METHOD FOR CORRECTI NG SYSTEMATI C ERRORS I N A LASER
PROCESSI NG SYSTEM Techni cal Field [0001] This

WO pwe/8306M rel ates to calibration of nmaterial Pemdbiong005499
systens and nore particularly to methods for
calibrating material handling systens that fix in
pl ace wor kpi eces such as senm conductor wafers for
| aser processing operations. This invention provides
met hods for identifying and correcting systematic
errors that can be pre-conputed and applied to each
subsequent wor kpi ece processed by the system
Background of the Invention [0002] Laser
m cro-machining is enployed in a variety of operations
rel ated to sem conductor and el ectronics
TEOEIREOHTH R CORRE OTING SYVIPRIVATIC @1920Rd APATLASER
processing 1 nclude repalr, configuration, and nmarking
sem conduct or di e FROCESSIMGaBYETEAMdoOm access nmenory
(DRAM; laser trimm ng of passive conponents; drilling

vias_ | n! SUEEE rlat es; and i npedance tuning of integrated
Sem-€x ' €evices. In the exanpl e of DRAMrepair,
[0001] SErAis MdingibAreMRlLlo GlBtaRidN SMmBRNM hah&HPERAems and more

_Circui tsﬁéﬂl Cs) is tested and a list is prepared of
particuleslydomaaivogs de ¢alibrating matarial bapdlingsysteas that fix in place

cification. . r r en,..
work PRGELE4TS! BRuyATROR el fr PSR PR A T
invenfi®@yevid &enfothd@for @ldriifjadg badudirrgtihg $9stepttdtiesronttiat can
fusible links to process them The systemthen directs
be pre{semmided and aprieese epeR ﬁ@b&quqmyv%gr@!@@e Rreepssedipy the
Systerrnedundant menory cells and thereby add themto the
circuit to replace the failed cells renoved in the
pr e\Basksiretrepof fhedneation | aser processing of fusible

inks entails severing the |ink; however, in sone
[0002} asﬁsaae_ég@w%m@ea@mqq SMPlYRRIL R EReet oRegfions related to
semicoPRANERr i d8LiEREs ﬁite[]n‘il‘f'éétuﬁrjl .mg_BFr?e of the icMffons of laser

conponent trinm ng, e systemdirects a l'aser onto a
procepaingiinelude mppais ronfiguctioas aad nmankini $amicesdsttor dieogucmnas

electronic circuit to LRy, its, electrical properties . .
dynarije ipadprLaeacETemey FARANTESEE b of Mes By BaiRpofants:
drillin$ W iBcumRtratest Eﬁd'itﬂ?éaahée AiriRs befhtd GratRNMBRicHRHaEIoR!

romthe resistor until the appropriate resistance
devicgal lrethesexaraplired DRAMviepai alsencondusteywaiemcantadising RRAM

inteargfiEbirefts (G T SR e Rt BT Bt iR TRy that i
to perfernatd spestfiestion. Rmgronegtidomdréerhent@decraehyr efkes this list
circuit layers separated vertjcall i nsul ati ng

. . . by ,
and dirgeisra laser Inlagigadly dpeeve dhe iryled %%stPéW'GQH@%Q@PLAS@S onto
_ et ) : Y _
st 3ES bSO B b1 Beb PEBind o Bpde St
links fssueiated with @iduadant memory cells and thereby add them to the circuit to

replace the failed cells removed in the previous step. Typically laser processing of

fusible links entails severing the link; however, in some cases laser processing will
make an electrical connection between circuit elements. In passive component
trimming, the system directs a laser onto a passive component, such as a thin film
resistor, of an electronic circuit to modify its electrical properties while the circuit is
being monitored by the system. In this example, the laser is directed to remove

material from the resistor until the appropriate resistance value is reached. |n via

1



electrical characteristics. [0003] Wat these
applications all have in common is that it is
wale@ciosdBE t o accurately direct a |aser pul se PET/ES2006/005499
specific size at an 1C or a substrate. It may al so be
- Lrable to.deliver a ecific.locations |aser
i 0E3Vafarh Al 4 FoeplosFRRtHes ineubabRiy arpigharmal
effedisllos @b%@ﬁ?&egéhdﬁhg UpoRUhS PasRRNBIRB to %ﬂQszéiéét!ri@.L:ll connections
energy distributions. There is considerable prior art
to be magiedptveenirirsyitiaysire sepausited Hettisaty by insSilating satterial. In

. i gned h .
impeiPos tudig, RO diabSa et ot an e khelipR ngeat i
and eauseEpdisaibitionas dapantsivihi the ehdsbrductdeuh¥esh Ralter its

| aser pul ses to a workpiece. One thing these systens
electigakChaiactemstipsi s that all of them perform an

(0003}, DR 898 oEBlic-Riohsl MR, Bl b pi &8RS MaReo
accupatetyhdirewirekipisec pulaa f asdgea@i;tcmize iah?@{l(gﬁiriﬁgﬁfﬂassﬂge. It may also
oo dBSEHIG Y GolVertAte PRedaiagaops desaaines 1H0GRPoTE Araperties that
incluég témieBeAVb ISR Eh SR8, %ﬁﬂﬁ%g@éeer @H%rg{?%s‘? el i gﬁéli‘éﬁrc‘

are becom ng denser and ever ‘1 ncreas
distripriioms. s Tberecisraomsideyalieipnigr paatetsded it thesmetobies. dfut instance,

U BRbhiof AT RES 8 17 Dot RESLO0S, O BT SO T
patestesipliahtion | Ges¢bEs Veethb8Y 8Rd BpRUFAGY féﬂ‘aé&ﬁét*eigﬁ@@ Bapidly

. the |aser beamw th respect to the workpiece. _ _
delivaregy Lses puissisde auverkpieass nPneidking4Ahesk sysiemsamaie in common is

ri.he. aratus fo .
tat §) e R E A FIOT SR 0 aRER' ShP4b7l pcpsi =
workpiecehdl his atep iMcitdes tharingTeferbhedinirks bAehs QrRpiBaL @%d using
. .generally perpendicular to the |aser beam and parall el
this iFgpREORL Ppsie the wonkyiese with rapechielthe kassusystem to enable
:hat focused | aser beans have
accutﬁ%éré"z)z(g(:}enses‘ri]s ‘onal (3D) shapes that affect the focal
[0004]pot Itwmeﬁddnewdrsmbt:seﬁn'mﬁhhlecﬁr an'tgé‘eledﬂ‘t:brﬂb dggi_ctbb%réib'eﬁoming
eneral | arallel to the |aser beam in addition to
densgr g dgnely WifueVeridepalbe ampRuHs S By deie aaglsminto
small%@aﬁd%@ﬁélfe@@i@@ﬁ&ioﬁb?%\s%e@irﬂéﬁéibﬁg'o?%emiﬁrﬂf]@?orfémlectronio
the focus optics, but as one noves al ong € beamIn
compamenis eeameisnmlier.dt owgrbe desiratiatd behieamdgHeramcuieey in

TN O T
U.S. PatnNds @l 941,082 Bh§6, 1}722,52% glegér%e heandds bfid g%pﬁg.{tﬁg for

about an optical axis eam wal st 1

delivq;’mgga I%ﬁasrizyls;q)gq:@aatew(a@d aphighespedddarthe X actYesasdingses,
wrict{ e BT AR net Gond B EBRRRGAY B aE) s B RS Pt o

the wedgiéedeé.ed di aneter is referred to as depth of focus

DOF).16. As js well known to one skilled in the art,
[oooés I% is also well known, however, that focused laser beams have three-

dimensional (3D) shapes that affect the focal spot characteristics in the Z axis, which
is the axis generally parallel to the laser beam, in addition to the X and Y axes. The
laser beam can be focused down to a desired spot size at a particular distance from
the focus optics, but as one moves along the beam in the Z axis either closer to or
farther away from the nominal focal distance, the spot size typically increases. A
diagram of a typical laser beam is shown schematically in FIG. 1. The laser beam
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the m ni num | aser beam spot size is reduced typically
by using | enses with higher nunerical aperture (NA),

wWo @637 s al so reduced. It is common for thePEI/US200€005499
variations in workpiece |ocation and surface height in

10 is %lelﬂTe%d ta%%uf"éﬁ %?mBél Alid 191 ShusRESn ;\Aféc%thf@ lspcﬁ%ngb'iér}taar%%ré% optical

reasonabl e manu urin

axis 121wheté1 bthe V@akmeeeg itaeininemrepot sizal Tmcﬂngeg«v'myiatvmich
holding it. When the natural vari a [

the .
laser hgarpil 8 C8NJNANIRIB B$ROL 7 w%&%@r[ﬁlsggﬁa'ag wéclfmﬂlamﬁter is
referr%a%bra%ddé & f EYHECRs .yweh%%mﬁ% &% gmé&Me art, as

sate or ese varl atlons.
the mmmllaseat bebesn spat $ias & redeaad aymmlb/clyy amdgslgnﬁessw&le higher

numeRtEl abdiu g AR DR &g Fedyafls LRI BriinglifpEReré f be

varialisH<pi \ﬁ@ﬁﬁlé{&qgéétlcﬁ‘l QHd rsﬁﬂécé BEfML i8Il bPthe areas of art discussed
acco X, Y, and Z axis correction is

in thig egte@é @npb@attwl dyesto Mtsenablﬂdnamfaemrm\mtolerancamindvoth the

wor B8 sPRIPETHHEGEo D S5 R, FFgd B oritions

in thebRbr@Ritd figfaceThe G ife Sdma ordiéress e BOFOAM® HeSitdd I28ker beam
systemare then instructed to follow the interpol ated

aCCU"@@Mt wethqds can Be camieyedbineempansatefer theseaariagerpi ke way
to maiita ﬁ%eﬂr&@'l%&%%a%c@ra&hﬁp ??g’f sﬁ‘é?cﬁ/‘at t%glgﬁr{egvh/%rrk iece is

shortcomng of prior ar 'S
to petfben Danganandaris afrrectipnicor theiladariredm as it tgeerdesthe
wor kpi ece Z-axis variations that is available for
WOrkpiRg®ysis. A first source is information regarding

