8 JUL 2005 PROCESSI NG A MEMORY LINK WTH A SET OF AT LEAST TWD LASER PULSES
| Technical Field [0001] The present invention relates to | aser processing
of menory or other IClinks and, in particular, to a | aser system and

met hod enpl oying a set of at |least two | aser pul ses to sever an.T@ UULk2005
on-the-fly. Background of the Invention [0002] Yields in IC device
fabrication processes often incur defects resulting from alignnment

vari ations of subsurface |ayers or patterns or particul ate contam nants.
FIGS. 1, 2A and 2B show repetitive electronic circuits 10 of an |IC device
or work piece 12 that are comonly fabricated in rows or colums to
include multiple iterations of redundant circuit elenents 14, such as
spare rows 16 and columms 18 of nenory cells 20. Wth reference to FIGS.

1, 2A, and 2B, circuits 10 are al so designed to include particular |aser
severable conductive |inkspgdé gh%gqghﬁb aﬁikzaﬁgggﬂﬁgfts 24 that can be
renoved to di sconnect a C npl e, and
substitute a replacenent’%S E‘ ﬁfrgggﬁﬁ%g evi ce such as a
DRAM an SRAN[ or an enbedded nmenory. Simlar techniques are also used to
sever links to programa |ogic product, gate arrays, or ASICs. [0003] Links
22 are about 0.3 18 a'(gn) thick and are designed with conventiona

link widths 28 of% -2.5 gm link | engths 30, and el enent -t o-el ement

pi tches ([ogenier - The pﬁ@)&hﬁﬁwém fe)8gs Blagek padesiing o8 mEnidrp et athiea DE Ninks
circuit structures or elenents 34, such as link structures 36. Although

t he nost q@demaﬁculm,ﬁa ariawrsmp@ smgvaethed amplayieg o seloi at lgssf tie lgeer pulses
disilici and bklfmk tions, nmenory manufacturers have nore recently
adopt ed \?3'??@{13} c %ductl ve netallic link materials that may

i ncl ude, but ar EBlaélEg[o{lﬁdbeﬁﬁ, IhGem@dnum num copper, chrom de, gold, nickel,
ni ckel chrom de, Trtaniunm “tungsten, platinum as well as other netals,
metal al 1100821 neia¢ldnin IG dewice fbmication progassenpien inght deferis f@ﬁuﬂﬁﬂl&jﬁomnet aI

silicides.such as t n t N.+Si or her i k terl
JUL 2005 NEPPSI0TE Eﬁ%’éﬂﬁi %Eﬁers e%‘“ Oﬁaﬁw! ¢ g"“ﬁ%“ﬁ? ﬁ*ént 5
14, or celd sindOBEvk esfetitlvé @recdaﬁle@mmut, I@of 96 B ideVize 0B otk lpfdae fIB)thaerc

mapped into a database or program Traditional 1.047 um or 064 m
commonly fabricated in rows or columns to include multiple iterations of redundam circuit

elements 14, such as spare rows 16 and colmnns 18 of memory cells 20. With reference to
FIGS. 1, 2A, and 2B, circuits 10 are also designed to include particular laser severable
conductive links 22 between electrical contacts 24 that can be removed to disconnect a
defective memory cell 20, for example, and substitute a replacement redundant cell 26 in a
memory device such as a DRAM, an SRAM, or an embedded memory. Sirnilar techniques
are also used to sever links to program a logic product, gate arrays, or ASICs.

[0003] Links 22 are about 0.3-2 microns (pm) thick and are designed with conventional
link widths 28 of about 0.4-2.5 pm, link lengths 30, and element-to-element pitches (center-
to-center spacings) 32 of about 2-8 um from adjacent circuit structares or elements 34, such
as link structures 36. Although the most prevalent link materials have been polysilicon,
polycide, disilicide, and like compositions, memory manufacturers have more recently
adopted a variety of more conductive metallic link materials that may include, but are pot
limited 1o, alumirum, copper, chromide, gold, nickel, nickel chromide, titanium. tungsten,
platinum, as well as other metals, metal alloys, metal nitrides such as titanium or tantalum

nitride, meral silicides such as tengsten silicide, or other metal-like materials.



infrared (IR) | aser wavel engt hs have been enpl oyed for nore than 20 years
to explosively renove conductive |links 22. Conventional nenory |ink
processing systems focus a single pulse of |aser output having a bulge?005
wi dt h of about 4 to 30 nanoseconds (ns) at each link 22. FIGS. 2A and 2B
show a | aser spot 38 of spot size (area or dianeter) 40 inpinging a |link
structure 36 conposed of a polysilicon or netal link 22 positioned above a
silicon subst ra®es3/0s28020 and bet ween conponent | ayers of a pagsitwatz«onol ayer
stack including an overlying passivation |ayer 44 (shown in FIG 2A but not

in FIG 2B), pbogh |GirdutPi6aidyic 888ent 100 celBN9Std QML 1) adibies he BOGAN

under|yi ng passivation |ayer 46. Silicon substrate 42 absorbs a relatively
smal | propor t4foviagh mayadepappedmto Rdatadhaseri Rspgraan d radsind@d it ¢4 mam oph8&4 At i on

layers 44 aniqfr?rgd g&ms@r%”a%lug;ﬁha% Qegnféﬁ?fbge&fok nm%mhﬁ 36 {48 BRI g@e@“ vely

transparent to adi ati on I'i nks re typically Pproces
"on-the-fly" =soohe ¢dmamcutv¢1bnlbéamCms¢mpmmgxos;y@ﬂcmwceumymns foansen gimglest op
novi ng when a | a

ulse jis.fire . l.i.nk s 2 W T i ng
orocessed by Mg HhieE e ieh g e F Fr Y e SR i Rep B 2,
very high li I’IIRIGSDIZQQQ@SB llg:,v& hrawgbmms of $ipit Biz& Gardarop BB IeNNICSiapRIg Al atiRRS Of
t housands of |inks %%62 %9005 FIG 2C s a fragnentary
Cross-sect i on¥ueyf WW%P ?H yiili fipk & pesitippeg, abo’fBa %i)l“ioé‘rs“‘fsﬁé‘el i nk
22 i's removedsbyngtvleieRs tdiponért ldya%%ﬁapwsmmwyeay@dkdnd@mgﬁl sveriyihg
substrate 42 while maintaining sufficient ener rocess a netal or

nonmet al | i nkpassivatigp lpyercd4 (shownjip FI3 QA pyfinehin 2@ Z/E'Sh 1s1pigyly 30040.084t .
No. 5,473, 624 F]t ?@%ﬂ:’@'aﬂ@ aﬁ"uxﬁfeﬂgi!ng pgsswgt(ﬂma%ep% pg“lé(ﬁl é’%snaalt |@%§({er #ser

wavel engt h, to process nenory I'1'icon wafers.
At the 1.3 m ﬂemwy woalbprepaytidnal quaatitslos R padiatinn, @@d\mnagttmbeltmmtmhleydrs nk

materi al and I S r
traditional IﬂA%dlﬁgléc:han% 1{c$f @%’é?%glj ﬁhl%g%nn&% o HLQ grgééﬁg%xr@éé%sr?dﬁaémvm ndow
and better proceiks AZaguglically proaé¢star dmdhéaglyt&uclsthmetbhbnaqumshmmnbeﬁttnused in

t he i ndustry qut. f Xear S [0 Th .0 mand
1.3 ml aser \/\éfa({?%flgtﬁ]g{%msog grda \1}3?1 a‘gp Sc's e“%hm cou ihﬁ’gé
ef ficiency ofbesnycirodeRet agelsmblem puilsei Mhe o&ﬂmfg'hjr@tesl fedtitates alvery m:gmdikcti ve

metallic 1link 22 is relatively poor;.and t ractica able s
ST 40 of  arPiPROTR BBy PP gora gt pE st By ep oSG
limts the cripbosjal HGIROSE ORF@ntdry eHsssettdial2Ble viewds md eGiicai} otfﬂ@veen
contacts 24, and link pitch 32. This conventional |aser_ |ink processing

relies on hea%ff AT BrdinkiZads TeRREFSRY APOPERTi2HJases Rliseo T0 axpid damas P B a
mechani cal  Stggssatadwhif rikairig SuBeR 308y BP0 REH hiZdr 4B4d&al link 22, Sun

et al. in U.S. Patent No. 5,265,114 and U.S. Pat. No. 5,473,624 proposed using a single 9
to 25 ns pulse at a longer laser wavelength, such as 1.3 um, to process memory links 22 on
silicon wafers. At the 1.3 um laser wavelength, the absorption contrast between the link
material and silicon substrate 42 is much larger than that at the traditional 1 pm laser
wavelengths. The much wider-laser processing window and better processing quality
afforded by this technique-has been used in the industry for about five years with great
success.

[0006]  The 1.0 pm and 1.3 pm laser wavelengths have disadvantages however. , The
coupling efficiency of such IR l.aser beams 12 into a highly electrically conductive metallic
link 22 is relatively poor; and the practical achievable spot size 40 of an IR laser beam for
link severing is relatively large and {imits the critical dimensions of link width 28, link
length 30 between contacts 24, and link pitch 32. This conventional laser link processing

relies on heating, melting, and evaporating link 22, and creating a mechanical stress



- No. 6,057,180 of Sun e

buil d-up to expl osively open overlying passivation |ayer 44 with a single
laser pulse. Such a conventional |ink processing |aser pulse creates
‘large heat affected zone (HAZ) that could deteriorate the qudtift ;lUbfanﬁne
device that includes the severed |link. For exanple, when the |ink |s
relativel yw{f(pj)s%%zs% the link material is too reflectivepppuahsgud @

adequate anount of the |laser pul se energy, nore energy per Iaser pulse has
to be used. Increased. |aser pul se ener i ncreases the danmage rjsk to the
| C chip. Hwildvato emqswglywpp%@@rwﬁa PRSSIVaRGRAYEY Hivithiasingledases gu%ef 88 r ange on
thick | i nkscoq{dngibndi Gk k)lto%esblrﬂg 'lz@é‘r%l%le exte@tei h ralfg%me;ffe&gd zork @@R7] bt S. Pat .

