GENERATI NG SETS OF TAI LORED LASER PULSES Rel at ed
Applications [0001] This patent application clains
woenesfaigosof U. S. Provi sional Application No. 68(%4382@31026928
filed August 19, 2003. Copyright Notice [0002] (c)
2004 Electro Scientific Industries, Inc. A portion of
the disclosure of this patent docunent contains
mat erial which is subject to copyright protection. The
copyright owner has no objection to the facsimle
reproducti on by anyone of the patent docunment or the
patent disclosure, as it appears in the Patent and
Trademark OFfice patent file or records, but otherw se
reserves all copyright rights whatsoever. 37 CFR 1.
1(d). Technical Field [0003] The present invention
relates to | aser processing of conductive |inks on

and, 1 nGRIERATISR SEpsE Haft SRed LSRR EUDSHS, g o

master oscillator power anplifier to generate sets of

at least two | aser pulses to sever such links with

better processing quality on-the-fly. Background of

the I nvention [0004] Decreased yields in |IC device

fabri cation processes often result from defects caused

Ssubsurface |layers or patterns or by

art U ] .
I°°°1F’e e et BERHHIcRTAs BodSh of .S Pridofid Aditagon No.
60/49ﬁ163deﬂtdmAugm§t @008l y fabricated in rows or columms

to i gcl UdE m.ﬂtl ple iterations of redundant circuit
el e h as spare rows and col ums of nenory
[0002@eI & 2684 Ié%&? 5% e%rtl ‘fﬁdl}s‘?n%:é éﬁt?c |oﬁ'6?|tl?%8dl.sclorsure of this
es In e

its are ‘bet'ween el e

patent:dnd:meat é’éhtlaﬁsemammewhbihas Gubjbet to eepyright pretéctibat The
Sn be rgm)ved to di sconnect a def ectjve nenory cell
copyright opger 828 M9 ebiasipnsiedbeifacsimilg rearaduction By w&umﬁme
patenf 8b¢urilnt 6 MeTBEYAiRESLGS, 3¢ artiedts M PAEIANT Biemark
Officetpatert/ile drirekarda2btiothepwaise ré@vesa@mgyd@!vh nighgs avhatsoever.
r ogi ¢ products, gate arrays, or ASICs. [0005]

37CF%1§9| ?ﬂ@ 22 in link the structure 36 are about 0.3

M CrRRhhiBal Fleld M thick and are designed with

conventional Titnk widths 2 of about 0.4 mMm - 2.5 mm
[0003] i ni¥ h%m@saet iBYeninmeaiateadp dasantpretessing ohtondetive tisks on

memozrf/"chﬂ)s or otﬁer in egrateecj SFEEU?’E (I(B} E:l%lagsand in particular, to methods and

systems employing a master oscillator power amplifier to generate sets of at least
two laser pulses to sever such links with better processing quality on-the-fly.
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,
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(center-to-center spacings) 32 of about 2 nm- 8 mm
fromadjacent circuit structures or elenents 34.

wahodsmugte4 t he nost conmonly used |ink nateri al BCnAg2004/026928
been ponS|I|con pol yci de, and li ke conp05|t|ons

) t d d
and SRl R ey Rdathpel SRt g e Sy e 2
DRAM, &in SRAM, rb’%‘tad”@f}ﬁblaﬂ&éd‘ %m@ry Sifiiab E&cHnlldUése&etéiso used to

al um num chrom de, copper ni ckel, nick
sevehlioks 22 fo repainCGR muamggdemcep loxtd prograsslogis proajslcts gate

arr Qt herhﬁ{;al s, netal alloys, netal nitrides such as
%S 8h Br tantalumnitride, metal suicides such as

[0005F | TREdifiks RRNAFhR the BirGétlife 36/ar@bbeut 0Bt alcron lﬂ@m) 2 um thick
materials. [0006] Electronic circuits 10, circ

andeargrsRignediWits conuemtianad dnk wicdths 28cofrabaus 8.4 4 - 2.5 um, link
Ien@ﬁ%e&@t Eem;egﬁpal &c?etrlt %ﬁbslcrtlgcgal (\;\fr%té?(ogi‘gd g%‘m&rﬂ-tbg%lgm%nt pitches

ase or gram mm or

(cemﬂ@fﬂ@b@dte(r IsBacingsE82 w‘abb&’nz uhs- Bawe floaeadicphbyieshif structures
nore than 20 years to expl osively renove conductive

or qlemratsyH. ARG thenmoshepmmpenly Heed gl Bwierials Hipvedaen

polysAeh. BoFich RBBIRS ol ot BleMR 8 FlagERt favg more

rec¢mth) adaptad a"marldFy %mol’é\emwn@ysjwduatnmmm@ tihk a@&atefials that

mag rnd, bt 365 Bo BBt D B AT oe. SopRet ol nigke!, nickel
chr@r%ld@%'tém%eﬁu‘@%% datfrium Cehwal %%Htﬁéﬁné?al@ﬂﬁe&ﬁ’bﬂ@%‘ metal

conponent | ayers of 'a passivation |ayer stack
nitrides Isudh ag thanivreot tantajupenitrideamedal siksides aucly ek oligilidide,

FI.G 2A whi ¢h i | Q0A-1 0, 000A thick d
tunggi$h sk, PhpThrateAfke ety 45 Fi G 2c shows tvio
[0006] aCEl&ctHohWért%&sﬁ@@fr@&@@lé%{erﬂﬁ 14NbERERAbBRIIs 20 are tested

passi vation | ayer 48, Each of |inks 22 has oOpposite
for @ef@etSS the @@eﬁowofswbmhanem beymapped irde eclatabaseler pragram.

TraBAA L0470 br b bafiin B R} BREE waREeodihg hevp boen

emplbged ks rﬁoree!hahlzmyefarsrtaldxpwwmw faraovad cmmrtttivtewnké 2I2
| aser radiation, and conventional passivation |ay

Conygntiagal mamarg ligk, BFOGESSEIY $YsteME .ffasu%@t aaﬁelgptqdclmk 2% single
Ias&'& It t?teplﬂé&'ﬂﬂq@ Hﬂ(g 'pé&ste Bf &% tttf)n&c])?e%%hda (ns) to 30 ns.

yplca 'y process

FIGSJIZWmad PByshosws haddrapot B8 dﬁepm $ive I(aneammﬂam}esé@!#o impinging a
does not_ have to st ogprmw n when al a

link strugtyrg36:corppesadef @ palyspison \ﬂrm\etélalﬂﬁ( B@%‘f'@ﬂeé akeve a silicon
subgt?'aféﬁ&‘?rl@r %fﬁééﬁeo@ ent a?le% &@ééésﬁﬂ%@cﬁ\ la}BF stack including an

process e€s a v
oveHyurnIg pﬂssmen tayerido(shopantin FGe RA)swipich de baicadlysE00s-40,000A

of thousands of |.inks 22 second 0007
thlc&,uar&han wméerlzlngaqaésyaﬁlpa@a@fﬂaﬁf f G- 8&5@%\9{% ¥R AdJaﬁeéMnks 22

sep%at% ‘Blyl dri“ﬁtérmébgérttér g%]é/@?b@lag@ 4@: tcgé%Sf"lﬂﬂ@ Z?Eaé oPposite
side surtapesa’2 semnat&!ﬁby arcbstéﬁce#ﬂ@ajmteh ramghlnad)hmk wmrﬂhcﬁS which
Iaségas?)%t ggteln%gmpa%ses to sever link 22. Silicon substrate 42 absorbs 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 Iin.ks 22 are typically processed “on-

the-fly” such that the beam positioning system does not have to stop moving when a
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44, 46, and 48 surroundi ng the open area previously

occupi ed by renoved link 22. Curved line 76 represents
woyepispagocdamage to the passivation structure, PCT/US2004/026928

specifically damage that extends by a certain anmount,

lasef pfisi, 18376 b ndefictas ik poctivh 8h seleled i &2 i prwcessed
by areuﬁ@@sa%xepulgyprrﬁalorﬁmwp@cégs 'fé&llitaté%sa Gélayqlﬁgh iRk iphScessing

passi vati on structure, which are not shown i'n

througl@wtngucf,h ? §6 ,pé@ces[snger@l tensiof thmm@éstqﬁ linke22 per second.

bst | ner
1074 18 o0 bl 2314163 Bt oo BRI BRI e i
strudiuf® oPRIG B Hﬁér rémal of lidk azcbﬁhé7&|cﬁ%4=t ldesepulBe. FIG. 2D
using a single 9 ns to 25 ns | aser pulse at _a | aonger

ShoW%@@r""’ﬁﬂV'@F'&r?gWﬁd lm:ﬁfi Rassipgithrough partiees of pasaivation layers

44, 40, 57,48 sOoBhiB 3o UBLfieRea Blelibisly BB iR ink 22
Curveat kne a6 réﬁresedtsshybncab@amagetta) thepdgsivationusthudtareg apecifically
ditional 1 mm/l as wavel engt hs.

dampge el extands by .G 21 AFIN; 6,6 AD0US B HAIETER e the region
prevatﬁ:‘cf?Péééd'tﬂe&Bg Jhé}inl%ﬁ 86 eQﬁuﬁtB'v‘i"snBl%‘UHHeq RassQiRn

In the industr out Tive years with great
Typlsalcdmnage [aﬂmmpludes crﬁd{sentth&loasmeﬁdn $80ctofe, $ulmchlare not
ri hes nmet hod of using ultraviolet (UV) |aser

shov& f’bﬂ} @"@"@@939”@ ®nks. Shorter |aser wavel engths are
[00087P! OVRAay§id YRImAdR toﬁhé'@&'b%ﬁ'été @Whll@?ﬁﬁ‘h?ﬂﬁlhg%ﬁfgbiérﬁ laser

accommodat e the ever-shrinking |1nk dinension
enengyriR-processi metakor nonmetal limez2, Sumet al. in Bs®rPatent

t bet [ f.the l
Nos (52850 350 B3 G000 R4S arstifle s 825 MR p&iHse ot a
longBr Rees wavbiaMgiesuchessry.3luraf tot frecess K’ldtﬁé@' linkBY22s¢1¢ Bilion
UV | aser pulse entails careful consideration of the

wafalsdéf the A3 Bawavelength, the laseueeergicabseretiarasonteast between the

link l?\%?érﬁfaggz%é]% giﬁgﬁw%tg thrslb ﬁéhofér@%gtféiw tf&{ﬁé} té%ftl%gltlonal
1 prri et mvelﬂngtmrpvhélmlﬁimwe@ia@rtpr@@dsnrtg"lwindo&\sahd better
ul se 373 at vvavelen hs of 1 mmand .3 mmused in th

ProCBE$IRg B's%fmr e hvt rigckninge hasdgen ssed indhe dadystry for about

@'Eéﬁ . in US. Patent Nos. 6,281,471 and
flve\gé%gvgb ropose using a naster oscillator power
[0008}p! iU.BePatentiNa\6,087,(1 80RAS unaateal. gescsibes Zomethod of using

uitraGRIE LY SR A haevBE S y Sholler [set Peelansts eesemployed
to déllk)@rg églﬁagler[lé)e% dﬂ %é‘oq @f@f&aé& ﬂ\%@%f@{ﬂeye\%fvémﬁgﬁfb link

dope grate asants that are activated
dimemsians anud limetd-hislepiteh sizesi Jhesaishorter laspe wavelemgitat also

provpg&&t?el&rpgppﬁgg of %gj rAScon rn? d heﬁi?\'i(scargn%? %a glg!rto(%act:llﬁtate the
process. However, removal of the link |tself by such a UV laser pulse entails careful
consideration of the underlying passivation structure and material to protect the
underlying passivation and silicon wafer from damage by the UV laser pulse.

