;& () *+, -e3eDKDFFGTH: &l . KBAKTKVLASER SYSTEM AND METHOD FOR PROCESSI NG A
MEMORY LINK 10 WTH A BURST OF LASER PULSES HAVI NG ULTRASHORT PULSE W DTHS ;

a Technical Field The present invention relates to |aser processing of menory
or other IClinks 1 S and, in particular, to a laser system and 28t Hiéhi 2004 :
: enployimgmambur®$%®mm$aser pul ses having ultrashort pulse widths to sever
4 an 1C link. Background of the Invention Yields in IC device fabrication
processes often incur defects resulting fromalignnment variations of - o
subsurface | ayers or patterns or particul ate contam nants. 20 FIGS. 1, 2A !
and 2B show repetitive electronic circuits 10 of an I C device or workpiece i
12 that are comonly fabricated in rows or colums to include multiple
{terations of redundant circuit elements 14, such as spare rows 16 and
colunns 18 of menory cells 20. Wth reference to FIGS. 1, 2A, and 2B,
circuits 10 are al so designed to include particular Iaser severabl e circuit
|l i nks 22 between el ectrical 25 contacts 24 that can be renoved to
di sconnect a defective nenory cell 20, for exanple, and substitute a
repl acenent redundant cell 26 in a nmenory device such as a DRAM an SRAM
or an ﬁfbedded menory. Simlar techniques are also used to sever links to
program a |l ogic product, gate arrays, or ASICs. Links 22 are about 0.5- 2
m crons (~cn) thick and are designed with 30 conventional 1ink w dths 28 of
about 0.8-2.5 ,um link lengths 30, and el enent-to-el ement pitches
(center-to-center spacings) 32 of about 2-8 ~mfrom ._. 2 9 JUN 2004 2
.0 Iocations of which may be mapped into a database or program
Tradi tional .047 hem 10 or 1.064 uminfrared (IR) |aser wavel engths have

e Iy AL R PSR A L o

mat eri al s.
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Technical Field

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

15 and, in particular, to a laser system and method employing a burst of laser pulses
having ultrashort pulse widths to sever an IC link.
Background of the Invention
Yields in IC device fabrication processes often incur defects resulting from
alignment variations of subsurface layers or patterns or particulate contaminants.
20 FIGS. 1, 2A, and 2B show repetitive electronic circuits 10 of an IC device or
workpiece 12 that are commonly fabricated in rows or columns to include multiple :
iterations of redundant circuit elements 14, such as spare rows 16 and columns 18 of
memory cells 20. With reference to FIGS. 1, 2A, and 2B, circuits 10 are also
designed to include particular laser severable circuit links 22 between electrical |
25 contacts 24 that can be removed to disconnect a defective memory cell 20, for
example, and substitute a replacement redundant cell 26 in a memory device such as a
DRAM, an SRAM, or an embedded memory. Similar techniques are also used to
sever links to program a logic product, gate arrays, or ASICs.
Links 22 are about 0.5- 2 microns (um) thick and are designed with
30 conventional link widths 28 of about 0.8-2.5 um, link lengths 30, and

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




Circuits 10, circuit elenments 14, or cells 20 are tested for defects, the
~~.~~ ~3T SEEM 1 0 JUN Q003 adjacent circuU structures qr_ el enent s
such as link structures 36. Although the nost preval ent %ﬁﬁﬁ'“r“”’@@%sﬁgﬂgr
be€n pol ysilicon and |ike conpositions, menory manufacturers ha
recently adopted a variety of nore conductive netallic link material s that -
may include, but are not linmted to, aluminun) copper, gold ni ckel2,3 Jgﬁﬁ@“
to explosively renove circuit |inks 22. Conventional nenory |ink processing
systens focus a single pulse of |aser oufput having a pul se width of about
%4 to 20 nanoseconds (ns)_ at each link 22. FIGS. 2A and 2B show a | aser
“gpot 38 of spot size dianeter 40 inpinging a link structure 36 conposed of

a pol ysi | i coijacent crevalstiunkes2% elém@as B | aRRds #hp¥euAuRk I3'6.cqm§>ugﬁ%@t e 42
and between conponent | ayers of a passivation |ayer stack including an
over | yi ng pBeYiPIataSh Nk yratenpls havedhasn palysilicon ard Bke coraposivpns] Bem@B) , whi ch

is typicall _ 10, t hi ck.. der |yi i vat |
| ayer Pag Sttt BOR AIRGHAN Chobd s e G aflfe ShAFICuk: SRS B "
quantity ofmhirisiadianiayrinciane weBYERSs! 18ARdd RaRIMIALH OFodpRY 8ok Aikkand 46

such as silicon 20 dioxide or silicon nitride are relatively transparent to
IR radi at i dHaNIpMGUNESieRsPatpYE g AR EH Ry othes setals andtaindloy s metal/hievdesfsutie

i nk swct ur . t%ﬁ!el r .the |innk.22 is renoved by, .the prior art | aser
pul se. To aa§0| % g‘?%ge tgL{ ﬁlér I(Eseulgr"s?drﬂa?léc‘%ef TR et URETH éihﬁ’ilaﬁg rsﬂgﬁ ci ent
energy to phaakBke mawwtRl or nonnetal link 22) Sun et al. in U S Patent

No. 5,265, | 14 and 25 U S. Pat. No. 5,473,624 proposed using a single 9 to
25 ns pul se at Lramgdp, cHewt elgmentsdidgonyelisitharadested¥ordafectspthpr ocess

menory lin 2 onesilicon wafers. At the .3 pm | aser vel ength) the
absorptionh§%ﬁgpgg{®Eg®ﬁ§€%g$H5pP?%ﬁmﬁﬁB@?Lﬁ?Oéﬁﬂngﬁpié@%g@ﬁ th@term 2 s
much joar gerortihesy Liddahfratedt T2 Ak dVeindihs hab V e nuch
wi der | aser proceési ng w n((lrjug)w and beettgr proecg%selgi n ké]%%l 1:5'%;?}%3# P-%f‘(}g)g by
this 30 teciwarsgaexplasvelsemmesedircwt tihks 22hd(enveptibnal nadyoary linkrpeecagsiags wit h
great success. f(r)uialtEPLA~|T g ET 1 0 JUN 2003 2 9.Jt9}~e 2~~ The 1.0 ~m
and 1.3 ~crY PETE OGRS PRI PRE R Tt SR ﬁ’c“&gaééul??omﬂ abee4 e dfl i ng

ef ficiency rphosedsis!(f)l aseeh hoao® IFI69. 8ahnghYsneleriatdicabl ¥s 609 coLVe
metallic link 22 is relatively poor; and the practical achievabl'e spot size
38 of an | Riameler 4Quapngiog d linkkstsenae 3o goirposed! afta podysplidoar genaaldink 22t s t he

critigal dinensio of ..
5 posiuon 3bove a silicon substrate 42 and between component layers of a passivation

layer stack including an overlying passivation layer 44 (shown in FIG. 2A but not in
FIG. 2B), which is typically 2000-10,000 angstrom (A) thick, and an underlying |
passivation layer 46. Silicon substrate 42 absorbs a relatively small proportional
quantity of IR radiation, and conventional passivation layers 44 and 46 such as silicon

20 dioxide or silicon nitride are relatively transparent to IR radiation. FIG. 2C is a
fragmentary cross-sectional side view of the link structure of FIG. 2B after the link
22 is removed by the prior art laser pulse.

To avoid damage to the substrate 42 while maintaining sufficient energy to

process a metal or nonmetal link 22, Sun et al. in U.S. Patent No. 5,265,114 and

25 U.S. Pat. No. 5,473,624 proposed using a single 9 to 25 ns pulse at a longer laser
wavelength, such as 1.3 um, to process memory links 22 on silicon wafers. At the
1.3 um laser wavelength, the absorption contrast between the link material and silicon
substrate 4 2 1s much larger than that at the traditional 1 pm laser wavelengths. The
much wider laser processing window and better processing quality afforded by this

30 technique has been used in the industry for about three years with great success.
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51ink wwdth 28, link length 30 between contacts 24, and lint: pitch 32.
This conventional |aser |link processing relies on heating; nelting, and
evaporating link 22) and creating a nechanical stress Afpi T SHEET
expl osi vel y open overlying passivation |ayer 44. Such a conventi ngl Jl[mrg{mg
processing | aser pulse creates a | arge heat affected zone (HAZ) t'hat
deteriorates the quality of the device that includes the sever &P IJkaz.w‘lO
The thernmal -stress expl osi on behavi or i3s al so sonewhat dependent on the
width of link 22. As the lint: width becomes narrower than about 1 ~cm the
ezpl osion pattern of passivation |layers 44 becones irregular and results in
“ah inconsistent_ lin roc in ual ity that, ] ! dimts
circuit densi t?hefhﬁé‘?ﬂ f’rhdgﬁé en? rlra%,Frs 7 \é%f%ng@%h%éy?éfpj&??%lﬁ%tsg? h\ge\%?'i tT:hEaI

di mensi ongQf g éTkSieAR SNGICRNRVSRE Seghieat o aibighly kletbicdRysiridycid. S, Pat .
No. 6,057.180 of Sun et al. and U. S. Pat. No. 6,025,256 of Swenson et al.
nor e r ecemdtglliddisk 2208 retetvsbdrowf ang thegredticehaghesivable(Pgizg 3s@iranddt put to

sever or expose |li.nks .that ."open, . the LLyk: j. i : Lfferent
et ol TaRDvER ko R TPt A LS b LSRR SHME WRflatpbl T &
si ze.s HowguRIvidd02¢ amrviehgB30tRevdenoniat 8 )4t ahy liaki pitcl 32V Thaser pul se

requires the passivation material to be UV absorbing and is still a
"t her mal " jonooesal laseSlinRgrocepang Blig56n heding: MR (ANEeYaroraigdikoles a

general nethod of |aser induced breakdown an i .gh, repetition
rate ul trAP9<reaus8 @rmEirRis .SUG.S%?U’ES‘EP tohﬂp?%?vf%%)%ﬁ%{ R'Kﬂgi}Jaué a|rn%gt al .

