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MAGNETIC HEAD SUB-AMBIENT AIR PRESSURE SLIDER
FOR A DISK DRIVE DEVICE OR THE LIKE

Field of the Invention
The present invention pertains to components of a
magnetic storage device or disk'drive device, and more
particularly pertains to a magnetic air bearing slider
providing consistent flying height over the various
tracks of a disk. :

Background of the Invention:

Disk drives are commonly used in workstations, personal
computers, laptops and other computer systems to store
large amounts of data that are readily available to a
user. In general, a disk drive comprises a magnetic disk
that is rotated by a spindle motor. The surface of the
disk is divided into a series of data tracks that extend
circumferentially around the disk. Each data track can
store data in the form of.magnétic transitions on the
disk surface.

such as a magnetic transducer, is
used to sense the magnetic transitions to read data, or
to generate an electric current that causes a magnetic
transition on the disk surface, to write data. The
magnetic transducer'is'mounted7within a head and includes
a read/write gap that contains the active elements of the
transducer at a position suitable for interaction with
the magnetic surface of the disk.

An interactive element,

The head is mounted by a rotary actuator and is
selectively positioned by the actuator over a preselected
data track of the disk to enable the transducer to either




side of said slider; o a f oot

_ regi on extending at an i
?ngledfrﬁm I g .said l'ateral side of said slider
oward the trailing edge of said &Hﬁ
a knee. r ¥P31MWP1said Iateral side of ¥ §a|1§9§| ider -
coupling said foot region to said thigh region;
first and second thigh recesses | ocat ed 2 towards the

| ateral side of said

respectlve t hi gh regi ons of
said first

read data from oﬁ”@ri%éoaﬁtéatbsthe preselected ddtast and
second foot recesses |ocated on th otto side of said

e
slider towards t¥ack of the disk, as the,disk rotates Pective foot

regi ons of sai dfinsdue@ad. second rails; and
a central recess |ocated on the bottom side _ ' of said
sli'der between said thigh, knee, and foot regions of

said firg and In modern disk drivesscandelatinaillys.rigid or hard disk is
used as the magnetic medium. The head includes a slider
forming an air bearing surface that Causes the transducer
to fly above the data tracks of the disk surface due to -
fluid currents caused by rotation of the disk. Thus, the
10 transducer does not physically contact the disk surface
' during normal operation of the disk drive. The amount of
distance that the transducer flies above the disk surface ![
is referred to as the "fly height." One advantageous
type of head structure that operates at a fly height over
15 the disk surface is a Transverse Pressure Contour (TPC)
head. Current disk drive designs using a TPC head seek
to limit the fly height to approximately 2 u inches above
the disk surface. Any contact between the head and the
disk surface may result in damage to the disk or head.
20 Accordingly, it is important to maintain an adequate fly
height whenever the actuator positions the transducer
over data tracks while the disk is rotating.

It is generally an objective to achieve an overall fly .
25 height that brings the read/write gap of the transducer
as close to the disk surface as possible and to maintain
the fly height at an even level regardless of the radial
position of the actuator. The closer the active
read/write gap of the transducer is brought to the
30 surface of the disk, the: stronger the electric signal
' generated by the transducer due to a magnetic transition
on the disk surface which represents data. It is
generally advantageous to develop as strong a data signal
as possible, to insure reliable electrical performance of.
35 the disk drive.

A problem generally encountered with sliders is that the
fly height varies over the various tracks of the disk, as



-2- 2. A sub-anbi ent pressure, air bearing slider for positioning a

magnet i Cv&&@&ﬁ%ite head proximately to a rotating disk, }%ﬁékﬂ%n

wconpri si ng: a taper fornmed at a | eadi ng edge of s

slider, said taper channeling air flow to a bottom side of
sai d slider,'said bottom side pf said slider for facing a
rotating disk; a front section extending froma first

lateral side ofa sminkbeidnesst ena saaend, position of thedRRASIA¥LS] dorris,
said slider; at certain data tracks, the fly height is greater than at
other data tracks. Accordingly, the data signal is not
as strong as possible at all data tracks. Several
5 designs have been proposed to improve the stability of
fly height of the slider. |

For example, the TPC slidef mentioned above has two rails
in a "catamaran" configuration. Transverse

10 pressurization contours are provided along each side edge
of the bearing surfaces. For each bearing surface, a
skew angle (i.e., the angle between the axis of the
slider (determined by the radial position of the
actuator) and the tangential velocity of the magnetic

15 disk) for the slider causes a pressurization'at the
contour of the bearing surface impinging upon the air
flow from the disk and expansion adjacent to the contour
of the bearing surface away from this air flow.

20  In certain other known slider designs, recesses are
prov1ded in the face of the slider facing the rotating
disk to provide for sub-ambient pressure (i.e., less than
1 atm of pressure) between portions of the slider and the
‘disk causing the slider to be pulled toward the rotating

25 disk during operation. The.sub-ambient pressure effects

‘counteract, to some extent, the operation of the slider

" tending to lift the head from the disk surface. The net

result is a tighter, stiff control over the fly height,
that ideally resists changes in fly height.

30
In another slider design, chevrons or grooves are
provided in the aierearing surfaces which allow flow of
air between a sub-aﬁbient, central recess and the areas
external to the slider. 1In doing so, an improvement in
35 roll of the slider is achieved. 1In another'datamaran

slider design, each air bearing surface is made narrower
towards the central part of the slider to maintain as



first and second rails extending along the bottom si de of

said sli t he front section of said sl
traili ng%géﬁé said slider, each of sai d fi#&ﬁ"ﬁéfﬁ‘g@cond

rails including: a thigh reglon extending at an angle
fromsaid | eadi ng edge to one of said |lateral sides of .
sai d slider; a foot region extendlng at an angle from

one of said | atfua 5icaEsteinsahdr bear:.ng surface ar.%a{ Ody LY@ Aok
trailing edge of Id S er.; a knee
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first and seco thlgp recesses,| ocat t owar ds, éhe | at er a
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bott om si de of 53l g 514 fetnd WREHSBCaisk, regardiedd df%hé!FAdlat! des

of said respective
position of the actuator. There is also a need for a

slider design that decreases the roll angle of a slider.

10 §umm§£2_Q£_EQQ_IQ!§BL;QQ
These and other needs are satisfied by the sub- amblent
pressure slider of the present invention. The slider
includes first and second rails extending along the

. bottom side of the slider from a leading edge of the

15 - slider to a trailing edge of the slider. The bottom side
. of the slider being the side that faces a rotating disk.
One skilled in the art will appreciate that the bottom
side of the slider of the présent invention will face up
if mounted on an arm underneath a rotating disk and will

20 face down if mounted on an arm over a rotatingndisk.

