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The invention relates to magnetic disks for use in disk drives Wi h* éﬂlders
whi ch contact the di sk when not operating. More particularly the invention
relates to nmethods for using |aser texturing to forma contact start/stop
regi on on the disks. BACKGROUND OF THE | NVENTI ON The magnetic
surfaces of the disks used for data storage nust be extrenely snmooth with
peak-to-val l ey roughness of sonme thin filmdisks being | ess than 100
Angstrons. The design of nobst disk drives allows the sliders to rest on the
di sk surface when the disk is not spinning. If the sliders were allowed to
rest on a very snooth surface, the result woul d be unacceptably high
stiction forces between the disk surface and the sliders. For high areal
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surface which re e surface be ver he trend is,
therefore, toward |lower flying heights and snDother di sks. To reduce the
stiction forces between sliders and snpboth di sks, a band on the disk

surface nay{%gé?ehgpﬁéﬁ@ﬁaﬁnpﬁughened by laser texturing to forma contact
[

start/stop regi on e the roughened CSS region decreases stiction,
it has the undesirable effect of increasing the energy dissipation during

di sk spin up a“dTﬁé’]fnR}eH't%Wf}elaé@%% ﬁété%hsmélkdr%e !nSdI&il ARt hith 5Rdead Qeickh 0 wear .
Various techniques for creatin % regi ons have been proposed. Published
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a for using laser texturing to form a contact start/stop region on the disks.

BACKGROUND OF THE INVENTION

The magnetic surfaces of the disks used for data storage must be extremely
smooth with peak-to-valley roughness of some thin film disks being less than 100
Angstroms. The design of most disk drives allows the sliders to rest on the disk surface
when the disk is not spinning. if the sliders were allowed to rest on a very smooth
surface, the result would be unacceptably high stiction forces between the disk surface

- and the sliders. For high areal density recording, the slider must fly in close proximity
to the disk surface which requires thai the surféce be very smooth. The trend is,
therefore, toward lower flying heights and smoother disks. To reduce the stiction forces
between sliders and smooth disks, a band on the disk surface may be deliberately
roughened by laser texturing to form a contact start/stop (CSS) region. While the
roughened CSS region decreases stiction, it has the undesirable effect of increasing
the energy dissipation during disk spin up and spin down. Energy dissipation is directly
related to wear.

Various techniques for creating CSS regions have been proposed. Published

unexarﬁined Japanese patent application (PUPA) 4-362517 describes the use of a



groove in the disk surface adjacent to the CSS in which one rail of the
slider rests when the disk is not operating. Alternatively it describes the
use of a round protrusion on which the slider rail can rest. Each of these
techniques results in the slider being tilted froma parallel position on
the di sk surface. PUPA 4-38716 suggests2cutting spiral grooves into the

| andi ng zone under the slider rails. Anonynobus Research Di scl osure 29563
publ i shed in 1988 suggests that "[s]liders with multiple rails may need
textured | andin ones fqr ong or [re the rails." . Lase
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varying the laser power ur"at | on, altering the shape of the
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SUMVARY  OF|afHiRg -bWESNEE 6RE or more of thelfags present invention is a magnetic disk

and a di sk dr|ve the d th
di ssi pated and,l aﬁ%fztkg‘g'a?%gf%hggmg?sca@n‘ilwgﬁ' aiy of g%e W@EPE@%B%H ng spin
%J_ and spi p.sdasm iEﬁwéwt?rm r%%Jrnaderougzanemt(sszaj Was \meﬂ agblttegglguﬂmet;ehnfk fur I acte
is is acco 0 ct start/stop
Cs9) req) SR Lhe ertd Rdecdet flerdfos R LR AR Hp o i BaR et PO
E:onc)ept ugl tojinclieasalthe heighbot dparheral ddgain czaigmapeﬂ meDSpUaﬁmatesUr f ace t he
with mi ddl g 0%19 384 h(?e\éhﬁgesqhe gee rrg{ %Q?%ré’é@rﬁ;bn*pé tgfofrr];1par(%§ refgro%m:&rhﬁél ner and
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t opogr aphy dépth @ad hpghhefdbe bompbivarying the laser power and pulse duration, and

altering the shape of the bumps by varying the laser beam inclination relative to the

disk surface.

SUMMARY OF THE INVENTION

The present invention is a magnetic disk and a disk drive using the disk. The
invention reduces the energy dissipated and, therefore, the wear at the head-disk
interface during spin up and spin down when the slider is actually contacting the disk
surface. This is accomplished by modifying the topography of the contact start/stop
(CSS) region on the disk which the slider contacts. The CSS region is conceptually
divided into three circular zones on the planar surface the with middie zone having a
topography which is different from the inner and outer zones. In the various
embodiments of the invention the middle zone topography is manipulated to reduce
the energy dissipation during startup and shutdown without sacrificing stiction

reduction. In the preferred embodiment the magnetic disk has a series of bumps
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the energy dissipation during startup and shutdown w thout sacrificing
stiction reduction.

REPLACEMVENT SHEET 2a
The invention discloses a disk for use |a a disk drive conprising:
a di sk shaped substrate; a circtlar contact start- stop (CSS)

region on a planar surface of the disk conprising at |east inner, mddle
and outer zones, the inner, mddle and outer zones formng concentri c

circles, the inng ter zones hayi inn :
t opogr aph| efgm?] (fsﬁrdheayn? Wm s?n“g?“bﬁ%%égqlﬁg'oﬁ%%g%hﬁ ?Mnng surface for
contacting p'an@r swsp@fowmraglraulsrl tagd withisd\east eeplnddie asthtﬁtatéonetsrq@ﬂm ddl e

zone havi ngga, ¢ ghf’ InOHE %ﬁS@di%&RQt@é %Qh\ﬁ frptrhmdché(z@neoriné’%%h'%/éfra@@ bunps

