;e3dei 2i../,1.21*26" 2T2nu" METHOD AND APPARATUS FOR LASER MARKI NG ON

FI Nl SHED GLASS DI SK MEDI A Field of the Invention [0001 ]

invention relates to technol ogy of |aser marking on fini slmmmlymmmmmmm nor e
particularly to an apparatus for |aser marking on the surface,gfs.fini shed
gl ass di sks and a nethod of using the apparatus. Background 01] t%e

I nvention i i i rd re e riet erials.
H gh capadVii HEIRAND ARFARAEUS bR EASER NI G R FNISHED or

d ited bst : [ d lubricati I b
2ppl 1 6 over the magneti o actiEASY HISRAMEDIAonly: the substrate of the
disk is made of netal, plastic, or glass material. The use of non-netallic
substrates such as glass or glass-ceranm c substrates has gained w dely
acceptance in the industry due t j mechani cal advant ages of
gl ass and gl ass-ceram c naterigFadAﬁ§P§§§9%§§éﬁ substrate provides a
snoot her surface for magnetic |ayer. The snoother the recording surface,
the closer the proximty of the witing/reading head to the disk. This

al | ows onsi s t J Vi ! 1 pport
for thenw(ﬂlﬂng/ r egg?r%&ﬁg%gf%@ﬁtﬁg%? até%?lgﬁle?é)?ggg?%?rﬁ@%g%n |?§

[ 0003] Afihighedh@iskdianid fivvte PartiBulely & ahadéﬂidrﬁﬁlsvfdr*la%@ﬁfh@kmg bf the

writings, codes or indexes. "Qobviously, disk marking on a finished disk is
usef ul i surfacey offinishddoglaek digkseand dendtholdi oftusiag the appatt® det ermi ne when
and where the di sk was manufactured. Then, it is easy to trace the origin
of faulty disks. Therefore, the marking enhances quality assurance 2
process. Moreover, the marking of a disk can be used to classify disks when
a di sk has been deterni ned Backigrotied ofthe Inventiabl e for further rework. In
addition, a finished disk wwth one defective side can still be used in a

| oad/ unl oad drive and not necessarily in a contact start/stop drive. In
this situatiqn, the marking of alphanumeric characters or codes or_.inhdexes
on the dlIQR}i ve sPisksin @ndisk; mlyﬁ@aedngdeﬁab@rmﬁcp maieralsnghligh t he

good side fromthe defegtive one. Thus, wastage is jininmzed. [0004] A
PPt shedCapAGI:. BPES A IakE 455 & this iy STEEIICCBIREANE BIES s YRS usi ng

ib to. into t del i gat L sk f .U irably,, th ib

2br ades - dpeOuthpROn a6y fe L Hcediie A IhBRRaiRg REPTOReY; o PRRTGA ki ng
that t f i Bt tocth 1 b i et .of
e B GHRCRAYS S SO ot SRR B 4 8 e

thod ) . . . d
rechod SGRSSEaETRERt, oA AR Y B RITmURTE plRGAEED 220

th i : b ;

ol 1 br at oo 7 Sade 0t BERREMIERIPAARS hlfiufifld Wiy et pnceagner 2.
US 2003/ i{hkedBdudto Had 9% ﬁopﬁ%cﬂahicayﬁd%hﬁi}%es %@ﬁssﬂﬁd sEgdrafic
5,912,791, US"Patent 5,978,189, US Patent 5,847,825, US Patent 5,956, 217,
US Pat enindiedidll, 02 glaswbakedatlestiate, prodidésa smoother surface for magnetic

layer. The smoother the recording surface, the closer the proximity of the
writing/reading head to the disk. This allows more consistent and predictable
behavior of the air bearing support for the writing/reading head which enables
a higher recording density.

[0003] A finished disk can be marked or labelled with alphanumeric
writings, codes or indexes. Obviously, disk marking on a finished disk is
useful in many ways. For example, the marking can be used to determine
when and where the disk was manufactured. Then, it is easy to trace the

origin of faulty disks. Therefore, the marking enhances quality assurance
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[ 0006] Laser has al so been used for marking of netal disks. For exanple, US
Pat ent 6, 403,919 di scl oses a |l aser marking systemfor formng a single
track marking zone on thin filmnmagnetic disks. The | aser marking system

di scl osed uses Q@ switched YAG | aser, and, nore relevantly, fornms the

mar ki ng zone on an unfinished disk (A substrate and NiP alloy texture

B

fi ni shed disk Sb‘?l‘?e%raleeﬁe%lrﬁfl égi}@?@g&lt 08 Swifable fg]lfaftwﬂﬁgf?‘f’e 0dBs a
croate argtiphs ® SEUMIR MIRwit she” dBERVT Bide Gt IDE: vERT0 Bhe
o5 A S0 AR s BB, T
Cortan Kaldiatiofty i Raking U ABhAMGHEhRAUEIEr s TRThERES HRY ! O

gl ass maijaFs ' Nhe I I s JeaNQeE,
S %55 TECRTogtie SR SPGBt ISHE R0 b

subst r at gfom the defedtiveeand! ThussWastdg!i@nfidthizé@¢n be processed to the
fini shed magneti c di sk by conventional nanufacturing process. See, e.g., US

Patent 6[0004p99. @Mfimslicaimiskhedn beanarkedeirt @ fowowads. O eoavEntiohal
texturing a finished glass disk by a near infrared wavel ength | aser such as
a vanadamneethadeis. using,a b&iBOO 83 @04 4617 thd-delivate, diskesuréaght Uniddsirabiy bunps
produced in this US patent application is too |owto create visual

cont r ast th¢ scxiBer abrades and, dareages the tap layess ofithedisk. oAnathersmre iseinki ng
system that can produce visual marks on finished non-netallic substrate

di sks, espaking |tﬁatf transfers the dnscriptienronte thiesdisk ssufane by afsinga jetvadnt i on
[ 0009] The pre_glﬁgt inventipﬁ relf\t es to a |l aser, marking_ apparatus for

mar ki ng lquldiigkeer dupeWitha delttip. Hewcewsa, the finished(isk fromnthgset he

| aser mar ki ap atys, More specifically, . the | aser marking apparatus of
t he presé‘ﬁ?tﬂgm}éﬁﬁeﬁ?ﬂq?’?r%ﬁﬁoﬂmﬂtﬂ%&a%%ped marks on a finished gl ass
di sk tha visible to naked eyes. The, | aser marKi appar at u onpri ses
o 202 11 a0P0Shenm deater BeS Besh dRto petausEbimRs o Bk, APHAEE OF adtalhl
energy st@ahj kil zi SYSt n r...a gal vanoneter ~ and a pateri al
andl’} ng Auih For bBaREcAind Boftt SOMRLAbr At RIBER B G FR RS (s
4 cali brag,j . hea pul se
cal 1 br at CH HenBu R et HRARERARGN sk 6 ATEH RREHEIHILRL OBk

t hr ough u (Epgb i nex biiq p

system ereg%lﬁg?'hzsﬁs% "ptéjvsvgr2 I@?gnm e sL ’e‘(::y'gseg,ag?rﬁe%(%‘gégiﬁ‘o (§ ?r?p?%ved,
and the 863 4g8i U8 PatéRSS91097ST, TSOPAtens F,9P8, 1892108 Paitéhtop 847, §23 h
mnimzed, and directing the nodified | aser beaminfo the gal Vanoneter,

wher ei n {J® Pawstitf3,086 245 U Parterit o, 1l 7,600ethdVSAPateny 651640 e8. and focused
by F-Theta lens to the surface of a workpiece held by the naterials

