2 2 MAR 2006 1 METHOD OF LASER MARKI NG AND APPARATUS THEREFOR The, Br BRBM006
invention relates to a nethod of |aser marking, especially but not* ' ’
exclusively | aser marking of hard transparent materials, and also to
apparatus suitable for carrying out the nethod. 5 Permanent marking and
printing of a wide range of materials is cormon practice, and a variety of
techni ques are used. Materials such as Hard transparent materials

i ncl udi ng gl asses have a high level of hardness and are brittle, so marking
nmet hods for these materials need to take account of these properties. A
conventional meMIZHIOD F LASER) MARKING ANR APPARATHS T 1@@&%ﬂﬂcal t ool
to 10 wite directly onto the surface of the material by surface scribing.
However, a probl it usi ' n. <l r i s that
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Anot her techni que uses | aser ablation. At high levels of |aser energy
fluence ("fPLE ng g themglhodned as | aser energy delivered per irradiated
area), x5 the | asgp r f e Lehmeg t hat
particles of the rrgtﬂég?iIgiyrkgr%:%gﬁgggggﬁg?ﬁﬁggmﬁ%u?pﬁ%%g ’rcnat erlﬁal ,

| eavi ng a hwohkaiicor aad pi varietyAlf dedhomusasird @sed. Udedritle suah kast teed Stanfpacentof

gl ass and .to.mark the interior, .of a odi es., However, this,

Jechni que anaaibs sdink MesUiie Shidh i RERadiiednio AR REHED oo g fine
heating andntthedswel iiebe @aGeislsinRed RAARBLRLLA ofm4S BebpaMicabsor ption of the 20
| aser energy. Marking which is free fromm crocracks has been denonstrated

on glass by usihg§orventipe mpsheshafimarkingdued mptsrialshis tot isor, ménbanichlgodldser

sour ce qinS I ual i Vi oor . nat ki ng definition,
and has a g\gﬁn%lc?frggt{ﬁggmgg% ?uégar%gglk @ﬁ%ﬁgﬂ%ﬁﬁ%ﬁ‘gmﬁ?&l&u B D72 E(g’lf)rpopose
| aser - basedvitlnding thineicthod nfgiss, foRekinigle Ok tigh %Gy nGiefoafbcks f@AdbhLheand

netals. A Iez%er f marking material is applied 25 to the surface of a
substrate, 86 Pk IEqicHDEE lingsh Theseamusrogracks Weaksn dbe ampieréal windtretvee desi r ed
pattern. Thgaiiff that.ehikinar L Eadi atds e or
chenmical ly gr%gr to the sugf %@%‘ﬁglﬁtet e&]g‘“ﬁ%%grﬁa%gg? B]‘?‘ﬁ%gn‘%%]ﬁliggg%?sa@gg%arts
are then resmgydticnee (“éaencd’ fheingatdfiaed ao tustthenesgbddlivated v ikatiged beagver ,
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material are removed and thrown out from the material, leaving a hole or a pit.

Ablation has been used to mark the surface of glass and also to mark the interior of

glass bodies. However, this technique also causes microcracks around the marked

areas, owing to heating and thermal stresses in the material caused by absorption of the

20 laser energy. Marking which is free from microcracks has been demonstrated on glass

by using a fluoride excimer laser for ablation, but the laser source is costly, has poor
beam quality giving poor marking definition, and has a complicated configuration.

US 6,238,847 and US 6,075,223 propose laser-based marking methods for

marking of glass, ceramic, plastics and metals. A layer of marking material is applied

25 fo the surface of a substrate, and irradiated with a laser beam in accordance with the

desired pattern. The irradiated parts are heated by the irradiation and adhere or

chemically bond to the surface of the substrate. The non-irradiated parts are then

removed to leave the pattern on the substrate surface. However, when used to mark

glass, microcracks can be formed at high laser energy levels. US 6,238,847 suggests

30  that the risk of cracking can be reduced if the substrate and marking material are




30 that the risk of cracking can be reduced if the substrate and markin
material are 2 2 MAR 2006 2 preheated with a first |aser beam be} Qri’éiAf%h%lﬁﬁ
marking material is adhered with a second |aser beam Therefore, there is
a requirement for a method of | aser nmarking which does not cause

m crocracki ng, and/or does not require any additional steps to reduce the
risk of 5 mcrocracking, such as preheating, and/or does not require the
application of a separate |ayer of marking material, and/or is sinple and
cost-effective. Accordingly, a first aspect of the present invention is

di rect ed t prebentet wath ofirst laasiefeamabdforeghe angiting mageriahisrahgied gvith sserphd of

t ar get mat?ri a.eﬁa;i)aced apart froma sanple of nmarkable 10 material;
directing itfa ‘i on having an energy fluence above the ablation threshold

of the target MaLRIHA! heRLS atBRiileledflor TBAGRO AL BEG MARRE wRlicl 88&tnosome Of
the target material 1is ablated and thrown onto a surface of the markable

mat eri al ; &Aeseduisiaseacking, eud/or dags fnat eqoire aime additidw Sepstn wdied the gisk of

i rradi ati on_.havi ng. an_ener 5 fluence bel ow t.he abl ati an threshol.d of
the. mar RablECRERRTE e % Hished g iFRcors Pp R BE dufioafan abr Somatpte
material amgct BEmatkih@fRteNRl, ahd/BPIskimplBang bbdiasRctivel h t he abl at ed
material. The nethod permts the marking of materials with reduced or even

wi thout the forpspidinelnfa first snechekthe pressnt inyenfion isfdilecied dp atmethod @fwhi ch

t he mar kabl - | 1S.:..20 subjected is belowits ablation |evel, so the
mat eri al iéggﬁglg%%%%pl?ﬁ%sﬂn%amge. The abl ation of the target material can

be achi eved at fahusgiags darpte dharpet htutabhi @;ls;dcedil apdrp freahoksnple dfheark@ilkabl e
mat er i (i\I , SO besides protection of the markable material, the entire
met hod 1®an ¥y ried out at relatively |ow fluence levels, which is cost-

effective. A sogikheAht-aldioh hgting% efr@f r#]uéﬂaé ahod }h%%?a Sggﬁf%glg(ﬁh aked

material onto the 25 Tmarkable matéri a ace in a locali I on Sso
t he abl at edhantatget materighontbehaliarget tageriat aphshited least sohe ofuhd taeget immterial

