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Technical Field The present invention relates to | aser processi hg of menory
or otheW0@/412¢%ks 15 and, in parti cuI ar, to a laser systBRI/HSH/MEthod
enpl oying a burst of |aser pul ses ;Lng ul trashort pulse widths to sever
an | C link. Background of the Inventi Yields in I C device fabrication
processes often incur defects resulting from alignnent variations of
subsurface |layers or patterns or particulate contam nants. 20 FIGS. 1, 2A
and 2B show repetitive electronic circuits 10 of an | C device or workpiece
12 that are commonly fabricated in rows or colums to include nmultiple
iterations of redundant circuit elements 14, such as spare rows 16 and
colums 18 of nenory cells 20. Wth reference to FIGS. 1, 2A, and 2B,
circuits 10 are also designed to include particular |aser severable
circuit links 22 between electrical 25 contacts 24 that can be renoved to
di sconnect a defective nenory cell 20, for exanple, and substitute a
replacenent redundant cell 26 in a nmenory device such as a DRAM an SRAM
or an enbedded nenory. Simlar techniques are also used to sever links to
program a | ogi ¢ product, gate arrays, or ASICs. Links 22 are about 0.5- 2
mcrons (/2m thick and are designed with 30 conventional |ink w dths 28
of about 0.8-2.5 4m Ilink lengths 30, and elenent-to-elenent pitches
(center-to-center spacings) 32 of about 2-8 ,umfrom WO 01/51243
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i nclude, but are not limted to, alum num copper, gold nickel,

Technical Field

The present invention relates to laser processing of memory or other IC links

15 and, in particular, to a laser system and method employing a burst of laser pulses
having ultrashort pulse widths to sever an IC link.

Backeround of the Invention

Yields in IC device fabrication processes often incur defects resulting from
alignment variations of subsurface layers or patterns or particulate contaminants.

20 FIGS. 1, 2A, and 2B show repetitive electronic circuits 10 of an IC device or
workpiece 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
mmmywhm.WMmmemFMSL2AmﬁﬂhmwMHMmﬂm
designed to include particular laser severable circuit links 22 between electrical

25 contacts 24 that can be removed to disconnect a defective memory cell 20, for
example, and substitute a replacement redundant cell 26 in a memory device such as a
DRAM, an SRAM, or an embedded memory. Similar techniques are also used to
sever links to program a logic product, gate arrays, or ASICs.

Links 22 are about 0.5- 2 microns (xm) thick and are designed with

30 conventional link widths 28 of about 0.8-2.5 wm, link lengths 30, and

element-to-element pitches (center-to-center spacings) 32 of about 2-8 um from



S titanium tungsten, platinum as well as other netals, netal alloys,

metal nitrides such as titaniumor tantalumnitride, nmetal silicides such
as tungsten silicide, or other netal-like materials. Circuits 10, circuit
el ement wale/s1e43 cel |'s 20 are tested for defects, the | ocBETBRY/@which
may be mapped into a database or program Traditional 1.047 m 10 or 1.064
minfrared (IR) |aser wavel engths havegbeen enpl oyed for nore than 20 years
to explosively renove circuit |inks 22. Conventional nenory |ink processing
systens focus a single pulse of |aser output having a pul se wi dth of about
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15 positioned above a silicon substrate 42 and between component layers of a passivation
layer stack including an overlying passivation layer 44 (shown in FIG. 2A but not in
FIG. 2B), which is typically 2000-10,000 angstrom (A) thick, and an underlying
passivation layer 46. Silicon substrate 42 absorbs a relatively small proportional
quantity of IR radiation, and conventional passivation layers 44 and 46 such as silicon
20 dioxide or silicon nitride are relatively transparent to IR radiation. FIG. 2Cisa
fragmentary cross-sectional side view of the link structure of FIG. 2B after the link
22 is removed by the prior art laser pulse.
To avoid damage to the substrate 42 while maintaining sufficient energy to
process a metal or nonmetal link 22, Sun et al. in U.S. Patent No. 5,265,114 and
25 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 20 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

30 technique has been used in the industry for about three years with great success.



metallic link 22 is relatively poor; and the practical achievable spot size
38 of an IR laser beamfor link severing is relatively large and limts
the critical dinensions of 5 1link width 28, link Iength 30 between contacts
24, andWo aks1R4x ch 32. This conventional |aser |ink procRSEUA/GEH] es on
heating, nelting, and evaporating link_22, and creating a nechani cal
stress build-up to explosively open ovérlying passivation |ayer 44. Such a
conventional link processing |aser pulse creates a | arge heat affected

zone (HAZ) that deteriorates the quality of the device that includes the
severed |ink. TRe Theuthednias st aaswavwdngdisdravb eisadvarages haweeers chswhat
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density. U S. Pat. No. 6,057,180 of Sun et al. and U S. Pat. No. 6,025, 256
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repetiti oroneaRAL) thandeieromies dhe gualisue!l thg dgvicpaat ipgJudas tigsevezet K- vy auchi
et al,. disclos f L: Ssi.ngl osecond
oul 30 i dih o DBl BRSSP Bt R By B B R el
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PCT/ USO1/ thgsg behdbior limits the critical dimensions of links 22 and prevents greater circuit

15 density.
U.S. Pat. No. 6,057,180 of Sun et al. and U.S. Pat. No. 6,025,256 of

Swenson et al. more recently describe methods of using ultraviolet (UV) laser output
to sever or expose links that "open” the overlying passivation by different material
removal mechanisms and have the benefit of a smaller beam spot size. However,

20 removal of the link itself by such a UV laser pulse requires the passivation material to
be UV absorbing and is still a "thermal" process.

U.S. Pat. No. 5,656,186 of Mourou et al. discloses a general method of laser
induced breakdown and ablation by high repetition rate ultrafast laser pulses.

| U.S. Pat. No. 5,208,437 of Miyauchi et al. discloses a method of using a
25 single pulse of a subnanosecond pulse width to process a link.

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. Pulses having a duration time

30 of 60 to 300 ps exhibit a "thermal" mechanism of material processing.



Summary of the Invention An object of the present invention is to provide a
nmet hod or apparatus for inproving the quality of |aser processing of IC

| i nks. Anot her object of the invention is to process |links with bursts of

ul t rashoWP 0151343ser pul ses that have a nonthernal interactfiCAHPONH he
overlying passivation layer and the linpk material. A further object of the
invention is to enploy the bursts of ultrashort |aser pul ses to process
the links on-the-fly. The present invention enploys a burst ultrashort

| aser pulses to sever an IC 10 link, instead of using a single

mul ti pl e- nanos &uonmaryadehe frulegeomf conventional |ink processing systens.
The duration of the burst i

. S preferably in the ran f 10 to 500 ns; and
the pul se wi dt H\bHPPIEGH ¢ %ggersglﬁdp\éegtwfxlworprpﬁﬁe@dpgfmggr GRRASEYP ?‘V short er
than 25 : I r - fR9YUALs to 10 ps, and nost preferably
about 10 g@p{ogﬂfgl%a@gm%gé%eﬁ&éég%é%Bgaussé each | aser pulse within the
burst is ul trashwther dbjeet b thenhegmiohiio priotdss tlimks wathgeirsteat aittahert
(passivation layers and nmetallic Iink) is not thermal. Each |aser pul se
breaks of flasar pulses Babhaygey nasthespalinteraniop withy the Qyerly gt Rassiyptionddpdndi ng on
the | aser ener | aser ,wavel ength, and type of material, until the link
i's severe@dﬁggﬂﬁﬁﬁ% la5f ul trashort laser pulses in the burst is
controlled suchfifpl obiRt bRtk idnEiSn ¢ RAMIST the e sRF udfasBbrttidrer | i nk
| eavi ng the underlying 20 passivation |ayer and the substrate intact.
Because t Ipalsahal prodessabd bnkodn-theefljburst is in the range of 10 ns to 500
ns, the burst is considered.to be a single "pulse" by a traditi I
| i nk-severi ng |T§1§é}re§§851qvp%rhgn§1§)g§ %Irt?’r”%ﬁ'H]L'irsa,ShqrﬁEaSFraégFesstQ\éF%aeggrasti | |
procass | ifks; QapehRevkhng o & 61 PXShdsbQIHANGse? Yool LB 48R TeiBhalNfkE L0 Stop
rmviﬁg V\/rlliléﬁ {Iﬁgaﬁgggghéfsgtlﬁpf‘{}gpspaﬁg(&r st o?sl ser pul ses lataeach i nk.
25 | n addiprd@8sii® s§drens. NOh¢ Geratiah of drcbusslil padetablyl inath¢ eangatodrlé to500
ultrashort-pul se |aser processing, the npst comon ultrashort-pul se | aser
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15 interaction with the target materials (passivation layers and metallic link) is not

thermal. Each laser pulse breaks off a thin sublayer of about 100-2,000 A of
material, depending on the laser energy, laser wavelength, and type of material, until
the link is severed. The number of ultrashort laser pulses in the burst is controlled
such that the last pulse cleans off the bottom of the link leaving the underlying

20 passivation layer and the substrate intact. Because the whole duration of the burst is
in the range of 10 ns to 500 ns, the burst is considered to be a single "pulse” by a
traditional link-severing laser positioning system. 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 burst of laser pulses at each link.

