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10 LASER BASED METHOD AND SYSTEM FOR

| NTEGRATED CI RCU T REPAI R OR RECONFI GURATI ON Techni ca
Field 15 wooe831049 1he present.. invention relates to | agpeipui®issds

and systens for nmenory and logic integrated circuit production and
repair and, in particular, to creating uni que patterns on an etch
protection top | ayer materi al in response to reconfiguration data

uni que to each 20 integrated circuit. Background of the
| nventi on IC (integrated circuit) device fabrication on
sem conduct or wafers, which is presented herein only by way of
exanpl e to processing and the manufacture of |ogic 25 products and
menory devi ces such as DRAMs, SRAMs, and enbedded nmenori es that
contain electrgcally conductive | i nks, typically enploys photoresist
| ayeri ng and patterning to identify areas of the I C device for
subsequent processing such as doping or renoval. 30 Phot or esi st
materials are etch resistant and protect covered areas of the IC
device fromat | east one subsequent processing step.

Phot ol i t hography is a typical wafer patterning process that enpl oys
phot oresi st mgperials sensitive to 35 certain wavel engths of |ight that

traditionally match the enrasENpABES | eiaitds 2D slveThkMnes of a

e ssion " lavel engFRE SYEGRM iR shfhractn, micH kel & ¢
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Technical Field

15 The present.inuenti=rg relates to laser methods
and systems for memofy'anu ngiﬁ'integrated circuit
production and repair and, in particular, to creating
unique patterns on an etch protection top layer material
in response to reconfiguration data unique to each

20 integrated circuit.

Background of the Invention

IC (integrated circuit) device fabrication on
semiconductor wafers, which is presented herein only by
way of example to processing and the manufacture of logic

25 products and memory devices such as DRAMs, SRAMs, and
embedded memories that contain electrically conductive
links, typically employs photoresist layering and
patterning to identify areas of the IC device for
subsequent processing such as doping or removal.

30 Photoresist materials are etch resistant and protect
covered areas of the IC device from at least one
subsequent processing step.

Photeolithography is a typical wafer patterning
process that employs photoresist materials sensitive to

35 certain wavelengths of light that traditionally match the
emission wavelengths of the lines of a mercury lamp such
as G (436 nm), H (408 nm), or I (365 nm) or the emission
wavelengths of excimer lasers such as ArF (193 nm) and XrF
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2 (248 nm. Conventional photoresist materials generally

conpri se positive photoresists that becone sol ubl e where exposed to
| i ght and negative photoresists that becone pol ymeri zed (i nsol ubl e)
where exposed,ddasidgnt .- S I n photolithogr athPC'?/Uﬁﬁﬂyésﬁed
pattern is first formed in expensive reticles or photonmasks and then
transferred into a resist |ayer of a wafer. Lanp sources and, nore
recently, certain types of |aser systens have been enpl oyed for

si mul t aneously exposing the resist |ayer 10 20t every I C device on a

wafer to a reverse jymg ft ‘ o] Phot ol i

therefore, especial (Iz)r;% ??m?' sgﬁ‘é%m:floorl%@a?&@?’gsfgggtﬁ%%égfﬂ%%eﬁiéy

features on IC compaiEeeBOSPREY® | PRATQFesFF fahilabt hepomg Stolukdey wherge

anl _eI i nt ea; ag ibon%( dmf Meyl E?mﬁgm | e ﬁfé@%&i&@:ﬂphbeoiéiistﬂaﬂfdﬂ gﬁﬂ:oim&
etail in ndbook o cral it r , r [ n

M crof abri cati on: ‘Q&Wri:ged (%gs#%’?/loﬁ)i twi%arFaS ?82’%3&%?%/}1@ P

Rai - Choudbury,5 SPI E Vol une PM%%@M@OMDgwaaﬁi sAquired meitpnrpligs first

Silicon and Gal | i urscAmeanideexpynSiralyrdticies orChasdbmaditd4and [tiier] John
Wley & Sons, Inc. el.d of ry fabrication

. The i ang | C neno
process is Wf&arsﬁ 6Ard et 24 flz?gtegr 82 go‘ﬁ%ng%lléf ety SQYFEES
from al i gnnent var isad.omoref reaertlY acentaisy $ypes of lasemtsystams page
other defects resuldedn @ipRaybiCibal £imb tanctdl ¢ TeRBOE EngNthdlefantst haykhe
silicon subst d’;\te. fl Sr 1O & 1é 2A, and 2B show re etitive el e;tor nic
o of ey 16 geyieq Py fgRre? FROK ERRSRAL Miadd BE WRE o

circuits 10 o
to i ncl ude rphatiopeski.t ePhetohtthdgraphyhdsnt therefdre cl espanially

14% such ats erJare r&g%ehgfggdbs_@éwrf%xli%oﬁidmw !‘eﬁé&kébi%’ fe_a@ﬁ:dest Wt ke
reference to Figs. .an cireuits are sign 0
i ncl ude particul ar Y& | Pﬁggognzt}e%aphy and (?&Heﬁzbf‘gﬁo\&é%& ?arge
di sconnect a def ectdasdendmbegraeionponemory fabirjcabianpbrocesmes sstitute a

repl acenent regundafdscilbed in det#fl %m&%&r erdrst 8oLt Nbddhph
a

conventional link widihs 35. . 2 N ) b B NGl s 26, and
el enent -t o- el enent ' e S PratyS of about 8

[err]mfrom Microlithography, EQUBKTIPRUTE SHEET (RULE 26) WO
98/ 31049 P. Rai-Choudbury, SPIE VolumeP®M39SAM4190SB Fabrication

gtruct uregdjggf:e?jt rg: rcui.t fétsr_gc%u; es.or_.el @a ;tﬁm?g: éucEE?sb}lé]%ba}%

tested for dei@cts,Ghansiil,0d89%on® Fehmtfickeydy Sems, Inc.npmpped into a

dat abase or program BecauserhBeydei@Cds ard 1c mhRrYNELHLiEARIBONAIRceds is

[(:)II’:l)geSS) c;gn\(,)\?f gre 3a2ffaerv}:(é:eldcby a vagggéj((:eofl'zfatc%olr%.degé)t%g &gfeé@s? J;I"eeé!).la.l.ltr
from alignment variations of subsurface layers or
patterns, and other defects result from particulate

25 contaminants and defects in the silicon substrate. Figs.

1, 23, and 2B show repetitive electronic circuits 10 of an
IC device 12 (Fig. 6) that are commonly fabricated to
include multiple iterations of redundant circuit elements
14, such as spare rows 16 and columns 18 of memory cells
30 20. With reference to Figs. 2A and 2B, circuits 10 are
also designed to include particular circuit links 22 that
can be removed to disconnect a defective memory cell 20,
for example, and substitute a replacement redundant cell
24. Links 22 are designed with conventional link widths
35 25 (about 2.5 um), link lengths 26, and element-to-element
pitches (center-to-center spacings) 28 of about 8 um from
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acconplished wth conventional photolithographic processes t hat

enpl oy fixed patterned phot onmasks. However, certain |asers
can precisely deliver 10 | aser pul ses 34 having a | aser spot 36 that is
bi g enough weosa1ek® €Nvel op and "blow' Iink 22 but gener al dor iRl dssenough
to avoid acrvacent circuit elenments 30. The early physics ang conput er
nodel i ng for | aser-based |ink blow ng are described by L.M Scarfone
and J.D. Chlipala, "Conmputer 15 Si mul ation_of Target Link Explosion in
Pr ogr ammabl e Redundancy for Silicon Mendry," Journal of Materials

Research, Vol. 198 at 368-
Chlipala, L.M ch%)one £ I\%arca/%%h% gEﬁeS ' %r%errﬁ:s 30, sgfzﬁ’uf‘ﬁtje’onk
Expl osi on of Pol ysmcﬁmw 3tk s Gipcuiser 1020CerIHQ)gBrMBe1Redqndm1b§s

for VLSl Menory Rgpaafe'tdddd for aeﬂaesacewn:soéah%r@cwfoah@ew f&y belol .
36, No. 6, June %&89 atr?ét% serllngz* %?l

wel | -refined maRREY | RS 388 CEnBFREIDr RN anef??ﬁ'& The
nmost preval eBt | i akenanbaquel from evafelry 3R (Eba. afd to kafRx 32 apdpdEiti ons,

whi ch respond wel Be%QcéOIQ/QfB I devic@4 12| ethd n&'epalr Procks@64ahRbE | Wa | aser
wavel engt hs. _

Fi g. onvention I n ructu e 38 of F|
oA after a BESEFUSITRR wiply RBVERGLPRAR BPTENEHEEAEPAfoREapPes
conventional | aserhptl ewploy Jixed patseraed phetgpasis. distribution.
Ehehtecgn0|0?y trend LS hoysser,t @Wetdin 1aﬁeﬂ§V€ﬂﬂ) ﬂHll@Qi? 8@?%&@% |
i gher density ci CUI S menor | es_havi and s er
link structdPes 3 asexr p‘%ﬁ? ARy p I(‘J?ﬁ%’ﬁs‘?%‘?l ?’ﬁ&lé tEofmPRFHk s
22 35 beconme stel énvelopl amsi ehdee| Libkr 22dbut mrxek;@dd:ye smaﬂ.é enough

gg; ‘;, '1 gzlgt to sevepoahvd® £P AN QI3LuliaSelefLPYIF0 ANGhe early YE)sics

4 spot si z8°f FPTRR e lings fore tppRT ¢ ok?aﬁe‘gz&i“%‘e ﬁ‘ﬂﬁl’f’ﬁdﬁ“é? i on.

