29 March 2007 METHOD FOR FABRICATING SEMICONDUCTOR PACKAGES, AND LEADFRAME
ASSEMBLIES FOR THE FABRICATION THEREOF TECHNICAL FIELD The present invention relates
generally to semiconductor devices, and more particularly to a method for fabricating semiconductor
packages and to leadframe assemblies utilized in the fabrication thereof. BACK@GR@LINDOART
Continuing progress in integrated circuit ("IC") technology continues to lead to higher and higher levels of
circuit integration. This is a result of the computer industry's relentless drive toward higher performance,
lower cost, increasdMBTHNGDFOR A BRECAPINGSEMNCONBHIET OR RAGIKAAHLS yNIDintegrated circuits.
As new generations of integrated circuit products are released, the functionality of those products
increases while the ruli?daF RA MdiriehieWB LIdERO RabHda IABBEC Add @A SEH EREOEonductor devices
are constructed from a silicon or gallium arsenide wafer through a process that comprises a number of
deposition, masking, diffusion, etching, and implanting steps. Usually, many individual devices are
constructed on the same wafer. When the devices are separated into individual rectangular units, each
takes the form of an IC die. In order to conneetdNie WithlBtH&r circuitry, it is common to mount it on a
leadframe or on a multi-chip module substrate that is surrounded by a number of contact connections.
Each die has bondif§ep &8s tRat AN AsHiFtusaRFaMn&ttseiir hdHFhotoises o p@htiBA™o the
leadframe’s geintikGtgnbectiensdusingtexiiemabniicengalbopaicipingnd wilesiflhe asseblkes are then
completed byumdiéﬂﬁg "yﬁﬂggﬁﬁ,%'%gqgo em in molded plastic or ceramic bodies called "packages".
With continuing technology Improvements, packages themselves are also achieving higher and higher
density. The chip scale package ("CSP") is a popular package configuration in the semiconductor
industry. The size of a CSP package is onl %@E%E}%t an the IC chip, or die, that it encapsulates.
The CSP therefore saves considerable space over earlier, larger 1 29 March 2007

Continuing progress in integrated circuit (“IC”) technology continues to lead to higher
and higher levels of circuit integration. This is a result of the computer industry’s relentless
drive toward higher performance, lower cost, increased miniaturization of components, and
greater packaging density of integrated circuits. As new generations of integrated circuit
products are released, the functionality of those products increases while the number of
components used to fabricate them decreases.

Semiconductor devices are constructed from a silicon or gallium arsenide wafer
through a process that comprises a number of deposition, masking, diffusion, etching, and
implanting steps. Usually, many individual devices are constructed on the same wafer.
When the devices are separated into individual rectangular units, each takes the form of an IC
die.

In order to connect a die with other circuitry, it is common to mount it on a leadframe
or on a multi-chip module substrate that is surrounded by a number of contact connections.
Each die has bonding pads that are then individually connected in a wire-bonding operation
to the leadframe's contact connections, using extremely fine gold or aluminum wires. The
assemblies are then completed by individually encapsulating them in molded plastic or
ceramic bodies called “packages”. With continuing technology improvements, packages
themselves are also achieving higher and higher density.

The chip scale package (“CSP”) is a popular package configuration in the
semiconductor industry. The size of a CSP package is only slightly larger than the IC chip,

or die, that it encapsulates. The CSP therefore saves considerable space over earlier, larger
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configurations. In addition, since the smaller CSP size shortens internal signal transmission paths, the
CSP also improves product performance. The chip carrying structures within a CSP commonly include a
leadframe that provides mechanical support for the individual IC device the. The leadframe also provides
interconnect lines that enable the the to be connected electrically to surroundingxingyitiy 2§ince the CSP
leadframe is usually low in cost and easy to work with, it has become a popular package configuration for

consumer eleeRbaicairadudisadibirilasinsadheammalisadedy epRograshriaiiddigatneiedui{sSOrN")

package, theggigraleadivame ﬁ?gga&ep{;;MjePﬁ}r@ﬂqaﬁb@ bottom leaded package ("BLP"). Popular
leadless CSP's include various flip chip style packages such as the ball qr‘:‘iéj array %"BGA"? and the
6

slightly larger than 1B 4HBr SF8I1E S quEH S4B sp S Ha v IR AR IS NEF VSR S Borter signal
transmission ppﬁ;ﬁldﬁsandclmn/iealsigﬁahaﬁ@mhaﬁmmmmmZecret_mmadliserﬂimlmddﬁmmmaekqg@zisdypicaI ly
manufactured, i ANl a0 ASRRIY BOGERS ALIegHTER A o1, MaldAd A gyggom form tool
Thus, the toolllrng cost for manufacturing a new paé)kage can be high. Theretore, father than creating a
package that is ophREeclespeRifredfamiyia yvaly Iovsine ephdnih prtycatpotk( Wit Yiduwfigaratoh, a designer
often comproggisgs: by selectingiai-alisaty availaile package psiead. THagsalectinis.donss by matching

the size and 1/Q terminal requirements of the IC as closely as possible to available packages for which

the tooling inveSmEshaguatdab)dedd {HE0E) Riduer e gdmmaraniagre ¥lditihgPhackage is
optimized fortheithesdaesitd packnaterBlLBOSt. Hopuingleadiasf s Bring i demaicandliptohipackages, they

are typically connected together either in,an array. g in.a strip.configuration. The individual. packages
st hon b LRShe e o L i R R D B R
Contemporarly SingliatiohaadiessefthErsahgsiovihg pidicesslordypipschigliprociesigial separteithe individual
semiconducterpackaasse Riahsingiiation and saw singulation technologies are efficient and well
developed. However, there are still significant disadvan,tar%(e_s with both punch singulation and saw

singulation. For examp?8Y iinea! siHginaRiis Wartekare i Rice L pan it tie h A8 ¥4 iYsi@? from debris
damage, andakegmiiieprocicsiandegirigylatosdiesdhbirare dostivid tatly isided fos, erabdeagiame body

size. This cayses jgfeased oqling inyestments pr sutioptized ASSin SOMRIiRSS, SRy Snoulation
processes can form voids, Galn'Suffer str‘(fp warpagé rom g dpackag
is optimized specifically for a given IC size and input/output (“I/O”) configuration, a designer
often compromises by selecting an already available package instead. The selection is done
by matching the size and I/O terminal requirements of the IC as closely as possible to
available packages for which the tooling investment has already been made. In such a case,
unfortunately, the resulting package is optimized for neither density nor material cost.

