-1- SCAN HEAD CALI BRATI ON SYSTEM AND METHOD TECHNI CAL FI ELD [ 0001] The
present invention relates to a Scan Head calibration systemand nethod. In
particular, it relates to a systemand nethod for vision scanning and

| aser beam delivery at high positional accuracy. BACKGROUND [0002]
Precision positioning of light rays such as visible |ight beans and/or

| aser beans are required in certain industrial applications, such as vision
i nspection and | aser processing. One exanple is |aser marking for creating

visual ly perceptible signs at pre-defined | ocations of a workpiece using a
| aser beam Apart fS%ﬁHﬂEM&AUBB&T@%SXﬁﬁ'E%ANﬂME'Béo%ed in other

applications such as mcro-nmachining, surface processing, trinmng,

wel ding, and cutting, etc. [0003] In a |laser marking, welding or nachining
process, coordinate data or par JECHNSCAL EIEEDor edetermi ned | ocati ons on a
wor kpi ece at which the process is to be carried out, are programed into a
| aser beam positioning controller, with reference to a coordinate system

Under an i[gfg@*] Si t_ualeﬁé)@resbﬁ?inlvaﬁﬁé{b R%Ié’f@sstg%égan Rl 6&?&[‘%‘2}@%&%’?"%d

wor kpi ece ocati ons correspon 0 the coordinate
| aser proaesthibdg logratieulasrit reldtesulb aisysteen pnddatthod foe didiore stammiag and0004]

In an act l.fa| sqituatign, gg\pﬁﬁr, the | aser beamis not always directed to
pr edet er miltsd HERTACRBYRY PORINIQNAl &CEUraRYi s may be due to the system

errors and/or installation tolerances of the | aser positioning nmechani sm
W thout taking these errors and/or tolerances into consi-deration, |aser
beam may BACHGROQUMD at undesired positions on the workpiece, which is
unacceptable. In a process which requires even hi gher positioning
accuracy, such as a precision welding process used for welding a

read/ wit gogzld ont PracBiHPEESIHiGHING ©F GGkt Maysi Such &4 Sisitié ili%jﬁ‘t Béxms &nd/or
m ss-positioning of the |aser beammay result in a conplete
laser beams are required in certain industrial applications, such as vision
inspection and laser processing. One example is laser marking for creating
visually perceptible signs at pre-defined locations of a workpiece using a laser
beam. Apart from marking, laser systems can also be used in other applications

such as micro-machining, surface processing, trimming, welding, and cutting, etc.

[0003] In a laser marking, welding or machining process, coordinate data or
parameters of the predetermined locations on a workpiece at which the process is
to be carried out, are programmed into a laser beam positicning controller, with
reference to a coordinate system. Under an ideal situation, the laser beam should
be directed onto the workpiece at locations corresponding to the coordinate data
by which, laser processing can be carried out at the predetermined locations.

[0004] In an actual situation, however, the laser beam is not always
directed to predetermined locations on the workpiece. This may be due to the
system errors and/or installation tolerances of the laser positicning mechanism.
Without taking these errors and/or tolerances into consideration, laser beam may
be directed at undesired positions on the workpiece, which is unacceptable. In a
process which requires even higher positioning accuracy, such as a precision
welding process used for welding a read/write head onto a suspension assembly
in a disk drive device, miss-positioning of the laser beam may result in a complete



-2- failure of the welding process. Simlar concerns may arise in a vision
I nspection system either stand alone or incorporated in a | aser
processi ng system Accordingly, positioning accuracy of |ight rays becones
one of the key factors to ensure the accuracy and quality of vision

I nspection and | aser processing. [0005] Jt is therefore desirable to
provi de a Scan Head calibration system™ “and nethod for vision inspection
and/or | aser processing, with systemerrors well conpensated or at |east
substantially reduced, so as to carry out these processes in high

posi t i onalfaiiewsldbe walding proogss.cBimiar genterosanay anisednt visionanapectisre.

SUMWWARY OF I I 0 i f. the esent inventio

provi de S(ﬁyls-%h[s\g{ E’g}- %Hﬁc%ﬁ@e Eggﬁrﬁogﬁgﬁa%%(frlgré il%eé( PgEC‘é%SSH\@ is(ygp%;n.
system amAtoordinglyapostioningCatturasy onligsiaybatbiids 6 ob thekéy €actars to

I ndependent system for vision detection, optical inspection and/or

preci si on SsHER thaaesuacyhand quakity of visiem inspestiey and dasar precessinger

delivery system [0007] According to one enbodi nent, there is provided a
met hod for reducing a positioning error in a |aser processing systemfor
posi ti oni j0065] aser It Eethereiote dasirablepioep@vids added blcadncatibratiors system ded,

and an i mage, of .th cal.ibration mark is captured, to conpare with a guide
mark. . The SKsmetind far \igign inspegiionand/rdasel prcessing. witbsyysiam &rQqrg wetht a

or ~coor di r@hfsenshitéy 8PS Itehgpsaﬁqﬁstaﬁﬂiﬁw rtgﬁgt?ecg,fsot 8818 r@élirpkﬁfsier@%e%lfe%&s

adjusted until the 1mage matches wt urde ma t of vision
conpensat imfighapesitienal accutaeye fSuch deystetreamd medhod are caméntyyr unanailabbege of
a laser mark is captured, and adjusted to match the guide mark, to
determ ne a set of |aser conpensating factors. The set of design data can
then be nodified based on the vision conpensating factors and the | aser

conpensating factors, and used to position the |aser beamonto the
wor kpi ece SUMMARY OF THE INVENTION

[0006] Embodiments of the present invention provide solutions for reducing
positional errors in a laser delivery system, and calibrating a scan vision system
which may be either an independent system for vision detection, optical inspection
andfor precision measurements, or a scan assembly integrated into a laser
delivery system.

[0007] According to one embodiment, there is provided a method for
reducing a positioning error in a laser processing system for positioning a laser
beam onto a workpiece. A calibration mark is provided, and an image of the
calibration mark is captured, to compare with a guide mark. The position of the
guide mark corresponds to a set of design data or coordinates. The position of
the image of the calibration mark is adjusted until the image matches with the
guide mark. A set of vision compensating factors can therefore be determined.
Thereafter, an image of a laser mark is captured, and adjusted to match the guide
mark, to determine a set of laser compensating factors. The set of design data
can then be modified based on the vision compensating factors and the laser

compensating factors, and used to position the laser beam onto the workpiece.



[ 0008] According to another enbodinent, there is provided a nethod for
calibrating a scan vision system A calibration mark is provided, and an

i mpage of the calibration mark is captured, to conpare with a gui de nark.
The position of the guide mark corresponds to a set of design data or
coordi nates. The position of the image of the calibration mark is adjusted
until the imge nmatches with the qgui de3vark. A set of vision conpensati ng
factors can therefore be determined, and used to nodify the set of design
data to calibrate the scan vision system [0009] Sol utions provided by the
present if0@d8] on ca#ccerdjng ftocanther embmda'meeydhem o prvidecha imethash fo

posi ti onal curacies in _sca i Sio t aser, sSSi.n ens.
Pacer pr ocelbiigac Scan sk Fisieme o sl BiPRgRG s iBudeHebe o6t Mibsd "
present i @H@%bh%tt@ﬁhhﬁﬂ@% @d%u&'@l Q@Qﬂéh%féfe'ﬁtf?la dtﬁdéc’hﬁé#*k t fRe d@)%ﬂ%‘h éfor
precision | aser processing, such as |aser marking and | aser welding. BRIEF

