; ®3el DDETF4 G HGHTI _g; i HANDLER FOR SEM CONDUCTOR SI NGULATI ON AND METHOD
THEREFOR Fi elmmmmmmmmmmvent ion 5 The present invention relates to a
handl.er for r singulation and nore particularly to a handl er
for sem conduct ogesbngul ati on, where singulation is performed with a water

jet system 1lo Background of the Inventjon As is known, when packagi ng
integrated circuits (1 C, multiple sem conductor dies are arranged on a

Substrate or TONRARE RS SERIECHEDRITHR SINGET TIOR3 VEREDD! i e
bonded between the dies and conductgipr@rdRe substrate. Alternatively,

flip-chip processes can be used to flip a sem conductor die over and attach
the pads on the dies directly to the conductors on the substrate. The dies

on the substrate are then package h,as by encapsulation in nold
conpound, and 20 the nol ded suﬁ%lﬂf%f’g%ﬁg I]Pﬂ%tﬁ'}{‘aﬁt to produce a nunber of

si ngul at ed sem conduct or packages, each having a die encapsul ated therein.
The process of cutting up the nolded substrate is often referred to as
si ngul ati on. Tyhéecptésgntt hevemtidad relatssrtn & ilmarsdlegufat edtnuiciongluwsteror

25 rotating,dici that,. he nol ded subsirate fjrst, al X
i 5, and TAEMISFoRy St ReFe. PASGWITY W h ANGISH) 1 PREGOATGOE.

hol ds the gp an%ti?ﬁ?&l{e%esiﬁgﬁisdg n F’sdEHHB?heﬁaQ’i }Péiv%terrﬁ]c@ stetl i Ng

si ngul ati on, e vacuum 0 t he singul ated sem conduct or
packages on the rubber pad after singulation. 30 As sem conductor dies

xarpl ™ of whi eh 1§ he. QuadCRRRENG Bbalit ARRGUESH conduct or package. Vhen
the rotating saw i s enpl oyed
As is known, when packaging integrated circuits (IC), multiple
semiconductor dies are arranged on a single substrate. The silicon dies
are first bonded to paddles of the substrate or leadframe by a die
15 bonder, interconnecting wires are wire bonded between the dies and
conductors on the substrate. Alternatively, flip-chip processes can be
used to flip a semiconductor die over and attach the pads on the dies
directly to the conductors on the substrate. The dies on the substrate
are then packaged, such as by encapsulation in mold compound, and
20 the molded substrate is then cut to produce a number of singulated
semiconductor packages, each having a die encapsulated therein. The
process of cutting up the molded substrate is often referred to as
singulation.
Typically, the molded substrate is singulated using one or more
25 rotating dicing saws that cut the molded substrate first along an X axis,
and then along a Y axis. A saw jig with an applied vacuum force, holds
the molded substrate against a rubber pad, prior to and, during
singulation, and the vacuum also holds the singulated semiconductor
packages on the rubber pad after singulation.
30 As semiconductor dies shrink in size, semiconductor packages have
also been reducing in size, an example of which is the Quad Flat No-

lead (QFN) semiconductor package. When the rotating saw is employed

g
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2 to singulate QFN packages froma nol ded substrate, several difficulties
arise in relation to securing the nol ded substrate and singul ated GQFN
packages during and after singulation, and in relation to the quality of
the cut that is obtained. 5 The rotating saw is a contact cutting process,
whi ch exerts considerable |ateral forceg on the nol ded substrate during
cutting. The vacuum force on the nol ded substrate, and indeed on each of

t he i ndivi | sem.condugt or djie MUS e greater .t t he

| at er al fogéé%“%g&%&%gv@ﬁ?‘ PRI GG & n’é’i@?ﬁ&é’ﬁ)s&éﬁ‘%@3&355%10(&'&@?%&1?0 from
NDVi Ng, Or avt¥esin Yéfatidd esnseelifthgd BheWAoRIdd shiBstke jdrid shenlHtbg ?FNE of
the individual packaged sem conductor die is reduced, the holdin orce on

it al so reiackagepsiwing antd afteresinguiatier, gondi imgrelatiomtp thewiuality of

substanti a , i ch, conpounds the difficulty in securing the
individualk%éé%ggg%%g§ﬁ$%gkﬁﬁ%tor di es. 15 Hence, a disadvantage of the

rotating saw Thet fRatinlf 461li ¥ Edh@RE eiitfiagt i@ ceBs WhitlalexBagkaged
sem conductor dies during cutting. As saw cutting is a contact process, the
mol ded subsenaiderable laferakfuceanm the guoldeddsphstirate duwing cottingt dhedi es

bj ect ed t id | i cal f i tti ,
Aot her. 50 VAruLED RS oS i rBdSE sritstt iy “Sad Tstehd i e3tn K B anage
to the di esndiviiial s PP Ee8IFoFRNLIOEOHiRACHKABRShe Wk cdtef dthAdvelesel y

affect reliability. 'Some Sem conductor packages, such as the QFN package,
i ncl ude copterapdercone, pwinalt the indivikieralt packaged ceppimorpbnctorndidsn

ot her tvpes of sem conductor, package ch as all gr.id array (BGA)
packagl? THOTRARBKENE B nar o P thaesBrar Rl F rreliet o ot
through, and W t&RdsPi lofothd HAdsAMGEANEHELAEeBasHRIESHAMB oL "Bl R at i Ng
saw i s used for singulation. Hence, another disadvantage of using the

rotating ssedusedhthahddirtg farceyon nt alsa reduces,dugiwever thogatarapdordeons,
wi t hout snearing and burring on the individqual packaged sem conductor dies.
3 e al t REEIg S HGrEh T RETRS Subsirn BNy i sefie. Rt COmOARRES dteact
process. Ad'iﬁﬁﬁ,{lt?ei@fns%h%iﬁgetﬂ@'iﬁaﬁriaﬂlléﬁ\tl\g% %gadbégrpu(gﬂ%&pét&w ggating

material fromthe substrate.” However, the gth o aser beamis
sel ect 88 b¥lariue, gbjdésadva mgead! tlhamdotating crgpwds tthendiffichiltly B Isekaririge

| ded substrate. with d_nol d d, . the | bsor bi t
for copper tBRAMAHGUEbRRbRRESS FEmYEPY bR el B ARG SIGME. a af sadvant age

of I aser i NGML achPitBirg® ol Lok HIcUL! theTmblifeBALBYricOBhAN aser

beamto be efficiently absorbed by both the copper and conpound, and
thus, it isesiitandéusinguwatedepacisagedsamiconchitctonr diegharaesphisicagd to

ial. A h hod i | ati 1, d . k
vater jei CORSRCTIRInoraeainal st GRE Bot (e nTTace: RCEUH act
procesgy Waligddwaemer detisiie ‘Eﬁé‘%?tét% WawiREO WY RhE Nes R deing r@%@%ﬁ{v&ei the

jet of water conprises a stream of extrenely-high pressure wat n
entrai ned stieeam tdfe aibngylatedpsemicdmduciit packages,uwtiioly ¢an coblersalyd
possesses %or/ rf',sk. ﬁf heat and nechani cal damage to both the nol ded
substrate St relieRilii¥ ant singul at ed senmi conduct or packages. In addition,

there are |ingbert seslicbRllelS 9&ck_ﬂ§e§ﬁa§6&haés thatQEFan RLkagk, bYcRaiat er
jet. Further, as the cutting force iS perpendicular 20 to the surface of

t he nol ded copipst rperionhewdicl dret thickee sinarathe | copped pooticssdm dtleemol ded
substrgte and the.resultan i ngul at ed sem conduct qr_.packages. t he
force PRquitBes ol SEEMCeARECT HARSABE: SUATE ORI T JRageies JoEkr
than that igyckaeNOFhé Thagét ic@ppetNBofibhs tredBathindt Alffficyd @6 ¢t 1S
good and stable,” with no 25 burring and sneari ng.
through, and smear and burr on the semiconductor packages when the
rotating saw is used for singulation.
Hence, another disadvantage of using the rotating saw is the
30 difficulty in cutting through the copper portions, without smearing and

burring on the individual packaged semiconductor dies.



