media, a suséensibn for resiliently holding the

.air beafing slider and the transducer over the data tracks,
and a positioning actuator connected to the suspension for
moving the transducer across the media éo the desired data
track and maintaining the transducer over the data track
during a read or é write operation.

In magnetic recording technology, it is continually
desired to improve the areal density at which information

can be recorded and reliably read. Because the recording



storage devices which utilize at |east one rotatable magnetic nedia disk
with concentric data tracks, a read/wite transducer for readi ng and
witing data on the various tracks, an air bearing slider for holding the
transducer adjacent to the track generally in a flying node above the
medi a, a suspension for resiliently hol.ding the air bearing slider and the
transducer over the data tracks, and a p#sitioning actuator connected to

t he suspension for noving the transducer across the nedia to the desired
dat a track and mai ntai ning.the transducer over the data track during a
read. or

ol
conti nual | y II’E??S"%FS :%Oﬁwsgéct é‘sg?gglltvlﬁgﬂ%?ﬁ# I nq%n&%ﬁ rl}ﬁ ?'{E\'i‘i‘%ﬂe can
be recorde%é%%%éﬁ”éﬁ@'gréﬁ@&uaegegﬁas%h%hﬁag%%%l lm%dia, a goal of

air bearing slider design is to "fly" an air bearing slider
as ciosely.as possible to a magnetic medium whilé avoiding
physical impact with the medium. Smaller spacings, or "fly
heights", are desired'so that the transducer can'distiﬁguish
between the magnetic fields emanating from closely spaced
regions on the disk.

Zone:bit.fecording can provide significant performance
and dapacity improvements in magnetic disk stofage files.
In order to facilitate this teéhnology, it is desirable to
maintain a constant spacing between the read/write head and
the disk across all the zones, from the inner-diameter (ID)
to the outer-diameter (OD) of the disk. It is also
desirable to fly as low as possible across the data zones to
increase:amplitude and;fesolution and further increase areal
density and file capacity. However, low fly height causes
concerns over mechanical reliability in the file, for botﬁ
start/stop life and long term flyability.

Constant flying heights across the data zones presents .
a ‘substantial challenge to slider design because the air
velocity created by the rotating disk varies in both
magnitude and direction relative to the air bearing slider

at all radii in rotary actuator files.



- 2- density of a magnetic disk drive is limted by the distance between
the transducer and the nagnetic nedia, a goal of air bearing slider design
isto "fly" an air bearing slider as closely as possible to a magnetic
medi um whi | e avoi ding physical inpact with the nmedium Snaller spacings,
or "fly heights", are desired so that the transducer can distinguish

bet ween the magnetic fields emanating frodrclosely spaced regions on the
di sk. Zone bit recording can provide significant perfornmance and
capacity inprovenents in nmagnetic disk storage files. 1In order to
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skew relative to disk rotation, roll is a measure of the
angle of rotation about the longitudinal axis of the air
bearing slider. Variations in roll occur when a resiliently
mounted slider experiences a skewed air flow or thé actuator
experiences an impact with the disk. Insensitivity to.roll
variations is a crucial requirement of air bearing sliders.
Finally, an air bearing slider experiences varying
conditions'during the high speed radial movement of the
actuator as it accesses data on various portions of the
"disk. High speed movement across the disk can lead to large
values of slider roll, pitch and skew and a resultant
variation in fly height. This is yet another reason that an
air bearing slider must be insensitive to changes in roll,
pitch and skew. : |
Typical taper-flat type sliders cannot satisfy the
constant spacing requirements for zone-bit recording. For
most rotary actuator configurations, the taper-flat sliqer
flying height increases rapidly as the head is moved out
from the ID. As it approaches the middle of the data band,

it reaches a maximum spacing, which may be up to twice as

large as the initial ID flying height. From there, the
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anplitude and resolution and furthér increase areal density and

file capacity. However, low fly height causes concerns over mnechani cal
reliability inthe file, for both start/stop life and |long term
flyability. Constant flying heights across the data zones presents
substantial challenge to slider design. because the air velocity created by

the rotating disk varies in both

air bearing slider at all radii in rotary actuator files.
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An air bearing slider also experiences fly height variations
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rotation,

ure o
outer rim of the disk.

When any of the above described variations in fly
height occur, they may result in contact between the air
bearing slider and the rapidly rotating recording medium.
Any such contact leads to wear of the air bearing slider and
the recording .surface and.is-potentially catastrophic..

Prior_ert slider designs have attempted to avoid this
problem by addressiﬁg one or more of above described

sensitivities, so as to produce an air bearing slider with

runiform flying height under the varying conditions that may
~be experienced by the air bearing slider. Alternative

‘designs for the air bearing surfaces have been developed to

provide the required aerodynamic performance. Further,
these designs frequently utilize trade-offs between the
slider’s -pitch and rolf.to achieve the flat head/disk
spaeipg desired. However, the rail width which prevides the
air bearing surface must also be capable of accommodating
the read/write transducer. Consequently, variations in the
slider’s flying'attitude can result in a much lower
mechanical slider/disk spacing with a corresponding increase
to the magnetic head/disk spacing.

For example, Fig. la illustrates a priof art slider 10

having a leading edge 12, a trailing edge .14 and two side

nagnifﬁde and direction relative to the

a



angl e of rotation about the |ongitudinal axis:of the air bearing slider.
Variations in roll occur when a resiliently nounted slider experiences a
skewed air flow or the actuator experiences an inpact with the disk.
Insensitivity to roll wvariations is a crucial requirenent of air bearing
sliders. Finally, an air bearing slider experiences varying
conditions during the high speed radi al ‘meenent of the actuator as it
accesses data on various portions of the disk. H gh speed novenent across
the disk can lead to large values of slider roll, pitch and skew and a
height. This is yet another reason that an air

resultant vayiation in fly ) > |

beari ng inGEEQﬁnﬁG{x9§nseﬁ§iF ¢edigkchegdnas tp xotrte,pitheh sdidekew.
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band, illustrated in Fig. la includes two side rails 20, 22 and a
center rail 24 for a given performance standard. The two
side rails 20, 22 and the center rail 24 are disposed on a
support structure 26. A transducer 28 is disposed on the
center rail 24 at the trailing edge 14 for performing
read/write operations.on the disk. Fig. 1b illustrateé a
close-up view of the center rail 24 at the trailing edge 14
of the slider 10. The head gap 32 of the transducer 28 is
also shown. Under the above described conditions, the
slider may experience roll, indicated by longitudinal
displacement angle 34, which may cause the slider to contact
the rotating disk due to the much lower mechanical
slider/disk spacing. ﬁig. 2 illustrates how a nominal roll
angle 34 causes the mechanicél spacing of the center rail
edge 42 to be substantially lower than the magnetic gap
flying height.

Fig. 2. illustrates a rear view of the prior art slider.

10 along lines A-A of Fig. la. The view in Fig. 2 is
exaggerated for clarity. 1In Fig. 2, the center rail 24 is
shown disposed on the support structure 26. As the slider

10 experiences a nominal roll angle 34, the mechanical



It reaches a maxi mum spaci ng, which.may be up-.to twice as large as the
initial 1D flying height. Fromthere, the
-4 cl earance drops as the air bearing slider noves toward the outer
rimof the disk. When any of the above described variations in fly
hei ght occur, they may result in contact between the air bearing slider
and the rapidly rotating recordi ng nedi tmg- Any such contact |eads to wear
of the air bearing slider and the recording surface and is potentially
catastrophic.. Prior art slider designs have attenpted to avoid
this problem by addressing one or nore of above descri bed -
spacing 40 between the edge 42 of the center rail 24 and the
disk 44 decreases while the magnetic spacing 46 between the
head gap 48 and the disk 44 decreases to a lesser degree,
remains the same or becomes greater depending upon whether
the axis of the roll is displaced from the slider’s central
longitudinal axis. Fig. 2 illustrates. the situation where
the magnetic spacing 46 between the head gap 48 and the disk
44 becomes greater. The magnitude of the difference between
the mechanical spacing 40 and the magnetic gap flying height
48 can be substantial. For example, a slider with a 400 gm
trailing edge rail width and a nominal 50 grad flying roll
attitude will have a minimum mechanical spacing 40 that is
ten nanometers (nm) lower than the desired magnetic spacing
46 fly height causing the slider to be raised for increased
wear resistance, i.e., increased life-time.

