INTEGRATED CIRCUIT PACKAGING SYSTEM WITH PAD CONNECTION AND METHOD OF
MANUFACTURE THEREOF TECHNICAL FIELD The present invention relates generally to an
integrated circuit packaging system, and more particularly to a system for an integrated circuit packaging
system with connection. BACKGROUND ART Modem electronics, such as smart phones, personal
digital assistants, location based services devices, enterprise class servers, or enterprise class storage
arrays, are packinGRAEEDE] RGN TIRACK REING SRS TIHNNW T I alGNNECwihexyNptations for
decreasing cost. Numerous technologies have been developed to meet these requirements. Some of the
research and development stratdgliEEHOIN OFIVEENUEACTNRILSHEREOK ers focus on improving the
existing and mature technologies. Research and development in the existing technologies can take a
myriad of different directions. Consumer electronics requirements demand more integrated circuits in
an integrated circuit package while paradoxigglly;Revidi Eps physical space in the system for the
increased integrated circuits content. Continuous cost reduction is another requirement. Some

technologies primarly.faeus PR RARHNADOLRIUNG oS INQ.eRShINtESTRIad SitsuitQther dechnologies

focus on stacking these integrated circuits into a single package. While these approaches provide more
functions witr‘i’i}‘?rérﬁ’ffﬁfé@raéhébo&r‘%?ﬁ“ﬂﬁ@ﬂl@dqﬁ?ﬁrﬂﬂg%@H?b%@%ﬁ@?éd&ﬂ%%@ﬁ&cﬂ}“ﬁﬁ%‘?'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 r ﬁ&%ﬁpﬁgg&éﬁgdimensions. The demand still continues for
lower cost, smaller size and more functionality. Thus, a need still remains for an integrated circuit

packaging system iNCIIEh G FSWRP EhSHEaNEIL; PROBH PRGAY ﬂ‘@ﬁ%ﬁ&?ﬁ??ﬁ?ﬁi@ﬁffﬁ?‘fh er-increasing
need to Improweittedreaiios ancpast cbdustion;sitdsdmergasingdysctitiagt thratyansweaskies fowrd to these
problems. Inii A hlr - 2re; S'r\l/ G 1rci Qmp itl e RIESSUL 1I ' . Qe ing consumer
expectations \gﬁ t%e&d(?m%\r{?s{hilﬁ% o%p%rgfun%u%{g ?’c%r F?]lgz;?r{%]ggu%é\ér‘c}?d[ﬁct§(%ﬁ?fg}§rﬁﬂ%g\ag?n%h%m arketplace, it
is critical thatcatfsWemerBIfderiatctheSavprotsie deyciRaertionanst hrsheadienretceoasses theprove

efficiencies apg.pRIfoMAREE 18R MEt AOMRELTiVG RIESSUras RHERD ABseVaNJIRRLES WEaney to the

critical necessity for finding answers to these problems. ) _
improving the existing and mature technologies. Research and development in the existing
technologies can 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. The demand still
continues for lower cost, smaller size and more functionality.

Thus, a need still remains for an integrated circuit packaging system including lower
cost, smaller size, and more functionality. In view of the ever-increasing need to improve
integration and cost reduction, it is increasingly critical that answers be found to these
problems. In view of the ever-increasing commercial competitive pressures, along with

growing consumer expectations and the diminishing opportunities for meaningful product
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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 provides a method of manufacture of an
integrated circuit packaging system including: forming a lead having a lead bottom side and a lead top
side; applyingiffgrarisitiation dvenibdeiadavithitherifecad thp sivey e gstifrbfartieeisaBsivietion; forming an

interconnect aliygiwrgugirecthnon the Rassivaian angkdve lgadidapaidadtherpigreRRNGRE Sitdgture having
an inner pad and an outer pad with a recess above the lead top side; mounting an inte%{:‘tﬁfed circuit over

the inner pad SRATHE pENVHERS N2 o n S g SA LS BEN atib MEVETIFE PREGFMeACEIA e The
present inveniiowdpsavities: notsitagrated circuit packaging system, including: a lead having a lead bottom
side and a lead t0p§(i,9u‘?foa as ivationb%/% mgel%%gnvqith the I%@% &PpB sid% ex osﬁ%ql tfr%gq/ ghn% assivation;

. €SE pro (0) SO T10I d€Y€ElQ S
an interconnect structure directly onpthe passivation anoﬁwe 'Ilgad top side, tY1e terconnect structure

having an inrfesgha@asitteastedirrypmduiens ardcdss, bk dddhebeap dikarsarristégradddertcuit over the
inner pad anghthe gagsivatinn,and an encapsulation over the integrated circuit. Certain embodiments
of the invention have other steps or elements in addition to or in place of those mentioned above. The
steps or elements will become apparent to those skilled in the art from a reading of the following detailed
description when taken with referenggte-thgsageempanyngrdiavines BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a cross-sectional view of an integrated circuit packaging system taken along

line 1--1 of FIG. 2 imgcfipst mbadiment pfdnadaresaphisyentiamithcur israahoiiey-aiemcatthe integrated
circuit packaging system. . F|G. 3 is.a cross-sectional view of the integrated circuit packaging system
taken along TSRS e BB B 3 CECAAGIERE PN b el SR aterared
circuit packagimdysyste pussithéoplatiagthhdsel. WG . theidethk tsfrscterex pd G r@nrttenpapplicaiion phase.

forming an interconnect structure directly on the passivation and the lead top side, the
interconnect structure having an inner pad and an outer pad with a recess above the lead top
side; mounting an integrated circuit over the inner pad and the passivation; and molding an
encapsulation over the integrated circuit.

The present invention provides an integrated circuit packaging system, including: a
lead having a lead bottom side and a lead top side; a passivation over the lead with the lead
top side exposed from the passivation; an interconnect structure directly on the passivation
and the lead top side, the interconnect structure having an inner pad and an outer pad with a
recess above the lead top side; an integrated circuit over the inner pad and the passivation;
and an encapsulation over the integrated circuit.

Certain embodiments of the invention have other steps or elements in addition to or in
place of those mentioned above. The steps or elements 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 cross-sectional view of an integrated circuit packaging system taken along
line 1--1 of FIG. 2 in a first embodiment of the present invention.

FIG. 2 is a bottom view of the integrated circuit packaging system.



FIG. 6 is the structure of FIG. 5 taken along line 6--6 of FIG. 7 in a forming phase. FIG. 7 is a top view of
the integrated circuit packaging system in the forming phase. FIG. 8 is the structure of FIG. 6 in a
mounting phase. FIG. 9 is the structure of FIG. 8 in a molding phase. FIG. 10 is the structure of FIG. 9 in
a removal phase. FIG. 11 is a cross-sectional view of an integrated circuit packaging system in a
second embodimer¥l& this prssemtceiiaatiview of the@ta@dted drpsspsekiinabyitam bfkieaintegrated circuit

packaging sygtem in Grapplicationphase.of smankiastuie. FIG. 13 is the structure of FIG. 12 in a forming
phase. FIG. 14 is the structure of FIG. 13 in a mounting phase. FIG. 15 is the structure of FIG. 14 in a

removal phase.  PIGA183L0R HisW eht BEHEtH U MErsas R eest I mrlyia@lascuit packaging
system in a further emgbodimentottive presens inventignicBSPHIM@DE FOR CARRYING OUT THE

INVENTION  Th E‘all wi mbodiméa%fa escribed in suffici tail to enable those skilled in the
art to make and useE { éé?ﬁ%glr%t%rrlll_.cwrlg 0 be 'J%rn??g%tglé’é‘%@él? déhgf%%rﬁéggllrrﬁgn émvxl/%f%) be evident based
on the present discld$uré isshi9rhag s pétdminpgetsskcisrurhpetkagicabrtiemge shnbgyrbia gwhase without

departing from the $gepg RftRRIGSRNGIRYENENa mounting phase.

FIG. 9 is the structure of FIG. 8 in a molding phase.

FIG. 10 is the structure of FIG. 9 in a removal phase.

FIG. 11 is a cross-sectional view of an integrated circuit packaging system in a second
embodiment of the present invention.

FIG. 12 is a cross-sectional view of the integrated circuit packaging system in an
application phase of manufacture.

FIG. 13 is the structure of FIG. 12 in a forming phase.

FIG. 14 is the structure of FIG. 13 in a mounting phase.

FIG. 15 is the structure of FIG. 14 in a removal phase.

FIG. 16 is a flow chart of a method of manufacture of the integrated circuit packaging

system in a further 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 understood that other embodiments would be
evident based on the present disclosure, and that system, process, or mechanical changes may
be made without departing from the scope of the 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.

