METHOD AND APPARATUS FOR LASER PROCESSI NG Techni cal
Field [0001] General ly, the present invention relates
to |l aser processing a workpiece. Particularly it
relates to | aser processing apparatus which provides
at | east two substantially independent workpiece

hol ders. More particularly it relates to | aser
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or unl oadi ng a workpi ece. The present invention allows
[6001]t heGBhérAyREhe Nhregenf iPmtioh FBlaRSWED Has&C BroodsIng a

one or nore additional vvork&eces are goi ng through i
werkiecer o Rattiewarlytibpelates heutasarb preaessiid ypRRtatHs nyhich
. [ 0 ' f
PfyidS 26 1ERoHE] BubaRhBARE SidbhorkRRf HAKBcel noBErs. More
pufﬂlfrd.mrby nfreﬁdtesltt?da'sler qjﬁdctmqj @appatdtay eabde \tar inehiputdte at
effects. Typically el ectronic devices, appear, at
lapst ityassuhsigrtiallys '_”ﬁﬁ@??d%nwpgﬁﬂ'%ﬁee?‘%‘a%’g hishcaliow Jwo or
Of A
R iR to0 o RS Bl O B S S i Rafdously.
Psacessonyl sicpsrmamfirclade poadingdalkignieg,cinedtomachiming) rinspection
circuit, boards, gr. arraysl_ of BaSSi ve, or ?ct [ \éﬁ
OEoHBIORLING BUWATKRIBER: cerldifi cP&SEBT | VBRI bSlipYBedor the
nﬁéf&%&ﬁrﬂﬁ%sof bile BINPOPE WARDlERES PRl oheC B Y§diRdadiditional
and fromthe particul ar apparatus perform ng the | aser
wprkpieeas ace goinge thronghvatbenlprgcassingn stepscwidBoutosylkgiantially
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ag%ﬂrb(frﬁf 3%@1"39 %‘fﬂ%@%%ce&ﬁﬁ‘% oaded. The term | aser
processi ng includes | oadi ng the workpi ece onto the
apparatus, aligning the workpiece to the apparatus,
perform ng the | aBaek ithg In I0fihen unl oadi ng
t he workpi ece fromthe apparatus. Laser processing can
be conducted on
[0002] Laser processing is employed on a variety of electronic devices to

achieve a variety of effects. Typically electronic devices appear at various
stages of their manufacture as substantially planar arrays of identical
components referred to as workpieces. Examples of workpieces include
semiconductor wafers, printed or etched wiring or circuit boards, or arrays of
passive or active components built upon ceramic or silicon substrates,
among others. In general, workpieces are conveyed to and from the
particular apparatus performing the laser processing 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 workpiece onto the apparatus, aligning the workpiece to the
apparatus, performing the laser processing, and then unloading the
workpiece from the apparatus. Laser processing can be conducted on
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numer ous di fferent workpi eces using various |asers
effecting a variety of processes. Exanples of | aser
processi ng include | aser processing of a single or
mul til ayer workpiece to effect hole and/or via
formati on and | aser processing of a sem conductor
wafer to effect wafer dicing or singulation. The |aser
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[ 0004] Material renoval rates for via formation in
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p%%gtsgiangd%%ip%pa%é Ir?o? ' di%egtllglomﬁvglr\]/egx?/vqm arrn%terial removal or
modification. It may include loading and unloading workpieces, aligning
workpieces, inspecting workpieces, waiting for mechanical components to
settle following motion, and waiting for lasers and other electronic

components to settle electrically upon powering up or changing parameters.

[0004] Material removal rates for via formation in multilayer substrates by
laser processing is partially determined by the complexity of the multilayer
substrate being processed which is a function of factors generally beyond

the control of the laser system designer. Fig.1 shows an exemplary
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mul til ayer workpiece 10 of an arbitrary type that

i ncludes layers 12, 14, 16, and 18. Typically, layers

12 and 14 are netal |ayers that each include al um num
copper, gold, nolybdenum nickel, palladium platinum
silver, titanium tungsten, a netal nitride, or a

conbi nation thereof. Metal layers 12 and 14 may have
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reinforcenent material may be nonconti guous and

nonuni form [0007] Layers 12, 14, 16, and 18 may be
[060962 n&drgpniso sliglacirigutayer honmaynindudg anthimoginfercement

oGBS o 3 K s R Mo Ro e B g o
magtéeon displersed Ipaehidies oft Hat ekamplesasimitihfiberd, &ramics, or

Al t hough the arbitrary workpi ece, 10 shown as an,
glagsipaiehave megn wongs qr dispeesgs into \aigapiccdiglactric layer 16.

RbMYSAER At @ f¥hent layer 18 is typically much thinner than organic
dielectric layer 16 and may have a thickness that is between about 1 ym and
about 10 ym. Reinforcement material may also be introduced as a powder
into organic dielectric layer 16. Reinforcement component layer 18 including

this powdery reinforcement material may be noncontiguous and nonuniform.

[0007] Layers 12, 14, 16, and 18 may be internally noncontiguous, non-
uniform, and non-level. Stacks having several layers of metal, organic
dielectric, and reinforcement component materials may have a total
thickness that is greater than 2 mm. Although the arbitrary workpiece 10

shown as an example in Fig. 1 has five layers, the present invention can be



practi ced on a workpi ece having any desired nunber of
| ayers, including a single | ayer substrate.
[ 0008] Material renoval rate for a | aser processing
apparatus is also limted by the per-pul se | aser
energy avail abl e and pul se repetition rate. Increased
processing throughput can be acconplished by
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lifetimes that are relativegy limted and proportiona
to the length of tine they are turned on. Thus, |asers
are typically turned off if they are to be idle for
prol onged periods during system operations such as
| oadi ng and unl oadi ng wor kpi eces. [0011] System
t hroughput can al so be influenced by system over head.



This includes tinme required to |oad, align and unl oad
wor kpi eces. Fig. 2 shows a timng diagramfor a prior
art apparatus that |oads, processes and unl oads
wor kpi eces sequentially. Exami nation of the tim ng
chart shown in Fig. 2 reveals that a substantia
anount of the total tine required to process a
c%"BéﬂfPéﬁﬁ@se PHANOAS 1S e 1l ?&b%ﬁrﬁétehb%n@om id %flu@ﬁcéd by
aser processing apparatus i s spent on the overhead
treectaite iat wdichothel lasell beamial pegitiony withrrdspedtitoige Mmfkmlaee can
| aser to, set Q to ti).in relati t he
bp RBAagEh  s1veeds o infeheq she "phFed) ef fbfid ofontro
c&h@@ﬁéﬁtsnﬂwé)@tt&'ﬂ?ﬁnéptﬁbysm& of ader askarh scitidiagnindluding
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C@%aapugaev,prﬁrQﬂnsanuﬁwﬁﬁaxhwag enpl oying two | asers
is the apparatus described |n US Patent 5 Application
Publication 2005/ 00985496, "Laser Beam Machi ni ng
IOEY atiyRs dlsd mecapsary Fotmiser powes el belstaklerdurag) proeessing

i eces nounted on the apparatus and processed
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t| me the lasers are not processing workpieces and are
typically turned off. This approach suffers fromthe

[004d] casu6t emstherJérﬁaneaiSPy %flnfmceg v, syai@m iayrehead.
Thl@slﬁﬁllﬁ%g g lr&? o %dm%‘ﬁg ?cﬁélp igces. Fig. 2
requir to eam1to
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Fige2 Bl84IRIn5ES SUbstantial amount of the total time required to process
a workpiece, shown in the diagram as time 0 to tp, on a laser processing
apparatus is spent on the overhead activities of loading, aligning, and
waiting for the laser to settle 20 (time 0 to t4) in relation to the time spent

processing 22 (time tz — t4).

[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
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processi ng of el ectronic conponents, capable of

i ncreased throughput when using either a single or
multiple | aser beans to process workpi eces by
improving the utilization of the [aser and optica
conmponents. Sunmary of the Invention [0014] An obj ect
of the present invention is, therefore, to provide a
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In a single apparatus w thout radi ng throughput
peasieiseing Mwewadtpe@cmmgrraht@neou@ly 0 aabrvcstlme!lagacbmﬁs\ﬁ@élvm

B PR EaTo btd PERE, 1 R Ve ¥iieckS et thg same

tlﬁﬂpai%‘thlsmrﬁpiélcéé‘)'air’éel@ahédedlfhng'rhme peaods B0 hAdB2. Both
met hod and apparatus for processi g wor kpi eces with a

WOEKRIECase ¢ prﬁ@emm@WIngsmmgnae w4 3hdgde fBuring time
E 6’% <) rfbg AYB SR §&§ éa%%g e &ﬁﬁéd?&%@dp@%\g &J&Eleces are
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Ioazldegnﬁtb the Bpphaatlisis ﬂrobe%g)aﬂhtheamb peoCcesEipigees occurs
begun. Wiile the first workpiece is aligned in

dWERGfiMerPRipdSA2 PRI 4 HRERYsh: s ArParatheRRWEIh YR & twice
g gRE8RRAEH 8 KRLEL oG CpichoaSrSRAT ddhinaton of e
timirgy dimgeambindfigi 8 still ahoals) wbsﬁantml eystesn myerhead devoted to
loading and unloading workpieces. During this load and unload time the
lasers are not processing workpieces and are typically turned off. This
approach suffers from the increased cost and complexity of adding an
additional laser and the optical and mechanical components required to
direct the laser beam to the workpiece, but still does not avoid the

processing time delays associated with turning on and stabilizing the lasers.