handl i ng[0006] [ 001@jseAdvay diswIbeenomsedbfacmarkinpeopmastabt disksentiomn i s
to provide a | aser marking apparatus that adopts a C02 | aser to induce
dome- shapzdmplept/SoRatent 65403,940 disclasés ailaserdmgrking sjistém fondosming lae
done- shaped bunps can form al phanuneric characters, bar-code or indexes.
[0011] Astnglertragk avarkingtzaneppastbin filwanagoetic disks.prlhe tases merkiog and
apparatus for s dily and_preci &Ii§ mar ki ng a finished gl ass di sk nmagnetic

pe
storage f¥stem gdisolosed uses Qrswitg Ak laspitands anprerelevanidy stormst thee i s
isible t ked , t i b I f the disk.i
:“nts :act © a,qgar a@g zg%gfg @{ ?J@,ﬁtnqgh&{ 8}ST(C(tAl\/§ul§s%1[atg re]lndaﬁﬁg aﬁoy te}%turlesonlly)s.
US Patent 6,395,349 discloses a method for laser marking the defective side

of a magnetic disk by forming a rippled or crinkled mark that is visible to the
naked eye. The marking system of ‘349 marks on finished disks but with an
Al substrate. US Patent 6,518,540 discloses a laser marking system that uses



[001 2] A further object of the present invention is to provide a method and
apparatus for creating protruding structure on the surface of a finished

gl ass di sk during a marking process w thout contam nation of the disk
surface. [0013] The objects and advant gges of the invention will becone
apparent fromthe follow ng detail ed déscription of preferred enbodi nents

ol gnat & HAKE-BREN: &-surtiedhlios (1t Korils: o, Wl alassbandueed GERIE Fi G
appar at ustmgrins IFGHEAbE R of RS ek ver carbon layef G (B8 Heidhed o

pui se i PhealTe SINE, BiteaRe (e fihe Bled: et JBaUBRE, sHchls i BSR B

oo 11 ngtipr BT ek Go E ENRRRARP BRI © DS T | Ut rat on
pai 1 or o R0 f naahete S SO RESEE, nlf RER¥emaring (Sishgftor MARGed of Jne.

(b) the fRigRéd hbﬁ”ﬁe@éllfchﬁxtpﬁfdte%%g?ﬂss‘)‘ dlglé)"’SSirfcesgIal,sléltm%@el’i‘él%%re

reference to the P polarized plane; 8] 'FIG 5 1s a ustration of the

handl i ng opsicallyl @#2h&larEhGin ¢hé near IRNEAREIShgthaahgs) QfC@g dab@’ betrhegiament
of the C02 | aser marking apparatus for a finished glass disk; [0020] FIG 7

i s an exsaphdatef lasbe iShbed fogeoat tekturingiraw plazpsubstratss, oThehexauedace of
finished ?I ass disk by a scanning pul sed | aser beam [0021] FIG 8 is a

sanpl e ofgladse sabstratesnean cthehabecprcessed tdi fifee farished apagnetiexdskf byned by
bunps i nduced by the | aser nmarking systemon the surface of a finished

gl ass di sknvgnoonal manufactiring processanfeeseg, 115 Patgntr 64 01,5981 uOmeof a
typical finished glass disk, (a) the layered structure w thout nickel
phosphor attempttastbeen madede provide arprovesion tekturing asfinished :glasodsk FI G
10 is a bepresent atjve of an AFM j nage of E’he C02 | aserinduced protruding
st ruct ur BYf 8r e WnimRed waveleagth lasen sHeh 8v@ yanpdate daser. e ddSon a

fin Sh6d2%|0§750ﬂgf7 .Wi lt-l}(]wpeivceli'?lthg r}?eﬁgﬁg 'of Taser bumps produced in this US
patent application is too low to create visual contrast.
[0008] Therefore, there is an existing need of a laser marking system
that can produce visual marks on finished non-metallic substrate disks,

especially finished glass substrate disks.
Summary of the Invention

[0009] The present invention relates to a laser marking apparatus for
marking a finished magnetic disk and a method for the application of the laser
marking apparatus. More specifically, the laser marking apparatus of the
present invention is able to form dome-shaped marks on a finished glass disk
that are visible to naked eyes. The laser marking apparatus comprises a CO,
laser beam generator, a pulse calibration, a beam modifying and energy
stabilizing system, an attenuator, a galvanometer, and a material handling

unit. The laser marking method of the present invention comprises



[0024] FIG 11 is a representative of an AES radial position analysis; (a)
a showi ng of the AES radial position performed on the structure as shown in
FIG 10; (b) the AES radial results of the irradiated region; (c) the AES
radi al 6 results of a non-irradiated region on the sane di sk speci nen;
wherein the results indicate that the carbon, the magnetic, the chrom um
and the ni ckel .phosphorus _interfaces are still preserved beneath the
Surface AAILFANBEIRentaser hpam msratpﬁdvy ﬁi_aeslnaé% ag geaetater iy pulse

DUl Sec: [BHPEHLIORPASEE theroh LRSS faser RFar IO TAESHHER Senero throneh

f h ' f h In.FlG 12; wh I n,
Cpectra b atiegnntitnd tie Peahsodtyiigand ﬁ%@ﬁg&:‘ s@ﬁw&%ﬁ%}@; Whespis

b 1 7 | G ' ' t ES ' | ti
or T or red BB e fﬂ%ﬁ%ﬁﬁ%ﬁesﬁa%teﬁhﬁsﬁ? impeoved, gid E}f&ﬁac : iﬂnlnlgnof
per for I . & .
posi ¢ on G128t BoeR T Fibel EEntRisdr MieCoffe pofh Hiniiked, i dires

Ui | . ! Uk |
Fepr esenty odffied Jtethedin 8 1he KalvdhBidler, WHERAh fhe tnotiiibd fAser
St uCt Ur et BOUIreBeACkPdnang Ruabier aHil BRused by BIGRSFIRIoHIR

! na:ﬂ?' .
ni ckel phosphorus; and 7100297 FIG 16 1s a repr

of the W&ﬁdij)ié@BQﬁlebeQhéqﬂhﬂwiafiéhuﬁdﬁﬁgu‘ﬁiﬁ.h cracked and burnt out on
a finished glass disk wth nickel phosphorus. Detail ed Description of the

Drawi ngs [DO0OP] RefAccdrdinglyywone dbject ofithe gsresentdigivantionhigrtd pravide a
ref erence nuneral s have been used throughout the various figures to
desi gnat dasérk markéng rdpparatus ¢hats adbpts al € Gaser tmdndube ddometstefpdde

| aser mar ki ng apparatus constructed 1 n accordance with the principles of
t he presdumpswenthersurface of a finished glass disk, wherein the dome-shaped
bumps can form alphanumeric characters, bar-code or indexes.
[0011] Another object of the present invention is to provide a method
and apparatus for speedily and precisely marking a finished glass disk
magnetic storage media with a laser in such a way that the protruding
structure is visible to naked eyes, yet the protective carbon layer of the disk is
intact and free of ablation.
[0012] A further object of the present invention is to provide a method
and apparatus for creating protruding structure on the surface of a finished
glass disk during a marking process without contamination of the disk
surface.
[0013] The objects and advantages of the invention will become
apparent from the following detailed description of preferred embodiments
thereof in connection with the accompanying drawings in which like

numerals designate like elements.

