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SINGULATION SAW AND METHOD BACKGROUND OF THE
INVENTION Field of the invention The present invention relates to an
improved singulation saw that is adaptable to be used as a dicing or wafer
saw. 2.Description of the Prior Art Dicing saws and singulation saws are
known. Dicing saws fitted with special 108aw blades have been used to

singulate or separate iconductor dies from a semi_conductor wa_u‘gr
mounted on a layer ofﬁ(ﬁg%ri%@t ééﬁdb@%%%?ﬁ%he dicing

saw is preferably programmed to cut streets between rows and cqlumns
of die to a depth that penetrates through the wafer into the adhesive layer,

t%%@ %}ﬁlﬁ ~GULti ‘&?ﬁ ie from others. Most prior art saws are
designe % saw ?ﬁﬁéﬁ s%?ee oﬂ%lgut across a wafer then raise the saw

ade a the same side and start the next cut. Advance
E’ﬂi;lckagﬁ%f AE\)Lg)&l g\}llggrsﬁ]lﬁr(l:lude a die and a carrier. The sawn dies are
mounte ier such as a substrate or rinteq ircuit (PC board)
that s g e L D BB R e e piepabie o
%&gg@gg)@@%ﬁ%l&d% Ia&l 20 Grid Array (BOA); Micro BOA (uBGA);

Flip-Chip devices; Chip ca?gvPackaging, etc. All such dev_ices are
preferably mounted on the substrate with other AP die de\{lces and need
to be s ngulated one from another. Quite often the AP devices are

separatpd oy sach ARy Njde streets which

Dicing saws and singulation saws are known. Dicing saws fitted with special
saw blades have been used to singulate or separate semiconductor dies from a
semiconductor wafer mounted on a layer of adhesive on a stretchable plastic film. The
dicing saw is preferably programmed to cut streets between rows and columns of die to
a depth that penetrates th;ough the wafer into the adhesive layer, thus, completely saw-
cutting one die from others. Most prior art saws are designed to saw a single street or
cut across a wafer then raise the saw blade and return to the same side and start the next
cut.

Advance Packaging (AP) devices include a die ané a carrier. The sawn dies are
mounted onto a carrier such as a substrate or printed circuit (PC board) that is provided
with conductive leads and/or conductive balls and/or pins. AP technology includes Ball
Grid Array (BGA); Micro BGA (uUBGA); Flip-Chip devices; Chip Scale Packaging, etc.
All such devices are preferably mounted on the substrate with other AP die devices and
need to be singulated one from another.

Quite often the AP devices are separated from each other by wide streets which

cannot be cut and removed by wide saw blades. This requires two saw cuts to remove



10

15

20

2 material forming the street that separate the devices, This dual cut street

also causes wafer parts and street scrap to fall away or to he projected by

the moving saw blade Mto fragile parts of the dicing saw such as resilient
bellows found in dicing saws. A further problem is that the dieing saw

must be shut down to remove the scrap that accumulates. Thus, prior art
shuprrainaysiems A e desioned do Rase. substtals scraps and the
conversion oﬁ’%cingssaw syste gl%oﬁr" uscee}trj’lvé?ﬁau a llﬁgusatszt?g rates! A8 causes
Restorcall araire.A-camRieka sy 300 CIBARHR, HAIE RIEEES Of g
strippe%és{ubstrate cannot be flushed by ﬁ%u?d%rrno %Cﬁgga%ylggggs{fb & Wwheh” blade into

GRlYiWERR SIS RIBSEAL m%ﬁgsﬂ?éﬂ?gél%{ SERAIRIS lgiciné;r saws. A further
“someé

encapsulated on a substrate apart from other 10devices, howev

PRINEACIYRRES GRNGSheapsyiale sl %W?o%%és Hgsgcr;?a}f with Rcumulates.

uniform layer of encapsulating resin such as epoxy which shrinks when

pﬂﬁﬁ,ﬂ&i@ﬁ@@&%%ﬁﬁ%?st@ﬁ@ &%%Fﬁ%gﬁyéﬂt& 94%5%%%&& lég%sgs and the

bowing or distortion of the substrate strip andresents problems for t

siegudation seansiM e SeRARUNEARe %M‘E@uﬁ%ﬂfﬂgaﬂﬁq}gte}égﬁ@é1@5&1}/ require a

dicing saws have been provided with wafer handlers. When the watfer

fb%ﬁﬁi&fté%ﬁ@“@lﬁ%@r@@eﬂ%&fﬁﬁf‘gé%&@W&%E’Rff\é@f%ﬁg’tﬁ% YhAhe flushed

subsequently removes a wafer after it is cut. Such handlers are

somifindascaled ransroutbandiers.Faedisadyantags of the in-and-out

handler is that no Productive sawing can be accomplished during the

unloadiggrand relRasing Rt R waters. WHRNIHEINGSAWS, Qfgtggﬁﬁ@ﬁtgg other

to sing,ulate encapsulated AP devices the same non-productive time

aksigssfaowdoadingrned Jeading:stEipsor svbsitaies WIth PIHEA AP on the substrate

devices embedded thereon. It has been suggested that prior art dicing
Sﬂmmmfﬂ@{ﬁé&%ﬂlﬂkﬂfo@d%ﬂ%h@@ﬁ'@ﬁ&?H&deﬁHQQMﬁéﬂ%@ﬁ{&sﬁ%ﬂtp%sing

at one side of the saw and the output handler could receive a wafer after

lietogheutule Sueh SAWdSHNOIbaIaKat Recausa RIS WOWIH: [GAUER M) of the
handlers that take up twice the handler floor space as well as a major

redesige ofiherdanspartsysiernin hegawdiagktion URNAELICHNG $8Sone
have been provided with two or more saw blades mounted on, a single
shinmdteffonsimett@aneously cutting plural paths in a wafer or substrate. This
results in a decreased time for cutting a complete wafer. It is not possible

to use Stithr systioisowharchuesybBigRIeRISIOW it neaded-anthe SKEEL the wafer
between the devices requires ‘
handler is coupled to one side of the saw it inputs a wafer to be cut and subsequently
removes a wafer after it is cut. Such handlers are sometimes called in-and-out handlers.
The disadvantage of the in-and-out handler is that no productive sawing can be
accomplished during the unloading and reloading of the wafers. When dicing saws are
adapted to singulate encapsﬁlated AP devices the same non-productive time occurs for
unloading and loading strips or substrates with plural AP devices embedded thereon.

