WD 02/ 090075 PCT/ 1 B02/ 02859 BI DI RECTI ONAL SI NGULATI ON SAW AND METHOD
BACKGROUND OF THE INVENTION 1. Field of the Invention The present

i nventi orwpekat®@3sto an i nproved s,ingulation saw that i ®Cadpgy@bi%e to be
used as a dicing or wafer saw. Mre particularly, the present invention re
5 lates to a novel substrate saw having a plurality of rotat- ing saw

bl ades adapted to cut or saw substrates in two op- posite directions of

rel ative novenent. 2. Description of the Prior Art 10 Dicing saws and
singul ation saws are known. Dic- ing saws fitted with special saw bl ades
have been used to singulate or separate sem conductor die froma

sem conduc- tor fﬁEEBEBﬁEﬂ QfNéUJ OEAﬁdﬂﬁﬁ MErR8p 2 stretchabl e
plastic film THégérerﬁg—samr+s—pfeﬁ§¥ag¥y—ﬁﬁegﬁaﬁﬁe§—Qe 15 cut streets
bet ween rows and colums of die to a depth that penetrates through the

waf er 0 the adhesive t hus conpletely sawcutting one die from
otheréBA%EE¥°%N?o?FaFFE §§§§N3}3Nde3|gned to saw a single street or cut

acrossja wafeiqgthenthai $avEheisaw bl ade and return to the sane side 20
and start tfie mext cut. Advance Packaging (AP) devices include a die and a
carrier. The sawn di eTheepnoasbkdionentaovareletesuth as ampsobstrate or
printe u PC_ho tha wi_t h .conducti ve | eads and/ or
conductt ++%£an8yo?5%%ns é = Eggg%thIBSquﬁglﬁaeg BFED& Pd Array
(B&A) ; waM@foSaﬁA MpB&Aparthcpi&hlp, denécpsesehtpiboaheiBackagi ng, etc. All

such devices are preferably mounted on the substrate with WO 02/ 090075
PCP/ | BERY 92859 aZHOK?HeFuﬁFtﬁ?Eed%@WCB@Véﬁa AcBYuEalpéYsPhgdPaBEd one from

an-  ing saw blades adapted to cut or saw substrates in two op-

posite directions of relative movement.

2. Description of the Prior Art

10 Dicing saws and singulation saws are known. Dic-—
ing saws fitted with special saw blades have been used to
singulate or separate semiconductor die from a semiconduc-
tor wafer mounted on a layer of adhesive on a stretchable
plastic film. The dicing saw is preferably programmed to

15 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

20 and start the next cut.

Advance Packaging (AP) devices include a die and a
carrier. The sawn die 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.

25 AP technology includes Ball Grid Array (BGA); Micro BGA
(uBGA) ; Flip-Chip devices; Chip Scale Packaging, etc. All

such devices are preferably mounted on the substrate with



other. Quite often the AP devices are separated fromeach other by w de
streets which cannot be cut and renoved by 5 w de saw bl ades. This requires
two saw cwD20e00rEnove ma- terial form ng the street that PEaFIBRO241285% he
devices. This dual cut street al so causes wafer parts and street scrap to
fall away or to be projected by the noving saw blade into fragile parts of
the dicing saw such as resilient bellows 10 found in dicing saws. A further
problemis that the dicing saw nmust he shut down to renove the scrap that
accunul ates. Thus, prior art slurry drain systens are not designed to

pass s ~t C rsi of. dici aw. sys-_tens _for use in
singulégﬁééqéﬁbéf%g?%gﬁggaugﬁg %Q%%n%+g$% %%ggﬁ%gg%%mﬁh%ngr%+e%§-up
peri odvidadty. Large pieces of stripped substrate cannot be flushed by

liquid neans as ssi bl e when on]y wafer slurry i resent. Some AP
devi ces ar eQ‘éJe*b%\r‘g?E?? eheapEuiaY et e sﬁ%‘?a’ég?%éegﬁ‘ﬁ‘&r?a@?om ot her

devi cesghPVBY e i dS O8Br BBRYT ARL & - c 20N 6F Sb&aBFr eAsaPsEhaleqabl, AP devices
on the substrate with a uniform|ayer of encapsulating resin such as epoxy

whidch widg i 9s hefepassThysi Aedut hes ctivedsavatets The gamgvensap- sul ated
proces e L 0g I t] o] br, st ri prangd presents
probléﬁ%ﬁﬁ%f f%gﬁgéﬁgﬁﬁét?%%gggmgggg %ﬁ%%féggaFgéi%g%gﬁégdevFgggfrom

anot heduaPrewt atteet cabgosamssdaveabeenpproyi ded stirbewaseraphaadl ers.
When the wafer hand]er is cougl to one side, of thebiaw it inputs a wafer

ed
to be Wl a?n‘ﬂaXU‘BEeﬁﬁe}ﬁ?!QrPé CF%@egyatU\%fIB?véWe??Vt adgutnt8ych handl ers
are soppid{es 39r€al bediho- andi gyt shangher sas Thes di sadvapt age,of the in-

and-out handler is that no productive samﬁng can be accom WO 02/ 090075
PCP/ | BO2 859 dBcing saws. A further problem is that the dicing
saw must be shut down to remove the scrap that accumulates.
Thus, prior art slurry drain systems are not designed to
pass substrate scraps and the conversion of dicing saw sys-
tems for use in singulating substrates require a complete
15 shut-down and clean-up periodically. Large pieces of
stripped substrate cannot be flushed by liquid means as
possible when only wafer slurry is present.

Some AP devices are separately encapsulated on a sub-
strate apart from other devices, however, some manufactur-

20 ers gang encapsulate all AP devices on the substrate with a
ﬁniform layer of encapsulating resin such as epoxy'which
shrinks when passing into the cured state. The gang encap-
sulated process causes bowing or distortion of the sub-
strate strip and presents problems for the singulation saws

25 when sepa}ating one device from another.

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 re-
moves a wafer after it is cut. Such handlers are sometimes

30 called in-and-out handlers. The disadvantage of the in-

and-out handler is that no productive sawing can be accom-



pl i shed during the unloading and rel oading of the wafers. Wen dicing saws
are adapted to singul ate encapsul ated AP devices the sane non-productive
ti me occuwe okosooahl oadi ng and | oading strips or substrat @sTaBeX2giour al AP
devices em 5 bedded thereon. It has been suggested that prior art dicing
saws be nodified 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 ta_ 1§ exist because this would require two
handl ers that 'take up tw ce the handler floor space as well as a mmajor

redesi gp, 0t NG LRANSAQM LnSYSLERL! Dnbhecsausihgell. RLi o Aart di cing savs
have been provide thtwo or re saw es’nounted on a S|ngle spi ndl e
for siwhkhagecihf euskyaest bdagtpbutal spaghsata anmabemlateﬁuh@trate Thi s

resulté in a decreased tine for, c ttlng a conpl ete wafer. i S not

possi b8V Gegs EEuERTEY BLBABTRABFE WEr T IRFgRCEIES EPEi Hl°§dﬁQ§ded or the

street ;hgt WegAihhesdRYpbeesl 8aYskes tebWRiEHt p1heal APV gestileat xpterial .
Further, only when the 20 die being cut is perfectly square and the saw

bl &le bedend thameomi-dth as the street is a multi-bl ade on one spi ndl e
system of p%ctnLdga egﬁesugge‘@,‘%‘éhdt g@g?%?%?tt 8#%&%;‘ de, A pew design
" of t

singul ation™ "saw t recogni zes an Ves a above-nenti oned 25
pr obl emsdidied o ﬂhdtfthatnnpumrhaodﬂemsconldfsdbpﬂwgaswwie&ot@erform

St thEE Ry o Lot ST LT Y S e o
L ST B, BERESVemSE Lkl Lot Spgregoi. i o
10 exist because this would require two handlers that take up
twice the handler floor space as well as a major redesign
of the transport system in the saw itself.
Prior art dicing saws have been provided with two or
more saw blades mounted on a single spindle for simultane-
15 ously 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 such systems where very high pre-
cision is needed or the street between the devices requires
two cuts to remove street material. Further, only when the
20 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 and solves all of the above-mentioned
25 problems found in modification or conversion of dicing saws
to perform singulation of AP devices. It would be desir-
able 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.