Brief Description of the Drawings



[0031 ] The laser marking apparatus of the present invention enploys a CO2
| aser for marking on the surface of a finished nonnmetallic disk such as a
finished glass or ceram c-glass disk, as will be discussed below. In an
ordinary CO02 | aser marking apparatus, poor beam node, high fluctuation of

} aser power and non-uniform energy of Faser pul ses cause extrene
instability aof the_| aser marking beam, where the instabjlity results in

gr eat vaEQéH]ons oFIond r%ag&qh%maulégéagram@feengrfmlbgélmgn of the fe®s. The

hei ght vari ation.brings seri.ous _prqble tq.l.aser marking on a finished
di sk beclAseE MAKIRG AP araé%f%ro%iﬁmﬁmsisgﬁm‘»al%ry thin, e.g., about 50

T S R e i
"ayer s. et laSPe PHRRS e ibmandfpp e WiiBobl coliftfun VI3RS B oBURE) o
Cinder |y ¥ SofigRd ﬁ\l%ﬁr%g‘*ﬁtcﬁ@PF#MT the hei ;Lt Lor iﬁﬂiéfzgwle?yﬁﬁ'o? ! udi ng
ahor tconfOTESLP " hE1GE 3isHb e Ll ctientiee diddtaflt SERRELR fbdifying, ;o

appar atu i ion provides a |laser beamw th a good beam
ﬁng fenbl[:@' Efa%%l?ﬂ?xgl é}l‘sé?éih

node, |ow fluctUation o er power and uniform energy of |aser pulses.

Therefor pp017ie | asPIGTes Kb nh §Dsfratisd 6f th8eatRsRpRBF WithefwbOBréws@#ces on
a finished nonnetallic disk protruding structures with uniform or

subst ant wghdgws(4)the hsringalt slank W3 it Brewigenodndows!iSset at 0P with

enbodi ment, the laser marking apparatus of the present invention for a

fi ni shedrefeparscedic kthe Prpolagizedeplete, (Bptie AdiAaRplinel8f the pait Beewdter a
first beamreflector 14, an attenuator 15, a second beamreflector 16, a
beam nodinfindowsdsdetardQy withakefbieticegosiie tfepolbrized ahganoneter 18, and a
material handling unit 19. 8 [0033] The C02 | aser generator 12 conprises
a |l aser [BGIBland pEWEL Sssppl iylusirationaifeahe daoldling. udity sone enbodi ments, the
pul se wi dth nodul ati on (PWM node) with M2 < 1.2, unitary frequency and a
wavel eng{00B}] 10. 6FhGmbase sohematec diagransef anether regnpodineertesf the €O
application of the |aser marking apparatus of the present invention.

Sui t abl elasep marking gpp@naéus)f@a%mus]w@l glass dislg; seri es manuf actured by
Coherent _Inc.. (5100 Patri,ck Henry Drive, Santa O ara, CA 95054 USA) and the
48 Seri el0@Y | aseFIGuahis s8¢ examply @y%&EMnﬁnagqmtf& BE FhRBPS

Muki | t eo

cal | br at Fead onvihe guskiceied Toushed lass ok by 2 fcanning ulied Gerbedmor
gascous B Hhar 1 EXG Rels 8 SRt Thecaipbatpitiets ahpestes andBEfirei n the
The 11 ni SEoY RIGNESoshBArbY 1BftuBs e G RITRRT AR gkl BBl e
during \A?ﬂrl]ﬂg?é P?d@%%ﬁ&gﬁge(ﬁgki urned off before a pulse is applied. This

results ere o-pulse rise tinme of |laser pulses so that the

erer gy ologzxn pul FEGY Y sRsws/tvil Sahipiesl ot the!agBrdPStrtBARKALE BityPRSI

adopt ed tricckle pul'se to pre-ioni | asergas so that i §7] ust

bel ow t hﬁn'iﬁféd\gldshﬁﬁﬂh,o(a}thUlia?eIréd strhtuze WRhoRE h%figérlzlﬁfs her&id, (b9

short tine off. However, for a longer tine off, the few | aser pul ses
are stil th@fa@@i‘éd(sirﬁcméivﬁitl@mckeﬁ)lﬁisphﬁrds:l FIG 2a. Wthout intention to
be bound by any expl anations or theories, the inventors believe that the
great inp@0R23]st encFIGuyl (bis dueptesentativanef tane ARM image iof the COyrdasatur e
difference between the first few pulses and | ater stabilized pul ses. This

i nconsi sirducednprotnadinig strucisiee formed-withput seacked anddmrnedeowt gubbgens in
preci sion mcroprocessing, application. The pulse calibration 11 applies a
pul se- wi L&Sﬁrmafgmganiaaﬁn@@ed@lass disk withy ndekiehphosplioses; to calibrate the

energy ip. _each 9 laser pulse untill they have copnstant, .energy, .as, shown
in FG b0%he caFiGs itlilﬁ@ TePsesenialdave ot g AESciadiglpoitignanglysis

several bupps .co ed,wih the hejght of.later stabi]ized bunps. If the
el ght of STRAViPE Of thecdliS Fadiah peSittdn BeEforidrn Hig SBRCTTE 26 WP Jd
bunps, t W, dt t omvand pluses.for the first few.lase ulges i s
increaseﬁfgcégr ZP%}R/R?WF*‘JEF?SD% i tlhflglf 1§@dsr§lgém&selgt)ﬁﬁ? &Egtrﬁ 1a
stabilized bunps. Then, the paraneters of the width of the pulses will be
stored in the software. Therefore, the software would automatically apply
the sanme paraneters to all the first few pul ses whenever the | aser
generator is switched on. [0035] The shutter 13 is an optional safety
switch, placed in the optical path to block off the | aser beam 21 when the
irradiation is not needed or mal function happens. The shutter 13 receives

o ~_~N - ™~ o o A~ a2 .

-




~0 [0038] The two Brewster wi ndows 33 of the attenuator 15 operates at an
angl e of incidence equal to the "Brewster angle" 67.4 for ZnSe materi al and
wavel ength 10.6 micronmeter, as shown in FIG 4. They fully transmt
linearly polarized light in the P-pl ang conmponent 22 of the beam where the
normal plane of the pair Brewster windows is preset at O with reference to
the P pol arized plane, as _shown in FIG 4a. They al nost obstruct |inearly
pol ar i zetesulggnef iannendrradiataderegiopoor the sfame «lisk sposimes; twieenedn the pl ane
of the pair Brewster windows is preset at 90 with reference tq the P

pol ar i zeteswlisnindigatesthafihe tarben, the nwgnalinidhel shromiayn and the nickel: o
adjust the beamintensity by rotating it about the beam axis hetween 0 and
30 as. anPROPERGRISINSFACEsONER SHgl FUFSRYCR RENERth 1BS P AF O ALEF FSfnual

met hod or_ a, notor controlled by a signal 54 fromthe PC processor 10.
[0039] TH¥MKHMSnd reflector 16 is similar to the first reflector 14.

