WO 03/ 095169 PCT/ S@A3/ 00069 | Bl -DI RECTI ONAL SI NGULATI ON SAW SYSTEM AND
METHOD This application is a continuation-in-part of Serial No. 09/849049
filed on WaMBYI2MBOL1 which is incorporated herein by 5 reframsas/oodevel d of
the Invention The present invention relates to a saw ng system having a
plurality 10 of rotating saw bl ades adapted to cut or saw, substrates or
sem conduct or wafers, in tw opposite di dections of relative novenent at a
sawi ng zone, and nore particularly to a sawi ng systemhaving a vision zone

i ncor porated bet vBIeDIRECT2ONAJ/ SINGUBATIONZSAW SYSTEMEANPEMETHE@DEe. 15
Background of the Invention A singulation saw, hereinafter referred to as a

sawi ng system for saw ng either substrate or sem conductor wafers using a

pair of counter 2 | bl:ades . | 0seel. | o-peadi ent
appl i cation seriaIOE%. %%bﬁﬂgigg?glgiglgg§¢g¢§€}¢$k#?dﬁﬁﬁ §?h§gt%§| "SAW
AND METHOD0Y /849049 fildd\or?(® IMagn@Odesivghiieh tis inwrgaratedshenis by the
present patent application, and which is incorporated herein by reference
t her et 0. 525 TA#RIBIERS erence to FIG 1, the discl osed sawi ng system 100 is
coupled to a prior art handl er 105, and the discl osed sawi ng system 100
primarily conprises three processing zones. The three processing zones. are
physically arranged relative to Bafl8 ofttherinwehfioa sawi ng zone 110 | ocated
bet ween a | oadi ng/ unl oadi ng zone 115, and a vision zone 30 120. A dual
spindle counter rotating saw 125 is used in the sawing zone 110, and a

vision system 139, { hat omnl o¥s2, GANRER thS SIRARY et iving & LRAY°
10 of rotating saw blades adapted to cut or saw, substrates or
semiconductor wafers, in two opposite directions of relative movement
at a sawing zone, and more particularly to a sawing system having a
vision zone incorporated between a loading/unloading zone and the
sawing zone.
15

Backgrournd of the Invention

A singulation saw, hereinafter referred to as a sawing system, for

sawing either substrate or semiconductor wafers using a pair of counter

20 rotating saw blades is disclosed in co-pending patent application serial

no. 09/849049 titled “BI-DIRECTIONAL SINGULATION SAW AND

METHOD?” filed on 5 May 2001, and assigned to the same assignee as

the present patent application, and which is incorporated herein by
reference thereto.

25 With reference to FIG. 1, the disclosed sawing system 100 is

coupled to a prior art handler 105, and the disclosed sawing system

100 primarily comprises three processing zones. The three processing

zones are physically arranged relative to each other with a sawing zone

110 located between a loading/unloading zone 115, and a vision zone

30  120. A dual spindle counter rotating saw 125 is used in the sawing zone

110, and a vision system 129 that employs a camera is employed in the

vision zone 120.



A transport systemtransports the substrates or sem conductor wafers

bet ween the unl oadi ng/ unl oadi ng zone 115, the sawing zone 110, and the
Vi si on zow® BA0s16and t he transport system al so transports PAIsGObEbr at es
or sem conductor wafers in a reciprocating novenent 5 during the.saw ng
process in the sawi ng zone 110. The tramsport system conprises a pair of
| i near transport neans that transport two rotatable carrier supports 122

24 2 PRRERSOR 8yotagt0e SampERAE o sl L

rotatable carrier support an are adap ading a renovabl e

carrier thefgfens Hdtwerdbshe ahfkbadingy/ vsdohdingluoher 1Waf ahe sawisgdong ar e
renovabl y nounted on one such carrier, During the saw ng process, for

exanpl e, V\/r'lelhrOSELm@ dhatvisignazone H26s waut the tigpaport: systemnalser trapsppsifds a
carrier, t ] s . ' [
Sone 115 ofhg §4BaATH PLSBIInd e KARECT Aretifotoatis owhant! 18

The tragspQuiringyehéensd tgraeeRsrirs theeswaliag e 11e. J4wW tgadspertll0,

to the vision Zone 120. ter the vision system 129 has captured the
necessary systgmsconprireswafpairfaefr lineayfrepspoil messs that t1easpokk tWone

transport sys t hen. transport e r, [£om | S| o the
20 sani ng ZOteib®.corte kg e 10 ¢Re bRt BREEIRLA ° e
dual spi ndl m@,owﬁ@rctmlﬁt EAShSGMHRL Swolh tadabhte cattier Seifipdrtd dmRhinen
fromthe vision system "The dual spindle counter rotating saw 125 is

novabl y nour2édreiadagted dotyleating axemovahte carrienthergpne Thgrsulkstratasppor t
122 allows the wafer .to, be satwn afJon the X and Y axes. Wen 2d‘5 t he dual

spi ndl é0co it SFEHEPREPALPS MR E5% Rﬁssgac‘g’rﬂﬁ @[rgdresrp%%ﬁgz[ meuBed Qi OfiG o |
the singul at,gdh Wefg&r.i s transported by the transport system to the

| oadi ng/ unl oadi ng zone 115, where the carrier with the singul ated wafer
thereon i s unl ddeihd rthe shevingr precessipfor texipnple, wWhen | siagulatiog @adi ng

cone 112 by the Nand o 10200 SRS U S B P P 10
LZ r lr)ﬂapgs 3 'pslrgégir‘i%c%&xgﬁl(‘itgr thgrer SAWM-88n Z9P8hé 1B adin S peAMAMAE SoreN 1 | Beorider
15 one of the carrier supports 122 of the sawing system 100. The transport
system then transports the wafer past the sawing zone 110, to the
vision zone 120. After the vision system 129 has captured the necessary
images of the wafer for alignment purposes and the like, the transport
system then transports the wafer from the vision zone 120 to the
20 sawing zone 110. At the sawing zone 110, the wafer is singulated by the
dual spindle counter rotating saw 125, using the alignment information
from the vision system. The dual spindle counter rotating saw 125 is
movably mounted along the Y and Z axes, and the rotatable carrier
support 122 allows the wafer to be sawn along the X and Y axes. When
25 the dual spindle counter rotating saw 125 has completed singulation of
the wafer, the singulated wafer is transported by the transport system
to the loading/unloading zone 115, where the carrier with the
singulated wafer thereon is unloaded from the carrier support 122 at
the loading/unloading zone 115 by the handler 105.
30 The transport system can transport two wafers at a time such that,
while a first wafer on the carrier support 122 is being singulated in the

sawing zone 110, a second wafer on the other carrier support 124 is



WO 03/ 095169 PCT/ S@A3/ 00069 3 transported fromthe | oadi ng/ unloading zone
115 to the vision zone 120, where the necessary inmages of the wafer are
capt ured. wohenwosmwbter the first wafer has been singul at eddwsdolmo®mawi ng
zone 110, as the first wafer is being transported fromthe sawi ng zone 110
to the 5 | oading/ unloading zone 115, tBe second wafer at the vision zone
120 is transported to the sawi ng zone 110 and sawi ng of the second wafer

can_then pegdbordedl ABAY 3NEARE Bhel NnloAUAANIEHEN 155d RAL Jilfrd ge0Rd
waf er passes e Sawi ng zone e theTirst wafer is belng sawn.