+Unlirke the sawi ng or |aser cutting which use one vacuumjig for securing
the nol ded substrate during cutting, a prior art water jet handl er uses two
vacuum jigs to hold the nol ded substrate. This is because the extrenely

hi gh pressure of the water jet cuts through 30 alnbst any material within
about 300 mm fromthe nozzle that provi@es the water jet. Consequently,
there is a need to ensure a certain anmount of clearance or relief for the
water jet, bebi : T e ol ndl er
has a novabl gbgﬁ%été}?lgb%dﬁd?%v%ﬁsfggﬁﬂ%1€$§%%log{iﬁvdﬁfsr %ﬁ% Cls)ﬁg%ésjtai n

t he X direprooess.aid laser dicdaen siitd thel nedldeldossibstratee by diuredhigoandThe

chuck table can npve in th and Y djrections, and can rotate about a
vertical aSVaPOIgRs r‘il%teﬁ@(j(ﬁ'( Py Jghf‘os't1 stratgklewever,. ﬁl-’?‘o‘i"éf’ Fg‘—‘r’ﬂgégdl}rtt&’&
vertical ax & t: r i : ! i tion.
A1 the moser BRI LSRR O B A BRLATENEN 1} LlpbRRE il eeRl |
wat er j®t hbezthe nvéldedr shbstrate withFt@ppds aadnialddcamipourat etiolaser

singulation,is ] paded ontp a first vacuumjig at a | pading |ocatjon, and
Secured t o BPROT PTG TAEe VREEAPPRG HAH dHOKS BRI FFE THE CHSRORED] o

t hen noves IS AR thget tdi t: e of
the water sz{é ?C%SP% g VI Si 5inthg§s@e%sgge%lggg?t\%l?ﬁb?gleﬁcﬁﬁgkagggpgztfdoleal ign
t he nol dedtkeletargyefromnt ithe laget ibegnh itoebefeffitentht ebspebed yist both Tihe

nol ded substrate is,then cut in the X direction as the chggk t abl e

transpor t s COBPER&NbRRIG SopPorich andtsisy dely dificyds famngdaser beami n t he
X diregtio r 1 | Xydirection, the operation as

descri géed ?Os Cﬁggggy{élgh%x?%?%&ﬁ%#gg 1'substrate, whi ch has been cut in
the X directiAnothar niethslideof &infulatindachicshdvator pgdakagest emplsgs @nd

vacuum ji g, and, ,secured by an applied vacuum A second vjsion 20 alignnment
i s perfor nRChAE theu Eéﬁok(ii?gsw‘aﬁ"éaﬁ% Vater st REtngls 8 ARy eon4act he

chuck tabl t I ter
Cots Thi's Prot@fRRPhich LBsTRIA PHAE (o7 LEARRIEREE HoRdLSaOb RS
i ndi vi dual Thwcjetgefdwsear contprites adstrgaan ofnawremndlyildghl pyedseird watdhe

second vacuumjig, and the chuck tabl e noves 25 the second vacuumjig to

the | 0d@i nQVlFI@Jé“:i’c FBHainAd dreats ofriprasivRPaptelesg dpteadrt SHILBEIS Woks are
g_nl oaded. -Q?l'ds pgggggé?‘ess LS100E R %? HC%& 51%‘& r}gfqghgﬁgceﬁugé eto /Both the
i sadvant age o e prior art water J et an er 1s ow e crency, as onl Yy

one nol ded mohtdd asabistragguenti ahky resadessedsiaiguldtede semidmmdactandl er,
and actual cutting of the nolded substrate is performed for only %t of

t he sequeniaskageschyaddiidan e theneeaienligutthtestsictions endegnaterippihat 5 |n
addi tion, t i I m I 135{%? : and
unl oads thgagll ﬁglﬁ&gt@éaan%%te guglsl? %%%}gré%tﬁ{%%a?gﬁn%q?g%d%ﬁg? n oéz'ilgiﬁtri%r

| ocati o, tbether surfanet ofvelhe mpRicdanidserates thete ssliliteld fesultanedatatabn

with in-line manufacturing operations, where_ equipnent 5 are arranged in
sequence. [AreRidPRi diie t moldsw tSwbaEIRiGt andt hBehdidudtant| singulated v
affect the f Lpzli n C I.n ian i
Summary of S%ﬁgeﬁp%ven ﬁognpg't}ﬁggg?és}g%%%mﬁelﬁt ?%irﬁ:esg%ﬁgﬁ{e? &?03?8@% h(fndl er
for sem cordtigtibitedli sgmniedhductord paekhgds tiselosfar thahi thatoversomizsg. Ior at

| east reduces, the above nentioned problens of the prior _art. Accordingly,
in one asp@dditione the c3utfing avakity QEUB? Hagedehinhgnad and stable, yifydiati ng
at Ieaats o%&ﬁgr%?gadsrﬁgg%{éate into a plurality of packaged sem conduct or
devi ceS, the hammdler conprising: a first novable nount for noving between a

| oadi ng | ocat i orUnlike aheusdwiity bedas¢oputting whic useveht eraount jigldpt ed to
receive the at | east one packaged substrate at the | oadi,ng | ocation, the
first novaleEUrHgdte meJded, gabstratenguring suthiagsta JHdopAKagadesdstt rat e

fromthe | .c?lgrlt‘fgé?é g/ %Qcﬁ{lf%;gst ité‘%él&‘:@g% Hols sﬂt?s&égethH&V le

nount adapte secure the a one pac ubstrate thereon ile
the at | eadfecanesepahkagertemuigt higile presatiré esisthpawhierd ljgt cuttsathtcugh
cutti n%OI ocaa]\ti on; and

most any material within about 300 mm from the nozzle that provides
the water jet. Consequently, there is a need to ensure a certain amount

of clearance or relief for the water jet, behind the molded substrate.



25 a second novabl e nount for noving between the cutting |ocation and an
unl oadi ng | ocation, the second novabl e nount adapted to receive the at

| east one packaged substrate that is at |least partially cut at the cutting
| ocation, the second novabl e nount for securing the at |east one packaged
substrate thereon while the at | east ond packaged 30 substrate is at | east
partially cut at the cutting location to produce at |east sone of the

plurality of PackaasdaseHieonChahd Vﬁg@% A 1B IREAL M PUAR gw‘?@”“t

for transporting the at |east”sone of t 6 plurality of package
sem conducvacuday jigss ofveowithheelpaftsloteyin thatX airdotidr)eamd|thad thegrlwitht i on.

I n anot her as t the present invention provides a nethod, for handljng at

| east one 5%&%2%865 %EE‘Fﬁgl‘ﬁrq%Wr‘s%ﬁICﬁ%ﬂ% foat prafal ttgle?_(@fndpgckaged
sem conduchfeclitvlst shd LAR RARCARGATR Ll disPUMLH! S %adilel 18 HEDVAD! €
mount for noving bétween a loading [ocation and a cutting Tocation; and a
second sovatdter njptnt Rboationyiahputetaneertichd axid iisgoften aedérrea aodazn

unl oadi ng | pcation, b), noving the first novable nmount fromthe | oading
| ocati on t S1SBlacemantyip |t§€a€hq’ﬁ' dirertione AH theamovsreenttiidd® shbskr at e

di sposed t RerRAY reflifUitd LAY PRGN oF ¢A8 wllE ipARkaged substrate in a first

ref erence irection at t cutting locatio ) transferring the at

| east one pacWatbetefspdisdta td FIGL dmat inelded subsoraablfer singilatior ixlozelednd
novabl e mount; e), cutting the at | east, one packaged substrate in a_ second
reference BPfe& figAt VACHLURGHE AR ioaRinE 19GAtGaY andngeciacede iths, figst t he

; 50 | o ! .
dovi ol anaCiiin M by SrPEBUHER y0fubh, ThE cach o8 BRE o AR BIHE o
to the unl gadungn fjigctat & @uttiziy BeaebnOeslom piié avzele dhethenamwenist, Arhere

enbodi ment of, the present invention wi|l now be nmore fully described, by
way of exaRpViSlon; s¥stean drerades owithe theatiugk tblante plign chel molged a

£ har t ro ' Rd > ;
u th tne pfEEBHAtOwiE SRTAIAGNAL & VREPhHEL jE0 BARCHEL THE RfRLEAThoe
accor danceswbshragteeisetiien overin the X dirdckion 26 thirovRuekf tabslei waakpbreck

di agram of the water jet handler in FIG, 2A; FIG 3 shows a flowchart
det ai | thg the Bpddsdi shbstrate thansveysalynaspss the myaerojet in the X

direction. For multiple cuts in the X direction, the operation as

described is repeated. Next, the molded substrate, which has been cut

in the X direction, is transferred from the first vacuum jig onto a second

vacuum jig, and secured by an applied vacuum. A second vision

20 alignment is performed, and the molded substrate is cut in the Y

direction, as the chuck table transports the molded substrate

transversely across the water jet. This operation is repeated for each cut

in the Y direction. The individual packaged semiconductor dies are now

individually held on the second vacuum jig, and the chuck table moves

25 the second vacuum jig to the loading location, where the individual

packaged semiconductor dies are unloaded. This process is repeated for
each molded substrate.

