1 METHOD AND APPARATUS FOR LASER MARKI NG ON FI Nl SHED GLASS DI SK MEDI A
Field of the Invention [0001] The present invention relates to technol ogy
of laser marking on finished disks and nore particularly to an apparatus
for laser marking on the surface of finished glass disks and a nethod of
usi ng the apparatus. Background of thellnvention [0002] Disks in a disk
drive are nade of a variety of materials. Hi gh capacity magnetic di sks use
a thin fi|MBEJOHD IANEARPARATES BORAASHER MeORKING QNORINISIIBEE! r at e.
Protective and lubricating |layers may be applied over the nagnetic active
| ayer. Most comonly, the substb#t$S BISKAMHBDIA is made of metal, plastic,
or glass material. The use of non-netallic substrates such as glass or

gl ass-ceranmi ¢ substrates has gai ned widely acceptance in the industry due
to the superior mechanical advaptages of glass and gl ass-ceramic material.
A gl ass based substrate provi dbseld afibetlngentdonf ace for magnetic |ayer.
The snoot her the recording surface, the closer the proximty of the

writing/reading head to the disk. This allows nore consistent and
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Therefore, the marking enhances quality assurance 2

Background of the Invention

[0002]' Disks in a disk drive are made of a variety of materials. High
capacity magnetic disks use a thin film magnetic medium plated or vacuum
deposited upon a substrate. Protective and Iubricating layers may be applied
over the magnetic active layer. Most commonly, the substrate of the disk is
made of metal, plastic, or glass material. The use of non-metallic substrates
such as glass or glass-ceramic substrates has gained widely acceptance in the
industry due to the superior mechanical advantages of glass and glass-ceramic
material. A glass based substrate provides a 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




process. Moreover, the marking of a disk can be used to classify disks when
a disk has been determ ned of whether it is suitable for further rework.

In addition, a finished disk with one defective side can still be used in
a |load/unload drive and not necessarigy in a contact start/stop drive. In
this situation, the marking of al phantineric characters or codes or indexes
on the defecthxﬁ side of the finished _disk can be used to distinguish the
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US Patent 5, 956, 217, US Pat ent i _ atent 6, 164, 118. [0006]
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Patent 6,403,919 discloses a laser narking system formng a single
track nemisth 1908imn atduiribdri tonewieinetthe dhisdete didle shmee. hhbﬂgal%lz/yﬁ em

di scl osed uses Qswitched YAG | aser, and, nore relevantly, forns t

mar ki ng therseriber abradds and dathagieskhéAbp dupets' it theadisk NAGhbPYnb ax ink €
only). US Patent 6,395, 349 discloses a nethod for |aser marking the
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that Is l\i/clllfildb{nek to? a{?)een with a felt tip. However, the finished disk from these
methods suffers deterioration and contamination.
[0005] Laser has been used to produce bumps on the surfaces of a hard
disk for creating landing zones with improving tribology performance for the
data transducing heads or a calibration disk for calibrating the fly height of a
glide head. See, e.g., US 2003/0015018, US Patent 5,062,021, US Patent
5,863,473, US Patent 5,912,791, US Patent 5,978,189, US Patent 5,847,823,
US Patent 5,956,217, US Patent 6,117,620 and US Patent 6,164,118.
[0006] Laser has also been used for marking of metal disks. For
example, US Patent 6,403,919 discloses a laser marking system for forming a
single track marking zone on thin film magnetic disks. The laser marking
system disclosed uses Q-switched YAG laser, and, more relevantly, forms the
marking zone on an unfinished disk (Al substrate and NiP alloy texture only).
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




naked eye. The marking system of 349 marks on finished disks but with an
Al substrate. US Patent 6,518,540 discloses a | aser marking systemthat

uses 3 a diode-punped Q swtched laser to create a visible | aser-induced
ripple structure without ablation of t3he protective carbon layer on the
finished netallic disk surface. The di'scl osed | aser marking systens can
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finished gl ass” substrate di sks. Summary o ion € present
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magneti c disk and a nethod for the applicTation of the ['aser marking

appar at uglassbsbstpstest ¢amlthgn bbeprozessedaoking fﬁﬁ?ﬁé@trﬁggﬁetié h&igka?Sent
invention is able to form dome-shaped marks on a finished glass dis t hat
are vi si bdeventiomdlenampdactufheg pesesssmagkeng gapPIS PaténtcO T, 599, a0RE2
attempt has been made to provide a process for texturing a finished glass disk
by a near infrared wavelength laser such as a vanadate laser. See, US
2003/0044647. However, the height of laser 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




| aser beam generator, a pulse calibration, a beam nodi fying and energy
stabilizing system an attenuator, a galvanoneter, and a material handling
unit. The laser marking nmethod of the present invention conprises 4
calibrating the | aser beam generated by the | aser beam generator by pul se
calibration, passing the calibrated | ader beam fromthe | aser gener at or
through the attenuator and the beam nodi fﬁi ng and energy stabilizing
system emkbeting the laserebepongenerated s dhedaset, bedn gasamtomby pulpeoved,
and the flyctuation of |aser _power fromlaser generator and optic path