di scl oses g, dpeishogicAfa Ak aHioRaiAnISHidseRinE Uhsee pafse arciulinaans deandiepulse
width to process a link. US Pat. No. 5,742, g34 of Rieger et al. discloses
a si nul t aneadgH)ZQsht idetvaidragsdhenguaity of deddayessdha inpudesdie sersesd Idvi ce with
di ode punping. The |laser emts. a series of pulses ea [N duration

ti mel®f 60 to 3beF ‘ﬁFE’bag'éHSﬁo‘?f’koﬁ’é))nﬁbe f\dey s Soeﬁ?\%qwglﬁgg%[f@%ééntl !grr]rgwdurati on of
| 00 ns. P%ﬁﬁﬁohﬁ?ﬁl B8 A sAHE Al AddhivEEomB& Rirrddr ttRan3idups yex hhdéetplésion
"thermal " nechani sm of material processing. 2 g ~u~ 2~10~

Pot t | nd2- 496 4! das602E6860y 083 PeTanSumeanlypr afd rdvelty MANNFYKISKR BB ect of
the present invention is to provi a t hod. or. aratus for i )vi ng he
qual ity ofPﬂoé%sémgﬁ?lélé‘éégi“ﬁbugﬁcc?%&dﬁl: ﬁﬂ‘ir?”%ﬁc?frﬁ}é‘r‘%g‘g?éc:tf%& ﬁ-ﬁed]%agnti on is
to pr Ocessstl'é.s%' kShallor hm}ﬂ&rtﬁﬁéﬁﬁém WhhERRIIRIOE 11Dkt 2B ahd pHivess ghdaadr chravie a

[

nont hermal "1 nteraction with the overlying passivation |ayer and the |ink
mat ensal . derdsityt her object of the invention is to enploy the bursts of

ul trashort | aser pul ses t ss the 1ink -the-f | Ve ok sent

i nventi on enpl oysgap%uwgt 8@B§ﬁ§§t?zrsﬂmleé§fera“§dﬁg‘e 4 ﬁ(gs'eé\l(e)zrﬁgsnﬁo‘f% 10 1i nk,
i nstead of qUsjng «8 25 stk GedtHly HBICRHE RNVAFRIE VN Gsing S8irables €U0S lasorougni i onal
| i nk processing systens. The duration of the burst is preferably  in the

range of 1@ teve560expose hmd thite open sibe wveltyingpassivsaiop dyedifipignsBatgfithi n t he
burst is generally shorter than 25 ps referably shorter t equal to
10 ps, and el pieghasisaty ?‘damﬁﬁfhel‘z?%ﬁgt &o"’ 1’861??'3}/%55@8&%% P? g’f‘.%rBecause
each,paser ik BinR ilsBB bhURSt a By Wskr ARBOFdquirkd thelpasdivition asdidriud tovi t h

t he tzarget it %??%%h%égs?\?gti onal ayers }z‘ﬁd rggt al i cjplaisnk) is not thermal.
Each | aser bpuhsebdortaak andfsfstil ¢ Hhermsalibpmyess. of about | 00-2, 000 A of

material, depending on the |aser energy, |aser vel engt h, of
material, until YhePati hie: i5565gel%ér<§3§%0%yﬁ@ eﬁﬁfrtﬁ%?d\%?s ﬁﬁgﬂé’%?ﬁg‘? éféié&?erpul ses
in the burst,is I htihat: ; AulEearsdigaespiifds t he bottom
of the Ii nk“qué%ldvﬁ%%&{o&%" %ﬁd@%@f]nﬂéﬁ Eﬁjseg?é’gtrl on | ayetr and tﬁe substrate

i ntact. Because U.Bepmhdioe 5¢0084370uf Miyabbie doat. stisdleses a méibod efngpengod 10 ns to

500 ns; the burst is considered to be a single gl.f] e" by a traditional
| i nk-25ever ismgld pserofposibpinsseaegd Pyulse spdthrig EOoCesha Eser system can stil |l

process links on;thg-fly, [i,8. 4, [t d Qi EReRo have to stop
novi ng when theq‘f'gsg?t‘ stSe—’r%%fél#'e&slf]gj(gg%rrésf%ﬂo(pgﬁ]g%ga%%ﬁses 15<'315‘tp5t(e)ach link. 25
I n addi ti oRyh@hddid e lekdmleodameinveNt)y reert devldeabitie divelt pompofg. The

ul trashort-pul se | aser processing, the nost conmmon ugf S or_t-gul e | aser

[ tr
source eni tlaseatmits nasredsarfpuises pachiyinggodu P A At o P0RCHE O Very of a

smal | -sized l.aser spot. Preferably. g. di rrpﬁg Aoy He O T RIHTE e
sol i d- st at gpt‘,)oH‘Pﬁseﬁd‘gﬁgvmveofiﬁyegdrué%r&poﬁdn@gg#' mode: | 6ck&d, sol i d- st at e
| aseryj s engleonedob @s M6 at endrial 'uhtdashar of pulesiespaice3lgconvent i onal
wavel engt hs or their harnonics.




Port1 nd2-42719Cxi : 1 0026860.00033:72 2 0 J U ~1 2004 Additional objects and
advant ages. of this invention will be apparent fromthe follow ng detailed

descri ption

of preferred enmbodi nents thereof which proceeds witf9réser2Bice

o the ggeonpanyi Fﬁgw rawings. Brief Description of the Drawi~s 5 FIG 1 is a
: B Q00 go0d:

schemati ¢ di agra

a portion of a DRAM showi ng the redundant | ayout of

and programrable links in a spare row of generic circuit cells. FIG 2Ais

a fragnenta

- sem conduct
ﬁ)l’l or art p

irnk struct

circuit str

the link st
| aser pul se
ul trashort

present inv
exenplary b

ry cross-sectional side view of4 a conventional, |arge

or link structure receiving a |aser pul se characterized by a

ulse p araneters. 10 FIG 2B is a fragmentary top view of the
ure anguinl asale RYbsRmf FI G 2A, together with an adjacent
uct ure%ﬁa‘gmnt ary cross-sectional side view of
r uct ur &nofbjéet Gf tikBpragdne inviehtont isnts provide AaMEHoPYr bphrRts g6y art

L FlL G 3 shows. a power versus tine graph of exenplary bursts of
18PHIQLEmE Eﬂﬁ%gyé’ SEYRPCEBINZRIHL linksks i n accordance with the

[ : . i h of alt ti
st o STOLFT oBeRH e TuBRAGS I8 HAs) B Wdee ol n

accor dafce wasdr fudeesphgt $ané ainoM@BimaANnterdc&on %iﬁﬁtﬂ%v@rlﬁﬁgﬁfasﬁfﬁtﬁﬁﬁ%ﬁr”e '
her alternative exenplary bursts 20 of ultrs t lTaser ses

graph of ot
enpl oyed to
a partly sc
| aser syste
processi ng
i nventi on.
can be enpl
schenaﬁbc d
accordance
0026860- 000
Enbodi ment
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&b linkgratesigl. accor dance with the present invention. f FI G d6Ui\/S
hemat i g, .SJ i.fi.e i agram of one enbodi nent of a preferre

m i nclfq} i ?\%lgﬁgé)%%tlf’git&%g’% ﬁlgtéqnt ’isé?lgmpf‘ﬁ’aﬁ‘ec%‘bﬁ%ﬁgkﬂé@smrﬁ kaser | aser
Coultdsqa f J&i ng the nethod of the present
Z%HFISGb @Uﬁﬁ?;gﬁéﬁgt&% gi agram of one | aser configuration that

oyed i hhepresertdancmtion empldys apestantrashovielasdr paiseEtdsever ks 1€

i agram of . anot her |aser copfiguration that can be enployed in
Lﬁ‘gﬁ ‘Pﬁ%adp‘?}e‘ésé‘?& 2 5iRg @F@ﬁ&-nmﬁf@@w faser alye 9baonventional link

%%b@é’ss%g%ygteﬁ’ls.N TheQutakdal & thé Gu&ﬁcﬂré%tréb?}o i [hep;ralrei‘ég of ?61 to 500
ns; and the pulse width of each laser pulse within the burst is generally shorter than
25 ps, preferably shorter than or equal to 10 ps, and most preferably about 10 ps to
IMHmmwwMMﬁywawwﬁhquwwmmmHNMBUM%Mmns
intéraction with the target materials (passivation layers and metallic link) is not
thermal. Each laser pulse breaks off a thin sublayer of about 100-2,000 A of
material, depending dn the laser energy, laser wavelength, and type of material, until
the link is severed. The number of ultrashort laser pulses in the burst is controlled
such that the last pulse cleans off the bottom of the link leaving the underlying
passivation layer and the substrate intact. Because the whole duration of the burst is
in the range of 10 ns to 500 ns, the burst is considered to be a single "pulse" by a
traditional link-severing laser positioning system. Thus, the laser system can still
process links on-the-fly, i.e. the positioning system does not have to stop moving
when the laser system fires a burst of laser pulses at each link.