DESCRI PTI dhe mld&mmwrﬁ@mdmmaa sehof dlesign dataar copsdivatesandhadpsitiodges

accompany Cha e g F calietind TaRCS adlFRe L i lyed BaGheh FIRSen, 2°
| aser mar Iguli@ mnr A sot of MEich REniperRatng ThctdrdTean thérefdre be efsterimined,
I nvention; Fig. B is a schematic diagram showi ng a | aser marking

appar at us apd Lﬁe@ to medifyging sedf dgsigncdata e seliyats e snancdsionrysta. f or
calibration, or a workpiece placed thereon for processing; Fig. 2 is a
schemati c di agram showi ng a scan vision systemaccording to one enbodi nent
of the pr¢8@8d] i nveBdiutiunshprovided by tree présamainventiongaansighiicanty eedugser
calibration s stem aﬁéordi ng t o gne enbodi nent of the res i nvention;
-4- Fig. St &TPEHaAW Eree S PesifiopRlAGCYFAGIRY N scaN Y'%’P cHiS waﬁnﬁ‘éa%en aser
system . shoytbdsthd™ Systéfls.  Laser processing systems calibrated according to
embodiments of the present invention achieves a high accuracy level to cater the

needs for precision laser processing, such as laser marking and laser welding.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other aspects and advantages of the present invention
will be described in detail with reference to the accompanying drawings, in which:

Fig. 1A is a schematic diagram showing a laser marking apparatus

according to one embodiment of the present invention;

Fig. 1B is a schematic diagram showing a laser marking apparatus of Fig.
1A, and having a calibration jig placed thereon for calibration, or a workpiece

placed thereon for processing;

Fig. 2 is a schematic diagram showing a scan vision system according to

one embodiment of the present invention;

Fig. 3A is a schematic diagram showing a laser calibration system
according to one embodiment of the present invention;



Fig. 3Cis a schematic view of a set of guide marks and an image of the
calibration jig of Fig. 3B; Fig. 4 is a schematic diagram show ng a set of
guide marks for calibrating a vision systemaccording to one enbodi nent of
the present invention; Fig. 5Ais a schematic diagram showi ng an i mage of a
set of calibration marks captured for calibration; Fig. 5B is a schematic
di agram showi ng the i mage of Fig. 5A aft%er vision proportional factors are
properly calibrated; Fig. 5Cis a schenmatic di agram showi ng the i mage of
Fig. S5A after vision distortion factors are properly calibrated; Fig. 6A
is a schematic Rlga3p ia sdwwiemgot aealivmatien jif used fobdalttoating b flasersysteit el d
calibration; Fi %,F.GB%%S a schematic di agram showi ng the i mage of Fig. 5A
when zoor‘?g@-\"frh' t'd9t#& hal f scan field calibration; Fi g. 7TAis a schemtic
di agram showi ng an image of a laser mark in a full scan field for |aser
assenbly calibration; Fig. 7B is a schematic diagramshow ng an i mage of
Fig. 7A after tfig. 3GQiea schemalislwew of asel bf auide raarkstand an imageaf theel d;

Fig. 8Ais ti.G-.di.ggram showi ng an i mage of a |aser mark in a half
scan fi el &aﬁgfaﬁﬁgg@rdfﬁg'eﬁ’l y calibration; and -5- Fig. 813 is a schematic
di agram showi ng an image of Fig. 8A after the |aser assenbly is calibrated

at the half scan field. DETAILED DESCRI PTI ON OF THE, PREFERRED ENMBODI MENTS
[0011] For the Riarpisse sehempti¢ siagsamothowing adiateh gidss manes for salibrating a
i nvention ;A | t -SHi-t-ahl e for | aser
pr ocessi nd"égfflj‘ %y%’tﬁnp%%cfgr{jﬁgﬁgl&%@pgg@%%&?é@e ﬁ%&@@@ggg?ﬁbed W th
respect to the reduction and/or

Fig. 5A is a schematic diagram showing an image of a set of calibration

marks captured for calibration;

Fig. 5B is a schematic diagram showing the image of Fig. 5A after vision
proportional factors are properly calibrated;

Fig. 5C is a schematic diagram showing the image of Fig. 5A after vision
distortion factors are properly calibrated;

Fig. 6A is a schematic diagram showing the image of Fig. 5A for half scan
field calibration;

Fig, 6B is a schematic diagram showing the image of Fig. 5A when
zoomed-in to the half scan field calibration;

Fig. 7A is a schematic diagram showing an image of a laser mark in a full
scan field for laser assembly calibration;

Fig. 7B is a schematic diagram showing an image of Fig. 7A after the laser

assembly is calibrated at the full scan field;

Fig. 8A is a schematic diagram showing an image of a laser mark in a half
scan field for laser assembly calibration; and



conpensati on of systemerrors for precisely positioning a | aser beamonto a
wor kpi ece for |aser processing. [0012] Fig. 1A shows a |aser processing
system 100 for processing a workpiece, for exanple to mark the workpiece
or weld the workpiece, according to one enbodi nent of the present
invention. Fig 113 shows the systemof Fig. 1A and having a calibration
jig placed thereon for vision assenbly-catibration, or a workpiece placed
t hereon for processing. [0013] Fig. 2 shows a scan vision system 102,
according to one enbodi nent of the present invention. Scan vision system
102 may be used as an independent systemfor vision detection, optical

i nspection and/ar ecision neasurenent. Alternatively, yjsion,system 102
rraypal so be us dg'a@és Qﬁﬁemaﬂ: grgay ng(ﬂangi%{lgo#,%t&m@%ser

| nt egr at echdsBnibly ASGYlibPA{RERThE Baf ¥eASRERIOWN in Fig. 1A For the purpose
of illustration,” sanme reference nunerals are used in Figs. 1A 1B and 2

for the scan vision assenbly of |aser processing system 100 and the

scan vi si GUE LpREH PSRRI TION ot SHe PRRKERRED FUBORMRENER L. L00d ac 2
scan vision assenbly or nodule in | aser processing systens. [0014] As shown
in Figs. 1A andl B, |aser processing system 100 has a |aser source 110,

such as a [08El] aser R theurposaset llustiation, embpdigents eftee pesent imventign h an
energy |eyg) b%u%éé&ib%?t to' 8 s&gfé%%ﬁgaa WRHKBY %@Eabé fok i er%r&&@ési%cé% D&mer

defl ects l'aser béeam I'I2 to second mrror econd m'rror

defl ects |psitionaeaotdrdgy! whithgwigibegdesribedastie rsspect $oithe aeductivnaandiead
140. Tvvorcgal vo-cqnt:]((a)fj led mrrors 142 and 144 are provided in scan, head
140 for IRENSRYORRf FUSIERE CIErs et ipreciralyePogitioning 12 I8srobgam antd@n

150. PI at f g Rni | | 0 support a workpi ece 200 thereon for | aser
processing, o 'éggf%';ili%isglf gﬁ%ﬁghn g 202 for calibration. Galvo mirrors 142

and 144 are axially aligned in
[0012] Fig. 1A shows a laser processing system 100 for processing a
workpiece, for example to mark the workpiece or weld the workpiece, according to
one embodiment of the present invention. Fig 1B shows the system of Fig. 1A
and having a calibration jig placed thereon for vision assembly calibration, or a

workpiece placed thereon for processing.

[0013] Fig. 2 shows a scan vision system 102, according to one
embodiment of the present invention. Scan vision system 102 may be used as an
independent system for vision detection, optical inspection and/or precision
measurement. Alternatively, vision system 102 may also be used as a scan vision
assembly or scan vision module integrated in a laser processing system shown in
Fig. 1A. For the purpose of illustration, same reference numerals are used in
Figs. 1A, 1B and 2 for the scan vision assembly of laser processing system 100
and the independent scan vision system 102. However, it should be understood
that scan vision systems other than that shown in Fig. 2 may also be used as a

scan vision assembly or module in laser processing systems.