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 exaggerated in the drawing FIGs. Similarly, although the views in the drawings for



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. The drawings showing embodiments of
the system aféssernilasiaiptaon eragetndheot tonslea lrigpidti partibis deyicomie BetRESdimendions are for the

clarity of presgptatigiand:aresRAMY axagosiatadin %%F’éﬁw'&{‘& RiGsrigtitianly. although the views in
the drawings for ease of description generally show similar orientations, this depiction in the FIGs. is
arbitrary for the moY %ﬁ.@gﬁgéa?wpmwﬁ%rﬁ%ﬁhé&]ﬁsﬁg B%%Et?ﬁdahv&ge%ﬁoﬁ‘??turesﬁﬂwere multiple
embodiments @rendis dlasaariay dndesceibe d1haxtirgns dmerifigainlr esdincopshan; dottaauty andease of
llustration, desgripliqn, and somerchension (heseeh.smilarand fike fealues ane toanotheswil ordinarily
be described With Similar reference numerals. 1he efbodiments have been numeberedl?llrs?e'mbodiment,
second embaddimembagdioicas shavatteeoftiadwipdiviestomwersnai, sitdoare avdhddiendedtto Aave any other
significance %M&VMedQ@Iﬁ@@é‘%cf&&eﬁh@n@éeﬁﬁm}@\{ﬁﬁ“ﬂ%nded FPR SRR UTPRASRSn RS ferm
"horizontal' as used herein is defined as a plane parallel to the plane or surface of the integrated circuit,
regardless of &V IrHARSIANTIRE T RTesraHIEE Hi8Fers to a direction perpendicular to the horizontal as just
defined. Terms, sudivasx@abnve’” ptbgdew, thbattam hotapnaiside ufas hersiBvaalined ighetandower”,
"upper", "over" "under”, are defined with.respect.ta the horizantal plane,.as shownp, in the figures.
e term o LR P P R S O R S T B R H R et
there is direct'cuficatt isétween diecedarpenezhcinderibe bierrmmlwithoutdeinitehoeninguebetnent.  The
term "active siggy refeis [o sideRid digy Meglute R RRskABR P arHBIREFoRiGRIFICt R having active
circuitry fabricated thereon or having elements for connection to the active circuitry within the die, the

module, the pAtRag¥ brit ettt IRl ridfursPrHdadihasronEdakge s e Bifigtkies
deposition of materibiofe photoresistn paittetivings dxpostvigaderelepmaah tsing eleariing;tand/or

removal of the material or ngtoregist as regutiri)e in formin ad§scr'bed truqture. : Re[erring now to
On. m%ans that'there 1S direct cqntact befween ({ne € eimgn .and. anot EI‘ element \¥1th 1103(51
FIG. 1, therein is shown a cross-sectional view of an integrated circuit packaging system taken along

line 1--1 of Fi@eéningfilsemibodiment of the present invention. The integrated circuit packaging system

100 can include a legdfiame-{of @ Gt -yawauadflat slonieadeddRRN pagkageniipiigeip. — The

integrated circuit packaging system 100 can include a lead 102, which provides electrical connectivity

between the Mi¥gYERIANEARPENREYIHY SPerd Girant enhaxies i Byt FRPSHEAS. Phe lead 102
can include anlgad bettony sideid ¢ ard adeadiiop sidpatReppasieltiederd haliae Sidecdkad. The lead
102 can includ?oaéead ,n%rg-kl\loericg rétralnsign%lﬁg% b fween thg Ieage%%}t%rrn Stild? r1e(S).ASftand E?eilead top side
106. The 1Bad 103%af incltde & norizontal ri (j)esi , W ich 1S an end of ?helle’a&)af En H%’rizontally
protruding fronptherteald ebphorizofviahgidéed08g Thallonicnyal il gee MBeckh dreploreredsbesween the
lead bottom side; 10 ARe e Pac LaBAdRLRR..

Referring now to FIG. 1, therein is shown a cross-sectional view of an integrated
circuit packaging system 100 taken along line 1--1 of FIG. 2 in a first embodiment of the
present invention. The integrated circuit packaging system 100 can include a leadframe for a
multi-row quad flat nonleaded (QFN) package with a flip chip.

The integrated circuit packaging system 100 can include a lead 102, which provides
electrical connectivity between the integrated circuit packaging system 100 and an external
system (not shown). The lead 102 can include a lead bottom side 104 and a lead top side 106
opposite the lead bottom side 104. The lead 102 can include a lead non-horizontal side 108
between the lead bottom side 104 and the lead top side 106.



The horizontal ridge 110 can include a ridge lower side 112 and a ridge upper side 114 opposite the ridge
lower side 112. The ridge upper side 114 can be above the ridge lower side 112. The integrated
circuit packaging system 100 can include a conductive layer 116, which provides an electrical connection
between the lead 102 and an external system. The conductive layer 116 can be electrically connected to

the lead 102. The céhellradyé0ayen indudarn Bwieaniedriizecthp orhivd lsah sottorn tBidead 402,  The

integrated cirgyif, BRAGKIFRA-SYSIE o APR CadNEHIR 2 Haspyaliopsl #8e WRIChREPIRES A peHtion of the
lead 102. The passivation 118 can electrically isolate the lead 102 and another of the lead 102. The

passivation 188¥RFBEBHrRB NS lrrd hotinm Siedperd Ml bimetEd4%02. The passivation 118 can be
formed over the horirerttatizigdga 1ilige The pastiviation 1ili§echnwbestaemerl didectidgndpheridge upper side

114. A portiorillgrf the pas ivat(iion1118 ca q?zfomleddover the lgaq t @si%e ]bO6. h T(pe passivation 118
can include & hSENALon Balam e 190 Ad 4 oS An 155 S 23 AmRaeits FE 8 2tion bottom
side 120. Theigadsdation top side 122 can be above the lead top side 106.  The passivation bottom

side 120 can extenethetwesn tederizonalsifne 11001 the laadtriand anatberofihe hesizontal ridge

110 of another of the lead 102. The passivation bottom side 120 can be above the ridge lower side 112 or
the conductivEis)eratiges an ¢hatichl g R pack Ayiderdy e mrd on el iouicah erconnect
structure 124contickvis Rysiruciueentbat providig electtiedl cahnkadvity betweeniacsesisenduetor device
and the lead Clap 'eTle')? igée(gggcqpeoc& glryct rbeoélfg4 Scl?g ?%Iude an outer pad 126, which provides electrical
connectivity to the lead 10 , over or direc y on the lead top side 106. For example, the interconnect
structure 124 can indladategraidistritsutioppfiyemnRDitonl Aheaitiinelwdsoppesdeaddmiid. whidthe outer pad

126 can inC'%t@c(@Q%&M%ﬂH@ 1RkHeropag:L26, G IREIUGE B RQMEHIER Rase: lﬁ@le‘é’@iﬁfhis a bottom
of the outer pad 126, having a base bottom surface 132 and a base top surface 134 opposite the base

bottom surfa@édl‘glé’.thf’ﬁéfdﬁ‘féiaﬁaﬁ)?f26 can include a non-horizontal sidewall 136, which is a portion of
the outer pad 126 tat yawardlyrexteras teofrihd norovadiigadbagedgétion off e Ruter(@adt26 can

include the baseop surfpee, 134.a0d e non-fiorzonial sidewell 1 36;bounding (e [egeg 128. The outer
pad 126 can Mciude the nor-horizontal sidewall 136 surrounding the récéss E)
formed directly on the ridge upper side 114. A portion of the passivation 118 can be formed
over the lead top side 106.
The passivation 118 can include a passivation bottom side 120 and a passivation top
side 122 opposite the passivation bottom side 120. The passivation top side 122 can be above
the lead top side 106.
The passivation bottom side 120 can extend between the horizontal ridge 110 of the
lead 102 and another of the horizontal ridge 110 of another of the lead 102. The passivation
bottom side 120 can be above the ridge lower side 112 or the conductive layer 116.
The integrated circuit packaging system 100 can include an interconnect structure
124, which is a structure that provides electrical connectivity between a semiconductor
device and the lead 102. The interconnect structure 124 can include an outer pad 126, which
provides electrical connectivity to the lead 102, over or directly on the lead top side 106. For
example, the interconnect structure 124 can include a redistribution layer (RDL) on a multi-
row copper leadframe.
The outer pad 126 can include a recess 128. The outer pad 126 can include a non-
vertical base 130, which is a bottom of the outer pad 126, having a base bottom surface 132

and a base top surface 134 opposite the base bottom surface 132. The outer pad 126 can



The non-horizontal sidewall 136 can extend from the base top surface 134. The non-horizontal sidewall
136 can be formed at an obtuse angle with the base top surface 134. The non-horizontal sidewall 136 can
include a top end 138, which is an extent at a top of the non-horizontal sidewall 136. The top end 138 can
be above the passivation top side 122 and the base top surface 134. For illustrative purposes, a plane
of the base toprBuaceon dengastdwidonpladar witshaiplaptsitioé thassiatiah kep bidemeardbithough it is

understood thaithe hasemersHitage.lgsanshthe passivation top side 122 can be at different planes. For
example, a plane of the base top surface 134 can be below a plane of the passivation top side 122.

The interconnect stiEn el 2A¢alh et dudsniiGchites R eWRsald A ARF PRB-A%% KL conductive
trace 140 providesior souteaelmgtiicakeannaciomizetwee pitiel oo tempad @6 tanadhadnneitpad 142. The
inner pad 14%19@%‘% ?§6Tory§&£r&%s%§or%gegsngzglectrical connectivity to a semiconductor device. The
conductive tracé 140 can be attached or connected to the top end 138 of the non-horizontal sidewall 136.
The conductive trackh¢ 40rcherigenfalmdeiaitdShycan ehensaissivabo haspaideriee 13ér Exanepte, the

conductive trggg, sdQicanipalude amalestiicrl ceRResiatdRakidinapre dinliRitioRsiacRa Tkted
nickel-palladium (NiPd) layer, a?ﬁre lated frame (PPF) Iager, or a redistribution layer (RDL). The

inner pad 143WsROHE A SHlsy Frackduds R SR EvETItE 18 iaier phia2P can be
formed directiyiiing passiatisn e sipeed@238 cad be ibtegratephsircativpackagin g2y sitanhd 00 can
include an inrbe Eé}tedsgriFCéjeitl%%’ which is a semiconductor device. The integrated circuit 144 can include
an inactive side 148 and an active side 148 opposite the inactive side 146. For example, the integrated
circuit 144 can inclUthe dlesrficomyurstess depleecintibeigcadhpwiipeor3d sillbowr(Sdptiear withthe integrated

circuit 144 Ca}ﬁéﬁlﬁ?mﬁetiagsﬁggﬂénsﬂ&?s%&@?iﬁl%ﬁﬁfﬂQI%Q%Q&%&MHQ@%@ B4 JD&iRiggated circuit 144

can be mounted over the interconnect structure 12 The intslfgrated circuit packaging system 100 can

include an infAhHICCIHHERHSR 180 St iSB e At ebmdtcive 8RRk P AR InbsFconnector

150 can be attaciefddo ithednies fpacwldglarcbthRegelive side g 8SidEheanternal connector 150 can be

directly on the inne 42, The inteeg@fegagircqéittufackagggi%ls sterré 3[9 ca include th(f: passivation
r

ad
. . € 1nferconnect structyr € a Co t { nd an 1mner, pa
118 electrically isola mgnt & Nterconnect stracture 124 5roim another of the interconnect structure 124.