[0010] FIG. 3A is the typical temporal shape of a traditional laser pulse 37a at
wavelengths of 1 ym and 1.3 pm 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

propose using a master oscillator power amplifier to provide (MOPA) laser puises
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provi de substantially square shaped pul ses 37b that

have an adj ustable pulse width of 5-20 ns. [0012]
wéeowsrodsosy to Smart et al., the rise tinme of tReTIUAZ®AI/026928

pul se has to be shorter than 1 ns, the flatness of t he

squared wave top has to be better than 10% and t
37 gff temnaral shape shawn BUFIG. c?lliawﬂhWUQEW'E"'W%%&%@&PO@' power

de@ﬁ?ﬁ@ﬁ@t@% %S%%eggg%rmﬁ(gl ses with the tenporal

was that the sharp rise tine of
[oOt e | MEPAJdsE&S are¢ethettlyi OBl pltldmgedadopdmbahdtgnaﬂehe‘lber lasants

thaf isadvatchBY Bndoleston [peaaal ainiah UTKAT Bitettionyaie, Sgeh as 30
kHZ hﬁld?"ﬁ%nﬁé‘@fe@”a?&r trﬂSnuFaEf&ﬁé‘& ﬁg@ll‘\*ﬂ %ﬁén@é"’?ﬁb Fremont CA

density wou be reguced W t ast rising, sh
prodlidesgubstantially squafe smmm/mlsewﬁﬁbkhwa\ﬁeeamadnsyahﬁ@ pulse width
f£2§3|vat| on | ayer sooner with the help of a thernmal
wave delivered to the layer by the sharp rise

[0042]® @Al cbf&ﬂn# &5 SattLe4. tthé"rl)éeftlﬁ?é bf ﬂ\@tla§eﬁ Mfls@'hasas be shorter
processin structures with no overl

thapdsss, \the rfletnesaﬁrthmquarado&/a\ream Iheseto be %@ﬁﬁhth&m 10%, and the

al g e BT RGP REs OB BAlRdoBP ERtaTfngr puises wit

the&éﬁiﬂ)@w fﬁlaﬁ@ showsNind=IG. BE wag amltee shhm fide tiineesfthefaser pulse
overlying passivation |ayer 44; the thickness

woumdiahvea#hwmaaéh%h fo theyeriyingtlayen ofraxiges and mqrebﬁfﬁpl“tate the

Ilnktlﬂgw é.,a én}f)ggﬁ g'{ ?%&ﬁg@,ﬁggﬁég dﬁﬂ/ltg%? e ﬁ%s'ep @nb@ﬂ?y fn% link at the

higk@cp@yetid@sityovpuld besedubed Iwmhkthezfﬁst rising, &iﬁHdrlydurehen pulse. If,
link material will be totally rem)ved wel |,
howeier) Breaking iheovarying passhation wrcsaaoneay\@ i Of a thermal
"
shatRiyd Aeer s 18T TavaL b} fie SRR GHE of I blse tuly
facllitdtes &g process,ckm)besmhg link sa'uctnlmd/athmd ovéfly\mag passivation layer

wolierS g P b e 2 LeOs, L TS e aris
[OO%EI ! 9"e| us offhevita Q/an%ﬁoH@Bf ﬂ{esllﬁl@@trlﬁétﬁﬁa 36 esuchhes, for

material Is total renoved. Persons
exahple) ‘dsw thmknlees af the/\overlwr@pas&vatlm't Iayee44atberth1§&n@%6, width,

and;SedHaIE>IoRe LS 22 J8eH SRE MR hERAESS o e astvings
pas%%/ati%ﬁlff%radfé YhéROs & hédd forRomeeRERY RdGHhYin B RRES pdlse energy

before time t , because there would be no |ink
usemuoavrpaess thealinkisri2p.t Dypinalyy, the hiek mattetial ik betotallyremoved well

oo 358 e BERST EBP B gar BocAGR st o

theWe%ﬂz@FhK‘ﬂZSéfd!é“er@n&/éd tifme t) i ast2@wn in FIG. 3A Some tail
Unf ort unat el {Q) for the traditionall aser pul se
A

aftardeiscdesirable ivaceammedate lievariations ayh @ﬁ@p@%@f ﬁhﬁémks 22
oo BRS60% b3 hglo s PR SRy SHRRABA Sfieny,time

in FFIGQBB d’éﬂl@l@ thbeinme waehltiee ty‘mw linkinsatef@bis wblally remaived. Persons
skllled |n the I[.zslrt will reallzneS thtat trfug Iaser \Sﬂlsle energy after time t; for both cases
imposes a risk of damaging the silicon substrate 42 of some of the links 22,
especially those that were completely processed well before time t4, because there
would be no link material remaining to shield the substrate 42 from exposure to the
laser energy. The laser pulse energy after time t{ imposes great risk of damaging

also the neighboring structure 34 to the link 22. Unfortunately, for the traditional
4



potentially causing even greater risk of damage to the
substrate 42 or neighboring structure 34. [0014] FIG
w0 2605a806an exenpl ary typical interval 80 betweemus2004/026928
sequenti al |aser pulses 37 that are used to sever
art links 22. erval

d- Suc
aser SRS aLPe BT aesoRael evesThe Kampac FhabbaY e aat Bise 72
after@ffd+.C Bthe u'b‘ét)eam a5e B rgdaa 156¢ nqnﬂ%& 3?86&% #Bfse in that

accuracy o |t|on| syste
right lzter me timngst 4 df\e laset palserﬁj H wrﬂl«emam atriis peak hntehsrt)hbr a while,

poteﬂﬁ%L andgxyérﬁlggﬁag rt% o qﬁrgeg%?@ﬁ@g‘*a%qs#%ge %isci)rrnaetl)éheboring

strudtur‘é‘ééﬁt' ons inposed by conventional beam p05| tioning
ystenms. Summary of the Invention [0015] An object of ’
[0014]1e il @séshows\amexemplasy twmqai m;ter;v@l 80rhetween sequeatial faser

t f
putsEERD it e Bor i P R BR ol 2R Tpe Ry g tme
mterﬂéﬁé‘: genbiAy ifdépsident offiiesiaiser usaPahg dia€ bedn dassically
substrate. [ 0016] Anot her object of the invention is

deterraingdduethie ariiical speachandpesuracy of ths beaw Rasdiqgng sydem.
Althd] Stgéﬂ v@%}s o @fog?é% Hg‘im%’{qeﬁﬁepr%e‘b'&‘ﬁn tH?a"@T%ntg%na%/iél& are stil

roces

desn@bié @cﬁ'deswbﬁléh&}prmnen'fsrmm tacedntmcéms’léteratlon limitations
manuf act ur i ng is to nake relatively thick Iinks
impasgeldut eanvientiRnabRRAM PORIICAINGSYSEMBout 2 m thick or

t hi C@fﬂg}]&ﬁ?ﬁlt‘ﬁﬁtlﬁigéﬁtﬁnﬁat erials, and such links

conp ring process even further. t
[0015hs pnootsisctpelithe quéesertynybrtibnds td ptmndmaphemeuwframdmm

such lipks with a sin

appasBigor BRoraving eanPostad gHay i SRove! Captichgtive itk material
and HW:‘?@EQQ&% #ctufe ﬁ\‘é"t W%%t@@bﬁré SliigstrtBe

e to prow first pass wth a
[0016] nglAmottieresbject] afdhainveation us t@kpmebs syelv erlind with & set of low
? i nsufficient to cause unwanted danage, and then
energ)g ?ﬁ% WSeSy second pass of a sinilar or |ess powerful

[001P}! SsA furtheReBjdct BKtHeOinvd SiRsh BUb edplofislith @@tsﬁomg@pwlses to

risking damage to the surrounding materials.
process binksuoadleé§ly. t hi s practice would entail either a

100181 by Y 6ol Rl S BBl B s
(gre&tel Bfdregboutnkumethickabiabriuy 2n.aA Hetkor tfhekéﬁﬂ fmwhwﬂém@matenals
factor of about two or nore.[0019] n U S

and sugvlinksseompgligate the link gevelingsprogesheven fflyither It has proven
oartEQREY T AR oG 1BREIA SRR sl
conventional laser output at sufficient throughput without causing unacceptable
damage to surrounding materials. One solution would be to provide a first pass with
a single laser puise at each link to be severed with energy insufficient to cause
unwanted damage, and then to provide a second pass of a similar or less powerful
pulse to each link to clean out any artifacts without risking damage to the
surrounding materials. Unfortunately, this practice would entail either a long dwell
time over each link or separate duplicative scanning passes of repositioning and
refiring at each selected link, effectively reducing the throughput by factor of about
two or more.



positioner to deliver a set of two or nore

ti me-di spl aced | aser output pulses to each link
webnoisotgnce i n the sane tenporal w ndow that PCT/US2004/026928

conventi onal beam positioners enploy to deliver a

oofo '3 FriFR Mer By G350, i 8, défios8 saethatis dogoordinating
lasét@sifiplitgsifse Eb‘ﬁ@#ﬁtioﬁ_‘é h%%@i?ﬁ?ﬁ@\?‘erﬁé‘ﬁt iHﬁHgfﬁth%}a? i'bte):;\m

and the net hod provides hig roughput,
positioner tedeliver ansethod dvordrshoreftindestispiaces laser owipmbpulses to each

ik BFESHE 1h  AHE oMot ihiyihangpPistiidhalissam sosiganers

em;ﬁbY & deliVerd ﬁﬁgf’é&gﬁ)en‘ﬁ@b{él_ Ié@er@tﬁngé.aq'ﬁetdéﬁvéﬁftéf ;%[fl%es in the set
pu

ses wthin the beam positioning tinme w ndow.

is s@ i dhatdhe sepprEsa obeaghlasauoulpuhrvise @spmnasses dok dak width,

andlotgé I‘?fé%tﬂbg ﬁr@gggﬁg]h @%ﬁ@duiﬁ%h}du%ﬂt@ﬁ@&ﬁgﬁ&}all QRIuPYsk of
daneageoidi anproxiraabpassivation layét ergsbstiage CW node- | ocked
Addi ti onal enbodi nents e

1002015 - g et etonB Bl eabpnd in YA GAcPu Non2a0BR4E1053, Sun
| ' L I
et aﬁ%ﬁc‘ggﬁe @%Yégéﬁa/gﬁéfée%rgt?\’thg Qefs g@ﬂﬂ%é@{@)ﬁb&ﬁh?%ﬁ@osmonmg

0 and tTwo or nore syn

timet winglomal IGneoéfmbetirhastesraployata ciminaoas peiviel @Wparke-locked
Each of these nments has its own

lasef & bichigBe! Piss Tgenilion ik Jalied hyepipaaRiaand an amplifer,

oSS ShOSTFio B3 HRERSS gy O phETBlo e
Additgmal smbopinentsBmpley; a Sterdcontraledeacaisto-pptip (40 ) Q-switched
oo IS8T ot e b TS 6L 5S4l 2y Bl e
two @R Mdre BfynBRidhiZU G tbﬁﬁfdf@lsy difdeR et Wt C}g%gén ad3dttion of an

i nherent_ to delivering pulses within the

optigalgiath.o kiash of ithesenembodinterys hiabdig dwn 8dvartagas, blitagreyral
disafyehiBoes ely R arGipRAL ool RpRBR " Graddiford oot or

aligrrshbedpshemed | aser pul ses froma seed | aser diode
[ Ceneral enbodi nents of

and optical anplifier. [0023 |
[00FHle. ghab&nPat Mot Nord QTR 56 tnoraingieycel 3l aBpDpoREproCesS

o M _ ) Tt ed

simi B34 Y54 bR Yooy 0 5E b PLERGRY o el focus

theirdwonkeon [Hset-rilipiete theseal inferaptsisathby afpinheedntad defivering
nerate a tenporal power profile of two or_nore

pulsgis Witin fhr beamrpasitinaing RerUPdoslaseribed byssunlet ahe

wer | i t [ r
[002297°1in VB, Pt Mo P727458, SfhftfiotBoBbY {26 b Hiéhricd closely
spaceghisquateeshaied bespwtoaith-shaped [asef bukesffrarha seddlaberdiode
| aser, output in order to deliver a set of two or nore
and\%'ﬁ?'@“‘?'ﬁ@éf pul ses toeach link to be processed,

[oozislwf&%é}él EfbBBirRedts M kife bASRht ReRBoR EnffiBY 8thagea!
oscillator/power amplifier (MOPA), wherein a laser output emitted from a diode laser
is injected into a power amplifier. The driver of the diode laser is specially controlied
to generate a tempaoral power profile of two or more pulses for each link structure to
be processed. The power amplifier operates in an unsaturated state to provide
amplified laser output that substantially replicates the temporal power profile of the
injected laser output in order to deliver a set of two or more working laser pulses to
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processi ng systens. [0024] Because the whol e duration
of the set is shorter than about ,000 ns, the set is
woansivdgied to be a single "pulse” by a traditPoOmals2004/026928
| i nk-severing |aser positioning system This practice
entail either I onglﬁldvvel I

eacgq%égg)f%l?ft@régéieﬁ? dnstead of ggingi anamakes 388" Byise of conventionallink

roé@gpﬁgg &Bhjag and refiring at each selected |ink 22
P hat vvo%l d effectively reduce the throughput by factor

[0034] abBetatsether wholesdurbior 6T theasst m\shkntelgthlaasahoml:ll(}m) ns, the

set 4 iMsferBE 13 B A Ao il 4 heBERSRBMGTe g asS positioning
sys{eﬁh ! Tﬁ@bra%ﬁ@éﬁbé& ﬂoﬂ%hén‘é‘?&‘éf bhi2d] élt'ﬁ%r ey IBH? We‘HOcInHI(Ié ®r separate

he nunber of work I Ng aser pu ses I n he set
dupb@ammqam"zgmassesaof nepesmaslngrancbr@flungaheaoh fseldoted link 22 that

woulg HBEH Ry Fcl 4 8 eul bt B9 sty B e e

[00251d oEacIawwkmgllarserrm@é withPQRElseh hag z@ srdrgyli 'o'?f%bﬁ power per

the tenporal power profile of at |east one working
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redundant layout of and programmable links in a spare row of generic circuit cells.

[0029] 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.

[0030] FIG. 2B is a fragmentary top view of the link structure and the laser pulse

.of FIG. 2A, together with an adjacent circuit structure.