[0014] As shown in Figs. 1A and1B, laser processing system 100 has a
laser source 110, such as a YAG laser or a CO2 laser, for providing a laser beam

112 with an energy level sufficient to process a workpiece. A first mirror 120



an orthogonal arrangenent. Each galvo mrror is independently nmounted on a
correspondi ng pivotal axis. Scan head 140 having two galvo mrrors 142 and
144 arranged in the above manner is capable of deflecting, directing and
steering | aser beam 112 along an X direction and a Y direction,
respectively, so that |aser beam 112 can reach any position within the

t wo- di nensi onal environnent of pl at f or m® 150. [ 0015] Laser processing
'system 100 has a vision detector 160, such as a CCD canera, for receiving
and detecting visible |light beam 212 from pl atform 150, workpi ece 200
and/ or caldefleats tasgri hpatn2112/itsi arsedond cmnirorl 680 sSpbandednbmlni 10 feribend

130 dm [ di ch h fl I
beam and JIeTBAE Bt beaftht &2t gheliiner dole Baremb: sifhidne ceelaiend 180, °°°'
di chroic "FW(B rg%ilvd-f%@ntrélﬁéd/ thiffbFd QU9 Add ﬁﬂdaﬂé“br@ﬂéecﬂ QﬁU&dFQ hb&8S140 §of or m
a scan vi sion asse aser source 110, deflection mrror 120 dichroic

mrror 13aecqaln@oandﬁur¥mrsilm¢2n@ﬁﬁsermamd 120w ianplatferr 1600 Pletferma 1@5er
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and secondalibratiop jigl202 fdhcalibiaftion! r@awe mintors 1idvide144 gfd axiafly dligmed in
wor kpi ece 200, pl atform 150 or calibration jig 202 travels along a sane

path as t 19 PHbegonavangemenfet kash Galve wairer is @ndqmd@aayfra@u@eﬁgom éhs
170. A 4
CCO c%'rrré%bépgﬂiﬁ ﬁf%tgla%)ﬁg 'S¢ dé]r} Ié((a: q4é‘h‘év W q%géon[rgpfﬂé aﬂﬂsl 44

according to c ato Iaser atform
150, wor k@rergeddn the abelé isatnedis capalio f dteflectmg irgotivey agd lstnmtngdaser and

to d d inate d f | i, ht. b 12 b | Si
det ect or  HBEM 112 00 o ShdlEsrHorLAILA Y sberlon daspedely. SoahohEse! BHoTnd
Vi sion detiqgt gin rdaBh ofyPSGEHEVitnk?hd SuEUIEAcha) SADSRREAE of Biatiorm

Controller 180 outputs “coordinate data to sca ead 0, trols the
rotati on d%@.positioning of

[0015] Laser processing system 100 has a vision detector 160, such as a
CCD camera, for receiving and detecting visible light beam 212 from platform 150,
workpiece 200 and/or calibration jig 202. Vision detector 160 is placed behind
second mirror 130. Second mirror 130 is a dichroic mirror which reflects the laser
beam and allows the visible light to pass through. Vision detector 160, dichroic
mirror 130, galvo mirrors 142 and 144 and focusing lens 170 form a scan vision
assembly. Laser source 110, deflection mirror 120 dichroic mirror 130, galvo

mirrors 142 and 144 and focusing lens 170 form a laser assembly.

[0016] 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 workpiece 200, platform
150 or calibration jig 202 travels along a same path as the laser beam 112,
between second mirror 130 and focusing lens 170. Accordingly, galvo-mirrors
142 and 144 can be set at positions according to coordinate data to direct laser
beam 112 onto the platform 150, workpiece 200 or calibration jig 202 at
corresponding locations, and to decode a coordinate data of visible light beam
212 received by vision detector 160.



galvo mrrors 142, 144 to deflect |aser beam 112 onto platform 150 and
direct visible Iight beam 212 back to vision detector 160. [0018] As shown
in Fig. 2, scan vision system 102 according to the present enbodi nent has
a simlar set up as the scan vision assenbly of the |aser processing
system 100 shown in Fig. I A The operation and calibration process of the
scan vi sion assenbly of the |aser procegs'i ng systemillustrated belowis
therefore applicable for the calibration of scan vision system 102. Note
that being an independent scan vision system the vision detector 160
recei ves I[0@hT] beamA 2batrdileret80 yis faooplachéo stamn fread 040 lkarideeision detextar e a

di chroi ) i t i i Sj t 02. 19
STenvore Rafory sl rgsserd o scon il aion vetendte A
in Fig. ligokdingtd Matatfbeséiaﬁ:@me\éﬁs*l@@, 288 LERkId ﬂﬁe(cj?étbfiéﬁtd?ﬁ Pﬁgiti?ning of

illustrated below. [0020] Fig. 3Ais a schematic diagramo aser
syst em of geElvp mirroesoifi2 glifédof deflast daseri beam HEd entn plattinmbi80iand direel di ng

to one e | t t. lnventi rior to the whole system
calibrati O:ﬂsqglgg@bgg;argoﬁﬁz $%(§§E’Irkﬂ§'85 (gegé%tﬁgmgand t he scan vision assenbly
are adjusted to focus the respective l|aser/visible-light beamto/fromthe
wor kpi ece. The system focus adjustnent is done bi@ adj usting the | aser

focus hei ¢A018bove tAfeshvar ibFig- 2 scapwisiomsydamu Zﬁjgcorﬁmg tcthe vesern
assenbl y te‘?nB&ﬁMgnfrha[sh% ﬁﬁﬁfiFarpéé’q‘ﬁ 0 t{ﬁ% BLAY fﬁ%sHh S8GEnbICor kREYSEED 1S
etector ngea O preven

set, the vision ens i s any acci dental focus
change. Theoesdsirey sydtem 106 shoamsiantigy 1AndThdeperationnarss sealitirialioampeoeddsgned

with respect to the center point of the scan fjeld. A calibration jig 202
" Then pRidbe AN 5N S35angy 4f et KBSt BISGRSaIToR S, USTREKoRoIgls &bl 7.

-8- [0021 ) diagoredd k3B iH lsiad iSion! gy RBid frdt beIgSS

Wi th precision fgldtpﬂ%g‘?'gg [[EHGE)%%%?% gﬁ%égprleggﬂ %ggaﬂcgl%s g{né tth%e to

surface, @ kdepandent scan vision system, the vision detector 160 receives light beam
212 directly from the platform/workpiece, therefore a dichroic mirror is not

necessary in scan vision system 102.

[0019] According to the present embodiment, in the laser processing
system shown in Fig. 1A, firstly, the scan vision assembly is calibrated, as

illustrated below.,

[0020] Fig. 3A is a schematic diagram of the laser system of Fig. 1
configured for scan vision assembly calibration according to one embodiment of
the present invention. Prior to the whole system calibration process, both the
laser assembly and the scan vision assembly are adjusted to focus the respective
laser/visible-light beam to/from the workpiece. The system focus adjustment is
done by adjusting the laser focus height above the platform, followed by adjusting
the scan vision assembly to focus on the same plane on the platform. Once the
focusing is set, the vision detector lens is locked to prevent any accidental focus
change. Thereafter, the laser assembly and the vision assembly are aligned with
respect to the center point of the scan field. A calibration jig 202 is then placed on

platform 150 for the calibration of the vision assembly.



in Fig. 3B. The glass jig is fabricated with calibration marks 204 having a
hi gh positional accuracy [0022] As a starting point, the systemis set in
such a way to direct the | aser beam perpendicular to the platform 150 and
passi ng through the geonetric center of the focus |lens 170, and that the
focus lens 170 is set with its main plane parallel to the platform 150.
[0023] A set of design coordinate data -i%- then sent to scan head 140, to
set the galvo mrrors 142, 144 at initial positions 142a, 144a at which,
the vision assenbly is fixed al ong a first vision path 146a. An inmage of
the cal i br{@02%h jig Trﬁi)zaiibraﬁaptjig 2d2 U}ast heglass ijignmaeteect optids (glasmwvith

di spl ayed on .a ngnitor scre 164 an enl d i e I n . 3C.
Not 6 ¢ hat ATACiRIOR IthedTapRE dafhes Gt ARGetnet ssiles O Do 0 sTEike,a8 shon
exagger at gflpj aQBC‘T'h\éegIQQQQQ isf f&'br’bﬂ%dpwtﬁcb%ﬁbﬁﬁtlod Héﬂﬁé Q@W I%\/lﬁ@'é;y hlg_ﬁhe
shape of act uaI | mages may ‘vary. OQther figures may also not in Scalé.