During manufacturing of semiconductor packages, they are typically connected
together either in an array or in a strip configuration. The individual packages must then be
separated from each other. The separation process is referred to as “singulation”.
Contemporary singulation uses either a sawing process or a punching process to separate the
individual semiconductor packages. Punch singulation and saw singulation technologies are
efficient and well developed.

However, there are still significant disadvantages with both punch singulation and saw
singulation. For example, punch singulation wastes leadframe space (circuit area), can suffer
from debris damage, and requires molds and singulation dies that are individually sized for
each leadframe body size. This causes increased tooling investments or sub-optimized design
compromises. Saw singulation processes can form voids, can suffer strip warpage from
differences in the thermal expansion of the material layers used, and can be impaired by

materials that outgas.



differences in the thermal expansion of the material layers used, and can be impaired by materials that
outgas. 2 29 March 2007 Solutions to these problems have been long sought but prior developments
have not taught or suggested any solutions and, thus, solutions to these problems have long eluded
those skilled in the art. DISCLOSURE OF THE INVENTION The present invention piavifasa method for
fabricating semiconductor packages. A leadframe is provided for packages that are to be singulated with
respective predeterpeitEanpiciisge mioblpsizbayved hdpders mMokicaiysPERs fstelepnismtthkasatiftame with

mold cap dimgpgiafssthatace largssithandhadespectivaiedeiermingRnaskags LMY sikasd The mold
caps and leadframe are sawed to singulate packages therefrom. The sawing reduces the dimensions of

the mold capesaHE RS Bl predetermined package body sizes. Certain embodiments of the invention
have other advantages in addition to or in place of those mentioned above. The advantages will become
apparent to those skilled in the art from a reading of the following detailed description when taken with
reference to the accompanying drav}r\ﬂ'n%g.“%%I BESERIPY O~ THE DRAWINGS FIG. 1 (PRIOR

ART) is a top view @gf a prior art leadframe with molded, semiconductor packages; FIG. 2 (PRIOR ART) is
RS REREATE Caeb TR 101 (PRIBR RRTIIC K bR b kage

a prior art package sindufation punc configtiration:
resulting fromesiHguiiatio rpwitslifior asciigssrdtaichin FiGe 2fPRICRAR TS PIE VY fREBIORIARIT) is a top

view of a prio%@p\ﬂg%?%d@@%@.d IREAme W8 @L‘%Skaﬂé‘%%gdsgﬂ"lﬁgﬂg&ﬁ{gﬁl@%hﬁgfﬁ&fio%hﬁvt:%e;g.

FIG. 5 (PRIOR [) is a side view of the prior art tape-attached leadframe and packages
4 (PRIOR ARIMeRSNS R0 RIAR HFgliesortytiNe stedeis prvidat dingubedsiisrse e sitddictor
package blockpbyrawiigamGaré RRIOB ARFIIaBowskaslimatpaskagadlocks afterusawing singulation;

dimensions of the mold caps to the respective predetermined package body sizes.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 (PRIOR ART) is a top view of a prior art leadframe with molded
semiconductor packages;

FIG. 2 (PRIOR ART) is a prior art package singulation punching configuration;

FIG. 3 (PRIOR ART) is a prior art package resulting from singulation punching as
illustrated in FIG. 2 (PRIOR ART);

FIG. 4 (PRIOR ART) is a top view of a prior art tape-attached leadframe with block
molded semiconductor packages formed thereon;

FIG. 5 (PRIOR ART) is a side view of the prior art tape-attached leadframe and
packages shown in FIG. 4 (PRIOR ART);

FIG. 6 (PRIOR ART) figuratively illustrates prior art singulation of semiconductor
package blocks by sawing;

FIG. 7 (PRIOR ART) shows a strip of package blocks after sawing singulation;

FIG. 8 is a view of a leadframe and mold cap array in accordance with the present

invention;



FIG. 8 is a view of a leadframe and mold cap array in accordance with the present invention; 3 29 March
2007 FIG. 9is a figurative illustration of sawing singulation of semiconductor packages from the
leadframe and mold cap array shown in FIG. 8; FIG. 10 is a figurative illustration of an individual molded
semiconductor package resulting from the sawing singulation illustrated in FIG. & Fi$ehldpigyan enlarged
figurative view of a mold cap and a portion of the leadframe shown in the structure of FIG. 8; FIG. 12 is a
figurative view of a FGld cap Jigirarte tHastsREowPIrFIme SIngukaHaN Al senifersyeadTiBRfkaswing guide;

FIG. 13 is a figsrativaeviaw:aé aninelelcamsimiladniavhat siepwn in FIG. 11 but having an integral slot
sawing guide; and FIG. 14 is a flow chart of a methaqd for fabricating semiconductor packages in

accordance with th& Sttt hiSHISHCBESFRRB OE FOR CARR PN OTT SME A BRFFEN In the

following deseriphiog, frum@eous sedifoldedaild aregivenfiepovide a thorough understanding of the
invention. Howeverg i he Apagrentthal e IveRtion May e, PIRFICE NG INesg specific details

