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FOR LASER PROCESSI NG Techni cal Field [0001]
w@ewenaoBey, the present invention relates to | BEEUS2007/067945
processing a workpiece. Particularly it relates to
| aser processing apparatus which provides at |east two
substantially i ndependent workpi ece hol ders. Mire
particularly it relates to | aser processing apparatus
able to mani pul ate at | east two substantially
I ndependent wor kpi ece hol ders which allow two or nore
wor kpi eces to go through different processing steps
si mul t aneously. Processing steps may include | oading,
aligning, mcromachining, inspection or unloading a
wor kpi ece. The present invention allows for the
m cromachini ng of one or nore workpi eces while one or
Tor e adMIET R ANROARBABATLISFOR bASER HROUZESSIWer
processi ng steps without substantially altering or
del ayitRghQxgr|blg Processing. Background of the
Invenr“TF‘Uvo%'l 0 Laser processing is enployed on a
[0004] i eGenefally twt present idesnitaesrelatestdiaseeprogeysing et wokpiece.
ffects. Typically electronic deyice p
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wor kpi eces. Exanpl es of workpi eces inc
Progeshing ARDatates RIEde snanipulatecat least twp@tmbdtamtlaﬂ)n@dependent
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and fromthe particular apparatus perform ng the [aser
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Worhpmessaragomgcthmim dthadprogeting sWsKth@ sabstanti&ig altering or
aratu i gni ng the workpiece to the apparatus,
delg) $8Wﬁ§ailgfr G?r%”?gaser processi ng, and then unl oadi ng
t he WBEKR:BGRd b 48 Ihen@ppar at us. Laser processing
can be conducted on numerous different workpi eces
[0002] nglaser mgseSmﬁﬁmplbye«tbn@vaxatyaof elegtrofiic devices to achieve
se rocessi i ncl ude | ase
a v B B R o TRl h g RE BR G AR IR Al KTouSesteass of their
magdifaetire h@'s@:b@ﬁa@hﬁ@ﬂ MbAaf 8P 6OBeAithl cdmPBheRR TEAIRPBG as
PCT/ US2007/ 067945 ~ | aser processing of a sem conductor
WORRIESES t &Xaftnies ol werkpieges ingude semivgntuctoowaferheprinted or
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ceramtcmmhomwmm amongnsthedy. ne dewerd OWorlklpiédeﬁ‘,daré @onveyed to
sem conduct or_|inks (fuses t her nal

a“dafﬁ?f@&'ﬁ? rﬁ’&mquﬁrrﬁﬂpﬁ@atkl%@rf%n@@r’rb%ﬂﬂﬁw@rOQﬂSSIHQ either individually

or in batches, often being carried in cassettes or magazines that can be

automatically unloaded and loaded. The term laser processing includes loading the
WéQ(piece onto the apparatus, aligning the workpiece to the apparatus, performing

the laser processmg, and then unloadlng the workpiece from the apparatus. Laser
processing can be conducted on numerous different workpieces using various lasers
effecting a variety of processes. Examples of laser processing include laser

processing of a single or multilayer workpiece to effect hole and/or via formation and
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scribing or singulating wafers, including silicon, or
substrates, including ceramc. [0003] Several factors

waletognsioge the desirability of a |aser processPemUS2007/067945
apparatus. These include accuracy, quality,

laséﬁ@*@bb&hﬁg of hesehhtbnductdnWafeh tOEgERYWafed BRAR) é‘r’ §iRgulation. The

i ncl ude such apparatuses having nul tifuncti onal
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stra processi ng I s
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profSes ShERBInT oL e B VR Winmaenaremayel Asgodtication. It
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wor kpi ece an arbitrar
workpigees, waiting 4or mephamdallc&mﬁ'wmatd gettle wmmngmam Add

waifloq ISP s G nET HEEaic Gomtta o Soife, elényiaan 2Ron
4heeten, a netal nitride, or a
pov@érln\gleLru]%?f gﬁﬁgnyggi I\/bttﬁl layers 12 and 14 may have

[0004] ¢k Mabesial remavalaatesoior wisciormption lrempmlw sabstiatesdy laser

ol M GRERL N LHAo0uP 6 3Tk e bein

processisgngdiaichl i9a g@(mt@nddféfa@t@tsr g@néfaﬂyebey’rﬂnow@borﬂ@l of the laser
cl obut ane (BCB), bismaleimde triazine (BT),

SVSEGA*%I‘%% PEr. Bidey Shaws a5k exemplagy mipiayer workaiass! 10:0f an arbitrary
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WO 2007/ 1 86 P /U 2007/ 067945 ers
Plat Rt HiVEle CRAUDY (G103 & P e ST GambRetRRyNgieor. Meta

laydiSt1oesiy fbetdy haife ﬂﬁmkﬁﬁgs@@%tt arSROWREN 4RSI LB Sout

dlelectrlcla er may 1 nclude a thin relnforcenent
36 wonpuhiday may be thmner than 9 um or as thick as 72 ym or more.

[0005] Each layer 16 typically includes a standard organic dielectric material such
as benzocyclobutane (BCB), bismaleimide triazine (BT), cardboard, a cyanate ester,
an epoxy, a phenolic, a polyimide, polytetrafluorethylene (PTFE), a polymer alloy, or

a combination thereof. Each organic dielectric layer 16 is typically thicker than metal



| ayer 18. Reinforcenent conponent |ayer 18 may include
fiber mitte or dispersed particles of, for exanple,

wW@e@nilsho8é bers, cerami cs, or glass that have bRERUSZNOBO67945
or dispersed into organic dielectric |ayer 16.

layees N2 @ndene nT he thipkmees tof baysic di%lécﬁrlc ta¥@r ¢8Inhay lB'éJBEtween about
t hi nner than organic dielectric |ayer 16 and may have

304 @ndiahoss 168&EHM.i s bet ween about 1 pm and about 10
[Omg ReORIMIECE @Fé@trlé@g&g‘ﬂ égfnegﬂ}{clﬁhé% tHfﬁ lfgﬂbfc%%%?%o%%onent
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el G e EBTHIS ATa0te D a5y erenies. of §lasadnoLiaN 1 B aryioven or

dléb%rééu iREd8iganid WiBRRAHd AU, R@ﬁfﬁéﬁ%’n%?mﬁgﬁent layer 18 is

non-|level . "Stacks having several yers o
tyniajirimnechuihénnastthar orgamic dnetaqhimllayelrr%and ongohave a thickness that

th ess t hat |s reater
s BRY RN DDA AES abolhed urt; REMRG et matsid 5 ahaan be
intagiugsd esanpdwdéminid Grgahidd@sietiritdaydraper Rem‘f&@ew@nbﬁﬁ@é\%ponent
i nvention can be practiced on a workpi ece havi ng any

layged Priegluding e P ¥rdeara jeintorcementudaiegabmely gl roncaptiguous and

noRRedhate. [0008] Material renoval rate for a |aser
processing apparatus is also limted by the per-pul se

[000xer Lﬁayersgyz a\ileabhd 1ﬁn1daybﬁbSr@teﬂ@l@Lﬁdﬂc@ﬁthﬂilL% RogI uniform,
[,.ncr cessi.ng throughput can be acconplishe
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retﬁ!@)%&ﬁeﬁwcfnh;%r%?ﬁ M&eRAY 8BRS & gétagmcon‘% ‘gﬂeﬁ |sebnte%?ér than
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2 oot h‘\ltmghﬁbetarblaemwoﬂmmel 10 q;hcm:eas iangexapm|é daFigonas five

ayBROTHS presel gt o pepsaficed o avernista ey gy desired
nufriber ef lybls, hﬁ:mn@élmmbwe@ sQbstikeri al renoval

overned by the m ni mum Eﬁ se energy needed to cause
er Mateflehwmveérﬁtetfqarea Rr nmepamgeanpepmusus also limited by

Mt i b T
throagrmutlcan afef aﬁdoemblbhed ey hnsrbaghg ahe mﬁdfé@ﬁéﬁ@ﬁlﬁn rafPat pulse

%1 erformance paraneters l[imt the
e”?"&lgéﬁ ég SPHEE %?@hf Y eghercémiatt@ﬂ th@mmg]vaponzatlon

or é\%@HWatfoﬂcdefotﬁf ?SFHOQQI ?¥%t L‘?gEDdt iRPYERY QﬁpI%aL%z , é\_owever,

processing apparatus 1s |aser p05|t| nim

pulsaseergy iscppsoxigatsipiroersely propolrtieal th pelkkirepetitionaass. As a
[ [ a morkplece and

b J |
resgf3aE wh HrrMeiniyBre of raplec el Sovemmeskoybtsginimum
pulSé en@f®) ndile3e®- callke Hwé’t%ﬁél r@ﬁﬂi@al %n@'tﬁ@ﬁlta%nﬁ% di& repetition
specific point on the workpiece by novin
rateuek Whickctaat emergly as avaitsblan Seleatl@mnf)iaaats amtewrfnshﬂtplullse éhergy

o BB R0 THRER ) TRl B3Shr R otrer
peffdremandegeeameters which may limit the laser processing system designer’s
choice.

[0009] Another factor affecting system throughput of a laser processing apparatus
is laser beam positioning speed. Laser processing typically involves directing a laser
beam at a particular point on a workpiece and operating the laser for a specific
duration or number of laser pulses. The laser beam is directed at the specific point

on the workpiece by moving the workpiece, the laser beam or a combination of both.
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processing is acconplished and subsequently directed

to a next location where further processing is
waewonplosched. Al ternatively, the |aser beam negI/bg2007/067945

directed to nove substantially continuously with

Thedsgediednd chh®evdifdepiErea spbeifit RRetioRdAthe IWiﬂkplece where laser
describhing a path on the workpi ece al ong

ProfeseBgss ﬁ&cp@pﬁ%*&ﬂrﬁ'ﬂql §H'%$P%5?n”}z5@’|'r§PW@ 9 %@X’&é@%t@@ where
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I aser eam an aser processi’ng
mayvers tissamtiady aoptunquiusd;mwdh In@fspiact totha wathpwceothd laesebeam then

t hods. t f these nethods is
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. Both the | dth
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decr easi ng syst emthrou t each't
lasenpower onenemen‘ateetoes ano«:esmngﬁ)@ mmtlmr vaseh powef ahd verify
Ilfetlrrestha& relativel

tha lgsd BT abeBlig8 withid Bdesety Derdmctero, BaMdne dasass age the

poWBHénerdy&féé@to?s’ &)ﬂtMﬁut‘é&b's){/sfe%ﬁ Be&HREE Helcali§€ el fedPtime to
idle for prolonged periods during system

sta@ﬁ@ﬁa&ﬂ% Reinguismnedson dhereky @ﬁﬂﬂeamn@amtnfg} URD@llthett esch time they
ard 00 o8 R e ARRULc R A b UG PR v

relaﬂwsymhmrtdd antdgadpyiolal teaRrs lerfgth of Anhees afe tirfkd@n. Thus,
ramfor a prior_art apparatus that | oads,

lassfsggr@s%@aém rges @é‘d&th%rafﬁ ite essdlesf@wa@ﬂﬂngm rgenods during

oy SR o B AT VIR ELS, 2
[001ddui rByctern tbromxgbset eamabbmaaﬁuemw systéimeoveth@dgt. alhis
inc@fyggttmﬁ% (Pefchgregég Iagggalllggia(er{q,ﬁ?r{lgé \S/\fsgalfrnpﬁg(é%) Iél%t 5 SshIO\S/vs a timing
diag'rérﬁ Fbing pn@F‘Qrt"@pta?é"cgs bt I(BeliB’s lRS&ssks a%@tl}r',l@ad%%&ttk?g@ces

I) in relation to the tinme spent processing
sequentially 2 Examinatiqroofthe tisung chag ehopndo mum@veytsttbatsa

s By Al G e R B3 n ) PR b eaies s iage iodm in the
disgpararaattite 0a6Th O & thdeVprddseing agpdriRisaP BesMdiSthe overhead
descri bed in US Patent Application Publication

actiiifesy efdoasdingealigning eandpraiingseming lagerdp seitie 23 (timaRdo ty) in
rel SRRPAhESInH SELASHEcdssing 22 (time t, — ).

