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PULSE SEVERI NG OF | C FUSES Rel at ed ApplTcations PCI/USOI/ 21851 T000t—Tiis
pat ent application derives priority fromU S . Provisional Appli cahi ‘?n dﬂg
60/ 217,746, filed July 12, 2000. Federal |y Sponsored Research or 1 MAY 200%
Devel opnawvio 0p/0£335:] Not applicable. Technical Field j0003] The present
invention relates to a | aser-based system or nethod for s&GdriN Y218t egr at ed
circuit (1C) device fuses, and, in particular, to such a system ar nethod
that enploys a single UV | aser pulse to sever an | C fuse. Background of the
| nvention [0004] FIGS. 1, 2A, and 2B show repetitive electronic circuits 10
.of an 1 C device on a wafer or workpiece 12 that are commonly fabricated in
rows or colums to include nmultiple iterations of redundant circuit

el ements 14, such as spare rows 16 and colums 18 of nenory cells 20. Wth
“reference to FIGS. I, 2A, and 2B, circuits 10 are al so designed to include
particul ar | aser severable circuit fuses or links 22 between el ectri cal
contacts 24 that can be renoved to disconnect a defective nenory cell 20,
for exanple, and substitute a replacenent redundant cell 26 in a nenory
device such as a DRAM an SRAM or an enbedded nenory. Simlar 'techni ques
are also used to sever links to program|l ogic products, gate arrays, or

ASI Cs. [0005] Links 22 dP¥ ASER SYSTEMnADNDOMEKTNOD FORCl ¢ and are desi gned
wi th conventional |ink WINGKEPYLSE SBVERINGOR 1T Fugks! i nk | engths 30, and
el enent-to-el enent pitches (centerto-center spacings) 32 of about 2-8 ~, m

from adj acent cgre_%g tAstlru tures or elenents 34; such as link structures
36. Al though th -&—%R&é&%t link materials have been polysilicon and 1
2 1 MAY[@Ra: Thiskts® e -,gqlmr nu tyrers have nore recently
adopt ed[a vgri et lg%%o?@ﬁgdg&gﬁ?téﬁnve rretrg}':}?oénha' kﬂmiséqqagﬁplﬂqﬁé@ﬂrmy

i ncl ude Noo §0/247e74fotfiled Fily d@, 2600.al uni num copper, gold nickel, titanium
tungsten, platiju other netals, netal alloys, nmetal nitrides
such as titani ForapRERoRed Haseargl or Revelopmieni ci des such as tungsten
silicidpooog] otkef apficabiel | ke materials. [0006] Traditional 1.047 /cmor
1.064 ~, minfrared I?B’FR) | aser wavel engt hs have been enpl oyed for nore than
20 years to expleghnica] Fieldenove circuit |inks 22. Before link processing is
initi atﬁﬁoﬁti rc@iéts 101t,ci rcuit elements 14, or cells 20 are tested for
def ect st the | ocHt PG FIVERHPR KRS e lasapprsdd isydtem ar aaethdibfor severicogr am
that deinedghred irke# ald s afe Li.n 2 . be processed. Typically, the sane
| R | aser beam used m)qgr%bcgefgésekhéﬁ’ﬁ%p%ﬁﬁégmi %‘gﬁa,syﬁﬁmﬁgdﬁ% Mt ensity,
t o | oca®mBploye aingle Udhlastr milee thaeveres Kpaiseof the IR | aser beamwith -

respect to ref Iﬁci{gve gl 'iggngnt par ks, such as netal on oxide, positioned
at the corners HOgn Dhvaf ers supporting the electronic
conponeio0sd] j 0GAGk. Tonxenhd oBal . i nk_ processing_.syst focus a
single pul se of IR [aser out puthoﬁavi ér%l‘)g erl)%cluféglwwﬂs g? %BBE{:T%&V{% OBGR

nanos e cBEE of Heykpieceellofat amlconorty GhricdddandowBof BoMis 16 3R fudBRBhiigf '
i a_link structure 36 conposed of a

spot si; Larnetei 40 i.npi.ngin v
pol ysi Illgag%tgdngror}&é&%ﬂdaﬁ ﬂgp"?fq%gﬁq lhnBgh a5 spare40ws 116 @od colvnstsri®taf 42 and

bet weemeEnoROAER 120l aWRhS at i st ack .i.ncl udi ng .an _
over | yiig‘g ?)igssi vation | a;%?ez%gﬁ??ﬁdgmii %‘QF%@/%’ NG r}btar? Alsedesignadhto whi ch
it

i's typilkdnds patigelal Bise0@verpist ciomit(fusds drhinkls 22a0Mhvard dO9RED YhAEcR3Sh YAt i on
| ayer 46 absorbs a relatively small proportiona

i Li ubstrate 4
quantity 8? r%‘hi%%dd%a‘?ﬁ?ﬁ?e%ﬁodz%?ﬁﬁvé ARGTReTY| cel s iforaexample, aand issbstidutarad 46

such asepsladenedin reth@dhd@eR 2651 4 jtrj-de are r hyel ransparent to IR
radi ati olﬁ. FIG 2Cis aegrzgh&gnltﬁ%?lgwc{i@égq Ssugétarg&ﬁéﬁky’dﬂymw’&f &he | ink

st r uct §rbedded-memons Simitar tedtmiduieslire?Asd asddRIREES lmksttggrégﬁ&ﬁﬁ%ﬁ]iﬁt | aser
pul se. g%ﬁ_‘%ualtét of tggfater formed in FIG 2C is nelther I'form nor
pr edi cPADI & BOBFEI A 0081 es- danage to the substrate 42 while maintaining
suf fi cif@ous]eney gy.sbo Lt al  or tal link 22, Sun et al. in
U S. Pg_t. 5ﬁlo 5,9%‘35, 1 ﬁgg‘ﬁg%f %ﬁ'ﬁa‘eﬁr@?q%?ﬁf@é 48%}%’865}’@@1 cpaveRfiqnaki ngl e
9 to 2Bnkyvigtls98 aftabaut MBGRS ungIaik MAMES SOkl eléﬁe{ff—t@%léxnéhr-t@est@erﬁr ocess
menory_|in jJicon wafers. At the 1.3 ~cmlaser wav fengt e

s 22 on sjl
absor pfc?'S?Pl%%roWF]&gf) FeRhvahont 218eumifrom adissentatircaitdtracturas o ety 34 65088 | S
much | g e t ditional 1.~.m]laser wavel engths. The nuch
wi der | fa!slglrC S%?%g’ééss?’i% 'ngﬁéh&@,&“51E?&&{rprf&%‘&n&)bﬂk~m§¥ea’?§#avpémy&wlsvcmand, 1
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w ndow and better processing quality afforded by this techni que has been

used in the industry for several years with great success. [0009], §h As’;.g](]l,
~.mand 1.3 ~cmlaser wavel engths have di sadvant ages hOV\%ﬁ{. é@@éﬁ r@%
the optical absorption of such IR laser beams 12 into a EEEA T RERET
condult e UL PP PPk 22 is less than that of visible or W bedn$;Jaddng
the practical achievable spot size 38 of an IR | aser beamfar |ink severing
is relatjvely large and linuts the critical dinmensions of |ink width 28,

li nk | engfhCABPIsEIORE eMEBORY Hrpylagmrersddve muice piceotly 3optdhia yadetywdihoenal

| aser |i eSS tel i 0 eatin lting, and evaporating lint: 22,
.and cr eaﬁﬁrﬁlg&g\%nég ggﬁ 1c mgfépégsstﬂﬁttffl?)ﬁ-gﬁblﬁo%‘é%@g? (S‘QH}EF‘W SdeHugBIM.y | ng
passi vat ¢copipet, ot nitftel, QRGh, TAGstER! st ' j is al so
somewhat dc?g e%ogdnt on the w dt hgof F}?lﬁ%ﬁug '“rsi‘ga% ﬁgé%?ﬁﬁg%lgﬁﬂa&@{%s

nar r ower mﬁﬁgﬁlt@@mﬁmch as-fitaniuth or eanpilosi witridea nteeal silafidgsasnsh watingfeh 3R, 44

becones | ul ar d results in an inconsistent |ink processing quality
that is %%%@%eﬁ?kf ‘?mﬁfﬁ’ié’s-t he thermal -stress behavior linmts the critical

di mensi oppeoef | ITikSiti ] v r ' [ nsity. Q1X] U. S
Pat . No?lmg, gFZS, 25§(§8§ gasl\?\len%}sjglrl\ﬁe(?nfap.@g %ﬁ%@?ﬁ%ﬁaﬁgﬂ@ai@e@%@ml “FAvi ol et
(U~ | asesmplayglfor tmorestims20) yéark so exposiVelpeanotd@ranenini 729 Badsd Mgt i on or
resist material with |ow,.|aser power through a different mechanismfor

mat er i al PIPETFSIE|1S Hdatpd . rif s dAecibateelement 14, enetllssl0 redestehinr defects, tHhe

i nk - : . S Pat. No. .6 057,180 of Sun et al.
descri poseilts SfvRe el bE Meipopa B0 Acstimite orbroatilh 4k ARetmings Jsahontpba
above a lpds9vatbeqrotaayed, Dipisally,ithd &ihe ITE1BE bdath SakiGEH gf&eééﬁt‘i‘g gﬁqg{lés %{%129

substrate from | aser damage. Thi's techni que advocates nodifica

target rieerataeduged intenuiey, o tocaks| the positidw afithe fofused spot fithe &R $dsegbed013]
Thus, i i.nk pracessin t hods e still desirable. Summary of the
| nvent i Wﬂ%ﬁﬁ*}t tﬁﬁefgeﬁﬁg?:?ﬁ%qjg?ﬂeénﬂg%ssé‘ﬁ a5 mrtal engides positiened #rthe compers
provi de ¢f thy 8fe€h@or MR dupitating MR QYSrRiSt ey | aser pulse to sever an
| C fuse. 50015] The present ‘i nvention provides a Qswtched, diode-punped,
sol i d- st[AP@7]( DPSBpvéntivanl mbmorelipk pyetsmgDsiemsgfones akingle fuldcCoIR g | near
crystals o,[gﬁmerate1 ree aﬂgéor IRZ%nd Wlight.. In a greferred

enbodi neMPUHHRENS AR ‘H’dgléB WS 4dp 20manassepndsdas) atrapsh link 23r FIGS. @&t ed to
produce S9oH LW a2 PRAMJIYAKI i L sauent. m.shapi ng 3

REP| ~ACENEPOTT SHEET ~,I@-’ -~°¥¥3%%@%6J59f0m5§‘§m4§ ga“‘ng%?%%rﬂrsﬁ J necessary.
t o produesmposeslisialpelysiticen aemetahdihk 22 poaitivast agreussifi€sn soveiteag i | C

fuses. }h? te eraturels of }he nonlinear crystals may also be precisely
regul at € u@%‘?ﬂ?ﬁﬁ@r AYGHP Q1 p athhAtion dayer stick incdusting an exeTiyiag passikationageous

phase mghedi AL 1 ts 0 N £ orm pr.o [ l.aser. pul se
char act er)?s?ti‘iagg. I nHan%‘ﬁﬁ? %alﬁm@ﬁaggy’g‘ﬁgﬂ‘%%/{Y%C%j‘%{??@aﬁ@%é’ﬂﬁgﬁé‘é by an
i mged dpd itusk nvdudnenrclafigdnigepasdivatival lapdrl 46. f Silite sutgurdR@NiREriR e ativel

artifacts. [0016] In a further preferred enbodi ment, because nmany star?'dard
al i gnnerfmallprgrertionglquantity; of JRiradigtion,; andi copveniioaal passingtéon byers44canidr 4ot i on

of the : p il . t he separaf e purpo f
Cargor uarR Al STRn 3ol st S9N wpatfp BEFRLA Eftiob Dichnec

f ol | ows ina Segarataey opiss-sedtiopsltidewiet ¢f (he Rk alrGetaRl of FICPPE S8 (5L §REALS and
is attenuated to the proper power |evel: An imaged optics nodule for the

fract i on&feRRRVed bydhe pRobat AesepPhise z ddeiqualityredtlee ¢rater fbimethimrfIG hs.  The

green or I e nd the UV alignnent beam pass through detection
system r}lgﬁ%@%&%ﬁ%&%ﬁg@%@stel y aligned to a calibration target through a

beam corfpd0Rr CTIERGIdLRMAGE fo Bidtubitratd b RehiRNHa bRl ' ul'ting
reflected Iight is detect gd to cali b? ate tﬁe azlulhgnn% 15 12%% é\ﬁye?ﬁ&ﬁe wv
| i nk pr PEeesss a el mnominetad tivk32pBun & al ingHrs: rRat bNans 266, Bendde SuPat t o
align t desired |links on the die can be

0, a given dieg, d the
sever ed %@/ %ﬂg’ﬁ%&?{ P%OIRRS%:’L\&H&% 'Flﬂglef)d;@ré%% PSR atra dopgerr lages| wayielang B suein017)
This in tq i il | . C i i d
spots § Lot o B BcER e CaAS 2 ort Mk BRREC B M SRSk wal GEHAE:
syst ens theTdsoipiparconwast hesceeprty linle snatariil and silichh pubstatet 42 Bunsh 18ARE 9y

l evel stability while providing a neans to deliver pulses at high

repet it TR ‘kétt%éh‘a%%&f*‘g‘éﬁfldfmil?ﬁﬁ HexalepgihyudhpruchTwidsr lasgrameressingur t her
provi des a solution .to the problemof aligning to alignnent marks .that
have little contrast at the UV wavel ength by using the green beam and/or IR
beam generated by the sane source, as an alignnment beam [0018] Additi onal
obj ects and advantages of the invention will be apparent fromthe foll ow ng
detail ed description of preferred enbodi ments thereof, which proceeds with
reference to the acconpanyi ng drawi ngs. Brief Description of the Draw ngs
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[0028] Wth reference to FIGS: 3 and 4, a preferred enbodi nent of a | aser
system 48 of the present invention includes a |aser 54 that in general
preferably provides a wavel ength conponent that is shorter than B?\SW% ZWh
as within a wavel ength range of about ~ 10-575 nm which may herein after
be referr&¥O0t8&5green for conveni ence. However, a |onger PRAESIDRLHISH

" conponent within the IR region, preferably shorter than 1150 nm and nore

preferably within the range of 1020-1150 nm may additionally be provided
such t hat wifi®ow endeetevereteenias Qualsy biterdel bytthiiacdm@ie A8 ebdBseaNRkEET

(green) wavel ength is the second harnonic. Laser 54 preferably includes a
Q swi t chethdugiry der- AT deqrDMith gredtistcessmt e (SS) | aser that preferably

i ncl ud i d- | t Nd: . YA Nd: _YLF, Nd:. YAP, 5 ~1
My 2004 (TBH) 1 TET D iRl S HIeBE Piplcrlh b dfdyanEes WOEveTndE
produces bafdral ek éptgﬂat bt sbnl of sSUPECANE Beaths CONMURS 4 ﬁ%hiwelgétg@ﬁ ight via

the nonlinear optical process of second harnoni c generdation.! Such | asers 54

may provi dendvativonietalit Jink) 82 ey ktetiiad dmeof pisitdesr UV bespy tnd Ghevpradtical

wavel ength co nent su S out 532 nm (frequency doubl ed Nd: YVCa)  or
about 5243%‘%%9@9@ ﬁ’éﬁ%gcﬂ? @PZ@ Inggr gﬁqﬂi‘ ?% link $EVERHRE 19 splalivekyNBReARdIgItS node

profile. I t t £ p.