whi ch nake the m e surface topo ra y different fromthe inner and
out er sur f abeightaReye Kisrlangr surface whi S thapdhr PUHags RedipBeYed@era di sk
drive conprggfdes of the bumps in fe@idekones. ln anotheranfddd@@dnt B&\élltt]lgf wimdseagde first
R ENRLE RN R I e R
nmount ed; embodimeft diarmeétet Ebuspairatt nsdde béret iopmaCSMarr iaghosidororaspl anar
surface of li'rqgraq']ge Iéf bump diameters of interest is typically 1-30 microns. In a fourth
embodiment the middle zone is left untextured so that it has the same topography as
the data area with no bumps, i.e., zero bump height. Any combination of height,
diameter and density reduction for the middie zone can be used for alternative
embodiments. if the center rail or pad of the slider has the lowest flying height, the
topography of the middle zone is modified to reduce the energy dissipation. The
modification depends on the ABS design (location and dimensions of the rails or pads,
force on the lowest flying spot on the slider), flying height vs velocity, the pitch of the
slider, and the velocity of the disk, etc. The goal is to minimize the energy dissipation
or wear through appropriate matching of the slider and disk designs. The width of the
zones is selected according to the dimensions of the particular slider which will be us=ad
with the disk. The inner and outer zones are arranged to support the side rails of the
slider. The boundary between adjacent zones need not be abrupt, the changes in the
- bump height, diameter, or density (or any combination thereof) can be gradual. The
number of zones can vary depending on the design of the slider and where it flies.
When a recessed middle zone (reduced height or no bumps) is used with a three rail or
pad slider with a trailing center pad, a particular advantage occurs in inducing a
positive pitch to the slider which aids in early take-off and reduced energy dissipation.
In the case of reduced density bumps, the contact area is reduced for the center pad.
A disk drive using the disk of the invention includes a latch for positioning the
inner and outer rails of the slider over the inner and outer zones of the CSS region

during the spin up or spin down of the disk.
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conprising at |east inner, mddle and outer zones with the inner, mddle
and outer zones formng concentric circles, the mddle zone having a width
which is less than or equal to the space between the rails, with at |east
the inner and the outer zones having a plurality of surface features in or
on the planar surface for supporting a fail of the slider, the inner and
outer zones having a surface topography fornmed frombunps which is
different fromthe surface topography forned frombunps in the m ddl e zone;
and: 2b a latch
for limting the novenent of the actuator, which when | atched

si mul t aneouBRIEFPRIGRIRIIQMOFTHERRABINGBver the outer zone and the second
rail over the inner zone. The invention further discloses a

met hod for nmaking a disk for use in a disk drive conprising the steps of
form ng an i nner FiggrRe! 5fa QP ¥isHtA@tPrist 2t BiFls B8y vithsgiotary @guaie™ Hseftldpeat edl y
pul sing a | asadtichgane prsanthv@nddn surface of the disk to softem a series of
spots to forma generally circular band of bunps in the surface having a
first average height, a first average dianeter and a first average
density, FigufeOP 8 an@p &ievi of austiaer pobiddhex aventhediS3 bigh€BSertgi on

adj acent to the inner zone wth the m ddle zone having either no bunps.
bunps having a second average height which is less than the first average
hei ght, a secondFaver A giepmetavingthe ekerage be®g heightin one embodiment of the

CSS of the invention.

Figure 4 is a top view showing the average bump density reduction in the middle

zone in one embodiment of the CSS of the invention.

Figure 5 is a top view showing the average bump diameter reduction in the

middie zone in one embodiment of the CSS of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a top view illustrating a disk drive with a rotary actuator useful in
practicing the present invention. The system comprises one or more magnetic
recording disks 111 mounted on spindle 112 which is rotated by an in-hub electrical
motor (not shown). An actuator assembly 115 supports a slider 120 which contains
one or more read/write heads. The assembly may be composed of a plurality of
actuators and sliders arranged in a vertical stack with the actuators supporting the
sliders in contact with the surfaces of the disks when the disks are not rotating. A voice
coil motor (VCM) 116 moves the actuator assembly 115 relative to the disks by causing
the assembly to pivot around shaft 117. The heads are contained in air bearing sliders

adapted for flying above the surface of the disks when rotating at sufficient speed. In



the first average dianeter or a second average density which is |less than
the first average density; and formng an outer zone of the CSS
region by repeatedly pulsing the | aser beam on the planar surface of the
disk to soften a series of spots to forma generally circular band of
bunmps in the surface having the first average hei ght. the first average
dianeter and the first average density.

3 Advantangeously, in the preferred enbodi nent the nmagnetic disk has a
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Any conbi nation di anet er ensity reduction for the m ddl e
zone can be ewssdhpegh taﬁiﬂ@@ﬁ%iﬁ@é“@rﬂi%]dﬁ@ﬁ?rsth'slafeat hiedetnt 8eaisntt sbPWhad of

the slider h%Sschibanmy\ﬁ%IrefrrYé AGu QiR bf thb TS S repRgatbialyfa fevenininddre zone
is nodified to reduce

di ssi pation. The ati on ends on
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i nner and outer Zzones are rran de rails of the slider.
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gradual, The assembly in sufficiently accurate position over the CSS region 113 when the drive is
not operating and temporarily during start up can be used with the invention. The latch
should restrict the actuator assembly movement sufficiently to ensure that the side rails

" of the slider remain properly positioned over the CSS region when the disk is spinning

up or down, but aliow the slider to fly once the disk is rotating at sufficient velocity. The
latch is released during spinup after the slider has taken off from the disk due to the
buildup of the airbearing. The latch is latched during spin down before the slider has -
lost the airbearing. Tab 122 extends from the actuator assembly to engage with the
latch when in the latched position as shown. A portion of the latch which contacts the
tab may conveniently be a resilient member such as leaf spring. Magnet 123 exerts an
attractive force on the latch when latching. Both permanent magnets and
electromagnets are used in latches and some designs do not use magnets. The latch

is typically released by the torque exerted on the actuator assembly by the VMC which



hunber of zones can vary depending on the design of the slider and where it
flies. When a recessed m ddl e zone (reduced height or no bunps) is used

with a three rail
advant age occurs

or pad slider with a trailing center pad, a particular
in inducing a positive pitch to the slider which aids in

early take-off and reduced energy dissigpation. In the case of reduced
density bunps, the contact area is reduced for the center pad. A

di sk drive using

the disk of the invention includes a latch for positioning
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glass-ceramic or any material which can be induced to form topographical features

such a

proces

s bumps when heated by a laser or by other chemical or mechanical means. The

s of forming bumps on substrates using a laser is known in the art as laser

texturing. Techniques and references for laser texturing are described inter alia in U.S.

