; e3edXT>6t TesQ 1 LASER MARKI NG METHOD TECHNI CAL FI ELD s The present
invention relates to a | aser processing nethod. In particular, it relates
to a method for creating marki ngs on a work piece by |aser processing.
BACKGROUND 10 Laser marking is a process of creating visually perceptible
signs at predefined |ocations of a work piece using a | aser beam There are
many types of |asers that can be used™f'or marking in the industry, which

i ncludes C02 | aser, YAG |l aser, and diode |lasers, etc. Apart from marking, a
| aser can al so be used in m 1 | ML f processing, trinm ng,

wel di ng, and cutting, etc. 1@%#@%%“9%r ocess, coordinate data
or paraneters of the locations on a work piece at which the marks are to be
creat ed, é'aéé Elregrarmed into a | aser beam positioning controller, with
referenc HNICALFAERR: e system In an ideal situation, work pieces are

pl aced at a pre-defined theoretical position, i.e. in 20 alignnent with the
coordi nate system The |aser beamis then applied onto the work piece
accordi ng to tTe presgnbimventicromsialiesdd @ lds¢eprogessingnkethodn in partielir gt be
created atI tthe r%iéﬁfi ?ed | ocat i onE_. In an actual situation, however, a
wor k pi edEI3ES foor Methad f9r geatiegimaskings o WREnPIERR DY lasRr RIBERAIMGL e syst em
and/or the reference tenplate. This may be due to the nechanical tolerance,
the handling errors or positioning errors of placing the work piece.

Ther ef or @AgKGRQUNQ/, a work piece is often placed in a | aser marking
system at a position which is shifted along a |inear direction and/or a
rotational direction, with respect to the pre-defined theoretical position.
Widout so taHliazgr hiirRingii®agirosesk 6Rérahting dsusinf bérceptibBtGyPashder at i on,
marks wil| be created at undesired positions on the work piece, which is
unaccept &isifiged leeatiogsafiamwork pigee psisidta lasengeare urherg ase mamolyrepoéce under

the | aser t ity of

| aser mslrI %%W@u?ﬁ%{&in&%@gf@&h&ﬁ ﬁ‘g&%@gl‘“{'ﬁ%ﬁﬁy‘%éc‘gﬁﬁ%@& a | aser
beam on KABHisdr, pnedivdenlaberds etd. oOApar fiopd marking 04 fasdr cahelsabeusay st em and
the optics, that cﬂl rect the |aser heam onto the work piece, the handling,
posi t i oniMIGTEARCIVRYFUSIRCEIPERTSANG tEMENIRg; Wald1g, and auiling. mtece, etc.
Pravi ous systems have utilized measurenment devices, such as 10 nmeasurenent
and position sensors, to detect and neasure the offset between the actual

posi tion and tlhe laberomatking prquesst caordofate dataor fananesters of the dscatiemsnt
result fromthe position.sensor is sent to a copntroller of a handling

syst em wih T RECP At hOE i marks Ao R I3 SEPOBBNRPA O fhe vor k

pi ece i s |ashrusd@s po&itidhin Q:cﬁﬁ*@ﬂéﬂ%ﬁﬂ’ﬁretfé}%n@éftéﬁtcoof‘éinﬁtesﬁpﬁérﬁt 9ngRasur enent

and position sensor is 15 required, the systemset up and operation is
cunber soriggaliséHation,werkipieess areThlacediat aipoerdefined thematical posifional.ednbe an

addj ti ongy; ree..of r S Pat.ent 6,545 250 issued to Hartmann
otthi | or ieBE kBl S ESRRIMEE Sbients THEHER et R PSR QiR 9 cces.
The appanedrdpiescacabraiagtto thd bfogtmpaé® bborditite daltd, HHd MAMLEarns a

reference to _direct a |ight beamaonto the surface of the work piece. The

light refheefeig be eheatetbatihergidaiiveddosationisved by an optical detector,
t hereby a set-actual - value conparison is carried out before the actual
machi ni ng, and the actual position of a contour on the work piece can be
det ermi ned. 28nian adwia siodtipn evoveesersy sicekpiedetie ndeusaalBdplposd i on of a

e d r clioBiyénk wihBe 80 aSthoveles aelonthe Falbends: eudSieng W& bans
hovever . duedBliRe LSRN tBrdrioaltlo RhiNg dfis i TsitBriifetsiial Posi tfon

because errors can also be_introduced 3 posi t1 on detection due
to, for @egingthe whk pigsechhenefanes inofealitye amveerkpieceeistoftamplaced i adggercs

and/ or t m sal i gnment of .the |aser nd light beam. The stemerrors
can be s ARITELRRIG a8yt whiEdas sBTbkacna g Mess dXgeton dopike, i n

parti cul abtatibAakdifetidh! With réspedt & tehie-BéfitbdP PRt PasiBi6h UV EoutSuch as
| aser mar ki ng which generally requires a positioning error of about 0.1 mm

or3®el owtakigg tiis ineanand retatipnalahiiea inte ceosideratinn, marks avilibe leseated il

5 pat ent B3B8 bAsHENR S e i B s RIrEh i et PRIRE PRGOS B fon Pt
requires high positioning accuracy. It is therefore desirable to provide a
| aser mar ki ng apparatus and system




for creating markings at precise positions of a work piece, in which
mar ki ngs can 10 be created on a work piece with high positioning accuracy,
e.g. at an accuracy of about 0.02 mm SUMMARY OF THE | NVENTION 15 In
accordance with one aspect of the present invention, there is provided a
met hod for marking a work piece. The nethod conprises generating a

wavel engt h conpensating factor which ré&rmesents an of fset between the |aser
beam and the visible |ight beam caused by the differential in their

wavel engt hs.and a positiop conpensating factor i ch represents_the

G 1t er onttotgabeirenk S5 YTk Bt Rt the bepes bepREbRETRER PBe O iRy i ¢ s
actual pagdylddiitedts BERUE thduality of 14er fkfig. These conpensating factors
are used in deriving the marking coordi nates uUsed to direct the | aser beam
onto the work piece to create the mark at a high accuracy. 25 According to
one enbodi nent of, [es i,pvention, the wavel ength conmpensating factor
2 generat ea. trdyedirF e eetdf¥ SbitBPing SfpuiaRRotA e BERRL P AR

cal ¢ br at imecd rithldd, foredxample] Sirolbfithe 194 shybleph afidthd bpticPthatlrkct the
created by directing a | aser beamthrou gui ding optic assenbly fixed at

h a
a first dasgrdeamon %thes\ef@rlmie@%dhaih&@ﬂgn@amiﬁ@imao@éiaﬂm@ngtsyétegmiaar:lng
optic as%ﬁf@?{at’fon 3P h%‘{}?é&%&&@'é{ the guiding optic assenbly is adjusted to
taesuctnth 'S B

a second at 'a vi'sible light beamof the first calibration nmark
is received by a vision detector. A second set of coordinate data is
decoded by thgarguj di n% optilgl assenbly. A -4 difference of the first set
and the second '&¥IOUSSYelEneNAYR Blikpadimeasyieaeniileyicssds¥elt 8%igh whi ch t he

vayg! englriesQUBRITR bhihdstierisdre b R diSfhd rBhs eHR BAE8E bOtdeAthR"

t herefore conpensates the error between the |aser beam a
| i ght beaotualpasitiongarid the thhereticdl pdstiemdf thevebkpjebs.. ASméasurediand to a

furth mbodi f th It | ti librati
cr eat od. TORPDIBH YA RASIATLERORY 25 pth G ortollef O Ao 5YRet whoeiih o
poi nt al qng rélatvé positidabetedeMind R8ek BBaAAAPIRI WK PTBEK R Sdlstel sdeasr M ned

based on the conpensating factors of the two calibration marks. The two
cal i br at itesompansakethe effsall st aeparate measurervent andiposition saaswiiag

