INTEGRATED CIRCUIT PACKAGE SYSTEM WITH LEADS SEPARATED FROM A DIE PADDLE
FIELD OF THE INVENTION The present invention relates generally to integrated circuit packages
having leadframes, and more particularly to leadframes having multiple rows of leads. BACKGROUND
ART Modern consumer electronics, such as cellular phones, digital cameras, and music players,
are packing more integrated circuits into an ever-shrinking physical space with expectations for
decreasing cost. Numerous technologies have been developed to meet these requirements. Some of
the research and development strategies focus on new package technologies while others focus on
improving the existing and INTRGRATKRNEIRCHID|PAEK AGIS SAISTEMAIAIopment in the existing
package technologies may take a myriad of different directions. Consumer electronics
requirements demand more intédrARYIIHRARA IHAWERQYF A EiFARIPaEKage while paradoxically
providing less physical space in the system for the increased integrated circuits content. Continuous
cost reduction is another requirement. Some technologies primarily focus on integrating more
functions into each integrated circuit. Other technologies focus on stacking these integrated circuits
into a single package. While these approaches provide more functions within an integrated circuit, they
do not fully address the requirements 5 %E\%Vrﬁgmp%ace, and cost reduction. One
proven way to reduce cost is to .use mature package technalogies with existing manyfacturing
ethodls and equipmSE P CTATy ke A A oS B S oA Hes ot
typically resuleidftaere duttion ok prokatye disndinzimhapsghainptoieawe ¢fdivadit content increases in a
package, the input and output density increases. The input and output density increase also creates
challenges for the printed circuit board. The design of the printed circuit board increases in complexity
and congestion resulting from the increas® KGKRERIPUNBMRAUtput density of the package. Thus, a
need still remains for higher lead densities. In view of the ever-increasing commercial competitive
pressures, along witH (GG EoIs GRErBipestakioh s AN ME Aiehi digHM g ORpPdHtaRttidEsier meaningful
product differgpyiationdnptheimatketpiacertbis Griigal ithatanswessrbeifRupd ipathgse praklems.
Additionally, the fieed L0 reduce costs, Improve sfficiendies and perlormanes, and mest competive
pressures, add&an even greater urgency {6 the Critical’n essity orlﬁndlng ANSWers to these
problems. regohations téehesef plobiesrs dhaved ndsynltong Eotigintdbhist fioy devedwppadaigshave not
taught or suggasted AVWIRILHARS 25 b seliiions RithasarpRISRsLRYR lenmabsed those

skilled in the art. ) o ) .
Research and development in the existing package technologies may take a myriad of

different directions.

Consumer electronics requirements demand more integrated circuits in an integrated
circuit package while paradoxically providing less physical space in the system for the
increased integrated circuits content. Continuous cost reduction is another requirement.
Some technologies primarily focus on integrating more functions into each integrated
circuit. Other technologies focus on stacking these integrated circuits into a single package.
While these approaches provide more functions within an integrated circuit, they do not
fully address the requirements for lower height, smaller space, and cost reduction.

One proven way to reduce cost is to use mature package technologies with existing
manufacturing methods and equipments. Paradoxically, the reuse of existing manufacturing
processes does not typically result in the reduction of package dimensions. As the integrated
circuit content increases in a package, the input and output density increases. The input and
output density increase also creates challenges for the printed circuit board. The design of
the printed circuit board increases in complexity and congestion resulting from the increase
in the input and output density of the package.

Thus, a need still remains for higher lead densities. In view of the ever-increasing



DISCLOSURE OF THE INVENTION The present invention provides an integrated circuit package
system comprising forming a leadframe having a frame and a die paddle having leads thereon. The
leads are held with respect to the die paddle. The leads are separated from the die paddle, and a die
is attached to the die paddle. Bond wires are bonded between the leads and the die. The die and bond
wires are encapsulated. The leadframe is singulated to separate the frame and the die paddle.

Certain embodiments of the invention have other aspects in addition to or in place of those mentioned
above. The aSPRBFECHHI BERTHTE A iPer¥ttoABS & 4Kil G 1 th E SRS heAPRE PR GPthéfollowing
detailed desctipiigishwberppakeiitiwitioieferanceid thaatchmpainying diahingskBipitcE RESCRIPTION

OF THE DRAWINGS.; .ndilGs 33100y EW T3 igadirame,n an intermediate siage of manufacturing
in accordance with an embodiment of the present invention; FIG.2'is a bottom view of the structure
of FIG. 1 afteimpinietafffeipneipalpraesosmane, anid paeer 63RRSEENS Raf I of theneaeifipdeEshown in

FIG. 2 taken glgn@,linard-cAwhFieity foffittlidignheion wiew sisyeivse of FIG. 3 after pre-molding
with a pre-molding csoorplaound' IG. 5 iaethe bott%njclr}/iew stru%l.ge of FIG. 4 after pr -molding; FIG. 6

Ave St BN SIS e §88 view

is a cross-sectional View OFtife Teadifama taken affongoﬂ%éogg
structure of RiGght arfterggeyted atignafiticespaddibuke adk: fiom tthé e ppeld dies, FIG . 18nis dhidddottom view
structure of FlG../s@fiel sepatation of the paddle leads; FIG. 9 is a cross-sectional view of the
leadframe taken along line 9--9 of FIG. 8; FIG. 10 is the top view structure of FIG. 7 after die-attach
and wire bonding; FIG. 11 is a bottom view of the structure of FIG. 10; FIG. 12 is a cross-sectional

view of the structure of FIG. 11 alor]ﬁiiﬁﬁds’){]ﬂ@(% lﬁ% ﬂ\I]\}ENTION

The present invention provides an integrated circuit package system comprising
forming a leadframe having a frame and a die paddle having leads thereon. The leads are
held with respect to the die paddle. The leads are separated from the die paddle, and a die is
attached to the die paddle. Bond wires are bonded between the leads and the die. The die
and bond wires are encapsulated. The leadframe is singulated to separate the frame and the
die paddle.