25 In addition to the "nonthermal" and well-controllable nature of ultrashort-pulse
laser processing, the most common ultrashort-pulse laser source emits at a wavelength
of about 800 nm and facilitates delivery of a small-sized laser spot. Preferably, a
diode-pumped, or diode-pumped solid-state continuous wave (CW) green pumped,
mode-locked, solid-state laser is employed to generate the ultrashort pulses at

30 conventional wavelengths or their harmonics.



WO 01/51243 PCT/USO /00711 5 Additional objects and advantages of this
invention wll be apparent fromthe follow ng detail ed description of
preferred enbodi nents thereof which proceeds with reference to the
acconmpawyi 01¢sizh3awi ngs. Brief Description of the Draw ngs BCTY§/097]1g 5
schematic diagramof a portion of a DRAM show ng the redundant |ayout of
and progranmable links in a spare row of generic circuit cells. FIG 2Ais
a fragmentary cross-sectional side view of a conventional, |arge

sem conductor |link structure receiving a | aser pul se characterized by a
prior art pul saddipienanijersandlGlvEit@eesaB this invéntiagmeHtterapparspt roewhef t he
link structure and the |laser pulse of FIG, , 2A together with an adjacent
circuit sfollgwing detaifgdaiesorptiod of Hr?rzﬂffﬁéHMW‘?’B%Q‘P%Q&F&B%W%?%@ Wiew of
the link structur . er.the link is renmoved by the prior art
| aser pulr§ TS Oe[ggé%cg\'%{/?%éylég\gg&l\%sr'sus time graph of exenplary bursts of
ul trashort 15pliasPesdpitisref eigDewdded o sever |inks in accordance wth the
present invention. FIG 4 shows a power versus time graph of a(!t rnative
exenpl ary bur sFEG.of isi sahgsiate diagease pf pppsion epPayEY shewig 8¢ re Uﬁlﬁéﬂti n

accordance with the presen i.nvention. FlG .5 r versus tine
graph of @Y%ror}ﬁngﬁﬁgwtb&fé‘ﬂﬁllgﬁfpﬁﬁrr Al %%gg\éﬁr[:@ gﬁ!)gr'at | aser pul ses
enpl oyed 10 sepgy sANMks ftagg@ﬁﬁgr&%@_@@ecmm sidvevibw eFenfonvémiceat, ilgge FIG 6
is a partly schematic, sinplifi‘ed di agram of one enbodi nent of a preferred
WV | aser sysit@muctoe!limii sngcaremeckipingcelaparspul jeorheractanized bp apuiatasspulbe h a

| aser processing control systemfor practicing the nethod of the present

i nventi onPar2WERFS, 7 is a schematic diagram of one |aser configuration that

can he enpl OyeEIGﬁﬁ%%g?{ag@rgﬁtgggfgﬁ)%\b?fE}Eeeﬁxﬁ@étrdcﬂyr@%&i%1aEér%u1§ dfs a

schéfatic di agram of “anot configuration that can be ‘enployed in
accor dancpei 1A, toether @58 h ddinemtdinit structure.

FIG. 2C is a fragmentary cross-sectional side view of the link structure of

FIG. 2B after the link is removed by the prior art laser pulse.
FIG. 3 shows a power versus time graph of exemplary bursts of ultrashort
15 laser pulses employed to sever links in accordance with the present invention.

FIG. 4 shows a power versus time graph of alternative exemplary bursts of
ultrashort laser pulses employed to sever links in accordance with the present
invention.

FIG. 5 shows a power versus time graph of other alternative exemplary bursts

20 of ultrshort laser pulses employed to sever links in accordance with the present
invention.

FIG. 6 is a partly schematic, simplified diagram of one embodiment of a
preferred UV laser system including a workpiece positioner that cooperates with a
laser processing control system for practicing the method of the present invention.

25 FIG. 7 is a schematic diagram of one laser configuration that can be employed
in accordance with the present invention.

FIG. 8 is a schematic diagram of another laser configuration that can be

employed in accordance with the present invention.



WO 01/51243 PCT/ US01/ 00711 6 Detail ed Description of Preferred Enbodi nent
FIGS. 3-5 show power versus tine graphs of exenplary bursts 50a, 50b, 50c
(generically bursts 50) of ultrashort |aser pul ses 52a, 52b, 52c

(generi C4PPY51245er  pul ses 52) enpl oyed to sever |inks 22PERUSOEBYHENce
with the present invention. The 5 duratjion of each burst 50 is preferably

| ess than 500 ns and nore preferably inm the range of 10 ns to 200 ns. The
pul se width of each |aser pulse 52 within burst 50 is generally shorter
than 25 ps, preferably shorter than or equal to 10 ps, and nost preferably
about 10 ps t o Deodlefidescriptierr ofePretered E@bﬂlmﬁm se wdths are preferably

shorter than 1 cause material processin vmthschl r es 52 is
IbeI ieved to 10%@§ gﬁoﬁPWe?%qr V5TREd e%ﬁapﬁ %fg%g{%, z}rﬁl u %‘%S‘Z SSOﬁg%%: th

aser pul 113912}9 BYLE Glradhtt Ldsha 2SI (Bhepleallypfér pul ses 52,
each Iaseig%gﬁé% 5 |c§)lirstsyo§?tr§1 smﬁerp%ar{t sgg? subl ayég of ?% par55| vation
layer 44 aumtos2) dnkoyat erseadr lirdsddntaocdrdanceraviethe presehoinvengorer Ehé ng
significant heat in link structure 36 or |IC deV|c 12. Pref abl 15 | aser

Spot 538 | durlensk e DTN HiRGETRL a1 ay et a0 eSO sl el y
S rt |
short  PUlLaMeAlohs §300 RUIR SR id: omaplmaﬁﬁms@@gw@m%sta%otl.e/ t hat

ric ‘"breéa onven Iona ansparent passivation
materi al s.gefe@glly SRTRF til s,@frﬁ@f@blyoiﬁor@r tHHnrbrS:!qbalayaIO ®f and etosexanypl e,
about 1, 000-2,000 A of overlying passivation layer 44 until overlying
pngl vat i q)nelf:slaiibb/lrabmt 16 pg &, orcsdmstetuifh@éasmmq Vigklogre Hr@iffré%bl}pul ses
abl ate met ic li

convent i ofd ‘Prl & tB‘H’a BS ﬁ%ﬁaﬂﬁ Igpterléggwcgﬁsi/qgaxgiﬁ% e af% é)ugs é% éssg%{levﬁ% FPayer
havipg a aﬁ?ﬁ%@@s@ 3l &e hﬁt&ﬁ?pﬁﬁ%%r&t WwiR lﬁﬁpbﬁls&foﬁlbﬁgm@ al at

t he vvavel engt use At wavel engths in the near UV, visible, and near IR
the absor midhs. or abI ation depth O per single ultrashort Iaser puI se for

nost nmetals is _about 100-300 A. 25 Depending on t veI | aser
out put and the W%&P@ﬁﬁ@?%@s‘ﬁfwﬂ% i ﬁ‘!@hqﬁﬁ@P 55I5 Rige Eg ﬁrP&“depth of

pul se 52 aﬁ u%lﬁgeré)? th 1%551%%( %égﬁlgdgéﬁ ﬁ%)‘nateﬁ‘r% ﬁé’éc%ﬁ%i peemGe&E rol I ed by

choosi ng ) eac
without generating 51gn1flcant heat in link structure 36 or IC device 12. Preferably

15 laser spot 38 is focused at overlying passivation layer 44. Due to its extremely short
pulse width, each pulse exhibits high laser energy intensity that causes dielectric
breakdown in conventionally transparent passivation materials. Each laser pulse
breaks off a thin sublayer of, for example, about 1,000-2,000 A of overlying
passivation layer 44 until overlying passivation layer 44 is removed. Consecutive

20 ultrashort laser pulses ablate metallic link 22 in a similar layer by layer manner. For
conventionally opaque material, each ultrashort pulse ablates a sublayer having a
thickness comparable to the absorption depth of the material at the wavelength used.
At wavelengths in the near UV, visible, and near IR, the absorption or ablation depth
per single ultrashort laser pulse for most metals is about 100-300 A.