Fote or edurdd g sifierh S8 O ehd EperaticiV8 bfbocrEod, Ahhed icny THe"
~rect angl eadditigrodfirersensgioran alesrcan watitionabsdurtd af sydtent @gben encl oses
t he pre-defined marking | ocation. Conpensating factors of the three, four

or nore calibration marks can be used to calculate the 15 conpensating

factor of a PQISbREnRPEAE 250 ENAME Harthfinklt 3 BlAVIRLL ARdihad dhcat i on or
polati on. f ng

| ocations through inter or derivi e position conpensati ng
factor, tdppanatuk for laser machimingokedrihpiecéso The appaeatud @ectofdingto this si gns

re-made thereon. L tions on the 20 rk piec t which the mafk is to be
E_r%%t ed, %ﬁ%ﬂ%ﬁ%ﬁé’ﬁéﬂ{t\m fs ag&ﬁeéePC% _éwécttanﬁg@rb%@? enm@mq 3%tqTon
signs. Arhé AR pRicecarit iiginkfédeatiomni tid Wgrr]i@{:i_efcla‘?s Y dfvdd| B¢ Bnichtidsi ect ed

by receiving a visible light beam through Theta lens so as to
det er ni nélelegiosithembyar setractuainialys cempadsan isvearriod aupbafdretne sotyabr t i ng

t he wor k Rj LA f king coordi nates | ener ated based on the
bosi 11 on reHingyafEine acllBl Bofifion B G hedWPideferdi PR < "cet o
mar ki ng ciaechinades therefore conpensates for the error caused by

m s-al i gnnent of the work piece fromits preset |ocation, which is a common
océ¢urrences in operational processes.

In this and previous systems, the detected position of a contour or profile is
considered to be the actual position at which a laser beam directed to process the
work piece. In laser processing operations, however, a detected position is not
always the same as the actual position because errors can also be introduced

30 during the position detection due to, for example, the system errors of the
measurement sensors or optics and/or the misalignment of the laser beam and

light beam. The system errors can be significant for certain laser processing




By incorporating the wavel ength and position conpensating factors into the
30 originally designed marki ng paraneters, revised marking coordi nates can
be obtained to direct the | aser beam at positions according to the detected
and/ or cal cul ated positions on the work piece. -5 In accordance with

anot her aspect of the present inventio there is provided a nethod for
mar ki ng a work piece supported on platfbrm The nethod conprises generating
a conpensating factor to represent an of fset caused by a 5 wavel ength

differen : | 1,Qrat,i JIAL vi si bl e
l'i ght be%@@%éct |’r'1"§11p%l ﬁ%ﬁiagﬁﬁﬁgafﬁdﬁ'@?E.e]%ﬁ\v(%lgpﬁﬂl gﬁs@%{lh%%@%%gypi ece for
mar ki ng i suchheladef maelking which gehermadly requirasfa positibhiag arebgifisboat 6.1 A
position of the V\Drk%gi ece rel aéj ve to the platformis determ ned, and a

[

second seDMHPr Pelew: iAmtheseiationsbinsbetwega fiatasted nostion and theadtyalst set of

| ocation g i dd ial I & j cﬂ”cge'
corrpensat'r%g@d‘aé:(%ﬁ@ﬁ aggﬂg@%&@%g@gﬁ@% ollri# 8%‘2@%@# C‘pﬁgtl:"es to the
second sdtfatent 65dat258hisirdd fourid suitatile fordager harkivg kpeiation.thatregoires dance
with a ftﬂ{.tﬁer ﬁxs ect of the present invention, there is provided a nethod
for markingMROP '°E|né’caec%‘§a(fyaser, the nethod conprises |oading 15 a first
work piece onto a platform defining a |ocation on the first work piece for
marking using a first set of coordinates; detecting an imge of the first
wor k pi ece to ltistitberifore desitabile topraylde adaser nsarkingrappsratus arel systerd to t he

pl atform at i 0 ating.factor to, reduce a pqsitianal

differ encfgpgﬁ%qm@éﬁﬂ%kﬁg%smgﬁlgé p%%ltlpﬁg iar‘@?fW?%"dP (‘-I‘Q'E&éfn%ﬁpgﬁ AN aser
beam i s e eebest end workgsiets withiHigh pbsitioritgEtcaray, éi.c?e. izhlaf ddcifdcylsfam i s
detected; generating a second set of coordi nates based on the first set of
coor di nat@¥utgra0368M: i on of the first work piece and the conpensating
factor; and directing a | aser beamonto the first of the batch of work

pi eces at the second set of coordinates to mark the first work piece. 25

BRI EF DESIFMRMARN OF THHEINDRENITNON These and ot her aspects and advant ages of
the present invention will be described in detail with reference to the
acconpanyi ng drawi ngs, in which: so Fig. 1A is a schematic di agram show ng

a laser marki ; ' t ' o} t
Mvont 1 on. < @ qerORldicg il GRE 2Bet & REBEE R Rbn nch o B0V g
appar at usmethoili for mbtkingredwbekpiege a Therrkethiodanrpréisssdydriseatenal or  mar ki ng.
Fig. 2Ais_a,schematic di r?msho'ngalaser beam directed onto a work 5
pi ece forVaYRIRH ,Coafmfrﬁ'af)ﬁg'%?terw iphrepegents @ O#QSW?W@%W la%ice for

Vi si on deferh 1308 thEvisibId R hﬁbéarﬁcc!é%éaizbﬁ( tHb A SEh RGN RS- GRVRRAGHS on of a
| aser beam and a visible beamof Fig. :
and a position compensating factor which represents the differential between the
20 expected position of the work piece and its actual position as detected by a vision
system. These compensating factors are used in deriving the marking
coordinates used to direct the laser beam onto the work piece to create the mark

at a high accuracy.

25 According to one embodiment of the present invention, the wavelength
compensating factor is generated by creating a first calibration mark on the
platform or a calibration template at a first point. The first calibration mark is
created by directing a laser beam through a guiding optic assembly fixed at a first
state. A first set of coordinate data is decoded by the guiding optic assembly.

30 Subsequently, the guiding optic assembly is adjusted to a second state such that
a visible light beam of the first calibration mark is received by a vision detector. A
second set of coordinate data is decoded by the guiding optic assembly. A




10 Figs 3A and 3B show possible situations of difference between a detected
mark as conpared to that actually marked. Fig. 4A is a schematic diagram
showi ng distinctive features marked for 15 determ ning the error between
mar ki ng and detection. Fig. 4B is a schematic diagramshow ng features at
detected position. Fig. 5Ais a schematﬁi’c di agram showi ng conpensati ng
factor determnation 20 using two cali'Btation marks. Fig. 5B is a schematic
di agram showi ng conpensating factor determ nation using four calibration

mar ks. 254:kj [ ' ' m.show n nsat.i ng f.actar
determ na 'ﬁ%%nggl%rféﬁ? ﬁp@%@i%ﬁ%} Eﬁ%%%@ﬁ?ﬁ(@%@f@ﬁ%ﬁ%@ '%Erke %t?{ﬁﬂe di agram
showi ng ftbedughewhichahe Weeldrijtio Bofplebehtirg factdray deterhiné®oThiser a standard
ref erence cg_gsition. 30 Fig, 6B is a schematic diagram showi ng sane features

on a wor KCGNees3ting fasios therstpra sempansatassibe atrartbatween thelaseabeamer ence
posi tion. ki | ' [ ' t her enbodi nent

of the pr‘r:]ensde’frllqté ﬁ%‘%ﬁ@”&ﬁ’?%ﬁ%@#@0'@9@%%’0‘&&% Qg‘?'g‘c’:@ggare pl aced on the
| aser systemfor marking. 5 Fig. 8 is a flow chart showi ng a | aser marking
net hod accor di t Q. tt}e fre ent invention, DETAILED DESCRI PTI ON OF THE
PREFERRED EMB glag #F@?r embodinentof the prespntinyaptioppiva calibratien f or
mar Ki Ng amieksKarBi ¢685teaC CrHra LAY i 1 h1BSH ﬁ}?e@ | ntion.
Fig 1B shqvvs t he appar at ng%?'ﬁlgieg. 11!6\ an aﬂaw ﬁgé)éoﬁ\ggﬂ%tl cebﬁr%\ég‘d

t her eon fROINRIPRY e ling defided by the Fvg salitiratiam dnark8can ibe dgipaniaed haked

