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QUTPUT 15 WW g8 Field The present invention relates to admsswabssed
met hod for severing electrically conductive links in integrated circuit
devi ces fabricated on a sem conductor wafer and, in particular, to such a
met hed that enploys an ultraviol et |aser output havrﬁg‘at —a predeternt ned
wavel ength a power density of sufficient magnitude to se w l

positi oned above a passivation |ayer characterized by hemmwmm& w4gmnorptlon
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or 1.064 ml aser wavel engt hs have been enployed for nore than 20 years to
expl osivgly renove | aser severable circuit links to di-sconnect, 25 for
exanpl e, a defective nmenory cell and substitute a replacenent redundantj
cell in a nenory device such as a DRAM an SRAM or an eﬁmwmmmmﬂ y.
Simlar techniques are also used to sever l.inks to progr memm
product, gate arrays, or ASICs. Fig. 1A shows a conignLLgpaLGb@frared (IR)
pul sed | aser beam 12 of spot size dianeter 14 inpinging a lin

16 conposed of a polysilicon or netal 30 link 18 positioned above a SI|ICOﬂ
substrate 20 and between conponent | ayers of a passivation |ayer stack
including an overlying passivation |ayer 21 and an underlying passivation
| ayer 220 Silicon substrate 20 abMﬁ'ﬁé OB ShYERI small proportional WO
99/ 63592 PCTI US99/ 12465 2 quECﬂW§CéilﬂRC£&ﬂDHQ E INKZonvent i ona
passivation layers 21 and 22WITHhUBIRAVIOIET LASER O@&TRUEI | i con nitride
are relatively transparent to IR radiation. To avoid damage to the
substrate 20 while naintaining sufficient energy to process a netal |ink
18, Sun et al. in U S. Patent No. 5,265,114 proposed using 5 | onger |aser

wavel en%ﬂh such 28 H’Img,IE {Jor processing links 18 on silicon wafers. At

the 1.3 | aser wa he absorption contrast between the |ink
material and sil i ¢TRO pedsbat indéioaGeiates T aNadedbgsdd hédod fhedevering Blectrically

traditional 1 m|l|aser wavel engths.

conductive links in integrated circuit devices fabricated on a semiconductor wafer
and, in particular, to such a method that employs an ultraviolet laser output having at
a predetermined wavelength a power density of sufficient magnitude to sever a link

20 positioned above a passivation layer characterized by height and absorption sensitivity
that is sufficient to prevent the laser output from impinging the underlying substrate.

Background of the Invention
* Traditional 1.047 um or 1.064 um laser wavelengths have been employed for

more than 20 years to explosively remove laser severable circuit links to disconnect,

25 for example, a defective memory cell and substitute a replacement redundant cell in a
memory device such as a DRAM, an SRAM, or an embedded memory. Similar
techniques are also used té sever links to program a logic product, gate arrays, or
ASICs. Fig. 1A show.s a conventional infrared (IR) pulsed laser beam 12 of spot
size ’diameter 14 impinging a link structure 16 composed of a polysilicon or metal

30 link 18 positioned above a silicon substrate 20 and between component layers of a
passivation layer stack including an overlying passivation layer 21 and ah underlying

passivation layer 22. Silicon substrate 20 absorbs a relatively small proportional



The nmuch wi der | aser processing wi ndow and better processing quality
afforded by this technique has been used in the industry forpcaRRgé 14468 ee
years with JiOR(63¥ccess. 10 The IR | aser wavel engths have, however,

di sadvant ages: the coupling efficiency of an IR |aser beam 12 into a

hi ghly electrically conductive metallic liAk 18 is relatively poor; and
the practical achievable spot size 14 of IR |aser beam 12 for [|ink
severing is relatively large and limts the critical dinmensions of |ink
width 24, |idusnlignefiR 2didtienyeencaventintal padéva?itn layeds 21 aid 22 swdh BGilicine
IR laser link 15 processing relies on heating, rreléjfn .in link 18, and
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about 1 m thsogeshlaGRémNIiBal 8 eSuh @fal Piassis: Hatemw Nay265, P14 ploposedasing

irregular and results in an inconsistent |ink processing quality that is 20
unacceptabl e.lofiger lpseaovavelengthehsusha51e3 pBwdpr PEpsessingolaksshszen siligen wafers.
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build-up to explosively open overlying passivation layer 21. The thermal-stress
explosion behavior is somewhat dependent on the width of link 18. As the link width
becomes narrower than about 1 um, the explosion pattern of passiVation layers 21
becomes irregular and results in an inconsistent link processing quality that is

20 unacceptable.
The practical achievable lower laser spot size limit, accounting for selection of
optical elements and their clearance from substrate 20, for a link-severing laser beam
12 can be conveniently approximated as twice the wavelength (24). Thus, for 1.32
um, 1.06 um, and 1.04 um laser wavelengths, the practical spot size limits for link
25 removal are diameters of roughly 2.6 um, 2.1 um, and 2.0 xm, respectively. Since
the lower limit of usable link pitch 30 is a function of laser beam spot size 14 and the
alignment accuracy of laser beam 12 with the target location of link 18, the lower

spot size limit directly affects the density of circuit integration.



(These paraneters are shown in Fig. 1B.) The graph assunes 0.5 m accuracy
through the w&a§6:k997, 0.35 maccuracy through the year 1999, penus@®/286im 10
accuracy thereatter. Accordingly, industry experts predict that spot sizes
under 2 m wll soon be desirable for procgssing |inks 18. These spot sizes
are not, however, practically achievable with conventional IR |ink-blow ng
| aser wavel engt hs. Shorter visible wavel engths, such as 0.532 m would
permt a reduction in the | aser beam spot size. However, at these
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apparatus for severing electrically conductive links fabricated on a

seni conduct or DRa¥Mrdesignb. .k isexigiaph of spOtGizga¥essusigah slemoastrating industpy
tical b ' id ly. . . t

Phe’ sem Sond. MBidspes el btz e ok $Fp 20 P ol gl 2l oFF De

I nvention An %E%ﬁqé bRed dAG SFPREFHmulRR abrdximatidg \poe §i0é embRdsdT ot dized

| aser - based od that enploys ultraviolet (UV) 1aser output to sever an
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circuit structure. This wavel ength range 1s nonconventional "for |ink
processi ng, and thghomerevisibiznweveddngiliss stdieas@§22 @nytwoudd permit weeduggion in

absorption characteristics of the passivation |ayer oSiti oneg bet W%n t he
link and t he thedaser beam sppheize.c BoweNer, Gh Hesp dayeigngthyhe silicon substrates 20 are