It is a principal object of the present invention to provide a new

singul ation saw di ci ng saw that increases 5 throughput of devices w thout

i ncr easi /oYW brade speed. It is another principal obje®CTaBoxdresypresent
inven- tion to provide a new transport systemin a singulation saw dicing
saw that perfornms | oading and unloading during sawing tine. 10 It is a
principal object of the present invention to provide a highly efficient
singulation saw with a plurality _ofy saw bl ades, at |east two of which are
counter-rotational to permt sawi ng of substrates in two opposite
directions of relative §@MﬁﬁﬁPtOF&§%EtIﬁ§EﬁT?6ﬁnCipal obj ect of the
present invention to provi trally cutting through thick
dis- torted substrates with the first saw blade in a first di- rection of
cut and thep_conpleting the singulation with a djfferent saw bl ade
cutting. iﬁPE %%c%n@rﬂg?%%?}oﬂb?%%tI?PiEha BFFACRbat BB EEP0F Ot he present
i nventgrivyide PRIy deidgeLbst st €a9LA8R1RG Pakt Shiemyakegy¥skem which
virtually elimnates down tinme-for clean-up and renpval of substrate
scPap.thioyghpupr phcipaicon etthett t hacheestny Favehiadn speeds provide a
novel tran r{.s : 1] Ok yske f L-di tional saw ng
systenimhizﬁep%%sgﬁggﬁéﬁgﬂg%ggfb%}oﬁ%ggﬁgs§%a?2§ g%e gggughggga rotating
saw bltdiden wi¢ hprovidlai aunew ossaméperanspetemt imea singslatponnci pal obj ect
of the present inventjon to 30 proyide,a novel bi-directional saw ng
oyt oA HE bRY i £8. ESah R ERBAT (AP ESi TR TS B BT OHsTOF LPel at | ve
nmoveneyiw My 02480075 PCT/1B02/ 02859 S5 and virtually elimnates the tine

lost in relocating the
10 It is a principal object of the present invention to

provide a highly efficient singulation saw with a plurality
of saw blades, at least two of which are counter-rotational
to permit sawing of substrates in two opposite directions
of relative movement.

15 It is a principal object of the present invention to
provide a method of partially cutting through thick dis-
torted substrates with the first saw blade in a first di-
rection of cut and then completing the singulation with a
different saw blade cutting in a second direction.

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

It is a principal object of the present invention to

25 provide a novel transport support and positioning éystem
for a bi-directional sawing system which presents and posi-
tions substrates to be cut to a rotating saw blade with a
minimum loss of transport time.

It is a principal object of the present invention to

30 provide a novel bi-directional sawing system which permits

sawing substrates in two directions of relative movement



saw bl ade before a second cut. It is a principal object of the present
invention to provide a singulation saw for sawi ng or singulating sub- 5
strates iwD®iop7yvi dual devices. It is a principal object pefi/IBiR285%sent
invention to provide a singulation saw having a hi gher through-put of
devices than prior art saws. It is a principal object of the present
invention to 10 provide a novel singulation sawwith two separate and di s-
tinct saw bl ades for sawi ng substrates in different direc- tions of
relative nnvenent It is a principal object of the present invention to

provi de, & ey L a0onot | systeln Wih. separale and.disLloghy lpcsubstrate

nes |naepende y con Hoverment in two
d|rect$£m5by@dérbafbeéahlsebyndftued saM/bIades It is a principal object
of the present invention to_. provide a novel S|ngulat|on saw havi ng two

separate antt 29 ﬂlEFFHE%pgﬁbgPﬂﬁFE ehr FRerBTEASE ot PEPRLERPY tPeci procat e

under &P fe Oh ékﬁsﬁmakgbx cHit EBY §§%&HE33§551n@QQQ&@hggshB ~these and
ot her ‘objects of the present invention there is provi'ded a pair of

count estratasi hgtosandbvadeslndeniedst or novement in a vertical direction

L nanory STRRLE ¥ B09RGLR)MERCB TLESLHUBILERRE LALBRLIAIN, |2t ed. &

transport system conprisi ate.  ‘cafriers reciprocates the
first sobsidate Hmd@ulhheopasewohav$ag/bladgseandhabUth@ue ofics of the saw
bl ades ;are engaged tQ cut the substrate. Wile the first substrate is
bei ng $BVECES £ @n5856ﬁﬁ 8FCoPR¥P - substrate carrier sequentially un- | oads

a cut substigtes bogginélﬁgw BB§UELrsybsthat prardnthenWRt02h09@075
PCT/ | B0O2/ 02859
10 provide a novel singulation saw with two separate and dis-
tinct saw blades for sawing substrates in different direc-
tions of relative movement.

It is a principal object of the present invention to
provide a new transport system with separate and distinct

15 substrate carriers whose movement is independently con-
trolled for movement in two directions under a relatively
fixed saw blades.

It is a principal object of the present invention to
provide a novel singulation saw having two separate and

20 distinct substrate carriers that alternately reciprocate
under a palr of alternately cutting saw blades.

According to these and other objects of the present
invention there is a provided a pair of counter-rotating
saw blades mounted for movemerit in a vertical direction for

25 alternatéﬁy engaging with a first substrate to be singu-
lated. A transport system comprising a pair of substrate
carriers reciprocates the first substrate under the pair of
saw blades and alternate ones of the saw blades are engaged
to cut the substrate. While the first substrate is being

30 éut, the second or other substrate carrier sequentially un-

loads a cut substrate, loads a new uncut substrate and then



noves the uncut substrate to a vision systemfor determn- ing the position
of the substrate relative to the second carrier and then positions the
second cawpioev@mntl its sub- strate in the position ready PeThBO2X285%Y t he
pair of saw 5 blades that are cutting the first substrate. As the first

cut substrate is noved to an unload position, the new uncut substrate is
noved into a cutting position with a mninum |oss of cutting tinme. 10

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a bl ock diagramof a prior
art reciprocat- ing wafer saw and an I/ O wafer handl er that has been con-

vert edy oL o2 ALNGHLAL | QllpSBYhcEl GUr e ¢ibsof Bl@EEndi-a0r alkal e present

i nvention rrectional singulation saw O substrat e handl er

t hat mhggbeheopwelitédnt ofathef enbsawatEi galet3viesta bheclsedioagr am of

anot her enbhodi e t he reseniﬁlnventi n_bi - dlrectlongtS siggulation saw
r &t

t . of
cou- pFagrtgraf™ nEEFnsBBEF &P85h&nGI 8F &R ﬁr5&F§an9uB ~ 20 handl er

for cogtipuauUsnt RheugbpYtipar exegNes; bElguteb9 ks ed psGhemat isawpl an vi ew of
a substrate used to illustrate a pluralit different sizes of

serfi cohdadest bhagesireesutsipg §Pﬁgéﬂéﬁédsuéﬁééﬁ§65 i $safkhenifdrgdd section
in e|e¥§E'Qﬂb§Er§té'El %gvgélQBEQnBﬂhhogﬁ'ggégE§$n§G%%k 9hw;%ﬁc%%parated

froma sub rate, gure 6 i's an isonetr rawm ng of e present inven-
tion ssngataaten1samosbdwﬁngothec&mmpogtpoabtn@m.mmﬁﬂlcovulemsmthereon 30
Figure 7 is nmetric _drawi ng showing a pair of preferred enbodi nent
substré?éStPgngﬁggﬁnﬂu Fe%F-act uators WO 02/ 090075 PCT/ | BO2/ 02859 7

10 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a prior art reciprocat-
ing wafer saw and an I/0 wafer handler that has been con-
verted for a singulation saw;

Figure 2 is a block diagram of the present invention

15 Dbi-directional singulation saw and an I/0 substrate handler
fhat may be converted to a wafer saw;

Figure 3 is a block diagram of another embodiment of
the present invention bi-directional singulation saw cou-
éled to an input substrate handler and an output substrate

20 handler for continuous throughput performance;

Figure 4 is a schematic plan view of a substrate used
to illustrate a plurality of different sizes of semiconduc-
tor devices to be singulated;

| Flgure 5 is an enlarged section in elevation of a sin-
25 gulated Ball Grid Array (GBA) device separated from a sub-
strate;

