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PULSES Related Applications [0001] This patent application claims

benefit of U.S. Provisional Application No. 60/496,631, filed August 19,

2003. Copyright Notice [0002] C(c) 2004 Electro Scientific IndustrieBCEWBER 2006
A portion of the disclosure of this patent document contains material
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or the patent disclosure, as it appears in the Patent and Trademark Office

patent file or records, but otherwise reserves all copyright rights

whatsoever. 37 CFR 1.71(d). Technical Field [0003] The present

inventi : ocessing of conductive links on memory chips
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and systems employing a master oscillator power amplifier to generate sets of at
least two laser pulses to sever such links with better processing quality on-the-fly.

Backaground of the Invention

[0004] Decreased yields in IC device fabrication processes often result from
defects caused by misalignment of subsurface layers or patterns or by particulate
contaminants. FIGS. 1, 2A, and 2B show repetitive electronic circuits 10 of an IC
device or work piece 12 that are commonly fabricated in rows or columns to include
multiple iterations of redundant circuit elements 14, such as spare rows 16 and
columns 18 of memory cells 20. With reference to FIGS. 1, 2A, and 2B, circuits 10
are designed to include between electrical contacts 24 laser severable conductive
links 22 that can be removed to disconnect a defective memory cell 20, for
example, and substitute a replacement redundant cell 26 in a memory device such
as a DRAM, an SRAM, or an embedded memory. Similar techniques are also used
to sever links 22 to repair CCD imaging devices or to program logic products, gate

arrays, or ASICs.



link lengths 30 between adjacent electrical contacts 24, and

element-to-element pitches (center-to-center spacings) 32 of about 2 m -

8 m from adjacent circuit structures or elements 34. Although the most
commonly used link materials have been polysilicon, polycide, andH&BER 2006
compositions, memory manufacturers have more recently adopted a

variety of more electrically conductive metallic link materials that ma
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metal alloys, metal nitrides such as_titanium or tantalum nitride, meta
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inclFiRS 28 R NS G yer 44 (shown in FIG. 2A), which is typically
5004-10,000A thick, and an underlying passivation layer 46. FIG. 2C shows two
adjacent links 22 separated by an intermediate passivation layer 48. Each of links
22 has opposite side surfaces 52 separated by a distance that defines a nominal
link width 28, which laser spot 38 encompasses to sever link 22. Silicon substrate
42 absorbs a relatively small proportional quantity of IR laser radiation, and
conventional passivation layers 44, 46, and 48 such as silicon dioxide or silicon
nitride are relatively transparent to IR laser radiation. The links 22 are typically
processed “on-the-fly” such that the beam positioning system does not have to stop
moving when a laser pulse is fired at a selected link 22, with each selected link 22

being processed by a single laser pulse. The on-the-fly process facilitates a very



structure of FIG. 2B after removal of link 22 by the prior art laser pulse.

FIG. 2D2 shows an irregularly curved line 76 passing through portions of

passivation layers 44, 46, and 48 surrounding the open area previously

occupied by removed link 22. Curved line 76 represents typicalld@EcEMBER 2006

to the passivation structure, specifically damage that extends by a certain

_amount, e.g., about 0.5 micron, from the region previously occupied by
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the drawing figures. [0008] To avoid damage to the substrate 42 while
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for about five years with great success.
[0009] U.S. Patent No. 6,057,180 of Sun et al. describes a method of using
ultraviolet (UV) laser output to sever links. Shorter laser wavelengths are
employed to deliver a smaller laser beam spot size to accommodate the ever-
shrinking link dimensions and link-to-link pitch sizes. These shorter laser
wavelengths also provide better coupling of the laser energy into the link target
material to facilitate the process. However, removal of the link itself by such a UV
laser pulse entails careful consideration of the underlying passivation structure and
material to protect the underlying passivation and silicon wafer from damage by the
UV laser pulse.
[0010] FIG. 3A s the typical temporal shape of a traditional laser pulse 37a at
wavelengths of 1 um and 1.3 um used in the link processing. To more effectively
use the laser energy, Smart et al. in U.S. Patent Nos. 6,281,471 and 6,340,806

propose using a master oscillator power amplifier to provide (MOPA) laser pulses
3



[0011] MOPA lasers are generally CW-pumped, doped and grated fiber

lasants that are activated by an injection laser at a high uniform repetition

rate, such as 30 kHz. MOPA configured lasers manufactured by IMRA,
America, Inc., Fremont, CA provide substantially square shapetii fRHSEMBER 2006
37b that have an adjustable pulse width of 5-20 ns. [0012] According to

Smart et al., the rise time qof the laser pulse has to be shorter than 1 ns,
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wauld be no link material remaining to shield the substrate 42 from

ProV&H8SUFEYS the 4 11 DECEMBER 2006 laser energy. The laser pulse
[001¥3]jerg\Baitautmeftineyiatds gaeatiosk of deenadisructure 36, such as, for

example, the thickness of the overlying passivation layer 44; the thickness, width,
and side wall slope of the link 22 itself; and the thickness of the underlying
passivation layer 46, there is a need for some head room in the laser pulse energy
used to process the links 22. Typically, the link material will be totally removed well
before of the laser pulse ends. For the typical laser pulse used, the link material for
the average link 22 is totally removed by time t;, as shown in FIG. 3A. Some tail
after t1 is desirable to accommodate link variations where a few of the links 22
require a little more pulse energy in order to completely sever them. Similarly, time
t1 in FIG. 3B depicts the time when the typical link material is totally removed.
Persons skilled in the art will realize that the laser pulse energy after time t; for both
cases imposes a risk of damaging the silicon substrate 42 of some of the links 22,
especially those that were completely processed well before time ty, because there

would be no link material remaining to shield the substrate 42 from exposure to the
4



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

traditional laser pulse 37a, there is no control over the temporal shape of

the laser pulse 37a after time t1. For the substantially square temporal

laser pulse 37b, it is worse in that right after the time t, the laset JpDEZEMBER 2006
37b will remain at its peak intensity for a while, potentially causing even

greater risk of damage to the substrate 42 or neighboring structure 34.
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energy laser pulses.

[0017] A further object of the invention is to employ such sets of laser pulses to
process links on-the-fly.

[0018] One current trend in link manufacturing is to make relatively thick links
(greater than about 1 um thick to about 2 um thick or thicker) from metallic
materials, and such links complicate the link severing process even further. It has
proven particularly difficult to completely remove such links with a single pulse of
conventional laser output at sufficient throughput without causing unacceptable
damage to surrounding materials. One solution would be to provide a first pass
with a single laser pulse at each link to be severed with energy insufficient to cause
unwanted damage, and then to provide a second pass of a similar or less powerful
pulse to each link to clean out any artifacts without risking damage to the
surrounding materials. Unfortunately, this practice would entail either a long dwell

time over each link or separate duplicative scanning passes of repositioning and
5



refiring at each selected link, effectively reducing the throughput by factor

of about two or more. [0019] In U.S. Pat. No. 6,574,250, Sun et al.

disclose methods for coordinating laser output pulse generation and the

relative movement imparted by a beam positioner to deliver a st DEGBEMBER 2006

or more time-displaced laser output pulses to each link structure in the

. same temporal window that conventional beam positioners employ to

refirgigb eaginftecti dntioREPEIS pir ot IEiRMENpUisRY RAdias algbout
two i6rsadast that the spot area of each laser output pulse encompasses the

link width, and the methodnéi)rovides high throughput, hi%] quality link
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process. similar to the jnventions disclosed by Sun et al. but Cording|
pos R o MBES oo DR LE BT AAB A G SR )
modbdbekedheteritthigtelhsyinsumdsepetitiin tacehésivweasibpriptdingate and
window described by Sun et gl. [0022] In U.S. Pat. No, 6,727,4 mart
an e T IR TR P Ep IR G RC R 2T W Tocde-
lockeaWiseth-#urjitonasemboldendroseagieyt lastepliooletralhstopdoasto-optic (A-
mplifier. [0023] General embodiments of the present invention employ a ..
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tdiode% laser '&s srl)ecit Iy ontrorﬂl d to ener@e a t(FnhPorilspower rofile of but
Portigi, o A SHRUSHSRE or BAKH RAKSET AL BE HrolasdiuC WHeARYRIdRges. bu
genaraplifsadvaertaigss matudesadditded stakst tadiditional space, or additional
optical or alignment components.
[0021] In U.S. Pat. Pub. No. 2002/0167581, Cordingley et al. propose a process
similar to the inventions disclosed by Sun et al. but Cordingley et al. appear to
focus their work on laser-work piece thermal interactions that are inherent to
delivering pulses within the beam positioning time window described by Sun et al.
[0022] In U.S. Pat. No. 6,727,458, Smart proposes use of two identical closely-
spaced, square-shaped or sawtooth-shaped laser pulses from a seed laser diode
and optical amplifier.
[0023] General embodiments of the present invention employ a master
oscillator/power amplifier (MOPA), wherein a laser output emitted from a diode
laser is injected into a power amplifier. The driver of the diode laser is specially
controlled to generate a temporal power profile of two or more pulses for each link

structure to be processed. The power amplifier operates in an unsaturated state to
6



11 DECEMBER 2006 provide amplified laser output that substantially
replicates the temporal power profile of the injected laser output in order

to deliver a set of two or more working laser pulses to each link to be
processed, instead of using a single laser pulse of conventional 1iDECEMBER 2006
processing systems. [0024] Because the whole duration of the set is

shorter than about 1,000 ns, the set is considered to be a single "pulse”
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GRS
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pulse within the set is also individually tailgred to provide the spike at any
selefiee iliog tHet AR RRAN oG R NG LY i bt two
or nagrecific link structure. Other techniques of modulating the temporal power

file of each pulse, can be used, such as employing multiple spik
100350 < ER R NRIHI SR IS ARG Bl Bh TR R Rk Power per
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intagroceeds W?th reference to thg accompany_ing_drawings. Brief _Description
oo B R R B LA ueorng
laseinpu igandthinvtioé gt ésialswandividlzlly tailored to provide the spike at any time
during the pulse duration that is advantageous for processing the specific link
structure. Other techniques of modulating the temporal power profile of each pulse
can be used, such as employing multiple spike peaks or oscillating peak power
amplitude, based on different link structures. In some embodiments, at least one
laser pulse in the set has a temporal power profile that is different from at least one
other pulse in the set. For example, a working pulse subsequent to the first working
pulse in a set has a reduced amplitude and/or a reduced pulse duration.
[0027] Additional objects and advantages of this invention will be apparent from
the following detailed description of preferred embodiments, which proceeds with
reference to the accompanying drawings.

Brief Description of the Drawings

[0028] FIG. 1 is a schematic diagram of a portion of a prior art DRAM showing
the redundant layout of and programmable links in a spare row of generic circuit
cells.



11 DECEMBER 2006 [0029] FIG. 2A is a fragmentary cross-sectional

side view of a conventional, large semiconductor link structure receiving a
laser pulse characterized by a prior art pulse parameters. [0030] FIG. 2B

is a fragmentary top view of the link structure and the laser pulsel DEGHEBER 2006
2A, together with an adjacent circuit structure. [0031] FIG. 2C is a

fragmentary cross-sectional end view of the I|nk structure of FIG. 2B
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fragmentary cross-sectional views of the link structure of FIG. 2B after
art QRS RARIARS Spplication of a prior art laser pulse. [0033] FIGS. 3A and
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ulse temporal power. profiles. 0034] FIG. 4 is a power versus time
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0 O A e B Pl Y e e
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oogB e Rt e S SR A R o o
exempkrpldse psystemprofilger8ented with a MOPA laser and a work piece
positioner that cooperate with a laser processing control system to process links.
[0037] FIG. 6B is a simplified exemplary diagram showing how an injection laser
followed by an amplifier can be operated in an unsaturated state to amplify without
distortion an injection laser pulse to a desired energy level.

[0038] FIGS. 7A, 7B, and 7C are power versus time graphs showing exemplary
sets of laser pulses employed to sever links with a typical positioning system
interval between sequential spaced-apart links.

