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*159159* S| NGULATI ON SAW AND METHOD BACKGROUND OF THE

INRERIEN

t*159159*

invention relates to an inpr oYed singul ati on saw

is adaptable to be used as adicing or vvafgr saw.
Description of t rj | Ci saws_an

si ngul ati on sa@&éUtgﬁmNWﬁ%%THﬁQed Wit h
special 10 saw bl ades have been used to singul ate or
separate sem conductor dies froma senc r
waf er nounted on a | ayer of adhesive on a str “\“\\\\“\
BASKGROUNDYOFTHEE INVENTJOMNw i s preferably pm\g \m
to cut streets between rows and col ums of di 0, ofbozs
tlept hFiehladf thehstnwdes t hrough the wafer into the

adhesi ve |l ayer, thus, conpletely saw cutting one die

from phhgesent YREht O FePltesAblanRAPRVRE in%ﬁt GRSl ifht ?‘s,taa‘t%gtable to

single street or 15 cut across a wafe OIen rai seh

I . o the sane side and start the
ﬁ%eﬁagg?{c%%%ﬁ%féf%%kagi ng (AP) devices include a
die and a carrier. The sawn dies are nounted onto a
carrier such as a substrate or printed circuit (PC
board) that is provided wth conductive |eads and/or
ondulesciiptionpf e aigr vt pi ns. AP t echnol ogy i ncl udes
Ball 20 Gid Array (B&); Mcro BGA (B&); Flip-Chip
devi cBwingGaws aBd alnguRtiok agivaigre keabwn. DRling sweHitddwitepecial
are preferably nounted on the substrate with ot her AP

Mblﬁdﬁsi Hae6 bédtused £ Sinfiflate @ Sépasitb 8Bl RNR I MY from a
anot ner. :

semiconductor wafer mounted on a layer of adhesive on a stretchable plastic film. The

*000002* 1. Field of the Invention 5 The presentlewmu
2

dicing saw is preferably programmed to cut streets between rows and columns of die to
a depth that penetrates through 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 and 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 (uBGA); Flip-Chip devicés; 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



sy

~

10

15

20

Quite often the AP devices are separated from each

ot her by w de streets which cannot be cut and renobved
by wi de saw bl ades. This requires two saw cuts to
remove i t J T 2 material formng the street that
separate the devices. This dual cut street al so causes
waf er parts and street scrap to fall away or to be

i ) i bl ade i f il t
B Rt O OB 5k s B e

[ hat the dicing saw
RaGe DB SHireBln B TIbABHE OF Meb<upipied aine moving Saw blade int
accumul ates. 5 Thus, prior art slurry drain systens
Hpgileparts 9é thegtieing saw padsassgpbientdrelows foyrd inditingaws. A further
conversion of dicing saw systens for use in
piohlgm mtthatghsdiosigrsatvasugpbe shtidoal ty rér@onl the séap that accumulates.
conpl ete shut-down and cl ean-up. Large pieces of

Shuis, piechrsslbgty dedie spaanoire bt fdsuaado ph shbIMtsFRRMSd th
as pgssible mzen only wafer sIJﬁ?& i%pprgsent. §%ﬁ§ AP

E8Me &R (ﬁf(ﬁciﬁg RAL §%§édés ﬁﬁ]ﬁ@@ﬁ'nhl%%u?/%irn%rkélgs&galtlgspteﬁgalecally require a

apart fromother 1 Vi Cces, © sorm o
encapsul at.e a AP devices on
ORI n HRLSRT IS LA Sl oed o sbinpSd Sifbiengracde fushed
uch .gs epoxy whjch shrinks when passing into the
%ﬁﬁ‘é‘ﬂ é’ffﬁg%? m?élbg%wge%?féémréi%w BIPBRSER”Is causes
bow ng or distortion of the substrate strip and
pr eseP®e prodsiviges areoreparaelys¢nrgpduddtedon 8 avlsstrateapart from other

separating one device fromanother. 15 Prior art

divedenghesner, Isame nipeefacpirers igdeglendapsulabBIAIN@AM S 05 the substrate
When the wafer handler is coupled to one side of the

walWaiuhifot Wdyer of whduldthighesik %ch%%p%kf%%ﬂesﬂfihﬂs when passing
renoves a wafer after it is cut. Such handlers are

AR s B L B U grion o

di sadvant age of t rist

j ) ' b lished duri t he .
BRSPSl g e

aws are 20 adapted to singul ate encapsul ated AP
v"recfg%mlaﬂgthgrane non- productive time occurs for

Prior art dicing saws have been provided with wafer handlers. When the wafer
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 encapsulated 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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unl oadi ng and | oading strips or substrates with plura
AP devi ces enbedded thereon. It has been suggested
that prior art dicing saws be nodified so that the
i nput handler could supply a wafer to be cut at one
side of the saw and the output; handl er could receive
a wafer after being cut. No such saw is known to exi st

' r [ ndl.ers that, take.
REGRE R0 hiHdert Bt e uple R b8 nder QL RICE ot 2l for
redesi of the transport systemin the saw itself

FYen §ﬁhe&ﬁaBFW& YIRE Rdves Véétﬁ%r ovided with two or
nore saw bl ades nounted on a single spindle for
si mul PHARYLAIc{pesaws haye brenmapviged withitwo ar metesavpblades mounted
substrate. This 5 results in a decreased tine for
e esingly wirshafsrsineulteateusly ¢utting plusd] ppths $i biweférar sslstrate. This
such systens where very high precision is needed or
tdseltsinraadicrdasidviran fdrhauth@\d ERBplERGHETECE is h¥hossibR th @se such
renove street material. Further, only when the die