- 15 strongly absorbing and the laser link-severing process would damage part of the

substrate 20. Substrate damage is unacceptable for the sake of ensuring reliability of
the processed device.
What is needed, therefore, is a processing method and apparatus for severing
electrically conductive links fabricated on a semiconductor wafer with selected laser
20 wavelengths that reduce the practical beam spot size to considerably less than 2 um
but do not damage the semiconductor wafer substrate while severing the links.
Summary of the Invention
An object of the present invention is, therefore, to provide a laser-based
method that employs ultraviolet (UV) laser output to sever an electrically conductive
25 link fabricated in an integrated circuit structure on a semiconductor wafer without
damaging the underlying wafer substrate.
Another object of this invention is to provide such a method that is practiced

with selected laser output parameters to exploit the wavelength-sensitive light



materials, such as silicon dioxide and silicon nitride, exhibit relatively
hi gh absorption of UV radiation, they can be enployed to ab fBHeEous
WV | aser - 1083692 ner gy and prevent it from damagi ng the si@gﬁ?ﬁ?gg These
and other passivation materials can be further optimzed to better absorb
preferred UV | aser wavel engths. Mre specﬂfically, a |layer of passivation
mat eri al underlying the |link absorbs the UV | aser energy striking the
integrated circuit ‘structure, which.energy is 15 distributed over a beam
spot 'size ar ebsbiptionchymceristies ofi ceictaim ok stawefurgrromfjonertrmatepals t¢ seduge t he

passi vation | ayer not overl apped by the |ink., Because it .absor.bs UV [|ight,
t he under | yi repupHBag pf thei laseT|CHRYE €] rtgé!rmté’ttég Shpstrafg Ayring nk SYeHPRv ent s | t

from damaging th ; : B4Rl infREWV SFvEensBYer
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link, a |aserphiaiihed®eiviedn!tBe lidk afadsesubstiatel\Sihcesamvemtiqnal pasivation i nt o and:
thereby forma dent in the underlying passivation |layer to facilitate
cl ean dept hwi meteriglsosadh asfsili¢nn dinkide andsHicominitidg, exubit eglefively Bigh The

control | er determnes t depi.h of the n ' of

| aser energy IRSEFPUOR Oéz}?? Ja(glg{lo?’h%‘q F%rkggg{tr/lgwggwp%%%&é%ﬁgﬁ%gﬁgﬁ? érof t he
passi vagpon ngipid éﬂegg)ﬂih@%é@erbeh Aol girasbin® tHeesudstite CThBsd and dthek to
absorb residual” WO 99763592 PCT/ US99/ 12465 5 |aser energy follow.ng link
renmoval . Thuspassivetien instenialy ¢agikbeofuridgrrapémized o bettey absrbriuefesred (UVIASE | yi ng
substrate mater}iLFgl . Anot her advantage of using a UV wavel ength for |ink
processi ng i sVEYeen | | er beam spot size as conpared with that produced at

I R wavel engt hs. Fofpore S¥éiReaRly, @ 18ye? ONpASIvALDAGhatsid inderlyidg 28elifilabsorbs
wavel ength i s readi yeachilevagl’e,gycorrppgred to a 2.5 m beam spot size for a

1m wavel engt hthe TH¥ lasealehengysiniiking the integrated circuit structure, which energy is

15 distributed over a beam spot size area that covers the link width and an adjacent
portion of the passivation layer not overlapped by the link. Because it absorbs uv
light, the underlying passivation layer attenuates the UV light and prevents it from
damaging the wafer substrate at the energy level required to sever the link. In the
absence of absorption of UV light by the underlying passivation layer, the off-link

20 laser output energy incident to the adjacent portion would cause substrate damage

| during the link severing process.

Moreover, the bottom part of the link is a difficult portion to fully remove,
and incomplete removal of this portion results in a low open circuit resistance after
link severing. To ensure complete severing of the link, a laser beam controller

25 causes the UV laser to partly cut into and thereby form a dent in the underlying
passivation layer to facilitate clean depthwise removal of the entire link within the
spot area. The controller determines the depth of the dent by controlling the amount
of laser energy used to carry out the link severing process. The height of the

passivation material can also be adjusted to be sufficiently thick to absorb residual



feature size wll permt manufacture of nore densely packed | C devices. For
integrated circuit structures having‘'a passivation | ayer ove }

links, anot¥@PY6%d%ant age of the invention is that renoval O?E?{t‘)ﬁfg%&%ﬁ yi ng
passivation |layer results 10 not only fromthermal induced stress buil d-up
in, but also frompartial direct ablation5 of, the overlying passivation

| ayer by the UV | aser energy. This phenonenon nmakes possible consistently
accurate opening of the overlying passivation layer and is, therefore,
benefici al i RselérerMgfolRMIng HNK e8nbvalk Thius} there ishioctiskod fdamdgeao sk f er from
irregular rupture profiles when |link heating causes the overlying

passi vati on buryeunding asurdeplyingesubpirafe deaterigice wi t h conventional [ink
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nei ghboring lI'inks or other ~circuit structures. Additional objects and
advant ages ofntégrated mwrenit isanctaids|habmgappeassioation layer overlyigs tedinksyamyher

detail ed description of preferred enbodi r}t t hereof , which proceeds with
ref erence toaQW@%%ﬁ%WFWQ‘?WﬁséMt@@W% 95‘7 8% ng;eqqsggggy@@';ggesu%s Bri ef
Descri phi on Bl 18 s MeREAI frisbeoa’dress péild-LAHTR st FEAArSA Yire Hiaritl®
vi ew of "a conventional = sem conductor link Structure receiving a |aser
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showing the interrelationship of the link wdth, pitch,  and |aser beam
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irregular rupture profiles when link heating causes the overlying passivation layer to

15 explode in accordance with conventional link severing processes.
Still another advantage of this invention stems from the high absorption of the
UV laser energy by the passivation layer material. In conventional IR link
processing, neighboring links are commonly damaged by laser energy reflected
sideways from the link being processed. This problem is becoming more frequent as
20 the pitch between links continues to decrease. However, light reflected sideways by
a link undergoing severing with UV laser energy can be attenuated by the passivation
material, thereby greatly reducing the risk of damage to neighboring links or other
circuit structures.
Additional objects and advantages of the invention will be apparent from the
25 following detailed description of preferred embodiments thereof, which proceeds with

reference to the accompanying drawings.



10 will be needed over tinme for link processing. Fig. 3 shows graphi cal
representations of the optical absorption properties of four differe %
netal s ver sW® ME¥¥2ength. Fig. 4 shows graphical representatif 53@53?“2[4E
optical absorption coefficient versus |aser photon energy (wavel ength) for
several arsenide concentrations in 15 siliéon. Fig. 5 shows graphical '
representations of the optical absorption properties versus wavel ength for
vari ous seni conductors at roomtenperature. Fig. 6A and 6B show graphi cal
representations of the optical absorption properties versus wavel ength for
common passivation materials, particularly silicon 20 dioxide and silicon

nitride. Fig. 7A iBrigfrDesotiptioredf fhedoyrmevibgsy top vi ew of a sem conduct or

link structure of the present invention, t get her V\n%&an ad acent circuit

structure. Fig. 7Eflgsléris ariTagmeaiary CERsSReuAndl side vievs ol FoysR ‘%’F’éle vi ew of
the link st r%c%h?uc?% théthéAt‘ufeex%@élW gent Isc%)rﬁﬁﬂ{g cﬂfdh?%rﬁ@&"b tor ! ﬁﬁl&y

pul se pararreters 0 resent I's a ragrre ary
Cross-sact i opatantdtéle. vi ew of the |link structure of Fig. 7B after the link
is renoved by a | aser gul se of the present invention. WO 99/ 63592
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t hat cooperat'es W rocessi ng con prdctycing the

nmet hod of th@lﬂ{ﬁs@djhcddﬁ‘tﬁaﬁlt@@uctﬂcg 9A shows a graphical representation
of the variation in energy per pulse 5 of conventional UV |aser output as

a functi on of the Kign® is aigeapha0f spet siex Merswey gt (psedictingrthe lasgBspsty siges that
gr aphi r epr. n_of correction signal applied to

tat '
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pul se of UV | aser 0 outp of the present invention that has been

corrected fofoumdiffgint imeyals yersus sawelengthh a
Fig. 4 shows graphical representations of the optical absorption coefficient
versus laser photon energy (wavelength) for several arsenide concentrations in
15 silicon.
Fig. 5 shows graphical representations of the optical absorption properties
versus wavelength for various semiconductors at room temperature.
Fig. 6A and 6B show graphical representations of the optical absorption
properties versus wavelength for common passivation materials, particularly silicon
20 dioxide and silicon nitride.
Fig. 7A is an enlarged fragmentary top view of a semiconductor link structure
of the present invention, together with an adjacent circuit structure.
Fig. 7B is an enlarged fragmentary cross-sectional side view of the link
structure of Fig. 7A receiving a laser pulse characterized by pulse parameters of the
25 present invention.
Fig. 7C is a fragmentary cross-sectional side view of the link structure of Fig.

