.0 5 JAN 2006 1 Method and apparatus for cutting a nmulti-layer sub t’ﬁ:{fﬁg%ﬁ
dual laser irradiation. This invention relates to a method and-appd .

for cutting a 5 substrate using dual laser irradiation. In panticular, it
‘relates to such a nethod and apparatus for use with an integrated ci rcwt

ackage. The invention has particular application int hﬁwﬁ .’

Pnt eg?at ed circuit conponents. 10 Silicgn vvafer; or int mm mﬂm”ﬂlwt (10
units are typically made up of a nunber i ndi vi dual Iaz/we]\r'sﬁ“These IaygrzI
may co a pki i1 ard (P ckage upon ich are provide
so)r/re o%tﬁggf aIE)(tﬁ h%;p%%laltgw ng Cubt&al'ngcf(’r g@%r%& efBREFT TS %f:ﬁf"ldl ]?515
bondi n es, ang; di ng conpound naterials. Typically, a nunber o

i ndi vi gl}g}éﬁeIEC%m ts‘m\}vll(l)f1 be formed on one package, which will be marked so

as to define the boundaries of the individual ICunits. It is therefore
necessary to singulate the package so as to separate each individual 1C

it. 2 K DQW, (Sil I hni hato ani cal .sawi ng. US
lI-:I’Ql!tent QE?EO?OS t%fggleg%tg%] 4 % ﬂ, Pgﬁd" b PEREPE f’acck%gcélt,&r’faglvét hod For

NhnufaC%ubchb@£QQLng gh§§'9§§%‘$rgggﬂiéﬁﬁyrﬁ P8r9§§5ﬁa'” whi ch the

i ndi vidual units are singul at rom an encapsufa backade GELAEES to

di anond sgaw. a Tk ehdef L985 & e chas, mmny; 4r a ggg The, saw nust be 25
manuf actsuredato texac'fai ng s andtgllrédggo %nﬁ&ene%y and F15t fé8§" Mater s

al so regutkegk dufHeng nt bgr S@MHAG BEQEf%ﬁﬁa§)§§b§§QaE{¥%lSamﬂﬂ@:31ngu1atlon

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 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 chkage 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
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-0 5 JAN 2006 2 and to dissipate the heat generated. Another dis@dyapig 06
is that the high degree of wear requires frequent saw replacement, which*
|l eads to high equipnent costs. Furthernore, the mninumcut width of the
'saw inposes |linmtations on the density of ICunit fabrication. In 5

addi tion, the nechanical sawi ng process can lead to cracks, particularly
inrelation to thinner 1C units. A partigular problemis the use of netal
substrates, which have recently gained in popularity due to their |ow

cost. Ty@ﬁ@aﬂlﬁds§gggf@ @%pSkﬁ%t%eM@iAUgﬁvﬁngtﬁgpgggadgggEg gaﬁgt.%%;gg?is

with a layer of nic . However, "nmetal substrates generate mneta
whi ch Caﬂn@ﬁ&ﬁg&@epbﬁbﬁéﬂﬁ:ﬁﬂﬁQEegxgﬂyhﬁﬁmFngt{?éﬁ?cehénpargﬁﬂj¥ggﬁééi and

netal debris has a greater tendency to stic e saw bl ade, 9

it i . 15. E echni f t he
bot h thenidh unjutismand ther saw Bk adenoid Seht. U1MQG%V%8§@?51% ar

singulation of ICunits is that of laser singulation. EX8I L

Technol ogypddas ted) c di 86 HIHS tReMBLNOT |, %@dzéﬁﬂﬁr@tf‘al%ﬂ@étﬁ&,{l_gglnati on of IC
units using a laser. The |l aser energy is scanned across the | C package

using eiddwelt ildt, at h@gm&harlidber ahlyndomerbke M1 neLg. (Jhis, Bt hod al so has
drawbacks. The 20 cutting speeds attained by using this techni'que are

uot ed izl BWl getn afkh 8.13nMPY S@eindelr ther e, at Pg -t higckness gf .package
guitablgﬁafgrucutt?n51usingltﬁis tecﬁhique i% Iiniteg Ey tﬁe dgbpﬁ 8$ focus

of the diaseischeanmeJhi sueehatgee s N8LeL or& el Syl bl & f QL TRNY; ¢,
i ndustrial applications. _
due to their 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 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.

