<1V AVI W I *166166* 05 JAN 2006 1 Method and apparatus for cutting a
mul ti-layer substrate by dual laser irradiation. This invention relates to

Feraciation o ANRBHERI:' 7 6P o' e ©o°°Suah e et hod- and GaEN0s 1o

use. with an integratggieed rcuit package. The invention has particul ar
application in the singulation of intkgrated circuit conponents. 10
Silicon wafers or integrated circuit (IC) units are typically made up of a
number M8FRehARA @ERPIRBYRrEOT THESENY oy arul timfagenpritsaratpr bpta@chl ci rcui t
board éPCB) package upon which are provided some or all of the follow ng;
netal CRFRUiYTRRAIAtéPRetrics, wafer dies, bonding wres and noul di ng
conpound materials. Typically, a nunber of 15 individual 1C units will be
fornmed on one package, which will be marked so as to define the boundaries
of the_jndividual 1Cunits. It 1is therefore necessary to singulate the
packagEitd HyenbigBpErlakes ¢8ch PAERYd Gnsl appAtaius 200 Aukhowm i ngul at i on
technique is that of nechanical sawing. US Patent 6140708 to Lee et al,

enti t | BYPSERAYS 88are Pxrkdgeemndrmadindd oor InNesufiantlare Theraloftes to

di scl oses a manufacturing process in which the individual units are

si ngul %'f%ﬂ ¥ FEMaH RN AFRATALEE PRk Kse “ishnagn ainttigrmsad saveuithi s prior
t-echni uq{has ny.drawbacks. The saw nust be 25 manufactured to exacting
st anda‘?q%% a@re-hgﬁsgbﬂ‘é‘?‘woéh&aﬁ BRhekd lapypeplicatignsdnr shei siewudatiog t he

Wi n r. I nth W n ebris
sa gof)f% %%%a%gdccf¥éuft %o%gone&ké{

10 Silicon wafers or integrated circuit (IC) units are typically made up
of a number of individual layers. These layers may comprise a.printed
circuit board (PCB) package upon which are provided some or all of
the following; metal circuitry, dielectrics, wafer dies, bonding
wires and moulding compound materials. Typically, a number of

15 individual IC units will be formed on one package, which will be
marked so as to define the boundaries of the individual IC units. It
is therefore necessary to singulate the package so as to separate

each individual IC unit.

20 A known singulation technique is that of mechanical sawing. US Patent
6140708 to Lee et al, entitled “Chip Scale Package And Method For
Manufacture Thereof”, discloses a manufacturing process in which the
individual units are singulated from an encapsulated package using a
diamond saw. This prior technique has many drawbacks. The saw must be

25 manufactured to exacting standards of homogeneity and flatness. Water

1s also required during the sawing process to clean the sawing debris

LT
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-*@00002* 05 JAN 2006 2 and to dissipate the heat generated. Another

di sadvantage is that the high degree of wear requires frequent saw

repl acenent, which | eads to high equipnment costs. Furthernore, the nininmum
“cut width of the saw inposes linmitations on the density of | € 14y $006
fabrication. In 5 addition, the nmechanical sawi ng process can lead to
cracks, particularly inrelation to thkdnner ICunits. A particular problem
is the use of netal substrates, which have recently gained in popularity
due to ®R@i%° |Ibwsdeste Typihent genspeted dubshentdissdvhnhage s aoppethe

pl ate base coated with a | ayer of nickel. However, netal substrates 10
gener at 1Rt IAITGELPE SWART CIERER e e b quer sbiveneplademenexawipl @) ltehes net al
is harder to cut, and netal debris has a greater tendency to stick to the
saw, bl 2" FHEEMERELBPRET hdUrcharrese arfdiet mensawn Isugdeidih sef fohel5anot her
technique for the singulation of 1C units is that of |aser singulation. WO
01/ 10177"RSER. 1FBEAABFORT M Hheedynefi Belodsés anietfiadd icantomppar at us f or

Si ngul ation of 1C units usij ngi a laser. The |aser energy is scanned across
t he®l C 3R - ushRgmerhafeicalopaving ruocesat eaml lgadmsveabheksii rrors. This
met hod al so has drawbacks. The 20 cutting speeds attained by using this

t echni oRF GEr 1GaoY edn ake e onhpseinnry §C3unhised PRuFidelammecbibe is

t hi ckness of package suitable for cutting using this technique is Iimted
by the Rptiors 8%5%1 ofubstratpsserhisdnavehrecenddimpgieed sirt ropelar et not
Sui tablgug or n i ndustrial applications. 25

Lo thelr low cost. Typically, such a substrate will have a copper
plate base coated with a layer of nickel. However, metal substrates
10 generate metal debris which can lead to problems - for examplé, the

metal is harder to cut, and metal debris has a greater tendency to

stick to the saw blade, damaging both the IC units and the saw blade

itself.