patent

control

5,550,696 titled "Magnetic recording disk having textured test band for

ling texture in the slider landing zone." Commonly assigned U.S. patent

5,685,791 describes a process for laser texturing brittie glass substrates and

commonly assigned U.S. patent 5,695,791 describes a process for laser texturing

brittle,

non-metallic substrates. Co-pending and commonly assigned U.S. patent

application Serial No. 08/150,525, which is hereby incorporated by reference,

describes a programmable laser texturing tool. A computer can be used to control the

intensity of the laser pulses in the laser beam, a shutter through which the laser beam

passes and a translation stage on which the disk is rotated and moved radially . In this

way the intensity of the laser pulses as the beam irradiates various zones on the disk is

control

lable and can, therefore, be used to create the necessary pattern of bumps to

implement one embodiment of the invention. The computer can also be used to

control the beam diameter and hence the focused spot size of the laser beam in

conjun

ction with the intensity. In this way, both the spot size and the intensity can be

controlled for the various zones on the disk to produce the embodiments of the

inventi

on involving changing bump size of the various zones.

After texturing additional layers of thin film materials are typically sputtered onto

the disk. Typical layers include an underlayer of chromium,'é cobalt alloy magnetic



Fig. 1is atop viewillustrating a disk drive with a rotary actuator
useful in practicing the present invention. The system conprises one or
nore magnetic recordi ng disks 111 nounted on spindle 112 which is rotated
by an in-hub electrical nmotor (not shown). An actuator assenbly 115
supports a slider 120 which contains ond or nore read/wite heads. The
assenbly may be conposed of a plurality of actuators and sliders arranged
in a vertical stack with the actuators supporting the sliders in contact
with the sur el 0 v0|ce
coil motor ( g%faqﬁ%p%\%% Itg %O %O{‘gfcg}sbgé ?%/Oeﬂﬂi@h %‘%?r‘\}gs The di sks
by causi ng thndrmhbﬂqﬂdtﬁ@npﬂilms mep bagreskaf ¥hd toral thigkeesreeidd Oétf@ cont ai ned
in air beariggldAgyes RAGALAR ofn%e B}wamwwwwa@wéfwbmpém bgl Sks

when rotating at sufficient speed perati on,
sliders are PIoyPNgd HRAFE t‘?‘ﬁ@’%liaﬁrs'”?'H@”g/@i@IfWS\/%’é‘faP‘ﬁ@y@'} iAkBpedh frPUétﬁ”%ﬂ cuat e

path across {shge ﬁliogtl@mhdnqwmmwasomdﬁeth@u ey Besdsttion rRthdoowtigrad and write
fromcircul ar trackﬁwforma in the data ar i nals to and

114, El ectrigcal
1 om the. healES8Es PR SPETER Bt ool W EImTEns 52 higtvar  ous
el ectroni cs requilnede émbodamgnahe piseaesish ng3 cogaits algeaerdlycspiraupdtieat i on ar e

represent ed F% JJP&E. ofté’é{" Andi %bﬂﬁﬁé%ﬁor g\t%?&'ia%{& Qghpﬁﬂt?w%dﬁer\{wc?’ggr the

rotation of d|SS|se YRaPeSst
posi ti oned i sizghiyisibosps ecndraated o ﬂormtatﬁetosﬂunmata@e 6831r¢w0rd| ke width af thandi ng

zone or cont @@ %ﬁﬁ Fs/réfa% th trRNiclHES s hL MIH Be %ﬁov&}PtAI%@Qéfh%r dat a

storage even t magnet1 ¢ coating extends over a. The CSS
area i s not swdtwt@éme@t phthe fiivenfienyuses [asehiadaead bampsi aiysubciente CSS

region is tye&&@llémeaﬁo@y& Whibh rergat@rnsa roTa%n@'ésuﬁmlteﬁbgraﬁo ¥Bhealukyq | ocat ed
near the inner dianeter D) of the disk as shown er locations are

possi bl e i ncMiPYEPS F8 Q‘fs%‘ycﬁeofﬂﬁfrt"l $heee t*fé‘s%%fgqsa??@ %‘grsé’é%fea‘&“?fs@&t he di sk.

Various typesgsf ptiat atteoBafady BiEer stﬁn%%@iﬂodme@m\lﬂirlblhﬁésl"%@éblak@ﬁlr@sseﬂm y
inarelative(%{xflx'gﬁd osition to lim a_ver

| |
ol er ance. whainoreis TebRPE st Sl ioghds SRR RS ol B v I B e The
| at ch nechanpsferdidé fande witb tH2iBvatiionn Althofghysiidersivagrie desugead@dorttmcttaaeea

1) ustrat veol bl IBSRRAHES ASIGIALL Y. A BXIDAbsLabchoih acts (o

hold the slid uat or y’accurate
posi ti on ovekndeanéheGEBtactgieariorla BpiskesideheT ol ﬁler@eiesofrtb@ bapes &td. Mty &hd

tenporarily gptbiOn RiPdibmeer GAcdN TJ{%% WcFJP\s{\Dﬁh éd%\éﬁafo'fﬁ to 10tEmiAEh
should restrict the actuator assenb novenmen ficrently to ensure that
the side rails TheCSSregionis at least conceptually divided lnto three zones which for

convenience will be called the inner, middle and outer zones with the inner zone being
the one nearest the axis of rotation. These zones are concentric circular bands. In
each of the embodiments the surface topography of the middle zone is different from
the surface topography of the side zones. The transitions between the zones may be
abrupt or the zones may gradually change into the adjacent zone. The altered
topgography of the middle zone is achieved by lower bump height including zero bump
height (i.e., no bumps) and/or by reducing the density of the bumps. Aithough the CSS
region of the invention can be used with a variety of slider designs, Figure 2 shows a
top view of a three rail 50% slider 21 positioned over a CSS region according to the

invention. The two outside slider rails 22 are supported by the tops of bumps in the



of the slider remain properly positioned over the CSS regi on when the disk
is spinning up or down, but allow the slider to fly once the disk is
rotating at sufficient velocity. The latch is released during spinup after
the slider has taken off fromthe disk de to the buildup of the

ai rbearing. The latch is latched during spin down before the slider has

| ost the airbearing. Tab 122 extends fromthe actuator assenbly to engage
with the latch when in the | atched position as shown. A portion of the
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ic

