; e3ef | X6TfV W LASER SYSTEM AND METHOD FOR SI NGLE PULSE SEVERI NG OF
| C FUSES Rel ated Applications [0001] -Fthts patent application derives
priority WOomB48. Provi sional Appl i cation No. 601217, 746, PET/Ued/Jedty 12,
?2000. Federal |y Sponsored Researc mﬂwummmmﬁm‘ent [0002] Not applicabl e.
Techni cal Field [0003] The present elates to a | aser-based
system or nethod for severing integrateé<«gircuit (I C) device fuses, and, in
particular, to such a systemor nethod that enploys a single UV |laser pulse
to sever an | C fuse. Background o nvention [0004] FIGS. 1, 2A, and 2B
show repetitive electronic circui w mﬁ]@ ”ﬂmmm’m I C device on a wafer or

wor kpi ece 12 that are conmonly f rows or columms to include
‘mul tiple iterations of redundant circ@itoiel enents 14, such as spare rows 16
and colums 18 of nmenory cells 20. Wth reference to FIGS. 1, 2A, and 2B,
circuits 10 are also designed to include particular |aser severable circuit
‘fuses or links 22 between electrical contacts 24 that can be renoved to

di sconnect a defective nenory cell 20, for exanple and substitute a

repl acenent redundant ceII 26 in_a_nmeno devi ce such as a DRAM an SRAM
or an enbedded menory. Si¥ViASERCHN AE& MEIHORSEIRt 0 sever links to
program | ogi ¢ products, g&ItNGIaErPé.i,IsSE OEVARINS: OFJODBYSES nks 22 are about
0.5-2 microns (,um thick and are designed with conventional ( link w dths
28 of about 0.8-2.5 um, link |engths 30, and el enent-to-el ement pitches
(center to-cente ;ﬁﬁgféwof about 2-8 um from adj acent circuit
structur el , nost
preval enﬁ% I iﬂr%lk mat er %T%Zﬁﬁg %Ialelgﬁut)%@%?gﬁt&ﬁlﬁgﬁg ?ﬁmsﬁv%ia(% gggﬁgﬁl

PCT/ L1S11M6.248817 746 efilcddplysiz, i2068., nmenory manuf acturers have nore recently
adopted a vari et;g of nor e conductl ve rretal lic link material s that may

i ncl ude, but ar eisderally ppprsgredoResspiehion [Agvelapaisd® | gol d nickel, titanium

t ungst en, tin as ocher netals, nmetal alloys, net al nitrides
such as t pbﬁl umllkg}rt a?élrllef%}éum nitride, nmetal silicides such as tungsten

,5| i cide, or othdechmtdlFitldke nateri al s.

[0003] The present invention relates to a laser-based system or method for severing
integrated circuit (IC) device fuses, and. in particular, to such a system or method that
employs a single UV laser pulse to sever an IC fuse.

Background of the Invention

[0004] FIGS. 1, 2A, and 2B show repetitive electronic circuits 10 of an IC device on a
wafer or workpiecc 12 that are commonly fabricated in rows or columus to include multiple
iterations of redundant circuit elements 14, such as spare rows 16 and columns 18 of
memory cells 20. With reference to FIGS. 1, 2A, and 2B, circuits 10 are also designed to
include particular laser severable circuit fuses or links 22 between electrical contacts 24 that
can be removed to disconnect a defective memory cell 20, for example, and substitute a
replacement redundant cell 26 in a memory device such as a DRAM, an SRAM, or an
embedded memory. Similar techniques are also used to sever links to program logic
products, gate arrays, or ASICs.

[0005} Links 22 are about 0.5-2 microns (um) thick and are designed with conventional
link widths 28 of about 0.8-2.5 pm, link lengths 30, and element-to-element pitches (center-
to-center spacings) 32 of about 2-8 pm from adjacent circuit structures or elements 34, such

as link structures 36. Although the most prevalent link materials have been polysiticon and



‘processi ng systens focus . a single Pul se.of IR | aser. output havin

‘conposed 0

-sufficien

[0006J Traditional 1.047 ,umor 1.064 uminfrared (IR) |aser wavel engths
have been enpl oyed fox nore than 20 years to expl osively renove circuit

| i nks 22. WBefi28%&45] i nk processing is initiated, circuits 10PCEHUBWRAIBSI

el ements 14, or cells 20 are tested for defects, the |ocations of which my
be mapped into a database or programthat determ nes |ocations of |inks 22

to be progcessed. .Typicall t he same | R | aser beam used for processing the
i nks 1 s HecamPsitioBt JBunow RERGRer e dadted TRy ISP Er BV bt RePbt used
spot of tBgaldRvk 33&41HL SNt 1E BRPEEY hQuiSThRGld Y& 1RhitaNTE BluniRikS, such
as nmetal on oxide, positioned at the cornea’s of the dies and/or wafers
suppor t i ngppdre geldegitkaniienmanpomgstdns plafi@ooi/ jas Gahvasntthay madtalyemotay alloysk

er, a pul se
wi dth of "B#elrittides sugipanElapidatohiaataly itkife oxeR! b ﬁl@ewchmsc@glgste%wﬂaﬁeazs

show a | 38,0 size dianeter 40 inpinging a link structure 3C
ﬁ?’%ﬁg@%@é@ﬁ Jggﬁéﬁgfr& nmetal |ink 22 positioned above a silicon

subst r at qodfh]and ThREMGEN 10RITNAASAY . 06y ehSnRired (u@ﬂagefa;&dv@rengmmav%@&k_
including an overlying passivation Layer 44 (shown in FIG 2A but not in

FI G 2B) enwioysd fos ntorpitieal 30yy2600- PGB aragaaveancpisinkh 22 k Besord Tak

underl yin assivation layer. 4 Silicon substrate 42 absorbs a relatively
snmal | pr d%% FFBRAT IW#iE{LV“BS’T ?(P'-F?WCéEHi CEW%H%? ?ém?ir %ﬁé@ Y Fﬁﬁa f%ggéf"%itf n

| ayers 4 4 C i L i OXI i Lt b : ively
transpar é?\?ﬂreitggs Igﬁlwrﬁ%%ll Igt%f g%hiagp@ H‘Z‘% :dgﬁg%;er(g rl;g t arﬂ;i}h%:(?égglg‘%@%?? F%%Cgﬂg O\sfi de
vi ew of tiliks R2nk betpro@issetle Dfpidalle, tiRBaafet I& labdrebehinnbse? 2o1 srocesning eble biykd ize
prior art |aser (E}gylese_. The quality of the crater formed in FIG 2Cis

nei t her uiFd.citredised pnigpsitys blosate thppesytiormohihsifacusedigs of sha Helaseiaapnt e 42

Sun ot IO FAPY SR\ E R TBRE Mk EREFRRE TR, BhstiONEh The HyBEcq
using a sifipé aieSah@/o?%am&s@wpwh?th@ dengalc daagewgyvel ength, such as 1..3
(err)m to process nenory links 22 on silicon wafers. At the 1.3 (err)m

| aser wa80&Hgt h Conmentihgompmpuhligioprocessingosysigasioctser single pwkse of iR laspnd