A disadvantage of the prior art water jet handler is low efficiency,

as only one molded substrate is sequentially processed at a time by the

30 handler, and actual cutting of the molded substrate is performed for

only part of the sequential process. Hence, the throughput of the

handler is low.



5 FI'GS. 4A-4H show top views of the water jet handler in FIG 2A when
operating as detailed in FIG 3; and FIGS. 5A-5H show side views of the
water jet handler in FIG 2A when operating as detailed in FIG 3. 10
Detail Description of the Drawings A water jet handler in accordance with
the present invention has three distincg spatially separated | ocations,
whi ch include a |loading |ocation, a cutting |ocation, and an unl oadi ng

| ocation; and t .ab) e u ' unt, y.ecel v
nol ded substratiéﬁ)a lﬂite&q’o%git% E(})%)gt:‘g%tfnwatscr Iéﬁlsg%g%rgd];g? ra(gfr% he qeigg i ng

| ocati on teubberatgtdndouhbrald ehe sifgute@d esolded subdethteusthatenms it is
cut inthe X direction by a water jet at the cutting | ocation. The nol ded

substrat e loadipghupieading losatios, £hedenen arbwateeistohandlar isnrotguitedg

ocal1 O B SRRSOy AL A EERALS TGS AR o

it is cut 1n 0 produce sin sem conductor ages.

Concur rent hye drranfgedsinmsyqhiteceolAt additions the 1o® theshghpluecet ithe,
wher e anot her nol ded _substrate is | oaded. Next, the second novabl e nmount
t r anspor t shemellsr ngvilht agvssaebonaiiecsr thecktheaughpmtt el 2theuinrlige

| ocation t I i tion, while at the sane tine, the first
fhcEra B RS Gl L 0GHS

novabl e noun her ol ded substrate, noves fromthe | oading

| ocation to the cutting | ocation. Then, while the singul ated sem conduct or
packages are unl oaded fromthe second novabl e nount at the unl oadi ng

|l ocation, the first novabl eBrashSummany«d thednyensiorBo nol ded substrate as
it is t inthe X direction at the cutting location. The handler in
accordance with the present invention, as is described bel ow,

advant ageous|Thealpresént dnfitieiiseaRbitonpicvie a h8ndéed edmBemivdhdtictorpr oves
t hroughput to hecone better than the sequential processing of the prior art

handl er. | fingwatiosnandsmetzod dharefgrawhich aysacogesooatatdsashredygepsr at ed,
t he handl e i inte ted .| i n-1ine manufacturing
operation. E%Q%Pﬁgrrg?{éﬁghggdéﬂg%&&.&{Z%Caﬁlabg@?ﬁa water jet handler 200 has
three | ocati oY¢cordih g?'ﬁﬁ%ﬂ@ﬁépé@tr} tReSpredefititihi88tibACAEd@Ae £ L0haAdikran
unl oadi ng | ocation 2 The three locations 205-215 are arranged in an

i n-1i nts sefpresiegabitingnat leashomeprskaged: subsérateadntey 4 @arabty 205 at
one end, the unloading |ocation,215 at .t he opposite end, and the 10 cutting
location 2BBoBRETRERtREERs PdETRsRs B lRi R ORI R or ot handl er
200 conprises, a figttrABYHbR sttt MredRviZf bétiveehhe 16AdieRy Iedidroasd

205- 215 thereon. The base plate 220 has an opening 225 that is centrally

| ocat ed i nat¢latting tlpagtipse dhieofirstimovaile ampzint afaptachite areceius she rafcks
T e
: ggglt Ing% I g%?mﬁﬂ f@PIrah BportiMg tthe atlédst0ohecsddleapeti @Gubsdrafee fromh ad@ ng
loading location to the cutting location, and the first movable mount
adapted to secure the at least one packaged substrate thereon while the
at least one packaged substrate is at least partially cut at the cutting
location; and
25 a second movable mount for moving between the cutting location
and an unloading location, the second movable mount adapted to
receive the at least one packaged substrate that is at least partially cut
at the cutting location, the second movable mount for securing the at
least one packaged substrate thereon while the at least one packaged
30 substrate is at least partially cut at the cutting location to produce at
least some of the plurality of packaged semiconductor devices, and the

second movable mount for transporting the at least some of the



<A firrst novable nmount 240 is coupled to an X direction actuator assenbly
299A, which noves the first novable nmount 240 on the table 20 tracks 230 in
the X direction 232 between the | oading |ocation 205 and the cutting

| ocation 210. The X direction actuator assenbly 299A is coupled to a
controller 299B to receive novenent insgructions, that control the novenent
of the first novable nmount 240 in the X direction 232. 25 Simlarly, a

q | . ot : ' |
2500, oR Al pedGadety SR G ARG B M MIdRORRBTY, |
the X direchéamldddidelowaiori.,he cutting |ocation 210 and the unl oadi ng

| ocation 215. The X direction actuator assenbly 299C is_also coupled to the
control | er 299BIRAnGthercappechiheprasengsinvestiom Proyifies acsrrtheds iame

I T e

first and s€pactaged \wemiconhducior detiess) thevwidtholdosdmpeaidingf the X
direction actuator assenblies 299A and 299C, respectively. In addition,
when posit Bbned PAPVIdAB8cut ting | ocation 210, 5 during cutting, the first
and second novabl e u 2 AN o2 esl.0 - ' ' tjon
232, under the contro q%%tt é)conFrgﬁ?ggxZggéfﬁ?gug%?%%ﬂ%é§£térﬂ%%ﬁﬁgéross

the width dscdtémngindd cuttimlgdedasivhsthat e. The first novabl e nount 240
includes a first rotatable section 250, 1o with a first vacuum chuck 255,
and the second novableSeeRmd meyable meust {05 dveNing hedwssnethe autsm 60,

W th aéétzagg(?&ty&%g%@ %H%‘J[ﬁ&ég?n%g@f%%oﬁ the first and second vacuum chucks

255 an Secures S € (not shown), cut portions of the

nol ded subgjrat enoving theéditkahesh A58l @otgitcrom mnélqaaaﬁa%udwdte&m,tow a
vacuumis 15 applied. The vacuum chucks 255 and 265 are both coupled to the

control | er CE4UBE Wpgathorowittolthet akileaspomet peckapsd shbstratet dissed
section 25Q %feoco,upl ed to a rotation actuator assenbly 299D, the second
rot at abl e s% i%h 260 is coupled to a rotation actuator assenbly 299E, and

both the rejati entéiglgutih®ratZieads P PackAged asdhdQ8ke iar & fmtptderdrcd he
controller 299B to receive rotation instructions therefrom which support
al i gnmdht @iradtiomer dee csibisgrlacatigni h the water jet. The |oading | ocation

209F, "wii chf or HEATHIe IR HE T Rerf ontd a5l ShBE it T 4B IR T
270 is moumheEnisle molintsb thedsdRfld Aibvadleah@rnassenbly 299G which is
coupled to the controller 299B. The first Y direction actuator assenbly

