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SLI DER FOR DI SC STORAGE SYSTEM BACKGROUND OF THE | NVENTI ON The present
invention relates to disc storage systens for storing information. Mre -
speci f i cakbyoo/ddrez 5 present invention relates to slider BCO888/03722 such_
systens. Disc drives are used for storing information, typically as

magneti cal ly encoded data, and nore recently as optically encoded data, on
a disc surface. 10 A transducing head is carried on a air-bearing slider
that rides on a bearing of air above the-disc surface as the disc rotates
at high speed. In another technique, the slider contacts the disc surface
with no air bearing GREDERCFORNIIES(CS STORAGE UsYSTaEMNt Nos.

5,453, 315 15 and 5, 490, 027 The head i's then p05|t|oned radially over
the disc to read back or W K THE Bl Benefits associ at ed

with an air bearing deghgng ?‘Egehﬁsin{rEnEHSH i'-éPQEéStEoséigérétofﬂgén air
bearing design, the air bear| ng 20 provi des an i nterf Eﬁtv\/een t he

slider and tR¥SHERE WA H R A FaiRigen o M%ed*eeca@éea ¥r1¥R® of the
system provpgdesegdanpingehtibhe btk i W syltiderendesedesiahogkckue to
external vi brat ons. The air bearing is also used to provide a desired
spaci ng 25 ﬁé‘ﬁn the transducing el enent and the disc surface. A bias
force is appli ed to t hPiski deivbyg arélesedefar rtoring nieformationn t oward
the disc sur S as i nter fti f from
the air bear‘lt‘%égunémp a%lse H‘.E‘ (él’%lllﬁ:%ll rtgglc %@T%aés i der O%SPé
contact the Beeensyyf ééeopr-llcﬁélnfomdsﬁ@é@fofoq e %1%% surfaces f| ci ent
to causgpt heastird@aiRiny thead s SQPELES &Mphcallletm dy1idgrstart up
or shut down of the_disc. If the s er congacts a rgg -2- the

di sc whi ch cEP?FeElﬁ‘a?fnt?ﬁe’qf&?’a‘%ﬁ% B 88PVEntRen ﬁFsﬁuﬁg?ﬁﬁn@ﬁt ly
damaged. | n vhayddsscrdcavessytt &igh apedd.i cam airﬁat&mhte@lchmq\lne di sc
surface to r ce . d e ea e u g
Starting andcOPRbragt Sopregts sihide sRRELE ik iopBthrP Bedling?
phenomenon khogerfscessuchian, s whcsm ig Ua&seﬂabgnstbi@sc $r4%3i3n5 and

Vi scous; gheapnf0okCanp RS ES 'E‘H@hﬁe'a@erlé Otﬁéhcbots‘ittl%edj'f&dléﬁi{/ace

after periods of "non use.
over the disc to read back or write at a desired

location. Benefits associated with an air bearing
design are lost in such "contact" sliders.

In an air bearing design, the air bearing

20 provides an interface between the slider and the disc

which prevents damage to the disc over the life of the

system, provides damping if the disc drive system

undergoes shock due to external vibrations. The air

bearing is also used to provide a desired spacing

25 between the transducing element and the disc surface.

A bias force is applied to the slider by a flexure

armature in a direction toward the disc surface. This

bias force is counteracted by lifting forces from the

air bearing until an equilibrium is reached. The slider

30 will contact the disc surface if the rotating speed of

the disc is insufficient to cause the slider to "fly."

This contact typically occurs during start up or shut

down of the disc. If the slider contacts a region of



10 lubricant exasterbates the stiction problem The stiction can
damage the head or the disc when the slider is freed fromthe disc surface.
Additionally, the spindle notor used to rotate the disc nust provide

suffici enfyd &liggwg to overcome the stiction. 15 FGuiRpBRLqUE
used to overcone the probl em associated with stiction is to provide
texturing to at least a portion of the disc surface. However, this

reduces the effective recording area of the disc. Additionally, various
attenpts have been made to provide 20 _, texturing on the air bearing.
surface of the slider. For exanple, U'S. Patent Nos. 5,079, 657 and

5,162, 073 dasgd |dpse dwheelNbdugsbar dadiall Uhd GRS CRay M8 JokdengRur face.

Anot her t echni que.which Is describ Pat ent 5,418,667 1 ncl udes
provi di ng | dftfe PR WW%tlYp‘?%‘l}?ﬂ% a p| tch to the slider to allow air

flow between the air bmrmagyswﬁs'tgedﬁﬁdeth?sde&\e UMM €t HE sl NVENTI ON
A di sc storaes m incl udes a ratati can S The
transducer i 4%&’ E’ H&Flcdg}’rgﬁce '11§e %&7}? atu"%;i’ e?? e3hat ure.
The ar mé& ur eands theedlitse rsmrefatdm &inicey srta:l:rta]rigyaaﬂ mpplmgil s@isurface
wher eby i nf g ' ad fr Itt ¢e of the
t ransducer. ‘fﬂ?aﬁog& I nc u es a%‘ﬁg:x‘rl a’ez§r| nﬁggtﬁrfeaé a\/\,hﬁ(éﬁl%*ﬁgcgs t he disc
surface. As kno"ﬂBa-‘-t H'@Q%@clmhdt ahdseh titge Célutse@eb?b’ syakdct frdctigmes the

slider to ‘'ddd/'viddils R} Forddd 2Ruses RS ANRKLY @Y ded RKNebhe air
beari ng surf%t tQ |rrprov oper ati onal chargﬁterlstlcs of the system For

exanpl e, euséétFS r BEELE9PheCSt iRPR orPSR - | npEBPe f1ying
char acti@r i swmlcad&urtd:erstemw:@@pwe ofsdﬂtﬁ:wresgmoﬁ]mne.nt i orrhiencl udes

techni ques f d B SCR] PTI E_. DRAW NGS
10 sq;r:"c{i:aigure ?s%m% 3§ n%'ﬁ Ega agl?e 6t° w}%etxbrét\l eS&Ilg syst emin
accor dance s hfraedprizeemt thevedison sxﬂ’lf@nee 2AAd it iprphld  sheection as
a function qpiheiight metokandidy E%dSJBQEatY@r QLS §iig8s- rml:étgugﬁ‘o%%d s a graph

of stiction as a function 15 of rication thickness ures 3A-3D are
side cross- SMEHIGHARY | (REIW &% PESTFOBE pFBR eSS iFRiABeOr dance with one
embodi ment of the presmd tevhAaligos fuded o8 By ek cpadprobigw e 3E is

a bottom pl %%S\Qc%.\gtoéd %vlstj_ﬂ dsetrict:ion is to provide texturing to at
least a portion of the disc surface. However, this
reduces the effective recording area of the disc.

_ Additionally, various attempts have been made to provide

20 texturing on the air bearing surface of the slider. For

example, U.S. Patent Nos. 5,079,657 and 5,162,073

describes a technique for forming recesses in a slider

surface. Another technique which is described in U.S.

Patent No. 5,418,667 includes providing large pads which

25 provide a pitch to the slider to allow air flow between
the air bearing surface and the disc.

SUMMARY OF THE INVENTION

A disc storage system includes a rotating disc

and a transducer. The transducer is carried on a slider

30 which is supported by an armature. The armature is used

to move the slider radially across the disc surface

whereby information may be read from or written to the

disc surface of the transducer. The slider includes an

air bearing surface which faces the disc surface. As



20 i ncl udi ng | andi ng pads made in accordance with the steps of 3A-3D.
Figure 3F is a side view of a nask in accordance with one enbodi nent of the
invention.. Figure 3Gis a side plan view of a | anding pad 25 formed using
t he mask wb obigiege 3F. Figure 3H is a side view of a mask ipcpusssdaazce
wi th one enbodi rent of the invention. Figure 31 is a side plan view of a
| andi ng pad forned using the mask of Figure 3H ~30 Figure 4A
is a bottom of a slider in accordance with another enbodi nent of the
present invention. Figure 4B is a sidexross-sectional view of a rail- of
the slider of Figure 4A -4- Figure 4Cis a side plan view of a rail of
a slider in taxecoalﬂamcnmmbtbsanoiﬁeraierrbb@kiajmmg csutfiacer estides nstest i on.

Fi gure 5A i t pl, slidarg r danc th ot her
enbodi ment os“’f]'ql%gIt p?’?sen?f}’nve é)%n% |g(tja§‘e %Bsgg%%%%ottomﬁp an vzlagew of a
slider in atwevisiesk wnh thet hedreniséinisrg ofurfiacer edent impxowe on. 10

Fi gure 6A i %fp@ﬁcalt&mpmarw&wﬁstﬁég A= 6 e BRIangS: WadRATOL et

-~

enbodlnent 0 resent. 1 nvention ure ottom ew of a
slider L' ear}b‘-’t%rt‘én’é%ﬁi‘ﬁént:hﬁf sthetdEs a% JﬂPrm(?lvent i on.
Figure 6C lilq;lb@tenapéaﬁengwlefs a Sh?lud"thelrr] a@ﬁ@r fle blf afied her

enbodi nent of th resen% |nventi a éauB 6D i s 3£ g V|e of a
slider in Zgres FOYREE TN tRCYAGENETC Eﬁﬁ&ﬁ?n@ﬂf tARLe ent
invention. Buglr @a@¥s.is a side plan view of a slider in accordance with

anot her enbodi ment of phe-pr 88eRkIbPYE id%“"r}ﬁ? DRAWINGS Figure 7Ais a
bottom plan view of a Srrder rm accordance v i anotter enbodi mrent of the.

i nvent #8n i ncl udi ng kiFdgyrald im gusdmrlifsied diggmammofiaetdrage slider
of Figure 7@lisc system in accordance with the present invention.

Figure 2A is a graph of stiction as a function
of height of landing pads of various sizes.

Figure 2B is a graph of stiction as a function

15 of lubrication thickness.

Figures 3A-3D are side cross-sectional views
of steps in a process in accordance with one embodiment
of the present invention for forming landing pads.

Figure 3E is a bottom plan view of a slider

20 including landing pads made in accordance with the steps
of 3A-3D.

Figure 3F is a side view of a mask in
accordance with one embodiment of the invention.

Figure 3G is a side plan view of a landing pad

25 formed using the mask of Figure 3F.

Figure 3H is a side view of a mask in
accordance with one embodiment of the invention.

Figure 3I is a side plan view of a landing pad
formed using the mask of Figure 3H.

30 Figure 4A is a bottom of a slider in
accordance with another embodiment of the present
invention.

Figure 4B is a side cross-sectional view of a
rail of the slider of Figure 4A.



30 Figures 8A, 8B and 8C are side cross-sectional views of pads
i n accordance with enbodi nents of the invention. Figure 8D is- a side
pl an view of a slider having an air bearing surface forned in accordance

w th the &ggggg,;égnts of Figures 8A-8C. Figure 9A is a side g@fsoslosys20f . a
slider in ordance with one enbodi nent- of the i nvention shown -

relative to a nediumsurface. Figure 9B is a graph of stiction versus belly
cl earance for a slider. Figure 9Cis a bottomplan view of a slider in 10
accordance w th another enbodi ment of the invention. Figure 10 is a hottom
pl an view of a slider in accordance with anot her enbodi nent of the

i nvention. DETAI LED DESGRIART 4N & oTHE RREFESRER; EyBoP NENES JFicgrure 1 is a
top view of a disc drive 10 15 ingludingaslid%in accordgnce with the
present i nvEALOSE. IR s@CEFOLFANES | WiFhd &Nty nempeddment, 20 %d for

rotational ?%@@mj igt il axis defined by spindle 14 within housing 16.
Disc drive 10 a

| so i n¢j.udes actuator, 18 unted to base. t.e 20 of 20
housi ng 16 and pi vot al Ilyg‘*ﬁfv?é%‘bllg ?Z}I’%&FV@ {Hgalai%]cevifgb%lﬁ ’a%‘g J%ﬁ A
cover 28 coweceordapae i eithi aobtiiear &fhbodimemtcomtt olther M8eserdoupl ed to
act uat or 181 ANePr eferred enbodi nent, drive controller 26 is either
mount abl e within disc drive 10, or is located outside of 25 disc drive 10
with suitabl e connect iFdguns & agt arbagtomcplancria, of i |sddedemdhct uat or

arm assenbl Y@ raandddi GitwPranbriRibeempddidithtd kgad thidbyreasmrnbdl y 32.

Head gi nbal ,assemhly 32 includes a | oad beamor flexure arm 34 coupled to
rigid menber™ERtHM -2 slider 36 30 coupled by a ginbal (not shown) to
| oad baam 34. Slider FH@uyeerd &8 anbactomdaban wiéwh dfiea esihiodbareini s set

forth herein _and suppor tr er _for J. i.Ng jnfrpati and
encodi ng i n]agF%q%S‘gaoeon %tglc g‘?’%‘%%%- GFW%?él%%o%erogi %rl{{,gadrpl(yvéege(r:%\nt roller
26 recei ves ipyentiiom.i nformation indicating a portion of disc 12 to be

accessed. Drive cont rqlilge;{reZ@Br ecehLVsst bR lgpghtj,géwiafq &t 4 - fiePpm an
operator, froma host conputef, or 5 from,anot her suitable controller.
Based on théCﬁ&ﬁQﬁQﬁ@ with another embodiment of the present

15 invention.

Figure 6C is a bottom plan view of a slider in
accordance with another embodiment of the present
invention.

Fiqure 6D is a side plan view of a slider in

20 accordance with another embodiment o©f the present
invention.