Figure 6 is an isometric drawing of the present inven-
tion singulation saw showing the support cabinet with cov-
ers thereon;

30 Figure 7 is an isometric drawing showing a pair of

preferred embodiment substrate transport linear actuators



operabl e bel ow a pair of counter-rotating cutting saw blades; Figure 8 is
an isonetric drawi ng of the singulation saw show ng the counter-rotating
cutting swaoioa@es and the 5 Y-axis positioning drive forcCrhBox@ssdbl ades,
and a support gantry for the rocking frame or head that supports the saw
bl ades; Figure 9 is front elevation of the singulation saw of Figure 8
showi ng the vision systemand the rocking drive 10 notor for positioning
the saw blades in a Z-axis; Figure s an isonetric drawi ng of the
rocking head drive notor and its |inkage systemfor positioning the saw

blades in a Z-axis; Figure 11_is an_isonetric_draw of the counter 15
rotatiﬂﬁegaRiBIgaigwaﬁdp?ﬁﬁi?fsﬁPHHF@raFP%@kﬁﬁgoFg%ﬁgﬁﬁtéaw on a rocking
head syppget.that is positioned by the Iocking drive notor shown in Figure

10; Figure 12 is an enlarged isonetric d(amjn% of one of the substrate
carrier suppégursy8t éAsaBhbapngtaipr éreried cRotBpbsdnAEARtd@Pport system

for gross %ngﬁhgeﬁ%%h%% grBEa%iﬁgb%hg@E\%gi QaEaWBtl%'ate%O%%%alth%Ut ting
posi tions; “FIrgur i S a schematc pl’an drawrng of e frontt <Carrier in a
shdért dxbsikoadsagiposhnti deisnd fblre theasawabladeer, Bndaal eugppaxits cutting

position; 25 FEigu 14 is.a schematic pla awi ng of the front carrier
rotateaapﬁrﬁeﬁﬁgtEgﬁs§853189 RE8MFe 5§?Bighaﬁksgpﬁgrkén&n%d%§%nnting
positignzgEkgure 15 is a schematic plan drawing of the front carrier
positioned bel ow the vision systemwhile the rear 30 carrier is still in
the | ong axFéguuet Pngspésprtorlevetd2noodorbepetrppdatdogsgavg of

Figure 8 showing the vision system and the rocking drive

10 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;

Figure 11 is an isometric drawing of the counter-

15 fotating saw blades and their spindle drive motors mounted
on a rocking head support that is positioned by the locking
drive motor shown in Figure 10;

Figure 12 is an enlarged isometric drawing of one of
the substrate carrier support systems showing a preferred

20 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 car-
rier in a long axis cutting position;

25 Fig&?e 14 is a schematic plan drawing of the front
carrier rotated to permit passage by the rear carrier in
the long axis cutting position;

Figure 15 is a schematic plan drawing of the‘front
carrier positioned below the vision system while the rear

30 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 systemand the rear carrier
has rot atwo 29wkt the singulation saw is cutting in th®C3ThBeX02839 s
cutting posi- 5 tion; Figure 17 is a schematic plan drawi ng of the front
carrier after being positioned in the vision systemand the sawis now
cutting in the long axis cutting position while the rear carrier is
positioned in the right-nost posiLign_lO for unl oadi ng a singul at ed
substrate and for subsequently |oading a new substrate to be singul at ed;
Figure 18 is, a schematic elevation drawi ng of, the .front_carrier nmoving in
the bl us X S | Eh Whid SR R TE) B GRS ool ESRPBI ade movi ng 1
a courd#frildr ctocdvd s didantd @, almd 08t £1 1% Si 0l Seh@nBé i 6wetgyat i on
drawi ng, of the sin- gulation saw of Figure 18 after conpletion of the plus
X di réktion tRtamdEthd R $a BRaEEST i3S ripsetcdosa heat R8I or

non- c i i.tiaon: Hauy Qa1 Sh C ti L evatl.en_draw ng of
t he s?%éﬂiﬁﬂégﬁﬁﬁ1éékm%ﬁuﬁﬁﬁgﬁfg 1@ gn% 1§§5 t%%f?h%SEggﬁﬁthggthe m nus X
di bectiioomgcut with the carrier noving in the mnus X direction to engage

the left-nmosy saw plade rotating-in the clockw se_djrection. 25

DESORI PTI O CE A £ PREFERRED EVBEER NERTS RE7EH hou b1 SGPET1 showi ng a

bl ock cH i Hftdr HEiky F5divabREdSaM dh&0pPs Eent Oyahenaardtadt handl er

2 30 having a |oad/unload station 3 for |oading and unloadlng,mo 02/ 090075
A

PCT/ | BO®Y 0285V -CUtLiRg et i henghaxédit ERhgiRY aPPBAt 5OBy Whidesi ngl e

SpindLéhe rear carrier is positioned in the right-most position

10 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-

15 clockwise direction;

| Figure 19 is a schematic elevation drawing of the sin-

gulation saw of Figure 18 after completion of the plus X
direction cut and the two saw blades are raised to a neu-
tral or non-cutting position; and

20 Figure 20 is a schematic elevation drawing of the sin-
gulation saw of Figures 18 and 19 after the beginning the
minus X direction cut with the carrier moving in the minus
X direction to engage the left-most saw blade rotating~in
the clockwise direction.

25 ’

DESCRIPTION OF THE PREFERRED EMBODIMENT

Refer now to Figure 1 showing a block diagram of a
prior art wafer saw 1 coupled to an in-and-out handler 2

30 having a load/unload station 3 for loading and unloading



saw 4. Refer

enbodi nent of the present invention bi 5 directional saw show ng

si ngul at iwo 2am085 coupl ed to a prior art type handl er 2 adapBexi2Br

now to Figure 2 showi ng a block diagramof a preferred

substrates and having a |oad and unload station 3. The saw 6 conprises a

cutting station 5 a vision station 7, and a dual spindle saw 8. Refer
to Figure 3 showing a bl ock diagram of an- 10 ot her enbodi nent of the
present invention bi-directional sihgulation saw 6 coupled to an out put

now

handl er 11 having an unl oad station 10. There is shown an i nput handler 9

cou-

pled to the singulation saw 6 conprising a vision station 7 and a

cutti rpkens i ont sat 1B ReF et oo FBaFiglre BY sH%wi Ry Gl ScARARELE pl an vi ew

of

devi ce

a

wi Il be understood

g?s rate illustrating-a plurality of different type sem conductor
S 10 be singulated. There are shown square devices 13 separated by
wi de streetRefepfnéand Figuge Reshanjnbas devckediagrampaifated by wi de

t tsin 20 t di ti t ther .t . of t | devi
and 105t Eer Lo aPABRTRGP oot EAP LPBBIE SUP v oMt 2T 1 be. under St o0

15

that thiscstbshaat §é§t$h@wi—§?i §iRghLlatyphcahwbet cbapusadtiooai | lustrate the

different types and sizes o

Ref er %OMI

ure

devices that present the problens that can be

25 sol petobyarhetvpeehanihgul at pEAPEaN FaKi AYPEWE2ERESs 2BFORGViE&h si de of

the S”efé?s%siﬁg bh 80945 0Le YohN3Or d8he! 8251 B cOMbatscthe dewiags 13 to 16.

Show ng an énl arged section in elevation O

si ngul stedidal b, Gai didtonyst8GApnddvi eed1d dgelceppniddiengay di-e or

sem conductor 17 nounted_on a substrate base.18 and_show ng conductive
balls 19 th%ﬁeﬁr%OEoﬁﬂe€f88r9[#0§%8§68?5aP%%PFﬁ -6 5 R

10

15

20

25

30
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other embodiment of the present invention bi-directional
singulation saw 6 coupled to an output handler 11 having an
unload station 10. There is shown an input handler 9 cou-
pled to the singulation saw 6 comprising a vision station 7
and a cutting station 5.

Refer now to Figure 4 showing a schematic plaﬁ view of
a substrate illustrating a plurality of different type
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 is not
fypical but is used to illustrate the different types and
sizes of gevices that present the problems that can be
solved by the novel singulation saw making two cuts along
each side of the streets S of H and S of V in order to sin-
gulate the devices 13 to 16.

