28 February 2007 WD 2004/ 025724 PCTI US2003/ 028743 JET SI NGULATI ON OF A
SUBSTRATE Cross Reference to Rel ated Application This applicafi ot EnasqfE
the priori o fbiddssy Provisional Patent Application  No.: 60/410, 744
entitled "JET SINGULATION', filed on Septenber 13, 2002 erci/usmesiigisg
~incorporated herein by reference: FILELD OF THE | NVENTI ON The i nvention

generally relates to int egrm-estwohgﬁqg%ﬁﬁg.ﬁqui pnent. More’
particularly, the invention relates to an inproved apparatus and nethod of

singul ating a substrate i RiQceRPeM:aAL i f npQnent parts. BACKGROUND OF
THE | NVENTI ON A singul ati on prot,gv”ﬁlfékqwﬂllﬁgﬂﬂérforned to separate
"Integrated circuit packagessuch as-|C-chips froma substrate such as a

Circuit board. (s applicsiongbsiak iprid ‘&eoisﬂ-@ns.i’fcﬂ'?ﬁ?ﬂafﬂﬁé i %h%ﬁn held in
nes-

pl ace whil g0, r. ore saw bl ades cut” _straig The
‘substrate t?%j "1[@ (ﬁ“ri@?ﬂﬁ@?&&mﬂi%rmm fded amBeptpabdragesooz Ayt hough

di ci ng w t whichvis HcaflRgaB@ e pidiadrgLL . continuing advancenents in the

i ndustry have tested the limtations 6f:saw singulation. Cutting snall
devices is particularly problematic for saw singulation. \Wen device
dimensions are small as for exanpl e less than 3nm x 3mm vacuum fixtures
are unable to retain the smiilddOEINEINVE IO ng, with consistency. As
the saw bl ade Phasiksesntidi QngAlArIQYd & tf‘ﬁ}" lS..hoth rotating and translating
relative tp the device u_nder.%rocessf_:itl etérdecélgﬂtip%e?s&&f&umﬂérs have
A s o o wlippnGaTAE R YE: NS\ P, L

b.

non- conf or m ng gegomat rﬁg%aﬁ%%}Uchqwcﬁ%ﬂ%-. As feed rates increase,
t he magni tude of the shear conponent increases commensurately and

magni fies the device retention prbI em Therefore, feed rates are mnim zed

to protect yields. The E&&AOROUNBOF THEINUENTION oughput . Hi gh

consumabl e COStA kifig@h&6n PRk i ¢ for saw sjn gelation. Saw singulation

may require Speci aﬂﬂy folrgl_rr(r)ul é’?ée% ?gg@)eftﬁ e‘*ﬁ?égp?%fﬁﬂtmieﬁcmbse new

di anonds tpacl%ﬂﬁﬁsmhasﬁ@@hipafmmmbmem@ma@%cﬁﬁmg& ] %i ali thﬁydar fef
and nust Pe sl oughed-off .

as "ot S4B T 8 5 el o asens s o
straight lines through the substrate to form the iﬁdividual__integrated circuit packages.
Although dicing with saw blades has worked well, contiﬂuing advanccmeﬁts in the:.
industry have tested the limitations of saw singulation.

St

Cutting small deviges is particularly problematic for saw singulation. When
device dimensions are small as for example less than 3mm x 3mm, va;cﬁutn fixtures
are unable to retain the small devices during sawing, with consistency. As the saw |
blade passes through a device, it is both rotating and translating relative to the device
under process. The resulting force vectors have both vertical and shear components.

As the shear component overwhelms the holding force of the Vacuum fixture, the |
singulation yield drops due to non-conforming geometries, damage, or lost parts. As
feed rates increase, the magnifude of the shear component increases commenSurately
and magnifies the device retention problem. Therefore, feed rates are minimized to
profect yields. The result, however, is lower throughput,

High consumable cost is also problematic for saw singulation. Saw

singulation may require specially formulated blades that must constantly expose hew
diamonds to the cuf interface. As the diamonds remove material, they are “dulled” by

the materials used in the substrate and must be sloughed-off as the blade wears at a
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WO 2004/ 025724 hi gher-than-normal rate. The bal ance between bl ade wear and*
cut quality is a delicate trade-off requiring costly technol 8gfeltreere@&nd
blade life while mnimzing burrs and chips. Curvilinear L1 pat hs are
al so prafbfIRbie4f or saw singul ation. Many new devi cggwggﬁé}r&ée})ggarrpl e

phot oni %&%i ces ar e1P'{°q‘ﬂ8§ﬁaﬂ\§etﬂétvPéeﬁ%ﬂa§ﬁMH@ﬂcxhqumad$ edelicaiet her t han
st rai ght Hhan-IPGL T Soundar | es require curviljinear cut paths. which saw
bl ades  dp RekF fegadingycosiycodmotimydo cxgndieladniie hle mnmEARE WS o
rotating blade nust be the straight line defined by the intersection of

t he bl addbigsl ane and the ‘device plane. Saw singul ation sinply does not |end

itself to CUfc‘r/ﬁlJvh{l}%%fmﬁhﬁéﬁdﬂ% R b8 problenintie darkaysingwalivnn Mayeidtes. Based
ng,

on the forego ere I's desired an inproyed ageﬁaratus and peihod of 4
si ngul at dehibedas fhekamaple photovicedepices #E Prafugsd wilg BRCUREADS RY OF THE

| NVENTI ON The i nvention relate i SirfRBtar mmﬂ ation engine *
configur@ﬁlﬁrﬂﬁnﬁF@?&‘ E&S-cﬁweﬁia"‘b“eﬁaﬁq&?g abl e of cuttip%g t hr ough a

substrate j ﬂa‘ge{s%.rn&t%gdlﬂy Rbcosifbdatedli Bycdefinitiqrg thescut P2th of agfaliBg i on engi ne
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2br as1 ve SwitlETE & Sl e T ok O suppl vt e conponent's. )

of the abrasive slurry to the slurry vessel. The invention relates, in

anot her enbodi nent, to a% i@@wi ngul ati ng a substrate
into a plurality of small oret ; i ngul ati on engine

i ncludes a gang mani fold assenbly including a manifold configured to
distribute a slurry to a plurality of nozzles. Each of {h S being
confi gured t0Théiiﬂv;émilogéelatﬁ&ilm@ﬂ&ﬁfﬁ@o@m?‘gttos"‘lst‘%%‘?ﬁaoﬂeflﬁ]élegglr%)néé%&a beam f or
cutting through the . sybstr - SRBEel b BRbstrdteen Sidegtd Bimon engi ne
further iP&F %%aﬁuﬁ‘ﬂﬁg’ﬁmgggﬁeaﬁ%ﬁf&g%ﬁflgu ed to hold and support, the
substrat esn‘_ﬂ:?}lchi e paRs.| Tlie danatvarngipe inciudes paralrasivh dolBrRHHS #d, during

et musiob b8l Ry BRE oo aacte Sty 2007

system is configured to supply an abrasive slurry to the nozzle and the nozzle is
coaﬁgured to produce a cutting beam with the abrasive slurry. The abrasive shury is
formed by an abrasive and a fluid. The abrasive delivery system includes a pump a
slurry vessel and a slurry sousce. The pump is configured to force the abrasive slurry
out .of the slurry vessel and deliver the abrasive slurry to the nozzle. The slurry vessel
is configured to contain the abrasive sturry. The shury source is configured to supply
the components of the abrasive slurry to the slurry vessel.

The invention relates, in another embodiment, to 2 singulation engine for
singulating a substrate into plurality of smaller component parts. The singulation
engine includes a gang manifold assembly including a manifold configured to

distribute a shurry to a plurality of nozzles. Each of the nozzles being configured to

discharge an individual jet stream in the form of a beam for cuiting through the
substrate at the same time. The singulation engine further includes a chuck assembly
configured to hold and support the substrate and the smaller component parts formed
therefrom before, during and after the jet siream cuts through the substrate.
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The invention relates, in another embodinment, to a vacuum chuck assenbly
configured to hold an unsingul ated substrate and the singul at¢dFebiisst308Y e
parts cut ngr}%ﬁ){zg m before, during and after jet stream singulation. The
vacuum chuck “assenmdl y includes a first chuck confi gur ede¢mubmbsioishes

substrate duri nEhimé&iilf@ﬂcrellatem?_,anoﬂlm]\cee:ﬁﬁddﬁi_lerﬁhu%ba}:ﬁlﬁﬁHﬂu%;gt‘?as&nmlﬁr ality of
vacuum pas%m@ﬂ%?@ﬁaﬁ@s“éﬁﬁ%y 0 acutt!tng_tl sl ots. e vacuum
passageways are configure & W?@@é&ﬁmwlatwbsmmpmcmn order to
hol d t he sﬂi@sﬁﬂoﬂl&f@ef@nﬁ;gﬁu@ﬁ Bk At o [eam Si nqu) ati on. The
cutting slots lgrr.o i de a_ space ?ﬁ?ougﬁﬁvﬁiﬁ}é@% Z@eg?cr%ﬁ’rﬁq’g‘&%ses when

. cutting i ndXpplydpclu P@é‘éticbﬁf.ﬂkmgmduuholdlﬂl&:éabﬂ:ﬁzﬁ@ﬂmﬂgﬁéﬁg’cﬁtaﬁ%wes h

“second chugk mrf ; ld the substrate during y axis cuttrng. The
second chuck i ncI%%géagd%garpgﬁ?@ng’ac“m?ﬁﬁ‘é{%d’@éw@@aﬁbcbfauﬂhgr ality of

* cutting sldes. Thheacuam parsapaB SRS ol ' t rovide.suction to
t he subst r&ﬁ?rti ﬁﬁrtger to hBI d the _sug;ﬁ':erzg?gl%ggfe%#ét?&taglﬁoﬂ’gs%ﬂ“hftgr j et
stream si ngurar f8. esbszae FioEe> Siang ansafier jbe stacanpeingnl b0 Ut cuflioch” @ | ut
st ream pasd&s piRR aGphdd Hdul : direction that. is orthogond to the
first di rectign. Tﬁgsk;i nvenyggﬂﬁ%ggg%e@ﬁaﬁﬁﬁcmmmﬁm, to a nethod

of si ngul #ifeAEeta Theomsuuma tieichansenppalsd WRkIES ¥ sbnd BLERLBLES, CL [CUI tS
forned th oFLH sﬂlﬁa”ﬁ hod_ incl udes produci ng one or nore %’f reams in
the form of a Beaireretipg ¥ Axls Fting, e ggcondehyjcktincdudes amdurkkiyng suf fi ci ent
to cut theaswinspasedsRwaydghd B} ' d directing the jet streans
over the surface ofg%t hg SL?S?% P@gﬁﬁﬁgﬂ%ﬁ%ﬁeﬂwpaﬁsﬁﬁwm’ég@el ectively
oper at i ng SPRESYet togrowdnwichon tasthe eubstrbte il erdstOHOIPE sl Qrd wrePl Ural ity of
| Nt egr at eduihd Sk : Lhvention relates, in another enbodineht, to a

met hod of gepéa%gtéiﬂ%&eggﬁes%ﬂ‘glﬂ?@rﬁ BB glota provido s spavedlgoagied circuit

chi ps. ThavhéahbgttsireamanaskepvheRbbtiiNg B eb : circuit chips_have a

first si dgf%gﬂé}t is snoot her than agseacsonﬂid(saﬂgf(fgﬁ&g%hs °$‘H@i Weality of

i ntegrate FFEHoR chi ps includes an array of contacts at said second

side. The net hogk inP&lied8SIaiet QY .4l vacuum pl atform having a plurality

vacuum openi ngs. Each of _at ’gﬂ\?gé:tﬂd%n@l (;’Bgf??%sfgé‘&?qt@imfﬁﬁi@bhhgdj vi dual ones

of said PGP hawnge plumlityofintrated citsults fin8 tmeRagh }rﬁe@ﬁod‘{aw”m openi ngs
orm

are surr upper surface of the vacuum pl a he net hod
further ?ﬁg{aﬁ%égx%cg%o%[{%%q%@d? Gags 13 fhedorr of mbeambThe avnigamatiohe upper

surf ace off thdiet stecaniy el atfRER to i HE%EI%% ditionally. includes hol ding
the first,side 'gfg.the substrateoagalt nst t tee'upﬁélf‘et@ﬂfqlﬁ‘{'é‘cb‘ﬂesthe vacuum

.S
pl at f or m HePHIEG it SErAmaBies Brpsnrfaehod threestibstehts, Teidafod firiend the
|

subst r at gnéide’ stiBG; | f. Integrated circuit chips l e the
substrate is hel g& g@iﬂ-‘éﬁ et 1 jol R6GEHE 8 &5 cut the substrate into the

plurality of integrated circuits,

The invention relates, in another embodiment, to a method of separating a
.substrate into a plurality of integrated circuit chips. The substrate and plurality of
integrated circuit chips have a first side that is smoother than a second side, Each of
the plurality of integrated circuit chips includes an array of contacts at said second
side. The method includes providing a vacuum platform having a phurality of vacuum
openings. Each of the vacuum openings correspond to individual ones of said

plurality of integrated circuit chips. Each of the vacuum openings are surrounded by
an upper surface of the vacuum platform, The method further includes disposing the
ﬁrst side of the substrate on the upper surface of the vacuum platform. The method
additionally includes holding the first side of the substrate against the upper surface of
the vacuum platform with a vacuum, Moreover, the method includes cuiting the

substrate into the plurality of integrated circuit chips while the substfate is held
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1 28 February 2007 PCT/ US2003/028743 WD 2001/ 025724 agai nst the upper
surface of the vacuumplatform The cutting is perfornmed by a2§egbruagt308am
formed into a beam The invention relates, in another J L4zl O @
processWoX200@i25T?d an integrated circuit. The process includes producing
one Or IRhRst iR ufjer SREReiof tehechan platfma The awitingie pedprmelbud idn of the
jet streans are sufficient to cut a substrate. The substrate has a

pl ural i tsﬁeélﬂf@mﬂf‘ég?tataehfa@i-rcui ts forned thereon. The pr.ocess includes
directing ¢ hoplShvelibh Mo i indih chibioliBe 05 alphdosdbiiiiing anThe process
al so includes sl ectlve y operating the jet streans so as, to cut the
subst r atigtegrited dikeaitphe pracess indluddspredpctgaue OF PouF 1t streppen t | PTION OF .

THE DRAW NGS The i nventi on may, best, be under.st.o 2NC o the £
fol | owi ref 2 Reame (g P %@tﬁeg ﬁ?WtaF%ﬂ]%t’lg %&P%}eﬁ‘ %g"gb%?r%{aéh%h%g dr awi ngs
In whi Chéubslﬂtgﬂasl a Oﬂlﬁraﬁtf&ﬁﬁ!e'gi&@cbmhg@iﬁnﬁwﬂfmom peodesi ighappar atus in
accordance wt ne enbodi nent of the present invention. Fig. L 2Ais a :
si npl i fi digecting dpdetsiremnslpeaythamsusface of tha subsiaier dBeProrgss ﬂF‘bHﬁ’ﬂm&S substrate

to formindividual packaged, devices,, in : ' odi ment of
the pres&ictyely QREP _éﬁﬁ?%_strgzg@ %O%tg icﬁtpﬁgg%%gﬁg\%%ﬂdge i%ggram of a
fine beagy&hhild Afkultfr ough a substrate to form photonic devices, in

accordance W th one enbodi nent of the present invention. Fig. 3Ais a
bottom view of a substrate having a plurality of |ead |less integrated

circuit packages forﬁ@gﬁ%ﬁawﬁa@ Bgtg‘WINGSW of a substrate

having a plurality ackages forned

thereon. Fig. 3Cis a top view of a group of singulated |ead |ess }
integrated circuit _packages. ,Fig. 30 i si de view of |.ngul at ed
integrated ci rcui%eﬂa@pagama#ibgﬁt%fé’ﬂlggf@°§3?’§%§§flf?/é‘v’ @F«g@l@{m singul ated ~
| nt egrat ed Gjeteiplibn BAEH 300 Fidion HA e cbePanyisyeivisesiuheict e having a
plurality o?d a‘llB%rl arrelllg (BGA) int egr??e circuit packages forned
thereon. " Fi g. FigBl issa simplified blovk diagearyplouptéis Apamisinagcudanseyr at ed
clreutt o g gnlfd?d%?nsiént of the present invention. '

Fig. 2A is a simplified perspective diagram of a fine beam cutting throﬁgh a

s oS et

substiate to form individual packaged devices, in accordance with one embodiment of
the present invention. _

Fig. 2B is a simplified perspective diagram of a fine beam cutting through a
substrate to form photonic devices, in accordance with one embodiment of the present
invention.

Fig. 3A is a bottom view of a substrate having a plurality of lead less
integrated circuit packages formed thereon.

Fig. 3B is a top view of a substrate having a plurality of lead less integrated
circuit packages formed thereon. '

Fig. 3C is a top view of a group of singulated lead less integrated circuit
packages.

Fig. 3D is a side view of a singulated integrated circuit package.

| Fig. 3E is a perspective view of a singulated integrated circuit package.

Fig. 4A is a top view of a substrate having a plurality of ball grid array (BGA)
integrated circuit packages formed thereon.

Fig. 4B is a top view of a group of singulated BGA integrated circuit
packages.



- enbodi nent of t&}%g%gsent inggnti on. Fiig. 7Ais a front “vie

.invention. Fig.Fig ¢isasimplifieddiogram of 29inatatisn eh$ife, in @kcoid

4’ 28 February 2007 WD 2004/ 025724 PCT/ US2003/ 028743 Fig. 4Cis a side view
of a singulated BGA integrated circuit package. Fig. 4D.is a perepeck 200¢
vi ew of avﬂ%%{ﬁl %%'ﬁd BGA integrated circuit package. Fig 5 is an
illustration®s {9, g_a photoni c devices after singul ati orCT/Bsmo3/srs a
sinplified di agFigt flsaSIdbm@nﬂaﬁdﬁﬁgﬂﬁ@iBGAih&g?&@@éiﬁ%Rﬁﬁcﬂ;ﬁgh one

. 1 . in cross
section, of a ga Wi PEFRFeALS Xiew 9f 2 sngulaiedddis Adntegrated dircaitpacisgadi ment  of
the present inventiiean ilkistatidBstiowi i iew. in.crass _section, of a gang
mani f ol d assenbly, in _accordance %?hg(g%n\éég%%eﬁiaﬁﬁﬁfm%‘ﬁm% present
d i di ment_of th { Sl Sifionel | g
accor anceeﬁ%‘gcﬁmg&q}ft@r}gg?én?g 0 e present invention. Fig. -9 I's a side

view, in cross sectlon, WYEBI%si ve slurry delivery assenbly, in

» accor dance wi t hFignpA edokit i ' ntiagn. Fig. .1.0 is a
’ v ol 9 brds &°?P§§?Q§ﬂ§%§%@§§5%¥%,%cor dance

sinplified_si view of a wet slurry f ,
with one effySUFRE It e mebasinens of thepresentioventibhg. 11 is a top view of a

chuck assenbly, iy fARSE Wi one. empodi nent  of the present
i nvention. Fig. I%Z,?fi%g%g to%‘g’\/]}ﬁnéz\%v&(ﬁfgecgmﬁ 8288 TRpHPld aspambly.dor dance with

an al t er naaceordanroodibmeetendfoditimt pF BRPRéschtN@RtbAN. Fi 9. 12B is a top view
of a chuck ass Igy. ircli accordance with an-alternate enbodi nent of the
present i nvent iof.> R §ide ¥4¥.ii8 cEpss sastion, @fia nbzzle, dhacdordmee With\one | N '
accor danc'&mﬁoﬂhn@ﬂoﬁﬂlé9fd§@f§t‘%uve%1§'9,9‘di ment of the present invention. Fig. 13
is a perspective view of a chuck assenbly, in accordance wth one

embodi ment of tHie 9% @sidavidvn i obosectifn, 9f aﬂ&rﬁﬁv@ﬂuﬁj‘ﬁém%é%ﬁ of the

chuck assm&%r&ﬂgev%tﬂgnF%g %&3, i accordance_w th” one odi neht of the

_present invention. Fig. Sl @%%‘?HW&*@F@@W'& ew, in cross section, of

a chuck, in ac®i ddiscesimplifibd 88 [ f resent .invention. Fig.
s 00 R G

16 is a sig‘?%l%ﬂ];i ed.side view, in cross sec i n-accordance
with one SRV ghe embodimesicofithe presant inventioni gs. 17A-F are diagrans of a

vacuum pl atforpje { N m’} one,. enbodi ment of the present
i nventi on. & lﬂls%(:tﬁﬂl;/w&ﬁd Eassembl}’,maccor ance with one embodiment

of the present invention.

Fig. 12A is a top view of a chuck assembly, in accordance with an alternate
embodiment of the present invention,

Fig. 12B is a top view of a chuck assembly, in accordance with an alternate
embodiment of the present invention.

Fig. 12C is a top view of a chuck éssembly,
embodiment of the present invention.

in accordance with an alternate

Fig. 13'is a perspective view of a chuck assembly, in accordance with one
embodiment of the present invention,

Fig. 14 is an exploded view of the chuck assembly shown in Fig. 13, in
accordance with one embodiment of the present invention.

Fig. 15 is a simplified side view, in cross section, of a chuck, in accordance
with one embodiment of the present Invention,

Fig. 16 is a simplified side view, in cross section, of a chuck, in accordance
with one embodiment of the present mvention,

Figs. 17A-F are diagrams of a vacuum platform, in accordance with o
embodiment of the present invention. - |

ne



5 28 February 2007 WO 2004/025724 PCT/ US2003/ 028743 Figs. | SA-E are
di agrans of a vacuum platform in accordance with one enbodi a&hebredry 2008

present invention. Figs. 19A-E are diagranms of a rubbe ' yym
pl at f or WO 2064/825¢Bk dance with one enbodi ment of the pré‘éthgﬁf’%@’@% on.

Figs. 20A F are di a rang of -.a yacuum Ffol d . J.Bdde&o%dease W th one
enbodi nent  Fighd8priaawdiagage ?Bﬁpuﬁp%.or%lgl%d&&g?g di agrams of it vacuum

mani fol d,, i;n_a te enmbodiment of the present invention Figs.
Ol SRR

, I Nng sequence using the. gapg nmanif ol ssenbly shown
in Figs. 7Amgd lgﬁ-ﬁanbditgmhuﬁkn@bsﬂﬂfﬂ‘S?C%%\E?Pt&gmﬁgas?@‘fgn%nd 14, in

accordance with one en;:%ro‘gi ment _ of t.heﬁ present invention. Fig. 23A and 23B .
are t opwith eng emnbeyhmeat AHBHPHRIFEENFA ™ ne paths, in accordance with one r

enbodi ment  of, 0 mgﬁg Y 804 iadtmnhingnifadd, ib scarddngwvdibgiieam of a cutting
met hod, in a 15%?@5%e w th one enbodinment of the present invention. Fig. .
25 i s aembédimicht cfdhelpmepnbmvefiticn- si ngul ati on engi ne, in accordance with one

enbodi ment of the present inventi ifofd. irSacRordhAdH With 65OW ng a gang
mani fol d i ni Flgﬁ-t?rleﬁﬁGs”é‘aa@ﬁﬁa@,ls r}.tr?‘%gucué]grgance’w th one enbodi ment. DETAI LED

DESCRI PT| go\higén{rﬁﬁhé EME kL Nndhie present invention generally relates to an
irrproveamappar atus and nethod  for si ngul.atjd:‘n%?g %ﬁ%{@#g n.htﬁSrO a plurality
of conponent Figar22A-J ilstratga Quiting ssARSRCe PHRE MERPERTTOR"T e Afes’to a

si ngul atj on system,ca ‘ 'IM%L;&H sHoWERaged3and ¢4jin - devi ces

(e.g., Gh@@’ﬁ%?ﬁﬁ@ﬁ%@éﬁ%ac ageoﬂ%hi ps, and the like). The

si ngul aty}, Qpdans¥ $4ifone enbodinapuobdie prsegdmeveatien-a j et stream that contains an
abrasive and fluid that cuts. thrqugh | arge. 80 @S to produce N
smal | er corrp'imﬂﬁé.aﬂ‘llﬁéBsai%f@ﬁ?e‘ﬁgﬁa%ainﬁe%gﬁg%e| rEf ?@ﬂ%g?télzcul arly suitable )
for singulatin r HERIRnt BEthe GREeRUsention. chip scal e packages, ball -
grid ar %&%&ﬁ%&?&”ﬁ%ﬁ% chips, lead |ess packa esd&é%:% and the like. The
systemis al sug.9uiis alflow diagramiof guriing mptits TH3fCer BOG: or j et

machi ni ng has been _avail ahl e f%r decades; however, its potential has never
been r ezmbodament of MRS TRV B Ranuf act uri ng. The fi neﬁigeorretri es required

by , ~ sem Coriﬂ!é‘%f% 2 BB { Rl didgesre ofie tingtlegiomengines in awerdapee WHBAPE| onal
water jets and”their -6 i .
embodiment of the present invention.

Fig. 26 is a diagram showing a gang manifold initiation sequence, in

accordance with one embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The present invention generally relates to an improved apparatus and method
for singulating a substraie into a plurality of component parts. More particularly, the
invenhon relates to a singulation system capable of singulating integrated circuit
devices (e.g., dies, unpackaged chips, packaged chips, and the like). The singulation
system is configured to generate 2 jet stream that contains an abrasive and fluid that
cuts through large components so as to produce smaller components. The system
'described herein is particularly suitable for singulating surface mount devices such as
chip scale packages, ball grid arrays (BGA), flip chips, lead less packages (QFN) and
the like. The system is also suitable fgr singulating photonic devices. .

Water jet inachining has been available for decades; however, its potential has
never been realized in semiconductor manufacturing. The fine geometries required by .

semiconductor manufacturers were beyond the reach of traditional water jets and their.
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28 February 2007 WO 2004/ 023724 PCT/ 1JS2003/ 028743 nozzle technol ogies.

