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feed rates increase, the magnitude of the shear component increases commensurately
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and magnifies the device retention problem. Therefore, feed rates are minimized to
protect 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 new
diamonds to the cut 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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chips. Curvilinear cutting paths are also problematic
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enginecikicludes a gang manifold assembly including a mamfold configured to

distribute a slurry to a plurality of nozzles. Each of the nozzles being configured to
discharge an individual jet stream in the form of a beam for cutting 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 stream cuts through the substrate.
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assenbly includes a first chuck configured to hold the
substrate during x axis cutting, the first chuck
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rcuit chi,ps ha rst e that nDother t han
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seco The met hod i ncludes providing a vacuum
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anpupper surface 0%/ the \Jacuum platform. The metﬂod further 1nc1udes 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 cutting the

substrate into the plurality of integrated circuit chips while the substrate is held
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The invention relates, in another enbodinent, to a
process of making an integrated circuit. The process
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’Wﬁﬁl ated BGA integrated circuit package. Fig 5 is
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si ngul ati on.
integrated circuit packages formed thereon.
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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.



Fig. 6 is a sinplified diagramof a singulation

engi ne, in accordance with one enbodi nent of the
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i s aligi hipsiaferweyiofa dipelpessemblyr ingscardanceovith @fe embodiment
oﬁﬁé‘gﬁésenitfhv@ﬁ't‘f dance wth one enbodi nent of the

present 1nvention. Fig. 16 is a sinplified side view,

I n cFigsk ssBeattbpniewodf sachubllgdsembly, MGROsdameayithhl NiPRfe
enbodi rrerIJt of the present invention. Figs. 17A-F are
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enmbogl o) j i - 004/ 025724
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embodiment of the present invention.

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, 1in
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 invention.

Figs. 17A-F are diagrams of a vacuum platform, in accordance with one

embodiment of the present invention.



wi th one enbodi nent of the present invention. Figs.
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system is configured to generate a 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 for singulating photonic devices.

Water jet machining 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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roons have been concerned about these high pressures,
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will) BRROIMEH Y o STt FLAE FYENG SRR 40 tpopligured

to PRSRSE ¥ SRk byeh Y1 %ﬁors.\gfanf%ﬁmngglﬁyag% Qg.ga‘éﬁatqulih Bile¥ to

System 14 is config dto su rasive slurry
fotmp sihB drsoretd marts 6 Fanekantpde, throating Hedmi reabnéinfigued tbo

.produce .a, cutting,beam 11 wi.th.the abrasive.sl urr
sy § Sy Rur ot ARe R fod i Oeaded 5105 1ading but not
1Al OSPsABAAS, OFNS bhad (B EikEUTHE BEiABbAhEMAY alsh BE cBEANIred

11 relies on the fluid to carry the abrasive and on

to sgulats ayibsiEate tite phajomic dadcesrmuclens atrayed piave prating photonic
deSidbstrate 12. In nost cases, the abrasive slurry is
squéezed through a small opening in the nozzle 16.

SqueRtzi daginighgpshtul 1§ gtivrabgincluies MabzdstrelRlitay$9Sett14
to exit the nozzle 16 in a very fine and h’i@%h speed
and gmorAlg 16 8RFrRAvely couplqd to damatyasvedelipery sysionosh e ahmsive

ol e AN P OB g
nogrlaritys smiigured 2P prodihes peuiting Beains 1 Cwith ilguabedsiteslpyTpThe
b B R T 9 b R RS o
the beam 11 relies on the fluid 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 cuiting beam 11.
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16. The slurry vessel 20 is configured to contain the

abrasive slurry and may serve as a location for
worRooses7ehe conponents (e.g., abrasive and fl updi/usfoo3/028743

the abrasive slurry. The slurry source 22, on the

ot hehs shemd, iniFeg. d othf inuasierd delivesyi pystgm 14 gersoriyonelndes ajpump

th ahbr asi sjunry. For |l e, the.sl|lugr urce
18, R Stup R ATt oty e 22 TR s B isYoitfied B the
abERNRANEN ofof tHealBTdsye] 20 RAd atiBley tiRRBLRIve RikSdo tHdgozzle

sl ur ragi{ source may far exanple include storage
16¢ drtheaiurest vessch 20 iscconfiaimed teontain itha dpuasivestural dnslgnay serve as
- ve
» GEIRISEkSin? b DA ICKE Lt T GERIARRAT TS
THeasblry spuece 22nowthe otttdd bandyendonfighedad sdplyvite dembydnts of the
system 14 is a re-circulatory system_ For exanple,.
abyasyeAHRs | Ks exppleythe slupry sawice sy disttayte tg@bragiye, fluid, or

oA PRy NG 0y A b

expmpleancludeistorapacdntahes tHat oontaintter indryiduakordeixied eomponents

stem. i..e. he cut rticles may.b arger than
of ERE TGy TiRCreiinbth b5 e putipla Ria e e et e
an¥/REitANSteeMiqld) anot her enbodi ment, the abrasive
delivery system 14 is not a recirculatory system In
t hi dnog piiment, theakrasbiesisheany sysisre 14 dna iercitoudtery system.
' n e . di rded.. i.e.. .t
reE PRy e DRI 0 ol ASRE Rl S 12
and peuyelzid dbefituré tdes In tases swh a8 Yisds€ filfee vy the uged o fibeent cut
contam nation altogether. In one inplenentation, the
pagiglesdrara entering, thes dglivery systers 1, dhe Gut pagisles mapy Yedgyger than
# 3 P IOt urry
ROy Hae bl %o BUERRR s, T iy
entlodaséniahe ebradiee ddliveryysystemsiiek nbherebirpilgialyl sysidfiy In this

br.asi ve maybe delivered.to the slurry vessel in a wet
cbGHIRGIOH™ CORPPOBFALS 85 SRSy SHERlISHaN{ Fesiegraponents are

diRERed) e nhSsIRY R oRMRIBE defr&hbOL As shRnEbd %ﬂr@cﬁﬁe&ﬁﬁi‘g
I h t The

mat erial and add new matérial to the syste
typ#i ofrsrstem paevents @agigiea omgpninaitaniaitogsthenrdh bné implenientation, the

[ . rt uch _a ckaged o haqt oni c. .
abfiiR SR ned IRl TG elR) A5 s PoyBBba s pppoed
inteitl $16rry vesstlRe hiph Pedskdree IMbider B thinkfRf thelaBRBNVE 90 Theburry

the dianeter of the cutting beam The dianmeter of the

vegsgt the hypiepdlydry abrasdvemay by delbressdip dleasiwyy vesseldn amester

-t he [ j ] r. of .th
coR T s PEE ks b8 afofin DAL LB U FRY 5 Blppb i o poro
re-tieulap enedigatenialtahé addaew enatedal toothgbysigh. a requi renment,

the di aoeter qof the beam jis typjically on the order of
abthdhe%.le heguy arg 1drigsmaih én ordpreto sligerseal parts yuch

as g\g(lﬂélﬁg&foﬁﬂﬁﬂﬁﬁc%e%ﬁem ﬁ‘%ﬁ@%np 1 ﬁ%ﬁl%oﬁu&&%ﬁf\gﬁcﬁhs

] within the typica saw stre nsi ons
in hgckbgjeatt witlsiphilet diniensidey ascibs dian@teNDf #BQ4LDR2H22dh. The

. PCT/ US2003/.028743 . As s in.Figs., 2A and 2 t he .
i e P oy BT P D s R S pioh Gb e cbaing
in {i6ingzz1€ ATh@&iatneler XABRhLEnYBEN LehdRINdrReboHdd tdthe diameter

ackaged devi ces
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.