It c¢an be seen thén that there is a need for a slider
that has air bearing surface features which minimize the
difference between the minimum mechanical slider/disk
spacing and the magnetic head/disk spacing.

It can also be seen that there is a need for a slider -
héﬁing shallow etch features that allow optimization of
transducer spacing.'

It can also be seen that there is a need for a disk

drive having a slider which exhibits a narrow trailing edge



sensitivities, so as to produce an-air bearing slider wwth wuniformflying
hei ght under the varying conditions that may be experienced by the air
bearing slider. Alternative designs for the air bearing surfaces have been
devel oped to provide the required aerodynam c performance. Further, these
designs frequently utilize trade-offs between the slider's pitch and r ol
to achieve the flat head/ di sk spacing de§8i+red. However, the rail w dth
whi ch provides the air bearing surface nust al so be capable of
acconnndating the read/wite transducer. Consequently, variations in the
mechani cal sl ider/disk

slider's fI t ude n result.in a_nuch | ower
spaci ng MAt cHLFé?p@ﬁ& %é&ﬂg QQFQW%F?WEFEﬁlEoﬁeEBPdF§ﬁd§HEéFﬁg
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minimum mechanical sllder/dlsk spacing and the magnetic

head/disk spacing.

UMMARY OF THE TNVENTION

To ovefcome the limitations ‘in the prior art described
above, and to overcome other limitations that will become
apparent upon reading  and uﬁderstanding the present
specification; the present invention discloses.a shallow
:etch at the trailihg edge rail that allows the slider to fly
!closer to the recording medium.

A system in accordance with the principlés of the
present invention comprises a support structure having side
edges, a leading and a trailing edge relative to the motion
of the recording mediuﬁ-and at least one rail having side
edges and an air bearing surface raised above the support
structure, wherein at least one of the rails comprises a
magnetic element, and wherein the edges of the rail adjacent
to the magnetic element are etched to minimize the fly -
height of the maghetic element over the disk while
preventing collision of the rail with the disk during roll
conditions. The etched features of the rail create relieved

trailing edge portions where the edges of the rail adjacent

This Sheet Has Been Reilaced




edges 16, 18. As the disk begins to rotate, the slider pitches such that
the leading edge 12 is raised with respect to the trailing edge 14 as
shown in Fig. la. The slider illustrated in Fig. la includes tw side
rails 20, 22 and a center rail 24 for a given performance standard. The
two side rails 20; 22 and the center rail 24 are disposed on a support
structure 26. A transducer 28 is disposef-on the center rail 24 at the
trailing edge 14 for performng read/wite operations on the disk. Fig. Ib
illustrates a close-up view of the center rail 24 at the trailing edge 14

Under the dioy ané%ﬁp% CBTAMER Ay (R LHeTor ity QLT | RLEOPBFIRS
Lndi cated byt Q001 BEL"Gke RigR AN Y Supbbrt BEudBYSUSe the

One aspect of the present invention is that the slider
has air beariﬁg features which miniﬁize the difference
between thé-minimum mechanical slider/disk spacing and the
magnétic head/disk spacing.

Another aspect of the present invention is that. the
slider has shallow etch features that allow optimization of
transducer spacing.

Another aspect of the present invention is that a disk
drive may include a. slider which exhibits a rail with a
narrow trailing edge while st%ll pro&iding adegquate area for
the read/write transducer thereby minimizing the difference
-between the minimum mechanical slidér/disk spacing and the
magnetic head/disk spacing.

In an alternativefémbodiment the edges of the air
bearing -surface adjacent the magnetic element are shortened
by etching or ion milling, i.e., they do not completely
extend to the trailing edge.

These and various other advantages and fea;ures of
novelty which characterize the invention are pointed out
with particularity in the claims annexed hereto and form a

part hereof. However, for a better understanding of the

invention, its advantages, and the objects obtained by its-
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the rotating disk due to the nuch 1 ower nechanical slider/disk spacing.

Fig. 2 illustrates how a nomnal roll angle 34.causes the nechani cal
spacing of the center rail edge 42 to be substantially |ower than the
magnetic gap flying height. Fig. 2. illustrates a rear view of the

prior art slider 10 along lines A-Aof Fig. la. The viewin Fig. 2 is
exaggerated for clarity. In Fig. 2, the-®nter rail 24 is shown disposed
on the support structure 26. As the slider 10 experiences a nom nal rol
angl e 34, the nechani cal - 6-

spaci ng 40 betwe t he edge 42 of, t he 24 .and the .disk 44 -

decr eases Wﬁ@veqék? té%pg gc?ﬁgmiéeb ?mﬁéﬁ grawings w Which'rotm &
further part hereof, and to accompanying descriptive matter,
in which there are illustrated and described specific

examples of an apparatus in accordance with the invention.
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head gap 48 and the di sk 44 decreases to a | esser degree, renains the sane
or becones greater dependi ng upon whether the axis of the roll is

di splaced fromthe slider's central longitudinal axis. Fig. 2 illustrates
the situation where the nmagnetic spacing 46 between the head gap 48 and
the disk 44 becones greater. The magnitude of the difference between the
mechani cal spacing 40 and the magnetic g&9f!ying height 48 can be
substantial. For exanple, a slider with a 400 [err]m trailing edge rai
width and a nomnal 50 [err]rad flying roll attitude w Il have a m ni num

mechani cal spacing 40 th | ﬁﬂﬁéégéﬁiﬂ o8, § Q)D G han t he desired

magnetic spacing 46 fly 0 ;ﬂﬁgcgsi ai sed for

i ncreased wear ' €l £y b OCE i fae- 1] . seen
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then that there TS a‘ne or as r eari ng su

features Whiibdid fgfeble SbLEREBRGAING ek huduBye rechani cal

sl i der/di sk~ spaci ngan e magnetic hea sk spacin
Fig. la illustrates a prior art slider;

Fig. 1b illustrates the trailing edge of the center
rail for the prior art slider of Fig. 1;

Fig. 2 illustrates a rear view of the prior art slider
along lines A-A of Fig. la;

Fig. 3a illustrates a slider having shallow etch
features according to the present invention;

Fig. 3b illustrates the trailing edge of the center
rail for the slider having shallow etch featpres according
to the present invention;

Fig. 4 illustrates a rear view of the slider having
shallow etch features according to the present invention
along lines B-B of Figf-3a;

Fig. 5a illustrates a negative pressure slider design
wherein the magnetic transducer is not mounted at the
trailing edge;

Fig. 5b illﬁstrates a slider with shallow etch features..
according to the present invention having the air bearing

surface geometry of the slider in Fig. 5Sa; and



It can also be seen that there is a need for -a slider having shallow etch
features that allow optim zation of transducer spacing. It can al so
be seen that there is a need for a disk drive having a slider which
exhibits a narrow trailing edge

7 rail while still providing adequate area for the read/wite
transducer thereby minimzing the differdhce between the mnini mum
mechani cal slider/disk spacing and the magnetic head/ di sk spaci ng.

SUMVARY OF THE | NVENTI ON To overcone the limtations in the prior

art descri bed abqwe d to overcone other linjtatiqns that will becone
appar ent upon regaﬁhg%gﬁﬁgdhdﬁﬁg %ng?ﬂba}ﬁéngrgbgnpodellng results for

the minimum mechanical spacing, minimum gap spacing, and the

difference therebetween for the sliders illustrated in Figs.

Sa and Sb.



specification, according to a first aspect of the invention there is
provided a slider for supporting a transducer above a noving recording
medi um conpri si ng: a support structure having support structure
side edges, a leading and a trailing edge relative to the notion
of the recording nmedium a rail centered on the support structure between
the support structure side edges, the r@4-having rail side edges and an
air bearing surface rai sed above the support structure, the air bearing
surface including an intermediate projection located at a trailing end of

the rail, wherein the I r efl.c g nt _nounted at the
|nterned|ate prOJectlon—J;#gﬁ‘ R |b|n E§¥Eﬂgﬁﬁﬁbed trailing
edge portions f th t ermedi ate projection
only at the tra| ﬁ%ﬁ%n581$89%ﬁgt?§§é¥§ﬁF 9&ﬂé§e HEF ?Fﬁngge portions
e arram&ﬂ%ﬁenffafé@grl&% 1@0% ereby preverf?é&g’&c%rrtfs\fl\g %%Vt'%ﬁg%ﬁe

si de edges and the recording ne

rail with thedlecesshng ﬁEQtUKéW@@E tf&‘iél l:fi%fhféﬂl wny by ,,E’%gfgfably,
S

the magnetic el ement is supported at' the trail Ing e ge por t
structure. illustration the specific embodiment in whlch the invention

may be practiced. It is to be understood that other
embodiments may be utilized as structural changes may be
made without departing from the scope of the present
invention.