Expensive and ti ndescnibed iy fr.dbescasiane ahded.Pediiligala, "Computer
delicately gisch awayupaesdyals %ﬂg@éeiinﬂoEQ{:l@H@d in Prog%'é&xfx@ﬁ?e' ayers to
make |inks 22 accg al bl, e forfsub%i laser s ver

Anot her i npedi menReRERARRFE £ q‘f°(?1 MEB‘PF% 1 plourna

menories is that Reeseateli Valal Y.,edost ancMavt-Apr. 1986he atoFé8ABILonahd

polysilicon-like lyi gk oRifsdBd S1L M. &arEBﬁéUdéﬂé} AN Ee 200 deshbacdde,
| ncreases as di mensi Ofaté%ﬁ} shrink estricts the operating

speed of nenory | BXRAPs 10 QédPE%X §?‘§h¥a}‘£$r1t?ﬁﬁ‘§aﬁlo hagefay
associ ated 20 Puoghanhable Gestundancyr foal VLS | Memmme Reparich ot FHEE O

o W
vari ety |V uct u u

al umi num titani uf‘ngaﬁ'r ckEl J,'OHE 61. l356%r llflﬁn}@%‘?‘&f‘g p‘lsdtni"ﬁ’u?‘l’]e&href‘ﬁflne

al | oys, netal nitahde$s the metlpd etthehoheeafeli dbsemimmdtdng. links. The

Anot her noti vati Opeker pHsvateitet il %akb%&ﬁlgzare polygiyidaﬁdﬂﬂgaﬂﬁﬂe
repairing isg_that these rretalll Ji.nk are often,loc tedggloser

to the top t he SRIPPFLtISRE, which rﬁpﬁeguwﬁl%ft‘? F@W vire®7 t#hs
links 22 are easi exr 1.064 um okagdr wayedengbha t oF dgc R shiowsoat t he need of

et chi ng conventional link structure 38 of Fig. 2A after a
passivation layer 40 and link 22 have been removed by
conventional laser pulse(s) 34 of prior art energy

30 distribution.

The technology trend is, however, toward
developing more complex, higher density circuits 10 or
memories having more layers and smaller link structures 38
and memory cell dimensions. As polysilicon links 22

35 become smaller and more deeply buried, they become more
difficult to sever at the conventional laser outputs and
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out windows within nultiple covering | ayers. However, many of these

materials are nore difficult to process 25 using the 1.047 [err]mor
1.064 [err] mwavel engt hs of conventi onal | i nk processing | aser
systens bec @3%%%%?6 mat eri al s have hi gher opti cal q lﬁéﬁﬁiﬁﬁ ties
or hi gher vapori zation points than polysilicon.

Ceneral ly, Iaser severing of these netals creates slag and debris
that 30 surround the crater and cause a | ower open resistance

across the severed links 22 and perhaps a ci rctit failure.

Hi gher power | aser out pug uired to pgo e netallic,link
materials and to ePPRFN&LES S]O’t“é‘g:tai%"ns of gggrﬁ"ﬁ °W—icf'WeRg<}r A ﬁéfléﬁgi‘?@ t he
| aser out put power Ekpemsiv8tand tHae-gehsusingupredésans agie sifteponeqyired um
ar seni de, and to d¥D OSP4t ch away passivation layers 40 or other

PCT/ US97/ 19533 5

seni conduct or subsBPXEace slavers o maker Links a%dacces’“'bitﬁ ef(?é'n?ubf’?%‘ﬂﬁ"?t
structures 305 laser severingNternatively, in U S. Patent No. 5,265, 114,

sun et al. enploy V"aveAr?&ﬁ{é}.&m@éﬁfiméﬁtlté ﬁfgﬁéfndédmyeé@kems%o
t he absorption contrast beég&e t.arget s c gs a

I n nd_a
substrate 44, such®¥se®p MG o tHfe F a rﬁﬁésﬁﬁf‘ﬁ%d"f
all ows the use of hkhgheoneartipnal polyisdiddropuliks lmlsenaa:reﬁilaﬂlss 22
wi thout affecting E.Bgludln? n%aivgéﬁgh %@Sh&@méﬂd ndlﬁé%%s%rseatsealaeﬂmﬁsr

ow t han  that

| aser 10 ener gy process a conve

1. 047 [err] midnd 1595anKeARE nFRerRRRY \ReRLTdRGENE! eT‘H%eﬁié’rPg spee r8 |§‘?‘aﬂﬁ%
across links 22 preeg3sedoby Tdi=ideddsociignal propagatidn glediayt hasothated
resistance across L,Jaehstgg REYAL,2 S%tlrlcal &Eslgegﬂ@@ta&ﬁbu%am 15

As |inks 22 and pltches |mtat|ons
become nore critic@Plyshiisenebikenligks 22, “‘SBPFXa‘Pa’&‘ EndaVhiei r
cl earance from subaibpted4d variety rdi uwenee cohdupties irvsttalddet ddnke limts

of 1ink-blowng sty Eeg% ayél%ffafé s a%xaﬁglﬁnuaptﬁf@alm@nﬁmgg&e@re 20

general |l y nai'ntaine east mm above a structure
avoi d contact wit h@P&&rortB?ﬁ%‘Fe‘Hetﬂ - eyl alloysfietal grfrides,
| i nk- bl ow ng. The eshwvehkromatakpbikesimxrerials.limt for a |ink-blow ng

| aser out put pul se can be a 0 ts e
wavel ength (2[err] ), Aot ﬁ%;%h%é%n BBEOYLIRY S 14W 99nkleo2

] g and t([Jt_?elrr] m. e S| gn
materials, the f°rpF§éPPé§F°¥ pERPRI ARG i { aFthﬁﬁ? é?‘? SaP
roughly 2.64 4err] mreZofEefxeloc]:mecamﬂ.cﬂaéiB tleethpntopespethie vmilri-layer
Skilled persons w | | t Vv th1s,

0.532 [err]m 0. 35 tff% RhLEE afetbﬁgar% fgewr cfervice, thié%ulﬂx?%% ﬁsar%;g&siér

reduce the snal | est °fr0(§ﬁ‘§ apgy gheam SSH&F QPEeth%r é%fl z?lt‘:hlng

renoval . However, skitl witidows wipkirsansltiglle aloyerdpgr bayert=. t Hawesielri,con

substrates 44 W 'oﬁsfthegela{ @@éﬂ% e hRgt a§f§beai@rta %&Q@Ut 1
such th: zfleng s wll

[err]m ese wave mewti g amaﬁg
substrates 4425 espd&izg Fhgt 1t fd7 i e chndto 4 dB ¥aVRLERgths o |"rﬂ€‘vlﬁn5\?m°ﬁ§1

link processing laser systems because these materials have

higher optical reflectivities or higher melting or
vaporization points than polysilicon. Generally, laser
severing of these metals creates slag and debris that

30 surround the crater and cause a lower open resistance
across the severed links 22 and perhaps a circuit failure.

Higher power laser output is required to process

the metallic link materials and to eliminate potential
debris. However, increasing the laser output power level

35 has deleterious effects on silicon, gallium arsenide, and
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SUBSTI TUTE SHEET (RULE 26) 6 The smal | est

focused | aser spot 36 currently used in the industry for repairing 64
megabit DRAMs is about a 2.0 [err]mdianeter 46 of |aser spot 36.
Thi-s spot s} | expected to be useful through 256 | nd sone
1 gigabit %gﬁ@ad%M designs. Fig. 3 is a graph of spot s}’:@gg\%#g%s year
denonstrating industry demands for smaller spot sizes as link pitch
28 and |ink width 25 decrease. The graph is based on a sinple formula
for approximting spot size demands : Bpot size = 2 (mininmmlink
pitch) - (system accura - 0. | i pk widthc%. The graph_assupes 0.5
[err]m accﬁ%g&; ?ﬁ?g?@h‘f'ﬁfé’ryéé‘gs&§§§?so‘?%5 they Huaé(g&"ﬁr 42y #tough

t he year 18¢9acent cir®iijtemtimcivrasasdq.thereafter. Accordingly,

i ndustry experts predict tAfte5R84vE1%5S1HNECE. Zdt&ddd WM 5|, 265, 114 SOGH, be
desirable for pro esii ng Ii}nks 2 of The_Thvetion
E enf™P

2.. 15 Surrmaré [
An object of the®pré e MEVSHergthenfueh s 1.3 um, Ehgt oxplodk
al t er nat i ve snet hotleaadssyst b famtpastebstwgen a tadgetgetuich asch Astal nks.

Accordingly, thejphgseghal MVGiHdraLeRr 94! dgsch Q.sili%bﬁ.e”hﬂugﬂ%;”gﬁﬁ%:g for

first exposing or .ablating an etch rotection top_ |ayer Targe

mat eri al, such a?dHaPE'%‘?%g' the mehod P&F‘gﬂ? B‘P‘hé'isepr‘%f‘to @éﬂ%ﬁé’ 8B8¥9Yig, with
i ndi vi dual |y lasdir pelses |tas erevent Auhkpul s esi dioute yyffeldtiagmhei pl e
random - targehiboRakhbierlt A0° a8k PRAS Lfedd CPSRALLNE0 gLCNI Ng 25
t he underl)é_:gng targets. , ] [n oné enbodi ment of t he pr esent

i nventi on, energy RYOTRATMGIVIGHoY HBRR Hhak Rlloweshbyd capvantiengdr
of phot or esi. 847 mah eandi 1 . OB4e pmadasepubpuél eviyrtisengiThel 8pen

sel ected to expo : | | 14 0. | sl . Position
data then direct §Fﬁé%$?ﬁﬁ§f&+x\£g§ lc}hllt& %utB Eg%?ég%ééd w ? ng:'\'/%r a\e?gg%e%% ve

nul tipl e positi of¥CBnBigREDHAAR dhiespesistangeagyofs lipkeadzesprered day st
exposure requi resheesentvaeseional beamser gy than direct |ink blow ng by a

| aser beam;gshorter . a#ﬁ%‘g% Eﬁﬁeégtcgﬁé‘sbfs o%egm%gagxpo & he

phot oresi st 35 ,aboy | t hat needs to be disconnec \?\/ft ut the
risk of damage t&iEfeliBbeitigns fecomgepore critiagd 9g/Mhepgelection of
PCT/ US97/ 19533 optical elements and their clearance ftom subs€iha€di 42

elenents. Finally,riREntl OYI00dESATVELBPEL:1SQ 1imits of link-blowing
laser pulses 34. For example, optical elements are

20 generally maintained at least 10 mm above a link structure
38 to avoid contact with slag or other debris that may
result from link-blowing. The conventional spot size
limit for a link-blowing laser output pulse can be
conveniently approximated as twice the wavelength (2)\).