-8



and/ or curvilinear cuts (Fig. 2B) as for exanple when
form ng wave grating photonic devices. These types of
we i0g/025794 be acconpl i shed by noving the substretEUSD03/028743

and/ t
2or &% shorfifiniifs, bASAEM At b ek (RO BIU e
reatilidear cith 671gOZAZ)I ®B fdlﬁexmpletmhmﬁmdmlgyn@vﬁuﬂqfackdgﬁd He'gces
axi d beam 11 is_noved in the

h
o e B %?graa PrsaRlis i foTE SEvE graling photonic
ddvieekl IThEE%Q%g\éés‘éﬁ”%ut@ﬁrgy@@%cé Pififed/b b6 'tl‘RansutOQc %@lff and/or

par al | recte rectilineal cuts
thReuttingibaaarl 1 cejat'sveﬂu ohe aiotherafidr yxatiplechesibsiudts 120y be

ARl A B o PRSP 5
sy aDsean] 1 1Ciidved upme mﬁl%c@&woq&ace\ya%dmet 1 Jr¥RBrebed

cutting nmethod is that the cuttlng beam interacts
regjillinear pigs 38 e imthe yailr@n@ort Wemzkea:»ar let toavsatdy @reemént i ng

reEt{ﬂ?nea{ 8¥tE§6 Slﬁgcgtﬁ ea?rragér fglﬁarlsg}? rﬁ"%é{l cu sga\ég rsx?lfe‘a@Yezfor
siggulstingrih€inidedl fackiped ae‘hSeslmVﬁdh amcsm, BaAE QFNahdthe like.

directions _  (sinmultaneously or |ncrenentally) i n order
Ongadvariase of tiingraskage deyiceipgh this lypspof gutEng method is that the

cuking Senh il i S0 oo b e L BRI AU e il

fo&nhlmarr altsheat f?ﬂaesatha:uﬁah Iadgirhrﬁﬂaffedt mea@mﬂedafmkagdst in Bipe
i ment. o sent .i.nventj on ,

Zéggo pgs ofiprted bigan %g%%’# ‘ﬁé?/ [P‘éfé‘?ﬁé F‘é‘F %9“%“6‘109%5 pond to

(sﬁﬁlﬁtaﬁb@ds /-}\I& 19&%&&&1%9 49 8RRr tJh‘lBltbe(:lﬁ’ﬁﬁi{é UgtsFi gures.

Fi gs 3B show a substrate 32 before
sin gﬁlg&t?SnthE amsllmzamns shwinglbad fest mtc@atédscirchii paeicigey

L a of i n ted cjrc ackages 33..
oeorB i Shl bR B e bl VBB R EE B gocordance
wille o8 ahbodlﬁlemrmdw Predett¥Bvaiidne @ oftkampPR, heRak; tb%am
32. Furthernore, the integrated circuit packages
mppgenseellysoresnondp tha cuitias beamgissussed tuthp yreﬁmﬁ &gures Figs.
L 4 .of I
SORRTE i o Sl S VRS BeBRP B P RGBT 12

fotrh@i lsyjbﬁlurﬂitﬁ oBidtegibine cgfoﬁtt@a&éhgﬁ@% CAltRSA ‘hﬁﬂa FeQquirgi¥nt,
3A and 3B. Figs.

ur gro [I)s 34 shown in Fi
S prEes o S Bi WA IS e aes P Subretee. 35
Fu%fh%ﬁﬁot@et‘hg thtSRed é}&ﬁlt ﬁa’bﬁéﬁe&é gﬁﬁe 2 ?%nk §§ ore

packages are general |
closely prgked gmum{%mmg 3\@ $homottgrb@ 34601%”13&(1:11@9 mhtegraady:lrcmt
a0 34 o g ot ol g dne e Aray coptisgond to

an§7®lﬂ’tkw fouftipsIahoWack FiYe. 1.8a8d §RFMosPHS kAOSSE shddr smgle

packages enerally refer to |eadl ess packages with
inisgrategtraicuit packeas Harfipdeinsaaparaind Sopotbe gralpS4phead IQRN

R TR 0 B PSS e

d1¢muss:edhth3ngtsaterd&ayers portabl e video players and the
ik -9 WD 2004/ 025724 PCT/ US2003/ 028743

subdioBe E%ﬁlﬁk}lﬁi @ahodimei cihg gebsiratecigrerreswnds orthpse suhgirages
thdPRbAtafATRAMAG Pick RoTUAA (QFN) packages. QFN packages generally refer

to leadless packages with peripheral terminal pads and an 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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whi ch the cutting beamcuts in order to singulate the
i ndi vi dual QFN packages 33 fromthe substrate 32. It
W@ baalozs7be not ed that QFN packages are not a | POT/US1008028743
and that other types of packages may be used. Figs.
sulseaddd tgpiealiyt inoktle atompes cationhmpda mpidreaippyndPB thrgngh

gr.i arra (B&GA |nt at.e |
I R e N e
fréHild éﬁgst?;ﬁ@n i slﬁﬁlmeiﬁas&th\alt QFNanek b adinveatimittioh end
present invention. By way of exanple, the cutting

thzmahnmmcsgénwkamsyn@dmwéond to the cutti ng beam
ci r AL e o B DIBHS ity ifd PRy B8kl AlEarg @A)

inte@FREDdiRGN pabiadgedbdforesnd aftertichy sitgdated fromi atsubstrebewﬁh a
attached to a printed circujt bo?rd f ace-do

cuthieg e i aceatianes Wit epmEnbqdig ety ﬁh?eprﬁéerlwfﬂ@manr &Y yay
ot%é’(gmﬂle e QS %@%%%ﬂeﬂfﬁ? 'céﬁ‘r?s?@hd Raht suithg §6Hn§i 8fseussed

abrlc I pl e 1 ntegrated
inGhd ﬁﬂ&ivious Rignses( B&IAI 1n’@gtadedanrca;t$admgesjuypmﬂl§areéerft@ amed

e USRNSSR SO0 BORS

cﬂcﬂﬂ'b\éh%l:e Q5w WiE] Be bRipeUoRtaef ehhidethf to-fhk PEnted circuit
hough a substrate may be separated at

bcsmb’s tambita ﬂiryuﬁnydlpmilumbadjla of ﬁgjd%r n Dmxgafahn%@r theegof.on

N N T U

sM@eﬁE 5@%ewaﬁé@ ofLipRRIRhA 2 aﬁﬁgheréa‘ft@ qusatai mttbesplmﬁetlﬁy 36
forme y a plurality i ntegrated circui

indvidund) essigFle et grated g:rwgmfams eﬁ\rkthouglga subsiraip BIAY bg S@Wé%rsd at

@FW&{W@{GA rﬁorlll%éedgggé %rto&érﬁc}f %hcﬁowlig&gelﬁ%g? ﬁ% te is typically

dpﬁia@ﬂra;ﬂe@ dle%a[l@ggtarl’ggmgﬁe%e &fr(tjreﬂ ohéhen@bstmjﬁr at ed
romthe grou . i ntegrate circuit packa re
genefagelap gméq %1& BRoYha sRsitgle 3O fameddyy & ﬂi@kg&%@?\
n@ggé%(gé(umlgé]acﬁ?%te s BE b REHS, zgm'nn P@Qlﬁ]‘ﬁsrh%% 8lorAR W dEBGA

ustration ovm ng phot oni ¢ déevi ces
inddgireted siragupaekages 37 bfter smgu&a%an Eegswll@ andMe show edingnBGA

. of th presen e S sinpl i
indFeaEPa ﬁ*ur‘éi’flt erekessouli e B PR T B A wi ¢
indPrate Rfkagel afehRnBhRY QR knbBWEM tHeMrt ahliSor the sake of
singul a |on eng |ne is configured to singulate a
bsulig tvikhnet Wdlsmswdsmrmy grateodgishent parts via a
o ¢ RS At R Hns AR S} BcsSAIRRRGL

adddedAnt & ith DAB embbdiHeAt dfahe prRgEnd tvéftiddlcl udes a | et
streamdistribution unit 46 formed by at |east a

nozzFig gdsepimn)ifiad diagrampeh agngatign gngipe 48 inagpqrdance with

x‘?é? gﬁﬁ?&léeﬁﬁoﬁﬂéjp@se&l%@t?o}g effals é%?dt ol Qﬁ%ﬁ'@ﬁ@g c\éﬁﬁ%ured to

i Very asse is c ure eliv
s1agula&bf subbtyae 82 inte ymilier k:hmpmmnz pm“tsaaa; e ntitiyg H7am Fhe By way

| nbly 47 f t ' | et
OB PG T STTRAFFHAFS Y D511 o G SrRRTe R EP i raieph gnd
tRUBS! e RirbalakiBn eddind MO FRRAEDZRT dfeaR(diktHBEAR3MRPET fh3med

by at least a nozzle assembly 47, an abrasive slurry delivery assembly 48 and a tank

assembly 49. The abrasive slurry 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 in
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order to produce the cutting action of the cutting
beam 44. The tank assenbly 49 is configured to
wo emeirss2and diffuse the jet streamonce it paRGEES2003/028743