FIG 2B show ng the wi dth di nensions of two adjacent
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dlffeledbpullsedvmﬂner qy Ievel [ 0038] FIGS 7A, 7B, and 7 are
rooftocr FIEIEAS & RaftaiReeriatie b oA Lot ok ppakegiment of an
exeﬁfb?ér&'lé’éérr@sféfﬁ'irﬁﬂle'n%rﬁéd Hit ’l_:yb%ﬂ@lﬁ Ié%%*éeﬁﬁ %WSOrk piece positioner

spaced-apart |inks. [0039]
that@@@ppraiewm {dsair pyocesising m:htroi szsiermto paxess tinks.e

[OO:g(jr ' eI]-QIE gﬁ)p@ Slg}FglflgﬁSL” ! ol gﬁég?r%bigﬂg\&ﬁg}%g@@rmjecﬁon laser

foIIoIC\fe,Qz'r b%' &n ra&ﬁ}iliﬁ@ﬂbéﬂ %etdﬁéra@fd |h R iR RGaka sia?ég?] Hgi ifPwithout

show povver versus tine gra
dlst@%@mﬁrumecbgn dagarpulgenio adesiredenergyilavély tail or ed

ng .l inks
L003) " IR, 7B, iy & LF Bl el e Eaplls SHdiRg gxemplary
Setsédﬁfé’?‘?‘? ?“'g%goizf’”&’.e“e? G R SsIRoMRG systom interva

betweasequgtial Wa%ﬁwr&ﬁl} $ets that include the

0B Y 5 A3 S5 S MR 4B o

drivg 60¢8ht ;Erb% alredulbanst ijeBtiom tuseapuket fy cPMﬁld @m@t‘éri amplified
| aser drive cHrrent profile and anpllfl ed | aser pul se

laseppylkse Rawsr Rrefileggrlisatingdnat elihednigctiomlases Rulsener

[0040F" SYSG. BD-SF BW Fdwsr Lt GiEPhs of exemplary sets that
include the specially tailored laser pulse of FIG. 8C for severing links within a typical
positioning system interval.

[0041] FIG. 9A shows an alternative amplified laser pulse power profile.

[0042] FIGS. 9B, 9C, and 9D show power versus time graphs of exemplary sets
that include the specially tailored laser pulse of FIG. 9A for severing links within a
typical positioning system interval.

[0043] FIGS. 10A and 10B show an alternative injection laser drive current profile

and amplified laser pulse power profile.
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[0048] The length of the fiber, type of lasing dopant, doping level, and pumping
level can be tailored to realize the desired amplification gain. An exemplary laser

200 can be a modification of a fiber laser manufactured by IMRA, America, Inc., and
IPG Photonics Corp., Oxford, MA. Both IMRA and IPG manufacture laser devices
that include a fast laser diode operating as the injection laser followed by a fiber
power amplifier. The laser wavelength is tunable in the 1.06 pm to 1.1 ym range.
[0049] FIG. 5 shows useful MOPA pulses 37¢4, 37¢;, 37c3, and 37¢c4 having four
different programmable pulse widths from 25 ns to 10 ns derived from an IPG MOPA
laser at about a 20-30 kHz laser pulse repetition rate with laser energy of 0.1 uJ to

10 pud. These laser pulse shapes are not substantially square and have a generally
9



| aser at about a 20-30 kHz | aser pulse repetition rate

with [aser energy of 0.1 to ml. These | aser pulse
wehapaasmie not substantially square and have RCT/US2004/026928
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tecmm&megnomcmmwe%ldﬁ ﬁoceﬁgesam/\dmmb@dsetv &0 Dohitriaws et. al.,

HarilheBk o5 oisHigent elEal Ghiveln S5 1F T o i, R ek, 1901

ISBRM540-835494.t0 permt the |aser pulse power profile
to correspond to the profile of the drive current

[0054]| i VEIGS. 6By amd 6Bpfgenerisally £iGr 6Bpshowhow a 686 wf éwo or more

Iase,s,pblqus 52 an%ﬁg;hexe l ar %rq%fmﬁ g{l‘ll{)%%\elgﬁgrl%wgo B%&ngs a link

22 Withdutisaeirafing Mé)aﬁfpﬁfné@m tSeRit Biabbér pulsé%vslé? profile to
produce an anplified | aser output pul se 212 that

correawraétmﬂmpno@let ofdhe grivetqusien dekivared 4o fipe injegtion laser 202.

w3 Rbigea 16, o8, 81 BB 1AV B0 i Bllog FORR 210,
suctpaksemaimamndfiat oph phﬁlle njacive thjedted intethe lawwower amplifier
anplifier 204 W|th| n the interval that positio

204 49 predrcesen agplifigd laser outpytipuise 24 that qqsr@sgeﬁaﬁ & Henlgiection
proffid 246MWABut Gisfstibh BERESHréfile caused by saturation.

[0052] With reference to FIG. 6B;, two or more injection pulses 2101 and 2102
can be injected into laser power amplifier 204 within the interval that positioning
system 380 can address a link 22 while the positioning system 380 is continuously
moving on-the-fly. Injection pulses 210, and 210, preferably fit within the envelope
of the profile of injection pulse 210, so that the corresponding laser output pulses 524
and 52, will fit within the profile of laser output pulse 212 and correspond to the

10
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I|nk13@ygfm9@p§ 'OBE‘Q/W%@'H - 50 is in the range of about
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ps Bl R0 d fd gherdip B POFO76 8845300 agindes i
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profefiect ot EganhenEne el Beivagd g Talpdadss o the first pulse

andORbi[8adiRg Ridge ARG sbéén%buls@tc%h%é freRfaifutBehb 1 aBout 500 ns.
interactions wth plunes or debris. Skilled persons

Thedime inteprad between the plses can beadjgstpd toeptimizg pelsesmd target

i B BTB O L A el S s w

appfré@é'ffeetﬁat {HeGREdrvdiBDetwesss pdiska B, tisd RitelapbBiIen Sets 50, and
within the range of between about 0.5 m and about 3 m

the putsepridihe abpulsansease nobdsavar tother saime sraleindbe figures.

OOKBE o185 38 SRERERA A B g orbllon oo

0.5 ym and about 3 ym and preferably 40% to 100% larger than the width of the link
22, depending on the link width 28, link pitch size 32, link material and other link
structure and process considerations. The laser spot of each of the working pulses
in the set encompasses the link width 28, and the displacement between the laser
spots 38 of each working pulse is less than the positioning accuracy of a typical
positioning system 380, which is typically +- 0.05 to 0.2 ym. Thus, the laser system

can still process links 22 on-the-fly, i.e. the positioning system 380 does not have to
11



structure and process considerations. The | aser spot
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hgh ] b b 8¥50 oP [kt balset 52
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be costrolied batier thao the engyoyidensityyprpfilefafiascaiventional single multiple
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nan SN o805 ABL M NP LA REG 385 RS papenang
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sevaring deRth ofpuises 22appind tedink2d saikbe 2cstrately controlled by
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substriis Uris isabstantbilyrelivaireded, coven if & lasdraemrelevwgtblir tigt UV range is
in the UV range is used. [0058] Wth reference to FIG
used:p the power profile of pul ses 52a and 52a

ek , h _ .
[00 [ ente‘él!:tgﬁ‘éﬁgyned set sFlgadgﬁgirteﬁgéJ%st anrtelﬁgl I yI i%ﬁ??%]a%yd 522,
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can also have substantially identical power profiles or different power profiles.

[0059] With reference to FIG. 7B, the power profile of pulses 52b; have shorter
amplitudes than those of respective pulses 52b4 in each set 50b. Optional
subsequent pulses 52b (not shown) in each set 50b preferably have shorter
amplitudes than those of respective pulses 52b,. Such an energy density profile for a
set 50b would be useful to clean out the bottom of the link without risk of damage to

a particularly sensitive work piece.
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[0059] Wth reference to FIG 7B, the power profile of
pul ses 52b have shorter anplitudes than those of
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I r out put pu 0 propag t| ng om I'nj ection
Injectisre iasmbutpampum 25150 tshaeliveodd taclaser poweramplifien204, which is

opeftiiircan paseitEd Slate 1 pikiy Piretondret it Sdhe 246 and
deligéfa ’\Aﬁ)rﬁﬁb'Ié(éﬁr%léé’SiZé?ﬁfth@@t\’iﬁfroé‘t%lhg i fl(’%@l‘f‘dlé‘.@ﬁl@h of the

is operating in an unsaturated state to a

tallorﬁj:iéasermulsmswebmqﬁlta, q@ﬁlwrzmcl&@CdeWar}Emgdawmulag 52d4 is

ol MR SR B AT R SRS e g et o

the fsse? PR teidorék p&ker phofile. NBerlsang skilet & the2drtivill appreciate that
relatively flat after t he occurrence of the power

the ppofile chdtve engest puse L906| qaﬁgb%t@%illafpr@@r@mragd to gy Jweferred

profilg pq@%% P’{tﬁfg'térf |IP%I%§%§r§&éﬁe Otflg’b fgré c(L&plﬁ é@éﬁwement of

ampillﬂe$ eoZQﬁp@ads ) theaaisérg)m@gowmdautabl@wnpinﬁ@bhddser 202
profile. Persons skill in the art will also

andatbﬁrﬂﬂwedt‘% theyworking '@Qﬁrrpqlsﬁqﬁ?qibrrent of anplifier 204
[Ooiélﬂoec th%lfé{gg?é %g%f an gvg\gﬁv\%r of I%Iﬁgbﬁ%ﬁé qg%erl %us!se? power
profﬂielcrfdaé‘eiqbulse 52d4 provides for a significant spike 62 appearing at the
beginning of the laser pulse. The peak power of the spike is Pmax, and the average
power of the laser pulse is Pmin. The amplitude of the spike is defined as Pmax -
Pmin. The width of the spike, Ats, is defined as the full duration time at the middle
power point, Ps, between Pmax and Pmin. The peak power of the spike, Pmax, is
preferably about 10% to about 50% over the average power of the laser pulse, Pmin.

The width of the spike, Ats, is preferably 10% to 50% of the duration of the laser
13



[0062] Wth reference again to FIG 8C, the specially
tailored | aser pul se power profile of |aser pulse 52d
wonosiodgs4 for a significant spike 62 appeari ngrar/uskm4/026928
begi nning of the |aser pulse. The peak power of the
e lase

puigiy e 1o e of fcsnifipia aiaan shone tanaboS 55 FRecpreferably
shoﬂér fEabolid Rs. ﬂ*&‘e Qttf?mﬁg dr'i%e EBWE?ﬁpl%ﬁ%\ghtﬁm an interval

defined as the ful ratlo time at t
meagurad froms the)aslmg@dgerrﬁﬂheiaselpmume ;Tm/eerp;m@lﬁlqow%m‘f the duration

o e A S PR b o
useditiidughbut the méﬁﬁdeﬁbf&hela@pn&ﬁfcﬁf RAhdichi¥a tsibrﬁ@c%’rﬁftranaent

the duration of the |aserpulse. The rise tine of
incregse i lasef 99W@&I'TI’§SB€PR§W$Qf wheihit apelrs during, thari@ser pulse One,

sonl S R8T £l O PN eI AREEE e Dot

[0063]e rFlﬁ$98IB@esh'tfw pbwer emusitithé grapshaest exedhplagy $6ts 50d
70% of the duration of the |aser pul se power profl | e.
havingratlagianaslaser edlge &2de will, thteﬁs@ep@"mtal et dasarulggspower

prof?l% gﬂBWﬁQHtFlbhgd | Ca@%ﬁ{q Qflmf(@ | nc‘r:@gicgppéﬁ fioning system

I'cate a Signi ran3|e
intep@hetn paricakmpeiG.\8D dépmtseeb(emplaqcsmlsstdum:allygdehwcdlaet’sr 50d4

thatfiieh smlu @ity o sty Wenlfoel Spgrialt weloradiodags 521 to
sevér éEﬁnk 8b-\Githig 'ﬂ%"’tlﬁl‘é"iﬁferVﬁ rtﬁéfsﬁhb Spig%ltﬂfrﬁr@?%é%%nﬁ% lﬂrr)énge of

sets 5Qd having at |east one pul's
the lcﬂpie22alulrmgtcm-tl'@rfgdpnoaeesmgul se power profile shown in

[oogdl; g, EHElARrfetie Srhnlans Subsantlly i@Besical sets 50d; that
each %ﬁh;ﬂbﬁh@é%ﬂ”ﬁi@é ééf@ﬂ? #dlforéd byilsedsYd, %Hy@ﬁf(pjf’to %@%r a link 22

t hat each enp more substanti al | enti cal

withipibe time yntealal mﬁdhg posidionBRcsisters 888ris én range afthe link 22

dun@%b’ﬂ: t@eltfﬁﬁ;?rgﬁggsn@gt é%‘qll& Eﬁ&g&@ @Iurqg% éo’?'go ?\'@S{%fq tésstere |r3nulse power
profihs mmrﬂ@Spoh@QﬁﬂihanﬁﬁZ&Eb@HmsJé Prépar8oRAly $tRaller intensity
exenp ubst antially identical sets 50d that each

throgglmnag;st ®prafdg.e speC| ally tailored pul ses 52d-i and

o0GB]C 1B g e A S Rl Bl oo e

eacldenipigy two bhmoré )spemattyewbr@:l p&ises 52yl yntl F2dgte@dever a link 22

with e T i) (1ot 486 BPSIEbANGAYSIRIS 380gs éptandechidnyink 22

f
curTBhl gy BEatsitg. SpRHl BtodbbES XL IEE) one o
more @eistascﬂdgébaisha'a@ja {dsar patsehp@ag pmﬂte/mtlméub@haatlally no spike.

