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Background of the Invention

[0004] Decreased yields in IC device fabrication processes often result from
defects caused by misalignment of subsurface layers or patterns or by particulate
contaminants. Figs. 1, 2A, and 2B show repetitive electronic circuits 10 of an IC
device or work piece 12 that are commonly fabricated in rows or columns 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 designed to include between electrical contacts 24 laser severable conductive
links 22 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

1



bet ween adj acent el ectrical contacts 24, and

el ement-to-el enent pitches (center-tocenter spacings)
wQ@200sf01@ROUt 2 nm - 8 nm from adj acent circui t PCT/US2004/026977

structures or elenents 34. Although the nost comonly

oR AT SRS S R P (PR oo o
seveEReKY DY t@ esiiie0CO iveagired ﬁemf:esror to ptogrami & igiyproduct, gate

conductive nmetallic Iink materials that may include,
arrayg; oaAS!IGSt |inmted to, alumi num chronide, copper,

[ooﬂﬁat Lf?‘n'kgi?@ in |IHP(CSlfI%ICtLﬁ'Q RBMArdSbdut b@hﬁ’(’f?bnt(‘:lﬁ\gsbeﬁ}n tthk and are

as ot her netals, netal
desngrterd \dms cemdmtamai linkawidiins 38 of about O prit-rd. unm dmkdengths 30

sobehE et SRR U 2 4 U i cporo-
cen%& srgic;rg}é'l) BoedriRnt 2 k- BQIm%mtha%%hi Eircfit sthectiestard

the |l ocations of be mapped into
elemedtst &haAﬂhomgmtl‘@ma’t camensindy wsed link thermks bavae been
i nfra

ool 5 3P B R SR Hor

recéﬁ’tﬂ%‘@ébt&& d Vdilety 8Bmor® @Mﬁdéﬂ?@ondﬁﬁwe/mlemlfc link materials that
rocesmbag systenms focus at a selected |ink 22
a

a
may inejide, lbad @re pat lpnitedia, @élrsmuna\nhﬁ@naiep@paeewg@!qq nigkel, nickel

oGl OB BRSSPl Y5 e it B, o
mtrﬂ@slsz@h'wthm&rﬁ omanﬁlumq’ﬂtlrrde Afetalsifoidesisudh as disilicide,

ysilicon or metal |ink 22 positioned above a
tun§$tﬁﬂ@dl$l<1ﬁjl§§tqﬂéﬁrénﬂtﬁ| -k maderiglen corponent |ayers of a

[°°§§1§§: gg%dtl%?’ll Girddits 4Z)ay?ﬁum€'e%rﬁg 19'21”89;1'%%\,% 'Béllls 30 are tested

ion 1ayer own 1 n
for Hgfelctn they Icﬁ;@nﬂéné obwhitbAnappetrhapped intal aaiatalnm oypregram.

Tralhionah MoATaum 8} 1064 wranfaod) Baes MieRB e bEER
em@%ggd %br Hnbgé‘y&g%gzd‘?éar@,%%%bfo%n@lﬁférﬁé‘&é 8&iffuctive links 22.

ar at ed ance that defines a nonmnal |ink
ConvetitionaBmenory fink @messmg sy@&maémqﬁa@tsaageleoteﬂémﬂ a single

lasertpafpuSR Y Avind § puie Pt o BBRUEn Ap P The) g 50 .

Fig Q%W%RH'ZH‘%O\D%SI%H@%&TM GhYspot siFé. (aﬂéé oﬁdﬂdn@e@ Wohinfiinging a

icon dioxide or silicon nitride are relatlvegg
linkistaresyrer3fcomposed abapolysiicaniosmetahlink 221Rgsifiongg above a silicon

ol o S3R SO BO e Bl i 0 B8R ctuin o

ove'rl@ﬁf@f pé’éﬁl\ﬁéildnﬂagérf £ (shown indtigc2A)] WhchSH(ls?t@plcaﬂy Boeﬁdlﬁ) 000A (D)
sélected link 2 eln% processedby a single |ase
vale

thigku bed anTursleslyingpassivatiohdeyer 6. akiol zca&fwv%wéa«yaﬁe@tﬂmks 22

o S s A 45 BSOT 2 P
S|d8@urf§cé‘s 52 *apanited by & disnse thatadefinesizdeomiraMiok \Mldtla 28 which

link structure of Fig. 2B after renoval of I%znk 22
lasemepqs38opncanipasses to saverdinki2?. aSiican suhakate; ?P.%Ofbs a

relatively small proportional quantity of IR laser radiation, and conventional
passivation layers 44, 46, and 48 such as silicon dioxide or silicon nitride are
relatively transparent to IR laser radiation. The links 22 are typically processed “on-
the-fly” such that the beam positioning system does not have to stop moving when a
laser pulse is fired at a selected link 22, with each selected link 22 being processed
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enables the use of an even smaller beam spot size. However, expose and etch

removal techniques employ additional coating, developing, and/or etching steps,

which typically entail sending the wafer back to the front end of the manufacturing

process for one or more extra steps.

[0011]  Fig. 3A is the typical temporal shape of a traditional laser pulse at

wavelengths of 1 pm and 1.3 pym used in the link processing. To more effectively

use the laser energy, Smart et al. in U.S. Patent Nos. 6,281,471 and 6,340,806
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intensity for a while, causing even greater risk of damage to the substrate or

neighboring structure.

[0013] What is needed, therefore, is a better way of controlling the temporal

power profile of the laser pulse to facilitate better link process quality and yield.
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based on different link structures. The duration of the laser pulse is preferably
between about 1 ns and about 40 ns. The falling edge of the laser pulse temporal
power profile is typically shorter than about 10 ns. The energy of the laser pulse is
preferably between about 0.001 microjoule (uJ) and about 10 pJ.

[0018] The specially tailored laser pulse power profile allows the use of a wider
laser pulse energy range and shorter laser wavelengths, such as green and UV to
generate an opening in the overlying passivation layer and sever the links. The
opening is sufficiently wide to accomplish severing the link but sufficiently narrow to
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Description of the Drawings [0023] Fig. 1 is a
appligatioft i ¢ di agram of a portion of a prior art DRAM
W n I I
[O(finﬁa S%%érﬂ@néled%aé‘%d a@(IQHf E cﬁ@lﬁg@ﬁ@ft@ﬁ%ﬁ be dppgHréent from
the following detailed description of preferred embodiments, which proceeds with

reference to the accompanying drawings.
Brief Description of the Drawings

[0023] Fig. 1 is a schematic diagram of a portion of a prior art DRAM showing the
redundant layout of and programmable links in a spare row of generic circuit cells.
[0024] Fig. 2A is a fragmentary cross-sectional side view of a conventional, large
semiconductor link structure receiving a laser pulse characterized by a prior art pulse

parameters.
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so gl S BILRte LRR PRI P b ity

tan@r@allagéﬂpmse Cém?oﬂaap@iveppidfmé‘law ng a pul se power
rofil e speci al tailored in accordance with

[0059bseﬁtg i3kyisra fragmeptm ofossrectignakyiewofihe .llnlststructure of
oA BN PSSl AT o o
spdc&ﬁll@rtallcged&m abeorldahesﬂnthnbé?ﬁ?semhn\teripam ally sc
tajlored tenporal power. profi o
10030l 4Dich HAPRINS B EFBeRAMbRAMIEN Of 43¢ Piesent jayeGtion in
whif;ﬁ%r% é@%"\ﬁfmﬂi@@fi'f}o‘?ﬁfﬁta HEsIRBRY difdrént Ita?,8r§c %ér?ératealaser

e second T aser a conbi nation
pul$e wdth aaspiemallwhadodea!stemomairﬁovg&nmdﬁlfeor li nk

LT S b R B i
ten@?&l% dwerf pﬂ'bhl@é"?ﬁ' r@épé&w@ﬁtﬂé‘hfﬁ %éi‘#V!h‘é%e&)%:ﬁ&ethﬂd a

l'aser tenporal power profile of the Iaser
corphinatioreof thedfirst andrse¢end lasers ¢cmflgur@dwﬁprmn§s>r06em 5D

ou§, £, 5 3 e e PSP o o

wmaﬁtd ﬁlﬂsé@la%\ér'ié foH6wel EF@@atuﬁg\d@vmes athird
referred enbodi nent o present | nvention usin

looga] ecﬁgarsia shews the Ilaéak@nnrgorahp%@n profiler ofdpedasery Tyenemitted
frorﬁ'ig%l g’st%trg%fh%gi I-S’ﬁF e%? %ﬂd D 8ABN Jlﬁ&%nWa%QPHEIse temporal power

|on aser pul se
prohl%%ﬁﬁroﬁ@é&d aehelBIO ghting ﬂmﬁc@botmﬁmrnﬂffel[emgélmdjdgay times.