OI‘BEI: @ﬁg@d&@%@&mﬁ’ﬁg 24i8n §Lthe AWftinB Deh @4C Uht kMl a8hibON49 is

operation, for exanple, the abrasive slurr
cabdiginedrty ressiernd diffige theypiiticen onpeitpeswses Breppbdhpiupsiggte 42
V\Al{g:i t he_.abr atﬂs)i ve slurry and the nozzle assenbly 47
dufinedbe SUFRE 3G M™si ve slurry towards the substrate 42

Oncepgtifg Bpéraesh, fsr@xuhpe, heaBlative shigdeliyerd dssetaby 48
abrasives In the slurry work against the substrate 4{2
suppliesthowezzlrassembli 47 widh theebrastvashgatand fag nprelernessirily 47

O P30 L, A8 o

er tormng cutting beam
akémbBN 7, eedraies gn the shrmyatdrk upainst the substaah é2 teremae um

aropediore. Al peasioury: destiepeas 4 Ao
tl%c?ﬁ%xgﬁ% YurftBafttdp. B eMMotiaing tH@ﬁnc%F,Qhe J:ﬁttiﬁ@?edlﬁ hagshimuiesalong

nment, the nozzle asse y 47 includes one or

iterpath untizit resh&0 mediphetbredinghe twk lassemily 451 d 52. The
one ? nozz alr e

5 fi d to direct . th
abr a% L?l ggé?i ?J?sts?n{’]gf\f\zfgr asthes(i‘%gYJh l{{egf gs%g%%%faﬁg%n%r m
aés%mgﬂﬁwﬁlay% il Vird. bhearslddratdiastboaiméanangzles

I'ncl udes an opening 51 through which the abrasive
assemblyy4 7 mchiidst orzer qyeebre TorglesiSPecoypled fhenepséamprjiold 52. The

[ | fegts th ' £ 4
REPER e S0 MR dis 8 A PR B g
ssisRGter42tia thforrhhf on@dzhereraninzdledms24 BEactoofithguozetestSso
Sishintute the dbrs v el TLom e s e o
R ho(r)p\gﬂin\gtﬁ:geﬂ%ﬁ&/ %ggﬁq{‘fhg 9 oPthe! cﬁttﬁ%%bﬁdmg @hichen turn effects
abrasi ve urry e t 4

lvery system VI a one or nore
theudorish 6&tAe ciiihia tirusubsiratod2. nBzehagleanahifoldis2 sirenfigirad tr

FIETIE S T
né%zlesoﬁ). t RERIHE thehRPsle nlaRBbI02S s Bodpldiito REESRMIR: STBWHTD

an abrasive slurry vessel 56, and an abrasive
dslivary yystau#8 &vidbane of meortituiphs Sphe$henempergd ngl¢sgnd thus the

n%%l%rp%gf;qﬁjgtgr}gt t?etag-l%ﬁaryﬁvl uyizjl%c&%r (ierﬁghtg) tl?eb %rq?agiiﬁ\é%egcls%rfre}:{c V(ﬁeﬁzi’%l.

e e abrasi ve's

t 0 t enBZEive dRRERs¥mBIY 48, oN Eeyotidrland, ifid6dss adggh f¢ssure
way of exanple, the high pressure punp may pressurize
pume 59, aR plrasiye slgay veasely Op Pr g as YW §0 WS e ehie hugh

p%%gl% lp{lg%%% 1§§$nt§%%e%b[8 §5P2%£@ B Iﬁ@lalgrﬁgibg %1}1% YEds¥l 36 in order

VESSE s confTgure contain e a ive slurry
b edroy endbddliver e abrative tlney tontexoezla assemblyyd 74t varychiginy

serve as a location for, mxing the conponents ( ﬁ &R
PEESEHES-vBY Xy of eyaranle.dhe high PEISPUE PHEP Inay Rrgssursrdhe Fiyryy
RS G plesy e LS Ech Bt ARDOSIREURRTRRAANES. Fhe
sluntyr odsed 64 is cotfigutedao sdniain yhovabsasive hBrabefbmbemgassiiodke

as for ex e petween abaout 10 .and.about 75 PS|. The
1Pl RSPy LS h g PR R DY (e SRR £
abldsfrdl ARl FhuYa) D MeBiBrasivb blurry. 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 slurry source 57 may be a re-circulatory and/or non circulatory system.
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WO 2004/ 025724 PCT/ US2003/ 028743 That is, the slurry
source 57 may supply previous used abrasive slurry
wW@ea4oes7e4 may supply new conponents to the aPCEHBER2003/028743
slurry vessel. It has been found that the slurrg i
Tlsam e Yerry sonseed BIpy 8wpbi rewpunysediahragivg sfurygmd/or it may
ans as for exanple
S@B meg‘k g%rﬁﬁa’{ b tsld ﬁ-%%h%w‘é Fwyg%g&l?npl enentation, the
abr aBhd€béch ﬁ)mlidsﬂla'sthakl&ﬁy whduld batenplatelypddyioghef a1r in order to
pressure_as it is |ntroduced |nto %Fe S|n ulat
mgipiaia goathdiangier cyifingdpyas asior memnle Py BHeroR duting heag, Tn
h I
of i fiSE) cR00R0. S RO I A BRERRNCA HELEE s
intodticedantoshe siegeatiorsystemt [The aiat aliavize & then intnodwesd into the

through I gh-pressure.tubin A to,.the . nozzl e
14 S, SO ABPSERD BT A S e g ey R
Oh@éléﬁe apeeiRwWatd iR ﬁ%ésh’uﬂié@' {46 @Bragive BRGNS/l BR6ugh
8, which contains a medi um 60 for diffusing the jet
hlghfpemrﬂhlsng déditathemagzlé @%emhh'rﬁﬂ e correspond to a
slur such abr | e
SubsRPGPHE oiie E BB 4F 3 i LattiBy b hmibithblfiges
h@lﬂﬂlgh@tﬁl@SS RvHiEtecdhedit aﬂgedltm’nrﬂo féﬁdfmﬁlﬁmgehmt n@ame Mthet 0
the abrasive slurry vessel 56. For exanp 5
mdiug mey Termrpl qorpsnond fea slyrty ﬁ%Cha"ﬁrtB% ?l?lfésﬁéff Py used to
s I
B3 EelRE. TSRLAR HE SRS BRI intfl npding
ta@k & 8 Glefor® bemg sérettis (e abiasivve sfuaty vessei 56.1 Forgexamgler thentvel duge

t he corrponent s. of the br asi v r Fur t hernore,
g 5 T YRS AT RO RGO B DR ot gl 46.
+a§é§ ShicH Sk tHESE xh@ﬁo‘-iaﬁgka}ak %@ r@diqnﬂﬁﬂ@oneoﬁﬁﬁor% whigko¥iti &t Sor
urry vessel 'via one nore tubBes 54B. In order to
reffil kevantd renmnmrthﬂmmwnwauﬁ@d absasivieslusyt tHunheraeire, dh

SR B0 D A M U R o

phabelang theAMirpPes8éldia dldendrb hael $EB @A bider i pewanbl y
48. The abrasive slurry may be wi dely varied. The

cqﬁaramav@ (eauged hy the ousvlpag agliqn) froppereingdye abragipe slemy delivery
BB ¥ e TSR LR PO S Bl o
tt%xs@fasiv% detineghsamibled&uch as A1203 or garnet and a

fluid such as water may be used, The type of materlal

sel edheabigeiye slUEYERRY wﬂg}elv é{éfl%fi sTherbrare B tyrieally
foﬂiﬁh%?%ta%ra%%tahﬂq £, | Afé’a Caﬁﬁtﬂm(ﬁﬁgff)@%élé’cted from any
speak garnet provides goo cutting ab
sulmmmaﬂahel arasddimhi Byewﬂglﬁf)@campdm iatl gbrabige twoh as G"Lli@j argarnet

It her c i ze of th brasi,ve ysed
R R Th B pERa G e i 10e T TR 5 SR ffpends o
nf2R9 PhddsEs hﬁblﬁcﬁﬁg Pzt Ffm1ta_ch@) cultAfy acbflht RBd 8kt a@bﬁ(ﬁ‘al speaking,

genheral |y ranges between about 1/10 and about'/Z the

g@mafrmp*endebgoqcheltm&abﬂﬁg afj igagonabla 9%t whileddgOrmypeides better
rti about 4 .t he f, the

ok KT i B, The'abd i B nel deREpRDRIIRR '

siz® (&i@xhetrerz)(dﬂhé"@@hig)m it meesler The yizbef the abragive genctdMiyaatses

ab
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 nozzle. Furthermore, the

percentage of abrasive to water (by weight) is generally between about 1% and about
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WD 2004/ 025724 PCT/ US2003/ 028743 200% nore

particul arly between about 10% and about 100% and even
wororog/02372¢ ti cul arly about 40% The substrate 42Pemtis2003/028743