It has been suggested that prior art dicing saws be modified so that the input

handler could supply a wafer to be cut at one side of the saw and the output handler

could receive a wafer after being cut. No such saw is known to exist because this would
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two cuts to remove street material. Further, only when the. die being cut is
perfectly square and the saw blade is the same width as the street is a
multi-blade on one spindle system of practical use. 1 Olt would be
desirable to provide a new design singulation saw that recognizes all of
the above-mentioned problems found in odification or conversion of dicing

SeUEORe TRrmISiogviatian of AR dedicesmiwogld b desirabig g, o major

provide a singulation saw that may be modified or converted foreing saw

whilgi QJP{HQ@éh@ﬁ%?@t@f&ﬁ@ﬂ@@%'}%‘efﬁsu't inincreasing
through-put. 15 SUMMARY OF THE INVENTION It is a principal object of

the presedripMention @ Riowde R aeK SINGaNAR saWATICIpE 3aW M@les mounted
increases throughput of devices without increasing saw blade speed. It is

anoihendERsiRal-okieshaflthePreseal e RIAR 1RO VIO RSV ITANSRQAEL. This

20system in a singulation saw/dicing saw that performs loading and
yaleading.diking SAVIRG tieheuttindbissmpriacatabies! AftheRIER&Rtuse such

invention to provide a substrate scrap or parts removal system which
\grialy elirpibatay dpnpibasifarisieanisp anddemey sk ol subsitale $eEaRe quires
two cuts to remove street material. Further, only when the die being cut is perfectly
square and the saw blade is the same width as the street is a multi-blade on one spindle
system of practical use.
It would be desirable to provide a new design singulation saw that recognizes all
of the above-mentioned problems found in modification or conversion of dicing saws to
perform singulation of AP devices. It would be desirable to provide a singulation saw

that may be modified or converted for use as a dicing saw while retaining all of the

improvements that result in increasing through-put.

SUMMARY OF THE INVENTION

It is a principal object of t‘he presént invention to provide a new singulation
saw/dicing saw that increases throughput of devices without increasing saw blade speed.

It is another principal object of the present invention to provide a new transport
system in a singulation saw/dicing saw that performs loading and unloading during
sawing time.

It is a principal object of the present invention to provide a substrate scrap or
parts removal system which virtually eliminates down time for clean-up and removal of

substrate scrap.
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4 It is a principal object of the present invention to provide a novel
transport support and positioning system for a sawing system which
presents and positions substrates to be cut by a rotating saw blade with a
minimum loss of transport time. It is @ principal object of the present
invention to provide a singulation saw for sawing or singulating substrates

into individuapdevisasebjcct bsi BHRCIRALQRIESH Of B}%HE%SEHBU%Y‘?@%W

to provide a singulation saw having a higher through-put of devices than

mﬂﬁp@ﬂzﬁﬁi/&sitionlh'gss@%mm %ﬁ%%@%rpmﬂtﬂ%mp&@ ositions

provide a new transport system with separate and distinct substrat

calriermovhose sovementkisindepansenty:lQGonialiar iRt moyement Bne.

two directions under a relatively fixed saw blade. It is a principal object of

the preseftdnvadion thpm\idena fevehsinaHatanSAMNAVINGiIWAlation saw for
separate and distinct substrate carriers that alternately reciprocate at a

stationg. & tiapspoi systerhma ke poviged campising a pair qf substr_ate
carriers able 15to reciprocate a first substrate under cutting station. While

the firstisidsiraieisabelsjgccul MEpeaRE0h RhEs SUPRAIRICANIRLulation saw
sequentially unloads a cut substrate, loads a new uncut substrate and

therimpavesithetunoghsplisirateyioe isioprrysieriet determining the
position of the substrate relative to the second carrier and then positions

the sectind carfietmnd iecuistiaiedadnanesition «epebytaderl abiBort system
cutting station. As the first 20cut substrate is moved to an unload position,

thitinesparaeutrslibistiate mbveddioReey G PasiemWithAImYEHIRSS
of cutting time.
controlled for movement in two directions under a relatively fixed saw blade.

It is a principal object of the present invention to provide a novel singulation saw
having two separate and distinct substrate carriers that alternately reciprocate at a
station.

A transport system may be provided comprising a pair of substrate carriers able
to reciprocate a first substrate under cutting station. While the first substrate is being
cut, a second or other substrate carrier sequentially unloads a cut substrate, loads a new
uncut substrate and then moves thc:: uncut substrate to a vision system for determining
the position of the substrate relative to the second carrier and then positions the second

carrier and its substrate in the position ready to be cut at the cutting station. As the first

cut substrate is moved to an unload position, the new uncut substrate is moved into a

cutting position with a minimum loss of cutting time.
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BRIEF DESCRIPTION OF 'UHF DRAWINGS Figure 1 is a block
diagram of a prior art reciprocating wafer saw and an 1/0O wafer handler
that has been converted for a singulation saw; Figure 2 is a block
diagram of an exemplary singulat on sawsand an 1/0 5substrate handler
that may be converted to a wafer saw; Figure 3 is a block diagram of

aRierexsowian enkodiment ot A wngyation saw coupled to an input
substrate handler and an output substrate handler for continuous

throughpighReIfYMBLE; diagramFIGHISHi%A SHSHAHER AR MEW VLA an 1/0
substrate itsed to illustrate a plurality of 10different sizes of semiconductor

desisesatie singulatedn conbigie 1% amanlatgedasection in elevation
of a singulated Ball Grid Array (GBA) device separated from a substrate;

Figure Figuanlsemetyeldiawing offthe Qrassni-invantion singatiansamo
showing the support cabinet with covers thereon; 15Figure 7 is an

isahaedtcldiaiiénthahowinbea paikat Preferedemilpdiment substrate

transport linear actuators operable below a cutting station; Figure 8 is

an isonfégigcbawing efitficagingulation saweshawing the ssdinerstationingulation
and the Y-axis positioning drive for the saw blades, and a support gantry

farvtheupkking irainguok lieadihbiistppents dhe saw blades: Lmghers: iSontinuous
front elevation of the singulation saw of Figure 8 showing the vision

shistephputdhthérrockicg drive motor for positioning the saw blades in a

Z-axis; Figure 10 is an isometric drawing of the rocking head drive motor

and its Fikage! systechdorafiogitioniigths saubblagesstiadidgsate a plurality of
Figure 11 is an isometric drawing of the counter rotating saw blades and
thefespindie doiff emuiaidumoudiedean @ teckingilear] support that is

positioned by the locking drive motor shown in Figure 10;

Figure 5 is an enlarged section in elevation of a singulated Ball Grid Array
(GBA) device separated from a substrate;

Figure 6 is an isometric drawing of the present invention singulation saw
showing the support cabinet with covers thereon;

Figure 7 is an isometric drawing showing a pair of preferred embodiment |
substrate transport linear actuators operable below a cutting station;

Figure 8 is an isometric drawing of the singulation saw showing the cutting
station and the Y-axis positioning drive for the saw blades, and a support gantry for the
rocking frame or head that supports the saw blades;

Figure 9 is front elevation of the singulation saw of Figure 8 showing the vision
system and the rocking drive motor for positioning the saw blades in a Z-axis;

Figure 10 is an isometric drawing of the rocking head drive motor and its

linkage system for positioning the saw blades in a Z-axis;
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Figure 12 is an enlarged isometric drawing of one of the substrate carrier
support systems showing a preferred embodiment support system for
gross and fine positioning of a substrate in two orthogonal cutting
positions; Figure 13 is a schematic plan drawing of the front carrier in
a short axis loading position and the rear carrier in a long axis cutting