5,595, 791 descri bes abgroc SS | aser texturing brittle, non-netal

substrat es. NeHEREe S n‘&’té?fr%ﬁ%fﬂ"&‘?r gad pREEPNgSShoYWd {win C%ﬁ%‘F lecapeledy)seri al
No. 08/150, EQpﬁcam@mhemsemem abd/ao REOWIBDT 508D f beRber&Besle. U6 gehdraBIGwar

ro ranmabl exturi t an be used to c ntrol the

P vt reali (et Brmp eiohE dherefors 16 ok R eHbPR Bl i or

the |aser berigHiassesd Givé Iowén AN Bdigias. memhemioeén hélghtdiffﬂé bﬁmetrﬁt ed
Ul Ses t he

20 el e ond Bkl i BB BBl B RGe PHSE v

t herefore, hmelsed it beighite @) Buthbewilk ees aleysityatd) eumeﬁvztbumBSertdmmeter, 4)
bumps which are different in two or more parameters of height, diameter and density:;

-or 5)no bumps, i.e., no texture. In each of these cases the energy dissipated, and,

therefore the wear, at the head-disk interface during spin up or spin down is reduced.
If, for example, the-average bump height in the inner and outer zones (O-bumps) is 47
nm, then a reasonable value for the middle zone bumps (M-bumps) would be from O-
25 nm. Figure 3 shows a graph of the average bump height in the example for 47 nm
O-bumps and 25 nm M-bumps. This also serves to illustrate the radial cross sectional

view of the CSS region.



i npl ement one enbodi ment of the invention. The conputer can al so be used to
control the beam di aneter and hence the focused spot size of the | aser beam
in conjunction with the intensity. In this way, both the spot size and the
intensity can be controlled for the various zones on the disk to produce

t he enbodi ments of the invention invol v ng changi ng bunp size of the

vari ous zones. After texturing additional layers of thin film
materials are typically sputtered onto the disk. Typical |ayers include an

under | ayer of. B0 Ww, B FSJTH o ABTROSE Gy sreu g R ol
el ements suttho@Gpdryshuagenillinieter, hdskd orothalslidenyieing urey. Heupmedaenty lS‘DI@@Qt ot al
thickness of all d?sglpé&gh ﬁ'!%%%gg Eiﬂerk %edfeﬁgd l\r)téﬁ{é)fnf&llé :Yorfenshrohﬂ tﬁrrg&kegf 100

nm The pathern In each thin | m | ayer
i ncl udi ng tteed- 5@%@Iftl'sitlpffae@theay@'res KIOf Bxamte, sﬁbeﬂrmer/ﬁgter écﬂ%e‘aﬁ%ﬂbumﬁmmn

thin T1m dshes bt MeBRuiRdn 284 ﬁ%ﬁg&bﬂh%ﬁd&@z&@c@hndﬂ{a@eerp\éqemtaeI )

surface to ograp y can be used wt invention's CSS ion
one enbodi n2m@5ton tessISsulting 10 F0%IB mBA fafuRioraNFeASYal figure diifutraiesia tap n

formed 11 OMyb&URofing!d iz Eéb@et.&f.n QAR vRRuer AAEBLEH a5 A b whidd Y¥ s

current sI| er size s are créated to forma 3 mm w de CSS

regi-on. TheRedufing e Cieﬁé't}’c%ﬁler tagaRsrin the mighigzone iHeagiy WW{‘SB@ Be sliders

as will be ﬁEr%‘é@mg%é haE bR phses 8¢ frediskThpslhtanindef the et avedt | on uses
| aser induced bunps, any sufficiently controlhgbh rocess which results in

a r oughenedinsigesiagéhe W%‘éﬁe BN e A - E8n 'BEEAIP G8onet ri ¢

shape that gxidersls af WARhUER iSMbiatEdef thehssedi sk. Using prior art techniques
| aser bunps can be produced in various shaﬁgs incl u nrﬁel;t% I er Q- i ke

b
burps, annul ar AR aGYURTHeNcEY FRPTEY §'SH 'Srbug‘ﬁmﬁ ne &are
preferabl e mgétralézeam;i hewféﬁowlﬁgerml’/mdua%ohhmbghpsilarrdaeersbeb\mqn theodtesi gn and

contact area, |1y text r art CSS re ny | aser
burpe. (e. g, 2nscAnsaby Mitlersen SuEB ARt en e a o Pl e, Finl

di amet er of d‘ehetéaumbémgsns&jﬁmmwsmr@rmnss bitverp thoki raauaeer nr(mymmm lzcynel to 30
mcrons) wt Ci r ONS The CSS region is at

| east conceﬂ?%‘i‘fg‘? ‘?ﬂqv &1056{)1‘?(9}8}?} g?et%zonéagz%?sch for convenience wll be
cal l ed the innerThebuht derasity, dierheter raitesnplidighttimtheimiddie zzoaehdidd bg t he one
near est the XIS ] o nds. In
each of thed tSH?CFT%?H'é % eQrad-gtb%So%l@é)erﬁes%c@c;rﬁ rﬁ)quﬁ'?rtt EeC %%}g{g W Ghodid