7B after the link is removed by a laser pulse of the present invention.



varying tinme interval between pulses. Detailed Description of Preferred
Embodi ments The od of the present invention facilitates fg 512465
renoval the %géglgg"?shorter wavel engt hs, such as wavel engt hs |§T{dﬁe

range, and thereby permts a 15 reductlon in the | aser beam spot si ze.
Wavel engt hs shorter than or equal to 400 m#tacilitate the generation of

| aser beam spot sizes of less than 0.8 m The wavel ength-dependent
absorption characteristics of several conmon link materials are discussed
bel ow. Fig. 3 grapFigd isya pdriypsclidigaticpsingslifieddiogramnefeonel epftydirnest ¢¥fa
different metals 20 such as alum num nickel, tungsten, and platinumthat
may be used aprefergdUMNglaser gysteg lflfyllleﬁiﬂt&)@rﬁ{alf@'tp%ﬁloaﬁr thﬁtaCCPC@leef\t@n‘&’ltb@rltiSGOns
of absorbance_gra Laser ence Technol ogy, "
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Fig. 3 shows that gBf s shewiCh gAphical wprégémanah@me vatr}éﬂgﬁtlﬁEner@??)er pulse
pl ati num in general absorb Iaser ener gy better at wavel engths” t han
at | R waSel engf ¢enventiorall UV fasexiewtpiasp funictivaof the time inteiypl betweemtheepulses.
electrically condu terials used to formconductive |inks 18

general Ly have i FiS 4B SpvScEraaBel PFORnEHEh Gt b s crecheniEnl anpigd
absor ption C%fétﬂa&hf@ﬁfé 3 1983V ahser Jufpub 8bnci el 8RH )ﬁg’m&' abl e as
are those for netals. 5 g/)%%égg% PCT/ US99/ 1242)u 2o ?‘]{e hfaghrlya sor ption of
wavel engt hs i imtdrinals UV vvavel ength range, and parti cuI arly of vvavel engt hs

shorter than 300 n ibited by these link materials would est that
t hey woul d be easi P&g ???28%&% higgl Te£§‘°e‘|en‘8{}??)8§the'ﬂ‘i’6’égy Py P“&“& %Xﬂaﬁ%

the spoyq S|ze
i ol ondy | neRPed e Breseh mTpRlonhPhs (Heh Epirertbs Rl BBl with o
open resi st anearyingatime yntewwabbaweew puies.| i nks, and hi gher |ink processing
yi el ds. Unfortunatel Y. many sem conductor subst rates are al so nore
susceptible to daPgk i pENERES el engt hs shorter than
1m The absorptiony erjals
are descri bed bel owhg%@gfrthééb%% tlolfl:]g %Lm {9;}69 lﬁ’#l}g}ﬂ 9%1‘3%%% 5%
coefficient vsiosus warskengthbodueh as wavelengths in the UV range, and thereby permits a

15 reduction in the laser beam spot size. Wavelengths shorter than or equal to 400 um
facilitate the generation of laser beam spot sizes of less than 0.8 um. The
wavelength-dependent absorption characteristics of several common link materials are
discussed below. |

Fig. 3 graphically shows the optical absorbance properties of different metals
20 such as aluminum, nickel, tungsten, and platinum that may be used as links 18.
Fig. 3 is a compilation of the relevant portions of absorbance graphs found in
“Handbook of Laser Science and Technology,” Volume IV Optical Materials: Part 2
By Marvin J. Weber (CRC Press, 1986). Fig. 3 shows that metals, such as
aluminum, nickel, tungsten, and platinum, in general absorb laser energy better at
25 UV wavelengths than at IR wavelengths. Metal nitrides (e.g., titanium nitride) and
other electrically conductive materials used to form conductive links 18 generally
have similar optical absorption characteristics. However, the absorption coefficients

for such materials are not so readily available as are those for metals.



energy (wavel ength) for several arsenide concentrations in silicon. Fig. 4
is a replication of a figure fromJellison et al., Ph s. Rev .
46, 1981, atw®49/43592Fig. 4 reveals that both doped and undopegctﬁl%?%g}l(g
exhibit a sharp increase of absorption coefficient at wavel engths shorter
than about 1m Detailed physics of 15 this &ehavior are described in

"Pul sed Laser Processing of Sem conductors,” Sem conductors and

Sem netals, Vol. 23 (Academ c Press, Inc., 1984). Although a reliable
publication of the A
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(McGaw Fi Il Book Co., 1978). 25 The graph reveal s that at room

t enper at ur e, rmwweuqnalxtyamwwpmndémksu anddugher dink| nrogassigg Jdsidte, and

ot her sem conduct or, ter| | s i ncreases hs
in the visible and glyt ARy 'Smcﬁgd%rr%%ggﬁ%r%amr&/e g’%eesﬁce @b‘f@ﬁf

4 and 5, the mﬁm H‘Lﬁgérocghtﬂjts Wﬁé%&féﬁ th shé’t@erlﬂ{aﬂ AN@e Mhe tabssiption
substrates sugge ts that they woul d be subj ect to damage by UV | aser

out put. WO 99chaaoRriREFEl diSed¢raP4@Bmog sﬁbsgrateamatgrlabmreépscylbgﬁ@ﬁ@w he opti cal
absorption coefficient ver vel nthf r fu |
di oxi ge) 0 Fig. 6A ik égaﬁgm@&aﬂywﬁ? @T g??é‘r‘fa qso Cé %fkg t(v§ LL ?a?&g‘ Phou&)t
7:213 (1968). Q@ﬂmweﬁ ??dr%e%ﬁf a.t%éﬂxﬁ@@éhc@h@%ti(ﬂﬂ in Qﬁi&bﬂl tl’ﬁg gada

a

absorption char erl stlc at wavel engt hs shorter than about 300 m 5 and
its absor pti oneplithtvn of adiganafioonldllysonret abalhys. Revudeb| Yokt 4 198br @fe1r4114han
200 run. Skilled persons w | cjate t . n_dioxide vatlon
layers are typgch F‘F‘?aﬁdB%‘cPOﬂéFif’lefg{aqdn‘fr@ﬁp?‘gﬂiﬂ;‘i’%/e’gpgég Qarcpolﬁgree%%e?ice of

diffusion fro%?orgggﬁgoefﬁ@feﬁf at @H@&ﬂ%@ﬂ&ﬁmﬂ%b\ﬁq [0 UDetalléd RS STUP V

el enents, such as“boron phosphorous, arsenic, and antinony. The silicon
di oxi de ymssi \thisibehavieay e desaibed in “Pulsed Laser Processing of Semiconductors,”

Semiconductors and Semimetals, Vol. 23 (Academic Press, Inc., 1984).

Although a reliable publication of the optical absorption versus wavelength for
doped polysilicon, polycide, and disilicide is not readily available, skilled persons
might e);pect that the absorption coefficients for these doped materials would also

20 . increase significantly at wavelengths shorter than 1 pm.
| Fig. 5 graphically shows the optical absorption coefficient versus wavelength
for various semiconductors, including gallium arsenide and silicon at room

temperature. Fig. 5 is a replication of Figure 156 from “Handbook of Optics,”

Walter G. Driscoll ed., Optical Society of America (McGraw-Hill Book Co., 1978).
25 The graph reveals that at room temperature, the optical absorption of silicon, gallium
arsenide, and other semiconductor materials increases more dramatically at
wavelengths in the visible and UV range than in the IR range. With reference to
Figs. 4 and 5, the high absorption of wavelengths in the UV range by these substrates

suggests that they would be subject to damage by UV laser output.



