METHOD OF SINGULATING A THIN SEMICONDUCTOR WATER The invention relates to a method
of singulating a semiconductor wafer by partitioning it along a network of scribelines, the wafer having two
substantially parallel major surfaces that are separated from one another by a thickness T < 200 um, said
scribelines extending along (at least) a first of said major surfaces. The invention also relates to an
apparatus constructed &feTaHAgeo NSl NGch d Mbltedd I CORBSURIGS¥E bitdfarity and
consistency, the following terms as used throughout this text and the appended claims should be
interpreted as follows:_The phrase "semiconductor wafer" should be _br()nﬁjééinterpreted as

i

encompassing any subSfRESHUNERESENABRERGS! GEGLYrBme? PLINA'EEYCe is
manufactured. paditisningtinidsnmayndavakarhgtebetnesrismfltaviog geonsabatamiadifepar@fevarious

diameters), a”d/ﬁ’é'WaJSF%&E&%HPQ%”%@HP&?&‘%&S&ZC@ﬁ%@gfgégﬁ@s 17 Cafi0r GaAs. The

< m,

term also encompasses non-semiconductor materials (such as ire) on w |cﬁ ohe or more layers of
semiconductor At4teelMasansinoRipasitaticasy) adiiptafsnaeistdagesof LEDs The semiconductor
device or other integrated device concerned may, for example, be an integrated circuit, (passive)

electronic component,_opto-electronic component, biological chip, MEMS device, etc. Such devices will
generally be manufaciUHEYEIAIER ASMELASSC0E) Ao S SO PRSI PERETIR Ut in & matrix

arrangement orsatteastethedf said major surfaces. This matrix arrangement is delimited by said network
of scribelines. The term "scribeline” (also sometimes referred to as a "scribelane”) should be interpreted
as referring to a (real or abstract) line extending along said major surface of the wafer, along which line
the wafer is (ultimateNHaoPbeEPssesrelc!fiitharthsensidan®ecdtedaligeiaistnar ersdiafergiddribeline will

generally lie in @H;§t{@)gtaﬁlaqhg>%ﬁﬁg§(}é@twg§ﬂsr§{gmaqggwgﬂr@wl%gmngﬁggated devices on the wafer, along
which street the wafer is to be "diced" so as to allow separation of the devices in question. This procedure

is conventionally refelfeRESss SSMYRAHHAT Matefe fROHE Bro R LRI 159 BRoiTRERSEted as
encompassing regigrsabetraa-oegulioh azetitive rudigu datitretwiranteyane elestvadéswafers may

forming a reguiar SR e S o R B S A B e B C of diterent
sizes, and/or locate@fatsnieh vadeiardinaietes sitindopsafesoplamrirb HapEaAaS ecbRedspendingly
irregular configuragih ofsCr24ReE 656 RAINEENITERR HiS6'4TReBABTBAISHAGEINBEIRYY-
materials (such as sapphire) on which one or nayer$ of semiconductor material
have been deposited, e.g. as in the manufactwER$. The semiconductor device or
other integrated device concerned may, for exaniy@en integrated circuit, (passive)
electronic component, opto-electronic componermtiogical chip, MEMS devicegtc.
Such devices will generally be manufactured indamgmbers on a given substrate, and
will typically be laid out in a matrix arrangemeont at least one of said major surfaces.
This matrix arrangement is delimited by said neiafrscribelines.
- The term “scribeline” (also sometimes referre@sa “scribelane”) should be
interpreted as referring to a (real or abstranf &xtending along said major surface of
the wafer, along which line the wafer is (ultimgjetb be severed. In the case of a
processed semiconductor wafer, a scribeline wilegally lie in a “street” that extends
between neighboring rows of integrated deviceshenntafer, along which street the
wafer is to be “diced” so as to allow separatiomhef devices in question. This
procedure is conventionally referred to as “sintjoldg.
- The term “network” should be broadly interpretedencompassing regular and non-

regular repetitive configurations. For example, somafers may comprise a regular



Silicon semiconductor wafers are conventionally of the order of about 0.8 mm thick. Recently,
semiconductor manufacturers have started to investigate the possible use of "thin" wafers, which will here
be defined as wafers having a thickness T < 200 um, e.g. with Tin the range 30-120 um, or even less.
Such thin wafers have various promising applications, such as: In manufacturing stacked memories. In

this case, use of antaifxeffislemicah ntRetatestaericaforp RAPOEEPNBBRIBREANERIPEANRTen vertical

space. In manufagHiiegPAAegERA SriibHdRaxeRwEAe OhanbiBiEEr Mk allare rRpig eibfipRLBeat
dissipation from an active processor device thro\t\l}gh its und rlﬁing substrate (a portion of the wafer) and

into an adjacent hd8Y Sk OTHE I8 T 2P thiARMOH QA SI3! UG M é%@ﬁﬁhtﬁgnéost reduction,
due to the use of lassthahstralgingadertat sapd hekisofifl @rapakeriayfatocabgeripidisescalled vias (i.e.