Each of the first and second rails dincludes a thigh
~region exteﬁding at an angle from the leading edge'to a
lateral side of the slider, a foot region extending at an

25 angle from the lateral side. of the slider toward the
trailing edge of the slider; and a knee region at the
1ateral side of the slider coupling the foot region to
- the thigh region. First and second thigh recesses are
located towards the lateral side of each of the

30 respective thigh regions of the first and second rails.
First and second foot recesses are located on the bottom
side of the slider towards the lateral side of each
respective foot region of the first and second rails. A
central recess is located on the bottom side of the

35 slider between the thigh, knee, and foot regions of the
first and second rails. '



- 3- foot regions of said first and second

rails; and ' a central recess |ocated on the bottom side

of said sVMORMSA%M: veen said thigh, knee, and PEFUSIFWAs of
said first and second rails. 3. A sub-anbi ent pressure,
air bearing slider for positioning a nagnetlg readIMW|te head proxi mately
to a rotating disk, said slider conprising: a taper forned at a

| eadi ng edge OfTﬁé" fllrst and second lxjaqﬁ. csaeﬂ qlat{%)earn CQSBPS:'::‘LmQt%% flow
'~ equal, uniform height, while the'first and second thigh
recesses, first and second foot recesses,'and the central
recess can have an approximately qual, uniform depth.

In an alternative embodiment of the present invention, at
least one tail is provided extending from the leading
edge of the slider toward the trailing edge of the slider
and divides the central recess into at least two

10 2 sections. In doing so, pressure shifts to one 1ateral
side of the slider is avoided.

As in conventional sliders, a taper can be provided at a
leading edge of the slider for channeling air flow to the
15 bottom side of the slider. Also, a front section can be
provided which extends from one lateral side of the
slider to the opposing, lateral side of the slider. The
front section and one or more tails can have a uniform
height equal to that of the first and second rails.
In another embodiment of the present invention a central
recess for the slider is fabricated having an
approximately uniform depth. The uniform depth of the
central recess is chosen such that a flying height of the
25 slider over the tracks of the rotating disk is most
insensitive to fluctuations in the chosen uniform depth.
This uniform depth can be chosen so that the flying
‘height as a function of recess depth is approximately at
a minimum for all tracks of the rotating disk.

30
The slider design of the present invention provides for a
more uniform flying height across the tracks of the disk.
The addition of the one or more tails allows for a better
control of the roll of the slider.

35

Brief Description of the Drawings
Fig. 1 is a top view of an embodiment of the slider of
the present invention. '



to a bottomside of said slider, said bottom si de of said

slider f | a rotating disk; I on
ext endi ng ?ron*@gflrst : ' lateral side of said sr dﬂﬁ&yﬁﬁi?
second, opposi ng side of said slider; first and
second rails extending along the ¢ bottom side of said slider
fromthe front section of said slider to a

Lral|lng Sdge Qﬁigﬁldlalaﬂarib areltopev§$w§r@¢ 48CRa41EDeaaRdembodiment
ott om si de sli ef ween sai
second rajls: ©OFf the Sé%dFEaS? %' glhaﬁaQﬁmﬁ Eﬁ+f ﬁ?tﬁgnEFBEtflylng

section of saldheigHErandwandlthmgle. trailing edge of said
slider and di'viding said central recess into at
| east two sections. 4. The slider of claim1 wherein said first and

second rd& | s haltganl@pphowsnat £I0p sGeW ofirA fePRYERt §Analscatamaranhe
slider of claing;igaer ﬁaWﬁﬁbeHﬁéﬂﬂndfﬂﬁéttails,irespectively, to control

flying height and roll angle according to an embodiment
of the present 1nvention

10 'Fig. 2 is a side view along line a-a of Fig. 1.

Fig. 3 is a overhead view of an assembly_for positioning
a slider over the innermost track of a disk. '

.15 Fig. 4 is a overhead view of an assembly for positioning
a slider over the middle track of a disk.

Fig. 5 is a overheéd.vieﬁ of_an assembly for positioning
a slider over the outermost track of a disk.

20 :
Fig. 6 is a graph of flying height versus recess depth of
a slider.
D d Des ion

25 Referring to Figs. 1 and 2, an exemplary embodiment of

the sub- ambient pressure slider of the present invention
1s shown. The slider 1 1nc1udes a taper 3 at the leading
edge of the slider 1 which channels air flow underneath
the slider 1. In this embodiment, the w1dth of the

30 slider 1 and the taper 3 is 60 mils (i.e., 0.06 inches)

' while the:length and depth of the taper 3 is 8 mils. The
taper 3 can lead into a fronttsection 4. Along the
length of the slider two rails 5, 7 are provided that
vary s1gnif1cantly from the catamaran. des1gn known in the

35 - art. Each rail 5, 7 1ncludes three major sections: a
thigh section 5a, 7a; a knee section 5b, 7b; and a foot
section 5c, 7c. In this embodiment, the front section 4
and all sections Sa-c, 7a-c of the rails 5, 7 of the



; . i B
and second thigh recesses, first and second f oot

-4- . recesses,. and said central.- recess have :an approxi mately equal , uniform
wept h. 6. WOINIBOL . 5| i ger of clains 4.or 12 wherein said f gé’ﬂs%zgecond
t hi gh recesses, first and second foot recesses, and said central recess
have an approximately equal, uniformdepth. 7. The slider of

claims 1 or 2 further conprising: at | east one tail extending
fromthe |leadigjger 1 arelat the same height (ei§i, in this

embodiment, the height of the slider is 17 mils).

Several recess sections 11-15 are provided in the slider.
5 In this embodiment, all recesses 11-15 Have the same
depth (e.g., the depth of the recess regions is
approximately 150 p inches as measured from the top of
the first and second rails 5, 7). The central recess 11
has a somewhat diamond shape due to the thigh sections
10 = and foot sections of the rails. Thigh recesses 12, 13
are located outside of the thigh regions 5a, 7a. Foot

recesses 14, 15 are located outside of the foot regions
5¢, 7c.

15 As is conventional in the art, a magnetié head (not shown
specifically in Figs. 1-2 is coupled at the rear of the
slider 1, proximate to the foot region 5c (denoted
"ACTIVE RAIL" in Fig. 1). '

20 Operation of the slider of the present invention is shown
with respect to Figs 3-5. As the disk 17 rotates, air is
channeled by the taper 3 of the slider 1 to flow
underneath the slider. It should be noted that the taper

_ 3 also assists in a fast take-off of the slider 1 when

25 the disk 17 is initially rotated. Air is pressurized
underneath the rails 5, 7 of the slider which causes the
'slider 1 (and thus the magnetic head) to lift off of the
surface of the disk 17. In the recess regions 11-15, air
“expands” to the sub-ambient pressure which generates a

30 suction force causing the slider (and thus the magnetic
head) to be pulled toward the moving disk.

