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' IMPROVED SINGULATIONT STS EM. AND METHOD Field of the

Invention 5 The invention relates to integrated circuits (IC) and the

manufacture thereof. In particular, the invention relates to the singulation

of IC's from a substrate containing a plurality of the IC's. More

specifically, the IC's are those having complex plan shapes comprising a

combination of linear and profile portions. to Background A growing

market for |ISIRRI@Y RBPEDatan fomMem ey TR Susin agmierosD

cards used in a range of applications including cameras, PDA's, MP3

players etc. A characteristic of the micro SD card is the change in shape
Fididwf shobtireltieguare or 15 rectangular IC to, instead, requiring a more

complex shape including not only linear portions around the peripheral

edge of the IC, but also portions having curve linear shape or more

genériatlynprofiles rdihe profikcportidrsrof th€ISD:car ds:includachamfers . In

reby a. r.of ngle is removed, recesses to accommodate
B A A TR o o e FE
plusgiéty asthesthetid/appeptc M aliadito Halkyasequavecand nectengiitarplGisarges
' | sipg. a.dicj ich can efficiently cut long,

0 Iir@%ﬁ@%@%&%sﬁ%g?%ﬁgggﬁ%ﬁ%%ﬁ (lq%tllcsfkly and efficiently. With

the introduction of a profiled plan shape dicing saws are less efficient as,
Bal@giBalance. a chamfered corner must be angled at potentially

non-standard angles. For more 25 delicate actions, such as indenting a

recess into the edge of an IC, dicing saws are poorly suited indeed. For

curvislinearshapagc[tis iRHagt ARk feasible 6, ups %9}861? SR I as micro SD

overcome the shortcomings of a dicing saw, t%e IC's maybe punc ed
caightehin 4 SNEAKI Atrliset il pelshEsimontiiess Bbb atd B shepertrsciCA

chathédram besubstaig YOG SR achigung %?@ ﬂ[)‘?ﬂlas pc?ﬂ?%%%@&ﬁre or

quickly and efficiently removed from the substrate, such punc

rectioRdsEs RalRSt draGEER briasgiaRyetdntie Gobswateginedt portions
arcdddagalizepneainage along e gdogs, %%Agﬁa@ﬂfk %Qul‘vn'éaﬁl{égrt?nape or more

excessive wastage. _ :
generally profiles. The profile portions of the SD cards include chamfers whereby a corner of

the rectangle is removed, recesses to accommodate fittings within the device and curved

portions again fittings of the device or even as aesthetic appeal.

Traditionally square and rectangular IC’s are diced or singulated using a dicing saw
which can efficiently cut long, linear edges of a substrate, singulating IC’s quickly and
efficiently. With the introduction of a profiled plan shape dicing saws are less efficient as, for
instance, a chamfered corner must be angled at potentially non-standard angles. For more
delicate actions, such as indenting a recess into the edge of an IC, dicing saws are poorly

suited indeed. For curvi-linear shapes, it is in fact not feasible to use a dicing saw.

To overcome the shortcomings of a dicing saw, the IC’s maybe punched whereby a
suitably shaped die pushes into the substrate to shear the IC unit from the substrate, While
achieving the desired shape can be quickly and efficiently removed from the substrate, such
punching processes have the drawback of causing damage to the substrate as well as localised

damage along the edges of the 1C’s and so leading to excessive wastage.
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Alternatively, a router maybe used, by guiding the cutting portion around

the desired edge. Again this achieves the result, however, the tolerance

required for a router is typically high and so reducing the effective

numbers of IC's that can be incorporated onto a substrate. 5 Further

operating a router around a complex shape is extremely time consuming,

as the process is relatively slow compared to that of a saw. The

consequence of using a router is the reduction in the "units per hour"

(UPEIGRHIERCS thé TsasEbs fisticiBn aytishaedisimytinaghineitaspd the desired

edgthilsta autesachieyes thedesises result. the UREL E%ar&gﬁé@f&oméﬁ?er is typically

. router is typically below an economic threshold for the manufacturing
high Rcbee ratr R e B rmavensto e 5 Witterde borrefitidrstdating: substrate.
FuidiepeHare theist: nesres whishimayhsd @steﬁfaﬂgf? AL AR 2 the
a

min in diameter provide high velocity fluid such as water withina o
PTOEB ST ARG PR S TRRGSr B e ed ThE WalERhray1savasR ChlypRiye router is the
redmaieiial teaidrine e ing ProTass wiith Alse hrsahighbrastimental gicing

ffect on the 15 nozzle of the water Jet requiring continual replacement

ma oS Yot KRS GEiBE e vies vrstdh jlesyBidnpesltng Bpapthe router

is tapredlighbalwvater jebnamuermayde rramniahheinguLaRSiienly slower
than a dicing saw, which must.. be balanced against the effectiveness of

the water let system to accommodate complex cutting. Further, repeated

down timtheetisetabiyedlogaing Oktiernezaiesmlidanaa@ibrausl. Here the jet
rrosion furth§r limits the ecogpomic benefit of 20 the water Jet. Further

O SRR SRR hhe rBUTIFG A 1orlbOitcaReles BEie ey valocity

specia

fluidatethjet, aseonifateddmsHmnpitciasyiin arraseepetel tiginga&aWsay have an
Statement .o{ tI(r);vc}ecm'on 25 It is therefore an opject of the present invention

S S ouie & sy sthni ThSt SAls Snvgetae” 4| Hag: SiESMBIFatBrEH clicct on the
nodiriear érdwprefijetshapethedgesnat! adgRtbineexgresafithQIRIRkAN further
systems. In a first aspect the invention pr vg'ges a system for singulating

d , A be: i

mgl‘}rg) TE it oM e%@%%glsf?g g Sspéﬁ%‘ﬂét L‘jvri%ﬂ R SORBHALSBAYOPTIFBEAted being
cormteptbfitéoperipiveral @dges;asaidsyistentscoatpiisingPaprafiese g tiveness of the
walF YR O AURENSREAMNE BOHIRNS QL Bl A3 cated down time caused by
clogging of the nozzles or damage through corrosion further limits the economic benefit of
the water jet. Further still, special brackets and jigs are required to support an IC being cut by

a water jet, as compared to simple vacuum arrangement of dicing saws.

Statement of Invention

It 1s therefore an object of the present invention to provide a system that can singulate

an IC having a combination of linear and profile shaped edges, at a UPH in excess of the prior

art systems.

In a first aspect the invention provides a system for singulating an IC unit from a
substrate, said IC unit having a combination of linear and profile peripheral edges, said

system comprising a profile cutting device for cutting the profile portions of the IC unit; a
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longitudinal cutting device for cutting the linear portions of the IC unit, said

cutting means located within a singul.ation zone. In a second. aspect, the

invention provides a method for singulatiog an IC unit from a 5 substrate,

said IC unit having a combination of linear and profile peripheral edges,

said method comprising the steps of profjle cutting the profile portions of

the IC unit using a profile cutting device, and longitudinal cutting the linear

i it usi . itudinal cutting device, said cutting . ‘

i e R ST e il Tevane means
logpseahy ishn mBReidicefzimear and profile edges, the present invention

addresses this by using a combination of cutting processes. This has the

advantage of optimising the speed of the longitudinal cutting device, and

the fiEXibHEPBE tPIsiotie-Byanipuevivd dso amethmikinsisgWRide Ba ICamit from a
subsetRerediembarimantnthe RresenBYeHRn Ay further include a sorting .

means for sorting the singulated IC units into cate orles,%al ca ego%es’
MR COMPBFSES e SFeRs @g@f@iﬁl@t@ﬁt@i@ﬁ%@n@]’é@paﬁd}mwﬁtke 20 lmA using a

pr@fﬁé?ﬁﬁﬁﬁlgm&%@tiéﬂﬁtﬂﬁﬁﬁ%d&YﬁE%&m% g&%gr{sco o Ifﬁ Sait using a
loading means for loading the substrate to the singulation zone. [n a
longimaiial HIBSHTERR; 1AW FHEdanEIADS PEeVr T Wiltiner Sifutigion zone.
off-loader for removing the singulated IC units from the singulation zone.
25 In a preferred embodiment, the profile-cutting device may include any
one drds WBAMsiFEES Hredaterrtingterombimiten citimeanthd faobie edges, the

presiieinIhidpisdbme sy afiler Sutiens auGRS AR - ANdial pebfisr fom

considerable abrasion and wear. Particularly if an abrasive gritIs used in
the fluid to enhance the cutting action. As a result, such a nozzle of the 30

cutteThiaRale aivay ieiteshliteiimsanveptionst Glicmisiangss -cﬁéﬁn§ device, andb
h! |€r;§ tl}%épr?fﬁe cutter in combination w]th the longitudinal cutting device,
e TOAGY SF t & it e aeineesper vt tdBtced, as a

proportion of the IC will be cut by the longitudinal cutting device. 4

In a preferred embodiment, the present invention may further include a sorting means
for sorting the singulated IC units into categories, said categories may comprise one or a

combination of pass, reject and rework.

In a preferred embodiment, the presént invention may further comprise a loading

means for loading the substrate to the singulation zone.

In a preferred embodiment, the present invention may further include an off-Joader for

removing the singulated IC units from the singulation zone.