In order to avoid obscuring the presént invention, some we n configurations and process steps are
not disclosedshodetaithg ikewisee ehELGr8wings showing embodiments of the invention are

semi-diagrammaticgad nokte seaie; andie PaLicHa s af the dicnsRaiansiare fayutheslarity of
presentation and are shown exaggerated in the drawing FIGs. Also, where multiple embodiments are

disclosed and" dUEBHHEST MY S8HE features in common, for clarity and ease of illustration and
description thereofHike fedturéigunevtovaotifer moldarginariite dasshibediwitidike tefarence numerals.
The term "horizontal"la%joltlsed.hereitaei.saggfined as a plane parallel to the conventional major plane or

an mtegra sawmg (ﬁ?l ; . . . " . tn
surface of the semitonductor package, regardless of its orientation. The term "vertical" refers to a

direction perpendictilgr- tttie hdhrorkirafust defivddioT daprscasingh sasriconducibaviskatselow”, "bottom”,

“top”, "side” (@ dRdapided e THIBRImvIQWST ", "over”, and "under”, are defined with respect to the
horizontal plane.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known configurations and process steps are not disclosed in detail. Likewise, the
drawings showing embodiments of the invention are semi-diagrammatic and not to scale and,
particularly, some of the dimensions are for the clarity of presentation and are shown
exaggerated in the drawing FIGs. Also, where multiple embodiments are disclosed and
described having some features in common, for clarity and ease of illustration and description
thereof like features one to another will ordinarily be described with like reference numerals.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
major plane or surface of the semiconductor package, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

13 2

on”, “above”, “below’

B

, “bottom”, “top”, “side” (as in ‘“sidewall”), “higher”, “lower”,
“over”, and “under”, are defined with respect to the horizontal plane.

In fabricating semiconductor packages, two common types of quad leadless packages
(“QLP’s”) are differentiated by their singulation methods. One type is singulated by
punching the individual packages from a leadframe on which the package mold caps have

been formed in an array by pocket molding. The other type is singulated by sawing the



In fabricating semiconductor packages, two common types of quad leadless packages ("QLP's") are
differentiated by their singulation methods. One type is singulated by punching the individual packages
from a leadframe on which the package mold caps have been formed in an array by pocket molding. The
other type is singulated by sawing the 4 29 March 2007 individual packages froy giapezaitached
leadframe on which the package mold caps have been formed serially by block molding. Referring now

to FIG. 1 (PRIURIARITha¢kagesfiesnonme atagheielradfransion amiqbdbirarakagnanpidlerpapaitray 100

having moldeg semigradusior padsaendi@mformed on a leadframe 104 and ready for singulation by
punching. The leadframe 104 is a conventional, standard leadframe, and the molded semiconductor

packages 102 are prei59/88 BY"st8rdShd! CRIOE G ORI IhaGHD, ARR E5acilys B fbrebetween.
(In pocket matditfgyneaaid ehild isapneapdlidtediing anséedrsdainaliletbbpahikaadonindgamsedgulation punch to
be used to cyt leadirame between adiacent molded hodigs. Thisis in trast to hlack molding,
wherein seva ERE L e e B, S O g now to

FIG. 2 (PRIOTeRT) lapdHraipe et dhermeldbd serigadiaye Psitkgatatior pimpisiprgeddnfisfardaish 200. The

punching coru‘éﬁ%aﬂeﬁh?fgcmlméh@gpwmhs;%% & stripmer-BQdcand abynah digA86s An@yray of such
punches, strippers, and die are . then conventionally configured for simultaneously singulating the molded

semiconductSPIECKAGBE P 1) i TR BifoPaifae 2aharflosiRe A STOSLL ARy T RforepaPticularly, the
molded semicondigclerdpackagas &d2adpchninsioidedabotiitd. capis?B8thahhas he®ékrmediog a
corresponding jeadirame, bady 240,onine. eadlrame 104 A%lS Run N ihs A fig Jeqdframe body 210
is the portion ol? fhe leadtrame 104 thatis Iate?]aﬁry co-extensive with the 6uncﬂ dél lﬁ 8 and fits within the
dimensions of the pReferiz@ n@ingulbtfortis bRéARARIEH heraivelvinhatie malded aenmicdngictor
packages 102, indivichalii i re2eEEYE MM AR RERAIR LA ARH RGN FVIRAINK RYRGhES 202

through the leadframe 104 and against the punch the 206. This cuts the leadframe 104 against the
punch die 208%4n# THERB\EepAid B MR glTA82) B ATGMSH WEMRMBARGCF PRI kSO 3 CAS can be

seen, the sizehei thenvaniiealy 208fpust biersmali@nibantheisgzeaohghte leadiamerbiedydddin order to
have room for the pUNGH A37: de, R IRREL A8 A NGRS array 100,
More particularly, the molded semiconductor packages 102 each include a mold cap
208 that has been formed on a corresponding leadframe body 210 on the leadframe 104. As
is known in the art, the leadframe body 210 is the portion of the leadframe 104 that is
laterally co-extensive with the punch die 206 and fits within the dimensions of the punch 202.
Singulation is then effected by receiving the molded semiconductor packages 102
individually in respective individual punch die 206 and then driving the punches 202 through
the leadframe 104 and against the punch die 206. This cuts the leadframe 104 against the
punch die 206 and thereby separates (singulates) the molded semiconductor packages 102.
As can be seen, the size of the mold cap 208 must be smaller than the size of the
leadframe body 210 in order to have room for the punch 202, the stripper 204, and the punch
die 206. This results in formation of a portion 212 of the leadframe body 210 that is
peripheral to and outside the environmental and physical protection of the mold cap 208.
Since the portion 212 is outside and unprotected by the mold cap 208, the portion 212
cannot be utilized for internal circuit connections and lead routing. Similarly, it is generally
unsuitable for external electrical contacts such as the contact leads 214. Therefore, since the
punch singulation operation requires the leadframe body 210 to be larger than the mold cap
208, the resulting exposed nonfunctional periphery (the portion 212) causes and forms a