BRkdMk whdre heryREER Bfekiston iS ANAR ARG ﬁﬁgt@tl l:?e@?@’g%l @d %e{.(/)i%%s requires

the same width as the street is a mu e on

' f tdcal use. 10 It woul.d be .
§g§¢, Pl?(g reeﬁ'@é g{ri%e\cf it eérairj:a(f'n}Eauv(%vfr}1 5t ésolngynwﬁ?[hg’ﬁ (i DR SUis perfsetly
recogni zes al of the above-nentioned problens found
RO DE 57 B1Bs BB R S BFIeATEF rig gaMe-Risle on one spindie
perform singul ation of AP devices. It would be
siestqm abpracticsl psovi de a singul ation saw that may be
nodi fied or converted for use as a dicing saw while

ret ai ftiwanldbt dedirableao prowideor eeedesigh liagulagsuibdw that recognizes all
i ncreasing through-put. 15 SUMVARY OF THE | NVENTI ON It

bBth8 aB6 Ve ik RiFdne@ Pir&¥1ém&Torind &n BBt oh BY E8HveRTor &F dicing saws to
provi de a new singulation saw dicing saw that

PSSP RIS, A M B T s
ﬁ{a?ﬁl%Q e nibdhdd c?rncoifl\qerperdofxcl)lr gsee & anael\cl\llné SaVS ?lretretaining all of the

improvements that result in increasing through-put.

SUMMARY OF THE INVENTION

It is a principal object of the present 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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20 systemin a singulation saw di ci ng saw t hat

perforns | oading and unl oading during sawing tine. It

is a principal object of the present invention to

provi de a substrate scrap or parts renoval system

which virtually elimnates doyn tinme for clean-up and

renoval of substrate scrap. 4 It is a principal

obj ect; ; : r ' ' . provide a novel

Cr anonar t PHOSBIERET e LEXRE RO RIS HI o BT hpgor
I.C resents .and pasitions substrates to be

SAEBbE e Bo o S70T, B1 S ik vt AT dasitons

transport tinme. It is a principal object of the

b‘?bé%tg% 10 bey A PY 8ROt sy blade avith aginlimumolessefiyransport Bme.

saw ng,or singul ating substrates into individual

devi c8ds a pxingigalgpbpact atihp akesoh| ivvdntion 1o heovideessngulation saw for

invention to provide a singulation saw having a

$avghgor sihgwatify bstraiés mevindeddudhdevipssi or art saws. |t

Is a principal object of the present invention to

pr ovi Hes apReibillodfePef the PYSERIThveMibA 1§ ﬁgﬁfﬁ&t £sifffation saw

di stinct substrate carriers whose novehent 1s

'dqqiggo . or.movenment in two

%Ii r ec?ﬁ%ﬁé}ttﬁoﬁég pgl?ggﬁé;{l%e\%gﬁlgyn FiAEE 8% bl ade. 1t is a

princjpal obj.ect, of t resent invention to provide a

novel I 8 %wé\ﬁl el e§59\fht%ﬁ g{ﬁsﬁ'@t IPVRUISR faPEvidesmigew transport system

distinct substrate carriers that alternately

ViR Sehepiaped distinet sybsitaterarriars whass moremenyiss ewdepenyetity

provi ded conprising a pair of substrate carriers able

aitroled &g inprvsomneingwoi disttisnsetdens eelath@dgy figed dawigade.

station. While the first substrate is being cut, a

second isd pididigdl objHRss Bk Bresartih@tiss @wgﬁmcﬁ'd Iyodéﬂéif?%\ﬂétion saw

a cut substrate, |oads a new uncut substrate and then

W :

P nd AT bR B R KRk rocate

&hgsecond carrier and then positions the second

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 the 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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carrier and its substrate in the position ready to be
cut at the cutting station. As the first 20 cut
substrate is noved to an unl oad position, the new
uncut substrate is noved into a cutting position with
a mnimumloss of cutting ting. 5 BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1 is a block diagramof a prior

an 1/O wafer handl er

?Eh%ﬁ? g? %@%%@P@@?‘ﬁ%@k% ngul ati on saw, Figure
21is bl ock m of an exenplary singulation saw
and ahigpreg 1s qé‘&%‘s%ﬁ%rta@ ﬁM%@f&lﬁ@Pr%ﬁy%wa@jmw@w /O

a wafer saw, Figure 3 is a block diagram of another
@%@ﬁbﬂ&\l? thaithes bpesheonuerted for aginigatation sawaw coupl ed t o
an i nput substrate handler and an output substrate
handl Eigufec} isadrbé¢lndiegram dffancaxgmpliry pigpfilati o s andarguoe
4 is a schematic plan view of a substrate used to
subkstist hatderth apbé Eohvefted &fa dhfel 84vent si zes of
sem conduct or devices to be singulated; Figure 5 |s an

enl ar gedreSeRtd '198314 églegxlaﬁlvcﬂtahgﬁlepgx ;ﬁb@%%@otdﬁrg lﬁ Psmgulatlon

Gid AT ay I ce separate ma s

%éwgouﬁlleg r%o E.IH?IQ LHit g?l‘i)ngrﬁ{e l-gaﬂlreg\ém ggtp{ﬁtgs%ggtb%% E@nd&ggphg}ntinuous

ith covers thereon; 15 Figure 7 is an isonetric
R RS AfCa pair of preferred embodi nent
substrate t_ransgort | i near actuators operable bel ow a
cut t i higurtdisiagsherpatinplen Siemsofansubstoate usédctodHastiaregn pifirality of
the singul ation saw showi ng the cutting station and
dilfifere¥it six¢ssofjpesiidandottogdelides € bOEingllatedaw bl ades, and a
support gantry for the rocking frame or head that

SUPPOFiigfire! 1R aﬁ@ﬂl&ﬁ@ﬂs@@mo@@l drdVaHbE oPa Eﬁgﬁfaﬁe@tB Il Gr1d Array
el evation of the singulation saw of Figlre 8 ah

{AYBA YaS/iQ eparated 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 suppért 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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system and the rocking drive notor for positioning the
saw blades in a Z-axis; Figure 10 is an isonetric
drawi ng of the rocking head drive notor and its

| i nkage system for positioning the saw bl ades in a
Z-axis; 6 Figure 11 is an isgnmetric draw ng of the
count er rotating saw bl ades and their spindle drive

not or an a.ro d su that i .

posi t 1 ENBAT 6 Apaeris BT r BE RPET oLty iadeg peneir

10Q; . Figure 12 is an enlarged i sonetric draw ng of one

gng! ﬁéﬂga Bters Mouptedangrogking head suppass dhak aﬁspcscrgtwﬁ gy the
referred enbodi ment support systemfor gross and fine

