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2:1 zs 0 3 J UL 2003 Patterned Laser Zone Texture BACKGROUND OF THE
TNVENTION ' This invention relates to nethods for |aser texturing magnetic
di sks and the resulting disks. 1t is known in the art to manufacture
magneti c di sks using the followng nethod. | . First) a NP alloy layer is
electroless plated onto an Al te. This N I ard, and
prevents the disk from being dgu““@mmmmmmmubsequent I MEHW’[HMWEN ead-wite
head during use. 2. The NP alloy lLayer i's then polis N i P al | oy
layer ©s then | aser textured at a region of, the di sk knowooges t he
contact-start-stop, or CSS, zone. This zone is where a read-wite head
rests when the disk is not inp ' t | aser texturing reduces
static friction ("stiction") g?:l?i& ?}ﬁéﬁk?%‘i o ﬁ%ﬁ bet ween the magnetic di sk
and thg read-wite head when the disk drive is turned on or off Reducing
stictipn and friction is inportant for increasing the useful |ife of the
magnet | c disk. 4. An underlayer (e.g. C or NiP), a nmagnetic Co alloy) and
a pr otfcti ve overcoat (e.g. zirconia or hydrogenated carbon) are then

Sputtefred, . r nto the | aser textured NP layer. s. A |ubricant
i s theh agﬁéléé&abﬁg%ﬁ%géﬁyﬁml%rcoat. | After fabrication, the
disk is incorporated into a hard disk drive. 2 The |aser texture is applied
to thed di sk by Thispryentien redaes topngtheds foolasdrdentumngminagnetie diskpend tiiei | e t he
substrate is spinnim. The |aser pulses result in the formation of |aser

4. hun@s, reshitimp dishkm be ei t her "ridge-shaped" or "sonbrero-shaped, "
depending on various 5 factors such as the | aser pul se paraneters. (R de

and_sefrbr er o- shapRaLVALIRRe &% S0 ﬂia%ﬁ@tﬂ?esﬁ.éjg]ne{i(‘?ﬂisﬁﬁgm& the fhllowing métRdent

5,"' 741,560, issued to Mdss, incorporated herein
12 1. First, a NiP alloy layer is electroless plated onto an Al alloy substrate. This NiP
13 alloy is hard, and prevents the disk from being dented if it subsequently strikes a
14 read-write head during use.

15 2. The NiP alloy layer is then polished.

16 3. The NiP alloy layer is then laser textured at a region of the disk known as the

17 contact-start-stop, or CSS, zone. This zone is where a read-write head rests when
18 the disk is not in use. Of importance, laser texturing reduces static friction

19 (“stiction™) and dynamic friction between the magnetic disk and the read-write

20 head when the disk drive is turned on or off Reducing stiction and friction is

21 important for increasing the useful life of the magnetic disk.

22 4. An underlayer (e.g. Cr or NiP), a magnetic Co alloy, and a protective overcoat

23 (e.g. zirconia or hydrogenated carbon) are then sputtered, in that order, onto the
24 laser textured NiP layer.

25 5. A lubricant is then applied to the protective overcoat.



7 reference.) 8 The bunps are typically arranged in a spiral pattern @rj 81ie 2003
CSS zone of the disk surface. Wien the disk drive is off, the read-wite
head rests on the | aser bunps in the to CSS zone. Wen the disk drive is
first turned on, the read-wite head drabs across the > > surface of the

CSS zone uniil. the di sk, is. spi.nnimfast. enough to create an air bearing for
=~z theelhea'é}‘d(roﬁibr?‘l*‘?}mn’l(;th(.3 31f"%é5 ﬁ“é%@?rag‘ij‘dﬁ%’@@g‘ﬁé’éeg{l&%-i ¢ and dynanic
friction between\"tﬁge 13 read-wite head and the disk during this process.
When the di sk driRedases texinigdpenplied to the disk by eaplying lessr pelacs toshobal alloyned
over the CSS zone, and the disk rotation decelerates until |5 the

read- wr i3t e Ineaavigletessibatraie dospingg. Wi lshlasen pultSS-erdnam. thESkeniatiad blasdne
read-wite head cones to rest ors the CSS zone when the disk stops

spi nni ng. RegarsOivRiRE cl bivbi e “BBaRshabasedr “benibier & sHaEPS d@ﬁ&d”:?‘?ﬁwahf)ust he

bunps are spaced at a constant distance, the bunps may cause the read-wite

t
head to svi bpaLR WBERs hBFasbeadsd ]Z%Fﬁﬁetgtfsf Qtaq%éo thh?s?mtjrgrols}ﬂggerd?ﬁ@ip\g’ra}é e head

is caused to vibrate at a natur resona equency read-write
head nmechanj. h M I{ORSpH .4 ' =~

sever al %par lidﬁgsfehtﬁz%rdéha@[e’\?\}]il?g' Im&*c ashk}iﬁrrsﬁpﬁgﬁ{e?géggﬁﬁg}kp ﬁ%\?%gdn}éet'%?gly
resonant, zz frequency. For exanple, tire air bearing itself may have a
nat ural r eG4 ﬁesrequency at 23 about 100 KHz 'flee slider body for a
glli de head having a 50% form factor (e.g, a slider 2 ,, 03 J UIl 2003 |
havi ng & pi ezoel Biatuimpsiaraiypirable prrenssh e d spird paiten op dee C8S gang ofghe digh ¢
apparatus) may 2 resonate at about 250 KHz. A slider body for a read-wite
head hawi ngsuala&®WWhen thefdagkt driveds nifythh acad-writcdiead edstsroansbe masrfbuspadntdy at 7S50
Ktlz ("the term"50% formfactor refers to 4 the slider sixe, i e. 2 mMn

I ong byel. 6CEYL ¥R VRN the SdkkamvBiiDhivs) tusnelli, IRackdMvtilechead dehgerrabantheal |y
interacts with the bunps whip; the disk rotation r is accelerating or

Vel oci 1] subk#hgt Bk PSRizofb AR o PR R Rl reuP Bl BRUAR (6 2
of t e i urize et Op; St Bel B8 edisE ER Gl P LR R i Ve
Vi br at i B HEEA e BOASi (o Doe SO BT gt Hen ThediskGhBate D Pecluci ng
11 or elimnating these vibrations is desirable. See, for exanple, Yao et
al ., "114 eacadivatte head is positioned over the CSS zone, and the disk rotation decelerates until

15 the read-write head comes into contact with the CSS zone. Eventually, the read-write

(6 head comes 10 rest on the CSS zone when the disk stops spinning.