15 Another technique for the singulation of IC units is that of laser
singulation. WO 01/10177 (XSIL Technology Limited) discloses a method
and apparatus for singulation of IC units using a laser. The laser
energy is scanned across the IC package u;ing either rotating or
laterally moveable mirrors. This method also has drawbacks. The

20 cutting speeds attained by using this technique are quoted as 4.2
mm/§?§ and 8.3 mm/sec. Furthermore, the thickness of package suitable
for cutting using this technique is limited by the depth of focus of
the laser beam. This technique is therefore not suitable for many

industrial applications.

25



-05 JAN 2006 3 There is therefore a requirenent for an inproved nethod and
apparatus avoi ding the above di sadvantages. In particular, there is a
requirement for a nmethod and apparatus for cutting a substrat j | aser
“irradiation that avoids the problens of dianond-wheel saw 5 cffsc'wgg g.

hi gh cost of renewabl es, frequent wear, large m ninmum cut w dth, cracking,
need for water to renove debris and di Ssipate heat) while providing fast
cutting speeds and being suitable for use wth thicker substrates. 10 It
is an oP}¥@® i6f thRECEPEB entredmkeane™n fiog Anl iMpraied abbhred ranfuiapeseatss
According to the above object the invention conprises a nethod of cutting
a subst#EREGBEhEsRRY e rde%@éagt@ﬂe,s 19ngpaptisdigimgtheratier & |y di sposed
substrate; b) focussing a first |aser beamonto a first |aser focus point
on t he"&SUHSEMERE; £0F F ASrngnd aReeRguPaber BEarNgnd oS seasadus iser
focus point on the substrate, the second | aser focus point being

rel ati VEISPR20 TWaAE RELPT Fidits praéds theorrehtensniaf dilpgpnd el seWs poi nt ;
and d) effecting relative |ateral novenent between the said substrate and
t heSsai Y FiNSst'ead BEDPItasér revRipdlEsi nfseFuaiPetervel J2xas miharunhe said
first laser focus point follows a cutting path on the said substrate, the
sai d se@nd'Pber cFadtidpoinfedal 9o BSerob P ovFTRY S HEPE AP (rrdidijsragppee h but
being relatively vertically displaced fromthe said first |aser focus

poi nt, ngq)r§p1¥5y%§oYE9{BﬂVf2566cutt1ng speeds and being suitable for use

with thicker substrates.

10 It is an object of the present invention to fulfil the above

requirements.

According to the above object the invention comprises a metﬁod of
cutting a substrate comprising the steps of:
15 a) providing a laterally disposed substrate;
b) focussing a first laser beam onto a first laser focus point on
the substrate;
c) focussing a second laser beam onto a ;econd laser focus point on
the substrate, the second laser focus point being relatively
20 vertically displaced from the said first laser focus point; and
d) effecting relative lateral movement between the_said substrate
and the said first and second laser focus points respectively so
that the said first laser focus point follows a cutting path on
the said substrate, the said second laser focus point also
25 following the said cutting path but being relatively vertically

displaced from the said first laser focus point, a first layer



-4 of the said substrate bei ng renoved along the cutting path by the first
| aser beam and a second |ayer of the said substrate being renoved al ong

the cutting path by the second | aser beam 5 According to oneosglg‘?gﬁhgent,
"both first and second | aser beans irradiate the sane |ateral f t he

substrate. According to a second enbodinent, the first and second | aser
beans irradiate first and second | aterdl faces of the substrate 10
respectively. Preferably, 'the substrate is conposed of plural |ayers.
Further pr&fefFaBl SRik&sEaREe 1haian conpredadonpf Elee emnt timige prahsbpr
conmbi nations_of materials. Still further preferably, the properties 15 of
each said r&8Bebirste Joges, bpeamng @ seferd daves af the bwisuisubbkeatéor the
renoval of the particular |ayer or |ayers to be renoved thereby.
Advant ageouSEyIt Fetieds plang Qs Givg 1A ara tihe s the ese¢anfb feseenbéam .
focusabl e. 20 According to a second aspect, the invention conprises
apparatus for carrying out the above nethod. For a better understandi ng of
t he present %nventi on and to show nore cl earl% how it may be carried into
f

ef f éct PEFRFRHER WA PRensWPHLineEde, Pods Ty sfagndfsesantplleser obedrmrs
accorrpan%ifgg, drawi ngs whi ch show 05 JAN 2006 5 5 schematically various

enbodi mé bte depraRentaishrdnfren. OfTivde FrbBskeataray not be to scal e.
Figure 1 shows an | C package including a nunber of IC units suitable

According to a second embodiment, the first and second laser beams
irradiate first and second lateral faces of the substrate

10 respectively.

Preferably, the substrate is composed of plural layers. Further
preferably, each said layer comprises different materials or
combinations of materials. Still further preferably, the properties
15 of each said respective laser beam are selected so as to be suitable
for the removal of the particular layer or layers to be removed
thereby. Advantageously, the first and second laser beams are

independently focusable.

20 According to a second aspect, the invention comprises apparatus for

carrying out the above method.