Sili bstrate 20 i h t t hat t tradj.ti
aser o OEHJRKEE RIS of G f+40 2P Bghoeedls g idclnh 37T Figsy A
PCTIUSI T sHa 2358wk NG R 45 RED Alsidt AGASRT 00 ififlobleds RRE Qilathelne L Ni s

techni qu een used i n the Industry for sev years W th great
success. Jo(ds¢d dhe pilySilivomoamdtal 1i8k dbhploaitiencdawelcarilidon dubvtenteldB addant ages

however. In general, the optical abs,orqti on OIE l%gc$ | R | aser, beans 12 into
a hi ghl y RSFEean GERIRGniiayers Of # wasshetign layer sfagk 189uq1ag pla Q¥CR ¥{Bk PATEHAlgR

vi sible - t t:i ienahl hé&®. f

aser beadlFor e 41080 DE oRLAR IR, B0 FHRR 1P RRAly 206G 15808 anBllrer
di mensi on@)ahickj mkd m dbderBehg passikaticanigydr /0 Bidicoe swbsaatetdicitsoidd a @iwiveiynk
pitch 32. This conventional |aser |ink processing relies on heating,

mel ting, il ReapGoae] gntitymd RoradigHen caneearygnizonabpassivaiden layers dd<andidq d- up
to expl osjvely .. | viE j I 4 1 .
ther mal - Sl SBREF SBAEE S RRRIRL AT R B P AL e Giem, 2G5
of link 224 ff‘éﬁgnidh@ar%ricwss%dldﬁapﬁ@@m& drahé OB stribare GORIE. 2B After thé&ink 22
expl osion pattern of passivation |ayers 44 becones irregular and results in
an i nconsik semaayed e ve agidhiey pylsal ithg quakity ofstheseedpraed o FITh AL i he
t her mal - st r.tgss b?havi or | |nhé]s the critical dinensions of links 22 and
prevent s YraGt W o ReiERRI% y [0011] U.S. Pat. No. 6,025,256 of Swenson
et al. dellggog]bes THRIORAGarR gl iR Tsuis ki@ b ol Rl &Maﬂljﬁg%ﬁﬁ‘i@n%ﬁ%g? t(&Xpose
| inks that "open" the overlying passivation or resist naterial h | ow
| aser powaocdshrauethl ar shnfesal dimk 22 Shart simid &F.S nBite Noa 5, 268pvadnddAds. graovi de
t he benefjt of mal | er beam spot size, The ]inks_are subsequently etched.
[0012] U. 30 PA73. 58 PrepayeUeng & Gmeis A (625 &b pulfedts e lr%é?rh‘éi%l@l%“{s‘iuﬁ% w
| aser out to r i . § 1] iavat i L8
B2 SRS Gp B SpRES) bh QHEC BRUE, ARRS T oAb P yBYBlnth,
Thi s t echitt gusrpdvioe@iest baedn ®allinghAtridlhadtsdi@atsubataey 2@ ks ransh Bigdict ure
wel | in advance of |aser processing. [0013] Thus, inproved |ink processing
net hods athan &t bt thedeiditigapk] p8ulspeiryavstenghs. | Heantelovideodmenpropesssis) ect of
the present invention is, therefore, to provide a systemor nethod that
enpl oys a single W | aser pulse to sever an I C fuse. [0015'] The present
invention provides a Q sw tched, diode-punped, solid-state (DPSS) |aser
t hat enpl oys harnoni c generation through nonlinear crystals to generate
green and/or IR and W light In a preferred enbodi nent, the type and
geonetry of the nonlinear crystals are selected to produce excellent beam
quality suitable for subsequent beam shaping 3 WO U2/ (I a3-tS
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V4' O 02/ 1153s PCT/L1S1111218s1 [0020] FIG 2A is a fragnentary
cross-sectional side view of a conventional, |arge sem conductor |ink
struct ur @¥P&¥eiNing a | aser pulse. [002] FIG 2B is a fradeditaiY1ssobp vi ew
of the link structure and the | aser pulse of FIG ?A, together with an
adjacent circuit structure. [0022] FIG 2Cis a fragnentary cross-sectional
si de vi ey; ' d ed 18Ehdi séen SsdigaRNed by the
| aser quélgj.cm% %glzgﬁﬁyélp%sgegﬁﬁ%hgﬂlgﬁghgi ?:,ﬁ dt;ﬁgsgir ahr#“g% 1E’;lalnm)léénbodi ment of a

| aser sysatdarpfort feecpl psentvithrpeeattsbosess.ncl udi ng one or nore al i gnnent

det ecti on nodul es. £0024] FIG 4 is a sinplified partly schematic vi ew of
por t i ons[t09% he ThesbO wyandh demlawer sravslensths horsh Hisady irgrs boweycled i | s of

*one enbod] t of i . Opt j ' | e
one eTbORUAED! uflaPal IRBRSIR LGPk ROPEREh Burfy LB &
FIG 6 i gomiuslii@hictdiBd1isE De idlekscthyh et of vRIKIEbETIV BEani® dinll ghe At ed
" Description of Preferred Enmbodi ments [0027] FIG 3 shows certain conponents

of ia gr ehdriewabicesod dizeBhtof ah Ifidmr bears thendinlg seyering s mlﬁwﬁt lajgevandt litotts and
[ . I, . .. FIG 4 tal
addi £ ondie GRicapdesIoTE BhiBheiiE 261 PR aiett IQ Perviens coads Al i LR BEM ai n

conponents : ( . of i 1 £5:i30 o2 A t
secondar ;’J’/"“t gl;hésg?&g% %ﬂ%@%%?@% %1?731@?%{%%)%&%58&%Bﬁg}ﬁéﬁﬂ}?ﬂﬁm%ﬁﬁg p\ﬁl"raﬁﬁtghg lpg(r
conveni epgearidicibhthg B methanidad amesp dubid-uprie eshwsivelyi dgensveiigingipassianionws, and

the electrical or signal paths are shown with broken line arrows. Although
nmost of {4yér ptoken |ine arrows are shown pointing in both directions for

conveni e skill e ersons wll . j at. f t i
patns calige) | ol e P EHCaRS et s BERERS|BuSab SRR R Eheh P F et 5
and 4, agprigf enr etk @RIRA R bRbmes haseweSihah abb w8l ph, tHicePIRERAMateVENt | ON
includes a laser 54 that in general preferably provides a wavel ength
conponenpasshation dayshot4 beconteanrrsgidanandsigettisain am inponsistemhdink prasgssing qualidy of
about 510-575 nm i.ch erein after be referred to. as green for
eomven el 5 wkeaIEa TN BE HRaishSt ReBATURRHY tePrRR ARESTeAPR on,
pref er abhayy . and e preferably within the range of
i 020-1 i glékiﬁn?%n(g?r avggﬂlgtgl}%ﬁgglﬁalbe Br vi ded such that the |onger wavel ength
.1's the fi[e@tl] har oS RataNd. 6102526 rof Swehgpreeral. dwvebasngtthodsoftusengsecond
harmoni c. _Laser 54 preferably inclu a Qswtched, ?i ode- pu

