METHODS OF AND LASER SYSTEMS FOR LINK PROCESSING
USING LASER PULSES WITH SPECIALLY TAILORED POWER
PROFILES Related Application [0001] This application claims benefit of
U.S. Provisional Patent Application No. 60/496,631, filed August 19,
2003. Copyright Notice [0002] (c) 2004 Electro Scientific Industries, Inc. A
portion of the disclosure of this patent document contains material which
IS subject to copyright protection. The copyright owner has no objection to
the facsimile reproduction by anyone of the patent document or the
patent disclosure, as it appears in the Patent and Trademark Office
patent file or records, but otherwise reserves all copyright rights
whatsoever. 37 CFR 1.71(d). Technical Field [0003] The present
invention relates to laser processing of conductive links on memory chips
or other integrated circuit (IC) chips and, in particular, to laser methods
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result from defects caused by misalignment of subsurface layers or
patteridetatbd Penpilocaditen contaminants. Figs. 1, 2A, and 2B show
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Technical Field

[0003] The present invention relates to laser processing of conductive links on
memory chips or other integrated circuit (IC) chips and, in particular, to laser
methods and systems employing laser pulses having specially tailored power profiles
for better processing quality and yield.

Background of the Invention

[0004] Decreased yields in IC device fabrication processes often result from
defects caused by misalignment of subsurface layers or patterns or by particulate
contaminants. Figs. 1, 2A, and 2B show repetitive electronic circuits 10 of an IC
device or work piece 12 that are commonly fabricated in rows or columns to include
multiple iterations of redundant circuit elements 14, such as spare rows 16 and
columns 18 of memory cells 20. With reference to Figs. 1, 2A, and 2B, circuits 10
are designed to include between electrical contacts 24 laser severable conductive
links 22 that can be removed to disconnect a defective memory cell 20, for example,
and substitute a replacement redundant cell 26 in a memory device such as a
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between adjacent electrical contacts 24, and element-to-element pitches
(center-to- center spacings) 32 of about 2 m - 8 m from adjacent circuit
structures or elements 34. Although the most commonly used link
materials have been polysilicon, polycide, and like compositions, memory
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conductive metallic link materials that may include, but are not limited to,
seveyliRtsaR, lereRaii s CORR I FeHIgRS iR BrIMiadogic Riaduct, gate
arral)@HAB IPatinum, as well as other metals, metal alloys, metal nitrides
such as titanium or tantalum nitride, metal silicides, such as disilicide
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size (area or diameter) 40 impinging a _[ink strycture 36 composed of a .
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overlying passivation layer 44 (shown in Fjg. 2A), which is typically
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layer 48. Each of links 22 has opposite side surfaces 52 separated by a
tungHiGE RUCG: OERHER TGRS TR SR 26, which 1aser spot 38
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all prgportional quantity .of IR laser radiation, and conventional
for Gl dor [A5RISI RN e De TRORRE G SRR S OhRiRAGR™
Traditenaldtiosly irarspaiesy niRifaesddtRtiasem halisks gthareatypicatin
rocessed "on- the-fly" such that the beam positioning system dpes n
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Coneaclicedtctednory Bakoetoggasingssgstethbyarsingtealastsqiatsénk 22 a single
on-the-fly process, facilitates g very. high Jink-processing thro ut,.s
lase S BREIRE SV R o o DA R TAe EBRBHa Tabe 0 ns.
Figs.c@A%&%f&l@mﬂaaepm-secﬁbspb_smw(amafdheliﬁnhesan)o;Ormpﬁnging a
link gﬁ#ﬁg@% hée%H%B‘é%E%fc'JP lé %c%ly%iﬁggrp (r)'r0 Fnaerttalfal?r?l{ Bﬂlﬁ%gﬁ%ﬁé’g Igbove a silicon
substrate 42 and between component layers of a passivation layer stack including an
overlying passivation layer 44 (shown in Fig. 2A), which is typically 5004-10,0004 (D)
thick, and an underlying passivation layer 46. Fig. 2C shows two adjacent links 22
separated by an intermediate passivation layer 48. Each of links 22 has opposite
side surfaces 52 separated by a distance that defines a nominal link width 28, which
laser spot 38 encompasses 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 links 22 are typically processed “on-
the-fly” such that the beam positioning system does not have to stop moving when a
laser pulse is fired at a selected link 22, with each selected link 22 being processed



substrate 42 while maintaining sufficient laser energy to process a metal
or nonmetal link 22, Sun et al. in U.S. Patent Nos. 5,265,114 and
5,473,624 describe using a single 9 ns to 25 ns laser pulse at a longer
laser wavelength, such as 1.3 m, to process memory links 22 on silicon
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between the link material 22 and silicon substrate 42 is much larger than
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6,025,256 of Swensor}?(?rt%?g{e?_cribes methl[%ds of usinq? ultraviolet (UV)
r
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congideetidensitihdistniberiging toagsicaissritatrlickecfaed rdiaig tialSmprotect the
underlying passivation and silicon wafer from damage by the UV laser pulse.
[0010] U.S. Patent No. 6,025,256 of Swenson et al. describes methods of using
ultraviolet (UV) laser output to expose or ablate an etch protection layer, such as a
resist or photoresist, coated over a link that may also have an overlying passivation
material, to permit link removal (and removal of the overlying passivation material) by
different material removal mechanisms, such as by chemical etching. This process
enables the use of an even smaller beam spot size. However, expose and etch
removal techniques employ additional coating, developing, and/or etching steps,
which typically entail sending the wafer back to the front end of the manufacturing
process for one or more extra steps.

[0011] Fig. 3A is the typical temporal shape of a traditional laser pulse at
wavelengths of 1 um and 1.3 um used in the link processing. To more effectively
use the laser energy, Smart et al. in U.S. Patent Nos. 6,281,471 and 6,340,806
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et al., the rise time of the laser pulse has to be shorter than 1 ns, the
flatness of the squared wave top has to be better than 10%, and the fall
time has to be sufficiently short. The stated advantage of using laser
pulses with the temporal shape shown in Fig. 3B was that the sharp rise
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tin Fig. 3B depicts the time when the typical link material is totall
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bstrate becausg, there would be.no link material remaining to shield the
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the lipk. Unfortypately, for the traditional laser,pylse, there.is no control .
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time t the |aser pulse will remain at its peak ntensity.for a while, causin
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.___temporgl power profile of the.lager pulse to facili etter link proces
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typicakhekmatentbis intallgrremdeve dneferdarfsasidiaa in the art will realize that the
laser pulse energy after time t; for both cases imposes a great risk of damaging the
silicon substrate because there would be no link material remaining to shield the
substrate from exposure to the laser energy. The laser pulse energy after time t;
imposes great risk of damaging also the neighboring structure to the link.
Unfortunately, for the traditional laser pulse, there is no control over the temporal
shape of the laser pulse after time ti. For the substantially square temporal laser
pulse, it is worse in that right after the time ty the laser pulse will remain at its peak
intensity for a while, causing even greater risk of damage to the substrate or
neighboring structure.
[0013] What is needed, therefore, is a better way of controlling the temporal
power profile of the laser pulse to facilitate better link process quality and yield.



apparatus for improving the processing quality of removal of IC link and
overlying passivation structure material fabricated on a substrate. [0015]
Another object of the invention is to process a link with a specially tailored
temporal laser pulse power profile to achieve improved process quality

and a WigamarpeRIaaMndeMidRA016] A further object of the invention is to
vide a method of and an apparatus for employing a smaller laser
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duration of the laser pulse, and preferably between about 10% and about 50% of the

duration of the laser pulse. The timing of the spike is preferably set ahead of the
time when the link is totally removed, considering all the realistic variations of the link
structure and laser parameters during manufacturing. Other techniques of
modulating the laser pulse temporal power profile can be used, such as multiple
leading edge overshoots, multiple spike peaks, or oscillating peak power amplitude,
based on different link structures. The duration of the laser pulse is preferably
between about 1 ns and about 40 ns. The falling edge of the laser pulse temporal
power profile is typically shorter than about 10 ns. The energy of the laser pulse is
preferably between about 0.001 microjoule (uJ) and about 10 pJ.