In a preferred embodiment, the profile-cutting device may include any one or a
combination of water jet cutter, an air jet cutter and a laser cutter. The fluid-type profile
cutters, such as water and air, suffer from considerable abrasion and wear, Particularly if an
abrasive grit is used in the fluid to enhance the cutting action. As a result, such a nozzle of the
cutter may have a very limited life, in conventional circumstances. By using the profile cutter
in combination with the longitudinal cutting device, the usage of the profile-cutting device per

unit will be reduced, as a proportion of the IC will be cut by the longitudinal cutting device.
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Consequently, whilst the life of the profile-cutting device is short, the life

measured per IC unit" is considerably lengthened. In a preferred

embodiment, the longitudinal cutting device may include a dicing saw 5

having a single or dual blade. in a third aspect the invention provides a

system for processing a substrate comgirising a loading device for loading

the substrate to a first end of a linearly disposed storage area, said

storag@MareEcalaptEY t6 theciv ot JupStratattipthdefiise éngharidthe life measured
“ranspart-1Q %Qm@%%%@ond end opposed to the first; a

demounting device for demounting the substrate from the second end of

the storage area in a direction orthogonal to a longitudinal axis of the

lineatly gisersed siapagRmRIRana IaH-aseRmPiRA3RIEA L0 KeEeiNautRe: dicing saw
demounted substrate, and transport the substrate to a selection station in

hayigg & siBRe L MitPopposed to the direction of travel of the storage

area, said selection station 15 adapted to inspect the substrate. in a
fourth asp%%tH he invention, provides a method of processing a substrate

compRsthdthe &858 o fodBiGHRE SiBLate 20SHHiFSt &8 Brerhtdag substrate

coippeigdasioudige drda; fanspomtipghsaidsubstiale aengihe SIORGe A @&posed
to a second gnd o%%osed té) the first 20 . end; demounting the substrate

ST e sSUORIPEIRG B thAeRTd R Marey 3 LS SbHidysheidg ! ransport
saldngibudinaliaxsafotie dintaplysisposed sinragaisreaidiapspoiisgsh@emounting

substrate along a rail assembly in.a direction parallel and opposed to the
th%irsé% |§ﬁ%%f f%g/e?h% 'S o?%%e‘%rglg. %W’%?W’%ﬁiﬁifﬁ%&qﬁﬁ&%mal to a
lopgooesmpatks of the inegiatedpieditfromdoading wltasdeativeridaptbe to receive
ingulatign station, the overall footprint of the singulation system.can be .. .
e R R o R P iy ecton
papilicd |y bPasaitdo 3D rdine i finsb S uhstiatd, thorprispagathe, stepsefction station

adggg%%g@ggﬂﬁ%@g&o a first location on a singulating table, whilst

In a first position; performing a first. pre-determined cut of a
first portion of the first substrate; lifting the first substrate from the

SingLﬂ@%‘Q&@l%e;a%ect the invention provides a method of processing a substrate
comprising the steps of loading the substrate to a first end of a linearly disposed storage
area; transporting said substrate along the storage area to a second end opposed to the first
end, demounting the substrate from the second end of the storage area in a direction
orthogonal to a longitudinal axis of the linearly disposed storage area; transporting the
substrate along a rail assembly in a direction parallel and opposed to the direction of travel

of the storage area.

Thus by manipulating the process path of the integrated circuit from loading up to
delivery to the singulation station, the overall footprint of the singulation system can be

reduced.

In a fifth aspect, the invention provides a method of singulating a plurality of IC units
from a first substrate, comprising the steps of: loading the first substrate to a first location on a
singulating table, whilst said table is in a first position; performing a first pre-determined cut

of a first portion of the first substrate; lifting the first substrate from the singulating table;
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rotating the singulating table from th.e first position to a second position;
replacing the first subsn-ate to a second location on the singulating table;
performing a second prc-determined cut of a second portion of the first
substrate so as to singulate the plurality of IC units from the first
substrate. S In a sixth aspect, the invention provides a system for
singulat:ing a plurality of IC units from a first substrate, comprising a

rotmazmgngam@nmadgmam tfoolpaddiiefi @Mtraz@s&@&lﬂ fﬁgt SIRGARBIAN R the first
Irs

in tin tabl 2 first cuttin means for erforming a
Slﬂgsftel%eierr%o RSYEIRCBIR %{}g ﬂ’%e&h@t BGHSFRIBEA fifsag dReaAgtermined
Cufmflﬁfﬁngaad@mpiamﬁglmilrsﬁﬁﬁamb@tbate)fmfgiulﬂa% sitgulating @hle units from
théﬁié!tt gt |5}%Iud|ng rotation means for rotating from a first position to a
second position; a second cutting means for performing a second pre-
determined cut of a second portion of the first substrate so as to singulate

the plur rom the first sy bstrat erein the lifting means
is aggﬂpﬁé%o}p Er14 g%g% .?3%188 stra eestg ? Sefé% o TRBRBH S Rrality of IC units
frogphe Gikstiowbratsle folowirgntdtiodiog theatabidafran meoadsmﬁka Hi@strate to a first

loéﬁ%%&%ﬁ%tﬁ%cﬁ@énglﬂrg%ﬂ g%éxeam ()S{th%eaé[orr(ra%ga]. ég fI ttﬂxg-detenmned cut

rotating the table and replacing the strate
of §lf5§trﬁ<f§18nd?féﬁgéﬁﬁtﬁﬁi@ﬁéﬁqhﬂélﬁémca%rﬂscfottilu@apyaada'ﬂ;ﬂadmgﬁﬁeoﬁrst

suSRecdigaeds ohigSinguIBHoRLahia, 8ad Ry gl g,the orien tatl erx]tm«?f from a
on Mg 1

the 20 substrate relative to the cutting apparatu§ Int
firs BRHESn I FRGHS BAHECH rosRIRPA I syt pvfﬁmtsn;g@r m.ma pre-

de(ééﬁhl)ad%ht'%tf%t%éﬁﬁél"ﬁdﬁgcﬁh%fﬂ%'ﬁ&'&ys%dﬁﬁe qgfsg%@ agﬁatgﬁp%'ﬁﬁ%@%y of IC

oriented cuttlng apparatus. The system is adaptable to a range o

un{ HaiBn et ebstaise v B ermitin e e s PaTred 2005/000 Bglirst substrate

to mmm@m&nm@r@gkn@gmﬁﬁcm%@ﬁagyo@{gﬁ BEtheENHRaKIY the first 10
sunab8e madification to the chuck table and dicing machine, designated as

the.36cORE PSPBspectively in Figures 1(a) and 1(b) of PCT/SG2005/000288,
the system according to the present invention can be incorporated

dingly. 30 It will he clear to the skilled add that the syst
mccorBig e DAL 1 AR o iebpitinink b agpeeplacing the

sulpftcicingaosiehineomand the sefer@nes hii@ed. This permits dedicated cutting apparatus
to act on specific areas of the singulation table, and by changing the orientation of the
substrate relative to the cutting apparatus in the middle of the process, will increase the
throughput rate, measured in “units per hour” (UPH), whilst still providing the flexibility to

use different types or different oriented cutting apparatus.

The system is adaptable to a range of singulation devices, such as that disclosed in
PCT/5G2005/000288, the contents of which are incorporated herein by reference. By making
suitable modification to the chuck table and dicing machine, designated as “4” and “Z”
respectively in Figures 1(a) and 1(b) of PCT/SG2005/000288, the system according to the

present invention can be incorporated accordingly.

It will be clear to the skilled addressee that the system according to the present
invention could be incorporated into other types of dicing machine, and so reference to the

device of PCT/5G2005/000288 shall not be construed as limiting but merely illustrative.
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device of PCT/SG2005/000288 shall not be construed as limiting but

merely illustrative. 6 In a preferred embodiment, the first pre-determined

cut may be along the x-axis of the substrate, being parallel to a

longitudinal axis of the substrate. Further, the second pre determined cut

may be along the y-axis, or laterally across the substrate. Alternatively,

the first predetermined cut may be a linear cut and the second pre-

determined cut may be a profile cut. Thus, for complex shaped IC units,

the differanfepediphéralisapabofithiepiC-teayhmedtin twy diffaikent the x-axis of the
- ions;: O i ion. r eferred embodiment, the
e e B S TR TS Br ocsao ar
defeiaging GritigytaplRloagjdeentdstine Tisralbstate, thehilsb saic table is in

the first position. Thus, the second substrate may be cut concurrently with

the first, in the adjacent location on the singulation table to the first. That

is, witiStRE Rt SipStratsqdeexpirisheih geiebrstpramdatermitiedseutnd pre-
defhiensiecond subsiale may: be eXRerieBENGIHE 1 8,555 R gg%gd %&e med,

cut. On completion of this stage, the substrates may then ifted, the
PeRRlRIgttRes ahigHE sshards reprvaidfersitidonsd subm e sibawation table.

effectively swapped position, and accordingly swapped process, such
thatO{He first substrate may undergo the first pre-determined cut, and the

sec

§ SiBSIratemdinsgUdhn & nraepreagensiinderdute 204poad substrate to the
sequiefestad @nohaBieppuamineslcuty ReHOMEd £RtheSUBSIrAiG(S) 5 bigable is in

th C}#ts ma%/H be performed by a dicing saw. Further, where the cuts may be
PrOHIBLIHE W 1HiS B HeMBiHRIE By bR caycapisarktg thdbplégitan the

ad e rnutiiag of subistratesi aushasiveuis e weth known e the skilledbsirate is
addressee. For instance, a water let cutter (for example, cutters providing

F ! - .
o o SR U A GHie B SEPRG OO RS oRGIBE e
seccutliprtheeramgiedll 212 5Manocio i oanay, ilases CUHEE(FRHEXAMRN iR n be lified, the
U|SFa-t%éCite(9tt olidb%tﬁgelas?%%,%/gg ir jet cutter, a router or drilling device.
Y | e

tabfg e profile eut B At SRS b aWapped

tré)rnatlvgfl , t(ne proftie cu

pogipetifinéhepedantysowvapppteddeseeicineaifiecriteriaiinehdingynieiieso te first
P eSS e o B R cuc

for unloading the singulated IC units. In a more preferred embodiment,

this maayp.&%%%ﬁ gr?f@&ﬂ%@n@,‘%re {inselég(]:uts performed on the substrate(s), said cuts may
be performed by a dicing saw. Further, where the cuts may be profile cuts, these may be
performed by proprietary apparatus adapted to the cutting of substrates, such as would be well
known to the skilled addressee. For instance, a water jet cutter (for example, cutters providing
a water jet, with or without abrasives at 10 ksi/700 bar, and performing a cut in the range 0.2
mm to 0.5 mm), a laser cutter (for example, a pulse-excited solid-state laser), an air jet cutter,
a router or drilling device. Alternatively, the profile cut may be achieved using dicing blades
of a specific shape, and so adapted to meet specific criteria, including profile shape to be cut,

material of substrate, and quality or speed of cutting action.