10 typically contains defects. Wth doping and/or defects, the silicon

di oxide or silicon nitride passivation |ayer becones relative ng
at |onger wa¥Q¥fgeHs, such as about shorter than or equal tol’éﬁsgpéﬂ 2his
Skilled persons will appreciate that the particular dopant and its
concentration can be adjusted to "tune" the9assivation |layer to better
absorb the desired UV | aser wavel ength. 15 Fig. 6B graphically shows the
optical transm ssion range versus wavel ength for several crystalline
optical materials, g ?CBA gﬂa?h@my Siywsink lopéiBal dbls@rptibR cbéffidient Gdtshcat i on of
Figure 5.1 from Chap er 4 of the Handbook of Infrared Optical Materials,
edi ted by Paulwadetengkh favingses sxw(sdrconldq@mde)l\l Mig. 6901 admpted froBL €IerRanﬂaali

thetransmssw|t f si s at, wavel e S S

Lhan apout 20n9db RewdirokPRadnt’ 13T Belleallie e ARl s ronifiond

waf er 38 havi t f

‘nvention; F %?&S?@“Sﬁﬂ%ﬁ?g%ﬁ“ S R T “3%‘2?@“333%. B of
| i nk struct ur eandQGtsrabserpriontehawpo tramiarizaly un:&easbsastewa\mldmgﬁlszk;honhattmnoﬂﬁl zed

by pul se paranmeters_of the present inventiopn, and Fig. 7C 25 is an enl arged
fragmentary cr¥sSkilled;RensansyiHappresinte that |SH¥F°§F11%??JP%$SW6“%‘¥ layprs arg g

after link 42 t.0 S.
7TA-7C, link st{}lr?i Bﬁ gp% pref e%ﬁoﬂﬁﬁlcfgédigoxgé tgH&f@ﬁ%&ﬁcﬁ%‘tﬁﬁm d(%:}Jeagl i nk
42 having a | iwdfer.| @Oﬁﬁﬁbrﬂﬁoﬁlﬁw\ﬁemde@b&pﬂﬂmdﬁlﬁﬁpaﬁdlemehtsnkudm AtHorér, '
Link width 47 can be designed to be smaller than the width 24 (about 2.5
m of |ink 18 HOERMPreNs. \Wendy, aad antimory UIdw) sionprdioyide pashinalion davar alsp

| i nk-bl o ng I I .k e 0
linited tﬁ??ﬂ%l LPb 8&%%%1% élrg{;ec{r%l R ({dtp%r%a@gr aé}?ét%]?tﬁla r%ﬁiégng ki (t,vr s111con
as ot her rret aligide PRb&Vvaddd Ryér &é@ﬂe@&elﬁh@é‘l? Iabfd}bﬁfglatﬂ@ong@emlvelengms Ctﬁﬁh as

(e.g., titaniumor tantalumnltrld&) nmetal. silicides such as tungsten

silicide, and abewethosisr ykan ercesabist® nik Skilled-persons. Wikl anpsesiate thag khe

st t 40 h t I )
xanpl o be | Feaioi foRRLHELTe BoRenGhditeas el i GhE" B eBRvapeRinver e,
pi tch 49 bet wggpeténisoft teadeshed $NPHsanwaddibngthel | er than the pitch 30

(about 8r’r) bet ween |inks 18 bl own by beam 12. L| nk 42 can, for exanple, be
Fig. 6B graphically shows the optical transmission range versus wavelength

for several crystalline optical materials, including silicon nitride. Fig. 6B is a

replication of Figure 5.1 from Chapter 4 of the Handbook of Infrared Optical

Materials, edited by Paul Klocek © Marcel Dekker, Inc., N.Y. 1991. Fig. 6B shows

that the transmissivity of silicon nitride diminishes at wavelengths shorter than about
20 300 nm.

Fig. 7A is an enlarged fragmentary top view of a wafer 38 having a
semiconductor link structure 40 of the present invention; Fig. 7B is an enlarged
fragmentary cross-sectional side view of link structure 40 receiving a spot area 43 of
laser pulse 44 characterized by pulse parameters of the present invention; and Fig. 7C

25 is an enlarged fragmentary cross-sectional side view of link structure 40 of Fig. 7B
after link 42 has been removed by laser pulse 44. With reference to Figs. 7A-7C,
link structure 40 preferably includes a metallic or conductive link 42 having a link
length 46 between contact pads 52 and a link width 47. Link width 47 can be
designed to be smaller than the width 24 (about 2.5 um) of link 18 blown by



within 2.5 mof other links 42 or adjacent circuit structures. If a 212 nm
beamis 10 enployed with a spot size of |ess than or equal t m
to sever |iwk¥®s35%hen pitch 49 can be |ess than or equal tg’cig’%{m%ﬁg m
Link structures 40 typically include a UV absorbing passivation | ayer 48
overlying links 42. However, skilled persdfis will appreciate that |inks 42
may be uncovered. Link structures 40 also include a UV absorbing
passi vation | ayer 54 15 positioned bet ween a substrate 50 and |ink 42.
Passivation |ayer .24 t 1 3% haloRIanoy anide, Bhi SRURE e
g%ﬂﬁ? %\%gﬁ%rabegﬁi %)) edials 5’)“

by a sufficlFBht® Ser energy used to sever link 42 so that

substrate 50pited to nﬂhnﬁﬁnﬂ agoppes] nidlel, mnpstes, platinun, dndygald 5a welips i atherg
silicon dioxide or silicon n|tr| de, he| ght 56 is éref abI at | east about

0.5 m and rrmfmlp,rmﬁf@} alioys suploas nigkel ‘%’@Owdeﬂﬁ‘@‘ﬂép Eoft ‘i‘)‘é‘s‘%’l QFat i on

| ayers 48 and/ o partic. LRAd | jak
portions 57 \’\ﬂ"(‘ﬂ}lﬁ’ %‘E‘b‘{%)a?‘séi ﬁ‘gcgfa 1 é?\cgla Sthislﬂyﬁlf%f efr%te ener ¢ yB nS’I%JO dsng 44
to protact ”i'i?& %Jteﬂmglk An@m%mnpfstra&mresmamataee 5emfemana:1a;mgeme link

Passi vati on ayers 48 and conprise the same or different materials.

Passi vation Iveger47 ¢I281 famdslamplfszberiasb‘ thas or lgaual §p @houtd - wEr- e dismilarlyy center-

absorptivity at | on wav e t 400
rim In addi{? Gﬁm% %B?f&’ﬁ?%g‘&gs %?bﬂ/ggts ‘ﬂ}él za?ﬁ%?&gpgg@gég% QEQ&?S‘GW
passi vation Ik acmmaua g, foYlekimprf Beence
to Fig. 7B, ﬁéﬁxﬁs éé Gﬁtgﬁ\&%?ﬂ%ﬁg?g{jﬂﬁgﬁﬁgggt I nt entgl ongl b£arlt3| gl

abl ation of mﬁﬁn\’lai ponofl ather lird4 42T¢readjmnt ¢inguitgrustyren Hia bk ambeamois
| ayer 54 facilitates conplete re of the 99/ 63
PCT/ US9$Y 12468P qystWkaéEOwl%% SSr §%°6Fq‘éa$3%6h°‘ipooéb‘ﬂ%% e Egl?f% then
achi eve a h'n%h: Q@rbaﬁ%?'l&tsatﬂﬁﬁor&f{ P&ﬁat&‘dmtmhmoads 52. Fig. 8 shows a
f

preferred e a sinpli | aser system 120 for generating |aser
pul ses desirabl e flonkamhétards typichily knchudecs UNgabsorlang:paasmaen\meh 485 t he

by vy of " ox againedinks Agur v et nUIET RepsSHT aaren MRS 42 ackf °"Y
diode 110, the, %MS'L%\( dhtnfibs Wa kB méluBQSWQbWbir@rp%sﬁm&?érssﬂ14

into | R | aser resonat or
15 positioned between a substrate 50 and link 42.