[Oogﬁbog%@aﬁr)\dglgo%vss Q%I\'I\\{ré ggefgprgdl éo%rrr%gtn? E)]lt # p%sctart\]t invention using
an injection laser followed by an amplifier operating in an unsaturated state so it
amplifies without distortion the injection laser pulse to an energy level required for
“the link processing.

[0035] Figs. 6B, 6C, and 6D show for one implementation of the embodiment of
Fig. 6A, respectively, the injection laser drive current waveform, the resultant
injection laser pulse power profile, and an amplified laser pulse power profile

replicating that of the injection laser pulse.



Fig. 6A, respectively, the injection |aser drive

current waveform the resultant injection |aser pulse
wpowenigsofil e, and an anplified | aser pul se pPOEDS2004/026977

prof| le replicating that of the injection |aser

[ooﬁﬁjp O% }%rﬁi glf spﬁ@ fgﬁ%g@:ﬁﬁi Wiﬂ‘feﬁrﬁgté‘ﬁlﬂgﬁﬁhe embodiment of

Figr @Ambeut@ery the mjemcﬁnbsenddl\ae;emrreintl wavefurmeamd the resultant
wavef orm and t he eswﬁt ant injection | aser pul se power
injegtien 3ser PHIEGIAWES RJONIL- i s a partly schematic,

[00§*I];‘pe qefqﬁgi | g’bﬁémﬁﬂc .ogﬁ‘?@gtﬁpﬁm% agt,(m@r?igbgfnﬁlent of an

exemplarmysamnnmplmnemtedfvath amﬂebgurapeer Q@-syvitcheg NeAe laser that

o RS 895 LGB R 566 o k0L BaglBost i eoverate wit
aId%?F Eﬁ&:e@fsm g NoE S Psten foY Fﬁdtlgﬁhg thetraéthed dPaRe bréddn®invention.

ref_erred Enbodl mants F| gs. 3A and 3B show,
r especetaite tSe power

o0BeE, et %ihbiéasiw %s%pgescﬂg@iﬁ?g&zae%%@*%iﬁsﬁw'% boyer
proﬁl@@aﬂmylﬂfﬁtaﬁﬁallylmhaWSQx/puBeSmeﬁllealsJexd ih ahé pnedahaﬂg 3C
pul se power profile 60c wth a sngnlfl cant ver

shayys orsq)emodmerawéae iinengiendhat efapioys Arpesia &yﬁasfqﬂsgéeser pulse
poyf il AL AT EtEa loVEROBY BF IR 62 apbedrgPiine

beg}nri]mhgtogdﬁe ket Ealsevérrmlr}mak powetedfi ithe dvasshemhis Prfaxi and the

e w dt the ov t d

aveiage RaweLP heRser BMSeimEmin. THe AmAItNde Bhihe Sissshpal s defined
as B&aquir‘(’(ﬁ'?or ?ﬂhﬂtﬁ'ﬁtﬁé’b@ersﬁﬁ@t @re%blkféo"’}@trs %fdéfméd as the full

oversh " Pmax, is preferably about
dur4fién timesdtdhe rﬁld%e(m/vert paint Ps; hgbvqm\/\l@maoxfa Bmlmsihe peak

f,, 0
o i A gL eSS s SNy Sooup Mot so%
ovér‘i‘ﬁ@ BvEidgeSoweteofithé fader PRise!, Phia. Twekeidtis of thiel ®ariyoot or

shorter tthan about 5 ns, and preferabl shorter than
spd{bﬁLAtSZSrpsrefeFa@y 19% 40 50% gfriberdwat@ﬁa %ﬁhﬁdaseronulweThe rise

T

abdift 2008, Fligl BDGsHIWS AGtREr BrbdEimdnitaf dve ikatibn that employs a
ke" ends at time, which is before the tine,

powstLATOfecSt With ek e shodtr  sRike| & PEReAAID 69! 1beibeginining o
E .
ot PAne Fier RS T Pie Qe SABUES, SBRE" el o4 BB, 12 MHich is before

theitinge, 23 tvehen tHedirikf inatertal ist uoaaﬂls’l removed dJyethedaser éruzrgy For
power , |rrespect|ve of en |t occurs d ringtpthe

purpgs%ceo cavegientey thesteray, Hotikel fraltechibrod ¢ fgpainder of the
ap;f?i@ﬁﬁb?( s} {nﬁﬂiété%esﬁ%n ﬁéérﬁr tréﬁéﬂént%ﬁ?rrélé%et?ﬁ?dberr%GWé?dlrr‘%Xpéctwe of

ower pro e 60c or
whélaitsiceats durirgptherlaser puIse

[0039] Fig. 3E shows the conditions of the passivation layers after link 22 has

been removed by a laser with laser pulse power profile 60c or 60d. Passivation layer
44 overlaying a top surface 70 of link 22 has an opening 72 that extends beyond
width 28 of link 22 by a relatively small amount, e.g., about the thickness of overlying
passivation layer 44. Intermediate passivation layer 48 material positioned adjacent
side surfaces 52 of link 22, passivation layer 46 underlying a bottom surface 74 of
link 22, and substrate 42 are not appreciably damaged. Fig. 3E shows an irregularly

8



44 overlaying a top surface 70 of |ink 22 has an
openi ng 72 that extends beyond width 28 of |ink 22 by
w@2oshatsseel y smal | anobunt, e.g., about the thPCROIERS4/026977
of overlying passivation |ayer 44. Internedi ate
. oAl S
cuRRAINETS BYsify Mol @%&@Ssg{;f RfSivatio gé;,rqulga, 88 arfd 48
surrodadingithe oaebtnrealprmmsixc ecdupied blyiremna22d liak@2. Curved line 76

substrate 42 are no r eci bI damage
reRRSRRISINICA GATURGS 1y B RRP YatRe SHo B, phiecighlly Sigmage that
exRAlds! cOftaipmbyRt b?“e BUR'055 fterofSfrofthe glk?;/w previously

surroundi ng the openh a previously occupi e
occapind &y the rhhk 22 beComeed}ulten@MS urei@r@smmresqqqm cBypical damage
da to si vat.i on struture | . .
alsgagaes Aroks, b B o By aterE Ui e i Sre.nof Shoglp iy the crawing
f|gQFe% mcron, fromthe region previously occupied by the
link or becones quite visible under_ a m croscope.