With385polFIgR: 44-E. PHIGT parsons 2t eRererialenhatselg 50dr-50ds

e 15 A S o e o
needinet have pulses wjithothe same respective power profiles.

[0066] FIG. 9A shows another embodiment that employs a power profile with a
spike 64 appearing not at the beginning of, but during the middle of, laser pulse 52e;.
The spike ends at time, t., which is before the time, t1, when the laser energy of the
final pulse in a pulse set 50e totally removes the link material from a link 22 of

average characteristics.
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nore pul ses 52d that have a | aser pul se power profile

Wi th substantially no spike. Wth respect to FIGS.
woCsBRIswki | | ed persons will appreciate that seCs/uUSQ®4/026928

-50d need not be identical, need not have the

e same nunber of puls s,. and need not hav
looéﬁs erahgeda mkGr 4 pthe pawerisvglis 5¢l@tlv¢l¥§lat pef%e]and after

il %w%’s‘*sﬁ? (B0 B AR SR Sl SIPHAVS 21BRURY power
Ieveifoefchretardhafterg:)ulhe spikedide 'bélloringsthe |psargmilde? power Pidfile in this
ds at j

1T NIBSR 2id-BGR sipiks With SU|cleqt T fmrié%l‘fpoaﬁinﬁ@teﬁergy to
famﬁt@ie ﬁ@séti%*féétbw FEPABVAE BF tHREIK r‘?llét %hl:iah Prérhd\yal of the

aver age Characteristics. ence to
link mnaierlell,\mmcﬂelommser@mse pewexetoaemweymormsh ofm‘ama@e tmthe

siicBh TR find B Sl PR Bhna I bR An BrlsREn R speci

tailafrigedf tﬁé'lé@rﬁﬁv‘/& ;ﬁéflle'laﬁllk/@fsﬂ mch betteRpRicaREINGreBANE BN a
profile in this manner provides a md-pulse spike wth

wideprocepe mindew éndyeduceligh otamnagert@im silicere substsate and to the

struf:ﬂﬁ'eﬂ%ﬁ .hﬁo"i"ﬁ@%g Iiﬁﬁg?yrf%‘ sgfné I?)? aII elol Iéﬁai’%f H le 36 U may have

upon nov a nuch

suchas@;red@allystenlommésémﬂsépnﬁmo ri sk of damage to the
ilicaon substrate and the structure nei ghborin

[0068]k FL@Sa%&QJshowwwrwwSammwme ﬂbemmpi%é patscG0er and
50e§%{er%g% sbfs 56 tHSlr lﬁcmd‘é'btk?%‘éét%rneqég ﬁé‘ @?[Ee\ﬁlﬂh %Se

proc ss w ndow and reduces ris
spetially kalosed |Iaxm pagssprofiteestioveh iroF KGO forseivering a link 22 within a

.nei ghboring the |ink. One, sone, or all pulses 52 in a
typlgétp%ﬂ} ﬁ&%%wﬁva' specially tailored | aser pul se
of i
[oow] ine%?r{tle%ﬁ]ﬂ@ 9B d@&c@%@mta sté(ﬁfa?lystd«%hﬂh%l sets 50e,

exenpl ary set's 50e (gener sets
thaf&m:h erhployi twol afdvore sutm:smtlaﬂyedemw spedially tfﬂﬂered phises 52e4 to

sovpi iR 22 G 46%"#'{*1%'%%&%?@55 SRIID o{fRp80 i<'im range of

theﬁﬂ%QQ'd@ﬁin@%rﬁﬁ%—bed&e@&% . [0069] n particular, FIG
icts exenplary subs antially identical sets 50e

de
IOOTQiat Ekﬁ;re@ sebigjs aligrnativerexemplary suhsiaatiply idesticalsgts 50e; that

eacf KRV e P e ReBURTSIateR rbibe S e 52 Eaverp ink 22

withirBthe imeinteavd @hatf the i sitionlh ?Sy stérini 38D i8rin trisgd bfthe link 22
processi ng [0070] FIG 9 depicts alternative

duripg @npiherfly BigsessiRg; aﬂnwalleyéﬁdqr@d|p%@855@@a\4eaa lasgE pulse power

oo RV RgBhoR AR ERRL OO SO SFTE B b
substaetialbsidentioalngets ot £thad@ach %mpﬂoy M@ ef ofort lspekialiiy tailbred

duri ng on t he- fl% processi ng. ecially tailared
pulsgs| a4ey angled the revespe g[gl%r@ 5 eplcted in FIG. 9C.

[0071] FIGS. 10A and 10B show, respectively, a drive current profile 214 and its
replicated laser pulse power profile of laser pulse 52f produced in accordance with a
different implementation of another embodiment. Drive current profile 214 is
composed of a pulse with three time-displaced current spikes 218, 220, and 222 of
decreasing values over time at t,, t, tc, respectively. Current spikes 218, 220, and
222 produce for laser pulse power profile 216 corresponding power spikes 224, 226,
and 228. Power spike 224 occurs at the rising edge of laser pulse power profile 216,

and subsequent power spikes 226 and 228 occur during the laser pulse 52f but
15



profile that corresponds to that of 52d |. FIG 9D
depicts alternative exenplary substantially identica

weebws/oismt each enpl oy two of nore specially taCrmsem4/026928
pul ses and 52e in the reverse order of that depicted

i 9C,. [0071]. FI GS. 10A and 10B shqw, . .
befbiaBe derarlipk MAtatialis commeiely Tt aoR I fival Rulse 52f in a set
50f{3 éﬂf@v&é@pﬂ@ P00 RE 2288 forhfatorm@sdte & Sspike in the

produced in accordance with a different
form @b kB raseillating wae with alpowarmtssiation of over abeutc10%eithe average

PPy 46 et oul BANEDER  Pog e BBt sl ol HiiBipie emrise an
oscilleting aedvedofatiigsie @Y%a dtiBR olisome oft all of 3dESHIk¥S! For example,

Current spikes 218 and 222 groduce for 1aser L
fror @bslit paemaliyeta toethrasscydes ekdiyiadipn inavhepasped & the injection

. . . i 4 CUur . I
lascrfinie e JBRAIOT G nb M oM Farerp it Fad behf of the oscilation
cyckubgeefeeably hetweers pbbets Ag@ndaboi?q msorshetten. rQné gome, or all

| aser .pul se 52f butbefore the target |link material is
pulseserfdn @ setROhmanhave sueh aispasiay fajloredfases pylseprofile.
. r
O oo 0 02 SOl pcif v TPl BEHS SRR T PRI sots 501
thatncledeilasergpulsse b2f/lkaving trenspeciallydnilafedutsés pihlse ipewer profile

shofiin . RO o Sevsimikecuiih LipicR! BiStPiag Siglark aterval. In
parﬂicﬁ:_lé@F‘lG'i: et ﬁg%&@@ SubSRMBaly io%ln'fticgr; sﬁtg@g that each

spi kes. For exanpl e, on about one- hal
emplay &wo of ciare saibstantially identiagl spegiallydaiioned puises 52f; to sever a

ik 2 98 R T B oG Bt BB Bl ik
22 durtieo e P progassimpout S ns and about 1 ns or
shorter. One, sonme, or all pulses 52f in a set 50f may

[00R3 e Bl QD dppintaipltgmative exemplaiy subpiansiallyidsmitical sets 50f; that

each By S 2t pdte oy Rt puhStH B €55vef & ik 22

withirtheimehetesvsi thal the gositiopirefsysiemr3gDiisSa ranyée of the link 22
rofile shown in FIG 10B for severing links within a

P X . !
duripg ainctie-fhoriocessingg Specialin tailered \pilses52fahave @ laser pulse power
C ' I substantially identical
pr°@é&atég’ﬁ%§§b8§§%%@|5%§¥t wo of nore substantially

[0074)ent Thabukseessta 50ydéraonsirated inFKES. 8Rfartdo1 G@vedly bBe particularly
use@ ﬁr&%gg@éiﬁé%%ﬁ&d%&zﬁ anr% éy gc!prﬁ}gggitie hrEl% 2ésslutch %glli?]% stacks
o 4 B RO ST bct 020 fr 0 ey ap i
nitridé anddiamiuemshuntinglayers. nreedalpged apikestveduld bedisailifos

52f ., an 2f to sever a link 22 within the tjnme .
proqwmfgﬁ%ﬂ'a%r 'F‘ﬁﬁ'“&d%‘?"i"i I qungwrgﬁﬁgggungmgﬁh?ﬁw‘gmum- The

. . bl . =

prE s 8 S, S B USSR RSB i
respechto ther spikeocarsbe adjusied tof ag@inmodate the particular materials and

their thickness in any given link 22.

[0075] Skilled persons will appreciate that with respect to all the exemplary
embodiments disclosed herein that sequential sets 50 may have different peak
power and energy density profiles, particularly if links 22 and/or passivation layers 44
with different characteristics (different materials and/or different dimensions) are
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[0074] The pul se sets 50 denonstrated in FIGS. 9D and

10C may be particularly useful for processing thicker
woOimis® 1884 and/ or conposite |inks 22 such as |i RERTRS20K826928

having a titaniumnitride antireflective surface

beifg biesRPdnHICRPaTagRES Wil Ake aperckjals Bpl RRAUSIR aetscs0 may bo

gerié‘%&l%kl'atfoqﬁerﬁhpﬁ?é%gféQ'rérﬂeea'&h%ﬁér. mel ting point |ink

nponents surroundi ng the alumnum The particul ar
[0086hpeV\bith referepck sgaird iy FEB\®, pasari2Ol efrlaser system800 prdpagates

a 1688 aliutaA oy Gelsaf BE sl i Ps 3B aifna PG e 120 Bonnected by

a v%mﬂi‘éit? bgggﬁoﬁél cORYeRtieAl ddﬁiagl e%?np&r%iébﬁ%dd 85k Peb ents

reciate that with respect to all the exenplary
35ZarbabMeralsinglusiel, frezkamaple; a beae expandeior atherdasersgptical

conf et o EhlBHe seP iR 38T BREFACH BEoHF L ety grovagation
charaoteristick4 @hé br ehdrbdreamt refleating ntifrord 858, 360,736, @At 364 that are
materials and/or different dinensions) arebein

highiy seftaciive at the Iasen wavelanath desirediibi highly trenamissivaaat the

j t & ferer
unuSSH SRR HaiE are EhRAI SmRRQBLAS fifrfline Xeiied Jaser,
wavelertdtewilb redcislink slctafe 36is Arfosysing terd0866 prafeailgentloys a
| aser out ﬁut 334, of sets 50 of |aser pulses 52 along

single gRNMPANENSo0MitifasaRAReNY jens supterBiihaliocepes 3realimated pulsed
s34 COORL 90 SR BELED SR UGG, 08) tatis arester
tham aadtiesneay dacompasses the hislewidip28caid isqrpferablydesothan 2 um in
diarfSley 6F SRsERRIhan i b il 28 e aRet wavlgnath.
[oomej{J LeAtdr&&rmd;ﬁémﬁorﬁﬁ@ ﬁg@t@% 386% d ib%@‘Enye@én ﬁ\f@.sb Patent

ly reflective at | aser wavel ength sired, but
No. Hi, 932,402 oh Qveirbedi/for Methbd and Apphrakwsdbe Rgsitioningr @ Focused

o< 0B 0raI ClF et PPN VSIS Se8amen Steuiaal or
additRnallyp empis ety ikbrovemeheysr fedrh ?b%ﬁioﬁ@?@@@@éﬂbé@ﬂn U.S. Pat. No.
mul ticonponent |ens Si;St em that focuses a collinmated

9,73ib82 of Cadler etglstld®. fatphle. 8480465832 ofiCutler, fassiierdd.S. Pat. Pub

No.BEp 1A% W 2 5Bl o 14 6nb A8 Sootcatn. ot

fixegiheladrsystems fast poeitiorerthda siistemt euchassgaafimeter-,
. depending on the Iink wwdth 28 and the | aser , _
plemﬁ%qtr&ﬁj%.or[\@mergtmhcmf&l@drraurqs@sm ling@r maotey-lfiven ggoventional

ok oS & 3 B B oy OS54 e
maritufactarstl Be &hectro 8oiehtifie fdaistribsCing YES|) dfd2artiandj Oeegon could

system 380 nay alternatively or additionally enploy
also bg.e ments or beam positioners described in U.S.