4. |t
al so an jg@nal Mgk /Or{4lS t ernal . e d i he
opti cal E@%ﬁto cﬂgiu e ][%lé&g&? $9eﬁﬁﬁ8{%F?§’&ﬁ %ng@‘cl?(%ﬁeg{lgs@ﬁ etg'%ﬁgh
del i ver [ ] iyl .energy stabilizing
system 17. hg%aﬁgﬁ@gprﬁr)g?bé@??ﬁ%{argggirﬂééeéalﬁ%ﬁ?%’or der to change the
directio t he ern1b s SKihds i t.
Thus, - anb e mein dapin roppselivoPr ABSHRIAK DTN Sertbfingd
present bAVAR!deer fe%%ﬁ]qfﬁﬂirﬁgé I3 GHywh R FIGS 2; lwRBrbid nd SfedipiWere
nodi fyi ng and energy stabilizing system 1/ conpri'ses a first adjustable
aper t ur ecglectedsvicPoiht8d tes4, dhdRoativgy therdarifge 69 glR8SubBSEHLe;
col I i mat or/ expander 31. As i's known, a regular |aser beam wt hout
nmodi fi caf@@2i7]and sFaGi l14ziata egpreserstativessfathecAB$atadial pesition perféimedd i nto
mar ki ng process. Therefore, the present invention enploys the beam
nmodi f yi ngnahd feingegyf shelbiumps ag shgstem FIGt d2¢(a)a showinpofl designgtoder
instability unsuitable for the marking process, and produce a high quality
| aser bespotsi fromumilttioh thdidata ivierei collestedin@dn)ghet AES radial positionf esultse
mar ki ng process. Nore specifically, the first adjustable aperture 32 a
i npr ovesindigatingbthah peins dirony If tor taye aseixgugephicsrbomy chsgméum,
sel ecti ng heam npde, [a\évglcﬁ;ﬁ i,nproves the beamfroma non-circle into a
circle s M, {egn QBEam 23 become true Gaussian distribution TEMbO

node. Th bea i,S referred to.one te ssing thro e beam
col | i mat EQ%pandg)F féi lghléta %P??l?t@tslvﬁrﬂﬁi‘ﬁlh B&t‘%@g%r@pﬂ@;%namy beam
col l'i mat or { expander kno to one.ski|lled,in the art can be wsed {n,the
resent. THERE D trudii Srielufavishebt pRtkel Aol b s Aihed Bigsd

Um core . ‘ | n Place, Caxton Way, Stevenage, Herts. SG
1 2UG Uhm&%lggglnéﬁg%ﬁhuoépggﬁ&aperture 30 is alters the dianeter of the
C/ E bea The b tar &59 j st -ﬁpfgrt i erred
to A2 bgL(?g%gj t hat FB@b?ﬁcﬁsag gg! reﬂqggg]r#%p%?i\gilze aef%glegg%g l?gilﬁsed
onto t heiﬁﬂtﬁi&cﬁ?f&t@@@ing%ﬁcﬁﬁ‘@ withSdradkéd andPberm it oh & ARisHed gtu%ssecond
adj ust abl e aperture 30 can be adjusted by manual nethod or notors

controll aﬁbkbwithn:i@keppﬂog‘ﬂ}gﬂag_ 55 fromthe PC 10. Both the first adjustable
aperture 32 and the second adjustable aperture 30 help to mnimze the
fluctuation of pulse energy fromthe | aser generator and optic path by
cutting off sone of the |aser beam when the | aser beam passes through both
apertures. Suitable adj uBethlled Blescription dfitheddawinigs Di aphr agns

manuf act ured by OptoSi gma Corporation (2001 Deere Avenue, Santa Ana,
California 92705, USA). (0041] The gal vanoneter 18 conprises a Xx-y scanner
and a doubl e FTheta | ens. The gal vangneter 18 recejves the A2 beam 24 after
the | asetOG¥Ym hasRedeming mew fe dhendawipgsginadetashwheyeint ke netenggcey st em

17. The | aser beam from the galvanonmeter, 18 is ref.erred to,.the G bgam 25.
e aavBnetals Bake dsaen JSed ThroARROR e Various enreD 40 Aasinste ke

stationary finjshed glass disk ace 20. en. the | yanoneter 18

ecel vesclemEiss HEETRLs ShoWmin g § refpermbedinest 8 ghe e Madipes
scans acr, t.h ' r fae o start the Kin 1 S in i hi ng
deoi red BAPRES EMTIRIMEAIES AdhcuBhbe Wiy B8 PRABIARRRE e BRG A os1
and 5, ttﬁ%éHﬁﬁHﬁ al handling unit 19 conprises a conveyer 36, a lifter 34
and a top gurde'37. A detachable cassette 35 as a di sk hol ding and
transferring nmeans is also provided for the handling unit 19. The cassette
35 holds one or nore disks that are to be marked, and can be transported by
the conveyer 36. In a marking process, the conveyer 36 transfers to a
preferable position the to-be-marked finished glass disks in the cassette
35. After the cassette 35 reaches the preferable position, the lifter 34
heaves one disk 20 till the disk touches the top guide 37. After the disk

T - . o ~ - - "~~~ S A~ -

is



13 instance, the P-polarizing beansplitter 41 deflects 98% of the |aser
beam 46 to the beam nodi fying and energy stabilizing system 17 and
perneates 2% of the |aser beam 46 as a beam sanple 47 to the detector 40.
After receiving the beam sanple 47, thg detector 40 generates a response
signal 44 that is being sent synchronically into the energy neter 41 and
the PC processor 10. The enerﬂy nmeter 41 di splays the response signal 44 as
the val ub0Q}1} he | dberlapen markingiapparabes Mdg@ﬁ@seq@w@ﬁy@me@npl@v& asponse
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nonitoring systemnonitors the nor ity of the | aser generator 12. This

noni t or i pYeroat dsnustally seplthin, ¢ep.cabout 49 ol ildmany ofimighed diskssensor,
a flow sensor and a water level sensor. Al of these sensors receive a

si gnal 4@r therohbehdml; dhe gaoteativey catbonbeerdoat drefipéslasdi plasisrdiskie habe

| aser head and power supply of the |aser generator 12 increases over a
preset vbeem,cracketheorf bumtaout iat someehigher nsiodruding builpsgrressltimgwn t han
the preset val ue, the conplex detector 42 will generate a warn signal 43.
The war nintergdiffusacn hetweere diffexent dayensh el reipteodiffisston betwhen the tayers4 turn
interrupt the command pul se 38 and turn off the shutter 13. An alert system

50 i s al sen élﬁem dead tg pessiblegaoblemsio rgizigbéliﬂ%' dp?mo COPEAMIDASIQM @rt;\&he ni ng
signal 43, e.PC processor, 10, may activate t alert, system 50 at may
ot al ePUrTAge layegty i naded pinlay prer L he othes handydhe PRI SaRe i s
noni tori system s that it pay,substantially elim.nate mage of .t he
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cause [ enper at ure eLEr hag. now ko : an e
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sof tware a}ﬂﬁ}é&gﬁ&%&&sﬁﬁhéjﬁ}% ehf ixigéﬁtgcﬁ{ prd Wﬁe?@lﬁ?&f’ﬂ %&a Jv!}ﬁ ogg yaser
12, the g% en : & ShUFrer ! e gaYvanome er 18 and the fandl | ng
system 1 I [ i-ve i a

7 ni ahedbeant OAE tow AHERIaAY OF 1B TRALE W uIREAF Bt eREHIRS,
of the p t ITheaeforen-théh F | ¢ ' j banal |y
producedpgﬁfgrdi ng tgdn‘sé?z;rlllga%gér%ﬁgﬁggpggﬁtggsépéﬁ%%gslé?tl:ggyggigg t wo
exanpl esppadiides dn aifetisHed nesgnetalis diskaprotanling startulesrwithagiiforat lorng by
and 9. osubsthntiaRpemGrasheidink 20 has a gl 256 substrate, and above the
an , a 1 e u , v
substrate are five or six layers of different materials. For five |ayers
shown i n [B082] 9( a) Refemringpows to Ferl,iin ame emjzodiméntpthe taser narkiing shed
di sk wi t hout the organl c lubricant can al so be marked by the present

i nvent i oapparate» o thatprésenininvention forgadinished glassndiskagempiisas 8eCa:f ew
nanoneters thick. Below the |ubricatj n‘g | ayer is a carbon |ayer. |In sone

enbodi melRssr generaier dda a shuttemibd, & first bramseeflgctonddi apmttanystonhd, aThe
coal overcoat terial, conprises a carbon nitrogenated or, hydrogenated to
produce SC¢ANSl ggﬁmlé‘?ﬁﬁ?t&ﬁ%#i amsmg&%m&a rFé’&trEYts}‘i@bﬁ %%YFSH";P@r is a
magneti c Layer, |In sone enmbodi nents, .the netJ g .l ayer has a thickness
about ZOBHa%&%YWetFﬁiI > AR r?e‘?’iaierﬂ%l;@nﬁa@%ﬁé?%ﬁ? made up of cobalt
chrom um pl ati num boron (CoPtCrB). The finished disk al so 15 contains a
chrom um under | ayer (e.g., 300 angstrons) and a ruthenium|ayer (e.g., 6
angstrons). For the six layers, there is an additional nickel phosphorus

| ayer ( e.g., 300 angstromns) between chrom um underl ayer and gl ass
substrate, as shown in FIG 9(b). During the marking process, the finished
di sks are |l oaded into the cassette 35 of the material handling unit 19.