25 Depending on the wavelength of laser output and the characteristics of the link
material, the severing depth of pulse 52 applied to link 22 can be accurately
calculated and controlled by choosing the energy of each pulse 52 and the number of
laser pulses in each burst to clean off the bottom of any given link 22, leaving
underlying passivation layer 46 and substrate 42 intact. Hence, the risk of damage to

30 silicon substrate 42 is substantially eliminated, even if a laser wavelength in the near



| aser pul ses in each burst to clean off the bottom of any given link 22,

| eaving underlying passivation |ayer 46 and substrate 42 intact. Hence,
the risk of damage to 30 silicon substrate 42 is substantially elim nated,
even if VD duEsIa43 wavel ength in the near WO 01/51243 PCT/ USBETGEY1%7117 uv
range is used. Although in many circungtances, a w de range of energies per
ultrashort laser pulse 52 will yield s bstanti ally simlar severing depths.
In a preferred enbodi nent, each ultrashort |aser pul se 52 abl ates about a
0.02-0.2 m depth of material within spot size 40. In general, preferred
abl ati on par anp: & sseof Aﬂttfooghs;ledlasp(ntrcmhxteno@@ a mudeudhegt af encreieepgi es of

each burst between 0.01 J and 10 Preater t han o%t i Hz, and
preferabl‘y'lt@li(h‘ﬁt fagerap:lser B2 WF“ Mieﬁjn%’rbsmﬁft‘% eHIlgr SQYGF‘B% 2fude 2 to 50

ul trashor t egegred %nl?c?(hm d MBtﬂ%lﬁfrtelr ?eg é%\ ?.‘ §203er ﬁﬁoﬁ@ﬁ@(’ﬁ 0. Zlenses 52.

The energ HSi € y prori ur st uItras ort pulses 52 can be 10

control | egepoiebt ﬁfatérmmnﬂlhﬁs;ﬁiﬂ@rzgnyOdeIﬂ%eheyraprméﬂehedleaaonqmammmrsnal singl e
mul ti pl e- nanosecond asermi)u se. reference to each ultrashort

pul sé 52afocasedspot sien 4 anadedaasas enﬁ@l%ma@h@ﬂr@yb%%’ﬁ%ﬂ 939 tlb] WA e a pul se

burst 50a with a_ consistent | a n Bur st 50a

can be actcHpiFsiien a&?‘fhlg %%quege&lgg 1kﬁggggbﬁ(§fﬁ agﬁélﬁgﬂélofé}g#eﬁ{)edoptl c (E-O

or aCOUStBur?fgtﬂocmélﬁdtgbqgtSU(iﬁﬂran@Ptei)u?s@g52"' 548 ABrelprefRhbloned 20@tradHoer (FI G
Wth reference to 4, the energy densities of pulses 52b can be

adj ust ed pslgest3zat bursts 50b of pulses 52b minmic the ener gy density profile
of a conventional multiple napnosecond | gser E%Ise ur s b can be

acconpl i shed wilhe erergy daniieynielety? yrsiat ehafashiodt nges- 20‘&? | aser system
60 6 f
(IEt y O?grﬁroglgg\% t%} sl BlCOeE ((Peng y}GBrol?%le PPS%E witioA8RIHS nﬁﬂ‘t’?pl@ a

vari rent ~energy es ‘that can be enpl oyed

advant agegilsycon@ 18RY plilsé.| Wish 2feficd foNKIG. B, fedclt ulteasiBdt palse 69a daf ber ent
types and thicknesses of |ink or passivation materials. Another
al t er nat i geneated withahe same prergy dersiwh Preiide & puisabupy PReavitioa GansisteRt gh

o anet gy Giieeby Easepary e RE oy T b tatrarnn o offfs B Y T he
bot t om of | khenifKar b IEARLbpfid BKO) or acousto-optic (A-O)optical gate and with an

15 optional amplifier (FIG. 8).

With reference to FIG. 4, the energy densities of pulses 52b can be adjusted
so that bursts 50b of pulses 52b mimic the energy density profile of a conventional
multiple nanosecond laser pulse. Bursts 50b can be accomplished with a
simultaneously Q-switched and mode-locked laser system 60 (FIG. 6).

20 With reference to FIG. 5, burst 50c depicts one of a variety of different
energy density profiles that can be employed advantageously to sever links 22 of link
structures36 having different types and thicknesses of link or passivation matérials.
Another alternative burst 50 that is not shown has initial pulses 52 with high energy
density and trailing pulses 52 with decreasing energy density. Such a energy density

25 profile for a burst 50 would be useful to clean out the bottom of the link without risk
of damage to a particularly sensitive workpiece. The shape of burst 50c can be
accomplished by programming the voltage to an E-O or A-O device or by employing
and changing polarizer rotation.

Preferably, each burst 50 severs a single link 22. In most applications, the

30 energy density profile of each burst 50 is identical. However, when a workpiece 12



of damage to a particularly sensitive workpi ece. The shape of burst 50c can
be acconplished by programm ng the voltage to an E-O or A-O device or by
enpl oying and changi ng polarizer rotation. Preferably, each burst 50
severs Wos0Irg248 1ink 22. In nost applications, the 30 en®&HySHORE 1ty
profile of each burst 50 is identical._ However, when a workpiece 12 WO
01/51243 PCTI USOL/ 00711 8 includes different types (different materials or
different dinensions) of links 22, then a variety of energy density
profiles (heights and | engths and as well as the shapes) can be applied as
t he posi tihelndasgdifigrinempe (dife@nt latesebny differenodiopingioss)1of links 22i 8wnof t he

f ing, link [ ith bursts 50 of ult h 52 5 off

2wk dor | iSRG e ORI st A ey Sl TS Pan docs
ti | |.ink i ng. ihi in bursts 50
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processi ng, the nost common ultrashort |aser source is at a wavel ength of
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substantially nonthermal nature of material i nt I i 52
pernmits 19" @Pat){’}felbmoc?%l%e ee‘éerﬁ)%lhﬁ Rﬁgmﬁ? ﬁlg}&%dar?tg 59/' r ?fg\%ba\%} t hout
pr oduci ng ﬂ‘&ingh{oﬁf%ﬂﬂ&ﬁﬁr naaseRtaies exPh@siion Pkt @bfithetrAg e andwetlt engt hs
shorter thanh the 1R can also be used for the process with the added
advant agecopfrofsisit Ineturé afeitrafteatasgrqirosdszieg, 18 mdeaysomawinl yltrashorgasdie
processing of narrower and denser_ links. This better |ink retﬁoval

resol ut i osoupserifat 8 wayplragth »T pgowS09Jun end faciitates dekvery 96 BRI easi ng
cir?ﬁit ensitg. Al t hough link structures 36 can have conventional sizes,
thel¥i nk WAtR°28 can, for exanple, be less than or equal to about 1.0 m