17 Regardless of which shape laser texture bumps are used, if the bumps are spaced

18 at a constant distance, the bumps may cause the read-write head to vibrate when the head

19 takes off and lands. If the read-write head is caused to vibrate at a natural resonant

20  [requency of the read-write head mechanism, these vibrations may be exacerbated. There

21 are several parts of the read-write mechanism that have their own natural resonant

22 frequency. For example, the air bearing itself may have a natural resonant frequency at

23 about 100 Kliz. The slider body for a glide head having a 50% form factor (e.g. a slider



| 2 Bynami cs of |.ow Resonance Laser 'textures - A Spectrol;ram Anal ydisdyL 2003
If;1:L: "1I'rans ~'3 O Magnetics, Vol. 34, No. 4, July | 998, page 1699-!
701 14 Since the |laser bunps can cause vibrations in the read-wite head,
it has been t 5 sug~;estod that the vibraiional excitation of the
r'ead-vvrilte hheaq ran bﬁ%'{fe uce _bg al erlng t he position and spacing of the
| aser bunps ®'OEd REORIHCHIFS FEPUCELPHAIRY DFELIHaG i Parh ofieat appaatisy M8y t he
| aser bunps in the plated | 'Iif alloy layer is to vary the |laser pulse | s
fi - eduercy.refonateshpbout 368 KHzpyA shdrt batly farargidhygritdieeal e eing far 5ok émoyfactone
could vary the I a bunp spacing. |Jnfortunately, w thout using special
t echni qdes, ayhhayewmatutaloesgmaoinfrapetcy 4ti60 Kikbi (Tihe yeraf “ SOMElRmen oy rees tpul se
ofthe laser. Such stability is critical io making 21 consistent |aser bunps

of a contraht giichsizghte. 2 28 AN BIET. 6 ek RIICIE 4B9mn{ Afghng t he position of
the | aser bunps would be to block 23 selected | aser pulses with a

sol i d-stat e shutytiRrread-{viitShedBhhpied AEA Wi Ry B8hedis joh U |
2003 1 pattern, butevvith vari abl e Ileng;qﬁ? "gapls" Wg?@st\)ﬂﬁlﬁghﬁ%ﬁ g)t%heo])

m ssi ng Unf.of t Y IPRSef UL o |tern, woul d. be

mul ti pl gs 6?5(3%%%@%85%%%’%?&# )acl n%{OQal’ é{]%ﬁtéagms'gésgtgggﬁk !VJ-H tb ReP! g’é’@r‘" fﬁul se
freduency 'this neans that .the pattern would still be capable of exciting
L bract gn i Sranhevi Tied iasa Giea HeY SeRcH chey piogiis e PRl SHENALON t he
réad 5 wite head nechanism r>"'7 SfJM MARY tt A nethod for laser
texturi Bg dosheresd-arise headzt e dveduense clase ko o ofi thy Biufabresenampfieguancienefl st ep
of rotating a substrate, varying the rotational velocity of the substrate,
to and applthé rgdivatie heplimsemnism. aWhlletd®te B debatt hbsut dife dphefis effstts diac Whi | e
the substrate is being; s 1 rotated. In one enbodi nent, the rotational

vel oci ty Ofpel G isdiRal RaBritidrShasdnl £8slOdYive, geEdR HaRGLagtedherd Lol Psduampi al |y
periodic function In one enbodi nent, the rotational velocity of the

substrafye | -egl@g@aﬁﬁé?ﬁégeﬁggﬂgqsgs sirme.ags@@%a@aﬁg@ Yoy 33 HAY-Didunct i on

t "t Aiter ayer s deposit e’substrate io
firma tnagneiic disk 1s ( Typicall ot her, jayers, sich as, an.ugderl|ayer
and"a ot Soreptessdrub Retoupdiir e Yugtl T QS BRTPRarCh Ay P, Bt g

underl ayer is formed between the substrate and the magnet is |ayer, and the
pr ot ectlilve @ dagaeticsi ¥ok 3dnile bddy 10RS neaghe?d-¢7Glayer '} 1H ve have

di scovered that by varying the position ofthe |aser bunps in this
14 Since the laser bumps can cause vibrations in the read-write head, it has been

15 suggested that the vibrational excilation of the read-write head can be reduced by altering
16 the position and spacing of the laser bumps. One technique for varying the position and
17 spacing of the laser bumps in the plated NiP alloy layer is to vary the laser pulse

18 frequency. In particular, by randomly varying the laser frequency, one could vary the

19 bump spacing. Unfortunately, without using special techniques, this would compromise
20 the stability of the energy per pulse of the laser. Such stability is critical io making

21 consistent laser bumps of a controlled height.