. U. S. 025, 256 of Swenson et al.
more recerohid dd@sterfambtée mhnmfghqﬁevws ﬂﬁgmelfu@?sam shered [inby) Fargxapplout put to
sever or k t fferent
mat eri al reﬁ%\%eh r%gc %{}ﬁ)lg %’anﬁﬂﬁg{}gﬁ? e Bge%gF 8169@\%% X&Mba{ﬁéay%lgﬂgm spot
si ze. Howeasyunt sfelser poke ervegy, inortkenetgs @kf labey pslsehasao bbuifedsbicrepselise entai | s
car ef ul con3| deration .of the underl\é ng Bé)gqssq hl on structyre a?d mat eri al
to prot ect X FhBUSHPEIEYPTERSHLE FarRer Bk RiF & PR oHOWRYEEUSIE AP Hg dammged
by the WV dyes@hwithit Be risk-8008hgd brthicRaitiks den r&uedia iddfmpkie IMRYEetingt al .

di scl oses a general nethod of |aser induced_breakdown and abl ation at

sever al ngt WS- Byt Mogh O R4 ofiSua At #atnd UrPt Pof e 16,0328 0 Jypnses
typically éfaprrﬁo?é reké}ﬁ@ dbQ:r B meBEh SHRSRE SlfaRlofs (IW)eletel- Quﬂ'{alﬁfto g@ehirned feature

sizes that are smallef than the diffraction |imted size. [0009] U. S
Pat. No. 55xRO8 liaRs7thatf “omtly”atbemerlétngapsswam@chyohﬁgela mﬁéftfhbtfff@?alum ng a single

"Gaussi an" - I I t a link.
10010] U <ropaniith BH'af 85 v UANABARG 1AL BULBE Mol AmBUBBERE ° L Laiy
Q swi t chedinkdref h:psizehIadoﬁvwemtsdymﬂsma(eﬁd)comsabatmmef/ﬁxcend&'rl}'ihg di ode punpi ng.
The L eser Sihiof neltid SRuRhe R SR AL PR R M PRl 00 T
Summary of fréh eeihguandged by Bﬁ(ll\l]ase%l])ubhj ect of the present inventi on isto

provide a met hod pay a roving.the quality

processi ng%8#81| c [;?1 nggt %O%’%% E%ﬂftl\ﬂ‘g? B Egjﬂscg €s I%“‘?rﬂ\f%el%{oidc?ﬁ ¥ to
process a jhinkkd Wehkown28d amudnqvxfseeaerwdeagcw by tﬂ%ﬂ £epétitioh @4 Blrashstl ur t her
object of the invention is to process a |link a set of | ow energy

| aser pul slesr aelses !é’ﬁlﬁ?@ye?hof&ﬁ\}éﬁ}"ewgisha“dﬁegloﬂsljﬁte? ergayion of machined feature

sizes that are smaller than the diffraction limited spot size.

[0009] U.S. Pat. No. 5,208,437 of Miyaucht et al. discloses a method of using a single
“Gaussian”-shaped pulse of a subnanosecond pulse width to process a link.

[0010] U.S. Pat. No. 5,742,634 of Rieger et al. discloses a simultaneously Q-switched
and mode-locked neodymium (Nd) laser device with diode pumping. The laser emits a
series of pulses each having a duration time of 60 to 300 picoseconds (ps), under an
envelope of a time duration of 100 ns.

Summary of the Invention

[0011]  An object of the present invention is to provide a method or apparatus for
improving the quality of laser processing of IC links.

[0012]  Another object of the invention is to process a link with a set of low energy laser
pulses.

[0013] A further object of the invention is to process a link with a set of low energy

laser pulses at a shorter wavelength.



WD 03/ 052890 PCT/ USO02/ 40410 [00141 Yet another object of the invention is
to enpl oy such sets of |aser pulses to process links on-the-fly. [0015]
The present invention enploys a set of at |east two |aser pul ses td skl e0os
an IC link, instead of using a single |aser pulse of conventional |ink
processi ng SOR This practice does not, however, entajl either a |ong
dwel | tinme Vgér‘%s/e‘paf)at e duplicative scanning passes of Wgﬁ/gngﬁ“d?ﬂ ng and
refiring at each link that would effectively reduce the throughput by
factor of KBt tVes.anqiher abisctafiteinymtionis ta employ sysh a¢te phlpsey pelbesrte er t han
1,000 ns, & eraply shorter than 500 ns, nost preferably shorter
~than 300 npsrg%rsisglug{sg) g‘ﬁa Yy in the range of 5 to 300 ns; and the pul se
wi dt h of ef@0165]l astie gredestcnwentidri empldys asett ofias leagy emelasdr Ipylsésro tdver anadlfge of 0. 1
ps to 30 ns, and e.preferably from about 25.ps to about 20 _ns or 30 ns.
Each Iaserl’%l"?@a%{‘ﬁ? atsl’fkgqegléie}lﬂ%ge r‘fO%Vr?BPWF BRSRS SN ™S ef Mhul se t hat

is |ess thadict B6esdRMGRelen! @fil@litherfa06ng dveeliStinhd iQBpasabaipliodtee schhginplunber of
| aser pulses in the _set is controlled such that the |ast pul se cleans off

the bot t onaes Phesppsitinringad refying Aecach Heletryyoud eErsdveliteress teayer and t he
substrate f gﬁﬁut b?%@)‘r‘ SEatolEwoh aiLe aekdfict 61‘:19? %E is erafly ts)hdrt'%r gaR1 logh than

1,000 ns, the set 1s considered to be a sing "pul se"" by a traditional
| i nk- sevens, myrd preferabpyoshipn¢rabani§0 sy neshprefeinably shower thaol00@f aedprbfersblyt he

PSP oo il Bl or3IGAORAR 360 uk BEL bty WY A QRGuADE gl Rl Ten! bt ween
the | aser spots each pul’se 1's ess an e positioning accuracy of a
typi cal pogntiatynimbe sapge efif).1 phiod ns santlyymire ptefferably frém@bout @5 Ps @ abbun20Thus,
the | aser systemc still process links on-the-fly, i.e. th osi tioning
syst em dod® Rgh avdh BL P WER R Soiler ot His s L orkapspehs PPt et of

| aser  pul ie83hat theadingt iHikshold oAb GlicoAddbstra@n dihe albrhiee b lasstuBeMaiieages of
this invention will be a pg{?eint fromthe_ follow n% det ai |l .ed description of

# suchyipqt hee

pref erred ¥hSGANHRS 5t Bsreny i hebetm ehe lipleayipeths o c onpanyi ng

drawi ngs. RBidb@finEpssivaRhilger A thd\@bdatiihias HeORde the Fhéle ddration & hehenatic
di agram of a portion of a DRAM showi ng the redundant |ayout of and

pr ogr ammabib shdrieq hgn 1 P0G ng, She st s Gopsisiereddm b 7 singlp pulsel’ by a|taditiopgytinls] FI G 2A
is a frag - i | sl i j , large

e conduoE o B e e B O | Sed by a
prior art guedmpassepdredinktvadts and Be dgplagement tRBvdes the lisemgposrof each pulopisvi ew of

tagjealc ie m( il%{sgg%ﬁ%g ;t)(?sﬁg){x%x? gdﬁa%? bf Q&bi%ﬁ p%gitimﬁ)g%yst%(%; WBI%Q %ttpﬁ&llw -it-h an
0.05t0 0.2 pm. Thus, the laser system can still process links on-the-fly, i.e. the
positioning system does not have to stop moving when the laser system fires a set of laser
pulses at each link. .
[0016]  Additional objects and advantages of this invention will be apparent from the
following detailed description of preferred embodiments, which proceeds with reference to

the accompanying drawings.

Brief Description of the Drawings

[0017}  FIG. 1 is a schematic diagram of a portion of a DRAM showing the redundant
layout of and programmable links in a spare row of generic circuit cells.

[0018] 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.

[0019] FIG. 2B is a fragmentary top view of the link structure and the laser pulse of

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



4 - 8 JUL 2005 WO 03/052890 PCTI US02/ 40410 [0020] FIG 2Cis a fragnentary
cross-sectional side view of the link structure of FIG 2B afte w@ﬂ? Ibgk
is renoved by the prior art laser pulse. [0021] FIG 3 shows a p VA% us
time graph of exenplary sets of constant anplitude |aser pul ses enployed
to sever |ipksdsie@ccordance with the present inventi Onpc{‘/{?%g/%& F1G 4
shows a power versus tine graph of alternative exenplary sets of' modul at ed
anplitude | aser pulses enployed to sever |links_ in accordance with the
present i020ht i dG. PO doaIragmentary crogs-sgetipnpk gide viguhedhe ek stairtsiaft i ed di agr am

of one embgd BBQke Qe Ank R'rE&h&Veli 8¢ 1R pRBPak 83§ pui¥St €m i ncl uding a work pi ece
positioner that cooperates wth a |aser processing control systemfor

practi ci nglof2d ndilGod sudwst heowsr sersysttimergremit df sremlo 24} ofgoGstan Amplifdes a
power versus ti raph, of VI {.ngl e | itted by a
convent i on%?er P?algegre 9’89’5?%%1 Ste gergléggel?l%!écoﬁaﬁ% ‘gif%@ggf“%v&%géﬁms hows a power
ver sus ti n@oze]aplrict 4 aovesxepmmweansrsisaimeqfraphad alterpative esempary sdteef by t he | aser
systemof FIG 5 with a step-controlled switch to sever |ink. [0026]
B a7 1 s BOGRAmpRE L G IR eB 0 SereRis A dsPome SHYTEPEBH i ed 1o a
step-contrgldygeh @ swtch. [0027] FIG 8 is a power versus tinme graph of
exenplary | aser pul ses that can be generated through a step-controlled

Q switch elfp2Byi FJGt hds Rpardy srhgmaticy simlifisd dipgram pf oncleghodimentiofa 9 js a
sinplifie L 126 30 AR RAud AR 2 HoHEIBA! foVifo BAHEI e O itfa tASET
systemth%égggﬁ%{é enp ct)yed tuo. ]Er?ploerr%lnt Ijtohleopr esen({BBi nt\C/:eniti %n. [ 0029]

FI GS. 10A-mro@ssigomnirelssyetenifoeprpatigiag theenethed of theepregeatpveniadn. an exenpl ary

| aser puls ro ak | i cal X system
shoan | n FoEATo. TARGEAGHoR £Rhef SRR QB r3 Bk Wae@ ek sk BAea 0y 0

al t er nat i viey £cvnoshkiomah fasexfsystemlt@aseer ikt em t hat enpl oys two or nore | asers
to inplene he esent invention. [0031]  FI.GS. 12A-12 oW respective
power ver s@bzsbi mﬁér ggﬁéov()sra%o)gvgﬁﬁ?rg}syuqe%%o}l Ofﬁﬁfﬁeg?lw Bﬁggggﬁ R&ls%ﬂ ong
separate Oﬁﬁi&&]:.‘daiy tp?tabe‘r sgitexfr;gegicawmﬁalﬁép@mn&ﬂm%\ﬂitdﬁlt@sev&rla linkDet ai | edd
Description of Preferred Enbodi nents 032] FIGS. 4, 6B, 8, 10D, and 12C
show power[()%@susﬁf:’iflréng%é’er@fS t@’%eﬁ%‘?q‘a‘?fil‘eé“é‘f a’%%,“%’@‘d’}’"%‘@é?%m and 50e
(generi cal {i3p-8kSea@-switchl aser pul ses 52a, 52bi, 52bz, 52b3, 52ci, 52c2,

52d, and 52e (generically |aser pul ses 52f) empl O){ed to sever links 22 in
[002 FIG. 8 is a power versus time graph of exemplary laser pulses that can be

generated through a step-controlled Q-switch employing the RF signal shown in FIG. 7.
[0028] FIG. 9 is a simplified schematic diagram of an alternative embodiment of a laser
system that could be employed to implement the present invention.