.conpri ses 10, 15 such as.a YAG | aser_or a CO2 |aser, for
provi di ngorgtt'legéogrf]p%@%rﬂ%%lfl? % HPHW WPFYPratrLmadi + TRe byve c?@’r@ﬁ%%te a mark
onia Wor kmaH&care sblddted subh malrthéaeed@ﬁh@@h‘@arkmg%céiwmawé%nttﬁe fngecond
mrror 130. Second mirror 130 further _deflects [Naser beam 112 to a gui di ng

optic assififeg bysheiwascalibsation mas. THyeeTiur gamaresaibetioadarksmoay 142
et oS F LA A SIS B 5 nAGS5 e IR S0 s
' the region encloses the pre-defined marking location. Compensating factors of
the three, four or more calibration marks can be used to calculate the
15 compensating factor of a point or points overlapping the predefined marking
location or locations through interpolation.

As for deriving the position compensating factor, the work piece to be

marked has two or more identification signs pre-made thereon. Locations on the

20 work piece at which the mark is to be created, are pre-defined with respect to the
two or more identification signs. An image of each identification sign of the work
piece is detected by receiving a visible light beam through an f-Theta lens so as to
determine a position of the work piece relative to a platform supporting the work
piece. A set of marking coordinates is generated based on the position of the

25 work piece and the pre-defined location. This set of marking coordinates
therefore compensates for the error caused by mis-alignment of the work piece

from its preset location, which is a common occurrences in operational processes.

By incorporating the wavelength and position compensating factors into the
30 originally designed marking parameters, revised marking coordinates can be
obtained to direct the laser beam at positions according to the detected and/or
calculated positions on the work piece.




support a work piece 200 thereon for laser marking. Galvo mirrors 142 and
144 are axially aligned in an orthogonal arrangenent. Each galvo mrror is
i ndependently nounted on a correspondi ng pivotal axis. Scan head 140 havi ng
two galvo mrrors 142 and 144 arranged in the above manner is capable of 25
deflecting, directing and steering |l aser beam 112 along an X direction and
a Y direction, respectively, so that I"as®r beam 112 can reach any position
wi t hin the two-di nensional environnment of platform 150. The apparatus 100
has a vision detector 160, such as a CCD canmera, for so receiving and
detecting visible [ight beam 212 from pl atform 150 and/ or work piece 200.

Vi si on det ect dn deBrdahcel witedndler Bpe&tcTnBe Rrédedit irh@Ptiopeperslis -8_ mrror
130 is a dichroic mrror which reflects the | aser beam and all ows the

vi si bl e |R'gMded® method far sirpikinga wenk piegerruppered proplptopn ovinggaebedween

ot an 1 - it ebl &' mipthept o el SRR on SR SREERL oL ETE [0
2005 Vi siwdesléngthtdifferamce b2twesw ajassrdsedrh fomghg b-ddiietationanarkla®d and can be

directed bagre thrgugh &%I vo mrrors 142, 144 and second mrror 130, into

vi si on defieiRiediont ggamdeterting the,caliration magk.c frigeatipghen thenworhpiere fiefi nt ai ns
t he focushBgkird isth i I ; ; e paci dent
angl e of thelrlq_gagsgtr bgﬁlggaﬂ{sg‘[%éEgﬁeegfpggﬁoﬁhdé&}uﬂ%%ge%\t%gﬁg gﬁ glr]l% t he
nmovi ng diwerkrecafelative todberplatfoihois détgiinedaanda sdvend|smb ef fooktionw a | i near
relationship.. | n.one enbodi nen he.f-Theta | ens | .col gr-corrected scan
| ane. capaBP RIS i PRI Revt oR g sk et oEiRamtn IdepRiSRein Bration of

di {§ er enceWrorR|pRsLEs Hi5d tHe eampehsutediact /188 BEAINTL irebitR e uses for
both l'ight beans 15 on the sanme plane. Vision detector 160 is positioned
with its wprkiRiege toihe sespndpedof a0 iggntifiess pamariothel weds piseam 112

bet ween galvo mrror 142 and second mrror 130. By this arrangenent,
visible light 212 fromwork piece 200 or platform 150 travels 20 along a
same path as tlheadcestznceegith a ¥drthdreispret obteomdsant inventici) therd i Theta | ens

170. Accordi @gl ym%g'lE vo-mrrors 142 and 144 al so serve the function to

det er mi né*"QVidgeumeiiad fermakngaveecriera by lagssathernethest eompeses laadisom 150
or rk pi i i : -\ S .| beam
oY e ot S e pictstort ARG HSRAG Il T g AbIK Bk il Po2T
~head 140 raatking e$iog adfinstsetoof choddinAtgs; detssting ahdifhage afdhplfiest warkgiede ol | er

180. Cont | .180 trol t i ti, f | i 142, 144 t hat
A0 s Ve b b e 1 acp b naartertihn S
212 back dgmperdabifgdaiee iPrediRl a FOSH6 R diferbBBe Betife aﬁgé SThiGFHHRPSI tion

: e
coordinates of a first point Pl a?av\,hi ch 1 aser beam 11 Irected, and a
second pdiratwerk pieegratwhish a lasembgam is directert a0d bysagosidpointdtarotvdich 0.

Processor, .1 tes i fference of th sition.caoordinates 9
ot 0 he° 1 LB IR Beat S caOdetl abRBRAS aNesbr B0 B CoRRutaleh Bag8h 88
conpensattheffirétat of coordirestes aherpasition éfhe fﬁét&mm?iééé)aﬁdj tisks f ference
between the first paoint Pl and the second point Pl. 5 According to the

present iGorepRnssingdactopand disertingra:laser baam enterthe fissiiof e hatchoofaverkct ed
to work pi; IS\ I fRTL rk piece can be
guant i talthlgg%y ete\égre'r%nbﬁé%.elt bglr%?lﬁe pu%%%g%?%*%g@t%gﬁ%ﬂgmﬁ\ggt he positional

rel ati onship of the | aser beam 112 and the visual |ight beam 212, platform

150 is u j i |ternatively, a calibration

t efpl at eﬁgﬁﬁ%sﬁﬁ@%&ﬁdﬁm%% m 150. Fig. 2Ais a schematic
di agram show ng a | aser beamdirected onto a work piece for marking, as
well as a visible light beamreflected fromthe work piece for vision
det ecti on. FolThmsierand der lalspectts snidoad vaintdgeysof tha preserit iByentionhwillidee

ref er encyescribed in detail with reference to the accompanying drawings, in which:

30 Fig. 1A is a schematic diagram showing a laser marking apparatus
according to one embodiment of the present invention.