mi ni mi zesRlibigom, passinggherqpdibratad lasar bagar froanths laser gaaengton thwough er |
wherein the nodified |.aser beamis directed by an x-y scanner and focused
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present 1nvention 1s to provide apparatus for creating

o ORI 0, ot o s lopuls asfinaltio, o o
obj ect s Jagér adugkinggappafathehabVeRivptena V€O, RBEPT8 induce dome-shaped
bumps on the surface 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




apparent fromthe follow ng detail ed description of preferred enbodi nents
thereof in connection wth the acconpanying drawi ngs in which |ike

nuneral s designate like elenments. Brief Description of the Drawi ngs 5
[0014] FIG 1 is a schematic diagram of one enbodi nent of the CO2 | aser
mar ki ng apparatus for a finished glass?disk; [0015] FIG 2 is an
illustration of the function of the pulse calibration, (a) the |aser pulse

vs. conmp@dil4ul se WIGholtis @abclmmationdiagbamt 6€ onesembpdiment vf.the cB@®and
pulse with calibration; [0016] FIG 3 is an expanded schematic di agram of
t he beanlasstiniarking appdradne foya fimshied glasg dislst em [0017] FIG 4 is an
illustration of the attenuator with two Brewster w ndows, (a) the nornal
pl ane of [k ]pai r Blowsk & aniiustwetios ebtheafuiction lof thefpelsmcelibmtiang P
pol ari zed pl ane, (b)_the normal plane of the pair Brewster w ndows is set

at 90 wi ?&) ther lasen palseovs heommpand prssawiithens cajiboagon,~(tg, the Inserapulse
anot her - BROSURRERY BRErbRaliDreie: mar ki ng apparat us for & f1nished gl ass
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beam [0021] FIG,K6 8.is a sanple of the al phanunmeric characters and
di f f er enf™ 51?8% ng’é]%@?gf%'rsrﬁ%&f by bunps induced by the | aser marking
Systom ot o RS £l MLSHAteR G0 Aond 07N, Bro BN LI e
layered ShAHGHA! Ea)hePimAY S8k RRPDAE Bidwd? windows is set at 0° with
reference to the P polarized plane, (b) the normal plane of the pair Brewster
windows is set at 90° with reference to the P polarized plane;
[0018] FIG. 5 1s an illustration of the handling unit;
[0019] FIG. 6 is a schematic diagram of another embodiment of the CO,
laser marking apparatus for a finished glass disk;
[0020] FIG. 7 is an example of the SEM image of the lasing bumps
formed on the surface of finished glass disk by a scanning pulsed laser beam;
[0021] FIG. 8 is a sample of the alphanumeric characters and different
shape indexes formed by bumps induced by the laser marking system on the
surface of a finished glass disk;
[0022] FIG. 9 shows two samples of the layered structure of a typical
finished glass disk, (a) the layered structure without nickel phosphorous, (b)
the layered structure with nickel phosphorus;
[0023] FIG. 10 is a representative of an AFM image of the CO, laser-
induced protruding structure formed without cracked and burned out during
laser marking on a finished glass disk with nickel phosphorus;
[0024] 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




the | ayered structure with nickel phosphorus; [0023] FIG 10 is a
representative of an AFMimage of the CO2 | aser- induced protruding
structure formed without cracked and burned out during |aser marking on a
finished glass disk with nickel phosphorus; [0024] FIG 11 is a
representative of an AES radial positi én anal ysis; (a) a show ng of the
AES radi al position perforned on the structure as shown in FIG 10; (b)
the AES remilts of esupnsirrddiated regiam enether sginondiskcypeciimeAESvhentinlthe
results of ai non-irradi ated region on the sanme di sk speci nen; wherein the
resul ts Fefltsaindieatst thaﬁéh%ﬁaé’gﬁ,n, the magnetic,cthe: elroshitaniand gheinickelni ckel
phosphorus interfaces are still eserved beneath the surface after |aser
mar ki ng; Pfl@én PIYS @teiga%o%e St ier@@Gf‘éedNiheﬁleéﬂtﬂh@ karfagel adtemiasesir ough
nor phol Oﬁi/ﬁkndu_ced by a higher energy of |aser pulses; [0026] FIG 13 is a
repr esent & &s0f an AES radi al position performed on the center region of
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a representative of the AFM’image o
[0027] FIG. 14 is a representative of the AES radial position performed

on the fringe of the bumps as shown in FIG. 12; (a) a showing of designated
spots from which the data were collected; (b) the AES radial position results
indicating that points from 1 to 3 have a mixture of carbon, chromium,
sodium, silicon and chlorine;

[0028] FIG. 15 is a representative of the AFM image of the YAG laser-
induced protruding structure without cracked and burnt out on a finished glass
disk with nickel phosphorus; and

[0029] FIG. 16 is a representative of the AFM image of the YAG laser-
induced protruding structure with cracked and burnt out on a finished glass

disk with nickel phosphorus.

