;e3e : 667d8"9N :6: T: _d71 METHOD AND APPARATUS FOR SI NGULATI NG

SEM CONDUCTOR PACKAGES ON A LEAD FRAME Field of the Invention 5 The present
i nvention relates in general to singulating sem conductor packages forned
'on a lead frame and in particular to sifgulating sem conductor packages
formed on a |l ead franme using a sawi ng process. 10 Background of the

| nventi on AMEPHOOVAND APPA RRTUSAROR %IN?}I?EH‘I‘H@GO'S %?I;Crgﬁg.'}@?q‘o rhe

devi ces are packaged in a predetermned array on 5 typically
by nol ding. After the devi MKAGE&GM@eHEAtDIWE si ngul ated or
separated fromthe |l ead frame. An exanple of such packages are those
referred to as SOT packages. A conventional nmethod of singulating is to

punch out or stanp out the packagesof tRE'IhWentRad frame. However, with the
increasing 20 trend to reduce the size of sem conductor packages, the

standar8s required in the singul ation process have al so becone nore
stringent. This . aas made it oore difficult for sin tion using punching
and stanping to ﬂé%t p{ﬁgglét S HIRVLHOR rﬁhj?tteﬁer’r?org ﬂﬁ{ﬁ?}chﬁ%g H}ﬁ]ﬂéf i ng’
are al so Knidohdifites perids: ges 16Pmedl AP Hd PFrarie $4¢Hn PAAGEGREUWETS N
an effort to increase quali % control have mgrated from punching and

st anpi ng sy%ngnbamgmwg o askagesifbamedoonhe lead Sranmdusing a
singulatin em conduct or wafers. However, with the adoption of sawing as a
met hod for gsgavg}gn [P%%9%n of packaged devices, a new probl em arose. That is
the di #piculty of securing the |ead frames durlng sawi ng. As with

Background of the Invention

As is known in the manufacture of semiconductor devices, the
devices are packaged in a predetermined array on a lead frame,
15 typically by molding. After the devices are packaged, they are
singulated or separated from the lead frame. An example of such
packages are those referred to as SOT packages.
A conventional method of singulating is to punch out or stamp
out the packages from the lead frame. However, with the increasing
20 trend to reduce the size of semiconductor packages, the standards
required in the singulation process have also become more
stringent. This has made it more difficult for singulation using
punching and stamping to meet these standards. Furthermore,
punching and stamping are also known to cause package
25 delamination. As such, manufacturers in an effort to increase
quality control have migrated from punching and stamping systems
to sawing techniques similar to the ones used for singulating
semiconductor wafers.
However, with the adoption of sawing as a method for
30 singulation of packaged devices, a new problem arose. That is the

difficulty of securing the lead frames during sawing. As with
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2 sem conductor wafers adhesive tape is used to secure the packages on a

|l ead frame to a cutting table when sawi ng the packages fromthe |ead frane.
The adhesi ve tape system however, has several drawbacks. It is costly, as
't he adhesive tape is not reusable and ig2 5 thrown away after a single use.
Farther, during the cutting process, coolants and lubricants are constantly
appl i ed ont I e ran %ég;ed
devi ces dur#r%@gv%%bg%ﬁéf?gg%hi%%ﬁ;spheﬂsg\%\%&o f%ﬁlﬁmllé%l? léléhg%@?i& ns of
the | ead franmm lecel éramed tw aasutidghgi tablélowhear sawireg aitlee packapgepdromn cause
the 10 debris to adhere theretq and the accunul ated of debris can damge

t he saw bl a%‘é’ E?ﬁq? e &?ﬁ?gﬁﬁgﬁﬁﬁ’r? $PBE c8¥Stem NOWRPEhe hag SRYGERL age i s
potenti al | yq/ Q¢ M}t G t ] i i b I t amaged
Caw bl ades AT Akt e Todly! 25 GRMMARCERY B is i P8 AR REOTE
adhesi v6 t diwowreawayodfter adsismgle andeagBurtherhelurireg ther cattingtproceds at e

step to extracgt the sipqulated devices fromthe adhesive tape, and tyansfer
the si ngul oty passikrigaRts.gre sonstamly aprlicd, antejheiaiting table
adhesi ve t ape ts] r ual l'y
W ch 15 cont PARSHIGPERL U ARkT P (e pddkagR BERKES (Aaink RuRife TR on,
t he adhesi o wash iawayotheesawsuoffe dintwastsclpargiosisalof tax Wegds fifaaoneged on

| ead frames, .especiall en t ackages are smaller than 5Mm b nm Most
or ocesses TSTERPHgHs 489 it BBk ARHe b o AR O Be RO Lo & d wi th
the pagpagesesigyiteadie tHERAoPHA] the GeBhiHULEd O ddbrfs MrFHanidp | ead

frame is positioned upside down wth the nol ded packagi ng of the packaged
devi ces fadhey sewn'dads wduringithe astngilagionat poocedsn tThigs,or aratlats on,

t he adhesive tape adheres to on t he | ded. portion of a packaged device
Lo secure tdiseplanbiE 5 potcalill mefe GonT Grba et e pil S R RR et |

surface areg fiplhbe tHE'dj&?lag@Ht#W hqtse packaged devices, adhesive tape
does not consistently and reliably 3 secure the packaged devices. As a

result, some of After gk qrpedkagesi aos singuthitetoddey freominhdeddiblegithe t ape
during.ghe saw ng pr.ocess ndee ot her singqul ated packages,c al so

becorrp1§i sl%(ﬂb%%g?r(;ﬁPFheYﬁhh@?lo °t afpd V@’?‘@‘g{?‘hésvitg\’eat quﬁdcgﬁge&r’oy t he
5 sawi ng pri?x‘i_@ﬁﬁedl‘@ﬂéceste?ﬁoﬁcheéxt@héﬁdm@t e Gfatbde detAges verdapaneet hod
isits inability to hold the packages securely, particularly packages that

are smal | eradlpesiventiapy snth tremsfesethd singudated rdddiees sheea tragst Her with
vacuum or syctd on to hol d packaged Vi ces an | ead fpanme when saw ng the
10 packaged HERFE dhSad\taRRCiT R, FEY Fdiediiamant on PEE il B8Pl
havi ng di nemgs aBsb@reaidved Bdd PaPlaREdSHENIAS, WisleW ARG ntHPRE to SiHRet can
be used successfully. However, when packaged devi ce di nensions are | ess

t han 5Rfh byn&gtnfor kemercuaniemated mresess.ubbecadditioat, the rudhésivantane to
hol d the pagk i 5 _duri.ng the.saw,n rocess, ln.an, effort to
i ncrease tﬁ% ﬁ?ﬁfg’ﬁgﬁ%\iﬁ%@@ ?\%C“gﬁlﬂgﬁrﬁs}lé?ﬁcpﬁ%te%s@r S}ﬁﬂ Pflp}e@%gwrg‘faédes
nount ed on espucidlly vwih@sshe fukapekYarecé@nlled thanaSmin HadaaAW are
expected to be used. This further conpounds the existing problemwth

hol di ng the pack¥@s8 deracessesectorel singilatige: hpackagesdy seoHeesdustorxanpl e
f 20 such | 9 s ety D |
R gy

of Japan. I'ng srnguf atron, rotatrng saw-bl ade
to keepd t codfigusatidie, Uswanhert phet leads fiefmehis pesttidnedeupsitlecdowty t he

saw. In addif{ion, jets of water are also directed at the, lead
with the molded packaging of the packaged devices facing downwards
to facilitate singulation. In this orientation, the adhesive tape
adheres to only the molded portion of a packaged device to secure
the packaged device to the cutting table.
30 Due to the small surface area of the molded portion of the

packaged devices, adhesive tape does not consistently and reliably



25 franme on the planar rubber sheet to dislodge the severed unwanted
portions of the lead frame fromthe planar rubber sheet. The flow ng water
then carries the unwanted portions of the lead frane to a di sposal