Refer now to Figure 5 showing an enlarged section in
elevation of a singulated Ball Grid Array (BGA) device 13
comprising a die or semiconductor 17 mounted on a substrate

base 18 and showing conductive balls 19 which are connected



to the circuitry on the substrate base 18 by vias not shown. Conductive
wires 21 are shown connected between | ead-out pads 22 and pads 23 on die
17 which wore@et7i 0o circuitry 24 on the substrate base 1®CTHReaRSH ati on
mate 5 rial 25 conpletely covers the die 17 and its electrical connections
to conplete a BGA device. Refer now to Figure 6 show ng an isonetric

drawi ng the preferred enbodi nent of the present invention singulation saw
base 26, al so show ng the support _ca inet for the base 10 conprising side
cover 29, a computer or controller or DI, power supply and anplifier
access door D2, a pull-out drawer 31 provided with apertures or drain

hol es 82 fRECKLGRY B¢ SFoFiGed BTt 3FE P56 Basket’ 6F &i%ve. The base 26
'S Prebebably S ARdSRS i LA G Olnithy hABREECKRIELP and provi ded

[
Wi th recesses 27 for receiving and accurately positioning transport neans
and halenag-ausi padsr 2A3asing 2BdswiZcloremitsl 49 bbtilehslognngcandcsubst r at e

parts of particles or scrap.into. pull-out drawer 31 so.that the

si ngul gfLFSHlLEé‘ﬁé'W%(foeogl r‘%ﬁe P?pe‘f‘\})és%r@tgee PAG 1Fown BPGAEHE A r bR S ¢l ean 20
| NG5 OUk 1pas SBYIWAYS die)1ow ddve 1SAW Hitd iYL Denpr apar ed doiridisie by sinply
enptyi ng the basket or drawer 31. Refer now to Figure 7 show ng an

i sonet EPANGEARNG d° Rpdistor Histdeiti€qransport nmeans 33 and 34 each

conmpri s- i nge&HaidoOf a1l BRSPS 5rANd o tand «'afl%i ngfedd n- . 25
ear actuat o?(se,3 35 anod 36(3) thléjt éare rlveln ;mrmt grs 39 and. 410n.d)lttﬁ(%/vi Il be
under spoedetriratd tembddimeart adt ddieo s esteovin inggpltdyrbaiingckraviorand dri ve

not ors but . ma | i near no- .tors.for positioning the. carrier supports 37
and 38.3‘5“1'h5’ra§)‘/a %r%e 5\ S %o (itS pé)r?d:talqaé)ﬁ%‘&ﬁ LR FES gt slip 30

i Nt t BEmbegaIsRs 2 AeShewr d B Fi gUIRrp ARG dre Phevidladr Wddy means for
fine adjustnment and alignment so that the
power supply and amplifier access door D2, a pull-out
drawer 31 provided with apertures or drain holes 32 which
may be provided in a pull-out basket or sieve. The base 26
is preferably a high-density casting of very high precision
15 and provided with recesses 27 for receiving and accurately
positioning transport means and having a sink or basin 28
which empties both slurry and substrate parts of particles
or scrap into pull-out drawer 31 so that the singulation
saw does not have to be shut down for the purposelof clean-
20 ing out passageways below the saw but may be prepared for
use by simply emptying the basket or drawer 31.
Refer now to Figure 7 showing an isometric drawing of
a pair of substrate transport means 33 and 34 each compris-
ing a pai; of carrier supports 37 and 38 and a pair of lin-
25 ear actuétors 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 mo-
tors for positioning the carrier supports 37 and 38. There
are shown four mounting and alignment blocks 41 that slip
30 into the recesses 27 shown in Figure 6 and are provided

with means for fine adjustment and alignment so that the



WO 02/ 090075 PCT/1B02/02859 - 11 linear actuators 35 and 36 are
positioned accurately rela- tive to the rotating saw bl ades and parallel to
each ot hewo 02Bgfes now to Figure 8 showi ng an isonetric dPamIBeR/@B39 t he
singul ati on saw 8 showi ng the counter-rotating saw 5 bl ades and a Y-axis
positioning drive for the saw and the support gantry for the working head
that supports the dual spindle saws. The |inear actuators 35 and 36 are
shown supporting their carrier supports 37 and 38 nounted on nounting and
al i gnment bl ocks 41 which fit into"thé re 10 cesses 27 of the base or
support 26 for the saw 8. It will be noted that the substrate carriers 42
and 43 aine¢he aopuabbrshé5candié6 suppprtstidnaddaBBuarntedgapeéd-t o recei ve
rect angyl ar g%rate s S and rﬁ rovi,ded mhéh a,vag - ) téource Vv

whi ch eXt&Rd5° 8mFPﬁ8 %& sEPYt BLEHGE SHOWRT “8RdS15 Phaf PhetBibst rat e

carriers 42 pade43naietaceugatel § pRSHinGi aRabkembrencodeapaesyt b@n shown to
an orthogonal position 90 degrees fromthat shown so that the substrate

carriers enﬁyn§§§§té8@h3éwh§rSBQWPH@ bper gerBhest refe tingnsgsrt sys- tem
The!§0V§Zaa¥§t QCQUQ$§aX.S ﬁk?enixgtBQEQQ”Ebkskﬁ% 29,2 a¥igSkRR system

caner a moun on a i near actua- tor conprising a Y-axis
not or 4§up§bethamm$yaébaamhe wbskmngeabhw MDBMte@p@wram Xhaxdsalli near
act uat or mhiih i s flx%g y .mount ed g g gg ket 4 whi ch nmounts on
the bas8PoRASEpFEEIE - 26. g R e P 2 8r§5 &Era 44 may be

accur at gliyp BQ&&th@ﬁélmncér@a@rYsap bras subahaaBe @@mmm@@ By one of the
substrate carriers 42 or 43 in _eit of their orthogonal positions,, The
vi si on QQHEFaHGSﬁaﬂnaﬂégB@§PﬁlBﬁéﬂkévéﬂ vhachok 14, 3nfet they repe mount ed on

tﬂ%%%gpggﬁééglgego@V%hesb%%bogr4§up§9rge§%rfBQWt%% keth ghi gyreg 1§ and 9
gbe noted that the substrate carriers 42 and 43 at the top

of the carrier supports 37 and 38 are adapted to receive

PR

rectangular substrate strips and are provided with a vadi“)
source V which extends below the substrate (not shown) and

15 that the substrate carriers 42 and 43 are accurately posi-
tionable 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 sys-
tem. The novel system includes a vision system comprising

20 é vision system camera 44 mounted on a Y-axis linear actua-
tor 45 comprising a Y-~axis motor 46. The Y-axis actuator
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. It will be understood that the

25 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.

30 Refer now to both Figures 8 and 9 showing the singula-

tion saw 8 which is supported by the base or support 26



tion saw 8 which is supported by the base or support 26 WO 02/ 090075
PCT/1B02/ 02859 - 12 through a nounting plate or block 49 which supports a
Y- gant r ywb02/0%tees Y-gantry 50 is coupled to the upper fix@dT/1B0202859%3

t hrough a spacer 52 for novenent in the Y-axis. The upper frame 53
supports the lower rocking frane 56 and 5 its rocking shaft 55 which is
fixed to the lower rocking frame 56 for novenent by the rocker drive notor
54. The rocking frame 56 supports_spjndles 59 and 60 and their drive

not ors which are nounted on the rocki ng frarre 56 and carry the

count eryr ot t| n es. 57 and S ef.er .now to Figure, 10 show ng an
|sorretr|-hc d?%vm %gﬁ%}%gﬂﬁgs Vf ng fl?g E?vemr%} ot %F?ﬁjrtf%e I¥nkage system
for pasirtoni 5. t Ehesayvddrictes 50 Bs ZeaxpBed A el @pép Figequre 11

show n% an isometric drawing of the counter-rotating saw blades 57 and 58
and th rrar%‘?pﬁh%il%h’a‘?‘ﬂ%saS TR 607 150 Ao N thethoOweraxdeking frane 56

that isHosithopetdrie §hesn9skiag Qrﬁévx?om %cﬁé&nJ he-sippessfLxgd frame 53

is shown attached to the spacer adapter 52 for novenent In the Y-axis by
thed Y- s wr¢kengmtrfs155 Avkipipot s ZE)Da%d’(e’ttO els: 1<Swem)un©ekilng t he side of

