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chips, cracks and other types of defects in low-k materials, thus damaging the IC
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[0004] Laser scribing techniques have many advantages over mechanical
sawing. However, known laser techniques can produce excessive heat and debris.
Excessive heat diffusion can cause heat affected zones, recast oxide layers,
excessive debris and other problems. Cracks may form in the heat affected zone
and may reduce the die break strength of the semiconductor wafer. Thus, reliability
and yield are reduced. Further, debris is scattered across the surface of the
semiconductor material and may, for example, contaminate bond pads. In addition,

conventional laser cutting profiles may suffer from trench backfill of laser ejected
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[0007] A method for laser scribing that reduces or eliminates chipping, cracking
and debris, and that increases throughput and improves cut surface or kerf quality is,

therefore, desirable.
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[001% itional aspects and advantages will be apparent from the following
detailed description of preferred embodiments, which proceeds with reference to the
accompanying drawings.
Brief Description of the Drawings

[0012] FIGS. 1A-1C are electron micrographs of kerfs cut through finished wafers

using a conventional mechanical saw.

[0013] FIGS. 2A and 2B are electron micrographs of kerfs scribed in finished
wafers using lasers with wavelengths of approximately 1064 nm and 355 nm,
respectively.

[0014] FIG. 3 is a side view schematic of an exemplary work piece that is scribed

according to certain embodiments of the invention.
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energy deposited mto the material is reduced or eliminated. Further, using a lower

fluence reduces or eliminates recast oxide layers, heat affected zones, chipping,
cracking, and debris. Thus, die break strength is increased and the amount of post-
laser cleaning required is decreased.

[0020] In one embodiment, laser pulses having a wavelength in a range between
approximately 9 pm and approximately 11 pm are used to scribe a finished
semiconductor wafer. At these wavelengths, the passivation and encapsulation
layers are configured to absorb a large portion of the pulse energy. Thus, the
passivation and encapsulation layers are ablated before being cracked and blown off
due to ablation of lower layers. Further, silicon substrates absorb very little pulse
energy at these wavelengths. Thus, there is very little or no substrate heating that

can cause cracking.
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that the invention can be practiced without one or more of the specific details, or with
other methods, components, or materials. Further, in some cases, well-known
structures, materials, or operations are not shown or described in detail in order to
avoid obscuring aspects of the invention. Furthermore, the described features,
structures, or characteristics may be combined in any suitable manner in one or
more embodiments.

[0025] FIG. 3 is a side view schematic of an exemplary work piece 300 that is
scribed according to certain embodiments of the invention. The work piece 300

includes a first layer 302, a second layer 304, a third layer 306, a fourth layer 308, a
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Advan%eously??he :?gszger g’clr%mg3 1pzrocess discussed herein creates a clean kerf
with substantially uniform side walls in the region of the street 316 with little or no
cracking or chipping in regions outside the street 316 that are common with typical
laser scribing processes.

[0028] FIGS. 4A and 4B, for example, are side view schematics illustrating the
work piece 300 of FIG. 3 processed according to conventional laser scribing
techniques. FIG. 4A shows laser pulse energy 402 (e.g., at wavelengths ranging

from approximately 1064 nm to approximately 266 nm) passing through the
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are for exanple only and that other types of could
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scri bing process discusse erein creates a ean ke
of Flﬁ-t%ssrmﬁc{) wiithi alq-switohiedo€ @, Jasker aeddrdingrtot ¢ertaie ginorodifments of

e ] o o, e B e S S ot e
pulsdsy haahg | 8s Wavelsnighh Ny Y 0Rgee betl@87 8hphiddtatify adym and

4B, for exanple, are side view schematics illustrating
apprexinajgly Kl o @ndo pytserwidth dupatisreinsa dangs betivern approximately

130 ﬁ%%@%hﬁg%dL@?ﬁgéxiﬁl%gélgg?g.rfa%gggl:grl\‘c? . FIG 4A shows

'aser Se e wavel engt hs rangi ng

[0030F onThp prassivativalencapSdiation tiayers 30X 364 elrey cpfigirdd to absorb
passin n/ encapsul ati on | ayers

th h t hepassi vati
the e85y Sthe,PYIRCE PLadUsed b et lriBsglont uithemihe SR pulses have
. I r i i i- . .
ioh BRSR crRAyBS AECAKHOnd BRASRN"SELO 1 BRI Chpuiatr
layerae3(2,up04 Boeptagaickycleahekaréawitha sabstantially emiform4€idewalls. In

w84 R b8l 15 BBl Probn e S gas o
the pliRek pto§ucsPBy aRAC elagﬁ?rl. W&%@Qubéﬁhﬁe!@ﬁfaﬂs@g§ﬁﬁl§ or none