[ 0047] When the marking process starts, the power supplies for the PC
processor 10 and the C02 | aser generator 12 are switched on. After the
prewar m up, the PC processor 10 sends the pulse coomand 38 for the pul se
calibration 11. The software of the pulse calibration 11 calibrates the
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[0048] In its sinplest form after the calibration, the |aser beam 21
energing fromthe | aser head is passed through the shutter 13, the first
beamreflector 14, the attenuator 15, the second beamrefl ector and the
beam nodi fyi ng and energy stabilizing gysten117. Then, the | aser beam 25
after passing through a gal vanoneter 138 is positioned and focused onto the
surface 16 of the_ finished glass disk 20 that is mani pul ated by the

mat eri al [0 i ng dilver CDo lapemgonemsitar d 22 compnispses lpseroheadiiand pavwenm
node, the laser b anlenerges.as puhie formation.. The Iaﬁgr-in ucedggﬁt-like
bunps wi FEPPEY nviitbrgaterseanlingne hmi s@menembedimgBtsn fhe spuksee igithosss
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surface brings about the visible cContrast 1deal for the marking process.

[ 0051] TpgzﬂgngAgﬁrking process induces a variety of shapes of the bunps
formed on a finished disk. FIG 10 shows on a finished glass disk with
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beam No m cro-cracks or burnt outs were seen in the top tip
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expl anation, the bunp 17 formation nmechanismis believed that the energy
of the | deFendmhe@viﬂy oattherdmduntyofitimediusing hehivhuthiedaset had bedrmpansdbut

al so the ass substrate to quickly generate a heat in the |aser hitting
area. Thoff befurew pulsedsspphieduplibrsaresulis imldiffepentgpulse-to-pulse hisattedear ea
due to the poor heat conductivity of glass material so that the | ayers
cover onofllasaer pulses sattbapthe enaegy o6 enchpulseivarisse Audisclased &!ﬂHéOQhape.
An adequate enerqgy of a | aser, pul.se can produce epough protrusion of,the
aser i niRUBeGALPWSeS Adopteshia &riklerpalse tg PERdOBLAenthsglasengense thatit t he
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hi gher t protrudl ng “structure Is; er the marking contrast wl

be. I n obgpwed® tias firgvRew paldtisoifblater Habiszedpafsed! ITHidIR8EoMISRAL Whijhout
bei ng cracked or burnt out, the fluctuation of the | aser power should be as

M ni m zednstabbedasdr pulsertoepiise ccarachughséveret prafblemsoin prstsionomesros | |
cause a contam nation due to sone | aser bunps being cracked and burnt out,
or | ow nprécesyingnapplscatior. t Theopalieacalibratipa béi appliesec gilservigdthht . 1 n
the present invention, the pulse calibration 11 and the beam nodifyi ng and
ener gy scabipensatigns3s femfitst fanecomenand pulses to xalibinatef thecneagy an eacht he

| aser power and | aser pulse so that a uniformdistribution of the highest
protrusions can be achi eved. Wen the | aser bunpi ng nunber and hei ght of
the protrusion are fixed, the increase of the bunping dianeter wll

i ncrease the marking




18 contrast, which is achieved by adjusting raw beam di aneter in the beam
nodi fyi ng and energy stabilizing system 17. [00S3] The surface norphol ogi es
of finished glass disks after |laser irradiation were investigated using an
atom c force mcroscope (AFM. As discussed above, FIG 10 shows a
rrepresentative of the AFM i mage of the’Cc02 | aser-induced pr ot rudi ng
structures w thout cracked and burnt out during |aser marking on a finished
gl ass di $seni pulsei ertill theys hlayeueonstantdaierZyn as hshownein &llégti!bm The
spectroscoFg (AES) was_ also used to study. As shown, FIG 11 is a

r epr esencalibrading proceduzerisdpshasksthei leight afftist seyenal bumpsicomparedne AES
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| aser -i nduce wthac urnt t nor phol ogy 1's
shown i nykd ﬁseﬁ%gg%ﬁ%ﬂsgﬁ?ﬁcl@éd)&flyg on created by excessive heat leads to

a cracking or bl age on the top of the dome bunps because the sputtered
Layers o{0gas] ni shithekinltter £3 tioan!ptfondlrsafdy dwvitch, pecisipicaipticalof the
sputtered fil'mlayers will also rise into the burning point due to the

i ncreas epafh tdeblabkosffethehkaer bant 2T eshier the rirtddeationtisenednéeded lozyer s
burnt out and gl ass substrate nelt in the center of the bunp, as shown in
FI G 13. nidlfsnctiomthappense Thenshsier i 3arevwwives the enmemhandipgisigsallS8o 4
due to only insulated glass existed. Only on the fri nge_ of a 19 done
shaped pfiaomubedC prosessorrk) 6 neaintain, a phopet statussagibeing eithex opemaat
chlorine was found, as shown in FIG_ 14. As the carbon overcoat | ayer,
servi ng &losgdprbhesatefy sty fordlockingia daser heemis kmenyyneconaieklledyiag,
such a | aser-i ced deformati on can | ead tq severe damage and
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| aser marking process, betause further increase of the |aser power resulted
in sone pectRAghlR Brevter WindéwsB3. The Prewstenwihdows havElseene@ednforay be
that the | aser beam penetrates the glass substrate due to its optically

t r anspar eohtrodlingdaser! power.e ForagxamplesiUS PAO3/E68645k disdlesezda arethetinveen
mufti-players and gl ass substrate is so little that the upward thernal
expansi oands apparitysf fomedntrolkingf taser poweghersitgrgt deastotwbeBaewstered.

I ncrease of the |aser power will only cause the surface tenperature being
rai sed i Miodawsuwhiclyappaligned ateng aoraxis whichyisrparaldel to thesdirectioh@fbunps
are cracked and burnt out. [0056] Wile the foregoing, has, presented

descri pt thedasgr beamaand prhichy arg) retasellienarnundy saidh aXis, evhereinthenfirgn, it
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21 CLAIMS What is clainmed is: 1. A laser marking apparatus for producing a
visible protruding structure on the surface of a finished non-netallic
substrate di sk magnetic storage nedia, conprising: a C02 |aser generator
for generating an output |aser beam m&frein t he out put | aser beamis
calibrated by calibrating the first few command pul ses of the output |aser
beam by aagﬁgtng a _pul se-wi dth conpensation; an attenuator disposed in the

optical f f ~t h heatywp Brewsiarrwimdaws 3Biofsherattensetarl§ operadesigt amg t he
he opt | GREIGHT AcRFRCTUITD BEAHTEPGRTENEISS SlohalarhnS8 MAETinl abdh 71 ng.
beam f o SR Ecbh TrRTPRAER AarpopvbiLEl Gy e Hast Haly béasmithoeatye o
the las erpo'fa%?%@ Iltgﬁ{ irf ﬁie“ﬁ-ﬂl%ﬁg Scce)gnpoor}lte%t ‘zB%P tihsekbésa% fwalge%;e the normal

plane of the pair Brewster windows is preset at 0° with reference to the P

polarized plane, as shown in FIG. 4a. They almost obstruct linearly polarized

light in the P-plane component of the beam where the normal plane of the pair

Brewster windows is preset at 90° with reference to the P polarized plane, as

shown in FIG. 4b. Consequently, they can be used to adjust the beam

intensity by rotating it about the beam axis between 0° and 90° as an

attenuator. The rotating adjustment can be operated by a manual method or a

motor controlled by a signal 54 from the PC processor 10.