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

conventional wavelengths or their harmonics.




FI GS. 3-5 show power versus time graphs of exenplary bursts 50a, 50b, 50c
(generically bursts 50) of ultrashort laser pulses 52a, 52b, 52c
(generically laser pulses 52) enployed to sever links 22 in accordance with
t he prese ipvention., The 5 duration of each burst 50 is pref Yonh €SS
t han 5%%“d2‘§71%wh]d§°qf?ﬁsf}%m%’rzef erably in the range of 10 ns to 200 r?sed ?Jgheﬂl "ul se
wi dt-h of each |aser pulse 52 wi.thin burst 50 is generally shorten than 25
ps, preferably shorter than or equal to 1G ps;. and nost preferably about 10
ps to 100 fs or shorter. The | aser pulse widths are preferably shorter than
%0 ps because material processing with such laser pulses 52 is believed to
-:10 be "a nont her ma - : i Il i 1 er pul ses of
1 onger pul se widt lﬁg@h&%ﬁlﬁﬁtgb'gk %ﬂgg{%%ga%@ﬁ @gﬁ@@%ﬁ@g@%@a@%t If%g‘é?hepul se
52 pits of f follomang detailed desceptivraylprefdrrddreentpitimematic@eof ik pfdteadiih

l'i nk material .needed t}lo be renoved w thout generating significant heat in
i nk st ruct ufsCT8BCOI0 the apeamRasy g drpwidesr abl y 15 | aser spot 38 is focused

at overlying passgpyaf pRberlf 8o DRMGL its extrenely short pulse wdth,
each pul se exhi bi r&rgf%**@éer‘amrﬂ# ensity that causes dielectric
breakdofin i n convEIG] diwh kdhelfatio dRpranof RIBSENRT £ DRV tHEdedulBSe’
pul se breaks off a thin sublayer of, for éxanple, about I ;000> 2,000 A of
overlyi ng palisputafiapd nragremmableinkd inayspareyiomyohgensiic aincoi ckldyrer 44 is
removed. Consecut j ultrashort |aser pul ses ahlate netallic |ink 22 in
a sinilar layer b§Y¢'a§‘gHS ﬁéﬁ%&ﬁ’{aﬁwmé&ﬁ?ﬁ@ﬂ@m YIGW P o PRV BRI dRrgee ach
ul trashort  punseortlcalramka Ry REiviVA Beerpulse dH - the
absorption depth of the materi al atw'?%e mv@ue%gﬂa%gﬁdﬁgr%%ﬁséﬁ% in
t he near UV, p¥RREelgr®, and near IR the absorption or ablation depth per

single. yltrashort ser .pul.se for nost netals is about 100-300 A. 25
Dependilng on the eﬁéﬁg? ﬁ%@e?%eppﬁﬁ%ﬁ?WWWS@&ét@ Jaser pdsendf t he

link materi ai:{G.t e t%ggﬁ@} %%%ﬁcg@ cgl;éhﬁ%trﬁgm?eopl ied to link 22 can be

accurately cal cul'ated and co choosing the energy of each pul se
52 and the nunber Fif. 1@ses fpghsesr croeaedtibr Sidetview lofake Bh sfrh@uirasit om of
any given link 22, |eaving underlying passivation |layer 46 and substrate 42
intact. HencBIGt aftﬁrstlbeélﬁlkd&ﬁfﬁgé’eﬂcbwge aripr eassupelse.ate 42 is

substantially eligjna v i f | aser wavel.ength in the near 2 ~J U
N 2004 ~Porilii dzmﬁ'ﬁg’g‘ﬁ‘ﬁa ﬁg‘ﬁésy.?%?‘isﬁ%%%?a?g%e%ﬁ By buste UEELgn i
many Ciip CunslagdiqRsses amiplciedre BGRr Bk e HLAGbRENRSWith Whd pRIAALvdr@eg! Pul se 52
will yield substantially simlar severing depths. Ina "', preferred

embodi nent, each ElGré % a pewerr vasslssimegraph lof abernativa e xeangilay 2l sta of
~cndept h of teri W thin spot size 40.. jn.general, preferred ablation
par anet er s Oﬁgr@%paggaer%§esgpﬁgoy§a e ﬁ%"ieﬁ&ﬁkﬁ H’S%S:rcogﬁﬂ?egg’gg ths PESEM bur st

bet ween 0. Oljpvemtigand 10 miat: greater than about 1 Hz, and preferably !kHz
to 20 kHz or higher. Preferredbursts 50 include 2 to 50 ultrashort pul ses
52, and nore prefEBHabj yhotws op@@erutersuasime grapholf sa=r 2Rerhagveassimgylatenastsy
profil % of a rb r st SP of l.i| trashort pul ses 52 can belOcontrolled better
than t A8 ene?igreRMETAser BHiEsiampioed o seyey dinks Bhadcordangg with the present

mul tipl e-nangsgappd | aser pulse. Wth reference to FIG 3; each ultrashort
pul se 52a can begenerated with the same energy density to provide a pul se
burst 50a with a EHhsé &t epirtlyselieniaie; sieipditigy dikghshlof ope ehibb@imditiofta 50a can
be acconplished with a node-| ockedl aser having an electro-optic (E-O or
acoust o- opt i Rrefeared) B ¥tlases sy gem dncpdingjatrorkpicsel Besitionsn shat gapperaies withmd G,

8).Wth refe . ergy. .densities qf | ses 52b can be
adj ust edso t%g({}%ﬁﬂ‘%gggé gB%é%‘fsty%gﬁ“?éé p%gcwg?ﬁxecm[eﬁlgaéﬁgﬁeggrea MYHOPof i | e
of a capventi onal Fignt {g Qk@eﬂﬁﬂ@ﬁfﬁ%@ﬁ‘ijpf 8&ElasdtonfguBHbS Hifat 2AR bE @ISy ed
acconpl i shed with asinul taneously swi t ched and node-| ocked | aser "system

60 (FI G 6).1nacogndande Witk prgesat inveMi@. 5, burst 50c depicts one of a
variety of differ eper density profiles that can.be enpl oyed

advant ageousl y toﬁggﬁgpz?¥%f§m %d%gg¥?ﬂL@F@@?Hé%ﬁF%@@%”Wﬁgrﬁﬁyﬁ?qP%rent
types and t himkIRgesd Rsac@brdahkwith RASRERIVAALGRE er i al s. Another al ternati ve
burst 50 that 1s not shown has initial pulses 52 with high energydensity
and trailing pulses 52 with decreasing energy density. Such a energy
density25profile for a burst 50 would be useful to clean out the bottom of
the link wi thout riskof damage to a particularly sensitive workpi ece. The
shape of burst 50c can beacconplished by programm ng the voltage to an E-O
or A-O device or by enployingand changi ng pol ari zer rotation. Preferably,
each burst 50 severs a single link 22. In nost applications, the30energy

density profile of each burst 50 is identical. However, when a workpiece 12
Pottl nd2-4Z71964.1 0026860-00033: 72 2 ~ J~~ ~~~~ '8 v -f includes different
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L]

g Ti: Sapphire lasers 64. Skilled persons will appreciate that |asers
emtting at "ot her suitable wavel engths are comercially available and could
be enpl oyed. Laser system 60 is nodel ed herein only by way of exanple to a
second, harponic (532 nm Nd: YAG | aser 64 since the frequency 210ufUN o
eIene%?géégﬁmﬁem%“%%%%@ed to elimnate harnoni c conversion. The Nd: YAG or
ot her solid-state Laser 64 is preferably punped by a | aser diode 70 or a

| aser di ode-punped solid-state |aser, theé6enission 72 of which is focused
by | ens conponents 74 into | aser resonator 82. Laser resonator 82