POSItioNgigure 11FIOMGLhis:f SRS RIRN.SANG OIS ISALEGRd their

rotated to permit 10passage by the rear carrier in the long axis cutting
RESHINdrive FIGWR AR ihRSRMAtIS Rian siawing Qfthe: frooti R by the
positioned below the vision system while the rear carrier is still in the long

axik NG PRRILANHGIgHR F:i@ sehematic plan drawing of the front
carrier rotated 90 degrees and still positioned below the vision system and

the reargasirier hasaotalac:se thahinelasingilation sawis GUBRG I HSier support
short axis cutting position; Figure 17 is a schematic plan drawing of

thesfeanst gRviet afieeheivg RABHIRRRGIRIPFVISIPASY AP BHINE B iitioning

now cutting in the long axis cutting position while the rear carrier is

Resitioneir thewigbiieshapsitandeouieasding a singulated substrate
and for subsequently loading a new substrate to be singulated; Figure 18

is a schepadlic] 8leyationearavwintaldheyirns Cariab MRYINEINHRe bSXis loading
direction while being cut b.5i. the right-most saw blade moving in a

geusnterclockuise diregtieninkigag 49 isasshematieglevation drawing of
the singulation saw of Figure 18 after completion of the plus X direction

cut and e two4spw biades e raistd-win @ draul @i parieHitingdaasitiennit
and Figure 20 is a schematic elevation drawing of the singulation saw

qfdsigeasy kBead: LArafienthecbeginming deimipysiffodirection cut with the
carrier moving in the minus X direction to engage the left-most saw blade
rotatingpthe thogkvdseedirgietionn drawing of the front carrier positioned below the
vision system while the rear carrier is still in the long axis cutting position;

Figure 16 is a schematic plan drawing of the front carrier rotated 90 degrees and
still positioned below the vision system and the rear carrier has rotated so that the
singulation saw is cutting in the short axis cutting position;

Figure 17 is a schematic plan drawing of the front carrier after being positioned
in the vision system and the saw is now cutting in the long axis cutting position while
the rear carrier is positioned in the right-most position for unloading a singulated
substrate and for subsequently loading a new substrate to be singulated;

Figure 18 is a schematic elevation drawing of the front carrier moving in the

plus X direction while being cut by the right-most saw blade moving in a counter-

clockwise direction;
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DESCRIPTION OF THE PREFERRED EMBODIMENT Figure 1.
shows a -block diagram of a prior art wafer saw 1 coupled to an
in-and10out handler 2 having a load/unload station 3 for loading and
unloading wafers cut at the cutting station 5 by the single spindle saw 4.
Figure 2 is a block diagram of a preferred embodiment being a singulation

saw sugfhag, f@rig’)éasm&!ﬁxa@i@-b'ﬁi@%gﬂ%%\% @Wgﬁgﬂaﬁ@g Tiajx)% of Figure 18

coupled to a prior art type handler 2 adapted for substrates and having a

g andpBiRad SN 3. SEhe:sam 6 ARCAMBNISRS ALNIING SIAHOMPed 1o o

vision station 7, and a dual spindle saw 8. Figure 3 shows a bloc

qagfgrelq{@ng;hﬁ{gemgggjmea%of the singulation saw 6 coupled to an
output handler 11 having an unload station 10. There is shown an input

handlerg;gaupded fosthesingulation SW-B.aampr iﬁi@_@iﬁ%ﬂﬂﬂé&@&@& z?igures 18

and a cutting station 5. 20Figure 4 shows a schematic plan view of a

sHbswatRdHusinasNgraqplwRalialdifarentiipes: of BeMICONINE L IRGEShe
to be singulated. There are shown square devices 13 separated by wide

stteetsSiatHiandlargagecanenlaisieviceshdsepaiates by widestieetBrection.
in two directions and two other types of rectangular devices 15 and 16

also separated by vertical streets S of V. It will be understood that this
substrate/strip 12 8 is not typical but is used to illustrate the different

YPSTRIMSZESOF deyiceR Hat Rresent (B erafigmerrequiring two cuts
along each side of the streets S of H and S of V in order to singulme the

devicesrigito ILehdnguraibahews:an enlafars secligniRAleValiepaf & an in-and-
singulated Ball Grid Array 5 (BOA) device 13 comprising a die or

sentiendidticthiiiidnavatedosha subsHatebaseikd and SeWING: wafers cut at the
conductive balls 19 which are connected to the circuitry on the substrate

basmd Sthyoviasoinoiestiaws spaendugtive wires 21 are shown connected
between. lead-out pads 22 and pads 23 on die 17 which connect to

circuitrFidnern the subsitrategbasen 1 8 Jrdteaid dativaimateialoa singulation saw
completely covers the die 17 and its electrical 10connections to complete
auB#A devieeimple, a bi-directional saw. Singulation saw 6 is coupled to a prior art
type handler 2 adapted for substrates and having a load and unload station 3. The saw 6
comprises a cutting station 5, a vision station 7, and a dual spindle saw 8.

Figure 3 shows a block diagram of another embodiment of the singulation saw 6
coupled to an output handler 11 having an unload station 10. There is shown an input
handler 9 coupled to the singulation saw 6 comprising a vision station 7 and a cutting
station 5.

Figure 4 shows a schematic plan view of a substrate illustrating a plurality of
different types of semiconductor devices to be singulated. There are shown square
devices 13 separated by wide streets S of H and large rectangular devices 14 separated

by wide streets in two directions and two other types of rectangular devices 15 and 16

also separated by vertical streets S of V. It will be understood that this substrate/strip 12
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Figure 6 shows an exemplary embodiment of the singulation saw base 26.
also shows the support cabinet for the base comprising side cover 29, a
computer or controller door DI, power supply and amplifier access door
D2, and a pull-out drawer 31 provided with apertures or drain holes 32
which may be provided in a pull-out basket 150r sieve. The base 26 is

prefarabiva highsdRBSiY SARNAG ehyeRyrigh RISSSIAR and MAYRScs that present

provided with recesses 27 ifin receiving and accurately positioning a.

URNSRBIEES ialseinas.asink ARasincBdwhishempties otk slurry 8¢y in order

substrate parts, particles or scrap into pull-out drawer 31 so that the
singuation grRMERsssnot ape to be shut down for the purpose of cleaning
out passageways below the saw but may be prepared Mr use 20by simply

emptyinggiie BaskelsandaweEad bection FIOMES AiSAQNS JRANLLSERSIGIRI Array
transporters 33 and 34 each comprising a pair of carrier supports 37 and

8B8@ng &Pl pf ibearaeidatdis Shant-3bdhabane diyeryomataisaie base 18
and 40. It will be understood that the linear actuators shown employ ball

sarews &g doneundtensabut Mayibe dneasmaiers forRAsitaniRLIBIe substrate
carrier supports 37 and 38. There are shown [our mounting and

alignmsehy blacksot Libabhsligdntadhies eaesses &¢ showndenhiauwe BeaRtkn lead-
are provided with adjusters for fine adjustment and alignment so that the

lineanachlaioispadsailostias e pasitibnesheasueataly iakatventor e ietating base
saw blades and parallel to each other. 5Figure 8 shows an exemplary

fenE af dpeibinignl atian ishns & wvithl @elintererotaking sawaalade sl e Yraxis
positioning drive for the saw, and the support gantry for the working head

ihathsuppayts hergialespBale davis:. The linear actuators 35 and 36
are shown supporting their carrier supports 37 and 38 mounted on

mountifigeandeadignment blecksaAl osrtodititdnto thierseessasod 460 HAthes. It also
base or support 26 for the saw 8. The substrate carriers 42 and 43 at

Hie topied thepeattabsiep fartidrhanchbadhartnadagied dorregeiv®mputer or
rectangular substrate strips and are provided with a vacuum source V

winicho xteinds Depuitkee subsirate fnodlshavwoandideatiDeasdbspiateout drawer
carriers 42 and 43 are accurately positionable from one position shown to

an orthvidmhaithagiticinr8l disiegraele dronthahahawbeserivéddten a pull-out basket
substrate earners ma.y pass each other during
or sieve. The base 26 is preferably a high-density casting of very high precision and
may be provided with recesses 27 for receiving and accurately positioning a transporter.
It also has a sink or basin 28 which empties both slurry and substrate parts, particles or
scrap into pull-out drawer 31 so that the singulation saw does not have to be shut down
for the purpose of cleaning out passageways below the saw but may be prepared for use
by simply emptying the basket or drawer 31.