, g\es Q. , ) ed %DP),
sol i d- st altevicsey) (Y klaseryqpiput o gxrase gnks {hat | ofds tHe Q¥THANS Pa AR Qhiessich

or ofer anf T W o P P (Boush a pfidel podabBrd ikl iRb T,

conver t egrévadgtiRestnkightta Mhaldr earh Gpbi sigar Thplihkodre Buegsstigfersraond
har noni ¢ _generation. Such | asers 54 na rovi de harnopnically %ggerat ed

y p
| aser pull8®2]or WYul plat- Be- i0SH, 180\wdvanehat: iessise mathods ¢é psiag Wb daser 532 nm
{frequenc bl e - YVA4) . or. t 524 n [ nGY. J . Nd: YLF) with
primaril ;(/’Xg)gl?%’l\}ﬁ%rg OSV%EI%‘].I\S\/%&Bg‘QO%%%OP’g e p,&ls{)lléz\g/;[e{c)rll elgg%pq%fugg&l‘%lrt g(g/lig ets0 t he
el ectri cahfe lthe RTPBRY subdiifle @Rt [0r EAntHya! STHiO tdcBsiglic dvormds My be
controlled a system control conputer 60. L0029] Al t hough Gaussian is

used to siGaiiontaiéhe var gad inenterial pr® firpatuisfwelh Beadvanespelt 1ags pregskdingd per sons

w Il appreciate that .nost lasers 54.do not emt r.f ect, Gaussi an out put 56
havi ng a[€@l3 e O%EWZ @?Fovﬁgﬁmg(?h%ﬁ?l%%,&qdﬁ@mt %ﬁﬁ?@gﬁé& an is used herein
to include profiém@gbpthmn{,e%ﬁbﬁss than or equal to about 1.5, even

t hough M val ues—of 1 3 or 1.2 are preferred. Skilled persons

wi || appfié@idht e Ahatbjart béthevmeeehemgedipnas sthareddrealn profvidem syhemoohmethordst ed
| asants. Although | aser cavity u%rrangement har noni ¢ generation, and

s
Q swi t ch RAEPRIPSR SPEe ATY 13T PURHORTVEADLEY §58s skilled in the art,

« certain Wl S r. - Js t i: . in. 0
Laser ou?l%l?] 56 ?Jﬁ?/ B %%%ﬁ&%§%t1§gﬁgagg§g e —Sm{rcga&éﬁdlg‘ﬁ%égﬁéﬁg Sgﬁc{_\%ﬁ (-}i no !
expansi onasanehao empilykinaBhoE0 gopratts hashohrepagal esydlonggenetdtd gtecphi al

© path 62. \Wen secondary target alignment system (STAS) 50 is enpl oyed,
| aser outlBud8éV isdt.s Iha pecfersed embediment, thtype eanh Sadmeira offijeqonsuedi on of

Syt om ( 0 Sy HoSlorR B Hende et But T ROE SR ShoPfhdp e SATRE"

fractional portion of the energy of |aser output 56 through a STAS 50 al ong
a second optical path 68. j0031] The majority of |aser output 56 traveling
along the first optical path 62 is optiktally coupled, through collimation
or coupling optics 70a, into a nonlinear crystal 72 to convert the first
wavel engt h conponents) into WV Light by the process of harnonic conversion.
If, for exanple, |aser output 56 contains generally only green |ight such
as second harnonic light with a wavel ength conponent at about 532 nm then

T 1 N o e o, o rr




T nore generous

tt' O 11211153-45 pcTnsn~i 2~s~~ applications. Furthernore, skilled persons
w | appreciate that although the length of nonlinear crystal 72 positioned
al ong t hwaes84Soptical path 62 is preferably collinear oPCPpaS@lIIgi with
the major axis of nonlinear crystal 72, nonlinear crystal T? nmay be
positioned such that its surfaces or axes are neither parallel with nor
per pendi_cyl L) St i t.n.6 I I :gy nanl. near
per PNl ffihfeky B BRI PR Bo ok UL LAl NSO R B
enpl oyedCffagest M kdlichayerminics of Bl dddihbangystsld eihyoaly Ysptisei@eghised being
enpl oyed for fourth or fifth harnonic applications where the ?II’S_t_ opti cal
pat h 62 tgaperasire igedhagk eomitipl Fpoph & maidaigtad vantegeous pase atydehing camlifons sof t he
+crystal. [0033] Depending on.the ty of. nonlinear.crystal .72 enpl oyed, the

geomet 1 547 PROMEF RBLPHR PURESHine l3scrilsy Qs sHFO LIRS b TR
di mensi Qug1iks ARS8 YRS $E cnfarfdB® b iahGfabON ot IQERRBRA PR AR LrigdMREN Lo be

u?yl’ '?flan typeitllg%[fly eq&ﬁ{rﬁgd g@rﬁsctﬁdy}}{ga@gd on S@?%ar)ﬁféper ure
consi deratvantes @amratifdctel y practiced by those skilled in the art. This
transverse geonetrical consideration provides for potential hyrgr oscopi c
ity

di ni ni st of I pduighegyelsyed embadingnts brsputpymay Hiandapd alg tHEAEIr ea

of the ay I, cl rt-ur i.ng . L 1ife inear crystal

o e YRRl BLER ARG O R NELAS: Hhg P ST b ekl ABRLRCR, OTYSL,
typi cal lyili2e® femmb eépiRY phfhok@bokgetaMigninbR. eTid frgctivanl fide@br TR Yahal 72 S
typically square or rectangul ar, but may be formed in other shapes as well.

[ 0034] Nbighingatbeany fadloals a7sparateponsicel pash withab pdperatestt fof opiidd BB®OY atidbéy i um
borate or BBO Li B3Gs (lithiumborat.e or,LBO, o Li B6010. BO . BBO
R0 S e optng Aoy G Hel onRuBrets oy s T o fridral Biok o
near UV yet il ; i ! 1 i O and
G B0 ar ARtab R TRNNE SRR SEANant W9 UHE e\ IEDAlgoRiCR! BEREHng BED
har noni dJralignfricht eanmnpass chrgegle detbction, sysiehhmGHEEs el mg sapahtepr sigiededa LBO

is preferred for second harnonic generation, but nmnany other nonlinear
_crystal <Calipratign gHEGInthF2kIE PRBHCGIRPIBSZOREAN EHBPLH OBBC%rPémWélﬂ.th%ki 1 ed
persons wilJl . 1a e f. ' [, LJ: cuts
b non! 1 auseifF PERERE eIl 1t i S5ERkg RALIBRLE B n BB Bt e Ty o

. di f f er eninkysvedseigtteagiec PEIRI@BEN 6OH RligsmerftifeamTah $he Healde@ tPEESEHel NY
paranmeters, including the lengths, for preferred types of nonlinear

cryst al deamgs)pp @ giwen dipndeipe deuradslinksi andhe dicnesai be sgegred &y iten UVFHak
represents fourth har.noni eneration: Fi HG represents fifth harnonic
gener at ip5ﬂ?esﬁﬁgﬁ38gpe‘§liﬁﬁ}u§%”_ﬁﬁ’ﬁ@@lﬂg?%?ﬁ‘ng angle and may refer to crystal
cut; anCtOd}?fz]f ( Pt} ink EntRonf ire¥ites B ABsUikitySo prolfiek hisd/ duhlify, t8cused spots that