Certain embodiments of the invention have other aspects in addition to or in place
of those mentioned above. The aspects 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 is a top view of a leadframe in an intermediate stage of manufacturing in
accordance with an embodiment of the present invention;

FIG. 2 is a bottom view of the structure of FIG. 1 after a metal removal process;

FIG. 3 is a cross-sectional view of the leadframe shown in FIG. 2 taken along line
3--3 of FIG. 2;

FIG. 4 is the top view structure of FIG. 3 after pre-molding with a pre-molding
compound;

FIG. 5 is the bottom view structure of FIG. 4 after pre-molding;

FIG. 6 is a cross-sectional view of the leadframe taken along line 6--6 of FIG. 5;

FIG. 7 is the top view structure of FIG. 4 after separation of the paddle leads from
the die paddle;



FIG. 13 is the structure of FIG. 12 after encapsulation of the die and the wire bonds in an encapsulant,
and singulation; FIG. 14 is a top view of a leadframe in an intermediate stage of manufacturing in
accordance with another embodiment of the present invention; FIG. 15 is a bottom view of the
leadframe of FIG. 14 after a metal removal process; FIG. 16 is a cross-sectional view of the structure
of FIG. 15 taken along line 16--16 of FIG. 15; FIG. 17 is the top view structure of FIG. 14 after
separation of the paddle leads from the die paddle; FIG. 18 is the bottom view structure of FIG. 17;

FIG. 19A is a cross-SEttfo A/haiost ey igaemrtd B Gries seestigisidhsadiileatsn of FIG. 18 in

accordance with an EGbdinestsaktheraresentinvertomuhtGakid B isgiacosHsections| view similar to

FIG. 19A in accord Wit an alternate embod}?@gof the,present invention: EIG. 20 is the top view
structure of FIG. 17 after dfé-ta%tg) Vgrvlvdsv{/lfrceu on ing; in%erf{% iS the bottom view Structure of FIG. 20
with the coverlay tap&FIGs 22atign veys- dectipisairviev 6t tHs structure of FIG. 21 taken along line

22A- -22A of FIG. 2f1tn. gocerdanse wiliban ermbodiment@fiiRe Rrerentiny&tions 12--12 of

FIG. 11;

FIG. 13 is the structure of FIG. 12 after encapsulation of the die and the wire bonds
in an encapsulant, and singulation;

FIG. 14 is a top view of a leadframe in an intermediate stage of manufacturing in
accordance with another embodiment of the present invention;

FIG. 15 is a bottom view of the leadframe of FIG. 14 after a metal removal process;

FIG. 16 is a cross-sectional view of the structure of FIG. 15 taken along line 16--16
of FIG. 15;

FIG. 17 is the top view structure of FIG. 14 after separation of the paddle leads from
the die paddle;

FIG. 18 is the bottom view structure of FIG. 17;

FIG. 19A is a cross-sectional view of the leadframe of FIG. 18 taken along line
19A--19A of FIG. 18 in accordance with an embodiment of the present invention;

FIG. 19B is a cross-sectional view similar to FIG. 19A in accordance with an
alternate embodiment of the present invention;

FIG. 20 is the top view structure of FIG. 17 after die-attach and wire bonding;

FIG. 21 is the bottom view structure of FIG. 20 with the coverlay tape;

FIG. 22A is a cross-sectional view of the structure of FIG. 21 taken along line 22A-
-22A of FIG. 21 in accordance with an embodiment of the present invention;

FIG. 22B is a cross-sectional view similar to FIG. 22A in accordance with an
alternate embodiment of the present invention;

FIG. 23 is the structure of FIG. 21 after encapsulation of the die and the bond wires
in an encapsulant;

FIG. 24 is a bottom view of the integrated circuit package system of FIG. 23;

FIG. 25 is a cross-sectional view of the structure of FIG. 24 along line 25--25;

FIG. 26 is a cross-sectional view of the structure of FIG. 24 along line 26--26; and

FIG. 27 is a flow chart of an integrated circuit package system for manufacturing

the integrated circuit package system in an embodiment of the present invention.



FIG. 22B is a cross-sectional view similar to FIG. 22A in accordance with an alternate embodiment of
the present invention; FIG. 23 is the structure of FIG. 21 after encapsulation of the die and the
bond wires in an encapsulant; FIG. 24 is a bottom view of the integrated circuit package system of
FIG. 23; FIG. 25 is a cross-sectional view of the structure of FIG. 24 along line 25--25; FIG. 26 is a
cross-sectional view of the structure of FIG. 24 along line 26--26; and FIG. 27 is a flow chart of an
integrated circuit package system for manufacturin&ﬁthe integrated circuit package system in an

embodiment of the present iERSEDESARED PESER N MOPEE BEST MODES The

following embodiments are described.in sufficient detail to epable those skilled in the art to make and
s the vention. 1t R0 U ST A Ot SR LS T BB R Bl O the
present disclostre agnd thaktesysierse hrooesstion. miéchénivalelirasiges i ther mablediwithtut departing
from the scopg,@fithe Rigsgrilavesion -prescHf dneiiRllewing gescTRtirN, BN RURSRaRIIE details are
given to provide a thorough understanding of the invention. However, it will be apparent that the

invention ma§BRE5 AR EIRIHR P HNE dePep g BRSiRSORg BF G SULRY BB Uring the present
inver_1tion, some WelIrkﬁwﬁolqu&deMOMigmaxicspxiﬁmdiﬂmicsems sieps qrep_moidﬁsclo_sed in
detail.  Likgwises e.draings §P%‘é"ﬂ%%ﬂ&?dﬁﬂ%@%%@ht%lsyét%@%ﬁ% geMkdiagraramatic and not

