0 5 JAN 2006 | Method and apparatus for cutting a multi-Iayer @L@Q}M@tgggg)y
dual laser irradiation This invention relates to a nmethod and apparatus .
for cutting a S substrate using dual laser irradiation. In particular, it
relates to such .a-nethod and apparatus for use with an integrated circuit
package. The invention has particular application in the singulation of
integrated circuit conponents. 10 Silicon wafers or integrated circuit (1C)
units are typically nade up of a nunber of individual |ayers. These | ayers
nmay conprhse sandripphedtusifalictitboay di (REB) - PaAFkadg LUReN W £y are provided
sone or all of the following;, nmetal circuitry, dielectrics, wafer dies,
bondi ndasew rigsra@ndtmonl di ng conpound naterials. Typically, a nunber of 15
individual 1Cunits will be forned on one package, which will be narked so
as to define the boundaries of the individual I1Cunits. It is therefore
necessary to singulate the package so as to separate each individual 1C
unit. 201A knew ishngel atdsomot @ Chdd e aing gﬁg&réﬁuangpa@&@@ngsgw ng. US
Patent 6140708 to Lee et al, entitled "Chip Scal e Package And Met hod For
Marruf actlorte dflrenedhy, dutilsdlaesesi araminufiagt Uth N iecess, i it Waihghet he,

i ndi vidual units are singulated froman encapsul ated package using a

di anongugiaw Elthedpairdragrechniigueohasenanyt diawhacksa - Jhe. saw;pust be 25
manuf actured to exacti ng standards of honopbgeneity and fl atness. Water is
al so rewtligasd duri bgverkie csanhngoprocedsrt apsl ean ithe i sawngidgarisid 5 JAN
2006

of integrated circuit components.

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 sowme 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
rarked so as to define the boundaries of the individual IC units. Ic

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 P@qkage 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

is also required during the sawing process to clean the sawing debris




2 and to dissipate the heat generated. Another disadvantage ii?ﬁhdﬂﬁtﬂms
hi gh. degree of wear requires frequent saw repl acenent, which leads to high
equi pnent costs. Furthernore, the mininmumcut width of the saw inposes
limtations on the density of ICunit fabrication. In 5 addition, the
mechani cal sawi ng process can lead to cracks, particularly in relation to
thinner ICunits. A particular problem;is the use of netal substrates,

whi ch have recently gained in popularity due to their |ow cost- Typically,

such a substar atiesiphte have naacoppesraeliat enbase coaked Wi agl ayer 9f
ni ckel . However, netal substrates 10 generate netal debris which can |ead

to probhess decfree example refheredet:dlgues chdddelehQcCMin: ARG RBL AL, fehrj s
has a greater tendency to stick to the saw bl ade, damagi ng both the IC

units amihtt keusamet attestsi.t sekfhe k@ rAnothernt:achni gue ficit Be shogulation
of ICunits is that of |aser singulation. WO 01/10177 (XSIL Technol ogy

Li m t ed)mdissc| osestar imetshed chadiapparabesid Qmisi agykatdonof (LC units
using a laser. The laser energy is scanned across the |IC package using
ei t her adtiationg ohe dhatremdkchy soyvieaplbectss ofs: 1FhiiScaBthedal so has
drawbacks. The 20 cutting speeds attained by using this technique are
quot ed wsrt4dc2lanhy st @ict8o8 valSdaneburt hatimer ep phe thiickngsss ofn Rackage
suitable for cutting using this technique is limted by the depth of focus
of the tasercheametiil ssubechateuie wid chhRaed ofecnl y Seb {radd enf pHp B v
i ndustrial applications. 25 0 5 JAN 2t"
due to their low cost. Typically, such a substrate will have a copper
plate base coated with a layer of nickel. However, metal substrates
190 generate metal debris which can lead to problems - for example, 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.

i5 Another technigue 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 gquoted 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 technigue is therefore not suitable for many

industrial applications.