Eﬁkﬂ%K@Wﬁngﬁobﬂwamsuﬁﬁﬂvgt@,|n two orthogonal cutting

positions; Figure 13 is a schematic plan draw ng of

t he fFigate Lhisranenlargedasaheatric deasvisglobank oithe patsstrateaarrier support

and the rear carrier in a long axis cutting position;

Esemisshddinga preféeanmitiodimémBupp b yRtnPfor lghes hh®Rhe positioning
carrier rotated to permit 10 passage by the rear

SPéédbg{r t‘e%ﬁb@oh?%g utti és# sposition; Figure 15

Ps a schematic plan draw e front carrier

positi oned el ow, t he on .s t he r, . .

car ri 64 stsualﬁ"h?’ﬁa‘tch@aﬁ‘ 8??@”‘3 Pé JE"t“ ﬁadTlﬁro]'glatﬁ%BH;axw loading
gure 16 is a schematjc plan draMAn% of the front

E%ﬁ“r’(i’fb%ndrté? 5326 GaG6T Hetyloag SX BTy HtingtRositioposi ti oned bel ow

the vision systemand the rear carrier has rotated so

t hat Flaurd B sianghematioplas drawisg ofitheifrogt carriehmtagébiot permit

axis cutting position; Figure 17 is a schematic plan

gisaugdigy BE rédr@aifried it the dorg £is aftligs pdsetictlg posi tioned

in the vision systemand the sawis now cutting in the

long gighse F4iistd %ﬂerﬂ%& }%lbﬁ’ Brabfiht 6f thtet}?ont @éﬁlelc sqti ed below the

positioned in the right-nost position ft ng a
ﬁigvtg%ggg&@d‘g@y{tﬁ%agtgﬁr%g% tht?t18%%%@%@%&{1%%%@9 a

?rg\ljien fang f % gsvaastc grrrllat(iicr p \é.mn Hga“%];lg% t%effr O%N:ar%grr rroltaetéd 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 sirtgulated
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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plus X direction while being cut by the right-nost saw
bl ade noving in a counter- clockw se direction; 7
Figure 19 is a schematic el evation drawi ng of the
singul ation saw of Figure 18 after conpletion of the
plus X direction cut and the two saw bl ades are raised
to a neutral or non-cutting position; and Figure 20

is a j evat | ra he. si pgul ati o

saw of g 8 Sa Bl el oA A2 pr bt iion et e Figure 18
nus X direction cyt wth the carrier noving in the

‘i‘nﬁ‘% G§mRlegiop %f*ieo‘ﬂu % dirsgagecytiaad thertvorpawtbladaw arg mibed to a

rotating in the clockwi se direction. DESCRIPTION OF

eYtrapRERERREMERBOBINVENT Fi gure 1 shows a bl ock

diagramof a prior art wafer saw 1 coupled to an

| n- anBigufeP(ista shisemktierel@vatian idrgviag bOmE/stHpuR@dn ShR1E Plbures 18
3 for loading and unl oading wafers cut at the cutting

&idatd after theyegiignSihe GhiduSRi diBorS AW vith tik Q4r&r o'vﬁlg%n the
bl ock di agram of a preferred enbodi nent belng a

ﬁﬁrﬁl@% 8ird@Rns \é\ﬁgda%e‘fl% lgﬁl (f) o SRR (gatlug in otH%FIépak\tvge direction,

-directiona ion saw
pr| or art type handler 2 adapt ed for substrates and
having a load and unl oad st ati on 3. The saw 6 15
onprises a cutting stati a vision station 7, and
éEgEEIIPEIQN]@FeTIé{E\B FW@MBQMWMT bl ock di agram
of anot her enbodi ment of the singulation saw 6
coupl Bigureol shovout otk diagrimeof dgridvavti wdeasawuht@gsled to an in-and-
station 10. There is shown an input handler 9 coupled

¢ hahdies? hgwh@h i/ ESdoudGte MY fos ld&ﬂmg ahH SnRAHALATOR cft at the
and a cutting station 5. 20 Figure 4 shows a

QRNSTR i trate illustrating a
pl ural 1&1{1(?/1 %??&gﬁf@% ?l?(ﬂfég‘g? of sem conduct or devices

éipi’f‘;?h%g’é S ok SRR BB Rl iy, Bt B Shgtpypn sev

suc %gr él'x%.ms Tg %rb?td?rectlonal 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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by wi de streets in two directions and two ot her types
of rectangul ar devices 15 and 16 al so separated by
vertical streets S of V. It will be understood that
this substrate/strip 12 8 is not typical but is used
toillustrate the different tygpes and sizes of devices
that present the problens requiring two cuts al ong

[ f. 3 nd S of Vi rder

RAEEARLE s b8 GUIREE Bl Wnetall s GiisShspar presen

nl arged section in elevatiop of si ngul at ed Bal |
PR P (P B Ry Ul e B SK PbRESTINGS o K 4B S of V i order
sem conductor. 17 mounted on a substrate base 18 and :
onRguiRge Bsiigvices 211 s 19 which are connected to the
circuitry on the substrate base 18 by vias (not
s hown¥iguohshoetsi aneenlargasse2domineclstation of aningalaéd Ball Grid Array
bet ween | ead- out pads 22 and pads 23 on die 17 which
@GARddvideol et sirigya 84 0@ BerhitOnudhsit II7ah8ula® 6n a 48bstrate base 18
Encapsul ati on material 25 conpletely covers the die 17

ﬁ[lﬂs.hio@@nge':éio%@ﬁéﬂ\/éadallg- 99 GARLAE OfR clel 16 HIP ilecﬁlﬁr}ﬂ%rﬁﬁéﬁlébstrate

devi ce. gure 6 shows an exenpl ary enbodi nent

BB ARSI AT FMN AR Bucre DS, 8 A SRR etween Lead-

ine e conpri sl

[of0) t 0 cqntro).l oor D1, power supply and

Sfhabts FLodacs 94 s Fhahiehreamaicy BT Fous BF alshe stbgrate base
rovided with apertures or drain holes 32 which may be
B&-&ﬁcmlatlﬁn magrial 26 gomplestipcoviess e di¢ £V end iThele@idsd 26

is preferably a high-density casting of very high

pmacétgino o eamdplerwayBGA duvei ded with recesses 27 for
receiving and accurately positioning a transporter.