299G conprietes gutting:thraat lgastmmepeskagedmudrairatic 27a. setondseefenengeor 277

noves the fj.rst.vid amera 270..in dhe Ydirectipn 272 al ong the first
gantry 275 4156%601?7 ?ﬁtg%B?qt ?’forpotl'ée c}iérssl%rléecggf)eoryﬁi ngti%%’ ﬁ%r%fe \Fﬁ‘btélcgl anera
270 i sobor 16tdtesh] Bg miodudeotige hlavhisty af @addkalgetiSsémactntdastdhaetbices!
novabl e 10 pount 240, when thé first novable nount 240 is at the | oading

| ocation 2@%d |n operation, the first video canmera 270 captures imges of

contr ol | er Too08 R es Bl aE s o aet S RE TR o b o

299F. The ‘heh@flosyvishEMoRAn processes the captured inmages to
25 Brief Description of the drawings

An embodiment of the present invention will now be more fully
described, by way of example, with reference to the drawings of which:
FIG. 1 shows a flowchart detailing the operation of a water jet
30 handler in accordance with the prior art;
FIG. 2A shows a schematic of a water jet handler in accordance

with present invention,;



+determ ne alignnment of the nolded substrate with a reference cutting line
(not shown) of the water jet. The controller 299B then provi des novenent
instructions to the X direction actuator assenbly 299A and to rotation
instructions to the rotation actuator assenbly 299D, to align the nol ded
substrate with the reference cutting lige. At the cutting |ocation 210, a
wat er jet nozzle 280, a height detecting sensor or distance detector 282,

and a second vi @gﬁ 4 I; i

supported on segg%déan %&f?%g%ﬁ???@?%@%ﬁ %ﬁgé%%%ap\t@gé%%%% %)err 290,
whi ch is patFIGE 24;Y direction actuator assenbly 299H that is coupled to
the controller %Z&B rr%es tr}ﬁ@eeamz 6 inthe Y direction 272 to a, desired
position, and tH&Felsy SheWssa diveRad, detailing AhecoperntionoiHbiegWateei®ct i ng
sensor 282y anfiet e cggkd video canera 284, in the Y direction 272, to a
20 position determned by’the controller 299B for alignnment. Wen the first

nmovabl es mount 280GSs 4A-4Heshmw ttopoviewsasds tie AV dker Jetbladatles URSFIGE 2Aon t he
first novable nmount 240 is_positioned b&ﬁéhe controller 299B, in accordance

Wi tp thedcmhqfhhepﬁﬁ@géﬁéi@ﬁbl_éddﬂ Kt $iated jet based on ?I i gnnent
Dot ing | ocat i of 1550 IAEH BB S Bhew s Br iR ERH BE hARflck By £, 2R°

substrate oimn bperatpegiasdictdbetidnoFieyigle relief or clearance for the water
jet during cutting. The water jet fromthe water jet nozzle 280 cuts the
nol ded substrate, as the first novable nount 240 noves to and fro in the X

di rect'i n 232 under the COBE{&%Q%ECI&%@%OOP@{% P@E{&{lgg%a In addition, the

servondt or 290 noves the beam enc € ] ét°hozzl e 280, along the
Y direction 272 fromone cut to the next in the X direction 232. In this
way, the water jet nakes a 11 plurality of wi dthw se cuts through the
nol ded subst r afeWiaker jrt Kandiercin @scopdanasavithithie: prrsend: invgndiars Has2g2

detects th | st et wee e [ 4]t | e 280 and. the d
aubstrat e CORSAREP RTINS $er BhEa 8o 0BRS, Syttt MEAE edtihe

i nf or mat i ofodaqidiea eomting!1beatidAPBndl 4h LeHpafiRy 1d0ai0iR HIDkivermaable
provi des di stance adjustnent data to a vertical actuator 292. The verti cal

act uat &% 20P0WBtHaft Tigpt gngvablecsppvnt aeceitas aaveddsdy sphstratghpeHhedj ust s

t he di stan ter. ] e [ f sub fQ a
pr edet er m ?\‘g%&%llgts{bgﬁce q,_%@%%g%ﬁsﬂ%tér%%?&lh g??%%ﬁg ggégﬁlgﬁ gbcg%‘% %g’ﬁgltél ith
adj ust ed disdeaie, d0d Sevaded toembbleledofibstirhey a2 90R chnin khe Xvdyrectios

di stance between the water jet nozzle 280 and the nol ded substrate is

nai nt ai ned Pysabweser jell By the enttingsiocagion. sthacaolded maksinateis dhemoB.
transferred to a second movable mount at the cutting location, and the

20 second movable mount secures the molded substrate as it is cut in the
Y direction to produce singulated semiconductor packages.
Concurrently, the first movable mount returns to the loading location,
where another molded substrate is loaded. Next, the second movable
mount transports the singulated semiconductor packages from the

25 cutting location to the unloading location, while at the same time, the
first movable mount, with the other molded substrate, moves from the
loading location to the cutting location. Then, while the singulated
semiconductor packages are unloaded from the second movable mount
at the unloading location, the first movable mount secures the other

30 molded substrate as it is cut in the X direction at the cutting location.

The handler in accordance with the present invention, as is

described below, advantageously allows concurrent action to be



<A pi'ck and pl ace assenbly 294 at the cutting location 210 is 15 coupled to
the controller 299B, and picks up the nol ded substrate fromthe first
novabl e mount 240, after cutting of the nolded substrate in the X direction
232 is conpleted. The first novabl e nmount 240 then noves away fromthe
cutting location 210, and the second nogabl e nount 245 noves fromthe

unl oadi ng | ocation 215 to the cutting 20 location 21 0. The pick and pl ace

assenbl y 284 {4 Omcl%igfffrgﬁjo@‘ég Meél?]{)ﬁ’f 9} HRORES WLt IR E RuUNt

245, where a vacuumis a t 0 secur o the second vacuum chuck 265.
The secondsequdentiagdnpreced®dngwhf thei prioeuattethdradlehe Ini additiowstaimth@OF, is

for directjng,.at th | ded substrate on the first vabl e nount 240, when
the first g%&aad?fgugﬁaﬁ inglpGadiofns affSeRALAAE, F%%n%ain&%emen kg Mergr to

the first yi 74 -0 i : ideo canera 284
captures i?réa%gg’ oé ?ﬁ%te?oﬁhggqguﬁgé?%?gﬂg%étﬁleﬁ%g???an%éﬁqbcati on 210, and
provi des the cHfithredererageso RIGhe2Ai shdr2By at @anteO 9t himeiler D00 hsgst em

299F t hen Eroceg)ses,the captured, i mages to determ ne 30 alignment of the
mol ded subklifes ocationy i leadinglpcation 208y a cHENBE loratir: 840; énd FRe

troll ; i : i i X
i recti on SORHEE ALY 265, TRENRRE 1905ubah BB 0L HEARA B BT,
299E. I n r asjtioressequidrece atitceblt doseeh othe2bWitlottht d¢saditg lovadiech 205t at e

to align with the reference cutting |line of the water jet, thus achieving
al i gnnent . OB €RE, die Wyopdingilogation 2l afethnPPRYSHE cenBumnd 4henol ds

oo, 19! dedrsHOSLA6n M phRECAPTAE M PRl BRI A0S i Shbef or ol carance

for the water ring cu e e romthée water jet

nozzl e 280, cuThethatdrjetddchredles D0 omipiisys, dheectanigidhr bhst isato 0ol | er
299B, the servo notor 290 npves the beam 286, and hence the jet nozzle 280,

to and frovithihet huee Wcpsionsor027215herepn. dhwohasedlase 47@ hasuan 245
t f : : int i i 3 . t hi h
ot | et DORAETY 220l Edherally 18Rt BHE Uk jocdidd A bR BT

in the Y dpaacdf pardli¢l talfleatratke 280 6n fied ubper cumihed 235C MHd paralléle
second novabl e nount 245 noves fromthe cutting |location to the unl oadi ng

| ocati & 1t2blestragks 23ase kenptialklogated pactrcabaseiplgterdd0, andcexteand

coupled to r e . 0 I i t or
packages f}%rige(t}ﬁ&eigé etgéllrlﬁd E}}rgogggﬁllélmouc%t%%?%i;vo%glf‘gggﬁg%ggtﬁggﬁ%%gﬂéﬁ Fl GS.
4A-H and FREB, téAhH,uﬁmd@@gn@édt@@hQQ@,of the water jet handler 200 w |
now be described. 20 Referring to FIGS. 4A and 5A, the operation 300 starts