22 Another technique for varying the position of the laser bumps would be 1o block

23 selected laser pulses with a solid-state shutter. This would produce again a spiral zone



to manner, we can sharply reduce the vibrational energy inparted t 004 JUL 2003
read-wite head by 20 the | aser bunps when tl~e read-wite head takes off
fromor lands on a magnetic disk. In one enbodi ment, during; |aser
texturing, the substrate spins al a nmean velocity 22 of 32U0 Ri*M"' 1"he
velocity ofthe s bstrate,ighvariqd by 3UU RPM about this nmean 23 velocity.
I'n ot her wdtHe™ PHeMthyagiabisnsthepers mhetedunens weuldbe misingudefadussog R * M
4 0 3J UIl 2003 1 f)uring this process, |aser pulses of a constant
frequengy dheseaps indtie texiurhpatsarh stoubt e, mattiples e bye fundameagalasphesg distauep
pattern in which the spacing; of the |laser bunps varies a periodically. ~n
one enbadi riaséd ot the ldsespuisdfieqpendy e hiRBgeMat (Re Pattddh kdluld 4l RNGPE of-t
enbodi ment, the |aser bunps are arranged in concentric circles 5 1In

accor dance gakfingaNRhHGT inaRPRGY -v@rﬁleﬁb‘efd Atmwceﬁﬁtéxmesfnatﬁﬁg&g}ghgysgg@é CeaONPT i SES

a pattern of texture bunps in which the spacing o

peri odi cal l%rit%q{ehc?ﬂﬁwhngs'ﬂwe 7 circunferenlial direction. "this pattern of
| aser bunps 1's neithér rarndom nor are the 8 bunps regularly spaced |Io

)3RIL; h' 17CSCRIfTION Gk~ ' THFa DRAWNGS 11 Fig. | illustrates a substrate
bei ng rGtated while texture bunps are applied thereto 12 willa a laser. 13
pig. 2 illustrates the spacinb between | aser bunps fornmed on a substrate iv
~ ~t accor HAMMMRYh our invention in which the spaci ng was varied by about
| '0% ~ 5 Fig. 3 illustrates |aser bunps forned on the substrate of h'ig 2
duri ng text uri nbA methodor ipserdexinting a suhstratelima¢aondanes witbouf miventiosn and
rotational velocity for a disk having regularly spaced | aser bunps and a

di sk hawi ngedniwREs e kichRF rét subBir@e P YieE thel rBlalibfal 361001 flafMbe swbstdtepur
invention pig. 5 illustrates the relation between an AG sil;nal and

r pﬂ]sgéjt()git ?ér%tsgaa]\zfdrq&b gf@glrsﬁfskryuew&féelﬂe L\ﬁﬁﬁ‘ﬁle?‘%’lﬁ??o’ ?nd a

rotatiopal velocjty f
di sk ha mg“@a@élryhﬁﬂ%%i space 't accordance w

(i sk hath g Kbt IpePh SSRETEBh AN BHHOPY eIDeLs S RETHERA EHEUFEOT nvent fon 5
0 3J UL 2003 _ . _

12 accordance with a substantially periodic function In one embodiment, the rotational

i3 velocity of the substrate is varied sinusoidally or in accordance with a sawtooth function
14 After texturing, a magnetic layer is deposited on the substrate to form a magnetic disk
15 (Typically, other layers, such as an underlayer and a protective overcoat are also

i6  deposited on the substrate. The underlayer is formed between the substrate and the

17 magnetic layer, and the protective overcoat is formed over the magnetic layer )

18 We have discovered that by varying the position of the laser bumps in this

19 manner, we can sharply reduce the vibrational energy imparted 1o a read-write head by
20 the laser bumps when the read-write head takes off from or lands on a magnetic disk.

21 In one embodiment, during laser texturing, the substrate spins at a mean velocity

22 of 3200 RPM The velocity of the substrate is varied by 300 RPM about this mean

23 velocity. In other words, the rotational velocity varies between 2900 and 3500 RPM.



2 DI:77At~E1l) 1)RISCRII"TFQN 3 Referring to Figure |, a substrate igsigm- 1003
Jmounted on a spindle; 12 which is rotated by a notor 13 while |asers 14a
and 14b apply | aser pulses at a constant frequency to 5 sides ! Sa and 1 Sb
of substrate 10 respectively Wil e substrate 10 is spinning, |asers r 1l4a,
14b are rmvlﬁ t?l %l n the radial direction R c>f substrate 10 so | aser
bunps will | BWing tiacess jasgr EHP‘FSa‘?fapfé’f‘ﬁ‘é‘f“rfquﬁe'?fé/sﬁb@h@éleﬂéotﬂ?@\lb‘a@éﬁr pul ses.
However, in_ other H enbodinents, the |aser bunps are fornmed in a pattern of
concent 4 ¢ BpieBY &ymingss lager ttwnmp@tesvpmr\ahmh the spaciumef athsei bremps vasiabst r at e
10 conprises an Al alloy 16 covered on both sides a 1 with electrol ess

pl ated Ni P peridicallBbln ddewmbedimaust iastiebumpd enraReRin 56piad NeT arvBicer i al s t
2 as well . After texturing, an underlayer (e.g. G or NP), a magnetic Co

al l oy, and @nlﬂfd%&ﬁh!h&@as%ﬁﬁ&%eﬁﬁa&ed*?ﬁ/@é&bmﬂ@%ﬁr@!l carbon or zircor~ia)
axe subseduently sputtered, in t.t that order, onto Both si des of substrate

10, anda |ubri t rotec |ve v I n
this Way, a mgﬁlg{}%%drgﬁﬁé w1§1 &E\me'l 3&) ’L,Pof (Rl? 1&/ t1 8 1g, Csl'glf §5 ﬁﬁr@ses a
deV|ce nnde

laser’ Pharth tamqﬁ%llfgﬁggwéa? Pjchpe F%"‘&fOfMHSW%W 15\ e

| asers 14 can produce pul ses having an 80 ns duration, a U I <>-12z

fr equendy tu@ualrﬁ@e%wl éﬁe@tw dfhlszmﬁtwy?)ﬂﬁ%eeb&mpbmvéher reve%m, o¥ipeghe
durations, fretluencies, and energies 2cr can also be used. In addition,
ot her tybeSMHMmmaEémgfsucﬂias continuous wave (cw) and 21 CO-z |asers can
1)e 115ed. G 0 3 J Ul Z003 1 Motor 13 and spindle 12 can be of a type
manuf actaured by Air | 3earin~; 2 Technol ogy of |~layward, California. The
controller for notor 13 can be of a type nade 3 by Conpunotor of |tohner