surface topogra zone 1S
di fferent fmiddle imm&mrg%teeult mpoglpeqﬂha}bl@stlmhre“@ﬂ@lélgbmé@r dgpge bumasdnay ons

between the &8%%6 d?gw ‘Pécuée{}?e%?rlﬁ%néﬁ%}’a&f éé’r%b'ohh%%ﬂ% ir %0 the

adj acent zone ere topg grap e zone Is achi eved by
| ower bunp hiddidzonenehighigivg thebest ggﬁf\qjmance will be a function of the details of the

system including, the residual smoothness of the untextured disk surface (i.e. the
surface in the data area), the slider design and the start/stop performance of the drive.
The height diameter and density of bumps can be varied by changing various
parameters of the texturing process as is known in the prior art. Decreasing the laser
pulse energy, increasing the pulse width or increasing the focused spot size when the
beam expansion is reduced will result in changes in bump height, bump shape or bump
diameter. Creating a middle zone without texture simply requires turning the laser
texturing off for a period of time while the tool moves the appropriate distance radially.

Comparisons of the measured stiction on disks made with a prior art CSS show



hei ght (i.e., no bunps) and/or by reducing the density of the bunps.

Al t hough the CSS region of the invention can be used with a variety of
slider designs, Figure 2 shows a top view of a three rail 50% slider 21
positioned over a CSS region according t,o the invention. The two outside
slider rails 22 are supported by the t&bs of bunps in the i nner
and outer zones of the CSS which are generally coplanar. The trailing
center rail 23 of this slider may rest on the mddl e zone or be supported

above it. po SI%mT iBantWhehde Afstidtic ol tﬁ%e%Br‘i’é’\ﬂssmeg%:brgblftﬁe%\)éﬂ{%rﬁwpgn
appr oxi mat el mm and the rails are approxi mat 25 mm w de. The need

for a latch hF&“F%’étal“i’ BECWHBlYROSIHAPRH HQUYRDIYp! rﬁﬁ@“éﬁ‘@rﬁ?mméﬁ fupdiogic glisks
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eHEt {ede

i nner and off"EYe %?1{8 © AHBBY ISk 'Srl?drr]ﬁe G B SRIY SO RN o
nmoder n sl i deéswn. Thathwhelténter ratl hethmsddé@osmneecsbwultrcé deeld 2m8 of b CHE equal to

t he di st bet. th th th
e ot o Ao SAE BB i et ek P L Wk R o RS e
slider rail siltwestposionbe ogsriiee trirtile Idre. Fmiesedlenangy dissipatidnds bepredictedofl

wi dth and Caqw ntc%c]:ci 8urrg%ﬂ y(r)}t élllJ er—%?sE( thrlfg 4?1% Mon@rétgg% ecﬁanv\;_g?ﬁ%%e

conveni ent . ernn er zones h bunps ™ ar €
general ly cm@mﬂC&élpgﬁorrYwMeﬂEnm twerdlonhough significant variation is

2l ovebl e due & gut HbdEhAlhRlted 21 65 AARGS ubls PHEBS: BB Yohb w1l Y

be supporting the er he ac hei gHouId be
chosen basethremrailtsgdén withwytraiéng henterf padas- Ikblsitra@td in bigurd 3r A hmcudarer and

out er Zoneslcgmwggo nmrtshan'&%gta ao%ﬁ*ogglt&%)mémeped+.u”t@é;yt9§é%ﬁeﬂt& and

80 nmwi th bei ng preferab I n general | ower yi ng heights
requi re | owsailing gl dieiags; drepreintsfthe eecesspsl m@éﬁ@%@%r'@thw@ reﬂ'F??rﬁ?@e hei ght s

shoul d dri vgdliQyek ttHBndle LEN&S abB&h@ﬂ&‘ﬁﬂngﬁ'ﬂSﬂ@hd@Lo&h burms in

ta%d r\cfﬂ@
the inner and outer zohes t l e zone W Il preferab ave
bunps whi chThe §°$'6‘(ﬁeﬁltthﬁl¢felﬂg3ﬁf”i3feé)3'”5@ﬁﬁ)%’r%\Htf‘ﬁ'qaéi)v@redééﬁéme;ﬁ“d@)s‘b@ﬁbs W|th

smal | er di aisgber Wil ﬂplérfrawm'drék @ro%nmri‘amﬁﬁ@gndem wesiftihg Tl &n BRIAgEt er s of
hei ght, di aneter and densit no texture. In each of

t hese cas esThehéa@ﬁ@waleﬁ@fé?/fﬁd@%enwlﬁ%%f JP@ tift pagigeaay, Praferatisrange

head- di sk i pegrd @%Odhli&idlr%d%lﬂb @eHéhcﬁH &8 rélatve He’igHt@QMﬁ@@rde'zfonei Qf the
exanpl e, the average bum i nner. and outer zones -

70 1 henTIE QS 411 NG 5 Y 18 PRI e BRp S O BATRIRTDE o be

fromO- 25 pmn cﬁltwsmeﬁmaﬁ\rﬁs Ayieg, i (edatibhef tak eldegaildiH entaei Wit then t he
exanpl e for s and 25 nm Mbunps. This also serves to illustrate

gﬁbu
the radi al EF'BE%OE $'873aP"SH ew of the CSS region.

The laser texturing of disks takes place prior to deposition of the thin film
coatings, but may follow certain preparatory steps. For example, typically AlMg
substrates are electrolessly plated with NiP and polished as an initial step . Other
substrates such as glass are not plated, but may require polishing. The prepared
substrate is laser textured and sputtered with the appropriate layers and progressively
assembled into a functional disk drive using conventional techniques.