Passivation layer 54 preferably has a height 56 large enough to attenuate by a
sufficient amount the UV laser energy used to sever link 42 so that substrate 50 will
not be damaged. For a passivation layer 54 comprising silicon dioxide or silicon
nitride, height 56 is preferably at least about 0.5 pm, and more preferably about 0.8

20 pm. The height 56 of passivation layers 48 and/or 54 can particularly be adjusted so
that their off-link portions 57 within spot area 43 attenuate sufficient energy from
pulse 44 to protect the off-link portion of the substrate 50 from damage. Passivation
layers 48 and 54 may comprise the same or different materials. Passivation layers 48
and/or 54 may also be doped to increase its absorptivity at longer UV wavelengths,

25 such as between 300 nm and 400 nm.

In addition to the advantages of UV utilization discussed above, passivation
layer 54 permits other processing advantages. With reference to Fig. 7B, height 56
can be adjusted to permit intentional partial ablation of passivation layer 54. The

partial ablation of passivation layer 54 facilitates complete removal of the bottom of



122. IR laser resonator 122 includes a |lasant 124 positioned between a rear
mrror 126 and an output mrror 128 along an optic axis 130 ) R
pul sed out pMOI¥B59D at a wavel ength of 1064 nmwi th charact e?&g/tusggntﬁd

pul sewi dths of less than 10 as, FWAM Mrror 126 is preferably 100 percent
reflective to the fundanmental Nd: YAG wavelkngth and highly transm ssive to
the output of diode |aser 110, and mrror 128 is preferably 100 percent
reflective to the fundanental Nd: YAG wavel ength and highly transm ssive to

the second hafd &ithb@tiskPs ORRRAle 10GuBdtid 5010 héhieve ShikBDperd Pes¥tance
I nfra-resonator frequency doubler 134 is preferably positioned between the

| asant 124 aorbssgoptact padsr5@r 128. A quadrupler 138 is preferably placed

external to resonator 122 to further cqnvert the | aser beam freguency to
the fourth har moniidg- $ﬁ8°W§§é¥e§§’§‘B&Wb@5Hn%ﬂt§(§ absgneﬁﬁﬁ BsFetysem g%‘?}@rat e

the fifth har e : éﬁ}gf T YF ' -HSi ng
anot her nonl i%ggyra 83 yést% BPH{%J Qézsgratg%nfg? ﬁe t ‘ng ané%%éﬁgaﬂr}cfte ?%@%‘%ﬁ%tﬁ _
har moni G or tthe presbntriavémipns cfarebnlvenionee, tasanslystdne 120iis shotieledrberein ofdgrvyoni c
conversion processes are described i n_pﬁ. 138- 141, V.G Dmtriev, et. al.,
"Handbook of Wa¥nPf siemplom  érthcharmonic Nd: BA(5 laserpumped by lasgngieds k10.1991

| SBN 3-540-53p47-0. . I ' Y
| aser havi ng:‘ﬁ:’?le %mgﬁlf)hwg{ﬁgzﬁeﬁ%@g d %?Fé‘?@é’é‘? hﬁ%&pgf‘%\ﬁl?wﬁfggéeﬁgnﬁggi ng
a 1.064 m fundangrt Bker neeorakanP2hincolded & Edaper2eiopsitivinkd badween apRACHIRLE

that the third harnmonics of Nd: YAG (355 nm and _Nd: YLF (349 nn) may be
enpl oyed to PrOEGEYAN QuiRY mMIrauk28alepean Bptic aopdd0 gad smits dRdavlsedraatput| 183

Skille ersons w.ll al.s reci at,e e I I sers, emttin
St vewd Gt A6 ilenpte B PG5 AU ol R B BB AT LF josh RS 80 |1 O
99/ 63592 PCT/Hy@BM 1 MbPor fidh BPieRrdrty eomwl\geweﬂt- relfBétiviel toahé Athdamedtal NICYAG

system such as, for exanple, fromthe del 9300 series, nanufactured by
El ectro Sci envavelengtmandhighlystranspussiveriorthe gutput ofdiede faser $1(¢ranfanireat ¥28r

edaptat Lon DY Skl gf BF3aRe B AR DA AU g
g g g\rfn eg; It ﬁ”ﬂ él_igmy tRALmESVR A0 B SecdAid havibnid fightWopaga6inp Afdng PR hxd P30 @
15 An intra-resonator frequency doubler 134 is preferably positioned between the lasant
124 and output mirror 128. A quadrupler 138 is preferably placed external to
resonator 122 to further convert the laser beam frequency to the fourth harmonic.
The laser system can also be configured to generate the fifth harmonic (212
nm for the Nd:YAG, 210 for Nd:YLF) by either using another nonlinear crystal to
20 combine the fundamental and the fourth harmonic or to combine the second harmonic
and the third harmonic. Harmonic conversion processes are described in pp. 138-
141, V.G. Dmitriev, et. al., “Handﬁook of Nonlinear Optical Crystals”, Springer-
Verlag, New York, 1991 ISBN 3-540-53547-0.
IR laser resohator 122 may alternatively be a Nd:YLF laser having a 1.047
25 pm fundamental wavelength or a Nd:YVO, laser having a 1.064 um fundamental
wavelength. Skilled persons will also appreciate that the third harmonics of Nd:YAG
(355 nm) and Nd:YLF (349 nm) may be employed to process links 42 surrounded by

doped passivation materials. Skilled persons will also appreciate that other suitable

lasers emitting at wavelengths shorter than 300 nm are commercially available and



Conmponents 142 and 144 may include a beam expander or other |aser optical
conponents to collimate UV | aser output 140 to produce a beag&w?%%/l% f ul
propagat i ow@dme3sex eri stics. Beamreflecting mrrors 172, 174, and 178
are 10 highly reflective at the fourth harnmonic UV | aser wavel ength, but
highly transm ssive at the second harnoniz of the Nd: YAG so only the
fourth harnmonic UV wll reach surface 51 of link structure 40. A focusing
| ens 148 preferably enploys an F1, F2, or F3 single conponent or

mul t i conponent ns_system u Lat.ed ut
140 to prod L&?EICLE? 8‘5’8@'&8’5 %?ﬁéféztg&%ﬁ%%}eﬁygﬁeg ég‘%’liﬁfa?é gonrtLéI/(;mP (hae: gﬂ%rﬁg%dow
2m and prefgrpadl 9500assies, Masutadiuredy Elecws Sdichéfie Industriesd Bud. sPalitlasdt ed
over wafer 38 to target link structure 40 to preferably renove link 42
with a singl@ragohsis praferestl for/adapsasiondu skilled peysongnie @E@Woﬁ@m&e‘%‘f’ﬁ%f pul se
44 applied to |ink 42‘f]€, n be accurately calculated and controlled by
choosi ng t heWVaYRFgi S‘ﬁ?e&a 44. |n general, preferred ablation paraneters
of focuged spot sjz@;3@bATulsR 180caR be emihascd o weedic?P oD citivedtiomd 10 J,
of pulses 44 having 1 ns to 100 ns duration at about 1 to 5 kHz

preferably 1Gptival esmporierts. 142 ande¥4dr thatcerb desitioped alogaiapaEyRata il s0 i s

described in detajl U.S, . Patent. No. 4, 532 402 of
bos ¢ 1 ont n SoBPORTIGH D LAY s Bedt xR op QL PREK opBIT,
control s at W@eh@o%ﬁﬁﬁﬂéﬁv%é&@?@ﬁlw@ prabitiée0d Beath wisf wsepflor s 172,