Cont ol st nalee) SHRtn>bf BEWAR DS, IR ErEal 10 Sanghe Witacy 3 P L
conput er BD. Thix0@8iveMlitradingtr Giumeteing Selicsash haatidgsoeitig, bfttevapbadinanesk
profile oI) | aser output 56, skilled persons wil|l appreciate that_ nost

| asers GA2HAINGERIAS 2 Prhatuqal sixess SPUdruB e suplosigely fPen gverlxiag passhration =1.
For conveﬂggpg@., the term Gaussian is used herein to include profiles where
M™ is less than or equal ‘to about 1.5, even though M~ values of |ess than
1.3 or 1. Ppod0f prHicthendal-sSesd ¢xplbsier ebationid dls@ghecha depdrdeht & therwidth
wavel engths are available fromthe other listed |asants. Al though | aser
cavity ar PRHBEARNtS thedinkoyifd hesprapuparetverdher ehasiiltuh, Geexplosion pattermpf

wel | kno i I r.tajn alls.qof _preferred,.
enbodi nonpasaffh BARS &fbecofifls iedl A 5esufSsh 8 IpcdBtiRlch il pREEL T By
be passedttahisourghcaptatie.i Ehys,ahe etthalksheysbebapn $intifs B8 dfifltal GRhEASIGHS M

optics and propagates along a first optical path 62. Wen secondary target
al i gnment 18300 BIEXENTS SrFates clapit 898EY- | aser out put 56 neets a

b K 4 j i ' ' .
Falin g%t@gggug}]ﬂ};ﬁ HEIGTE b5 3s8BE §€5elgs§é\téé@ﬂ dLerlHls o Ao Dsigegas)

target Severin I'gniment  Sys 1\1;‘gSAS) 66
al ong t heuffiaviletqtV)daser patpu: file:post Hels|tad Sopent ERCoHVePlg RREivVAh 6f rdshe
energy of |aser output 56 through a STAS 50 al ong a second optical path 68.
[0031] ThBraigaiabpityloWrlases pewen throngh adifierens apqchgnismdaymatesial remqvadgad cal

Phto a noniorRspe erye iRl el BEm b Bk TR R o ofBbBlentif fBbRC: €

into WIiei2by tlhsS. Paadésss,057,080 oDk etcandescsibes melhbds Bﬂﬁsiﬁ%@ﬁ}pla@er | aser
out put 56 contains gener alql y only green |ight such as second harnonic |ight
with a waYEPEHGUATOEREBR At Pesitiofisd #Povesp Passivating fayies Af Fiffisient heighto 72
provi des A Nl bt o2S -(lé}@r ' i ght at
with a vva%llseef?l"er?gc%1 corrggx%ﬁtﬁgstn%g%%% %sééanm et %&gﬁ%ﬂ;“ ua%%ﬁ%gd Nd: YVQOa) .
Per sons shotifiedtiomof the tamget mitehial adogiciee Wl intadeanve of ¢aer pfockuid. h

har noni ¢ conéﬁrsi on is not reliant on IR . content in |aser output 56.
ski |l ed pid3hs vihus. spreved irlepiosessingmaethpdy argstillalesitdeto the 6 2 1 MAY

2004 WO t12/11S3 s éim/e .1 851 third harnonic both green and IR
light will be pr and passed by beansplitter 64 such that
nonl i near [00a4kt al A1y 8bjettoofi tHe present ehengbm is; Ahstefor€ Goqutbadé a §¢stédntdt Method

wavel engt h conponent S at about 355 nm (frequency tripled Nd: YVOa). Skilled
per sons wiiel emEpleyeaisile Uataseramlsede sever aave) Byt hs for output 74 are
R

po$si bl e di - Qriginal lengt.hs ropagat ed by.J aser nd
t he nunbeﬂﬁo no%e egéregg%n%%tg(%ngﬁ %}é@é‘?gi F%&&be)éj P gboﬁg'&?"qegaf%g'sgﬁtﬁr(P}iASa@e
that in enmbadhiesisiopBirtoniesdpERtioh Hadusida6hlhear ciialy deaeR ireen and/or
conversion, nonlinear crystal 72 is the "second" nonlinear crystal and

pr ef er abl IR prb8iYc Beh olara prefarred fephedivagmioiiedypoindeg enmntryaef the sonlingad above.

.Skilled il L fucther. appreciate an additi.onal. nonlinear, crystal. may
be enpl oy BIEE e PemBR BRI ohaf R L GBR ATt Shipint
fifth harnoni c wavel ength such as 213 nm (frequency quintupled Nd: YVQOa)
[0032] Preferably, the geonetry and type of at |east the second nonlinear
crystal 72 are chosen to produce excellént beam quality suitable for
subsequent beam shapi ng and focusi ng necessary to produce focused spot
sizes that are advantageous for severing of I1C fuses or |inks 22. The
geonetry and type of this second nonlinear crystal 72 are sinultaneously
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such that its surfaces or axes are neither parallel with nor perpendicular

to the first optical path 62 travelling through the nonlinear crystal 72.

Al though a conventionally |arge nonlinear crystal ca % EEB% ird
har moni ¢ applications, such a crystal can al so be en& % or S?ﬁﬁ?ﬁ(# o
fifth harnonic applications where the first optical path 62 passes 8hdbNgi3

only a short length, less than about 7-10 mm of the crystal. [0U33£1
Dependi ng on the type o~ nonlinear crystal 72 enployed, the geor?eﬂr A&fmo‘f

nonl i . lected such that the dinensions

t r.ansglgd;lgogﬁ%%g:rﬁéesélg yg‘gﬁ(gdrlll% gf (pcg](%%ﬁ?pﬁ?glﬁgsgi?f% YANREROUS for S5V erang B e
gener b0 $ugebaMheytphpahtuyey 60UE heslimhf t '
consi derations_as ?%ut i %el y practli cegﬁgﬁystlﬁg}zgggg?lpﬁeﬁ&iq%%ie*%?S.m%'hi S

t r ans FERRSERPENsedhack spntselneppictoanainkipabentgsodsqhagometthing| congligions €éepi C

di m nj f. 1 cl ear aperture and thereb intains a sufficient area
of th?%rggﬁ“% Igl:rflg)grrn ngcaé‘?sgﬁggasg&p}lﬁac ?@Ctﬁ%‘étf%t Piaaé‘“@flj hem shapsr cryst al
72. Thealty hely AicieSentanéed Whlﬂﬁﬂag@ﬂ%p%éjﬁl@duﬁfca%'b% Bpgﬁa&ﬁﬁ?ﬁlt&ﬁ tal 72 are
typically 3-5 mmbut may be larger, and the entire nonlinear crystal 72 is
t ypi cHpyvgntedbeare agifactect angul ar, but may be forned in other shapes as well .
[0034L0d3§f| i ear (f:‘é stal. 72 1 S‘ﬁ‘? .ef ergbl y fabricated fromj3-BaBzCOa (barium
bor at BBO)? TrEsoRcef hsdimrak becsuse mapy sepdard|aligament tam@esGITe BRO,
LBO,  aifflciit-BQRAAER wathla Dvefa8er 8dnf Qr ! into the :
near U\./.%t hi rd harnonic ggner ati 6%ff&%ﬂ¥ﬁ)¥&l§ﬂ Sé'?ﬁgfﬁgﬁ’ggﬁ’éﬁ’ﬁ ed. BBO and
CLBO utikizaddohthersepamtequrirpose afaarger dligngneing s Fhe Gtatpiotal 3eedniraRttagretV fourt h
har nonj.c_or Li ftf} ar noni c %gner,ati on, wWith CLBO being nost preferred. LBO
i s prBiEMEY PPYP 1OV sERarFe APcal PR Wikl 8 fepasaie spEefyonsicakelemeonts jand dy

cryst " ' ARV il pex, -coul d. enpl d. .Skilled
per soﬁdéé:nvl\l,?llrel8 tgppr egP gg[lzdﬂi{ ralt@\% i %@%ﬁaﬁgﬁ%ﬁﬁﬁﬁ%&@ﬁ%@%igf?%%%fm cuts
- of "‘nolR beamoptimyzes dis shaje for tligiraanacinst Orticgieen 6F YIS hBE ARG BRGNS and
di fferent . wavel gg%{lh-deﬁend nt coatings. FIG 5 is a table presenting
par amet ef SRR RESSttHECYER figtaqtion system madajasaad pyg separately aliperttara
~cryst r I r ic_gengration.  FHG -
et combraldh oty R Qv bE AR BB bl A BEIPAEAPEIR! F1d #¥i5ar roi
~ gener edspentive Padultiy reflectts lightis elersatedhb Rglitag e an begh8ith theaTyst al
cut; 8 d d~sg\§&%n%\/) i% a figure_ of nerit 8 PLACE1~~T ~I;EE'T r 9 ~p~~
'+ 1t ~~4BK propesgng beagy 4 The greed o dR digpmentcheapt canthon b uped el adigngheonl i near
- cryst i Bk e gf i . .al h L into higher
Py ooy G SRPESER AR, 2RPBSIIo b GRS Gl B B REl Mol Uk nal o &80
nonl i pegessorgytstas witRoutSurthgx aadibrhtion. convert 532 nm | aser output 56 into

wavel @gﬁgf cgﬂ?’/ierted,out put 74 at about 266 nm | aser |ight through the -
proce f oUNE HVRBHQRORHOY1des thecsappbiity 18 mBdneediigh auality cfopused| spp® thatovi des.

excel he A J. in 00 eam.quality. ~in both the
vorti o TR KRB a b Sy R B M DR o s ~
t hr espuivities amgraved A paksefiy-guls eans 1@%] SAPRIPWREE pESTHRP atadinsisar
cryst&l s. BBO al sQ has very good transm ssion at 286 nm CLBOis, however,
pr ef eHFIBET Bylses atHuelyFePetition rates desipd frdawp ved theanghpa. bBis insendBO of fers a

bette : | er | k of f..angl e t han BBQ. 036J The

t orporsfief BRVARSE, BNALGR B the BISBleThe Mieniud Lo uikiucy bf: P die

pr ef ecaltagt atsha UVt waREdhbe uﬁﬁlgﬁibélgi%eﬁ%@ﬁﬁioind}'&QR%eaﬁQ g@ﬁé:rﬁfeailﬂ' the _
advant ageous phase matching conditions so as to produce "uniform’processing

| aser S3A sWIesh Ap ae akignmentdeam: t he appropriate wavel engths. In particul ar,

| aser kput i nt. is sengitive ta _changes in the tenperature of the
nonl i Ldebg? cr ﬁ({dﬁ@gggf)jcgﬁ@ﬂ Pﬁ&%ﬂt%ﬁ H?Bté@alﬁmvg‘%qnt‘i‘”&rke RPareot fonshene, and
. out pufolpR d&filedt St ¢ I ) changes in
“the nonl ?)r%r cr ;95% ;iéﬂél&%{ 6%%5%??%‘%%@%&?#§? %Bgnhh%ch;ﬁr? S%ér%g,ssj%gﬁh 72 may -
r ecei vederenes toche accompanpimgelravimge r egul ati on from power supply 58. The
desired tenperatyre nay be preset and/or controlled directly or indirectly
from syst em cBH~SR R e gAWMes subprocessor. The tenperature

r egul g i i . ' elps to
m ni mmzdég.];ol Ir’l?f'}tb(tza)\rlgl§ aggﬁﬁg’g’éidﬁg ont%%g?ﬁlg?ggtg.%%%&&ggﬁegrnegPﬁ&)%ngnverted
out pulay@dt ofsantlipeogrpmesbtt litisdnghsparevavwebfggichicsticeiecee filter 76 to bl ock
any unconverted output emtted fromnonlinear crystal 72 from being further
transmtted towards the subsequent conponents of UV SAS 66 and ultimately
the workpiece 12. Although filter 7§ could be omtted for applications
where a small degree of unconverted output may be of little significance to
downst ream conponents or to.the |link severance performance with respect to
particular materials, filter 76 is preferably enployed to bl ock green

r o,y




fused silica or sapphire coated wth a nultilayer highly I TV reflective

coating or other UV resistant coating. Skilled persons will appreciate that
aperture mask 94 can be used w thout optical elenments 90 and 92. [logﬂ\gJZd[ﬂ
an alter na;('%ve preferred enbodi ment, optical elenment 90 includes on r
nore beam's %‘f’ﬁb’ conponents that convert |aser pulses havipg, "{/%ﬁl'

Gaussi an irradi ance profile into shaped (and focused) pul ses that” Ave a
near-uni form"top hat" profile, or particularly a super-Gussian irradi ance
profile, [062@) oXiHIGt LALIO adthoRdREk4 " ask. 94, downst ream of optical el ement
90. Such beam shapi ng corrpor’fentg Cﬁoglpra\%ﬁﬂodlél Salg‘f)l‘{?l“i ef%)SPElY,@tIQWal,dlafger active
_optics. |S§MEAnEuEianbok seudtyrel rendviy LRBRPuRRS | mMagi ng optics useful for
controll i[pgz]geank:?égz%and di vergence. Ski'lled persons will appreciate that
‘a single i madi ng ' 8n&° SoHFERBSRERY [QRIviewsifdhd buis steonmpenedt e GRaH Sshifeor

enpl oyed.FIGkIAl, edlodpiedr SRS & reci ate that shaped | aser” output can
be enpl o;r/‘ggoz\ﬂ/\,i t h%iggé usi ng%éjg%gkgﬁflg?m%. [0043J In one preferred