Park, Cgj | FRRIEEDESCRIPINUF THR DRAWIRGY has a di areter of about of 65
mm 95 mmor 130 (These are standard substrate sites currently used

orovi et ager bﬁﬁméts“%sfiﬁbi%raﬁ%ﬁa%@éﬁ\%ééﬁg% i il s SRR Frfee

extending from a radius of about 1 b. Sto 20. 5 nill1l frc?111 the center of

8 subst tat eWiiha lasgs. s region is known as the CSS zone, and ii is where a
read-wite head .
13 Fig. 2 illustrates the spacing between laser bumps formed on a substrate in

14 accordance with our invention in which the spacing was varied by about 10%.

15 Fig. 3 illustrates laser bumps formed on the substrate of Fig 2 during texturing

16 Fig. 4 shows the relation between friction and rotational velocity for a disk having
17 regularly spaced laser bumps and a disk having laser bumps spaced in a pattern in

18 accordance with our invention

19 Fig. 5 illustrates the relation between an AE signal and rotational velocity for a

20 disk having regularly spaced laser bumps and a disk having laser bumps spaced in a

21 paitern in accordance with our invention.

22 Fig. 6 schematically illustrates a disk drive comprising a disk having a patterned

23 zone lexture in accordance with the invention



9 rests against the dish when the disk is not being used and is not 7 UL 2003
Spinning. to In one enbodi nent, during texturing, substrate 10 spi ng a,t a
periodically varying a | rutational velocity. In one enbodi nent, substrate
i0 spins ai 3200 ItfM plus or mnus | z about TO% (e.g. plus or mnus
about 300 RI'M. If the substrate is spinning at 3200 ItNMt3 plus or mnus
10% and the laser pulse rate is | 10 Kl-1z, the resulting | aser bunp

spaci ng Wi s _ about SC}). m pl us or mnus about' 10% (i.e. plus or mnus about
sp.m. fu oPEAILEDIBERCRIMTEN t he mechani cal stress on spindle 12 and di sk
10 during acceleration and |G deceleration, the rotational acceleration and
decel erdti on i s Refgiriogltb ¥Figuepi, debsvatabdist m3a0ed & MBpindlba 2rvaset tsirmgied! aser
bunps are spaced between about 45 5 to S7 p,min at 8 spiral pattern 1'lre
di stance befywemntoond whikchsas 140mdof4bbipplysiassn dulsbeatnioohsth@rdaliesy thunps i s
about SOpm 20 Fit;. 2 illustrates the variation in |aser bunp spacing

versus di stiga sakmi st ofsubRirdiah 0. 9EspREMREy OW e SRS IR B E;ﬂnﬁiﬁg%&?@?e wi th

one enbodi nent of our invention. As can be 22 seen, the distanCe varies

peri odi cal | y, W tih, . Iy f. t.5 feyvol uti ons. ntioned 23 ahqve,

t hf; spg’ci n%‘dwn‘{btaﬁgnﬁ)gaéj gﬁ"@’( F@?‘? :’J@ﬁélﬁigg%goé]% gﬁf@é@%&eqﬁ&%as 'flgi‘{"I]\pes ‘%@ﬁ’rem of
bunps on 7 O(g, J U1 2003 1 the substrate i? about SO p.m A 10l o bunp
spaci ng varlPepshin & spirakpaiisrmiggsronsftotae eser plsep ntgweyeddingthedi st ance (I n
other words, bunps that are at their m ninmum spaeini; or 3 maxi num spaci ng
are | ocat ecereltsdiment9ohe las¢rdmmpmaraformed ingdpailertiof eonesnsitc gorles iasteaslplaf 4
bunps at their average spacing.) Runps that are at their m ni num spacing in
the 5 ciorcupitherential direction are displaced by about 200 to 2SO0 p, min
the radial direction 6 froma row of bunps chat are at their nmaxi num

spaci Ty, Si nce g dn¥ Qirﬁ)%gitlié?ﬂdshwmaﬁ@l({‘ﬁﬁﬂor'isz_s Erg!/\h ]gtl'léy EPQVercdQf Hoiimsivésde,

this was acceptable. In er words, e perio I"aser bunp ri spacing

ds o]
1 0 SRR b S RS0l i g

read-write Rea read-write and the

periodicity of fhe.spacing 7 o variat ion, t e ar L) fi 1 cient
nunber Yf I‘gs‘%"rlf' Hﬁﬂ?{ggmﬂﬂg‘m&"t% ?rllaé'ﬁfj@\‘/ﬁ‘irqjé” ﬁgg)d atm“%"?alf:°~ é%lskﬁ?’ éHd 4
sufLiciently low friction and sticiion between the read-wite headﬁﬁnd tire
di sk. al® TProfegtivesoyerapag (g dpdipsamtiedarhoisr zincanio) e SM&W‘M#W&&F‘ M ng
the texturing process t'r of Fig. 2 As can be seen, the texture bunps are
arrangeth i nthet erderedntofbotiosides dmubstraten 0, and 4 ludpigemdayeb duappied 1o then horn t he
adjacent lines in the radial direction (arrow R). The

15 prolective overcoat. In this way, a magnetic disk is {ormed.