[0039] FIGS. 8A, 8B, and 8C show an exemplary specially tailored injection
laser drive current profile, a resultant injection laser pulse power profile, and an
amplified laser pulse power profile replicating that of the injection laser pulse.
[0040] FIGS. 8D-8F show power versus time graphs of exemplary sets that
include the specially tailored laser pulse of FIG. 8C for severing links within a
typical positioning system interval.

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



11 DECEMBER 2006 [0042] FIGS. 9B, 9C, and 9D show power versus
time graphs of exemplary sets that include the specially tailored laser
pulse of FIG. 9A for severing links within a typical positioning system
interval. [0043] FIGS. 10A and 10B show an alternative injection 1asEMBER 2006
drive current profile and amplified laser pulse power profile. [0044] FIGS.
and 10D show power versus time graphs of exemplary sets that

10C
[004241u0& o sPBeilky At dd BRQW PaWE LY iRy SIBE SRRV FifkPlary sets
thatWithiita theissdsiagifienioeaysiess pureat FICAAH6r selvisiag links within a

fragmentary cross-sectional view of the link structure of FIG. 2C after link

tyPiGaLRARI ARG SYSIEBhIBIEEVELt of at least two laser pulses tailored to
[004B)ver &S, Perabed DeBcshdinral Misieatd MndmeRs: [@8dslcblent

GA is agartl schematic, simplified diagram of an embodiment of an

profilg andiarriterd LBSeERUWED RAPRHRIALLS: with a MOPA laser 200 and a
[oozggg;n maaem@&mat@mélmﬁib@mwy@@_ mmﬁfél)gmﬁw" OiEkSMHRIRY sets
that cooperate with a laser processin ntrol system to progess . .

that L5 AP FEIEI AR B SPU TSR e DEd6 SELABITRS within 2
typidaigstisitioases 8pgtéptamteevay, an amplifier 204. Injection laser 202 can

a djode laser having a fast response time and delivering laser output
10048} o o BF A e Y e SetH G T B SRR of
FIG226. Stehiaklieamlagascapglie &isngedresisingy| s rvemalminlses tailored

intedgraﬁe% distributed feedback or a distributed Bragg reflector, or such
10 SQYE4E 1Ny can be tuned with extracavity components. Such a diode laser

can algetafadl Deisitipte wisiderktsere OBAH mpifigy 204 is preferably a
oo A P R B A S e o o
exelmilla:r]? |ader @yt;nmm?mgwfpénb@mamm anyisieA I’@ébdismﬁbﬂ’fd |aiﬁﬂam

.amplifier. Ytterbium- ed fiber lasants are common and. co ja
el A S AL G 2 el S S G e B SOy
coopanitatwivh\elasgiipchfersi droonthataystieen ngeptiorekss 6n2O 2 2[ OUMiGH

The | f fib, f lasing d t, doping level, and i
refe GG A oy B R334 e AL AR AT RET RS 202 ReBwed by
an a‘ewphﬁipllammsmew@mmbe MOdﬁiwia_rdtnfdeflbseﬂdtfwﬂmgamwtscwmbnse
timq%ré&%ﬁ&%&m@r:%%ﬁﬁ%%@% I@)eG?P art] ?zggglrcvsvg\:/%rlghgct)ﬁ(ft%r% rw éafbﬁé)g}he gain

spectrum of amplifier 204. Such a diode laser can be a single frequency laser

employing integrated distributed feedback or a distributed Bragg reflector, or such
diode laser can be tuned with extracavity components. Such a diode laser can also
be a multimode diode laser.

[0047] Amplifier 204 is preferably a fiber amplifier comprising a conventional
fiber lasant material and is preferably pumped by a conventional continuous wave
(CW) pumping source 220. One preferred embodiment of amplifier 204 is a fiber
laser amplifier. Ytterbium—doped fiber lasants are common and commercially
available. Pumping source 220 is also preferably a diode laser and may emit at
wavelength different from that of the injection laser 202.

[0048] The length of the fiber, type of lasing dopant, doping level, and pumping
level can be tailored to realize the desired amplification gain. An exemplary laser
200 can be a modification of a fiber laser manufactured by IMRA, America, Inc.,

and IPG Photonics Corp., Oxford, MA. Both IMRA and IPG manufacture laser
9



9 11 DECEMBER 2006 devices that include a fast laser diode operating

as the injection laser followed by a fiber power amplifier. The laser

wavelength is tunable in the 1.06 m to 1.1 m range. [0049] FIG. 5 shows

useful MOPA pulses 37c1, 37c2, 37c3, and 37c4 having four diffdDEQEMBER 2006
programmable pulse widths from 25 ns to 10 ns derived from an IPG

MOPA laser at about a 20-30 kHz laser pulse repetition rate with laser

devigrg irbingluds @ PGl aPRESCAROPSIRING RS ANeRYPBBSEL irimved by a

fibeSpbNE aMDNAYE. aT B Nesalwvaaseicalyprasieadithdecomsashapgm
(within limits of noise). With the tailoring of the drive current supply to the

rand§st diode laser, the laser pulse power profile can be tailored as described

[00453reinFAROtehexrMdeny! iOFASSIIsBaBTactB RS, 7 M CardUeReCchaving

Canada implements a special technique to@qget the inéection laser pulse

foursgiterRR! QP IRAMARICHRA SE M thBSBBMEAMBIR IR SHECYSS pageardPG
MOPW g8y &vallahieavBusBmkMer kssat dliserayairiengtieiviid TaBsr energy of

According to INC, it is not difficult for them to make a similar laser worki
0.1 g 5 gt B SCORTA B UHSE  RBSBOI PO B S ALY, SRR ve 2
genérgliy enspesicalljenost ésdiabesicksihg ghtpahautO lthigotndise). With
include, but are not limited to, 1.54, 1.3, 1,1 - 1.06, 1.05, 1,047, 1.03 -
the @%‘H%}:H%ee%@ﬁt ?HHP&%%HBi% %ﬁ‘%ﬁéﬁr%@%ﬁ?&%&ﬁ&d@ﬁ{ Rilsg Power
profiaeelebethsiarethal desenbethitdrdnurtAnetdtreRempoaigsidorasyplary
harmonic wav. hs jnclude, but are not limited to, about 0.75, 0.65,
ma %ﬁ?@%,bb.@oﬁ%k’%ﬂ D8 %U@Lﬂl@ﬁ’ﬁér@oﬁ%%ﬁ%‘ﬂ?@@&%%%t the
injectiohdbteegsulbarmenitschibendgtseiffisientrmweseanetibentplayegdity the
._._process certain types of link: and/qr passivatign layers 44 usin
e ohiste NRIPUTGTIVATRIBRE CRI T kacH fogse: NaRRIRth of
1.57cpnverstgo lingeisseyd tesotibificnliMde themitdeviake alsiméadtzaek of
Nonlinear Optical Crystals, 138-141, Springer-Verlag, New York, 1991
Worlfg@h?%ﬂaé@g’?géigh?ﬁ%ﬁ)gﬁ?ﬂéé. %'}é'; and 6B2 (generically FIG. 6B)
[00301ow Mhw prede O didver wavetsadisean iscth&2panttddangs fbem about 150
enerated fram a MOPA laser 200 to process . a ljnk 22 withoyt saturatj
) B A SO D A8 Al U S8 BB 5 dorepand . 1-05:
1.04Me1p0F ie0or hend ty ¢heLiesephil tiveaeaplifidre RQdctiendasercdfiz Witiable at
reference to FIG. 6B1, an exemplary, injectjon laser output pulse profile
thes, VRS G 0 e I GRS ReTilery
harmowierveampliiegths include, but are not limited to, about 0.75, 0.65, 0.532, 0.5,
0.43, 0.355, and 0.266 um. Skilled persons will appreciate that any of these
harmonics having sufficient power can be employed to process certain types of
links 22 and/or passivation layers 44 using appropriate well-known harmonic
conversion techniques. Harmonic conversion processes are described in V.G.
Dmitriev, et. al., Handbook of Nonlinear Optical Crystals, 138-141, Springer-Verlag,
New York, 1991 ISBN 30 540-53547-0.
[0051] FIGS. 6B and 6B; (generically FIG. 6B) show how a set 50 of two or
more laser pulses 52 and 52, can be generated from a MOPA laser 200 to process
a link 22 without saturating the amplifier 204 to permit the laser pulse power profile
to correspond to the profile of the drive current delivered to the injection laser 202.
With reference to FIG. 6B+, an exemplary injection laser output pulse profile 210,,
such as a maximum “flat top” profile, can be injected into the laser power amplifier

10



10 11 DECEMBER 2006 204 to produce an amplified laser output pulse

212 that corresponds to the injection profile 210a without distortion of the
profile caused by saturation. [0052] With reference to FIG. 6B2, two or

more injection pulses 2101 and 2102 can be injected into laseripay#€EMBER 2006
amplifier 204 within the interval that positioning system 380 can address

a link 22 while the positioning system 380 is continuously movin

204 4 RredHes rﬁeamﬁ'ﬂiﬂgééﬂcﬂL&Hatﬂdiz‘ep?éf%Fgam%ﬁmﬂ"rﬁéq@nmdﬁl@dion
profié themrattieodh iniseiiaprPutsn e besise dhatBEPERsPRaneiNg laser output

ulses 52, and 522 will fit within the profile of laser output pulse 212 and

[0038) re sPHHURIFFRNCHIDE U 10 pUINESOS TOOUHINIETHOMRHSES fidorilY 2102

can GRUBRECRYCSRY T, gk ibmphiprcREangithin prefiigtervheteivecaimieing
206 that produced them. [0053] FIGS. 7A, 7B, and %generically FIG. 7)
SYST@H&@%&%} JarLaSSimAN 2o Be ARE BRI ANG S1RICEHESAHE spRtinuously

mowggwiﬂa@wyetmﬁéﬁ' t@‘d%ﬁfﬁé@@ﬂ@r ﬁﬂd,@;m&&éﬁél r%Bly,fﬂnﬂiﬁ?b%@@%velope
52c, 52c2 (generic ser pulses 52) employed to sever links 22 i
of 15 At b R TP LSS TSR0 Bre o AsRCe G50 QU jaLRLIses
52, ainglsdinkil Zit Rietgined setsikDdnRigee cltp iidpidees1 22anbhso ehexsiimuab the

each set 50 is preferably shorter than about 1000 ns, more preferabl .
ShaG e DS I P RALSIP G BRUiS 68 By At AR, faithfully
reprd@0ding Jessgrofaseotinhe-dispiaced dnt 2psaaearproablsciiéeial. that is

ical orfer than 0.5 millisecond, oft rter than 0.1 millisecond,

10034 e v B S SOR A DLl S A B Ve e e e
graphe shegdmpliae sesiisn: oy sten 580 @ru dhiealigtssreimtoeerdhgulses

links 22 to roce . Bec the le duration of the set is shor
52231 5800 SEanE L PEbEoAOR e FRLoaCe LAY By PAIRRS R
emplokezbuegogarasikerdndrepsterdatde[AibdthEnsr¢sase iwidihtioiheakrelasably,

ulse 52 within set.50,is in the.r of apout 30 ns tp abqut 100 fs pr

cacliSheD APUBG SRGNE . do LRSS AR R FARe0 Ry Bge 52
Theplusasorloiduch aet Boeiterakleiadiyestanter oh abaibici{l 1 PSAmapoird0

ns and more preferahly from about 25 ps.to 30 ns or ranges in, between
Pret g RS TR AT AU % 8 PONRSL PRI 20N o B8 16 86 faout s to
300 prefefed 60 boslitinesHdisibie dadebinte pralgpatnaeablthinfaliad thd & af pieally

first pulse. and.the leadjng edge, of the second pulse can he from about .
shodg] B ST & i R e S e 2 waval n the
ran@_imgéelaﬁ mnEmsm@lnmlse and m@mdammnmmwed oftéagbiositioning
syst\évr'%hslgargﬁa %edgltértlghgg 'QSR,\}%%?? RS M\Hus 22 to be processed. Because the
whole duration of the set is shorter than 1,000 ns, the set is considered to be a
single “pulse” by a traditional link-severing positioning system 380.
[0054] The pulse width of each laser pulse 52 within set 50 is in the range of
about 30 ns to about 100 fs or shorter. In some embodiments, each set 50
preferably includes 2 to 10 pulses 52, which are preferably in the range of about 0.1
ps to about 30 ns and more preferably from about 25 ps to 30 ns or ranges in
between such as from about 100 ps to 10 ns or from 5 ns to 20 ns. In some
preferred embodiments, the time interval between the falling edge of the first pulse
and the leading edge of the second pulse can be from about zero to about 500 ns.
The time interval between the pulses can be adjusted to optimize pulse and target

interactions or minimize interactions with plumes or debris. Skilled persons will