25




3 There i$ therefore a requirenent for an inproved nethod and appERr Al Sans
avoi di ng the above di sadvantages. In particular, there is a requirenent
for a nethod and apparatus for cutting a substrate using laser irradiation
that avoi ds the problens of dianond-wheel saw 5 dicing (e.g. high cost of
renewabl es, frequent wear, large mninmum cut w dth, cracking, need for
water to renove debris and dissipate heat) while providing fast cutting
speeds and being suitable for use wth thicker substrates. 10 It is an

obj ect ofetdha sprasesatotdventlairéfefulibirl ahhaRheve hegwhd ementspaAacr di ng
to the above object the invention conprises a nethod of cutting a

subst r adeichng ik8kngbdhe Etsepsadtagdd ah papviding  achaterial Ly di sposed
substrate; b) focussing a first |aser beamonto a first |aser focus point

on thersubstcmate; f6} 4 oeitsskingna@ §8ceRdukaser hRAAMGNE 0s\@=3e60R0, L ASLr
focus point on the substrate, the second | aser focus point being

rel ati vedse2Q rvesihcabd rdicsplhaced dHomrbbeesaist Hiksbnd aser1f ggls point;
and d) effecting relative |ateral novenent between the said substrate and
t hessai didiincst(capd sBgonthdtaser ré0eus1pel, Nt sedespeathvel ya:52 nihatud he said
first laser focus point follows a cutting path on the said substrate, the
sai d secondvildaser cfocumqoinekdalso W2 ef-okbbowng < Bebsas dacUtdtibBgpdad h but
being relatively vertically displaced fromthe said first |aser focus

poi nt, edir shilayero@i dnpANa2006utting speeds and being suitable for use

with thicker substrates.

10¢ Tt is an cobject of the present invention to fulfil the above

requirements .

According to the above object the invention comprises a wmethod 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 secbnd laser beam onto a gecond laser focus point on
the substrate, the second laser focus point being relatively
20 vertically displaced from the said first laser focus peoint; and
d) effecting relative lateral movement between theisaid substrate
and the said first and second laser focus points respectively so
that the said first laser focus point follows a cutbing path on
the said substrate, the said second laser focus point alsco
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 being renmoved along the cutting path by{] % hgyi iZsg
| 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 one enbodi nent,
both first and second | aser beans irradiate the sane |ateral face of the
substrate. According to a second enbodinent, the first and second | aser
beans irradiate first and second | aternal faces of the substrate 10
respectively. Preferably, the substrate is conposed of plural |ayers-
Further pref ertablspideachssaiak haysq compelsesod ffier entc 1Ry e4deal s, 0r

conmbi nations of materials. Still further preferably, the properties 15 of
each sai d respettdsve lhaserbdaeanmar € seleat edyso @s (he be:isuitahler-for the
renoval of the particular |ayer or layers to be renoved thereby.

Advant ageoustiyng treeolkd st land csecond: iras e r-beaps tar @ ecbndepandent:ky .
focusabl e 20 According to a second aspect, the invention conprises
apparatus for carrying out the above nethod. For a better understandi ng of
the present invention and to show nore clearly howit may be carried into
ef f éct AefardEmgetwi dhe nawddg maade, bot25 fhys wayhDfscesaapl &5t eehhe

acconpanyi ng drawi ngs which show 0 5 JAN 2005 5 10 5 schematically various
enbodi nertasligh et hbe pr@seitatienuenfian of Thee substrate.

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 Ffurther 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




figures may not be to scale. Figure 1 shows an |IC package incl udifh§ AN 2005
nunmber of I C units suitable for separation using the invention; Figure 43
is a partial cross-sectional view of the package of Figure 1; Figure 3
illustrates a first enbodi ment of the invention wherein the first and
second | aser sources irradiate the sane |lateral face of the substrate;
Figure 4 illustrates a second enbodi nest of the invention wherein the first
and- second | aser sources irradiate opposite l|ateral faces of the

subst r atehemigued 15 showmsarmappanatius odcende dvngch@ theepr g&sentrninventi on;
15 Figure 6 shows a | aser source schene having different |aser sources for
| i ght ofigifdemrent nwavied engtsksl&i gure 7 shows a | aser source schene in

whi ch one | aser source provides two beans of |ight of different

wavel engths. Figure 8 shows a | aser source scheme in which one | aser
source 20 provides two beans of light of the sanme wavel ength. Figure 9 is
a bl ockFaiagr am showi rg ThRepadlgnal idcaghost iecsuandr §f GUESS:iEeasuit-Nm e
nonitoring system of the apparatus according to the present invention; and
Figare 10 is a nfer ocswepihtiphotorghowk ngraercrioss- section of an IC 25 unit
cut using the present invention. 0 5 JAN 2006 6 As illustrated in Figures
1 and 2?lgyrq ] p&@kaq@ragain@iqgﬁggegtional view of the package of Figure