- enbodi meatY=4the 2 lisap fra gme fiapyp BRIZS-SeckiBRA] i ffractjve optic el ement
(DOE) thay ?%?nge f.orm conp| ex beam shapi ng \L/gmgcfeh@ﬁ‘lgg({;ft{é? f’flkisyé\lﬁgmaﬂfdzlﬁ
accuracy - Th antsKapeAycd Brfllaserspuisst only transfornms the Gaussi an

i rradi an¢@2g] of | Frs tp; ~dni.f ormirradi ance profile, but they also
focus the sh?';lped out pﬁ?‘i #géga%ceglg‘lgm%ﬁ%e@bo@ﬁtﬁ@t pf @dpsepeystesi aPtheArédagugh
a si ngl eldertiemincOing eneprahére’ Atbnnski hét@&iﬂ?l%ﬁ&ﬁ%s wi |l appreciate that the
DCE may mbgl de tiple separate el enents such as’'t he phase plate and

tr ansf or M &ftkme '(ﬁ1§élS§§E1(Hﬁ¢dnpiu.ﬂs.scﬁmmid\ﬁew%&@ﬂtiﬁ()ﬁ%e Bisé‘r‘%g%(teﬁ)t al.
whi ch al g piléseat ﬂl%gﬁtic;neg{lmﬂﬁ’uea faﬁr ﬂesi%gi n S for the purpose o' beam
shapi ng.{o'(l;ggl shapi ng and 1 rag ng 42 ehAtg Eoch@wsmnaigade)pﬁcEmd@.ﬂ@,ri bed
in detai | ntFdGn &tis anedle Proabhlat H.Q4 73013 published on
Decenber ﬁ 6]200 The rel evgnt p%?%?o%?%% S%ﬁﬁ%?@?i@?gé’ &pnlinsar exysilsdi ng
u's. Pat ¥MtlappHiCabiivn smeplifed) sbonsss viel dunadtyctri @baule! | | €d May 26, 2000
are herein incorpanahed. by refergnce. 11 2 i MAC 2004 1 WO 02/11S3~5

PCT/ USlcliéL)/gé%]le Sz St TCICHRSE srmbpdimaentsef er r ed enbodi ments coul d
be enpl f or FIGnK sb@vesdrn cHnbhRsedh he enbodi nents of fer

subst ant | cost advant ages, the F’I at t%%gpfe?%ﬁ&a% o f plelages systemedBengt h
conver t €4 "CUPET™ Faveaton anhbicindey asteaqridagy angktialiRGinBs FLGR] sPCRHS eful for

pr event isAgws BQSLik 3 tigﬂzﬁ%?% ﬁt the center of the spot for certain Varieties
of link structure 36, particRuPEH| PmA0EFHs oflaserasysieunt$ eogetlmy srithdfriain -
under | yicagipohents oféme2einbaiinanit dC4H Bido¥d bl sitive to Wdanmage. The

i maged ?Qa e .outgut can create a ' nor e%%i‘?@?‘#??é{‘érw%@lgégf‘ém@w uni form
shape o EERGTHSYE Ry EYRAY Yuoptinnaily mminkd.y Aedd fot BahEh S PRSI Dig Lt Y
of creabkdss pathl @t e.center. |maged shaping nmay therefore ™

facili tattt% Fﬁe for ﬁn%'?%no\ﬁh%%g'@? §~P8F§r°\ﬁst pudythgsjertrigal gt sigmdl pathsf are ghdoht om i n
addi t i oWithdrokenyliner acowee ! KIthbawEe thoSEOHNBE risp, edges. [0045]

Mor eoveé adé.\rhi.ghetrract_i on of the beam e%‘?%?q{égn OévsdaerFisg%‘P”éB YHRGER kpi ece
12 wi t 8o direet HOf converienes skilléd prrsuns vhﬁtapp&}&idt@ﬂna@ﬁi&n?rofme ggggls of

t he imﬁﬁﬂséﬁpﬁemﬁzﬁexﬁgﬂéébé) entg)e flat top irradiance profile nay°“be
desired to maxi m Ze the energy 8P5~pu| se that propagates through aperture

mask 94[0838] t héVih oeferanta i FEES t H e ' isted by the size

limt o{) %he aper.t uref Thi s approg%ﬁah%%)[ebtgeﬁ%@;%g??#%e\éfg%aﬂ@%*fyé?ew

appl i ca?’i BROTAYBYien sesledes ot lasen et tayingenony préfeAbBUb R ded 4 &aﬁeieﬁgéhb q
I be

[ 0046] &k : i o_appreci ate that the techniques desc
herein al sﬂgnggtrtrﬁn&{ﬁenaaé#cdé%l %e%&%%haﬁw%a vevelghgimange olatmay 51BSTRUS e

t he di manswbich naaydhgreisified b6 réferieh c S C be accurately
predi cted, such as in the .ceﬁter o?olal§ %ﬁ%ﬁggl,dc%ﬂ’nv%h%gﬁe‘b UL BdoREfTe a
nar r one? 2 Y5 ©Ompeasnt wikindhe IBmeagion) pleferadlp shfercthat 4180 nhESg,5eCchNi ques

may be i alels [ e Glrcuit density of the electronic

wor kpi eﬁggf?dﬂ)f {V%Tnlot@g r%ag%\f#?‘rqab'e]flgp WemaY) additiornllyl t& poyvided vedtemngt the

conver tlexkgen wavele ip (Rl e vadd; t a variapl e heam expander

( VBE) 3}% to all of/lvgtg 1user t0 (;on({ﬂr‘l%g&% ﬁg Sgélg%g&i"%eég&avfe 2gihds the spppndos i s

posi ti é‘H°’H6wr1r§§?re'iﬁ‘r@réfermn&ﬂadcamjQpnvﬂf&e&,%ma@@m&a t@gp%%@ig_gageés?pt ics
, I's

nodul e LE el 1S .e oyed...]n a preferred enbodi nmen

not or | zl%ﬁpg]r?lctﬁ) faeﬁrg\b\g’ ]P‘ﬁgill?fi adff%;l}d’?té‘i‘?éa%mé#tcﬂit@ N& YoeG cDamEhHeNd AP her syst em
control conputer 60 to nove to programmed positions, thus enabling conputer
control of the focused (shaped) spot size at the work surface) In a
preferred arrangenent, a pair of rotaiable plates of glass to nake snall
transl ational adjustnents to the beam nmay additionally be enployed. The
rotatable plates are preferably positioned between VBE 96 12 2 1 MAY 2004
Portl nd2-4396012. 1 0050001-00078 'R~, ~~A, C~u~tL. I~ T ~~'~i 3 JAN ~~(~~ and

N a o A NN I T )




[ 0052] Preferably, the laser control system 60 directs the novenent_of

conponents of a beam positioning system 130 and preferably synchroni zes the
firing of laser 54 to the notion of the conponents of beam posi t?bopiMyg( 20?4
system J‘,§§O§Mgﬂgas described in U S. Pat. No. 6,172, 325 ( ~325 Patent) 0
Baird et al’.” ", "Whi ch describes | aser processing power outP§SIYU§g/atiski zati on

t echni ques enpl oyi ng processing position feedback that inprove pulse to -
pul se peak energy level stability while providing a nmeans to deliver pul ses
at hi ghmespptefarably NaB&0,[ AASFPAIE irfered hgmlwlﬁépmwﬁeﬁn%ew&v%ﬁgd 1&

Q swi tched jol id, s&late | aser 54 operates in cooperation wWth a pul se
pr ocessPHEABHE Vi the ponkingar prtical ppvesssolascend pmonis genertiand Sach lasers 54 "
pul se- op; Ll i.lize th ul se-to-pul. se | aser energy
el ; ver SR PAE RafBiReR SRt B8 plbeli BEph0¢ i s wiiioneth Gymbenew

posi t i osikchgaspeLESB2LBM. (flequedtsy RUbRANSEEVIR D) it led at
a near nmaxinmum PRF, .but'( teﬁe ﬁtﬁl ses gere@bl oc gﬁa‘#ﬁ%‘? Qgﬂcmé#cﬁe%g pi ece
12 by ABGBbE) withaimerdyta THMoo gosialwnods profites eA foAvedsupplo 5@ prbwdéd thst |
opti cal 1N e pul seson-pqsition node, the laser 54 emts a pul se
each ti %%%%16%00‘%‘%rt| nf?°n‘ge’s§§? Q?HIFQGI%]\%% lager, 3t pnd Ba% besoatplisd ha ough
coor di n@tsmnt&molcd@mi@egw th a commanded | aser beam coordi nate. The

pr ocessi r(llg control “{sgﬁstem.m)ves t he positioning system 130 at a near

const ant00¢8] ociAkhaughtGanssigeds vsedggdescripe dfe irfadiahas proffid oflasabputt 4

maxi mum,F in response. t.o the workpiece |2 passing through a regularly
spaced n%%%g?% pesr%qnsoxg c g& &Q"fté’%@F hﬁ%ré mf A9 iept esfect Gaussiansaitpt §essi ng
cont r ol hays¢ @Maeelos Mhe1 AR 80avdnfnRe t {kiﬁ," | Mhenever, a | ocation
to be pr oggéssed i s comanded and %él??s’ tlﬁﬁe O@ﬂf lgntﬁ%)g%e%b%?ﬂi%&m& te
whenev eprodilgsogtere &~ isdessttbaber pruat essted: 1.5, ecsmmodgd M Nagudd bF $@s H@mPuBse

energy level stahility_of |aser system 48 directly depends on the
pul se-t - %gl LBPEAT FE\P@@ RETSQBs Wikl prRseciptgdbat otaer wWayelangthstang gvailable

requi r efFmtthe bhr g8 e i ] lLaser pul ses is made
substanti al | f;/ eqagll , tl%g'?%byﬁgltrl%%gll?% %%ﬁ&tagmﬁg%’ggn?gﬁaﬁm ﬁ?ﬁ?{]’)‘?ni evel at
t he nea#udn@ssiitgnopRRAtioThirs al wWellekroo/nté persBnPsiillddh BOQA%k, VAR OGRS 45

PCTI US01/ 21861 pul se ener. | evel stabiliy reduces thermal and radiant

ef f ect sP_fFfFéﬁegxﬁ&ﬂ%O&HB?%m%é Iescalsddetriby | aser duty cycle variations

ari si ngobsem f akddh | 5355 ; [ ' eri ods. ch thernal
and ra& an?] ef f gct S u(lglglr% i nclﬁ}lij gn%lﬁg%é)eg)a%sg&%Hélz?rvgﬁl?y\}gs"( B of

nonl i nesxpansigrsand/er dljimation epsicsandi frypapgtes Ao haG Rt BPicN pag @0MWinkhons for

har rmnisc eneratign,. whi ch caus§§rlar®e variations in the harnonic output
ener gy. ¢ W&ﬁ%e?ﬁaﬁn%ﬁ’at PIEFL T Dr0As smplayedy lnsercutpis Sormeather gy per

pul se dHeahd A ch: wi L u t, of .l aser system
38 to flrnars oS st Eigobpoich e TR, b Bl bl R w2 of
produciWy tm_stas;vsgﬁgg ﬁnd eugmu§ntlsftﬁgﬂna(wsAsy 66 g{dhgdh@ﬁfs@ ptied %alﬂlf 64 hﬁ}%( _
process wi ndows that .may_include programmabl e energy per pul se values in
ar angede@?CtﬁﬁgTﬁC%%Pﬂlpomgn %f)thgt%‘ﬁ’fgy 1‘% lasen outpphpo Giroeshya §&é¢3e%salgng gpati al
maj or agggﬁldquﬁ@gopgthg83~ ,umto about 10 ~zm and preferably fxom about
0.5-5.0 ~,m "and nost preferably less than 2 ~,m and a pul se repetition

f r equerl@Y311PRFYhe fnajorimtodriateh antpab 56itradelinpzalony 1k dirathdptical gt €2 i§ han about

20 kHz or. ayen a high as or. higher than 100 kHz; an ultraviol et

wavel efgHR? yp?oélpgeidaH%QU&P%B?W%B&HPO%@EWGC%W&&%@ g Romimear CIpsthsE to
ve~i dt hentdiatn ha : nd,preferably from about 4-20
ns or Shorter .e%illﬁte@gféé%ngﬂrltgc ?%%@%}rlg%oggé’?%m% ?%Erg %cfégs %}fﬁlﬁrﬁ’%’r‘: system

out put codtersior. d8|fer txainple, Eseradutmnyso doma@isrgmmgg}tongagﬂg ligﬁ’t 2R as
underl yin ubstrate 42 or surrounding . structures 36. [005] Wen
enpl oyiSHYPIO\RaBRIE dight, With s yayelength semprnennanbeon 53 nus tentrontineanuat e

wavel e G ; r | aser stem out.put . 140 havin
pref er Irag};dS I&‘M? ?‘é«g{lggsgw? ?%%%}%@%%eg g&agxng, SUPL %&Hh&mgn\%%@#ﬁatp%lﬁﬁet gr s
si m | awavelenbih semimaent! 20 abbatM66SeN efrbdi@ncy! headtpied Wk Y O BES oM skille

wavel engt h converted output 74 are preferably generated at a PRF of about
20- 100 Tk Fbe AhwilhEsrognise daat ghe Pissess rof dpurdbbanmagiqdonyeysian sboutelianiid IR
Typi cal . have l.ess than 5 %.of .the energy of the

| i nk sé:\l?}eﬁre %ﬁ% lggﬁﬁégbﬁgg' ?Léllfe\%s FERORF At also; apRrRsite 1A B%tqw&?rs’é’gtwﬁ%erous
factors including the reflectivity and other characteristics of the
materials in these structures or |i nk6 structures