The integratedt2irEuitqoadieigindrspstébrioddeanrinuisdelacisnironodatien heteepathd 28 medunding or
outside a Peri’f@*eﬁ{dofh@%H&Eezgéétff@adﬁq}éitiﬂrﬁfe&- Ja!aeluﬁjgwagscﬂﬁsum%c&@m HYEERLEY can include
0

a number of the inner pad 142 under the inactive side 1 f the integrated circuit 144. The integrated
circuit packagMg&yibniorbtr BT EfitdsH €ncapsulation 152, which covers a semiconductor package

to seal a semicondutiotslenmiae P asding nadweniceiand eshsormental piPtaatias. offie:eaaapsulation

152 can be formed over the ivation 118, the interconnect structure, 124, the integrated.circuit 144,
e e e R B e e o e B e
122, the interopnndet!Rutiurexkplthehintegrarst citeyit 149 canditledaterndécontlectonctsg.

including a redistribution trace, a routed nickel-palladium (NiPd) layer, a pre plated frame
(PPF) layer, or a redistribution layer (RDL).

The inner pad 142 can be attached or connected to the conductive trace 140. The inner
pad 142 can be formed directly on the passivation top side 122.

The integrated circuit packaging system 100 can include an integrated circuit 144,
which is a semiconductor device. The integrated circuit 144 can include an inactive side 146
and an active side 148 opposite the inactive side 146. For example, the integrated circuit 144
can include a semiconductor device including a flip chip or a silicon (Si) die.

The integrated circuit 144 can include the active side 148 facing the interconnect
structure 124. The integrated circuit 144 can be mounted over the interconnect structure 124.

The integrated circuit packaging system 100 can include an internal connector 150,

which is an electrically conductive connector. The internal connector 150 can be attached to



The encapsulation 152 can include an encapsulation non-horizontal side 154, which is a horizontal extent
of the encapsulation 152. A plane of the encapsulation non-horizontal side 154 can be coplanar with a
plane of a passivation non-horizontal side 156 of the passivation 118. The passivation non-horizontal side
156 is a horizontal extent of the passivation 118. It has been discovered that the interconnect
structure 124thonmectad iditadehd annasidethédintdgratendicounctay érhpredeidickily inebeated circuit
(IC) packagingd& ganyl-row quad flat nonleaded (QFN) package that has not so far been done due to
limitations in leadframe designs thereby fulfilling a need to efficiently configure a multi-row quad flat
nonleaded (QFN) paPkaljtetsriednip ehib mskiegdne sYgtpgs Hio BBeididlovhre 8RR il connect
structure 124chavingliihsdamnduitiiviatiacentdGaitacked4dihe aoeepadhk2aamndnie ismnerypad 142
provides a solytion that does not use bismaleimide triazine (BT) laminate frames to redistribute flip chip
Cignals in LA T T R B S o i R RS R covere
that the interéompetdingrsetiowsidzd previdsten dvibcostiegraidd|airanhléatedhQmMpfisEisicprckaging
methodology ke, ensityRleh SUBURLE GRMSIHELBB- Fchlay RN ga £ 1MInaIAT RS Saldek ballsand
elimination of laminate usage compared to organic substrate products, standard ball grid array (BGA)
laminates, arfi BBLEEREAGHRYYL% ball grid array (eWLB). It has been unexpectedly found that the
interconnect structuraelidd frarmgithergaokh by eywaae 104Q diractiionntbec passiviatiaszopisite 122 and
having the ouler.pad 436 aliaehec to. e dead qn side; 196 impraves reianili.y eminafing jead
pullouts. fhas been unexpecté)élﬁ/ determined that the outer pa& 136 havi g e recess 128
surrounded 3ptivemariabpretraiadsideoventaselprovidias dtrebadprwetticwrithespasdvatenal idlidlisie connection

site to attaChiQ{eF&ﬁlﬂs&t 4!?&&@1%0'1%@,2&% %%ég&lfeqeaﬂeﬁnthaz@%@uﬁ@im@mm&aﬁé@wm@m The It has been
unexpectedly recognized that the interconnect structure 124 protected by the passivation 118 is better for

flip chip moufBFPLoHPArE 1628 HtedRYFinG bR PRstivation 4o Udfrdthdba BHEB)SSre copper,
thereby eliminaiingrsolde freollapseeselderiCcregmnantk misaliginenrttor 190.has been unexpectedly

ascertained that the passivation 118 improves reliability by jsolating the.interconn structure 124 from
o other of the mierd e e B S T S minating
solder creep ahedrigladtticaleshoftbe encidphdaiibedn2uieXpectddhy ideapfiddithatthdandiattive layer 116

provides a religble electipahePUARCHBRRESWESINGIEAAIPRADGAN GULETALPYRIG  sivatilinnas been

unexpectedly observed that the interconnect structure 124 directly on the lead 102 and the passivation
118 provides d $itf@4575@98 ABRAAAPLER ! St ironibesinp phtieRsigyation 118.

It has been discovered that the interconnect structure 124 connected to the lead 102
and the integrated circuit 144 enables flip chip integrated circuit (IC) packaging in a multi-
row quad flat nonleaded (QFN) package that has not so far been done due to limitations in
leadframe designs thereby fulfilling a need to efficiently configure a multi-row quad flat
nonleaded (QFN) package for a flip chip device.

It has also been discovered that the interconnect structure 124 having the conductive
trace 140 attached to the outer pad 126 and the inner pad 142 provides a solution that does
not use bismaleimide triazine (BT) laminate frames to redistribute flip chip signals in a quad
flat nonleaded (QFN) package with multi-row leads.

It has further been discovered that the interconnect structure 124 provides a low cost
quad flat nonleaded (QFN) flip chip packaging methodology due to simpler substrate
construction and layering, elimination of solder balls, and elimination of laminate usage
compared to organic substrate products, standard ball grid array (BGA) laminates, and

embedded wafer level ball grid array (eWLB).



It has been unexpectedly uncovered that the outer pad 126 and the inner pad 142 having reduced pad
pitch significantly reduces a die size of the integrated circuit 144 resulting in reduction of a package
footprint. Referring now to FIG. 2, therein is shown a bottom view of the integrated circuit packaging
system 100. The integrated circuit packaging system 100 can include multiple rows of a number of the

lead 102. The integkate dieit ynasregiudy s jaitad thao banivicriacs tostiptieial i3t ajasia ribenber of the
lead 102.  Jh&ulerd 402 qa0 Bedemsadrdiacenhsinsiia & RassivatianiRetineiei04 abihe

passivation 118. The lead 102 can, include the horizontal ridge 110 having the ridge lower side 112
extending frofHaHs SinlG et ipR e 19 impresifplab iy HEHBERUN S A9 A8 or the conductive
layer 116 is shown in lashape ofeamquedte, drltdrotghl iths uhderstopddhabthevieadhtOZ@kthiegonductive

layer 116 car, b, [Qrmedn A, shapes. ko syamile dhelead 10z.0r e conduelve Iayer, 146 can be

formed in a s%ape ofaci cfe. eferrlng now to %5 g, therein Is Shown a cross-sectional view of the
integrated cirglitpackagsipidrsysein aeohtakernatshirdimaBLO3 &f Fs@ckdevsplbeinbyshiaveadhmanufacture.
The cross-segygﬁ%h}ﬂgﬂy_depicts the plating phase of a leadframe manufacture phase. The integrated

circuit packaging system 100 can include a leadframe 302, which is a structure for mounting and
connecting a semicBiBS QTR tHeTEtEs CPEt b et USRS RBF S E s A i mEniesed R¥adframe
process dimansipmibiaiamnae Disaeasiaty ofigppiexinatehyg @Odmmreadllio gt (i) )which Thadeadframe 302

can be formed with an electrically conductive material i Iuc{j& 0 r (Cu) or any other tallic
e, T F R B
multi-row quadefiat andnissadiedi©FN) package. For example, the leadframe 302 can include a bare copper

base or a mU'“‘rOWI?BQPSééE%QEB?H&_@edI alééﬁdﬁf%gffﬁiﬂﬁlégﬁ%Q@ﬁi&?ﬂ{%ﬁd&@gﬁr%ﬁ%ﬁﬁygw side 304
and a leadframe top side 306 opposite t%e leadframe bottom side 304. A portion of the leadframe 302 at

the leadfram &S e BB LRSSt regEd e B AR AnsHI0) theindveenpsgicHUsHEC Hhe Yahfally removed
region 308 cagmbedioedanithea demolal puecassticuding eighinger credpainéxaple) therpartially

removed region 308 can pbe formed with the leadf 02 half-etched. for exampl e
Crose-sectional view, dep e AT AR ot a4 TH Al ihee AsTi e 178 hRETASIE i
packaging sydtsincidoovascielidevive durdutiiVe dagen t16rfodrsstedirectly on the leadframe bottom side

304. The conductiv, @%%é&%m&%ﬁm&@rwﬁﬁtﬁﬂ glesticalimcondheive matgrialigciydirg a metallic

material or a metal alloy. For example, the conductive Ia){er 116 can be formed with nickel-palladium
(NiPd). lead 102 and the passivation 118 provides a simple process flow and package structure for

flip chip packaging.

It has been unexpectedly uncovered that the outer pad 126 and the inner pad 142
having reduced pad pitch significantly reduces a die size of the integrated circuit 144
resulting in reduction of a package footprint.