In Figs. 3-5, the slidér 1 is shown mounted to an arm 19
and an actuator 21, which positions the slider 1 and

35 magnetic head over a desired track. In Fig. 3, the
slider 1 is positioned proximately to the innermost track
of the disk 17. Referring again to Fig. 1, the thigh
regions 5a, 7a of the first and second rails 5, 7 extend



edge of said slider toward the trailing edge of said slidér

and di vi central recess into at |ea
sectlonsq‘;(gg"ﬁ%ld The slider of clains 2 or 7 wherein eac?wsngsal d

first and second rails have an approxi mately equal, uniform hei ght.

The -slider of clains 2 or 7 wherein each taig extends at an angle fron1the

| eadi ng edge of said slider. 10. The slider of clainms 2, 3 or 7
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and second, rail s
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dgsignedt b ybeqa@pronmmhueﬂ_:yhe.it@ﬁtsanib&as the /A&lideihoskewf
ghg W Gd® &AL slider is present at the innermost track.
The innermost track is also known as the contact start-
stop (CSS) zone. At the innermost track (hereinafter
referred to as the inner diameter or "ID"), the disk
-surface velocity is at its lowest. The orientation of
the thigh regions 5a, 7a assists_in preventing pressure
underneath the first and second rails 5, 7 from leaking
to the sides of the slider 1 (thus causing the slider to
fly at a lower than desired height).

Referring to Fig. 4, the slider 1 is positioned
approximately at the middle track (iwe.; the track at a
mean distance between the inner and outer~tfacks). At
the middle track the skew angle is approximately zero.
Because of the design of the thigh regions 5a, 7a of the
slider 1, pressure leakage to the sides of these regions
is greater. The loss of pressure due to'leakage at the
thigh regions 5Sa, 7a is compensated by the increase in
surface velocity of the disk 17. The flying height of

- the slider 1 would be at its greatest at the middle track

except for the action of the foot recesses 14, 15, which
act to reduce the area of pressurization for the slider 1
and, thus, reducing the lift force generated at the foot

. sections 5c¢c, 7c¢c of the first andasecond-railsls, 7.

30

35

Referring to Fig. 5, the slider 1 and magnetic head are
placed over the outermost track (hereinafter referred to
the outer diameter or "OD"). The large skew angle at the
OD causes a greater amount of'pressure to leak to the
sides of the rails 5, 7. -Becauée of the design of the’
thigh regions 5a, 7a of the slider 1, very little
pressure is generated at these regions because of the
relatively small ‘pad length. Most of the pressure under

&
L



bressure, air bearing slider for-positionihg a naghetic read/ wite head
proximately to a rotating disk, sai.d:nethod conprising:

form ng fWOR6/188YH second rails along a bottom . PETAIS98/16233i d
slider froma | eadi ng edge _ of said slider to a trailing edge
of ' said slider; formpg a central recess on the
bottom si de of said slider, sard central recess

| ocated bet veen ggi 4y {ses! 13" eH28Uba under the’

b8 L8g1 BAS" 8b7 9B Yt
central recess _
the slider 1. Although, the pad area below the knee is
small, the large disk surface velocity at the OD gives
generates enough pressure to under the rails 5, 7 of the

5 slider 1 to maintain a constant flying height.

As mentioned above, the recess regions 11-15 generate
sub-ambient pressure that pulls the slider towards the
disk surface. The majority of the sub-ambient pressure
10 is formed at the central recess 11. The thigh recesses
12, 13 provide extra roll stiffness for the slider 1.
The foot recesses 14, 15 reduce the effective
pressurization area at the foot of the slider 1 so that
it will not fly too high above the disk surface at a near
15 zero skew angle. Also, the foot recesses 14, 15 reshape
the foot regions Sc, 7c, of the rails 5, 7 so that these
regions are parallel to the incoming air when the slider
1 is at an outer track. To this point, the flying height
of the outer rail (i.e., rail 5) has been controlled by
20 the design of the slider. To control slider roll (i.e.,
the difference in flying height of the innermost rail 7
and the outermost rail 5), the shape of the inner rail
(i.e., rail 7) can be adjusted in a like manner to
control the flying height of the inner rail.
25 - '
A further embodiment of the present invention is shown in
"Eigs. la and 1b. The central recess 11 of the slider 1
is the largest receptacle for sub-ambient pressure in the
slider. The central recess 11 has a large effect on how
30 constant the flying height of the slider 1 is over the
surface of the disk 17 as well as the amount of roll for
the slider 1. As an additional measure for controlling
flying height and roll for the slider 1, one or more
tails 2 are "added" to the central recess 11. 1In the
35 manufacture of the slider, the tail region(s) are formed
by etching or removing the material around them as the
central recess 11 is formed.



an approxi mately uni form depth, said uni form dept h being

chosen su a flying height of said slid d
rotating g}b!f?}hlggmnost i nsensitive to fl uctuat fi{)cr'l@s?%l Egllhd
uni form depth. 14. The nmethod of claim 13 wherein said uniformdepth
I s chosen such that the flying height as a fumction of recess depth is
approximately at a mnimumfor all tracks of the rotating disk. WO
96/ 19801 '~ When the slider 1 has a large $X@wUSAGLl&62the angle at

Phe siider o pBiER AR Ay Rdto Rt L1 GEF, 11 9871 SUARY s ©f

results in pressure leakage to the sides of the rails 5,
7 causing the decrease in the.pressure under the rails,

5 and shift in the_center of pressurei{ The decrease in the
pressure results in lower leing height, and the shift in
the'center of pressure results in an increased-roll
angle. Also, the central recess 11 acts to couple the
flying helght of one rall to the dev1atlon in d1mens1ons

10 of the other rail. Because of thelr relatlvely narrow

| conflguratlon, the tail(s) 2 do not form an appreciably
significant air bear:.ng surface Rather,' the tail(s) 2 ‘
divide the central recess 11 into two or more volumes, |
_ thus preventing distribution_of sub-amhient pressure

15 within the central recess 11 frcm'entirely'shifting to
one side of the slider i."By cptimizing the length and
orientation of the tall(s) 2, the effect of suction force
on the roll angle of ‘the slider 1 can be controlled. The
dashed lines in Flgs. la and 1b show possible

20 'orlentatlons and 1engths for the tails(s) 2. - Also, the

|  use of tail(s) 2 prevents the coupllng of the flying -
helght of one rall to the change in the dlmens1on of the
other. '

