1 SEMICONDUCTOR PACKAGE SINGULATING SYSTEM AND METHOD Field Of Invention The
present invention relates generally to a semiconductor singulating system. In 5 particular, the
invention relates to a semiconductor singulating system for singulating semiconductor packages
having topologically planar surfaces that are structurally resilient to applied forces. Background 10
Integrated circuit (IC) chips are fabricated with multiple IC chips being typically arranged on a single
substrate. In a conventional 1C chip fabrication(glroce%s, silicon dies are initially bonded on the

paddles of a Ie&MI&HANRMi BUREIAG; Kiire Bor DRY lafdd Pt ¥ AiB M YRolHeRG ARd

subsequently encapsulated in a molding compound to obtain a single substrate and eventually
singulated to obtain individually 15 separated packages of IC chips therefrom. Generally, the packages
forming the SB/SLAf BY&NE ik rated using a saw, a dicing saw or the like cutting devices. The

substrate is giigrpraseRETIRAMIbA FeRRE gatktiaiNcko intssfarendbesubpigalaimadspssaw jigror the like
support. Air is then extracted through 20 a plurality of holes formed. in the rubber pad for creating a

vacuumPtherRHELIGh. Wit AR ATRelaiet fa A MU epdkee T S B 1L Rg; Ry HEth e rR9 WAt ter the
packages areerfiRPARIGHrapstRaGEIHAA RANGPEISariS0)- Flasky ofudfates dtatarPatesiuddy. 6,638,791
B2 (Tieber 1), 6,187,791 B1 (Tieber 2), 25 6,165,232 (Tieber 3) and 6,321,739 B1 (Roberts) discloses
such a vacuﬂ‘?ﬁ'g@g&ﬂr‘?ﬁp f¥&ESieber 1, Tieber 2 and Tieber 3 describe the use of a nest
arrangement for supporting a substrate. The nest arrangement has a plurality of pedestal for
protruding from corresponding grids of a retainer plate. Vacuum generated through a channel formed
in each peddX#5KGERURLS the substrate to the nest arrangement for subsequent 30 dicing thereof.

Robertgopdespitoga@Givianfixiannghgestem fabieiednaidgs il tipte Netain@sspiatiadotyisicatlying the
substrate from the nest arrangement. 2 As the sizes of s mic%ndgfcbor packages reduces, the demand
for smaller p%[&%e@son a single substrate. In a conventional I1C chip fabrication process, silicon

dies are initially bonded on the paddles of a lead frame by die bonding, wire bonding

apparatus or flip chip mounting, and subsequently encapsulated in a molding

compound to obtain a single substrate and eventually singulated to obtain individually

15  separated packages of IC chips therefrom.

Generally, the packages forming the substrate are separated using a saw, a dicing saw
or the like cutting devices. The substrate is often supported on a rubber pad which
interfaces the substrate and a saw jig or the like support. Air is then extracted through
20  aplurality of holes formed in the rubber pad for creating a vacuum therethrough. The
vacuum secures the substrate to the saw jig both before and after the packages are

separated and during the sawing thereof.

Each of United States Patent Nos. 6,638,791 B2 (Tieber 1), 6,187,791 B1 (Tieber 2),
25 6,165,232 (Tieber 3) and 6,321,739 B1 (Roberts) discloses such a vacuum securing
method. Tieber 1, Tieber 2 and Tieber 3 describe the use of a nest arrangement for
supporting a substrate. The nest arrangement has a plurality of pedestal for protruding
from corresponding grids of a retainer plate. Vacuum generated through a channel
formed in each pedestal secures the substrate to the nest arrangement for subsequent
30 dicing thereof. Roberts describes a similar fixturing system without the use of the

retainer plate for removing the substrate from the nest arrangement.



increases. However, the foregoing conventional vacuum-through-a-rubber-pad method, as described
by Tieber 1, Tieber 2, Tieber 3 and Roberts, is unable to meet the securing requirements of these
smaller packages. Although the packages have 5 reduced in size, the cutting force introduced during
separation thereof (i.e. the dicing process) still remains the same. Dicing is a contact cutting process
that generates large forces (i.e. tangential and transverse forces). Therefore, holding forces for
securing the substrate to the saw ji% and as providedzby 10 the frictional forces of between the rubber

pad and the fdieISHes Sk RIS tohRacisaRs e dtge dDpiAgmaRckionrsmalleaRankai®to prevent

shifting of th;pagkages 1aipgsawRy thRigAMVERTVEhE sHaPs\at tumPesages-rapbkiesadhe effective
area for effecting frictional forces reduces as well, thereby resulting in the failure of the dicing process

due to the stERGbARVIREFHRSE BeTieRaabebieRs o RSV Y HictoHARRST 8 MEhhe rubber
pad, United fhiatesltaigneiifrnferid b @ lsthaldy paakehbs5AIBHUGR thRralctigrosrvdhe use of

an adhesive pad instead of the rubber pad. 20 Arai describes the use of an adhesive pad having

pores fomefF SRS AN Az AR EHUNG P RRtBIrpHkCEd s qmeRaiRiR Bersaris Sofsniliddd by

adhesive forgasceed)theipdhegive prdsantealspibingustivrdpts@scliamghipocass whatgsserates through
the pores. However, an additional step usin% an additional heater is required for heating the adhesive

pad at a predRRSRIER UmigRrsniidl &4 LRERYRESt P GERliconductor wafer 25 from the adhesive pad.
Sekiya describes the use of an adhesive tape and vacuum combination for attaching a semiconductor
wafer to a fram%g{owm, an additi]pnal steP is also eqruired in Sekiya tog%islodgqe,the iced
semiconductbTEAEIRIE AN 1A% IPLGRR TAG RS U BRI PUF IS Rt GAGHY 24 A REMILRGRY initially
used fapcreatingribgovatforsed-ufthermere thberusisepipadngsivenenadiadigspe kages fangscuring
semiconductor packages is inefficacjous. Additional steps are re uiredgor ost-processing the 3
Sngulated BN TS ERUHBS 15/ CrNINETOVRIHIE BRIV SPLaT Lt paokages

during sawing thereof. When the sizes of the packages reduces, the effective area for

effecting frictional forces reduces as well, thereby resulting in the failure of the dicing

process due to the shifting or flying off of the packages.

15

To improve over the frictional forces of the rubber pad, United States Patent Nos.

6,344,402 B1 (Sekiya) and 6,594,890 B2 (Arai) discloses the use of an adhesive pad

instead of the rubber pad.

20  Arai describes the use of an adhesive pad having pores formed therein. A
semiconductor wafer placed onto the adhesive pad is not only held by adhesive forces
of the adhesive pad but also by suction forces from the vacuum generated through the
pores. However, an additional step using an additional heater is required for heating
the adhesive pad at a predetermined temperature to separate the semiconductor wafer

25  from the adhesive pad.

Sekiya describes the use of an adhesive tape and vacuum combination for attaching a
semiconductor wafer to a frame. However, an additional step is also required in
Sekiya to dislodge the diced semiconductor wafer from the frame using a blow of air

30 ejected from a surface that was initially used for creating the vacuum.

Furthermore, the use of adhesive or an adhesive tape for securing semiconductor

packages is inefficacious. Additional steps are required for post-processing the



from each of the singulated semiconductor packages or vice-versa. United States Patent No.
3,976,288(Cuomo) describes a fixture for positionally 5 retaining a semiconductor wafer during a
dicing process. The fixture has a planar wafer receiving area with a row of grooves formed therein
along the plane of the receiving area. A base member is for supporting a semiconductor wafer
thereon. The base member further has a plurality of channels formed therein for generating vacuum
therethrough. Cuomo further describes a cover having a plurality of ribs with 10 compressible material

attached to SHH! {HEFeRRTHEAARULIPAJRATKBEES dP tRIegn AREAYE it adnGshucetr ASRRSI¥ e dRRRate

passage of Foayekiads thesaihipate saineensatirqREKsdRE wiajfds-@rdypically planar and brittle and
have substantially flat surface topologies, the planar and rigid receiving area of the base member in

Cuomo 15 is for ensuring vacuum sealing and to prevent the brittle wafer from bending. However, if

such a fixturg)istedPPiegkto PREHEQNEUSor P 2ekegaosity UiRbeb@sresirtiteqaad piadifiont@Bd packages
or the like small packages with a copper lead frame, the warpage of such semiconductor package

substrates WIRREU0 f SRIRGQRAHSIY A YaTeN GG MeelilsH g BT BE e el RRD XU BAB RE BACkage and

the rigid andyiger2R ¢eivaiyngeareathf dhewase gresveefofristh eiengire afbi) tthéhpldaegefcireumferential
dimensions of the semiconductor wafers, each rib of the cover has to extend a longer span across the

surface of thEECSBHRIAYLAGRIRAEMPRILS TRURAAP THAYE B THECRLRINGTSF the'ePBss B8 ction of 25

each rib to efgiarmeibEERtHEY IFkY DFIASSHE TMaRhASIR Tomituerekitnf Fgundiasiey isadvpiaally
provided Witﬂlargﬂ?held between v-shased hubs. The amount of saw-%de radiaély _Brotru ing from
% : M

each adjace 'gpebs i SSRTER JHERET HHESaR A HIRYEaaYIAEe2 THEFRMD OB dM the
saw-blage taphasrtRemlghmidterchetatiatentasirntetstis withestjtcenthriv-ohamesl drahs estlliding with
the ribs. Therefore in Cﬁsmo 30 go_ tions of the rihs outwa‘rdlg osinﬁ hhe compressible material are
chamfered fOPEBMAH @Wikl’ioaf 6/ RATTEaRAhE TAW-Pad gi%pqlibfﬁ 99 prevent damage thereto

when the saw-blade is inserted between each adjacent pair of ribs. The thick cross- section of each rib

with the v-shape chamfer is not applicable for use in conjunction 4 :
g‘lﬁce semiconductor V\BPGI’S are typlca?ly p anar]ané; %rlttle and have substantially flat

surface topologies, the planar and rigid receiving area of the base member in Cuomo
15 is for ensuring vacuum sealing and to prevent the brittle wafer from bending.
However, if such a fixture is applied to semiconductor package singulation, especially
quad flat no-lead packages or the like small packages with a copper lead frame, the
warpage of such semiconductor package substrates will result in vacuum leakage
along the interface between the semiconductor package and the rigid and flat

20  receiving area of the base member.

Furthermore, due to the large circumferential dimensions of the semiconductor
wafers, each rib of the cover has to extend a longer span across the surface of the
semi-conductor wafer. This inevitably leads to the thickening of the cross-section of
25  each rib to ensure structural rigidity across a longer span. However, the saw-blade is
typically provided with and held between v-shaped hubs. The amount of saw-blade
radially protruding from each adjacent pair of ribs is small due to the radially thin
saw-blade. Therefore, extending the saw-blade too far through the each adjacent pair
of ribs will result in the v-shaped hubs colliding with the ribs. Therefore in Cuomo,
30  portions of the ribs outwardly opposing the compressible material are chamfered for
conforming with and accommodating the v-shaped hubs to prevent damage thereto
when the saw-blade is inserted between each adjacent pair of ribs. The thick cross-
section of each rib with the v-shape chamfer is not applicable for use in conjunction



with the singulation of the miniaturized semiconductor packages due to the relatively larger size of the
ribs when compared with the smaller semiconductor packages. Furthermore, grooves have to be
formed in the base member of Cuomo to 5 accommodate overshoot of the saw blade past the
semiconductor wafer and towards the base member during dicing of the wafer thereby. Fabricating
the grooves in the member is not only time-consuming but also expensive. Hence, this clearly affirms
a need for an improved system for singulating 10 seﬂniconductor packages. Summary. A combination

of suction folE HsSarRSiAG Al rthesaBIIREE S MU CHRIHAO RATGISTIHA AR SheFRIALYEIN an

embodimeny gigdiaiventienJhR s htaris iR eiteshial ier e reRisIessibiR k4RSIt pad having
channels for generating vaccum therethrough and thereby introducing suction forces to the substrate.