I't al Figukasshdwiidilexemplias ebedme he BRELBRoR YW base 26. 1t also
slurry and substrate parts, particles or~ scrap into

MvJs‘tHé‘Izup?Bﬂ‘é@l’Sing’tlfo? fheltRad $c%r?ﬁ%iﬂégn§8% &JePho S%“g‘g‘ﬁ?cfnoé

not have to be shut down pur pose of
USRI L R PR e 8 SR S e
gggrg)&ﬁq%g @g%ﬁegﬁwg %ilé Eiﬁagr{ pgllejsb ?5 \rzvg}c% rﬁe{yalg]esgrggitdgcri ?n g gul?-rc])gt basket
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
of 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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of carrier supports 37 and 38 and a pair of linear
actuators 35 and 36 that are driven by notors 39 and
40. It will be understood that the linear actuators
shown enpl oy ball screws and drive notors but may be
| inear motors for positioninggthe carrier supports 37
9 and 38. There are shown four nounting and ali gnnent
Fp inta.the  recess 27 wn N,

R T Ao Koy bR IR Biohs T T i o the
adéust %} and .ali%nngnt so that the |inear actuators

BES3R 38103 DAY ORd dreRrovidsd evith gdivsters fer fins adfustment and
rotating saw bl ades and parallel to each other. 5
tignmest & $Rbiks lingaractipnIra sy andporars pashionsd aguiratly oelative to the
saw 8 with counter- rotating saw bl ades, a Y-axis
rdasingisewibliged mhg pafatiel] tb leachsaer. and t he support gantry

for the working head that supports the dual spindle

saws. Fighie 8 sHRaranaskethipla?y forPofARE siBulliSn SHPWvith counter-

supporting their carrier supports 3 and 38 nounte
RRatiFR YR 1N Q,@Y?AQ'&&EHE i 8¢ Lch fit into th
recfggses 27 of 10 the B)glusrg %?‘}%ifﬁﬁé‘gr bvz%“{%‘? S?EP&”S%%R,%Y for

T ate carrjers 42.and 43 at the top of the
legrwollglglpg § g%}p%lra { TP 9“%\“18 d%gl S&’ﬂ‘?efﬂe hbted to receive
rect ul.ar substrate strips and are provided with a
vacu weslb%ﬁa& BCTyatofin] candedfrasm gRO Ve FURROTIS theib sarriar supports 37
(not shown) and that the substrate carriers 42 and 43
anda38amewnted en qyoting auchalignenent biockné! phhtfitdmoshommedses 27 of
an orthogonal position 90 15 degrees fromthat shown

the badeadr supwors b fdrrthd eave&rri ers nmay pass each ot her
during operation of the transport system The system

| ncl UpRSsudsivats Rty St & @Oﬁnﬁ% tI%EQﬂ e cAthi& sgpp%s_’;ﬁamd 38 are

canera 44 nounted on a Y-axi s ear actuat

4dapiea Ik }%ﬁiv@ rgét%ﬁeugar sﬂ?sttr%'feéhg s ;I' al.r%(_ggo;(vii eéitavgi lﬁj gtygcruu?'nssource \Y%

I S  noveably nou on an A-

R A TS T RN SN
%g Bgct%?r/%?lg p%(s:i(t:ilélr*lglglslf%mpgr?ei }Eoisiotino?ldshio\r;m)so gr? grt}\l(ogoo\:lglr poasition 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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carried by one of the substrate carriers 42 or 43 in
either of their orthogonal positions. The vision
camera shown i s positioned over station 42 but may be
nounted on the opposite end over station 43. 10
Figures 8 and 9 show the singyhation saw 8 supported
by the base or support 26 through a nounting plate or

block 49 ant r ntr

s C b 10 THRROS SReFuHR o dadPaost<d e i Rike o sipporc 26
acer 52 for novenent in the Y-axis. _ The upper frane

égo@ﬁﬁprap%m{gﬂéatﬁ Shelock 42 Ry Hgh sUPpRES 8¢ -8y f(g The dkamgry 50 is

shaft 55 which 5 is fixed to the | ower rocking frane

geipiask tortik epnen fixpy frame 58 detoagh dispacer idfarm&smeTine the Y-axis.

rocking franme 56 supports spindles 59 and 60 and their

Thé wepemfitanress Jduipportsthe lowetroeking Gramiel56 an@Gisirogkihg st 55 which

56 and carry the counter-rotating saw bl ades 57 and

BixcHitdtHeSQoWer RRRING fER: IO I eflea® G| 'ré/@kef]@ﬁ% R 54. The

the |inkage systemfor positioning the saw bl ades In

r at|n a
ﬁﬁcagg’ﬂﬁaof%%gﬁggé%ﬁ@%%@ RIF SO AT B R otor%g%uéﬁnare mounted
60 on e l.ower .rocking franme 56 that
TP a%frsgﬂe Renf ey s R Ty Sy bla
fixed franme 53 is shown attached to the spacer
adapt Bigus2l ¢ Sowrdhe rrsking framdrive mgios apg theinkygasoistem for
drive nmotor 51. A support bracket 61 S is nounted on
péritiiinethefsawbdades xea ZfaxaaE igBe fl bshevgipe couner-rotdiimg saw blades
flexi ble E-chain 61 shown in Figure 8. The rocking

§I7 kv rmidDthefr4pinglesdiiis 59 and60 M@ @ tedrbnthd RaVdrREcKah© frkme 56
bracket 62 and coupled to | ever drive block 63 for