Though smal | aperture nozzles delivered sufficiently fine beak&Fefruana2®y?,

the nozzle_aperture would increase with use causing unacceptabl e devi ati ons

from targe??d8b@iPtes. In addition, traditional water jpégukabyomit he

i npact f or eeszlotchrivlagiese Taowsh shelledh e ABRNSzH10s 84 lg?&?; i al .- Manuf act urers
2 cert éRg%gu F]égg(';( fﬁﬁ%ﬁa’ﬁ? essures,

w th expensive clean roons have been concerne
since a rePa¥ e PRk Watld ingege Witlisise cansilpeurttesapsdbds ddRehtiogeNe Vat er

jets operaﬁ;@mqgrgpg@, 3 | oying. an abrasive mxed with the
wat er; however £ hesehgglﬁ?%%&%%a@@&ﬁf%awgﬁ&ﬁggﬁ e {pagt HregmofThe cut
. beans of dBghehagyweatermoaet to ehaleandtetdi MARBchYerd 950 exgéﬁsweccll'éa& to control.
“As dry abrl%gi v%gi S introducad into the pressurized water stream a |arge

amount of ‘R PoTEVEPEED cPisersd she thespnighairessins.tsingy o relngivéippmald ieat@per at i ng

Beam cannol - priotiee tve eneE Some A Ihe YR s [ R B0 ol ance

beam cannot pr.oduce the small cut w erance
required iqﬁn@%lﬁﬂg%miwmﬂ@ﬂn‘gﬂﬁhemmr;Hﬂv&v&rtﬁs@rcbnbﬂ}gqﬂgﬁggc ver cones

t hese di saguaRlRIES O%g@gdtggmgu\t@ of the invention are discussed below with
reference to Figs. - 260 Pang LRSS Waterg el hayeisaditionally lbeex eadi | y
appr eci at diffficalf td emtdet A §9dbradRS G inBbiRiEdThiY Lokl ztgtﬁ]r r!eSEect to

these figures is for. explanatory purposes as 't I nventl 8s beyond
these |i m!f?fgﬁa@%@daf At Yso infrgdaced; This agri dephroysiang hbﬂ)@@ikgeﬁiaﬁﬂﬁ%m of a

cutting app@iabitsnd Qenst ' one,enbodi nent of the present
i nvention, The cutti ﬁr’]ngShg%%g%gpg%q%gwﬁegr‘?glﬁfrfew}”&fpf%mﬁrb@mmtcut ting

beam 11 capsiipethetsmallcnt wigiislr dugls micitDldaHce rdid:A iPdeifibodBelopr sl |
gur 0

disscrete . exanpl.e, the cutting beam nay be con

si ngul at eggléé% %‘??gqeé’rﬁ%ﬁé‘uﬁe”&"ﬂPé(Flicf’iy%ﬂleﬁ*ﬁmadmtuagespac kaged devi ces

i ncl udi ng but Batbodineistotethd ivénd and the like, The cutting
beam may 2% Z&g@e configured ?0 slglﬁr%u at gsegbse{\lssvﬁgf e’ieﬁ‘feotorﬁigﬁ-éni c devices

such as a cVidtvilogsrskilied g theattonilloeadiinvippesiatclingt tEsidhig appar at us 10
gener al | yddspg ﬁtgleg b\, liyery.system 14 and a nozzle 16
operatively cﬂ())upl e&a{%%gﬁﬂgﬁgsgg%\;g¥]i'f§¥fi9€'fe§/“sf9"s?’@hﬂﬂbﬂmomsraasi ve

del i very thyéventidniesttends bajondthee linfited WpbbYindtabr asi ve slurry to the nozzle

16 and the n le? 16.is.éf%|nfi ured to produce a cutting beam 11 with the
abr asi ve sl ur(rjlizfg' 15 simplified bjeckdizgram of ¢ culfipi eppdrytus 00,18 dcdardame abr asi ve

and a fl uvith odd@nbdHithbR29F he beam 11 relies on the fluid to
carry the abrasive and onﬁ%wgésg%r ag?ﬂbgn’t gﬁ?g pnsErtusd iscoafigdredm t he

subst r at 0 Ppdurea geiting bemset] capabloalf ooty Shrsha 4 MibiSars BGEoR {ohr ough a
S s P Ok a3 10RE For Sl 5 il v ity e ostipongry 1
singulate a substrate into a plurality of individual packaged devices including but not
limited to CSPs, BGAs, QFNs and the like. The cutting beam may also be configured
to sig_gulate a substrate into photonic devices such as arrayed wave grating photonic
devices.
The cutting apparatus 10 generally includes an abrasive delivery system 14
and a nozzle 16 operatively coupled to the abrasive delivery system 14, The abrasive
delivery system 14 is configured to supply an abrasive shury to the nozzle 16 and the
nozzle 16 is configured to produce a cutting beam 11 with the abrasive slurry. The
abrasive slurry is typically formed by an abrasive and a fluid. The cutting nature of
the beam 11 relies on the fhrid to carry the abrasive and on the abrasive to remove the
material from the substrate 12. In most cases, the abrasive slurry is squeezed through
a small Opening in the nozzle 16. Squeezing the slurry through the nozzle 16 causes it
to exit the nozzle 16 in a very fine and high speed cutting beam 11.
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to exit the nozzle 16 in a very fine and high speed cutting beam11. -7- i -
28 February 2007 WD 2004/ 025724 PCTI US2003/ 028743 As shown i 28 Feguaryi200F he
abrasive delivery system 14 generally includes a punp _18. _a slurry vessel
20 and wos1004402578our ce 22. The punp 18 is configured t%cwwﬁ?’ﬂ‘%“%br asi ve
slurry out of the slurry. vessel 20 d de.IiveEj4the r e slurry to the

nozzle 16. W@WB@@%&S@%P"@@WQE Wﬁm L tigl IH FHEPRBP asi ve
slurry ggpd, %3;?%%4?%@&1& a%hh?f?édt@é‘.?é.?t‘hé%xﬁhﬁ‘gs ishenfpumaeepiap (e 9. |

abrasive an f the abrasive slurry. " The slurry source 22, on the
ot her habshsivieshuenndit gfithe dlurty s ) ané deliverthsrabrasivesturpne thenyzzlgr asi ve

or o1 s esbBress) 3¢ rcouRied W Epiils Sheailh ST Al SRR, L O
source %%}sc%tfrah FoEh IR e bORhIAS(eQ AMRashR HNd Ife]) Hf tHealbrasbid hirfy.t he

I ndi vi dua m xed conmponents of the abrasive slurry. The cog&%nents my .

be punpérheishiroy souecesi2ion thewshss dpnd, s pepfizrsd to gipniyite corwRRtRfselthen one
enbodi nent, . t he abr.asive deliv S 141 aAmaAl system

For exarfoFrasive; ab&'é?“l(?}%p Sﬂtthg/uyﬁyssgﬁ}ecg%%’udrﬁe%b%F%ra%cuttf’r?lig{a‘[’ élr-ough t he
subst r atfhekZonBfert SEMHE syl separhtétymel/siasixed.n Theshsrysontteasayt foese, a filter

may be used to prevent cut particles fromeptering the delivery system
i.e., t exapple ipelpds spwse ﬁmvalsérsrﬂaﬂ*gematnﬁﬁm‘ﬂéu%e'f Bl SOMpORCRN o t hey
have the_gbi | - cl ﬁ;ﬂ@eﬁ% Heidsel ddigy abrasi ve
~del i veryoég%?bé%ﬁéﬁ@'%é%%%%gﬁa t]%ry yst ergn In this éenbhggdi ment, new
conponendny sajtsble aohmiguousl y supplied and used conponents are discarded,

.e., the sl i Nt i ly. hed. houl d. b i ated, thi
Lype of syst e obRtEeph i SRR e F s ErnapeRT RRERE ° 1" S
i e”erﬁ'c@tg%{%?gle% @]lg abAbivE Slui§ 1§ FechptiRAbRePERiibtuGigt thysutesael12at | ow

pressure flurd 1s"punped >~ into the slurry vessel at high
pr essur eandlrecystedeor futire pse Jhepsasisuchas thesey @ filter mpebepsgd ity prayeaicat t he

typically dr br asj ve e del iver a wet

condi ti ci%‘/?.l'h‘flgF @W‘;f&%g{%ﬁeﬁgﬁrgf%ﬁgﬁﬁgr %%3 @%%%%ﬁ%ﬁn%§ ﬂg‘% conbi ned to

both  r guehmGsived sdiBechepkflithd atsilic) todtbgthwsystdner insdnotlert he system The

di ameter of the cutting beam 11 is spall in or_de{ﬁto di ce i‘}nﬁllgﬁl parts such
p

as pack agyelpdimenthihe ghnasivel dedivesy systera 14 ig not 3gegiey oLy sYSigc roduces cut
w dths j | L 49 ' LORS @sd Loepsheaieigr of the
cutting éo%%&ni&gﬁgﬂa%écgﬁ tngirlgs%fé% gucu%%%@ge(gm S gene?al 'y determ ned by
t he di angis@rdedf i.¢.hthe shawyiiscpntinuously refreshed. As should be appreciated, this

type of system prevents particle contamination altogether. In one implementation, the

abrasive is pumped into the slurry vessel at low pressure before the fluid is pumped
into the slurry vessel at high pressure. In order to transfer the abrasive to the slurry
vessel the typically dry abrasive may be delivered to the slurry vessel in a wet
condition. In some cases, the aforementioned embodiments may be combined to both
re-circulate used material and add new material to the system.

The diameter of the cutting beam 11 is small in order to dice small parts such
as packaged or photenic devices. The cutting beam 11 typically produces cut widths
in the substrate with similar dimensions as the diameter of the cutfing beam. The
diameter of the cutting beam is generally determined by the diameter of the opening
in the nozzle. The diameter of the cutting beam generally corresponds to the diameter
of the opening in the nozzle. Although not a requirement, the diameter of the beam
is typically on the order of about 0.050 mm to about 3.0mm, and more particularly
between about 0.25 mm and about 0.3 mm. This range is well within the typically

saw street dimensions for packaged and photonic devices.
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in the nozzle. The dianeter_of the cutting beam generally correspondémt-"o
the diameter of the opening in the nozzle. Al though not a reg¥fFebeymenz007t he

di anet er O&Otzntﬁmgeﬁm' is typically on the order of about 0.050 mmto about
3.0nm and more particularly between about 0.25 mm and eOOWS2003/@80% Thi s

range is wel | Whhm@igyawm,mﬁ%% ﬁi[g%ﬁé%%a fgr%%ackaged and
phot oni ¢ d&\éﬁﬁgs. - (9%88; brgary'ZOO? WD 2004/ 025724 f 3/ 028743 As
shown in F Q5 USh MR FI8pAL 35 OHEmpiywhenfermingrindibiduaiyadkdged d8¥Bes

rectil i neasindlod durtifhe; i | ¢ when. forn ng indjvidual packaged
devi ces and/ or curvﬁfﬁéglg?ﬁ)%@%gwg?%wg BErlRgPhotosicni ng wave
- grating ph@¥véessc Thers\yprsof cithemg bhﬁmﬂfsh@dﬁfmaﬁ%ﬁﬁ%eﬁﬁgﬁ?%h% %rg(goﬁreby_

"‘moving th te d/qr the cutting beam :
anot her . Iitg?%g@a]h%%?ﬁﬁég%‘{? 8 PpafRother. Fayoxsaplentheouibiiyata 12 tag®eand/ or t he

« nozzl e 16 mrayedisy asygtandior thd RPNk 16! gjr-'}%ﬁgﬁu%%@, g\t,ﬂzf%B‘%t}gﬁig-séglgffnzt ed beam 11

Is noved in.,the x direction to make p r

rectil i nedf it tesdbeannd is movedinythe krdirettionrto nokepkalaeRs bek gﬁggygd of y

directed A&agijehd . Rectilinear cuts such as x and y directed

cuts are sui gﬁa#ea?%%g’%gé-?\}gtﬁggtdﬁﬂnq%ﬂ&&Bé‘lﬂuﬂd@-wag’éﬁdi:te&tbd:es 24 such as

CSPs, BGAgec Qi3 Q. Hectilifar ting. e devices
s s cuPS ARl s L AR50

vviththissﬁg@f: of .c t'tigzﬂg rethod is that t racts with
the subst PHE4RE MYTYiAEA! Packapad daviges BY sprheasd?RBs BGARSQFNG bii@iHaQke0f Shear
forces th@ne(:@malﬁglgged si nguyl at ed packages. In Fig. 2B, the
z axis oriented beamf%?h%ﬁg %Bn%k\%g%d%‘ﬂgﬁo‘ﬁ ‘t“f‘?gmée %ﬁ%&mﬁgdmfb@d isdhat the

(simul t ané8baEpean itprarts mithtiad subltrae alind i 4 AIIMERNE HalbhddloRl cuts. Fios.
i S JIre clrrcul Backages

“3A- 3E aredgi rat.i ons shgwing |l ead ] ess integrate
before an Hénﬁﬁéir' °§§éﬂe§§‘%§ﬁ°ﬁﬁ%?F %??“éflvﬁsébﬁeﬁfﬂeﬁ}b%sinalmed\padkag&ecuhuﬂig]g bears, in

accor danc@B, thictztuxiRicarl OSARE s Qb t govention. By way of
exanpl e, the {%ﬁt@ti ng beam na Sg_en‘é%a Ibig{hg%‘rgggg STHH9D6he cutting beam
di scussed FHUHHISOPTE 0f Bersmentgliy)ds ordér gs makSdurailidezBughow a substrate 32

bef ore singul apju@n; A/ the.substrate 32 is forned by a plurality of
integrated ci rcugigt %gglgéggs -%‘mel}%%ir’?a‘i@ﬁs Wiegrded ¢iemmipackagehe packages

33 are gebrfprelany afor b simpulaonb it ﬁlﬁkeeuwﬁitﬂggﬁiﬂn%%g%ﬁ%ga};%r S8 i n one or

Furt her he jnt.eqgrated circujt packages

nore -c lm;é,gp 95%8%12%‘%‘“8?%@? Pgseninyentmo. Hyonay of egampie, thé cofting@Rsthess

| Nt egr at edlay géfertll ﬂ@?@ﬁg fter. being cut fromthe substrate 32. The
group 34 pay 'corrgscgon toﬁﬁgggu%%%t% %mﬁﬁﬁ%sﬁ&f{sépﬁwogﬁﬁmﬁsnm@s. 3A and
3B. Fi gs. /g3 s 8 mehwtrate SR bgfore sinphilegsat £okiei ciib bugkage 35 af ter

bei ng Se%ﬁﬁé‘ﬁ%égﬁ%h hef%ougeg&l. Lead | ess packages are ge]ﬁeral ly well
known in the art and for AcHhELrepi pagkages 3. villttiouglototherequirement,

the packages 33 are generally formed in rows and columns on the substrate 32

Furthermore, the integrated circuit packages 33 may be positioned in one or more

J ¢losely packed groups 34. F1g 3C shows a group 34 of leadlessr integrated circuit
packages 33 afier being cut from the substrate 32. The group 34 may correspond to
anty of the four groups 34 shown in Figs. 3A and 3B. Figs. 3D and 3E show a single
integrated circuit package 35 after being separated from the group 34. Lead less
packages are generally well known in the art and for the sake of brevity will not be
discussed in any greater detail,

In one particular embodiment, the substrate 32 corresponds to those substrates
that contain Quad Flat Pack No VLead (QFN) packages. QFN packages generally refer
to leadless packages with peripheral terminal pads and ag exposed die pad. QFN
packages may be used in a variety of applications including cell phones, personal
digital assistants, portable music players, portable video players and the like. QFN
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di scussed in any greater detail. In one particular enbodinent, the
substrate 32 corresponds to those substrates that contain QuagiFéiresry FeTk

No Lead (QFN) -Packages. QFN packages generally refer N}(&@I@g ‘Packages
wi t h perw@iReH&R3Eér ni nal pads and an exposed die pad. S 2 %s maybe

used in a variety of applications including ) wRsfeponal  digital
assi st ansubstrases typisely Fﬂf&dé AGPRRAE CaTich oy ?%‘gggl%\i/}ﬂ“égéﬂo‘%&ﬂg?etrs %g the 1ike.
QFN -9_ 28 : Yo BORT curV¥RR84/10 3 ghidteRed (ndFAMR QP8 Rags 3Bst r at es

typi cal Ivﬁﬁcﬁgﬁ%%gﬁ%g coppcéur carrier A@and a nol d conpound i hr o§gh whi ch
the cuttipg theaubstnies2l nlishodd be voteil Hepl QADEPadkasssET t@ﬂ%ﬁ“m kages 33
fromthe substrate 32. |t sh.ougdu%ﬁnot ed that QFN packages are not a
limitatithat ofher typesQl R9ckAges PP BR U8 packages may be used. Figs. 4A-4D are

i"US”atiOHSFﬁo L 0§ freMidtratidrs ¥hedinpal phuglitychfaat zyid @B@A(BGANt egr at ed
circuit packageS before -and after being sig%g%?td%d fro ub@tl-rate wtha .
cutting beesmutel viracpacitages defore andoier BefBs 4 cdgforg ﬁé&]ﬁf‘%@ e favention.
By way of .exanple, the. .cutting. . L ds¥ntGRYnESROBY wWay t he

cutting smg%ﬁéﬁwf@%em@%ﬁgg@%@??gﬂ%? SB%;A.i nt egr a_?ed@ci rcuit
packages . ypineak |the BRfiRE bédn May aaly cvgrespidrto Kuyntirtehean digrpssegh

integrated circuit to be attached to, a,{)ri ﬂt ed, cir uri ]ie pogrd f ace- down,

Wi th t he i thieprevicusfigutes. Bloh miegraisd cirerit PACKARSS i board' s

contacts throu Lndi Vi I . & deduit tPheiaftgchied g h pehiedn t her eof |

mul ti pl e PP ?céﬁloci:qgiy%tﬁ@#%gm?égﬁl griuél arrays and dipe,s) .are forned on
a singl e ciehibBbdra fae(doven, withaliechips c@h@&b@m@mﬁg’,thwt%é‘l"éﬁ'f ter

chr po. - Atomgtenes s gy Bali b ter b BBl HABERE Y T TEIE
during an @)ﬁ? e%éeﬁ%‘&%;ﬁiﬂ%ﬁﬁ bﬁg s HaflGed arrayb enddibsytarafoemed o wsinghd | y

separ at ed” er t grid arrays and dies are f,or_me]g on t substrate.
To el aborsabgratdieqs., wéfes bossuis bowrd) and therader spawiedipio P{?ﬁg}f ﬁt]ftey of BGA

integrated circuit package 7._bef or e td ' ¥$a@@ group 38
of BGA iindixgiuat (gcﬁllgg?? iﬁi@ﬁ%@e‘%@ﬂa %s%uﬁgfﬁtgit]iﬁ%r?.égei gs. 4C and 4D

“show a si B anl hﬁﬁa@q%h@xfe@anfab@miba@mcﬁs,&fasabsw isdypieddlr at ed from
t he groupﬁgé& ﬁainrx?egrat‘e circuif pac ageg areed‘%g erally well known in
the art asgarited afthethedizd gofl arrpysapddies,gr¢ forlg op &b %ed in any greater
detail. Fig. 5.is.an jl ' 11896 oA I plukkéivy SESGAS t er

si ngul ati on, ;STP aﬁ@%iﬁdg{ﬁ%ﬁt\%ﬁévﬁpz})ﬁ%ﬁgﬁ%odi,[rent Hé’:‘ulglﬁe E)yresent I.nventi on.
Fig. 6 i Sipppsitemditduitgrickigaghabefofe singsiatigul Xig- 6B bagk Aeromp, 35 of Béor dance

\(I:VIO';P i ggpghi’?qr;gbﬂgtg& g]?crtllgt p%]::kz;[ggs%‘y)zrxﬁesresﬂ}guia%gﬁn {gg.nélC INE4S AW la@sfdg%é’lg' ne 40 is

integrated circuit package 37 after being separated from the group 38. BGA
integrated circuit packages are generally well known in the art and for the sake of

)

brevity will not be discussed in any greater detail.

Fig. S is an illustration showing a photonic devices after singulation, in
accordance with one embodiment of the present invention.

Fig. 6 is a simplified diagram of a singulation engine 40, in accordance with
one embodiment of the present invention. The singulation engine 40 is configured to
singulate a substrate 42 into smaller component parts via a cutting beam 44. By way
of example, the component parts may be CSPs, BGAs, QFNs, photonic devices and
the like. The singulation engine 40 includes a jet stream distribution unit 46 formed
by at leasta ﬁozzle assembly 47, an abrasive shurry delivery assembly 48 and a tank
assembly 49. The abrasive slury delivery assembly 48 is configured to deliver an
abrasive slurry to the nozzle assembly 47. The nozzle assembly 47 is configured to

discharge a jet stream in a laminar and collimated manner towards the substrate 42 m
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singul ate a substrate 42 into snaller conponent parts via a cutting beam
44. By way of exanple, the conponent parts may be CSPs; BGAs28 BptReary 2007
phot oni c S{;{}/l ces and the like. The singulation engine 40 includes a jet
stream di PO?A unit 46 formed by at |east a nozzl e BGEHESIDY04743 an

abrasi ve séuderip pledicedhy cuttisgadiby ofitheanfling beanli4: Ths eerhbendd 4dhe abrasive
cqonfiigured to deliver an abrasive slurry to

slurry deliver ssenbly 48 | ]
t he nozzl ecoé‘ggé{?g@ IQPF.‘y"'ﬁ‘i'ng’fg'?E the jsisstream) opea it passey trgugh dheeibstinte d2 schar ge
a j et stregffdgthéchi@iflRétiorand col Iimated manner towards the substrate 42 in
-10 28 February 2007 “WD 2004/025724 PCTI US2003/ 028743 order to produce
. the cutting actPunngbperhorn; furtekmyplocthentirdsivd blarty dekveas saeiably 409 i s
sconfigured to.receive and diffuse the jet streamonce it passes through the
Cohet Par o LybREERE nFIE AR R4 G BF abbi? HES o8 Fintioptle SrReRbBIET ot h

« abrasi ve sdittctsythel @bia¥iot gluey 36wty ihé GubskdRIU. &ndeRBscRRELd FoRIRERNY e 47 W th
the abrasive slurry and the nozzle assenbly 47 directs the abrasive slurry

towar ds t HASSERRY 4 athe ahmasiven ndheisluey soge agdinss thetsnbstrabz4 to remewenbl y 47, the
br asi Lot ' hstrate 42t terial
heref r om CehiinelcHbh A BaRARonh) o KL Bbin 44 s R ol e

through t Hereghshe saubstrat@ 42 A fiarforntingitRthold) ehd Wiltithg B MWohiifs AR 44
conti nues glpoagﬂ%nlt.s path untjl it reaches a medium stored in the tank

assenbly 4 tHdbrepehes aapedgmy stared 1n thedank essembiy49. del i very assenbly 48
and tank assenyand2eRY ' : "'!"ﬁﬂd : ' trated enbodi ment,
the nozzle assenbly 4?7 iencl %gﬁﬁg}ég{r f regbﬁx%%%{aﬂgh{;#a%ﬁ ed to a nozzle
nani f ol d FEsemitfy 49 aray e widslyeariek Zineke Alistasted embidiguitcthe hezAe r ect t he

abrasive slurr wards the substrate 42 in the formof one or nore
cutting bﬁ%@%ﬁwﬁﬁ%‘h&ﬁfm?ﬂ%mﬂ’i‘?ﬁtz gs Eheouplrd to gaezziemapi€li 38 Thet hr ough

whi ch t he cabbagior€ncazAdsrs0 drécddif aw&&'ectfﬁaeabﬁésm'sﬁmtb ARRRN ng 51
generally effects the size of the cutting beam 44, iC urn effects

the wi dt h SBestifAZin the formef aig BEmeEr @t bepms 440 Fatleofthandmlat 52 i s
configure ' s asuve.sl urry fromthe r.asi ve delivery
system 48%%@?%???2&]@#%%%&%%&% ag%ls kS Wo\ﬁ/ﬁiscﬁﬁéﬁgg‘flsézeﬁgni fold 52
i s coupl edhe epenfng Hogasially effbcts thy sidelf thearuytinp @44 Fhichdn RS cBEctiOr € tubes

54A. Th m J d thys t m f cutt b
accor di ﬁg r&lﬂjeo %%ﬁggﬁﬁﬁﬁ?\%’gﬁ%ﬂﬁ#ieggfﬂﬁg% Iegf‘!rifo%hézc ’gwplﬁtggglv@de g)err}s i \r/rg;r/yvar g
assenbl y ABritifte HRYbAIRRIsHIA ¥bm m@%ﬁ& d%li%r%?ys&&ﬁ 3B fhe oBY Hgﬂfgj?% i gﬂ

abrasive slurry vessel 56, and an rasive s source
pressure PoFAiesH). i As gwwr, femorzle mapifold 52lis taiplal th e bbisbeiskerys! urry vessel
56 in ordgf: r nd_deliver, the_abrasive slurr o the nozzle
assenbl y 35711\33%’93 es?é;/m ﬁrlﬁi grha one 0f mofe tu%es 5@?. '?ﬁe number of n zz}es and thus the

number of cuiting beams may vary according to the specific needs of each device.

The: abrasive delivery assembly 48, on the other hand, includes a high pressure
pump 53, an abrasiye slurry vessel 56, and an abrasive slurry source 57. The high
pressure pump 55 is configured to pump fluid to the abrasive slurry vessel 56 in order
to carry and deliver the abrasive slurry to the ﬁozzle asseinbly 47 at very high
pressures. By way of example, the high pressure pump may pressurize the slurry
vessel with pressures ranging between about 1,000 PSI to about 50,000 PSI. The
slurry vessel 56 is configured to contain the abrasive.sluny before being sent to the
nozzle assembly 47 and may serve as a location for mixing the components (e.g.,
abrasive and fluid) of the abrasive slurry. The slurry source 57 is configured to
supply the components of the abrasive slurry. The abrasive is generally introduced
into the slurry vessel 56 at low pressures as for example between about 10 and about

75 PSL. The starry source 57 may be a re-circulatory and/or non circulatory system.
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pressures. By way of exanple, the high pressure punp nmay pressurize the
slurry vessel with pressures ranging between about 1,000 PSI 2% bebatso2007

50,000 PSI. The slurry vessel 56 is configured to contaj sive
slurry Wedeed/opeizhg sent to the nozzle assenbly 47 anﬂcﬁa? ‘E’gﬁ’)gg‘gs a

| ocation for m xi ng t he component {d/dHiPda®f the
abr asi veThkatisile sIpHy sQyqs %ﬁﬁ‘t‘ﬂ?@é}'f“’g}y% El[ga}Fe? supplly the
_cormoneng@pgné\b%o géﬁts\éﬁtﬁééﬁdsi&es'ﬁh@%s&aswe i s general |y introduced
into the ry ves

| 56 at |ow pressures as qr exa&ghe bet ween about 10
-and about 751@@15-b&mfosnmﬂmyﬂ@@hméhgvldwowl‘# y deyq %P’o‘?@e fd/ or non
circulatory syste br r MR 02 0RAG eifab/ §p2003/ 028743
That is, maggalgy %‘B ch‘al%glﬁ naaé'gg%goé%;% pPew ous used abrasive slurry

and/ or i % Mnm&mmsomdmﬂmumumxwgmmesw It has
been foung t the

sl’'urry should be conplete ev il order to
mai nt ai nmmecum&e@mg@f;pw RStaHk e ‘é(gip Qbé?s“é%ﬁﬂ;ﬁ’ %‘?fuﬁ?(ﬁp&c’n c% utting
beans. one | viaShé hiphtpr&eakdmpi t h wat er at
anmbi ent ﬁPé@’s‘ifF r{gbag&e%% é‘?{rzllthrl%ﬂ]ﬁcg‘%ﬁ?ﬁ]ta%?t he si r%ttljlratlon sy}stem The wet
abr asi ve ge tieabradive/ Raie peiktintiopicsarized, the abrasiesdurpEoRgdbEushsed to
hi gh-pressure water via the high ressulz}ly urrp Once t he abrasive/ water
ry”

mi xture ihighopressiue fubing S4n1 the RORISAS moves through high-pressure
tubing 54A to{%*}?rr@.g 5jtl:%t zﬁ‘sgé?ﬂxm 4@ hBRin@TakidRbly 99 tipicallgichaksenbl y 49,

the tank assenbf typic Iy |nc udes a _hol ding.tank 58, which contains

a nedi um}ﬁm;ﬁg)fanltlsmwmchgonﬂampmeds‘tméﬁrfﬂf iﬁgsm&%aeﬁﬁrﬁay B exanpl e
correspond to a sl ch as the ab Iéé?ﬂ%ds &GHtot he
subst r at dneqipmys OESZ‘EQP%P%‘%QB‘?CE §aiEy %‘%P)s/dls:ﬂymxe hh@“ﬁel dinthe 3
--hol di ng ;;Em& ﬁﬁﬁ% %%Qﬁlc@&saﬁabbmvéhlmbsmmedandhdﬂnythﬁém&hg% For °~
exanpl e, hol di n

tank 58 nay serve as t{] ﬁ)rasw %uil .source for
t he abraaaﬁeS&jbtﬁo@beyﬂammh?abI@WWWéﬁ%? fﬁa r&?‘f‘ﬁ@s P %ol di ng
tank 58 | ud
an ﬁéﬁggﬁﬁg SES 2 e abi R s %:%%11 b SbiaSive délwet)b hdsB@bBMB. 1 enovi ng

t he conpd asive slurry Furt ernore, hol di n tank 58
may be comphgd sush hihesd triolkdingiatk 5& nxhglmaledqmmeﬂm;b ;nleta'oaﬂ@s

particul arI y the slurry vessel via bes %ﬁgh Ler to prevent
cont ani nM&M§%°Wg@WWP?%°€T§F%WW rrng ‘?he abrasi ve
slurry d?‘h éa@gxﬁgﬁgyw%ﬁ%mﬁofmé élﬁésﬁ@ﬁlhﬁjﬂdame@ﬁasmblbaSphdmwebet ween

t he hol d abr asi ve deli veriqassenbl 48. The abrasive
slurry r’rap'arﬁajlwmlﬁiewlurwvashllememfa!ﬂh?é%ﬁu rdestompENeBhl |y formed by an

abrasive and a fl UI d. br an
sui t abl e FREfaRInaRts fga 3(1 @nﬁg(’&rﬁgﬁjgxwaétﬂ ma%%%%gggﬁ?ggﬁﬁéﬁas }2&203

Or garnet yesembly 48, a filter mechanism 61 may be placed between the holding tank 58 and

the abrasive delivery assembly 48.