B o e e SRt Lol AR RSEAD 1o, o applt o i
material is arrapgesing dafll SBSBE6F thk Mnarkable material to irradiation having an energy
15  fluence below the ablation threshold of the markable material to induce an interaction
between the ablated material and the surface which marks the surface with the ablated
matertal.
The method permits the marking of materials with reduced or even without the
formation of microcracks. The fluence of irradiation to which the markable material is
20 subjected is below its ablation level, so the material is protected from damage. The
ablation of the target material can be achieved at fluences less than the ablation
threshold of the markable material, so besides protection of the markable material, the
entire method can be carried out at relatively low fluence levels, which is cost-
effective. Also, the ablation of the target material throws the ablated material onto the
25  markable material surface in a localised fashion so the ablated material can be directly
deposited on the surface in accordance with the desired pattern, rather than needing to
be applied in a layer over the whole surface.
In a preferred embodiment, the markable material is arranged with respect to
the target material such that the irradiation is directed via the markable material and
30 onto the target material. This arrangement can be used so that the same beam of
irradiation both ablates the target material and subjects the markable material surface

to mrradiation to mark it. The ablated material is thrown onto the back surface of the




the target material such that the irradiation is directed via the markabl e
material and 30 onto the target material. This arrangement can Be? @t 288D
that the same beam of irradiation both ablates the target material and

subj ects.the markable material surface to irradiation to mark it. The

abl ated material is throwm onto the back surface of the 2 2 MAR 2006 3

mar kabl e material (with respect to the direction of propagation of the
irradiation) at the point where the irradiation passes through the

mar kabl e material, so that newwy incomng irradiation encounters the

sur f ace andngkahlé ousdrial Ghittatesgechtrt the idakctiduarfpoopaghédrooEthe eashitiog) attbe t ar get

material tq cause further ahlation. e of the abpve 5 arrang nt ans
that t he maPRRLNETreEr Pt afay RASPcs BCish 11| T vaplén ERisrighy S0 G v

i rradiati ofncohiigg TRAAAGLH EndodBicty BleCsufBPE Gh@ pkdticusiyt ablaRd Ritetiflomenas ent
hard materials such as glass. Advantageously, the irradiation is provided

as a trai n bsforpuicaching the targetk atkerial rfat eause fuitkerh abletdom olUss wifj et above o

cont i nugus i iatio nd..an t building up_ in the materi from
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pul ses. Exafpdietor0fTheuhéthbd & MuleSerc bypRidIgnaiable befanspatbnhUndragterias
nanoseconds. . Many sources of pulsed irradiation are avail able, such as

Q swi t ched SPelsay&ass; ncl udi ng Nd: YAG Q switched | asers. The abl ation and
the interaction {®y i . LI radi.af i if
the spaci ng bet weennéta %&%Qf gﬁefﬁrﬁg%ég?{’]gﬁ S%ggie?%g%ﬁraﬁﬁ%%glsﬁgﬁt@%fg ,Qd;%d t he
dur ati on ofmadtéréal pshaee mt suljedtd thadntinheusaibladiaddn naidesryaheac daildisgap ih he

surface,.of the markable material hefore the tail end of the pul se has
pass edeip hr WaPH‘HE{ Eﬁ?‘éﬁ‘i"@“‘"ﬁrﬁ?@ﬁ THpC ‘aﬁ%ﬂ%“f B PPOFHRILY iy SsHRHP BRAMEEN nar k
the surfaceg,pes ' ahlat 4 hi POSH
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Alternatively, the ablation and I nteraction nmay
di fferent phinyesountesiof padeditrralmtiofihee aatilable, stach o (Q-sWwechadolapars, Secinding t or i ng

the fluence, p ir.radiation, and preferably then further conprises
control | i n?ﬁé@ﬁiﬁéﬁ@ﬁ%&sﬁﬁ‘e irradiation in response to the nonitoring.
To ensure that tie sEskaDhAd BE Qhictlctib® BMF BRSEildved byrBh&Kadmd pligutorbei ng
darmaged, the fluence should be bel ow the ablation threshold for 25 the

mar kablle narediatzon, ahdic spesing beivean|tha farget miterish ohd thomarkebla metgsel, sad er i al .
By

the duration of the pulse, are such that the ablated material can reach the surface of the

markable material before the tail end of the pulse has passed through the markable

material. Therefore, the interaction to mark the surface occurs before further ablated

material 18 deposited. Alternatively, the ablation and interaction may be achieved by
20 different pulses of irradiation.

The method may further comprise monitoring the fluence of the irradiation,
and preferably then further comprises controlling the fluence of the irradiation in
response to the monitoring. To ensure that the markable material is successfully
marked without being damaged, the fluence should be below the ablation threshold for

25  the markable material and above the ablation threshold for the target material. By
monitoring and controlling the fluence, it can be maintained at a suitable level at alf
times.

The method may further comprise detecting and analysing the amount of
irradiation reflected and scattered from the surface, the target material and the ablated

30 material, and advantageously then further comprises adjusting the spacing between the
target material and the markable material in response to the analysis of the reflected

and scattered irradiation to determine that the ablated material is being thrown onto the




nmoni toring and controlling the fluence, it can be maintained at a suitable
level at all tines. The nethod may further conprise detecting ahd MAR 2006
anal ysing the amount of irradiation reflected and scattered fromthe
surface, the target material and the ablated 30 material, and

advant ageously then further conprises adjusting the spaci ng between the
target material and the markable material in response to the anal ysis of
the reflected and scattered irradiation to determne that the abl ated
material is being thrown onto the 2 2 MAR 2006 4 surface of the narkable
material . IstrfadecofSthacnarkatils niabaial aifghs spdemgaisliad nlgeyahe nblated magerial has

i nsufficient netic. energ%/rgto reaché%he surface, so that rki ng does not

occur. Ho cienipkingiic sp¢ray tor reagh 4h¢ SHIiaCH spethah SUARKIPG 405% d196 SE%: n
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and interacting, so detection and 5 analysis of the irradiation can be used
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further corgat ikessshiftfyt ABSvd &itSPaLIHBGpREh spoli€e tolthé GQEctmtaﬁﬂlaﬁﬁlgﬁﬁld t he
mar kabl e material so'that the amount of ablated naterial thrown 10 onto

t he surfacéhﬁﬁforwsﬁﬁrlkkbﬂﬁréﬂgrﬁleeﬁﬂhq)dW@ﬂguﬁPiiocﬁréiht to mark the surface with

a mark of a desi R% r I mar k
of a darker toné'{ on ttag?n()%s%r&kea%fgtec’d%erl ar %S%g%gttﬂggl?e’rag %be%é/?%g@a