[0018] The specially tailored laser pulse power profile allows the use of a wider
laser pulse energy range and shorter laser wavelengths, such as green and UV to
generate an opening in the overlying passivation layer and sever the links. The
opening is sufficiently wide to accomplish severing the link but sufficiently narrow to
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not appreciably damage any neighboring structures. The technique does
not appreciably damage the substrate and the passivation structure
material located on either side of and underlying the link as well. [0019] In
one embodiment, two temporally displaced laser pulses propagating from
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twQ laser pulses. A first laser pulse propagating from a first laser
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eith&f eRRYBtiRGdroRvebArgnHclaaRradiffenent delay times establish for each
combined laser pulse an overshoot or a spike occurring at a different part.
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device and a polarizer, is emploafed to shage the laser pulse emitted from
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optiedl PoEkERLISEF QifRIgicisend at peikbstantirllgrgnbigate sotkagpedlliaser
tailored temporal power profile of the_injected laser pulse and to deliver
pulsEEIag 11081 &/RS6S SOHTE L T ASHE T RO BTREC e arve voltage
apphegplicdtj@amh Rermsons skitled lnsthepaiswidapsecatsiitbesnbpue@ilthe laser
readily accompljsh tailoring of the te | current profile of the drive
pulss, A RS T 55 AR At IS b SRS from
[002h% diddealasehesharanidhimedtby thesspneially palksyashptwe frorafiediode laser is
.. preferred for the link process., application, [0022] Additio objects an .
e oM a R OOP e oL on IR Al ST T LBl e SEL e emitied
frondssdidide labpréfesrestiamptdioredtbywbicialingarddrivish. Eifer @oesstaamplifier
the accompanyi rawings. Brief Description gf the Drawings [0023] Fig.
oPel e R AL e o SRRy AP LB e Shan B s (ha
subseghtiadgntdplcatiesftards peadmdyniaisiried itées po i lspawerqyralil @ eh ¢hie injected
circyit cells, ,[0024] Fig. 2A is.a fragmentary craoss-sectional side view of a
s R IO L R T Vo o o e i
procassiagtanptiddiioagribessbpsiskilled in the art will appreciate that they could
readily accomplish tailoring of the temporal current profile of the drive pulse from the
diode laser driver to generate the laser pulse emitted from the diode laser
characterized by the specially tailored power profile preferred for the link process
application.
[0022] 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

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

parameters.



parameters. 6 [0025] Fig. 2B is a fragmentary top view of the link structure
and the laser pulse of Fig. 2A, together with an adjacent circuit structure.
[0026] Fig. 2C is a fragmentary cross-sectional end view of the link
structure of Fig. 2B showing the width dimensions of two adjacent links
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an amplifier operating in an unsaturated state ﬁo it amplifies without

puls Wi B AR RddP RGP R RIS Revel required for the link
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comivinplifeeridates fitdsanmeecqrdfiEsers configured for link processing.

[0032] Fig. 5A shows a second preferred embodiment of the present invention in
which a pulsed laser is followed by an E-O gating device.

[0033] Fig. 5B shows the laser temporal power profile of the laser pulse emitted
from the laser rail, and Figs. 5C and 5D show different laser pulse temporal power
profiles produced at the E-O gating device output for different gating delay times.
[0034] Fig. 6A shows a third preferred embodiment of the present invention using
an injection laser followed by an amplifier operating in an unsaturated state so it
amplifies without distortion the injection laser pulse to an energy level required for
the link processing.

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



replicating that of the injection laser pulse. 7 [0036] Figs. 6E and 6F show
for another implementation of the embodiment of Fig. 6A, respectively,

the injection laser drive current waveform and the resultant injection laser
pulse power profile. [0037] Fig. 7 is a partly schematic, simplified diagram
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sialled Degcription of Brefered | DOGMENSPmin. The width of

foo3p gl\/ﬁgbogt\%ﬁdmlgéghw,ise@@gwd@, tfuﬁd@raﬁaapmﬁmars@@fower
| ower Olnt, S, etween Pmax ana. Fmin. e peak, power .te
POl Rl S DAL R R PR LBl UORR Toshe PR a Goblg: SC

showeesribeaussagednwere thedasen phiseRpioys hepeiEltilptaiiered laser pulse
overs ﬁ)ot r I'X"%%)ike",.)ts,fis referablﬁ 10% to 50%, of the duration of the
powﬁrsBFOBb?sé Tt & SIELIIG A Q iR BACL ORISR & HoR APRRAT N8 B s,
begmmingreferablysthosiasehanirbpesk posweitoBRsbovshvotiePmax, and the
embodiment of the invention that emplqys a power profile 60d with an . :
Ve i S0P SESEh AR AR I o T AU ARG i 5 0 A i defined
as FaseX PPt Theveahost e spiiehebes raisiiire, teiswidieleimbafagettrefull
time, t1, when the link material is totally removed by the laser energ¥.hFor

durgfiapdises BB BAMRRREINY BRiIRPINGRL T MRS AL The peak

powTBRIRES @ réieoapBliRBOBPIRATARALE aisigRifisribl ENsiR NONCEB RSO 50%
laser power, irrespective of when it occurs during the laser R%I(se. [00391 or

OVeIrige Y IRGFLMUL SR IRSEN tPel3fassition 1 MISRHR ACYS1sho0
“spiReeiscB@efohish AT ilB tassisaanich BIafie B3e0p@ld. The rise time

Passivation layer 44 overlegﬁing a top surface 70 of link 22 has an openin

vall g
of theyspikedsibicaiyyivitelitiarakauink P BYd PEpialRINYphartaribantabout
2 n€ FiABIEHRRISKBARRS SrR8HXHKNt of the invention that employs a power

profile 60d with an overshoot or “spike” 64 appearing not at the beginning of but

during the laser pulse. The overshoot or “spike” ends at time, te, which is before the
time, t1, when the link material is totally removed by the laser energy. For purposes
of convenience, the term “spike” is used throughout the remainder of the application
to indicate a significant, transient increase in laser power, irrespective of when it
occurs during the laser pulse.

[0039] Fig. 3E shows the conditions of the passivation layers after link 22 has
been removed by a laser with laser pulse power profile 60c or 60d. Passivation layer
44 overlaying a top surface 70 of link 22 has an opening 72 that extends beyond
width 28 of link 22 by a relatively small amount, e.g., about the thickness of overlying
passivation layer 44. Intermediate passivation layer 48 material positioned adjacent
side surfaces 52 of link 22, passivation layer 46 underlying a bottom surface 74 of



passivation layer 44. Intermediate passivation layer 48 material positioned
adjacent side surfaces 52 of link 22, passivation layer 46 underlying a
bottom surface 74 of 8 link 22, and substrate 42 are not appreciably
damaged. Fig. 3E shows an irregularly curved line 76 passing through

link POTtiNS$ Qfﬂ&ﬁéﬂéﬁ@ﬁﬂé‘%ﬁaﬁbré@a@ﬁd&&nﬁgﬁéyrﬂﬁ!%ﬁ“%ﬁmﬁ@ Qﬁei@rePularly
previously occupied by removed link 22. Curved line 76 represents tyé)fié:a

curvgshiage’ R RASAS VA RATERTE A RSRNANPadAYESE MartExalitishy

surrdiRIfaitAEepEh arda gb@ﬂb@%@@gpié@wmﬁ@@é@nim@muwrved line 76
occupied by the link or becomes quite visible under a microscope. Typical

reprasR{gdYRIcd) fRIIARS K40RNATHN FIL BN Gr RRGRTIGAHICH AR that
extestRvbyin Bretdiawinauigusas. KNG GBBrshRenseveregraipratously

embodiments implementing laser pulse power profile tailoring and their

occuRIEs-IM RS HRCIANP BSRINES ALEF MRRle ARG BrBHRIO SRRy daRFaLYaMage

alsolimsudid §ncraersdanne pibsinatesgricnentigichRepanstiracwrihe the drawing
wavelength of laser output and the characteristics of the link material,

figui&ioring of the power profile of a laser pulse provides it with sufficient peak