20094, hivge poacuiddy aevegeniual 0% andwbshin ol atandeveromore

another 1n order to produce a linear cutting path

P@@C&laﬂyraé’etl'i‘fq fear and/or curvilinear). For exanple,

the ¢ t a2}

roved e Fho LR g A RSB Ep s 8 e

ahbiher inl ardérrtapestiveeh dldearremltmg phth (sgnorekiineay rand/englmxhndﬁ)

| ncl udes robot . assenbly 64 capabl e _of

oD Stan e e bR TEgd os i HBOAt2 B ATl dfjegnethod

0@411&13?1‘}% ﬂnﬁgbé'Glfi‘de;’}%%r?éasﬁt@fhe@ﬂﬁﬁ‘tﬂa’&@%nib%dﬁﬁérﬁ%@ﬁn atidie

0

2 of e nozzle assenbly 4 The robo
eagme#ﬁlnyclﬁdbs maybtptra@wdnéy 64 erpable offoringihe nozrle dseembly 7.
B Sty 88 RSB R e L3RS ARt dfned to e
BYRE $16f thehidkAe ase@bRI4T. 4he votdhi hgsemblsy mglhlay pRivalRginear

along a desired cutting path so that all or_ any

me@eBEntsan ;ﬂ@@r)& Yo’cfﬂdtzﬁbr%mtaﬁ wel ag potaiigpy apeutdhe bearxdmsams-
| H{ots{ &g?éa gl?e@l : C 8 ?engbljcgl 6% moYefth §%216 %s\é\plﬁglgl n% tllﬂg 8 Elngle
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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 holding a plurality of substrates may be
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t 4
s SAPRIARY B 0Be5 10 0L B, SRR 86 1Rl o
relditve ko metoﬂcbrbompmtsr@t}ha sigpuidtienreog@edt of nozzl e 50
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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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operator console and master -14 WO 2004/ 025724
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cing I ntegrated~circurt pac
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ackages on a substrat case 0 packages;
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compound helps to keep the wires and terminal pads electrically isolated from each

other as well as to help protect the die.
Once the packages are formed on the substrate, the substrate is cut with a

cutting beam in order to separate the individual integrated circuit packages from the
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the robot assenbly 64 in order to separate
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i S92 BRI Yo R TH B o IR T
pahiRuRpporigusdtied, theubiAlPhRehBly 89ti#@@d8 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, i.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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substrate, i.e., nore nozzles typically reduce the
weymheiesre of the system For exanple, each jBCT/BES206H008743
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coupling receptacle ecei’ve slurry tromthe
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are generally large diameter so as to move large volumes of pressurized slurry at very
low speeds, preventing wear to the tubing, manifold and joints. By way of example,
the diameter may be about 5mm. The slurry distribution channels 96 and couplings

86B on the other hand typically have a smaller diameter. By way of example, the
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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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di anmeter and | ength of the aperture 105 typically
varies according to the specific needs of the device.
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and t 9 {
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formof an abrasive cartridge 118. The slurry
smgﬂhimmtvme Tbs 3lmtasnzi dluiry 126 rgﬁmjeﬂhewnt%n%ﬂwéu sHclppp water

% %/siqu{% ur é ‘8 tf%@ Sg\ %{ls]efl 14?gn {é’ésﬁgé gﬂﬂ% B fluid

sSUEd] @Sandaheibrasive from the abraswe cartridge 118 through a recharge valve

122 located at the top of the slurry containment vessel 114. In order to supply the
abrasive slurry 120 to a nozzle assembly of a singulation engine, the slurry

containment vessel 114 is pressurized and the abrasive slurry 120 is released through
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and an abrasive such as garnet. The slurry vessel 114

receives the fluid fromthe fluid source 116 and the
w@booaseared f rom t he abrasive cartridge 118 t hr oRgiUs2003/028743
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re alr i ystem As should be appreciated,
tﬁeﬁg&ﬁg%%t%?}ngrftbgﬁ%ﬁﬁt he pressurized stream hel ps

pr ev@rtshbwe inkigz9,a digheddnmipemp 1 DFriswisetetoi both fetthe fful diintb the

may. al so_hel p nove the wet abrasive Es,l urry) to the
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galeralbyi operates a lavapressude, tas fdrexemplefvetwese aboutd B sing ebout

rial..to the slu cont ai nnent .yess 14. Th
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di aphragm punp 127 may receive the fluid directly from

Iopdrafiah, Ssutiaphragm purep kil pirepscthe Buidiatofthe partridggild 8 Ehergby

mthe.slurry c ' el 4
B P BB e
chiitdear8ihidgies viekstl | ettedyph 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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allowing the fluid to mx with the abrasive and
forcing the wet abrasive fromthe <cartridge 118 into
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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 20mesh and about 500mesh,

and more particularly between about 100mesh and about 150mesh.
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particles that are |larger than the size of the
openi ngs 142 are bl ocked from passing through the
wop@aiozJs4 | n essence, the oversized material PGI/US2003/028743
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As shoul d be appreciated, multiple filtering el ements
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¢ he g, 13p (3 el p ehuckhsndnth 1 86 in RoM BB RED 5
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B TRl antn g ed Bipsh dud e eplgrabgg gt
PR e RS A BN i o
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 to 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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packages cut therefrombefore, during and after a

singul ation procedure carried out wth a cutting
whean23The chuck assenbly 150 general |y incl udeGT/ES2003/028743
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11, it shoul d be noted ’ ’
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 plurality of
spatially separated slots (e.g., serpentine configuration).
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that this is not alimtation and that other
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any suitable 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 and the integrated circuit packages cut
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whe nThe 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

openings 212 as well as the direction of the slots 214/218. In the illustrated
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cutting along the x and y axis. The position of the
slots 218 in the vacuum mani fold 210 generally
w@eiono2iieds with the position of the slots 214 iPCT/082003/028743
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platform material possess anti-static properties to prevent damage to the integrated
circuits being fabricated. Alternatively or additionally, it may be preferable that the
vacuum platform material possess a high friction coefficient 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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formed frommaterials that are capable of w thstanding
the rigors of a jet stream cutting sequence.
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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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har dness bet ween about 48-50 RC. The vacuum pl atform
and mani fol ds nay be formed using any suitable
wo ewhno2ygee i ncluding but not limted to nachi nP(rﬂyUS2003/028743
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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 bottom surface of the substrate S and
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cooperate to forman opening 219 in the chuck 202 or
204. The opening 219 is positioned over the void 232
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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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varied. In the illustrated enbodi nent, there are 7
rows and 7 columns. The slots 254 are positioned in
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before the slots have been formed therein. As mention previously, the slots may be
formed with a jet stream of the singulation engine. For example, the rubber like

vacuum platform 240 may be attached to a vacuum manifold, and thereafter cut via
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coupled to a starter hole 286 via a starter slot 288
that is perpendicular to the first slot. The starter
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couples to a corresponding column of openings in the vacuum platform. In the
illustrated embodiment, there are 7 columns. In order to provide a vacuum to the
channels 292, each of the channels292 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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section (taken along line E-E'), of the vacuum

mani fold 290 and Fig. 20F is a portion, in cross
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thepedsts tin theedhtingtvasem platfbing han ety 229 2ignel such thatsh@Oforiarae
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f th ots, S ] nnect, to a start e 308.
oG g bR aBGhR  AS R el PRy el 210 heraty
cottbpond bethe @hcifind Biafifd1s 21 0B Bigsvom. FifN 13 ax@npl To eRborate,

.cutting sequence. generally begins bé} | acing the
Figs AP RIPREPEAVE EEWHfZRe vacyyarmamifold 3 1), Hég. 2hBnga pgview of

LGRS ARKIN DL 2L B8l b TR Rl M e
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| ar ge ran.the wdth of the jet stream As should be
aloggé%sﬁ?—i%hka,f %w&cwm@ﬂ? 34fidtiEi A8 o SiR VS IR E39 4
sedtioni(BRey RBHY ThEBH | QF thedA0mAL BELADIAY 1@91:1%92%.a%&e%w,