Referring now to FIG. 2, therein is shown a bottom view of the integrated circuit
packaging system 100. The integrated circuit packaging system 100 can include multiple
rows of a number of the lead 102. The integrated circuit packaging system 100 can include a
peripheral array of a number of the lead 102.

The lead 102 can be formed adjacent or inside a passivation perimeter 202 of the
passivation 118. The lead 102 can include the horizontal ridge 110 having the ridge lower
side 112 extending from the conductive layer 116.

For illustrative purposes, the lead 102 or the conductive layer 116 is shown in a shape
of a square, although it is understood that the lead 102 or the conductive layer 116 can be
formed in any shapes. For example, the lead 102 or the conductive layer 116 can be formed

in a shape of a circle.



As an example, the conductive layer 116 can be formed with a plating process. As another example, the
conductive layer 116 can be selectively pre-plated. Referring now to FIG. 4, therein is shown a top
view of the integrated circuit packaging system 100 in the plating phase. The integrated circuit packaging
system 100 can include the leadframe 302 having the partially removed region 308. The partially removed
region 308 can be Batsathatiite leddfahetiofriside 08N a cRefeatHgMbWIGY PIGhSittsaraiRtis shown the

structure of Rl i'ﬂa@ﬁa@l}%i%%i@ﬂ) pim%ﬁ%hea%%sinﬁéioxlélgfcmbqumeq)mﬁ aﬁlﬁ&oﬁﬁaﬂon
process in the application phase. The passivation 118 can be applied qver the leadframe 302. The

passivation 1T8“B£?ftﬂéefgr$ﬁéﬁoéﬁf%e€ﬁ’§% YRy daRisrihs RIYBRIBNStEL Ad HE ARAER R ESed region

308. The passiiwadion 118 can be formed with the passivation top side 122 above the leadframe top side

306. For example, passivation 118 can be formed with a material incl gin s% er resist. Referring
ow 10 HIG. 6, therel o e S ey e T A D R RS RIES o ohase
The integratetdrestarsit ioackegingssystepenmociadnineliidendndintefevisadbefgamtiosxsepd diacluding

build-up or patianing. 302 A-RPriRNAL thepagsivation.Ld8 alithe Rassivrtion topside 33 can be
removed to expose the leadframe top side 306 from the passivation 118. The interconnect structure 124
can be formePeiPSENYaN Y TerthRRtY (8F4ide 306 exposed from the passivation 118.  The

interconnect structuraelizddcaménsiadaiie cotiaepadi 26 daunrdidiresilyafvéhaadesdafliacnaliop side 306

exposed from the ivation 118. The intercaon structure 124 can include the oute 126, the
Conducive 1A, e e P B b R o
electrically cohdueticgratedteriaiit (1C) Paekigiocormacttsnucuned fR4gncafeideddFRU paitkaan Electrically

conductive ”@&ﬁﬂﬁi’e!ﬁﬁ%%@rﬁﬂ@@@ﬁ!@%ﬂﬁ%ﬁﬂ@a@{a@e msi:aliQy oF%%@%Q}%o I IRIEQmREct structure
124 can be formed with nickel-palladium (NiPd). The outer pad 126 can include the recess 128, the

. ) d
non-vertical base 130¢ 5B nNHAERZBAF AR BBOHHE Heeekl 1% tiAdERsHRd dhove the
base top surfa@echddsnt the loadfrugidivalhasedd 304 Thgseoass' 28 canre302Qu itdadastibe
non-horizontg sidewall 130 The nenaverical hase 470 can nglude, (ne ase botlom, strface 1.32 above or
directly on the feadirame %op side %éj exposea Rons the passwa?i%n 118. The hon-horzontal sidewall
136 can upweaagiynekkeath fro herthednoithvertival dasect80ndthdimmeichtngzontal sidewall 136 can extend
from the base top sprfacg gt hReNaRYeEreNalsidevalk 136 Gan iRy detnalpR&REnt 3B Above the

passivation top side 122 and the base top surface 134. _ _
half-etched. Also for example, the cross-sectional view depicts the leadframe 302 as an

etched copper base.

The integrated circuit packaging system 100 can include the conductive layer 116
formed directly on the leadframe bottom side 304. The conductive layer 116 can be formed
with an electrically conductive material including a metallic material or a metal alloy. For
example, the conductive layer 116 can be formed with nickel-palladium (NiPd).

As an example, the conductive layer 116 can be formed with a plating process. As
another example, the conductive layer 116 can be selectively pre-plated.

Referring now to FIG. 4, therein is shown a top view of the integrated circuit
packaging system 100 in the plating phase. The integrated circuit packaging system 100 can
include the leadframe 302 having the partially removed region 308. The partially removed
region 308 can be formed at the leadframe top side 306.

Referring now to FIG. 5, therein is shown the structure of FIG. 3 in an application
phase. The passivation 118 can be formed with an application process in the application

phase. The passivation 118 can be applied over the leadframe 302.



The interconnect structure 124 can include the conductive trace 140 and the inner pad 142. The
conductive trace 140 can be attached or connected to the top end 138. The conductive trace 140 can be
formed directly on the passivation top side 122. The inner pad 142 can be attached or connected to
the conductive trace 140. The inner pad 142 can be formed directly on the passivation top side 122.

To improve miniatufiRatiossitaadnteli s e rttiinphdicggigosydie adfonea toinside d ¥nadhembodiment

with a number,af pRSsivalieN Jayersssschnas g Rasaiaianl 18 randd wivmhepakitagss syich as the
conductive trace 140, to provide a full input/output él=10) arraﬁ capability. For example, the integrated

circuit packadifig SrstRnva 85 Ladinare derwmide Brite1R s oA dribetoreie®sductive trace
140 directly onitthe jpassiMationdid@soldeRefigrring now to FIG. 7, therein is shown a top view of the

integrated circuit p ing syst in the formin ﬂhjas . The top.view depicts a number of the
interconnect structﬁlggk%%ﬁlgfﬁg i%%#:%%h%gfeé{lrbscn}ﬁ?é% 'f zf (S:%lrllcflrl\{:it?%%i%%gl otﬁ%)? f:%&gll% haéing the
recess 128 safrblindedny fitiermarphsxiz dhealnsideninglcigeit Phckipsiaecayitriet IWurauiacile @an include the

conductive trage-dshdanehihadoneiaas 1d2uding BRIBIEI BIRE SiFgUIt packaging system 100 can include
a number of the outer pad 126 connected to a number of the inner pad 142 with a number of the

conductive trace 140.PPREChEGRs8astirRiNpHdkaG Ay RirsteHoros R NS nda g hsIipRO Yst ¥ of the outer
pad 126. Thecikpiagraiet sireaiicpapkadimyeysianthd Qassaatioelutke mhdltiptedcawscotdfernnerpad 142.

The integrated cjrcuit pa ing system 100 can inclyd eripheral array of a numbeg of the outer pad
126, The outoH e e S BTt R M of the pasaivadon
118.  The integrdiedlinieeesinpret kbt sy steenn 00ledmthechytie pad dbfamaddnsbdy of the inner pad

142. The i”“%ﬁ%ﬁé‘%ﬁ@ﬁé’ﬁ)@é%@e@t@ﬁ%yﬁéQ%lﬂﬁ 9fi g RagIVANINRL 8acthie inugrLpad 142 can
be formed closer to the central portion of the passivation 118 than the outer pad 126. The conductive

trace 140 car"SB96/Rfeet{fitRed hfniBecerdidiretiteers?; mmﬂa{?@%@eﬂ&ﬁf Bred @S AdiRtGe trace 140
that are contiguguslytfocmedwand comnastetthataee otk avtemhpaedl 26 and the inner pad 142. The

segments 702 can for{ned as ingtle ir1 ral %tr ctured. . Thels ments 7(92 can b? formed at a

. € 1nterconnect stru lﬁ‘e can be formed .with an € C%ﬁCil %/COI’I UCt{Ve m& eflal
predetermined angle between one another. The predetermined angle helps separate a distance between
an array of thechutegpadeiicfoaimiptovedreti nBeridrrtemsEiekitewiceconmmnt sitstne BAtem level (not

shown). For gxagpl&: e Riedsipimings augig can depend on design guidelines or geometry constraints.

The outer pad 126 can include the recess 128, the non-vertical base 130, and the non-
horizontal sidewall 136. The recess 128 can be formed above the base top surface 134 of the
non-vertical base 130. The recess 128 can be surrounded by the non-horizontal sidewall 136.
The non-vertical base 130 can include the base bottom surface 132 above or directly on the
leadframe top side 306 exposed from the passivation 118.

The non-horizontal sidewall 136 can upwardly extend from the non-vertical base 130.
The non-horizontal sidewall 136 can extend from the base top surface 134. The non-
horizontal sidewall 136 can include the top end 138 above the passivation top side 122 and
the base top surface 134.

The interconnect structure 124 can include the conductive trace 140 and the inner pad
142. The conductive trace 140 can be attached or connected to the top end 138. The
conductive trace 140 can be formed directly on the passivation top side 122.

The inner pad 142 can be attached or connected to the conductive trace 140. The inner
pad 142 can be formed directly on the passivation top side 122.