to scale and, particularly, some of the dimensions are for the clarity of presentation and are shown
greatly exagdetateanrrtHecdraitiny thess. sgimiianytatithdighide Vit intiedtaiingsisilease of
description gafvendby, show simlilanerieniadions sihisntepigii@minike MGardsarBitanafomiie most part.
Generally, thaigrcﬁ\éggéi%n %%ﬂ be operated in any orientation. Similarly, although the sectional views in
the drawings for ease of description show the exit ends of orifices as oriented downward, this
arrangement in the Figg/iss. stbidranynandhienies pmbpdisdns eliggesttennuthedetliagrypatishould

necessarily b&&h@t@&%ﬁl@%@,q}ﬁﬁf&@ﬂlﬁ% aliyhd g Haviae ﬁfﬂ&&&&@z{ﬁ{?@fi Br@d’é)dt@t’il%ﬂtaﬂon- In
addition, where muItigIe embodiments are disclozf:d and %scrg)eck h&vi S?éﬁe features in common,
Shstol thete

for clarity and"Sh¥E STINTSHSHOh SRSSEFHOR. BS ¢ RSMS Bl Ens nEAICAHE I features
one to anothdrewlilhengin&nlyabeod dserilpadnvgithelidéy rferenudananeeralsns, thiF-depestposiahy purposes,
the term "horjzeqtal’ as3pd RETRID fﬁqgﬁPﬁl_%d [ ARNERARAIEH N g PRNG AL UACE Pf the
semiconductor die, regardless of its orientation. The term "vertical" refers to a direction perpendicular
to the horizorA4 RISt JEHHER: FEneh praionahyigds mBndavipsttimeastah osiidonhs in
"sidewall"), "Righerthe"louesids ugpetficavar orametdudderiaie Wnfined aiilkkre speat dheikorizontal
plane. The tefi 0" MESISINALIRGLE & el GRNRR! 801009 BIGMSNIRCLJIALARE glapent is integral
with another at least uring part of the man acturing process. %e term "system" means the method
and the appafaniyvarkdissreseftipeahtiohcade vin b dpparettdromnacitekitivhe et tibcessing” as
used herein iRglidanBIRNQING IRV ArPEHEHREIGNEXRASIHE KisviRiapMmeRhiaichingeslganing, and/or
removal of mfater{al.or Iager ”"?d’ﬁ\;[‘s% as required in forming a describe strlflctur . Th }ﬁ(rm "system"
efin

as used herein refers {6 andis e 3% e ethy %n(é)agrﬁgnasfﬁﬁa{rg us of the rparrésenff invention in

accordance Jititutheaseieeaother will ordinarily be described with like reference numerals.
For expository purposes, the term “horizontal” as used herein is defined as a plane
parallel to the plane or surface of the semiconductor die, regardless of its orientation. The

term “‘vertical” refers to a direction perpendicular to the horizontal as just defined. Terms,

LR I3 9

such as “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,

99 ¢

“upper”,

“on” means that there is direct contact among elements or that one element is integral with

over”, and “under”, are defined with respect to the horizontal plane. The term

another at least during part of the manufacturing process. The term “system” means the
method and the apparatus of the present invention as will be apparent from context. The
term “processing” as used herein includes stamping, forging, patterning, exposure,
development, etching, cleaning, and/or removal of material or laser trimming as required in
forming a described structure. The term “system” as used herein refers to and is defined as

the method and as the apparatus of the present invention in accordance with the context in
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which the term is used. Referring now to FIG. 1, therein is shown a top view of a leadframe 100 in
an intermediate stage of manufacturing in accordance with an embodiment of the present invention.
The leadframe 100 includes a frame 102 surrounding a die paddle 104 and supporting the die paddle
104 with tie bars 106. The frame 102 has frame leads 108 which include inner frame leads 110
and outer frame leads 112. The leads are designated as being inner and outer frame leads with
respect to the distance from the die paddle 104, with the inner frame leads 110 proximate to the die
paddle 104 aBitAEEIRER fpalttd-leads 112 distal from the die paddle 104. The die paddle 104
includes paddle leagzftihinabwdingrrhmar, padele lescdsyvh 1o apdieuter padsiedeadrdiB.ahhe leads are

designated alsﬁggin nne andg;uter @aacgdle leads Wit@ resr%gi% o the doig,ltr%QI%eof{qg%the die paddle 104,

t
with the inner pa(rzlrl e tgas $H11¢ &ao%lma%gl% tﬁeaélcé)rp%rggle 4and’ ]ﬁwe outer pa & Teads 118 distal

from the die pag8I®1.04.  Referring now to FIG. 2, therein is shown a bottom view of the structure of

FIG. 1 after a metal Tegnpvalinecass. horbgttom-ghiheoteadirameiddQ has baenesupieghdo a metal
removal process at.gorgié)gése 20 an 420.4 WhLCh 3 removed portions of the inner frame leads 110 to
ortihg t gra] le i ? .

leave inner framie r|oaés por orvlvétftl){;%ear(%u er paddle leads 118 to leave outer paddle pads 208.