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 1is 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/sec 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



.25 0 5 JANM3 There is therefore a requirenent for an inproved @EShﬂPN%ﬁﬂ$
apparatus avoi ding the above di sadvantages. In particular, there’i s a -
requi renent for a nethod and apparatus for cutting a substrate using |aser
‘irradi ation that avoids the problens of dianond-wheel saw 5 dicing (e.g.

hi gh cost of renewabl es, frequent wear, large mnimum 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

i s an obpecte afs therpresent reauenthant trorf uhf Lhpidiesaheveod ef ra?B‘gP&Lsus_
According to the above object the invention conprises a nmethod o cutting

a substrai® CRPELS| Aot ishepanigesld 1a) pREOVEIHIANY ankatefald y di sposed
substrate; b) focussing a first |aser beamonto a first |aser focus point

on the sibshicatar £dr fOGUESIRYaR SAGUE Lases: haamiont 8 ausasenrd |,asey
focus point on the substrate, the second |aser focus point being

rel ativel 320 iventiigal by wasphaseds forempt-Be16md b ff idiSkhoha@s@fed106Hs poi nt ;
and d) effecting relative |ateral novenent between the said substrate and

the sai dafdinst (and. secqnd-dsaser foedmHeiNt sré@epactinel V150 thatnihe said
first laser focus point follows a cutting path on the said substrate, the
sai d secand Jiaser &ocasippi Rkeal sor 2@l kowragdhaesaid oul tdirgipath but
being relatively vertically

heat) while providing fast cutting 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 method 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 second 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



-di splaced fromthe said first |aser focus point, a first |layer 05 Q@N]%Rpggm
4 of the said substrate being renoved along the cutting path by e firs

| 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 enbodi ngent, the first and second | aser
beans irradiate first and second |l ateral faces of the substrate 10

respectiveIyofFfﬁée@ﬁhiﬁub&hea§&b§£m@$%e&§y&PQﬂ9§§dt9£ Alural, Eéyﬁré-
Further preferably, each said | ayer conprises different materials or

conbi nati onstaé netarialssr S%&&laﬁﬂEJB@Eoﬂ&e&gk@bby1tﬁ@%xﬁh@@%%%kﬁ?e;5 of
each said respective | aser beamare selected so as to be suitable %or t he

renmoval of theipartdmear alayercy duayers gaer eApved o theLeby. yeam.
Advant ageously, the first and second | aser beans are independently
focusable. 20 According to a second aspect, the invention conprises
apparatus for carrying out the above nmethod. For a better understandi ng of

t he presBatoididentticoBnanembe isRaw, Mesen Ghear hia hawdds Tay.be,cafdied into
effect reference will now be made, 25 by way of exanple, to the

acconpanyi ngd tranithgs s uhé Chatshow 0a28e JANt2006ubsbrate.

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



-schematically various enbodi nents of the present invention. The quyngﬂfémm
may not be to scale. Figure 1 shows an | C package including a nunber of
units suitable for separation using the invention, Figure 2 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 10 face of the substrate; Figure 4
illustrates a second enbodi nent of the invention wherein the first and
‘'second | askemsi0ay ivhkadiatentoppeshte of ater ghefacesi fenthensubst r at e;
Figure 5 shows an apparatus according to the present invention; 15 Figure 6
shows a kageresouryceoscheneo havdirg different | aser sources for |ight of
di fferent wavel engths. Figure 7 shows a | aser source schene in which one
| aser source provides two beans of light of different wavel engths. Figure
8 shows a | aser source schene in which one | aser source 20 provides two
beans of Figght lof shhes sandg wawekedqgtimcluBigyre Hinibs rachl ockui @gsam show ng
t he signal diagnostics and 25 process real-tinme nonitoring system of the
apparat us accor ding tepare ipnesentg inheenhiven:iand Figure 10 is a
m croscopi ¢ photo show ng a cross-section of an IC wunit cut using the
present Fnyers i2onisOa ajAiN12006ss-sectional 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;
Figure 4 illustrates a second embodiment of the invention wherein
the first and second laser sources irradiate opposite
lateral faces of the substrate;
Figure S 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 two beams of light of different 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.