[0012] Some laser processing systems apply more than one laser beam to
process more than one location simultaneously. An example of a prior art apparatus
employing two lasers is the apparatus described in US Patent Application Publication

2005/00985496, “Laser Beam Machining Apparatus.” The apparatus disclosed
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WD 2007/ 130986 PCT/ US2007/ 067945 therein has two

wor kpi eces nounted on the apparatus and processed
w@reohs@seously with two | aser beans. Fig. 3 SPOWESH07/067945

timng diagramof this prior art approach to

tharaigr kasstwegvekpinega poouried pndbe sppaptusendwrigassee s

s R85 S 1T P R S5 S P8 i Brio an
apbh}acﬁaﬁmdreﬁ@ng Bﬂbbgmﬂﬁy OBEsSH @t/ ® WIBEDiSEd é’lﬁwdthﬂ@ously
periods 30 and 32. Both workpieces are processed

Th@lliWPﬁkﬁ“Q'inﬁé Iahaled WP Band YMP2slenpie pr@ge$s|n@ beingrappiied3s two

wolted T, aane sERIe RhES RPN O TR B8 U TR EiGRs o0

and&z. vidwth mwkmeomaw ﬁrodessetgdmnlrrg?tlme@felnods 3425@{136 4Buring time
ppa atus can |eId up to twice th

Pefiof g ARa (0ot Wetkngres Sienvilandst Abd namwarspiacas ase loaded

intEXAEThPSAraf. qﬁrob@@slﬁ%%'iﬁe @U\/@% g/ghdg'ﬂef:écg o%cﬁlts'ddémg time

shows substanti al tem over ote tolo
pereds 42 kkoddidn g(-\ltkmllgmtblswparﬂus icag yield sipltoadicartte lﬂmbogtiput ofa

sinblRelioR priBCFh 3nBa R mPLTSaRR e 2The FBSF e rie 3 st
shows 6aBsStaAtifIeYEtern SvePRRb IEVbiedOb loadlHy BadamIGithd WeRdlieces.

| aser. and the optical and nmechani cal Conponents
Durigg iinis depd and gnlogdttimenthe lasers are ot pmqelseln@cwwhp@ce$ and are

oS 5 B o OSES H 0e Br lBpis o

addifng &3] adﬂmmeal izseaandnihé opticy amaeﬂeéwmm cappnahtssrellired to
| aser processi ng of electronic corrponent S,

d"g%mé% |'%§e(5 eARLiodhe MPTkpiEBRgIt still Waem nabavRjd the prrgesaing time
del%&lé‘ %@o&éteﬂ%ﬁmﬁlrﬁﬁnb %%eénobﬁﬁgﬁlz%a tﬁé %?sc‘ wor kpi eces

i nproving t ilTizatron o aser and opti cal
[Oodéiiporﬂ'émre is ésuummyng)ﬁee@ éorl anvapytaratus[foOpdiforAting taseet
i nvention is, pr ov

preshit BT Bhis Rl o Eeéfﬁfe%éééwﬁq&rgyg@%wﬁwsmg
eitheTy @M?Fé émewﬁ%ﬂﬂéeﬁlﬁea?ﬁ@ﬂ{ §§woﬁ{j}? @gzg@ nZd Pﬁ the

or nul | aser beans by | hproving
utilizatep Oéth;e l@gew @r@ﬂ oplieshsormpenentsA further obj ect of

this i rovi de a nethod and a | aser

proce %YSME I}' S ch provides multiple functions
[0014] a ﬁm@bjéc‘t&ﬁﬂlﬁé pratenMirveation il eesrafré ot drbAde RPkthod and

To achj eve the foregoing and other objects in

APRATEBISIRRBSET RIQURSEIRG SYEtEHoYES iPraves hrasghput of apparatuses

erbRYARS 408 AmBNBRThed A PEO A IR REeh L5 Bha opica
compoeemtsoﬁ\ ﬁusthar nbjeb’oof taisdnvertiparigto prdvide 8MRstRSE iahd a laser
ieces with a, laser bean}“é,l ncluding first and

profBEs R SPERAILE WP Mo HeRen tHRIeVBR Hsne e s Sinale aPpages without
de#}ﬁémgﬁﬂffcfhgh-ﬁh? Té 'é%gle‘(}@ "tl'fé’fcﬁéﬁ?lhé an'dQﬂH&dotg?ﬁg if Qgcordance

rst” stage, aligne beam p
with thee pegiosgs Ioé thenpres el ineentiom, Bis restbosiedk phe beoadly described
her%H %nr%%thod arnecl gpt);laa(%gtuts% tdpseclosed%\rergl%arﬂ%ﬁtn\r/]ert]tpoen g%Cr%g?hod and
apparatus for processing workpieces with a laser beam, including first and second
stages for holding the workpieces and a laser beam path. The first workpiece is
loaded upon the first stage, aligned with the laser beam path, and processing begun.

While the first workpiece is aligned in relation to the laser beam path the second



5 WD 2007/ 130986 PCT/ US2007/ 067945 workpi ece is
prepared in relation to the | aser beam pat h.
woe@crywsng of the second workpiece is begun BSI/ESNT/067945
as the laser beamis available for processing. Brief
wdmRpieEe i pepafdd inhelddoaonas Iis‘é@b@hn‘F [b&h :Prbée@ng? Bfthe second
view of a nultilayer workpiece. 16]) Fig.
WarkpieAg idPedinas spemiaAdhe taser @ﬁarrps @ueé@blﬁg‘om ﬂ)ﬁmss$log a

g“ or gliks pSlibn |1 7R PPARH g|Slogg zﬁtg:nocgggllz]g i

[00151es F:grwsam lend vew of dunalitilayeewopie®ssi ng system
18] F| Is a timng diagram show ng | oad and
IO‘H) cesF'Sn ig ?ﬁlﬁ@n@ glagra@ S*}ﬁw%r‘ﬂaq %ﬂfiequ@ﬁsmpdmeﬁ for a prior art
of a preferred enbodi nent of the
s rléélsaes%tr bfon%gﬁltn?%x.gt&FYOOZO] Fig. 6 is an elevation of a
[OQtEf erlrigd3 éarddidiing diagoént steowing foent andwrtessing tinhédRt h prior art
Fi Q. s a .schematic diagramof a |l aser being used to
duﬁ'l %FS%@?Pﬁ?—J”SSyWWpl ece. [0022] Fig. 8is a
e Cc |26
O T aagr + S, 2aaAY Blad i SLRANG ICRR! A PRZSebRg R o the
PrQﬁerﬁlﬁMﬂnﬂDhayer substrate after processing wth a

[(#@er 390%%1%854'12‘66@ fld”1 P%fsr?h F\i)pggne%go@@%lpﬁ%sent invention.

[0G2d]st rRiges is S kriviation @&gfré@r#é@i%rﬁbo@h@‘rﬁb‘f &k present invention.
Enhodi nments [ 0025] Fi is a sinplified parti al

[0Q%Hendtioc/ é agebamatic érqgram cfidelgser being piserlde meigromachine a
wobikhadi mrent of the present invention conprising two X,
abl'es 70, 72 holding two stages 74, 76 each of
[OM]C h ign8 o dchemific etesamSof tR0,lagers peirig Wsdd/to crébf two laser
Y tables 70, 72 are independently controlled by a
be @m?trol ler 73, which may be a conputer and which
tr V, :
© "”’%ﬁ‘i‘% G el R 1 L ALl RO Fat D proggseing
withralaseaded and unl oaded from stages 74, 76 by | oad

AT, g S RS R 50! S0 T8 it
or 8¢MSB2ulpgitéd oned to | oad or unload workpiece 78 to

or fromstage 74 and the dotted |ines show | oad arm 82
posi t i elated Descuptipmef Rirefersed mtiogireeatsso to or from

ge 8. = Au [
(G257 HiG: 5 5% SAREL ftaschefratis iadsitor & Bl ey of o
preférrpd @emtitemenpoiatbesseskent invention comprising two X, Y tables 70, 72
holding two stages 74, 76 each of which can hold workpieces 78, 80, respectively.

The X, Y tables 70, 72 are independently controlled by a controller 73, which may be
a computer and which controls the operation of the various parts which comprise a
preferred apparatus. The workpieces 78, 80 are loaded and unloaded from stages
74, 76 by load arm 82, which can move workpieces from either station to and from
autoloader 84. The solid lines show load arm 82 positioned to load or unload
workpiece 78 to or from stage 74 and the dotted lines show load arm 82 positioned
to load or unload workpiece 80 to or from stage 76. Autoloader 84 is a device that
holds multiple workpieces and, under control of controller 73 provides unprocessed

workpieces to load arm 82 for transport to stages 74, 76 or accepts processed



wor kpi eces to load arm 82 for transport to stages 74,
76 or accepts processed 6 WO 2007/ 130986

w807/ 067945 wor kpi eces from | oad ar m 82CT/082007/067945
storage in autol oader 84. Gantry 86 and attendant

wo?;?éib%@fr@mﬂ@&d %*ﬂt%}’%f‘?_ foi stdth e m Mo[?%rdeF la@r gf%ngtp/[aén%?%?é attendant

. Is asinplified par schenmati c .
pafts @ie net sheowi in this vieprfof elaritd enbodi nent conpri si ng

X, Y tabl 70, 72, .hol ding,stages 74, 76, i.n _
0048, 0 p? g's%'ﬁi?&i i S?E,e”%@? AR %é??". view of this
préfantet emisimehtsompasing BRam, arfabral 70, 735 BBling §t§gé§¢4, 76, in

vi deg assenbly 90. Gan?ry 86 Is operative to direct _
tumadlding @awerkpisces 418, 88swsbegtivedy. t Ganirer drhelds tasesibensr optical

' : i i, - KRi
osHBEH 858y o0 S5BARY fo B e BBl HEIER] B58r b
optisal@zeembiyves tomidroreichime olihde wongsiecd 7y dnc7>s6t é 9111 _,(%cﬂfd lines) or
wokiies B0 oh 8% po et s o Sugiarha theiaarin s oRsiaive to direct
okRASBAIENER A0, BY R BTAI n  oRBle SRSl T i oo
or pforktieca 18 parstagenvéridotied lindsy. headadnaBRlandpp@icides 84 are not
S@?ﬁ&ﬁ’ﬁ?%@&%&fﬁ' ngle and nul til ayer workpi eces.