Detailed Description of the Drawings

[0030] Referring now to the drawings in detail wherein like reference
numerals have been used throughout the various figures to designate like
elements, there is shown in FIG. 1 one embodiment of the laser marking
apparatus constructed in accordance with the principles of the present

invention.



i nduced protruding structure with cracked and burnt out on a finished gl ass
di sk with nickel phosphorus. Detail ed Description of the Draw ngs [0030]
Referring now to the drawings in detail wherein |ike reference nunerals
have been used throughout the various fjgures to designate |like elenents,
there is shown in FIG 1 one enbodi ment’ of the |aser mar ki ng appar at us
constructed in accordance with the principles of the present invention. 7
[0031] TH®O3Hser ndheilagenprarking apparatue of teepitesent ritantioncemipdggs a  C02
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short com ngs of the ordinary CO2 Taser marki appar at us;
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been cracked or burnt out in some higher protruding bumps, resulting in
interdiffusion between different layers. The interdiffusion between the layers
can then lead to possible problems of reliability due to contamination of the
surface layer by the underlying layers. On the other hand, the height of some
lower protruding bumps is too low to be visible to naked eyes. In overcoming
the shortcomings of the ordinary CO, laser marking apparatus, the laser
marking apparatus of the present invention provides a laser beam with a good

- beam mode, low fluctuation of laser power and uniform energy of laser
pulses. Therefore, the laser marking apparatus of the present invention
produces on a finished nonmetallic disk protruding structures with uniform or
substantially uniform heights.

[0032] Referring now to FIG. 1, in one embodiment, the laser marking
apparatus of the present invention for a finished glass disk comprises a CO,
laser generator 12, a shutter 13, a first beam reflector 14, an attenuator 15, a

second beam reflector 16, a beam modifying and energy stabilizing system

17, a galvanometer 18, and a material handling unit 19.




beam node, | ow fluctuation of |aser power and uniform energy of |aser

pul ses. Therefore, the |aser marking apparatus of the present invention
produces on a finished nonnmetallic disk protruding structures with uniform
or substantially uniform heights. [0032] Referring nowto FIG 1, in one
embodi nent, the laser marking apparatds of the present invention for a
finished glass disk conprises a CO2 |aser generator 12, a shutter 13, a
first bepd33Hf | ect dhel€O,daset generdtor 125 compriseoadabenhreadfdrebpowet6, a
beam nodi fyi ng and energy stabilizing system 17, a galvanoneter 18, and a
mat er i al shpphf i withunwvaterocoeling003dh FomeC@nbademenésnetiae opulise owirdthi ses a
| aser head and power _supply with water-cooling. In sone embodinents, the
pul se wi Hradulaten(RWHA mede) mitle Mukth2panitany, frequancyandia sqvetengthnd a
wavel engt of 10.6 mare enployed in |aser marking processes . in the

appl i cat 9240& Ui @re [ezrployied 1 I\%geapfwkamg@rwessn@ ipthe @pplicatientfdhe
Suitable CO2 | aser generators include the GCEM series manufactured by

Coher ent lassg. maskong appatatus HehrtheDprosentsapventoar a, Suwitaiso SO, UBMET and

the 48 Series CQ2. |aser ctured by nrad, Inc. (4600 _Canp Pl ace,
Muki | t eo2eR@ratoes, mcludg) aiq”g&gl&f-ssﬁem astured thy € eherent dpe. &gf@@
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e dur P58 M T he 1 aser has boen turned of i before & pulse. i appl i od.
This res ({Ot3521]i nd fSI:iflr ?therlroilrjllgst% tF%Gmfi Stlele rlglflge téarfﬁ)ration 11 includes one
software used to eliminate the effects of lasing gas thermal inertia on each
pulse. As is known, a CO, laser is a gaseous one that requires a finite time to
create a plasma state within the laser resonator after receiving a pulse
command 38 from a PC processor 10. The finite time is unpredictable and
depends heavily on the amount of time during which the laser has been turned
off before a pulse is applied. This results in different pulse-to-pulse rise time
of laser pulses so that the energy of each pulse varies. A disclosed solution
~ for unequal pulses adopted a trickle pulse to pre-ionize the laser gas so that it
is just below the lasing threshold. This trickle pulse method is efficient for
short time off. However, for a longer time off, the first few laser pulses are
still greatly inconsistent, as shown in FIG. 2a. Without intention to be bound
by any explanations or theories, the inventors believe that the great
inconsistence may be due to the gas thermal inertia or temperature difference
between the first few pulses and later stabilized pulses. This inconsistent and
unstable laser pulse-to-pulse can cause severe problems in precision micro-

processing application. The pulse calibration 11 applies a pulse-width

compensation 39 for first few command pulses to calibrate the energy in each



of | aser pulses so that the energy of each pul se varies. A disclosed
solution for unequal pul ses adopted a trickle pulse to pre-ionize the

| aser gas so that it is just below the lasing threshold. This trickle
pul se nethod is efficient for short tine off. However, for a |onger tine
off, the first fewlaser pulses are still greatly inconsistent, as shown
in FIG 2a. Wthout intention to be bound by any explanations or theories,

the i nveibdserspbiki entllt tady tHa@egbéﬁﬁtarﬂtr@%i’%iyﬁaﬁ;nﬂ%mﬁd)ﬂ@e%.o The gas
thermal inertia or tenperature difference efween the first few pul ses and