The support pad is coupled to a base plate. The clamping forces are applied to the substrate when a

clamp is mogpigkriadie svoiissioiRlameins: thepkstiateibesbetweenbe0 diherghnie, i accordance
with a first aspect of the invention, there is disclosed a semiconductor package sin%ulatin system
“Eﬁé‘?

compristhg: 8°S3WTGLH BRI &f Ao repahladr QashEleiTE N QIsLiF e WAETE BRELIANE Saw jig for
applying sudiferhiRECcaRithtnelsHRgREMEP b et iageid GebgtraghiacHidgSRe fjebdhe sHRReTt pad
being elastically resilient, at |east a‘gortion_ of the substrate 25 being a semiconductor package and the

substrate coMPNEMdS RIS HIBA CHBUNDLBIRSEPESAE a clamp for cooperating with the saw jig

for clamping the substrate therebetwee_r.l, the clam.p.for ap.plying clamping forces to the substrate to
least & port FBFne b AR T duISERA T clam SRR SYo TS St T SHEIA clamp, 5
wherelyy thesghfiiondiieepaikales via the support pad and the clamping forces applied to the
substrate substantially prevent positional mobility thereof when

Summary

A combination of suction forces and clamping forces immobilises a substrate during

singulation thereof in an embodiment of the invention. The substrate is supported in a

15  compressible support pad having channels for generating vaccum therethrough and
thereby introducing suction forces to the substrate. The support pad is coupled to a
base plate. The clamping forces are applied to the substrate when a clamp is mounted

to the saw jig for clamping the substrate therebetween.

20  Therefore, in accordance with a first aspect of the invention, there is disclosed a
semiconductor package singulating system comprising:

a saw jig comprising a support pad for supporting a substrate thereonto, the
saw jig for applying suction forces to the substrate for securing the substrate to the
saw jig, the support pad being elastically resilient, at least a portion of the substrate

25  being a semiconductor package and the substrate comprising a first portion and a
second portion; and

a clamp for cooperating with the saw jig for clamping the substrate
therebetween, the clamp for applying clamping forces to the substrate to further
secure the substrate to the saw jig for providing unimpeded access by a saw blade to

30 at least a portion of the substrate when the substrate is clamped between the saw jig

and the clamp,



cutting forces are introduced by the saw blade to the substrate for separating the first and second

portions thereof, 5 wherein the suction forces applied to the substrate via the support pad further

prevent positional mobility of at least one of the first portion and the second portion of the substrate

during one of application and removal of the clamp from the substrate. 10 In accordance with a

second aspect of the invention, there is disclosed a_semiconductor package singulating method

comprising the steps of: providing a saw jig having ) support pad; Positioning a substrate onto the
f

support pad, applyiAG&EeY dRereretehiPiRes SRR tyithdSusYRBRE fHede A0ANE th & 1B B strate to
the saw jig, fepcesiRppIicaad BringiraiicalbsraaikeytprteashG&RRIMAMRILING ShaebrigHeaing a

semiconductor package and the substrate comprising a first portion and a second portign; and
cooperating SHEAPIGRA R 1IBHRAH590 LY e sty BladsBdha &Y BRlAls Rivernarating dgniBYor applying

clamping forgeg dectirl polssrateteebfther secure the substrate 20 to the saw jig for providing
unimpeded access by a saw blade to at least a portion of the substrate when the substrate is clamped

betweer the saw ji§ AR thaeISHTHON FRRes RoRE el Qi RIESRALE M S isHARIL N3HJMTHEE and the

clamping fopregenppbsiitpihmobig) atasubsiootially e Yrst pasitenatnaebisoiepeefigrhen cutting
forces are introduced by the saw blade to the substrate for separating{)the first 25 and second portions

thereof, whePLif e RIS AE0Y )5idd PHEAMLANE Bl QbR Famerdiem dhsvent
positional melyitya@d. at least one of the first portion and the second portion of the substrate during one
of application and removal of the clamp from the substrate. 30 In accordance with a third aspect of the
invention, there is disclosed a semiconductor package singulating system comprising: 6

10 In accordance with a second aspect of the invention, there is disclosed a
semiconductor package singulating method comprising the steps of:
providing a saw jig having a support pad;
positioning a substrate onto the support pad,
applying suction forces by the saw jig to the substrate for securing the
15  substrate to the saw jig, the support pad being elastically resilient, at least a portion of
the substrate being a semiconductor package and the substrate comprising a first
portion and a second portion; and
cooperating a clamp with the saw jig for clamping the substrate therebetween,
the clamp for applying clamping forces to the substrate to further secure the substrate
20  to the saw jig for providing unimpeded access by a saw blade to at least a portion of
the substrate when the substrate is clamped between the saw jig and the clamp,
whereby the suction forces applied via the support pad and the clamping
forces applied to the substrate substantially prevent positional mobility thereof when
cutting forces are introduced by the saw blade to the substrate for separating the first
25  and second portions thereof,
wherein the suction forces applied to the substrate via the support pad further
prevent positional mobility of at least one of the first portion and the second portion
of the substrate during one of application and removal of the clamp from the
substrate.
30
In accordance with a third aspect of the invention, there is disclosed a semiconductor

package singulating system comprising:



a saw jig comprising a support pad for supporting a substrate thereonto, the saw jig for applying
suction forces to the substrate for securing the substrate to the saw jig, the support pad being
elastically resilient and the substrate comprising: a first semiconductor package; 5 a second
semiconductor package being unseparated from the first semiconductor package; and a first parting
line formed between the first semiconductor package and the second semiconductor package, and a
first clamp for cooperating with the saw jig for clamping the substrate 10 therebetween, the first clamp

for applying clampifG38rBELRINPSEILRFHRBAE RAINERT SHBOPE M dutdslate:dhersURy %o providing

unimpeded aggefg BurappryimpsRtRntheriEstpariins iseat fortslRasiny RRstippAfdkesyhstrate when
the substrate is clamped between the saw jig and the clamp, whereby the suction forces applied via
F&%él

the support PAY HAdRRSWRRTHRAY PEANG %Hiéﬁwmé@gﬁ%i@gﬁﬁﬁﬁm%@%event positional

mobility thereof when cuttiferdosemscarrlitipiaerayby the saw blade to the substrate when cutting
substantially along the first parting line thereof for separating the first semiconductor package from the

second 2emiconductor palkSRFONWHEBIRCHFOLRASKRAS JPaHY fiveseRartesh it tadkshe from the

second 20 semicorgifiendasbpgsskite sadion forces applied via the support pad to the substrate
further prevent positional mobility of the_ first semjconductor é)ackage and the second semi-conductor

package substrate during dHEbPHIRCULRR FPHRATBRIGEN SR LISHHCIRSIHCIRERAGKREEE 25 Brief

Description Of The th§au4686 emikedinetnispatikageanuention are described hereinafter with reference to
the following drawings, in which: FIG. la shows an I§>L<’%Ioded p_ersaPective view of a semiconductor

package singulating 3539 ifh COREHALN VAR FHB iR WatI Y SRR RS MSURHINY Fhito a saw jig
and a syibstipéestetwedh, SheFissaoigxipldoeappyRREctvepgRtiseseviantueiab Fackage

secure the substrate to the saw jig for providing unimpeded access by a saw blade to
the first parting line and at least a portion of the substrate when the substrate is
clamped between the saw jig and the clamp,
whereby the suction forces applied via the support pad and the clamping
15  forces applied to the substrate substantially prevent positional mobility thereof when
cutting forces are introduced by the saw blade to the substrate when cutting
substantially along the first parting line thereof for separating the first semiconductor
package from the second semiconductor package,
wherein after separation of the first semiconductor package from the second
20  semiconductor package, the suction forces applied via the support pad to the substrate
further prevent positional mobility of the first semiconductor package and the second
semi-conductor package substrate during one of application and removal of the clamp

from the substrate.

25  Brief Description Of The Drawings
Embodiments of the invention are described hereinafter with reference to the

following drawings, in which:

FIG. 1a shows an exploded perspective view of a semiconductor package singulating
30  system with a single piece support pad, a y-clamp for mounting onto a saw jig and a

substrate;

FIG. 1b shows an exploded perspective view of the semiconductor package

singulating system of FIG. 1a with a multiple pieces support pad;



singulating system of FIG. la with a multiple pieces support pad; 7 FIG. 2 shows a partial side
sectional elevation view of the semiconductor package singulating system of FIG. la with a x-clamp
mounted to the saw jig for clamping semi-singulated QFN packages therebetween; 5 FIG. 3 shows a
partial side sectional elevation view of the semiconductor package singulating system of FIG. la; FIG.
4a shows a front elevation view of the y-clamp of FIG. la; 10 FIG. 4b shows a partial front elevation
view of view _A' of the y-clamp of FIG. 4a; FIG. 5 sh@ws a partial plan view of unsingulated QFN

packages foﬁ{%dzaé@‘é’égj’}’r%’wa&ﬁﬁ% sesianateelavaien XigntPk 1DarBrYiIFABLUSHR P30KA85g lines; 15

FIG. 6 sh0W§|ﬁggwﬁﬁdi]@mww ¢ S Siauiaied g \haritages aiamedifac auaplagng along
the x-parting lines of the unsmﬁulated QFN packages of FIG. 5; FIG. 7 shows a partial plan view of

singulated QERIFRRABLRY SHEAYRaGkRAERS LBRTEREMRRY along the y-parting lines of the semi-singulated
QFN packages of FIG. 6; 20 FIG. 8 shows a partial side sectional elevation view of the semiconductor
package singulating system of FIG, 2 with a x-clamp mounted to the saw jig for clamping singulated

QFN packadeSthd Gacharea! siee gestignid 81BYaHRWESY HleRecPM IS TR RRfHAYD s extending

from a flangeirgthaHgclistatysFunportad by braces; FIG. 10 shows a process flow chart of a
semiconductor package singulating method implementable by the semiconductor package singulating
system of FIG. la; 30 FIG. 11 shows a plan view of the x-clamp of FIG. 9 with the ribs being shaped as

fingers exterrBosichvak e aiRrRitibe (ianoer andytheahigeesiend8 FIG. 12 shows a partial side
sectional elevation view of the semiconductor package singulating system of FIG. la wherein each of

the ribs is formed with a rigid beam and a compressible layer.
10  FIG. 4b shows a partial front elevation view of view ‘A’ of the y-clamp of FIG. 4a;

FIG. 5 shows a partial plan view of unsingulated QFN packages formed as a segment

of the substrate of FIG. 1a with x-parting lines and y-parting lines;

15 FIG. 6 shows a partial plan view of semi-singulated QFN packages obtained from
singulating along the x-parting lines of the unsingulated QFN packages of FIG. 5;

FIG. 7 shows a partial plan view of singulated QFN packages obtained from

singulating along the y-parting lines of the semi-singulated QFN packages of FIG. 6;
20

FIG. 8 shows a partial side sectional elevation view of the semiconductor package

singulating system of FIG. 2 with a x-clamp mounted to the saw jig for clamping

singulated QFN packages therebetween;

25  FIG. 9 shows a plan view of the x-clamp of FIG. 2 with ribs extending from a flange

and structurally supported by braces;

FIG. 10 shows a process flow chart of a semiconductor package singulating method
implementable by the semiconductor package singulating system of FIG. 1a;

30
FIG. 11 shows a plan view of the x-clamp of FIG. 9 with the ribs being shaped as
fingers extending from at least one of the flange and the braces; and



5 Detailed Description A semiconductor package singulating system is described hereinafter for
addressing the foregoing problems. A first embodiment of the invention, a semiconductor package
singulating system 20 10 is described with reference to FIG. la, which shows an exploded perspective
view of the semiconductor singulating system, and FIG. 2, which shows a partial side sectional view
of the semiconductor package singulating system 20. As shown in FIG. la, the semiconductor package

singulating system 20 comprises a 15 saw jig 22 and a clamp 24. The saw jig 22 is for supporting a

substrate 26M2rddrehawe S q/Tiy e senhieaat elayatamiden-ef iiesisrisPiity Tioe BaBGsste 26
therewith an@tnglﬁmﬁ@a?@@%% forantesfagiogithessubstraie M8 anddhncaaniplaigy?d bdsia support

pad 30 is elastically resilient and for applying frictional grip to the substrate 26. 20 As shown in FIG. la
and more spRRSRPRTEEIB!IANEE. support pad 30 comprises a plurality of pad channels 32 extending
from a first face to a second face of the support pad 30. The support pad 30 is substantially planar
with the first face and the second face being outwardly opposing. When the substrate 26 is supported
by the saw jig®2!lGd:R R Ril¥irate 26 abutting the first face of the support pad 30, vacuum is

generated 2atbsplighhthe blupatiRedyd siaangifgsyivsraubiastilhy vrerimaTepotiagdhesswpstrate 26

to the support pad 30, The base %Iate 28 comprises a recess 36 formed therein and a plurality of plate
channels 38FHATERANERERIEIES3S extend from the recess 36 to a plate face 40 of the 30 base plate
28. The plate face 40 of the base plate 28 mates with the second face of the support pad 30 when the

support pad 30 is coupled to the base plate 28. Each of the plurality of plate channels 38 is in
ament win SRR FYRB 0 &g or O P B BAGHERS SDRNALCA BRIRT T

commuuicatiorigeiiearwiie refeassdtoandthe, patdcehainngl s dxflbesLpaispietve oampsises a

leadf 42 and a plurality of unsingulated 5 iconduct K 44a having topologicall
planar surtali S GRAYARTaAGEHI IR GReTHRl B <elginn YR TR Wi SRRRLGH Rackage

singulating sysigona2@idw of the semiconductor package singulating system 20.