[0029] FIGS. 10A-10D show respective power versus time graphs of an exemplary
laser pulses propagating along separate optical paths of the laser system shown in FIG. 9.
[0030] FIG. 11 is a simplified schematic diagram of an alternative embodiment of a
laser system that employs two or more lasers to implement the present invention.

[0031] FIGS. 12A-12C show respective power versus time graphs of exemplary laser
pulses propagating along separate optical paths of the laser system shown in FIG. 11.

Detailed Description of Preferred Embodiments

[0032] FIGS. 3, 4, 6B, 8, 10D, and 12C show power versus time graphs of exemplary
sets 50a, SOb, 50c, 50d and 50e (generically sets 50) of laser pulses 52a, 52bi, 52bz, 52bs,
52¢1, 52¢c2, 52d, and 52¢ (generically laser pulses 52) employed to sever links 22 in
accordance with the present invention. The duration of each set 50 is preferably shorter

than about 1000 ns, more preferably shorter than 500 ns, and most preferably in the range



accordance with the present invention. The duration of each set 50 is
preferably shorter than about 1000 ns, nore preferably shortef gUQD m
ns, and nost preferably in the range 5 E 8 JUL 2005 WD 03/ 05289

PCT/ US02/ 40410 of about 5 ns to 300 ns. Sets 50 are time-displaced by a

pr ogr anmabl interval that 1is typically shorter | 1'i second
and nmay be Vgogﬁdﬁ?tﬁl on of the speed of the positioning %???%0% %ﬁgﬂand t he

di stance between the |links 22 to he processed. The pulse w dth of each

laser pul s&f agoutyinskp A0&RY St Joarp hmpdiselgted w3 W%%ﬁ@%dﬂ?y BsEt Y. 1 ps to

about 30 R$yRAfy SRIrRr Hak barmidisicdnt @A RO a RActRS df thedPeddof B FaANges in
bet ween such as ¥rom about 100 ps to 10 ns or_from5 ns to 20 ns. [0033]

During a SPit®oingsysteas 63 ans| the distanye beaigerhthe H§J§r22ﬁ9 bg grogessedasiieMulst f i ci ent
heat, enef g oRhaPEaK pROWSS wiebinsHl!s0¥s SRR i Vin D Woul HTHAS 46

under | ying's st ra renoves a part and any overl yi ng
passi vati o080 hmﬂnno%ﬁpret&rat&y fromfabout @8 ps w@ﬁeiswnqtngesflnbmmeWh d8oomm t o about
1320 nm preferred ablati rarre ErS of focused spot size 40 of |aser
pul ses 52 {49 [ﬂ@é’slt%géf’ n@-‘flﬁSé%‘ 0%ach | aser pul se between about 0. 005

pJ to aboufpodzjul Darish 4 &k S0 FEEieRbBIsR 3] @Vh la8diPaRe BEhawaadufididddhedr,J t 0 about
0.5 J) and laser energies of each set between 0.01 J.to about 2 pJ at

great er t hesTEbaLReak ppper tg fefly ssyesfadink g7 gr damage thegindeslyingsubsiratgi4 F?Etr The

focused | aggfovaPlardiramR b8 and/6r 4ty b &1y PhssPAon 1aPer BBO Rl agr&iGikedt han the
wi dt h of theolvl P\%ZZ deper?él nrgﬁgn ﬂ@l}?é?\k W|n ger 8, |a§{£ plr%ch size 32,

link nmt er Waveleastd fesmhehou 15@@%@%@4@5@ wrpﬁeaefb@@at@@mﬁaa@mtqf éeysed[ 0034]
Dependi i f th
P oL PPUBEERAD P 0 e P oAU e SRR 00 01 |1

link materia appfied to 22 can be
accur at el y0 ©O0h 1} wlabewt 1y (amhivsnadgpte mrgemmggybemeea@dﬁ Pud smubSahd t he

nunber ul ses 52 i the, b f any
given i nka‘g@asef g \ﬁles of Vil s@ @e?‘%lgén E’g)gs”? Qo %blogtnf egrr eaEF hrag Iab u?Il/e Zyan%l nt act
and subst r pleferabdy unﬂamacg)eld{z didrighes. Thedfocusaklagat s;dmd‘ﬁgﬂet 3 peeéferallpB0%B ubst r at e

fange i s uEda0Y BespSed A Phpe BERE (o enfBF bedRka AR T i ey

pul ses 52 gﬁﬂmh%a&@l@te&@dﬂﬁdthhhﬁfure dnd@rockRRoBARFGYngdensi ty profile of a
conventional single |ink-severi ng | aser pulse. Wth reference to FlI G 3,

each | aser [0934se Bengndigg op the yemelpngtheof 4t ¢rRuh andsthe shasacisrighcs gb e lipk ¢
provide a pul89 fekevefife m;;aho@pu@sem a%bl@éatto Tifuk @z Catn% ac&faﬁélwoxﬁ%n&i By

profile. Set 50a can, fo exanpl e acconpl i shed a node- | ocked
| aser fol | dwesingije gperay @%Qaﬂbplémfﬂcan‘é Ef@mbfrf of e pases %mleéCh(SP{--'@)tooptl cal

gate and aaea%pc}ff Nl ﬁ!)tt(ﬁlm?ll dnE gWen link 22, leaving underlying passivation layer 46 relatively
intact and substrate 42 undamaged. Hence, the risk of damage to silicon substrate 42 is
substantially eliminated, even if a laser wavelength in the near UV range is used.
[0035]  The energy den_sity profile of a set 50 of laser pulses 52 can be controlled better
than the energy density profile of a conventional single link-severing laser pulse. With
reference to FIG. 3, each laser pulse 52a can be generated with the same energy density to
provide a pulse set 50a with a consistent “flat-top” energy density profile. Set 50a can, for
example, be accomplished with a mode-locked laser foliowed by an electro-optic (E-O) or
acousto-optic (A-O) optical gate and an optional amplifier.
[0036]  With reference to FIG. 4, the energy densities of pulses 52b can be modulated
so that sets 50b of pulses 52b can have almost any predetermined shape, such as the energy
density profile of a conventional link blowing laser pulse. Sets 50b can, for example, be

accomplished with a simultaneously Q-switched and CW mode-locked laser system 60



[0036] Wth reference to FIG 4, the energy densities of pulses 52b can be
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wavel engt hgo31om EiGo Gishdvis(e preferred embmiirhen? 600simplifiddriaden shatemtitindudingn ot
limted to, 1.3, 1.064 r 1.047,..1.03-1.05, 0.75-0.85 mor thegir second,
third, fouf&FY ltS?CdW&PﬁcﬁgWﬂ%eﬁgﬁl?ﬂ lqs?ro(% fﬁﬁge?ﬁféfmw.tsﬁ_of—o% 9% Be7% Yb: YAG, or
Ti : Sapphi r @slrasefos afidevinglinklse@ripg st danét With aRpr&eitaheniidiatPréfaser s
emtting at other suitable wavel en‘gé{)\s are commercially avail abl e,

i ncl udi ng 1epasafavelengts fromahquiclQ e Baba PR g includey 3wt ate agElimited 49,63 60 i s

model ed hey §54) o2 7lo¥7, b oRY5 08 756 35 Phiortieitse8GHRAOMSd, RAFRDBH ih (h@ddonicin)
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elimnate from Nea¥ onNe: Yddh ek ¥VEn. YoTRAGNer Tinkapphtiredesses64s olkillgd gersans | aser 64
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solid-state , em ssion 72 Ich 1s focuse S conponents
74 into | amerding§berdasens, 8@ coplddberemplogesonat or 82 preferably includes a

ot 11 onocl B e chrseiieh o ARt ERARR) bijle) Sk B scclha D0t v or 78

positioned ween gmrr p coupling mrror
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98. resonator 82 preferably includes a lasant 84, preferably with a short absorption length, and
a Q-switch 86 positioned between focusing/folding mirror 76 and output coupling mirror 78
along an optic axis 90. An aperture 100 may also be positioned between lasant 84 and
output coupling mirror 78. Output coupling mirror 78 is partly reflective and acts as an
output coupler but can also or alternatively be adapted to reflect a portion of the light to a
semiconductor saturable absorber mirror device (not shown) for mode locking the laser 64.
Mirror 78 propagates resonator output 96 along optic axis 98.

[0039] A harmonic conversion doubler 102 is preferably placed externally to resonator
82 to convert the laser beam frequency to the second harmonic laser output 104. Skilled

persons will appreciate that where harmonic conversion is employed, a gating device 106,
such as an E-O or A-O device can be positioned before the harmonic conversion apparatus

to gate or finely control the harmonic laser pulse energy.



[ 0039] A harnonic conversion doubler 102 is preferably placed externally to
resonator 82 to convert the |aser beam frequency to the second harnonic
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conversion is enployed, a gating device 106, such as an E-O or A-O device
can be positioned before the harnonic conversion apparatus to gate or
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system 62 preferably enpl 9}/5 a Ias%r controller 160 that controls at | east
two platforns &M dPLRFEETAOLTcYs 2B Lsitiof FAxingly cofpRpnepicRs eHltirqmaanel leps

reflectors 122 gysleathatid€usesabélcoliBBatt Ppiiaa GRér sgaslnt) 14514036 BlodS¢ atiedisLpRut
140 to a desired laser link 22 on ICp device or work piece 12. Beam

posi ti oni ng sy §¥ze il Bot is gesater than ggilink widly é@r@ﬁfmﬂ’étsﬁie’é»na“ldl inRistepaplydess Wisni

piece 12 to effﬁﬂtldumefty@rtmﬂtréﬁxﬂlﬁgplmwweﬁhws on-the-fly based on
provi ded test oOr design data osition data preferably direct

the focu sed | ad@042ks po ggge@%tyeamokmgp%ystgg 62 is described in detail in U.S. Patent
No. 4,532,402 of Overbeck. Beam positioning system 62 preferably employs a laser

controller 160 that controls at least two platforms or stages (stacked or split-axis) and
coordinates with reflectors 122, 124, 126, and .128 to target and focus laser system output
140 to a desired laser link 22 on IC device or work piece 12. Beam positioning system 62
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.