The abrasive slurry may be widely varied. The abrasive slurry is typically
formed by an abrasive and a fluid. The abrasive and fluid may be selected from any
suitable material or medium. By way of example, an abrasive such as AL, O3 or gamet
and a fluid such as water may be used. The type of material selected depends on
many factors including but not limited to cutting ability and cost. Generally speaking,
garnet provides good cutting ability at reasonable cost while Al,O; provides better
cutting ability at higher cost. The size of the abrasive used generally depends on the
size (diameter) of the opening in the nozzle. The size of the abrasive generally ranges
between about 1/10 and about % the diameter of the opening in the nozzle, and more
particularly about % the diameter of the opening in the ﬂozzle. Furthermore, the

‘percentage of abrasive to water (by weight) is generally between about 1% and about



and a fluid such as water may be used. The type of material selected
depends on nany factors including but not limted to cutti ng2&bBabruany26@nd
cost. Cenerally speaking, -garnet provides good cutting ability at

r easonabl é’v‘aé‘i‘?{;’“m%e A1203 provides better cutting abikdtysmbsivsaier
cost. The 9% giore partigheny belweasdmutHY6 mad byoud @PEndsd 8ved Mbre Si Z€

(dianeter) . EEE, ipg,in the nozzle. The size of the abrasive generally
ranges be Weec%1 a %B?@lﬁl%b and about'/2 the diameter of the opening in the

nozzl e, and nor &hep%dtdafdﬂ%d}buﬁb@%ﬁrﬁM%P@géﬁ%ﬁﬁ?&ﬁfve&@él&ﬁ%gIagg! ng in the
nozzle. Furthernore, the percentage of abrasive to water y Weight) is
. general |y B¢ H05%6‘?P@%l%ﬁﬁh%ﬁ?bﬁﬁmmpﬂﬁ(@bméﬁgeaﬂﬁ}ﬂﬂordiﬁriﬁﬁ&aﬂ.025724

+ PCT/-US2003/H32 812 I ' rly.bet n about 10% and about 100%
and even nore %gnr o el ﬁ%ﬁﬁ%ﬁﬁ%‘ﬁ%ﬂi@ﬁ%& g3no¥ed dhe methpdbeam 44

_are gener alof ponmgauay el widelyevatried Ohiethe ARGirited chBodiEar, tHeQimhupfiige 2 | i near

cutting pat d/or curvilinear). For "exanple, the

ﬁ%’é%g' rectil.inear g 7 ]
cutting bedh#4a fighustes @ pobod assem 104 capablegf meving thediozaleasseatbipd7. of nmovi ng
- may be w debyexvaipl€dy ' : I.pent. .the si | at i on
engi ne 40 irncT udgs a erﬂggg‘%ﬂg%dé%kg%yagzﬁ%%ar%?%sgef%Waﬁb“ iﬁq&%ﬁ&?ﬁ%
assenbl y 4manifeldS2ofdhpuazzictdscentipdl. Bssebbl asdblyoy A Pral@e ndansfer arm

that is at he _nmani fold 52 of the nozzle assenbly 47. The robot
assenbl y 6%%}@%% %‘v‘?laé’Y i"’ﬂcg?afm Tetretiikas ietatipes gbout/thg ey andiz pxist i ons as

wel | as r olmhbsieasesbe fobo 8ss¥mbdy ANFoves gigﬁﬁlkﬁséé&%iygﬁzﬂ%.t he 1{3 lol;g; R

assenbly 64 noves the nozzle assenbly 4 I'n a sin _
desired” cuPnggons e desitsd chging path sothab alf o elyesteettdpariiof e fubgrasst rat e 42

may be cutpBypd Bg sMhd | gg (e. 9., %y .and 9% . Wen cutting

i nt egr at edmg'?/ rc{s}iﬂt ! p%lél&gn g‘?ﬂf%fel(er%’ﬁgty @&éwﬂ?@@@&ﬁﬁwﬂmwm@m nor e
passes in pdekagesdhe exiok assembly 6408y Mike BcRdr RRATS BsdsIn il é(g&! tfoﬁ%%]' on in
order to cut the substraég .into. integrated circult packages ee Figs.

2A, 3 and 4Y.°FIFEC PRBG I %é PGjiog in prder te| cybthig substmterdiddio integratade i n a
xanpl e, Che T Do Sang: TS, 3R Uy I P e R ol hsrrapied vos,
st epper s) , [0 TSEARN2 serpentinedaghior dheirdtmt adsemblyesrang be widily GRadipgent . a
S 00 35T it o e BT Shee
Substrate %ﬁ%@rﬁdﬁ?ﬁ SO TR R GbRIntR, THLARA il aprnbly

si ngul at i ShiselaASYSTRAH “xemplocRUAR Agebatractambiies nraufictredbyE RN NgS 67
di sposed RBHBLIFCAKGN. CA may be used.
- The singulation engine 40 also includes a chuck 66 configured to support and

hold the substrate 42 and the parts cut therefrom before, during and after singulation.

As shqwn, the chuck 66 includes one or,more openings 67 disposed therethrough.
The 0pe§ings 67 allow the cutting beam 44 to flow past the substrate 42, through the
chuck 66, and to the slurry stored in the holding tank 58. The opening configuration
generally provides a path that corresponds to the cutting path produced by the robot
assembly 64. For example, it may be formed as a linear opening in the x and/or y
directions. The openings may include one large continuous opening or a plurality of
discontinuous openings. A confinuous opening typically has the advantage that the
cutting beam can follow iis cutting path without being stopped. The width of the
opening 67 is typically larger than the diameter of the cutting beam 44.

Any number of chucks may be used. For example, a single chuck for holding

a single substrate, or a plurality of chucks for bolding a plurality of substrates may be
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The .openings 67 allow the cutting beam44 to flqw past t'he substrate 42,
through the chuck 66, and to the slurry stored in the hol di ng8 Fendens3107The

openi ng configuration generally provides a path that ¢ Lo the
cut t i ngwaee4/p2538uced by the robot assenbly 64. For e§§%§i@%&§ﬁay be

formed as a linear opening in the Xx d/ or ) | I ech 4 ies@Peni ngs nmay

i ncl ude uaeﬁh&ﬂ%@b@&ﬂ%ﬁ@@“%@% ’H@g‘é@?’s %Peﬁ‘)réﬁ;og(}riatw z;:g;;tnid?ﬁous,

openi ngs. A.cantin fiAss fobe catitgatnie ats e

ot no dedliftdagr) iGa FEHRN Madiie ath w thout bel ng stopped. The width

of the &Qgiunr(g}grg@)iﬂwiwmbhqlwﬁh st dirhetipm: phedp it he cutting

beam 44. Any nunber of chucks y used. . . gl chuck for .
hol di ng paskageswgal bs awgﬁha@gfo%%é“%%% Wﬁeﬁg‘?’%% g'?tgrﬂg ﬁé& ding a ’
plurali E}\B’ Of . Stcagﬁgﬁ sPGmck & therdSnidraRusRiingA00 subsiile20 0/ 025724

PCT/ Us208850%8 ;

137 use n one enbodinent, a first ch ccgri ncl udes openi ngs
for a cujebéd@chnat fnd perforfoingst secmdmnmq%@cgmﬂlﬁ)se%mﬁ eRTM G huck

i ncl udes openings for a.cuttj th i - i | ORiHee. 0., Yy) that
i s ort howpoons chugk. Rae posiign i_tB%@g?%q?se%gcﬁlﬁ egr%aflgg&(gisé%uit packages may

be si ”9“|ﬁ§89cc%fcﬁﬂ%l e & Ades B5the sihfntiomengind. i Insmecabpdimgntequence  in
the firstodrfection on the first. chuck and thereafter trangferring the
subst r at e lchudkb are faitioned shiirskwitih angraethst rinfpothet H@‘I%E&E *g sequence in
t he second di recii oﬁ?@ign the‘\1 second chuck. The position of the first and
second cHIEKSE pIaged § ep¥ 8% another varies according to the specific
needs of the fﬁ%@%h@@emmmMﬂﬂyam&deerdkmﬁ&fhep"@kcﬂﬁl}é%ébeare
positioned in |ine with one_ anot hﬁr | n anot Q‘Ee)‘rkﬁn %qwe%mthe chucks are

pl aced shmeletiyostatiaehudksa nagshanca §hycks & FCUT CIY SV varied. For exanpl e, 3

the chuck, 66 ; 69&1;1 tdoffisliecto pravideehasingaln aiferdtk, a vacuum -

chuck Orh{‘ﬁﬁﬂﬁ%gg&}‘ﬁ‘%ﬁhg I. Flﬁg?rﬁat edégnbo I ment ,g#gh_e chuck 66 is

conf i gur ggldtie: subevite @2 and packagesi befue,ddter angd duFBEF NSO e 42 and

packages before, affer apd during. singulation. ' deligd! ar

enbodi neperticelpeerabpiimepigiie g‘PﬂH@@ 3fu§%cau‘ﬁ£%h%ﬂ£t1%tg.}r%nr%§éa%% a vacuum .

mani_f ol dnzagltglid%%ﬁﬂ,fgwﬂﬁi’e&%&tﬂ’thé baouumailatforpl 68 fTrewagum phasformdGum pl at f or m
ally caon

68 is gener Igured to receive the 3 bstrate 4% and t‘ZeﬂPeackages.
For exand genetallg configuedtiorieerivothasestratgd2 5o E'*eﬁmc W8y LB VE t he

nol ded side of the s ' RARKAE BlolEA e 6fahohibeatt B2 substrate
42 (and ﬁ&%@l&?gﬁggﬁ}aﬁ)\%&ﬁf?‘gg@% on for singulation. The vacuum

pl at f or m&f ;g@m%eyhd 3s fopticedessubstpitedZ(and packfagepdn PR gEWAdS §PSIEPBUWN) , each

of which generally corresponds to one of .thesi ;g kages. That is,
e Vacudon oresisionn 66 vrrbeLaBgo Mo gty e AANAED SROEERET "ol
(not shown), each of which generally corresponds to one of the singulated packages.
That is, the vacuum platform 68 includes an opening that applies a vacuum to each

package to be singulated. The vacuum manifold 70, on the other hand, is generally

configured to supply a vacuum to each of the openings of the vacuum platform 68. In
most cases, the vacuum manifold 218 includes channels therein that fluidly c'ouple the
openings of the vacuum platform 68 to a vacuum source 72. The vacuum m__auifold 70
is typically mounted to a base 74 that serves to support the chuck 66 in its position
selative to the other components of the singulation engine 40.

The singulation engine 40 may also include a controller 76 for confrolling the
vyarious components of the singulation engine 40. For example, the controller 76 may
include capabilities for, but not limited to, controlling the movement of nozzle 50 via

' the robot assembly 64, controlling the flow of the slurry 60 via the pump 56,
controlling the vacuum that holds the substrate 42 via the vacuum source 72, and the

like. The controller 76 may be arranged to act as an operator console and master
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package to be singulated. The vacuum mani fold 70, on the other hand, is

generally configured to supply a vacuumto each of the openi RgBelofiary pE7

vacuum pl %}%%Q) 68. In nost cases, the vacuum mani fol-d 218 i ncl udes

channel s t BN 1 uidl y couple the openings of tHCIvBsS2e8M028148t f Orm

68 to a vatenifallsoefithe stem THet isaallisysiompinict ket wih at SpdratBh £ thy u%é?%‘”t ed to a
rela

"base 74 that.: tQ ort. the chuck 66 in its position ive to
BoiIRE5 U35 b FpateREOlgh the oty S

u

of the si ng%l ation engi ne 40.

t he ot her conponents ds gay tiedssepdipudndtstadis engi ne
40 .may al soaiy be modoed dmt AR LdBRBonk iikd 4 he various conponents
F%OrIl g?%?r%ﬁ %f}ﬂ%lk%ltéc%oz%}%tfqnﬁf OPEIREy i ncl ude

capabi | i t | 861806 tasls, Byway ofiexample, the cortmolitr mby imindedeyyeagnt of nozzle 50

via the rghot: . cont.rolling.t.he flow of the slurry 60 via the
‘punp 56, con%@ﬁﬁﬁrﬁ%&/d%ﬂ?ﬂl{oﬁ PFH%F@WW%&%&@@swa t he vacuum

.. source 72, stommg refeeenckiiddormdtivn, &aithé Qkd.er 76 may be arranged to act as an

-~ PCTI US2003/ 0237481¢&§

oper at or . consol andwga%}[[;er 14 28 February 2007 WO 2004/ 025724
POest: tyfconfreller 6 iseantipheed to dnitiatk b capimgem i nter f aces

W th an opgqgedneé. PiMn ' bl Li may be magde through the
control | eIrO%qurrrrands érram;c dlt){gtﬁ{gsss ueeg&ggheé:ﬂﬂg‘iqeﬁt“@’mwgﬁémﬁﬁ&mmﬁd from al |
conponent stiBpnandiodt Whits thetatae anhthliethi oattial heRE Hidves Vif’?“'slj"g@‘ggpﬁ ?ﬁ gs. By

way of ex the controller may include a keyboard

operat or i npuibsl}," ‘gc Widogs cw%pg pryFcamy beiimplimeitaipilays theautlimgabase f or
storing r dfeaménamiinid@iyEolttd vt i |n_one enbodi ment, the
controller 76 is.confidured to Ini tﬂ?%tg'é‘g*aag%’m'{l}’H’é’ve%@aae%?é%alomi ng the

cutting sd@the EingATON w@uﬁbgsmynueafwexidﬂﬂe,ciﬁéhﬁtﬂﬂgﬁgﬁ,ﬂﬁa bgturn on and
ofiff whil e thus the cutting beam noves via the tobot
assenbl y. .%&%ﬁ%@%@%&? #%&t R &Sl asgEel] #n soaemt diteotibe (eeg § he

cutting iydalmadditioodn intesiial iaekEaRAM ia bte!}ﬁgfe%g{eda senbly moves the

nozzl*e al a, path. ring _a_continuous cutting sequen 8r exanpl e,
the cutti %%%BMWSH op 3ndh eff iemremngilywhitathe roboh adskinbly Hbveg@iid on (€. 9.,
x) as wel hogde o | ukae L) .v). | n addition, an increnental
cutting sequence@nggﬁge iuﬁggghnem%fegucfn %lll’tg‘x%ﬁe@uﬁlﬁﬁﬂt 0% X HBRIg the cuttinged on and
of f increh%ﬁ*ﬂ@lalfbeW@'m@nWhenmbm:g*assmbﬂﬁ‘ecﬁBﬂ@égtQﬁandf}ﬁﬁéh%ﬂ]gegg a path.

During angj, I tting sequence, for exanple, the cut beam may
be turned 8n&lgh%({ar%9ér‘r:§wﬁ§e?t’r?n eLi¥Xt direction (e.g., x) and turned off when

moving B%?‘#E;g gﬁﬁ&ﬁiﬁg}fﬁ%ﬁg@%ﬁJ&Ege%%ua%%%géegs Jntegrated
ple, the integrated circuit package may be any one

of those previously described, The method generally begins by forming a plurality of

integrated circuit packages on a substrate. In the case of QFN packages, for example,
the packages are generally formed in groups on a metal strip or carrier (e. 8-, copper).
The metal strip is processed to include an exposed die attach pad and a plurality o.f
peﬁpheral terminal pads for each individual QFN package. A dieis generally
attached to each of the die attach pads using a conventional die attach material. The
die is also coupled to the plurality of peripheral terminal pads via a plurality of wires.
A mold compound is generally used to encase or surround portions of the die, wires,
exposed peripheral terminal pads and the exposed die attach pad. The die itselfis
typical_ly sandwiched between the mold compound and the metal strip. The mold
compound helps to keep the wires and tenminal pads electrically isolated from each
other as well as to help protect the dje, '

Once the packages are formed on the substrate, the substrate is cut with a

cutting beam in order fo separate the wdividual integrated circuit packages from the
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now be di scussed. By way of exanple, the integrated circuit package nmay be’
any one of those previously described. The nethod general |y Bélgbnganh3oor?

formng a urality of integrated circuit on a substr _ In the
case of“@:ﬁl"ﬁ&?@%‘ges, for exanple, the packages are g@l@%@@@gﬁmd in
groups L ShUA pg &) stroal dlBtAhadd 11 p i s

pr oce_sséﬁb%g@%%%gga%?g%?%é%éﬁ gﬁ% g% ﬁgg‘%b%a%% f’a plurality of

per i pheradiddne barttaduredisf the subatiate ahd diav awahfigEN paak dgouginhdi e i s
generally attached to_each of the die ajtach pads,using_. ventional die
attach rrubiiaiess forgxample, 4hq et} %P%%WM@H@O’S@SW@%%{%H i pher al

term ”a'Th%jét s&hﬁn@m%géﬁé#angf Moﬁgu}f!drtﬁ%o ofn FRlenGORRQURGHE Sigemedal |y used -
to encase of ‘surround portions of the die, wres, exposed peripheral

t er m nalcifaid packages dscforsaapldinti recanglactr quares FrefaticsampleeFiesi s typical ly
sandw ched between éﬁl}g nmol d conpound and the netal strip. The nold
corrpoun@%JﬁTsFlﬁ%zﬁ s8>t he wires and terminal pads electrically isolated

from each  Obfielonfiralehnby B olGislitldabiog{ Tedctnfiied!! One sidRteetinlipopackages are

formed on the substrate,” the substrate’is cut Wth a cutting beamin order
t o separwilimohise dinctisseddwish refforeangrta Figl 6c Thesubstgeriafpicallygrsaived - 15- C 28

February 07 0031025.724 PCT/ US20 hi s maybe
acconpl i@'ﬁg‘ﬁﬁdﬁﬁl\ffﬁoﬁ?&s%%aigp “Ree z}sgf% ' %{é‘;@%ﬁéﬁ%ﬁ%{ﬂéﬁd&%ﬁﬁf&tgz incident on
t he surf@eeiAbnehging U OREE Ateivad)dhd fidkiraese! Xa8 blaget elitieahaclt 66 by augh t he

substrate as for exanple, the netal strip and _nold npound of the QFN
subst r atteansferpeseiobly @ot thans).aPerpgplrameny, t %Fﬁhsﬁﬂli’%%f?‘@ "#ﬂ}%ﬂoﬁoﬁt a manner

t hat cuts.t ' r-at.eds:. G | - J rectangles
or squarrgger ggg&}?%rg(g' é%lﬁ%tg‘llénﬁpg{ss)gﬁg A- J&S?E‘C’Fl?g{st.hgz AB) . cbrﬁgﬂlgubstrate Sy

maybe ¢ udhuble 661gsifAg ¥ duditvinyfornt prainbed by e vadiue sanede Te CPirerepdier, thé | | now be
and | oa e tessmEA LIATaRN o SArPRB SR P e g e e i g dock
Fhe. chuctl B o B ooty ‘the
subst r at stsasike shirey Wl thy negtle assemblyidaod de a;bcﬁsi‘@@ijmé.sgubseamr@unent pi ns) and
For ce. proveman OB Be e e srey e ot n ke B  eoBL88: © SOCeTy 47
i s MoV edstikdsQna chfsaitou sy the @abstiarY whibd thy eulistrateie ishéld byahecki@khel d  on the
" ®C%6. Ti mozate asenbly i s 1 ot s it v b i pEl 40 9T vers
t he Y J

viz the robot assembly 64 in order to separate the integrated circuit packages from the

* substrate. During the cutting sequence, the abrasive slurry in the jet stream is
collected in the holding tank 58 after passing through the substrate 42 and the opeﬁing
67 in the chuck 66. ‘
Figs. 7A and 7B are diagrams of a nozzle assembly 80, in accordance with one

embodiment of the present invention. Fig. 7A is a front view, in cross section, of the

nozzle assembly 80 and Fig. 7B is a side view, in cross section, of the nozzle

assembly 80. By way of example, the nozzle assembly 80 may generally correspond

to the manifold assembly 47 shown in Fig. 6. The nozzle assembly 80 generally

includes one or more nozzles 82 fluidly coupled to a nozzle manifold 84. In this

particular configuration, the nozzle assembly 80 includes multiple nozzles 82 so that

multiple jet streams can be generated. As should be appreciated, multiple jet streams

can reduce the amount of time needed to singulate a substrate, i1.e., more nozzles

typically reduce the cycle time of the system. For example, each jet stream produced

by each of the nozzles 82 may be configured to cut a different group of packaged
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abrasive slurry to the nozzle assenbly 47 and the abrasive slurry is
subsequently squeezed out the nozzles 50. The abrasi ve sl urr 98 Febriapy 200

into a jefwé%ogﬁ}gthat strikes and cuts through the substrate 42 while the
substrate '42° 3FY by the chuck 66. The nozzl e assentigr/esmoidvssst he | et

stream i s €4véees insoted omh onimpiratecat tid JagheRitid) forGxAmbREHHE ARl rdSRGF Y 64 in
order to s&p%g%f.tcgg | pt egrat ed circuit ‘packages f_'rom-t%e‘* ‘Substrate.
During the cattin jerkae  logaied ofhihg sukatrats|showy in Figs BA. and3Bst r eam i s

col l ected in this dheleli Ment ; ing through the substrate 42 and
t he openin 67 in *t”ﬁ’e cht}gjgmé%&19?%2&@%%2}]118%3&%1%@?%590%@ a nozzle
. assenbl y gPA ¢onfigured iursaeize aiit or roe firstroaslinge85A0 frik #Rsthh ggAvention.

: °“Fi g. 7A i Vi . N gross section,” of the nozzle assenbly 80 and
Fig. 7B i S%I‘ZCSSI e -9?‘%%,%1?’%38-916%‘3%@%%%#7 Fore arsbyy delivemeasbéybl§0. By way

.. of exanpl dp-gt hesemblyz48en Fg SYDIHe HRAnABY SAGN6iRndes R éﬁ%g%n%eot "t he

mani fol d assenbly 47 shown 1n Fig. 6. The nozzle ass ner al | y.
i ncl udes &8P taclsd, 368 senfigured igirdtejveomepir etbré secand edgliRedBef ol d 84. In

this par tHaeh bfhe $QBHA | ' e nezzl e assenbly. 80 includes multiple

nozzl es 82 9o that’ %ﬁ“?g%%g?@?-%%ﬁ%e@ﬁe VerEhadiviagl noweles$bul d be

appr eci at ddgollmnpg Y be jied tehbhﬂﬁsnom?!&liﬁ%tét'ﬁ@emmgSggdn?i me needed to
nore nozzles typically reduce the cycle tine

singul ate a. S te, i.e.,

of the sygﬁuep%%%%- ‘exanpl e, each jet stream produced by each of the

nozzl es 82 nay Themaimld 840885, i ff,erent .group. of packaged -16 28
Febr uary 0067ilil F@% é%gm 0237242%%%%%%?/%%%’?%%@@%g‘bc%t ed on a
substrate HReconnEeing the fiest anseeond feeepifids SBACHRSESH ad rat ed
Chircui t p.ﬁﬁgmehg&gh&gm% ggg sub?trgms’hom in Figs 3A %dr?;}hﬁ% As
shown; the mani’fold PRCPUAESe Beles 82 mdhe chanpels maybsi widglyvededt acl es  85A

conf i gur e@h¢ chanedeganeratipénaidddictr bidis & v hagx? he first
“coupl i ngs, configured to recei \1}@'9%‘[ u%r&/ 1-%‘?%@&‘?‘% t ube 87

386 ar
froma sl %"r%‘ﬁc?é I@@@?@rﬁ%@ﬁw digtabefion chenml?6; AR shiaryieeivi. The
mani f ol d §éhnAdlSo & dassQ . r cand , coupling receptacl es 86B
configured to r e‘cec{‘il\%d{dne O?&%P%ggegg%tac es%ﬁoitﬁ%&%mﬁz%hl‘bﬁ t he second
coupl i ngssigsBdigiibuigerthagnaless tameecthe seeoﬁlcdui}ﬂﬁg’fééﬁﬁhd@@ &,,ﬁ% A col lar
90 may b%%gﬂa#%wﬁb%thwﬁz%e 82 relative to the. end © e second
coupl i.ngs - The © S Py else insludg ong of meestheouph ok 97 o0 f
channel s mchiﬁgﬂrthe%nﬁbfﬂ%ﬁnibl%% tJéJ[:leg{ ks 5}ecti ng the first and second
receptacli es 85A and 85B and thus the slurry“delivery assenbly to the

nozzles 82. T B aneration, Has fitsbcanplings86Aa mihevh. are TRENEH ANRE F0ener al |y

i ncl ude recei.ving channels 92, a main
@BEpIfg rRp el 85 A VrebéiVi siitiry Hrom the sturry tube 87 and defiver the slurry

to the slurry receiving channels 92. The slurry receiving channels 92 recejve slurry
from the first couplings 86A and deliver the slurty to the main channel 94. The main

channel 94 receives the slurry from each of the slurry receiving channels 92 and
delivers the slurry to each of the slurry distribution chammels 96. The slurry -‘
distribution channels 96 receive the slurry from the main channel 94 and delivers the
shurry to the second couplings 86B. The second couplings receive the slurry from the
Slurry distribution channels 96 and delivers the slurry to each of the nozzles 82.
Thereafter, the shury is forced through the aperture 88 in the nozzle 82,

The couplings 86A, tube 87 slurry receiving channels 92 and main channel 94
are generally Ia_rge diameter so as to move large volumes of pressurized shurry at very
low speeds, preventing wear to the tubing, manifold and joints, By way of example,
the diameter may be about Smm. The slurry distribution channels 96 apd couplings
86B on the other hand typically h;we a smaller diameter. By way of example, the
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channel 94 and one or nore slurry distribution channel s 96. The slurry
receiving channels 92 connect the first coupling!receptacl es2®B5shriary 2008
mai n channel 94. The  slurry distribution channel's 96 conng&tﬂagg% second

coupl i nwo:moemsazd es 85B to the main channel 94. The FeHr 3may al so

i ncl ude one or nore_ through_hol [or s A5dMdts 4rhsll dianiefen] d assenbl y
80 to adisoisbr mayheBPy 308k, iflﬂgngézé%a@%%?sﬁe first couplings. 8A, which

are mount %gmjéggt:k@ugéﬁﬁévthsgu&&kﬂﬁgugleﬁﬁptraﬂlaEM€,ﬁ$‘¢?‘§§é¥t\;‘ée§’|t ry fromthe
slurry fE¥e ‘and deliver the slurry to the slurgy. recel yid@.channels 92
The si uhbyzléezﬂwtylhighhmﬂdé'ﬂﬁd%ﬁ%é?@@e&'El?ef‘?lzeéro?n t Ee %ﬁl rst couplings
86A and del.iver the slurry.to.4he Bk Wi8h. ‘Pde lehbth ofthtapectuznnel 94
recei veS8ingenstallySgie tFé; ea@ﬁt%%]g?s%ag?tﬁggy rg};:ecilﬂ\éj n hcha nel %eg_QZ and
del i ver gqt:he r¥nfi Qir6@ & malch titeatwisive sizeding the dRSEPORETH 96. The
slurry ssgilgfg?r{% dglé(l on_%ﬁan}nel sa?ﬁﬁ_re ejve tlg | UL T Vg 4t he mai n channel
94 and delaswecamse fe slisiypipioce @é‘e‘tﬁﬂ??zegﬁfplpi ngs 86B. The'héecond
couplings r.ecei ve the. sl Q. A bl bdiagpretiated] te.nobElanel s 96 and
gale & Weplhep A

del i ver T G 65 el the nozzles 82. Thereafter, the slurry is
forced t eﬁhh%moﬁéhﬁbtaﬁ&ﬁmwebmmthn@mb@‘ﬁ@tE’G‘i‘}ﬁ?ﬁ s 86A, tube 87
slurry receiving channels 92 and nmain.c fERarRiS Bakel Iy 1arge

di aneterst@&gbéﬁm_aéherﬂé}%ﬁ%ﬂemeg Gt _r*sm((i)? %%gg%{ur%l%‘z,gd slurry at very |ow
speeds, prey P%ftﬂgnma 2% DO Bt 01060 infro kadabmnti3 Doy sad BYTeray  of

O it ot 055 pumo A0 I o SEL R Shanmel
E%T%éZ gwlezégﬂg’g&%é&%ag’%bi@zwﬁyé@ég{%%%% %%leznz Oﬁi’\@ga(r%%{z*g egﬁgg!ﬂg hensel ves i :,
L] e BB ingli 20D bt abcub 85Dt~ dioreksr Al emEIIYEL I ough the
inafi ﬁe di ahesrerembpimentAbe B#alel% ﬂ@ﬂﬁ‘g;"%|‘%%£‘5‘8‘??§§%ﬂ{“§§q|{ s 8‘%%31 aﬁ y

s Gener SRR PERTA NI Bpg il jd e bk Ind iR i??ﬁ&h?‘ﬁ‘g%’?‘fiét beam

di amet er geiSff phigs 98, d dsesiting reeiving andslprodstabuion diaghels %e 82 in an
orderly and "predictable manner, . | doBLieiddofgRoul d be
appr eci atfmmedtbﬂélﬂﬂﬁigzh‘%“p%{ﬁﬂp@ugg&mﬁo vﬁ]\ﬂ?%teﬁ udP?ﬁgl Lse because the
exiting be%%i&smk@ ﬁ@éj}aﬁhemcmaighﬂbeahﬂﬁrh@iﬁagmdﬁhgm in the
pressuriﬁ% S rean%i;.ecBy way of exanple, the, digneter of telfﬁtln?'ﬁ | e

aper t ur e gigirioalcharinels. 3586 ave geaera B perpendicyla o Hiednag,© aAMEAFti cul arly

bet ween about_ 0.25.mm a I 0 ki 4 fRterialthat Bredistamf t he
nozzl e ap’@#ﬂm}deC?an%m@g?%%%%%g?@%fgﬁlgagﬁout 20eD, and nor e

particul g Iﬂ%@' offBls We fife shiprflovink therckhadugiit The® compenairaregrecaihnet er of the |

nozzl e aperture. _ |
pfdrmed from high hardness materials such as stainless steel.