. the position and size of the slots in the mating

in gresuisadtion Gelfenrabgngiling FrF) rdyhevasuaiingandlddidh andhBig. 2 h@ys
farm uni fied skot. Fiags. 21A- re diagrans of a

oot st e 586 v fEma i aLTE h one
enmbodi swewh, 18k vhRRmRhAERIM 31 0MERECHplufdRey YAMEHRES 312 and a
mani fold 310 is configured to allow linear cuts in

plurplety ot dlotsedt ioth the changnls 1R and thewlats Abhire pbeiticnd indhe y
SR Ay Q60 S3RGN G0 AR PR LR AR gronns

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 rows of openings
found in the vacuum platform, which connects to the vacuum manifold 310. That is,
the channels 312 are configured to coincide with the openings of the vacuum platform

so as to provide a suction force therethrough. Each of the channels 312 fluidly
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Fig. 21A is a perspective view of the vacuum mani fold
310, Fig. 21Bis a top view of the vacuum nmanifold
W(31®4/0E7g4 21Cis a front view, in cross sectiPCI/SARE0RS743
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314 Eigse 238 di ilngiicr seingssAuase Nsina feeans Jepifolipssenbly §0
t
G0 PO DSOS OB Bigr L, e
secgrenuep gdrtehd] ydregints batplackgausbsteiée 3 F{eorf ihe shudkidres lshovisin

toast rter hale 322 |aastarter sl ot .32
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stream I s t ur ned or exa a cutting sequence
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DS ik oo TARS plhopRiER, RS Rl Bt 8Yand the
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th
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1nf§g1@{ed 01rcu1t packages 3 may be 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, y, z robot that moves the gang manifold 80

from an initial position to the cutting position. By way of example, the manifold 84

-33.



Figs. 22A-J illustrate a cutting sequence using the
gang mani fold assenbly 80 shown in Figs. 7A and 7B
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surface of the vacuum platform 208B and the substrate 350 is aligned relative 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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place machiné (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 turned off thereby releasing the suction force that had been holding the
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made. Al t hough only one Iinear cut 366 can be nade
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m t hat be sed s described in
e‘h’?‘g% ggf&?%%?g&%?ﬁ No. 10/ 227, I163 ttled
I ntlagiat2es, tﬁemmfol@atssem‘slsﬂﬂgs caByst iormovd Haglj agh forth in the
Au ust .22, 200 |ch is he rate
direer e ke D e A e de P eEgie B et

e l % gdused 1 Hg¥o achhis- t d
mi&fsg 2 %P%ds%ﬁg% |ﬂt?e %EI %ﬁ%%%p ee 3 © Pi ckh eea%I falpl%gig eérr? ine

ardaigfithe s@dira2G00 (along thi serpentmeeiath 382hc Shppiedetermipgd arca
: .
RUCEEIE R R T e

po¥itloRe@ e B0 dirdBe BB 6 6f the BEbshER IS0} i.d. e hieh BBtwebh €ach of the
serpentlne pat hs 380 and 382 may be used by the

pavhages 352 that iseledicpted do disingithe subslrFadkdges from the
b
cut o ik aititter byflogiith, b 1L I Inas oSt Bhcd ata
ﬁﬂsﬂsp%bc%whila ﬂ&ledlh(h?mﬁﬂlﬁ BPDhatd mﬁcmmggr_wﬂ ﬂmr?to aﬁamﬂ)rm_ed ata
nove back_an rth int rectjon - axi s,
sagpind weedi Fee sererbinsed sdop ErFfblobedpRE P%ﬁleirgtt%eds 18/9gder
to?re\%ﬂt:&tg $Re sutdirse aﬂ@{on%cretaﬁechb 8cle hfn%%g&&%d with

aused to nove across a predeterm ned area of
sisgiigtingahep8FBgdsal5an Fhe heiodetpeentthawecpad speg@and thhé'rrslspeed

o brglath dhan GG 'a bt ey e BPreEir e Bog St 1Py of
eﬁﬁfﬂf@gﬁeslir%ﬁlzeuts 388 and 390 may be cut at about 5 to about 10 mm/s and the
increments 392 and 394 may be cut at about 200 mm/s

Fig. 24 is 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
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In Fig. 23B, the manifold assenbly 80 is caused to
nmove back and forth in the direction of the x-axis
wokioke235ed ng i ncrenented in the y-direction atPChES®N028743

typlicalgbriofeaveiis £z akid bsan ddn folt HRuip®d a 5 bki6 FNs384An h$
caused to nove across a ;%r edeterm ned area of the

disapssed hreugboy tiadasynetie [her peiabsane isfupisalbgmpyedryyghin a
PBLEEL B DBACPAER B RS0 bR o

s@ushdel GPeeriore, ke 5 avis bédne BImSRA coftiduoaslywitionatenidd . off.
[ t he .area between each of the packages 352 that

s diShe BtieEmEhog AED ggnerhly hegiset Blogk 460 Whers thp beam is
_ el | 6 489
riRed it GRRRBALIP RSt sicBf oot ditthibe 38 L EAREHIE the

fiesh dir8@ibn andyttegdors the her gtarisa e fiest kpsededgateraly @aggned to
ﬁ‘ﬁeﬁg' Th% second épeed is confi %ure .to be faster
gy Fhe hramp PEhegeR & Shstiafces (3 g, adinsat e The pisligance
gbltBal BURELERNEs ANfe IR AGEEASS thifire Yinks dut Qg;Eg th[e side of one
assoCiated with singulating the packages 3527 The
oy mpiepapkasis eln o caws.chellisgse edt inoehfigheedfto span mpeetian one
&Z(X ebeS ?oeteweenlﬁab%ut 40'11 to abgut 5:1, and nore
PAEFES SR TP RO Yo SPIumy ofRAGKARES " oy ampl e, t he
| i neBsllowdhg bREB 467dhSHdcEm YloheprEstedsto HOAA0HSwWE&e BRWEm
.10 mm's and the increments 392 and 394 may be cut at
isgpoNed i@ eecrpd diregtipn ap 2 spagnd spaed @ver asgeend dibtance: Unmiesy
s i i - 0qj f the .
oA, Mot it PR HORAE WD o Sieo RORD BTN o el i
thetftritaiireotion ibelong $isoy axit €en Whd secdrdediebcign BralGipane xiakis (or
Fig. 23A and 23B. The cuyfting method 400 is -36 WO
Vlﬁegﬁfﬁézﬁﬁﬁﬁecﬁ FRRSS(DS) %8176&130 be {astet thapyfhe Brst spaedd By way
Pistalhpe, % rd A L
O R F o O TR G Bl bpout 20
timgs$. sThsefaster speed/isiveed foyprenpntciiting &6 welbas tpldaneagetht cyde time

rpendi cul ar ta.the z .axis beamin .order .tpo. i npl enent
otz B i P luire Tl ool Bhrtig PAY be ey aried ponyardhe
seroNEdistandtis sl ¥malleaat the WAldiganct ifhbst caddie
cutting nethod 400 generally begins at block 402 where

t he Béet i54 dizasera @f P aingulation engie ¥, inaecardancd witk pne
elﬁ?crﬁiglge@yo?'ihe%r&eﬁ‘?fnvgxggo&lgP%ﬁs&o? écﬁ%&g%&l&&ﬁ?%ﬁ%ﬁdé}l}%cludes

I Fectihon nay

a barpahars fobdabséablyen Onal b yhedki skl §12.0Th@pdrwhidiibeam
to cut thrsg‘ggh .a.suhstrate so as to forma |inear cut.
asserablyS1Q is shpwndn g mial es pdle positiasy (WEppmadt 16 tp bevaade, the
- rI0,: : e.si de of
ool ol 10 858 PorhOf Wity GRY NI AR aFef
askemigly 4 2.945 eldowm thpgamgmunefold3iid incledespasiage; oRwmzEies 514