spread of kimetmategaiendit®smagkable maenilh;b(vm ttiermdnhefat&mgetnamiaethrmn and
hence a spread of traversable distances, sg .altering.the spaC|ng changes

the prdBor ©ninthgmsukiice oftihemakable waicapl imeirions ie mask bReuriass with f Ak 1 o
contr but € drg delifd BhacA G aflolBiPo CAMELImaRUE! oil % LT ShbREPRRL ¥R Y OF
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addi ti onat er conprises set
i rradi at i orthes matlivhie mlamnahﬁlihet abldted anageial has erspadadvdfi lohetlcsemabgwa editand

thrown onto the_.surface of the rkab)J e nmateri a |s suf fj nt to nmark the
o P ate o o R R Uy Fassk BRI (SAIDSTRO T SRl [ JEREEBIE! foGBT St 5oy o

target mat gltkgh ﬁi&%p‘a&ﬁé%ﬁaﬂ&é& Qhezﬁro:ébﬁﬁ)h' d¢f tﬁé‘%lﬁtédtrﬁatbﬁal whch halch&he
abl at ed materla% reaches the markable materi al contribute to the mark

and i ndfeasurfagestotconteibutptie thremhidd Thisygivesrcohtzel @@nﬁ!eltg@ nmovi ng the directed
frradiation and Alpe?natively or additionally, the method further comprises setting the fluence

of the irradiation so that the amount of target material which is ablated and thrown
.onto the surface of the markable material is sufficient to mark the surface with a mark
of a desired tone. A higher fluence will ablate more target material and impart more

20  kinetic energy to it, so that more ablated material reaches the markable material to
contribute to the mark and increase its tone.

The method may further comprise moving the directed irradiation and the
sample of markable material relative to one another so as to mark the surface of the
markable material in accordance with a desired pattern.

25 The target material may be one of copper, silicon, aluminium, silver,
chromiwm, titanium, tungsten and other metal, semiconductor or other solid substrates,
Different materials give different colours of marking.

The irradiation may be optical irradiation, for which there are plentiful sources.

A second aspect of the present invention is directed to apparatus for laser

30 marking a sample of markable material, comprising:

a sample of target material; and

a irradiation source operable to generate irradiation to:




sanpl e of markable material relative to one another so as to mark the
surface of the markable material in accordance with a desired Qagtmg@ NBS
The target material may be one of copper, silicon, alumnium silVv

chromum titanium tungsten and other netal, sem conductor or ot her solid
substrates. Different materials give di fferent colours of marKki ng. The

I rradiation may be optical irradiation, sfor which there are plentiful
sources. A second aspect of the present invention is directed to apparatus
for laser 30 marking a sanple of nmarkable material, conprising: a sanple
of target nmateri aI aaﬁdaiaaitﬂeraawm @ﬁﬁhesngctaaatc@drsabha th@)ab}ete;émt@‘ial is

di at t 5 abl at t he. t terial
o' that t nTEBPLTRE IR 4 SR G B Snl PR ool Bt of

mar kabl e W&;&“@Jrg@glma&meﬁhdapart fromthe sanple of target materi aI and
irradiate the surface of the sanple of the markable naterial to i nduce an
5 interaction betweerradiatedhe airbage phthespmplenfdhe merksblefragterialtip sluparks t he
surfacecsw | tabl r rrying
out ¢ nos metnoe i BRSOl Mererh b BEBRRL Pl pPl AP Fr

Pr ef er abl y thé §atad paratas further conprises a.-controller operable to
control at 10 |least the operation_of the irradiation source. Autonated

control of the ap¥arBRAUYIY BElablealY CATHHNG oS rtae Methadapcooring th e ek

appar at us A wﬂhQ?E SR SEaScanni ng apparatus controlled by the
controller 5 oper Efe to provide relative novenent between the
I rradi ati on and Brbferab&;artm epetaton filcthet eomptiesiadontrollthateritie ts vortad et can be

mar ked ccordance with a 15 desired a tern, Prefer , the scanning
appar atlhs ewgraéloaéaqﬂ%mtaémﬁa% Wemsated cqnmelo afﬁ%éﬁmrm gV§Ean t he

i rradi atlorfastéi.ﬁalrﬂ&ggeaﬁ.%mﬂger can provide fast, accurate and
repeat abl e novenment of a beamof “irradiation. The apparatus may further

conprising an eﬂ%lleggppﬁl&tﬁesr ngye fathier compniea scanminsh eppasatus g:;»ntncblladhby the
Irradiati ORof rcgjllé% otpgreabret% plil‘(r)\% € rl%lzsitngeomtoggmg ?% {v‘%elnefﬁé cF atlogngnrdothl er

sample of markable material so that the surface can be marked in accordance with a

15 - desired pattern. Preferably, the scanning apparatus comprises a galvanometer-based
beam scanner operable to scan the irradiation. A galvanometer scanner can provide
fast, accurate and repeatable movement of a beam of irradiation.

The apparatus may further comprising an energy meter operable to measure the
energy of the irradiation and pass the measurements to the controller, the controller

20  being operable to control the irradiation source in response to the measurements. This
allows for the energy fluence of the irradiation to be continuously controlled to ensure
that 1t stays below the ablation threshold of the markable material and above the
ablation threshold of the target material.

In a preferred embodiment, the apparatus further comprises an adjustable

25  mount operable to adjust the spacing between the sample of target material and the
sample of markable material. Control of the spacing gives control over the tone of the
mark. It is also important for operation of the apparatus in that the spacing may need to
be adjusted to ensure that it is small enough for ablated material to reach the markable
material.