connective pasng.%% ppoeiﬁt%t(ﬂﬂ?)% %]SCWQQSE{ iR‘??@? 88%‘1‘31%- grease, since a thinner substrate will
r r

generally support higher signal frequencies. nfortunately, the processing of thin wafers brings
associated problems. In particular, it has transpired that thin wafers are very difficult to singulate whilst

maintaining an acceptafjgAadrfcsiticldPipafedlic by difignapier sroareriRrIve s that: If a thin wafer
is mechanically siHr]gqulated using a saw, many of the singulated devices emerge from the singulation

| m >
process in a meSHEnRERS BRI TLEARAYF QTR WEACHEFS SERAE QY GRIQRTG DA PASEIRE: H&am, the
singulated deviagsthimengéeigwhivh siibuiad e pedcessaappal @athinmtattidkiassverizgesaweakened,

because many gfiher dRIRIRLRRKANN! S'eeuicnls b HilaR R RSFAVERE REYSERALIGRN/Or usage.
applications, such as:
- In manufacturing stacked memories. In this case ofis thin wafer means that more
memory chips can be stacked within a given vergpalce.
- In manufacturing processors. In this case, usetloihavafer will allow more efficient
heat dissipation from an active processor devigautih its underlying substrate (a

portion of the wafer) and into an adjacent heat.sin

The use of a thinner wafer also promises advantsgesas:
- Cost reduction, due to the use of less substraterraband less filler material (e.g.
copper) in so-called vias (i.e. connective pasgauesetrating the wafer.
- Device speed increase, since a thinner substriitgemerally support higher signal

frequencies.

Unfortunately, the processing of thin wafers briagsociated problems. In
particular, it has transpired that thin wafers\agy difficult to singulate whilst
maintaining an acceptable device yield. More speadl/, the inventors have observed
that:

- If a thin wafer is mechanically singulated usinggav, many of the singulated devices
emerge from the singulation process in a mechdpibadken state.

- If a thin wafer is radiatively singulated usingaaér beam, the singulated devices
emerge from the singulation process apparentlygirtat nevertheless weakened,
because many of them go on to break and/or elayri@il during subsequent

processing and/or usage.



Such setbacks are hampering the successful application of thin wafers in the semiconductor
manufacturing industry. It is an object of the invention to address this issue. More specifically, it is an
object of the current invention to provide a method by means of which a thin wafer can be singulated with
a higher process yield than that attainable with existing singulation techniques. In particular, it is an object
of the invention $hah siethagln elisdtpEMRIIB%ihAifeaerBs el @B HIB WG R atddSemiconductor devices

by mitigating meghagisRidasnagmirdcnenkaning@y.the devices as a result of the singulation process.
These and other objects are achieved in a method as specified in the opening paragraph, characterized

by the following steps: Adhering the second major surface of the wafer to an elastic foil, which is clamped
to a wafer table so as itdpaesejttheffitst megotisniacddras ddwmiiviel e ibpegifically Uisingrthe radiative

scribing tool to Bgi?acgf méec?ﬁe?ﬂ?n%g@)%ﬁ?{o%%”& NRMIRLALUISSANRLICD Bis 8§b§930%5i”9 said

laser beam to sc: ong each of sai s SO as 1o create a radiative scribe wit epthD < T,
thereby leaving $if@dateshwithadr ahefaregasscyieldfaa Vairatining s aidstislDssnasiriigBver the second

major surface ajepgnif8daih pharidARHA R SHIRED! thedr@bH R AVAILARCH OHEAWNo@Ehough the skilled
artisan in the field of wafer singulation will alrea é be familiar with this terminology, the term "radiative

scribing tool” is HERY AR ERAHS fdass 0 SINBRRLEH SSSURANGHPARYICER e TUGAYEHMRAL'SAY direct a

scribing laser belama e ol /anieakenith g eh eraltic cioatpaise ad detesiivigalktiker saeess.and associated
imaging/focusing optics. It may also comprise one or more ancillary components, such as: One or more
beam splitters, diffractive optical elements or filters, for performing specific processing operations on said
laser beam; An imagd heseranshotesiiebjectsrash refieyar dnalidRetRefBHREoN brtBe’IIABIng laser beam

relative to a wates Rgiags @HaRSsterized by the following steps:
- Adhering the second major surface of the wafert@lastic foil, which is clamped to a
wafer table so as to present the first major sertaa radiative scribing tool;
- Using the radiative scribing tool to produceestdt one pulsed laser beam having a
pulse duration B 75 ps;
- Causing said laser beam to scan along eachafsHbelines so as to create a radiative
scribe with a depth D < T, thereby leaving the secmajor surface intact;
- Laterally stretching said foil so as to seversheond major surface along the path of

said radiative scribes.

For the avoidance of doubt: although the skilldgsan in the field of wafer

singulation will already be familiar with this temology, the term “radiative scribing
tool” is here intended to refer to an optical assigrthat can be used to produce and direct
a scribing laser beam. Such a tool will generatignprise at least one laser source and
associated imaging/focusing optics. It may alsomase one or more ancillary
components, such as:

- One or more beam splitters, diffractive optidaheents or filters, for performing

specific processing operations on said laser beam;

- An image recording device, for monitoring thegatinent/position of the scribing laser

beam relative to a wafer being scribed;