-




36 will determ ne the best process wi ndows for severing pul ses and for

al ignment pulses for the particular target. [0056] Wth reference again to
FIG 3, laser output 56, beamsplitter 64, and second opti cal %{th@g,z[mjﬁn
a STAS 50“)' (,2%?J§oyed) the defl ected | ower irradiance portion I r
output 56, 1 aSer~output ~6b, travels along the second optipgalydahbiks§8 and
preferably 15 ~ 1 MAY 2004 WD 1)2/Cs3.1S PCT/US(1l/218al passes through
expansion and/or collimation optics 70b. Laser output 56b preferably

cont ai ns thirddarmonit Both Slekn Ray IR .80 0PLd cal ..profile preferably optim zed
for pur pchse of target a?ibglrl\nenggglfgg%w%_éﬁgpg%gfﬁﬁ“ 3é19nd agsh@hy pr ef er abl y
di r ect ed YHPSRIFHT L4 Wck drataonlin@®brytshat? bﬁoﬁt&@%atvgleﬁ%g%glberég‘dgwgﬁ\é@ a40|of

| ef'erabl y

| aser out for alignnment scans. Attenuator
al so usec}’pi ltﬂ%a gtggﬁféﬁg@ec?mé’ﬁf’ﬁ'éhat BB#! 306 AbéequerayaripledtN ey VO, 2 skalget

duri ng Wpetsog teintpsiesis ' cessing. Attenuator 80b may be the
same or different lt)%‘ge ofﬁgte}\éléhegéglggg‘feg g BORPUL(A afespqssibleatepbhding

adapt ed ©8rth¢,9ugigpt Wayslength@nproptedil hames:r 4 Gt uat ors. 80b suitabl e
for thi S79p§6?gfeadti on atvgfl IFIFise v?gvel eng}?hs £4e&gl%%%%%?%?lp9ar%§t%bl e.
At t enuat of iy SOns el plsq qpprsriate thanin m@@heﬁtb@%&etﬁ%ﬁeﬁﬁasE&S§J
shut t er s espIWhar@odiel doh§sks a%ﬁﬁdeoners. %,)0058] . Laser output 56b may
optional | yqé)ewgasssd t hrough’ an- I FrRgEe Bhf3 Bdhénsagred 5 renltmwangyital zei

accur acyPieierably pabdupestmnirtlpoot@SiSharh§Re id dul e, S2b .include the
sanme or ﬁérfs er tLB%}orrponents than i nagegg%‘%?}ilglgE%H%ﬁflhe%gé‘?vegﬁgiﬂlﬂ@
preferabty é%j%@f G PPRISE1aYG ahadgtienal bordinear driRchlasey bé efHMloyel 28 §WI e

i mge Opfﬁsﬁﬁndfﬂﬁvih%éggn]@?éa (fénvhglcclw ude beam shapi ng el eméynt WA e I mged
optics modul e 52a does Incl dde Sreleht o a dfibhagmonictwavgienigth ches ias abb @it 0
have an @mﬂcnwa{mmmpledmd:my_ shape ‘andl or size in the apertuxe nask 94
in m)duL@O%g t[Iéan tlg?se of the aperture mask 94 in nodule 52a. In a

pr ef er r €4 eHbodf RPN 48 eeampereandigpe nﬁhﬂé&stﬂtoieboﬁ‘n&ﬂﬁﬁ%dcrgﬁ%f 45 aodul e
52a and @@Sénn@qﬁgd&,gtéxggué}}? bot h i maged optics nodule Tt

%gzlrg ﬁéb a.n% s”incl ude
a fo‘cusidcng | ens and an aperture % L seuably oy sobsepaens beamtshapingahd i s t hen

di r ect edogusimg rEcassapC Nty clReRH isOs 0 which is sinmlar to
detectiqp nodul e J,?O but secondars§ dszgtég(&:i%a?g%e %@fgﬂ?geﬁ'ﬁéﬂr PYeHBR S dd f or
use with SgeFé’é:‘:mg%d or BPIECQEsiTy|ang iiype dbehie sédond noRHiAe AN 7|%r£é erably

i ncl udesimulbsi ' 0, t splits off a fraction of the 1ncident

| aser °§Ls put ;e%{%%%él%‘%%% &I }?T oygﬁe 388‘5)"?%‘3&@’. DT uise] quépud enitalide fomseverimers pl i t
agai n, egledn padicukno, thhdéngdh bf 6:@Rkart f sars, 104, can_sanple it.
Pref er a%%s, gehelcti on rrg%gl e 100 i ncl uégggélaﬁ e‘%gogbrn%iﬁ?ntgﬁg? oplical, path iso
measur e tHe i het aeTH 1p &4era @ ihrccarbisdtiog feirt acopptandd Siple Jw%éﬂiﬁé%{c% are
used t owdik-681 whitg thicl . onto..sensors 104, through attenudtors 106
and focusi ng I‘gnsgé}h %}Oggggbr%enﬁgm qualir with ingseasite arpbtyl Jpastes a

por t i ona’ Pllssencrgiubpput Gabyakiang iReaR 1122 shown in Fl 6 and
generi cgélll%é{?e?gr esent ed as_,tbygam gat h 11%%&?1“&:%%%.“?(%& fngtE. lzpgih WO

() 2/ 0832 AT &Y iRl 72 Besitioned edingRba fisploptita path0R Rfgréabeghi gpeﬁpaq%e 100b
i s al soanyueh ehrd i L b | i at is reflected fromthe work

sur f ace t(.l)l. a é)e]f I eéﬁm&@&ﬁ%ﬁ: P%%Isfawq%kéamfmmwm@m ed as
beam palRdsitionee alomg EhéSfird optical GamhvENi AR, ' erd cal,ly represented by
beam path 112 igg)rl?l G 3, dll:\)’ef I g%ti onssensfgrtﬁ%}gﬁf %%%ggqg%ou?ﬁé?{g@p dé¥ed beam
during AA" 8T FYRHEN DS d 2 arme Mo preferdbly, ahs lemeth oRshlineardiry gt he incident
beam orRitRHALS 4 h.att.enuators 116 and focusing | enses 118 as
needed.rli Sensor ~clza)lﬁ%(1:1t}c}fc")lrnglE E&é&#ﬁgpa@e <6 BECAIRs Ahaner aqnal tor abfout diniry andfeegni cat e

Wi t h sytBaeen equat tocdbono 8pktherMBE&. pré i ni orti of |aser
out put 56b i ssbgé}ef erably direct epé %%%éﬁ%ﬁ#@[@eﬂr&@g??tcﬂ%ﬁgﬁ RAsfE19nsdm

combi néfOE; 1ehpath 163 is grpatasihacer eqeal ©rEdol2R mR wad bt 'ﬂﬁn%ﬁ%iqhgfm' aser
ef erabl y

t ar get i g4 2 .t h kpi ece 12. Laser output 56b pr

suppl i ggggﬂb%{??ﬂoé(ﬁv%@\lf#gﬁgﬁét&) FARCEYStAhig: foexpople H2- 15N henirSTEASHH 0
enpl oy slaggheeris af | Bt not, size js preferably about 0.8
~, mto gsgout 5 ~ mp en STAS SOﬁgﬁﬁﬁP%‘jﬁ/@&éﬁ qqﬁasgrﬁlghmeeﬁé‘&mpﬁ’m@mager
spot siA780TiE lgpgth cphuponlingmoenystal B2, sneh & REOMan Bbditm thQ;@&]& ﬂ{\!‘@igsitSTAS 50 is
enpl oyeds; nhiner . 120 directs vel engt h converted out put” 74 and

| aser ?g%‘%%?’ Q@G%Olgg) aﬂhcgtlax }h%;lrpﬁlﬂf%&lo\?xﬁg ang fdthhlesgmopit gengdkPon hr ough t he
objective |l ens 122. Both beans can be aligned to the objective | ens 122
using turning mrrors. The objective lens 122 is capable of focusing the
wavel ength converted output 74 to a §pot size dianeter of preferably |ess
than about 2 ~, mand nore preferably less than about 1.0 ~m If there is
di spl acenent between the focused wavel ength converted output 74 and the
focused | aser output 56b, this displacenment is calibrated out by scanning a

o, b1 o o o, o o o, N o o




harmoni c) | aser light; wavel ength converted output 74 includes primarily UV
(fourth harnmonic) laser light; and | aser output 56b includes primarily )
green | aser light fox secondary target alignment. Since green |igh{ MAg ZUM *
cl oser W?ﬁz}/ds J ight in wavel ength to the wavel ength converted output 74, . [
green.lig I'S'currently preferred for secondary target BCTrgismensspecause

the objective lens 122 is preferentially corrected in favor of wavel ength .
converted output 74 over |aser output 56b. The use of STAS 50 provides a

sol ut i GRPHAtIORY  Fnetbeemaref skilledypirsupstvoill adppResire tat RRAkSH Batedaaver | it e
contra h vel ength, for exanple. [0065) A wafer or workpiece 12
is typ?légﬁ%/ﬁ 55&%?‘3’2&9&&10335 alopg fles firsh pptical paﬁhoﬁ:’ax)s\prsﬁem’ol;symmearm t hat tlg%

waf er ipsrafleRGaH R niidH 8% . i ed such that feature of the ‘
waf er gd e is posi ti%ﬁeﬁqiggeﬁhgggtcg%ﬁkw%o\?ﬁ T SIRAL 293} erposthiensgaf er |

i s al séugl hitsy/s e bDARad &e ntitat phladeliy : | . /
bl PSS it & B 4. 0, |

processe e |located under the objective |ens cet
| ocat eﬁ?tga@(’ﬁrﬂe &F?‘}ﬂ@ &8%%@%0@&%7%10%1@@1)& caovantivhalihededy doi ng an

addi t i gegineal b j f res of |aser. system48. [0066] A
comm Rb net hod llg’gﬁ? gsubgée Eglg }b?te? g%rutgﬁé g‘mﬂ?%%l& @%%@sz%ﬁ%at%y sl pan rence
al i gnrbmtmpinykd for fduetht ot féfsh hiraiondy Spliesas: ' : ach die.
Scanni g}g taﬁgsxg mar |, teaches the goési)lptli onirﬁgv}isé%%%ﬁ]ﬁ%gw*%p?%c REHS( X, v,
& Z coBbT sy 2 Sertipeethalesy they sbam7ol pum, df4fe ohyistaly espect to the

align ri S e pret.erabl erformed with the |aser 54 at a
repetiti Igﬁff‘at%epg}aglrgecgf@? t%]ea nfﬁjlﬂﬁf ,cr%sﬁﬁ ‘{Qh‘én@@éi?@’dhe &e@metsy PHnnent

t ar get némdinegmirystal ¥2 amydiet Bslsddtedadnok thad - b nioht kSE

Alternatively, scans can be pserfoer med in d%%%‘grggi\ﬁ#é'rtéﬁ%g%r%éﬁe has

suf f i cHETHIOB PERMRIARAZation et eivsebiodn moss génerousghay S} 30qhiag been

t aught f; Bﬁsgﬁioiecl!iagga%. of hhe .beam wi th respect to a given die,

posi tioning system can Ve IRERASOYIREY draqiised &y dhosgrsbillsd inthect i ve
| ens 122 Zhill wanshedecddiBettieald@RSiasSHbY L Ak iLhin the given
die wthout furtherHFar ggt gl i gnm&*n%1 prﬁggg%sr%g?bkﬂﬁgls}ggé\gfgpgm 48 can |
per f orm@“%é}fa@@ elsaninerome agnhgebDmdirnitsheswilicignmes of BeaRieflpr €

readi | Yed L ed. wi .ght. [006' 7] Use of the wavel ength of |aser

out putd%%%%?é% ¢ ocﬁglél\gy&lg 8 g%d %g S PRAIIEGT Chystal d2e g Gtheiesifesaliieg height and

part i cwiddr,|of thelnaliregeorystal 92 arPRpICE! g_%ny\lp Lgnment targets are

not readjl éaédi scer nabl % th Wi gﬁt ?}f)f wave g\%?%ggé%%éelgtang%ﬁj‘f It 74

(pri nd’r%"\ (fFystale/ % 1§ dypiralbt squarceoratctSTASas but mayrbenforyied & 6@eP8hpey beam

calibrgtygn 18 WO 02/i>535 PCT/U SO 1 /218;1 step is preferably used to

calibrate the alignnent between wavel ength converted output 74 and | aser

out put[0&B4] al Dioglingdricepdtal 7@t 9 $YefdrdBly AbSekd I Qr .such as a chrone
y BoRELLRa B bR e B

on quart %glgi bration grid, that can be scanne er?r and
seconiﬁ'@’l &P Gidivm Hosatgload BO)oor CskiBuehe(CIBAY.Ff BBO, ISequgRt calsgans of

the prj e secondary | aser beans are conducted across each desired

cal i brad %%”fa’g?‘é‘é?onsvgﬁ{%gﬁs?ﬁé‘%‘ésmeéﬁ neH; Ry @yisd barmozde generatioght t he

xel at imith LBOieinodtf prefsiedb egpo aﬁﬁw}i@g‘wﬁ&ﬁ’prﬁ}eheﬁr}& esired calibration
t hen *t he

targets are scanned b}/ one beamfirst an vearer SPVetmEasd by t he
ot her OB@RAYO AHY theybiMt fawthl hasmbsietor lfiftht herarontdgenertivR YWignCL B ry |aser

beans _j o] and beam positioning instructions can be calibrated.
The cga?%i’}a}?%é@ta 8e1t9 pggﬁrr ﬂg‘?{ S5eondhazinamia generation, Rt manppeef orm [ 0068] |

A vel soniumar biyenlbae R0R35 1 Defnd I SEABRITRARAT SBlef he Laser beam

scanning alignnent step with respect to ea BE6Y% i oni ng
syst eMilll 3pPisERisstheéiffeedne hammehiGrmabempldyvdffeRns cdid df abligar BaAMIL42 from

t he al k.to t link 22 and/or links 22 to be severéd, the offset
bet Weledrl'ntgt <t %F&? € aaqﬁge@h&aavs ped Hiffereny wxeslength-depandentroatingst hat t he
pri maFyGbea tabp b i 2. I i | 1. be q@bvipus to_those
having skill in ﬁ?@‘#?’ﬁffﬁﬁ%ﬁymﬁ’gﬁﬁi@%%ﬁ% IR RIS WBeuet ai | o of the

abov enedinenr gustalsnbladilGe 5, THE réfhesenisrtiatizpnomict JeasiatidB PRI RYrdepd t he
under#c%]%&%ag&ionci%nes A h‘eléﬁiof' The scope of the present invention should,
t her et e, “he OSt&PHIAHEE B reppesens g hammonic senrgration; FM reRERIDACENVENT
SHEETphas@-rddifhig® reta® AU, . A | gser stem for. processing
links of an IC %g%%l%g,gd(}:lg%rgfesri%%gS??Fg{sg?‘didgﬂp@ééfﬁra 6%‘1‘{&0 MY green -

| aser |ight having a wavel ength within a wavel ength range of about 510-575
nm for propagation along a first optical path; a nonlinear crystal
positioned along the first optical ﬁath such that the nonlinear crystal
converts a portion of the green laser light into UV light; a beam

nodul at or, positioned along the first optical path, capable of sw tching
between a high attenuation state to provide | ow | aser system output power