25 Referring to Fig. ic, a conventional catamaran slider is
shown having tails 4 as described above.

The depth of the central recess 11 can have a substantial
. heffect on flying height over all tracks of a disk. In
30 hlgh alt1tude_env1ronments, the change in pressure and
the mean-free path of air can alsc have an effect on
flying height. By choos1ng an approprlate depth for the
central recess 11, the range of flying height values
- (i.e., the difference between the maxlmum and minimum
35 flying height of the head over all tracks of a disk) can
be substantially smaller than with typical catamaran-type
sliders. Referring to Fig. 6; a graph is shown having
flying height along the Y-axis and recess depth along the



hei ght and roll angl e. 5  Fig. .1c shoms a top vi ew of a.conventi onal
cat amar an slider having one:: and two tai-ls, respectively, to control
¥1ying hoVBMS1994 rol | angl e according to an enbodi ment PCTHS9/16372
present invention. 10 Fig. 2 is a side viewalong line a-a of Fig. 1.
Fig. 3 is a overhead view of an assenbly fo1 posi tioni ng a slider
over the innernost track of = a disk. Ig. 4 is a overhead view of

e T S laserlﬁéaaﬁﬁax'ﬁdﬁuiﬁ%é FaBForapdps, 3he ko

a slider over tfhyingchebghtt iackhoiwnaadi sk.function of recess depth).
With a typical recess depth of 200 microinches, the
flying height for the slider will fall along steep slopes

5 of the ID, MD, and OD curves. This will cause greater

£flying height sehsitivity depending on the recess depth
chosen and the altitude at which the slider is used. If
a recess depth is chosen when the slopes of the ID, MD,
“and OD curves are at a minimum (i.e., the uniform depth

10 is chosen such that the flying height as a function of
recess depth is approximately at a minimum for all tracks
of the rotating disk -- in the 110-150 microinches

range), the senSitivity of the slider to recess depth
variations due to tolerances and operating altitude is
15 minimized. Another advantage of choosing the recess
using the aforementioned technique is that the air-
- bearing stiffness is_maximized which helps in reducing
the flying height sensitivity further.
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taper 3 is 60
the taper 3 is
Al ong the
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t he

| ength of the slider two rails 5, 7 are provided tHat

udes three major

first and second rails extending along the
bottom side of said slider from a leading edge of said
slider td a trailing edge of said slider,ﬁsaid bottom
side of said slider for facing a rotéting disk, each of
said first and second rails including: .-
' a thigh region extending at an angle from
said leading edge to a laterallside offsaid ‘slider;

a foot region extending at an angle from
said 1ateral side of said sllder toward the tralllng edge
of said slider; and

a knee region at sald lateral side of said.
slider coupllng said foot region to said thigh region;

first and second thigh recesses located towards
the lateral side of said respective thigh regions of said
first and second rails; .

first and second foot recesses located on the
bottom side of said slider towards the lateral side of
said respective foot regions of said first and second
rails; and . ' _

a central recess located on the bottom side of
said slider between said thigh, knee, and foot regions of
said first and second rails. .

2. The slider of claim 1 wherein said first and
second rails have an approximately equal, uniform height.

3. The slider of claim. 1 wherein said first and
second thigh recesses, first and second foot recesses,
and said central recess have an approximately equal,
uniform depth. '

4. The slider of claim 2 wherein said first and
second thigh recesses, first and second foot recesses,

q

&
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11-15 are provided in the slider. 5 In this enbodinent, all recesses
"11- 15 have the sane depth (e.g., the qéjth~of the recess regions is
approximately 150 [err] inches as neasured fromthe top of the first

and second 31| Sai, EhiaThBAhan Joddid Yoy gm appr RindrSi Uit oo

shape due to the TF Sections 1 g. .
Thi gh recesses 1epiferm depthare | ocated outside of the thigh regions 5a,
7a. Foot recesses 14, 15 are | ocated outside of the foot regions
5. The slider of claim 1 further comprising:
at least one tail extending from the leading

edge of said slider toward the trailing edge of said

slider and dividing said central recess into at least two

sections.

6. The slider of claim 5 wherein each tail and
said first and second rails have an approximately equal,
uniform height.

‘7. The slider of claim 5 wherein each tail extends
at an angle from the leading edge of said slider.

8. The slider of claim 5 wherein each tail has a
width substantially narrower than a width of each of said
first and second rails.

9. The slider of claim 1 wherein the angle at
which the thigh regions extend from the leading edge of
said slider is approximately equal to a slider skew angle
when the slider is pfesent at an innermost track of the
rotating disk. |

10. A sub-ambient pressure, air bearing slider for
positioning a magnetic read/write head proximately to a
rotating disk, said slider comprising:

a taper formed at a leading edge of said
slider, said taper channeling air flow to a bottom side
of said slider, said bottom side of said slider for
facing a rotating disk;

~a front section extending from a first lateral

side of said slider to a second, opposing side of said
slider; -

first and second rails extending along the
bottom side of said slider from the front section of said



5c, 7c. 15 As is conventi a magnetic head (not shown
specifically in Figs. 1-2 is ﬂl IH" I HNF H of the - slider 1,

proxi mat WQ96/198&1 { oot regi on 50* denot e s VE RAIRCT/USPSA22 1) .
20 Operation of the slider of t he present- |nvent|on I s shown
with respect to Figs 3-5. As the disk 17 rfaates, air is channel ed

by the taper 3 of the sllder 1to flow underneath the slider. It

shoul d be note sJdn afast t -of f of
the slider w%&%r%% ﬂtg‘e%%]sk“%?e‘i’%e RF; P%F‘ay B30, 3 ) of il
pressurlzed flrsuﬂandraandndrmalhslsnﬁludlng t he sli.der which causes the

l'id 1 d thus th t t f f
The i sk 17 In the ricgiﬁnfeg'# JrEPY fhatbn efbenlindiRr, an andlf Al ®

sub- anbi ent pr saddr d eading atesone3of sal@uéat@raflorse@amm pidhe
slider (and thggildes;magnetic ‘head) to be pulled toward the noving

di sk. .
a foot region extending at an angle from

one of said lateral sides of said slider toward the
trailing edge of said slider; and
a knee region at one of said lateral sides
of said slider coupling said foot region to said thigh
. region; _
first and second thigh recesses located towards ‘
the lateral side of said respective thigh regions of said
first and second rails; o _ '
first and second foot recesses located on the
bottom side of said slider towards one of the lateral
sides of said respective foot regions of said first and
second rails; and | o
' a central recess located on the bottom side of
said slider between said thigh, knee, and foot regions of
said flrst and second ralls.

11. The slider of claim 10 wherein said front
section and said first and second rails have an
approximately equal, uniform height. -

_ 12. The slider of claim 10 wherein said first and
second thigh recesses, first and second foot recesses,
and said central recess have an approximately equal,
uniform depth.

13.  The slider . of claim 11 wherein said first and
second thigh recesses, first and second foot recesses,
and said central recess have an approximately equal,
uniform depth.

