INTEGRATED CIRCUIT PACKAGE SYSTEM WITH EXTERNAL INTERCONNECTS AT HIGH
DENSITY TECHNICAL FIELD The present invention relates generally to an integrated circuit
package system and more particularly to an integrated circuit package system with external
interconnects. BACKGROUND ART Increased miniaturization of components, greater packaging
density of integrated circuits ("ICs"), higher performance, and lower cost are ongoing goals of the
computer industry. As new generations of IC products are released, the number of devices used to
fabricate them tends to decrease due to advances in technology. Simultaneously, the functionality of
these products increases INTESHRATED GIRCRATKRY € KIACRISSTHENM WA Téladvance toward

miniaturization and thinnir]g,g;f ' @&ﬁ cﬁﬁ%{ﬁ fmge packaged therein while
decreasing the sizes of the pr(%ucgsqfsr?ab{@eﬂ ma ?a(l ﬁ:ée?egfr%m. IS I;isﬁljn response to continually

increasing demands on information and communication apparatus for ever-reduced sizes,
thicknesses, and costs, along with ever-increasing performance. These increasing requirements
for miniaturization are particularly noteworW]fgﬁ%%lr‘r@téPR portable information and communication
devices such as cellﬂllar#)hontes hatnds-frf? ceIIuIarlﬁ)h?ne headsetts Fersct)nal Eata astsistants
("FDA's"), camcorders: AOtEhoo Vﬁrérlggnrg “con¥pu éars?’a%ﬁl}sén%%fﬁ.egl Of thd€& &Vies Cdntinue to be
made smallen@hdntionengratodmpipvéothair portabiliy. Aicootdipglyadargessoalev@h("leSieinphckages that
are incorporeﬁﬁ%ga Ihgse devices are required to be made smaller and thinner. The package
configurations that house and protect LSI require them to be made smaller and thinner as well.

Many conventional semiconductor die (or "chip") packages are of the type where a semiconductor die
is molded into a package with a resin, su@@@ Khsrg%lﬁiing compound. The packages have a
lead frame whose leads are projected from the package body, to provide a path for signal transfer

between the die anqnec)r(}:gg&? ! miniaturization of components, greater packaging density of

integrated circuits (“ICs”), higher performance, and lower cost are ongoing goals of the
computer industry. As new generations of IC products are released, the number of
devices used to fabricate them tends to decrease due to advances in technology.
Simultaneously, the functionality of these products increases.

Semiconductor package structures continue to advance toward miniaturization
and thinning to increase the density of the components that are packaged therein while
decreasing the sizes of the products that are made therefrom. This is in response to
continually increasing demands on information and communication apparatus for ever-
reduced sizes, thicknesses, and costs, along with ever-increasing performance.

These increasing requirements for miniaturization are particularly noteworthy,
for example, in portable information and communication devices such as cellular
phones, hands-free cellular phone headsets, personal data assistants (“PDA’s”),
camcorders, notebook personal computers, and so forth. All of these devices continue
to be made smaller and thinner to improve their portability. Accordingly, large-scale IC
(“LSI”) packages that are incorporated into these devices are required to be made
smaller and thinner. The package configurations that house and protect LSI require
them to be made smaller and thinner as well.

Many conventional semiconductor die (or “chip”) packages are of the type
where a semiconductor die is molded into a package with a resin, such as an epoxy
molding compound. The packages have a lead frame whose leads are projected from

the package body, to provide a path forlsignal transfer between the die and external



1 devices. Other conventional package configurations have contact terminals or pads formed directly
on the surface of the package. Such a conventional semiconductor package is fabricated through
the following processes: a die-bonding process (mounting the semiconductor die onto the paddle of a
lead frame), a wire-bonding process (electrically connecting the semiconductor die on the paddle to
inner leads using lead frame wires), a molding process (encapsulating a predetermined portion of the
assembly, containing the die, inner leads and lead frame wires, with an epoxy resin to form a package
body), and a Hfififing PisE YEBHRIPRT EHEncBESHIHIP S RtV FAREC i eepdAliet Pitkages).

The semicongiigied Pirekagesbusmaniifactyiedagye then mounted by matching and soldering the
external leads or coptact pads thereof to 8 majching pattern op a circyit board, to thereby enable
it i H SR ed

power and signal inBUEA AN EHH B S e EBNL BhPEEt 5d SBRTIEAIT A RSy packages
and the circujirbaasds: a didsb@xiEngpbasyesemioondiyctoe packagaywelldkaown thetheddlecifanics

industry, is the guad flat nonleaded. ("QFEN" kage. OFN packages typically include. a lead frame,
such a5 a corc o O A L B e 8 e o bon
pads mountediacptiddltoly siderdede tsang fieashérambrevbonds alelstricapevnreatapralbong pads, of the

Semiconduc?{:@qi&elt&iﬂe%pdﬁi{ﬁ%m_8@%5&%@1@?}%@9&%& the; LoRside 1Rl dbe lead framge Typically,

the semiconductor die and the wire bonds are encapsulated within a molding compound. In order

to reduce mafUfacttifthgPcass) thaTie EFBhicRadgs Yy inarbasifthe DRsge sFPl¢tHckages. In

the manufactediRg REAEESSs AN RASIREgSRIVEL pRIgMREFoMe to deliver extremely small packages
with thinner and thinrher profile in high valume. Despite the trend towards miniaturization and thinner

profile, more functiohSCaifd' uﬁﬁ?é@?'ﬁﬁ?@eéi’f t S BE SRR IRt SERPEEREges. Typical
QFN solutionmtheel @roigeths previdingdbe digldensitydantengh coanhitchingeplectfioromadern
electronic products. Thus, a need still.remains for.an integrated circuit kage system providing
ow cont mar L P BT e o the
ever-increasibgf wewdho saviecdsiandvirprovéeficlageiemdithc musratdxdrdore critical that answers

ge folund to tthe;:e PrRRISMS, RAUUARSHRIHRR S RICRIE MR INRYSRAGIHO PR I AUENL R RHOTS
evelopments have
P the quad flat nonleaded (“QFN”) package. QFN packages typically include a lead

frame, such as a conductive sheet stamped and etched, with a semiconductor die having
a multitude of bond pads mounted to the top side of the lead frame. Wire bonds
electrically connect the bond pads, of the semiconductor die, to a series of conductive
lead fingers on the topside of the lead frame. Typically, the semiconductor die and the
wire bonds are encapsulated within a molding compound.