thefngsg.dc f r h x:ble hovvnln
Fi gure 8. "%e roc il nrgév rive 6%{1%?3 &fs shown ?E‘i %rl ng bl ock

br acketrod2i rendf camepl B8l duppemes sipivel b Bk £ feo ézmcﬂle@ﬁemavenent The
drive bJock 63 is mounted through a pivot to a pivot block 64 for driving
a | evel S MR {PHS. Whlﬂffgllae‘?ﬁerm%@‘i% Z%Hfii%dr‘?%}‘%’ﬁé ?%Tk%rf')@r@v@ shaft 55

whi ch %W%ﬁ@r%eﬁ%%ﬁpﬁ{gféﬁ%f&%@ 2P i¢ fixedly attached to

the rocker frane 56. Thus, it will be understoo hat when the rocker
drl@e notor FAfexn wdm@llqure:aw pﬂshﬂmm@ead enmmeiﬁlsu,c rotaveng hefshaft 55

whi ch %ﬁmﬁ%&?cﬁe§5tf%§£gaérlve motor and the linkage system for

positlonlng the saw blades in a Z-axis. Also refer to Fig-
ure 11 showing an isometric drawing of the counter-rotating
saw blades 57 and 58 and their spindle drives 59 and 60

15 mounted on the lower rocking frame 56 that is positioned by
the rocking drive motor 54. The upper fixed frame 53 is
shown attached to the spacer adapter 52 for movement in the
Y-axis by the Y-axis drive motor 51. A support bracket 618
is mounted on the side of the fixed frame 53 for supporting

20 the flexible E-chain 61 shown in Figure 8. The récking
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

25 fixed to'%he rocker drive shaft 55 which extends through
the upper fixed frame 53 and is fixedly attached to the
rocker frame 56. Thus, it will be understood that when the
rocker drive motor 54 is actuated it can pivot the lever
65, rotate the shaft 55 which is attached to the lower

30 rocker frame and rocks the rocking frame and moves the sin-

gulation saw blades 57 and 58 in the Z-axis. Further,



30 rocker franme and rocks the rocking frane and noves the sin= gulation
saw bl ades 57 and 58 in the Z-axis. Further, WO 02/090075 PCT/1B02/ 02859 -
13 therewD2p9@vF ded a brake 66 which couples to a di sc ®aTiBe/028ivaft 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 5 notors 67 for the spindle systens 59 and 60 and
al so show the clanmp bracket 68 faqr 4ol ding the spindle drive systens 59
and 60-in the | ower rocking frame 56. Having explained Figures 9, 10 and 11

showi n Neleld! n he .syst em f.or_ rocking the rqcker 10
drive gﬂ%?t% 55, ﬁ%&%ﬁ'&g{ bﬁ:%é%r %t%(‘)’ﬁ“‘t LtCAHE F0 e &\gﬁfe O"rrgic}ber is

pr ef er abbyta 58t eppl ngymiteoracttiatledcad e s rtatdaanblaldey posiiti ened to a

hi gh dggree of .accuracy for inparting .a high degree of rotational accuracy
to thegrggc',%&‘:t%r?é’f t°“§:‘?y SRYe R EEn PEGRR Ll 95t Fisgh f@egsée i619 2Frovenent

to thesihgailRguldy i0MkuBHidie bl adesm &7 1andiRfs RefLlsIoM o figire 12
showi ng an enl arged isonmetric draw ng of the one the substrate carrier
suppor P8t ssdwLamdhe mrdmsiee s verisow rightarsy emnidora Usat tslgnoss and fi ne

posi tippLn u r i rt nal, cutt. n osi.tions 20 90 degrees
from eggh %tl%{an .%ﬁbegtr r@e?@u%ﬁ&?ﬁ %lhse & rl-nog‘ieg 5y Sa HEHTHY bl ock 69
whi ch B8saan &feriturdhe/ Ldwar reckdeigvifigng t8d.] screw (not shown). The
bearing block i,s nounted on_a nmounting bracket 72 which supports the
system i deffifi’dd A& & FégUESport 187 anthd leahomdinds idisort 37 25

CONPr i $88 kAnkOlFHMATUAMRN th3 EYst@rPTH PO M9d N8 ciqubstrate carrier
42 in one of 'two preferred orthogonal po- sitions. A cou& Ing 74 is nmounted
betlreedrive abedit &5,73t aidlaber uweerditood73hatti dhehawckdrearivee m 76
nDunteﬂotor is preferably a stepping motor which can be ‘rotation-
élly positioned to a high degree of accuracy for imparting
a high degree of rotational accuracy to the rocker shaft 55
which in turn imparts a high degree of Z-movement to the
15 singulation cutting blades 57 and 58.
Refer now to Figure 12 showing an enlarged isometric
drawing of the one the substrate carrier supports 37 show-
ing a preferred embodiment system for both gross and fine
positioning a substrate in two orthogonal cutting positions
20 90 degrees from each other. The carrier support 37 is car-
ried by a bearing block 69 which has an aperture 71 for re-
ceiving a ball screw (not shown). The bearing block is
mounted on a mounting bracket 72 which supports the system
identified as a carrier support 37. The carrier support 37
25 compriseéha rotary actuator 73 for gross positioning the
substrate carrier 42 in one of two preferred orthogonal po-
sitions. 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
30 by a fine positioning theta motor 77 mounted on a bracket

78. It will be understood that the coupling 74 does not



thereto. The lever arm76 is driven in an X-axis direction 30 by a fine

positioning theta notor 77 nmounted on a bracket 78. It will be understood
t hat t he wouwplopeegs 74 does not WO 02/ 090075 PCT/ |1 B02/ 02859 pCA/1kdR/0283 ect | y

couple to the disc 75 but is coupled through a nechani smwhich allows the
rotary actuator 73 to position the pins 83 in one of two rotary positions.
Mount ed above the disc 75 is bearing housing 79 which is adapted to pro 5
vide a Z-notion to the substrate caryj er when the substrate carrier needs
to be positioned in a Z-axis to avoid colli- sion of the substrate carriers

42 and A3 PR IR A &0 ARG O LRI | RGBT LTS L e preferred

enbodi nent the "present 1 nvention the substrate carrier d%port 37 10

enpl oy seanhaadagst evhipihatasl Biwsantheyasketr 82 athiattod s73esd gheshi tien mate with

t he deyices .on awgarti cul ar_substrate to be sawn so that the vacuum system
ac

i s appliSd Hd%edch BF FHe OB UDE ra e AU C ™ Wi ERHIZP¥R vacuum t o
the gashe! diapertsurigs &%m%m&mm 48 iyhiRasiid uypddy the geyices on 15
the substrate so that when the devices are singul ated, the acuum

comti n¥eslq ¢ Homptnd devitdhe eidptiniirgiranrier sepn the eslfsomioe her
devi Ce%aﬂﬂ\&v?{ee&$%ovwgfe% '}c?r{gdj a MRt ol 4§ %&P@eg?]gf;ii he
ose or

substrate which are sawn rom the outer perineter streets

bet weers itome odetihee 126 tulsiteh daatticdowid d ntrad t48% wiak 28 ¢ mtde base 26.

Ref er ngylkp igure 13 homﬁnq{ sche iéjplan draw |ng of the front

carri ePAPET e PBFEd ﬁ'garﬁ)esi G5 %nd Thé s ST erewrd e e | ong
axi s cuift ighg pasisdran.idveridn e ehssynved 4 hatrther blggko 7 def i nes the
vision station and 25 the hlock 5 defines the cutting station and the bl ock

3 He- FRdoYshen sadpteTamd alf dHdiang gzekiadn 820 winieh figulesiommdl e the
SUbStr%Bemé%e'%i&%et%%tgévidg§yéﬂ(§1ﬁé%é$%d¥%r substrate to be

sawn so that the vacuum system is applied to each of the
substrate apertures 84 which apply the vacuum to the gasket
apertures 85 which coincide in position with the devices on
15 the substrate so that when the devices are singulated, the
vacuum continues to hold the device even though it is sepa-
rated from other devices. However, the vacuum system does
not hold the edges of the substrate which are sawn loose
from the outer perimeter or the streets between the devices
20 which fall down into the sink 28 in the base 26.