T T BT e o
53T gined PPN Yk {hR oans BRIGld AbdRHly £1H @ettwt@%n?ﬁg glggahlglﬂﬁ ed

over a second distance. |In nost T“cases,
cudiingeositions pryd ormensibe ging wantifodd fssersblydilOebting a.cuingway

selfhorl e MBSt bRl et VB e hs Ry teR e R o (or
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 cluck 522 is configured to hold the substrate during x axis
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vi ce versa). The second speed is configured to be
faster than the first speed. By way of exanple, it
woreap4lozs7bast er on an order of 5 to 40 tines, aPdI/De2003/028743

cB3isr EbpeE  rDa el e 3 o Rcehl ;BB et Boatiied ice
bt ke, TRE sihflBatfoH drigh@ SHBQRURBNARAudeERGoRBELRAK ¢htsBHRE) May
e widely varied, however the second distance is

gengplbyaiosijioserabalew theaie chneks §209nd d22+ Bheboldmgriardt is

S 0. ' I.agk of singul ati on engi ne
Cc%ﬁ%,%??dnt 55%5%&% girﬁlzrgaa\flmﬂtr%&bvﬁeghe 'y ﬁ%&e&fnr‘re nt of the present
I Nvemhé sifigulAfonsdhgiMe. 500AEsoShelgdds ah iabisio8 glufe RA0ery system
i ncludes a ?ang mani fol d assenbly 510 and a chuck
53 datisopenstively souplegindhedelfmgtank viaa eelely line §32 and broth
) F o Ora L . b
bR lyhanike S| vis e iR BB 131 DTl Endily 43l oty
theahirtyi dehiveryisydbmiveitigesed shirtyyand vier disdhergehine s uagse dblivery
512. As shown, _the ng nifold 510 includes a .
gm%hm WH%PO%%&*’ZSF%%&_B-l /) gg?f'ﬁﬁltd‘&’yem%ﬁﬁs dapopgh a filtering
sy SRk 594 £ Bl Bcarihe 1RYUER sHoRd b Fis, B, t@%ﬁﬂtérgd td Rieta
system 518 configured to nove tRe gang nani fdl
slums eabbe/ingodudsd inte @rslurhiecantrinmet vessel 538utWhemgthe slurry

sitiaons and nmoye the.gang mani f,pl d asse 510
R e R i Ta anon S AT piRR O e YRR ltpaedhs
gdoRyslvay dut of tie doaRimént SERBN 938 dnll fhto 467216 HsERBRONDSyid fhe

a SCARA robot system The chuck assenbly 512, "on the
disghagse lgwd4- i ncl udes a first chuck 520 and a second
chuc ' [ igured to hold a
S obolnet e o8 iy Sh (0K BF henB AR D LBHEE SeliBnld | &,
cdnBencss.cAnhoyld belagpoediaibd] thdw@bsisystemaheved hd Mgzle R¥dngbly

-37 WO 2004/ 025724 PCT/ US2003/ 028743 cutting. In this
tog‘;g? FYipg B?Slt&%‘gwp ﬁ%‘mn,tlaf Resiign hforg the saod shurtis deneed itea
8.0l . . I . . Al
¢ al sfo ia?li; ﬁg%@gg‘agcul’@gd%ﬂg&tcg’n S?ﬁioz;i@ %ﬁ%ﬁv\n %algﬁgr{é}ﬁn? QQSIY
repesiietied vexthbeimoustanms pihe cohot kst th ardelr HAR110W tige requisite
htol di%&g ]ELank is1 &%nfi ured to store the slurry and
cultieRals Fofexpmples the sahat syslem mayguevgtheRozfyrssentlgan the y

difdcEiOn tWR6h SLE@Se aver AR Ast MR 90 hyd ehd ¥ ﬁ{r)fctﬁ%%@é"ﬁ‘ cuﬁﬁ%
that is operati vela% coupled to the holding tank via

oviep HigeeeondichacksF52. di thetspacingbetwosrriazzien i largedobiparedita te

e ' . e recycle || 32 is used to .
BRSOl g LR ) S B B B i
batindirédtiensiinag barggirkd freorder tdFeilly difglat auBstrA0.08he passes

slurry to thg nozzl e assenbly. The used slurry nay
mgnewetlap OB aBMier- fi | tering system 536 as for exanpl e

t he ' [ ' Al

17 B EPLARAEL R Eit ol MRS5S e i e
robairsystemrbefire peseeling 3 @ncadrbaing beushee inord« o bl BBt

| is fil.l i t h | , 540 may b
RGeSt e, RUEB: A0 e be
2698 8880z 53 %dﬁaﬂadgggvm POk A SPRleY dohfl. WsAnhbhE in Fig. 264,

di scharge I'i ne .
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. Rotating the nozzle assembly is believed to
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When the good slurry is forced out of the nozzles, a
cutting sequence comences. As shoul d be appreci ated,
W b@4/02170¢t system noves the nozzle assenbly tRCT/H82003/028743
{ Ld f | bRl 1P 95dcid oD HRRTRh%nd aﬁtm
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D fferent enbodinents or inplenentations may have one

or nore of the follow ng advantages. The present

i nvention provides a cost-effective cutting process

for fine geonetry devices with
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both straight |ine and curvilinear edges.

the water jet cutting process is materi al
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bed

embod1menrf5, tﬁ)ere gr%\éﬁlél%.ltloﬂé; Sgﬁ{lftﬁﬂ)ns, and equivalents, which fall within

the scope of this invention. 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 its 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. It is therefore intended that the following appended claims be interpreted

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

spirit and scope of the present invention.
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enbodi nents, there are alterations, pernutations, and
equi val ents, which fall within the scope of this
wo pooaf2i7en. |t shoul d al so be noted that therePEr/ES20051§28743

Wil 8 chdhlyg: Ways of inplenenting the methods and
apparat uses of the present invention. For exanple,

l.al t hd sglgulahm engmmfbr singllangde srbstiats onto betiralitytod smsllaf
roce R?ﬂ}, e rz%ted circuits (in all its various

pa géb&a}ggqqg{ng&opﬁg{;m he invention may be

us eda %291 g IRIPB RSBy HRVIGRs 2 ki S RORfiGired Ridistribyte a

i nventi on maybe used to process sen conductor wafers.
shirry tecadpluiadity, oftﬂqezlss; vecrht dfche nepzlds demg sdnfigired toodissharge an

inf e BT Ml 5 oF € R0 T P ISR BR S e

safRYindd; 98d be used to process b| ot echnol ogi cal devi ces,

opti cal devi ces, Et o- electrical devices,
el ect $hckawrmhlycontigeed éekold andsupprrtiE: sbeirae and the smaller

RGO R BBty Pl po il S ASH LAt

the substrpteet ed as i ncl udi ng aI | such alterations,

per tatlo and equi v .as fall. wthin the true
Z.spir E@BB pRS1BF 2% ]i‘?élt‘iSf W@%ﬁm%ﬁgmwwes an
ab2RRA DAaRS PCT/ Us2003/ 028743 Wiat is clainmed is: 1.
A singulation engine for singulating a substrate into

3.a plTheainguation esgras herecitgbinpdaimnt whaeinghe sthaller component

si ngul a e conpr, sin foI d
velfs SeBon e I Rl GG TR aRen b afRugs Sa PhaSat derictut o
4.2 StHe'singula@ioR edibié A debXedih B2l BftheraARARE algifhp and a
nozzl es being configured to discharge an individual

hojding tank etherholgingtianks lzr:rnitg enfigured dprsiorsr andueesivrthe Khuoygthe
ool RS o™ B b e B TR SRR e

matifvld.er conponent parts formed therefrom before

durlng and after the jet streamcuts through th
5. subskieaingulagion epging psygeitest in shuadgiheigdhg @emtf@é anqh nozzles

a1é:.1;<ﬂiﬂ|§ui]ed"i@ %L b i Hﬁ % b 4r8G! 1 B iR, hr?egf Qlﬁhﬂ Qcﬂ?n |

e S|ngu ation engine*as reci
6. wherldiersirghbtismangine acwojpaine claimdavhezeia e ﬁmpb ﬂd; etnbly

inglfdge ol of more qHioEs R IuHE Fa e R GRPIFTRSEd ai m
thel*etﬁaﬂﬂgh%r ATt HnB Gt @tr@iﬂﬁ@to?é% rer BRYAL B0 ?ﬂ.‘ﬁe sﬁlﬂ?ra .