'l ocation. A disadvantage of this nmethody however, is that there is a
tendency for the unwanted portions of the |eadfrane to 30 adhere to the

bor 11 ons.  SEcHTPels Phrfe BEicHs” RECRCE IR, 8GR
rubber sheeaievieew @xei islodged fedrar thet adhesivehaapkodu@ingvai®y daswidlyl e to

efficiently dislodge the unwanted portions of the |ead frame fromthe
pl anar rubt¥iocspset Inderd,pr edhiarc esipgulatedinpaskagepocanonalsef bPaeomMEads r ane

on 5ther e rLeye . t .ol f . itt] riy on
the pl anar EseCfoa? RERI0R B v E TR R VR T oo By 3Re

si ngul aged sfawilﬁilga{:)i'mi‘o*sf rHeRAce) dritehet edieadeantagd of U Ridi e Sied tia@es,
either are not held secureIY on the planar rubber sheet or can't be

subsequent IF€HIeKk - B61 inafilify atmhaldotee Raeleagess sepurdysi pRiticulasly. Bri ef
Summary of %W%%ﬁt%eT%@E?ﬁﬁQh.$ﬁﬁ&E§Hm°i.eeks to provide a nethod

and appar at of singulating sem con Oor "packages on a | eadfrane,

whi ch over cones Tlie aise esfsSt pethgesubber altsstmeoge thiwd vithbvaswuaf drhe
prior art. Accordingly, in one aZ{‘)E‘(Y the present invention provides a

sawi ng j i g Sustiontei hgld sackaged e%é@a@klage@adefna@é% WheReSAWING thE | ead
saning I11 . : . !
batt or 105, heREREEAN MG RAGKEACTCAT e B AR SRS RRGKBRT

an array ofdeviess hgving diniénsibnsugfeacer thiag Sy bof Seipenithgsvasthemdi ng to
a second surface, oppgsite the first surface, wherein the first surface for
di sposi ng nsd FEkpoF Shast o0 Rerasprl siieseesinliyndlowewss, oVhenePachRges: e
arranged i : COF ks g t{ern t%‘iaﬁze 1 C ct R%&Kﬁgﬁd Vi ces
on the | eagz}%é%,&l\?\ﬂgﬁgﬁhﬁeggﬁ %)Qf 5t ﬁgé(l)lpem ngs”i gﬁgjght%{)ere to regglﬁve one

of the semanmrdnttrabbeacksptdndtvod és urtdaislevdeeheld thecpackagdtb depsgsngs has
a predﬁ ermﬁed depth; 30 a resilient |ayer having a fjrst surface for
abutti é t HEH3BE S/VIRG PTOFCIHhdry ARG it foencrease thethsgughprityek h a

correspondih. sir PR ket DUATIPLOLLUSANRLHEAIIAR 4Dy Stipm and

the resilient I ‘havirng a seco rface, oppos e surface,
W th a pattclrassié ocpanmogly cefermspbaodasgat fgahigesaaf taren expettdall tar be

bne. of 1 he Wishi TS [ thRE GorRBPuBlarse GReRaEDBCEAcH B EnEIHn ar

PLoLr ) Tl POBREL a6y b o foWig dckde, P Uehar e
such a gang saw is model no. DAD695 manufactured by Disco
Corporation of Japan.

During singulation, water is directed at the rotating saw blade
to keep it cool as the unwanted portions of the lead frame are cut by
the saw. In addition, jets of water are also directed at the lead

25 frame on the planar rubber sheet to dislodge the severed unwanted
portions of the lead frame from the planar rubber sheet. The flowing
water then carries the unwanted portions of the lead frame to a
disposal location. A disadvantage of this method, however, is that
there is a tendency for the unwanted portions of the leadframe to

30 adhere to the planar rubber sheet. It has been discovered that burrs

on the unwanted portions, as a result on the sawing process, claw



a second plate having a corresponding pattern of openings, each of the
openi ngs extending froma first surface to a second 10 surface, opposite
the first surface, the first surface of the second plate for abutting the
‘second surface of the resilient |ayer, 4nd the correspondi ng pattern of
openings for pneumatically coupling a vacuum applied on the second surface
of the secqpg, Rhat tRBIHRGT PRk ABRIwdRY b2 thBenoybu! ar
pr ot rusi ons ang tf@aﬁi‘%ropenl ngsﬁf)ér}g;éﬁ{ecpherst p at‘ggﬁlfgﬁoﬁger aspect the
present i nwdnvater i ablede efficyexitdyn distodgen glné atnwgnsedti pontishucs of thackaged
devices on.a lLead frane ai d sem conduct.or packaged devi ces being forned
ina predetlg?%%ﬁW%éP%Fﬁedﬂ?Pﬁé | r L said system conprising: 20 a
pl atf or m having Fhd@re8eAcelof Bhelinfdnied | poftiond dicerantaarhahbenn Of
outlets on a second surface coupled to the Tnlets on the first surface,

sai d pabt ertheofubbert sheet @revonps ithg nhoxt leadiname duone sitdirggvpnoperlyg f or
di sposi ng on_the at f or the.saw jig 25 coppri.sing: first plate having
an array oforbﬁg‘ﬁiﬁ "i‘rn_r&mDPFFssthe_é“'g‘r f‘g%@ PR ar aft te mc_%ﬁggﬁ%ﬁi ng to
a second S%&%ﬁg&ﬂ%'ff&ntﬁele‘éﬂr flanse!lihaeife ﬁ%%%ﬁ'c@ bhenk! Lipiwatteace for
di sposing the | ead frame thereon, wherein the ‘array of openings are
arranged i rPartBms; arithempeneineg beld securdlytor tbsnplvzamammbbexpahbagm

devices on theg |leadframe, wherein each of .t he openin i S contour to
receive 6%Bhb BF Fﬂgsggﬁfgﬁﬁd@f:g?gﬁgkgb%dp rcé'g’,%bgﬁds%ﬁgfeiaﬁgegach of
t he opeQi ngsnbasaoR! edeterm ned depth; a resilient |ayer having a first

surface for abutting the second surface of the first plate, the first
surface with a 5 correspondi ng pattern of tubular protrusions extending

therefrom and the resilient Ja havi n econd surface, opposite the
first surface, with a patter ﬁrbélfe%}}mﬁ 025%2[8’88931% to the pattern of
tubul ar protrusions, wherein each of the tubular protrusions for extending

into one of the openings in the first plate, wherein the 10 each of the
t ubul ar pr ot r usitehpresentainpresdinre sackedo| proyide aamethhdrand appraratus

pr edet ggm .en .1s less than the predeterm ned,depth; and a second
pl at e ﬁgvi 3‘595@%&’}%&@ﬁ&PH&O’BQPFEQYnP%&‘%%%%Pﬂg% ti'e (gg?rgabef’ Wﬁgq'bpeni ngs
extendi ng fogvecandds’ 6f a3UEhSE eed@cés the SAREnSHIiHAER . proflegis 6f the first
surface, the first surface of the second plate for abutting the second

surface of RMer ABki|ient |ayer, and the corresponding pattern of openings
for pneumatically. c 409 .Lo e ttern of inlets . fi surface of
the platform ar{id(‘:c?%a%l?l rlié %égnassopfegﬁ;, st gBF%??rhtE; lggexah_gglc@ég%de&e\ﬁ ces
fromsai d |easidg ﬁgefo_rlmbmeﬁg aephitehdafdiet tpddigetedevices nfsritddorPizovi des
a method for singulating sem conductor packaged devices fornmed on a |ead

frame, 28ai deadnitasRguciadd seanisgrdUEERT cRackrgady davieeycarianged in a
predetermined pattern on the lead frame, said sawing jig comprising:

a first plate having an array of openings in a first surface, the
array of openings extending to a second surface, opposite the first
surface, wherein the first surface for disposing the lead frame

25 thereon, wherein the array of openings are arranged in a
corresponding pattern as the semiconductor packaged devices on
the leadframe, wherein each of the openings is contoured to receive
one of the semiconductor packaged devices, and wherein each of the
openings has a predetermined depth;