30 Advantageously, the apparatus further comprises a detector operable to detect
irradiation scattered and reflected from the surface of the markable material, the target

material and the ablated material and pass a detection signal to the controller, the




20 being operable to control the irradiation source in response iq }t{es
measurenents. This allows for the energy fluence of the irradiat4én 11‘6 %@6
continuously controlled to ensure that it stays bel ow the ablation
threshol d of the nmarkable material and above the ablation threshold of the
target material. In a preferred enbodi nent, the apparatus further conprises
an adjustable 25 nount operable to adjést the spacing between the sanple
of target material and the sanple of nmarkable material. Control of the
spacing gives control over the tone of the mark. It is also inportant for
oper at i on ebntrdller hpmgropetadld to dohtro! thhedpistablengoumdyin mespdnseoto the da@ftigit ed to
ensure that. it t@ snali).wféno gh for.abl ated material .to r ach the r kabl e
material . 3G AUVEACHTRLIGIS S tHien 4Pp SaiGs's FTRFEP UL Oy g SRACHIG S o
oper abl e t gqu@aiaGieilly mabahcAldt @ agoplifE @itanbsl refl ected fromthe surface of
the markable material, the target material and the ablated material and
pass a det ecti offuipljpathe iadiationcsentceds prarable frgenemio/ppticed omadatiwn Sudl | er
bei ng oper t .ol the adjustable nmount in response to the detection
si gnal .?Thg%rgﬁsnég?g%%ﬁ@at es when the spacing is small enough, so the

spaci ng can be BExdinpletof egibbilinishtsdiaheashedts cfnhapesan inantiod ivdllaneeche
Suitably, the irradi ation source is operable to generate optical

i rradiati ofescBieh With tefiprasdo eacpprapanying drapingsdn &gt enbodi ments of the
aspect s of the RESEN! sHoWMCRt bR df MOMBSmERSGE bfiflantiablbntifbahance to
t he acconpanyi ng 8@rawi ngs, I n which: Fligure 1hons B exanpl e of an

enbodi ment sedondpprachofiithe posardavegtiomm a second aspect of the present

inventipon; 10 Figure.2 shows exa s of the.response of .a photod ctor
form ndOpart of FHHES 2 ABHT S SroTE G mReTee ofF Bretoe e Bk e
patterns rraf,lk@gkug)afgilgg&sl;substrat es using the apparatus of Figure 1;
Figure 4(a) shows an exanple of a pattern nmarked on glass using a 15

conventi onal nmafigute 3nshdvedexamplestofy patteray jarkddoos gldse whsteateratising therar ked

on gl ass u%bﬁ'ﬁatﬁ% 1ngr{%nlt;s of a

Figure 4(a) shows an example of a pattern marked on glass using a

15 conventional marking method; and

Figure 4(b) shows the same pattern marked on glass using embodiments of a
method and apparatus according to the present invention.

Figure 4(c) shows a DSI logo, a Chinese poem, a picture of DSI Building and a
drawing on the glass substrate using the apparatus of Figure 1.

20 Figure 1 shows an example of an embodiment of apparatus suitable for
carrying out laser marking in accordance with an example of the first aspect of the
present invention.

A source of irradiation 10 comprises a laser operable to generate a pulsed
output. The laser is a frequency-doubled diode-pumped Q-switched

25  neodymium:yttrium alumiunium garnet (Nd:YAG) laser, producing pulses of 100 ns
duration at a 10 kHz repetition rate and a wavelength of 532 nm. The laser beam path
followed by the generated pulses is shown by the dotted lines in Figure 1. A beam
splitter 12 is arranged in the beam path, and is coated to reflect 5% of the power of the
laser output and transmit the remaining 95%. A beam scanning device 16 is arranged

30 in the beam path downstream of the beam splitter 12, and contains focussing optics

and beam steering optics driven by a drive system.




met hod and apparatus according to the present invention. Figure %(z)h shows
a DSI 1ogo, a Chinese poem a picture of DSI Building and a draWw g7f6n 200
gl ass substrate using the apparatus of Figure 1. 20 Figure 1 shows an
exanpl e of an enbodi ment of apparatus suitable for carrying out |aser

mar ki ng i n accordance with an exanple of the first aspect of the present
invention. A source of irradiation 10 conprises a | aser operable to
generate a pulsed output. The laser is a frequency-doubl ed di ode-punped
Qswitched 25 neodym umyttrium alum unium garnet (Nd: YAG | aser,

produci ng pul sed\ gfotared xy wansktipn stage 24 glﬂlngl-mOV@p@ltlltlltbﬁXb’éﬂ@eabﬁé )

wavel engt h 3 as r m path _fol |l owed ner pul ses
is shown b&’% ft’lﬁ)%ecFo%? enamfn%nes |eth IE“C% FRVIEes IROB%%%H lrs1 %?H&t%g gsﬁgn (ril%nged
in the beawfpaid.maathli2e sioahekk &msua@lfoh%edge%@sfhoudmmﬁ@mang@ﬂ sb hieat thaser
output and transmt the remajning 95% A beam scanni ng device 16 is
arranged 3dsprbeapbisiaaden anrthelsnges matarial eften bringdizeptayy thedieamscanping

cont ai ng f(&%\%ﬁéllglg optics and beam steering optics driven by a drive
system notorised xy translation stage 24 giving novenent in the xy

pl ane has a m & eotaler 28 ivoamtekdtronici dr, caﬁmpmmqmdommeﬁemfuemaunplbnat he z

di rection. nlg\l]) of t et mat e |aI sits on the t nsldji ({age
t he whol e @8%1?{81 %?ﬁd’@ﬂtr tSH%ﬁ ag {EC A% §FPTETMARE ‘H’ée ar get
materi al akf efccRRI fie pbdranhd rﬂéinégemg@lﬁ% Sﬂé%nﬂglleISZGj%’b&ﬁleé’t@d 16\ the

controller 26 is an eI ectronlc or uterised controller, for exanple a
general puripaisgiaouras 1%by swets afa ahfail;al\mhlrﬁhomnm@tlpnd@ forreechingleand/ or
~adapt e to r.eceive menpry nodul es. .The. contrall er
conhect@ Eavprd if oPGgh Res SrEy fhe Erder by SRuh disio ipfiedsg puffBhut o
connecti onpd@er.f or exanple a 10 cable, and is operable to control the
irradiati on source function, including |aser output power. An energy neter
14 is |ocated td\n enesgymetasd 459desmiade rle@g*eer theut% @ thedaseicewmt wflesied he

conneat i on 59" 1200 HEREHEE SCHERGREY R ol (R M IARRRY B B

control | er cafnection 32, for example a cable, connects the energy meter 14 to the controller 26

15  so that the controller 26 can receive information about the output of the irradiation
source 10. The controller 26 may be configured to automatically calculate the total
laser output energy from the measured 5%.
A farther connection 34, for example a cable, connects the controller 26 to the
beam scanning device 16. The controller 26 can send scan information to the beam
20  scanning device 16 to control how the laser beam is moved and scanned. An additional
connection 36 connects the controller 26 with the translation stage 24, so that the
controller 26 can adjust the position of the translation stage 24 and the items held
thereon relative to the incident laser beam. Additionally via this connection 36 the
controller can operate the micrometer 22.
25 Finally, a time-resolved photodetector is situated adjacent to the translation
stage 24 to detect light scattered and reflected from the target material and its environs
(as will be discussed further subsequently). The photodetector can pass a signal in
response to detected light to the controller by means of a connection 38.
To operate the apparatus so as to mark or print a sample of markable material,
30  the sample of target material is selected to provide the desired colour of printing. A
sample 18 of markable material which is to be printed is mounted on the micrometer