ﬁref erably includes a | asant 84, preferably with a short absontion |ength,

wAand a Q switch 86Dpagkd DesathtRAlorTesrehag Ehiikehdi ng mnors 7 6 and 7 8 10

al ong an optic axis 90. nor /8 reflects frrght to mrror 76 and to a

 seni conduct or - sat B¥Gh| %5 abswiposer versuotimeerapts d2xémplamp derstsosla, 30b e

| aser 64. M{grorj reflects light to mirror 78 and to a partly reflective
out put coupl GFRGHEAlY Dursty g@aﬁ&tlgéshpéslamﬁ)a}se@é%Lﬁ2b9é29|(gﬁmgn@qj leseixi s 98.
A h [ Y 1 : I l.aced externally t

esonat or 821 CahyaPI RIS reled fsE 2RET bR MBS RSB Rptent oo

| aser olit putdur@don &kédchatrn&0oprefvably 18BRHAE 50 8s bR ot Bfefe B RNLE
conversion to W is enployed, an E-O device 106 such as an.opti Cal gate or

pol ari zat i onf2Bg&Pk1Q Ra Y20 ashd The pulsamidthrof eash frsei pulens2l withfrobwrst 5@ is

h i i tus. Skill i || ‘ate that due t

nar o COMELANONGRRRES U 5, ST, RELSEn U L SoRech ale Lt ue o

laser frequenefray st 0ps28 100 ot @Wer?af‘hegﬁse'i%ﬁgglvyidﬁﬁ@r@w%ﬁerﬁﬁy Il ed
, third, or foufrt a

persons will appreciate that any of the secon noni cs
of Nd: YAG ( 5d@riet than 399 srbeca6 Gnatenygl ;prodessihd withdbch luser BlSesdD is2@Reved toor

the second harnonic of Ti: Sapphire (375-425 nn) .can be enployed to
pref er g@l y rp}?eo%ﬂ el QFWeﬁi/‘ﬁfBﬂ‘ed?atfgilﬁHgf’%&ESIHg iYiEh laprsrsibes af eongsr pulseown

har moni ¢ 25 G@RA%er si on techni ques. Harnoni ¢ conversion processes are
described in pp. 138-141, V.G Dmtriev, et. al., "Handbook of Nonli near

Optical Crystal s"DuiSpg abgest SVeif tlagr piiesy S0 resch L& pulSRHE 'rt§é}ﬁ-a5§5£VB§h An
exenpl ary uItragEst Nd: YAG or Nd: YLF | aser 64 is the JAGUAR ' sold by
Ti me- Bandwi diTPUSRYSLPT R Passiyatipe daverd4 apfer Jinkupgeimwesdebto be mmpredes 30

pul ses with j ] 8.10.1 ) ul se ener of
greater t han‘wﬂl&ﬁ g@%%@g \%%rc)#ﬁ%ﬁ tg}egg%qﬁ%( %{L)ué:ﬂ{r Qgg 06'3&3‘??@% I;t greﬁﬂ%]g

ener gy1®f griasirepot 381 f88ed ddowrlying SREWEGPRYERIE PucQo iR ktfémeRNGoher
exenpl ary | aser 64 can be a node-locked Ti-Sapphire ultrashort pul'se |aser
wi th a | aserpuk@/eidéhganh phlse lsshihisahighRasea noergy sntetsiystha@umssAieletiriSpect r a

Physi cs makes Ti - Sapphire ultra fast |laser called the |  TAhM whi ch
pr gv: des ul '?brrgagﬁj(?btn %Pﬁ%gt%n%gﬁ a&%agnbm%’é{ aW‘Hf’ﬁte&‘aﬁlO AhgsgS/ESnds (f s)

T3 oL Possss i igaee ot el olensid prsiskeg 1T
green YAG | axesivitowleyeridd witil overlying passivation layer 44 is removed. Consecutive

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

25 Depending on the wavelength of laser output and the characteristics of the link
material, the severing depth of pulse 52 applied to link 22 can be accurately
calculated and controlled by choosing the energy of each pulse 52 and the number of
laser pulses in each burst to clean off the bottom of any given link 22, leaving

underlying passivation layer 46 and substrate 42 intact. Hence, the risk of damage to

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



10 FIG 7 shows a schematic diagramof a sinplified alternative
configuration of a laser system 108 for enploying the present invention.
Skilled persons will appreciate that for harnonically converted green and
| onger, wavel ength light, the EO device 106 is preferably positibheNaillr
t he harnonic conversion converter 102. FIG 8 shows a schematic di agram of
another sinplified alternative 15 configuration of a |aser system 110 for
t hat enpl oys a second resonator or anplififer 112. , ~ Jud Q04 '_ :
Portl nd2-4271964.1 00268Q0- (X1033:72 10 , m) at a repetition rate of 0-10
glz The JAGUAR- CW 250~" ~ provi des pul ses with Laser output |04 (regardless
“0f wavel engt gy ni ’ i f ' ical
conponents 116 %%ge %@hﬁmﬁgﬁg%gﬁﬁgﬁg%%%% %%g@ééﬁ?%gﬁaﬁgﬁg% p%?
Conponent s 1dlérasiwat lbs@ pudse Snwilligieldasubsamisipsindlar soreriag epthkagen optical
20 conponents to collimate |aser output 104 togoduce a beam w t h usef ul
r

pr opagat i on rc copbodimeny, easheuligashest lasesuiner 32 ablates alpubiaO-Q2-6.212m 124,

126 and 128 J n r i aghly ref tive at the_laser
wevel ongt h o SRR il ATIPXEE 480 duloferl] Bhrlnh B DGR RE, "o
only the desjocasedl spsesizedl elctits!lBsepiehergic@@df Ratt BlirsBbdtwett0 D138 ard 1PRYSI N9
| ens |30 preferably enploys an F1, F2, or 25 F3 single conponent. or -

nul t i conpone®#teredersthay abeith It Hat aridoprefasably HsHzdb 20rkddzor highere dPiefegesd syst em
output 140 t r.educ cyused spot size_40 that is preferably |ess than 2
Ui o anebut 0GR 23S S5 RN rolet 5 sediBbe drelirah oD wiashostm
positioning sysdseyP 62 is described. in detail in U S Patent No. 4,532,402
of Overbeck. Beam positioning system 62 preferably enploys a | aser 30
control l er 160 th&he ergngy demsitytproRlastt a urstiedffdtrashoor pulsad@scapdeacked or
split- €)<i s) and 3 2 9ééUN 2004 Portl nd2-4271964.1 002686f 3-00033: 72 i ||
* coor &Y nat e¥RORd Petgrdhan the epstey depsity prdile gha cppupntignal singda matiplencus

| aser system] des] | I Vkce or

wor kpi ove 12 gSAeRalatute SPRIERH 8390, A AR TS il Bl bucen

links 22 on gérersahwithrthelsdnfectenty daskpie pasidea palse bhRe 504 Wil Ueconsistent
| i nk-severing_ operations based on provided test or 5 design data. The

posi tion dat a13rteR’ eenersy densiy Profilpe Buse i ¢an ¢ accamplished wither madeftgikede 12

i i.th f h I 2 of
| aser ayst ertiouno el et e PT sk diormet G Lo edte 809 SR & bl y
seversigach bptitalanpifidtqFiGygyi th a single burst 50 of ultrashort |asei
pul ses 52 without stopping the beam 10 positioning system 62 over any |ink

22; so hi gh t hr oubifhutefarenaged dtlGi dethe Bergyudaasitios obpuis¢ssSZ0caarte ddfssed han
500 ns, each_burst 50 A reated |like, a single |.t i pt enanposecond pul se by
posi ti oni ng ssoytg‘?él?ﬁr tﬁ.SbEé)iQP S%g%l? H’I“Tné:rmiﬁﬂgrigg R0 fg‘éngf%C?WsePFl%%li ons
-concer ni ng tha|tRHeShiRdecOng &% p ' .t he nunber of
pul ses 52, ar)d/f(g)r t he shape arngm%% gh%%ﬁé%f%%@%gﬁ%ﬁ&l%gdi ng to the
char act eri st $iogltafeously KQ-switchdiand néde-lobkaklsaraytteml 60(FIGEG).may be

i nfluenced by tim data that_ _synchronizes the firing of |[aser system 60
to t heE@Dt i on of %@‘ rﬁ?%?l?cﬁrtﬂfléuéhb%t'é@s@ﬁﬁl%éﬂm af yvarietpaf differens, 453, 594
of Konecny fgy LA it d ). SS| or di nat 1,9 m

A ternat i vel ST chPRFECHArER, {¢ SinBREl SanRk e (oB LA B i,
may 20 be ussrhctures3éxtawagadifferentyges atd dickatssbasLhnleLpA¥iviiidn shanaaiet s

cell or an acoustooPti c. device 106 and/or may optionally instruct one or
nor e subcont BPther dtergativebarst S0dbaitis apt howi hasnigal pHsE-3 i high ar@égy Beam

posi tioning at.hvely or additipnally.enploy the .
i mpr ovenent sé%?ﬁ%gha%?%@@étp ?‘!f%gr%g v%g‘xscie'c?[e@élg.gieﬂe@y gt S',@Pa %X‘H%y §§5515'f
Cutler2gt alprofy folf al tar@ S WAAH be Qs P tASEADNRGhObottdth Df AR RRPWiGBL! A8k
O her fixed head, fast positioner head such as gal vanoneter,

of damage to a particularly sensitive workpiece. The shape of burst 50c can be

accomplished by programming the voltage to an E-O or A-O device or by employing
and changing polarizer rotation.
Preferably, each burst 50 severs a single link 22. In most applications, the

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




pi ezoel ectrically, or voice coil-controlled mrrors, or linear notor driven
conventional positioning systens or those enployed in the 9300 or 9000
nodel series nmanufactured by Electro Scientific Industries, Ine. (ESI) of

