storage systens including rigid disk drive systens and contact type
read/record systens (e.g. floppy or diskette’

particularly the invention relates to appar atyds,J
between a read head or slider and the recor g
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BACKGROUND OF THE I NVENTION 1. Techni cal
The invention relates to direct access type magnetic
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1. Technical Field:

The invention relates to direct access type

magnetic storage systems including rigid disk drive

systems and contact type read/recerd systems (é.g.
floppy or diskette systems). More particularly the
invention relates to apparatus for  increasing fly
height between a read head or slider and <the recording
media when positioned over a modified =zone on the
surface of the recording media.

2. Description of the Related Art:

A disk drive (hard drive) is an information
storage device which utilizes at least one rotatable
magnetic disk to store information. The information is
represented on the disk as a series of magnetically
orientated regions. The magnetic regions are arrayed
along the surface of the disk on either a plurality of
concentric data tracks or spiral data tracks.
Transducers dgenerate magnetically orientated regions
and sense such regions to store and read data on the
disk.

In so-called hard drives, & transducer is mounted
on a carrier called a slider. Iﬁfoperation, the slider
flies Jjust off the surface of the disk. Separation of
the slider and disk reduces wear and consequent
premature destruction of the components. An extremely
low fly height of the slider is used to achieve high
density data storage. High stability in fly.height is
required for accurate . data storage, data signal
reproduction and the avoidance o¢of <c¢ollision between
slider and disk.

Qeiea5|ng fly height
~‘; positioned over

Fi *
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2 Description of the Related Art: A disk drive (hard drive) is an
I hformati on storage device which utilizes at | east one rotatalb +~8HgﬂEHAs-r—
disk to store information. The information is represented on theREALAREE
a series of magnetically orientated regions. The nagnetic reghs R
arrayed along the surface of the disk or @ ther a plurality ‘l*."a : "‘ :
data tracks or spiral data tracks. Transducers generate nagnetica
orientated regions and sense such regions to store and read data on the
di sk. In so-Ral ?%h‘i?l’ér dE 9% e 25 a & r BRSWLE erof s thSuntedasive
carrier called mosémert.of | ntlperdigiosurtfaees| ankkrtfd | adidewst ofhishe
surface of the gioknentCPRERLLON ?Pfc&Ji-ET Shisdeir 3, onerﬁeq{ Sé&e 58 Hcgﬁ vvear

and consequent premature destruct % Ré conp | ow
fly hei ght of th’éesw%i%#e? steisetng dthfﬁ:rﬁ]é@érh?% thean disk &aﬁatsto%@e _
High stabilityfacefd§ tiee gdlider riesedrddnel odiskciinaiown @st 8hesadrage,

data signal regégpmélé)&.g_&gethe 3L ogl%ncgfofacog :leseironalg_gt V\ﬁggrﬂéder and
di sk.

surface, a suspension system for the slider and an
actuator arm for slider positioning are directed to
achieving a low mass assembly and a high degree of
positional stability of the slider for a broad range of
disk drive unit operating conditions. :

The suspension system provides dimensional
stability between the slider and the actuator arm by
compensating for the force of the air between the air
bearing surface and the disk surface as well as
providing rapid motion damping of the slider following
repositioning "from one track to another. The
suspension system should control slider position
relative to its directions of motion between tracks
while resisting out-of-plane movement relative the
preferred fly height above the disk surface. At no
time!during data read or write operations of the drive
should the slider come into contact with the disk
surface. The suspension typically comprises a 1lcad
beam attached +to the actuator arm and a flexure which
connects the slider to the load beanm. The load beam
balances the slider by counteracting the lifting force
from the spinning disk. The flexure supports the

" slider aﬁd allows flexibility during the slider's ride
on the cushion of air.

A slider for a rigid disk drive is passive if its
design automatically produces a constant fly height
without active detection and correction. common
features of air kearing surfaces designed {9; passive

RO9-91-090



- 2- > - A slider flies as a result of the relative novenent of R@B
di sk surface and the slider. Thi s novenent creates a cUSHI 'at '
bet ween the disk and the slider forcing the slider and the di SR<ahs

The face of the slider toward the disk is known as the ai ryissiidRiyiie
surf ace. Design of a slider air bearing surface, a [difiihat
systemfor the slider and an actuator armfor slider p03|t|on|ng are
directed to achieving a | ow nmass assenbly and a hi gh degree of positional
stability of the slider for a broad ranmge of disk drive unit operating

conditions. - The suspensi on system provides di nensi onal
stability between.the slid and the actuator arm by sat | %or t he
Torce of 't he- aRFVBERReBR® | HEo dHF (RTINS S0t 8 EUBRARY I AeRotiTPEce ae
wel |l as ' the outside edges (i.e. the edges parallel to the
direction of motion) of the slider. The slider may

also include a tapered front edge. A Winchester slider
adds a third rail centered between the outside edge
rails. In positive pressure devices, the rails are
separated by non air bearing surfaces. A read and
write transducer is fabricated on the rear edge of the
slider.

Reducing slider fly height is limited by head-disk
interactions which increase as the slider gets closer
to the disk. As the number of head disk interactions
increase, the reliability of the system decreases.
Head disk interactions may be caused by, for example,
debris on the disk, on the slider, or by disk
asperities.

A slider which reduces the .number of head-disk
interactions has greater reliability. Reducing the
number of head-disk interactions has been accomplished
by providing active devices in which a slider flies low
during a read or write operation and returns to a
higher, safer height between read/write operations. A
disk drive generally includes a number of read/write
heads, each mounted on a separate slider. A specific
head is normally used for reading or writing less than
1 percent of the time. Thus, programmable designs have
provided a substantial increase in reliability when
compared to designs wherein the read/write head flies
low all the time. However, they have the disadvantage
of greater complexity.

Magnetic hard disk systems are usually permanently
sealed and do not accept transferable disks.

Transferable disks, such as used in floppy drives, are

R0O9-~91-090
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wi t hout

beari ng surfaces desi

g passi_ve
jacket Has an inner 1liner of a nonwoven fabric facing

the flexible disk. The liner wipes the surface of the
disk clean as it rotates. Both sides of the flexible
disk are covered with a particulate magnetic media
(e.g. magnetic iron oxide suspended in a resin). In
single sided drives, a spherical recording head 1is
opposite a felt pad that urges the disk against the
recording head. In two sided recording, a pair of head
have opposing flat surfaces with reliefs running along
their entire length, similar to a two rail slider for a
pard disk system. While the heads are urged toward
the recording media, the characterization of them as
contact systems is onlylpartiglly true. In many floppy
disk drive designs contact bétween head and recording
surface is intermittent. Contact between media and
head is still undesirable because it results in wear of
the read/write head over the long term. Recording head
wear is a source of long term unreliability in contact
recording systems having high speed, continuously
spinning media.

Intermediate systems which utilize rigid media and
contact recording are also Kknown. The foregoing
comments are also applicable to these systems.

SUMMARY OF THE INVENTION

Other objects, 'features and advantages will be
apparent in the written description of the invention
thét follows. The invention provides a disk drive
having a passive slider exhibiting two fly heggpts, one
for read and write operations and a second higﬁer level
for idling without increasing disk speed. The disk

©NA-q91-090 This Sheet Has Been Reﬂ
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- 3- ‘devices are two air bearing rails running-the I ength of the outside
@dges (i.e. the edges parallel to the direction of notion) of the slider.