In a preferred embodiment, the invention may include means for unloading the

singulated IC units. In a more preferred embodiment, this may include a vacuum picker, such
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as that disclosed in Figure 11 of PCT/SG20051000288, or other suitable
device for the appropriate engagement and lifting of a single TC unit. In a
preferred embodiment, the means for rotating the singula.tion table may
include, 5 but limited to, a hydraulic or electrical motor mounted to a
rotatable shaft upon which the table is mounted. Alternatively, the table
may be mounted to bearing such that said motors rotate the table within a
15 HP B ORIy WRHTN o Fecksd KX GHMAOI R Path of rotaihbisaesiie the
apPeHRe ratatedndenautematic contel forinstance through
communication with a control system operating this part of the process.
Further, said table may be adapted to rotate io 180 and then return to its
originahRRsitand Alemaely tHedable mawratateBlulh36Q:ih @stilnay include,
further embodiment the table may selectively rotate from O to 360. In a

UL st dte ArBYCEHBO Anstt it BRRPALesHHiRG o et ebafitupon which the

tabRvERtioaneay Aluthanasiuge asrniel Sysiemnienconsale:RFaeasssaid motors
either through direct operator input, 15 pre-determined sequence or a

rORI6 S8 o ROt SHE RSt SR 24CSpE 40 TBtRES Gt i ion. Said

ratilflinance eseeadtiadhepaaess.coihel aotionsamay:icludetaluienaddhen with a
system or associ.atedpupstrea and downstream process, or quality _
Co‘éﬁyfgzes%ﬁ%‘?lé’@@éﬂ{%t K RAh G P RS RinG THE“SutE R p B iR to rotate
1801 thé siaguatadtGreniigi20 todteletiedambadinenathestepsate a full 360°. In
rforming either the first /or second.pre- determined guts may include
a Sﬁ%éﬁé{:&ﬁ% rllﬁl%?glrﬁneeﬁ a Fotation 8%?1336&%%6[1? aﬁ)r%t?a o e specific
criteria for the first and/or second pre-determined cuts. In a more preferred
emb%gtimnelgltesarigfecrriiégriea c91ined§“%ﬁea50% mmodat(ijnlg Stmﬁll variations int.
the cut for msl%nce, § SUpstanta Y linear U %%%1?/rlﬁcﬁjd)e & IafelesgHon may
fuitherapciotibe coondrysitondesigratelttie PEocedsasithprofileught drtisoparator input,
small rotation of the table may permit a linear cu led to the majo
BB S R Rt ox o
actienscaaughlaenae dichogtsalvihathesdtmDehposdiolyslesy effibidntipiofiteof the system

“or %E%B@%c%@ﬂr%%é%{g‘fg s %mqre\é%ﬁ.i %‘g:%f%%?%}ﬂﬁa?ﬂg ’sgg?e}g%? ar%geé(?ggg rejecting or

selective om Oto 36 ive rotation may
re-qeedime detatebstiers anerigtiontingtes dut sinlislaathvéhyuthies rotation of the
30 table may be to accommodate misalignment of the substrate or other

reasons that may benefit the cutting process.
In a preferred embodiment the steps of performing either the first and/or second pre-

determined cuts may include a selective incremental rotation of the singulating table to meet
specific criteria for the first and/or second pre-determined cuts. In a more preferred
embodiment said criteria may include accommodating small variations in the cut for instance,
a substantially linear cut may include a small recess. It may not be economic to designate the
cut as a profile cut and so a small rotation of the table may permit a linear cut, angled to the
major linear cut and so have the overall action performed by a linear cutting device such as a
dicing saw rather than a possibly less efficient profile cutting device for only a small
variation. To this end, the table may be selectively rotatable from 0°to 360°. Said selective
rotation may be to accommodate such a variation in the cut. Alternatively the rotation of the
table may be to accommodate misalignment of the substrate or other reasons that may benefit

the cutting process.
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8 Brief Description of Drawings It will be Convenient to further describe
the present invention with respect to the accompanying drawings that
illustrate possible arrangements of the invention. Other 5 arrangements of
the invention are . possible, and consequently the particularity of the
accompanying drawings is not to be understood as superseding the
gFﬁerallt of the preceding description of the invention. Figures IA and IB
Bmare p 1) |5Ws iﬁ?&“&”ﬁéﬁﬂng a combination of linear and profile 10 edges;
Figure 2 is a schematic view accordlng to a first embodiment of the
present entlon Flgntretos tl atic view according to a second

embodin men? of thes Brateit |nvent| ﬁsci'—rf Eird' RESHRARNEVHOR tHdth respect to the
accempaIlstion é;&t&ngadzl‘xatd ifigstwaon epemtindimenh @mbatthe Pregentvention.  Other

' F 5 iS a plan view of t delivery system according to the
ma&eq%/] (39 %enftg&gowlrrll "I Figure: Eogures ’Bﬂné?n& %)é’@%w 1¥n'6RIdREFularity of the
acceispe deewidj S(m@rte embuititent ek thepdpsesient i eaiianliZ0of the precedin
g B39 g

how an inlet rail assembly according to a further
desgrrig odlrzglq?r}?vzﬁgt §|)oresent invention; Figures 8A and 8B show a picker

assembly according to a further embodiment of the present invention;
oaEng 1o L e B R B P g ot
edgapA to D show a strip picker assembly accordlng to a still further ce
i L T
Figure 3 is a schematic view according to a second embodiment of the present
invention.
Figure 4 is a plan view of the singulation system according to one embodiment of
the present invention;
Figure 5 is a plan view of the delivery system according to the embodiment shown
in Figure 1, ,
Figures 6A and 6B show an onloader assembly according to one embodiment of the
present ‘invention;
Figures 7A and 7B show an inlet rail assembly according to a further embodiment of
the present invention;
Figures 8A and 8B show a picker zissernbly according to a further embodiment of the
present invention; |
Figures 9A to F show a laser compartment and twin table assembly according to a
further embodiment of the present invention;
Figures 10A to D show a strip picker assembly according to a still further embodiment
of the present invention;
Figures 11A to D show an interface rotary block according to a further embodiment of

the present invention;
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30 9 Figures 12A to | show sequential steps of a process according to
one embodiment of the present invention. 5 Description of Preferred
Embodiment Figures IA and IB show two examples of IC's having a
combination of profile and linear edges. Whilst. shapes will differ
considerably between end use applicati@ns, memory 10 capacity and
aesthetic requirements, the IC's shown provide typical elements that are
common among similar devices. Figure 1A shows an IC 5 having a
substantially rectangular shape. The IC 5 has linear edges 15a to d.
detracting from the regular rectangular shape are at variety of profile
Figgigtohs) 15 YRmssethstiiasEope RiohBrAtaysHe o firenivorms igraieddinspiof the
prélEMgsNidhe profile portions may be less easily accommodated. At two
comers of the IC 5, are filleted corners 25a, b, having a set radius.
Further one linear edge 15d is interrupted by an inclined portion 20a,

DalRisida shppetinedsigRibdhgeadoe 15d. A smaller discontinuity 30 is
placed at a point along the opposed linear edge 15b. 20 Figure IB shows

an alternative IC 10. Again, the IC 10 is substantially rectangular in

shape; aasdNg\ | iREI P eRBeNsvbEX Athfickl eeVe hARg.e0as i a8 I okrofile and
_instead incarporates a circular portion 35 almost along one edge of the IC

linggr GasHNKAYSTSEeRERTHEST SO RO AEAY Ty esthersie frrlishitpRiememory

capage: mdthethaiteeipngnnntehs @0, shavingisieps 6Okl 2 indenting are
the recess 40 intq the IC 10, and so dividing one edge into two linear

Coﬁ%ﬁ?gn%rfgg,gos.nflaasrt ©'6he corner has been chamfered 20b. Figures 2 and
3 show alternative embodiments 55, 80 of the invention. In Figure 2, the

S R U R G i s
edget USinty d.plafiletngtingrdéiceguhathiseagelar wiatpr jet autteic65oiyhidgile portions.
WS e RIS RAHIRNRY Hhe S IRL NG IRMHI& S YRS &G n d RS MANINe portions
may be less easily accommodated. At two corners of the IC 5, are filleted corners 25a, b,
having a set radius. Further one linear edge 15d is interrupted by an inclined portion 20a,
similar to an inclined step in the edge 15d. A smaller discontinuity 30 is placed at a point

along the opposed linear edge 15b.

Figure 1B shows an alternative IC 10. Again, the IC 10 is substantially rectangular in-
shape, having linear portions 18a to d. However, one edge of the IC 10 instead incorporates a
circular portion 35 almost along one edge of the IC 10, with only very short linear portions
45a, b on either side finishing the edge. Further, a rectangular recess 40, having steps 50a,b
indenting the recess 40 into the IC 10, and so dividing one edge into two linear portions 18a,b.

Lastly, one corner has been chamfered 20b.

Figures 2 and 3 show alternative embodiments 55, 80 of the invention. In Figure 2, the
system 55 includes an onloader 60 for loading the substrate to a singulation zone (not shown)
ready to be processed. The substrate is cut using a profile cutting device, in this case a water

jet cutter 65, which cuts the profile portions of the IC for the entire substrate. The remaining
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to portions of the IC's, being the longitudinal linear edges are cut using an
appropriate cutting device, in this case a dicing saw 70, which completes
the singulation process. The singulated IC's are then sorted in terms of
~ quality, such as "pass", "reject” and 5 "rework" then offloaded to the
appropriate station or a reject bin. The ¥ystem is adaptable to a range of
singulation devices, such as.that disclosed in PCT/SG2005/000288, the
pPortigitehidofwhibhinedlindonsdratiod Harein séfesencenBysimakingpstitable cutting
devi®odifigat the; tagle.ang, dig ' signated as "4" and
"Z" 10%%%%%&%2%?2 Lé?glu?gé 1(a) a%%gg%%?gég% M acc fgﬁ]eésfo the
present invention can be incorporated to accommodate IC's having a
profitecagigeuvkilstraaintaiRIng AR AR RRLRDIS qtdﬁiﬁy,"swéﬂ Q?‘?J%%“,t‘f’réh@ct” and
« sk%le,d addressee that the system according to the present 15 nventloH :
reve g A H RSO P R AR g 85 bFcirgngiPachine, and so
reference to the device of PCT/SG2005/000288 shall not be construed as
Iimirﬁwlg bu% merelg iIIu%gative. Profile cutters of this type include laser ‘
cutters, Stch s PR RS AR Yot Lrsineriatre dexiersetuditreriat disclosed in
PCTRGRIAG/ 000388 itle aontwuithof ivabrasieado e saiaeih R B Making
. gutters..Figure 3 shows an alternative, arrangement where the longitudinal
s L R U RRCTEH S cLrPoein, S 2
respeg tivel prievidgis @ o dindehh Xie fingtreuttet ddding ©asR prdieha SN, can be
. ial 1 riph dges of the IC's, The rofile cutter, such
e R ARG e s e e o e decertabi
UPHhere are a number of parameters that need to be met for such a system.
One such issue includes the proportion of the peripheral edge to be cut

by the longitudinal cutter as compared to the profile cutter. To determine
thisltelsha ste st ith deadiiietiadinnsst ekiewnst8t hisniay: lethe present

inveriRigWirRd LA e canRler ihe &ﬁx}%g%%ggf%%’c&g%%g@ yDevisual o ence to

recognition due to a camera arrangement | ying ucial” marks on

the drEict BERGHE SHAMS/RALS skt opb o esttoadas dimatiogtsuonpnefijallustrative.
cuts may be well established. As profile-cutting devices are considerably

slower than longitudinal cutj[in? devices, ,
Profile cuttersof this type include laser cutters, such as pulse-excited solid-state lasers,

water jet cutters, including those with and without abrasives in the water jet, and air jet

cutters.