[0043]  The position data preferably direct the focused laser spot 38 over work piece 12
to target link structure 36 with one set 50 of laser pulses 52 of laser system output 140 to
remove link 22. The laser system 60 preferably severs each link 22 on-the-fly with a single
set 50 of laser pulses 52 without stopping the beam positioning system 62 over any link 22,
so high throughput is maintained. Because the sets 50 are less than about 1,000 ns, each
set 50 is treated like a single pulse by positioning system 62, depending on the scanning
speed of the positioning system 62. For example, if a positioning system 62 has a high

speed of about 200 mm per second, then a typical displacement between two consecutive



to target link structure 36 with one set 50 of |aser pulses 52 of |aser
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posi ti oni ng YSLEEVIEE 10Bhdfk Rl PBlidnd Sy s @ler m@d;llrﬁdr@a?f}cbﬂﬁoﬁ@?eh@ymmhe
i mprovenents or beam§305| tioners described in U S 751, 585 of

Cutler et edntrolgR-switch Somyteatingylevise 480, Brgm m1tlmlnwtem62 i aé‘ﬁ”’ﬁ‘r“@b’a@m gned
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galvanometer, piezoelectrically, or voice coil-controlled mirrors, or linear motor driven
conventional positioning systems or those employed in the 9300 or 9000 model series
manufactured by Electro Scientific Industries, Inc. (ESI) of Portland, Oregon could also be
employed.

[0045]  FIG. 6A depicts an energy density profile of typical laser output from a
conventional laser used for link blowing. FIG. 6B depicts an energy density profile of a set
50c of laser pulses 52c: and 52c2 emitted from a laser system 60 (with or without mode-
locking) that has a step-controlled Q-switch 86. Skilled persons will appreciate that the Q-
switch can alternatively be intentionally misaligned for generating more than one laser pulse
52. Set 50c depicts one of a variety of different energy density profiles that can be
employed advantageously to sever links 22 of link structures 36 having different types and

thicknesses of link or passivation materials. The shape of set 50c can alternatively be
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[0047] FIG. 9 is a simplified schematic diagram of an alternative embodiment of a laser
system 60a employing a Q-switched laser 64 (with or without CW-mode-locking) and
having an optical delay path 170 that diverges from beam path 120, for example. Optical
delay path 170 preferably employs a beam splitter 172 positioned along beam path 120.
Beam splitter 172 splits a portion of the laser light from beam path 120 and causes a portion
of the light to propagate along beam path 120a and a portion of the light to propagate along
optical delay path 170 to reflective mirrors 174a and 174b, through an optional half wave
plate 176 and then to combiner 178. Combiner 178 is positioned along beam path 120
downstream of beam splitter 172 and recombines the optical delay path 170 with the beam
path 120a into a single beam path 120b. Skilled persons will appreciate that optical delay

path 170 can be positioned at a variety of other locations between laser 64 and link
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system 60a enploying a Qswitched | aser 64 (wth or wthout
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[ 0049] Skiob49d pekiledpersdns waillpippedcite thahtie retagive podiet vplosnes2 el Heul ses 52
can be adjusted with respect to each_ other by adjusting the anounts of
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respective pul ses 52d. ]JFurthernore, additional delay paths of different
| engt hs aapRFasiatythat the length of optical delay path 170 can be adjusted to control the timing of

respective pulses 52d. Furthermore, additional delay paths of different lengths and/or of
dependent nature could be employed to introduce additional pulses at a variety of time
mmtervals and powers.

[0050]  Skilled persons will appreciate that one or more optical attenuators can be
positioned along commeon portions of the optical path or along one or both distinct portions
of the optical path to further control the peak-instantaneous power of the laser output
pulses. In addition, different optical paths can be used to generate pulses 52 of the same or
different spot sizes within a set 50.

[0051]  FIG. 11 is a simplified schematic diagram of an alternative embodiment of a
laser system 60b that employs two or more lasers 64a and 64b (generally lasers 64) to
implement the present invention, and FIGS. 12A-12C show respéctive POWET versus time
graphs of an exemplary laser pulses 52¢1 and 52e: (generically 52e) propagating along
optical paths 120c, 120d, and 120e of laser system 60b shown in FIG. 11. With reference
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dependent nature could be enployed to introduce additional pulses at a
variety of time intervals and powers [0050] Skilled persons wll
appreciate that one or nore optical attenuators can be positiogﬁy gﬁf?@ﬁ
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f th i h f h | k-i. f th
hser oo puricis B ade A G ke Y 45f priPenh BimiEhrd Paen St R geoh Bl ¢ -
generate %w Sfodte 281k wﬁ;??g%kus | GESISSRE orSPAT KdWE Th Wt hPcadBle Tne

[ 0051] FI 11 1s a sinp schématic diagram of an alternative

enbodi mendanef type ot difteremytgpesmptdincinyathe sapk oy diffaenteponsizes. | SkdBedpddensand
64b (generally lasers 64 &t,\g a{if—‘gﬁl emenlt the present i nyvention, and FIGS.
12A-12C swahﬁmgg%fet%éa% 4 ApaprefrTably fae samciyRE 2B e RAIaMSICEY ¢ aser

pul ses 53@%@%&@%@@%&{%&&@&& AP bR PRAU e Uhe FUIEY) Gnd YR BEeRAL NS

120c, 12 aser system shown | 11. "Wth reference
11 8 JUL Raxehs 64 cat-bdSiggtieddmdsykRArdilfing ekstosicH 418G suchphat the sty opemsiate hed

| asers 64 (preferably not CWnode-locked) of types preyi.ously discyssed or
wel | RnonF PR A bsiti prRERRGAOIE F Lusuel, Yo Bresbe HRE B Al piades
produci ngy 5SRAE Bl bdPheNt spot sizes. Skilled persons wll
appreciate that lasers 64 are preferably the same type and their paraneters

are prefp0s?] y dostr@id aditt ser mdsec52¢s itht lpaopagpes along epticyd ylate 1 2vemgi then
and peak powers. Lasers 64 cap be tri red_by synchroni zing el ectronics

180 such P#58es thEghAcmbineris aggéaseg o PEHIS dASHY PAisG) a4 tet REPPasalss Riv8abl e

tinme inte t i r ' -

1. 000 s OYibakafin 288 A et petec' ot A dpBEbER wRtte 17830k PLRmer
optical pulgd) sheld)chaabothtlasen pufsas S26 dnkr3Peg iprépagaialorgroplicll pahd20abwraré4b
emts |laser pulse 52e2 that propagat 85 glong optical path 120d apd then
passes t hieBRSFALYSCapRIcHHQIPTASIGE A28 0p Phiaser DHseI 1aVInge RONT YeEsus timgprodile.h
t hat both @&1&{“ 52ei and 52e2 propagate al ong optical path 120e but
are - terrp%ﬂroal y@?ﬁz?gt'ed to produce a set 50e of |aser pulses having a
power ver 0053} i neVphaéspeer tosthiotiva eimboRirGentd, ATefefBNHadch\iet B0 sespea bingle 1adk
the enbodinments, preferably each set 50 severs a si n(tgl e link, 22._ 1n nost

appl i cat i #hs i mest @P@F@}}"Iﬁe%i OgT s Periile o facdete 580 is yep@@;{ ittogrever,
ot o1 1 af o5 B RrERicte 12 idnde NRIHE R QB S bl KRR ol el Bhensions)
density psffiakse, (el Hiiserpbd cherpyidessignstofites \Wdibhie and ehptishmades )welbas e
APPITC0 28 0] B b applicd s thY positiontag systeim 62 scans Over the work proce 12.
[0054] In view of the foregoing, link processing with sets 50 of laser pulses 52 offers a
wider processing window and a superior quality of severed links than does conventional
link processing without sacrificing throughput. The versatility of pulses 52 in sets 50
permits berter tailoring to particular link characteristics.
[0055]  Because each laser pulse 52 in the laser pulse set 50 has less laser energy, there
is less risk of damaging the neighboring péssivation and the silicon substrate 42. In
addition o conventional link blowing IR laser wavelengths, laser wavelengths shorter than
the IR can also be used for the process with the added advantage of smaller laser beam spot
size, even though the silicon wafer’s absorption at the shorter laser wavelengths is higher
than at the conventional IR wavelengths. Thus, the processing of narrower and denser
links is facilitated. This better link removal resolution permits links 22 to he 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 1o about 0.5
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[0054) In view of the foregoing, link processing with sets 50 of |aser

pul ses 52 offers a w der processing w ndow and a superior quality of
severed |inks than does conventional |ink processing wthout sa%Lith&ﬁﬁ
t hroughput. The versatility of pulses 52 in sets 50 pernits beft !
tailoring to particular |ink characteristics. [0055] Because each | aser

pul se 52 i #t heimikEly PRFINGECBdEy erH 4 aRoYesrsbalaw dhe bRy 23/ can bretoade wih| ess

ri sk of da [ i,vat I t 42.
n addi | SRvr DY olRE oRf AR BRNRAPARE NS SRG R al R B L RARRRE T e
wavel engt hgnoaiiti€ Hediladle tottcothet @an aay@eﬂbﬁlg;ﬁ &thck Ghe §elﬁse5® bPPESE WY dah behe
added advantage of smaller |aser beam spot size, even though the silicon
waf er' s abéulopd oW samcetthereghé?sséimnaa@ Bk el I@ﬁﬁgt’ﬁy)ﬁ situeigpedn addiden, gentehe

conventional IR mav t he f narro enser
et f Bepianieh SE DR (it pageBhOSERRRoufir BRLTAIEE SBMa PETNCT )
to be posi tie@all 6)51:@&[&& th@geNfich I2eiRes] RksClY Bldivn e sbdvéntidial O uge:
link structures 36 can_have conventional sizes, the |link width 28 can, for

exanpl e, béean@égvenrmmuaﬁe dejrk22teama fos sxampls, be veithiia dig@mse 0f 2.9 pm of less
Sinilarly, ass ti.on,ayver.s 44 above or w the links 22 can be nmade
W th nater W%Pﬂﬁﬁ%% g%%meﬁﬁF?PBﬁgF: fggand SiN, such as the |ow k
material sgﬁn bie will BeGblicts té thodephviap lsl%lnt@ e aAthar, afgds)iayCid made
hei ght since the sets 50 of pulses 52 canh be tailored and since there is