di ng tank bei ng configur to store” and celve
7. sI ur"ﬁhy3 smghbtlmpgmsmeba;a nqgltﬁdonf(:lagurﬁedhdrcm phenghutkés @l ur r y

| di n an nifold. 5. The

elec{rﬁépa G ‘f%uggf aerﬁﬁ‘g\%m% Chnuglﬁfnf Ee?ﬁa% Hg‘ﬁhg 1 wherein the
8. mani T@é fn@iglion@agine s redited FONAihO6HvarelOth8BN& K iflcldes a

| i near manner order to ?r ovide a linear cutting path.
vacuum platform and a vacuum manifold disposed underneath the vacuum platform,
the vacuum platform being configured to receive the substrate and smaller component
parts thereon, the vacuum platform including a plurality of vacuum openings, each of
which is configured to apply a vacuum to the backside of the substrate and each of the
smaller component parts formed therefrom, the vacuum manifold being configured to

supply a vacuum to each of the openings so as to retain the substrate and each of the

smaller component parts on the surface of the vacuum platform.
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6. The singulation engine as recited in claim1l
wherein the chuck assenbly includes one or nore
w@hbwekss72each chuck having a jet stream openi NnBCT/US2003/028743

di sposed her et hrough for aJl ow t.he jet streaps to
9. pas Ef%ﬁﬁn&l aeR PIEF SHFGgHn P#@?l%mﬁgir% gk a?ﬁﬁlegﬁ/
in&%cﬂ:g Yl ARCIEHA MR dHREK Rt cifl RbEING chhghRED I A the
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sy B8 G PP o R PR Py U UET S being out by
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si ngul at.ion engine as recited in claim1l wherejn. the
WHEHRRG IR LA SIS 01 B of ToPiet et des Al Covgled el
in&de . outibe first chuck being configured to hold the

substrate when the substrate is being cut by the jet
11st r davasuimm chu¢k assemblyy cenfigured tothndd srvempuidtetsubbiaita gnd

B e e L T

sirlgDRiS L aRe tacllinhebhitlomssaablyGombtisiagonal to the first
irection. 10. The singulation engine as recited in
cl aiarfirst chpely eqniigied teholg thawrbslonte duringx a8 Sutting, the Eest
| . C

ot B i i Pocfacelns ARSSIRNG, VR e
va@iuln’% ?isbagegmils Isditut d&c_)nfrgiuﬁrc]lrtb bfdvﬁdh’huf@ﬁ@fmelﬁéssm%rﬂg in ordgr to

configured to receive the slurry fromthe inlet, an
holdfge ﬁ‘Fg‘I§Ffé‘ieibF§%r%ﬁu§P%?? afifrd¢t it segulatiem frerstunesiag
oAk FHDRE BOull Shich b el el AUEAEY fiPakdcion
angl urality of nozzles each are fluidly coupled to an

i ndi vi dual ,outlet. 11. k. nbl y .
onfisraRe bl o AR RIRERY Sy SR cdiine thee
sec®ind @HheM iB6luinp 3 phahkty RAVhEGHbast R WY 21 DAHRLS) of cutting

during and after jet stream singulation, the vacuum -
slogsh thekvagaure prisgeesesiyp PeisE penligured fogroGdusictionff thg ststratean

d S r Uf X I.S. cuttin e flrst...
ordi Spd TR P taft it e i M st e Bhine
slots jrouidig 4 spacdf thevuigh wldclsd ot Sireatrifassed aeiel RUMIRS S8 Q¥EdNE

bei ng. confi gured to provide suction to the substrate

dirptiagy ths P’élgog%’lﬂdo f}lf?gﬁ@%@qc'ﬂ%-e before, during and

1231 t §fhc hGluuit SRANLREAGY AUbARkd ih Bt Y1 Wit hlfgulated
substrate parts correspond to ball grid array packages, QFN packages or photonic
devices.

13. The vacuum chuck assembly as recited in claim 11 wherein each of the chucks
includes a vacuum platform and a vacuum manifold disposed underneath the vacuum

platform, the vacuum platform having a top surface on which the backside of the
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provi ding a space through which a jet stream passes
when cutting in a first direction; and a second chuck
w@ooviiogaTeed to hol d the substrate during y axiBCT/US2003/028743

ukdhdilNgd sitRBateS8E ﬁﬁ@lt%'ﬂ!é@éﬁ éuﬁgﬂ'éﬂ@bﬁgs At Bl 5% p¥ced
vacuum passageways an lurality of cutting slots,

befee, dudng) mqo@f@wg SRRy Smgmln@om dhref iaguume glatform inphidieg a

OB G BBELERS i SHESPcfe Qnne
s&s&@ﬂé'pﬁfts Qhe vddiemaidifolBincRldReS @Yty fRdciin® BdiBels that are

t hrough which a jet stream passes when cutting in a
flyidbneriipledi te dza yaswurn RRENINES, Hietviagyom abeningstand the vacuum

clga nilglg tv&o? aﬁ}?ggth-gpﬁh eﬁg Ill‘%eg;} %H?ﬁ@a&%%egw@ ¥}%agﬁ16§'} %Igg £ guclulgn

focroer ﬁoeth@ baukside obthkeingingulaed sabstprchkd YassinddMbDALKRYe Parts
tonic devices. 13. The vacuum chuck assenbly as

C‘fté@%te %% n claim 11 wherein each of the chucks

14.N¢| ¥HEFa RuAGHHURERDT s T ARd 1r?cl ?y%%ﬂliﬁlg \Soyum

di sposed underneath thé vacuum orm e vacuum
omﬁnatg‘s arenlisposed threughdhe smuﬁmqﬂatﬁnm;vhmbwmrhm thaekaiude of
i 42 \\O 2004/ 02 724 PCT/ US gﬁ/ 028743 unsi ngul at ed
C?&B%*P’é\etrgcegﬁ it F‘ﬁ?é‘lfnifg trate parts cut

18.her ghe omuam&hﬁbla&@@lnbmfs P&cRed ﬁpamﬁgls’iwﬁe@fnttﬁé chi®he slots
stream si ngul ati on, t he vacuum p atform i ncl udi ng %

arg|formzad hyyﬁr@f slota dispesed flaniglytie sacinoplatbring ancbmomt;ionsd s

cipfosPR Bt AP AR LB Rl 50 B B GoBRlAR  nEB B R

oraf ahotiek b6 ad tp foduHeedttlng stdie vacuum openi ngs, the
openi ngs .and the vacuum channels wor ki ng

acu
él 0 g efﬂge}’ac%mf Pok aspRmbly @s tasitpd %ﬁ@&/\bﬁ/‘é@rﬁ@tme Vacuum

unS| ngu a@let né&j str%}%%lgg{rr]%% Ohé)aé‘irﬂﬁfélg ﬁ{%bggc g}?hgpﬂelsare

poséransd (uuderndfvﬂr ﬂafa Namunildpenm beteen thecdackld shesenbl y as
eC| d I n C|B erein, the vacuum openjngs are

Tai sp %BﬂCPHIP& %Sﬁ'én ¥ @5 tarited S qlgpnd | wheroiptas eithing plets of

th¥ @@éﬂéﬁhcl@ﬁ@ﬁﬁ&ﬁﬁl p%%ﬁoﬁ&?ﬁstﬁ@ﬁrs%fr@tl% LRA WRsHY 'ﬁi\e cuttin
mani f ~The vacuum chuck assenb y as reci dHE

slets af Fhelsscﬁnd@hmkﬂr@ gearlytpasitipned ot the saond diveatied by

irst,slots dIS osed rou h the vac pl at f orm and

8fsecof‘lq}e JpGp oy Eﬁ?g@h M e Cdtg?ﬂ i flamy, iﬁ%‘ﬂ:ﬁefpa%f"@?‘ﬂlm

opehidigh bfeSfosRidHe SRGRMNEPRIrOWS alBivA&eR th&@ &ch W.chﬂm (ﬁ’ﬁﬁnel
another so as to formthe cutting slots. .

digrosed rrdsmreih sek el vasyunaperisgs.i n cl ai m 15 wher ein

h £ d f
19 or SR Y R0k A5 BB R e E AR i e
configered eapgort the civaksi lmtlhelp dedifed policbeRivene eSBCARG, the base

. slots. 17. The vacu k assenbl as recited in
ln@pg- PR ¥pIdsPIER (a: shying Rﬁsgloépd underneath the first chuck,

another of the voids being posmoned underneath the second chuck, the voids

coinciding with the cutting slots, the voids providing a space through which the jet
stream passes after traveling through the cutting slots.