Y e . . . s .




a W fight detection nodule positioned along the first optical path and
downstream fromthe beam nodul ator, the UV detection' nodul e bei ng adapted
for detecting UV light reflected fromthe target. 2. TheI gﬁ%/ e f
claim1 further conprising: a beamsplitter position®RERE I TSt
optical path to receive the green |aser light; a second optlcal BaUF\Nf 5\3“3
propagating a portion of the green laser |light received by the'

beam;pl itter; a green. light detection nodul e positioned al ong tI2e1s|q¢Q¢n20[]l|
opti 1% r%ath a{h %ownstreamfromthe beansplitter, the green |ight .
det ect HERIDE eHEiRsy & Y8iFhpronlisE sty stgl igcagidld bO®nvERfkect ed from a

t ar getindanéht ti.oned t receive UV laser Iirght fromthe
first o tlcaiﬁl ‘gi‘féri?"gﬁ{d@%@g@r?ﬁﬁ@s rhafrPBfHF iBhbeytPHe second optical path and

to trlf t Botohe parienlanembbiinens e BROU} di;Lhe tar 3. The |aser
syst em of Clbﬁjt" gnlin which the | aser %r%féﬁagﬁlso %eeaﬁg%ﬁtégtzf‘f* FEPlaysd noni ¢

| R | a8 &PPYSIGREZ Adateh @uiue A intoghavelengpr comesrtédeutsacong ahéﬁt%%' such that
l'tght "and the IR

t he n rtions of the green |aser

|ase;:‘)5f;k é‘dg jfhﬁhﬁiﬁg fa&% tﬁftﬁfﬁ%wa%ﬁowe@mn AuBBOmontReaics sadizon mooul <
i s agaptides dxae fbersion ehfidichdya reflecied fromthe targe
4. The Ehaser stemof ol aim3 C?n vﬂiﬂ 4 S?%/OA 1)%&99 ai’(%l“l‘:é oth|thovetindr at es | R
| aseD{l figRgontp ltgﬂé}eﬂb@wgr hasi ngery2@®od WER#A%EMesﬁBﬁE}nd ihotall 2003

) h I|tter osi tioned ong the first oplcal pathto
recei \9/% s%é(i}\f?éépa@%? é‘gﬂfﬁ’d Co#ale,aBBEaalbo haw vary gpegat i ng a portion
of t ransiRiskianeat 266 gt (CEB@' 'geﬁlo\pé/ (I;% I itter; an IR |light detection
nmodul e positioned al ong the seconv(ftr ePer SP fhoygh itispere hyarastemion t he

beandpRi BB@because GLBO offiets ajbd:ttmtalccuptaﬂaéuh laﬁd Rdapl; Jetecting IR
l'i ghgpefl ected froma target; and. a. beam%gnbl %ﬁ pos%??’cﬁinaé g’ Pecei ve WV

| aser |i'ght fromthe first optical path
[0036]  The temperatures of the nonlinear crystals 72 are precisely regulated, preferably

using temperature feedback control loops, to maintain advantageous phase matching
conditions so as to produce uniform processing laser pulse characteristics at the appropriate
wavelengths. In particular, laser output alignment is sensitive to changes in the temperature
of the nonlmear crystals 72, such that both beam position, quality, shape and output power
can be 31gn1ﬁcantly affected by small temperature changes in the nonlinear crystals 72. ‘A
module containing nonhnear crystal 72 may receive its power for temperature regulation
from power supply 58. The desired temperature may be preset and/or controlled directly
or indirectly from system control computer 60 or a subprocessor. The temperature
regulation improves both alignment and target processing and also helps to minimize
collateral damage to nontarget areas. '

| [0037] Wavelength converted output 74 is then passed through a wavelength selective
filter 76 to block any unconverted output emitted from nonlinear crystal 72 from being
further transmitted towards the subsequent components of UV SAS 66 and ultlmately the
workpiece 12. Although filter 76 could be omitted for applications where a small degree of
unconverted output may be of little significance to downstream components or to the link -

| severance performance with respect to particular materials, filter 76 i 1s preferably employed
to block green and/or IR light from interacting with link structures 36 and from interfering

with operation of UV detection module 100a. If filter 76 i is omitted, downstream mirrors




er light fromthe second optical path and to transmt hoth IR and
?J(]/dl !’isRelralsi ght '?oward the target. 5. The laser systemof claim1l i _nz \thlM(;\? , /
the | aser source also generates IR laser light; further %égg Sl 2004 {
" beams phiuii-B50R9Sbshdod@d al ong the first, optical path to™ f Wh SHEET
| aser light; a second optical path for propagating a portion of t g “?AW 2003
| aser light received by the beansplitter; an IR light detection no

iti ' th and downstream fromthe
tion f _
pos! L1 onadyakachie o aBORY, RO B e L ekt g 1 R
| i ght relighicted froma target; and a beam conbi ner positioned to receive W
romthe first optical path and IR laser light fromthe second

l ats SaE:a: ! Bﬂ’bﬁf andBttBe predersed embedimenR veavetl eyt @B@Ertdd eftput PRI et REndndifigt -
6 - laim.1 i |ch the | aser source al so generates
1? i r l{] eh!a‘?‘?rrgﬁi rﬁhiﬁ%“éﬂ‘:?lifs?wf PR iﬁ%{ﬁ{ghéing%fe%Sumtgntialbbmmﬂé:emttb ﬁmszecﬁmd

' : ' ; anvert artions of. the green
"aser 11 ant Toto fourcn har bonrispréfif SAMERLR Eh oy el Poe

i i fed thath AW Misehts sellesiad the
modul & | SSHGRREE Fisnotisbduln ef g)gfgﬁ 1 fulrot]ﬁe?ﬁdcg(r?pri Si rllsg atfaoﬁ:(gés{lélgw

target. l.aser system § _
opai Srolfe HEEEPLRMEL i ulommst Sl ohmimaineocan
nodul at ih& tpct L _ _ . ; :

an aper_?,ftj(r)%mrjr)él!slg golég}ll tiﬁo%gdA ?M%g %%efilt?ér_tanﬂﬁ{ﬁ%&? mﬁ&@ﬁ{edo]i@_ﬁvﬂ?hr}]ﬁes loé the

f ocusi ngvaysiéngti caiverted bupael 74 t@tﬂé\iv&%tsﬁ%b@&ld%%@tx%&&ékﬁ&%kﬁg‘?g&eg IA
peri pheral.. rgi on of the UV laser light. 21 L EET™

boDs 2 1nfEahpilses t‘Pr?equH%Puby@@g}’g’f&ilulcl faf Blttlieéflfﬁfirf:lifﬁegg?ii’(ggr ﬁggah?neﬁ

di ffractg ORY t. Rasi.tioned along . 1 at h, |
bet ween %cﬁlgs.bgg'%%lg%% %&efgﬁwﬁﬁi&m CHRcact high afienmatien stalr togapidadasehe LV o
l'ight; amtput power suitable for target alignment and a low attenuation state suitable for link

processing. AOM 80a is also capable of completely blocking transmission of wavelength
converted output 80a, particularly in a link processing autopulse mode. AOM 80a is
further selected to transmit desired laser pulses without adversely affecting transmitted
beam quality. UV grade AOMs 80a suitable for this application are commercially
available. AOM 80a may be an electro-optic modulator (such as a Pockels cell) instead of
an acousto-optic quhlator. Alternatively, a polarization rotation element, such as a half
wave plate or a liquid crystal cell, followed biy a polarizer could be employed. AOM:s 80a,
their substitutes, and their uses are well known to persons skilled in the laser art.

[0039] Despite"the substantially round profile of wavelength converted output 74 at this
stage, there may be residual astigmatism or elliptical or other shépe characteristics thaf are
undesirable for an IC fuse severing process. Improved beam shape quality can be achieved

with an optional imaged optics module 52a (generically 52) whereby unwanted beam

artifacts are filtered spatially. For convenience, image optics module 52 shown in FIG. 4 is
designated in FIG. 3 with 52a in UV SAS 66 énd is designated with 52b in STAS 50.
[0040]  Image optics module 52 preferably includes an optical element 90, a lens 92, and
an aperture mask 94 placed at or near the beam waist created by the optical element 90 to
block any undesirable side lobes and peripheral portions of the beam. In a preferred
embodiment, optical element 90 is a focusing lens, and lens 92 is a collimating lens to add

flexibility to the configuration of laser system 48. Varying the size of the aperture can

10




an aperture nask positioned along the first optical path, between the __
diffractive optical elenent and the UV detection nodule, for cli pgl r;‘gnglemM ,
peripheral portion of the W light. 9. The |aser systemof claimZ flu :
conpr ipshSiaosd2. f 9GS opti cal el ement positioned allonmpgmmrﬂmHEET
path, between the beam nodul ator and the green detection nodul e, fo:193 N 200
focusing the green laser light; and an aperture mask positioned al orgdt

‘ ' ' f i ng optical element and the green
Second, Cankialy el o ASHUBE 0% eURLng 2Bl Leal el ereqt and Lhe orcer
| i ght. lfrofikhthat sigmild sptshesief alfg'ﬂﬁiem gbctlfi{cghQB aﬁeﬂ%%ﬁ' Wltﬁ%gga{{ég%%%ﬂg am

optical elenment positioned along the second optical pat

" modul at of2B6 Af thecpeRuRtaache preciselgdirenlat or afso besshaggddhe rbBﬁ%ﬁiﬁrﬁégi&ﬂ%‘é and

L : h

Focant et EndRhRER LPRES uih 200 berkiened urali! AbpemeRdibalar b1 pgingeng
i i I 1 The' aser tem of claim

P Pl ahy ot hb@ur of ek 0% hP Gbtidraff be sbbed d0SardiB3E i IR S Tfhsife o+

about 1 [#fMHnd e dpagddsoptizh mdduRO5Taymedsk AEnBPEbhPER 2 OV RIfRtiv g pThe
| aser system.of clai in which the first optical path passes through
gr eat er ;foﬁ%rﬁug? n@(ﬁ?féﬂT %‘H 13 paEferablymadmfromes diclaotric mateeiglistchtas B @uadel2 nm

' ; I _ claim1 in which the
st opt cufiialorfabBhie cofid wlilk iR Ehven BB b e roarme Ko
cryst al .redigtantTldvatihgs SkilkS3eesone fwid! a?bf@cﬁxté mai"@ﬁ‘fﬁ‘lré Hﬁ?jﬂ P[‘ $hn pgyﬁ & oWi‘ﬁa‘{} h

asses through greater than or equal to about nm an ess . .
!too aboutonL‘Eal?ﬁJﬁIB?nt% A8 apdARi near crystal. 15. The laser systemof claim7 in

i oL T BSOS, it 45
REPI , ACbéam-shaping IcEdﬁUpentchM%@Q%a?er#uMgglsléggg Wg%%aué?@gb%?&%ﬁﬁégm of
claim8.in which the first optical path pas g _
equal t dotasbaRedy(andhfeauded)qudses iz have &qeaturiforabaup hae PYoYi®Y, of pertRafiynear

a super-Gaussian irradiance profile, in proximity to an aperture mask 94 downstream of

optical element 90. Such beam shaping components may include aspheric optics or

diffractive optics. In this embodiment, lens 92 comprises imaging optics useful for

- controlling beam size and divergence. Skilled persons will appreciate that a single imaging

lens component or multiple lens components could be employed. Skilled persons will also

appreciate that shaped laser output can be employed without using an aperture mask 94.

[0043]  In one preferred embodiment, the beam shaping components include a

diffractive optic element (DOE) that can perform complex beam shaping with high

efficiency and accuracy. The beam shaping components not only transforms the Gaussian

irradiance profile to a near-uniform irradiance profile, but they also focus the shaped output

to a determinable or specified spot size. Although a single element DOE is preferred,

skilled persons will appreciate that the DOE may include multiple separate elements such as

the phase plate and transform elements disclosed in U.S. Pat. No. 5 ,864,430 of Dickey et

al., which also discloses techniques for designing DOEs for the purpose of beam shaping.

The shaping and imaging techniques discussed above are described in detail in International

Publication No. WO 00/73013 published on December 7, 2000. The relevant portions of

the disclosure of corresponding U.S. Patent Application No. 09/580,396 of Dunsky et al.,

filed May 26, 2000 are herein incorporated by reference.
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[ [ [ first optical _path
| . 17. The | aser systemof claim9 in which the

g;ﬁ:;? t hrough greater t%/]an or equal to about 3 mmand | ess than(ﬂog. e ua‘lz[ml|
to about 12 mm of the nonlinear crystal 18. 'Ighoe Ias(e]r_BsOysagm '(I)'Le Ialser

' jygear crystal conprises BBO LBO, or . : X
\é\clstcgmt 21?02?2%1‘:?. 3in a,hi ch the nonlinear crystal conpri J&STBBO2I45BO0, or
CLBO. 20. The l|aser systemof claim$S in which the nonlinear crlylstalar
conpri seiﬁpj*_fﬁo. 21. The laser systemof claim®6 in which the nonline

crystal ri sHS2e0ERG amy2of the préfased embsdﬁmgfc&l@ﬁmlﬁpg;gg&r{\/@éi%% Pneof

' ' BO, CLBO. 23. The
Cl ai m s oPieEg Rl @iREnE B8 i cpgdmens sivp srassantiana: ceuisres LBGa > The
| aser syshdinn@fprofiri 6t Whvélenhh ic?ﬁv%xﬂ:% Ju t!ﬁeq%iieﬁzﬂﬁ? hg Ishgﬂ%rg rﬁ'@i;erﬁ@g@g; al
or CLBO. 25. The |aser systemof claim i ( o ehot he
conpr i s8YeRE, vsefabforpreGiEng sAbstrathdathagedt thy S4REP G the L Tost ek, Whi €

clai m TR BERUERGSAS gostate s e ompassonger U oon 6L 8 16,
The 1 ases isyatiamay obh 3hdhdmidyd hro it e, noplL :&:gggét{qie}%%%l:@gqoqgwr;et: G
LBO, or CLBO. 29. The l'aser system o m ! tical pat b
Lo e e ermer IR ol Sbe e Bigd L R gk Al con
F?;ﬁe??I%&BWS%HI%SWF%mW spdiat thel deater. Idhaged R MoENFNhertiBE © J
AN 2003facilitate the formation of craters with a very flat and uniform bottom in addition to very

precisely shaped geometries and crisp edges.