Referring now to FIGhS iherdiiRibasHovwn Batoselseotibnallvievinoéiterieddidarhe) 200 shiown in FIG. 2
taken along ling 33 &f AKSTR. Eh& M@ IEMmYal RRCERH AL RALRRS2AR Ads3Athcaphe performed

by a half-etch process, which etches the inner frame leads 110 and the outer paddle leads 118 etched
half way (or ARV 4RSS ARrBAE HiFRIgHI La1sdth P p RS HE RS G op o BYE A8 fh5HiE 100 can be

pre-plated ormkatedm thibtstepter fraReﬂeadngm(oﬁutMJdeﬁ_i 1, dhqmidl@slﬁhpwn the top view structure of
FIG. 3 after pre-molghng; A prarm@ding cRmpoinA 430 { h'h‘siﬁaﬁl&ﬂgfﬂ&ﬂas&%éikelég&df 3Ny 100

Referring now to FIG. 5, therein is shown the bottom view structure of FIG. 4 after pre-molding. FIG. 5
shows the preufiordfde deitpblindlaotring reirmagtamieiteonnsn eadeusendditdrde MHe die paddle
104, the outereffroreol@RdEs s theninnRenppddle 1eadsihlbe the-ipaedibrame prosdGhaneg outer paddle
pads 208 exppsed. Th -mojding compoynd ¢ n epoxy. or other material similar to that used
asa packagg%ngé% %%%?1{64 an{fg grlﬁ%r %goé\}\? %ﬁg%ﬁ%ﬁﬁ?ﬁ%ﬁ%‘wﬁ%@ gréss‘ts'-sectional view of the
leadframe 100 takeRefisrigdineeio 16 RIChesiT eskopos detnonakviehtkhews thartHd(pré-molding

after a metal removal process. The bottom of the leadframe 100 has been subject to a metal
removal process at portions 200 and 204, which has removed portions of the inner frame
leads 110 to leave inner frame pads 206 and portions of the outer paddle leads 118 to leave
outer paddle pads 208.

Referring now to FIG. 3, therein is shown a cross-sectional view of the leadframe
100 shown in FIG. 2 taken along line 3--3 of FIG. 2. The metal removal process at portions
200 and 204 can be performed by a half-etch process, which etches the inner frame leads
110 and the outer paddle leads 118 etched half way (or any fraction thereof) through in
selected portions.

As an option, the leadframe 100 can be pre-plated or plated at this step.

Referring now to FIG. 4, therein is shown the top view structure of FIG. 3 after pre-
molding. A pre-molding compound 400 fills the openings in the leadframe 100.

Referring now to FIG. 5, therein is shown the bottom view structure of FIG. 4 after
pre-molding. FIG. 5 shows the pre-molding compound 400 filling the leadframe 100 to
leave the frame 102, the die paddle 104, the outer frame leads 112, the inner paddle leads
116, the inner frame pads 206 and outer paddle pads 208 exposed. The pre-molding
compound can be an epoxy or other material similar to that used as a package encapsulant.

Referring now to FIG. 6, therein is shown a cross-sectional view of the leadframe

100 taken along line 6--6 of FIG. 5. The cross-sectional view shows that the pre-molding
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causes the pre-molding compound 400 to fill only the empty areas of the leadframe 100, which leaves
a top surface 600 and a bottom surface 602 exposed. The metal removal processed portions 200 and
204 are also filled with the pre-molding compound 400. Referring now to FIG. 7, therein is shown
the top view structure of FIG. 4 after separation of the paddle leads 114 from the die paddle 104. The
separation of the paddle leads 114 opens spaces 700, 702, 704, and 706 between the paddle leads
114 and the die paddle 104. The open spaces 700, 702, 704, and 706 can be made by punching,
etching, watefstabiastsrneidag Eﬂt‘tﬁf@m@t@%&féké‘é&y @ﬁcﬂﬁnﬁt}()é@é‘é e deadiingiadtBistic surface
finish and sham&mpmawtf&qedaﬁﬂueanahecdteu@&dﬁhletﬁ%eaa@tth@m&er paddietpadsnd@8 and inner
paddle pads 800, oldj g ds the ddle leads Lin place relative to
the die paddlgroccﬁS ? Ogls?pégnaré%%%gs g Eﬂ E an%re?gl négrhoén Ourl(Héefemng now to FIG.
8, therein is shown th@ﬂé’@%ﬁ?Wi@v@ﬁu&td?@rémpﬁh?“ﬁﬂ@eéébdtaﬁo%f%ﬁttﬁ‘éfﬁdﬂ@e"lé‘é@é 114. The

separation ofsthe-pagdie ieagsidit4aasentialynlepyas tp@atmm@adﬁé%égﬁdﬁom& a® thedener paddle

pads 800. Thus tt]hee rows of pa re for rd from the ‘ﬁlferrlng now to
FIG. 9, therer:ln IS'S 1oV A crot s(%sfé%c ?r(t)él \ilBe%vo |8%f %I}ngel ong A9--I5lolf . 8. The

open spacespr02lahieit706 (and open spaces 704 and 708) extend entirely through the leadframe 100.

Referring now to Flgydg,dhefaindsahons the shucise af 5d Gndeafiesdigiatiachhaad wiig bonding. A
die 1000 is die-attached to the die addle 104 usmgaa die-attach adhesive. The die 1000 has bonding

pads 1002 oﬁefﬁgrfét&’th@ﬁébf‘ﬁ%ﬁb%}ﬁd’t&)ﬁ%%eio8& R ARSI S BAG TRE 6 ARG I aE 1002 and
the outer framellgags 42, sthéaénhervicambeptielgaddiB, litveaodithe paddie dikdsa208)mnd thecinner paddle
pads 800. R g&ﬁg% DRWkp FIG. 11, therein is shown a bottom view of the structure of FIG. 10.

Referring now to FIG. 12, therein is shown a cross-sectional view of the structure of FIG. 11 along line
12--12 of FIG. 11. Thmfewm@%ww@r@ 48 heldrdhs radfiedradh bttt plare SHENS 1 Dafter

encapsulatiogiebtiaeldi®L0Q8 aedibespard el 0 isnarr@gapsidail 1300, and singulation. The
encapsulant 1300 f% fthe S%r?‘oc\g 7&%6@%&%@ Th %Vtrl.{ﬁtul;et%Q&svheevvegtr%lcr%%tglaﬁttg%ftﬁwsgwm laser

cutting, water jet abrasion unching, etc. to cu & frame and a porti e encapsulant
1300 to form Wrmt@@péﬁé@j md@@ﬂq@d@ﬂé@eﬂmﬁanon of the paddle leads 114 essentially leaves

the inner paddle leads 116 as the inner paddle pads 800. Thus, three rows of pads are
formed outward from the die paddle 104.