[004:0]W€|rHgd.m?rggm@@/%m©md'rmh§@ﬁﬂumlﬂ@ ingyientbatiif | dsterpulse
completion of link material removal, the power profile and remainin
S RN TN R e S e
profiebsinattoged feigsTingksseR phuaesdrtimbakuntgig pras e prasessn.

evepn if the laser wayelength ysed is shorter than 1.3 m, in the visiple
DeREIBI RS NPIGRE, RidasT LBl e RSt o et ik
matstirg|adinkiag. dtimessoatbephrisite inidicRisel fidselsiandes tovasesyrfitient peak

37 and focused spot size 40 (both shown in . Fig. 2A) in connection yith
PO AL ETBAS LT BHLR 3 SO SR S NP SRR B AL
compldsies idimohiaterial RraaE tivsqbidetcrgsotietendvidnibiiing Auration of the

preferred wavelength from about 250 to about 2000 n referred . ,
s E A R oo LR EPk SR e BB At peignboring
strutages ehtrgitkskol edelydase thuse o dsteaan ibtiauid3 O0wavelshgtiousda is

the duration of.each laser, pulse 37 is. preferahbly shorter than about 40

shofer Rdohien i bR EGS RulSenE A iate is oreater than 1
[00441, mérefoeibipbdavhttisclbkide ac60dfdia simdlghek 22d ifibyldes atherwise
... function of the speed of the positioning s m 380 (Fig, 7) a e .
I B R R R RS TRL 55 1 0 Gt SR TEe b PRgeshown in
Fig. St inliconeectisvwiitin tthe desgeptionstokprefdreed @rhivodintbatord|3tento
emigg}grP B?f%@él.r%ulses and not to prior art power profiles associated with them). At
a preferred wavelength from about 250 nm to about 2000 nm, preferred ablation
parameters of focused spot size 40 of laser pulses 37 include laser energies of each
laser pulse of between about 0.005 pJ and about 10 pJ, the duration of each laser
pulse 37 is preferably shorter than about 40 ns and longer than about 1 ns, laser
pulse repetition rate is greater than 1 Hz, more preferably within 10 KHz and 60 KHz
or higher and may be a function of the speed of the positioning system 380 (Fig. 7)
and the distance between adjacent links 22 to be processed. The focused laser spot
diameter is within the range of between about 0.5 pm and about 3 um and preferably
is about 40% to about 100% larger than the width of link 22, depending on link width
28, link pitch size 32, link material, and other link structure and process

considerations.



is about 40% to about 100% larger than the width of link 22, depending on
link width 28, link pitch size 32, link material, and other link structure and
process considerations. 9 [0042] With reference to Figs. 3C and 3D, the
laser pulse power profiles 60c and 60d, respectively, can be specially

[004gjoredvignhayerarriantiFrags | STlinergpe ey aisepplise (htvetpréfilée60c and

beginning of the laser pulse or have one or two mid- pulse spikes 64 (one

60dspRReHNEN irPRIYLSSPEsIRYRIIAA PR R RSIRIBE AN Ieadipg gdee
ovelsplo6e 42e itk BBJetiahis teigihnregerert Reieperditint ot Beeemeio mid-

spike is within an interval measured from the rising ed%e of the laser pulse

PUISSRREER RHIEPRS AR S SIHMALIARA% S EPREHPEIVEBEWEF stefoRigh the

lasedBBeVscRsertHa IR Peateriar it ey rambieltithprepyvasdeawelng of the power
relatively flat before and after pulse ?%ke 64. The Iaseréﬁulse power

SPiKS IS IEUM SR TSN (R RGATHERY EPIBVER KisiBredas AtdPp iRsespis s ROWer
profil@ieryshs taseduralserpemae pselliednldaipananeb M@ VidRs 8DBhows laser

oo SRR RO IEARHS Sre SR oS e

pulsenssIKEe BVt tagl_ét plibe ﬁb:wm?&ﬁiﬁb mg@%q_%gdeﬁw
remov emaining liNnK material ang ensure reauc risk of damage to the

A S e iy P o

marfnm’rpssoﬁd@étﬁtiilemilr@gfrtgeeddg%edsm%wogilm@eﬁg% QﬁiﬂCés_twfﬂféient laser
rocessing results an er prfoces INAOW and reduces ri 0 .

e e e e R A ST e e AT

upofﬁf&?b%ﬁtbfﬁﬁf@&meﬁe lﬁﬁ rﬁétéﬁ@l,f'rrtlucﬂmdbwémmb' brm&wb' tﬁlrilérittgr@fmove
the, laser pulse power profile is accomplishe combining two laser

rem g TG SR PO TG, RO EUG i 45 AT TG SCOT Substrate

andgenkeatesietsiwreiglaseringse libk. $owreisultics b, spetlabelisinlef the

| generates .Ionge*r IaseeFTfuclﬁfPl 8, shown in Fié%. 4&. Thgl .

aseL ROWES LS 51 3 Iy FHRE [ih RIGGRsNa LEPLHaad 3 MgRT Pracess

windontepite ey syselslooizizgrelgettontes dilfoh askspuleearidltband dttBaee

.qh%rmbini%b)ﬁakbeam combiner 130 after laser pulse 118 reflects off a
NeIgPON P31 % propagates through a waveplate 132 for polarization

[0043)ntrolyitiipesee ity .té Fightism L dingb med dabercpit)spddalttealonag) of the

| finallgower rofile ﬁvith asi nificgant%%%wer S 'ke.13(?Ygriferred f?fr Iinlé i
ase plcE Ry e eE R ac RTIRLN R Py o RN NsL R s guiosi g two
sephawtiaethaisimiof dne Wikthd atrserilpliSegetibtates a shorter laser pulse 114,
shown in Fig. 4B, and laser rail 112 generates a longer laser pulse 118, shown in
Fig. 4C. The synchronization of or delay time (t4) between laser pulses 114 and 118
is controlled by synchronizing electronics 120. Laser pulses 114 and 118 are
combined by a beam combiner 130 after laser pulse 118 reflects off a mirror 131 and
propagates through a waveplate 132 for polarization control purposes. Fig. 4D
shows a combined laser pulse 134 that has a final power profile with a significant
power spike 136 preferred for link processing. The total laser pulse width of
combined laser pulse 134 can be either the sum of the widths of laser pulses 114
and 118 or the width of laser pulse 118, depending on the delay time between laser
pulses 114 and 118. The widths of laser pulses 114 and 118 can be optimized for
the link processing based on the link structure. Combined laser pulse 134 can be

configured such that an additional power spike occurs at, for example, t,, after power
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and 118 or the width of laser pulse 118, depending on the delay time
between laser pulses 114 and 118. The widths of laser pulses 114 and
118 can be optimized for the link processing based on the link structure.
Combined laser pulse 134 can be configured such that an additional

spikBOVE®. SPHE [9&Htnal JehvexapiRie waurfterarerelylRrike diled P8lue that is
additional power spike would preferably have a power value that is more

morg KiBo Biehing ARHRIB RN IhiNeFABIRINP hiases RuSe 3890044]