‘later st eblibrateng prosedureTiSite ¢hsndkntlies heightasifirstsevakilebdmpeicompared
pul se-to-pul se can cause severe problens 1 n precision mcro- processing
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39 for first few command pulses to calibrate the energy in each 9 |aser

pul se unbumps iselower thasothst arft thenstabilizeak bampsn the witlth oftthe Toenmand
calibrating procedure is to check the height of first several bunps

conpar edpluges Hor rtae Haisg fewokasempelsest isbincreasd daoepedingly ik their dieights t he
first several bunps. is |ower than that of the stabilized bunps, the width
of the c8ifnahermg|asdhat pbithe piabilized busps. afhenpihlegparametens ofdhesuidth
accordin till their heights . are as_sane as that of the stabilized
bunps. Tﬁt%he Pﬁ’ésep“amﬁe‘?%rsgfﬁr@a inhthe safthargs Th@regmes dbewoliwake womldd i n
the software. .Therefor t he software would . autopatically apply the sane
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sw t che ) e S tier; 13 is an optional safety switch, placed in
t he opt ?tél%ﬁas%r%%&%rgg H&GE»%&)cfl}edt%. | aser beam 21 when the irradiation is
not need mal ' : e shutter 13 yeceives the c ndi ng
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known t
malfunction happens. The shutter 13 receives the commanding signal 53

from the PC processor 10 to maintain a proper status as being either open or
closed. The safety switch for blocking a laser beam is known to one skilled in
- the art. Thus, any safety switch means capable of blocking off the laser beam
can be included in the laser marking apparatus of the present invention.
[0036] The first reflector 14 is an optional mirror that is 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 attenuator 15.
[0037] Referring to FIGS. 1 and 4, the attenuator 15 comprises two
rectangular Brewster windows 33. The Brewster windows have been used for
controlling laser power. For example, US 2003/0086451 discloses a method
and apparatus for controlling laser power, using at least two Brewster
windows which are aligned along an axis which is parallel to the direction of
the laser beam and which are rotatable around said axis, wherein the first
Brewster window is rotated in one direction and the second Brewster window
is rotated in the opposite direction. However, this method has not been used

in a CO, laser marking apparatus.




the art. Thus, any safety switch neans capable of bl ocking off the |aser
beam can be included in the |aser marking apparatus of the present
invention. [0036] The first reflector 14 is an optional mrror that is used
externally as a beam bender in the be optical path to change the
delivering direction of the |aser beam and deliver the | aser beaminto the
attenuator 15. [0037] Referring to FIGS. 1 and 4, the attenuator 15
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met hod oittdnuator. The rotating adjustment can be operated by a manual methgd gr r;anua
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 diréctions of the laser beams
are well known to one skilled in the art. Thus, any known means cépable 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



notor controlled by a signal 54 fromthe PC processor 10. [0039] The second
reflector 16 is simlar to the first reflector 14. It is also an optional
mrror used externally as a beam bender in the beamoptical path to change
the delivering direction of the |aser tleam and deliver the laser beaminto
t he beam nodi fyi ng and energy stabili Z ng system 17. The neans for
reflecting |aser beans in order to change the directions of the |aser beans
are wel |inipionmest theodel sheameddi quehity drem theidaseingere@ipr-nednsWé¥pabl e of
such a function are included jn t{he presept jnvenjion. [004Q Refngrri ng now

to FI GS.seleefiig heamemnden whisly ympgoyas taaehepm Hoabia 9nrrg}}%1§slt thaz
and one SEelm ShaPR; MAKSH BRsARGRRIIAS DRGOMS NG MRSty HHaRIoR AT s am
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node. The IS referred to one a r passi t hrough the beam

col I'i mat eXx b |l 4 ibmdreaf 2B beam
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col I'i mat or expander wn'to one ed in the art can be used in the
present pédiMeITN.i Jhe Béensatidrofheescvond] adiekstibie bl 30eisukfated ¢o A%
Umicore Laser Optics (Unit 2 Caxton Place, Caxton Way, Stevenage, Herts.
Sﬁl éUE» bed#f)24 Thet perhndsadiesitedbeaapepotsieefidrsbeingeforused oditartke er of
t he

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.