Referring now to FIG. 9, therein is shown a cross-sectional view of the leadframe
100 along line 9--9 of FIG. 8. The open spaces 702 and 706 (and open spaces 704 and 708)
extend entirely through the leadframe 100.

Referring now to FIG. 10, therein is shown the structure of FIG. 7 after die-attach
and wire bonding. A die 1000 is die-attached to the die paddle 104 using a die-attach
adhesive. The die 1000 has bonding pads 1002 on the top thereof and bond wires 1004 are
attached among the bonding pads 1002 and the outer frame leads 112, the inner frame pads
206, the outer paddle pads 208, and the inner paddle pads 800.

Referring now to FIG. 11, therein is shown a bottom view of the structure of FIG.
10.

Referring now to FIG. 12, therein is shown a cross-sectional view of the structure of
FIG. 11 along line 12--12 of FIG. 11.

Referring now to FIG. 13, therein is shown the structure of FIG. 12 after
encapsulation of the die 1000 and the bond wires 1004 in an encapsulant 1300, and
singulation. The encapsulant 1300 fills the spaces 702 and 706. The structure has been
singulated by sawing, laser cutting, water jet abrasion, punching, etc. to cut off the frame

102 and a portion of the encapsulant 1300 to form the integrated circuit package system
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1302. Referring now to FIG. 14, therein is shown a top view of a leadframe 1400 in an intermediate
stage of manufacturing in accordance with another embodiment of the present invention. The
leadframe 1400 includes a frame 1402 surrounding a die paddle 1404 and supporting the die paddle
1404 with tie bars 1406. The frame 1402 has frame leads 1408 which include inner frame leads
1410 and outer frame leads 1412. The leads are designated as being inner and outer frame leads with
respect to the distance from the die paddle 1404, with the inner frame leads 1410 proximate to the die
paddle 1404 it the outer frame leads 1412 distal from the die paddle 1404. The die paddle 1404
includes paddle leagzft4in ineludirgdénney padidiadercsnl4 i angvaiftengaddieeleacsih4h8. The leads

are designated as b(ﬁgpeq%'snner nd (}J er. addle Iea(gasggithtﬁe%p?t to the. dist n(f(?hferom th§ die paddle

t
h d
1404, with the inner pad [&leads 1416 pr%&fnmeélctfao{o the die pagl fe 1404 and the ou é?sﬁgddle leads

1418 distal fréwetHerdie paddle 1404. The present embodiment has the leadframe 1400 mounted on a

coverlay tape 1420.The RefesrRIINOViRITIGR. 4 FratfereindsshawbisbodRmpadew oitheaigadframe
1400 of FIG. 14 after a mstal ramoyfé é)ro%ess Th Bgttom of the leadframe 1400 has been subject to
(v} € 6‘/ {

supporting the die pa t1 ) . .
a metal remové’lppro sS &t Hjor IONS and 1504, which has removed portions of the inner frame

leads 1410 to leave Thadrafran¢Opdds 806 kads pdfifonsidi ihdwigtampaddiecléads 148td leave outer

paddle pads J508¢The leadiamerhdQois mounierhRa e GRYSIIRY 1AP6.id20me 1cRETEIHING now to
FIG. 16, therein is shown a cross-sectional view of the structure of FIG. 15 taken along the line 16--16

of FIG. 15. THERF MR RelsAarpuB et pBiidad 6oty dhtra 54" o dh B B 4 half-etch
process, which tetclie pddieinhi@t fndnhe teaolsridd Ccatsd 4he dsitefpaddiediepdddld 1®)etched half way (or

any fraction thereof)rirg &Gé%ﬂ‘?&ﬁ%@éﬁﬁé&é%% 99@?&&9@&3%@%%&@9&2%%Pee pre-plated

or plated prior to this step. The leadframe 1400 is mounted on the coverlay tape 1420. Referring

now to FIG. Frdgceriddlsiadnlthe dpvlemdsstitidesiendedasbemeanpsy apparididadstaifedsaddle leads
1414 from theywherpadet eold4listhir separationiofptiaipaddie iaadmd 4dstopeiasapen spages 1700,

102 110 5L IS O A 4B 1 e R AR R o 0
1404.

The present embodiment has the leadframe 1400 mounted on a coverlay tape 1420.

Referring now to FIG. 15, therein is shown a bottom view of the leadframe 1400 of
FIG. 14 after a metal removal process. The bottom of the leadframe 1400 has been subject
to a metal removal process at portions 1500 and 1504, which has removed portions of the
inner frame leads 1410 to leave inner frame pads 1506 and portions of the outer paddle leads
1418 to leave outer paddle pads 1508. The leadframe 1400 is mounted on the coverlay tape
1420.

Referring now to FIG. 16, therein is shown a cross-sectional view of the structure of
FIG. 15 taken along the line 16--16 of FIG. 15. The metal removal process at portions 1500
and 1504 can be performed by a half-etch process, which etches the inner frame leads 1410
and the outer paddle leads 1418 etched half way (or any fraction thereof) through in selected
portions.

As an option, the leadframe 1400 can be pre-plated or plated prior to this step.

The leadframe 1400 is mounted on the coverlay tape 1420.

Referring now to FIG. 17, therein is shown the top view structure of FIG. 14 after
separation of the paddle leads 1414 from the die paddle 1404. The separation of the paddle
leads 1414 opens open spaces 1700, 1702, 1704, and 1706 between the paddle leads 1414
and the die paddle 1404.