[ 0024] As psisitiomal acguracher detail in Fig. 4, a set of guide marks 402, 404,
406, 422, 424, 426, 442, 444 and 446, shown as crosshairs, are provided in
t he vision assenbly, and di spl ayed on a monitor screen. In the present
enbodi mentfog2gpe fieiﬁa@farﬂh Wolrd, thevdydesmiigbet iB SSRONEWay 16 inedt te lasadows
412, 414, 416, 432, 434, 43 452, 454 and 456, each havi ng one gui de mark
| ocat ed atbe@ne peggnsicular tOtﬂ*ilé Rlatferss ﬂ§ﬁaﬂﬁ@a§§@§éhfougih@9p@%¢mﬁt§'ﬁ @ntelach

gui de mar | E

302, 405, Of40% SEERTRES 328, S it o 16ER G 17016 O A8 ibin B p R
Adj ust t heo ¢laé platfermors(.i g fl at ness, skew and position until the center of
glass jig image is in alignnent with the center of the scan vision field
of the vi si on assenbly, i.e. the center guide mark 424. Check the

m ddl e- | e ndow I I1alt tgssdow
436 to ob erv Aﬁ%%?@e%r?é@ﬁﬁte\ggﬁ ?ﬁhﬁﬁ%é@%%gﬁ h%gﬂélgf:ﬁl ra%l?on
mar k perpémllgaJWcan'myrors r‘ltdérs'lek;!t atmtlal positions ddi?aguidda bt méhicmdthevesiomps a

hori zont alasg %?y Is PxecI ong a |rst vision path 146a. An image of the calibration jig

202 is captured by the vision detector 160, and displayed on a monitor screen
164, shown as an enlarged image in Fig. 3C. Note that in Fig. 3C, the image of
the calibration jig is shown exaggeratedly as curve-edged, for the purpose of
illustration only. The shape of actual images may vary. Other figures may also

not in scale.

[0024] As shown in further detail in Fig. 4, a set of guide marks 402, 404,
406, 422, 424, 426, 442, 444 and 446, shown as crosshairs, are provided in the
vision assembly, and displayed on a monitor screen. In the present embodiment,
the field of view is divided into 9 segments shown as windows 412, 414, 416, 432,
434, 436, 452, 454 and 456, each having one guide mark located at the center of
the corresponding segment. The position of each guide mark corresponds to a
set of design coordinate data. Guide marks 402, 406, 442 and 446 define the four
corners of a scan vision field. Adjust the calibration jig flatness, skew and position
until the center of glass jig image is in alignment with the center of the scan vision
field of the vision assembly, i.e. the center guide mark 424. Check the middle-left
window 432, middle-center window 434 and middle-right window 436 to observe
whether the horizontal center line 528 of the calibration mark perpendicularly

intersects with a vertical guide line and overlaps a horizontal guide line for each of



-9- the guide marks 422, 424 and 426. |If not, adjust the position of the
calibration jig along Y-direction to bring the horizontal center |ine 528
to perpendicularly intersect with vertical guide |ines of guide marks
422,424, and 426. Check the top-center w ndow 414, m ddl e-center w ndow
434 and bottom center wi ndow 454 to observe whether the vertical center
line 532 of the calibration mark perpér?d’l cularly intersects with a

hori zontal guide line and substantially overlaps a vertical guide mark of
gui de marks 404, 424 and 444. 1f not, adjust the position of the

cal i br at i dhejguidentremis %28 424 tind260 bnohadjhst themdsimn efdhe ealibiatiensgR t o

perpendi cularly, intersect w.th horizontal ,quide |ines subst ant i al
verap gty SetEEAGE b Bing he L, iRt cata: 1ns 528 taabS D R,
above adj Usfer@t witht RertidBoguigé IhBSs sRiguRickiRs Ubg, 428 BAW 4280VOhédk fHed-
5A. [0025] Due to systemerrors, calibration marks on the calibration jig
may not Bepicentariwjndewt4 14, trhiddie-eenipowindey ¢4 @ndnkaticm-ceotes avipdow A4 or

obiain'x dhaPhsERE; el Vgl ol Be b nanST Baeb ol HRS ekl il
wel | as vigirpendicsibay intefsecta0/ithrs hrgintalvguidle licddihd ibdtant(zXgdverdps .a and

(Xd4, Yd4) of each corner wi ndow 412, 416, 452 and 456. [0Q026] A first
step is toecigal guigieraik of mguide 6@1’"@14%:0?9%4 ang 4. t haobradiugidhe pasitien n
Fig. 5B, : ddl..e- i {; 4 roes whe I g 522
l'i thogr apgdggﬁénéét@éé%ﬁgéig %I:Bébiﬁsé"d:ﬂ%% qgﬁn%rﬂ%d)\?mﬁ%r}}é?cl)drwespgﬁ\e&i ﬁgé g5§|§d§) mar k
422. | f ngerpengioasiarly hietegaeoto withr horizgrdal guade ineb and esubstantiady f oeatiap

cores. o Rekbsl cudefnBhet oiShmrkaaet 42t ol SNBSS HOSERT. "
therEfOreéﬁ?irﬁﬁéébml—g?@aiﬁﬁ‘éﬁ& i¢hs r?cﬁlﬁsﬁ wnah Fqg_sg,gn coordi nate data and the
I T1 ed” coordi ? I

set of no nat e data: 0027] Sim lar adjustnment operations are
carried out, to bring the right edge 526, top edge 504 and bottom edge 544

into ali grw&%] with Ij:l?é {oegfs%‘%i (—)nr(lgorgu (i;eﬂl%ration marks on the calibration jig may not
be in alignment with corresponding guide marks. To compensate or substantially
reduce these errors, an adjustment process is carried out to obtain X and Y
direction vision proportional factors, Xprp and Yprp, as well as vision distortion
factors (Xd1, Yd1), (Xd2, Yd2), (Xd3, Yd3), and (Xd4, Yd4) of each corner window
412, 416, 452 and 456.

[0026] A first step is to calibrate full mark region proportional factors. As
shown in Fig. 5B, check the middle-left window 432 {o observe whether left edge
522 lithographed on the glass jig is in alignment with corresponding guide mark
422. If not, adjust the galvo mirror position with a set of modified coordinate data,
to bring left edge 522 into alignment with corresponding guide mark 422. A
proportional factor for middle-left window 432 can therefore be determined based
on the set of design coordinate data and the set of modified coordinate data.