Figure 3 shows an alternative arrangement where the longitudinal cutter 90 is
implemented first, and then the profile cutter 95 next. Similar to the previous embodiment, the
first cutter in this case a dicing saw 90, partially cuts the peripheral edges of the IC’s. The

profile cutter, such as a water jet 95, finishes the job by cutting the remaining profile edges.

There are a number of parameters that need to be met for such a system. One such
issue includes the proportion of the peripheral edge to be cut by the longitudinal cutter as
compared to the profile cutter. To determine this the shape of the required IC must be known.
This may be “hard-wired” into the controller of the device, and so there may be visual
recognition due to a camera arrangement identifying “fiducial” marks on the substrate. In this

case, the proportion of longitudinal cuts to profile cuts may be well established.
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for instance a comparison between a water jet and a dicing saw, it will be

preferable to minimise the use of the water jet so as to increase JPH.

Further, the greater the use of the 5 water jet, the higher the abrasion on

the after jet nozzle and so shorten the life of the water jet compared with

the overall life of the system. However, thie effectiveness of a dicing saw

to cut, for instance. the longitudinal portions 45a, b of Figure 1 B, may

make tooling and tolerance difficult, outweighing the benefit of the speed

of cuty . itudi i . igure 1B, being longer may, in .

the deiohaion P A By e g ot devies.
[OR IRAGCARSHRRIEIOD thrl Hete ctiB Atey fstemn dradi ddensifyy thevetibipepoé featie to

mi&inEDRACHOTIGH: g Si@tt%%qg m&ﬁwgﬁ%%%?h?l%s rgz%;gr%ge use of the

process, maintenance costs and complexity of shape. processor
WilfhiF-tHS Sbriroiies phEdsisa eaphnRSter ifsterraicingcasy optirmmthtSife of the water jet

capRRHINH HRSSHA QM Pie-SelEoRthPAIAMSIE S, S lé?fér?t%vg%teasls. of 4 dicing saw (o

production run, proportion of profile edges to linear edges, required speé

cubrigFdatieneh, thydenst ménr BatinpsdEvice efsEuetc] Bigure datonwsiogend

roRmbedinTertRf shrRIesRM Rveation wheke | o ,
bO?Fr%g:ure 2 has a laser C%%[%’I% device replacinép'[l%%:-alev(\)/zstét!-,\arE J??ggoé%gg%}ggﬁéh tons 18z,

1Bt GRS SRR TOB Yo i BtAS reaRbiaseaf Derdivmapeydte e idtuited to
lofictliginghbtatignz 115 and an unloading section 120 and 130. In this
embodiment, the singulation system 105 incorporates the loading of
substrates 125 to the delivery system 110 which subsequently pass

throughehesisgy Imé%@migdkiﬂviﬁgﬂ@ﬁ@f%ﬁé%%?@@ma@ﬂ%h% batch of IC’s,

aln%i%gulated I% 25 units that p%%llnspection, and then delivered throug .
TR URTO O PRt 1 SR ShRT AT SHo redBteneRr ERRSFe Adipemplexity of
shitpeeftion, genetadborelatiis tbdhontpEEEAAY NRItAR6fdhe BSIaIhiRe N ptimum

ng 8 sections, namely the on loader

thexgeliv%ra%/ sgstem 110 compg[si ) _ .
PraRaemibly T50 thB BUSHErIes, tRE RS TEH HLeriBR Seeditsiatr g s@roportion of
prpfdkend2@0ithedavindgserégble-aspesably produtiRIaseseRstaSREMRINe device used
1240, the second strip picker 260 and the interfacing rotary block 300. 12

(IEQeferring now to Figures 6A and 6B, on loading the substrate to the on

loader

Figure 4 shows one embodiment of the present invention whereby the schematic
shown in Figure 2 has a laser cutting device replacing the water jet 65. Specifically, the
singulation system 105 of Figure 4 comprises a delivery system 110, a dicing station 115
and an unloading section 120 and 130. In this embodiment, the singulation system 105
incorporates the loading of substrates 125 to the delivery system 110 which subsequently
pass through the singulation system following a quality assessment with the singulated IC

units that pass inspection, and then delivered through 120 to the unloading station 130.

As shown in more detail in Figure 5, the invention generally relates to the
upstream portion of the system, being the delivery system 110 comprising 8 sections,
namely the on loader assembly 140, the pusher 160, the inlet rail assembly 180 , the strip
picker 200, the twin laser table assembly 220, the laser head assembly240, the second strip

picker 260 and the interfacing rotary block 300.
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assembly 140, the substrate is passed by magazine_ 149 ir_l a

predetermined orientation, that is, with the longitudinal axis 151.of the

substrate perpendicular to the direction of loading of the magazine 141. In

this embodiment, the on loader assembly 140 acts as a storage 5 means,

as well as a loading/delivery device, as Multiple substrates can be stored

on multiple magazines in the on loader 140 from the upper stage :_L46 to

the |I8WEFstagROT 20 JEghesy dsstiroBigvthiaditeader 4o TibisiShe on loader

i i 6 whilst 'racked" 149 priar tq . ,
Lt T T T C——
is, gl %@19%&@%@@&6% fhétowdrsstagedd2idicughtth@oditeastar ¥aoading

lf 5 4 y servomotors. A rubhber belt 152 i

o Minegsioes k08 oA SRR TR o

DeRRrafds e fagarieiBgAsh E18 ideised formatialatiosirafethean be stored on
j ' ithy ine.cla 48

m“?ﬁ“?wcks e e o e e M e IR (o grase 142

as

&Y JiipS e tacsom daader sidPa 5Ehis higastitbdimentititeamagezinege 146
whﬁlzamnck%a’inﬂ&@ﬁéh@(ﬁé&%’ﬂé@ﬁ?&ﬂ%@%'hé&a@ﬁa&%lﬁﬂ%t gﬁ%ﬁn%ﬁigtelgstrates are

uired, The individual substrates are subsequently push

tra]é)% SH TEOPD RS HBREFatEASR d4fhie dhe towrs iﬁﬂ&ﬁra}iﬁiﬁﬁrﬁmgbhéle on loader via
linswrhsidateislof 150 '@B@@HW bkOBRYRNES ﬂ}@ ﬁ%%[‘r%?ts EINGRL ti)oyb(raollers in

162 which bears directly on the substrate in the magazine 141. In SO ‘
COTATRY RO HIbBR $65Hp febYarakiaImasartsanards trateganiovinguthe 148 is

usesi fostrateiin atthrestion eardinans with dieiongitudipal axis ehthe _
magazine 141. Once all the substrates have been pushe_d to the inlet rall
165 the magazine clamp 148 will place the empty magazine 147 on the

lowéihstagrezd4Rentienepthesepnaty PAGIZANES A SLASEIHEMY T BIOQYUEL rate and
indYei8, operator. %5 With reference to Figures 7A and 7B, the inlet rail 180
TSR S pa PR3, Yipbed-chiickeeriisg aaimbe magazing

comprises a pair of guide™fafi¥ _ ek
clatife Habedt8ds Thee widthafstvergoity radsad 82 isdiusiamg area required. The

L8R AU SRS 5 Fchats Lo wirae ot a i on
to tépé*ﬁ@#re@’ll%fm&@pﬁiyir@e&}mdm Toke guonRe b iuSHRSHR I 1bERS es using
a pgﬁi)%pf\@cwﬁ%hl@gapsri&rf)ierggyaggqgéSs,l\l%astrate in the magazine 141. In so doing, the
probe 162 applies an axial load to the substrate, moving the substrate in a direction co-
linear with the longitudinal axis of the magazine 141. Once all the substrates have been
pushed to the inlet rail 165 the magazine clamp 148 will place the empty magazine 147 on

the lower stage 142 where the empty magazines are subsequently removed by the

operator.

With reference to Figures 7A and 7B, the inlet rail 180 comprises a pair of guide
rails 182, a gripper chuck 188 and a framed lifter plate 184. The width of the guide rails
182 is adjustable by servomotor 192 which adjusts the guide rails to correspond to the width
of the substrate. The frame lifter plate 184 has a top surface with apertures 183 for
applying a vacuum force to hold the substrate. The gripper chuck 188 gripping action is via
an air gripper cylinder 186 and the horizontal motion is driven by servomotor 190. The

gripper chuck 188 will grip the substrate at the front and pull it along the guide rail 182
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an air gripper cylinder 186 and the horizontal motion is driven by
servomotor 190. The gripper chuck 188 will grip the substrate at the front
and pull it along the guide rail 182 13 until it reaches the frame lifter plate.
The gripper chuck 188 then pulls the substrate until I:he centre of the
substrate coincides with the center 185 of the frame litter plate 184. The
! " C ill then. k clear of the frame i late 184 and the .
e Dot b T B L B g g e
tefefnifie Quitie S8ikrag 2 oMwdssstriph plokeri260 RO vésHo thenfraifier liftee 184. The

PIpERAGHIL PekHA Eﬁ&%gﬁté%‘%ﬁﬂ Ssing f?aﬁa%ﬁ?ﬁt

ate ,vacuym nozzle (not,.
. 1AM 0 %‘% 1 :
shown). With reference to Figures 8A and 8B, t & tr‘?peplckeagl aé%%eeng ’irf/e ifter plate

1BG168nbsridissd Witle sesiefes e, moBnierd thiripopickeri @00 s aidistripils 182.  The
sﬁg@z&%mmgm {brae fOCAlIgR10,piNS; 49 m@&%ﬁ @1&&&%@5%@%@%@ separate

es for precise picking and placing of the substrate. The strip pic
HIBIRAOEHS (RRIBERIAY pins 227A, B, to match the locating holes in the
frame lifter plate and the twin laser table unit for precise positioning. The
strip picker 200 moves vertically using a servomotor and is mounted on

the lindasHtE 8% 1t THBESitAl ARGLBR WFCH TP atstkeirivasarbyla 201 comprises a

Iseacostiator2 Thestrip Piaker #eRYSeR aswacytip PildHolddhe SHBRIE e 10cation
and Wi”ﬁﬁicﬁ Lg) tkg)ﬁsubstrate from the frame lifter plate 184 and place it
158

R RS SRCAHE AHGh RS RTEC R dtiekthsh enA ofpwisRonf the substrate.