Consequent 1120, vifeRsSthd @icsavsary phagessf thewafes drbecapsmiretl. Theey, aftercool
the saw bl ades as well as to wash away debris, the water fromtt;e é?sv'\cﬁ ng

process t shadirsb waferthas beesfangaiaded inihe sayiRg zong hiPeafd

subsequent _ idmaging, 0f the s f | n e XL Sl . +hn arder
for the trgvr?sfggr t3t PSW%yg’fae‘ﬁgﬁgﬁg\éaa%fneﬂtgﬁ rg}‘r/\lksﬂggg] Zzocl}gees%ggt rtgt écheor
sem conguci@iding/ eirsoReineesné Na 5, aadi siwboridivadel ay the asiohlforend20his

vi sion zone 120, the dual spindle counter rotating saw 125 in the saw ng

zone 110 i ¢ransparéed dn thecsawinggene dd0-agdfawing ghithe seeond wealey canal
spi ndl e cogﬂter rotating saw 125 is novably nounted to travel along a
Y-axis rel ?’{}é)etgbnt he transport system and 20 al so novably nounted to

extend al ong aaZda%dvah@hgdey this AfadBenimis tha@rhehsecoudsiatdrepassasafl er
to be sawn. Due to the weight of the dual spindle counter rotating saw.

125, the | thd sawingezaentlilOcwhilevdrd fisst wafemitteheing sawih CoasequesHIBf t he
t nbly al the Y- axis..,Co tly,, the djspl f th

saw asdBnbPy HapMIRRETos8Ss RETRR dBRones ghontieh tondoul U SaF BEdesence,

a_di sadvant,aggedfl akhe M}&ia{xﬁé{frdéﬂa%}h EQ% dyaterSRioM| ehe @aRtifl pRIGESsNg saw

125 is the tendency of variation in the displacenent of the saw bl ades,
and this tendattoowehdherseebndawhéer, sviich adyersedyl affacss rthersmbsasiugndnce

fs)(;;t gmcggoig%%g@tcggrqseﬁ\évngl %gfe?"inst%eAVigfc{r?gorrlg%\@l system of the saw ng

In order for the transportation system to be able to transport

15 substrates or semiconductor wafers between the loading/unloading

zone 115 and the vision zone 120, the dual spindle counter rotating saw

125 in the sawing zone 110 is mounted on a cantilever arrangement.

The cantilevered dual spindle counter rotating saw 125 is movably

mounted to travel along a Y-axis relative to the transport system, and

20 also movably mounted to extend along a Z-axis for moving to and away

from the substrate or wafer to be sawn. Due to the weight of the dual

spindle counter rotating saw 125, the load on the cantilever varies

dependent upon the position of the saw motor assembly along the Y-

axis. Consequently, the displacement of the saw assembly away from a

25 reference horizontal plane also varies. Hence, a disadvantage of the

cantilever mounted dual spindle counter rotating saw 125 is the

tendency of variation in the displacement of the saw blades, and this

variation adversely affects the required five micron tolerance for a cut
made by the saw blades.

30 A scrap removal system of the sawing system 100 operates during

the sawing process, where water washes various debris in the sawing

zone 110 down a debris collection sink to a removable bin, where the



the sawi ng process, where water washes various debris in the sawing zone
110 down a debris collection sink to a renovable bin, where the WO

03/ 095169We0B/08€B8/ 00069 4 debris is separated fromthe VEITESG03/Ds9bi n
containing the debris can then either be enptied and re-attached to the
saw ng system 100, or replaced with andenpty bin. A disadvantage of this
scrap renoval systemis the need to stop the saw ng process prior to

8, TR Bt g i ehpteamhen g L

and al | ow ntalr ni ng r's to be physi renoved fromthe
sawi ng systieen elfier Betdoptictpahld ngateichiecand thebsawing syspermndli00; om ar ea.
Consequently, the need to stop the sawi ng process redyces the throughput
of the sawr¢plaspdt sithoan emply; bin.shrdas3dmniage Pﬁv@‘ﬂﬁiwaﬁméem%‘?gnt

i nvention seeks to.pPrQvi a_pi - di j: ' e er@ﬁ?od,
whi ch overﬁ%ﬁtgzn it tlg? eé:g&o ?gegajugjéésE?Wéﬂgﬁrgg%%%%{ri%nr&gﬁ g‘\ﬂggrglrrs of’ the
prior at.if\epaedish@h hel flowrsf wapacandtdebris esethie biny enid aflopr ove déa a bi -
di rectional singulation systemfor_ singulation of substrates, the bi-

di r ect i onatostaigithgitherdelinis émbooppysidaly rempsediffem the sawing systranf or

nounting a rier,onto a.first Q vapl yri.er su -acat her eat
prior to silﬁ)g]rjl SHtBRUS s&flf%%syvazcgﬁg%gﬁgsﬁ?é S dﬁsp%sggg%ﬁctlﬁgl c%(rjer%'er,
and the | oadi\quet@pdithe 20R1 toolstopl e sawilg paocésy redarodshehki r st
novabl e carrier support |ocated thereat after singulation of the at |east

one subst r theughpatwhthe sawingsystentP&t | east one bi-directional cutting
25 means for singulating at | east another substrate on another carrier
nmount eé® on a second novabl e carri er support, while the first novabl e

carrier support is at the |pgagdiRe{mpHQaeH tHe BoRitiaNd a vision zone
| ocat ed between the | oadi ng/unl oadi ng zone and the saw ng zone, the vision

zone conprising a vision systemfor inmaging the
The present invention seeks to provide a bi-directional singulation
saw and method, which overcomes or at least reduces the
15 abovementioned problems of the prior art.

Accordingly, in one aspect, the present invention provides a bi-
directional singulation system for singulation of substrates, the bi-
directional singulation system comprising:

a loading/unloading zone for mounting a carrier onto a first

20 movable carrier support located thereat prior to singulation of at least
one substrate disposed on the carrier, and the loading/unloading zone
for unloading the carrier from the first movable carrier support located
thereat after singulation of the at least one substrate;

a sawing zone comprising at least one bi-directional cutting

25 means for singulating at least another substrate on another carrier
mounted on a second movable carrier support, while the first movable
carrier support is at the loading/unloading zone; and

a vision zone located between the loading/unloading zone and the
sawing zone, the vision zone comprising a vision system for imaging the

30 at least one substrate when the first movable carrier support is at the
vision zone, while the second movable carrier support is at the sawing

zone.



30 at | east one substrate when the first novable carrier support is at the
vi sion zone, while the second novable carrier support is at the saw ng
zone. WO 0% @3a6469 PCT/ SG03/ 00069 5 In another aspect theqwsssnbdcy

i nvention provides a nethod for singulating substrates with a

bi -di rectional singulation system the grethod conprising the steps of: a)
providing a bi-directional singulation systemconprising: 5 a |oading/

Dot f : . ) . .
cupport and 1 or 1ineBRuk: Harek 1% pEGCInfRifef pidRice TR L, 11 ¢,
support, arﬁngﬁﬁaﬂiﬁgdw%tﬁmb@a@it@g aZ BIRlif &t omalnbim@ulati s cinde il ther

onto a second novable carrier support and for unloading the second carrier
from t he sevothbdrooaiprsing thestepspplort; 10 a sawi ng zone conpri sing at

| east one bi-directianal cutf.ing. ans for.singulating at. least a first
substrate #Hd at?qoé(é‘ﬁpgaah@%ﬁ%ﬂl?@ﬁpg‘r‘%tl%ﬁ9a TP SIOORPZEHE | ocat ed
bet weengt he | oad] nedqivy/Rafbadirt®26ndFer M&mgﬁ\ag«t é)lgiré%@,rri%%ﬁtbsamsgone

conprising a vision systemfor inmaging the 1 east the first substrate
and for i nagbmableheamier sapporthand doomuhloading thet Srsthgamids &osi tlgelfiast ng

t he at | east thg first substra%e o(rF; ghel fi,rst v%gle carr%}er support at
the sawi ng 2EHePIECAFIH SHPPOEL AN $h&t opfng fun g B Foraing
substrate, PAJRIH hirler UERS Dlsecofld BhovABINdalgidS dafdl ther
with the at | east the secon substrate thereon on the second npvabl e
carrier supmeloadahgtthe sdooad cayriamiroadiivgsecme] naowhlile)carmegisuppdre; at

| east the second substrate on the at. | east  the secgfd .ovabl e carrier

suppor ti0at t he A YRR AONC FPBBTISINGAY ée%?rtngﬁ?iea irerdogel | QHNE he
e U gk €8, Y IREARL IRISEA mch g mre s sl comtn o
steps of : substrate; and
a vision zone located between the loading/unloading zone and the
sawing zone, the vision zone comprising a vision system for imaging the