larger than necessary package that wastes space.
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die 206. This results in formation of a portion 212 of the leadframe body 210 that is peripheral to and
outside the environmental and physical protection of the mold cap 208. Since the portion 212 is outside
and unprotected by the mold cap 208, the portion 212 cannot be utilized for internal circuit connections
and lead routing. Similarly, it is generally unsuitable for external electrical contagts\guich aggthe contact
leads 214. Therefore, since the punch singulation operation requires the leadframe body 210 to be larger

than the mold cap 208thtiedieshririage oRe horTgHatiomat pegipheppinel gbetitiraydly caedes and forms

a larger thanRGeSSAM P AGKRAG LAV HES SRRCSh RS Mﬁﬁﬁ@ BRO¥eBatheE 9&%@5“@@@@9? of punch
singulation is the tendency of the relatively weak material of the leadframe 104 to tear at the sheer or

cutting line b the PanttP202 8 e FURRSE A8 68V FMDENA adHsagY 1 dhGirBioehtal integrity
of the moldedeséticondugtarkpgckage 102artataniedse lizhvie debrismihaibsgyesiilysedsentlynde shed and

cause problems (for exam ausing dam t isk drive). Qther disadvantages of punch
package singCL?llést% r{ﬁﬁ%ﬂé@%ﬁgﬁ%@% :)8? inc Sug%%llga%ﬁqo alg‘sk E)IV

for indivi ized mold sizes and individualized punch and punch

die sizes for each patikagissbaytagee ofipepeitprakase pugdntisihgglatde thinsepitardbddvidthe process is
easy and proyjgias & hohiaguelauirEt pReIEEIND ARhtQE Gz (RRIQR ﬁk)ag@%@i igghown an
ula

individual molded semiconductqr package 102 resulting from prior art singulation punching, as illustrated
in FIG. 2 (PRIBYZRRSS: BHIRE HRASATPIREARPRIY RREPASEINCAR SR £30 (I PR (PRIGRIERRT)).
Referring nowrtdikkGugp(PRIOR ART) and FIG. 5 (PRIOR ART), therein are shown, respectively, top and

side views of a priof, art tape-attach df&;ﬁﬂg 40 conventional fashion, semiconductqr package
blocks 402 are fqrm{{e%reg}llr%lon&wrﬁgl inég %n'the tgpé%ﬁééﬁggl?egqufr%vg EBOIH\?\?V}CH%{; r{ll?trfgﬁg attached to
and supporte¥Birentap@sPEKRIG 162 (PRIOR ART))rivherindigdaarsaviiebnduatollpsitked és 404 that

are to be singutatedframrthksenvcanduisiPrRackagsRIacks A% ats MustrasedivaphamierReferring

now to FIG. 6 (PRIOR ART), therein is shown a figurative illustration of prior art sawing singulation of the
strip of the s il¥hductor package blocks 402 into
Referring now to FIG. 4 (PRIOR ART) and FIG. 5 (PRIOR ART), therein are shown,

respectively, top and side views of a prior art tape-attached leadframe 400. In conventional
fashion, semiconductor package blocks 402 are formed by block molding on the tape-
attached leadframe 400, which in turn is attached to and supported on a tape 500 (FIG. 5
(PRIOR ART)). The individual semiconductor packages 404 that are to be singulated from
the semiconductor package blocks 402 are illustrated in phantom.

Referring now to FIG. 6 (PRIOR ART), therein is shown a figurative illustration of
prior art sawing singulation of the strip of the semiconductor package blocks 402 into
individual semiconductor packages. In particular, after the tape 500 (FIG. 5 (PRIOR ART))
is removed from the leadframe 400, the individual semiconductor packages 404 (FIG. 4
(PRIOR ART)) in the semiconductor package blocks 402 are separated by a saw 600. For
example, the mold strip may be mounted in conventional manner on a film 602 on a film
frame 604, as illustrated, or it may be mounted on a chuck (not shown), for sawing
singulation by the saw 600.

Referring now to FIG. 7 (PRIOR ART), therein is shown a strip of the package blocks
402, such as shown in FIG. 6 (PRIOR ART), after sawing singulation.

Sawing singulation has several advantages. More space can be provided between the
individual packages. It is not necessary to fabricate mold sizes individually per leadframe
body size. It is not necessary to fabricate individual singulation die sizes per leadframe body

size.



individual semiconductor packages. In particular, after the tape 500 (FIG. 5 (PRIOR ART)) is removed
from the leadframe 400, the individual semiconductor packages 404 (FIG. 4 (PRIOR ART)) in the
semiconductor package blocks 402 are separated by a saw 600. For example, the mold strip may be
mounted in conventional manner on a film 602 on a film frame 604, as illustratedy @) itdpaydpe mounted
on a chuck (not shown), for sawing singulation by the saw 600. Referring now to FIG. 7 (PRIOR ART),
therein is shown a dfidditieagp aciagfedsidclant 4o maldisaRscn Bk SFIG. S PR IBRAKTafter sawing

singulation. SR/WNY SHIGWRHOY hasRAveRuadYafiagesvMOieSRAGE GaRdhmMRVIdRE PRingen the

individual packages, It is not necessary to fabricate mold sjzes individuall}éper leadframe body size. Itis
not necessary 18 4B Rt ViR af S gRhiaabin a Yrsdaper pitas diaalsapadises 889 Mmich 2007 An
additional advantagetisgthaifilbermotdcoapca wight heckagaeisiagasnthe peadfiggme body. This allows