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
di sk surface. Both the first adjustable aperture 32 and the second

adj ustable aperture 30 can be adjusted_by manual nethod or notors
controlled by a commuand signal 55 froffthe PC 10. Both the first

adj ust abl e aBerture 32 and the second adjustable aperture 30 help to
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35 hol ds one or rore disk hat ar can be transported
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preferabl e position the to-be-marked finished glass disks in

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




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 galvanoneter 18 and a signal 38
to the CO2 | aser generator 12 synchrdfously to mark a desirable pattern
such as al phanunerical characters, code and i ndex. Wien the nmarking on the
di sk 20 instantenthehBepolahizing fHeamSlitterv4s deflectl 98%20f dbeaserdeaahnadés t he
mar ked di sk back inside the cassette 35. This process w Il be repeated
until altd thededinskwdifyingend epsryt stabilitiagesysteen Iivaake periieetes 2naither
cassette with unmarked disks will replace the one with marked di sks by the
conveyeithgdaserthsanhdbeaas abean samppe dddoshefdetensondfdl Afigr vedeiving the

control L ed by the PC processor 10 through by a bi-directional  sjgnal 52.
[0043] hepst sampledu, the detscter 4hgeneriatesmsespanse sgnehd4ithekis bewagki ng
apparatus i s sho

energy PFBHSYRE \tgmn@)%elﬁg’ té{{%}s ﬂg@’lng%gi’ﬁn}?(%éte%gﬁhgﬁégﬁ%ié (ﬁrﬂ(;fpﬁlﬁgszgr u!ﬁg
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~det ect OkyABr cObldeht, bE&RI Mif@liginent 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




beam sanple 47, the detector 40 generates a response signal 44 that is
being sent synchronically into the energy neter 41 and the PC processor
10. The energy neter 41 displays the response signal 44 as the val ue of
the | aser pulse, and the PC processor 10 conpares the response signal 44
with the preset standard val ue. Wen the energy of the | aser beam
satisfies the preset standard value, the difference is about zero.

However, turheirgeaugy the dameiand§ulse@®8 ¥aduih ofe theisRutlef ABTS o ast
including a higher tenperature in water cool ant, beam m s-alignment caused

by some sysieat Snisaathodaptionadly psevieledpid ehigi syseem. | WUpdre regdivimg that h.
Wienever any of such circunstances happens, the response signal 44 sent by
the det eetaoningdsigan] 48, the PO pyooessonddkneryeactiute thealGE systese $0othat 0
detects a difference between the response signal 44 and the preset

st andar dmayl et atertwred lighteandipr sohad. dbwerefode pohs evidentseerkfet ebthiand
instruction 53 to turn off the shutter 13, and stops the marking process.
Meanwhi | @onitesing ey shenas éhatnitl mayi shistantialéy ehingimate damageeof thd lasenf

| aser pullése Taeref ore, the bad marking qualité on the surface of finished
gl ass diBsad and pewvenspaky iodithy lesenr geaerataul2ndue ite oviesheatnepyseddys.

[ 0044] The,second ponitoring systemnonitors the normality of the |aser
gener at JMEPACTHRGIAHE N t oring systemis a conpl ex detector 42 conprising a
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processof3 ke Walvdhd ettt 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




turn interrupt the command pul se 38 and turn off the shutter 13. An alert
system 50 is also optionally provided in this system Upon receiving the
warni ng signal 43, the PC processor 10 nay activate the alert system 50
that may emt alert red Iight and/or sound. Therefore, one evident benefit
of this monitoring systemis that it kay substantially elimnnate damage of
the | aser head and power supply of the | aser generator 12 due to overheat
caused byontaiigh atchperianunmdery45](eRefHH angstnaws) andl Guthenawa Byet he PC
processor unit 10 is personal conputer installed with all necessary

sof t war e(e. Bhe P@ngstrmnspr Fori tha_osmoitay@‘rss theee dai a.i addisfonaeniehel | aser
12, the attenuator 15, the shutter t he gal vanoneter 18 d the
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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



has a thickness about 200 angstrons. This nmagnetic layer is mainly nade up
of cobalt chrom um pl ati num boron (CoPtCrB). The finished disk also 15
contains a chrom um underl ayer (e.g.,300 angstrons) and a rut henium | ayer
(e.g., 6 angstrons). For the six layers, there is an additional nickel
phosphorus layer ( e.g., 300 angstrons)¢ between chroni um underl ayer and

gl ass substrate, as shown in FIG 9(b). During the marking process, the

fi ni shedofltlekfinisteed ghdedliskR0 thae is asatptitatéd byfthehaateriat tiaaldlingnaiit ng
unit 19. [0047] When the marking process starts, the power supplies for
the PC P9ocessor 10 and the CO2 | aser generator 12 are switched on. After
the pre- warmup, the PC processor 10 sends the pul se conmand 38 for the
pul se cH)04%]at i onSirice The Oyolasearis opertated anl B Mambdet thenlaser daanbr at es
the first few pulses fromthe CO2 |aser generator 12 by the calibration
conmmand S@ergese ascpulser frnmgien.ocEharlasesinducsse dotlike gum;pﬂ vatl format
several bunps by conparing with the height of the stabilized bunps, If
thei r hedlgmg psSqagnbine Mu?ﬁ thatlaser beensiamtesreddaeiospshet sarfapeiialf df the
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swi t ched" on. Its Si orm after ation, e | aser
beam 21 sdjacent 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