[0040Q]i cfigaadrBrhony §@verﬁbmr@6%r§ecteﬁ@ra§lmentﬁn@piﬂggntm lagar pulse

ool B R b B 2880 iR M R U Boer
profii®d empidyetitol sever linkd 32 ipaveordancd with thelpkeafent(m\mmtﬁon
their associated specially tailored |aser pulse

Depesingsen mepway@engf@ ofdasgr qthktsarnizthencwé@@aamseofvwwnk
métgﬁalpfﬁlﬁﬁﬂé of W&B{:WQP@W@?@SP&'! 3UI gﬁo\’)ﬁj\égllte\ngﬁ Bufiicient peak

set ou t and aracterls iCS
powet and adnerg)aof thei plgse)bnu Ipeomm\mrrammfo severftha lihks After

B TS, e b BRSSP i rve
Iaéér%lse@ﬁe% &‘éanb%gege Ab rlskBf dFRIRYd @ the&P%fhte 4REneighboring

r pr0| e and mal ni ng duration of the |aser
strpoilusee ofithe lirki ulmn‘ergomg therpamessoevmif te Imw@yei@gﬂmesed is

rate.and .n struct f the |ink
Shﬂﬁ@% 8i 13 %é"ﬁ'ﬁ% e " W 9r N ﬁ}?eu d8BB®wavel engt h
[OG@ﬂd ' Isre?é}‘ébhﬁ eath @é‘sé p'éulsfé 37 58védraQ dihglellnk Z2Nn@snleds otherwise

the UV range. [0041] Preferably, each |aser pulse
moBGatséy@egeﬁerenmﬁ ® 'IaBﬁlkplZlEe 37 andfeosused spol size 40 (both shown in

qu %}g@ &88%&%& \ygltn i‘ﬂ?@%%%}?a@n%%? Sfeggéleé %n%dw‘%nts relate to

enfiss168 of iaser pulsestdid mtst16 ipripk aﬁtrmvm‘r moﬁ!ésrasedmated W|th them) At
enbodi nents relate to em ssion of Iaserquul ses and

a nr@quredowawlengmm;ﬁhwt Req nm tmabeutelPOf Am, prefeyred AP ation
ooy oG LR8BS AR Al Rl B oA of oo
lagé? pofsd @fSUHthah aboubd. OOSqIJJai&i hbsetr1 Oapertgeemraﬁoreaf:émach laser

| aser . pul se et ween about 005 and ab
pu{qe@amrsf%a% ?@5'@5 th%@botﬁlﬂ%s'@ @")dn?%%’ dhan QE‘P‘&‘ 1ns, laser
puféé% @ﬂtncfrhr’%ie ?é)gn‘&até‘romaﬁ 1208, rhefhgsfefér%w @I@HthlePl% and 60 KHz

pul'se repetition rate is greater

or prgi‘feenablmayvbera funktian aﬁthe&meeldzofcthe Ipogl’nlenlr@ﬁyshmyl 3;8@ (F|g 7)
analf r(‘i?sg}gnce getween aScP ggednt Qinks BE t SéI ;%r'oggése% s’f[he ?ocuseg laser spot
diameter is within the range of between about 0.5 pm and about 3 pm and preferably
is about 40% to about 100% larger than the width of link 22, depending on link width
28, link pitch size 32, link material, and other link structure and process

considerations.



and the distance between adjacent |inks 22 to be
processed. The focused | aser spot dianeter is within

wo besnagsge of between about 0.5 nm and about 3pamusaud4/026977
preferably |s about 40%to about 100% | arger than the

22, .d ' l] i d | i nk |
todddkcr, Wipaetpsences 1n s dcihd b dedenspyisd Rouer Riaflipe.60c and
606”?199%%\%12 cfacmﬁé Qﬁééib!l)@féﬁlofmwé" 4 B@nﬁfc%he féé@ilﬁ(?)edge

I dser pul se power “profil
ovarsdnoecaz (Figs ﬁék)tartm begioninglad the tasiespuiset eri havesena or two mid-

o e SRR SORG SERE' R ) RBeRe R bl ne
lad8r PR Befdre HRS iRk nfaesalsP tdtallys Fembvdd) Freﬂerré@llmmg of the power
sonetime within the duration of the |aser pulse,

spikefis withiman intarvakmeasued fram hedising pdgeebHe Ipser pulsg power
f
rofig370% of 88 dUfefdn SPeans: HIdbBuef ptdHET KR 3D shows laser

pulFeqower ﬁmﬂlé&%@ih whieh dhe powenlevil ishreldtizelyr flgi Wesere and after
ower profile. 3D shows | aser ulsetg]ovver roflle

" pulsesnike 6 Jl'i’et'ﬁ%erd&l%‘? PPWEEPrqfie £an have & ¢handind peyvss level
bef’d“r@faﬁ"{dté;i’ferﬁit.'lh spiké |Sﬁ %llthg tl'\é‘Pa%'ér BHls%edeﬁFrof le in this

e ca ave a changin ower | evel before a
marfrtafrprqmudesafrsm leadbyy. edige omrshgottaremlda;sstdse splkes quﬁfwmnt laser

ey e
upBﬁ"?@ho@Q%ﬁﬁSﬁQ&f thé Ilﬁﬁ%étbﬁélt mdch%ﬁéfr I&Eﬂﬁh%@bower to remove

renoval of mat eri al upon r enoval nost

remAinimglink matemal @ndaﬂnsun@ mduwﬂmslq cidamags tﬂsthﬁcﬁmont substrate

oS SO R o s AR HED RN Ghitor e

lasEr PeWel proflle idelsrsi mgch b@ttéﬂ m‘@ceé‘ﬁng réftgl dnd & widler process
special tailoring of the |aser po profile delivers
E@Qp su

windew apdireduces Bakeekdamage dufhessi Qﬁt@é¢ aprdedae Structure
ne&r@g?ﬁ’g?@&.ﬁﬁd%es risk of damage to the silicon

and to the structure neighboring the |ink.
[0048)4 3] Withtreferehes ®Eig. 40, i @firstAmbodimeht, rstpemal tailoring of the

na%rm@ﬂféé?&@e%ér@%?:a@%éﬂpﬁg SO CAMBING.9v0 S8 T eSliom two
sebalie | r?‘ﬁ ?na 359" 'Rk} fa i1 ﬁf‘geﬂtﬁ'atésaé Eﬂél‘ I'aigr pulse 114,
es a se 14 own In Fig.

ener a er laser pu ,
shewd ih &g 4B, aarid Iasgenadr1aQeg;eruaramsgaalongastaseppu1se 118, shown in

Fi;wgbg\ﬁ?@ 'fpggé.ﬂgaeafsﬁg‘:,}yﬁm Z éqse?rgrl&p %g,s "% and 118
is édﬁt?&lfe@rbyzé)gﬂ:h%rﬂfhg%&ﬁ)nl@1 2¢a§§§eerUI§&31 14 anRd 138 are

are conbi'ne am conbi ner 130 after |aser pul se
combnrm by Bbesn camhlrrerdr30163‘!lerdaﬁﬁrmtdﬁfa@118 eeflaats @tf@hmerror 131 and

o RR A ol AT 2 1L PElET 20T Rt BERESses, . 40
shBRYES cathBinel8adéripulse $84MHdtiHaRM final power profile with a significant
power spike 136 preferred for link processing. The total laser pulse width of
combined laser pulse 134 can be either the sum of the widths of laser pulses 114
and 118 or the width of laser pulse 118, depending on the delay time between laser
pulses 114 and 118. The widths of laser pulses 114 and 118 can be optimized for
the link processing based on the link structure. Combined laser pulse 134 can be

configured such that an additional power spike occurs at, for example, t,, after power
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power spi ke 136 preferred for |ink processing. The

total |aser pulse width of conbined | aser pulse 4 can
weoosioidses t he sum of the wi dths of |aser pul secT/asmo8026977

or the wwdth of |aser pulse 18, depending on the del ay

di b .. r i dt .
sk 336" HHEaduH 63 olierSpiswaE, A Srordtf peh Bl ol value that i
mape thears 5%of thesverage pdweet ofithestomirined taseCputsentds.| aser

ol SRS S, Okt s

1 . . i ] 1 r' .- o I.t d
o oz B SAUrcP 120 [ B beS ot Sing, qupity an
yietdheSkilled pgesqnsiie the arttwikk appresiatedhatabecayrd theyBapagate from

ok b B 5 g o
be&hSInBIREE $3d,_219sér35u|§é§e1 e shd Mi1gkedi 96 ARfip\datdabitave different

and yield. Skilled persons in the art will appreciate
beamzgpot sizesde duthenfapilitatethe ink prosessinger ent | aser

od By, B 3 SRS SRR AR o 110,

thewiapolatz4tion fialestzd differbavieomi theie osigindb pelarizativn states. For
to further facilitate the |ink processing. [0045']r"
instayisec the gnergyof jases pviseohis s be yericatyineiarizedwhile the energy

of I%}é%:?éﬁlsél 1a|?dca118tg%hgﬁi'6ntglgjl ﬁéllif:ﬁ?é ) OWVifif kSO MYiRed laser energy

rent fromtherr ori pol-ari zation states.
polarizatiort statdéd) ¢he odentatioh of #eetarget Ik ot wafer bwunted on a system

wolgablsandha Bapndad scostianfonthe pest Aaeessuib il phdafeld. An
opfidtl %vﬁ?@é | Zfétdaflrbesfh@éﬁéd gicg@ e pﬁ'Bﬁ)ééétR'Jh @athidfombined

target or warer nounte a system worktabl e can
lasbepulsari@dosathab alliof teylaker enérgylie sircyady pokarizgdgifisuch g
d vield..An optional wavepl ate 140 can be inserted.
coRfesia delhiet Spatep Arosi ror i AR SR B 4 BBk
stre@utdat all of the laser energy is circularly
polarized, if such a configuration delivers a better, _
[00463 c e With gefgrendet tp RiaddA ivlaisecanderphedimantaan E-rQigating device