Por t 1 ap on_coul d_al so be enpl oyed. Portl nd2-4271964. 1 5q JuN 2004
(nessaggi‘fﬁ“t%%?‘?ﬁ”%”@“b”m 2-0 ~F 12 1 It will be obvious to thdse hav ng-

skill in the art that many changes may be ' made to the details of the
above-descri bed enbodi ment of this inventi8n wi thout departing fromthe
underlying principles thereof. The scope of the present ‘invention should,
therefore, be determ ned only by the follow ng clains. 2 9 JUN 2004 2 g

CAUN 2004 1 jnclieSBifRQEh O paeiatirbet BheRLEiof AloreGOAAALLY Jr9undant,

menory or integrated circuit 1i1nks positioned between respective pairs of
el ecui cal | y eondetytdfiemefgyodensiac poofiles (heightscanidtlefgthy hehhededns theudhopésican
conpri si ng: 8r ovi di g%stho a heam posi tigner beam positioning data

repr esent i ng°f 8eRliedRdhe posiiierupg sysigm p2(EHdue) soaBs thedweraiece ddrmory | i nks in
the circuit; gene j 1as fLE rst.oft.a.firs ec, of _at

| eapt two | aser OEI? IB’Sth %fuﬁléggﬁeg%'!rnghgfl%p ?chéssﬁrfé}wﬁg Wﬁﬁt%ﬁggfylt@é%ﬁgpls%g? |
| aser o6t put offetssewiden prdvesding ®indo@t artiey sup@ridP qaalRylof 8ewireld Mnkkihah igess of
shorter than 2S picoseconds and the first' burst having a burst wdth
duration of SPPEREenal hiak pootsssingmodhe yatsstiliiafgudsend? inburstespperseits betiche
beam posi ti op ] . burst..of the.first set of. |aser output
pul ses to i rrppd:J lﬁggggé ﬁ ﬁ?‘%pﬁéﬁ%%t%b?réétﬁlf}lcéo,{B@?Piﬂ?@ t?éﬁ%nmerﬂ’éfm?'ﬁ Wiglxk at
a first |ocatsmplhslenaltelof uftashORIRALE BrocBlsing® ¥ mblO:Mmbh Bt ARG 184 PU!
pul ses 15 fromthe first set renoving differem portions of the tirst-
conducti ve | bowcaischt ahwavelangth dfiateut 86%/pmi ang fatiitdiessdelivernydofcs indalllsize&

bet ween .t he Iirst ontacts; generating, froma |aser, a second burst of a

secondqget of ™ POteast two I aser out put pulses during a second tine

nterval that i ol ARk oRLAARbNNGIASERL o PABLLIGuLIESS: Hiffyiglgevel

each | aser output pulse 1n the second set having ~a

duration of péronitsdR Inberrougfut o bessmiondEniazd thaearamersdpwitouhpridaging dur st
w dt h duration oIﬁ!shorter t han 500 nanoseconds; directing) in response to
t he beam pos{TTGSYHT Ygaereptble gxplosiommatteBur baseswayplengths shertesdharothe| Rsean

UL Pl SeBd e MR 09 ST LB BT LA T
bei ng 25 di sthub¢icilitatng tHeeprbtdssihg o @airb@Bs arff ddrB@&SEnksWOTIAE bEMG RS RindMl Put
pul ses fromthe second set renoving different portions of the second
conducti ve | Fasrlutipd peimits Brksa?dtotherpsifioned closer together, increasing circuit density.
Although link structures 36 can have conventional sizes, the link width 28 can, for
example, be less than or equal to about 1.0 um. Similarly, the height of the
passivation layers 44 above or below the links 22 can be modified if desirable to be
20 other than a typical 0.5 um height since the bursts 50 of pulses 52 can be tailored. In
addition, center-to-center pitch 32 between links 22 processed with bursts 50 of
ultrashort pulses 52 can be substantially smaller than the pitch 32 between links 22
blown by a conventional beam-severing pulse. Link 22 can, for example, be within a
distance of 2.0 um or less from other links 22 or adjacent circuit structures 34.
25 FIG. 6 shows a preferred embodiment of a simplified laser system 60
including a CW mode-locked laser 64 for generating bursts of ultrashort laser pulses
desirable for achieving link severing in accordance with the present invention.
Preferred laser wavelengths from about 200 nm and 1320 nm include, but are not
limited to, 1.3, 1.064, or 1.047, 1.03-1.05, 0.75-0.85 um or their second, third,
30 fourth, or fifth harmonics from Nd:YAG, Nd: YLF, Nd:YVO,, Yb:YAG, or




severing the second conductive |ink between the second contacts. 2. The
met hod of claiml in which the |aser output pulses |ave a pulse width
durati,on of shorter than | O picoseconds. 30 3. The netRIEBLACEMENT SHEET

!

ftu-ther conprising: Z 9 JUN 2004 2 9 JUN 2004 'I generating the la u
nmp g g g qd ﬂﬁirmg ;

out put pul ses of the first and second sets at a repetition rate of 1

than 10 negahertz. 4. The nethod of claim2 in which the |aser output

pul ses of the first and second sets have a pul se width duration 'itf“‘brzgnér
/ than: oue picosecond. 5 S. The nethod of %laim2 in which each link forns a
portion of a link structure that includes a passivation |ayer that overlies
“the link. 6. The nethod of claim5 in which the passivation |ayers are _
renoved by alinspphiee atrsiont evkaldad pmsdretwit epptenimd hiselnscotbpitingyl s8s, and t he
passivation | a qg%avgl.enme met hod of ]cl ai_[%g i r& whi ch at | east one of the

| aser out putS”B%lT e YoM 1O SRR Y akaiiAblE apdropld by emplogedn subl ayer of
the passivation llayersysBm Jine ABdA@En G B) day of WkDIBEI GO TREL S NY:
generating the first and second bursts at & repetition rate of g?ld
one ki | oher marmenic Thie we) hgdY 86 lebeai orh sthdenhevireqienay dbeteity @agef c4hg | aser
out put pul ses frcgﬂg - l.15 ea;h set renoves a_0.01-0.03 m cron subl ayer of the
link. 10. THETRETHSS OHNEF RTHYIT RORYSTLHN - af Nt BdsY Ab othen setidistank baser

conpri ses algdnt BrferabRRAAASE, M ‘ si-lkC dj siil.i ci de, gold,
ni ckel , nickel ghr om Qe@mp#gtqyﬁaal%%gé d)}gjlqﬁ% P%én/rtdé{xltjfn&%lhﬁdl é',d‘sﬁt? gaﬁ?rum
titani um ni the efeissivnrigdstf evhictois fourngs be tersidoimpotents 20 intd 1asEheeshhdian of
claim2 in ich the | renmpved by a nonthermal interaction between

i ka E‘ar ‘1?? | .
the |aser oUfPUtreRPLLSLAreferaRly Incindes a fasantfide Praterably With alshomabsordtiort her

conpri si ng G&pal,aknkdR0QisWeich 86 $hsi r. out put pulses at a
wavel engt h between ag%tft 200 i%sngﬁgeﬁ%gg%mﬁﬁﬁ%@@éﬁ%&,ﬁ% 52‘13 af it 278
f urt hel0 conmplongiangpgie sl NYinrdre7§ rafletts diptht et AbarkielbS @it @g8EoPUt put

ul ses froma d, npode-| ocked, solid-stale | aser.
P sam%ep zﬂ)rggreber mirror device 92 for mode locking the laser 64. Mirror 76 reflects

light to mirror 78 and to a partly reflective output coupler 94 that propagates
resonator output 96 along optic axis 98. A harmonic conversion doubler 102 is
preferably placed externally to resonator 82 to convert the laser beam frequency to
15 the second harmonic laser output 104. Skilled persons will appreciate that where
harmonic conversion to UV is employed, an E-O device 106 such as an optical gate
or polarization state changer and a polarizer, is positioned before the harmonic
conversion apparatus. Skilled person will appreciate that due to the ultrashort laser
pulse width, thus a higher laser intensity, a higher laser frequency conversion
20 efficiency can be readily achieved.
Skilled persons will appreciate that any of the second, third, or fourth
harmonics of Nd: YAG (532 nm, 355 nm, 266 nm); Nd: YLF (524 nm, 349 nm, 262
nm) or the second harmonic of Ti:Sapphire (375-425 nm) can be employed to
preferably process certain types of links 22 using appropriate well-known harmonic
25 conversion techniques. Harmonic conversion processes are described in pp. 138-141,
V.G. Dmitriev, et. al., "Handbook of Nonlinear Optical Crystals”, Springer-Verlag,
New York, 1991 ISBN 3-540-53547-0. ‘
An exemplary ultrafast Nd: YAG or Nd: YLF laser 64 is the JAGUAR™ sold
by Time-Bandwidth® of Zurich, Switzerland. The JAGUAR-QCW-1000™ provides

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

eater than




14. The method of claim2, further conprising severing the Iinks w thout
damagi ng the underlying substrate. 15. The net’hod of claim2 in which the v
first and second bursts have simlar energy density profiles. g2 @quﬁv '
~Qud  2pQnad I Mbes 2 ooz 6. The method of claim2 in which each o? tﬂ I éer
output pulses in the first set has approxinmately the sane intensity. ‘17.
The nmethod of claim2 in which at | east two of the |aser output pulses in
the first set have different intensities. 188, The method of claim2 in
which the first and, second bursts are shaped io match an energy density
~profile of a conventional nultiple-nanosecond |ink processing |aser pulse.
9. The net hod afa repetitionZaterofudhl 60 Hzh eT e BAG DAR - UVer28 0™ 0p i 8 Huied wWithUous
relative notio ,beH%een the substrate and | aser spots resulting fromthe
bursts of 10PBige Fithpar yrdo abRu 25mut30: Preatia pikse energypehgrestse thanr2 50he- dtlay .