[ooo@f:@'&mﬁeﬁt t’&fh' 90@;.5 Iaggor@n%é ng?@' Y dnACRLLRNS rRRHBR %S

he materi al A Second source I's
representedriat Udh FPatgat bllon@ 48R 7 irewihith fosir obnZadlitiezr pomts on a

vari ations caused gartlc | ate con atl tra
workiBFh SUiOER aFe e Baet BB & st L ERrR Y il Rtnciatg b e REe
them Syrﬁﬁb@éﬁes[ HWihlred HRSINDAEH LohfBIr 46T Hre tRerh stRicBEIbllow

the art would be to develop a méthod for performng X
the inferpaladed cariosir doan etteimit to eaintaiikthe actuel wedgieae surface within

the DEYF. el Bk & FERE Mokt BEbgs &t sdfRS B that they

|gnor@ﬂﬁé Ia¢gé ainto A Rif anp et |hﬂjimaﬁbﬁ$@%amg3mmé§e woasisl variations
more accurate axi's correction and

that ig ﬁé@'!?cwe araysine Afist gau riae ghiafornrtiosnsgardingsystematic
d |
varia R ROHOE AP 2GS R o3V il Moddirk it &

secort smnrcen$ |rﬁbsnatlmnmgwdlngldhacéctenﬁldscnifr}eknsomiaﬁt)ns; uaused by

.tinme, as the workpie iiS bein rocessed. Speedin
partlcai%e soaf 'naaﬂetirﬁ@ia&éiqeﬁ%%fh%wﬁﬂv&man dhmpteal handiing

systefthieved if at |east a portion of the X, Y, and Z axis
correction could be pre-conputed prior to processing a
[0007ar tA debktabladmippdesraeniSorthaisiate fof thee attrweuldibento develop a

method for performing X, Y, and Z axis correction that takes into account a priori
information regarding the material handling system and the specific nature of errors
caused by particulate contamination. These improvements would provide more
accurate X, Y, and Z axis correction and thereby enable the use of higher NA lenses
that produce a smaller laser beam spot size with shorter focal depths than those
used by previous methods. The prior art also computes all of the corrections at run-

time, as the workpiece is being processed. Speeding up processing, another
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[0008] An object of this invention is, therefore, to
provide a nethod for inproving the accuracy of X, Y,

war@eds®iT s correction applied to a workpi ece PCRES2006/005499
a material handling systemfor the purpose of

desir%’@b{iﬁ\rg \féﬂﬂérﬂs Eéulgao?gcmg\%@ff'a@fbsas‘?% rf%rtlbﬁ‘ of h‘?‘e ﬁuﬁ(f 8§ z axis

pi éce by accurately nmapp systenn
correetiomceuldrite prucmdpbigdt preortapeodessirtaa @lartrqyilawommece

[OOO§! An adﬁwt ﬁ%e gf the nmethod for inproving the

acc axis correction applied to a

[OOOB/PV kih eefact bR iH Biehilod TRk S GHe, f@ﬁ@vﬁd@ga $&th8bSimproving
hat the nethod detects and conpensates for

the a@msragy of En¥, and thexis gofrectonapplird teoa Mmr@@ece dined dn bymaterial

nand i hiehdoEnte B Bosa R R M ERERFRabes et B 4igpsop arin the
surfa¢é of BROGOHPRIE hiahcdtatdiy Hapfﬂ)ﬂfgﬁéyﬂémlﬂc &rrdréehtroduced by the
rel ati gnshi p between the | aser beam and t he workpi ece

matefia Randiag §yseA%i ons i nvol ves si x variabl es, three
[OOOS{]r angh Qﬂbgﬁﬁbe“oﬁ%@h{%ﬁ&i"f& mﬁrc&ﬂ@ élﬁe Pgmjagg%?l L Yy agd Z axis

ot at'i ons ane
corregliorn appifed ﬂmea wosséed flxtuaéd mn@teﬂél&mndﬁegfsqemm@ that the

correcti based on X degrees of fre domvvoud
meth?ﬁia e 8 Cefnp&@%&écfjpré@t@gman%m%w phiherwkpiece
caus Bﬁ sHRDSate WBhidn ﬁmBEﬁﬁtn%?h%H'b%&WQ@ﬁtl?é@oﬁplec and trae material
mat an

mati cally possi ey are nore I cu
handlirigreystemsumi ng than the cal cul ations taught here| n.

roo1qy 2T s TeoGna8d S IRe Ry hdersRUBR PR il oy bibupe e
laser 8Bah! SRIMHB @6rkpRtEhn thRfEHimdHsHLRSoRES lé'i)@\‘?é{né'&'é@ three
greater than that achievable in the prior art.

translatj@mlac@pr@namséﬁ Y heird Ztand breearatations, ioh mua@deﬂmcm in each
plane IR 1k o Bl PRI puieotipps based

on six d@?@@mdf #leedbat wonldakeqliite uBerdf pResfactive "tmf&fﬁﬁibn@ﬂn three
d be used to achieve greater accuracy. [001

dimensienser YeuedhewriraeHations efe mathepatiealtyapdssipler tftey are more
difficulit éﬂﬁfgrplgoér‘?ﬂ\%gwé théﬂ l]‘ﬁ%g:?acli ?@oﬂdﬁﬂg ﬁ?re‘ﬁ@f &%periments have

shown ﬂhattmatevmse galod)atrmyofdhe W) iYG fandOZJ sipptaxiraations to the full six
ece, n a.cleaned materi al handlln chuck

degregp ql?ﬁr@eﬁagbes tatgn RegeiRiniov ©3 PEEWRCY THHG) ghaq tgjethan that
achieGABIBEH t e?ﬁ‘é‘ﬂ’éﬁ f C?écﬁ?aéyy@%été’ft%é{@ir%ﬁ gft@ngﬁ vﬂfrgﬁlgéé\ﬁge

or a wa specr'd ricate
calculaﬁapss‘éthe‘l‘)ﬁ,eYy\am@Z tmnayatl@aﬂ appraximationshis clnmrfeaic theat a full six
the use of vac

t h huck, typicall i ded
degress o 3eac L tABURRRRL! fisf Bersgbolye W RaaMmALOR Fabk berkeed to

acmev@@%atgfa&urgcys scanned by the systemto forma
resolution 3D map of the surface. If the waferor

[001 1@;r |gd°~ prefered smbpdimennot hebvethodpentails first tixingea carefully
ceank38h 888 i RS BE IR Bhedh W et
grid, driyeof which constitutes a workpiece, in or on a cleaned material handling
chuck of the laser micro-machining system. This can be either a sample of the types
of wafers to be processed or a wafer or grid specially fabricated for this purpose.
The wafer or grid deforms to the surface of the chuck, typically aided by the use of
vacuum pressure between the wafer or grid and the chuck. The wafer or grid is

scanned by the system to form a high-resolution 3D map of the surface. If the wafer
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chuck surface. If it is desired to have a nore
accurate map of the chuck surface, the wafer could be
wore@s8®a7 i ndependently on a system w th hi ghePCT/US2006/005499
resol ution and then the wafer thickness at any given
or griﬁcﬂa@ hedsPilidholfm B Eé\'ﬁéﬁ%ﬁb“lé fmr{ehr%sﬁﬁﬁlgﬂecﬁ tﬁé“'rrﬁ ‘?hen the
e|g data 1o Increasét reci sion o

measwéﬁ@@e ofrie. waignisughed il acﬂdsmxaiaiyfmate:hdhetmea@hement of the
be scannedtoglrectl y forma 3D map E
Chuc%ﬁwrfae% Ifiis desyad o QV%@rmat%aP@Jrateamﬂéﬁ th@.C yck gerface, the

e o603 Bk L ente SYreHLFAp e bRipn and then

the walfmmlﬂm%espabaegsglveg pwntdmxl@pets&ubtnastefd framn theacasded surface

neight Ao B g Geiciebi e shUnkaUfoon Bk o ayigaenty, the
surfaéé F ENBRERGCICESRA Del StahRed e erbt®din 4 BE Mabef tﬁ@@uﬁ@ce The
detect and locate particulate contam nation, if it

resuliing surface Fhanalyzed psiod dee idthoss dﬁS@lhﬁdoh@@m r&?@drmyowectlon
used to réﬁj ect the wafer and produce a si gnal t hat
map PP Ee in a cleaning operation and re-insertion