Teneip AdRechetksthmswostiaialtukaligpmentand vrientation (aswelkias holes in
gh%ckinq.gﬂe ststra e type. The AQ vision camera 230 is also mounted
the e-litte etﬁw&I

on s hinear Sliges24%Y B &%ﬁéf?r‘ﬂﬁ%ﬁ%@%{%engﬁ%éum picker

200 the eéfsettoicaiiyonshigalignmenhioolased euttingydadiugting20thede 222 for
twin |

ser table unit and the laser. The substrate will be rejected, and
B R R SR o 5P GPBE b vacuurs
tif boddshbstriateais ofthevilinpio vpribataticras fype. MitharaéaieBEditde 184 and place

.Figu t there is.shown a twin laser table unit.220 comprisi
‘ﬁr%a%%ﬁ%@?%aggi@%ﬁ% Bee.c héﬁ%‘ﬁ%"pd%it?éﬁ%%i‘%%bvé‘@?d"é?%@s‘?a?nefa 230
Ipeksstitsstrasrseniovetigoyntine stdpopickeritn,the tveih jasertable dritsAByate type.

ARIAOPANIGH A0 DISEKS 220/ ARG IDRRIINOSINER, servomotor.
slides 228A, B from a receiving

The systerm compensates for the offset for minor misalignment for laser cutting by adjusting
the twin laser table unit and the laser. The substrate will be rejected, and removed to a

reject bin 225, if the alignment is outside of specification or if the substrate is of the wrong

orientation or type.

With reference to Figures 9A to 9F, there is shown a twin laser table unit 220
comprising linear slides 228A, B and a laser head 240 positioned above said slides. The
substrate is moved by the strip picker to the twin laser table unit 220, and in particular to
blocks 229A, B capable of moving along the linear slides 228A, B from a receiving
position 231, to a laser cutting position 232 and finally to an unloading position 233 from
which the laser cut substrates are removed by a further picker assembly. Said movement
may be through use of linear motors and linear encoders in order to locate the substrates

within the desired degree of accuracy.
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position 231, to a laser cutting position 232 and finally to an unloading

position 233 from which the laser cut substrates are removed by a further

picker assembly. Said movement 30 may be through use of linear motors

and linear encoders in order to locate the substrates within the desired

degree of accuracy. 14 The laser head 240 comprises a single laser

sourcewhich provides two cutting heads 239A, B from said single. source.

Said k?g%édga%pgﬁiag PO LR SRS Br Sttt éﬁeéﬁémﬁl}wéf%iﬁw@ﬁdtwo cutting

Hens in‘ordeBtdrachieue thedesiiedJesult He‘édHﬁQ@%eF]% t%&la%esﬁﬁ%eﬂﬁgrhfmm an

Rerson haw to achieve the desired twin beam effect, the specifics of whic _

SRt IR TR LLIBE OF RBITRUSAHBICES Ay BRESS FARgrheRiI e lar 1o the

shiddsrarecoffasy i theh v diteetianitedation Bwrﬁ%imﬂlﬂgg@fp%@f%@%gsggmh shall
.Bas the substrates are cut simultaneously by the two heads '

e R S R e v S50 i Tt o he Y-

dégetion Hooell@ 270, restfetindoof 255 ahdia SETN BUGHOMN0RBR8Rs are cut

SMJ%%QW%&/ 289 blows.off g%%ﬂ% 'particles inherent from the laser

cutting with the first suction 'vacuuming" away these_particles.
Further, there is a safety door 255 for periodic preventative maintenance.

i5 The eads 24 t strate to the desired shape. In

particﬁgﬁe g[he Ias%rZd hgé%(?sérﬁgﬁ# %xgﬁ%\ap%g taélplgf)f(%rl%wﬁrrﬁeo Cﬁtf{gﬁgé‘fcmn hood
ZHe rodftermare? EdrmpslexsetrsesinislndinglAivilibari shapesavhithtioag off the

Jiied . of | S nd similar devices. S laser .

B b P Tor 5 g aomine
et SaeiserAlinEwr cubsTEuther saey clntingiiayftye funtiogic2@reventative
miMantageous over the use of a dicing saw in that waste material which

may, adhere to saw and affect the quality of the cut, does not present

such a problem for a laser cut, and may be more easily removed. In

casesTuaarStESR 2dyantagesarepaximizedyith the %Csl{fgd spged ff%{]gamcular,

saw, the laser heads 240 may be adapted to perform partial cutting o

e @S R T the BUARIRACAr RASFABRSDTRALS ImésneoftibadGarformettibgomplex |
sBagiingcs@Mh 2 Burvilinear shapes which may be required of irregular shaped SD cards

and similar devices. Such laser cutting may be further advantageous given the inflexibility
for a dicing saw to perform such curvilinear cuts. Further laser cutting may be further
advantageous over the use of a dicing saw in that waste material which may adhere to saw
and affect the quality of the cut, does not present such a problem for a laser cut, and may be
more easily removed. In cases where these advantages are maximized with the dicing
speed of a saw, the laser heads 240 may be adapted to perform partial cutting of the IC’s,

such as for the curvilinear portions, with linear portions performed by a dicing saw.

As discussed, in a preferred embodiment, the laser heads 240 may be arranged to
provide any one, or a combination, of full peripheral cuts, partial peripheral cuts, and cuts
of the IC of varying depth. The last option of cutting to variable depth is particularly
advantageous when the IC is too thick for a single pass, and so multiple passes may be
necessary. Such thick IC’s may relate to sandwich construction or arrangement that creates
an IC of non-standard thickness. Alternatively, the IC may be a sandwich construction of

dissimilar materials having, for instance, different thermal characteristics, and so different
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As discussed, in a preferred embodiment, the laser headg 240 may be
arranged to provide any one, or a combination, (_)f full peripheral cuts, _
partial peripheral cuts, and cuts of the IC of varying depth. The last optlon
of cutting to variable depth is particularly advantageous when the IC is
too thick for a single pass, and so multiple’ passes may be 30 necessary.

Sych thick IC's may relate to sandwich construction or arrangement that
163‘?%%8% %W?Hf gﬁf%rf&éﬁ‘@%iéﬁﬁé%; Afbarnativehyg the s@ay bemy lead to

iSamehdiovanpisisustion of. dissillalmaigUals ARG BLINPIANGE o) Jen cutin
fd['p;fefgnt th%rm | characteristics, and so different 1%% vels o tlll)e_rmaliiyz_) g

“formed interial SHREEE8 hus cutting of said IC's may lead to differential
warping of the IC. In this case either partial peripheral or partial depth

tting,_of the IC may be advaptageous. 5 The second suction hood 2_80 IS '
Egehn%esaec O%d&%ggﬁe%?%g UGB avsanar theslehmisvith theestivitrate after it

is [er ithbllee uin226ertdslalsiLseol to wgi?éh%&fkgi%efe %‘%ﬁ%g’ﬁéﬁ tyin laser
| i , before
e o anessonc raed. T

In this embodi

thigembadioonk, 1186 ficutriecéssariyoope rﬁfiﬁ%ﬁi&%@ﬁo@g g/%a(%%dg %‘éft A& ssarily
: i e Ssam
o B L B e e e ot i

source with a toggle valve. _ _ :
SaWifIIWﬁmqmﬂhsero@gmpaﬂt\men&ﬂélﬂis&rl@ﬁﬁﬁgjqqaqaﬁ?%@?%gﬂ: anit 220
of 1. \With reference to Eigures 10A to 10L.r, e strip pic
ngsrgﬁi%?gﬂ %é%%ncsoenslpg c%lreﬁlétr%j‘ag%ré?f’é’ ea?%%’&aﬁé Spipndikef dwsubstrate.
The "cutting function" (CF) vision camera 290 15 inspects the laser cut

substrate and output if the substrate is cut or not. If the Iaserhis rlﬁt _
functigiin wh [ i to, prompt the user that there isa
laser erro;ga a{%?(fn coggég%%? ?h% iguségﬁé?ggcgtﬁl géj refmolEs 1h8 fiRAAprises a
Camea A rad, r*}itsmﬂi\/ﬁ%um&m@%isTinpti‘@nttffigef@@cﬁx)owsmF;am@mcaQ@m 290
inspanratge cheeckdotay-aifseld HEEling e %ﬁg%@ttee isZQPI%? %ggplpl keéé@l; is not
265 is positioned on two orthogonal linear slides so asto pic up-t I
TG OO st At e BRI L PR Prigfvsmn Hidrushe taditestion fiasar error and
cotbetwiniyaser sableunitta the laIRFALE FRIATVRINGK, TQaccqmmodate the -

rallel linear slides -
furHeer cElsruptleon. The (CF) vision camera 290 can also check for any offset in cutting of

substrate.

The strip picker 265 is positioned on two orthogonal linear slides so as to pick up
the laser cut substrate and permit longitudinal movement in the X-direction from the twin
laser table unit to the interface rotary block. To accommodate the parallel linear slides
228A, B of the twin laser table unit 220, the strip picker 263 further permits linear
movement in the Y-direction to alternate between the blocks 229A, B. In an alternative
arrangement, the strip picker assembly may include a twin strip picker so as to have a
separate strip picker for each of the two blocks of the twin laser table unit. This may have
the advantage of increasing the flow of laser cut substrates from the twin laser table unit to

the interface rotary block.