Fig. 8 is a side view, in cross section, of a nozzle 100. By way of example, the |
82 shown in Figs. 7A and 7B. The

nozzle 100 may generally correspond to the nozzle
nozzle 100 generally inciudcs anozzle tip 102 attached to 2 nozzle body 104. The
nozzle tip 102 includes an aperture 105. The nozzle tip is preferably formed by a high
hardness material in order to minimize wear at the nozzle exit. In one embodiment,
the nozzle tip 102 is formed from stainless steel and the aperture 105 is formed from a
diamond material. The aperture may also be formed from a carbide material. The
diameter and length of the aperture 105 typically varies according to the specific
needs of the device. As mentioned above, the diameter may be between about 0.05

mm and about 3.0 mm and the length may be between about 2D and about 20D ,

where D= the diameter of the nozzle aperture.
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‘In one enbodiment, the main channel 94 is formed by drilling a hole
“entirely- through the manifold 84 fromone side to the other 2ftkbtuaer2007

“capping th nole .-h:_a set ~of plugs 98, and_the slurry recel VI ng. and
shurry di stevrl" u?ﬂz\%n” ’hannels 92, 96 are for ‘ i |17 e
‘through the: e ‘tﬁ%@@oﬂ

respecti veh)g

otip facqgsCIamok, H}@Kﬂb@@ .élapee' : e
Tt hevef f ect §7 of the star py£1.ow ng

@?&?@ @Eﬁ’l@rf@ﬂ‘l Mpthopmg mfig?-‘[elﬁar dness
lbédgé& %ﬁeﬁ’ée%%d K| 'rgh“cr 08s ‘secti on,

“channel 940011]5'_':"
a material th;
-t her et hr oufff#°t

haterials @gf@xtéﬁi _.E:‘:f"ih@haﬁﬁ ]

of a nozzl e-100: By "Way: of Yel £:°.00 _may
:gener al | y roeptaip koot ) ,8’2hf$iwﬂm¢ptad¥¢ mmzlﬁdemm@lagé ¢hafl 00
' 10 5 1064+ The

generally '
nozzle ti pxh%ge% He F

f or med by 'Bhducgzblelbelﬁé
exit. In one epbodi mént “nozzletip 1024
and the ap&h théraf@yiqggnﬁ:camﬁa mqydmvazdelmvm

' mba&lméﬂh,ethaﬁezzﬂmr e may
al so be f r di-amefer a gth of the
aperture %@%%1 cal vy vam es ga%tggefidﬁﬁigth E??%l?fﬁggfgﬁ w?lésetg . the

devi ce. Aﬁmamtmmetabwﬁhomemdummface@wth@séaﬂé&éaaclebx%im{% 05 mn and
about 3.0 and th&' | 'engt h: paybe bet vveeh about 2D and-about 20D ;. where
D= the dlé}r{fgh-}; BN Ao e Spensraie |0 form g copictlegninyapoint2007 VO 20041925
PCT/ 05200310287 l;_)lggz){ 164 [ taCI e 106 for
receiving me nozzie rip. 102 and a- seg%mﬁge‘ggg?eas@?g(ﬁlg f%} a?gé)glﬂbl ng the
‘end of a CEagpPAgmest (L Sé;gamﬁﬂese@fm:@p_t @.18@3}1@3053@@3 frdieehicpor ecept acl e
106 inclu s t he ) 27t hys-al owi ng the
Whicthe &l’@ ?tﬁf il ¥ ti]‘3%‘.'/-@5&}l CAWhicesnie % fli?‘ttqtl]aﬁgreﬁ% foRyGeaiE °past t he

nozzle tip tolsea erern:

bot t om surRalegreef inttbiel. riezioez1b 6oy ib%oﬁt@@i‘m&?ﬁtl%kt& Bud B8 abbRCEPS acl e 106
of t he nozzl e body 104. Ege seat- recept acle :108 -i-Acludes a sl ope.t hat

mat ches, t UM SRS af ipw Pheertng @H@Qm&ﬂf@w@gﬂ@tﬁ@teﬁﬁcﬂhmﬂest h@tlonupl ing to
seat t her qihB seat I&@pt@&é a)ﬁuﬁ]goig a%tﬁei &[ﬁ% HlQﬁﬁe alaﬁl% e?’op #?G%Pg%mﬁj‘@ljs m 1.19

| ocat ed above-the nozzi e tip ret-al ning B wi dely
vari ed: ﬁPP%HéOgme@itmm ﬁ&emozmbap mmhdyt éﬂ.ﬂmmlfe@gtﬁ”addiﬂ Atual nl ess

steel and [ |sm1015f from-sintered netal. As
shown, thésta{ﬂﬁﬁtref&%{aflal%éh ‘F&'teﬁ’éor?e diagiony t“ﬁ q%‘”“?‘é"d% ﬁl\lﬁ‘ﬁgce @hani sm and
nozzl e ti disimbebetwoanarfats of thefboriPaad ﬂiér!ip?%l m&Pbd éboﬁ?b.ritﬁj mm.

Fig. 9 is a side clevation view, in cross section, of an abrasive slurry delivery

fbsseggféﬁ@ﬂabl y

1 v
i %6@3&{%%3215 he nozzle
orrred f-rom.stal: n ‘ess st eel

assen%bly 112, in accordance with one embodiment of the present invention. By way
of example, the abrasive shury delivery assentbly 112 may generally cofrespond to
the abrasive slurry delivery assembly shown in Fig. 6. The abrasive slurry delivery
assembly 112 generally includes a slurry containment vessel 114, a fluid source 116
and an abrasive source in the form of an abrasive cartridge 118. The slurry
containment vessel 114 is configured to contain an abrasive sturry 120 for use by a
singulation engine. The abrasive sturry 120 generally contains a fluid such as water
and an abrasive such as garnet. The slurry vessel 114 receives the fluid from the flaid
source 116 and the abrasive from the abrasive cartridge 118 through a recharge valve
122 located at the top of the slurry containment vessef 114. In order to supply the
abrasive slury 120 to a nozzle assembly of a sigulation engine, the slurry

containmeat vessel 114 is pressurized and the abrasive slurry 120 is released through
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The di nensions of the nozzle 100 will now be described in accordance wth
one enbodi nent The slope of the seat receptacle Ts about 30 degFemearf 200N
center or 60 degrees-in total. The slope of the tip receptacle is about |
| degr ed%0 200dMzTeht er or 22 degrees in total, The nozPCEFUSEW0RE4Hpout 9.5

mmin |length and has .aQoyt a ‘1 m di anet.er._af. | ' tion and
about 9 .ﬁﬁ?@ilaﬁgt"éwﬁé’ﬁ e#’?ﬁ?lﬂio% “félé%‘%rﬁ%’dﬂ’?m egéei%%%&?gg%%{g cl e openi ng
i s about Poessiiangt er of the aperture 105 is. about 0.300 nm+

b |
0. 003 mﬂJEFE%t nozzl%tl p is about 4 nmin |l ength and the- agert;rg i s about
3 mmin Iengt’lﬁ‘heﬁlunymentﬁmwalwwldiﬁmwsmi@fbbéﬁ’éﬂ%"is%}ﬁe TP dale (the

0 s ancexRelucen k565 ih b5 ibp 328 Pl bbb e By whagboLt O 105

S FNTCross' s an “abrasi ve
slurry dglisgemy theedmsrditdenltodimén, the aiphdaesarepuilp Répuenbadiui fitnpf t he

present invention. By way of exanple, the abrasive slurry delivery

-assenbl yt@ﬂliﬁwg‘éhﬁﬁﬁm Weémég’é@ﬂi@%‘@?ﬂeu HPBE%@P“%rry delivery

assenbly shaown in Fig.;i8;: M e: Sk U i ) y 112
coqqﬁ]gq?aggesgeq 119is %/EQ@%?;%?% Uizl Bge HIre¥ShMle, B SREH!

general |y sturr nment ves 114, a fluid source 116 and
an abr as c¥@aiafient eessél nidychelpoessurivied datvedon abowtd ,AUOPST indlpbout H0,0051s| urry

contai nment vesse] 114 is.confjgured to,contain an .abrasive sturry 120 for

use by a si naﬁP&PWeéﬂ&Fq%Balgg%c%gg%f@%S@P ??”ibfﬁsl&%ﬁlgfegfﬁlé contains a

fluid su%ﬁ§#ﬂ§,§q% @%%&Pﬁm% MR afHChiraes A1 HRtremd iRl Bddrthy vessel 114
e u r

recei ves omthe fluid source 116 and the abr asi ve . fromthe

abr asi ve agsembiy tifeantliBnavhatoasive cariride bl §Elledwith new abrasiye materialis ¢ he top of

the slurry contai pment ) 14 | rder... - ahrasive slurry

120 to a%@#@t‘éﬁ’f ?%fﬂa @P%ﬁﬁ%‘ﬁi’-‘g‘ﬁe@gf’%ﬁ?&% ﬁ"e‘}‘%ﬁﬁ‘ﬁﬁ@ ﬁao(?gnt ai nment ;)

vessel 1|1;ﬂfghﬁ Y ét%ﬁ@ngﬂél t 1 pisha nigterhllted id 8 dastridgd BEsed t hrough
e ru% y 2007 WO

19 4 28 2004/ 025724 .PCTI US2003/ 028743 a. porﬁ 124 | ocat.ed
in the bamdydmwét ordey.shndhe Yusisredembadimentehawever, the ¢agiridge ismplied connect ed

the top of.,vesseal 114). . LU T s "%ﬁ%ﬂ bSaffi§ssSuri zed by
a high p%&@%ﬁﬁﬁ%%ﬁ%@&?ﬁe?wm%ﬁgg%% |chc%/‘ﬁg§vﬁilggﬁa€tglgsglg{1§§e;unp 126
bui | ds priggse Heat Fayn be ewvilgdhnydled/by iedperator. t Oacd the oatridgedd8 énbodi ment, t he
hi gh pressure punp 126 punps a fluid from the,flui,d sourc 16 into the
G Sty 6 ook s sty 112 & i Fay s porhited i e R BiBsel 214 s
adequat el [ 65 Lkksl NaYhetdl & relifl® 5 i tesyskant A¢ shivamd  vessel
may be pro\é%eglﬁ(r?i?g% tﬁmgbr?&about , 000PSI Ignd about SS,OOOPSI. The abrasive

cart H) fig&mhj:ﬁ'e%’ﬁtﬁdpﬂﬁil@kﬁdﬁﬁlﬁﬂmnsmmm&@lwEfm’iéh? ez é hfe )
112. n ti rasi rtrd - rom-t
el y apairs P wA g, e MO A B30 Kl SR e P ARSI RENED e

material 4 Sshurry containment vessel.

As shown in Fig. 9, a diaphragm pump 128 is used to both feed a fluid into the

abrasive cartridge 118 in order to “wet” the abrasive material and to force the “wet”
 abrasive material to the shurry cOntainmenf vessel 114. The diaphragm pump

generally operates at low pressure, as for example between about 1 PSI and about _
75PSL. The diaphragm pump 127 may receive the fluid directly from a fluid source or
it may receive the fluid indirectly from the slurry containment vessel 114 as shown.
In operation, the diaphragm pump 127 pumps the fluid into the carfridge 118 thereby
allowing the fluid to mix with the abrasive and forcing the wet abrasive from the
cartridge 118 into the vessel 114 through the recharge valve 122. In order to flush
and drain the components of the assembly 112, the assembly 112 may include a flush
water valve 128 for introducing a fluid into the assembly 112, and a drain 129 to

remove air or fluid from the system.
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i hserted into the assenbly 112. This particul ar nethod prevents

contam nants from entering the singulation engine. The abrask&Betmgrne?2d0al
filled in the cartridge 118~ may be wet or dry. In the illustrated

embodi mentYORMEIERE the cartridge is prefilled with onpori§Resiéd7abr asi ve
material . Thi s AropieARnhlGcfiRALESE thd SoiRONhrPHellRey £3¢6hBI1y A9 wi 18 SO that
it can be_easily handl ed by an operator. Once the ‘cartridge 118 is

connect edkaew dissyssedin secardance avith eneemhwdingmt.i Fhe ssduensd gemsrallyt he cartri dge

118 in o " ! L as) t hereby. hel ping t.o reduce air in
. the systekgﬁ%fstgﬂ%%ﬁﬁcgm%gﬁ 5%%8%%?%@86]{1%&1'goc%nggucgiwag‘?rﬁ&f’ﬁge pressuri zed

. St ream hekasridyeeM8nOrich ¢heraatadge 11811 filled ®ith warer\Whel GidingaterMigvd 128i¢l may al so
<shel p m)veﬂtohe wet abrasjve (slurry) to_ the slurry containnent vessel. As

shown in Fo§ed-olheseatien the weghrgrurplvel Bigof the sliay coptament yeseel 14463 uid into the
. abrasi v;a 6Akded @‘%eJ’ﬁiheﬁf'*hg’flg?%a%ﬁéﬂﬁti'ﬁsti%tﬁ%a%y‘%f%%é%ﬁkla”d to force

the "wet" ~abrasive materi al urry contar nnmen 14. The
di aphr agnaprasiye trebenrkéd fropeadidgs 148 to the shrpsontanment véssel lddapice bet ween

i rect 1y TspRGiRRa essdtiaes ol vt bray SERuMERenGl et Shamidar 'y {rom.

the sl urryrdeptd dbARe hodtand Bohdrkd vae 12 MR fterd L | @fn di aphr agm
punp 127 punps the fluid into t evcast?i@dge 11% heresby g Pge\:/vi ng the fluid |

to mx wi disp 12fis dengtivateds iing shitedown, and fwgecherdervalmet 122 andar t r i dge

118 into the rech e val ve .In order to flush
and dr ai nhp%e‘yagggrlrgiosn%%t%lsotsg O‘#%gb B ﬁwa'{fg‘fwf‘?fgmgéé@%f 9"‘{{?&#{&9 i ncl ude
a flush pmbpthesistveliddhd wizzle aiseaie | BParichlatiithe hiph BrekdiRe Fsrmby 112, and
;addrain 129 to . renoye air or fluid fromthe system -20 2 ebruary 2007

WD 2004/ 0@_5‘?@2131 U@YGWF‘G'Z?E{FBE ﬁiﬁ%ﬁ@ﬂ&‘@#@ﬁ‘aﬁ%éﬂbﬁé@ﬂ@fhet he abrasive
slurry delduguys1885970 bt ortice %Hcoﬂﬁ&%eﬁ%eﬁs’eﬁfﬂsﬁﬁ%tb [&hea&%{edance with one
he ally y t he

enbodi ment. The sejuence gener begl ns openi ng ush water valve
128 in orasembly.i ntroduce water into the cartridge 118. Once the cartridge

118 is filled 'ttgowater {.@eél ush ter val 128i s clog d. Thereafter,

the recharge vﬁg\? SAREPig s eu‘fl?‘wfgmea?lmﬁfwm&?mﬂzi 6,3111 opened. Once

opened, tSRofliadBd Wil Bhe biiBodl@sntiof HRGEAE BfedidR! B?xvag%ﬁmg%x%b@f abr asi ve
ai nment vesse

to be sucked fromcartridge 118 to the slurry con 114. Once
t he cont afiligrasangement|139 may be used|in 2g¢-cisplateivdeliveryesfembihbevareen theal ve 128

i LR och h 22. After th
oystom s sholfing tefSind il f6sSGel . BESFnA R WEARRER VPl iENd&E ' (St o
down, andplitadity effiltergienwatsie2, MRick Bk lajdrétsdne\onl iveofliRS ote BAcBSHEr The

abrasive glurr elivery assenbly 112 is now ready to
e ementy 133 mcluffes% container 1% and a filter 136. The ﬁiter 136 is configured to

separate the container 134 info first and second chambers 138 and 140. The filter 136

is preferably designed to allow good abrasive material to flow frony the first chamber
138 into the second chamber 140 while preventing oversized abrasive material or
contaminant matetial from flowing therethrough (e.g., oversized material). This is
generally accomplished with mesh screen having a plurality of openings 142
dimensioned similarly to the size of the good abrasive material, i.e., particles in the
slurry that are smaller than size of the opening pass through the openings 142 while
particles that are larger than the size of the openings 142 are blocked from passing
through the openings. In essence, the oversized material is retained in the first .
chamber 138 and the good material is retained in the second chamber 140. By way of
example, the size of the openings may be between about.zomesh and about 500mesh,

and more particularly between about 100mesh and about 150mesh.
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punp the abrasive to the nozzle assenbly. In particular, the high pressure-
punmp 126 is activated thereby pressurizing the Slurry cont ai RérEetiruancag|
and forcing the abrasive slurry 120 out of the slurry contai nnment vessel
114 and wateo#os72mozzl e assenbly. Fig. 10 is a sinpli PFEFSIEE2YHew of a

wet slurry filter, arr epgent . 1 | I ' Siefithpgirent  of

t he present ih*/%rﬂfﬁa%r?%%%?%fa‘@dBﬁggﬁ&{%ﬁ?‘g?%cg(%ﬁlgmr eplﬁé@?%ngengg%fﬁ% maybe
used in @chfiesh tSad Nbf nldal? Yo ricehaneilet ylubet \Woe Bxddisle, dudiuly Ggitt ank and
the vessel (see Fig. 6). The filter arrangenent 130 includes a .plurality
of filtehashesnpravioushusedin e tapesh agbsEc-oAa shapl B?)aRPFect‘ﬁE&d{Sﬁ‘ér. Each

filter | ement. 132.] . ' QHHS r . The filter
136 is CEIHW&@&?HE%A B%%%?%P@tg%g‘kggﬁn%felh?@eﬁ% I nt h{‘li&rlé'? qgnd second .
chanber sickaRd anthe & chimber 138tikdrethdAlowisg theakal dtnry tadesingnédubetianial | ow good
abrasive naterial to flow fromthe first chaq‘o r 138 {;\égl t he. agcond
chanber thedirgiahembey Eife diach filigr dlementdd2 2lsp AnqINdes aa P¥eTFZEd Py OHEL ni nant

materi al mgﬁﬁ%@gﬂgﬁwbﬁ% tmnée.s a5ty oRee 1 81 ZQGbtig kit This i's

general |y acco screen "having a plurality of openings 142
di mensi opkantsir 188 and thetgood Klarryiontietdid6tihbogiodth thb serongd charsheslidfll | i . e.

- particles, in the I that are snrller than siz f .the eni ass
'Ito hrough tHe° f@%i“h‘é&“ﬁ% %g?n@rﬂlsmn‘%@}l °HPH§E€°*§FEﬁ?t 4&e‘re"tt§§ﬁnr}? g gi ze of
the openiup@suddlardbf oppestiEshds bPMeIAGS LlRfent MRHGPEREABALEES. | N

essence, the oversized material is retained in the first chanber 138 and
t he good shmatyds indiodiresdrintodhe St chambee 13% cdnil passanem opgend pfthedirst

f
Soombsn, chalfe 1574 st SREP ¥ it aier 3, 1EE ol EOPERIOEE OrCCT,
-21 28 Felly flesr 138 §id theWetILhaRBE 712, Pmts in)H2QednA 2RadBer I1400thder to utilize”
the wet slurry filter arrangenent 130, each filtfr el gment 3% i ncludes a

used sl ugpyd siarg exitsgutof theygoed slarm guileicdos (The ggod slywry &eggach offhes| yrry t hat
h b | b
as been BoLHLAY Shilet!388'akRofibincll BAPHArRNSUPREL Bt the/RshOthE b

appr eci at’ed, urry may contalrn particles mthe cut substrate. The
used sl ushuyryilefi &t the42stichambard 38 exiits outtolf theftiad sturgytroatibiek441 Idhettiadr eby al | owi ng

t he used sl ur to_.be JjnLroduced int the first chanber,138. . Each filter
“el ement ﬁglgyat{' € %%ﬁll@féé terp ‘?;’itsz‘giﬁL &t mm@ng%ﬁﬁ?moyﬁﬁgw&hs good slurry
outl et 14Gsepfhe bad slurry outlet -144 is located in the first chanber 138
and the good slurry outlet 146 is |ocated in the second chanber 140. The

outl ets 144 aRBgcaue therpartipdesarasmall, tasvizg ofieech ofibe filterarrangementacang2, j . e.

the inlets dnout | et [ e 0 [ fi ement. During
operati o&?f’ S'Pﬁ@ Ege Y Ieﬁ%’:@e’i %“‘?ﬁf@%%%%??@%@%@i@% E!: er 138. As it
passes f (Rém@pPosnEsiods) bBitvetn slsdut 300 to about 600 mm, a width between about

100 to about 400 mm and a height between about 20 to about 200mm. As should be

appreciated, multiple filtering elements can be layered on top of each other to increase
the speed that the slurry is filtered. By way of example, the wet shurry filter
arrangement 130 may include 2 to about 20 filter elements.

Fig. 11 is top view of a chuck assembly 150, in accordance with one
embodiment of the present invention. The chuck assembly 150 is generally
configured to hold an unsingulated substrate and the singulated infegrated circuit
packages cut therefrom before, during and after a singulation procedure carried out
with a cutting beam. The chuck assembly 150 generally includes a chuck 152 having
a plurality of openings 154 and a plurality of slots 156. The openings 154 provide a
vacuum therethrough so as fo hold the substrate thereon. The slots 156 provide a
passageway through which a jet stream may pass when cutting the substrate.. By way
of example, the chuck 152 may generally correspond to the chuck shown in Fig. 6.
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chanber 138 to the other end of the first chanber 138, the good slurry
drops through the filter 136 into the second chanber 440. On2&Fabruahzo07
second chanber 140, the good slurry exits out of the good slurry outl et
146. The J6@A%M{02F724 from each of the good slurry outl epeTidfosimr@ombi ned
-and rei nt r oducethdmakgimation bie SysiR15 ! ' he fifst
chanber 138 ex':ts ut. of the badysl'ur-ryzgﬁ(’tlls%%ﬂfﬁﬁ@ﬁ%w%igymglf’%r from
each of tr?ef’ﬂfﬁ&l’ B WGk 4P prokidss amror anase grawbs nbapeaims | 64thee thcfanraped he

system BegassSald@nRasd | ' LL..:Lhe size. of each of the filter

arrangenents can bé.srralﬁe%%%/t%gﬁy&% a&%ﬁ@éﬂfﬁf‘éﬁ%’?fn ¢ onraings Lp4pand

. arrangerrerﬂf%bwmﬁllhavsﬁmddéngﬁhnrréwgmnﬁmmsﬂgmdmgﬁ;gmgg ghtmgt 300 to
nmm-and a

sabout 600 -g%%&a%gvg q]tog bet ween about 100 to about 40 el ght

] fBeH: BeslaimLoaareqesitionedia colimrse dit atasticasen Hcigl

bet ween ab

- filtering ighsleedGosife BR Argdual &%‘l&]}? h.other to increase the
“speed that the sl urri/ is filtere t Y, ng)-/l%o SEOZ;% %Sj-{ﬁfé*d\}a@fwesepurry filter
ar r angenefechirey gagheofuian afiepeRings 1 5t dlhe s2is 56 inay iRl RIERBier hélbP15gLll 1S top

view of a ' 1 in accordance with one _enbodi ment of the
present i@E%@S@aﬁg%ﬁ%@b&E@&Wf‘?ﬁemﬁ%m@@m@m— Thenfi gured to hol d
an unsi ngebigdatinbet hed®epotkidRenskd ' [ cireuit . packages
cut theref%o bef(fe, 'durieng and afte%ﬂﬁa@ggﬁgzp%fe%gggﬁggcc Bﬁﬁ'éfa%t?ri ed out
with a cuf P’fr%agfé ot thp gelistrals SopphymbiG Of ganps,glabagdeRpadisle sty Chuck 152
ots 15 '

opent g HesERl bin1e2RER! (98 2 e RTe ToB. HhBlkniblsic) e tiwsubivast 1 ot e
t her eon. m@ememssdtba&tmecsubdmﬁe.gg@aﬁmu@;xn&mmhe%i ch a jet stream may
pass when cuttjgg thE sugﬁ?g e. Byway of ‘exanple, theé chuck 152 rmay
general ly corr -%%% £55¢ A.,ngRW@ﬂG%aﬂm@@m&hucle% Webii usihy 2007 WD
lots 156 g 0w dely vtk e iR b Bl vRen e BBl A wdes one or
mor e gr ouPst Besitinpaslatiyge to the shuchatd aseond @ﬁ)tﬁ‘ﬁneér@ufs@ﬁ? @éﬁgﬁ%&ﬁms . The

154 and are

slots 15 Lall.y.separat ed.from the openi ngs typicall
posi ti ong‘gﬂ%nﬁthggﬁ?gr% Br%\]/]\'}sa SPORIgeR r‘g\?P%YFg‘Qitgf‘eC_blt“ﬁg Boregviangle, te4. | %p![ he Y
|11 ustr at salistearbmey e fétatel] BotwikP s HRBitAh S LT &Egé‘ﬁﬁ’,g;é({g%g f’c'ﬂgﬁrg‘s ol N Nost

cases, theggI is,a slot 156 outside the first an rows of

openi ngs “8HH ‘]g}équxﬁé‘éhP Clitbrg pattois ima dinglel direntiaf, mapédited@6nal 3dis ophe Sl ot s

156 may iehitdRats . The starter hol es 158 provide a pl ace

where 'a cutti nga1 at%%fﬁ@trg?dn@g%%hg‘gﬁgﬁé@@fq/ﬁsw‘Pﬁ!ﬁﬁéﬁgléf starter

hol es 15Pageages. aMhyn dsipg nuldtieictubks, emétis%ﬁﬁhmut%gfﬁ&@%?&e&?{ med on the
c.),

substrat ) .nunber. of, groups, package spaci ng,
& et dHrectilh ' PR first chl?ck and a sec%nd set%f Iingar cuts%nay be performed in a

second direction on a second chuck. In this implementation, the position of the slots
generally depends on the direction of the cuts being performed on the chuck. For .
example, if the chuck is configured for x axis cutting then the slots are situated in the
x direction (columns), and if the chuck is configured for y axis cutting then the slots
are situated in the y direction {rows).