Fig. 3a illustrates a.slider 100 according to the
present invention which ie similar to the prior art slider
illustrated in Fig. la. The slider according to the present
invention 100 includes a leading edge 112, a trailing edge.
114 and two side edges 116, 118. Two side air bearing
surfaces or rails 120, 122 and a center rail 124 for a given
aerodynamic performancetstandard are disposed on a support
structure 126. A transducer 128 is disposed on the center
rail 124 at the trailing edge 114 for performing read/wrlte
operations on the disk. However, the center rail 124
includes shallow etch features 150 adjacent to the magnetic
element 128 which causes a portion of the centef rail 124 to
be shortened a distance relative to the trailing edge 114 of

the support structure 126. The shallow etching therefore



- The relieved tral

8 The relieved trailing edge portions may shorten the side edges
of the rail relative to the trailing edge of the support structure.

tn a preferred enbodi nent, the rail having the magnetic el enent supported
thereon is disposed al ong one side of the support structure.

Preferably, the slider further conprises at |east one additional rail for

provi di ng aerodynani c control of the slilder. The relieved trailing
edge portions of the rail adjacent the magnetic elenment rmay be etched by
reactive ion etching techni ques. The relieved trailing edge

Wiling. rebifesh 3URRERR ?§?e@%§%&%%a?%eiﬁ”§‘?%ﬁ”%@§f;$%f€ﬁ%'gbéd;2”
Phe. supporToRFhFarL Tae whBXe i GRS ndifiodl) 237 FFafibolla’®
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: I ng edge portions preéferably have T'engths thatl are
substanti aj324 £HOEher t¥hanihhe ot Ofost Rhd &lider 100. The head

gap 132 is also shown. However, according to the present

invention, the above described roll conditions, indicated by
angle 134; do not result in aé great é difference between
the mechanical slider/disk clearance or spacing and the |
magnetic head/disk spacing.

The shallow etch 150 effectively narrows the width of
the center rail 124 at the trailing edge 114 while still
providing adequate area for the read/write trgnsducer 128.
The shallow etched portion 150 of the center rail 124
includes relieved trailing edge portions 154 adjacent to the
magnetic element 128 where boitions of the center rail 124
are removed and therefore not raised above the support
structure 126 to the same level as the remaining air bearing
surface 156 of the center rail 124. Preferably, the depth
of the etching step should be shallow enough to avoid
interference with the element structure to minimize the -
impéct on the transducer or air bearing design. Typically,
the etching step depth is on the order of 0.5 um or less.

The shallow etching process may be performed by ion milling,

reactive ion etching, or other appropriate techniques known



According to a second aspect of the invention there is provided a slider
for supporting a transducer, the slider flying over a noving recording

di sk and having a nechanical clearance between the disk and the slider,-
conpri si ng: a support structure having a leading and a trailing
edge relative to the notion of the recording disk; and at | east .
one air bearing surface, disposed on thdad4support structure facing the
novi ng recordi ng di sk, wherein at |east one of the air bearing surfaces

i ncludes side edges and a projection having a nmounting surface for a
magneti c head, and wherein . . o .

8A the prk] dcosm phildpAednpheededsof |dddan manwasiring; deEige ¢he
proj ection which shorien the side _ed of the air bearing surface

Pt ve to UL TR ERe| hiwe o BoBH Hoie Tl FRELE VAR (R EECH A hecosses bei ng
etched to a l.evel bel ow.the air .bearing surface _but above the s ort
structur e,m%ﬁlfba%‘éaf PB4 BRIPEis Sa0 1N 9@ it t%cc‘?ﬁ‘gggﬁséot he

mechani cal_,cl earance,_between.the di sk and the slider. Preferably,

t he airImﬁﬂqrﬁf?ﬁﬁ?sc%nﬁFﬁgﬂapﬁg the surface for nmounting the

Fig. 4. illustrates a rear view of the slider 100 along_
lines B-B of Fig. 3a. Again, the view in Fig. 4 is
exaggerated for clarity. In.Fig. 4, the center rail 124 is
shown disposed on the support structure 126. BAs the slider
100 expériences a nominal roll angle 134, the mechanical
spaciﬁg 140 between the edge 152 of the center rail 124 and
the disk 144 does not impact the minimum mechanical spacing.
Thus, the shallow etch portion 150 effectively reduces the
width of ﬁhe air bearing surface at the gap 148.

Accordingly, the minimum mechanical spacing 140 for the
slider occurs at the edge of the notch 152 in the tip of the
center rail 124 where tﬁe magnetic head gap 148 is disposed.
As a result, the minimum mechanical spacing 140 location is
moved closer to the magnetic gap 146 and the difference
between the minimum mechanical spacing 140 and the minimum
mégnetic spacing 146 is reduced. - For example, a slider -
haQing a 0.125 um etch depth and a resulting notch width of

80 um which experiences a nominal 50 urad flying roll



magnetic head is positioned at the center of the slider.
Preferably, the recesses are renoved by reactive ion etching techni ques.

In a preferred enbodi ment, the recesses are renoved by ion mlling.

The recesses are preferably at least partially defined by a trailing edge
of the air bearing surface. According to a third aspect of the
invention there is provided a systemfor-18toring and retrieving

i nformati on, conpri sing: at | east one rotating disk having a
recording surface for recording -data thereon; a housing, coupled

to the disk i e).ding _the di sk: . n_act uat ol y,
coupl od 1o PRETHENE RiLT BV &' iy pecnanfiallpacingl 60 Ehacnas

actuator ar VAR=Tel e Tl e> 4| t ecordi ng surfgce of the

rot at abl e d?%%?s?ggaéﬁbpofgééﬁ$&®tdgghggi%@a%eﬁg%t$9§+§e8p8§HPF%ﬁ5ble over
the surfacegpfclifg uetating disk by the actuator; the support structure
‘having side edges; a leading and a trailing edge relative to the notion of

the recording mpHbdd skidiled in theEﬁréf¥¥§1(¥566§ﬁizga¥hgg ghde edges

and an air bearing surface rai sed above the
shallow etch features are not limited to utilization on

center rails or on rails wherein the maénetic transducer is
located adjacent to the traiiing edgé of the slider.

Similar results éan be achieved for planar head designs
where the magnetic tfansducer is not located adjacent to the
trailing edge of the slider.

Fig. 5a illustrates a standard negative pressure slider
design 200 having a leading edge 212, a trailing edge 214 ;
and two side edges 216, 218. Two side rails 220, 222 for a
given performance standard are disposed on a support
structure 226. The right side rail 220 includes a broadened
area 260-at the trailin& edge for supporting the transducer
or magnetic head element 228 for performing read/write
operations on the disk. The head gap 248 is illustrated at
the trailing edge 214 of the right side rail 220. Each of
the side rails 220, 222 includes a cross bar section 262 and .
a ‘subrail 264 which creates a negative pressure pocket 266.
Further, the two side rails 220, 222 are separated by a

channel 268.



support structure, wherein at |east one of the rails conprises a magnetic
el enent 9 nounted

proximate a trailing edge of the rail, and wherein the rail includes
recesses located at the trailing edge of the rail on opposite sides of the
magnetic elenent, the recesses being configured to shorten the side edges
of the rail a distance relative to the tR&rling edge of the support
structure, the recesses being recessed to a |l evel below the air bearing
surface but above the support structure such that clearance between the