Figure 7 shows a pair of substrate transporters 33 and 34 each comprising a pair
yof carrier supports 37 and 38 and a pair of linear actuators 35 and 36 that are driven by

motors 39 and 40. It will be understood that the linear actuators shown employ ball

screws and drive motors but may be linear motors for positioning the carrier supports 37
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operation of the transport system. The system includes a vision system
comprising a vision system camera 44 mounted on a Y-axis linear
actuator 45, comprising a Y-axis motor 46. The Y-axis actuator 45 is
moveably mounted on an X-axis linear agtuator which is fixedly mounted
on a mounting bracket 48 which mounts on the base or 20support 26. The

camssa AR ayha AR UERICHRASHONGE i XnaRd HRVRS 3 SUPRUAI Nt the

carried by one of the substrate carriers 42 or 43 in either o [their _
ectiogarel gesiionsFibue:\isian SaMmMeseiabewWISRAIIR0eS o¥R StRHAN At and
42 but may he mounted on the opposite end over station 43. 10 Figures 8

afigidnshowsinguliatinsaucistpposes Dy dheiase o syRROM A6 VAYEH: (o the
a mounting Plate or block 49 which supports a Y-gantry 50. The Y-gantry

S6tis epupledltadherdpentiKed tameBdithrough a spacer 52 fen
movement in the Y-axis. The upper frame 53 supports the lower rocking

frame G6qand §sirosking shafiyhbwhich i fixed totheilpwatrecking fsame:-
56 for movement by the rocker drive motor 54. The rocking frame 56

suppagsapibidies 50 vasiepandotiial drive motResvhiehRIeaIaLRy for
the rocking frame 56 and carry the counter-rotating saw blades 57 and 58.

Figurerkthghiewds ithe sosking frardedripenmeterand the linkage system for
positioning the saw blades in a Z-axis. Figure 11 shows the

counteftiatatiegrsaniiadas 1063 anck538and shepospindieHries @3 @nbrts 37
60 mounted on the lower rocking frame 56 that is positioned by the

rockiSgnasivechotombdniihe angheidixadiramekd 3 isveliow i @ttachedtedhes 27 of
spacer adapter 52 for movement in the Y-axis by the Y-axis drive motor

Bie Pesuppsuppoacket@liBdsawdtinted on the side of the fixed frame 53 for
supporting the flexible &chain 61 shown in Figure 8. The rocking drive
motor Skhis ssietutcl it land aheatisgdplockHeragkalrGangteaunlad 38 are

to lever drive block 63 for linear

adapted to receive rectangular substrate strips and are provided with a vacuum source V
which extends below the substrate (not shown) and that the substrate carriers 42 and 43
are accurately positionable from one position shown to an orthogonal position 90
degrees from that shown so that the substrate carriers may pass each other during
operation of the transport system. The system includes a vision system comprising a
vision system camera 44 mounted on a Y-axis linear actuator 45, comprising a Y-axis
motor 46. The Y-axis actuator 45 is moveably mounted on an X-axis linear actuator
which is fixedly mounted on a mounting bracket 48 which mounts on the base or
support 26. The camera 44 may be accurately positioned in X and Y over a substrate
carried by one of the substrate carriers 42 or 43 in either of their orthogonal positions.

The vision camera shown is positioned over station 42 but may be mounted on the

opposite end over station 43,
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movement. The drive block 63 is mounted through a pivot to a pivot block
64 for driving a lever assembly 65. The lever 65 is fixed to the rocker drive
shaft 55 which extends through the upper fixed frame 53 and is fixedly
attached to the rocker frame 56, When thg rocker drive motor 54 is
actuated it can pivot the lever 65 rotate the shaft 55 20which is attached to

the lowergacker franeand ﬂ?&kﬁlgﬁ?aﬁ@&k%gvfé%ﬁpéﬂgcf%‘}vﬁé e or s%pport 26

singulation saw blades 57 and 58 in the Z-axis. Further, thére is provide

ahpsake @%wmﬁhgg%eczf_ o iss amihes! gétré% and.may ke %{Qart?%idﬁ@ry 50 is

fix the saw blades Z-direction once eyLare properly positione

fongAaving Qe sifgdatieg aaHbstale oGigURe Jak shows thesrindle Grive v-axis.

motors 67 for the spindle systems 59 and 60 11 and also show the clamp

hrackethe8renbalting Hie sniadisdriye kystemsneS 6ad LR RN8HOWES 55 which

rocking frame 56. Having explained Figures 9, 10 and 11 showing the

reakiRg framelSRanddhe srsiemIorackingthe rockat dsiveshattoRolbr 54. The
will be understood that the rocker drive motor is preferably a stepping

mRianwhighcsn hppotatignaliepesitignar o figh Hear eeorfGeKIa@CY e mounted
for imparting a high degree of rotational accuracy to the rocker shaft 55

whighe i tiR MRS 6 digh degrae b drnonemeaptiathe.sinatationss.

cutting blades 57 and 58. Figure 12 shows the substrate carrier supports

37. In apigxemplarywmhediriant Hiherards eravisieshbath arassasefing for

positioning a substrate in two orthogonal cutting positions 90 degrees from
eashiothes. thheacaplRleS uppYItaXTsiTeatried hhsheaing legk-68michw blades

has an aperture 71 for receiving a ball screw (not shown). The bearing

BBl dsINend e OsH MO URtiBg ¥ aeket 7 Jwhiell SURReMSHBEr6akigs frame 56
support 37. The carrier support 37 comprises a rotary actuator 73 for

ghasssRsitiontgbinthewbstiatedlibe andes 42 ITaneppkiv pdetared3 is shown
orthogonal positions. A coupling 74 is mounted

attached to the spacer adapter 52 for movement in the Y-axis by the Y-axis drive motor
51. A support bracket 61S is mounted on the side of the fixed frame 53 for supporting
the flexible E-chain 61 shown in Figure 8. The rocking drive motor 54 is shown
mounted on a bearing block bracket 62 and coupled to lever drive block 63 for linear
movement. The drive block 63 is mounted through a pivot to a pivot block 64 for
driving a lever assembly 65. The lever 65 is fixed to the rocker drive shaft 55 which
extends through the upper fixed frame 53 and is fixedly attached to the rocker frame 56.
When the rocker drive motor 54 is actuated it can pivot the lever 65, rotate the shaft 55
which is attached to the lower rocker frame and rocks the rocking franre and moves the
singulation saw blades 57 and 58 in the Z-axis. Further, there is provided a brake 66
which couples to a disc on the shaft 55 and may be actuated to fix the saw blades 57 in a

Z-direction once they are properly positioned for sawing or singulating a substrate.