305 when a firétfingh mevahlpsmozrd 248 isscowplesdta am & direstian actyatarum

chuck 255 [ , [ u

secures t hgfs? 'lgljri)l:otlgl rrjoa’ijdoé’ga éﬁ%ﬁﬁl g?éég]gb%[h?ﬁté%S%Y]ﬁ?agiglggﬁ%¥@gﬁp&ééQgﬁlc? pl ace
assenbby (cksh280)inpilekX ditectiohs232betwde uhet loakdéng 06cd tiom203and

previ ous process,,such as a nolding machine, and places the first no] ded
substrate 405 GHting lecadenyAtduhhenderireption actyugtor, pspembly; dARAns i s

then perfo i I.S | de 4 ] i C red
by tho 1 SPopihlo 3L chPErdildr®28B (P FecipS whBEntge drlptrnBRART, ORY
al i gnment  cenewithet edvederdthef fHe fitstmiovabie mouht 240 HDYies X3ddrection t he
| oadi ng | ocation 205 to the cutting |ocation 210, as indicated by arrow

415; and t R82second 13 novabl e nount 245 noves 320 fromthe cutting
Ref or rPhg 1o Frg il o bl ARy BT A5 T bl 1975828 ¢ 20

cuts 325 tderdoticai amlidesk sigbsilsiye2998, WHidhinaévéd) thBesecond movable

mount 245 on the table tracks 230 in the X direction 232 between the

cutting location 210 and the unloading location 215. The X direction

actuator assembly 299C is also coupled to the controller 299B to

30 receive movement instructions, which controls the movement of the

second movable mount 245 in the X direction 232.



.5 di-rection 232, as the first novabl e nount 240 repeatedly noves to and fro
in the X direction 232, as indicated by arrow 425. The servonotor 290 steps
the water jet 505 in the Y direction 272, and cutting 325 by the water jet
505 proceeds until the whole of the first nol ded substrate 405 has been cut
wi dt hwi se. 1o Referring to FIGS. 4D ando5D, the pick and place assenbly 294
at the cutting location 210, then picks 330 the first nol ded substrate 405

o1 e 1L RSP ZEB, e delde B Beghle e L sl bl

nmount 240 npbves he "cu n ocation 21

| ocati on 2@idependerthly diyefirdiyard rsevoAd serfbrriond (hdesBaws) lwhitlidorhe
second novabl e mpunt 245 noves, 335 fromthe unloading | ocation 215 to the

cutting | oBaffoRf2tlne & divgréivredasiiaiarorssnbhese3994 tend| 889CGE and

5E, the fi P j : 34 . : huck
565 byt he RIS, B RIdIEEG, APheh SruiBBSLaSAP (R, ARiRE OB O D00
pi ck amsl pHagmgeaetihfytl2d fi2@dandysecohal movadld nichntoDdodhsd sty gicre405

through a right _angle prior to placing 340 the first nolded substrate 405
on the secth@nddiRinchek dérsctign é’f\?\g@’at‘imdpy,thﬁh@o@’é”@érﬁf ths goatralesect i on

the Tirst Rocha L AUPLrovASE: e BahEh ik vathrtP delehh %L el Bl 2

265. Next, sabsee@sd vision alignment of the first nolded substrate 405 is
performed 345 at the cutti nIg | ocation 210 with images obtained fromthe
vi deo canera 28Be fRstappvabla mout24Qinghifiesra figst ratatadle sagtipBaR0.0n

210, . ' [ 405 - Wi se,
s 1 he'to DAY dhatrst “Beittad, diekoTam a1 TR SR M B B g ™ °°
backward agfi¢clsglelshg secoat rathdeblessidrB0)0bithna tdeeoddia@suhPRh2itk as
i ndi cated by arrow 440. Here, the servonotor 290 noves the water jet 14

505 in t he2®Sdifach pbhofizst and serenservacigurbohbcks ARmangiB68: speures t he X
directi 3 il th f. the first nplded sybstrate 405 | t
engt b se & elabd sttt or indiB) | £0F BFBrRS RO G R FAEN at oo
sem conducheld BREKAGREd %&nﬁ%ﬁiﬂ&@to&?é&l@aé&%@%ré@ﬁ?%&%%ﬁﬂﬁﬁ is

Meanwhi | e, at the | oading | ocation 205, a second nol ded substrate 410 is

| oaded13102ppliete The stacrzenuwheinlsk 2255 angh @65 faresboth statpledi garthet i s
per o1 ed, RS e Rl Al L1 the oz obLal ped
nmovabl e nount 2H@ fiByegotatable section 250 is coupled to a rotation actuator
assembly 299D, the second rotatable section 260 is coupled to a
rotation actuator assembly 299E, and both the rotation actuator
20 assembly 299D and 299E, are coupled to the controller 299B to receive
rotation instructions therefrom, which support alignment of the molded
substrate with the water jet.
The loading location 205 includes a first video camera 270 that is
coupled to a vision system 299F, which forms part of the controller
25 299B. The first video camera 270 is mounted on a first Y direction
actuator assembly 299G, which is coupled to the controller 299B. The
first Y direction actuator assembly 299G comprises a first gantry 275
with a servomotor 277. The servomotor 277 moves the first video
camera 270 in the Y direction 272 along the first gantry 275 to
30 transport it to a desired position. The first video camera 270 is for

directing at a molded substrate that is loaded on the first movable



+320fromthe | oading location 205 to the cutting |location 210, as indicated
by arrow 445; and the second novabl e nount 245 noves 320 fromthe cutting

| ocation 210 to the unloading | ocation 215, as indicated by arrow 450. 15
Referring to FIGS. 4H and 5H, at the unloading |ocation 215, the singul ated
sem conduct or packages of the first nolt@ed substrate 405 are picked off or
unl oaded 355 fromthe second vacuum chuck 265 by the second pick and pl ace
assenbly 2 conch Rhek i . the

si ngul at ed%goelﬁngggﬁg)gct or g%gﬁh‘gggn@‘%@g I?ﬁglﬁw r4}sbt i?Sgrrgf é%gqé%%isﬁ at% gﬁg to,
for exanpl 05a packi ng machi ne, such as a tape-and-reel packing machi ne. At

about the same_tine, at thghc%ttin | ocation 210, the water jet 505 cuts
the second nol HedPRUEHG N, Ehe 1st Videe cameract(Qrapiresrignages o ddess 300

conti nues, ' apl i@y : hlegg; t he
present i nﬁ#ﬁ?ﬁﬁ%ﬂz&?i& btglg g%/%?\l agbedc?jgﬁ%p%v%@éﬁ&g?gr ] etebhﬁandl er
that haS i ocpnoroditrt209Bghpdt pranides shewaptaasd lisndgeser tiedisionisystéme
manuf act uri I&%Lﬁ)p% ations. This is acconplished by havi ng a | oadi ng

| ocati on; 29tt iTRG FESI08: AVistam @%P%npmﬁmﬁnéhﬁoeap wred \images fior st
movabl & moyRteihfle 'E‘Pigﬁnpﬁ’%%%ﬂet ﬁ%légﬁ&@d&tk&ﬁ%tﬂiﬁ{' £ e&@ﬁc% Wl 2

| ocati on, and a second novabl e nount at” noves between the caiting

| ocati on ahishet freot show)l ohdhagwhesajétoThd doeltdelle s POOB afteerpprohifids r st
novabl e mount is transported fromthe ] oading |ocation to the cuttin
| ocati on aRRPYSFBANEdRStmatipnsxteithe Xt idirectign retuatamessembied%94b te

t hat p | l; i dj .0 e { Ig?qﬁt' 1
trans:‘Ng?r egsy%@#tlﬁgggecg%hdé Egvael fedt%;';itl?lrrljt Qgﬁ%a%o&t alg%fr{qhgg % I r’et:c?{atl)lﬁnat t he
cutting | otheimoldedsstibstrapomtitid the referenot cadiing lirneat i on and unl oaded.