-6 As illustrated in Figures 1 and 2, an |C package 40 includes g §{ JAN 2006
plurality of IC units 140. Separation of the units 140 is effected by
cutting along the predeterm ned tracks 41. The package typically conprises
‘a first layer (42, Fig. 2), which may for exanple consist 5 of copper

and/ or epoxy and a second |l ayer (44) which may consist of noul di ng
conpounds. Figure 3 shows the cutting reggion of one enbodi ment of the
invention. A first laser beam (10) and a second |aser beam (20) are
arrangethssQ11Qsesat&y iinr adbates thesane Lat ergl,face Qb ?x'i‘clk%e%a%kage. (40),
which is supported by an X-Y stage (30)_ In this particular realisation,
the finatrkasey beam (1Q) si $4@enerated;by §f5§%aQﬂhc§0¥¥8k¥§“%?f£@§§é by,
source with a pulse repetition rate up to 50 kHz and the second | aser “beam
(20) is qgenenat eTohy thelP6daara Nekn¥AGthases Mt hra ngcﬁggél-SC}qﬂ%QE_hQH of 7
ns. The | C package (40) is fixed to the X-Y stage (30) and conprises a
first |ayeprd42) ahiichkcConper ses CeRpeEr 2 ANALIOICHERRXY fogaé)gi(rﬁ[ﬁles -8hd; &
second | ayer (44) which conprises noul ding conpounds. In a first step, the

first |agecoppam{rkfor spbegussed @atena fiyst (420 bﬁ§§ﬁr&Q€Q%n99£PtoP” the

substrate, the said point being located on the first layer (42). Laser beam

(20) i s mouodidgd a@agdjcac@at to | aser beam (10) and focussed onto a second
| aser focus point on the substrate, the said second point being offset
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
carri es fiberé G gackagee(40)cimyiregivnder ehdreadetenshnast speednang along
said 0 5 JAN 2006
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 Nd:YAG laser
source with a pulse repetition rate up to 50 kHz and the second laser
beam (20) 1is generated by a 1064 nm NA: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 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



.7 predetermned track (left toright in the figure). The first bﬁf beam
(10) scans the first layer (42) along the said track, formng a Hé RRO6r
(142) through the entire thickness of the first layer (42). The second

'l 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 thi,ckness of the second | ayer (44).
The | C package is therefore separated by the two kerfs (142, 144) 10

Fi gure 4pshowsraigedrespandinege Vi 8W Qfncd iseenads athedi meat of rdh@aser -
invention. In this enbodi nent, the second | aser beamis directed towards

the opposdde (hayegsaknd aoe afirthel package,) hnokdisherad peaty, theding Laser
focus points are vertically coincident so that the | C package is separated

at the saimstd ikkefbyi1he dioubasere baanse thibugHe T ithear s 1CQRR| et e
view of the apparatus according to the invention. A first |aser source
(110) genenat encasécssd Jaaser bbgam{dlQ) 18bkeh passEScthaowgh wedieam spapl er
(12) and is focussed by an optical system (16) onto a first layer (42, Fig
3) of anfifStpaekagebedd, (#Qhs The heamexpspter ddotnd eap¥es (& )smlbhgsanpl e
(e.g. 5% of the beamand passes it to an energy neter (14), the output of
whi ch passies ttrach, cositaiiold ar s€34dnd whixah (may) fairexmmphe bet arsuiHiakhyss
programed conputer. The |aser beamis nonitored in real time. If there is
any di f fef enee sbebneem idie (reasuried mngaexpget o Parameier sepbratfedt Be | aser
beam (10), the controller (34) will control the laser source (110)

accordi ngley.twbhieeopsi cad2 ,system (16), agai n under the

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 coincident 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 k12) 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



-0 515, JAN 2006 8 <control of the controller (34) nodifies the vaZLngAN 2006
paraneters of the |aser beam such as size, shape and fl uence so “t

focus a beam having the desired paraneters onto the |IC package (40). A
‘phot odet ector (32) is provided which detects an optical signal from5 the
cut region and sends a signal to the controller (34) to provide further

real -time process nonitoring. Air-blow geans (28), also under the control

of the controller (34) are also provided to renove debris and provide a

cool i ng meahani sm 40 Ahaddiitionad) | a6 188 Semblya,COMRN bal B @ 2OWCEhe
(120) is provided downstreamof the first |aser source (110) along the

cutting paldy belhi Suassediy.cOPghateadd raushdd | & MaY o $8chhal 1aaser
beam (20) passes through a beam sanpler (22) (which has an associ at ed

energy Hmlielg (24) fes e ORarGake SYSIEMJ 26) 8O MQet hgo( Noyvreveal ed) is
second | ayer of the substrate (40). The | aser beam (20) cuts through the