ﬁfa?% 051t1'69é’@9§9me rodiif Hﬁbé’ %r%k ﬁe?’?%)% ﬁgé@hﬁgxe 53 is shown

gh a pivot to a |vot ock

ey S f|
o SRBPIRE U™ Rl B B e o5
a nd.is xedl tached, to the rocker frane
é{s %Pé’ﬁt rRgkef SLi a@/r}t%ffe Aitotdesnf thesfised fame & for waporting
pivot the lever 65, rotate the shaft 55 20 which is
ﬁ’letfl%ﬁé@Et@atﬂw@ showerin Figire 8. Thewnaskiag drive sieton Feis shown
rocking franme and noves the
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 frame 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
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singul ati on saw bl ades 57 and 58 in the Z-axis.
Further, there is provided a brake 66 which couples
to a disc on the shaft 55 and nay be actuated to fix
the saw blades 57 in a Z-direction once they are
properly positioned for saw ng or singulating a
substrate. Figure 11 shows the spindle drive notors 67

for the spind] e syste 9 .and 6Q 11. and.al so shaq :
Rt R b SR rab ST B ot it ing herbin a3 iehat and 60 n
&éjéens 59 and 6Q in the |ower rocking frame 56.
WY TeXINafTA®E OBi gures 9, 10 and 11 showing the
rocking frane 56 and the system for rocking the
r ockeHavng ¢xplained Figsses 9,tl Owntl |1 1 showingehestoobuhgtiteame $thand the
rocker drive 5 notor is preferably a stepping notor
sisiearhfor aockirer the tatkiepdidld shafasi, ttivaled underdtool gitat diggioeker drive
of accuracy for inparting a high degree of rotationa
ARG I ASTEfet bl Hgtebgﬁag #hots which car b¥it&tbrally bHEiloAdi8 tHeh
a high degree of Z-novenent to the singulation cutting
e G L.gun 0 ubstrate
TG acBla008r Mo ThI U E e B0 IE O B tpgrocker shar
ere. i.s _provided bo ross.and fine sitioping a .
SBLERSE uBh b s Reh dgdisart £amovanpnt KhUE singhugh cotting blades
degrees fromeach other. The carrier support-37 is
by a bearing block 69 which has an aperture
71 for receiving a ball screw (not shown). The bearing
bl ockFigsrenidusioed tionsudsmate wairieg sippack 87. IA2nwixemblary embodiment
supports the carrier support 37. The carrier support
théreas pruvidedboth Frokadnd Rsd piitininkda §ubktrfie @ Svo orthogonal cutting
positioning the substrate 15 carrier 42 in one of two

Po it g@%egfegbﬁgﬁ’lr@kh BARE RS rjed sﬁ;g}bgﬂ 3;7;"19 cﬁiégisogfca b7e§ring

mount e béet ween the actuator 73 a I'ven

' thereto., The | ever )
WOk B Ot ches S Sbe R0y { o RV Y A AT By ol Ml B bearing
ositioning theta nmotor 77 nted on a bracket 78. _
Mok jsposuet g mousee bragket VG SHAPRES $F caBist SheRort 37. The
directly couple to the disc 75 but is coupled through
EATHRICHARPTS AY APIMBHSARIA 18105y p¢tate hfoy gross positioning the substrate

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 direction 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 the disc 75 but is coupled through a mechanism which allows the rotary
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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20 actuator 73 to position the pins 83 in one of two

rotary positions. Munted above the disc 75 is

beari ng housing 79 which is adapted to provide a

Z-notion to the substrate carrier when the substrate

carrier needs to be positioneg,in a Z-axis to avoid

collision of the substrate carriers 42 and 43 when
ed tq. car e, wafers. |

) | t
b SRl ARG o Bl B e RS piftck i pustratg o be
empl o an adapter plate 81 and 12 asket 82 which is
aﬁg% ﬁ%@ﬂt ‘F%V Pistem 1@ bied foash ehihg sphstraiacanexsnres 84 which

. Substrate to be sawn so that the vacuum systemis

Ay thedyagyire e thegfasket apertiies $awbichpeirtidess pdtinminith the devices
apply the vacuumto the gasket apertures 85 which
cotheciubegratensopihsi whantheideticehare diegilees, thevatiien continues to hold
substrate so that when the devices are singulated, the

2l Uit 6@ thOUESit E@se?@rladadt:fr&ﬂ BUHRPUEREsCUBNe b OHIN 2l dum system

is separated from ot her devices. However, the vacuum

FYSHRMhold A&Se % opme%ﬁﬁﬁl%tee\ggl%ﬁ M satwtr}lelogsE’IeO F(gr{l Lol pceplmeter

are sawn | oos romthe outer perinmnmeter

ts between.the device iich fall do into the
3 ShB T RRET kB R oo i e TRIe2 e bee 26,
carrigr 43 in the | gading position and the rear
car r i eures’® shewsphe frapirarigr43duthe lngdips opsitiomand the wiar lcarrier
be observed that the block 7 defines the 10 vision
42 ax the fongtakis Witiegp@itiher Itnedl tetwbsovied thagthsttdddkohde faes the
the bl ock 3 defines the |oading and unl oadi ng

sis@hisaion \Whe bibck Sedeginbs the @Uging 2tation 41 tBelblocR defines the loading
position is being cut, the substrate 12 in the

hrpeH] oYl nFaditd. ORIt ge BOStrhieo? iR tliléc&ﬁ%%g(asﬁ@r@Q%gﬂg%ﬂe the

| oaded with a new substrate 12 for s
SistrhiP 92 i FiRUb &t as : .ont, carrier 43 rot eg .
to a Foné axi s 6%%?% 181’!11’8%&6 %(Esjr;ﬁ? 3 Fpoang unloaded ﬁg‘ﬂoé‘ pd with a
carrier 42.in the long axis cutting position. Figure
T@N§H§&Emj2#$5ﬂ#mgﬁPP?@F“W% posi ti oned bel ow t he
vision system 44 while the rear carrier 42 is stil
in t hEIgPEYg Beivs thafrontrgriss SBrpieieditn atlpreg @us pésitgpn to permit
station 5. Figure 16 shows the front carrier 43
pssing itherrear dastiowd2t inshe/iopg @rissygingmodidionhi | e
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 singulated substrate 12