174, 176, an to target and focus [aser system out_})ut 140 to a desired
| aser |ink 4gropagativhehaBBterBdam Boanréfiesting migroredva.6b/4dr/fiand 1d8ixk

b links 42 h | ff di f '
ok 36ver | WghBeRas RS o FRth BATRGD JelgeF velsefts S R Ghodfflytve
posi tion datg t\é? 6&%/11?3%?%;{)5?% HWRORUIZABS so byiteffetiAk hirfokie AV @R reathse of

| aser systemo atinme toward each discrete |ink 42. For
intracavity kasee NeadTinkgnicaire d0. eAfoangingdens (3& preferablysanpleysaolih, Fa

Fig. 8, laser controller 170 may be infl uenced b}/ ti.m dat a t hat ted

synchr oni zesox K3 singlg ¢qrapensat P’é\g’é‘Ft‘WQﬁﬁ“g% ] efrhglaﬁg%uﬁ?is @'F P ﬁ’éﬂa ©

platforms sugk; BoisAESEnlOAD o brddtte o FRhEd spdsiz® 583Rati9 digalriciang ety diael
OSItroh an

Radi ati on Beam ssion o
15. 2 um, and preferably less than 1 yum. The focused laser spot 43 is directed over

wafer 38 to target link structure 40 to preferably remove link 42 with a single pulse
44 of UV laser output 140. The severing depth of pulse 44 applied to link 42 can be
accurately calculated and controlled by choosing the energy of pulse 44. In general,
preferred abiation parameters of focused spot size 58 include pulse energies between
20 0.01 pJ and 10 pJ, of pulses 44 having 1 ns to 100 ns duration at about 1 to 5 kHz,
preferably 15 ns at 5 kHz.
A preferred beam positioning system 160 is described in detail in U.S. Patent
No. 4,532,402 of Overbeck. Beam positioning system 160 preferably employs a
laser controller 170 that controls at least two platforms or stages and multiple
25 reflectors 172, 174, 176, and 178 to target and focus laser system output 140 to a
desired laser link 42 on wafer 38. Beam positioning system 160 permits quick
movement between links 42 on the same or different dies tp effect unique link

severing operations-based on provided test or design data. The position data



Coordi nation System Alternatively, skilled persons wl| appreciate that

| aser controller 170 may be used for extracavity nodul ation l,Ious
wave (CW P§§§F£§ ergy via a Pockels cell or an acousto-optigéggggﬁg?&%his
alternative can 10 provi de constant peak power regardless of the chopping
repetition rate or output pulse duration ¥ ne. Beam positioning system 160
may alternatively or additionally enploy the inprovenents or beam
positioners described in U S. Patent Nos. 5,751,585 of Cutler et al, which
i s assigned Bsef&fm)aaﬁear&e pRisetdfilsses BPdtérd Dukit - 145Qi a @rsMdwah® dadtdis&dte
solid state | asers using nonlinear tfrequency 15 conversion, the pulse to
pul se power Rliské#2s of the UV output are particularly sensitive to the

repetition rate or.the interval tine betwen consecutiyve pulse firjngs.
F o 0A 1's a or ameraRTER T YRes bea® bl o FRlar o8 adsuich daas shothia
bet ween pul sgsg of, Iaser €ORMEMT ma%vgﬂiﬁ%rfcé&sy SMing Qad tﬂites%'gcéﬁvx\ggiﬁes the

enbodi nent, an optical nodul ator can be inserted
quadr upber 188ingraf lager isgstbmci@®ortbamotiof of 20 Satforms 4Rh prdesafiiedkia Wie WV

energy per pulse ri_afjon. w differept interval _tjipes between pul ses
and establis @‘:‘?néﬁ%eﬁe&&ygbcﬁ?ﬁ/g‘.’“eﬁﬂéﬁoﬁﬂa%??%bF?‘BrFOS‘é}OQr@Fl Ergissiganer at ed
based upon t &dig ' | \fephdtRe! ' t | 9B is
a graph shovm'&%g théetg%:ho%égﬁi (fgim gnarﬁgggféﬁe%ﬁ)%ggs%ll@g%&%éﬁ)gﬁgl‘ate for
the respect comrdliers 70nhay vaheed fov\briracavity anddadaionpef comtiddonisswdver @w) t he

correction sjgnal 25 wl!l _be tri ?gered, so the control_signal voltage on OM
181 wil | chak%@r ARy VRea Prekels ealbgysayacousioronticedqvics:  This alersativescan 1 ng.
Whenev t he er | ' t1.00:. 8l | on OM 181
w1 onlur o PRI fAR P BEASFou et rebhifess of e RPDER e BRI gt i
remain at a pumtisatinenBtantpokieiering syegar sy alteidativélptog radaitionhlly"Bmploy
bet ween any two, consecutive |laser pulses 44, Fig. 9Cis the WV energy pul se
WD 99/ 63592 HeTimprovyments gr beam gesiieners desceibied an W -ShPawnu¥os. SR51,683 of
persons wil | cjial.g: ] ' [ hi ghest system

posi tioni ng gggg%&cééhagécﬁq%%%eﬁt% %ﬁ%ﬁ %\%{rﬁfsgwﬁcﬁuo f the WV | aser
energy per pul se @esQ-twitctiedipaleatsoliil ¥tatd UNela¥edsushpintEiReUr&Rend?
Skilled workers will recognize that portions of this invention may be 5

i mpl emdAt ed EPTFVEESIRMtth pplgse 9 PRlse powsr avektafithe RV gutput riscparddidandy sensitive

preferred 5 the repetition rate or the interval time between consecutive pulse firings. Fig. 9A

is a graph of the UV laser energy per pulse versus time interval between pulses of a
conventional UV laser system. In a preferred embodiment, an optical modulator
(OM) 181 can be inserted between quadrupler 138 and optical component 142.

20 System 120 pre-checks the UV energy per pulse variation with different interval
times between pulses and establishes an energy curve. Then a "correction" signal is
generated based upon the energy curve information and applied to OM 181. Fig. 9B -
is a graph showing the correction signal applied to OM 181 to compensate for the
respective time intervals.. Whenever a laser pulse 44 is fired, the correction signal

25 will be triggered, so the control signal voltage on OM 181 will change with the time
elapsed after the last laser pulse firing. Whené_ver the next laser pulse is fired, the
correction signal on OM 181 will ensure that the laser energy following the
correction signal will remain at a pre-set constant level, regardiess of the interval

time between any two consecutive laser pulses 44. Fig. 9C is the UV energy pulse



enbodi nents. For exanple, systemcontrol conputer 170, OMcontroller 171
and beam positioner controller 160, nay be conbined into adééﬂggggn 465.
processor eomessdze | npl enmented as sone conbination of hard W re él gita
| ogi c, prograns executing in a signal processor, mcroprocessor, state
machi ne, or analog circuitry. 10 It will Me obvious to those having skill
in the art that nmany changes may be nade to the details of the
above-descri bed enbodi nents of this invention without departing fromthe

under | yi ng pr| nciples t h S that\eithk tag  shoul d,
therefore, B¥®© 589 F?‘Hoﬁl‘g ST &ﬁﬁgpﬁrgé\?sﬁl‘gmcﬁ%?m WO 99/ 63592