Referring now to FIG. 18, therein is shown the bottom view structure of FIG. 17.
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The separation of the paddle leads 1414 essentially leaves the inner leads 1416 as inner paddle pads
1800. Thus, three rows of pads are formed outward from the die paddle 1404. Referring now to
FIG. 19A, therein is shown a cross-sectional view of the leadframe 1400 along line 19A--19A of FIG.
18 in accordance with an embodiment of the present invention. The open spaces 1702 and 1706
extend entirely through the leadframe 1400 and the coverlay tape 1420. Since the open spaces 1702
and 1706 extend through the leadframe 1400 and the coverlay tape 1420, the open spaces 1702 and
1706 may belfirfearyrauinirdeddscsads MtHeRiIRMErPEtabrakiBi, leidericdftiAy ™EE. processes
cetera. Thedarveday fapeTh42 Qhal dovihef paddie: Ieasis dldlit¢rl plageheiadiyalttethendie paddle
1404 after the openspaces 1n70QVO,t%7% 1?%1 ﬁ]nd 1706 Si,lre made, Rgg)%rtiin\genow to,F1G. 198,

a

.. . . CEI& li Qwn a cCross-secti W O
therein is shown a cross-sectional view similar to FIG. 19A in accordance with in an alternate

embodiment srdfemptdd@hrinvediter dfhe WpehBpadd dmFxoordangel 706 Hocekedtiaeriroligis the

leadframe 148Qsbuitineédineh cComey gy tapecdd 2R5inga 1be Qpela shacds thifd2raind L106.de not extend
through the coyerlay tape 1420, etching forms the open spac 70 1706 Referring now to
FIG. 90, ther S0 B SHE R St ol Bt PRES SPo%a8 L1 B A8 R S PR g, A cio
2000 is die-attadhadetd4bieadibtipaddialinopausing, shdiepattaricadiesival ¢ iy 2000 hed bonding

pads 2002 onhelop-shaseohanthiend wires208Adupical) argirttachedhameng.thg bonding pads
2002 and the outer frame leads 1412, the inner frame Pads 1506, the outer paddle pads 1508, and the

inner paddle pads 1880 c°veriBefaphng Hbtd fite Paddienispdin s sHgwirtRd BEEOVIE A Sructure of

FIG. 20 with thédiovédlayftapie: bpR0space REMEXriIMON0W10ariG 722 4¢ thedein is shown a cross-sectional

view of the structurguof Fl, gL AQRHINGRAfag M KNG, 20 ACEAANCS Wil Ar.aodiment of

the present invention. The Spaces 1702 and 1706 extend entirely through the leadframe 1400 and the
coverlay tape! 1420 accorfidrs il Abwhtalieranio ombefiuneih ¢ SoFr A oS tidhal R similar to
FIG. 22A in agrocdarnyeanitives @tereataesibp distemifaitbe esanioinye obiailay gpspamrs 1702 and

1706 do extepnd through the lea e ut not the coverlay tape 1420. ferring now to FIG.
2a thorem e e B e B S e 4 B S o
2004 in an ereapsiiaere2306ccT héddnadd20mil 2300 fills the open spaces 1702 and 1706. The

structure has been sipghAERHP euibeff ihe fame L 4RR iodermpanniaaiated silait pRekage system
2304 ave cut U ONE A BE- MU e AU DARE 00 L o] WA BACE 2304 ate.
characterizeditacheinigethe . SHimeligelti®fhhsi Zzeahoizhann g0 e watine tiu Heate ] aob | bmgl shage . The
coverlay tape,ddi’Qymav Pid GMCNSL. GG RItES RAGAPRIIBHEN A dHl DS RAHAIONS 1412,
the inner frame pads 1506, the outer paddle pads 1508, and the inner paddle pads 1800.
Referring now to FIG. 21, therein is shown the bottom view structure of FIG. 20
with the coverlay tape 1420.
Referring now to FIG. 22A, therein is shown a cross-sectional view of the structure
of FIG. 21 along line 22A--22A of FIG. 21 in accordance with an embodiment of the
present invention. The spaces 1702 and 1706 extend entirely through the leadframe 1400
and the coverlay tape 1420.
Referring now to FIG. 22B, therein is shown a cross-sectional view similar to FIG.
22A in accordance with an alternate embodiment of the present invention. The spaces 1702
and 1706 do extend through the leadframe 1400 but not the coverlay tape 1420.
Referring now to FIG. 23, therein is shown the structure of FIG. 21 after
encapsulation of the die 2204 and the bond wires 2004 in an encapsulant 2300. The
encapsulant 2300 fills the open spaces 1702 and 1706. The structure has been singulated to
cut off the frame 1402 to form an integrated circuit package system 2302 having outer frame

pads 2304.



Referring now to FIG. 24, therein is shown a bottom view of the integrated circuit package system
2302 of FIG. 23. The integrated circuit package system 2302 has the outer frame pads 2304, the inner
frame pads 1506, the outer paddle pads 1508, and the inner paddle pads 1800. Referring now to
FIG. 25, therein is shown a cross-sectional view of the structure of FIG. 24 along line 25--25. The
integrated circuit package system 2302 shows the outer frame pads 2304 and the outer paddle pads
1508. Referring now to FIG. 26, therein is shown a cross-sectional view of the structure of FIG. 24

along line 26--26. TRETHt&GaRsE Rafdliadtkagbaagdhsnusesdrreis e Hrahtasdds 1506 and

the inner paddlespamdshk80@er padlefitngsuovido ftGoudts, fihseepads shmaneacHovwe ehiast ah an

integrated cirgui%;gcka e system. 270 or.mat%ufactugin the i(r)gp ratgd Eg:ircuit package system 2302
0