PCT/1JSi11/21851 representing the efficiency with ich a nonlinear crystal
i s capabire swhllerothow convegtibnalyaused by llRmkgireergsing Isygiérns.i dho imiegtien alsar noni ¢

l'i ght output,. [0035 one particul ar odi.nent .. .a BBO or CLBO nonli near
crysta B8V oyt SR Sl TP Eaent Gt il meside b b iongt h
conver t egiout ,ismgeﬂal&h?gh &@&mon%%s R @PRE ihbived oRygh ! RBiPR9ERRA Of
fourth harnonl c conversion. A BBO nonlinear” crystal provi des excel | ent
conver siforthef priovides aysplutipi nd diersobleodofegmngualalipyment hafh tlididavetittiecal and

hori zontal alignnment axes, has a very good UV dana t hreshol d, and is not
as hygr @Bgﬁﬂé‘%g&e NEAHNEEL BOHTBS t%o%ﬂe?lhé%ﬂm 8?‘?/@? ﬁ?‘ ??W@F%@)‘?H}é@e\/er y

good tr 1 S5iQn Ois, however, preferred even though it is
nor e hygsrglgl?c%glkg’ ?ﬁ%%g%g%ge CLBO offers a better acceptance angle and
smal | er (0018 of fAddnnal bijens BRORd 200364 offihe ibesmriedn atilbe sppirchid@omandi near

crystals 72 are precisely regul ated, preferably using tenperature feedback
control foHeping datniledidesaimiond amfaged embphiawatsihecnl, hiclopiceedsrgitio as to

pr oduce Uﬂei éﬁ)r :PO rocecssi nl%.l aser .pul se characteristics at the appropriate
wavel endthsSPA° pit 15CEPAP 128 S¥EY %t put al i gnnent is sensitive to changes

in the tenperat WRf PesthiRiAW th'PRhwiystal s 72, such that both beam
position, qualify, Shape, and output power can be significantly affected by

smal |t d#pt¥lat uddGe hangeshematic iéagnaml df ngmrtior yisa BIRAMZhowimpitiairedwdaniai ni ng
nonlinear crystal 72 may receive its power for tenperature regulation from
power saﬁfﬁﬂlﬂ} %@d?%fa@é}aﬁ@gwé%aﬁa GreW R Be BRI L cellsd/ or  control | ed
directly or indirectly fromsystemcontrol conputer 60 or a subprocessor.
The tenperature regul ation inproves both alignnment and target processing
and al so helps to mnimze collateral danmage to nontarget areas. j0037]
Wavel ength converted output 74 is then passed through a

wavel engt h-sel ective filter 76 to bl ock any unconverted output emtted from
nonl i near crystal 72 frombeing further transmtted towards the subsequent
components of UV SAS 66 and ultimately the workpiece 12. Although filter 76
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1'4'"" 0 1)2/11S3~S PCT/ 11511 /21851 control the edge sharpness of the spot
profile to produce a snaller, sharper-edged intensity profile that should
enhance tWO talopyhainment accuracy . In addition, with this arf@ig¥namts] the
shape of the aperture can be precisely circular or also be changed to
rectangular, elliptical, or other noncircular shapes that can be aligned
paral | el erp i gul: ink .l JIhe k 94
oy opt 1 OBy DERE) 213Gk shiulenfy e BBt it v AD BNl R,

i maged opemiconBell BnlbdBuctieskcdingrylasmisese a WV reflective or U
absorptive material, but is preferably made froma dielectric material such

as UV gr d882¥lusedlGi 2B dna biagmgpiany @ veowtas dheinthstauaiiyietandghe faseri iseyofuv

reflectiv ting ot her. UV resistant. coating. Skilled persons wl|
appr eci atlg[G??)r » LRRIlGr b ARk a@eﬁfé{ﬁmﬁ@t%’ﬁ‘w thout optical el enents 90

and 92. [@§4] | m@nalii 8rRaklcherP LI kE SR neN D@ BRI 1 the Bhk GRlictBlesmait, 90

i ncludes one or nore beam shapi ng” conponents that convert |aser pul ses

-

-therefore mnimze

havi ng a 2Basfidahs Sinkis rentovdd dycake pasef pulge.i nt o shaped (and focused} pul ses
that have a near-uniform"top hat" profile, or particularly a

super - Gad89#3n | FiGdP ane ectisrsticidagram qf 2g.emhodimens o4 lagse pytieme ofdamrgsent
downstream, %ftioﬂ%élﬁcg:ng f‘?)hgﬁfﬂ{orggugrﬁggﬁl cﬁaﬁe%ﬂ;;ﬁ Hl%ﬂlﬁgg. conponent s may i ncl ude

aspheric O_p%l cs of rfractive op I's enbodi ment, |ens 92

conpri sesjodzRgi NFIQPL i€ S stagRitied Faoily saebagt MidkgoPeRtbad gethansketlbmaingence.
Skilled persons will appreciate that a single inaging |ens conponent or
mul ti pl e thepsesewripoansion singliding dasaibngl oy embogkngrted ap émegersoptick maguko
appr eci at at ped | aser out put can be | oyed w thout using an
aper tur o MR 0, T1808 s TR mifecdieiP et B taind DPReobesiTn e Pigs
conponent gopdic! Udheas i § Sl oRRhiis: ALRTRN kAN ridile can perform
conpl ex beam'shaping wth high efficiency and accuracy . The beam shapi ng
conmponent s not oflleyiled dstoption bhBreGauskEmbodinreati ance profile to a

near-uni formirradiance profile, but they alsq focus the shaped output to a
det er mi nal¥fPe7lor &ecs Fhews sphin spmponeas ot preieras sipPaligeBiidesepoesiem 48

prefer rodye BKLILES  ARLR0RSRN L AR EOREE, DA o D BN LRy ad el e
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enhanced repeatability and alignnent accuracy. Because the dinmensions and
positions of the processed craters can be accurately predicted, such as in
the center of links 22, and can be made5to have a narrower profile than
conventional |ink severing craters, these techni ques may be useful for
increasing the circuit density of the electronic workpieces 12. [0047] Wth
reference again to FiG 3, wavel ength converted output 74 preferably
travel s through a variabl e beam expander (VBE) 96 to allow a user to
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t hrough an imaged optics nodule 52b to optim ze accuracy in the_alignnment
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~include one. In addition, it may be desirable to have an aperture of a
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those of the aperture .in modul e.52a. In a. preferred emhodi ngnt,
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optics nodul e 52b, and both imaged optics nodul es include a focusing | ens
and an aperture nmask 94. [0059] Laser output 56b is then directed toward a
secondary detection nodule 100b, whicht6s sinmlar to detection nodule 100a,
but secondary detection nodule 100b is adapted for use with green and/or IR
| aser |ight. Detection nodule 100b preferably includes a beansplitter 102
that splits off a fraction of the incident |aser output 56b so that it can
be sanpled. This incident beam may be split again, as desired, so that
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[006e In preferred enbodi nent, |aser output 55 includes primarily green
(second harnonic) laser light; wavel ength converted output 74 includes
primaril yWwow2{fBarth harnmonic) laser light; and | aser out ptT/B8i/2i%id| udes
primarily green |aser light for secondary target alignnment. Since green
light is closer than IR Iight in wavel ength to the wavel ength converted
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PCT/ US111/218s1 Clains 2. A laser systemfor processing links of an IC
device, conprising: a laser source for generating green laser |ight having
a wavel ength within a wavel ength range »f about 510-575 nm for propagation
along a first optical path; 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 nodul ator, positioned along the
first optical path, capable of switching between a high attenuation state
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light; a second optical path for propagating a portion of the green |aser

| i ght received by the beansplitter; a green |light detection nodul e

posi ti ond¥O 4VRES t he second optical path and downstream f PEFUSHE21851
beansplitter, the green Light detection nodul e being adapted for detecting
green light reflected froma target; and a beam conbi ner positioned to

recei ve Lphicasls. | IafierfiofMskhRd pefsdhs Rt bpgeciaft faedghodsiear 1131@%&1@ of | i ght
fromthe second optical path and'to transm't both green and UV Taser |ight

t owar d t henlingaigelystaB72 Pheitibasslealong S dirstofptichlpath ©2iinpueifitrebiytchBieasesr sour ce
al so gener s first harnoni IR.laser Jight and the green |ight conprijses
P he s Al ih 12 o AE el P AR FrstaL 3 aoty et Sy a0 28 may Barmor Bed
the gree Fivd d : | ' I 1 Ies Laser
ont et 8815 kel Bl ard filrP Bhralitioin kDt Bedg A ARGy Blibaoer
WV | i ght paiefeRactvetinyr throughehd asigaicar drystahe2.| ageiougly s cemventiondligilargd i n whi ch