15 nunerals referring to like elenents, |aser beam 112, deflected by gal vo
mrrors 142, 144 and focused by f-Theta lens 170, is directed onto work

pi ece 200 for marking. As laser and visible Iight have different

wavel engt hs, when galvo-mirrors 142 and 144 are fixed at one specific
position or state, which corresponds tq,a specific set of coordinate data,
there exists a positional difference 60 of fset 20 between a first poi nt Pl
at which | aser beam 112 is applied onto work piece 200, and a second poi nt

P2 f whi ch . siRl:e.ld ' il f k_ni 200. As
cuch. Cone spedt P (BiSa sPemaE ARG HokPQarBha! me By BRrrlEFFFG o 145
and 144 rthrarsbhdeng kevpdspitto plackdflefedh forArirkingam 112, and P2 for

visible light beam 212. Followmng this illustration, one would appreciate
that when 25 the marking process is carried out in the two-di nensional

envi ronnment ofgigh I i~ Qs Rl ke 0,

adj ust nent of IBI lgéﬁgrsﬁgréﬁﬁgﬁ%é{gﬁi%&lp ﬁeael(égg??lg%w%d@&gégn%ﬁ? éé%zral% ed by
t hes | aserpibeaforonarkirg, dindf & visittle fighimeflaetiedifror ¢he eloekl plagetfbevigiosi on
detector, ,i,.e. there exists an offset between a position detected for

mar ki ng, da"ﬂﬁctéorbosi tion actually marked 30 -10 Upon identification of the
exi stence of the offset, the present invention further provides an
effective solution to conpensate the offset, as illustrated in detail

bel ow, in conjfigcZBdhawichanrtig dixBanbshevispeamngatian of ardaserderan and

det erm ne, {,; t ug, the pivotal angle of galvo mrrors 142 and 144
are adj us? ggﬁ)#é’%%?ﬁ, ?ﬁllﬁétzs\t ate, represented by 142a and 144a respectively,
toia@ second state, represented by 144a and 144b, respectively upon which
point P2 is brought to overlap point Pl. As nmentioned above, the pivotal

angl es of gal Vd9#fr@d 3B shosneossible sipatiapoabdifgranset iriween st datectedd t he
second stAbRSaaEEM gp&pﬁ)gthgyaﬁﬁgpgﬁ{eér %%_180, wher eby coordi nate data can be

-obt ai ned correspondi ng eac nparing the coordi nate data decoded
for each state, the offset value can be quantitatively determ ned and

defined as a npepsating factor to reduce or elimnate the positional
di fference befﬁd@eﬁgﬁaﬁgeﬁ@. ic fipgrapyshaywingdistinglee feateresonarkes 16  or med

aceor di naletorn A Marbrtdt tEtdeoR rarkincPartd sfechbfP: gal vo mirrors 142 and

144 are fixed at "a first state 142a respectively. Laser beam 112
.1s directed through galvo mrrors 142, 144 and f Theta lens 170 onto first

poi nt Pl of k piece 200 or. calibration t | at e . 20 Controller 180
decodes and \rlﬂfdg‘r%'%afspggmaggtd?qgra%??qmﬂﬂ?‘g%b'f'%ﬁ ﬂé&é@cé&?@é d to the
first state. In a next step, galvo mrrors 142 and 144 are adjusted to a

second state 142b_and 144b, respectively, such that visible Iight beam at
point Pl is ddtigctAds pchesalia dirgram ghowieg coppensiting fagjondéteominatioor s 142

ang. 144 f i . to the second state, P2 is brought to overlap
Pl.EIO Cont rl{)ﬁﬂﬁgewgéﬁt{r%{e'%ﬁ%rgse‘codes and records a second set of position

coordi nates correspond to the second state. Difference val ue between the

first set and second set of posjtion ) )
ig. 5B Is a schematic diagram showing compensating factor determination

using four calibration marks.

25 Fig. 5C is a schematic diagram showing compensating factor determination
using three calibration marks.

Fig. 6A is a schematic diagram showing features that the vision detector is
taught to register a standard reference position.
30
Fig, 6B is a schematic diagram showing same features on a work piece for
detection and comparison with the standard reference position.




coordinates is calculated by processor 190, as a conpensating factor to
reduce or elimnate the error between a detected position and a marked
position. 30 According to one enbodi nent of the present invention, the
conpensating factor is determned by a first party, who supplies a | aser
mar ki ng system or calibrates the |aser rking system A second party, who
is the user of the | aser -11 marking ‘systemto perform marKki ng
operations, receives the conpensating factor of the | aser nmarking system
and uses the conpensating factor, together with predeterm ned desi gn data,
to generate marking coordinates or marking data to performthe marking. 5

According to &figl héy asshediatie diagrhnt sioving Selkthene@bbdPRentidfehd tadamit nat i on
of the caonpensat i’rkn\%lhf actor can be carried out at the user side based on the

pr edet er iMY&HORa ik WRISNR EIURRfsvork Rigses are Paces PRithg lasss systeaniorthe
conpensat,ggidgict or can then be used, together with predeterm ned design 10
data, to generate marking coordinates or marking data to performthe

marki ng. It should be appreciated according to the above illustration, that
with the chan of .th alvo-mrror pivotal angle, the |aser beamw || be
di rected ont o%ﬂeé%?ao&%$o%ﬁgi£lﬁé?§ m@r'f'ﬁaﬂ?%th@d AcCHINBIERE poi nt s.
The of f s&jre8&ntGhT&tiora! ue 15 changes according to the position of the

points. I'n an actual marking operation, if a mark is to be created based on
only one predeterm ned | ocation, a conpensating factor can be generated for

| ocat | on O ELAIRER B SGAlT LD B T CREFEREG AU FSG. o7 v nea

| oc@tions may need to be generated. Alternatively, the 20 conpensating
factor of each_predeterm ned |ocation may be obtained by interpolation
t hrough poi nt Si9otAsBawsIlageamarkieg eppataivs 1§0feremendng a work pieetiet er ni ned

or o _ e .

pased on 1500y R SHE RO tnel T re BB o UR S L1 BneliSe e v ce or

more pr gﬁp@:{@p@d Righcat 'andiinatvil@ é)wogercetrﬂabetWtHerécm mlmaﬂkmgl.t hr oughI |
olnts er |.ni trlan rectangl e or po on reglion encliosing a

the t hr eé”_\fe?Pfﬁ’.lBsgg ERas1dPRTH 1 BateeaRdiais 1@9@%%@8@ agé?@r%f%“o,g

cofpensatdpf JAs YA |d4_HBF a@@b.l%‘reﬁ ke ;ﬁ@\%ﬁgi&\ ta%%[' b8Am M Ewith!4¢st r at ed

bel ow. Figs 3A and 3B show possible situatio a vision-detected
~.cont our Frergylevetisdligieqt troonreatana daattkexh b iwaek pienec ok frstgnitror 1 B@ deflectdi nat e

dat a decqded ,by .t al vo-mrrors, n be different  froma respective

2ctual PR dar0 s P Chnd Bt 1385 Sesmirorord BARER R AEHR ey o

vi si on- dejeafh 8420 R QUding hticsassBAILIE 'such as a scan head 140. Two galvo-
controlled mirrors 142 and 144 are provided in scan head 140 for receiving and

20 further directing laser beam 112 onto a platform 150. Platform 150 is provided to
support a work piece 200 thereon for laser marking. Galvo mirrors 142 and 144
are axially aligned in an orthogonal arrangement. Each galvo mirror is
independently mounted on a corresponding pivotal axis. Scan head 140 having
two galvo mirrors 142 and 144 arranged in the above manner is capable of

25 deflecting, directing and steering laser beam 112 along an X directionand a 'Y
direction, respectively, so that laser beam 112 can reach any position within the
two-dimensional environment of platform 150.