- A controller/processor,



A controller/processor, for instance. Such tools are well known in the art of wafer singulation: see, for
example, United States Patents US 5,922,224 and US 7,947,920, which are incorporated herein by
reference. In experiments leading to the present invention, the inventors determined the following:
The breakage of separated devices emerging from a mechanical singulation procedure, such as sawing,
is due in large gartitstargafiSaehinpiaacesielssTortRE ARePiriRToNANSRYIG Tt $eRg e XaTpRIRtion
process. A thin walehisigss phiR fesabserbandwitiriand suahninies shdbraBibraasy &gk wafer. The

inventors observed that this problem is generally exacerbated by the fact that a saw used to cut thin
wafers typically TREE blunt more quickly than a saw used to cut thicker wafers. The mechanical
weakening of separated devices emerging from a radiative singulation process is due to thermal shock

created in the wafer bynt Qgig?ﬂ%%@%ﬁﬁfﬁr(\ﬁg%' &Qﬁn?ﬂﬂ)@htﬂ)mﬁ\/\é’ﬁ@%ia égesrﬁﬁ%gt{ﬁ?absorb and

withstand such thermal shock than a thick wafer. e Inventors ultimately arrive e current
invention by redR¥RWjingter alia the following: If radiative scribing is performed using sufficiently short laser

pulses (more specifigaleakie @f@.%bﬁf&'%@@‘é"e@ﬁé&%@fﬁﬂgﬁrmﬁ%ﬁﬁﬁ?@!&ﬁ&?ﬁ;ﬁé@&‘{ﬁé,enefgy
e

bursts that are shorter than (or, at_most,,comsarable to) ime Constant of phonon-phonon coupling in

the wafer bulk at tREIBEHFHYIInE FL8 K HePaddP SRR SRS TORESANd YRl ter denoted
by Cpp). In such aasicenadariendrggimprtied pyotesdasahpusisssd dsisicahpberiabadryetsabdo
manners, namely:_(i i rgy 1Q € L fer. This di 4 r mechanism
creates a highly Ioség%{fgédl #r%e?(}e%; QL%[?@E%%?E@&%%%? QTQS ﬁa%%§3Eﬁ|£rﬂ\{§e%{%§gr@§:bz%%%&§y from
electrons to phond@®hfiatheaxaserbaigd Mdikedieghinsfer ARvcHERK N RYEter mtvpEiiiieadsitision of

energy into a relatiyght fpall yatwerRitheswaigsdaticel uicRepsisnal to said free electron gas.
- The mechanical weakening of separated devices @mgergm a radiative singulation
process is due to thermal shock created in thenkgféhe impinging laser beam. Once
again, a thin wafer is less able to absorb andstatid such thermal shock than a thick

wafer.

The inventors ultimately arrived at the currentantion by realizingnter alia the
following:
- If radiative scribing is performed using sufficignshort laser pulses (more specifically
of the order of about 75 picoseconds (ps) or leéss)) one achieves energy bursts that
are shorter than (or, at most, comparable to) theTonstant of phonon-phonon
coupling in the wafer bulk at the location of inemte of the laser beam (which Time
Constant is hereinafter denoted by)CIn such a scenario, energy imparted by the
laser pulses will basically be absorbed in two neasnnamely:
(i) By transfer of energy to electrons in the wafinis direct transfer mechanism
creates a highly localized free electron gas (Eeeeier gas).
(i) By limited transfer of energy from electroresghonons in the wafer. This indirect
transfer mechanism results in a confined diffusibenergy into a relatively small
volume of the wafer lattice/bulk proximal to sardd electron gas.

In both cases, because P sp@ knock-on relay of energy transfer from phonon to

phonon within the lattice is inhibited; as a reswidespread diffusion of incident



In both cases, because P < Cpp, a knock-on relay of energy transfer from phonon to phonon within the
lattice is inhibited; as a result, widespread diffusion of incident energy into the lattice/bulk of the wafer at
large is curtailed and, consequently, the wafer undergoes less thermal shock. An additional aspect of
using such short laser pulses is that each pulse will generally only ablate the wafer to a relatively shallow
depth, e.g. of the GRRIEBIYBANE 1Ttigelbak affdsuwalerat)piegLIeda8e (6 WNSRAHENHOEM), a common

radiative scribe (e\gafitfa&tgoen) vl eengsprinseriuire several passes of the scribing laser along a
given scribeline (e{.égm. about ei%;ht in the specific examplesagiven here). Because ablative energy is

directed at the wafé? RPAURAGASRRG SMSERTHER PR HAS RIS R SR s 4 I5neGdNerally suffer
less shock. This isodiyeaibitete alia teathettaatrthativibly shedbaniegtioe aditfreoorpee ssiahdarcosuim the wafer in

response to the in i iat] ' re v ignificant JIf radiative
sonbing stops sho o BN B B T i the
bulk of the wafer, 8hd8QriBlyEhaers el eeapits saverstPpesen el ipadrsRIe(@REEnd major

surface) of the wafgyds BEG¥RNRAINANDRRR hrirR QBeaadRat GUER RXRIPBER ATBETEIRAEG:
generates shock waves that can be particularly_weakenine%ni]n the case of a thin wafer. Performin

radiative scribing G & AUESIRGRRIRAMAR DK IR RS )L NP RO RIS RE Y second
major surface) intacifey wiloyangrallgrsaficifless’ shasknainslin diekeiiwdi cadidtity éascthze thereates a very

effective scenario fhat| ﬁiéﬁYF&E‘é&’ﬁf%Be?@Fe@s%%%'%ﬁé%riﬂj‘(r)?é ﬁﬁé&%ﬁ%@é%ﬁ‘é’&ﬁ@%ﬂ sirable thermal

stressing of the thin warer - due to the asymmetric head load caus y one-sided Irradiation during
radiative scribing dR#RLIARSPIRSSOrs I RREN- 23T BulssealigerryiB@Miy setieted! or "diverted"” from the