S SO o M T R TR T AT IRS Lo et o
i1 der bet EER OR S bl ST B HHBPERL 8 BpRRTp, guiacE’ Geohecry of
i sposed 4l Sha e o R porphEyEE L TRR sBBRR R R 4 8 ¢ o
embodi ment, shia@ 19w @icH Wed1els CRABE | BRStAL LEGAE B98e rail 320 adjacent
the magnetic element 328. However, the magnetic element 328
is nqt disposed at the trailing edge 314 of the slider 300.
Tﬁe shape of the shallow etéh 350 in Fig. S5b provides both
minimal roll and pitch attitude sensitivity to the slider
300. |
Fig. 6 illustrates the modeling results 400 for the
standard 410 and shallow etched 412 designs of Figs. 5a and
Sb. It is clear from Fig. 6 that the minimum mechanical fly
heights 440 for the two negative pressure designs are
substantially identical. However, the shallow etched
negative pressure design 412 of Fig. 5b has a lower minimum
gap fly height 446 thanﬁthe standard negative pressure
design 410 of Fig. Sa. Overall, the siider with the shaped
shallow etch features according to the present invention has
a read/write head gap spacing 470 approximately 4 nm lower
than the design with this feature. Consequently, the slider
with the shaped shallow etch features 412 yieldé an improved
magnetic performance.
The foregoing description of the preferred and

alternative embodiments of the invention have been presented



additional rail for providing aerodynam c control of the slider.
Preferably, the recesses are nmade by reactive ion etching. The
recesses may be made by ion mlling. According to a fourth aspect
of the present invention there is provided a slider for supporting a
transducer above a noving recordi ng nmedi um conpri sing: a support
structure having a leading and a trailinglddge relative to the notion of
t he recordi ng nmedi um a rail having side edges and an air bearing
surface rai sed above the support structure, the air bearing surface

i ncl udi ng an. |nt rmedi ate projection | ocated at trailing end of the
rail, mherel Iﬁ%qwﬁquﬂﬁé%'ég 1;£Hﬁ§ﬁéFF8nePgﬁeﬂFsﬁﬁhﬂ Py (They are

i reli,eved trailli ng

'eS;Ergﬁfl?éﬁl&r TR, 0t P B lphitecPr, Re TARLF SHen vt 14
gglyr:flthfhg{?g4leve t#%%?.ﬂgl% é%s%grtlonsybelﬁﬁféFﬁﬁﬁgqﬁ gﬁﬁiconflgured
to increaseyhhfations are possible in light of the above teaching. It
is intended that the scope of the invention be limited not
with this detailed description, but rather by the claims

appended hereto.



cl earance between the edges of the rail and the recordi ng medi um thereby
preventing collision of the rail with the recordi ng nedi umwhen-the slider

roll's, wherein the internediate projection has a first wd ansversely
aligned with respect to a longitudinal axis of the rail, tH&s Rﬂl%mi
trailing edge portions have second wi dths _transversely alrg ," ,
respect to the |ongitudinal axis of the r%ﬁT and each of th

wi dths of the relieved trailing edge portlons is longer than the first

width of the intermediate projection. Aspects of the invention

will now beygigscisbetiabmenayaf -exanple and with reference to the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS . ReferrAnglage eohangipitdlay i) el dndeds 4B5680°¢

nunber s represent correspondi ng parts t hr oughout :

moving recording medium, comprising:

a support structure having side edges, a leading and a
trailing edge relatiﬁe to the motion of the recording
medium; and

-at least one rail having side edges and an air bearing
surface raised above the_support structure, wherein at least
one of the rails comprises a magnetic element, and wherein
the edges of the rail proximate to the magnetic element are
etched to minimize the fly height of the magnetic eiement
over the recording medium and to maximize the clearance
between the edges of the rail and the recording medium
thereby preventing éollision of the rail with the recording

medium.

2. . The slider of claim 1 wherein the magnetic element

is supported at the trailing edge of the support structure.

3. The slider of claim 1 wherein the rail further
comprises relieved trailing edge portions where the edges of
the rail adjacent to the magnetic element are shortened

relative to the trailing edge of the support structure.

(T



Fig. laillustrates a prior art slider; Fig. Ibillustrates the

trailing edge of the center rail for the prior art slider of Fig. 1
Fig. 2 illustrates a rear view of the prior art slider al Oﬂ&dhbé?ﬁ%B%eﬁARﬁfaced

Fig. la; Fig. 3a illustrates a slider having shallow e
according to the present invention; - Fig. 3billustrate E N m
edge of the center rail for the sllder -R8vi ng shal | ow et ch

according to the present invention; Fig. 4 illustrates a rear view
of the slider having shallow etch features accor di ng to the present

i i | | 3a; . i 0. [ 1
ressure sl dor Hesi Gl FEFarh PhelTathel wherbingbber o I Gvisih e é'tve
the trail g %n"e‘ig.ec element! é@é&té&“éh&?&Sﬁ i‘sSL:'e% rervénd:[ r<]:n5h{311|e| osvy_leé

features
between the side edges of the support structure

5. The slider of claim 1 wherein'thé rail having the
magnetic elemept supported thereon is disposed along one

side of the support structure.

6. The slider of claim 1 further comprising at least
one additional rail for providing aerodynamic control of the

slider.

7. The slider of claim 3 wherein the shortened edges
of the rail adjacent the magnetic element are completely
removed to the level of the support structure.

;-

8. The slider of claim 1 wherein the edges of the

rail adjacent the magnetic element are etched by reactive

ion etching techniques.

9. The slider of claim 1 wherein the edges of the
rail adjacent the magnetic element are etched by ion

milling.

I
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according to the present invention having the air bearing surface geonetry
ot the slider in Fig. 5a; and Fig. 6 is a table
containing the nodeling results for the m ni num nmechani Cghis SHeéEia$iBeen Replaced

mi ni mum gap spacing, and the difference therebetween for tmlmlmﬁnﬁl Iu
2-

~illustrated in Figs. 5a and 5b.
10. The slider of claim 1 whérein the edges of the air

-20-

bearing surface adjacent both sides of the magnetic element

are removed.

11. The slider of claim 10 wherein the edges of the
air bearing surface adjacent the magnetic element are
removed to a level below the air bearing surface but above

the support structure.

12. The slider of claim 1 wherein the edges of the air
bearing surface adjacent the magnetic element are removed to
a level below the air bearing surface but above the support

structure.

AR



DETAI LED DESCRI PTI ON OF THE | NVENTI ON In the foll ow ng descrlptlon of
the preferred enbodinent, reference is nade to the &
which forma part hereof, and in which is shown by maim heet é%h. kgp the
speci fic enbodi ment in which the invention nmay be pr

understood that other enbodinents may be utilized as M ges
may be made wi thout departing fromthe s@&pe of the p

Fig. 3aillustrates a slider 100 according to the present |nvent|on mhlch
is simlar to the prior art slider illustrated in Fig | a. The inder

Crailing edge 127 and i & forafoebbiert il & rRA BRI " A

surfaces or 4 e el
perfornancef;?grgﬁr are ﬁnspos dfg%&?&%é por%% rucgﬁgé %%“%' fgﬁ%%%cer
128 is di speged /N ide (Cldé&Fance and a magnetic head/disk clearance,

comprising:

a support structure having side edges, a leading and a
trailing edge relative to the motion of the recording disk;
and -

at least one air bearing surface, disposed on the
support structure.facing the moving recording disk, wherein
at least one of the air bearing surfaces provides a mounting
surface for a magnetic héad,_and wherein at least one edge
of the air bearing surface adjacent the magnetic head is
removed to increase the mechanical clearance between the

disk and the slider.

14.- The slider of ‘claim 13 wherein the edges of the
air bearing surface adjacent both sides of the magnetic head

are removed.

15. The slider of claim 13 wherein the air bearing
surface providing the surface for mounting the magnetic head

is positioned at the center of the slider.

N R



rail 124 at the trailing edge 114 for perform ng readIMW|te operations_on.
t he di sk. However, the center rail 124 includes shall owetch features 150
adj acent to the nagnetic el ement 128 which causes a por tyinRQhdf Hds Been®eplaced

rail 124 to be shortened a distance relative to the trail Mﬁm “\H‘fm

~the support structure 126. The shallow etching therefore

- -13- results in a notch 152 at the tra??lng edge 114 o center rai
. 124 where the magnetic head gap 132 is disposed,. Flg 3b |IIustrates'
- a close-up view of the center rail 124 at the trailing edge 114 of the

. slider 100. The head 3 Ver C rd|ng
. present inventigﬁf tﬁg'lﬁgfd%ﬁaeﬁléﬁﬁﬂmviﬁ %%%ﬂ?%?oﬁge a?gdtb?
i air bearing surface adjacent both sides of the magnetic head

are removed.