30 a resilient layer having a first surface for abutting the second

surface of the first plate, the first surface with a corresponding



25 predetermned pattern on the |lead frane, said nethod conprising the
steps of: a) providing a sawing jig conprising: a first plate having an
array of openings in a first surface, the array of openings extending to a
»second surface) 30 opposite the first aﬂrface, wherein the first surface
for disposing the |lead frane thereon, erein the array of openings are

arranged i 7 ree ndi n attern as.the. sem conductor packaged
devi ces on af%eqnea ? réﬁﬁg?%epg?ﬁu@éﬁs ofq?@&g}%nitﬁageq%%%on%‘gr3&% o]
recei ve oneegflidrite 1896t ¢RAGHEtDseRBfifagadadeY i diffositdheh eikst sigdase of the
openi ngs has a predeterm ned depth; 5 a resi|ient | ayer having a first

surface forwiibue thafgerheofseponingsucomesponding toi the patiem ohsubulan

ther of rom St aReseor et PAGA BTt heateEosBRLPRRCRY ERIGRI, 1
first sorfdaeo omé bf&ma\?ﬁeﬁmgé iRner figst poatesSPRBLEIRTtHE ddtd patther n of
10 tubul ar protrusions, erein each of the tubular protrusions for

ext endi ng itNdlaRPOtrasienspbasngspredataamined lonigthe andevhicteithdhsach of

br edet o m ESORSEARIRRE B2 IS B I i BES AR RS o
plate having a GorgeesRANYIAG RAkVIRE s YoroPiding $Rtterdf JhepeRenpEgs

Ben
extending froma first surface to a _second surface, opposite Pﬁe first
surface, tadh ofttherrdpenings extendingndrornaacfifstr satface Mg tehsesovdnd

surfacenof the resilient |ayer nd the cqrrespondin att.ern of openi ngs
for pnggmaﬁ%rz??ff 888%?#39?%6 2%" s\%aﬁﬂ CSpﬁ"Fe@P%‘h Wga eec?in%leswggl of the
second pl atglate foRaRafingotkle Geebndaskafied Sevhe aesilicht Ngydryadrthe
protrusions and the openings in the first plate; b) alclgém ng the | eadfrane

with the fiqostespending Ratéemnwhepeningsuder t pacumatieibkagedpliagi ées on

L o2 YRS SpbAOEca Al 25chie ShealO%s et le L olen®

:Oregﬂ lrJ Sirrgnid;etrhidmductbhq)mgbdg&eﬁb@& vidhehé heibrnds prbtiohgbahdrthe
openings in the first plate.

In another aspect the present invention provides a system for
singulating semiconductor packaged devices on a lead frame, said
semiconductor packaged devices being formed in a predetermined
pattern on the leadframe, said system comprising:

20 a platform having a pattern of inlets on a first surface
and a pattern of outlets on a second surface coupled to the inlets
on the first surface, said pattern of outlets for coupling to a vacuum
source;

a sawing jig for disposing on the platform, the saw jig

25 comprising:

a first plate having an array of openings in a first
surface, the array of openings extending to a second surface,
opposite the first surface, wherein the first surface for disposing the
lead frame thereon, wherein the array of openings are arranged in a

30 corresponding pattern as the semiconductor packaged devices on

the leadframe, wherein each of the openings is contoured to receive



8 d) applying a vacuumto the second surface of the second plate, thereby
appl ying the vacuumto the packaged devices on the leadfranme; a ) cutting
the |l eadframe to singulate the sem conductor 5 packaged devices fromthe

-l eadfranme; and f) turning off the vacuwn Brief Description of the Draw ngs
10 FIG 1 shows a plan view of a singulating systemincorporating a saw ng
jig in acc a ] . r i i on. Fl e ed view
of the savm%rrrl% ?’éi:%&ﬁgggégﬁggﬁgiﬁan&fkggﬁyetdgrggcseeshta%:dn\%gfl‘{}fg%i?l e’%%a 6|Pl§8gsed in
the si ngul alpengngy Hmai predeGerrhiréd HbﬁthﬁA shows a cross-sectional viewof
a portion of thesawing jig in FIG 3 wth packaged devices ona_ |l ead frane
al i gnedon the first platearresiligBt Jayers having o fisst seirfaneafor, pRbusnghe

portion of e j i Qed N F pagkag ey on..lihe |l ead
frame20 ar ethgegglﬁ%ﬁgbjﬁhgfd\‘/%cu({frentEEG\mgg ?L%e%s ?llfi% @?%‘gs-%é?? Foﬂvalkﬁvﬁevvof
the por§i oroefedptertingnpaitetni of Fhbuldr Proerudibaspagtcagticgdelieeezbaye been
singul atedfromthe |l ead frane; FI G 3D shows the cross-sectjonal viewof the
portion of agsetBeseamiligntilgyven adngsaaoenchsurfaceuneBpesite ndiehdirsdckaged
devi cesi s 3 . a f il eration
of thesi ngtusllbgﬁgifénggo‘g/t& g%‘;iﬂ&gﬁétﬁ?ﬁgﬁ@s[ﬁ? [ Pééh&gﬁpptrp‘%ré %}Eeﬁﬁeda

Drawi ngs Thabpil&s gtotiisienis| ORhef€ivi @aghaof atiedtuthdlar Wprétrusioms | ks a
first metal plate having a pattern of openj ngs for receiving the 5 packaged
devi ces on exendingifintereone ofethmh ®nesriags pinathe harsth plates owheseisndheg
pat t er pof u enj .ubhe hee e fLrst and
second?%et gyﬂg’] g?]etgf,% g{ﬁl@gﬂ%{/ﬁ%gtguégggeé f%n%i hﬁg%lé’%tr =']h\é§f T%ﬁ %’né‘éaf or
communi cat iwigefteift o€ predaperrhited deqifth Seclesd phahethe phedeteeniingd in the
first plate, The 10 rubber sheet being shaped to deformto provide a
pneumati c septhypsghd each of the packaged devices held by a vacuumin the
openings of the first netal plate. irst nmetal plate.further Vd ng
recesses through which t h% §§W%§aﬁ?§r%@‘é’|ﬂ§ ?oC%HFBPﬁPgﬂ_bi Ra;{geq#g:oj frame
and singul inps} Bachask age btingsSextedidiHpWaohed First i Angaeé toha

| eadf r ane. the unwanted portions of the |eadfrane abut the first netal

pl at e, 18he saprd purfacgnpnprsite dheofirshsairiags atha Justssyriagas hek thie

unwant ed pqrt.i.ons t a 0 fi : | eavi ng
Ehe ol noul SeShRACp Rl b ABRMAE TR: U0 d ite dr Bhe Tekieft Abfer P2V
pl ate. Whemridheti@cwortrdspdridingd mitterd hef defpenikgs pdbt | gitedhativallyubber
sheet returns to its original shape, advantageously _ allow ng the singulated

packaged dEPURIENg b0 dhei Patieenef dplatsin tthe Bpensugiacenot fae rplasiorast al
pl ate. The ing pad is made of Naprene rubber with a shore 25 hardness of
60. This material inmbues the pad with characteristics that serves to

provi dggbetter hol di raittieigc emeAnBOlfel NginghRatingkaaed pavkagsd Wikhicksvacuum

from said lead frame.

C

In yet another aspect the present invention provides a method
for singulating semiconductor packaged devices formed on a lead
frame, said semiconductor packaged devices being arranged in a

25 predetermined pattern on the lead frame, said method comprising
the steps of:
a) providing a sawing jig comprising:
a first plate having an array of openings in a first
surface, the array of openings extending to a second surface,
30 opposite the first surface, wherein the first surface for disposing the

lead frame thereon, wherein the array of openings are arranged in a



Referring to FIG 1, a sawing and sorting system 100 conprises an

on-1 oadi ng bay 120, a singulation unit 122, a flipper 30 unit 124, a
washi ng and drying nodul e 126 and an of fl oadi ng nodul e 128. The si ngul ati on
‘unit 122 further conprises a sawing jigz150, in 10 accordance with the
present invention, shown in FIG 3 and saw ng equi pnent (not shown) for

singul atin eyl og.a L : e
of f | oadi ng%ﬁgwggf é?t&%efl ggn%)ljrl‘fezée%hgc;%adné@vp g’gﬁ(gé%o(?%‘ﬁgga \9|nsi on
devi ce 134 therleadfzent) otherveni ehbkr ¢fi tin lopetinpsdk agmitodredces redeioe

of fl oadi ng nodu] e 128 incluydes a tuyret 132 carryi mul tiple pick up heads
(not shownPTeoP! thesemicpn glc{c%pgpkaaﬁt%déal%;@agﬂgmﬁém;@cn BFnthsr i or

units to rejfeh @gg ' t 140. An exanple of such a turret
woul d be o?ﬁsu%%??{eadégﬁj actt%ﬁgéb\&utglg Qltqi on Pte Ltd. of Singapore. 10 Wen

the boaks are full, wheysitieatt Iarsf Bavieg aefipsicsurflce for abigtingcther ay 138
and outgoing trays 142. The it?@tem 100 further conprises several subsystens
not shown iS§CPRE os@iRRg, aindibgdi HESt obtatee dhgs BRY gﬁpbga,cepi p&heads,