Refer now to Figure 13 showing a schematic plan draw-
ing of the front carrier 43 in the loading position and the
rear carrier 42 in the long axis cutting position. Tt will
be observed that the block 7 defines the vision station and

25 the block 5 defines the cutting station and the block 3 de-
fines the loading and unloading station in this figure.
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

30 subsequent cutting.



cut, the substrate 12 in the | oading and unl oading position 3 is being

unl oaded and | oaded with a new substrate 12 for 30 subsequent cutting. WO
02/ 090075wB@ThdMB@2/ 02859 - 15 Refer now to Figure 14 sheairngozn2sidhenati c
plan draw ing of the front carrier 43 rotated to a long axis position to
permt passing the rear carrier 42 in the long axis cut- ting position. 5
Refer now to Figure 15 show ng a schematic plan draw ing of a front
carrier 43 positioned bel ow the visi.qn sys- tem44 while rear carrier 42 is
still in the long axis cut- ting po§1 ion in the cutting station 5. Refer

now to Figure 16 show ng a schematic plan draw 10 ing of the front carrier
43 posi ti onB&EEN AWt Fe Firovgr 18y ShORiAs whiSicbemzd el agardbast- 42 i s

posi ti ppgdoien thie £ QT La@¥ie reutt i@ R HoR hBNe G tidg Stafion 5.
Refer now to Figure 17 showing a schematic plan draw ing of the tront
carri ero4peaitidr posisigapddiet iremed daraike 425 ivi $ihen lopsgt emidd and- noved
into t e cut%gqgi%%gtion inthe long axis cutting position while the rear
carriert#3 PS po- Si'tioned in the right-nost position for unloading a

si rgu- | at eesidhistoat eol Fiagndef A5 |0adiing a FRWNesRSid atlearl At0v-be

singul ated. 20 Refer now t.o Figure 18 showi ng _a schematic el evation

dr awi ngn8f ofhé HEoRt CEFELET zﬁ% PR TG INES e lovudle Firselen t$3%H whi l e

bei ng edfy Y e 13°2WRIadE r3f SPOVING d I8 100Uy QY -16%@&&8&1{-60“ on.
Refer now to Figure 19 showi ng a schematic el evation drawi ng of the

si ngul aihgnpoawtd oof 1R §iee cLB tdmcersteédmsire-S-ti on of the plus-X direction
cut ‘and the Ly, saw,plades BT. 400 SBALY RIELHR & U Al
non-cutting position.

10 ing of 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.

Refer now to Figure 17 showing a schematic plan draw-
ing of the front carrier 43 after being positioned by the

15 vision system 44 and moved into the cutting station in the
long axis cutting position while the rear carrier 42 is po-
sitioned in the right-most position for unloading a singu-
lated substrate 12 and for loading a new substrate 12 to be
singulated.

20 Refer now to Figure 18 showing a schematic elevation
drawing of the front carrier 43 moving in the plus-X direc-
tion while being cut by the saw blade 57 moving in a coun-
ter-clockwise direction.

Refer now to Figure 19 showing a schematic elevation

25 drawing 6% the singulation saw 8 of Figure 18 after comple-
tion of the plus-X direction cut and the two saw blades 57
and 58 are raised to a neutral or non-cutting position.

Refer now to Figure 20 showing a schematic elevation

drawing of the singulation saw 8 of Figures 18 and 19 after

30 beginning the minus-X direction cut moving the substrate



Refer now to Figure 20 show ng a schematic el evation drawi ng of the
singul ation saw 8 of Figures 18 and 19 after 30 begi nning the m nus-X

di rect i onrwouwR/0pm75 Nng t he substrate WO 02/ 090075 PCT/ | BO2/ @288802/62839%6
carrier 43 in the mnus-X direction for engagenent with the |eft-nost saw
bl ade 58 rotating in a clockw se direction. Refer nowto Table 1 which is
designed to show the difference between the prior art and the present
invention 5 which saves considergbag time w thout having to use both an
unl oad and a | oad station. TABLE 1 . Load 2. Position the substrate on
the carrier 10 g._Nbve the substrate relative to the vision system 4.

Vi si orCaFF 4Rt Ad dDbshraldnEs~ReBdEPELORN RETSBRIRRENMENLOM 1AM ithet cut 6.
Lower Si f egh at ) : | t hrough t he
e e T (- i R e el
substrate aReheghnopetd TadleRépwbiithomst HesYgardstof shhe saw bl ade 11

Rot at e subsirate 90 degrees.and_repeat e 20 cutti.ng sequence 12.
Move t%%9§352?§§t§6t838n|ggﬁ/85%85da§§a?P8n%Rf3Pr8ﬁF8gdlP%@“Sgﬁ@u|ated
sti§ p whiehl| sabesnobeditieatblibetimbt wighsaguaaeengurbened ot25 athr ough 10
happens |tiple tiges until the substrate is conpleted sawn in one

di rect? 9a¢¢§8$ Pot2PFAn§t8618Bgrees then the identical sawi ng sequence is
repeated using the steps shown 6pAgu@ugh 10 a different nunber of tines.
Once -

1. Load

2. Position the substrate on the carrier
10 3. Move the substrate relative to the vision system

4. Vision align the substrate

5. Reposition the substrate for a first cut

6. Lower the blade outside of the substrate

7. Move the substrate through the saw blade at cut-
15 ting speed

8. Raise the saw blade

9. Retract the substrate at high speed

10. Reposition the Y-axis of the saw blade

1l1. Rotate the substrate 90 degrees and repeat the
20 cutting sequence

12. Move the substrate to a load/unload station

13. Unload the singulated strip

It will be noted that the cutting sequence numbered 6

25 through 16 happens multiple times until the substrate is
completed sawn in one direction. After rotating 90 degrees

then the identical sawing sequence is repeated using the
steps shown 6 through 10 a different number of times. Once

the substrate is completely cut or singulated it is then

30 moved to the unload station where the singulated sfrip is

removed and an uncut strip is replaced on the carrier.



the substrate is conpletely cut or singulated it is then 30 noved to the
unl oad station where the singulated strip is renoved and an uncut strip is
repl aced wo oghgoocarri er. WO 02/ 090075 PCT/1B02/ 02859 - 1PCThRe/@B®ps 1
through'5 in the present invention are be- ing performed sinmultaneously

wi th the operation which oc- curs in the steps 6 through 11. Further the
preferred em bodinent invention cuts in two directions; thus, the step 5
shown at step 9 where the sam/bladgntﬁ‘jetracted is com pletely elimnated
and the cutting operation is perfor at | east 15 percent faster using

the same |ingar novenent . of the_substrate and the sanme rotational blade
speed. Havi mg'@xptePhed BNHPRER!? et bR R FRIRNH Uk vaRt ke eara dogaw usi ng

count erid@tpd i MV Sl Rdesah8oesah! &1 & Nad %ﬁér&@{%lﬁ'gﬂdlgfgﬁté te to be cut

in tw directions of horizontal nbvenent under saw s that renmain
fixed iFPEhely e eTEsPN, 61 thypngh nblv beFwridesrstidoel phafethedraacki ng frame

whi ch syDp: t guﬁl pi.ndl e be. replaced by, two jn- 15 dependent
Z-actuatorg&%géﬁﬂg% |%% %%g%of?ngﬁ%‘§h€?| EERE %éu?thB%nﬁE%?ly
pr ofr arstadbire dtn dthep 729 dilliect | e asagriebidy i expensect &M §agby- the saw

bl ades in the saw system coul d be rep]aced by a | aser saw system
i ncor p(ﬂ]aﬁti‘%d’ t%e“?%‘v%i?e‘ﬁoa?‘fl ahSporit SR P datS PR fermedubst r at es
to' be dindsadatesl pdidént heasudt i g Rpanad | Ond Slﬁ%—‘ééhglrﬁ%éﬁéﬁﬁd on a

different substrate. Presently, the dual spindle saw ades cut faster and
cool er dhhdhaarfhgiondt e ormmerighal $3me anctidtaisireal dskade | $spésdknown t hat