“the laser source also generates IR |aser light, further conprising: 20
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strictly based on clear aperture considerations as routinely practiced by those skilled in the
art. This transverse geometrical consideration provides for potential hygroscopic
diminishment of the clear aperture and thereby maintains a sufficient area of the overall
clear aperture during the useful life of nonlinear crystal 72. The other sides, i.e. height and
width, of the nonlinear crystal 72 are typically 3-5 mm but may be larger, and the entire
nonlinear crystal 72 is typically square or rectangular, but may be formed in other shapes
as well.
[0034] Nomnlinear crystal 72 is preferably fabricated from 8-BaB204 (barium borate or
BBO), LiB3Os (lithium borate or LBO), or CsLiBsO10 (CLBO). BBO, LBO, and CLBO are
all preferred for converting laser output 56 into the near UV (third harmonic generation),
with LBO being most preferred. BBO and CLBO are both preferred for converting laser
output 56 into the UV fourth harmonic or fifth harmonic generation, with CLBO being
most preferred. LBO is preferred for second harmonic generation, but many other
nonlinear crystals are known to skilled persons and could be employed. Skilled persons
will appreciate that different harmonics may employ different cuts of nonlinear crystals 72
with respect to their crystallographic axes and different wavelength-dependent coatings.
FIG. 5 is a table presenting parameters, including the lengths, for preferred types of
nonlinear crystals. In FIG. 5, THG represents third harmonic generation; FHG represents
fourth harmonic generation; FiHG represents fifth harmonic generation; PM represents

phase-matching angle and may refer to crystal cut; and desr(pm/V) is a figure of merit



a beansplitter positioned along the first optical path to receive the IR

| aser light; a second optical path for propagating a portion of the IR

| aser |i WY& ved by the beansplitter; an IR |ight detBCTUSH/Hdul e
positioned al ong the second optical path and downstream fromthe
beansplitter, the IR light detection nodul e being adapted for detecting IR

l'ight rebhesdneds tosfRidney $al wibh aaochBAHr RPPIRAING EaRBR dicRAGsd ik receive W
| aser light fromthe first optical path and TR laser light fromthe second

opti cal fpedamented wayetengiishight iso thigheRhaimgonily lighisenputi ght toward the target.
6. The | .systemof. claim|l .in whi t he er source al .gener at es
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“target. 7. The | aser systemof claim| further conprising: a_ focusing
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peri pheral potion of the UV | aser Light. 1'l"0 02/ (1S3-1s
PCT/ 1151tbs2iB8®D a8 260 he.| 83480 sy bowavayf prdfaired dvenuhougr it ésompre lgignoscopic

diffractjve tical e nt_positioned along the first optjc th
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| i ght; aH%O.an aperture mask positioned along the first optical path,

between the diffractive optical elenment and the UV detection nodule, for

cli ppi ndoedqer i phetahpgotukdsat id nddimebMedys@ht 72 &e pFéwselyasgulaseds pesfenblyc! ai m
2 further conprising: a focusing optical elenment positioned along the
second oistiectamppiRfe feraibagle pontrpd 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 nonlinear crystals 72, such that both beam position, quality, shape, and output power
can be significantly affected by small temperature changes in the nonlinear crystals 72. A
module containing nonlinear 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 ultimately 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 a the link
severance performance with respect to particular materials, filter 76 is 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 is omitted, downstream mirrors
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beam nodul at or and the green detection nodule, for focusing the green |aser
| ight; and an aperture mask positioned along the second optical path,

bet ween W{EI¥Wé4isi ng optical el enent and the green det ect PENUARDAUBH, f or
clipping a peripheral portion of the green |laser light. 10. The | aser
systemof claim5 further conprising: a focusing optical elenent positioned
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posi tiongttal ong the second optical path, between the focusing optical

el enent and the IR detection nodule, for clipping a peripheral portion of
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equal to a nm and | e equal to about 12 mm of the nonlinear
crystal .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 modulator. Alternatively, a polarization rotation element, such as a half
wave plate or a liquid crystal cell, followed by a polarizer could be employed. AOMs 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 shape characteristics that 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 and 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
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18. The laser systemof claim1l in which the nonlinear crystal conprises
BBO, LBO, or CLBO 19. The | aser systemof claim 3 in which the nonlinear
crystal ®BéhI¥48s BBO, LBO, or CLBO. 20. The | aser systenPQF/UBMAIBRRIS jn
whi ch the nonlinear crystal conprises LBO 21. The |aser systemof claimb5
i n which the nonlinear crystal conprises CLBO . 22. The | aser system of

clai m 7 dontrghihg Rdp& ShaRpikss BEAT s?b%’ﬁicﬁﬂe eopmtlces siBRr, bRheraddebl Bdensdis. The
C

| aser systemof claim8 in whi e nonlinear crystal conprises BBO "LBQ
or CLBO.prefile iiteshpuldeanhenest tberabgnioentiageuracy . n i dithort, veithnidid dmmamemeniy shel
conprises BBQ LBO, or CLBO._25. The | aser systemof claim12 in Lch the
N | nediabs LSRG S D6 Peseiely Beruig: CcaRLe SgnewhE faelel itithcat

" claim 13, |G ' ' ; : 7.
The 1 nsa? DyERrhlIg, AR AR tardie BienTARE] Rk B IEE ROt
LBO, or 30.BThe 2fkrtuftief hasiep4 syast aprionhlly baiflared Dutwardhi athitstiipght eeiving séd

" crystal conprises BBO_ LBO or CLBO 29. The laser systemof claim1
furt her [08#dri silhgnagedopties Bpgils Bl arsk 04 may qomprise i ¥V grlectiiesid’Y he

e T S R AR T T

1' 4" O | i Rkdd1stBcalor sapphire coated with a multilayer highly UV reflective coating other UV
resistant coating. Skilled persons will appreciate that aperture mask 94 can be used without
optical elements 90 and 92.
[0042] In an alternative preferred embodiment, optical element 90 includes one or more
beam shaping components that convert laser pulses having a raw Gaussian irradiance profile
into shaped (and focused) pulses that have a near-uniform “top hat” profile, or particularly
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 00/73103 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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PCT/I'1SI11121f3s1 30. The laser systemof claim7 in which the aperture
mask has a noncircular aperture. 3l. The | aser systemof claim8 in which

t he aperw@rid/of@Sk has a noncircul ar aperture. 32. The | asRGT/BYHE2Elof claim
9 in which the aperture mask has a noncircul ar aperture. 33. The | aser
systemof claim1 in which the beam nodul ator is al so capable of sw tching
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 transm ssion of | aser syst em out put "I n an. aut opu se frode. The | aser

syst em dI2 slpartioudariynthivhamchsdnbizivb eafd Vrdambgd. oThé ﬁnaagedcshqmdamitplt@bn swaatechi ng
to a full attenuation state to block transm ssion of |aser s%/jptem out put in
an aut opUPESIHEMRL Crailgr bagrese Hisamitya Bapoel WRvloRLi cotyCrRT OHPUhEIr Bt