With reference to Figures 11A to 11C, the interface rotary block 291 comprises a

surface 292 onto which the laser cut substrate is placed. The surface is rotatable about a
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228A, B of the twin laser table unit 220, the strip picker 265 further permits

linear movement in the Y-direction to alternate between the blocks 229A,

B. In an alternative 25 arrangement, the strip picker assembly may include

a twin strip picker so as to have a separate strip picker for each of the two

blocks of the twin laser table unit. This may have the advantage of

increasing the flow of laser cut substrates from the twin laser table unit to
theneimte Frike F8taryisloekiB0 With referendeatdcfiguitasal Vhéautd Gitbe to hold the

1a§@}%qmg%ym%%%&om&§gfba{ §|§r1fa}¥c§:}er%9€21‘gnto which the laser

cut sub§trate is placed. The surface is rotatable a out: 5% ﬁ%%rl%lt%lsrﬁ} strate, then
Totisfe BH450T AR KuFaBECIL inltgmiuMeationiwitbstvac uemmys Gureentepusidinto the

satiglaser sytaubsiates e nterfage roiaty. block 291 on receiving the "
laser cut s%ybstrate, then rotates 90 S0 as to é&%@g@n gﬂgtjnt%ﬁewi’érsl%lﬁs%%ﬁ%ble unit

MY BetFsRereAdy far RS sERCitstise anlingeafenrsytihdametiter sittathe strip
pidtierresive aRNGeMent the yinlasetdagle M‘i}é&é&@% g replaced by a

rotary chuck table, which performs the 90 rotation, wi e strip picker
265 then moving the laser cut substrate to a interface block. Figures 12A

to 128 shewia Aurtherinieieriechenebadirognl b the RIESENNNVERION invent
wl\g%iCh may be part of the combined grofile cut/sawing gf?[;gfe%\éeélfé%hé%mmm’

»I° 8HE i iR e o sapm s iwsee §tictitial Views 8f Specifically,
Fitheemethad andsaysiemascicingws & ehes ampagimant ohIeS BIESENY further

eniép%égntion. The invention forms one part of the overall system for

HTSHNG B ATSIER. Brenbery e <ENBREC AV RUUPIS @iflic overall system for

sigurgaing iyisietivesing diely deis iR d Ui SR: GRRSEMENINuINE delivering the IC
progess and sg/st m according to the present invention are appropriate to
units tor iuture i ]

S IRCOIBOrALEY infP U A dE SrESy Ashs YsIeeshodéRg inghstpsesent invention

arsapstoatesctoopro dusesingedated IQaupdsd N SHGYAYSIER i8tBAlcessing of
Sugg %'%% d ip uCT/SG (85({9 0288. IQaddition to providing a complete
‘sf T3r e SingLtatior BE WP SERIcR e HATdsrioseitiaular

solution e sing ation o élﬁbtétrv
PERESSIeHOPRIGEedm sidgidatioprstadingsinilaninec QD RARI e B SANMion of

' tian, less efficient. The present.invention may replace this within =~
U B LT PG A0 L N A A £ T similr i
cofiserdvertall PG systemettiwill be tleaeiicihetskithagkeessaavifiaidinenay replace this

wilgihed 1%%@#&@&%@ &f :Eﬂﬁlﬁﬁﬁ%étr device in order to enhance the UPH of the overall

system. It will be clear to the skill addressee that the method and system of the present

invention may be so incorporated into other such devices using accepted and well-known

workshop practices.

Figure 12A shows the first step in one embodiment of the process according to the
present invention. In this case, a singulation table 305 is shown having two components
310,315 for receiving substrates. The first component 310 includes a recess 319 for receiving
a first substrate and similarly the second component 315 includes a recess 320 for receiving a
second substrate. Both components 310, 315 include regions 325 within the recesses 319,
320 for receiving substrates. Each of these regions 325 has a central orifice 330 through
which a vacuum may be applied such that cumulatively the orifice holds the substrate in
place. The regions define the location of individual IC units within the overall substrate and

thus the vacuum orifice 330 is located to correspond to a particular IC unit that will be
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invention may be so incorporated into other such devices using accepted

and well-known workshop practices. Figure 12A shows the first step in

one embodiment of the process according to the 25 present invention. In

this case, a singulation table 305 is shown having two components

310,315 for receiving substrates. The first component 310 includes a

recess 319 for receiving a first substrate and similarly the second

Ingi ecess 320 for receiving a second substrate.

S on AL A1 15 a8 Aol S9E HRUH g fog daa et gneiude ol
holeg3 fobraBeiying dubstesesomath D thass renionse32&hasa 6085l infrastructure

incPHERIASQ HECHARA0 WG B ¥agHYY lied such that '
cumulat%/ely the orifice holds tk:ée subst?%}t@%%%%%. HA& &SR GRtEPS:
the location of individual IC units within the overall substrate and thus the

vacBisirolifBe; R30I SHOCARL S CaUEIPORd 19 icyjar IC unit that will
be 1%]§u$sequentlsy be singulated ?rom thg té%t%%%%%#ﬁebc%er%ego%e@fté\{o the
recessy, 31 fafth RGBT BIIIReTeS 3t hrantih Y0histitttie conveoribhtene 360. Tt is

the By BkEomayheeseptiad 10 OVa Bl I aRtfdCie; é’?s%%%%%ﬁ@%@em% frame 360
Qﬁ\g@g\ for rotatjng the overall table 305 during subsequent steps.

mec
Wheﬁgﬁre 17 SRS ST BT SR ety sn shafsammsolisusdeivered 350

into the recesses 319, 320. Each substrate incorporates IC units 355

wit rall frame 360. It is the intention of the present invention to
sing%ﬁtng (tgwyeé I %Wt@ﬁggbfs%gﬁgefn%4§véﬁéllw iy HsrErsp RS ICURRY. The
vacugye tpphiddrtneonghobe sseduan diifie frazoes disearadedqa s Eiﬁ},’rﬁtg‘r%gcurely, ready

for SRANSESY ggﬁtgs 340, 345 secured within the recesses 319, 320. The
a\iljgycuum apph%d t ron@%r?ﬁgs\s/acuum orifice 330 hold the substrates 340,

345 securely, ready for application of the cutting process. Following

engagement gfthe substaies 340, 343 ..t ing process may begin. A

15 characﬁfeéiist.lgé%% the i.nvenﬁgaﬁ%rt%g? %ghgggﬁng%ﬁ%ﬁ%ﬁf)%ﬁ Bfnacgin. A
charagitsintfion tbievsnperdtthetz aibtinenpredetdininad ofithénsthislation table 5

perférabadinents thesfirsh-eamponent, 3t g%%%%@%ﬂte %arg?lclglg{%ﬁ%t?? ifmrforms

defined by the coordinate axis 365 wh axis’is par

& U BREHditoaiPExYs e lrskratbe 2ooTHB e cwiTl Edmyenent BESYdefinesparallel to
a lonifieugenangiprsdaterminggecut 385, which in this

| "The second component 315 defines the second predetermined cut 385, which in this -
embodiment is along the X axis, that is, laterally across the substrate. It should be noted that'
there are known systems for the removal of debris and waste material from the cutting |
process. The debris may be removed by a number of different methdds including vacuum
during and just following the cutting process. Alternatively in cases of low cutting debris,
such debris may be removed during subsequent washing processes of both the singulation

table 305 and the singulated IC units on completion of the process.

It should be further noted that this embodiment defines the processing of only two
substrates. In alternative embodiments, the singulation table may accept a single substrate
located on a single enlarged component. Alternatively, either of the components 310, 315
may be used to process a single substrate. Thus, the invention is not limited to two substrates,

but may be used for a single substrate only.



10

15

20

25

30

embodiment is along the X axis, that is, laterally across the substrate. It
should be noted that there are known systems for the removal of debris
and waste material from the cutting process. The debris may be removed
by a number of different methods including vacuum during and just
following the cutting process. Alternatively in cases of low cutting debris,
25 such debris may be removed during®subsequent washing processes of
both the singulation table 305 and the singulated IC units on completion
of the process. It should be further noted that this embodiment defines the

progessinthef ARy M arhskaies. e AliRinatve ARILadNeRIS IR e three or more
singulation table may accept a single substrate 30 located on a single

CompORERIR (L SHP SRR SFFARTR ARSHRES ST R BB AASB FeMB Rt d¢5nes distinct

pred?ﬂﬂﬁ%@ed&ﬁﬁi@g%E@p‘@&ﬁa&t?iﬂ&lﬁtﬂ%h&ﬁﬁ%a%ﬁﬁiﬁﬂﬁﬁlﬂfé‘&g&ﬁﬂﬂ%@é:&mng steps or
imited ta two substrates, but may be used for a single substrate only. In a
oy G Pt i BB SR B0 At A A EoFIG AR g onents

Sraifeate'e
or more components for receiving three or more substrates whereby each

compone efines distinct predetermined cutting steps or ajt vely., . .
o e e e AR Biving being
subjetich cupiede stepsebpliedto thabgifated Qithintheemingidieioombdnaass. The lifting

Ei nt step whereby the substrates 340, 345
may O B D B e R R i peemont
portisingulalientabldBoBbTditisgplmnay vocun esihgen Vitisty ofiatomes once the

vecBRPRIAESHEN AR ARY et beIEYS0gagement to portions may

contact the substrates, apply a vacuum and then lift the substrates once
the vacuum through the vacuum orifice 330 has been released. Figure

12Eshanvs thenpext aten-whess %&1«%&&@%@%{%@&%@@6?@%9 k18 H%he same

. same orientation but the singulation table 305 undergoes a 180 rotation
orienfBosObS e slRgitéonsakieSdSearsiergosop ISRA wiattifcteheeabda atias the

recestBE SHPSIFAGHAIRL MERIQNEIECLIMA.COMACk NN IS, OPRASENIREESSAS contact
320, 319 of the rotated components 315, 31.0. Thus, as shown in Figure

with fhe qRBOSE SerersssaténdlP\richianiritd 4aBpanentsitiip, thilreEbysezs shown in
FiguAd 22 B 1000 18:0RR08 8w ORRRRE BRf 116 SIBgUIAtoN dble. 204 JYENEIo of the

characteristic of the invention, as mentioned previously, is that the
OPPSSHhPROMERTS YetfriBasB pitatisve fAfilfed cut steps. Thus, maintaining the

substrates in the same :