sai d segoiutJRryeerso as )t 0:=CorBL ed&d Witkh hbeesUPStT abeit4D)sidhal from
phot odet ector (30) is also provided. It is possible to provide further

| aser asgenblutesegeashatitddndg @ PagidiCubathé ayderdiliekS (8h 500 RASSEQLE tO
turn the |1 C package over to facilitate cutting of the 20 second |ayer. An
al t er nat fwre rerrbedh neni md Gt-esponsh NG idgt hei aryangewant 0fs)Fi gure ufdel S
shown in dashed lines in Figure 5. In this enbodinent, the second |aser
assenbl el 2nc231 24, t126,cod@) ol SePr ouvi)dade f @i PHRe 26 oppaside haberal
surface of the package (40). In this case, a gap nust be provided in the
X-Y staged 43pviaet hatodiheg aserabeam (20)

10 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 particular 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) 1is shown in dashed lines in Figure 5. In this embodiment, the
second laser assembly (120, 22, 24, 26, 30) 1is 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)



05J ANZ2006 9 can irradiate the package (40). Additional ai QLQMNWRG@S
(28a) are provided. A particular advantage of a system having Iaser
sources on opposed sides of the package is that the depth of kerf
‘encountered by the second |aser beamin cutting the second | ayer is
smaller. This 5 facilitates cooling and debris renoval. A nunber of
different |aser sources can be used. In §he apparatus shown, a | aser

wavel ength in the visible and/or infra-red spectra is preferably used for

cutting the {firstiarayene(dkaefe tihe) packaas dndd) »id 0 WA GRaLBCI Hdgs capper

and/ or epoxy materials. Wth proper control of the processing paraneters,

t he | ayepsoeatede a b@ﬁﬁy©ﬁhﬂiaﬂwght§§@egfeJ@@sk@ﬁeﬁa@QHfqg%efL;an%%oknnay
be, for exanple, a 532 nm50 WNd: YAG | aser with a pulse repetition rate

up 15 t oopfodddz sidesabt ermatjacebyeai 4 064 NMHNdaYAG | &S @l EA-&, W, 88 by
duration of Ins. One sanple I C package with a 300 pmthick top | ayer ahd

800 pm t biveksdpatidomkay esedns iGutubyitde mbevesrat i onpad i5332am 1 Nd: YAGS! aser.
The top | ayer was cut with 120 pmcutting width under 35 WIaser power and
10 kHz pitksel repeti tbohin@tend Ther bottamdaayer 20 was cut by a 1064 nm
Nd: YAG | aser with 120 pmcutting width at a 6 J/cn2 |aser fluence and
pul se nunber of 30. The cutting speed was 125 ms. In another run, a
second sanple | C package with a 500 pmthick top 25 layer and 1000 pm
t hi ck boktmmieayerf wasieuint Theet opohdyer cwasbeUlisdy. an 064y NdLYAG
| aser with 120 pmcutting width under a 4.5 0 5 JAN 2006
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.

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 um thick top layer
and 800 um thick bottom layer is cut by the abovementioned 532nm
Nd:YAG laser. The top layer was cut with i20 um 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 pm cutting width at a 6
J/cwm’ laser fluence and pulse number of 30. The cutting speed was 125

mm/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 um cutting width under a 4.5



10 J/cnR | aser fluence and a pul se nunber of 70. The bottom | aye{S Ex'/vamgbﬁs
with a 1064 nm Nd: YAG | aser with a 120 pmcutting width, a | aser Yfuw

of 6 J/ cn2 and a pul se nunber of 70. Cutting speed was 100 mis. Wth
‘dual | aser beamirradiation, the |C packages were 5 therefore separated at
speeds substantially greater than the mnimum 80mm's required by industry.
During | aser singulation, copper, epoxyiand noul ding conpounds give rise
to tiny particles of debris which are ejected fromthe cutting 10 kerf.