Sinmlarly, therhesmRiangilly henthdass hatatd fmh@yier sitetdctmnovieh pulsieldw t he
links 22 can be nodified if desirable to be 20 other than a typical 0.5 m
hei ght sipecmits AR lasgr otpus® byf ussdiosdinks 22¢haf 5@ NEHPWEF WMoYt Produdng fyn,
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15 thus facilitating the processing of narrower and denser links. This better link removal
resolution permits links 22 to be positioned closer together, increasing circuit density.
Although link structures 36 can have conventional sizes, the link width 28 can, for
example, be less than or equal to about 1.0 um. Similarly, the height of the
passivation layers 44 above or below the links 22 can be modified if desirable to be
20 other than a typical 0.5 um height since the bursts 50 of pulses 52 can be tailored. In
addition, center-to-center pitch 32 between links 22 processed with bursts 50 of
ultrashort pulses 52 can be substantially smaller than the pitch 32 between links 22
blown by a conventional beam-severing pulse. Link 22 can, for example, be within a
distance of 2.0 um or less from other links 22 or adjacent circuit structures 34.
25 FIG. 6 shows a preferred embodiment of a simplified laser system 60
including a CW mode-locked laser 64 for generating bursts of ultrashort laser pulses
desirable for achieving link severing in accordance with the present invention.
Preferred laser wavelengths from about 200 nm and 1320 nm include, but are not
limited to, 1.3, 1.064, or 1.047, 1.03-1.05, 0.75-0.85 pm or their second, third,
30 fourth, or fifth harmonics from Nd:YAG, Nd:YLF, Nd:YVQ,, Yb:YAG, or



di stance of 2.0 mor less fromother links 22 or adjacent circuit
structures 34. 25 FIG 6 shows a preferred enbodi nent of a sinplified | aser
system 60 including a CWnode-| ocked | aser 64 for generating bursts of

ul trashoY® 01’5123 pul ses desirable for achieving |ink sev@F?&&"l/ﬁo"“
accordance with the present invention. Preferred | aser wavel engths from
about 200 nm and 1320 nm i ncl ude, but dre not linited to, 1.3, 1.064, or
1.047, 1.03-1.05, 0.75-0.85 mor their second, third, 30 fourth, or fifth
harnmonics from Nd: YAG Nd: YLF, Nd: YVOQ41 Yb: YAG or WO 01/51243
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hi gher ! . . er frequency conversion efficiency
can be re géfbbébﬁpﬁl]'ca@éﬂe&ﬁerﬂﬂlﬂ 108@ sdREFFStoWohb er@ Y 188dr egmt fidfueAdyytoof t he

second, third, or fourt
15 the second harmonic laser output 104. Skilled persons will appreciate that where
harmonic conversion to UV is employed, an E-O device 106 such as an optical gate
or polarization state changer and a polarizer, is positioned before the harmonic
conversion apparatus. Skilled person will appreciate that due to the ultrashort laser
pulse width, thus a higher laser intensity, a higher laser frequency conversion
20 efficiency can be readily achieved.
Skilled persons will 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 (375-425 nm) can be employed to
preferably process certain types of links 22 using appropriate well-known harmonic
25 conversion techniques. Harmonic conversion processes are described in pp. 138-141,
V.G. Dmitriev, et. al., "Handbook of Nonlinear Optical Crystals", Springer-Verlag,
New York, 1991 ISBN 3-540-53547-0.
An exemplary ultrafast Nd: YAG or Nd: YLF laser 64 is the JAGUAR™ sold
by Time-Bandwidth® of Zurich, Switzerland. The JAGUAR-QCW-1000™ provides

30 pulses with pulse widths of up to about 8 to 10 ps at a pulse energy of greater than 1



har moni ¢cs of Nd: YAG (532 nm 355 nm 266 nm); Nd:YLF (524 nm 349 nm 262
rim or the second harnonic of Ti: Sapphire (375-425 nn) can be enployed to
preferably process certain types of links 22 using appropriate wel|-known
har noni v@6i/#1e¢dver si on t echni ques. Harnoni ¢ conversi on prBeEYSRLIG e
described in pp. 138-141, V.G Dnmitrigev, et. al., "Handbook of Nonlinear
Optical Crystals", Springer-Verl ag, York, 1991 | SBN 3-540-53547-0. An
exenplary ultrafast Nd: YAG or Nd: YLF laser 64 is the JAGUAR sold by
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that enpl QyseRsyxaeON0S T@'&Qﬂi}ﬂbﬂhﬁ@lﬁe parepdnit fiveshtiod 1 8killed persomstiplit 104
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FIG. 8 shows a schematic diagram of another simplified alternative
15 configuration of a laser system 110 for that employs a second resonator or amplifier
112.
Laser output 104 (regardless of wavelength) can be manipulated by a variety
of conventional optical components 116 and 118 that are positioned along a beam path
120. Components 116 and 118 may include a beam expander or other laser optical
20 components to collimate laser output 104 to produce a beam with useful propagation
characteristics. One or more beam reflecting mirrors 122, 124, 126 and 128 are
optionally employed and are highly reflective at the laser wavelength desired, but
highly transmissive at the unused wavelengths, so only the desired laser wavelength
will reach link structure 36. A focusing lens 130 preferably employs an F1, F2, or
25 F3 single component or multicomponent lens system that focuses the collimated
pulsed laser system output 140 to produce a focused spot size 40 that is preferably
less than 2 pm in diameter or smaller depending on the wavelength.
A preferred beam positioning system 62 is described in detail in U.S. Patent
No. 4,532,402 of Overbeck. Beam positioning system 62 preferably employs a laser

30 controller 160 that controls at least two platforms or stages (stacked or split-axis) and



20 conponents to collimate | aser output 104 to produce a beamw th useful
propagation characteristics. One or nore beamreflecting mrrors 122, 124,
126 and 128 are optionally enployed and are highly reflective at the | aser
wavel engv@oteHs ed, but highly transnmissive at the unuse&CRAB8IENHdt hs, so
only the desired Iaser wavel ength w IH reach link structure 36. A focusi ng
| ens 130 preferably enploys an FI, F2, "or 25 F3 single conponent or

mul ti conponent | ens systemthat focuses the collimted pulsed |aser system
out put 140 to produce a focused spot size 40 that is preferably |ess than
2 min di aasrﬁ‘timatesmiﬁnedﬂeetorsjé;‘)knldi4ng2@r\andhle?8vta\i@129hyt£focm st ¥pERd beam
positioning s em 6 escrl No...4.532, 402
of O/erbeéktpuéé‘iﬂﬁ stl?eg R l@gégé)r?lnlég Vﬂ@f%rr‘ﬁ%h{ylegﬁﬁ?o%eagl RURUDELY
controll et I @gefent st acked or
split-axi S)jﬁegﬁgﬁs%ﬁmgc?gﬁggﬁ%@ebg%&%vg%%riﬂ %lgggﬁ%aﬁﬁaﬁs with reflectors
122, 124, wbpie@nd2hd@ffeor trdqgelinkapaiefiog opertatser basyd e prowddedogst ar40 to a
desired laser link 22 on IC device or wor kpi ece 12. Beam positioning
syst &m 62 dpsgmilats. qui ck novenent between |inks 22 on the sane or different
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test or 5 desi a era ITec ocused

| aser spotj)3§ tﬁg&rhmpithi@hﬁ@% with bie b5 oﬂ lhlﬂJésfﬁ)trf palbasr 2 Sblawirtsstene bur st
50 of ultrashort pul ses 52 of |aser system output 140 to renove link 22.

The | aser ostpst &40 anrqmcerbelmbzz,z Ehe baser vaiem 60 preterablyrsevensgagh Yink22 png

posi t1 oni ey Syt BREl VARSI DS, 155 PRRgho? AT SRgh O P el med.
Becajype &#} 19Mfagts§st§r9 @r(?velrﬁﬁ%hhﬁ‘@@ P Righshrotgkputlyhdintdided S Betat ed | i ke
a single |p -~ 'nanosecon ul'se by positioRing system 62. Laser

cont r ol | efhelitsts SOnre Vsl echnvi0si, Badhr hursti dhis teateddikei mgnglhendsepler ed  ener gy
and pul se width of pul ses 52, the nunber of pul ses 52, and/or the shape and
15 dur at i @Anesecondrpstlse HOPeQIHEE RFEB62he characteristics of |ink

et o e ARG P Sy T BEOIRE ORS  L1t
such as deggil bad pulte Widh (ﬁaﬂulseN@?_, the number of pulses 52, and/or the shape and
15 duration of bursts 50 according to the characteristics of link structures 36. Laser
controller 160 may be influenced by timing data that synchronizes the firing of laser
system 60 to the motion of the platforms such as described in U.S. Pat. No.
5,453,594 of Konecny for Radiation Beam Position and Emission Coordination
System. Alternatively, skilled persons will appreciate that laser controller 160 may
20 be used for extracavity modulation of laser energy via a Pockels cell or an acousto-
optic device 106 and/or may optionally instruct one or more subcontrollers 164 that
control Q-switch 86 or E-O device 106. Beam positioning system 62 may
alternatively or additionally employ the improvements or beam positioners described
in U.S. Pat. No. 5,751,585 of Cutler et al, which is assigned to the assignee of this
25 application. Other fixed head, fast positioner head such as 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.