In order to reduce manufacturing costs, the electronics industry is increasing the
usage of QFN packages. In the manufacturing process, many obstacles must be
overcome to deliver extremely small packages with thinner and thinner profile in high
volume. Despite the trend towards miniaturization and thinner profile, more functions
and more integrated circuits continue to be packed into QFN packages. Typical QFN
solutions face problems providing the high density and high count I/O needed for
modern electronic products.

Thus, a need still remains for an integrated circuit package system providing low
cost manufacturing, improved yield, improved reliability, and high density I/O count. In
view of the ever-increasing need to save costs and improve efficiencies, it is more and
more critical that answers be found to these problems.

Solutions to these problems have been long sought but prior developments have
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not taught or suggested any solutions and, thus, solutions to these problems have long eluded those
skilled in the art. DISCLOSURE OF THE INVENTION An integrated circuit package system
includes: connecting an integrated circuit die and external interconnects; forming an encapsulation
over the integrated circuit die and a portion of the external interconnects; and forming an isolation hole
between the external interconnects and into a side of the encapsulation exposing the external
interconnects. Certain embodiments of the invention have other aspects in addition to or in place
of those mention@lhbovaugasated pRE olioBe A8MherppiisHERS tACRESIIRRIEHR R EP8m a reading
of the followipg,detaied dagectpiar: when taken with reference to the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 is a bottom view of an integrated circuit package
system in a first embodiment of the present invention; FIG. 2 is a cross-sectional view of the

integrated circuit package system eqg e k2t The INVENTIENS is @ bottom view of a portion of a
lead frame in an intermediate step for manufacturing the integrated circuit package system of FIG. 1;

FIG. 4 is a cross- sempﬁfeégfiﬁ\@aQflmgt%ﬁ@ﬁgéesygtgdﬁna@i%&&Ha&ﬂﬁﬁﬁ%egﬁai@@ct;f&mm view of

the structure of FIG. 3 in a connecting step; FIG. 6 is a cross-sectional view of the structure of FIG. 5
along a line 611%aﬁé"“?@%ldﬂte‘:ré"&?é%of%r@é‘iﬁu%WBF&B%“?é&?ﬁ’o?m‘éqr\}wgtﬁrét%Fﬂﬂ&?Hlbfl’ﬁlG 6; FIG. 8
is a bottom vigiw efpihiestroctbee offsh iddrraméso/ating Bi@fing an isolation hole between the

external interconnects and into a side of the encapsulation exposing the external
interconnects.

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 bottom view of an integrated circuit package system in a first
embodiment of the present invention;

FIG. 2 is a cross-sectional view of the integrated circuit package system along
line 2--2 of FIG. 1;

FIG. 3 is a bottom view of a portion of a lead frame in an intermediate step for
manufacturing the integrated circuit package system of FIG. 1;

FIG. 4 is a cross-sectional view of the structure of FIG. 3 along a line 4--4;

FIG. 5 is a bottom view of the structure of FIG. 3 in a connecting step;

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

FIG. 7A and 7B are more detailed cross-sectional views of a portion of FIG. 6;

FIG. 8 is a bottom view of the structure of FIG. 5 in an isolating step;

FIG. 9 is a cross-sectional view of the structure of FIG. 8 along a line 9--9;

FIG. 10A and 10B are more detailed cross-sectional views of a portion of FIG.
9;

FIG. 11 is a bottom view of a lead frame in a second embodiment of the present

invention; and



FIG. 9 is a cross-sectional view of the structure of FIG. 8 along a line 9--9; FIG. 10A and 10B are more
detailed cross-sectional views of a portion of FIG. 9; FIG. 11 is a bottom view of a lead frame in a
second embodiment of the present invention; and FIG. 12 is a flow chart of an integrated circuit
package system for manufacturing of the integrated circuit package system in an embodiment of the
present invention. BEST MODE FOR CARRYING OUT THE INVENTION The following
embodiments are described in sufficient detail to enable those skilled in the art to make and use the

invention. It is to be tterlstobd thall OtheharhbdfdiAferitdasiding Hareviderchage dBicthe i9fesent
disclosure, anchinBicRySHRI0E ROGRSSRIdvRshapicRhehaNgas May bavvadewithens sleparting from the

scope of the present invention. In the following description, numerous specific details are given to
provide a thord{idHUhderstanding 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 circuits, system configurations, and process steps are not disclosed in detail. Likewise, the
drawings showing embodiments of the system are semi-diagrammatic and not to scale and,

particularly, some of the dgrTsiMopareder tharEFityPORregetatonERNt@re shown greatly
exaggerated in the drawing FIGs. Generally, the invention can be operated in any orientation. In

addition, where multiple fembadiments drecdisclesaesarisk des il dhadiagisemenieaiur@ssn common,
for clarity andslgﬁgg 3}‘ |I|I1us'%jrrzt-1t|on SCFIB'[IOI‘] nd.com reheﬂsmn thereof, simil rtﬁlndoltlgee features

the art to.make and use the inveption. 1S to _be underst at T
from one to another WI} or |nar|Iy %e cflescrl%e Wlltlll'] ﬁﬂe reference numerals. cf“l)*le embodiments have

been numbereublikstrentbodiniénbesecdnut emiyddimety gicsars alisdvterof dekchptivesconvenience
and are not intepded fo, have A0 AGEIINNICANGRSY RIRVEETIRHE RIS RIGSEAHOvention.
present 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 circuits, system configurations, and process
steps are not disclosed in detail. Likewise, the drawings showing embodiments of the
system are semi-diagrammatic and not to scale and, particularly, some of the dimensions
are for the clarity of presentation and are shown greatly exaggerated in the drawing
FIGs. Generally, the invention can be operated in any orientation.