modul at g b s 2l 50 RORRLE oPLcaMS GTHNG:0: helhler AUHEOUAL O, AT Bekforld OCK
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transm ssion o an autopul'se

system ft’abﬂﬁt@ﬁfésféhﬂgudd dstk@a@:ts aztthlacire(ﬂmas:m ERRA Sdtven iPad@EST toSey ce for
generating green laser light having a wavel ength within a wavel ength range

of aboutplS@tl@e15'£Bamdtg€0memQ§plagaztllspﬁda%ong a first opt i cal pat h; a

32? Ir Eé: eﬂ)%&?] norM(lnrég%r a lf(gst;[ ?ractPOSI t'ho %%a%"é"nérgy Ic%.t? be eHvere&1 Ov%rlgpqgcefll?r st
without a large difference in fluence between the center and edges of the imaged spot. In
addition, the flat top irradiance profile may be desired to maximize the energy per pulse
that propagates through 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 low.
[0046] Skilled persons will also appreciate that the techniques described herein also
permit enhanced repeatability and alignment accuracy. Because the dimensions 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 the 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 fo the beam may

additionally be employed. The rotatable plates are preferably positioned between VBE 96
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path such that the nonlinear crystal converts a portion of the green |aser
light into WIlight; a beam shaping el enent positioned along the first

opti cal P& R/sddwnstream fromthe nonlinear crystal, for BOHpbMRIEHe UV

Li ght; and 24 1~~ O 112HI S3-1; PCTIUSI ~11218s1 an aperture mask
positioned along the first optical path, downstream fromthe beam shapi ng

el ement , arfdadetdekibi oG &1 (0, ibphedrpdltdpaiiveRTbeoposithimeNelv @htdetedfon HGuleaser
system of claim39 in which the beam shapi ng el enent cor‘rPri ses a

di f fract 100 agtbeaaicombanant20. 4The dignmenbalipgmepisdor thesh glargsere bemagyallc
devi ce, copprising: generatin reen |laser || aving a wavel ength within
2 wavel e R dast TEbGE S5 B SRR Broh Pl e i Mafndr ST SRRy

- optical gath; enploying a nonlinear crystal positioned along the first
optical path to convert green laser light traveling along the first optical
pat h to [0¥48laseContighing thwmugh AV & Afeain wandidngtioconvertedrpaiptit 24 13ipglferably

" attenuation state to the UV |aser |ight tollcgrovi de | gw power |.aser output;

|
di r ect i ngiTecés EANER A HYedeteritopunodwa . aFiGergista stawiifed seRymatc vigghet a
flected. . ; b gnl . ' t t t;
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llaser | i gltvehiend?! ehe @@edtoahnp@uen 0f ssein DUFRIBILE isaledigdhte@Cinl G, 3, Mths 00
hi gh power | aser output toward the target to sever it. 42. The method of

cl ai m 41inf UVt 36Y 6¢ enpwidi HIYb oy AG a characteristic of the UV | aser
LS YR syl 80 SRRt BOBL AR Turh g
A e S A e
passi ng incideht lmaghmay beaplit 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. Also in particular, detection module 100a
preferably includes a sensor 104(a) that can characterize the pulsed output characteristics
that are important for a severing 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 the major portion of wavelength converted output 74
along beam path 110a, shown in FIG. 4 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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shapi ng el enent, positioned along the first optical path and down stream of
t he beam nodul ator, for shaping the W laser Light. 44. The nethod of claim
43 furt h&o erp+3 si ng: changi ng a characteristic of the WRCTASer2iBight by
passing it through a diffractive optical elenent, positioned al ong the
first optical path between the beam nodul ator and the aperture mask, for
shapi ng {lieapMedideahat! dtBdH implementiRnEBE BOMn ebmbliRl M@ drd pHskiBR! OBRBIJESI NQ:
25 WO (12/11;3-t5 PCT/US111/218s 1 changing a characteristic of the W
| aser |ilghs 1BY cpaslsd bg referrettoagh “secordmmaging, nigcediggrenttingp os f¢andesd Al ong
the first optical path and down stream of the beam nodul ator, for shaping
the LV | 4y pf a?&lgomag Sﬂﬁﬁ%ﬂ%ﬂ@h@av‘aﬁl%wkme&eq?@mﬁg Pgl?ﬁ%“r leat ABY/Othangi ng
a charac | $k4 . ' ' ' r hhfractive
opti cal Eé errZ%% ,Ereg%}sof‘{}f%)negleglls@%glt{ Elts fallﬁ%{scig algl;tkélﬂl%g# IBE%CFhREIgtIB \C}\%egréb?he beam
nmodul at Opfﬁos@tﬁtdliﬁg‘lgfs&ﬂﬂ iade %%rrmsdtro S elentEholbidngried) an¥V dfaBgtland, Pikgorfdan Dhe
claim4l in which the length of nonlinear crystal positioned
al ong t haoflifiedtto gpplegeant parefeired gmbediment plathednvesgionl to about 3 nmm and

| h | b 2 mn. 48, et hod of cl aj in which th
| angt h oURBH a5 B futiasph e st S0 ElatE rie sl et pER 1"

greater Bé&%’i‘g@éﬂi&ﬂﬂ |sy§té}nql@,@%m,réf@aﬁﬂdsyh@lﬁ%nfz@@ﬂleof’irij?g%'lal'asér%4&19%lat $ mm
49. The nethod of clfaim42 in Ich the 'l ength of nonllnear crystal

posi t i onmdtiah ofighet dvenfanests of ptam pbsifanihg isgstgnddleuch hadesoribebimdl .. ®Paabout 3
mm and | ess than or equal to about 12 nm, 50. The nethod of claim49 in

whi ch t h&o| éd&?ﬁﬁéf( Sonbaerel B il ok desegipes lascr processing power output

stabilization techniques employing processing position feedback that improve pulse to pulse

peak energy level stability while providing a means to deliver pulses at high repetition
rates.

[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 substantiaily 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 4 nm and

| ess than or equal to about 8 nun. 51. The nethod of claim43 in which the
| engt h oWweilSs4fear crystal positioned along the first opPCTHEBIIRABH i s
greater than or equal to about 3 mmand | ess than or equal to about 12 nmm
52. The nethod of claim51 mwhich the | ength of nonlinear- crystal

posi ti ongseddmeRg fchel deatinly 1elbides MlerR@l fnd SN 8ffedts BN AT GHsAlisel e about 4
nm and |l'ess than or equal to about 8 mm 53. The nethod of claim52 in

whi ch t heusdd hakesr diitglycle yapaticne sriaingduem Hireng B asdr dhaaryomg miaxpnied engt h.
54. The nethod _of claim4l in. which the UV lL.aser light comprises.a fourth
o F111 PR osED g kit o e Cehon SFinees i SR bR A Shsd Ly
- laser i . ' a t g4 i i€ t W O
112/ 0; 3@%%%@?%??%2 24[1%3%}]51%9&? %E%ﬂéﬁ‘%?& Elulhi%1 ni nghtgﬁ?g@elga%glro I(:)ué:essi ng
beam t 0 genkraniknofvhizh daGseddmige evariatoonsrin shanighrnygaiesaputreperpye eSuchabamall iaght
propagation along a first optical path; splitti n% the green |l aser |ight
into a nafiBnt iEects e apRICHISE EReSHIETHoPATi IBRSCsAfdASCE RALO VAR YrRiCB Wi dhaD GAsof
the green_l| | ght t |.ong the first optical path and such that
the | esstg? °§§’$‘f Pﬁ?g%fr%’g%g?%? gﬁ%ﬁ‘g‘g‘a second optical path; enploying a
nonl i neaps4y st dor M'ﬁrb&@ﬁﬂ%,alhébﬂgyét&ﬂ 48 1 %EPM bpﬁﬂodﬁ%}l/@ 1ds6r SRRMEDEAF een