%ieces i nclude thin copper sheets,

[om(;yi Thigis Phertedf dhbotimehd oftheGhEthABInve RIH. itﬁ?‘fﬂe@?‘?@d and
an . an

other netal pieces, such as alumnum stee
appa@tWbpAmBIacess bothosinglerandamuititajies workpindesre8ingie layer

wolfit SEhEREE toidigpoeR¥FerbBlaRE b PR e nRleetoa

appidations, 4M08Bkr hasterpiptas 8a6h BY aluRInG, |sYed Oa%d ﬁrre‘imgblastics,

directi ng a |l aser beam at particular |ocations on

forgsineprldedistny a1d wedical applisgéions Mudilayarunrkpieces inshidesa multi-
; ' . ' ar anet er

chigRnSL s (VICHL KREuPbo S o inRoEAAE BBITo 2! < ance.

[0028er Lmsecpaxiesgingftypithigr cwrsists bbdirgetinged lagepbeamaiarticular

. [ tenti al mul ti-step manufacturing _
ocBHERe b Bl ket ehbra oA Tk b s s meri
rerAb@al 3f @BHngihg EPYREs MabPghbhRier ﬁ’(ﬁﬁ RASkpietL Fbr example

| ocati ons %o be processed on a workpiece are defin
electrical resistaince. heaseymiptassing funthmrmopeyrisitgpicallyl gnly one step in a

ol gL Eut 8eB mBREL BuR s A Bl R BRT A ree o
woBgsledEs Srecddded, M@hol&d 6F ARRIFRJ2SEREpAiBAIaMdBtibREto be processed
apparatus and the nmanufacturing process, once a

ongoNRisPiese arg definae delativeta the wyrfspiese vs mereepaaticulaiy relative to a

o541 68 LR B0 B AL BBy g

stepsD Becatibabf hermgaldakeeanddsarssdeiatacbdlith Md gpparatus fiehe
to,the f determning the |ocation the workpiece

ma&#“%‘eféfﬁ PO§RSE ARG wprkeieceis eadesspriethe gpparsdus, the actual
locBRERbAtHESWorkpiece or a pattern on the workpiece may differ from an expected
location by an amount that is greater than desired. Alignment refers to the step of
determining the location the workpiece or pattern on the workpiece with respect to
the apparatus.

[0029] For laser processing applications to perform their processing with the
necessary accuracy, the workpiece must be prepared. Preparation is comprised of

loading, determining the rotation of, and aligning the workpiece to the laser beam.
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[0029] For | aser processing applications to perform

their processing with the necessary accuracy, the
WoRrRp3mee nmust be prepared. Preparation is COPEI/USEM7/067945

of loading, determning the rotation of, and aligning

Onenwawér ﬁkﬁ!@&@ legek h%amd@trhth@e\mkpwm KDOTE amre} ased

mgag%éﬁéﬂpgu%g%ﬁ 1 ¥‘Q§/e éQlloaéo @J}nérqﬁg ed 5t the workpiece

pIeCGIS O use a Vi slon

eitheathuowgrethe Ias@sb'@am wptis ot thirsugiaarothey Béﬁ@f @RIFeI A HeSworkpiece
ei ther through the |aser

mayaS gt Resog A Ewg ﬁ%@rr@ar@esoraemag% AL idupad power, or by
Otmnlbﬁtlﬁ@eTth&ﬁCérhé |€§|I \kgé’oﬁﬂ%%tégpfoké EQm#)ﬁﬁa(? which acquires

beam sonetines at
the vigheidaga mT¢hlgltal| fde‘o aﬁdrmoaes&stlytm cd;eatbrrymedhe @ceask fozation of

R KDL BEE g RS S0p e BB e
sub&@aéids udfized ﬁﬁ!étéﬁﬁmbﬂhé et RcatiBhs B SMe opd{dré% lignment

alignnent, this vision-based neasurenent subsyste
tareﬁtﬂ thabalreasyexisl on He werkpiaseualypicallyt akgnmerit targetoor fiducials

ar%éﬁeﬁé@ﬂ%@% %ljg e‘?Féﬁ H f\&m éc[%at%%%giﬂ t? q%ﬂ&%&p f.3 previous

manéaaatlm@pr@cdsbaénweeloca@@ise@ sEpidtesyed KPtRCRser are defined
{} the course of a previous manufacturing
thb r@g@% t

0 dheps RE9stsc é\su 3168, koowledge sd é\@@/efbewgﬂﬁ@nt targets were
trah@i%%e@rf Vr\}lﬁ*?rf\élf‘%% rLset%DtﬁBEe bt Iﬁbﬁg 198& %ﬂuné@ alignment

such, know edge o nrent rge S Wwere
can barusedrtoettémune mmnsfmmmmnl fuoamomusmappwgqmach &then applied
be used tq

to H e AR 0P SHuPD fratipER o5 v B S BRRBDISraried Arecisely at
thd GediRRNpGIRPOH B¢k wbﬁkp‘iét% dtgﬁﬁjnpﬂo%@ém r GheSbo%ks throueqh which

| ocati ons so that the eamis |rected prec
actyel aligiunereistargal kmhnﬂs @re identified kqotyem!l;d mferrgd to as the

‘o AR T esr B RIS st R AHE R Prariting Bomy edpaljocations

is typlcally esfetredas akhie “alRjnhesHiRIMorltamt ne. " The resul ting
transformation or map fromthe ideal locations is

[0G3Q; cdnithe ﬁw@?ﬁ%@&eoP%WPH@leCeﬂ ¢ajhhe asswungdito bam rigid, planar

t t
ok OBy Sl PR w et W AR I gose e
mdﬂnmmth:xilaelatmmﬂnp rbesvp@@t tH@eiﬁ&t@b@ﬂh@hU&l IdoatibRios the
ase the  nmat he tical relationship between the

834 8pd dre apivrhal Messweddacaion an basKRrisseed agmn affine
traﬁ§FoHﬁ| I%e%?&%‘éh@ﬁ’up lf‘éﬁtQ'eofh l%nat%sﬁ?bof)@tﬁ%% tRe sian

fine transform atlon I'p 1S afrfing,
CO@r@lmﬂtesa pbaimedsares pnint hed e tesidimates obitsl homtires |@fatian can be

nt _and the coordinates of its nom nal
expﬂgggﬁ gx t'@%hn%%reoé@g'io%sed by the |inear equations
X' =AX 5Bk +By=PCtEy+F  where x', y' are the
coordi nates of the nom nal point, x, y are the

coor divhatlds +dty e
where X', y’ are the coordinates of the nominal point, x, y are the coordinates of the

measured pointand A, B, C, D, E, and F are constants. This transformation can
handle situations where the differences between the workpiece actual location and
the nominal or expected location can be expressed by translations, rotations and
scale changes in a given plane. If the workpiece is assumed to be a rigid planar

object that is free to assume an arbitrary pose with respect to the apparatus, the
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nmeasured point and A, B, C, D, E, and F are constants.
This transformati on can handle situations where the

waledo7asmeces bet ween the workpi ece actual | ocap¢DOSENT067945
the nom nal or expected |ocation can be expressed by

tradnsfdipiaionanat relftbatheOmeaslfkd |§§§ﬂ|cﬁ1 GMB%‘&kaéc@ JS N Rominal

pl ane. If the workpiece is assuned
POsitiandp 2 wp@@@tlvpﬂéansf@rmat@@ whichdellows the gﬁrtaralrfarry

,th ratus, the 8 WD
288?/ 1309 Pﬁpbg’%ggf p_lp transformatl on t hat

rel ateg = tﬁxHﬁEaﬁHrFeﬁdGnesHymn of the workpiece to the
Is a perspective transformation

I
W%geqqaw of; Iyo%sbt ?Fg Lydnar@lr argran bove qnekGs Hgndi| @y alsn
coz/ﬁ'sf,é\h)t(s:{ gb)(h%ry mé):r'e %%Bfeé%g%lgbé %ﬁeét gvggg f(;h\;]ewklg?'@?f{g% |§| no longer
requiced tcabe aalgit plamarsigedts . THaskesojutivns eaadypitaly use higher order
exi st, where the workpi

' |
o Blfivs BiessHse e iRas O edfistMos, GpS the sydade e soraler
re?t@ﬂs fevRh GAMNicHssh b Q\BEFO%Q&M b}ﬁﬁ Bl@f %aBQfo%ﬁ%h b@vhat these

he surface or sonetimes divid ace i nt
mefRafs dave irgpmRwrearehat theraathaldacatios @fmmlmtmmnethedeanece are

. f. i on. t ot hods have in

o elr 1oL S RO R o thE Bomb RS oy b it et kgt of

acoorately elirecting a lasknidait ﬁﬂa@lé@ré@‘?cﬂia@idn\(dntthefv@drﬂbie‘éé s goal
the apparatus, with the eventual goal of accurately

capjhesa¢5onep ished $yrphysisally saying ter warkpiasstwigh respechts the laser

N e T T

the wekpled:mwnth dhe uﬁbnnbaitatn rgatding ¢|¢margﬂm§mfdf\m fvorkpieBe to the
s the er bea h respect to the workpiece

apwaf ufﬁéa "ﬁ%tic?rbr?t?(g arding the alignment of the
[OG@’gkp' TRE gbsl 6fhﬁe a lﬁ}ﬂbﬁf Fh%c%&s & ©HRhNAL 'V\%}{ﬁEc?%Ufhat oneor

31] Thé goal of gnment procCess i s
mqrﬁéas@;rrpq,;jq;@cwlllgmpum uma ovorkpiece at asimswpdll@zﬂlovu IHIowever

S N TIE SN N T T

aliyasent ire \n@w@de_\,msyrbbtan@aeg fﬂ@léﬁ\Ye tdiwé 188er H4rd "(‘)'F'Fefhter beam
t he wor kpi ece rraémeal relative to the | ase

Pafbavhieh is t@@é:rat%@ g Waich, hwlﬂwh pulses oy travel li)rtgvere to emit

erlRE A AP B0 PHLGR YU S it LRah s Fiure

anddmaﬁsem tetvapee dartiepler threeddimangdioharsize antiGhapee lﬁthls case
arti {;ul ar .three-di nensj onal size and shape. |n thi

aligjognt cempriseshiocatng padicylar poirts rg thavarkriees \A@ib.rﬁs@ect toa
oA SGRBIPISRE Y e BEciah 0 coBERAH M psing o
charsteritics ohthedleser beamcs of t he | aser beam [0032]