In addition, where multiple embodiments are disclosed and described having
some features in common, for clarity and ease of illustration, description, and
comprehension thereof, similar and like features from one to another will ordinarily be
described with like reference numerals. The embodiments have been numbered first
embodiment, second embodiment, etc. as a matter of descriptive convenience and are
not intended to have any other significance or provide limitations for the present
invention.

For expository purposes, the term “horizontal” as used herein is defined as a
plane parallel to the plane or surface of the integrated circuit, regardless of its
orientation. The term “vertical” refers to a direction perpendicular to the horizontal as
just defined. Terms, such as “above”, “below”, “bottom”, “top”, “side” (as in
“sidewall”), “higher”, “lower”, “upper”, “over”, and “under”, are defined with respect to

the horizontal plane. The term ‘“on” means there is direct contact among
4



For expository purposes, the term "horizontal" as used herein is defined as a plane parallel to the
plane or surface of the integrated circuit, regardless of its orientation. The term "vertical" refers to a
direction perpendicular to the horizontal as just defined. Terms, such as "above", "below", "bottom",
"top", "side" (as in "sidewall"), "higher", "lower", "upper"”, "over", and "under”, are defined with respect
to the horizontal plane. The term "on" means there is direct contact among elements. The term
"processing as used herein includes deposition of material, patterning, exposure, development,
etching, cleaflAGERSoIdihEe dRtTor PERRBVEISOT fietitstdisatiBr B Hdgeidsaar f8Rhg §Eatbribed

structure. Thedesmingyigiokuas Wses dpeienn Mmering anehreiersioldig mathadranda thempparatus of
the present inventjon in accordance with the coptext in which the term is used. | Referring now to
FIG 1. there S0 HOHF ol B AR IESHEREE SR SncA RGeS0 1 Ao
embodiment bérthe jprasenhinvdatian. tihenobtio aniievwldegpts dsclafioe pobesnl QR evitioin ian
encapsulatiog %%mslgé:r\}vﬁ’ﬁ t‘ﬁ@%}{t@ﬂg %%ir%%%ntg. A%%gegxample, each of the isolation holes 102
electrically isolates external INterconnects , such as terminal pads, adjacent to each of the isolation
holes 102. In this exRefplengeet of iie. iolagiom oibevi02 hotienesicheod e miakintedcolnicts 106
included in a fISkAR% 06inA 5 RN RRE I [RuLch A OLANG L XiGID abINIRY Gannects 106,

wherein the external interconnects 106 are in a staggered configuration. The first row 108 is adjacent

to a boundar§ePidsos tHuinmgled B2 Din paGRsER SR AbouTthes #RRY Y SIP HPRPBERteen the
second row 140 and & shigrtitashpasidied 18okAssesnsd oy ldeishetvasndle fisstrey 108 and the
third row 112, For illustrative purposes, the jntegrated circujt kage system 100 is shown as a
quad flat non MSTERAESE N o LB R MR T AP A AL DS AL el B although it
is understoodhiiRat:thepkiegraiad cheusb paickagd sy $02nisdBe:may betadiffarentdyipe of ickage with
different types qf the exterpal intercognects 106. For mple, the integr ircuit package system
100 may be 2oL S e T e R g
from the _encalpispﬂami@@ti040¢\Iswhgmildlusthativetg!]_ﬂbo‘sé@ccmwll%gkéﬁecatﬂrdnit pa&l@@stem 100 is
shown with the, gieqattach Raddig L8, fboualdtisypdessiaasihatdte GpcaRsHRtianLdd may not

expose the die-attach paddle 116 or the integrated circuit package system 100 may not have the
die-attach pabRfik2ga ystem e rfihgy AtV FI 5. i batwrsihtie e @ WrbKE adtidsattiaelv of the

integrated cirgpiiRackagensstomi 100 along tine @m2nefiiriGrod: Tiseasiass-SRetiRal view depicts the
isolation holes 102 with dotted lines isolating different rows of the external interconnects 106. In this

example, the isolatibSHOMEYAHS BEELRSte He HFsr 5 AB8 AR e MNEB LIS 8P S ternal
interconnectsyl4ab flAnnoielgnated QFRNDItpdisk Z5k8vistiovke theeeheal dttretopadidiel 04 Gis | teninall
interconnects 220, such as bond wires or.ribbon.bond wires, connect the inte d circuit die 218 and
the extormal oA R e e IR B
partially c_:ovediﬁ‘grﬁme W@Gmfmlmdq%éﬂllﬁf@mlthepextefﬁm iexeceh mectson0ectin s dxample, the
external '“tef&?ﬂﬁﬁ%}%%@_g%aec%ﬁ%a&g@%{%&1@@&%3%2@'@q%a&ﬁal%%kage (G@bgrring now to