15 at least the first substrate and for imaging the at least the second
substrate;

b) while singulating the at least the first substrate on the first
movable carrier support at the sawing zone to produce the at least the
first singulated first substrate, performing the steps of :

20 bl) mounting the second carrier with the at least the second
substrate thereon on the second movable carrier support at the
loading/ uﬁloading zone; and

b2) imaging the at least the second substrate on the at least the
second movable carrier support at the vision zone; and

25 ¢ while singulating the at least the second substrate on the second
movable carrier support at the sawing zone to produce the at least the
second singulated substrate, performing the steps of :

cl) unloading the first carrier with the at least the first

singulated substrate thereon on the first movable carrier support at the

30 loading/unloading zone;



cl) unloading the first carrier with the at least the first singulated
substrate thereon on the first novable carrier support at the 30 | oading/
unl oadi ngwooosaese® 03/ 095169 PCT/ SG03/ 00069 6 c2) nounti rRETSGIBersocarri er
with at | east another substrate thereon on the first novable carrier
support at the |oading/unl oading zone;gand c3) imaging the at | east

anot her substrate on the at least the 5 first novable carrier support at
the vision zone,ln yet &ﬂﬁghgﬁoﬁ?eqﬁfi rﬁ@@.vﬁ&ﬁsfpi%ﬁﬁvﬁﬂbtﬂ& BLPKE a
scrap renoval system?%r rénovi nhg debris in a bi-directional singulation
system t heh&@oapohetAy dilrst yisdeible argitiesi gppartcanthygooadiegf edloading
substantially within a sawing zone of the bi- 10 directional singulation
system theoBena®§or having an internal portion for to receive debris from

a sawi ng process,, and the conyey.of. havi rpal [ xt ends
outwardly away ??)om Fﬂég’s%ﬁﬁ_ﬁ %to%&S%tar%g&h%gn%\g%%&a? %r?r??%%sagglre | ﬁghf% he
debris §ropéthgovabes BatriePklipport 8t thevisishelonal portion for disposal. 15
Brief Description of the Draw ngs An enbodi nent of the present invention

wi |l now be norinfyet anotherraspatt tye wrgsont doyepition \pravides & éiwgapto t he
drawi ngs of whi ch: 0 FIG 1 shows a, funct.i onal .bl.ock, .di agram o

bi - directi 5%°V§£ﬁX§ée§/§PEﬂ GTROYIS AERTEE W Eh }érﬁ?ﬁ%Pagrﬁl?gﬁﬁ%ﬁoﬁ shows
a functi onglsfhecih ds@H e Bbval Systéhi 86iiMiaghgsawi ng systemin accordance
with the present’ invention; FIG 3 shows an isometric view of a preferred

embodi nent of t hecorymreoeated mubstantiallyl @ithinsh essviag zonaofjdtievbiew of a

portion of the preferred, .enbodipent of the present invention jn FL.G 3;
FIG 518 hofirestiong), YRERIAtiRR SIS, Hhe CHBEFRPT BRvype dih ijermal portion

for to receive debris from a sawing process, and the conveyor having an
external portion that extends outwardly away from the sawing zone, the
conveyor for transporting the debris from the internal portion to the

external portion for disposal.

15
Brief Description of the Drawings
An embodiment of the present invention will now be more fully
described, by way of example, with reference to the drawings of which:
20 FIG. 1 shows a functional block diagram of a bi-directional sawing

system in accordance with the prior art;
FIG. 2 shows a functional block diagram of a bi-directional sawing
system in accordance with the present invention;
FIG. 3 shows an isometric view of a preferred embodiment of the
25 present invention,;
FIG. 4 shows an enlarged view of a portion of the preferred
embodiment of the present invention in FIG. 3;
FIG. 5 shows a flow chart detailing the operation of the bi-
directional sawing system in FIG. 2;
30 FIGS. 6-1 to 6-7 show schematics of the sawing sequence of bi-

directional sawing system in FIG. 2.



directional sawing systemin FIG 2; 30 FIGS. 6-1 to 6-7 show schematics of
t he sawi ng sequence of bi- directional sawing systemin FIG 2. WO

03/ 095169wWeC0B/088a88/ 00069 7 FIG 7 shows a side sectional mabsgmd@ovi ew of
a scrap renoval systemincorporated in the sawing systemin FIG 2; and
FIG 8 shows an isonetric view of the sgrap renoval systemin FIG 7. 5 -
Detail Description of the Drawi ngs The sawi ng system of the present

i nvention inco rafes a visi ne. . ' ' e and
a saw ng zone. _%"?’ﬁ'r 2} S r“é%&eﬁ@%t Sé‘f l%ﬂgle%?vﬁﬁg%@afé g%&ﬁé&%ﬁﬁgﬁé}gggg i ng
saw i n t he s5aWiAdndBrgdited Ank® e@irRlsfdtefein FOGODS il of the system
rather than"at an internediate portion of the system The result is a nore

ri gi d nount i ng FIGh&nshowsian ésaradirie giavaef theserapsemove) stemadmiI@r art .
The nore rjgi dly mounted dual spindle counter rotating saw assenbly
reduces thé- displacenent of the saw assenbly away froma reference

horizongal 15 plane when npyifig FRlsepgptiditoltidkiDratihby the sawing process.
Thus, advantageously reducing the variation in the wdth of the cut nade

by the saw bl ades of the saw assenbly to conply with the required
tolerance of fiye mcron. In addg&jaon W ion zone ] ocat ed. bet ween
€ tHi

th.the vi
the 20 Ioadindl CURREHAE Y S}HMe© &S ’agvilﬂ&gl}ﬁhg, INCOL P A SdA B haf er
or  SubstT ghtdl Yo RRMNG ISaliANARAIdRANG! 9BhENEnkodidalinil A NBhzgne to

t he vision zone, wthout having’to pass the saw ng zone. Consequently,
exposur e ofarthrgemseatiailuwiithedusfspindle solistaratodatingrsawrindhedsdwing from

the sawi ng process prior tqQ inmaging is avoided, and i nmaging of the 25
seni coRBuczencvisr Be BPUdisdilgser &%ﬁnﬁee‘b‘g i ot?‘r‘?e%VSJFn?’hgaghgeé'i #h&hn

< hout vefedaht uF Ry LPeLY cpbiast 1 i iere Higasapangy o
cont i nuouslthamvh@adnéta@miesiznte ddetifaver ngounting of the prior art. The more
rigidly mounted dual spindle counter rotating saw assembly reduces the
displacement of the saw assembly away from a reference horizontal
15 plane when moving along the Y-axis during the sawing process. Thus,
advantageously reducing the variation in the width of the cut made by
the saw blades of the saw assembly to comply with the required
tolerance of five micron.

In addition, with the vision zone located between the

20 loading/unloading zone and the sawing zone, a semiconductor wafer or
substrate for sawing is transported from the loading/unloading zone to
the vision zone, without having to pass the sawing zone. Consequently,
exposure of the a semiconductor wafer or substrate to water or debris
from the sawing process prior to imaging is avoided, and imaging of the

25 semiconductor wafer or substrate can be performed at the vision station
without water or debris adversely affecting the imaging.