[O(ﬁgﬁt he/gl &EEF {a:%%eocft o?a' gqnnr{]rgﬁtt |sltﬁattaqt?1tou8l1ttrr1]eo goal ItS tgg ali gr? Ithe
workpiece with a point on the laser beam path, that point may not be known at
alignment time. Furthermore, the workpiece, or the laser beam, or both may be
moved by the apparatus following alignment but prior to processing. The solution is
that the alignment is performed with respect to a datum or known point on the
apparatus. In this way as long as the location of the laser beam and the workpiece
are both known in relation to the datum and this information is retained while moving

either, the location of a point on or beneath the surface of the workpiece with respect
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wor kpi ece with a point on the | aser beam path, that

poi nt may not be known at alignnent tine.
wo-rhaosor e, the wor kpi ece, or the | aser beanpCDUSDHO1/67945

be noved by the a ratus follow ng alignnment but
to g?c—?/ &set Be%md-“@é‘s%f? ﬁ@'?ulﬁﬁfgfs?o'hlétqaéwnir@,ay PR&XPliglk comprising a
. . . ecnact _

oGRS b AR SUAS: ehIb RRABE ) Bl g g voric
to eHaserdusn pathodr a kemessitansoasserdiy which as & kneee reltienship to

both known i.n relation to the datum an hi s
the Fisgr RERTORANE)y AL il etTE mek prpcatid Rz mpygable part o the
apb@fattis Muchfasta RidvVebRIWwephaRedbtbr BEckuK afte 8sd Bfere a

wor kpi ece with respect 9 WO 2007/ 130986 '
coppPNEshGoTh @6 ba fasear beans i axyedimsamonearknown location to another

oI TR BR8P bt e REPRAGE My ymicay
indexesdetweanh iapatiogs bhahvedr i@él_@memwm {hasest @fetﬂ@d%bi’btus is
r a caneral/lens assenbly which has a known

reé)%atabhvmmnp Alignragnt alwaky derenfsparan e exgtese pf aidatum point
or e8bHIM A% yBRN AFLREr Iﬁ:itb'q?\eé?ggériﬁ P bl {)Fb%ess of alignment

appar at us, such as a novea pi ece station or
cao theciccoTipdisbad by winysizally changing either thedbcatsort biethkassrkpiece or

the, F3h DP EERA B0t 17 PErACKEMASBET Py iseRicrle BANTIens information to
cakaffle the apPopaBleioRafidn oy @ir&dlhy lavfn!ef‘ ﬁ@téﬁtzto%to‘f‘@@ﬂot%gcess the

r
| ocations at which its alignnent v rest of
deaisedfapationios the aywkipiebey Thsosaiculaliorymayrite expragsed as a

oo SR T BR ey R o Prifet 4B % Brrefit adgiona
aligeineat stepoeBsr m’_ﬁméﬂiawﬂﬁéfore Qﬁﬂuhﬁ? 9@@@@5,1%@%@ the initial
physi cal |y changing either the |ocation of the

aligynrpt @ceonspensaie foraehanges dmalignmentdhat mayzpecheduring the

ProERETEE SPnHREE S1ehS Bl Bt RILRY Hhuigfgpoving
indexény, doeito evrodein slgrnestdssodiued id&ﬁﬂgé@st@ﬁ Byl rgiﬁm@ﬂ
R s S I b s o a o
5 8,00 i LA 3503 v 0
the edmpanentalin theieimal positiomde regtreprocessingnges i n

l.gnnent. t hat . may . .occur during. th rocess. This
oS R PR e Bt DESer RPREREy piding ot east
se€xadBlaBion WNre W dttontiNAskbiege t6W8 Proc&dsedlan tfb loaded and pre-
"all nment i ntroduced into the system by norna
a g@eﬁi:

ahbe saeontystadpasuhstestialihindependantlyl whjlena pre\idusik loaded and

a8 P olkdTBod PG HFSeP oy RSB SEBHS jpeay it

woslgsiecatsefiniélidu lsdihg erocé%@dpﬂﬁ&gﬁﬁé@sidﬂmaﬁb@é thd telative position of
ositjon to begin processing. &,033] The 1 nst ant

the l2oeNhPEYN WikriesReektosesesp it SEligR 59t aDlp enale thelpsat beam to

ik RSt FESORA08I A DR 1 8 RoREE DR R B b
relatia positieulssaaoni@ishgd ibydbe atatient |HowdNdreit & poetempletey that
soal"n%a;:?loergoc%il gg the laser beam optics or both the station and the optics can change
to the accomplish the change. For any of the contemplated variations, the change
can be rapid enough to occupy a small fraction of the time required to either load and

align or micromachine a substrate. This yields at least two benefits: The first is the

10



aligned first workpiece is being processed at the

first station. Wien the first workpiece is finished
wheing3se©cessed, the apparatus changes the rePE/US®07/067945

position of the |laser beamw th respect to the second

obsioat itiie BAuaton angtaRbeyUdit ilResde Ped/RdR throu?hput due to rapidly
m cromachi ne the second workpiece. In a preferred

dirggigrinedaser haar paknaigbeiwprkpieraandegimiing tsnmicsomachine
: : ian. r. it 1s . :
wBESOIRING REGaRlol A rBA 80 an MGy’ ol Bpopt et sin e
diregtiarcsf the [dserbeiahe pathabitioe wanihitdeisoRbid: $he RIReEBSEYRot have to
t &h agc{orrpl ish the chapge. For any of the _
beég‘H eﬁep tediegHpackion thereby glimmmatigs or signifirantiyseducing the need
forgBeutdeifg BRfPY @ small fraction of the tinme required
to either"load and align or mcromachi ne a substrate.

[00R4]s \fiaslthis peeferedstmbodinieetdhé bbilityTtoepreialigh 4 wotkpéece on a
0 WD 2007/ 130986 PCT/ US20Q7/ 067945 obyi i

SteH0 0 PIORR AU Of RGN ViR B9 RSGhPeRMwghATS are

prabeesing o grevusly 18868 bhaGlighed %ﬁg@é@ﬁfékeéyﬂ% fﬁcréé?e in

wor kpi'ece and beginning to mcro Ine W
thraaghpy possikig. t Duang ara-akigirhgntl aabripigcalis giigredtwitiTrespect to a

orBBTRR N 5 o B ] 8554 307 B b BB e tcer
beamveath or phthss ukile olot draectet wit frROWbAGRe R beih§ BF&RBNgned, are also
elimnating or significantly reducing the need or

implicdiyraligeed Wikyraspret toftae gajunrer detines. pPepeiorrsgcessing when the
WoﬁfHP@éE SERE laddlh hb{%or;ﬁﬁég% BF Bbfhgé}eamWédé@'t(ﬁﬁct e Rser

station, Inrelatlo umor set o
beai path tdthe wsrkpidoeatheomobe anen@ke arg Nesdsso BF t&maintain the

B B TRt oL oS St
ap;gér@t@% leBE1ERBE at RAYPAIPLESR 6f5thé‘lrﬂcﬂfé‘?d/:\tv¥hlé %o[‘rﬁjzé’(ﬁ)%t of'tfe move

reference or a set of references wt
or EeNas.aainges therlager heano pathaoupaths @ind thaswrkpibeahapahiaintained

il t _di d at th kpi [ ,
el LS eblF o BB B0 el e ssetnae
systomt treydat wibetantialiy ARgnddr with rdspelf RC&sH ffetvhen the

wor kpi ece or the | aser beam path or paths or both are

[0G384 ed Frob this perferred @mbasiment @aradsitianal stepref oheckipg end, possibly

; . . intain the, . . .
e, YT ATER 85720 8 LA e i i pricr
to ip=gimsing peoddsingoinkpiecte cuntderisag: forpARIRhIEaIiIGRHERRNERiIsed by

at least at the end of the nove. At the conpletion of
nompal maRrdactyringdelgeances gk tharmal pransioR KnhgRomranepia tised to
) . . hei . '
e’ IRchBE KR 5 48T 1 S0RSco 0 A i
only @osrdalhtaetiorsgfthertime remyirad do Sullysdlignta wbtkpiedd gmethus does not

i th t 1 h other. [Q035] For thi ferred
S I R A AR
[oogggsi lsythe e@bhritdg of s pichdheRbiBRARAENT Bodid’ r%@éé}ﬁﬁghe

may be performed at this point prior egl nni
segandordspiegei edirawortkpiaserip eptionallyfiospenied bnd then unloaded, and

a nBWSRLABIVEEN fostAUSE%s Dace. This can be extended to more than two
substantially independent load and unload stations operating as described above
such that one or more workpieces could be processed on one or more machining

stations. In this way a plurality of machining stations employing a plurality of laser
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normal manufacturing tol erances or thermal expansion

in the conponents used to nove the |aser beam path or
w@210na386 t he wor kpi ece. This final alignment PCDURI00F067945

only a small fraction of the tinme required to fully

beammisgiouid beUspH ectighaidpdrabptadeast thetotal tRAE 898IMbI& for ﬁ{)srocessmg
substanti al decrease in systemthroughput. [0036]

thergly ereaging systenpHepdghrid. enbodi ment begi ns
1S58 S BT BB A P men'

s optionalty 1°nspec

shown kipFec d, whelrea&t@dppm rotvs npErkee lodtll shaantheetirgy lspBaEdading
nor e ntlaII |ndependent | oad and

anf 3RS e skesal Ge dhana Spiidaehi DEer GG e vesheces whie
thel i n‘%‘ﬁl@e@*prﬂ@é&”‘é’%%@'tﬁ@ﬁﬁwéfb@rﬁﬁp Céysﬂ'%etﬁéﬁlg?rﬂpte%@ Starting

or nore machining stations
at e dirstiworlpiecat/i8andoastesl ayd aligreedob@ Data a f/lrscbfstdtamem At time

RN Rk W e

thef €drreuit @él@ﬁéhﬂﬂp withtae eseribdahh gath 8@%@%#6&3%%?@ 'Begun At
t hr oughput . 0037é%A timng diagramillustrati

t'm@aeﬁﬁwraﬂwW@fknlwes tSelpéde@@nmm@mﬂdes—tatumm @hdvahlgnment 54 is

sho
el AL . KRR o el Blond AR 80085 o sona
statiod 7ﬁps mn*qildzty& anasipsathdy fdrhﬁ'owgé(m epefimettid the siyBRm brings
shows the tinme spent processing

seqatll St/ 6B e RipRaig AlanSkipHiTDIass beaimasth BT
pro@sélﬁg'0‘?§€§g?@%ﬂ?dléé€g§g§§ r{%rﬁé) A‘ISB'J&?hesﬁghrls?u/o%plece 78 on

I rst 81s
firsp st@ation Seds avdilalvie fori arsbptscbrml irspecttion stdv B8I0AL tHigtime workplece