Figure 11 shows the spindle drive motors 67 for the spindle systems 59 and 60



between the actuator 73 and a driven disc 75 which has a lever aim 76
mounted thereto. The lever arm 76 is driven in an X-axis direction by a
tine positioning theta motor 77 mounted on a bracket 78. It will be
understood that the coupling 74 does nolt directly couple to the disc 75 but
is coupled through a mechanism which al]ows the rotary 20actuator 73 to

iti ins 83 in one of t tary,positions. Maunted aboye the dis ‘
e e L s M e e
sHbstate capn n %e substrate carrier needs to be positioned in a
Z-ax?gs to évoklﬁd(; %o I%e?oen of the substrate carriers 42 and 43 when they are
adaptediip FRIKIAAR WRIEERID 116 RETPITSOL SMRORIISHL e SUREUAE the
carrier support 37 employs an adapter plate 81 an gas which'is

%9%%%1190@%% Yi’ﬂéﬂé@ﬁe‘f’%‘ﬂ% AR P q{%fﬂ%esﬁg?éggttgotc?tggt %r?‘ev%gﬁﬁk%r drive

that the vacuum system is applied to each of the substrate apertures

5 whigh applyathe Nagy H%éhﬁ&&%ﬁ&?%%@%cﬁ%ﬁ%%@e gm%igr?eic{‘to a high

position with the devices on the substrate so that when t evices are

sipgidated. thevagubm,coptinres i g aie devies sven thoudh it

S
h
separated from other devices."However, the vacuum system §oes no% ﬁ%ﬁer shaft
the egss.Phibe: %&ag%-gxbi& : %%?@MHJQ&%%J(QMB%% LPSTIMGIGE blad
or the streets betvvﬁgaen the1 evié%rs which fall down into t els%rg% 2§ |{n the % aces
basg dGgFigure 13 shows the front carrier 43 in the loading position and
the rear carrier 42 in the long axis cutting position. It will be observed that

the b|0qiig7ui%ef@§§&&§ éf%%ﬁ%é@&%%{?ﬂﬁ%sﬁﬁfﬂﬂ G g}(%rﬁﬂmggembodiment

station, and the block 3 defines the loading
10 there is provided both gross and fine positioning a substrate in two orthogonal cutting

positions 90 degrees from each other. The carrier support 37 is carried by a bearing
block 69 which has an aperture 71 for receiving a ball screw (not shown). The bearing
block is mounted on a mounting bracket 72 which supports the carrier sﬁpport 37. The
carrier support 37 comprises a rotary actuator 73 for gross positioning the substrate

15 carrier 42 in one of two preferred orthogonal positions. A coupling 74 is mounted
between the actuator 73 and a driven disc 75 which has a lever arm 76 mounted thereto.
The lever arm 76 is driven in an X-axis diréction by a fine positioning theta motor 77
mounted on a bracket 78. It will be understood that the coupling 74 does not directly
couple to thé disc 75 but is coupled thfough a mechanism which allows the rotary

20 actuator 73 to position the pins 83 in one of two rotary positions. Mounted above the
disc 75 is bearing housing 79 which is adapted to provide a Z-motion to the substrate
carrier when the substrate carrier needs to be positioned in a Z-axis to avoid collision of
the substrate carriers 42 and 43 when they are adapted to carry large wafers. In the

preferred embodiment the substrate carrier support 37 employs an adapter plate 81 and
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and unloading station. While the substrate 12 in the cutting position is
being cut, the substrate 12 in the loading and unloading position 3 is being
unloaded and loaded with a new substrate 12 for subsequent cutting.
Figure 14 shows the front carrier 43 rota}e,d to a long axis positi_o_n to
permit 15passing the rear carrier 42 in thé'long axis cutting position.

e 45 Shews AQNLCATiSh A2 pRRTANGd helow (e vision sysiem It .

a pari.cul S,
while the rear carrier 42 is still in the long axis cu%tlng d%a jonthth

%Wﬂgé{ﬂﬁiﬂﬂévacu&njxgéyﬁe}é iggﬁﬁ\ﬁe@&)fr%@l carrier sﬁgs(g}%?itioned beI&N which

the vision system 44 while the rear carrier 42 Is positione I tARSHGRE

%ﬁﬁ&%@%&%ﬂ%‘d@@&%ﬂ%&ﬁ%@% RO IgUre, %%rrfdé"éﬁitohne fﬁi%f[‘ he devices

carrier 43 after being positioned by the vision system move

the GLLingSiation intherane,ds,sutting. %ﬁ%ﬁ%&%ﬂ%ﬁb& rear 935%% o hold

U
is positioned in the right-most position for u Ing'a smgulllapé substrate

1handiter doading aunewsubsiale 12,10 hesingulated 3. ., Flgure 18

vac system
shows the front carrier 43 moving in the plus-X direction while being cﬁltugf/ Y

the-sawt Riadem /MR HN & ARURIEGHIAgKWIS ga%ef(}.bos@ 'fr?%tgm:ei%%rt%)r(lpg erimeter

shows the singulation saw 8 of Figure 18 after completion of the plus-

drestionewl wd the MORINAQI3HES: 5% 1RRG AL fRlsedite ?i@‘%(f)%féréés%rzé.

non-cutting 5position. Figure 20 shows the singulation saw

Figuresr1&anth1éhaligrROhaginning treminusX e Hiom sHLRY ﬁ;}e?ving carrier

red
the substrate carrier 43 in the rninus-X direction for engagement wit the

leftimast isaw blade.hh FolBERGIN R wiockwite SUestins): daBls & Shews dhe.
difference over the prior art. This saves considerable time
vision station, the block 5 defines the cutting station, and the block 3 defines the loading
and unloading station. While the substrate 12 in the cutting position is being cut, the
substrate 12 in the loading and unloading position 3 is being unloaded and loaded with a
new substrate 12 for subsequent cutting,

Figure 14 shows the front carrier 43 rotated to a long axis position to permit
passing the rear carrier 42 in the long axis cutting position.

Figure 15 shows a front carrier 43 positioned below the vision system 44 while
the rear carrier 42 is still in the long axis cutting position in the cutting station 5.

Figure 16 shows the front carrier 43 positioned below the vision system 44 while
the rear carrier 42 is positioned in the short axis cutting position in the cutting station 5.