The sawing system of the present invention also employs a scrap
removal system that uses a continuously moving conveyor. The moving
conveyor is located within a sink above which the sawing process is

30 performed in the sawing zone. Debris from the sawing process above
falls on the moving conveyor below, while the water is filtered away. The

moving conveyor transports the debris to a disposal location outside the



conveyor is located within a sink above which the sawi ng process is 30
performed in the sawing zone. Debris fromthe saw ng process above falls
on t he mowiog/oswvyeyor below, while the water is filtered r8G03Dh&sy novi ng
conveyor transports the debris to a disposal |ocation outside the WO

03/ 095169 PCT/ S03/ 00069 8 sawi ng syst@m where the debris is allowed to
fall off the conveyor and into a renovable bin. The scrap renoval system

advant ageous| 3l Lovs ., LR LeTRY RIS DL iBwRe E2RA%St WhbNQy DBy g t o
B? \/\gl I'e"a b[he a 511 ¥

stop the saw ng ocess, Sane tinme avoi di ng spi ge of water

and debri s ihto aSrémpyebBlCchinMh¢ sarapiremadwefl asyanem hdvihtagebusly aliongs
system 200, in accordance with the present invention, is cougl ed to a
handl er 10%hestemoNahli &is keibegChrRREA WHhoE BavinRg det stophéhe AWy st em

Cawi ng. rondogbso GRSk s A 0PGRS RnKkS o0 RO AP A

bet weenst hgy pfetiRoR ¥#8a210 and the | oading/ unloading zone 115. The
| oadi ng/ unloadi ng zone 115 provides a |oading/ unloadjng station 117 at
whi ch the hand/Withiofetenes ta Fiar 12 arsawitig aysiens (30 eiro acopidancet Witheon

f ' , d | oads t ' f ' | at ...15.Th | Si
950 1 nel ugdberetaratsoatiinatt PSR Ioh Bihder o sudB et kefeioc®
linear actugi@nl anHR tPAcEaEREA B3O sakang HBteant 2P022mbhisesmyi ng

the canmera 229 along a Y-axis, as indicated by the arrows 227. The canera
230 i s coupbedingy unlvading zopgst Em 4 oisiomezeng 2208 bilng samdngireniei X0, 20

Th ] 225 i.ncl ydes .a. dual l.nd| t tati 230
g d iBuneTangedy it hasion 7ok Par it ealy st aida Peben i " °
mount ed for%aéwgr&u%gzahengzibe atd@Xkfe 38alMdE¢akAgaBYNnEN G0 I 015, 285 e I N

addition, t spindl e counter rotating saw 230 is also novably
mount ed t o lahtivg funloadéngrors oG previdesva badinggumloadidg stadwibllddes of

v er or o oREh tit Tepdie bOfi REdractetitiatn & SuBie R aler®
thereon for sawing, and unloads the carrier after singulation.

15 The vision zone 220 includes a camera 229 that is mounted on a
gantry 225, and includes a linear actuator to move the camera 230
along the gantry 225, thus moving the camera 229 along a Y-axis, as
indicated by the arrows 227. The camera 230 is coupled to a vision
system for image processing and the like.

20 The sawing zone 225 includes a dual spindle counter rotating saw
230 on a rigid mount. The dual spindle counter rotating saw 230 is also
movably mounted for moving along the Y-axis, as indicated by the
arrows 232. In addition, the dual spindle counter rotating saw 230 is
also movably mounted to allow it movement along the Z-axis to move

25 the saw blades of the dual spindle counter rotating saw 230, towards
and away from, the wafer or substrate during the sawing process. The
dual spindle counter rotating saw 230 comprises a rocking frame with a
rocking shaft as disclosed in the US patent application no. 09/849049.

A linear transport system controls the independent movement of

30 two carrier supports 242 and 244 along the transport paths 246 and

248, respectively. The two carrier supports 242 and 244 are rotatable



dual spindle counter rotating saw 230 conprises a rocking frame with a
rocking shaft as disclosed in the US patent application no. 09 / 849049. A
| i near trewsEmwsicsystem controls the i ndependent novenent RIfT/SGB/00060
carrier supports 242 and 244 along the transport paths 246 and 248,
respectively. The two carrier supports 842 and 244 are rotatable WO

03/ 095169 PCT/ SG03/ 00069 9 about carrier support rotating shafts 252 and

254, i vel . i | h Y- : 62.
Wih ref o Boelty SarriF PEERGRY AR K 1200 B e P o

carrier supeewtsn 2digranenedditi ehevedndMexes 2dkandr262r 5 support
rotating shafts 252 is shown in the sawi ng zone 210 while the other carrier
support rot ati NitBigferepss newdRolfiCi 3 thESawiggisyjemh f08ais $REwBnwith 5.

renber 310 PRt in L PR TR AR Y 24 or BT Tt L e

count er 5 I Ols@ippoat y8vatZes sShaft@Ral) i dieownuin elde isawtihg zdrgs @16uphdettheenmber
310 to allow the dual spindle counter rotating saw 230 to be npved_al ong

the Y-axisofhes |damier sttppedr BARting #shatt chdo4t He cehewa 28p jthe

novably nmoynted gn the..gantr Lin C I Jor ' t he
caner a 230T%?‘£iﬁ’§? u[rﬂgaq.l_r%( ?gr}g aﬁ? f’lgi/e é}%‘l Fgg{lg}%l %@%ﬁ%ﬁ gr%‘:'?t %élﬁg a r?e%r)glsggo
thereon. 13 Beb@htddOnt® rigi@subpdie rhe@ber JI® whidP e itseH4Boanted4d aar e
shown in the | oading/ unloading zone 115, and the |linear actuators 402 and

404 that mbeset BOQ Wwbheaduiadr spippler coubdenamiating Saw ng30 oive mouably he

vi sion_zone 220, d t.he L oadi ng/ upl oadin e 115 _are also, shown.
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FIGS. 6-1to 6-7, the operation 500 of the sawi ng system 200 starts 505
wi th the haocthetor 305. Inaaddigicy,Othe camerar23Mtis mheably srowaled en thepport

244 10 e oA 8L U ocdl 1o 2R 1100 300 LB CoREL A.230:d Bl gl 2one
the Y-axis, and for precisely locating the camera 230 thereon.

15 Referring to FIG. 4 the two carrier supports 242 and 244 are
shown in the loading/unloading zone 115, and the linear actuators 402
and 404 that move the two carrier supports between the sawing zone
210, the vision zone 220, and the loading/unloading zone 115, are also
shown. Linear encoders are incorporated with the linear actuators 402

20 and 404 for position registration.

With additional reference now to FIG. 5 and FIGS. 6-1 to 6-7, the
operation 500 of the sawing system 200 starts 505 with the handler
105 loading 510 a carrier onto the first carrier support 244 in the
loading/unloading zone 115, and the camera 230 in vision zone 220

25 moving to a first vision check position 602. Typically, a vacuum is
applied to secure the carrier on the first carrier support 244. This is
shown in FIG. 6-1.

Note that although the other carrier support 242 is also operating,
for the sake of simplifying the description, initially, only the operation of

30 the component carrier 242 will be described. Later the description will

be expanded to include the operation of the other carrier support 242.



applied to secure the carrier on the first carrier support 244. This is
shown in FIG 6-1. Note that although the other carrier support 242 is also
oper at i ngwo @mostehe sake of sinplifying the description, irdwWwsGBloyeoonly
the operation of 30 the conponent carrier 242 will be described. Later the
description wll be expanded to includegghe operation of the other carrier
support 242. WD 03/095169 PCT/ S@3/00069 10 Next, with reference to FIG