The slider may also include a tapered front edge. A Wnchesteé,'_‘ﬁ FﬁgjéEEN
athird rail centered between the outside edge rails. In LACED
pressure devices, the rails are separated by non air bearlng sur aces

g SMigur tr tansiueet [ Tabiyeated onne reer ool BHIMIRIL

increase as the slider gets closer to the disk. As the nunber of head
di sk interactions increase, the rel-iability of the system decreases. Head
di sk Lnteracti odsivayhde &ansetbthyc Hezoré@iagpberfatebrder for rbphetidnsk, on

the slider, Ofin bg &uf%%tion. A transducer carrier is radially
positionable relative to the magnetic recording surface
and can be moved between recording portions and idling

poftions of the annular disk surface. In the didling
zone the surface includes a plurality of depressions
disposed in an annular zone. The depressions are

generally trench like and have variable depths. The
orientation of the depressions depends on ‘the type
carrier for the transducer. If oriented transversely
to the direction of rotation of the magnetic recording
surface, they will boost pressure under the carrier
increasing or introducing spacing between the surface
and the carrier. Where the carrier has an air bearing
surface with regions creating zones of relatively.
negative pressure, the depressions are circumferential
grooves. The grooves diminish the effectiveness of the
zones of negative pressure thus increasing carrier fly
height.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the
invention are set forth in the appended claims. The
invention itself however, as well as a preferred mode
of use, further okbjects and advantages thereof, will
best be wunderstcod by reference to the following
detailed description of an illustrative embodiment when
read in conjunction with the accompanying drawings,
wherein:

Figure 1 is an exploded view in perspective of a
disk drive having rigid disks;

Figure 2 is a perspective view of a magﬁgﬁic disk

data storage system;

This Sheet Has Been Re
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asperities. A slider which reduces the nunber of head-di sk
nteractions has greater reliability. Reduci ng the nunber of head- dISk
i nteractions has been acconplished by providing active devices in which a
slider flies low during a read or wite operation and returns to a higher,
safer height between read/wite operations. A disk drive generally includes
a nunber of read/wite heads, each nounted on a separate slider. A
specific head is normally used for readi.ng or witing |less than 1 percent
of the time. Thus, progranmabl e designs Ha@b’provided a substanti al
increase in reliability when conpared to designs wherein the read/wite

head flies | ow all th?‘lb{xE‘E SAWQ{]oaﬁéﬁﬁlgﬂV%é@eofj'§3éjl“.lﬁétla%v9ilg

greater conplexity Magneti c systens are usually.
per manent |y sealédp°§halvﬁopre$ﬁﬁre il fiRaring, §HEfR%ebl e di sks.
Transferabl e di sks, such as used in floppy drives, are R09- 91- 090

Figure "3B is a view in side elevation of the
slider of Figure 3A;

Figure 4 is a side elevation view of the slider of
Figure 3;

Figures 5A-D are top and side views of herringbone
disk etch patterns showing possible transition regions;

Figure 6 is & side elevation view of the slider
flving above a textured zone;

Flgure 7A and 7B are bottom plan and side
elevatlon views of a negative pressure sliaer,
respectively; )

Figure 8 1is a perspective view of a magnetic
storage disk;

Figure 9 is a plan view of a region of a magnetic
recording surface with a shadow plan view of an air

bearing surface for a slider superimposed thereon for a
negative pressure slider and cooperative disk pattern;

Figure 10 is & cross sectional view of the storage
disk of Figure 8;

Figures 11A and 11B are a graphical illustration
of indentation grccve depths and widths, illustrating

possible transiticn zones;

Figure 12 is a perspective view of a rigid or non-
rigid data storace disk; and

R0O%-91-090
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used in what are terned contact recording systens. A floppy drive uses
d¥skettes, which in turn conprise a flexible disk housed in a plastic
jacket. The plastic jacket has an inner liner of a nonwoven fabric facing
the flexible disk. The liner wi pes the surface of the disk clean as it
rotates. Both sides of the flexible disk are covered with a particul ate
magnetic nedia (e.g. magnetic iron oxide suspended in a resin). I h single
sided drives, a spherical recording hedd_ |§ opposite a felt pad that urges
the di sk agai nst the recording head. In two sided recording, a pair of head
have opposing flat surfaces with reliefs running along their entire |ength,

simlar to a two rall ﬁid‘lﬂ:@' 1f30&saahaf6sal§é<ct$b&heww%|ése tHe dreadgear e
urged toward theé d’% 3 %ﬁg az{éacter atnof Sy;im s cont act
systems is only patt 3%€PE€ PntRBRY FHUPhFegitarRn gt oY s cont act

between head and recordlng_surface Is intermttent. Contact between nedia
and head is still undegid dlawif gﬁaugwﬁof efitlnBeliNa¥ead &éfidleuro%a@/fwrl te

head the | t R t
nrel A 11y 1 Gt aentley aPR Y8 T el AGLRIGn Sobae BBEFRBouS! y

spi nning nedia. of illustaratddigabtnesgft s mitferredi enbedingits wfditheand

contact recordi ng; ,ff& tdlon0 dekeMived Bei®f £90i Ng comments are al so
applicable to these systens. SUMVARY OF THE

I NVENTI ON
DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is an exploded view'of a disk drive 10.
It should be noted that although a rotary actuator is
shown, the invention described herein is also
applicable to 1linear actuators (as illustrated in
Figure 2). The disk drive 10 includes a housing 12,
and a housing cover 14 which, after assembly, is
mounted within a frame 16. Rotatably attached within
the housing 12 on an actuator shaft 18 is an actuator
arm' assembly 20. One end of the actuator arm assembly
20 includes an E block or comb like structure 22 having
a plurality of arms 23. Attached to the separate arms
23 on the comb or E block 22 are load .springs 24, In
this case, the 1load springs form <the suspension.
Attached at the end of each load spring is a slider 26
which carries a pair of magnetic transducers or the
head. The transducers may be of an inductive type, or
may include a read transducer of a magnetoresistive
type. On the other end of the actuator arm assembly 20
opposite the load springs 24 and the sliders 26 is a
voice coil 28.

Attached within the housing 12 1is a pair of
magnets 30. The pair of magnets 30 and the voice coil
28 are key parts of a voice coil motor which applies a
force to the actuator arm assembly 20 td“rotate it
about the actuator shaft 18. Also mounted within the

R0O9-91-090



It is an object of the present invention to aneliorate one or nore

di sadvant ages of the prior art. According to one aspect of the
present invention there is provided a direct access storage system
conprising: a disk drive having a first annul ar surface adapted for
rotation; a transducer head nounted to a slider having an air bearing
surface facing said first annular surface wherein |ift is generated upon
rel ati ve novenent of said slider and said first annular surface; a data
storage region within said first annular syrface, said data storage region
having a substantially smoth surface wheréin a selected amount of lift is
generated upon rel ative novenent of said slider and said data storage

region; and an lﬁbu@ﬁlnéemoﬂsv\&“’éﬁhrﬁﬁéj shiak gt 3QDnU|I&Ktaﬂiﬂﬁl%C%tt%éhédl dl'i ng

regi on having a Iur epr.es thereln erel n nt of lift
greater than sai é ﬁ’ﬁ n?haofrSt {3rs@ number °d‘gr§l's L‘iupoﬁ
relative rmvemenﬁ?lsflrs‘raild %igld’érdm ﬁna:l altahchgd reg)ithe smsldlltel shath a

greater separati 8a. bewesﬂowﬁai:d ﬁiﬁl@liceﬁ:hl@eéﬁsleé‘daﬁadﬂe fdtiaktnagnyb ar
surface within s DESCRIPTION OF

d di,
e omans | Sthe sPindfe AR 32 dn . spacedRRKt. TALALIGR ( hoAD

i nvention are setinternhlimotéwe (not shown) rotates the disks 314.