While the invention has been particularly shown and described with reference to

a preferred embodiment, it will be understood by those skilled in the art that various



9 Bunp density in the inner and outer zones can vary over |arge
range, e.g. 100 to 10,000 per square mllinmeter, based on the slider being
used. If bunp density is being used to distinguish the zones, then the
density in the mddle zone should be reduced to 0-50% of that of the other
zones. For exanple, if the inner/outer 2ones have a bunp pattern of 25x50
bunps in a square mllinmeter, the mddle zone could have a-pattern of 25x25
or less resulting in 50% or nore reduction in density. Figure 4 illustrates
a top view siHangBginXodR¥nd eslbitine Be intaddansretnywibelinesartiryerooutherspizioaed and
the m ddl e zone, duci ng the density of the bunps in the mddle zone is
easi |y acconff°P§R eBQ“?ﬁ%?easing the time between pulses as the disk is
rotated under the | aser and/or increasing the spacing between the arns of

the spiral of bunps, i.e., increasing the radial rate at which disk is
noved under the | aser. Anot her factor influencing energy dissipation
is bunp dianeter. Figure 5 illustrates a top view showi ng a 50% reduction

in bunp dianeter between the outer zone and the m ddle zone. Bunp di aneter
can vary from1l to 30 mcrons. If bunp diameter is being used to

di stinguish the zones, then the dianmeter in the mddl e zone shoul d be
reduced to 0-50% of that of the other zones. The bunp density,

di anet er and bunp height in the m ddl e zone should be adjusted to optim ze
the trade-off between stiction and wear in the design. A smooth m ddl e zone
m ght result in unacceptable stiction while high and/or dense bunps may

gi ve unacceptabl e wear. The precise height, dianeter and density of the
bunmps in the mddle zone which give the best perfornance will be a function
of the details of the systemincluding, the residual snoothness of the
untextured di sk surface (i.e. the surface in the data area), the slider
design and the start/stop performance of the drive. The hei ght

di aneter and density of bunps can be varied by changing vari ous paraneters
of the texturing process as is known in the prior art. Decreasing the |aser
pul se energy, increasing the pulse width or increasing the focused spot

si ze when the beam expansion is reduced will result in changes in bunp

hei ght, bunp shape or bunp dianmeter. Creating a mddle zone wi thout texture
sinply requires turning the laser texturing off for a period of tinme while
the tool noves the appropriate distance radially. Conmpari sons of the
measured stiction on disks nade with a prior art CSS show



10  no significant change in stiction for the three zone CSS regi on of
the invention when the sliders are accurately positioned. However, using
friction force as a function of disk velocity with respect to the slider
and the spindle accel eration/deceleration profile one can calculate the
energy di ssipated at the head-disk int etface duri ng

pin gr piln [fiown.
Wth the center rail of the slider positioned over t'Rig> t he
CSS approxi mately an order of magnitude nore energy i Ll t han
when the cengehiipi | was positioned over the mddle z ner gy

di ssipation is a predictor of enhanced durability of the slider-disk

i nterface antYeddBhstrates the advantage of the inproved CSS performance
for the invention. An i nportant enbodi nent of the invention uses a
recessed mddle zone with a three rail slider wwth a trailing center pad as
illustrated in Filglrdskior yseygadiskdrive camgasitige occurs in inducing a
positive pitch t@ difiestelpedenbdtatedi d in early take-off. If the trailing rail
or pad 23 drops into the recessed niddle zone while the si rails 22 are
resting on the hiag‘ﬂré'Flaéﬁ?@?déf?&iIt?ﬂwn@%%ﬁ6?ﬂé%r} on,a plang F\’/gacﬁl‘)??}ﬁ‘ﬁﬂ( of the
slider occur&mprsthgrsédst itnep hidle andsuien z0neRtiesS Shrvy, hideleadnd catert 2udes

| eadi ng edgef of. the sl itder. 50 tﬁ1hat t he slti der will. fl.%] at a Itower di sk
velocity t haR MP9CRBSRITHAFISRNE MYef PG QULPY 2Gne3 ey ing ML RNd PHIE" ¥4I Per t he
t ake- of f t hetopegrapkiee fayedibg aiphabiéy of stinface fdaturas gl @ ometije plaebreswafaby farange
from2 to 300 m cro-radians. dependi e i I f si de
zones to t hecorlata g'lng a?gﬁg,gpoﬂ%g Elpglﬁjgf [ﬁ]&gfg Qt{x%élgg%rl c@% Cg? ﬂ%ﬁj&'%%%’r“%p%awgfa t he
sl i der (crownidgite sLaface tgpoghephpdiffetenbfrom tee ishérdand avtenrsuiface Hpbygphigs. and

| ocation of the side rails in contact with the bunps on the side zones.
The | aser texturing of disks takes place prior to deposition of the thin
filmcoatings, b Thayiskef tleim twhemimsyiaed tactitres foreirgghe inRer, catearpt e,
typically A el r | | i shed as
an initial s%’ﬁ% Qﬁ%%&@@gﬁispﬁ Iregtagﬁgus{ﬁ%ﬁégsmapg@ ga(fllorr}e%r{r%;(}tr1 glp l%cggg?rp%ﬁt may
requi re pol i ohpagprhrhaverepveraas haight ebemedhe glapgsayrface yhinhdel leapthagmn t er ed
Wi th the appraphih&gha) els ﬁn]qh@[]ngglr@,scﬂté/r%},gegssenbl ed into a functional
di sk drive using conventiong t echni ques. Wil e the invention has
been particularly shown and described with reference to a preferred
enbodinment, it will be:understood by those skilled in the art that various
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changes in formand detail nmay be made therein w thout departing from

the spiri %E‘eCAt ﬁa%%@e% Llactegue i nvention.

CLAI A disk for use in a disk drive, conprising:
a dISk sha a circular contact start-stop (CSS)
regi on on ce of the disk jgonprising at |east inner, mddle

and outer zones the |nner. m ddl e and outer zones formng concentric
circles, the i nner and outer zones havi ng i nner and outer surface

t opogr aphi es  f Oraaie bk @f Bl AbibdbiP burRieBTSatifes @5r (B Gk A LT f ace for
contacting aqﬂ%ﬂﬂggortln? a. slider above the planar surface, the mddle
zone havi ng™¢ e lonpeTapbies@hp BYPRHAYA 6 SBV”&”%‘I“EWHW’??“@C%UWS

whi ch make topegrabbghevesai dwaesye dem@mgwm@h)s idi4 fran entavbizgedehgtyi o Bempa il
outer surfage. togpgpﬁ%hle . The disk of claim1l wherein

surface fea h&°1e inner outer and middl e surface topographies
are bunps and the bunps form ng the m ddl e surface topography have an

average hei ght %b?K dtsQ laf?‘nn gHarlr]; e dIS\M.HaS a da%a IaF"eSa atv%%% surface
topography the surface topography of the middle zone is the same of surface

topography of the data area of the disk.