[0013] There is a continuing need for an apparatus for performing laser
processing of electronic components, capable of increased throughput when
using either a single or multiple laser beams to process workpieces by

improving the utilization of the laser and optical components.

Summary of the Invention

[0014] An object of the present invention is, therefore, to provide a
method and apparatus for laser processing system with improved throughput
of apparatuses employing single or multiple laser beams by improving
utilization of laser and optical components. A further object of this invention
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Brief Description of the Drawings [O0015]Fig. 1 is an
end view of a nultilayer workpiece. [0016]Fig. 2 is a
ti m ng diagram showi ng | oad and processing tinmes for a
prior art single |aser processing system [0017]Fig. 3
is a timng diagramshow ng | oad and processing tines
for a prior art dual |aser processing system

4 BRI = it T s BN gk A eA provides
multiple functions in a single apparatus without degrading throughput. To
achieve the foregoing and other objects in accordance with the purposes of
the present invention, as embodied and broadly described herein, a method
and apparatus is disclosed herein. The invention is a method 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 workpiece is prepared in relation to the laser
beam path. Processing of the second workpiece is begun as soon as the

laser beam is available for processing.

Brief Description of the Drawings

[0015] Fig. 1 is an end view of a multilayer workpiece.

[0016] Fig. 2 is a timing diagram showing load and processing times for a

prior art single laser processing system.

[0017] Fig. 3 is a timing diagram showing load and processing times for a

prior art dual laser processing system.

[0018] Fig. 4 is a timing diagram showing load and processing times for

the present invention.

[0019] Fig.5 is a plan view of a preferred embodiment of the present

invention.

[0020] Fig. 6 is an elevation of a preferred embodiment of the present

invention.



[0019]Fig. 5 is a plan view of a preferred enbodi nent
of the present invention. [0020]Fig. 6 is an el evation
of a preferred enbodi nent of the present invention.
[0021]Fig. 7 is a schematic diagramof a |aser being
used to m cromachi ne a workpi ece. [0022]Fig. 8 is a
schemati c diagramof two | asers being used to create

[0021] Fig.7 is a schematic diagram of a laser being used to

micromachine a workpiece.

[0022] Fig. 8 is a schematic diagram of two lasers being used to create

two laser beams.

[0023] Fig.9 is a schematic diagram of a multilayer substrate after

processing with a laser.

[0024] Fig. 10 is a schematic diagram of a laser system being used to

singulated or scribe substrates.

Detailed Description of Preferred Embodiments

[0025] Fig. 5 is a simplified partial schematic diagram of a plan view of a
preferred embodiment of the present 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 workpieces from load arm 82 for storage in autoloader 84.

Gantry 86 and attendant parts are not shown in this view for clarity.



two | aser beans. [0023]Fig. 9 is a schematic di agram
of a nultilayer substrate after processing with a

| aser. [0024]Fig. 10 is a schematic diagram of a | aser
system bei ng used to singulated or scribe substrates.
Det ai | ed Description of Preferred Enbodi nents
[0025]Fig. 5is a sinplified partial schematic diagram
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izl viewpfoe claritkpi eces and, under control of control | er
73 provides unprocessed workpieces to | oad arm 82 for
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[(@?}]pi qf\e[ﬁisf %r%‘f‘ér]ré’@%n% ifent OF t1d HAS% lhoeﬁﬁﬂrpltﬁéqﬁéthod
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ahdiapparatusfcan praoeassyboth single and multilayer workpieces. Single
layer workpieces include thin copper sheets, polyimide sheets for use in
electrical applications, and other metal pieces, such as aluminum, steel, and
thermoplastics, for general industry and medical applications. Multilayer
workpieces include a multi-chip modules (MCM), circuit boards, or

semiconductor wafers.

[0028] Laser processing typically consists of directing a laser beam at
particular locations on a workpiece to effect a change in the workpiece, such
as material removal or changing a measurable parameter of the workpiece,
for example electrical resistance. Laser processing, furthermore, is typically
only one step in a potentially multi-step manufacturing process wherein
materials that comprise a workpiece are added, removed or modified. The
particular locations to be processed on a workpiece are defined relative to
the workpiece or more particularly relative to a pattern on the workpiece
representative of previous or subsequent manufacturing steps. Because of
normal tolerances associated with the apparatus and the manufacturing
process, once a workpiece is loaded onto the apparatus, the actual location

of the workpiece or a pattern on the workpiece may differ from an expected
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[0026]Fig. 6 is a sinplified partial schematic diagram
of a front view of this preferred enbodi nent
conprising two X, Y tables 70, 72, holding stages 74,
76, in turn holding a workpi eces 78, 80, respectively.
Gantry, 86 holds |aser beam optical assenbly 88 and

vi deo assenbly 90. Gantry 86 is operative to direct
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lines) or workpiece 78 on stage 74 (dotted |ines).

Load arm 82 and autol oader 84 are not shown in this
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of the instant inventi th .
tnf nbkasafl ahburcl) 5%, ihoibes DAY B8 RRR RS FRepigiah is
crAPREedBf IRURRE Hctd1fining thBirbtatioPRH! afd@BgtingRhe Workpiece

sheets for use_in electrical applications, and other .
tortbedasesi keans, Qnewaydolignithardaseitkeam withithe workpiece is to

o450 3485 o o B AR RIS 2 camera
foeuséd ophine wotkgiese Eithdd throughuht laser bsamooptics or through

sem conduct or. waf ers. [0028] Laser processing typically
aRQIRer set ohrondiceecl hagverkpiecs, ”}?é’aﬁgdﬁwﬁﬁﬁt@ fyshe Working

IaEQFEEEHP%o%tﬁ'ﬂé@ralf% G&ed ?oﬁfefreEF 9c§tﬂéﬂ9§hﬁrﬁ;.t e video
wor kpre¢e, such as material renoval “or chahging a

car}aamjis_aw)ileahacmc&ed td atdoenputekphobeacdquinesdravides data in
electrical, resistance. . ing, furth .
e D R
th@arﬁwéicﬁ%ﬂwiéw. ProGAss AGTRERL, "HIST Vidlon-bARid GRBERSIRMent

a workpl ece are added, renoved or nodified. The
sybmysteml iar ulilizedt tordetenibe theo @stual diosatiensvef kpne gy more

are def.ined relative,to the r kpi ar . .
alfiFadti teRdets el ey BxshSpaRePaibledH, . ThRFal: dignment
taf s SraIiLRIdIY BrobaRE/S Piat Wiire THEARAUSH thaTRdWK e ta! throggh

st eps. Because of nornal tol erances associated with

theheoursp s0fag LRrexiowst Manwianinkng WoeRsSHrantk e loratiens to be
riBBESRIERS 3hS R G Win TBRERA I kO TRk As such,
knswikege of Howy tik flighnient tayets waretteshsJormed from their ideal
locations to those that were measured during alignment can be used to
determine a transformation function or mapping which is then applied to the
ideal laser processing locations so that the laser beam is directed precisely
at the desired point on the workpiece during processing. The process
through which actual alignment target locations are identified is typically
referred to as the “alignment routine.” The resulting transformation or
mapping from the ideal locations is typically referred to as the “alignment

algorithm.”
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| ocati on by an anount that is greater than desired.
Alignnent refers to the step of determ ning the

| ocation the workpiece or pattern on the workpiece
with respect to the apparatus. [0029] For | aser
processi ng applications to performtheir processing
Wi th the necessary accuracy, the workpiece nust be