78 Iy s fftieaEy: dihaMontiedatockss Tophehavgnde sl iibs K Gealty and
pla88miept heastaey enfHe I§§@r°;5?@cé§sat Tﬁé‘ u%@rrlgé‘tg?r?‘éé ﬁeﬂgrré??@éan be

is begun. At tine t9 the | oading an I gn
trargpiied t@m tqtesdler eilsconotsm tostompllerdam forsa statiptics! guality

co bt SR B RISE TPl o PSR LB

errWStehelmeﬁebe@ﬂtbpﬁﬂipe?r%awfbr ﬂ@%@%ﬁe‘ﬁ&a%e@ﬂﬁ@ﬂ&w in the drilling
iece 80 begins 56. Also at tine tlo first
ap%ﬁk& e%fé'n?%tmhnsﬁqql@ﬂ stam®$ sncamplete avafirdwaskpiece 8 is

ur@R8L080 LDSREGH 0k 8T oBiod b B BB ygon 74
At meefgrthaaddh@nqlmbrl{p}ewnd fmpik@@lebmm abgsat 80 ¥in@fis tdwly for
e informati on so generated can be

pfoP?%ﬁ oo AV A o y‘l‘c%}i%?fB|”P%\feS(t§Pé%SQqueaé% 8uAshe Broper relationship
witlé ﬂFQ?'s'teﬁldF'}aﬁﬁhf)I‘élTngathét |t§)tn'a‘l3@)orlgﬂé%é b¥d R%)d%%’éfﬁﬁ 62 begins. Also

procedure, to guid i t1onal processi
at tioe kpisecend f/vqueme«;@ Bakmlneseoend otaticar €6 m\emlabté foo bptu@nal
i bI t her,mal ef or on in

t

ins GR35 Ay fifk, Bedibionaf msPRAtthaf R BRI desPud Weakpisce 80 is
unieadegd ahe aaresly fUﬁrﬁécMﬁ’é&%ﬁQﬁeJ@zs' Iéadéﬂ"ﬁ?@%gné@ ‘éné'ihereby

addi ti onal morkplece is | oaded and al i gned
made readystosresesang 66 By loading and pre-aligning the next workplece while
the current workpiece is being processed, this process can be extended for the
duration of the processing process for an indeterminate number of workpieces,
reducing the overhead associated with loading, unloading and aligning each

workpiece and thereby increasing system throughput.
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At tinme t12 the additional workpiece is finished being
aligned 60 and is ready for processing. At tine t13

w0 b®733®8em noves the | aser beaminto the propRCT/US2007/067945
relationship with first station 74 holding the

[0038]i t |Anaﬂhewadkemtege ohttee jmistzoet ¥siengo6 Anbeghivsdied\irs this preferred

emq%ocgr\pgp géﬁgse? % G ‘ﬁfgpﬁg?q{fgggggrfﬁpt@ﬁg tii"éea %rlp%th;?pfocessing
pr@cﬁéssoﬂﬁﬂthé AERefd ﬁéo@été& WitPTRE %h@r aﬁ@lﬁ%‘rf‘r%té@fnklﬁiPE C¥and 3,

is unloaded and a new, unnmachi ne | ece
durlaadl%l timer perigdsgrssaciater witbriedding aad@llgemgwcﬁrhpleces (20, 30, 32,

8p48 gﬁ% ?:e[eg%v\kgg?w 1strﬁgggﬁgfr§ﬁ\g F&Be aI ﬁ? % {y@%@@y furned off to

prqﬂbng ¢ises Bie, oftthé fager @e€ifiator ﬂ@s@ﬁo;ﬁ?ﬂs%ﬁﬁ&hé%aﬁ@ ®f the laser beam
duration_of the processing process for an

SUPRYRIEEY: riiR(tte DeGHINERY BIOGREBKEI thedaser is dunedripokin and allowed to

o e o
txmdwamxﬂjgatplbe a dubsiéntR0Oacion 98theNCad BRARNGhATRARbMme. In tge
ok g TR A 4 e e
beflédA MR AECY sif €tHd tirR8 b‘éftwéﬁtz SFQC%%E%P'VWK@?E&'&BS 1% ﬁ}g]ted to the

the processing process. ne asSsocl
am@ui of timeghe system takelsus tnantesthei lasdii lggam htarlde Broper relationship

witfthi Sk iet el aBilohahe TR Sudimensr tinjser hadragdne
wd@lqaame STn@ttm@ i tybraansa arﬂrﬁélﬁﬁ%tﬂﬂw SMfeititnd Rl t¥ load and
turned of gro ong t life of the |aser

aligy @lW‘Prgf)@Pe qr@st firQ’E@ﬁQ @@eSamt retitiee thealeser tsf be Bbut (ﬁ‘ﬁéhereby
{
U BS54 b o

woirkprecaerl od required for the laser to stabilize is
err to.a ettI| time and can be a substanti al
W‘iﬁict | Erereing ey Sdét?rrgﬁtﬁgéamgwwﬁmespmbto tha timHeg diagram shows

ho@ftR8RESEN ML ABH G S5 SLIHSE 5 D1aseP Brd AtEngdQ%Tem.
AR 458 BreSEnge

not have to be turne en wor Kpi eces Si
Wherethei anparatuset thip poefesredrambodikging begins procedsirpwbkpieces,
ste ake to nove the | aser

tnet @5 aTRL 67 loads s tigEen PBNGHT bRieicre 78 LRoehenis o paedler 73
whithdalBe dire ¥ daHery 868 malé @THB%f‘éss%fmt? P@O' nﬁ’t%%cisl?tﬁﬁ'moté?lgn

the workpiece. 'This tinme is typica
workpiees 68 opfstatien 76.nd hisdg urelpr@@en‘@dl manrnarmnowﬁo@n Rig. 4. Attime

T BRI L LALER B Rt ek bl oSS oo
ints pbsnlnongo mﬁf@nwm’feﬁwbﬁméﬁé 78 oh@atﬂfrpmsm fHis Binel WSrkpiece 78
xt .~ workpi ece, [0039] Exam ning the sgstem di agr ans

is %I iectite @peantional fingl afighnggt, dqyagdwg ly Qfﬁb\thrphgh the lenses
(nR'epfida) '&Wﬁé‘ﬁeis%rr’ be%W aEQérﬁgg P%)%e§ﬁpg SBegun. Itis

processi'ng sys e app
contesfpdated dhatrdligdmes cabedsolse acomeﬁﬁshw yoak puRias ali 89nment
| pads a statl on 76 wi th workpi ece

syqjﬁra]e(]pogglﬁﬁla 8@?13 &aRreseied by time period 52. While workplece 78 is

being processed, at time ts controller 73 directs load arm 82 to fetch workpiece 78
from autoloader 84 and load it onto station 74, where controller 73 directs gantry 86
to move video assembly 90 into position to align workpiece 78 on station 74,
represented by time period 54. At time t1o controller 73 directs gantry 86 to move

laser beam optics assembly 88 into position and proceeds with final alignment and
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whi ch also directs gantry 86 to nove video assenbly 90

into position to align workpiece 78 on station 76.
Wahiog/18698¢ epr esent ed by time period 50 in Fig.P@I/u$007/067945

time T7 in Fig. 4 controller 73 directs gantry 86 to

prmssndgacsfenodkpmmeo?tﬁ ore stati@a skl pre88ntet Myctirne petib@mB6t ollowing
station 76._ At this

the AT sovarpide 65 Siationg e e GHIEr 78 Grtionally directs the
aﬁtry%%%mvé%ev\h?@ a§§§§§§'r9’%ea Bé‘iflfi’h‘%ﬂdttg%em%§%§pectton of

(ndt depicted) t he optlca asse
previogsly prongssed b\mgklwiece B0ian staton @6plepreskritbaby time period 58.

i h n auxil.i ar
Pl R P B)at BRPeHor ShOuRsICaRrital b eapeddnetippgormed
cohirBRerEy dlﬁé‘bté?oadVgﬁnﬁ 82‘@@%[@5&1‘%@0& idc S@ﬁbmgstatlon 76 and provide
processed, at tine t8 controller 73 directs | oad

it tg aUtJondercht and kplossea new, ﬂnmﬁpbluedlvm&elece%afm|aumioader 84
orkds98R75% ShERL £ ai U, S8R SRR o ToHAEEPATH, e porion

6Owktkiphee te woBksiecs 78tis finiskdd, wheeupsrtbattoldr 13 BRects gantry 86 to
eriod 54. At time tip controller 73 directs gantry 86

MQV§ IR8Gbearn Optics 8areropbi 8% and ¥idepIapsemhneg inedheir (ﬁSPeCUVG

POt PYSERE okl Al SRRl S0 U 1 g i o

andgo d»ﬁ:gst wtlomallymspeepn@mmsa«thmdtwasr@@eel7(&1(“5{63 penod 64) This
1p| ece 78 on station 74,

PrQTRSS CORABINGS 259005 a8 G of vapectasd wa%mwsg@nthse

p rcWPd’é?d td e ﬁi}%@at@§3 et h%Q—:qd pﬂré’cu@ ‘Pw%btld)e?dbdiﬁﬁ% ﬁ@ggﬂgt

the inspection of previously processed
waoskpigee gofﬂﬂIS’ltBEd wepteeeas will Heyemities fp@”mtbel aBSaratus at an average

B QU5 R e T TSR 1e80RS of PELSR8
wotlksieca. SSir@@dhéfdmeSQprﬁéraufﬁ SHAp IREHD keﬁﬁﬁre%otoftfé)ém:phcated are an
station 76 and provide it to autoloader 84 and

X, Y ofaaleaa%alstahwmémm@fawmh 156 aXPEBSive satative & tﬁ@@é pegm and
ARSI L i by bS58 3R W zng

addibiokpl sggpard@isicest.i ni shed, whereupon controll er 73an

' t ntry. 86.to nove | aser beam optics asse y
[O‘S“é’rlgﬁdg‘ HALE %%@Wfo@smaﬁ@&'%mam ofr%gfﬁé@fred@mbodlment of the
pré@it friveRfiofh @o%% g d%é%; N8 Qéh?{)&%ﬂg%&gﬁp“ S | @? Ofown)

station 76 (tine
whiighsipas! |a|kg1g Iaeenlaeamrraﬂh Wd 2 k gihedasatSbeam pattppasses tﬁlﬁbugh a

oo iser LRSS 2B b IS e BRBIs ing opti

traﬂ@ﬂ@ﬁh&hé%pa@‘iﬁoﬁl@%f@ﬁ@ﬁs@ Eéls@@%dn%ﬂ%%s@ﬁﬁ'al@l GQG@an profile
first workpiece 78, finished workpieces w |

to amereadesiredmroie. dhsdrserkeatm path 4l2 ttmgepasmdhtgugh beam
ste%'rjlhgto%%é albb hﬁﬂu(ﬂ oJrgE\ Jeé@ 8X§ﬁ§§§ Eﬂﬁl@lagyl Héep\ggpstg?qu 140.