| ess danmge thesktaile of He q.’;@ysmamhyd egthodotent®f this inwkation withouedaparting from
t o-center 2 betmee nks roces with sets 50 of ulses
52 can be DeRSEAPE Fry EBFEPt- e roDRG Op Tl o3t JoeRuah ok esetoR

by a convepiiQiakd bity! fom -38M8ri ng pul se. Link 22 can, for exarrpl e,
be within a dlstance of 2. 0 Fkn1or |l ess fromother links 22 or adjacent
circuit structures 34. [0056] It will be obvious to those having skill iD

the art that many changes may be made to the details of the
above-descri bed enbodi nent of this invention w thout departing from the
-underlying principles thereof. The scope of the present invention should,
therefore, be determned only by the followng clains. 13
Portirid2-4435444-1. DOC 0050002-COM | - 8 JUL 2005 Clains 1. A nethod of
selectively renoving a target material fromlocations of selected |ink
structures, each link structure containing an electrically conductive
redundant nenory
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or integrated circuit link positioned between a pair of electrically
condugct, myd%sg‘gqtnggt%mnmgm circuit fabricated on a substrate, -efclil i2085
having a"l ~w dt conprising: providing to a beam positioner beam
positioning data representing one or nore |ocations of electrically
conductive links in the circuit, the beam positioner coordinating relative
novenent between a | aser spot positi aiaiyd the substrate; generating, from
a first laser, at least one first |aser output pulse having a pulse wdth
of between about. zsrqgﬂwdsé@dn@tsve&nwmlmmwg@omtendlfmm@ocatwmr@tsetepm

t .. {hat t t han about . 1, 00 t |
out put - WAKSEUERES. R 1K TG FONRMNE ALploth R DY RALRE Tehpa oS

greater :

os 1 ot Aoeraftd citt i Tioticofld SR pi FERORABNE Folihbihd ABBEAa |
spot i NRiragie Satkichicd Pn 4 bsirateNeaeh Lk Havhilg aelluﬂmrdﬂsa:lohiprismgduct ive link
between first contacts; generating, froma second | aser, at |east one
second | aser oupmtd%utosaabmwﬂgtl@ﬂer peam @osiigning dntalyeprreenting 1986 O BBTE

pi cosecqnds. and. 30 nanpsecqnds ur| the firgst interval .. the second
acer odbateRn0 SE-trAR ooty edinss oL Aie Gsiks D SR AOPHOLSEBIUTATE | o
IS grea I | ance with the beam
p05|t|otr{|§lr[‘}tgl{'é(;gfta?e{‘tnH teﬂeggeg\g‘n?a%bésgb{ﬁ(;ﬁt%%%nd u %@gggat hat the second | aser

spot i npi nges t fenetdting] fropcafirseasef, dtﬂ&sﬁ‘d»ﬂesﬁrsela@ﬂtdummphlse havingaqtulsee | i nk
such that the first and second | aser ots substantially overlap and the

first aridthsefchstieanaabent Zﬁmlsmecgmsgé@ drnesesonds dusing Refisb e anterypl hat get

one. ¢ i iogleR P oBh 1 08 iRkl 56 Bhiner QR bFe b Bhand LB e °°°'

pi cosecqpgswiind spét sRNAKES eRdterdbdd e lmks@amnd time interval that is
shorter than 1,000 nanoseconds and tine-displaced fromthe first tine

interval, the twmgawmmwmmmshmm@a@ tthe ficht laseepuipiot Wi t h
a spot si t iIs eater than the_li directin I n. accordance
i ht nduE s e fshlaNg ot mpioes & At péatiebr bt aBetisaf ey BFRS “The
third | rbewh firdloaees; & second location of a second electrically
conductive |1 nk between sécond contacts that is distinct fromthe first

| ocation; 14 PogmerHﬂQgA&BMgEtommﬁﬂmﬁQm@@@mﬂ l&sed bhtpﬁﬂplﬁscgkavmgaa i ng,

fromthe secaond | aser, t. one four | aser out put uls having a
pulse V\gd of etween a out ZaSSplcoseconds an& gO nanoseconds %urm t EIlme d

interval, the second laser output pulse also having a second laser spot with a spot size that
is greater than the link width;

directing, in accordance with the beam positioning data, the second laser output
pulse so that the second laser spot impinges the first location of the first electrically
conductive link such that the first and second laser spots substantially overlap and the first
and second laser output pulses contribute to the removal of target material at the first
location,;

generating, from the first laser, at least one third laser output pulse having a
pulse width of between about 25 picoseconds and 30 nanoseconds during a second time
interval that is shorter than 1,000 nanoseconds and time-displaced from the first time
interval, the third laser output pulse also having a third laser spot with a spot size that is
greater than the link width;

directing, in accordance with the beam positioning data, the third laser output
pulse so that the third laser spot impinges a second location of a second electrically

conductive link between second contacts that is distinct from the first location;
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pul se wi dth of between about 25 picoseconds and 30 nanoseconds duri n% tahe
second t] i rval e fourth | aser output pulse al so havi=n f 3083 h

I ase&"'é'pofmgs\?\n“tlf%g 556%8‘%”‘;3?% that is greater than the link w dt%;maLnd
directing, in accordance with the beam positioning data, the fourth |aser
output pulse to inpinge the second | ocation of the second electrically
conductive |i nkeéiegdtingh@lont the seddbidrigsenst 1ERHbhd fonAh Qised B@pAt Fllesiafig a1 | Y
overlap and the third and fourth | aser output pulses contribute to the
renoval pulsetvidtheof betwesn about2S pleesesendsand Womnosmonds. duTing theesehoatl thecl ai m 1

in which the bea sjtioner inparts . substantially continuous relative
novenentl 'Fl g‘]f‘ﬁ'gl ‘aagé}ut@g (BPnEE ajipthaéswgénfau% &ASCL$POf AR SPQEHZE At 1St he

el ectri [V E: Al . are processed on-the-fly. 3. The method of
i i e i D

claim 2 rically conductive links formpart of respective
link struct uresdirédiihgs Ubsdcbrfaficexw iR Chebeth ﬁbsitibnﬁﬁ%ddﬂ,rﬂie fourthahder ©atphas
energy and peak power danmge thresholds, and each of the |aser output
pul ses Ipatsean inpingg yheasedopklakatiomonfshe sévand alectricaldy cordactivehlink such duat ithee

d dan t hreshol ds. 4. The nethod of .claim1 in which
Tho. of cdifd B [ BARscPPD STpHARaIY G FAp-40d B dofdcigdewsth s GRS mbet Lr oo,
the subsbhinfreABSAC ARG B Lo Budrbailsy Bl/GlGSRS eneroy and  peak
power danage Fhres%o s, an ac or¥ the |"aser output pul ses has an energy

and peak power2! ik mdtiod eSdaitd din WhechrtBS B&Gh pusitiaiee itiparssibsaakallyover
damage thresholds. 5. The nethod of claimany one of clains 1 through 4 in

whi ch t lsentiniogs relativemovemeninbeaiean theslaser spogpositionand tacosubaisate such thatthe wi dt h
of the e eﬁtr' cal I(%/ %onﬁluictive | i nk tg\(}&’ &{yhe | aser pul ses process. 6. The
met hod SITBIAr NP THIRIER ?rﬁé’r?cﬁ’gwo UPBUY - pul ses fromthe first and
second | asers psonpeah&hdl SMNJaifP? it ¥hichahd slebthivdllySEdaCiveIHIRS Formt part bY

col linear common portion. 7. The nethod of any of clains 1 in which the
| aser oumespettiveulinkestrugtures, ahqsnbstizate assiciatedf wittethedmk stinctutesthan anergpendids and

20 nanoseconds. 8. The nethod of claim 1l further conprising: generating
Che | as BRAOTYT AR S hoNss, AR statt R astiebuamit P SRR R iEy A o
bet ween ' ' | |.S.q1

11 SeBongr Hgh Sle JBRISPARTEPLIR, bl R ok posBidilpciiithdles |
el ectrically cohdlbemethod ofrtaim b ircwhiehale dyctdcalbveontydtivg links Soruapiroof

| ayer. 15 Portl nd2-4435444 1. DOC 0050002-00090; 1
respective link structures, the substrate associated with the link structures has energy and

peak power damage thresholds, and each of the laser output pulses has an energy and peak
power that are less than the respective energy and peak power damage thresholds.

5. The method of claim any one of claims 1 through 4 in which the laser pulses
from each laser completely encompass the link width of the electrically conductive link that
the laser pulses process.

6. The method of claim 1 in which the laser output pulses from the first and
second lasers propagate along optical paths that share a substantially collinear common
portion.

7. The method of any of claims 1 in which the laser output pulses have a pulse
width of between about 5 nanoseconds and 20 nanoseconds.

8. The method of claim 1, further comprising:

generating the laser output pulses at a repetition rate such that a delay interval
between the first and second time intervals is shorter than 0.1 millisecond.

9. The method of claim 1 in which at least one of the electrically conductive

links is covered by an overlying passivation layer.
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8 JUL 205 10. The nmethod of claim1 in which at | east one of the

“electrically conducti 8 l.inks is not covered by an overlying pasgivaifon
Iayerf"’rt “ el'gn(%tﬁo(%&o claiml in which at |east one of the e e@ir’"r’ically

conductive links conprises alum num chrom de, copper, polysilicon,
disilicide, gold, nickel, nickel chromde, platinum polycide, tantalum

nitride, titaniyg) THelrAéthedbNéthih dGn WHIEDS 184t o of theREHRAIG icbhdiicfe 12.
The nethod of claim1, further conprising generating the |aser output

pul ses diinks isaotedorargt byt avedyimgpassivatidh layer. and 2000 nm 13. The net hod of

claim1l in which_ the spo | zes, of the |aser spots fromthe _|aser output
pul ses of the fillls&hirﬁe[g%‘i%‘éa%éélaé”}ﬁ?lbattl%t el thi&lec'ﬂféll)‘r&f’ﬁﬁﬁnﬁ? claim