: : . . o . d th
packaged dsoTE Ao ERRTYRRRh o hubtlial HARRASKERII KRMARY, (hERRORD] G,
of pgckagg(laéﬁhmhgo;@ilﬁtgt lwle_kalgm'ntgla $eworet] snj:ﬁzzo ceﬁ%ﬂoppbhitenvmtfmzzbgo
ortions , ~and I uaes all nt openi ngs iy e saw n |
E_orrpri Ses #UAq, Bidh @ Patiern ol PBeRInEs, ePTISSTORAING t?eg}_é‘?ldg?)tjltﬁ’tg% P60. The
first pphat e 205 APuLBRS! FHRIAY fdchUbtaffe 2Qmfthr }g?b&glsgaﬁé UftRS
E that ‘a age evices 210 on

openi ngs 2 re suitably sized to recelve the pac
the | ead frextendiify ihto astik tofothe tdpeningerinc aheofirstd platd, awhe?dih ithel udes

244 th I h si f th [ 242. Th
244 pr ovi d&3He Of Nt ARUIAT PR EHORSs A% Ao BECR RS IR AN BBy A danen
the | eadfr 2 i j . j pi 2 a 1t e o and
extend per S’gﬁel cﬂl %?? ﬁ%e?gr@n%ﬁ%&filségﬂgpgfgsﬂ(gﬁawgﬁep?g%@ér:ﬂgr. "lgeh
| eadframe 2A¥pthpamie first plate 240, the alignment openings 220 of the

| eadf rape 205 are aligned _and engage with the aljgnnent pins 290, The
| eadf rdfe 205 is t RSCSPRE RlpthHavies & FraERONGINE PAtETBoOL APENIRED | ead

frame 205 s t-h P .cant SUr 44 qf j st _pl 40,
with the pac%g‘gg g%#i(@:gésnlgl%g ggge??%ﬁ%yff%qﬁhlgn&rﬁlfﬁ‘{}gaeééor}gnﬁnggegﬂg In an
al ternati vesurfesli opposital tlganrfirst purfaces ehkofiesteduefadenef pihek sepohdad t he

pi cks up the | eadfranme 205, and the upper contoured, surface 241 of the
first plat gl e %F}ameﬁgnépwﬁgg Pintls vESUIETH LavaT, #2&i ns on

the pick u i S, | hi ;.ﬁ?éh I I Sc@hbBARERt Wi th
t he upper (%gr%?gﬁée%d%ér fpae([:tggf 416.)1S e rlhggerf&fge{ééag%&%y acg% toglr?%d upper
sur f ac2025 vastimeapphied non tthieulsecopdr surfase 262 théhasedartd i pliade t tee thygeni ngs
242 of the upper p)ate 240, Th ei,ght of the tubul ar portions 2 is |less
Chan 10 { hSUIRHOR IR SREREHACHaE: Vi thndubliier PsebSisions wad dhis

portions 2 s 1itNRe t i.ngs 242. \When the lead frane 205 is pl aced
on the fi rgfpeg}lgggl%45@etiﬁ§t8g§%éged devices 210 in the openings 242 rests

on the end)253 aligrihg thbukeadfmamé iwith 252 .first plate of the sawing jig,

-

such that the packaged devices on the leadframe are aligned with
25 the openings on the first plate;

c) disposing the leadframe on the first plate with the packaged

devices on the leadframe sitting in the openings abutting the ends

of the tubular protrusions;



The second plate 260 has openings 262 that align with the 15 tubul ar
portions 252. A vacuum applied to the |lower surface of the second plate is
conveyed t hrough the openings 262, and the tubular portions 252, to the
‘packaged devices 210. Referring nowto &l G 3A when the |eadframe 205 is
pl aced on the contoured upper surface 241 of the first plate 240, the

packaged 20,,devi ces. 210 abut the ends 253 aof thg tubular portion 52. Wth
ref erence B R épéﬁfng/\ﬁe‘ﬁmél%c%%? Sseé:ﬁﬁﬁl §Hr%@FOQ#§€% %Fé’%‘géﬁﬁge’m ate
260, the vagewebpPubbplding RAeKagehHRVit6€$hél aﬂﬂ’éﬁg.” Vidkss Opgnithgs 242.
The ends 253 of help?u%u?ag %orti orligﬁzég i%lélgsg)ueez gaatr%é d%‘asorrrs l;ce?ﬁween

t he packagddadiemes 210 and the 25 wall of the openings 242, maintaining a
good pneumati c seal. around the packaged devi ces 210.. This advantageously

o onat he Slackdattindiy LR BeotRmEe Coc ABEVIHE dthY  AETCRANREaN b
referenge Wﬁééﬁ'a' &evidks M|&été%df%@%§ﬂddevi ces 210 are held securely

the 3

by the vacuum | eadf rame 205 1's cut O wth a 30 saw (not shown) that
travel s wi tthi n ttuenieg efthe 2dduuihe packaged devices 210 are nQw

i ndividually held by the vacuum As the 12 unwanted portion 215 of the

| ead frame 205 abuts the contoured upper surface 241 of the first plate 240

during the saw ng process,BIti?pDég%?tﬁ)Sl BP&BEQﬂra%ﬁi%an be easily renoved

fromthe contoured upper surface 24 water |ets. Then with reference
to FIG 3D, the vacuumis turned off, allowi ng the ends 253 of the tubular

portio 252 be tored to their un-defor.ned.shape. This.pushes the

i ngul dPed packddon HOTIOSES BB OHEW Phi TIREUHRAE S (o iRSarPaTALTE

si ngul at ed Paakads i%?x’l'a%%r&éﬂcé‘%’i/tlﬁEt%spx%%ehlﬁemeéﬂﬁo%??’ of the tubular
portions 252. 10 Wth reference nowto FI'G 4, a procesS 400 of singulating

and sorting the Pickagddwirancesplpdedoriewhef thadsdwing:jigoim sceendanm®s with
pl aci ng 41Q It e,.l ead fratsme 205{# nti’)l he on-] oa 'Hg_g .unit1 ﬁzo. The | ead frame
205 i s firstitBofife PEESAS ItRN & ﬁ‘&;d?dﬁ e 2BV AHE S BRI dffe 205

is then autppgptically aligned 420 with, and 15 | owered onto, the sawing jig

230. As nentioned earlier, alignment is done with alignment pins 290
engagi 1§ the al ifée@A aglvuwsgs erssoRectienakbavieramd 20hortiven ofhdheead

frame 205 i s nount.ed o he, fi.rst ate 240 .of the sawi ng.jig 230, the
packaged deVTREE BEgny FIG » pHll elidiegd daules SR R IRedirard lkned )] o
described igh dRkafitst2Plagey | i er. A vacuum chuck (not shown) bel ow the second
plate 260 of the sawing ji1g 230 applies a vacuum and the packaged devi ces

210 on the | ead FiGan8B2slsows the Icsdssrggictionad heiew oftths gostipmoopythiene

suction of .\ u S i nFl B n ribed in tall

carl i or CrraGni R B A6 8 WhehotHe, BackBecd e tERS R el Ted fRlmnss
rotati g saayebéadﬁeﬁn@y aSveBMUmi; S gui ded through the recesses 244 on the
first plate 240 to singul ate the packaged devices 210. This | s shown in

FIG 3C as desdfithedCethowerthencanserpectionapaviesged e irasiomof fage been
20l o g LRI 96 LU b0 Aty W20 SpleR £
of the openfrogstRd2ecad drgmessed air may be forced through from
FIG. 3D shows the cross-sectional view of the portion of the
25 sawing jig in FIG. 3 when the vacuum securing the packaged devices
is turned off; and
FIG. 4 shows a flowchart detailing the operation of the

singulating system in FIG. 1.