17. The slider of claim 16 wherein the edges of the
air bearing surface adjacent the magnetic head are

completely removed to expose the  support structure.

18. The slider of claim 16 wherein the edges of the
air bearing surface adjacent the magnetic head are removed
to a level below the air bearing surface but above the

support structure.

19. The slider of claim 16 wherein the edges of the
air bearing surface adjacent the magnetic head are removed

by reactive ion etchingttechniques.

20. The slider of claim 16 wherein the edges of the
air bearing surface adjacent the magnetic head are removed

by ion milling.

21. The slider of claim 13 wherein the edges of the
‘air bearing surface adjacent the magnetic head are removed

by reactive ion etching.

* C L M S *



angl e 134, do not result in as great a difference bet wen—the—+echantecal——
slider/disk clearance or spacing and the magnetic head/digﬁkgﬁ%ﬁhggé

The shall ow etch 150 effectively narrows the width of the ¢ f ed
at the trailing edge 114 while still providing adequate ari;mmﬂlllﬂﬂ u '
read/ wite transducer 128. The shallow etched portion 150

rail 124 includes relieved trailing edg@%ﬁntions 154 adj acent to the
magneti c el ement 128 where portions of the center rail 124 are renoved and
t herefore not raised above the support structure 126 to the sanme |evel as

the renaining aigy pealﬁhggsﬁag:a%% @g&g 31}1323{% rét@%{)d%}ﬁé L%&%é%i‘g%eéﬁéabl Y,

the depth of the etching step shou

e or G blat IRg ChBFEALCS R helHAG d Head RS ORGRES

transducer or air bearing design. “Typlca ching sti'ep
the order @y Gidn[wmillihgr | ess. The shallow etching process nmay be
performed by ion mlling,

23. The slider of claim 13 wherein a portion of the
~air bearing surface adjacent to the magnetic head is
shortened relative to the trailing edge of the support

structure and the head is recessed from the trailing edge.

N AR T



reactive ion etching, or other appropriate techni ques known
-14- to those skilled in the art of slider manufacturimg.—Fg. 4

illustrates how a noninal roll angle 134 affects the #pRCHANHaABeeRREplaced
magneti c gap spacing of a slider according to the pres

Fig. 4. illustrates a rear view of the s|jder 100 al ong ﬂlﬁaﬁnﬁl
3a. Again, the viewin Fig. 4 is exaggefated for clan

center rail 124 is shown disposed on the support structure 126. As the
slider 100 experiences a nomnal roll angle 134, the nmechanical spacing

140 between thezgdgeA; fle #ff%f*ﬁ%é?lﬁé“én&zfeéﬁgeviﬂs fhebrhdt idaes not -

i npact the mini mum nmechédni cal ‘spaci ng
comprising:

Fi g.
t he

at least one rotating disk having a récording surface
for recording data thereon;

a housing, coupled to the disk, for shielding the disk;

an actuator arm assembly, coupled to the houéing;

a support structuré, coupled to the actuator arm
assembly approximate to the recording surface of the
rotatable disk, the support étructure being selectively
positionable over the surface of the rotating disk by the
‘actuator; the support structure having side edges, a leading
and a trailing edqe relative to the motion of the recording
medium; and |

at least one.raif‘having side edges and an air bearing
surface raised above the support structure, wherein at least
one of the rails compriges_a magnetic element mounted
proximate the trailing edge of the rail, and wherein the
edges of the rail proximate to the magnetig element are
shortened a distance relative to the trailing edge of the
support structure to minimize the fly height of the magnetic
element over the disk, and to maximize the clearance between
ﬁhe edges of the rail and the recording medium for

preventing collision of the rail with the recording wedium.

AR )
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Thus, the shallow etch portion 150 effectively reduces the—widthof the

air bearing surface at the gap 148. Accordingly, the ninbﬂu hani cal
spacing 140 for the slider occurs at the edge of the notchHs l%d
of the center rail 124 where the nagnetic head gap 148 is H & a
result, the m ni mum nechani cal spacing 140 location is nov I he
magnetic gap 146 and the difference betW82n the ni ni mum nechanical spacing
140 and the mnimum magnetic spacing 146 is reduced. For exanple, a

slider having a 0.125 [err]metch depth and a resulting notch wdth of 80

[errlmwhich expggi enggs 3N Pale A LEh 31 Adndl¥iR9ehe! kail further

comprises relieved trailing edge portions where the edges of

the rail adjacent to the magnetic element are shortened

relative to the trailing edge of the support structure.

26. The slider of claim 21 wherein the rail having the
magnetic element supported thereon is centered on the slider

between the side edges of the support structure.

27. The slider of claim 21 wherein the rail having the
magnetic element supported thereon is disposed along one
side of the support structure.

28. The slider of claim 21 further comprising at least
one additional rail for providing aerodynamic control of the

slider.

29. The slider of claim 21 wherein the shortened edges
of the rail adjacent the magnetic element are completely

removed to the level of the support structure.

30. The slider of claim 21 wherein the edges of the
rail adjacent the magnetic element are shortened by reactive

ion etching.

* ¢ L M s %



attitude will have a m ni mum nechani cal spacing 40 that is only 2
nanoneters (nm |ower than the desired nagnetic spacihrg46— - Fhose-
r

skilled in the art will recognize that the shallow etc¢h feat [gs not
limited to utilization on center rails or on rails whefSges G
transducer is |ocated adjacent to the trailing edge of H

Simlar results can be achieved for planaR®head designs netic
. transducer is not |ocated adjacent to the trailing edge of the slider.
. Fig. ba illustrates a standard negative pressure slider design 200 having

Siderails 290, 2 {ofd shideR B, FiramnGe WParRiR] e cdusRaf iea

2608t the CEY i Ruen Gl AabmBEER SR rbePond pPE sl FRERH hona

el ement 228 4¥%§§§forn1ng read/ wite operations on the disk. The head gap

248 is illustra ‘at

32. The slider of claim 24 wherein the edges of the
air bearing surface adjacent both sides of the magnetic

element are removed.

33. The slider of claim 32 wherein the edges of the
air bearing surface adjacent the magnetic element are
removed to a level below the air:bearing surface but above
the support structure. ;

34. The slider of claim 24 wherein the edges of the
air bearing surface adjacent the magnetic element are
removed to a level belo% the air bearing surface but above

the support structure.

O
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tite trailing edge 214 of the right side rail 220. Each of the side-rails
220, 222 includes a cross bar section 262 and a subrail 264 -whieh-cteates
a negative pressure pocket 266. Further, the two side rails ZZOE'ZQZhQ&F
separated by a channel 268. This Sheet Has Been leﬁﬂ :

£ S

18 What is clained is: 1. . A slider for su u“ﬁ\“ﬁ
transducer above a novi ng recording -27- pedium co _

a support structure having support structure side edges, a |leading and a
trailing edge relative to the notion of the recording nedium a

Il t d { t t .bet .L.h .St t id -
cdges. the rail P ndk nbrhed (ESE aR AR, 4R L s TR R A e
b th i , = , ; i nel udi
cbove L BRI SCULS: b Rbinf°RER BB’ 81 1N udi g ar
forming a support structure having side edges, a

leading and a trailing edge;

forming at least one air bearing surface on the support
structure, the air bearing surface facing the moving
recording disk, the air bearing surfaces providing a .
mounting surface for a'magnetic head; and |

removing at least one edge of the air bearing surface
adjacent the magnetic'head to increase the mechanical
clearance between :the disk and the slider.

i

36. The method of claim 35 further comprising the step
of removing edges of the air bearing surface adjacent both
sides of the magnetic head.

37. The method of claim 35 wherein the step of
profiding the surface for mounting the magnetic head further
comprises the step of positioning the magnetic head at the

center of the slider.