The two novabl %(Srmunts advant ageously all ow concurrent operations tq be
performed on t W HAF dBdttingsiocation 24 Q.nacwatergietepraeieed 8. aohaight

cutting lo L QE I it d S j of . t | NQ.: di ng
ocat | ons. e ees SRnkbr Ul AReo iRE Bn 9820 add 8 AL Al ARt ¢
in-1ine maRédgane mmouerel shi arieam2B8s6, itchriesenpporteenbhosecorsd deser i bed
provi des a handl er for sem conductor singulation and nethod therefor, which

over cohs &Rirgk gantries 2884 anck388R ABSTErmatro a9, pvbintens ReTtiafe pri or
art. It w4 . j h 14C e ' of

t he i nvent idérn 5@?@%@@%@%#%@@”%@ ?kg)ﬂvgsr ?Cc?&gg l%d?(# ?tgﬁ'a ;Egglg{%g

i mpr ovenmenl99Bnmowesttie heara pe6 danthekY|diegttion RITR &5 b dedibeditpodétparif i ng
fromthe scope of %)Q’e present invention. 15 Cains 1. A handler for

si ngul at i n§1&t thersdy meyep bR MaterJahsozalec28Q: the hsightdetertivig perReed
sem conduc Iy C. |_er I §kRQY:..5 ir t for
nmovi ng bet \t%/(eéé?ﬁdgﬂ?oa | r?ég %ggﬁﬁgﬁ %%%%EC%FIEf 58 tf}gecfz% id?)%ﬁ&ﬁ]\égtﬂf?iezr’sn?&%nvabl e
mount adapipeditien detetmnddbyahel @asiroldae2pakpgedigithehtat e at the | oading
| ocation, the first novable nmount for transporting the at_ |east aqne

packaged subst Mépenthgifirsienpyablengosta+9is in thgecwiiing leratinmmiiléh 2 and
the first l& t t r I agﬁg
substrate ?ﬁgel?%gnsg\lﬁlﬂﬂlgt{a ﬁ)eﬂa gﬁgl@ggtrﬁ8ﬂgﬁ%ac %ngtdﬁggblgfé g§1(e8fbﬁlsqu'?) §I east
partially cohtedlléh@90B,!im@ccordance with the cutting line reference of the

water jet based on alignment performed at the loading location 205, as
25 described earlier. At the cutting location 210, the first movable mount
240 holds the molded substrate over the opening 225 to provide relief or
clearance for the water jet during cutting. The water jet from the water
jet nozzle 280 cuts the molded substrate, as the first movable mount
240 moves to and fro in the X direction 232 under the control of the
30 controller 299B. In addition, the servomotor 290 moves the beam 286,
and hence the jet nozzle 280, along the Y direction 272 from one cut to

the next in the X direction 232. In this way, the water jet makes a



|l ocation; and a second novabl e nmount for noving between the cutting

| ocati on and an unl oading | ocation, the second novabl e nount adapted to 15

receive the at | east one packaged substrate that is at |east partially cut

at the cutting location, the second novabl e nmount for securing the at |east
one packaged substrate thereon while thelat | east one packaged substrate is
at least partially cut at the cutting location to produce at |east sone of

e b for piriapat Rusthwil ARG HthBLACthErTolAld LBtk H MTR P! ©

nmount for transpor east so he prura package
sem conductirectioni 282. from the cutting location to the unloading | ocation.

2. A handler in. accordance with claim1, further cog)_risi ng_ at | east 25 one
cutting tool dif§isobehirdetesting semepn g8at detscts e distanee hstwesnttheng

tool sui tablorepdaplifl {Oogeubhinthd htiakal &a5liafe iRaskascd sulshI RS, 3. A

handl er in accordance w t al erei east one cutting tool

conpri sés and easvidesedetxicted jdistdneminforirestéon aoethvaicentialer3Q908 Zne.
17 4. A handler in ccordanciqwi th . claim3, wherein the at | east one water
j et incl udéSSRERSG tRe sRNdFeligr 2B89Bapraridies, distanee AdiHsb@eRtt ¢ata 50 @ 4,

further co l: SIN [ r.axi (ml I t one
wter ] et Necarsl defhtgl F95 TR AR EELP aoERe B o RS R ot % Thrss TR ween
the at | easictnatomakeeniy 202yl whackl ddieisas tiradistameepal khgedaseb et at e
when cutting the at | east_ one fackaged substrate with the at_|east one

vater | et , Tadale RBOdiromutbe metded sHbssrats oy pdpiegleserained eisiinacahee. 10
6. A hapdl g ﬂg%e%& %gﬁJBg?Z??t @nCA@do{}EZ\nEHf&gﬁganﬁg%eusamaﬁc@&%gﬁ%m“”t

for nounting wat er ereto, e nmova belng coup

recei ve anfaghutiedodtsilRic299Bhdnnthiabkay mewdidié e debetwedn theawater
predeterm ned di stance between the water jet and the at 15 | east one

packaged s!]ﬁis’flpl%ﬁlé e ane the ﬂy)]@ﬁé Hibsteate ivmaipieingse suhmantially 2 t h
the water jff ’de'sﬂ"e%f:&&rtgﬁgg %ywﬂehcéﬁlﬁ‘oﬁg{‘ %@b%j di stance.

A pick and place assembly 294 at the cutting location 210 is

15 coupled to the controller 299B, and picks up the molded substrate from
the first movable mount 240, after cutting of the molded substrate in

the X direction 232 is completed. The first movable mount 240 then
moves away from the cutting location 210, and the second movable
mount 245 moves from the unloading location 215 to the cutting

20 location 210. The pick and place assembly 294 then loads the molded
substrate on the second movable mount 245, where a vacuum is
applied to secure it to the second vacuum chuck 265. The second video
camera 284, which is coupled to the vision system 299F, is for directing

at the molded substrate on the first movable mount 240, when the first

25 movable mount 240 is at the cutting location 210. Similar to the first
video camera 270, in operation, the second video camera 284 captures
images of the molded substrate at the cutting location 210, and
provides the captured images to the vision system 299F. The vision
system 299F then processes the captured images to determine

30 alignment of the molded substrate with the reference cutting line of the
water jet. The controller 299B then provides movement and rotation

instruction to the X direction actuator assembly 299C and the rotation



- 7. A handler in accordance with claim21 further conprising at |east one
transport guide that extends fromthe | oading | ocation, through the 20
cutting location, and to the unloading section, wherein at |east the first
novabl e mount is novably coupled to the at | east one transport guide. 8. A
handl er in accordance with claim7 wherE2n the at | east one transport guide
conprises at least a pair of rails, and wherein at least 25 the first

movabl e mﬁ@ﬁuét%r@é@%%% 99pkedn! R spBAsBAkke FhtA@HIE sel ﬁ@e@%%étesn

1 b |
accordance with claim$8 \%er el n at ? st the secon'ctiJ m)vagoe nount 1S
novabl y cotip¢ emiolded rsulpstirateftor ahgn with the refhrerdtercuithireg dredafichen t h

claim9 wherein.th air aof rails are substantially |Iinear and extend
subst ant i a ef)\’frta%hﬁﬁ ey %]'ngé‘ineﬂtom 18 the | oading | ocati on,

through the Cultishe Loasd ket #1016 YabaRE G ABRAH e 345 HoiRndl o

in accordance wt rst nova unt conprises a
rotatabse vlac moldedushbétrats eger ithe olpl&anag 22568 pooddpachiefed dedstrcet e

t her et o. Abhandl er.in accordance c‘% c@ﬁl m 11 wherein ]tahe second
movabl e rm M SWW?F%%éeta duging MIEing chdmhehwater det deemy it S‘t"ﬁéeraﬂetlo

| east t
cast one. PRCKRILOURRIGIRC! RNALA. slibetfaAndhller PnBCCORUATCHT WD

claim1, further conprising a nova nount ed’i mage capfure
at the | oadongrdlhrra@‘B@B fthe sapbumongr 200 aestesotie beage 286, tdred dierlarast

one packaged substr e on t first | & nmount,_ when first
movabl e rmala? J?"sna? B o’a‘ﬂaﬁg frecalprgnthe iﬁdﬁnemﬁgr u%imié rFEREE wi t h

claim 1 5HAg é’teio%cf}aﬂ] 'orfﬁ:g@u{?‘%Btt‘Heengﬁi’ flﬁet'he gfafr%éu% t he

cutti ng Iocatlon for 20 capturrng at |east one iInag east one
packaged s@B.riat ¢his wadyg ﬁee:omitarnjxe&tﬁxmkmuatpluﬁaMytdfelmthmdsmmtﬂ e
nount is at the cu t| nngcat on. t&agdl er.in ﬁcordance with claim1l,
furt her Coﬁlayqléglp,é g molded su strate 1nt e Y direction 272.