5. The disk of claim 1 wherein the surface features forming the inner and outer

surface topographies are bumps from 10 to 80 nm in average height.

6. The disk of claim 1 wherein the surface features forming the inner and outer

surface topographies are bumps are from 1 to 30 microns in average diameter.
7. The disk of claim 1 wherein the CSS region has a width of 4 mm or less.

8. The disk of claim 1 wherein the middie zone of the CSS region has a width of

1.5 mm or less.

9. The disk of claim 1 wherein the middle zone has a plurality of bumps having
an average density which is less than an average density of the bumps in the inner and
outer zones and average height which is less than an average height of the bumps in

the inner and outer zones.

R A0 T

THIS SHEET HAS BEEN
REPLACED




average height of bunps in the inner or outer zones.

13 3. The disk of claim1 wherein surface features formng the

i nner, outer and m ddl e surface topographies are bunps and the bunps
formng the mddl e surface topography have an average density which is |ess
than an average density of bunps in the fnner or outer zones. 4.
The disk of claiml1 wherein the disk has a data area having a surface

t opography the surface topography of the mddle zone is the sane of surface
t opography of theodatediek efci@in 1 WRedingke surface featubes famngiir@kmw‘r aodajuer 3

wherein the syrface features form ng_the jnner and outer_ s

t opogr aphi essug?%e tt?ﬁ?r‘ﬂ@%? IPHACRYS aé%frﬂ% }dnm%éwé@eavﬁéﬁg&me'g%t b from 1 ¥ The
di sk of cl aiamlrﬁicmfnenrea\reradeed:smetbacmemadiarzese botheiQE$ tegenihar @rwidindfdus er
surface topographies. ar [ i Vv met er .
2 e i sk "0 OF S i IR zons R EP i St oS 895y BYEGO BelB e o
8. The di sk vdficitik d8snthd@ athavesage ddansitypikte @umoa@n b inres aGSSuteegPrEs dTaEm a

wi dt h of 1. [ k% ddl e
one has a BVTSECITSR Wit s saleripet aR sbkbe lenfd ThlmpR e b ﬁ%%gel han
an aver age dmtm'lzpyemr aVIaeagblmmt wh!chhteleisw@n @mewmlmnage@n@paWMe
hei ght mhlcqu§ah8%§mﬁgaﬂﬁan aver age height of the bunps in the inner and
out er zone

11. The disk of claim 1 wherein the middle zone has a piurality of bumps having
an average diameter which is less than an average diameter of the bumps in the inner

and outer zones

K] 0 D 1



14 10. The disk of claim1l wherein the surface features formng
the inner and outer surface topographies are bunps are from10 to 80 nmin
average height and from1 to 30 mcrons in average dianeter; the mddle
zone of the CSS region has a width of 1.5 nmor Iessrhxﬁsweml;gegegﬂp £ q20Ne

has a plurality of bunps having an aver&ye density mhl 9 an
average density of the bunps in the inner and outer I rage
di aneter which is smaller than an average dianeter of i nner

and outer zones 1ar Aisk age dei@ilingwhi ch is I ess than an average hel ght of
the bunps in thedqger and outer zones. 11. The disk of claiml
wherein the m dii%%2one has a plurality of bunps having an average di aneter
which is | ess t laidarhavirer atgenstii@tetesecohd tdile, thengs uenmgtdwanaﬂgmd and outer

zones 12. A

se arated b
di sk drive conpri ¥1a space between the ra”ﬁk a sli der havi ng at | east

first and seconé mraullascorttam staaﬁlfitsp ﬁb‘ii’oigegiorp)baaanarandurfmpmmatcﬁ& by a space

bet ween t hecornﬁir#sﬁg at least lrrner %Id@%téﬁgto%{eraﬁ%fggmtx r%gbwal' %délg p[SI anar

nmount ed; ar' contact star regl on on
surface of 3ones énr@m @@ﬁmtn@mr@emhq wigdte Zmﬁ@fivmmadfdﬁtem islessithaoores Wit h

the inner, dgdicqn@Bsh®Behlieen the rails, with at least the inner and outer zones having
a plurality of surface features in or on the planar surface for supporting a rail of the
slider, the inner and outer zones having a surface topography which is different from
the surface topography in the middle zone; and
a latch for simultaneously positioning the first rail over the outer zone and the

second rail over the inner zone.
13. The disk drive of claim 12 wherein the middle zone has a plurality of bumps

having an average height above the planar surface which is less than an average

height above planar surface of bumps in the inner and outer zones.

AR
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zones form ng concentric circles, the mddle zone having a width which is

| ess than or equ oacesdoace between the rails, with at |east the inner
and the out“é‘r"lS plurality of surface features in or on the

pl anar surfa ng arail of the slider, the inner and outer
zones havi ng gr aphy formed6from bunps which is different

fromthe surface topography formed from bunps in the mddle zone; and

a latch for limting the novenent of the actuator which when | atched

si mul t aneousl y pdsiThe disk dtike of ¢laist 12 @hdremvbe n"tldirﬁe oorteemasza)praraarndoﬂm;s&eoond

rail over t sk dr e of

wher ei n thenﬁur&%{a‘\'ggveréggﬁ%nssrtéwhfch |(§ifests§ha61fan %venp%e Si%a W%ﬁ/‘gqé%g]%él ght

above the parghewteszaneace which is | ess than an average hei ght above pl anar
surface of bunps in the inner and outer zones.

REPLACEMENT SHEET _ . _ _ _ 16 14.