22 and held above of the target material but spaced apart therefrom. Movement of the




15 so that the controller 26 can receive information about the oupput@f 2006
the irradiation source 10. The controller 26 may be configured to )
automatically calculate the total |aser output energy fromthe neasured
5% A further connection 34, for exanple a cable, connects the controller
26 to the beam scanning device 16. The controller 26 can send scan

i nformation to the beam 20 scanning degice 16 to control how the | aser
beam i s noved and scanned. An additional connection 36 connects the
controller 26 with the translation stage 24, so that the controller 26 can
adj ust t he npiorimetan2dfadiuses theaspatingi twetmmghe markable ninteriad cand thel t@rget her eon
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not ablated. Therefore, the target material and/or markable material should be chosen
such that their ablation thresholds are different, and should preferably be sufficiently
different that this is readily achieved within the usual operating parameters of the
20  irradiation source 10 and the focussing abilities of lens within the beam scanning
device 16. Note that although in Figure 1 the laser beam is shown as being focussed
towards the surface of the target material 20, the optics in the beam scanning device 16
may alternatively be configured to focus and recollimate the beam within the device
16. It is the actual beam size at the target material that is important, so that the correct
25  fluence is achieved.
The suitably focussed/collimated beam is directed towards the target material
20, and passes through the markable material 18 without damaging it (because the
fluence is below the ablation threshold) and without being significantly absorbed
(because the markable material 18 is transparent to the wavelength of the laser beam),
30  before irradiating the target material 20. Because the fluence is above the target
material ablation threshold, some of the target material 20 is ablated to form a plasma,

and thrown away from the target material 20 towards the back surface 40 of the




which is above the ablation threshold for the target nateri al so_that
the target material 20 abl ates when irradi ated. The fluence |s aél}l%'ﬂi 5
| aser energy per irradiated area, so depends both on the focussed spot
size and on the power of |aser 15 beam An additional requirenment is that
the fluence at the markable nmaterial be below the ablation threshold for
the markable material 18 so that the naPkable material 18 is not ablated.
Therefore, the target material and/or markable material should be chosen
such that thejr ablatjon thresholds are different, and shoul d preferably be
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the back surface 40 of the markable material 18. Therefore, it is important that the

spacing between the target material 20 and the markable material 18 is small enough

for the ablated material to do this, otherwise marking will not occur.

20 The laser output is pulsed. Therefore, the markable material 18 is not
continuously irradiated, so that if any absorption does occur, the heat deposited
thereby is able to dissipate between pulses and does not cause any thermal damage to
the markable material.

The pulse duration may be sufficiently long and/or the spacing sufficiently

25  small that the ablation and the marking interaction can occur within 2 single pulse.
This happens if the ablated material has time to travel to the back surface 40 before the
tail end of the pulse has passed through the markable material 18, so that the
irradiation necessary to cause the interaction is present as the ablated material arrives
at the back surface 40. This can give good control over the marking process, as all

30  ablated material interacts before more ablated material is deposited on top of it.
However, satisfactory results can be obtained by using shorter pulses/larger spacings

so that one pulse causes the ablation and a later pulse causes the interaction.




and introducing m nor defects. These surface changes allow the pgﬁﬁnp
particles of 10 ablated material to becone enbedded in the back "fdég &Eﬁ
so that the glass is nodified. In addition, the nodified glass ceases to
be transparent to the laser irradiation and instead begins to absorb the

i rradiation. This enhances the interaction further. Therefore, a permanent
mark is fornmed on the back surface 40 ofo the nmarkable material 18. 15 The
abl ated material thrown off fromthe target material 20 has kinetic energy,
whi ch needs to be sufficient for the ablated nmaterial to travel
sufficiently farThers aregehy patisctee R hemiarkimgpooasss whishrean famaslifies andi al  18.
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10 There arseanminrgmpeaneanst A partighlatlisuitahik leniceis agabanomiichseanerhs Wugh f i ed
and, if desired. controlled by use . ,of the coptroller 26. Ta hj a
desired pri ete%eag’r lsng}r %*8‘? pg}’tg]roﬁgbolﬁ HEHar gﬁ?elb%tgggfl%?mi@f dsrﬁ%ﬁs' as a
word, a | ogmlvahoRictdr YEfmeR proidWERE HOgh Prebidion Q@ repdatdbfe STRBAAS af Yednts, NOVeE
the incom ng beam and the markable 5 material 18 relative to one another.
This cdf bandears widsly #9ilghleng the controller 26 to

Alternatively, relative movement can be achieved by keeping the beam
stationary, and moving the markable material 18 instead by means of moving the
translation stage 24 under control of the controller 26. Also, the translation stage 24
can be used in conjunction with the beam scanning device 16 to mark large patterns on

20 large samples of markable material 18.

In moving either the beam or the markable material 18 or both, it is of course
essential that the target material 20 remains in the beam path so that material can be
ablated to form the mark.

The laser fluence may be controlled by the controller 26 to ensure that it

25  remains within the necessary boundaries of being below the ablation threshold for the
markable material 18 but above the ablation threshold for the target material 20. If the
fluence is too low, there will be no ablation to deposit material on the back surface 40
and hence no marking; if the fluence is too high the markable material 18 will be
damaged by ablation and accompanying microcracking. The energy meter 14 can

30  provide a continuous monitoring of the energy output of the irradiation source 10 and
communicate it to the controller 26, which can alter the irradiation source output, and

also be programmed with the energy output required to give the necessary fluence.