For a better understanding of the present invention and to show more
clearly how it may be carried into effect reference will now be made,

25 by way of example, to the accompanying drawings which show



-for sebaration using the invention; Figure 2 is a partial cross-sectional

view of the package of Figure 1; Figure 3 illustrates a first enbodi nent

of the invention wherein the first and second | aser sources 'Grgdgﬁ%e t he

‘sane lateral 10 face of the substrate; Figure 4 illustrates

enbodi ment of the invention wherein the first and second |aser sources
irradi ate opposite |lateral faces of the substrate; Figure 5 shows an

appar at t di to the present invention; 15 Figure 6 shows a | aser
sggrce ghhgﬁée g%? %ﬁrﬁPE?eﬁﬁb? t§out e prgEent ghrvestt igng f Bhent

wavel engt.hs. Figure 7 sho a |laser source schene in mhiph one | aser source
providegag%ge e§%§'5¥zﬁfbﬁg BF2 i f f er ent wavel engths. Figure 8 shows a

| aser source schenme in which one |aser source 20 provides two beans of
l'ight of the same wavelength. Figure 9 is a block diagram show ng the
real -tinme nonitoring systemof the

si gnal qi; stic nd__proces _ ( .
apgar at %&ggggc%r d*?“ﬁgst ot {Fce) pﬁ‘l%%%ﬁt “?‘H\}'éﬁf‘ﬁ?ﬁ; “‘élPRfl g ng’gurIe ?Glc E? sie;tsglf .
' [ hot hQw a cross-sectiaqn of an uni
pr esent | nvent | o O 05 BAN D606 6109 LAYEPLIRY i n B gures 1 and 2. an 1C
' yrality of 1C units, 140. Separation of the units

Ezgk?gegﬁggggg%ugﬁsaia%{ﬂ%ﬁ} §F8na—??ﬁ§ﬁﬂ”@geYé?Yﬁ?ﬁﬂf r REk5299 ofTdgpEekage
typically conprijses a first layer (42, Fig. 2), which may for exanple
consi st ’ :

Figure 3 illustrates a first embodiment of the invention wherein the

first and second laser sources irradiate the same lateral
10 face of the substrate;

Figure 4 illustrates a second embodiment of the invention wherein
the first and second laser sources irradiate opposite
lateral faces of the substrate;

Figure 5 shows an apparatus according to the present invention;

15 Figure 6 shows a laser source scheme having different laser sources
for light of different wavelengths.

Figure 7 shows a laser source scheme in which one laser source
provides ﬁwo beams of light of éifferent wavelengths.

Figure 8 shows a laser source scheme in which one laser source

20 provides two beams of light of the same wavelength.

Figure 9 is a block diagram showing the signal diagpostics gnd
process real-time monitoring system of the apparatus
according to the present invention; and

Figure 10 is a microscopic photo showing a cross-section of an IC

25 unit cut using the present invention.



“5 of copper and/or epoxy and a second |ayer (44) which may consi st of
nmoul di ng conpounds. Figure 3 shows the cutting region of one enbodi nent of
the invention. A first |aser beam (10) and a second | aser beam (20) are
arranged so 10 as to irradiate the sane | ateral face of an ol e (40),
which is supported by an X-Y stage (30). In this particular realisation,
the first |aser beam (10) is generatedé by a 532. nm 50W Nd: YAG | aser
source with a pulse repetition rate up to 50 kHz and the second | aser beam
(20) istfehblitiedtsg An1bEmmen NdavYAG | aserlCwphbhkageW Geantiudgs agi on of 7
ns. The Cga_ckage &40) is fixed to the X-Y stage (30) and conprises a
first | Bg‘éf YU QfhilEntebrsriddes Sepppetriandforhe paxit s MBoe i s ak Bf &t dd by
second | ayer (44) which conprises noul ding conpounds. In a first step, the
first | S4B 1Rahopofhe sPrasialissminemtorakisi 13t TRO paaseigel @gpscANNt on t he
substrate, the said point being |ocated on the first |ayer (42)_ Laser beam
. (20) i SPROVISFed LdFskerftyero (Fasefig h&dm whoyh any ffeousesedpdatam isecond

| aser fogcus point Qn the substrate, the said second point being offset
fro% t hg" f§% erp&i“ﬂ?"? FPPHe 2Bflr 2 ctgemdoppusit €44)o Wiehdinagctdradi sef oRDt i on
of the SUbJZc{'r ate 25 and | ocated on the second | ayer (44). The X-Y stage
carri es"the 1€ CBQB‘R'#Q%S'MO) novi ng under a predeterm ned speed and al ong
said 05 JAN 2006 7 predetermned track (left to right in the figure). The
first laser beam (10) scans the first |ayer (42) along the said track,
formn 1:Jtm:firsthkerf (142) through the entire thickness of the first |ayer
(42) _ The¥écondhPus ' EXRE 99) TeTigine pA| Pye ofribmsti ndownsf rgam iofrehheob,
first IﬁSﬁrrSQe§%e§%ans t he (now exposed) second | ayer (44) along the

eam (10) "and a second laser beam (20) are arranged so
10 as to irradiate'Ehe same lateral face of an IC package (40), which is
supported by an X-Y stage (30). In this particular realisation, the
first laser beam (10) is generated by a 532 nm, 50W Nd:YAG laser
source with a pulse repetition rate up to 50 kHz and the second laser
beam (20) is generated by a 1064 nm Nd:YAG laser with a pulse
15 duration of 7 ns. The IC package (40) is fixed to the X-Y stage (30)

and comprises a first layer (42) which comprises copper and/or epoxy

materials and a second layer (44) which comprises moulding compounds .