The disk drive df. Ehapivk dovenieri@ima weergindthieedisioras shdatazred anad & pudbedunps
having an aiebaden gns el WabEtpbgrabfi h Bl ZBNERNE HRESH Liprath BUMPS I

t he i nner and ou?er zon
topography in the data area of the disk.

16. The disk drive of claim 12 wherein the surface features are bumps from 10 to

80 nm in average height.

17. The disk drive of claim 12 wherein the surface features are bumps are from 1

to 30 microns in average diameter.
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15. The disk drive of claim 12 wherein the surface features are bunps from
10 to 80 nmin average height. 16. Thmis@h&KHMABedRePheeg! ai M 12

wherein the surface features are bunps are fron’Ul“ﬂﬂ'E mgm]ns i n average
' 17.
[ of 4 nmm or

di aneter. 17

The disk drive of claim12 wherein the CSS reg

| ess. 18. The disk drive of claim 12 wherein the m ddl e zone of
the CSS region has a wdth of 1.5 nmor |ess. ' 19. The disk drive
of clai m12 wher eilf- Thfedigk ddvecof giaia 1R adieeipther @b P regien havapdtnal4 Ay em '
average densijgys Which is less than an average density of the bunps in the
I nner and outer zones and average height which is | ess than an average

hei ght of bunps in the inner and outer zones. 20. The disk drive
of claim 12 wher eifp. tThedisk dl<CofZ@Na 1D ameeiP tHe ridbleyzopk dptHEDSS H adidtohay e
average dianeter which is |less than an average di aneter of the bunps in the
i nner and out"@f’thz‘?fﬂeémm"”ess- 21. A method for making a disk for use in a
di sk drive conprising the steps of: form ng an inner zone of a
contact start/stop.(.CSS). regi on hy repeat edl ulsin | aser beam on a

pl anar surface of BPhﬁ‘S‘?ﬂ%‘g‘k “%?Se 8§)$%/'g‘rl1ez;w‘§eé?'i”é§e E‘I‘éi%ﬁ‘?%ea]?%s?BWﬁq@ ‘H]é’HE}Pa ly
ci rcul ar bandhavingumngprage ddmsityswhitiasdedsatham gn avérage deasiyrafdiee hangehit the
first average_dianeter and a_fjrst_ average LV orm.

circular m dd"&E A eou(gefr PHE Vreéagq ohﬁa'gghgngggﬁ%g Ietséﬂt‘%eaq %Vr?é%gez'?)er@q\ﬂ?t h the
m ddl e zone iawmpsgn ¢hd ineer aval duterrepedbunps havi ng a second aver age hei ght

21. The disk drive of claim 12 wherein the middie zone has a plurality of bumps
having an average diameter which is less than an average diameter of the bumps in the

inner and outer zones

22. A method for making a disk for use in a disk drive comprising the steps of:

forming an inner zone of a contact start/stop (CSS) region by repeatedly pulsing
a laser beam on a planar surface of the disk to soften a series of spots to form a
generally circular band of bumps in the surface having a first average height, a first
average diameter and a first average density;

forming a circular middie zone of the CSS region adjacent to the inner zone with
the middle zone having either no bumps, bumps having a second average height
which is less than the first average height, a second average diameter which is less
than the first average diameter or a second average density which is less than the
first average density; and '

forming an outer zone of the CSS region by repeatedly pulsing the laser beam
on the planar surface of the disk to soften a series of spots to form a generally circutar
band of bumps in the surface having the first average height, the first average diameter

and the first average density.
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which is less than the first average height, a second average di aneter
which is |ess trhiaBhebdifis Bich REpiRYEr age diameter or a second average density
which is less t verage density; and form ng an outer
zone of the CSSJ?EE“MI’B&”HW& edly pulsing the | aser beamon the pl anar
surface of the a series ofl8spots to forma generally

circul ar band of bunps in the surface having the first average height, the
first average dianeter and the first average density 22.
The met hod of cl ai4d- 21eMeiRQd ¢f daim 22vdiereip enstap ﬁ@fofrﬂ@gr‘f'i‘%'fﬂ'lc@ez% ¥the he

CSS region fuctsberégi@ﬁrmne‘a@@mf)ﬂg&%wm@ #plLise widtd ohthefiaddi Bebm R exRaRMPE
expandi ng a spot size of the |aser beamto cause t he second averaage hel ght

to be |ess th3RPisiFeRhthsgseRean Requesineseraid a\REAgR et %ltﬁﬁ? less than 50 nmy 3.
The met hod of agd RisBthEh theBftiaterbehsigep of formi ng the middl e zone of the
CSS region further conprises increasing a tinme between pul ses of the | aser
beamto cause the second average density to be less than the first average

density. 24 Thé nmathdDef dna‘nm(memwremmeastdp skfothingehecoitalle Sormg)ftth@
steps of: ul_ar

cont act startf‘:?tscfﬁg'()@géﬂ%lr 88?18?553&"%{8%? &'mgﬂbe%%%eé‘ p‘iﬁses Eﬂﬁ(‘%s‘?r %2l Cger
havi ng at | easduskithe second secgediensity te betléss than ke firet avgrageptenattyed by a
space between the rails, the CSS being divided into inner, mddl e and outer
zones with the mddl e zone having a surface topography different froma
surface topography2®fA tiethddoiepemting at disk driveesomprising the sigpavf:ng t he di sk

whil e hol di ng ¢ he gt AGePRGRRHoh 1 13y 1 bt s! (iflc SURIs RS 20dlof UL

zones of the CSS; asin ter taken
of f fromthe digkolanar surface of Z6diskT Kfee ﬁ@ehwimﬁ atdpagt first and ge&tdn@rradmm fagb ng

oot o SO SRR LB 50 PSR el et
mlddle and outer zones with the middle zone having a surface topography different
from a surface topography of the inner or outer zones;
rotating the disk while holding the first and second rails of the slider over
inner and outer zones of the CSS; and

releasing the latch after the slider has taken off from the disk.

26. The method of claim 25 further comprising the steps of latching the slider
" over the CSS region while the disk is rotating and stopping the rotation of the disk.
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