[0045]  Moreover, a high fraction of the beam energy can be delivered to workpiece 12

without a large difference in fluence between the center and edgés of the imaged spot. In

addition, the flat top irradiance profile may be desired to maximize the energy per pulse

that propagates thfough aperture mask 94 and therefore minimize the energy clipped or

wasted by the size limit of the aperture. This approach may be of particular use for UV

applications where the power of wavelength converted output 74 is 10\;v.

[0046]  Skilled persons will also appreciate that the techniques described herein also

permit enhanced repeatability and alignment accuracy. Because the dimensi_ons and

positions of the processed craters can be accurately predicted, such as in the center of links

22, and can be made to have a narrower profile than conventional link severing craters,

these techniques may be useful for increasing the circuit density of fhe electronic

workpieces 12. _

[0047] With reference again to FIG. 3, wavelength converted output 74 preferably

travels through a variable beam expander (VBE) 96 to allow a user to control the spot size

of the beam. VBE 96 is positioned downstream of AOM 80a and preferably downstream of

imaged optics module 52a, if it is employed. In a preferred embodiment, VBE 96 is

motorized and allows individual lens elements to be commanded by the system control

computer 60 to move to programmed positions, thus enabling computer control of the

focused (shaped) spot size at the work surface. In a preferred arrangement, a pair of

rotatable plates of glass to make small translational adjustments to the beam may

additionally be employed. The rotatable plates are preferably positioned between VBE 96

12

>




2 1 MAY 2004 30. The laser systemof claim7 in which the aperture mask has

: : : . h
a noncircular aperture. 31 ( The |aser systemof claim8 in which the
aperture mask has a noncircular aperture. 32. The | aser systemikl"&Yrﬂ@ﬂl’

I N WhipGhad BRo1 2P 6dsbobtl oGBSk has a noncircul ar aperture. B?E?&f&e%%w%@fm

of claim1 in which the beam nodul ator is also capable _ ,
full attenuation state to block transm ssion of |aser system output{idn JaN 2003

. r.systemof claim2:in which the beam nodul at or
o so Ed Wifetiof tnodE 1D S BT 8FeRivelt BeRusitonsd Mhasks detecBoghodule

i sHI0amndfbehs®y; B, o1l uhopw g6 gmde, 35 The | aser
g;?? Zm zf clmz;l?meg inmvﬁjiSI ﬁ@h?ﬁﬁ%ﬁ%&ﬁ?gﬁor |g§ f;?ggégggbaé%c(gg @W‘{aﬁﬁl ng

to a fullerfarmeduer their positions tan be oakotetyatwsiioHsd &9 11 sys&ﬁgﬁoﬁy@tcgmgg%put in
an autopg se node. 36. The laser systemof claim7 in which the beam
rriodulator is also capable of swtching to a full attenuation state to

] [ af; in an. autopul se de. 37. The
Caser system of umLingAREReRAF) SR Quvel Bl cerdPhPEoupE, L iiprstecitar
swi t chi rijrectedahfangh aat/Veduettioanedudé €000 BIE st ﬁﬂ%ﬁ‘hé& g@%@%c!%@yst em

tput in an autopul se node, 38.-The |aser system of cl Al Ch
? Ee?ubeé%ﬁe%ﬁ‘&aldtgfﬁ‘&m? soguleol Qaganeric foir detectiomimogules 1804 ad 16aH)erRmt i on

state t I a4, SSi o) r.. sSyst put in an autopul se node.
3o A morhodipase! BT Randthis iR Beesigbiugh g, Sgana Hoang
green | andivISAGh66 hied/ vt 1@0WaY SITARISG Wi thin a wavel ength range of about

510- 57 Em for propagation along a fast optical path; enploying a

nonl i neip 491 ysDstectior qu@ilﬁetﬂ(hlbmfﬁgamyéndlﬁdes]ta Kea?jﬁp?dterg%p{}h{,@rpﬁlg%fﬁ?t green
' . | I the first tical path to ase It ;

Lgﬁ glr nlg I%& 18{:}1 ;%?ﬁgedlhpgf g‘r ‘%]‘%1‘?%@5??“"5“!%‘& gﬂtP&E 1t drean tbatsergagdgr HEhikN !Aal\lls er

light t [ I e - DUyt ; B E. n~ACENVENT , ~

2003 2 1 A~ 200a ) Poaitageoas BEBR, po ik airResR s F Mpeary i cho

det ect i fgmplg it.i Ereferablyl, deteetion nuulehEO0t iatigaés a ok OmHANR M tAS AL Iht

to the rgets causing.the beam nodul ator to inpart a |ow attenuation state
tg t he E)@ ?’g’sdéf’t ‘?ﬁa&h{‘a‘gﬁl‘éﬁ t BNSHRCTS Ogeragene Alscitiaparderlay deteation tiodelet i00g a

pul e bt pRRact 5eioP YAl ohPURl th I AURED L SEYST clic DS
| aser | itgterdimpratst fig a feveting updradon. aperd wir€ors are used to direct the incident
beam onto sensors 104, through attenuators 106 and focusing lenses 108 as needed.
Beamsplitter 102 preferably passes the major portion of wavelength converted output 74
along beam path 110a, shown in FIG. 6 and generically represented as beam path 110 in
FIG. 3.
| [0050]  Beamsplitter 102 of detection module 100 is also preferably used to direct light
that is reflected from the work surface to a reflection sensor 114. The reflected light is
designated as beam path 110b in FIG. 6 for convenience, and is generically represented by
beam path 110 in FIG. 3. Reflection sensor 114 measures the reflected beam during an
alignment operation. Turn mirrors are used to direct the incident beam onto sensors 114,
through attenuators 116 and focusing lenses 118 as needed. Sensor electronics for sensors
| 104 and 114 preferably communicate with system control computer 60.
[0051] The major portion of wavelength converted output 74 is then preferably directed
through a beam combiner 120 if STAS 50 is employed. Beam combiner 120 preferably
employs a dichroic mirror and directs wavelength converted output 74 through objective

lens 122 toward a desired laser target position 124 on the workpiece 12. Skilled persons
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mask, positioned along the first optical path and down stream of the bheam

nmodul ator, for clipping a peripheral portion of the U/ laser light. 41; The

met hod of claim40 further conprising: changing a characteristic icﬁ&?&ﬂg
| aser | ghtspassing it through a beam shaping el enent, positi dn §

the first optical path and down stream of the beam nodul (USO@t8sshapi ng .
the UV laser light. 42. The method of claim41 further conprising: changing
a charact ristic of the UV |aser. light by passing it through a diffractive

opt i cal “&f BRRIREIAG, Tt o Sh%PlaméngWé)ffbﬁmgtcogmmqraMzom possaﬂmeémachee beam

nodul at r , h e Wl aser 43. The

met hod of 2?%? %gga%r%ﬁé’r d?grsragra i s?{?éla @ﬁ%lr‘?gr nBOCHS%a?W% géi’%l%’f’ fhe U\

| aser | vayiety b ppsitiening siiteind fiid v (RERHPIER 'l%n%kﬁ%cuvp%g%hgg?d al ong:
0

the first optical path and down stream of "t he beam nodul at or I shapi ng
the LT\P{8s&¢2 preghmowmip skified praetifinersf andlcainid ¥erhploybdr AcBiogeli 3600

changi - cha St Ilght by passing it through a
diffrac |s\€ueoq%ﬁg| ca?%élil adﬁgbﬁ’?élefj%%ﬁflre%@%ﬁ&ll 5,1 Jne- ¢f PoytlanghiQreapn pant be

bet weenmbdifiet ea MnfTeitng b PrefRAEd bRS @B&E or shaping the LTV | aser
light. 45 _The nethod of CPEI ai m 39 |0n &lte@ n%t h of nonlinear crystal
posi ti OWQ@ éFf?ﬁféj?’th@Cflasespomml isgstém Gﬁam'ectﬂhg mbméntdsm onBRtd Ak at O

S, S A Bt e e e
nonl i negotiel Uﬁﬂh@coﬂﬁﬁin%ﬁt@@?@eﬁh %ﬂtl&ﬂﬁ thdah 1%BtshgkgLs ?easg mgi}esatﬁ%r than

or equal to about nm and | ess t han o equal E net hod

of cl ailNe-4® 17213%|(Cﬂ25tment)3anmcbét alg rwmaeaesoeﬂbw La9dr JB6dsking @%eabec?ﬂt the

first o lgzh R? q’rﬁ'ﬂ rea er. than or equal to about nm and | ess an or
equal é SHpY ferpgue IMEPTRGEFSHE Rositiom fagdbapk that nprote phlse g puled

nonl i naRkk ehetsy abve) Qebllt reater than
or equglﬁ to ag%utv4 nm atﬁﬁﬂﬁ le?rgﬂﬁmgmq?&iel{gﬁgIdgﬁ{ééréﬁ%sﬁ? g%re 1HORhe et hod
of claitA®&1 in which the I ength of nonlinear crystal positioned

[0053]  During a link processing operation, a Q-switched solid state laser 54 operates in
cooperation with a pulse processing control system that employs an autopulse mode and a
pulse-on-position mode to stabilize the pulse-to-pulse laser energy delivered to target |
locations on a workpiece 12 that is moved by beam positioning system 130. In the
autopulse mode, laser pulses are emitted at a near maximum PRF, but the pulses are
blocked from reaching the workpiece 12 by AOM 80a or an additional AOM within laser
54 or along the first optical path 62. In the pulse-on-position mode, the laser 54 emits a
pulse each time the positioning system 130 moves a workpiece location through coordinates
that coincide with a commanded laser beam coordinate. The processing control system
moves the positioning system 130 at a near constant velocity that causes triggering of the
laser 54 at about the maximum PRF in response to the workpiece 12 passing through a
regularly spaced apart set of commanded laser beam coordinates. The pulse processing
control system sets the AOM 80a to a transmissive state whenever a location to be
processed is commanded and sets the AOM 80a to a blocking state whenever a location not
to be processed is commanded. The pulse-to-pulse energy level stability of laser system 48
directly depends on the pulse-to-pulse energy level stability of laser 54. To meet this
requirement, the interpulse period between emitted laser pulses is made substantially equal,

thereby stabilizing its pulse-to-pulse energy level at the near maximum PRF. This pulse-to-
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along the first optical path is greater than or equal to about 3 nm and

| ess than or equal to about 12 nm SQ The nmethod of claim49 in which the

| engt h of nonlinear crystal positioned along the first optical p tbi gmm%nuli
greater hg{im ol equal to about 4 nmand | ess than or equal to abGbut

51. The AEE33? claim 50 in which the W | aser | i ght comefmsesmsfourth
or fifth harnonic wavel ength. 52. The nethod of claim39 in which the 1JV

| aser |ight conprises a fourth or fifth harnonic wavel ength. 53. The net hod
of cl ai nPWee energhleye! sthbilivrednsmrhérng tnd oAt @ AW g Sfneli ikt

har nmoni ¢ wavaﬁééegagth 54. met hod for aligning a | aser processing E%amto a
link of SHTIPHEGFLEUY CYRisviasiatieps ekmeapmcfizing TR feser dtiviasyinpventedpaRet h | aser
| i ght haydrid@sa shik it hin a. en.or |R wavel ength range for
pr opaga?lly célrl] (S;l| ()Sfrlllgli gﬁe Ir g%hcg%tg ?a%é}é\&%cﬁ Rat ?g{ {RARees 19 the rriveiverigdined ok er
li ght i reanliacarejrpstals G2t itenetynelodifyis S&Y phas-tidéhi - naj.or portion
of first_ wav Ien&h{h | aser 1ight {)}: opa'galg es g?aggl}ugé’gﬁgﬁé‘tlﬂxﬁsg{)pgaﬁm% pat h
and suchELRAFORnERIcRLauses Jarge ivariatimstin the hammonicogpit dnassi, $iciRherRi0RAgAt €5

al ong a @seReNds | . &bl oyi ng one or nore nonlinear crystals
positioned al onég}@%%e %fdras % %ngc%lﬁ{g'p%%r?“?% QEJRspE Ot 1 VAR Wikigh aill lagncauas er
|i ght t rthe elitpngofalasergsybies 48 fostiucamkd cal path to W laser light; 26

REPLACEIY&&;"E SHEET - 9 JAN ZOQ . _ 2 1 MAY 2~9~t - causing beam
modul at ilBF°4o i FPBHEK Frofessing dasen apatern H8sit aalﬂbu@oﬂmdtag\]; 886 sykiefNbutby

provi de 4 t put.;. directi.ng | ow power laser output al ong
the fi rslt4@\(g{6??15 Irei\pégl{ea%%%ﬁ)#?fgﬁgfﬂgé’r%‘?éﬁ?%(‘j‘ﬁ%‘il%’é‘-‘rthﬁbw énchudear get ;

det ect i ngogmbiabhet eriedfy p&it @ilsel vaABst; 113%9 \ j1ng heam npdul ation to
inpart a full att enua%}: gn Iggsét e tgltﬂﬁe ?fa%beoﬁ?ﬁﬁjgl_ﬁgl tf)da BPQ&(H’P?BOt size
transm SSATRFEIS O Spatial geajon axghiof ebawd (03 pbretot stoyel O s, r@ggjrmrabfyeﬁbﬁs%t

o o B SR T8 sl ol e ey s
ol ati v post tione of & e M asne, EEnElRECHoET KB o Aol hundhes 67 righer "
than 100 kHz; an ultraviolet wavelength, preferably between about 180-390 nm; and ’
temporal pulse widths that are shorter than about 100 ns, and preferably from about 4-20 ns
or shorter. The preferred link processing parameters of laser system output 140 are
selected in an attempt to circumvent damage to the underlying substrate 42 or surrounding .
structures 36.
[0055] When employing UV SAS 66 for target alignment, AOM 80a is used to
attenuate wavelength converted output.74 to produce laser system output 140 having
preferred parameters that may include spot size and pulse width parameters similar to those
used for link severing. The attenuated pulses of wavelength converted output 74 are
preferably generated at a PRF of about 20-100 kHz and have an output power of about 0.01
mW to about 1 mW. Typically the attenuated pulses have less than 5% of the energy of the
link severing pulses for a given target alignment structure, but numerous factors including
the reflectivity and other characteristics of the materials in these structures or link structures
36 will determine the best process windows for severing pulses and for alignment pulses for
the particular target.
[0056]  With reference again to FIG. 3, laser output 56, beam splitter 64, and second
optical path 68, when a STAS 50 is employed, the deflected lower irradiance portion of

laser output 56, laser output 56b, travels along the second optical path 68 and preferably