11



11 11 DECEMBER 2006 appreciate that the intervals between pulses 52,

the interval between sets 50, and the pulse widths of pulses 52 are not

drawn to the same scale in the figures. [0055] The focused laser spot

diameter is within the range of between about 0.5 m and abouti3 BEGEMBER 2006
preferably 40% to 100% larger than the width of the link 22, depending on

the link width 28, link pitch size 32, link material and other link structure

apprariaie et dhe HURVAIE ARIVERE RUISeSTf Jhe-RtesY3hBSINRGRS§ISI188s and
the pulbe WRItBBGSIPDRRSES 2herdMovdiEnAGone Kinsisptate MaRkaRiuesn

the laser spots 38 of each working pulse is less than the paositioning
IOO%uraw%ﬁg%%%%s?ﬁaﬁm@@@%y@&?'wm@%ieswmfamut

0.5 A ahdlabsutl®|lasehdystaatas) auhptecelinkrye? Lrmhediwiteh Biahe
gsitioning s%gstem 380 does not_have to stop moving when the laser

link e @RPRAING Q1 Hiey BHGIIRSEP piiketeh sizth il dRte Atk 8 aftsh alier
link E?cumimr@wgr@&@%cméﬁoﬁgcwm%sﬁuIgp&%h@aéh%ﬁfﬂﬁ&mbrking
eat, energy, or peak power to fu sever a lin or damage the
USRS SBCA T e RN Bk ot B B e Gaen Lhghween the
|ase®\é@f¢yﬁﬂghao@sl§g@ﬁiwbdamgrlﬁmis@\rgneiééhﬁé@sﬁrevw@lmmﬁb E%%driéc%y of 3
.shorterthan 1.3 m, in t visiple range, or.int range. At reterre
AR RIN R A A R S e e i A
systpaiasastens pfdoeuseaithisposire the-of/|dserthelpesiidningldgstaredso does not
energies of each laser pulse between about 0.005 J to about iLO J ar]d
3 TR Ees at

have i@ SR RRvIN ) FA TR LBsehRYE e oY %G SRLAT ¥ersnan
eackrelgiediiskc2set between 0.01 J to about 10 J at greater than about 1

oodd, N EereRl 10 e 0 SR el et [0S te shert e
heathenefyy coergar gy mitofiyosaverryinki @2eb stgieageltieunderlying
e S e
layelirid reataridlitibdasraragetiemythal sedsesha egpiethtd. Bk 2icanedeisible
g S SR NSRS S A R PR ET AT abou
200Qiven hmtgfé?re@abtﬂidnmandm@tm qsfetssiuaédrsmeﬂz_@%laﬁmﬂmatms 52
ol B B RS e R s, SR AR Il Yo
(andthiersoddiatetiate gimansged  miardralttiudayelbogtoin th B laser
energies of each set between 0.01 pJ to about 10 pJ at greater than about 1 Hz
and preferably 10 kHz to 50 kHz or higher.

[0057] The energy density or power profile of each set 50 of laser pulses 52 can
be controlled better than the energy density profile of a conventional single multiple
nanosecond laser pulse and can have almost any predetermined shape.
Depending on the wavelength of laser output and the characteristics of the link
material, the severing depth of pulses 52 applied to link 22 can be accurately
controlled by choosing the energy of each pulse 52 and the number of laser pulses
52 in each set 50 to clean off the bottom of any given link 22, leaving the underlying
passivation layer 46 relatively intact or operationally undamaged and the substrate
42 relatively untouched or undamaged. Hence, the risk of operational damage to
silicon substrate 42 is substantially eliminated, even if a laser wavelength in the UV

range is used.
12



range is used. 12 11 DECEMBER 2006 [0058] With reference to FIG. 7A,

the power profile of pulses 52al and 52a2 (generically 52a) in each set

50a are substantially identical and sets 50a are substantially identical.

Optional subsequent pulses 52a (not shown) in each set 50a cahR#ESEMBER 2006
have substantially identical power profiles or different power profiles.

0059] With reference to FIG._7B, the power profile of pulses 52b2 have

[0088]orte VA FHEERS highHasé/dr 1BSFRRNGE PIALIR Y NSRS aRA 1SRRG Jg
(gerfepBanssHbseateRtsdilsen 228 S0BEEIRENY i SaGEas el R Fomwhiy

ave shorter amplitudes than those of respective g%ulses 52b2. Such an

h
SUbGIABIRIMMRRIGHofPHRNE! SURSRIURRIIR WaSTseRd (BUSRIWNN tRFach set

50a keitoansef iaedissthatianisiiehtdamanrvde sromeicuiedif sriraiHEvePpfofiles.
[0 ﬁce.ﬁwo With reference to FIG. 7C, the pow?r profile of pulsei;] 52c2
ve

BREHRERDSHRI A GmpRuRe RRIVER OFRIB HERWRGH Stha BYGsehorter
amphtiiceebiyEtHIgsesT PEsEeittioaPursdOLbOPtioash S ST EDbINSES

52 t sh ' h set 50c preferably h hort I idth
SRR R0 B SHC kR S b e Al
ampligyeRElh ﬁmaﬂm@ll » Qﬁ@qi’ed 5 @ﬂd@p?l@@@t_ﬁ@fﬁlﬁ@@ﬁh héﬁ@ﬁﬁ%mé?wfproﬁle for

shorter ampljtudes shorter pulse widths than the  immediately prigr
2 SR ORISR0, FAR AL T Biomy B at e g famage
to agretiquist s2abitvwe WoH@ietéas gradually decreasing amplitude, other

il b [ h "flat-top" qr "bell- "
oo, R e R BTl e B A R o
subspetially sliaiinnfieﬁwv?nlﬂm@aber ﬂntbz@r DR Heaiviaayse émmﬂm@eraﬂagbgpective

one_qr more of the er pulses 52d1 in one or more sets 50d1-50d3. .

PSR A QBB A TORE A B MR WS D QB0 gach
set 50epedietalbty ethos \eh oreept ivel sadiiistdaliviiesefuimedpeetile gitdsdss52c.,.

..208, and FIG.. 8B shows that an injectjon, laser output pulse 210
SKilBE o il ARG AT oW A R Sre AL RO eI Ises
52c puiserzVe anth rsisoitterf dhepfastiezspoosh oetpabilityeohidjectitbrarates 202.

' cﬁi n laser o\#geut Pulse 10 is eIivgdred to Iaserroower amplifie

. In 204,
R O OE R BHor o G to it Toena B BBl ever
thowgh@ahmam @Iﬁ?&rvmvmm'(_lﬁg Vabasrgﬁwglliedtbast(igtmdpMUge, other
o D e B o SR W e
[006mE pofisSpid-8Rd deiere iy faltn@pdgmonstrate formation of specially
tailored working laser pulses 52 that may be implemented as one or more of the
laser pulses 52d; in one or more sets 50d1-50d3 (generically sets 50d). With
reference to FIGS. 6 and 8, FIG. 8A shows a specially tailored drive current pulse
206 delivered from drive electronics 208, and FIG. 8B shows that an injection laser
output pulse 210 propagating from injection laser 202 replicates the profile of drive
current pulse 206 as a result of the fast response capability of injection laser 202.
Injection laser output pulse 210 is delivered to laser power amplifier 204, which is
operating in an unsaturated state to amplify injection laser output pulse 210 and
deliver a working laser pulse 52d; without introducing significant distortion of the
tailored laser pulse power profile, as shown in FIG. 8C. Working laser pulse 52d; is
relatively flat after the occurrence of the power spike and before the falling edge of
the laser pulse temporal power profile. Persons skilled in the art will appreciate that

the profile of drive current pulse 206 can be readily programmed to any preferred
13



the laser pulse temporal power profile. Persons skilled in the art will

appreciate that the profile of drive current pulse 206 can be readily
programmed to any preferred 13 11 DECEMBER 2006 profile. Persons

skilled in the art will also appreciate that the gain requirement ofl 1apPEPHMBER 2006
204 depends on the laser pulse power available from injection laser 202

and the power of the working laser pulse 52d1. [0062] With reference

profileaiReEPRs skegindheahyilkRirePrRRGGRIR NG abrTefigsaent Of
ampiisedoddpenitiesriana rigsifisalsbspiecd 2 eaRanE At thRdieainxes 202

of the laser pulse. The peak power of the spike is Pmax, and the average

and {BG,ePyehef e WoTRgdasehiPuisR 2fplitude of the spike is defined as
[0062]ax Wit e vddihAhthe RIEkaOtsthie dekiaed psdins-&dlldseatiRnse power

time at the middle power point, Ps, between Pmax and Pmin. The peak

{ ) P
profig G laSeHRUSAS20h ALY RS (o AT A RS P 2R SR LR
beg Wﬁ;ﬁ@gﬁllﬂﬁ%%’s@f ?gé@s?#@iib‘é@@nweﬁﬁetr\@@pm&ltrseﬁﬂ% ditd ihe f
rerera 00 to % o e | ation the laser pulse. erisetimeo
ave H GRS &) R RSk TGS Bl E RS AU O R B fltfed as
Pmabomims Theigided sntospikbe) poWsHeRfei a iRET@ndireivaltime at the

measured from the rising edge of the laser pulse power profile to 70% of

midgie RRAMKPPBTHESIREMSASE FBMEARLRIRIFol PEPBIELBNESRIdAR fBe.
PmaReisRisresaip alsoirerbyy pabeut Bsvainfier dhgyanuinalion tRe laser

indicate a_significant, transient increase in laser power, |rres°pective of

PulsgnBAiNectlips W' the RRIKE plifsdS OFfesaRhe | 8PalpuiSesob e dusation of

the RRBMRANRAVEIR FRECIHIY @i{ﬁéegﬁﬂ%%ﬁ?‘ﬁéﬂipﬁ%rﬁgﬁ)%ﬁ KeeutE 1 and

show power versus time graphs of exemplary sets 50d having at least

prefgrRbly<isiasdamatAIh AHes s TRy asiHTngaidheurewvs Rk i HYEhin an
inte 2 WL ESIEu REriPreHSrRtcRBloPa ihia AOYRIEBAREIISRING SYS7em, of

interval. In E)articular, FIG. 8D depicts exemplary substantially i

identical
the dutatinnof thatlasenRUSARPWRS 6f filfe EQHRUMRITS @ sodNesiasraythe

ternf4PIRE" RYISEE PHFSUEHBERY Eh& Itk AR MEHNHE JPRACEIRY %tfq\%"iéﬁﬁe a

~ positioning system 380 is in range of the link 22 during on-the-fly )
SigniieRBL N SI606 1)t RESBENdapRI P ANEFn HTIGERSEIVD RINVEEPSTRRRIKP during
the IH6BTIBRISEISCRKIS IR, RACAIPURIEY 5QrPEBE S SRR SECELSHRIEAT

~52d1 and 52d2 to sever a link 22 within the time interval that the
tailogeditrsah g WesteReMSo is in range of the link 22 during on-the-fly

[006BPCeTSICS. JRGRIMHANBBd RS 2 HrmbBayashiserieRdig®lary sets 50d
having at least one laser pulse 52d; with the specially tailored laser pulse power
profile shown in FIG. 8C for severing a link 22 within a typical positioning system
interval. In particular, FIG. 8D depicts exemplary substantially identical sets 50d1
that each employ two of more substantially identical specially tailored pulses 52d;
to sever a link 22 within the time interval that the positioning system 380 is in range
of the link 22 during on-the-fly processing.