Thedmacmeh@bang eptics eds! @Mlh@trpbtlldlﬁbﬁd cdherof8r (Nt sifown), direct the
table and a station, both of which are inexpensive

laseg pgamte desired desations Andifg Warkaiese 449enbl i es, _
[Odrﬁ‘lﬁir ?n?l?iléglgvéﬂt%rﬁgééé?fb%ﬁq{gi’@h diSo HeRRYBR!LRREL, n)(m'bl/gments in

throughput if the requirement to minimize additional cost is relaxed. This would be
consistent with a goal of maximizing system throughput while being less concerned
with apparatus cost. An additional preferred embodiment employs two or more laser

beams working on the same workpiece. In this way, referring to Fig. 4, the time
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addi ti onal apparatus cost. [0040] Fig. 7 is a

sinplified schematic diagram of a preferred enbodi nent
w@boorhao9spr esent i nventi on conprising one | asePCW0R2007/067945

generating |l aser pulses (not shown) which travel
spahioprgcessieg Waelkpieped (621 58, aiith€2) aseld bremuuped Bndaysesn

followed b h
thrg e e Bete Rm e S eREes Cén BRCTRRARNGDlting the
ou&ﬂﬂb‘fé'snr&{l@ﬁéée@ &f cdxﬁ@mbé%@ultu@lé'@@éfsfFn%lple eams. These

essent i Gaussi an profil to a nor
begmmsfeanebe W@W@ﬁaplﬂﬂ&am path piokess hi\@luitlplassﬁancdm ofuglantlcal

elé?‘ﬁ Hﬁﬁﬁéc{‘%t?%@nﬁ@?&é}%&%ggzﬁt&rﬂ%ﬁgh ot n l Iyﬁg) process

anwdbsmed pafiernipDine et businisTRaP e dircedd t‘h'rdnfﬁh écﬂﬁinon optics or
shown), direct the |aser beamto desired locations on

hay §oms i eeldhe aplicalorunonenss that shepemndissteerdtie beam be

se? gl n also includes further inprovenents in
ﬁroughput if the requirenent to mnimze additiona

[OOAﬂt i Fgr @lsa etnpliflEdssohvemadiclitagraansf mﬁsemcdmldtﬂremrw|
ess

B R STk Taieas COOBsg WeiRrOcPBRIAR lasers 200 and 202
dn@ér@ﬁ?@ﬁﬁ?\cﬁmﬁﬁér@ﬂ%@ Jlo$%uf’d’é32(§’4 ﬁgﬁ’lﬁ\e/\sgh@ﬁr%rn%zqug‘gﬁ 200 and

wor ki ng ‘on the same pi ece. erri
202 byrany. ong of ;vautibes Oime!@dmmwuﬁm&mchromzmg the tngger signals

se G HAPRo S Aiu BB BB e TR s B s ik

syrﬁctl”(rbh@rngl Qevarped potiohed i@ gy la@é%"@o@ and 'Q@Z% RABBR them to
y splitting the output of a single |Iaser,

PU@Gdﬁ iPReiteratinglashioas erhs lapats2Ghuand g pb@\ade at thedrseutputs

I
e 457 P20, REARIIOLAE b bl Jom et EPERRE yran. The
lasiend aoa aal rAgearacirkarigedeso that thenhtrivisickhddr oReREadH Ipyanes of
O _process desj red pattern The | aser beans

thelreRPPEMEERHPHT IGhPEITRBOOGHG 208 Bie SThRanEBAGAISk Laser
beQrfnstﬂ% AR 268 agé’fﬂ}ﬁggﬁgfs@%ﬂge gaﬂ\%t%diﬂ{ arfa Q'gﬁ dd¥% reducing

beam be separate IS a Si
thesdineeder of its lagudant leket heanszdmndapﬂaaﬁmgntsjfocesrbomﬂnevtt Laser

be?@%ﬁlsgr ese [ nven%drqo&egé)%&w S1 ng twgﬁﬁ)r OCG;@@}P%&Z which

rot3f4. pMa@@n%@éteQﬁ%l&héMﬂ%Bépﬁéa?ﬁ 2 sg%t%%b|39|2224

by any one of a nunb nmet hods 1 nc
whighnesponds fiffgrentially |’£<D @@polang@twssta&m plaoe of incident light,

pa%érésg!gég%%ém ﬁ%%@ﬁcﬁ?% %@ﬁéf%nﬂwﬁﬂgﬁ%éteb ??&\%t rteﬂﬁ%té?ass?errsbeam 206

so itinstite twh e eharesscorid adith|e 08- atx@l%h%b'b%ahh@% BAd é)%'éh?tﬁ’rough
in an alternating fashion. The | asers 200 and

ther@am gbaningrgriics 228 which forﬂéﬁsib@dasveb%mmtoﬁl@@ﬂﬁrt@omr
SRR T950T5Ah 160 16, o) 8086 1108 Al iR Eeam 220
thelni peesses ploloaigh zas éamdpdreskalf akave plate 240 which is adjusted to turn the
polarization axes of the co-axial laser beam 226 to be at an angle of 45° to the
polarization axes of the splitter 242. This permits about one-half of the co-axial laser
beam 226 to be transmitted by the splitter 242 to form the first laser processing
beam 244, and reflect about one-half of the co-axial laser beam 226 to form the
second laser processing beam 246, which is turned by mirror 248 to be directed in

substantially the same direction as laser beam 244. Note that beams 244 and 248
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their respective output |aser beans 206 and 208 are
substantially parallel. Laser beans 206 and 208 pass

W booousfese espective collimators 210 and 212, eBCTUS2007/067945
reducing the diameter of its incident |aser beam

hawbiidientivai spatiaiinforratorf. ONuSsi®swh Bfd thet b/earh%&%nngttﬁﬂms that
206 is turned b&hm rror 220 to pass through one-hal

difgel hepaerdesms i eworkpiagees pol ari zation state or
[O%ﬂne BfodeasH l%@??’gg)gﬁat %?ﬁﬂ}%@ﬁpo 4 0RY 1288 an IR laser, a

I'ch respond arizatron
grserat%eo,rorpi gQk laseri ridieyearan be e sampassetergds er diffesent
t hr ou

d fl
s e Sy A
be®RedaBbut @@@ruJb@fﬂf'ét?&ﬁ 209, WEﬁaféﬂ?é@Wprdc@?mHﬁ%@er is a
shalgg F“CS 228 which forms the [aser beam |

Q-gwiteh DP@S;tausemmpludmgoatspbdﬁta(teéam anch aoNch¥AG, Nd:YLF,

NEYREL of R F 6 & €SS BB ohBRT WSA Ry noltamseroium.

THeSUVdasatrﬁ'éfetr@blg tprrdsmaé@han@bm&alwéma%qsv%sér%tput ata
co-axi al | aser beam 226 to be at an angle of 45 to the

W%/@l'%ﬂgﬂzéﬂ%ﬁ%éés7w (requensyitipled NG YAGAf bld@é\(@u)t 266 nm
(oo phanbo Mo YAG SENGIay: 323 i flspReL fulfupled
Nd: YéA@rorder}:éé@A)ng beam 244, and refl ect about one-half
109kt “AEeEE R b BiReB3BS artTdh & RIREH Rel IsyeTaRareing ot a
wa@@?erfg‘t’h BPbQM&‘H@é’odt@ prﬁ%t?d&dtghl m! I)E]earrs Blary commercially

direction as |aser beam 2
avaiable pulsa0 QOp TdsER (DBe Mﬁéltﬁ&@@ﬁﬁ@ﬁﬂ%d lna®e(9.3 um)

B RSY R bR O o AER) SO8RCHide BesauRs COs lasers
arMhKBIb&@%ﬁehﬂ%?]dnﬁ"’v%%ﬁd Méﬁeﬁ'léye@%%rﬂﬂ ‘IZp@ntﬁTﬁbé?/er

onprise a W laser, an IRl aser, green | aser
Wmmep%l% &0 drrﬁﬂ@wabafﬁobérqqe@smdase@\mﬂheniﬁck roetal layers 12 and 14

oS B LB S0 A A 83T

prepétamad Ledmgmndth@r @roo@ssrsafzﬁrars?ﬂ)rlé\(aﬁfm esheinflGall Asiihg | ® expose
? Hgd UV DPSS | aser including a solid-state
d‘%%%iaﬁfayﬁj% as Nd: YAG Nd: YLF, Nd: YAP, or Nd: YVO4, or

[0(3’4 EAG @fﬁé?%@hd @%ﬁ@ Llintdoy ébgrl?éé@og ngu%‘dlﬁ’érent Pvelengths

ium aser preferab arnoni ca
megeb@ uae@m tmé Ilaaerempmatmstofame presmxv elventiom. S’aqbu@Wpes of laser

ca s WATRY PG aaP NP U8 RECHENA! e wz'\)%aw@semé -SHiih operation
for(the gali@’eate Qé%é?ftéﬂéﬂ tA8 COYa¥86 RimPH %ﬁwgs [C%flﬁﬂxlsé generation

preferred CO2 processing |laser is a pul
masb@cﬂ%fqrrt@e &0 zlasorarel alsg cantemtiatede drg.abslows amimalified

sl bl Y GBRELAN ARG BBk S aser (o
shé®nB Ph@ workpiece comprises organic interlayers 264 sandwiched between
layers of metallic conductor material 266. A through-hole via is shown at 270 and a
blind via which begins at the top surface of the workpiece and ends when it reaches
a metallic conductor’266 is shown at 272.

[0046] In cases where, due to improvements in laser processing as disclosed
above, time required to micromachine the workpiece becomes less than the time

required to inspect and align the workpieces, additional stations may be added so
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manuf act ured by Coherent-DECS of Bl oonfield,
Connecticut. Because CO2 | asers are unable to
webdogasiosel y drill vias through netal |ayers 1PCHOS2007067945
mul tilayer workpieces 10 drilled with CO2 processing
thbaswiltiplestatiens lcan Ibermhpﬂoyédy@ afgri anantbpbét W@rk;ﬁé@es for a single

e aeEr YR SIRtoR- dn BUoel drelsired rabedionea Mgkl stations are
erﬁ?l@k@@ ko BII§E 8RS irdpelet Adrkdifket mlt?ple %Eﬁﬁrggﬁ?ﬁm §pcessing is

t0o expose dielectric ayers
tagkﬁglma@ atmereét%@numb@r obsiatibas end tioe euatbiengf lEser beams is

oel oo Bl TER R P08 o7 8 e amBuel S secessing capaty
[0bATpr Haamgtmmpreaétgﬁmb@o dIRWIGB} & I&%‘F%rrééés%ﬂwgoépﬁé]%tus to
sol1d state laser, Qswtch operation

hayg Myltiéyngtien|cagabilities Mﬁlétlfqmlqlhmabﬂ}bwmhﬁgamlttMMerform more
095 SEa oD #lor N o Mok Mgl 3Bt

advisatpges affm ultlﬁmotld)m) capalsitityl aredowsll $ystayieiostdntdlic? @@paratus
not shown). The workpi ece conprises

fOBﬁpé'QEY%’f%ﬁr{gég wfé§fé&f'§9 £32 §aﬁdwa hafdarasehpet nAn exgepie of a
de¥bBld Hnﬁltmlkbﬁg%gaﬁ@fﬁ% éﬁé a%ﬁ‘\% HE% L QYEE; %{dlfshe”?sér

shown at 270 an egi ns
precessing opératines wortkgiappearados thet gerfohaed rtheo Bgﬂ@bemg a
duct.or 266.is shown at_272.
fEAL. [irePEro (RSisddRnd saeruRS Phovisiag top??&fé'?sﬁ"ﬁ@ from the

pr%eﬁeﬁ%%&[éce&@ @‘é@erﬂh@”ﬁ‘nf&ﬁﬁé‘t‘ﬁrﬁ%g@?dn Pﬁg&%gﬁgtcfb%ratlon

| ece econes | ess than the tie qUI
pqrﬁ%fp&@@& Anhexamplgrofithis weuld pieassing amnum@naiomsmsyemn to

6 00 US20 7 067945
viglRly FSrE B, RBralitens” S Bl Bufpol T Giol g piskeht ivention
sonms peitie fwardf@s feesolikrbainsbaeled fof Q#b%és%d)?@?ﬁh Prgjltllayer
ation. In another preferred enbodi nent, nultiple

SUE?H?F@@ edhe locatigh osices shars: ﬂgﬁthatﬁpqrn@ﬁéhamﬂtﬁrkbo‘é@esilameter
anfdodietmél g RS rafé Qﬁ@ulﬂﬁ&? go{ﬁ; ?clgfgﬁé lfé]agca@shtg baequgg?ctgg include

| ace, where t er o ng an
thde aizer sbmﬂiepsth tbladerald(redtlctmapd debre assodiaemwith @ wehpWor link

oigDanHERIG 88 parPlAte ER<el B II6haomaiHa detigge b the subsirate

r t f
o SR BORBIES | Ore AU PR TRFHE Ppgosi ey e e

to detqranine mnethardhe ferturesropesmsetmest pre- Meaedmdapiyaiandards or

oot 2 R RO SO Sl Brog HEHUES il sations

alsoTRicl iedited R MpUStiorf @%BTWMpIe@etlm%éMHQaéﬁ gﬁrB&a@ ifFwhile the
and hi gher throughput. An exa esi

wailspiere dmetill @mr@dpﬂmww §hmmhng tagneed y‘orttbe.wmfbpuecem be loaded

f S
A T —
processaes apparattiseobowing ysdogssinyalldwd pradless @Bairobinfdtmation to be

fec? Eggf( goethdeastyastgnrw ?rrrrl]mtergitately, thereby improving process control.