and for loading a new substrate 12 to be singulated.
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the rear carrier 42 is positioned in the short axis
cutting position in the cutting station 5. 20 Figure
17 shows the front carrier 43 after being positioned
by the vision system 44 and noved into the cutting

station in the long axis cuttgyg position while the
rear carrier 42 is positioned in the right-nost

position f unl gading a singul at.ed.sybstrate. 12  and, .
Por 1| BRI shomsiPs 6% i Sameyngi @F@&ﬁstﬂga?ﬂ%whﬂe being
Fi gure 18 shows_the front carrier 43 noving in the
E)‘I‘tgjé(-tb@ Y Blade 6 MgvinengeongicEglockyisesérestien. bl ade 57
moving in a counter-clockw se direction. Figure 19
showskighee 59 shipwsahé singwaverBsasf 8 Bf figuee 1Bafadricompletion of the plus-
conpletion of the plus- X direction cut and the two
Xadircotiotlest and tieentvdwalsledds Bi7%@d I8arardiedtts alne@ial or non-cutting
non-cutting 5 position. Figure 20 shows the
Ebﬁg&{ation saw 8 of Figures 18 and 19 after 30
eginning the mnus-X direction cut by noving the
subst er. 43 i . he 1 =X di recti fo —
cngagor: TR Sk eolE el BYRF RS et B bpginnine
g\icl .ockg’ e direction. Tahle shows the difference = |
Y] %FqCBP“ Syby mpyige SER SIHET Abinethe piaus-Xglirection
and avoi ds having to use both unload and | oad
far spgagementrNgh the leftqmost saw blade P8 gptating int deloglubise daeasion.
on the carrier 15 3. Myve the substrate relative to
t he vilablen shywt ém differehtesoven thad pripn atth ' Hsudasts @drgiderable time
Reposition the substrate for a first cut 6. Lower the

M daleidy Havingero @ke bbd unldag bhdleadstatiMave the substrate
t hrough the saw bl ade at cutting speed

TABLE 1

it

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 R R

Retract the substrate at high speed

._..
e

Reposition the Y-axis of the saw blade

—
[am—y

Rotate the substrate 90 degrees and repeat the 20 cutting sequence

_.
N

Move the substrate to a load/unload station

—
L2

Unload the singulated strip
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20 8. Raise the saw blade 9. Retract the substrate at

hi gh speed 10. Reposition the Y-axis of the saw bl ade

11. Rotate the substrate 90 degrees and repeat the 20

cutting sequence 12. Mowve the substrate to a

| oad/ unl oad station 25 13. Unlgad the singulated strip
14 It wll be noted that the cutting sequence

nunberg.e t hro pens nultl le tinmes untji| the

subst Eta 1160e “"ée‘#g?” %8“ V\ﬁeﬁ“f‘?nf)‘?ﬂ’éu 8%?% u° {)gi"ppens
atin 90 degrees then the identical saw ng

é’%’ﬁ} E%*e? ynii %éttéaat&‘é? rpletedsawpdn gmwﬁe%lonhfxﬁggwatmg 90

10 a different nunber of tines. Once the substrate is

degrpischen theddantignl seiving deguertteiis repsatad tisieg theowed showh 6ehrough

unl oad station where the singulated strip is renoved

40d défifleremauimbes bf iifes. Orce phaadtiran id dignleehi &k or JiRBulated it is
steps 1 through 5 are being perforned simultaneously

Weh ndvea 1@ BRNAM dAtatii veilkrO %%‘i?u’leﬂe& 88p $ £RRVEd and an uncut
through 11. Further, a preferre enbodlnent may cut in

gt\ﬂg 1sﬂe'p{a% &bf? Call,rnersuch a case, the step shown at

ere ¢ saw bl ade is retracted) 10 may be

eI|n1 ted a cuttln oper at i on be. perforned

at | eAly Stgas Egv 5 P iUt POGrmge s GHFRIS] With fhe operation
nent of the substrate and the sane rotationa

g’?‘éfg‘é)cgbréé‘at he stgpsiorthrasghilAi Rethes, gprefeated eenborivoetit meaytcut in two

dual spindle saw using counter rotating saw bl ades to

duediions.dnsedi pease atht ngp shivsn anstep 9 where thet samnblha®is retracted)

directions of horizontal novenent under saw bl ades

triag e retiminated andetile cittihp@peratibh LY iveHerfbfmdd Atlied3@1S pdreent faster
be understood that the rocking frame which supports

h818g eHéadamS RirasH rﬁ§véﬁ%ﬁt BE HeQRbARRIaRYthE Wané gkﬁgtp(ﬁﬁ? Smie speed.

Z-actuators each of which support one spin

i ndep ﬁﬁgﬁgtelxﬁlan{%ﬁ%q{ré’fmg@ %&bb@m&elﬂ?dgal %mgf tsla\(z)vnusmg counter-

greater e

rotating saw blades to enable a reciprocating substrate to be cut in two directions of
horizontal movement under 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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Simlarly, the saw bl ades in the saw system coul d be
replaced by a | aser saw systemincorporating the
novel transport systemto unload and | oad substrates
to be 20 singulated while the cutting operation is
bei ng perfornmed on a differenﬁ substrate. Presently,

t he dual spindle saw bl ades cu% faster and cool er than

any known ¢ cjal l ailable laser. It is known

Chat  PRCPEBIER e pens oL G s Ry, i ey 1dgRtea

are considered to be a | ess desirable nodification
SHBHAICh&ep Giteineasing e BesvPRET argsxesm baewh apethe, othes using an
An exanpl e of the benefit of the present invention is
tkeatplenyentedirhergalf tisuprssenatresntismr. dhe best poioe ansavegtiomeaw
best prior art system known and the other using an

exgired a8Y sshdionseiul ot twh sutiraee thilk heedkehPlary ER®odiment did
best prior art invention saw required 183 seconds to