[0027] Similar adjustment operations are carried out, to bring the right edge
526, top edge 504 and bottom edge 544 into alignment with corresponding guide
marks 426, 404 and 444. Respective proportional factors of middle-right window
436, top-center window 414 and bottom-center window 454 can therefore be

determined in a similar manner.



mar ks 426, 404 and 444. Respective proportional factors of mddle-right

w ndow 436, top-center wi ndow 414 and bottom center w ndow 454 can
therefore be determined in a simlar manner. -10- [0028] After the above
adj ustnments, the proportional factors Xprp and Yprp of the scan vision
field can be determ ned based on the galyo mrror position design
coordinate data and nodified coordinate!®ata in wi ndows 432, 434, 436, 414
and 454. The adjusted inage of the glass jig captured by the vision
assenbly is now shown in Fig. 5B. [0029] In a next step, distortion
factors corresponding to each of the corner image w ndows 412, 416, 452

d 456 h .n Fi t ak
o o 41300281 " T D 108 DRV Rdtmsits. e ardiiStiohdTabRRE Xk A e
mrror pogftthensca Visich Sield 8an rﬂmuét@ﬁuﬁéwrt;élseat&u JRé ?al\ﬁd) nlﬂfrbﬁﬁbdsh%n
calibration mark 502 into alignment with g de mark Sim | ar adj ust nent

oper at i onglegign peerginate gty @andi mpdifiedcerareigds datayin wmdﬁwetiﬁﬁn&aﬁsﬁ%

o gnmont Kifhari@ a8l Hotdifu<igh ifiagk of the'Bass 48 Gapyited £¥)fie Viglol BiGombly

[ 0030] Af tizhoiwtshowrpieFigdbBst ments, the distortion factors of each corner
w ndow can be determ ned based on the galvo mrror design position
coordinate data and nodified position coordinate data. The i mge of the

glass jig [?@ﬁ%r ed i%e%sg (f.:f%@'ntﬁg'to?lﬁtﬁf eré(rsaci%lr ﬁ&ﬂwo'éécﬁ'& the&orner

Accor di ng ot her t| on made w th respect
to the halirhagezdddewad 1P| 416, 453 Qﬁ&ﬂﬁﬁ/@‘esdmwnmnedeg sl‘ﬁJWn irhEigc &Bi, takat | on

process a cordl fo the, pre i us enbodi nent, i s ma ect tp the
PUPT coan e ibiadnBindoac 412 5% Ao SXSTPR the REIUSITEN (5 RGP THCTAIVEG ne
System er yd .qdifts i PsitRINROHIAEA tset ot fid@ifi @laké&ﬁﬁ{a@é daﬁﬁ %cy%tri% e h
respect to tr?e hal f SC?;HS# %d 600 (Ssehown as Iedoubl e-dotted 11 ne) g
calibration mark 502 into alignment with guide mark 402. Similar adjustment
operations are made to galvo mirrors corresponding to image windows 416, 452
and 456, to bring the calibration marks 506, 542 and 546 into alignment with

corresponding guide marks 406, 442 and 446, respectively.

[0030] After the above adjustments, the distortion factors of each corner
window can be determined based on the galvo mirror design position coordinate
data and modified position coordinate data. The image of the glass jig captured
by the vision assembly is now shown in Fig. 5C. According to another
embodiment, further calibration is made with respect to the half-sized scan field.

[0031] As shown in Fig. 6A, the calibration process according to the
previous embodiment is made with respect to the full scan field 500 (shown as
single-dotted line). To further reduce the system error, the present embodiment
further calibrates the system with respect to the half scan field 600 (shown as
double-dotted line).

[0032] To start, the image capturing points are changed to the 9 control
points of the half-scan field, with the half-scan field 600 shown in the working
window on the monitor through the scan vision system. By this set up, the edges
of the half-scan field 600 fit the guide marks 402, 404, 406, 422, 424, 426, 442,



[0032] To start, the inage capturing points are changed to the 9 control
points of the half-scan field, with the half-scan field 600 shown in the
wor ki ng  wi ndow on the nonitor through the scan vision system By this set
up, the edges of the half-scan field 600 fit the guide marks 402, 404,

406, 422, 424, 426, 442, -11- 444 and 446 Not e that sane set of guide

mar ks are used I n callbratlng the hal f= %Can field. It is therefore
understood that the set of guide marks are universal to any set of design
coordi nate data for vision calibration. [0033] Follow ng the simlar
procedur esAddsantb 446i idateithat $amprset o geideemiadds amnusddin calibraiing trechal-f i el d

be. obt ai naWeRdEH-afvigiPeraierer Rt iaod et Ihcoel g ook harkague didtom b

mar ks and érPﬁs 'o@%lés h%o’éﬁﬁhéﬁ@ﬁh'f@fﬁfsioWbahEFbﬂlcfn' nal alignment is ShOW“
in Fig 6B. [0034] Af er the above process, X and Y proportion factors of

the scan field as vveII as distortion factors of each corner wi ndow ar ea
are obt ai These oportjon factors a di st or or, used
Po o £y iBfiasniocy * FobRAY he" shRfdr bRockRilrd, 4ol drsthipb oo e "blavide, o
assenbly [dMB&imeht SootHel fliE seah-$ield bakbratien Cild hamtﬂeqm Frrbpﬁﬂmal Fhdtetsr at ed
above nmay be used to calibrate either an |ndependent scan vi sign system

shown i n KXgrp/2 ang Ypgp/eh ganvbe iobirined casridinglyumithotheaaidagk they Powiadewng
system Shc??’r‘@ bt %ﬁdé%arkgg é% Idga%g]ﬁ §€aﬁ8§/8£mﬁ}akéﬁeﬁ' Jﬂ%@%ﬁb%eﬁ{/% em

t he above pr céss use he i ntegrate anvi sion
assenbly/nmﬂukﬂnfﬁ@68btaln a scan vision accuracy of t he sane | evel. The

| aser assenbly can then be calibrated base on the scan vision assenbly, as
illustrated below. [0037] Renpbve the scan vision calibration glass jig, and

pl ace a shggsarf | 28 (ng%ge Om or

| aser Il!lgng)]oon t he rpt)ﬁgt% P b%\ﬁ e Z(uéfrgi Yﬁ%’?BB E)Wpl‘gﬁgr@ ?%%&lz‘aﬁgpcdat

t he sane lasi gell assdistmtion factors of each corner window area are obtained. These
proportion factors and distortion factors will be used to modify the design data for

positioning the galvo mirrors in the vision assembly

[0035] It should be noted that the calibration process illustrated above may
be used to calibrate either an independent scan vision system shown in Fig. 2, or

a scan vision assembly/module of a laser processing system shown in Fig. 1A.

[0036] In the case of a laser processing system, the above process may be
used to calibrate the integrated scan vision assembly/module, to obtain a scan
vision accuracy of the same level. The laser assembly can then be calibrated

base on the scan vision assembly, as illustrated below.

[0037] Remove the scan vision calibration glass jig, and place a sheet of
laser sensitive paper (or other suitable materials for laser marking) on the
platform. Make sure that the paper is flat and at the same height as the

calibration jig.

[0038] In one embodiment, laser assembly calibration for the full mark field
is calibrated. Set the laser output to a proper power level for the laser alignment
paper, then mark a full mark field 700 on the laser paper, as shown in Fig. 7A.



calibration jig. [0038] In one enbodinent, |aser assenbly calibration for
the full mark field is calibrated. Set the | aser output to a proper power
| evel for the laser alignnment paper, then mark a full mark field 700 on
the | aser paper, as shown in Fig. 7A. -12- [0039] Cvoserve the mniddle-Ieft
and m ddl e-right image wi ndows 432 and 436 fromthe 9-w ndow screen to
determ ne whether the nmark field edge 732-and 736 intersect with the

gal vanonet er position at the respective guide marks 422 and 426, at both
l eft and right end. [0040] If not, adjust Laser Proportional factor X until
the left and right edges of mark field 700 are in alignment with the

d ks 422 426. Sim ; t f
{0 cent o008 ot t daeHe dne: AiRsbe-fhassmodlerraht hage widas 457 Ayd aser
Proport | onglg frafil e wiridovp stRlert 13adtaimedvhgthbr he AR fidld agd 7B A 700

in alignment wth the correspondi ng gui de marks 414 and pon the full
field | asef36ctelseat with, thengalvanmmetertpasitioir Abthe respective gLude sheowm 422 Fi g.