Although only one chuck configuration is shown in Fig. 11, it should be noted
that this is nof a limitation and that other configurations may be used. For example,
Figs. 12A - 12 C each show different configurations of a chuck. In Fig. 12A, each
slot 156 includes a starter hole 158 and all of the starter holes 158 are on the same
side of the slots 156. In Fig. 12B, each slot 156 mcludes a starter hole 15 8, however,
the starting holes 158 alternate back and forth between opposing sides of the slots
156. In Fig, 12C, the slot is formed by one continuous slot rather than a pIuraﬁty of
spatially separated siots (e.g., serpentine configuration). | | |
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 rotat ed

t he nunber of nozzles used to cut the substrate (e.g., single, nmultiple)
and the cutting sequence used to cut the substrate (e.g., coR& Fetugms2007
incremental, etc.). The chuck assenbly. 150 may i'nclude _any nunber of
chucks ©8P200MRSP24usi ng a single chuck, a first set ofP‘FT’Hé%?P"”W’s’ may be

performed when the substrate js in a first l\tion relative to the chuck
and a secondFigel3 &¥a persReghve ey Wﬁ%"%?%@&é@b’ %?gﬁorﬁﬂgegﬂﬁgqnpat eisina

second 8@@{;&&%& 6@%@{:%%&&&&&1&.%%3( oF Sfanf1a/ b Bhuck¥esenfblP300 at e may be

ween s cuts In order”to nmake orthogonal cuts on the
subst r atyey cAiredpond o theehodk shomp ipHigh 6i The ahecksaAsaepntly d0P écgenemlly

I tidi ti I .t Jbstrat e, . .. b fo : by | ' _
ol ur al 1 eqnisrata el & S oo e e R R Y Chocks Cas
first s gclageg&u@ﬁ%;effdmemd@ﬁlggﬁafaﬂéﬂ%%ga%oﬂm&du& ¢@téde@n on a first

chuck and a~second set of |iInear cuts.my erfornmed i.n a. second
direct i erithoncuttingsomnd Thechiuck pssembiy200 gphesaln ineludsma fre éhpek 02 on of the

slots ener al | e s .Qn & he. di L] ' L?E 1?&].&9 ef f ormed on
the chu flaﬁﬁ"“&"g‘é‘g%'eﬁle’lélgttcﬁgc%ﬁ%&&?%ﬁ)%%n |glth°?&e§is' or x(g%rs_cutti ng
then t hgushRlfatal Grcuitijaskfes Etmed therofroti)rdeeingonaxicaltimpapd thand i f the chuck
is configured for élaxi s cutting. then the csflﬁbgéﬁﬁ are situated in the y

di r ect i ereond ook 204 is oufignrehioholhibe sthstipte dregesld G hown in Fi g.
11, it shauld o Dt n i
con i quidtRscrupt BBl xapds ol For s Podigbieaihe et 10

exanpl | 12 °C each show
di ffereng ty?ii’;ﬁI[j/Gﬂﬁiﬁfaiﬂ}ﬁﬁii&f:ﬁm,mhfmlexam;nicBiagydﬁ@oﬁoneatd‘thetsaﬂ:ﬂriﬂi56 i ncl udes a
starter hole 158 and all of_ .t he.s{eg{lter. hol es#ﬁ?ﬁ%@ﬁ@ on the sane side of
the sl otest inSeecqn diregtion, 2 for GaERledpe¥ difegion, AR e 158, )
however .t RGs ti{éé&e%ﬂnjﬁgéﬁsc AR Surel Lot AcBinBRAd: sgitste iRbdikellefv@en opposi ng

sides of "The slot's”156. I'n Fiog_, 12C, the slot is fornmed by one continuous
sl ot r atgackagehfromahebubstthlet y of spatially separated slots (e.g.,

serpentine configuration). -23 8 Februar 24

PCT/ US2003 102“8‘?’2%‘&?“@1"3& Yy ’&“‘B@?@E’“‘&‘ﬁ av%’%@‘%%gvz%fl@%ﬁ%g‘/ﬁlgg@enbl y 200, in
accor danggqyg flinpiecuteiidad ymerttiodlonlthefipt eapkiz2nthertafiontransfervgy of
exanpl e, the chuck assenmbly 200 nay_ correspond to the chuc(giﬁshom in Fig.
6. The chesibshiaisénibieypesmd dhyckiMe pad then makwemgyitiply ol Rireg dehRLi ngul at ed

bstrat i t i - 20 b th f
ngzr;a&ﬁ}tﬁ%g&sﬂ&c cglgiélﬁl‘ﬁgchfg%??{b@txﬁﬁeo%‘ygﬂgl&'o}m&@ K888 Bemitihgther ef rom

and arter a singu i on pr re carried out wth a cutting
beam Thge tibuekinahe e rhil y d2RO6tiams vex aobyt dssehblytcBurthefrnorst thehuck 202 and a
second chuck 204. The first, chuck 202 is configured to hol supstrate
(and "t HEOERTORETERS SPERIEHORLIE PO S AU SR ax! <
Cut ting,;angkvk m@ﬁﬁ%ﬁ&'p&%a{és&%ate%n@@.&&lb&la@@ﬁhmﬁtmwbﬁhbe substrate (and
thelntepgrate circult ' '
substrate.

Each of the chucks 202 and 204 is supported on a base 206, and includes a

vacuur platform 208 and a vacuum manifold 210. As shown, the vacuum platform
208 is disposed on the vacuum manifold 210 and the vacuum manifold 210is
disposed on the base 206. These components are configured to work together to hold
the substrate and the integrated circuit packages cut therefrom with a vacuum. These
components are also configured to work together to allow a cutting beam to be
directed therethrough in the z direction, These components may be attached using
any suitéble means.

Referring to Fig. 14, the chuck assembly 200 will be described in greater
detail. The vacuum platform 208 is configured to receive the substrate thereon. The
vacuum platform 208 includes a plurality of openings 212 that provide a vacuum

therethrough so as to hold the substrate thereon. The openings 212 may be widely
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the substrate is typically cut in a first direction, as for 2%Beplay 2HE vy
direction_ and thereafter it is cut in a second direction, as for exanple
| the x di r X9 PWHOZSEL shoul d be appreciated, this cross aamiswod@shni que is

conf i gur edvaredc Uhe ppatisneindisaratic wal sivd sHnS@IIAHEStnAE 6 HelsizeR@glages fromthe
ce may i nclude, placing a substrate on.the first

substrate. t ypi cal sequer i . pl

chuck 202, S“ﬁﬁé) ﬂ&f ‘hﬁF’FFBngBE‘?%Oif Hitegrated cipuitaackagss ouf therefrémr 8 chuck 202,
t her eaf t ermbgt et 8hék ; d c 204, .and then
maki ng mul i ple cﬁ{ls .irik%ant(?#gﬁl)?é | r%%??g?&%@ﬁ%%ggﬁd%ugﬁﬁw%ﬁc The cuts
. may be rmad@ehinzome typicathr growpetitin rgvsomd welutingl Thardvy@MeQhinsthgy ¥ and y

~ ~directions_vi g a_robot assen&la ) .Eurther re, the transferring nmay be
 acconpl | sttt ioPRoLEe S dp g illistaind pbadirde R olises 2 ok
. devi ces tcgepar@ﬂedaﬁaf@kmpg,hgy%g%gﬁd I@Qﬂeséfélﬂ%gél{pg?a g&lg)é ﬂ’é{’ %gqnve t he

| 'substrate. Each of the chucks 202 ar 41s sup 206, and
i ncl udes efhef%ﬂém?ﬁwllﬁwﬂ@wsuﬂdmﬁga&ﬁum mani fol d 210. As shown, the

vacuum pl at f or ' LSPO on. t vacuum mani f ol d 210 and t he vacuum

rani fol d 210 ?h"’ ?‘?“F}iggg@ﬁ%ﬁﬂ ?ﬁgﬂﬁ"a@&ﬂg@%@ﬁ O%ﬁ%h%ﬂwgprap’@e@onf i gur ed

to work t Gpateltiougiowhivhth culth beeRshdyaHa8s WRéh &uld€ngd ﬁ&lg?fhg&eagxd Gl L packages
SO con

cut theref %gh\évi h a vacuum These conponents are i'glred to work

t oget her t 41 generlly nositienediniske spaq betweeh theepatifgsaigh The t he z

di recti on.gedi t be .af. usin any .sui t abl e neans.

Ref erri ng A JE%?gfﬁ%gB t qu?ﬁucfg g"s@%ﬁ%ﬁgﬁ%a 'ﬁ%FetBB}(ﬂ’&&‘ fle 1Pn- greater -
- detai | . Urhpaschrtueantha irfegrate@ Aifcuitpacioigbs G i€ dediatb® EicHBinkNgpsUbSt T at e

:t her eon. £Q%O%ﬁ}(:ﬁu51r%*tgtfobm 208 jncludes a plurality of opénings 212 that
provi de a®Vacuum®? 2 Y 86 gHeUe! 19 singledirertion fe.8. % o1 yherdheymepba. The
openi ngs Bikkretidhab@. g\ ESdy). SFeRE T 04/ Q25724

PCTI U82003102874§p_® vg;mr i_e(?)l)_, )Tﬁ‘ﬁ%ﬁ’z‘hi ng g%%??%%%ﬁa\ﬁ’%ﬁﬂe ‘%z%tﬁ%neral |y
depends ofiidks aigiozienis in p singletsireetiome Adtiughnsinsiaz in o résp R eadlf of Nt egr at ed

circuit p . Lom._  hi ...nos ases, there is an opening for

each int eg{rég;fﬁg @?g%%@%ﬁg‘f:eﬁg%%?”ﬂ%a{m‘if%eonsem\thﬁ@s“oraﬂae typically

grouped i slofs@id msmmﬁamﬁam&@ﬁm@b&mgm%ﬁ 20§’ﬁfﬁwo‘c one or
e rows colunm

more groups. .ln t il lLustrated enbodi ment, the r an s are
separ at edRYon? °lf5bé]i FAIhs Asshowaghelots bkl ase pesitmed flincarlyginahipg may

cor r espondirdcBon iR e R chil] S ubstrate. i n. Fj 3B. The
vacuum pl atform 208 al so i nc hg@gﬂﬁﬂcﬁ@%}%?ﬁ@pﬁﬁ egﬁgle?ﬂmt 2% provide a
direction in the second chuck 202. :

packages forned therefrom during x axis cutting. For a given substrate,

Each of the vacuum platforms 208 also include one or more alignment pins
216 for aligning the substrate on the vacuum platforms 208. The alignment pins 216
are generally configured to extend into alignment holes in the substrate.

Similatly to the vacuum pedestals 208, the vacuum manifolds 210 include a |
plurality of slots 218 that provide a space through which a jet stream may pass when
cutting along the x and y axis. The position of the slots 218 in the vacuum manifold

210 generally coincide with the position of the slots 214 in the vacuum platform 208,

i.e., they have a similar size and direction, and they are aligned when the vacuum
platform 208 is attached to the vacuum manifold 210. |

The vacuum manifolds 210 also include a plurality of vacuum channels 222
configured to provide a vacuum passageway to the openings 212 of the vacuum
pedestals 208. The channels 222 may be widely varied. The channel configuration
and size generally depends on the size and configuration of the vacuum pedestal

qpenings 212 as well as the direction of the slots 214/218. In the iHustrated
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space through which a cutting beam may pass when cutting along the x and y -
axis.  The slots 214 are generally positioned in the space bek&vesbruanhzo07
openings 212. The position of the slots 214 generally coincide with the
saw st r ¥O0M025 R substrate, i.e., the space betweenPCRES2BEIF43 od

circuit pagkages: WAL id Schafsh] 983 ek dadk rovtéidolgnn Shepenirs210f Théte sl ots 214

may be oriented I'n a single direction (e.g., X or y) or the)i]ma be
bi di r ect ichamiels(222 gypicallyamua lipgarly hetwens the slots 214248 Sgisueh. fsfbanpdly ) ots on

each of the. .chucks are ord id) a-Sinal ' AN u simlar in
nost res Eggf"éﬂ t‘}@é’@ﬁ“ maf”rfgﬁ?hﬁgk%flwsjf (Esiglgg %ﬁ? %‘%ﬁieléﬂ%]% dﬁl@éd\}gl’ ITferent
cutting @i 8ehhQesnmiché fehe vasfnt Rgnifel 0168 3ftheacondahinth Bivedmi n
~different directions on the vacuum platfornms 208 of {he twq ch;t;t(‘:ks 202 and

204. As shdwr ditdstios| Beechpauela22d arefymically sauried iaemam chapnelged hat g rect i on
in the first chuck 202, and {he,s [y GO arly in the |
x di r ectTGFeTH Ovg. o L IRE "3%51%6%@t%§§ﬁ§%@@ﬁ29%%um p?fgtb?g(?rrs 208 al so -
i ncl ude ofiR REnifBY F26drk GarTRATedtbMGate Rith afcomchtingyet nfopdmings 238 in tiee on t he
vacuum pl atfornms_208. The alignnent pins 216 aégw%ﬁgﬁr Ilﬁogon igured to
extend i rhage 206 efitherhuck gssegbhnl( ol hetiparanyies run ?@"S_F A% vacuum
pedest al Scoﬁolg’to LG OGHHED %@hﬁ:ﬁuﬁl@@oé@%uﬂﬂ?so&rcemié){ré’duhin)’m%gy ots 218
48" a’ space 1 gh’whi ¢ '

t hat prov Nrou a jet stream may pass when cutting
al ong t hgnyt sho@ny axi s. The position of the slots 218 in the vacuum

manifol d = 210 L1y, coincide with i ] he.slqts 214 in th
Vaeuum pl atf oriedors 2081s gonfimsioppor 86 i 02 oo i e ! Lna
they are @ﬁgﬂﬂ?ﬂﬂ%ﬂ chdiFotHACHH Polaftl o i Puliidn eAgiat basthadol &atdie vacuum

mani f ol d e vacuum mani fol ds 210 al so include a plurali t%/ of vacuum )

channel s A& gingwlaiidri engicecthown pn Bigi e The base 206ninsdudsn gl wiveids B8%.0peni ngs 212~

- of the vac edest.al s 208, The ¢ I ' g hed. The
channel ¢ gﬁﬂﬁ’égﬁ% PO “‘édr%eag%%‘%?"% S epends glr?%ﬁﬁﬁelﬂg:vézﬁggg%%

conf i gur airbGide @kpdcd Shréai wWhich adastrehm neygasygher’didtimsalung theasandhe direction

of the slots 214/218. In the illustrated gi‘ﬁf Fe%%rtgatre%gzglg(% WO

2004/ 025 72ds, beTihusmEhchy ol 244/218nEbeperiae of the base 700 that syappds 895 ¢ or each
row or co f | : Yol inearly

ot waen YOLT R scRBE HaneRE corléBrf RORRIcRs 382 ald BRIt bisios] NoET

mani f ol d PO ripherlylof tHe wosds 2321is kmai02 thanrthe periphesy afithednickn202amd  t he

channel s 222B .in the, in e vacuu i fald 2 f th on uck 204
run in t%%@dd]i‘qség? bass gbgﬁ@%ﬁ%g‘ggﬁé4g¢e‘%§b&?§ﬁ‘§“¢ pq“g&&? 0 a main

channel 4. 1l el Mb&cgeCct S one or nore openings 226 that extend through
t he vacuuzir%n%amﬁ%rolec?s 210. The openings 226 are configured to mate with a

coi nci di ng setThefvaowen platfora 288 onpettiens thereof may be formed from various

materials, including but not limited to, deformable and/or rigid materials. By way of

example, the vacuum platform may be formed from materials such as ceramic, metal,
' plastic, rubber and/or the like. It may be preferable that the vacuum platform 208 be
~ formed from materials that are capable of withstanding the rigors of a jet siream
cutting sequence. Alternatively or additionally, it may be preferable that the vacuum
platform material be able to withstand, for a commercially satisfactory number of
cycles, the de-ionized water rinsing process that may be employed before, during and
after cutting. Alternatively or additionally, it may be preferable that the vacuum
platform material possess auti-static properties to prevent damage to the mtegrated
circuits being fabricated. Alternatively or additionally, it may be preferable that the
vacuum platform material possess a high friction coeffictent relative to the
undersurface of the substrate to prevent translational and/or rotational movement of

the substrate and/or the individual packages during and after cutting. Alternatively or
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fhase 206 of the chuck assenbly'ZOO These openings run through the base 206
~and couple to vacuum fit'tihgs 230, which couple to a vacuum %&)EﬁrbuarwzoaT

.-},_;.vacuumtumtzgmg shown) . The base 206 is conflgured tQ su ort th

- chucks 29@,%g¢7 4. tn Lhel osi tion relative PolUatRGIHE, and

relative gt t} MR TSNS g Pt ioruLaieRal pryd 'F‘ﬁ“ﬁt i on

- engi ne sh@iﬂﬂsdalmg:tt@ablﬁhes'rflﬂ;r@&ﬁpl%oﬁhéd@{ré&d@ﬁ1é1 zggﬂieﬂ tcgfhze b ¢232, each of
an

which is dlsposed underneath one’ of the chucks ?e velds 232

provi de & 184 B .

x and y ' ' A tlon of t he base 206
_ that surrountps H@ SAOT 11=‘-;--f*-.{dsggnvlefgcc%e%eeﬂg?enim g?eofé tihg. the chucks
- 202 and aﬂz&fdrmm&ﬁndmsﬁca @eriphery of the voi ds 232 |s snal | er

~than the periphery of the
. provides a Shgﬁf’%ﬁ:’m_jg
~att ached.p Fhg, vag '
vari ous nHtert aI §
mat er i al TRy

be pref erag%bg\??lﬁa%f‘ He ISR LRSS AE0L GOHHNS -.1‘ er éh‘Pn’ﬁie@rl al's that
| By Jrekh _tfdxﬁmﬁm@nxcﬁ H@tﬁﬁﬁa -Ling sequence.
Al ternatively or additi onaT Ty t ‘prieféfablie that ‘tihie - vacuum
pl at f or mPEERGEY; talalipeneHDs chisr arg _mbtiuralahwwlsm i sfactory
nunber of, i ha may be

enpl oyed 8“@ g are: ‘Et_ddl tionally,
Ji't may be!sqal;éf wlﬁtb bled that 85 anti-static
properties,to ni  dar I’ntegr ated “cr retits “Bei'ng f abri cat ed:
Al t er nat | Baste) | att Q’i?égepﬁoé‘feé’rfa‘ﬁ@%ﬁ&teﬁﬂ ed vacuum

pl at f or p@aﬁe@s a:tabatar é[ﬁb&tdnatt, &e<hbuug ﬁatfo&.?l hY& to the

under sur ace of t e’ substtate to prevent:translational: andior rotational
movenent figm stpiplesssiiasd prclt as Govenxstainly .Stqftljl'lhe@tr&lmpahk‘agaahardwssng and after

cutting I ebr a W)200 5721,

PCT/ Il SZSg%}l%E ?‘%%%% Sﬁéﬁfch K oné? % ‘rjf'él g ptaétw%t]‘g’ftlﬁaty he vacuum

gl at f-oni faratedlﬁloaia mlqufs:uatté@ﬂe Mrtelﬁalﬁﬁlaj megaﬁﬁﬁﬁihhﬂfdnh{ @gy For exanple,

when a vac B “act h‘e]a,g}a\g e through t he 'vVacuum openi ng, -t he

sur f ace b% %‘%)rhtl@ &8‘6‘9 F?FE t‘)&’efﬁé!erefégéed Bemstanipssokashe t her eby

- sealing the i mﬁ@ﬁcgﬁ@ﬁgﬁwfm rmand the
Y88 f ea%a Qtfn}x]lﬁﬂﬁat\éﬁglgld Rl !

surface of the ‘package. 1 n, one" enb e vacuum rmis formed
from a rgbﬁf@mmmﬁgexample cerarmcs metal plastlcs rubber and the; like. Intme

embodiment, the vacuum manifold is formed from stainless steel. By way of

example, the stamless steel may be Corrax stainless steel. The steel may have a
hardness b_et_ween about 48-50 RC.

The vacuum platform and manifolds may be formed using any suitable
technique including but not lunited to machining, molding and the like. For example,
when using stainless steel, the openings and the slots may be formed by EDM. When
using a rubber like material, the slots may be formed by the cutting beam of the
singulation engine during an initial cutting sequence. That is, the cutting beam may
be used to cut through the material and form the requisite slots therein. The vacuum
pedestal may be attached to the vacuum manifold using any suitable attachment
means including but not limited to conventional fasteners such as bolts, adhesives,
welding, clamps, and the like. When using a rubberized vacuum pedestal, the vacuum

pedestal may be attached to the vacuum manifold via an adhesive such as glue or
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materi al such as" TQ a.synthelic material available from McDowel | &
Conpany of Downey, CA, or. Pacific State Felt , Mfg Co. Inc286¢bf¢m9\%}7d
CA. The resilient VITON material, in addition tq bei nq) conf or mabl e and/ er
conpr essWB\’@“*’“é’P%:’d offers substantial advantages with Hd&HB093/028743

machmabi | ! Wﬁr tness to the
rinsing ERE Q’a"f‘ullc[i‘f %engﬁgﬂﬁ%{?@t%ﬁlﬁﬁm& n%g%é%gggqé?atbﬂgﬁvacuum

pl at f or mog@@;}ﬂ,cﬂat ion Alt hough the term rubber| zed is used it should be

doted that fl tf t ber t I d
hat tho t er r Refwanp B g 4 [bacniis a0 i Bt o e "
Tent | oneg Bl ABRK! i foth s ik bitkare i AL hEIR 16 HRIEE0R o he vacuum

pl at f or m rom stalinless steel such as Corrax stainless steel.
The: stee |204H§1r1iil@d eutting) eaqdms Thestbstrete intypically sligedruth the chuek 2000t her

at or | 2] 61 2R G ERAE PR A o ARRIRY B e ey R AL 20t formea

from VI T\ aRd adab@iebpdniter 17 foF BRE phélant Pland Hus 38e &ite kubsiae S/@&cuum
mani fold may be f ormadpfrom simlar rraterl als as_the vacuum platform as

for exanprel asenctnindividuwbpackagpl heing eut therafiera is bgld on flee Yacrum plattospe

enbodi ne e cuum r steel . By way of
exanpl e, %ﬁg g)tr%n HPE%%“ éIS&ﬁglahﬁnL%g@%(&s@g%ﬁ%gés@las%ee)[ I%The steel may
have a Qﬁb@fb@é%&@bﬂ@ﬁ@laﬁ@ﬁﬂ&%&sﬁ&t@ﬁdﬁ&ﬁ@ﬂcﬂm@mfmmm mani f ol ds
may be fornmed usin t echni que i ncl udi limted to

any suitable
nmachi ni ngachml“d(qngglm pheparings 21 %&low%drﬂ%avawr@h%@vﬁgzzgt%m ess steel,
the openi nma@ﬁzﬁb ERo Pl %Qﬂﬁéﬁﬁ'zmnﬁém (o6 Buait SieRBeipamubber i ke
or e

mat eri al , e slo e cutting beamof the singulation
engi ne dwftt]iegvaamnnmmlfald Ot ikt memwhamBIZZFllmne& tatthe opertieg P26 bEam ray

b dt t th t d f te slots th
The. vacudhy ismeanaiti{th Matbhenibe Vg amyela ahf et plicist any
sui t abl e akd S Ui the opERREDIGYT VAR Bu Wani¥eld rhitsd Wil thdogatipenrgisinal

fasteners such as bolts, "adhesives, welding, clanps, and the |ike. Wen
.~ using a rthﬁ)b@plzﬁédTh‘anmMe‘Qﬂ% &Wé%mﬁal}s’efd%‘ﬁ o AHICUHA at t ached to

e oot ST B RS S eAInAl When B el vy 2007 |

conbi nat ii9 urGed o) @ sh@ivhdoed Iﬁlmuetiehrbagethapawwsﬂgmmtimbd sacuBaf erring to
Figs. 15 and 16, the chucks 202 and 204 w || descri bgd ILn greater
detail . mss'(as@\ﬁaxsr(é%@omdw%W%W%)a’ejglfdfe&‘i"ée%ﬂ? %%’f’ @84t o the chuck 202

or individual package P being cut therefrom to the surface of the vacuum platform 208.

As shown in Fig. 16, the vacuum platform 208 includes a slot 214 that is
aligned with a corresponding slot 218 of the vacuum manifold 210. The slots 214/218
cooperate to form an opening 219 in the chuck 202 or 204. The opening 219 is
positioned over the void 232 in the base 206. The length of the opening 219 is
typically the same size or smaller than the length of the void 232. During the cutting
sequence, the jet stream JS cuts through the substrate and passes through opening 219
of the chuck 202 or 204 and the void 232 of the base 206. After passing through the
void 132, the jet stream JS may be diffused in a holding tank as discussed previously.
In addition, the jet stream JS moves linearly to the right through the opening 219 in
order to form a linear cut C in the substrate S. By way of example, the jet stream JS
may be moved in the x or y direction depending on the chuck being used.