6-2, the fi t ' t 24 h { '
From al' gnment NerprvithoratBERds o PiGy B, L6 Hish cPhR Puth ot La o ' ©
camera 230rdtntbdahrofghaherighe alﬁ?glref peMitdi@ hligsimyhsiwithcties K -arid he

substrate or wafer onthe first carrier support 244, in the vision zone
220. Subseglignment matlerthien¥-asiss| @detiy; cameefd 230 darthesy opgpaiad to44

noves al ong the X-axi nd. the camera 230 noves, to the second yision, check
posi tion 682?%?%t g ‘21(?60?5‘33? ngglilﬁt%bb?gag%rqroWﬁ?‘%gn_ glé%gﬁétvi si on
check. dheckiis! s@pofCaandin tisd AbicHIkE 290stitutes 1o 1maging 515 of a

substrate or wafer e first carrier support 244 in the vision zone
220, and the i Sapisaquently; meféroing so HEH 6y3,athe dirsh casyieresnpportal4gnnent

of the substrate or fer on the fjrst carrier. support .durin he .
subsequent MQ¥GSRIOB, L-axisiad b6 6N éggl’él.ovggftgr W%@e‘iog‘cf:y’élo%- 4,
after imagj t.hesfii.rs arFh £ S0 | zone
210. Her e,ut:lg%k ual{lg%ll ﬁglg“e ’lz}é)eﬁr?taer ro?gpizflsgthégwag%%%gg?tg ﬁ%ﬁgﬁdbgtgﬁate or

waf er | engsbroné visich aHeekndllee disntand seadoatd visionadbschks ddmestitiutes

carrier support 244 noves the substrate or wafer to and fro under, the dual
spi ndl &0 colfReging ol ohg sHhstyate or iW‘%fieEé%ré&hBﬁrtsﬁéméﬂeSvﬁlmf%a‘LAﬂ MRhe

] 20,7 U o Bl 5T, ooy

Y-axis after each pass of t’he saw scuntil ubstrate or

waf er has Bgsteraiufor! alighméne of the subisieats dorswaifer pat tthef fissingalrsierng 520
the wafer or substrate in the saw ng zone 210. Concurrently, while the
first carrrueppsupgurmge sybpequent sawing process in the sawing zone 210.

Referring to FIG. 6-4, after imaging, the first carrier support 244
15 moves to the sawing zone 210. Here, the dual spindle counter rotating
saw 230 cuts the substrate or wafer lengthwise with alternate counter
rotating blades as the first carrier support 244 moves the substrate or
wafer to and fro under the dual spindle counter rotating saw 230,
indicated by the arrows 607; and the dual spindle counter rotating saw
20 230 is incrementally moved along the Y-axis after each pass of the saw
blades until the whole substrate or wafer has been cut lengthwise. This
process is one part of singulating 520 the wafer or substrate in the
sawing zone 210.
Concurrently, while the first carrier support 244 is in the sawing
25 zone 210 during the sawing process, the second carrier support 242 is
loaded 525 in the loading/unloading zone 115 with another carrier
having a substrate or wafer thereon, and the camera 230 is moved to a
first vision check position 606.
With reference to FIG. 6-5, after the whole substrate or wafer has
30 been cut lengthwise, the first carrier support 244 rotates to align the
substrate or wafer widthwise. Here, the dual spindle counter rotating

saw 230 cuts the substrate or wafer widthwise, as the first carrier



25 zone 210 during the sawi ng process, the second carrier support 242 is

| oaded 525 in the | oading/ unloading zone 115 with another carrier having
a substr aw® wrosmder thereon, and the camera 230 i s noved RAI/SG030D06It

vi sion check position 606. Wth reference to FIG 6-5, after the whole
substrate or wafer has 30 been cut lengthw se, the first carrier support
244 rotates to align the substrate or wafer w dthw se. Here, the dual

spindle co r [ . t L dt hwise, as
the it Saviost % saPeisS Tt BRrRY s ouRHe 1h i Tro e WhEBULFR,

substrate gpin@licecotiitenfofdtihgisder 280easlunticatpd risy ehearmbers 609akingy saw
230 as indicated by the arrows 609; and the dual spindle counter rotating

saw 230 i s thachuatsniadly copnder wotaiimng saw 3B8Qsis dngraraentalbn muyed along the

whol e substyate ot fer has been 5. | ' .S..C e

si ngul at i néﬁ%% aﬁ%\é€§§ Btc ip@sss]ﬁ%gfEQ?\&gégﬁﬁg?u@E&t%e@%ﬂ fr}ggz%%gl 210.
Concur rgnt cyitt fid fiewddt THis ecomplétrs, thbesHERANRGIGAITIGr protRiser bf 242
rotates to align with the X-axis, and the canera 230 is operated to

per f or m t heubiststevarswefercimethe sawingzone 410G si on check position 606. 10
Referring to FI.G 6-6, after the sjnqulati of .1he substrate or fer on
the first carrpé}nclé{fﬁﬁf}?twlglazf FsVEDT 1@?&&39% t#‘Frsse[COE‘ﬁli ??@%%ﬁ%é%?ft 244
rotates bagid ﬁot%ltég RoWiidh With ¥t axidnsnd e dnesa 30k bperatedatd S
transporting the singulated substrate or wafer to the |oading/ unloading
zone 115, agerfordi thedirsbyitibn drechvatstite fitst visiaboheckipwsition GQave, t he

second carrier _s ort 2 moves t.0 lign with th econd ,vi,si on_check
pos 118 608, HAOanea 19500l theTHgtiaie of (ES LIRS & BAltheck
posi tion 6Q8 the fﬁe%aqpﬁrraé&ﬁl%&ﬂ 2@@rifsoédfhphﬁzea,eQHBdfif@tSéaﬁ‘}iéih@&iSpait t he
second vi sion check position 08. Again, the first and second vision
checks con£4i4 wbmtesdgickyt®alignfwih the Xsakss, reatce thenwabees atongéheecond

carrier suppQrt 242 in the vision . zone. 220, and the inmaging information is
used by a WSorlTapSPORtIRE tl?i‘F’i gﬂ%\’tqaﬁ? t a@%@é‘tq?at%r otV ?ertoon?iane

second car rlé)gﬁir@ﬂﬂ}ﬂf)éd%g zone 115, as indicated by the arrow 610.

15 At about the same time, the second carrier support 242 moves to
align with the second vision check position 608. The camera 230, which
had moved to the second vision check position 608, is then operated to
perform the second vision check at the second vision check position
608. Again, the first and second vision checks constitute imaging 530 of

20 the substrate or wafer on the second carrier support 242 in the vision
zone 220, and the imaging information is used by a vision system for
alignment of the substrate or wafer on the second carrier support 242
during the subsequent sawing process in the sawing zone 210

With reference to FIG. 6-7 the second carrier support 242 moves

25 along the X-axis to transport the substrate or wafer from the vision zone
220 to the sawing zone 210. At the sawing zone 210, the dual spindle
counter rotating saw 230 cuts the substrate or wafer lengthwise, as the
second carrier support 242 moves the substrate or wafer to and fro
under the dual spindle counter rotating saw 230; and the dual spindle

30 counter rotating saw 230 is incrementally moved along the Y-axis after

each pass until the whole substrate or wafer has been cut lengthwise.



during the subsequent sawi ng process in the sawi ng zone 210 Wth reference
to FIG 6-7 the second carrier support 242 noves 25 along the X-axis to
t ranspor t wiohes/osilsst rate or wafer fromthe vision zone 22®dusdmmomawi ng
zone 210. At the sawi ng zone 210, the dual spindle counter rotating saw
230 cuts the substrate or wafer |engthwige, as the second carrier support
242 noves the substrate or wafer to and fro wunder the dual spindle counter

rotati .230; t.h I ' . | '
et ement antonRnsdS g HHE o bR g SR hE Ry RSNtk
substrate gawik&od®wgl1been cut | engthwi se. WO 03/095169 PCT/ S@3/00069 12