control the beam scanni ng device 16 so that the beamis noved ovg% t$ﬁ 2006
surface of the markable nmaterial 18 to create the pattern. The zt oﬁler
26 may be progranmed to performthe necessary novenents. Any suitable
scanni ng action can be used. For exanple, the constituent parts of a
pattern may be traced out one at a tinme, or the 10 pattern may be built up
line by line rastering the | aser beam aross the whole pattern. The beam
scanni ng device 16 may be of any type suitable to provide the desired
scanni ng novenent. A particularly suitable device is a gal vanoneter
scanner, i fThetifarh, anyhidnderdions s theretpusofitye modzbibe soirce 0P sanl be werredigd

gal vanonet er dr.i vers. | vanqnet er nners provi de fast,. high precision
and T epeat A SHEKIE A A TaRat R, so thel the fugioe G s atrfaed,pf e desiicd
Alternativedyr relative novenent can be achi eved by keeping the beam -
stationary, and noving the nmarkable material 18 instead by nmeans of noving
the transl ati oFhswoagarenge of hsrintesastionland hendscofgparkingl qagalspee mpaifpred he

transl aﬁi on. § Egtg%t for ?ﬁ{gc%%%gi gﬁe %n)ﬂotégél{eéwfié ﬁg_)ﬁ%\ﬂt%ﬂe& edr?geﬁ:ﬁg%lft%ﬁgﬂ ng

device 16 to nar arge pa 0 arge s es o e nmateri al
18. I n noviingageret ®F ahtl @eldatdd Homithe uppsrkaithe sfahe targdt ndfertal 20pthie backt is of -
course essential that the target. material 20 remains in the beam path so

that nat er PBIaEAY, prd thgsblatesmatsriplioth mexinggnd dengsied ga dhe hackspideredy be
troll ed | i i NS W i th
controlle glg%éﬁ%%ﬁefeigflgv% JhS{vnzt@gtlt gleeé}ﬁwn? bc{fgt t 'd%teﬁt%é S%F?I!IIPI%IOW dfftidle t he

necessary bei ng w the a on thresho or the
mar kabl e matees with 18 dnodurd lvd\abiatddem atieti alt winioh tishdepekicdddorf the table strdacgel);

teri 20. If the fl IS, t low, th i | | bl at.i t
oposi 10 mab PP G TR ie? 0B SRSE AGTRER BB AR EPREIEA DG
{1 uence i S o aidofciah for B ek SRS idtial EhdNiohkrohér 26legRERtbHaBGbAL i ON

and acconpanyi ng mcrocracking. The energy neter 14 can 30 provide a
cont i nuous sigoal tromi thg pbbtodbiscten@B ggndoeanple progranineed to andilysei the fgnstipeéo 10 and
conmruni cate.it. to. t contraller 26 which,can alter the.irradiatjon source
output | angiscHmede B REE Metive oo, Fot aTBHe Ps R sl B PR T8 Ve he
necessary idifgeageresdlts? fd¥ie 20Q6cabds. T ERE LKA fecbiglistat thentileNort he
output of the irradiation source 10 can be corrected for quickly and

aut omat p caplptedsimaterial ix Fraching dhe daekn surfecendld. it £pR defkeaconesdive astipn BY

sending a signal along the connection 36, it adjusts the micrometer 22 so as to reduce

the spacing between the target material 20 and the markable material 18 until the

ablated material is able to reach the back surface 40. Alternatively or additionally, the

controller 26 can increase the laser fluence; this imparts greater kinetic energy to the

20 ablated material so that it can traverse the spacing. Therefore, the marking process can

be controlled in real time. If desired, analysis of the function can also be performed in

greater detail, so that the controller is able to monitor the amount or proportion of
ablated material which is deposited.

Figure 2 shows recorded examples of time-resolved signals detected by the

25  photodetector 28. The examples are shown as graphs of the variation of measured

signal amplitude A with time t, for a range of spacings d. These results were obtained

from the marking of a fused quartz substrate (the markable material) with a silver

target. The laser wavelength was 248 nm, the pulse duration was 23 ns, and the laser

fluence was 7.2 J/em?® (0.72 mJ/m®). Graphs for spacings of 1.95 mm, 0.79 mm, 0.54

30  mm and 0.22 mm are shown. It is clear that the shape of the signal varies significantly

with spacing. At large spacings, there are two initial peaks, followed by a rapid drop in

the signal amplitude. At smaller spacings, the amplitude decreases much more slowly,




| evel . The occurrence of the interaction and hence of marking cag ?,"‘!fo? %@
nonitored 5 and corrected for if necessary. The photodetector 2 ,”C“ 08
positioned to detect light which is scattered by and reflected fromthe
upper surface of the target material 20, the back surface 40, and the

abl ated material both noving and deposited on the back surface 40.

Measur enents have shown that the anmount | ®pf |ight detected as a function of
time varies with the anount of ablated material which is deposited on the
back surface 40; 10 the shape of the function varies significantly between
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2 MAR 2006 However, it is possible to achieve a higher degree of control than this. The

(¢

N

ablated material is thrown off from the target material 20 with a range of kinetic
energies, so that different particles of the ablated material can travel different

20  distances. Therefore, if the spacing is very small, all the ablated material reaches the
back surface 40. As the spacing is increased, the proportion of ablated material having
sufficient kinetic energy to reach the back surface 40 reduces. Hence the tone of a
mark can be altered by increasing or decreasing the spacing to give the desired amount
of deposited ablated material, without the need for multiple pulses to be used at a

25  single location. This speeds up the marking process. The spacing can be controlled by
the controller 26, for example in response to signals from the photodetector.

A similar effect can be achieved by controlling the laser energy fluence instead
of, or as well as, the spacing. A higher fluence imparts more kinetic energy to the
ablated material, so that a larger proportion can reach the back surface 40 to form the

30  mark, giving a deeper tone.
Figure 3 shows examples of marks printed on glass by use of an embodiment

of a method according to the present invention, demonstrating both different colours




12 which is evidence that light is being scattered and reflected from

abl ated material deposited on the back surface 40. The deposi @i ot 2008
abl ated material on the back surface 40 neans that marking will occur.
Col our printing or marking can be achieved by use of different target
materials. 5 For exanple, copper gives red marks, silicon gives black

mar ks, alum niumor silver give white ymrks, chrom um gives yel | ow nmarks,
titanium gives grey marks and tungsten gives blue marks. O her target
materials can al so be used to achieve these and other colours. It is a
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fluence of 2.5 J/em® (0.25 mJ/m?). Figure 4(c) shows the images of the laser marking
on the glass substrate for the logo, Chinese poem and picture and drawing. It was
obtained by this technology with the properly selected of the processing parameters

20  and related file convection from the digital image files to the vector files for the
controlling of the galvanometer. Thus marking methods according to the present
invention can be carried out with laser fluences an order of magnitude lower than those
required for conventional techniques, making methods according to the present
invention less costly and also safer. A Nd:YAG laser was used to produce both

25  pattemns.