20. The vacuum chuck assembly as recited in claim 11wherein the vacuum platform
is formed from a rubberized material.

21. The vacuum chuck assembly as recited in claim 11 wherein the ruberized

material is Viton.
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the first chuck are linearly positioned in the first
direction, and wherein the cutting slots of the
wa@ewmaenes7ehuck are |inearly positioned in the sePCDOS2003/028743
direction 18. The vacuum chuck assenbly as recited in
22¢| aiThetvecwine chidk assembly esitecitedipatdimgls wlreseip dlad vacomsd

orghoBs iR abRre R ool WRfp sP R R ol Tt ab O RELEMgRE o
thrb8h holWisPosetGilcae B MM dc@Sed goitibed in claim 11
further includi ngga base configured support the

23¢ huchanathpd of singuiging p sebshstsihavisg amdwaliined integratedigircuits
[ ing a pair of voids, one of the
fo%%éeﬁégﬁapg%g}oflicgﬁl g‘giblgder neath the first chuck,
anotgreducivg érieerr winrel ft biecangs ipisd foiranéd baadahe eaifipurdton of
second chuck, the voids coinciding wwth the cutting
th‘_’sleéf‘@?amsr@’flﬂ&ﬁ °1?¥F6Q/F‘&it%s"§s"§ﬁ§?ce through which the
J e difthfiPMRASEEmANCE Ind iUE ot LibsaMEaNe cut ting
slots. é . The vacuum chuck asse y as recited in
cl aiseletlivalp ep@aimg the jof aternm ol aattd cutrihe substiaie maal tHerpdanakity

fr.&bbegei zed material. 21. The vacuum chuck assenbly as
of iniggrated GHGUL ai m 11 wherein the ruberized material is

24Vi t Ofhe méBo Y ROR4Y Q2R TR %3 R T gagc'ﬁvl@%%%%iméﬁhe j-gpﬁream

_ vacuum chuck assenbly as recited in claim erein
in¢lndes\petiooming st satef linset edeina finsbdisssbion.porti on at the

top .surface.of t.he.vacuum, pl,atf.orm.an t hr h hol e
25, & oot B B B Bt bR s s 58 R Gt
th@fet Stré@isaiifed t@mIMOBbAdkanG fHdly in@e HirddditelontwhiRf being

integrated circuits, forned thereon, the method

ingreppgRiicd ith g secapd dieating abihe cad oheach tjamerse; thesgaend dirgctien
f iguration of the jet streans

be&%lrar%g 8@?‘2@?@&@‘*@8 ‘the substrate; directing the

26} et Hierreethed syrecitddlia chirh 28 cehepdin tHeg ettt st iginevedndh first

se]eciively operating the jet streanms sp _as to cut the
soebaapatet firedop Al B Wam% S,vee%lrn_ thﬁf?@@?%@wﬂenf ey,
spé&tt alltREnMBlechQdudsn E@@dtttﬁgu the |sﬁ‘i5§?at%,3th}é’§§<foﬁlg§geed being

sel ectively operating t et stream
fagterthar thierfgstapéddris brdseto pEvdrnt neta througtsthe sulstriter st

directio 5. The.meihod_as recited.in claim?224
2T her S yer i i Flah 26 Shebs fees Deetied: fesriondgpeed
and et dpted RROMAHADGRUD: PRGoaH 1 forth in the first
direction while being increnmented in a second

28¢li r clheimgther astheitedria cloim @4 sthersimsalpativelytaperasiog dreget stream
85 R0 A008 o 5o bl el SRRl ygeon

begigrezthogosal othe deswhd dirbétictit speed in the first

direction and at, a .second speed in the second |
29 r impgihod zﬁereqqeﬁé? claim 28 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 the second direction at the end of each traverse, and wherein during
the second set of linear cuts, the jet stream is caused to move back and forth in the
second direction while being incremented in the first direction at the end of each
traverse.

30.  The method as recited in claim 29 wherein during the first set of linear cuts the
jet stream is moved at a first speed in the first direction and at a second speed in the

second direction, and during the second set of linear cuts the jet stream is moved at a
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speed allowing the jet streamto cut through the
substrate, the second speed being faster than the

wo poogt2¥peed in order to prevent cuts through PEEUS2003/028743
substrate. 27. The nethod as recited in claim 26
fitst sieded it e seedndaliteetiovesnd dthaesedapetdsipalediirsadidediion, the first

first [ t t . 40:1 t bout 5:1. 28. .
LTSRS L BEEE R R anPo Rt o seoid o Autaepe
RRRF BlantBe HRBsHRY S bra8AN privint b\gg i tRE Sftas, 5S¢ ond

set of linear cuts in a second directlon, e first
8ll.r ecAi methodef segangiing e gubpstratet intot dplusdigorfdnttgraget ¢imnit chips,

R e L
SaLGHE: then MBMEndaidK, bl of SAd ?micanity Beintdgbatéd SkduBthin
while being increnmented in the second direction at

ldgngianonraypf lontaety et spéd segand siderseidmethed eemprisies:

secon . ' . ' ream.is caused t
nove g%loc E&Iﬁ%v%%pﬁﬂgl?%ﬁ%aﬁg% gﬁ%alﬁ ?%&C%‘R QRATES; cach of
bed ngouunCopRaRiyt ecrréspohdiag to ndividlial 66dsioPRaidplirdlty@Tentefrated
each _traverse. 30. The nmethod as recited in claim?29
RS Ps each o st ¢rapyuna ppegesreing syagrndediby anwpey srface of

g]car‘,%@‘mlh la%ﬁ'ﬁ‘,d at a first speed in the first

Irection and at a second speed in the second

di r ectisposingasadt Gust sideg of svid substratd oastidafppér suefate 6£4asd vacuum
tﬁlhé%f’. et streamis noved at a -44 WO 2004/ 025724

003/028743 first speed in the second direction
and  ahoRingQERINHsSRRESK dal¥l JuBSrdil hSfind L4i€ ‘&%%(?@tuﬁﬁ&eof said

first speed allowng the jet stfreamto rough
véraumplstforat with atvecwweomd speed being faster than the

first d.i der. t t th he .. .
subst PIREE Sl Rk nb IR piled el St chiBavnisia
gubRirbtead hdly a@findt RAiE Wppérafirfatd 6Mkald wdinRa platfoindsaid cutting

p

substrate and said urality of integrated circuit
beinp periermed Py et spemsfornaed iniq a begm.snpot her t han a

con ' ' 4t ... Nt egrat ed
%l'r cu%ﬁéﬁe?%gﬁﬂ%%gg%ﬁ?ﬁéggﬁhgﬁr&% célfnggglﬁgact s at said
secongrodhdag osaodmortjbodreamsn itheifi@i ofd Batingithcdnfiguration of
é]gcuum grlnagf_orm aving a plurali t%éof vacuum openi n?_s,
dff sheamg hgipg ¥R Grdh sepstatsy the splstatehypving a plurality of

Mg RduiR e thehd plurality of integrated
circuit chips, each of ’'said vacuum openi ngs bei ng

sur r odinehtiglg thye jahstregame ovewthe awrdacefof thesabsteates and

pl atform. di sposi.ng .,said first side of sajd substrate .
b s abdleds PSR 3 T sicng oo S it Ut AbAlgegeno fhe pluratity
bPintHghdedaldhithl r st side of said substrate against said
upper surface of said vacuumplatformw th a vacuum

and c83+ti nd vedishursiibléer eapaginmnt, coprisingr al i ty of

L 9B gL S b S ¢
slaméntintluting 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
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being perfornmed by a jet streamforned into a beam
32. A process of making an integrated circuit,

W@ 9p2Eeng: produci ng one or nore jet streansPCTNUS1963/028743
formof a beam the configuration of the jet streans
dfien @&Qé&dd@lﬁﬁy oiittet CtHe cﬁreﬂlﬂeﬂtshmﬂyequﬂbﬂ’imilsgjlmsatﬁdlimthe first
havi ng 1glurallty of i.nt eqr at ed. rCUIti f or.med

alebenmd e Beed FIHEY Ohdehsinespralein the &eond haliher ol pflets
65{?&%@%%&1 BhosEthe A Shinyahigr.operating the | et

ns SO a to cut the substrate into the plurality

integrated circuits. 33. A wet slurry filter
arrangenent conprising: a plurality of filter
el enents | ayered one on top of the other, each filter
el ement including a container and a filter that
separates the container into first and second
chanbers, the filter is configured to all ow good
abrasive material to flow from the first chanber into
t he second chanber while preventing oversized abrasive
material fromflow ng therethrough, each filter
el enent 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 chanber thereby allow ng the used slurry to be
introduced into the first chanber, each filter el enent
i ncludi ng an oversi zed slurry -45 WO 2004/ 025724
PCT/ US2003/ 028743 outl et and a good slurry outlet,
the oversized slurry outlet being located in the first
chanber and the good slurry outlet being located in
t he second chanber, the outlets being positioned
opposite the used slurry inlet. -46
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