[OY3002" G thERRBleAt bake the g@mgiﬁg@dcam bé @84 to be a rigid,

rmning the rotation al 1 gni ng
planak pbject lacatedin & knownplane wWiierespgct © thiei apparaius. In this

cht et Sl eRonhiEr fehiadt % ol by aApGial
locatios est e th&kbﬁ!cbpiaﬁ@ ethel bBRial LY vedbsUrde Ibasin ReAbe

optics or throu anot her set of optics. The workpi ece

exprpssed i 8 uannaifng dransfiermwvor Kf nthel astatiopehipy is affine, the

TR e Pied L S HBOUG osfigBlestp S ddst Bl 8 no
codrdifates afliits aeniing lvcaln ¢kt ibe eRprisgeti Py therlimeandquations
processes it to determ ne the precise |ocation of

feat ur &s=iAX tHRY tiCel d of view. During alignnent, this

Vi si on- gﬁﬂ,{r@ﬁqj ement subsystemis utilized to
det er m’ne e actual |ocations of one or nore

whé'regmrlyrarettaragmosd inbtds @fl theamymieal goint; rxI tyheretbe kcpoedtieates
Typi ca . i gnhment, tar get r fiducials are patter .
of Hip TierSireReaSDh B theBursr kb die A Budie CRESEBIA seThis
tr?rgsfgrrﬁéﬁd/ﬁ Ukh mﬂaf@%ku{md}% WHRGESthe, @ r&mﬁﬁé Pedhb&Nthe

e processed by the laser are define respect
workpidres actual glotatiomsarslidie nowiniab dgeexpediedv lohation can be

l i t .t t | f d heir .id
e SR e IR, ThigHO0S ARt Rl cEaNaRs g e Rins: I
theaRoAPicteR AssuhséEtdbiea Aigld pRWER OBRdt ARafl igTedd &Nassume

mappi ng which is then applied to the'ideal |aser

apraybieesy repgeo st sespent tohthe apparatysr the dransiormation that

PR 8 TuBaie oiin.bO e FBicEEe 86 Bhe MRl posiionss
p@ebueétiveriragstornatiérrndich foflowsithe generalifoent i fied is
typically referred to as the "alignnent routine.” The

resul t Xng (AKanBY or @Ht@E% i BY *rlppi ng from t he i deal

| ocati Qns (hS At ¥piLC I Lrned to as the "alignnment
al gorii hm(ng83+O */Ld)t( ﬁgfhglﬂ | est case, the workpiece

whare ¥eyassymad B, C b, B andF dredsaaboveobnd s, Harat kdrd also
a known plane with respect to the a ratus. In this,
cqnstanten WA HEIOKE (CORIPIP) SN P1Sh BRRER ihe Workpiece is no
f j I oYWy ' ;
o fRcRiteRto B ffla, phéfridbied! THBAIMRRIBAGHICHNF use
highér meder ageatioms tof dedozibeeths isonfabepoi soafdtinmas divide the

o et S S PR 8 BpHARRRB) aBimpler
tréxxwgméaﬁbf. ?:'Wﬁét fe¥eemeftbdyy hhlE ihi dodmoRdare! iHalhe actual
locations of points on the workpiece are identified and located with relation
to the apparatus, with the eventual goal of accurately directing a laser beam
to a desired location on the workpiece. This goal can be accomplished by
physically moving the workpiece with respect to the laser beam or calibrating

the control software which moves the laser beam with respect to the
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y' = Dx + Ey + F where x', y' are the coordinates of

the nom nal point, x, y are the coordinates of the
neasured point and A, B, C, D, E, and F are constants.
Thi s transformati on can handl e situati ons where the

di fferences between the workpi ece actual |ocation and
the nom nal or expected |ocation can be expressed by
whFidisdAWitANthe iNRIrAidtiORSreRBRIAG ThE SHBARERE of Thé vilirkSice to
plane. If the workpiece i's asSsuned to be a rigid
thel apraratbisj @@ combinationfafdeth.o assume an arbitrary pose
W th respect to the apparatus, the transformation that
rel ates the nmeasured position of the workpiece to the
0U31';]na|THé0§d>'élithé%Ii PRhE pRItEsY 65 td aligt HdWbH@edss that
I:fol ows the general ?g_rmxp_ = (Ax + B'):@i C)/(Cg?ni ;y +
ong gr moregplaser Mulses)will Gnpingg upQn aerkplece at a desired

: ) n S 0 :

ot ey shefestr BbReR iRy WG IBRE iy Btk

eimitthg eneegyalusigeakigririentothicongkpidc Hidyebe tatighed aelative to
rigid, planar object. These saolutions can typical lP\/
theslasey @ﬁ%m o lgser Eeam pahs Whichyissthe path; alenghigh dhe Jaser
. i . L :
PRI (Al £R.0e SRShlY & R, FORhSRAOR er
bearas Hrersmmetimes \Shapetheapertuetdhand fbavsed to baverenpartieular

t hat, . the actual |ocgations of .points on the workpiece .
e iR RP P S ATO BERP ol Tk RoPe RUGRERN 6ORESCS focating
paRBaaR beihts Wn! thel WErkpHRiat with rS@;?éctgf) Ppatiicale?!i¥cation along

directing a laser beamto a desired |l ocation on the
thedek@i beam paththgbadrresporists tacdesirdd shandcteristiby of dae laser
bm)vi ng the workpiece with respect to the | aser beam or

i brati ng the control software which noves the | aser

beamwith respect to the workpiece with the

i nformati on regardi ng the alignnent of the workpiece

[0082] he Anoiteraaspechef alignmentiatharalisougbithe goabB1pEign the
w&@@he&%;\g@}qgﬁ@g{;ﬁﬂé 13 Beam 'pﬁtﬁ thf g)giﬂt Hé?/ 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 to the laser beam can be
calculated. This datum may be explicit, comprising a known point on the
apparatus, or may be implicit, for instance aligning the workpiece to a laser
beam path or a camera/lens assembly which has a known relationship to the
laser beam path(s). An explicit datum may be located on a moveable part of
the apparatus, such as a moveable workpiece station or chuck. The case
where a component, such as the laser beam, is moved from one known

location to another known location is referred to as indexing. In this case the

12



one or nore | aser pulses will inpinge upon a workpiece
at a desired | ocation. However, since |aser pul ses
exist only while the laser is actually emtting
energy, during alignnment the workpi ece may be aligned
relative to the | aser beamor |aser beam path, which
is the path along which the | aser pul ses would travel
mévéafbléf@éﬁ f@.ceawyt.neeﬁégxbe%eén%céﬂdﬁ% aFWHléf?'“t%Déﬁbnment
l'aser re Soneti nes shaped, apertured and
withc thee desto oﬁathe apmratus:us depeatably. knownsi onnrnﬁerztealways

and n this cas nnment, co rlse atin
dBBFodL B the ekt St Bk RRl AR PEE aiE, Whether
iraplidii sdlicltoTaid attual pregets of bigeheheaan batdtcoh@lished by
corresponds to desired characteristics of the |aser

pbysigally obarging gither the Jeeatiosr ohtheywekpiecg orhe laser beam

ol 5§ o SRl el b L SRt et o

cHlieQidte dhe adproprate locakion FRor dinedtmbiee laseh ebewn kpi mcerder to
or the | aser, beam or both may be noved by the

PEsSSSahgsdegredhipeaiion) %rfhenwoﬂme% Jrhf$ &q!ﬁ%%%m@/ be
HBEs30 e, A oo Tahafd rafiiofnafBTH i BIsCEAE e tckied to
pem)ﬁmV\additiendaloaggmehhestéma&nthem mfﬂmedntdalysbefobeam atutding
PaeSPOs(q PTRRPOI AGSTaOGO SRS JOB WBEes n
: f, t
Skt 39af kP BLihg i Brob A T o g nenciop
somietiolest pdrfor‘fhed fiert example, bfollowing cmdexm@rrpuestmgermrs in
{
ol T EnE B g g, B Sstel by ot manusPBlkid) tigrAhces.
This i@ &@%ﬁ%ﬁhbﬁf‘éhé@l@ﬁﬁ&' dbﬁﬁ?ﬂn%hh@aé?cc@réfé}ﬂwthe revious pre-
relationship to the |aser beam path(s). PICIt
alignroentralephand ceeasibly oefinesdhe apewiopsr eswﬂatehwth all of the

ofRRRE"Fin AL indindhi B BRI RS 257 10" aser

beam is npved fromone known | ocation to anot her

known | ocation is referred to as indexing hi s
[Q0333 t e m@ﬁbm\éerﬁmlnpsqase§|ay§tqmafér>@é@heet %@ﬁowdmg at
Iea?s? at $ Q05 qaltalBh ShhédrkS @E'CQH AHMGEE foh6e p‘?@éeé%fedté‘ﬁw be
paratus 1S repeat abl nown. nnent -~ al'wa
Iodielpdraiﬁi preedlignee ata séemdastafuoa sﬂ:bstantlpdy lmdependently while

a geeviaySIpieadaCaad Bughem ok é%%"saﬁéae Tpsassah the first
|

S SO e et s o ot

changespthestedatiiey pasition df ltbe dasemibeam witl asemeotdo the second

oG5 " 5o B GEBBIS ek ek O b, o

wbA@idEY. K &f refEiied éﬁﬂb@ulnaémo rnmgeohéh@eewpr@aﬁ\%i pRsitidn is
coordinate transfornmation. It is also sonetines

amng!gaﬂledd)mgte; statipad diaweyves) itas pgntmmlagdemt spmesportion
o (RSHY S LS & oy AL BB B8 R e

adddrapiishthet dningeBYF SICamY ofithel étgwtéh@laiéewmofr@l the change
final alignnent step is sonetines perfornmed, for