PCTI US99/ 124a§:§roal~5 ﬁie%gﬁest .aysteen peditioning fspemhveni tegimplera¢rsed withant y@rlanon
conducti ve |

k fabricated on a seni conductor substrat in an i 4a
circuit |inkofshe GEY laser encagy percpulercdespite Gﬁerg%%ﬁém%ﬂa YASS W’gf‘?s% I ayer
posi tioned betwe @fb&‘f?"’éﬂ?ﬁ%%l? fdd %nﬁgl{ﬁitr Ilﬂ{feélolﬂemi}nge a link

w dth and the pas I'ng a herg t an wavel engt i- sensitive
light apsor ﬁgéin&hé’d AfttREtH fr6® thé @ﬂprenfentwiongemnhtd Ao enidr @r&fen”ed ng
toward the I structure ul'traviolet |aser output Vi ng at d
predet er m necnbedimentsgtHor example, emrra@peﬁfplz@dnwera”& le§/171 an

di stributed over a.spot are het t he .
spot area 10b‘i?8¥/3?911 ‘S“efﬁgntill‘?l}ﬁ{]\ﬂbdmy an a ggé%%n%éér?%%égg HPE‘H&%C
passivation ef}0d as QNRé k&asﬁgum of Hﬁ'd' witkd dtghtal Jogi prograsistexetiginggnof

sufficient ma n|tu e to sever the Ilink and in cooperation wth the
pr edet er ni nesl sigsieprenessor, initmpaedessyy, siatcrmagiune, FEFRAlPECIHIYayer such t hat

t | t h- t | t h t
the adi@cent. port RoHIlI ehACHHedRRAsHiE A AL bR il afheetmd e TVTS
15 attenuat e, ghf 1] hakieRliR o?Xh«ﬁib&vQQlekm b ddlichentd of de8 invieatibm evithdjiacent

portion during severing o link to prevent the |aser output from
damagi ng t hedepabsig fom the undévéying phindiplds thergpfn The scaneiafithe RECSPRIIB¥SEION ned
wavel ength of the laser output is shorter than abo% 300 nm 3. The met hod
of claim 2 i shawd.cherefare pbedeermnined, apiv R, Be ﬂ@?ﬁ“‘@f‘: e I aser 20 output is
about 266 nm 262 nm 212 nm 210 nm or 193 nm



4. The method of claim3 in which the generating of ultraviol et | aser
output further conprises formng a pulsed ultraviolet |aser

optically pu@iMg3¥2Q switched ultraviolet light emitting soI %99{%{465

| aser. 5. The nmethod of claim 1l in which the passivation |ayer corrprl ses
silicon 25 dioxide or silicon nitride. 6. Ifhe nethod of claim5 in which
the height of the passivation layer is at least about 0.5 m | TH S SHEET
HAS BEEN REPLACED WD 99/ 63592 PCT/ US99/ 12465 16 7. The method of claiml1
in which the link is one of nultiple el ectrdiggl |y conductive |inks
fabricated on the substrate that are nutuallTy spaced apart by a pitch

di stance of | ess tHanAabethod 2f §evrcring anBhectriegllyorbndfictivedlink fabrinatethioots t he

link width is | ess than or tQq 5 about 1.O.m 9. The nethqd of claim -
L' T Whi ch t heeTBisandatar s ategn a detreipiroubiuln ﬂ&wwgbtﬁ%&m@ugesrﬁ o). The

met hod of cl almel. zﬁld"w*)gsgwtag :la?é?goﬁﬂ bert t1;'h @uﬁsr tratd)&he link
passi vati on Iayer t S un over app to ensure
that 10 subst aatinglal lmlaMdchndllﬂceﬂmsmk(amﬂ hiyer hhengpcbtx@taadmveleng&ed and
that the substrate underlying and overlapped hy the |link is undamaged. 11.
The nethod of sensiive Hght abspHAN Charagterptics; FOMPUFIBET urt her conprises a top
passi vation | ayer on

| ayer is directly %gg‘ll'lla ‘%%@8@%“’{%“?%"‘5‘?@% %ttdel?ﬁrgﬁﬂ\%ﬂ{éh[ﬁ?&sb rtls t he
link. 15 12. hheinpat B?ed&erﬁﬁﬁécmav&véléhgmieﬁérgyftﬁaﬂabttklzéd)byr& pawdr dehsiey menory
device or an ASIC. 13. The nethod of claim1l in which the passivation

| ayer i s dopedistabyted pEelst spatiaseaess tiegpp swriage efithe pink sEueture.1bel spRivAEe2Nngt h.

14. The gethod of ol @l Mok et kh bASca: SURIE 87 MES.ARELATEA Bt the

overlapped by the link, the power density being of sufficient magnitude to sever the

link and in cooperation with the predetermined wavelength interacting with the
passivation layer such that its wavelength-sensitive light absorption characteristics and
height cause the adjacent portion of the passivation layer not overlapped by the link to
15 attenuate off-link energy of the laser output incident to the adjacent portion during
severing of the link to prevent the laser output from damaging the substrate.
2. The method of claim 1 in which the predetermined wavelength of the laser
output is shorter than about 300 nm.
3. The method of claim 2 in which the predetermined wavelength of the laser
20 output is about 266 nm, 262 nm, 212 nm, 210 nm, or 193 nm.
4. The method of claim 3 in which the generating of ultraviolet laser output
further comprises forming a pulsed ultraviolet laser output by optically pumping a Q-
switched ultraviolet light emitting solid-state laser.
5. The method of claim 1 in which the passivation layer comprises silicon
25 -dioxide or silicon nitride. |
6. The method of claim 5 in which the height of the passivation layer is at

least about 0.5 um.
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20 | aser output is about 349 rimor 355 nm 15. The nethod of claim1l in
whi ch the passivation |ayer underlying and overl apped by thq,CLri 12465

att enuat es ¥ASPEIFf the | aser output in excess of that require 0 sever
the link to ensure that the substrate underlying and overl apped by the link
is undamaged. 25 16. The method of claiml® in which the link is one of
multiple electrically conductive |inks fabricated on the substrate, the

| i nks bei ng separated from one another by passivation material having

wavel engt h- sensi t iverhd glatnRRstQidk Pih whitdl 86 1i8kiis bhé 6f flutiplé BREwIARY
passivation material attenuates energy of the laser output TH S SHEET HAS

BEEN REPLACEBhMG:iO8 linRE SibriearEd dBobe sabkbmte that arsfmeallyl spacedapart by it pitohe  of
the links toward a second one. gf the links to prevent the |aser output
from danmagi n§istanse 9 dess dhan 2hout £5 MR- et hod of severing a first

electrically cond%tfﬂeefﬂgg{utargfa&ﬁhpﬁﬁﬁd«h% tBe [IBRWAANRYEsQAhaP UPSGUARES, the

first link being separa om a second electrically 5 conductive |ink by
passi vats on raBb&ri.elunposi ti oned between them and havi ng '

wavel engt h-sensitive |ight absorption characteristics, ¢ rising:
generating and di PecThipethodofiplaige! & MiALIGIRY %ﬁ%gﬁs-?a rtq}ge%siq’%‘f

i nk uItravi&%I;”Ftt2 ba r output having energy characterized by a power
density of s credt™ magni tude to sever the link and in cooperation with

t he predeterm ned 1gavehen@ttdddT dldiinel Acwhivh the ldset betpposemores 2 ortiat ef ihal |,
such that the wavel ength-sensitive |ight absorption characteristics of the
passi vati on passiydtion layardhatis upderhying andprerdapped by dhe lipk &0 pasuEs thatit put

refl ect fromthe. first l.ink . i | aser
out put om &MH@Y taile0 s[bs E’H%Qﬁﬁﬁg Lﬁ e?%.(ﬁ %gq%é%ﬂﬂ%dg%d% gel/@ng%‘}{)glaﬁ“%\hi ch
the predet er inagdyina et Vetiippell tynle libk ié asdimagetiput is shorter than about
300 nm 19. The nethod of claim f? in which the first and second |inks are

spaced apart by alpi Tohmgthoadafecdainr 1 iewhichiihe ligk strucwire fypther comprises a top
passivation layer positioned over the link such that the top passivation layer is directly
ablated by the ultraviolet laser output that severs the link.
15 12. The method of clairn 1 in which the link forms part of a memory device
or an ASIC.
13. The method of claim 1 in which the passivation layer is doped to increase
" its absorption at the predetermined wavelength.
14. The method of claim 1 in which the predetermined wavelength of the
20 laser output is about 349 nm or 355 nm.