As shown in FIG. 1a, the semiconductor package singulating system 20 comprises a

15 saw jig 22 and a clamp 24. The saw jig 22 is for supporting a substrate 26 thereon.
The saw jig 22 comprises a base plate 28 for supporting the substrate 26 therewith and
a support pad 30 for interfacing the substrate 26 and the base plate 28. The support
pad 30 is elastically resilient and for applying frictional grip to the substrate 26.

20  Asshown in FIG. 1a and more specifically in FIG. 2, the support pad 30 comprises a
plurality of pad channels 32 extending from a first face to a second face of the support
pad 30. The support pad 30 is substantially planar with the first face and the second
face being outwardly opposing. When the substrate 26 is supported by the saw jig 22
with the substrate 26 abutting the first face of the support pad 30, vacuum is generated

25  through the plurality of channels 32 for substantially vacuum coupling the substrate

26 to the support pad 30.

The base plate 28 comprises a recess 36 formed therein and a plurality of plate
channels 38. The plate channels 38 extend from the recess 36 to a plate face 40 of the
30  base plate 28. The plate face 40 of the base plate 28 mates with the second face of the
support pad 30 when the support pad 30 is coupled to the base plate 28. Each of the
plurality of plate channels 38 is in alignment with a corresponding one of the plurality



hereinafter applied to Quad Flat No-Lead (QFN) packages. However, application of the
semiconductor package singulating system is not limited to only QFN packages. 10 A portion of a
leadframe 42 forming the unsingulated QFN packages 44a extends from the periphery of segments
46. Hereinafter, the leadframe 42 refers only to the exposed portions thereof extending from and
substantially along the perimeter of the segments 46. Each of the QFN packages is a semiconductor
device. Typically, the leadframe 42 is shaped and di?nen,sio_ned for arranging and spacing the
segments 4618 shaniels g2 festiGing I dremmunicaiiqaRAIWESA &G TSRTSRIRREIGIBR packages
44a are groypgcthathenlgene segment (not shown). The segments 46 are obtained through molding,
for example polymer molding, to thereby encapsulating dies that have already been bonded to the
leadframe 42. The substrate 26 is planar. 20 The support pad 30 is made from one or a combination of

rubber, elastpraesuparitaers cesnipitas anddheiikeeclastigady sesligalifpaisialndihgueiagfic resiliency
of the support pad 30 not only provides frictional resistance along its plane but also deforms elastically

to adapPto tiE WY URACHAASS GAPINEAGROMAICAY Blande sHFfashe s RRIBA BHEWSktrate 26 is
depressed thatpittupdd iHie supmons Rl théssermicoirmlidoimbiase piaiRIdtnisetadhesige or the like

coupling means. The support pad 30 defines a receiving area for disposing the segments 46 of the

substrate 26 HHERIRE AAMELA9-Quptd lah oL 5ad @5’\% BE39ES ad BB AP ERHO8 QEgments 46
of the substrayesafiddiRinas pikaRraian@nesssRAPT Redimisise ipOFuppatiingsthe substrate

26 as shown in FIG. Ib. When more than one support pad 30a is used, each support pad 30a is sized
and dimensioned to accommodate only one corresponding segment 46 of the substrate 26. 10

Substrate logatijgtiono# dalexifathéram theregarelainskalackeaEepeaikaydh 4agatingnapertures 48b
or notches (?ot shownéﬁ%égled in the leadframe 42 of th raje 26. The substrate 26 is aligned

Wit the saw [T REHALESh Of TR0 I5sfater B P AR S AT AT Cnresponding
locating apesgiyiesdel pbativng thersafsttaieing i Hiel Savsiimza Igansegenyritigns diatregments 46
of segments 46. Each of the QFN packages is a semiconductor device. Typically, the
leadframe 42 is shaped and dimensioned for arranging and spacing the segments 46
15 apart along a row as shown in FIG. 1a. Alternatively, the unsingulated QFN packages
44a are grouped into only one segment (not shown). The segments 46 are obtained
through molding, for example polymer molding, to thereby encapsulating dies that

have already been bonded to the leadframe 42. The substrate 26 is planar.

20  The support pad 30 is made from one or a combination of rubber, elastomer,
polymeric compound and the like elastically resilient material. The elastic resiliency
of the support pad 30 not only provides frictional resistance along its plane but also
deforms elastically to adapt to the topology and warpage of the segments 46 and
leadframe 42 when the substrate 26 is depressed thereinto.

25
The support pad 30 is mounted to the base plate 28 using adhesive or the like coupling
means. The support pad 30 defines a receiving area for disposing the segments 46 of
the substrate 26 thereonto. Therefore, the support pad 30a is sized to accommodate
all the segments 46 of the substrate 26. Alternatively, more than one support pad is

30 used for supporting the substrate 26 as shown in FIG. 1b. When more than one
support pad 30a is used, each support pad 30a is sized and dimensioned to

accommodate only one corresponding segment 46 of the substrate 26.



the substrate 26 with the support pad 30. The saw jig 22 is mounted onto a saw table 50 which
provides structural support thereto. A vacuum pump (not shown), which is preferably structurally
integral with 10 the saw table 50, is coupled to the recess 36 of the base plate 28 via a vacuum port
52 as shown in FIG. 2. The recess 36 in the base plate 28 functions as an air junction between the
plate channels 38 and the vacuum port 52 being coupled thereto. Therefore, the vacuum pump is
operable for creating a vacuum within the recess 3618nd consequently through the plate channels 38

and the pad WIS 195atH1¢- RIRS 1450 Rd8 ki FigB ether 3§ Maise AR ANInPeHESRAh Wl the pad
channels 32|gtiaffie apthe RubssIRte: 2tentie Rowdiown) Yoithdurinemeeiesanemeo 42 tke 4a and 4b,

the saw jig 22 is further for cooperating with the clamp 24 for clamping the substrate 26 therebetween.

The saw jig 84PaH@{8n&520TNamEPsEa B0 daAlgnRY YBLRS SRV £HIMER SrtheYutbirate 26 for

further immcﬁﬂiﬂﬁt@éi@nlébgﬁﬂgfp?ﬂ%e@@%pi%ﬁ%ﬂé@@&ﬂ@%ﬁ&%@rﬁlﬂﬁ@d@aﬂr@fﬁﬁéﬁiﬁ@ﬂi for
extendisr% contiguous to the periphery of the leadframe 42, and a row, of ribs 60 extending from the

flange 58. ASIHBHGLe AR HEMRUAIR A0k SRR AP FPSAHBAIS B! 1985\ WAt PIEEES &y Rfent 46 of

the substratgnd6theratasipgutates Qphopasidges 44a are arranged in a grid configuration which
comprises rows and columns as shown in FIG. 5. The row of ribs 60 corresponds with one of the rows

and the columns of the grid configuration. The rows and the columns of the grid configuration defines

x-parting 30 fResA6gignebyipaitingtinemeph eaveassomentdGiiaesssipstiate 20pYdith reference

to FIGS. 5, 6, 7 and 8, the segments 46 of the substrate 26 are preferably sjpgulated initially along the
parting indBeE8 1o bEEHHIEL RHISH 1A L0 SR BLRAI S g A bt SERSEY PG e y-parting

lines ta obtathsiaguiaiedsQ Rk chlprackagesetésstBerefambatbe e 2Nt inescotm ptrtBostantially
erpendicular to the y-parting lines 66b. The cla 4 is mountable onto the saw jig 22 using bolts,
perp ) 3 )i%pFl&. % The recess 36C|n rtﬂ@ gase p%te 2% Punctlr(])ns as an \é\fljﬂmction g
spring-loade ,
between the plate channels 38 and the vacuum port 52 being coupled thereto.
Therefore, the vacuum pump is operable for creating a vacuum within the recess 36
and consequently through the plate channels 38 and the pad channels 32. Suction
15  forces being generated by the vacuum created through the pad channels 32 attaches

the substrate 26 to the saw jig 22.

With further reference to FIGS. 3, 4a and 4b, the saw jig 22 is further for cooperating
with the clamp 24 for clamping the substrate 26 therebetween. The saw jig 22 and the

20  clamp 24 apply clamping forces to at least a portion of the substrate 26 for further
immobilisation thereof. The clamp 24 comprises a flange 58 shaped and dimensioned
for extending contiguous to the periphery of the leadframe 42, and a row of ribs 60
extending from the flange 58. A slot 62 is formed between each adjacent pair of ribs
60.

25
Within each segment 46 of the substrate 26, the unsingulated QFN packages 44a are
arranged in a grid configuration which comprises rows and columns as shown in FIG.
5. The row of ribs 60 corresponds with one of the rows and the columns of the grid
configuration. The rows and the columns of the grid configuration defines x-parting

30 lines 66a and y-parting lines 66b on each segment 46 of the substrate 26. With
reference to FIGS. 5, 6, 7 and 8, the segments 46 of the substrate 26 are preferably
singulated initially along the x-parting lines 66a to obtain semi-singulated QFN
packages 44b and subsequently along the y-parting lines to obtain singulated QFN



5 hydraulic fasteners, pneumatic fasteners, electro-magnets, rare-earth magnet assemblies or the like
coupling devices. The saw table 50 further comprises clamp locating pins (not shown) for passage
through corresponding locating channels 66¢ formed in the clamp 24 and locating channels 66d
formed in the saw jig 22. The clamp locating pins cooperates with the locating channels 66¢ and 66d
for aligning 10 the clamp 24 with the saw jig 22. When the clamp 24 is mounted onto the saw jig 22
with the substrate 26 being held therebetween, eac_HLiLib 60 depresses one corresponding row of
unsinguIate@@?*ﬁﬂg‘fﬁaéﬁad%%rﬂﬁg%ntﬁﬁé"sRﬁSBBgt Lings $6aare FisBOtAYY rRRFREPLIRREd %0 form a
concavity 67hassheuayinfet@eB, for 15 receiving the segments 46 of the substrate therewithin when
the clamp 24 is mounted to the saw jig 22. As illustrated by FIG. 2, the slots 62 are shaped and
dimensioned for passage of a saw blade 68 therethrough. Furthermore, the slots 62 are aligned for

exposing ong g HhempariebagbRoARs tHResiP e iRRR R0 shensamaalatesiPerd) The clamp

24 is generally segregated into two types, namely, an x-clamp 70a as shown in FIG. 9, and a y-clamp

70b as showWtYHaeks  1Ta5iRReLS 1P Rad SHIE 82 AlEFHEI A9 SosiFitfa K pdRASines 66a

and the y clagyembhebas shetsike calipnag e rxposihg taedasting firekO66omprsesaganants 46 of the
substrate 26 are 25 ar_ran((%ﬁed along an axis that is substantially é)arallel to the x-ﬁartinﬁ lines 66a.