C@kbﬁp’ﬁéld FMUAWMONRCGURYeX B! fﬁﬁféloncpféhedme reguired to either
r em

Io%gnu ac r{l n%tr q#eﬁ%r#gg{seo érh%:ﬁgg%éfean -g 5 ﬂﬁ.{ aéhlggﬁt two
that confirns the accuracy qaf the previ ous
pre-alignnent step and possibly refines the previous
estimate with all of the conponents in their final
position to begin processing. [0033] The instant
i nvention increases systemthroughput by providing at
| east a second station where a second workpi ece to be
processed can be | oaded and pre-aligned at a second
station substantially independently while a previously



benefits: The first is the obvious tine reduction and
consequent increase in systemthroughput due to
rapidly directing the | aser beam path at the workpiece
and beginning to mcromachi ne without having to wait
for a lengthy |l oad and alignnment. The second is that
since the direction of the |laser beampath to the

i dot: .
OUEE SR 3L PRIl 6 Riisclefon ks A8l enFhciide
systgmi fthm:mghbyt et 6o mgptdhe direeting othel daser beaml path at the
t t hi f m th bi .
WoBKeeR I e AR e BEC G SENRE P BIO] Feving e Bt 9
Icﬁ‘\ WAL ENE Hlighettt UMBe s8BbhE i iRat §i§§é th@&iﬁé&hon of the
ans are proceSS|ng a previously | oaded and aligned

Iaser bpaart:aatimmébe warkpiene s eapid i thetlaserudpgsutotdwyei tol ke shut

o 0B RAEo 85 Bl RS8035 S UL HRTHa b i o

fdrh8sadeatling tifne.or datum or datums. The | aser beam path
or paths, while not directed at the workpi ece being
pre-aligned, are also inplicitly aligned with respect

h .
(4631, 2 E RrRterrid Efngdinghe, oo BLRAERE bRECIIEH ciRpiece
oV sttibn, i@ retionttoea daten obsatmﬁdhimrﬂtsq wihile marlbperehmm or

t he nove or npves are nade s mai ptai.n .th
be@mare@rawsgﬁ*nﬁeﬁtpr%wowvmq\ﬁf araé Hg moﬂsﬁlﬁc%makes this

k W t r gf
rRpds, S b Sgel, O PRy B SiatSge 1
aligreedrowith aespeste o alnetﬁaepbe dasersebeafmrefarénces péthirs the

RPN P AADREAE ASUTAL e g RRATy bl IopaT B Wil ot
dFreGed! tahe \ﬁdﬁ%%ﬁe bERY Frecalitpat and lafdd bfnﬁldutﬁﬁﬁﬁ’grvéd With

respect to each other. "[0035[For this preferred
raspect torthe datam addatum&alPraré@ podcessingvhgndhe workpiece or

el ot 3 ettt Sy BV BT e geam

pBIPRERR WBrlpled, dRE rhevé QRPROVES ard Afaden®d las to maintain the
m sal i gnments caused by normal manufacturi ng

relative g et ot hetmthe @sgabsiash PRt R @a&f&maeﬁ dhe werkeigce
w#ﬁ Q%;/ %Rép%t{l?%%i%‘gﬁeg] a2 é%s?ratpﬁ\teh%nﬂr f I?ﬁt? RbYE! CRE- the

occupt es on ractron of

chmpldtioneof theambiebrtmoles,! sined itiges Iasembéam ath angathsiand
does not represent a subst ant i al decre seins t;qrpgraance

thenwarigripee .naveomeintainedh el glignmant ¥th g o
pﬁ rs& ﬁ@tmﬁag%ﬁbf&t@ eé&él@ ét@es%sgém‘dth d'éP%e&?ostérli‘t?ally

IS op |onal I nspect éd a

aligriezhwitio resp‘e:ttao pach othdmpi ece is loaded in its place.
This can be extended to nore than two substantially
i ndependent | oad and unload stations operating as

(gﬁ%gr | g tﬁ PrefesrHed ebribldirR8At, h SRIiforV 'kt OF BRedang nd

rocesse on one Or nore nac |n|ng stations. In
pomnblywafmmgmarfmal ta,hgomemm conwmmwtdu and maypbe enigraed

| i l.
ab b Dy i o Eemta rofesin, BT PHETof eathPitate dop, gmal
midigherfts'r EAfed Y G MehURIBtOMP UBldtdhees or thermal

expansion in the components used to move the laser beam path or paths or

the workpiece. This final alignment occupies only a small fraction of the time
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[0037] A timng diagramillustrating the operation of
this preferred enbodinent is shown in Fig. 4, where

t he upper row, marked "l oad" shows the tine spent

| oadi ng and al i gning the workpieces 78, 80 and

optionally inspecting t he wor kpi eces while the row

narked ‘process” shows the time spent processing the
iSR! Ry afofieliOgRcd 2 tilis S05ShotRiKBLAR% SihitEntia
dEdmkﬁBSMSymBhpﬂeoegﬁﬁuns ready to be processed and the
first station 74 is brought into the correct

rel ationship with the | aser beam path 89 and

ess ' mYHt RfEebsin

O B o R e rpatsing
thee gacondiwarkprece, othehirst mkp@cena Cmtloglﬁihé ispsicterk @pd dthen

r ece,80_ on se and st [ 0
uPBapBH G gl wBEkaRre  RecBl i Rsidedhiot bR eldegged
tcanered thhat bed Q@oswﬁtﬁtawhmd&pwﬂent gbadi anghuploadt Btations
| aser beam path 89 and processing of second workpiece

operatingi a8 describgds abave sugh thab onerait MEse Krkeieces C@Hld be

f t 4
oo, B e AL o ln, BPYNE hy o purlty o
maehireeg @atﬁt}hsaerrmlbym@t@mmamqe@fsIe(seotbeahmm)mﬁobe used a
det erm ne theoguallt and pl acenment accurac

highet peppantage of the tolat IMeaayallabie f %feWé’Pﬁ?%Bg ﬁw%y further
uﬁﬁéﬁ&ﬂgggagntﬁwéugﬂﬂ@r0!'er (al so not shown) to
conpi | ata for

statistical quality control
procedure, to guide additional processing of the

mor ece.if regoverable errors are detecte
P s ming %aée'm el G praaT o A, breferred
eﬁt’tio'd rhest r% Vit W Fidhd, WHERe tthe ddb‘é?%\‘iv' %rﬁé@ploéa” ishows

conpl ete an first workpiece 78 i's unl oaded and
thed tintei speint loading aod aligring deel vmr&p@lcegnb‘ﬁ & avd @@tlona"y

| 74, At t. t12 the ks
inspeFiRg L ABF RGeS MY oot ETED, BFEe S/ BW & fime
sPEMC @%b@ﬁnﬁ/t etWwokpicbest hstaitiag emtimy ek firbewoagréce 78 is
beaminto t gro per relationship with first statjon

loadedcartd alignask5Q.gata pdirsy stabem dde it ting tpflteé aorkpigee 78 is

3 k
reiy, 5 e teSherd, o, s nisF “aort 74 R GERohy 88 Beoelfect
rdlatftﬁwstlﬂﬁr\nﬁthtth@ @deri BPe phtn89 6341d| ﬁroceﬁsﬁhgte beg@t.oM time tg
lkﬁlece 80 i s unl oaded and a new, unnac

weekpieee B8 deadest entg ﬁ@‘?@ﬂj staiopht @B§ aﬁea@em 54 is

c S
o0 AP M0 Y AR oSy 1950 0 o
s@tmnws’(atlon gﬁﬁssobomphete pnddeisseady fireprmcessidgd Atdime g the

sv?sﬁé&tt bt se e STa8sT B Ik I oper relaHGlEsie Withdaser beam
CE9%Rd 1o ﬁ%l@ eF sWebid Wﬂﬂﬁl@@e S0NbEGIAL 5%, 2ARo at time t1o

al i gni ng ‘eac Kpi ece a er eby |ncreaS|ng system
fitsh rwmgpqeae 78 Oﬁ%jBABtatimGr 74dy avaikgledor taneoplinnad inspection

sleRe58 /44 Tl Wprisicert£8o Bpbraed; LB AR process

rfdtcgﬁdvhﬂ th @ét%ﬁ‘ﬁir{é«ltr@ Qeafy: and ptatcerﬁerttEaédua@c of the laser
associ ated with prior art illustrated in

peovess, The umfgrmattom ispegpeenatert capshr itransmitied Ito |a)§antﬁ@"er

(P B B ROEF A 7l el e e,

typically turned off to prof épng the life of the | aser
oscillator, |laser optics and other parts of the |aser
beam subsystem Prior to begi nning processing, the

| aser is turned back on and allowed to stabilize. The
time period required for the laser to stabilize is
referred to a settling tinme and can be a substantia
fraction of the load and alignment tinme. In the
apparatus and net hod di scl osed herein, the | aser does