[0017f tBackeliBsequint rafiét fixerl v, the fchUBR fyvadreEessing®Y the system is
rejected, the information regarding contam nation is

first scapped del foum A Ahmapn|iiee Padiciaipvaisrgdnise3k HeaR jspregessed
usmd me&%{rFéB’th r?ﬂa;?tc%é@e{t%rt %é%tlﬁz%ntol?ﬁ A ﬂ%eIBcgﬁc?ﬁbe the wafer

i g processi ng e Wa

and tbejest@@tmmuloaaué parficulapcyaariedtion, |fr|11 |erpr99er|i1r drmsatag,
be scanned in re

prodqw %(ﬁm\/\%srﬂoggg_%%@gﬁy § Usedix &8 gt tggl\q%er ang produce a signal
that cd¥ild F‘T‘&@ﬂg'd@ﬁéﬁﬂ ré;tgoei Q@q K- W ﬁfjth%g?/éféfr.f agehRitively, if

the waédsn igrantait n@eéledxtl’sa leformatlaneregalaimg tontamipatoraisccomabiaed with

tne ob8RHSY e B e B O e AR RS aser
bearﬁ astsg H@%S%edﬂtﬁé'ﬁvd@ﬁ hrpglks enfﬁrésxﬁgfefr‘rn@ayﬂﬁé istaRh&d and a 3D
f eat ur es of | aser mermré yield inprovenent system
e

map generted @uaatoypr@nass;p@,e@r ovafes maydss sediredaintrepipmsewith

each §ratltdliy ste R eneRLPoBaR ERTPE SR el e EBiian
precdﬂvﬁput@dt@) ebrreemst triapf or any | aserbased m cro-machi ni ng
ystem Brief Description of the Drawi_ngs [0014] FIG

[001 34] i sThe @exantagesof this sxathod ehpstimatingd w% epeamsthat it is more

accu SC%E@ ﬁ%v d@é%g%tds 85? glisrgér dsnas e%i't Rgl't%nszof'tﬁe Rrror can be

pre-computee sadtstengd] s fasest than Ipl’@h@tﬂ@h’(ethdﬁ@ rthéseiare desirable
descri bed herem)&%Ol@{ﬁ)FlG is a graph illustratin
featufgfeolsq IaseE 8B YiRld| r%\feraewa?y@iteracc?d%@ AGCYrgcpeRfesPeed

are aRRNLAGHID8Ributes of virtually all laser micro-machining applications, one
skilled in the art can envision that these methods would be of benefit for any laser-
based micro-machining system.

Brief Description of the Drawings

[0014] FIG. 1 is a drawing of a laser beam showing the beam waist, spot size,
and depth of field.
[0015] FIG. 2 is a schematic drawing of a laser-based memory yield improvement

system used to implement the methods described herein.



[0017] FIG 4 is a graph showng the relationship
bet ween the radius of deformation vs. peak deflection

W@ pass®BE size). [0018] FIG 5 is a drawi ng shOMBZPOE005499
raw 3D scan of a wafer fixtured in a material handling

huc 19 | ' r 2 ' ;
10016 oG A R ol Er 28 g At 8 WRtpPéctording
to pldiemehidng thgekhem [0020] FIG 7 is a draw ng show ng

t he systemati c bowl shape cal cul ate gls fi the,dat]a
[001Zjepi Ekadt IS8 Bragh 104G FepEoNNIp Helvern IFAHS Phe

t frer : aq,ﬂg i£,jdow shape has been
deforgrﬂ%é[@?la\gst.%g%glﬂefflggﬁﬁ‘}/mﬁ]g étsgzc ed particul ate _
[0018Jont BIG nBus @draing2hpwirigsa rawi3D acan ahiangafef fixtaeed in a material

residual error of a clean chuck after systematic
handlipg h4Chave been renoved by the nmethods taught herein.
[001%](302?]6.’:6 f@a élP%Wit%g%RBqu_ il har $Diddta skteRtdRBvihg ehs tiRMRroduced
utSin i

be carrie enmenting the pre-processing
by thewhatedal handjing $ystenn. [0024] FIG 11 is a flowchart

100200, B8 o8 BB RS- Bl hipe cpioustea o e
data BepRtd®mh PEs@.i ption of a Preferred Enbodi ment [0025]
In a loreferred enbodi nent, a silicon wafer is fixed in

[0021) acElGnS is aklnawingrd tiv 3Pt daja&dterithe sygiepadic hayghape has

| a e ' L OGi on

peen AR ihatd deBEBPSRERY conbhfitaidh. ol

[0027Rf eFIG] @i hidsawingaf thevesidlalfamdrasfa daan causle after systematic
variations in the X, Y, and Z accuracy of a | aser

errorﬁrihé\w@!b@ﬁﬁ\i rﬁm@/egy@tt@ﬁlmg@@glsgeygh ef¢funct i on of the
[0021%_ﬁI aF| .nf@'isoa kﬂSEv\‘i’ESH il“%?ra'tiﬁ%%e Qféj‘)'é‘t@'lfé EAFcWRIUE ece.
e relati | ase

onship between t as beam and t he
implemehinethe pre-protassing ometbdds tawghdlhensini ng parts,

; g . . nglw )
0028 oFis, 1 fon Aowshart Bbistating Bid' shnislo o bR T % ne
implé’?ﬁ%@ﬂéng{?ﬂ?ﬁ&n%ebﬁetﬁb&@ theréip. X, Y table that

waf er under the 1aser beamto position it at
a deBPietaitbd Destripdionai a Prefemed Embodigentnt of the X

d Y axes. to eac ther and ali nt. of, . | .ane
1002507 ol 2 B ERoeE] E Se i LERRTIR 8 b Bk fEchuck and
posit®Iriee with Peéde%‘t/&l 2 DeBAT thaWilp beqidlséwmrﬁﬁdhdlélﬁ:d on
errors attributable to the chuck nmotion control, anon

micrgmpehingdysiblst Ekscur tessustaceraTdne werer. | BBl GAsansaKeral tactors

can e RRBRER BB TS BRGZ AR B3I e Ahining system.
Accupasy Isi @flintgioh s llearelatiorship betwassn the lasett hearnpnidcthe workpiece.

will cause the systemto position the beam .
The elatipnshir pgtween the laser beam and the workpiece is a function of several

moving parts, optics, and the workpiece, each with its own sources of error. For
instance, in a preferred embodiment, the wafer chuck may be attached to an X, Y
table that moves the wafer under the laser beam to position it at a desired location
on the wafer. Alignment of the X and Y axes to each other and alignment of the
plane formed by the X and Y axes, in addition to possible errors in travel along each
axis, all contribute to errors attributable to the chuck motion control, among other
possible sources of error. The laser beam and its beam shaping and positioning

system can also contribute to possible errors in accuracy. Any errors positioning the



[0026] In a preferred enbodi nent, the material that is
fixed in place is a silicon wafer containing nultiple
wo BodioggoBabri cated on the surface of the sili cPeI/US2006/005499
t hrough various process steps. Wiile normally thought
beanPbr ASn- ﬂn%ér?(:yqn %éFPtlé§1\?/hl"taJL%% tﬁ&ts%!ejrﬁ( t@BBéi‘ﬂbﬁ $h&beam
degree o al'l ows to generally
erroneonélgrmto t he shape of the chuck and to deformin

esponse to rt at e, gont a trapped bet ween,
002415 e ik BrerarBd aseitient 160 e narbal bl R e a slicon

wafet &?ntéirh‘ir{ggﬁﬁlltﬂfle q@%léf&ﬂ??&a@ﬁ YREHEIBU A RS SR SRR tﬁ?ough
t hrou ol es or op enhﬁas in the chuck. The degree of

variofi$ emdassusﬁgpaaxwftﬂetrw y theughdioé esissrigid shisit éhe wabemactually

exnicl B FEOER'f iekdoily ot oy bR 3 Bt ies B AR S inS kndBS of the

chuclp bAg &' deforaNPIespbhes to/gartisblaes cortagififstidPirappe®@betiison the
mat hemati cal principles underlying plate bending can

wafemand Hienehuak ag e wataris pulleodewn 40 Ffa:ﬁ furfage pbihegthuskdy
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beam shapi ng optics, anong other sources. For a given
calibra{ien grid, smallssmsnd@l@sd dforg: rarvmfeaoewe&rsltl@mamfmls:mnb@de

kAL 08 TR B o] RCAHAGRASFS s on e

surfat® af theeWafr s&ﬁ’ﬁil@dﬂ@@@ﬁﬁmd@%&g@%aéatl on_and dynami c
osi tioni ng} errors, anpbng ot her sources. This source

[002'}0f rireis indaanasirkpisre PBsitiopiny ¢ be m\miqutq@,%ree parts. The
h
first p%?trlﬁf;lﬂheg'}‘%ﬁ@é}%gfébérg&fsa%m %”‘tc?mﬂgeﬂ{:rt]% ém}ﬁ ngrtsblllg f

mechiahisnf, Ibaatm muitloam@‘ agdrogam §h&p|hbldp¢||03y@mon§ othiéradourses. For
arti cuI @” e contam nati on between the workpi ece and
a givgrhgy<tai: KNesph$UIEes PEBITEF aks postant 4%@3%@5@@@%@* and

comp‘éﬁ@ﬁteﬁh‘%r frhelsecBR§ %gﬁfce' &f SRt i§ Wi dp nﬂ?&?gt in any

I ece processed he machi ne, but fa
physnpalrmeaslmemem’lewstelme caes&ﬁwtiy sjuantmatioecand dyndraid positibning

rce O&E rror wll .remai ncgnchan ed durlg% Ll(l}
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source of error is less persistent than the first, because it can change with each

workpiece processed by the machine, but far more persistent than the second
source because the third source of error will remain unchanged during the
processing of a given workpiece.