* c L M S *
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ar atrailing end of the rail, wherein the rail conprises a nagnetic

el ement mounted at the |nterned|ate proj ection, and wherein the rai
includes relieved trailing edge portions |ocated on omeSMﬁemsBdm§w ficed
i nternedi ate projection only at the trailing end of the ﬁﬂ @t“ |eved
trailing edge portions being arranged and configured to

cl earance between the rail side edges am¥QTuarecord|ng um thereb
preventing collision of the rail with the recordi ng nmedi um when t he sllder
rolls. 2. The slider of claim1 wherein the magnetic el enent

e PP 0T B LREECRE R B B0 s e
it o ool i Lk 3 Y S Nl

structure Sl ider oSt th

tsngpg??ngt L%ﬁ%ggtheé&peghgﬂsregefﬁ@ %t%gg of al n%%}& Q’pﬁller c%rrprl SI ng

at Ieast(Ngﬁg@@lgboggbogglhhefghﬁga@@(yﬂyﬁdgﬂﬂanan1c control of the
slider. he slider of claim1l wherein the relieved

trailing edge portlons of the rail adjacent the magnetic elenment are
etched by reactive ion etching techni ques.
39. The method of claim 35 wherein the step of-

removing the edges of the air bearing sﬁrface adjacent .the
magnetic head comprises the step of removing the edges to a
level below the air bearing surface but above the support

structure .

40. The method of claim 35 wherein the step of
removing the edges of the air bearing surface adjacent the
magnetic head further comprises the step of removing the
edges by reactive ion etching techniques.

41. Thé method of claim 35 wherein the step of
removing the edges of the air bearing surface adjacent the
magnetic head further comprises the step of removing the

edges by ion milling.

) O
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19 o 7. The slider of claim1 wherein the relieved trailing
edge portions of the rail adjacent the magnetic el ement are etched by Ton

miling. 8. The slider of claim1 wherein t~giskRlel ¥ BEn Replaced

trailing edge portions are renoved to a |evel beIOM/the
surface but above the support structure. IIIIHH ”"
claim1, wherein the relieved trailing ed%% portlons of

symmetrical about a centerline of the rail. The slider of
claim 1, wherein, the relieved trailing edge portlons have | engt hs t hat

are substanti al | yoShorber ddiaibd WO | SNk 25 fher&fh he step of 11 A

slider for supporting a transducer, the slider flying over a noving
recording dtéﬁoamﬁghathedw@@rumlaﬁ G Ry PehvesBet HaidEektand the
slider, conprising: a support structure having a | eading and a
trailing edghermhghetdct hedd fmnttlr cdmpihisecelieli 8gePsséf s8hdrtening
at |l east one air bearing surface, disposed on the support structure facing
t he novi ngthecaidi bgadiisly sahefizaten raldteies bmetlod th@lhingbedgengf the
surfaces includes side

support structure and recessing the head from the trailing

. edge.

‘A RN



edges and a projection having a mounting surface for a magnetic head, and
wherein the projection is forned by recesses |ocated on opposite sides of
the projection which shorten the side edges of the air bearing surface
relative to the trailing edge of the support structure, the recesses being
etched to a |l evel below the air bearing surface but above the support
structure, and the recesses being arranged and configured to increase the
nmechani cal cl earance between the disk and the slider. 12. The

slider of claim1ll wherein the air bearin % urface prow di n l% the surface

for mounting t SHALIPW: EECHeAIR BEARING S URES EOROPIIMIZEDer .
20 13. The ‘sl ider of megtEmgpgcmghe recesses are renoved
by reactive ion etching techniques. The slider of claim
11 wherein the recesses are renoved by ion m I I i ng. 15. The

slider of ABSTRACJL, wherein the recesses are at |east partially

A shallow etch at the trailing edge rail that allows the slider to fly closer to the
recording medium and exhibit less sensitivity to roll. The slider includes a support
structure and at least one rail having side edges and an air bearing surface raised above the
support structure. At least one of the rails comprises a magnetic element disposed on the
support structure. The edges of the rail adjacent to the magnetic element are etched to
minimize the fly height of the magnetic element over the disk while preventing collision of
the rail with the disk during roll conditions. The shallow etch in the air bearing surface
minimizes the difference between the minimum mechanical slider/disk spacing and the
magnetic head disk spacing which in turn allows optimization of transducer spacing.

Fig. 3a and 3b

This Sheet Has Been Reﬂlaced




defined by a trailing edge of the air bearing surface. 16. A
systemfor storing and retrieving information, conprising: at

L east one rotating disk having a recording surface for recording data

t her eon; a housing, coupled to the disk, for shielding the disk
an actuator arm assenbly, coupled to the housing; a support
structure, coupled to the actuator arm assenbly approxinate to the
recordi ng surface of the rotatable disk, the support structure being

sel ectively positionable over the surfdé® of the rotating disk by the
actuator; the support structure having side edges, a |eading and a
trailing edge relative to the notion of the recording nmedium and

at | east one rail having ? de edges and an air bearing surface raised above
the support structure, erein at | east one of the rails conprises a

magnetic el enment nounted Rroxi mate railing edge of the bail, and
e ted at théotrail;gg edge of the

wherein the rail includes rb
recesses being

rail on opposite side
configured to short§g A distapfe relative to the
trailing edge of t ses being relfessed to a

| evel below the ak

SLIDER ROLL

32



21 side edges of the rail and the recording mediumis increagggﬁ;grﬁ\&\\‘“‘“*&

preventing eollision of the rail with the recordi ng nmedi um 17.
The slider of claim16 wherein the rail having the magnetic el enent
supported thereon is centered on the slider between the side edges of the

support structure. 18. The slider of claim 16 wherein the rai
havi ng the magnetic el ement supported thereon isdgisposed al ong one side
of the support structure. 19. The slidér of claim16 further

conprising at |east one additional rail for providing aerjgdynam c control
of the slider. 20. The slider of claim16 werein the recesses
are nmade by reactive ion etching. 21. The slider of claim16
wherein the recessef are mage oy ron mrrrng. 27, A Straer I

supporting a transdycer above a noving recording

100




‘medi um conpri sing: a support structure having a | eading and a
trailing edge relative to the notion of the recording nmedi um a
.rail having side edges and an air bearing surface raised above the support
structure, the air bearing surface including an internedi ate projection

| ocated at a trailing end of the rail, wherein the rail conprises a
magneti c el enent nounted at the internediate projection, and wherein the
rail includes relieved trailing edge pordjions |ocated on opposite sides of
the internediate projection only at the trailing end of the rail, the
relieved trailing edge portions being_arranged and configured to increase
the clearance between the edges of the rail and the recordi ng nedi um

t hereby preventing collision of the rail with the recordi ng nedi um when
the slider rolls, wherein e

22 internedi ate projectio
‘respect to a |ongitudinal
portions have second_\wi-e

t wdth transversely aligned with
ai |, the q@bieved t1pgi | i ng edge

134
-SLIDER ROLL

154 114

132

- 128
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stransversely aligned with respect to the |ongitudinal axis of the rail, and
each of the second widths of the relieved trailing edge portions is |onger
than the first width of the internediate projection. 13.
"A slider for supporting a transducer, the slider flying over a noving
recordi ng di sk and having a mechani cal disk/slider clearance and a
magneti ¢ head/ di sk cl earance,. conpri sing: a support structure having
side edges, a leading and a trailing e@g% relative to the notion of the
recordi ng disk; and at | east one air bearing surface, disposed on
the support structure facing the noving recording disk, wherein .

o o
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*at least one of the air beari ng surfaces provides a nounting surface for a
magneti ¢ head, and wherein at | east one edge of the air bearing surface
.adj acent the magnetic head is renoved to increase the mechanical clearance

between the disk and the slider. 14. The slider of claim13
wherein the edges of the air bearing su f§ce adj acent both sides of the
magneti c head are genoved. 15. e sliderapof claim 13 wherein the

.ing the nmagnetic head

I's positioned at the nter of the slider.

air bearing surfac&gproviding the surface for no
-22- \gﬁ -
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16. The slider of claim15 wherein the edges of the air 755?’13’5@ %Pﬁ?f ace
‘adj acent both sides of the magnetic head are renoved. 17. The
slider of claim16 wherein the edges of the air bearing surface adjacent
the magnetic head are conpletely renoved,to expose the support structure.
18. The slider of claim16 wherein the ezlges of the air bearing surface
adj acent the magnetjc head, are renoved to a |l evel below the air bearing
qurface but aboge rtaHewlufeugBﬁp{ov 1pg, ad¢quate area for the geadfygite; frapsdpcesttherely m 16
wherein the edges of the air bearing surface adjacent the magnetic head are
renoved by misdmizing theodifferencé hgtweentthé guieioum mechadiGal stider/disk dpacing andai m
16 wherein the edges of the air bearing surface adjacent the magnetic head

are renmoved thé¥naightidThdal/digk spacing.
SUMMARY OF THE INVENTION

To overcome the limitations in the prior art described above, and to overcome
other limitations that will become apparent upon reading and understanding the present .
specification, according to a first aspect of the inventidn there islprovided a.slider for
supporting a transducer above a moving recording medium, coniprising:

a support structure having' support structure side edges, a leading and a trailing

edge relative to the motion of the recording medium;
a rail centered on the support structure between the support structure side edges, the
rail having rail side edges and an air bearing surface raised above the support
structure, the air bearing surface including an intermediate projection located at a
trailing end of the rail, wherein the rail comprises a magnetic element mounted at the |
intermediate projection, and wherein the rail includes relieved trailing edge portiohs
located on opposite sides of the intermediate projection only at the trailing end §f the
rail, the relieved trailing edge portions being arranged and configured to increase the
clearance between the rail side edges and the recording medium thereby preventing
collision of the rail with the recording medium when the slider rolls.