[ 0039] Exam ning the system diagrans with respect to

the timng di agram shows how t he present invention

i ncreases throughput for a | aser processing system

When the apparatus of this preferred enbodi nent begins

processi ng wor kpi eces, the |oad arm 82 | oads a station

76 with workpiece 78 under control of controller 73

eifV ke

s S T R el
dé’tlelcted mrrtepcmpeh@etfyrr tpiossibpee theythab Mdfornftipn i the drilling

time, T7 in 4 control|er_43 directs ry 86 to
BTt BF TEESty EISPREHD™ SUBui 1y COBPIGLS GHOLP MEFkeigee 78
lsrﬁrﬂﬁga'@c? Bhﬁ%ﬁ‘@&&ﬂbﬁ&l%@&p%e%%é&% éﬁd aﬁbnébleﬁ & 1 first

prece 78 Is subject to an optional final
statlogrmenm time t1p the additionpl wogpiece mﬁ@aheﬁ@enrtgwgwed 60

afd 3% 68, BrbaBtRInG ACHES (i B SR EEmeREs P s cheam
inféiNtha! prokd a@nsmmgrhwﬂh birs@nstatioh | 741 oldingg e rddditional

system (not shown his is represented by tine period
WBIKpigwd aed \Rﬁ@@?ﬂ%&@ﬂ%ﬂibeﬁ#‘@ pt bwestsesecand WPH@IQQ? 80

oS SALEE S 5 LR R PRl ol B8 AF v v

oplisHzt isspyctioh| 6 |s7c30rdpre@e3tsewadtwyrk&ﬁadeoSWenlaaded and a

assenbly 90 into position to align V\orkrEJA%ce 78 on
newatinEachinedruprikpiage: isdoaged.inre-gligned gnshithergby made; regdy

[ n

fof BbECSeIT sEB'GERhG RbRAIMA P KE AeRpichile the
ctirrexatl watkipipoeeistbeingl mmz&gmsh ttgs qnfromskq:arebe ex@emded for the

station_74, represente per 6. .Fol | ow
dynadiono i ﬂ't? OFTORBPRPY e PEO ﬁésoge%t%l?l gqml%tg limber  of
WGﬂgﬁ dé %daangﬁré%rhé(adj'a‘sgéélétédhﬁntﬁqaéﬁith@nfdédiHQ/Qnd

t eo assenbly 90 into position and in th
alignirp@eacbnvankplpce‘ainddbel;ehyrlocreasw systerpitbrasigdpubn

station 76, represented by time period 58. Follow ng

the optional inspection 58 or instead of it in the

[0038F | tAricth&0hdPaithge BTtheCABian®linintiéa shd epiisodiehth this
arm 82 to unload workpiece 80 fromstation 76 and

p@f@vedi@mbodtme@utlsaltbgcﬁélmtaahqh@rtr@du@m af hasgr settling time

7
TR RRS AR PEate. S 0 TRl b Etistds e gor o
illospatesant Egs by andn®, gering théd@me betiods afsééclamd(wltla deading
78 is finished, wher eupon controller 73 direct %%%ntry

and alignirg svokpiacese 489.050r c32.a38erffly 8 asery

T AL Py i o o
lager iogdilléfdy, Eser optibegind ofiter ppzatd gf thves ﬁnaarube;m tseibsystem.

A (@ BRGNS Retessachs Basnrs, Mnsd macked i Sfidved to
st4BliisB! eﬁ?é Qﬁocﬁ’rré hifsf 6r°thbh§séipﬂ)a§l%b“§e |9?6ﬁ3rﬁébeto a

appar at us oaded nd a first workpiece 78,
séttlimgstime andrdqm lm:e$ub|stantiaéfraamqn efithierload tand aiqum&nt tigne.

| tQ th
IR ek oG Caed e et 5L ob8s kef bae to be
tuﬁhé@eoﬁh HebRb¥n aWkéﬁbHés cemé@n QAES i UbeRebErP @%cessmg
duplicated are an X |l e and a station, both of

workpi¢ces is iméepdashe eam@ura& of imeotheasystemetakesrte Woyedhe

SERSRA 5 RSP, o e

cost. [0040]Fig. 7 is a si ified schematic dlagram
of a preferred enbodi nent of the present invention
conprising one |aser 102 generating |aser pulses (not
shown) which travel along | aser beam path 112. The

| aser beam path passes through a collimtor 112,

foll owed by beam shapi ng optics 124. The beam shapi ng
optics transformthe spatial profile of the |aser
pulses fron1an essentlally Gau33|an proflle to a nore

‘. oA o~



woul d be consistent with a goal of maxim zing system
t hroughput while being | ess concerned with apparatus
cost. An additional preferred enbodi nent enpl oys two
or nore | aser beans working on the sane workpiece. In
this way, referring to Fig. 4, the tinme spent
processi ng wor kpi eces (52, 56, and 62) could be

Mm% t d
M P aale, BEkt BeaniRt e hihidists,' THICRTETS typicall 2
sonatlp fractidn aofsth&gltlendz wqmredrtocdmm rand @ligni @l wotkpigges and

intp nmultiple beans Th rolled
bl yRodshg, Fedis: i santp, pp sl stk ARGEOYGpiinating or
rédlfihd ARk SEEBIRY itnd BETbRE begiirng theNBldtedBingPbeRe next
or controlled independently to process any desired
woskpiee®r. The | aser beans may be directed through
common optics or have some or all of the optica
conponents that shape and/or steer the beam be
[6039" atEBxarhPiHPing gystémi cﬁa?ra‘ismsTWithfreaﬁiecﬁQb Qﬂmtm‘ﬁng diagram

di agram of this second erred enbodi nent of th

shows diew ih%ﬁﬁ%trin&@mm ncrrpsesdhprushest faip lagse pgocg@@lng
02
BT 0w IPEYnane s aPodRis O 6, FH8lE, Tifoode bepins
pﬂ)dmsstb@rw@rﬂ(ptm:‘ebpdfe Iloadlarch 8% leadsch stationi AGwith evorkpiece 78
el B g S S e ol Ve
éfﬁ(})@ﬁ@ﬁsmw o%it eth idh hd\ﬁ/oﬂgﬁeéé‘si%r 8P2§)t%tléﬁd7@02Tﬁ|9 is
emt eln alt atlng asni on
répi’eselsteﬁGQ/ fined aéﬂoqbrm/lmlElgm t Atitimen Uty putF::gr 4 sqoandnollee 73
J 208 h | i
o558 o RE RO BmBAIERE AR SeseEe o8, B o

miié®mddhhe Wdrkpiete 78 Qﬁ\a%td@i@ham zaAt @mspﬂnﬂee@ommédaeve is
respective output |aser beans 206 208 are

sghjest tmanappionsarfial gllignmesndr bbe/zmo aseemb&y 908 tiprgeigh the

g8 4L SERERED et dog et TAh BrltaArseridg s oBlsaseing i
begumt at I éntehplateduhatialighinent tin dies de Sesumplihedsby an

turned by mrror 220 to pass through one-half wave
apxikiary digmmentsystandnet spewal.i 7his Brrepresanted by tine period

a
S22 IBSAGRE Y 1<PoREo RN F3d s Mher 7o arects
lopldaaemo8?2 itocletdntwdrkpiece PSR dutewadeessd 2@ idadoitgbnto

substantially unaffected and refl ects | aser, beam 20
SEHORITr WIREe ADTBUSIES BUeGH ORIy §§| t@ rpvexidgP gsseay 6b'y 90
S ty
oA {5 PO CRL B8 of MRaTF Tt R S4B b id eriod
54l sAt timat t1o coptrotler A3 (directs iganiryt 8 thahovetasgr beam optics
desi co: axi al

b 26, th
a3SRT D% NG coRHODANh T ICARSS VN o) SR ANG Brocessing
oﬁ%H&ﬁé‘& 1£:) ohtgtaué#ﬂ wppé;%séﬁtbucw %égpé?fodtﬁ@ FoHieWIng the

| aser beam 2 be at 'an ang
lopdirm ofzworl@nemé& oofstatien 4| thet @cmtzodlgr 78roptionatlyrdirects the

t hal f ,,of t b 2
o8N G T NS, o, iy BRaEMbE, 907BE pRERBRCARY 18, Bein the
m%?é@lrorpbpﬁ%\.i%r BRFIBsSéd, wérk |efcéf803©h 8o 78N eegrabénted
of the co-axia aser beam 226 to formthe secon

by timer periast 88 sifmfoninmiteeptianal inspestionb8eer iB§taadrefdl in the

o485 35 g B BUBRAP VoL et ok 9P, 5 361 URac
i dentical spatial informatign. Not shown are the beam -
steering optics that direct the | aser beans to the

wor kpi ece. [0043] Processing | asers 200 and 202 may
conprise a W laser, an IR



| aser, a green laser, or a CO2 |aser. They can be the
sane wavel ength or different wavel engths. A preferred
processi ng | aser output has a pulse energy that is

bet ween about 0.01 pJ and about 1.0 J. A preferred W
processing laser is a Qswitched UV DPSS | aser

including a solid-state | asant such as Nd: YAG Nd: YLF,
wNﬁ(pY e 8@rfr<w StXi%h 78" aid igé Yﬁﬁﬁéut@%‘ér‘@ﬂ 8nd to Ioad a
ytterbium hol mum or erbium W [aser preferabl
newpunteshirednwaikpiedey 78 dom autaloader & entoostation 76t where it