[0044]e tinming irhiRg ePke bpfkat tpeeatrinan tplisarbalseashlyduemyarogram
controlled by synchronizing electronics 120 for the best link processing

CONYRURE ABY YRV ERING FISSHEINS ST 1o W B iRl RE QRGBS Qifedity and
yieldhesiarenaaatofiom tiferenilbaspraimanthiavriciose ispreridepme from

aths before combination beam combiner 130, laser pulses 114 and

it G5 A AE S AT B 5 A IR DB R it BB AU Aton by

beafadbiatsine 196, pEees saiNgd004bhAa I8l yaafter Peaiparelinehise different

combines laser pulses 114 and 118, their polarjzation states are different
oA SR A ERE B BB Al S IRGERIG, the eneray of laser

[004B]Ise Tipicambenertisnsiin Reatiadr wBitedbe isinekdia s periaaiser By 118,
can be horizontall polaghzgd. Wiﬂ] the combined Iaselr ener

their BRIADZAHANLBIALES AL SHERIERLH LA Rk R? Wéﬁé?%bﬁ%&-oﬁ &
instastenhasikstahl e fcasdepthenged aaadsdinghyidallineoast¢doerBsifte energy

of 18R i e R Al BB o STLR g e B eneray

polaeizaltmni_stq'f@sljelt_ﬁe oﬂ@m"ta%dpimwnb E?lrgléﬂfli_ldr@iimfﬁl'mel([oﬁyﬁeﬂecﬁeo46 o @& system
rQcessin uality an e ) a rtl ar link structure. It .

worl e A AR o Ao RE B s T e RoeSa S R lviahtdgla. An

optighadma\tbﬁlatgvmmwﬂebegwaf:jtw5@?@@@@@&@2 ' émmgeghlof combined
iode- ed, O-switc olid state laser 152. Laser 15 ivers

el A AL 6 T eSS IR b i CE A A S elaeh, 2

configngdtsardaliisersvitlthettetubrataisihgltuatityimanmy(EW Fivia pheicidr vhk

i ulse width can be, for example, about 30 ns to 50 ns. Laser pulses 160
st trjﬂ)rﬁagate through E-O gating device 150. The output laser pulse power

[0048Dfile Witperadisrondb eonkilih Blvdiszagecohal énvieodittage, punide-06gating device
150 B0 AR i R L OIS LR RBEN 18 B Qe bu R

p :
Q-switthddassidustise tasehdye. abagawdGfydcivemnialiplonesdy puiBesd 60 (one
sho&ﬂ%eﬁlsgip ,o gvaecr W{Hea ?‘&S{?&’é’w long laser pulse width at full width, half
maximum (FWHM). The FWHM pulse width can be, for example, about 30 ns to
50 ns. Laser pulses 160 propagate through E-O gating device 150. The output laser
pulse power profile depends on the width and shape of a drive voltage pulse 162
delivered from drive electronics 164 and the delay time between laser pulse 160 and
the drive voltage pulse 162 applied to E-O device 150. The output laser pulse can
have an upwardly, substantially linearly inclined (increasing) power profile, as shown
for laser pulse 166c¢ in Fig. 5C or a downwardly, substantially exponentially
decreasing power profile with a higher peak at the very beginning of the laser
pulse, as shown for laser pulse 166d in Fig. 5D. The total power decline after the
peak is more than about 10% of the average power of the laser output pulse.

Persons skilled in the art will appreciate that the width and shape of the voltage
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for laser pulse 166c¢ in Fig. 5C or a downwardly, substantially
exponentially decreasing power profile with a higher peak at the very
beginning of the laser pulse, as shown for laser pulse 166d in Fig. 5D.
The total power decline after the peak is more than about 10% of the

puls@viesaBapeNes ©f thelaseicelipg fatsee Ratreaxsidhedde hireadmibxibility in
appreciate that the width and shape of the VOlti%e 11 pulse itself applied

tailoging HYWiRR 288 PAWBEREHUR A1 PPoRHISEERBer flexibility in tailoring
[00417F WidthtanerervrRentofHg of asarpiHie dafbdefMéhiVihdsde BT asteomposed

Fig. 6A, in a third embodiment, a laser 200 is composed. of an injection

of ap NipeiNRRIaP By AUWRD YRR SRR R MadBlests R lrsBE 2D kRIR e @

diodasasheningny ashEeseaperdéMpraNdrdetivariggses oLt at atlasaser
wavelength that matches the gain spectrum of amplifier 204. Fig. 6B

WaV@f?d‘v%(?hgﬁéE%W%IH}%@ﬁ i &R ﬁﬂ%@ﬁwgaé%%ré:d‘hﬁ% ghowmg a

spegaégtrmli@ﬁea@\?duﬁ&qtqt@@w%l tggg@aéﬁiaffmﬁﬁsw%mmftg}y@zos, and

. ropa INg rom Iinjection laser r Icates the proiie rne, .

Fig. & RO BB e A ECHa PSP R 1Ra PUSR L0 PADSRARYS FesRiBisction

Iasella%%?@ﬁgd:lall%@‘l' if?ié}}'@ﬁ@il@@?@lﬁ@@'éﬁr?drﬁ Eul@?%@ﬁ?ﬁist@t Iwnuc}\_s:vvﬁé fast
ampilirier . WnICN IS operating | N unsaturated state to ampli !

reSaaiGANERLI QSR 08 BS bAGEIc LA b Al BUIEL BRI

delivetiedltsing sigruiieant sisitigioroal faithlyepéraengusarponesitorafie, state to

shown in Fig. 6D. Ou pulse 212 is relatively flat after the
ampi} 53 gt

tpu .
clmiERR R RHR B> 210 BERAS BT A R B PUIR 2 1 2ithout
intrgeldsitesigaftarm it erediteo Peks eaitosédl ek an padsarpvileappotiteatestisabwn in

Fio B B e e B e B R ot
and déluiib aten faflipig edire thbtbdagainpeigeitempot alf sondifiercllsl Sepsods skilled
e e G e e e Y Dy
prograchétedhtovanie ppefdivety peotiies i ascert anctlevti A thirenteplicRersons
o P 2 O et M A o
depéidsoretnedased milaepptaeenidvaieeeimerdin@atiod gee02ndas Régower of
the eIV GRL 358 Do AT B St Aser pulse power profie

[004B]6 cdfigspbBcing BeVetTospikespEAivaRG, aalril@ 28ir FRonvprafilk@ 224nd its
repllrc(:a:ﬁre(_:‘d'S Fanstgra;g]u%\ée{)%kwgrt B%:fﬂg 'E%a E)Fggdicseigqnegggo%ance with a different
implementation of the third embodiment of Fig. 6A. 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 t4, to, t3, respectively. Current spikes 218, 220, and
222 produce for laser pulse power profile 216 corresponding power spikes 224, 226,
and 228. Power spike 224 represents an overshoot occurring at the rising edge of
laser pulse power profile 216, and power spikes 226 and 228 represent subsequent
power spikes occurring during the pulse but before the target link material is
completely removed. Power spikes 224, 226, and 228 together form a composite
power spike in the form of an oscillating wave with a power variation of over about
10% of the average power of the laser output pulse. The oscillating wave can last

from about one-half cycle to three cycles of duration within the duration of the laser
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laser pulse power profile 216, and power spikes 226 and 228 represent
subsequent power spikes occurring during the pulse but before the target
link material is completely removed. Power spikes 224, 226, and 228
together form a composite power spike in the form of an oscillating wave

puls&ibeoprerivariatieneliors aineus stfkiehtbechy fsagefepady BEfRen about
laser output pulse. The oscillating wave can last from about one-half
1 550 38t NRies of duration within the duration of the laser 12 pulse