Preferably, the magnetic element is supported at the trailing edge of the

support structure. REPLACEMENT SHEETS 445G
Description : paged .. *'{8"' phged =

Claim(s)  : paged .¥. to paged .23

g};;)awing(s) : paged .7 to’ paged .—. This is the replacement sheet
Abstract  :paged23 1o paged .= .
Date: &9 SEP 1939




21. The slider of claim 13 wherein the edges of the air bearing surface
.adj acent the magnetic head are renobved by reactive ion etching.

-23- 22. The slider of claim 13 wherein the edges of the air
bearing surface adjacent the nmagnetic heag are renoved by ion mlling.
23. The slider of cI aim 13 wherein a portion of the air bearing surface

ol et Lo e et el g RORGAE S b S s M ai
relaﬁve to the trailing edge of the support structure.

- In a preferred embodiment, the rail having the magnetic element supported

thereon is disposed along one side of the support structure.

Preferably, the siider further comprises at least one additional rail for
providing aero&ynamic control of the slider.

The relieved trailing edge portions of the rail adjacent the magnetic element
may be etched by reactive ion etching techniques.

The relieved trailing edge portions of the rail adjacent the magnetic element
may be etched by ion milling.

In a preferred embodiment, the relieved trailing edge portions are removed to
a level below the air bearing surface but above the support structure.

Preferably, the relieved trailing edge portions of the rail are symmetrical
about a centerline of the rail.

The relieved trailing edge portions preferably have lengths that are
substantially shorter than the length of the rail.

According to a second aspect of the invention there is provided a slider for
supporting a transducer, the slider ﬂyipg over a moving recording disk and having a
mechanical clearance between the disk and the slider, comprising:

a support structure having a leading and a trailing edge relative to the motion
of the recording disk; and

at least one air bearing surface, disposed on the support structure facing the
moving recording disk, wherein at least one of the air bearing surfaces includes side
edges andl a projection having a mounting surface for a magnetic head, and wherein
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124L " 24. A systemfor storing and retrieving information,

..conpri si ng: at |l east one rotating disk having a recording surface
for recording data thereon; a housing, coupled to the disk, for
shiel ding the disk; an actuator armgassenbly, -coupled to the housing;

a support str ucture, coupled to the act uator arm assenbly approxi mate to

Sel et i vel y e BERRERAA TRRLTY FRENSY AeaeD BrORBRE Ok i AFORUp Pk

actuator; the support structure having side edges, a leadin and a

trailing edgborten she sideredgenef st 2ipbeasing Rerfacecisiagive go th@@naging edgd of the at

| east one rail having side edges and an air bearing

) support structure, the recesses being etched to a level below the air bearing surface

- | but above the support structure, and the recesses being arranged and configured to
increase the mechanical clearance between the disk and the slider.

Preferably, thé air bearing surface providing the surface for mounting the
magnetic head is positioned at the center of the slider.

Preferably, the recesses are remdved by reactive ion etching techniques.

In a preferred embodiment, the recesses are removed by ion milling.

The recesses are preferably at least partially defined by a trailing edge of the
air bearing surface.

According to a third aspect of the invention there is provided a system for
storing and retrieving information, comprising:

at least one rotating disk having a recording surface for recording data
thereon;

a housing, coupled to the disk, for shiclding the disk;

an actuator arm assembly, coupled to the housing;

a support structure, coupled to the actuator arm assembly approximate to the
recording surface of the rotatable disk, the support structure being selectively
positionable over the surface of the rotating disk by the actuator; the support structure
having side edges, a leading and a trailing edge relative to the motion of the recording
medium; and

at least one rail having side edges and an air bearing §urface raised above the
support structure, wherein at least one of the rails comprises a magnetic element
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surface raised above the support structure, wherein at |east one of the

-rails conprises a magnetic el enent nounted proximate the trailing edge of

the rail, and wherein the edges of the rail proximate to the magnetic

el enent are shortened a distance relatiye to the trailing edge of the

support structure to mnimze the fly height of the nmagnetic -el enent over

t he di sk, and to. maxi,m ze thg clﬁfraqgﬁ bet ween i he, edges..qof the rail and
Shiflooe

the recor di RGUAEHDEOXIMae 2 frading ¢ riL; 3 Whereothe 2ail ingludes, negesses
recordi ng nmedi um - 25- 25. The
slider of clogated 21 thenaibing edpe of ghel rafl on ppposite gides iof dhe magnaticerlement; itheng
edge portions where the edges of the rail adjacent to the magnetic el enent
are short enrdesses being configured to shorten the side edges of the rail a distance relative to the
R trailing edge of the support structure, the recesses being recessed to a level below the
air bearing surface but above the support structure such that clearance b.etween the
. side edges of the rail and the recording medium is increased for preventing collision
of the rail with the recording medium.
Preferably, the rail having the magnetic element supported thereon is
ceﬁtered on the slider between the side edges of the support stnicture.
Preferably, the rail having the magnetic element supported thereon is
disposed along one side of the support structure.
In a preferred embodiment, the slider further coﬁpriscs at least one
additional rail for providing aerodynamic control of the slider.
Preferably, the recesses are made by reactive ion etching. -
The recesses may be made by ion milling.
According to a fourth aspect of the present invention there is provided a
slider for supporting a transducer above a moving recording medium, comprising:
a support structure having a leading and a trailing edge relative to the motion
of the recording medium;
a rail having side edges and an air bearing surface raised above the support
structure, the air bearing surface including an intermediate projection located at a
trailing end of the rail, wherein the rail comprises a magnetic element mounted at. the

intermediate projection, and wherein the rail includes relieved trailing edge portions

located on opposite sides of the intermediate projection only at the trailing end of the
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relative to the trailing edge of the support structure. 26. The
-slider of claim?21 wherein the rail having the nmagnetic el enent supported
thereon is centered on the slider between the side edges of the support
structure. 27. The slider of clajm21l wherein the rail having the
magneti c el enment supported thereon is digg%sed al ong one side of the
support structure. 28. The slider of claim 21 further conprising at
| east one &gibithe Gﬁ%ﬁveﬂﬂqﬂ%@%mﬂ‘i‘%@% pHaggedAnd copfigwrst tofingrepse the

sl i der. 29. The slider of claim21 wherein the shortened edges of

the rail adickaemce bbtweendhe edgesaifdhe ntil amdtheaepérding| medinmntheretly peeviehting evel

of the support structure.

) collision of the rail with the recording medium when the slider rolls, wherein the
intermediate projection has a first width transversely aligned with respect to a
longitudinal axis of the rail, the relieved trailing edge portions have second widths
transversely aligned with respect to the longitudinal axis of the rail, and each of the
second widths of the relieved trailing edge portions is longer than the first width of the
intermediate projection.

Aspects of the invention will now be described by way of example and with

reference to the accompanying drawings.
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30. The slider of claim 2l wherein the edges of the rail adjacent the

~nagnet|c el enent are shortened by reacti've ion etching.

. -26 - 31. The slider of claim?2l wherein the edges of the rai

adj acent the magnetic el ement are shortepgd by ion mlling. 32.
The slider of cIa|n124 wherein the edges of the air bearing surface

adj acent bo%ﬁmﬁl %%'the magnetic el enent are renoved.