14. The slider of claim 10 further comprising:
This Sheet Has Been Replaced '

(]




‘In Figs. 3-5, the slider 1 is shomn ” ﬂ m 19 and an

act uat or 21 mhlch positions the sllulﬂn ﬂ "“ﬂuﬁr"ﬂ"nagnetic head over a

—des+%ed— _——In Flg 3, the * skider. M is pgositi on®CTHYMRRely to
e in ra of the disk 17. Referring again to Fig. 1, the

etmail Im f ns 5a, 7a of the first anqu second-tails 5, 7 extend
PCT/U895/16272

e front, par.t t.he sli ut wa
opp03| ng sides of the sl F‘g]eﬂg\ﬁﬁ é’r{%g:%e re%?‘? rom Egﬁ R?Bdﬂ'ggt t he
si des of the sedgerotTBaldngﬂadEhamdward the tiajhinggedge 54, sdaddnake
with the for“aéfiﬁgg'gﬂd4dﬁ%iding said central recess into at least two
sections. '

15. The slider of claim 10 wherein each tail and
‘said first and second rails have an approximately equal,
uniform height. '

16. The slider of claim 10 wherein each tail
extends at an angle from the leading edge of said slider.

17. The slider of claim 10 wherein each tail has a
width substantlally narrower than a width of each of said
first and second rails.

18. The slider of claim 10 wherein the angle at
which the thigh regions extend from the leading edge of
said slider is approximately equal to a slider skew angle

when the slider is present at an innermost track of the
rotatlng disk.

19. A sub-ambient pressure, air bearing slider for
positioning a magnetic read/write head proximately to a
rotating disk, said slider comprising: |

a taper formed at a leading edge of said
slider, said taper channeling air flow to a bottom side
of said slider, said bottom side of said slider for
facing a rotating disk;'

- a front section extending from a first lateral
side of said slider to a second, opposing side of said
slider; | ' '

first and second rails extending along the
bottom side of said slider from the front section of said

- slider to a trailing edge of said.slider;

a central recess located on the bottom side of

said slider between said first and second rails;



Spen (hestaned to be o INFRUAIRY Wﬁ[@m

ced kew - angle
The i nner nost
track i s WOISIBBMwn as theCcont dtt Sst art - ) ZGRAISIHI62Th o

i nnernost track (hereinafter referred to as the inner dianmeter or
"ID'), the disk 10 surface velocity is g% iIts owest. The orientation
of the thigh regions 5a 7a assists i preventing pressure

d th the first and ' 7 f ' i des
under nea e first an égcgggﬁéa?h%dgraltao er%ﬂﬁ’ﬂﬁ%?mat?e %90{,1Ee si des

of the slider 1 (thus causin : ower an
desired hei ght )seatsion of sgedeplidgn tomagrd the ttraklingredgesofosaitdoned

appfOXi”Hte'y*§1£$F&rﬁﬂd'&i%iaih?(ba%d déﬁ%fdfﬂﬁéééséiiﬁfo at "®88st two
en the At - t'he

di stance betwe i nner and oufer tracks).: m ddl e track

the skew angl e $2CEHM™®xi natel y zero. 20 Because of the design of the
thigh regions 5a, 7a of the slider 1, pressure | eakage to the sides
of these regions i reater. The |l.oss aqf pressure dug.to | eakage at
t he thigh regt®ns %ﬁg ?i"ﬁ?-rc &&e&%&%ﬂ%*fhcﬁﬁée&ﬂm

surface vel oci tgectiohp dask dF. sdlid ftadiley drd geidffPfst andheesbnder 1

woul d be atits;%ig t§%§e? ?tmﬁpgqggHieéfyﬂ%qual, uﬁgfg;&'ﬁg{gﬁgg action

of the foot re@%

21. The slider of claim 19 wherein said central
recess has an approximately equal, unifdrm depth.

22. The slider of claim 19 wherein each tail
extends at an angle from the 1eading edge of said slider.

23. The slider of claim 19 wherein each tail has a
- width substantially narrower than a width of each of said
first and second rails. '

24. A method of manufacturing a sub-ambient
pressure, air bearing slider for positionihg a magnetic
read/write head proximately to a rotating disk, said
-method comprising: : '

_ ’forming first and second railé_along a bottom
side of said slider from a leading edge of said slider to
a trailing edge of said slider;

" forming a central recess on the bottom side of
said slider, said central recess located between said
first and second rails, wherein said central recess has
an approximately uniform depth, Said uniform depth being
chosen such that_a f1ying heigh; of said slider over said
rotating disk is most insensitive to fluctuations in said
uniform depth.

25. The method of claim 24, wherein said uniform
depth is chosen such that_thé.flying height as a function
of recess depth is approximately at a_minimum for all
tracks of the rotating disk. '



act to reduce the area of pressurization for the slider 1 and, thus,

reduci ng 6 od/i

fiirst and secon ralls 5,
and magnetic head are
the outer dianmeter qy7"QOD'). The |arge skew angle at the
OD causes a greater amount of pressure to leak to the 35 sides of the
Because of the design of the t hi gh regions 5a, 7a of

referred to

rails 5, 7.
the slider 1,
because of th

under
9

force generated at the foot sectionsg 5c¢c. 7c of the

7. 30 Referring to Fig. 5, PEITUSPYI62
pl aced over the outernost track (herelnafter
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‘the slider is gener at ed under the knee regions 5b, 7b of t he inder

1. Althoqu, pad area bel ow the knee is smal |, g, ?

.surface velocity at the OD gives generates enough pressure to under
the rails 5, 7 of the 5 slider 1 to nmaintain a constant flying height.
As mentioned above, the recess regions 11-15 generate sub- anbi ent
pressure that pulls the slider t onar d&/fhe di sk surface. The mpjority
of the sub-ambi ent pressurq% is formed at14t5he central recess 11. The
t hi gh reCeEMNIN de extra I ff |ider 1.
The f oot recesses FPG% redqute téliieﬁp fpm/\)ﬂ) H\ TRAHTSIE%ZEPEE area at
the foot of the sl oipﬂat It wl ot' f y tjoo high above the
di sk surface ag a ar ro skew angl e. thgq foot recesses 14,
15 reshape Ni{he f fegi ons 5c f the r,ai | s § ACTIE IRAILt hese
regi ons arpyparal’l to the incom [ ' he slider 1 is at an

I
outer track.No th-s}|point, yi ng heilght he outer rail
“(i.e., rail 5)™hag- bgen ¢ t he des¢ the slider. To
control slider rolll {i.f - /ZA
= ——

FIG. la
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the difference in flying height of the innernost rail 7 and the
outernost_rail 5), the shape of the inner rail (i.e., rail 7) can be
.adj ust ed VO 2%/184le nanner to cont rgh the flying hei gRETERIYIHRTZ nner
rail. 25 A further enbodi nent of the present invention is shown in
Figs. 1a and I b. The central recess 11 of the slider 1 is the
| ar gest receptacle for sub-anbient pressure in the slider. The
central recess 11 has a large effect on how 30 constant the flying
hei ght of the slider 1 is over the surface of the disk 17 as well as
t he amount of roll for , the slider 1. As an additional neasure for
control ling flying height and roll for the slider 1, one or nore
tails 2 are "added" to the central recess 11. In the 35 manuf act ur e of
the slider, the tail region(s) are forned by etching or renoving the
material around them as the central recess 11 is forned.