16 In one embodiment, lasers 14 are device model no V80-106Q, which is a diode-

17 pumped Q-switched Nd-VQ, laser manufactured by SpectraPhysics of Mountain View,

18 California Lasers 14 can produce pulses having an 80 ns duration, a |10 KHz frequency

19 and an energy of 20 pl/pulse However, other pulse durations, {requencies, and energies

20 can also be used. In addition, other types of lasers such as continuous wave (cw) and

21 COq lasers can be used.

0



15 spacing of the texture bunps in the circunferential direction (afgqu.Z003
varies in lc, accordance with fig 2. a 7 Laser bunps are placed on nmagnetic
‘di sks io reduce friction and stiction between 18 the disk and a read-wite
head during use. >lig. 4 illustrates the relation between ti~ictiorr r~
between a read-w.ite head and a disk vs, rotational velocity of the disk.
Fig. 4 i1l ustratetosd3 ppd eninds 12 6an e af & kypkandmmipcreglibnAinBepaged | aser
bunps (curve 20) and between a read 21 wite head and a di sk having a
patterndd zinshnelegy offldaywerdcCalifoiie eTiwi controlier fonmerdriiGrea Be OEaitype 2k As
can be seen, there is no appreciable difference between the two di sks 23

i nsof ar 3as Wy CahpumotosoftRetoeriiagk, ddliforia3 J U1 2003 As mentioned above, in
the prior art. it was rc;cognized Thai regularly spaced |aser 2 texture
bumps can_cause Syl 19 Wpidalyhal #AGmML 4T BERD Y RO0S AEoOMHy AR | anding
3 operations. Such vibrations are typically neasured by coupling a

pi ezoel ectr, g I = WL nd uring 1 he
transduger (gﬁ?stﬁlf?g s;‘?’gf?g‘f mﬁ)lﬁ{rr?tﬁgm? "g efe\g@& tu?%ldgﬁ‘fl ﬁdeus y d?@ﬁ)ﬁ%éé?%gmfeomseﬁi n from
a resting position). fhe piezoelectric transducer, provides a el ectrical
i1 Sal Denceh olse Shsah orsPls TARFQEG s tetbhym & bapane! kv O e over ed
that our patterned | aser zgne texture provides a reduced AC signal gand

t her ef ore rubsitadeisulage pranding fropphisdive @F 8bow 161518208 i QR thakantey

regul arly spaced | aser bunps. 'This can be readily seen in rig. 5, which
shows t Be oubgrite $0.gTkk rdgion sdhowh af ther’SS ponezared i€ ostwhere & oeddraniedead cer
coupled to a read-wite head used in conjunction with a disk havinb laser 1
| bunps gevembty agdiat itk disk whaPMeAkGs Woitdeidgh@e®hhdis nat kpiisiigve 24) vs.
rotational velocit y of |z the disk. Fig. 5 also shows the output signal

froma pead-writg HEahydasitl duARRLANEC Litkusetolsfind o PgaRIdiGIGIvaKiMAYT NG

Laser bunps spaced | pattérn In accordance with our 14 invention (curve

26). As_can he seen there is | ar reduction.in t i ghal bout a
570 vo 1 rebtrHiaR FBfoct VEoRsergodtafl, fuBsirsb 4B 3aing af o has PELr bR
As nentioned above, our periodical Ig var inq‘ﬁgtter ned | aser zon tﬁg%re
has 1' 112advebenay®é (ogariug eichivugakat 308 RPAY. lhHESHY S1akyis spaning i r\g‘)‘b e

| aser pulses Qur i s invention also has advant ages over ocher nethods of
random i ngplusseminos Pk, hrdthedaserpudseanateip| &0 Kdfre thei resuliingolaser SHpPafagipe t r y
to randomy vary the rotational speed of the 2c~ substrate during
texturing. itabowesoam plid olommunabeut110%aG eepips ot minte abditSpun)ndn waler b have 10
2 ~ account f i~r the inertia of the substrate and spindle when trying to

accel erple .ﬂgﬁﬂ%qgfrg@&anm {th&s éypahggtn,@ AhPRGRUDSILBhe LORIFRRS #d t he

substrate and spin one coul d not I nst ant aneousry vary the rotational
vel oci tY() of déc%na%%% t%%ﬁﬁongpgcc\éﬁ:%%n%ﬁ %epe%/rgticgnoiswpically kept below about

17 3000 RPM? The resulting laser bumps are spaced between about 45 Sto 57 wm in a

l

18 spiral pattern  The distance between one track or row of bumps and the next row of

19 bumps is about 50um.

20 Fig. 2 illustrates the varialion in laser bump spacing versus distance along a spiral
21 of bumps on a substrate in accordance with one embodiment of our invention. As can be

22 seen, the distance varies periodically with a period of about 5 revolutions As mentioned

23 above, the spacing in the radial direction between adjacent rows of the spiral of bumps on



0 3. JUL 2003 i worry about overshooting, a desired rotational vel oci@y JuLI203
addi ti on, one would have to 2 ensure that there were always enough | aser
"bunps on all portions of the (',SS zone to 3 ensure that friction and
stiction between the head and di sk was | ow enou6h f3y using our patterned
zone texture, we ensure that there are always a sufficient nunber of

texturelb tthmmﬂasiratctm:ﬂacﬁt SBumone 10% bunslbsakingexstintieiak s @raRud aae 195t h our
invention is typically incorporated into a 7 disk drive. Such a disk drive

typi cal by CLQHBNE‘P&d?staftﬁ@”@lh'o?he‘#\Aﬁﬁdslgtr{ngﬂ]t?{t?wrea RURhGRR SR §0 nd) @