With reference to Figure 2, a magnepic disk
storage system comprises a magnetic head arm 40 with at
least one magnetic head suspension assembly 42. In the
embodiment shown, one magnetic head suspension assembly
42 is attached ¢to the top of the head arm and another
magnetic head suspension assembly 42 is attached to the
bottom of the_ head arm 40. Each suspension assembly
supports at its end a head slider 44, and each head
slider 44 had one or' more magnetic transducers,
.generally called magnetic heads, disposed so that the
transducing gap of the hesad may be in transducing
relation with magnetic disk surface 46. Electrical
signals are conducted from the magnetic heads to a host
system for wuse in the host system. Head arm 40 is
attached to a conventional actuator 48 such as a voice
coil motor, for example, for accessing the magnetic
heads to various <tracks on the magnetic disk surface
46.

An annular, £fly height control surface 50 is
disposed on a radially inward portion of magnetic disk
surface 46. Control surface 50 is located on the inner
part of surface 46 to minimize loss of recording space.
Unlike the rest of magnetic disk surface which is
smooth, surface 50 is etched to modify lift produced by
slider 44. The particular etch pattern selected
depends upon the type of the air bearing sUrface used
by slider 44.



Qppenaed clains. The invention itself however, as well as a preferred node

of use, further objects and advantages thereof, w |l best be understood by
reference to the follow ng detail ed description of an illustrative

enbodi ment when read in conjunction with the acconpanyi ng draw ngs,

wher ei n: ~ Figure 1 is an exploded view in perspective of a disk drive
havi ng rigid disks; Figure 2 is a perspective view of a nmagnetic disk
data storage system - 6-

Figure 3Ais a bottomplan view of a slidep having a positive pressure air
beari ng surface; - Figure 3Bis a viewin side elevation of the slider

of Figure 3A - . . : .
Air Dbearing surfaces include positive pressure

types and negative pressure types. Figurés 3A and 3B
illustrate a positive pressure air bearing surface
(ABS) for slider 44. Arrows indicate the direction of
thé movement of air along the surface. The ABS is
formed using two side rails 51 and 52 and a center rail
54. The inner sides of the side rails 51 and 52 and
the sides of the center rail 54 border on recessed
sections 56 into one face of slider 44. Recessed
sections 56 are formed by etching, ion milling, or
other machining techniques. The recessed sections 56
extend from the leading edge 58 of the slider to the
trailing end 60 of the slider. Both side rails 51 and
52 and center rail 54 have tapered height sections 64
adjacent leading edge 58.

The side rails 51 and 52 are widest at the leading
edge 58 of the slider. Side rails 51 and 52 do not
extend all the way to the trailing end of the slider.
Side rails 51 and 52 are generally narrower at their
trailing end than at the leading edge. Other shapes of
the side rails may alsc be suitable so long as they
maintain a relatively high pressure at the leading edge
58 of the slider and a felatively lower pressure in the
middle area of the slider.

Each of the side rails includes wide sections 66
and 68 at leading edge 58 of the slider which have
substantially parallel sides and flared sections 70 and
72. Flared sections 70 and 72 extend to a break point
after which are located narrow sections 74 and 76,
which having substantially parallel sides and a width
that is less than the width of wide sections 66 and 68.
Narrow sections 74 and 76 extend to the end gf the side
rails. Side rail edges may be made nonparallel to

improve operation at wvarying skew angles.
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Figure 4 is a side elevation view of the slider of Figure 3; Fi gures
5A-D are top and side views of herringbone disk etch patterns show ng
possi bl e transition regions; Figure 6 is a side elevation view of .
the slider flying above a textured zone; Figure 7A and 7B are
bottom plan and side elevation views of a negative pressure
slider, respectively; Figure 8 is a perspective view of a nagnetic
st orage di sk; Figure -9 is a planthey/of a region of a nagnetic

recording surface with a shadow plan view of an air bearing surface for a

slider superinposed thereon for a negative pressure slider and cooperative
di sk pattern; Center rail 54 comprises a taper section 64 at the

leading edge 58 of the slider. Its width is small at
the leading edge and increases progressively toward the
trailing end 60 of the slider. sShould any contaminants
be.present in the air adjacent to the ABS 55 of slider
44 the shape of the center rail causes the contaminants
to Dbe directed along recesses 56. In this way
contaminants are moved away from the transducer 62 at
the trailing end of the center fail 54.

Slider 44 has different pressure zones. Positive
pressure is pfovided under the various rails, partly in
proportion to their width. Pressurization of ABS 55
results from the relative motion between disk and
slider and creates 1lift which balances’ the suspension
l1cad.

A magnetic transducer 62, preferably of the thin
film type, is located on trailing end 60 of the center
rail with its transducing gap £lush with the rail
surface.

Figure 4 djllustrates the flying attitude of
positive pressure slider 44 when positioned over the
smooth, data storage portion of magnetic disk surface
46. The air bearing surface is designed so that the
slider 44 flies at a desired pitch angle © relative to
a moving magnetic disk surface 46. In this attitude
the trailing end 60 of slider 44, where the transducer
is mounted, is closest tc the disk surface and assured
to be spaced at a flying height distance d from the
magnetic recording medium.

Greater 1lift is generated by center rail 54 at its

trailing end than at its leading edge. Thé{'trailing
end is also the minimum spacing location d with respect

RO9-91-090



Figuré 10 is a cross sectional view of the storage di sk of Figure 8§;

Figures 11A and 1B are a graphical illustration of indentation groove
depths and widths, illustrating possible transition zones; Figure 12
is a perspective view of a rigid or non- rigid data storage disk; and
R09- 91- 090 - T-
- 11 -
to the disk surface. This provides a balanced
equilibrium with the greater lift generated by the side
rails near the leading edge of the slider. The

pressure from the side rails is high at the leading
edge of the slider due to the taper sections 64 and the
greater width of the side rails at the leading edge of
the slider. The pressure profile along the side rails
increases up to the taper, decreases slightly after the
taper, and slightly increases up to a point just in
front of the trailing edge of the rails, where the
pressure falls off to ambient pressure. The center
rail 54 generates very little pressure at the leading
end 58 of the slidef, but generates progressively
increasing lift in the direction of the trailing end 60
of the slider, reaching a maximum near the trailing
end. The resulting combined pressure profile produces
high 1ift near the 1leading edge 58 of the slider 44,
relatively low 1ift in the middle of the slider, and
relatively high 1ift near the trailing end 60 of the
slider.

Annular f£ly height control surface 50 provides a
grooved or notched surface texture for modifying the
flying characteristics of a slider. The character of
surface 50 depends upon the design of the air bearing
surface of the slider. The particular surface texture
used for control surface 50 1is coupled to an air
bearing surface design so that increased fly heights
are achieved for positive pressure sliders, negative
pressure sliders, as well as contact recording headers.
For a positive pressure slider 44, increasing the
spacing d between the trailing end 60 and magnetic disk
surface 46 is provided by increasing pressure under all
parts of the positive air bearing siirface, but

especially under a center rail.