Henget iR Lorl sBeFHRIHE AL (c?}gr foj |ir|'-? 1896 BAGRNA ¥sults in an

enbodi nent did 5 the 1dentical or superior cutting
s.results in an

Qper at | h 3. sec s. Th
PSRl a7y 2P SR GG el WS o Cut i ng i e,
Prior _art dicing saws use %?yeral liters of expensive
dei onPFEHARMAICHIE 133/ StsE severdl IR Ohfipeptixa Aeignizad wpater to cool,
during cutting. Since cutting tinme is reduced, so is

gh anfoelean awafeg dnong gettingwiinge quétadcitme isorefluced, so is the amount of
preferred enbodi nent singulation saw, it is possible
deiohized nater heetlede actual cutting time by starting
each cut in each direction by noving the saw bl ade

verti gahpyeféed @ABREMehN eI saleit ANFbssibIRHt RRBQUSHEe actual
starting horizontal novenent. For [ack of a better

gﬁlt%?lé iti;ﬂé;l?@f}]st{}ggg ehdH Sut$h Bich ditdkuid %}?ﬁllgklﬁ%ttﬂﬁ:/ﬁi\y Btﬁﬁee vertically to

manner at the en en
saw bl ade ., breaks.thr h the bottom.edge, the s
3dteR RS BeRlEgR 5o MRS - 0bR BOEUER SR g fogk ofa
@Psit'on,in a notjon which if éhe reverzs,ot a pl unge

Gitter descripiy R name s siart gk 1s @lled @ Rlunge Colh & SERISE mapRer

bei ng cut the Y-
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.
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axis gantry positions the rocking frame (or head
mount) ready for the next plunge cut and start of
singulation of a substrate. 16 THE CLAIMS: 1. A
system for singulating substrates or wafers,
conprising: a first noveabl e ﬁgbstrate carrier nounted
on a first linear actuator, econd noveabl e
substrate carrier nounted on a second |inear actuator,
FHEGLAMSont rol I er for independently controlling the
Z-notion of each of said first and second noveabl e
dubst Pasysteoafarisingylating selsstrates oo mafers,|comprising:

i ndependently controlling the X position of each of

sai d affirstahoaiatiesabarule cavieambented bs b fiaitdineal dctikd, On
its linear actuator, said second controller conprising

a oV @lseddid rﬁ@@a@fe‘%ﬁ@%tfaYe ERMEMNEoRNE] 8h a$8ioRd 1ihar actuator,
substrate carriers |naCUtt|ng Stat|0n an

si mul tag'{}gt%ldﬁ I‘Xll&%{‘ fntdggénlagnt?}h IIOIH? tgf gs mafj iQn %fi eaglﬁ of said first

substr e carrlers

gn to,a vi 1 $§S|t|on|ng statlon and then to a
F?pﬁﬁnﬁﬁFg geuBIraC ALt ti ng station ready to

enter the cutting station when the substrate carrier

i n t he seepndicegtreertfpoindappndentbuconsrollingethe o pasitpn of each of said
station, thereby virtually elimnating any |oss of

dursttand gedondEnovesbl2 subdstsyestaerieraon dts dinamdictuatoz] ai m 1

wherein said first and second |inear actuators are

par al sl stévndavhtrolldreonphidinga o v ¥t fedipfocaBy Eﬂo@zirﬁg He®f said
so large that they will not pass each other

L T
hat the ca occu .
SR aRoa im0 O LR AR SRYBY o iEng P e saion
dlrﬁstlon when nnvkp fromone station to anot her.
en to a position outside of said 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.

2. A system as claimed in claim 1 wherein said first and second linear actuators are
paralle] to each other and said substrate carriers are so large that they will not pass each
other in a Y-axis direction, and

means for positioning the substrate carrier or wafer carrier in a Z-direction so
that the carriers do not occupy the same space at the same time when passing each other

in the X-axis direction when moving from one station to another.

3. Apparatus for singulating substrates or wafers, comprising:

a first moveable substrate carrier mounted on a first linear actuator,
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3. Apparatus for singulating substrates or wafers,
conprising: a first noveable substrate carrier nounted

on a first linear actuator. 17 a second noveabl e
substrate carrier nounted on a second |inear actuator,

a first controller for indepengently controlling the
Z-notion of each of said firsg and second noveabl e
substrate cgarriers, second controller for

i ndep@i |’9°V€BE‘FPB€%“PFF9°W%Y ROWHE] 01 & secang fingas @gtugtor,

5 said first and second noveabl e substrate carriers on

i ts | pABgconEelttor independensbeesmtrodmettholtreotianorfizatis phigpid first
a nmover for reciprocally noving one of said first and
sedsmedndmveediilessshatercatrergarriers in a cutting

station, and/or simultaneously positioning the other

of sandedondsbn@siicrfeciatehenBy@Bd RUSHRSUHRAK SRR A£bBeach of
at an unload and |oading station, then to a vision

D8 iffdt QRH B Rl %dxeableeﬁksh‘a@%ameréoﬁ%ilih'éaﬁ%c&%%.! de of
10 said cutting station ready to enter the cutting

stati . arrier .in the uttin .
Stat| ha ¥R L SR bRBNENER MY L firtelAroce RiguiFE one of said
irtuall limnati any loss of cutting tinme. 4.
HED AP asEnd oy e RS B 2 GBS AIGa PR T sigtultaneously
and ;second |inear actuators 15 are parallel to each
BeReniAg thegahes of sidtfirsitand seganidencveable sslostiatr geridrhat an unload
they will not pass each other in a Y-axis direction,
amdilohding Istation ot icsd vigioa ppsisiohingrsetioh @hd fRAité b @BEifiEn outside of
the substrate carrier or wafer carrier in a

daidcitgiag s@tios Geaddhad ehtbethe @hftin@ sEatidA wHeh tIRCGIBRYatt BSrier in the
same space at the sanme tine en passing each other in

ElRBngs@tibi v E€GT 0Pt | i statian to
ano{l%((ser. 20 5. Argrg)ar ;}’@&Etﬂlgs C déllr’] ?}[el@eggb&nmlrgﬁ%gllyrﬁt@%gé{mg any loss of
&hghgh e wherein said first and second noveable

ubstrate carrier each conprises a rotator for

rotating said first and second

4. Apparatus as claimed in claim 3, 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 in a Z-direction so that the carriers do not occupy the
same space at the same time when passing each other in the X-axis direction when

moving from one station to another.