energing fromthe laser head is passed through the shutter 13, the first
beam reflector 14, the attenuator 15, the second beamreflector and the
beam nodifying and energy stabilizing system 17. Then, the | aser beam 25
after passing through a gal vanoneter 18 is positioned and focused onto the
surface 16 of the finished glass disk Y0 that is manipul ated by the
material handling unit 19. [0049] Since a CO2 | aser is operated in PW
node, t hforhasn eshnnsmeiybsliesedthatethtwneagy of tha bescr gadse isahsosbied
dot-like bunmps will form along a scan line while the | aser beamjs_steered
across the modrdmyethef sputtéred Shmdlayleas dudiako e iassxsybsratarier quiekixie t he
gal vanoneter 18, as shown in FIG 7. These visible bunps can be used to
produce gendratea béataipihadaser dittingaaet.er Thiscbheals waHdCawsfe RBSUPWAT

| abel I'i ng purposes, as shown in FIG 8. The height gigat he bunP.s.is,
dependertheomal rexpasseon povidie heatedr arase duadogtheopoprdieat Gomdietiveys plar e
files can be used to determ ne the spacing_ between two adj.acent. bunps.

[ 0050] TRl@ss aaterighsRi thgt dhe davensscovey %&lasc&ps%tr@é@ pretiggs %fﬁﬁmnk%p on
the surfac of the ltj-layered finisrhed %Ifass diskoiwithout Pndesirable
ef f ect s. VISFRJgeRUmph 31 MG of d AR Adeqpaie, egergy (ot dapsls B and
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[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



and 120 nanoneter, depending on the intensity of the |aser power and/or

| aser pul se energy. The dianeter of the bunps is between 10 and 45

m cronmeter, determ ned by both beam di aneter on double F -Theta | ens and
the intensity of the |laser power. Preferably, such a structure is |inked
to the axial- symetrical Gaussian-shaped intensity distribution of the

~ laser beam No mcro-cracks or burnt outs were seen in the top tip of the

prot rudi panghstichliich is\Wdhievéd it edjhding Orade AW dildheddly it hRErb&sm or
expl anation, the bunp 17 formation imechanismis believed that the energy

- of the | arefifyiugsmd Sn@’fg?@tbbﬂizilb%sy%n@ﬂﬁy the sputtered filmlayers but
al so the glass substrate to quickly generate a heat in the laser hitting

area. Th[@)3Bdat wi Thecausfacanmapphotbgickeofidfiniskpdnglass disks reftdreddsed ar ea
due to the poor heat conductivity of glass material so that the layers
cover onirghdissiosuvere ahvestigateddesing carf atomac forcel inlierdsoape WAFMJonAsshape.
An adequate energy of a |aser gul se can produce enough protrusion of the
| aser - i ndiscvdsed @qowes FI6t. thsbows amepkesentataviel afuthei AGM I image of\thg, t he
vi si bl e bunps wi t hout being cracked and burnt out can be achi eved on the
surface ©0nlasewi dpeaisudingistmatiremwithauieouackesd and bupniocewhduiisg| ayer
or other_layer in the present invention. [0052] The contrast r.king effect
on the siiseharking onid fiskdedgelass digk siith sicksohasphows. URGABHPBIRAG
factors: ,(1) The nunber of |aser S; (2) The height of protrusions; (3)
The di an‘églé)fer @Ee%%§PeWQSWRY o‘t"’afsﬁ%als‘g Iu§§§rt0t§§a‘£7 nd hERPWR, ?A&anes
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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




wi t hout being cracked or burnt out, the fluctuation of the |aser power
should be as mnimzed as possible. O herwise, a high fluctuation of |aser
power will cause a contam nation due to sone |aser bunps being cracked and
burnt out, or |ow marking contrast due to sone | aser bunps being reduced
in height. In the present invention, tshe pulse calibration 11 and the beam
nodi fying and energy stabilizing system 17 are used to mnim ze the
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di stribution est’ protrusions can be achi en t aser
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bunpi ng di ameter wi Il 1ncrease the marking 18 contrast, which is ‘achi eved
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stabilizing syste The surfacé norpho ies of finished gl ass

di sks af lsger-igdeded def@ghationrcarelcad v esvédad@faysididl aon@ngitatiohosse
m croscope (AFM. As discussed above, FIG 10 shows a representative of

t he AFM theegefade éfthe fiahedsdasd ddieced protruding structures w thout
cracked and burnt out during |aser marking on a finished glass disk with

ni ckel pHSSor us. FIG. ddditaven thdbunmen the surfare che dinissabglass Ay was
al so used to study. As shown, FIG 11 is a representative of an AES radi al
posi t i onwithahickied :phasphar dapei thatowvas maarkagkbyaiing posar IBnwprelemgtied on
the structure as shown in FIG 10: (b) the AES radial results of the
i rradi atdd6degroameten) laser.AEs b&hi%ﬁ@d@@ﬁt,swbﬁr%ltbﬁbﬁfﬁxﬁ lasgrandacedgi on
O e s SRt el Corpart Son g Lhe s fad algd ieglans Rlrle
|t act - R BRGEoF PRARRAng BFochurn o B, Furdaanat in oL B gk s
vas evapohahess Aldn 15" AMeThaR® far fSwEPtRAT thalslifevsa b5 CRS) tlef Wind! ke
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