In a first step, the first laser beam (10) is focussed onto a first
20 laser focqs point on the substrate, the said point being located on
the first layer (42). Laser beam_(ZO) is provided adjacent to laser
beam (10) and focussed onto a second laser focus point on the
substrate, the said second point being offset from the first point in
the direction opposite to the direction of motion of the substrate
25 and located on the second layer (44). The X-Y stage carries the IC

package (40) moving under a predetermined speed and along said



“said track, formng a second kerf (144) through the entire thickness of
the second | ayer (44). The |IC package is therefore separated by the two
kerfs (142, 144). 10 Figure 4 shows a corresponding view of a second
enbodi ment of the .invention. In this enbodinment, the second ?a%e¥2096amis
directed towards the opposite |lateral face of the package. In this

enmbodi ment, the two | aser focus points are vertically coincident so that
the I C age .i s .separated at the sanme tinme by.the two | aser beams. 15
Fi gure %P?”‘(ge aeg[rrr"ﬁrngdctéﬁﬁ‘f}ét@e\fite\ﬁf’op‘i% iapsheaf iguzedcoddiengite: theer -
inventiﬁggm/§13 rst Iastr source (110) generates a first | aser beam (10)
whi ch passes]tﬁrguaﬂsa. e dhISEnpRERT (19 aAangsthe@sddedrbgk anformphipcal
system nt first, layer (42, Fig 3) of an |IC package 20 (40). The
beam sa%rlpllies)’etr %(efg) ?%%h{)v@smé?é&rﬁf‘ﬁ e thachnessyofofthehéibeamaared passes
it to ap, gnergy meter %%#?, éhe out$ut of which asses to a controller
(34) whi ¢H Yy f 5F C@RAMAE THEeAs (7 ¢ abi i tepr by tcdaposereanTio thser
beag1isfqgﬂjﬁgggg 'Qareal time, If there is any difference between the
measur ed and expected" pdranst Ehe I rexPRecfhsrcansarryeD) (44)heloogt tind | er
(34) will. rol the laser source (110) accordingly. The optical system
(6], " UAERL s Sare 5006 o dhe bl Corovabe thneniotHemrt g sHpese
modi fi g5 i araneters_of the |aser beam such as size, shape and
f1 uence stgblgsg?{:)&g%iluag’eé ggéfn ity PRRE2AR st & ddrepafanet esnnraned bhe | C

package HAQ), of.odet r (32) is provided which detects an opti cal
‘si gnal fromg {e?ul{apégu{ll}%égi?gapand sends a signal to the controller (34) to

provi de

10 Figufe 4 shows a corresponding view of a second embodiment of the
invention. In this embodiment, the sécond laser beam is directed
towards the opposite lateral face of the package. In this embodiment,
the two laser focus points are vertically coincident so that the IC
packagg is separated at the same time by the two laser beams.

15

Figure S5 is a more complete view of the apparatus according to the
invention. A first laser source (110) generates a first laser beam
(10) which passes through a beam sampler }12) and is fgcussed by an
optical system (16) onto a first layer (42, Fig 3) of an IC package

20 (40) . The beam sampler (12) removes a small sample (e.g. 5%) of the
beam and passes it to an energy meter (14), the output of which
passes to a controller (34) which may for example be a suitably
programmed computer. The laser beam is monitored in real time. If
there is any difference between the measured and expected parameters

25 of the laser beam (10), the controller (34) will control the laser

source (110) accordingly. The optical system (16), again under the



“further real-time process nonitoring. Air-blow neans (28), also under the
control of the controller (34) are also provided to renove debris and
provide:a cooling mechanism 10 An additional |aser assenbly conprising a
source (120) is provided downstream of the first |aser sourc® ¥AN#P6al ong
the cutting path. This assenbly operates in a simlar way, so that a | aser
beam (20) passes through a beam sanpl & (22) (which has an associ at ed
energy _neter %%4)%, an optical system (26) and onto the. (nowreveal ed) 15
second FAYrCloPl hBesEPRETALET( 48%) ok fligserhbeami(@B) pautse tdr0ughnt he
said segond |l ayer so as to conpletely cut the substrate (40). A

phot 0det & F 0P EI0oFUFR aF <9 36r o¥halesl.and filyeposssdlas tto bous de bdaar t her