100781, 5 eonig3 5y =iy BB0 PHteanlf oy g fedag introler 382 that
controls at least two platforms or stages (stacked or split-axis) 370 and coordinates
with beam reflecting mirrors 358, 360, 362, and 364 and other optical components to
target and focus laser system output 368 to a selected conductive link 22 on IC
device or work piece 12. Positioning system 380 permits quick movement between
links 22 on work piece 12 to effect unique link-severing operations on-the-fly, based

on provided test or design data.
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No. 2002-0117481 A, which are assigned to the
assignee of this application. Oher fixed-head
weoeypets@rsnc4 f ast positioner-head systens such asPCT/US2004/026928
gal vanonet er-, piezoelectrically-, or voice
or | riv

ro0B8h R oS Ev%gfre?@bwg}e'@n'iﬁgéeg&%é@ssmmm 28)
ove er s B50horgi FRCRERAE SO 8P TP SDAEGes o0o
lasebrsygtem ootput 368sto rbmosm‘ﬂindiyam Thé®Xse} siPsteint BOD |pnqerably severs
cach R T 7 o BT o2 SO B S F55bing the

positRinftdskten 36U b\‘ieraéﬁgﬁl}n@ﬂ) s%ﬂq ‘?I%%H%&?@ ﬁﬁhHﬂalHS&”Because

reflecting mrrors and 364 and ot her
the spts @&ara:lﬂspélnmaboum Oaﬂgp@t eacim seb%Qis Ireated I&(pa gimgle pulse by

the JbRBbing Yslshe 3505 0854 5B FE iRy g heER e Bositoning
sysie®fi BBDS Fawiekiiniphy, aNE Positiehitgesysteri88047aa hYgﬂ'f Kpééd?éﬁabout 200
to effect unique |ink-severing operations on-

ly,
mmpReraecond piheni aitypicad dispiacems) gwt\uaera tw@wgfemﬁye laser spots 38

w58 b % e Bkl B Wiy BE et PSS 385D.2 o
and3freférablydess thein 06 ¢im dasing appreferredbimefinieneal rofssmt reof set 50,
ut 368 to renmove |ink 22. The Iaser system 3

So thouTdaE Sonsesuis Saels 96 WUk SUhsAHEIY oy Slipbnaas Gach of the
spofd @Q%uﬁf&oﬁgle‘?%lg gg%th%ulh'ﬁ&ﬁldﬁ?g W%galt@hqgflgﬁﬁd Bfthe

posi t1 oni ng over any
repétitiomuaiteythe rtlme:mﬁfsétebeiwden Bree mitietioniof pw%es 5P within b ees50 is

typicglgeas BiAns b 0BD Thand BETerblN RehHsrE AL S0nS ABH S8 1%y
[()OGI;%]r t hEa%%ﬁirBPeﬁ@@f % Hovided \Piﬂ'?lﬁs'tr%’u&?s ﬁdﬁé&ﬂh@gtﬁe proper

exanpl e a positioning system 3 as a
pro&'mmg of thetselrcted inksn basersmndnotier 3&%mea/ b mfku@hced by timing

dat R SREMR o ans Ting bfass oysrens SHl o JumaiBi 40 platiorms

sucﬁ%stdéé'cﬁﬁéc'”n U€§5Pét’@ﬂf‘N% 3 483, 5N 8f Kéﬁé(ﬁ{)ﬂ@ero‘?&ﬁ)n Beam
hen 06 mm d urln&ﬁa preferred time intérval of

Posﬁpnoandsémlsmon Soorgination Systentonsecut i ve spots 38

008 AR 4 4oV B AR BB o

othdroskibed b@isdh% wilt epprstistetthanfor atability BRAIItHEr BEEF8bNnsiderations
bet ween t he |n|t|at|on of gulses 52 within a set 50 is

thattit isinraferied tegenenale theeetss0 aha sybstantially gonstant espetition rate

.0l | 0 S.
oo s 1 B0 IR o8 APPSRkl RBHIAL biloct hbine o
targpt heie22i hysadh éh&o@l&henvseﬂwd system dontreliec®82 cohimandBthe
may. be influenced by timng data that synchroni zes the

posHiphinggsystem A80rtodyayeANd 6UeChits Al Abiarget lgpator: betore the
syst%hﬁééﬁ@%r?&%oeﬁgg%‘%lbami Q?fliﬁcgfsgggtnt%rﬁn dBtional laser pulse

gating device 340. When processing the link 22 at the target location is completed,
the scan head continues to move to the next target location while the system
controller 382 sends a “gating OFF" gating signal to the laser pulse gating device
340. The laser 200 remains running at a desired repetition rate, so there is no
thermal loading variation on any the wavelength converter(s), and thermally induced

harmonic pulse energy drifting is thus eliminated.

18



Position and Em ssion Coordi nati on System [0081]

Al t hough the sets 50 may be generated at different
wonovwsrougdes from each other, skilled persons w PCT/US2004/026928

appreciate that for stability and other | aser

i ' it i f. d h )
1008205 L5640 Tedsh it et AEHEEL b BB AR5 ibGro-ontc =
O) dedessibeasousio-ohet (RO dvicwd, $88h 2 Mb8elaNBOOB5:0538ade by

wor ki ng pulses to inpinge a target |link 22. n such

NEQ@Rntrshneagies.ivielbayries il onmasiifiest varsipnsaafritantsrtherdetails

conpiid 8L HEERARG o ABRY AN ol byich B Auba gouna
U.SaPayato.né) 1 P32 aifiBxgrdsétadl 2and ©.81Pap pphalo.! #0761 1 ,r/tgg%ﬁ Sun et

ting device 340. \Wen processing the link 22 at e
al.,glg}cébgrq Rergin ipROTPOralgARVEteiRrencde scan head conti nues

| . . :

10088) MRS 450500 58 AL BB BELALPIFTS. Pt

Appl.Heo.| Hy61 1,708 Syt etred. cmvageitiaﬁﬁl:y ltﬂ'da err]ﬁp?gﬁd Rf;)grotvir?eer r;early
itio

confGRp el it GheR A leset pulsecarting,tevice S0 BY apgiving an RF

pulsEABMAL L ﬁtinga&@\/iéé‘ 840 h%inb%%%%%i%%@?@%gg%:s%% 50 when the

energy driTting 1s thus elimnate
positiasing gysters 3§akis Wiredted atestarget lodatidn (ih odfperadords, when a

worGp A ARG RGBS e R puso it e

samEeRA @Pﬂe@%y fstheeld gatimg delike 320 Bmgﬁ hbREbiKBIehes itk the pulses

it. Further details concerning on-denmand triggering o

52 of spifsed Whendbe positiegingesysiem$BBY isadiraséed stani intermediate location

i s, g3 R 8 iy B s
perédmswvip@mféﬂatb}thaﬁﬁlmﬁ s06le subSRhfallyeshRaht weHaaCbalifyon an A-
| padi ng control techniques described in U S. Pat.

O gaifng devige 346, there assminimzl aduersgl effesis by @ai AiQ gating dewice 340

FolVAR I - r [ oadi ng .0
on BB ardpAtRHAs alfec of B BRkS Bl Praq o ek
[0084)! sdntview béthe forggaoing dinkeproeessing with sk 50i sigasst fuléés 52
|Joul ses 52 of sets, 50 when the positioning system 380
offersa }ﬂ’u"feédﬁtf geesfingwindoyeand gestnesier aualitytal sevaraddinksiihan does

con BNl Mk e ESeI SHHBLI Bafifioi QAT 1O VSRR of puises
52 ims&isdhi) pernitehétter taldringto partioglac ink chatacteristics h Btggguse each
I 52 .of t 0 t he positioning system .
ol BURB SR dR 15l S b RS T ety SRt S i of
i _ C s B
Samag YA RN AR 420 gon o
convendinnghlinit blawing IR/lasenwaselengthes; taser veadiergitios sharter than the

R o4l o B5UL 5 B 28 G A B BF e Bor bear
spot i, leven itREugte the SifdbrPivalele aBYoHtith ABHRsHERER Idddhvavelengths
is hié)huetr%tah at the conventional IR wavelengths. Thus, the processing of narrower
and denser links is facilitated. This better link removal resolution permits links 22 to
be positioned closer together, increasing circuit density. Although link structures 36
can have conventional sizes, the link width 28 can, for example, be less than or
equal to about 0.5 um.

[0085]  Similarly, the versatility of better tailoring the laser pulse power profile

offers better flexibility in accommodating different passivation characteristics. With
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[0084] n view of the foregoing, link processing wth

sets 50 of |aser pulses 52 offers a w der processing
woizodmasmnd a superior quality of severed |i nkBCThaz04/026928

does conventional |ink processing w thout sacrificing

refeiahea RUF{ES 2R DG, esaivalion Faypis il cloxe o Resvation Tayers 46
belGRBRRS DO Idahtbes ﬁ»ad%%ﬁvﬁfat@ﬁél Rth&sBanRHE $RdRBNalrdirials or can

| aser pul se set ess | aser energy, there iIs
be megdiied; !flde(SfredMngeltmenraeiyglﬂabhelg@t phiewi material oadimensions

can' g Bl B AUUER 8% Sofi B TRk e sh RS R RRIn can ve
tailorb@rangrthe e cés eRrisk épdé}ﬂagéw tl‘ﬁ@l‘.lnéiémllﬁg o Aa_Ryhboring
with the added advantage of smaller |aser beam spot

passivation strptureo iy addiienshegasse \M@v@en@tham@ﬁmsh@ﬁerathan about

1.08 Eﬁn &y Béeémﬂ)@?&ﬁ t&"ﬁ oedéjt%ﬁ%ﬁi?ﬁ s}cﬂ . ee{il hd8rs?q Bplﬁss than

nvent i ona OCeSSI ng o

about 2 umetheasethteteioseenter pitch 32 betwadri IirﬂtseZIZ pFHUGSsbewm?f sets 50 of
link renpval resolution permts |links 22 t

lasgs puilsa o §2B besutostaiali smallep thasmiierpjtc 3% Qetween links 22 blown
by €8N entiond) %lhglfégllgisfabtghlgé%rﬁ%&?lgﬁ tﬁgsg& aﬂlnka%ﬁg?an, for example, be

conventi ona can,
withinx ardistance ef Rdkpmt drdes® froamothler tioksaB2 ot adjgeemt cir¢ulDstbjictures
Simlarly, the versatility of better tailoring the
34. | aser pul se power profile offers better flexibility in

[008@]CO ”@Q@ﬁ?lhg g)d%bfvfaﬂbﬁ 'iEye‘? Q&%ég‘ih&lﬁ‘dé Bay %Bh%htﬁiﬁaff Easswatlon

W't hreferen to FIGS. assivation | ayers
matebalssush gmsiicamdiozidel @@ﬁ)s sison exygnitiiden(SION), and stbleon nitride
an_the t

(siaffat cipdyifs oaspch Ber #B ey 1eyids et o188 passivation material
as ditforent pRsSIRtdTPBNArial y WOrRbGSIIihg PasSEROS 98P 442n

be enpl oyed because the sets 50 and the |aser pul ses
partglg, tnperlying pasaivatien layer 464a tanget stivetenss 3@ mayeke forened from

fralje s Gl R MRS ph Bot i 14, PoaiBaBIHERE el jow ts materials

low kUGl et trfatelﬁélgﬂowh(i ekideQbagvdcdielgetricnpltaratsl drthosilicate
produce critical ot size dianeters 40 of |less than

' gla%sgdpsﬁwluemh@a dpsses, sgargsilisate glasseped ween

tetr%)étﬂglﬁgtﬂﬁ |aI 5 Smal({]é] Q 'é%he %%igéﬁrrg@HklZf%\tgéé/&m%silicate
(MTEOS) pid’p)bémlglyay)l monometiyl iether acdtaig! @GMEAY ssilicate esters,
hyRGEH STsESavIGRaRe 18R)aTa ik sbrestiia e SBhdiolyaniese ethers,
ben%csﬁf bﬁé?!? B‘z' $i?€blil o?tsvl(‘i@tl-ljgéﬁv@tfffllnﬁ %?%?&’D@nond”

I'vation may | nclude any co
solddagsAppbA;d Matemle,r ingl)sosspih csbaddd ImnKaﬂleilecmB p(cﬂ;yrﬁ‘eb (such as

« b ride con ni.trji

it s0ff B Hvp Chemical Cambiig; Underyd Rersivatianievess 46 made

fronP@éﬁleéftthQ% & él@'ar e bhé & Eﬂckw i t‘éPgeted links 22
mat eri al from over y| ng passivation |ayer .

are blown or ablated by conventional single laser-pulse Imk—removal operatlons

Skilled persons will appreciate that SiOz, SiON, SisN4, low K materials, low K

dielectric materials, low K oxide-based dielectric materials, OSGs, fluorosilicate

glasses, organosilicate glasses, HSQ, MSQ, BCB, SiLK™, and Black Diamond™ ar:

actual layer materials, and TEOS, MTEQOS, and polyarylene ethers are

semiconductor condensate precursor materiais.
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particul ar, underlying passivation |ayer 46 in target
structures 36 may be fornmed fromfragile materials,

wonadswdsosg but not limted to, material s formed8CTUSm04/026928
low K materials, low K dielectric materials, |ow K

roog]f, ¢ FIB AESHDS R\ odiionsiithe JraSeton lavgimstien ka2 has
beeld t&H6@Sd b atéﬁtr%eéﬂﬁéé]* ;ﬂh?@% | ) C@’a%s%tﬁﬁﬁ Ié%?é'rdf@f overlaymg a top