FIG. 3, therein is a bottom view of a portion of a Iéad frame 302 in an intermediate step for

manufacturing RR&"iftdbe SEEBHCHIEFaERage e tsiraborurrime 1rons ha @canmplationd Mad frame 302
includes the digmattachRaddie b swiousdedMdnonbarpRhsEisicadiniing staieiukgs 306 extend

from the dam bars 304 towards the die-attach paddle 116. Second radiating, structures 308 extend the
die-attach paddI' 3 FEASWANEGHL YA BYE $a5 aerestret Mhaidbn g sty 368 33 19E second
radiating struetpoes B081aHarndiead o it oratani e acheofdha:daarkars 30ém 10Emak adthe first
radiating Struﬁtlszéetﬁﬁ;?’cgg-ir@tclzlhdeasdglgirﬁ extension 310, a first common portion 312, and first radiating
interconnects 314 The first extension 310 is between the dam bars 304 and the first common portion
312. The first radiatiReféntecammedts B4 ektehereadintinpfront tiveofirstecopnatovigortioril®12. The first
radiating inte[QRNeAIS 34 OFEHR%ENG L 100 HOB, he.Secong My 410mapd e tirgray 112.

Each of the second radiating structures 308 includes a second extension 316, a second common
portion 318, AIVsRIAY thelikaHy Mtdrienn 82ty sholottad Kaeolatitendidir o wvpsivben the

die-attach pagdienhl éhanebihr$£e0pd GOMMRRPYPHOM3 LG I IRtendoadiatinginteraaynects 320
extend radiating from the second common&%ortion 318. The second radiating interconnects 320

occupy the fifSPr P 798, ROy owPh 16 AR PGS 14 196

An integrated circuit die 218 is over the die-attach paddle 116. Internal
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As another example, the first radiating interconnects 314 may not be connected to the dam bars 304
with the first extension 310. A third extension 322, depicted as dotted lines, may connect the first
radiating interconnects 314 with the die-attach paddle 116, wherein the third extension 322 attaches to
one of the first radiating interconnects 314 adjacent to the die-attach paddle 116. Yet another
example, the second radiating interconnects 320 may not be connected to the die-attach paddle 116
with the second extension 316. A fourth extension 324, depicted as dotted lines, may connect the
second radiatifgf AIEREShRER/tSEI0 Arif ievdEh HardBon, FETFF thomAtsith Bk tENERHS24 attaches

to one of the seaandicatisting e c@InLCts S20nadiacens loTthe drapLdE30M04 cofed! tHustrative
purposes, the first radiating, structures 306 is shown with the first radiating interconnects 314 extending
o the fret roWEB thcSERrlTovh s 20 AP Y AF TG T2 KRB A B &t ehat the firs
radiating struetuneal30Gmapdiaye0all oi ths firahnpldiatiogxriardomaecisddd thchavktisodie of the rows
or portions ofalé%%ﬂo%v&%eﬂ%pa%agﬁgwég%oc(f)oEairlllgrstrative purposes, the second radiating structures 308
is shown with the second radiating intercornects 320 extending to the first row 108, the second row
110, and the third rdtefeinganivigiitis3utitsesnoed taitahevsocohd radising stiaeduiem 808 may
have all of thgegand radiating I IRICRANGHISAAR ARV S RYUNE PLIRSHPHSQEPYHONS B the rows

depopulated. Referring now to FIG. 4, therein is Shown a cross-sectional view of the structure of

FIG. 3 along ¥ &34 k. The dteyraRe ciheultifle™ i mBuiits!yder the die-attsbnppddiald 16 with an

adhesive 40Z,sei@d & dienatiach anhesive rddedie watiachdaddie dd@lis-datweanthedigst radiating
interconnects 314 and the second radiating interconnects 320. The integrated circuit die 218
A b d Tk

includes a nottaltiva Sidas s Al AR A \Sue FOBI ATAIENS M diffe SRiE* DK h&idifes active
circuitry fabrieatet paed&onl 6 toey min-thetiliensides 404. fatestihe diBaditachpaddie3 06 Gn& didllustrative

purposes, the integrated.circuit die 218 Js shown with the ngn-active side 404 facing.the die-attach
badale 116, S T S S B e 126
without the adhesivE&dRof-he dwampiatihg simetveted Wirowludis 218 hextdrsianflid @hipfimbunted over

the first radiating iieteanae a3 1.aad RRISAENACAYAING BIArcanpas!s 3¢lnsion RRIGIING now to

FIG. 5, therein is shown a bottom view of the structure of FIG. 3 in a connecting step. The bottom view

depicts the filtF4amhtibg dirachareSbeekidsditst frommee PeriMharsl 304 RKd{tHé selidifgradiating

structures 30B@xiending f5om dhedieraiacty prealankl 6t hentesnapdatercannectsnd2fqre shown
emerging from the other side of thels%ie-attach paddle 116 to Lk:e first radiatinafinterconnects 314 and

the second ratfiAAiH INEFCOMISEES $0BeBY it Ao al Pth & i SrRar iFRer bRt s 36 e shown.