This process is a part of singulating 540 the wafer or substrate. in the
sawi ng zone 21Gormyamantdyt Whilehihe segensk corticE asRPRPTE Hipdris Masthe | n

the sawi ng zone 210, At arrier Wt ' l,at e er on
5 the fi rs%a&?ﬂgi e E&E)grt?‘ez%azr ¢ ﬂ’%ﬁ%;ﬁgdﬁ%g@é&% Sﬁ'ﬁ%‘#ﬁ%{ré @Iér%‘f%}”\%ﬁ{avi ng
a subst gat gherimafairichenfsibrt 24P ataf 1 SldePBBE A aiother earriéehaFipor t
244 in the | oading/ unloa |2&Ezone 115. Now returning to FIG 6-2, while

t he second aaubstate uwpuaferddrreoniisdoaded Hddsontaltihe dirgt cammignguppert
substrate f n the second. 1o carfrier support 242 wi dt hwi se, as
i ndi cat ed %44\@%%1?:189@“&/%1&%8@% ?g?écle}rii er support 244: rotates to
al i gn the substNgferRUuriahe ol MRE e8I Wnitlle the delchald ¥afiion seipgelt masi tion

602; and noves to the second vision check position 604. Again, first and
second vi simpvehaaksates anpebéginsesawing the stdstrate xg0walfer anvihei sgcondt em

at the vision check positjons .15 602 and 604 u erform the i.magin
step 558 ofcatrﬁgrsﬁl)tﬁ%r&ti‘igm FVaPe: 61 PHEC F‘?‘tgy(s,t&%r PV B%’r HIPZQETQ’QI ng
FIG 6-3, aécatr?fer%}g)ﬁdﬂ%@:t ity +d BBoAUDR! §@b&rafe YRRIfeP ThiRBdn #AGPN
carrier support at the saw ng zone 210, 1s conpleted, the second

carrier supper fir@4 Zisiovesheokt hesitoadi6Qfl; andoativeg tortheldsScordd wsicghown

in FIG 6-4, where the rrier . wth the._si |.at.ed t.rat f
thereon is Cd?ﬂ%ﬂ%ﬂﬁloﬂqé%ﬁr b8ads, ébﬁ "i“i‘l@r?leg ﬁég‘flgmé’igﬁ%%‘gﬁg%ﬁéffo\f‘%%

by the camera 230 and a vision system at the vision check positions
15 602 and 604, thus performing the imaging step 550 of the substrate or
wafer on the first carrier support 244.

In FIG. 6-3, after the singulation of the substrate or wafer on the
second carrier support 242 at the sawing zone 210 is completed, the
second carrier support 242 moves to the loading/unloading zone 115,

20 as shown in FIG. 6-4, where the carrier with the singulated substrate or
wafer thereon is unloaded. The process 500 then repeats as described
above for subsequent carriers.

Hence, the arrangement of a vision zone between a sawing zone
and a loading/unloading zone advantageously allows substrates or

25 wafers to be imaged without being exposed to water and debris prior to
imaging. This improves the imaging, and consequently, the accuracy of
the sawing process.

With reference to FIG. 7 a scrap removal system 700 comprises a
conveyor 705 transported by two rollers 710 and 715 located at

30 opposite ends of the system 700. One of the rollers 710 is driven by a
motor assembly 720 that drives the conveyof 705 in the direction

shown by the arrow 725. The scrap removal system 700 comprises an



above for subsequent carriers. Hence, the arrangement of a vision zone
between a sawi ng zone and a |oadi ng/ unloading zone advant ageously all ows
subst r at ewooms/092B9waf ers to be i naged wi thout being exposatwsGosmbe and
debris prior to imging. This inproves the inmaging, and consequently, the
accuracy of the sawing process. Wth rederence to FIG 7 a scrap renoval
system 700 conprises a conveyor 705 transported by two rollers 710 and 715

| ocat ed at . - 70Q. I 710
ari ven by iigeaREShbfuf EBugs HF i bRV oB Wi Ba0R S 1 ©
direction ofhhwbdde 78BS of tigvsARbng ¥ystesr 200! Aeval tegysteahtdfdtroenipm ses
an WO 03/ 095169 PCT/ SG03/ 00069 13 integrated ggst emthat is slid into

pl ace via @h thsescngp 7eonpral systeme700f allawshibe qumplete SEstami y beyst em
200. The i nte rat ed,constru th noval system 700 all ows
t he conpl X ?E{e XBCIBIQVG@;R ﬁPgﬁtqr Ieerpg%&glg ? repair or replacenent.
5 Wen ghe scanphegnidkchfp Yehtbvdl 1@'9@1@ 1n3p1&'¢€5taa§hb§talﬂﬁé1 pentieh of he
conveyor 705 is |ocated within the sawing zone 210, below the | ocat i on of

the dual sphadeenyeyon éﬂﬁmdoca‘@ctmtm«m theusawing Heone & hgbplaye

t d deb 737 fall, onto t 5
o e wisetignaph b il Seiitlier SREEE solRAR, mavoent SBrfing Wﬁvgaa[];"é“n
t he convey%&ﬁﬁg %P@cés% GRhtdrednBy debeis FOTVRIPbnfESHHIRRybP 7 RN

system 200 thro t he opening 730. The conveyor can conpri se bel ti ng that
may be rradéndfcatadeby the ramaWI 'é461aﬂ‘hle| whterod edihsi off ftlhlet eomnveyarhé0 et

Th 705 | | d | 715, .th bri
7571 alibs ShF ARRFIESagnieyGnICHn e PRAVEHPES By 490 B FRMVAY dE o
removabl e l&bﬁv@gér 7d50 Eﬁﬁe%ﬁéﬁ&'&ﬁ@@y%‘fﬁ %@Yﬁf&i%@%e%rﬁﬁg%é.he

roller 715. A cover covers the end of the scra noval “system 700 t hat
pr ot rudes mhﬁnddqupﬂrnldmgl TStmtprise dvalhing ttthacteltmay B87 namde waf ewvatar t he

conveyor 7%Serir{eoarg12erlng er1a 885% %V\/?”Htgrgr?g t gewgg:er}o\é%tgye "Phen when the

conveyor 705 rolls around the roller 715, the debris 737 falls off the

15 conveyor 705, as indicated by the arrow 732 into a removable bin 745,
located outside the sawing system 200 and below the roller 715.

A cover 750 covers the end of the scrap removal system 700 that
protrudes from the opening 730 to prevent the debris 737 and water on
the conveyor 705 from being disposed away from the removable bin

20 745. The removable bin 745 can be replaced at any time for emptying
when the accumulation of debris 737 in the removable bin 745 is
excessive. |

With reference to FIG. 8 the scrap removal system 700 is shown
positioned within sawing system 200 via the opening 730. The cover

25 750 and the removable bin 745 are not shown for clarity.

The scrap removal system of the present invention, as described,
advantageously transports debris to a removable bin outside the sawing
system, and allows the removable bin to be replaced at any time
without the need to stop the sawing system.

30 The sawing system of the present invention, as described,
advantageously has a vision zone located between a loading/unloading

zone and a sawing zone. As a substrate or wafer is transported from the



20 745. The renovabl e bin 745 can be replaced at any tinme for enptying

when the accunul ation of debris 737 in the renovable bin 745 is excessive.
Wth ref emanocoosswoFl G 8 the scrap renmoval system 700 i s StawsGospombt i oned
wi thin sawi ng system 200 via the opening 730. The cover 25 750 and the
renovabl e bin 745 are not shown for clafgty. The scrap renoval system of
the present invention, as described, advantageously transports debris to a

renovabl e pj_n. ide t. ' llﬁﬁ’ eJIRY into
be repl ace%aa@ﬁgZéh?%%&%@%g(? tPé)e(ﬁ%@éﬂdz (?rgéjgﬁ gp ettélg\}/l\n’%ng Sy ‘g?rlfgé’BO The
sawi ng syssabsefucht BigsRPAtdvaNtwafersashdesaré batinspoitadt dgemushe has a
vi sion zone | ocated between a | oadi ng/ unloading, zone and a sawi ng zone.