Although not shown in either Fig. 15 or 16, the top layer of the vacuum
platform 208 may include a deformable material so as to provide a seal between the

top surface of the vacuum platform 208 and the boitom surface of the substrate S and
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204 during a cutting sequence. The substrate is typically aligned with the
chuck 202 or 204 via alignnment pins 216. As shown in Fig. 1528 Féeuara2dfiim

pl at f or M@ 8sgsiehehides a vacuum opening 212 for each pagkageobseadst hus the
entire supsirat

t her ef r orafliyid WW%%%@%H%“&?#%WG%%@I?}%??%!E%‘ﬁlgf%qg)g;ft er

singul ati ghe\th 62 tih s hBFiR of ShclracuMa Glim 209 or & nalytreat sepaite vacuum
pl atform deé | S* 'po's‘ll‘:'Ht’%l'i orie’dfpo'“'ver “t he-’i:fvacuu%-‘ nmanifol d 210 ;'ng

_ ¥ i egchrow (or
col um)  odonmmeaentagbered thereto.| Aseal sxryolssrbeprowded hrtwsrafiter %ﬁvﬁﬁo%e vacuum

The vacuuvor A RERIAgORNI AT ekt SN oI, CN 0 g

7226 of the vaggkineR hleRifhraddof Mauceay plaifoiln @50 4auneordamne Withchri210 s

~ positioned over the ' base 206 and the openi'ng 226 of -thesvacuum manif ol d

. _mates w tmhdtbmgpfeﬁlthﬁjﬂﬂbzstlwmhpﬁemﬁg@“mlaﬁ?{@ oVeh PR % %0uns t hrough
t he base 206 and ¢ I t . VACGUUI LA ac A £ Hbiad..and vacuum
1ttings Y CRE R GF dtefliofd A8 Hon. T vk ok et 30 e ROy . o o e
i's pul | ededrhssporaitotievasine pbifotn 2084 shoneih Nige Udmand pdsTaghhasate,(as shown by
the arrows) in order to_secure_the 's'u'bst'rg.t e%ﬁd Pﬁdlvdual )pégckage' P
bei ng cut FightAis apsrensciiveeiew of the yagipum platigun B AP 3O0ESWRL shown i n

Fig. 16, ph a&ﬁ&ﬁ'tﬂéy&ﬁgﬁ%#ﬁ%ﬁ%i&i‘ﬁbﬁt‘i@éy,ﬁn%fdé& se%ﬂiénggﬂl?éndlﬁng Bhd gned with

a correspondi ng's the vacuum mani-fol d 210 ‘The-slots:214/218
cooper at eCt@)J afithe eavuaplitfogn 250, Fig. 17hkis atsidekviondn grospgtiomfiekespeni ng 219

is positioned oyer,.t void 232 in_ asg,206.. The ] enath + he openi ng
219 is t?BP%gP?-iylﬁé-He“ WB}"?@E%#Q:‘E?E@ @5‘ ﬁr%ﬁgtsﬁé%eeﬂ&?%"g g%fﬁféﬁvoi d 232
During t hgaiehtdddidine FRHYSSARe viciem/phitfozin250mnd Big UVE id ¢lostalp £bar substrate
and passes through opening 219 «.of the:chuck 202 or 204 and“the void 232 of
the base 2%, inxrosssegivnsofiapartigroeighe mbber ks vacuuyp plaffgem 289. st ream JS may be
diffused in a holdin ' ' m’g&g" the jet
stream JS rmveésPﬁ%@?ﬁeﬁﬁﬁﬁgﬁ%%fﬁﬁﬁ%%%%e o%fe%ng %gtlgﬁdaor der to
form a | i pradlicg of stéls 264.t Behofistopaiiegs252Hy fovmed bly tew payis, @ retdssed @t st ream
JS may be m)\l;gd in the x or directio endi'ng on.the chuck bei ng used.
Al t hough PRHLE - 16 L= 0 ¢ e vacuum

LSk porionaop EH o Argpehiile, 5 AT eestad TR SCcHas
platform PBY¥irdefie ! kg, viRisSmaMer 80 8% JeBipRE9VEAR a seal
bet ween t egtet op 's?%%%gglo -t%gm\’;%cgﬁ’m pl at f or'l;n 208w'-£§dpt-‘ﬁg ‘bott om surf ace

of the supskagd eAlhaughlinotP@quirads:nkdhe epenings 367 are\nositionay ipfegeyoups

PCT/ U3200 743 ingdi.vi dual pack: bei n t ef kom the
suction fé&géﬁ?esg@%%%bé%&“céhoé’gwﬁsaﬁgfg?i ?ﬁ%@‘?”%gs%‘s"gﬁ‘ﬁ %%%\gl%&st i on of
the vacuupsp! pid iniBe? 8Frols 264 afidydlmas 262iareatiegroup 260 may be widely

varied. In the illustrated embodiment, there are 7 rows and 7 columns.

The slots 254 are positioned in the y direction between each column 262. The
slots 254 are also positioned outside the first and last column of each group 260. The
slots 254 generally extend further than the first and last opening in the colummns 262.
The first slot in each group (the one that is ouiside the first column of openings)
extends even further than the rest of the slots so as fo connect to a starter hdl_e 206.
The starter hole 266 provides a starting point for when the jet stream is tumed on. For
example, a cutting sequence generally begins by placing the centerline of the nozzle
over the starter hole 266 before making any linear cuts. The diameter of the starter
hole 266 is generally bigger than the width of the slot 254. The slot 254 is generally
slightly larger than the width of the jet stream. _ _

Figs. 18A-E are diagrams of a vacuum platform 270, in accordance with one

‘embodiment of the present invention. The vacuum platform 270 is configured to
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conponent adhered thereto. A seal may aI so be prowvi ded between each of the-
various layers of the chucks 202 and 204 in ordér to seal th@esFewuam®?007

passageways 2008i0gs724 17A- F are diagrans of a vacuum pl at f epinA26bshdyss
accordance w th-one enbodi nent of the present invention. The vacuum

pl at f or malHey fisear otk imgihe & dirbaional Assuch) meaacuumIﬂatfmmZV@ maﬂgewﬂ}on As

o1'at T of meoBRRPAH R Yok B AR S0 88 B Pl aabld Sk, HiTRCU™
perspeot lig oy s?%tﬁzfe\ﬁé%@ot":ﬁ&% éﬂa&mﬁwl Bﬁlsé%%wéﬁoﬁtﬁc()p Vi ew of

t he vacuum form 250, Fi ron view, in cross section (taken
along |i nacm@n@la)tformf27ﬂrﬁg\ﬂ£&mmﬁnmwim,m%$ sepfiqn (téﬂ@Daﬂ@gdlm(Bj-e view, in

cr 258 SC S St LRI TIPS RSB GRRGRY T O

vacuum pligiefTomm, o%‘iﬁbvwaﬁkﬁﬁmfoﬂnmmm b OB iv A pbiion! in dtbS%Wsctlidil, ef 0SS
section, of a portlon of.-the rubber |ike vacuum pl atform 250. As shown, the

vacuum pItBGV@ﬂWmZEl@ pmt?i¥des a plurality of openings 252 and a plurality

or count er surfe: a4k GeRRE g 276 tlchudBh FRURY ol i 2 et T on

156 has gpluglinedfsiots 22dreiach of theropehiags B7Disgbrninal by tRoParts d rebessedrad | er t han
t he peri pher of the Al a requjrenen he openi ngs 252
are posi t5o8R ﬁ?a@&%ﬁ%t@?@ thfp@c qﬁ%%%’éﬁfaﬁeh ngs 252

t hat 264 d -
2 arez%éaftaycﬁgnb R P P R d

col unms I n each group 26 vari e ustrated
enbodi merpgackagesodhatiie ﬂackagmnaa{rhia rEtmdeucﬁbmeeou@tlﬂﬁghmEa p05| tioned in

the y direct.i on ween. eaq, col un 26 The - are posi ti oned
UL 1 de. (TR i PR 2R AT G e OB BOIPA0: ThREGrD 259 )
general | Mn@lﬁ&@ﬂﬁ%rﬁﬂg’stmgﬂlatﬂ%@nh?&iﬁﬂd’oﬁimﬁ!ﬂﬂ@&froﬁ@m Nthd furhe 0§ Ol UMS

262. The first slot. in each group (the one that is outside the first

col um ofrowéﬁﬂﬁg@you@m%é?dae@%aronnmﬁmaquawd@lwm@stmdhe ilvstratedt s so as
to-connect, {e%efﬁzl“%aglﬁﬁrcioiiﬂgﬁs starter. hole 266 provides a starting

poi nt for et streami!s For exanple, a cutting sequence
general ly bengiﬁsi]k)tsGﬂtaﬁbpgalﬁdﬁ&daﬁlﬁ@xﬂiﬂ&MOﬁﬂJem Bachaber 284y eFhet he starter

hol e 266 befgr makl n I near The dianeter of the starter hole
266 is g 7‘? 9‘%%’ F‘W%FQTP“F%‘Z" (ﬁtfﬁ agfl lasheong A pachprounBg0.silBe 254 i s

gener al | y; P}rﬁ% lodS. 18A-E
are di agrsgﬁg EZ?E%A%%% at EF%B%%\EEF %@%ﬁ%&%@?ﬂ% ﬁl%g&r?ﬁerasgnbod nment
of the prBwdist slmt\mleaalrgnoup'ltlﬂm orgdbains putakié threnfi:2iA0wi of opemibigg)ised to -29- i

28 Februar Ylpl%g (20 a st\zlt\gerzl% ﬁS%Z via z% gtall?teCrTslliJtsfS%Otﬁétqg Sgrgg’ndxcular to the first slot.

The starter hole 286 provides a starting point for when the jet stream is turned on. For

example, a'cﬁtting sequence generally begins by placing the centerline of the nozzle
over the starter hole 286 before making any linear cuts. The diameter of the starter
hole 286 is geﬁerally bigger than the width of the slot 274. The slot 274 is generally a
slightly larger than the widih of the jet stream.

Figs. 19A-E are diagrams of a rubber like vacuum platform 240, in accordance
with one embodiment of the present invention. By way of example, the rubber like
vacuum platform 240 may generally correspond to any of the vacuum platforms 208A
or 208B shown in Figs. 13 and 14. The rubber like vacuum platform 240 is shown
before the slots have been formed therein. As mention prcvioﬁsly., the slots may be
formed with a jet stream of the singulation engine. For example, the rubbér like

vacuum platform 240 may be attached to a vacuum manifold, and thereafter cut via
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allow linear cuts in the x direction. As such, the vacuum pl atform 270 nmay
generally correspond to the vacuum platform 208B of Fig. 13 a#feltdary Jup7

el abor at ey 24BR 1S a perspective view of the vacuumpl atform 270, Fi g.
18B is a t(??agtlmew of the vacuum pl atform 270, Fjg. 18CPF§ TUS0382K74%i ew, i n
cross sedht whsifsankwhilainghesingHgtion enging, Inpng srebodieninthp rabepiks 270, Fig.

18D is a ;}%1 (t aken along line DD), of the °
vacuum p|‘§‘%"9§“ﬂ ) it gﬁ?ﬁmﬁ 'S a portioh, in cross-section, of the
vacuum pl at f orFa élﬁﬂnaté,sl?lgmms atphmpatﬁnmumwpdﬁéthénfabﬂﬂﬂ&vamumdes a plurality
of openi n 272 Lural It 74. Each Ings 272 is
formed by %mﬁéﬁtglg yé) ff mﬁﬁﬁh?@@ﬁﬁuﬁ%?lﬂ%ﬁ"g%ﬁﬁg9§g t hr ough

" hole 278.; g%%nfﬁ%ﬁ%f@%&oﬁ@taﬁ%ﬁ F}gﬁ%smﬂecm’wf%r%@mk@wm the through

hol e 278, I's shaller than't he ery of the package so that the
. package rrdgtfdrm 246, Rign¢9D 2 adGSﬂGW; mrcrﬁss seusion Aakeralging Wt DeD’)r &idbé r enent

t he open| are ti o s 270. . The groups 270 |ncI ude
openi ngs rgg,‘s?ri.% f’a‘é\’r“B{ﬁF ﬁ%@’ f;‘%gﬁg @M%’?ﬂl e number of
rows 274 aph ewﬁmoaﬁﬁtue@uwnwmuﬂn%mfo?@mmemsﬂ@wm@rth@d In the

il lustrated enbodl ment, there are 7 rows-‘and 7 collums. The slots 274 are

posi t i ondlgms, ﬁhmbb@rlmréwmmﬂetfmzﬂ@a@lmdwlmtyqfrwem@gs)%fl 274 are al so

t | ot
D onnheR Y BB 47 Sl ol Y F5h oS Rl fR R BRRRRAM e, i 0Le
284. Th ez4f4|a|i1&ra tidongh hele 246. mmmmsddmm Inata graate:mmmei& thJiiEthiel rst row

of .openi pled to'a starter hole 6 via a starter slot 288 that
is perpeﬁg{ g?letlé 1 O 15 gupallier F‘bfl‘ePﬁfFMP &’Fé’ﬁ‘dﬁ‘g?e 286 provi des a

starting poi ntg %f,oaom% dn%tof%t\fa%hﬁnffb!'&@@ ﬁ'ﬁccd:@t{ncegﬁﬁlf 1o nozzl o

cutting sequencg&’general I'y~begi ns by placing the’ cent-erlin
over the mlmdtm«mt obihe pi@ﬁntbmfantlen n’ﬁkevagumw&mﬁokhl‘%mb@ﬁgﬁrmi thi anet er of

t he start ol e 286 en er than th h of the,slot 274.
e o ot ‘Sow PRt ey ORIt b B i S AN e PSR o

stream Eioﬁ%s oh@fs Ee%@alﬂlﬁﬂﬁlﬁ[ﬁZ@@A@hdeﬁﬁﬁg& i1Ben¥ 24.UTEeRbatat)r M 240, in
accordance vmth one enbodinent of the present invention. By way of

exanpl e, Higc20Aisisaersppative Waseoilihe ﬁﬂwmz%flgg aAB A% fop dew |0§s pond to

any of t s o4 The
rubber i eey%glgﬁlu m ol aé?%%égﬁéfssgé g’ff girlgés tlgﬁ &glfen]aia een f or med
t herein. @£’ )mﬁtliemactmnemamﬁﬂﬂ}zs)o Hig. 20D0ik 2 side e, mcrobs)samﬁh Vhkdn a j et

t f th th bb ik
o T ot ey S, B R Bsing 2T iR REiRis e M oh OBk ¢ br oot vi a
-30 28 F%Qéti&r(Yakgﬁ’ Qibng Eﬂe BAOH/9 %K%émﬁ&ﬂahﬁgﬁ%b%@ Ff320F is a portion,

in cross section, of the vacuum manifold 290.

As shown, thg vacuum mapifold 290 includes a p_lura[ity of channels 292 and a
plurality of slots 294. Both the channels 292 and the slots 294 are positioned in the y
direction. Although not a requirement, the channels 292 are positioned in four groups
362. The number of channels 292 in each group 302 may be widely varied. The
number of channels 292 generally corresponds fo the number of columns of openings
found in the vacuum plﬁtform, which connects to the vacuum manifold 290. That is,
the channels 292 are configured to coincide with the openings of the vacuum platform
so as to proﬁde a suction force therethrough. Each of the channels 292 finidly
couples to a corresponding column of openings in the vacuum platform. In the
illustrated eﬁbodiment, there are 7 columns. In order to provide a vacuum to the
channels 292, each of the charmels292 fluidly couples to a main channel 304, which
in turn couples to a pair of openings 306. The channels 300 and 304 are recessed
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the jet streamwhile.. in the singulation engine.-ln one enbodi nent, the
rubberlike vacuumplatformis formed from VITON. To el abor at @8 Fetirgary 28K | s
a perspegld ¥6yHs)y of the rubber |ike vacuum pl atfo_rm@é%us ohPa2s1aB 1S a
top, view 0%6 %%8 rubber |ike vacuum platform 240, Fig. 1 ilzs a rront

vi ew, i nwithiiSie $CiurRle 6f ik encuanofghifold29®whils theafpehings Beddeend | ke vacuum
platform 240, Fig. 19D is_a_side view, in cross section (taken along line
D-D ), ofhreygh the yapwm wagifold 22Q,um pl atform 240, and Fig. 19E is a close up

front view, i ' | ' ' cuum
pl atform 2. 40%%%18@3%%?#5%6? %ﬁeﬁféﬁygg?ﬂieh%%uﬁ%ﬁf&%? %Eeaa\é%um

pl at f or np@sifoded Gutsildstha fipdt andlasttchamfe! D9 of cagh giip. 302Edthb slvks 299  openi ngs
242 is formed, by t parts, a recessed or, countersunk portion 244 and a
through Heleealbgte _ﬁ%’éé‘?é’&ﬁ ORI P a&ﬂgnalﬁgg%—e?fﬁaﬁaﬁﬁémﬂ than the
t hr ough B&hegrétﬁﬁ( Dbile thit is Bﬁt&ih@&éﬁl@t‘bhhﬁkﬁeé)‘s&{téﬂaﬁ%{réh fkthbiBaRaekege. Figs.

ith
20A-F are diagrams of a vacuum manifold 290, in accordance with one
enbodi menf thefslothe asrte semect ioastaricohole BAB. Vhe starierhmbe 348 prog@es &8s confi gur ed
to allowlinear cuts,in,th direction. such, the.vacuum mani fold 290
Ry geneP ATt P PRt e i s¥estt /s Girue i i Sedfle, BORACRSHINRRE F go. 13
and 14. EenepdIBIHpRisthy plidife the Oéntérfingo PBE APLAE bve thd fartéfholdBDgvacuum
mani f ol d§290, Fi ggiﬁszgg [ ;ﬁ% t g view of the vacuum manifold 290, Fig. 20C

0 . e .
i s a froheford magking pny: Heess catac Thodlameigk ehthastanigr helpd08 -gengrallyt t he vacuum

mani f ol d | 00D 18 ' hew r Jot 3! | ong |ine
oD ) opiegptg e AU Sy 48, Mot 20 B Bhera R 1k BB o 0

section {idikoftir!jerrelinn dsfshétld be apprédiated aheipositian) ahdkide 8Pheand Fig. 20F is_
a portion, _in cross section, of the vacuuympanifold 290Q. As shown, the )

vacuum nilfisPet i the yaguvar maridold 29 eengrallyconrciden sAthdhe rossgorying size 9ff ural ity
of =1 0! SeSifts D ki GAARRPIRFRRE 1 80 fhol AR AL sl IhAifoyPRENG Oned I n L he

y direction. Although™not a requirenent; the channe re positioned
in four ynifiepslot.302. The nunber of channels 292 in each group 302 may be

wi dely variedg. T nber. of channel s 292. ally carrespgnds to the
nunber of colﬁﬁgﬁg‘ﬁ&‘%fgﬁfws Mﬁ&“%“&aﬁ’ég@%@%%ﬂ{aw th connects
to the vaabediERNbf Bt fredSH invE@dn. I The vabiifn GhaiTORI 331039 oriiighrddadl | gured to
coincide with the openings of the vacuumplatform_ so as to provide a

suct i on kv Eneas sptstin tha sgdirectian hAssuchyhe yaempemenifold 310 may genewllyl es to a
correspopdi enl. ' : r I e

i1l ust ra?%d&g?rrg%ﬂgﬁﬁpéﬁgm I&W?@ %@F‘ﬁ‘ﬁ%ﬁ%‘?‘%{e‘f %elsg%%%de a vacuum
to the PBigalhklisa g&8pectine hicwfofttivevactam nedndfaRP3 10, BigdRYB ¢oappedewrofa nai n

channel 304, which in m _co es o a pair of openings 306. The channels
300 and Sexagien rmaitle i flgzgﬂim {anwnng cross section (faken along fine
C-C?), of the vacuum manifold 310, Fig. 21D is a front view, in cross section (taken

along line D-D’), of the vacuum manifold 310, Fig. 21E is a side view, in cross
section (taken along line E-E"), of the vacuum maunifold 310, Fig. 21F is a side vieﬁr,
in cross section (taken along line F-F), of the vacuum manifold 310, and Fig. 21G is
a portion, in cross section, of the vacuum manifold 310. |

As shown, the vacuum manifold 310 inclndes a plurality of channels 312 and a
plurality of slots 314. Both the channels 312 and the slots 314 are positioned in the y
direction. Although not a requirement, the channels 312 are positioned in two groups
316. The number of channels 312 in each group 316 may be widely varied. The
number of channels 312 generally corresponds to the number of tows of openings
found in the vacuum platform, which connects to the vacuum manifold 310. That is,
the éhannels 312 are configured to coincide with the openings of the vacuum platform

- so as to provide a suction force therethrbﬁgh. Each of the channels 312 fluidly -

~32-



WD 2004/ 025724 PCTI US2003/.028743 within the top surface of the vacuum

mani f ol d 290 whil e the openings 306 extend through the vacuud$ hebriannZp7
290. The @b%‘ﬁ(ﬁ%%are posi ti oned between each channel”™ 292. The s|ots 294
are al so "positioned outside the first and |ast channel POYYSEPIREE gr oup

302. The colplestozouregearding dojunayeiapenings inhbe vapruptdatipa. dadbeconpared to the

channel s .292. . The .f i.r st ' %&p Iﬁpﬂ{”. utside the

first chahfie Sggeeﬂbg‘n sené’\/sdel%gfate&t(f?er - gt{ﬁ%?(ﬁeé%@?&@%f e .{3‘18“8 S so as to

connect tchamheBl HRL edchivdlie: ddathelsT31e fulidly teupleoioa malfd chamel M8swhichst arting

poi nt for when the jet stream,s turned on. For_exanple, a cutting sequence
A

gener al | yn Bugrowplesio s nag; of gpemugsS2hs dbe pianmg &35 e Tessesedt he starter
- hol e 308 _.he ' ' CildtS - di arter hole
308 is g%@%ﬁﬁ“ﬂg'%%g?ﬁtﬂ%é}ﬁkﬁgﬁ‘%m’ i3 3%@?’?1% o %Jteﬁ{%%ﬁmrﬁ‘gmg ot 294 is
~gener al | yhwhglgthelvwchan genifolddi0t he w dth of the jet stream As should be
" appreci at ed, e posiijon, and size of the sl 94. in t vacyum mani f ol d
290 general | yt’jﬂ'ﬁi’? ’fé]té‘gar_ﬁﬁ‘?ﬁu?q’?albﬁﬁ?’)@@? Cz!j‘ﬁ’épegrg"i% 'ﬁlpc Q?tﬁgf‘éﬁ’@t 59 n the
mating v b?{ciﬁh&i _ﬁiﬂé'fﬂgﬂ:steandlégf‘&iénﬁ’élglﬁbf eRRdrSdc ol AL S kprm a

unified slot. Figs.” 21A-G are diagranms of a.vacuum manifold 310, in
accor dancscingionp Ghe onethabigiontstde thyf fishehapred} isrcouplad bma stanter 1lecd3 22acuum

Cuch, _t oAt h g Aol B sh AR bt Pre Bt BoR e Lacuum
mani f ol d &aﬁ&s&f@wﬁn% Roﬁt 8% whes th1jét stdam TOwetedhal Foe exanipld a cddthg S a

perspective view of e vacuum mani fold 310, Fig. 21Bis a top view of the
vacuum méeguesreigemllyhegins by placing she gegterling efithe norzleqyes the starteobelet aken

aliong 1 ng, uftort dypkls sh{ Skl T HPRL 0L 0Bl cbtefnol M) el Vi 1

Cross section ong I'rne e vacuum nani 10, Fig.
21E i s a biggiethandle width of the slot 3iic tThenld Rak éngeabailg slightly livgér than te t he

vacuum mani fold 310, Fig..21F j.§ a side view, .i.n cross section (taken
“along | i edigEthe jepsirqape %%%sﬁi%%wrﬁaﬁﬁﬁs@epoaﬁﬁwﬂp sizoof3be8lots, por ¢ on,
in cross 351%5tﬂé%cﬂimhﬁﬁifyﬁ@w'ﬁkﬁ%lﬁ%hl%iﬁ%ﬂfﬁé?@m and ¥e\GFGhg!m mani fol d

310 includes a plurality of channels and a plfurality of slots 314.
Bot h t he shifmiwtht magag veowdm platfwinpt s, Beviargrafigpabiuch Grbthey forida y  directi on.

Al t hough Jat_.a 0rtequi rement, the channels 312 are positioned in two groups
316. The WHI&I%f channel's 312 in each group 316 nmay be widely varied. The

nunber of chamig, 32 87311g4A6S DdditingGefudRs® 04188 tHeQahH thanRifbTdQEseaibly 885 Of
openings _found in the vacuum platform _which connects to the vacuum

mani f ol d shawn inffigs. FAsand Th, and-he shick asspmblyn 2Q0 shommiin iiasdl3 sndcldh- nEiede wi t h

Lner ot hr SARmCLaRRUVAE S LY PARR S i ad i B YR 202 ikl T o7 ce

Fig. 22A. This is generally accomplished manually or using some sort of pick and
place machine (not shown). During placement, the substrate 350 is positioned on the
surface of the vacunm platform 208A and the substrate 350 is aligned relative to the
chuck 202 via alignment pins 216. After placement, the vacuum is turned on, and the
substrate 350 is held in place by a suction force. The suction force is generated
through the openings 212 of the vacuum platform 208A, and the chanmels (not shown)
of the vacnum manifold 210A. As shown in Fig. 22A, the substrate 350 includes a
plurality of integrated circuit packages 352 formed thereon. By way of example, the
integrated circuit packages 352 may be QFN packages.