[0049] Information generated by inspection includes updating previously
measured and calculated alignment information. This is useful in cases where
workpiece alignment changes during processing. These changes could be due to
normal manufacturing tolerances in the apparatus or changes in environmental

factors including temperature or humidity. Inspection would detect these changes
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processed workpi ece to determ ne information regarding
the processing operation perfornmed. An exanpl e of

wao hio3/139986 d be using a machi ne vi si on subsyst emeT/0S2007/067945
visual Iy inspect the workpiece. For a preferred

angrfged it iforonationebanietodhe appatatus tmallews the app%meqs to alter the
oo U TahPalo R I ISRESE Ehalals SAPREPERT it o

acdefudy, of P praces o p Thiso®i&dstiontipforatidh aBR RS obtaieéd by measuring
debris. For substrate singulation sone of the features

knoyngidycial pearke @nithe WRTkpieen or g1easUriag s locatipt 1of features
AR B NP bR SRR S, 1 K58 spccton

usttdo Iconipensaivfal errdestimgeced i pecessiag wadrkpieaas by elrinal variation
oul d be,inspected. The data resulting fromthe

I fhe AR FYENIEE  to deternine whether the
[0656Yt Ur BSotREPERFSPEY %dﬁﬁ@nt%e{_h%%rgg?é’éﬁé bﬁbéié%@ébdgéﬁated by

or ~ be used as input to a statistical process contYo
the invgntien diselased haiein geaiseddviimpovedhssingidatian at @ising of a

' ' : kpi i mredi. at el f1 :
wiBEQL SBREEN o BhuiilE BRI BEo e P Sl bfectonis
mameaeyingtd BbRatudiindiigienRpied ¢fa §iten WRELP bEERCHPeBBent on a

| oaded and aligned on a separate system In addition,

singke pukstraty. fhefaisdoprdpiecss fengemispadesisr digingoipatudeiadlicon

| avid na.: i L. 0 | " s
e T T
cotripeuaby ili(lj thar MY ragydpi-v geqa,tpslosgﬂohs ggmgﬂff?érslehfda Lﬂ'ﬂﬁﬂl Which
. . t 1cl udes updating previ ous
inBaETed S uiRPIEAaIHPEd UG RRGRITOR R bRIUPH: & sasond

exgﬁﬁflé’ls thitkGARESI B wth&}c%ﬁ%lé}héﬁ%rEggl%ﬁtg@?% Bavices are

uring processing. "These changes cou
scresmplinted vofasthatiatg typicalyamads of a sifteregpgaaaticmaterial. A third
chan%es i N..envi ronnenty& actors incl udi

, [ f o
expBRR B UTLTERY &f 11 HERAGTS ANAASS ettt qlpmeats are
appliedges slibstedNdé bﬁ%&ﬁs%@%@ﬁﬁé&ﬁj&@l rgév!é?iﬁg%%gamic or

the informati on back to the apparatus to a _
othgypaaterials, by sauttering peevaperaiomt Adauithiesampie woutdobe display

B f i 5E AR AL SRR R R bbby
dispdalyshearobé singathtdy usBashis tohndogNNThéskisiisdtrates kiayise

th kpi ece or nmeasuring the | ocation of features
Sif}av@tgﬁ«;wﬁérﬁéutwi@W%@t%uiﬁmn&hew@swe are fully
sePHRAES Tt isctale UM bg/atﬁ@éééé?rg)‘?.‘\s{:ﬁﬁé‘d '\ﬁherléﬁ?f?wetlgﬁer. forms a kerf or

conpensate for errors I nduced in prdcessing worKkpi eces
grdgveniarthelsuifacé af thensubstratdiéo dipgetsabssquentenadhamice 8eparation of

005 In . other preferred odi ments, 1h rocessin
the prbeliath 8 Sgenr G 9. T RBOVR B PUle s SsTosigaiagram of a
préférr@urén%&jimﬁfidﬁ@ctb&@éwaﬁistéiﬁ%ﬁ?mﬂﬁéérﬂﬂn%f AQI4tFdHeh 300 holds
of a wafer or substrate into nultiple I ndependent
a giage 310 |upopgvtyeimrmmountas @ wiorkpiees 3 14mAugardtyud2hpolds a laser
Ll tiple copies of .a given circuit or
32%?&@[#\?&%1’(%%'{ Bgﬁeg?ﬁot ssnown) alcgng a lasér beam path 328. The laser
beam path 328 is directed by beam steering optics 332 through a scan lens 336
which focuses the laser beam path 328 onto the workpiece 314. In addition to the
relative motion between the laser beam path 328 and the workpiece 314 imparted by
the beam steering optics 332, the stage 310 may contain motion control elements

that move the workpiece 314 with respect to the laser beam path 328. The
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single substrate. Preferred workpi eces for

sem conduct or dicing include silicon wafers, other
wa@edorassbased materials including silicon carbCESANT067945

silicon nitride, and conpounds in the I1l-V and Il-VI
wokpiges, 3 Slunhy & gallibonmaderserotier syistratdi Clsing the invention

adsraBeh e iub iFredee edfiuona it ebrac risesses. sigee the rate of
siﬁé@ulﬁﬂorﬁ bt ik UikerWa dhmgg',hib“ehfu?\bﬁ&ﬁ‘ bi tHel r‘?tﬂﬁﬂétsof%ul?ees at

ectronic devices are reen printed on a substra
enaygice gregtenthnn be aplation reshale delivareddiorezachl unittimagj plds the

. e i il ircuitry, in which conductors

tnrﬁ% a'n'ges(,ji t@é&%@ ?gﬁi#'%ﬁ@{@w{ege%re applied to a

[o88Bt r itie c@r&témp)étedftﬁét fongifnsitt. sifglé %mn«mmayéﬁ Wbrkpieces
material, ceramc or other materials, by sputtering

CHRPRSPARSIHifeTEAT MAteTEAlS 1 YRrWRases PAsaMetese, sHalasgulse repetition
rat S ;gés(r pulSe W&Qeérﬂ?sg@t 8ok gacﬁ g%@@ﬂgﬁé@gﬁring different

substrdt used 10 manu aré
precespin@sadendo effethostirmalidase oyessime trosysitadldasudigy See,

be gi Pl?é&f'éﬁge [ n bhe circuit conponents built
e gpbhSt Rateoh o B4 Q9%0f QMiep etadanckicd Taest HpsbA8y 363 of
D : i eL&; '

Uy B, b ormiin Bie pScipfed to et Sichde Bt B Hibec i ent
appilicatian. sTihe enekstionatparamaters ofdpahatting sofircet sech as its power

or BT o el B58 3Bt et Xor e B o changea aurng
vaeishe dtatRRtof thse Prebed ir ds si ngul ati on or scribing. A

Elatfornysoo holds a stage 310 upon which is nounted
[0852)or klsivélt be pparentda thase GFadinariskitin tseart ttaanany changes

' ' I . t, sh lLong a | aser. . .
mif e Ml foln R BEBODE RN oBiRRinots g myprtion
witheaitndepaxting fgoro e ardSBang printiglsahsef. MRBSCcEBE of the present
. whi.ch focHgis the | aser beam path 328 onto the
INygSHiop; showlcs therefore g detesmings emy byrtbe feliandngrstaims.

bet ween the | aser beam path 328 and t he workpi ece 314
imparted by the beam steering optics 332, the stage
310 may contain notion control elenents that nove the
wor kpi ece 314 with respect to the | aser beam path 328.
The 18 WD 2007/ 130986 PCT/ US2007/ 067945 wor kpi ece 314
may be a silicon wafer or other substrate. Using the

invention described herein will increase the
t hroughput of these processes, since the rate of
singul ation or scribing, like via drilling, is a

function of the nunber of pulses at energies greater
than the ablation threshold delivered for each unit
time, plus the tinme required to |oad and align

wor kpi eces. [0051] It is contenplated that for
different single or multilayer workpieces conposed of
different materials, varying | aser paraneters, such as
pul se repetition rate, energy per pulse, and beam
spot size, can be programred during different
processi ng stages to effect optimal |aser processing

t hroughput and quality. See,
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e.g., US. Patent No. 5,841,099 of Onen et al. and

U.S. Patent No. 6,407,363 of Dunsky et al., both of
wakioch3@se assi gned to the assignee of the preRBenUS2007/067945

patent application. The operational paranmeters of the

heating source, such as itsIg@ey. energy

distribution profile, and spot Size, can be kept

const aﬁtm©ﬂﬁ06ﬁah|@@edﬁmg rﬁlgS’i ar@rs&nqmdswcargp@ces withseraser beam

h
=] SR SBernd oty oo AR ieahad el Sees comprising
rmdq:;rbo:dtdy:‘amealbleanpﬁathhe above- descrl bed enbodi ments
of this invention wthout departing fromthe

undePRYinagajst {iist Wergeeaep@dsaidfifet §aepe of the

b 7 Bing SHHF ot AbrRBRU T e SRGE iy iy BERBLEMASC
PCT/pUSQ@@s?mg)éa@lzfﬁrst \ﬂbrapmemtrﬁsmuhw Hemim;pr ocessi ng

first and se ond eces wth a | aser beam and
fi ri?a‘iﬂa S& ”\'g %E'%@ruﬂ%‘l RihgesndsEgest and

secapkllensdiy Eiké%@/@érkﬁi%@ré 8l e inRERYbA 5 YaRy Ié??l r S%?%%‘th

path; loading said first pl ece upon sai
Preparieg salmwpng vekpiete Il”steladmrktm sHie l[aser behat path anal;

b h d t k
or 1 Pre8eeind ST Babf wBkARRE WS lebeh bRt Kpi cce
Uporz SThelnsroMdf slae a; wN%irﬁtl*%aétQ%folf bﬁépéﬁmg@@g@cdrﬁj
aligned in relation to said | aser beam pat

W%k@'&ﬁ?u%éeléﬁ@@t%é@éri@smm path fuﬁtheec@mpcaes ea:ganrelpanng of

o5 E0c RERENARD AU LSRR 5 RO IR o

IasdTéaeamp of preparing said second workpiece in

relati to said,_| aser beam path further conprises

sai & p 'é%ﬁ}qﬂﬁ%d 8t C'a%ﬂcfugg%b%“ﬂm'ﬂﬂlpé@é ipeiengdatm ingrelation to
a%ﬁ!a@ b
sofBllo sty 8GR SRR PRl B lopl o ncuces
!n(#ﬁ')@w gaidgsexoddwarkpiece e tseobetm msrala:ﬂiohasaalobwmmat h

H headtne Rieidd REaEa i hdeimsidorsnrate of 5$g§@pommrkpnece
cohfprrs@haihgﬁ gtsblééééoﬁtﬁWBFRplé’ce WW@SQHIQQ& et(pl e'tH“ 1

wher ei n sai Ear ation sai d second ce
com§r i B Ww‘fh@chp glaiail lewemﬁald@tacpofewec%snhg saingrises forming
3l ideam pat h. 5. The method of claim 1l wherein said
a v@ i : . . . .
€p of "processing conprises formng a via or vias.