devices into said "{oq#fatiné SERFMY SEBLCEHS: BraraQatBrg @t WiiRneas dtheasatemaiaiian of this

channeled stress in the floors causes them to break. In this way, residual stress in the devices is greatly

mitigated, by offlo MG A<RIRINAT# YHIB oS QutsieldP A E R IRRLYS I FEFaR IR P HREIRRIBSE foil/wafer
is the best way to lsploiiciinis sabefivieksidesgecternsmsousurmiaaianisen.isf fheyeoreposite foil/wafer is
instead subjected i glhe SFH%\CI:Q%%E: Jv%%e?%'” SHOSRR lexinoiendipdl rs%'ﬁﬁ%ﬂ LV ign. dor
example - then the inventors have 0 served that amage Y5 the Tesu INg singu ated devices can, as yet,
occur. In particulaPetRaihtdattrwhakentissiriieelahse Sherkine#ahtive mechanical processing can lead to

cracking of the comeidAhiHCraaRAVASE iRYICETy Ne Y EhaiRS e RiY BLHRORREPLORBEIRY as a

supplement to simultaneously performed stretching can serve to improve singulation results, depending
on the circumstant& B INRIGIP AR 5 Sajosry AR dysalwind asmalhfleeiefth of the
employed radiativeesasibeyrfoeekamadtative dordeefinmnestadipgtivarseshimicetioméehinasarpulse

duration (pulse length) P is_chgsen.tq. ha maore restricted value namely P < in which CEP is the
Time Constant of SRt Ao Saet o mL e o TR ang s e A5 AR S saudd S e of e
laser beam. Such Watestrictiontd Mxcasynvoeticbaattiapd teansfsh ey med ispitnti (N @Wicigated above, by

curtailing mechanigmislieAscARgHh tianpienef enasaudeomsiifsanainy|se terkgufaterds confined to a

still smaller volume._ _ ) _ _ _
“diverted” from the devices into said “floors” bgterally stretching the composite

foil/wafer, and the accumulation of this channed@ess in the floors causes them to
break. In this way, residual stress in the devisggeatly mitigated, by offloading
(shunting) it into the sacrificial floors.

- Laterallystretching the composite foil/wafer is the best way to expllois sacrificial
stress-release shunt mechanism. If the compogsitedder is instead subjected to other
mechanical processing — such as flexing/bendidgigobr vibration, for example —
then the inventors have observed that damage t@#udting singulated devices can, as
yet, occur. In particular, the inventors have obsdithat such alternative mechanical
processing can lead to cracking of the cornerh@&eparated devices. Nevertheless, a

slight degree of bending as a supplement to simedtasly performed stretching can



It should be noted that the radiative scribing tool employed in the current invention may, in fact, produce a
plurality of laser beams, which concurrently impinge on the wafer along said scribeline; such a scenario is
set forth, for example, in the aforementioned US 5,922,224. For the sake of completeness, reference
is made to the following publications, which provide additional information on certain aspects set forth
above (although sEeNVaspEBRIQVE siREEI@yId: REWiRdRP ENs I SINRTBIHIBAIANCAS Pbgaradicidhering a wafer

to an elastic foil, spanting, becfPdnarkphrka¥Riagitaefah aastHreneteApiad fabisyand ensuing
stretching of the foil tg effect ssﬁ]aration of singulated dies: see, for example, United States patent

documents US 2088/0%063 S§ANRId US 5,979,728: As regards phonon processes in semiconductor
materials, see, for example, the journal article: S. Sinha, P.K. Schelling, S.R. Phillpot and K.E. Goodson,

Scattering of g'procefféo%ﬂ%ﬂgﬁi 8&‘{1%%6’#?8&9%&&%8?%88 ' s%”&&%i;t;o% 4eﬁ’é]¥g?h?n5 8P

023702-1 - 023702-9 publications are incorporated herein by reférence.
exemplary metfh@sgicéRdinvete therpressittae salien namabthBsinoviiteide s O EIMearPNsEANlimiting

upon the scope fdb&riRYBREABPE iHTHE RIHBIRIEEHE HHR'R A0S TREP HOARH Fr Ghiag R EARehate,
practical example - the following conditions are satisfied: The employed laser has a wavelength in the

| _ /
range 200-150035%5 253 An D& SSHEHIN fRsICay S QtHIRPA BBV e i PRGRBRYRIULs will depend
largely on the nwteitzitofl thieowafey baitgliscrinedniiave @iaiesun, therspecifietheaggecraniee produced by

a variety of Iasirss. eﬁ%ﬁ%yég@ﬁ%\ﬁﬁgl%g%ﬁnggTX’%%tIﬁI%E £§R‘QH&€S a wavelength of 1064nm, with

harmonics at 532nm‘an , one can use, for example a doped fiber laser with a
wavelength of 1062nm. The employed wafer is a thin Si wafer with a thickness T in the range 20-200 um,

e.g. 120 um. This wafgrdgrhseadie A Ralmeria o with ibiickrmis, el 90 W clprexamelioRhis foil
may comprise polyvinyl chloride (PVC) or a polyolefin such as polyethylene (PE), for example, which may

be coated with F4dFd8Re ROEHSE WAL QbIRSEI G RO e AORSH ERAMpIIPIHYA O 432 Wi silicon

wafer, the Timedlkonstaitt foripbiorgsyiioa soeteuioling baidmeatueplen in-the aierehteniimpetiaser has a
pulse duration q\{ 5’25 %§4ps, and a pulse frequency in the range 5- 200 kHz, e.g. 100 kHz.