1. A slider for supporting a transducer above a moving recording

medium, comprising:

. , a support structure hafling support structure side edges, a leading and a trailing
: edge relative to the motion of the recording medium;

a rail centered on the support structure between ﬁe support structure side
edges, the rail having rail side edges and an air bearing surface raised above the
support structure, the air bearing surface including an intermediate projection located
at a trailing end of the rail, wherein the rail comprises a magnetic element mounted at
the intermediate projection, and wherein the rail includes relieved trailing edge
portions located on opposite sides of the intermediate projection only at the trailing
end of the rail, the relieved trailing edge portions being arranged and configured to
increase the clearance between the rail side edges and the recording medium thereby
preventing collision of the rail with the recording mediurh when the slider rolls.

2. The slider of claim 1 wherein the magnetic element is supported at

o the trailing edge of the support structure.
~ 3. The slider of claim 1 wherein the relieved trailing edge portions
shorten the side edges of the rail relative to the trailing edge of the support structure.

4, The slider of claim 1 wherein the rail having the magnetic element
supported thereon is disposed along one side of the support structure.

5. The slider of claim 1 further comprising at least one additional rail
for providing aerodynamic control of the slider.

6. The slider of claim 1 wherein the relieved trailing edge portions of

the rail adjacent the magnetic element are etched by reactive ion etching techniques.
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33. The slider of claim32 wherein the edges of the air bearing surface
. ‘adj acent the magnetic elenment are renoved to a |evel below the air bearing
surface but above the support structure. ' 34. The slider of claim
24 wherein the edges of the air beari nglgsurface adj acent the magnetic
elenent are renoved to a |level below theé air bearing surface but above
t he support strucfure. ) ) 35. fhod for making a slider
for optimzing head t ol %lwewg&i%,la&ﬁvéﬁgﬁ%%g%ﬁwg ¢slge portions of
form ng a support structure having side edges, a.

~ the rail adjacent the magnetic element are etched by ion milling.

- 8. The slider of claim 1 wherein the relieved trailing edge portions are
. . removed to a level below the air bearing surface but above the support structure.
9. The slider of claim 1, wherein the relieved trailing edge portions of

the rail are symmetrical about a centerline of the rail.

10. The slider of claim 1, wherein the relieved trailing edge portions
have lengths that are substantially shorter than the length of the rail.

11. A slider for supporting a transducer, the slider flying over a nioving
recording disk and having a _.mechanical_ clearance between the disk and the slider,
comprising:

a support structure having a leading and a trailing edge relative to the motion
of the rc;cording disk; énd .

at least one air béaring surface, disposed on the support structure facing the
moving recording disk, wherein at least one of the air bearing surfaces includes side
edges and a projection having a mounting surface for a magnetic head, and' wherein
the projection is formed by recesses located on opposite sides of the projection which
shorten the side edges of the air béaring surface relative to the trailing edge of the
support structure, the recesses being etched to a level below the air bearing surface
but above the supﬁbrt structure, and the recesses being arranged and configured to
increase the mechanical clearénce betweeh the disk and the slider.

12. The slider of claim 11 wherein the air bearing surface providing the

surface for mounting the magnetic head is positioned at the center of the slider.
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Jeéding and a trailing edgeﬁ form ng at |east one air bearing surface
. on the support structure, the air bearing surface facing the noving
recordi ng disk, the air bearing surfaces providing a nmounting surface for

a magnetic head; and renovi ng at Q@St' one edge of the air bearing
surface adjacent the magnetlc head to ifiCrease the nmechanical clearance
bet ween the di sk and the sl i de 36, The nethod of claim35 further
conprising the stép %ﬁh‘hrrﬂj %ﬁ’ekl Wpe'feﬁbth&lrPc%’%rqrﬁge@Qqudbéfeéﬁﬁl%ent
“both sides of the rragnetlc head. 37. The method of claim 35

wher ei n t heiost éphing techniguedi ng t he surface for nounting the magnetic head
further conprises the step of positioning the nagnetic head at the center
of the slider. 14. The slider of claim 11 wherein the recesses are removed by ion
- milling.
15. The slider of claim 11, wherein the recesses are at least partially
defined by a trailing edge of the air bearing surface.

16. A system for storing and retrieving information, comprising:

at least one rotating disk having a recording surface for recording data

A
thereon;

a hdusing, coupied to the disk, for shielding the disk;

an actuator arm assembly, coupled to the housing; '

a support structure, coupled to the actuator arm assembly approximate to the
recording surface of the rotatable disk, the support structure being selectively
positionable over the surface of the rotating disk by the actuator; the support structure
having side edges, a leading and a trailing edge relative to the motion _of the recording

| medium; and |
-

at least one rail having side edges and an air bearing surface raised above the
support structure, wherein at least one of the rails éomprises a magnetic element
mounted proximate a trailing edge of the rail, and wherein the rail includes recesses
located at the trailing edge of the rail on opposite sides of the magnetic element, the
recesses being configured to shorten the side edges of the rail a distance relative to the
trailing edge of the support structure, the recesses being recessed to a level below the

air bearing surface but above the support structure such that clearance between the
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-28 - 38. The nethod of claim35 wherein the step of renoving the
-‘edges of the air bearing surface adjacent the magnetic head conprises the
step of conpletely renoving the edges to expose the support structure.

39. The nethod of claim35 wherein the s ip of renoving the edges of the

- air bearing surface adjacent.the nagneti"c head conprises the step of ,
removing the edges to a |evel below the air bearing surface but above the
support st sidetagges of the rail andothe rpeording Haedivm is|in¢reased fom preventingheollisiop of

of the rail with the recording medium.

17. The slider of claim 16 whérein the rail having thé magnetic element
supported thereon is centered on th¢ slider between the side edges of the support
structure.

18. The slider of claim 16 wherein the rail having the magnetic element
supported thereon is disposed along one side of the support structure.

19. The slider of claim 16 further comprising at least one additional rail
for providing aerodynamic control of the slider.

20. The slider of claim 16 wherein the recesses are made by reactive ion
etching.

21. The slider of claim 16 wherein the recesses are made by ion milling.

22. A slider for supporting a transducer above a moving recording
medium, comprising:

a support structure having a leading and a trailing edge relative to the motion
of the recording medium;

a rail having side edges and an air bearing surface raised above the support
structure, the air bearing surface including an intermediate projection located at a
trailing end of the rail, wherein the rail comprises a magnetic element mounted at the _
intermediate projection, and wherein the rail includes relieved trailing edge portions
located on opposite sides of the intermediate projection only at the trailing end of the
rail, the relieved trailing edge poi‘tions being arranged and configured to increase the
clearance between the edges of the rail and the recording medium thereby preventing

collision of the rail with the recording medium when the slider rolis, whérein the

QLT
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removi ng the edges of the air bearing surface adjacent the nmagnetic head
:further conprises the step of renpving the edges by reactive ion etching
t echni ques. 41. The nethod of claim 35 wherein the step of

renovi ng the edges of the air bearing su%iace adj acent the nagnetic head
further conprises the step of renoving the edges by ion mlling.

42. The nmet hod of . clai'm 29 erein.the step of renoying,a portion of the
air bearinglwegbaéeeﬂfﬂfﬁ%m% at trﬂé‘a ttfaes‘ffé%%' f%‘lgf‘gf%rw FEIRCEe 0t e
steps of shortening

longitudinal axis of the rail, the relieved trailing edge portions have second widths

transvefsely aligned with respect to the longitudinal axis of the rail, and each of the
second widths of the relieved trailing edge portions is longer than the first width of the

intermediate projection.

* ¢ L M s *
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the air bearing surface relative to the trailing edge of the support
*structure and recessing the head fromthe '_t’r_ai ling edge.

23.

- SHALLOW ETCH AIR BEARING SURFACE FEATURES FOR OPTIMIZED
TRANSDUCER SPACING

ABSTRACT

A shallow etch at the trailing edge rail that allows the slider to fly closer to the
recording medium and exhibit less sensitivity to roll. The slider includes a support
structure and at least one rail having side edges and an air bearing surface raised above the

_ support structure. At least one of the rails comprises a magnetic element disposed on the
o support structure. The edges of the rail adjacent to the magnetic element are etched to
minimize the fly height of the magnetic ¢Iement over the disk while preventing collision of
the rail with the disk during roll conditions. The shallow etch in the air bearing surface
minimizes the difference between the minimum mechanical slider/disk spacing and the
" magnetic head disk spacing which in turn allows optimization of transducer spacing.

Fig. 3a and 3b
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