) g/,

As a subst laading/ unkdadingszene i tbe tvasionr znne WhlaRa3rRYIBIS SUPSiyaters/ 00069
14 | oadi ng/ unl oading zone to.the vision, zone _and then | zone,
subsequent W?E‘Brs {% ;’Fg%g SEVRA A TG RAP g go?llf’ar?g Sol?{’tegxP?g%ﬁ [}ﬁ e‘?’g}é\%rl;glnﬁg/

unl oading gepsistdT thResavRiPPprésa®. while a previous substrate or wafer is
bei ng sawn at the sawi ng zohe, are not exposed to water and 5 debris of

t he sawi ng pr o€hés is Ericomplisbednpifls lredameana maanted ovpgandty dhagaist ry
that is |pcated . between the |oading/, unloading zo and the saw n one,
and enpl o&‘ﬁ‘ée‘g l{":‘&g/ﬁgﬁlp]ﬂ{le (j%‘?’é}ﬁ/ %ﬁ&?aaﬂf%&)?%gsm%‘%%en%ae‘ﬁ’é}ﬁjéﬂ{l%% i er
supports. 0Py AR pott RS m! AIRNSPOMiptisesCkb ifldepehldcat Idhgidist rat e
or a wafer thereonm in the saw ng zone during the sawi ng "process, the other

carri er supppporps.efihen anmu rearrier rSuppdnr trdrsporis g qarowsssyithr a

unl oads a carrier that has.been throu t he sawi n rocess. ,Conseguent |y,
| oadi ntf uﬁ}lgéEI'i”&WS eh@ VRIGT ety ity cﬁ?Wé‘?lgI%ngr‘fﬁ"rﬁﬂgi the tsﬁ‘éfﬂ%gi %g

heL e TEphal i MIHRROLIE il s i o e o
descri bed pawimgegsoaessnmr onddads a carrier that has been through the sawing
process. Consequently, loading, unloading and imaging occur
concurrently, and having the imaging between the loading/unloading
15 zone and the sawing zone avoids water and debris adversely affecting
the imaging.

Thus, the present invention as described provides an improved bi-
directional singulation saw and method, which overcomes or at least
reduces the abovementioned problems of the disclosed system.

20 It will be appreciated that although only particular embodiments of
the invention have been described in detail, various modifications and
improvements can be made by a person skilled in the art without

departing from the scope of the present invention.

We claim:



di rectional singulation saw and net hod, which overcones or at | east

reduces the abovenenti oned problens of the disclosed system 20 It will be
appr eci at o @3wasieal t hough only particul ar enbodi nents of HRdSGBWaEdi on
have been described in detail, various nodifications and inprovenents can

be nmade by a person skilled in the art ywthout departing fromthe scope of
the present invention. We claim WO 03/095169 PCT/ SA03/00069 15 Clainms 1.
A bi-directional singulation systemf sihgul ation of substrates, the

bi -directional singulation system con‘%ﬂ sr‘1g 5 a | oadi ng/ unl oadi ng zone
for mounting a carrier onto a first novable carrier support |ocated

thereat prior to singulation of at | east one substrate disposed on the
carrier, ard the\ bistiregfionml sagulgtioonsysteny fansigilagiarnef substeatesy om

thefirst rrie .t located thereat after singulation of the
at | east o:’Irg‘ 32}5‘5‘5?‘3? a‘{lﬁmﬁgﬁéﬁ)ﬂ YPOHE CURPHSE 8y at | east one

bi - di regti onal %Jtléé@ﬁq%(@ﬁlb%dlﬁg §61@8%§thﬂﬁn@{mgea5&aﬁfi@fr hsHtosubsks@at e on
anot her carrier nmounted on a second novabl e carrier support, while the

first novabhevabkr camies Bpptploirt il@cas:edt thereatgirmy tasingd atgmz ofi@t least a

vi sion zone | ocajed betyween t adi ng/. unl o ng, z nd.th 15 saw ng
zone, the \ANG SHPSHREE HRBPS &g ’E}ﬁr’s%ailﬁef cﬁﬂﬁ pﬁ%oqcﬁgg 2019 east

one substrabe WhBAAHE the rc%tgfl@?\f?&lnet}?@ﬁ%@fnogﬂ%{me darkRrubhs t IEatLd
he seco nova

zone, while e carrier support 1s at t zone. 20
2. A bi - di rthetreanaftes sirgguilationnofstist enldast ateosdbsiratey t h cl a| m 1 further
conprising a transport neans coupled to th first va .caryrier, support
and t hdOsecond rfo\BYIEIE: #0H6r COMPIASIRRE Adi "‘fsﬁeon@ngﬁ‘l 6?? igpahSWHRA des

e R 5L B A SR
zone, the uhsuditedwiea secbridensenblBgarrier support, while the first movable
carrier support is at the loading/unloading zone; and
a vision zone located between the loading/unloading zone and the
15 sawing zone, the vision zone comprising a vision system for imaging the
at least one substrate when the first movable carrier support is at the
vision zone, while the second movable carrier support is at the sawing

zone.

20 2. A bi-directional singulation system in accordance with claim 1
further comprising a transport means coupled to the first movable
carrier support and the second movable support, and wherein the
transport means provides predetermined independent movement of the
first movable support carrier and the second movable support carrier

25 between the loading/unloading zone, the vision zone, and the sawing

zone.

3. A bi-directional singulation system in accordance with claim 2
wherein the transport means comprises a first linear actuator for
30 moving the first movable support carrier, and a second linear actuator

for moving the second movable support carrier.



zone. 3. A bi-directional singulation systemin accordance with claim 2
wherein the transport neans conprises a first linear actuator for 30
novi ng t hevdfosrmsiepovabl e support carrier, and a second |i reAars@swo@bor for
novi ng the second novabl e support carrier. WO 03/095169 PCT/ S@&3/ 00069 16
4. A bi-directional singulation systemiqg accordance with claim3 wherein
the first novabl e support carrier is rotatably nounted to the first |inear
actuator. 5,5. A)bj-di i.onal: Si t] em.l ejwth,claim
3" herei n Tre SacohaBoBR R RHb PP LR ST MR G3 e
second | i negheaginl@herfirs? mdvabidisugplorpRalrier g Wotht OBlySHEd@ieldnto the
accordance with claim1l 10 wherein the at |east one bi-directional cutting
means conprilgddineatuastuaiprndl e counter rotating saw. 7. A bi-directional
singul ation systemin accordance with claim6 wherein the dual spindle
counter rotating sawis novably nounted to 15 nove along a Y-axis prior to
and aftey cgtting.pbBdiRdRioHlr Siglci@aabnSspehatihoAcSysdfied Rviflg (Qafange
with claim6 wherein the dual spindle counter rotating saw i s novably
mount ed t o wWheyveiratlomgeeoizd arpsable sunpportideericavs o Iyumpnygtediteithg. 20
9. A bi-directional si n%glléay on systemin accordance with claim1 wherein
the vision ¥ 1P6/p ALY | east one canera nmovably nounted on a
gantry that extends over the first novabl e support carrier and the second
novabl e support carrier, when the first novable 25 support carrier and the
second novabl e sApbodirecdionalr singuletiod systewedn abeotdmttiagfitlurdlaadi hg
zone and the.saw n zonel. 10. - ﬁb'bi -direct] on%l. singul ati on systemjn
accor datfce WPEREK HRwas leghkparerPirdiregtionah SHUIRE TREABSLHEPTIER A
second vi SiQ&n@l@%ﬁurﬁQrPSéiﬁﬁQ@éw‘?” the gantry associated with inmagi ng of
e

the at | east on

7. A bi-directional singulation system in accordance with claim 6
wherein the dual spindle counter rotating saw is movably mounted to

15 move along a Y-axis prior to and after cutting.

8. A bi-directional singulation system in accordance with claim 6
wherein the dual spindle counter rotating saw is movably mounted to
move along a Z-axis to apply the saw blades during cutting.
20
0. A bi-directional singulation system in accordance with claim 1
wherein the vision system comprises at least one camera movably
mounted on a gantry that extends over the first movable support carrier
and the second movable support carrier, when the first movable
25 support carrier and the second movable support carrier is moved

between the loading/unloading zone and the sawing zone.