150 shifes Bunorprisof e FLER frobonlf 18 aidlodhopympec,
Q-HWittHed$dlid dtatedhséetsa. Dadarerb2ndeliveasinultiplé fawer pulses 160 (one
di ode- pug&ggéaﬁ% switched solid state |aser, 152, Laser

shaw iElg. with aerelaively Ipng faser potsewidth ahbilrvidth, half

e T S o PR SpL s0m o
50 gl 1@aser thes a60kgrophgate ahaugheE-Cabatirig 3évios 160. Sthensutput laser

Laser pulses 160 propagate through E-Q gatin evi ce
pulsg poyyes p@gfﬂlﬁlﬂeppagépﬁﬁﬁw\@d Gt shanst 912 H\é?ogﬂ QRUlse 162

ool Bied 18T A oRLTBACRII A 1 2044968 bl REna0r e 160 anc
thet dnvee \odtagegpulse 462 applied tal66O aleslice 150. The output laser pulse can
have an upwardly, substantially linearly inclined (increasing) power profile, as shown
for laser pulse 166¢ in Fig. 5C or a downwardly, substantially linearly inclined
(decreasing) power profile with a higher peak at the very beginning of the laser
pulse,' as shown for laser pulse 166d in Fig. 5D. The total power decline after the
peak is more than about 10% of the average power of the laser output pulse.

Persons skilled in the art will appreciate that the width and shape of the voltage
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the drive voltage pulse 162 applied to E-O device 150.

The output | aser pul se can have an upwardly,
wawsoassé al |y |inearly inclined (increasing) POWMER2004/026977

profile, as shown for |aser pulse 166¢c in Fig. 5 or a

oo 18085y ER BB 1150 BRI bl gt ooy
tailgdmgy tHeewldtniand poiweripeofilesot lagenlpaitse t86.shown for | aser

ulse 166d in Fig. 5D._The total power decljne er
100" U reseriuice oif30 Sibdte Bl rerbimeningof ayesgbaep R pomposed
of 41 e ARRaRr AT (o oy 2 SORANE 20 apis Bipnfad202 can be a
diode laseydyavirgea fast eespansel tineel and deligering laser 0Btput ahataser

waydlen@hihat BefiiBniER gt Bbednln o aBlaiigtp0l ERE Y by @
spei\@iéw tafbretedtive dudrdrt ?u!)s@%dﬁ“dé!i\iehéd ﬂom@ﬂhg?cl}ézotmics 208, and

asér 200 is conposed of an injection |aser

Figf 6CIshews thpt an iriaglion laser oatput puise&1i0mropagating trencigiection

b ' ' a . f -
lasgEpd2 feicEasBE o ot e QRbat BT8G 258 43 AFe i the fast
respBhsd espabikityasiimjestigtiasen202. mjpttidn lase26dtputpaise@B0 is

shows a specially tailored drive current pulse 206
deltyered, k& lager powetiamplitiey 204 whighiscePeraing ifhan pngatusried state to

3 . 1.0 i~Ni i s Ot | .
e
intrfpdoéihgGigrfifidaﬁt‘dﬁstogipln_eaﬁth@%dil_seecﬂm_eapuIlsermézrtproﬁlet ag shown in

ast response G iljty of injection |aser . .

Figy Ae ¥ BHL Pilse? 188 seletiely dat Bher e QheriieBre ' s pawer spike
and’B¥fore W*délfdgégi@ﬂf th\@ﬂéfé} ﬁlﬁs@&ﬁ'ﬁﬁr‘gg Ecln\'NEr Bhbfile. Persons skilled

unsat ur at e to anplify injec aser out put _
in thelastewill Eppreciatecthat the profileuefilrivepmiresnt puisek@hoan be readily

i ntroduci ng sigpificant., distortion of. the tailared
progEraadohyiueirrast BRI SEoldrthe it B rlgnBof, psrgons
skilddl Hethe bt Wil 4186 abpiRiate thatithalgaf rddifrefifehit of anfsifief 204

the power spike and before the falling edge of the

depergisrorpthieslasecpyise powes awailghie froneinjgaiiondasers2(3 aed theypower of

t.he art wl| ' b rofile of drive
theggseramoipdsd 208 TeafheLie BiaitBrtbBur amed to any
[00@BEf eFigky 6B @hd 6P dmmial@éﬂiéiﬁ?&?, #idrive i@t prefié 204 and its

Persons skilled in the art will al so apprecl ate that

repligategdaserutgs pewenpralile v pradusedin acgeidangs with a Hiferent

RSO P T ABUENA AN BELL SehtprorORea
corhposéddfa pulsenwittothreg GitnkBllisplaged ctireah dpikEs 2181220, and 222 of
respectively, a drive current e 214

y [ rofil nd, it
degregsing yelites Ques time,akts, f@otnerressgswqhé 55665? SREs 418220, and
| ' Bl e ioARI i :
227 RRERTEE Sl Py Re ki R B SRR 800 ey 224, 220,
and 228 oPoesedpike 224 represents lantdveeshddt wecdiringl atdbe rising edge of
current spikes.?2 220, and 222 qf,.dec ing val ue
1858504157 pRBes Prori 2116, and pepE sPkes g0 S 728 [P RuSUbsequent
powespikedocd@itfing during the pulse but before the target link material is
completely removed. Power spikes 224, 226, and 228 together form a composite
power spike in the form of an oscillating wave with a power variation of over about
10% of the average power of the laser output pulse. The oscillating wave can last

from about one-half cycle to three cycles of duration within the duration of the laser
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222 produce for |aser pulse power profile 216
correspondi ng power spikes 224, 226, and 228. Power

WG piok@16384 represents an overshoot occurring apCt/bs2004/026977
rising edge of | aser pul se power proflle 216, and

puBg"iﬁi;wSe?rgicrcﬁlé @%I‘?c? %p%gﬁgﬁi?ﬁ&ﬁ cz g@?ﬂﬁghtﬁ?ﬁﬁfween about

urring efore the
1 rtsaargieabéwtmft} naterial is conpletely renoved. Power

10GRle: O peepresmsesfinen) SEamBtiandia s e ases amplfier. The
Ieng]{t)r‘f‘@f1 theHE el iyg@ d?flaé?h’i Hoﬁgﬂuﬁo%@fleﬁleaﬁd gnm@@«y@r can be

| asefr “Out put I'se. The oScillatin can
tailosed tcf nerahzalﬂmmteqmedrampllfwtwe gan. t An exempltdrydassr 200 can be a
e dur

maiipR of Albes sl amaiaHLEL BY IMEA, GRGEH R s PFefont, CA and
IPQPHARSRES CIE! \BEordaRmit BotHIMRA aMaaPG ﬂr’érﬂuﬂiactﬁl%olé%r devices