Si nce t hiscdebrésr neyudieer edapospi e eRnbbe PACKAIEHSULLACES 14,200 was
contam nate the | C packages, it is preferable to provide neans for debris
renoval .ct gashstr eam genevatoc (esgr aivir bl 0no MBANS)c t(28) widWh th 1aser
alternatively or in addition a suction system not shown) is used to
renove debrdrs:e Tliesgenerdt endi s puider ruhbegost ral. ofict heg I contual | 65
(34). Wth proper control of the gas nozzle position, size and gas flow
speed, oowfd etwe thedovhlldserpossinbl eradiqguoas bhe 1@ BRabkbusdFate three
alternative nultiple-laser-beam arrangenents. In Figure 6, two independent
| asef souroesorhavepgr20:d iaghtpoeéddi dlerant i wavel engiths, tBEE HOVideRdun Thi s
alternative has the advantage of a sinple optical setup, although it

requi r esB s sequsyert Hronirstasion. bet ween the two | asers, leading to a

hi gher equi pnment cost. 25 In Figure 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 05JAN2006 |1

During 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 rede?osited 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 altergative 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 i; 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



-l aser beam (160) passes through a non-linear crystal (150) which _converts
around 50% of the beaminto a bearm (170) of 532 nmlaser light. B 5 JAN 2006
sel ective beamsplitter (155) is then used to direct the second beam (170)
'to a mrror (165) and onto the I C package. The 5 renmining portion of the
first beam (160) irradi ates 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 beamsplitter sinply 10 being used
to splitlaged hedeamsontgadne baantghayife -thg.sanE pavel 3@95h-w1§riher§ )
arrangenment has the advantage of sinplicity although it does not provide

two beansowferdisf hebandl, spards cukaptym B\ARL 8E8AUS,7oNAVE! 6RgL WS, Huever,
if the laser fluence or pulse irradiation is increased, satisfactory

cutting bpgeds Amaylbet atd aidiedsplbradr | @QWel €8Sthe i g9 shows: the signal
di agnostics and real -time process nonitoring for the apparatus according

to one esbodidTeebmofilthe tEur MeRLol NVENY) aRd Eh@&QﬂﬁiQ@iE5§k£§@.&w§2) are
used to detect the 20 optical signals generated during the |aser

i nt ebactiems niinghpbhei diC ofpackagerst thdaw fround thatqithesophi Galcisiqgnals
di sappear after these |ayers have been conpletely renoved. This can be
used as keffeedbatkhocgintrel opechani sypdea det @ste campietaceat tdng, ofot he IC
package. In this system the captured optical signals are digitized
t hr ough kase25 sAlbbceonverderiredot shown) and then conpared with an expected
setting by the controller (34). If conplete separation is detected, a new
0 5 JAN 2006 12

In Figure 8, a non-linear 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 embodimentuéf 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). If complete separation is detected, a new



-sanple can be obtained for cutting. If" inconplete separation is etect%d
further | aser processing can be undergone. Figure 10 shows the 05 JAN 2006
ef fectiveness of laser cutting according to the 5 invention in providing a
‘good cutting edge. It shows a partial cross section of the cut edge. The
cut width is 120 pm The top layer was renoved using a 532 nm Nd: YAG | aser
at a speed of 125 mms with a |aser powes of 35Wand a pul se repetition
rate of 10 kHz. The bottom | ayer was renobved using a 1064 nm Nd: YAG | aser

with a | asepltlsance 10cafnba ¥ &R 2RdnRuUl 88 Nhen LAl s setup,
cutting speeds of 125 nn1g wer e oB&aiRgd, whi ch ?éﬁgér%%xﬁgﬁﬁ%ﬁf?ltypica

industrydeﬁequ&¢enﬁﬁ&&e9f1§9efﬁﬂﬁbce%§ih§:&%@Kﬂgh%geE88$€9|Ogy devel ops, |IC
unit spacing will be smaller and package thickness w al so reduce. This

will enable laser IC singulation at even greater speeds. 15 0 5 JAN 2006
-13 CLAIM5 1 A nethod of cutting a substrate conprising the steps of: a)

providingﬁgufatﬁr&mbwsdE5@0§£ﬂa§HQ§BE§£eéf5uQ%foGH§§$@Qnﬁxﬂﬁﬁﬁé L 8s§l. beam
onto a first |laser focus point on the substrate; c) focussing second

| asers beamvent tora i$epeBdi dasera fREUS RO Mg Undehe 1t SURSLL at §a .t hg) sgsQnd
| aser focus point being relatively vertically  displaced fromthe sai

first |asecti@eus pakntut asthel. @nd) cef feeddmd of ebat e hal eal | govenent
bet ween the said substrate and the said first and second | aser Tocus
poi nts respectd waliyigse $hatnd e :satd1isdeStar 4 speed of 125 mm/s with a
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 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