"V\o 96/ 19801 - PCT/ US95/ 16272

&hen the slider 1 has a | arge skew angle, the angle at
_mhlch ai VPP B% nder the slider 1 is also large. This PCTAISIPA&RT2 n
pressure | eakage to the sides of the rails 5, 7 causing the decrease
in the pressure under the rails, 5 and shift in the center of pressure
The decrease in the pressure tesults in |lower flying height, and
the shift in the center of pressutre results in an i-ncreased rol
angle. Also, the central recess 11 acts to couple the flying hei ght
of one rail to the deviation in dinmensions 10 of the other rail.
Because of their relatively narrow . configuration, the tail(s) 2 .do
not form an appreciably significant air bearing surface. Rather,
the tail(s) 2 divide the central recess 11 into two or nore vol unes,
t hus preventing distribution of sub-anbient pressure 15 wi thin the
central recess 11 fromentirely shifting to one side of the slider

1. By optimzing the |length and

FIG. 3
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orientation of the tail(s) 2, the effect of suction force on the
roll angl (g; ,{?g@ slider can be controlled. The. dashed lines in
Figs. la ant¥B%how possi bI e 20 orientations and | engt hBCTYR¥1§272
tails(s) 2. Also, the use of tail(s) 2 prevents the coupling of the
flying hei ght of one rail to the change in the dinension of the

ot her. 25 Referring to Fig. 1c, a conventional catamaran slider is
shown having tails 4 as described above3/7 The depth of the central
recess 11 can have a substanti al effect on flying height over all
tracks of a disk. In 30 hi gh al titude environnents, the change in
pressure and the nean-free path of air can also have an effect on
flying height. By choosing an appropriate depth for the central
recess 11, the range of flying height val ues (i.e., the difference
bet ween t he maxi num and m ni num 35 flying hei ght of the head over all
tracks of a disk) can be substantially smaller than with typical
cat amar an-type '

FIG. 4

SUBSTITUTE SHEET (RULE 26)



*sliders. Referring to Fig. 6, a graph i s shown having | flying hei ght

along th -ax| s.and recess depth al ong the W06/ 19801

PCT/ USQS/%%%S%I X-axis for the ID, middle dianeter PCAA§SFN62TZd oD
(i.e., - flying height is shown as a function of recess depth).

Wth a typical recess depth of 200 m croinches, the flying height for
the slider will fall along steep slopeg;% of the ID, MD, and OD curves.
This will cause greater flying height sensitivity depending on the
recess depth chosen and the altitude at which the slider is used.

| f a recess depth is chosen when the slopes of the ID, M,

and OD curves are at a mnimm(i.e., the uniformdepth

SUBSTITUTE SHEET (RULE 26)



10 I's chosen such that the flying height as a function of recess
depth is‘ﬂgproximately at a mninumfor all tracks of the rotating '
(disk -- iMOPHE”®PLo- 150 i croi nches range), .the sensi tplqi’q%?s’éfn?he
slider to recess depth ©variations due to tol erances and operating
altitude is 15 m ni m zed. Anot her advantage of choosing the recess
using the aforenentioned technique is that the air- beari ng
stiffness is maxi m zed which hel ps in reducing the flying height
sensitivity further.

R/W GAP FLYING HEIGHT (uin)

90 110 130 150 170 190 210
RECESS DEPTH (pin)

—e— 1D
-——A-—- MD
-——¢--- 0D

" FIG. 8
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VHAT, |1 S GLAI MEPLAGED SHEETS A $@- anpi eni pr BEBLAGEMENT SKEETSIQ sﬁi
for posityoning a nmagnetic read/ wite|l head '

OpDescriprde!

: agell
disk; sai|{@ Besaipfoncpeged si-ngto paged ....... firs mm“ﬁ@;ondp ng

al ong t hq ¥Claim(s) : paged bdttmnpagedd bf s,anobrasdmgte)r p 8”“16 e

-----

d:;
| eadi ng 0.8 —of
sai 4 S yﬁ?am@gs) %b&i ..... | fi65aged bQLt ){rLs L'.l Abstragtal L gia ‘%gé_mc' g
DAbstracy ot eﬁap% Tir-ske-raeL gt | s ai &fbﬁaﬁf’.ﬁ; ze ond
ralls | NCHUURFERT IS CLAIMED IS a‘rnrgn reg np ' Eﬂq}nraMﬂFe
fromsaid |l eading edge to a lafe I de, of said sllder

a foot reglo&’extendln@'éPbéﬁmQﬁﬁpéi?F?ﬁﬁure' alr'bearlng slider $9%; ¢ er al
si de of sai dpelsiiddioning a magnetlc readyeriitd hdad tpwotkingrelgeofa sai d

slider; and

said slider 58'}61 Jﬁlg gd‘ls&'fﬁ l%e%lrlecﬂror(‘:o?ntpﬁ%'l% l.ateral side of

regi on;

* € L M S *

region to said t
first and second rails extending along the

bottom side of said slider from a

leading edge of said slider to a

trailing edge of said slider, said

bottom side of said slider for facing a

rotating disk, each of said first and

second rails including:

a thigh region extending at an angle
from said leading edge to a lateral
side of said slider;

a foot region extending at an, angle from
said lateral side of Sald slider’
toward the trailing edge of said
slider; and

a knee region at said lateral side of

' said slider coupling said foot
region to said thigh region;

first and second thigh recesses located
towards the lateral side of said
respective thigh regions of said fi£§t

and second rails;
first and second foot recesses located on the
bottom side of said slider towards the

_laterai side of said respective foot

;;ﬁfregions of said first and second rails;
;- and
a centféljrecess located on the bottom side
"of séid slider between said thigh, knee,
and foot regions of said first and
second ralls |

—_— . . s~

—————— e I

This Sheet Has Been R
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hi gh



first and second t hi gh recesses Io

si de of said

and second rails;
bottom side of said slider
respective foot

and a central

said slider between said thigh, knee,
A sub-ambi®®&OPgeBaiks, air bearing slider for

said first

and

“espect THMMIBR o saqer

f oot * recesses

first a second

tomards t he

towards the |l atera

| at er al

PLACEMENT SHEE,

side of said

regions of said first and second rails;

recess Iocated_gu the bottom side
and foot

of
regi ons of

positioning a magnetic read/write head proximately to a

rotating disk,

said slider comprising:

a taper formed at a leading edge of said

slider,
to a bottom side of said

slider,

said taper channeling air flow

said

bottom side of said slider for facing a
rotating disk; '

a front section extending from a flrst
lateral side of said slider to a second,
opposing side of said slider;

first and second rails extending along the
bottom side of said slider from the

said slider to a

front section of

trailing edge of said slider, each of

said first and second rails including:

a thigh region extending at an angle
from said leading edge to one of

said lateral sides of said slider;

a foot region extending at an angle from ~~

one of said lateral sides of said
slider toward the trailing edge of
said slider; and

a knee region at one of said late£§1
sides of said slider coupling said

v

foot region to said thigh region;

first and second thigh recesses located

towards the lateral side of said
respective thigh regions of said first
and second rails;

first and second foot recesses located on the
bottom side of said slider towards one

of the lateral sides of said respective

— | REPLACEMEN: SHEET
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-13- . 2.