| aser assenblies, each cutting a particular layer. It is also possible to
turn tﬂ‘é""‘i‘@gpég‘ﬁaﬂ‘ésbm A aPSELTS tAtte® ¢het {Agpatkadee (20) sexond | ayer. An
al ternative enbodi nent (corresponding to the arrangenent of Figure 4) is
shown i RPULIFEGCFPheS33)n 16i guPBided |whichi debadiodliamebrithl sipeandrbaser
assenbly (120, 22, 24, 26, 30) is provided facing the 25 opposite |ateral
surface Bf e PAtRAGEY £46195] & sianplcasethe qrrroddst 24 proavipdedias t he
X-Y stage (40) so that the | aser beam (20) 05 JAN 2006 9 can irradiate the
packagzﬁ'(rlfg’)e.r RSt 1 OWaPTRFRS Bl BRI IROAR89( 2BHY -ios! mgrowi tRA)., Alpar tidal ar
advant %h%fo a_s Stf havi ng | aser sources on opposed sides of the package
is that the depth ¥ FOBREBL R er@d) bre taksas pronddedser dseanei delntitd i ng
the secgnd layer is smaller. This 5 facilitates cooling and debris renoval
A nunbe(r?{(]jmpr %;%(fl%réén Oméé‘gr‘“%m-can be used. In the apparatus

'.iO An additional laser assembly comprising a source (120) is provided
downstream of the first laser source (110) along the cutting path.
This assembly operates in a similar way, so that a laser beam (20)
passes through a beam sampler (22) (which has an associated energy
meter (24)), an optical system (26) and onto the (now-revealed)

15 second layer of the substrate (40). The laser beam (20) cuts through
the said second layer so as to completely cut the substrate (40). A
photodetector (30) is also provided. It is possible to provide
further laser assemblies, each cutting a ;articular layer. It is also

possible to turn the IC package over to facilitate cutting of the

20 second layer.

An alternative embodiment (corresponding to the arrangement of Figure
4) is shown in dashed lines in Figure 5. In this embodiment, the
second laser assembly (120, 22, 24, 26, 30) is provided facing the

25 opposite lateral surface of the package (40). In this case, a gap

must be provided in the X-Y stage (40) so that the laser beam (20)



“shown, a laser wavelength in the visible and/or infra-red spectra is
preferably used for cutting the first layer (42) of the package (40), 10
which includes copper and/or epoxy materials. Wth proper control of the
processing parameters, the layers can be renpved at hi gh spe@VANHWS6| aser
sources (110, 120) may be, for exanple, a 532 nm50 WNd: YAG | aser with a
pul se repetition rate up 15 to 50 kHz, gr alternatively a 1064 nm Nd: YAG

| aser Whh . pus ration of Ins. One sanple | C package with a 300 pm
thick top |ayeérﬁlsa§tr?dq§801°%?ﬁ‘?%‘? Rt POR tigped pir chtowyeshe ab®vienmmat i oned

532nm N aser.. Ib op layer was cut with 120 pmcutting w dth under
35 WI aggcr) 1Stg%e\/\(/!ie'r %ar[i)g r}ggﬁ#—ﬁ’pp‘iﬂa‘égtﬁgﬁe‘ﬁ t3 Giystahehaving Jeseonsdayers 20 was
cut by grd08643 nynfd: aser with 120 pmcutting width at a 6 J/cnR |aser
fl uence %%(g pul sgg%u?%%ﬂl%fpﬁag?hésciﬁﬁ itdes peeeh vafs kE2%5 enndwntdrrdapot her

run, a sgEond M ackage with a 500 pmthick top 25 |ayer and 1000
pm t hi ck bottom | a?gskvcbvééé)ar%u rgcﬁ*ﬁél?%ptqedfé’f:oﬂﬁslmr By amalDsd. mmidd: YAG

| aser Wegdy 13 cRm GULY | w dth under a 4.5 05 JAN 2006 10 J/cn® |aser
fl uence and a pul seg%%%rano BT kenyedom | ayer was cut with a 1064 nm

Nd: YAG | aser wwth a 120 pmcutting width, a |aser fluence of 6 J/ cn2 and
a pul se nunber of 70. Cutting speed was 100 ms. Wth dual |aser beam

irradi af iRt ee! & e re therefore separated at speeds
substantial |y greater than t%ﬁeelﬁi THhARS §8APS Y58§ui Fadths dmmewstny. During

| aser sdHagw, ati @Rse £ ARNRS X d moul.di ng conpounds give rise to tiny
particles of debris whi RS ggej}/%(?tquvflﬁégr#? Y/ gt tR§ra-red spectra is

preferably used for cutting the first layer (42) of the package (40)

10 which includes copper and/or epoxy materials.

With proper control of the processing parameters, the layers can be
removed at high speed. The laser sources (110, 120) may be, for
example, a 532 nm 50 W Nd:YAG laser with a pulse repetition rate up
15 to 50 kHz, or alternatively a 1064 nm Nd:YAG laser with a pulse
duration of 7ns. One sample IC package with a 300 Hm thick top layer
and 800 um thick bottom layer is cut by the abovementioned 532nm
Nd:YAG laser. The top layer was cut with izo um cutting width under
35 W laser power and 10 kHz bulse repetition rate. The bottom layer
20 was cut by a 1064 nm Nd:YAG laser with 120 pm cutting width at a 6

2
J/cm® laser fluence and pulse number of 30. The cutting speed was 125

/s .