102 which i's rotated by a notor Ir o !
C)6b fly over .disk 100, and re %A’}(ilata fromand wite data to the n ragnetlc
layer witt hilRaPE §paeing ag 0?@8 i 180 Hebddhshm imihg radiplghrestan fiama fiow of
proximty to disk 'l UO by arns 108a, 108b, t a respectively. Arns f 08a,
108b ard@ cdupipsdt iheiraveage smtc&ng.)mﬁhnipsdmmarecﬂtsheirhein}hﬁemtsbexring)fn the 2 heads
106a, i 06b relative to disk J 00. As nentioned above, the texture bunps an

di sk 13 510Q;Mi,mirdreman diradtion 20 dispiibabCatioil 860 @R s0IMaEMe MRAMYirketdha, 106b
and dISk "1 t)O Burin g t~i take of f and | andi ng 1- tovvever t he positioning

of the reduce nparie ads 6

o ¢t fe TUERTYER 7 ot e B R b Pt o SPOE o MR e edd
enbodi rrents ~ arose skilled |n the art will appreci ate that ch es can
be rade "wi t/Ail t%@&pbz%umétléﬁ | this s geeapiabie. dappher iwiyds she nesiod oF faser a[a‘%il’d
scope of our invention. Fur exanple, different types of t a | asers can be
used i nsacopaciageariaioniintherraiildindlion)s asthe andediof fhervedth af\apend-wfiteshdadt r at es
20 made of various materials. Different types of underlayers, nagnetic

al | oys, 9pr 0BC iV 1hd WOMB L @ aéaal-wik Heud FdiCanitie paivdiatyusane spdeipgsi t ed by
various techniques In one zz enbodinent, only a portion of the substrate

surface,g s Je%tibh Gfere aft éﬁv@fé’ a ﬁfmél@httnurt%t of labertb'u mps gn&&%re%@-%?mi hédde

entire substrate sur?ace IS textured. ferent ayers within the rragnetl C

di sk 2 1 d
O o) R ek A A Ol e
substrate during te tur

Hng {}goﬂher enbogl mentpﬁ 3 one ﬁ]gq )11} s
rotatiolal vel ock 'ﬁy 54 PIQIOA s oI ages LUHE Pumps Spped 4ping 1h& ¥y, 8%/ df h
the | aser used to texture the substrate, Al though this mght create |aser
stability iefdlips? b camberseqmuthetexumabwvm arprarrgn&w iBtocoeL Lo s e Raplytpvolsr
| aser pulse, a |aser bur-np pattern in

14 spaced about 50 pm fiom the adjacent lines in the radial direction (arrow R). The

15  spacing of the texture bumps in the circumferential direction (arrow C) varies in

16 accordance with llig 2.

17 Laser bumps are placed on magnetic disks 1o reduce friction and stiction between

18 the disk and a read-write head during use. T'ig. 4 illustrates the relalion between friction

19 between a read-write head and a disk vs. rotational velocity of the disk. Fig. 4 illustrates

20 friction for a disk having regularly spaced laser bumps (curve 20) and between a read-

2] write head and a disk having a patterned zone texture in accordance with our invention

22 (curve 22) As can be seen, there is no appreciable difference between the two disks

23 insofar as friction is concerned.



A accordance with our invention can be provided in this way. Accordi gl yL 2003
all such chanl;es cone within the present invention 0 3 JUL 2003 1 W
claim 23456789 to 1l 12 13 14 15 16 17 18 19 20 21 22 23 1. A
magneti c di sk conprising a magnetic filmfor storing data, said nagnetic

di sk conprising a set of |aser texture bunps, the distance of said | aser
texture 'bunps vabyinegianed ahevec i bapfier amnitiveds rdiogeized dnat efgulalydpaiedRasen a
non-random nmanner . 2. Magnetic disk of claim1l wherein the distance

bet ween 2saitekthaseimpsexh bause RibIRonsad & eadl WrifeMGad sy HaRE-Standlarfdingect i on of
said disk in a substantially periodic manner so as to reduce vibrations

i nduced ;i n @)efaﬁéﬁls.V\Sdc%Q»iﬂ]ﬁﬁ&s%e?ﬁrpidaHﬁﬂmaEU?Q& i))p_@mﬁ%%gﬂis(ﬁé.gzgefusﬁiiéi'traﬁsddﬁ‘er

met hod for texturing a magnetic di sk conpri sing a series of |aser

D Ses 10, Ao RHBRENAICeal A AREMAIE (AR Ml R PR B S [l e 521 O

pul ses forma set o exture nps” on a S %ce of

sai d substr . and acceler ati.ng and decel erating .the rotational velocity
of sai d Soutsurs Beelsiin SEE A LT AP O NS be PEAPS SHTG UBBIGH REOTSRAN on

whil e performng said step of applying said series of |aser pulses to form
a patten coflectripaepignal kpawnas anpedvstic enissioai(th B wienaki Yednivel dsobsraiibital | y
periodi c accel eration and deceleration of said rotational velocity results
in | aserr bunppaseradd habatzobdrexuirs paniies b eddveahAEhinab&int itlerclofe edicddl aser

bunps varies substantially periodically. 12
8  vibration) compared 1o a prior art disk having regularly spaced laser bumps. This can be
9 readily seen in Fig. 5, which shows the output signal (in volts) from a piezoelectric
10 transducer coupled to a read-write head used in conjunction with a disk having laser
11 bumps evenly spaced in accordance with the prior arl (curve 24) vs. rotational velocity of
12 the disk. Fig. 5 also shows the output signal from a read-write head used in conjunction
(3 with a magnetic disk having laser bumps spaced in a pattern in accordance with our
14 invention (curve 26). As can be seen, there is a large reduction in the AE signal (about a
15 | volt maximum for curve 24 vs. about a .28 volt maximum for curve 20).
16 As mentioned above, our pesiodically varying patterned laser zone texture has
17  advantages over techniques such as randomizing the timing of the laser pulses Our
18 invention also has advantages over other methods of randomizing laser bumps TFor
19 example, one might be tempted to try to randomly vary the rotational speed of the
20 substrate during texturing. However, if one were 1o attempt to do this, one would have 1o
21 account for the inertia of the substrate and spindle when trying to accelerate or decelerate
22 the substrate (Because of the mass of the substrate and spindle, one could not