13 the lower side of the second plate 260, through the openings 262,

t hrough the tubul ar portions 252, and agai nst the packaged devices 210, to
free the packaged devices 210. This is sonetines referred to as purging. 5
*The singul ated packaged devices 210 aregthen individually picked up by a
vacuum devi ce and conveyed together to the flipper unit 124, which flips

440 t he packaged devi cengga{hedsmCFL]gtﬁ Q[r?l%? tpﬁ%gbggggnggvi ces 210 are in a
e nol ded pac

_live bug' configuration, nmeaning t agi ng of the packaged
devices 210 are facing up or 10 the packaged devices 210 are right side up.
The flipped pac ed devices 21Q are nog held in a carrier that has a

recess for each i€ PRESHREIBYERLIAB, PEQEASS R SEWANG Jif A WEUCH KQTBREISES), t hen

under go washi Iy . ﬁg@ﬁtil e LT ve any
debris or v(s‘b/asﬂt}gt?g?g% ﬁla&AA}f\/\a;’s{ﬂéliagﬁ? sucﬁf-lg?qv\&%?ggd{&g g%%g\{}lté’% f@régnto

t he carbi empdakagadstieviges Tore theer deadirame, he rseboineld metéi phiteahavirgeat, t he
carrier is noved to,the offloading nodule 128 for quality inspect.i and
Sor {1 ng 25T IRANLERRUFER atiiud vevrtes. 2ns aibber FRBFE R

ori entat es ydireRackaged My cosd 2 caAd! Nin&tal ' ifhdOr hASPeRkiRE by 2

vision device 134. Packaged devices 210 that fai’l 20 quality contTol
st andar ds aocerespandiag padtarinc lof dopgnimgspifak commendsatingt tlséovaguumunt ed

the t t .13 dt dt ject boat 124, which whgn full i
Chen ©r ans RS 1 e 8FEURC (PIAJe 1400 tHqT PG00 B i TEFb HIAHR RPol aced
i nto anQoutgdiHAgG Hoddt %@nﬁ%aﬁbd""%@r‘défrbﬂn %egw‘gaéf &' gﬁguh?at%‘ §ey190i ng

tray 142. In this way 25 the si'ngul ated packaged devices 210 are checked
and sort ed,aretinst esiche loft hke preckagediCievioels WelW fhea pvaswmn iinvditei on as

descri bed sinqul at esf ﬁ%g%aggd de irlege on a |leadfranme, and allows the

unwant ed pdtRTURESH YHe'f m‘?%‘:fré’_ Btbe di sposed with water jets and the

flow of water. 3fhd mr%t'ﬁe%ép(iﬂﬁié ,?ﬁ?ﬂlel?YRQVﬁ?g’“kr@@ebé&tﬂ%Whi%ﬁs an
p

first plate with openings for ‘receiving the packaged devi ces, a |ayer of

14 rubber whehsawi bladle ttaveds tpocwt thraugh thetlead frlamnepand rgegulatese first
Pl ot e 181 e BaRateRd Bk PRt AR /e ialet, 4B P o0
tubul ar portheosivedntedepbHiORs dfettRy leAdfrBtld dbut the first metal plate,
the water jets and the flow of water advantageously washes the
unwanted portions of the leadframe away from the first metal plate,
leaving the singulated packaged devices held in the openings of the
20 first metal plate. When the vacuum is turned off, the deformed
portions of the rubber sheet returns to its original shape,
advantageously allowing the singulated packaged devices to easily
removed from the openings in the first metal plate.
The sawing pad is made of Naprene rubber with a shore
25 hardness of 60°. This material imbues the pad with characteristics
that serves to provide better holding force in holding the packaged
devices with a vacuum.
Referring to FIG. 1, a sawing and sorting system 100
comprises an on-loading bay 120, a singulation unit 122, a flipper
30 unit 124, a washing and drying module 126 and an offloading module

128. The singulation unit 122 further comprises a sawing jig 150, in



5 and hold the packaged devices in the openings in the first plate. As the
rubber deforns around the packaged devi ces when the vacuumis applied, the
def ornmed rubber fornms a good pneumatic seal around the packed devices.
"Thus, resulting in the packaged deviceggbeing securely held during the
Saw ng process. 10 A sawing blade is guided through recesses in the first

plate to singulate the kaged devices fromthe |ea : t he
eadrane. AGPEARRES SEHE Golr thsith ILRUOD SPopi I8, TS Biatd SANPsg ¢ he
sawi Ng pr oGRRApmidiel e(ridtS WHAM) Ufé}fﬁr&ﬁﬁgummg opacRhgédedkoresr aife an the
first plate can be readily disposed with water jets and the 15 fl ow of

wat er . The lpadBeame i (shomvn oin t H&r o f3r The coffloeding meradsdeadd8afpatharus f or

singulatin s Gl Ok, frage, . whi r at
P N e R e
appreci 8t edft hht alih@elaabdopackagedr tegidedl THBOMGAWING ndelilevansi on has
been described in detail, various nodifications and inprovenents can be

made by a pBFBUIeSRitureet 1A2tgeerying wultiple pirdpain hagds (oat shevedof of the
present oAb ing e letPadia ARG SseLe! BBl g T
devices 5 aejeutgbdat 136 ahadnlipoihgdsbapal 4@ Anoskdmpld @Adsuida e tugsdtd
Samng Jte vgggf)dr Ibtselonrgé supplied by Tactical Automation Pte Ltd. of Singapore.

10 When the boats are full, they are transferred respectively to a reject
tray 138 and outgoing trays 142. The system 100 further comprises
several subsystems not shown in the drawing, including robotic
arms and grips, pick-up heads, carrier units and conveying rails for
transporting the lead frame and the packaged devices.

15 With reference to FIG. 2 a leadframe 205 has a number of
packaged semiconductor packages 210 formed thereon with
unwanted portions 215, and includes alignment openings 220. The
sawing jig 230 comprises a first plate 240, a rubber layer 250 and a
second plate 260. The first plate 240 has an upper contoured surface

20 241, which includes openings 242 that are suitably sized to receive
the packaged devices 210 on the lead frame 205. In addition, the
upper contoured surface 241 includes recesses 244 that run along
both sides of the openings 242. The recesses 244 provide the relief
within which a saw blade (not shown) travels when the leadframe

25 205 is singulated. Alignment pins 290 are mounted to and extend
perpendicularly from, the first plate 240. When placing the
leadframe 205 on the first plate 240, the alignment openings 220 of
the leadframe 205 are aligned and engage with the alignment pins
290. The leadframe 205 is then slid along the alignment pins 290

30 until the lead frame 205 abuts the upper contoured surface 241 of

the first plate 240, with the packaged devices 210 partially within



a first plate having an array of openings in a first surface, the array of
openi ngs extending to a second surface, opposite the first surface, wherein
the first surface for disposing the lead frame 10 t hereon, wherein the
~array of openings are arranged in a cofdesponding pattern as the

sem conduct or packaged devices on the | eadframe, wherein each of the

openi ngs i $he YPeRhgd 242 1 Bf BnVElteAtatdte hebo&imERN Ik ERMARCKANSArdeVi ces,
and wherein each of "the openings has a predeterm ned depth; 15 a resilient

| ayer havi tecatedionthe pickatp headatha piaks uhetheedeadframe 208, @nd bhef i r st
plate, the first surface with a.,cqrr ondi n at of tubular ..