15




portion of first wavelength laser light. 55. The nmethod of claim&b4 further
conprising: passing the |lesser portion of first wavel ength | aser |ight or

| ow power UV | aser output through an imged optics nmodule. 56. T 1nPfAlyogqu4 *
of cl ai mpyadpodmszhi ch the .inmage optics nodul e conprises an optical elemnme

and an aperture mask 57. The nethod of claimb56 in which PREUSPt/2I8AI :
el ement conprises a diffractive optics elenent. 58. The nethod of claim54 .

in which the | er&gﬁh of nonlinear crystal positioned along the first optical
path i s PFERIIOUER SKPRIIBARdY or Gollimasiom cptiem78nd Liaes outhmis6biprefarsdly t o about

12 Mm  38niailR&r2EL B i . 8 i i the | ength of nonlinear crystal
poSi t i oned al ggng t hgﬁ;{?lrgksnfﬂag}&g %%Pp%squgﬁe B’feg%f?@b’ OpHERZEgr for gumIose of about 4
mm and Kagst dlipment. equal to about 8 mMmm OCe The nethod of claimb55 in which

t he Ien?{'&;ﬁf nonl i near crgs_tal positioned along the first optical path is
gr eat er or LeSTAUtRY 58b dtithes preferably diessedt thevughlane@idahat610SAPOME isi 2 Mm

61. Th f,_clal 60 in which the UV | l'i ght
conpr | saert 0ol BN o 1 Rl SGhher d R RemEn: scoREPACENAIDEBOT is
S| ~I EET preferaBANaidd @8eiolstdd Mset MimB 36b Fifn g%g%g‘%ﬁ%g?‘l’ ]rg‘lt?é{:{ rt he@ﬁ’gt "

conprising: directing ,|ow power | aser
| aser | PASAMERAERRE of U lknk mroeesbimgt UkteemmatonlsDE ME e hak8t or B8IE tirgge W
ure or

and/ or f} . | engt byl aser light reflected fromthe workpiece te
al i gnn'eéitr &%r%\g%/e;% af%g@*qngﬁahub’ﬁ&’ﬁf?aﬁ%}é?qaﬁﬂq for usehwithgréeasand/drilffnkasdro t he
link; cHgist Ngttb@amd R BoY gt fdrQnis BT | [tenyation state to the W |
| aser light to provide high po&eqysgggééat%atagme,egﬁﬁam A% pul se of
hi gh po%FIEERlly available. t stterudtor 18b maykaltepnBEYE bd dny one of the many types of

laser shutters known to skilled practitioners.

[0058] Laser output 56b may optionally be passed through an imaged optics module 52b

t0 optimize accuracy in the alignment process. hnaged optics module 52b may include the

same or different components than imaged optics module 52a, but is preferably adapted for

use with green and/or IR laser light. For example, image optics module 52b may not

include a beam shaping element while imaged optics module 52a does include one. In

addition, it may be desirable to have an aperture of a different shape and/or size in the

aperture mask 94 in module 52b than those of the aperture mask 94 in module 52a. Ina

preferred embodiment, laser system 48 includes both an imaged optics module 52a and an

imaged optics module 52b, and both imaged optics modules include a focusing lens and an

aperture mask 94.

[0059] Laser output 56b is then directed toward a secondary detection module 100b,

which is similar to detection module 100a, but secondary detection module 100b is adapted

for use with green and/or IR laser light. Detection module 100b preferably includes a

beamsplitter 102 that splits off a fraction of the incident laser output 56b so that it can be |
sampled. This incident beam may be split again, as desired, so that different types of |
.sensors 104 can sample it. Preferably, detection module 100 includes a sensor 104 that is

used to measure the incident beam during an alignment operation. Turn mirrors are used to

direct the incident beam onto sensors 104, through attenuators 106 and focusing lenses 108

as needed. Beamsplitter 102 preferably passes a portion of laser output 56b along beam

path 112a, shown in FIG. 6 and generically represented as beam path 112 in FIG. 3.
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63. The nethod of claim56 further conprising: directing | ow power U/ |aser

out put and/or first wavelength laser |ight toward workpi ece feature or
alignment target; detecting UV and/or first wavel ength | aser |i@hty MAY 2004
reflectedyfy@msifre workpiece feature or alignnent target; aligning an
out put position of the W laser light to the link; causingdraesmnamdyl ati on
to inpart a' low attenuation state to. the UV laser light to. provide high
power |aser output; and directing a pulse of high power |aser output toward
the |ink[@¥0HeveBemsplizur 10hef deedive mbdued 2009 1631sb\@f@ﬂef=‘alapﬁus%'dﬂg !d%ﬁ{?t?}?@ox
nodul at ofy ?aurseﬁ% %ﬁ]%ggg i n ir‘t:%lenuatlon state to the WV l"aser Tight: :
The net hot 8 415 M WREKCRIrRCS g Fefleptiemsansetul It of hcrefizered tiganges i n
at t enuat edigsdi@t & béant a1 YY? lgght. 66. The nmethod of claim54 in
whi ch anbac%lﬁést{h o1 IOQI?t i cBnDduT]g?g?f%a%gée}sco haRgis ‘?qrﬁrlelétgte’é"rﬂfép}’ &epregeated o t he
L1V | asebedm ghth. 1 27in RliGe 3oreRdftedtion sedsoi M Sheddirdshgl éffé@% I3k RY% usi ng

; 1-o t g%mgdurﬁ%oqntion of

beam m)dull.cgtior% to i.rrH t a full attenuation state t esser
the first SEVEl ERGIEHOPaSER Mirke arcoussd se Hiredtidhe maivsni beaioontofsesorst 14,

pover  LivRou@ERtentn@it 11U Hehie LELATE didrglstc ot mustoncs 401 ganerst
target, b4 andkl4 p@ferdblg corinhotcod w%%%/ﬁblﬁ‘hoﬁﬁ&t&%&m?%%ooyi ng a variable
[ the

attenuatl:brO cayse changes in attenuation state t  esser portion of
the firs el Zﬁjg“—trﬁmaa%% POTHgR1Of 19881 OURERIONGE PYAfEMBlySKEREG-by Keam P03 2
a

v o EE R BRGS0 D BRI ere e
IR ek Al LR
: _ ploys a green

alignment beam, the laser spot size is preferably about 0.8 um to about 5 pm. When STAS
50 employs an IR alignment beam, the laser spot size is preferably about 1.5 um to about 5
pm.
[0062] When STAS 50 is employed, beam combiner 120 directs wavelength converted
output 74 and laser output 56b so that they follow the same beam path 142 through the
objective lens 122. Both beams can be aligned to the objective lens 122 using turning
mirrors. The objective lens 122 is capable of focusing the wavelength converted output 74
to a spot size diameter of preferably less than about 2 pm and more preferably less than
about 1.0 um. If there is displacement between the focused wa\;elength converted output
74 and the focused laser output 56b, this displacement is calibrated out by scanning a target
that possesses good reflection contrast at both wavelengths. A preferred alignment target -
suitable for scan by both wavelengths may contain chrome on a quartz grid. Such a
calibration offset can then employed by the system control computer 60 to accurately target
the focused spot of wavelength converted output onto IC links 22 to be severed.
[0063]  In one embodiment, laser output 56 includes large quantities of both green
(second harmonic) and IR (first harmonic) laser light; wavelength converted output 74
includes primarily UV (third, fourth, or fifth harmonic) laser light, preferably third
harmonic light; and laser output 56b includes green or IR light for secondary target

alignment. In this embodiment, an additional wavelength-selective filter can be introduced

along the second optical path to exclude either the green or IR wavelength as desired.
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directing a second pul se of high power |aser output toward the second |ink

to sever it before directing | ow power UV | aser output and/or first
wavel ength | aser light toward a second workpi ece feature or ali grzrrﬁnMﬁY 2004
target. wWé.o2hksnet hod of any one of clainms 54-60 or 61-70 in whic e
first wavel ength conprises second harnonic green | aser | iF§HUSm@1sshe Uv
| aser |ight conprises third hainmonic U laser light. 72. The nethod of any
one of ! -60.0r 61-70 in which the first wavel ength conprises first
har noni ngIBas PIEfegise cqhediment iaseragiputl S6gheludemprimanisy gloks cseb@iamoni ¢ UV
| aser | inghhonid)IaseF MeniTBY ne of ai 54-60 or 61-70 in which
the first vvav?a)l eng?% éorf%)rggg 5 |r%@e(ﬁ%‘ﬁﬂ]&:#dn&adF%EWaW)gW@ﬂm he W
| aser | hgmonio)ripser dight: fant idsbr ﬁpmlﬁinlstEsaﬁ% ] Tlie method of %
any one of c¢lains 54-60 or 61-70 in which the ?fldrsggle%%\ylaélweﬂ%qtﬁo{:onpri ses
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:} g:{J]C P], Ccom(?;oncmet(l:nod ésa?ozusle\an aét/e;l ialtgifmugfisslﬁ?eé bZe]aI(]:J] t]oég zcﬁnc% %rg?%ea] ca] ca
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a] ca] ccan be performed in mode where laser 54 has sufficient outgut] Iﬁvg%r]. c%l]lcceat}]ec gfaclg] ca] ca

?1: gﬂ: g? %ﬁ%ﬁéﬁf giﬁ%ﬁ%ﬁ?%&%?@%\égﬁg \A%t)é(;ltr:ltlﬁgif@]M]a.ma\wjth adspedtealacal cal ca

] ca] cagidenrtifel pOSdhing sy steh? 1BG cha Veljyoé)@eﬁ&la@ly 58S Water and/or objective lens

122 and/or beam 142 to process the desired links 22 within the given die without further

target alignment procedures. A laser system 48 can perform this operation without STAS
50 when the ahgnment targets are readily identified with UV light.

[0067]  Use of the wavelength of laser output 56b (secondary beam) of STAS 50 for
secondary beam alignment is particularly advantageous for applications where the alignment
targets are not readily discernable with UV light of wavelength converted output 74

(primary beam). To facilitate use of STAS 50, a primary to secondary beam calibration
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and beam positioning instructions can be calibrated. The calibration target can then be
removed from the wafer platform.

[0068] A wafer can then be processed using the secondary beam for the laser beam
scanning alignment step with respect to each die. As the beam positioning system 130
moves the wafer and/or objective lens 122 and/or beam 142 from the alignment mark to the
link 22 and/or l'mks 22 to be severed, the offset between the primary and secondary beams
is taken into account so that the primary beam impinges the link 22.

[0069] It will be obvious to those having skill in the art that manyi 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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a nonlinear crystal positioned along the first optical path such that the nonlinear
crystal converts a portion of the green laser light into UV light; |
a beam modulator, positioned along the first optical path, capable of switching
between a high attenuation state to provide low laser system output power suitable for
alignment to a target and a low attenuation state to provide high laser system output power
suitable for link processing; and _‘ | A
| a UV light detection module positioned along the first optical path and
downstream from the beam modulator, the UV detection module béing adapted for
detecting UV light reflected from the tafget. |
2. The laser system of claim 1 .further comprisingf
| a beamsplitter positioned along the first optical path to receive the green laser
light; . ' | ‘ '
a second optit_‘:al path .for. propagating a por.tion of the green laser light received -
‘by the beaxhsplitter;' | |
a green light detection module pdSiti_onéd albng the second optical path and
downstream from the beamsplitter, the green light detection module being adapted for
detecting green light reflected from a target; and - |
a beam COmbinet positioned to receive UV laser light from the first optical path
~ and green laser light from the second 6pticél path and to transmit both green and UV laser |
light toward the target. . ) |
3. The laser system of claim 1 in which the laser sdurce also generates first
harmonic iR laser light and the green -light comprises the second harmonic Such tha_t the |
ponlinear crystal converts portions of the green laser light and the IR laser light into third
harmonic UV laser.iight, and the UV detection module is édapted for detecting third
harmonic UV light reflected from the target. | _
4. The laser system of claim 3 in which the laser source also generates IR lasér

light, further comprising:
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downstream from the beamsplitter, the IR light detection module being adapted for
’ detecting IR light reflected from a target; and .
a beam combiner positioned to receive UV laser light from the first optical path
and IR laser light from the second optical path and to transmit both IR and UV laser light

toward the target.

5. The laser system of claim 1 in whrch the laser source also generates IR laser

hght further compnsmg

a beamsplitter positioned along the first optical path to receive the IR laser light;

b4

a second optical path for propagating a portlon of the IR laser light received by
the beamsphtter

an IR llght detection module positioned along the second optical path and
downstream from the beamsPhtter the IR light detection module being adapted for
detecting IR light reﬂected from a target; and

a beam combiner posmoned to receive UV laser light from the ﬁrst optical path
and IR laser light from the second optical path and to transmit both IR and UV laser light
toward the target. | '

6. The laser vsystem of claim 1 in which the laser source also generates first
harmonic IR laser light and the green light comprises the second harmonic such that the
nonlmear crystal converts portions of the green laser hght into fourth harmomc UV laser
light, and the UV detectlon module is adapted for detecting fourth harmomc UV light
reflected from the target.

7. The laser system of claim 1 further comprising:

. a focusing ‘optical element positioned along the first optical path, between the | B
beam modulator and the UV detection module, for focusmg the UV laser hght and

an aperture mask positioned along the first optical path, between the focusing

optlcal element and the UV detection module, for clipping a peripheral portion of the UV A
laser light.
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beam modulator and the UV detection module, for shaping the UV light; and

an aperture mask positioned along the first optjcal path, between the diffractive
optical element and the UV detection module, for clipping a perrpheral portion of the UV
light. |

9. The laser system of claim 2 further comprising:
a focusing optical element posmoned along the second Optrcal path, between the
beam modulator and the green detection module, for focusing the green laser light; and

~an aperture mask positioned along the second optical path, between the focusmg |
optlcal element and the green detection module, for clrppmg a perrpheral portion of the -
green laser light. v

10. The laser system of claim S further comprising:

a focusing optical element positioned ‘along the second optical path, between the
beam modulator and the IR detection module, for focusirrg the IR laser light' and ,

an aperture mask posmoned along the second optlcal path, between the focusmg
optical element and the IR detectron module, for clipping a peripheral portlon of the IR -
laser light. »

‘11. The laser system of claim 1 in which the first optical path passes through
greater than or equal to about 1 mm and less than about 20 mm of the nonlinear crystal.