not have uniform si s and extends (in chips
of the ghsiayeofothetpidses pestucaddy theaC Outhhssr analyexparieneeshery little or
no hdstig. AS di scussed above, FIGS. 2A and 2B illustrate

sucﬁ'chi ppi ng. [0029] FIGS. 5A and 5B are side view

[003HcheAmishosni ihl RIS 154, iin®nehempbdimdhitetrR 80f) Iadeik@sed to scribe
scribed with a g-swtched CO2 | aser according to
the wqQik: Riege e} by nablating sthe passivation/encapsulation “layers 302, 304 to

create a kerf 502 in the area of the street 316. The kerf 502 has substantially
uniform sidewalls and a substantially flat bottom. In some embodiments, the
wavelengths produced by the CO, laser are not as efficient at ablating metal (e.g.,
the layers 306, 310) as it is at ablating the passivation/encapsulation layers 302,
304. Thus, as shown in the embodiment of FIG. 5A, the CO; laser is only used to
ablate the passivation/encapsulation layers 302, 304.

[0032] The remaining layers 306, 308, 310, 312 may be scribed using
conventional sawing or laser scribing techniques. For example, the layers 306, 308,
310, 312 may be scribed using near infrared pulses in the picosecond range. The
substrate 314 may also be diced using conventional sawing or laser ablation

7



the invention. The CO2 | aser provides a | aser beam
conprising a series of |aser pulses having a

woeslozrsgt h in a range between approxi matel y Opemusznd7/069323
approximately 11 mm and a pulse width duration in a

techhﬁ]ﬂlﬂg FRIr \eREMpAE P4 e REQIng é—%v@@ﬂ%ﬁ?@ﬁ’gﬁér&ﬂﬁately 266 nm can

pproxi mately 170 nanoseconds

be ug@@é@ 9ﬁpi%ﬁwmgamlatdlmthms§amz14304 ar e

00358 YK T I 4 o RORE Dl P S G B uses 1
scribgetiic woek piere BOAtbyqablkhy tAedapérsi 302N804, 308, a8E8 L HFD, 312 to
Crea%asi(ﬁvatl on/ encapsul ation | ayers 302, 304 to produce

M&4 & fieareaaidba stiest BY6uMgain. theikesiad4 Has substantially
umfo?ﬁtdélﬁb%ils tatﬁ%l 5'%1 bg%térlg?l'é %toﬁofhltA'WﬁleSW%%%ﬂ&t? é’né;mg from

transparent € wave he pul'ses pro
apprbyimately@am tﬂ&pproi‘ imatelyt ‘nlepmmuees effidieht @b abldtimg metals, they

o LB BBy BRI s P B B EAMEEh o
FIG. r!T»BitthQECO£ %]dls%%s%&%réﬁ é:drﬁbe RRed 4% Qr}a‘?nq @ process to create

nbodi ment, the | aser is used to scribe

the @rfe"@@ 3mndmgafmratthaQOp Iserfpes of the fitsh layec @@Qubahecwp surface of
the a

the %@y%s%%? egf4 2‘4 %ﬁs‘e&ﬁ%ggé %%%Vqﬂa&‘ s&ﬁ@f)ﬁn?ﬁ‘%?tf?euﬁ’l pypstantially

transpiagentatd Sthénd/a&e&lmgﬁisaﬂﬁlﬂh@ Yaﬁd@tbét%bﬁ”hﬁbfbxﬁﬁ%ly 9 um to
enbodi nents, the wavel ength roduced b | aser

appr%'mﬁ@v Bls HBT. iTBUENtt igveRbinafiicigntuier @uce(taegsubstrat@ 314 with the
CO, ! [B¥&L S %ﬂ@rsfgljeo) aﬂéll' %n'bﬁ'n t bl %ﬁgt g’»eM FR)s beydiced using

passSi'vati on/ éncapsul ation ' ayers
convehtum’al|samd§eoemsedamatlbn0éciﬁh@e§A the CO2 |aser is

003§, YFE§05A 830 SieehprTICIoURRR KG Keapeb 403682, 808, scribed
throu%ﬁopas%%tlﬁﬁ)é §G il@ﬁqaﬁbg%rlfﬁ’avcﬁ‘pfvg%e z‘é\ffgrgg 9Ecording to

aser scrlblng ni ques exa
certagoembadgnedtsmf tBQ mveaylobe Az discasses ahgvaeghe CQ$ isseeproduced

ulses ,in.the ico econd range. The substrate. 314
laser;puseR iafind @ HavRlralnva s 'GRap Bsae pPiadBately ® um and
appr@bﬂn&tél@ HegMNbALes puE@rw@WHD}anoon R cie) é@é‘ﬂvi&naapproxmately