23 instantaneously vary the rotational velocity of the substrate. One would also have to
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0 3 JU 2003 1 5. Method of claim3 wherein the rotational vel oci tynéf‘ms\‘azlnds

substrate is var ied 2 by less than 50 3 4 6. Method of claim3 wherein
"the rotational velocity of said substrate is varied 5 by | ess than about
20% 6 7 7. Method of claim3 wherein the rotational velocity of said
substrate is varied s by at |east about 2% 9 10 8. Method of claim3
wher ei n it hevarot sttauooedrsivekiag iatdesiedd 15ailidng WBRIcH &Y Bniaddividh & wWokidNaalio| east
about 5% 12 13 9. Method of claim3 further conprising the step of

deposi t kNG eaBurb AR Hedd Fese Awdvk RAPCLSG Rk RYon! @R tioRNE 1R B{PLERNLVE
-overcoat on said substrate. 15 1 10. A substrate conprising a pattern of

| aser b‘?!”p%nst}rlgﬂgﬂjil‘r?&ﬁa,’ﬁ“a%d@ﬁ%c%x%l\w nﬁﬁ& ﬂ&a%%ag:dg?%%%ﬂ?gpc%ob@w tl%?u%our.

circunferential direction substantially perio varyi ng, rein
said substrate i art of a magnetic disk, said magnetic disk 19 conprising
a magne? ic pﬁflfu%etﬁa&}?éaxtpheew&;:ﬁl_urgéhaéihqg@regﬁﬁas\tsraasp Ident apabes aldertuie her
conprising an underlayer formed between said 22 magnetic filmand said
substrafe, bapwsan hediScrange overcoat fornmed over said 23 magnetic film 13
0 3 JUL 2003 1 2 12. Substrate of claim10 wherein said magnetic disk is

i ncor posat ed i ntodisk Sextwgden acsotlagée with ey ingenthnmatypidally inbiosporaed ko a
conprising a read-wite head, wherein 4 the substantially periodic

variation idisksirael Machh dseki ditiveagsical BWshprisesd pagnaticliad 100MFly. 6f meantdd
read-write head when said read-wite head takes off fromand | ands on said

6 disk. ¢s 13, s%gmﬁ .Cl.ai ' a5 DA AG Kk doba38ky, bunps
vari es gy I](glsqs t%]ﬁa(?? glggz&tlglz(g%}o% tgga\{A}ﬁ%ﬁgdaSu/gg%l?gf‘gdg%lgié gﬁkﬁg&\?\?}gr%i n

Lhe spagli ngy ol 3 Al 168G RUIBR, KBI 53 Bofe BRo e nﬁ-ng'gr&uz?gé’y% Sihhdide-

Substrate e ‘spacing o S varies by at

15 OB e B o B A A0 i BgE LA ©
conprising: 21 providing a structure conprising a magnetic disk having a
regi on Mi t trespectively. Arms 108a, 108b are coupled to an actuator which conirols the position of

12 heads 106a, 106b relative to disk 100. As mentioned above, the texture bumps on disk

13 100 minimize static and dynamic friction between heads 106a, 106b and disk 100 during

14 take-off and landing However, the positioning of the bumps reduces vibrations imparted

15 to heads 106a, 106b.

16 While the invention has been described with respect 1o specific embodiments,

17 those skilled in the art will appreciate that changes can be made with regard to details

18 without departing to the spirit and scope of our invention. For example, different types of
19 lasers can be used in accordance with our invention, as can different types of substrates

20 made of various materials. Different types of underlayers, magnetic alloys, protective

21 overcoats and lubricants can be used, deposited by various techniques 1n one

22 embodiment, only a portion of the substrate surface is textured. In other embodiments,

0



22 texture bunps forned thereon, the distance between said textureuéuj%sm3
substantially 14 03 J Ul 20031234567 891011 12 13 14 15 16 17
18 19 20 21 22 23 periodically vaxying in the circunferential direction of
said disk, said structure further conprising a read-wite head resting on
said region of said disk; and rotating said magnetic disk so that said
read- wrilt e theardire sulsaaeadriie it adstured.f DiffaeandrS Withia bRy Rag@itd ITRIABLEC

"di sk, whereby the substantially periodic variation in the distance between
sai d textungebtd¥pfed N Said circunferential direction reduces vibration of
.said read-write head when said read-wite head takes off from said disk.

18. Method Of Clhghit 4 disk W SiRIraGQRbE Mxfted Nacb AR wilRUS) ifGerfiBh By TRONEL] €
disk to stop rotating, and ereby causing saird read-wite ead té stop
flying gbove said magnetic disk and to |and .on said magnetic disk, whereby
sa o oo stk fho TRARFH FeOGE AP siRrafiaR Siee TR Pt ur 4
bunmps in said circunferential direction reduces vibration of said

read- wr it e ane&dn bigrprihe mtationabrlogitytad throsudstrain genstmt sad vrriithekirequency\edt hod of
claim17 wherein said texture bunps are forned on the entire surface of

sai d di gk. (BOlasdvhisbdth tektucd the subkiaseh eddthiongh this hight areatebarep slabitity karssd onl y
on a portion of the surface of said disk. 21. Method conprising: providing

a StruchUr Gemahhidlaing of LEGHstaRDeMBRGGr I&sefhilke, RNBLIAD pRGIAT Wi L h
texture burrgglgf or med tlﬁ%?eon, the di stanceebgt ween sai c;ﬁit)gxture bunmps 15

073 J Ugl %@9@%@3@@&%& inkithn BEY bHoGRA Yo Wy Iadddrdiigty SAIT e er enti al

di rection sal

9  changes come within the present invention



2 structure conprising a read-wite head flying above said disk; and é 3
causing said nmagnetic disk to stop rotating so that said read-wite & dHLﬂ@3
4 caused to land on said magnetic di sk, whereby the substantially periodic
variation in 5 the distance between said texture bunps in said
circunferential direction r educes 6 vibration of said read-wite head when
said read-wite head | ands on said disk. 7 8 22. Method conprising: 9
rotating a substrate; 1 o applying |aser pulses to the substrate to form

| aser 1t extWeeldtwps on at |east a 11 portion of said substrate such that
the spacing of said |laser texture bunps in the 12 circunferential direction
of sahd substrate varies in a substantially periodic manner. 13 14 23 .