[0028] There are several methods of measuring the persistent errors generated

by a laser micromachining system. The first uses a direct feedback capability on the
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Exanpl es of this type of nmeasurenent include |inear
encoders, |aser triangulation sensors, and
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S R e e
that th@@é’%?@ Wéﬂﬁ%‘ﬁ?%e%ﬁ@rof nASHb UG e\l\ﬂdlmaletgﬁgeﬁmﬁ\ & waetkpiece.

can be caref ul cl eaned prior to nmeasurenent

The adtuaf maaeuneddoqzﬁattqn ean be soamased tq ﬂ@z@l]edwé@@ @Pﬁ&%@n@m the

Z axi s h £t
it A P Lo Ao Y o
errord ¢@nkrdted by nhg egstein.t Mae Inasasursmpents d:dmbamapeatgd do reduce the

refl ective target th f th
rand@msm@%ur@nﬁ@sgr@a gﬂr}} e sur e o‘i?'@ﬁb‘ﬁ‘ N Eer?@r%ﬁ ly cleaned
f the t t
prior §7 TieathrAfiEf R REARER A eTald gL o0 OF e targe

[002?]9f | E’{dalsuﬂngi thie E[gaédlélhe@hanf therwafer the bedoprfainachie any one of a
arget is nme ur e t t d th h

numbal dfgaethosBe e st Mt be RIS AGRNNEOAn0ES TS fasgr spot
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I's the Z height correspondin

through&eqmrairﬁte;m InyZ iheight panchthedberralis scannrd aeraspie §gge of the

targcl 5 Earhelkp sTRY Peraeosor e akien HRefiol B soar

acroé?ﬂfer ed S 8f thb'tb#{j@t M hicdRuted ¥ 8dch stepOahd #5¢ shalpness Mblues
e system Z heig is step Fed t hrough several val ues

assoaiaded wahctbatz.rmghwtep@ge plattade dThe palb PE maxiaum spargRess and

nencpafeCE IUERE o T H S B Phe R R rpotentaly
interpOIBRRT p&dk oRtheasewrphews cutveg Ih sieifartfasiioguary portioarof the wafer
[ nterferorretry Those skilled in the ar

contaisingstifieienhairageedelainean fesimadediuler; &aetlprginagen to vield a
core i YRR TP R4 A GBRL R SO i Ly gen iR 8 e
contrast values plotted as above, the Z height can be deduced from the point of
maximum contrast. Z height can also be measured directly by any one of a number
of methods, including laser triangulation or interferometry. Those skilled in the art

will recognize that these methods, in addition to other methods not mentioned here,



scanned usi ng one of these nethods. [0030] FIG 2

shows an exenplary system 20 for carrying out a
wee@beset enbodi ment of the nmethod of the i NVREIT/USI006/$05499

sem conductor wafer 22 is carefully cleaned to renove

can bR i S A ks Sl £BpSHE % werer
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sensor system 34. This sensor may be a video
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onoo e 0 R Rl DO o By P o
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in X, ?Oaﬁ‘&%uﬁ%]r%gﬁnéﬁ@@‘ bft%n%ilér 382 Md\)em@mfﬂfﬂ% ek eam and

ta acquired fromwafer 22 is processed
hencdiheutauspot iBhe & axis cam hearowides byymotien zontselstpgn 265 beam

opi o B bRy SR e 8L, 5 R T By 30 may

be on% ur‘HFQF 5&5hrafe @nik0i ObneHIISriBs aved edbmpatertdtediredts tader rram 28
a point on the wafer. In cone cases, the nethod o

toa pmrwuatem@nt omwiale 2R vdrereriasnRRier 3f die6i STRSOE SYRER 5410
con B8PS YL TSR Do B 8 T8t e
from h@ﬁzm%rbﬁe%se@ibwmpaw Smtr(])a:e%d;mhgﬂeethm%s\arw@ hucggon ofa
Anot her nmet hod of neasur the Z-he L. r,. .
giveni Roinbom upersed t Arfingle aeasiowent ran resti the SibeaidEne poin
on th?ﬁ/\ééféﬁrtﬁg Yolroc?l%ﬁ ?Q.’F\ ?)gg{trcﬁ"rth%t r, &5 tﬁ Zbl@)bﬂtlér?oﬁé @Bint on the

ace 0 ough Iaser eam al ong
wafet. hig éoraalche@cthel imeéthgd déreeasuremeht sy mrovidd lnforma on about

moreih 0n ez N AENGBoIRES USSP Em 0 PHERCP dhgatbe frgr

techrﬁ%@%géﬁ tresupdthid Xo‘?‘a!ancﬂ’g IBESticHS 10High adduiel/fih ai single

rma 3D map of the wafer surface. The actual
measEemens. Ahotiey umethog of easuanprtbendragight obwatey 22y dp have

SySt%%OS$ gép?{cgntg&!gg ¢ Qﬁigfl%gegwm@#ttcsb% e ?@@Eﬂ]cbiﬁﬁla?stage 26 or
both ?&Bté?J nt]h%ew‘%bew%f@rcm trtBEgRTaddtdcpe N8 ilGaNecd akis,
acquiring data at each step, and processing these data to determine the Z height of
wafer 22 at that point. System 20 then repeats this procedure at additional points on
wafer 22 sufficient to form a 3D map of the wafer surface. The actual methods of
acquiring 3D data from wafer 22 have been the subject of prior art and will be
assumed to be familiar to anyone skilled in the art.

[0031]  The actual number and locations of the points sampled is determined by a

tradeoff among parameters including speed, resolution, and the features used to
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tradeof f anong paraneters including speed, resolution,

and the features used todeterm ne height. This process
w@ a0v6lo890pEr f or med prior to actual processing 0OPCT/US2006/005499

mat eri al for production therefore, the amount of tine
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detedt3eBRHian® o theaneiss SyeaRe ot ebrpEre Srord vl hiwedipti
surfa@@c Tt pisly phate tRnbfgihearyMone-fird¥sdibes ehd\smalealdeWation to be

bei ng the” vacuum pressure, typically in the range of
detegsdpEfemed i bs thepealadrliectism ohéndepicstated aseerling it
fownl% the plate constant, calcul ated according to t he
¥8rmul a 3 (2) = 12(VV) where t is the wafer thickness,
E is the nodulus of elasticigy, and v is Poisson's
(1) ratio. For silicon waf8fs = 5 mcrons, E' 160 (pa,
and v "0. 25 The radius of 4&F ection, a, is then
calculatg y the formula where D, Zm x, and P a
whereéNmBaaabB\b@mq theaegcune aressiife tyricalieln thﬁéange of 55000 Pa, a
t e 0
s e AUREPLOR Freficfafa, A R B PRt RE b BT gecording
to th&Yoraiter cl osed-form sol uti ons of the equations of
el asticity or by using finit elenent or equi val ent
(2) nmethods. FIG 3 shows mheEéy9 ce between using a
standard |inear nodel of déf n 50 caused by
particul ate contam nati on and u5|ng a nodel based on
whergltag endeatiritbickness, e B2he[HOSAis oF @lasﬁicm@m&l aig P@pﬁon s ratio.
of the radius _of deflection "a" VS. Zmax

For sillgenvsefeks Hef7&dnicsns; Ec’él‘%ﬁé’@e@”ﬂo‘f ~§! 2@ pTE&%ra%$ of.
deﬂeggﬁgrgcé gt@mbmma@ }o‘;n.{a k deflection is

or - a glven e radius of deflection
or spot size indicatesho ely;the wafer nust be
(3) sanpl ed, given the exngeX: :r in the 3D
measurenent, to detect the sé€lecied deviation in the
surface. Once the wafer is

where D, Znax, and P are as defined above.

[0032] As an alternative, the deflection of a wafer by the combined action of a
particle and the vacuum pressure could be calculated by other closed-form solutions
of the equations of elasticity or by using finite element or equivalent methods. FIG. 3
shows the difference between using a standard linear model of deflection 50 caused
by particulate contamination and using a model based on plate bending theory 52.
[0033] FIG. 4 shows a graph of the radius of deflection “a”, plotted vs. Znax 0Or the
“peak deflection,” calculated fora typical wafer. Once the minimum detectable peak

deflection is selected for a given wafer, the radius of deflection or spot size indicates
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scanned and the X, Y, and Z data are gathered, the
data are analyzed. A first object of this analysis is
W 000d08®BTIi ne the errors in X and Y | ocation. PET/US2006/005499
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beam axi s and the wafer chuck could be nmachi ned

part gidhe eetregtian &xap.t he | aser beam focal spot coul d be

dj f
to034iy 1O R RRREP S Ao R S FIBEERT Tl DER
canbratad OThe BbjeicObf theesndipsls i (ﬂétéfrﬁﬁ?r‘ésth@fvafrlbﬁoﬁ i Zkaxisl Rgight
rocess begins using the acquired 3D map of the

due t% the a@teria Naneling sKSten, If the matenalrhandéipg systent reuld be
constﬂf@éé’ $hFhatthbX %?ncﬂl | ol S L ?%) ggﬁ%gg%geép%%@ic%?g’r to the

gquares sense. ane corresp

laser bean”oaius addlile Me%;h%l«miul@ beanathingd sy bbaydrfectly flat, the laser

btracting the fjt ane fromthe original data
beam%a%'e%oozs oty %%éP'JUé*'it‘%PCLP“%anﬁj g Entier vaiesPToeeee, Hawever,