additional routing fqg.g,given siee (039 IS Afialnableiih packags, singhiaton byRyaching. Alternatively,
saw singulation allows asmalfer package siz€ for the same routing configuration compared with package

singulation byegusieh#iticimagkihedesitaunstish hjapawingidaoivepetorastiebioeh divkdivarbdes. For
example, it reguyises AlRCINI W&a@ﬁ%‘@@‘%é@fﬁﬁ% iIngdsiiredammibrablock meldingof the

package mold caps. Attaching the leadframe tg a tape introduces additional cost. It can also introduce
process difficTfiRL e 8RS Airrericubies et ese SRS o S B cFE R B e AU S R VSHY the
leadframe. Suehttiperandl gxpiadinimeoefficienhditiererpascancledfidenwdiffrgeof the tapktattached

leadframe strip. A tape-att ch(_aq Ieﬁld rame strei>p can also cause reliability and quality concerns from
outgassing oﬁﬁgat%epo (tﬁuer?%%etﬁéa?:uerfrnéapr&%sg?gf the mold caps. Quality control can also be more

difficult and/or expehdhns-gitisboshlsaiirdardfapas alvd egisiprakafthtayiseqvelesenserts fdemntify

packages th%@uﬁ@&@d@&t@&%ﬁﬁg ﬁ%’é'@ﬁﬁ%é*}%&%%ﬂ Mh%amr@ap@néﬁb@i@&%nmlgiﬂgu%ocesse& It
has been discovered, as taught by the present invention, that it is possible to obtain the benefits of punch

singulation pRSCESE I Hrt PRASE FRRTESHFsHy S RGEIAHBH 5Bt 8tk gauipment may be necessary

to identify packages that must be rejected due to failures that occur in the wire-bonding and
molding processes.

It has been discovered, as taught by the present invention, that it is possible to obtain
the benefits of punch singulation processing and the benefits of saw singulation processing
while avoiding the disadvantages. Thus, as taught by the present invention, a standard array
leadframe, for example of the type used for QLP punch singulation, can be utilized instead
for saw singulation by providing the array leadframe with a newly discovered mold cap
configuration. Since a tape-attached leadframe is then not needed for singulating the
packages by sawing, prior disadvantages are resolved, such as those caused by outgassing, by
differences of thermal expansion coefficients, and by difficulties in identifying defective
packages that need to be rejected. Better mold cap formation is also afforded since the mold
caps can be formed individually by pocket molds. Pocket molding enables better control of
the mold flow (for example, turbulent flow prevention), thereby reducing voiding risks that
are seen with block molding on a tape-attached leadframe.

Referring now to FIG. 8, therein is shown a leadframe assembly, and more
particularly a leadframe and mold cap array 800, configured in accordance with the present
invention. The leadframe and mold cap array 800 includes a leadframe 802 that may be, for
example, similar to a standard array leadframe such as the leadframe 104 (FIG. 1 (PRIOR
ART)) that is used for package singulation by punching. Thus, the leadframe 802 is a tape

free leadframe.



while avoiding the disadvantages. Thus, as taught by the present invention, a standard array leadframe,
for example of the type used for QLP punch singulation, can be utilized instead for saw singulation by
providing the array leadframe with a newly discovered mold cap configuration. Since a tape-attached
leadframe is then not needed for singulating the packages by sawing, prior disaglyaniages@re resolved,
such as those caused by outgassing, by differences of thermal expansion coefficients, and by difficulties

in identifying defectlevpaekes M aeathrdBe rajedred Batesusiold baperoimasoy4sBliSo lafforded

since the molgreaRs Qo) Denfornashindid ually & pasksNRIddResketMAlHipa enpeshatter control
of the mold flow (faor example, turbulent flow prevention), thereby reducing voiding risks that are seen

with block m&fdingusiTaR ¥aFEesr b s 1BAA MBS RISV MY AR 1S 18 {Rdparial AU leadframe
assembly, ansbdnsrevaaviideiaty ateéddirpnsdand rfuotdedapThkrayoB0 0o unddlin kadbtadance with the
present inveption, The leadframe. and mold cap arr 00 includes a leadfr 02 that may be, for

example, st S A L R R e AT SR et s

used for packegrhsinganaticioss prisErgiioT At Stapdard antrafaedBames wiehpe tiedeadsmnamé. 7 29 March
2007 Howevgr Jintikgapriglearhatansardisstay leadfr aneesstabsafod erradirampeciO e tss- Jr (PRIOR

ART)), the leadframe and mold cap array 800 includes individual mold caps 804 that are noticeably
larger in theirl TARAM G RALISS NS RALH RS Q2B S BFRa TR RIS M I 4aH A8 HIdRE &R vhich the mold
caps 804 are formeRefEhitmgnaldcapsBG4anddhenleadftame bofiesdoatiinechtharein, aawigg spacings
806 therebetween, are preferably also closer .tagether than in.corre i rio, art standard array
eadrames s A ah S A B R e e PR L I 1% (ric.
1 (PRIOR ARMY) m¢ldecagirameSfBdids-and mold caps for a corresponding punch singulation leadframe

array. Referring nowdg fri(z. Rwinereits is ghawe A laumive Husiationeleawingr singuiRiigaiby a saw
900 of semiconductor packages 1000 (see FIG. 10) from the leadframe and mold cap array 800 (FIG. 8).

Referring noW s e emiramiiny Rackrgint QOfgtnsatinifrin dhe bras iesviatian Huitdasdmiconductor
package 10001@udiingeframnfithecsawinglgicgLiatorsidustated ind 9).