( TECS- baséed oxi de), et hoxyorthosi’l i cat
surfgoaredesy linlp22d dsr,falsateomryn@ Fi2adham»tte|;xds beyend mﬁheﬁaeof link 22 by

a rel%E%@r%f%bﬁﬁ %S%?:tﬁ wgﬁiﬁle ns gf L3e ﬂw‘ @%%rl]vatlon layer 44.
Intergidtiste M@méW@ﬂ@téﬂ%bsntéhg% cel'ﬁ:t ggéﬂﬁ—fédé%cbz of

fllm(such as "Black Di anond' >
link 2Bt Rassivadion|layen46 wnderhiing arbomgbauvrf@w 4 of tinke 221 and substrate

42 AR R e N PR R o

78, dritboperativral ddrmage & mever rigkede Thasctheed igvae fedshibiah the typical
eted |inks 22 are bl own or ablated by conventi onal

t
dam@S% gln%t ederds inte the pasaivationoseicligigaang typieal cragkingia the
pas%‘@ﬂr&{d’&tun{e o.glvra i el‘%‘éﬁ b{ﬂ@éntﬂs@rehqﬁhg\%d Shﬁ{&' sLBYtStially
risklesd litde prasedsidg @ppeoadhcispariculatys us€GFor p‘rd)mshm linlcaR2,

L asses, organosilicate gl ass
esPebiali Pk OTEOARRSENRS 270 Riich agicata Bt K el othes iaterials at UV
wavélBh 'sagfr’e)é hehid ECS, MIECS, and polyaryl ene ethers are
ctor ‘condensate precursor materials.[0087]
[0088] G. Itswidvee olnvdoustadihpise avitg $Ihlda|rpﬁnssar1/ﬁtatman3agfmmges may be
af t bee

madl o Bie cafpls 58 435 S\ s Bty Eneiiy witholt defsitng from the
undeﬂymgaﬁﬁngﬁle@fof&hla lfm?e%nbas T SRR Gfdhé %ééﬁﬁmﬁéﬁt%ﬂ%ould

béyond link 22 by arelati y sna
thel‘eiﬂfﬁ,lrble d@egmnedtmly by l;'hﬁ faliovling:elgims. overl yi ng
passi vation |ayer 44. |nternedi ate passivation |ayer
48 materi al positioned adjacent side surfaces 52 of
link 22, passivation |layer 46 underlying a bottom
surface 74 of link 22, and substrate 42 are negligibly
i npacted as denonstrated by a closer and nore uniform
crater wall 78, and operational danage is never
ri sked. Thus, there is far less than the typica
damage that extends into the passivation structure and
typi cal cracking in the passivation structure is
dimnished if not entirely elimnated. This
substantially riskless |ink processing approach is
particul arly useful for processing |inks 22,
especially thick or conposite links 22, over delicate
| ow K or other materials at UV wavel engths, for
exanple. [0088] t will be obvious to those having
skill in the art that many changes may be made to the
details of the above-described enbodi nents w t hout
departing fromthe
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underlying principles of this invention. The scope of
the present invention should, therefore, be determ ned
wonbos/obgoct he fol l owing clains.Clains . A net ho#BCDMUS2004/026928

controlling anplifier output of a |aser fiber

anplifier having saturation power characteristics at a

predet erm ned punping | eveblaiMBe saturation power

characteristics limting an anount of injection |aser

out put that can be coupled into the |aser fiber

gnpl i fi Armeiholdmftcontmtlmgtamglfmr oltput of arlaserefiberamplifier having

ween th ect on | aser ut and t.he fier

SatUEg g oW R ERBICH 7 Prrdsdemhiped FEmning ST, e Bturation
pow?teaﬁ%rﬁe{%rfs'n%‘se ifPaR afrRRINESF I?ﬁédiﬁbnqagel%utﬂﬁf hat can be coupled

ocations o ected el ectrical conduct i ve
into trmjlasdaﬁbenmmphﬂerdwthqw dgatalttleg mozlemqrralatm befweay the

C|ate ruct link. having a |ink
'”Je‘%oﬂﬁﬂs%fn%u BB ‘?@d ?YPP od'“BB't' gwpé'ﬁ'"gssoc?at ed pair
%Rivﬁﬁﬁ §, 109 b¥amQitshitidrier ehéd tndsitioniny @atel représenting one or
ricated on either a substrate or an opt i onal

mora liutatlbys of splested electisally gendyelivetrednadamangeeny opitegrated
oA SRR K S G08A U345 B and beig

positieéd béﬁNé’éﬁéﬁ la8b6clatddt i bieelkttrica C(dl@dwtrtrve dositangs in a circuit
characteri zed bg respective_ | aser 8e t hr eshol ds,
$

fabrigated ore effbemna so tfatgrqg,ar] th%yng@rlyle prasiyation layer positioned
RN |
ot 5 R BorldTRALL 1R 58156 o BNE RSyt anc any
ophclihﬂ‘ﬂ@ﬂnﬂ@rl?nhg ;fas{@wratlbnfweran:mssfopmte@wl?rthe tink dtuetures being
evel to contr ain i to t o ,
charpgjastzerdy Tesperins ieget Saw%aetta@"ﬁﬁ%e@ne?mgém pagfoner in
respg@é% 'r’ﬁé 'tfgér beQﬁPﬂééﬂﬁ&ﬂn%‘d?F&t 'réﬁﬁ\?e Fdvemeért®f a laser spot

've current ses aV| g respective first
position ts treosabstratee current profiles to an injection

- csplealbEmpinghe Aet BsghamplietFha Hrauderiinad@ihping level
to cc%ﬁt{’dl[@u i O@&‘Eée% tbte Hel ihjElction thsee oRfsLitiimieedd iaf ihrsaser fiber

_ at correlate to the respective drive
ampd:ﬂelrent profiles, the second drlve current profile

" cRiBinga S st et st enroacRed i &l cTafert BOIRGS hayine

resp@bﬁf/é fifst a%@luéﬁdoﬁa drii'/é durfesit prdfiles to an injeston ks géﬂi@*ate an
[ aser fiber anplifier to provide a first anplifie

lnjeaimdaserpmtsﬂé gt deast gespadive firstgnd secondduiestion faser .plugses having
A
sl TR ScRPob o et et ol oL S R To e
resp@efies driv@ufrent pofilg, te se¢emd dltWe tasent m‘ohmhd\amg ag
power characteristics |less than the satura ?

characteristic that is different from a respective characteristic of he first drive current
profile;

coupling the first injection laser pulse into the laser fiber amplifier to provide a
first amplifier output pulse having a first amplifier output profile that correlates to the
first drive current profile, wherein the first drive current profile results in generation of
the first injection laser pulse having power characteristics less than the saturation -
power characteristics of the laser fiber amplifier such that the laser fiber amplifier
provides, in response to coupling the second injection laser pulse into the laser fiber

amplifier, at least a second amplifier output pulse having a second amplifier output
22



power characteristics of the laser fiber anplifier
such that the |aser fiber anplifier provides, in
woespmswe4t 0 coupling the second injection | aseCcTuSk®a/026928
into the | aser fiber anplifier, at |east a second
l'ifier output pulse having a second anplifier
proﬂtm tcprrelatesia the sesonddlrivestirient prefile of Hiiserqngedrive current
puISéurrent profile of the second drive current pul se;
ptically converting each of the |aser anplifier
Oubpttttallptdoﬁ%rtmgtéacm dfanelaser simplifien optput pedsesf intcas daser

st em out put pul ses characteri ze res tive ser
syst@mcntgphbsﬁtrcg‘ @%ﬁftSYé‘zt%@UHm p@!ﬁésggﬁ%%%tﬁﬁégﬁwﬁﬂa%c g laser

spot% %%vlr@ﬁégfqt%‘?%s &gcf @g’ch%p&téﬂgﬁcssétztﬁé IR ot ?bglﬁbn the spot

han e ener char acteri st
szebbem@ laayer thhaithé hiek waﬂbemdlthe dnmegy cluia:mt;ﬁmstlbs beng leéss than

the (asnocls AREEHRGUP Hamenebis Ay HR DB A AR brand the

subsifflei g rel ative novenent inparted by the beam
positioner such that the relative novenent is
s ubsordinatingl Iasemnsysternaudpuitiiulse gererationansyibesaiabive paevement

\ he |

impdtted R the)podt i ner STR Bt e thigtge miiaisae shlstappally

contﬁﬁﬁi&s'm%trfétlheéﬁ s;&%rﬁ%mﬁuttmsémethesyﬁr@ysm RutpLERIet
enconpasses the wi dth and the | aser system out put

sequantialiy ebike mleesaée@ed link atrugtuse ga dleat the spokRf QQ@M%W output

s 5 85 B PRl BB AR g A e o

systeR@aput Setosiverd tiry élgctrigalhpssndadtiveninkdstwean dstassociated pair
substrate. 2. The nmethod of claim 1l in which at

of elgatsically carduetiverconiagis tvithiedused &isk %Pﬁ@%l@gu%ﬁat&gﬁai damage
to a#?ﬁﬁﬁ%@iégga'é&%%ﬂ ?‘Qﬁ& tIFPé %bét?a gaw ng rising and

an average a pul se duration
ang, charpetreethoddfigiaim ‘pmmhlchmtl{easttdm q3fdheriasm|d(£bput pulses
having a spi ke duration that is SUbSﬁJ tially .short

is charagferiped pm@saapwﬁeaﬂmparwwmr% Vilghtising and Talling
edg&s &R §ver%§§g>o%éra¥ﬁc? @gﬁjlé@&ﬁfatl% dritecha8teriotd Byta power spike,

pul'se currence between the rising and
the ;bcawen syike thgeing asnlkeid&lratmn ﬂmmmantaﬂyleélmﬁ@r $harothe pulse
tinme of occurr e of ower i ke cooper,
curefighe8 BT PVl LSS 0 L BT a S8 FEGR g ber output
pulsbaéhﬁ'éetﬁné%?%bcﬂr'éﬁ&a BQWenlﬁth@frisﬁrfg Hh@falpenbaydsitarl the

severing of the selected Iink structure in the absence
maxoﬁumqmwen spike dia'ahgre, and time of gissurranee of thedpewenspike

coolF4i T SR 5o s el 60 o

powél' Efd’fme ﬁf’éi%oﬂfnﬂtﬂés {Rs6veritigl Sfahé sBrtad limovgactnrein the absence
has peak power value that is nore than about 10%

of ow@wonaledmega@@tr@wstate Pradjagest passiyaHonsiru@ure material.
3. The method of claim 2, 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 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 method of claim 4, in which the rise time is shorter than about

2 ns.
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4. The method of claim3, in which the power spike has
arisetine and in which the rise tine is shorter than
wahoosto18ems. 5. The nethod of claim4, in whi cRCThS2004/026928
rise tinme is shorter than about 2 ns.6. The nethod of
claim3, in which the spike duration is between about

1 s andhatoethod wicisimihdn puml@btmmke gragion is befwaen about

1 ns%f'lqsﬁb(\%ﬁt@tﬁ%ﬁg g&?ﬁ@gﬁ Q{slu% ehbdiE of) tﬁg 6[@% ?éjrgﬁ&];a? PBWEP profile.

af ver t ﬂTheQﬁ@thbdm@:blmB ﬁdﬂwtﬁhﬁm&fe lsselkpulse té@pbral @dwer profile
decline substantially linearly

afterr e Geyreage of therpawaespike I%?e"er%q [ éeg%ﬁ whs&qﬂt{aﬂx linearly
Wlthttiﬂﬁibeﬁ%’?ﬁefia%@ -fter the occurrence of the power
spi an

els noret out 10% of the average power of
t h8. | aséheonethod qrﬁunlaam 7,90 whieh thet tiotal pmwm@d"me aftenthe

whi ch t aser pylse te ile aft t he
ool e ibe tomer R SURaRTERE aHouf a3 PEbeyerage bolar of the
|asep§agu$ LR falling edge of the |aser pulse tenporal

po rofile. 10. The method of claim 3, in which the

| aSer pmheeneténpimfa;lalrpo'suem whiclf thedaserpulge demppral power profile

oo TR eFRL okl A 7 B B9 g e of e

Iaseﬁphlé@ tempbi&l Wéﬁm‘oﬂb claim10, in which the
diti onal power spi ke has a_power value that is nore

t héﬂ 599 be mﬁf@Odmlc!?gr@ %mmhl@hwealaw Réls@ demppe pewer profile

o PRSI SHHE HR, BRI 5 Ser
splké\ﬂcbaﬁm@‘aﬁér&hmﬁrstlm)wmls@h(ei he povver spike is in a

formof _an oscillating wave a power variatiop of

ovéi- abdbe m@fapdm@leame%g@w@wmeoaddmwl wr&mﬁﬁﬁas a
pon B 15 THETTREE 394 1 VTR o 19 b8 cuption of
betwast] alsoudf1 s andlaboub80% ofithe putse @uﬂa@end:ﬁ ithae: laser pﬂlseﬁemporal

Iaser%@ul se tenporal power profile, and the period of
powehRrofilei | | ation cycle is between about 1 ns and about

1548s. e nlO®ol®IfeRHmOf, u‘? l\AﬁHléH thel Powé} §6Iké r1~,‘3lnloé>’FtS‘?‘Fn of an

spike occurs at a tinme Within an interval neasured
oscnllatmg whee withi anpoweyeariationoshafer tabeup 40 Seottheavesage power of
the Iaser Ol?tpu{ pBIlél §e tenporal power profile.