To improve miniaturization, the integrated circuit packaging system 100 can include

another embodiment with a number of passivation layers, such as the passivation 118, and a

10



Referring now to FIG. 8, therein is shown the structure of FIG. 6 in a mounting phase. The mounting
phase can include a phase in an integrated circuit (IC) packaging assembly phase. For example, the
integrated circuit packaging system 100 can include a flip chip attachment method with an incoming
routed leadframe in the mounting phase. The integrated circuit packaging system 100 can include the
integrated cireuibedofrtiacastetdves tieecimdireidrmertestdictioraravde Thellimeuvarserciléitany can include

the active side 343 daqing dhriiereRNAREERUMEHR Jp%&(fgmge@@ml@o@&ﬁﬁmaéet%iaswiiepackaging
system 100 can include the integrated circuit 144 having a silicon (Si) die area smaller than that of
packages withEis¥HSRe! b sid @dumberpfdha capdieliy eifess PRkESy @ Qe rstos i iciude the
internal connector Id«@nnnaciedto Fi@. innehdgpead 142mnd thetgctivevside thdSintdaeaiedecirahiconnector
150 can be dire%tflléon thetirr}lnelr ad 142. For illustratj e %L)lrpgses, hecigt%rnal onngf:t&lrelSO is

i f . . t
shown as a don ltl}§esl\)/a?np, alt 51159 Gti8 Undersiood that the internal tonnector 150 can include any

other electriclligreangoictiveceonnedoldeForeesaarmsiesttietintel Aalceonneleds thsooutan indudé a

conductive pggien AP {er&XamPle. e aal ensckriialcanbe ormed yithiaceprivctive material
including solder, a metal, or a metallic agl%o?/.ﬁ% Referring now to FIG. 9, therein is shown the structure of
el

FIG. 8 in a mIMmMYy phaberrinelidtcgrt tseRAgiMY Leisrssd L& include the encapsulation

152 molded over thehpaiassyatian dd8itthackaigngayseat stuictureniRde thadniegrafebkciigeitphd4, and the

internal conn? or 150. The enca sulagi n 152 ca lﬁ formed co ering Tﬁ‘e ga sivati(t)n top side 122, the
. 2 .
interconnect s?é re e mtegra %ec}Pélﬁftpf 4, anw%g 1|]r11l err?élocénen%c o‘}Cf?,[S race %g’errmg now to

rug?ll}reci 4? the'in egrate
FIG. 10, therditeigtsigeniad thecwtrpetkreied R iAGcrarmledephakivldevineé tratadecipedit Fackaging

system 100 cap ifﬂ@égf_ia%eé éﬁ&lﬁ‘iﬁk?égﬁ%ﬁ%é&?ﬁ#fﬁ@gﬁt%ﬁgé %ﬁhﬁ?ﬁ@%@éfﬁh@ﬁ%&%ﬁ@@p'e, the
removal process can include %%Eper etch. A portion of the leadframe 302 of FIG. 3 at the leadframe
A

bottom side 304 of ES.1BIGHRA e FErHEVERFF8RRM § e X 1092, A de st RBPRA b aYettritally isolated
from anotherminiber leadht Oitdihpatidpe lover side pdP ofchadebd fPRanddhe: passiaiinthottom side

120 can be ex osed vr\llitké 'Epn% tg%ggn totfhtehe Ig@/gtflr(%nﬁg’SOZ at the leadframe bottom side 304 removed.
The integratep circuit p c]i<ag|ng sys(iem F86°canihciude a package singulation process to produce

individual units or pabkagfegrofdharinic gratedingreyitopadRBgingirylutemn 00y Tdfer paokagefsihgulation
process can ipglide A1mechanial YP.gnieal AreeesStned alh&RRARHIIONHOLcah i ude the

encapsulation non-horizontal side 154. A plane of the en%?é)sulatlon non-horizontal side 154 can be

P .
coplanar with 21 Bt paeshsaeRasiersrio shiaratd BeE e thipazsivation hifghan the
outer pad 126.

The conductive trace 140 can be formed with a number of segments 702, which are
sections of the conductive trace 140 that are contiguously formed and connected between the
outer pad 126 and the inner pad 142. The segments 702 can be formed as a single integral
structure.

The segments 702 can be formed at a predetermined angle between one another. The
predetermined angle helps separate a distance between an array of the outer pad 126 for
improved connection to a stack device or an external system level (not shown). For example,
the predetermined angle can depend on design guidelines or geometry constraints.

Referring now to FIG. 8, therein is shown the structure of FIG. 6 in a mounting phase.
The mounting phase can include a phase in an integrated circuit (IC) packaging assembly
phase. For example, the integrated circuit packaging system 100 can include a flip chip
attachment method with an incoming routed leadframe in the mounting phase.

The integrated circuit packaging system 100 can include the integrated circuit 144

mounted over the interconnect structure 124. The integrated circuit 144 can include the active

11



Referring now to FIG. 11, therein is shown a cross-sectional view of an integrated circuit packaging
system 1100 in a second embodiment of the present invention. The integrated circuit packaging system
1100 can be similar to the integrated circuit packaging system 100 of FIG. 1, except for an addition of an
electrical connector and the formation of the passivation 118 of FIG. 1 and the inner pad 142 of FIG. 1.
The integratetddeinddit ek disingi ey sranstistootesnl iclbiokesaealy. tho mtogkitt! sresvid @gckhetrdcal

connectivity Q;Mﬁ?ﬂ)ﬂ“@aim&gﬁ%eﬂ&iiﬁé@d%@&'éﬁgiﬁ‘glaxﬂ%é 109 and @ adarmaksysighiRot shown).
The lead 1102 can include a lead bottom side 1104 and a lead top side 1106 opposite the lead bottom

side 1104. TH A darkpeeE dithlamiate B HSNn-horizontal side 1108 between the lead bottom side 1104
and the lead top sidend 16gratedIdieleachdkk@h gansiacliude ashdriziodtalhédgerhill Gynnbiek issan end of the

lead 1102, harizontally protruding fr e lead non-haorizontal side. 1108, The horizontal ridb%e 1110 can
e formed bt En b e BT ada T100 g e e 1 a0 R PR e 1220
can include adrieigjty lowe sider pad 243nd a ridge upper side 1114 opposite the ridge lower side 1112. The

ridge upper side 11%&@%9&1@@9\4%93%! idgerRmar sidgelbtdso is IFvinRIalRd RiicribRAgkaging
system 1100 can include a conductive layer 1116, which provides an electrical connection between the

lead 1102 antBAgRtEriarreeiand it Bsniateavecoiisr et 16 Lt dactideABamPebrisetiedYo the lead
1102. The conghdativeclayefickicke can baiaseddireatiylorinectead Jnotaimkindel 1 @nductilVbe integrated

circuit packaging. system 1100 can inclyde a passivatior,111 hich protects a portion of the lead 1102.
The passivatis TAB0. S Sm ety (ioe 8 SR P s B K D Qe 2
passivation 1ih¢Bdaa tetdformadtalumoundindiaallapper portion of the lead 1102. The passivation 1118 can

b_e formed over the ﬁ&@ﬁ%ﬂé%@&%i&l@-tﬂ'é}‘éiﬁ’NM%QH&%&%P@I@@%QH&@IB%%M ridge upper
side 1114. Aﬁort_lon of the passivation 1118 can be formed over the lead top side 1106. The

passivation 11ABIRES it A Y Peskisiriom HERo FaR Pebaih ShpaRUHABA 10p78ided19%5 opposite
the passivatidi pattomeisid e 1812Q.idtbe passivatioritopidaclih2iaad becahave, thel ibadhtemdide 1106.
The passivaticorﬁnbe%%cr)rpsﬁi %120 can %'%le %bcetvxﬁ%eﬁ% rtrfI11e hori%%)nta,[lhreid gs%/%&(())notlz) thg Jg% 1102 and
another of thé horizontal i ge D o]faanot er of the eaoF(HB‘é. e passivation battom side 1120 can be
above the riddje loigrspridet $1uQuer 136, contirtivedayeonil 146, and the internal connector 150.

Referring now to FIG. 10, therein is shown the structure of FIG. 9 in a removal phase.
The integrated circuit packaging system 100 can include a removal process including etching
in the removal phase. For example, the removal process can include copper etch.

A portion of the leadframe 302 of FIG. 3 at the leadframe bottom side 304 of FIG. 3
can be removed forming the lead 102. The lead 102 can be electrically isolated from another
of the lead 102. The ridge lower side 112 of the lead 102 and the passivation bottom side 120
can be exposed with the portion of the leadframe 302 at the leadframe bottom side 304
removed.

The integrated circuit packaging system 100 can include a package singulation
process to produce individual units or packages of the integrated circuit packaging system
100. The package singulation process can include a mechanical or optical process.

The encapsulation 152 can include the encapsulation non-horizontal side 154. A plane
of the encapsulation non-horizontal side 154 can be coplanar with a plane of the passivation
non-horizontal side 156 of the passivation 118.

Referring now to FIG. 11, therein is shown a cross-sectional view of an integrated
circuit packaging system 1100 in a second embodiment of the present invention. The

integrated circuit packaging system 1100 can be similar to the integrated circuit packaging

12



The integrated circuit packaging system 1100 can include an interconnect structure 1124, which is a

structure that provides electrical connectivity between a semiconductor device and the lead 1102. The
interconnect structure 1124 can include an outer pad 1126, which provides electrical connectivity to the
lead 1102, over or directly on the lead top side 1106. For example, the interconnect structure 1124 can

include a redistibtON RYERDENcoP! dormultiddiaroppar destitrahrennectqripa the fpadtionnd can include

a recess 1128 TheQuiehRad JdE26; candnaludena paan-verticai@ape 1130, which is a bottom of the outer
pad 1126, having a base bottom surface 1132 and a base top surface 1134@ osite the base bottom

surface 1132. The JRePERP IS CdhPHRRIRS S PR sARsldaAlrat Za/ﬁmﬁ‘igrﬁ"b%ion of the
outer pad 112&dhatlpwiacdiyextendscirana the giapdverticalpbhasgihdIPstem Moe adtan padhi?6 can

include the base top surface n on-horjzontal si 1 1136 ndi he recess 1128. The
outer pac 1158 B R e S DAl STaAEn & e oy i PR 108 (B 100
non-horizontall Sftlepralite1Be tead bstent sidsn the Basdawh Id0Faee nrBuleThisasorhdrivaentd! sidewall

1136 can be {prmad@t anRhtiseanoavithithe pasentepsiiacs, R4 1bge non-horizontal sidewall 1136
can include a top end 1138, which is an extent at a top, of the non-horizontal sidewall 1136. The top end