7B. [0041] n not her. enbodi nent, further calibration is carried
out V\Athﬁ%& tlb%trf f?é‘aﬂﬁ Igtlezri% scan field, as shown in Fig. 8A and in
conparison wth Fig. 7A. [0042] Create a half field mark 800, and zoomin

the vision detector such that the_edges of the half field 800 fit the
gui de mar H8048b 404f nalp @djust basanRropartianal factor Xamth the lefeandwglt edgas sanme

set of qgui [ factors
of the halcﬂerg%ﬁ | e|d§3 Hf?ﬂq gﬂg herePg’)‘rﬁﬁe1 tEll erE%? @Eﬁ{%épmh@%?{e% 25? ag‘?i’. de
mar ks ar e 426, Gimilad steps any cagledadutdesioprecariorn sidibbtiothetentépimadeawiidows
callbratlon [ 00 Following the simlar procedures as described in the

pr evi ous ﬂé%.,t by aﬁéJussH@g Laser Pr%qth%@ dactas Jefhpying dne fnnyand Rotieme
hal f fiel %o‘g@stﬂ‘rmark field 700 in alignment with the corresponding guide marks 414 and

454. Upon the full field laser calibration, an image of the marked field 700 is
shown in Fig. 7B.

[0041] According to another embodiment, further calibration is carried out
with respect to the half-sized scan field, as shown in Fig. 8A and in comparison
with Fig. 7A.

[0042] Create a half field mark 800, and zoom-in the vision detector such
that the edges of the half field 800 fit the guide marks 402, 404, 406, 422, 424,
426, 442, 444 and 446. Note that same set of guide marks are used in calibrating
the laser compensating factors of the half-scan field. It is therefore understood
that the set of guide marks are universal to any set of design coordinate data for

|aser calibration.

[0043] Following the similar procedures as described in the previous
embodiment for the full field laser assembly calibration, the half field Laser
Proportional factors (X/2 and Y/2) can be determined accordingly, with the aid of

the 9-window image and guide marks.

[0044] Since the scan-vision is calibrated to the +/-1um glass jigs, the scan-
vision assembly can achieve an accuracy level of +/-2um, with the CCD camera



Proportional factors (X/ 2 and Y/ 2) can be determ ned accordingly, with the
aid of the 9-wi ndow i nrage and gui de nmarks. [0044] Since the scan-vision is
calibrated to the 1 pmglass jigs, the scan- vision assenbly can achi eve an
accuracy level of 2pm wth the CCD canera -13- systemat a resolution of
about | pnfpixel. The | aser assenbly is then calibrated to the scan-vision
assenbly, to achieve an accuracy | evel - &8 -5 pm Actual |aser testing
results on a 1 mmthick stainless steel plate confirmed the calibration
accuracy. [0045] As illustrated above, the images shown in Fig. 4 to Fig.
8B ar e t hesystamgés rekelutiahiob aboubhumipixal. Thelaserdissgmbheistbem calityiated tyst em

and mappe wi th the quide rks provided by the scan-vjsion syst under
o't her 1 hdhe (Hopn-asign SeeEmpTid e dicte, an redlrany e Vel 8f H-5ui. Reluddbethges
are dynamitggling restsabAda by riMethidie isRinldes aRber pite | doafirREd RhE C@fibration

mat ching the calibrations marks with the correspondi ng gui de marKks.
Conpensat iaseufa@vt ors for precise scan-vision capturing and | aser
positioning are therefore obtained upon conpletion of the calibration
process. [0046] According to a further enbodi nent, a pixel-to-nm

calibrati qoo4s] car rAsdiuetrated 80dvd, the liglagek ehowrs IreFig. ot (oaBighBBIaI thed
uni que pattern at the centre of the scan field, the pattern is preferably

as smal | d812888sthe| ealibbation narks |qaptwedghy e seanvyiginn ohstann eand smappacthe
fi st ance. SATE e, oL WS Briideg BF TS ER oG Rem LhGEF Sitker I RRL!

[) i ght, cerﬂc:ﬁa ﬁ@dtmpﬁeamd tioee Maifesdan lﬁetcf lc.'mndn‘.bt'ﬁ@esmanagésalaﬂe dﬁﬁﬁlﬂ]:?jllm

et ween eac tep, e V| Ssign system w rab one_ i mage pattern. an

obt At hangaTeERY (e vislon, da1ectonGaing i Pragess Ghriaichiad, b cllbastens

i xel . Th ' o) | t ? h S

(F:)annot fiﬁgaﬁgﬂﬁﬂégrﬂﬁtéor@@édb?‘n'aﬂﬁbﬁfde""lﬂdrké OBoRipeRshiith YAGROR ST BickiBe
scan-vision capturing and laser positioning are therefore obtained upon

completion of the calibration process.

[0046] According to a further embodiment, a pixel-to-mm calibration is
carried out.
[0047] First, the system is taught using a unique pattern at the centre of the

scan field, the pattern is preferably as small as possible, but is still recognizable
when observed using the vision assembly. The system will then move the galvo
mirrors with small a distance calculated in mm, step through from centre to left,
centre to right, centre to top, and centre to bottom of the scan field.

[0048] In between each step, the vision system will grab one image pattern
and obtain the pattern drifting distance from image centre, calculated in pixel. The
stepping of galvanometer will stop once the vision system cannot find the learnt
pattern and continue with next direction until all direction had been completed.

Thus the mm/pixel unit can be calculated for each axis.

[0049] Although embodiments of the present invention have been illustrated
in conjunction with the accompanying drawings and described in the foregoing
detailed description, it should be appreciated that the invention is not limited to the



pattern and continue with next direction until all direction had been
conpleted. Thus the mi pi xel unit can be cal cul ated for each axis. [0049]
Al t hough enbodi nents of the present invention have been illustrated in
conjunction with the acconpanying drawi ngs and described in the foregoing
detailed description, it should be appreciated that the invention is not
limited to the -14- enbodi ments discl oséd- For exanpl e, al t hough

enbodi ments are described with respect to a two dinmensional scan field
environment, and with nine guide marks for the calibration of vision
assenbl y aambmcﬁmntadmldsle;i, kar examplde akihaarh bmbadirwntscmes:leislchbeld witht he

t that d . | | ] t d t b
ot her  nuntEsRStOGRE FHRPRSORALC NBlLeRureTRATand il ninccovfigmatks ™ "0
one- di N3Ot cAMatiG BT Visioh AsbHibnyiaiRNBEEr Bbsafiliy AEBiderdlidkisty 3 scan