Figure 17 shows the front carrier 43 after being positioned by the vision system
44 and moved into the cutting station in the long axis cutting position while the rear
carrier 42 is positioned in the right-most position for unloading a singu]‘atved substrate 12

and for loading a new substrate 12 to be singulated.
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10and avoids h.aving to use both unload and load stations. TABLE 1
I.Load 2.Position the substrate on the carrier 153.Move the substrate
relative to the vision system 4. Vision align the substrate 5. Reposition the
substrate for a first cut 6. Lower the bladg,outside of the substrate 7. Move
the substrate through the saw blade at cutting speed 208.Raise the saw

e oy e LS T, DRI B
U RS RA%S MOYR IS BSHAIS 1A s igadiupioad station

Figure 19 shows the singulation saw 8 of Figure 18 after completion of the plus-
X direction cut and the two saw blades 57 and 58 are raised to a neutral or non-cutting
position.

Figure 20 shows the singulation saw 8 of Figures 18 and 19 after 30 beginning
the minus-X direction cut by moving the substrate carrier 43 in the minus-X direction
for engagement with the left-most saw blade 58 rotating in a clockwise direction.

Table 1 shows the difference over the prior art. This saves considerable time

and avoids having to use both unload and load stations.

TABLE 1

fa——y

Load

Position the substrate on the carrier

Move the substrate relative to the vision system

Vision align the substrate

Reposition the substrate for a first cut

Lower the blade outside of the substrate

Move the substrate through the saw blade at cutting speed

Raise the saw blade

I -

Retract the substrate at high speed

H
&

Reposition the Y-axis of the saw blade

—
fum—

Rotate the substrate 90 degrees and repeat the 20 cutting sequence

H
N

Move the substrate to a load/unload station

—a
(U]

Unload the singulated strip
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2513.Unload the singulated strip 14 It will be noted that the cutting
sequence numbered 6 through 10 happens multiple times until the
substrate is completed sawn in one direction. After rotating 90 degrees
then the identical sawing sequence is reggated using the steps shown 6
through 10 a different number of times. Once the substrate is completely

cut of SHIRIRA LSRN HIOEHINE HAIOR.HANONMREIENT0 happens

singulated strip is removed and an uncut strip Is replaced on't

ThaSiEPhd IR ﬂﬁs%@gspﬁ@@%?e% §M|E%rb%%jucﬁ%¥ﬂ%%t%eﬁeé rotating 90

operation which occurs in the steps 6 through 11. Further, a preferre

%@Q@g% ﬂﬂ@)ﬁ%é@l%@vﬂl@%@h‘&h&?? %&ﬁ?ﬁ?fﬁﬁxé@fgﬂ%ﬁ%&@% through

step 9 (where the saw blade is retracted) 10may be ate

CLItiNG: ABRIALRRMAY, e Retfesmediat least AR Rersepidns

_ %ﬁ&&{sﬁg(if&%}ated itis
same linear movement of the substrate and the same rotational blade

SAeRMovedHVIRARKRIRINSGA RIRicIad smbadimentfval SRindlg $aan uncut

using counter-rotating saw blades to enable a reciprocating substrate to

hergUtdRpuR Jirgstiong pfiborizontal movement under saw blades that
remain fixed in the Z-direction. it will now 15 be understood that the

rocking fraime: i%@ﬁ@@é%%&@m{@é mlgﬁer&@gp%mﬁg@peraﬁon

independent Z-actuators each of which support one spindle and is

i‘%@ﬁ@l@@@&ﬂm{rpﬁ%@g@mﬁ%{&ﬁhﬁ ZrdiFgflion AL PR EEPERSE may cut in two
a

Similarly, the saw blades in the saw system could be replaced by a lasér
SENSYSIEMHRGEROEAINGHDS BOVEL HANSRALS SYSIBMIeHUNIRT B 108G racted)

substrates to be 20singulated while the cutting operation is being

nedpuvedahadifaremesRstate, Riasantyy the Auak-srindie sV kIadeSnt faster

cut faster and cooler than any known commercially available laser. It is

knguiitkahiasersartiniangsiawes st savhindesAnd Aiaansigaietspeed.

to be a less desirable modification than the preferred embodiment
deSCfibQ@abﬁf@lfkplained a preferred embodiment dual spindle saw using counter-

/ rotating saw blades to enable a reciprocating substrate to be cut in two directions of
horizontal movement undver saw blades that remain fixed in the Z-direction, it will now
be understood that the rocking frame which supports the dual spindles may be replaced
by two independent Z-actuators each of which support one spindle and is independently
programmable in the Z-direction at greater expense.

Similarly, the saw blades in the saw system could be replaced by a laser saw
system incorporating the novel transport system to unload and load substrates to be
singulated while the cutting operation is being performed on a different substrate.
Presently, the dual spindle saw blades cut faster and cooler than any known
commercially available laser. It is known that lasers cut hot and slower than saw blades
and are considered to be a less desirable modification than the preferred embodiment

described herein.
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15 An example of the benefit of the present invention is that two
identical substrates were cut, one using the best prior art system known
and the other using an exemplary embodiment of the present invention.
The best prior art invention saw required13583 seconds to singulate two
substrates while the exemplary embodiment did the identical or superior

cuting operglionn J33 seconds, This (esults n an apargmately 7;L/
percent faster cutting time. Prior art dicing saws use severaal liters Oefn

SiRehalve deionizeg, waler Ot}?éji%és{'r‘ﬁ%%@)rae? S %}%"i‘q‘{‘é%%r d‘d”n[[{@ S Hing an
Ince cutting time'Is reduced, so IS the amount of deionized water

Pﬁ%@ﬁra Oéﬂlé‘oBESISIﬁ'E%‘%ﬁ{Q?%Q&E?M&éﬂ%ﬁ?' i B il %9@3549@'%&8 saw

educe actual cutting € by starting each cut 1nh each direction by

e ﬁ%ﬁ%?%&&lﬁg%"s‘?ﬁ%%%ﬁ%@%&?a@?\%}{ﬁ%{%% mplary embodiment did

simultaneous starting hofizontal movement. For of a better

desqriptive.name this, start gut is galled mms@s&@s imilar mapngr at

I
the end of a cut when the saw blade breaks through the bottom edec, the

fﬁgﬁ@@%@ewpg Wl%@ Qﬁ%‘ﬁg gpward to a neutral position in a

on which'is the reverse of a plunge tut. As soon as the blade is clear

of the syhstrate hejng CHENRY saxis.0apIEY Rosl '8@@&@%&9}? , t@f@ﬁ&%on

head mount) ready for the next plunge cut and start of singulation of a

SHQ%@&%-C%Q%[W%&'&@%E gu@iﬁf@‘.'@iﬁbe cutting time is reduced, so is the amount of

deionized water needed.

In a preferred embodiment singulation saw, it is possible to further reduce actual
cutting time by starting each cut in each direction by moving the saw blade vertically to
engage the substrate and simultaneously starting horizontal movement. For lack of a
better descriptive name this start cut is called a plunge cut. In similar manner
at the end of a cut when the saw blade breaks through the bottom edge, the saw blade
may be immediately moved upward to a neutral position in a motion which is the
reverse of a plunge cut. As soon as the blade is clear of the substrate being cut the Y-
axis gantry positions the rocking frame (or head mount) ready for the next plunge cut

and start of singulation of a substrate.