One preferred enbodi ment of amplifier 204 is a fibe
that includenafastilaser digde operajing ass en@eﬁtl%laserw@vmd by a fiber

poli7 BB REWARrleRE 5 FRAD B9 S 1052 i range
Thé%@f%@ﬁﬁaﬂ@&@ub&%teﬂ% sb@ale ghapiedi widh acpmlsé wadth
fiber | aser manufactured Aneri ca,

pragramgable ErmAds) tp@mtlewr@ew pf 0. 1axd t 330 Pandiaser pulse
re4 A 2596 Af%gdag%fmi UipfitH mqénﬁﬁq Seheldink urefénw d@pPly to the

I'aser ode opera ng as t nj ectl on aser
fast diddeviadet yheldseb pulsequavergpfilefdaarbe tEilorédhas described for the

proSeeLinvadlca dmatierexeaman dber e it BEING: Biebec.
CanaBHlidpl %ﬁtg aoéori&“ él'fé'&moll@tf cP@tEIhESEn jeeticiPid3er ph%&ﬁﬂ‘om the fiber

energy o an pu se repetltlon rate
itself andhthen age mezﬂbeNtoiammléy thel mmqtmg puise. higs duireetly available

h
Vel Bosvan latet ek Bantugs T57 Miplicts pulE ABlR"s pry simitar to
that RRoRhEa Fd. 6F‘"VRBécerfh tﬁﬂN@WlsWGﬁhéﬂt’tof mBRéE a AT laser

manut act ured by | NO ebec, Canada inplenments a

wosking iabwavelemgtiyat1.06 waito h‘eumw@md:frﬁeneastaﬂom kager pulse
fromthe fiber itself and then use the fiber to
Qﬂlﬁjl ify the injection pulse. Its currently avail able

[0050]S aNitheeteternde © Figses, .‘W@(ﬂl@ftlé braerrédﬂisémammgths are in
its pulse profile is very lar to that shown in

therspgectrange-temn ahput J 5Dmn tcp tabw,t 20400 g and inglude, b iage not
il 1,85 43 71, 2508, T8y 9P L8790 7ol o Sy sbeond. i,
fourQ e Tiftihiahmonfcerfrom iNd: YAS, 0¥l YUE, RdANdD4, Yh: MAG T| Sapphire, and

o hetmsuin oo apemat o dT dhmind SR b P Sopreciste
tha?ﬁ%stéggbmtlﬁpt&ﬁ%?t?pusl%%ﬁ% dotﬁe%s&?ble %yete@x@ths %’fez%ohm%rcially
avaitabb® and soﬂrdom Brhpioy@d. Nskiled-persanyWill alseoappkeriate that any of the
second TR "& fol2 harmonics of Nd:YAG (532 nm, 355 nm, 266 nm); Nd:YLF
(524 nm, 349 nm, 262 nm); or the second harmonic of Ti:Sapphire (375 nm -

425 nm) can be employed to preferably process certain types of links 22 and/or
passivation layers 44 using appropriate well-known harmonic conversion techniques.
Harmonic conversion processes are described in V.G. Dmitriev, et al., Handbook of
Nonlinear Optical Crystals, 138-141, Springer-Verlag, New York, 1991 ISBN 30540-

53547-0.
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fiber lasers with different base materials and dopi ng.

Skilled persons will appreciate that |asers emtting
wouiopoicspal ses at ot her suitabl e wavel engt hs apPer/US2004/026977

commercially avail able and could be enployed. Skilled
[005%Hr s oWdthwiefdreatss to Bigp i etaisat systaa 3Qthis opdeled hasetmrenly by way

o sl A R BYRR25 82 V5 o By 018t e
30256 ppsterdldy pumipeddy d tdsapaiidec3 (43 The emissiél 306r9f wiich efocused
enpl oyed to preferably process ceiéa n types of I|Bks
by les gempeneptesi8/iatq aldsayesenalar ¢ -ngaﬁif/prrééﬁﬁﬁt&(@j preferably
et 2 R 121 TR R3O En BRIz tones
bet\g%eSﬁiIﬁanHgﬂdb'mms G(I/ 6w|md 3‘r&alonmm'kcn;mc @iy 828l An aperture 330
- ,  Springer.-Ver , Y . 19 I SBN 3D540-
mad s oo e agintn Y a8 Bid St | RS Z 6 use 0os
. : ; '
propitatbS ATRUAE 1L 20 1fieliinfintR 818! whieRTOhetidrs 2 aQafty

The G or other solid-state
reflécliveroudiit domplerefie oablemipodimeat bf/the invertiondilanes edse 334

proRasyBRT 8 J0p s R b SEHER oblie Ciiagpent or

devic@SRsAEn 258G WaeESBED aVpdiatierdesar idokstantandlthenair@ergoes the
swtch 314, and an opti onal pol arizer 315 positioned

spebiat intensityqofiettailoring with and3-© aalingdeviee 845, senteplledby a
axi.s 32Q. . ~An aperture 330 may al so be positioned
Swﬁ%’?*\@%ﬁ%“gsant 312 and mirror 318. A |aser output

[0052) SeRagérdPéé%Rﬁgﬁé\%ﬁe@tﬁrw |8suritgpeiaserdAApttB50ghgating device
mrror whi ch functions as a par,tr{% reflective outgg&
340aandhve manipuateddna yarietyof sonvertiond) eptica) compangnts 352 and

334 . R

a3l B R RAEABhLPEOSIRBATSES, PO o8 tng Ty

incluée abeine expamderasrictieer, laser optidas obmponentsrid collisnate laser output
under goes the speci al _intensi t%Bprofi l.e.tail

35048 PRI RGTIBN deebi BroRRRbBInarRasSistits. ONEdr Hord beam
| ) .

on UG 53, 300 a4 Sl s otmng e s o

wavietergihidesired dautihighly transmissive atcthewsusedwavedgndtbal are

optigaam paRioveddo Bakanhane desish Tk Hslyefaioth Rl fehh fink
stru@ﬁﬁ?‘_s@f %rq&kirejleﬁ& 86 drafefablgRingeys 8 @e edhtpdnent or
collimate | as h

er- output 350 to produce a beam w t
multiserhpbnentdpag aystem tiabfantises iastallirgatedrulsgd lasee systam output

fl ' '
366 1P g e RSBl Shal 3e i et P ool gl b fibrelly oncgmpasses
link Wigth and [sasrerdrablyNésethanTe ppinsdismerstdrengdiies, degending on the

optionally enployed so that only the desired |aser
linkwédthl 2 gnd the |aseF wayrlangik structure 36. A focusing

[Oolsfjns K89 el ot BhMSsyateth M0 SRPRRES oftical
components 358, 360, 362, and 364 is described in detail in U.S. Patent

No. 4,532,402 of Overbeck for Method and Apparatus for Positioning a Focused
Beam on an Integrated Circuit. Beam positioning system 380 preferably employs a
laser controller 382 that controls at least two platforms or stages (stacked or split-
axis) and coordinates with beam reflecting mirrors 358, 360, 362, and 364 to target
and focus laser system output 368 to a selected conductive link 22 on IC device or
work piece 12. Beam positioning system 380 permits quick movement between links
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mul ti conponent | ens systemthat focuses a collimated

pul sed | aser system output 368 to produce a focused
wGepms/osisse 40 that is greater than and ther ebyPCT/US2004/026977

enconpasses link width and is preferably less than 2

22 8 Wi R85 BroBTILEE iSRRI S oL, Bebed on
pravided testibndesiygatidata.380 _corrposed of optl cal conponents
o R S B T e e o oorvor
picCBPY t%tt?%tghk sﬂﬁbfdr%%%ﬂﬁoﬁ@?éé%‘? u%%aé\“l%eraéglgtem output 368 to

I'nt e gam posi tioni ng system
rerpoeé bmlaBQy Laset swﬂem 3Qﬂspneferabtyrsﬂvlees os8kefllyavith a single laser