Flgure 13 is a
al ong section |

definition of the invention but are provided solely for the purpose of
illustrating one of the preferred enbodi nents of the invention described

bel ow.

an expl oded view of a disk drive 10.

rotary actuator
applicable to

10 includes a housing 12, and a housing cover

nounted within
actuator shaft

plurality of arheigBt Aconthell tsurfaceseSdr aferaras ﬁ&xﬁﬁ\tdﬂapne@tsbrer E

cross sectional view of the storage disk of Figure 12 taken

I nes 13--13. The drawi ngs are not intended as a

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 is

It should be noted that although a
is shown, the i nvent’i o descri bed herein is also

i near actuators (as illust ed in Figure 2). The disk drive

14 which, after assenbly,
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carries a pair

a ﬁgéHEFFEE%Sggsddﬂg%§26$'3gg§g££2§ éhe irection of

movement of the tracks relative to a slider. Tracks 80
and 82 comprise a plurality of notches 84 and 8§,
respectively, laid out in a herring bone pattern with
one notch following the other. The notches are
oriented to be transverse to the direction of travel of
the magnetic disk surface and are shaped to have one
roughly convex side and one concave side. Notches 84
are of constant width while notches 86 have a concave
face which is shallower than the convex face. Notch 84
is variable in depth, with shallower ends and a deeper
center, while notch 86 is of constant depth.

As the disk drive turns, air is compressed in the
notches in notches 84 and 86. -Air compressed under
positive pressure sliders tends to leak out from under

'sides of the exterior rails. Viscous effects created

'by the relative motion of the disk and slider, combined

with the shape and depth of the notches 84 and 86 cause
additional compression of air under the slider ABS when
positioned over the track, thus 1lifting the slider
higher. The gradual introduction of l;ft to a slider
moving to a position over surface region 50 may be
required to insure stability of the slider. This is
done by varying the depth or the width of notches in a
track. Rapid changes in 1lift may cause 1loss of
stability in a slider. In an alternative embodiment,
multiple depth Dbuckets placed in the disk surface are
disposed so as to capture and compress air under the
slider ABRS when the slider flies over the cgqperative

disk zone.

R0O9-91-080
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head. The transducers may be of an inductive type, or may include a read
t'ransducer of a magnetoresistive type. On the other end of the actuator arm
assenbly 20 opposite the load springs 24 and the sliders 26 is a voice
coil 28. Attached within the housing 12 is a pair of magnets 30. The
pair of magnets 30 and the voice coil 28 are key parts of a voice coi

not or which applies a force to the actuator armassenbly 20 to rotate it
about the actuator shaft 18. Al'so nounted within the R(9-91- 090

..13..

In use, the fly height & between the trailing end

60 and a disk increases as it moves to a position over
surface 50, as illustrated in Figure 6. The depth of
notches 84 can range from less than 0.3 to 2.0 microns
but preferably falls between 0.5 to 1.0 microns under
the slider. Notches 86 are preferably of a uniform
depth between 0.5 and 1.0 microns. Fly height of a
positive pressure slider is increased about 50% from
its wusual 75 to 100 nanometer range to reduce the
possibility of collision Dbetween slider and disk
surface.

Figures 7A and B depict a negative pressure slider
102. . Negative pressure slider has an air bearing
surface 103 on which surfaces 104 developing neggtive
pressure are offset by positive pressure exterior rails
105 and center rail 106. Sslider 102 has a sdoped
leading edge 107 designed to generate positive 1ift and
a positive air pressure bearing surface 108 directly
behind leading edge 107. Surfaces 104 are recessed
from the plane of exterior rails 103, center rail 106
and positive pressure air bearing surface 108, but open
to a trailing edge 109.

Figure 8 illustrates a disk 99 having an annular
fly height control surface 101 intended for use with a
slider having negative (relative to ambient) pressure
regions on an air bearing surface. An outer portion of
the disk surface of disk drive 100 is intended for
recording of data and the radially inward part
including surface 101 is intended to increase 1lift
during parking of a slider. Control surface 101 has a
plurality of annular grooves dispdsed near the center
of disk 99.

Figure 9 illustrates a parked slider 102 over
control surface 101. Annular surface 101 comprises a

RNOQ-91-090



houstng 12 is a spindle shaft 32. Rotatably attached to the spindle
shaft 32 are a nunber of disks 34. In Figure 1, eight disks are attached
to the spindle shaft 32. As shown in Figure 1, the disks 34 are attached to
the spindle shaft 32 in spaced apart relation. - An internal notor (not

shown) rotates the disks 34. Wth reference to Figure 2, a magnetic
di sk storage system conprises a magnetic head arm40 with at | east one
magneti ¢ head suspensi on assenbly 42. In the enbodi nrent shown, one

magneti ¢ head suspension assenbly 42 is attddéhed to the top of the head arm
and anot her magnetic head suspension assenbly 42 is attached to the bottom

of the head arm 4Q. ach suspensi assenbly s orts.at. i.ts end a
head slider 44, ¥ Erggéﬁy hggd §??§ibr zﬂf?ﬁ*&é gg@ %ECh?ﬂnw§n%ﬁaggBFic
transducers, genesdkifpceal pEdthaghisk c dwiates medigpos@roaes hdtlot hre at

transduci ng gap ofieble BCaUnTBYoRE i dépF¥ISWHerBIsLeadt i1yy W parkegnetic
di sk surface 46. -Electrical. signals are conducted fromthe nagnetic heads

to a host systemfor wuse in the host system Head arm40 is attached
to a conventional actudtiorbd8ringhswustace/ dioSeofoslidet 0kQ2 figweladaspkep for

accessing the mgReheih8adSpEQs ¥dFd OUSedicackS108, t RehfBONGIdL fbtknaurface

extending from the trailing edge of slider 102 forward.

In use, positive pressure over ambient forms under the

air bearipg surface except  in regions 104. Negative
pressure forms in regions 104, which at the preferred

fly height, counteracts the positive pressure
underlying the remainder of thé air bearing surface at

the desired fly height. This arrangement promotes:
stability in the fly height.

When negative pressure regions 104 are moved over
grooves 110 their effect is spoiled. A greater volume
of air is passed through the notches under the leading
edge 107 of the slider raising the pressure in the
negative pressure regions. In effect, grooves 110 '
divide negative pressure regions 104 into isolated
subregions. By increasing the pressure in the negative
pressure regions, the fly height of slider 102 1is

increased.

- Figure 10, which is & section view, illustrates
the result. Slider 102 flies closer to the surface of
disk 100 away from surface 101. Figures 11A and 11B
chart groove depth against radial distance. For Figure
11A the deepest grooves are those closest to the axial

center of drive 100 between 1, and 5. Shallower
grooves extend radially outwardly from = to ¥ to
provide a transition region for the slider. The

distance from r; to r, may exceed the distance f£from r,
and r,. In Figure 11B the grooves are all of equal

RO9~-91-090



46. An annul ar, fly height control surface 50 is disposed on a
radlally I nwar d portlon of magnetic disk surface 46. Control ﬁ rface 50 is

| ocated on the inner part of surface 46 to mnimze |oss of re AS BEEN
space. Unlike the rest of magnetic disk surface which is snooth, §Be 50

is etched to nodify lift produced by slider 44. The par ’wﬂ’ﬂ

pattern selected depends upon the type of the air bearl ng wum ﬁl
by slider 44. . Air bearing
surfaces include positive pressure - 15 - :

depth, but become narrower moving outwardly from r; to
5 to provide a transition region.