pr ot rusi onélpaﬁre‘f?d? blrF.ﬁeSf%rff?%Wg’ nﬂfef}ﬁ%?lfﬁtsgﬁ{ n%&ﬁg'yaesr Cﬂﬁmsﬁgnﬁhggcond
surface, oppesnings At WHith & ABERmeMt! Pirks Al {18 Difk 9P H¥aDEts. In
corresponding to the pattern of tubular 20 protrusiions, ‘wherein each of the
t ubul ard pr shrusvayhth¢ dead frenti RGSiist alignmentt with dhentipger igorttouredr st

pl at e, V\/nereiﬁ th? ?ach of the tubular protrusions has a predeterm ned
| engt h, e [T‘*u the predetermned length is | ess than the predeterm ned

depth; and a SeQ‘fPi%dr@bBéﬁlag,?é{'i D80 h4P &l ESATHedJuppet flirfate ABNWIER, 25
each of the openings extending froma first surface to a second surface,

opposi t e t k&t¢nding twpaleseportiens 258 that fisdatefthehepsningr 2920€ ther

abutting t Sec I e of.the Sil.ien .. an h rr ndi ng
pattern of Q’i’ﬂ’eeﬁi Fﬁ%ge ;%rdgﬁb%ﬁgﬁ}{:}a?{ &%o@#lﬁg%%@gﬁu%sgplgl II% f gkrsﬂgﬁhe
secondi@ur ftReedeptt hef sheobPenirpis 240, B6 3He SeAUs0RBAC P! th@ckaggidrdevi ces
via the tubular protrusions and the openings _in the first plate. 16 2. A

sawi ng j i g Postigaso?adrfit within dhsi epaningse2éen Whenthesdegqd framengPades a

pattern of . S i n,.t e588S p i i.thin which
7 Saw bl acd® HECETcoR Y Tdr £ BebraRe Belhatkited BT R ' Phlar e,
3. A saw n@piehﬁln%@ 2 pestanne the tehdy 26581 df thehalilenlart pertiind @sence bet ween
the predeterm ned | ength of the tubular protrusions and the predeterm ned

dep'l[< h of t he opdiiengscendt piatei 269 lpasﬁt@m@sr@@@ that rligioswithoshef t he
ot sy BRrkBRs 08 Al o biea ol SpasTdilicteaprae |

pl aced on e sa g e va sawing Jig in

accor dance secbhdcplaitenid confveyed rthirbaghntite ebehingsh262)mndrther ithwisirons are
def or mabl e bet ween_t he packaged devices and_the 1 nside walls of the
openi ngs i POTHENS; 23%, 1 Hae paskaged Aaviges 240i n accordance with claim 1,

ther el eech o RUEAEANTIG s ok PlelGdRaIIB B by
wi t hi n t he thedortbured unssr sigrface 241e of ithet fipdtapkate 240, the packaged
20 devices 210 abut the ends 253 of the tubular portions 252. With
reference to FIG. 3B, when a vacuum is applied below 305 the
second plate 260, the vacuum pulls the packaged devices 210 down
into the openings 242. The ends 253 of the tubular portions 252 is
squeezed and deforms between the packaged devices 210 and the
25 wall of the openings 242, maintaining a good pneumatic seal around
the packaged devices 210. This advantageously allows the packaged
devices 210 to be securely held by the vacuum.
With reference now to FIG. 3C, while the packaged devices 210
are held securely by the vacuum, the leadframe 205 is cut 310 with a
30 saw (not shown) that travels within the recesses 244. The packaged

devices 210 are now individually held by the vacuum. As the



6. Asawing jig in accordance with claim1 wherein the first plate is nmade
of rigid material. 25 7. A sawing jig in accordance with claim 1 wherein
the second plate is made of rigid naterial. 8. A sawing jig in accordance
with claim1 wherein the resilient 30 §gayer is made of rubber. 17 9. A
sawi ng jig in accordance with claim8 wherein the resilient |ayer is nmade

of Naprene A Sawkenge 4.9 | a ' clhad in the

resilient é{ rhgé)]g%dl io%rif%l & gﬁfsl\grprtggeléralfggg%&% ? ?%awg?ilo? e‘l'}ﬂéaig(f%et\styg?% Si Xty

degrees. liippkrssudfage 24l iofi thecfirstaptztevl#@ dliring thevsawding proséssl at e

conpri ses | gnnment  f eatur.es reon, for alignin 1t h aljgnnent 10

feat ures oﬁi‘?. W@QE‘?‘?Q&’EUOE‘Z&P%W?@%S% ?ﬂnage@”rfta%}:éh i Gantorgedh 1

wherein th%ﬁfpéﬁuﬁééé%ltﬁryz‘{'%lé@t | ayer and the second plate are held
a tastening f

t oget her w ans. 13. A sawing jig in accordance with
cl ai m 15 wher ei nTiHem fwithenéfegeneant RiGpr BBgsthw vesantmorse thonedextgndi ng

between the first and seco | ate and. through the resjlient |ayer. 20 14.
A sawi ng j iaéjloi“ﬁngcgb‘? (ﬁ'}f&%qo I‘??ce}}ﬁ P UARE rRETHION :‘}%Si &e 5ﬁ8t‘§é§oﬁe pl at es
are fabric fik.Qr gl l.eceraf Lol I &l e Il gnt

| ayer int rghggedj Igcraatﬁg?r?@ta hg‘afﬁpr%gt ’Iglrll% Eggéﬁ)ﬁga gﬁgt ?énéiii%\t%g s‘@%ﬁgﬁbﬁor

si ngul at i nglevigdsc?h@umitofropathegarbrdags 242, 0cand the segghlatedrpackaigdd

serm conduct gt pRCkaged devi ees el g hoInd g RESHS! Sulligd ggstern on

10 With reference now to FIG. 4, a process 400 of singulating and

sorting the packaged devices 210 on the lead frame 205 starts 405

with placing 410 the lead frame 205 into the on-loading unit 120.

The lead frame 205 is first conveyed 415 to the singulation unit 122.

The lead frame 205 is then automatically aligned 420 with, and

16 lowered onto, the sawing jig 230. As mentioned earlier, alignment is

done with alignment pins 290 engaging the alignment openings 220

on the leadframe 205. When the lead frame 205 is mounted on the

first plate 240 of the sawing jig 230, the packaged devices 210 fit in

the openings 242, as shown in FIG. 3A, and as described in detail

20 earlier. A vacuum chuck (not shown) below the second plate 260 of

the sawing jig 230 applies a vacuum, and the packaged devices 210

on the lead frame 205 is pulled against the first plate 240 by the

suction of the vacuum, as shown in FIG. 3B, and described in detail

earlier. The sawing and singulation process 430 can now begin, and

25 a rotating saw blade (not shown) is guided through the recesses 244

on the first plate 240 to singulate the packaged devices 210. This is
shown in FIG. 3C, as described earlier.

When all the packaged devices 210 have been singulated and

the unwanted portions of the leadframe 205 has been removed, the

30 vacuum chuck is disengaged 435. To urge the packaged devices 210

out of the openings 242, compressed air may be forced through from



a platformhaving a pattern of inlets on a first surface and a pattern of
outlets on a second surface coupled to the inlets on the first surface)
said pattern of outlets for coupling to a vacuum 30 source; 18 a sawi ng
jig for disposing on the platform theq8aw jig conprising: a first plate
having an array of openings in a first surface, the array of openi ngs

ext endi ng r'cﬂealfoor dQﬂles%E'fﬁl%ese%ﬂ&%@t&%é@ﬁtﬂ}é& h % rf%@%n%ﬁﬁ%herﬁdq the

first surface I'sposing th ead' trane ereo arrady of

openi ngs arthr@mghrt@@dtmbuhamporﬁmm 252) ;anpd teigaimstashé headegedodevicesr
packaged dte%ll cesello e Ieadfrarre wherei n each, of the openings is

cont our ed rg@t RePasfkages g%ﬁ?é%rﬂﬂ&tmlspb&%g&ﬁ@@@l rreghdowher ei n
each of thgfsélgup%; E! ngs has a predeterm ned depth; a resilient |ayer having
a first sur oP abutting the second surface of the first plate, the
first sbrface mee asingutatedonptickggpdt devicesf 200bwirar thent rindividaatiyt endi ng

therefrom a esilient Ia er, havi secqnd surface, posite the
first 15 sdﬂlﬁ?‘a R/\AE’VH" oS yR deviee |Cﬁ’§’é’e¥6$ %BT A9 £ lag tﬁ’é’pﬁat tern
of tubul ar t | e e t o}