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

16. The method of claim 14, in which the laser pulse temporal power profile
before and after the power spike is not flat.

17.  The method of claim 14, in which the power spike has a peak power

value that is over 10% of the average power of the laser output pulse and has a
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15. The nmethod of claim 14, in which the |aser pul se

tenporal power profile before and after the power
weoepblsmismw4rel atively flat. 16. The met hod of cPkarmSiodd/026928

in whi ch the | aser pulse tenporal power profile before

él after the power spike is not flat. 17. The net hod

Spll@r \Wiakipmthat isibetweer A nsrand, a0 ofthplaseriilse fasarongbpewer
rol‘ll@l ue that is over % of the average power of the |aser

out put pul se and has aspi ke duration that is between 1

ns 4@nd SK9é mfethdibof @lam 2pim wlawh&heeld;ﬁcepopawmmfn steucture
of claim 2, whi ch the adj acent

) h
matsaLTeT BROSKYIGE pas v AueT: var Keamet tom ereyirigre of the
folld?:ﬁﬁ?'r?‘lé‘t*e’n@l% 'S?@?r |£l§4,f§?bweg W@n&ra ellécﬁﬁc material, a

owi ng materT'a
lOWIl@mxmtefbasledailelectrmnaternl araoﬂtlnmnll(:abe{lglmsbaslludrosmcate glass, an

oo RS sk o 6Bk RSk IRt S 2s”

meth?ltrr étﬁbﬁydrﬂldé'lll’}%lté '[ﬁéby‘fleﬁé oPﬁldi’\%methyl sther acetate, a silicate
thyl triethoxyorthosilicafe, opyl ene” gl ycol

estefoh ﬁylsﬂeewﬂom am@thylasbesqwaxanaa palyamlem@gther

vorgbhEFSHHREROHTE MM LSRR P e B et

polydierspi n on-based | ow K dielectric polynmer. . The
nmet hod of claim, in which the selected electrically

corl@uct e methedsefralaim,i dindwih the selectad eleairically conductive link
|
stnu G5 KOSy o2 Bopl o B, B8}t g, kel

nickel thiioteidef pllatmumtrpolycldentamalum hitdide, ttamigst, ¢itaniom nitride,

t sten suicige,, 20. The nmethod of claim, in which
tun %’%quEBQSfSU [fi98ul se has | aser energy of between

abogt Og?lgjtpglh‘brdoéf%l‘élﬁan?rlﬂ \ﬁ?ﬂeﬁ‘% Eh‘léé?ér%ﬂ}tSSI u:l‘?e hdSfaser

met hod alm J acent vatl on
eneggyr efdtetweenestbeut Qlocundlcnmoulmlmndl abogt ﬁhaacmmulem I ayer

T TSRS T o e S e
matéﬁ’éﬂ’ éﬁc%l @l?dél%?djpgééﬂ/ﬁ?ﬁ epﬁtf@l:ﬁnéa frofif one or more of the

orthosilicate“gltass OSI I cate gl ass,
followmmﬁenaleaswgglsaﬁh S@Neaﬂmﬂﬁmabenaloaldw Kadieleotriceohaterial, a

net triet ho hos yI
ow R oSSR AENRAEPEL D3Rk BEBRYA FGHUkeR gass,an
orgeﬁ‘ldsﬂi@étélgl@éﬁné?tetF%thrtﬁbélﬁ@échbé%é@r@(ld@ IOOI yaryl ene
et her benzocycl obut'ene, SiCOH or SiCOH-derived film

metla,yltrg@hwmﬁtl'@aglgatq, pw)pyl@n@gb/col menpaiehit ether acetate, a silicate
ester, hydrogen silsesquioxane, methyl silsesquioxane, a polyarylene ether,
benzocyclobutene, SiCOH or SiCOH-derived film, or spin on-based low K dielectric
polymer.

22. 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.

23.  The method of claim 1 in which a laser pulse gating device is
positioned along a beam path from the fiber laser amplifier to the laser spot position
on the substrate, the laser pulse gating device providing in response to control

commands an output transmitting state that permits output sets of laser output
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22. The nethod of claim, in which at |east two | aser
out put pul ses are generated for renoving target
waorb@sroigle4 al i gned with | ocati ons of respecti vePselusedoed26928
el ectrically conductive link structures at a
repetition rate of greater than about 1 kHz. 23. The
pulsas tegeropagatediomard ihe lasiet Rpet pesition and as aydputlyoddng state that

pred il 5 R it e ATTRRRh G USRS fio? Blredifing toward
the ldeerlspoeposition cfugther b@mPe¥inge provi ding in response to
control conpands an output transmtting state that

perdanesaigig e driving; sets 9fivingopripes phie substantighy sagsteat
epbU PSR S B G S it o
eachudthet by geremlly unifopm evisiaf inteyvalewaich thatearmphifier satebf laser
o B R R 4 Ly e o
rep&fRSH idté thﬁﬂ‘lemhﬂ.lawgi Fbed(?ﬁg BAbS ¥f gﬂ% %@ﬁgﬁergs;lﬁ§ apd sbPSrated

driving sets are separa rom ea
frony eaeh aithgr mngémerally uhifonmg ampliieralitpus intérvalsaand

aenetestia i ihadhe ARIEERRl oo ouPHl FaRsBiffpastate t

permitrtfatnitsieR of @hutpulduteh thl a4l joashsisiiMvheRBsedt addresses
the anplifier sets are separated from each other by

a sejesleddinkystiueiurer thedapen pulse geting devicatproviding a aelatively

nonf BB ititG sttt Hybuf 4FEBUps Spt o BRELy Boriing peam
pati®uhieneveethet|@sémshdt avetiopRijesnittidddpes s\ 8BRICES lifk structure.
addresses a selected |ink structure, the | aser pulse

gatd3d heavethedmfslaiay hin whickl theilasensystaim ostrutinulsesghave a
b . _ |
e Gy N S I RIS PR s

1.54ipe5 1N®UNgddt e4s0BuSEHES poh, Hi0W By, 4031 €.7538m, OIS pm, 0.53

net.hod of claiml1l in which the | aser system out put
Umr(ﬂj&ﬂ%@’ P49, 5&"&@&@153%%& or within one of the

f olol 4o I; » 4

| 0545 TG BFbing 231in WEHHEH SRR R0 HiclcleciofBreater than
Tu@. 65 m, 0.53 m, 0:5 mMm 0.43 nm 0.35 nm or 0.27

mm_ 2 The met h of claimz?23 in ich the link has, a

C hi2e T Mgt Egiaim d advictiihe B a8 thekness of Groatet than
{ul@im1 in which the link has a thickness of greater

than 1 mm 26. The nethod of claim1l in which the
| a26r Bysmethadiobelainpdlis ethichoths laser systawmadwpyt pulaesl comprise

a wi \ﬂedéﬁé Pq{y] R v@‘ﬁ.’cﬁ‘?ﬁé‘ tadfé%%rS]{ [\)/gésii&)a iosnt dtriic ﬁjrreemg?etr%rl,i uaAderlying
passivation layer, and/or substrate is significantly absorbent to the wavelength.

27. The method of claim 26 in which the wavelength comprises a UV
wavelength.

28. The method of claim 27 in which the link has a thickness of greater than
1 um.

29. A method of controlling amplifier output of a laser fiber amplifier having
saturation power characteristics at a predetermined pumping level, the saturation
power characteristics limiting an amount of injection laser output that can be coupled
into the laser fiber ampilifier without distorting profile correlations between the

injection laser output and the amplifier output, comprising:
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passivation layer, and/or substrate is significantly

absorbent to the wavel ength. 27. The nethod of claim
waaoismisdsi ch t he wavel ength conprises a UV waveCemgdd 026928

28. The nethod of claim 27 in which the Iink has a

t hi ckness reater %han 1 mm 29. A nethod of

corRrPXS'EIWQn f e Pesitiener, beapt pesitiering data eepresenting one or
mon@mbatfdrwofr@réaad cticy y(?.‘[?)n?i%\éﬁv &{b’rur ?He?ﬁéﬂé(sor%te%rated

predet ermi ned punpi ng at1on po
circgi dinl&%ha_vlngtassecmted nnmgrmtumsp gath tifik haymgta mﬁk WastRrand being

posishBHineiIBkn B30 aBEaEpEf o Blstiriciy coBaetva samacts in a cirouit
fabrwitee on cither arsuBeira®on &% BptichHIRifdeAR! R Le R4\ positioned

put, conprising: provi di hg, Sitioner’
bet‘ﬁ%%!hwﬂlﬁ)%'ieﬂr@ﬁllh QOM@Vﬁdmkmmerﬁng@tretm thersubstrate and any

Optl!r)lg%ﬂ.m?%rﬂslln%fé)acs%l\fa?l%)ﬁqﬁf%‘eCt %%Qt%g i Cmgl( sieptvgs being
chamxsenizest l@drdspektl\m Iaget taRMgeshrASHOIYS aha\thé BHedm b8§|t|oner in
nd. bei ng positioned between an associ ated pair

feswssnegw Peam yositipning detainpditiag relative mavementtof a laser spot

K ither a substrate or an optional
posﬁléﬁé?ﬂﬁﬁgbéggéggl vation | ayer positioned between the

el eptlcalb/apmyplng e ﬁbewl@sblr Eh‘pf}ﬂéﬁ éﬁlﬁe%@déﬂéﬂh?ed P&mping level
trate a optj onal under ng passivation
to C‘P’(’:\t@ a&%"’é@%’ﬂ?ﬂa Q@&F}WGPHO@ kser |0Hi@l5t"m§§iearle§> thei lager fiber
amphifigfacteri zed by respective |aser damage threshol ds,

and the beam positioner in response to the beam
perdejng ﬂgSQﬂa)lf at lemshifitst agdrselcand deivewueaset pulsks having

resnsfiiit A% BhaBrnbi hye Sumann praties . vctiondastiogenarate an
m;edﬁltbﬁnaé& Set 0P bt fedst RIEpEelivd Att a'gﬂ%%ﬁg llﬁgefﬁcﬂ?las]er Rulses having

injection laser output Injected into th
respggtive firsé and seeondinjectiorslasenodutput pexditas thiat sorrelute to the

o A BB SA LA ST S e crer
profnl%lﬂvnmg)rlglﬂ?%rrﬁfﬁllmg édye%cbh %‘/ekaﬁ@boﬁéﬁ M é‘BF's%Elﬁ}ratlon and

respective first and second i nj ec | aser p
Charﬁﬁt@i”ﬁ@ .bé@pe@weﬂx@lke,rtbe REVErspikenbiaving @cspiken dueation that is

Sub BN PR, B SBL B bt FEREFA et v

an asenagecpoﬂver\af tlw tasenbumtnfpulls%s ahavd ﬁMefdf%cBeréﬁée between the
an average power, and a pul se duration

"S'n%ﬁadéﬁﬁrﬁ e¢$ %es@pl@ p@n@ﬁlaﬂwtw@red Id@vg@wﬂiené prm‘ée

1 FeOuMIng REFIE et @Rt itk imoSHE AN Y athiiitef Ibrovide a
first @npm‘ﬂmmmm haﬂnggaeﬁnsbamphﬁér output preffife Bidt BBkrelates to the

first c?rlve cdrrenr{ proflle \rnrlﬁereln ?l%:ec 1“ qu %H\‘?S cB?r‘éW’?Srrz)ﬁtlehrGesults in generation of
the first injection laser pulse having power characteristics less than the saturation
power characteristics of the laser fiber amplifier such that the laser fiber amplifier
provides, in respbnse to coupling the second injection laser pulse into the laser fiber
amplifier, at least a second amplifier output pulse having a second amplifier output
profile that correlates to the second drive current profile of the second drive current
pulse;