asers CuL Do ans 2hsLaey 4T AU ades et Gk dprepl 0 be 2
hetei n.saw using counter-rotating saw blades to enable a recipro-
cating 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 roéking frame
which supports the dual spindles may be replaced by two in-
15 dependent 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
20 transport system to unload and load substrates to be singu-
lated 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
25 slower tﬁén saw blades and are considered to be a less de-
sirable modification than the preferred embodiment de-
scribed herein.
An example of the benefit of the present invention is
that two identical substrates were cut, one using the best
30 prior art system known and the other using the present in-

vention. The best prior art invention saw required 183



An exanpl e of the benefit of the present invention is that two identical
substrates were cut, one using the best 30 prior art system known and the
ot her usiwg@ oklogoops esent in vention. The best prior art i nPeEmIB@028IW

requi red 183 WO 02/ 090075 PCT/1B02/02859 - 18 seconds to singulate two
substrates while the present in- vention did the identical or superior
cutting operation in 133 seconds. This results in an approximately 37-1/2
per- cent faster cutting tine. 5 Pri%r art dicing saws use several liters
of expensive deionized water to CodP flush and clean a wafer during cut-

ting. Since cutting tine is reduced by the gresent inven- tion, so is the
anDuntS%Foﬁéﬁoﬁﬁké&nﬁ&ﬂéFenééﬁeSUbﬁﬁrétﬁﬁeW Al&d tBRbBdRMEME Sittgul at i on

saw, i$ejr BRSO +Bleblifehe ibHit Ber 5 @%%ra%w%hn@uwple%tﬂ iy starting
each cut 1 n each direction by noving the saw bl ade verti- cally to engage

the sub3Braeeocant .si flisamesudlty shaeni appriesimasetyl Toveiferer-For |ack of
a betterﬂg %crkptlvet@ane thls start cut is called a plunge cut. In
sinilaf® 8r s {thé&% & TSt a cut when the saw bl ade breaks t hrough t he

botst om edgeprtile saw kliadagmepwie visemedivatrelly 1ineed wivaxberisd v neutral
position in_ a notion which is the reverse of a plunge cut. As soon as the
bl ade $8iendzedfatrg $GpsCrat &1 uﬁ@lﬁ@dc§@eﬁﬁanW§f@§ @%mﬁﬂﬂ[ﬁ%ﬁTions t he

r ocki ane o(;Qr ) i€ r ind start of
si n- ngf{l% o S e T R TR | &

CLAINEtan, 50 Asbithgi pactingnelf detitnigesiawagfert heetdgse for use in
singul ation %fas%Q%%E%E%% %o%&%%% %&n@%ﬁ%&%oncgg%, it is pos-
10 sible to further reduce actual cutting time by starting
each cut in each direction by moving the saw blade verti-
cally 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
15 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

20 head mount) ready for the next plunge cut and start of sin-~

gulation of a substrate.



prising: 5 first and second linear transport neans arranged parallel to
each other; each said transport neans conprising a linear ac- tuator and a
carrier swppenpoonbveabl e by said |inear actua- tor; 10 nme&c3/1B@02859
positioning each said carrier support sequentially froma |oad/unload
station to a vision posi- tion station and then to a singulation cutting
station; each said carrier support being reciprocally noveable back and
forth in an X-axis direction at sgig sin- 15 gulation/cutting station;
singul ation/cutting nmeans for separ ?ing sem - conductor type

substrat es/ waf er devices o f anqother  while nounted on said carrier
support by cutting the sub%ﬁ#%@g%ﬁ&%é%‘t passes in both X directions;
and 20 sinul taneguslyacutithngear{ibhal subsingt siwabertRB tgpeakbier support
on a first linear transport means while sinmiltaneously 1oading and

posi t it ngn assBevAatiab- oft pubeinares endadéeévadofarrferssupport ready
for c#%;iggn on a second linear transport neans, thereby reducing |lost 25
cutting 17ne%to a mininum 2. A bi-directional cutting saw as set forth in
cl8im1 wherein fardtsuhst satehdal énehs armaspanguhaenst airpanged said
carrier sngort IS ad%pted to receive an adapter pl ate and a gasket for
supporR3FRyl 81 dt 8t PRFR0ATEEFd car 5 rier support. WD 02/ 090075

PCT/1B02/ 02859 222 s3idAtbhndpbeet neAak eBhbrAgingWaasiseh f ath in
claim?2 wherein said carrier support conprises neans for rotating said
strip tyaleeryand degressetr suPROpEelieverhlgelly said linear actua-

tor;

10 means for positioning each said carrier support
sequentially from a load/unload station to a vision posi-
tion station and then to a singulation cutting station;

each said carrier support being reciprocally
moveable back and forth in an X-axis direction at said sin-

15 gulation/cutting station;

singulation/cutting means for separating semi-
conductor type substrates/wafer devices one from another
while mounted on said carrier support by cutting the sub-
strate/wafer as it passes in both X directions; and

20 simultaneously cutting a first substrate/wafer on
a carrier support on a first linear transport means while
simultaneously loading and positioning a second sub-
strate/wafer on a second carrier support ready for cutting
on a second linear transport means, thereby reducing lost

25 cutting ﬁime to a minimum.

2. A bi-directional cutting saw as set forth in
claim 1 wherein said substrate/wafer is a rectangular strip
ahd said carrier support is adapted to receive an adapter
plate and a gasket for supporting said strip on said car-

5 rier support.



position. 4. A bi-directional cutting saw as set forth in claim1 wherein
said carrier support conprises neans for vertically positioning a

substr at ewaak®90075. A bi-directional cutting saw as set f@CThBI2028%89 ai m 1
wherein said singulation cutting neans conprising blade support neans, and
a pair of counter-rotating saw bl ades 5 nounted on said bl ade support neans
for vertical novenent and for engaging one of said saw bl ades into
engagenment w th a substrate/wafer n nmoved in a first X direction and
for engagenent with the other said bl ades when noved in a direction

opposite to said first X direction. 6. A bi-directional cutting saw as set
forth in claim5 wherfei M s P HHRRA S PHor IPIesdé 2Dnpet sEQr &I rdRk- ing

frame f&%&f% Wh-PiY M ashaddrrilfer Al ¢ _e&&wflﬁéelg%ég,qg gﬁ%vcas set

forth in alm 6 wherein said pivot shaft is noveable in a c kw se
and/ or rotedumaersaldokvi e gosttivndq clgustes ohronea gpred¢tersamed| ades in

a downward .Z direction. 8. A bi-directional saw for singulating sem -
OS1iion. N ; ; .
conductor d%blces froma substrate, conprising: a pair of counter-rotating

saw bl ades nounted orh s ireveadt el dnaecpositdg opew abovetafsubistiate to 5
be singul at ed, transport%$§ans npunted on a base bel ow said _saw bl ades for

movi ng St rat B i hed ot SR | THRPUNE GARAERES WERNBNECHr t he ot her
of sai d;esaW b AdesHo N 024 BP0 Ss i + BO2/ P2B99. - 21 said transport neans

having front and rear |inear actuators arranged parallel to each other,
5. A bi-directional cutting saw as set forth in

claim 1 wherein said singulation cutting means comprising
blade support means, and
a pair of counter-rotating saw blades

5 mounted on said blade support means 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 blades when
moved in a direction opposite to said first X direction.

6. A bi-directional cutting saw as set forth in
claim 5 wherein said blade support means comprises a rock-
ing frame mounted on a pivot shaft.