[004Twer OFfilsreld1pcRpsipn dithe Mssf atipnficiis iBraferably Setwadlifier. The
about 1 ns and about 15 ns. [0049] One preferred embodiment of

lenglinpiitle BRGNPy RRIBP ApRfb dPREILRYRY SN LHBRING VBt can be
tailoking Aom. tHePBYLIRYEarifeaDOgARyelsankenpiaresser matizan be a

the required aggification gain. An exemplary laser 200 can b

MOQCAHRARE R RS HIASE AL E Ry M AR 8RR g 4 Atemont, GA and

IPGIREIGNCE O] GBI BAIONIAR oK A ROI RIS PR ices
manu acture laser VICEeS that Incliude ast aser diode o erati ast e
that SR A28 BRG/AA06 APREEM SR TIReON o P BN A er

powbﬂwﬁliwem@%§eiﬂﬂah ﬂtdé‘léﬁ@ﬂﬁlﬁs }mhéﬂgﬁﬁf Mdsﬁ(%l@mﬁ Iti§f1 A ugn range.

ubstantia \ uare s ed wit a pulse w t programim e 1ro ns

The 258/ ISP ang 15, PHPBIA U BOHATEFRRBE O WA 3cRiiRaN e of

pro%_é%uhlaﬁléﬁ?lnv\lﬂthéh@ m|ﬂéﬂm9étf@]c1_ldrb§e@ﬂébr¢n_llﬁtt%wwﬁg,tbﬁc_j;a@g?r pulse

Qde laser, t aser p e NVer protile can tallored as described for

repqLoR Fal i AOBL T N BRI RSP IR e UL a P to the

fast:ﬁléuegalsbiqhé:lah@@ggmplg?ﬁmh me@htﬁ@?agmedm@ébal_ gL tsmthe
aser pulse fromt Iber itself and then use the fi I 10 ampili e

preS AN L, NS e Aol IS RSO Tkt ety YN Guthec

Canaldd. ivipterasdiiampeeinrodith i@\t sigatah toinjeatishdwseindilgediom the fiber

.. Accarding to | it.is not difficult to make a similar laser working at .

tself B ISP 1 e OIS dHe O B [l MY Brgfiable

verdiofSRb Métiareftisece i élgsgth &f AT qunthapdetsrpedsiapeofivaveeagtBimilar to
are in the spe | range from ahout 150 nm to.ab 200Q nm, an

that N ot R 1S D11 10t TR taaks St faser

workingp ahwaveéngtcafd, Odndm fouttH, emfithhardidaieatftaiio féd: Y& Er, pulse
Nd:YLF, Nd:YVO4, Yb:YAG, Ti:Sapphire, and fiber lasers with different

profgeol.se materials and doping. Skilled persons will appreciate that lasers
[0050itting/ hitaie mrsesaFigked sGitabie Byatiel pngiibs eddasemmaveiagths are in

the spectral range from about 150 nm to about 2000 nm, and include, but are not
limited to, 1.54, 1.3, 1.1 - 1.06, 1.05, 1.047, 1.03 - 0.75 pum or their second, third,
fourth, or fifth harmonics from Nd:YAG, Nd:YLF, Nd:YVOyq, Yb:YAG, Ti:Sapphire, and
fiber lasers with different base materials and doping. Skilled persons will appreciate
that lasers emitting output pulses at other suitable wavelengths are commercially
available and could be employed. Skilled persons will also appreciate that any of the
second, third, or fourth harmonics of Nd:YAG (532 nm, 355 nm, 266 nm); Nd:YLF
(524 nm, 349 nm, 262 nm); or the second harmonic of Ti:Sapphire (375 nm -

425 nm) can be employed to preferably process certain types of links 22 and/or
passivation layers 44 using appropriate well-known harmonic conversion techniques.
Harmonic conversion processes are described in V.G. Dmitriev, et al., Handbook of
Nonlinear Optical Crystals, 138-141, Springer-Verlag, New York, 1991 ISBN 3(1540-
53547-0.
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available and could be employed. Skilled persons will also appreciate that
any of the second, third, or fourth harmonics of Nd:YAG (532 nm, 355
nm, 266 nm); Nd:YLF (524 nm, 349 nm, 262 nm); or the second harmonic
of Ti:Sapphire (375 nm 425 nm) can be employed to preferably process

[oowqrtairv%mﬁ%fér@aie‘é 38 F‘I@;QVV’! IWW@H]'@M@%%@[&M@W@W by way
well-known harmonic conversion tech es. Harmonic conversion

of em&&%ﬂe%e%&?ix&%'?ﬁ%iﬁr&? dfa Nefasicdrenshlifiesipte laser

302 @PHrstetabpiganicst Kila SsEacye daa, MeveXpskiclP9dd DBNHEB4focused
53547-0. 13 [0051] With reference to rl;% 7, laser system 300 is modele

. deled
by 163 SABRRNEN PP SIUQ A BRE IS RANT i VAES TESPEaR I Preferably
incli¥éy AlaearitBepsalid-siatetioses, 30 iarpefesadlypoarped Bydaskioned

diode 304, the emission 306 of which is focused. by lens components 308

DetyRR RRUIHALIRLIBF S FH0 13 P& BI04 251 P fRt Sk Un chegture 330

maylasenbalge &itfd rrdteb Rb rarad ant Gnoaad palatza1315R]iEPBEatbUt pulse 334
between resonatgr mirrors 316 and 318 along an optic axis 320. An

PronagaiER-ALI RRAFAXE ke B ISR BE IR bR B GHANR AR PRSHY

refletiesas QptRWaIpRe 384 opEpAIEE NG TaRKC AxH 620, tarBrgbursEes4
318, whi hfunctionm_a E}?;r_tl reflective output coupler. In one
midie!

ProRaABHRt NN JRERE rPURR PR (TrfgothHﬂrlﬁEEPéoz
devisdrz3destion as apigvsplapsicalsuiarencot an dsyigk B3hdtanasnergoes the

ool R SRR R S e o e ATy o
sub@@mcﬂ@m@%?- [0052] Regardless of Wavglength or laser type, laser
O e e e AR g dovio
340 kb @ aita Fiptl tedipp aevisidy Hagdrdkehtionl ioptickt eobeonensaBBRand
R e AT T
includestirgmieqraritie, A66ths2asadoptiedhadbanednighty teftedliveaty iaser output
sm0 e B T B R gy o bean
reflegtinglemgiravB6&360 36 5tardB6 Btha fveusgtyyers iy prafenadbser
B R A ST R R R
optisizaiy @ thaloipegl satdidhan|p it iersityddasempaseshgth will reach link
structure 36. A focusing lens 366 preferably employs a single component or
multicomponent lens system that focuses a collimated pulsed laser system output
368 to produce a focused spot size 40 that is greater than and thereby encompasses
link width and is preferably less than 2 um in diameter or smaller, depending on the
link width 28 and the laser wavelength.