Vi Si on systemor a | aser _processi ng system confi gure a focusi ng | ens
pl aced bdéenrsemskitied gatheaddbanvsipnaant taser gisaem malbraﬁ@tnwelme cagieshown
in Figs. t sholdb reci,at ed. that nts

oresent i ROLAD iR alter FuRbes 87 gBR Mol A bt e ATk A lnfir a

processi n@rydihfNsidridl e?birenmeso Bl 'egw@-ﬂirﬁéﬁsmﬁélrerﬂ)i@ﬁWI@t eW?ﬁI@t Begianof
present invention may be used for scan vision systemor |aser processing

syst em haVisien 8y$ieeuar Adasesiproptsainglsygemveenfiguied yithafogssingleps alaredhe
vi si on de?)%‘f\k@én the gafuct SSHA ng%nldnﬂjm %98911 is '&fstcic}s'éﬁ Blf[;es?‘%%n |PERAL 4N s

capabl e of numner ous “rearrange ancenents, nodifications,

al ternati amgl 2ni sholokt bbtapptraenatud ﬁmlterdbod!rﬁdn’ng of ftm@rprémtspvemﬂlomfnatWe
i nventi onwe}?il Eet forth and recited by the following clains. -15- CLAINS 1 A
met hod of W€ HEe%R 1Posean yiien Sé/ISFQSF' find daﬁ%fs8F09ﬂs§ﬁ'@s§Vﬁ§“%y’¥'ﬂbtﬂﬂF%’r

positioni %Bnﬁgur%ﬁ@ﬁsbqﬁd’ﬂ SMMpI8, YRBOHIRERt of BRRYENE if@ntiBhMh§ B8 uded for

calibrati
scan vision system or laser processing system having a focusing lens placed

between the galvo assembly and the vision detector. It is therefore understood
that the present invention is capable of numerous rearrangements,
enhancements, modifications, alternatives and substitutions without departing
from the spirit of the invention as set forth and recited by the following claims.



provi ding a guide mark corresponding to a set of design data; matching an
I mge of the calibration mark to the guide mark to determ ne a set of

vi sion conpensating factors; matching an imge of a |aser mark to the guide
mark to determne a set of |aser conpensating factors; and nodifying the
set of design data to position the |aser_beamonto the workpiece using the
set of vision conpensating factors and” 1%e set of laser conpensati ng
factors. 2. The method of claim1l, wherein matching the i mge of the
calibration mark to the guide mark further conprises: fixing a vision
assenbly 4&IoAWM@ first vision path based on the set of design data,;
obtaining the image of the calibration mark through the vision assenbly
along the first vision path; varying the first vision path to a second

vi sion patf) to Dpidibd BErddiRARy #bokBningdridtiAld 188/ Brokebiihg sysicmfgnt with
t he guide mark, wherein the second vision path corresponds™t0 a set of

modi fi ed desi grPogiioaingatasdstbeam anioga woeekpiete,glonmprigingi conpensati ng
factors fromthe l_et 'cﬁf de?h‘%z. data,and the nodified data. 3. The net hod
of claim1l, where PVIGi9 g 4 Plnd'ﬁ'a%rk is a first calibration nmark

correspondi ng to groviiingh Riidéni=Rk cafrebgoding & aided of dekign duigr ei n the
nmet hod further conprises providin lurality of calibration nmarks

. : a plura !
corresponding to a\attémgn_ﬂ@as@mgiﬁe calipratienmarktahe guide wafkier areas of
the rectangl e pr Oce%%'té}%iééﬁl §1§t oT:l?E"lorf'coaﬁgné?ﬂr{bgg{:ﬁ%‘sm aim3, wherein the

guide mark is a first guide mark correspondi ng fTirst calibration
mar k, wher ei n t hemadhivagl ah imierof a laser mark to the guide mark to determine a set

of laser compensating factors; and
modifying the set of design data to position the laser beam onto the
workpiece using the set of vision compensating factors and the set

of laser compensating factors.

2. The method of claim 1, wherein matching the image of the calibration mark
to the guide mark further comprises:
fixing a vision assembly along a first vision path based on the set of
design data;
obtaining the image of the calibration mark through the vision assembly
along the first vision path;
varying the first vision path to a second vision path to bring the image of the
calibration mark into alignment with the guide mark, wherein the second
vision path corresponds to a set of modified design data; and
determining the set of vision compensating factors from the set of
design data and the modified data.

3. The method of claim 1, wherein the calibration mark is a first calibration
mark corresponding to a border of a rectangle processing field, wherein the
method further comprises providing a plurality of calibration marks
corresponding to an opposite border, adjacent borders and corner areas of

the rectangle processing field.



conprises providing a plurality of guide marks each corresponding to one

of the plurality of calibration marks. 5. The nmethod of claim4, wherein
mat chi ng each of the plurality of calibration marks to a correspondi ng one
of the plurality of guide marks at opposite borders determnes a first
vision proportional factor along a first _direction, and a second vision
proportional factor along a second di re¢dron substantially orthogonal to
the first direction. 6. The nethod of claim4, further conprising
determning a distortion factor of a corner area from matching each of the
plurality 4f cdhemmathozhoihaaiks3awhetdie ttroguide rmadas taofirat goideasaiindi ng one

f th | it f I, d Kk t .th ol T t hod of cl ai
o1 the ofurai Ty of Ui Ak g A £ocher Beeg o Hie T of claim
t wo- di mensi onalgopfiftidesipgrbGaird £ bﬁir?ﬁ?(lofgﬁid@ﬁlﬁﬂ% Acifbatrdpon oforie t he

i
plurality of guide marKs define a scan-vision field. 9. e met hod of

cl ai m 7, wher eiof thenplupality of caljprefiogmarks.mar ks define a half scan-vision
field. "i. 10. The nethod of claim1, wherein matching the image of the
| aser mark to the guide mark further conprises: fixing a | aser assenbly

along a fig st ITrahefidohdaiad4onheRsn sRitciiihg edehi dithé plurality'of abiihatiohe
| aser mark; obtaining the inage of the |aser mark along the first | aser

path; -17- var y#§stn@ arrespondingronmehthedlaralibeeiaride searkpat Rpesiler i ng the
| mage of the hReel s Wt&mhiRES aHrsBNEBApribbitiohBrr@ttr P h firdf ifection ! e

second | aser
and a second vision proportional factor along a second direction

substantially orthogonal to the first direction.

6. The method of claim 4, further comprising determining a distortion factor of
a corner area from matching each of the plurality of calibration marks at
the corer area to a corresponding one of the plurality of guide marks at

the corner area .

7. The method of claim 4, wherein the plurality of guide marks are distributed

through a two-dimensional scan-vision field.

8. The method of claim 7, wherein the plurality of guide marks define a full

scan-vision field.

9. The method of claim 7, wherein the plurality of guide marks define a half

scan-vision field.

10.  The method of claim 1, wherein matching the image of the laser mark to
the guide mark further comprises:
fixing a laser assembly along a first laser péth based on the set of
design data;
creating the laser mark;
obtaining the image of the laser mark along the first laser path;



path corresponds to a second set of data; and determining the set of |aser
conpensating factors fromthe first and second sets of data. 11. The

met hod of claim 10, wherein the laser mark is a first |aser mark
corresponding to a border of a rectangle processing field, wherein the

met hod further conprises providing a plurality of |aser marks corresponding
to an opposite border and adj acent borddfs of the processing field. 12.
The nethod of claim 11, wherein the guide mark is a first guide mark
corresponding to the first laser mark, wherein the nmethod further conprises
provi di ng a pl unarying tié figglilakerpath o a2 sebord fases pattdtonbringthenienagfe oftthe
plurality of laser marks. K 13. The nethqod of. .claim 12, wherein tchi ng each
bt 'L e pl ural i ¢ Jos" TRECO Aancaent s SusR shemm el e SeRenBIRRer 'ty of
gui de marks at GRRREbIBspOISIRY & sEEIRT St atafadpt | aser proportional
factor along a first direction and a second laser proportional factor

al ong a second di rdsfeinainingLithet satof lsey compengating factonstfeom ithe firsliandct i on.
14. A nmethod for directi | r. beam onto a workpi ece at a predeterm ned
| ocation, the net hoase§8ﬁ’§%ei‘?ﬂ€a§t6r oviding a set of design data defining
the predeterm ned | ocation; introducing a set of conpensating factors to

t he set of desi% data to generate a set of nodified data;, and directing
the | aser bleam Uit tethed abelrjin dOewhatia ths lases markiis pdigst lasgranarkis- 15. The

et hod. of ol 2l BokeplE B 4 BEcFby 8P ARELAgpl BB LR OR fdes 2 oet

of vision conpensatl ctors and a sé aser co ctors.
method further comprises providing a plurality of laser marks corresponding

to an opposite border and adjacent borders of the processing field.