7. A bi-directional cutting saw as set forth in
claim 6 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.

. 8. A bi-directional saw for singulating semi-
conductof devices from a substrate, comprising:
a pair of counter-rotating saw blades
mounted on a moveable frame positioned above a substrate to
5 be singulated,
transport means mounted on a base below said
saw blades for moving substrates to be singulated into en-

gagement with one or the other of said saw blades,



a front substrate carrier support coupled to said front |linear actuator, 5
a rear substrate carrier support coupled to said rear |inear actuator, one
of said swblpnaioes carri er supports being noveabl e transveCcyaBy/@ssdm a | oad
and unload station to a vision positioning station while the other of said
carrier 10 supports is being reciprocally noved into engagenent with one
and then the other of said pair of counter-rotating saw blades. 9. A

bi -directional saw as set forth in claim8 which further includes neans
for vertically noving dowward one g;_§aid saw bl ades into engagenent with
a substrate to be sawn while sinultaneously vertically raising the other 5

of said saw bl ades. 10. A.hi:directional s o] in.claim9
wherei n the noveabl e frasr?égoFlr%sip(?ﬁtt ﬂ%énpsalgg«'%?g ?%tﬁﬁ%e%lwr%ét}aéti ng saw
bl ades ar elimiart edtisteuspportegedpaaaplebtto shaf tothgmd 5 neans for pivoting

said franme on said pivot t i Wi | e
! ' d pivoly 58af lohRTRYe aheispveRiAge doupyed donh

si mul taneously - noving the other of sald saw es upward.
bi -directi onbd Swntatingar AEERALITH claim 10 wherein said pivot shaft is

nount eds on and support ed, Ryarasisfdated@itdi%rf Slipgdpebhpngd saj d saw bl ades
ina Y-axis relative to a substrate on a substrate carrier support 5 prior

to sawi ng sadd AsSt LEREAT BELUFRRTmet hod for bi-directional ly sawi ng a
substrate, conprising thgeSbepsatd ;supbr 024D be PCIPpBR2E0REHEY - 22

providing x%m?ciaanb%%l %E:gr?sr]vesrasvgl\ir“ ponfljl :-Pllgragl allr;[cy unload station to a
vision positioning station while the other of said carrier
10 supports is being reciprocally moved into engagement with
one and then the other of said pair of counter-rotating saw
blades.

9. A bi-directional saw as set forth in claim 8
which further includes means for vertically moving downward
one of said saw blades into engagement with a subsfrate to
be sawn while simultaneously vertically raising the other

5 of said saw blades. ‘

10. A bi-directional saw as set forth in claim 9
wherein the moveable frame on which the pair of counter-
rotating saw blades are mounted is supported on a pivot
shaft, and

5 means for pivoting said frame on said pivot
shaft to move one saw blade downward while simultaneously
moving the other of said saw blades upward.

11. A bi-directional saw as set forth in claim
10 wherein said pivot shaft is mounted on and supported by
a Y—égis gantry for supporting said saw blades in a Y-axis
relative to a substrate on a substrate carrier support

5 prior to sawing the substrate.
12. The method for bi-directionally sawing a

substrate, comprising the steps of:



of rotating saw bl ades for sawing a substrate to separate 5 individual

devi ces one fromthe other, rotating one saw blade in a clockw se direc-
tion and wba@otes saw bl ade in a counter-clockw se direcPCTiiBoR/0288vi ng t he
substrate into engagenent with 10 one of the saw bl ades while noving in a
first direction, reversing the novenent of the direction of the substrate
and engagi ng the other of said saw bl ades into engagenent with the
substrate, and sawi ng the substrate 2l.ési_ng the different saw 15 bl ades
while sawing in opposite directions.”“13. The nethod as set forth in claim
12 wherein the step of providing a singulation saw further includes

nmounti ng sai d rotati nEAHBINKEs SER IR IFH BT FFW M, B I ¢l ockwi se

rotatigg SawaRliade daif b1 MANGRICHRIN Y L SRS T e et ng  he

frame, an si nultaneously noving the counter-clockw se rotating saw bl ade
cl éar ohdengdgerterdewiiads tdne Sirost rtdtee otitek, The nethod as set forth in
claim12 wherein the st.e of moving the substrate.ingo i%nqga enent wth one
of the saw bl ades cor‘rprrl s slrﬁ l?n& ngwt e Ut t hg eolgoe of He 'S8w bl ade
verticahby bRko e adger ofad e asiehsiy &t eduntebe lodktiGsStdited new saw
cut and noving the substrate horizontally to conplete the saw cut. WO

02/ 0908¥8TPCT/ | B02/ 02859 - 23 15. The nethod as set forth in claim 12

wherein the step of npWiing the Bsihale 1HQ NERGRIRAL Wi, one of the

saw bl ades conprises raising the saw blade fromthe ™ saw cut as soon as the
sa\0 bl ade bifnitdtressavhéd Isglescmthiile e imayemse ofirspldimgetcian whil e t he
cutting edge of the S%%wersing the movement of the direction of
the substrate and engaging the other of said saw blades
into engagement with the substrate, and
sawing the substrate using the different saw
15 blades while sawing in opposite directions.
13. The method as set forth in claim 12 wherein
the step of providing a singulation saw further includes
mounting said rotating saw blades on a pivoting frame,
moving the clockwise rotating saw blade into
5 engagement with the substrate by pivoting the frame, and
simultaneously moving the counter-clockwise
rotating saw blade clear of engagement with the substrate.
14. The method as set forth in claim 12 wherein
the step of moving the substrate into engagement with one
éf the saw blades comprises plunging the cutting edge of
the saw Qlade vertically into the edge of the substrate to

5 be cut to start a new saw cut and moving the substrate

horizontally to complete the saw cut.
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is in the saw cut. 16. The nethod as set forth in claim 13 wherein
eps of noving the substrate and reversing the nove- nent of the
subst r at ewoonjpeios®s positioning of two saw cut- ting bl adesTaBex028i%e edge
of a substrate to be cut and re 5 noving the saw bl ade vertically as soon
bl ade fin- ishes a saw cut, then repeating the cutting sequence with

her saw bl ade whil e noving the substrate in the oppo- sition

ion. 17. A systemfor singulatjng substrates or wa- fers, conprising:
t noveabl e substrate carrier ﬁﬁhnted on a first |linear actuator,
noveabl e substrate carrier nounted on a second |inear actuator,

means for indeperident IEh&&athAq iafy sefe fatidr dorclaimbilDisiredaeh of said
351% GRLY &5 ’momscﬁeorsdﬂy{%%%d%m&/ e@%ggré?ﬁéd{'guf’é}? c?f}elo position
rie at ot s fo

substrate car on its linear actu sal d nean r

5 a

cont r ololfi nedpet e wX-Iplesids arongfri sed dresigisty athee cearw ikerasde oimom Silregy nmeans f or
ocal | novi ng one af said bsirate carriers in a cutting station
RS o T e o dATE A IANS e TSRS BT P L dfb.2 and
FRGRUSIY dIOS tdlady dte wiiney tofe saittisphsddater caid igfy at an
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15

and | oadi ng station, then WD 02/090075 PCT/|B02/02859 - 24

to a

bastet iioniliy Wiat§ah @Hcr then to a position out- side of said cutting
n ready to gnterpdg, Qudd ng 2QStabigh whem 1 1g ﬁ%%@éﬁaca”' er in

tting station noves out of the cutting station, ere
the steps of moving the substrate and reversing the move-

ment of the substrate comprises positioning of two saw cut-
ting blades over the edge of a substrate to be cut and re-
moving the saw blade vertically as soon as the blade fin-
ishes a saw cut, then repeating the cutting sequence with
the other saw blade while moving the substrate in the oppo-
sition direction.
17. A system for singulating substrates or wa-

fers, comprising:

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

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

means for independently controlling the
theta or Z-motion of each of said substrate carriers,

means for independently controlling the X-
position of said substrate carrier on its linear actuator,

said means for controlling the X-position of
said substrate carriers comprising means for reciprocally
moving one of said substrate carriers in a cutting station
under a pair of saw blades mounted in the same cutting
plane, and

simultaneously positioning the other of said

substrate carriers at an unload and loading station, then

y virtually



nating any loss of cutting tine. 18. A systemas set forth in claim17

wherein said first and second |inear actuators are parall el

to each other

and sai d wolRie@r® carriers are so large that they wll m®ou/ipexesmach
other in a Y-axis direction, and 5 neans for positioning the substrate
carrier or wafer carrier in a theta and/or Z-direction so-that the

carriers do not occupy the sane space at the sane tine when

passi ng each

other in the X-axis direction when myving from one station to another. 10

to a vision positioning station and then to a position out-

side of said cutting stationtready to enter the cutting

20 station when the substrate carrier in the cutting station

moves out of the cutting station, thereby virtually elimi-

nating any loss of cutting time.

18. A system as set forth in claim 17 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

5 means for positioning the substrate carrier

or wafer carrier in a theta and/or 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.

10