In another run, a second sample IC package with a 500 um thick top
25 layer and 1000 pm thick bottom layer was cut. The top layer was cut

by an 1064 nm Nd:YAG laser with 120 pm cutting width under a 4.5



"10 kerf. Since this debris may be redeposited on the package surfaces, and
contam nate the | C packages, it is preferable to provide neans for debris
.removal . A gas stream generator (e.g. air-blow neans) (28) (wth
alternatively or in addition a suction system not shown) is OU<é¥2G0§
remove debris. The generator is under the control of the 15 controller
(34) _ Wth proper control of the gas ndfzle position, size and gas flow
speed, S%WJ ete re val is possible. Figures 6, 7-and 8 illustrate three

al ternattve mittl pf €29 s e HednPulse angerenes. 70.n TReghivet Gy Tayeri pgependent

| aser- s ces, havi 20 light of different wavel engths, are provided. This
alter na?‘il(l%/e"?s%]s a \K{Rgga‘a{}dm: bpsar siifll @ dpeiwalcweating, waithough aist

requireg; precis synchr,oni sati on between the two | asers, leading to a
hi gher eqlgélnpc(r;‘r:'er?t.?__E 6c86tC™8nfa FYifice PrbeReofsiHgl Eubbsey dpeadsedswhoch nay

be for anpl shor ul se-duration, high pul se-energy 1064 nm Nd: YAG

| aser. {Fﬁe 'OgﬁfﬁNd‘ﬁ)ngal%r ?’&é@rlb@%ﬁﬁa@}ee) Pass slés pelckeggh weron- | i near
crystal l{e]]:%(‘tl)m:vvh130harconverts around 50% of the beaminto a beam (170) of
532" nm T aser CFi ghpar At ah Bl FPeRdb cuthss gt Lably (@XSB)er sthdverthes ednt Qudli r ect

the sefpRdsb 170) ta mrror (165) and onto the |IC package. The 5
r emai ni ng. por ??%ﬁg c(Pttﬁ'e lﬂ%f"ﬁ'fribeam (160) irradiates the package as

before. Although the optical systemis nore conplicated, only one |aser
source is required. In Figure 8 a non-linear crystal is not used, a beam

splittef,Sh 10, .bei used to split up the beaminto two beans having
the same M\%%l%%%%hs.ll%%qgté??anm' RBSXY MG pHAd bR arfmpoungs i ¢i ey

al thoughse to tiny particles of debris which are ejected from the cutting
10 kerf. Since this debris may be redebosited on the package surfaces.
and contaminate the IC packages, it is preferable to provide means
for debris removal. A gas stream generator (e.g. air-blow means) (28)
(with alternatively or in addition a suction system, not shown) is -
used to remove debris. The generator is under the control of the
15 controller (34). With proper control of the gas nozzle position, size

and gas flow speed, complete removal is possible.

Figures 6, 7 and 8 illustrate three alteréative multiple-laser-beam
arrangements. In Figure 6, two independent laser sources, having

20 light of different wavelengths, are provided. This alternative has
the advantage of a simple optical setup, although it requires precise

synchronisation between the two lasers, leading to a higher equipment

cost .

25 In Figure 7, one single laser is used which may be for example a

short pulse-duration, high pulse-energy 1064 nm Nd:YAG laser. The



‘it does not provide two beans of different, particularly advantageous,
wavel engt hs. However, if the laser fluence or pulse irradiation is
dncreased, satisfactory cutting speeds may be attained 15 at | ower cost.
Figure 9 shows the signal diagnostics and real-time process HoHfiN#06ng for
t he apparatus according to one enbodi nent of the current invention.

Phot odetectors (30 & 32) are used to déftect the 20 optical signals

gener at ?d dur.i nqnthe | aser interactions with the I1C package. It is found
that the*3pt &A™ JiL§RAI B2z 2sasheanghfa eront-Nésear | ayesisa1haueobegn; gonpl et el y
renmoved, This can be used as a feedback control nechanismto detect

conpl et €Tt GroPEhe0t ©h&braleam |imta hi besystEM) idte saaphur eckopt i cal

si gnal s, ane digitized through an 25 A/'b converter (not shown) and then
conpar ed” W th ‘2 eeKpetYR dPesdt ePhgttery (156) cont i erse@34). al Fe oot €
separatisgn rllqs detected, a new 05 JAN 2006 12 sanple can be obtained for
cutting>c93%9 PEGMpI&{Y déhdr B Foer i 6165denndt @ubo fuliet er phaggge PreEessi Ng
cangbe undergone.  Figure 10 shows the effectiveness of |aser cutting
according 1o tHePOE 1R/ &t ithR Fhrgr deiadi Hg6@) goothddatbbnghedgfokalt shows a
parti al Qss ction of the cut edge. The cut width is 120 pm The top

| ayer mtggcrreéngsgéo‘ﬂé}f rfdi€a ©BS 2 NELPAGL# anere atorpls peeed Pforidb ofBT ' Wit h
a Iaselras%(}mgg of 35Wand a pul se repetition rate of 10 kHz. The bottom

| ayer was renoved: ust iFHiT684 nm Nd: YAG laser with a |aser fluence 10 of 6
J/cnm2 and pul se nunber of 30. In this setup, cutting speeds of 125 mi's
wer e obtai ned, which conpares well with typical industry requirenents of

80 M s, ﬁg{lgjep@'ckaaq{orrllglt echnol ogy devel ops, 1C unit

lnear crystal is not used, a beam splitter simply
10 being used to split up the beam into two beams having the same
wavelength. This arrangement has the advantage of simplicity although
it does not provide two beams of different, particularly
advantageous, wavelengths. However, if the laser fluence or pulse

irradiation is increased, satisfactory cutting speeds may be attained

15 at lower cost.