LRSI RN EINE e R

prdBe%BWI&o%gtop%ﬁ@b poRidnitfsyisterhBamesverthyfIKUD2, so that high
| aser system output 3 8 to a sel ected conductive Iink

tthQghﬁutIIUQaihZBde sqrs skilpdintheart wil-annsecipte it sych laser

oy RGBT TG A0 P it

laseR£ard ¢smeptialyhavdilaple a6 alikmowotol skilédt mt:ﬂMners
desi gn data. [0054] The pqosition data preferably

[0055] e c tLasee conlcolias B32:s droviged wilb l@%teﬂctmﬁr@%peeung the proper
pracls 9%? td ?&e?ﬁe@é@ﬁ(gr ¢ 238y %ﬁtfbl%ﬁ%g??ﬁ@ bB MR %d bytg{ung data

sSystem ouf pd 0 renove Ser sy
thatsghetirahizes the Grmg off +et§ees§/$t¢nm8®(h tathel motien Ioaﬁrﬁ platfbems such

e See A . P s S S e AL et
an{i"E%lEé H'é&br&%%hﬁﬁ"S}égarﬁ Wlteﬁﬁb}hv'elf'ﬁ] 8§e eﬁ?bddﬁbnf‘bﬂt’ﬂe present

hroug put 1S rea Persons s in the art
invention,agkilledcpersens will apprehiate that 1ases tcontrobB382isi ysesldfor

h di od L id
exiacaity Mo lelisthat esar Pyery bl aibFeD dbickurtd R lasidls® ©
su%r{t}dﬂ@r S42 hhdl 138BRASt cdrilk? T-siteie 314 0RI0 AelvRe 32 dnd pumping

provided with instructions concerning the proper
d|0ﬂec&£1=ﬂss of the selected links. Laser controller 382

B8 S B igh ZA2, 1l e RGP LR bt

witRll@drpure SP @ha%e@féﬂ? ftalhﬁdd ipBwer Brofffebffets Aevider processmg
5,453,594 of Konecn di ati on Beam Position and

wirglawsand e superier ﬁualiltmf §?§@r@ﬁ1|ln}&$tﬂéaﬂ1599$/él“§r progessing with a laser

e L e A T P G
pulestanagendgike properigttinesd wfthinatherdwalwrgtymb)ofalme Faser pulse ensures
device 340 and instructs subcontrollers 34

that paradegivate,amoushpt lagenenergy jxcaripd intgAbe i %BﬁétrHE%*? Mgthin a
prosileg\?ivﬁ'loegg nod P%Fé aWﬁé‘hﬁl?ﬁ%‘t@r‘ibﬂ of te §él88teddfikaSremBved. This is

oregol n rocessi ng
accomplished wnth adequate processing margin for the inevitable variations of the

link structure and the laser parameters themselves. After most of the link material is
removed by the laser energy, the laser pulse power is specially tailored to have
much lower value compared to the peak power of the laser pulse, or the power of the
overshoot and spike. Thus, this specially tailored laser pulse power profile ensures
less risk of damage to the neighboring structures and silicon substrate 42. In
addition to conventional link blowing IR laser wavelengths, laser wavelengths shorter
than the IR wavelengths can also be used for the process with the added advantage
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with | aser pulse 37 of a specially tailored power
profile offers a w der processing wi ndow and a
waeupenicsss qual ity of severed |inks than does |PEiRUS2004/026977
proceSS| ng with a | aser puI se of convent| onal power
Y
of Sk Ersef BEaRYEIG %) oo R gIEBleNt ooty B 8 sligd wafor at the
shb'rtsrelasbr Waeelemgms ||su1|ghaerdhan| lttm at ize: canverdmahtFéwavelengths.

TR, e ridgession of g pnGp and derse s inisds TaaBred. af s gt nk
remoRk ﬂ@%bﬁ&.bﬁlpé?htsmﬁ@ Qb%b@obd§.tmﬁed8c|6§émgétherhhéreb§/

aCCOITp i shed ad equate processi ng %
mcraasmgwmcuntﬁansw i Allgough hMestrmeture§t3ﬁJcamJ evaﬁanvemwnal sizes,

the BRE IR RLEE e, HE FealbbRiar BEE R AR g

[0057]s€ Smrly' thesvarghfilty bf baitéotaddring tHtaeenpaige|pwdsr profile
val'ue conpared to the peak power of the |aser pulse,

offers betternftamdbilityfin taﬁéor@mdmagtdIféﬁréngpamvatm@ar@mgstlcs

| |
PRREBAh L 4R FIRRDRT RIS oAb S P2 elp mace
with inaterial othHastthad d’neﬂfﬁadlnoaaldnaiecmalst or cambe ntodified, if dedired to be

bl owi ng R | aser, wavel engt | aser vel engt hs orter
otharahan MeyRCALbRIoEh TS $50 becatso e Jaser pURe dRn bE alored,

th&%ﬁ??é&u%é thd Rsx ﬂd&%gﬁ%&ﬂ%@%@én%@bt ﬁélghﬁéﬁﬁ%%%g\/atlon
Spot Size,~even t ough the absorpti‘on o
stroafuze. i atitition hwavelengthsdhatareahedyshertesthangbeut tii{Xhum can be

eng,(ﬂgygi&q a%%&]%gnﬁgl nt | Dot gﬁg cga ve}&erg ?Ltoﬂcage;é%sa’n atlbho%t 2 uym center-
to- c@ﬁtér'pﬁt@ﬁ%@ b&We%nbiﬂk& ep_ ILiifks provBYSd WRA ‘l’ééér'pml‘ses from shorter

permts |inks be positioned cl oser together,
wavietangtly lasecs eaa; uhgrefore; lhlaNe @eﬂmxa/ntuablvsmj@n centex-to-center pitch

2 5 b By BB pebl S verngpuse

Lif22taR; for @xamplé) bél withifiid @Fs{a}ncetdif? 0 phpet IebslfnomJbther links 22 or
better tailoring the | aser pul se power profile offers

adjgaent cireuibsirectures,34.n accommmdat i ng di f f erent

0B85 KA585A0) By 3 EBY e A AoMBrghé possnator

mét@ﬂélsvwch d@élﬁcﬁdrﬁbloﬁﬂbe(&@{)éund $ikcdrr mittide (8isN;). Underlying
materials or can be nodified, if desired tor?ﬁe Otgﬁf
erent

paspivatian {ayer 48 maingde thei same passivakion Batenial asgy.
paggkéﬁoﬁ ﬁﬂat?ﬁaltﬂ'f} %%rl% H@ Ip%%éllvéﬁ% felyad 44hgn rp'aﬁlﬁclfpﬁr underlying

ri‘’ng passivation
passwatmmtatyer A46dn diarglet)struwhar&sl 3ﬁ1gtdyscd1hprhseairaglimmtenals including

buf ot iroked K dnateripls famRratiars lnp Roraresels. ok bidicmaterials,
loWR 66865 ‘B’éa%@ﬁ cﬁé?&l‘% rﬁétb Bls38rt98§| dtlééblé‘é @%Gé-)' ﬂhérosumate
processed W th [aser ses rom er wavel eng

glassesy ergmnslllcabrgiasrr@ tetaaaihyeloetbos;h@a’te |(5ED§S)§)@eUeJx1des

nt than hat sible for, |ink
mefule By T eals OEFOR) elodyene AL ol L Scetate
(PQM’@A)?%HE:QTE eétefs, hyarden sﬁ%@sgb’bﬁéﬁe HI! meas| efisebqlioxane
nm or’'| ess from other 1inks 2