typlcaTK}eﬂ%‘Fé: QRAtSESRe! e?rérqub'oih fhePX Hipady ﬂ%dtﬁ)&s%grftﬂﬁ gxxteg ahB%he

error fromthe previous st
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b d h huck. The, ] .
as sn@yBa Hie. BrfieilieRtiGe erdbhbardo B sinirs tp e pata in
the Ieb@l%d%ﬂe@ %eﬁéé n¢h|%9prH8 c%%fsﬁéﬁ‘dé ® tﬁestﬁﬁﬁtrﬁaﬁg?d b%Ehe X, Y

| at ness. his finishing operation Is
mOthﬂ @Oﬂb‘pbﬂm’ﬁems SWr@dlmWhe ifib ptaﬁ@cfrcpm thé @rlgmal cataligaves a

resio @ G 3R SIS R ¥R B Hep s B 68 bidistae
surfacy tbetheaEsidual error from the previous step. A biquadratic surface is chosen
because it most closely matches the observed errors introduced by the chuck. The
final stage in manufacturing wafer chucks typically entails lapping or grinding the
surface to a specified flatness. When this finishing operation is performed to

tolerances typically employed in the semiconductor and electronics manufacturing

11



a few m crons maxi num depth. While this dishing of the
chuck is well within tolerance for machining
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resid@alerfdr that sehviveisdhe fiestdwovmotess stegs. Omiesskilled e‘rthuee@ﬂ WI||

e i e b e eI B b o sun

a SInIe)c%)tsin%gsér%std?'Zserﬁﬂ(%g)cﬁ%rﬁm%iss %It@ﬁ‘\dtlﬂeﬁyﬁﬁ)lﬂ@ pbBRed to fit the

regionis fit to a polynom al
surfatend’ra suppsegmraideiny erows that enayobe erfanetian o h§rﬁﬂﬁlwl9r wafer

i S I R T By s i
curve?‘hftMﬁt l"frtfs filke Jtrhﬁ%/%flﬁrthe\fﬁ}% 6f anpeat srlbstomy filter Con ®aon-linear
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are qup‘] ra oﬁtah;?nl?%s Wﬁtéé‘e Bt Sowing SRMBRERLCHA the boundaries

of regions to be continuous and smooth, so that infinite velocity, acceleration, or jerk
is not required from the positioning system. FIG. 9 shows the results of performing
this analysis on the data from FIG. 8 after filtering the data specifically to remove
particulate contamination. The data in FIG. 9 represent the variation in the 3D

surface of the wafer due to irregularities in the surface of the chuck not removed by
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surface of the wafer due to irregularities in the
surface of the chuck not renoved bythe previous steps.

WO b@s®sdosT egul arities, along with the paranet ePET/US2006/005499
determined in the previous steps, wll be used to
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diff B nom a for | nst 0037& One
el Bes 5 fERC ARt be e A ST TesWta dgelugling higher order

polyriB?ﬁFé!JfLﬁQm@ﬁé Sthgbﬁd%eﬁ'lbsﬁ.lﬁ%@r‘ié Qich 88 5fRe) o series, or Zernike
iteratively evolving map. Errors determ ne rom

polynasaials &er ina@neeedi cted | ocations of fiducial targets

R e incorporated intqg the nma )
[003’3&5. St g‘ﬁerrﬁéahni@ﬂegp %“%?{&PD@P@&FE%V rmf:ﬂwrﬁgrper&s‘tent
systemv efrags Botails emUtstaihadly cQURing Map. Errérd e MY%nE8%rom measured

ersistent error _map. These errors nmay be determ ned

and pregiptg@iasaiions Of:ﬁqiwalé@rgﬁis @i riEMeneus yrfeesicambe indmrporated

o RESHETE e ALK L RUER 5 e b Ge D veraoine

recursivehgesolviny, ocadaptingethedpdrbigtert elo? nedh’ TREsEEROFPMAY be

articul ar licatjon by the selection of paraneters
detergpingdh Fomyy &?&%é’@@ @ﬁéonéﬁgsawgwwmmtfbﬂqss@\t@wphgahbratlon

purpdEds, 8fF nfdy 858 beSmbh&ire@Whil o@lé a{quo‘?R eEéQWhgnmggel

t hi ckness vari ations or par I cu contam nat'i
Changﬁ%nwcecrcumdver aVvieneageale wppraéprizta dor agueituagepicatiai by the

seleclysf bofiinplees B Ineatansh bl cRnt VBRI ageLs Ay diing mep
of erdad Isithbt 8P reédid 1 2 riRRs GO ﬂﬁélﬁ‘ly %eVérIanorn%rc?r dﬁ{e rtiddlte

system and can be accounted the evolvin rror
contamgipatipnoBene Baden wilaavecage aut. Asothier deanttagessrﬁﬂttpelrﬂtﬂes

oug MUSDeH B9 AL VOBRET o BB RSB b 1

this spioatidn, Gritti@Asteerfdrs Yetohie péeistént draes thd8y&BH, 2®d can be
unl ess the small error is filtered out"

aCCOW?ij’é’ theRyolving,ewar MgPen t he nunber of neasur ed
[003820' @%Pﬁﬁgs Eag an Qﬁllt@%ﬁé{éﬁ%&jﬁﬁ%%@e Wﬁwgsrﬁé(lr?g bofhomial or

n neasur
snne/mnseéém@ fitstto th‘@eeroa,na smafllener iR measatethent ofhone point can

ssibly at a |location distant fromthe
Ca“S%Glg' RES ‘Fﬁ ﬁ@ﬁ@q%éﬁ%mnﬂé@ Hielel.untess the sspalberrarisdiltesed out.
Furth&ffble, d8b8hARY! ANthEURIrhBe PoMAELS G points and the order of the
polynomial or series, an error in measuring a point could cause the fit curve/field to
have an error of even greater magnitude, possibly at a location distant from the point
with measurement error. On the other hand, a small deformation due to a particle
might be disregarded once filtering is applied to the data before a polynomial or

sine/cosine series fit. A B-spline fit solves these problems because errors remain
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m ght be disregarded once filtering is applied to the

data before a polynomal or sine/cosine series fit. A
w®2@plogqe7 f it sol ves these probl ens because erPOF/ES2006/005499

remai nl ocal in that they do not affect the fit at

di stances far fromthe nmeasured point. B-splines are

local ig)that theyida nefafirctitie Ehatdjsiencen far fram themeasiiied geit.

t
S-sp58 3o SRETARTERIY S 1} 5 A BRI PR el Qrrtond
be ledsi thanforleguial to/tel erroraatthée sndzsuneld goininMhiearesult is that the fit of

[ or .si.ne/cosine series fits 0Q39] B-spline
local {RTiaf085.iS bodndee. GG R PR SIS/ b EhBO N o
[oosgget UL8HIIRe sGivelfy s%oé 8dtSof bI&RYin U@j@n& 8hh %@rdd?at%%een a

as An Introduction to N Wth H storic
set ofmrﬁpeahayearbwamrﬁbeld ih siRdykeocks 2000 Intrddudtann 1o NBRBS: With

.. an der st andi ng of, B-spline, lation, |et t) .
istorigh FRESAERRHY Dot o SPtsrirp L o e Biiefiieing of
B-splif iMeFFIBGH, 16t (t)TlBI@mé b@snﬁ:ﬁaldn@ea Btﬁﬁ{iﬂe'cﬁjrﬁj@ée RefnBYon of

the equation (4 p (t N (t) where 2 <k<n+l ,
parameier Bj Ther the %@thmlsdefw bthevegquatioas of a

pol ygon that controls the spline's shape, and the N

are B-spline lending functions defined by (5) ' ={[ O

Xx oth er t w<is The aget k controls the

) degree of the pol yécg ;ﬁ%ﬁ;n?&) The curve p(t)

and its derivatives of order up to 2 are all

i huou n order to fln pI curve which

Whereggéi‘ 3@‘?1!3&3% SosHHoRs é'ae ﬁs’c‘ iesr! arheb/Ipn dat

[

C°“”f"£ﬁ?én§€‘ﬁ¥éh€§§%‘?’% AP i IchpYEST, Y08 by
fit, denoted OO (t), then the B-spl i ne curve nust
satisfyt Xx) =N1t1l) B1+N(tj B+.-+N, (t,)
B. | (6)<JND{(3 ‘imt BN, 1)B + + N. (t, )B |
where 2 < Thi of equations can be sol ved

(5) usi ng linear algebra t%tl"’?ml%ethe vertices of the
control pgl Y99 (t-x)N (@) N (x, —ON,, . . @)

X, - X X  — X

iek-1 i itk [E3]

The parameter k controls the degree of the polynomial function p(t). The curve p(t)
and its derivatives of order up to k-2 are all continuous. In order to find a B-spline
curve which goes through a set of measured points, one must find the locations of
the vertices B; of the polygon which defines the spline’s shape. If there are j points to
fit, denoted Dj(t), then the B-spline curve must satisfy