Therefore, eR9AHE a5t A SRAUL TP RTRAI SO QYRR HhERAREING Jaralingh & RS 46 as

compared toreaasurii GR:of [HRpy2alaime BRbtIGiehpRbILEBN s AYeriPiR ahthgigemments 46. 30 The

relatively longer ribs 60.of the x-clamp 70a are structurally weaker due to qver- suspension thereof.
The x-clampCRIBFUPIREIMERHE1CRRPB oS AR 1BI9caLE GRERNEI GHE R A (253U ribs 60 for

structutally stppetipRandithersinsiigngthenisg theoira$as sanrIoRIGHR. i Myitrpreference to
FIG. 3, acl I 74, afl 76 and t pl 78 f d when the cl 24 i
G, 3 aclaRre T Janaplane "0 N0 BEIRRRILBIGIR s R as e g glamp 24 s

corresponding row of unsingulated QFN packages 44a onto the support pad 30.

The ribs 60 are further shaped to form a concavity 67, as shown in FIG. 3, for

15  receiving the segments 46 of the substrate therewithin when the clamp 24 is mounted
to the saw jig 22. As illustrated by FIG. 2, the slots 62 are shaped and dimensioned
for passage of a saw blade 68 therethrough. Furthermore, the slots 62 are aligned for
exposing one of the x-parting lines 66a and the y-parting lines 66b to the saw blade
68.

20
The clamp 24 is generally segregated into two types, namely, an x-clamp 70a as
shown in FIG. 9, and a y-clamp 70b as shown in FIG. 1. The x-clamp 70a has slots
62 aligned for exposing the x-parting lines 66a and the y clamp 70b has slots 62
aligned for exposing the y-parting lines 66b. The segments 46 of the substrate 26 are

25 arranged along an axis that is substantially parallel to the x-parting lines 66a.
Therefore, each rib 60 of the x-clamp 70a extends a longer distance over all the
segments 46 as compared to each rib 60 of the y-clamp 70b which only extends over

one of the segments 46.

30  The relatively longer ribs 60 of the x-clamp 70a are structurally weaker due to over-
suspension thereof. The x-clamp 70a further comprises one or more braces 72 that
extend laterally across the ribs 60 for structurally supporting and thereby
strengthening the ribs 60 as shown in FIG. 9.



being disposed therebetween. The ribs 60 of clamp 24, of any one of the x-clamp 70a 5 and the
y-clamp 70b, abut the segments 46 of the substrate 26 along the clamp plane 74. The flange plane 76
coincides with the support pad 30 and is formed along a face of the flange 58 that outwardly opposes
both the concavity 67 and the saw jig 22. The segments 46 of the substrate 26 abut the support pad
30 along the support plane 78. 10 The ribs 60 of the clamp 24 are further shaped and dimensioned for
spatially interdisplacing the clamp plane 74 and the]f?ange plane 76. The support plane 78 is formed
between the flange plane 76 and the clamp plane 74. The spatial interdisplacement between the

clamp planeigipstdha éaroripapeaGdapi PRIRS 74 UitiNshak thiarkeaeaiis 46ppbiaeiaHbsisate 26 to
thereby separate the QFN packag?es 15 44a along one of the x-pa_rtisré% lines 66a and the y-parting

lines 66b whdh fREMEAWBRALEBEI WSS (Y MR DB S0t BB WRYEEEIMIARY into
contact with jiRgflgispesed thdfapeviirersannelade 6B ds dnrasluaceriatg eachsing R Rhpeglamp 24 for

cutting the 20 correspondin%:; segment 46 of the substrate 26, the saw blade 68 coincides with the

support pad BB IEHERBPR LS FEHIGRESEIRSN VAR FEFORTHESYS IR KS. AlBNIHDS SRR AR or package

singulating systemhefldade blimeBtenitiges e erdgptet parkodnEisgolaiiitamal wehddo. In the
25 semiconductor {packagﬁe singulatinéa method 100, the substrate 26 is first positioned onto the

support pad F0"4 1R 2 At YRR RSY PR GidRe SR8 BE RNV s HB\ih) iFS step 110.

The pick-anddg\aeatslaBioe tiseQilRiekian a6 Anité atipgodtshe Bosgane Mty sigipasipriee 830 substrate
26. Locating means (not shown) on the pick-and-place device interact with the substrate 26 for

aligning the substrate 26 with the gripper when the substrate is being picked for transfer to the saw jig
22. Thepickfaedrittgceodeyicrdsdamenalignege vilkthoe seapd 23d Therafsienedhfon Wjatwagk-and-place

device positions the 13, substrate 26 Pnto the sauﬁgor ad 30 in the Stﬁ% 110, the substrate 26 is
already in allJRIASRIARAY e gat?ﬂ’b%ﬂ W S0 ﬂétﬁﬁ%ﬂlﬂeﬁglloﬂ/ é%ﬂgoét[éﬂsaﬂ(igﬂﬂ% vacuum
pump is activeteddobetiaeingdthe flange plane 76 and the clamp plane 74. The spatial

interdisplacement between the clamp plane 74 and the flange plane 76 facilitates

cutting of the segments 46 of the substrate 26 to thereby separate the QFN packages

15  44a along one of the x-parting lines 66a and the y-parting lines 66b when the saw
blade 68 is introduced through each of the slots 62 without coming into contact with
the flange 58.

When the saw blade 68 is introduced into each slot 62 of the clamp 24 for cutting the
20  corresponding segment 46 of the substrate 26, the saw blade 68 coincides with the
support pad 30 to thereby cut a portion thereof.

With reference to FIG. 10, the semiconductor package singulating system 20 is for
implementing a semiconductor package singulating method 100. In the
25  semiconductor package singulating method 100, the substrate 26 is first positioned
onto the support pad 30 of the saw jig 22 preferably using a pick-and-place device

(not shown) in a step 110.

The pick-and-place device is for picking, manipulating and subsequently releasing the
30  substrate 26. Locating means (not shown) on the pick-and-place device interact with
the substrate 26 for aligning the substrate 26 with the gripper when the substrate is
being picked for transfer to the saw jig 22. The pick-and-place device is pre-aligned
with the saw jig 22. Therefore, when the pick-and-place device positions the



5 the substrate 26 to the saw jig 22. Next in a step 113, the substrate 26 is partially- singulated by the
saw-blade 68 for separating the lead frame 42 from the segments 46 of the substrate 26. Following
the step 113, the x-clamp 70a is mounted onto the saw jig 22 for clamping the substrate 26
therebetween in the step 114. Once the lead frame 42 is separated from the segments 46, a space is
created between each adjacent 10 pair of segments 46 for better accommodating the corresponding
braces 72 of the x- clamp 70a when the x-clamp is mdunted onto the saw jig 22 in the step 114.

AlternativelySYPREREHED RSt tRE: SHBRVIRATEEY Hhilhe SR Petiess PaBRENENH) AFRDBAPe than one

segment with|[gsHeRCVAGTipReA SRPadspneed for the braces 72 in the 15 x-clamp 70a is eliminated.
When the braces 72 are not present in the x-clamp 70a, the step 113 of pre-singulating the substrate
26 is skipped to allow the step 114 to follow after the step 112 has been performed. Once the

substrate 26)is fifgly smpedsirswar tHReseV 1, 2Reandulm Yaame ddnatéd tbeFapiade 68 is

introduced thereto through each of the slots 62 of the x-clamp 70a in a step 116. Through each slot

62, the Saw HI&HRSHErieE: RABENNELRSINQUAXEA HRD A Sk Lo SUPALAIG RIS BB LYz -axis 80

and subsequgiliiaaans, the xapabiag: B8gsGkadetiagtaiiRadcaams i flatethesyrhankases 44b. 25
After being sinr%JIated alongﬁtghe x-par_tin%klfie?es 66a, the semi-sinr?ula_ted QFN packages 44b are still
f I

connected afSHGeEAS R IFRILOwER steaslis hareclamg R ERCEHRE 2APHRGR Y Ubstantially

not dislocatgigerofortorimpiagisRosesstRasitentimrdbenvudinty fereeseintraducemdy thre1sgav blade 68
during singulation thereof. Th%Lefore, the ribs 60 of the x-clamp 70agp§n alternata{éal be shaped and
I

30 dimensioH8Ha4 il R ATEHBIRY AEHDERE B EPIL P HEREEIARPANF ArkeaiGe b

depresging galy afpRbinenef eadbrasgmenicbmaiohaiag bl aisrRepasdingwmiedTa oftthkdx-Additionally,
when each of the unsin ulattgd QEN ackages 44a is not substantially  miniaturised, the use of the

x-clamp 70a¥8M AL HITEES SedaRR 158 1ARNY iR Miere i D6  parting lines 66a can

be eliminated. However, each of the unsingulated QFN packages 44a must be dimensioned to enable

the suction forces . .
%\Iternatlvely, when the substrate 26 comprises only one segment 46 (not shown) and

more than one segment with reduced peripheral span, the need for the braces 72 in the

15  x-clamp 70a is eliminated. When the braces 72 are not present in the x-clamp 70a, the
step 113 of pre-singulating the substrate 26 is skipped to allow the step 114 to follow
after the step 112 has been performed.-

Once the substrate 26 is firmly clamped between the saw jig 22 and the x-clamp 70a,

20  the saw blade 68 is introduced thereto through each of the slots 62 of the x-clamp 70a
in a step 116. Through each slot 62, the saw blade 68 is first fed into the unsingulated
QFN packages 44a initially along a z-axis 80 and subsequently along the x-parting
lines 66a for obtaining semi-singulated QFN packages 44b.

25  After being singulated along the x-parting lines 66a, the semi-singulated QFN
packages 44b are still connected along the y-parting lines 66b. This results in the
unsingulated QFN 44a being substantially not dislocatable from their predisposed
position by the cutting forces introduced by the saw blade 68 during singulation
thereof. Therefore, the ribs 60 of the x-clamp 70a can alternatively be shaped and

30 dimensioned as fingers 82 extending from the braces 72 of the x-clamp 70a and only
for depressing only a portion of each segment 46 of the substrate 26 as shown in FIG.
11.