5,453,594 of Konecny for Radiati on Beam Position and Em ssion Coordi nation
System Alternatively, skilled persons will appreciate that |aser
controller 160 may 20 be used for extracavity nodul ati on of | aser energy
via a Powtel/si12zé®l | or an acousto- optic device 106 and/ or PRE(FS8HPIdhal |y
instruct one or nore subcontrollers 164 that control Qswitch 86 or E-O
devi ce 106. Beam positi oning systen16ﬂ> y alternatively or additionally
enpl oy the inprovenents or beam positioners described in U S. Pat. No.
5,751,585 of Cutler et al, which is assigned to the assignee of this 25
application. Qtheill b (XlﬁdOLhaadhosf:émegakllk 1naherartmaatdn3mc¢ha@g699@awéﬁorret er,

pi ezoel ectrically, or vaice c0|I-controIIeg mrr not or drlven
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model seri.es uf gﬂ htioh ESI ) of
Port | and, d@aé%%}%‘a&‘é §$‘sygx%§‘ﬁ§% eg§/e3é‘ﬁv\$h%f§%ﬂe%ﬁé élgustcl)l/ 00711 12 It
wll be Oﬁiﬂuwsthér@tdrgo%d&é*ﬁhlﬂgd 6l by the féllwviag cldimat many changes may be

made to t details of the above-described enbodi ment of this invention

wi thout departing fromthe underlying principles thereof. The scope of the
present invention should, therefore, be determ ned only by the follow ng
clainms. WD 01/51243 PCT/ USOL1/ 00711 13 Cainms 1. A nmethod of severing

el ectrically conductive redundant nenory |inks positioned between
respective pairs of electrically conductive contacts in a circuit 5
fabricated on a substrate, conprising: providing to a beam positioner beam
positioning data representing | ocations of electrically conductive
redundant menory links in the circuit; generating, froma laser, a first
burst of a first set of at |east two |laser output pulses during a first
time interval, each of the laser output pulses in the first set 10 having a
pul se width duration of shorter than 10 picoseconds and the first burst
having a burst width duration of shorter than 500 nanoseconds;



directing, in response to the beam positioning data, the first burst of the
first set of |aser output pulses to inpinge a first electrically
conductive redundant nenory link at a first tecation between first

cont act Vo ewsIR¢ast two of the |aser output pul ses 15 fronPEHESPHQIY set
removing different portions of the firgt conductive link and the first
burst severing the first conductive lildk between the first cont acts;
generating, froma |laser, a second burst of a second set of at |east two

| aser output pulses during a second tinme interval that is chronologically
different fromthe first tine interChlimmseach |aser output pulse in the
second set having a pulse width 20 duration of shorter than 10 picoseconds
and the second burst having a burst width duration of shorter than 500

nanoseconds: Al I 8CLlfigd dief GRRANASI(M t&ﬁd&%@%@&ﬁi&hﬁﬂbﬂe rfpta the

second burst o] Lecond r out put ses to i npinge a second

electri Caﬁdsﬁuﬁ@ﬂ'%ﬁﬁdeﬁ@espé@tdlém@tof rebsTerically lclkdlmtwacsmanmm hooatit on bet ween
second contacts, the second 25 | ocation being distinct fromthe first

| ocadi on, fahncatahen atswbstosfie, tdeEprigdds  out put pul ses fromthe second set

removing different, portipns of .the second nduct i v I econd

burst severi ngprloﬁléj“gge@o?lge%ﬁﬁﬂﬁ?l?e\/ ef“flrﬂgsglgflwg akat %gkéssgﬁég%glgg%t%%gg? s. 2.

The methode aficalyaldRsherietehliflan RRIOKS1ifS inaBBeralikng the first and second
i

bursts at a repetition rate of greater than one 30 kilohertz. WD 01/51243
PCT/ USOL/ 007 11genkfatidig, Tioen arbdstioch forfst bura o L first settdient lessntwo bismg)utrg)éner ating

the | aser output pul ses of the first second set t| on rate

of gr eat epulsesaiuring afwighimednterval, epgl o ﬁglehléﬂ’ré’f”péllt Bpﬁ?slmltﬁ \Eﬁ?tcsﬁ the |aser

out t | ses of r duration
gﬁor f d avtlrhgd%pgltsg Sidth &b s@oﬁ%‘:ﬂ’igﬁi léﬁﬁ%s&%\’)g SndPHeSErshhgsh durati

neé "pi cosecon of c aim1 in which each link

fOfmS a p&fv‘iﬂ%)ﬁ‘bﬁlfst Wldthrabratﬁhrdf@hom& thi@ 500 nmiaset&mdsa; passi vation | ayer that
overlies the 6. The nethod of claim5 in which the p asswa%l on | ayers
are renoved bydmectmgntrh@lsmse imtherhgemi pasitisaingedaia.tthe firgdwrst ohthsutirshul ses

and the pae% ?)If Ya%grl (C))J]tput ;Xffses to impinge a first electrically conductive redundant memory

link at a first location between first contacts, at least two of the laser output pulses
15 from the first set removing different portions of the first conductive link and the first
burst severing the first conductive link between the first contacts;
generating, from a laser, a second burst of a second set of at least two laser
output pulses during a second time interval that is chronologically different from the
first time interval, each laser output pulse in the second set having a pulse width
20 duration of shorter than 10 picoseconds and the second burst having a burst width
duration of shorter than 500 nanoseconds;
directing, in response to the beam positioning data, the second burst of the
second set of laser output pulses to impinge a second electrically conductive
redundant memory link at a second location between second contacts, the second
25 location being distinct from the first location, at least two of the laser output pulses
from the second set removing different portions of the second conductive link and the
second burst severing the second conductive link between the second contacts.
2. The method of claim 1, further comprising:

generating the first and second bursts at a repetition rate of greater than one

30 kilohertz.



10 7. The method of claim5 in which at | east one of the |aser output

pul ses from each set renoves a 0.01-0.2 mcron sublayer of the passivation
| ayer. 8. The nmethod of claim7 in which at |east one of the |aser output
pul ses fWOM/5B4Eh set renmoves a 0.01-0.03 micron subl ayer PETYSY0PTIRK, 9.
The method of claim 1 in which at Ieas{ one of the | aser output pulses from
15 each set rempves a 0.01-0.03 nicrontsubl ayer of the link. 10. The nethod
of claim9 in which at | east one of the Iinks conprises alum num

chrom de, copper, doped polysilicon, disilicide, gold, nickel, nickel

chromni de, pl at Bniihe mpethgd pflelaim dnfathencomprisidg; titanium titaniumnitride,
tungsten, or tungsten Si)*{ﬁi ci de. Zq 11.. Thf met%od of claiml1 in which the
links are remoS&W BPZANE Lsehey iR Pulsesof thi FITsh AN SFR8E 1618 KL 2 FEREIO yt put

pul ses an ' 1 thod of claim1, further conprising
generat i ngat% Egg‘lfe%%g?mgn%“ge%%re\ "sets of laser output pulses at a

wavel engt h bet we®he aleehoid ctQPaimim andhich2Be tuver didputlnedsayet hioel ficdt andn 1,

further conprising generating the first and second 25 sets of |aser output
pul sés fregrad s &Y@p@ﬁulswaghld@&é@&,ofswﬁ%ﬁ@@%@e PK9&scoNd s The method of

claim11, further .conpriskin ri . i - \M . i ng the
under | yi ng subSt rjg}eg?et_&éé Ogﬁ%ﬁxngtlhg%%??%‘{hal%&fﬂn%q\?@&%%rgtgﬂg%b?rst and
second bugsi$uRaNg igd1Hidsa passiRi@Yiagengiat yvepli@f thk ¢isk. WO 01/ 51243

PCT/ USOL1/ 00711 15 16. The nethod of claim1 in which each of the | aser

out put pul ses bnThheethodsif clast 5 irawhighphe passaadpy layiees argrempreePBAty. 17.
The method of claim1 in which gt |least two of the. laser output pulses in
the first H%Iébewﬁémaﬁafnfl%‘} Befpverinfhfae ouput gulpes méi%‘e&éfﬁ%ad‘%ﬁa T&m17 in
10V et 5 2 ALpASFERHPHl UL SR pIIT SR iy sagong, anc
i nt ensi ti eshwherendves bd.01-0X mévrdn siblaykrioftinpassivesoalaget.ess t han t he
second intensi t8.y'The method of claim 7 in which at least one of the laser output pulses from
each set removes a 0.01-0.03 micron sublayer of the link.
9. The method of claim 1 in which at least one of the laser output pulses from
15 each set removes a 0.01-0.03 micron sublayer of the link.
10. The method of claim 9 in which at least one of the links comprises
aluminum, chromide, copper, doped polysilicon, disilicide, gold, nickel, nickel
chromide, platinum, polycide, tantalum nitride, titanium, titanium nitride, tungsten,
or tungsten silicide.
20 11. The method of claim 1 in which the links are removed by a nonthermal
interaction between the laser output pulses and the links.
12. The method of claim 1, further comprising generating the first and second
sets of laser output pulses at a wavelength between about 200 nm and 1320 nm.
13. The method claim 1, further comprising generating the first and second
25 sets of laser output pulses from a CW-pumped, mode-locked, solid-state laser.
14. The method of claim 1, further comprising severing the links without
damaging the underlying substrate.