The apparatus 100 has a vision detector 160, such as a CCD camera, for
30 receiving and detecting visible light beam 212 from platform 150 and/or work
piece 200. Vision detector 160 is placed behind second mirror 130. Second




-12 than actual marked contour 322. In Fig. 3B, vision-detected contour 314
Is |arger than actual marked contour 324. To determne the error of a
detected position relative to a marked position, 5 firstly, as shown in
Fig. 4A distinctive features, such as four small circles 402, 404, 406 and
408 are marked each at one corner of platform 150 or calibration tenplate
152, for exanple, at points a(10, 10),” {100, 10), c(10, 100) and d(100,
100), respectively. As illustrated above, coordinates of points a, b, ¢ and
d are co | | re: ki t | 1.1 : | ing the
gal vo-m %Lﬁr ‘rt%%) '%a g@b?écﬁ%gmdfré?\gf\gﬁq ')éﬁg?t%ghgé%égéﬁ)&a ﬁﬁé’é&lﬁ g@é?\?gésyﬁbé%t beam
ref | ect edight dorpasmthrooghcl es 402, 404, 406 and 408, respectively. Because
of the m salignnment between | aser beam and |ight beam positions of the
four circles detected have offset fromthe respective position actually

mar ked, for ex \ i ol ' ' ) and

d' (100. 2, 100@;61911?%?%2}:%@2‘7& lsiggﬁlﬁgﬁb(e%\ggﬁi%ggqééﬁgﬁ49(%3@%E%ﬁ‘glin%er rors
Ea, 5Eb, EtbGinbh this embodihent] cehergenignX 170ds ¥ndi Theta ilavs. cRiThetelenise

e now nathD 1osUBRS Mgk beant 12l wifk Beeiaver VSR e Pepm 202 o7

cal cul at i gasseb tArdu@pi fitheth RAEWTEOarid\Ear BERYIRRER PAH thioldh §A0MirbFs Whi ch
Ea 20 and Eb denotes errors at two reference points 502 and 504,

respect i v#43; 14dranibaetans mireoretdG intatvision detenten!1§fbsAni“bhheatablensieisra poi nt s

502 and 5 A : €0 0. a. etermn l.ogation 550 at
ohicn a reterae Wi nERRARR Wi ot RiRLFET LR aBon BEER R e

f okt owi ngpibine nehen th@indideRieardie oFthe Riskr bhd/omMightbdamvatibe. dihgtincigenbet ween
poi nt 502 ag?gaﬁﬁltgtﬁé#é'and b is the distance between point 502 and poi nt

504. 30 an ieg iskassaeiaRtlasenand/oplightbershes the plane fallew a
arranged i a?rrﬂﬁﬁoﬁsﬂiﬂfﬂﬁ bRE e'i_’l%bcﬁhe\%‘,'tﬁg FHE o sﬁstaocoqgr—%r?@cgggs%na wor k
pi ece. Preferably, position ni's sel'ected to overlap location .

Si mi | ar | ylenacepablieraf allowingtvweeor swbe thsee mnd(dr lightbeamseitt diffevemdd on and
further referri to Fig, 5B, error Emaof a point m bet n, t ref erence
poi nt s 5OEAYRIGNSHS te prsS tugtigh whilb At aning erecyssa TorPRE Iaht herms Em < Ec
+ (Ed - B e shrh@ d.her, the error of any point within the rectangle
region defined by (2) reference points 502, 504, 506 and 508 on the
platform Eo, can be calculated as: Ex = En + (Em - En)*x/n

Vision detector 160 is positioned with its optical axis 162 in alignment with

a path of laser beam 112 between galvo mirror 142 and second mirror 130. By
this arrangement, visible light 212 from work piece 200 or platform 150 travels

20 along a same path as the laser beam 112, between second mirror 130 and f-
Theta lens 170. Accordingly, galvo-mirrors 142 and 144 also serve the function to
determine a coordinate data to direct laser beam 112 onto the platform 150 or
work piece 200, and to decode a coordinate data of visible light beam 212
received by vision detector 160.

25
A controller 180 is coupled to scan head 140 and vision detector 160. A
processor 190 is coupled to controller 180. Controller 180 controls the pivoting of
galvo mirrors 142, 144 so that to deflect laser beam 112 onto platform 150 and
direct visible light beam 212 back to vision detector 160. Controller 180 also
30 determines position coordinates of a first point P1 at which laser beam 112 is

directed, and a second peint P2 from which an image is detected by vision

detector 160. Processor 190 calculates the difference of the position coordinates



15 (3) In this enbodinent, the rectangle region is arranged to encl ose a

| ocation 560 at which a mark is to be created on a work piece. Preferably,
position x is selected to overlap |location 560. 20 According to an
alternative enbodi mrent of the present invention, three reference points
502, 504 and 506 are provided and form ng a triangle region over the
platform as shown in Fig, 5C. Wth | i7&" r ef er ence signs denoting like
features, an error Eo at a point Owithin the triangle region can be

det erm ne I X =Ec+t(En-Ec)*x/n = Ec + {~ Ea + (Eb - _Ea)*al/b ]
T} T R e an e chBlein e etlngieRrie . Cusensalng actbs

encl ose aolredaté onefimihaaé thdpesitionakdiferehct bebRedr B MGt PHInE P thisece.

Pr eferablgléé; position x is 30 selected to overlap | ocation 570. -14 By

i nt r oduci $RFONHPAMRE. or of fset val ue of each progranmed points into the
original coordinates, the error between the vision light and the | aser beam
can be conpensated. A system according to the present invention, after the

above conpensaAcanndingdo dhe presant imantioapibel sogitiorae rdlatiohsidp v Bisenbégmect i on
e work piece, so that to create nmarks

to 5 neas th tual, positiopn of th ]

at accura @?d'ﬁéaaff%mr'ﬁgwcs@ﬁc{]wéwle ighthaam R154elieied st wesk pigsst her
factor t el : Ki j i &1 : k piece
2t har i B ARMEGLEl bt hifiB 1L 1RE DRSS SRS BRTn e Bosidtl | P o
Wt h the relalioesbipuf tbe taseardeaino i 13 fandrtheividuat lightredne LA eplatfoem|1&€ds  beam

and vi si l ight, .2 _laser rKi syst em and .net.hod _accor dj to the
present %é’néﬁgaﬁ%sﬁ'f’age@%ﬁ %@ﬁ%yﬁ& el el el Elp?@tﬁe‘f%gm@é{lbeposi tion
of 1@ wor korpiided . ors®latfbah 150, conpensate the error caused by m salignnment of
the work piece. 15 As shown in Fig. 6A, after the conpensation of errors or

of fsets between the | aser beam and visible |ight beamillustrated above and

prior to the a&tug) :Ark| > fere I 6 | S ed on
the platform 2%@'.? & ers‘éh%@aﬂé%f a %E)(Eﬁ'hgsa I%%ST %%% Cﬁ(tﬁg)t?jfgﬂon%WP
f eat ur es piéde fordnékihgyraewielbds al/isiblekiibepasicrliectes, frérarthewoikpfscedbr _
positions .é,lS, %ﬁ% anﬂ: (|60h 6?{9}' Thr ough vision detection, the apparatus is
taught t 015180 S§tedions fepliowing the illusieationuefdrigs.otA pad 4 withelikeoreferense of
di stincti ; : ' [ pi ece
200 15 pl ARG R BAS RESUARE Taskh B M dbrcPfia BOBAVE ABHCFe)

~sear ch t htdH4tarel focuseld by risihetalerer 20,0 disectedmwinto evo2k @ieded?0d fomt ur es

whi ch mtrﬁgrktarpge. ﬁ\rs]?gseér%rn%f\i/iéigleoﬁgﬁt%%E/g rd?f?ergrlltz wg{/]éjlegéé\s, when galvo-mirrors

142 and 144 are fixed at one specific position or state, which corresponds to a
specific set of coordinate data, there exists a positional difference or offset

20 between a first point P1 at which laser beam 112 is applied onto work piece 200,
and a second point P2 from which visible light beam 212 is reflected from work
piece 200. As such, one specific set of coordinate data determined by gaivo
mirrors 142 and 144 represents the position of P1 for laser beam 112, and P2 for
visible light beam 212. Following this illustration, one would appreciate that when

25 the marking process is carried out in the hNO—dimenéionaI environment of the
whole area of the work piece 200, without proper adjustment of galvo mirrors 142
and 144, the position of a mark created by the laser beam can be different from
what is detected by the vision detector, i.e. there exists an offset between a
position detected for marking, and a position actually marked.