5 generated by the vacuum through the pad channels 32 and the structural integrity of portions of the
substrate 26 transverse to the unsingulated y-parting lines 66b to substantially immobilise the
substrate 26 during singulation thereof by the saw-blade 68. Although use of the x-clamp 70a can be
eliminated in this situation, the use of the y-clamp 70b is still necessary for singulating along the
y-parting lines 66b. 10 After obtaining the semi-singulated QFN packages 44b, the x-clamp 70a is
dismounted from the saw jig 22 in a step 118. Subsequently in a step 120, the y- clamp 70b is

mounted ontd4ARIQRNYigWeFopRAE AP tHSIBEHIREH RN RReNRES fa iRt A4BSREHEH¥ tween. The

saw balde 6¢jipithgnskrogldcastalenthazianip 8D Sonte MispregniainauwatrmeQre\ Mankqnges 44b
and subsequently a_Ion_% each of the y- parting lines 66b for obtaining si%gulated QFN packages

therefrom in AGERUCPANGIROT AR KO RBIIRS HH GRR GALEIRTNERIesh SIRYEh5#y BFces from

the y-clamp tif®brRigyenRten CriNypankhgis|agatintsohsnarmemioried wWaiesh Rt packaoas<4b when
cutting forces are introduced thereto during singulation thereof alon%]the y-parting 20 lines 66b. The

z-axis 80 is SGBSHARHANY HeryRetHELIRrABAnLg- PadRFNAGIS 86 2RI e CIHUANYSHIEY 86b. As the
support pad s easticadysiBstigRt. o6 dednpRnseVibr oM sHRGIRIEd Pathegcutirodeces of the saw
blade 68 when the saw hlade 68 is being 25 introduced along the z-axis 80 towards the support pad

30 during sirtyBRRBHRLY dRMaREIRG IaEIPEsEte g8 ALY ADHIAtAR LRIBoT 1y dhd Wik %ngulation of

the semi- sirggllatedddfiNusaolkage R-8rinin b @i PeldiminateataptidAitiRei ynCiaenisé @ fsedismounted
from the saw jig 22 to reveal the 30 singulated QFEN p cka'ﬂ]es 44c. _Th(iisuction forces from the pad

channels 32YUrHBP (HRVSFHY AREEHRHIOhS' SR ALY BEN D XRUHEY YAt R¥ing and after
dismounting of the y-clamp 70b from the saw jig 22. 15 Steps 114 to 124 of the semiconductor
package singylating method 100 descripe singulation along the x-parting lines 66a hefore singulation
blong the y-goiihg THABESLAES otRAABLRIELI A0 QBAGAER 4G AME fr 5 AP O lated QFN

packages dismounted from the saw jig 22 in a step 118. Subsequently in a step 120, the y-

clamp 70b is mounted onto the saw jig 22 for clamping the semi-singulated QFN

packages 44b therebetween. The saw balde 68 is then introduced along the z-axis 80
15 into the semi-singulated QFN packages 44b and subsequently along each of the y-

parting lines 66b for obtaining singulated QFN packages therefrom in a step 122. The

the suction forces from the pad channels 32 and clamping forces from the y-clamp

70b prevent mobility and dislocation of the semi-singulated QFN packages 44b when

cutting forces are introduced thereto during singulation thereof along the y-parting
20  lines 66b.

The z-axis 80 is substantially perpendicular to the x-parting lines 66a and the y-
parting lines 66b. As the support pad 30 is elastically resilient, it dampens vibrations
generated by the cutting forces of the saw blade 68 when the saw blade 68 is being

25 introduced along the z-axis 80 towards the support pad 30 during singulation of the
unsingulated QFN packages 44a in the step 116 and during singulation of the semi-
singulated QFN packages 44b in the step 122.

In a step 124, the y-clamp 70b is dismounted from the saw jig 22 to reveal the
30 singulated QFN packages 44c. The suction forces from the pad channels 32 further
prevents mobility of the singulated QFN packages 44c during and after dismounting

of the y-clamp 70b from the saw jig 22.



44a. However, steps 114 to 124 are rearrangable to enable mounting of the y-clamp 5 for singulation
along the y-parting lines 66b before mounting of the x-clamp 70a for singulation along the x-parting
lines 66a to thereby obtain the singulated QFN packages 44c therefrom. When the substrate is
singulated along the y-parting line 66b first using the y-clamp, the step 113 of pre-singulating the
substrate 26 can also be eliminated since the braces 72 are not formed on the y-clamp 70b and
therefore do not 10 require spatial accommodation b'lgﬁthe space created between adjacent segments

46 in the steePE3l¥nt 184 SliSE REMIENINBRERGKYA LW ARG tRee (o 0% ARLIBBD, the
leadframe 42jhgiiv@ieR eparithgIifbsioed pyfake Ring@eIdntERsHCaR JhesaiadRfrke the

substrate 26 is subsequently singulated along the x-parting lines 66a. 15 Following the step 124, a
gripper of th8§9dR-aP@IBIREsHdHteth R BamiPery At Lo g s ine aisg (PN PeskRPpckages in a

step 126. Theqyaqyoiwepeimfidssthen tdaaativiateshivapgaip f2enbBferadheiayiraheeayprpthe
singulated QFN packages 44c from the saw jig 22 for post-processing in a step 130. 20 In the step

130, the’gripi9ersHIgpLIo8 Hang ei%ied HeniRRs-RaR LS RIE MATHRY Qighe elatiy %8S he
singulated Qi aakaoge s arbexepardig PRy Bsajastatidriballybain Washingurieeess-iQr removing
debris and dust therefrom, and subse uentlg to a dpré/igig process. The washed and dried singulated

QFN packad®Safesf4Ae IRy YaIeh B HasH i dsrynguteg 41008505 sRafkA%EASiE8Rductor
package stofirg manheserans enkaginedts  thedimgmiting heeunseaduztosapagisads singulation

system as shown in FIG. 12 comprises three main elements: g saw._jig 22, a clamp 24 formed with a
Sralty of (EUTBHAFASHSE 2 ERLE T AAER O e LR B R A D3 Bt Pobitonal

relationghipsaigiinesntiae ssvosirateldfriing Bassppbatere@ethpepacerchajadens sgnibetphaality of ribs 60

ekt LR R T L E O

the leadframe 42 between the segments 46 is flushed away by water introduced

thereto before the substrate 26 is subsequently singulated along the x-parting lines

66a.

15
Following the step 124, a gripper of the pick-and place device (not shown) engages
and grips the singulated QFN packages in a step 126. The vacuum pump is then
deactivated in a step 128 before the gripper removes the singulated QFN packages
44c from the saw jig 22 for post-processing in a step 130.

20

In the step 130, the gripper disposes the singulated QFN packages 44c within a cage.

The cage and the singulated QFN packages 44c therein are being subjected initially to

a washing process for removing debris and dust therefrom, and subsequently to a

drying process. The washed and dried singulated QFN packages 44c are then sorted
25 and placed into holders, carriers or the like semiconductor package storing means.

A second embodiment of the invention, a semiconductor package singulation system
as shown in FIG. 12, comprises three main elements: a saw jig 22, a clamp 24 formed
with a plurality of ribs 60. The descriptions in relation to the structural configurations
30 of and positional relationships between the substrate 26, the base plate 28, the pad
channels 32, the plurality of ribs 60 and the z- axis 80 with reference to FIGS. 1a, 1b,

2 and 3 are incorporated herein.



and a compressible layer 94. The rigid beam 92 comprises an inward face 96 that opposes the
support pad 30 when the clamp 24 is mounted onto the saw jig 22. The compressible layer 94 is one
of formed along and coupled onto the inward face 96 of 5 the rigid beam 92. The compressible layer
94 is made from one of rubber, elastomer, polymeric compound or the like elastically resilient
material. When the substrate 26 is held between the clamp 24 and the saw jig 22, the compressible
layer 94 forms an interface between the rigid beam ¥ and the substrate 26 with the clamp plane 74

being formednstsstetand igraRaaimpRbisach & scriERlY RS Ehih pRecimEisas ar tAdhRrM §4he
substrate 26;/ithQideprRYITRMFMyRROEITH @yitisEeEnesbirdhiprambadimearetibe gevaniion, both

the semiconductor package singulating system and the semiconductor singulating method are not

precluded frORPBRERY'SSHRBATPBtHE} ¥R 1BF SMBALISRAUAE DRI HESSAN #ie 48redBfhg manner,

a Semicond%@fp%@m%?@%ﬂaﬁwéwtﬁmfﬁ dmﬁﬁ%ﬁ@féﬁﬂglé’dﬁﬁﬁd%@dmﬂ Fackagepingulating
method is described according to two embodiments of the invention for addressi;%the foregoing

disadvantag 51D RN Stioha SRIGRISTRIN e R it & L) 2tE T ARPAR B ELaPREr S5 MM Elough only

two embodipptsattbenipvanti @ ee Kliecinstidaitymibsheappatenilto wreskitesl izt g in view of
this disclosure that numerous changes and/or modification can be made. without deé)artin from the

scope and sEEL REOHRGR AN FIATP A-ARMs the AR HAE Al G Parsbie RS A6 TR
comlplrisingr a_w&at?dig mwthtnbﬁgum@mp@ aad augmrf?ﬁmge slebwtiltatfwéhﬂaﬂmﬁﬂhaﬁ@emaw jig fgr
app ylng SUCthn arces to the substrate for ecurin e substrate to the Saw Jig, the Support pa
boing olasti P ederEed sbranially alod Bediestise evEen e ORISRl A and the

substrai® canepidkiee st portion and a second portion; and a clamp for cooperating with the saw jig
for clamping the substrate therebetween, the clamp for applying clamping forces to the substrate to
Although only QFN packages are discussed in this embodiment of the invention, both
the semiconductor package singulating system and the semiconductor singulating
method are not precluded from being applied to other forms of semiconductor

15  packages.

In the foregoing manner, a semiconductor package singulating system for
implementing a semiconductor package singulating method is described according to
two embodiments of the invention for addressing the foregoing disadvantages of
20  conventional singulation and dicing system and fixtures therefor. Although only two
embodiments of the invention are disclosed, it will be apparent to one skilled in the art
in view of this disclosure that numerous changes and/or modification can be made

without departing from the scope and spirit of the invention.



10 further secure the substrate to the saw jig for providing unimpeded access by a saw blade to at
least a portion of the substrate when the substrate is clamped between the saw jig and the clamp,
whereby the suction forces applied via the support pad and the clamping forces applied to the
substrate substantially prevent positional 15 mobility thereof when cutting forces are introduced by the
saw blade to the substrate for separating the first and second portions thereof, wherein the suction
forces applied via the support pad to the substrate™ further prevent positional mobility of at least one of
the first portigfj‘é{ﬁa the second portion of the substrate during one of application and removal of the

20 clamp from the ubstipiendicldihaSBIRCHIAYITIRITRASKRIR cHReHBIHY System as in claim 1, the saw

jig further comprising: a base plate for coupling the support pad thereto, the support pad for 25

interfacing the substrate ahdS#E BiSsEPPRESIRG S YBRILPELIHG reIRBATEIY FoP WisHRMMg frictional

grip to the substratgngredits, IREUEANTIY FERrPPRKAGSFRNBH RiHaEs RS @ssir@lFtn secthimgupport pad
comprising: 30 a plurality of pad channels extending from a first face to a second face of the support

pad, the’support padSRPefraiibGangisty Jrior srePATEnasPaiRe elastcHly JedibisntALeEatiAg outwardly

opposing, 18 wherghyivhen ihe substrate iRisdPROssa deyidnetsa\waigabEhaiite siebstirigagbutting the
first face of the support pad, vacuum is generated throuaht_é\{g}(:;;1 lyrality of channels to substantially

vacuum couple the SR 3JHREPOIIOAHASEAR nductor package singulating system
as in claim 3, the base plajeclapp i BeoFerEPRFWRKNIeS sahRAGe dMAtRirRNthe substrate

therebetween, the clamp for applying clamping forces to the substrate to
10 further secure the substrate to the saw jig for providing unimpeded access by a
saw blade to at least a portion of the substrate when the substrate is clamped
between the saw jig and the clamp,
whereby the suction forces applied via the support pad and the
clamping forces applied to the substrate substantially prevent positional
15 mobility thereof when cutting forces are introduced by the saw blade to the
substrate for separating the first and second portions thereof,
wherein the suction forces applied via the support pad to the substrate
further prevent positional mobility of at least one of the first portion and the
second portion of the substrate during one of application and removal of the

20 clamp from the substrate.

2. The semiconductor package singulating system as in claim 1, the saw jig
further comprising:

a base plate for coupling the support pad thereto, the support pad for

25 interfacing the substrate and the base plate, the support pad being resilient and

for applying frictional grip to the substrate.