1;

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;

Figu;e 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 1is a block diagram showing the signal diagnostics and
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.




plurality of 1C units 140. Separation of the units 140 is effec(e§l bhyy 2006
cutting along the predeterm ned tracks 41. The package typically conprises
a first layer (42, Fig. 2), which nmay for exanple consist 5 of copper

and/ or epoxy and a second |layer (44) which may consist of noul ding
conpounds. Figure 3 shows the cutting region of one enbodi nent of the
invention. A first |laser beam (10) angd a second | aser beam (20) are
arranged so 10 as to irradiate the sane |ateral face of an |IC package (40),
whi ch i%s iduppordeed byn angXrds st agel €30kn 10 dabikSgPak | cihaneLeal i sation,
the first |laser beam (10) is generated by a 532nm SOW Nd: YAG | aser

source mitdzlatpubSelT epetst Lom. raipardpise S0 chbz uands the secend.laser,, beam
(20) is generated by a 1064 nm Nd: YAG | aser with a pul se 15 duration of 7

ns. ThecutCipackages (4@) pirsdéixedrica thecks Yist age $30)agangpeoaDry) ses a
first layer (42) which conprises copper and/or epoxy materials and a
sgcond daaper.sE44) Wnath lepapr (ses mmul di nggrﬁ@mipaapdgor Ié){aa‘pflbr@(gn@tsgp, t he
first laser beam (10) is focussed onto a first 20 |aser focus point on the
subst r atfe copher saidy qpoicpbxpeimy o eeabted on drhasfi rehidrayer (4Rdi<dager beam
(20) is provided adjacent to |aser beam (10) and focussed onto a second
| aser fsedslipei memmwntdhe substrate, the said second point being of fset
fromthe first point in the direction opposite to the direction of notion
of the substrate 25 and | ocated on the second | ayer (44). The X-Y stage
carries the | C package (40) noving under a predeterm ned speed and al ong
sai d | BBIPAR 2098°vFE theedetermd medibnack (Heebhbbimdghtofi Rhthenddrguba) . The
first |aser
' A first laser beam (10) and a second laser beam (20) are arranged so
10 as to irradiate the 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 N&: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 focus point on the substrate, the said point being located on
the first layer (42). Laser beam (20) 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 pcint in
the direction opposite to the direction of motion of the substrate
25 and located on the second layer {44). The X-VY stage carries the IC

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




beam (10) scans the first layer (42) along the said track, forgi§ggﬁ. B&rst
kerf (142) through the entire thickness of the first layer (42)%° %2 b
second | aser beam (20), laterally offset downstreamof the 5 first |aser
beam scans the (now exposed) second |ayer (44) along the 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 correspondi ng view of a second enbodi ment of the

i nvent ipredekartinsd epodi eat; tdheiggcond dlasdricheam itheadifriect ethscrowar ds

t he opposite lateral face of the package. In this enbodinent, the two

| aser fleeus (poi ntsaray eheeft real layegoi(nel deningsohthatid heralkc€, packiage al s
separat-ed at the sane tinme by the two | aser beans. 15 Figure 5 is a nore
conpl etfe nsiteweof the lapparagusttaccordirageiiickoRes oAivemnd ifomstAldyast | aser
source (110) generates a first |laser beam (10) which passes through a beam
sanpl er{4212) Thads¢grfdbdassedodrym A 0) opt dlcataldysbé sl 6lowrtocan fafr shel ayer
(42, Fig 3) of an I C package 20 (40). The beam sanpler (12) renpves a snall
sanpl e fGers§ 1894 dieanhe scheantland noas sesosdd)t geannénbry@r neteraldd) thehe
out put of which passes to a controller (34) which may for exanple be a

sui t ablsaidptogramttwompat epcorFhéelrds €t 4 bearnricsghoriie cmed renthedinesisne. | f
there is any difference between the neasured and expected paraneters 25 of
the | astdr thearr¢a0) ,laviee oAt r diHeeIC( B4Fkagd liscoherefonchescbasered dour ce

(110) accordingly- The optical system (16), again under the 0 5 JAN 2006 8
the two kerfs (142, 144).

j
.