Met hod of claim 22 wherein the frequency of said |laser pulses is var ied so

15 that the laser text.ure, bunp .spacing in e.circunferential direction
vari ek in Bai d SeodeEiY AR PRy SRER ko S o sl AR BB Roghiioq o
texturing magneti.c di sk conprising: 19 applying a series of |aser pulses
to a §ubst$ig eompisiag ﬁﬁ?ttoéi@%@?‘?‘“‘r 1aps, Hif Gisiance pb seid daser exturhBvmesj d

pul ses forma set of texture 21 bunps o~ at |east a portion of the surface
of safd sutmyingi®e thegigumberentzahdirpgjionted spididagki iomaionvendom manedr. t he substrate
to form bunps having a 23 varying non-random circunferential spacing. 16

0 3JsUIl 2003 2 25. A nethod for manufacturing a magnetic disk, said
magneti c di sk 3 conprising a disk shaped nmenber including a magnetic |ayer,

said pethogl 4 coRphéti digk dfoldilt | Blein the dftande Peineb®khi@iassakghur@gnet i ¢ di sk
by applying | aser pulses 5 during said manufacturing to formtexture bunps

he di i b ' 1 i . . 10di
on (e i SlupfgROS! ik Qlc@hrsalll Grdch UF SRS, ¥ NI AGahpl iR

circunferentlal irection of s _sk In a non-ran er. %_9 26.
:Vﬁ t 20581 ugfs tlgllﬁlilaII}eg}S?z gs %rfe{i@%i”véﬁlﬁgﬁ%sgﬁﬁﬁctfk} (i)lg] %\%ada%rlit% hte% Es%rdem %&%Bgct}{)%r les I o

10 with said disk.

1

12 3. A method for texturing a magnetic disk comprising:

13 applying a series of laser pulses to a substrate;

14 simultaneously rotating the substrate so that said pulses form a set of texture
15 bumps on at least a portion of the surface of said substrate; and

16 accelerating and decelerating the rotational velocity of said substrate in

17 accordance with a substantially periodic function while performing said step of

18 applying said series of laser pulses to form a pattern of laser bumps.

19

20 4. Method of claim 3 wherein said substantially periodic acceleration and

21 deceleration of said rotational velocity results in laser bumps such that the distance
22 between the position of said laser bumps varies substantially periodically.

23

12
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12

13 9. Method of claim 3 further comprising the step of depositing an underlayer, a
14 magnetic alloy layer, and a protective overcoat on said substrate.

15

16 10. A substrate comprising a pattern of laser bumps, the distance between

17 adjacent laser bumps in the circumferential direction substantially periodically

18 varying, wherein said substrate is part of a magnetic disk, said magnetic disk

19 comprising a magnetic film formed thereon.

20

21 11. Substrate of claim 10 further comprising an underlayer formed between said
22 magnetic film and said substrate, and a protective overcoat formed over said

23 magnetic film.
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4 0 tﬁe subs‘can()ti%l)g %)CI’iOdlC variation in spacing of said laser bumps reduces vibration

5 of said read-write head when said read-write head takes off from and lands on said
6 disk.

7

8 13. Substrate of claim 10 wherein the spacing of said laser bumps varies by less

9 than about 20%.
10

11 14, Substrate of claim 10 wherein the spacing of said laser bumps varies by less

12 than 50%.

13

14 15. Substrate of claim 10 wherein the spacing of said laser bumps varies by at

15 least about 2%.

16

17 16.  Substrate of claim 10 wherein the spacing of said laser bumps varies by at

18 least about 5%.

19

20 17. Method comprising:

21 providing a structure comprising a magnetic disk having a region with

22 texture bumps formed thereon, the distance between said texture bumps substantially

14
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6 vibration of said read-write head when said read-write head takes off from said disk.
7
8 18.  Method of claim 17 further comprising the step of causing said magnetic
9 disk to stop rotating, and thereby causing said read-write head to stop flying above
10 said magnetic disk and to land on said magnetic disk, whereby said substantially
11 periodic variation in the distance between said texture bumps in said circumferential
12 direction reduces vibration of said read-write head when said read-write head lands
13 on said disk.
14
15 19. Method of claim 17 wherein said texture bumps are formed on the entire
16 surface of said disk.
17
18 20.  Method of claim 17 wherein the texture bumps are formed only on a portion
19 of the surface of said disk.
20
21 21.  Method comprising:
22 providing a structure comprising a rotating magnetic disk having a region
23 with texture bumps formed thereon, the distance between said texture bumps

15
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5 the distance between said texture bumps in said circumferential direction reduces
6 vibration of said read-write head when said read-write head lands on said disk.
7

8 22. Method comprising:

9 rotating a substrate;
10 applying laser pulses to the substrate to form laser texture bumps on at least a
1 portion of said substrate such that the spacing of said laser texture bumps in the
12 circumferential direction of said substrate varies in a substantially periodic manner.
13
14 23. Method of claim 22 wherein the frequency of said laser pulses is varied so
15 that the laser texture bump spacing in the circumferential direction varies in said
16 substantially periodic manner.
17
18 24, A method for texturing a magnetic disk comprising:
19 applying a series of laser pulses to a substrate;
20 simultaneously rotating the substrate so that said pulses form a set of texture
21 bumps op at least a portion of the surface of said substrate; and
22 changing the rotational velocity of the substrate to form bumps having a
23 varying non-random circumferential spacing.
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6 texture bumps varying in the circumferential direction of said disk in a non-random

7 manner.
9 26. Method of claim 25 wherein said position of said texture bumps varies

10 in a substantially periodic manner.
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