30




|l earnt in the previous step. By way of exanple only, features 622 and 624
on work piece 200 are recognized to match the shape or profile of reference
features 612 and 614, respectively. Due to the shifting and rotating of
wor k pi ece 200, the 30 position of feature 622 is detected as (15.2, 15.2)
and the position of feature 624 is detected as (59.5, 60.9). -15 By
conparing to the regi stered positions- @Q5 15) and (60, 60), the linear
shifting and angular shlftlng of work piece 200 with respect to the

ref erence te | at e. GOgr % htget er n ned. tT&r@ro val ues cal Qul at ed t hereof
can then be i P%lﬁj@é‘ icaton efiibe fxatgneRi0 I@ﬁ?&t ERIPSRIALAIVRALOR r ef er ence
to the r%ﬂhéﬁﬁ:%vﬁlés@fﬁ)éﬁé&weséblﬁt"lﬂ% tot{tﬁnéaﬁéété% Bieéon mﬁ{sﬁfa!)éw nof wor k

pi ece 200 is conpensated. During actu ki'ng, the rrar can be created at
desired cigtaiébelopoin CbmnncﬁlﬂnWﬁhﬂvng&d wor k pi ece. Accordingly, when a
work piece is msaligned, the systemis capable of conpensating the
shifting and creating the mark at correct position. 10 Wen a next work

piece is placess sown i, finoradrab JREMMIAG thé bfssayRué aRk Wivstalemdgié ng
step is repeated prior to mar Ki ng, so that the shifting and rotating of the

present Ajrgalys BdEorsaid2oandiddd e ﬁdﬂJSt%ﬁ‘Oﬁ’aa kirsi gtate areppesanted by d 42a
Coventi ofariid Rtbectvel(iEH Codthd Gaft brsB I IARE Bhedladh's Pl o e

t oget her respectivebdusrawnichasaint B2 hebrauigheth ovéregepaint R1pisceentissed! aced on

pl atform 750 an arra as,shown in Fi 7. 20 In this enbodi nent,
each wor I@%VQCB‘%@W §Earay0q@@l\@cwmr§ 2ang & 84 gPEesReRding iq thenfirghr i ng

t heg mnufaﬁm@g&oaw@@g arafa%csaé@b ﬁ%ll%@%érb%c&? rdifite Watyal |y

det ectabl e features are sane on wor k pil'ece are used as
posi ti onigag baef)btam&s:bccbmespmdmgwg) earm shatek 6omzpmnng the cebrdinate gatece 702

h f 702 702b h
"ot or onc e OHEN ToeSrait sl e oBset A cAnhe S lene N RBREINEd 48 wor

pi ece 70216%8@'3%@60%&5@%@%&5@@ rBHuéd oRBEMIRIE thOpasitional difdreheeused as
reference tenplate. The infornmation pertaining to the size, shape and.

p05| ti on hstween &lear@Pdot s 702a and 702b are detected and registered by the
ir mar ki ng apparatus. 30 When a next work piece is desired to nmark, e.g.
pi ece 704, the |laser marking apparatus detects reference dots 704a and

-704b pre- nade NOamaﬂorﬁ)bpéﬁatm%arH@é pbﬁoﬁﬁea hecolelirRfiy, a8 shdwr reRigceBpar ed
with the regl stered informatio 16 that the |1 near and/or rotational

shift of G rshplepegaiye m%m%ﬂé? rﬁndehM axe forad afcr bvst gtate d 42armsnsk 14dai/ or
rotati 0”%[95?&@%&’%%‘:9&%%91 ihs 'Q%?@%Bgﬁ%a%%% KlidGrsCpi2 123 Ry gneters)

actual position I'ece at 0 be“crea can be
det er nmi nekhetd lérastr0 bamnil" rist pdlnt Pdtafdvariktpiece2G0 pr eakbraiidn eraplats d6pgly to

;P 5 (8 grc'; g?&ggﬁr I:g% Iagﬁéﬁco\ggs an Irgggrdgoad'f rs% (s)ett Qfa tostlt?onngcgé(rd%g?eg\%#e ;%oencde 04

to the first state. In a next step, galvo mirrors142 and 144 are adjusted to a
second state 142b and 144b, respectively, such that visible light beam at point P1
is detected by vision detector 160. By adjusting galvo mirrors 142 and 144 from
the first state to the second state, P2 is brought to overlap P1. Controller 180 then

25 decodes and records a second set of position coordinates correspond to the
second state. Difference value between the first set and second set of position
coordinates is calculated by processor 190, as a compensating factor to reduce or

eliminate the error between a detected position and a marked position.

30 According to one embodiment of the present invention, the compensating
factor is determined by a first party, who supplies a laser marking system or
calibrates the laser marking system. A second party, who is the user of the laser




Same registration, conparison and determ ning process are repeated for each
of the subsequent work pieces 706, 708, etc: accordingly so that marks can
10 be created at each subsequent work piece at corrected | ocation.

Ref erence is now made to Fig. 8. A nethod 800 for marking a work piece on a
platformfor marking is provided. Each of the work pieces to be marked
according to the present invention has1gr | east two identification signs
pre-made 15 thereon. In a first block 802, a tenplate with calibrating

k kch | engt.h 1sating factor,| t ed,
wni on T epTagie SUSRHER, daleith b8 R ety PR R tordeang eiPgn:
beam caussfdhbYageranawkire] sysgém sHd ﬁ@é@m\fé&;orhﬁeﬁsaﬁﬂgﬁaétolh|tt@§éth%%itht he

a

identification signs on the work piece placed on the p ormis detected
by recei RREeteringhesign gieta.de generatermearking erardinatesen warking dsta ter ough an

f-theta I,g#ﬁ] L.he a position of the work piece relative to the
pl atform J@?&?@?(Fa%gal in positions of the work piece fromits

predefined | ocation is used to derived the position conpensation factor. In

a next bl ock 806, the new ﬁzei_erived set of nmarki n?_ coordi nates is generated
based on the precdidingdeanothelsrabodiment of thamprassst inventien, thee wor k pi ece

and the bk m@ﬁ i # Tngeﬁ.es- npensati ng
factors ?g%@?ﬁ?gwé%g%ﬂ?%gé%% 1'(té‘:%ona |%?%rrnfe9§c%e&ggg%en aI ‘lQrst poi nt
on thg pll_aaa‘e@irmnmemdﬁtqmﬁp@:_l atarw_hgqmsiatidrsgpﬂorU?amir?aMingem;t)adtiamdt abl )
second p ‘ om whi.ch. a,visible inmage ec . In.a subseguen oc
305, = | 2 comRnPalry R R nghED o eset OB N8 T prodRiTRRI PSR of
mat ki ng ma,dtd@ér@ammﬁ%caafdmétas OF PARIngG RUt§ 46 p;éHoFlﬁQh@ﬁ%rkﬁlgz preci se
| ocati on. -17 Al though enbodi nents of the present invention havé been

illustrated in conjunction with the acconpanying drawi ngs and described in

nventi on 1 o roh e SEEiaRd Blaortingatte qnofe SLBYEORIRAL IR S of
nuner ous cremgeasfdhagahe-mirdraivstabangle, tiedasécisdarandl baldicrat biethand
substitutions w thout arting fromthe spirit of the invention as set