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

15

Figure 5 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) removeg 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 {(24) will control the laser

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




control of the controller (34) nodifies the various paraneters 3?%1hgﬁ 2006
| aser beam such as size, shape and fluence so as to focus a bea “hav

the desired paraneters onto the | C package (40). A photodetector (32) |s
provi ded which detects an optical signal fromb5 the cut region and sends a
signal to the controller (34) to provide further real-tinme process

nmoni toring.- Air-bl ow neans (28), also gnder the control of the controller
(34) are also provided to renove debris and provide a cooling nmechani sm
10 An addidricanat tisefonassenbl y(ONpoUsE s asouseeo(d 3 rans c proVidad e
downstream of the first |aser source (110) along the cutting path. This
assenbldasgpebat@ssidh asSisiizkarsivegye, asa fhaina: lsases beamdua0)h bHeasses

t hrough a beam sanpler (22) (which has an associ ated energy neter (24)),
an opt ilealingy shemi2i6)edand rant tethentnovks enealzedrqgd S5(spcond | ayer of the
substrate (40). The | aser beam (20) cuts through the said second |ayer so
as to gonpleetekyccut (dhe isupsdriatedl (AOFh Letphot adedeci@n 63Qhal Sfr@kso
provided. It is possible to provide further |aser assenblies, each cutting
a partichd antl ayeton land sealisoa gessilbte e tashArbheet GpackageromMele t o
facilitate cutting of the 20 second |ayer. An alternative enbodi nent

( cor r espondiemgreal {thercaprangemenin iobrEhguriel r )l oivsmsdowy 2isn , dasfiedirdderres i n
Figure 5. In this enbodinent, the second |aser assenbly (120, 22, 24, 26,
30) istﬁﬁowbdedOIanﬂ@ethenQEOBBpDSBBe het erlalo supfadel afo tbeopackﬁgﬁs(40).
In this case, a gap mnust be provided in the X-Y stage (40) so that the

| aser BeEMPE20}d® & HAaNiRQ06eGhanism.

10 An additiocnal laser assembly cowprising 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 ontoc 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 subsfrate (40} . A
photodetector (30) is also provided. It is possible to provide
further laser assemblies, each cutting a particular layer. It is also
possible to turn the IC package over to facilitate cutting of the

20 second lavyer.

An alternative embodiment {corresponding to the arrangement of Figure
4) 1s 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)




can irradiate the package (40). Additional air-blow neans (284) SaggN 2005
provi ded. A particular advantage of a system having | aser sources on
opposed sides of the package is that the depth of kerf encountered by the
second | aser beamin cutting the second layer is smaller. This 5
facilitates cooling and debris renoval. A nunber of different |aser sources
can be used. In the apparatus shown, @ |aser wavelength in the visible
and/or infra-red spectra is preferably used for cutting the first layer
(42) of cahelpackage (A0)packdgnhith i ncddidesnebpper-kand/ ecarepaxyaneieri al s.
Wth proper control of the processing paraneters, the layers can be

r enovedPEevitiagh dpeed:ictier] aseantsgid ofs a( 416, erd 2@) imaylder tonrcexapl e, a
532 nm 50 WNd: YAG | aser with a pulse repetition rate up 15 to 50 kHz, or
al t er na®®REIS §1¢0640hmiNd P¥AG dasier thiaththe pidse odukatf emcefintassd @ye
sanple 1C packa%e with a 300 pmthick top layer and 800 pmthick bottom
layer isPeeByct hesabdiramenti onedi BR2hm shdoYAGalyasets kid lkop tayer was
cut with 120 pmcutting width under 35 WIlaser power and 10 kHz pul se
repét it fit HapsesTheo bio enrl aglerispOemasatut by a 1064 nm Nd: YAG | aser with
120 pmcutting wwdth at a 6 J/cnR |aser fluence and pul se nunber of 30.
The cutting speed was 125 mms. In another run, a second sanple |IC package
with a 500 pmthick top 25 layer and 1000 pmthick bottom|ayer was cut.
The top® I"8EFETWas ¢uffBirnanlaosd simiNgs YAS: | xsesedi t bn 126 pppeudtiang wi dth
under a 4.5 0 5_JAN 2006 10 J/cnR | aser fluence and a pul se nunmber of 70.
The bot%QﬁﬂW-aﬁeFaﬁ%% 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.