REiPt 125, WPﬁchWI‘i?’s I4!40 e Jp‘{t #f‘;‘@??r%%"“gﬁ tgi@, Hehofsat ehe

extending into one of the Openings I , erein the each of
the tubul apaskegedsiamisesdxl Gaapes enled éldvn‘ ﬂlmg Ioem@tgtm,raaimh wineanimg tthet

pr edet er m ned Ienth i s Iesst the rmne 0 dep andasecond
pl at e havi r'ig am(% ¢ RASKAEHS e,yéges % {aﬁén
ext endygg fthe”bﬁclf:é%ur c&"b’iéé’é:Qlt(P affes sﬂ'ér R?%%h@pﬁfﬁﬁéc? ﬁef&ka HSt

surface, the first face of the seco d pl ate r abuttii'ng t'he second
surface of dewviceseilDi are nioswy bield 36 arcdrtiee thatrlkap andieagspaoreeactofof

curtace of tPREPRTRESEE APviEes 40t Mg ReckeeRbAeTicharI Hhcta thdrtERaged
devi ces freomgiing A8AUMKIRE™4538t the wash and dry module 126 to remove
any debris or waste material. A wash liquid such as water is sprayed
15 onto the carrier for washing. The carrier is then dried with hot air.
Next, the carrier is moved to the offloading module 128 for quality
inspection and sorting 250 of the singulated packaged devices 210.
An X-Y table 130 orientates the packaged devices 210 on the carrier
for inspection by a vision device 134, Packaged devices 210 that fail
20 quality control standards are rejected and picked up by pick up
heads (not shown) mounted on the turret 132, and transferred to a
reject boat 124, which when full is then transferred to a reject tray
138. The good devices are finally placed into an outgoing boat 140,
which when full are transferred to an outgoing tray 142. In this way
25 the singulated packaged devices 210 are checked and sorted, after
which the process 400 ends 455.

The present invention as described singulates packaged
devices on a leadframe, and allows the unwanted portions of the
leadframe to be disposed with water jets and the flow of water.

30 This is accomplished by a sawing jig that comprises an first

plate with openings for receiving the packaged devices, a layer of



19 16. A system for singul ating sem conductor packaged devices in
accordance with claim 15 further conprising a securing nmeans for securing
the sawing jig to the platform 5 17. A system for singulating

‘sem conduct or packaged devices in accofdance with claim 15, wherein the
first plate of the sawing jig includes a pattern of recesses, wherein the
ecesses Pravhp withl SACRACAIIER PolibrtvHdiCsR UM Ithe BRRRIn&S fehAe! O
singul ate the packaged devices fromthe | eadfrane. 14 18. A Systemtor

si ngul at i nfirstrplatedwatdbra peckadeplateyvitbet abute cordidmeld wheh layed of15

furth | Si hecki for identifyi t .| east f ot
i ngul at ed ' BEYEESHATIEEE: VARERERdY coavPEed theoneRutapes 109 S8RePRyi ng
the respectjlye,! gehighshef tﬁtb@la%gpéitm fetheé Qﬁﬂﬁé&‘d}bﬁrg&?! tBapkdd ¢d

devices to be rejected on the lead franme. 19. A system for singulating
seni conductamd bakk tge pagkaged sdévices dor dumopenings dhatha {Bst platerAs

conpri si ng plur.ality.of pick and,20 place heads coupled 1,0 the checking
reans, t he tBe s Aot e eF AR s aed i VicEd Phenn s v

sem CO“dUCtiQrap‘iﬂi%@Qﬁ@ dEsaReY ATSREfdind @ EB@d rpﬁ?éiﬁﬁfa'tl‘éeséélcal—bﬁﬂé of the
si ngul at ed sefm conductor packaged devices to be rejected on the |ead frane.

25 20. A sybeepatked devicdsat Thyss ewisubting cirothpapaekgrgedialaviess ibeing
accordance wth clls\i o &5 .V\hg\[’\?ei n_t.he ends _of the tubul ar protrusions of
the resili SERFeyePelsk dPRINE TN SFWINE RIOSCRT or mabl e bet ween the packaged

devi cesgand the A E_ﬁbvdﬁ%\'hﬂhhé isfgdifed apeblighsrdcestes ihi fied fitkatflated@o 20
21. A systemfor singulating sem conductor packaiged devi ces in accordance

with cl ai msizguladedhe paekaged depicesdrpm thedeadiramg.dAadherleadirang?. A

system for _singqu i 1 tor ckaged Vi i CGQl.: W th
claim 15 \Aﬁyrl‘gﬂg nlt]?%e&g%gog‘%’%gmeri gu?rgad:lé 0 Fﬁ%l ﬁgﬁ‘itﬁel?.t% &ag‘g%niﬁgyst em
for singul gbiwisigsgroceesdihtrs reggkasediiiwunted portibhs26€ ehdalee it cl ai m
15 wherein the resilient layer is nmade of rubber. 24. A systemfor

si ngul at i n@ns &hecBmstudlate sankhgertadilyi dispasedasdth deater yetshandathels
wher ei TSth?lofvér%%Y]ﬂe?te’ the resilient layer 15 and the second plate are
hel d toget her with a fasteni ng neans.

The present invention therefore provides a method and
apparatus for singulating semiconductor packages on a leadframe,
which overcomes or at least reduces the abovementioned problems
of the prior art.

20 It will be appreciated that although only a particular
embodiment of the invention has been described in detail, various
modifications and improvements can be made by a person skilled in

the art without departing from the scope of the present invention.



25. A nethod for singulating sem conductor packaged devices forned on a

l ead frane, said sem conductor packaged devices being arranged in a
predeterm ned pattern on the |ead frame, said nmethod 20 conprising the
‘steps of: a) providing a sawing jig corprising: a first plate having an
array of openings in a first surface, the array of openings extending to a
second surface, opposite the first sgihgwg wherein the first surface for
di sposing the 25 |l ead frame thereon, wherein the array of openings are
arranged in a corresponding pattern as the sem conductor packaged devi ces
on the Ieacifra . Wherein,.each o{} t(ge openii\%ﬁs is.cont ou]réed CLodr ecei ve one
of the seniconddtt 3#VHEE kH§edCtePPIHEE SPUGRBAMCOR A PRCKRETh 6P ngs has
a predeter ihigdddert ha Rad fraghé, aid! avehicBavir@oRr bheRhgsdr HabRekOT
abutting the second surface of the first plate, the first Surface with a
21 cor rgsp@rdangecé)antaemedctqrmedr ppttsrnueh dhe eackfimeg, shid sving and

the resili er _.having a second surface, opposite the first surface,
with a pat ﬁgﬁ&%%’r{ﬁ}g% ngs corresponding to the pattern of tubul ar

protrusions, whey firé BRAB IAvihBear URYAROf IiHgs Ofs af RFstos@ifa@BditRg | Nt o
one of the openings in the first plate, whereinthe each of the tubular

pr ot r usi ons@rhas of qperdogsrenteadingrigt B, seonhdvmairface,t hpppsidetlee rirsid
length is Ies§ t han the.gr detﬁrm' nedfdegtp; aé{)d a secaond pll at.e ;having a
cor r espondiST 13%frt SFRFTSHN oHAmi HER SrfRce nidsy lmoﬁ%i%s E3te {1 from a
first 3orfaperé®na wAEQRHh SUHeACEyra§PPOS| bﬁehﬁ?gé" beé Sarrhaged tipe i rst
surface of the second plate for abufting the second surface of the
resilient |coyeespandinghpatiernessobhe nsempicqretuctor ppckiaged devices on

pneunmati cal coupling a.vacuum applied on the second surface of the second
late to e 8adBiamte, i FalRiot B dhiBed S ontitinsh B T5retEust ons
and the opeiHdes the sehgicbhbtictot phekabed aldvides) irid v e redith Of ithet he
first plate of the sawing jig, such that the packaged devices on the

| eadf rane @perdnggwas i predefermpeed septbh the first plate; 20 c¢) disposing
the legdframe on the.firs lgte . Wwth_th ackaged devices gn the | eadfrane
1Lt ndoi n the GpETTHGE ARIEE iR GTAL RIS (oL ARV (16 SSCORG. )
applying a s\(ﬁ‘féc'élénéfotﬁ@efiﬁﬁcgﬂﬂtéufﬁé‘cﬁrﬁf slitagEoRRE R %&reé%tﬁicﬁ@g
applying the vacuumto the packaged devices on the 25 | eadfrane; a )
cutting thedtéentt r afre tubudamgpretraisidmes s exitending t therefctmgedanidyitbes from
t he | eadf rane;,.and .f tlHni.n of f thg yaguum . .
resilient” layer having a second surface, opposite the first surface,
with a pattern of openings corresponding to the pattern of tubular
20 protrusions, wherein each of the tubular protrusions for extending
into one of the openings in the first plate, wherein the each of the
tubular protrusions has a predetermined length, and wherein the
predetermined length is less than the predetermined depth; and
a second plate having a corresponding pattern of openings,
25 each of the openings extending from a first surface to a second
surface, opposite the first surface, the first surface of the second
plate for abutting the second surface of the resilient layer, and the
corresponding pattern of openings for pneumatically coupling a
vacuum applied on the second surface of the second plate to the
30 semiconductor packaged devices via the tubular protrusions and the

openings in the first plate.