wavel ength of approxi mat el %@ 266 nm can be used

130 Ranqsecends ;anén@pmpémﬂtylym nanesecarxts: atre FH33, 6[5661331] can be

ovsefig 8 518 e chHRS R BRCH i e, mier

die bteak dtaeyggtiss 36@ ov8M, prdBéss pieflis arétachihddi 0 create a
éerf 504 _in the area of the street 316. Again, the
[003%)¢ tFlsp47 im@nsalssirantmisrograghi efoa finishesheemicondyctor wafer 708

scrib?#‘gﬁnﬁ'\aé‘td -8vltehdd B0 LRSEP Tha WG dusirebRBILShd BUREEser beam

according to an embodiment of the invention. As shown in FIG. 7, a g-switched laser
scribes a first kerf 710 in passivation/encapsulation layers of the finished wafer 708.
Then, a Gaussian picosecond pulse laser beam scribes a second kerf 712 through
additional layers of the finished wafer 708. For illustrative purposes, the second kerf
712 also extends beyond the first kerf 710 in an area 714. Where the finished wafer
708 is first scribed with the g-switched CO; laser, the kerfs 710, 712 have smooth
edges and produce little or no cracking. However, in the area 714 where the g-
switched CO; laser was not used, the Gaussian picosecond pulse laser produced

cracking in the passivation/encapsulation layers.
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approximately 9 mmto approximately 11 mmare | ess
efficient at ablating netals, they can still ablate
woreaoaloz7eaf t er sufficient heating. Thus, in thePCT/US2007/069323
enbodi nrent shown in FIG 5B, the CO2 |aser discussed
rei f !
[003F T PHENAPR Poraneto fose TN S L MRS AaatRRY Beliges may be
made 49 dhe gefailscofithe %@pfesdﬁsmbed embddiments withoat daparting from the

oY BN e B T 438 ok et gton shoui

therafery betxﬁtmmeamymy s ﬁillbw%g'fbnatrﬁs approximately 11
mm Thus, it is very inefficient to dice the substrate

314 with the CO2 |aser. Therefore, after scribing, the
substrate 314 can be diced using conventional saw ng
or laser ablation techniques. [0034] FIGS. 6A-6C are
el ectron m crographs of kerfs 610, 612, 614 scri bed

t hrough passi vati on/ encapsul ation | ayers using a
g-switched CO2 | aser according to certain enbodi nents
of the invention. As discussed above, the COQ2 | aser
produced | aser pul ses having a wavel ength in a range
bet ween approximately 9 mm and approxi mately 11 mm
and a pulse wdth duration in a range between

approxi mately 130 nanoseconds and approxi mately 170
nanoseconds. In FIGS. 6A-6C it can be observed that
there is little or no chipping, cracking or

contam nation. Thus, higher die break strengths and
overall process yields are achieved. [0035] FIG 7 is
an electron mcrograph of a finished sem conduct or

waf er 708 scribed with a g-switched CO2 | aser and a
Gaussi an pi cosecond pul se | aser beam according to an
enbodi nent of the invention. As shown in FIG 7 , a
g-switched | aser scribes a first kerf 710 in

passi vati on/ encapsul ation | ayers of the finished wafer
708. Then, a Gaussi an picosecond pul se | aser beam

scri bes a second kerf 712 through additional |ayers of
the finished wafer 708. For illustrative purposes, the
second kerf 712 al so extends beyond the first kerf 710
in an area 714. \Were the finished wafer 708 is first
scribed with the g-switched CO2 | aser, the kerfs 710,
712 have snooth edges and produce little or no
cracki ng. However, in the area 714 where the gsw tched
CO2 | aser was not used, the Gaussi an pi cosecond pul se
| aser produced cracking in the

passi vati on/ encapsul ation | ayers.[0036] It will be
obvious to those having skill in the art that many
changes may be made to the details of the

above- descri bed enbodi nents w thout departing fromthe



underlying principles of the invention. The scope of
the present invention should, therefore, be determ ned
woriog/obx34 he foll owi ng clai ns. WHAT | S CLAI MED PEI/US$2007069323
met hod of scribing a substrate having a plurality of
WHATISOLIAIREDIScuits formed thereon or therein, the
Integrated circuits separated by one or nore streets,
the nethod conprising: generating one or nore | aser

2 35 RGBS P e D 810 crur
formed thereonpod theseia thes ratdd air¢vitsaSssararRA By oher &inore streets,

mathgri al conprising at |east one of a passivation
the mgihod comepr. @ncapsul ation layer fornmed over the
S 5 -
SRS R TBS R R Selinb 2 WLLERGHT BhE Blise wiath
duration;t he one or nore pul ses; and wherein the pulse width

O 0 R o KSR AR s
substaritially labsowséd'®y @AGEY! inatdithl W@rﬁd‘ Gt tl@ﬁsotg&g? ‘b‘é ld;P%QSivation

| aser” pul ses with a CO2 | ase hHe net
layerzand an eneapswatien Kyegfaymad owrithg suhstralep | aser. 4 .