Figure 6F is a side plan view of a slider in
accordance with another embodiment of the present
invention.

25 Figure 7A is a bottom plan view of a slider in
accordance with another embodiment of the invention
including kick pads.

Figure 7B is a side plan view of the slider of
Figure 7A.

30 Figures 8A, 8B and 8C are side cross-sectional
views of pads in accordance with embodiments of the

invention.



information, drive controller 26 provides a position signal to actuator 18.
The position signal causes actuator 18 to pivot about axis 22. This, in
turn, causes actuator 18 to pivot about axis 22. This, in 10 turn,
causes slwdepo®d2 (and consequent |y the transducer nounted ®CTAIS98/e37286) tQ
nove radially over the surface of disc 12 i a generally arcuaic path

i ndi cated by arrow 38. Drive controller 26 and actuator 18 operate in a
known cl osed | oop, negative feedback nanner so that 15 t he transducer
carried by slider 36 is positioned ovets+he desired portion of disc 12.
Once the transducer is appropriately positioned, drive controller 26 then
executes a desired reaBigurerifle bpeaatsigle Phavr diley defisiat ysldatebe

i ncreased byhdeoiugidy a2ﬂ.~ béarﬁrt_d, Yol Y Qrridd el ea%%;oréaﬁej@ WAl mty of

slider 36 with disc 12 allows greater accuracy inr I'ng and writing
i nf or mat i on Wit CHPLMent & PEthﬁuﬁﬁﬂ BAyBStiction are two nmaj or phenonena

that inpair the use ofFik_{;ﬁfe. bAw k| i egdaS laheGakd EF Reads dey- iicr ease
recordi ng ar eaI nS| Tge sol uti.o ﬁes#e ?éObl ems has been to-
t

generate i C%Ié “1“?%%‘831*5 aSREoFMROs €, 1BVeRtLely SRR t he
nedi a surfac:sﬁlatreeiulce 4 hmediem sﬁrfaoéact at the head- media interface.

The presence of these ff%f%%;‘%ﬁsl ?q@a&)edl % eg&lotﬁ fv%C:%usal rjﬁ.ﬁh t hey

can be confined to onl zone (1 di ng
zone"), enhdheaaranee ckemce %llﬂ%ad medi a contact during oper atl on and

thereby sets the lim tFiéhi'QGBé rl‘ée aabbﬁ'tafﬁeﬁlaﬂfvyéﬁr@flé’v}élf dd Gy | N nost

cases, due to:  -7- sha%]ﬁ) the asp entg he nature of contact is
cal | ed rtﬁ%ﬁ??‘%ﬁﬂ%ﬁctwwlﬁ thek| a@PPELlent Rht tB8 daveasd@m- | ocal ly.
CﬁnSﬁqugnt ly, the nurdbgire afo afaoer bbteemomahevﬂsdl &f ﬁalrsflamm]g q:isur)plolrt
t he-head 5 rbitrari twise the interface w

col | apse | eacﬁadr%f a{r%cb "Zl)&‘t}es n?/%hgjé %.!??ghfnen{: ﬁwggg E'P(Yﬁ' trlﬁ‘lns type of -
contact is proREIAAL " ERE i

| ubricants are pr esentpighi;ell rg aggl ehvpxggpge é’te i {,cam)t 10 s

applied on the nedia to prevent wear ead-di sc contac as wel |
ot her &&gas‘é’i‘ﬂg" %r Pal §1EABK ViR ARCAFIIRCR o ntthe rrP}’e&@@lfjrrul ate on

the heads, anvrerntainai er mpseharwtaeafoaqezctlhﬁre_@yaIﬁaglhealeoci@.éee&sz ve
flylsticti O'?nou}x%ed for rotatlonafsxgggetamgnt ahg ven ! gancllsn ch_%sedrTDdeI ' ng
by spindle 14 within housing 16. Disc drive 10 also
includes an actuator 18 mounted to a base plate 20 of
20 housing 16 and pivotally moveable relative to disc 14
about axis 22. A cover 24 covers a portion of actuator

18. Drive controller 26 is coupled to actuator 18. 1In
the preferred embodiment, drive controller 26 is either
mountable within disc drive 10, or is located ocutside of

25 disc drive 10 with suitable connection to actuator 18.
Actuator 18, includes an actuator arm assembly 28, a
rigid support member 30, and a head gimbal assembly 32.
Head gimbal assembly 32 includes a load beam or flexure
arm 34 coupled to rigid member 30, and a slider 36

30 coupled by a gimbal (not shown) to load beam 34. Slider
36 operates in accordance with the embodiments set forth
herein and supports a transducer for reading information
from and encoding information on disc 12.



the stiction to provide a desired texturing to the air bearing surface, as
opposed to the nediumsurface. If the tip of the asperity in contact can be
descri bed as sem -spherical, a stiction nodel has predicted that 20 :
head- di S& dglqe)g%ace coul d become unstabl e when the asper i tpcEesyiobyrzbecones
too smal | e thickness too high. One stiction nodel is described inan
article in J. Appl. Phys. 78, 4206 (1995) by .J. Gui and B. WMarchon.
However, if the shape of asperity is a colum or a step, 25 the elastic
deformati on does not occur locally. Thig "non-Hertziant' contact has a
much higher rigidity in conparison to a spherical type of contact.
Cogsquent ly, theI nUﬂbeDuﬁin@%ﬁé&E&ﬁmeiﬂtv% gbntbe%uatrezé a:@bdi:ﬂ}yeéﬁe
reduced to contrpl.stict ahout. the 3 0 ity
that the int e??%%%l%ylré% Né’eonlﬁb‘g?c?% c%rﬁ%%’fl%%n%gtqlo% S"Ts% B:PS'[I ction
wi |l not occure amkessedt i d)r:wse resonrt o Jal 0 R |r@|¢a3fvetme:lmnrnc@am:u¢gl area
(O oo "0 AR rnaOL G £20n D8 BHELLEA-! 2E0Gh LEABLY cofhputet ) il O

model can be Used 1o predi evéI func tion texture
geonetri 5. TEXQWAngtew s bkl %é’oﬁllté@éd%’n e?@ﬁ@ﬁﬁ R dihe Gosditigy s,

However, if thhfokhd€ish,t QEivee ¢SntPrbdl1PErS26 apzrmﬂi&eéuaf Fesidie density
of thesetexturef atures still has to et a mni,mumre enent i nposed

by the fact tF¥9?t e REXPAFE¥t &t ur esT 2 ePPSILAER aph a t A5 er
could fall iradexeha\eeﬁ tise ﬁoexpﬂvetfe@bunrteSaﬁui ﬁzrect'rlylspntmcttuﬁm, snoot h

nedi a surface gl ngt Qe utO%Sc:. pfft ofT ge H}lventl on

t hat can ensure e eon acgﬁs bet Ygéeggoand a sc are zla.‘IE'Wéys made on
texture 1& t ocyon, t¢msee$es<lmearf3§at¢m amsdmeasiildethe tnenagvwaeu et .

al . from Fuj itsSthbag 5&@1:1&& Iaqw Std Gid A dd LR IBP AL Aidls difutdeads

that 15 had small pads on the sliders in the artlcle at | EEE Trans. Macn.
31, 2961 (1995'5- diRE prestht 3 HARRTINLY nBrFGY8d Cs RAYD cdndARateAk M ext ure

features, i.eaxrrd@dnsgng pafige 66nthellaikl 260tnd bkyuagdicad toper@td Ol
stiction. For exa Sllder}wth such

0
andi ng pads Bhi BEIE 55 RuBePRn: PEPRY oLt FERR G aRE: H% S AR hei gh
of thesel3 andilmg tealssduserbearvhedobiedlidelr Bhatist pesiddoresh cfdrectivel y

reduce sti Ctl%n é{ge&rasg@f@{c}?y@f ﬂg&ll% ew HE AR Preyent 25

i nterference no OW ng. equati ons can be
used to cal CLﬂBE’éo?ﬁeaE?—%lé aﬁﬁﬁ%'e%%?dof dREVPadio h t4e $thetion
requi renent oéxeécefé¥yea desired read or write operation.

Recording density can be increased by reducing

20 the fly height of slider 36. Close proximity of slider

36 with disc 12 allows greater accuracy in reading and
writing information onto disc 12.

Stiction and fly/stiction are two major

phenomena that impair the use of ultra-low flying

25 recording heads to increase recording areal density. The

solution to these problems has been to generate, in a

controlled fashion, some asperities, or texture, on the

media surface to reduce the area of contact at the head-

media interface. The presence of these asperities on

30 the media surface, although they can be confined to only

within a small dedicated zone (i.e., a "landing zone"),

enhances the chance of head-media contact during

operation and thereby sets the 1limit to the true

attainment of ultra-low flying. In most cases, due to



desi gn: -9- where Sis stiction, [err] is coefficient of friction, Eis
t he Young s nodulus, ais the total surface area of all pads, His the pad

hei ght , |s t he head di sc separation at contact, Wis the head pre-load, A
is the al‘k ? surface area, and a is a constant dePCTEI898/03722
(12[err]/ err where y is the surface tension and AH is the Hanaker

constant. Figure 2A is a graph of stiction as-a function of the heights of
t he | andi ng pads of various sizes. 10 These curves are generated from

above two equations. Based on these curve®; if one chooses the total -area
of landing pads to be between about 0.002 to 0.003 mmferr], and height to
be about 300 Ahest sbipen ofs bbewsspextidiw, 2the @@?‘ﬁﬁf@ﬁcé—“)%ﬂ% 8 wel |

wi thin current :?dif&%dﬁéiéﬁzlin ARt e%re‘aﬁ&ah i@t i 2&§b9m5t§abnct | on
as a function o rication thickness for both Il.andin $ad dgg g f’?
st'Ction

| aser zone texdaRke PEEWE dEQFBALY- As CoSSaieiebs iTRT ealB
i ncreases. dYOVEF i esSlorCl ERE Aedid nenehaes ra«chsuppertapih yheadt he

case of the | aser et d d .l d

ST Chi gttty | GARnG ] bR retbLERRr LTy Redhi | Rue Ay Phe(UERRERCRL
cause of fly/sgirli Ochllmpédae ]:aad:.nge tandengepadveexsunetlm .t he &nher
hand, stiction go,. i sxhi bis a el loflefinedol! B85 alationsbl Papklihg! Ube

t hi ckness. Hot |ver |cknes conti nues to T ncréase.
In other wor dswhmhe &1 y festdests iore pramrmﬁ d&fs AdaudEc utuPEL PRTE ngrBad

texture. The rosling GRCRMAUDCdQs!h Porokhaipidie ©Re lubedcunth

ot her aspects e present i-nvention. The shape nsj pl,acenent

of the pat® ne3PRELIEBdPRi &dreadeftid (£, PEGVEREr “Petaﬂ'e ‘%ﬁ'ﬁ’sn%as Fl 8 ffed
using any apprephtate, te@nwemm asSuebhear rmltgni\ssfngnlnmms'cm]es n@tcomi m t ed
to those specificall

orth _herein. e t esent
i nvention i ncl'ﬁ"i'j%%o’dé aﬁﬂlget SEH‘RP&?&:% orm%}f)rang%léﬂ’?%%%?néﬁ Qg p‘gf‘gl%ﬂ e 3A
is a cross-secandnatranefien! boe theodinberfatea thegebyllderfimg atea on

whi ch | andi ng @@éséi@et @19%&%%&%:9“ 5 surface 112. The slider body is
coated wth a vac