V\BIVeI elnlgt h)dsuch as Yé Z(%n fre%gienc tr| Md%'%ﬁ'me ts

wB‘ﬂ(pYé/é@)m i9finshadn Wh@ré@ébf? Béb{tréllérm\'y&'r&ﬂs NS to move

Nd:W04) . [0044] A'preferred processing laser is a
laser bearrcagtmmeea:emglyr%& ang \acﬂeca agR&®bbnIR Inteftheisrasrertive

pB9fibhs dpEERAPCeRRntr ehed W KBRERCHY S GRISH Y Yume

p&icda hast ke tigin Dplionally mepdcting Uhedmbghined workpiece 78
Coherezgt DECS ofg Bl (;ﬁ(;m‘l e)I/d Conng Because CO2 | asers

(time Rerigsl 640 diieceroeesy AN 19ontinde a%rlgnghased ssupPply of
Y, k Sy I
o EFEEea? aiton i ISR 16Eadfdllq | o e
apparatus hésdvaded grndephgrest sivsthwotkpiece 78y firishedomorkpieces
has been gre drilled with a UV | aser  or

[ hed
wilChe GraHBf HEm e cPRAraS 1 48 avasoe alRpRY: SuBHERalY equal
' 4
U 3gh PSSO B BRI 4 RIS 04 SA he cny
appdrb&usanbmmmehtmmqwreda;o be duspitated vhe dnaXerY table and a

s@HBA; Doty i which . fise HstnerSHE: Teiaie JraRel pERR g yideo
a§éﬁrh9lle°§ 3h&ehsimg sysferaith Mﬂ??@ébﬁhﬁl@heﬂhﬁhﬂe minimizing

sol1d-state [asér "and th | aser, punping schenes,
additiopall appagefusrcaist.on net hods for the CO2 | aser are

al so contenplated. Fig. 9 shows a sinplified schematic

di agram of vias processed in a nultilayer workpiece

[00a0] by Fg! A&es s(mpiificthsot@matio@iadrdri pf aqereforray émbsdiment

organic rnterlayers 264 sandw ched between | ayers of

ofheaPresent dnrmiion: compEsingl ongdasek 10% ggparativitelager pulses
R0 o0 BoF Bl Ao AP R TrBlab e bR patn

pasdad threughoa dmlirmtoEGGZJ mllemmeeé?ﬁQSha{pﬁ}@ﬁbms t24eJhe
where, due tQ inprovenents in cessin
bepracshaping SBB%tranﬁE"rtEalﬁﬂaé' il P eriasr RuSeR&om an

t
EEABI SIS ¢ o 4 By o
1t@yhdre padslﬂjtmoughaieanmlstequr’@ optics 628, then theougihpsearetens

al i d ins t.workpjie sin l.asey,
146 aoe BTl o e Baisres, {0 e, et siBam B dpiiERalas, upon
m@’dh&ﬁcm gﬁba&d)ﬁ’tﬂﬁle?r(%o‘?@{d%%ﬂd direcfltheNas&d beBAP €S ldesired
wor kpi eces for multiple stati'ons where processing is
locatiomgyop itbe workpiece 188e nunber of stations and the
nunber of |aser beans is bal anced to provi de maxi num
t hroughput for a given anount of processing capacity.

[0041] The invention described herein also includes further improvements

in throughput if the requirement to minimize additional cost is relaxed. This

would be consistent with a goal of maximizing system throughput while being
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[0047] Having multiple stations also allows for a | aser
processi ng apparatus to have nmultifunction
capabilities. Multifunction capability is the ability
to performnore than one process step on a workpi ece
on a single apparatus. Sone of the advantages of

mul tifunction capability are | ower system cost,

i GPost 1 Ah taitiSRRY bRefeHelNemBbamnent
I%ﬁﬁé&ﬁeﬁﬁ%yﬁ'{ E?gég‘ﬁput . ngn exanp{ e of a desirable _
emplaysf twi br omoredpsaii beamsi wortking abithetsame worlgpiece. tihdhis

results.of, |aser ogessin erations on the
waYp TSN thEI0: de e MR, sPral BisEasiin wotkpletes (52, 56, and
62PRA8I BePrefuCea arkf %?§teh9 tHEIUYBPE P TErth et McRaseens iMdtiple

to acquire data fromithe processed vvorkgi ece to

laget dresim@ Ganf benereatad bygapliting thecoyput 6§ sipgle laser, or

operation r f . m)l e hi I using
oGRAlE TRl HeTeeia 8, G gtmby ) THEE, Bedfys ahdbe
coRtFdRidepinty&o 8s fb §recesy nrntisidiinstahces of heenticas efdments
i nvention sone of the features that could be i nspected

combinadoinie s ginglagvorkpiage: iar grftrodiagsindaperdelitly tohprocess
ohB P18 afe, 118%eeBohie a0k AR, MR B comer
opticeoohavédsofeadrualesf the diticahspepbadnisnbbtideapd andioz steer
shape, depth, taper, direction and debris associ ated

the bearg bessqPargte: | i nk bl owi ng, the Iocation and

conpl eteness of the |link renoval, damage to the
substrate and debris could be inspected. The data

[0042] I t iFig. 8 i®m sineplified psaheinuatiac diaghamusfethis sedend pnéfesed
whet her the features. processed neet pre-selected
eRbRAITGNs P L E=haSeDt HENHGR FOMPIISA, PG PTACERSINg lasers 200

aRd 0988S dROBAT BY Br QYhéFoniRY! BEurBd 120Y.€ Baurt@n304! &6uld
facilitates the inspection of the workpiece

synahsonize clagers 200 pndc@@ei by amy lomer BE avdrupberc of jnsethods

iy SYaSBRIANg i Bodr SRPAG Rt gR UAEERLOR! diGes that
papleiBrg) htaddé lasdis or PoRSIIY SEndhenivipigkDiseizhes posttioned

processing a processing all ows

pt pﬁ}aratusfollowin ) )
ingidec & lasars r4)0 iaﬂﬂoa?%ttpoﬂn@fgeb@effééo %€ iy gmalternating

. o ’ . . ol

RS THPLESRE 20% 7707 Dol A4, BUGNRS PRt aser

bemeigtd0tyand @08oeatly copasiscedofaan thsealptldeatraih. al he tasmns 200
information. This is useful .in gjases c\ﬁ%e,re.wor [

anq i29anaiet aigAngR S0 dhet e Itdesis InRer pelResatioh Rles of their
LR SR A RIRLIR SOBIC0CH 8RR AN Bl ser
béarok 2ithand @0pepassutheough respediivg collinsgters 266 andu212, each
rq%eytg?ncgt thtehcﬁgr%e ehraor}qtesslnaggnI aesgr ggml v%ﬁ)er %ﬁtgpnil%i ﬁé f(%cous at
infinity. Laser beam 206 is turned by mirror 220 to pass through one-half
wave plate 222 which rotates polarization state or plane of laser beam 206
90°, so that combiner 224, which responds differentially to the polarization
state or plane of incident light, passes laser beam 208 through substantially
unaffected and reflects laser beam 206 so that the two beams become a

single co-axial laser beam 226 and pass through the beam shaping optics
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apparatus to allow the apparatus to alter the
calibration information to account for these changes
and thereby increase the accuracy of the process. This
correction informati on can be obtained by measuring
known fiducial marks on the workpiece or neasuring the
| ocati on of features m cromachi ned on a workpi ece as
2R "hhigh fd?ﬁtspﬂ%%éc%rn%eah"n il %\&?a‘?tlédlép(?ﬁéthﬁﬂtléﬁ pattern
used to conpensate for errors induced I n processing
(Gaudsziredes hay, etor)rdedsiredr i Ehe oo-aixial taserdygeom 226sthen passes

envi,r onnent 00 n ot he ferre enbod nt.s,, th
thEpig Su SR Prestat Mebey Blatd oS Wiich, FL SR 15 ubl e
p&éﬁfétib?\egxé‘@ bEtHe é‘é-%xléff e45dr bR 2P6etot he ap 'aﬁ%ﬂgﬁé ioP35° to
or dicing of a wafer or substrate into multip

therpiperaton axes ofthe splitter o hisnpennaits abwtc@,ne -half of the

o8| ALl 250 BRI A  SARLE 320 ol RO

Ia?éﬁﬁﬁfde%ﬁl é@hezm driey refrat aboduehehatti of the ¢01ek|aﬁtaser
1 con wa ot her silicon- based materi al s

bearDI226 tﬁg‘ogmth@ saCceRd IASeE PERRESSING BeAMMAG, iveich igfyrned by
1N l;