(MSQ), polyarylene ethers, benzocyclobutene (BCB), SiCOH, or SiCOH-derived film
(such as “Black Diamond” sold by Applied Materials, Inc.), or spin on-based low K
dielectric polymer (such as “SiLK” sold by Dow Chemical Company). Underlying
passivation layers 46 made from some of these materials are more prone to crack

when their targeted links 22 are blown or ablated by conventional single laser-pulse
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adj acent circuit structures 34. [0058] Overlying
passi vation | ayer 44 may include any conventi ona
w@2msiovEsé on materials such as silicon di oxi dePemnUds2004/026977
silicon nitride Underlying passivation layer 46 may
Imk'?'&Hé@S{ bp&ratiBhE Bﬂﬁl? éd?{% Wit dré‘élal%sthﬁf Sfb{ fS?ORPtS|3N4, low
ssivatiron materia ron1ove passi va
K hmy@tald4oer namea:tnulnaatenaladlew iﬁmxgiqehased/dleienmct a;aéerlals 0OSGs,

ubiasiitals of55eas aTgangS GeatS aASSes Pt NSQ, B, $LKC, and Black
Dléﬁ{oﬁﬁw %F@HFﬂu%Wa%glﬁ\??ér‘lélé Sand PROS MPESS! BhE polyarylene ethers

materials, |ow K o based dieleétric materi al's,
arensehmmnducéme:ogidassate fres@sypr nfatedalesi | i cat e gl asses,

PR 68 By RAB35 i RS SRULSAL BRUbbE ey ghangos may be

méd@' 3Rk deﬂéﬂ@&f eaatthviecddscribag eRibudimehtewitiodtddparting from the
(PGVEA), silicate esters, %drogen si | sesqui oxane

underying priacipjes ef ﬂ%%@é{@l"%n he geepe ohtheypieseahiavention should,

thé&%ﬁ#@%g?@@éﬁﬁ%&#8“%55“@ gﬁﬁkpg%k£§$gnnnd sol d by

Applied Materials, Inc.), or spin on-based | ow K
dlelectrlc polyner (such as "Si LK" sold by Dow
Chem cal Conpany). Underlying passivation |ayers 46
made from sonme of these naterials are nore prone to
crack when their targeted |links 22 are bl own or
abl ated by conventional single |aser-pulselink-renoval
operations. Skilled persons will appreciate that Si ON,
low K materials, low K dielectric materials, |ow K
oxi de-based dielectric materials, OSGs, fluorosilicate
gl asses, organosilicate gl asses, HSQ MSQ BCB,
SiLK(tm, and Black D anond(tn) are actual |ayer
materi als, and TECS, MIECS, and pol yaryl ene ethers are
sem conduct or condensate precursor materials. [0059] t
will be obvious to those having skill in the art that
many changes may be nmade to the details of the
above-descri bed enbodi nents without departing fromthe
underlying principles of this invention. The scope of
the present invention should, therefore, be determ ned
only by the followwng clains.Cains . A |aser-based
processi ng nethod of renoving target material from
sel ected electrically conductive link structures of
redundant nmenory or integrated circuitry, each
selected link structure including a |ink having
opposite side surfaces and top and bottom surfaces,
the opposite side surfaces being separated by a
di stance that defines a link width, at |east the side
and bottom surfaces being positioned adjacent
passivation structure material in a circuit fabricated
on a substrate, conprising:
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directing a | aser output pulse for incidence on a

selected link structure, the | aser output pul se
webasaotses i zed by a | aser spot and a | aser pul B&T/US2004/026977

tenporal power profile; the | aser spot having a spot

size at a | aser spot positi@%irﬂg the selected |ink

structure, the spot size b arger than the link

wi df hiA Risdr-bhsed prsuespingIaethedaframopingetargetahatesial from

having rising and falling edges, an average power, ,e}nd
selgciqd alectically rordugie dnksyuelies efraslindapbmemanyide anegrated
crlifyPLS! s ea AR dRupe SRUan M K ] Bppbie sgs surtaces
ang dopeand battomssypfacese the dpposite side sadacgsobeingsieparated by a

sk 9L B i egb e M5 Rl iR B
posSiRbié&d dHfaREhPPassivilion stRicRireGAgteraRIMCE cREuit RHrieawR on a
spi ke cooperating to establish for the [ aser output

sulpstrate, corpeisingl |y tail ored | aser pul se power profile

b PSR s (G Boite RIS oS [ b fure, the

laseF olifpfit paks®l orriracterizéd by tauasemsyctrandla leer puseedmporal power
adj acent the side and bottom surfaces. 2. The | aser
profi&cessi ng method of claim, in which the pul se

o 85 3 SHPL RSN T o 8Bt
striGturm)ithe spensizavibeing laegeritham theelitdewidthtdred | aser pul se

tenporal power profile and h eak, power .ue that
<" Ther ase hauSabmPOTR REBEG PraTie NV BRisY GBI ARG eHges, an

r p . f
o BB A iy B 6 g e SR B ESS By SIS o pover
spika halingha shikerdwsatian that issuistantiaily tsharteatiwant the pulse 8uration, a

pegk Bawer Haths St Bin sy atadt poweh gt e fier PuGlt blffe, and a
timR T REBrBHCcEFoRPtheisifg adge %o tHéWfdMHﬁtfﬁé] @ndthk§eak power,

duration is between about "1 ns and about 50% of 't he ]
spikeldseatinm, @anddime bf pbeurrennerofgbe powes spilkeagoqperating to establish

ile. 7. The | . ' h f claj j
forfif LaveF Rufiut ifos A R6eoBLP ESP I BREDUISE sl bl et drects
seWihd fERe Seffctéd Anlp SMEEtUFPWWkRe NGt EAILiNG agﬁt@i@lﬂé ldaftage to the

substantially linearly with tipe before the falling
subsitpte og therpassivation siruteresmateriabpasitioned adigcentthe ¢ide and

boﬁ‘&%%rﬁa@gs? otal power decline

2. The laser processing method of claim 1, in which the pulse duration is
shorter than about 40 ns.

3. The laser processing method of claim 1, in which the power spike is
coincident with the rising edge of the laser pulse temporal power profile and has a
peak power value that is more than about 10% over the average power of the laser
output pulse.

4. The laser processing method of claim 3, in which the power spike has a
rise time and in which the rise time is shorter than about 5 ns.

5. The laser processing method of claim 4, in which the rise time is shorter

than about 2 ns.
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after the occurrence of the power spike is nore than

about 10% of the average power of the |aser output
w@pose1658 The | aser processing nethod of cl ai PCBUSN04/026977

whi ch the | aser pul se tenporal power profil e after the

occyr T?{éﬁlgsgrf ?Folagsﬁﬂﬁetﬁgﬂ léﬁ glqﬁgrfae'u"f‘WhY&J thef %ﬂ(e dyration is

bef or e Ser pulse e

betwaesr alpoutf 1 he and@boﬁhﬁo%as‘dhe pulxee&sahgn ot thelkasef pulse temporal
claim i’.e in which the | aser pul se tenporal power

POWEBPIAfte.i ncl udes an additional power spike, the

addit 'T‘H@ﬂ'as@to e§§ m;;%é}ﬁﬁal lof CRSM, ﬁr?wmd?ﬂheq&eér Ss& smporal

that is 00|nc e rising edge of the Iaser
powel pmfie after thie cpnmenenpe of theepowerT: ﬁmke s tailopadbioedagling

t ho f claim1l 1N WA t ditional power
su@%pﬂga‘]‘wggl éfw@%}‘o’v&m%m?ﬁﬁ f"f“E sget han 5% of the
avegaghea¥er p r@&dsﬁn§ PhétRod of BfaiA!7, o whfdh@ertoeh poivet decline
ns and about 30% of pul se duration of the |aser

aftguitheeoacuienea of ﬁm\@ewpr @wlke és mpge thanabeitel0% o thas avergge

whi ch the power spike is in a
po&gFﬂf@\eqéﬁgo@gm" %&"gﬁg wave with a power variation of
ovep. JieubsdOffoetssing ntetRod ot climed, imivhidrethledaser pulse temporal
out put_pulse. 13. The | aser processing netho f claim

power pqu le\aftentherccygrence f mﬁgp%@resmls%ﬂ?sfq'@% vt befpte the
thin th I
raff 4ol O B BRaYaLE TorboRRBORERBIAb LT 7 102, Pl o°
and10hdhedaserdprotessieg awthod af claimdy i which thetlasenpulse temporal