Figure 12 illustrates a disk drive 120 having an
intermittent contact transducing head 124 such as the
censtor "Flexhead” available from Censtor, 530 Race
Street, San Jose, California 95139. The flexhead is
designed to run in contact with the recording surface
of disk drive 120, but in practice the transducer head -
usually flies at an average height of 25 to 50
nanometers with frequent contact between the head and
the disk surface. The magnetically open face of the
transducing head 124 is essentially smooth. An annular
fly height contro; surface 122 causes head 124 to fly
at a greater average heidht and substantially eliminate
intermittenﬁ contgct petween head and recording
surface. Contact head 124 is depicted as disposed over
a radially outward portion of disk drive 120 intended
for recording of data. Arrows indicate the radial
directions of movement for head 124. Surface 122 is
intended for head ywarking during drive operation.
Contact head 124 may be centered over the center line
of surface 122.

surface 122 is a herring bone notch pattern. When
a contact head is centered over surface 122, in a
parking position, individual notches of the pattern
extend out from under both edges of head 124. The
movement of contact head 124 relative +to the disk
increases pressure. By increasing the pressure under
the head 124, its £fly height is increased. A floppy
disk for disk drive 120 is generally made of a flexible
material. Surface 122 may be formed by stamping or
during molding of the disk. Figure 13, gh;ph a view
taken along section 1line 12--12 of Figure 12,

RO9-91-090 heet Has Been Replaced
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types and negative pressure types. Figures 3A and 3B illustrate a positive
pressure air bearing surface (ABS) for slider 44. Arrows indicate the
direction of the novenent of air along the surface. The ABS is forned
using two side rails 51 and 52 and a center rail 54. The inner sides of
the side rails 51 and 52 and the sides of the center rail 54 border on
recessed sections 56 into one face of slider 44. Recessed sections 56
are formed by etching, ion mlling, or.other machining techniques. The
recessed sections 56 extend fromthe Ieahﬁng edge 58 of the slider to the
trailing end 60 of the slider. Both side rails 51 and 52 and center rail 54
have tapered hoilist3atel0Rfieb8oad) 8C0oE tadigiEnednactlm 122 on THE SIde

rails 51 and 52 ar.e w dest | eadi ng edge 58 o the slider. Side
rails.51 and PR HGPtEQFeHGaQIF the way to the trailing end of the
slider. Side rails 51 and 52 are generally narrower at their tralllng end

than at the | eadi ng0d0enChifEne820eS Ble ! frebiedBpr @it sl S0
i'gh

suitable so long-as they nmaintain a relative gh pressure at the Ieadlng
edge 58 of the FG@Préﬁ&gacPEPQFPVEFylmd@bﬂ‘§¥E§§§re The t $R1hiRNSS area of
t he slider. from Fadbcahgt héhsi fliLedaénsy | E vdearrenee Sant | dvIt

between transducer and disk. Reduced contact results
from the increasing £ly height of the head or slider
'during periods where no read or write operation occurs.
The increased f£ly height is achieved using a passive
device, eliminating the complexity added by active fly
height control systems.

RO9-391-090



and 68 at | eadi ng edge 58 of the slider which have substantially parallel
sides and flared sections 70 and 72. Flared sections 70 and 72 extend to a
break point after which are | ocated narrow sections 74 and 76, which having

substantial ly pararreL\ngggrgagsg width that is |ess thantiseHeEYHASEEEN
wi de sections 6 8. Nar ctions 74 and 76 extend to tREPLACED of

e e g 7 D

- 10 - Center raif Sﬂ rises a tapef Section 64

CLAIMS
1. A direct access storage system comprising:

a disk drive having at 1least a first annular
surface set for rotation;

a transducer head - radially positionable with
respect to the first annular surface; and

an annular head idling region on the first annular
surface formed by depressions in the first
annular surface.

2. A direét access . storagq_debice as set forth in
Claim 1, wherein the transduder head is mounted to a
slider having an air bearingisufface facing thé first
annular surface whereby lift is generated upon relative
movement of the slider and the disk, thereby separating
the slider from the first annular surface.

3. A direct access storage device as set forth in
Claim 2, wherein the air bearing surface has a
subambient pressure genefating region.

4. A direct access ~storage device as set forth in
Claim 3, wherein the depressions in the first annular
surface comprise a plurality of channels aligned. with
the direction of rotation of the first annular surface
for passing air to the subambient pressure generating
region.

5. A direct access storage device as set forth in
claim 4, wherein the plurality of channelsrgre grouped
on a radially inward portion of the fifét annular
surface and deepen from an outermost channel toward an

RO9~91-090 This Sheet Has Been Replac
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| eadi F\g edge 58 of the slider. Its width is small at the |eading edge and
i hcreases progressivetrytoeward the trailing end 60 of the slider. Should:

any contaninants,ﬂw f in the air adjacent to the ABS EEHgf slider 44
the shape of the ‘mmiﬁﬂw ’&m s the contaninants to be rsgﬁfﬁ AS BEEN
along recesses B56.°¢ ] #¥ay contam nants are noved away Phe
transducer 62 at the trailing end of the center rail 54. Iﬁ%g&ﬁiﬂﬁﬂlﬂruﬂ
has di fferent pressure zones. Positive pressure is providedfﬂ' :
various rails, partly in proportion to- thesr-w dth. Pressurization of
ABS 55 results fromthe relative notion between di sk and slider and creates
lift which bal ances the suspension | oad. A magnetic transducer 62,
preferably of thaPRAFnChaRRe} kR PHavidec a Egansitien (Hewiandoso refliahe
center rail wthmoveménansgfiuchenglgaerf.l ush with the rail surface.
Fi gure 4 illustrates the flying attitude of positive pressure slider
44 when positioned over the snooth, data storage portion of magnetic disk
surface 46. TheSair AbeHTeRf AfesGe SEonage Lcesp ashgett horth in

Claim 2, wherein the air bearing surface facing the

first annular surface is provided by rails running
substantially parallel to the relative direction of
travel of the slider over the first annular surface
whereby lift is generated upon relative movement of the
slider and the head by increases in pressure over
ambient between the air bearing surface and the first
annular surface.

7. A direct access storage device as éet forth in
Claim 6, wherein the depressions comprise a plurality
of indentations arranged in a herring bone pattern.

8. A direct access storage device .as set forth in
¢laim 6, wherein the annular spacing control portion
comprises a plurality of indentations running
substantially transverse to the direction of rotation
of the disk drive for generating separating 1lift
between the air bearing surface and the first annuler |

surface.

9. A direct access storage device as set forth in
Claim 8, wherein the slider has a plurality of rails
and the annular head parking'region has a track of
indentations corresponding to each rail.

10. A direct access storage device as set forth in
claim 8, wherein the annular parking region is located
on radially inward of a recording region and wherein
the direct access storage device further comprises an
annular transition region on the first annular surface
between the recording region and the annular parking

BNA-~-Q1=090 ‘
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«
sli8é&r 44 flies at a desired pitch angle [err] relative to a noving
magnetic disk surface 46. In this attitude the trailing end 60 of slider

Aesurod o be Spoar e gt bR o S SOt S ot ﬁ“é“i%éﬁ'@‘ﬁ?m
recording medi unmﬂﬂjﬂﬂ"wiu@m"nn I's generated by center rail
trailing end than*attits |®adi ng engg_ 9-{28???' ling end |H§ﬁlﬁﬁmlﬂmmm rmm

spacing location d with respect

region, the annular transition region comprising a
depth graduated portion of an outermost track of
indentations. '

11. A direct access storage device as set forth in
Claim 1, wherein the transducer head operates as a
contact or intermittent contact read/write head when
operated over the substantially smooth data zone, but
operates as a flying head when positioned over an
idling zone, with continuous high speed rotation of the
disk.