After the water jet has completed cutting, the second movable
mount 245 moves from the cutting location to the unloading location

15 215, where another pick and place assembly 296, which is coupled to
the controller 299B, unloads the now singulated semiconductor
packages from the second movable mount 245,

With reference to FIG. 3, FIGS. 4A-H and FIGS. 5A-H, the
operation 300 of the water jet handler 200 will now be described.

20 Referring to FIGS. 4A and 5A, the operation 300 starts 305 when a
first molded substrate 405 is loaded 310 on the first vacuum chuck 255
of the first movable mount 240; and an applied vacuum then secures
the first molded substrate 405 thereon. Typically, a pick and place
assembly (not shown) picks the first molded substrate 405 from a

25 previous process, such as a molding machine, and places the first
molded substrate 405 on the first vacuum chuck 255. A first vision
alignment is then performed 315 on the first molded substrate 405 with
images captured by the first video camera 270.

Referring to FIGS. 4B and 5B, when vision alignment is completed,

30 the first movable mount 240 moves 320 from the loading location 205

to the cutting location 210, as indicated by arrow 415; and the second



+25 transfer neans for transferring the at | east one packaged substrate from
the first noveable nount to the second novable nmount. 16. A handler in
accordance with claim 1, wherein the transfer means conprises at |east one
pi ck and pl ace assenbly nmounted to operate at 30 the cutting |ocation. 19
17. A method for handling at | east one p@&ckaged substrate for singulation
into a plurality of packaged sem conductor devices, the nethod conprising:

a) Providi fvanig fidile BRLAMSAPUOL Foim TR BAAREVRRAA A4 79 dacat i on
and a cutting [ocation; and a second novabl e noun or novl nhg between the
cutting | ovatloadirgdositiosn?d8dasgntazatd by, abjowra@ong the first novabl e
mount fromthe_| gading |location to the 1o cutting lLocation with the at

| east one pack3§ %Frélﬂgs?f’r%ltcésdf’fg:p@@éldsphé\f BHter 4§t S0 fiognithe waterigl one

ackaged s a [ ' r r [ ruecﬁstt' t 1.0 cation;
8) trgnsf e%i%%{? ?ﬁg é;%@l %%étsﬁq c?n?%a%@g(g%% Ssu s{—‘?traét %6?r‘grﬁnit%ts?iqgs{&1§t
nmovabl e5 noditectiont 2825 esotitt fiostahiavahleimhoun) 22t répeatety atovezasd aade

packaged suybstrate jn.a secon eference direction, different fromthe
first ref efr&q% thﬁrﬂééilifs‘ﬁéloatéj%éleaﬁ dpﬁ%tedo%ﬁraﬂw #8opriduserigraotor

ovabl ¢ ToaRC T LR rt PR Poekl Lo T ATRGCEY b30P NG FaiPRorS 1

net hod in e watenget BOSprocdedsiintibthberhslengd it figst pIol@ed isutditate
| oadi ng the at | east one packaged substrate on the first novable 25 nount.
19. A net h88S hasbesnaaHcwidshwisel aim 17 furt her conprising, after

10 Referring to FIGS. 4D and 5D, the pick and place assembly 294 at
the cutting location 210, then picks 330 the first molded substrate 405
off the first vacuum chuck 255 and holds on to it, while the first
movable mount 240 moves 335 from the cutting location 210 back to
the loading location 205, as indicated by arrow 430. At about the same

15 time, the second movable mount 245 moves 335 from the unloading
location 215 to the cutting location 210, as indicated by arrow 435.

Referring to FIGS. 4E and 5E, the first molded substrate 405 is
placed 340 on the second vacuum chuck 265 by the pick and place
assembly 294, at the cutting location 210. The pick and place assembly

20 294 may rotate the first molded substrate 405 through a right angle
prior to placing 340 the first molded substrate 405 on the second
vacuum chuck 265. Alternatively, the second rotatable section 260 may
rotate the first molded substrate 405 through a right angle, after the
first molded substrate 405 is placed 340 on the second vacuum chuck

25 265. Next, a second vision alignment of the first molded substrate 405
is performed 345 at the cutting location 210 with images obtained from
the video camera 284. )

Referring to FIGS. 4F and 5F, at the cutting location 210, the water
jet 505 cuts 350 the first molded substrate 405 length-wise, as the

30 servomotor 290 moves the water jet nozzle 280 forward and backward
across the first molded substrate 405 in the Y direction 272, as

indicated by arrow 440. Here, the servomotor 290 moves the water jet



- (f),; unloading the plurality of packaged sem conductor devices on the
second novabl e mount. 30 20 20. A nethod in accordance with claim 17,
wherein step (a) further conprises providing a water jet for cutting the at
| east one packaged substrate in (c). 5 21. A nethod in accordance with
claim17, wherein (a) further conprised4providing a water jet for cutting
the at | east one packaged substrate in (e). 22. A nethod in accordance with

claim217 f r j gnd .he at

| east one %g%rlgggtg§ su[)lg‘?drtg?ﬂé 2%2;, %.G}%Q’l%%g?ﬂ{lg@ SI’%E lilcc}rlfler%ﬁ%%glryr% Sctélgr dance
w th clai nie’Xf direbtionc28Prusiinthe aflisle dfdhebfifstbeiodded (sRibstedticgh0Bdst he at
| east one packaged substrate with the 15 water jet. 24. A nethod in

acco lr3 fjanc eCuk ﬂ?};ﬂ%qhé’i’iﬁ\eiﬁ‘% arddgd( sybsrate &0 dxprav aingwlated. e $heond
. . . : . r
frovabl € mﬁglfguléf)er& Eglg}xggﬁ&h@ﬁ?lj ?é‘gﬁ%&p%@? Easgggy&ll chdﬂh%gséé;qcrg% IV%.QH.\q at

| east anot prévi ousl'y 'singul’a Substrate ose er eon.
25. A et hadutk 2@830rdance with claim 24 wherein (c) further conprises
unl oadi ng the at |east another previously singul ated packaged substrate at

the unl oadi ng Msaarlite, atsthgloadingilpsation 2eor sareadvmeided silst®taher ei n
(£) of urthes Bogpidayfay BAY) B A drbE S TRNACL R RURSS! Bkl Fialadiser ence

di rection. ance W't ' (¢ urther

conpri ses ahgnngerithis peifermedt 316 dheaheesatthd efieldedc substieatiol0 witRl 28.
A method in accordance with claim21 wherein (e) further conprises noving
t he secondthfbiraBges pbtatnadhirope the figst videsr eamerai27ést i on.

10 Referring to FIGS. 4G and 5@, the first movable mount 240 moves
320 from the loading location 205 to the cutting location 210, as
indicated by arrow 445; and the second movable mount 245 moves 320
from the cutting location 210 to the unloading location 215, as
indicated by arrow 450.