5. Apparatus as claimed in claim 3 or claim 4, wherein said first and second
moveable substrate carrier each comprises a rotator for rotating said first and second

moveable substrate carrier exactly 90 degrees from a predetermined position.
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noveabl e substrate carrier exactly 90 degrees froma
predeterm ned position. 18 6. Apparatus as clained in
any one of claims 3 to 5, wherein the cutting station
conprises a singulation saw, the singulation saw
conprising a blade support, apg a pair of
counter-rotating saw bl ades nounted on sai d bl ade

uppor, vertical. novement, and.for engagi one of .
8P LopRus S R TG AL R 3 1 % RIS hE el Sation
substrate/wafer when noved in a first X direction and
FYPPRIEG AGHIRRHRIORSE Y, thp singilatipn say remBEsing k dépsle swpart, and
noved in a direction opposite to said first X

di r ectipam of gounsgsratasing saw dlasleaimvedtei onchidi btadg, suphert Errvertical
sai d bl ade support conprises a rocking frane nounted
owvempitent] fehafghging @n8 of ipadablidedimitCeriiapBelehtiviel ai M

7, wherein said pivot shaft is noveable in a

SR Htef vefe AR RO 0 Pe CIAH8Y X G REHM S 8PS dalo@RediQuith the other
position one of said saw blades in a downward Z

S e e O A1 RO RLIEH T, g,

conprising: a saw nounted an a noveable frane for
positioni ng above the substrate to be singulated, a
hgansporter nmount ed on a base bel ow said saw for

vi nG:PRYBYIS Ra € eimedingdaimby whergjn said dérdesupparhegrgensent rocking
with the saw, said transporter having front and rear
frame aroumtadion pisotshafinged parallel to each other, a
front substrate carrier support coupled to said front
| i near actuator, a rear substrate carrier support
coupled to said rear |inear actuator

8. Apparatus as claimed in claim 7, 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.

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

a saw mounted an a moveable frame for positioning above the substrate to be
singulated,

a transporter mounted on a base below said saw for moving substrates to be
singulated into engagement with the saw,

said transporter having front and rear linear actuators arranged 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,
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19 one of said substrate carrier supports being
noveabl e transversely froma | oad and unl oad station
to a vision positioning station while the other of
said carrier supports is being reciprocally noved
i nto engagenent with said saw., 5 10. Apparatus as
claimed in claim9, wherein t He saw conprises a pair
of counte -.gotating saw bl ades; the apparatus further
conpri%FR 5 sa1d SERRUAtEF GHTIGTSPPPRTE hejnamovenyle wanamenaeld fomea load
of ;sajd saw bl ades_into engagenent with a substrate to
pad élﬁl%d WaHPR o &V ign ResHivnLIgstationtwio il thy othat sf sagd tdider
ot her of said saw blades. 10 11. Apparatus as cl ai ned
iSHPRATti isrbeing resimgpenlly mbeedintaalphgenénmethonaidMaweh t he
pair of counter-rotating saw bl ades are nounted is
supported on a pivot shaft, the apparatus further
conprising a pivoter for pivoting said frane on said
povot Appafatust : : wnwar d .whi | e.
si nul t aneoulic,slas C#Jg@?éﬁérpglﬁgﬁ g%g%r@%‘i hggﬁ%\é@gwseﬁla gof counter-
. arat u clained in claimi11, _
\l}l\ﬂgﬁﬁ Sna"'élglf‘& pu“@g p%rﬁgﬁst ”ﬁg@erﬁBB’m 183 Grinayrd forsygspenlly sapving
gx a YH?xis %a try for supporting said saw bl ades in a
ORRMAG e 53id spyy blades e epgagsmsht with alsubstetetodwrsaiverwhile
support prior to sawing the substrate. 20 13.
AppHiaaeqnslyaverdeadlyrraigingrihatheoofesant sast bindes. 3 t0 12,
wherein said substrate/wafer is a rectangular strip
and said carrier support is adapted to receive an
adapter plate and a gasket for supporting said strip
abh. saisgpgafiki & clSHRAGH klai - awi ng .
substrg?es, t he nethodk?gﬁgpiéﬁﬁgégﬂgb?§?%39ga%ﬁfFP%BChﬂm
I in_singulation of substrates
patof &fuﬂeg ?O%M%F;\Q iblaldrz?,;searle mpunicdts Supported o aRivey shaft, the

and dicing o ers; prov

I sporter arrange arallel to each other,
Léﬁé%ﬁﬂﬁs ARG Pomprlsmg a prO%I‘ gorp prvoting said frame on said pivot shaft to
move one saw blade downward while simultaneously moving the other of said saw

blades upward.

12. Apparatus as claimed in claim 11, wherein said pivot shaft is mounted on and
supported by a Y-axis gantry for supporting said saw blades in a Y-axis relative to a

substrate on a substrate carrier support prior to sawing the substrate.

13. Apparatus as claimed in any one of claims 3 to 12, wherein said substrate/wafer
is a rectangular strip and said carrier support is adapted to receive an adapter plate and a

gasket for supporting said strip an said carrier support.
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said transporter conprising a |inear actuator and a
carrier support noveable by said 5 |inear actuator;
positioning each said carrier support sequentially
froma | oad/unload station to a vision position
station and then to a singula?bon cutting station; and
simul taneously cutting a first substrate/wafer on a

rrier_s rt on the first. linear transporter while,

Lt AmEBHRISF 258 HsUHte- S PEINGR CAGPAS 8 Beting  cutting saw
substrate/wafer 10 an a second carrier su%port r eady
Pgtheémet fopyseoin singydaion®! subsitatestand dispes eferafersher eby
reducing lost cutting tinme to a m ni num

providing first and second linear transporter arranged parallel to each other, each
said transporter comprising a linear actuator and a carrier support moveable by said
linear actuator;

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/wafer on a carrier support on the first
linear transporter while simultaneously loading and positioning a second substrate/wafer

an a second carrier support ready for cutting on a second linear transporter, thereby

reducing lost cutting time to a minimum.