10. A bi-directional singulation system in accordance with claim 9
wherein the at least one camera has first and second vision check
30 positions on the gantry associated with imaging of the at least one
substrate on the first movable support carrier, and wherein the at least

one camera has first and second vision check positions on the gantry



substrate on the first novabl e support carrier, and "wherein the at | east
one canera has first and second vision check positions on the gantry WO
03/ 095169WedB/0883/ 00069 17 associ ated with imagi ng of tFERIGHOBED

anot her substrate on the second novable support carrier. 11. A

bi -directional singulation systemfor sifgul ati on of substrates 5 in
accordance with claim1l wherein the at | east one substrate and the at

| east anot r [ ] C f t r
Si ngul ati ngSoprearaith, AR SRTLERSHMAEUNR Sibotrdte oft I SR
met hod conphbsable sligpeitegaridr: 10 a) providing a bi-directiona

singul ation system conprising: a |oading/ unloading zone for nmounting a
first carrier onto a first novable carrier support and for unloading the

first carrigf TEABiIRLLi0R0 SIYABkRLSULIEh RUPAAGIIAA0] Sheubgadidy) -
unl oadi ng zone f'Oor NDURTT Y & second carrier onto & second novable carrier
suppor t sandnf a&cdrelamdeorititngldihe 1sebensinc ti¢ iagrlehsponehsulssirate andvidid e
carrier support; a sawi ng zone conprising at |east one _bi-directional
cutting netncasbanetheusabsirgtacomprise seriieendygiprwafedsand at | east a
second substrate; and a vision zone |ocated between the | oadi ng/ unloading
zone and the 20 sawing zone, the vision zone conprising a vision system
for imagingighe pAaimdiersd fore sihpalatidbskidfranss fRith negbidiid@ichal east
the second substrate; b) while Singulating the at |east the first
substrat e csinghiéation systemy the enethod eomprispog thatstepe ofawi ng zone to

duce the at |east the .25 .first singulated first substrat form
the stdfs ol : BRPVIER S I diFee i RNgu el SYPEmARERENIEIST the second

substrate thereop 1&£uihfgt7_1ﬁﬁ5_9aﬁ]g{r&yﬁélfsr ¢361th B gS4 AReE cadtiet aito| D BFENT/
unl oadi ng zone; and b2) i maging the at | east the second substrate on the at

| east the BOvabboearnaystpportaanddor suppadingthe fisst/cainier frorethe figst

movable carrier support, and the loading/unloading zone for mounting

a second carrier onto a second movable carrier support and for
15 unloading the second carrier from the second movable carrier support;
a sawing zone comprising at least one bi-directional cuttiﬁg
means for singulating at least a first substrate and at least a second
substrate; and
a vision zone located between the loading/unloading zone and the
20 sawing zone, the vision zone comprising a vision system for imaging the
at least the first substfate and for imaging the at least the second
substrate;
b) while singulating the at least the first substrate on the first
movable carrier support at the sawing zone to produce the at least the
25 first singulated first substrate, performing the steps of :
bl) mounting the second carrier with the at least the second
substrate thereon on the second movable carrier support at the
loading/unloading zone; and
b2) imaging the at least the second substrate on the at least the

30 second movable carrier support at the vision zone; and



WO 03/ 095169 PCT/ S&3/00069 18 c) while singulating the at |east the
second substrate on the second novable carrier support at the sawi ng zone
to producwads@osicy| east the second singul ated substrate, pravdcsmOsg t he
steps of : cl) unloading the first carrier with the at least the first 5
si ngul ated substrate thereon on the firg@g novable carrier support at the

| oadi ng/ unl oadi ng zone; c¢2) nounting another carrier with at | east another

substrate her QN QS]% I rd u h i ng/
unl oadi ng éz)one;e‘saial%llcgiqsf%l C euﬁér&&fgﬁ%ta{%ﬁgta Eléeegé{l ﬂa%?%ferra %ést?gls?}éatg gg%ﬂngt he
at | east thgovhbles caffenlgppoat Htethessawiig zohettoeproduion thont. least the
met hod for singulating substrates in accordance with ¢claim12 further

conpri si ng sfooad singpilated suhgtugée operierming shesteRs b of 15 transporting

t he second novablg carrier rt r oagli u | ne. t he
vision zone wit hout g&gloﬁ%@gg%engrsg%%ﬁﬁ.‘%ﬁ}{r}g{%eogg ‘?ggégt?ntg%l a]tr{s(relg
substratses éingR@LQRA0SABStraké fheteiohzhe?ArdtunioRable eapries Eﬁ?p@i‘t at theep c2
and before step c3 the step of transporting the first novable carrier

support fr oleadieg/ wolodiding 20mEdadi ng zone to the vision zone wthout pass
the sawing zone.,25 15. A.scrap renoval .syst.em f.or renoyi debyis in a
bi - di recti onal %?)ngu@ﬁ“}rgfﬁng Tmct HEs Xﬂﬁ?ear}b{?zﬁs(%s%?@%rcg .Ffrér"itﬁg: a
conveyor | ogir@gnseR sirentit- s hibdﬂﬁl@'d&r@ie%%ﬁ?oﬁoé}@tﬁé 1bBgirky fudloagighional
singul ati on system the conveyor having an internal portion for to reéeceive
debris fromaneamag process, and the conveyor having an 30 exter nal

ti t hat t ends out d f | , L h f
P anspot® ing ¢ heclebr TAPRU AR haS AHIODEF P Bt RE Uas BbRaRt SBRLi on
for di sposafirst\WRo936RIeAB%ePSdh s34 CRREVision zone.

13. A method for singulating substrates in accordance with claim 12
further comprising after step bl and before step b2 the step of
15 transporting the second movable carrier support from the
loading/unloading zone to the vision zone without pass the sawing

zone.

14. A method for singulating substrates in accordance with claim 12
20 further comprising after step c2 and before step c3 the step of
transporting the first movable carrier support from the
loading/unloading zone to the vision zone without pass the sawing

Zorne.

25 15. A scrap removal system for removing debris in a bi-directional
singulation system, the scrap removal system comprising:

a conveyor located substantially within a sawing zone of the bi-
directional singulation system, the conveyor having an internal portion
for to receive debris from a sawing process, and the conveyor having an

30 external portion that extends outwardly away from the sawing zone, the
conveyor for transporting the debris from the internal portion to the

external portion for disposal.



19 16. A scrap renoval systemin accordance with claim15 wherein the
external portion is adapted to dispose the debris in a renovable bin. 17. A
scrap remswal3/eysbem i n accordance with claim15 wherein tH@E/sSEG3omsyeyor
conprises a novable belting extended between an internal roller and an
external roller. 18. A scrap renoval syd48emin accordance with claim 17
wherein the conveyor further conprises an actuator for rotating at |east

the exter najt 10 14 rghpmrafiesfy%*eélmldfﬂ YBChAEa i e chiht I1rssgwhla9em%1§@r ap

renoval systemin ac ance w'th alm 17 wherein the conveyor further
conpri ses axtachalapertidmis adhptédto dispesesthe Hebfistier matmaveblebino t her eby
drive the novable belting. 15 20. A scrap renoval systemin accordance with
claim 17 wherein the novable belting is perneable to water.

17. A scrap removal system in accordance with claim 15 wherein the
5 conveyor comprises a movable belting extended between an internal

roller and an external roller.

18. A scrap removal system in accordance with claim 17 wherein the
conveyor further comprises an actuator for rotating at least the external

10 roller to thereby drive the movable belting.

19. A scrap removal system in accordance with claim 17 wherein the
conveyor further comprises an actuator for rotating at least the internal
roller to thereby drive the movable belting.

15

20. A scrap removal system in accordance with claim 17 wherein the

movable belting is permeable to water.