22 26. A nethod for singulating sem conductor packaged devices in
accordance with claim25 wherein step (e) conprises the step of saw ng the
| eadfrane with at | east one rotary saw blade. 5 27. A nethod for

“singul ati ng sem conduct or packaged devil6es in accordance with clai m26
Turther conprising the step of directing liquid at the saw bl ade when

sawi ng the | eadfrane. 28. A nethod for singul ating sem conduct or packaged
devices in 10 accordance with claim 26 further conprising the step of
directing 2 qui d aawing jigeind ceomdanvenwithwclagm he wherdin dhe firstdpsieace

unwant ed portjons of the | eadfranme. 29. nmet.hod, for_singul atin

sem cpnduct‘%?f%fge%atggm c%_ ﬁcﬁei%esacc"gbﬁlfﬁ’(?e th ﬁe_%ffséﬁ%rﬁ 2@1'9"3?? h8r
conpri si ng cldra¥iceP withidi MRichi N0 Sal! Badk tthavdlsauicd sgigafatd hehe

| eadf rane when sawing the | eadfrane to transport the unwanted portions of

t he | ealf r packaged deypes dromdhet leadframe. A A Af A % A( . AS(
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4. A sawing jig in accordance with claim 1, wherein' the ends of
15 the tubular protrusions are deformable between the packaged

devices and the inside walls of the openings in the first plate.

5. A sawing jig in accordance with claim 1, wherein each of the
openings in the first plate is dimensioned with sufficient clearance
20 to allow any one of the packaged devices travel within the each of

the openings in the first plate.

6. A sawing jig in accordance with claim 1 wherein the first plate
is made of rigid material.

25
7. A sawing jig in accordance with claim 1 wherein the second

plate is made of rigid material.

8. A sawing jig in accordance with claim 1 wherein the resilient

30 layer is made of rubber.
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10. A sawing jig in accordance with claim 9 wherein the resilient
5 layer is made of Naprene rubber with a shore hardness of sixty

degrees.

11. A sawing jig in accordance with claim 1 wherein first plate
comprises alignment features thereon for aligning with alignment

10 features on the leadframe.

12. A sawing jig in accordance with claim 1 wherein the first plate,
the resilient layer and the second plate are held together with a
fastening means.

15
13. A sawing jig in accordance with claim 1 wherein the fastening
means comprises at least one bolt extending between the first and

second plate and through the resilient layer.

20 14. A sawing jig in accordance with claim 1 wherein the first and
second plates are fabricated from a single piece of rigid material and

the resilient layer introduced between the first and second plates.

15. A system for singulating semiconductor packaged devices on a

25 lead frame, said semiconductor packaged devices being formed in a
predetermined pattern on the leadframe, said system comprising:

a platform having a pattern of inlets on a first surface

and a pattern of outlets on a second surface coupled to the inlets

on the first surface, said pattern of outlets for coupling to a vacuum

30 source;
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surface, the array of openings extending to a second surface,
5 opposite the first surface, wherein the first surface for disposing the
lead frame thereon, wherein the array of openings are arranged in a
corresponding pattern as the semiconductor packaged devices on
the leadframe, wherein each of the openings is contoured to receive
one of the semiconductor packaged devices, and wherein each of the
10 openings has a predetermined depth;
a resilient layer having a first surface for abutting
the second surface of the first plate, the first surface with a
corresponding pattern of tubular protrusions extending therefrom,
and the resilient layer having a second surface, opposite the first
16  surface, with a pattern of openings corresponding to the pattern of
tubular protrusions, wherein each of the tubular protrusions for
extending into one of the openings in the first plate, wherein the
each of the tubular protrusions has a predetermined length, and
wherein the predetermined length is less than the predetermined
20 depth; and
a second plate having a corresponding pattern of
openings, each of the openings extending from a first surface to a
second surface, opposite the first surface, the first surface of the
second plate for abutting the second surface of the resilient layer,
25 and the corresponding pattern of openings for pneumatically
coupling to the pattern of inlets on the first surface of the platform;
and
cutting means for singulating said packaged devices
from said lead frame.
30
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~8888(cB ! fcldaranbedsétl{in- which the cutting means travels to singulate the
packaged devices from the leadframe.
10
18. A system for singulating semiconductor packaged devices in
accordance with claim 15 further comprising checking means for
identifying at least one of the singulated semiconductor packaged
devices to be rejected and identifying the respective locations of the
15 singulated semiconductor packaged devices to be rejected on the

lead frame.

19. A system for singulating semiconductor packaged devices in
accordance with claim 18 further comprising a plurality of pick and
20 place heads coupled to the checking means, the plurality of pick and
place heads for separating rejected semiconductor packaged devices
according to the respective locations of the singulated

semiconductor packaged devices to be rejected on the lead frame.

25 20. A system for singulating semiconductor packaged devices in
accordance with claim 15, wherein the ends of the tubular
protrusions of the resilient layer of the sawing jig are deformable
between the packaged devices and the inside walls of the openings
in the first plate.

30
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rubber.

24. A system for singulating semiconductor packaged devices in
accordance with claim 15 wherein the first plate, the resilient layer

15 and the second plate are held together with a fastening means.

25. A method for singulating semiconductor packaged devices

formed on a lead frame, said semiconductor packaged devices being

arranged in a predetermined pattern on the lead frame, said method
20 comprising the steps of:

a) providing a sawing jig comprising:

a first plate having an array of openings in a first
surface, the array of openings extending to a second surface,
opposite the first surface, wherein the first surface for disposing the

25 lead frame thereon, wherein the array of openings are arranged in a
corresponding pattern as the semiconductor packaged devices on
the leadframe, wherein each of the openings is contoured to receive
one of the semiconductor packaged devices, and wherein each of the
openings has a predetermined depth;

30 a resilient layer having a first surface for abutting the

second surface of the first plate, the first surface with a
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depth; and
a second plate having a corresponding pattern of openings,

10 each of the openings extending from a first surface to a second
surface, opposite the first surface, the first surface of the second
plate for abutting the second surface of the resilient layer, and the
corresponding pattern of openings for pneumatically coupling a
vacuum applied on the second surface of the second plate to the

156 semiconductor packaged devices via the tubular protrusions and the
openings in the first plate;

b) aligning the leadframe with the first plate of the sawing jig,
such that the packaged devices on the leadframe are aligned with
the openings on the first plate;

20 ¢ disposing the leadframe on the first plate with the packaged
devices on the leadframe sitting in the openings abutting the ends
of the tubular protrusions;

d) applying a vacuum to the second surface of the second plate,
thereby applying the vacuum to the packaged devices on the

25 leadframe;

e) cutting the leadframe to singulate the semiconductor
packaged devices from the leadframe; and

f) turning off the vacuum.
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10 accordance with claim 26 further comprising the step of directing

liquid at the leadframe when sawing the leadframe to displace

unwanted portions of the leadframe.

29. A method for singulating semiconductor packaged devices in
16  accordance with claim 28 further comprising the step of maintaining
a flow of the liquid across the leadframe when sawing the leadframe
to transport the unwanted portions of the leadframe to a disposal

location.