[0053] A preferred beam positioning system 380 composed of optical
components 358, 360, 362, and 364 is described in detail in U.S. Patent

No. 4,532,402 of Overbeck for Method and Apparatus for Positioning a Focused
Beam on an Integrated Circuit. Beam positioning system 380 preferably employs a
laser controller 382 that controls at least two platforms or stages (stacked or split-
axis) and coordinates with beam reflecting mirrors 358, 360, 362, and 364 to target
and focus laser system output 368 to a selected conductive link 22 on IC device or
work piece 12. Beam positioning system 380 permits quick movement between links
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link width and is preferably less than 2 m in diameter or smaller,
depending on the link width 28 and the laser wavelength. [0053] A
preferred beam positioning system 380 composed of optical components
358, 360, 362, and 364 is described in detail in U.S. Patent No. 4,532,402

22 o WAL pRsESanMeErstandiqpeark s RrigHirtitb A esuRed\BeRiged on

on an Integrated Circuit. Beam positioning system 380 preferably employs
provideckiast HASRIBRER®at controls at least two platforms or stages

[005ajackathe oA dRtandteribipaipec e el REEIS FHEresscYed work
. 360, 362, and 364 to target and focus laser system qutput 368 to a
piecgafeciadargrbliptvaTatse 8k Yot Qnedasenepiatiassr pysipm output 368 to

remBOSIliARIDG. SYsiesn SFENIRIBTLS (el ADRY saVens RetweeRyinkn dsi#gRNaser
waork piece 12 to effect unique link-severing operations on-the-fly, based
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with one laser. pulse of laser system oytput 368 to remave link 22. Laser
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without sto N am itioning system over.any lin ,SOt at
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[0058)ch lasgiesystaroici¥Beduippedasthwdomnirentiandriiats pamipecthe proper

ProGR S SRS o0 Ge EECE UBNRNE B e e gy Ting data

thatipgtrctatsmasezoiirefining didagmmsyseincess o the Aridoiedfitties plafsins such
os BN B S ISP e UL MO Posior
and d@sitied ©odrBinatanSistemd RidrainaconéoenbdiitimnBettne present
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extréazaritgontdieatios lased oreexyyragautinErd deldtorsdllaser inse@yshy

oo A SR SR B S B P b
diodefgddnce to Figs. 2A-2Q, in vigw of the foregoing, link proce.ssing with
R e R e R e
withpeseesaingevBThad saspecially tailored power profile offers a wider processing
window and a superior quality of severed links than does link processing with a laser
pulse of conventional power profile. The overshoot at the beginning of the laser
pulse and/or spike properly timed within the duration time of the laser pulse ensures
that an adequate amount of laser energy is coupled into the link structure within a
proper time period before all the link material of the selected link is removed. This is
accomplished with adequate processing margin for the inevitable variations of the
link structure and the laser parameters themselves. After most of the link material is
removed by the laser energy, the laser pulse power is specially tailored to have
much lower value compared to the peak power of the laser pulse, or the power of the
overshoot and spike. Thus, this specially tailored laser pulse power profile ensures
less risk of damage to the neighboring structures and silicon substrate 42. In
addition to conventional link blowing IR laser wavelengths, laser wavelengths shorter
than the IR wavelengths can also be used for the process with the added advantage
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pulse of conventional power profile. The overshoot at the beginning of the
laser pulse and/or spike properly timed within the duration time of the
laser pulse ensures that an adequate amount of laser energy is coupled
into the link structure within a proper time period before all the link

of smaleriasiithe selegetdipk isvemanrghTite ossapRINediniBh wafer at the

adequate processing margin for the inevitable variations of the link
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struomrfde Iﬁf&l‘dlb@ﬁ,awﬁeélbﬂi@thé treaomenedeiinghdifferehs pagsivatiod6 um can be
cteristics. Passiv t|on ers 44 above or passivatjon layers
eI I RLCSD 68 LA AR AP AP Gy o LTl ARGHLE m center-
to-comtgrislos2dehecnn difies 22 deﬁtﬂ@ﬁmbesgédawtnata@eﬁypmsbbenghi shorter
ecause the laser p Ise can ther by re ucmg the
wavg R G AR 0 1 IR 6 ARUBIA G A ST ChEctehgeier pich
32 thdditiot, m\ﬁmgﬁhanhetkﬂowmbyfastm%nmmamum%%mmegdsenng pulse.
odu riti ize diameters 40 of I an about
Link g R J B O3 LB RO QG RSl AT GG ks 22 or
adjawelnseelfmmahmterewauelength lasers can, therefore, have a substantially
aller.center-to- center |tch 32 than that ible for links blown
100]cUFETA 19 Raes KRS LAl 4 AL T 25 Lo Yoy MR Sivation
matwidim ajdhsmsm@fn?cﬂom@e I(éﬁ@ﬁp@m@mbcdnkstﬂﬁ@(%aﬁewmtytng
{:tur s 34. ]10058] O rI |n asswatlon Ia\yetr 44 met1¥ Flude anY
pas%l AuQn gxg 03 t|nﬁ BEImé passivation material'as or ditfferent
passivation materlal( ) from overlying passivation layer 44. In particular, underlying
passivation layer 46 in target structures 36 may comprise fragile materials, including
but not limited to, materials formed from low K materials, low K dielectric materials,
low K oxide-based dielectric materials, orthosilicate glasses (OSGs), fluorosilicate
glasses, organosilicate glasses, tetraethylorthosilicate (TEOS)-based oxides,
methyltriethoxyorthosilicate (MTEQOS), propylene glycol monomethyl ether acetate
(PGMEA), silicate esters, hydrogen silsesquioxane (HSQ), methyl silsesquioxane
(MSQ), polyarylene ethers, benzocyclobutene (BCB), SiCOH, or SiCOH-derived film
(such as “Black Diamond” sold by Applied Materials, Inc.), or spin on-based low K
dielectric polymer (such as “SiLK” sold by Dow Chemical Company). Underlying
passivation layers 46 made from some of these materials are more prone to crack
when their targeted links 22 are blown or ablated by conventional single laser-pulse
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materials such as silicon dioxide (SiO2) and silicon nitride (Si3N4).

Underlying passivation layer 46 may include the same passivation

material as or different passivation material(s) from overlying passivation

layer 44. In particular, underlying passivation layer 46 in target structures
link-PErAoR ICOPRIPEBS 52 0RR; et eidats B G i feidi et s 0, SeMeIisisN,, low

formed from low K materials, low K dielectric materials, low K

K maieaialsalou ikt imAaiiialsrinydfiondghased disiestjc materials, OSGs,

fluofbsieaticgles shasergantaaneabicae shassesQetathpothasiliedt® and Black
. (TEQR)-based oxides, methyltriethoxyorthosilicate (MTEOS), propylene
DiargRrd midhfoRTEia) 1RYRE MRS @EMEL Ssilth &d W&eaﬁﬂne ethers

are Siseizan@XER? Cosdh saeshycsesnyiatanaldMSQ), polyarylene ethers,
nzocyclobutene (BCB), SICOH, or SICOH-derived film Fsuch as "Black

b [ OH
(0058, m ML B S5V 8 HRRe v Ak IE ar BldRaa) fhanges may be
madgetg?ﬂ*i@_cdé%(m@f (ﬁg@bﬁ&é%%&ﬁﬁf %m@w@@ﬁtﬁ;mt?mgmw)ling from the
naeriyimn ssivation |ayers. e from some of these materials are
undigrag ASe e N SRER Tar  DE SORRE SARE PERS R P L IHRR TRPUId,

therefdves ieonsterimatr oalyysed folidkviegeleaheperations. Skilled
persons will appreciate that Si02, SiON, Si3N4, low K materials, low K