10

15

20

I. A system for singulating substrates or wafers, comprising: a first

moveable substrate carrier mounted on a first linear actuator, a second MCSLLP
moveable substrate carrier mounted on a second linear actuator, 5a

controller for independently controlling th1e6motion of each of the first and

second moveable substrate carriers, wherein both the first and

sm ‘fﬁ/f‘§’.|e substrate carriers are arranged to move towards and

a from a same end of the system and are further arranged to be

oped it e sybsiiaies SIS AR RS BadgLine system, and

10the controller comprises a mover for reciprocally moving one of the

substralg ANIRL AACHBYRRAURR AL e Al Rl i SHASIale:

carriers Is being loade . A'system as claimed in claim 1, wherein the

controlley Jé*ﬁ%%@(rrﬁw&ﬂﬁee&l@&g&&%ﬂ‘?& onFeleToios Rdspemsientoruator,

controlling t motion of each of the first and 15second moveable

substratg &g}.[{ligﬂ%%}tﬁlﬂgﬁé}{d%ﬁ'{ﬂ%%ﬁtrgﬂﬁgsﬂ%%ﬁéncéﬁi%@g o @@Mirst and

preceding claim, wherein the controller further comprises a Z motion

CQQ&B%%E%H%‘?@WM&H@PE?'”ng the motion of each of the first and

second moveable substrate carriers relative to a Z-axis. 20 4. A system

as claimed in apy precedingidaim;: Meiaibe iiRhendasaend mavaahle

substrate carriers are arranged to be loaded and unloaded at the same

e e S YRR o MERAR away from a same end of the system and are further
arranged to be loaded with the substrates or wafers at the same end of the system, and

the controller comprises a mover for reciprocally moving one of the substrate carriers in

a cutting station while the other of the substrate carriers is being loaded.

2. A system as claimed in claim 1, wherein the controller further comprises an X
motion controller for independently controlling the X motion of each of the first and

second moveable substrate carriers on its linear actuator.

3. A system as claimed in any preceding claim, wherein the controller further
comprises a Z motion controller for independently controlling the motion of each of the

first and second moveable substrate carriers relative to a Z-axis.

4. A system as claimed in any preceding claim, wherein the first and second
moveable substrate carriers are arranged to be loaded and unloaded at the same end of

the system.
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17 5. A system as claimed in claim 1 wherein said first and second linear

actuators are parallel to each other and said substrate carriers are so MCSLLP

large that they will not pass each other in a Y-axis direction, and
further comprising means for positioning ?e substrate carrier or wafer
carrier 5relative to a Z-axis so that the ccji riers do not occupy the same
space at the same ti [ ' -axis_directi

g) same time when ﬁ%SS'P%ﬁaCh othﬁrﬁpsga%( axis dH’FfCtIOﬂ

A Syster‘ﬁ %Sﬁg}r%se ?H‘E‘Tg&% erein sa% d second fthear 'ac%latcrs are

, wherein'while'the ' mover IS reciprocally

moving,one of the substrate, carriers in the cutting station, t '
T S S S AR O s ot
ugl@&qnagq{[o)%pig%st lggna thn to a vision positioning station and then to
aPoditida duddige oFthe duﬁlmg station ready to enter the cutting station

e Pl SR IO ORI MRS, O AL P 0 crric

station, a Iminating any lossof cutting time. 15 7.

Apparatys foy singulating substrates of WalRIS, SPMPYSINgs A 8Esk the same time

moveable substrate carrier mounted on a first lifear actuator, a second

g ri%rarﬁg&gge&g&i%&econd linear actuator, a

mw Veenagelg?%g) gé@lt%t% ! . .
controller forfindependently controlling the motion of each of the first and

20second moveable substrate carriers, wherein both the first and
second moveable substrate carriers are arranged to move towards and

ayay froﬂ"ﬁ%%é}ﬂ‘&s%ﬁ‘élrﬁwﬁ ARRA" A archarg fidrhe hivangseddpBeally moving

loaded with”substrates or wafers at the same end of the apparatus, and

t%%& 8?%%"3[bstrate carriers in the cutting station, the mover is simultaneously
positioning the other of the substrate carriers at an unload and loading station, then to a
vision positioning station and then to a position outside of the cutting station ready to

enter the cutting station when the substrate carrier in the cutting station moves out of the

cutting station, thereby virtually eliminating any loss of cutting time.

7. Apparatus for singulating substrates or wafers, comprising:

a first moveable substrate carrier mounted on a first linear actuator,

a second moveable substrate carrier mounted on a second linear actuator,

a controller for independently controlling the motion of each of the first and
second moveable substrate carriers,

wherein both the first and second moveable substrate carriers are arranged to
move towards and away from a same end of the apparatus and are further arranged to be

loaded with substrates or wafers at the same end of the apparatus, and the controller
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M CS 1.1,P 18 comprises a mover for reciprocally moving one of the
substrate carriers in a cutting station while the other of the substrate

carriers is being loaded. 8. An apparatus as claimed in claim 7, wherein MCSLLP

the controller further comprises an 5X m %ion controller for independently

controlling the X motion of each of the first and second moveable

substrate carriers on its linear actuator. n %ppar)aii as clarmed .

cRAMPHSSS S %Ye‘?re AU tHeE 185?1%?@%@%’%?%%%6“%53 27 m6hon controne uttmg

for |r]de ontr I t € motion of ea h of the 10first and second
ﬁ@’%% Frgf eéa Ssre s ('8 Saﬁrselﬂ% ,&ﬁjf afpparatus as

clarmed in any of claims 7 to 9, wherein the first and second moveable

substrate carriers are arranged to be loaded and unloaded at the same

epd of tlx arans: sl Qaied PRALRLS ash%lr% r}q%jeigo B 1 Ml%f prises an
an and said.

sald firs acona |neara Ctuators aré para to eac other
eI A R P RIS ORI U D BRSR SRAB SRRt the first and
axis direction, an compr ing apos ioner for positioning the

Sybsiae ¢ BSOS survarsre I ElRINGRR o950 that the carriers do

ndx o occup e same space at the same time when passing each other
in a X-axis direction. 12. Apparatus as claimed in claim 7, wherein while
the mover is reciprocally moving one of the substrate carriers in the

cytting sigfig prP&Fa%dpgg/aar%%mrr'aaﬁpv%rso%%m%mepmm
substrate carriers at an unload and loading station, then to a
comprises a Z motion controller for independently controlling the motion of each of the

first and second moveable substrate carriers relative to a Z-axis.

10.  An apparatus as claimed in any of claims 7 to 9, wherein the first and second
moveable substrate carriers are arranged to be loaded and unloaded at the same end of

the apparatus.

11.  Apparatus as claimed in claim 7, wherein said first and second linear actuators
are parallel to each other and said substrate carriers are so large that they will not pass
each other in a Y-axis direction, and further comprising a positioner for positioning the
substrate carrier or wafer carrier relative to a Z-axis so that the carriers do not occupy

the same space at the same time when passing each other in a X-axis direction.