B2 eyt diod ) YRyl e S4PEAreUEY o8 ager beam

2434)n$¢d‘teltth@tdbe@hsgZMham@IMBHWeamy\tmalcmtmuem‘ormatlon Not
second exanple is thick filmcircuitr i

shawie are eeREANS stRerideoptich thatideek h%r'§s%rc P@éms to the

d on a substrate typically nade of a sintered

WQFF%%%% material. Athird exanple is thin film

C|rCU|try, i n which conductors and paSS|ve circuit

| d t trat d
(0BT anEocessulth s A, fnd 202 Y odfEpise ¢ YV Bspe an IR
laS&Y, &f Pﬁée‘h |2R¥%r, Sd’rué tCEU)% R3efr T%‘é@pﬁrﬁbé‘tﬁe s‘énﬁ@Wév@length or

exanpfe woul d 'be display technodl ogy, whi ch
differest i wavelengthand Aylpssferregb sracessiiou mrt utpth lhaéca upise

o SRR b BB B 7 o RO, ASErOhofirerea Uy

pl‘ébé§$lh%] 168EP NN Eshitthéd WENDPBS adest ih@twaurag & bulid-state
separated into discrete units by the |laser or scribed,

Iam@trguq:h eseNIYAB, Nsk¥EFaNekYAP, or Né Y@+ oF 8n¥AG crystal
t

O G A5, AARR'F R 950 0y IRRISBIeany prices

hatmdrﬁcalﬁl gencrtesh VG lases iouppiitf ateal vemiesemgthcsutinags 3540fnm

preferred enbodi nent directed towards_singul ation or
(FBabPBR v rbledy NEEY BAmEs0NINEY 89 2288 AL (§eauapon dudcipled
unt.e PigeC as@gr
N@?Af{@v\kg’?cﬁ em t ¢ age?%u]'ﬁn ?%ﬁ%ﬁ%’hﬁwﬁlﬁ Rd o
NdXAD4)beam path 328. The | aser beam path 328 is
directed by beam steering optics 332 through a scan
| ens 336 which focuses the | aser beam path 328 onto

[Obhﬁ!l\ewg %k?%eﬁéﬁeé @O% brocdiny' 188ef & é I?ﬁllé&:‘ @Uz\/lés@rvép@%tmg

| aser beam path 328 and the worKkpi ece 3
ati apeavedendth afhizetiveam abaeutr  pon @pdi akoW3P] phe An &g@mplary

cqEepr e el e puped 07 egen o HE sl ot e

ladée (9 t&m)eﬁﬁarﬁﬁéctuped bsy aCéhéﬂeﬁflﬂ)El@Sebf OBlo@infRild, Conn.

substrate. Using the invention described herein will
B¢¢ﬂu8@a§@2t|ﬁ%eftsrﬁf§ug1'ﬁhi@ tofefiestively shrtlcdas daroughrmetal fayers

V484812 YRR - M 8l e

t han the abl ation threshol gqdel i vered for each uni t
time, plus the tine required to | oad and align

wor kpi eces. [0051]1t is contenplated that for
different single or nmultilayer workpi eces 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 processing
stages to effect optinal Iaser proceSS|ng throughput

A A A~~~



CLAI M5 1. A nmethod for processing first and
second workpieces with a | aser processing system said
| aser processing systemincluding a controller, a

| aser emtting a | aser beamthat propagates along a

| aser beam path and having | aser optics, first and
second notion stages for holding said first and second

r v, r
labR %&aff@%r%e?n%rﬁggg?)z%% paRRfs @ttt a)/tarééﬂ Bcation has

contro y connected to saird |aser,
béers pre-dptied syithyaddd lasereabbye- egﬂmdrtysmgmoﬁherspm@ﬁas such
second notiop_stage risin di sal first
2Pk BraBBl SBRTICH Fanind, i axpodH cigdiincTdhverd fo, | (o1 g
using said video assenbly in cooperation with said
controller to align said first workpiece in relation
[00453 ai dDthes esolifestaiepdasantpr o d5Q: gsersi @perating at different

ABBBRBESE b T8 3005 B B0 R e lention

vahouﬁtmscbfflas@{cawz@rmm@qtgl hagrgshi¢ genetationodf the solid
said | aser beam pat using said video assenbly in

statsy fasest Qoswilgh ﬁp@@ﬁt@ncimtt 81 solif-statea|asgh ang @%@an'aser
pURPIHY &Herds, "SHAHHISE deRefdich MBfTdsYRMPBIAY laser are also

contemplated. Fig. 9 shows a simplified schematic diagram of vias
processed in a multilayer workpiece 260 by a laser (not shown). The
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 that multiple stations can be employed to align
and inspect workpieces for a single laser processing station. In another
preferred embodiment, multiple stations are employed to align and inspect
workpieces for multiple stations where processing is taking place, where the
number of stations and the number of laser beams is balanced to provide

maximum throughput for a given amount of processing capacity.

[0047] Having multiple stations also allows for a laser processing
apparatus to have multifunction capabilities. Multifunction capability is the
ability to perform more than one process step on a workpiece on a single
apparatus. Some of the advantages of multifunction capability are lower

system cost, smaller apparatus footprint in the manufacturing area and
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wherei n said operative connection of said controller
wth said |aser, |aser optics, video assenbly, and
first and second notion stages permts said
controller, in cooperation with said gantry, to
acquire and maintain said alignnment between said
second wor kpi ece and said | aser beam path during said

. ' f i f ' . . o
nRE8F BTBLIRGL, AR s br AK€ mutuncion cobiy is e
alilitystoi inspect the fresudts of ldeer pexesbing epatatiemnsiondberapparatus

processi ng, system further includes a second video
thgiggﬁgme&ﬁbqvp{ogegﬁlgpat i vel y connected to said
controller, and wherein the step of aligning said

second workpiece in relation to said |aser beam path
[0048] helnspaatiohsieters| togusing seime type i dansing e @squite data

o dhe Biehsrd! | Wokbis 387 bRRIM Brcifieiolr Sppdtaing, the

prieeessihgSepérationt pefdriied. 0 AR dekdrfplandf misis Mivauld, benusing a
cooperation with said gantry, said alignment between

maghimesdsion subsyRemetoevignallsimsaestibewerkniacgatford prefgrred

0 cessi ) ) i o
e RBbHP Ay SE P Briber A beitdrT s MRL P (RS Teatuges, hat’goplibe
inspectetabr prodassedivias irs emultieger pabstrates diratthe docatiom, dize,

al i gni ng of said second workpi ece includes indexin
b depris!  For

shaped deRibindtaRsr.« PR ciaBieten s BRBafiametes| a0d o
sutfst téé'?é (l)?tion some’bf thBGedRIrH9%h ‘B% if n}?éé’fé& iMEIBEEItRe size,

sal processing conprises formng a via or
shdpes .depth, tapeb, diféetiorethd ddelirisc bssoniatedhwitieian kedi dFor link

ste rocessi ng conprjses r viing sem conduct or
oipifes the ToSaiorgand ERaEDESs o dhe ik £RTRYEL FAIE3PR to the
sistRtOfar] Aedrig! BOUIBOBR' insBacted. MTHY dut@aesultihg from the

el ectroni c conponent.
inspection can be used to determine whether the features processed meet
pre-selected quality standards or be used as input to a statistical process
control program. Having multiple stations also facilitates the inspection of
the workpiece immediately after processing while the workpiece is still
aligned, thereby eliminating the need for the workpiece to be loaded and
aligned on a separate system. In addition, inspecting the workpiece on the
processing apparatus following processing allows process control
information to be fed back to the system immediately, 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 and feed the information back to the
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7. The method of claim1l wherein said step of
processing conprises scribing or singulating a
substrate. 8. A nethod for processing first and
second workpieces with a | aser processing system said
| aser processing systemincluding a controller, a