For the sake of completeness, reference is maitie twllowing publications,
which provide additional information on certain esfs set forth above (although such
aspects will already be familiar to the skilledsah):
- As regards adhering a wafer to an elastic fp@nsing the foil in a frame, clamping
the foil and frame to a wafer table, and ensuingtshing of the foil to effect separation
of singulated dies: see, for example, United Stp#tent documents US 2008/0196229
Al and US 5,979,728,
- As regards phonon processes in semiconductoriaatesee, for example, the journal
article: S. Sinha, P.K. Schelling, S.R. PhillpodahE. Goodson, “Scattering of g-
process longitudinal optical phonons at hotspotslioon”, J. Appl. Phys. 97p.
023702-1 — 023702-9 (2005),
which publications are incorporated herein by refee.

In an exemplary method according to the presemntion — which is not intended
to be in any way limiting upon the scope of theeimtion but is merely presented here for
the purpose of giving a concrete, practical examylee following conditions are

satisfied:



In the case of the 120 um wafer referred to above, radiative scribing of the wafer occurs to a depth D =
100 um. As a result, the "floor" remaining underneath the radiative scribe has a thickness F = T-D = 20
um. After radiative scribing, the foil is laterally stretched so as to cause devices bordering a common
scribeline to separate and move away from one another by an in-plane distance in the range 30-200 um,

for example.  ThENRRSHBIENEFIIREBNBE 2IWENRIESTHR imbTe G881 BPOIREN RIS B skl PIRMET
embodiments andithe.ae&RERPESDANY oM atie HRNKgFaifey NifBaddarGigyth HERARESIA of

cross-sectional view of a first a ndject of the current mventlon featurln a thin semiconductor wafer

awaiting singulatidAuSRE t0e L SRR mVMEIENIthE i e %ag 5 RPHHETGUI A, after
performing a partimiwtyteﬂaﬁdh;e mﬂfmﬂmﬂmmchnmmtme Ndnmnenpemmmes a wanplea@ldepicts the

subject of Figures n?\ﬁfﬁ?hgﬁ%f(%i@é ﬁ’iﬁPRt&O?ﬁ‘i af ! QEeE?aFH gurrent

invention. Figure ers a zoomed- out an wew% ong a -z axis e subject o gure Figure
5 renders an eIevéh@ﬂm@l%b@'(éﬂéﬁgvﬂﬂkaamyeiﬁ@Qtﬁcﬂfaﬂ}%?ﬁﬂbmg tool swtable for performing certain

aspects of a methogRCeargiBgetPREF WL ISP ERE: with a kiness T in the range 20-200 pm, e.g.
120 pum. This wafer is adhered to a polymeric fathva thickness of 90 um, for
example. This foil may comprise polyvinyl chlori¢feVC) or a polyolefin such as
polyethylene (PE), for example, which may be coat#l an adhesive such as a UV-
curable (acrylic) resin, for example. In the cafa silicon wafer, the Time Constant
for phonon-phonon coupling has a valug € 50 ps.

- The input laser has a pulse duration of P = 1%pd a pulse frequency in the range 5-
200 kHz, e.g. 100 kHz.

- In the case of the 120 um wafer referred to ap@adiative scribing of the wafer
occurs to a depth D = 100 um. As a result, theotfleemaining underneath the
radiative scribe has a thickness F = T-D = 20 um.

- After radiative scribing, the foil is laterallyretched so as to cause devices bordering
a common scribeline to separate and move away émmeranother by an in-plane

distance in the range 30-200 um, for example.

The invention will now be elucidated in more detailthe basis of exemplary
embodiments and the accompanying schematic drawimgghich:

Figure 1 renders a cross-sectional view of a &éisgtect of the current invention,
featuring a thin semiconductor wafer awaiting slagan using the inventive method.

Figure 2 depicts the subject of Figure 1, aftefquering a particular step of the
method according to the current invention.

Figure 3 depicts the subject of Figures 1 andt2r gierforming a subsequent step
of the method according to the current invention.

Figure 4 renders a zoomed-out plan view (along axis) of the subject of Figure

Figure 5 renders an elevational view (along a -g)af a radiative scribing tool

suitable for performing certain aspects of a methorbrding to the current invention.



In the Figures, where pertinent, corresponding parts are indicated using corresponding reference
symbols. Embodiment 1 Figures 1-3 schematically depict various stages in an embodiment of a
method according to the present invention. All figures render a cross-sectional view observed along a 'y
axis of an x,y,z Cartesian co-ordinate system. The figures are not to scale. Figure 1 shows a wafer
table 1 on which a thilsHiRiCighdesthrREEAeIReRbIgoTMappDY BIver Bsicaied wsieptable 1 and wafer 3

is an elastic foil & rRIdgoNEISH e eRéersgishafered. The wafer 3 has two substantially parallel major
surfaces 7, 9, that are separated from one another by a thickness T < 200 um. The wafer 3 is thus

mounted that its second major surface 9 contacts the foil 5 whereas its first major surface 7 is presented
(in the z directidihtmedinatiative scribing tool (see Figure 5). The foil 5 may, for example, be spanned
within a circumferential frame (not shown) that is clamped to the table 1. As an example, the foil 5 may