15 Referring to FIGS. 4H and SH, at the unloading location 215, the
singulated semiconductor packages of the first molded substrate 405
are picked off or unloaded 355 from the second vacuum chuck 265 by
the second pick and place assembly 296. The second pick and place
assembly 296, then disposes the singulated semiconductor packages of

20 the first molded substrate 405 to, for example, a packing machine, such
as a tape-and-reel packing machine.

At about the same time, at the cutting location 210, the water jet
505 cuts the second molded substrate 410 in the X direction 232, and
the process 300 continues, as described earlier for each molded

25 substrate.

Hence, the present invention, as described advantageously
provides a water jet handler that has improved throughput, and is more
easily integrated in in-line manufacturing operations.

This is accomplished by having a loading location; a cutting

30 location; and an unloading location, with a first movable mount that
moves between the loading location and the cutting location, and a

second movable mount that moves between the cutting location and the



-5 29. A nethod in accordance with claim21 wherein (e) further conprises
nmoving the water jet in the second reference direction. 30. A nethod in
accordance with claim 17, wherein (d) conprises picking the at |east one
packaged substrate off the first novable nount, 1o noving the first novable
nmount fromthe cutting location to the 1{®ading |ocation, noving the second
novabl e nmount from the unloading |ocation to the cutting |ocation, and
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departing from the scope of the present invention.
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mount for transporting the at least one packaged substrate from the

loading location to the cutting location, and the first movable mount

10 adapted to secure the at least one packaged substrate thereon while the

at least one packaged substrate is at least partially cut at the cutting
location; and

a second movable mount for moving between the cutting location

and an unloading location, the second movable mount adapted to

15 receive the at least one packaged substrate that is at least partially cut

at the cutting location, the second movable mount for securing the at

least one packaged substrate thereon while the at least one packaged

substrate is at least partially cut at the cutting location to produce at

least some of the plurality of packaged semiconductor devices, and the

20 second movable mount for transporting the at least some of the

plurality of packaged semiconductor devices from the cutting location to

the unloading location.

2. A handler in accordance with claim 1, further comprising at least
25 one cutting tool disposed at the cutting location, the at least one cutting

tool suitably adapted for cutting the at least one packaged substrate.

3. A handler in accordance with claim 2, wherein the at least one
cutting tool comprises at least one water jet from at least one water jet

30 nozzle.
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0% () -uR-d5taveo\doteetor mounted roxmoedk the-at Bastramedvdter jet nozzle,

the distance detector for detecting the distance between the at least one

(-1

water jet nozzle and the at least one packaged substrate when cutting
the at least one packaged substrate with the at least one water jet, and
the distance detector for providing a detected distance.
10
6. A handler in accordance with claim 7 further comprising a
movable mount for mounting the water jet thereto, the movable mount
being coupled to receive an adjusted distance, the movable mount for
maintaining a predetermined distance between the water jet and the at
15 least one packaged substrate when cutting the at least one packaged

substrate with the water jet, in accordance with the adjusted distance.

7. A handler in accordance with claim 1 further comprising at least
one transport guide that extends from the loading location, through the
20 cutting location, and to the unloading section, wherein at least the first

movable mount is movably coupled to the at least one transport guide.

8. A handler in accordance with claim 7 wherein the at least one
transport guide comprises at least a pair of rails, and wherein at least

25 the first movable mount is movably coupled to the pair of rails.

9. A handler in accordance with claim 8 wherein at least the second

movable mount is movably coupled to the pair of rails.

30 10. A handler in accordance with claim 9 wherein the pair of rails are

substantially linear and extend substantially parallel to each other from



CUXEL (#1098 ()- S, #10%&' ()-!aS, #10%&' ()- VWWWEXPYZI J<C0!
10! NS#10%&' () - & DSH109%&' () - & F#10%& ()-! F#10%& () - 109%& () -
10ZZG [\ ] *zX6<C0! f SF(#109& () - z! aSF(#10%& () - zSH109& () - & X, SH109& () - & SS#

100& () - & { S#109%& () - &AM _a_ uvA0!; 91 10%& ()-f10%& () - Y9! 10%& () -
10 10 10! SF(#10% ()-z 0" V' a" dffazbdEuV40! :

109%& () -

91 109! 1098 () - SFy#10%& ()-  10%& ()- @' 10% ()-9! 10%& ()- #10%& ()-
zbcBeccd#egfuHin QbéQhGM %ﬁ?/&l%#"t@#c]bm./ age location, and to the unloading

oM 109%&' () - y#9! 100 108& ()

109%& () meeef Sf'f dEUVAO!

9! 10@7#10112&21@1)3115 ! 10%&' ()- 3 10% ()-@ 10%& ()-OM 10%& () @#10%& ()-ffg
g' g"g%gMKi _=0!: !N | #10%/5/ & ()-! N #10% /& ()- @0% & ()- 10 10

10: M 10%& ()-8:!1109%& ()-Kiikjjk,|n[9 =0!! s #10% / & ()-9!fS

#109M M & (] - 9! AShandler in accordance with claim 1 Wherem the first movable
#109%V H & () -9, z#10% & () -! D, z#10%+/ +/ & ()-I#lO/d () -mmnnnnor P=0!'1'S
#109% ! @Y#IIIM&‘H( rommises @ rotatable vacuum chuck for securing the at least

10

15

20

25

30

one packaged substrate thereto.

12. A handler in accordance with claim 11 wherein the second
movable mount comprises a rotatable vacuum chuck for securing the at

least one packaged substrate thereto.

13. A handler in accordance with claim 1, further comprising a
movably mounted image capture device directed at the loading location
for capturing at least one image of the at least one packaged substrate
on the first movable mount, when the first movable mount is at the

loading location.

14. A handler in accordance with claim 1, further comprising a
second image capture device directed at the cutting location for
capturing at least one image of the at least one packaged substrate on
the second movable mount, when the second movable mount is at the

cutting location.

15. A handler in accordance with claim 1, further comprising a
transfer means for transferring the at least one packaged substrate

from the first moveable mount to the second movable mount.

16. A handler in accordance with claim 1, wherein the transfer means
comprises at least one pick and place assembly mounted to operate at

the cutting location.
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a) providing:
5 a first movable mount for moving between a loading
location and a cutting location; and
a second movable mount for moving between the cutting
location and an unloading location,
b) moving the first movable mount from the loading location to the
10 cutting location with the at least one packaged substrate disposed
thereon;
c) cutting the at least one packaged substrate in a first reference
direction at the cutting location;
d) transferring the at least one packaged substrate from the first
15 movable mount to the second movable mount;
e) cutting the at least one packaged substrate in a second reference
direction, different from the first reference direction, at the cutting
location, to produce the plurality of packaged semiconductor devices;
and
20 f) moving the second movable mount from the cutting location to

the unloading location.

18. A method in accordance with claim 17 further comprising, prior
to (b), loading the at least one packaged substrate on the first movable

25 mount.

19. A method in accordance with claim 17 further comprising, after
(f), unloading the plurality of packaged semiconductor devices on the
second movable mount.

30
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substrate in (e).
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22. A method in accordance with claim 17 further comprising, after
10  (b) but before (c), aligning the at least one packaged substrate with the

water jet.

23. A method in accordance with claim 17 further comprising, after
(d) but before (e}, aligning the at least one packaged substrate with the

15  water jet.

24. A method in accordance with claim 17 wherein (b) further
comprises moving the second movable mount from the cutting location
to the unloading location with at least another previously singulated

20 packaged substrate disposed thereon.

25. A method in accordance with claim 24 wherein (c) further
comprises unloading the at least another previously singulated
packaged substrate at the unloading location.

25
26. A method in accordance with claim 20 wherein (c) further
comprises moving the first movable mount in the first reference

direction.

30 27. A method in accordance with claim 20 wherein (c) further

comprises moving the water jet in the second reference direction.
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comprises moving the second movable mount in the first reference

direction.

5 29. A method in accordance with claim 21 wherein (e) further

comprises moving the water jet in the second reference direction.

30. A method in accordance with claim 17, wherein (d) comprises
picking the at least one packaged substrate off the first movable mount,
10 moving the first movable mount from the cutting location to the loading
location, moving the second movable mount from the unloading location
to the cutting location, and placing the at least one packaged substrate

on the second movable mount.