25 Thus, for 1.32, 1.06, and 1.04 pum-emission materials, the
practical spot size limits for material removal are
roughly 2.64 pm, 2.12 um, and 2.08 um, respectively.

Skilled persons will appreciate that shorter
wavelengths, such as 0.532 um, 0.355 um, or 0.266 um,

30 could be employed to reduce the smallest focused laser
beam spot size for material removal. However, skilled
persons will also appreciate that silicon substrates 44
will strongly absorb wavelengths shorter than about 1 um
such that these wavelengths will inevitably damage

35 substrates 44, especially at the high power needed for
link blowing.
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renove the photoresist, and conventi onal etching t echni ques are used

to renove the uncovered target or |ink 2. 5 In addition
to a spot size advantage obt aur@zby:"" ‘@ shorter wavel ength, the

| ower power yof o2 he.o exposulf aHY BUESE HAP| ihe optical,& }qggc{; aks to be
br ought c?oser to the target a ' t he practlca aser

out put spot size factor to be g-ppmtely as little as 10 one tinmes the
wavel engt h. Al ternatively, an etch protection |ayer such as
resist or other protective coati ng materi al cln be directly abl ated

using a slightly higher, b st r | ow,. power | aser. For
exanpl e, a | ow power UV 15%h Isa{%%]rle(,sﬁ'n fﬁguﬁgédi{?%g’éb?%ﬁte% Surrently
nonphot osensi ti veusedi ¢n the industar florhaepadring ofv abtgebidn DRAMeshs! d.

The devel oping  apoust &p2ié ;ﬂﬁldﬂd?@;t&% 4%neifam¥sé@|§§ér.0r§d el %&Q QEQE' s
di sappears when the tar et |s etghed n,the rest

protective | ayer F£&%Fe be usegulerh’é?‘éﬂ? r?gsl(t H‘EW&GV@P@dS?‘FﬁkS
22 instead of5 1 gbgahAL'ngDmmeS-‘l@rdsew FegrnaBuisca weaph o spbt| Bige

smal | er SPOleskagSyans &aﬁbnéﬂegt%gr endqgéwndém&serfdf Rihah gagt hs

26, link w dths 25, nd |tche

resi stance across PR ‘é?e%ls S]r’rfag pifc\gﬁaeof"ﬁg w’p#vtﬁblzesrn?e&g’?%?at ed
with slag creati offhe gnaaIJdls iased on a sippdei ﬂorlguln eane rrpgprokimetmbrgl
than is possible Ryoki Bkze demarddeoW rHi:ott g zar es@”?miﬁ‘:."’rﬁﬂ' Cll EEE}E? fuch

greater |aser rocessi ng w.ndows S rmtte oW ng
Addi tional otf} ect s‘séfﬁﬁeﬁdﬁﬁﬁ‘f of & ﬁer}géni‘ w?ﬁ’%’%t i ?MquaPS‘eaéﬁB‘a?%nt
fromthe fol |l owi n@.8epmi heduracy thimsgh pheogeat p2ef oro b5 embadicneacsg

t hereof, which c er.enc €y ngs.
Lher eof . wh throBEACEREISy UL N Jo¥f eraRce b9 L@CT@&&OJW/ AEmALY fgga%aw

8 ACBPTE{ngLY o r YT Yo X PRELEy BRPAYSE that spot sizes g 1
is a schematic di agdam 8f um whIl i swprofben desiraBRAM shantoueddiagr adrnkdans .

| ayout of angg progr ammbl e Summaﬁt Sy akn%Qﬁ&ow of generic circuit
cells. 5 'y Cross-sectjonal side

vi ew of a conventi onal I arﬁ% %rﬁg‘;‘ﬁr PFFﬁEnEt’PEIY:EE’EFrJ(?n 18, receiving a
| aser pul se char acthenriefedebytta providearan plkeenative peetdnet emsl system for
Fig. 2Bis a fragﬁggggglhgptgfwé)f e L Enl‘h;’ﬂs structure and the |aser

pul se of Fig. 2A "together w acent cjrcuit, structure.
Fig. 2Cis a fragnentary cr%%%mé‘g’c‘iq]dhalth?l ggesent inyentign mrovidsg a
structure of20Fi g. syBtemt endthethodkfars first expobimg dwy dblayimgomnaetchaser

pul se. 15 protecEiSn Bop S1A &K 3&&*?:9%‘(1: ﬁﬁ?&rﬂie M s Weesisg
F
predicting the Iaser s 05_ sizes that wll need %5}1 time_tor

| i nk processing. or °the"lelbr°tfﬁtllé’e C‘Pf"’ébﬂ%nt drpdyiduatiBnal
si de Vi ew oﬁla'epheﬂolesezstemm:r gohlseer ptnanl oiplearmgetddd0 target

structure recei Vi N$cath888M R Wbk SHHAY & 88Y10¥s! &3¢ then etBh§Cthe

paranmeters in accordance,with the é)resent i nventi on.
25 underlying target

In one embodiment of the present invention, a
target material on a work piece is coated with a layer of
photoresist material. The laser output wavelength is
selected to expose, i.e. activate, the photoresist

30 material. Position data then direct individual laser
ocutput pulses toward multiple positions on the photoresist
material. Because photoresist exposure requires less
laser energy than direct link blowing by a laser beam,
shorter wavelength lasers can be employed to expose the

35 photoresist above a link 22 that needs to be disconnected
without the risk of damage to the substrate or other

This Sheet Has Been Replaced
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Fi g. 4B is a fragnentary cross-sectional side view of the target
structure of Fig. 4A wth dashed |ines encl osing a |l aser-activated
portion of the photoresist 25 | ayer. Fig. 4Cis a

fragnmentary \?6?%?1 ectional side view of the target W{ﬁsof Fi g.

4B subsequen devel opi ng step. g. 4D1s a
fragnmentary cross-sectional side 30 view of the target structure of Fig.
4C subsequent to at | east one etch processing step.

Fig. 5Ais a fragnentary cross-sectional side’ view of a target

t t , d.b tecti YA .
haracter] zed by FRerOhrSiyst” piEay, the SRR 18 WBPELLRH o

present inventionremove the photoresist, and coxg(ggqqcng'ﬂ.EesHEqug( RULE 26)

WO 98/ 31049 techniques are used to remove the Rﬁﬂ&ﬁ&ydeﬁi@et or link
9 Fig. 5B is a fragnmentary cross-sectional side Vi ew

of the target str@éture of Fi g. 5A subsequent to a | aser abl ation
processi ng stsep. In addifjiign 5C RssSpOtraipR rRAVARLELEs SbEatred Ry

side 5 view of {,BenkagoghosidtGldved ebthi JrtneBlswds deotak
| east one etch proces

Si ng step. . Fig. is.a partly
schematic, sinpli F?‘BBSHF%gPﬁ‘?ﬁpess al&P"’&nEhgnﬁgﬁfﬁ%ﬂte]tﬁmeémlsaggr Lgygf%?ﬁht
i ncor porating thecloserptesems tangstt aod faeilitates the prastirpddlaser

Description of PrefepedsEo0ogi JBHattor to be approxindtdsiy 48 14Br14Gsand
4D (col lectively F are fra%é__ ntary cross-sectional side views of

1g. 4
a target 10 strBBguFé%%% BRI uential stages of target
processing in accordance w Ahtedratgivedant annesahi protegtion Sayerr ghchede

Eﬁ fi g. 4, target r%ts{i'é{ﬁt Hieobhet r}?\ﬂ'd{i‘:‘cil% %E)S.Eing mati_élaia@ietcafhr thi nF 92 I
at may conprise etal _or ot her, etch-sensitive .target erial .
Target structure S§reghlY agfz‘l"f‘a‘%é‘% %ﬁ&ﬂﬁgpl}’e{i{-%ﬁ%‘g' zﬂ’i’g" %I%ﬁ'& si ons
than those bl own relatibglgoboentpawet lasez-.bl frnexamzks , mll@@ep@tgriw.
link 20 lgagth ﬁéfea?gﬁt'sﬂ%lma hed N1 2ROWN hohBRoBSs &asi tRed reaibe

smal l er than those of i own by convent.i on | i nks ow. ng.l aser
pul ses 34. Sinil aMaFerifid BRYIRS b%t%lﬁ%r?b\ﬁ'atwni ?hf{’gsg‘;l%an The gﬂ?ﬂ'ﬁ%ﬂ‘%l ly
smal | er than the pittephis elimbmavedn dridlenyblebiatboncoelatrd sledrisi nk

bl owing laser 25 il 50Sr3%wheffOfnd FMPULENGE ereRBHALA digdt WIRS x@btt aEget
structure 88 that corréspond.to features of |ink structure 38 of Fig.

2A have been desi ff& &F FitRe 3% TRASENES - nunbers.