1S One aspect of the invention includes modeling
the stiction to provide a desired texturing to the air
bearing surface, as opposed to the medium surface. If
the tip of the asperity in contact can be described as
semi-spherical, a stiction model has predicted that
20 head-disc interface could become unstable when the
asperity density becomes too small or lube thickness too
high. One stiction model is described in an article in
J. Appl. Phys. 78, 4206 (1995) by J. Gui and B. Marchon.
However, if the shape of asperity is a column or a step,
25 the elastic deformation does not occur locally. This
vnon-Hertzian" contact has a much higher rigidity in
comparison to a spherical type of contact. Consequently,
the number of contacting points at the interface may be
reduced to control stiction without worrying about the
30 possibility that the interface may collapse. Under this
contact condition, fly/stiction will not occur, and
stiction is mainly a function of the contacting area (or

bearing area), which can be modelled rather readily. A



conpati bl e negative photoresist and the resist 114 is patterned as shown in
Figure 3B. Next, a landing pad material is deposited anisotropically,
typically using an ion beamto deposit, for exanple, dianond-I|ike carbon 10
(DLC) to form DLC layer 116. The photore3ist 114 and its ou&ig®slospk DLC
are remoW¥8 %89 any appropriate technique -such as sodi um bi carbonat e
bl asting followed by a cleaning step such as a deionized water rinse and a
dry to formpad 118 as shown in the cross section of 15 Figure 3D. This
process offers a nunber of advantages oveg- other techniques. For-
exanple, using this enbodinment the edges of pad 118 are automatically
deposi ted suchsgiwdidhayodd enshismotdded itd cpnélhcsti isterct2lon bedyl aurf ace.
This advant age arises rom,. the " I I shadowi ng of the
o o oSk hEE, oBRANERI R

ani sotropic d the | anding pad material can be
deposi t ed over a pr evi oUBeytvhee dida tur s qiay ey plpgper obf eihbesppdia

material . Qi’éfgs %%gﬁﬁf’t '%gﬁclnci r&f“t?ébii@féoﬂs on

electrostatlc arge( azard to sen5|t|ve materla uige in the
magnetic t% ans%id&%iléaﬁF\PVfW% the depgityacifolt aLKET i onal

adhesi on |ﬁyerstlﬁgcﬂi‘aéstélrhéﬁﬁnahmhﬁlﬁ\&ﬂlurﬁaq@l 1frem'83ﬂ: I’ﬁ&(ﬁmctai}artehmval |
process nmakes an vi at,i_on ich 30 result fro eria
adhesi on fail u€%¥tr r?ﬁﬁﬁ &f‘g@eaﬁaxayﬁeoggpsu&'&seg}“g ere%@ %?bv T ng
inproved reliadiidéy. couldi falldcim qetweseml shel esxtem@erfﬁamlnemrﬁmdzactl ve
o eLohing S GE Bd-bBe RAL Ao didask! loralal) Waasy oty The

i ncreased rovi roved nmanu acturabl |ty and reduced
costs by ¥ ni ththgStwcklcn pr MSaSPeq?ﬁeqfr des sin¥eptdenc ihadt i $% with

current techni guas &iSegel OLcREQELSS 'H&ﬁééﬁy%qude&ls dahabag s da:sct heye ar e
| apped to 5 their final surface finjsh This .is |ess eXP ive than

attenpting to JHRBES (MR O FHHTE d’d%llt‘%ll?‘b‘értshes!%rq%?u e?)?‘b%%%s i's
conpati bl e wi tdn meher idlliddml amasdidtowl etor alnpossoil é“ujatrsmmhesf rom

the substrate using etchin mlli r e S I

i ncl ude hard rfﬁef%? ‘Fé%s%w%' thlacfrhc’;nd"%élpa&c%%}% als%fs H%Qngﬁélgé!aréeé %is a
bot t om pl¥& vikad obmalldprdsl Gshohengliderspads the eatdicde G rBEEE 120.
Using a four t%:gﬁghtmggg dgsi gBogHChi1@ysyhown in Figure 3E in one

preferred enbodi e | hvention the pads have 15 a area ff bet ween
about 100 [err]n® to aboihe1PreEenfetPVpation includes small column

like texture features, i.e., landing pads, on the rails
of a flying head to control stiction. For example, four
20 such pads may be used. Sliders with such landing pads
can be used on substantially smooth discs. The size and
height of these landing pads must be controlled such
that the pads can effectively reduce stiction during
take-off yét provide enough clearance to prevent
25 interference during normal flyi_ng.. The following
equations can be used to calculate the size and height
of the pads based on the stiction requirement of a drive

design:

H-h
- L Egq. 1
S=pEa T q

— 1/3 -
2YA d-(h/a) s2Ya ol h

30 h  h-(n/«)Y* h H




The pads may provi de any shape such as square or elliptical with an aspect
ratio of about 2 to 1. Any other shape nmay be used such as round, tear

drop, etc. One aspect of the present invention includes 20 controlling

t he angle38$9Q@ﬁﬁsition relative to the plane of the substreteusssBmm a  _
desired s REB™8n t he | andi ng pad. Figure 3F shows one enbodi nent .in which
mask 114 has a thickness of 2.6 [errJmand a width of 5 [err]m The ion
beam 126 used for deposition is angled such that 25 there is a 2.2 [err]m
shadow. The substrate is rotated during deposition such that a conwvex

contacting Survh@é?,?eQ%@%é{%ﬁ,ﬂggﬂlﬂﬁoéﬁi&éﬁ e £ Pedod 182 fdgure

3l shows a concave contacting surf ] on pad 118._Such a cggfav
surface may bether¥eungss medpusesk 19 £hg totab firires Afed f%lg]rng a
t Ei gk“ea;_ OL 4p§déﬁrﬁ rj]égltmdpadv\héiahet 13 f@tﬂ@ﬁﬁeéﬂ&!{i@&séﬁs&aﬂtimr] m ;
shadow whi ch, "as the substrate, rotates, causes .t contact_ar of. t he pa
118 to have t IfeF CARERRE sihge © eSESﬁ'éCBHSé@é’a goﬁ%e%ﬁ%haalpﬁgg%?}elﬁg
particul ar§y asivefdageansabeaadse tibea corntantediebinéed szélaWYVHd

contact - area.., FUriher, suchoshages wayJiaye gesi hable bl

4
properties. Th"éh%f)ov processi ng stéps may be used td formany of the pads
set forth heretonsoanbt her pads which 5 are not explicitly set forth

herein, as desi r_ed. The ?i‘éﬁ&ﬁ%ﬁrié@@%ad?@b&hétiﬁhiﬁﬁnﬁataaﬂﬁhél@i@ﬁtY_ of
the pads may be i n accordance with any particul ar dggl Q’n t.0 achéjgé/eesdey red
udes :

slider charact@fishpcdieiphtprelehbei ingh RafLs 2% .
techni queifor THESE BarRRES Dt t §endratbaarfan sabbece twhs egeat benein, the

term "pad" includes the structure forped by formn 0, i n BT
beari ng surfac%a%?gt‘ﬁ% %ﬁ‘?ﬁ%r?uﬁe%hefgs tc%?o?%% %ge%§?%%,a%%%hgfads or
grooves are crrahéingspags até deebdinagn sishutad .9 0% to @ul@éﬁ‘dmﬁﬁnt?ﬂ ous
laser, at prefgeciefe! 05ald sl 90 Bhe sRibehear 1aopavbaGeaptle di gBnsi ons
of the features y be adjusted by varyi ng the | aser power,_ the pulse
duration, the 3agspunfpsrengtiick ds |welbawishins o rendmsHe® s i K61 ¥4 r bon,
inthis afgp_ectd@éiéﬁerg?uggg{“gﬁtt_he 20 contact surface is the sane as the
slider, for exanple, A T_C. This reduces the, concern of r. Qf. the C due
to repeated |andi ngs andbngk‘geof:’fé. Sgﬁf"ﬁheﬁt};l?ﬁ’e"?eﬁs a?‘\g?%lgfc(%cl@n ac(’:?L

bet ween the di sebabdathenhehiicksessdficedbonhcbapdingopadodesdgn angdpd bunps
in that the coplagt ZRne A &Rchifednlddl% CROLAGH. " AIAET 1WRRA" €RiEkR8ss

cont act . . )
increases, stiction increases. However, stiction

20 increases much more rapidly in the case of the laser
zone textured media, eventually stiction diverges at
still higher lube thickness. This interface instability
is the fundamental cause of fly/stiction. 1In the case
the landing pad texture, on the other hand, stiction

25 exhibits a well defined linear relationship with lube
thickness. It does not diverge as lube thickness
continues to increase. In other words, the fly/stiction
problem does not occur for landing pad texture.

The modeling technique set forth herein may be

30 used with other aspects of the present invention. The
shape, density and placement of the pads may be modified
as desired. Further, the pads may be formed using any
appropriate technique. Such formation techniques are
not limited to those specifically set forth herein.



Further still, application of such a laser is easily integrated into
current manufacturing techni ques which use a laser to formthe crown on a
slider. Dianond-Iike carbon is not consi dered 30 advant ageous f.or
the formation of the pads in all enbodi nents of the inventj anpl e,
DLC tends¥P3@¥3% with tinme and requires additional procesg?ﬁggg$%g§¥ In -~
anot her aspect of the invention, pads or feet. are forned of AITi C. For
exanpl e, such feet may be -13- forned through the application of a

phot oresi st at selected | ocations on t &% i der fol | owed by a subsequent

etch such as an extended etch m || ior%g rocess. at or esi td's t hen
in

The
renoved revealing 5 r3P8eBSRPELs S epﬁ*:lefi‘f‘n'&tsI:"in(Yeelrcl)'1 oy Skanpl e,

in Figure 3B, vapihousl| technigyebefappfording bandibng [HA3s herBigureddvi ng
exposed port | 9gs, 0 r5hk IglcdifnalGeey! SEMML G MmO 5L % I ffum Pads
of any shape, position, density, or other desire characteri|stics
whet her or notl8piteidn @yea onewhish Bandingeppdssare &P see ckeF®Ed MYyure 4A

is a bottom pkapryeew19b.a SiHedas1 1dlr i BodpCosdaBgaLel WitdNQL RalcwfpOdi nent
of the present mvemgion. Slider 150 i ncludes raél sh152 carryi ngﬁ pads 15
154.  Furt her 8FR2ELR1Gc B6PA%AVE RIFTiRE DR oFNEnECFrE el Ment i on,

depressi ons opateeensdsasSehaid fiof MEtowre r3B| s N8Rt , B Gunelidly ipmd
cross-sectional, vi of _rgil 152 t.ake I .t j n shown
T Eroure 4a BRECERDko s AppotlEet A Bedtby Al 1y, " tvaelid, Ut B0

i nvention as setidmrhean toFdgpesd t4Afandex@nple paianendrlikedarhamyeous
because pr esst eNS+ 15 0 r Nnampg . € r-Q\uhy-di aggy tional
lift. Fu??her ﬁ%%,gp gé ?I%s?%ge%ﬁgﬁgﬁr emﬁ%ev\klhgﬁbfgsg\ggi (}e&QZ_S pl an
view of rail 159, ovgrroat) ofy G 3xe| Fengued usingyanyr SRRARIRYShe

| eadi ng and teathhiguedgach ABi soddhwAblcarbdnatkebledtina ol wad and
may be on the‘Porderlof 20 nn}: Curglature Qng .t h %utter rai |l and | nner
rail is refertéd®t 5-G8 LRFLEFBnFCE 6F th& R atsy & HRE 941 pads
154 have a heagiryofto2fiorm gadnil st e showm dh thid crsBamedisaquidi ci ent
to inter{%re ﬂlguggu$§_cont act to occur to the center region 160 of slider

152 and the di sC surface, Recesses 156 grovi de additional lift to prevent
such cont act. This process offers a number of advantages

over other techniques. For example, using this
embodiment the edges of pad 118 are automatically
deposited such that they blend smoothly into the slider
20 body surface. This advantages arises from "the
"penumbral" shadowing of the anisotropic deposition
process. Further, the landing pad material can be
deposited over a previously deposited protective layer
of the same material. This provides some protection
25 from corrosion and electrostatic discharge (ESD) hazard
to sensitive material used in the magnetic transducer
early in the fabrication process. No additional
adhesion layer, such as silicon, is required. The
mechanical removal process makes any deviations which
30 result from a landing pad material adhesion failure
immediately and obviously detectable thereby providing
improved reliability. This technique is also less
expensive than reactive ion etching technigues and the
pad can be deposited relatively quickly. The increased



-14- This aspect of the present invention is particul arly advantageous
because it does not require additional protrusi ons yet provi des

i ncreased hydrodynami c effects during flying. This allows the 5 sl i der
to achleVQbegmﬁ?ar flying height by decreasing the air bear pogasbéesbz )
This "mcro A rodynam c" effect inproves fiying characteristics when the
slider tranS|tions froma stationary position-to a sliding position and
vice versa. Recesses 156 may be optim zed, {10 both in size, depth and
shape. Recesses 156" in Figure 4A show four exanple shapes which may. be

used for recesgﬁéea%m%méérimpraeeasmxﬂé&m&éﬁtﬁham Ifedudly € 4B

are various exanpl es cross-sectional shapes. The specifications for
recesses 156 nB§YSkE Py npiniazieg W%C@IH§°G§Fﬁg, ke BXSRSES, 1_5
Reynol d' s Equakiles a thpieer firth ngc@i(@@ﬁtrreﬂé&hmqhessom@b@bﬁrents,

It may be p055|bleto | m.nate t 0 n_the_rapls. 15 Wey.
anot her aspect BPCFﬁélP&/@ﬁﬁaé’ﬁ %rl‘gcﬁcijr%n%?b?)ﬁﬁsafGEhﬁ’Xyaﬁg z}@&? dﬁéfé’r t he
20 cented |ihbedr fhnalashrisleafishshn iThis gis dod expaxhditie rahamit a

hei ght which i of 4. nbqdi. t he
hei ght of padséiggﬁ@ﬁ ll;}gn E ng%?tl geé? tgb lpbgﬁglﬁagst%g's}p%ﬁsty
present in theFuE8her t {biec @lﬂ%%ﬁ)uﬁrﬁi qmmtlbleawwéhym25erl§r¥§0tqhaﬁedl a

i n which the rQﬁghafﬁflgéltsoé‘bﬂﬁﬁoésﬂﬂle%tﬂ-—ﬁﬁd@é Frde TS Bubbre-atrn be
designed to provide additjonal danping to the air bearing for |oad/unload

appl i cati ons i ASHhRBCIEYFRIRAI OF f‘B-’F%%PSn RIOGHESET - beFYTY PR lshe
slider andot heiflciades Hyd eatkerdalls Sueh adg baghbddcdadpé ndianone Y

advant ageous f tabl e, air r| n The recess so be
used to provi dgia |t|glnz§£‘u%gr#)l n’gssﬁo “'?(§’e1r"’u'15ﬁl%‘35n‘f’gctgi %egsé‘é“r%l ty on
the di sc surfagshowbng fspartpadst basi mmmeﬂn onckadds azrmm r Deangng
surface - 15foh9<>tedw§héug9dr 8E838ES shidhy ‘éﬂst %;a WO *alg, 5y e |33Ndisng

pads. This is particularfy a vantage eré dre no
zero speed/ stiePEORTEESHESA ¢MbS tlﬂ‘énrteé’cfs§€'§ pRFENId R &ing BIsls B&EYs ng

and reducesl flyi agea ofhbeawken Hb®st A0t har axPesbo@t t1R6 ovoe SR,
|nvention may pg.enpl oy ety t B, R3%%d "a35P0LHAREe YhER oL DeT ARRSCt 8.0

elliptical with an aspect ratio of about 2 to 1. Any

other shape may be used such as round, tear drop, etc.