20. The neth : I L ich the links have a width that is |ess than
one m cron. g%eﬁ o%%%(%gb'fsrk%ecti vely renoving target material from

l'ocations of sel eginethel ieRémplarBkel ScantRCAnvAL26dked THiSABpHitE Lot Pulée
e

containing an electrically 15 conductive redundant nenory or integra
ci rcui t 11 nkipseeV il adaser gravelenpthah thepedn IBahegs, edclebhe?i0-BsGhhy Spseduct i ve

I i nk havi ag | i.nk wi dt h.apd bein sitione et ween_an soci ated, pair of
el ectricall y%%%%ﬁf@%#v@hpéﬁ?p&&rg uigtlrlg s&fals%rtﬁaﬁegéqﬁ iMal E&I%W@WPV’Q%
substrate or yRfisHH | ' i j { i i td . .
bet ween t he gl eg??? gggafdys%g%gg%gipggeﬁ@ﬁ@ %ﬁ%ﬂoﬁ%ﬁ@%ﬁ@dﬁ@%?ﬁg ésfltf%g{%?é e
and any opt i 8wal50undS0inm nange it paspsstitiohirae dfBPV RS Hss 0abALE K Mhhped BEa
compr i si ng:  PGE PUTIRAL: BodeBERAPPaSt: b S oA B RniHY aate )
conpri si ng: i { it t i .
regPesqgt?ng one @iGm]"rsﬁo&z?Q@Eﬂe%?ic%a tr%}g T | &L ﬁ? Legtricall conduct%ve
links, the beam positioner iR response to %esngxgg (gc@ﬁqaﬂﬁ?ﬁ fighration o

i nparting rehadsewy systany 0 fdr @ﬁp}aﬁihg&ﬁé prE&t iReatibh OBkIIRJIREs0AS wilbSt r at e;
generating for each selected link structure a set of two or nore

ti me-di spl acaRPredaterthyfepharmanicsdly coprartedgreethand lasger wanghengtiplighte shd B- t he
set charact epy | aser ot . having a,spot si.ze and .ener
characteri st Ib'cée%gctebl%ﬁﬁgis |pée§§rrab§pp% SIHORER taﬁ%t_,he E‘?@‘BBFQ@Y?E‘%@P‘%%”F%HQ& Than
the Link width angi¢he seaes 8¥cHeRmtia Girim o Glofel AhpRebeildiative
15 configuration of a laser system 110 for that employs a second resonator or amplifier
112,

Laser output 104 (regardless of wavelength) can be manipulated by a Variety
of conventional optical components 116 and 118 that are positioned along a beam path
120. Components 116 and 118 may include a beam expander or other laser optical
20 = components to collimate laser output 104 to produce a beam with useful propagation
characteristics. One or more beam reflecting mirrors 122, 124, 126 and 128 are
optionally employed and are highly reflective at the laser wavelength desired, but
highly transmissive at the unused wavelengths, so only the desired laser wavelength
will reach link structure 36. A focusing lens 130 preferably employs an F1, F2, or
25 F3 single component or multicomponent lens system that focuses the collimated
pulsed laser system output 140 to produce a focused spot size 40 that is preferably
less than 2 um in diameter or smaller depending on the wavelength.
A preferred beam positioning system 62 is described. in detail in U.S. Patent
No. 4,532,402 of Overbeck. Beam positioning system 62 preferably employs a laser

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




2 9 JUN 2a04 2 J JUN 2004 respective |aser damage threshol ds of any
. underlying passivation | ayer and the substrate; and. coordinating Laser
out put pul se generation and the relative novenent inparted. by the jpgamps
~ positig ﬁézﬁ%ﬁhoéﬁﬁkn%ﬂe rel ative novenment is substantially continuous 5
~ . while the l'aser output 'pulses in the set sequentially strike the selected
" link structure so that the |aser spot of each Laser output pulse in the set
enconpasses the Link width and the et renbVes target material at the
I ocauon of the selected link structure with reduced risk of causing damage

~to any underlying passivation |layer and the substrate. 22. The nethod of

£ ai m 21, T ucodhidina ] FifTeG0aPTEL ALUNG26 - ARe @HPYhd %&upﬂs&e%’s\@rﬁ h a
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%CVVpuered, node- | ocked, solid-state |aser wt ra--cavity optical
gating devi ceutpaBl40rivea desiteddasef link 22rmn2Z; dévice dreworkpigaei 191 NBedMPbsiMbRigg an

anplifier device tg anplifyi t he Laser output pul ses. 24. The nethod of
claim2l, qu¥5rC‘.%? 62&?%%%9?%5?31@%% hefwesliplss 24 op theysame er diffiesent with a
si mul t aneous ks Bisus tishsd E'tq;,rﬁ@i% 10 | d- r., ., 1he
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conduct bve | dedignrditeri al and the set severs the selected electrically
conductive lick. 26. The nethod of claim25 in which the electrically

conducti ve |ink natiePpsfion datagrefeeblibdirert shipfcusad lasdryspandd heemmbrkpiece

i i | he | | dth
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| ayer and the set renoves the overlying passivation |ayer as as severs
the el ectri cierly ddthcugingle durst AR .of 2@rasiior 1aset poldes2 wlithont fapping whd beant he

sel ect el ectrj.call ondyctive |j.nk. 25 conprjses aluym nium chrom de,
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electrically condyctive |ink. .2 9 JUN 2004 30. Tie nethod of claim21 in
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of the laser ou lit ul tP p ses renoves a 0.01-0.2 mcron depth of the
overlyi ng paSeitiedier A0 mayde ipflueniced by timisg datahat: sysphros@es ecfiring lob daser

claim30 in I he..oulse width of —each qof the l.aser t | ses is
shorten than&g—%lﬁ@&gg&o‘ﬁago%ﬂgﬁmﬁtp?ﬁt@m sBﬁb&i)‘Fesfﬂgecf&@%'%tp ‘pul ses 10
renoves a 0. §159,504r5f W e Rir R D atfol BAMEP i M aRPB =i Rl @Q%Hdﬁifeﬁironby _
direct laser ablation. 34. The nmethod of claim30 in which the passivation

| ayer is renbysiembyAliersathystyarskillet pgrsoos witle appreciatet thatlasdraontrellier#60 atay| east
one of jhhe Laser output pul ses and the overlying. passivation |ayer. 15 35.
The mat2 hod ose'}ffeélifé{gitr cﬁv%f’mug&% ogéa[sequ %}‘sg’ra %ﬁ?ﬂi‘?ﬁ; | e FRUSty-

m ati on lm; ag?@{ dice TR0 MANESEGRAN %sul%ét o 6 ARG BhilAs Todhatl N

wo sets of |aser output pulses are generated to renove
t arget mat er caitradlQ-gwich 86 oh Er@elelioe 406.0 Beamf pasapangy sysens 62 ecdyed
electrically conductive |jnks at a set repetition rate greater than 10 kHz,

20 37) The n{HBYNGY ef addinionally gmplayce daprovsMentieor gy PRGNS fercsibed has
a pul'se w dtf gfs BelWeENs 3B W s AT HRILPRCGANTSis M4t B! BOSETINL st this

25 application. Other fixed head, fast positioner head such as galvanometer,

piezoelectrically, or voice coil-controlled mirrors, or linear motor driven
conventional positioning systems or those employed in the 9300 or 9000 model series
manufactured by Electro Scientific Industries, Inc. (ESI) of Portland, Oregon could

also be employed.