T 0 laim,1,. wherein the wavel ength is in .
r%%ﬁkgﬁ\age&vaglﬁgqngy? n‘ﬁiﬂgﬁ"}h@ ﬁ??%?ﬁ a 'b&bgf‘%ttgﬁy sﬁ‘strate IS

substantiafly tréhepaminh esltef ofd a8t Mote pifisehndt he pul se width
duration in a range between approxi mately 130

naWRIBtL e PAYRe Mpgthoduraliosl i sgleciednee cisoirigedace the ablation
f [ .wherein the at | east one of a
thresggyg?f\}gtgitg@#%%rlalhd an encapsul ation layer conprises
sid.i corTrai methied of clalthel, rfatthed compeiiaigngeneratieg ehé ohBer more
at .| east l%nggofI a passivation [ayer and an
i or2|

laserdiisgso\ith Fér conprises silicon-nitride. 8 . The
meg. hod 1ofe wleBldd df cIdE D efuMHeRBo %Hgf(%-%\nﬁ@ﬂﬂ 'tﬁ??Onzglaser.

silicon. 9. The nethod of claiml1, her co
all. at i idreamethad ohclaimal, whetkin the waeelehgthmisdncey eangehbetween
re | aser pulses. 10. An

appr@ﬁ&%glgPglﬂwéqrac%#?mg@%tg&dpﬁﬁ%rdi ng to the method of

clsai m Irhe method of claim 1, wherein the pulse width duration in a range

between approximately 130 nanoseconds and approximately 170 nanoseconds.

6. The method of claim 1, wherein the at least one of a passivation layer
and an encapsulation layer comprises silicon dioxide.

7. The method of claim 1, wherein the at least one of a passivation layer
and an encapsulation layer comprises silicon-nitride.

8. The method of claim 1, wherein the substrate comprises silicon.

9. The method of claim 1, further comprising ablating a portion of a
metallic layer formed over the substrate with the one or more laser pulses.

10.  An integrated circuit scribed according to the method of claim 1.

11. A method of scribing a semiconductor wafer, the method comprising:

ablating a portion of one or more layers formed over the semiconductor wafer
with one or more laser pulses having a wavelength in a range between

approximately 9 ym and approximately 11 ym;
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11. A nmethod of scribing a sem conductor wafer, the
nmet hod conprising: ablating a portion of one or nore

wo ay08/0%7680r ned over the sem conductor wafer w POT/OR®OT069323
nore | aser pul ses having a wavel ength in a range

belneRin 8P bAKIJFahEleY[aSeFBURBY HRR! #Pulse! ®ldth Hlird¥Bn in a range
wherein the one or nore | aser pul ses have a pul se

betwgieatappioxiaately 139 nranosegendsang appeppneialydy8inanpseconds.

n se proxi mately 17Q, nangseconds., 12. The .

el fiod O Bt HRGHLIE Rrbrdd dnE B RERLR spisis comprise a
leastCompof 3 passivai@s layenandfanceriapsuldibhdaydrayer and an

encapsulation | ayer. 13. The nethod of claim 12, o

whtt-ei nThgeethod ehslairgrle, yheseipdbsiatdeassoresfea passivation layer

ond STEETPATTT O BEr R ER {097, 01 U, 14 T

erein at Tl'east one of a
pabki valhemdthgdof alatnd?, ermespisthatat deadt ayner ofcoppssisation layer
silicon-nitri F?S(' 15. The m@t hod.of claim 11, further
and @BﬁBF?%‘?‘ﬂ@t'% PEEPMGTIERS SHRRNAItIABr e | aser pul ses

usigg ar{&rnhetRE®bf cibfin 11N furiRErRindHsid BbAbratingtHE Iher
conprising g-sw tcﬁi ng the COZr I as@is."qélg. Hél’f}agmﬁetﬁod% or more
lasergpuleesusing B COarasesr conprising abl ating a portion of

2 B o] oy 985K e R 856 B o aser

wafer iThes whsthaat ofatlaimt 1 ANARER NborhPridiRg S8R bftion of a
| aser pul ses. 19. The nethod of claim 18, wherein the

metadicnprenilie 0op afareie laspiRylses silicon. 20. An
Iclnfaqe'?nr ifll‘?ed Pty Lof WidiREd RCSHSERY he BiBEA Y0P water is
substantially transparent to the one or more laser pulses.
19.  The method of claim 18, wherein the semiconductor wafer comprises
silicon.
20.  An integrated circuit scribed according to the method of claim 11.
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