6. BheThehatitoddf clhimh MwharbRr lid st 6F sroeBsdihg comprises
reﬁxgeﬁwgssselnq |%or(1:c(i) Lrlrcﬁcr)} I?nekss

7. The method of claim 1 wherein said step of processing comprises trimming
a passive electronic component.

8. The method of claim 1 wherein said step of processing comprises scribing
or singulating a substrate.

9. The method of claim 1 wherein said step of preparing further comprises a
step of measuring the location of a set of points on a surface of said second
workpiece to calculate among a selection of a translation, a rotation, a scale or a
height of said second workpiece.

10. The method of claim 1 further comprising performing final alignment of
said second workpiece.
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removi ng sem conductor links. 7. The nethod of claim1l

wherein said step of processing conprises trimmng a
Weamsiismsel ect roni ¢ conponent. 8. The nethod oPCT/USINT/A67945

wherein said step of processing conprises scribing or

si ngll.ahinngthed solmbeedsing Aorkidikecaalitvd IaderWeanitdrresponding to
in said step of pr arigg%nfurther conprises a

a gégﬁﬁmﬂéﬁﬁﬂﬁ\gotﬁt@qﬁgﬁhp ing$aig waskpigeepepmpEsiog: a
surflgg&ngfao?gg\g?ﬁ%%pdwgég@lﬁf%t%gq%écaI cul ate anong a

sel ectio nsl ation, a n, a scale or a
hei ghigning s3d firsd ecokgleos irki@latom. toHid [Eeer bedhqehtiof

o - Dsbind SediTas s BelfihGaBmsuas wetmisse,
PCT/ /5288 PELi84ipst WdrkpiBcBRIithOshid RisePbRSRS S NY

wor kpi eces with a | aser beam corresponding to a |aser
bearPpding asgasondavarkpiges upon ahesadndgtags;d wor kpi eces

co 18] NG ' TSt _workpiece upon. said. first .

ot 2P BB RN At iba el R B3R P sRPoRianiid Said
sesahd wakgiecd drarslqtiinito saitl reet begmsatd ahaser beam path

toward said first workpiece; processing said first

wor KiesHRO gaidageyi keamagath touaids Faidsiesgnd waskpiace substantially

i : i i ath s .
PRY e S0 B Rn S8 Bag Bed rolHhlSERLBR AR forciec
pestecmitg aoekigitional processing step drossiaifistlvasipicbe amilpatai

di recti ng. sai aser beam path towards sai

; | d
wBHiSR U FIGBCL DS AR EPH PSP RaHE BT Ry aSRE beam path has

beni dIFrEREY tPe N8B RPVErK . beam path and said second
wor kpi ece perform ng an additional processing step on

sai dZ i Tha methachofeatainwihi ferthesi cdmpuisinigpinepectingnesich irst workpiece
i t id |laser beam path after said | aser beam
or Sl PEFE 3R

RGFr ected to said second wor kpi ece. 12.

The 13et At epbraderbimy bbpavatt8¢6r $reBPEdivd Q%I&rﬁﬁt@%&%&gﬂeces with

said first workpiece or said second workpie

a lpgeePe N COBYNISHY: appar at us for processing a plurality
of worknjeces with a |aser beamconprising: a base; a
| aser tor producing said | aser beam supported by said

bas e laser for prociicagesait thser beanmuppetsd Brehidssmgeor t ed

1d b each for
by Séaflnrgt st%SS ang a second stage each supported by said base each for

holding said workpieces;
a first spatial relationship between said laser beam and said first stage;
a second spatial relationship between said laser beam and said second stage;
said first spatial relationship adapted to change while said second spatial
relationship remains substantially unchanged.
14. The apparatus of claim 13 in which said processing comprises forming a

via or vias.

15. The apparatus of claim 13 in which said processing comprises removing
semiconductor links.

16. The apparatus of claim 13 in which said processing comprises trimming a
passive electronic component.

17. The apparatus of claim 13 in which said processing comprises scribing or
singulating a substrate.
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hol di ng sai d workpi eces; a first spatial relationship
bet ween said | aser beam and said first stage; a second
W@ pawia9se el ati onshi p between said | aser beam BEMUSADT067945
second stage; said first spatial relationship adapted
to ctangee mppératwbﬁclamdﬁdusmﬁrtdmpnsmj ahiatigatmept subassembly

o5 AT R v e
caYétﬁa@raanr?éa skRectibR®f PP Mtith, froldtdhM k3 al ﬁ"é‘h@@ht of said

sai d processing conprises renoving sem con
orle WREKpie®. The appar atus of claim 13 in whi ch sai d

ro i tr| n sjve el ectronic
o ihel e afgAmi S SEanl T Aeon A Bl SRt SiaiteSinyis
adﬂp@@@&spmmﬁmhawﬁgrﬁﬁémtbif%glcplléselsbé&ﬁ|t§ts'altgﬂr§t or second
substrate. 21 WD 2007/ 130986 PCT/ US2007/ 067945 18.

stagRsS. appar atus of claim 13 furt her corrprl sing an

al i wg%&HQ&?&%EXsﬁﬁgﬂkﬁ?% qflgﬁgée%\"i\‘/th%nlagér beam

a point on a surface 0 ne O

m«:iadmgl;nbedmgdngt ancdetemid stages fcﬁr Hdkang Isatd st and second
a scale or a height of said aqne workp

whiborE g uBSE Lo o Rath PRl oe Sleraif iy aam fighieripiece upon
sa%‘ﬁ%%%%&é' ﬁllégrﬁn%%ﬁpﬁrggwbﬁ(p?% A Blafioht98 1061558%'@2% path,

sai d | ase amto sai or secon
prgc)essmgrsalbl dtﬂstfvwrkpmee/siﬁi a@'dﬂasatbeandclsmote;hzed the further steps:

b di di
i R ig el e SRR e Ropi A gt SleBPL and
secafitlie ¥ |ﬁﬂ§t Wﬁpléﬂé‘ ia el inPeRIbR Qa@ﬂgsérﬁ?ea?ﬁ 28,

of | oading said first workpi ece upon said first
Prepaideg saifisgaPng woskrieee instelatinndpi saik laser benat path and;

o t R EECERT BEM woRbAEPE M3 et bbBiner "<t bpe:

| oada1nngwmétlﬁcﬁtoh@laMQ@Mmélnuﬁ@%tépﬁbﬂpl‘é@éﬂﬁg s8legsond
said first workpiece is inrelation to

W&P@C%@é‘%’a%@mﬁ $Rid H\aserme@ﬁapa'ihg’ugae@cwgew $R Iseraing of
said s WQFP(p?éE:eS@éIH% Wﬁl@{sg P dR/?Flgb @Lrégrs lnﬁrrg%%s%%gby said

sal d second work e w _ _
lagastheadn.of cl ai m 20 wherein the step of preparing said
wor k tion to sai.d | aser. beam

7 3?3’%%%%5@5& égii"égb?%%@nwmsm%aw jag Graptln n reation
to \yard%c%a IQ@ér%dM“p'am wAbFbih SARILprEPAIRLAR shit $6BINA9SSEkpiece
upon by said
includes indexing said second workpiece or laser beam in relation to said datum.
23. The method of claim 20 wherein said preparation of said second
workpiece comprises aligning said second workpiece with said laser beam path.
24. The method of claim 20 wherein said step of preparing further comprises
a step of measuring a location of a set of points on a surface of said second
workpiece to calculate among a selection of a translation, a rotation, a scale or a
height of said second workpiece.
25. The method of claim 20 further comprising performing final alignment of
said second workpiece.
26. A laser processing apparatus for processing a plurality of workpieces with
a laser beam having a base, a laser for producing said laser beam, supported by

said base, a first stage and a second stage each supported by said base each for
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| aser beam 22. The nethod of claim 20 further

conprising providing a datumin relation to said
wa@emwonshoB@ser beam path wherein said prepar at i BCI/U82007/067945

sai d second wor kpi ece includes indexing said second
halding sia&teotkpi¢aesea fvsiespatial retdtatnsaip betweehdaitdiagsr bddm and

The net hod of cl in1§0 m@ﬁ%eig,z?id preparati on of )
sad fipt Slalna SapgnR sPalel ERipnsleDeieln Al lsaptbest aid said
sé@@ﬁb@q%@ chafdtted el haggr beam path. 24. The method of

claim 20 wherein said step of preparing further

coniaid brst spakialaplatipnsiip deingedapted tathangevhide seid sdcond

' .surface of said second workpiece to

s TR incioy € el Rbav e E30natlel afi on: =

r ot @7, OMhe appa@ltes 6f claim beifgierdonssH

wor kKpi ece. gg. The met hod of Claf#ﬁggﬂ?%gﬁﬁﬂgnmentsubassembh/
a fosmegswier a ncating of prrglintan gaudace of one af daigewwhpieces to

[ . | r SSj ratus, for . .

ARS8 Fitho 2 Soidhrifiel i IRTERY, AdoRERTY Btk Flabpiont of sai
orfeamarkipéeceng a base, a laser for producing said | aser

bea orted b sai d_base, a first stage and a .

secol DEgepaalss ofalae 28 whichsai pligamentsizassemply is

; ‘ / . .

A e e S oAt 1058 st g

| aser beamand said first stage, a second spatia

rel ati onshi p between said | aser beam and said second

stage, characterized in that: said first spatia

rel ati onshi p being adapted to change while said second

spatial relationship renmains substantially unchanged.

27. The apparatus of claim 26 further conprising an

al i gnnent subassenbly adapted to neasure a | ocation

of a point on a surface of one of said workpieces to

cal cul ate anong a selection of a translation, a

rotation, a scale or a height of said one workpiece.

28. The apparatus of claim26 in which said alignnment

subassenbly is adapted to performa final alignnment

of said |aser beamto said first stage. 23
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