comprise commercially available dicing tape - see, for instance: hUp:llen.wikipedia orglwii.
htip:Pwww.iintec-usa. Eigtilgist Eifndediecoati@iieaenid ooy sirapenaa)bedimentfEisngthetvork of

scribelines 2 th%’c@&dﬂ%‘&@ﬁﬁb%ﬁ@ﬁéﬁﬂﬂV@Fﬁfeﬁ?ﬂ@ﬂ?Lﬂf@&féﬁ&%ﬁ%@%ﬁcﬁ%@/i@iﬂl&%@vwen viewed
along the z axis, this network would have the form of an orthogonal grid, for example. The wafer 3 is to

be singulated b!BARBIAEG P ACHEMRSR G HR Y NRRSYIiNG 194§ HBIRAL 3SGlfch are delimited
along their edges by sriglseribsiimes 2 waidl lrhie panatedidroatidnisaembiter. wafer 3 is held.

Interposed between the wafer table 1 and wafel8 mlastic foil 5, onto which the wafer
3 is adhered. The wafer 3 has two substantiallglfghmajor surfaces 7, 9, that are
separated from one another by a thickness T < 200Tjhe wafer 3 is thus mounted that
its second major surface 9 contacts the foil 5 eagiits first major surface 7 is presented
(in the z direction) to a radiative scribing tos€é Figure 5). The foil 5 may, for example,
be spanned within a circumferential frame (not shothiat is clamped to the table 1. As
an example, the foil 5 may comprise commerciallgilable dicing tape — see, for
instance:

http://en.wikipedia.org/wiki/Dicing tape

http://www.lintec-usa.com/di t.cfm#ancO1

Extending along the first major surface 7 is awoek of scribelines 2 that run
between semiconductor devices 23 on the surfase€’Kigure 4); when viewed along the
—z axis, this network would have the form of arhogonal grid, for example. The wafer 3
is to be singulated by partitioning it along thesebelines 2; in so doing, said devices 23
— which are delimited along their edges by saithstines 2 — will be separated from one

another.

In Figure 2, radiative scribes 11 have been cdealteng said scribelines. These
scribes 11 extend along the scribelines in thagction (and also the x direction, though
this is not rendered by the Figures). The scridekave a depth D (in the —z direction)
which is less than T. Since D<T, the second majdiase 9 remains intact, and each
scribe 11 thus sits atop a floor 13. The thickredghis floor is F = T-D.



In Figure 2, radiative scribes 11 have been created along said scribelines. These scribes 11 extend along
the scribelines in the y direction (and also the x direction, though this is not rendered by the Figures). The
scribes 11 have a depth D (in the -z direction) which is less than T. Since D<T, the second major surface
9 remains intact, and each scribe 11 thus sits atop a floor 13. The thickness of this floor is F = T-D.

The scribes 11 are crédie§¢iding Shiareaeieaies seililfgithAdiineipe teelf AmrIPeStebriehtsd by the

focused laser bessredeniwhish ﬂﬁeor&ﬁmtiasea@@wmmﬁahﬁﬁgém@aﬁ)H’gmﬁgiﬁm:up&asthe first major
surface 7 (see alsq Figure 5). The beam 15 is produced bé% pulsed laser 4, which produces laser pulses

with a pulse duBbHTDDE YRR ST b Sy S YRBCE He EIFPE JU'Ecah 1A BT LRk iPEHESLribelines
(iny, and also ihyhsuBeddgsmdycehibk parihesd bsSuphlstsanpiigendayatiorefasteit byenundag the laser
beam 15 and/or, | e E ' d ywaf vV, upon another
table 21, above@%?i(\;ﬁp% E)Qlcgfﬁt}:}%%r&l\ %8 ga%%%%\%g) ; ﬁ%g{ﬁg %%&%ﬁaﬁ)%q@iﬁ?ﬁﬁgfgocgﬁotake
many forms, ant® PR reshe &g dIea Vhriatg brepanin aitineiplbby: mavinashedgeesatithgSand/or
suction, for exagipifor ARG PRAABIRE appreciated and implementable by the skilled artisan. In
accordance with the invention, the foil 5 has been laterally stretched along the direction of the arrows B,
B’ (and also along similar non-depicted arrows in the y direction), e.g. by causing the above-mentioned
circumferential frame ta Expaad auvaicbvetil thafaid dlaseitedde @tivpdoranoibbdepicied). weeresult of

this lateral stretching, ' f h . t jbes 11, b
oreaking the o LT HoReT A e E e ety (o EKEE) e, SR LR MRS ot
are separated ffefmenaNdrbevePHPagesonial vatiehe B o BupBle o sHidharedae-gealliagee regions
213 of the f'00r%ﬂ&/o?EﬁoﬂeH,iQG.S&%‘@#@%QWW%HMQ%iafw%{qqué%fﬂm%dowﬂﬁefemoved by

the picker arm 19, Embodiment 2 igure 5 renders an elevational view of an apparatus A suitable for

conducting aspSELESrAHSMetAGFSREERERUE e LvrPaHPR IRhadiR SRR (RIS HASPFdiatively
scribing a semiconstydierdivaéend aflding srmaisvBriBo{satibkiing Sithse@driglupictp parad@stn anmajor
surface 7 of the wafer 3. The Fjgure shows:, A pulsed laser r hich qutput sed laser beam
15 that propaga%ggjf' 5%6%8 L hedg’tiélglci%% Q%Fhfh%gfg\{s%épx s?c?'g'r%ae @?Sg%ﬁgg‘ﬁéﬁﬂt‘g Félér)lcézx t% er 14 that can be
used inter alia teuBiatid iy Hiaeter ofsiuitakle ariualpse Motken) ahel prselyMtsdatt e beam 15. A

wafer table 1, ogfihi the YEishPisafBPSEEd® daihREsrarh KR Tl paBit BPgR SdAbS 1aser source