3. The semiconductor package singulating system as in claim 2, the support pad
comprising:

30 a plurality of pad channels extending from a first face to a second face

of the support pad, the support pad being substantially planar and the first face

and the second face being outwardly opposing,



a plurality of plate channels extending from the recess to a plate face of 10 the base plate, the plate
face of the base plate mating with the second face of the support pad when the support pad is
coupled to the base plate, each of the plurality of plate channels being in alignment with a
corresponding one of the plurality of pad channels for facilitating fluid communication between the
recess and the pad channels. 15 5. The semiconductor package singulating system as in claim 4,
further comprising: a saw table for mounting the sa\ﬂvqjg thereonto; and a vacuum pump being

couplable to the recess of Hi8"BE%e"H15ke RAISUSIEHM S opredEdoPY dheratgl Vet Msuithin the

recess. 6. The semiggngitetibDaMAIR:S HBYI R 6V HFRMasHerClpdn 2/dhRiIsHPYdrieasteheing made
from one of rubber, elastomer and polymeric compound. 25 7. The semiconductor package singulating

system as in claim BTBYSR 6Bl uBHY REiRA Bk R IRYPSIaREE! N XA W hEPHRLE SR RSY R the second
portion of the subsisate bebpgeeaessed by a corresponding one of the plurality of ribs, each of the
plurality of ribs being spaced apart from an adjacent rib; and 30 a plurality of slots formed between
each adjacent pair of the plurality of ribs, each of the plurality of slots being shaped and dimensioned

for the passage of preaywrhiasifitiresethickig. ilg@ating sgmeitoadicinsiprcane siReWRlng System

as in claim 7, the plurality of ribs being shaped and dimensioned for forming a concavity for receiving
at least a portion of3H¥SeiH8trate therewithin when the clamp is mounted onto the saw jig. 5 9. The

semiconductor package sigidadirtaraysiantiasiaselpiate? atidle clamp being couplable to the saw jig for
clamping the substrate beg%?l?rglﬁg/lg S}act)g gh%%rge?s extending from the recess to a plate face of
10 the base plate, the plate face of the base plate mating with the second face of
the support pad when the support pad is coupled to the base plate, each of the
plurality of plate channels being in alignment with a corresponding one of the
plurality of pad channels for facilitating fluid communication between the
recess and the pad channels.
15
5. The semiconductor package singulating system as in claim 4, further
comprising:
a saw table for mounting the saw jig thereonto; and
a vacuum pump being couplable to the recess of the base plate and

20 being operable for generating a vacuum within the recess.

6. The semiconductor package singulating system as in claim 2, the support pad

being made from one of rubber, elastomer and polymeric compound.

25 7. The semiconductor package singulating system as in claim 2, the clamp
comprising:

a plurality of ribs, each of the first portion and the second portion of
the substrate being depressed by a corresponding one of the plurality of ribs,
each of the plurality of ribs being spaced apart from an adjacent rib; and

30 a plurality of slots formed between each adjacent pair of the plurality
of ribs, each of the plurality of slots being shaped and dimensioned for the

passage of a saw blade therethrough.



plurality of ribs and at least a portion of the support pad, the support pad being deformable for
adapting to the shape and size of the substrate. 10 10. The semiconductor package singulating
system as in claim 9, the clamp further comprising: a flange, the plurality of ribs extending from the
flange, the flange extending along at least a portion of the periphery of the base plate for 15 exposing
the substrate supported by the support pad to the plurality of ribs when the clamp is coupled to the
saw jig. 11. The semiconductor package singulatin stem as in claim 10, the plurality of ribs abuts

the substrat@-substghﬁéﬁ?‘&i@ﬂ@é@b‘?ﬁﬂﬁ%@%‘fﬁ?ﬂé{%ﬁ@?ﬁ{ﬁ@saén’fﬁi'cgﬁﬂﬂczop}ﬁa‘&lk'é@)'g%iﬁfgulating
system as in claim fibs thaftpeseaeing Rianaisiviearesn Yreinat east@impisheciangsaeoupled to
the saw jig and the substrate is clamped between at |east a portion of the support pad and at 25 least
one of the plurality BEFbAPAHAAGE (DR BIP R e ISEEVALR RaBeSr tFCIRIR & SURWARIC Y B8Ing the saw
jig, the support padshgifig.coincident with the flange plane and the substrate abutting the support pad
along a support plane. 30 13. The semiconductor package singulating system as in claim 12, the
plurality%f ribs and the support pad being shaped and dimensioned for spatially interdisplacing the

clamp planeg@nd thgHiaagsi slangstiieacieRRrtinne: peingsttpnnas thative en thedianpedilane and the

clamp plane, 20 wherein the spatial interdisplacement between the clarg{g%ane and the flange plane

d
facilitates cutting oS GRS IAtRe AN IR BGr LHIRIRG he SHEBURA RebwERy FJrasHatdB? when the
saw blade is introdypgdIgtsfasss ane aaief stherabnathekipsonifavironipsshdbeifignge. 5

deformable for adapting to the shape and size of the substrate.
10
10. The semiconductor package singulating system as in claim 9, the clamp
further comprising:
a flange, the plurality of ribs extending from the flange, the flange
extending along at least a portion of the periphery of the base plate for
15 exposing the substrate supported by the support pad to the plurality of ribs
when the clamp is coupled to the saw jig.

11.  The semiconductor package singulating system as in claim 10, the plurality of
ribs abuts the substrate substantially along a clamping plane.
20
12.  The semiconductor package singulating system as in claim 11, the flange
being planar,
wherein when at least one of the clamp is coupled to the saw jig and
the substrate is clamped between at least a portion of the support pad and at
25 least one of the plurality of ribs, a flange plane is formed on a face of the
flange outwardly opposing the saw jig, the support pad being coincident with
the flange plane and the substrate abutting the support pad along a support

plane.

30 13.  The semiconductor package singulating system as in claim 12, the plurality of
ribs and the support pad being shaped and dimensioned for spatially
interdisplacing the clamp plane and the flange plane, the support plane being
formed between the flange plane and the clamp plane,



14. The semiconductor package singulating system as in claim 13, wherein the saw blade coincides
with the support pad to thereby cut a portion thereof during cutting of the substrate. 10 15. The
semiconductor package singulating system as in claim 13, each of the plurality of ribs comprising: a
rigid beam having an inward face opposing the support pad when the clamp is mounted onto the saw
jig; and a compressible layer being one of formed along and coupled onto the 15 inward face of the
rigid beam, the compressible layer being made from?ne of rubber, elastomer and polymeric

compound, wherein when'Wh"8libiip-teaiiah e itispiacrmprt Oeiwpeaibers R BRPlRge aE Enpressible
layer forms an intemﬁg@ﬂfdﬁﬁﬁfﬁdh%@iédﬂﬂ@{bﬁﬂ% fipsaefesisaterng tapplaenpdiasealsiformed

substantially along the interface 20 between the compressible layer and the substrate. 16. The

semiconductor pacREPESRYHERHERAENNSR RectanhadpdsHaLadlicsRe RebwRsAORG PRIpRFality of

substrate locating pisptoraRepeneavttoR sontatitnah #h IRaajing features formed in the substrate,
each of the plurality of locating features being one of an aperture and a notch, each of the plurality of

Iocating5features for cooperating with a corresponding one of the plurality substrate locating pins for
aligning the substrarpavitiiiaerrriotiie pakide Aingimeaagdiyectempaskaadasinadating reathed

comprising the steps of: providing a saw jig having a support pad; positioning a substrate onto the
support pad, 21 i PSECEBR TR WY R SHAPREL o4 L JREihYe G ScbeiAg dheERbstrate to

the saw jig, the suppaihgadibrierehastieatwtesilient, at least a portion of the substrate being a
semiconductor package and the substrate 5 comprising a first portion and a second portion; and
cooperating a clamp with the saw jig for clamping the substrate

10 15.  The semiconductor package singulating system as in claim 13, each of the
plurality of ribs comprising:
a rigid beam having an inward face opposing the support pad when the
clamp is mounted onto the saw jig; and
a compressible layer being one of formed along and coupled onto the
15 inward face of the rigid beam, the compressible layer being made from one of
rubber, elastomer and polymeric compound,
wherein when the substrate is held between the clamp and the saw jig,
the compressible layer forms an interface between the rigid beam and the
substrate and the clamp plane is formed substantially along the interface

20 between the compressible layer and the substrate.

16.  The semiconductor package singulating system as in claim 2, the base plate
comprising:

a plurality of substrate locating pins corresponding with a plurality of

25 locating features formed in the substrate, each of the plurality of locating

features being one of an aperture and a notch, each of the plurality of locating

features for cooperating with a corresponding one of the plurality substrate

locating pins for aligning the substrate with the saw jig.

30 17.  Asemiconductor package singulating method comprising the steps of:
providing a saw jig having a support pad;

positioning a substrate onto the support pad,



therebetween, the clamp for applying clamping forces to the substrate to further secure the substrate
to the saw jig for providing unimpeded access by a saw blade to at least a portion of the substrate
when the substrate is clamped 10 between the saw jig and the clamp, whereby the suction forces
applied via the support pad and the clamping forces applied to the substrate substantially prevent
positional mobility thereof when cutting forces are introduced by the saw blade to the substrate for
separating the first and second portions thereof, 15 wherein the suction forces applied via the support
pad to the substrate further prevent positional mobility of at least one of the first portion and the

second portion of the subsgilgidyEnaioRgRtarplicatianaiig temevalmtiie relspnifinghee substrate.
20 18. The semiconductor package singulating method as in claim 17, the step of providing a saw jig

comprising the step ISR IGIMEE AR A% jiSaitPROBLRRAPSIBG H1aisEI Mg AL &in BbIERR AR thereto,

the support pad forgptaeaconaheessbbritateang hedaremiatesthmcragPaidankbsingtrasilient and
for applying frictional grip,to the substrate. 25 19. The semiconductor package singulating method as

in claim2L8, the stepfBrPHSYIAGHiIE AAURS PRI AP RPN A comprising the step of: positioning

the substrate onto the supgijidraghnand aYehp plitRlieokapadighasinelamytending sigisatérst face to a
second face of the supgort pad, 30 the supPort pad bein%sub_stantiall planar and the first face and

the second face beGCOBRYERTHY dh SRRy, FhERBLY 1oh SRTMINA HLFRSE: 1@ LR SURTEE e saw jig

with the substrate alitingetieclirat éapsiatdhe heraArjigadr proUdMJuoRNRI@iedctésimpagh the
plurality of channels toitqbstantialg vacuum_couF{)le the@gbstrat to(S he sggl[r)aotgt gaé:‘é 20. The

semiconductor packAYe AR Pt R AT B TUPSIalR W €su mpe

10 between the saw jig and the clamp,
whereby the suction forces applied via the support pad and the
clamping forces applied to the substrate substantially prevent positional
mobility thereof when cutting forces are introduced by the saw blade to the
substrate for separating the first and second portions thereof,
15 wherein the suction forces applied via the support pad to the substrate
further prevent positional mobility of at least one of the first portion and the
second portion of the substrate during one of application and removal of the

clamp from the substrate.

20 18. The semiconductor package singulating method as in claim 17, the step of
providing a saw jig comprising the step of:

providing the saw jig with a base plate for coupling the support pad

thereto, the support pad for interfacing the substrate and the base plate, the

support pad being resilient and for applying frictional grip to the substrate.

25
19.  The semiconductor package singulating method as in claim 18, the step of
positioning a substrate onto the support pad comprising the step of:
positioning the substrate onto the support pad and over a plurality of
pad channels extending from a first face to a second face of the support pad,
30 the support pad being substantially planar and the first face and the second

face being outwardly opposing,
whereby when the substrate is supported by the saw jig with the
substrate abutting the first face of the support pad, vacuum is generated



5 providing a saw jig having a base plate further comprising the steps of: forming a recess in the base
plate; and forming a plurality of plate channels extending from the recess to a plate face of the base
plate, the plate face of the base plate mating with the second face of the support pad when the
support pad is coupled to the base 10 plate, each of the plurality of plate channels being in alignment
with a corresponding one of the plurality of pad channels for facilitating fluid communication between
the recess and the pad channels. 21. The semicondti€tor package singulating method as in claim 20,
the step of 15 provithifdel By IRhet eornpelsify SRS SRIRAIM VIR IRLERY R BERHRSEHE a saw
table; and couplingtg HResEORYEG. to the recess of the base plate and being operable for generating
a vacuum within the recess. 20 22. The semiconductor package singulating method as in claim 18, the
step of providing a saw jig having a support pad further comprising the step of: fabricating the support

pad from one®f rubjier selArRiGMEBEBAHaBRAGEEIGCRERP Wdhad 23T bRiFrMEomdusgter prckage
singulating method as in claim 18, the step of cooperatinghthe clamp with a Sawﬁié? comprising the

steps of forming a PIBYAHEOGH S4TI9 Yap R 885 ik BN ar S e g dRestePEHY second portion of

the substrate with a correfpaigi @ eeefriiee payaptdtef dies, each of the plurality 30 of ribs being
spaced apart from an adjacent rib, wherein a plurality of slots formed between each adjacent pair of

the plurality of ribs, each SRR arAIYAIRSIBE PR GNaRaPIS LAIURAMB AR EeHdDassage of a
saw blade therethreugh. 12 3 tidhezserpiaa)dhetornpariast sinoykatNadeetathgsinicain 23, the
g o et it " B b e e SRSt ISR fhe gty of s
10 plate, each of the plurality of plate channels being in alignment with a
corresponding one of the plurality of pad channels for facilitating fluid

communication between the recess and the pad channels.