Wth respect20o Fig. 4, |inBy9etckimpsie omepvegded bihbwy 22 stieas: efect i on

top layer 90 of a3QRiiteY@hen, IcPANQEEHSIurREGREL. cEHOLOIBSAS snaayer 90

may be a spot sizes and can, therefore, design smaller link lengths
26, link widths 25, and pitches 28, as well as avoid low
open resistance across the severed links 22 and other

25 problems associated with slag creation. In addition to
providing cleaner link removal than is possible by link
blowing, the present invention permits much greater laser
processing windows than is permitted by link blowing.

Additional objects and advantages of the

30 invention will be apparent from the following detailed

description of preferred embodiments thereof, which

proceeds with reference to the accompanying drawings.
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remmant froma prior lithographic or other circuit fabrication

process or may be newly applied. Photoresist mat eri al s 1 nclude, but
are not limted to, Novol ak 35 (M Cresol formal dehyde) or etch-resistant
poly coatings such as Poly isoprene or Poly-(nmethyl i I

ket one) Wo sgis1049 SUBSTI TUTE SHEET ( RULE 26)"%9%9'%%

98/ 31049 PCT/ US97/ 19533

10 (PM PK). The photoresist material may be selected in

accordance with standard photoresist selecticdh criteria.
Phot oresi st materials are tune to be, sen5|t| to one or nore
speci fic wavel engths or wav&&ErgthSFantges s atrom&l resi st
wavel ength sensitivities i rR:ngde. b.lsea schetﬁat::}d; da.radirlamnefcaryortm cff 2136
nm 405 nm and 38eaiMhowing ft%%pgag hMekyr Ney&Ie inel&na' braytahRibIesi st
e

wavel engt h sensitivities in 193 nm'and 248 256 di scl osed by
Allen et al. in" W%lﬁgl% SRAFEr rBBsPtfl?%n?%’s‘F s"t‘é'cﬁ“d'lt £6++8-193- and
248-nm | i t hogr aphy usi ng negiracpl aseapﬁi-agmmary crossSekecticGhal eside

Technol ogy (Nov. a,ggg)ofg% Rt i8Ra1 UL semi coRflcBRS10hk s FRRIARA! €

that the third harnonic ose mat ches the nercur
|-1ine and HeCd | B8@eiving a dgsey @Hléﬁogﬁ?’&aﬁ%ﬁ‘b‘rﬁ?&dymeanﬁF&ﬂFya@I?‘h]egél
Because they 15 papagevérel y available and match the third harnonics of

Nd: YAG and Nd: YLF, I-line r tz} qre CEEQQH‘L‘A%‘& o?t'rv‘?.@w of thbOfihibi s

i nvention. A shows t ure recelvin
| aser pul sel94 chﬁFEBt'—"é‘FF?e%P )FhﬁjllﬁeﬁaP‘dﬁé?e‘P% ﬁ'jrg @A, t&E@BPﬁ’énY%t "’l’h
the present invenahdgacenPutircoit carubauee. a nmuch | ower power than

conventional |ink-bl ow ng pﬂée 2%6’ 2 & gﬁﬁgﬂégﬂ}% ﬁ; gﬁﬁagydéor

exposi ng photoresist |ayer t power
needed to bl ow View| pRktbe Lk BAIycERreoRt| Bler the 1ink s The
power requirenment gembirelabertid qEsy agtollaser pu:pekm.t oreS| st at particular

wavel engt hs 13 e scaled in . PriPQr él‘QPht Q¢t ;gg]tzes%g.sugeg,e Preferred

exposure par aneters maygl nclude age p ower than” about 50
mi/cnferr], and pPEEeigsbing| Eheerlasesm smtm?}Léﬁf e’f-]i‘?t Whidr benaegdsth Sver

spot area; pul ses t@ned£d001 vk diradds@ingand a repetition rate of
greater than about 300 Hz. §§ Ilﬁg RerS S(%Q.?g%hi: cros@ﬂe‘?ﬁ:'z%hﬁlt Q%et he
aser

| aser pul ses can be devel ope S, such
Q switch 180, opeVideMngfi & Ph°t°r%ﬁz’c?(§r‘d’&’ﬁéé’eﬁwtﬁe%rﬁfe’?ﬁqvbr?é‘lrgféchm ques or
by continuousyr 35strustueel asesbvineppenaisergpulsé chatadttesrizedr bydiiaaétky

pulse parameters in accordance with the present invention.
Fig. 4B is a fragmentary cross-sectional side
view of the target structure of Fig. 4A with dashed lines

enclosing a laser-activated portion of the photoresist

25 layer.
Fig. 4C is a fragmentary cross-sectional side

view of the target structure of Fig. 4B subsequent to a
developing step.

Fig. 4D is a fragmentary cross-sectional side

30 view of the target structure of Fig. 4C subsequent to at
least one etch processing step.

Fig. 5A is a fragmentary cross-sectional side
view of a target structure, covered by a protective layer,
receiving a laser pulse characterized by laser pulse

35 parameters in accordance with the present invention.
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PCT/ US97/ 19533 opening to provide continuous-wave em ssion for
speci fied times and thereby form |l aser pul ses. The
nonabl ativey lodgoVers facilitated by the phot or esi Sy asle]

process perm aser systemoptical 5 el ements (such as rmagl ng ens 148
shown in Fig. 6) to be positioned closer to target structure 88 since
sl ag and ot her abl ation debris are not generat ed. The perm ssible

| ower m ni mum cl earance (perhaps as little a¥ 4 nmor even | ower)

all ows the beam wai st and pence S di amet er a
significantly smaller functt®n %4 é*mtlrag"&ﬁa\?éﬂnafﬂs%ﬁ?%n%uﬁae pul se
94, such as aboutvieweodr the taxget mm& ofi Fbg.t bk sehadaegthto a

The | arge vari et ma@ferpggggﬁggﬁsérmltd 'stt'eﬁs and correspondi ng

| aser outputs that can be gng Oé/c? hot or esi st leﬂ@aﬁrs]urg
process substantially incréa¥e 15 a&“}%‘&? nGERP ARG giae
paraneters d | asdiewpofsthe targey, stﬁmntom%loﬁt FégpoSBirsulpasmesds to at
therefore, nore jeagt chei ggéhfﬂoé@scsq_rngsgé@%es that can be seI ected based

on other criteria sugh as_wavel engt t size, an

availability. For exanpl ef*%avklthdt B8 SF‘FE?'ct h%ﬂ“pl"fledldﬁéﬁi"fﬁ]
such as 355 nm 286 ome emeQQmemt; Qﬁara tleasarplswedmt tncorporgiriogucdecri ti cal
spot size di anet ¢;%s23@t( ghvgggiégl rraj or axes where the beam waist is
elliptical)_ of |Ié&ss than 5 5 ., .__4B shows target
structure 8P after p SHESCRIRE ‘ Raddment s

| ayer 90 has been exﬁmsed 1%, pﬁi).t drf?eswsmi empdsulbed:tasmlmlmge 4.

Phot or esi st targeatreoe&fa EnéQQY'érgfé)Jég&Qdﬂatlh's@dga§b§ﬂs of a targes and

has been activated "eé | &ser e 94 such g hot or esi st target
portion 100 wil| SFFYCENSEeE8 dﬁ? SEPYing sequentdad, shrdeRRf JR%EStst ep.
Devel opi ng processesemsdng in acgerdsnay evivd [thienpwasént phrwonsioski | Wedhi n

the art. Fi 0 ung oV n 10 4 of
passi vation ayerreéiféégcn YS"Itg aﬁgagﬂ%t P‘gctﬁxggc%g%c??h Y:%h.‘c@ s&a{&ﬁué&g% delh

phot or esi st t ar get®58§™ P3n %%t“@}’ W“‘?FF _metal or any other

SUBSTI TUTE SHEET tili-lEed@)itive targ&MDd&Hé%ﬂ@dQ Target structure 88 can

PCT/ US97/ 19533  have much smaller features and dimensions than those blown

by conventional link-blowing laser pulses 34, i.e. link

20 length 85 and link width (not shown) can be designed to be
smaller than those of links blown by conventional link-
blowing laser pulses 34. Similarly, the pitch between
links 92 can be substantially smaller than the pitch
between links blown by conventional link blowing laser

25 pulses 34. For convenience, certain features of target
structure 88 that correspond to features of link structure
38 of Fig. 2A have been designated with the same reference
numbers.

With respect to Fig. 4, link 92 is positioned

30 below an etch protection top layer 90 of a positive
photoresist material. Photoresist layer 20 may be a
remnant from a prior lithographic or other circuit
fabrication process or may be newly applied. Photoresist
materials include, but are not limited to, Novolak

35 (M-Cresol formaldehyde) or etch-resistant poly coatings
such as Poly isoprene or Poly- (methyl isopropenyl ketone)
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12 where renoved) of photoresist |ayer 90 has been renoved by a

devel opi ng step. Fig. 4D shows target structure 88 of Fig.
4C after passivation target portion 104 of passivation |ayer 5 50
and link target portion 106 of |link 92 have been reno hi ng.
Tar get port?“g#@”‘m and 106 are i ndi cated by arrows mkfgg’gg%ﬁlgé?ghave
been renoved. Skilled persons will recogni ze that etching,
particularly chem cal and plasma etching, is well known from

phot ol i t hography 10 and other circuit fabri@ation processes. Etching

t hese | ayers can be a single-ste rocess that epplo a sjngle
agent or a two- stw%cesghﬁhagoéﬂ’b?%ﬁ%gm&ﬁé %Xngg sgfec“féorl%etchi ng
passivation targeztcdwdam m&haadamdmmlp'ndcoresistt aeject pom tGwit el .of
link 92. 15 £qrbei 88 maAk 2G 6ol eahbuety K gser@lt%%

fragmentary cross- sectlonal S|8e views of target structure
under goi ng_ al t er i@ iqRe KBqIOKE; gPesitie warelengfds or wavﬁ}%‘&%?%ﬁ‘?d‘qeﬁ
accordance wsth tdwnwsrasenali reshst onavelengtilaregetitivittear tnéBudmrthal so

have smaller di ma@&!?n a.[nm%ch oS big%éj%upoﬁﬁgnhhongﬁdliﬁ -{,0Wi ng

aﬁ{&]
| aser pul ses 34. cOnveni &nce, certain features.of tar
structure 68 respratidmlves pdaner cdeeR ik e vdolel Fepist  RYSHNED of