[0039] The second reflector 16 is similar to the first reflector 14. It is

also an optional mirror used externally as a beam bender in the beam optical

path to change the delivering direction of the laser beam and deliver the laser

beam into the beam modifying and energy stabilizing system 17. The means

for reflecting laser beams in order to change the directions of the laser beams

are well known to one skilled in the art. Thus, any known means capable of

such a function are included in the present invention.

[0040] Referring now to FIGS. 1 and 3, the beam modifying and energy

stabilizing system 17 comprises a first adjustable aperture 32, a second

adjustable aperture 30, and one beam collimator/expander 31. As is known, a

regular laser beam without modification and stabilization is so instable that it

cannot be fitted into marking process. Therefore, the present invention

employs the beam modifying and energy stabilizing system 17 to eliminate

the laser power instability unsuitable for the marking process, and produce a

high quality laser beam with uniform distribution of energy that is prefect for

the marking process. More specifically, the first adjustable aperture 32



a gal vanoneter disposed in the optical path of the | aser beam from said
nmodi fyi ng and stabilizing systemfor scanning and nmarking the disk; and a
handl i ng system di sposed in the optical path of the |aser beam from said
gal vanoneter for hol ding and transferrhng t he di sk during a marking
process. 2. The | aser marking apparatus of claiml, further conprising a
shutter disposed jn the optical path of the output |aser beam for bl ocking
of f the n@@@@vg%athf: Alpbeam 2% quakity frankithg lagpaeenesater. cBsi way ofurt her
conprising, a first reflegtor disposed in the optigal path of,tre,output

| aser beagrleﬁémgc%&ﬁm modecwieh Emmreyesi thecbeem Hom e nan-pircle dBkr apeam
4. The | ase

Sircle SRape, MaRSP e A Theam 55 Betote frile Galissian Qistribution TERL.
mode. The C/E beam 37 is referred to one after passing through the beam
collimator/expander 31 that amplifies and collimates the beam 23. Any beam
collimator/expander known to one skilled in the art can be used in the present
invention. The suitable ones include HMBE/94 manufactured by Umicore
Laser Optics (Unit 2 Caxton Place, Caxton Way, Stevenage, Herts. SG1 2UG,
UK). The second adjustable aperture 30 is alters the diameter of the C/E
beam 37. The beam after the second adjustable aperture 30 is referred to A2
beam 24 that produces a desired beam spot size after being focused onto the
disk surface. Both the first adjustable aperture 32 and the second adjustable
aperture 30 can be adjusted by manual method or motors controlled by a
command signal 55 from the PC 10. Both the first adjustable aperture 32 and
the second adjustable aperture 30 help to minimize the fluctuation of pulse
energy from the laser generator and optic path by cutting off some of the laser
beam when the laser beam passes through both apertures. Suitable adjustable
apertures include Iris Diaphragms manufactured by OptoSigma Corporation
(2001 Deere Avenue, Santa Ana, California 92705, USA).

[0041] The galvanometer 18 comprises a x-y scanner and a double F-
Theta lens. The galvanometer 18 receives the A2 beam 24 after the laser
beam has passed the beam modifying and energy stabilizing system 17. The
laser beam from the galvanometer 18 is referred to the G beam 25. The
galvanometer 18 can position and focus the G beam 25 onto the stationary
finished glass disk surface 20. When the galvanometer 18 receives a marking
instruction from the PC processor 10, the G beam 25 scans across the disk
surface to start the marking process by inscribing desired patterns on the disk

surface.



reflector disposed in the optical path of the | aser beamfromsaid
attenuat or for changing the delivering direction of the | aser beam from
said attenuator. 5. The |l aser marking apparatus of claiml, wherein said
attenuat or conprises two Brewster wi ndgws. 6. The | aser marking apparatus
of claim1l, wherein said beam nodifying and energy stabilizing system

conprises_a first adjustable aperture and a_second adj ystab) e aperture for
m ni mi zi E@ome f | udelerring quthﬁeFI&iSsb a@deﬁgph@ﬁnmélaff AW)JIH%#PI
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transfers to a preferable position the to-be-marked finished glass disks in the

cassette 35. After the cassette 35 reaches the preferable position, the lifter 34
heaves one disk 20 till the disk touches the top guide 37. After the disk 20 is
fixed stably by the top guide 37, the PC processor 10 sends a signal 51 to the
X-y scanner inside the galvanometer 18 and a signal 38 to the CO, laser
generator 12 synchronously to mark a desirable pattern such as
alphanumerical characters, code and index. When the marking on the disk 20
is finished, the lifter 34 moves the disk 20 down and places the marked disk
back inside the cassette 35. This process will be repeated until all the disks in
the cassette 35 have been marked. Then, another cassette with unmarked
disks will replace the one with marked disks by the conveyer 36. The whole
operating process of the handling unit 19 is controlled by the PC processor 10
through by a bi-directional signal 52.

[0043] Referring now to FIG. 6, another embodiment of the laser
marking apparatus is shown. In this embodiment, the normality of laser pulse
energy from laser generator and optical path may be monitored by two
monitoring systems. The first monitor system comprises a P polarizing
beamsplitter 45, a detector 40 and an energy meter 41. The P polarizing
beamsplitter 45 substitutes the beam reflector 16, as discussed above. The P
polarizing beamsplitter 45 can be used to split the laser beam from the
attenuator 15 into two parts with one going to the beam modifying and energy
stabilizing system and the other going to the detector 40. The ratio of these

two parts shall be determined based on specific marking processes. For



23 9. The laser marking apparatus of claim1, wherein the protruding
structures are done shaped bunps. 10. The | aser marking apparatus of claim
9, wherein the dome shaped bunps have heights with a range of between 20
and 120 nanoneters. 11. The |aser markj;ng apparatus of claim1, wherein the
finished non netallic substrate disk has a gl ass substrate. 12. The | aser
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energy meter 41 displays the response signal 44 as the value of the laser

pulse, and the PC processor 10 compares the response signal 44 with the
preset standard value. When the energy of the laser beam satisfies the preset
standard value, the difference is about zero. However, the energy of laser
beam may vary in certain circumstances including a higher temperature in
water coolant, beam mis-alignment caused by some vibration and damage of
some optic mirrors in the optical path. Whenever any of such circumstances
happens, the response signal 44 sent by the detector 40 may be a strong or
weak one. When the PC processor 10 detects a difference between the
response signal 44 and the preset standard value, it will interrupt the
command pulse 38, send a command instruction 53 to turn off the shutter 13,
and stops the marking process. Meanwhile, the energy meter will display the
higher or lower value of laser pulse. Therefore, the bad marking quality on the
surface of finished glass disks can be substantially minimized during the
marking process.