dielectric materials, low K oxide-based dielectric materials, OSGs,
fluorosilicate glasses, organosilicate glasses, HSQ, MSQ, BCB, SIiLKTM,
and Black DiamondTM are actual layer materials, and TEOS, MTEQOS,
and polyarylene ethers are semiconductor condensate precursor
materials. [0059] It will be obvious to those having skill in the art that many
changes may be made to the details of the above-described
embodiments without departing from the underlying principles of this
invention. The scope of the present invention should, therefore, be
determined only by the following claims. 17 Claims 1. A laser-based
processing method of removing target material from selected electrically
conductive link structures of redundant memory or integrated circuitry,
each selected link structure including a link having opposite side surfaces
and top and bottom surfaces, the opposite side surfaces being separated
by a distance that defines a link width, at least the side and bottom
surfaces being positioned adjacent passivation structure material in a
circuit fabricated on a substrate, comprising:
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directing a laser output pulse for incidence on a selected link structure, the
laser output pulse being in the form of a unitary pulse characterized by a
laser spot, an average power, and a laser pulse temporal power profile;
the laser spot having a spot size at a laser spot position on the selected
link structure, the spot size being lagggrifan the link width; the laser

pulse temporal power profile having rising and falling edges, having a
pule QUARRIPZSRF PrarseRIRgaghey mw@mw%ﬂ@sbvo@#%%fér om

selceaingl ettt dospidctivatink stassandallyfseatiatHrmMBMBHISS integrated
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occurrence of the power spike cooperating to establish for the laser
SUbSHRLe FRMB S8 cially tailored laser pulse power profile that effects

se\@ringiog theaselestaginkuste! esniacduecect saLsHIgcRRIIBRIBH Eture, the
damage to the substrate or.the passivation strycture material itioned
laser UIRIEANISS 8 B8 L BEIAT O ARl RUISS GhaTBcLetresh Bk R assT SPot.
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aser processing method of claim 1, in which the powe ike has a rise . .
S OS] RRICH YRGS SRR 48 3181 Bvgh SR RCSHOOR 8 Selpeted link
struorrm@sa@gps?]eté?zd l@éi@igimrgehwﬁﬁﬁhihﬁ;ﬂ?ﬁdmﬁﬂﬁé$ﬁgég%huﬂb@ﬂ§1hputal
2 ns. 5. The laser processing metho claim 1, in which the spi
S e e A ek S (e
chathetéaizadiyse poweospikmwes pufite. piRd e dasey aropikesganerndthofs
clai . iIn whjch the adjacent sivation structure material overlays the
Sub g A SO e MRS ST B A BOMB S ApBre A e abou
10%asesritaceseing e)ptvest of tenademuipehshsediareattpasvaigonrrence that
strug{l?;ér}w%%al is Rgsétaonee;d so that it does not overlay the electrically

is CcQIRg € risi

the laser pulse temporal power profile, after the coincidence of the occurrence
of the power spike and the rising edge, declining to and holding relatively steady at a
level for a time before the falling edge; and

the peak power, spike duration, and time of occurrence of the power spike
cooperating to establish for the laser output pulse a specially tailored laser pulse
power profile that effects severing of the selected link structure while not causing
appreciable damage to the substrate or the passivation structure material positioned
adjacent the side and bottom surfaces.

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

3. The laser processing method of claim 1, in which the power spike has a
rise time and in which the rise time is shorter than about 5 ns.

4. The laser processing method of claim 3, in which the rise time is shorter
than about 2 ns.
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links. 8. The laser processing method of claim 1, in which the falling edge
of the laser pulse temporal power profile is tailored to have duration
shorter than about 10 ns. 9. The laser processing method of claim 1, in
which the selected electrically conductive link structure comprises

aluginua, I6BEYTPIde 8RR ORIyt UaiMisiligidhad dhBiskatendekation is
chromide, platinum, polycide, tantalum nitride, titanium, titanium nitride

betwgRaADOUS s RRErAORkiR0 F00Hihe IRulsefyratam g Hharasesmylmtgmporal

powisr Whigieeach laser output pulse has laser energy of between about 0.001
microjoule and about 10 microjoules. 11. The method of claim 1, in which
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ropylene col mqgnomethyl ether acetate, a silicate ester, rogen ,
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linkdenzocyclobutene, a SICOH or SICOH-derived film, or spin on-based low
K dielectric polymer. 12. The method of claim 1, in whjch at Jeast two laser
S e T e e e
laselopatineafgesnensiversetefiieds esokiehily Ikansl deitdadinkissisturematisout

10 repetition rate of greater than about 10 KHz. 13. The laser processing
Mrethod of claim 1, in which the laser output pulse is of a wavelength in a

spectraheange fiormodseindl bt tiodoabRiin2000 which%id séheledeasiectrically
rocessing method of claim. 13, in which the wavelength of the laser
congiYE R SRS PATIRN 555 & K L LB OB SRSl
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11. The method of claim 1, in which the adjacent passivation structure
material, underlying passivation layer, or both of them, comprise one or more of
SiOgz, SizNg4, 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 ester, hydrogen silsesquioxane, methyl
silsesquioxane, a polyarylene ether, benzocyclobutene, a SiCOH or SiCOH-derived
film, or spin on-based low K dielectric polymer.

12. 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.

13. The laser processing method of claim 1, in which the laser output pulse is
of a wavelength in a spectral range from about 150 nm to about 2000 nm.
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is about one of the following wavelengths or within one of the following
wavelength ranges: 1.54m, 1.3 m, 1.1-1.06 m, 1.05m, 1.047 m, 1.03 -
0.75m, 0.65m, 0.53 m, 0.5m, 0.43 m, 0.35m, or 0.27 m. 17. The method
of claim 15, in which the link has a thickness of greater than 0.3 m. 18.

The metiied £I&13rB dodBiMG 1pR thsdliBK s BIGKNeER P tBECRERIERAYLh of the

0.3 m. 19. The method of claim 1, in which the laser output pulse is
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absorbent to the wavelength. 20. The method of claim 19, in which the
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processing method of removing target materijal from selected eilectrically

harrpERIRMAYE IO LR Y OF (EIBREARE AEMGH N TRRIYFERY €REdIRy OF 1-5 UM
or it@elRGatrstaiiahatiehicewaciidingtia link having opposite side surfaces

oy 30 UL GRELTHEL T AR EFHEVAE A0S o BiARah oulbut pulse
is atsoiiteees beine foswipred AdrIRIthBasSIViEtioNoBiELsT e faHtalialgwavelength
g L Tl e I SSiP s oA e
0.65herfo0s8faimierNmubashaasiahbyrda®ensnot, an average

Cpdt 211 AR TRt B E LTEHE A JUEHREsa R GPapter than
0.3 g'me_ beingllarg(.ar. than the Iink width; 20 th(-?- laser pulse temporal power

e PR o Rt Sl on
0.3 that i_s_substantially shorter than the pulse duration, being coincid(_ant with

e T B R 0 oo
a wikelEsghanguh pilise; the adjacent passivation structure material, the substrate,
or both of them are significantly absorbent to the wavelength.

20. The method of claim 19, in which the wavelength comprises a UV
wavelength.

21. The method of claim 20, in which the link has a thickness of greater than
0.3 pm.

22. A laser-based processing method of removing target material from
selected electrically conductive link structures of redundant memory or integrated
circuitry, each selected link structure including a link having opposite side surfaces
and top and bottom surfaces, the opposite side surfaces being separated by a
distance that defines a link width, at least the side and bottom surfaces being
positioned adjacent passivation structure material in a circuit fabricated on a
substrate, comprising:

directing a laser output pulse for incidence on a selected link structure, the
laser output pulse being in the form of a unitary pulse characterized by a laser spot,
an average power, and a laser pulse temporal power profile;

the laser spot having a spot size at a laser spot position on the selected link
structure, the spot size being larger than the link width;

20



the laser pulse temporal power profile, after the coincidence of the
occurrence of the power spike and the rising edge, decreasing
substantially exponentially with time to the falling edge; and the peak
power, spike duration, and time of occurrence of the power spike set at

Va'ﬂ@Iﬁ@@pﬁtﬁgégémﬁékbﬁ%ﬁ\ﬁé?%’y@ﬁ@m%@i%f%m&ﬁ@@Mﬁ@ idges, having
pulse portion that rapidly couples sufficient energy into the selected link
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PUlSre average power of the laser output pulse. 24. The laser processing
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of the BRIA"SPE IRINRLIFIEE S sARRIRRR ITHRBIATR .‘32‘89?ﬁ8t'aﬁy with

timdasenhgregiasgisggeether of claim 22, in which the laser output pulse is of
a wavelength in a spectral range from about 150 nm to about 2000 nm.
27 6,252 ik o
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harmonic wavelength emifted from a YAG, YLF, YYO4, hire, or fiber
oGBS 21l GO 5 ST ETes oL R 0 P A AT T e 0
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its second or thj rmonjc.wavelength, m or its second or thir
eftos SRR L OLIER S CErCd Y ST L B G GRS oD eCiable damage
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m, 20X henlab&3pPoCessird Ghathol.oB8oMiM. 22nirDwidich, thstoral debrédse in
e R e e
averatggpaieer of the laser output pulse.