. .de g . .
forth and'QrERieeRiohgalitiationtarpriakatdifferant pointsg Toemffast or eporualbed f or

mar ki ng i : s t r qdef i i ; rk
T " RSB SRIRY SSy B a R poft 1104008 8 GPersbF,
identifi camark isiogye credbed basenbdnmﬂmoheipn@detgﬂniaedtlmmiomf wavel engt h
conpensating factor, erein the vel engt h, conpensatin actor represents
an of f set® _‘\37{%9@5:'"9 f?é@éFaﬂé’&rﬁ%ﬂ%\g@dﬁEﬁﬁ é?_qait' At ?fgf%mﬁ%ﬁj?e%e Gieated
wavel engtinsddi dip i prediemainty 1ctaitioRk! étﬂnﬁer\{éeﬁ@' f%c1dr9?6r SRABHY ofeh of
the two identification signs 10 through ah f-théta lens to determne a
posi ti on WP predetasmings locstiors aayweadstot beegphenatert. nAtternatvélyethe posi ti on

copgpensat | ng. ar; i a, set_.of rki ng_coordinates based on the

o ebaer il BEliGiraGBR Bt B Brediriimikg Wit niny e etahGA Fil engt 1

conpensatintgpdlatié® thrangh ot fsiated BloHg @ MG 8bhndttingdhe'oneddtdwo
predetermined locations. In the event that three or more predetermined locations

are based on to create a mark, the compensating factor for each of the three or
more predetermined locations can be generated by interpolation through points

25 defining a triangle, rectangle or polygon region enclosing all the three or more
predetermined locations. Details of generating compensating factors under each
of the above situations are illustrated below.

Figs 3A and 3B show passible situations that a vision-detected contour 312

30 and 314 (shown in dashed line), according to the coordinate data decoded by the
galvo-mirrors, can be different from a respective actual marked contour 322 and
324, 326 (shown in solid line). In Fig. 3A, vision-detected contour 312 is smaller




15 directing a | aser beamonto the work piece at the set of marking
coordinates to mark the work piece. 2. The nmethod as recited in claiml1,
wherei n generating the wavel ength conpensating factor further conprises: 20
directing a | aser beamthrough a guiding optic assenbly at a first state
onto a calibration tenplate to forma fjrst calibration mark, wherein the
first state corresponds to a first set 19f coordi nates; detecting a visible
| i ght beam of the first calibration mark through the guiding optic assenbly

of coor aithap aer] mAtEH EoRilt 25 R R CIF bR &R RNy el BRESYT o

set and tthanseteninsked ebntapddidnat es; wherein the wavel engt h conpensati on
factor is generated based on the coordinate difference. 30 3. The nethod as
recited in claim2, wherein the first calibration mark overlaps the

pre-defined | OEALERAmAY HEPEHANEE 4 BtebRd phlifisiP relativeth &malléy BRLHGH, &S
recited in claim?2, further conpri Sing: rmng a second calibratiron mark,
whes ei n tfhrstly, iassshoawrdinsiEigodd, distindtivat featuresrsuehdef ione smalliohreleactdsss t he

-defi | i d d I Nj d i f f
e Senoniit, 40Brnd fog 38 marked 60 Al Be Sl e A TB T b AL S raNa et or i s
1 i ; ta Th
gener at edefpiad W2, fdeotdmsit, ﬁ%'ﬁ%ﬁagbmm:wp,%ﬁ 9911@@9?.?1@@0, e

method as recited in claim4, furt orm ng
cal i br at i 6I9)negspeciivaly.eAs ilusirated sbova evondinates daftpicints @albi baadi darerar ks

define a tri regi on.. | 0sing the -defined. ] ocati on, and
et e, 2 G R AOR R A 1 Ol Bl B S BBk, 15
wheg ei n taweemétamtuisi@ma_@mwwmrefc@we@rig?hs besmeefte@dirsR@ntdl the first,
second and third conpensating factors, 6. The nmethod as recited in claimb5,
further HeaS 404404, 406 and 408, respectively. Because of the misalignment

between laser beam and light beam, positions of the four circles detected have

offset from the respective position actually marked, for example, at a'(9.8, 9.8),

b'(100.2, 9.8), ¢'(9.8, 100.2) and d’(100.2, 100.2), respectively, as shown in Fig.

15 4B. Positional errors Ea, Eb, Ec and Ed of each circle along X and Y direction can

then be determined by comparing the above two groups of coordinate data.

Reference is now made to Fig. 5A. A schematic diagram illustrating the
error calculation of a position between two reference points is shown, in which Ea
20 and Eb denotes errors at two reference points 502 and 504, respectively. En _
denotes the error at a selected position n between points 502 and 504. Position n
corresponds to a predetermined location 550 at which a mark is to be created. En
can therefore be obtained by the following formula:

25 En=Ea+ (Eb - Ea)*a/b (1)

where
a is the distance between point 502 and point n; and
b is the distance between point 502 and point 504.

30




formng a fourth calibration mark, wherein the first, second, third the 20
fourth calibration marks define a rectangle region enclosing the pre
defined location, and determ ning a fourth conpensation factor for the
fourth calibration mark, wherein the wavel ength conpensating factor is
gener ated based on the first, second, hgl rd and fourth conpensating

factors. 25 7. The nmethod as recited invclaim1, further conprising:

providing a reference tenplate having at | east two position |ocators,

wor k piecor a0 ane aepr SR HimeR ARp RIS G @S B e A s o YR o

posi ti on iboatidro$50 atwhivh 4 efak éRebé erguted en 4 woHspiete N@Prefepaistyl i on for
each of the at |east two position |ocators, -20 detecting a visible |ight
beam of RIFYY Niheelegied taaveriepdagation 8dQns on the work piece; wherein the
position conpensating factor of the work piece is determ ned by matching
each of the detected identification sign to a 5 correspondi ng position

| ocator. 8. THaimilatlpacasdingdoteebtihar erhbodimiént bithehpresenhipvesiigand oadi ng

at | east wor.k pi ec on.the platforma sane tinme, determning a
first posftpﬁﬁgﬁr%?”g'gfetpﬁ%?- r KT |%'E'e°fcﬁ p?'ﬁéng]?eq‘%‘t%f%ﬂﬁe POINt$ eces:
marking (8T bihd 08 Wahtalsh BE SaldREBHDythedofbWiRG FBAEST ti on of a second

wor k piece of the at | east two work pieces; king the second work piece;
and 15 unloading the at |east two work pieces. 9. A nethod for marking a

wor k pi ece by [ as _work piece being supported on a platform e
nmet hod conpri sfﬂg%%@?\%&aﬁ%&gﬁg conpensating factor to represent arégffset

caused by a

Further, the error of any point within the rectangle region defined by
reference points 502, 504, 506 and 508 on the platform, Eo, can be calculated as:

Ex = En + (Em — En)*x/n (3)
15
In this embodiment, the rectangle region is arranged to enclose a location
560 at which a mark is to be created on a work piece. Preferably, position x is
selected to overlap location 560.