A further characteristic of the invention, as mentionedvpreviou-sly, is that the ,
components define the predetermined cut steps. Thus, maintaining the substrates in the same
orientation through lifting them clear from the singulation table, and then subsequently
rotating the table, transfers the predetermined cutting step to the next substrate. As shown in
Figure 12G, on securing the substrates, at component 315 a cut in the X direction 425 is
performed on the first substrate 340 and at component 310 a cut in the Y direction is

performed, but now the second substrate 345,

Figure 12H shows the result of the completion of the predetermined cuts whereby IC
units 435, 440 have been singulated from the previous substrates 340, 345 and removed from
the singulation table 305. Said IC units 435, 440 may be lifted using known devices such as
vacuum pickers which individually engage the IC units with a vacuum seal and subsequently

lift them away from the singulation table 305 to subsequent stages in the process, such as



orientation through lifting them clear from the singulation table, and then
subsequently rotating the table, transfers the predetermined cutting step
to the next substrate. As shown in Figure 12G, on securing the
substrates, at component 315 a cut in the X direction 425 is 25 performed
on the first substrate 340 and at componé%t 310 a cut in the Y direction is
wR§Hormed, but now the second substrate 345. Figure 12H shows the

resUIE of the LSHTTRLBR ISR SYeoibs TRt L nrawhiere ByhCe Tt A8 Sy bstrate

frazg mayelivedre singuiatad fomethie aravioys.sHOSIEAIES 390,345 anglc
removed from 30 the singulation table 305. Said IC units 435, 440 may be
lifted using known devices such as vacuum pickers which individually

engageathethe ubltsmdthba waatsansealrangesukseqyently i S
thg?m .theﬁingsglation t@lble 305 to subsequent stages in the pr)!;l{(gﬁlggs?éﬁg s%)a}g onents to

as %%lasl%ng,la%ﬁﬁ 88’&?8@%58&?% or other required processes. The
remaining substrate frame may then be discarded and the singulation
table cleaned of cutting debris. Finally the table may be rotated 445 a
further 180 so as to return the components to 5 their original position as
shown in Figure 121. LLOYD WISE 20 Claims : 1. A system for
singulating an IC unit from a substrate, said IC unit having a 5
combination of linear and non-linear peripheral edges, said system
comprising a profile cutting device for cutting the non-linear portions of
the IC unit; a longitudinal cutting device for cutting the linear portions of
the IC unit, said cutting means located within a singulation zone. 10 2.
The system according to claim 1, further including a sorting means for
sorting the singulated IC units into categories, said categories comprising
one or a combination of pass, reject and rework. 3. The system according
to claim 1 or 2, further comprising a loading means for 15 loading the
substrate to the singulation zone. '
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4. The system according to any one of the preceding claims, further

including an off- loader for removing the singulated IC units from the _

singulation zone. 20 5. The system according to any. one of the precedlng

claims, wherein the profile cutting device includes any one or a LLOYD WISE

combination of water jet cutter, an air jet 2utter and a laser cutter. 6. The

system according to any one of the preceding claims, wherein Fhe

longitudinal 25 cutting device includes a dicing saw having a single or
cdualdlade. 7. A method for singulating an IC unit from‘a substrate, sald. IC

unit having a combination of linear and non-linear perlpheral edges, '_sald

method comprising the steps of: 30 profile cutting the non-linear portions

of the IC ynifdsi ile cutt] vice, and 21 longitudinal cutting the
linear portiolf\zi@o&‘lp'[%ogl %’%%%tﬁg%gggigﬁléﬁ%g%aﬁ & ﬁ“ﬁged%f&(; ggifjhaving a

cutting stEPRRRRARY lingsinaadiingulinion poneBaThizemetiod Resareiibprising
e oA 1 S e

into categories, said. categories comprising one ora

reject andl Wﬁﬂ@i@l?ﬁ@iﬁ%ﬁ%@?i@émt@ tkinazlh‘ai@ﬁ’ pnm&?xfkl Bhele IC unit, said
comprisipgitihg stemefdeading then g@g&%@i& the singulation zone, 10

O ..
10. The method according to any one o ims 7 t%CQ, f.urther.comprlsmg.
the step of removing the singulated IC units from the singulation zone. 1i.

Amethodef sineslaiingrainiralitGaf 1Cynitsf first substrate, .
comprisin f}é the steps éf:gljoading the fi%%ééggé%lgtlg 5 gof%snlglgﬁea?ﬁérfo&‘?omng the

a singulatihgHA6R GwHnEs 4ata ?éﬁl@ﬁ'@msai.ﬂ@tp@sﬂmwfmﬁng’m@ﬁdﬂst
pre-detetatitteatishfrapfiss! Rpitiom@tihg first substrate;

3. The system according to claim 1 or 2, further comprising a loading means for

loading the substrate to the singulation zone.

4. The system according to any one of the preceding claims, further including an off-

loader for removing the singulated IC units from the singulation zone.

5. The system according to any one of the preceding claims, wherein the profile

cutting device includes any one or a combination of water jet cutter, an air jet

cutter and a laser cutter.

6. The system according to any one of the preceding claims, wherein the longitudinal

cutting device includes a dicing saw having a single or dual blade.

7. A method for singulating an IC unit from a substrate, said IC unit having a

combination of linear and non-linear peripheral edges, said method comprising the

steps of:

profile cutting the non-linear portions of the IC unit using a profile cutting device,

and



10

15

20

30

20 lifting the first substrate from the singulating table; rotating the
singulating table from the first position to a second position; replacing the

first substrate to a second location on the singulating table; performing ayy
i . i LY
second pre-determined cut of a second portion of the first substrate so as

D WIGE

to singulate the plurality of IC units frgf the first substrate. 25 12. The
method according to claim 11, further including the steps of : loading a
secon@usliystirtectoting Sedormd oeations o the Singulatingtabie gadihcsntutting

to thecfyatcé,um&r@amm&§§§%&a?ﬁ& 5 n g (s Lﬁ%@&?%é& performing

the second pre-determine

cut on a Second portion e second

s_ubstrat_e: LLOYD WIS_E 22 Iift_ing the second _substrate from t_he
gsingutatinehtable seuemm(% thefiEst preqagteringa et LB Jiskorting the

substrate and the secon

pre-determined cut of the Second Substrate;

replacifgilécddtomrite iBS et 261iRe st BYSRIRIIED AR EHIEIRIGTRY table,
5 follovyingithe siep pﬁg@t@ﬁi&g the singilating table from the first position
to the second position; performing the first pre-detennined cut of a, first
portion of the second substrate so as to singulate a plurality of IC units

ofrom thmees@enind sulistiate +dQiddn The fethed acsarding fadaidy bt ioading the

wherein the first and second pre-detennined cuts are linear cuts along
orthogBR&F4%eS RS BIARR298fined by the substrate. 14. The method
according to claim 11, wherein the first pre-determined cut is a linear cut
1gnd tré?hsecog% re-determined cut is a profile_cut. 15 15. The method

ccor
Saw.

11.

12.

B BT OEAO\ IR/ REA oh 0t IR BRI Step of

removing the singulated IC units from the singulation zone.

A method of singulating a plurality of IC units from a first substrate, comprising

the steps of:

loading the first substrate to a first location on a singulating table, whilst said table
is in a first position;

performing a first pre-determined cut of a first portion of the first substrate;

lifting the first substrate from the singulating tablé;

rotating the singulating table from the first position to a second position;

replacing the first substrate to a.second location on the singulating table;
performing a second pre-determined cut of a second portion of the first substrate

s0 as to singulate the plurality of IC units from the first substrate.

The method according to claim 11, further inciuding the steps of :

loading a second substrate to the second location on the singulating table, adjacent
to the first substrate, whilst said table is in the first position;
performing the second pre-determined cut on a second portion of the second

substrate;
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16. The method according to claim '14, wherein the profile cut is made by

any one or a 20 combination of a water jet cutter, a laser cutter and an air

jet cutter. 17. The method according to any one of claims | 1 to 16, LLOYD wisE
wherein on singulating the plurality of Ic%%lnits, said IC units are unloaded

from the singulating table 25 18. The method according to claim 17,

further in ing.th of.then rotating the taple back to the first _

position. %lgﬁi}g %/Est%% %g rSlsJihﬁ%{ng}aetl?ﬁa% %ﬁj PAliRY 8FIE [his bRy apgrde first pre-
substratéctomipriding & lbading smesinsasapted declormheifirstsubatrates the

to a first Jogatien,pR.a,30 singulating table; a first cutting means for

performing a first pre-détermined cut of a first portion of the first

substrate; It for lifting. and replacing the.first
batratg o e g e g L (S e

for rotatifi) ARG R stgv-itioR g thecongl positiohiafseoahd ftsttimgsition to the
means f@édgggmm&lg second pre-determined cut. of -a second portion

of the first substrate so as to singuiate the plurality of IC units from the

first subSFHRHeH fitsenmiAglenainesleuaaptEcto veptacy the firsind substrate so
substratgste, 586824, i 1€, S/ ion.table f ing rotation

of the table frorn%m%e fir%?&%@g%ﬁigggﬁ%r% 1(%%%1&? e s%%t%m

according to claim 19, wherein the loading means adapted to load a

segond JuesHaiR athe,econddpeation Qndhe, SiRaat @Q@#@g@-ﬁe@?&nﬁned
rrorm t

to the first substrate; IS the second cutting means adapted to pe e
second ﬁ?&&éﬁé’l’?ﬁﬁﬁé&%@t‘%é’r@%ﬁél [FBasoN B theEecoaelioaddtyale; substrate.

the lifting means adapted to lift and replace the second substrate from the

14, The method according to claim 11, wherein the first pre-determined cut is a linear

cut and the second pre-determined cut is a profile cut.

15. The method according to claim 13 or 14, wherein each linear cut is made by a
dicing saw.
16. The method according to claim ‘14, wherein the profile cut is made by any one or a

combination of a water jet cutter, a laser cutter and an air jet cutter.

17. The method according to any one of claims 11 to 16, wherein on singulating the -

plurality of IC units, said IC units are unloaded from the singulating table

18. The method according to claim 17, further including the step of then rotating the
table back to the first position.

19. A system for singulating a plurality of IC units from a first substrate, comprising
a loading means adapted toload the first substrate to a first location on a

singulating table;

a first cutting means for performing a first pre-determined cut of a first portion of

the first substrate;
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singulating table, at the same time as the first substrate; performing a first
pre-determined cut of a second. portion of the second substrate 20 so as

to singulate the plurality of IC units from the second substrate; the firstL.LOYD WISE
cutting means for performing the first pre-determined cut of a first portion

of the first substrate so as to singulate the plurality of IC units from the

first substrate, such that, the lifting means is further adapted to replace the
second: Babsirateats tbelfisidocatienianiiheisingulationtabledallawisggulating
rotatior%a%fléhe table 25 from the first to the second position. 21. The

system according co claim 19 or 20, further including unloading means for
unloadirggithe kingtiadted tEatioitsiain themsiagulatiogtalbis: 30s22oto a second
system for.tprog:essing a substrate comprising LLOYD W!g2 24 a loading

device ]?c())rsllé%’mg the substrate to a first end of a linearly disposed

storage: aceandaid Stgragenariea poaptedhto recaive the sebstiatedatihe’ a second
f!rst.endoa 1gmt(r)€fm§g %;ttséaﬁl s?rlejl esgléa&g 8 se}nse(fgtré %n uogf) to sg , &) &Qﬁs fram the
first: 5 & demouin Ing device for demountlnggfhe substrate trom the €écond

end of thet storage ardriciatbiréction nethogonakioed longiilidintdlcaftistafibstrate to
the linealy. gispRocdl S 1aae ABaA AL AT SOOI AJIRIETLIO MPEEIVG 11 o e
demounted su strate, and transport the to substrate %o & selection station

in a diréetiore Paratiedehpositisesed to the direction of travel of the storage

area, said selection station adapted to inspect the substrate. 23. The

system according to claim 22, wherein storage area comprises a receiving
BOrtion Bhatiadiest e foneceidtg fife Yoateth substrate, a conveyor to

move the 15 substrate from the receiving portion to the second end and a
demounting portion at the second end for the substrate at which point the

substratéh¢s' eagtrmepruntidaaié toupemh dyctradeweuniting devieeond location on the

singulating table, adjacent to the first substrate;

the second cutting means adapted to perform the second pre-determined cut on a
second portion of the second substrate;
the lifting means adapted to lift and replaée the second substrate from the
singulating table, at the same time as the first substrate;
performing a first pre-determined cut of a second portion of the second substrate
so as to singulate the plurality of IC units from the second substrate;

the first cutting means for performing the first pre-determined cut of a first
portion of the first substrate so as to singulate the plurality of IC units from the
first substrate, such that, the lifting means is further adapted to replace the second
substrate to the first location on.the singulation table following rotation of the table

from the first to the second position.