21. The semiconductor package singulating method as in claim 20, the step of
15 providing a saw jig further comprising the steps of:
mounting the saw jig onto a saw table; and

coupling a vacuum pump to the recess of the base plate and being

operable for generating a vacuum within the recess.

20 22 The semiconductor package singulating method as in claim 18, the step of
providing a saw jig having a support pad further comprising the step of:
fabricating the support pad from one of rubber, elastomer and

polymeric compound.

25 23.  The semiconductor package singulating method as in claim 18, the step of
cooperating the clamp with a saw jig comprising the steps of:
forming a plurality of ribs; and
depressing each of the first portion and the second portion of the
substrate with a corresponding one of the plurality of ribs, each of the plurality
30 of ribs being spaced apart from an adjacent rib,
wherein a plurality of slots formed between each adjacent pair of the
plurality of ribs, each of the plurality of slots being shaped and dimensioned

for the passage of a saw blade therethrough.



for receiving at least a portion of the substrate therewithin when the clamp is 5 mounted onto the saw
Jjig. 25. The semiconductor package singulating method as in claim 23, the step of cooperating the
clamp with the saw jig comprising the step of: coupling the clamp to the saw jig for clamping the
substrate between at 10 least one of the plurality of ribs and at least a portion of the support pad, the
support pad being deformable for adapting to the shape and size of the substrate. 26. The
semiconductor package singulating method as in clafh 25, the step of 15 forming the plurality of ribs

comprising tR& step'8F eXRBANYHINE PRAKARS SNGLiakoommBeiRathas ik Haie3xBrdisg Aong at least
a portion of the perh@hﬂmﬁgmgmmlﬁ@ fonfrResinadRepsybstrate supported by the support pad to

the plurality of ribs when the clamp is coupled to the sawjil?. 20 27. The semiconductor package

singulating method as in AR % 2A9ILRENIPLRG 26 Rl e A AR FRAFP IR AGR SaVREr
comprising the stefF&f pbeiiing dhraUERNEYRITOSHAtbu slebpdriRisvRsirRtathe 2lanp dsclamping

plane. 25 28. The semiconductor package singulating method as in claim 27, the step of extending a
plurality=of ribs fronRYHRE QUG H =AW Ehe step of: providing a planar flange for extending the
plurality of ribs therefrom, wherein when at least one of the clamp is coupled to the saw jig and the
substrate is clamped between at least a%é)(ortion_ of the support pad and at 30 least one of the plurality

of ribs, a flarfge plahBGSFMFRABAY BREBIGHINGLAYRD MEAPANS ALY the: 6 Si§PRE support

pad being coincidegbyyjthatifg flrngenaneind tbe fabsiraiashy thegtdpeosupport pad along a support
plane. 24 29. The semicondliﬁtorc%acga%'e sinﬁéjlating_m thod as.in cLaim 8, the s%\elz\}) of cooperating
the clamp with the saw jigfOHPEISCHRPANIAJARE ¥ ig. for clamping the substrate between at

10 least one of the plurality of ribs and at least a portion of the support pad, the
support pad being deformable for adapting to the shape and size of the
substrate.

26.  The semiconductor package singulating method as in claim 25, the step of
15 forming the plurality of ribs comprising the step of:
extending the plurality of ribs from a flange, the flange extending
along at least a portion of the periphery of the base plate for exposing the
substrate supported by the support pad to the plurality of ribs when the clamp
is coupled to the saw jig.
20
27.  The semiconductor package singulating method as in claim 26, the step of
cooperating the clamp with the saw jig further comprising the step of abutting

the plurality of ribs with the substrate substantially along a clamping plane.

25 28.  The semiconductor package singulating method as in claim 27, the step of
extending a plurality of ribs from a flange comprising the step of:
providing a planar flange for extending the plurality of ribs therefrom,
wherein when at least one of the clamp is coupled to the saw jig and
the substrate is clamped between at least a portion of the support pad and at
30 least one of the plurality of ribs, a flange plane is formed on a face of the
flange outwardly opposing the saw jig, the support pad being coincident with
the flange plane and the substrate abutting the support pad along a support
plane.



shaping and dimensioning the plurality of ribs and the support pad for spatially interdisplacing the
clamp plane and the flange plane, the support 5 plane being formed between the flange plane and the
clamp plane, wherein the spatial interdisplacement between the clamp plane and the flange plane
facilitates cutting of the substrate to thereby separate the first and second portions thereof when the
saw blade is introduced between one pair of the plurality of ribs without contact with the flange. 10 30.
The semiconductor_package singulating method as i%f_lclaim 29, the step of shaping and dimensioning

the plurality 8Pribs AR8 SEHHER ERRERSR s iIiag GretingftgiBridadinéRsiBRisRnefsupport pad
for a saw blade to cRifsiaRinkptheIBMiwWRhtRRr6RY figtrarBRiticshibRsRR Mdring eftting of the

substrate. 31. The semiconductor package singulating method as in claim 29, the step of forming the

plurality of ribs further conSpA&ing 3Ae AS8RNBBANSPIHE MMl ARELRGHUIRRATERER B the plurality

of ribs 20 comprisiggktrnigithRedispARIAG IR dpMasdiane apPaRngIaRgsPRpRIt iadsiwpen the clamp
is mounted onto the saw jig; and a compressible layer being one of formed along and coupled onto

the inwatd face of tREHREIReAAMER relsilengs elnsirey B q1ase B3Rfone of rubber,

elastomer and polymeric coRepaHRe ¥iagiei mwhRsHIbeFebstiatadergle etyesaribamian and the
saw jig, the compressible |layer forms an interface between the riﬁ%d beam and the substrate and the

clamp plane is formlEN 48 BAARK ffN/ BIEH QU GHRE MR sURiR Ih ISRy rhRaledie BV 8Ad the
substrate. 30 32. ThesathiepnehctasRotknen Sieguletiiedepiintbasdadoetnetf. dhe srmpf

cooperating a clamme/vri)tnJ rtaﬁ]‘iat ysg rﬂ)% wlrt ﬁé%ﬂ%ﬁt c}th\?v i?#ﬁ]setrﬁgﬁ gt'?'erebetween comprising the steps of:
10
30. The semiconductor package singulating method as in claim 29, the step of
shaping and dimensioning the plurality of ribs and support pad comprising the
step of:
shaping and dimensioning the support pad for a saw blade to coincide

15 therewith to thereby cut a portion thereof during cutting of the substrate.

31.  The semiconductor package singulating method as in claim 29, the step of
forming the plurality of ribs further comprising the steps of:
forming the plurality of ribs wherein each of the plurality of ribs
20 comprising:
a rigid beam having an inward face opposing the support pad
when the clamp is mounted onto the saw jig; and
a compressible layer being one of formed along and coupled
onto the inward face of the rigid beam, the compressible layer being
25 made from one of rubber, elastomer and polymeric compound,
wherein when the substrate is held between the clamp and the saw jig,
the compressible layer forms an interface between the rigid beam and the
substrate and the clamp plane is formed substantially along the interface
between the compressible layer and the substrate.
30
32.  The semiconductor package singulating method as in claim 18, the step of
cooperating a clamp with the saw jig for clamping the substrate therebetween

comprising the steps of:



25 providing the base plate with a plurality of substrate locating pins formed thereon; providing the
substrate with a plurality of locating features formed therein, each of the plurality of locating features
being one of an aperture and 5 a notch, the plurality of locating features corresponding with the
plurality of substrate locating pins; and interacting each of the plurality of locating features of the
substrate with a corresponding one of the plurality sgbstrate locating pins to thereby align the
substrate with the saw jig. 10 33. A semiconductor package singulating system comprising: a saw jig
comprising a support pad P6P4dBSoriffy AasEbsteite HHB & dusalihe by iRjale AUt R tion forces
to the substrate for iegiddnBe b substrate to the saw jig, the support pad being elastically resilient and
the 15 substrate comprising: a first semiconductor, package; a second semiconductor package being

unseparated from the firsPERAREBh IR S1OsERIE YA AP, kiR AR JEHUEER SRUREA the first

semiconductor 20 prekagesendiiResprratypemisenictesnrckadng and arfiistpkatr: fafcooperating
with the saw jig for clamping the substrate therebetween, the first clamp for applying clamping forces

to the stibstrate to UM JORPIIEAINS AEJRSAHNY [RAWES, GRYTRSPRRAVAGINY DR JlHEN N Hess by a

saw blade to the firsiparitaddiagagind; |@agt a portion of the 25 substrate when the substrate is
clamped between the savv_ji% and the clalrjr%)?,f wherehy the suctign forces applied via the support pad
S

and the clamping forces APHHaTHAY A8 MIstRg P WiBLR RlalRFHB0 A BtetiBhAnenTHBs i thereof
when cutting forcesyate ntodegrmdiyighensasy hadsidathy ssivbstiateosdiriy Giiin MeRipytially along

the first parting ”neatlri]geg?ﬁé g%strate with the saw jig.
10
33. A semiconductor package singulating system comprising:

a saw jig comprising a support pad for supporting a substrate
thereonto, the saw jig for applying suction forces to the substrate for securing
the substrate to the saw jig, the support pad being elastically resilient and the

15 substrate comprising:
a first semiconductor package;
a second semiconductor package being unseparated from the
first semiconductor package; and
a first parting line formed between the first semiconductor
20 package and the second semiconductor package, and

a first clamp for cooperating with the saw jig for clamping the
substrate therebetween, the first clamp for applying clamping forces to the
substrate to further secure the substrate to the saw jig for providing unimpeded
access by a saw blade to the first parting line and at least a portion of the

25 substrate when the substrate is clamped between the saw jig and the clamp,
whereby the suction forces applied via the support pad and the
clamping forces applied to the substrate substantially prevent positional
mobility thereof when cutting forces are introduced by the saw blade to the
substrate when cutting substantially along the first parting line thereof for
30 separating the first semiconductor package from the second semiconductor
package,

wherein after separation of the first semiconductor package from the

second semiconductor package, the suction forces applied via the support pad

to the substrate further prevent positional mobility of the first semiconductor



30 separating the first semiconductor package from the second semiconductor package, wherein after
separation of the first semiconductor package from the second semiconductor package, the suction
forces applied via the support pad to the substrate further prevent positional mobility of the first
semiconductor 26 package and the second semi- conductor package substrate during one of
application and removal of the clamp from the substfate. 34. The semiconductor package singulating
system as in claim 33, further 5 comprising: a secend clamp for cooperating with the saw jig for

clamping the subshatka@feraRd i etridupiPite FORFKT RO PRTISHR SUOFRIEs SHTIRgnB tor

package being unsgpaspirAtitarariheemocanst s aeiortnackpaeitand 10 a second parting line
formed between the second semiconductor package and the third semiconductor package, the

second parting line being substantially perpendicular to the first parting line, the second clamp for

applying clamping fprgesdmidimautistraigcianghd JHEDRLPRCUIREN b ateatm thes sauHigwithout
impeding access by the saw blade to the second parting line and at least a portion of the substrate
when the substrate?"03wHed between the saw jig and the clamp, whereby the suction forces and

the clamping forces applied $ectifl suay i Sdepiaatialywievert pasitipnabmeliiyitgereof when
cutting forces 20 are introduced by the saw blade to the substrate when cutting along the second

parting line thereof TP LEIE G AEERGS S LOSHAD HYHEEFYRRKSEY from the third semiconductor

package, wherein after separatiog gfjtae ssesiebadservicpackigior rackagesépamttee fibird gemiconductor
package, the suction forces applied to the substrate fu_rth%r 25 prevent positional mobility of the first
semiconductor package, tFePadspgiconductor package; an

10 a second parting line formed between the second
semiconductor package and the third semiconductor package, the
second parting line being substantially perpendicular to the first parting
line,
the second clamp for applying clamping forces to the substrate to

15 further secure the substrate to the saw jig without impeding access by the saw

blade to the second parting line and at least a portion of the substrate when the
substrate is clamped between the saw jig and the clamp,

whereby the suction forces and the clamping forces applied to the
substrate substantially prevent positional mobility thereof when cutting forces

20 are introduced by the saw blade to the substrate when cutting along the second

parting line thereof for separating the second semiconductor package from the
third semiconductor package,

wherein after separation of the second semiconductor package from the
third semiconductor package, the suction forces applied to the substrate further

25 prevent positional mobility of the first semiconductor package, the second

semi-conductor package substrate and the third semiconductor package during

one of application and removal of the clamp from the substrate.