[0064] FIG. 8E depicts alternative exemplary substantially identical sets 50d.
that each employ two of more specially tailored pulses 52d4 and 52d, to sever a link
22 within the time interval that the positioning system 380 is in range of the link 22
during on-the-fly processing. Specially tailored pulses 52d, have a laser pulse
power profile that corresponds to that of 52d but has a proportionally smaller
intensity through most of the profile.

14



power profile that corresponds to that of 52d1 but has a proportionally

smaller intensity through most of the profile. 14 11 DECEMBER 2006

[0065] FIG. 8F depicts alternative exemplary substantially identical sets

50d3 that each employ two of more specially tailored pulses 52d1D0&80HMBER 2006
52d3 to sever a link 22 within the time interval that the positioning system

380 is in range of the link 22 during on-the-fly processmg Specially

[00&3korefy i deRigts Al eI Arhelanial seiigalsrk e

thatleaeh RIHGS BOWRY @r@ﬁuﬁ%ﬁﬁwﬁlgﬁaﬁn@#bﬁrwﬁ&@s%ltﬁw&mtt@sever a link
GS. 8C-8F, skllle@i)ersons will appreciate that sets 50d1-50d3 ne

22 %&'Béh&éﬁﬁ@dmﬁ HAHRGLPERI l‘é'%k’i@cﬁ%t%ﬁ'lﬁ’@ﬂuﬁﬂer@{ﬂﬂ&ﬂ’éé@e link 22
duringdrersinophrs sigeSYEbIANG savRESIRMESTPVERE PeutiRedBYase or

FIG. 9A shows another embodlment that emp I(()ﬁ/s a power profile with a

morep%%& ApPe i RYEA RS YIRS RPWE LR U?nr‘{ﬂtthé%?da%'%'ﬂylage?p'ke
Wutmk&%@e@?&i Fibs secmEn§|s|wédlms@]MIqmmdw&uﬁetheﬂmﬁstaowhsod3

of the final pulse in a pulse set 50e t the

ner ota
neeq ol BRIATHEA AR 53¢ HPLG A SRS RaTIE DA GRRUTScS, and
neeﬂeﬁ}emt@éﬁélgés%mhﬁaoea\rlﬁeImi@re@bmwlptmwi and after
Sse e owever, the laser Se € Ccan have a
100GH] s A PR A BB e, R ey & BANE Whiqle pith 2
sp|ket6ﬂearup@|ermgommkanttﬁwe@?mmgamvmiﬁmf mglﬂhﬁlﬁlaalhl;Q)WIﬁSer pulse
clent Jaser akK power ana e ac atet e satisfact
526 o, 56 AR B 1R ShTERal Pt G SEL2Y G PRI i T MRz eneray
of the umlcputydaﬁer pulse povEdeceabyremoviskibt daknagedoaiieostieolink 22
substrate and the tructure neighboring the link. As a result, such special
of aYQTBﬁﬁgc%fifﬁg &8 Bower profile delivers much better processing results
[0067]d a Witk refecasssvitnB By 9Aq tiesl poseeriséved @mme/edythetMOre and
substrate e struct ne| hborl the link. O e, some,
afto HISE 85117 0 LA ED TR ESRUSE BERR) BAIG SELbr 3 aehanging
powerd&kaeI[B@ﬁﬁr]e%ﬁdsaﬂsrfpﬁlse@mpe\aer VEHISUsrtgna@rapensmjleaeanenrproﬂle
sets 50el and 50e2 ( e at Iea t one laser

50
in 38 RAR5R RHIRe A TH0a 8% rke LD TG el ek RoRet 2o
enefgy $e\iaumgaeelmtde%&uﬂmmwywwwﬁnbelhglemamajhmmaumaalah
9B.de identical sets 50e

b
rem B O e R A et DR PR i K8l sk o

dantagesas H2etilicon substrate and the structure neighboring the link. As a result,
such special tailoring of the laser power profile delivers much better processing
results and a wider process window and reduces risk of damage to the silicon
substrate and to the structure neighboring the link. One, some, or all pulses 52 in a
set 50 may have such a specially tailored laser pulse profile.

[0068] FIGS. 9B-9C show power versus time graphs of exemplary sets 50es and
50e2 (generically sets 50e) that include at least one laser pulse 52e1 with the
specially tailored laser pulse profile shown in FIG. 9A for severing a link 22 within a
typical positioning system interval.

[0069] In particular, FIG. 9B depicts exemplary substantially identical sets 50e4
that each employ two of more substantially identical specially tailored pulses 52e4
to sever a link 22 within the time interval that the positioning system 380 is in range
of the link 22 during on-the-fly processing.
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to sever a link 22 within the time interval that the positioning system 380 is
in range of the link 22 during on-the-fly processing. 15 11 DECEMBER
2006 [0070] FIG. 9C depicts alternative exemplary substantially identical
sets 50e2 that each employ two of more specially tailored pulse$ B2EAMBER 2006
and 52e2 to sever a link 22 within the time interval that the positioning
system 380 is in ran?e of the link 22 during on-the-fl processm

[007 ecidllaAGragnigiscteeativg R} MRl L aIkstEBl Vdﬂﬁﬂ@@ﬁh%GTS 50ez
that GAESERIMIS, I IBaTahars spEtiall) Rarlerieipaliasi HieBmany sever a link

substantially identical sets 50e3 that each employ two of more specially

22 WH S Likes HEEaL L N F?H%HE’%%@@E%E?%@ t‘ﬁa{f‘cféﬁ&?e%f |W%I@k 22

dunagorﬁqaélﬂlfﬂi&eb%gndsaa@&&hwmnbeengréely&dwewamwpﬂee
214 and its re&é:ated la @Hﬁulse ower prgﬂle of lase pulse 52f

POWSF IRt el GRFASARE ér%?mm I'QnQF& & 2HistRafive

exeﬂmllawi KoeRtabivg cuEentaIredte 804.ishgoaesemploy BuiseMwibrigrcially
dlspla edc 2 of decreasing v

ur ikes 218, 220, and 22
ailOgG 8 B S SEP B0 TR UL INBIE LR AL A S350 s OC.
[oomducmdm lagey antse mwnbwrob@pébﬁmyr@mnéleg POMesropikes1 4 and its
26, and 228 Power s 4 occu e I’ISé ggg e of laser
rep' R PISRIROMY, %rr? § @&8&9&’;@?&?&# REY r?&%%r ance with
a dufmemmdmmertmiaﬁen mlaﬁoﬂ%rtémt@ewrﬁdhe Brges tokremateridls214 is
com removed b he final p in a set 50f Po spikes 224
COmEBBER 1 SA8IBR I 1SR HTC6 RS DR SPhaD K e T aheh 2RO 222 of
decmilagwglweyewtmmecaw; \r@,rtatmpémlyab@urilé}%smt@e 2181229, and
power of he Iaser 0 se T current ma for example
222 piadire 85 'BSENIRY {oo{gﬂfiﬁéigp%%?@a BRVSSSRIKGE 224,
226sa0d mBPomremﬁemr@mmbmttbembm@ eyide of theee pud}beSQﬁwer
ur, be passe to the injectio ser n the duratlon f the
Proff B RGP RS PO HE R B AR DA By AUTTG e Pulse
52f betWe&nehwtérgetam akmtetialis cosipdatety @ne\vaais; thedfinalisese 52f in
i set 50f m hasp ored laser ulse ofile.
2 o) RRAET THR Rt o b Ae SO TIET (PAHE SPEIRaA LRy Wspike
in tr@)ﬁomabfrmmmaemgplmee wfhapowresspatigilptaieeddaser petsef the
v ower(ﬁrofllefj[bﬁxvn in FI ? ;l’ for erlnélllnks within a t{glca |
AVeISESiRNING SstEmaRteOHIPH %%ﬁ?c HEYe B galime el aRmple
comguizstamtiabyilddimiraloasat 3G Eitilittegacpagaipboydirspoferarell of such spikes.
For %%8%%%?&'3#% e t'C I Fone: ?1'3# cg/%' 8 rt%dt ruelgecsyg eféL (%? JGration may be passed
to the injection laser within the duration of the laser pulse power profile. The period
of the oscillation cycle is preferably between about 5 ns and about 1 ns or shorter.
One, some, or all pulses 52f in a set 50f may have such a specially tailored laser
pulse profile.
[0072] FIGS. 10C-10D show power versus time graphs of exemplary sets 50f
that include laser pulses 52f having the specially tailored laser pulse power profile
shown in FIG. 10B for severing links within a typical positioning system interval. In
particular, FIG. 10C depicts exemplary substantially identical sets 50f; that each
employ two of more substantially identical specially tailored pulses 52f; to sever a
link 22 within the time interval that the positioning system 380 is in range of the link
22 during on-the-fly processing.
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link 22 within the time interval that the positioning system 380 is in range

of the link 22 during on-the-fly processing. 16 11 DECEMBER 2006

[0073] FIG. 10D depicts alternative exemplary substantially identical sets

50f2 that each employ two of more specially tailored pulses 521l &sGEVHER 2006
to sever a link 22 within the time interval that the positioning system 380

is in range of the link 22 during on-the-fly processing. Specially tailored

[0075})1se o2 108 SPiSis AGIETNE FEF BrBIAE tRUPERIREE]y AdRTiCRlRSP S0f2
that22th QI e RiflafEespeRidrmanstaiaslindd G5, UnRBL1 @ s8@r a link

be particularly  useful for processing thicker links 22 and/or composite

22 witRo Sheshime dRtrRva Al NERASH QTR RYF PR dE s fRRAGLS i tiak 22
duriy 8h-Bieaiyideaseriy. pecilifpitiorsdrired BERIHAVSRURINRG pulse

layers. The delayed spikes would be useful for processing the higher

POWRIERRY B ARl F ESRRBAR est8ak Bty the aluminum. The particular
[ooﬂppemér%mé_%iaézomb d_ﬁmawwithH@Sp@i%%ahwm@eﬂﬁa_ w;t'b@lparticularly
especttot € SpiKe, can adjusted to accommoadate the particular,
usetlor P0G 5 G IBHER HBKS REARYRT P IROSSe DS PRISHSR A lnk stacks
havu‘ggl ?ﬁtﬂﬂ?ﬂ’i&ﬂhﬁgeﬂ@hﬁﬁ@ﬂ@%ﬂﬁ@s’uPﬁ&eﬂmi‘rp@ﬁ)éafl?mhﬂd‘m 3 §, and
.. disclosed herein that sequentjal sets 50 ve different pea er
titariiirs SHGRR AN L B RARRGBERS +f §eCed SPIkesialshbe Useful
for dcfof@ésS%wh@ hi@li)eéem&ha@ptﬂgsﬂalfl Fﬂéﬁﬁi@ﬁémgt@ﬁi@llﬁmdmgrtﬁéfar@nﬁnum.
imensions) are i rqces . Skjlled persons will also.appreciate .
The,RATIGHRR NG, BB RIS SSge ADMRATIGURL, N1 AR HOS ARCcielRY with
respbelo [Be/§iiNéiraaloeendriegrindaEtommiriae 200 phtdsarsysiaerialdand
4 of sets 50 of laser pulses 52 along a beam

.propagates. a laser. output 3
the"g&}‘r? ﬁdﬂﬁéﬁi@d\’%@ﬂg‘%jﬁaty of optional conventional optical
[007BIMp kit Fst sort InH afireiateetiiat3bZhars 5ot toalitctudes faplary