24. The laser processing method of claim 22, in which the power spike has a
rise time and in which the rise time is shorter than about 5 ns.

25. The laser processing method of claim 24, in which the rise time is shorter
than about 2 ns.

26. The laser processing method of claim 22, in which the laser output pulse
is of a wavelength in a spectral range from about 150 nm to about 2000 nm.

27. The laser processing method of claim 26, in which the wavelength of the
laser output pulse is one of a fundamental, second harmonic, or third harmonic
wavelength emitted from a YAG, YLF, YVOyq, sapphire, or fiber laser.

28. The laser processing method of claim 26, in which the laser output pulse
is emitted by a fiber laser at a wavelength of about 1.06 um or its second or third
harmonic wavelength, 1.3 um or its second or third harmonic wavelength, or 1.5 um

or its second or third harmonic wavelength.
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circuitry, each selected link structure including a link having opposite side
surfaces and top and bottom surfaces, the opposite side surfaces being
separated by a distance that defines a link width, at least the side and
bottom surfaces being positioned adjacent passivation structure material

in 26irTwis infatieateef AMaAmSRR kAl SR AMR WG IIRE BN M éRRIPWRWUt pulse
pulse for incidence on a selected link structure, the laser output pulse
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circ@tgatenthoselbetauanal etpaiereohtladass b oo uaRingeo ek adiBiesurfaces
occurrence. within an interyal measyred féom tlz)e rising edge to 70% of
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rising edge and the power spike and between the fallin e and the
Posi R AR BSOS SHICHE RIS b eF ahiatisaleshoa
subsimaeyfoeraprisinge of the power spike set at values cooperating to cause

the power spike to function as a workin Ise portion that rapidl

coTDIRE IR BB LBy TR Lo CREA Ll AR G L GHctgre: the
lasetheugsarpuispubginginaispésrallpiailorathiggsul pelskapavieripeefits thagser spot,

effects severing of thelgselecte link struc%rre while n?é causing

an ayeaoa NOWEh ARG 1BSRERUBEHSIPS AL PYELDHRIIR structure material
posie e adiastaming) sids cirxizeadtom sssfasst. P@sRibriolaskees-kaksasted link

s AR ST B SR ST, oot clcticaly
eatheskisetaslilek tetmistiiae poviedipepélBrikabingndsimpasitef siktegseuifpes;shaving

o L T R o e et e e
spiksutfaediobeiry ipasitisiaed aitjatentqgassivathenpsigetueatiwmicdgealapower that
is grceigfgirttfﬁgrﬁi aéegv%rr]aage power of the laser output pulse, and a time of occurrence
within an interval measured from the rising edge to 70% of the pulse duration of the
laser pulse temporal power profile;

the laser pulse temporal power profile having a shape that is not flat between
the rising edge and the power spike and between the falling edge and the peak
power of the power spike; and

the peak power, spike duration, and time of occurrence of the power spike set
at values cooperating to cause the power spike to function as a working pulse
portion that rapidly couples sufficient energy into the selected link structure to
establish for the laser output pulse a specially tailored laser pulse power profile that
effects severing of the selected link structure while not causing appreciable damage
to the substrate or the passivation structure material positioned adjacent the side
and bottom surfaces.
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substrate, comprising: directing a laser output pulse for incidence on a
selected link structure, the laser output pulse being in the form of a
unitary pulse characterized by a laser spot, an average power, and a
laser pulse temporal power profile; the laser spot having a spot size at a

lasgn SAOLBERIHABRIRRESEASELM B oS 1 PEIRVRG FRCfctiARbSAYrom

larger than the link width; the laser pulse temporal power profile having
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power profile that effects severing of the selected link structure while not causing
appreciable damage to the substrate or the passivation structure material positioned
adjacent the side and bottom surfaces.

32. The laser processing method of claim 31, in which the oscillating wave
includes multiple cycles of oscillation within the pulse duration of the laser pulse
temporal power profile, and the period of each oscillation cycle of the oscillating
wave is between about 1 ns and about 15 ns.

33. The laser processing method of claim 31, in which the oscillating wave
includes multiple cycles of oscillation within the pulse duration of the laser pulse
temporal power profile, the multiple cycles of oscillation have times of occurrence,
and successive ones of the multiple cycles decrease in peak power with increasing

times of occurrence measured from the rising edge.
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substrate, comprising: directing a laser output pulse for incidence on a
selected link structure, the laser output pulse being in the form of a
unitary pulse characterized by a laser spot, an average power, and a
laser pulse temporal power profile; the laser spot having a spot size at a
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larger than the link width; and the laser pulse temporal power profile
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outpu ulse, anda time ot occurrence encompassed by the first power spike and
the falling edge; and

the peak powers, spike durations, and times of occurrence of the first and
second power spikes cooperating to establish for the laser output pulse a specially
tailored laser pulse power profile that effects severing of the selected link structure
while not causing appreciable damage to the substrate or the passivation structure
material positioned adjacent the side and bottom surfaces.

35. A laser-based processing method of removing target material from
selected electrically conductive link structures of redundant memory or integrated
circuitry, each selected link structure including a link having opposite side surfaces
and top and bottom surfaces, the opposite side surfaces being separated by a
distance that defines a link width, at least the side and bottom surfaces being
positioned adjacent passivation structure material in a circuit fabricated on a

substrate, comprising:
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the laser pulse temporal power profile having rising and falling edges,
having a pulse duration, and characterized by a power spike, the power
spike having a spike duration that is substantially shorter than the pulse
duration, a peak power that is greater than the average power of the laser
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edge and within an interval measured from the rising edge to 70% of the

laser QUIPHE PAtie BRI I LRe fRiTbabmBRAN NiSerhfiedstizeskPygidaser spot,
an deENagEheRVE P easdepthserising SEIPoIRsIipHag Il and holding

relatively steady at a level for a time before the falling edge; and the |oeak
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pulse portion that ra&:idly couples sufficient energy into th;{selected link
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average power of the laser output pulse and has a spike dyratign that is
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holding relatively steady at a level for a time before the falling edge; and

the peak power, spike duration, and time of occurrence of the power spike set
at values cooperating to cause the power spike to function as a working pulse
portion that rapidly couples sufficient energy into the selected link structure to
establish for the laser output pulse a specially tailored laser pulse power profile that
effects severing of the selected link structure while not causing appreciable damage
to the substrate or the passivation structure material positioned adjacent the side
and bottom surfaces.

36. The laser processing method of claim 35, in which the laser pulse
temporal power profile holds relatively steady for a time before and for a time after
the power spike.

37. The laser processing method of claim 35, in which the power spike has a
peak power 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.
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