One aspect of the present invention includes

20 controlling the angle of deposition relative to the

plane of the substrate to form a desired surface on the

landing pad. Figure 3F shows one embodiment in which

mask 114 has a thickness of 2.6 um and a width of 5 um.

The ion beam 126 used for deposition is angled such that

25 there is a 2.2 um shadow. The substrate is rotated

during deposition such that a convex contacting surface

122 as shown in Figure 3G is formed on pad 118. Figure

3I shows a concave contacting surface 124 on pad 118.

Such a concave surface may be formed using the mask 114

30 shown in Figure 3H having a thickness of 4.8 um and a

width of 5 um. This provides the 4 um shadow which, as

the substrate rotates, causes the contact area of the

pad 118 to have the concave shape. Such concave or

convex shapes are particularly advantageous because the



t he invention, or other pads which are not specifically set forth herein.
Further, the recesses may be of any 10 desired shape, form depth,
density to achieve desired air bearing characteristics. In another aspect
of the pr@’gggﬁ,oﬁpventi on, rails 200 of slider 202 as shown RQT/GE9803R2SA = _
includes a large plurality of pads 204 fornmed thereon. This 15
configuration of the invention is* particularly advantageous. Wth
the present invention, nunerous snall pagds are fashioned over a majority
of the air bearing surface of the slider. As discussed above, the head to

disc spaci ng rJIdd9:hb NG Jefalr aRd MAd£20areBRer akbL9BBer,S sufdi ti cal
to recording ensities. Therefore, the textured pads 204 stop at a

posi ti on whi ciEhapemaeast hae tdesbrrbhe RYarriifaldge PXOPSIC4SH sl i der 202
and the transducer 210. e pibSid privvEydisy paeps2Mdyabeoased telfirwve 25

| arge area, the interface between the slider 202 and di IS
| ess sensitiv@&to a%%sp?ﬁst R&tc ﬁ&ﬁﬁbrhqlfea:t%’es‘gro?kp %5 ﬁiﬁiﬁﬂﬁﬂrt her ,
the use ofs nurereousotpaespRdittyadesntfagadushdrezsinsecast dgsdviedes T oved
reliability a d [RY Wi u Gatast hi c
o lure. Furt BETCPte (AR PR 1) bl aBhehE SR dlde L B

head/ di sc i nt @ads @maphibeh imapcsersianfie ¥ ifds ey par ki as dRS¥H AR on

head/ di sc i nt g{dipicRfe iqedi&d dheadlseénavhbaeeikeitextured and the slider
i s snoot h. During take-off, slider 202 tends to, rock.back and for]gh,
be

and/or side to side. Th%usePBESARFti fredL® 0 AFLBRES hd | SKT'S
di stributied ouwicHHirRI® Foadeateiien phds reh tthes aiac ey g isarfadwe. pads

=D

204 are 5 al.so relatjv e iy j t Lr ar | ces
duri ng manuf aéktsur%s.Eé1 h%ﬁ%%'/ﬁér ?i%t tﬁgelgdse &“nu%%%gﬁgélsa.&tsﬂ% oé%g%)%ﬁ eéaa
fully texturedaimeddy ifagmindg axoqres iideshedigedgaring onEfrRFES 9%t i on

relative to agsign ydih fﬂ'r”ox!?édés?égt of the inveRA%H MAid GRwMIct ed

in accordance wth the present Invention showed that the ful’l y.textured
confi gur at i on G IFARVEAN2EFe CAGEIREI SERI cRi IREGF IPRHT: 5P Sutfer eas a
desi gn ulisng frailisgdcont thdeds aldweld, it cprefepfedbavicaticgrsanslond n one
preferred 15 enbadi gent .for the fully. texture LI _beari t he
pads have a hetll'b%tal(ﬁ g%@ﬁ(é’ n=ab &FeIOOT%ﬁdéJaIB%u?féﬁﬁogg,élg% fzégeéa&g s

bet ween about iy dvel adfuseed] bR, varyunyg tyhoflaseut powsad pdre abblae 100

[err]n2 to abQyfr kAP0 the 1aser wavelength, etc. Instead of using
diamond-like carbon, in this aspect of the invention the
20 contact surface is the same as the slider, for example,
AlTiC. This reduces the concern of wear of the DLC due
to repeated landings and take offs. Further, the real
area of contact between the disc and the head is reduced
in comparison to "feet" type bumps in that the contact
25 area is a line contact rather than an area contact.
Further still, application of such a laser is easily
integrated into current manufacturing techniques which

use a laser to form the crown on a slider.
Diamond-like carbon is not considered
30 advantageous for the formation of the pads in all
embodiments of the invention. For example, DLC tends to
wear with time and requires additional processing steps.
In another aspect of the invention, pads or

feet are formed of A1TiC. For example, such feet may be



[err]m. The pads may be distributed across anywhere from 20 about 10%to
about 100% of the air bearing surface, in one preferred enbodi nent, the
full texturing is confined to an area in about the mddle 2/3 of the rails.
Further swd éom0792 some designs it may be desirable to have pefesssgsrid oned
differently on an inner rail of the 25 slider versus an outer . rail. -
For exanple, the relationship between pads en the rails may be such that
pads on one rail are closer to a |eading,gdge while pads on the other rail
are closer to a trailing edge. However, tlhese paranmeters nmay be adjusted as

appropri ate 30forRagecdmiagh henpar iH6uk anrsenl i 9 &l | pRotpdadasiy ede
specifications. fl r 5& is.a bottom plan vi eﬁ/ggf slider. 202 showing rails
200 with vari ofS %’gﬁFggu SEREASEor PFadstBP4. sALdeRowFalianesir BB, apads

204 may by ci rsubsequentl17et¢R04d\chr ea:éarmui aexf{&AdER, epghedmikriaggl es
(2040, squar ), & shape and, pl gcenent of ds_204 _ be
predefined usi E&'rz'rgé i ng %g%hh%%l}eofe%rl ylgeqﬁ'é%oﬁ’nem?"%% reveaf?Xgi gure
6A is a bo?t orpleedvareasiim the RITXCshidengbodyl s PG2 éxampte) dince

W th anot her egpodi-gents, Faid s QAT e ' eLghts swhich, yary
with position. INT this exanp emggg%&g inyna\}gngéong?)\ﬁplaq%sé]?gg hsg'vl\ggarchlé%{ght
which is diffeFtRerePrarepavingssxpregedvrpytienshehalgdenilibe pads can be

used to further reduce fiMeséi ebbRAigldsdwal b EdP to |fbihepRissEat
exanpl e, pads 236 haye_a greatest, hei ght, whi,ch is greater than_about 200 A
and pads 234 hAVe as}{‘Sﬁ?St RS THEA chIrBSAEYut 2‘%’6 ASt graegreqei ght
of pads 1B 2araprevestits whetther far netti spieed fded1Mgaeecf foREhPRES.

Further, the | r i el p avoid contact between the trailing
HEoDELORE 8R0S 4340

edge 238 of slider C I'SC during operation. Furthernore, as
illustrated in Figure 6AFt@ereodat isn apfbattkomaptasaviby cdhdonskider 20

Such random zat3®nd aduerBaiie whiaRCenbbabyr! BabBaYReN! J:f@ﬂéa# ddige di sc
Th n%a anced

al ong the sane, track, duri repeated operation. _ This reduces
wear on the di¥tVEthiRe. r}’Ig%ln" tirdt %@me%erwi%ﬂimiﬁﬁéﬂ%a 25
of the pads carbbe Ranitdtbmmddes irnREOsAicOwRH Ued | DFp&Et RO tRON.
pads 244 and Zrenefy Frffbabigh d' adordEe on B sk astRron b A2e
formed on rails 152. Figure 4B is a cross-sectional
view of rail 152 taken along the line labeled 4B--4B
shown in Figure 4A and shows a cross-sectional view of
20 recesses 156. ' |
The invention as set forth in Figures 4A and
4B is particularly advantageous because depressions 156
produce a hydrodynamic effect providing additional 1ift.
Furthermore, as illustrated in Figure 4C which is a side
25 plan view of rail 152, rail 152 typically includes a
curvature between the leading and trailing edges. This
curvature is referred to as a crown and may be on the
order of 20 nm. Curvature along the outer rail and
inner rail is referred to as camber and is on the order
30 of 8 nm. If pads 154 have a height of 20 to 30 nm, the
crown of rail 152 may be sufficient to interfere and
cause contact to occur to the center region 160 of
slider 152 and the disc surface. Recesses 156 provide
additional lift to prevent such contact.



near the | eading edge 248 of slider 240 provide a |l arger 30 area in
conpari son to pads 246. This configuration is advantageous because pads
near the | eading edge 248 of slider 240 tend to experience increased wear
and stresgohghebive to pads closer to the trailing edge. Therivspges72z - 18-
front pads 244 exhibit inproved wear behavior and are less likely to be
broken during operation. Figure 6Cis a bottomplan view of a slider 250 in
accordance with another enbodi nent havinggFails 5 252. Rails 252 include
pads 254 and 256. Preferably, there are a plurality of pads 256 posi-tioned
near the crowned portiomiois a egpwdted gl lthd52prBadat25éniranthenof igunber,
density, height ape, etc. as desired to reduce,contact between the
crowned porti r?rgl%rualr%@%@é‘ﬁnga?ﬁoilﬁe%ﬁﬁa}lﬁﬁm l% gﬂﬁees 6Bt s¥EIBIEE vi ew
of a slider 2@@ditizgedr danprotirtaianset heyeenbogirmnideshownineraased t o
storage disc 2(% | t f-:El N pads,:26 b1 d near
t he | eadi ng eglgérgm%msfrgg?éggg f@rlﬁ?g\%:f%l%’l .ghﬁ%v]\?% ﬁ?}%%rggtger t han
pads 268 posi SidfeF ddsa¢higvena dower fdyvdage hemaht dov dresedsingm t he

| eadi ng edge thel hai dosgeihgN Ofr&dt der 260s ThhSciS-RPALLEYhaRL ¥ »

advant ageous f%r heads in which the | eadi ng edge pay experience_increased
wear in compafitdsitt ¢ e RS ¥’af?$i?@a’é%%5e%t’t aw g@a???esiﬁ'fl%ﬁ of the
slider duri ng tivainsidicoper ftoan.a Patdat268apgy pass iftdloredtosiangs aideagnd
mask, or othe We| . forth hereipn, for e | nd_dj sposed with a
hei ght to avol 3%§%Q{H§ct%%vﬁs?ﬁcf§e oum 62h§gesg85r ﬁgp‘ﬂ%(n%a %%%?"ﬁf‘?%ﬁ.

Fur t her, 10pad¥otdy inegdee ,sdeptioandushbagenor Ratesgesalb6n andFigereapabl e

of absorbing amy sReWaGou¥ WeAMpIROULHabES SIHidH REQ Pbd chighey wand-
Figure 6F is a side view of a,s[Pger 270ﬁsﬁown 30 ?%ﬁl n% overm@él sc 262
in accordanc&eSHSETS ARGt hePlBhbREL KerFecesser L 57 @nchdibede§hpWRPSN272 in
accordance w Fhigulre peBsearei nvaptibas. ERabhpEegnbefi nERbsof s&bgL6RaEF,
bunps 272 hav tall thge | eadi ng .edge_ 274 of t& slider. which is
progr essi vel ygs %%t?e’r i%ﬁg nﬁ%i ELGRY T oA o P IHE ¢ §I6| "Ry Bge 276.
Thi s-maylbe aoptimized by modeling using, for example, Reynold’s
Equation and/or by performing experiments. In some
embodiments, it may be possible to eliminate the crown
on the rails 152. However, in another aspect of the
invention, additional pads 162 may be added near the
20 center line on the rail 152 as shown in Figure 4C. Pad
162 may hit a height which is less than the height of
pads 154. In one embodiment, the height of pads 154
should be slightly larger than the tallest asperity
present in the media, typically around 10 nm for a very
25 smooth media in which the roughness Ra is about 1 nm.