12. A direct access storage device as set forfh in
Claim 11, wherein the annular spacing control portion
comprises a ﬁlurality of indentations running
substantially transverse to the direction of rotation
of the disk drlve ‘for generating separating 1lift
between the transducer head and the first annular

surface.

13. A direct access storage device as set forth in
Claim 12, wherein the plurality of indentations are
arranged in a track having a herring bone pattern.

14. A direct access storage device as set forth in

" Claim 13, wherein the annular parking portion is
located on the first annular surface radially inward
from a recording portion of the £first annular surface
and wherein a transition region between the recording
portion and the annular parking region comprises
extensions of the plurality of indentations which
become gradually shallower from the annular parking
portion in a radially outward direction.

i



tg, “tthe disk surface. This provides a balanced equilibriumwth the
greater |lift generated by the side rails near the |eading edge of the
sl i der. The pressure fromthe side rails is high at the | sadispgee uﬁEEN
the slider due to the taper sections 64 and the greater width ofRsmcg
rails at the |eadi ng edge of the slider. The pressure profrl

side rails increases up to the taper, decreases slightly af “&gﬂﬂ%ﬂ“’l’
and slightly increases up to a point just-i20 f+ont of the t

the rails, where the pressure falls off to anbient pressure The
center rail 54 generates very little Eressure at_the | eading end 58 of the

slider, but generates progressi PESFRANE, @B sTHy BESLASHRERe direction of the

trailing end 60 of the slider, reaching a maxi mum near the trailing end.

The resulting conbined pre %ﬁ% pgar the | eading
edge 58 of the slider 44, r gter\ggﬁﬁ *owlr I N H‘rﬁ ggle of the slider,
and relatively high |ifHERHT SEIDE aFNPnﬁPQRﬁFﬁ??W@fDFﬁE BATHERN

Annul ar fly hei ght: control surface 50 provides a grooved or notched surface

texture for modifyingfbe & vipg.eharoeter é%a%%ifz g13hbfolan in H¥ng

character of surface 30 epen upon beéaring_surface

of the slider. Trleﬂcparﬂntuﬂ@rlgbﬁiﬁfcaceoﬁéxtiﬁ% recordmg and reading
operations and a second for idling, is disclosed. The
disk. drive has a'magnetic recording surface set for
rotation in a direction. A transducer carrier is

radially positionable relative to the magnetic
recording surface and can be moved between recording
portions and idling portions of the annular surface.
In the idling zone the surface includes a plurality of
shallow depressions (84,86) disposed in an annular
zone. The depressions are generally trench like. The
orientation of the depressions depends on the type
carrier for the- transducer. If oriented transversely
to the direction of rotation of the magnetic recording
surface, they will boost pressure under the carrier
increasing or introducing spacing between the body and
the carrier. Where the carrier has an air bearing
surface including regions creating zones of relatively
negative pressure, the depressions are dgrooves
paralleling the direction of rotation of the disk. The
grooves diminish the effectiveness of the zones of
negative pressure to increase carrier fly height.

Fig. 5 (a-4)
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used for control surface 50 is coupled to an air bearing surface design so
t$hat increased fly heights are achieved for positive pressure sliders,
negative pressure sliders, as well as contact recordi ng headers. For a
positive pressure slider 44, increasing the spacing d between the trailing
end 60 and magnetic di sk surface 46 is provided by increasing pressure
under all parts of the positive air bearing surface, but especially
under a center rail. , - 12 -

Figures 5A-D illustrate two preferred!/8track patterns 80 and 82 used to
I npl ement an annul ar fly height control surface 50 for a positive pressure
slider. The tracks have been strai ghtened for purposes




of illustration. An arrow indicates the direction of novenent of the
tsracks relative to a slider. Tracks 80 and 82 conprise a plurality of

not ches 84 and 86, respectively, laid out in a herring bone pattern with
one notch following the other. The notches are oriented to be
transverse to the direction of travel of the magnetic disk surface and are
shaped to have one roughly convex side gnd one concave side. Notches 84 are
of constant wi dth while notches 86 have™a concave face which is shall ower
than the convex face. Notch 84 is variable in depth, with shallower ends
and a deeper center, while notch 86 is of constant depth. As the
disk drive turns, air is conpressed in the notches in notches 84 and 86.
“Air conpressed under positive pressure sliders tends to | eak out from
under sides of the exterior rails. Viscous effects created by the
relative notion of the disk and slider, conbined with the shape and depth
of the notches 84 and 86 cause additional conpression of air under the

slider ABS when positioned over the track, thus lifting the sli hi gher.
The gradual introduction of Iift to a slider noving to a positi ver
surface region 50 may be required to insure stability of the slider. This
is done by varying the depth or the width of notches in a track. Rapi d
changes in |ift may cause |osg of il "!gglider. In

al ternative enbodi nent,




mul ti'pl e depth buckets placed in the disk surface are disposed so as to
cdpture and conpress air under the slider ABS when the slider flies over

t he cooperative di sk zone. RM-91- 090

- 13 - In use, the fly height d[err] between the trailing end 60
and a disk increases as it noves to a pgygtion over surface 50, as .
illustrated in Figure 6. The depth of notches 84 can range fromless than
0.3 to 2.0 mcrons but preferably falls between 0.5 to 1.0 m crons under
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the slider. Notches 86 are preferably of a wuniformdepth between 0.5
“and 1.0 microns. Fly height of a positive pressure slider is increased
about 50% fromits usual 75 to 100 nanoneter range to reduce the
possibility of collision between slider and disk surface.

Figures 7A and B depict a negative pressure slider 102. Negati ve pressure
slider has an air bearing surface 103 on which surfaces 104 devel opi ng
negative pressure are offset by positiVe pressure exterior rails 105 and
center rail 106. Slider 102 has a sloped | eading.edge 107 designed to
generate positive lift and a positive air pressure bearing surface 108
directly behind |eading edge 107. Surfaces 104 are recessed from the
pl ane of exterior rails 103, center rail 106 and positive pressure air
beari ng surface 108, but open to a trailing edge 109. Figure 8

illustrates a disk 99 having an annular fly height control surface 101
intended for use with a sli defs 'ﬁspnegative (relative,to anbient)
pressure regions on an.air bear“ng surface. An outer por{{®y of the disk
surface of disk drive @O0 i ffended for recording of a and the
radi al ly inward part 'ngtggirg surface 101 is intended to increase |ift
during parking of a sli - rol surface 101 has a plurality of annular
grooves di sposed near the cenj¢r
S =
P .
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of dfsk 99. Figure 9 illustrates a parked slider 102 over control
surface 101. Annular surface 101 conpri'ses a RO9-91- 090

- 14 - plurality of annular grooves 110 etched into the surface of the
di sk drive nmedia. G ooves 110 are at least 6.0 microns in depth where
slider 102 is parked. 5/8
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Air bearing surface 103 of slider 102 includes two negative pressure
regions 104, which are notches extending fromthe trailing edge of
slider 102 forward. In use, positive pressure over anbient forns under the
air bearing surface except in regions 104. Negative pressure fornms in
regions 104, which at the preferred fly gsfeight, counteracts t he
positive pressure underlying the remai nder of the air bearing surface at
the desired fly height. This arrangenent pronotes stability in the
fly height. When negative pressure regions 104 are noved over
grooves 110 their effect is spoiled. A greater volume of air 1is passed

t hrough t he notches -under the | eading edge 107 of the slider raising the
pressure in the negative pressure regions. In effect, grooves 110
divide negative pressure regions 104 into isolated subregions. By
increasing the pressure in the negative pressure regions, the fly height
of slider 102 is increased. Figure 10, which is a section view,
illustrates the result.] slider 102 fl}jes closer to the surface of disk
100 away from surface 10L. Figures 11A And 11B chart groove depth agai nst
radi al distance. For Figpre 11A the deepest grooves are those closest to

t he axi al
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center of drive 100 between r[err] and r[err]. Shallower grooves
extend radially outwardly from r[err] tor to provide a transition
region for the slider. The distance fromr[err] to r[err] may exceed
the distance fromr[err] and rf[err]. In Figure 11B the grooves are
all of equal R™-91- 090 dept h, but becone narrower noving
outwardly fromr[err] to r[err] to provide a transition region.