21. The system according to claim 19 or 20, further including unloading means for

unloading the singulated IC units from the singulating table.

N
[}

A system for processing a substrate comprising
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24, The system according to claim 23, wherein the demounting device
comprises a 20 locating means for detecting that the substrate has

reached the second end and an actuator for biasing the substrate from || oyp wise

the demounting portion to the rail assembly. 25. The system ac_cording to

claim 24, wherein the rail comprises a%juiding apparatus of adjustable

width, said width adjustable to accommodate the width of the 25 _
substr%&@?%gﬁﬁéi%%/g@éﬁ?%éér@mguﬂ@ﬁmﬁm%ﬁwhendjnﬂhé@gtﬁ;lmgi.?g]osed
appar [ ' guide rails in,communijcation with a
oo T e e L U LR End
accor&ﬁ@?&%ﬁ?@ﬁ@é‘? #laitns srendendvbereiadhe derfiounting device
comprises a projection mounted to a linear slide, such that the projection
LLOYD WISE 25 contacts the substrate and pushes the substrate in the

orthogodehdisaationitiievald: mevemant ot ihes|ipeas slids, 28, The §X§t%ﬁ"d of the

according to any one of claims 22 to 27, wherein the rai as'sembfﬁc‘ o
furthe?%?g%ﬁ%ﬁ%%%iﬂ’é?ﬁ?&fé%ﬂt@&%?éﬁ%é%@tﬁmeli@@enfohmmbm;ddlsposed
lifter plategbaysag apertures in communication with a vacuum source to

hold the substrate to the lifter plate. 29. The system according to claim

28, wherein the rail assembly further comprising a to gripper chuck for

engagingithessshsliaieianddesiioning iuentg-the Jfter RIaig. 39 ThS rt tf
sygte%nggcordingtga an@gﬁe of claims 22 to 29, wherein the ralil asserﬁ%?)s/’po ©
St

furthe? COMPrides 4HFS IB&ﬁ@@MﬁfﬁW@H@h@m_ nopeied to the direction
arrangément © wagagehersinsiaieiatdie WSHRIAME,2AIY, RICKE!: fhe substrate.

assembly including a motor and 15 rail upon which the vacuum nozz
arrangement is movable from the lifter plate to the selection station. 31.

23he syhtenyaenoudingdinglaim: BnWier e/ AR AU EAR 188 ceiving
a Iaseprortion at the first end for receiving the loaded substrate, a conveyor to move the
substrate from the receiving portion to the second end and a demounting portion at

the second end for the substrate at which point the substrate is stationery until

acted upon by the demounting device.

24, The system according to claim 23, wherein the demounting device comprises a
locating means for detecting that the substrate has reached the second end and an

actuator for biasing the substrate from the demounting portion to the rail assembly.

25.  The system according to claim 24, wherein the rail comprises a guiding apparatus

of adjustable width, said width adjustable to accommodate the width of the

substrate.

26.  The system according to claim 25, wherein the guiding apparatus comprises a pair

of parallel guide rails in communication with a motor for adjusting the distance

between said rails.

27. The system according to any one of claims 22 to 26, wherein the demounting

device comprises a projection mounted to a linear slide, such that the projection



10

15

20

25

30

table assembly, said laser table assembly comprising at least two laser
tables each 20 mounted to corresponding rails, said laser table adapted
to receive the substrate from the picker assembly and pass the substratd.LOYD WISE
along said rail so as to permit inspection of said substrate by an

inspection device. 32. The system according to claim 31, wherein said

inspection device includes an 25 orientation and alignment vision camera

for det@HATMEpraRiEeniRb 8 ke thetrasohthansisstrate wuithinithe tion through

laser tablen@d thewsYstem aerording to claim 32, wherein the
pre-determined parameters include any one or a combination of:

substrate type, alignment and orientation. 30 LLOYD WISE 26 34, The

28ystemhacoprding.teciimene ah¢laims-30.19.33wherein said laser tabl
asser%l?#gadapted,to mo§e the Igser tables with saritg ?lﬁﬁ%%es}naltgﬁgr%ﬁeassembly
rail, frof th& THYTEG o BGicRIES oBiRtTgighribanithistattasereutinged said lifter

apparplats. B3 T BeeyFtaMACSHIINIANY Ne.Of claims, 30 §§P§§e tg hold the

where&r}g}g{aid laser tahle assembly adapted to move the laser tables w

UOSHARL S HPIdE: from the laser cutting apparatus to a

said s
substrate unloading position. 36. The system according to any one of
Iaim%34 or 35. wherein said laser cutting apparatus comprises at least

2%ne lassr SHRGPREAS 12 O BIBWES - foiBIeiRiH Feisiaisembtidiethfroromprising a
the cuitippezohectorer sietiembagg s&ztx&éﬁﬁw%&ﬁf&{ﬁ%%%‘% ?‘16 lifter plate.

substrate comprising the steps of: 15 loading the substrate to a first end
of a linearly disposed storage area, transporting said substrate along the

3Gtoradhargattmaasesantkend MRPOse G 1Q thefisst @qugvg&%lgut'ﬂgn%i}h%sembly

substgg}&from the second end of the storage area in a direction

orthogonaT t6 ISR UL ST el i i ssear wiorarpe deearangement to

engage the substrate at the lifter plate, said picker assembly including a motor and

rail upon which the vacuum nozzle arrangement is movable from the lifter plate to

the selection station.

31. The system according to claim 30, wherein the selection station comprises a laser
table assembly, said laser table assembly comprising at least two laser tables each
mounted to corresponding rails, said laser table adapted to receive the substrate
from the picker assembly and pass the substrate along said rail so as to permit

inspection of said substrate by an inspection device.

32. The system according to claim 31, wherein said inspection device includes an
orientation and alignment vision camera for determining pre-determined

parameters of the substrate within the laser table.

33. The system according to claim 32, wherein the pre-determined parameters include

any one or a combination of: substrate type, alignment and orientation.
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transporting the substrate along a rail assembly in a direction parallel and
opposed to the direction of travel of the storage area. 25 38. The method

according to claim 37, wherein the demounting step comprises the stepsLLOYD WISk

of : detecting that the substrate has reached the second end, and, biasing
the substrate from the demounting poffion to the rail assembly. 30 39.
The method according to claim 38, wherein the biasing step comprises the
3ZsltepsTS’F BYSERVD ARAG N7 te olts ety Bfieckubstrate wiflda whojettionid laser table
mouniee:tenadli [ X i strate in the ortho onaL1 .
Gection thrauch Movermen of he ineatGie 3 &) B L g rel rom
methé%ed%?ﬁ"igw& f5 WA Briccot e ARG TithBD 2 fusdTericongprising dise
steps, after the pushing step, of: engaging the substrate with a vacuum
0zzl arran%ement, and; moving said substrate from the lifter plate to
he si&%t'ﬁi’ﬁ EHALRYTTOIH L LT HE MR oof adebrdinty teockimwAGréintiherd laser. table

compiisingbReagigRe At HibE: MRVING - SIBR.OF 1RS08 S téﬂ%s%@%i%%%%%ﬁ% rail, from

using an inspection device at the selection station. 42. The me

accordn§er GHiHRE EPRHaRS ARS thepatng edpeaptises 15

inspecting the substrate using an orientation and alignment vision camera,
nd determining pre-determined parameters of the substrate within the

Naser Y HETT SRS OaReb AR PIoiams 42, WihdTeinttbisin said laser cutting
pre-degeunined-panameless InEudge AP PI3 FRDPLINAIN Wower for blowing

substrate type, alilgnment and orientation. 20
residue particles from the cutting zone to a suction hood.

3

37. A method of processing a substrate comprising the steps of:

loading the substrate to a first end of a linearly disposed storage area,

transporting said substrate along the storage area to a second end opposed to the

first end;

demounting the substrate from the second end of the storage area in a direction

orthogonal to a longitudinal axis of the linearly disposed storage area;

transporting the substrate along a rail assembly in a direction parallel and opposed

to the direction of travel of the storage area.

38.  The method according to claim 37, wherein the demounting step comprises the

steps of :
detecting that the substrate has reached the second end, and;

biasing the substrate from the demounting portion to the rail assembly.

39.  The method according to claim 38, wherein the biasing step comprises the steps

of:
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44. The method according to claim 42 or 43, further cqmpris_ing the step,
after the inspecting step, of moving the laser tables with said substrates

along the rail, from the inspection device to a cutting zone within a laser

cutting apparatus. 25 45. The method according to claim 44, further _
comprising the step, after the moving 2gtep, of cutting the substrate using

the laser cutting apparatus, then moving said laser tables with said
substFRRYACENH PhetPsitafor tha TERiscHoriAy apisdrataditoa ssidbstmate

unloagingipeshioBuBArate in the orthogonal direction through movement of the linear

40.

41.

42.

43.

44.

45.

slide to a lifter plate.

The method according to any one of claims 37 to 39, further comprising the steps,
after the pushing step, of:
engaging the substrate with a vacuum nozzle arrangement, and;

moving said substrate from the lifter plate to the selection station.

The method according to claim 40, further comprising the step, after the moving

step, of:

inspecting said substrate using an inspection device at the selection station. .

The method according to claim 41, wherein the inspecting step comprises
inspecting the substrate using an orientation and alignment vision camera, and

determining pre-determined parameters of the substrate within the laser table.

The method according to claim 42, wherein the pre-determined parameters include

any one or a combination of: substrate type, alignment and orientation.

The method according to claim 42 or 43, further comprising the step, after the
inspecting step, of moving the laser tables with said substrates along the rail, from

the inspection device to a cutting zone within a laser cutting apparatus.

The method according to claim 44, further comprising the step, after the moving
step, of cutting the substrate using the laser cutting apparatus, then moving said
laser tables with said substrates along the rail, from the laser cutting apparatus to a

substrate unloading position.
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