phosphorus interfaces were still preserved. This denonstrates that the

| aser- induced deformation of this type can be used to induce the formation
of the surface protruding structures ideal for a marking process. [0054]
Usi ng hi gher energy of laser pulse, the |aser-induced structure wth a
cracked and burnt through norphol ogy i® shown in FIG 12. The higher
protrusion created by excessive heat |eads to a cracking or breakage on

the top gét déard Frombiepspibie calb scdiee of phié fevartidmaystwerein desdritieshant di sk
are too thin. In addition, the tenperature of the sputtered filmlayers

wi |l al sglaiheé. i nto the burning point due to the increase of the absorbed
heat, which results in the sputtered filmlayers burnt out and gl ass
substrate nelt in the center of the bunp, as shown in FIG 13. This is why
there is no spectra were collected on points 1 to 4 due to only insul ated
gl ass existed. Only on the fringe of a 19 done shaped protrusion, a

m xture of carbon, chromum sodium silicon and chlorine was found, as
shown in FIG 14. As the carbon overcoat |ayer, serving as a protective

| ayer for the disk, has already been destroyed, such a |aser-induced
deformati on can | ead to severe damage and contam nation on the surface of
the finished glass disk. [0055] FIG 15 shows the bunps on the surface of a
finished glass disk wth nickel phosphor |ayer that was marked by using a
near IR wavel ength (1064 nanoneter) laser, i.e. Nd. YAG | aser, where the
YAG | aser-induced bunps were not cracked or burnt out. However, the
results indicated that the naxi mum height of protruding structure on the
surface of finished glass disk was |ess than 13 nanoneter, far |ower than
that achieved by C02 |aser with wavelength 10.6 mcroneter. This hei ght of
bunps is too lowto be visible for a naked eye. Mreover, the height of
bunps coul d not be increased by




sinmply increasing the energy of the |aser beams used for the |aser marking
process, because further increase of the |laser power resulted in sone bunps
broken and burnt out, as shown in FIG 16. The reason may be that the |aser
beam penetrates the glass substrate due to its optically transparent for
near R wavelength | aser. The heat accunul ated on between nulti-players
and glass substrate is so little that the upward thermal expansion is
hardly formed. Therefore, a higher bunp cannot be achieved. Increase of
the laser power will only cause thdCkAlMSe tenperature being raised into
a burning point of sputter filmlayers. As a result, the bunps are cracked
and burnt out. [0056] Wiile the foregoing has presented descriptions of
certain ef erred enbodi nents of the present invention, it is to be
under st oot hehig claime Sdescriptions are presented by way of exanple only
and are not intende to limt the scope of the present invention. |t is
expect ed t hat ‘ot her lagey Te@rking RpRATRMS wPr Ipredreig @ visibla ipsatrudingn,

pected thal > Tk f o
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beam by applying a pul se-w ensat |
the output laser beam by applying a pulse-width compensation;

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

a beam modifying and energy stabilizing system disposed in the optical
path of the laser beam from a 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;

thereby the disk is marked with a visible protruding structure.

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.




an attenuator disposed in the optical path of the |aser beamfroma first
reflector for adjusting the beamintensity; a beam nodifying and energy
stabilizing systemdisposed in the optical path of the |aser beamfrom a
second reflector, mnimzing the fluctuation of the pul se energy,
inmproving the quality of the |aser beamfrom said second reflector and
produci ng a desired beam spot size of the |aser beam after being focused
onto the disk surface; a gal vanoneter disposed in the optical path of the

| aser beam f r ém Fhe dasemdidrkimg appdratuabof chiing 15 yarther foompdsingi adimoad

mar ki ng the disk; and a handling system di sposed in the optical path of the
| aser bedRfleetomndispesedyin thenepticalrpatbrofribleddutpub taser beant forr chemging thie sk
during a King _process;.thereby the disk is nmarked with a visible

pr ot r udi r@%ﬁ%@“@@twn Ofﬁgel%éut lasexbagmappar atus of claim1, further
conprising a shutter disposed in the optical path of the output |aser beam
for blocking off the |laser beam 22 3. The |aser marking apparatus of
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wherein said attenuator conprises two Brewster wi ndows. 6. The | aser
mar ki ng apparatus of claim1l, wherein said beam

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.