Furthermore, recesses 156 can be designed to
provide additional damping to the air bearing for
load/unload applications in which the quick formation of
an air bearing between the slider and the disc is

30 critical. Such air bearing damping is very advantageous
for establishing the air bearing. The recesses 156 may
also be used to provide additional damping should slider
150 contact an asperity on the disc surface. One aspect

of the invention includes an air bearing surface



relatively continuous change or may be through a series of steps. The
geonetry may be obtai ned through an desirable technique. For exanple,

t hrough the use of 5 shadowi ng during the deposition and formation '
processeswd\sforer aspect of the present invention includesPERSPREYFhi tion
t hat pl acenent of pads on the air bearing surface may be used to optim ze
performance. For exanple, placing pads closer to the 10 trailing edge

of the slider can inprove contact stSrt/stop (CSS) perfornance because
the slider is less _|likely to tip backwards thereby contacting the trailing
edge of the atRchedindgsyehf zecamfcsh Bl therf (e rieei oh hrpAipde

pol i shed nmedi gags. HowReHis pﬁkt%ma&ly Eliy'ahltbgbbulssfb@l@&&ﬁuh!oaﬂvl ng
the rear pads to rd the | eadi ng I der,. Pl acin ]té FI ar pads
St

edge
near the | ead?figtefye &Fe R sF H%rgPEBE}égglfzﬁéoﬁ Ii'eﬁ"tuf?c?od ©pads
will cont act féeeﬁséisapmlvﬁ.dee adidi ttiereEla rdpesp ing admdtndéucedl Eigeéngitivity
and acces gtggag@% | osses. The present invention also provides
a techni que to ?ﬁ%rcom& &%radeoff between CSS and flyability
performance. Figure 7A Agoghest aspegtant theypueseiydnyergion gayi Be pl an

view of sli d%x&gQQ L8 %§th g&a%r daNGR W Adh Ao thar L eobsi NBBbeoE st BE
i nvention. Sli gOO includes rajls 302 and, pads 304. Furt f}g?ihl der 300

i ncl udes ki cktbﬁd%n'SBBtb%lvtPBn@HhBEhPﬂésp‘ahé‘:@Oirec‘P‘&Ee?P‘FSl i¥g edge
308 of sli ders3@0fo£takhaadan306 Fﬁfz&:\lﬂﬂ dldlerecddlsds anay i pai 6§ ddyi ng 30

operatiop in mann ich o th ilin lider .300 to
cont act n@ﬁ?bﬁ? u#‘g %Irg" q%lpﬁ:gt/m(ge a?%h %t?‘gﬁt‘%‘ﬁe f“gﬁ.fgfil on
during operatann.bEartthr phlame]ctmdsstﬂ&&.al | ow pads 304 to be placed closer
to the | eading edge of sli é.g%_. n ity of
sl ider 300. I%r ef gr ably, k%co pads gﬁg{%vgfatﬁ é#ggvﬁ%{ gni’é?‘ggght' h)an t he
hei ght of padsadba 308hofhglifeds 2056 a Wrt:o#na%veg%% PRdiBCiUPrECe
during nornaelaf hyrg@e dherdestgnof pads 304 Sformed 88€rednnref ehabkly such

that they_nmay be_easily.integrated.into.the manufacturin oce nd have
si ze, g?)e aﬁ‘anﬁbgPFF‘ Py t%gacl'ﬁl'é‘?/e ARV eRSiFed APy ngag{:\ﬁcgiﬁir?)’stop
char act eri stiadvantagepast.i cularitlsl| ther presbrt bhnlyentdomn, nuqneeduset C.

The ki ck padsg 306y ar%)gf%.fs %%Q{(f%”b%f %efnga;,é;hf&? @ dansi Ly,as

desired. One aspect 0 S on S
bearing surface of the slider. As discussed above, the

head to disc spacing during the read and write

20 operations is critical to recording densities.

Therefore, the textured pads 204 stop at a position

which is spaced apart from the trailing edge 208 of the
slider 202 and the transducer 210.

By placing numerous pads 204 across a relative

25 large area, the interface between the slider 202 and the

disc surface is less sensitive to changes in the crown

or flatness of the slider. Further, the use of numerous

pads 204 is advantageous because it provides improved

reliability as a single defective pad will not cause a

30 catastrophic failure. Further still, this aspect of the

present invention provides a head/disc interface which

may be studied based upon studies performed on head/disc

interfaces in which the disc surface is textured and the

slider is smooth.



accordance with the present invention is that the pads may becone snooth as
the surface is worn over tinme. This tends to reduce the conpatibility of
the pads with 15 a very snooth nedia surface. The. snooth pad may

i ncrease twoglgorgari c friction. One aspect of the invention PEITUNREEIT22
texturing the pads to thereby provide a rough surface on the pad to further
reduce contact area and thereby reduce 20 friction. The texturing may be
i n accordance with any techni que. However, one technique which may
be integrated in a dianond-Iike carbon pad is through the introduction of

smal | particles, SUChDufJ?ngSt‘Ak&Qfo“ %dﬂ@érﬁﬁ&@ OWoEﬂeoa%k
e smal

di amond- | i ke caybon. For est partlc es may
about 20 nm BADWEOTHR- BEé or f-@t gider-hi ckhesyse of jpulgiple

errblodl gegt tmltd/mamﬁﬁqubu%ogh@ aaddaEa]ybe5@1@$&1bffbedt<le~xéwmﬁ@yo@§ y
applied direct to. t i_r. beari.ng_surf.ace or ng a mask to
form a pad) %% % sg RELINT | %gﬁ Hﬁfiﬁ %?‘2 3&Sers of
particles$ anclEcC. rSﬂlahlp&rllM cdaesyna:;o prdiigte mhhl giHe ohilretesmrimdpout 0. 1
m cro i nches 1!:%[}%*5 21- IS 8 de
Cross-secti onst\% VI ew of rrig Ctlhr%l r bggﬁzlgq:gurf:%%ea%%ryl ng a pad
322. Pads 322UmRHQRfe m@sl EPepravides whfutly bexsnreidodide bevatrg with a

DLC | ayer 32Gurfadd fpﬁwﬁ@éi Pl B DoBfon {8 X {d€1 &8 AaPlwyi de a
texturlngtothes the DLC |.ayer 326. Figure 8B is a

cross-secti ofdl i ’tﬁna"ﬁ'%l?r PREr PRESsurface 328 of a rail 328 in
accor dan®e with anot herE:ep‘éwﬁhdmﬂ*s tﬁnh!/abthdalmdtc'b'ﬁi'dafhdé)rwm athén 10

i nt ermedi ary .carri Lcles 4 a C laye
t hereon. Int rz%%%r aaye 5 g% éggﬁpl g’eco%'}]i %ﬁtél‘?% er or
an adhesi on I@}@igmn&tmtpcb@s-d}zﬂ deposverage hawedl. Etgut:eoaC 0% a

Cross-sectio 3 CCQr:
enbodi nment de%%%;ﬁ ?N ani’s Fe)'ﬁg‘?lrlé%%a% ﬁagggﬁ gl%elg%n%u\fbé %ﬁqm d 338 is

f or med usi ng3a FtABePLoPbANT i1 ITaMers 3P oAq iRyeferRD and
DLC | ayasss Mdaodlm'ﬂ’nts ﬂmﬁ)vttN@Sftﬁ]Jlirl peethakrer aief HedydiHg niavtidd), my be

exposed as 2 38 vvear ed use. rtlcl may_be
deposi t ed oth%erbeaaéjs g}é%‘f? n% g‘ e oéE: el? %‘n"éﬁ?@ ﬁaagg g‘%ﬁr (?&ﬂdg ’i red
1000 A, an area of between about 10 and 100 um?,

density of about 1 pad per about 100 um? to about 10,000
2

um?,
20 about 10% to about 100% of the air bearing surface, in

The pads may be distributed across anywhere from

one preferred embodiment, the full texturing is confined

to an area in about the middle 2/3 of the rails.

Further still, in some designs it may be desirable to

have pads positioned differently on an inner rail of the

25 slider wversus an outer rail. For example, the

relationship between pads on the rails may be such that

pads on one rail are closer to a leading edge while pads

on the other rail are closer to a trailing edge.

However, these parameters may be adjusted as appropriate

30 based upon the particular configuration and desired
specifications.

Figure SB is a bottom plan view of slider 202

. showing rails 200 with various configurations for pads

204. As shown in Figure SB, pads 204 may by circular



texturing. The DLC, or other layer, is applied to encapsulate the texture
into the substrate. This |ayer 25 al so preferably provides a good
tribological material. Tall structures may be obtained using nultiple -

| ayers. Rwvguwpeo78D is a side plan view of a slider 350 incl F&TAS98108728ear i ng
surfaces 352 which are fornmed using a texturing technique in accordance
with this aspect of 30 the invention in whith a plurality of small
particles are injected into |ayers of _ggterial during fabrication. As set
forth herein, pads on sliders in accordance with the present invention

al | ow the sl kﬁ’@éA}O Ha_ﬁtahgﬁqarttadaemrredwgléadrb@era%@aa@ oy3 gechj gher
-22- areal recording.d Further, the need for zone t%qxt u%(%on t he

nmedi umis el PERREEE. 2°4ﬁ?guP§°9A ithe, shape ppRd PlageseRt of a

slider in aczed dri devpiredefd nedbadifgninaskinbet pehatfueisnvennagrbe Rai | 370
5 i ncl udes a%own in which the mddle portion 372 of the ratl is closer
to the nedi uhf ™t n conparison to end portions 376. This four pad design
(two pad® on each railFigaye FA ssnma cwdittbmeplan wéewusdept i ®leden -hi gh

stiction becgyge Héviﬂﬁ ::Péﬂéacg\ﬁet YREN SR B | Qi b))  ardthépd medi um

374. As illustrated | ure 9 he m ni num separ ati on di stance between
the air bear¢RgedimeRte oRa%%\FI 2320canyyt Radsy PRYEED fhakghtin Wich s

defined by Hﬂ&rﬁ'ﬁﬁtﬁnﬁssﬂﬁléﬁomlﬁothhgne&&& %”&fff ﬁ}{'@rh.rbdr’eﬂtft&)ﬂilﬁl ght of

pads 378. e cr ta aII sl i der

st gne i n vPROR 276 AN A heLoBE, HBSAPCL BVt BERTRDR SPoncERRcEss

fsi gni Iji _Eant | yasypbhgethehheibhe b g:g{e (;jadmdeaﬁ?ﬁe Esml o | fuxteheeni sc: is
ornmed betwe ic tive

| arge 20 )?'lg%{(%%\r/l\@ll? %:Fc?%%g%ﬂ d‘.{@eﬂ |¥s@anh1e4>1<arrp$eép?§§%?ctl ony

versus bel | yexamptancedds e2360rba\mecléealgaw@é'-)es‘for hgighy swhieh design

havi ng four @f@étéa?Sthme e 5050 B %& Bﬁdbs 49 haiee asep&mselwel !
stiction for> s|iders awngfour pads Mth a A | ubri ¢cant %@
hts for

havi ng a nedieheRbIERIFRLiSahgHt 204 va'i['}"ﬁtgﬁ?éti‘:ﬁ ]f‘ﬁéQBEI'P
the fivesdi f2eoetmpbesds P tretkpie ﬁah‘s@(ilb:)tl\b&'rlz&hhdoﬁ&alrl’l dﬂ’letl@éown

while th d h t b

11 ustr at ed TROH qurd SR naney | 0R8ET Boidno it pis 20 bngCges
stiction andcmtagtdbeawaenetheItr@alimguéém: 238 of beligex| 230 @ (i.e.
highly crowngdd &iddefuy RigeratSion N G th&ihdFe WS epf1he@Hscdh t h

reat er
d in Figure 6A the location of the pads can be randomized.

20 Such randomization reduces the chance that the pads will
contact the disc along the same track during repeated
operation. This reduces unbalanced wear on the disc
surface.

In another aspect of the invention, the area

25 of the pads can be wvaried either randomly or as a
function of position. Figure 6B is a bottom plan view
of slider 240 having rails 242 carrying pads 244 and
246. As illustrated in Figure 6B pads 244 which are
near the leading edge 248 of slider 240 provide a larger

30 area in comparison to pads 246. This configuration is
advantageous because pads near the leading edge 248 of
slider 240 tend to experience increased wear and stress
relative to pads closer to the trailing edge. The large



cl earance provide significantly less stiction. Since the height of pads
378, and in particular the height of +-23- the rear pad, is constrained
by the requirenent that when the head is flying over medium 374 the
trailing gedRepezt he slider which carries the transducer mpgtr/Ussspsrzti oned
very close to the disc surface, this stidtion 5 represents a critical

I ssue in four pad designs having crowned rails. Figure 9Cis a bottom pl an
view of a slider 390 in accordance with another enbodi ment. Slider 390

i ncludes rails 392 extending fron1a Ié&@an edge 394 to 10 a traili-ng

edge 396. S |de 39 f I ncl udes_out er | e pads

400. The a H?F #*HQ t4ﬁ®pﬁgﬁ%% V%gre %g%?ﬁgg'%gg%ﬂiggtmee

adj acent padiess hekeé@utedbbybrdkanwdunﬂhg4qpenanqnn|son to the four pad

desi gns shown in Fi gurat Yirel 3c {D2OBUEDORY 1%9%%@61@1%@ PLOBL LTS shown

in Figure 9B are mti I n anot her aspect” o resent |nvent|on t he

probl em asso2bat &8 WF:Fﬁréla@WF (!’é-rﬂb@n&tlhﬂrnqulga\n%rﬁer%} Bler

uncrowneg angsgsi nﬁanbesQurme#ae %ds EBQ foaid zmls |Pféféf@o?¥1 fler air
at a

beari ng surface of f of um when d |s such
crown is not h%E%s?&Fy ?Eéi??ﬁf°g Fh g CP°§ %é(ﬁﬁ?ﬁk&kﬁn
separation betmnﬁédtteraubnbe&rangreunédcsaamdzshe andunzsﬂrmayebes

det erm ned by_the t LGl O rohLe trated in
Fi gures 9A ég %ﬁ?ﬁ@'él$%§%%Eéd h?igﬁgl Q%E&E teBdgrrfgntgg &é%{{%@ %?omn S
provi ded suchedhae chatarbabahweenstbefcrevnadipoyriar @5 prbve RS2 he
deS|redlgtlcihoghéeggaahgn For exanple, using the data given in Figure 9B,

if the crown 30 is less than 0.2 [err]inches, the disc to air bpearing
surface separation wilFiB8r&et6R med $Hi%aViey BY ehSlFdehaghtin n

anot her aspegtcetdhheepreixant and¥RBki @bddina bekown eeegatiadt tihdt
Surface duri FEOFARE S ZBAri nb™t hES| HTRTar MoRacet of -Fake Sff PRRE m ddi o
portion (i.e264"pekliyipnetd leas Ithee l eaatirar tesigeh @ G difirs L idex he6Qel oci ty
increasgs, t}g,Lea%099RAGhich is greater than pads 268 positioned
closer to the trailing edge. Pads 264 extend from the
leading edge to the mid section of slider 260. This is
particularly advantageous for heads in which the leading
edge may experience increased wear in comparison to the
20 trailing edge due to a negative pitch of the slider
during initial operation.
Pads 268 may be formed using a second mask, or
other technique set forth herein, for example, and
disposed with a height to avoid contact with medium 262
25 during normal operation. Further, pads 264 reduce
stiction during normal operation and are capable of
absorbing any contact or wear should the slider 260
pitch forward.
Figure 6F is a side view of a slider 270 shown
30 flying over disc 262 in accordance with another
embodiment. Slider 270 includes bumps 272 in accordance
with the present invention. In the embodiment of Figure
6F, bumps 272 have are tallest near the leading edge 274
of 'the slider which is progressively shorter in a