D (¢)=N,(t)B +N_, (t)B,+- +N_  ()B,,

(6) -
D,(t)=N, ()B +N,,(¢)B, + +N,,()B

sl

where 2 <k<n+1=j. This set of equations can be solved using linear algebra to find
the vertices of the control polygon.
[0040] One skilled in the art will recognize that the three steps of surface fitting

could be collapsed into one surface fit over the adjacent regions to achieve the same
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[0040] One skilled in the art wll recognize that the
three steps of surface fitting could be collapsed into
woer@edsasace fit over the adjacent regions to BCHUS66/005499

t he sanel evel of accuracy The advant ages of dividing

the surface fit into fhree steps are that first,
level PE@C%HP‘EXH Thecivagtages 'erirnecrﬁar%r rfigee §iling o three steps are

that f#&X Er?ec{:ér&urgriahg o mﬂgm@e%%ered ?%Fr%%ﬁy Elxﬁcﬁn{; B¢ problem

more closely sour ces , each source
into soffaee fits thedmdre dosatk etbded ffeer amua‘cgzs ol brrer,ereadhl Esurchef error

r es of error to be acked nore eci se nd
can bR RER Haslhel. HRiscab e S sl bo enaigi Fhkad gore
precr§é‘l§ bﬂfﬂ gD edsie? td ‘é@é&r@tér{/ %%Iuafé’&hé’r’(g’é?ﬂnethe%f&n desrgned
he net hods taught herein, 1f hange 1s nmade i'n

to re@uce\errﬁrt i exaneplel uergngttmrmath@dse t hafejng if ae:hange is made

in thef %%ﬁét?og} Jé(ﬂﬁ['cg %g% Irr& dpaaé@%ﬁghf %e r%[;feecaeci{sr{e rfe trl{ ga:r%meter of

the fn@e‘saﬁﬁd:élﬁttmesttéﬁrer’ieﬂﬂrnghﬁ@ geef ReNGASEIELSY deesthAs Qhether the
the total error. For positioning systens other than

change, hwEeqapashor ql\eqrﬁ@s%qi Q]Q;'th@darg}fb rrpgattrqrjrrng pysfems other than
thosé J%%”rh tﬁ@ p{@ﬂer%rhdg@ﬁb%ﬂ&rﬁ F 11k rrﬁ}érnftraﬁeélt{[ﬂétr\?g peRtof

sulte one or nor
surfad:e;mrnarycbmbeﬁteemed toffit thre datawatfonesorfinbrd bithedndbvidues steps, or

in a s 28 it TR CoRTbites BHOGLIIOTS Shia i (ke Shs SHELPR type to
be us'ea%a?ﬂ% EhO NS BYStR er[tﬁ%%rsbpre gﬁ'ﬁdé;rtrzgnct a#&@?n.

di ti onal advant age bel ng
[0041|] d enthi$ yngthod ihagl the @dddmnahamantage t)f bppn@oatbjettweletedt laad

iontfly bt oG brior fapeciabeRiasgiie dufeh e (e drlkoiece.

VariaBéwks RocHCkRRSighiCatedh8ng eRde81oR magmudéharg%fr &h A¥ations
Qggstem i ntended for use to detect particulate
caus

by afticatate @oetﬁm@ﬁﬁaneg heggfoehak syeterramtenda@broo tee to

ootec PP 8 B, RS 15, AR o o

to deteet earmedlabey cbhrasmrretubwdFl@\r&nlastraressdraémmp@@f paritiete
oyt of the drsk vva er E represent particul ate

contapnatian datectad by Mﬁﬂaﬁi og .aufefiedh efsham peaks Foigiautoféhe disk
(wafe@br‘ Frés)éntt affluRsRb q?:rr\ Iﬁrﬁr%%hf b ‘%atﬁreeof this method is the

am na 1on, IncC ng pred C Sl Zze

abrlrtyﬂarde’red:teandl'inire:atrfmrbelrrrbdul\ralr:ar kmtbmrraatmnnmldrhgtprecﬂletmg the size of
rkpiece, in th

the PTG ol b MRLABUATE? BEEORMIGHRLAL SR IRERaTS dhine Sirface of
the wbmp?e%ea%‘ﬂﬁé 8h&d adrhi cBh@E&oP@BF@r”S SNERY bﬁathAéﬁ?f il PGles

to this theory, once the wafer thrc ess, Its elastic
assoqnarter:iewth plafe beudmgethearryu noordisg do ¢his cbrheebnygonce trewafer
., are arlable is th iLze. of the
thickrBis, KL PEStin pRselet, i ety Ph restiufe B i i flgwn Sre known,
the orﬁ!?ﬁ'e@fva?fab@% tﬂe\@rz'é bpt'he pdrgclgivFRiefiedthe B%/arhb%uﬁng?ﬁi’e height
be predicted. In a preferred enbodi nent he surface
and ragius pé thedeviationl thetsizesefithp earicle senths raresimtedt tra preferred

emboffhec\iEhaliah HLFGREERIEh Sl oo Bedf i ERE 0.
particlels dfeprdesslesmtl sire wotldbé detebta®bg neiking thesgmpf§8d smaller
than the predicted size of the deformation including sample error in Z. Once
detected, the area surrounding the particle can be re-sampled at higher resolution, if
necessary, to confirm the existence of the particle and achieve a better estimate of

its size and location.
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detected, the area surrounding the particle can be
re-sanpl ed at higher resolution, if necessary, to

W@ ohiogqeBst he exi stence of the particle and achPEwESH06/005499
better estimate of its size and |ocation.[0042] A

flowhart of the operations to erformed in th
[00432], ef%HP}é’& o5 i BReratigNe ﬁretn%?og'%e@rmé?e PeFiPet espbodiment
to forFFP‘l@xe'e eheMeoiBcf 6&16&98 FRolefintragbe el W&Qo% nenrln%Ehe

ure, a caref y cleaned and i nspected
procedslré |a<Caneétdly| cleathedt anddnspﬁmmdwwafer%p fmtured iscanok 2¢4. The

next g0\ F SCANTRG AR SL2A L0 P pa 20 RTCRHIRBRLY HESI S8R to
colleck Ptl?@?&ﬁ' 3@’détﬁ' rﬁaﬁem\o@xe\r%pl%htﬁwm ndp @rea'ied b Ethi’s},‘%’}ﬁb’chod is

step is to use the map to create th
showg dn Gt 50 A heaexastafedt is wewsqomm@ mryto <Fr@|ate;vt7ien§ Y correction

n
map a5 iSOl OIS 1l BB T SR E o Sl
S| (x,})hef the®drih ci ents to be determ ned by the | east-squares
fit. Step 74 entails subtracting the first fit surface
Si_(x,y) fromthe raw data to formthe first residual
map RL, a draw n ch i wn in FIG 6. Step 76
() entails fitting %géfy dAx+%’ua rati c surface SQx,Yy)
of the form (8) SQ(x,y) = Dx 2 +Ey 2 + Fxy +G where D,
E, F, and G are the coefficients to be determ ned by
where A¢ B, aadtC e@ﬁtee@)éffia;ientsdotbeedétbrmmeddw thedkastsduares fit.

step 7 sridifuRtaEfng s att At AR S (o 508 Wiy el 6B the
first réﬁ@@éldnéﬁﬂ@é Arawitif SOLhIBR is SHOHR i FIG | &d Sitéb B rdits fitting a
recogni ze that other functions, including

secorwl @wadéaw@suw@ﬁomm@‘themnm be used for this fit.
A draw ng of the biquadratic surface, SQ(x,y), created
by this method is showmn in FIG 7. A drawi ng of the

g) result of this sghifactigr i g,5h ic@n FIG 8. Step 80
®) entails filteri nggghg):rem dua)( Wgce R2 and then

dividing it into adjacent regions. These regions are
sel ected principally to enable the filtering

wherg:BrputafNg s aitda Fattisients iorke %@t@freme@omét?@ol@aﬁbmuar@s fit, to
the firdt hﬁ%‘é}ﬁl@%ﬁﬁ bb LS4 S BPetall9 sﬂﬁt?éct'irﬂ{ ﬁ%@]doﬂﬁ fg%gh‘ace from

coul d cone from systematic errors
the firkt teseduad 3D datfacrn‘rm;l) @6 to harm teusetoronesfiduahsudac®R,. Those

e B ol LA SR BB bR
polyn8mivedIS| QRAd bEQ%bd"?@Hleé?ﬁt TA g‘ﬂéﬁﬁb"ﬂf(tﬁg Blqu thc}’ éw@a e,

multiplicative filter to reduce or trunc te t
Sa(x.¥) etpated by dhisanethodds shpphyin ﬁ(j;Gaﬁ iAndremdieg BFthe result of this

f he d
subtrdgififis SEWhIT SRS S8 bl iR 2 SRRl S Re and
then diVigRRy ieMadlafadeheratfiensf Tﬁéé@segu@n@afb %G%d&rﬂ#ﬂ&bwft@

circunference of the wafer. r educi ng
enablg dhe fliertg epmpHEatioat aThQJfl’éfPrd@ éh¢ prefefrad ipanlpdiment is a low-pass

filter Jésllér?erd f?)gpass information that could come from systematic errors in the
chuck and filter out information that could come from random noise. One method of
implementing this filter is to transform the data into frequency space using a multi-
dimensional Fast Fourier Transform (FFT), applying multiplicative filter to reduce or
truncate the high frequencies, and then applying an inverse FFT to transform the
data back into the spatial domain. In addition, removing systematic error in the first
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m ssing data can be replaced by zeros with m ninal
effect on the final answer. Alternative nethods of
WO pqoesmBt i ng this filter include fitting the BCF/US066/005499
usi ng b-splines as described above. Those fam i ar
with the art will _ recognize that there are severa

two stgpsrables the yseef ¥fg”0§ e Red eslges areum@thﬁ/elrwrgf@rence of the

wafer, (80 EohPind BOCMANEET o I e 15T & B Boors ftegino

missindelatzegaobe naplebed bgczleyommithlmfnunatefiﬁct on therfmaoarswer

Si ne r|e function, .or | i nes tep entails,
Atterrggiyg e Hgd e mEgranor s Ay e, MG (66 stdegerding
b- sphﬁé@@%%chﬂe&bﬁ@% 7%3npsd fgrﬁlllép%thhﬁé a?ﬂﬁiﬂ'r@b@@n&@%ﬁ&t there