Referring now to FIG. 11, therein is shown, somewhat figuratively, a mold cap 804

and a portion of the leadframe 802 from the leadframe and mold cap array 800 (FIG. 8). The
mold cap size (or dimension) is represented by an arrow 1100, and the respective
predetermined package body size (or dimension) of the package 1000 that will be formed
following singulation is represented by an arrow 1102. The arrow 1100 is longer than the
arrow 1102, showing that the size of the mold cap 804 is greater than the body size of the
package 1000. It will be understood, of course, that similar size relationships obtain for the
dimension of the mold cap 804 that is transverse to that shown in FIG. 11, and that the
respective predetermined package body sizes of the several packages may be the same or
different, as needed or desired.

It will be appreciated that the mold cap 804 is thus “oversize”, affording physical
support and protection for the portions of the leadframe 802 immediately outside the
dimensions of the package body (the arrow 1102). This facilitates direct singulation by
sawing, such as by the saw 900. As can be seen, the saw 900 and the mold cap 804 are
positioned to saw through the mold cap 804 at the width of the package body (the arrow
1102). A similar cut is made on the opposite side, as will be readily understood, and
corresponding cuts are made on the transverse front and rear sides of the mold cap 804 at a
spacing appropriate to the package body size along that dimension. This singulates the

package 1000 from the original mold cap 804 and the leadframe 802. The body size of the
8



FIG. 9 of the leadframe and mold cap array 800 (FIGS. 8 and 9). Referring now to FIG. 11, therein is
shown, somewhat figuratively, a mold cap 804 and a portion of the leadframe 802 from the leadframe
and mold cap array 800 (FIG. 8). The mold cap size (or dimension) is represented by an arrow 1100, and
the respective predetermined package body size (or dimension) of the package 500, thatyyill be formed
following singulation is represented by an arrow 1102. The arrow 1100 is longer than the arrow 1102,

showing that theupsed opapieznolda s sbanidhstealichehaiiomiel bodyrsie ointrasioackbigeon It will be

understood, gfigoyrseathadseimilar sigenlglatinshipsveliaintprierdicnsioaian @f themeld gap 804 that is
transverse to that shown in FIG. 11, and that the respective predetermined package body sizes of the

several packSESE W8y BEH& same or different, as needed or desired. It will be appreciated that the mold
cap 804 is thus "overdizehgattordin§Iphy3iaatraiufpehvandsoratedtiofidanthel postioold ofjihiedeadframe 802
immediately qutside the dimansions of the package hody (the.arrow.1102). This facilitates direct
singulation by1 s%%/f/ihog, such as %ﬁe saw (516%2% ca’n?g{é s%\gn‘(,” %nelgg%%o%vgné the mltl)jlcﬁ gap 804 are

positioned tofeaw ehrddeash 1382mantdedpheBanat the viddel bEQRasaekageclsouyiftimarrewolded?). A similar
cut is made qRth@ORPBTIESIAGdasVIBRE A - Uundersiaost @i rrerresPgReing.cils srginade on the

transverse front and rear sides of the mold cap 804 at a spacing appropriate to the pac,kaé;e body size

along that diff&HEN Fhilsiaginasogniatisadle Risbast o the Bigitteembiicar gihzafdane
leadframe 80vsiihe bedyikize ghithe Bn29aMarckh20Ow Siogulateid paakagefdOdibis thenrthaly of the arrow

1102 in the dgmeﬁgi[g)nn i[ltllléstr edeiTO('):d(t:’r eArsno sc%riq% a similar result is obtained for the dimension in

.1
the transverse (or crc%ssyvpsaec direction. ﬂ%]%lelrrmg_ now 10 FIG. 12, therein is shown, somewhat
figuratively, a mold Reisrtipemosiritil&FGo thetlinisia saph80d. shiowmhipt Frcrativelliur Rpkhepad IBRegral sawing

guide in the form.etd iﬁﬁ%ﬁ&@@a’g@@%@&ﬁ%ﬁ%.-mﬁ HidgesicA2aiiedaisrdalemanisdhat are molded

into the top of the mold cap 1200 along the sides thereof to define corresponding saw blade positions for
the sawing sifigURibA et paeia gy Tt . of e iagd<aR 4308 re AiidRU o Mp SSto P G ANAYE, guide, and

assist the sawn@@f)] amiluspatednfarundee@ecusiatelysistance improvements similar to that afforded
by the ridges 1202 (FIG. 12).

Referring now to FIG. 14, therein is shown a flow chart of a method 1400 for
fabricating semiconductor packages in accordance with the present invention. The method
1400 includes providing a leadframe for packages that are to be singulated with respective
predetermined package body sizes, in a block 1402; forming individual mold caps on the
leadframe with mold cap dimensions that are larger than the respective predetermined
package body sizes, in a block 1404; and sawing the mold caps and leadframe to singulate
packages therefrom and reduce the dimensions of the mold caps to the respective
predetermined package body sizes, in a block 1406.