Many irradiation sources are suitable for use in methods and apparatus
according to embodiments of the present invention. Lasers offer convenient sources
capable of delivering suitable fluence levels. Practically any wavelength from the
ultraviolet to the infrared can be used, although the choice for a given printing process

30  will depend on the materials used. For example, the wavelength must be one to which
the markable material is substantially transparent if the arrangement depicted in Figure

1 is to be used. As mentioned above, the use of pulses of trradiation is preferable, but




Figure 3 shows exanples of marks printed on glass by use of an enbodi nent
of a method according to the present invention, denonstrating bo@hp MAR 2006
different colours 2 2 MAR 2006 13 and different tones. Exanples 42, 44 and
46 are patterns printed in red, and showing different tones, Exanple 42
being the lightest tone and Exanple 46 being the deepest tone. Exanples 48
and 50 are patterns printed in black, wig4h Exanple 48 having a |ighter
tone than exanple 50. A scale is included in the Figure (each snall
division 5 being 1 mm to indicate the high degree of detail, resolution
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the | aser rmaadiatiun isamed,he nglyassdesirhist naieclider sobdeefokgif, clédionesteiggerag, and
picture and drawi ng. It s obtained by this technology with the properly
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b asent i AUEhE B KB, oot SltirBE e ion so GREAL RiBniERg o
produce botymabPdsoRfdetietsty). Many irradiation sources are suitable for use in

met hods and apparatus according to enbodi nents of the present invention.
Lasers l&f f er cordVtaspative asrgngewents of the markable material, the target material and the

irradiation beam direction can be used. These may allow the method to be applied to

the marking of non-transparent materials. For example, irradiation may be directed

onto the target material at an oblique angle so that it can pass between the markable

material and the target material instead of passing through the markable material. A

20 second beam of irradiation can then be used to subject the surface of the markable

matenal to irradiation. Two separate beams may also be used if it is found that for a

particular combination of target material and markable material the ablation and
interaction can be best achieved with different wavelengths or fluences.

In the foregoing description, the term “markable materials” is intended to mean

25  any material which is capable of being marked by means of methods falling within the

scope of the present inventiom. Although the method is especially relevant to

transparent hard materials such as glass, it may also be applied to other hard materials

which may be prone to microcracking, such as opaque glasses and ceramics, and

indeed to any material which can be marked by the interaction between deposited

30  ablated material and surface material when subjected to relevant irradiation. The term

“transparent” is to be understood to describe a material which transmits a sufficient

quantity of the incoming irradiation to the target material underneath to cause adequate




capabl e of delivering suitable fluence levels. Practically any vel, -
fromthe wultraviolet to the infrared can be used, although the\,\@r{g'@gg%@%
a given printing process 30 will depend on the nmaterials used. For exanple,
t he wavel ength nust be one to which the markable material is substantially
transparent if the arrangenent depicted in Figure . 1 is to be used. As
ment i oned above, the use of pulses of ifgadiation is preferable, but 2 2
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25 any material which is capable of being marked by neans of HEQQﬁ3§1’“”“
falling within the scope of the present invention. Although thi "o dtits
especially relevant to transparent hard materials such as glass, it my

al so be applied to other hard materials which nay be prone to -

m crocracki ng, such as opaque gl asses and ceranmi cs, and indeed to any

mat eri al which can be marked by the intéacti on between deposited 30

abl ated material and surface material when subjected to rel evant
irradiation. The term "transparent” is to be understood to describe a
material which transmits a sufficientCLAIMStity of the inconming irradiation
to the target material underneath to cause adequate 2 2 MAR 2006 15
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it wll be msmedsint to a person skilled in the 15 art that various
nodi fications may be made within the scope of the invention. For the
avoi dance of doubt, the term"conprising” is not limted to neaning
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conpri si ng:
material 1s arranged with respect to the target material such that the irradiation is

15 directed via the markable material and onto the target material.

3. A method of laser marking according to claim 2, in which the markable

material 1s substantially transparent to the irradiation.

20 4. A method of laser marking according to any preceding claim, in which the

irradiation is provided as a train of pulses.

5. A method of laser marking according to claim 4, in which the ablation and the
interaction are achieved by the same pulse of irradiation.

25
6. A method of laser marking according to claim 4, in which the ablation and

interaction are achieved by different pulses of irradiation.

7. A method of laser marking according to any preceding claim, in which the

30  method further comprises monitoring the fluence of the irradiation.




arranging a sanple of target material spaced apart froma sanple:? N

mar kable wmaterial; 5 directing irradiation having an energy fl u% c &/ kb 615
the ablation threshold of the target material onto the target nmaterial
such that at |east sone of the target nmaterial is ablated and thrown onto
a surface of the markable material; and subjecting said surface of the

mar kabl e material to irradiation havingi7an energy fluence below the

abl ation threshold of the nmarkable material to induce an interaction 10
bet ween the ablated material and the surface which marks the surface with
the abl ated. mattemiethod of laser metkiog acfortimgdo chamki, rilgwdmixdmhdim@hmbﬁnrﬂhali m 1,
in which the markable ..material is rran ed with respect the target
mterial SOURPRICORRUIING Piecizneont e ieaBs ot et oita M RSD| e
material and onto the target material. 3. A nethod of |aser marking
according to claim2, in which the markable material is substantially
transparen®. to Phaethadaef] lséromarkpee Accmdmgtth@dycpfreqedmrclm Kinrighigle dlagr di ng

(0,20 BLoGE NS Db ot o AT b BE AR R Bl 2L ©

abl ati on aafld dagtered HoRi thetsuffica ke fafpat ﬁlﬁ&ﬁ&bﬁh&tﬁ@aﬂ@t@'& nididriee Of
irradiation. 25 6. A nmethod of |aser marking according to claim4, in which

t he abl ation and interaction are achi eved by dlfferent pul ses of

irradiationg 7 3 &%’éﬁ%ﬁgﬂfl%fe{ h%?&%% c!%hi'ﬁ 1 cfii < I, n&h?@%hr&étﬁ&?ﬂf@ cl ai m

in which the rlse froni uence

i rradiati onomprifes adjuseh te sptzmhgbeﬂwmltlte tagpet el mgi the nedrkable materinl V\/m ch
t he mai&od further conprises controlling the fluence of the irradiation in

respond® t & (SROGP a5 inadysigof the Fatlerde #d s<atered pErdate cdgteatingtheb any
precedi ng glaivBted fﬁat@ﬁhﬁ@ bi tm%“natdt&g] fédﬁﬁtgt%f tRORRIPRImABSACt i ng and

anal ysing the anount of i1rradiation reflecte and scattered fromthe
surface, the target mat eri al and the abl at ed material. 10. A nethod of
laser mar kil 19 a%cH ﬂ'to%gott Btsecr r%lar g atI:cor Q altlgeprgs%%ﬂl%dcl];lliﬁ tJﬁevrvhwh the
method further comprises setting the spacing between the target material and the
15  markable material so that the amount of ablated material thrown onto the surface of the

markable material is sufficient to mark the surface with a mark of a desired tone.