38. The nethod of claim35 in which each of the |aser output pulses has a
pul se wi dth of between about 100 fentoseconds and 25 picoseconds. 39. The
met hod of claim 21 in which each of the |l aser output pul ses has a 25 pul se
width of shorter than 10 picoseconds. 40. The nethod of clai i i ch
each o t?ﬁ?“%%é?“%u dtPlt pul ses has a pul se.width of shorrern?ﬁgﬁbﬁgmn
pi.coseconds. 41. The nethod. of claimZ 1 in which each of the laser output
pul ses has a | aser energy of about 0.01 migrojoule-1O mllijoules.
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LT~~~ JUN L W4 is 2 9-JUN 200g 42: The nethod of claim21 in.

i ch each of the | @85 H&BH " roxj mat el e. sane
energy. 43. The net hod % ! a% r%o%? V\?\éﬁgl{gﬁ eas?hat?{% gfch?‘ﬂéeslré%yege

out put pul semadé to ke mmlshﬂ"vthe dbdxfeemambmmmenﬂéf thEhﬁvéfﬁfomemJutC' ai m

21, further cotnprisiag generatlng t he Laser output pul ses at a wavel ength

bet ween aboufl & AROEh e umgerlyig pamiciples| therepf. STt ssnpé of therptept inyehaser
output to se I ah 03|t|0ned bet ween respective
pai rs of eleg§$?%1$%%ﬁh%h %é?%ggqgg §ﬁ@'hﬁﬁ§u§ P Sabr i cated on a
substrate, conprising: 10 a punping source for providing punping light; a

| aser resonator adapted to receive the punping light and emt Laser pul ses
each having a pulse width duration of shorter than Z5 pi coseconds, the
resonator including a solid-state |asant; a node Locki ng device for nbde

| ocking the |laser resonator; . 15 a burst gating device to gate | aser

pul ses into discrete bursts of |aser output , such that each burst includes
at |east two |laser pulses and has a burst width duration of shorter than
500 nanoseconds; a beam positioning systemfor changing the relative
position between the |links and | aser spots resulting fromthe Laser output;
and 20 a |l aser systemcontroller for coordinating the beam positioning
systemwi th the burst gating device such that the | aser spots of the |aser
pul ses in each burst are spatially contiguous and substantially overl appi ng
and each burst inpinges a single 46. A Laser systemfor enploying |aser
output to renove target material from 25 | ocations of selected Link
structures; each selected link structure containing an electrically
conductive redundant nenory or integrated circuit link selected for

renoval , each selected electrically conductive Iink having a Link wdth and
bei ng positioned between an associated pair of electrically conductive
contacts in a circuit fabricated on either a substrate or an opti onal
under | yi ng passivation Layer being
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Y~g passivation |ayer as associated with the link structyres, heing
char REPEFIIEY W’r‘é’?pective Laser- damage threshol ds, coffptd 'F‘*Hé«h@agﬁﬁww"’fﬁﬂr |

source for providing I Punping light to a | aser resonator; a LgsBrJUN 2004
resonat or adapted to receive the punpingg light and emt |aser ou R&BUﬁ%ﬂﬁ;
~ , ‘a node | ocking device for node |ocking the | aser resonator; ogtlca
.gating device to gate Laser output pulses into discrete sets of |aser

out put such that each set includes at ¢ t two tine-displaced Laser output
pul ses, each of the laser output pulses Th a set being characterized by a

| aser spot having a s of size P 10 and energy charactenstics at a | aser
spot position o mat erial ,. the spot_size being |larger than the

the targ ,
li nk width and ?hgﬁwﬁléﬁﬁqrﬁﬁt%?q%%@%%@wemmt ive | aser
damage t hr g g%gg%gc ' passivation ~y~; a
beam positi oérﬁiﬁlg&ggg%%m for -1 n({)[gérl'?f’ﬁ;gglrle |%$%D%§hg%ﬁ¥ﬁgn ugaye spot
15 po8i ti oeontacts e siptxit fabticatedhon e sphsaes, compsisiiPosi ti oni ng data

representing one or..nore locatiqns of the selected el ectrical |y conductive
links: and a | aBEVIBE (O, PPYIPRST bryyp POSiHPRINE setaTgprssentingilocations ofie

optical gaglesrsicslBy EGRIuAHe @Weﬁ%égnw; cgi??r ted by the beam

positioner such that the r fantially continuous

whi | e the | aser genergiing, fronsafasem atfiver kst GFQ fisnisee of belehst twb lidep ofipe! ect ed
.link structure, so that t.he.laschfsagﬁt of each | aser output pulse’in the

set enconpBuSEIUINg 3 firsk ipe e, of helaser pupuLPulsesda thafirse s¢tdiaving t he

| ocagon of phlse width W ld r - W |, ausi ng damage
to any unde?l yi ng pggg?%gtquﬁoﬁégytg%{%%glc%@%s%ﬁgggghiﬁsﬁ’ﬁwﬁser system
of cl ai m 4Bushwideh deratibe of shorten thandidOanoscamtispt ed for 25 CW punpi ng, the

| aser resonator  .conprises a _sol i‘g%i?teate | .asant ating

, angqetlj%e opti cal
device is posit o IETRPZPC 1012F REaTp ROBRORIBE H33; Hie firspbursyef the disst syst em
of clai m 4 of IkéGUME NS & RihiRde AR kel &faﬁg Jlai?fnéa;b I aser
out put pul ses. 49. e |l aser isﬁg)slﬁ%m of cleg‘lgirr%ag%&?n ?%ﬁﬁpﬁe ase ?’y
resonat or lénknara Bestlogation baviveeh Brsacenticas sanfeasiwe dfithe tasetr ampuigailiesy devi ce
conprkises .t ch _positioned wthin 9 JUN 2004 x g JUN 2004 the
I ase?5 res oﬁ%‘?&ﬁ%s% er,e.gipgmgrﬁé&?rggreporg%s[ %‘2,{-8? % Ve Hak gaq the first
node- | ock eshrsiaderinghe ir§rdoadudiie Mk between the first contacts;
generating, from a laser, a second burst of a second set of at least two laser
output pulses during a second time interval that is chronologically different from the
first time interval, each laser output pulse in the second set having a pulse width

20- - duration of shorter than 25 picoseconds and the second burst having a burst width
duration of shorter than 500 nanoseconds;
directing, in response to the beam positioning data, the second burst of the
second set of laser output pulses 1o impinge a second electrically conductive redundant
memory link ar a second location between second contacts, the second location being
25 distinct from the first location, at least two of the laser output pulses from the second
set removing different portions of the second conductive link and the second burst
severing the second conducrive link between the second contacts.
2. The method of claim 1 in which the laser output pulses have a pulse width
duration of shorter than 10 picoseconds.

30 3. The method of claim 2, further comprising:
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substantially nonrhermal interaction between at |east one of 1UNemmger
out put pul ses and the electrically condddtive Link material. QTE%%Qgger
systemof claim SO in which the electrically conductive |inks |§

covered by an overlying passivation |ayer and the set renoves the overlyin

g passivation | me@ﬁ) ﬁ&esbﬁhsﬁ&tﬁu%éédng %g%{ﬁ, mk. |
S3. The | aser stemof claim46 in which the selecte sléf}'ecw C ln
conduct i ve T} amaahman chrom de, copper pol ysilicon,

disilicide, ohl | d { | yci de, tantal
ni tri de, f.tgn.umm%&ﬁ%%k b2 48 Wil Bt o Spili gl Iércs'g@ﬁIC.SQ i

54: The Iammy&tﬂmvefaﬁﬂ@wﬁdﬁdMuMbﬁiho%rh@ﬂ%e?ﬁ&s% ihe | aser output
| pul ses renoves_a 03 micron depth of the selected electrically

conducti ve I i nk 3. S@heﬂ?@qdﬁéﬂa% Wﬁh@lhhnk@msnmmhofmhnkget

mat eri al . e that covers the sel ected
el ectrical I y co t~| ve I [ niwb g&“@éﬁyﬁ%?r&%%s@f’ aimSS in which, the
set of |aser puI&&ermﬂhu@eftlhmﬁ\mwmmpassﬁtaﬁaﬁlléy&d&)é@émbi‘edjbiﬁc" | aser
ablation. S7. The |aser systemof_claimSS in which at | east one of the

| aser out leDnHI?F@é’smF"éW @eavq;n@e lasex WWE&&%@W&Q@W@&YGW .ng

passi vation | ayeyf t ¢l I e claim
SS in which the po?}s{%% Of %%@Efeﬁﬁeﬁ?gﬁxgﬁ%e lgfe% “{ngs i‘ﬂ{’)‘rter
than 1D pi (msles:nrrelmomsdi QOIMBnmneumﬁyérhﬁ’tﬁafﬁﬁwwéxplayeﬂDm ses renoves a

0.01-0.2 mcron de of t.h verlying passwatlon | ayer by direct |aser
abl ati on. Po~ r?blz %5@ -~~I\rl' ~~~T 21 2 9 JUN 2004 2

9 JUN 2004 | &%nhé gde%pr assivation
| ayer is rennvec%% age'rstantla y nont g}'?ng pg?%gto?g&ak)%%‘h\/\%e at | east

one of the kiloheszr out put pul ses and the overl y| ng passivation |ayer. 60:'
The Taser syst ©Y Iné }n%{hod o? ciaxm\gmm quglii at egs%tong Lf {h%slgsrer %3@%% pulses from
15 each set removes a 0.01-0.03 micron sublayer of the link.

10. The method of claim 9 in which at least one of the links comprises
aluminum, chromide, copper, doped polysilicon, disilicide, gold, nickel, nickel
chromide, platinum, polycide, tantalum nitride, titanium, titanium nitride, ungsten, or
mngsten silicide. '

20 11. The method of claim 2 in which the links are removed by a nonthermal
interaction between the laser ourput pulses and the links.

12. The method of claim 2, further comprising generaring the first and second
sets of laser output pulses at a wavelength between about 200 am and 1320 nm.

13. The method claim 2, further comprising generating the first and second

25 sets of laser ourput pulses from a CW-pumped, mode-locked, solid-state laser.
| 14. The method of claim 2, further comprising severing the links without
damaging the underlying substrate.