| aser light traveling along the first optical path to | aser |ight;

causi ng i4tehdysmpretaitddapasameters afgmkt pracdshigh vaindewttal oay stcwde to the LTV

laser i r%ra%?mgarlg \éhgrgy lp%¥v pglgg\gglugsvinl aal"saleléeg tagcgjutt ;0.01 pJ to about 10 pJ; spot size
diameters or spatial major axes of about (j.3 um to about 10 ym, and preferably from about
0.5-5.0 pm, and most preferably less than 2 pm; and a pulse repetition frequency (PRF) of
greater than about 1 kHz, preferably greater than about 20 kHz or even as high as or higher
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 attenvated 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 aéain 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



directing | ow power UV | aser output along the first optical path and

t hrough a beam conbi ner toward a target; detecting W light reflected from
the targ&¥0Qoueidsy ng a beam nodul ator to inpart a full att @ WAtSHOdI8State to
the UV laser light to block the transm ssion of UV laser light toward the
target; directing the green |aser |light along the second optical path and

t hrough nﬁa@?esti GBS fla/dh@khisdn SRidsCab. Raker sp@rdotBerctaiget ;

detecting green INight reflected fromthe target; and calibrating relative
posi t i ononading gveeh owIRdight hawngd as eptical ppefile prefetahly gptmeined fosgurpasghof. 57.
The nethod of claimb56 further conprising: passing the green |aser light or
the | ow BEBRERIIEMYCaser out put through an inmaged optics nodul e. 58. The

- met hod aim ' i . i ' ' .| cal
o emont TONSTE, ikl Suedb 568 1 B! SBREAPEARAYS SPTRIAGE SO0 ORI

optical @een®pbned e psesr af Midrfduanl 568 vegd foisiligh@BRNdcans6 0A ttdRtdresOnad of

claim56 in which the | ength of nonlinear crystal positioned along the

f'irst opefeailypiosed tgstentaser odant b Baoabeinpiramsouittedionmiaggdl dusigg Yhan or
| /21861 61,...The, et hod
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nonl i nealigiar Wsttaluaos BOD aximtlle for this application at these wavelengths are also
commercially available. Attenuator 80b may alternatively be any 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
to optimize accuracy in the alignment process. lmaged 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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along the first optical path is greater than or equal to about 3 nm and
| ess than or equal to about 12 mm 53. The nethod of claim52 in which the
Wl aser | Who2/gdhprises a fourth or fifth harnonic wavel en§€hUSBU218The
met hod of claim6l in which the UV |aser light conprises a fourth or fifth
har noni ¢ wavel ength. 65. The nmethod of claim62 in which the UV | aser |ight
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target; 2801 mW to about 10 mW at about 20-100 kHz. When STAS 50 employs 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 pm 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 pm. If there is displacement between the focused wavelength 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 quariz 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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V'O 112/i1s3-1S PCT/USII1/218s1 detecting green light reflected fromthe
target; and calibrating relative positions of the | ow power UV | aser out put
and the ghéew/isdser |ight. 67. A nethod for aligning a | asBETHPHEEER ng
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of the first optical path toward the target; detecting IR light reflected
fromthe tsangde, and calibrating relative positions of the |ow power W
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system so that the wafer is placed on a platform and oriented such that a feature of the
wafer edge is positioned relative to a known coordinate system. The wafer is also roughly
positioned so that the die (or group of die) to be processed are located under the objective
lens 122. Once the proper die is located, additional link targeting accuracy can be
accomplished by doing an additional alignment step using features of laser system 48.
[0066] A common method is to use an attenuated process laser beam to scan reference
alignment marks or features that are located in the corners of each die. Scanning these
marks teaches the positioning system 130 the location (X, Y, & Z coordinates) of the laser
system output 140 with respect io the alignment marks. The scans are preferably
performed with the laser 54 at a repetition rate of greater than 20 kHz, and the scan of each
alignment target is typically conducted for about 0.01-10 milliseconds. Alternatively, scans
can be performed in CW mode where laser 54 has sufficient output power. Once the beam
positioning system 130 has been taught the precise location of the beam with respect to a
given die, positioning system 130 can very accurately move the wafer 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 alignment 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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| ight for propagation along a first optical path; enploying a nonlinear
crystal pWéia2fiéheéd al ong the first optical path to convertP@lE&8H/2igder
light traveling along the first optical path to fourth harnonic WI aser
light; 29 WO 112/11; 3-1; PCT/11S01/21851 causing the bean nodul ator to

mpart a piod ALLERARIANOSHA R Ao LB RRRG | Sbleskh REGUEL G ROVeT
e pr Bk SRR I

W laser © rrecting Tow power aser output a

opti cal p@idhaﬁaﬂ@utdﬂt 661 Rictg ipbal GRIHIENB. L Q\walkiratiol airge] sudﬂ&is%&ﬂllrcﬁlge N
light reflected fromthe target; causi ng a beam nodul ator to inpart a full
at t enuat | GHrigcakilration ghid. that r@sbfr sqajget bt bOthfb%Rl‘lﬂllﬂé‘/ indasespidasy Bscrorcang

‘laser light to t he ta t; recting the l.R | aser second
opt cal  paReEnn fi Bk BB e ot EEH Re S Rt reRB e E orar o
the tar geﬁearrﬁ%tr@%ddﬁgteﬁacl’dsg RbcH &slieg bahrhtiAMat 8 sb WA et be%ﬂij%é?sﬁidn!ﬁ ating
‘relative positions of the |ow power UV Iaser output and the IR |aser Iight.
&9. A netdywetnf HO jpriacghs mmlatlvnkscatlnnanf ¢aCh dewinc e ltaroatprelys iatighe desiedat i ng

WV laser |ight having a wavel ength ss than 390 nm _passing the W
| aser Iig‘F?tIl%EWBL‘i%}He ag¢ ganged Pw&n%gﬁarﬁgrst@rlémt %ﬁresfﬂgiﬁa%ﬂkg% ot er

L P00 oMo 3l bl .1 RUERUES RPN AP
an i magi nghd s pddidaedd RGutdRn\chi gb"talﬁirat%d‘lle ThicrdslibAtien 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 links 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 many changes may be made
to the details of the above-described embodiments of this invention without departing from
the underlying principles thereof. The scope of the present invention should, therefore, be

determined only by the following claims.
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detecting green light reflected from a target; and

a beam combiner positioned to receive UV laser light from the first optical path
and green laser light from the second optical path and to transmit both green and UV laser
light toward the target.

3. The laser system 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
nonlinear crystal converts portions of the green laser light and the IR laser light into third
harmonic UV laser light, and the UV detection module is adapted 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 laser

light, further comprising:
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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 which the laser source also generates IR laser
light, further comprising:

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

a second optical path for propagating a portion of the IR laser light received by
the beamsplitter;

an IR light detection module positioned along the second optical path and
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.