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 Lo 50 kHz, or alternatively a 1064 nm Nd:YAG laser with a pulse
duration of 7ns. One sample IC package with a 300 um thick top lavyer
and 800 um thick bottom layer is cut by the abovementioned 532nm
Nd:YAG laser. The tép layer was cut with i20 pm cutting width under
35 W laser power and 10 kHz pulse repetition rate. The bottom layer
20 was cut by a 1064 nm Nd:YAG laser with 120 um cutting width at a 6
J/cw’® laser fluence and pulse number of 30. The cutt;ng speed was 125

/s .

In another run, a second sample IC package with a 500 pm 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




cut with a 1064 nm Nd: YAG |l aser with a 120 pmcutting wdth, a b%ggh 5
fluence of 6 J/ cm and a pul se nunber of 70. Cutting speed was“1l ‘%ﬁ?@.
Wth dual |aser beamirradi ation, the |IC packages were therefore separated
at speeds substantially greater than the m ninum 80mis required by

i ndustry. During |laser singulation, copper, epoxy and noul di ng conpounds
give rise to tiny particles of debrisiwhich are ejected fromthe cutting
10 kerf. Since this debris may be redeposited on the package surfaces, and
cont am haré thet Clpackagesd 4 tpulsepnefienablre7b 0 pioWdeoreans-r f.ae debris
removal . A gas stream generator (e.g. air-blow neans) (28) (wth

al t er natitveliyhor 1®eAddi NIOHAQ Bucid eAtEYSt BN ROEUSHDVN )W ildSH, US e 46
renove debris. The generator is under the control of the 15 controller

(34). Widengeopér6 cbhtandl and & helgasnnazzd &rposi tdating Zpec@ndgasof | ow
speed, conplete renoval is possible. Figures 6, 7 and 8 illustrate three

al t er nawiAse Mikhi glha laser- beam i araddngen®Ntihe [0 FherHRHBwekwo i ndependent
| aser sources, having 20 light of different wavel engths, are provided. This
al t er ndtivefthas seprraadviant agecafs audbknphe: 0ati gakaset UWhanakhbowgh vt
requires precise synchronisation between the two |lasers, leading to a

hi gher %@/ pneaguicestby 28dhgeRigure 7, one single laser is used which may
be for exanple a short pul se-duration, high pul se-energy 1064 nm Nd_YAG

| aser. The 05 JAN 2006 11 | aser beam (160) passes through a non-linear
crystal (150) which converts around 50% of the beaminto a beam (170) of
532 nmiwsdeg laser singulation, copper, epoxy and moulding compounds give

rise to tiny particles of debris which are ejected from the cutting
10 kerf. Since this debris may be redebosited on the package surfaces.
aﬁd 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 sucticn system, not shown) is -
used to remove debris. The generator is under the control of the
15 con;roller (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 alter;ative multiple-lager-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 i;rrequires precise

synchronisation between the two lasers, leading to a higher equipument

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




light. A selective beamsplitter (155) is then used to direct ;Ei second
beam (170) to a mirror (165) and onto the | C package. The 5 remai Ai b4\ 2006
portion of the first beam (160) irradi ates the package as before. AIthough
the optical systemis nore conplicated, only one |aser source is required.
In Figure 8, a non-linear crystal is not used, a beamsplitter sinply 10
being used to split up the beaminto tiwo- beans having the sanme wavel ength.
Thi s arrangenent has the advantage of sinplicity although it does not
provi deldsw- beans (ofodifderent hrfat iaCubari yne2dvantAGEOUS; o ) WRKSLENgt hs.
However, if the laser fluence or pulse irradiation is |ncreased