15. The method of claim 2 in which the first and second bursts have similar
energy density profiles.
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20 passivation layer as associated with the link structures being characterized by

‘Tespective laser damage thresholds, comprising:

providing to a beam positioner beam positioning data representing one or more
locations of the selected electrically conductive links, the beam positioner in response
to the beam positioning data imparting relative movement of a laser spot position to the

25 substrate;

geuerating for each selected link structure a set of two or more time-displaced
laser ourput pulses, each of the laser ourput pulses in the set characterized by a laser
spot having a spot size and energy characteristics at the laser spot position, the spot
size being larger than the link width and the energy characteristics being below the
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23. The method of claim 22, further comprising employing an amplifier
device to amplifying the laser output pulses.

24. The method of claim 21, further comprising generating the laser output
pulses with a simultaneously Q-switched and mode-locked, solid-state laser.

~ 25. The method of claim 21 in which the target material comprises electrically
conductive link material and the set severs the selected electrically conductive link.

26. The method of claim 25 in which the electrically conductive link marerial
is removed by a substantially nonthermal interaction between at least one of the laser
output pulses and the elecirically conductive link marerial.

27. The method of claim 25 in which the electrically conductive links is
covered by an overlying passivation layer and the set removes the overlying
passivation layer as well as severs the electrically conductive link.

28. The method of claim 21 in which the selected elecmrically conductive link
comprises aluminum, chromide, copper, polysilicon, disilicide, gold, nickel, nickel
chromide, platinum, polycide, tantalum nitride, titanium, titanium aitride, wngsten, or
tungsten silicide.

29. The method of claim 21 in which ar least one of the Jaser output pulses
removes a 0.01-0.03 micron depth of the selected elecrrically conductive link.
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31+ The method of claim 30 in which the set of laser pulses remoyes the
overlying passivarion layer by direct laser ablation.

ablation.

- 34. The method of claim 30 in which the passivation layer is removed by a
substantially nonthermal interaction berween at least one of the laser output pulses and
the overlying passivation layer.

35. The method of claim 21 in which each set of laser output pulses has a
duration of shorrer than 300 nanoseconds.

36. The method of claim 21, in whigh at least two sets of laser outpur pulses
are generared 10 remove targer marerial aligned with the locations of respective
selected electrically conductive links ar a Set repetition rate greater than 10 kiz.

37. The method of claim 21 in which each of the laser output pulses has a
pulse width of between about 100 femtoseconds and 25 picoseconds.

38. The method of claim 35 in which each of the laser outpur pulses has a
pulse width of between about 100 femtoseconds and 25 picoseconds,

33. The method of claim 21 in which each of the laser output pulses has a

pulse width of shorter than 10 picoseconds.

40. The method of claim 35 in which each of the laser output pulses has a
pulse widrh of shorter than 10 picoseconds.

41. The method of claim 21 in which each of the laser outpur pulses has a
laser energy of about 0.01 microjoule-10 millijoules.
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ser system controller for coordinating operation of the optical gating device
and the relative movement imparted by the beam positioner such that the relative
movement is substantially continuous while the laser output pulses in the ser
sequentially strike a selected link structure so that the laser spot of each laser output
pulse in the set encompasses the link width and the set removes larget material ar the
location of the selected link swucture with reduced risk of causing damage 1o any
underlying passivation layer and the substrate,

47. The laser system of claim 46 in which the pumping source is adapred for
CW-pumping, the laser resonator comprises a solid-state lasant, and the optical garing
device is positioned external 1o the laser resonator.

48. The laser system of claim 46, further comprising an amplifier device for
amplifying the laser output pulses.

49. The laser system of claim 46 in which the laser resonator comprises a
solid-state lasant, and the optical gating device comprises a Q-switch positioned within




I'x- 10%& () - . 10, F10; E"':T
; S E EY10% & )-m &$10% & ()-& &3 Es VIENT SHE
38 10% & ():g;i?c[l_o‘éfcol FlF( 10%&?()5 F& $10% & () -m F 0/%' ¢ é%:“igﬁJUN ’m‘:m
&$100/e&-& (2—6 38 10A.& ()- , 3& 10% & ()-7&§ 10 ‘V?<'10L/°F Q) 29 JUN 2
lﬁi?f%w&'(%)-'io' 10" 10" Fl.g)10% & ()-L 1.9)I0% & & () -

F' @L0%r&nka)ershisoly LR850k

0
()-q

L-10% & ()-GD|[:vU410 *3L940%Y, Y& ()-F " 3LWd0%gnt@& ()- x-10%, 7& ()-
= (54 - .

< : _ W' v& () - $pj|: | [ vU410 F+39/<19°/0*&' (
x- 10 ) adielaser resoti & bhenip O ¥E )8 i ltineoBi1Y RSB SE D i
siaons () olat, (- JTIE Bk S cenasig it

, , T -10%K-K& ()- 4 %OF-10% & ()- 4
1ovee O 4 VoIR8l dtdrt i Qo 46 & Gttt IR L Ak L UA10
‘%-51331/@ & ()5)4 VF?%O B f{g)ﬁ[ﬁhbpfq_]g% 46 & WMMEI%&%@

"1 &F-10%, & "(‘W@Mﬁ%ﬁv&']ﬁﬂ(@e& :: 0, & () -

al #0F- 19% - &éﬁgiﬁgcﬁﬁp&: ( 4 F-10% $&?-§F)I-G 4 L&- lO(V(XEX&' ()'é-lnx .o . m
5 10%&&Z$ (C):— n| s ! " c;(g) 109%& ()-m b"3-10%!-/1& ()-m Q03-10% & () -
F-1098&' () - .

TRress 4

3- 109 W& () -m [Fs H10%, & (Y Semd claimod0qg whicl M&Mg%gg%ﬁveunk

i : ' ().-m "03-10% -
*3- 1096 - A& [material 3s fedidNdd b I‘ar?ub;’lﬁ%%a?{%y& m
73-10% "' & ()-m 3-10% z# & ()-m malgntesctio
03- 109%& ( gﬁ"

)_

- Q L ). - 0. 3- 10%<- <&
_1&8&5@\1}%;}&15@ d te e%hcﬁﬂ%%%f&_@kﬁ%@_ 9% ()-m .

\ o NA41010 +3- 1
~1# 3-10%K -K & 6. HZ? °m of claim S0 in which the electrically conductive Jige ;
v3- 109£8C () -m 3- ?6’5%‘ 2en y ve ks is

15

20

covered by an overlying passivation layer and the set removes the overlying

passivarion layer as well as severs the electrically conductive Jink.
‘ 53. The laser system of claim 46 in which the
link comprises aluminum, chromide, copper,
nicke] chromide, Platinum, polycide, tanta}
tungsten, or tungsten silicide.

54. The laser system of claim 46 in which at least one of the laser outpur
pulses removes a 0.01-0.03 micron depth of the selected elecrrically conductive link.

55. The laser system of claim 46 in which the targer mareria} comprises an
overlying passivarion layer that covers the selected electrically coaductive link.

| 56. The méthod of claim 55 in which the set of laser pulses removes the

overlying Passivation layer by direcr laser ablation.

57. The laser system of claim 55 in which at least one of the laser ourpur
pulses removes a 0.01-0.2 micron depth of the overl
laser ablarion,

selected clectrically conductive
polysilicon, disilicide, gold, nickel,
um nitride, titanjum, titanium nitride,

ying passivation layer by direct

58. The laser system of claim 55 ip which the pulse width of each of the laser
output pulses is shorter than 10 picoseconds and at least one of the laser ourpur pulses

removes a 0.01-0.2 micron depth of the overlying passivation layer by direct laser
ablation.
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60. The laser system of claim 46 in which
5 a durarion of shorter than 300 nanoseconds.

Interaction between at lean one %%Ehgmy@p} Pulses | " #$%

each set of Iaser output pulses has

~ 61. The Ias_er System of claim 46, in which ar leas; WO sets of laser ourpur

pulses are generated 1o rémove target material ali

gned with the locations of respective

selected electrically conductive links at a set repetition rate greater than 10 kHz.
62. The laser system of claim 46 in which each of the laser output pulses has

10 a pulse width of between aboug 100 femroseconds and 25 picoseconds.

63. The laser system of claim 60 in which each of the laser outpur pulses has

a pulse width of between aboyr 100 femroseconds ang 25 Picoseconds.

64. The laser system of claim 46 in which each of the laser output pulses has

a pulse width of shorter thap 10 picoseconds.

15 65. The laser system of Claim 60 in which each of the laser output pulses has

a pulse width of shorter thag 10 picoseconds.

66. The laser system of claim 46 in which each of the laser output pulses has

a laser energy of abour 0.01 microjoule-10 millijoules.

67. The laser system of claim 46 in which each of the laser outpur pulses of

20 the set has approximately the same energy.

68. The laser system of claim 46 in which at least two of the laser output

pulses of the set have different energies.

69. The laser system of claim 46 in which the laser ourput pulses comprise at

25

least one of the following wavelengths: about about 1.3, 1.064, or 1.047, 1.03-1.05,

0.75-0.85 pm or second, third, fourth, or fifth harmonics from Nd:YAG, Nd:YLF,
Nd:YVO,, Yb:YAG, or Ti:Sapphire lasers.
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