12. The laser system of claim 1in which the first optical path passes through
greater than or equal to about 3 mm and less than or equal to about 12 mm of the nonlinear
crystal _

“13. The laser system of claim 1 1n which the first optrcal path passes through
less than about 7 mm of the nonlinear crystal

14. The laser system of claim 6 in which the first optlcal path passes through

| greater than or equal to about 3 mm and less than or equal to about 12 mm of the nonlinear -
crystal .
15. The laser system of claim 7 in the ﬁrst optical path passes through greater

than or equal to about 3 mm and less than or equal to about 12 mm of the nonlinear crystal.

22




<109 ()-DaB~\= 1010%m& ()- !L910%-& ()- S 10%& ()- GLO%R' ()- @
ig%lrg' (13)[_1000/ar&' 8 rHaB-\= 1010%m& ()-1 10%m& ()- S 10%m& () -
| f #100008& () - f #10%61+& () - " 10%1& () - | yoE~\ = .
10y$" 10%r8' () - S#%O%rlrgogf) : 1(‘) :)/ L0%r&: ()1 10%T&! () - LGLOYEES () s oot SHERT
* 0, ! ) E-.. - ' m
E&' (1;)-/?}&1(()%8/:"3?) -y+m 10%r& () -y)! 10%& () - F(z10%& () - f &10%re )3 JARRHRE: /
10m 10nFs<10%m8’ ()-&9 10%m&' ()- Y7"10%& ()- 510%& ()-y3S 10%ng (]) MAY 2005
0Y" 10%10& ()-g/g)P 4rP1/ 3 109%& ()- !if9od0% H H& ()-3 10%4& () -
109%&' ()-!P 10 Kéql(? asellempmpf clegrd inaBiich ﬂlejmisca;#itﬁl’ éﬁése@hrough

n " 0 El/
10% G rdaker thAYRefual to 2O50E o and 100 & tla'q%xglﬁggabout 12 'mm of the nonlinear

crystal .

17. The laser system of claim 9 in which the ﬁrst optical path passes through
greater than or equal to about 3 mm and less than or equal to about 12 mm of the nonlinear
crystal. .

18. The laser system of claim 1 in which the nonlinear crystal comprises BBO,

LBO, or CLBO.

19. The laser system of claim 3 in which the nonlinear crystal comprises BBO,
_'LBO or CLBO. _
20. The laser system of claim 5 in Wthh the nonlmear crystal ‘comprises LBO. -
21. The Jaser system of claim 6 in which the nonlinear crystal_ comprises
' CLBO. | |
| 22." The laser system of claim 7 in which the nonlinear crystal comprises BBO,
LBO, or CLBO.
23. The laser system of claim 8 in which the nonlinear crystal comprlses BBO,

LBO or CLBO.

24. The laser system of claim 11 in which the nonlinear crystal comprises BBO |
LBO, or CLBO. ’

25. The laser system of claim 12 in which the nonlmear crystal comprises BBO,
LBO, or CLBO. »

26. The laser system of claim 13 in which the nonlinear crystal comprises BBO,

LBO or CLBO

27. The laser system of claim 14 in which the nonlinear crystal comprlses BBO
LBO, or CLBO.

14

28. The laser systerr.l‘of claim 15 in which the nqnlineair crystal comprises BBO,
LBO, or CLBO. . , | | -
29. The laser system of claim 1 further comprising:
a wai/elength selective filter positioned along the first optical path, between the
.nonlinear crystal and the UV detection module, to block green light from propagating

downstream of the filter.
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aperture.

33. The laser system of claim 1 in which the beam modulator is also capable of

: sw1tch1ng to a full attenuation state to block transmission of laser system output in an

autopulse mode.

~ 34. The laser system of claim 2 in Wthh the beam modulator is also capable of
‘'switching to a full attenuation state to block transmission of laser system output in an
autopulse mode. ‘

35. The laser system of claim 6 in which the beam modulator is also capable- of
switching to a full attenuatlon state to block transmission of laser system output in an
autopulse mode. _

36. The laser system of claim 7 i m which the beam modulator 1s also capable of
switching to a full attenuatlon state to block transm1ss1on of laser system output in an.
autopulse mode '

37. The laser system of claim 8 in Wthh the beam modulator is also capable of

switching to a full attenuation state to block transmission of laser system output in an
autopulse mode. ‘

38 The laser system of clatm 14 in which the beam modulator i is also capable
of sw1tch1ng to a full attenuatxon state to block transm1ss1on of laser system output in an
autopulse mode. :

39. A method for processing links of an IC device, comp'rising"

generating green laser light having a wavelength within a wavelength range of

.about 510- 575 nm for propagation along a first optlcal path; ’

employmg a nonlinear crystal positioned along the first optical path to convert’

green laser light traveling along the first optical path to UV laser light;

causing a beam modulator to impart a high attenuatlon state to the UV laser light

to provide low power laser output;
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' detecting UV hght reflected from the target;

aligning the UV laser light to the target;

causing the beam modulator to impart a low attenuation state to the UV Jaser
light to provide high power laser output; and

directinga pulse of high power laser output toward the target to sever it.

40. The method of claim 39 further comprising:

changing a characteristic of the UV laser light by passing it through an aperture
mask, positioned along the first optical path and down stream of the beam modulator for
'chppmg a perlpheral portlon of the UV laser hght _

41 The method of claim 40 further comprising:

Changing a characteristic of the UV laser light by passing it through a beam

' shapmg element, positioned along the first optical path and down stream of the beam

modulator, for shaping the UV laser light.

42. The method of claim 41 further comprising:

changing a characteristic of the UV iaser, light by passing it through a diffractive
optical element, positi_one__o along the ﬁfst optical path between the beam modulator and the
aperture mask, for shapmg the UV laser light. | |

43. The method of claim 39 further com'pﬁsmg .

changmg a characterlstlc of the UV laser light by passing it through a beam
shaping element, posmoned along the first optical path and down stream of the beam
modulator, for shaping the UV_ laser light. -

44. The method of claim 43 further eomprising'

changmg a characterlsuc of the UV laser light by passing it through a diffractive
optical element positioned along the first optical path between the beam modulator and the
aperture mask, for shaping the UV laser light.

- 45, The method of claim 39 in Wthh the length of nonlinear crystal positioned

along the first optlcal path 1s greater than or equal to about 3'mm and less than or equal to

about 12 mm.

25




-10% U8 () - <@ESH= ! 10. @10% U& ()-L9- 10% U& ()- L+10% 0
&' 8%&%00/:15&(9 %% U& ()- YL& 10% U& ()-dYNC ! 10 10 U 1(2) /L\J<;L{&CUISI<1$/0
W&t () - 5510% L&' ()-3"10% U& () - L@: #10% U ()-010% U&: ‘@,l;é} NE“SI'IE%T
- #10%90& ()-Y - #10%& () - y#10%g () -310%& ()- ! 010% I _mmlgm&zm_
29] a?YNC !l 1 cy*10%& ()-2z!y*109%} & ()-210%& ()- fs10%3 & ()-=4

21 MY 0

46. The method of claim 45 in which the length of nonlinear crystal positioned
along the first optical path is greater than or equal to about 4 mm and less than or equal to
about 8 mm. N

47. The method of claim 40 in which the length of nonlinear crystal positioned
along the first optical path is greater than or equal to about 3 mm and less than or equal to
about 12 mm. .

48. The method of claim 47 in which the length of nonlinear crystal posmoned
along the first optical path is greater than or equal to about 4 mm and less than or equal to
about 8 mm. |

49. The method of claim 41 in which the length of nonlinear crystal posmoned
'along the first opt1ca1 path is greater than or equal to about 3 mm and less than or equal to
about 12 mm. '

50. The method of claun 49 in Wthh the length of nonlinear crystal positioned
along the first optical path is greater than or equal to about 4 mm and less than or equal to
about 8 mm.

51, The method of claim 50 in which the UV laser llght comprlses a fourth or
fifth harmonic wavelength

52. The method of claim 39 in which the UV laser light comprlses a fourth or
fifth harmonic wavelength ‘ | |

53. The method of claim 40 in Wthh the UV laser hght comprlses a fourth or

fifth harmonic wavelength.

54. A method for ahgmng a laser processmg beam to a link of an IC dev1ce
comprising: ‘

generating at least first- wavelength laser light havmg a first wavelength within a
green or IR wavelength range for propagation along a first optical path

splitting first wavelength laser light into a major portion and a lesser portlon
‘such that the major portion of first wavelength laser light propagates along the first optical
’ path and such that the lesser portion of first wavelength laser light propagates along a

~ second optical path; ,
employing one or more nonlinear crystals posmoned along the first optical path

to convert first wavelength laser hght traveling along the first optical path to UV laser light;
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directing low power UV laser output along the first optical path and through a

beam combiner toward a target;
| detecting UV light reflected from the target;
» causing beam modulation to impart a full attenuation state to the UV laser light
to block the transmission of UV laser 11ght toward the target;
directing the lesser portion of first wavelength laser light along the second
optical path and through the beam combiner of the first optical path toward the target;
' detecting first wavelength light reflected from the target; andA

cahbratmg relative positions of the low power uv laser output and the lesser

portion of first wavelength laser light.
55. The method of claim 54 further comprising:

passing the lesser portlon of first wavelength laser light or low power UV laser

- output through an imaged optics module. ,
| 56. The method of claim 55 in Wthh the Image optlcs module comprises an -
optlcal element and an aperture mask.

57. The method of claim 56 i in which the optlcal element comprises a dlffractlve
optics element. ‘ ‘ '

58. The method of claim 54 in which the length of nonlinear crystal positioned
along the first optical path 1s greater than or equal to about 3. mm and less than or equal to
about 12 mm. |

59. The method of claim 58 in which the length of nonlinear crystal positioned
along the ﬁrst optical path is greater than or equal to about 4 mm and less than or equal to
about 8 mm. _

60. The method of clalm 55 in which the length of nonlinear crystal posmoned |

- along the first optical path is greater than or equal to about 3 mm and less than or equal to _
* about 12 mm. _ ’ | _
61. The method of any one of claims 59 o'r.60 in which the UV laser light -

comprises a fourth or fifth harmonic wavelength.

27




| a@O0%h& ()-'!y@O%& ()-" @0% h& ()-"CaBYNC ! &10% h& ()-' 10% h& ()-"10%

h& ()- 10% h& ()-Fl F 10% h& ()-!3 ! 1098hSh& () - 4TAEYNC 1 10% h&' () - YY 10%
Ei‘ 8 1c1>00A)/0h2:&(§2 10% h& () - 9162%) h& ()-910% & () - TceBYNC 1' 910% hé& () - 3@10%
h& ()-"L10% h& ()-"L10% & ()-!L! 10%h& ()- $10% h& () Wﬂ:ﬂ%@l

h& ()-.F10% h& ()-.F10% D& ()--310% h& () - F+10% h& () - )éo/ h%‘ (m?

10 h 10 h 10 hF<10% h& ()-810% h& ()-! 7940%&h&h& ()-S51 %) “ 0 Ofy
h& ()-vaBVK@T 9 s10% h& () - &#10% h& ()- 910% h& () - @10%

v 10%¢8: 93,10% ha’ () - yL0% e .() M 10%
hgz/?) (291)6% h&'%-_f%ilﬁgﬁg ﬂa‘m 6&‘5‘? OmPTIHE her ()- T 10% h& ()-y 10%

h& ()-#10% h& ditecting 0% p&ydr)TV!143 el@%ﬁflt B&i/67 ﬁ?slta’%@lenﬁﬁ e ng&llt(tz)v-vard a

workpiece feature or alignment target;

detectmg UV and/or first wavelength laser lnght reflected from the workpiece
feature or alignment target; ' |
aligning an output position of the UV laser light to the link; o
causing beam rnodu_lation to impart a low attenuation state to the UV laser light
to provide high power laser output; and '
| directing a pulse of high power laser output toward the link to sever it.

63. The method of claim 56 further compnsmg

dlrectmg low power UV laser output and/or first wavelength laser hght toward

workpiece feature or alignment target;

detecting UV and/or first wavelength laser light reflected from the workpiece

feature or ahgnment target;

ahgmng an output position of the UV laser light to the link;

causmg beam ‘modulation to unpart a'low attenuatlon state to the UV laser hght
to provide high power laser output and »

dlrectmg a pulse of high power laser output toward the link to sever. it.

64. The method of claim 63 in which a smgle beam modulator causes changes

in attenuation state to the UV laser light.

65 The method of claim 62 in which a single beam modulator causes changes
in attenuation state to the UV laser light.

66. The method of claim 54 in which an acousto optic modulator causes
changes in attenuation state to the UV laser light.

67. The method of claim 54 further comprising: ,

causing beam modulation to unpart a full attenuation state to the lesser portlon of

| the first wavelength laser light to block the transmission of first wavelength laser light

toward the. target in at least one instance when low power UV laser output is directed at the-

workpiece feature, allgnment target, or link.
68. The method of claim 54 further. employing a variable attenuator to cause

changes in attenuation state to the lesser portion of the first wavelength laser light.
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69. The method of claim 62 further comprising.employing a variable attenuator
to cause changes in attenuation state to the lesser portion of the first wavelength laser light.

70. The method of claim 62 further comprising:

aligning the output position of the UV Jaser light to a second link; and

directing a second pulse of high power laser output toward the second link to

' sever it before directing low power UV laser output and/or first wavelength laser hght
‘toward a second workpiece feature or ahgnment target.

71. The method of any one of claims 54-60 or 61-70 in which the first
wavelength comprises second harmonic green laser llght and the UV laser light COII‘lpI‘lSCS
’th1rd harmonic UV laser light. '

72. The method of any one of claims 54 60 or 61—70 in Wthh the ﬁrst
wavelength . comprlses first harmonlc IR Jaser light and the UV laser l1ght comprises third

: harmonlc UV laser light. .

73. The method of any one of clalms 54-60 or 61-70 in which the first |
wavelength comprises ﬁrst harmonic IR laser llght and the UV laser light compnses fourth
harmomc UV laser light. . '

74. The method of any one of claims 54-60 or 61-70 in which the first

wavelength comprises second harmonic green laser hght and the UV laser light compnses

fourth harmonic UV laser light.
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