Y i e e A T
poweanadtenistigy donsityrprafile basanticafledinglimiks@2 8p8/cGShs8eatiandayers
o S R e e e
beirrgrﬂ;rdbesde&ir@(medrpamMBngﬂhmrapph&ﬂ@MB@Bénﬂal@RtsitS@ may
oo Qe R B g o mcomponent
[0078pdud¥ ithfesfiesedpatain to FIG. 6, laser 200 of laser system 300 propagates
a laser output 334 of sets 50 of laser pulses 52 along a beam path 320 connected
by a variety of optional conventional optical components 352 and 354.
Components 352 and 354 may include, for example, a beam expander or other
laser optical components to collimate laser output 350 to produce a beam with
useful propagation characteristics. One or more beam reflecting mirrors 358, 360,
362, and 364 that are highly reflective at the laser wavelength desired, but highly
transmissive at the unused wavelengths, are optionally employed so that only the
desired laser wavelength will reach link structure 36. A focusing lens 366
preferably employs a single component or multicomponent lens system that
focuses a collimated pulsed laser system output 368 to produce a focused spot
size 40 (FIG. 2B) that is greater than and thereby encompasses the link width 28
and is preferably less than 2 um in diameter or smaller, depending on the link width

28 and the laser wavelength.
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size 40 (FIG. 2B) that is greater than and thereby encompasses the link
width 28 and is preferably less than 2 m in diameter or smaller,
depending on the link width 28 and the laser wavelength. 17 11
DECEMBER 2006 [0077] A preferred positioning system 380 i9 tiBECEMBER 2006
in detail in U.S. Patent No. 4,532,402 of Overbeck for Method and
Apparatus for Positioning a Focused Beam on an Integrated Circulit,

[007dsiti SMiREF S RAPIBHPRAIOREHEID b ARRGHBRAIN ERigibineS. Patent

No. BsovenzestOVeBSHER RISientIs dracibesritld. foriadsiiNming’2F689sed
of Cutler et al., U.S. Pat. No. 6,430,465 B2 of Cutler, and/or u.s. Pat Pub

Beapongpliegrae Aralcn A iiupm sise S8k alinatively or

add mm@mm@@%@m@%@y}fﬁm%ééﬁi p@§m|@ﬁ@f‘§7§ﬁ@g$yﬁﬂmﬁl3®rpat.
alvanometer-, piezoelectric or voice coil-contralled mirrors, or
G Ebleniona o

NO. 25T AR GriUIEN Eb A ehliSn oM o Ao L Aas R & fHLETe AIALDEH-S-

Pat.iPtreNs 020 300,194 020 mﬂﬂehsareeés@gn@@w et of this
Smentlflé dusjries, Inc. ESI!of rtland, Orego could also be

apPIGAHRed! %Eﬁ‘ §EB%?'&@F§6 eélﬂp%%ﬁ‘ﬁaéﬂ?h as

galx@@:&%ﬁr%%df@ﬁl@@ﬂ%@lB/atde&sihd%/@mlétttsﬂrmled stagess(ssatkedomotor-
it-axis coordinates wit e reflectin rror

Ve SR B A SO KL SA T DRSS & ORGYE 1B6 AaD 9300, or

9008ysieelssret Fhdriofactetectey EdackieiBeidnkfiddmiuktisevice. QEBDref

Po rrgaf é{ Posmon system 38(? permlts quick movement between links

W@@é’ ﬁ&:‘?m 8M§ mk-severing operations on-the-fly,
[0078]sed Porificovite dy@t%mB&@qrgefdaébl;{wﬁﬁ]o?beanagamdmler 382 that

con e e o 50 2 SR i ARt
wﬂh&y@&mreﬂawhﬁﬁr&lmrm%e 868,236 hnth Sersysteoi#Gbptieterablyiponents
o 8 S A 2 SR B B 2 o 1
devidtw@rgho menalmmlr%dsﬁenmgssy&temew&@am||lssqdi¢ikmahmmérﬂ(!ibtween
A TS e BRI U e
on pEraidpttiebagratisigingassistem 380 has a high speed of about 200 mm

L e e T
ovettwpmhlpad;e:ssmao fayet, lmkdspueftreb 3ol esthtber 841Gh0 afuasgrapulses 52 of
lase¥ rse)}cg{é%j é'&?&ut 368 to remove link 22. The laser system 300 preferably severs
each link 22 on-the-fly with a single set 50 of laser pulses 52 without stopping the
positioning system 380 over any link 22, so high throughput is maintained.
Because the sets 50 are less than about 1,000 ns, each set 50 is treated like a
single pulse by the positioning system 380, depending on the scanning speed of
the positioning system 380. For example, if a positioning system 380 has a high
speed of about 200 mm per second, then a typical displacement between two
consecutive laser spots 38 with an interval time of 1,000 ns between them would be
typically less than 0.2 um, and preferably less then 0.06 um during a preferred time
interval of 300 ns of set 50, so two or more consecutive spots 38 would
substantially overlap, and each of the spots 38 would completely cover the link
width 28. In addition to control of the repetition rate, the time offset between the
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interval of 300 ns of set 50, so two or more consecutive spots 38 would
substantially overlap, and each of the spots 38 would completely cover the

link width 28. In addition to control of the repetition rate, the time offset
between the 18 11 DECEMBER 2006 initiation of pulses 52 withirDBCE®BER 2006
50 is typically less than 1,000 ns and preferably between about 5 ns and

500 ns. [0080] Laser controller 382 is provided with instructions

initiglipf i BRI NAREsethis YRIRaLE ISR dikd QR as drBiieierably

betwiSeZnagy PegMyigressbbneming data that synchronizes the firing of laser
[Ooﬁil stem 300 to the motion of the platforms such as described in U.S.
t

ent-RSCEERHBYEN HIRIRRIAY RS RIS BEIRRS SOGEBH Ickthe proper

prodeRHHTOOf GrosdiRzten e maPEHMridnergisthe S tscbpaydsd by timing
nerated at different intervals from each other, skilled persons will
o R

JDNAER o 1D R BRSO i RROTRR: & the platforms

suctpeiefesdinaene (RS, thateatsNid) al46S bstastiribn eengtrtt Relritiomn Baigm

ardless of whether ulses 52 are employed as working pulses to
POSlHﬁ%I ;@P&é‘?r\%ﬁgﬁrﬁ R HRSRiments, the system controller 382

[ooSTIMMANAS Lo PRSEINBIBO RySjese @&Qé@dﬂ@@\/@t@ﬁe@éﬁmﬂter&mmdmwch

efore the stem Controller 82 s ati atin
othel g5 s SoHEs TR BLe Lo A s Jrsel dGhyigiasations
thatlinls Z2efbthectasapinecatiothis wmat@m ébbﬁaamét@e@b@@rému@mmon rate

t t hile th ller 382 send
reoRlinG PRI A G a5 DAl & OIS As R R Ples o ke 2
targéﬂﬁgﬂemlﬂﬁ wmwﬁﬁemj tﬁpetry]memaéenmmber?ehmﬂnlemelthe
adl varijati the wa th conver thermal

oSt RSl LD Y AR ATRCL TS A ida e tigagetore the
systémnmtaulktmws@edgaalr@aﬁiﬁg@st Tngdtidg blgheﬁlﬂ@@h&ipﬂtﬁﬂﬂ)ﬂﬁl@e{r’c—pulse

evices _or a to o tic (A-O S uc N30085-05
0atif VSR T SRR P e T BT ot B GLPGAIGR IS GrPleted.
the §¢uthIaedetedatmoeeetmmgmtdehmndwmgen@@éwoiasmltwllae gpsiregn
contiS T A5T0RE. FANE 065 | 9alid Soe! bR ISes Bhdse Gt device
3401n?f¢nmbxsmc20§t refemnseu (P08F R adiedieguepsti{ii|R )raiedstgthentrd no

n.etal.

ther iR AT N ABIbgart e e R P R ATGHE  A Be an
induBed reenils @ @strendeyycdrBidgo dmpdyatignémated.

[0082] Exemplary laser pulse gating devices include high speed electro-optic (E-
O) devices or acousto-optic (A-O) devices, such as Model N30085-05 made by
NEQOS Technologies, Melbourne, FL. or modified versions of it. Further details
concerning on-demand triggering of a laser pulse gating device 340 can be found in
U.S. Pat. No. 6,172,325 of Baird et al. and U.S. Pat. Appl. No. 10/611,798 of Sun et
al., which are herein incorporated by reference.

[0083] Radio-frequency (RF) loading control techniques described in U.S. Pat.
Appl. No. 10/611,798 of Sun et al. can additionally be employed to provide nearly
constant thermal loading on an A-O laser pulse gating device 340 by applying an
RF pulse to the A-O gating device 340 in coincidence with pulses 52 of sets 50
when the positioning system 380 is directed at a target location (in other words,
when a working laser machining output is demanded) and by applying an RF pulse

with the same RF energy to the A-O gating device 340 but in noncoincidence with
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RF pulse to the A-O gating device 340 in coincidence with pulses 52 of

sets 50 when the positioning system 380 is directed at a target location

(in other words, when a working laser machining output is demanded)

and by applying an RF pulse with the same RF energy to the AtODFaEMBER 2006
device 340 but in noncoincidence with 19 11 DECEMBER 2006 the

pulses 52 of sets 50 when the positioning system 380 js directed at an

the RiiSeseRaRE ISERONIEBRS RRIFOTIREAYSIRBHARY I8 skraniachiHiAg

inte@HEIAIE RRIaTeMan etk PUIHes RRTEANE WAlaREIBSBeriaahiWity BURPUL is not
substantially constant thermal Ioadina%?on an A-O gating device 340, there

demardethinitadrsesene MIRPRISHE dafhY U FdesaedsAMiAlY SRy stant

therfidl RRBIIKYBIY BRI QYaghthEevRIKiIBaOlaseienachinintrI RN eidasdfdats by
view of the foregoing, link ﬁrocessing with sets 50 of laser pulses 52

an As{e AALNGIGEVHiTo Sk gy W BRI BhaNd KRNI BEART YRS (RPIWREKING

laseth@acleamgenyentional link processing without sacrificing throughput.

The versatility of pulses 52 in sets 50 permits better tailoring, to particular
1008} o315 GhLRS delentac 1S REBRRIG BN Fae LG (ASchRidpep 52
offehas e lgs@Icereliay Wirtievisdassa iskperidaaiagityooihseneigiabiikigthan does

passivatl%n and the silicon ﬁlgjbstrate A}AZ In additio to{ c%nventiona link

er

CONYANRER HNK R PGRRRN WIHLO W SAAHLASR AAY A&y BrEaimtyLQf pulses
52 inlsetH s 0igrafirstbe o caissrtindhsaaitsisdraskactiagecns setisierbaseiuse each
beam spoat size, even though the_silicon wafer's absorption at the shorter
lasep,QUISG AsT IESE TS SEm LIRS ESAERRbRARIRAVRIE g HRSS NSk of
damBlgliisg tihe nsagiassirg aikewion amdl deassiidutks ib faeilisated. [hhigidition to
better link.removal resglution permits links 22 to be positioned closer
cony A 1k BB T RSB R AR SoTAREk BeGIENAL s Lip s gaen the
IR capruigotiomaissiddor the inbowiskhnd® trnadileekadvaletdoe lossifwizolaser
equal to about 0.5 m. [0 Similarly, the,versatility. of better tailoring, the
DoafiShah AES T DIHRD Tl BB HEE b Ao EL B AN DR AT tor aser
waveitiarghs passirasioh ahaitatie temns niidnalr éfevencddndihs S T2 Ghe
assivation layers 44 apqve or passivation layer below links 22 can
Pro B R A A TSP T SO EA S hal RS P T oVl
resoltidifigbrihitedinkg 2Rlte btheotikomedygiosd hizigbthbleinonetssirad aircuit
dimensipns gan he employed hecause the sets 50.and the laser pulses 5
e RO A LA S Rl L o MR LR B ol D 28
can Uioderkanple, beigissdhag passjvatito sbawtoré. imaddition, because
[003’%"]l Vel%}%ngrw,ut%he%/%?Etgtﬁlity of better tailoring the laser pulse power profile
offers better flexibility in accommodating different passivation characteristics. With
reference to FIGS. 2A-2C, passivation layers 44 above or passivation layers 46
below links 22 can be made with material other than the traditional materials or can
be modified, if desired to be other than a typical height. New material or
dimensions can be employed because the sets 50 and the laser pulses 52 within
them can be tailored and thereby reduces the risk of damage to the underlying or
neighboring passivation structure. In addition, because wavelengths much shorter
than about 1.06 um can be employed to produce critical spot size diameters 40 of
less than about 2 um, the center-to-center pitch 32 between links 22 processed
with sets 50 of laser pulses 52 can be substantially smaller than the pitch 32

between links 22 blown by a conventional single IR laser beam-severing pulse.
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than about 1.06 m can be employed to produce critical spot size

diameters 40 of less than about 2 m, the center-to-center pitch 32

between links 22 processed with sets 50 of laser pulses 52 can be
substantially smaller than the pitch 32 between links 22 blown by BECEMBER 2006
conventional single IR laser beam-severing pulse. 20 11 DECEMBER