Y correction map produced in step 7
are sqweraumethdds @‘Iftbﬂeahgerdaia 03 faeEmove blghffmlenwuqmanéom

e AL S S e RS S S EH SRR g e
reglor‘ishﬁntﬁ|30M§l§>ﬁbﬁué1'f@ﬁkftm%mé‘oi:b&mé %erlé’é *f@{ctbﬁ or splines.
begi nni ng t he process, the wafer processed S

Step 84 ﬁpmll@opqmblamcthezag@nal fltrdata evvnth ﬁh§tSL§f3@§ fg® preduced in steps

72 angﬁﬁ tl]ié)n &é{?lgﬂﬁﬁ%ﬁ‘leig \}UﬂPt V%o%f fon ?‘g%ﬁ,] épod?}cgg IB step

t
stored corr ron m IS retri VEd

71 to Pfodute thetdlobaletrar @orectiboBurfape | whish s tragt stdrdd viad ddmeputer
scanned 3D map. An exanpl e of the filtered correction

36 f Olnis P8 Sghewwvvfaers 9 and a processed particul ate map
[0043’r|S s gde‘ésr%of@%re@?dll@% tﬁé‘?l'&Wchbﬁoﬁ gﬁa’rﬁ%u‘?ﬁ‘

S process In st detect particula
FIG. thnPsdor ttabéginninBahé |przmmsethmwaﬁm2r§?albl I pracessed ||saf|>kty1red in

chuokFL SREH (Rl FIPRIRL FLhonea o SipdUe 8 AbLEvBTaDs watsr 2. I

step B Y storoPE&RedthndBEE & FtRePdd, R lh%ﬂéﬁgﬁ the retrleved correction
contam nation woul d stop the process and an oper at or

map issubtrabediforrmfihe gcaoneddbuwsap hdnwtamplecifdbe filletad ¢dresction

h d t. At t I
map E3pRR b R BroRbeh Pebilidie shon i FR{y Fi” 8% he
residugrbhictfid SuttFERINBH NG pidtesyad &f sicp d détebhpaicafaté he
suspected particul ate contam nation to increase the

contagninafiary Bertigplagacenigaingtion s inkislly detastedibitheghalgingibe

rosia RO HEHBUEOE SR bkl Ehiiohidifhifh ERPGRRH P egor
Typlcallw@eteetlém @ﬁpaheufawbbmawﬁmamn/ %ulcﬁst@p&hé lpkbﬁcbéis)’aﬁ& @n
Operaffg', ation W ( -Dn +2where z is

Wi dcher metaﬁeidaﬁ re@qve thﬁ avaé%tcbﬁ%bb@mdpewafﬁf fRe the chuck,
i bt T
include re-scanning the wafer in the vicinity of the suspected particulate
contamination to increase the density of 3D data points to assist in identifying the
particulate contamination. Once the area containing the suspected particulate
contamination is identified, a curve from the family of curves is described by the

equation

9) z=

16VZD [az __,~2(1+2(%))]
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curve could be fit with a different equation which

better nodels the experinentally neasured defl ection
wo@tooblogoodmf er under the influence of particl esPEmnus2006/005499

vacuum pressure. The result of this curve fitting is

id i fi f.the |l d
wherg &3%3'&% bC""gba?iEﬂ%qm & it G tisRanet ey %Pthf%C%H%Pf the
defleSt®S & é‘Gisk%f(‘fﬁdﬂs'a Céfndtwearﬁﬁbtérélésa&&lrfe‘ané@dvenaAl'té}ﬂa’u\%ly, the

identified in this manner, whether to conti nue
curvemqui@b@u figvitir atdaffefepfe@nuettbe Witk betier buidels theatskerinoentally

sed iteri for rej ect r acceptin

meas ol HRERTT o thedudbh i e st hritints pof o
press‘éﬁ@%’héﬁ@s@l@@f’tkﬁ@bﬂﬁé fﬁﬁﬁ% BagBRiTRtienfdTthd hﬁ:a%@n and size of

di stortion introduce he contam nation and still

the Sweamcé pﬁﬁméﬁ:ta@nteémnaé waiten 98 entails denidiageonte alhof the

partlc COnﬁrﬁ{hﬁ%B E]%hﬁ@é(? E’] '@\IS?@'I%IH?ISP %@&PSF%Oe&%%@FL%éJFOCGSSIHQ

orto m}ea:tfthedvafer a$ beirigsabie ¢ belppacested. rEiasttetiatiberejecting or
102 indi cates a decision to process

accen’tﬁ@ mec[igp %?fpr%s%ww depepddesswhethenths slagennd beam
optlcs.r @éﬁ‘ﬁg nsaf Rk grgltdrlé’rg nﬁﬁ%ﬁgé‘ecﬁ B§ tﬁ@%b&é‘ﬁlﬁﬁﬁon and still

contamnation is co re=co
be abdg &i imnsithe deaar wakgh ondhé surfaee némeewe&rr rﬁipptﬂﬁ)@tinmatzes a
dels th t}urf e of .the wafer t

. Cl b "
decisfirBaelash 16 Hefaid oA ST FeIcAed ah Gaaraigr Fyy be notified to

for |n§cahbé0élé§ﬁ%ne%tn%@]ftﬁﬁé'm%er In step 104 the wafer is
actually processed. In the preferred enbodi nent this

[0044]oul StepntCd indigates)a desisicrsier prosese the whfark df ﬂsne wafer is

proce§ly B8 lprindptiZebagind & BRI BRER bARD S mult gu Gt

contafiingtivrl B dorAbingd!vitH ®e"preondinited!sybReadticC8FoPmabhs form a
waf er surface. In yet other enbodi nents, the wafer

new &fEl map éhatepperelgsalymodels ithe autfagp af theawafer fie beaweeessed,

o g cLBedb) RSl G ETRRBEL 2 1 e

waferiig abhmllgrgrocémwrIﬁSB@brefﬁbfedtdmtbbdfmenbml@mm edtdillusing the
t her cific forpms w_thout departing fromthe spirit
laser g? SR i an %ﬁaﬁ%@@@ﬂf%@ wafer, dpgdher empodiments ethetlger

beamSéHLﬂ@B% dded bR ‘tﬁe?@vb??ﬁnt‘b%di@%u‘é‘l’ Ef?bur\?sd(”%lﬂbﬁla?iaﬁg O anneal

st ep, the nunber acent regions can beIncr
locatioms pn thawafdewlmednt)@t oitegr euh!aaoquqnmrthalwa"fancmwldm&

d.to formthe fit, can beln eased creasedln
fep'aslf%ﬁwg a%FC%W%rd@ynaéﬁeéffserrmy B%§SﬁQ30|s‘é' Y&s0r tHy o,
Compbhgnﬂgthﬁyﬁ% may be applied to types of | aser

rocessi ng other than nenory repair. Accordingly, the
[00455 i sAvilkles uadaraﬂ@@tby momnm@m.them th‘l@p&‘m mvenlben may

be enjtidliSd bR soRtle tne vBbourfhpind Pont Byt of Seentia

charagtetistiss Wgreof. SF6t @idmglel frie %ﬁa%émtd@‘h@bdtﬁﬁorwba@ batdoAghined
a wor kpi ece processing systemthat includes a

into one step, the number of adjacent regions can be increased or in fact decreased

to one, the polynomial functions used to form the fit can be increased or decreased

in degree, or other types of functions may be used. Also, the methods may be

applied to types of laser processing other than memory repair. Accordingly, the

disclosures and descriptions herein are intended to be illustrative, but not limiting, of

the scope of the invention which is set forth in the following claims.
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wor kpi ece containing fiducial points with known

| ocati ons, a chuck for holding the workpiece, a | aser
wW@riob89g7 a | aser beam and optics for directi nBCT/HB2006/005499

| aser beamto the workpiece, a material handling

subS\L/stem and a control subsystem for conmandi ng the
l ‘ng system the optics, or both, to
dj r ﬁ%eﬁo@% bgmkrafmg%' \%rk?LeQ:% rbb&sdiRg gys@ﬁamatt hdudes a

particular point on Yhe wo ce to conpensate for
workpsgwt cmmammgefridmal paintshvethr lenumm wesliops e theenfarhwiding the

aser beam an wor K
workpigsen B et RIS s ksAes Abt oPIES forrdihtioBhe g iam to
the wderFé%BSé rnh‘é%bnﬁﬂwéi@d]m@aé@s‘}%h?w bﬁﬁtrblosdﬂ“@stem for
kpi ece; correcting errors in X and Y | ocations by

comn\@amﬁhﬁgnamahbaedﬂrr@sys@@m theneptiss, or Bat, 40 dierha §a6|¢ular

poin i R B | pSBRL RSP ] B gt o

systerhbfiG brrofd prtheyrefdtiobhipUusdtaeen sthbldsae beam ahidthd notkidese,
subtracting the first best fit surface fromthe 3D nmap

compRing: to forma first residual; calculating a second

bt?ecﬂ‘qr ?f’f Fn%%g fetME dfla rv% ng%%edé{%ulftlgon 5 Ssitiynd f?neconstruct

BC& SUBLT Act i ion; a se error
3D ma&da’tahc&rmémxnehmytoihh&oﬂmr&plebbat [ ncI udes subtracti ng

rrRcingausig h slaa STl e e RS e i pieRsufeibechfons of
f.duc.él o'TftQ o*ﬁythghﬁa RRGPRANEHKhBGA léé&’ﬁdr%c“ on into nultiple

jacent regions; calculating a regional best
fca’lcdahrﬂgee‘:rsbb%cﬁh soffacdto thel 3D phap dew;ons to form