15. The method of claim 1 in which the first and second bursts have similar

energy density profiles.



19. The method of claim 17 in which the first set of |aser output pulses

10 conprises first, second, and third chronol ogi cal pul ses havi ng
respective first, second, and third intensities wherein the first

i nt ensi WO dBSIg4eater than are either of the second and t hPEBUSHYEYiEL ti es.
20. The nmethod of claim1l in which the first and second bursts are shaped
to match an energy density profile of13a conventi onal mul ti pl e- nanosecond
link 15 processing | aser pulse. 21. The nethod of claim1 in which the beam
positioner provides continuous relative notion between the substrate and

| aser spots rese6l Thewgethodraftchgmblimswbicbfeactoelt fhutiaspubspst puists mfib¢ fitdhe i nks
are processed on-the-fly. 22. The nethod of claiml in which the beam
positi oneﬁeté@ﬁﬁ?ﬁrgé‘éﬂ%t% thag %?@éfsmteﬂéqu hat nove the relative position between

the substrate ?9d1ﬂ$%3§h§§8F§MgS§ ?ﬂP&}Lﬁ8¥&t&@8tH%rﬁﬁﬁgﬁrst?hRH§ﬁPU'Ses

23. The nethod of ¢ and secon eac

conpri se atfidkeas hafcodiffelas eite@iiqgut pul ses. 24. The nethod of claim1l in
which the Iinks have a width that is |ess than 25 one mcron. 25. The

met héd of cl ai #8.1 Tha mdthedhof tleinf 17 n whinh he desidebol iy QUPHMOUEesa  bur st

wi dth duration of. shorter than. nanose od of claim1l
in which EYBRITES fiEst sroppd a‘ﬁgﬁhﬂr%cfg‘rwl%“f% Rge:%lﬁl?vd% ﬂ?sge{{ﬁ’gt el udes a
passivati 9&oh@y§{d atmtgffﬁﬁéé \%ﬁel{llhlq}lé iRk antl MhiYdiéhsiiRe 230 1388 UAs | On

| ayers are renmoved by a nonthermal interaction between the |aser output WO
01/51243 R@Eﬁ&lﬁﬁ&ﬁsﬁl@?ll 16 pul ses and the passivation |ayers, |n whi ch at
| east one of the | aser output pul ses from ach se renoves a 01-0.2

m cron_subl ayedoflhetfestpeisof daes on 1h 2, e TSieChl 6T UGRIPIRE of (e
Iasellol out E)?rﬂpf %:gffefg f c%%e%cpt LenE SR éal%u&epfla&ng?esg%e&[\%rhrs ubl ayer of

t he nk, r1sing: genera ase put pul'ses of the
first ands&%ﬁ@,nﬂldstﬂtrﬁ ifdenatiELWRérein B tlritaht@nﬁfy igreeed@t thimare eithevbl theand
second and third intensities.
20. The method of claim 1 in which the first and second bursts are shaped to
match an energy density profile of a conventional multiple-nanosecond link-
15 processing laser pulse.
21. The method of claim 1 in which the beam positioner provides continuous
relative motion between the substrate and laser spots resulting from the bursts of
output pulses such that the links are processed on-the-fly.
22. The method of claim 1 in which the beam positioner comprises two stages
20 that move the relative position between the substrate and laser spots resulting from
the bursts of output pulses.
23. The method of claim 1 in which the first and second bursts each comprise
at least four laser output pulses.
24. The method of claim 1 in which the links have a width that is less than
25 one micron.
25. The method of claim 1 in which the first and second bursts comprise a
burst width duration of shorter than 200 nanoseconds.
26. The method of claim 1 in which each link forms a portion of a link
structure that includes a passivation layer that overlies the link, in which the

30 passivation layers are removed by a nonthermal interaction between the laser output



generating the bursts of first and second sets of |aser output pulses from
a CW punped, node-|locked solid-state |aser at a repetition rate of greater
than 1 kHz at a wavel ength between about 200 nm and 1320 nm 10 27. A

met hod OFO8EFRAIng an el ectrically conductive |ink bet weeRCAYUSAIPO7dE
electrically conductive contacts in a f'rcuit fabricated on a substrate,
conprising: providing to a beam posittoner beam positioning data
representing |ocations of conductive links in the circuit; generating,
froma laser, a first burst of a first set of at |east two | aser output 15
pul ses dupilsgs andf the passivanienilaptees, vawhichamHeast ondef thedaser outppupulsed ise® i n t he
first set having a pulse width duration aof shorter. than 25 pi.coseconds and
Lhe 111 ot a6t ek A 01 B BNCrah et oL PO LeHb RD B 18 ATHSg0

nanoseconds;. di.r i in.r heasy { 1 9MNG: a, the first
bur st of ?e%g (g{lerogﬁhé g‘%?r %‘?tp ]l]t seérgggﬁ)tl%g%&l}p}gfses teggisdr'r%} ggbeBHIglIC?i@é st
conductivglmg}rgf ofithealifilt,r fatthérombprisingoet ween 20 first contacts, at | east
two of the |aser output pulses fromthe first set renovi n(t:] di fferent
portiSons of theemdraing derdarge onpat Pylsas ofribe firs apgd seqong jeisal adRSITAR t he
first conductive, |link en the first contacts; generating, froma

| aser, a &¥¢8 ér%ﬁf%ﬁ%wy@cﬁ&ﬂd set of at least two | aser output pulses
during a Secongeﬁérﬂﬁn% HetuYsd of NAL 2h@ sceBh@R&E 08izad dbutpeh fifl &k €rdm &ICOW t he

25 first time interval, each |aser output pulse in the second set having a
pul se wi dpbmged,ahbdnlmked boid-wate i dsanabrepetooecoads greattr thes skbdaatabur st
havi ng a burst width duration. of SQ‘”% r than 500 nanoseconds; directing,
in responyéVﬁléngthé)eB’é%%a&Sg'i%dboﬁ*ﬂ‘ datd M -he second burst of the second
set .of | aser oytpu : I pI ; i i tofa second
30 I@cati on be? \?\Eeé\ngégl(ll:%ﬁ %gﬁ@g%{;g%%tﬁg&@ggéggifﬁ%gﬁ g%t%gg?g agiogti nct
fromthe tietgical¥OcOddueding 3oiReets WSH 2irQOT fabricdréd loacadubsmate atoneastg: t wo of t he
| aser output pulses fromthe second set renoving different. portions of the
second conduct pvevidingko arfgammesisienenbEapuPes it AriA JeRBENERE MFatioR M duct i ve
| i nk between, the second,cont aft:,ts. 28. The nmethod of claim 27, further

conpri sin éc_)nductlve 1inKs in the€ circul
generating, from a laser, a first burst of a first set of at least two laser output
15 pulses during a first time interval, each of the laser output pulses in the first set

having a pulse width duration of shorter than 25 picoseconds and the first burst
having a burst width duration of shorter than 500 nanoseconds;
directing, in response to the beam positioning data, the first burst of the first
set of laser output pulses to impinge a first conductive link at a first location between
20 first contacts, at least two of the laser output pulses from the first set removing
different portions of the first conductive link and the first burst severing the first
conductive link between the first contacts;
generating, from a laser, a second burst of a second set of at least two laser
output pulses during a second time interval that is chronologically different from the
25 first time interval, each laser output pulse in the second set having a pulse width
duration of shorter than 25 picoseconds and the second burst having a burst width
duration of shorter than 500 nanoseconds;
directing, in response to the beam positioning data, the second burst of the
second set of laser output pulses to impinge a second conductive link at a second

30 location between second contacts, the second location being distinct from the first