2006 Link 22 can, for example, be within a distance of 2.0 m or less from

Link et oD o MRt 2 SliSiafe 84 QB dReR iR other links 22

or afRREVRERBIRYSFf4URRY 3aclude any conventional passivation materials
such as silicon dioxide (Si02), silicon oxynitride (SION), and silicon nitride

(0058} 314V EHUas AR5 HULRRIRYPRGA RIS HHE Y fFRNygRoNal passivation

mat@ﬁés\@jmﬁm@ﬁti&h Iaﬁmfd@i_f(fslr@a§,%@@BQVM@(%MW@?}%VQH&Mnitride
. passivation layer . In particular, unaerlying passivation layer 46 in )
(S'Sltqzx')geltjgﬁﬁ%eés%%‘éﬁﬁﬁﬁ BYleto fRY theideniBeRaeeiRatkiR) g material

as onefifigréet paseivieionalsiatene Some toweryiate palksilan dh diglecyie. In
materials, loyw K oxide-based dielectric. materials, orthosilicate

, lasses
Aoy SR SRS AL AT T L GE SIEEITES S8 ey 56 formed
frongtagidyretbosiicatenhdingcboxidet (THS-tnsadtexiale)formed from low K

methyltriethoxyorthasilicate (MTEOS), propylene glycol monomethyl ether
et R S DR RS A IR S O B RS IR E LS ey
orthaifirsauigkasie I MEBD spdlyerdsileathgrss s zaerioblicite (FésBhs, a

SICOH or SjCOH-derived fil "Black Diamond" sold by Applied
et g P BOR R 6 e IR LA T OB A Bbiymer (such as "Si K-
metSgltibth Doy KHupiicale GMMEDS), Prufsilyingg lyessivisimnialieysethianadetate

rom some of these materials are.more prone to k when thejr targeted
PSS Diegey S OTATe e B & e tiorane
(MSIK-peiyarakcopastions bekiledypsotenei(BR) eSO Hhar SICOHQved film

iI3N4, low K.materigls, low K dielectric. materjals, low K oxide-based

(UG AP o Seld B A UL Re b SHIULAS asgsHow K
dielétHQ, poyRB GRIcHihK TSI Khdo Rl agkanGeihda@arapsat yyeinderlying

matﬁrialj and (E]OS M;I'EOS, and d@gVa%lenet ethers are semicondlictor K
PasYYAICHJANE (S MBPF IR SR TBEE H'BRE A IEHBR AR LBISIRIGRS ¢ Crac
wheth¢hpasizivgdiea liyles 2aftaelinloRA basbimed wnoored biianakbtibglef|Esarpulse
. pulses 52. Pasgivation layer 44 overlaying a top. surfac of Jir 2§|
ik SRR R Lt xRSO MRSy i B3y ko e low
K mamaildatsm_ount( elig[%ﬂpimxhﬁterﬁhilskﬂmssi@b%@ﬁspﬁaﬁ_elmti@ r_iaaykerridlé,
osdLomsdalR 2egl¢aten Bt AR MRS QU RRSRHASEN B, siLk™, and
Black Diamond™ are actual layer materials, and TEOS, MTEOS, and polyarylene
ethers are semiconductor condensate precursor materials.
[0087] FIG. 11 shows the conditions of the passivation layers after link 22 has
been removed by a set 50 of laser pulses 52. Passivation layer 44 overlaying a top
surface 70 of link 22 has an opening 72a that extends beyond width 28 of link 22 by
a relatively small amount, e.g., about the thickness of overlying passivation layer
44. Intermediate passivation layer 48 material positioned adjacent side surfaces 52
of link 22, passivation layer 46 underlying a bottom surface 74 of link 22, and
substrate 42 are negligibly impacted as demonstrated by a closer and more uniform
crater wall 78, and operational damage is never risked. Thus, there is far less than
the typical damage that extends into the passivation structure and typical cracking

in the passivation structure is diminished if not entirely eliminated. This
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of link 22, passivation layer 46 underlying a bottom surface 74 of link 22,

and substrate 42 are negligibly impacted as demonstrated by a closer

and more uniform crater wall 78, and operational damage is never risked.

Thus, there is far less than the typical damage that extends inta tfECEMBER 2006

passivation structure and typical cracking in the passivation structure is

diminished if not entirely eliminated. This 21 11 DECEMBER 2006 ,
subgigntialhtiHflISRIA0K RRGSSREARPLFIB R AN A I dRnRErcessing
linkPpacessiegidinkmzk 656Riphsitaitkies compasi@dirkiclbvpresdelicate

low K or other materials at UV wavelengths, for example. [0088] It will be

matgigls @ LoUHURLIRRARS KR iRRERIE that many changes may be made
[008ﬁ]the g&b?i!ﬁ@wbﬁ@ﬁpt@ﬁﬁ?lgérmw Tﬂri]m@mawitl‘fiaﬁtr@@ﬁéh@gémnay

the underlying principles of this inventijon. The scope of the present
be MRS SRLIER AR RS HRRELE AP BUMAR RSN EeRaing from
the @ﬁd&lﬁf&?%ﬁf!%ﬁ@ﬁﬂwi%fi_aimﬁﬂo_rﬁ ﬁﬂﬁ&l@dqpfeceﬂtﬁélb}r;e@énpiiﬁ_i@éntion

output of a laser fiber amplifier having saturation power characteristics at
shoWcr IR SRR B EY SR TAVPHBEVAE Bifaracteristics
limiting an amount of injection laser output that can be coupled into the
laser fiber amplifier without distorting profile correlations between the
injection laser output and the amplifier output, comprising: providing, to a
beam positioner, beam positioning data representing one or more
locations of selected electrically conductive redundant memory or
integrated circuit links having associated link structures, each link having
a link width and being positioned between an associated pair of
electrically conductive contacts in a circuit fabricated on either a substrate
or an optional underlying passivation layer positioned between the
electrically conductive link and the substrate, the substrate and any
optional underlying passivation layer as associated with the link structures
being characterized by respective laser damage thresholds, and the beam
positioner in response to the beam positioning data imparting relative
movement of a laser spot position to the substrate; optically pumping the
fiber laser amplifier at the predetermined pumping level to control gain
imparted to the injection laser output injected into the laser fiber

22



amplifier; providing a set of at least first and second drive current pulses

having respective first and second drive current profiles to an injection

laser to generate an injection laser set of at least respective first and

second injection laser pulses having respective first and secondlimeCEMBER 2006
laser output profiles that correlate to the respective drive current profiles,

the second drive current profile having a characteristic that is different

from a respective characteristic of RSt drive current profile; coupling

the first injection laser pulse into the laser fiber amplifier to provide a first
amplifier output pulse having a first arTiEi”ﬁer output profile that correlates

to the firsPdRGECEREAIERIG AEIRNTER O WiRYHAG lasestDsIoAmPlifier
havifRs eisUmgenaiien of dhecissisnieciion fregersiseeavingrmElevel, the

characteristics less than the saturation gower characteristics of the laser

satuBHPR AR RAIRHSHES ABUHNELRP ATOHE PrEVREION AR R tdhat can

be cePdEdriketRedaserifigstiam Rt Widou2distoRiRG EMBBRAPSatIBS
the Ia%er_fiber amplifier, at least a second agéplifier output pulse having a

betwes AR IHSHIANIaR5T PIRHE 3k 16 ATRALGE QHIPYLCHERARIESurrent
profite\aditige tees W igeditioiest, peisei positIhimyp deestiegprRR-NDNEEene or

O e
circ%&zmiemhem@@\e%@?iwt_igk?@&tlg}ﬁe@sgaa@qﬁmﬁiﬂmy _ﬁwmblsmaflm@ﬁd

. belng larger than the link widt n e ener characteristics peing less .
i R O RS BENVE T-B) AS R PE R A GEA G bR igts I &
circldtfeibricetébieosubistate; sulssaaesdinaiingdasansyatesr pNgpassiagtion layer
pos R A B LM S S sV s
andlasgroptiiael anteryndspadsitiagidaskiysysismssotpitbdavisrqheningllytructures

. strike the, selec elgl link str%cturfa

so that the spot oHe h laser oytput
Do R R BT 015 SE8 QLA AL e s B e
posiésessystespontpuicticsbears hestlontrigaliytadnghitivg lislatietwaendtaent of
| associgted pair of elﬁctriCEIIZrcor]ductive contacts with reduced risk of
alagge po(bgg &b tr(?atl o 8 E?E)eany underlying passivation layer and the
sulagitially2puimpimg thedibbelzise lamplifieh @t teagirodetefrifinddgsumping
Ieve?%pcu(;[ lrjcl) %séin imparted to the injection laser output injected into the laser fiber
amplifier;
providing a set of at least first and second drive current pulses having
respective first and second drive current profiles to an injection laser to generate an
injection laser set of at least respective first and second injection laser pulses
having respective first and second injection laser output profiles that correlate to the
respective drive current profiles, the second drive current profile having a
characteristic that is different from a respective characteristic of the first drive
current profile;
coupling the first injection laser pulse into the laser fiber amplifier to provide
a first amplifier output pulse having a first amplifier output profile that correlates to
the first drive current profile, wherein the first drive current profile results in
generation of the first injection laser pulse having power characteristics less than
the saturation power characteristics of the laser fiber amplifier such that the laser

fiber amplifier provides, in response to coupling the second injection laser pulse
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is characterized by a laser pulse temporal power profile having rising and

falling edges, an average power, and a pulse duration and characterized

by a power spike, the power spike having a spike duration that is

substantially shorter than the pulse duration, a maximum powet tH#CEMBER 2006
greater than an average power of the laser output pulse, and a time of
occurrence between the rising and falling edges, and the maximum

Into §aG.&S iR AR CAnalifve bf SECORERBIITIRE PR iR having a
sec6RORERMINerte @pAbRTIIENHE FR9R5I Q18D 16 PSSR GRE WAl @ilpeat [Refile of

pulse pawer profile that contributes to severing of the selected link
the g Qi eHHEBRERRISSF operational damage to the substrate or

adjgefth IRpesRsianGlEsNIE thatledal amphitenethpdtPuiigigion laser
which the power spike is coincident with the rising edge of the laser pulse

systRimBYIRHb SR AR SHEMA S UIBUER AR FhATRE AR L W SRS hRGH Ve laser
spoeaNidg%poreizbe anaragergp\wREeidheifARer AutytdudEepdt HbSition, the

method of claim 3, in which the power spike has a rise time and. in which
PO ASPBING 18/GRb AR (6 ABlS G T8 D8 SRR BN STl 6S Frn ess
tharme&asbpéclnigndsén wdnchgbenissHur: istshoftendenyiagqassnationThger

methog of claim 3, in which the spike duration is between about 1 ns and
andégg X)att)?’tﬁé"?)ulse duration of the laser pulse temporal power profile.