35.  The semiconductor package singulating system as in claim 33, the saw jig

30 further comprising:
a base plate for coupling the support pad thereto, the support pad for
interfacing the substrate and the base plate, the support pad being resilient and



semi-conductor package substrate and the third semiconductor package during one of application and
removal of the clamp from the substrate. 35. The semiconductor package singulating system as in
claim 33, the saw jig 30 further comprising: a base plate for coupling the support pad thereto, the
support pad for interfacing the substrate and the base plate, the support pad being resilient and 27

for applying frictional grip to the substrate, the suppgyt pad being made from one of rubber, elastomer
and polymeric compound and comprising: a plurality of pad channels extending from a first face to a

second face of the RIpfRAYYHH FHcd Wb 58P pad ety R EantispUBRAENBRERE M fMaE%ace and the

second face being gatwardyPRIPBEINBIaBMdnenaassyPIieccMpOEDaRiresapadpigned in the base
plate; and a plurality of plate channels extending from the recess to a plate face of the base plate, the

plate face of the base plate matifigRUHiathe o Pae 5l ALY JFIM Ball"iEiseno fipport pad
is coupled to the base platpceagTRktig Pleralippofiate enasnshdoleing kerliganpetintiity a

corresponding one of the plurality of'tggd channels for facilitating fluid communjcation between the

recess and the pad chanm&382n 8 e &5t JA%e AR dNeI5SRRTE 35 esbRI BB QU MBI PREGF g with the

substrate abutting the firstyfacthebtie spPestpaingicuum is generated through the plurality of
channels to substantially vacuum couple the substrate to the supgort pad, 20 36. The semiconductor

package singulating system as irf CR5TS 38 MREFHB eSS RIAE: 2'aw table for mounting the saw jig
thereonto; and a vacuum pump kepnggeyiablettacHarnasessentiihe faasetiate@sdo BgiRgeoperable for

generating a vacuum With%ctg% (taﬁggg'se plate, the plate face of the base plate mating with the
10 second face of the support pad when the support pad is coupled to the
base plate, each of the plurality of plate channels being in alignment
with a corresponding one of the plurality of pad channels for
facilitating fluid communication between the recess and the pad
channels,
15 whereby when the substrate is supported by the saw jig with the
substrate abutting the first face of the support pad, vacuum is generated
through the plurality of channels to substantially vacuum couple the substrate

to the support pad,

20  36. The semiconductor package singulating system as in claim 33, further
comprising:
a saw table for mounting the saw jig thereonto; and
a vacuum pump being couplable to the recess of the base plate and

being operable for generating a vacuum within the recess.

25
37.  The semiconductor package singulating system as in claim 34, the clamp
comprising:
a plurality of ribs, each of the first semiconductor package, the second
semiconductor package and the third semiconductor package of the substrate
30 being depressed by a corresponding one of the plurality of ribs onto at least a

portion of the support pad, the support pad being deformable for adapting to
the shape and size of the substrate, the plurality of ribs being spaced apart
from an adjacent rib and being shaped and dimensioned for forming a



25 37. The semiconductor package singulating system as in claim 34, the clamp comprising: a
plurality of ribs, each of the first semiconductor package, the second semiconductor package and the
third semiconductor package of the substrate 30 being depressed by a corresponding one of the
plurality of ribs onto at least a portion of the support pad, the support pad being deformable for
adapting to the shape and size of the substrate, the plurality of ribs being spaced apart from an
adjacent rib and being shaped and dimensioned for rminﬁ; a 28 concavity for receiving at least a

portion of the substFaRSAMBYSRtFRREHVIHA ahleast A-RATHOM 8T e SUSEIR LSRNV WG PIRS of slots

formed between eaghmgisGaotmal aitthgdlaialjiy; of ribs, each of the plurality of slots being shaped
and dimensioned for the 5 passage of a saw blade therethrou%h; and a flange, the plurality of ribs

extending from the flange &AM FRIRY T Slokh SfFged RrigeR s8¢ %?ﬁ%ﬂt@a{ﬁé’%@ﬁp‘i’iéwlﬂﬁhe base
plate for exposing greipgbstcHosURPPIadIRY BrestsipnrihpamipdhanrdudpiBnabres fathers the clamp

is coupled to the saw jig. 10 38. The semiconductor package singulating system as in claim 37, further

comprisihg: a clamPRYAERAESRMELPdE G EHBHPRIGAY the interface between the plurality of ribs and

the substrate; 15 a flange plfaegis formedrantg @cesy txe-ange feoriwarisyiarposing flaggsaw jig when
at least one of the clar%}ggis cougled to the saw 'i&iand the substrate is clamped between at least a

portion of the suppSHHLHSh&!3P%ea5t!635k HIRARIAN It ML Qlpisrisse Rasideldent with
the flange plane; a exnRay rieneulstmed igRe e iptertasepbefvean iharrupRiraieyagdriBd the

Support pad, the Pl (lama 1e couprat o e i@ Shaped and
10
38. The semiconductor package singulating system as in claim 37, further
comprising:
a clamping plane formed substantially along the interface between the
plurality of ribs and the substrate;

15 a flange plane is formed on a face of the flange outwardly opposing the
saw jig when at least one of the clamp is coupled to the saw jig and the
substrate is clamped between at least a portion of the support pad and at least
one of the plurality of ribs, the support pad is coincident with the flange plane;

a support plane formed along the interface between the substrate and

20 the support pad, the plurality of ribs and the support pad being shaped and
dimensioned for spatially interdisplacing the clamp plane and the flange plane,
the support plane being formed between and being parallel to the flange plane
and the clamp plane,

wherein the spatial interdisplacement between the clamp plane and the

25 flange plane facilitates cutting of the substrate to thereby separate the first and

second portions thereof when the saw blade is introduced between one pair of

the plurality of ribs without contact with the flange.

39.  The semiconductor package singulating system as in claim 38, each of the
30 plurality of ribs comprising:
a rigid beam having an inward face opposing the support pad when the

clamp is mounted onto the saw jig; and



dimensioned for spatially interdisplacing the clamp plane and the flange plane, the support plane
being formed between and being parallel to the flange plane and the clamp plane, wherein the spatial
interdisplacement between the clamp plane and the 25 flange plane facilitates cutting of the substrate
to thereby separate the first and second portions thereof when the saw blade is introduced between
one pair of the plurality of ribs without contact with the flange. 39. The semiconductor package
singulating system as in claim 38, each of the 30 plglgalgg of ribs comprising: a rigid beam having an

inward face opposing the 8HTHHESHAG FMerRsINg0APp R fosmstbal e BteCeumrlsheai® a

compressible layeriaging ¢ae of ibemeabeacm and cawplesspnsadher invwaghiagerediherdcg beam, the
compressible layer being made from one of rubber, elastomer and polymeric compound, wherein

when the substrate"PREICHSIVBERAMERINMISHHEIRBA jig, 5 the compressible layer forms an
interface between the rigidypeaiih aitkihee substrateisndithe-alap tRiaatHianm e’k seksfintially along

the interface between the compressible layer and the substrate. 40. The semiconductor package

singulatihg system H€ iRANRESIBI6IRREIAHES 20 JBIRFcIDRMRREE FigIdneeathpBt: B5d to thereby

cut a portion thereofuigiirang gdting: of [ErgpSwigieate. fbtmEbesEBsHAaRN Cilingaek@gataingelating
system as in claim 40, the base plate comprisinegjg:1 15 a plurality of substrate locating pins

corresponding with 2 M¥YERRIE SOTRAEHE eV A RRSHIF#E substrate, each of the plurality of

locating features being one of an aperture and a notch, each of the plurality of locating features for

cooperating with a correspaonding one of the plurality substrate locating pins_for aligning the substrate
g 9499_ 2poThe seprﬁconlagctor pac ag(f sulngu%t?ng system asaln ga'?m 38, v%greagthe

with the saw’j
10 saw blade coincides with the support pad to thereby cut a portion thereof

during cutting of the substrate.

41.  The semiconductor package singulating system as in claim 40, the base plate
comprising:

15 a plurality of substrate locating pins corresponding with a plurality of
locating features formed in the substrate, each of the plurality of locating
features being one of an aperture and a notch, each of the plurality of locating
features for cooperating with a corresponding one of the plurality substrate
locating pins for aligning the substrate with the saw jig.

20



30 SEMICONDUCTOR PACKAGE SINGULATING SYSTEM AND METHOD Abstract 5 Integrated
circuit (IC) chips are fabricated with multiple IC chips being typically arranged on a single substrate
which is singulated to obtain individually separated packages of IC chips therefrom. Generally, the
packages forming the substrate are separated using a saw, a dicing saw or the like cutting devices.
The substrate is often supported on a rubber pad which interfaces the substrate and a saw jig or the
like 10 support. Air is then extracted through a pIuraI?rQ/ of holes formed in the rubber pad for creating
a vacuum therethrough. The vacuum secures the substrate to the saw jig both before and after the

packages are spRAGENBUECIEIRPRE RAERISGEROL AT Rditerstoeie ARS deapqan typical
methods and systems use adhesive pads for further securing the substrate. However, these

conventional methods and systems 15 suffer from the need for an additional step of substrate removal.
An embodimgpphdihe invention discloses a saw jig for supporting a substrate on a compressible
support_pad. A clamp is mountable onto the saw jig for clamping the substrate therebetween without

impeding act¥893te4 LHEWiad&rsbies sissirRiAcaRE WA fi8tBk dfashle BeinaelyRicallY support
pad and sawjigripaesatassauiiosubieas (oniprsEicnajhiastimmspediningibrIsuPstsatariepmbination
e S e LR R b TR e S i g 29 Fivre
la
separated using a saw, a dicing saw or the like cutting devices. The substrate is often
supported on a rubber pad which interfaces the substrate and a saw jig or the like
10  support. Air is then extracted through a plurality of holes formed in the rubber pad
for creating a vacuum therethrough. The vacuum secures the substrate to the saw jig
both before and after the packages are separated and during the sawing thereof. In
addition to the use of vacuum, typical methods and systems use adhesive pads for
further securing the substrate. However, these conventional methods and systems
15  suffer from the need for an additional step of substrate removal. An embodiment of
the invention discloses a saw jig for supporting a substrate on a compressible support
pad. A clamp is mountable onto the saw jig for clamping the substrate therebetween
without impeding access of a saw blade to the substrate. Vacuum through channels
formed in the support pad and saw jig generates suction forces for positionally
20  immobilising the substrate in combination with the clamping forces of the clamp
during singulation of the substrate by the saw blade.

25  Figure la
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