Fi g. 2A have beengglesignaita@swihblte sodrenn efrel @i@enm, as diskbosed 2y
Wth reference to §7£jl,&7§5§ ht ar et wRLL UGN Fe € 6§a§eﬁ1 pos%%é' & 1@@5 et L

protection top |d covers. an suc
passi vat i onlPayer1%¥- anf 1348 nm Lithegraphy %ﬁ%ﬂﬁ[ﬂQ§Pé€FV ﬂt?dﬂp1¥ﬂﬂﬁ 70
may include any pseipgtitifte TechneQabiyNONGHC L $83)3Nntobpt. hB3Fe6i Stskilled

maerials discussed dhe A SUULLNLESPERL. (hFhixS bAHBHEE, of Nt ot

mat eri al Yomlale rise an¥ or m of
resist material ml@ﬁebrC¥QQQkﬂnma§ﬁBF§séh§|W?%%#%y T-Tine part HeGf atager

mat eri al s havi ng emiowidselosdllyamadBhes the tiswahot d-ldhet heBeehwsd achey
wavel engt h ggl | asereogiaé'im?’g,all%'lzeﬁééb amm Q5805 hia¥ ﬁoﬁgééséf

materials i ude®} er -vari erial s than ca e used
phot or esi st Nd:YAG and Nd:YLF, I- 1$@BSI$¢U¥E3SHEEFUFRBEE126?referred WD

98/ 31049 _ for this invention. PCT/ US97/ 19533
13 e on thout the ; ERET S LA LBRBLELALEAIY o8 recERPLEgIA ON

photoresists without their p it 05ensI Lz so be enpl oyed
Fig. 5A shows etchaﬁﬁﬁtﬁ%%$Qnﬁﬁ(ﬂ?qn§F§Fr¥leéfbﬁ.EPlsqzﬂi§%We§FFﬁc%ﬁre 68
recei ving aojpaser apdbs@aride with Giha peksehteiintyntidresi Fulakl ati oanchave)y

di stribution a much lower power than conventional link-blowing pulse 34
because the power necessary for exposing photoresist layer
90 is significantly lower than the power needed to blow
link 22 and passivation layer 40.

25 The power requirements for laser processing of
photoresist at particular wavelengths are scaled in
proportion to the spot size used. Preferred exposure
parameters may include average powers lower than about 50
mJ/cm?, and preferably lower than 10 mJ/cm?, over the beam

30 spot area; pulses of 5-100 ns duration; and a repetition
rate of greater than about 300 Hz. Skilled persons will
appreciate that the laser pulses can be developed by
pulsed lasers, such as with a Q-switch 180, operating in
accordance with conventional techniques or by continuous-

35 wave lasers cooperating with a shutter periodically
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adapted to achieve top | ayer ablation in accordance with t he present

I nvention. Pulse 74 can have a nuch | ower power than conventi onal

pul se 34 because the power 10 necessary for ablating etch protection top
| ayer 70 ca significantly | ower than the power | ow
link 22 W a}lodgpasswatlon | ayer 50) as shown in Figs. gﬂs é%

The | ower powers facilitated by the etch protection |ayer- abl ati on
and target-etch process substantially increase 15 t he processi ng wi ndow
for the paraneters of | aser puI se 74. 1Theref ore top | ayer abl ation
provi des nore chgices ser.sources th elected a%fd on
ot her cri t%??%l%%crho 3 r%\?a SﬁﬁFﬁnu%%%tw%‘fezeemgﬁ&"g\/ PFaﬁP?‘F’t%

For exanpl e, waveimegtard mhgrebyofoem laaer IpWgeg.err]m such 20 as 355

nm 266 nm or 212 nm Canr}m?r@mbg)ﬁﬁﬁivéol&ﬁé’ﬁ%ers fackfiktheal SPAnsSi z€
m and preferably

di aneters 58 of s ificantly le bout err
| ess t han about Ehgg % F‘X‘posure process ??F‘b’etné’ﬁfl E EFRPRE T
abl ati on paBanet elsments (sueh @ade imagingel gueek4s |theem tmamgbom &0 be

m}/cnferr] for 1p£§i£i&‘1e@%losetﬂ”"t%ktﬁﬁééﬁtsiﬁ?&l’l{z@ BQV%&nEQes?§§rQr§&’0t
area, a BE%IU rate of greater than about 300

wavel ength prefe E39 kB 258 oM IRRIREES pyulhe Pemh‘?ﬁ’-*{’}r% ted
to those listed hb\wze minunb B lslacanceaigethaps as stittdeurns §8mafderevsdch
protection targetoneft'm&% e beﬁhngtﬁééegncpmé}g:ér&ﬁg g@ersité&mve@ of

etch protection alﬁ/%?r een renove se_74
Fig. 5C shdfs ta%%‘t‘e'é‘t-’r” u%% bsgappigpytiepntly smajdiex fP&F@é?ﬂp%? t¥Rh 60
of the passivatiwavébgmgth@faidser outpatgptlsp®rad ,orsxﬁ::h ak hbokt 7éndaye

been renoved by ghghing. a?@alf étnggl Eﬂetaﬁéélé Ay S, as discussed with

respect to Fig. 4D, Si n%?e st rocess that e | oys, one
agent or W arg SRRLS T LAE ] SEREEESSBFL tBivities o
98/ 31049 and correspondlng laser outputs REHHSAN beSafiployed by
14 a1EW0- SRR PhOCSSSsidtalexPRLPYUS pEgeas @t&r?&%'ﬁttia&??l éﬁ%&é&h' ng

passivation target portion 60 and then ITn
The etch prot ecthﬁ PEPCTSsANg &Ht“gf’i"'oﬁ°FeEhﬁ|Eﬂj‘ga'!Fter&e§’5r FBEET WPEFE? espect
to Fig. 5 is far9kessPhotmtesisr exposgeacpadeided, itherefowe,t morénk- bl owi ng

processes. If chosieéi'éom%}ers%h%éestéﬁatt@&%ee%lerl eklYpaQagogguct i ve

conposi tion of the etch protection assivati,on ayer 50 is

l"ayer
less likely to n8HBEFVEF t%ﬁ‘fae(ﬁucﬁ‘hé‘soﬁéﬁe Engtrfesq%qraﬁ&éebe?ﬁgen | i nks 72
and adj ace0 cirasvailability s udan exadplefFi wavelengtins such dbbrterwichdm be

renoved whep Lin”ksﬁéheéé?hﬁﬁ_t Qn,t BEs! BRI 81 ifé’%n . %aheseveﬂpwpéalgco
subsequent procesmgg?eT e, substrat e protection and critical

di mensi ons af f or &8 tFEARASRY Aport. sige dippeksTR 9zfncf°FaF§§Fl%tc‘F'ﬁ‘1f§F
process are, theasésrehere the dieqm Wadant isnplbimnerld ofeleshethan 500
conventional |ingkg.
25 Fig. 4B shows target structure 88 after
photoresist target portion 100 of photoresist layer 90 has:
been exposed to photoresist exposure laser pulse 94,
Photoresist target portion 100 is depicted within dashed
lines and has been activated by laser pulse 94 such that
30 photoresist target portion 100 will be removed during a
subsequent developing step. Developing processes and
agents are well known to persons skilled in the art. Fig.
4C shows an uncovered passivation target portion 104 of
passivation layer 40 of target structure 88 of Fig. 4B
35 after photoresist target portion 100 (indicated by arrows
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bl owi ng process. The enbodi nents described with respect to
Fi gs. 4 and 5 permt |IC manufacturers to | aser process uni que 20
positions 150 (Fig. 6) on-the-fly on circuit elenments 14 havi ng

m ni.mum pi t i sions limted primarily by the en,ss) el ength
of the Iase&n:b%(’g@g 74 and 94. In particul ar, the pg‘gﬁ}})‘é&n\sﬁ@!
exposure and |link etch nethod for processing links can enploy simlar

wavel engths to 25 t hose used in photolithography, thus permtting the
critical dinensions necessary for link renovd to natch and keep pace

with the critical dinensions.achievahle in h | i t hographi c ci,rcuit
design.  Links o2vesre Fapoveal ot plihceater daweR 20 et Hre Tomeard) Pks
or adj acent circa de3@lopisgrstcgrir es 30, and assumi ng photolithographic

processes can yiel d ;250 aHduak eaigleRS scliec RESSER o Mgt hen can
selectively renove it wthout substrate dama ersqns w | |

e. Skilled .
al so appreciate PFEETHERALEREIUN; TRFISH PoXtion, é%vggt?ﬁmvraq%i% axbre
ef fectively 8 han 50 akdbldnkngadfet padrionma®sr pEnmdinoka2? ukavres besem decr ease

link width 25 by : §o§l-§§§ ( 26)
VO 98/ 31049 removed by etching. Target §H§§Ibég$/usg7/1§§§g%§e