Once the substrate 352 is fixed by the suction force, the gang manifold -
assembly 80 moves into its starting position over the chuck 202 as shown in Fig. 22B.
This is generally accomplished by an x, ¥, Z robot that moves the gang manifold 80
from an initial position to the cutting position. By way of example, the manifold 84
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28 February 2007 WD 2004/ 025724 PCT/ US2003/ 028743 couples to a :
correspondi ng col urm «of, openings in the vacuum pl at‘f orm In tﬁ§F¢Hr¢amsiqﬂét ed
enbodi MeRye 24d1R6Ena" € 7 colums. In order to provide a

“channel s 312, each of the channels 312 fluidly couples }‘gﬂg}é%ﬁz Fannel

318, whi a:ifthd Faniglifidhi fHldiiBseably@0anpehd aththalie aitrgsfeBath 35hef civhonel s, 312
and 318 are recessed wthin the tOB surface of Hjt#}e vacuu ggnlfol d 310
whi | e théyﬁt@enmg@omthee@%eanﬁﬂ#é R R %Z@S ¥ The slots

314 are itlto %%l?%?f?)lﬁ%ét? ftﬁé&b 46 356,95t Blhebtotal SO

-p05|t|on ast channe 312 of each group 316. The
first sl Gixoves the@ﬂgrmmﬁm 8a hﬂhend:rtdtainunalthﬂmzziw 82veadhi a sgecidiednnel ) is
coupled to a starter hole 322 . via st arter 24 t hat er pendi cul ar
to the fiféinedieight, W@hégt%“f’@pyﬁ%’é’ éﬁtﬁ&s W&F@Fﬁté“%m nt for when

the jet Sstarreagf?és‘m&umﬁexeﬁd?zﬁeécteﬁ@meene@b sthitbrtdle g@ﬂﬂﬂmﬂ ofigmer al |y
e

begins by placing the centerTine of the nozzle over t starfer hole 322
bef ore nmedomuckg2@hy |inear cuts. The diameter of the starter hole 322 is

general ly bi r. than the wdth o th sIot 3 The 14

general ly slig len}agﬂﬁtglrugttw%wcﬁ%t’o Et%gf atss%? lg?%% g%oul d be
appr eci atiggle Hile8r AAS 360 theABLHIBZ0GH ﬂ{eﬂedﬁécﬁbﬁ as shbdvdl ia Rifie2%@GHam '
mani fol d. 310 generally coinci.-des with the position and size of the slots

in the med2lhgihiaiaemersliyeeeomplisheddby turmiegomihe jelistrgie dnedsboweland they forma

ot 1 o a8 fletRus BAiig iR bl RO SRMEDE6: UBLRRAALE OV,

shown i n thé gsng rhanifold aseémbe0 magbpiwitty mteerml geyleral ghesozbles R agi ng a

substrate 350 on the chuck 202 as shown jn  Fig. 22A This is generally .~
acconpl i SREYPdiagribgralong2 linsarpath a%lentﬂptﬁhmwt%tﬁéparﬁméﬂée machi ne (not »
shown) . atgfbrfeh:ﬁn surface
of the v%ﬂlﬁjdnﬁtggpatform 2%8%0\[{92?1% t he sé%vf?g%gﬁgfg%%%lhgﬁl%g rel ative to

t he chudhke a@face ofi thel subsiraisd5 (s seuditallyAikpesedid &memuteamtlherdeamjum is
turned on, ,and uhgtrate 350 is, held in. force. The
suction f%?l?e“?li‘pge%gﬁ’ gtﬁ’gdmzt(?lﬁ?’&%ﬂlat(ﬁgmo%aéﬁf"z% %ﬁx% ‘"rtlf'RJm pl atform
208A, andywehi B8 & ERbiFon( A dirdek hPMalke mﬁfthartsess\&ﬁwmﬂbﬁoirﬁeﬁﬁ&t\ As shown
in Fig. 22A, the substrate 350 includes a plurality of |nt§grated circuit

packages @bB60geneally gstead fomphe olap ﬁﬁheﬁef&hmckaget%@ to ith esige &f ty lastr cui t

packages G et %Q% by the
suction fpo%r C 4Q§mg:r%&??2 ?%eeénb assgﬂﬁb{]&r@ Ie@es |ﬁ$ eI*. t)')tﬁéf(dtl ng
position ol Gorth haethe ﬂueéuoa(iﬁ'ﬂm stiowhile belﬁggucréiﬁ&ted ﬂihhex«megtﬁnmtal |y
acconpl i t_ .oves the ma ifold 80 from an

an X bot a
|n|t|al &E%?It agl trg ethab’%ﬁ %gmﬂ?laﬁarﬁswl [HOVERREtSani f ol d

in the x du'ectlon are performed at high speeds so that the jet stream is prevented from
cutting through the substrate. This embodiment will be described in greater detail
below.-

After making the final linear cut, the gang manifold assembly 80 moves away
from the chuck 202 and the vacuum is turned off thereby releasing the suction force
that had been holding the substrate 350. Thereafter, the cut substrate 350 is removed
from the chuck 202 and placed on the second chuck 204 as shown in Figs. 22E and
22F. This is generally accomplished manually or using some sort of pick and place
machine (not shown). Duﬁng placement, the eubstrate 350 is positioned on the
surface of the vacuum platform 208B and the substrate 350 is aligned relattve to the
chuck 204 via alignment pins 216. After placement, the vacuum is turned on, and the

substrate 350 is held in place by a suction force. The suction force is generated
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-33 i 28 February 2007 V\Q,2004/ 025724 PCT/ US2003/ 028743 of the gang
mani fol d assenbly 80 naybe attached to a transfer arm 356 of 28 Felinery 2007

system . Mi+k he gang mani fold 80, and nore particularly the nozzles
82 are Q@%;tlaf&\é%g’&gi n close proximty to the surface of FEHUSAYHEH4 e 350.
That is, tHEUE ﬁtoPeWB%%%lth%h,ﬁHﬂu@mWfW@&aﬁdﬂlh@hmlsr(acttshom)mti | the

nozzl es 82 fiRaFRudn $Reshid £hp. cutting height, which is generally very close
'to the substrate: I n nost cases, the starting position.in the x and y

directions is d¥fcetietsubsiraie 354 irfidediby tHemttichiovet) e maafRk 202. Wil e
mai nt ai ni n t&%ﬁ §@ct ion force, the gang manifold assenbly 80 begins to

make | i neaP Gut% 3B VEH K Seibag patieomeysr he cimek J04asshowndmFigs 22Bown i n
“Figs. 22C Pidlis perdrailvidbcSmbBsiANS 3! i by turnin the jet
stream (not slﬁé\/\h)’ "‘a?n_d' rrgv? ngrb?ﬁg)-(léi’rlzgﬁ{r’\r@ﬁ#o %%?ﬁh%%aggﬁﬂwg{g% on via the
_robot systfEm eifiies theguidiabprsitidn ortthe figbautingrisitiohdo ase@mdlontd@ paRioRe Wi del y

vari ed. | ng the nozzles 8 r ved toget her along a linear path
so that mi @ﬁgﬁe"%‘? ﬁ%ogp,.,t@ﬁtggn%g@m?q@s morgparGRigHy dha gozales 82 areear cut

360 can bepositisgedth ibseprixRELLP 1108 S8 3F ik BRI TS syrface of
the substrate 350 is "sg_guentt'?al Iy -'éxgos'e%'t?o ‘t he ]'eOE lrg?trl%a{%jll%ﬁ?ogrder to

make mul t iTpPYES Bigeans g B8 i $hamgirestidceuntil thepassles 82 rdweh v sédifisd | on and

then step cu8¥s heil Lregtion.in ordet to make another pass in they
directi on.CuThghFIF%égﬁgﬁtch%ﬁ}eégamo hon %‘ﬁd{ @hé’rﬁi‘-’ﬁg"%@ée@ﬁ?dt he first
package 367 stagerlvde @ugshonin)iohahd etsick 1@ackage 364 in the group. In one
enbodi nent, a &ﬁ}rqoent_l ne. aé?g,. whi ch noves back and forth in the direction
of the y-axis CaPRAINY We serhonfege,ithe gang manifoldassemblyR0 begine tend of
edch travesdke lindlR¥uth 866 58 ' i I Lrent,. tp MDyement s

In the x direction-are: perfcoérurn}%& a??@?é%éggé%ggﬁgg%%%mgs"gﬂ@ reamis
pr event ed 28k oFhis ig gendrally adeomplishetifby teninglonahejet Friat @EPSHWIBERa Wi | | be
descri bed_i . qr. r _det ai be] ow. .Af.t er making the final linear cut, the
gang mani Pg}l% aseg%%‘ﬁlnf/ané@(*ﬁgg{ﬂé’%gﬁ Ihlerxdi%e?%‘én ¥rdhgaobobsysiga. tFe vacuum i s
turned of fnoveraemt by thegan@ fiaRtfoldRsctibly §PRal BE h n .hol ding the
substrate 358&6 Thereafter, the cut subst ?gt egg%eyP%&erdé%g%%ggl’ftﬁ%mthe chuck

202 and pPYEE SoAreReveddesmtierainngla linoar rath shibeinmiltiph lykear ARE3G e 22F. Thi s

I S gener ajdaye. 'ﬁf%ﬁ’] [,.¥sing sope sort of pick and pl ace
machi e ( ngt?shomg.bmrl F\'g@lg acct:?r%ér)\a,n Fﬁ‘éﬁgﬁﬂ % sngle 3877le 82 #70t i oned on
the surf e@sding, themrfexafithe pitatrhie 3o R08Gu-ana1 @%tm@}e@f% irs aligned

relative he ., chuck .204 vyi | i gnment pins 216. After” placenent, the
vacuum i s&tﬂﬁllrtﬂ Jikg n%“?%ma oty éﬁa For example, the nozzles 82 may make one pass in

the x direction and then step over in the y direction in order to make another pass in
the x direction. The linear cuts 366 generally extend from the edge of the ﬁ:sf:

package 362 to the edge of the last package 368 in the group. In one embodiment, a
serpentine pgth, which moves back and forth in the direction of tﬁe x-axis while being
incremented in the y-direction at the end of each traverse, may be used. This
embodiment will be described in greater detail below.

After making the final linear cut, the gang manifold assembly 80 moves away
from the chuck 204 and the remnant 350° of the substrate 350 is removed from the
chuck 204. This is generally accomplished manually or using some sort of pick and
place machine (not shown). After removing the remnant 350” the singulated packages
352 remain on the chuck 204. From here, the singulated packages can be further
processed if desired. For example, they may be moved off of the chuck by a pick and
place machine or by sliding them via a transfer arm. Before doing so, however, the

vacuum is furned off thereby relcasing_ the suction force that had been holding the
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substrate 350 is held in place by a suction force. The suction force is
generated -34 28 February 2007 WO 2004/025723 PCTI US2003/ 0282818ettrtlrﬂrp2(yﬁ

the openiyigspdds79f the vacuum platform 2082, and the. c shown)
of the vacuum ITHI’IIQ{ old 210B. Once the substrate 350 is P E‘Rgh@ 53 suction

force, thg }ﬁam gbsh. A k¥ 93 Sssfbhﬂthhi'ﬁeﬁdedﬁéd@@nmﬂlon
over the cr%%k 04 agtss shom%?ﬁm% &e hlyls S %(nerally acconpl i shed by

an x, y, iugrealondetaihit Patodpe N do. éﬁdﬁﬁsﬂﬁleﬂo‘lﬂeﬁt@d TRHHIITPEFEFINg he i ni ti al

R oar 1 o e tlef shehudid 1. 80P Rl BRelf BooBeaRds BBl BPbELON, |
nozzl es %&dgraeenﬁaﬂhémmeﬁlﬁeruse&mﬁs@mahmgtemetdemﬂmpwA@paNof t he
substrate 350. That is, the robot npv ang nmani fold 80 in the z

di r ect i ork0R6i16B0bitled Eligh Speed Pickhsady, ﬁleéﬁéc‘iﬂf 0P SRS IR | 0 nost
cases, onin the x and y directions is defined by
starter ho‘fo‘géo?ég‘}tlggﬁ%gw%a%n the chuck 104. Wil e maintaining the suction
force, the gamsmmm&mﬁmplvyav@mam“bomgsm@h@ﬂapﬂhﬂ&lmé 366 on the
substrate 350 in hex&pectlo as SF\M’III’] Ei and 2L This is
general | ¥ ac‘E&ﬁ‘iﬂf AYGE Vi onE SO Pyespntdp eé’&ﬂP( bF sap and novi ng
the gang g@hﬁh %fﬁ{églbg u%ﬁma Hﬁnffolﬁ'aés%ﬁiﬁlgﬁo e, auttﬁ@parcﬁbggs fystem The

noverrent e gang ol d assenbly 8 e widely varied. In general,
t he nozzthemb&ﬁataw) rr@vgdmagdtrmd atlyahixgchon wtaamd@g 2380 tivegtedrafl ti pl e

| i near cu 366 are hou |near ut 36 n ;be made '
with a sF‘n‘SF& ?fb‘?}? 3 r’r@emﬁﬁgﬂ&ﬁ%mgf 5 Gpysgd ko ﬁov?ﬁ%c‘i(s strate 350
| s sequenbjiRid the &ifélﬁﬁﬁdnffﬂ% $-Bis ndiile SEing dibrément6d M&he kQlifsBK6n Aihd i pl e cuts

366. For exanple, the nozzles 82 may nake one pass in the x direction. andA

then st ejndvbeach irayerse.y Ircsordoing, ghe jptsiisan S84 icarasbiodARN TR0 Ass in the X

package. JeEnired S8 hF BB SRF g n s bnihol AR ISOTURARS D (e 11
enbodi merfomidg ys dinpaTuts 38 Satl ik, — ldac butn B STHeaprkdatexthiheat 4ba fmayt he direction

of the x-axis while be|n increpmented in the y-direction at.the end of
each traf@rePondina gro BackRgs3énhodi ment wiil be described in greater

detai | bel ow. Iﬁ;w{ Qsﬁ%b@&ﬂfaﬂésemlyba&%ﬁsea%mad%aeﬁaﬂimxﬁ%@ assenmbl y
80 noves away rom t he chuck and the remant 350" of the substrate 350

i s r enpvatiretiammithex- axhwﬂhlemmg lﬂwﬁmentsd ethe yaliteptiem aichp Endoketchanual |y or

t_ of k .and hi f t th

oot S eSY. 1n % i 4RO 1R B4 S o B SRR Pt dBlnedt s Fr o

her e, th%re’i'df%s%bﬁfht@%@(aﬂkﬂ%d tﬁ@ﬁbr?@nh@ﬂitﬁ@&) prmﬂ’é&a@!rmlﬁecﬁ&@a red. For
he c }

exanpl e, they may be nove k and
may correspond to a group of packages 352. Paths 380 and 3 2 are generally

positioned in the saw street 386 of the substrate 350, i.e., the area between each of the
packages 352 that is dedicated to dicing the substrate 350. '

 'In one particular embodiment, the linear cuts 388 and 390 are performed ata
first speed while the increments 392 and 394 orthogonal thereto are performed at a
second speed. The second speed is configured to be faster than the first speed in order
fo prevent cuts through the substrate and to decrease the cycle time associated with
singulating the packages 352. The ratio between the second speed and the first speed
may be between about 40:1 to about 5:1, and more particularly about 20:1. By way of
example, the linear cuts 388 and 390 may be cut at about 5 to about 10 mmy/s and the
increments 392 and 394 may be cut at about 200 mm/s |

Fig. 24 1s a flow diagram of a cutting method 400, in accordance with one

embodiment of the present invention. By way of example, the cutting method may be

associated with the diagram shown in Fig. 23A and 23B. The cutting method 400 is

-36-



pI ace nmachi ne or by sl i di hg themvia a transfer arm Before doing so,
‘however, the ' vacuumis turned off thereby releasing the SUCtZQ)IFEbfl(WSC@OtYhat

i Wt 3{@@«; he_ 35 28 Febr uary 2007 V\D 2004/ 025}%4\1-'_%%3_&}&?37993/ 028743
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Speed Pic n; I.n por at ed by
ref erenceégaﬁi&gzg ¥ g’i% are’ et%%lp sr?)g’\%vdgym@ranjwﬂmﬁﬁﬁ 53 E ’f’; ti ne paths

'+ 380 and 382, Tlm_,' ,Idethoé4%®gémemﬂ§begih@dlm4ﬁszméje o, A§ | nventi on.
~The serpenti n it hs 380 n 3 y be used by the nariifol d assenbly 80
to cut t%“ﬁ%ﬁ‘!&éd@%t-, iﬁ@e S et QveE 2 Aeg disk §$N3W§f&1€m§éhﬂat y

directio 4 t X Fi 23A,
‘the mani %ﬁg&%&g@ﬂ%ﬂfb@g@g%&%ﬁgﬂ%&tﬁg ?n%e&ts S-éek@gr%ﬁgfpﬁ f ? ﬁéﬁgriﬂ Hé di grgect i on

of the y-alovsthabians toa@;trﬂgougtca subgtiste do ptotfben a lidearent.i Ghe fitst dhseancend of

h t ' t 84 d t
et B S BoSPul Y o e BRI B fodet St daobars soo;
~ thereby Jrandgfepackages. |Th RERE caby, &e&ﬁ&a@dh@x@%onﬁkﬁr@@ﬁf sgaltnfors §n ohBe

predet erm ned“area” na c"orrespond to a‘gioup of packages 352. In Fig. 23B,
t he mani fEB‘PHaﬁs*é‘efﬁbP 3% ad oW A el igefack and forth in. the direction

of the x-axi s il ba0s0N e seﬂmgg shlGisk3 oA eBlnd fpend of each

traverse. | n=so @0l nNg;- st ream 'S *cause

pf edet er ni nexyed araa%cmid dlkﬂstiembtsat geabiel DEEH ¢k a@g:ohﬂalmcpem,mﬁ path 382).

The predet ernj'ned ar MEY. COr T es t 0 of "packages 352. Paths
T B S ek FprPe o SO AdA T e EtL oY 8By S pgmarloare
subst r at en$fifs direction xéﬂsn@m%%ﬁﬁtna?ﬂ&e%tida&e&iaﬁ is H@ﬁ% r%g%ﬁ% t hat iS

dedi cated to dicing the substrate 350. In one particu nent ,
li near cuUl%e B8R)-akbe Sgondinecdisrdonfigirad ietbefastér thm thegizeidpedil. IRy whe

i ncrement; e forned.at a ond speed.
The secont eg%é 13,%9;:.%2 |g‘%§ g§9 %kdeﬁg ? s@er gﬁ‘%ﬁ??@%’#“@b’@‘é@q n order
to preverimasutThe fﬂxtanugétdtxhesedubptdvaiteumﬁg ab ﬁre!laﬁ ie@®eeakNteCySlk finld M

associ ated W t sin at ackages 352, The ratlo bet ween t he second
speed- and %fl??e "&Wq&ﬁ@%di‘gfﬁﬁ"% iffapcrdnay bawdelyamried thovemeithe s: 1, and nore
parti cul akdahdaiR@itce 205 cﬂ@sﬂﬁl&rﬁi&ﬂ%ﬁ%&@c&:ﬁe%n&d@%és cuts 388 and 390

may be cut -at about 5 to-about ‘10 nm's and I ncrenments 392 and 394 may
be cut at abolﬂlg Zé@s ﬁﬂqagram of a singulation engine 500, in accordance with one

embodiment of the present invention. As shown, the singulation engine 500 includes

a gang manifold assembly 310 and a chuck assembly 512. The gang manifold
assembly 5 IQ is shown in its initial or idle position. When a cut is to be made, the
gang manifold 510 moves to a cutting position, which is generally over the chuck
assembly 512. As shown, the gang manifold 510 includes a plurality of nozzlés 514
that are coupled to a manifold 516. The manifold 516 is attached to a robot system -
518 configured to move the gang manifold assembly 510 between the initial and
cutting positions and to move the gang manifold assembly 510 during a cutting
sequence. Although the robot system may vary, the robot system in Fig_ 25
corresponds to a SCARA robot system.
The chuck assembly 512, on the other hand, includes a first chuck 520 and a

second chuck 522. The first chuck 520 is configured to hold a substrate during y axis
cutting and the second chuck 522 is configured to hold the substrate during x axis
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Fig. 24 is a flow diagram of a cutting nmethod 400, in accordance with one
enbodi nent of the present invention. By way of exadrple, the c&ldEémgannziofiod

may be apg96isakeds Wi th the di agram shown in Fig. 23A a cutting
method 400 i s -36 28 February 2007 \W2004/ 025724 PCT/ @E@g‘?@g&?’iﬁ
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first speoatamgeyesselis iﬁi@amtb,gcjbgglmy_, bpump_?ﬂ&maymeaiﬁe@focﬁgceﬁﬁe5 tg 40
times, a Ry abou nmes, .The faster speed is used to
prevent (r;%tctﬂ:g %g asli\;/)v%@fu‘ cgétmtngw ég?séﬂéébtaﬁ‘i‘%?ﬁ?@flq?Sﬁﬁnmé’%lpﬁéaﬂlﬁt ting

sequence.difdhargsdine584.di st ance nmaybe wi dely varied, however the second

di stance is txﬁlca |y spaller than the first distance in nost cases. Fig.
25 is a di agr antdF g seed sl is forced nyt pfths pozzldsna ewttiog samercani t h one

enbodi menbphenkéie thel L O he singul.ation _engi ne 500
i ncludes a gez]aln njag:]s’l%f% %adbea@gggfﬁég?%g%(ﬁg%ﬁ%%ﬁs&?ég’%ﬁ)?sw&yme gang
mani f ol d to dwgwitingyposition fionsthemitialpdsitinibefdré e pobd bk PR B o Wien a cut
is to becﬁﬁﬂ; ’be%xﬁel)ggian% rTEmi fold 510 noves to a cutting position, which is
general | y over “the CHie R cubiug spispcs; the nozzleasssmbly eanbaeonginnausly ol d 510
i ncl udes repasitishéd vib YhedfaridQZ #n@SorFléro o.a mani.f ol d 516.

g o SRR AU PSP st

The manifold 516 is .attached to a robot “syst % nove the
gang manéng Pals Eppexanmie thetwhotsystéremay e theardzle asiehiblg i@yt | ons and

e’ Fomot ISR AT SRl S R ehlog St cating +
over the second chuck 522. If the spacing between nozzles is large compared to the
spacing between integrated circuit packages on the substrate then multiple passes in
both directiq'ns may be required in order to fully singljlai:e the substrate. The passes
may overlap on another,

In one embodiment, the angle of the nozzle assembly may be adjusted by the
robot system before performing a linear cutting sequence in order to reduce the
spacing b‘etween cutting beams produced by the nozzles. Referring to Figs. 26A and
26B, the nozzle adjustment will be described in greater detzil. As shown in Fig. 264,
the spacing D between the cutting beams does not coincide with the Spacing d
between devices or groups of devices 550 on a substrate 552. The spacing D is
typically controlled by the position of the nozzles relative to one another. In order for
the spacings d and D to match, the nozzles can move relative to one another or the

entire nozzle assembly can be rotated. Rofating the nozzle assembly is believed to
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“line i's use

corresponds to a SCARA robot system The chuck assenbly 512, on the other

hand, includes a first chuck 520 and a second chuck 522. TheZ2§ Febsuanc0Zk

520 is co&{}i gureqt\omhol d a substrate during y axis cutting and the second

. chuck 522"P&UE I Gured to hold the substrate during x BXFAS208502874378

. February 66ide H4RaR60 44108 2As RGHIBI0H.I6B2 Bie4BacingiDiietgeenithe tiiting.

. particular enbodjment, the first and second chucks.are_pasitioned side by

. side. Thé)eémaga}aﬂeawéﬁ@%%%%%ﬁwwéﬁvﬁeﬁéﬁﬁﬁ ﬁﬁ'rm%f’ﬂ%t shown)
gener al | yipaskk bARAChIEHON oWild Wi 5k Soshifls 8o BéZrccliofuiiotslén0 tank 1 s

nd™r

configured to store the sfurry a ceive the jet stream The singul ation
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- operatively coupled to the holding.tank via a.recycle |ine 532 and to the
nozzl e mani f ol §shopst ke npted thattog soun "ir‘h‘?é‘s %‘ﬁ[.l‘mllﬁg' ge@fﬁgﬁﬂ{%’éo%% is used
to suppl Yrodiemsk Shd YeRbid SMiks Mapibk Posisbdh Whe YatRdtdhdr \@ddghys char ge
yFoélcfQﬂgﬁéﬁnggg?y “good- sl urry 3}9“3 he nozzl e .assenbl y. The)sused
sl urry mesidg dBethetmayeghora thad onsrgang magifeidapsesdly may bousesk dinsl e t he system

shown in Fig. 10.. Once filtered e filtered Urry can be .introduced
Thto o ol PG B B R dteniblfmbl b i oGt B PRk G ccce
is filledyndideca@qflarifold 4demBlyltbiaPbddked iyonpmctioedhithor £x9¢ @ds.tTids good
slurry out of ‘the:containmentvessel 538 and into. nozzle assenbly 510 via
the di sqpratigdarcopégusaion mpereauie agdkenal rabet systeasragd disgbarge liges- t he nozzl es,
a cutting sequgfc A : a jat ed. . T.0bot system
noves the . nozzle agg?g%%?ﬁﬁzn}’@eﬁo%u tll%bé&gjgég}#gl%hﬁ%%dfﬁgﬁfﬁfti al

posi ti on iagflaneititias gaptasd ove o mere b theddllowing advantages.i Tie jwesemt During a

‘cutting sequence, -the nozzhe'gssenhly:-can he.continuously. repositioned via
e SRS P Ao e EoP B ViR Yo o ¢

the vari cHECTHIORPIeyRdes B LOFTHHHERCIYS eyt
cutting pgif 1S AP LB vilinler JABPO UMM SHIBR) thBWalEP}R chififg pR%EsSs assenbly in
the y di rec??%%:t\}%én cutting o&lgr the fi r?t ch_ﬁckjégg_o aﬁg in the x

di r ect i onmuwiesial montspeaifie; tesrefore, haminaies Al eatedidesizes with bptheducfilesi ng bet ween

- nozzles is.l.arge cj red. to the spaci en;tateqrated circuit '
packages th’ﬁg?%g‘%i’gtcgt Pried ﬁﬁp?ﬁp?ﬁ?@?}&; |encu%e%a§}?';5ﬁtsons may be
requi r.ed Jyith Qifkrafc OnfyHidng the Rettical £id therebypreveming thd Remiatss eSshemy over | ap
on another. In_one enbodi nent, the angl e of the nozzle assenbly may be

adj usted foycesndhe deyinss ampytherekire eatened dhsipmtanded positioneand Qb t i ng sequence
in order - ; G : ' i R t he
ozal ge. %@Pfé‘:??‘?ﬁ‘g“%'% E?_Jllsgsgéﬁ.z g%og%ﬁ\@r{%ﬁt Stthis Wier QB8 TR SANE R

is the continual renewal of inexpensive abrasive (A1,0; or garnet). The abrasive is

never “dulled” by ductile or compliant materials. The process remains inexpensive
and robust, even when singulating laminates of very dissimilar materials. Finally, a
single nozzle acts as a point source for cutting, thus, enabling curvilinear cut paths as
for example photonic devices. '

A comparison between a conventional blade saw and a jet stream is shown
below in Table 1. The data in Table 1 was obtained using a first generation lab

model. The jet stream was produced using a modified Jetsis microJet system.
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jet streamis showmn belowin Table 1. The data in
usi ngyiid M ihtéifiod Rhhedn esciiBbEin M4 SfBeveral preferred

embodiments, there are alterations, permutations, and equivalents, which fall within

the scope of this iﬁvention.. It should also be noted that there are many alternative

ways of implementing the methods and apparatuses of the present invention. For

example, although the invention has been described in terms of processing integrated

circuits (in all iis various forms), it should be noted that the invention may be used to

process any device. For example, the invention may be used to process

semiconductor wafers. In addition, the invention may be used to process discrete

electrical components such as resistors, transistors, capacitors and the like. The

invention may also be used to process biotechnological devices, optical devices, opto-

electrical devices, electro-mechanical devices (e.g., MEMS-micro electro-mechanical)

or the like. Itis therefore intended éhat the following appended claims be inferpreted

as including all such alterations, permutations, and equivalents as fall within the true

spirit and scope of the present invention.
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-39- | 28 February 2007 WD 2004/ 025724 PCT/ US2003/ 028743 Table 1 Jet
Stream Bl ade Saw BGA M ni num Device Size 0.5 mm x 0.5 mm 4. 0 2hgoruéniogy
8x8 FBGA Throughput 160 mmi sec* 100mi sec 144 units/strip gipping <10pm
<40lun Consunmabl e Cost 0.001119USDY unit 0.022222USD/unit 0.000017 USD/ pin
0.000347 USD/ pin QFN M ninmum Device Size 0.5 m x 0.5 nun 4.0 mnmx 4.0 mm
4x4 OFN WGt Jiouadpit 160 mmisec* 18 mmisec units/strip Chipping <10gm
<401tm full copper Burrs/Smeari ng <10pm <50gm no etch Consunmabl e Cost
0. 000852 . USD/ unit 0.104748 USD/unit 0.000053 USD/ unit 0.0065467 USD pin

oo " thiaior e e st e i Bk Sl S GeBl Soreoretine

t hrough MBS sihbillafi G flerddind Yot e table speed Wiile this invention has
been de?girrtisbedai %ﬂ?er msr%(y)l% soe\;%irrsgh% preferred enbodinents, there are
alterations, ap&ﬂngunaﬁ%}ngssmahu igeiuﬁinglagmﬁifoldmanﬁgtfred to dﬁsmiﬂmwla tlhey scape of
this inventj.on. .|t ou also be noted that.the tre, many alternpative
aye of HBHEnRrEvHIE Rt Bt RBRS Sk rained! B HseEr sadntMBhidt on
For  exatpif in Hetfbakoha bhen fqa\caﬂﬁagmmhg& tHRREPst RS thdRehd tiné;Qnas of
processing integrated circuits (in all its various forns), it should be

noted that tHechupketssemblynesnfigaradstadheld atgt sepnost shey substritecandrthe exelinl e,
the inv ' 211 tor . rs. | di,t haon,
the i nvearpaierlind SR8 nkesBroRant, oRRHL RN AN BF MRAR U ORERR 680H o
r esi st orsabstiateansi stors, capacitors and the like. The invention may al so be
used to process biotechnol ogi cal devices, optical devices, opto- electrical
devi ces, el ectro-nmechanical devices (e.g., MEMS-mcro el ectro-nmechanical)

or the i ke. T sifuldiith Shai€ o HARAGH il 1 WhErel:P I AheRAD; JLms be
interpreted as irflg(‘:lll udi nggigtwla su%ﬁ aﬁtcerlatll ongr,e p{erecnbut t}ngﬁ’?,gpgﬁgb%l%

equi val end waigs. fall within the true

3. The singulation engine as recited in claim 1 wherein the smaller component parts

correspond to ball grid array packages, QFN packages or photonic dévices.