15. The method of claim 1 in which the passivation layer underlying and
overlapped by the link attenuates energy of the laser output in excess of that required
to sever the link to ensure that the substrate underlying and overlapped by the link is
undamaged.

25 16. The method of claim 1 in which the link is one of multiple electrically
conductive links fabricated on the substrate, the links being separated from one
another by passivation material having wavelength-sensitive light absorption

characteristics such that the passivation material attenuates energy of the laser output
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20. A method of severing an electrically conductive |ink between a pair of
el ectricall y\ﬁpgb%%;i' ve contact pads fabricated on a sem conductor
substrate in an Integrated circuit link structure that i ncPoly§o%412465
passi vation | ayer positioned between the |link and the substrate, the

passi vation | ayer having a height and wavel1é7ngt h- sensitive |ight
absorption characteristics, conprising: generating and directing toward the
link structure ultraviolet |aser output having a predeterm ned wavel ength

i nteracting wreftectddefromvefiest ghé of thedlirikis tewhidii becoRd oABSPHIRL 1M to prevent the
characteristics of the passivation |layer to sever the link and forma

dept hwi se crafaéf:r QRPHS fromydamaging thaseeand lijker underlying the link to create

high electrical j th tact pads, the hej ght and
el ongt h sendi 1 96 EOCERCEYERRER TR FedREr ALt BB e b rabaidiean on

| ayer cooper atémigohducpsresudbtiate e firaSiptk BathpYbpdrh @D FARTEYEA frate
underlying the link. THI'S SHEET HAS BEEN %PLI,)ACSED WO 99%%‘%@‘824?&':8&4&%’

PCTI US997 124660ndygtive link by passitasionohatetial positivried behiesh théra apd edeingr ni ned

wavel engt h of r.output s shorter than about 300 nm 22. The

met hod of cl a‘l’V%nbginétﬁggﬁl%W ﬁﬁgab Y8 ?%Fﬁ?‘ﬁ%ﬁ%%lcéﬁ‘@f‘ﬁméf the |aser

output is about 26genvmtimbeditectihg ab Fipréderitifed Rhvel tﬂ"t‘i}w@ﬁ%ﬁe Pgsgﬁwk
0 e

met hod of claim 20 in which the préedeterm ned wavel engt
out put is abowirasipletdases ougmshaving 2rerg¥ vharaetenized bf acpawendbasitynof\hiffibiche
- top passivati . r. i s _daope 0 _.lncrease_ its absorption at the
pr edet er ni ned'% \%%r\l/lg%/dgr{ﬁtsﬁ‘.'er i’g‘? ﬂ’?%é“‘i"ré‘i FRRPeERtQn Withthezpredetgpmingd ttayelength
passi vatdon nateRidti Jvﬁh@ﬂ:g%.ﬂ i RionlMal ' QN at..th
pr edet er mi ned wavel egngt h. 26. The n@tat?ggr’g%égItﬂé%t%h%ga?tgg%tﬁéﬁnsﬁ%‘ée fight

pr edet er m neckbgexptioareatactstistitseof thapessivationuhatesiabbos it34 ABHTaEE 2Py B

27. The net hog. ?f claim 1%ﬁi n \%i ch the %rgﬁdeterm' ned wavel ength of "t he
| aser out put 1&'336bAPPYEELigHiEd thenfirsp link toyvardi e sagongdrlinka® pvkvent the

laser output from damaging the second link.

18. The method of claim 17 in which the predetermined Wavelength of the
15 laser output is shorter than about 300 nm.
19. The method of claim 17 in which the first and second links are spaced
apart by a pitch distance of less than about 2.5 ym.
| 20. A method of severing an electrically conductive link between a pair of
electrically conductive contact pads fabricated on a semiconductor substrate in an
20 integrated circuit link structure that includes a passivation layer positioned between
the link and the substrate, the passivation layer having a height and wavelength-
sensitive light absorption characteristics, éomprising:
generating and directing toward the link structure ultraviolet laser output
having a predetermined wavelength interacting with the wavelength-sensitive light
25 absorption characteristics of the passivation layer to sever the link and form a
depthwise crater within the passivation layer underlying the link to create high
electrical open resistance across the contact pads, the height and wavelength-sensitive
light absorption characteristics of the passivation layer cooperating to prevent the

laser output from damaging the substrate underlying the link.
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15 28. The nethod of claim1 in whi m
( i ch the predet '
| aser output conprises a third harnonic of pa funggmez'?gl Wawav\(zléength of the

gener at ed 3R Nd: YLF | ase [ lr i Taass
_ 15000 r. 29. The nethod of claim17 4
pr edet er m”gég wavel ength of the [|aser output conprises a ![EI }Aﬁ{éﬁir Enr;ﬁi c of

a fundanmental wavel ength
_ _ : generated by an1820 Nd: YLF | aser
21(‘)m(_;lr?|521522 ![R V\QI ch the predeterm ned wavel ength of the ' I ggérTgﬁt gﬁt hod
ird harnoni c of a fundanental wavel ength generated by an

Nd: YLF | aser. 31. The nethod qf . cl gj j ' thast
di aneter of | ess 2lhahhe ms%ﬁ@gflmqﬁngﬁﬁﬂ?%%&%ﬁ%%?g E%E LACE%e
laser output is shorter than about 300 nm.

22. The method of claim 21 in which the predetermined wavelength of the
laser output is about 266 nm, 262 nm, 212 nm, 210 nm, or 193 nm.
5 23. The method of claim 20 in which the predetermined wavelength of the
laser output is about 349 nm or 355 nm.
74. The method of claim 11 in which the top passivation layer is doped to
increase its absorption at the predetermined wavelength.
5. The method of claim 17 in which the passivation material is doped to

10 increase its absorption at the predetermined wavelength.

76. The method of claim 17 in which the predetermined wavelength of the
laser output is about 349 nm or 355 nm.

97. The method of claim 18 in which the predetermined wavelength of the
laser output is about 266 nm, 262 nm, 212 nm, 210 nm, or 193 nm.

15 | 78. The method of claim 1 in which the predetermined wavelength of the
laser output comprises a third harmonic of a fundamental wavelength generated by an
Nd:YLF laser.

29. The method of claim 17 in which the predetermined wavelength of the
laser output comprises a third harmonic of a fundamental wavelength generated by an

20 Nd:YLF laser.

30. The method of claim 20 in which the predetermined wavelength of the
laser output comprises a third harmonic of a fundamental wavelength generated by an
Nd:YLF laser.

31. The method of claim 9 in which the spot area has a diameter of less than

25 about 1.0 um.
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