5 generating the first and second bursts at a repetition rate of greater
than 1 kHz. 29. The nethod of claim 27, further conprising: generating the
| aser out(ﬁut pul ses of the first and second sets at a repetition rate of
great er WOAHS123 MHz. 10 30. The nethod of claim 27, furthBETASANIAE, ng
generating the first and second sets | aser out put pul ses at a

wavel engt h between about 266 nmand 1320 nm 31. The nethod of claim27 in
which the Iinks forma portion of a field programable gate array. 15 32.
The nmethod of claim27 in which at |east one of the |inks conprjses

al uni num lochnimﬁaﬂéeaSt:@ppefrthe trspeoutpel wﬁmsﬁm thegsesprd eqtdemoyse dliffeeekel

ni ckel chrom de po nt al um titani
nitride, PAGEE Bf‘lth% SS?OI{A%Q?%W%QP% d@idot © 53N ‘P restt r%%‘{ g th‘% g‘%}m gn? furt |hg;n
conprisin Igﬁ@ﬁ{;@flhlgget%& {Hersggor@r@,n%gsond 20 sets of |aser output pulses
froma punped, node-|ocked solid-state [aser. 34. The method of claim 27

further conpri g8 ng‘memﬁhmmgf tlhien RV nkusthar t)tbmptlsmgiarrag| ng the underlying
substrate. 35. The nethod of cl ai mﬁq in which.the | ? out p ul ses of
the Pirst and 2ereEyg bediEstaag secong NUsHs @ %If‘?PeHH?%ﬁt AT &Featey 65% than 1

pi cosecong 25 36. The method of claim27 in which the first and second
bursts ha ]éI simlar energy density profiles. 37. The nethod of claim27 in

whi ch each of bbe TRsREhQUSPLULINPAY SRStHeN comprisiigr st set has approxi mately
the sane intensity. 38. The nethod of claim27 in which at |east two of the
B?}ser out put pekmssatingnihe 3ayex ptpay P sesdtthe Bt aad pecoOPd §81Sj3h A SBRGTIEIPBS . WO

51243 PCT/ USOL/ 0071 39. The nethod of claim38 in which the first
set of |as¥f° gﬁfeﬁfftr lbat?ll]so 1g/ﬁ{zczonpri ses first, second, and third

chrqgol ogi cal Byl sgR Haubder F1amRee! furthet cbSbrising generating the first and
second sets of laser output pulses at a wavelength between about 266 nm and 1320
nm.
31. The method of claim 27 in which the links form a portion of a field
programmable gate array.

15 32. The method of claim 27 in which at least one of the links comprises
aluminum, chromide, copper, doped polysilicon, disilicide, gold, nickel, nickel
chromide, platinum, polycide, tantalum nitride, titanium, titanium nitride, tungsten,
or tungsten silicide.

33. The method claim 27, further comprising generating the first and second

20 sets of laser output pulses from a CW pumped, mode-locked solid-state laser.

34. The method of claim 27 further comprising severing the links without
damaging the underlying substrate.

35. The method of claim 27 in which the laser output pulses of the first and
second sets have a pulse width duration of shorter than 1 picosecond.

25 36. The method of claim 27 in which the first and second bursts have similar
energy density profiles.

37. The method of claim 27 in which each of the laser output pulses in the
first set has approximately the same intensity.
38. The method of claim 27 in which at least two of the laser output pulses in

30 the first set have different intensities.



second, and third intensities wherein the first and third intensities are

| ess than the second intensity. 5 40. The nmethod of claim38 in which the
first set of |aser output pulses conprisesfirst, second, and third
chronol & ead124ul ses having respective first, second, anRCT/HS 140711
intensities wherein the first intensity is greater than are either of the
second and third intensities. 41. ThelRethod of claim 27 in which the first
and second bursts are shaped to 10 nmatch an energy density profile of a
conventional nultiple-nanosecond |ink- processing |aser pulse. 42. The

met hod of cl ai3f. 2Thé mewttidadf cldim IRebnwiiob ithd ﬁrtiewtctﬁr}%ﬂer Qe@ut mesesst ages t hat
nove the substrate or the | aser beam m 27 in which

the fi rstcoaﬁHlS@%EbsﬁdseB%‘P%t%ldé%‘é%Chri’ﬁ"]é’g‘r?ﬁlri"gées thgggfpepg hf%Ser out put
log!s:efha ﬁeionﬁh%nggﬁlpo?ﬂn&{su[é%%é{&%ﬂ tl‘ltenﬁx‘élﬂwt}ﬁﬂael eh kiSs Qﬁvlessathgyt gieh that is

ai m the |'i nks are redundant
menory | igaksnd intemsithi ch each link forms a portion of a link structure that
i ncludes a passivation layer 20 that overlies the lin ich the

passi vation | a%ﬁbr %'h%tm@thOéirﬂf\ﬁé%iﬂ‘b%/S 0 W@ﬁt‘tﬁ]@‘-’rﬁw S‘?trﬂfé?SSEPil@HtB f%een t he

| aser out and i vati east one of
the | aseréc()’BtPtr Et ,|:geggnc¥ raélﬂf%@é@ﬁh’ é‘?‘% ish g@é&ahag[}@%k}& éguﬁé (t:]rr%h subl ayer
of the pas%%ﬁﬁarah@@hlt@}fﬁénsnie@ \W&k&ﬂ 1 fitsCafiénsRPgs Pleatehehdnagekithettqfthe pul ses
fromeach set renoves a 0.01-0.03 mcron sublayer of the link, further

CO[T’DI’I t5| @Corﬂﬁa@bﬂh&dahﬂengﬂﬁﬂ’l? Iaser out put pul ses of the first and second
sets at a repetition rat t 1 : '
bugstf of 1115 alte TEBBIPISHIE SF 1 HuER Ll GSTCB8 oA STdad,
no oc h
fa ,%gtfﬁah g V\%&%{egg LSRG Abe ?Cérﬁrgﬁﬁéﬁa'l BUIGAL SiaRbse8bRPiME- than 1 kHz at

vel en nm and 1320 nm WO 01/51243 PCT/ USO /00711
19 46. A pras@kingakeepuk@r enploying |aser output to sever electrically

conductive
42. The method of claim 27 in which the beam positioner comprises two
stages that move the substrate or the laser beam.
43. The method of claim 27 in which the first and second bursts each
15 comprise at least four laser output pulses.
44. The method of claim 27 in which the links have a width that is less than 1
pm.
45. The method of claim 27 in which the links are redundant memory links,
in which each link forms a portion of a link structure that includes a passivation layer
20 that overlies the link, in which the passivation layers are removed by a nonthermal
interaction between the laser output pulses and the passivation layers, in which at
least one of the laser output pulses from each set removes a 0.01-0.2 micron sublayer
of the passivation layer, in which at least one of the laser output pulses from each set
removes a 0.01-0.03 micron sublayer of the link, further comprising:
25 generating the laser output pulses of the first and second sets at a repetition
rate of greater than 10 MHz; and
generating the bursts of first and second sets of laser output pulses from a

pumped, mode-locked solid-state laser at a repetition rate of greater than 1 kHz at a

wavelength between about 200 nm and 1320 nm.



| i nks positioned between respective pairs of electrically conductive
contacts in a circuit fabricated on a substrate, conprising: a punping
source for providing punping light; 5 a | aser resonator adapted to receive
t he punpiomysshzaght and emt | aser pul ses each having a plHGEUSHI@PHIdur ati on
of shorter than 25 picoseconds, the resonator including a solid-state

| asant; a node | ocking device for nndb9locking the | aser resonator; a burst
gating device to separate sets of |aser pulses into discrete bursts of 10
| aser out put such that each burst includes at |east two |aser pul ses and
has a burst wpdtA gy atstean fafensfloyihg lasthampbO seaerodextnoally, caadbaizm
positioning systemfor changing the relative position between the |inks
and | aselinkppesitioned (etweeg resnsaiYhralrssafealechigablytcondpcivy QOREET 1Byist em
control l er for coordinati the beam. positioning systemw th the 15 burst
gating dEVFHETabgicRe ﬁ&@'uﬁ%“FSS%Fm§E%§% of the Iaser pulses in each burst

are spatiall hOHRNSe RIRFDreMBFanAhd Yeyer | appi ng and each bur st

i npi nges a si Bréllgﬂ(fﬁe)rﬂ)tl??nk. 47. ci)The I g?glr pgyést?ém of claim46 in which the
linlkgs are progdssedesonatbheddpitad to réeziverthe puasping Hglht anch esmit d4sei PHIES i n whi ch
the bursts are generated at,a 20 repetition.rate of greater_ than one

ki | oher t £achylavinghe Pplse srdifyraiAnyyt Bonpnihag 25 SRt Be rEeRAop ¢ put

pul ses are ener at ed. at epetition rate of greater than 10 negahert z.
50. The I“écélé(gn%ygsfé&nq% lgg%nlr[’m 46 in which each link forns a portion of a

link struct unenddatockingldédies fer madslockingahe layeresotwdr; over | i es the |ink.
25 51. The laser systemof claim50 in which the passjvation |ayers are
renoved by a aromstigatingideyine & saparaisasepinass RUbSs I“&Qé]rlscé‘ﬂ?gﬁfs‘ | ses and