sat | sf astrorgrreuttbngl speeds 0By Kematihabnetheskd (@bo) OWErs LOSk. 1Ekgur e 9
shows the signal diagnostics and real-tinme process nonitoring for the

appar at \sgtec cor dihgettiorcomeaanbodirmat (065t hes cuehented NEREIR: the

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

gener atsghadr brgnt he?d)aser ai nt eract(iians shd horddhe th€ packageqel t Ths found
that the optical signals disappear after these |ayers have been conpletely
r enbvedeerpiing ngapobei used ase af freedbaek (TaNt rekzreghani o LacleseGls
conplete cutting of the 1 C package. In this system the captured optica

si gnal shearceredi gittheeth ttheoughi @t 2ysAED tonveft ebmb NDiaszowah1anshd hen
conpared with an expected setting by the controller (34). If conplete
separ atiaser sodetectedeqainew. 0 5 JAN 2006 12 sanple can be obtained for
cutting. If inconplete separation is detected, further |aser processing
can be under gone.

In Figure 8, a non~1in¢ar crystal is not used, a beam splitter simply
10 being used to split up the beam into twe 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 Lhe 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 setlbing

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




Fi gure 10 shows the effectiveness of |aser cutting according to t%e ?
invention in providing a good cutting edge. It shows a parti al Qr sg“ 2006
section of the cut edge- The cut width is 120 pm The top | ayer was

removed using a 532 nm Nd: YAG | aser at a speed of 125 mms with a |aser
power of 35Wand a pulse repetition rate of 10 kHz. The bottom |ayer was
renoved using a 1064 nm Nd: YAG | aser wpyth a | aser fluence 10 of 6 J/cnR

and pul se nunber of 30. In this setup, cutting speeds of 125 nmmi's were

obt al nedammht ofnrcorpavesi wel lfos thet ypd cale ipdusiTete seguizements of 80
mm's. As | C packagi ng technol ogy develops, I1C unit spacing will be smaller
and pacKagectdi ckmessen ldseal peoreduce; cHRi s Wddrpmabl e laser 1C

singul ation at even greater speeds. 15 0 5 JAN 2006 -13 CLAI M5 A nethod of
cutting a substrate conprising the steps of: a) providing a laterally

di sposed substrate; 5 b) focussing a first |aser beamonto a first |aser
focus péiptrond keowsubist retferteycfiaess ngsar S@aanty asesrheam.ent . a
second | aser focus point on the substrate, the second | aser focus point

bei rig r éhativiglny iveptocaling adbsph aned ifomgbhe maistholir stpdasen Losus.
point; and 10 d) effecting relative |lateral novenent between the said

subst r asecinh tethsaiwk fadust a@nd secondchaserifogus paknts, nespectiyvely so
that the said first |aser focus point follows a cutting path on the said

- subst r arerotdie usand asecbmih NASErc flocus pei Ats@desD Jfok bowngs thensai d

cutting path-but being
laser power of 35W 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 of 6 J/cm® and pulse number of 30. In this setup, cutting speeds of
125 mm/s were cbtained, 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 alsc reduce. This

will enable laser IC singulation at even greater speeds.

15




relatively vertically displaced fromthe said first 1aser focu§.$og , @%
first 15 layer of the said substrate being renoved al ong the ctit '$Q§EQ

by the first |aser beamand a second | ayer of the said substrate being
removed along the cutting path by the second | aser beam wherein the
substrate i s conposed of plural |ayers,, B and each said | ayer conprises
different materials or conbinations cﬁ1qMater|aIs 20 2. A nethod accordi ng
to claim1 wherein both first and second | aser beans irradiate the sane

| at er al Eﬁ_ the substrate. 3. A nethod according to claim1l wherein the
first and second | aser beans 25 irradiate first and second | ateral faces
of the substrate respectively. 4. A nmethod according to claim1l wherein
further | aser beans are provided, the nunber of |aser beans corresponding
to the ndrber Adh Ma?faﬁ%ﬂﬂ%?éﬂbstr@@ EUNpisioy the steps@fs JAN 2006 -14 5. A

met hod accordb?gp,{) dﬁ'lqué"ﬁtéréﬁ@‘%ﬁ dﬁsetdtﬁ{bggg%ertles of each said respective
el ect e Sul