5 of the slider contacts the nmedium because the slider tips forward.
Finally, after take off, formation of the air bearing causes the slider to
tip in the.opposite direction |eading to contact with the trailing edge.
Thus, di f W 8M079PRorti ons of the slider are in contact 10  RETAISP#EB72Rdi um
surface during different take off periods. 1n one experinent, contact
start/stop testing was perforned on an air bearing surface in accordance

wi th enmbodi nents set forth herein havinggDLC pads on a highly polished :
medi um surface. It was discovered that 15 the pads |ocated at the |-eading
edge of the diilrelmﬁrdmg:mﬁ bmdseﬁrﬂy:elhg bage adbesi raikomags bexperi enced

during take f % i However ad ocated i n_the mddle
portion of t %fe (yt %g:ear e ‘ﬁ%ﬁ?‘? o é'bdd’e%ﬁef%lrﬁ& tlbraoﬁgf‘fl&ﬁd wer e
not subst ant P&l |§tems vvoThe Riepmer 0 meya Wt cbaphad vikwowghaas! i der
420 in accor daaseawd @é&&&ﬁuém%szﬁe&a Idferegefudnctiidenseegd no edge

422 andtrallln a center rrie reon. Rails
428 extend 25ha %a"dﬁ@ gnriag Ehe@wosh'él@mw% foyrmatien prpgessgsed in

Figure 10, the rails ofArﬁddlféaf Képase dbyi deHegeppeabhy | RhQehPies
sections, aleag%‘H S |on 430 amd sectl n 43 ndatralllng section

434. Leadi ng*8§ FHIIBL HieR hBvRREMenF ePEt PREFy OPa
di aneter 30 al@obearea); Snrﬁaoel :dayaﬁl@hdséma-]o speendzl paﬁ‘fbedauﬁeet he

| i kel i hood of breakage t| N 434 al_ so cargies | ar ge
Size pads 438 to prow S'L‘t% 5}151 C‘qtq’f?sa%& Fedice $He ;5;855| hl Flity of
br eakageé® M 8raddipen metarQﬁ e§:19¢ral$bldepadscam0 whprovpr ogpdéaat - 25-
smal | er crosgraeelsedd (283 W@%fmc@b%@gidgez%@let 211i3C e 51 bELI ON and

i nprove fIyaEi. |ﬁg, The ,i ncreased size of 38 al so reduces _the anmount
of wear shoutd | ERgEAPCBRACKYARTHS Hhﬁi&Pé( eeBhpcsdnEng§heptratiidng 5

Thekpads 436438, 4K Bhemﬂmhﬁiﬂgiggl(aﬂmd%e %ﬁﬁ%hcdakﬁd djzléwd a%-_gl Ingl e

maski ng oper v ou i i ng .pads esire i ple

masks mag QEI';%\{;I:' 1%or%exagﬁllé‘ tht% T“gggﬁng cHo¥YSFs nd BErmade

hi gher 3ach Hﬁbﬂ-ﬁéme;}S simprdvedoby wesning tthmjtréa(r padisompwgrdhe

e ooUr ! EREC1EAGRR! ARl I L R AN Ace L ol WOHE CraubobagL 2 1Y
i nvent’ion ee

i ncrease stiction ﬁ i, t he present esc ed with
ref erence t o™pRrEf eFP&d %ﬁﬁéélPHenFéSev\oPFEer shgk plédern Fﬁéu§|ets wehe

recogni ze thaikehahged that the pads will contact the media surface
due to changes in altitude, roll sensitivity and access
20 fly height losses.

The present invention also provides a
technique to overcome the tradeoff between CSS and
flyability performance. Figure 7A is a bottom plan view
and Figure 7B is a side plan view of slider 300 in

25 accordance with another embodiment of the invention.
Slider 300 includes rails 302 and pads 304. Further,
slider 300 includes kick pads 306 positioned behind pads
304, closer to trailing edge 308 of slider 300. Kick
pads 306 prevent slider 300 from tipping during

30 operation in a manner which would cause the trailing
edge of slider 300 to contact the medium surface. This
will avoid a high stiction orientation during operation.
Further, kick pads 306 allow pads 304 to be placed
closer to the 1leading edge of slider 300 thereby



15 may be made in formand detail w thout departing fromthe spirit and
scope of the invention. In general, the pads may be pl aced al ong any
protrudi ng_portion of the air bearing surface such as the side rails, a-
center rapwooomepanter island, etc. In general, the presentPOus9sioaT22nti on
I ncludes all of the various sizes, shapes, heights, placings, :
configurations, densities, etc. of the pads set forth herein. Such pads may

be made in accordance with any of the )cesses set forth herein or may be
fabricated using other processes as desired. 25 Sinilarly, the specific
process her ei é%&h b 0R o@f tr§§gf |g§ Rave been
speC|f|caIIyi§8 él qgispfﬁg %%gg%¥lg8% A

é MA h ang type of
transduci ng Eﬁéﬁe%95|héVﬁd?n@e%ﬁbﬁcWhWGh #BgheEsr §P§th§ hedgbbt PEal

el enents. ﬁa&@ 304eNRIcH  thatt page 9’ oS hbe RIFEH Yrkonhadiat he disc
surface durin S ggq do not coqfafi i he dl%g surface du |n%dn0éggl

flying. REFVES rer™a yinga 4ir8€ §5ESt By

conpri si 8Q: andot:ma ngsdlmﬁmh@asdmc shat acheya maytnshhlceaglhgad for

reading and yeLLEOG 0 $0E0 0S¢ ULIACG: L IADYUEIINL acfd HOWEL LYz COUDI €d

to the trans |ng aving éreon and havi ng
an air bearlﬁgaparaadeposhlenLGGrteuppbuEVﬁgthﬁed@Sangduélﬁgnﬁeaad

pr oxi mat e thétQké?sEBbf A RarA8€eiBLYES! | £r Of paﬁ:%t%wa%d gnigbe, rails
havi ng an area _which contacts the disc surface urlqg%CEQéact start/stop
|

(CSS) and a Wedahe dBPEiredipRseFRESSh £tRdelThY g 488 ™Y nmxi num

stictiopodurb8go€SsprZopriate éﬂﬁé(ﬂsﬁapkidﬁidéﬁﬁﬁgﬁ aysdesieédclaim 1
i ncluding a |ubricant arrled qu‘ﬁg I sc surf mherf%ﬁﬁthere is a
t

substantially |inear PStlgﬁﬁﬁ EnEhi & n? f%t nd- 105t cahit and
stiction betaeeqrdhacslwdeh 4he Presdirgr Iwdndtion 3is that thenpadlsd of

fabr cating flap! ilonld Sndbefi Jel Wens! SIA%RRYSIE Mot ATRIVSY NPimgD! &1 N1 N
a slider having an air bearing surface, ositing a _mask on t air
bearing surfBeés tends to reduce the compatibility of the pads with

15 a very smooth media surface. The. smooth pad may
increase the dynamic friction.

One aspect of the invention includes texturing
the pads to thereby provide a rough surface on the pad
to further reduce contact area and thereby reduce

20 friction. The texturing may be in accordance with any
technique. However, one technique which may be
integrated in a diamond-like carbon pad is through the
introduction of small particles, such as silicon
dioxide, slightly below the diamond-like carbon. For

25 example, the smallest particles may be 3 to about 20 nm
below the DLC. The total thickness is in one
embodiment, between about 30 nm and about 50 nm. The
texture may be applied directly to the air bearing
surface, (for example, using a mask to form a pad) on a

30 DLC pad, on adhesion layer, or in multiple layers of
particles and DLC. Such particles may provide a height
of between about 0.1 micro inches to about 10 micro
inches.



t he mask having an opening forned therein which exposes a portion of the
air bearing surface; depositing a | anding pad | ayer of material in the
openi ng of.the mask wherein the | anding pad material is depgosited at_an
angl e; anwo 9900mapvi ng the nask fromthe air -bearing surfabe R/ BE
formng a landing pad fromthe |landing pad material on the air bearing
surface. 4. A nmethod of fabricating a slider in a disc drive storage
system conprising: obtaining a slider-Baving an air bearing surface;
depositing a mask on the air bearing surface, the mask having an opening
formed therein which expbgesea8hois ideisie (dross rseebionglsvitedcet abl ating

the air bearlng puicse 126 ouoP Lgsrgﬁgﬂgugggge; R&rFsing & fgddn fapad in.

the air bearing surface; and renovin romthe. air ,earj(g% sur face
n. 5

t hereby expodiadf 87e dnclyss PAgticlescad2git FUEReAP R+ HraR A1 et
A disc drive cdtcansSyst £MDLEOTRYEE BY6 .2 het dllugtHaedavh igute sc

Cransducitng. St 08 PAFEIcdsibrad BrPSIds Rt erENERDS kY Wae Seidte e
havi ng an ai rofbadie MLEULdper, 3268e slider supporting the transduci ng head
Broxi mate the disc S”rfﬁ‘fa&%r% é’é%é"étcé/r%sﬂ%&é@i?ﬁéfsvi%”sﬂéﬁ‘ dpe air
earing surface causing ydr 0dynam c etffect on e alr bearing surface
duri ng oper atiemrinmdsarfheas328nechad sridhe28 r ineaconydandecelthd
extendi ng froRddife Al EmbSaiheHE 1inSWHiRGE d Npddesdbr ¢al irdinicanasdl ahe disc
surfaceio intermediary layer 332 which carries pérticles 324 and
DLC layer 326 thereon. Intermediary layer 332 may, for
example, comprise a DLC layer or an adhesion layer with
particles 324 deposited thereon. |

Figure 8C is a cross-sectional view of a pad

15 338 in accordance with another embodiment deposited on
the air bearing surface 340 of a rail. Pad 338 is
formed using any desired number of multiple layers of
particles 342 and DLC layers 344. This provides
multiple layers of texturing which may be exposed as

20 head 338 wears over extended use.

The particles may be deposited on the air
bearing surface or landing pads to provide desired
texturing. The DLC, or other layer, is applied to
encapsulate the texture into the substrate. This layer

25 also preferably provides a good tribological material.
Tall structures may be obtained using multiple layers.
Figure 8D is a side plan view of a slider 350 including
air bearing surfaces 352 which are formed using a
texturing technique in accordance with this aspect of

30 the invention in which a plurality of small particles
are injected into layers of material during fabrication.

As set forth herein, pads on sliders in
accordance with the present invention allow the slider

to fly closer to the medium and thereby provide higher



6. A disc drive storage system conprising: a rotating disc having a
di sc surface; a transducing head for reading and witing on the disc
surface; transducing circuitry coupl ed to t he transduci ng head; - and
a slider wA%97®8n air bearing surface adapted to carry theQuesssesrzng = _
head proximate the disc surface, the slider “including a plurality of pads
extending fromthe air bearing surface in a direction substantially toward
the. di sc surface, wherein the pags are distributed over
substantially the entire air bearing surface of the slider. 7. - A

di s](c: drive tsageager;mmngc]gu&ﬁéﬁ%g: @urxgh@t:i,tnpm% SﬁetQ%Vifgﬂ azc?ﬂé?
surface; a uci n ad for.reading.and witing op the disg surface;
transduci ng Eg%?ﬁgﬁi P?’S/t:&’eco'ﬁ%cﬁ Loh IFQ%llf'ﬁélatttegnsdu%ﬁ'Wﬁeaﬁ; 12 Rider for
posi tioni ng $hdet phasdutewgolicad rpidx3met eft he sdiisers drf akrsordihed i der
havi ng at | r ad [ ' ' [ slidi air
beari ng sur?g%%h‘:(é&gene%?%ﬁ%ggigng'é}?%ixdéaél%g sur eca}g-éf?%'r ;%ﬁ]gsgﬂgn air
bearing ?her¥Belwdes; ascrewn iy waiyeh pee puisidiomsdrtuion (72 aif tife the air
bearing surfagelchasenckert ke |taadinmadges 7 %ﬁecéhpgﬁﬁgoﬁWWdSHEET

e afr

a trailing edge_pad pgsitioned on the rail _of, earing surface
near the tr%‘???ﬁ%nﬁdgésof Fﬁ’ésslﬁq}’é? PaghAefigRi AtVAePREEd Oy @affe and

trailing edgeapbdsmérpyeidi bmei agbbai@bhts,8be suscephi®ilec t& iniglst or age
LT, COTELEL O LA 0 tE SRR T R ST 19,

coupl edl0 t 0372 | qedt meddtncBig -hedds il kisthatddripoBitheai 92,1 the

t ransduci ng hB@tnum separation distance between the air bearing

surface of rail 370 and the surface of medium 374 is

defined by the clearance at crown portion 372 rather

than by the height of pads 378. As the crown may be

15 substantial, especially in 50% slider designs in which

the clearance between crown portion 372 can be

significantly smaller than the height of pads 378.