Figure 9 shows the signal diagnostics and real-time process
monitoring for the apparatus according to.one embodiment of the
current invention. Photodetectors (30 & 32) are used to detect the
20 optical signals generated during the laser interactions with the IC
package. It is found that the optical signals disappear after these
layers have been completely removed. This can be used as a feedback
control mechanism to detect complete cutting of the IC package. In
this system, the captured optical signals are digitized through an
25 A/D converter (not shown) and then compared with an expected setting

by the controller (34). I1f complete separation is detected, a new



“spacing will be smaller and package thickness will also reduce. This wll
enable laser I C singulation at even greater speeds. 15 05 JAN 2006 -13
LCLAIM5S 1 A nmethod of cutting a substrate conprising the steps of: a) -
providing a laterally di sposed substrate; 5 b) focussing a fi?S¥AN2¥er beam
onto a first laser focus point on the substrate; c) focussing a second

| aser beam onto a second | aser focus poltt on the substrate, the second

| aser f oint being relatively vertically displaced fromthe said
first |gs(s‘z"§‘i’lgogﬁ% bpeoi%%?laﬁa for Putéfinget I iginaimtlieve kaperalidmoygnent
betmeendgggcgagd fuqifrahe and the said first and second | aser focus

poi Nts respective 5%t APt HFsis§ipprean Beasedefrgous. point fol l ows a
cutting path on the said substrate, the said second |aser focus point also
following the said cutting path but being relatively vertically displaced
fron1th%i§gkg {dk%kwlaggr focus point, a first 15 layer of the said
substrat eé”berng renvved 8l oNFIHYRacsi ¢ Jrser bytthey dddmidihgses dgam and
a sacon of. the said substrate being removed along the cutting path
by ?ﬁe ggg%%?naslélr PRRYUMITthér GoRd: At kinmstadgee I sioposepaet il Wndlss .

| ayers, . £aC id layer conprises different materials or conbinations
of natef?gﬁgs§f% deAFﬁ%t 'aggﬁrﬁ?ﬁgmvﬁibﬁaih?Q_mheﬂ@kntbpthaiéﬁsksand

second | ir iate the sane |ateral face of the substrate. 3. A
met hod a‘%@%‘?‘%ﬁ?ﬁ%ﬁ% ac|%f%ri“ WAe F8F nlasRr fitr'st saeed sBcand hagerwheans

laser power of 3S5W and a Pulse repetition rate of 10 kHz. The bottom
layer was removed using a 1064 nm Nd:YAG laser with a laser fluence

10 2
of 6 J/cm® and pulse number of 30. In this setup, cutting speeds of

125 mm/s were obtained, which compares well with typical industry

requirements of 80 mm/s. As IC packaging technology develops, IC unit

spacing will be smaller and package thickness will also reduce. This

will enable laser IC singulation at even greater speeds.

15



25 | \di first and second lateral faces of the substrate respectively.
4215 lAr :rg'(tjlhgfjeaccordi ng to claim1 wherein further |aser beans are provided,
the nunber of |aser beans corresponding to the nunber of separate Ia%ers_
'to be removed. 30 05 JAN 2006 -14 5. 56. 7. 10 A met hod accor 8% HygN 2&6c| a:jm
1 wherein the properties of each said ﬁgspectlve_ | aser beam are selecte
so as to be suitable for the renoval of '"Yfhe particular |ayer or |ayers Lo
be renoved thereby. A nethod according to any previous claimincluding the
addi ti onalcisas of optically nonitoring the cutting region, the cutting
process being controlled in response to the said optical monitoring.
Apparatus for cutting a substrate conprising: a) neans for supporti ng a
| ateral | y .di spqgsed,su sftr ﬁe; gg neans for generating a first laser eam
which in dse i 4 1§ %oc'ﬁ Rga “bﬁfrﬁﬁch)fﬁﬁéﬁimg_ctbﬁﬁqm@ﬂe |02 ]Eggu:ggztrgtmeb
for ' ; ich in us
;)sggggz |gse?g??:'gg'dg§ ﬁtlétgﬁé' he'ésu gtér]‘gfsg?,a\@'he second | aser focus 15
poi At being r ebatfogessing erfirstlabeybeimunic edirst laset foeus doihtidn i 'aserhf ocus
point; and d) ne E .effecting relative |ateral novenent between the
said substrate an sr%&e,sai d first and second | aser focus points

respectively c¢) focussing a second laser beam onto a second laser focus point on the
substrate, the second laser focus point being relatively vertically
displaced from the said first laser focus point; and
10 d) effecting relative lateral movement between the said substrate and the
said first and second laser focus points respectively so that the said first
laser focus point follows a cutting path on the said substrate, the said
second laser focus point also following the said cutting path but being
relatively vertically displaced from the said first laser focus point, a first
15 layer of the said substrate being removed along the cutting path by the
first laser beam and a second layer of the said substrate being removed
along the cutting path by the second laser beam.
wherein the substrate is composed of plural layers, and
each said layer comprises different materials or combinations of materials.