4. Such mounting conventionally occurs via peripheral cla%ng, for example. A projection (i.e. imaging)
AE

system 10, for pPROREAY LR BinTTE BB IS WAy theesISRar HIHANRIRTRREPETe beam 15
upon the wafer §.ea digj 2pothAtiarko saeataldiefio)jeckamaysispsldimay e beedioddgas dhe beam 15

onto (or into) thg wafer 2RS SRRIFRHENELBAY AP B OHTAPRL BUAYRISIRNCOUREHRLY frpxample.

one another can be grabbed and removed by ther@iokel.

Embodiment 2

Figure 5 renders an elevational view of an apparAtsuitable for conducting
aspects of the method according to the currennitime, more particularly for radiatively
scribing a semiconductor wafer 3 along a networkavibelines 2 (see Figure 4) parallel
to a major surface 7 of the wafer 3. The Figureasho

= A pulsed laser source 4, which outputs a pulseerlaeam 15 that propagates along
an optical axis 17. The laser source 4 is connegotadcontroller 14 that can be used
inter alia to control parameters such as the pulse duratidrpawer/fluence of the
beam 15.



A stage assembly 16, which can position the wafer table 1 relative to the beam 15, in the xy plane.

Figure 4 shows the wafer 3 viewed from above, as it rests upon the wafer table 1. Upon the major surface
7, various scribelines 2 are illustrated. These scribelines 2 run in an x/y grid pattern between integrated
devices 23 that are distributed in a matrix arrangement on the surface 7; there will generally be very many

such devices 23 ohfaWahecdpBladiceniguitiewhrewaiat drisyeorlieRaVe BeseMube aailphereass as not to
clutter the drawingz to tHel & 4SIRBICE BUIPNSIBUANR] s6ATANgdateralisipR i pREaatinipisgribing the

wafer 3 along multiple, successive scribelines 2 in a particular direction (in this case x). For example. The
wafer 3 is scribed RofPEHR|Beline 2a by scanning the beam 15 in the -x direction: in practice, this relative

_motion can actyallymgrammﬁ@wmhgg)@mgaasfmmtdjpmgsme Figer&dditmpsoahdiveaieafer Fable 1
in the +x direction %{%ﬁg%qﬂle&m GIIRING: MR Blang f&rﬂfﬁ%?e%f‘& |?éﬁ§§@§%ef§‘b'y 16 will be

used to step the wafer ta in‘the I_-Bry irection by an amount’Ay; as a result; eam 15 will effectively
be stepped with régpBettol irenigigstisn system BY arpymouaed M da BagaTdSPRIN N tpbde along

scribeline 2b by seigyaing Wedearay 1and the HisdifrGHan Ebermalfs iHT spladenmelersapde achieved
by using the stage assembly 16 to scan the wafer table 1 in the -x direction. And so forth. It should be

noted that there afe VA6 rably dhyguGiheAme W ga Nes il 4 6°'afve R BRiIREGAriZall will be able

to implement manghaltgrpatiees in this regard. One

Figure 4 shows the wafer 3 viewed from above, essiis upon the wafer table 1.
Upon the major surface 7, various scribelines Alargtrated. These scribelines 2 run in
an x/y grid pattern between integrated devicehaBare distributed in a matrix
arrangement on the surface 7; there will genetadlyery many such devices 23 on a
typical semiconductor wafer, but only a few haverbélustrated here, so as not to clutter
the drawing.

Figure 4 depicts a “longitudinal scan and latet@psapproach to scribing the
wafer 3 along multiple, successive scribelines @ particular direction (in this case +x).
For example:

= The wafer 3 is scribed along scribeline 2a by soanthe beam 15 in the —x direction;
in practice, this relative motion can actually lshiaved by using the stage assembly 16
(see Figure 5) to scan the wafer table 1 in thdirection.

= After completing the scribing run along scribele, the stage assembly 16 will be
used to step the wafer table 1 in the +y diredbipan amounfly; as a result, the beam
15 will effectively be stepped with respect to thafer surface 7 by an amounty.

= The wafer 3 is now scribed along scribeline 2lstgnning the beam 15 in the +x
direction; in practice, this relative motion candmhieved by using the stage assembly
16 to scan the wafer table 1 in the —x direction.

= And so forth.