-l aser focus point follows a cutting path on the said substrate, bqﬁef 'q
second | aser focus point also followng the said cuttirng path bu ﬁﬂ;imﬁ
relatively vertically displaced fromthe said first |aser focus point, a
first 15 layer of the said substrate being renoved along the cutting path
by the first [aser beam and a second | ayer of the said substrate being
renoved along the cutting path by the-38cond | aser beam wherein the
substrate is conposed of plural |ayers, and each said | ayer conprises
differem:éﬁﬁﬁw'als or conbinations of materials. 20 2. A nmethod according
to claiml in both first and second | aser beans irradiate the sane

| ateral face of the substrate. 3. A nethod according to claim1l wherein the
first and second | aser beans 25 irradiate first and second | ateral faces
of the sulistr atremedisqrbof cuttihg a subsirate comgriangatheistgps of:cl ai m 1 wherein

further | aser beans are provided, the nunber of |aser beans correspondi ng
to the number & B@dﬁ'%g'?wgﬁ’sd'sPBs%sﬁ?‘éﬂfﬁ}@d. 30 0 5 JAN 2006 -14 5. A
met hod accordi esiRb™@ EfbBak6ntb id<eF 10lusSHGiRt 67 respective
Iasregr) beam ar erbgefdeégt e@bsoﬂfgﬂ?o Beasw tabef)fe?'%?odrspet?h(g&'r eno\aa?ﬁ(lt)lfe the
particul ar | ayer subdtealers to be renoved thereby. 5 6. A nmethod according
to any previous,c}aim.ncluding,the additiognal step of tically

mont tor gt he EhUIEHRYM BT RS BR4 A Aot BygseroBLs PRIt badne

response to the sgilsktrié, thalse@BAL IadrTdcus poifiP Baind refatively vertitaiRg a
substrate conpri sing: L .
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



1.0 a) neans for supporting a laterally disposed substrate; b) %egnj,\j%
generating a first laser beamwhich in use is focussed onto a FEL Q@
focus point on the substrate; c) nmeans for generating a second | aser beam
‘which in use is focussed onto a second | aser focus point on the substrate,
t he second | aser focus 15 point being relatively vertically displaced from
the said first |aser focus point; and # -neans for effecting relative

| at eral nmovenent between the said substrate and the said first and second

| aser focys points respectiyvel so that the said first |aser focus point
fol |l ows a%ﬁulto t i%g‘e&%@igewr#m éaﬁ'@!"?é ‘"Zlﬂf@t"r%‘?e(’,m?ﬁ’é'e§é?f@a§9&ﬂ%l | aser

focus point al ?9366&(5&8%% t?}é%ﬁn afe g?leﬁl&f éc?‘ﬁs%‘b? RUthbREP $hd ?ér@&bé{ledfy
vertically displaced fromthe said Tirst aser focus point, a first |ayer
of the said sulthe particutarilagen @rayerd talbemgmaved tbatebyng 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 25 beam wherein the substrate is

conposed @& pl W Hethdy ESordtotnf pradiolis! AT ineRIINd BRSaddifibRaEp of
materials or conbinations of materials. 8. Apparatus according to claim7

wherei n the fi opticalmoaiering theseutting segion3thexcuiting proagss baing sontrolled

wppar at s accor TP TSea St el MHETbOT st and second | aser bears
are arranged so as to irradiate first and second |ateral faces of the

substrate _respectively. 5 10. Apparatus according to claim7 wherein
further |dser HPpRsalisdopewting@substrate comprising:

10 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;
c) 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.



-the nunber of |aser beans corresponding to the nunber of separat® SaygﬂSHMB
to be renpved. 11. Apparatus according to any of clains 7-10 wherern at )
| east two of the said 1.0 |aser beans provide |laser |ight having different
‘paraneters. 12. Apparatus according to claim 11l wherein the said paraneters
I nclude one or nore of wavel ength, pulse duration and intensity. is 13.
Appar atus according to claim 12 wher ei n1Phe properties of each said
respective | aser beamare selected so as to be suitable for the renoval of
rs,to, be yepoved, th

il | by., 14. t
accor di ng Fo- adPRoURAGRRIGhG 10 Al RRBL e sl abi srsand Task bains
provi ded so t haire @frangedisd #9td MEiatbIRSBar] Sochitid [4efaf fae8s DRthesane | aser

source. 15. Apparatus according to any of clains 7-14 xﬁereln opti cal

nmoni toring medwdstate @specivaly.f or optically nonitoring the cutting region,
means being 25 provided to control the cutting process in response to the
said optical nonitoring.

5 10.  Apparatus according to claim 7 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 7-10 wherein at least two of the said
0 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.