Referring nowoto AIG. 6, therein is shown a cross-sectional view of the structure of FIG. 5 along a line

6--6. The internal interconpects 220 connect the integr circuit die 218 and the first radiating
erconnects 314 Tha e L e S e e S EAS anct e
second radiatingidtercomneceer820. 318, ReferdeepdondiatmGinFacaneE 7B, 3o reibharecshiivn more

detailed crosgsserHANG| ¥iEWS QL PRV URN.ALBIGadud NeeRiGHEIRIGH GIRRRsRGHARRLYIEW depicts,

as an example, one of the first radiating structures 306. The first common portion 312 is between the

first radiating THte fe6pib étsiating TRIEFPSDESHiatnth StieRduirkiatios dfenydbfctserriitsRERaMple, but the
more detaileg grass-sestiondl vigvhhaubave eriesemned the secapd mdiatiRgsiruessires308 of FIG.
3. second row 110, and the third row 112.
As another example, the first radiating interconnects 314 may not be connected
to the dam bars 304 with the first extension 310. A third extension 322, depicted as
dotted lines, may connect the first radiating interconnects 314 with the die-attach paddle
116, wherein the third extension 322 attaches to one of the first radiating interconnects
314 adjacent to the die-attach paddle 116.
Yet another example, the second radiating interconnects 320 may not be

connected to the die-attach paddle 116 with the second extension 316. A fourth

extension 324, depicted as dotted lines, may connect the second radiating interconnects
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Shown in FIG. 7A, a first side 702 of the first radiating structures 306 is planar such that the first
common portion 312 and the first radiating interconnects 314 are coplanar along the first side 702.
Shown in FIG. 7B, as an example, a second side 704 of the first radiating structures 306 includes an
indent 706 approximately at the first common portion 312. The second side 704 in FIG. 7B is at the
same relative side as the first side 702 in FIG. 7A. Referring now to FIG. 8, therein is shown a
bottom view of the structure of FIG. 5 in an isolating step. The structure of FIG. 5 undergoes a molding
process formiid tWéleE’aB%lﬂlé’ﬁ%%4.%@%55@%%(%@@%%%@%%@8@-&&8&{ dle 116 and

the ends of baikvHae fistiradiating inteteannagis-3di ik I§anbrandtiae second radiating interconnects
320 of FIG. S. The first radiatin interc[%ﬂ}ects 314.ma£rbe iso(lg% ed frglm each oﬁeﬂg|i b{ forming the
isolation holes 102 thPbU AR S AL atih T4 4he 88 FEHAY é?ﬁﬁs? A CoRHBABAS the first
common portiadia3ih2 oftértGnidortingaqpditignochthérextesnddnteecenmnetis i 060 Thel idelation holes
102 may be formed in.anumber of ways. For ex le. the jsolation holes 10 be formed with
chemical etchTg L e A s B e ects 320
may also be Ribrsﬁ_é]@ffbm r@éiﬁﬁl@ﬁhetetﬁyom@nﬁmé;lﬂqer ih@V&tmdé&lmf@wghltmgréﬂ@pémation 104 and
severing the pRYSifal CANRELIANBLINGIRRAARCLGAMINRN RO A3 8fHE s /Quminaghe remaining

portion of the external interconnects 106. For illustrative purposes, theisolation holes 102 are

shown over aeRe frérEsianer) dradinires Becormtess 328hektrrduscinths iRy dP8cthfes 308 of

FIG. 5, althoygkvitdsrewaderstead thatdhriiselatian holesdida may bedasoed tRaa dertigivef the first
radiating structures 306 and the second radiating structures 308, The placement selectivity of the
colation holdS gD AT SHRIS NS qESTes oSO 5 oA PRI I ST&) B fovel
(not shown), suah @Sle psinted pircisitdaaid avandiperuiategrated circuit package system. Also for
illustrative purposesﬁt e isola'goqcpi;i }otg are shqlwn over the fir§t %gfnggonOP%rtion :ééL% and the

second common por Fo%%ﬂ%?aﬁhoug it'is understood that the isolation holes 1 isﬁ%ylbg formed at

the ends of tieé itk adlening iimeréotndits Bl tHecsictind Hadiatint inverdbndiaceé820. The
additional plagement 3alaaliyibi@ldic.'50RUaPNRIGIAOZ ML AR AOMHE dRLEARGERE.Of freedom

for connection with the next system level by depopulating selected sites of the external interconnects
106.  Refertthgnhdwtiseche, tHerelAdidérbvitfacrssisedlitnatdidhe oftrndirtrdidfindt FIG. 8
along a line 9m@rchbhgecrssesectional view depicts the isolation holes 102 with dotted lines between
the rows of the externpal interconnects 106. The integrated circuit die 2%8 mounts over the die-attach
paddle 116. The intemial1BAShAERIL 5507 SrReErthe MBIt it ﬂ“d‘?&‘bi%aﬁﬁéietﬁ’é?%xternal
interconnectstAQ6vAdiei e feapsivatiok 104 ooleks theivateiealtiptéiaininettbe2ath amthdéhwintegrated
circuit die 218 gver the dje-attac ddle 116 the external interconnects 106..The encapsulation
104 patrtially g&%\gsselget@%ﬁ?rsnﬁég_r%%aﬁﬁgg%g%og a'n?? Eel? ?gfg]t ach rygg(sﬁl’e ellél.tegrat e structure
having the erveapgulatid h31i04 et thelisblation-dadies sld24Wrbjeamdehgolsthtiranprddlinkl processing,

such as cleanjg,, Lg% iaN6a9n L hGedvis Siguptae jorpng dhadnigRiried Al cHik package

system 100. It has been discovered that the present invention provides low cost and reliable

method and Stithoirdsaidhfgh edhsityarinelgrabsdréseated sbrag disydie mavhaadiRcthid from lead

frames. The ragiating sWectures fMavingdhadadiatihheiiargomeactsianmngsess foomdrgigemmon
portion allows to pack more 110 without being restricted by diagonal tie bars found in conventional

lead frames. PSR g ructures may be attached to both the dam bars and the die-attach paddle
eliminating the needRkde i Pacsviw FUOPOIthibeidie-sitach pocidier andvalfohng fiotuterfi@idhcrease in

110 count. Sglective form%tion Pf theIiﬁ,oIgti n holes a Iow§ fl xit}ilit to 0 u[IateE pre rmined sites
1n, a connec ing S Fé) € t?om VIEW, 810 S %16 II‘S¥ ra l.il ng struc C .

of the external interconnects-or leave predetermined sites of the external interconnects 106 electrically

connected byextendomdnon partigm bars 304 and the second radiating structures 308 extending

from the die-attach paddle 116. The internal interconnects 220 are shown emerging
from the other side of the die-attach paddle 116 to the first radiating interconnects 314
and the second radiating interconnects 320. For clarity, not all the internal interconnects
220 are shown.