It should be noted that there are various waysrdfaaying the stage assembly 16,

and the skilled artisan will be able to implemerany alternatives in this regard. One
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particular embodiment, which is schematically depicted in Figure 4, uses two separate linear motors (not
depicted) to independently drive the wafer table 1 along axes Al and A2, which subtend angles of 45 with
the x, y axes; motion in x or y then involves concurrent driving along the Al and A2 axes. Typically, the

wafer table 1 will be caused to float smoothly over a reference surface (such as a polished stone surface)

in the xy plane, Raglianlas arebaidimeah whidk i prematicgiy semiearrguisct dissis v SERaraseact position of
the wafer table fineap heBreniered HaeoPRtipHEgenNiBIlE dRiteal Mepiigning AnsiguResta SHAh as

interferometers or linear encoders, for example Qnot depicted). In Harticular, focus control / level sensing
'q

(not depicted) Wit 293 ) LaIRPBE AR, WEhNG & K (PREETYIPBILNAPS is maintained at
a desired level withcrespaatrioinhejorjebonisysteA? Hedl TSihjtuoe nweoti catad dositidreing wsed control
aspects will be ili il ' ' rther. elucidation here.
rartarming now 15 EoA e e b R e be used o
perform alignm@®aneackhgvipéhatRif SoRtHIReainDfRARER the SfdesigtehEwaracs. A beam

splitter 6 (e.9. afHSHERGMHERAMNSHEATRE HSAbIRERIERIFAIHRATRIAIG SAPRRISHAE in an

"on-axis" arrangement, whereby it can observe the wafer 3 along an axis substantially collinear with the

beam 15: a portiSHBPRJHE SHEHATHEaHG e HelGreadg L BERMRIEHRLE ABRIHEBe Peflected into
the camera 8. Aartiotialeiotdsfooemolvddirg sensiessingt ideadevitplsoctypidaiey taneenpl8yedlams: 1.A
method of singulati i 0 itioning. it .al two ipelines,.the wafer
having two su bLs%ﬁa%Q%llqy%?a%a I%P%%rl}s\%,r gée@%%i? a%en]sge%g}egtgg%%r%%o\gg %fr\%&ﬁi%%@ég fﬁéﬂ]ﬁess T<
200 um, said scPiBERIEes exraaii§ aldriy ehfieenye REndahaRsitay Fad«co i raResisaubhatve tollowing

steps: Adheringigiseerie BIAICE HHRGE ShihdowdiaeiRsRy RIARES &ikidtieR ierbamped to a wafer table
So as to present the first major surface to a radiative scribing tool;

Returning now to Figure 5, the apparatuti&her comprises:
= A digital camera 8, which can be used to perfolignanent/tracking operations of the
beam 15 relative to the surface 7 of the wafer 3.
= A beam splitter 6 (e.g. a dichroic mirror), whicdin be used to ensure that the camera
8 can be used in an “on-axis” arrangement, wheitetgn observe the wafer 3 along an
axis substantially collinear with the beam 15: aipa of light emanating from the
surface 7 will strike beam splitter 6 and be rd#teldnto the camera 8.

= A controller 12 for controlling/processing imagapture by the camera 8.

11



Using the radiative scribing tool to produce at least one pulsed laser beam having a pulse duration P < 75
ps; Causing said laser beam to scan along each of said scribelines so as to create a radiative scribe with
a depth D < T, thereby leaving the second major surface intact; Laterally stretching said foil so as to
sever the second major surface along the path of said radiative scribes. 2. A method according to claim
1, wherein Pc Cpim$which Cpp is the Time Constant of phonon-phonon coupling in the wafer at the

location of incidgnce of thedas@bPsRbuIand MathichAacesineateHRITb RN ReIRIRgR 7 &FBHin which

CEp is the Time Constant of electron-phonon cougﬂigl% in the wafer at the lpcation of incidence of the laser

beam. 4. A mefiGFLRLBIGEn oG ML apHALE RS HIRGE ENAL  R SERMRE Yange
5-50 um; for exéplene Hretieeagey FOHIOkness T. A20ethod sxidetthieg drtemyiraf thenglaifirstloft, wherein: T

e e A B SRS MR B T b 1 e e 1070,
ps. - Adhering the second major surface of the wafemelastic foil, which is clamped to a

wafer table so as to present the first major sertaa radiative scribing tool;

- Using the radiative scribing tool to produceestdt one pulsed laser beam having a

pulse duration B 75 ps;

- Causing said laser beam to scan along eachaftsebelines so as to create a radiative

scribe with a depth D < T, thereby leaving the selcmajor surface intact;

- Laterally stretching said foil so as to severgbeond major surface along the path of

said radiative scribes.

2. A method according to claim 1, wherein P s5@ which Gpis the Time
Constant of phonon-phonon coupling in the wafe¢hatlocation of incidence of the laser

beam.

3. A method according to claim 2, wherein P g,@ which Gpis the Time
Constant of electron-phonon coupling in the watdha location of incidence of the laser

beam.

4. A method according to any of the claims 1-3, wirethe difference F= T-D lies

in the range 5-50 um; for example in the range A QH3.

5. A method according to any of the claims 1-4, ngfre

- T lies in the range 20-200 um; for example | thnge 30-150 um, more particularly in
the range 40-100 pm;

- P lies in the range 0.1 - 55 ps; for examplthearange 1-20 ps, more particularly in the

range 5-15 ps.
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6. A method according to any of the claims 1-5, wherein, for a given scribeline, said radiative scribe is
created as a cumulative result of a plurality of process steps, each step entailing a single scan of the laser
along said scribeline. 7. Apparatus constructed and arranged to perform a method as claimed in any of

the claims 1-6.
6. A method according to any of the claims 1-5, i for a given scribeline, said

radiative scribe is created as a cumulative redwdtplurality of process steps, each step

entailing a single scan of the laser along saibsiine.

7. Apparatus constructed and arranged to perfamethod as claimed in any of the

claims 1-6.
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