0, 2 S SANGER el BEFh BIRLET Pl SRR il o [ s
subl ayer fiit 0BRSSt MBHEPhah308Man¥¥e:Okis51243 PCT/ USO1/ 00711 20
a beam positioning system for changing the relative position between the links
and laser spots resulting from the laser output; and
a laser system controller for coordinating the beam positioning system with the

15 burst gating device such that the laser spots of the laser pulses in each burst are

spatially contiguous and substantially overlapping and each burst impinges a single

link.
47. The laser system of claim 46 in which the links are processed on-the-fly.
48. The laser system of claim 46 in which the bursts are generated at a
20 repetition rate of greater than one kilohertz.

49. The laser system of claim 46 in which the laser output pulses are

generated at a repetition rate of greater than 10 megahertz.
50. The laser system of claim 46 in which each link forms a portion of a link
structure that includes a passivation layer that overlies the link.
25 51. The laser system of claim 50 in which the passivation layers are removed
by a nonthermal interaction between the laser output pulses and the passivation

layers.

52. The laser system of claim 50 in which at least one of the laser output

pulses from each set removes a 0.01-0.2 micron sublayer of the passivation layer.



53. The | aser systemof claim51 in which at | east one of the |aser output
pul ses fromeach set renoves a 0.01-0.03 mcron sublayer of the |ink. 54.
The | aser systemof claim46 in which at | east one of the |aser output

pul ses Woodash set renpves a 0.01-0.03 nicron subl ayer BFTURR/QOTHK. 5 55,
The | aser systemof claim54 in which _at |east one of the |inks conprises
al um num chrom de, copper, doped polysilicon, disilicide, gold, nickel,

ni ckel chromde, platinum polycide, tantalumnitride, titanium titanium
nitride, tungsten, or tungsten silicide. 56. The | aser system of claim46
i n which the |§nkThalser gxmveds dyinas1 10 wharht dideasabné of dedaser ontpbet ween t he

| aser output pulses and the links. 57. The |aser systemof claim46 in
whi ch t hepudsss STasn epes et repe st (hill-9d8 mjcgon é@ﬂéﬁf%t dhelbinl wavel engt h

bet ween about 200, A0l A800 At e i B8 S6ast Yok STURNACH B0 11 whi o

sets of |aser es are generate roma e- 1 ocked,

sol i d- st ghfsds IR eadiPsc? Temd s o BOL0. (B Mi@on dliblayeriontdslink whi ch the |inks
are severed w thout damaging the underlying substrate. 60. The | aser
syst®m of cl ai #0.4Fhe hasahsysiem pEclpim §¢ 4n &ilpast gpe ahiedinks gemerisss

files. 61, The | tem of claim46 in. whj -he, |

out put *piAl ST chipse foger. e SoRPReo ey Bl Hen o B AHE! L U7 52, The

laser syst ?Eﬁlﬁﬁ{e f)gﬁffnphﬁgjolﬁidé",‘itaﬁlﬁl@xh @RS titaprurl] tfali@nl Asede, uiigiten, pul ses
l} avé different

in each se Intensities. 63. The |aser systemof claim46 in
whi ch eacdy @agstaf silisiler out put pul ses conprises first, second, and third

chronol ogi cal pul ses having respectjve first, 25 second, d third
intensities V\/ngi?-eTfh‘: kapes sy stemof gy 44 Wh‘ﬁ?é@f’sﬁ?‘fse%reé?@w% than the
second intensity, .64, e i i i ch each set of

I asi& outmnheﬁﬂ‘?égglgeragc:&o%p?%@g&;{ @??@s{e?&%@éto@d?ésgﬁﬁ%ipp ‘chronol ogi cal

pul ses havi ng $eSBelikesystans bf claB@a6na whididibesetsdbfilmeensipti pasesteze ei n t he

first intensity is greater than are the second 30 and third intensities.
generated at a wavelength between about 200 nm and 1320 nm.
58. The laser system of claim 46 in which sets of laser output pulses are
generated from a CW-pumped, mode-locked, solid-state laser.
15 59. The laser system of claim 46 in which the links are severed without
damaging the underlying substrate.
60. The laser system of claim 46 in which the bursts have similar energy
density profiles.
61. The laser system of claim 46 in which each of the laser output pulses in
20 each set has approximately the same intensity.
62. The laser system of claim 46 in which at least two of the laser output
pulses in each set have different intensities.
63. The laser system of claim 46 in which each set of laser output pulses
comprises first, second, and third chronological pulses having respective first,
25 second, and third intensities wherein the first and third intensities are less than the
second intensity.
64. The laser system of claim 46 in which each set of laser output pulses
comprises first, second, and third chronological pulses having respective first,

second, and third intensities wherein the first intensity is greater than are the second

30 and third intensities.



WD 01/51243 PCT/ US01/ 00711 21 65. The | aser systemof claim46 in which
each burst is shaped to match an energy density profile of a conventi onal
mul ti pl e-nanosecond | i nk-processing |laser pulse. 66. The | aser system of

cl ai m 40 e1/5R4xch the beam positioner conprises two 5 stBgEYS{M1lpyve the
relative position between the substrate and | aser spots resulting fromthe
bursts of output pul ses. 67. The Iaserzlsystem of claim46 in which each
burst conprises at |least four |aser output pulses. 68. The | aser system of
claim46 in which the links have a wdth that is less 10 than one mcron
and the wavel eggt ITheflageheydtas @ff chiirhpift inpuhiske sadhathirst isvshapied to het¢harr ar ed
region. 69. The | aser s%stem of claim46.in which tge bur st s. cci rise a
burst wi derergydersiydiobe of RoronEentanahmalipleaARSeasH Jnk-PreCesHng g%éer system

of claim46 in which the | aser output pulses are 15 generated at a
repetitioRUIls%rte of greater than 10 MHz, in which the bursts are generated

froma punped, gpod@re! 196k apki&alof ¢tasthatcein vAiSiER & beant gyditiorer compeses toh
greater than 1 kHz at a wavel ength between about 200 nm and . 1320 nm in
whi ¢l eachagésthat movertheaelatve positiart betwiepm khestubsteate ped tases SHOFCICSHERE o
passivation |layer that overlies the 1link, in which the passivation |ayers
are renovETh{EPUESHPheRRR) PYSSer acti on between 20 the |aser output pul ses

and the passivabi ofcl g% Sererh b MU WERE ba@Bure coniiftiseagekeastduiput
pul ses from each set renoves a 0.01-0.2 mcron sublayer of the passivation

| ayer, anghsetnomputcpulass. | east one of the laser output pulses from each set
remves a 0. O%ép'"lgh?)e lrzge(; rs?s?erg%?lc?a){r%r%oifn \}Vfrl]i%h lttilenllfﬁks%gve a width that is less
10 than one micron and the wavelength of the laser output pulses falls within the infrared
region.
69. The laser system of claim 46 in which the bursts comprise a burst width
duration of shorter than 200 nanoseconds.
70. The laser system of claim 46 in which the laser output pulses are
15 generated at a repetition rate of greater than 10 MHz, in which the bursts are
generated from a pumped, mode-locked solid-state laser at a repetition rate of greater
than 1 kHz at a wavelength between about 200 nm and 1320 nm, in which each link
forms a portion of a link structure that includes a passivation layer that overlies the
link, in which the passivation layers are removed by a nonthermal interaction between
20 the laser output pulses and the passivation layers, in which at least one of the laser
output pulses from each set removes a 0.01-0.2 micron sublayer of the passiyation

layer, and in which at least one of the laser output pulses from each set removes a

0.01-0.03 micron sublayer of the link.

25