Thus, a large menisci is formed between crown portion

372 and medium 374 which leads to relatively large

20 stiction. For example, Figure 9B is an example of

stiction versus belly clearance (i.e., crown clearance)

for a 50% slider design having four pads 378. The data

from Figure 9B is the three second dwell stiction for

sliders having four pads with a 15 A lubricant film

25 having a medium molecular weight. The variations in the

belly heights for the five different heads plotted are

caused by variations in the crown while the pad height

was roughly constant at about 1.3 to 1.4 uinches. BAs

| illustrated in Figure 9B, there is a strong correlation

30 between stiction and belly clearance. 1In particular, a

low belly clearance (i.e., highly crowned) slider

exhibits very high stiction whereas heads with greater

clearance provide significantly less stiction. Since

the height of pads 378, and in particular the height of



proxi mate the air bearing surface, the slider having an air bearing surface
generally facing the disc surface for formng an air bearing therebetmeen;
a | eading edge pad positioned on the air bearing surface closer to th

| eadi ng ewgmombrsehe slider; a trailing edge pad positioned &?"?5?@’”37212
beari ng surface near the tralllng edge of the slider; and a m dsection

pad positioned on the air bearing surface'betmeen t he | eadi ng edge pad
and the trailing edge pad. 9. Axjsc drive storage system
conprising: a rotating disc having a disc surface; a transducing head for
readi ng and whit iearorpdde disscciytirdsied riapsdhei npquiciemant ryhatcoupl ed

to t he tran duci n% B?%?‘n%dgé?l d.(;;;?,LrngnhaV| (L Ng rﬂggg’b&l Ig%ri es‘f"%;f%fn or

supporting Fﬁeth Foxi ma surface
and a rail ex#igadofigthe alddeecwhmqhoéasrndsngheatra@aéﬂcgﬁemuﬁﬁdbﬁg pad on

e Lo bO8:BLEnBRAULDG SYELECE, PULHIERIsLRrACY, " ERLLOBE R8BYOA! O (e

air bearing

posi ti ongd beemgeﬁeatSraan%}MQRﬁBRﬁSQQM9QHﬁQRﬁ RA @%%l$%ﬂdhﬂ§1€§d t he
kick pad havipgufeReir@hitigthich is less than the height of the |anding pad

and havi ng a hei ght d.a t t t h I f d
10. v A di sl:gdrl \6/12 &%&%?é%ﬁ% gﬁﬁ?‘??ﬁ'ﬁ%"c Vlge o?e%?‘?néfg?‘é%l h:\r/l ng

a d]icsc surfagep ant aaksddng: haeuhfmoﬁmduergomﬂnemttu n§libdetrhasi sc

i der for pOSFLRBAAN2RAE o SRiera e aon; i earans, 209 3V pRC

slider iocl udi hgaabiagr elger BAE - suSiadethQDnéuathGXt&n@éuﬁéﬁtPBHeForned

thereon; andedge pads 398 and middle pads 400. The addition of
middle pads 400 cause the effective crown between
adjacent pads to be reduced by a factor of 4 in
comparison to the four pad designs shown in Figure 9A.

15 Consequently, the clearance problems shown in Figure 9B
are mitigated.

In another aspect of the present invention,
the problem associated with crown can be eliminated by
leaving the slider uncrowned and using only four pads.

20 The four pads lift the slider air bearing surface off of
the medium when the head is at rest such that a crown is
not necessary for take-off. With such a zero crown
design, the separation between the air bearing surface
and the medium surface is determined by the pad height

25 and the stiction problem illustrated in Figures 9A and
9B is eliminated. In another embodiment, a slight crown
is provided such that the clearance is sufficiently
great to provide the desired stiction reduction. For
example, using the data given in Figure 9B, if the crown

30 is less than 0.2 pinches, the disc to air bearing
surface separation will be determined primarily by the
pad height.

In another aspect of the present invention, it

has been recognized that various portions of a slider



wherein the textured portion conprises dianond-|ike carbon (DLC) including
a plurality of particles encapsulated therein to thereby formthe
texturing..11. The disc drive storage systemof claim 10 wherein the
t ext ur ed worwioam2conpri ses a | anding pad. 12. A di sc PIMIS8AI L age _
system conprising: a rotating disc having a disc surface; a transducing
head for reading and witing on the disc surface; t ransduci ng

circuitry coupl ed to the transdugigyig head; a slider for supporting

t he transduci ng head proxi mate the disc surface, the slider including an

a:rdbeaLing snéfaa?Jé@Fmaiﬁdfﬁ&ﬁEac@ ﬁiﬁ?tthén@?@@ @ﬂi%%?éidﬁkfﬁgtpe
slider havin Ir's cont a area ., f.or_contac e disc surface
during CSS; ga}ae oggCOndmluéhanﬁiﬁad'%lecPW? h8*a g &%‘g Rf face and
posi ti oned tmidéba pbetiionst (1 and] ntbeatlyihdod Ithedls’lg.dgig&:mitatdft& slider,

t he second | Vi re t he

di sc surface ur| ng @S %}E th% Qreﬁ.?%g.tg/ Sgﬁkgg%ﬁg a?léléoi?ggﬂﬁe&c dr%?g | andi ng
pad the Zeco®f EBAt ﬂld@rléacgntﬁpéﬁerﬁhw edijem t bechusebher @diidter ner eased
strength to @ﬁﬁ@rxbf@é\ﬂang m&&ﬂsﬁi IAAUGe talke bieke! fBQﬁQt%nt&? tifeond

| andi ng pad Of fairlcatlnga slider -as 1n clalm3,
wherein the ?h’ﬁd?ﬁ@r%‘g |%aLEf§eepﬁ)sFlE‘%ds AOSSt (6hielP | §n the opposikewpt hod of
fabricating cﬁllséa:t:imnaieMmigalmlaon\t/aeltelﬁtiﬂletﬂél tQhﬁQEh@abdi_;@OSl tion

fabri cating D41 drc bRt Rt Be FEI PR PhiaREnarR, asoEA
conpri & DIWithethe mediumt lsudfafcef abuirdagi ndififereder wakén dﬂfal m 13,
Sinec ol ALFLSSS11 e L gl S Mg 1
wher ei n t he W3HdPHEE pEREHaS s 3t rAdek BerFaRg. surface in accordance
with embodiments set forth herein having DLC pads on a
highly polished medium surface. It was discovered that
15 the pads located at the leading edge of the air bearing
were broken due to high adhesive forces experienced
during take off by the leading edge. However, pads
located in the middle portion of the slider and near the
trailing edge were not broken and were not substantially
20 woxrn.
Figure 10 is a bottom plan view of a slider
420 in accordance with another embodiment. Slider 420
includes leading edge 422 and trailing edge 424 having
a center island 426 carried thereon. Rails 428 extend
25 along either side of the slider 420. As illustrated in
Figure 10, the rails of slider 420 are divided generally
into three sections, a leading section 430, a mid
section 432 and a trailing section 434. Leading section
430 carries pads 436 having a relatively large diameter
30 (or area) to provide additional strength and reduce the
likelihood of breakage. Similarly, trailing section 434
also carries large size pads 438 to provide additional
strength and reduce the possibility of breakage. Mid
section 432 carries smaller pads 440 which provide a



18. A nmethod of fabricating a slider as in claim16, wherein the

| andi ng pad has a concave surface. 19. A nethod of fabricating a
slider as-in claim3, wherein the |anding pad has a square_sh é; % A
met hod oWQ &M ¥ating a slider as in claim3, wherein the ngﬁﬁf 30%7@ has -
an elliptical shape. 21. A method of fabricating a slider as in claim
3, wherein the | anding pad has a circul ar shape. 22. A net hod of
fabricating a slider as in claim3, w®&fein the | anding pad has tear drop
shape. 23. A disc drive storage systemas in claimb5, wherein the

hydr odynani smallezt cross-iseet ixddilt iagrea Whieh pay be optAndized & ve
storage sysig@as tselelt%'i@ %nd"*l‘?r&f‘r‘dl/é hﬂ;bétgipﬂwam ehefl § aehraeay | ses_

addi ti onal danp di's¢ drive_ storag tem co

rotating di §ézﬁa9fg-n§a§5dﬁ§§ §&FPa€%duSe?r 5H§d6&‘PH§‘th€ g‘%dﬁ]ﬁilg and
Wit gg on pﬁalgngédsab?&%t b} died oc@mfcaufmg op&bﬂalt&dinl é o the
t ransduci ng hea er air r|ng surface € S er
supportgng t he transd enBaH %Qg gg?l’fﬁlég PHEY %18 SR Jt'@énar}f ll?r Sali ty of
m cro- po_resf&brnreelted usdng = [EHagly waskine cpesahjon.hyicwdweay c ef f ect
on the air beghiRdg %L@&g,?ngspggbepgé@akaabeamk e pRsnadagnghe al ¢

beari ng surface an exten rom-t e In tthe direction

toward t he Bro¥idedfacdomngxanphier dite t%%aﬁ%éﬁoﬁﬁ&eeé’%ﬁ%emayd?ﬁ red

peri pheral ﬁQéeehﬁ?Heﬁ Q@éhrﬁijatgﬁﬂ{éy%@ifstaitrp moxr?f RieRMe withidt desired
hydrodxnam C Isc drive stora %st m as | cI ai m 25,

wher ei theaﬂagﬂ”bﬁ@raﬁ %h&ﬂyédiegf c?‘r‘%%f'ﬁ?tFo %hF@gEaF
hydr odynam guefaeet whiéh would &wmn&ialblytﬂnegeasgsbemaiam cl ai m 25,

wherein the ripheral Ail?:%%%g %chuarei) eosgig@i ei’ﬁvérthiQESi 5‘3@ h%%regldynarri C

ef f ect.

described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
15 may be made in form and detail without departing from
the spirit and scope of the invention. In general, the
pads may be placed along any protruding portion of the
air bearing surface such as the side rails, a center
rail, a center island, etc. In general, the present
20 invention includes all of the wvarious sizes, shapes,
heights, placings, configurations, densities, etc. of
the pads set forth herein. Such pads may be made in
accordance with any of the processes set forth herein or
may be fabricated using other processes as desired.
25 Similarly, the specific process herein are not limited
to fabrication of those pads which have been
specifically set forth herein. The invention may be
used with any type of transducing element including
inductive, magnetoresistive and optical elements. In
30 general, in these designs the pads only contact the disc
surface during CSS and do not contact the disc surface
during normal flying.



28. A disc drive storage systemas in claim25, wherein the

peri pheral shape is elliptical to achi iumm]ﬂ"mﬂll Eﬂill drodynam c effect.
29. A disc drive storage system [ H erein the depth

cont our Iveeomod7bat bottomto achi eve the désiked" hydr ddynaREEUSPFETR2 30, _
A disc drive storage systemas in claim?29, ~wherein the depth contour has

sl oped sides to achieve the desired hydrodynam c effect. 31. A di sc
drive storage systemas in claim?25, wgwrein the depth contour has sl oped
sides to achieve the desired hydrodynam c effect. 32. A disc drive

storage syswamrazs I ™MED X% Wwherein the depth contour is V-shaped to

achi eve the_desired h dr%¥>namac.effec&. 33. & A d'gsc dr{':ve.storage

system conprising: a?t ofdtihgUit¥E h8YPREIS oF¥E Sl 5RE. E°PFARYduci ng
head for reddifegmatdon ohi agsunfade aff scretrting; di sapscompnysingizrcuitry
coupl ed to the transdugi ; [ e b r Fale}
surface, the slider sgdgport‘l%&%]ﬁyt?gﬁé uglggﬁg?%\égéf%ﬁf%(@m‘f’ggﬁ%&di sc
surface: -40- a plural i thpfsirmdtdan ot dhe gtird swriaeea angeari ng

surface causing a hydrdyam gpeghkectopn ddigaing beael nersHsiaeenguri ng
operation; at |east one pad on the air beari n? urface ggd extending from

the air bearing surface in 9 RRPHAHS t¥fe et2Shrface; a first
pad di sposed.on the aix digsy i wrdaneadeslj siestrdm t heoheatlsingedge; a second
pad di sposed on the air _beari.ng syrface adjacent.the trailing edge; and a
m ddl e pad di sposed h& vfé’er?‘ttlﬁ% féljirss C}éah‘ﬁuggc n%léb%as's&fgéé%rm nat e cont act
bet ween di sc surface an¢ramsducdmg he4d for readdngcaddi wveitivgags system
as in claim33, wherein theyd r§tye &nd mddl e pads each have a
respective height and the height of the mddle pad is |ess than the hei ght
of the first and secofFanffucing circyit¥c FeHRIedorabe syEbém

conpri si ng: transducing head;

a slider having rails formed thereon and

having an air bearing surface, the
slider supporting the transducing head
proximate the disc surface; and
a plurality of pads carried on the rails
having an area which contacts the disc
surface during contact start/stop (CSS)
and a height selected to provide a
desired maximum stiction during CSS.
3. The disc drive storage system of claim 2
including a lubricant carried on the disc surface and
wherein there is a substantially linear relationship
between thickness of the lubricant and stiction between
the slider and the disc surface.
4. A method of fabricating a slider in a disc
drive storage system, comprising:
obtaining a slider having an air bearing
surface;
depositing a mask on the air bearing surface,

the mask having an opening formed

This Sheet Has Been R

AT 555




a rotating disc having a disc surface; a transducing head for readi ng and
writing on the disc surface; transducing circuitry coupl ed to t he

transduci ng head; a slider having an di i“ U Mme, the slider _
suppor t i n§¥@ P0FI2ansduci ng head proxi ﬂsl!lmcﬁm ﬂ LI IT* ace; PAUVHRRO3% v of.