about ns and aboaéi 15 ns. 14. .The | aser. Hroces& n
power REile McldgsAn aatiqRal Aower ShifSathe SRFkieRaloRIre! SHike,
océd %‘%ﬂ%f'tr{%ﬁé?we S5k #hat15 8SiMCRENt O\ﬁ’tﬁ‘th@?lsgitﬂ's%déﬁe 8GR laser

e pul se duration of the |aser
pulsertpmparalpmmr profilei I e. 15 The | aser processi ng
claim 14 he I

povdt Arlebe Beressndmetasd of im0 inRichios Siohal power

splkélh%%' & ﬁb\Wef' Vatbe tﬂ@t is PitsteltRa® S%’E)Pﬁﬁsﬂéﬁﬁgé"pb%@' afll a spike
claim 14, whi ch the | aser pul se tenporal

dumt@hldfé)eme@n @bautl! astaed abut go%erf i jise durﬂslon 'of the laser

ya! proceSS| ng nethod of claim14, in
Pu(ﬁﬁ%%ﬁ‘]p{’ﬁ% p&&%ﬁéa&%. ke has a peak power val ue that is
oven 2 1GHedhsémsrosessing endthue of olairh e in abivh thetpower spike is in a
pul se and has a spike duration that is betwee

fortmef aosGatingwaye wiitha pawer arision o wﬁéﬁbﬁ%i ‘i)?%eof the average
po\&g]eg#ﬁ.%%sg,rgﬁé W&]ge_rret hod of claim, in which the

cent  passi

13. The laser processing method of claim 12, in which the oscillating wave
lasts from one-half cycle to three cycles of oscillation within the pulse duration of the
laser pulse temporal power profile, and the period of the oscillation cycle is between
about.1 ns and about 15 ns.

14. The laser processing method of claim 1, in which the power spike occurs
at a time within an interval measured from the rising edge to 70% of the pulse
duration of the laser pulse temporal power profile.

15. The laser processing method of claim 14, in which the laser pulse
temporal power profile before and after the power spike is relatively flat.

16. The laser processing method of claim 14, in which the laser pulse

temporal power profile before and after the power spike is not flat.
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structure material overlays the electrically
conductive links to forman overlying passivation

wo 208/016580. The | aser processing nethod of cl ab@T/US1004/026977
whi ch t he adj acent passivation structure material is

IOOS ay,

el e 'ri @gﬁ?%qcogﬁ C ujliq/gn% in c£8f CIg%ﬁr‘%h *Qgg the power spike has a
pezﬂ$ Q@Nﬁéﬁ‘i/ﬂge mmth@ dvef 10%0frthe lavetagdpdnherl éfahblla@re:dgput pulse

of the | as pul se tenporal ile i [
and bah oL uralgn 15ads BeRveam R 5% ofdne Jase myfse tempora
po ?’S féroces& ng nethod of claimin which the sel ected

el ectr

Ically conductive link structure conprises
al uh8.nTihe laderqrocessingpyethqd pbdlgisn i inowhichitbe ladidagat passivation

sttt pred/s G i hoariEling ifks Riiohd i overtying
pagsl,mﬂ,qg erOr tungsten suicide. 22. The |aser
processi n? nmet hod of claim, in which each | aser

out tﬂlt Tbe aserpiecessing rr@tfmqggf eainpét weehlcaﬁbetadcaqempassivation

sB S Mo 1R et R AU B g concucive

linksat er i aI under | yi ng passivation Iayer or both of

the conprise one or nore of Si ON ow K mat er
Khailases precessing Bethad ofclaigy! N”d&(h'&@ tbgéc'éling edge of the

| Iase SUISQ ttérﬁig{ﬁfé‘BWe? grofﬂé‘ LB o Iﬁ’}/gg?grhgﬁrz ggartgr than about

| UOT OSI an organosi
10 hetraet hyl ort h03| | i cat e- based oxi de,

neth trlethoxyorth05|l|ca ene Cco
1Vns TR lasar mspcessingimetn hod & dlp laﬁfe 't\'gl’ythwsleeg%qqe'ectﬂca"y

°°"2dt cHF itk St 86re EBmpliscS ARGk, CHRMIdeToBiharT bl SMeon.
disificide) gold, sickel, oickiehskrdmidey patinurh epelycideptanfalem nifride, titanium,
., The nethod of claim . in whi t | t ot I
't'taBWfTbH{f”gp]%qB%%StﬁPeorgté’ngfstﬁp\g%l i 'arem(if/lisng }/\grg:tser
Mat®y | the MdedPrcesiny MRAd ONGaint 1! MSPKiEhiegRhISSELRPUL pulse

electrically conductive link structures at a
has lapet enérgy of between gbelatt @ P01 miaraipdetand abaut 193micrejeules.

out o pRreanpd Sy FRME, pR i apiadhef daBr bl i Chure
mafdriam Lﬁi@félﬂlymb%d%lﬁéﬁoﬂb@yér BQQ&hfﬁﬂt%m Ebmdn@é &he or more of

net hod claim 25, in which the wavel ength

Sicht gfaﬁl;,s égﬁéxa aw pﬁmatﬁnaéea low lérweleetrls m@h&aah@qlpm K oxide-based
oS aliEF4] sl Lo FRBH NS GERBL B B4t
gladé|&a ie@%@thmmmaﬂ@-baeé@ oslidef matiayltrieMoxyonthobilichte, peopylene
glyclzcﬁsrr%nc?rlrjié&yl e{%er acetate, a silicate ester, hydrogen silsesquioxane, methyl
silsesquioxane, a polyarylene ether, benzocyclobutene, a SiCOH or SiCOH-derived
film, or spin on-based low K dielectric polymer.

24. The method of claim 1, in Which at least two laser output pulses are
generated for removing target material aligned with locations of respective selected
electrically conductive link structures at a repetition rate of greater than about
10 KHz.

-25. The laser processing method of claim 1, in which the laser output pulse is

of a wavelength in a spectral range from about 150 nm to about 2000 nm.
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iIs emtted by a fiber |aser at a wavel ength of about

.06 mor its second or third harnonic wavel ength, 1.3
womoosn16see second or third harnoni c wavel engt hpcDUSH05026977

mmor its second or third harnmoni c wavel ength. 28. The

met hed b 154& &bc%éé?nd“’ginegﬁ%cg Bfﬁl‘gﬁ#{ olse MHicﬂfthEQfaJth of the

out put pul se’i's about ol fow ng wavelen
laser owipubpulseris ope dflacfuhdaimentalgsewondl reargidnic, angleisd haddonic

mm .3 mMmm .1 - .06 . .047. mm ,03 - 0.75
walplengiheemseid omia WAG. LE . YW Ob SABPREG &7 16T fageTor

0.2 T : j ' ' [

roc 2L The e Ticmghfod bAUBIA LS, Wyl the eyt puso
is erhitteddiyna fibenlashr aha wawelengkh obabeutth0G Ip_maesitgfsecoryd or third
nafih Seobligeh, [ ot 1 BEeFE) BOuRInS AR 4l BoHBlE e 1.5
or NE¥ELHWSNthABhdrmonit whvédlBRgtad] acent passi vati on

structure naterial, the substrate, or both of them are

si g281 Tbarmethodinf slaiant, in which-thravayelapgth. ofdhe Iasas output pulse
s 558 FBlnd GBI A PR S ARg et
rariges: 1.5k g .3 ui)i1ckndses pin, 9105uer 110#urh, M03 - 0.75 pm,
0.65 ym, 0.53 ym, 0.5 ym, 0.43 pm, 0.35 ym, or 0.27 pm.
29. The method of claim 27, in which the link has a thickness of greater than
1 um. '
30. The method of claim 1, in which the link has a thickness of greater than
1 pum.
31. The method of claim 1, in which the laser output pulse is characterized by
a wavelength and in which the adjacent passivation structure material, the substrate,
or both of them are significantly absorbent to the wavelength.
32. The method of claim 31, in which the wavelength comprises a UV
wavelength.
-33. The method of claim 32, in which the link has a thickness of greater than

1 pm.
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