Referring now to FIG. 6, therein is shown a cross-sectional view of the structure
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Referring now to FIG. 10A and 10B, therein are shown more detailed cross-sectional views of a
portion of FIG. 9. The more detailed cross-sectional view depicts, as an example, one of the first
radiating structures 306 of FIG. 3. Shown in FIG. 10A, the first common portion 312 of FIG. 7A has
been removed between the first radiating interconnects 314 of FIG. 7A leaving one of the isolation
holes 102 between the external interconnects 106. Similarly shown in FIG. 10B, the first common
portion 312 of FIG. 7B has been removed between the first radiating interconnects 314 of FIG. 7B

leaving one dtfthEisdMahHEES 162 Hrnidanahiatesepeatinte) ORAetthe TECSHRIERFITEOR, the

isolation holegid 82sdgaahdravarseithapeighiohibaextarnahiniaisannattsch@esicivthakthe
encapsulation 104 is also between the §xt5r§al inzﬁrconnnegctgﬂl%. The first radi%%' g structures 306
are depicted FORTS RE MR e Hhdte dE AN I SSLSdA I BHARINRIS AR HiavaYepresented the
second radiating strBefeinesg308wofté-IHG3.7A dréféRingdnew toeFiGovlrl ntoeraintisiahevasa bottom
view of a lead frame 1102 in.a second iment of the present invention. The lead frame 1102 may
b6 ised for 1IN e Bt B o e R Ll §F SRERLTY o an
example, thedeardramdel 202 dhtladies sadistiagachcpadaf®a.1TBedinicimeadnedsm Pars 1104. Tie
bars 1106 arghgtween.theconens.of the:damebars il 04 and comarsiat togdigraltaph prddle 1116.
Radiating structures 1108 extend from the dam bars 1104 towards the die-attach paddle 1116. Each of
the radiating $¢Rieitked 1408 ficRiaks dHtettentioi 19et0!ed cotimsfitiRiiton Y1 Mandddiating
interconnectscplddnitherexensivmdiddfoisthriweendderdan bars 1104 and the common portion 1112.
The radiating interconnects 1114 extend radiating from the comman portion 1{%@? Terminal pads 1118
IBHSUE tidt't

at the ends of the ratiStAg trteredrhdcksst 144 A& f8hel i HUaHRgaPas A& terminal
pads 1118 radicietioutttrofirthe @omengsopantii 21 242 .the fiFheralinberiarcangles 6f ther¢adiating

interconnects 1114 may vary. JThe len of the extensi 110 and the,radiating interc ects 1114
ey vy T D R R A o
1118 may vapy, thadirds phrtiel toutterbordiérsnofudies imneigratsd/ Ofrcuippaokagly systentitQo, as an

example, or may he\pomeH 412 MG Canfigueainnn, Hig SPRSeARNaRR AMMsize @ fog,perminal pads

1118 may vary. Referring now to FIG. 12, therein is shown a flow chart of an integrated circuit package
system 120016t ﬁﬁ%mgdﬂjﬂ% e integrated circuit package system 100 in an embodiment of the

present invention. TRefsysiemb*20FI0C/RIdasERNHSEERNE ABJMNBYIAKL Ui odreiternal
interconnects_in a block 1202; forming an encapsulation over the integrated circ$?it die and a portion of

the external iNtSrEBATSHEST EPoIdLR 1WAV SHY formmYPaRTROSHESI KEE Baieely e g ttral
interconnectsangdultoianside .of the enappsuliatiorNéxppsiey tite dxisrnd ptédtonheaislitha block 1206.

et another imgortant gsnect of thepresent nvention is et ifyeluably suppots and sgiices the
historical trend of reducing costs, simplifying systems, and increasing performance. ese and
other valuablmaspeosofMeqgpidéardt invention consequently further the state of the technology to at

least the next level. .o Thys JliN@s PefRdiseRYEed Ahatihe nicgiatadikiirul.pRckage system of the

present invention furnishes important and heretofore unknown and unavailable solutions, capabilities,

and functiondPEepecerbPIntioroViRS itdhiAesB sy raniattn dAd FedisRipEnEdEe Ahivisdrated circuit

package systaiaetherasiling RreeRssaAMBLNIBTBLONS Rt Sitaigiieswardncosteaffgctive,
uncomplicated, highly versatile, accurate, sensitive, and effective, and can be implemented by

adapting knotMFEGRSEee rdmeigliiomdess. Koo Mt hiamebeg. ¥ppiictibn, and

utilization.  example, the isolation holes 102 may be formed with chemical etching with a stencil
(not shown), drilling, or lasing. The second radiating interconnects 320 may also be
isolated from each other by forming the isolation holes through the encapsulation 104
and severing the physical connection at the second common portion 318 of FIG. 3
forming the remaining portion of the external interconnects 106.
For illustrative purposes, the isolation holes 102 are shown over all the first
radiating structures 306 of FIG. 5 and the second radiating structures 308 of FIG. 5,

although it is understood that the isolation holes 102 may be formed to a portion of the
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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. What is claimed is: 1. An integrated circuit package system comprising:
connecting affitEtliating ctrugitine et srrtckaindetssryrtHIgY A e BlicfBfbver the

integrated cirguilcdigranst aportien@itheorxteroal intereannests@pddanmind arislationhole between
the external interconnects and into a side of th encaﬁgutlﬁtion ex osin%‘th external interconnects.
ot

2. The systerf ARSI & h Bralle L SYHEEIT EO R afelf ‘f%‘iﬁlfﬁ'élta]ﬁ%f‘f €external
interconnectsindiddasegonad ciingitheckxgeyatamterconnects radiating from the isolation hole. 3.