With reference to the drawing FIGs., the manufacturing method for fabricating the
semiconductor packages 1000 is performed as follows:

1. The mold caps 804 are formed on the array leadframe 802, the mold caps 804
being noticeably larger in their lateral dimensions than the sizes of the individual
leadframe bodies over which the mold caps 804 are formed, and larger than the
body size of the package 1000 that will be singulated therefrom. (FIGs. 8 and 11)

2. The packages 1000 are then singulated from the leadframe and mold cap array 800
by sawing singulation, reducing the dimensions of the mold caps to the respective

singulated package body sizes. (FIGs. 8-11)



singulating the package 1000 from the mold cap 1200. Referring now to FIG. 13, therein is shown,
somewhat figuratively, a mold cap 1300 similar to the mold cap 804 shown in FIG. 11, but provided with
an integral sawing guide in the form of slots 1302 at the sides of the mold cap 1300. As shown, the slots
1302 afford integral mold cap sawing guide process and assistance improvemenpésygiiaitg that afforded
by the ridges 1202 (FIG. 12). Referring now to FIG. 14, therein is shown a flow chart of a method 1400 for
fabricating semiconHRRidR3hatRAEES ih HceertaMsawWavNPRS priigb riniperéiticns kTusetabisaalitt400 includes

providing a lgagHfy ﬂi@%cf@in@%‘ék%%ﬁé?%a@f%ﬁ% @&ﬁm&&#%@miﬁa‘rﬁﬁ%&tmam @ﬁgﬁ%{mmed package
body sizes, in a block 1402; forming individual mold caﬁgon the leadframe with mold cap dimensions

that are larger than tHE r&SIEARRE Freauesshitidh s Relde dahrsaing e HBLE LAGACkIsE sawing the
mold caps anadeadfianye toilsingutade packages trerefy anadidd edticeikecdimensions fofilvd mold caps
to the respecltiv§

1 P&Jﬁdaeé(? %@J%Sfig%g&%av%ﬁa%%dé’oiég%,iE‘aaa*BQ?g?l‘éslﬁg(? leVéE'{‘oﬁﬁfe%agvgﬁ%%Qth% rawing

FIGs., the manufacturing method for fabricating the sem con‘u'cfor packages 1 is perforied as
follows: 1. Thdimsriieapiegapeaiea¢bethéddnme HFAxiamifrahie BOonRs ArskiseapEsBRtdnding

noticeably larggy inthalilatarahdimensionsdthandhaizes ot the Individial clsagiiame hediggover which

the mold caps. 804 are formed, and larger.than the body size of the package 1000 that will be singulated
therefrom. (FIEECWSR i 19518 AL SRR L1006 E% en singulated from the leadframe and mold cap
array 800 by sawingmsithgtilatiantagedivaing the tlimensiotscodithensold capskoléhéfrespeatiie singulated
package bodygizes- (513, &:14L0 B Maren 2907 de dnglsipusiure s apecanopical, gpmpact, high
integrity package that benefits from the a vanPages of array leadframe Yormation and the adevantages of
saw singulatibictiphaktyiviale pesbhigiscssradekreacthiéemethod for fabricating semiconductor packages,

and the arrays utilizgdinihefakrcatiop hereolnars@sainode thenresalnyeRlicRpIHMSHMpPortant and
heretofore unavailable solutions, capabilities, and functional advantages. By eliminating the

tape-attacheQIEYIHANPEDELSEGIAIRL: it is no longer necessary to contend
By sawing rather then punching, the present invention additionally avoids the need for

customized punches, punch dies, and strippers to match the particular dimensions of
individual package body sizes.

Another advantage is the better mold cap formation that is made possible by forming
the mold caps in pocket molds. Pocket molding of the mold caps affords better control of the
mold flow (for example, turbulent flow prevention) in the mold cavities. This reduces
voiding risks that can occur with block molding on a tape-attached leadframe.

A still further advantage is the prevention of mold voids caused by air pockets. Such
voids can be prevented, for example, by raised mold cap features such as the integral ridges
1202 (FIG. 12) that form the sawing guides. Such air pockets, when present, are captured in
the raised ridges, thereby removing the air-pocket mold voids from the mold caps themselves.

Most notably, the present invention combines the functional and process advantages
of punch singulation processes and saw singulation processes while avoiding the
disadvantages thereof.

The resulting processes and configurations are straightforward, economical,
uncomplicated, highly versatile and effective, use conventional technologies, and are thus
readily suited for manufacturing semiconductor packages in the widest of varieties,
dimensions, and configurations.

While the invention has been described in conjunction with a specific best mode, it is

to be understood that many alternatives, modifications, and variations will be apparent to
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with outgassing, with warpage from differences in thermal expansion coefficients, and with difficulties in
testing and identifying package rejects. Another advantage is that the full transverse dimensions of each
leadframe can be utilized, with no excess portion disposed outside the mold cap. This confers greater
functionality while enabling smaller package sizes. Still another advantage is the)el\nipatigpof the
singulation-generated debris that can occur with punch singulation. By sawing rather then punching, the
present inverifiois akiditibiaile avioiedighe tdbel Ftreenis® AnsaEd R chEsdingh didsimededrippers to
match the paghigae dimeasigrsiafividividliat Raskage RadYRkesnRRoINET BN aags isiebetter mold
cap formation that is made possible by forming the mold caps in pocket molds. Pocket molding of the

mold caps aftBFEEERIBSntIl Sraties rﬂ’é‘i’&rfﬂf\%e(ff)‘?tef%%ﬁf‘ée%r‘HLﬂBﬁ‘f’ﬁdW %Fe%?fﬂﬂ?ﬂh”ﬁme mold
cavities. Thisdiadigasary obdiadnreske: tkbincaniibectaiva timb loak limdldingeose a tape-attached leadframe. A
still further advantage is the prevention of mold voids caused by air pockets. Such voids can be
prevented, for example, by raised mold cap features such as the integral ridges 1202 (FIG. 12) that form
the sawing guides. Such air pockets, when present, are captured in the raised ridges, thereby removing
the air-pocket mold voids from the mold caps themselves. Most notably, the present invention combines
the functional and process advantages of punch singulation processes and saw singulation processes
while avoiding the disadvantages thereof. The resulting processes and configurations are
straightforward, economical, uncomplicated, highly versatile and effective, use conventional
technologies, and are thus readily suited for manufacturing semiconductor packages in the widest of
varieties, dimensions, and configurations. While the invention has been described in conjunction with a
specific best mode, it is to be understood that many alternatives, modifications, and variations will be
apparent to 10 29 March 2007 those skilled in the art in light of the aforegoing description. Accordingly, it
is intended to embrace all such alternatives, modifications, and variations which fall within the scope of
the
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included claims. All matters hithertofore set forth herein or shown in the accompanying drawings are to
be interpreted in an illustrative and non-limiting sense. 11 29 March 2007 THE INVENTION CLAIMED IS:
1. A method for fabricating semiconductor packages, comprising: providing a leadframe for packages that
are to be singulated with respective predetermined package body sizes; formingéndividpadgnold caps on
the leadframe with mold cap dimensions that are larger than the respective predetermined package body
sizes; and saWitigltheEN I RepsHMERddframe to singulate packages therefrom and reduce the