I in whigh t ] ' I S .fro e. |l aser. ul ses
of ' the. 11 COmRRE e Blnffefn, Shrdeile O3t RN diccpSTiohidhe, gBREHRH. BkeR " 7
whi ch t hehrbRsR!, pRtibew! polytideStafitahinh ditkibe, dicahiin, FfGiuck BAAAE, tuhFSed, Brer val s
have sim | ar peak power profiles and simlar energy density profiles. 16.
The net hwodgsién siliciden 1 i n whi ch each of the | aser output pul ses during the
first time interyal__has roxi mately the same energy.and approxi mately the
same peak powed?- ]ﬁem{gg‘ﬁﬁfﬂﬁ’@éf T GPEIPTIHNGBFRGRAAEL the ASET PYBUGLT t he

| aser o u%étsaPHl %‘?‘eﬂ%rb?%fh%‘?#efﬁe i%gggp&% avaI have different energies

and dif flerent peak power im1 in which a tinme offset

bet ween initi atil@nTky mbihed bf ERim 1aRdvisER dbpbesigds JThdkber¥poieBorh $he
programmabl e. 19. The method of claiml1l in which a tinme offset between

i ni ti at ileser outpunpulses efithe firgd and seqond|lassey aro thepsamepul ses is within about 5

to 500 ns. 20. thad of. claim 1 in which each he | t
oul ses. has a i addr TR afeisifh b whisndba Sphe SR6Y ofine o85s POk FraPHDR o

sel ect i glet oI YR JF KRR und Bécdhl thscld AE\diRGA Ons of  sel ected 1 nk

structures, e I nk structure containing an electrically conductive
redundant nenod§. dheimxthyl eff @ainc 1 ix wihichl the kspoaitputqudseds deting éie fasparid  of
cts in acircuit fabrjcated on g su rate,

ggggt i %%LME gnggrf"%ﬁi ¥ I ar BB‘ﬂ‘pﬁ"?‘%‘ffr{ﬁPEj%B apd, Similen SOAER ﬁ&aﬁt_ylnrggfé&
0050002- 00090: 115 &pd thet k0¥ claim 1 in which each of the laser output pulses during the
first time interval has approximately the same energy and approximately the same peak
power.
17. The method of claim 1 in which at least two of the laser output pulses
during the first time interval have different energies and different peak powers.
18. The method of claim 1 in which a time offset between initiation of the first
and second laser output pulses is programmable.
19. The method of claim 1 in which a time offset between initiation of the first
and second laser output pulses is within about 5 to 500 ns.

20. The method of claim 1 in which each of the laser output pulses has a laser

energy of about 0.005-1 microjoule.

21. A method of selectively removing a target material from locations of
selected link structures, each link structure containing an electrically conductive redundant
memory or integrated circuit link positioned between a pair of electrically conductive

contacts in a circuit fabricated on a substrate, each link having a link width, comprising:
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. providing to a beam positioner beam positioning data representing one or

nor € p, L REAlk@NSoOf oRbebobdhh cal |y conductive links in the circui tB i hga?mam
positioner coordinating relative novenent between a | aser sp0&t tyon

and the substrate; generating froma |aser at |east one first |aser pulse
having a pul se width of between about 25 picoseconds and 30 nanoseconds
during a first proniingitoer beaim positiories bsérmnositioningaatarefi@fentiag ©se oo Mbse

propagating the first |aser pulse along a. first optical path; splitting

the firacafigrseof gleqtaieally fogdpctiverlinks dn e Grryt) thedeay Popiione FOQEUNAUDEh t hat

the first, laser o I [ t Lrst optical path and
such thd latlg\.ﬂeelﬁg\é%ﬁépg%Y\%ggr%els%f%g&g@&ﬁgoga%ﬁgg%%&%géteal ong a second opti cal
path, the firstoRaehmBIRIA allASL At RUStRIAe firdihs® pult $QviNAIpAGe vAaast | ve
first and second | aser spots having spot sizes that aré greater than the

| i nk wi HetweenabawtASrgjcosecongs and 38manoseicoindstdueing edfinspiirme tatervahthatdiashorterhe
first laser output pulse so that the first |aser spot inpinges a first
| ocat i othagfl.80Q nanosecondyt rj cal Iy conductive |ink between first contacts

during the fir | e i nd e - directing t nd.l.aser out put | se so

tﬁalt tghe secgnzérpgé%?mgg%ﬁﬁ%/sﬁgsﬁg%@%éﬁll(emg?i ’l’rgttospﬁg@é)t%lt%nsof tﬁelo:‘]irgtJ °¢

el ectrically coiqutuﬁig' the firétsedl piisB ntb TRt dodSsecdndBser By phls&ssabh fHagt  the
n

first and seco | aser spots substantially overlap and the first and second
| aser othepimst laser @uputquisepropagates @aldangahe &nstwpticad fpathaang sucinthat thesbcand  t he

first location, the second optical t h_havi ng afchar cteristic that

causes (a3 QHp ?%@Paﬁﬂﬁﬂsé'ipl’cgcﬁ §e§gﬁ<ﬂogw?p§tpsgbe| getandscond; OpfPLL £ ¢ st
I ' L O ' f I t
one. seoButy ARTERARE Bl iral SBCLORY 1o AB0R th Py POV BeR e A5kl | 045

pi cosecdmdshalidk 34dthanoseconds during a second tine interval that is

shorter than 1,000 nanoseconds; propagating the second | aser pul se al ong
the first opti chrecHagHN agpprdangeyith %@E@Rﬁlq%d%lt@“eﬁﬁﬁi%e&‘mtﬂﬁ and

fourth [ t S . t Al I

br opagaP 2R 5 Bk B¢ a8 1s5E oSt b Rla oisPfockiid 6 d ARERIGQURY clitbRe,

out put pHk Serveen FirgaloaticR | dufigg thefife Gigiednepidlcal path, the third and fourth
| aser output pulses also having respective third and fourth |aser spots

havi ng spot si zlEectingthesseeongh lasareutput palse s shat tekseppndk laser spot impinges the
Portl nd%}ézfgc%ﬁgé 1‘3iL th%%‘sp ggc%gﬁyogo%%gét%ve_lini d]ulrJ{thtﬁg %:st time interval such that

the first and second laser spots substantially overlap and the first and second laser output

pulses contribute to the removal of target material at the first location, the second optical
path having a characteristic that causes the second laser pulse to reach the first location
after the first laser pulse reaches the first location;

generating from the laser at least one second laser pulse having a pulse width of
between about 25 picoseconds and 30 nanoseconds during a second time interval that is
shorter than 1,000 nanoseconds;

propagating the second laser pulse along the first optical path;

splitting the second laser pulse into third and fourth laser output pulses such that
the third laser output pulse propagates along the first optical path and such that the fourth
laser output pulse propagates along the second optical path, the third and fourth laser output
pulses also having respective third and fourth laser spots having spot sizes that are greater

than the link width;
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directing, in accordance with the beam positioning data, the third | aser
output pulse so that the third | aser spot inpinges a second |ocatio gg a
secondrBPetryi-t2q YOorIct i ve i nk between second contacts d-uBiﬁ'Ldi_&Q
second time interval; and directing the fourth | aser output pulse so that
the fourth |l aser spot inpinges the second |ocation of the second

l ectricall 5 ' ' 1R : hat th
Chird and f our ¢ RUEGs: ty sbobfadh i bR emE i fonihd Bata B es Sl 1 12
| aser  opifl§io thbd e shie® Riséd dpot BnpifgdseseconPveation§ oftaddetSid ¢TBitAEdIB! at the

second | ocation, the second optical path having a characteristic that
causes t¢ondfigtivetlink betweensgcend cantactsadiringtbe sesood timel intemtal oamdaft er the third

| aser pul se reaches.the second | ocation, 22. The pethod of claim2l. in
whi ch the beam S&F??%ﬁérfomgﬁ?rso%ﬂﬁé{“&ﬁtspémt@e tggﬁ?ﬁ?’?ﬁbﬁ%o‘ UBPLees, e

. s _ : "
R A S A i
cl ai m 22gjch thdt itk hildeandl fegrth 1a8ad dpotscamstasddily@veaKend Ge Mhif@hadd foakth laser

respective link structures, the substrate associated with the Iink
st r uct ur exipiigailsen eppfyibuicdo thecremoyalefi targehmgterinhatabsdcdnd lavatom dbhisesbnd he

| aser out put, pu] ses. has_an ener. and peak r that are ss thap the

rzis_pect i 9@‘%«&@3&8& aﬁé‘é‘i@‘:ﬁ%‘ﬁ%‘% Eﬁ:ﬁi’é& (gﬁlf pu g:[to T‘ﬁ‘;é{’ Wﬁ‘a[:_ f c: ai rkn
in . | par of respective |lin

st’ructwgg%ho:%h‘gtegu sﬁfgﬁgge{é gﬁé.g?%'dg%s %@%&o@ﬁioc{aﬁé\{‘ structures has energy

and peak power 2darBgemétho®shclaths 21 amohévhahe béant pesificiee impartgsibstantislys has
an energy and peak ~ power that are | ess than the respective energ{gh and peak

power dafRIgaUQUSTElaHYE govement befueanethe lageioipot pesitiansand the substrate) sarkythap the

t hrough 24 .i.n i | r es_from each | aser conpletely enconpass
the Ii nkéeﬁtgﬁpvc}fo%pﬁée& I@%?%%%‘%%Si%%%%ﬂ%m e link that the | aser pul ses

process. 26. The3netHkaetdbd 61 Alhith 22 in WhithithdcleafibalBf condbctiv@SIfiks FokinP Phrt

pul ses has a | aser energy of about 0.005-1 microjoule. 27. The nethod of

any of cofaiespectve lmk siiciires,tbe bubstrateqgsqeiatedowith g linkstrugturgshasenoigtand of

bet bout 5 d .20 ds. 28. Th thod of.claim21,
urt her RORgOVEF g e aslih e rack GLEF Toiet pipuilses Sas e surEn and Pod ot o

such t hadovir @8t AYe 1684 Bia¥ e@ﬁéc%@@nér aﬁdf»e%k e 8&‘159%%&& gsigsnterval s is
shorteraéoharr\ 0.1 ern' [1i secoen%I. 29. TheEfrret hod cﬁ‘% clrai m?21 i r? whi ch at | east
one of the el ec4i clielmetbathdiicitinyv2] i which theseledrieallycconguativedinis fgronpart

assivation | ayer. 18 . ) )
P of respective link structures, the substrate associated with the link structures has energy and

peak power damage thresholds, and each of the laser output pulses has an energy and peak
power that are less than the respective energy and peak power damage thresholds.

25. The method of claim any one of claims 21 through 24 in which the laser
pulses from each laser completely encompass the link width of the electrically conductive
link that the laser pulses process.

26. The method of claim 25 in which each of the laser output pulses has a laser
energy of about 0.005-1 microjoule.

27. The method of any of claims 21 in which the laser output pulses have a
pulse width of between about 5 nanoseconds and 20 nanoseconds.

28. The method of claim 21, further comprising:

generating the laser output pulses at a repetition rate such that a delay interval
between the first and second time intervals is shorter than 0.1 millisecond.