15 desi gni AGALFAERE, PY| ARECYD TR SFYoPAVRCPRER FEIYIR:  Skilled
propagati on speegersons will recognizea).tiatsleawhiagpr pdeticulariyodihemitadf a

sinplified | aser Sy g@sﬁ‘goe{._gﬁigge%ftvﬁ}g_ hassh Bbs h&olfﬁ%&@% for

achi eving the processing advanta ) present 1nventi Laser
syst em 120 }hel udes Rthe¥oRaterit fabnivatiqn progepgesnt HEopifiskithiesfed

bet ween a rear mlay@rs can ba6aasihgle-atiquiprocessr that aehpiuy=m eingteaxi s
130. Mrror i e a r LV é'a]:rég: Il ror
128 is partly tra s%tsg’fr\e% E:g&??%%% %%Sgﬁ}%é: gnk,)%g%oﬁ?o tu%ggffg‘smo.
For conveni ence, Jo&k&tchisgeRpgspvation tangate POFtABRe N4 oMY YRRy NEf
exanpl e to a thirghrget poattioni LoddofYAGHkas®. punp by a | aser diode 110,

t he enjssion 112 of ls | Spf S 114 15 into
r esonat or ?2% I\/bdificat\i,\,g.%&gf gA'I gééjefr syéso%ggme(rs%éﬁgepwg%? 'orsj’efgr?pl e,
the Model s 9000, ZrRuyengagy cypsszprctiondl sHdecyiewsnaf JbRXFNd FRFUSENECEr o
Scientific Industgs amdergoingl atterist ivargkquantdadl, stages ederavarhetor

adapt ati on by s :pe ogﬂ‘qq%t r vel ength, WV
20 | aser. proc’%ﬁél&l@lnﬁ?ﬁg?%%lgﬁégﬁ'gle to |§sra sghgnﬁe, _adsﬂér system
120 enits out put TANGREs SEXUSEUDE 68 <R r3lsRPAvEHGIRLlecRimensiong thagse

t hat cl osel 30 mat dthasen®dlewanbiyhcofivertisonalitinkodblowing basér puiisest i3dn

llayers 70 or 90. #NWBRferdbnkaSehert SULNedtureds o HaEEeLMidfddind 6442 NM
and the third Harnonics OP Nd; YAG and Nd: YLF em tTi ng resaoecté vely at
355 nm and 349 that correspond to features of target structure 38 o
Fig. 2A have been designated with the same reference
numbers.
25 With reference to Fig. 5, target structure 68
comprises an etch protection top layer 70 that covers an
etch target such as passivation layer 50 and link 72. The
etch protection top layer 70 may include any protective
coating such as any of the resist materials discussed
30 above with respect to Fig. 4; however, the resist material
need not be a photoresist and may comprise any form of
resist material with or without photosensitizers,
particularly materials having a low laser ablation
threshold for the selected wavelength of laser output
35 pulse 74. Nonphotosensitive resist materials include a
wider variety of materials than can be used as photoresist
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nm are known to skilled persons and emt |ight at or cl ose enough to
t he peak wavel ength sensitivities of conventi onal photoresi st
materials to sufficiently 30 activate photochem cals within the

phot or esi st Skilled persons will appreci ;1,? aser
frequency cg’)mpé(f‘an and/or tuning and rel ated conponents Q&fmk %513 136,
and 138 are not required when the |asant's em ssi on wavel ength

cl osely matches the wavel ength of 35 sensitivity of the photoresist.
However, the output of YAG or other |akants 124 can be converted to

gtglhgg_o 49 materials. Ski P BdQ" TAJ::%LESS'JEE;C%RULE %fs 3):3hat
16 exposur ecanvemtdeal eghabbaes st snavnidhongt hheu-hrMpsﬁmtizerS

processes such as.9ptdicy bgagagg@,% &g, oscillation or nonl i near
frequency conversion, such

| r adrupJing. 5
Laser system output 140 caﬁ"lge ﬁﬁn?}b?}‘?%teé:tfhofré’tecugva‘r?%t 24l Md ot
convent i onal 5 opt iEcgatc lsauegube a68 exgzaidaing a laksemspubspofient s 142 and

144 that are posidjaned 41984 By a reeféﬁﬂafiﬁtafh%fiengwﬁl Jli{stﬁlﬂzdl%%er
system out put 140 IS passed throu a f%gﬂﬁ' n% I ma ‘ﬂalens 148
before being 10 adaghnd &P AGhAG¥E tPRy tdRn1ED 8F ‘Pﬁ 1% Wikfe
152 - (at | eastie gseintl dpeest56n. 7(Eu]mre 932) can bhve 42nwfh viafwerr
32. Imging lens 148, ,pref6f %85%&?9&9&@ @ del 34 becBlisE3the powé:!' ngl e

conmponent or mult corrponent g gre erred b%am
posi ti oni ngl8yst efrﬁqwa}%’ fgr ab&lé Ry b%‘EFl? PrRtestiop,tep ol

4,532, 402 of dvief frenic 1yBRaweposhin othe) (pctieat awedea poebbmmblli;nleraﬁ oys
2 sy control oy 9944%?%*%% P9ef sOFW diip, in, 21887 ARTIR oS, 2000
| aser system out ptRe 1@yan, peweys fagilitated é%\’erthlealeﬁﬁp BEeFeFioHPI SRYST t op
| ayer 152 CavEit ivh taardgehrgeruet ot cpians SMbsBeahipdly t imwerge

system 160 permi t%&%ﬁ%&é&}éﬁgﬁpﬁmﬁs& ] }ié %ﬁrﬁ@%’e&‘boef laser plkdn the

same or different uni gque bl owi_.ng or trinm ng
operations based %h- priarRf®reestopr lager ablatinn gxeyide h'§°f)%s?1?‘?’tﬁFsHata
preferably di rectf@frelaser squtices ehatasan by HedraatetipbhsédOoat othdr ne

toward each of cm lsq{cq.‘ S GLebEek ete&gﬁrstlr %”Saikéoa@é‘li {lity

phot or esi st 0 expose or top. | ay er 52 a ove ‘each
target position. @R?I?WMGW%FPB*‘B&W‘&%‘P Ahenhex t§6n % tF YR ses
can be diregvoed taseash dAar @H6 pASi biropl2 nm, Jd&H0 Heutemplogedubstpatdte

throughput penal ty,;¢35c0a1 gpot size dEQ&etQLé 6«_&;@\65 kl'ﬁi%EcQﬁ@iH/”Péié‘é CATeTy
enpl oyi ng 8’ tch "180. as shown_in_Fi ser cont roller 170
may be infl uencedab9u'ﬁ|?niﬁb angd é’rﬁl“r&FaQ}Hch?%%rtzk&n ﬁi’ O ¥Pring of

| aser system 120 to the .notimmmesferiile pthefopresferred abrle-lnlas pdasametas i n
U.S. Patent No. Siéélg.uég @éré@%ﬁ?ﬁ)@r\érs lower than about 50 mJ/cm® for 1 um-
25 thick resist measured over the beam spot area, a

repetition rate of greater than about 300 Hz, and a

wavelength preferably less than about 400 nm, such as but
not limited to those listed above. Fig. 5B shows target
structure 68 after etch protection target portion 80

30 (indicated by an arrow where removed) of etch protection

top layer 70 has been removed by laser pulse 74.

Fig. 5C shows target structure 68 of Fig. 5B
after target portion 60 of the passivation layer 50 and
target portion 62 of link 72 have been removed by etching.

35 Etching these layers, as discussed with respect to Fig.
4D, can be a single-step process that employs one agent or
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PCT/ US97/ 19533 17 for Radiation
Beam Posi ti on and Em ssi on Coordi nation System Alternatively,
skil.l ed per Ll appreciate that |aser controller be used
for extraca&ﬁ?éﬂﬂh& nodul ati on of conti nuous wave (CW Légéﬁggﬂ§¥ay via a
5 Pockel cell or an acousto-optic device, for exanple, to del i ver

| aser out put pul ses having 5 ns to 100 ns duration. This alternative
can provi de constant peak power regardléss of the chopping repetition

rate or out put ul.se duration_fipe. am positioning system 160 may
10 aIternative?ytY§L§i 1ﬁ5§?§ﬁ?ytéﬁgf%w£¥§¥fiﬁﬁﬂaﬁegﬁeﬁggn%? O  peam
posi tioners descrétbehing passivRgtiont tAppet crorticrNGS. and theés/ Uk 3etrgrrtd
08/ 615, 049 of c1n¢§§t£gne%2_ It will be obvious to those

e

having skill int ar.t that nany changes y be e to the details
of the 15 above-describe&ﬂﬁhﬁﬁﬁ%nﬁﬁ? eoF19T &R ﬁFigﬁgﬁF%ﬂBu?eChnlque
departing frém t hdesedidred iwighprespeptesot ity edf .isTHar less Itheky dfot he

ngfg”?ni”XFQFLS”géﬁE&QEL de1218 QbfmoRCto 1ink H8IKFiHNpdo8BLYeDY tHe
W I Ms.
g debris is generated, then the electrically nonconductive

composition of the etch protection layer 70 or passivation
layer 50 is less likely to negatively affect the open

10 resistance between links 72 and adjacent circuit
structures 30. Finally, any such debris would be removed
when link is etched or the resist layer is removed during
subsequent processing. The substrate protection and
smaller critical dimensions afforded by the top layer-

15 ablating and target-etching process are, therefore,
significant improvements over the conventional link-
blowing process.