a nagnetlc read/ wite head prOX|nat

A sub-anbi ent . press

cempri si ng

a taper

forme

g

atc aLl em

slider,

sai d

taper channelling air flow

slider for positioning
BN i

to a bottom si de of

sai d slider,
rotating disk;
| at er al

sai.d
a

bottom side of said slider for facing a

front

sectgon

si de of said slider to a second,

ext endi ng

from a
opposi ng

first
si de of

said s ider;
bottom si de of
slider to a

sai d sllder

firstfayy segm@lsr oifl sabd eﬂﬂrsrg ahdngddond

f.or.om t he

1I nga%chge of said

front section of said

slider, each of

said first and second raaid:mtmi:l udergss located on theabm:itgm redgleon
of said slider between said thigh, knee,

extending at an angle

3.

and foot
second rails.

regions of

said first and

A sub—ambient pressure, air bearing slider for

positioning a magnetic read/write head proximately to a

rotating disk,

4,
- second
height.
5.

and

rails

second thigh recesses,

said slider comprising:

a taper formed at a leading edge of said

slider,
to a bottom side of

said taper channeling air flow

said slider, said

bottom side of said slider for facing a

rotating disk;
a front

section extending from a

first

lateral side of said slider to a second,

opposing side of said slider;

first and second rails extending along the .

bottom side of said slider from the

front section of

said

slider to a

trailing edge of said slider;

a central recess located on the bottom side

of said slider between said first and

second rails;

S
at least one tail extending from the front

said
of

of
edge

section
trailing

slider

toward the

said slider and

dividing said central recess into at

least two sections.

The slider of claim 1 wherein said first and

The slider of claims 1 or 2

hgbe an approximately equal,

first

REPLACEMENT SHEET
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uniform

wherein said first

and second foot




fromsaid | eadi ng edge to one of

sald slider;

|m|||uu|umu4|mumgfa;2 e BEAOEMENT sy

one of said lateral sides of said * slider toward t
trailing edge of said slider; and . a knee
region at one of said |ateral sides of said slider
coupling said f oot 4eg|on to said thigh region;

first and second thigh recesses | ocated towards the

first

second ral rst

second”f oot

lateral sidgsc@Esesai gnd saldcfentﬁal FERECHAMR %BIQBQE ¢ipageqf, said
an S: n

recesses | oc&fge@lonupphéorm depth.

one

6. of the laali¥edl &fdeladssal dorespechhefein said
first and second thigh recesses, first and second foot
recesses, and said central recess have an approximately

equal, uniform depth.
7. _ The slider of <claims 1 or 2 further

comprising:
at least one tail extending from the leading
edge of said slider toward the trailing
edge of said slider and dividing said
central recess into at least two
sections. '
8. The slider of claims 2 or 7 wherein each tail

and said first and second rails have an approximately

equal, uniform height.
9. . The slider of claims 2 or 7 wherein each tail
extends at an angle from the leading edge of said

slider.

10. The slider of claims 2, 3 or 7 wherein each
tail has a width substantialiy narrower than a width of
each of said first and second rails. _

1. . The slider of claims 1 or 3 wherein the angle
at which the thigh regions extend from the leading edge
of said slider is approximately equal to a slider skew

.angle when the slider is present at an innermost track

of the rotating disk. _
12. The slider of claim 2 wherein said front
section and said first and second rails have an
approximately equal, uniform height.

13. A method of manufacturing a sub-ambient
pressure, air bearing slider for positioning a magnetic
read/write head proximately to a rotating'disk, said
method comprising: o

]
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bottom si de of said slider towards



-14-, f oot regions of mnul mﬂ cond
s one o cent oo THMBIINIMEor sy

said first and

air bearing slider for positioning a magnetic read/ wite

to a rotating disk,
| eadi ng edge of sai d
to a bottom side of saiftbriimprfirsst énd second railsbalong sibkettodm sai d

slider for facing a

14l

sai d slider conpriserg:
slider, said taper channeling air

second rails. 3.

side ofcgéﬁdrghfﬁé¥ 'from a leading edge

of said slider to a trailing edge of
said slider;

forming a central recess on the bottom side

of said slider, said central recess
located between said first and second
rails, whkerein said central recess has
an approximately uniform depth, said
uniform depth being chosen such that a
flying height of said slider over said
rotatihg' disk is most insensitive to
fluctuations in said uniform depth.

The method of claim 13 wherein said uniform
.depth is chosen such that the flying height as a

function of recess depth is approximately at a minimum

for all tracks of the rotating disk.

This Sheet Has Been Replaced
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A sub anbi ent pressu Eﬁ!
head proximately
a taper forned at a

fl ow
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a front section extending 1

Iateral side of said
slider to a second,

‘side of_.

\“ﬁ"""
first and second rails ext ehdi’ng aI6ng the : REPLAC] 1§§%§ 2
said stider fromthe _ front sectli ghDefcription : Bﬁgeée@, ‘ d j
trailing edge of said slider; a centin® Clames)s : pagade'd= Bh PR ;
bott om si de of said. slider bet Drawibg(s) r pageshd-- 10 pas »d .....
second rails; at least one tail extendyNbsfracam t: lpagdd oTito paged ...
section of said slider toward the -i2- trailing edge o_fa %Ndm
slider and : dividing said centra RBCRIPYE ..o
| east two HEAE] CLAIMED 1S:The slider of cl § '
second raiks have an oxhioat el |.. uni;fosgrhekght: ;i ®r =5+ The
A20RE OXhHBLRL Yo oAl o uniiforaLhekghd 1 i Gar zor
slider of clains 1 orag wherein s§>d'f|rst and _second thi gh ~ recesses
first andocséEsmpsingoatmagnecic read,vrize head proximacaly o
rotating disk, said slider comprising:
first and second rails extending along th
bottom side of. sala slider Zfrom a
leading edge of said slider cto a
trailing edge oI sald slider, saic

pottom side of said slicder Ior facing a
rotating disk, each of said ZIirst and
second rails including:

a thigh region extending at an angle
from said leading edge to a lateral
side of said slider;

a foot region extending at an angle from
said lateral side of said slider
toward the trailing edge of said
slider; and

a knee region at said lateral side of
said slider coupling said foot
region to said thigh'region;

first and second thigh recesses located

towards the lateral side of said

. respective thigh regions of.sa;g fiEFt
Tl and second rails; “

flrst and . second foot-recesses located on the
bottom side of said slider ;owards the
.lateral side of said respective foot
regions of said first and second rails; o
and _ Co '
a central recess located on the bottom side
of said slider between said thigh, knee,

and foot regions of said first and
second rails.