dimensions of the mold caps to the respective predetermined package body sizes. 2. The method of
claim 1 wherein proViding %%H?PZ?%@%H& ;T‘Bngﬁﬁui%%(\iﬁlﬁﬁPélp gﬁﬂa?aeéga%’&%}éﬁ%n further comprise
providing a leadframer@dohgormieglinaieidisal packdeapshathereon Havingspacingstblosspdagether than the

spacings of leadframes a'b%ﬁé?éﬂmﬁﬁ‘&?ﬂ%k@g&@&@ss??&di”9 punch singulation leadframe. 3. The method
of claim 1: further comprising forming integral sawing guides on the mold caps; and wherein sawing the

mold caps and leadfP&rigefiftharednipid carsavirbetiadfiomccaps aald erufigieesiviththasate blade and
utilizing the integral sawing,@uides iheassist e sauébiatt. dpaltReswipd R chaim 3 wherein forming the

integral sawing guides further comprises forming raised ridges on the mold caps. 5. The method of claim
3 wherci forming (RN STMHE gL LTINS, OIS TOHH A SIS 1 FOIG ciBe. 6. The
method of claim 1 whereinliioemingsindithduablh el capshondfrecteadiradoefuitied rpaokapeisedyforming mold

caps by pocket molding. 7,; The method of claim 1 wherein sawing the mold caps and leadframe to
singulate packages therefrom further comprises sawing a tape free leadframe to singulate the packages.

2. The method of claim 1 wherein providing a leadframe and forming individual
mold caps thereon further comprise providing a leadframe and forming individual mold caps
thereon having spacings closer together than the spacings of leadframes and mold caps for a

corresponding punch singulation leadframe.

3. The method of claim 1:

further comprising forming integral sawing guides on the mold caps; and

wherein sawing the mold caps and leadframe further comprises sawing the mold caps
and leadframe with a saw blade and utilizing the integral sawing guides to

assist the saw blade.

4. The method of claim 3 wherein forming the integral sawing guides further

comprises forming raised ridges on the mold caps.

5. The method of claim 3 wherein forming the integral sawing guides further

comprises forming slots in the mold caps.

6. The method of claim 1 wherein forming individual mold caps on the

leadframe further comprises forming mold caps by pocket molding.

7. The method of claim 1 wherein sawing the mold caps and leadframe to
singulate packages therefrom further comprises sawing a tape free leadframe to singulate the

packages.

8. A method for fabricating semiconductor packages, comprising:
providing an array leadframe for packages that are to be singulated with respective

predetermined package body sizes;
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8. A method for fabricating semiconductor packages, comprising: providing an array leadframe for
packages that are to be singulated with respective predetermined package body sizes; 12 29 March
2007 forming individual mold caps on the array leadframe by pocket molding the mold caps with mold
cap lateral dimensions that are larger than the respective predetermined package kpehsSiges; and
sawing the mold caps and array leadframe to singulate packages therefrom and reduce the lateral

dimensions of the nelgiegpadyidalraxpecive predetarisinesipaekdyerpeidy sigkking thehmgkkbthod of

claim 8 wherein providing apsaway leaffraspeandifaimingondividual meld.cans aR-thespitaydeadframe
further comprise providing an array leadframe and forming individual mold caps thereon having spacings

closer together than the sPEEHGE GFRH AR YR Riotitaps for a corresponding punch singulation
leadframe array. 10sahheznhetiotl ofyedaind Sriyidadfreomprisinglios miokp getacad fsawing gudades on the

mold caps; and wherein sgwing the mold caps quarraxll adframe further comprises sawing the mold
caps and array leadframe With a ?anBngn elOaIS‘l(f;ﬁtl |§ir?gl; tfi}cn{)tseg(r)af sea\f\ﬁr{)ge Céﬁ?ﬁ‘és? totgaglsllléet the saw
blade. 11. The method of piak#ee Okéetein forming the integral sawing guides further comprises forming

raised ridges on the mold caps. 12. The method of claim 10 wherein formir;g the irgsgral sawing guides
further comprises férming' 8RS IR S ¥ e A REH U ot YIS i S SSREthe mold
caps and arraydieaifiamed@apingutateapagkagsinefefiamcdurihee qgoovidisg susawindeadapadree
leadirame to asrllg%llr%tleng}gdlgla(ﬁllé?%ﬁd ]é:agps thereon having spacings closer together than the spacings

of leadframes and mold caps for a corresponding punch singulation leadframe array.

10. The method of claim 8:

further comprising forming integral sawing guides on the mold caps; and

wherein sawing the mold caps and array leadframe further comprises sawing the mold
caps and array leadframe with a saw blade and utilizing the integral sawing

guides to assist the saw blade.

11. The method of claim 10 wherein forming the integral sawing guides further

comprises forming raised ridges on the mold caps.

12. The method of claim 10 wherein forming the integral sawing guides further

comprises forming slots in the mold caps.

13. The method of claim 8 wherein sawing the mold caps and array leadframe to
singulate packages therefrom further comprises sawing a tape free leadframe to singulate the

packages.
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