. . t ted . .
in an embodimertt 6f%ﬁeep%esent invention. The elnsta(%erart%g%lercun pfc age system 2700 includes

forming a leadframelhaviAtH¥raitne dridla By padsiatadistlieadsctheresmilitenleekieroR; holding
the leads Wittgiﬁgﬁ]aggﬁ,to the die paddle in a block 2704; separating the leads from the die paddle in a

block 2706; attachir}g die to the% dﬁ aﬂdl&%in.a blolclzk 270§;t¥)ondin‘9 bfot?ld Wtires b(i:tweertl the leads
and the die in a block 2710% g(r)lvéa%su iting i aRa Yhe R wired fh BblBErsY TSR singulating
the leadframeadcksgparate 1303 reihéCadd. tHbdisqaddiecinatipotk @714em 23087 linsphrtaritaspect of the

present inventign. ig thab Hovalyabiy SUPRAED ARA SESViRES the PisiaricakitresekohrgdHCIpgLoSts,
simplifying systems, and increasing performance. These and other valuable aspects of the present

invention cor¥ Pher the state of the technology to at least the next level. Thus, it has
been discovered thatdheintegrate dIci Chitthackagshsystarr&¢06cobihiey pre séticinvantierofurnishes

important anjaerglofpre, QH%Wﬁﬁn?h%ﬁﬂYeaé{%@c§8M¥i89&&9@9&9@%@_%%9‘Eﬂé’%ﬂjle?SpeCtS for

integrated circuit package systems. The resulting 01processes and configurations are straightforward,
cost-effectiveltAtBHiphe atettd Mgy srardditeahid ¥tfective, can be surprisingly and unobviously
implemented by adapifagiknaywitaala ol giesiandenthusoseaeitiosulited fof @Hfigiantlyeamd

economically, nagfaetring Injegrated iculLpapkade systerme 2302 compatible yith copventional
manufacturing processes and tec inologies. e resulting processes and configurations are
straightforwaftnotdeffedtived thedomplieddsdadighiYOversatile, accurate, sensitive, and effective, and

can be implementeckbigaglariing dheiwncompriesionfeadywetiicients andeepremicalit
manufacturing, application, an&otutilizatié)rg. ) WiRiIe the invention has been desc%tr)qzd in conjunction
with a speciiEBRMErROUEN 7 100d Be THMAFAIEBE el HFARY LER S R G RAtoNS, Brd variations
will be apparembtaithose sl @dsanthevantion lighic ohttzeasdd reguingdege nption 22@tordingly, it is
intended to eppfyage, s ARMEUNESHIRATCAUARR SR MR BIRNSARG L ithInsip scope of the

included claims All' matters hithertofore set forth herein or shown in the accompanying drawings are to
be interpretedldidA NEtrdtive BrerrishiniitiAl safde imhRloRbentibrananiag fae 1eads from
the die paddle in a block 2706; attaching a die to the die paddle in a block 2708; bonding

bond wires between the leads and the die in a block 2710; encapsulating the die and the
bond wires in a block 2712; and singulating the leadframe to separate the frame and the die
paddle in a block 2714.

An important aspect of the present invention is that it valuably supports and services
the historical trend of reducing costs, simplifying systems, and increasing performance.

These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

Thus, it has been discovered that the integrated circuit package system 2700 of the
present invention furnishes important and heretofore unknown and unavailable solutions,
capabilities, and functional aspects for integrated circuit package systems. The resulting
processes and configurations are straightforward, cost-effective, uncomplicated, highly
versatile and effective, can be surprisingly and unobviously implemented by adapting

known technologies, and are thus readily suited for efficiently and economically

9



1. An integrated circuit package system comprising: forming a leadframe having a frame and a die
paddle having leads thereon; holding the leads with respect to the die paddle; separating the leads
from the die paddle; attaching a die to the die paddle; bonding bond wires between the leads and the
die; encapsulating the die and the bond wires; and singulating the leadframe to separate the frame
and the die paddle. 2. The system as claimed in claim 1 wherein separating the leads from the die

paddle uses punching, water jet abrasion, or laser processi&g%. 3. The system as claimed in claim
1 wherein sePAPARTGTHIE |dHEE HeCiFR i @95KkiRN e tse8etclih g ompatipler yathy cpaMidioRbimed in
claim 1 whereimnbpidinthghedeasds withteeispectite. thidiespaad|procescaananoapgutaiinnaieed within
the 'eadfram%traight%r@r SYRERA w%'a'lmeo%’}i‘éé?éﬁ? kigrereinholding. ihe Jeads,with ggpect to the
die paddle uses a coverlay tape under the leadframe. . An'integrated circuit package system
comprising: effective, and can be implemented by adapting known components for ready, efficient, and

economical manufacturing, application, and utilization.

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

those skilled in the art in light of the aforegoing description. Accordingly, it is intended to

embrace all such alternatives, modifications, and variations that fall within the scope of the

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.
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forming a leadframe having inner frame leads and outer frame leads on a frame and inner paddle
leads and outer paddle leads on a die paddle; half-etching the inner frame leads and the outer paddle
leads; holding the inner paddle leads and the outer paddle leads with respect to the die paddle;
separating the inner paddle leads and the outer paddle leads from the die paddle; attaching a die to
the die paddle; bonding bond wires among the die, the inner frame leads, the outer frame leads, the
inner paddle leads and the outer paddle leads; encapsulating the die and the bond wires; and
singulating thEMeausraionclaBepirate the frame from the inner frame leads and the outer frame leads.

7. The system as cl?imed ilAﬁnclJrzlatiénraflSt \grcllerggip %(Ceﬁ)aareastirg%&lhgomr}?rhpaddle leads and the outer paddle
leads from the die paddle uses ptinching, water jet abrasion, or fassr processing. 8. The system

as claimed in claim ®whegeitexstpsarating e frimerapdddlie reddls hadnhisasistéergeridle leads from the

die paddle uses etchifiging thAedREvi¥HRPRABRIMEdMuflaim 6 wherein holding the inner paddle
leads and the outer paddle Iead? with resHl%ct to tggle.le paddle uses an encapsulant molded only

within the leadframe cParating the leads from the die pa

attaching a die to the die paddle;
bonding bond wires between the leads and the die;
encapsulating the die and the bond wires; and

singulating the leadframe to separate the frame and the die paddle.