12. A method of laser marking according to any preceding claim, in which the
method further comprises setting the fluence of the irradiation so that the amount of
20 target material which is ablated and thrown onto the surface of the markable material

is sufficient to mark the surface with a mark of a desired tone.

13. A method of laser marking according to any preceding claim, in which the
method further comprises moving the directed frradiation and the sample of markable
25  matenal relative to one another so as to mark the surface of the markable material in

accordance with a desired pattern.

14. A method of laser marking in accordance with any preceding claim, in which
the target material is one of copper, silicon, aluminium, silver, chromium, titanium,

30  tungsten and other metal, semiconductor or other solid substrates.




conprises adjusting the spacing between the target material and %@Fﬁﬁﬁ 2005
mar kabl e material 10 in response to the analysis of the reflecte d-
scattered irradiation to determne that the ablated material is being
thrown onto the surface of the markable material. 11. A nmethod of | aser
mar ki ng according to any preceding claim in which the nethod further
conprises setting the spacing between tife target material and the 15

mar kabl e material so that the amount of ablated material thrown onto the
surface of the markable material is sufficient to mark the surface with a
mark of a désir el mehed of Jasepmaging goestding Je ravprarriediaeledn.dionghich thay

preceding g thod further conprises setting the fluence
R T

of the irr anount of 20 target material which is

abl ated and thrown onto the surface of the markable material is sufficient
to mark th surface W mark of a desired tone. 13, A nethod of | aser
mar ki ng ac 8r di nAd’HaB"‘“éhg’ gﬁsé‘b@éﬁk% acs2mpg of Harkable material, GRBIRSHES ur t her

conpri ses novi ng_sfai}%léjéift {eflihpdh@tion and the sanple of markable 25
material relativ one%%gl?lﬁgr 30 as to mark the surface of the markable

material in acedrddinten seurte epodehds tog;bngatehmadlahdﬂto A met hod of | aser

mar ki ng i n accordance,W.th an receding claim .in which  the target.
material is one of C&Bgé t@#ipgﬁr?% [#g‘?inﬂf"r‘i?“aélsf’\ﬂéql tﬁ%ﬁ?lﬂﬁdﬁte‘?ﬁtléni um
30 tungst enhrafeh ditd i sﬁﬁﬁ@al of asﬁﬁ?p%ﬁﬂﬁk%le ﬁfaté?fah?ﬁac@@ﬁlﬁﬂt #HRSEE Snfle 2 2
MAR 2006 18 15. A nethod of |aser marking according to any preceding claim

in which teétargetapgieaali sl i s optical irradi ation. 16. Apparatus for |aser

-mar ki ngna sanpl e of eri ri f target
mat erig - and airra |a‘{ﬁ|gt§r¥ﬁe U a&%"@%&ﬁ iheglgﬁ%ﬁaglteen‘iﬁ r@&? 3%“8‘?13?0

abl ate at listagictipabétwetbn tHrealasdelatemal aid tih.ls sei@adeNdhich Reurkbihasedadead i al is
t hr own. onto the surface of a sanple of markable material spaced apart from

t he sarrplet oiblatgd @“@fe%terlal and 10 irradiate the surface of the sanple
of the narkable material to |nduce an interaction between the abl ated

mat erial and the surface which marks the surface with the abl ated
material. 17. Apparatus for laser marking according to claim 16, and further comprising a

15 controller operable to control at least the operation of the irradiation source.

18. Apparatus for laser marking according to claim 16 or claim 17, and further
comprising scanning apparatus controlled by the controller and operable to provide
relative movement between the irradiation and the sample of markable material so that

20  the surface can be marked in accordance with a desired pattern.

19.  Apparatus for laser marking according to claim 18, in which the scanning
apparatus comprises a galvanometer-based beam scanner operable to scan the
irradiation.

25 |
20. Apparatus for laser marking according to any one of claims 16 to 19, and
further comprising an energy meter operable to measure the energy of the irradiation
and pass the measurements to the controller, the controller being operable to control

the irradiation source in response to the measurements.
30




17. Apparatus for |aser marking according to claim116, and further .
conprising a 15 controller operable to control at |east the oégﬁaﬁﬁgnﬁﬂﬁ
the irradiation source. 18. Apparatus for |aser marking according to claim
16 or claim17, and further conprising scanning apparatus controlled by
the controller and operable to provide relative novenent between the
irradiation and the sanple of markable pqgterial so that 20 the surface can
be marked in accordance with a desired pattern. 19. Apparatus for | aser
mar ki ng according to claim 18, in which the scanning apparatus conprises a

gal vanoret e?l.basAppdratamfer kroematins abt@ding 5CaH SREof kliRsi 1t 1080 43 20
Appar at us fEr_[I aser marking according to any oné of clains 16 to 19, and

further co & RS Ias @R Adivstable mepat eperable do radiustithe spasingnkstyyerothet he

irradi ati onganigly t b3 ﬁ?ﬂ”‘f g&g% he,contraoller, the controller

bei ng operablé to c%%troféﬂgf e |§ra Igtoi%glﬁhgag'}ﬁ%%ep ‘response to the

measurenents. 30 2 2 MAR 2006 19 21. Apparatus for |aser nmarking accordi ng
inms 16 to 20, and further conprising an adjustabl e nount

t |

ogeﬁgﬁl gnte de Lfgl?PﬁfﬂBS Sylesst guarkingeassonding toselm @0oand fnther compdsingla and
th | i Ly f i

hecordipg t e oo dpRbibke B bt iRl scdORA Bll3nc@ha BBRFTo SHGAT B s

det ect i rr zakeblommascralt Ereetirgunhatafdl eat et bblaredt hatefisl sRCHaela B&6ction
and the ablated materi al and pass a

mar kabl e terial, the target materi al,

det ection  LighB the sOtirelfet Ih pattedler Being opernele o perira gherafespetie piownt o
control th&e@hg@ﬁoqﬁéaetga{msiéﬂu response to the detection signal. 10 23.
Apparatus for | aser marking according to any one of clains 16 to 22, in
whi ch ¥he irradiation source is operable to generate optical irradiation.

23.  Apparatus for laser marking according to any one of claims 16 to 22, in which

the irradiation source is operable to generate optical irradiation.