RO ST P ! PHEEe PR hAL MEleg iRy the

first bSSGRRArBES Frohh thesngrﬁss dafthd foh® 4 Bt esaiuglur f aces
into a calibration nma and usmgthe cal i bration

tealedelingecsasondhest fit suriaaedodhe dinsfiepidvet isaied: methe first

I f and the workpiece. 2. The nmethod of claiml
suﬁaqﬁ?ﬁﬁ)érag:ﬁsﬁ?e correcting errors in X and Y | ocations

CIRfMVis§ s seernarerig by seeond atirfakce fsubtrattivm ¢hateadudes
data to the known locations first in a cross-axis

subtragiing dhe sacerRd Bestfi susfacadror Hrifirst redaualdadoang sasend
residul'a'il an al ongaxis direction relative to the X and Y
dcations.3. The nethod of claiml1 wherein the first,
s@omlmg thersercmmdaealdulaemrmbdtb)suhaefsmesdmfacarwbrtmetmrﬂ into
P % ﬁm al, tri gonorretri c, or plate bending theoretic.
multiple smaller, adjacent Tegions;
calculating a regional best fit surface to each of the multiple regions to form
corresponding regional surfaces;
combining the X and Y location corrections, the first best fit surface, the
second best fit surface, and the regional surfaces into a calibration map; and
using the calibration map to estimate errors in the relationship between the
laser beam and the workpiece.
2. The method of claim 1 wherein the correcting errors in X and Y locations
comprises comparing a polynomial fit of the measured data to the known locations
first in a cross-axis direction relafcive to the X and Y locations and then in an along-

axis direction relative to the X and Y locations.
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4. The method of claim 1l wherein the cal cul ati on of
the first, second, or regional best fit surface
w0 p@b8®37 performng the fit in a piecew se maPCEUS1006/005499
X, Y, or Zusing splines. 5 . The nethod of cI aiml
wherein a 3D rreasurfrrent i ncl udes rreasurl n
| &cdhednetbpdiaielaipy k pinecainithe fiFd, secopd, gF laszﬁ'sbéeﬁt fit
t [
surfadiBledi e @bdndmey, HABRoAERT, of pip HREHMG theorgle
raJheanethod aircaiobt mheeeinuye ichlculatioat ofribe dir$te aecoral, @n
. th of claim,
regionial0est it TiEcenebies peRORABY the 1 81 B ChR Pe A BIALY o V. O
Zusirf%oév%ﬁ\‘é% subsequent workpi eces. 8 . The nmethod of claim
erein the calibration map is inproved by neasuring
s@b%quaathodm‘fk:gm@b‘esvhegenn arple measisamsint fcudesimeasuring the

in the. vvork e cal i brated
ocatigLff BRI RaRas 5 Yo or 6 Rban someiia et g three axes
in a siBlPieasBrephi@ifiessi ng system that includes a workpiece
cont ai ni n%@knovvn fiducial points, a chuck for holdi ngb
y

t bre Therrpinedof claimat whegeinithe 3§ mepsYEMeRisara pbtaine
I”umlﬁ)a%njgf%ﬁagrr %ig]%twgﬂ(gg%% &ab§am to the workpi ece,

m and a control subsystem

t haTheansthodof tdemniivgidreih thakdlibragon ysae s stobed and retrieved
optics, or both, to direct a particular point along

to COVE%SP%%(RU%%*@‘?%%MU cul ar point on the workpiece
tg Ei‘ﬂg'l?ﬁ THlms’Y %ﬁ?&fw the €5 %ﬁoh'?né %emv%roved b

relati on etvveen aser eam and 1t rkpi e
measumg)sulsssetgxenpwo‘rkmacmg 3D neasurenents of a workpi ece

o0 The eSSl i LhnareiBats Waiknigge fy bEaRuBlated &y

semm%ﬂ@u@tbrWé‘F@r best flt surfaces to the workpiece; and

using the calibration nap to estinate errors in the

r €0.af me’mdp‘ob eakrhrehng |aem¢r39@cetmranewrdg shistempitigbinatudes a

11. The neth 10. whe est, fit .
workpfgis Gt iU e GRSl DABIR rcreR GoRE e Weikpiece, a
laser 8indtifg BaBskiEedrheptedptics fdﬁdlr%mgftﬁé hesbrafesth & fRelWorkpiece,

wherein the cal cul ation of each best fit surface

a matpral hansting sebeysiPRy ande eontral suasysieaeihias eomimargs the material
handli\ﬁﬁespg;te%ﬁ,a t%gggsdtﬂg 31%61“6?0 &lﬁecft-gqﬁarfﬁ@ﬁlgpgoﬁﬁ g‘fc%rﬂdeme%gser beam

asur enent I ncl udes neas
to a phaicatdr@oirtfort the werkioicede dompdrsale for,systerdaticxesoryin the

relatio%%ipct?eqeviegﬁttkgrI]as?efr btegef‘n tapn(rj F’f‘ﬁe workpiece, comprising:

performing 3D measurements of a workpiece at multiple positions to construct
a 3D map of the workpiece;

forming a calibration map by calculating one or more best fit surfaces to the
workpiece; and

using the calibration map to estimate errors in the relationship between the
laser beam and the workpiece.

11. The method of claim 10 wherein the best fit surfaces are one of
polynomial, trigonometric, or plate bending theoretic.

12. The method of claim 10 wherein the calculation of each best fit surface

includes performing the fit in a piecewise manner in X, Y, or Z using splines.
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axes in a single neasurenent. 14. The nethod of claim
10 wherein the 3D neasurenents are obtai ned by

WO bdogrosat i ng a feature on the workpi ece w t h BCT/EHSE06/005499
15. The nmethod of claim 10 wherein the calibration map
|s stored and retrieved to correct subsequen

t .
wbi k pheceathod of ciaire Twhstripe mﬁ%emgaf Bictidasgmeasuring
the I rpéﬁhb%r ok in HEPKOYEHr PYaxiBaeahy BONBHRIRALAIhe three
17. 2

I eces. he method o Tm 10 wherei n the
axes mmklpgkeacmeasur‘emecrm ibrated is a sem conduct or wafer.

1 d I ]

el ng RaPesioLeienm; i ohetd e SoHnehsubai R ERe bhfhed by
ilumirAmel d RGteEdeRe \ﬁ@maiéc%' WEh anggéror ning 3D

meaSurenents of a workpi ece at rrultlgl e of positions

t tb.c dhetmetbod ®f gimeld whetdie the crlifiratien map ismtgtad@\d

. the 3D map by.c ' . e-conmput ed calibration map
retrieve hcé?r%?ﬁﬂ%%?fﬁ@@moggp%ﬁ%'det ecting particul ate
CPaIt TRE Madthed oﬁ’%la@hoﬂﬁﬁ/ﬁewn e célﬁirbb@@hﬁb Eamprd@ed by
The nmet hod of claim 18 wherein the processing is one

measu)mns:]ﬁul@%qwe@t it Wgrigrie¢®sat e bendi ng theoretic. 20. The
ey hefl %empg'omgpajrgwgfa@ﬁfe%a WoPSiEce RIpL Relibidesd is a

esSti mati ng §TCUMAT e Contam nat
semicdnductbhevaf@t hod of cl aim 18 wherein the perform ng 3D

ts | fi t
T AriBtoccier fatpcbis erethunte cntaminian Brer oy pioce
flxture%‘)Wé'c%ﬁﬁra‘Pgd té‘ﬁﬂ%ag@thgg%zgtremﬁgmé -he workpi ece

n-avicinity o d particul ate
cmﬁmmungﬁln)measuwemeruasaé aswonkpieceeatsnuiplesalr padiigons to

eg g%t[i apagftb‘:“' ate. contam nation. 22. The nethod of
constrych gt B1aR QPR YOTERIESFi sing, in response to the
dedipphtifiptHef 3D aRdp By b@hﬁ)aﬁmgtaﬂﬁiéﬂ@émgntedd@ﬂib%m frp to the

cease processing of the workpiece, continue processing
3D m@@suramamﬂ lgpidece, process a fractional portion of the

V\@ gtﬁi §?ng${ 8?% %ﬁﬁ a;r# RatiBh |E>9 prG&edsthd #EP¢Slibrated map.

19. The method of claim 18 wherein the processing is one of thresholding or
plate bending theoretic.

20. The method of claim 18 wherein the processing includes estimating the
size of the particulate contamination.

21. The method of claim 18 wherein the performing 3D measurements results
in a first set of measurements, and the detecting particuiate contamination further
comprises performing 3D measurements of the workpiece in a vicinity of the
detected particulate contamination to increase sample density near the detected
particulate contamination.

22. The method of claim 18, further comprising, in response to the detecting
of particulate contamination, deciding to cease processing of the workpiece, continue
processing of the workpiece, process a fractional portion of the workpiece, or clean

the workpiece to remove contamination from it.
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