[0044] The second monitoring system monitors the normality of the
laser generator 12. This monitoring system is a complex detector 42
comprising a temperature sensor, a flow sensor and a water level sensor. All
of these sensors receive a signal 49 from the laser generator 12. When the
temperature inside the laser head and power supply of the laser generator 12
increases over a preset value, or the flow and water level inside the chiller is
lower than the preset value, the complex detector 42 will generate a warn

signal 43. The warn signal 43 will be sent into the PC processor 10 which in



15. The | aser marking apparatus of claim1, further conprises a first
monitor system having a P polarizing beansplitter for splitting the | aser
beam from said attenuator, a detector for detecting one part of the split

| aser beam and an energy neter for displaying a response signal fromthe
det ect or. 24 16. The | aser marking apparatus of claim1, further
conprises a second nonitor system having a tenperature sensor, a fl ow
sensor aRtrnainterraipt |theecomsranst pulsee 38pgnd Kurm GAL thes shutter US.a A gdent from
said | aser gen%rator 17. The_l aser .marking .apparatus_of claim1, mgerein
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monitoring system is that it may substantially eliminate damage of the laser
head and power supply of the laser generator 12 due to overheat caused by
high temperature.

[0045] Referring now to FIGS. 1 and 6, the PC processor unit 10 is
personal computer installed with all necessary software. The PC processor
unit 10 controls the emission of the CO, laser 12, the attenuator 15, the shutter
13, the galvanometer 18 and the handling system 19 separately.

[0046] Now a representative process of marking a finished non-metallic
disk is described using the laser marking apparatus of the present invention.
The finished non-metallic disk is conventionally produced according to
standard industry practices. FIG. 9 illustrates two examples of the finished
glass disks that can be used for laser marking by the laser marking apparatus
of the present invention. Referring to FIGS. 5 and 9, each finished glass disk
20 has a glass substrate, and above the substrate are five or six layers of
different materials. For five layers shown in FIG. 9(a), the topmost layer is an
organic lubricant. A finished disk without the organic lubricant can also be
marked by the present invention. In some embodiments, the organic lubricant
layer can be a few nanometers thick. Below the lubricating layer is a carbon
layer. In some embodiments, the carbon layer has a thickness of about 50
angstroms. The coal overcoat material comprises a carbon nitrogenated or
hydrogenated to produce a protective, diamond-like substance. Beneath the
carbon layer is a magnetic layer. In some embodiments, the magnetic layer
has a thickness about 200 angstroms. This magnetic layer is mainly made up

of cobalt chromium platinum boron (CoPtCrB). The finished disk also



magnetic | ayer, a rutheniumlayer, a chromiumlayer, a nickel phosphorus
|.ayer and a gl ass substrate. 19. A nethod for producing a visible
protrudi ng structure on the surface of a finished non-netallic substrate
di sk magnetic storage nmedia by using the | aser marking apparatus of claim
-+, conprising steps of: calibrating the I aser beam generated by the | aser
generator by pulse calibration; passing the calibrated |aser beamfromthe
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finished disks are loaded into the cassette 35 of the material handling unit 19.
[0047] When the marking process starts, the power supplies for the PC
processor 10 and the CO, laser generator 12 are switched on. After the pre-
warm up, the PC processor 10 sends the pulse command 38 for the pulse
calibration 11. The software of the pulse calibration 11 calibrates the first few
pulses from the CO, laser generator 12 by the calibration command 39. The
calibrating procedure is to check the height of first several bumps by
comparing with the height of the stabilized bumps. If their height is lower
than that of the stabilized bumps, the width of the command pluses for the
first few laser pulses is increased accordingly The calibrating procedure is to
check the height of first several bumps compared with the height of later
stabilized bumps. If the height of the first several bumps is lower than that of
the stabilized bumps, the width of the command pluses for the first few laser
pulses is increased accordingly till their heights are as same as that of the
stabilized bumps. Then, the parameters of the width of the pulses will be
stored in the software. Therefore, the software would automatically apply the
same parameters to all the first few pulses whenever the laser generator is
switched on.
[0048] In its simplest form, after the calibration, the laser beam 21
emerging from the laser head is passed through the shutter 13, the first beam
reflector 14, the attenuator 15, the second beam reflector and the beam
modifying and energy stabilizing system 17. Then, the laser beam 25 after

passing through a galvanometer 18 is positioned and focused onto the surface



20. A finished non-netallic substrate di sk manufactured by cl ai m 15,
wherein said finished non-netallic substrate di sk has done shaped bunps.
21. The finished non-netallic substrate disk of claim?20, wherein said
finished non-netallic substrate disk h%s a gl ass substrate.
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pulse. Software files can be used to determine the spacing between two
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adjacent bumps.

[0050] The laser marking apparatus has been optimised to induce marks
on the surfaces of the multi-layered finished glass disks without undesirable
effects. Process analyses indicated that, with a suitable laser power and beam
size, the different layers of the disks still remain intact after the marking
process. The surface protruding structures induced on the top surface brings
about the visible contrast ideal for the marking process.

[0051] The laser marking process induces a variety of shapes of the
bumps formed on a finished disk. FIG. 10 shows on a finished glass disk with
nickel phosphor layer a protruding structure bearing the dome-shape. The
height of the protrusion can reach 120 nanometer with a range of between 20
and 120 nanometer, depending on the intensity of the laser power and/or laser
pulse energy. The diameter of the bumps is between 10 and 45 micrometer,
determined by both beam diameter on double F —Theta lens and the intensity
of the laser power. Preferably, such a structure is linked to the axial-
symmetrical Gaussian-shaped intensity distribution of the laser beam. No
micro-cracks or burnt outs were seen in the top tip of the protruding structure.

Without intention to be bound by any theories or explanation, the bump
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generate a heat in the laser hitting area. This heat will cause an upward
thermal expansion in the heated area due to the poor heat conductivity of
glass material so that the layers cover on glass substrate protrudes to form a
visible bump with dome shape. An adequate energy of a laser pulse can
produce enough protrusion of the laser-induced area but not cause a cracking
and burning. In this way, the visible bumps without being cracked and burnt
out can be achieved on the surface of a finished glass disk with and without
nickel phosphorus layer or other layer in the present invention.
[0052] The contrast marking effect on the surface of a finished glass
disk is dependent on the following factors: (1) The number of laser bumps;
(2) The height of protrusions; (3) The diameter of bumps. The increase of the
laser bumping number enhances the marking contrast. However, increased
laser bumps will cause the marking speed reduced. The number of laser
bumps is limited by the precision of the scanner. With respect to the height of
the protrusion, the higher the protruding structure is, the better the marking
contrast will be. In order to achieve the highest protrusion of all laser bumps
without being cracked or burnt out, the fluctuation of the laser power should
be as minimized as possible. Otherwise, a high fluctuation of laser power will
cause a contamination due to some laser bumps being cracked and burnt out,
or low marking contrast due to some laser bumps being reduced in height. In
the present invention, the pulse calibration 11 and the beam modifying and
energy stabilizing system 17 are used to minimize the fluctuation of the laser
power and laser pulse so that a uniform distribution of the highest protrusions
can be achieved. When the laser bumping number and height of the protrusion