nodi fyi ng and energy stabilizing systemconprises a first adjustable
aperture and a second adjustable aperture for mnimzing the fluctuation
of the pulse energy of the |aser beam and a beam col | i mat or/ expander for
anplifying and collimating the | aser beam 7. The |aser marking apparatus
of claim1, wherein said gal vanoneter xgonprises a x-y scanner for scanning
the surface of the disk and a double F- Theta Il ens for focusing the | aser
beam from sai d beam nodi fying and energy stabilizing system 8. The | aser
mar ki ng appar &.uthef laserimufkinghapparatubeohaiudhi ng Wihiet-einC ¢ rrdatiding
conveyer for transporting disks, a lifter for noving the disks up and
down, andtaictgresque doneshaped pumpsng t he extent to which the disks can be
noved up by the lifter. 23 9. The |l aser marki ng apparatus of claim1,
wherein the protruding structures are done shaped bunps. 10. The | aser

mar ki ng appar atus._of claim9, wherein the done shaped _bunps have heights
with a range %oﬁhﬁmrmadﬂagmpammf slam 93 wherein the dome ﬁha@ef

apparatug of claim1l, erejn the fini shed non- tallic substrate di sk has
a gl ass MW b?@ghfig%ﬁ@%é‘s@ngﬁ& W%ﬁbﬁéﬂ@ﬂn@%ﬂﬁf@,& further
conprising a processor, wherein the processor functions for calibrating
the output |aser beam and receiving signals from, processing, and

hel uding tne ety WoehanaRiRg ARk, of i & ShdrEi RO AR S ¢ e
the attenyatPic Sﬁ@ﬁrgﬁaq{&m%f%%g? §ﬂgstr§t%er gy stabilizing system the

gal vanoneter and the eria ing unit. 13. The | aser marking
apparatus of claim 12, wherein the processor is a

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 um.

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.



personal conputer. 14. The | aser marking apparatus of claim1l, wherein the
CQ2 | aser generator has a pulse width nodul ati on (PWM node) with M < 1.2,
unitary frequency and a wavel ength of 10.6 m 15. The | aser marking
apparatus of claiml1, further conprises a first nonitor systemhaving a P
pol ari zi ng beansplitter for splitting tfae | aser beam from said attenuator,
a detector for detecting one part of the split |aser beam and an energy
nmeter for displaying a response signal fromthe detector. 24 16. The | aser
mar ki ng apparatus of claim11, further conprises a second nonitor system
having a tenperature sensor, a flow sensor and a water |evel sensor,

wher eby t he seh®oFbe dasasi merkingi apparatusoof ekiimt 1 afutherecemptises akeconde

| aser mar ki ng apparatys qof claiml, wherein the_finished non- netallic
substr at emmlgq@r [FYStam\avVing & temperatdiensens oFap ddowosenses and ayater level
magnetic | ayer, ryt henium | ayer, .a chromum | ayer, and a gl ass substrate.
18. The | Pr’n‘ﬁﬁﬂ%@' NSOLS reReive gisignal %@f #a1d lasRr genaratesd non-
nmetallic substrate disk has six layers including a carbon overcoat |ayer, a
magnetic layer, a rutheniumlayer, a chromumlayer, a nickel phosphorus
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| aser generator tHrough the atténuator an am no I ng and ener gy
stabilizing system wherein the

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.



| aser power can be selected, the | aser node can be inproved, and the
fluctuation of |aser power fromlaser generator and optic path can be

m nimzed; and directing the nodified | aser beaminto the gal vanoneter,
wherein the nodified | aser beamis directed by an x-y scanner and focused
by F-Theta Ilens to the surface of a waskpi ece held by the materials
handling unit. 25 20. A finished non-netallic substrate di sk manufactured
by claim 19, wherein said finished non-netallic substrate di sk has done
shaped bunps. 21. The finished non-netallic substrate di sk of claim 20,
wherein said finished non-nmetallic substrate disk has a gl ass substrate.
METHOD AND APRARMEUBNEbRAL ASEmtaRe NGbotvatd NissHEDAnChassedISK chgnl A9,
Abstract There is, disclosed a | aser marking apparatus that is able to form
donme- shapRereia spid ﬁlsgledi RoRERetadie sebgirae dl&gﬂlaard@me shaped bumpsked eyes.
The | aser marking apparatus conprises a CJerr] |aser beam generator, a
pul se calibration, a beam nodifying and energy stabilizing system an

attenuator, a,gahvapometer, and a..material, h i unit. There i s . also

di scl osed a | %efthrﬁp%ﬁ‘r?gi %‘%ﬂ%ﬁt%‘éﬁ‘eﬂéﬁﬁ%(ﬁgg Ofgﬂﬁuﬁi‘ bﬂé‘eé'ﬁ]él sader beam
generate | he er [ b ul se,cal i bration, passing the

cal i brat g'%}ﬂ %(%é(}i;?mgelg%\%u@oﬁgtsﬁg% ggsicroh%se%(g&%s[sosruQS 6Ejgh the attenuator and

t he beam nodi fying and energy stabilizing system wherein the |aser power
can be selected, the |aser node can be inproved, and the fluctuation of

| aser power fromlaser generator and optic path can be mnim zed, and

directing the nodified |aser beaminto the gal vanoneter, wherein the
nodi fied | aser beamis directed by



an x-y scanner and focused by F-Theta lens to the surface of a workpiece
held by the materials handling unit. FIG 1

26

METHOD AND APPARATUS FOR LASER MARKING ON FINISHED
GLASS DISK MEDIA

Abstract

There is disclosed a laser marking apparatus that 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. There is also disclosed a laser
marking method that comprises calibrating the laser beam generated by the
laser beam 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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