1138 can be above the FabdVitH 186 4iae P92 ARl e dd8 1P st ifkerd 84 the lepd] [listrative
purposes, a plaiwahiiyephaseliop Boifate kidhin-shavwsmadpianan 0sitiTeearieoafadhedgasdivation top side

1122, although, s ndersiood (gt the Pase tov surfage, 134 and ihe passiygtion top side 1122 can be
at different planes. For examp?e, aplane o e base op surface Y138 €an be Below a plane of the
passivation top sidelhd horizontatiel gatétdOrae crdudsctundge 10w s aidintldders econdhectiretrade 1140 and

an inner pad ﬂﬂiﬁ%pBBﬁt@QHQH@l 'xqmggi&éléi@@r%@%g ﬁ%ﬂé@%i@é@fﬁ@%ﬁ%“ﬁ%@@@h@%ﬁ&é%en the outer
pad 1126 and the Inn%:)ﬁad 1142. The inner pad 1142 provides mounting support and electrical

connectivity t9%Eéiffictdductor device. The inner pad 1142 can be attached or connected to the
conductive trace 117k integhitedcoindiichveirane dldthcarbeatiachead arcoannectethjertheltop end 1138

of the non-harizontal sidewall 1136. The conductive trace 114 be formed directly on the passivation
top il 123" o) BRI B e e s b S R TR i =
redistributioncdvadestaeduted Inickep il aticmec iNiPdnhepead sophe fladeld franhbe(PmAYdayetasr a

redistribution |ay@E {iRERLehrmed HRENQArMER &ieitbRAGKEg A System 1100 can include an integrated

circuit 1144, which is a semiconductor device. The integrated circuit 1144 can include an inactive side
The integrated circuit packaging system T100 can include a passivation 1118, which

protects a portion of the lead 1102. The passivation 1118 can electrically isolate the lead 1102
and another of the lead 1102.

The passivation 1118 can be formed surrounding an upper portion of the lead 1102.
The passivation 1118 can be formed over the horizontal ridge 1110. The passivation 1118 can
be formed directly on the ridge upper side 1114. A portion of the passivation 1118 can be
formed over the lead top side 1106.

The passivation 1118 can include a passivation bottom side 1120 and a passivation
top side 1122 opposite the passivation bottom side 1120. The passivation top side 1122 can
be above the lead top side 1106.

The passivation bottom side 1120 can extend between the horizontal ridge 1110 of the
lead 1102 and another of the horizontal ridge 1110 of another of the lead 1102. The
passivation bottom side 1120 can be above the ridge lower side 1112 or the conductive layer
1116.

The integrated circuit packaging system 1100 can include an interconnect structure

1124, which is a structure that provides electrical connectivity between a semiconductor

13



1146 and an active side 1148 opposite the inactive side 1146. For example, the integrated circuit 1144
can include a semiconductor device including a flip chip or a silicon (Si) die. The integrated circuit
1144 can include the active side 1148 facing the interconnect structure 1124. The integrated circuit 1144
can be mounted over the interconnect structure 1124. The integrated circuit packaging system 1100
can include afevitendl denisadtbtO21 Sbewkifskornest stectktallyZosriutiedesnrateswarhkl Afternal

connector 115000506 ALRheAIR thR-RReTPAShA2 andithe AstiveisiderL 4 ThaiRigraal connector

1150 can be directly on the inner pad 1142. The integrated circuit packaging system 1100 can include
the passivatidh®P1 Y8 érttnis fS<BISTAgnEes SHESHRBhhES @pierivder B4l SR IAYT SRR interconnect
structure 1124n 4 halintegrategetireudtrpaeckaging system 1100 can include a number of the outer pad 1126
surrounding or outside a perim f the integrated circiy 4. The in ted circuit packaging system
1100 can nolude & Hr G G 28 0 A TS o % HaCie B T B R S e

1144.  Thediritesdreaesd 1disBuiviabkagihgtsystehihe100ce and difelehayingne dpsubetion SU5acevhich covers

a semicondugiap %8'@%4@09‘%%%&91@%{?%%@rtl@%%@lﬁﬁ%i@iﬂﬁa{é@?f@? ieal ahd:savingpgental
protection. The encapsulation 1152 can be formed over the passivation 1118, the interconnect structure

1124, the intE4PaRIUER URCPMPRIZQRE S HRIINEI o edtdr PRt hahE Penddan! 1355 %an be formed
covering the passiubtinciap fide tht 23ntheatoieennes.structure 1124, the integrated circuit 1144, and

the internal connectgr 1150. WEGe&ca%%ydgéi%elb:L?g% ﬁ)&g%@ggqp@ %pl%iﬁgunlgﬁi_ grpé()igiglorizontal

side 1154, which is a oOrLllzonlfg?extent of the encapsu ne of the encapsulation

non-horizontaldsigell1 154 banndmg dslapeaswith?d glameustrpphssvationredirdh drizemtdiosidentid 56 of the

passivation 1348y e pessivalinmpan- hedzoniag side 1156 is a horizontal extent of the passivation 1118.
The integrated circuit packaging system 1100 can include a pillar 1162, which is an electrical connector

that provides connettviybEREaAnEdmaYraled cresitiead iramdhinbetetareyaten! 3hd Millar 1162 can
include a pillabhoidamsideiizG4anBa pilabddpraide 4166 @ppesieihe pilaidpitervpidathi®4. The pillar

1162 can incyd the pilarion, Siis LSS ihe lnnerpad 1142 farmed direclh therean, , For

S
illustrative purposes, the pillar bottom si IS shown wi width greater hah'a Wi %hato? the pillar top

side 1166, althp@githit muhderstidciderahd biftal bottonasidd 38164 Aadithee plitapasspvsite 10b66 can

include any other\ywdths gﬁgq)gg@%}pggﬁggg piHar bottom side 1164 can include a width approximately
equal to a width of the pillar top side 1166. Widths of the pillar bottom side 1164 and the pillar top side

1166 are horizontalfiStARLES HeRW@ER o 8RTA Rt SrIETFinGr bttt st cPRbA N Hhe pillar top
side 1166, respesiivetythe paRisatitar idpsiRtivEpuipRses, ihe pillrisaitomsite Hakb4ols shon with a
straight surfa lthough it is understo the pillar bottom side 1164 can include any.ather surface.
For xample. T B B L1 i B R e S R B e

The pillar 11&2scdopineifide B picanrisrbonzopiaicsitend pasibaiwen side gilkd: bottom side 1164 and the

pillar top side 1166-mhniane Hhaceorienef e RllRRRNCMEREN e L 168 C A INerserpaplane of the
pillar bottom side 1164 or a plane of the pillar top side 1166. ,
1142. The conductive trace 1140 provides or routes electrical connection between the outer

pad 1126 and the inner pad 1142. The inner pad 1142 provides mounting support and
electrical connectivity to a semiconductor device. The inner pad 1142 can be attached or
connected to the conductive trace 1140.

The conductive trace 1140 can be attached or connected to the top end 1138 of the
non-horizontal sidewall 1136. The conductive trace 1140 can be formed directly on the
passivation top side 1122. For example, the conductive trace 1140 can include an electrical
connector including a redistribution trace, a routed nickel-palladium (NiPd) layer, a pre
plated frame (PPF) layer, or a redistribution layer (RDL).

The integrated circuit packaging system 1100 can include an integrated circuit 1144,

which is a semiconductor device. The integrated circuit 1144 can include an inactive side
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For illustrative purposes, the pillar non-horizontal side 1168 is shown with a curved surface, although it is
understood that the pillar non-horizontal side 1168 can include any other surface. For example, the pillar
non-horizontal side 1168 can include a straight surface. The passivation 1118 can electrically isolate
the pillar 1162 and another of the pillar 1162. The passivation 1118 can be formed surrounding or directly
on the pillar ndrthorkemrdtsideidd 6849 neppaissifiatiopctitd sidan litie| Jie exeantrallporiisardedegion at
which a numbgg.af thesnillahlklQr GapRedarmesd d@ﬁj@&ﬁ@fu&lhgHrﬂ%laﬂﬁ%bé’sﬁie&m%rd@the lead 1102

with the pillar non-horizontal side 1168 facing the lead non-horizantal side 1108 or the horizontal ridge
1110.  The pillar B5tiBIREHFd treA A HE AP s o8 dah! B8 Bepssba HoHF RS Passivation
1118. A planemkaiortioh ahthigeitatebatienitsidetldadeanchetabove ahplanawhiterpassivation bottom
side 1120. A Haﬁle of the pillar top side 1166 can be coplanar with a plane of the passivation top side
1122. The pillar 1162 can include a smaller size compared to that of the lead 1102. In other words,
the pillar 1162 can iRetudiesars giclespatragizehestim of Redadec o 2mtewidgriasstandh®.width of the

lead 1102. Hgightsiof the.pillalil18aaRd hedarddl AR g veificalfisianaes bafwesmvailical extents of
the pillar 1162 and the lead 1102, respectively. Widths of the pillar 1162 and the lead 1102 are horizontal

distances befifeBR¥ddt xRtk YRe gRIAt 1 EBRINtRY 22 PR AL EEPBxample, the
pillar 1162 caheingledeaa higight less than or approximately equal to half of a height of the lead 1102.