Figure 12 illustrates a disk drive 120 hd8i ng an internittent contact
transduci ng head 124 such as the Censtor "Flexhead" available from
Censtor, 530 Race Street, San Jose, California 95139. The fl exhead is
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de5|gned to run in contact wth the recording surface of dlumsqy
but in practice the transducer head usually flies at an averagqﬂﬁq_ﬁ
|sk

25 to 50 nanoneters with frequent contact between the
surface. The magnetically open face of the transduci ngj| 5 Mﬂ@ﬁ!
essentially snmooth. An annular fly height control surface d

124 to fly at a greater average hei ght &Bd substantially elimnate
intermttent contact between head - and recordi ng surface. Contact head
124 is depicted as disposed over a radially outward portion of disk drive
120 intended for recording of data. Arrows indicate the radial
directions of novenent for head 124. Surface 122 is intended for head
par ki ng during drive operati head 124 nmay be centered over the

center line of surface 122. e 122 is rring ho not ch
d over Sup 122,ny622 par ki ng
externd o fr der both

pattern. Wen a contact hea

posi tion, individual not

edges of head 124. The nmovenent of contact bead 124 relative to the
di sk increases pressure. By increasing the pressure under the head 124, '
its fly height is increased. A floppy disk for disk drive 120 is
generally nmade of a flexible material. Surface 122 may be fornmed by
stanmping or during nmolding of the disk. Figure 13, which a view taken

along section line 13 - rtﬂljf Figure 12, /‘:.. /c/ :

This Sheet Has Been Replaced




~.16 - illustrates the result of the notch patterppil#@rMBNG SEVETY SG
contact head 124. Al enmbodi nents -of the pnygptikosh Aokl €~
of recording conmponents in disk drives. The gain c:@ggp.sldro 18 ~
frequency of occurrence of contact between trahssgu %gﬂ‘atggi) ady
contact results fromthe increasing fly heightj _@gjﬁé‘?xdj 01 X u%i'ﬂg
peri ods where no read or wite operation-dﬁc—u’rg. he “Phcr edE8” F1ry° et
i s achi eved using a passive device, elimnating the conplexit y
active fly height control systems. ' DATE O RECE&T%%%RB‘H%’

DISK DRIVE WITH PASSIVE MULTIPLE FLY HEIGHT SLIDER

AND COOPERATIVE DISK PATTERN
THIS SHEET HAS BEEN

REPLACED

ABSTRACT LT

A disk drive having a passive slider exhibiting two fly heights, one for recording and
reading operatidns and a second for idling, is disclosed. The disk drive has a magnetic
recording surface set for rotation in a direction. A transducer carrier is radially positionable
relative to the magnetic recording surface and can be moved between recording portions and
idling portions of the annualar surface. In the idling zone the surface includes a plurality of
shallow depressions (84, 86) disposed in an annular zone. The depressions are generally
trench like. The orientation of the depressipns depends on the type carrier for the transducer.
If oriented transversely to the direction of r!otation of the magnetic recording surface, they
will -boost pressure under the carrier increasing or introducing spacing between the body and
the carrier.

Fig. 5 ad
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4 M Abstract  : paged 2210 paged ..
used_inwhatarewnnedcomctrecordingsys'tems. A foppyald

in wn comprise a flexible disk housed in a plastic jacket. The plastic jacket has an

inner liner of a nonwoven fabric facing the flexible disk. The liner wipes the surface of
the disk clean as it rotates. Both sides of the flexible disk are covered with a particulate
magnetic media (¢.g. magnetic iron oxide suspended in a resin). In single sided drives,
a spherical recording head is opposite a felt pad that urges the disk against the recording

“head. - In two sided recording, a pair of head have opposing flat surfaces with reliefs

running along their entire length, similar to a two rail slider for & bard disk system.
While the heads are urged toward the recording media, the characterization of them as
contact systems is only partially true. In many floppy disk drive designs contact between
head and recording surface is intermittent, Contact berween media and head is still

- undesirable because it results in wear of the read/write head over the long term.
Recording head wear is a source of long term unreliability in contact recording szstein's

having high speed, continnously spmmng media.
Intermediate systems which utilize rigid media and contact recording are also

known. The foregoing comments are also applicable to these systems.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. _

According to one aspect of the present invention there is provided a direct access
smmgesys:emcomprish{g{-adiskdrivehavmgaﬁrstmmmmfaoemp:edmr
rotation; a transducer head mounted to a slider having an air bearing surface facing said
first annular surface wherein lift is generated upon relative movement of said slider and
said first anmular surface; a data storage region within said first anmular surface, said
data storage region having a substantially smooth surface wherein a selected amount of

. 1ift is generated upon relative movement of said slider and said data storage region; and

an jdling region within said first annular surface, said idling region having a plurality of
depressions therein wherein an amount of lift greater than said sclected amount of lift is

[N:\LIBSG\PRECED])00149:vjp




RO9- 91 090 CLAI M5 1. A

di rect &access storage system corrprl si ng: a disk drive having a first
annul ar surface adapted for rotation; a transducer head nounted to a
slider having an air bearing surface facgng said first annular surface
wherein Iift is generated upon relative novenent of said slider and said
first annul ar surface; a data storage region within said first

annul ar sugenerated melrd&tim mbvement ofegld)shdea\mdigaﬂ mtmammmm

surface wherein a selected ansunt of |ift is generated upon relative
movement cgreater sepatation betwesn sgid transduces headoand saidfinstanmulat surface withindaichg
region within said first annular surface, said idling region having a
pl ural ity idlingimgionssi ons therein wherein an anount of |ift greater than
sai d sel ected anmount of I|ft |s enerated upon relative novenent of said

slider and said idling ON OF THE DRAWINGS
| Thenovelfemresbehevedchmmisﬁcofthcinvenﬁonmaetfonhinthe
appended claims. The invention itself however, as well as a preferred mode of use,
forther objects and advantages thereof, will best be understpod by reference to the
following detailed description of an illustrative embodiment when read in conjunction
with the accompanying drawings, wherein:
Figure 1 is an exploded view in perspective of a disk drive having rigid disks;
Figure 2 is a perspective view of 8 magnetic disk data storage system;

¢
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resul Fing«in a greater separation between said transducer head and said
first:annular surface within said idling region. 2. 1
storage system according to claim1l wherein said air | '
subanbi ent pressure generating region. 3. The direct] dccess storage
system according to claim2 wherein said plurality of [ddg pr%:ismmm thin
said idling region conprise a plurality of channels alligned with a
direction of rotation of said first annul ar _sygface fdr ‘pesstng~ar™10 gaid
subanbi ent pressure generating region. 4, - e direct] access storage
system-according to claim3 whereih said plurality of c¢hannel's are grouped
on a radiral l'y i nwardépthiotutobeeionedi talrironer atowingr ontwaadbyafromhgr eito

each channel has a sel.ec t ' N r than the depth of an
adj oi ni ng channel - |éh &égpgﬁﬁaglyggﬁgﬁéiagtﬁghgkfonlmherein a transition
reglon between said idling region and said data storage region is provided.