20 According to an alternative embodiment of the present invention, three
reference points 502, 504 and 506 are provided and forming a triangle region over
the platform, as shown in Fig, 5C. With like reference signs denoting like features,

an error Eo at a point O within the triangle region can be determined as follows:

25 Ex =Ec+ (En — Ec)*x/n
=Ec + {[ Ea+ (Eb — Ea)*a/b ] -Ec } *x/n (4)

In this embodiment, the triangle region is arranged to enclose a location
570 at which a mark is to be created on a work piece. Preferably, position x is
30 selected to overlap location 570.
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conpensatr?rﬁae*‘eéﬂrlﬁd.ep‘i% ' The nethod as recited in claim9, wherein
determ ning the position of the work piece conprising: providing a
reference tenplate having at | east two position |ocators, detecting a

vi si bl e i mage lbfactual ingrkinghgrogess, saxithenfacion shatiroay coskibatesto magiing at i ng a

posi tion f. t. . least two ition locator, 15 .detecting an
Page of SHocEREd PRsiihordwof Biek S5 tR P wiopRaR sionoe mSSlsredy sce.
matehi ng during egitingfareiadumig.t WetH theniuctbssrli @mpbashtion oF ifBAI &§mandi ng
position |ocator to determ ne a position of the work piece relative to the

r ef er encPWRBN e lasgp beam andnasiile lights adasen mariing Rygieacand methadser, the
met hod . COfRGERhE % the present invention provide a reliable solution to detect the actual

position of a work piece, so that to compensate the error caused by misalignment
of the work piece.
15
As shown in Fig. 6A, after the compensation of errors or offsets between
the laser beam and visible light beam illustrated above and prior to the actual
marking process, a reference template 600 is placed on the platform 650.
Reference template 600 has at least two distinctive features 612 and 614 provided
20 at known positions, for example, at positions (15, 15) and (60, 60). Through vision
detection, the apparatus is taught to recognize and register the shape/profile and
the position of distinctive features 612 and 614.

As shown in Fig. 6B, when a work piece 200 is placed on platform 650 for
25 marking, the vision detector will search through the two dimensional area of work
piece 200, for features which match the shape/profile of features 612 and 614
learnt in the previous step. By way of example only, features 622 and 624 on
work piece 200 are recognized to match the shape or profile of reference features
612 and 614, respectively. Due to the shifting and rotating of work piece 200, the
30 position of feature 622 is detected as (15.2, 15.2) and the position of feature 624
is detected as (59.5, 60.9).
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further c@Rgblesrhepmpeasatng the shiftisg andereatingtheanariatrdorpact pesitinno t he
platformtogether 20 with the first work piece; determning a first
position of a first work piece; marking the first work piece; determning a

second positi d¥heh 4 hextatorkgisde BNRacath6 R G BlatfPkoP hRFRing e same
feature-searching step is repeated prior to marking, so that the shifting and
rotating of the present work piece can be determined, and markings can be
created at corrected positions.

15 According to a further embodiment of the present invention, a batch of work
pieces, such as semiconductor IC chips moulded together on a lead frame, are to
be marked. These work pieces are placed on platform 750 in an array manner, as
shown in Fig. 7.

20 In this embodiment, each work piece has visually detectable features pre-
made thereon during the manufacturing process. The size, shape and position of
the visually detectable features are the same on each work piece, which are used
as positioning reference for marking the work piece. A first work piece 702 has
two reference circles or dots 702a and 702b as the positioning reference, each

25 located at one corner of the work piece. First work piece 702 is placed on

- platform 750 at an accurate location, and is used as reference template. The
information pertaining to the size, shape and position of reference dots 702a and

702b are detected and registered by the laser marking apparatus.

30 When a next work piece is desired to mark, e.g. work piece 704, the laser
marking apparatus detects reference dots 704a and 704b pre-made on work piece

704. Result of the detection is then compared with the registered information so




25 marking the at | east one subsequent work piece.
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25 wavelength and position compensating factors. These compensating factors are

- used to reduce the positional difference between a first point on the platform or
work piece at which a laser beam is directed and a second point from which a
visible image is detected. In a subsequent block 808, a laser beam is directed
onto the work piece at the derived set of marking coordinates so as to mark the
30 work piece at the desired, precise location.
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generating a set of marking coordinates based on the pre-defined

location, the position of the work piece, the wavelength
compensating factor and the position compensating factor, and
15 directing a laser beam onto the work piece at the set of marking

coordinates to mark the work piece.

2, The method as recited in claim 1, wherein generating the wavelength
compensating factor further comprises:

20 directing a laser beam through a guiding optic assembly at a first state
onto a calibration femplate to form a first calibration mark, wherein
the first state corresponds to a first set of coordinates;

detecting a visible light beam of the first calibration mark through the
guiding optic assembly at a second state, wherein the second state

25 corresponds to a second set of coordinates; and

determining a coordinate difference between the first set and the
second set of coordinates;

wherein the wavelength compensation factor is generated based on the
coordinate difference.

30

3. The method as recited in claim 2, wherein the first calibration mark
overlaps the pre-defined location for marking the work piece.
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10 5. The method as recited in claim 4, further comprising:

forming a third calibration mark, wherein the first, second and third
calibration marks define a triangle region enclosing the pre-defined
location, and
determining a third compensating factor for the third calibration mark,
15 wherein the wavelength compensating factor is generated based on the
first, second and third compensating factors.

6. The method as recited in claim 5, further comprising: _
forming a fourth calibration mark, wherein the first, second, third the
20 fourth calibration marks define a rectangle region enclosing the pre-
defined location, and
determining a fourth compensation factor for the fourth calibration mark,
wherein the wavelength compensating factor is generated based on the

first, second, third and fourth compensating factors.

25
7. The method as recited in claim 1, further comprising:
providing a reference template having at least two position locators,
wherein each position locator corresponds to an identification sign
on the work piece;
30 detecting a visible light beam of each of the at least two position

locators on the reference template;

registering a position for each of the at least two position locators,
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8. The method as recited in claim 7, further comprising:
loading at least two work pieces on the platform at a same time,
determining a first position of a first work piece of the at least two work
10 pieces;
marking the first work piece;
determining a second position of a second work piece of the at least two
work pieces;
marking the second work piece; and
15 unloading the at least two work pieces.

9. A method for marking a work piece by laser, the work piece being
supported on a platform, the method comprising:
generating a compensating factor to represent an offset caused by a
20 wavelength difference between a laser beam forming a calibration
mark and a visible light beam detecting the calibration mark;
defining a location on the work piece for marking using a first set of
location identifiers;
determining a position of the work piece relative to the platform;

25 generating a second set of location identifiers based on the first set of
location identifiers, the position of the work piece and the
compensating factor; and

directing a laser beam onto the work piece to the second set of location
identifiers to mark the work piece.

30

10.  The method as recited in claim 9, wherein generating the compensating
factor further comprises:
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first state corresponds to a first set of coordinates;
detecting a visible light beam of the first calibration mark through the
5 guiding optic assembly at a second state, wherein the second state
corresponds to a second set of coordinates; and
determining a difference between the first set and the second set of

coordinates to determine the compensating factor.

10 11.  The method as recited in claim 9, wherein determining the position of the
work piece comprising:
providing a reference template having at least two position locators,
detecting a visible image of each of the at least two position locators;
registering a position of each of the at least two position locator,
15 detecting an image of at least two identification signs provided on the
work piece;
matching the image of each of the identification sign to a corresponding
position locator to determine a position of the work piece relative to

the reference template.

20
12. A method for marking work pieces by laser, the method comprising:
generating a compensating factor to reduce a positional difference
between a first point on the first work piece at which a laser beam is
directed and a second point from which a visible light beam is
25 detected;

loading a first work piece onto a platform;
defining a location on the first work piece for marking using a first set of
coordinates;
detecting an image of the first work piece to determine a position of the
30 first work piece relative to the platform;
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13.  The method as recited in claim 12, wherein generating the compensating
factor further comprises:
directing a laser beam through a guiding optic assembly at a first state
10 onto a calibration template to form a calibration mark, wherein the
first state corresponds to a first set of coordinates;
detecting a visible light beam of the first calibration mark through the
guiding optic assembly at a second state, wherein the second state
corresponds fo a second set of coordinates; and
15 determining a difference between the first set and the second set of
coordinates to determine the compensating factor.

14.  The method as recited in claim 12, further comprising:
loading at least one subsequent work piece onto the platform together
20 with the first work piece;
determining a first position of a first work piece;
marking the first work piece;
determining a second position of the at least one subsequent work
piece, and

25 marking the at least one subsequent work piece.