-

-

-15- recesses, and said central rec

uni form depth. 6.

claims 1 o 2
fromthe | eading

2.

pasitlio

xi mat el y equal

The slider omﬂmmmuﬂ]uﬂﬂﬂlﬂmmrei n said f.i r st

and second thigh recesses, first and $ecbnd- fdot °relesses, and:said:.central
recess have an approxi mately equal, uniformdepth. 7. The ~slider” of

further conprising: at |east one tail

ext endi ng

_ edge of said slider toward the trailing
edge of said slider and dividing said

-13-
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to a bottom side of sald slider, said
bettom sicde of said siider Zor facing a
rotating disk;

a front section extending Irom a <firsc
lateral side of said slider to a second,

opposing side of said siider;

first and second rails extending along the

bottom side of said slider £from the

ront section -of said slider to a

[ 1)

trailing edge of said slider, each of
sald first and second rails including:
a thigh region extending at an angle
 from said leading edge to one oI
salid lateral sides of said slider;
a foot region extending at an angle from
one of said lateral sides of said
slider toward the trailing edge of
said slider; and
a knee region at one of said latez9l
sides of said slider coupling said
foot region to said thigh region;
first and second thigh recesses located
towards the lateral side of said
respective thigh regions of said first
and second rails;
first and second foot recesses located on the
bottom side of said slider towards one

of ﬁhe lateral sides of said respective
3!
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‘central recess into at |east n“l“““l'ﬂ““lﬂlum sections. 8. The
slider of clains 2 or 7 wherein eac i rst and second ralls

have an approxi mately equal, uniforn*hefght. ". The slpderimﬁ gl

2 or 7 wherein each tail extends at an angle fron1the | eadi ng edge of'sald
slider. 10. The slider of claims 2, 3 or 7 wherein each tail has a

w dth substantially narrower than a mﬁdth of each of said first and second
‘rails. 11.° The slider of clainms 1 or 3 wherein the angle at which the
thigh regions extend fromthe |eading-d#ige of said slider is approxi mtely -
equal to a slider skew angle mhen the slider is present at an innernost
track of the rotating di sk=°98. TeGlonmeos| Sdef F-iiai #f2 WREPERN sai d
front section and said flrse_aed aﬁaond rails have an apprOX|nater equal ,

uni f orm hei ght. 13. A,,_ .nanufacturng sub- anbi ent
pressure, air bearing®s/S er“rorﬁ&ﬁﬁﬁutﬁﬁida% Paghi |8° édﬂ/ﬁrFFe head

proximately to a rotating edifskaidasticder berween said thigh, Xnes,
and foot regions of said £first and
second ralils.
3. A sub-ambient pressure, air bea:ina lider for
positioning a magnetic read/write head proximacelv tc a
rotating disk, said slider comprising:

a taper formed at a leading edge of said
slider, said taper channeling air flow
to a bottom side.of said slider, said
bottom side of said slider for facing a
rotating disk;

a front section extending from a first
lateral side of said slider to a second,
opposing side of said slider;

first and second rails extending along the
bottom side of said slider from the
front section of said slider to a
trailing edge of said slider;

a central recess located on the bottom side
of said slider between said first and
second rails;

at least one tail extending from the fr;;t
section of said slider toward the
trailing edge of said slider and

ividing said central recess into at

v

least two sections.
4. The slider of claim 1 wherein said first and

second rails have an approximately equal, uniform
height.

5. The slider of claims 1 or 2 wherein said first
and second thigh recesses, first and secon& foot
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-nmet hod conpri si ng:
forming first and second rails al ong

slider froma | eadng edge Trai 1Yy edge
of - ' said slider; formng a central recess on the
bott om si de of said slider, said central recess

| ocat ed bet ween sald first and second " rails, wherein said
centr al recess has

-15-

recesses, and said central recess have an approximately
equal, uniform depth.

(v

The slicder of claims ¢ or 12 wherain sald

st and second thigh recesses, first and second oot

recesses, and said central recess have an approximately

~egual, uniform depth.

-

7. The slicer of «claims 1 or 2  Zurther

comprising:
at least one tail extending from the leading
edge of said slider toward the trailing
edge of said slider and dividing said
central recess into at least two
sectlions.
8. The slider of claims 2 or 7 wherein each tail
and said first and second rails have an approximately
equal, uniform height.

9. . The slider of claims 2 or 7 wherein each tail

extends at an angle from the l'eading edge of said
slider.

10. The slider of claims 2, 3 or 7 wherein each
tail has a width substantially narrower than a width of
each of said first and second rails.

11. The slider of claims 1 or 3 wherein the angle
at which the thigh regions extend from the leading edge

of said slider is approximately equal to a slider skew

angle when the slider is present at an innermost track
of the rotating disk. '

12. The slider of claim 2 wherein said £front

section and said first ‘and second rails have an
approximately equal, uniform height.

13. A method of manufacturing a sub-ambient
pressure, air bearing slider for posiéioning a magnetic
read/write head proximately to a rotating disk, said

method comprising: REPLACEMENT SHEET
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* an approiinately uni form depthf u uni form dept h bei ng
chosen such that a flyl ““lll I“"umuslmd slider over said
rotating disk is nost insensitive to * * 1l uct garigns:s it Sfkd
uni f orm dept h. 14, The method of claim13 wherein said uniform ept h

I s chosen such that the flying height as a function of recess depth is
approximately at a mninumfor all trqfks of the rotating disk.

forming £irst and second rails along a sccttom
side of said slicder from a leading edge
of said slider to a trailing edge of
aid slider;
forming a central recess on the bottom side
of said slider, said central recess
located between said first and second
raills, whersin said cent ral recess has
an approximately uniform depth, said
uniform depth being chosen such that a
flying height of said slider over said
rotating disk is most insensitive to
fluctuations in said uniform depth.
14. The method of claim 13 wherein said uniform
depth is chosen such that the £lying height as a
function of recess depth is approximately at a minimum
for all tracks of the rotating disk.

v
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(57) Abstract

A sub-ambient pressure, air bearing slider is disclosed for positioning a magnetic tead/wnne head proximately to a rotating disk. The
slider includes first and second rails extending along the side of the slider facing the rotating disk from a leadjng edge of the slider to a
trailing edge of the slider. Each rail has a thigh region extending at an angle from the leading edge to a lateral side of the slider, a foot
region extending at an angle from a lateral side of the slider toward the trailing edge of the slider, and a knee region at a lateral side of the
slider coupled between the foot and thigh regions. Recesses are provided to shape the first and second rails. A central recess provides a
volume for sub-ambient pressure. One or more tails can be placed within the central region to prevent the shifting of pressure completely
to one side of the slider. The design of the first and second rails leads to a more uniform flying height for the slider and magnetic head
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