-optically converting each of the laser amplifier output pulses into a laser

system output set of laser system output pulses characterized by respective laser
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rising and falling edges to establish a specially
tailored drive current profile; coupling the first

wonpesoiswm | aser pulse into the |aser fiber anmpCrfisern4/026928
to prOV|de a first anplifier output pulse having a

first lifier output profile that correlates to ¢
Spotgihayingdy qf sizagranchengigyfchasactarialicsi af thedasarspot apslven the spot

size§ Bbrrfglb Oc‘%rﬁfmélln the Riklidtn 'a%dglﬁa%rnﬁ?éfﬁhéliacfé?%tlg% bt Ing less than
aser pul se having power-characteris
the nespecﬁ\malaselhéamaga rthrtesholdscufmnyo.rmimlgtr@ paﬂsncailomrﬂayéleand the
{

| fib h th t h
ubsifERF; the SPeGiN ellered iV Gt e Bl DeToRy FRelingd ane of
the Ihgéﬁ&ﬁtbﬁﬂpu@é@hamﬁ Séacb él@téd“ﬁlakﬁﬁtﬁh 6dvh§i* sﬁﬂ@'dtfréﬂ’én and

| east a second |er out put pul se haVing a
tumesﬁmndrranm of a@owmntqpuke Qhabt:od)mrateato esiablahaa specually tailored
the s

lasef GiSE oM EafiSshel cartfiBites fo Sbverito BERE St Tk stpueture in

the wgéwctalcﬁ lopeHtiiNal BHhERR tbﬁh@ s@bé@@t@rorsacﬁéc%ﬁt%@thléﬁtstructure
| aser systen1output pu ses characterized

ma‘tﬁ#r@p@@dlve | aser spots having spot sizes and energy

BEq i 150 i AR BB b 8 pvomen

lmpmﬂﬁf Bty bedmgsositRineg sueh shatttae rélative arpesientds sabstantially
damage threshol ds of any underlyi, nghpas& vation | ayer

contmwﬁw@l@l}bgtl%ﬁr@ystm oyﬁ@&paals%s indhe dpser systapa output set
seqlféf{tfaﬁ?ts }@Vtﬁé ARG hﬁl%trﬁ@lﬁl‘@ %b 3%’( tle %E}St of eé&?la‘s@? Eﬁtput

Ses aving a corre
pulsé ﬂ'ce Iaser systetn owtpoft setmnmnmassesﬁhalnwlomdthm&hetlhsér

cooperate to establish a eci ajlored | ser
SySIEm BaPRAR SoNpTt PcelwHEa bl bk Gobven fingospoiated pair
of eleBFicafy @ﬁcﬁ%&ﬂvb%n?édté‘%ﬂﬂrr%dg@ed RSk BPe& ﬁgc‘%g)eratlonal damage

operatlon anmage to the substrate or a
to arnamderhmmg)pasmvatmmlagenan@rthneasubsiraiecoor d| nating | aser

ment i R o BER. Dol oBe Aadier UGS Saingiceniguith the
rism{) %ldgte'df%héwaé%%msé fenfiaral ;%Wér%rbﬁle% has'aealpdier value

| aser system out put pulses in the | aser system
that i mmpm thast alqué)r% oxer thesaverage ppwes of thet lager dutput pulse

t ot 0 aser ut _pul s
e T BethgiL BTk in SbicFaRErag solts feb Alie e ana
|nwNYcH‘tﬁéﬁQé‘tnhi‘éﬁs's@MerW@iﬁﬁblﬂLB Rsit set severs the
electrically conductive |link between its associ ated

pad?. of Tk arathed of claimciidirwhich thertisgdine i shorteidhiangbout

2 ri sk of causing operational damage to any underlying
passivation | ayer and the substrate. 30. The nethod of

cl 33.m ZPhe hietlbd oh claire 300 wewhiupi the gptkecdumtiondsbetwddn about
the risi %g edge of the | aser fpul se tenporal power
1 nsangraliqut ke Ahthepyaa uption ofthe lasarpaise emipral pawer profie.

SS?AE.; 1% Mvthod BF cRYH 30 fn RARE th8laddt5pdigS EmBYtaP Bbwer profile
after the occurrence of the power spike is tailored to decline substantially linearly
with time before the falling edge.

35.  The method of claim 34, in which the total power decline after the
occurrence of the power spike is more than about 10% of the average power of the
laser output pulse.
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3 . The nethod of claim30, in which the power spike

has a rise tine and in which the rise tinme is shorter
wohes/ageut 5 ns. 32. The nethod of claim 3 , POTWS2@®N026928

the rise tine is shorter than about 2 ns. 33 The '

met hod of clajm 30, in which the spike dyration
bettheen! @ BIAthad R claim 39 suWhishohslaserPylee afar'@iPPWRr profile

aﬁerﬁé?hogu%gﬁ&f onHesfgko&r@&mE@ %l%%l%f)loﬂé{fbéfs e the famg eaﬂge of the

alm 3 aser pu se te
Iasetpmleet@npb'rdlepoafer@rombe occurrence of the power spi ke

i e bel s atfed Bh el gtk e e R T EropoE gewer profil
inclu@l@s a"nrhd&iﬁ&%l tpl&@vér%gﬁée Wﬁnd’ﬁﬁé# PR W& spike the oeeurrence of

occurrence i's nore than about
whlcbﬂschmcuieasltagtéltbedmdlng etlge Iaser out put pul se. 36. The

f I h.the, | ” I
ot proe Fredhdy B2 pii it iplctiing SR Bl “Bedles -
powéﬁvél@é ?ﬂﬁat\d@ h)’orfa'tﬁén 6% ef ﬂleté\ﬂerégé boWer efde spike Riiration of
| aser pul se tenporal :wgovver frle. 37. The nmet hod of

betweieai abzd 1 nanamh pbRaut 3%l cidke pplws@m@m@f the Ilssqppulse temporal
e includes an additional power spike occurring
powgrfﬁ'{?iﬂlefhe power spi ke the occurrence of which is

COBOCi OERé nvdthbd o eldiread, rowhithethe Pdwertspikeeistind fokm of an
claim37, in which the additional power cgﬁbke has

a
oscillafingrwavg wihnpewervarationafavesabet 10% qfiibe ayeraasepwer of
uration of between about 1 ns and about
the Igg%)%*taﬁw p%] se duration of the laser pulse tenporal
po4@r prié methodef clEie aﬁeimwulohrfthelaacmaﬂlg wavenastsirom one-

nalf Gydie  TBREYClsar ase AR WPk haues et &gt Sseypulse
tem&f?%o@% ;BH?)ﬁlé AhEthE K)%%H &%ﬁé@scﬂé’hoﬂ?ﬁl@% B@Qvééfn about 1 ns

Icht osclllating wave lasts from
and abelhrla15 nsycl e to t hree cycl es of oscillation within

| d f
or 5t D1 T e ethi 8 i in FREh B S er S a tme
wuthlheéﬁ’\ﬁ?éwémébs&re%efr&ﬁ%é'ﬁ@iﬂg e 7% of the piiid@gradibdn of the

claim 29, in which the power spike occurs at a tine
Iasempwlbememnoraimlprﬁfdasured fromthe rising edge to

p TE? Infe;{hog of Waith! AN iPlunldhGnk 3584, RHLS BerhFORP bBlver profile
before and after the power spike is relatively flat.

43. The method of claim 41, in which the laser pulse temporal power profile
before and after the power spike is not flat.

44. The method of claim 41, in which the power spike has a peak power
value that is over 10% of the average power of the laser output pulse and has a
spike duration that is between 1 ns and 50% of the laser pulse temporal power
profile.

45.  The method of claim 29, in which the adjacent passivation structure
material and/or underlying passivation layer is formed from one or more of the
following materials: SiOs, SigN4, SION, a low K material, a low K dielectric material, a
low K oxide-based dielectric material, an orthosilicate glass, a fluorosilicate glass, an
organosilicate glass, a tetraethylorthosilicate-based oxide,

methyltriethoxyorthosilicate, propylene glycol monomethyl ether acetate, a silicate
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42. The nethod of claim4 , in which the | aser pul se

tenporal power profile before and after the power
wepids@ismws4rel atively flat. 43. The nmet hod of clarms3004/026928

in which the |aser pulse tenporal power profile before

anﬁl fter the power spike is not flat. 44. The net hod
estegy hydragen §'|Se§W'%n@h matbylrsda@sqtgfpxw {PaROlRaRyene pibwer

| .

ben G i, SICRHTor ShORLAbIR I WPl ibBhe 1O  dietectri
polymﬂrween 1 ns and 50% of the | aser puI se tenporal power

| _ in which th _
D enT h20ethod T SAIGN 29, do HHaEtiEsSalafterRip@lFcaly conductive
link 9RG& 0k | b@ﬂ!pﬂ@éf LN ARG, lcRYSHhideS c&@é%ﬂo@%&%bﬁnﬁfm&dﬁ gold,

nor e of 'ow ng rmaterial$
nlckﬁhnmkehchromdey\platmuml, polycide, teattaluimahitride, | tiianildm, titanium nitride,
ase g qctrlc material, an orth03|I|cate

tung%fegggr Lépqsi ﬁ%rs |9 cate gl ass, an organosilicate

gl aBs, FheeheRBH BRI TS iih Mﬁé@e&éﬁ %%e?éhﬂﬁ)t pulse has laser
nmet hﬁl triethoxyorthosilicate, propylene glyc

enengyred 9en abpilt 0 AdtraicEojorledind alboutekd miQrO}wbﬂsogen

ot e bR A8 Gon B bl 25, 47 SR PR BASr it By Bl Pfilses are
genaatefon remobti@etdrgelméﬂedaﬁél@ﬁedl Wit RlcsiBhs of PespBflve selected

pet hod of claim?29, in which the selected electrically
eleciiisaly congectiverinksiusiies @t edrpetiters rate @rigreater than about

10 kFrom de, copper, polysilicon, disilicide, gold,
ni ckel, nickel chrom de, platinum polycide, tantalum

ni 49.i deThe intethodof claita8 iarwhich ra ideer pmlsegaang device is
sujcide. 47. The pethod of claim 29, in which

POS'@%%S %lgg'era gRpLRatR Hioge he-dberdaser amBlifigr tafthe (asRE6ROt position
on RSB e hobh et BN er ) MtbFdontip ol

commansiearneowipyttransiméting etate &rat \penmits audsut sets of iagkr output
i tive select

pulss ke Pitialiate taviaid b6 faseT sPREBSSOR PP Gitbgt blocking state that
predbﬁ*ﬁﬁéhﬂy &%végﬁ]o Buﬂé@céfoﬂ s‘e'i‘%ﬂgﬁ.h:}iﬂ ei'kse hp ﬁageﬁh‘% toward
the lamam)tupgsttl@m furthescommisinga beam path from t he fiber

| aser i.on

s a1 AT Y hing sl @37Ha BEREs R A Surafilchgstant

repeliftSip eaite on WhidH Aiut@allyCcadjadstiones dTuhe diivingadeisatd b@ﬁarated from
state that permts output sets of |aser output pulses

each @thgr by agaetallygirifodm: dravingiistervalsotughdbiat amphaardseia of laser
ampfidrBtp Y QRS Ere b8 &raldifht a substantially constant amplifier output

repetition rate in which mutually adjacent ones of the amplifier sets are separated
from each other by generally uniform amplifier output intervals; and

selectively gating the ampilifier sets to provide an output transmitting state to
permit transmission of an output set to the laser spot position whenever it addresses
a selected link structure, the laser pulse gating device providing a relatively
nontransmitting state that inhibits the output set from propagating along the beam
path whenever the laser spot position does not address a selected link structure.

50. The method of claim 29 in which the laser system output pulses have a

wavelength about or within one of the following wavelengths or wavelength ranges:
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predom nantly prevents output sets of |aser output
pul ses from propagating toward the | aser spot
weoaseistoigns4 further conprising: generating the BCTAISDEY4/026928
sets of driving pulses at a substantially constant
repetition_ rate jin which nutual Ly ad]acent _ones of the
1540*1"?"/:;‘r%“@eﬂsﬁa?g@élﬁa?&?’éﬂnf S OBircd-7Byim, 0.65 um, 0.53
m, 9B ARRI0.43 Wi, fR8 e iotige7 (iRt er val s such that
: anEFifier Eets o?hLaseﬁp%?Bﬁ?fier out put pul ses are
gentr dihednathod ofidiaitadd imwhichdbedinkrtasaantiickriess af greater than
1 niepetition rate in which nutually adjacent ones of the
H inpl i fier sets are separated from each other by
ges2r Theymethodosflaimrpe il &hichlthBYink iHalkseS Mﬁéléiesge'@ greater than

selectively gating the anplifier sets to provi
MMyut put transmitting state to permit transm ssion of an

oukpU t : : t ition enever it .

PRl AP IFRBEHIBB e WA BLBRtgbysns comorise
a wayetenyth dadiin evhiclotHedadjgcentisalviatioh stridefire astetibl uRderlying

state that inhibits the output set from propagating
Passiyaiien layer drdier [sasignifiprntbiabsarhent taghe \w@derm%bi tion

do ; b . he

et Tod gt eenar it e 08 veligih Sopiitses B UV
wavglehgils have a wavel ength about or within one of the

foll owin vel engt.hs wavel engt h ranges: 1.54 m,

1,85 hengthod qjgianis-in which 2he Jnk jres aithiskriess of greater than
TunP-65 m, 0.53 m, 0.5 m, 0.43 nm 0.35 nm or 0.27

mm 5 . The nethod of claim50 in which the Iink has a

t hi ckness of greater than 1 nm 52. The nethod of

claim?29 in which the Iink has a thickness of greater

than 1 mm 53. The nethod of claim?29 in which the

| aser system out put pul ses conprise a wavel ength and

in which the adjacent passivation structure naterial,

under | yi ng passivation |ayer and/or is significantly

absorbent to the wavel ength. 54. The method of claim

53 in which the wavel ength conprises a UV wavel engt h.

55. The nmethod of claim54 in which the link has a

t hi ckness of greater than 1 nm
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