20
2. A method according to claim 1 wherein both first and second laser beams
iradiate the same lateral face of the substrate.
3. A method according to claim 1 wherein the first and second laser beams
25 irradiate first and second lateral faces of the substrate respectively.
4, A method according to claim 1 wherein further laser beams are provided,

the number of laser beams corresponding to the number of separate layers
to be removed.

30



-so the said first laser focus point follows a cutting path on the said
38 gnggtﬁate, the said second | aser focus point also follow ng the said
cutting path but being relatively vertically displaced fromthe sa|d6f:rst
‘laser focus point, a first layer of the said substrate being PeHVeW adong
the cutting path by the first |aser beamand a second | ayer of the salb
substrate being renoved al ong the cuttlﬁﬁ path by the second |aser 25 beam
wherein the substrate is conposed of plural |ayers, and each said | ayer

ocording o of o Ao ARt Brcif W YBe BraPPaes of sashsaickh ar o

according to ¢
arranged so as
2006 -15 9. 51
cl ai m 9 wherei
irradiate firs

respeotwedasﬂrebddmeasaﬁalebtﬁdeé@ési@ﬁé soiitabR&of S idrid vl o 5 JAN
3. 14. 20 15. 25 Apparatus according

gh? rt\‘ci”%é'j[a)éﬁ{cPr R do begemayeditberelye arranged so as to

t and second lateral faces of the substrate respectively.

Apparat us according to claim 12 wherein further |aser beans are provided,
6

7.
10
15
20
25

8.
30

A method according to any previous claim including the additional step of
optically monitoring the cutting region, the cutting process being controlled
in response to the said optical monitoring.

Apparatus for cutting a substrate comprising:

a) means for supporting a laterally disposed substrate;

b) means for generating a first laser beam which in use is focussed onto a
first laser focus point on the substrate;

¢) means for generating a second laser beam which in use is focussed
onto a second laser focus point on the substrate, the second laser focus
point being relatively vertically displaced from the said first laser focus
point; and

d) means for effecting relative lateral movement between the said
substrate and the said first and second laser focus points respectively
so that the said first laser focus point follows a cutting path on the said
substrate, the said second laser focus point also following the said
cutting path but being relatively vertically displaced from the said first
laser focus point, a first layer of the said substrate being removed along
the cutting path by the first laser beam and a second layer of the said
substrate being removed along the cutting path by the second laser
beam.

wherein the substrate is composed of plural layers, and

each said layer comprises different materials or combinations of materials.

Apparatus according to claim 9 wherein the first and second laser beams

are arranged so as to irradiate the same lateral face of the substrate.




- nunber of |aser beams corresponding to the nunber of separate |ayers
Egebe renmoved. Apparatus according to any of claims 9-13 wherein at |east
two of the said I|aser beans provide |aser |ight having dlfferggéﬁﬁ@§
parameters. Apparatus according to claim 14 wherein the said B rs

I nclude one or nore of wavel engt h, pujig_duratlon and intensity. Apparatus
according to claim 16 wherein the properties of each said respective |aser
beam are selected so as to be suitable for the renoval of the particular

0717 wner o boberaes R8BIy ISR wABR Hp frs? BfidsSkbfy kel Bt coer

-17 wherein beamsplitter are provid _

geam; are deri \aeelafrgogedtse asafeeirrablizte first @ndasbcoMiNaterdlfaicas 60thél N9 to any
of clainms 9-18 rein optical nonitoring means are provided for optically
noni t ori ng theS%%?tt‘?def'gﬁ‘?ta’ﬁ,'y'rreans being provided to control the cutting
process in response to the said optical nonitoring.

5 10.  Apparatus according to claim 12 wherein further laser beams are provided,
the number of laser beams corresponding to the number of separate layers
to be removed.

11. Apparatus according to any of claims 9-13 wherein at least two of the said
10 laser beams provide laser light having different parameters.

12.  Apparatus according to claim 14 wherein the said parameters include one
or more of wavelength, pulse duration and intensity.

15 13.  Apparatus according to claim 16 wherein the properties of each said
respective laser beam are selected so as to be suitable for the removal of
the particular layer or layers to be removed thereby.

14.  Apparatus according to any of claims 9-17 wherein beam splitter means
20 are provided so that at least two laser beams are derived from the same
laser source.

15.  Apparatus according to any of claims 9-18 wherein optical monitoring
means are provided for optically monitoring the cutting region, means being
25 provided to control the cutting process in response to the said optical
monitoring.