5.~ The direct access i&%&%eﬁys&maeegw#rwd:&::chamfﬁ 186 VLR o

pIurallty of channel s are "grouped | nward _portion of sa

first annular surfddcesmt cCAREACH CGEHM“M head) 1g¢ e FYFNIAS iRech
is greater than thgetistidr OMFlexhead” avadiahlv fgom cOenetdr)\his3v ikace

Fogi on and sai d dabFeeesea e, (geBs; EadEbiad SEEST nyP A Shlshd 3s "
storage system accdesiignedo tol arunlinhepptact Mithai thecrecording surface
of disk drive 120, but in practice the transducer head -
) usually £lies at an average height of 25 to 50
B nanometers with frequent contact betwesen the head and
the disk surface. The magnetically open face of the
transducing head 124 is essentially smooth. An annular
fly height control surface 122 causes hsad 124 to fly
at a greater average height and substantially eliminate
intermittent contact between head and recording
‘surface. contact head 124 is depicted as disposed over
a radially outward portion of disk drive 120 intended
for recording of data. Arrows indicate the radial
directions of movement for head 124. Surface 122 is
intended for head parking during drive operation.
Contact head 124 may be centered over the center line

of surface 122.

.-

e

surface 122 is a herring bone notch pattern. When
‘'a contact head is centered over surface 122, in a
‘parking position, individual notches of the pattern
extend out from under both edges of head 124, The
movement of contact head 124 relative to the disk
increases pressure. By increasing the pressure under
"the head 124, its £ly height is increased. A floppy
disk for disk drive 120 is generally made of a flexible
material. surface 122 ma2y be £formed by stamping or
during melding of the .disk. Figure 13, which a view -
taken along section 1line 13 -~ 13 "of Figure 12,
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surface includes
pressure over a
annul ar surface.
wherein said plu
arranged in a he
according-to cla

[i|s which generate an increase in
-1%c air bearing surface—and—satd—first

74 The direct dcdess storage syst ' | aim 6
al i y4 MARMOPB eslsilons cotprise a piﬂl’mm@ ﬂﬂlﬁ@“!‘t ati ons
r| ngbone patterh.} 8. The direct a WSt em

m©6 wherein said plurality of depressions conprise a
plurality of Ind ntatlnnQ r“““'“grgub§GEﬁn%§lly transverse to the direction

of rotatiog S flrst annul ar surface, 9. The direct access storage
syst em accar di Yy SYPR COMPASINansducer head is a contact or

ggzgighge?g gom&lrﬁadLW|§§‘hea 10 Th dir ct accegsagtgr 23& ZZtStg;n
Lg;giﬂigbfpgcggntaci re d/MK&§§3f§5%9$2556 erategﬁover sai d substantlalgg
\3/]£1e2aipgs.ic ;[ m%swg&ngg&%ﬂ \Mreﬂhcontl nous 0@‘%& a&%?gn&%&gt i on
first anmlar surface;
a data storage region within said first annular surface, said data storage region
having a substantially smooth surface wherein a selacted amount of lift is generated upon
. relative movement of said slider and said data storage region; and
anxdlmgregxonthhmsudﬁrstanmﬂarsutfaca saxdldlmgregmnhavmga
plurality of depressions therein wherein an amount of lift greater than said selected

amount of lift is generated upon relative movement of said slider and said ndlmg region,

(¢ 0}

resulting in a greater separation between said transducer head and said first anmlar
surface within said idling region. . _

2. The direct access storage system according to claim 1 wherein said air bearing
surface has a subambient pressure generating region.

3. The direct access storage system according to claim 2 wherein said plurality of
depressions within said idling region comprise a plurality of channels aligned with a
direction of rotation of said first apomlar surface for passing air to said subambient
pressure generating reéion.-

4. The direct access siorage system according to claim 3 wherein said plurality of
channels are grouped on a radially inwardly portion of said first anmlar surface and
wherein each channel has a selected depth which is greater than the depth of an adjoining
channe] which is radially outward therefrom whercin a transition region between said
idling region and said data storage region is pfovided. _

5. The direct access storage system according to claim 3 wherein said plurality of
channels are grouped on a radially inward portion of said first anmlar surface and
wherein each channel has a selected width which is greater than the width of an

[n:/1ibsg/preced)00149:vjp

aagy d .



regi on, the annular transition region conprising a demﬁa “edport+on
of &n odternost track of indentations. 11. A di rectL ﬂmﬂm evi ce
as set forth in Claim1l, wherein the transducer head mg”ﬁfﬁuﬂt act
or intermttent contact read/wite head When operated ovef the™* '
substantially snooth data zone,- but operates as a flying head when

BSOS Sl B, 4G B ol B VU OpRREF § B0 beibn '
ndencat Qﬁ@%ﬁ# A 60 Pn ABY o Ve R AT RO T, 7’2?}' 'OF " otati or
EE gpéggcgzbwaﬁé %‘h&“r%ﬁ{fﬁ%% W mﬂl kﬂﬁ?érﬁe‘ct access.

i ndent at i o e arranq@gﬂﬁ# %ﬂﬂﬁgfx\%ﬂg‘iﬁer“ ngqg?r{? pattern

between said air bearing surface and said first annular surface.

7. ‘The direct access storage system according to claim 6 wherein said phurality of
depressions comprise a plurality of indentations arranged in a herringbone pattern.

8. The direct access storage system according to claim 6 wherein said plurality of
depressions comprise a plurality of indentations running substantially transverse to the

direction of rotation of said first anmlar surface.

9. The direct access stdrage system according to claim 1 wherein said transducer head
is a contact or intermittent contact read/write head.

10. The direct access storage System according to claim 1 wherein said transducer head
operates as a contact or intermittent contact read/write head when operated over said
substanfially smooth surface of said data storage region, but operates as a flying head
when positioned over said idling region, with continuous high speed rotation of said first
annular surface.
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14. A-direct access storage device as set forth in Caim1l3, wherein the
annfil ar *parking portion is | ocated on the first annular surface radially
inward froma recording portion of the first annular surface and wherein a
transition region between the recording portion and the annular

regi on

gradual ly shall ower fromthe annul ar
direction.

'-;s"."-‘-"_‘ LIS

conprises extensions of the plurality of indentations which
parking portion in a radially outward
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ABSTRACT OF THE DISCLOSURE

- DISK DRIVE WITH PASSIVE MULTIPLE FLY
HEIGHT SLIDER AND COOPERATIVE DISK PATTERN

A disk drive having a passive slider exhibiting
two £1ly heights, one for recording and reading
operations and a second for idling, is disclosed. The
disk drive has a magnetic recording surface set for
rotation in a directionm. A transducer carrier is
radially positionable <relative to the magnetic
recording surface and can be moved between recording
portions and idling portions of the annular surface.
In the idling zone the surface includes .a plurality of
shallow depressions (84,86) disposed in an annular
“zone. The depressions are generally trench like. The
orientation of the depressions depends on the type
carrier for the- transducer. If oriented transversely
to the'direction of rotation of the magnetic recording
surface, they will boost ﬁressure under the carrier
increasing or introducing spacing between the body and
the carrier. Where the carrier has an air bearing
surface including regions creating zones of relatively
negative pressure, the depressions are g¢rooves
paralleling the direction of rotation of the disk. The
grooves diminish the effectiveness of the zones of
negative pressure to increase carrier fly height.

Fig. 5 (a-4)
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