are fixed, the increase of the bumping diameter will increase the marking
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o @tcCdwnmiEsbwhidh 16 achieved by adjusting raw beam diameter in the beam
modifying and energy stabilizing system 17.
[0053] The surface morphologies of finished glass disks after laser
irradiation were investigated using an atomic force microscope (AFM). As
discussed above, FIG. 10 shows a representative of the AFM image of the
CO; laser-induced protruding structures without cracked and burnt out during
laser marking on a finished glass disk with nickel phosphorus. In addition the
Auger electron spectroscopy (AES) was also used to study. As shown, FIG.
11 is a representative of an AES radial position analysis; (a) a showing of the
AES radial position performed on the structure as shown in FIG. 10; (b) the
AES radial results of the irradiated region; (c) the AES radial results of a non-
irradiated region on the same disk specimen. Comparison of the irradiated
regions of FIG. 11(b) with non-irradiated regions of FIG. 11(c) on the same
disk specimen reveals that the carbon layer of the irradiated regions remained
very intact and only the lubricant layer with fluorine and nitrogen elements
was evaporated off. Furthermore, the carbon, magnetic, chromium and nickel
phosphorus interfaces were still preserved. This demonstrates that the laser-
induced deformation of this type can be used to induce the formation of the
surface protruding structures ideal for a marking process.
[0054] Using higher energy of laser pulse, the laser-induced structure
with a cracked and burnt through morphology is shown in FIG. 12. The
higher protrusion created by excessive heat leads to a cracking or breakage on
the top of the dome bumps because the sputtered layers of a finished disk are
too thin. In addition, the temperature of the sputtered film layers will also rise
into the burning point due to the increase of the absorbed heat, which results
in the sputtered film layers burnt out and glass substrate melt in the center of

the bump, as shown in FIG. 13. This is why there is no spectra were collected

on points 1 to 4 due to only insulated glass existed. Only on the fringe of a
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HOL" 108 ok shaped prottusion, a mixtire of carbn, cirbinium, sodium, silicon and
chlorine was found, as shown in FIG. 14. As the carbon overcoat layer,
serving as a protective layer for the disk, has already been destroyed, such a
laser-induced deformation can lead to severe damage and contamination on
the surface of the finished glass disk.
[0055] FIG. 15 shows the bumps on the surface of a finished glass disk
with nickel phosphor layer that was marked by using a near IR wavelength
(1064 nanometer) laser, i.e. Nd. YAG laser, where the YAG laser-induced
bumps were not cracked or burnt out. However, the results indicated that the
maximum height of protruding structure on the surface of finished glass disk
was less than 13 nanometer, far lower than that achieved by CO, laser with
wavelength 10.6 micrometer. This height of bumps is too low to be visible
for a naked eye. Moreover, the height of bumps could not be increased by
simply increasing the energy of the laser beams used for the laser marking
process, because further increase of the laser power resulted in some bumps
broken and burnt out, as shown in FIG. 16. The reason may be that the laser
beam penetrates the glass substrate due to its optically transparent for near IR
wavelength laser. The heat accumulated on between multi-players and glass
substrate is so little that the upward thermal expansion is hardly formed.
Therefore, a higher bump cannot be achieved. Increase of the laser power
will only cause the surface temperature being raised into a burning point of
sputter film layers. As a result, the bumps are cracked and burnt out.
[0056] While the foregoing has presented descriptions of certain
preferred embodiments of the present invention, it is to be understood that
these descriptions are presented by way of example only and are not intended

to limit the scope of the present invention. It is expected that others skilled in

the art will perceive variations which, while differing from the foregoing, do
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not depart from the spirit and scope of the invention as herein described and

claimed.
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CLAIMS

What is claimed is:

1. A laser marking apparatus for producing a visible protruding
structure on the surface of a finished non-metallic substrate disk magnetic
storage media, comprising:

a CO; laser generator for generating an output laser beam, wherein the
output laser beam is calibrated by calibrating the first few command pulses of
the output laser beam by applying a pulse-width compensation;

an attenuator disposed in the optical path of the laser beam from said
first reflector for adjusting the beam intensity;

a beam modifying and energy stabilizing system disposed in the optical
path of the laser beam from said second reflector, minimizing the fluctuation
of the pulse energy, improving the quality of the laser beam from said second
reflector and producing a desired beam spot size of the laser beam after being
focused onto the disk surface;

a galvanometer disposed in the optical path of the laser beam from said
modifying and stabilizing system for scanning and marking the disk; and

a handling system disposed in the optical path of the laser beam from
said galvanometer for holding and transferring the disk during a marking

process.

2. The laser marking apparatus of claim 1, further comprising a shutter
disposed in the optical path of the output laser beam for blocking off the laser

beam.
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3. The laser marking apparatus of claim 1, further comprising a first
reflector disposed in the optical path of the output laser beam for changing the

delivering direction of the output laser beam.

4. The laser marking apparatus of claim 1, further comprising a second
reflector disposed in the optical path of the laser beam from said attenuator

for changing the delivering direction of the laser beam from said attenuator.

5. The laser marking apparatus of claim 1, wherein said attenuator

comprises two Brewster windows.

6. The laser marking apparatus of claim 1, wherein said beam
modifying and energy stabilizing system comprises a first adjustable aperture
and a second adjustable aperture for minimizing the fluctuation of the pulse
energy of the laser beam, and a beam collimator/expander for amplifying and

collimating the laser beam.

7. The laser marking apparatus of claim 1, wherein said galvanometer
comprises a x-y scanner for scanning the surface of the disk and a double F-
Theta lens for focusing the laser beam from said beam modifying and energy

stabilizing system.

8. The laser marking apparatus of claim 1, wherein the handling unit
comprises a conveyer for transporting disks, a lifter for moving the disks up
and down, and a top guide for designating the extent to which the disks can be

moved up by the lifter.
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structures are dome shaped bumps.

10. The laser marking apparatus of claim 9, wherein the dome shaped

bumps have heights with a range of between 20 and 120 nanometers.

11. The laser marking apparatus of claim 1, wherein the finished non-

metallic substrate disk has a glass substrate.

12. The laser marking apparatus of claim 1, further comprising a
processor, wherein the processor functions for calibrating the output laser
beam, and receiving signals from , processing, and sending signals to one or
more parts of said laser marking apparatus including the material handling
unit, the pulse calibration, the shutter, the attenuator, the beam modifying and

energy stabilizing system, the galvanometer and the material handling unit.

13. The laser marking apparatus of claim 12, wherein the processor is a

personal computer.

14. The laser marking apparatus of claim 1, wherein the CO, laser
generator has a pulse width modulation (PWM mode) with M?< 1.2, unitary
frequency and a wavelength of 10.6 pum.

15. The laser marking apparatus of claim 1, further comprises a first
monitor system having a P polarizing beamsplitter for splitting the laser beam
from said attenuator, a detector for detecting one part of the split laser beam,

and an energy meter for displaying a response signal from the detector.
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16. The laser marking apparatus of claim 1, further comprises a second
monitor system having a temperature sensor, a flow sensor and a water level

sensor, whereby the sensors receive a signal from said laser generator.

17. The laser marking apparatus of claim 1, wherein the finished non-
metallic substrate disk has five layers including a carbon overcoat layer, a

magnetic layer, a ruthenium layer, a chromium layer, and a glass substrate.

18. The laser marking apparatus of claim 1, wherein the finished non-
metallic substrate disk has six layers including a carbon overcoat layer, a
magnetic layer, a ruthenium layer, a chromium layer, a nickel phosphorus

layer and a glass substrate.

19. A method for producing a visible protruding structure on the
surface of a finished non-metallic substrate disk magnetic storage media by
using the laser marking apparatus of claim 1, comprising steps of:

calibrating the laser beam generated by the laser generator by pulse
calibration;

passing the calibrated laser beam from the laser generator through the
attenuator and the beam modifying and energy stabilizing system, wherein the
laser power can be selected, the laser mode can be improved, and the
fluctuation of laser power from laser generator and optic path can be
minimized; and

directing the modified laser beam into the galvanometer, wherein the
modified laser beam is directed by an x-y scanner and focused by F-Theta

lens to the surface of a workpiece held by the materials handling unit.
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21. The finished non-metallic substrate disk of claim 20, wherein said

finished non-metallic substrate disk has a glass substrate.