7. therdiettrthoaskaivystemwhighitiirlsseiapidagitrmintahpasktipeofile
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substhitiatlyectighpowendiiditreeaies ithy sterausiepae suldes Dowey IBgkedgstem
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laseaiternioe peicerienie kisoegyevesn sttt aticely fatbedatesthiekfalicit and
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assegikied@atidéeloiliciip lcading tag e antaditidihalgzwed aplkef causing
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2 The method of claim 1 in which at least one of the laser output pulses
is characterized by a laser pulse temporal power profile having rising and falling
edges, an average power, and a pulse duration and characterized by a power
spike, the power spike having a spike duration that is substantially shorter than the
pulse duration, a maximum power that is greater than an average power of the
laser output pulse, and a time of occurrence between the rising and falling edges,
and the maximum power, spike duration, and time of occurrence of the power spike
cooperating to establish for the laser output pulse a specially tailored laser pulse
power profile that contributes to severing of the selected link structure in the
absence of operational damage to the substrate or adjacent passivation structure
material.

3. The method of claim 2, in which the power spike is coincident with the
rising edge of the laser pulse temporal power profile and has a peak power value
that is more than about 10% over the average power of the laser output pulse.

4. The method of claim 3, in which the power spike has a rise time and

in which the rise time is shorter than about 5 ns.
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power value that is more than 5% of the average power and a spike

duration of between about 1 ns and about 30% of the pulse duration of

the laser pulse temporal power profile. 12. The method of claim 1, in

which the power spike is in a form of an oscillating wave with aljdd#€EMBER 2006
variation of over about 10% of the average power of the laser output

pulse. 13._The method of claim 12, in which the osgcillating wave lasts from

oné half AEMETMELEHAT G J3MUABANGITIRE IHEIRSDATRIHBABAfRUL

2 ndaser pulse temporal power profile, and the period of the oscillation cycle
is between about 1 ns and about 15 ns. 14. The method of claim 1, in

whieh the Pev@atiad A lard at A chithm sk Awalikisdrpiygrshabout
1 ndhedsiperdRALT 8% plitbe aulsashisIting piddeplasenemissrappa@ profile.

power prafile. 15. The method of claim 14, in which the laser pulse

tenfporal pOREPHROALHERIA dnth MUFThEBIARGT SPHRLiLSBRARPRYET profile

afte”thd o Biciie NUBEIR tR@OSover Spéniethond @ictaiaietinésubistatiiallasierearly
pulse temporﬁlapémprofile before and after the power spike is not flat.
I

with imeheipiad G998 in which the power spike has a peak power
valge thatTia@vesthed if dhenaEiageHionveieofdhe trnes otéelhpulse rine

has a spike duration that is between 1 ns and 50% of the laser pulse
oo PO KBTS AU 7 1 I G S aienf ofthe
lasepasapiationiséructure material and/or underlying passivation layer is

formed from one gr more of the following materials: Sj02, Si3N4, SION, a .

(owK matbRAITIBRENCHEHER 7 MabiHell 1o PR o6 LSTERe tRERRUR! profile
aftematesebarendbesilicateayiessEikilior esititattydiashefretharnabitigateige of
h lass, a tetraeth ql%rjhosilicate-tﬂi sed oxide, methyltriethoxyorthosilicate,
the y‘f’ém:em W&hw‘é r acetate, a silicate ester, hydrogen

silse@quiokhapensthtity bsitsesn Bpkandichtbly dagleneutsbetemporal power profile
.. benzocyclobutene, SICOH. or. SICOH-derived film, or spin on-hased low K
R A G S5 R Gl S EE A ARHARS SB0iaRe) Power
spikelectinaihycaiteiuittey érdinbostrrctpikecomprises aluminum, chromide,

CoRper: pcfjxg"rlﬁgﬁ‘loddscl)q%ﬂﬁhg%q 'in which the additional power spike has a
power value that is more than 5% of the average power and a spike duration of
between about 1 ns and about 30% of the pulse duration of the laser pulse
temporal power profile.

12.  The method of claim 1, in which the power spike is in a form of an
oscillating wave with a power variation of over about 10% of the average power of
the laser output pulse.

13.  The method of claim 12, in which the oscillating wave lasts from one-
half cycle to three cycles of oscillation within the pulse duration of the laser pulse
temporal power profile, and the period of the oscillation cycle is between about 1 ns
and about 15 ns.

14.  The method of claim 1, in which the power spike occurs at a time
within an interval measured from the rising edge to 70% of the pulse duration of the
laser pulse temporal power profile.

15.  The method of claim 14, in which the laser pulse temporal power

profile before and after the power spike is relatively flat.
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nickel, nickel chromide, platinum, polycide, tantalum nitride, titanium,

titanium nitride, tungsten, or tungsten silicide. 20. The method of claim 1,

in which each laser output pulse has laser energy of between about 0.001
microjoule and about 10 microjoules. 21. The method of claim 11 iEARERER 2006
the adjacent passivation structure material and/or underlying passivation

layer is formed from one or more of the following materials: Si02, Si3N4,

sidR; a I0WK REIRSGAPTLIBINK did¥hich kg iageRblReieaaIBARaYer

profielrgie matesRsranopbasiiepirRglaswtaBuorosilicate glass, an
organosilicate glass, a tetraethﬁlort,hosiIicate-based oxide,

melifyliriet S JRtES IR Ay e s RRtRTRTi R fiRs aqalepgwer

valugllipatesesier, 10 egefeHseRsBOyaner aYethy | sdsesliniifs@ and has a
clobutene, SICOH or SiCOH-derived film, or

. polyarylene ether, benzoc s
Sp”‘?pﬁ%‘@ﬁ%&%@ﬁ&?%‘ﬁ?&é‘c{rﬁsE&Qrﬁgr@ﬁ.tﬁﬁéﬁﬁ%&rﬁ’%&f@aﬂ?@'iHOWGr
profidich at least two laser output pulses are generated for removing target

material aligned with |ocatjons of respective selected 26 11 DECEMBER
2008 oo AN BT 45 WL A 4% BOBCER b SSIEAURy Siarure
mat&e @ub@klbtr l&#bﬂyia@ 6é&|imtbﬂdﬁyfe¢lmﬁbﬂrﬂ@d\fhm ?\ﬁel?ﬁﬁéw@mhe
output pulse ea \Wwave th about or within . one of t llowin .
ol TR Sel i SO E Ol Tatgal 20 e RIEEHS material
a IoW-Kﬁxﬁde%@@ed)dﬂélmn%ﬁﬁémrﬁhﬁ%nmrﬂ15s‘rllicﬁté3r?ms@,-%flﬂﬁfbt@sﬂié’ét@‘glass,
24. The method of claim 23 in which the link has a thickness of greater
an GHEANOSINESSE SRS A S A R RIREOIE RS 3 thickmese of
metoyitatshthaorthosiliatd heropstieod glyaiaimbniombinhl bt asacetpsée @ silicate
output pulses.comprise a wavelength and in which the adjacent
estet e SR A e AR S AR G A AR pther
bensvbgtiattiie sy SICOH\OASSCDER toivee ilavetergin @d-bEsedniethdddiblectric
claim 26 in which the wavelength comprises a UV wavelength. 28. The

pOIYm&rhod of claim 27 in which the link has a thickness of greater than 1 m.
19.  The method of claim 1, in which the selected electrically conductive

link structure comprises aluminum, chromide, copper, polysilicon, disilicide, gold,
nickel, nickel chromide, platinum, polycide, tantalum nitride, titanium, titanium
nitride, tungsten, or tungsten silicide.

20. The method of claim 1, in which each laser output pulse has laser
energy of between about 0.001 microjoule and about 10 microjoules.

21.  The method of claim 1, in which the adjacent passivation structure
material and/or underlying passivation layer is formed from one or more of the
following materials: SiOz, SigN4, SION, a low K material, a low K dielectric material,
a low K oxide-based dielectric material, an orthosilicate glass, a fluorosilicate glass,
an organosilicate glass, a tetraethylorthosilicate-based oxide,
methyltriethoxyorthosilicate, propylene glycol monomethyl ether acetate, a silicate
ester, hydrogen silsesquioxane, methyl silsesquioxane, a polyarylene ether,
benzocyclobutene, SICOH or SiCOH-derived film, or spin on-based low K dielectric
polymer.

22. The method of claim 1, in which at least two laser output pulses are
generated for removing target material aligned with locations of respective selected
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29. A method of controlling amplifier output of a laser fiber amplifier

having saturation power characteristics at a predetermined pumping level,

the saturation power characteristics limiting an amount of injection laser

output that can be coupled into the laser fiber amplifier without HiH6CHEMBER 2006

profile correlations between the injection laser output and the amplifier

output, comprising: providing, to a beam pasitioner, beam positioning data
e'ecntﬂﬁ?é'geﬁ"ﬁfﬂ@SH}éeoP”h%Vé‘R?Héﬁﬁ)ﬁ% dfeefiiien Bk plaiRABhHAtipRout
10 Kigdundant memory or integrated circuit links having associated link

structures, each link having a link width and being positioned between an

assotidted PENocM G MILCIVES BREER/HED Gy tRNREsAve a

waveleaiieaBaUstiRIh Pr efeositiprRAIBME Y Reh PaSFIYED B ayRlelength ranges:
] 5£ositioned between the electrically conductive link and the substrate, the

HBStrhtkHahd! ahy bHHT uhBeMhg 384t iol ¥ ePddiTh dtedim. 053

um,\ith e, Wk3iivetores beingrahamgtarized by respective laser damage
thresholds, and the beam, pasitioner in respgnse to the beam posjtionin
datmpAR IR GE SRRTbrrbl B SARe LohBs alBIckoBe SliGkRakes than
1 ud7 11 DECEMBER 2006 optically pumping the fiber laser amplifier at the
predetermined pumping, level to control gaip imparted to the injection laser
P g PR R S LA, A e T R A ke 5 ke cian

1 yrand second drive current pulses having respective first and second drive

current profiles to an jnjection laser t nerate an injection laser set of at .

onepro PB R R b P GES  SNSLE T CUIRY Lo REs GamPrise
a wévsl@ngiiseeehic wjsictiohdasdfaceinypassitesdhaticotiaiaieiodhial, underlying

respective drive cyrrent profiles, at.least the one of the first or secon
pasalL Ut ST BRI B 2T oRROS T e Jeya eagth

an@?a plilse rdethtidrofagidichaeaicieviied theazawrirspikeothprizawer shike
%\r/in%h spike duration that is substantially shorter than the pulse

988h, a maximum power that is greater than an average power of the

lases outhetrpetsedasicciatime dfroadticretiee it \vae ra tieckisésg ahdreater than
falling edges to establish a specially tailored drive current profile; coupling
e first injection laser pulse into the laser fiber amplifier to provide a first

an‘Mfie.r d\ltpetl’mdlsef iwvmg_lmtyampi_iﬁbﬁ enmnntmlaif fridide rtlfli@b@(ajnﬂlﬂif@
Y O N R

satuwchtoacpaveticshesadieistics limiting an amount of injection laser output that can

h
wavg
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be coupled into the laser fiber amplifier without distorting profile correlations
between the injection laser output and the amplifier output, comprising:

providing, to a beam positioner, beam positioning data representing one or
more locations of selected electrically conductive redundant memory or integrated
circuit links having associated link structures, each link having a link width and
being positioned between an associated pair of electrically conductive contacts in a
circuit fabricated on either a substrate or an optional underlying passivation layer
positioned between the electrically conductive link and the substrate, the substrate
and any optional underlying passivation layer as associated with the link structures
being characterized by respective laser damage thresholds, and the beam
positioner in response to the beam positioning data imparting relative movement of
a laser spot position to the substrate;
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the saturation power characteristics of the laser fiber amplifier such that

the laser fiber amplifier provides, in response to coupling the second

injection laser pulse into the laser fiber amplifier, at least a second

amplifier output pulse having a second amplifier output profile thelDECEMBER 2006
correlates to the second drive current profile of the second drive current

pulse; optically co_nverting each of the laser amplifier output pulses into a

|asePf"§;?éhéRPHﬂRﬂﬂﬁ e JPesiasey AEIRIbigat A RLeRa R IRed QY BPINg
levelasRasitysl lgapT isipRIgdRING SRYESHES RREeH\eisr Fhjansteistiamalieer fiber