12.  The method of claim 11, wherein the guide mark is a first guide mark
corresponding to the first laser mark, wherein the method further comprises
providing a plurality of guide marks each corresponding to one of the
plurality of laser marks.

13.  The method of claim 12, wherein matching each of the plurality of laser
marks to a corresponding one of the plurality of guide marks at opposite
borders determines a first laser proportional factor along a first direction
and a second laser proportional factor along a second direction
substantially orthogonal to the first direction.

14. A method for directing a laser beam onto a workpiece at a predetermined
location, the method comprising:
providing a set of design data defining the predetermined location;
introducing a set of compensating factors to the set of design data to
generate a set of modified data; and
directing the laser beam onto the workpiece based on the modified
data.



16. The nmethod of claim 15, wherein the set of vision conpensating factors
Is obtained by matching an image of a calibration mark to a gui de mark.

17. The method of claim 16, wherein the set of |aser conpensating factors
is obtained by matching an image of a laser calibration mark to the guide
mark. 18. An apparatus for reducing a positional error of a |aser

processi ng system having a | aser assenfBy and a vision assenbly, the
apparatus conprising: a calibration jig having a calibration mark; and a
gui de mark provided in the vision assenbly wherein the vision assenbly is
fixabl e alt®ng aHe method of cainpad hwhesstd thinsat sfefonyderdating factormindluiase dat a
to capture an imge ,of the calibration mark, wherein the first vision path
is variable to aaS%&fd’r'ﬁiOQPQmﬁ"E%Wg g K A sekelager GRIBPENSAlNGoor di nat e
data to match tihgoidmge of the calibration mark to the guide mark, and
wherein the set of design data and the set of nodified data are to

determ ne a vision conpensating factor for reducing the positional error.

19. The apparatys of .claim 18 erein the calibration mark.is _a. fir.st
cai i brat b it RtiadniRia 8, Sher e ssta Fich coRRAESpg EEuarS
field, wherein ghigineddy atthir)lan irfade bf BRaliBRABRINMS% 18 huitadIrhatk. of
additional calibration marks “corresponding to an opposité border, adjacent

borders and corner areas of the processing field. 20. The apparatus of

the f1rst ari o Msfhatbofdaffis Miofid v hatdidrTRne g TAEN B0 e
plurality of adwbtaiheddy ragiciihgai ifageehadasaraslibrtiondnak Orthe guidd he

plurality of additional calibration marks. 21. A nethod for calibrating a
scan vision sydbaik conpri sing:

18.  An apparatus for reducing a positional error of a [aser processing system
having a laser assembly and a vision assembly, the apparatus comprising:

a calibration jig having a calibration mark; and

a guide mark provided in the vision assembly wherein the vision
assembly is fixable along a first vision path based on a set of design
coordinate data to capture an image of the calibration mark, wherein
the first vision path is variable to a second vision path based on a
set of modified coordinate data to match the image of the calibration
mark to the guide mark, and wherein the set of design data and the
set of modified data are to determine a vision compensating factor

for reducing the positional error.

19.  The apparatus of claim 18, wherein the calibration mark is a first calibration
mark corresponding to a border of a rectangle processing field, wherein the
calibration jig further comprises a plurality of additional calibration marks
corresponding to an opposite border, adjacent borders and corner areas of
the processing field.

20.  The apparatus of claim 19, wherein the guide mark is a first guide mark

~ corresponding to the first calibration mark, wherein the apparatus further



providing a calibration mark; providing a guide mark corresponding to a set
of design data; matching an inmage of the calibration mark to the guide
mark to determne a set of vision conpensating factors; and nodi fying the
set of design data using the set of vision conpensating factors to
calibrate the scan vision system 22. The nmethod of claim 21, wherein

mat ching the image of the calibration -#Mrk to the gui de mark further
conprises: fixing the scan vision systemalong a first vision path based on
the set of design data; obtaining the image of the calibration mark al ong
the first visi congarides a plarslityof abditibnaksguitdé sarks path coarespsedingdo vwhei on

path to align t i e.of . the calibratjion rk with the guide mark
wherein the sec‘gﬁﬁe\gﬁg‘?mﬂ OfSQBﬁ'OEBL?Q?ﬁ%m"gE“% set of nodified data; and
wherein determ ning the set of vision conpensating factors fromthe set of

design data and the nodified data. 23. The method of claim 21, wherein the
cal i br at i ¢#l.marAk mathed faralibeatingta acanmisionesyisteror c@vpdsitghg to a bor der of

a rectangl e processing fiel erein the nmethod further conprises
providing a plur aﬁf V)'fﬁBQ accg(?ipl:ﬁv{@m @ﬁﬂﬁar ks corresponding to an opposite

border, adjacent prviterg aajlildé aidRcone8psndhg té RssdliPeesindathi el d. 24. The
nmet hod of claim 23, wherein the g*w de mark is a first guide mark
¥

correspondi ng to M#ching an imagentdhe salibratien markteithe onidenmadol® f urt her
conpri ses providing ot _nlﬂhg|ai éé{ ocffvi%yril gg@ggh%"%gtﬁg{%ﬁ&pondi ng to one
S. - - .

of the plurality of “cal'ibration mar od of claim 24,
wher ei n mat chi ng emodifpihgtthe spt of désigy data using the set of vision compensating

factors to calibrate the scan vision system.

22.  The method of claim 21, wherein matching the image of the calibration
mark to the guide mark further comprises:

fixing the scan vision system along a first vision path based on the set
of design data;

obtaining the image of the calibration mark along the first vision path;

varying the first vision path to a second vision path to align the image of
the calibration mark with the guide mark wherein the second vision
path corresponds to a set of modified data; and

wherein determining the set of vision compensating factors from the set

of design data and the modified data.

23. The method of claim 21, wherein the calibration mark is a first calibration
mark corresponding to a border of a rectangle processing field, wherein the
method further comprises providing a plurality of calibration marks
corresponding to an opposite border, adjacent borders and corner areas of
the processing field.

24.  The method of claim 23, wherein the guide mark is a first guide mark
corresponding to the first calibration mark, wherein the method further
comprises providing a plurality of guide marks each corresponding to one
of the plurality of calibration marks.



calibration marks to a corresponding one of the plurality of guide marks at
opposite borders determnes a first vision proportional factor along a
first direction, and a second vision proportional factor along a second
direction substantially orthogonal to the first direction. 26. The nethod
of claim 24, wherein matchi ng one of thg plurality of calibration marks to
a correspondi ng one of the plurality of<gdide marks at a coner area
determnes a distortion factor of said coner area. 27. The nmethod of claim
24, wherein the plurality of guide marks are distributed through a
tmo-dinensional scan vision field. 28. The nethod of clain127 wherein the
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scan-vision fi Qiaﬁbratlon marks to a corresponding one of the plurality of guide marks at
opposite borders determines a first vision proportional factor along a first
direction, and a second vision proportionat factor along a second direction
substantially orthogonal to the first direction.

26. The method of claim 24, wherein matching one of the plurality of calibration
marks to a corresponding one of the plurality of guide marks at a comer

area determines a distortion factor of said comer area.

27.  The method of claim 24, wherein the plurality of guide marks are distributed

through a two-dimensional scan-vision field.

28. The method of claim 27, wherein the plurality of guide marks define a full

scan-vision field.

29. The method of claim 27, wherein the plurality of guide marks define a half

scan-vision field.