2. The system as claimed in claim 1 wherein separating the leads from the die

paddle uses punching, water jet abrasion, or laser processing.

3. The system as claimed in claim 1 wherein separating the leads from the die

paddle uses etching.

4. The system as claimed in claim 1 wherein holding the leads with respect to

the die paddle uses an encapsulant molded within the leadframe.

5. The system as claimed in claim 1 wherein holding the leads with respect to

the die paddle uses a coverlay tape under the leadframe.

6. An integrated circuit package system comprising:

forming a leadframe having inner frame leads and outer frame leads on a frame and
inner paddle leads and outer paddle leads on a die paddle;

half-etching the inner frame leads and the outer paddle leads;

holding the inner paddle leads and the outer paddle leads with respect to the die
paddle;

separating the inner paddle leads and the outer paddle leads from the die paddle;

attaching a die to the die paddle;

bonding bond wires among the die, the inner frame leads, the outer frame leads, the
inner paddle leads and the outer paddle leads;

encapsulating the die and the bond wires; and

singulating the leadframe to separate the frame from the inner frame leads and the

outer frame leads.

7. The system as claimed in claim 6 wherein separating the inner paddle leads

and the outer paddle leads from the die paddle uses punching, water jet abrasion, or laser
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10. The system as claimed in claim 6 wherein: holding the inner paddle leads and the outer paddle
leads with respect to the die paddle uses a coverlay tape under the leadframe; and separating the
inner paddle leads and the outer paddle leads from the die paddle opens a space between the die
paddle and inner paddle leads and the outer paddle leads. 11. An integrated circuit package system
comprising: a die paddle; lead pads characterized in being separated from the die paddle a
die-attached to the die paddle; bond wires between the lead pads and the die; and an encapsulant
encapsulating"thi&t?and the bond wires. 12. The system as claimed in claim 11 wherein the lead
pads are characterized in {Jh%in separated frgm the di ddle by punching, water jet abrasion, or
laser processing. 8 13. 8%@% erﬁsafgagleaelanlgé f‘ﬁn(lzlgi\renﬁeﬂn\l/v eézr‘ee}trllnﬁ?eh ?gﬁén b%%is gr%ag%aracterized
in being separatdlt frowy padddidepdtdateniiheatchindglle usesigfching system as claimed in claim 11 further
comprising a pre-molding compound molded between the lead pads and the die paddle. 15. The
system as claimed ifr claim'4 WHERAT HBHtUpligh Y sy vaBisithe rYd'Hdddsand the die
paddle. 1h6d Theosystemdhs leldimead irglaimolthavhie paifitle uses an encapsulant molded only

within the leadframe.

10. The system as claimed in claim 6 wherein:

holding the inner paddle leads and the outer paddle leads with respect to the die
paddle uses a coverlay tape under the leadframe; and

separating the inner paddle leads and the outer paddle leads from the die paddle

opens a space between the die paddle and inner paddle leads and the outer

paddle leads.
11. An integrated circuit package system comprising:
a die paddle;

lead pads characterized in being separated from the die paddle
a die-attached to the die paddle;
bond wires between the lead pads and the die; and

an encapsulant encapsulating the die and the bond wires.

12. The system as claimed in claim 11 wherein the lead pads are characterized

in being separated from the die paddle by punching, water jet abrasion, or laser processing.

13. The system as claimed in claim 11 wherein the lead pads are characterized

in being separated from the die paddle by etching.

14. The system as claimed in claim 11 further comprising a pre-molding

compound molded between the lead pads and the die paddle.

15. The system as claimed in claim 11 wherein the encapsulant is molded

between the lead pads and the die paddle.

16. The system as claimed in claim 11 wherein:

the lead pads include inner paddle pads and outer paddle pads characterized in being
separated from the die paddle;

inner frame pads and outer frame pads characterized in being singulated by sawing,

laser cutting, water jet abrasion, or punching;
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the lead pads include inner paddle pads and outer paddle pads characterized in being separated from
the die paddle; inner frame pads and outer frame pads characterized in being singulated by sawing,
laser cutting, water jet abrasion, or punching; the inner frame pads and the outer paddle pads having
metal removed from the undersides thereof; the inner paddle pads and outer paddle pads held with
respect to the die paddle; and the bond wires among the die, the inner frame pads, the outer frame
pads, the inner paddle pads, and the outerégaddle pads. 17. The system as claimed in claim 16

wherein the inner pdddl8Tsad@aR S BiérpaaiePpitis B ARy FZb & RONEnG % pirated from
the die paddle by punchinginaatetejethateedsion, or laser cutting. 18. The system as claimed in

claim 16 wherein the inner paddle pads and the quter ds are characterized in_being
ceparatedtfom the e LG Bimg curs g ARICE RS e e A e o
comprising a pre-maidibgpesripbtinenadheifig-the inpririsardadpats arer firmsu pheMespads with
respect to the die paddle. paddpalifesysiesn@spa@ingsiin claim 16 wherein: the encapsulant holds
the inner paddle pads and the outer paddle pads with respect to the die paddle.

17. The system as claimed in claim 16 wherein the inner paddle pads and the

outer paddle pads are characterized in being separated from the die paddle by punching,

water jet abrasion, or laser cutting.

18. The system as claimed in claim 16 wherein the inner paddle pads and the

outer paddle pads are characterized in being separated from the die paddle by etching.

19. The system as claimed in claim 16 further comprising a pre-molding
compound holding the inner paddle pads and the outer paddle pads with respect to the die
paddle.

20. The system as claimed in claim 16 wherein:
the encapsulant holds the inner paddle pads and the outer paddle pads with respect
to the die paddle.
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