The system as Clamﬁgo'?o?lﬁﬁrlps t%a 1\peer(lellrn g?ggnmg }QO L0 Oslgslafw over the mtegriﬁgeﬁlrgrcmt die and

the portion of the external interconnects Ihcludes forming the encaps%rl%ltslo%“gle?v\\//eéen the external
interconnects ety epthenisdlatishthoiecond camitgm ppsiom3dS. clliheegh i isladetstadibiledh connecting

the integrateghcifgyif e ridk thd SCAIHRICANRS ERIE HIa S GORMEGHR bR SH&RA ipterconnects
parallel to borders of the encapsulation.
and the second radiating interconnects 320. The additional placement selectivity of the

isolation holes 102 may also provide more degrees of freedom for connection with the
next system level by depopulating selected sites of the external interconnects 106.

Referring now to FIG. 9, therein is shown a cross-sectional view of the structure
of FIG. 8 along a line 9--9. The cross-sectional view depicts the isolation holes 102
with dotted lines between the rows of the external interconnects 106. The integrated
circuit die 218 mounts over the die-attach paddle 116. The internal interconnects 220
connect the integrated circuit die 218 and the external interconnects 106. The
encapsulation 104 covers the internal interconnects 220 and the integrated circuit die
218 over the die-attach paddle 116 and the external interconnects 106. The
encapsulation 104 partially exposes the external interconnects 106 and the die-attach
paddle 116.

The structure having the encapsulation 104 and the isolation holes 102 may
undergo other end of line processing, such as cleaning. The lead frame 302 of FIG. 3 is
singulated forming the integrated circuit package system 100.

It has been discovered that the present invention provides low cost and reliable
method and structure for high density I/O integrated circuit package systems
manufactured from lead frames. The radiating structures having the radiating
interconnects fanning out from the common portion allows to pack more I/O without
being restricted by diagonal tie bars found in conventional lead frames. The radiating
structures may be attached to both the dam bars and the die-attach paddle eliminating
the need for tie bars to support the die-attach paddle and allowing for further increase in
I/O count. Selective formation of the isolation holes allows flexibility to depopulate
predetermined sites of the external interconnects or leave predetermined sites of the

external interconnects 106 electrically connected by the common portion.

9



5. The system as claimed in claim 1 further comprising providing a die-attach paddle with the
integrated circuit die thereover. 6. An integrated circuit package system comprising: mounting an
integrated circuit die over a die-attach paddle; connecting the integrated circuit die and external
interconnects; forming an encapsulation over the integrated circuit die, a portion of the external
interconnects, and over a portion of the die-attach paddle; and forming an isolation hole between the
external interconnects and into a side of the encapsulation exposing the external interconnects. 7.
The system as clainfseEiR s wWHdteid $orifiAg! tht 186TstoA hoROWBIMeEN dFdilsdh SRS

interconnectsan@inla thes ecapsulaiion Gl udesHormyraitiglisplatiansbalenadiasenidnasboundary of
the enca_psulation. 8. The s(%/steog:taes claim%.d in cISaim 6 Wh3ef§§in ﬁg@ﬁ]gg grﬂgvivsnofgtlgfahl%lg’between the
external intertbAh SR TRfo th B HEL Salmtis- Tt Yomai

the first common portion 312 of FIG. 7A has been removed between the first radiating

interconnects 314 of FIG. 7A leaving one of the isolation holes 102 between the

external interconnects 106. Similarly shown in FIG. 10B, the first common portion 312

of FIG. 7B has been removed between the first radiating interconnects 314 of FIG. 7B

leaving one of the isolation holes 102 between the external interconnects 106. In FIG.

10B, the isolation holes 102 do not traverse the height of the external interconnects 106

such that the encapsulation 104 is also between the external interconnects 106. The first

radiating structures 306 are depicted in this example, but the more detailed cross-

sectional view may have represented the second radiating structures 308 of FIG. 3.

Referring now to FIG. 11, therein is shown a bottom view of a lead frame 1102
in a second embodiment of the present invention. The lead frame 1102 may be used for
forming an embodiment of the integrated circuit package system 100 of FIG. 1. As an
example, the lead frame 1102 includes a die-attach paddle 1116 surrounded by dam bars
1104. Tie bars 1106 are between the corners of the dam bars 1104 and corners of the
die-attach paddle 1116.

Radiating structures 1108 extend from the dam bars 1104 towards the die-attach
paddle 1116. Each of the radiating structures 1108 includes an extension 1110, a
common portion 1112, and radiating interconnects 1114. The extension 1110 is
between the dam bars 1104 and the common portion 1112. The radiating interconnects
1114 extend radiating from the common portion 1112. Terminal pads 1118 at the ends
of the radiating interconnects 1114 are formed in a configuration such that the terminal
pads 1118 radiate out from the common portion 1112.

The number and angles of the radiating interconnects 1114 may vary. The
length of the extension 1110 and the radiating interconnects 1114 may vary. The size of
the die-attach paddle 1116 may vary. The configuration of the terminal pads 1118 may
vary, such as parallel to the borders of the integrated circuit package system 100, as an
example, or may be formed in a round configuration. The exposed shape and size of the
terminal pads 1118 may vary.