| aser beam are SO as e’'for the renoval of the
parti cul ar | apgrfooussiny arfestlasdebaemnmnts atfirstriadar. fosu poirt satthed accor di ng
to any previous claimincluding the additional step of optically
monitoring the ciH f"%]ée’regl on, the cutting process being control led in

response to the f%@h%l 'o sgbna%ér(lféa'ﬁgongo aé@&%ﬂafalgér fcfbrus 'd?gth

substrate conpri sing: means for supporting a lateral I |sposed

substrate; b) nesupstriate, thesecand lageafddusgiointdsing belativaihn Nemcrahy use is

focussed onto a 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
irradiate 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




first laser focus point on the substrate; c) means for generag& g %ngﬁﬁnd
| aser beam which in use is focussed onto a second | aser focu g%# t t he
substrate, the second |aser focus 15 point being relatively vertically

di splaced fromthe said first |aser focus point; and d) neans for
effecting relative |lateral novenent be{ en the said substrate and the
said first and second | aser focus points"respectively so that the said
first laser focus point follows a cutting path on the said 20 substrate,

t he sai dgseco I i_nt. foll.pwing the said ting path but
bei ng rePat [ v&d'ye\?/}ior%{?é‘ng@]gggs?ﬁ]g@g&e@w cﬁgng%qrgﬁ PEE?Ch %% er focus
point, a firsredpuctive tdserirasthfe sslbslctadccadr) BE sURIBIEFEr theGBovhhef cutting
path by the first | aser beam and a second |ayer of the said substrate

bei ng r enovedthg BagicHlas IayarariRyasate bpyemeved dberielyl aser 25 beam wherein
the substrate is conposed of plural |ayers, and each said |ayer conprises
different materials or conbinations of materials. 8. Apparatus according to

cla m 7 @her eidnmetteod accdrdimgdo seyrdvioas efaiepoldingheraiditiorahgep ¢fo as to
irradiate the sane | ateral face of the substrate. 0 a JAN 2006 -15 9. s10.
i011. 12. 1s19pligadly monitoring the cutting region, the cutting process being controlled

in response to the said optical monitoring.

7. Apparatus for cutting a substrate comprising:
10 a) means for supporting a iaterally 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

15 : 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

20 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

25 beam.

wherein the substrate is composed of plural layers, and

each said layer comprises different materials or combinations of materials.

8. Apparatus according to claim 7 wherein the first and second laser beams

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




20 15. 25 Apparatus according to claim7 wherein the first and gé&cane pmger
beans are arranged so as to irradiate first and second | ateral faces o
the substrate respectively. Apparatus according to claim7 wherein further
| aser beans are provided, the nunber of |aser beans corresponding to the
nunber of separate |layers to be renoved. Apparatus according to any of
clainms 7-10 wherein at |east two of the'Said |aser beans provide |aser

| i ght having different paranmeters. Apparatus according to claim1ll wherein

t he sai dgpara ' e ration and
I nt ensi t;?.' Apgﬁ)gﬁtgg%%%q(zg) ?IgﬁéITarWﬁ&fgI %b%gf?j’g %ﬁc?%%cﬁdé%%% ﬁg@%%f each
said respect avealranged Boay tarieadite fiist dnd®easdnd (atbeal fatdsadfitaef or t he
renoval of the particular_ |ayer or layers to be renoved thereby. Apparatus
accordi ng to &HPStERtedPaRreRiivelyYi3 wherein beam splitter neans are provided
so that at |east two | aser beans are derived fromthe same |aser source.
Appar atus according to any of clains 7-14 wherein optical nonitoring neans
are provil@ed Pppacgtus @atdrdimptd ¢laim Tovhdéeircfurthen asee beams aregnsvidedng
provided to c%ntrol t he utt'l)ng process ig_ response to the said opti cal

moni t or i ng. e number of laser beams corresponding to the number of separate layers

to be removed.

11.  Apparatus according to any of claims 7-10 wherein at least two of the said

10 laser beams provide laser light having different parameters. .

12.  Apparatus according to claim 11 wherein the said parameters include one
or more of wavelength, pulse duration and intensity.

15 13.  Apparatus according to claim 12 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 7-13 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 7-14 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. |