The embodiments described with respect to Figs.
4 and 5 permit IC manufacturers to laser process unique

20 positions 150 (Fig. 6) on-the-fly on circuit elements 14
having minimum pitch dimensions limited primarily by the
emission wavelength of the laser pulses 74 and 94. 1In
particular, the photoresist exposure and link etch method
for processing links can employ similar wavelengths to

25 those used in photolithography, thus permitting the
critical dimensions necessary for link removal to match
and keep pace with the critical dimensions achievable in
photolithographic circuit design. Links 92 can, for
example, be within 2 um of other links or adjacent circuit

30 structures 30, and assuming photolithographic processes
can yield a 250-nm link widths, the present invention can
selectively remove it without substrate damage. Skilled
persons will also appreciate that because etching can
remove thicker links more effectively than link blowing

35 can, memory manufacturers can decrease link width 25 by
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d ai ns 1. A nmethod of selectively renoving target

material (92) enbedded in a sem conductor device (12), t he target
mat eri al ted at different 5 | ocations (106) rate
(44) and 00\2&'9388@35 at | east an etch protection Iayerp%gsﬁw&g&
conpri si ng: providing to a beam positioner (160) beam
positioning data representing |locations (106) of the target materi al
(92) enbedded in the sem conduct or 10 devile (12);

generating, fromag | aser out pu pul ses (94) at a

wavel engt h shorte €ﬁ8ﬂ1§é02%iﬁ Tinks tﬁaWFﬁBtihnéﬁ%rtﬁF%ﬁﬁég £y98R1| ess
than or equal to piopagatiod/spgest.r]; and 15 directing, in

response to the beam positig rmk shows %E@ felhgq! QM%RPEE §94) having
a wavel ength of |ess npl nge t et protection

| ayer (90) at simphified, ?ﬁiﬂ?FtFﬁhﬂzaré°§pﬁ??%¥?54¥ﬂ|%ﬁﬁ9§ BEHERRI se
with the respﬁctldesh@ahneoﬂsr(édﬁﬂevﬂhg:hhetprgeeSsiﬁg adwrerEigels 682heeach
of the positions &:}QQEnPekHGentmn rgyer}gggt E%Inhl% ir?@ﬁ.;c%e%q%) %EB@%QE&

| aser out put (94) dl rect e at an osi t1on each
| aser outp&?z(bﬂylﬁﬁv?rif%ﬂﬁﬁ|¥%4 @Pﬁéﬁ%PBﬁ@ bomeqnfa Feay mirror

126 and an output mirror 128 along an optic axis 130.
Mirror 126 is preferably 100 percent reflective, and

10 mirror 128 is partly transmissive to light propagating
along optic axis 130. For convenience, laser system 120
is modeled herein only by way of example to a third
harmonic NA:YAG laser pump by a laser diode 110, the
emission 112 of which is focused by lens components 114

15 into resonator 122. Modification of a laser system such
as, for example, the Models 9000, 9100, 9200, or 9300
series, manufactured by Electro Scientific Industries,
Inc., Portland, Oregon, is preferred for adaptation by
skilled persons to accommodate a shorter wavelength, UV

20 laser.

With reference to Figs. 4 and 5, laser system

120 emits output pulses 74 or 94 at short wavelengths such
as those that closely match a wavelength of sensitivity of
etch protection layers 70 or 90. A number of lasers, such

25 as a HeCd emitting at 442 nm and the third Harmonics of
Nd:YAG and Nd:YLF emitting respectively at 355 nm and 349
nm, are known to skilled persons and emit light at or
close enough to the peak wavelength sensitivities of
conventional photoresist materials to sufficiently

30 activate photochemicals within the photoresists.

Skilled persons will appreciate that laser

frequency conversion and/or tuning and related components
134, 136, and 138 are not required when the lasant’s
emission wavelength closely matches the wavelength of

35 sensitivity of the photoresist. However, the ocutput of
YAG or other lasants 124 can be converted to other
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region (100) of the etch protection layer (90) that is 25 to be

renoved, the region (100) having a spatial spot size dianeter (98)
of less than 2 [err]m the etch protection layer (90) including a
phot or esi st wEY | Al (90), and each laser output (9 6}. ' an
ener gy cfgsrrllg“laty sufficient to activate the region (1% )i%%n?%g

20 etch protection |ayer (90) spatially aligned with the

position (150) and insufficient to renove the region (100) of the
etch protection layer (90) spatially alignedl&ith the position (150).
5 2. The nethod of claim.l, further_conprising:

generating the | ms&ﬁepWspfgg?r’é?gaég]@ﬁéﬂnt wgyelengths a“’c}é‘g‘?}?g}gﬂ‘é&?’é‘r

t han 300 Hz. processes sucB. adheptstdiogpasfametaim @schl ldtiicdn tdre out put s
(94) are generat %rﬁ}ﬁrfeh:lpr %Q@Eugﬁéfrcér;\?@:)si%g %%%H aé?%ou i gt ion (150) is
. e nethod of ¢

I npi nged at a separate tine. . laim1 in
which the etch t¥iPlIMG e OF SHARENR}IND0) conprises positive photoresi st
material (903. Laser Systére omiphnd 1¢0 ehai be mamipdliated be kaser
15 out puts (94) . ; V. ey cl ose
to a peak wavel er?bﬁl%ggﬁs% ?[ ?&?9?3%%8%¥Prre®ct§%g (l?;»n?likgl,kﬁé_eg%é‘x i aIn-""ﬁelrne

phot oresi st to ack§RAtcEMHEeHhst bfes3rd 144 that are positipned giOngeehod of
claim4 wherein Gsait @ath 146. rEfRaHly oftHehdased epstdOdutgul timar is

conpri ses: 20. ass thx; u§§V§| ?8%@&%%‘% tl%g@.‘h tgg g 4éaﬁ/e?or(e9@eitn%

rermvethereglorPss(fﬁiO 6f “the et ¢ pr ecmnla%er%g?

10 applied to laser target position 150 within top layer 152

(at least one of layers 50, 70, or 90) on chip 12 of wafer

32. Imaging lens 148 preferably employs an Fl1, F2, or F3

single component or multicomponent lens system.

A preferred beam positioning system 160 is

15 described in detail in U.S. Patent No. 4,532,402 of
Overbeck. Beam positioning system 160 preferably employs
a laser controller 170 that controls at least two
platforms or stages and multiple reflectors 172, 174, 176,
and 178 to target and focus laser gsystem output 140 to a

20 desired laser target position 150 on top layer 152
covering target structure 68 or 88. Beam positioning
system 160 permits quick movement between target positions
150 on the same or different dies to effect unique link
blowing or trimming operations based on provided test or

25 degign data. The position data preferably direct one
pulse of laser system output 140 at a time toward each of
multiple discrete target positions 150 on the photoresist
material to expose or ablate the top layer 152 above each
target position. Skilled persons will appreciate that

30 multiple pulses can be directed to each target position
150 but at a substantial throughput penalty.

For intracavity laser beam modulation employing

a Q-switch 180 as shown in Fig. 6, laser controller 170
may be influenced by timing data that synchronizes the

35 firing of laser system 120 to the motion of the platforms
such as described in U.S. Patent No. 5,453,594 of Konecny
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| npi nged by the | aser outputs (94). 7. The nethod of claim
1 further conprising: causi ng renoval of the regions (100)
of the etch 25 protection layer (90) to which the |aser outputs (94)

wer e woogslgd, and P

perform ng an etch process to renove the target materlafuwlf)ﬂat the
| ocations (106) spatially aligned depthwi se with the renoved regi ons
(100) of the etch protection | ayer (QOL. 8. The

met hod of claim1 in which the |aser Tputs (94) are generated by a

third harnonic Nq? The

Y, :
met hod of claim1l O!Ag\ﬁghaﬁmﬁ ngm Ll"os:LtJ.on a%g%l’)"séb% ?%%’éd’é"acﬁ"é’ﬁet er
that is |ess tharFYEYqssyr] ﬁlteIOathEJ-Y: skillefigpersvhe wilhaprsfecdlasiem 1,

further conprisintat lasergéﬂﬁﬁﬁélIﬁktfﬁb|m3§e%e0ﬁkﬁatf594éx@¥aé%ﬁ¥%¥5|ength
that is shoi}r‘ t.han_ar

met hod of claim 9 R f’ c?%pngétfous wave AEF‘ér Lapey gByers \Mltahlah 2
[err]m from2n adoukedt ceildcort an l&coustsirapttior de¢30¢, for example, to  12.

The nethod of cl aiémllrexnl%bﬁhoaépﬁeaﬁhé&ehavm sOBStEEJf fi{dé ons (106)
of target materi In a

2) [ises
progr anmabl e gat 1‘%%&39 ?‘Edﬁ%‘b%ﬁﬂat”e canm? P'%l Ee??n?%')t pegs
13. The net hod @fowelramgardheahu@ﬁ the |dupipimge repetitioh tdte toar gatput
materials (92) cQifides @urakiBhNEihe CE€HdHR positioning system 160 may
10 alternatively or additionally employ the improvements or
beam positioners described in U.S. Patent Application Nos.
08/408,558 and 08/615,049 of Cutler et al.
It will be obvious to those having skill in the
art that many changes may be made to the details of the
15 above-described embodiments of this invention without
departing from the underlying principles thereof. The
scope of the present invention should, therefore, be
determined only by the following claims.
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silicide, chromide, copper, doped polysilicon, disilicide, gol d,

ni ckel, nickel chrom de, platinum polycide, tantalum nitride,
t}tariunl titaniumnitride, or tungsten. _25__ = 14. The net hod

of claim10_j h the |aser f:::*:' Uts 6924) iconpri se or 212
m vavel engYVHsvs‘th 1T Trs S JXLL?CED‘( 2y C np Pcﬁv%?ﬁ%?f”

15. The method of claim1l in mhﬂch thEMiQEEff:::::LOUtpUtS (94) each have
an energy density conprising Iess ~ " than 10 m)/cnferr].