The pillar 1162 can.jnclude a pitch.finer than a.pitch of th d 1102..In other words,.the pillar 1162 can
incude a pitch loos Hr AChAH o o LRI A0 Sith of Desahiar L0 HE- el AR, e
between a cealteirishiiveipiliime] 6R anttrswwacer oiaiothét BF thenpilkapthes 2hteiswiyseytad the pillar

1162. A pitCthﬁ&hﬁe'qqutljl% iﬁt@ﬁ&%@&%ﬂ@liﬁM&%&%@W@ﬁﬁﬁ(ﬁ?@&ﬁﬁ?{lﬁ&% leaghibkP 2 ed a center of
another of the lead 1102 that is closest to the lead 1102. It has been discovered that the pillar 1162

improves tesPHGAIRFWIH theUFiMupdias 2 fUMtHERiIRgPAE AAE5t Poibt 1 Fecnitdte fianitibhsiity Besting of the
integrated cirgipdi«Hcircuidiphas gilso Heem disadvarancthad thenpillar A162 impreued redabiity with the
pillar 1162 haying a robust tyre on which the in ad 1142 is formed to support and connect the
integrated ci?@ﬁiﬁfﬂ‘ﬁe side ﬁ?tlcrayfgf)l#frt\%eﬁ%t\%g %?fjlg.rcfé[?%fwgéin is shown a cross-sectional view of the
integrated circuit pabikaditrgsyesterncuitoikamapplicationd $hase oflwdmafactaresieontdgrated circuit
packaging sygigm 40 can elide B leadirang, 1202, Which s R SHRRLE PHLHE fRhisiksed to mount

and connect a semiconductor device. The leadframe 1202 can be formed with an electrically conductive

material incltihGROBPEIE PEYET P BHEF rRaivlHiatetitn 2 can P tenatante PoPrearintlude a
leadframe bottas sidenla2bshand arleadrana tape siteh2A6pppositeshadaadirmmebaitassside 1204. A
portion of the leadframe 1202 at thellleﬁdgrame top sige 1206 can be remove tosflxgi%m1 iazgaglially removed

. : lat t . .
region 1208. The parﬁaﬁﬁ?a moved reglona?Lﬁ% can be formed wit ags}\el?ﬁgl\]/af)%rocess m(:lug]lng etching.

The leadframetdizoneeirsincludel Widethe ghoresali@ramt Iddfrowdrdgionernd tanyehich ldA®.non-removed

portions of the leadffame 12020 [e5paiR, HRREACERIR Y IRRFERBRYRIDIARAS L ISINPRILAT the narrow
regions 1212 can be surroundelc(llﬁ?(ta)‘l}k/1 a number of the wide regions 1210. The wide rni%flgns 1210 and the

narrow regiofsI YA BRSO RD FICRREEY AT dUBsequdticptdBe SRe ROHAtIRR AL ARRITANES,

respectively, iRisvhich asehricoprustortevigeaanba ganmnetiad non-hbhgowtidei®giass b21kkcan include

widths greater than widl{ﬁ gf Ique narrow regions, 1212, VYidt s|o{f5tg1e WicLe reglij?aqs 1210 &!lthe narrow
ntal dis n

. assiyation € passiyatior non:horizontal, si a norj, .exte €
regions 1212P4re Honizo STtes BN horiZontal extents bf the wide reglonerZ 0 and the

narrow regiompss$@a@onddpdctively.

The integrated circuit packaging system 1100 can include a pillar 1162, which is an
electrical connector that provides connectivity between the integrated circuit 1144 and an
external system. The pillar 1162 can include a pillar bottom side 1164 and a pillar top side
1166 opposite the pillar bottom side 1164. The pillar 1162 can include the pillar top side
1166 with the inner pad 1142 formed directly thereon.

For illustrative purposes, the pillar bottom side 1164 is shown with a width greater

than a width of the pillar top side 1166, although it is understood that the pillar bottom side
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The integrated circuit packaging system 1100 can include the conductive layer 1116 formed directly on
the leadframe bottom side 1204. The conductive layer 1116 can be formed below the wide regions 1210.
The conductive layer 1116 can be formed with an electrically conductive material including a metallic
material or a metal alloy. For example, the conductive layer 1116 can be formed with nickel-palladium

(NiPd). Also foitéxamibiepivs sorddictilVedleyeinghides arrerfviidied Tt xaperibeardeesstineluding a

selectively prglated Rraceshide a WVRHPASHVAHARL1dR 050 Refarmed wdthian applcationsgrocess in the
application phase. The passivation 1118 can be a&vlie over the leadframe 1202. The passivation 1118

can be formed) §ical B RHERRR I toh! Gane 20% RHE d98 SidriAh0orarn SoEEPLisis 2988 The
passivation 18 8«eanhoe /ainieckwitts thie thagsivatibotap side 1622above hiddeadfraide togoside 1206.
For example, the g@ ivation 1118 can be formed with an insulation material including solder resist.

Referring now 18 ¥L3, therein is shown the structure of FIG. 12 in a forming phase. The integrated

circuit packaging syStenfaridiossan indludesan it rebimeettdarmidid thestbdwnchiding wiilghup or

patterning. s, AROMRRLAEENE RassivAlioN 1SR thaRassivaticadon §ldgd 134 kRN.b¢ taeoved to
expose top sides of the wide regions 1210 and top sides of the narrow regions 1212 from the passivation

1118. The int&I&Him&et StreRiTe Ha PR RaRNETor e d ity B A RIEE O IR s Helirfs 1210 and
top sides of thentargautftegions 1212. The interconnect structure 1124 can include the outer pad 1126

formed directly on a top sjde e of the wide regions 1210. The inter ct structyre 1124 can include
the outer pad 1126, e A e a Ao, Seat ey AT T3 T Bo o et e B T egra
structure withbetioomsisenlefecurichiiecohducoveidratdital. A pike dhterporivacesthecmberindy can be

formed with gy, eJerixically @WU&?Y&&R@&?@;@IHH&'%@_H& iﬂb‘%tﬁﬂﬂ&fﬁ@f&éi@héi armeiahallgymkor example,
the interconnect structure 1124 can be formed with nickel-palladium (NiPd). The outer pad 1126 can

include the rdtb¥stap 98¢ H8%on-vertical base 1130, and the non-horizontal sidewall 1136. The recess
1128 can be formedabiove:the dasep o sthifgikat hdd-edribentoRivketical ivasewl 3th thairegkss 1128 can

be surrounded the on-horizontaci sidewall 6. The non-vertical base 0 can include the base
ot aunacmge AN IR AN 0 THE RATREHRRIONE At er il G0 Do
1118.  Thetharsthérzoheaksideplaliht BBacanndpwiaedipl sidehdof oa ihelurtsra veniiglsbeeec1130. The

non-horizontal sidewgll 1,136,630 exiend TR HGIRAREIIAPHRYTRCE LA3%nlNERRY of the pillar

1162. The passivation 1118 can be formed surrounding or directly on the pillar non-
horizontal side 1168. The passivation 1118 can include a central portion or region at which a
number of the pillar 1162 can be formed, adjacent, or surrounded by a number of the lead
1102 with the pillar non-horizontal side 1168 facing the lead non-horizontal side 1108 or the
horizontal ridge 1110.

The pillar bottom side 1164 and the pillar top side 1166 can be exposed from the
passivation 1118. A plane of a portion of the pillar bottom side 1164 can be above a plane of
the passivation bottom side 1120. A plane of the pillar top side 1166 can be coplanar with a
plane of the passivation top side 1122.

The pillar 1162 can include a smaller size compared to that of the lead 1102. In other
words, the pillar 1162 can include a height less than a height of the lead 1102 or a width less
than a width of the lead 1102. Heights of the pillar 1162 and the lead 1102 are vertical
distances between vertical extents of the pillar 1162 and the lead 1102, respectively. Widths
of the pillar 1162 and the lead 1102 are horizontal distances between horizontal extents of the
pillar 1162 and the lead 1102, respectively. For example, the pillar 1162 can include a height
less than or approximately equal to half of a height of the lead 1102.
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horizontal sidewall 1136 can include the top end 1138 above the passivation top side 1122 and the base
top surface 1134. The interconnect structure 1124 can include the conductive trace 1140. The
conductive trace 1140 can be attached or connected to the top end 1138. The conductive trace 1140 can
be formed directly on the passivation top side 1122. The interconnect structure 1124 can include the

inner pad 1142. Thdamelgdd 214 tieh e aritsbharohap ameeteef thethraddHifudtivehgmwerds40. The

inner pad 114 f;;mapq fesragddiigat Yia IRRsSlG af ARG of 1Ae RarevvreqiR 1 3t te pilReferring now
to FIG. 14, therein is shown the structure of FIG. 13 in a mountinéqp hase. The integrated circuit packaging

system 1100 'd4n ineiberanelstisgraebe e £easrabiineilasy divsrelnotetehetiike1124. The
integrated cirpiliiirli42 dain inclordet thatrgiiiarsite21 A48 (Ehcin ththie adtEed nnebbistoncil des thh @ . The

integrated circyit ackagliln syste #p Eand'nclude thF int rnalfc%nqe%lqr 29 connectef‘g to the inner
t t i 11 {13 Cl
pad 1142 an R e ] S A T i e G padt 1142,
Referring nowed®3d 193, therein is shown the structure of FIG. 14 in a removal phase. The integrated

circuit packaging sygter detAQisan inciugs: the %@@?W%?%@ﬁlﬁ%@%ﬂ the pagsivation 1118, the
an

interconnect structure 1124, the integrated circuit 1144, the internal connector 1150. The
encapsulatioh"#9E B8 b SRR C (RsHg eHAsHeBAMLY 18D Lid Integraipbqireaicbliect structure
1124, the integratedtditcuitsdblskén afisttherédteimaiheopitiectorc2 inroves Thkabitegratedibé gilitapackaging

system 11001(‘1%3 Lr:!lclude a Bemoval roces i.nﬁl%din etch('h H}Eh?oremiﬁ\gal L[:)harstea.nﬁor example, the

removal process caﬁl?ﬁcTﬁgeuéB%ﬁué:} (I&(J)flgvaéf( e c?hlnge.lr pa portslonro te eabframe i%cct)f FIG. 12 at

the leadframéhbmntognmtideinc®04 bi41G. 12 can be removed forming the lead 1102 and the pillar 1162.
The lead 1102 can Rerglgriricalindsolaten frgmeanathes of therlgadel#0e Thavritand frambe adjacent

or surrounded by a number of the lead 1102 with the pillar non-horizontal side 1168 facing the lead
non-horizont&SHHEPRIEE R esshy At dh Botieh 4iga Ap e adbtsdd Wit #isHsifioh of the
leadframe 12gRlaicthe ieadfiameobeaiitont kide dl RAdfremtoveed, whidhe integisiedeiauit prakaging system