12.  Apparatus as claimed in claim 7, wherein while the mover is reciprocally
moving one of the substrate carriers in the cutting station, the mover is simultaneously

positioning the other of the substrate carriers at an unload and loading station, then to a
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MC S 1. 1, P 19 vision positioning station and then to a position outside of

the cutting station ready to enter the cutting station when the substrate MCSLLP
carrier in the cutting station moves out of the cutting station, thereby '
virtually eliminating any loss of cutting time. 513.Apparatus as claimed in

any of claims 7 to 12, wherein said first arid second moveable substrate

carrier each.comprises a ro alggr for rotati sai? first and second . ..
VSRR RS RS LIS P AR Bl of b Sutiinsiation ready to
position. 14. Apparatus as claimed in any one of ¢claims .7 to 13, wherein
RS SRR R A S PR ARG o ot e

comprising, a blade suppart, and. . a.pair of counter-rotating saw blades
o e B S e B L A i
one of said saw blades into engagement with a substrate/wafer when

moved in a first X direction and for engagement with the other said saw

e when eI ASE P, QUG0S 1ok SRR IS o

Apparatus as claimed in claim erein ade support comprises a

L?rgérr{{}% f@%%s@%%ﬁdﬁg\%%&%%ﬁé%gs %tﬁ&pﬁ%ﬁ%@ﬁﬁnﬁgﬂ And second

, wherein sal moveable in a 20clockwise and/or a

COHNIEIRGIURERARNATARRYPARE LA SR PRURIRARRA fosition.
14.  Apparatus as claimed in any one of claims 7 to 13, wherein the cutting station
comprises a singulation saw, the singulation saw comprising a blade support, and
a pair of counter-rotating saw blades mounted on said blade support for vertical
movement and for engaging one of said saw blades into engagement with a
substrate/wafer when moved in a first X direction and for engagement with the other

said saw blade when moved in a direction opposite to said first X direction.

15.  Apparatus as claimed in claim 14, wherein said blade support comprises a

rocking frame mounted on a pivot shaft.

16.  Apparatus as claimed in claim 15, wherein said pivot shaft is moveable in a
clockwise and/or a counter-clockwise position to position one of said saw blades in a

downward Z direction.

17.  Apparatus for singulating semiconductor devices from a substrate, the apparatus

comprising:
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17. Apparatus for singulating semiconductor devices from a substrate, the

apparatus comprising: MCSILP 20 a saw mounted on a moveable MCSLLP

frame for positioning above the substrate to be singulatcd, a
transporter mounted on a base below said saw for moving substrates to
be singulated into engagement with the %Qw, 5said transporter having
front and rear linear actuators %rﬁ%?ed parallel to each other, a front

substratt 8ariEr Sligpdr oI LAY RIHEAP & ABRSE heaypstrate to be

substrate carrier support coupled to said rear linear actuator, one of said

sﬁB%ltlrlg%%dCarrier supports being moveable from a load and unload

10station, to a vision osi%io ing stati ntf(/é/hile the other of said cayrier

HSelovs BAYSTAN AT RN LgisrostAthEp be

supportaé1 %agsé?ﬁg reuproc% I)‘?nn?ov%sﬁ i
both tp(% f([ont and rear supstr te carrier supports being moveable towards
snagu ated into 61’1%8. cmern 1’[? ﬁle saw,

and-away froma ame end of the apparatus and are arranged to be

loaded \QQ}H ég@%g%&%%{,}gge PG rdeacfrfl}Irlleeau%i Q&%&?&‘%ss hr]fgnged parallel to each
other,
a front substrate carrier support coupled to said front linear actuator,
a rear substrate carrier support coupled to said rear linear actuator,
one of said substrate carrier supports being moveable from a load and unload
station to a vision positioning station while the other of said carrier
supports is being reciprocally moved into engagement with said saw, and
both the front and rear substrate carrier supports being moveable towards and
away from a same end of the apparatus and are arranged to be loaded with substrates at

the same end of the apparatus.

18, Apparatus as claimed in claim 17, wherein the saw comprises a pair of counter-
rotating saw blades; the apparatus further comprising a mover for vertically moving
downward one of said saw blades into engagement with a substrate to be sawn while

simultaneously vertically raising the other of said saw blades.

19.  Apparatus as claimed in claim 18, wherein the moveable frame on which the
pair of counter-rotating saw blades are mounted is supported on a pivot shaft, the

apparatus further comprising a pivoter for pivoting said frame on said pivot shaft to
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18. Apparatus as claimed in claim 17, wherein the saw comprises a pair of

counter- rotating saw blades; the apparatus further comprising a mover for - yiegy 1 p
vertically moving downward one of said saw blades into engagement with
a substrate to be sawn while simultaneously vertically raising the other of

said saw blades. 20 19. Apparatus as ctdimed in claim 18, wherein the

moveable frame on which the pair of counter-rotating saw blades are

riReBa st bistecty o wasil shilR st engspaha e vineHr ASpAL K sav
pivoter for pivoting said frame on said pivot shaft to MCSLLP 21 move
opladeswidtagk downward white simultaneously moving the other of said
saw blades upward. 20. Apparatus as claimed in claim 19, wherein said
pivot shaft is mounted on and 5supported by a Y-axis gantry for

supporting said saw hlades in a Y-axis relative to. bstrat
B e B AR S AR AR e o

| pparatus as
claimed in an e i j i i
% y of claims. 17 to 20 Wheredn sal%sgk%sliﬁzg%[%)%s relative 1o a

SERROGSTAPS S AN S el e RRS I S A Tl dive SR Sadater

plate and a 10gasket for supporting said strip on said carrier support. 22.
As\’\%?é%%%la Hﬁtgﬁﬁgﬂ%%%m? & RS eom, ?tllsqsnsgulﬁ?%\a}?aing a
cutting saw of the type for use in singulation of substrates and dicing of

wafers; providing a system for sawing substrates, the system comprising

first and secon . . . o .
21. gpparagls as claimed in any one of claims 17 to 20, wherein said substrate is a
rectangular strip and said carrier support is adapted to receive an adapter plate and a

gasket for supporting said strip on said carrier support.

22. A method for sawing substrates, the method comprising providing a cutting saw
of the type for use in singulation of substrates and dicing of wafers;

providing a system for sawing substrates, the system comprising first and second
linear transporters arranged parallel to each other, each said transporter comprising a
linear actuator and a carrier support moveable by said linear actuator wherein the carrier
supports for both the first and second linear transporters are moveable towards and
away from a same end of the system and are arranged to be loaded at the same end of
the system;

positioning each said carrier support sequentially from a load/unload station to a
vision position station and then to a singulation cutting station; and

simultaneously cutting a first substrate on a carrier support on the first linear

transporter while simultaneously loading and positioning a second substrate/wafer on a



15linear transporters arranged parallel to each other, each said

transporter comprising a linear actuator and a carrier support moveable by MCSLLP
said linear actuator wherein the carrier supports for both the first and

second linear transporters are moveable towards and away from a same

end of the system and are arranged to He loaded at the same end of the

system; 20positioning each said carrier support sequentially from )
ISR hIGHACS SRR Ho" s TR %“é&ﬁ)ﬁ“ﬁéﬁBPﬁ’éﬁb“ﬂ%‘é ﬁf%&sg@iﬁw&%fshy reducing
cutting station; and simultaneously cutting a first substrate on a carrier
JO7HIBAR TSR TR S hsporter while simultaneously loading and
positioning a second substrate/wafer on a MCSI.LP 22 second carrier

support ready for cutting on a second linear ansporter, thereby reducing

lost cutting time to a minimum.