Referring now to FIG. 12, therein is shown a flow chart of an integrated circuit
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the isolation hole adjacent to the die-attach paddle. 9. The system as claimed in claim 6 wherein
connecting the integrated circuit die and the external interconnects includes connecting multiple rows
of the external interconnects in a staggered configuration with the integrated circuit die. 10. The
system as claimed in claim 6 wherein forming the encapsulation includes exposing the die-attach
paddle. 11. An integrated circuit package system comprising: an integrated circuit die; external
interconnects connected with the integrated circuit die; and an encapsulation, having an isolation hole,

over the intedEECREEIHIE Yh PR pUHIGABH ISR E RSOt gt a6t hole

between the embodiment of the present invention. The system 1200 includes connecting an
integrated circuit die and external interconnects in a block 1202; forming an
encapsulation over the integrated circuit die and a portion of the external interconnects
in a block 1204; and forming an isolation hole between the external interconnects and
into a side of the encapsulation exposing the external interconnects in a block 1206.

Yet another 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 of the
present invention furnishes important and heretofore unknown and unavailable
solutions, capabilities, and functional aspects for improving yield, increasing reliability,
and reducing cost of integrated circuit package system. The resulting processes and
configurations are straightforward, cost-effective, uncomplicated, highly versatile,
accurate, sensitive, and 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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external interconnects and into a side of the encapsulation exposing the external interconnects.

12. The system as claimed in claim 11 wherein the external interconnects are in a radiating
configuration from the isolation hole. 13. The system as claimed in claim 11 wherein the
encapsulation is between the external interconnects and over the isolation hole. 14. The system
as claimed in claim 11 wherein the external interconnects are parallel to borders of the encapsulation.
15. The system as claimed in claim 11 further comprising a die-attach paddle with the integrated circuit
die thereoverWhat is claimed is:

1. An integrated circuit package system comprising:

connecting an integrated circuit die and external interconnects;

forming an encapsulation over the integrated circuit die and a portion of the
external interconnects; and

forming an isolation hole between the external interconnects and into a side of

the encapsulation exposing the external interconnects.

2. The system as claimed in claim 1 wherein connecting the integrated
circuit die and the external interconnects includes connecting the external interconnects

radiating from the isolation hole.

3. The system as claimed in claim 1 wherein forming the encapsulation over
the integrated circuit die and the portion of the external interconnects includes forming

the encapsulation between the external interconnects and over the isolation hole.

4. The system as claimed in claim 1 wherein connecting the integrated
circuit die and the external interconnects includes connecting the external interconnects

parallel to borders of the encapsulation.

5. The system as claimed in claim 1 further comprising providing a die-

attach paddle with the integrated circuit die thereover.

6. An integrated circuit package system comprising:

mounting an integrated circuit die over a die-attach paddle;

connecting the integrated circuit die and external interconnects;

forming an encapsulation over the integrated circuit die, a portion of the external
interconnects, and over a portion of the die-attach paddle; and

forming an isolation hole between the external interconnects and into a side of

the encapsulation exposing the external interconnects.

7. The system as claimed in claim 6 wherein forming the isolation hole
between the external interconnects and into the encapsulation includes forming the

isolation hole adjacent to a boundary of the encapsulation.

8. The system as claimed in claim 6 wherein forming the isolation hole

between the external interconnects and into the encapsulation includes forming
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16. The system as claimed in claim 11 further comprising: a die-attach paddle with the integrated

circuit die thereover; and wherein: the encapsulation is over a portion of the die-attach paddle. 17.
The system as claimed in claim 16 wherein the isolation hole is adjacent to a boundary of the
encapsulation. 18. The system as claimed in claim 16 wherein the isolation hole is adjacent to the
die-attach paddle. 19. The system as claimed in claim 16 wherein the external interconnects

connected with the integrated circuit die includes multiple rows of the external interconnects in a
staggered cotfdeR=ion eolsditediiibtheismesrhrddicuit die. 20. The system as claimed in

claim 16 wherein thg die-attach paddle is exposed from the encapsulation, .
. The system as claimed in claim 6 wherein connecting the integrated

circuit die and the external interconnects includes connecting multiple rows of the

external interconnects in a staggered configuration with the integrated circuit die.

10.  The system as claimed in claim 6 wherein forming the encapsulation

includes exposing the die-attach paddle.

11.  Anintegrated circuit package system comprising:

an integrated circuit die;

external interconnects connected with the integrated circuit die; and

an encapsulation, having an isolation hole, over the integrated circuit die and a
portion of the external interconnects with the isolation hole between the
external interconnects and into a side of the encapsulation exposing the

external interconnects.

12.  The system as claimed in claim 11 wherein the external interconnects are

in a radiating configuration from the isolation hole.

13.  The system as claimed in claim 11 wherein the encapsulation is between

the external interconnects and over the isolation hole.

14.  The system as claimed in claim 11 wherein the external interconnects are

parallel to borders of the encapsulation.

15.  The system as claimed in claim 11 further comprising a die-attach paddle

with the integrated circuit die thereover.

16. The system as claimed in claim 11 further comprising:
a die-attach paddle with the integrated circuit die thereover; and
wherein:

the encapsulation is over a portion of the die-attach paddle.

17.  The system as claimed in claim 16 wherein the isolation hole is adjacent

to a boundary of the encapsulation.

18.  The system as claimed in claim 16 wherein the isolation hole is adjacent

to the die-attach paddle.

13



19.  The system as claimed in claim 16 wherein the external interconnects
connected with the integrated circuit die includes multiple rows of the external

interconnects in a staggered configuration connected with the integrated circuit die.

20. The system as claimed in claim 16 wherein the die-attach paddle is

exposed from the encapsulation.
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