6. The laser system of claim 1 in which the laser source also generates first
harmonic IR Iaser light and the green light comprises the second harmonic such that the
nonlinear crystal converts portions of the green laser light into fourth harmonic UV laser
light, and the UV detection module is adapted for detecting fourth harmonic 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
beam modulator and the UV detection module, for focusing the UV laser light; and

an aperture mask positioned along the first optical path, between the focusing
optical element and the UV detection module, for clipping a peripheral potion of the UV

laser light.
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optical element and the UV detecuon module, for clipping a peripheral portion of the UV
light.

9. The laser system of claim 2 further comprising:

a focusing optical element positioned along the second optical 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 focusing
optical element and the green detection module, for clipping a peripheral portion of the
green laser light.

10. The laser system of claim 5 further comprising:

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

an aperture mask positioned along the second optical path, between the focusing
optical element and the IR detection module, for clipping a peripheral portion 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 1 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.

13. The laser system of claim 1 in which the first optical path passes through
less than about 7 nun of the nonlinear crystal.

14. The laser system of claim 6 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.

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.
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crystal.

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

21. The laser 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 comprises 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 nonlinear 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 comprises BBO,
LBO, or CLBO.

28. The laser system of claim 15 in which the nonlinear crystal comprises BBO,
LBO, or CLBO.

29. The laser system of claim 1 further comprising:

a wavelength 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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33. The laser system of claim 1 in which the beam modulator is also capable of
switching to a full attenuation state to block transmission of laser system output in an
autopulse mode.

34. The laser system of claim 2 in which 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 attenuation state to block transmission of laser system output in an
autopulse mode.

36. The laser system of claim 7 in which the beam modulator is also capable of
switching to a full attenuation state to block transmission of laser system output in an
autopulse mode.

37. The laser system of claim & in which the beam modulator is also capable of
switching to a full attenuation state to block transmission of laser system output in an
autopuise mode.

38. The laser system of claim 14 in which the beam modulator is also capable
of switching to a full attenuation state to block transmission of laser system output in an
autopulse mode.

39. A laser system for processing links of an IC device, comprising:

a laser source for generating green laser light having a wavelength within a
wavelength range of about 510-575 nm for propagation along a first optical path;

a short-length nonlinear crystal positioned with its length along the first optical
path such that the nonlinear crystal converts a portion of the green laser light into UV light;

a beam shaping element positioned along the first optical path, downstream from

the nonlinear crystal, for shaping the UV light; and
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about 510- 575 nm for propagation along a first optical path;
employing 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 attennation state to the UV laser light
to provide low power laser output;
' directing low power laser output toward a target;
detecting UV light reflected from the target,
aligning the UV Ilaser light to the target;
causing the beam modulator 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 target to sever it.
42. The method of claim 41 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
clipping a peripheral portion of the UV laser light.
43, The method of claim 42 further comprising:
changing a characteristic of the UV laser light by passing it through a beam
shaping element, positioned 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 comprising:
changing a characteristic 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 41 further comprising:
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10% u&' () - _k dEM& The method of claim 41 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 positioned
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 42 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.

50. The method of claim 49 in which the length of noniinear crystal positioned
along the first optical path is greater than or equal to about 4 mm and iess than or equai to
about 8§ mm.

51. The method of claim 43 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.

52. The method of claim 51 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.

53. The method of claim 52 in which the UV laser light comprises a fourth or
fifth harmonic wavelength.

54. The method of claim 41 in which the UV laser light comprises a fourth or
fifth harmonic wavelength.

55. The method of claim 42 in which the UV laser light comprises a fourth or

fifth harmonic wavelength.
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splitting the green laser light into a major portion and a lesser portion such that
the major portion of the green laser light propagates along the first optical path and such
that the lesser portion propagates along a second optical path;
employing 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 the beam modulator to impart a high attenuation state to the UV laser
light to provide low power UV laser output;
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 a beam modulator to impart a full attenuation state to the UV laser light
to block the transmission of UV laser light toward the target;
directing the green laser light along the second optical path and through the
beam combiner of the first optical path toward the target;
detecting green light reflected from the target; and

calibrating relative positions of the low power UV laser output and the green
laser light.

57. The method of claim 56 further comprising:

passing the green laser light or the low power UV laser output through an
imaged optics module.

58. The method of claim 57 in which the image optics module comprises an
optical element and an aperture mask.

59. The method of claim 58 in which the optical element comprises a diffractive
optics element.

60. The method of claim 56 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.
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along the first optical path is greater than or equal to about 4 mm and less than or equal to

about 8 mm.

62. The method of claim 57 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.

63. The method of claim 62 in which the UV laser light comprises a fourth or
fifth harmonic wavelength.

64. The method of claim 61 in which the UV laser light comprises a fourth or
fifth harmonic wavelength. |

65. The method of claim 62 in which the UV laser light comprises a fourth or
fifth harmonic wavelength.

66. A method for aligning a laser processing beam to a link of an IC device,
comprising:

generating first harmonic IR laser light and second harmonic green laser light
for propagation along a first optical path;

splitting the green laser light into a major portion and a lesser portion such that
the major portion of the green laser light propagates along the first optical path and such
that the lesser portion propagates along a second optical path;

employing a nonlinear crystal positioned along the first optical path to convert
green laser light and IR laser light traveling along the first optical path to third harmonic
UV laser light;

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

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 a beam modulator to impart a full attenuation state to the UV laser light
to block the transmission of UV laser light toward the target;

directing the green laser light along the second optical path and through the

beam combiner of the first optical path toward the target;
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detecting green light reflected from the target; and
calibrating relative positions of the low power UV laser output and the green
laser light.
67. A method for aligning a laser processing beam to a link of an IC device,
comprising:
generating first harmonic IR laser light and second harmonic green laser light
for propagation along a first optical path;
splitting the IR laser light into a major portion and a lesser portion such that the
major portion of the IR laser light propagates along the first optical path and such that the
lesser portion propagates along a second optical path;
employing a nonlinear crystal positioned along the first optical path to convert
green laser light and IR laser light traveling along the first optical path to third harmonic
UV laser light;
causing the beam modulator to impart a high attenuation state to the UV laser
light to provide low power UV laser output;
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 a beam modulator to impart a full attenuation state to the UV laser light
to block the transmission of UV laser light toward the target;
directing the IR laser light along the second optical path and through the beam
combiner of the first optical path toward the target;
detecting IR light reflected from the target; and
calibrating relative positions of the low power UV laser output and the IR laser
light.
68. A method for aligning a laser processing beam to a link of an IC device,
comprising:
generating first harmonic IR laser light and second harmonic green Iaser light
for propagation along a first optical path;
employing a nonlinear crystal positioned along the first optical path to convert

green laser light traveling along the first optical path to fourth harmonic UV laser light;
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beam combiner toward a target;
detecting UV light reflected from the target;
causing a beam modulator to impart a full attenuation state to the UV laser light
to block the transmission of UV laser light toward the target;
directing the IR laser light along a second optical path and through the beam
combiner of the first optical path toward the target;

detecting IR light reflected from the target; and

calibrating relative positions of the low power UV laser output and the IR laser

light.

69. A method for processing links in an IC device, comprising:

generating UV laser light having a wavelength of less than 390 nm,;

passing the UV laser light through a diffractive optical element for shaping the
UV laser light;

passing the UV laser light through an aperture mask for clipping a peripheral
potion of the UV laser light;

passing the UV laser light through an imaging lens;

directing the UV light at the link; and

severing the link.
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