29. The method of claim 21 in which at least one of the electrically conductive

links is covered by an overlying passivation layer.
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Por dnd2- 4435444 1. DOC 0050002-00090:1 - 8 JUL 2005 30. The nethod of claim

21 i npophkGlrssd | dorasso@@ef the electrically conductive links is njqziﬁ_ 5
covered by an overlying passivation |ayer. 31. The method of cl éisn |2W]

whi ch at | east one of the electrically conductive |inks conprises
al um num chrom de, copper, 1pol ysilicon, disilicide, gold, nickel, nickel
chromi de, pl ati AOmTheahsthedier claiam 4 immbrght atilepst ond efthe elestricAlaeAndletive ri de,
tungsteri, or, tungst rL[si | i ci&e. 32.. The net hod of claim 21, further
conpri si HESJE A SR F’i‘?g YR QIR IERASHYRIOAYdes at a wavel ength bet ween

d 3Pcla

about 150 rum ang_24QQy TR Alet Bheidhe bRoAMRAHNCIRECHRO!

sizes of the |aser spotés‘tﬂ?romtlfgxggllaser out put pulses of the first and
second |agsrcompriges diemsraur . chddmidE) eoppet,hyadysificon|, aisiticiik, goldwhickdl, hivkels pot
sizes of the |aser spots fromthe |aser output pulses of the first and
second |cdwemnileaplatigims pelypide, RBtalum aitpde Hyfanigm, ditanium Ritrife, GRGSESR, Ohe | aser
out put pul ses duyr.i.ng the first and second tine intervals have sim|lar peak

pover prtH_Pgsltgbs? ¢i8¢si mi | ar energy density profiles. 36. The nethod of
claim2l in whigh eﬁ%hn&f;o& Bﬁclhﬁﬁ?ﬁ, firther ol sﬁﬁ% SHetdiing thdBusér dupuet | ME
ely t é a 5

I nterval has approxi mat e sanme energy a roximately the same peak
power . 3phisetea wavbledgthfbeohednrabddt 150 mhiaad 2600 hmast two of the | aser output
pul ses during the first tine interval have different energi es _and

di fferent peak gdwBhesmethgd of ghaimelinwhich tespas sizesioh thenlases Spots fiom Ber set
bet ween when the first..an segond l.aser outpu ul ses reach the first

| ocat i onlaf’e§ Ogh}‘lgg}‘lgfﬁ %f'tﬁgg'rst gsﬁ%{nﬁg efﬁargltg?%ﬁ"%l in which a tinme offset
bet ween when the4f iThe imeMill ofS@4ia2! kdwRich ke §ok sREd Sffe IBECpotd Rorhithe t

| ocation is within about 5 to 500 ns. 40. Thg net hod of claim?21 in which
each of laser outpsibpulses gfithe findtnd seconddaserssare differentgy of about 0. 005-1

Tocatt ons of - sdfednedniobrs el uhichdBR srrptay BREL AT B an
oS 11 ones el n SHEryaK hal B SR Bk PO Bfofles ol Sir Shrgy demib rho ks, i
fabricated on a36ulldiematkod ebdhaim 2hkn Whichregclaof theRasar duthut mosesdusingghe 19
Portl ndzﬁrﬁf gggﬁer%hl[)% a%%?gxqglgt_e yot%g (gz:mlle energy and approximately the same peak
power.
37. The method of claim 21 in which at least two of the laser output pulses
during the first time interval have different energies and different peak powers.
38. The method of claim 21 in which a time offset between when the first and
second laser output pulses reach the first location is adjustable.
39. The method of claim 21 in which a time offset between when the first and
second laser output pulses reach the first location is within about 5 to 500 ns.
40. The method of claim 21 in which each of the laser output pulses has a laser
energy of about 0.005-1 microjoule.
41. A method of selectively removing a target material from locations of |
selected link structures, each link structure containing an electrically conductive redundant
memory or integrated circuit link positioned between a pair of electrically conductive

contacts in a circuit fabricated on a substrate, each link having a link width, comprising:
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- 8 JUL 2005 providing to a beam positioner beam positioning data

- I epr egaRbLRGLNEO bositBRlofool OCations of electrically conductive | %\xs U;Ln?_ﬁdge
circult, the beam positioner coordinating relative novenent bet nI

| aser spot position and the substrate; reducing an RF signal to a Qswtch
froma high RF level to an internediate RF |evel to generate froma |aser
at | east one fi psdvidiages a buim posinvhachehmvposgioaingdaterepredétingfone e maen
about 25 picoseconds, and 30 nanoseconds during a first_time interval that

i s shor tlgeationp gf elecygally gonsiiedyhbinks infhe eirquit, theheam pasitioner pAATdIBAGNGS o
having a first |laser spot with a spot ..size that, is greater than the Iink
vty celaieE ey BEh SRRbt e o RO SR SkBietn ng dat a the first
| aser output p inCant ?ns!ﬁ fJ : msrm kel : tion
of a first el ec?écﬁfgal Iy lglg%l uct iovdeQ%ﬁldrfﬁgiﬁ;entl \%\Egérlll | rg?ﬂﬁ%ﬁg&%r@?&raﬂggﬁl?i ng
the RF degslad gboerhiodrdmh adaser bt leastont fiestiladee bupdi pilee Kdvidgew plils¢ widih ofmal | er
RF I evel to generate at |east one second | aser output pul se having a pul se
wi dt h ofbetweanahent 2hpisosezands ands¥branasccands duinga-fyseimedateria thagistshertes r st
time interval .the second; |laser outpu | s | so havi a second | aser
spot wi 1k T 008maBe SERHthe; B CTae bt plie e Rvife A Hiriitae? VR R B e
second |@gadhaiOligPatterRiArb e IRk IWiath;t he second | aser spot inpinges the first
| ocation of the first electrically conductive |link such that the first and
second | aser sgiotcimgymsacotdaatd withvke beam positidrieg data,sthe dinst 1sser oughut aser
out put pul ses contribute to the _renoval of target material at the first

| ocat i orPulersorthalthe first lasergpat jigpinges @ firyt docationpf @ Hrst elssiriqatly spaductiye Rr
| evel tq@“?ﬁ“%%@:"éﬂﬂ reducing the RF signal to the Qswitch fromthe
evel to the

hi gh RF Intérmedi ate RF |l evel to generate fromthe |aser at

| east one thirdrddasig the RPUignall e [QRywitéh fromtié Sferniedidic REadd] @na of
bet ween about 25 picoseconds and 30 nanoseconds during a second tine

i nt er valsmallor RE level 4o gonesatp atlgasitang seesnddassr peput pidse bavigna pelsowikbalis, t he

- third t pul | ' hj rd | t. Wit t . Si
Chat | s PSPOERAPORAS pReRShA b8 D anBSkefds Hofitg s BB il il SBBbge’ “°
beam pogider 0ipafpelad @so hiddng Risbcbnl AR spui At a spokSe 1@ id Bhtet RRantM r d

| aser spot inpinges a second |ocation of a second electrically conductive
| i nk betlinkemiddscond contacts; 20

directing the second laser output pulse so that the second laser spot impinges the

I}

first location of the first electrically conductive link such that the first and second laser
spots substantially overlap and the first and second laser output pulses contribute to the
removal of target material at the first location;

increasing the RF signal to the Q-switch from the smaller RF level to the high
RF level;

reducing the RF signal to the Q-switch from the high RF level to the
intermediate RF level to generate from the laser at least one third laser output pulse having
a pulse width duration of between about 25 picoseconds and 30 nanoseconds during a
second time interval having a set width duration of shorter than 1,000 nanoseconds, the

- third laser output pulse also having a third laser spot with a spot size that is greater than the

link width;

directing, in accordance with the beam positioning data, the third laser output
pulse so that the third laser spot impinges a second location of a second electrically

conductive link between second contacts;
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Port | nd2- 4435444 1. DOC 0050002- 00090: 1 - 8 JUL 2005 reducing the RF signal

" 10t eyl ovd G ok r b beoli Nt ermedi ate RF level to the smaller RF IEVEI éng
generate at |east one fourth | aser output pulse having a pul se wi & iU 2

duration of between about 25 picoseconds and 30 nanoseconds during the
second time interval, the fourth | aser output pulse also having a fourth
| aser spot wi t hredusipgthesRE eignhkio the Q-gwitett fromttha imterrediatsmREUgvel ko thend
directing the ourﬁh | aser out pot

ut pul se so that the fourth | aser.
i mpi ngesMmaler RE daship senerats ahlegtt opg dowth ﬁ%r%atléetprllseaﬁmewg%&lﬁ&e li nk
such th J ' . t L: and the
third aﬁgm?lgg ro%ﬁ%ﬁ%ge g%%‘&?g&%‘%&@?& aggﬁtﬂ rnﬁgé#gﬁdg%lgb I“?%%‘S‘g &@F t ar get
mat er i aliptatval, iBe fREANEsdrQuiut Pillse 4Bo hatiagHELRAR 1REr GobvithAlsponsinditabist he
beam positioner inparts substantially continuous relative novenent between

t he | asgreasgrdhamptheilinkomiddnandhe substrate such that the electrically
conductive links are pro 43. The nmethod of. claima42 in

. d -the-fly. )
whi ch the el ecth%Pg@%mgﬁeggqupﬁR@s ¥ thapthe fourgl laserSpat ImRRESs; ik
truct the.: | i - !
1 A S SRS A BB S e

an ener gyots 8ebspadiklly OYRp dridahe &Hif] ArdSPuithdbet bRPHSHIRS coneiberadbde and peak
power damage threshol ds. "44. The nethod of claim41 in which the

el éct ri cembyal ob tadgestmaterialia kke seoond logation. of respective link structures, the
substrate assocj.at with the.l.ink structures has energy and ak. power
damage t hreshol %gﬁﬁle%qﬂm’?h ’Inavglé‘f:lt] Rﬁﬂtg’é@g Mﬁugsﬁ@ﬁﬁgy and

peak p bV ’ mage
Fhr eshof dmumigIS kel mBRSnint pety e N7 SPhU s R (R ANRAL st i (e

whi ch t blectrizally copducties lifiksoare peadlesded oarthe-dlypl et el y enconpass the link wi dth
of the electrical I)ﬁlconduct ive, link that the |aser pul ses proc 46. The

method of ol ai s The MeHhodtptslim 42 in Wach HeclecieallycopSHCENG DS [0 pATbr

ener gy . - 1.C 0 : . of f ' in
b ch t ALRER e dk dutn el Y lifne déocifnd IR BR R R naChA R oAd
nanosec pasispawt dithagadasshonisdand édth offibe k¢ atp fpulsbahan dhlenefgir dddepeak
conprising: generating the |aser output pulses at a repetition rate such

that a sewsythrhiglcesd avo@pmﬁcttwfnmmndamk pevendpnagedhiesdds al s i s
shorter than O:d "rhl RRBEYNS ol 4t PRnTR RO el bdRalde it fhre! o251
of respective link structures, the substrate associated with the link structures has energy and
peak power damage thresholds, and each of the laser output pulses has an energy and peak
power that are less than the respective energy and peak power damage thresholds.