4. The singulation engine as recited in claim 1 further including a pump and a holding
tank, the holding tank being configured to store and receive the slurry, the pump being
configured to pump the shurry from the holding tank to the gang manifold.

5. The singulation engine as recited in claim 1 wherein the manifold and nozzles are

configured to move in a linear manner order to provide a linear cutting path.
0. The singulation engine as recited in claim 1 wherein the chuck assembly includes one
or more chucks, each chuck having a jet stream opening disposed therethrough for allowing

the jet streams to pass after cutting through the substrate.

7. The singulation engine as recited in claim 6 wherein the chuck is an electrostatic

chuck, a mechanical chuck or a vacuum chuck.

8. The singulation engine as recited in claim 6 wherein the chuck includes a vacuum

platform and a vacuum manifold disposed underneath the vacuum platform, the vacuum
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spirit and scope of the present invention. -40 28 February 2007 Wat is
claimed is: 1. A singulation engine for singulating a substraiFabniay 2807
plurality of smaller conponent parts, the singulation engine conprising: a
gang nmani fol d assenbly including a manifold configured to distribute a
slurry to a plurality of nozzles, each of the nozzles being configured to
di schar geatfimi g/ bhfidlirddab reddiveedsibstfatCadOdIRE campaiRmt F)erts fhiefcbhNlle

t hrough the substrate at the same tine; and a chuck assenbly configured to
hol d andagusp platformendudiag maplaratifitiot wecugmapneaings.censh of avhiclp i eanfiguredde

t herefr e ' f et st t 0

subst r a5 Ot LERERaF ok Be WIS ond B BE Y Sty WhbohOf rois
slurry ifoghdeddBsrefromatiteasicuen namdfoibbéng confighhel i sugpllyal vaeourgicach athe
recited in claim1l wherein the smaller cqnponent parts correspond to bal

grid ar PR§NBETI S retepmnihp seheigieand caph at Bigismalien sammonent parlyondhe gifasei on

| _engi ne gal‘ftﬁee\%icﬁl%ﬂgid?foﬁhf’ii m 1 further including a punp and a hol ding tank,

the hol ding tan el ng configured to store and receive the slurry, the punp
being configured to punp the slurry fromthe holding tank to the gang

rani £ ol & ana T FTeuERip B o ORR 40 LU Rgl &R SPUEK SRERRDS BT 21 o

provi de fstl dhgi@hnd Hisbddnd dRati) th&firsl RBuck NG BSAMNrRNGI Hifd &% fuBShite hheh

claim1 wherein the chuck assenbly includes one ™ or nore chucks, each chuck
havi ng 4&hg esbstatedarheopeaitny thesjsbstrdam én at fissb digectionr the sesahd ghuckhbeingt
streans {O.Dpas f cuttin hr gugh. the substrate. .7.. The singul ation
engi ne élxsmfr1 cr teo "f‘%{h&s& ?‘,%raégwh nrg‘ﬁe%u?%?%ﬁﬁ’gwgicég%thgp%tc%uieg@tg él?fléeco %uck,'
a mechadireétions tHeGkcaid direvasibiimeodedeond to Thiefist dighetied.i on engi ne as recited
in claim®6 wherein the chuck includes a vacuum platformand a vacuum

mani fol d di sposed underneath the vacuum platform the vacuum 41 28

Febr uar {4200 ' HQur. t ' )

i 1 or ompane AL ELD g gs AN Fin FuHERE| HE HRE AR BBy
of vacuuntenpeiunlt, oftadletsfa diniry hedetving ohdnpel adl 4 pluraljitplof suryadistrihutiont he

backsi de, of the sybstrate . and each of the |.l er conpopent parts _forned
t her ef r GHFNTEL oty lualibeeE ey 6‘%"@?%’@“6&’&?@%5?@% eoniisRs (P cbXe fltsY each
of the fORLMHNAR:, Sd ¥ plordlie} 8f HulkPRitiRRtohahEn RN &AL borfgut S0 IRERE

conponent parts on the surfdce of the vacuum platform
the slurry to the plurality of outlets, and wherein individual ones of the plurality of nozzles

each are fluidly coupled to an individual outlet.

11. A vacuum chuck assembly configured to hold an unsingulated substrate and the
singulated substrate parts cut therefrom before, during and after jet stream singulation, the
vacuum chuck assembly comprising;

a first chuck configured to hold the substrate during x axis cutting, the first chuck
including a plurality of vacuum passageways and a plurality of cutﬁng slots, the vacuum
passageways being configured to provide suction to the substrate in order to hold the
substrate before, during and after jet stream singulation, the cutting slots providing a space
through which a jet stream passes when cutting in a first direction; and

a second chuck configured to hold the substrate during v axis cutting, the second
chuék including a plurality of vacuum passageways and a plurality of cutting slots, the
vacuum passageways being configured to provide suction to the substrate in order to hold the
substrate before, during and after jet stream singulation, the cutting slots providing a space
through which a jet stream passes when cutting in a second direction that is orthogonal to the.

first direction.

42



9. The singul ation engine as recited in claim1 wherein the chuck assenbly
includes a first chuck and a second chuck, the first chuck b2g fapruary 2007
configured to hold the substrate when the substrate is being cut by the
jet streans in a first direction, the second chuck being configured to
hol d the substrate when the substrate is being cut by the jet streans in a
second direction, the second direction being orthogonal to the first
direction. 10. The sin%ulation engine as recited in claiml wherein the

gang nmani% ol dhenwacugsshuek agsgmbly asgrepitesy igy glaign bY wherdimthe, singudgted pupstrate
_m . e 2 th
D ural i s PARRRon AR Sl dakicfles DML BAdlkaldr B BUe S 1C B Ve the

slurry fromthe inlet, and the plurality of slurry distribution channels
being configured to distribute  the slurry to the plurality of out]ets, and
wher ai n Pndi iU ERe s %Sﬁ%nlﬂmsamtvf b cliimo | b Whegsip eagh oF the, icapgks

coupl ed jhguddy h NPhicWinA URhtrowM | 8- a Khcwdn Vﬁ&ugﬁ@ %é@%e@ﬁﬁﬁ@?ﬂ%&h cRBfi.ghiRd to

hol d an unsi ngul ated substrate and the singulat substrate parts cut
t her ef r qiatfumortbe vagnimg phitfrmaf baving et tep rsesives iomgwhadh dhg Hablesidey @€ uthen

chuck assenbl onpr.i sing: firs huck configured tao. hold the bstrate
Gur s ng i SR oBLERe B e bSO bSesiE ot  SheetintR e yleGed DRtsm
passagewyisg and afterfetétadait $in@flatfos tieNeheihiA phatfoREnda8HE R plRAREAFRMRYSm Pel Ng
configured to provide suction to the substrate in order to hol'd the

subst r atPeRBgbech efuwhish conpspandartojone oftthe singylatadusubsirata parthethe uacium

sl ots proyi:eli AL O | C j eam.passe ep cutting in
a first dir fg%{?lgﬁc%dﬁ%ﬁ%%éuré@& Oc#gvrhg uc k&(%%}léflsleg]&? Eg{(f f%ldﬁvo F‘H‘m?%dé%s%s\fa% e

duri ng ypenings, ahé tviaagm topeniags and the Wackun bhntdisngosking U6 dthdr yto Ofornd i um
passageways and a $Iurality of cutting slots, the_ vacuum passageways bei ng

conf i gurvatPi NIFYsTHYssthat distitude granclop dercaite the Rackude ©f the uastpgdated
subst r atsgh PRfOfnd thAMh 18t 8 Bbs ﬁ%ﬁﬂkgﬁttﬁérﬁﬁ&ﬁ‘ singul ation, the cutting
t hroug rch a

slots providing a space jet stream passes when cutting in
a second direction that is orthogonal to the first direction. 42 28

Feb 2007, 12. Th huck |y iL.ted i | ai m.11 wh [
he o1 ngl at el rapanial JRPPED S Frae SRplin 15 aferes e vabply SpRinse. arn

packagegispbsdahBicdph thedR¥ingf Platfbdm, INPwHACHUMR ¢Atieln ARARPLY raSsf@GHEH 1 n
claim 11 wherein each of the chucks includes a vacuum platformand a

vacuum iyacers nginifebked under neath the vacuum platform the vacuum
pl atform having a top surface on which the backside of the unsingulated
substrate and the singul ated substrate parts cut therefromare placed

bef or e, 15dur iThg vabeumfdhaek jagdently aafedicddul @iinon3 Whecinake WittHgadlber e
i ncl udi gqg,g a plurality of vacuum (éﬁ)eni ngs each of which corresponds to one

of the &TsdI By duststipis: dianased dhtoygh tthe s mlatiemm pad derond| sgisndisposed
pl ural i tproRh e CHUINE RARREIS tHotREt AUSeldndi ey b&RY Qii&gedt@itﬁ BEe YW as

to form the cutting slots.

16.  The vacuum chuck assembly as recited in claim 15 wherein the vacuum openings are
positioned between the first slots, and wherein the vacuum channels are positioned

underneath the vacuum openings between the second slots.

17.  The vacuum chuck assembly as recited in claim 11 wherein the cutting slots of the
first chuck are linearly positioned in the first direction, and wherein the cutting slots of the
second chuck are linearly positioned in the second direction

18.  The vacuum chuck assembly as recited in claim 11 wherein the vacuum openings arc
positioned in multiple rows and wherein there is a vacuum channel disposed underneath each

row of vacuum openings.
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openi ngs, the vacuum openi ngs and the vacuum channel s working together to
formthe vacuum passageways that distribute a suction force 2®Fdbnery 2007
backsi de of the unsingulated substrate and the singul ated substrate parts
cut therefrom 14. The vacuum chuck assenbly as recited in claim 13 wherein
t he vacuum openi ngs are di sposed through the vacuum platform and wherein
t he vacuum channel s are recessed within the vacuum manifold. 15. The
vacuum chuck assenbly as recited in claim13 wherein the cutting slots are
formed bl-firkic ¥pauen Fhygesstpmiiy cisgFecitd aeldinn i dorterninghdinge @oheses| ot s

di spose nifal d, . jr st c ts. being
ali gned%ﬁngﬁﬁﬁﬁ%ﬂgﬁ%ﬁﬁﬁ%@g&zggﬁ thggf %?S%E@ﬁ)gg%lgﬁtﬁengggﬁgtés%.@ﬂlozﬂ.le?’r%ée {S/‘Jzias%uum '
chuck assentiihy = pair exfi teds, i anecdfaihe ihdswbeingipositivacd aaddneapeind Higs ek,

posi tioned between t first.slots,. and wherein _the vacuum channels are
posi ti orf’élﬂthe{l?ﬂ@F P{degﬁ’e{%"v?‘é‘&ﬂ fhgle Ew@huqlq@ws\@muwbvwﬁh
The vacuhm Gl sia8 s HEl ¥id@$ré itk 80 shdde Ghid i } Chdsbdsngre! ot s
of the first ghuck’ are Ili ni’arl y %osféa{&gnl&@u%]‘%lﬁgﬂﬁ{m&? %{érglgcﬁ%%, Q%e%d
wher ei n ttaveliegithrough the ontingflotshe second chuck are linearly positioned in
- the second direction 18. The vacuum chuck assenbly as recited in claim 11
—wherei n the vacuum openings are positioned in nultiple rows and wherein.

there i 902 vameubcahanafick Hssaes ¢ ths UBEedNBAEIRIE 8Fkbreih QHe YhcAE PlopReRI NYsS.
43 28 Febr ue(l{%? 2007 19. The vacuum chuck assenbly as recited in claim11

furt her fpreqdisem g rublsmized matasial. gur ed support the chucks in their desired
position relative to each other, the base including a pair of voids, one
of the voids being positioned underneath the first chuck, another of the

‘voi ds bé&ilng Atsivacmnedhuckdesanblihs trbbted 86 @i N uwkereinhiBe Vit Sed @hReRIsNY
wth t cutting slots, the voids providing a space through which the jet
- streamp s after traveling through the cutting slots. 20. The vacuum
chuck assenbly as recited in claimwherein the vacuumplatformis forned
froma rubberized material. 21. The vacuum chuck assenbly as recited in
cl ai m 122wherlbiervacimenraibek iazscthbipte récited iis cladint bh wh2in Theevacaamuopenings k

assenbl s.recited.in ¢claim.1l whergin vacuum nin i.ncl yde a
recess eﬁ“‘g‘é‘?et f Sreestedy 1?1(5&?% Gt S R Yrigpe P%Eﬁ?/ AU Bragfg%r %Q’Ia“ﬁljhﬁ%lﬁg h

hol e dim@ﬁdm%@gmqgéﬁcégggdﬁﬁﬁgﬁ_sed portion. 23. A nmethod of singulating
a substrate having a plurality of integrated circuits formed thereon, the

nmet hod conpri si ng:

23. A method of singulating a substrate having a plurality of integrated circuits formed
thereon, the method comprising:

producing one or more jet streams in the form of a beam, the configuration of the jet
streams being sufficient to cut the substrate;

directing the jet streams over the surface of the substrate; and

selectively operating the jet streams so as to cut the substrate into the plurality of
integrated circuits, wherein the step of sclectively operating the jet streams include
performing a first set of linear cuts in a first direction, wherein during the first set of linear
cuts, the jet stream is caused to move back and forth in the first direction while being
incremented in a second direction at the end of each traverse, the second direction being

orthogonal to the first direction.

24.  The method as recited in claim 23 wherein the jet stream is moved at a first speed in
the first direction and at a second speed in the second direction, the first speed allowing the
jet stream to cut through the substrate, the second speed being faster than the first speed in

order to prevent cuts through the substrate.
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produci ng one or nore jet streans in the formof a beam the configuration
of the jet streanms being sufficient to cut the substrate; di e®Edbringy 2002
jet streans over the surface of the substrate; and sel ectively operating
the jet streans so as to cut the substrate into the plurality of
integrated circuits, wherein the step of selectively operating the jet
streans include performng a first set of linear cuts in a first

directiao V\/qgeindring,t e first set of linear  cuts, the jet streamis
caused t©: movErHBERCG A reied An iclaimp &4 pyhessin dig wEe bRV erRi the s¢rond gpeed and -
i ncr enent,€erdt BodSE6Q P e b > 1end of each traverse, the second
direction b(rai ﬁ% ortﬁggonal{o‘af%d) 9&8%#3?%4;5? 1di rection. 24. The.nethod as
recited in claim23 wherein the jet streamis noved at a first speed in

the fir directipn, apd at. a secon eed in the. secand direction, the
first spded oot Hacuinie & SR B o g toiREeiRdTHts e
second SR&esh, I8 REtHLATHA! dgiﬁgn the first speed in order to prevent cuts

t hrough the substrate. 44 28 February 2007 25. The nmethod as recited in

cl ai m 24 wherspéncitgoner oolgdetrsams e thedioon @f 9 been, thecconfipaation of thepeted i s

bet ween 40° 1.t o out .5: 1. 26. A nethod of singulating a substrate
havi ng aSﬂ%?lﬁ%g 'iggﬁufg’rc“ﬁnn{%ecggl[eéga&%fa%ui ts formed thereon, the nethod

conpri sing: pliedtitg the jQREcHlis SRt ehd RifaSé 6LBTSulistafehgnd or m of a beam the
configuration of the jet streanms being sufficient to cut the substrate;

directing t heclegtivaly oparting fhe jof sicamy paas tofut e whpiEmte date;theplprality of

sel ecti er:at i i . al i t he
ohural | telpRRGRUE G HEp bPhel &R et ind fr Sitant IELEHOBLiR L Al

j et st r samf hndaudes iper fist diregioa dhd rpetformimlg fecbnd edrofditiesr ¢nis i & iseind
direction and perform ng a, second set of linear ¢guts in_a second

directi g‘ﬁﬁegﬁ%%ﬂ st diectier bPigg PEPab e thegeseard ditsctions whereynduring the dirgn
wher ei n sglus Ikat Bots fthé K strsh iOfauki Bt Hel G to
nmove bacsk_ and fortﬁ I n%%tﬁe fi #és)%au%iéi:dr]g%th?gﬁB%i%ﬂg%gg?l}lg{ei ncréﬁ%ﬁ@g‘ﬁﬁ% t he
second deingdneremented tith theesnebndfdisation atrthe end ef cagh drawkree, eind wherdim dutimethe
‘'second set aof linear cuts,.the jet streamijs caused (o hack and f.orth
T the Skl SRTBee BSOS YBenyis FRRuhin Re trck padribfu R e Stondn o
t he end dakct@ackhilé BIRE BRrendhted i thd Wish@iceclon bEML bRdof sheh k@l &keg6 wherein
during the first set of linear cuts the jet streamis noved at a first
speed in the first direction and at a second speed in the second

directi , a i . ond: i near cuts. the jgt. stre s . noved
o et Bl SheHihOPd RASERCOIR CH Rheldd Ain ik Frlor hPln B e o
first distreamhiiomovedet hifirst spepd @ tiad fisvdirectiontand #tta SdcbR@BPded i Uthe s&goatgh

the substrate, t econd speed being faster than the first speed in _ order
to prev Hpctif:% gntgI ﬁpﬁ%ﬁqetsrq@egl@@g p(fa ii{ltgar cuts the jet stream is moved at a first speed in

the second direction and at a second speed in the first direction, the first speed allowing the

jet stream to cut through the substrate, the second speed being faster than the first speed in
order to prevent cuts through the substrate.

28. A method of separating a substrate into a plurality of integrated circuit chips, said
method comprising: '
providing a vacuum platform having a plurality of vacuum openings, each of said
vacuum openings corresponding to individual ones of said plurality of integrated circuit chips,
each of said vacuum openings being surrounded by an upper surface of the vacuum platform,
the vacuum platform including a plurality of vacuum openings and a plurality of cutting slots
‘that extend entirely through the vacuum platform, the cutting slots being positioned next to

but spatially apart from the vacuum openings;
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28. A nethod of separating a substrate into a plurality of integrated
circuit chips, said nethod conprising: providing a vacuum pl 28 Fapruanteddr ng
a plurality of vacuum openi ngs, each of said vacuum openi ngs correspondi ng
to individual ones of said plurality of integrated circuit chips, each of
sai d vacuum openi ngs bei ng surrounded by an upper surface of the vacuum

pl atform t hisposiogwandlfiadt f ddanof saidusiibegate ¢l waidl updpyr efirfascoflvaidperimngs and
a plurality of cutting slots that extend entirely through the vacuum

pl at f or rﬂlat%lq{@cutti ng slots being positioned next to but spatially apart
fromthe vacudmigpeniEss side of SafiClbuRitY 23094 sald i QSR shid" ®lenghde of
sai d substrate on said upper surface of said vacuu platform holding said
first sipdatfosm wigh o vaubst suppbedheiugbtthswicdumppeningyr f ace of sai d vacuum

ot o1 i AEHO SRR Sl 1 SRR e

separ at gepathfeicifinB®adth; cutting said substrate into the plurality of
integrated circuit chips while said substrate is held against said upper
surface of sdﬁuﬁmgéé@tﬁ\ﬂgﬁiaé% e the Rlafaditycef ntogtatesesirgyitpnbisorhilaisapd substipte
pluralit fLauid. .| I , ' ' of fl uid j S ch
passi ngtl%/ Hglguaéhﬁigdsaiscg%pﬁ gts ‘Z&%totffs%{éid‘g%gﬁh%%t?%& ¢ ?%é Cﬁﬁggib%élga}é{rlﬁ%@d §8 A
process said pradlingosiliitigeestraatng] said phasisty adrthid $dt Rgearps eadhdpaaging thiolgh nat e
havi ng a IE)I urality of surface nount devices fornmed thereon; producing a
pl ur al | SGPEBRECREING shop dwanseshie MRS AREOT or m of a beam and each -cont ai ni ng
an abrasive and fluid, the configuration of the jet streans being
sufficient to cut the substrate,; and directing the jet streans over the
surface28f t Hepwuodssiof atabingsudsce moenttdevites suysisimg e into the plurality of
surface nmount_devi ces., 30, .The singul.ation engine recjted.in claim1l
Furthor conpPraTipE & Sibiate v e PR AL RS B AR cRo P Hion
plurality of phdduchiz &pRIFRIRYDflj@%aEAHs OS iAMhd RRPmASS 4 BanDbhe eacteesaihinkt er
el ement including a container and a filter that separates the container

i nto fiesebmsye sed Bnid, ieaanbguration efthe jat seeanissheinguffeiendo cot el substptrd
abrasiv terial to flowfromthe first chanber into the second chanber
whi l e preventing oversi zed abrasive material fromflow ng therethrough,
each filter diregthiptthé et btdehiniOo@r HRaUrfatdlsl the bilshtelsolas tkeafitNe ibsehtdlinty t hat
was previ ousl Yif used to cut through a substrate, the used slurry inlet

bei ng | Sheplealitypfisefagq mapntdexisper thereby allowi ng the used slurry to be
introduced into the first chanber, each filter el enent including

30.  The singulation engine as recited in claim 1 further comprising:

a wet slurry filter arrangement, comprising:

a plurality of filter elements layered one on top of the other, each filter element
including a container and a filter that separates the container into first and second chambers,
the filter is configured to allow good abrasive material to flow from the first chamber into the
second chamber while preventing oversized abrasive material from flowing therethrough,
each filter element including a used slurry inlet for receiving slurry that was previously used
to cut through a substrate, the used slurry inlet being located in the first chamber thereby
allowing the used slurry to be introduced into the first chamber, each filter element including
an oversized slurry outlet and a good slurry outlet, the oversized shurry outlet being located in
the first chamber and the good shury outlet being located in the second chamber, the outlets
being positioned opposite the used slurry inlet.

31.  The singulation engine as recited in claim 8 wherein the vacuum openings are

arranged in rows and columns and wherein the chuck includes a plurality of jet stream
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an oversized slurry outlet and a good slurry outlet, the oversized slurry
outlet being located in the first chanber and the good sl urr 98 Bairdast 208&i ng
| ocated in the second chanber, the outlets being positioned opposite the
used slurry inlet. 31. The singulation engine as recited in claim38 wherein
t he vacuum openings are arranged in rows and col ums and wherein the chuck
i ncl udesopgnipigsifeadbottied afs ljretr slotsetm adGspafialekupurred 2D ParabEletdi digsansiiegdi ed
as linear slots that are spaijahiy éeparated and parallel to one another
each sl oﬁiaC@é]iOH c1ag sepaztelyypositioned Biba sparedpundshaiween bgrawper arlemns pEtheowns
or col unpgu@h ochBfnevacuum openi ngs. 32. The singul ation engine as recited
in claim3l wherein the jet streamopenings are fully contained within the
confines of the chuck, and further including a starter hole that provides

a point for ipjti.ati,ng a cuffing. uence, . 33. The singul ati on engi ne as
ebi tod P ol o Rgear ek ate G & athaL e e e aaPoB fE

i ndi vi dugily estithiab® withih the 66tiTlek B8theRRGRVARI Rirfhefintludide/a ShddrhbRuUh4ton tube
is coupled to the inlet via a coupling, the slurry distribution tube

del i ver imigvides g pint for inpféatingsi qusfing $aquence. shiny delivery assenbly. 34. The
singul ation engine as recited in claim33 wherein the slurry delivery
assenbly  includes a slurry contai nment vessel, a fluid source, and an

abr asi ve3sourne,siddatatish éfigiyie acflited Mnadiin MESERbin A6 b8 o21el He Esupiad he
fluid source and aprasive fromthe abrasive source in order to Efnerate

the sl urfhe ipdixidual putletsaa a spynling: andosbaringslvy disebytion tubg iseoupledto t he
| . ! _ St PDerny e
slurry ke fgde :vYaea[ &ﬁphﬁ%cfﬂgguﬁpﬂlsﬁ!lﬂ‘lft{?ﬁ.tl%escfeh%/%ﬁmH)bﬁek?ﬁgiflaﬁibﬂ:%qla 0

35. The singulationengine as"recited in cla rern e abrasive

sour ce ishiny deliesrpuasdsinblyabr asi ve cartridge. 36. The singul ati on engi ne as
~recited in claim 10 wherein each nozzle includes a nozzle tip attached to a
nozzl e body, the nozzle body including a tip receptacle for receiving the

o b, nozz , : . : f
nozzl e ip fﬁ?ﬁsiﬂgﬁla’h&ﬁ%ﬂéﬁ@h@rebﬁé& Mdelz?ﬁa B WhEes Mﬁﬁ{argggﬁ‘{mﬁ??%gﬁb@ ope 0

the nozzle tip thus allow ng the nozzle tip to be se e trp
1 ecept adndudes 2 slurpecontainroent yssseb i fluidi sounce; hiad an ABasibesaires, theslirnt egr at ed

i rcuit d-| i.nt d .Cikcuit k . 38. T t hod
Fect t eq PR ersTeeiviph AN 4 P sou RGP BB Romifs PTiitkagos are
quad fl abupakorder tog@geratfth sty cHié alufe cehialhdicht ﬁ@sﬁéﬂ%prés%uﬁgedﬁ%@ﬁéﬂar y

2007 - 39. The singulation engine as recited in claim: erein the smaller
conponefesslareisi deliegred taaugh the slurryshisrbigion tube to the manifold.

35.  The singulation engine as recited in claim 34 wherein the abrasive source is a

removable abrasive cartridge.

36.  The singulation engine as recited in claim 10 wherein each nozzle includes a
nozzle tip attached to a nozzle body, the nozzle body including a tip receptacle for receiving
the nozzle tip, the tip receptacle including a slope that matches the slope of the nozzle tip thus

allowing the nozzle tip to be seated in the tip receptacle.

37.  The method as recited in claim 23 wherein the integrated circuits are lead-less

integrated circuit packages.

38.  The method as recited in claim 37 wherein the lead-less integrated circuit

packages are quad flat pack no lead (QFN) integrated circuit packages.
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40. The singul ation engine as recited in claim39 wherein the integrated
circuit packages are surface nount devices. 41. The singul at#®Tebamgi 2087 as
recited in claim40 wherein the surface nount devices are selected from
chip scal e packages, ball grid arrays (B&), flip chips, and | ead-1ess
packages. 42. The nethod as recited in claim?29 wherein the plurality of

jet stredars amne sinfpultids @Egint adarited MAlAmSOWhERIn thd smille coripbRchtager eci t ed
in claim?29 wherein the p%]ural ity of jet streans are spatially separated

and posiibtesisted cdichié ppskagede al ong an ‘axis. 44. The nethod as recited in
claim?29 werein the surface nount devices are selected fromchip scale
packages, ball grid arrays (BGA) flip chips, and | ead-|ess packages. 45.
The net hdd asThesaigubtionRnginaasrc2BedinaldinB X Wkersmrthaowegraiedtirabétvi ces are
quad fl at

pack no ] ead . integrated circuit packages, the
conf i gurPStasas &F SP#%“‘?‘B?S@%‘&F\% being sufficient to cut through a netal
carrier and a nold conpound of the QFN substrate. 48
41.  The singulation engine as recited in claim 40 wherein the surface mount devices
are selected from chip scale packages, ball grid arrays (BGA), flip chips, and lead-less

packages.

- 42.  The method as recited in claim 29 wherein the plurality of jet streams are

produced from a single source.

43,  The method as recited in claim 29 wherein the plurality of jet streams are spatially

separated and positioned side by side along an axis.

44. The method as recited in claim 29 wlerein the surface mount devices are selected

from chip scale packages, ball grid armrays (BGA) flip chips, and lead-less packages.
45,  The method as recited in claim 29 wherein the surface mount devices are quad flat

pack no lead (QFN) integrated circuit packages, the configuration of the jet streams being

sufficient to cut through a metal carrier and a mold compound of the QFN substrate.
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