16. A“mmmms ﬂ 0) for point-to-point 185 exposure of positions
(150) m m tch protection Iayers (90) covering etch
target$ (92)t o asserl conduct or chi rising: a

beam posi tioner (160) for xirectetpodeqieseledtively remmsamgouapget pul ses
(94) in response %ergéitén%leé&\t}ﬁl 18 senfebfadlind ddamaEhanactarist i oo

speC|f|ctothec ere are rando ocated ettCh
targets (92) mateﬁb%1t$¥9&9¥§ﬁﬁdéF Qh é?Eﬁnbr%ﬁﬁﬂﬁ¥Qﬁ$quyérsE§6§r?ﬂ%t

i ncl udes a ghotoaﬁalebvéféa b  flesisti an dath protecttiorg layer, sequenti al
positions (150) of e{‘%h targets (92); 15 an optical
conponent, p05|t| be in roximty to the etch protection

| ayer (90) during Iaser providimg e Bug§émgﬁﬂ%%%&9¥ﬁF heam pgeitingiag

| aser output towaada represérlﬂﬁrfgeqlwan:ilahspeslth@nisazfgjléﬂ)matt@ruaml nge a

portion of the FPBﬁd??é ﬁéEgémegnhﬁXEEr(gg}légﬁt'a'|y aligned wth

each 20 posi
10

—t+

)l"

J

dlrectlng in response to the beam positioning
data a laser output having a wavelength of less than 500
nm to impinge the etch protection layer at a position that
is spatially aligned depthwise with one of the locations
of the target material, the laser output having spatial
15 dimensions defining a region of the etch protection layer
that is to be removed;

causing removal of the region of the etch
protection layer to which the laser output is directed;
and

20 ' performing an etch process to remove the target
material at the location spatially aligned depthwise with
the removed region of the etch protection layer.

2. The method of claim 1, further comprising:

generating multiple laser outputs at a

25 repetition rate of greater than 300 Hz; and

impinging each of multiple positions with at
least one separate laser output not directed at another
position.

3. The method of claim 2 in which the multiple

30 laser outputs are generated by the same laser and each
position is impinged at a separate time.

4. The method of ¢laim 1 in which the etch
protection layer comprises positive photoresist material
and the laser output is generated with sufficient energy

35 to activate the region of the photoresist material at the
position spatially aligned with the location.
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a sol 'J &mﬂ" “ 24) positioned within a | aser resonator (122)
for ating, at a m@vei_engm of | ess than 500 nm and

at a repetltlon rate” of TS ‘””E; —ﬁ the | aser output pul ses

(94) havi NY vy ener gy densi P an 50 lcnfer ficient
actlvm?‘gwt he etch prot“ ctiof %s'éﬁex——(:gek t each Blc;y%??' 2%

23 (150) but insufficient To ablate the etch targets (92) and

insufficient to conpletely ablate the region (100) of the etch

protection |ayer (90) spatially aligned with%he positions (150). 5

17. The | aser system (120) of_claim.1l target(92)
iswithin 2 [err]mfrom angadjrﬁ}&%rﬁ té}c’%c&%t ot 4 %Ifr"lffé’t‘{}} éﬁ‘(esg‘

18. The | aser sysitpmt(-i20yenérated mti@d waveheogth suf ficiteritdasiclose bb t he
etch targets (92) gﬁm ’ov&@élénétkl’i‘kse(r?s%)tlvl@i ofi B ﬁeééﬂﬁ@row-?g@b' e gate

dund 0 he
?;;2?/ g;s?e%e(ligé?&d? ngpﬁj?{%ﬂ?\tvﬁﬂaﬁit(lva e thePRARTRPYS00) conprises a

diameter tha#l is |ess thané. The reflexd o cla®m 4 wherein cauddng The | aser

system (120) of gegdotpa;G Eugﬁgefegmn, fugg@igy Eb Erfséé‘l rd harnoni ¢ Nd: YAG
or Nd: YLF | aser (124) Tor generatin aser output pulses (94).

21. The |l aser system (120) dﬁ?ﬂ:‘l’%ﬁ"?ﬁ s & H°t3°t1°n AAY&F SO FREOFE t he
etch targets (92theoppriden af uvheruench Zﬁ-otecceenuhagei'lmpimgermbyntde,

copper, doped poljysichl SR8put.

10 7. The method of claim 1 in which the laser
output comprises energy density sufficient to ablate the
region of the etch protection layer spatially aligned with
the position and insufficient to ablate the target

material.

15 8. The method of claim 1 in which the etch
protection layer comprises a resist material without
photosensitizers.

9. The method of claim 7 in which the region
comprises a diameter that is less than 1 um.

20 10. The method of claim 1, further comprising
generating the laser output at a 355 nm, 266 nm, or 212 nm
' wavelength.

11. The method of claim 1 in which the target

material is within 2 um from an adjacent circuit
25 structure.

12. The method of claim 1 in which at least one
of the locations of target material comprises a link in
field programmable gate array or a redundant memory cell.

13. The method of claim 1 in which at least one

30 of the target materials comprises aluminum, cesium
silicide, chromide, copper, doped polysilicon, disilicide,
gold, nickel, nickel chromide, platinum, polycide,
tantalum nitride, titanium, titanium nitride, or tungsten.

14. A method for processing multiple links

35 lying spatially below an etch protection layer and in
proximity to a substrate, comprising:
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d.s.|.c.ﬁ““ch||‘i{:“!\H|\||\ ni ckel chromide, platinum pol yci de,

tant al um anium titaniumnitride, or t ungst en.
22. The |l aser system (120) of Clain]7qﬁ%§swkk¥% “Zq"{hMthe | aser out put

pul ses (94) lse a 266 nm or 212Ln “:ﬂ_}%ﬂ@ﬁ%? it h.

24 Wb H1b 23. The | aser sysLﬁﬂ&iﬁEKhﬁIﬁzﬁlaLﬁ1lﬁpFﬁnﬁgy%ﬁB

the | aser output pulses (94) are generated at a 355 nm

24. The laser system (120) of claim 16 in which t he | aser out put

pul ses (94) conprise a wavel ength shorter 529 than or equal to 349 nm
25. The laser system (120) of claim 16 in which t he laser outnpu

pul ses (94) each have an eﬁ??§§agéﬂgif§ser OutpqﬁnﬁﬁﬁﬁﬁgiHavf%%satﬁﬁﬂgié}
ml/cnferr]. spot size of a6diAmewehouf ckpsyiheg dnsmhatfa ywaeslenatit put
10 pulses (74) &f UOCeIHNP8BbL hfiNSnd 12 De it AN Rl CBte of gPEASCIHRM

| ayer (70) covering respectjve links (72) lying spatla?ly bel ow t he
etch protection | 3 rH?WG¥1 nd in proximty to a substrate (44) that
i s susceptibbe to danage impingriog)twithases ladeqpuousphtepulFes,
conprising: 15 multiple t_argg:i;oisbﬁtﬂanéoo@ é}?@@&%ﬁeaeei&@%@g%x

positioning data representin ocat 1 gns, 62% of_ the Sg 7 to be
processed, the |i#ke §Eadiallv,glipgpafnwibp the links such, Epat opach, tafIstent
circuit structurepé¢Bfion is impinged by a sepmratie rigses bdtptttpulsser

qut put pul ses (74 na20teridled viPUR! EREGLSY SOOI AILUNIRA SLEEINEENE 0349 NM
10 affect the target portion but insufficient to blow the
link and to damage the substrate.

15. The method of claim 14, further comprising:

removing the target portions to expose regions
of the links; and

15 performing an etch process to remove the exposed
regions of the links.

16. The method of claim 14, further comprising:

simultaneously etching the target portions with
the links.

20 17. The method of claim 14 in which the etch
protection layer comprises a resist material without
photosensitizers.

18. The method of claim 14 in which the
wavelength of the laser output pulses is sufficiently

25 ¢close to a peak wavelength sensitivity of a mercury G-,
H-, or I-line photoresist to activate the photoresist.

19. A laser system for point-to-point exposure
of positions on one or more etch protection layers
covering etch targets on a semiconductor chip, comprising:

30 a beam pogitioner for directing sequential laser
output pulses in response to position data determined from
characteristics specific to the chip in which there are
randomly located etch targets positioned under an etch
protection layer, the position data indicating sequential

35 positions of the etch targets;
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repetitio t han 300 Hz; and I mpi ngi ng,
vmth t he I mmﬂ “ﬁmt mles (74) regions (80) of the etch
otectlon ayert ~——-——Spatially aligned with the | ocations

(62) of the 72) 25 such tats-eaEeHALEE E80) i g ? by a
separate Iag‘(Larﬂ‘I;\""iMg out put pulsg (74)ntnuﬂcED61§$;HiaJ Spo ;H§|§g§ 58) of
a —= 24 di anet er of

| ess than 1 [err]mand characterized by an energy di stribution of

| ess than or equal to 50 m)/cnferr] that is 21 sufficient to ablate the
region (80) of the etch prote | ayer (70 £XRos a ,portion
of the link (72) but ﬁghf??%iQQWPQQ?%%'OﬁgFﬁél??%? Hamage

t he subst rmtca(:'Ani)ty to the etch protec¥ionTReyeet ﬂmdlm I sEmmoRB put

further conprisingiise generation, for pfcgétfgl'ﬁgng QQS@&:CBu%@@%e{ﬂ LH@ove
t he exposed

t|o s of .t he Iinks. 7
met hod of clalnlzﬁeiﬁ? hPPRLtLPRA to 1 4&EOFeEPFBﬁ°?a?%rtkgﬂﬁtqgonpr|ses
a resist nat®ri alpmettdrniton layer spatisklhsidliigmes. with each position;2@ndThe

met hod of claim 28 in which hhgel-a5€konator £ RYheRELZESy (déhe LT, S 2
266 nm or 212 nm wavel engt_h.
at a wavelength of less than 500 nm and at a repetition

rate of greater than 300 Hz, the laser output pulses

having an energy density sufficient to activate the etch
10 protection layer at each position but insufficient to
ablate the etch targets.

20. The laser system of claim 19 further
comprising a third harmonic Nd:YAG or Nd:YLF laser for
generating the laser output.

15 21. The laser system of claim 19 in which the
laser output pulses each have an energy density comprising
less than 50 ud.
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