m cro-pores formed in the air bearing surface causing a hydrodynam c effect
on the air bearing surface during operation; &at |east one pad on the air
bearing surface and extending fromthe-zi+ beari ng AMENDED SHEET 41-
surface in the direction toward the disc surface; a first pair of pads

di sposed on rails adjacent tterediadiwiylchigexpasdsaaseeortdqmief otheads

di sposed on rails adjacent t tay L4 ﬁglgfa 5. A disc drive
storage systemas in claim ?g'q: \%égarée]irg‘%’gt. e racl:%'s each have crowns, further
conprising: a middl e p&ePsfitiag allapeied pacdnéaiernhefiprEeraad 38cond

pairs of pads to elinmnate e ¥geditHyash the msskf agedand the crowns. 37.
A disc drive storage sxﬁstem,as in.clai mé,§ v%erei n .t he pads have,a convex
st

surface. 38. A dFEERARE S5 a g W FHE c13Hm PEHREPSin the
pads have a concave surface.su¥¥ace thefebysdamirgy saorlagelinestpadas in

claim1l1, wherein the pads h?%vﬁt%%uagﬁhdgﬁggggdﬁgaterial énd'kﬁg {j_,ve

storage systemas in claim erein ave an el l''ptical shape.
41. A disc drive stordpariyng equxfade. cl aim 1, wherein the pads have

a circular shape. 42. a petHbdi 88 HabiS HitATRPS S¥$igAYAYH M CaEE 1,
wherein the pads have a tear drop shape., 43. A disc drive storage
system as i nSELYRNPEOTRGS SYiSteIbh GUBRTHHNG: | eading edge, a trailing edge
and a crown therebet weebtafitiier acospidernthawind r $n padrdi s@asegon t he
rail adjacent the |eading edsqlex;faaces;econd pad di sposed on the rail adjacent
illuminating portions of the air bearing
surface with a laser beam of sufficient
intensity and for a sufficient duration
to ablate portions of the air bearing
surface; and
controlling the laser beam to form at least
one pad on the air bearing surface.
6. A method of fabricating a slider in a disc
drive storage system, comprising:
obtaining a slider having an air bearing
surface;
depositing a mask on the air bearing surface,
the mask having an opening formed
therein which exposes a portion of the
air bearing surface;
ablating the air bearing surface through the
opening in the mask to form a pad in the
air bearing surface; and
removing the wmask from the air bearing
surface thereby exposing the air bearing
surface with the pad formed thereon.
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the trailing edge; and a mddle pad di sposed between the first and second
pads to elimnate contact between disc surface and the-crown. -42- 44,

A disc drive storage systemas in cIa1 first, second and
m ddl e pasiD swhezhave a respective hei mﬂmmma 'mmﬁt of PTuSSsiOdTRE pad
is less than the height of the first arfd $ecobndw pads.» 45. A disc drive
storage systemas in claim1, wherein the slider has two rails each having
a leading edge and a trailing edge, fLU%ﬁEN conprising: a first pair of
pads di sposed on rails adjacent the | eadl ng edge; and a second pair of pads

di sposed on nail s ad] agens dduutiivll ldkkflitay Aem, compAidisg: 01 ve
storage systemas in claim 45 wherein the rails each ve cromns, further

conprising: a niddle péi FOSRYIRE S JHEME eI RMFFRSE: and second

pairs of pads to elin eateabeduading tleade ot seadtiingaandantitiggcsonwns. 47.
A disc drive storage system §§ inclaim ﬁé? wherein the slider has a | eading
edge and a trailing edge, SR ?ﬁ&m are not distributed adj acent
the trailing edge. 48. transdut:dxgc drimmlidtny ageesysladn astén cthem 6,

wherein the pads reduce the;ygﬁg ToI g éhlve to slider surface
fl at ness. 49. A disc drive storé%e systen1as in claim®6, wherein the

slider carries a | oad én&lMﬁﬁﬁﬂ?PYh@gpaﬂsaanPﬁﬂﬁﬁﬂStﬁﬂ?ﬁ%ﬁﬁ}cﬁ%ﬁ a

substantial portion of the @yidyﬁugﬁgbéyfiﬁgethéotransdudi Y SKedli ve
storage systemas in claim®6, wherein the slider cludes an 1 nner rail and

an outer rail defining the B5O@aYhJ& GG, S Gher®dth the pads are
posi ti oned d|fferentlyaopnurahnuyﬂoﬁ%mﬂcﬂdkpbrﬁstfﬁrmndednrﬁhé abit.

A disc drive storage systemB@% é;%ﬁp}%ral Séghggéhqgﬁ%p ; , Qut er

rail s each have a | eadi ng rng-e 28It he pads
on the inner rail are p05|tﬁ@@@@b:b@séhetélrhbeaeaugn§u26398t¢nwnmme pads
on the outer rail. operation.

8. The disc drive storage system of claim 7
including at least one pad on the air bearing surface
and extending from the air bearing surface in the
direction toward the disc surface.
9. A disc drive storage system, comprising:
a rotating disc having a disc surface;
a transducing head for reading and writing on
the disc surface;
transducing circuitry coupled to the
transducing head; and
a slider having an air bearing surface
adapted to carry the transducing head
proximate the disc surface, the slider
including a plurality of pads extending
from the air bearing surface in a
direction substantially toward the disc
surface, wherein the pads are
distributed over substantially the
entire air bearing surface of the
slider.
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52. A disc drive storage systemas in claim50, wherein the inner and
outer rails each have a leading e g edge, and wherein the
pads on the inner rail are positi ﬂﬂnmmlu)m m”llle trailing edge than the
pads on tWweoub®s rail. 53. . A dfsctdrl vé storage systRET/HSINGITZA ai m _
6, wherein the position of the pads is pre-defined. 54. A disc drive
storage systemas in claim®6, wherein the posi-tion of the pads is random
55. A disc drive storage system.gg.in claim®6, wherein the pads have
di fferent heights. 56. A disc drive storage systemas in claim§é,

wherein the ymds have Hi Bi@éeﬂbﬁér ktoragjecassstem, comprisilhge drive
storage systemas in clai reln ds havi n a, relatively larger

surface area are p05|t?oﬁgha55ch %&ﬁHQKf £ dhtt pATE’ having a
relatively small er suréaceanséacang headtfonedeadpageandawrmamhgngnedge.
58. A disc drive storage a%ggegMQ% [ cIa|n16 wherein the slider
includes rails defining the arr "béaring surface and wherein a |eadi ng edge
of each rail includes branpgddciagt r aicineypiddge ofcarkedai | tencl thes. one

pad and a m ddle portion ofteaﬁeduehwﬁp%@aarw many pads. 59. A disc
drive storage systemas in in, the hei t'he | eadi.ng edge

laim?7 ht
pad is greater than an® ?%égﬁélﬁ%ﬁ Eﬁs%%eoﬁ%ﬁgthﬁ gﬁ@%s dygingphead
disc drive storage system peoRimaced.the rdisti sgrdase, hammgsmdesc
surface; a transduci ng head for readin and m”ltlzghfﬁét e dl% rface;
Fald

AVENDED SHEET  transduci n§2V>Br &8 LeaRS ce gt duci ng
head; a slider for p05|t|onfaglngetmﬁankdumlagrﬁaad ngM|ﬁmmmnm®eaU|sc

surface t he slider having 3&r|8@§E1% 4 ng in a direction of
sliding and an air bearing surface nera aC|ng the disc surface

for forming an air bea®i ﬂf%%&b&dﬂ@en?aé IE%%I%E@OEG e $ad th6si 8iBned on
the rail of the air bearingpetdifiage é}jﬁ@djet el eedi thecdyga@inghe

slider; a trailing edge pad 805|E%on%e 31 e rall of

a trailing edge pad positioned on the air
bearing surface near the trailing edge
of the slider; and

wherein the leading edge and trailing edge
pads have differing heights. _

11. A disc drive storage system, comprising:

a rotating disc having a disc surface;

a transducing head for reading and writing on
the disc surface;

transducing circuitry coupled to the
transducing head;

a slider for positioning the transducing head
proximate the air bearing surface, the
slider having an air bearing surface
generally facing the disc surface for
forming an air bearing therebetween;

a leading edge pad positioned on the air
bearing surface closer to the leading
edge of the slider;
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the air bearing surface near the-trailing édg"é" of the sli der; wherein the

| eadi ng edge and trailing edge p [ “ U‘“g hei ghts; and a plurality
of middl e pads each having a hei Rﬂ‘ﬁﬁ“ﬂﬂ“\ﬂ d on the air bearing

surface b%‘@@;@ﬁzhe | eadi ng edge cand the s trfailing edogcer/@askoaryherei n
t he height' © he m ddl e pads is between the- height of the | eading edge pad

and the height of the trailing edge pad. 61. . A disc drive storage
systemas in claim60, wherein the height of all of the pads is
progressively shorter fromthe | eadi ng?‘é)dge to the trailing edge. 62..

A disc drive storage system  conprising: a,rotating disc having a.disc
surface; a transduci ngahe%t’aa’fﬁggeﬁﬁﬁgﬁg R RPSLtH “Eﬁist‘ﬁﬁ d:lhéeg 8Y4Ff ace;
transducing circuitry cogghdthg surfaddientéannstecitngriieaty edge45-- a
slider for positioning the transducj.ng hea oximate the air bearing
surface, the slider having 'grﬁag'?lre bSéLéL?ilenr}g Sdt?ﬁ.ac'e generally facing the disc
surface for form ng anaai midegctien haeshepasdritiongdadihy edge pay

posi tioned on the air beari BeasiklAch ¢heachetfebhctheatieatingoeagt | ne
slider; a trailing edge pad positioned on the air bearing surface near the

trailing edge of the slider P28 grdsdda SFajdd o S9D on the air bearing

surface betwegn the |eAd'kili@ce%Q.vléaCthﬁ%9té”l%(¥§téﬁth nomsigbs pAg: and .
wherein the | eading edge\*ﬁgd .the trailing e %f ad and %he m dsection pad
each have a height, an PEARS 1 S| i T FOR pad is between

t he hei ght of the |eadangradgdupdtdgahdathfobherghding ahd wratlinggomdge pad.
63. A disc drive storage %é.%tce@nﬂ&‘d-d?e-d aime62, wherein a plurality -
on the

of m dsection pads are positione heair’ bearing surface. 64, A
di sc drive storage syst&angducing ai ®izcuitry coupled to the

transducing head;

a slider having an air bearing surface for
supporting the transducing head
proximate the disc surface;

at least one landing pad on the air bearing
surface extending in a direction away
from the air bearing surface for use
during CSS of the slider; and

a kick pad positioned between a trailing edge
of the slider and the landing pad, the
kick pad having a height which is less
than the height of the landing pad and
having a height and a position to limit
a pitch angle of the slider.

13. A disc drive storage system, comprising:

a rotating disc having a disc surface;

a transducing head for reading and writing on
the disc surface;

transducing circuitry  coupled to the
transducing head;

a slider for positioning the transducing head
proximate the disc surface, the slider
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wherein the height of-all-of the-pads is progressively shorter fromthe

| eadi ng edge to the tr qjght ' A disc drive storage system as
in claim9, wherein th@’"‘wgﬂﬁmﬁﬂﬂiiﬂl posi ti oned adj acent a | eading edge
of the sl whe99/0088. * AcdlsC,n dls st orage system as i nPCI/HPH/03H22 .
further conprising a trailing edge pad positioned on the air bearing
surface adjacent the trailing edge and between the |anding pad and the kick
pad. 67. A disc drive storage-3Yystemas in claim10, wherein the

textured portion nultilayered and is formed by applying a DLC | ayer over a
| ayer of small encapsul ated igerhiding asgir bearmsail serfiarechsvingge

systemas in claim67, whergj r‘té}&qntga téé dfféﬁﬁé&”@ﬂ paLhl ognincl udes a
plurality of DLC Iayers and a plurality enca su ated particle
| ayers. wherein the textured portlon comprises

diamond-like carbon (DLC) including a

plurality of particles encapsulated .

therein to thereby form the texturing.
14. The disc drive storage system of claim 13
wherein the textured portion comprises a landing pad.
15. A disc drive storage system, comprising:

a rotating disc having a disc surface;

a transducing head for reading and writing on
the disc surface;

transducing circuitry coupled to the
transducing head;

a slider for supporting the transducing head
proximate the disc surface, the slider
including an air bearing surface formed
thereon;

a first landing pad carried on the slider
having a first contact area for
contacting the disc surface during CSS;
and

a second landing pad carried on the air
bearing surface and positioned between
the first landing pad and a leading edge
of the slider, the second landing pad
having a second contact area for
contacting the disc surface during CSS
which is greater than the area of the
first landing pad.
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