laser spot position, the spot sizes being larger than the link width and the
amplififyy characteristics being less than the respective laser damage

thresboiginglaset widgying PR3siMAtstRyE dRldhe swsuisis Hifing

specially tailored drive current waveform thereby resulting in one of the

resREEtYQ St APAISESHRARIALVSE CHITERtR SRR JOREHOE RIS (P gBRerate an

injecishtimR pEeretHERER Dicy povIReIikedhalsecoper aiptiestakisipalses
specially tailored laser pulse power profile that contribu}si%tﬁ severing of
havifig reseealy fiksLanc: ?é’%‘i%‘é‘lﬁﬁ QRdassr P aEHiagka hiate to the

respBdIRiEate s @diﬁ@&ﬂ‘lpr@ﬂ@yatimlhgtmﬁtdﬂmtﬂf@iirgﬂldr%%édnd drive CLérrent
ECEMBER 2006 coordinati aser system output pulse generation an;

prof{ts ARG TSR G A0 B F PETAUe R o fisg.uation

andrethaiidetarreansnaipoddrsipikial e poinsiosisikeHa i) lassilkyianation that is

e B e LesBe: oo A S gt
an daseigy peweo oittieseisencumpagiasdharink tirdécint dinednserisionn the
i B e ene e A AR s

opexisirg dwﬁ&gEith@tiy)rmmmeaamm@qm@hpmmwmwde
o T L R B R ST e o
the ficveriveatuertiitt geofileranthareabihg fitdover chaaviepagitipeverrtsfithe
oo e BB i L
the Jdneradoingobofei@inaikteristusivthreiksdiniibe snopléichanchbbat Pasaser
fiber amplifier provides, in response to coupling the second injection laser pulse
into the laser fiber amplifier, at least a second amplifier output pulse having a
second amplifier output profile that correlates to the second drive current profile of
the second drive current pulse;

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

system output set of laser system output pulses characterized by respective laser
spots having spot sizes and energy characteristics at the laser spot position, the
spot sizes being larger than the link width and the energy characteristics being less
than the respective laser damage thresholds of any underlying passivation layer
and the substrate, the specially tailored drive current waveform thereby resulting in
one of the laser output pulses having a correlated maximum power, spike duration,
and time of occurrence of a power spike that cooperate to establish a specially
tailored laser pulse power profile that contributes to severing of the selected link
structure in the absence of operational damage to the substrate or adjacent

passivation structure material; and
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33. The method of claim 30, in which the spike duration is between about

1 ns and about 50% of the pulse duration of the laser pulse temporal

power profile. 34. The method of claim 30, in which the laser pulse

temporal power profile after the occurrence of the power spike isitCEMBER 2006
to decline substantially linearly with time before the falling edge. 35. The
method of claim 34, in which the total power decline after the occurrence

of FROFINRINGIBSH MIGEThANRYS RUIERABParetiaRANLIBBRABY fhe
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temporal power profile after the occurrence of the power spike is
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alue that is more than 5% of the average power and a spike duration of
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claim 29, in which the power spike is in a form of an oscjlating wave, with

2 piver VL HETBROPENR SBBUEE0R BPUED KR RGES P GG with
the asiifyepdis®f40e Tasemstnadtefaiairal Pawevprshidhenadsediatinseaydwer

| lasts from one- half cycle t1o épree cg/ les of oscillation w[i?tLFi tll%%ulse

valug o Brale RBANIE 'R BAPABE ALP FTARECNR! fla i lse bpieyt
pulsescillation cycle is between about 1 ns and about 15 ns. 41. The method

of ¢laim 29, in whjch th wer spike occurs at a time within an interval

ebbnec R BHDSR LG 0 7008 U T BURGAVR IR b B me and
in whidseiemperaieolyeshortditehdd. abrrinetsod of claim 41, in which the

lasgr. pulse temporal power .profile.before and after the power spike is

rolatholy T SRS ST o el B RAIER HB9UEaY oriek than about
2 ndemporal power profile before and after the power spike is not flat.

33. The method of claim 30, in which the spike duration is between about
1 ns and about 50% of the pulse duration of the laser pulse temporal power profile.

34. The method of claim 30, in which the laser pulse temporal power
profile after the occurrence of the power spike is tailored to decline substantially
linearly with time before the falling edge.

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

36. The method of claim 30, in which the laser pulse temporal power
profile after the occurrence of the power spike is relatively flat before the falling
edge of the laser pulse temporal power profile.

37. The method of claim 30, in which the laser pulse temporal power
profile includes an additional power spike occurring after the power spike the
occurrence of which is coincident with the leading edge.

38. The method of claim 37, in which the additional power spike has a

power value that is more than 5% of the average power and a spike duration of
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44. The method of claim 41, in which the power spike has a peak power

value that is over 10% of the average power of the laser output pulse and

has a spike duration that is between 1 ns and 50% of the laser pulse

temporal power profile. 45. The method of claim 29, in which thie &geEMBHER 2006
passivation structure material and/or underlying passivation layer is

formed from one or more of the following materials: SiQ2, Si3N4, SiON, a

betwgRkaRa lans-A0d, 30arisl itk ahite R4!Se UAR K RIS RSP ERIERSric

temptrEgfRwan prommsilicate glass, a fluorosilicate glass, an organosilicate
glass, a tetraethylorthosilicate-based oxide, methyltriethoxyorthosilicate,

propyiene |15 CORIOSL SRR tdic (RERRWRL SRIKS iSRRI of an

oscCifiHSIRSANENG NS HRETIL SHSeSRIION VTR PabYEIY Ie0% &8hBie average power of
benzocyclobutene, SICOH or SICOH-derived film, or spin on-based low K

the |GRREQHIPHIRHSEr. 46. The method of claim 29, in which the selected
eleggically sentugit@ ofHHHUGY) i QEHTHN SRS GLEMAting wWaVenaisie, from one-

copper, polysilicon, disjlicide, gold, nickel, nickel chromide, platinum,
nalt G R SRS SAUAIGR WIHIJP RRRONALCEA! DI FoRiaY e
tempbicidpoRAprbiés EMBER petodbt. theeswthtdrot ghdnsAshiinehietbout 1 ns
anderﬂ%h laser output pulse has laser energy of between about 0.001

U}o d'End about 10 microjoules. 48. The method of claim 29, in which

at lgast twhhlaseebidie o plasesoranaenieratae suwemspike daetges at a time
materjal aligned with locations of respective sel ctric

) ted el Il .
withil) 20 RIS e RS L AP E JRINGErgE 18 21! R Ua AUipnof the
lase# puldetarapwdl @gokampzsfie which a laser pulse gating device is

it | b th from. the fiber | lifier to the |
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profliespeitse tmdaxftenl tive povantspike ds b tisaigildting state that permits
tput fl tput | { te t d the | t
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valudhéhaitivsngveetsOieaseparatetiage power of the laser output pulse and has a
spike duration that is between 1 ns and 50% of the laser pulse temporal power
profile.

45.  The method of claim 29, in which the adjacent passivation structure
material and/or underlying passivation layer is formed from one or more of the
following materials: SiO,, SisN4, SION, a low K material, a low K dielectric material,
a low K oxide-based dielectric material, an orthosilicate glass, a fluorosilicate glass,
an organosilicate glass, a tetraethylorthosilicate-based oxide,
methyltriethoxyorthosilicate, propylene glycol monomethyl ether acetate, a silicate
ester, hydrogen silsesquioxane, methyl silsesquioxane, a polyarylene ether,
benzocyclobutene, SICOH or SiCOH-derived film, or spin on-based low K dielectric
polymer.

46. The method of claim 29, in which the selected electrically conductive
link structure comprises aluminum, chromide, copper, polysilicon, disilicide, gold,
nickel, nickel chromide, platinum, polycide, tantalum nitride, titanium, titanium

nitride, tungsten, or tungsten silicide.
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from each other by generally uniform driving intervals such that amplifier

sets of laser amplifier output pulses are generated at a substantially

constant amplifier output repetition rate in which mutually adjacent ones

of the amplifier sets are separated from each other by generally UDHCEMBER 2006
amplifier output intervals; and selectively gating the amplifier sets to

provide an output transmitting state to permit transmission of an output

settb the I MGIBPASIRRIMIteh & &YHich el dases QuiRtidRMIskK as laser
enefiLetusentiee toseb PUEE MRHBrdRIGS R16\48I6Gt a 0 ehsigbules.

nontransmitting state that inhibits the output set from propagating alon
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0.27 m. 51, The method of ¢laim 50 in which the link has a thickness of
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of clajm 29 in which the Igser system output pulses comprise a
on {2 SURAGHEa R AR IRE SRJRHP SR g, TP A Ay contro
comngiesilying pagrivatiosaitenqrRies ihaiguticmstyapsbsetsiiddber output
| wavelené;gth. 54. The ?}ee ho}%of claim 53 in.which the waveligﬁth , h
PUISESHPREGRAJRG IR QE& 390 SHO! QRSO SNAAm SHRHVARGK R sigie that
preduaiadhibkpesscoitgmaisittbers df st olifsumsituesd dfctiaiprobiystightéward
aser pulse gafing device is_positioned along a beam path from the fiber
the ‘3§8F gpﬁzlﬂge?a't@(?gﬂhﬁ%@ﬂ § [ﬂpﬂ@ﬂ%n on the substrate, the laser pulse
galjemdeatiog revitiviognskstspsirgiéving potsels eoraabsiaatiadiytpoh stant
transmitfing state that permits gutput sets of Jaser putput pulses to
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fronpezddnoittaentlyypyererdsyoutpidreetiiofrigsatantisispelsesdtamplifier sets of
Iase?rg %ﬂﬁgpgl}?&?rgulghe%lg?g rg%%%trgt%%tla né guur ré%r?t?éﬂ? rIcsolpélfant amplifier
output repetition rate in which mutually adjacent ones of the amplifier sets are
separated from each other by generally uniform amplifier output intervals; and
selectively gating the amplifier sets to provide an output transmitting state to
permit transmission of an output set to the laser spot position whenever it
addresses a selected link structure, the laser pulse gating device providing a
relatively nontransmitting state that inhibits the output set from propagating along
the beam path whenever the laser spot position does not address a selected link
structure.

50. The method of claim 29 in which the laser system output pulses have a
wavelength about or within one of the following wavelengths or wavelength ranges:
1.54 ym, 1.3 um, 1.1 - 1.06 ym, 1.05 ym, 1.047 ym, 1.03 - 0.75 pm, 0.65 um, 0.53
pm, 0.5 um, 0.43 pm, 0.35 pm, or 0.27 pm.

51. The method of claim 50 in which the link has a thickness of greater than
1 um.

52. The method of claim 29 in which the link has a thickness of greater than

1 um.
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generating the driving sets of driving pulses at a substantially constant
repetition rate in which mutually adjacent ones of the driving sets are

separated from each other by generally uniform driving intervals such that
amplifier sets of laser amplifier output pulses are generated at &1 DECEMBER 2006
substantially constant amplifier output repetition rate in which mutually
adjacent ones of the amplifier sets are separated from each other by
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transmission of an output set to the laser spot position whenever it
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propagating along the beam path whenever the laser spot position does

wavRiaHBress a selected link structure. 32
55. The method of claim 54 in which the link has a thickness of greater than

1 um.

56. The method of claim 1 in which a laser pulse gating device is
positioned along a beam path from the fiber laser amplifier to the laser spot position
on the substrate, the laser pulse gating device providing in response to control
commands an output transmitting state that permits output sets of laser output
pulses to propagate toward the laser spot position and an output blocking state that
predominantly prevents output sets of laser output pulses from propagating toward
the laser spot position, further comprising:

generating the driving sets of driving pulses at a substantially constant
repetition rate in which mutually adjacent ones of the driving sets are separated
from each other by generally uniform driving intervals such that amplifier sets of
laser amplifier output pulses are generated at a substantially constant amplifier
output repetition rate in which mutually adjacent ones of the amplifier sets are
separated from each other by generally uniform amplifier output intervals; and

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

structure.
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