45. The method of claim any one of claims 41 through 44 in which the laser
pulses from each laser completely encompass the link width of the electrically conductive
link that the laser pulses process.

46. The method of claim 45 in which each of the laser output pulses has a laser
energy of about 0.005-1 microjoule.

47. The method of any of claims 41 in which the laser output pulses have a
pulse width of between about 5 nanoseconds and 20 nanoseconds. |

48. The method of claim 41, further comprising:

generating the laser output pulses at a repetition rate such that a delay interval
between the first and second time intervals is shorter than 0.1 millisecond.

49. The method of claim 41 in which at least one of the electrically conductive

links is covered by an overlying passivation layer.
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links is covered by an overlying passivation |ayer. 21 Portl nd2-4435444
1. DG 3022002500 Q% holeose: 8 JUL 205 50. The method of claim4l in which at

| east one of the electrically conductive links is not covered by BnT,U’é 2005
overlying passivation layer. 51. The nethod of claim4l in which at Teast
one of the electrically conductive |inks conprises alum num chrom de,

copper, pol ysi3a.cPie mdihei lof claidm, 4 1ginl whichn aclkadt oneotthe lelectimalyricdsjucpiat i num
polycide, tantalumnitride, titanium_  titaniumnitride, tungsten, or
t ungst Bpkssismog coneredshy anRYeThERg BesshyRtien JaYRT-41, furt her conpri sing

[ he- .l | . | .150
om0 2000 o 53 “TREmBbR K cigB S0 e ot RTLRR B he UGy BBRMad? LT
dur i ngjhiRecdmprides ﬂ%ﬁﬁn&ﬁ?&ﬁéuﬁdéﬁobﬁ@r?fx}}’l?x%igcé}ﬁ\ﬂ?ilﬁid@h| g3ld, a1, BRI

profiles and 'simlar energy density profiles. 4. The nmethod of claim41l

i N whi cliroafdd) pdtionhe pobside, tantguin pridee itadivm, tgaritve ritridst tungsten,iort er val has
approxi matel y_the sane energy and approximately the sanme peak power. 55.
The netungsensilisidgi m 41 in which the |aser output pul ses during the first

and second ti -t eryal.s: i m Lar peak. . c Of 4| i m|ar
ener gy densi tjigr’g% ﬁgé]%dgér&%éﬁﬁﬁgﬁ%ﬁ cg?l%ﬁlflﬁg\%@%%%%ﬁ%ﬁlag‘ggﬁﬂ of the
l'aser palkeite abWAveRngthiBdtieed adut 150 fifn dddMO0MEr val has approxi mately the
sanme energy and approxi mately the sane peak power. 57. The nmethod of claim
41 in which at53.cBetmethod of clahme 45 ds evhichuthp dasepoltpetpulsts diring thedirst andt ti ne
interval have different energies and different peak powers. 58. e met hod
of I aPeFPBY e PISTYAIS BAveiSHBIIEH Rk POBEE REASHICS P HRRA HICERY Ganeity PrOges. ang
second | aser t R¥ ey INFEEL fu%fngi 41 in
which a tine g‘ﬁfgﬁeﬁéﬁggk&rﬁﬁ?%i on o%a%?ﬁz il%?oﬂ@%ﬁﬁ@gééodn at'é@er

out put fifst tisesSintesvalihah hppraionstel theosabidOenegy 4id. appruximmelyatle sdme peakm 41 i n
whi ch each of the | aser output pulses has a | aser energy of about 0.005-1
m croj BeWe- 61. A nethod of selectively renpving a target naterial from

[ocattone o - SeL56 Glabl RSN G951t hAlSRIAK AR SRRl 9 =
posi ti gitefld BsleiRRivals Riviesifflargle@R poiveAplofilésaind Uhilat@nergy density profiles.
~ 56. The method of claim 45 in which each of the laser output pulses during the
first time interval has approximately the same energy and approximately the same peak
pOower.
57. The method of claim 41 in which at least two of the laser output pulses
during the first time interval have different energies and different peak powers.
58. The method of claim 41 in which a time offset between initiation of the first
and second laser output pulses is programmable.
59. The method of claim 41 in which a time offset between initiation of the first
and second laser output pulses is within about 5 to 500 ns.
60. The method of claim 41 in which each of the laser output pulses has a laser
energy of about 0.005-1 microjoule.
61. A method of selectively removing a target material from locations of
selected link structures, each link structure containing an electrically conductive redundant

memory or integrated circuit link positioned between a pair of electrically conductive

contacts in a circuit fabricated on a substrate, each link having a link width, comprising:

22



contacts in a circuit fabricated on a substrate, each link having a |link

w dth, conprising: 22 - 8 JUL 2005 providing to a beam positioner beam

posi tioning data representing one or nore |ocations of electried I}l 2005
conductive links in the circuit, the beam positioner coordinating relative
movenment between a | aser spot position and the substrate; generating froma
| aser having a Breadingied tEAVWPesENgT beda Positippisg dgRICBRSORNE JIgHEMAPBt put

Panos ccan Rt of Rfcatalty Shio fiBTRE DR Py Re ReRdRE AR o oine

nanosec oRffive inftfefrehitber@dn ade®d ot fRERIonQuiRLE sydlra@s al so havi ng
respective first and second | aser spots havi ng spot sizes that are greater

than the |ink wigeRaratieg flem phyer havipg a snigaligned W-sWitehat lpesa s spesmiing

data, the first a caon | aser..Qu | se that t fi and second
| aser 593?% Oluﬁ%‘lt Rﬁ%eiﬁ?‘.’%’g g Hu?%a‘hdg]nggf?] t_g&%‘? ?%%ci“% ‘ﬂg !P écg ?9°E'§f Fﬁllé %é)nduct I ve
l'i nk betyResecbhdsSdurtPNd fiediSirte fdieigal et &ishoirer il 1]0006iavadecontis)) tieh@is: ddve
first and second | aser spots substantially overlap and the first and second

| aser ouscpeRd lasaruisput e ialpethaving reprecHsebiyst|and segogddaser spate bRENE APOLt he
first locatipon; generating,fr he | aser at least third and fourth | aser
out put pﬁﬁesc'é‘gaqﬁﬁggﬁg{eé d‘ﬁﬂ?&%‘gfc.ﬁh’of bet ween about 25 picoseconds and 30
nanoseconds dur dirgcng 9A ABELIHEAR with tHRY Beatn HddaionSs ,rﬂ]erﬁ:&th%a_séc&ﬁo

nanoseconds, the third and fourth |aser output pulses also having
r espect i lagertonipud palsd s6 shatithe fiastend Serend Iasey ispefs $ppinge aAust lopationgfe fskat er

than the |link . wdth: . dj recti i d ith the b
oot t 1 orftrgteasiEonern g bémaes Bk chRiar SBrOB S % e red At e e
third anghst gl $Boh@EBEr SRS SutlsERBAGE oferbRCAAGNE GEd lain@ReQfndAases BEEpulses

el ectrically conductive 1ink between second contacts during the second tine
i nt er val congniipite tontke reimevalhoirtargehthatesial ehthe forerlosgioms substantial |y overl ap

d the third and fourth | t put_ pul tribute to th | of
Fhrget mmter | ai ReroNs BontRE At R Bl S5 S e bt S R A
1-20 i n whicchidabst sﬁﬁlacﬁ aAB&r Mi@?&c&dsﬁﬁdl‘z@%ﬂbg&yﬁ&i &irfpa 28Rd tigRer 9y

or peak power to fully sever the link at the respective |ocations. 63. lI'he

met hod dhtecyaditmat 62 shartenttharh 1 1066 naneseeondsy thesthird aod fhirtls tasemelupwquitnds hlager
out put pulses and.third and fourth |aser output pulses are generated at a
opot i ¢ IRy GiahAus FRiaser oRos nesie e HenGa B Sk O e divh
21- 40 i nyjehi.cqt he each | aser output pulse has insufficient beat, energy,
or peak power to fully sever the link at the respective

directing, in accordance with the beam positioning data, the third and fourth

laser ontput pulse so that rhe third and fourth laser spots impinge a second location of a
second electrically conductive link between second comtacts during the second time interval
such that the third and fourth laser spots substantially overlap and the third and fourth laser
output pulses contribute to the removal of target material ar the second location.

62. The method of any one claims 1-20 in which the each laser output pulse has
insufficient heat, energy, or peak power to fully sever the link at the respective locations.

63. The method of claim 62 in which the respective sets of first and second
laser output pulses and third and fourth laser output pulses are’ generated at a repetition rate
of greater than 1 kHz.

64. The method of any one claims 21-40 in which the each faser output pulse
has insufficient heat, energy, or peak power to fully sever the link at the respective

locations.
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| ocations 23 8 JUL 2005 65, The nmethod of claim64 in which the respective
sets of first and second |aser output pulses and third and four'ﬁdﬁ IasH%
out put pul ses are generated at a repetition rate of greater tha YUk 12005
66. The nethod of any one clains 41-60 in which the each | aser output pulse

has insufficient heat, energy, or peals power to fully sever the |ink at
the respective $%c ticonethod pf clpig Gﬂelmhddcbthecﬂewmnﬁﬁwtmomschnd h@ond

respectiye sets of .first | aser out ul se

fourth | Lot ougepenes odBhd B8 TN 1noarslp b oY eRBRphe Fpptyflie,
than 1 kigg.o & 1 wezhod of claim 61 in whi ch the each | aser output pulse
has |nsuff| cient heat, energy, or peak power to fully sever the link at

t he respective I@@aﬂihgm@eth@ﬁﬂmeomlhw‘blfﬁﬂﬁmwmwe rackhiasds oufpeit pulse

eSPeCt] Vel St bad, PRl SO U o R P
than 1 khBcatidds.
*  67. The method of claim 66 in which the respective sets of first and second
laser output pulses and third and fourth laser output pulses are generated at a repetition rate
of greater than 1 kHz.

68. The method of claim 61 in which the each laser output pulse has insufficient
heat, energy, or peak power to fully sever the link at the respective locations.

69. The method of claim 68 in which the respective sets of first and second
laser output pulses and third and fourth laser output pulses are generated at a repetition rate

of greater than 1 kHz.
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