| aser emtting a | aser beamthat propagates along a

é gk d?%“?alw hth@nggﬁ?f‘é‘tﬁ%obaéﬁér e | Gtibrdtions inféftflation to

not1 on stage ding said first and second
aecouqii forethese whaegeamﬁhyrew]dn@rega@tm asauraicy of the
cont r ol vely c

pfcxese. TS somgatod opnation Cap s phtaifed By Rafadt kilown

fléurkgals%‘ém§ oW ihen worRsiese &roﬁﬁéééijrﬁ@ thed ageatiora d‘ﬂ festures
kpi ece upon said first notion stage; usi ng

rmqomanhdmi ansanwprkpiecec asppadt olothevprocessing. In this case

LR €, R bR o R CFR B! HitBesig

WORKPiEEeRCIBy WoFrhalSRiritibAse th@apmratusnademrommaqond
wor kpi ece upon notion stage second stage; whi | e

said first morkplece is aligned in relation to said

B, SR o AR BREARSfG? Hionces
géssrabtdd by rthe oimpentidn odiswlosed sherkire carer alsedrto improve the
singulation or dicing of a wafer or substrate into multiple independent parts.
It is common in electronics manufacturing to construct multiple copies of a
given circuit or circuit element on a single substrate. Preferred workpieces
for semiconductor dicing include silicon wafers, other silicon-based materials
including silicon carbide and silicon nitride, and compounds in the IlI-V and
lI-VI groups, such as gallium arsenide upon which integrated circuits are
constructed using photolithography techniques. A second example is thick
film circuitry, in which circuit elements or electronic devices are screen
printed on a substrate typically made of a sintered ceramic material. A third
example is thin film circuitry, in which conductors and passive circuit
elements are applied to a substrate made of, for instance, a semiconductor
material, ceramic or other materials, by sputtering or evaporation. A fourth
example would be display technology, in which the plastic films and glass
substrates used to manufacture displays can be singulated using this
technology. These substrates may be singulated, wherein the circuit
components built upon the substrate are fully separated into discrete units by
the laser or scribed, wherein the laser forms a kerf or groove in the surface
of the substrate to direct subsequent mechanical separation of the substrate
into discrete units. Fig. 10 shows a simplified schematic diagram of a
preferred embodiment directed towards singulation or scribing. A platform
300 holds a stage 310 upon which is mounted a workpiece 314. A gantry
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wherei n said operative connection of said controller
wth said |aser, |aser optics, video assenbly, and
first and second notion stages permts said
controller, in cooperation with said gantry, to
acquire and maintain said alignnment between said
second wor kpi ece and said | aser beam path during said

3%(?3 %f&séqgsé}f 354l \ﬁhfchrérﬁit&@ééﬁ?i f8es gr;i’cg shown) alongia laser

orm ng an additional processing p on said rst
beamkpatbc828hi Tiee daser bearnnpathoB8RPiie alirdctedbygheamt steering

i d ) . '
oS R BERER b s Lo et bzs
ohtdRB Ao RBiced Fh 4.1 [rShddmbK B BeErelative motidR-belweah Bie laser

processi ng apparatus for rogessngé; first and second
beamkgzite 328 arwhihe workpiece Jhhimparted bydbe beam algesng optics

sfsflo 6B, BTD"oBOSCAARRL AP Ebuty SRR PR, e
woAlpiedd 854 wathdrespeend herliserass:sm path 328. The workpiece 314
may be a silicon wafer or other substrate. Using the invention described
herein will increase the throughput of these processes, since the rate of
singulation or scribing, like via drilling, is a function of the number of pulses
at energies greater than the ablation threshold delivered for each unit time,

plus the time required to load and align workpieces.

[0051] It is contemplated that for different single or multilayer workpieces
composed of different materials, varying laser parameters, such as pulse
repetition rate, energy per pulse, and beam spot size, can be programmed
during different processing stages to effect optimal laser processing
throughput and quality. See, e.g., U.S. Pat. No. 5,841,099 of Owen et al.
and U.S. Pat. No. 6,407,363 of Dunsky et al., both of which are assigned to
the assignee of the present patent application. The operational parameters
of the heating source, such as its power, energy distribution profile, and spot
size, can be kept constant or changed during various stages of laser

processing.

[0052] It will be apparent to those of ordinary skill in the art that many
changes may be made to the details of the above-described embodiments of
this invention without departing from the underlying principles thereof. The
scope of the present invention should, therefore, be determined only by the

following claims.
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wherein said gantry, |aser, |aser optics, video
assenbly, and first and second stages are operatively
connected to said controller to permt said controller
to acquire and maintain, in cooperation with said
gantry, said alignnent between said second workpiece
and said | aser beam path during said processing of

Aifng i r st wor kpi ece, 11. The apparatus of
%'a'r'mlo in which said apparatus is configured for
formng a via or vias. 12. The apparatus of
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hSARG' 1988 EShtlcd first"dnd sbaMd bl 'sdeidro? HohiRg i first and

second workpieces, a video assembly, and a gantry, said controller being
operatively connected to said laser, laser optics, video assembly, gantry, and
first and second motion stages, comprising:

loading said first workpiece upon said first motion stage;

aligning using said video assembly in cooperation with said controller
to align said first workpiece in relation to said laser beam path;

processing said first workpiece with said laser beam;

loading said second workpiece upon said second motion stage; and

while said first workpiece is aligned in relation to said laser beam
path, using said video assembly in cooperation with said controller to align
said second workpiece in relation to said laser beam path;

wherein said operative connection of said controller with said laser,
laser optics, video assembly, and first and second motion stages permits
said controller, in cooperation with said gantry, to acquire and maintain said
alignment between said second workpiece and said laser beam path during

said processing of said first workpiece.

2. The method of claim 1 wherein said video assembly constitutes a
first video assembly and said laser processing system further includes a
second video assembly that is operatively connected to said controller, and
wherein the step of aligning said second workpiece in relation to said laser
beam path further comprises aligning said second workpiece in relation to
said laser beam path with said second video assembly in cooperation with

said controller to permit said controller to acquire and maintain, in
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cooperation with said gantry, said alignment between said second workpiece

and said laser beam path during said processing of said first workpiece.

3. The method of claim 1 further comprising providing a datum in
relation to said laser beam path, and wherein said aligning of said second
workpiece includes indexing said second workpiece or laser beam in relation

to said datum.

4. The method of claim 1 wherein said step of processing comprises

forming a via or vias.

5. The method of claim 1 wherein said step of processing comprises

removing semiconductor links.

6. The method of claim 1 wherein said step of processing comprises

trimming a passive electronic component.

7. The method of claim 1 wherein said step of processing comprises

scribing or singulating a substrate.

8. A method for processing first and second workpieces with a laser
processing system, said laser processing system including a controller, a
laser emitting a laser beam that propagates along a laser beam path and
having laser optics, first and second motion stages for holding said first and
second workpieces, a video assembly, and a gantry, said controller being
operatively connected to said gantry, laser, laser optics, camera, camera
optics, and first and second motion stages, comprising:

loading a first workpiece upon said first motion stage;

using said video assembly in cooperation with said controlier to align
said first workpiece in relation to said laser beam path;

processing said first workpiece with said laser beam;

26



loading a second workpiece upon motion stage second stage;

while said first workpiece is aligned in relation to said laser beam
path, aligning said second workpiece in relation to said laser beam path with
said video assembly in cooperation with said controller;

wherein said operative connection of said controller with said laser,
laser optics, video assembly, and first and second motion stages permits
said controller, in cooperation with said gantry, to acquire and maintain said
alignment between said second workpiece and said laser beam path during
said processing of said first workpiece; and

performing an additional processing step on said first workpiece while

said second workpiece is aligned to said laser beam path.

9. The method of claim 8 wherein the additional processing step

comprises inspecting said first workpiece.

10. A laser processing apparatus for processing first and second
workpieces comprising:

a gantry;

a laser having a laser beam path and laser optics;

a video assembly; and

a first stage and a second stage for holding said first and second
workpieces;

wherein said gantry, laser, laser optics, video assembly, and first and
second stages are operatively connected to said controller to permit said
controller to acquire and maintain, in cooperation with said gantry, said
alignment between said second workpiece and said laser beam path during

said processing of said first workpiece.

11. The apparatus of claim 10 in which said apparatus is configured

for forming a via or vias.
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12. The apparatus of claim 10 in which said apparatus is configured

for removing semiconductor links.

13. The apparatus of claim 10 in which said apparatus is configured

for trimming a passive electronic component.

14. The apparatus of claim 10 in which said apparatus is configured

for scribing or singulating a substrate.
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