100 cn o BRSPS SO RO R o i e e e
process. aNiséeencalhs otmdoriive BRicanl includagvenmat dpsutation aiber-etidontadtsidid- 1154. A plane of
the encapsulation np-horizomal sige Lhasan hacapananwithasrlianef ihe Passivatiendpon-horizontal
side 1156 of the passivation 1118. _ _
side 1206 opposite the leadframe bottom side 1204. A portion of the leadframe 1202 at the
leadframe top side 1206 can be removed to form a partially removed region 1208. The
partially removed region 1208 can be formed with a removal process including etching.
The leadframe 1202 can include wide regions 1210 and narrow regions 1212, which
are non-removed portions of the leadframe 1202 that remain unprocessed by the removal
process. A number of the narrow regions 1212 can be surrounded by a number of the wide
regions 1210. The wide regions 1210 and the narrow regions 1212 can be further processed in
subsequent phases to form leads and pillars, respectively, to which a semiconductor device
can be connected.
The wide regions 1210 can include widths greater than widths of the narrow regions
1212. Widths of the wide regions 1210 and the narrow regions 1212 are horizontal distances
between horizontal extents of the wide regions 1210 and the narrow regions 1212,
respectively.

The integrated circuit packaging system 1100 can include the conductive layer 1116

formed directly on the leadframe bottom side 1204. The conductive layer 1116 can be formed
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The integrated circuit packaging system 1100 can include the pillar 1162 having the pillar bottom side
1164 and the pillar top side 1166. The pillar 1162 can include the pillar top side 1166 with the inner pad
1142 formed directly thereon. The pillar 1162 can include the pillar non-horizontal side 1168 between
the pillar bottom side 1164 and the pillar top side 1166. A plane of a portion of the pillar non-horizontal
side 1168 cahcheteridecridpragienst tht) pilker tsodoet sideydr BY o canaheroedhaiillarceptiaiadyl 166.

The pillar bottgRagide. Hed-andnriRllanionigiomtden senheasxpesed from the passivation 1118. A
plane of a portion of the pillar bottom side 1164 can be above a plane of the passivation hottom side
1120. A plane of thE Fif 3P TR sihe CreBcEXR BreedpiarRRbosad metbmipke hrdadime NEpkide 1122.
Referring now o Fdexhmplbeteindsdshoven adtowichart ef tomethedhlo0eiot mancdacitiidial the integrated
circuit packaging system 100 in a further embodiment of the present invention. The method 1600
includes: forming afe}éﬁr%gvmg B'fead bottom side and a lead top side in a block 1602; applying a
passivation over thd heaphwithtibe Idad tep bidtowxpbsath frorapispiessivacisn in BibkuRIIBOS; forming an
interconnect strleturg.diregGtyR the Sgé'eﬁ?ily@g%ﬂi@@@J&Qﬂ@%@ﬂﬁ@?zéﬁ?ﬁﬁ&%&é%m%hsﬂqgw re having
an inner pad and an outer pad with a recess above the lead tof;g side in a block 1606; mounting an

integrated circAP6/eFRE e pay Bh i REaRs YR s M%Bbbe PaBsl RIS Ah ERBapsulation
over the integnededssirauiinin alBleakbkbbtned withuBe ipRsis hvandghscpvere thatetlte Rigigrated circuit
packaging systerh.of e present inyenion Juishes portant and eteiplore, Ukrown.And,ynavailable
solutions, cap |Slll(t1|es, and functional’ aspects 1or an integrated circuit packaging system with connection.
The resultingirabwhiog spidseessstapparatus, device, product, and/or system is straightforward,
cost-effective, uncopplicaiedoiablyiersatiigand effective carke SHRiSigly1and Ynehyigusly
implemented by adé;\;ggng known technologies, and are thus readil)'{ésuited_ for efficiently and economically

manufacturingfisfedratdBiesraist puekiagrriasieeeei Q8 riratistedritn SRteRREHdPIRHORacturing
methods or pietessaslantdechiaalpgiesatternininother important aspect of the present invention is that it

valuably supports aqq Sevices (e Nistorica! ad, hiducing osis. SMAYINg sysiems, apd increasing
performance. TheBe and othervaluabfe aspects of the presen(f invention consequently further the

state of the teshessdgysideatdetst whide mesiphsvi10 andepleidhe dhthentiore Wasdhersnl gk bbedidn

conjunction V}@:EE'sﬁza?tRﬁCifiq Deslmede 1Rk YRAersiood abmaavalieiddives. sediications, and

variations will be apparent to those skilled in the art in light of the aforegoing description. Accordingly, it is
intended to efiBFEEAF 4a¢H AtEratidesohsdERNorrE U d Yriations that fall within the scope of the
included claims. AllThatigeschbithesitofekeuset ionhhieraina shavripihe BEcoMpRIYiRgErawings are to be

interpreted int(%)n qu'el:S(t)rta(t)ir\l/g o%qgenv%pcfel:i%igggssm%)eT}Ye\:llgr?tte{rgo(%lll?eim% rligf'ure 1124 can include the
outer pad 1126, the conductive trace 1140, and the inner pad 1142 formed as a single integral
structure with a common electrically conductive material.

The interconnect structure 1124 can be formed with an electrically conductive
material including a metallic material or a metal alloy. For example, the interconnect
structure 1124 can be formed with nickel-palladium (NiPd).

The outer pad 1126 can include the recess 1128, the non-vertical base 1130, and the
non-horizontal sidewall 1136. The recess 1128 can be formed above the base top surface
1134 of the non-vertical base 1130. The recess 1128 can be surrounded by the non-horizontal
sidewall 1136. The non-vertical base 1130 can include the base bottom surface 1132 above or
directly on the leadframe top side 1206 exposed from the passivation 1118.

The non-horizontal sidewall 1136 can upwardly extend from the non-vertical base

1130. The non-horizontal sidewall 1136 can extend from the base top surface 1134. The non-
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1. A method of manufacture of an integrated circuit packaging system comprising: forming a lead having a
lead bottom side and a lead top side; applying a passivation over the lead with the lead top side exposed
from the passivation; forming an interconnect structure directly on the passivation and the lead top side,
the interconnect structure having an inner pad and an outer pad with a recess above the lead top side;
mounting an herétieddidircalk bl ehe ingledpid tmdetise]dagsibarioeandsididintanidndapdulation over
the integrated,fifgdibase top- shg-MEBPd as claimed in claim 1 wherein forming the interconnect structure
includes forming the interconnect structure having the outer pad with a non-vertical base directly on the
lead top side. 3 TRhe! MREEABRFSES SHRIFHER ihlgfgiﬁfui WSS PSSR RS n ALY stFliture includes
forming the irteidanive ciastructOreahavingehed neoainte idheetlaitaphad 103belinenpadiandddte outer pad.
4. The methop1 C%Ir?igg?d in ﬁlgim & wh%%in forr%'lrs?%e{hesll eq Eg!udes forming the lead having a

horizontal ridge ehween the fead bottom side an f&a top side. 5. The method as claimed in

claim 1 further comphsiiéeforrieny sirpiitaichidvihgaa pitliadadhe oz aathll Side Theinge kedd! hbh-horizontal

side of the leag, pe a:Acmethoshefmaapuiacka.of AinegratediiiaHit Ragkagng. SYstRmRaAMPrising:

forming a lead having a lead bottom side and a lead top side;
directly on a top side of one of the narrow regions 1212

Referring now to FIG. 14, therein is shown the structure of FIG. 13 in a mounting
phase. The integrated circuit packaging system 1100 can include the integrated circuit 1144
mounted over the interconnect structure 1124. The integrated circuit 1144 can include the
active side 1148 facing the interconnect structure 1124.

The integrated circuit packaging system 1100 can include the internal connector 1150
connected to the inner pad 1142 and the active side 1148. The internal connector 1150 can be
directly on the inner pad 1142.

Referring now to FIG. 15, therein is shown the structure of FIG. 14 in a removal
phase. The integrated circuit packaging system 1100 can include the encapsulation 1152
molded over the passivation 1118, the interconnect structure 1124, the integrated circuit
1144, and the internal connector 1150. The encapsulation 1152 can be formed covering the
passivation top side 1122, the interconnect structure 1124, the integrated circuit 1144, and the
internal connector 1150.

The integrated circuit packaging system 1100 can include a removal process including
etching in the removal phase. For example, the removal process can include copper (Cu) back
etching.

A portion of the leadframe 1202 of FIG. 12 at the leadframe bottom side 1204 of FIG.
12 can be removed forming the lead 1102 and the pillar 1162. The lead 1102 can be
electrically isolated from another of the lead 1102. The pillar 1162 can be adjacent or
surrounded by a number of the lead 1102 with the pillar non-horizontal side 1168 facing the
lead non-horizontal side 1108. The passivation bottom side 1120 can be exposed with the
portion of the leadframe 1202 at the leadframe bottom side 1204 removed.

The integrated circuit packaging system 1100 can include a package singulation
process to produce individual units or packages of the integrated circuit packaging system

1100. The package singulation process can include a mechanical or optical process.

19



applying a passivation over the lead with the lead top side exposed from the passivation; forming an
interconnect structure directly on the passivation and the lead top side, the interconnect structure having
an inner pad and an outer pad with a recess above the lead top side; mounting an integrated circuit over

the inner pad and the passivation; attaching an internal connector to the integrated circuit and the inner
pad; and molding ahhenezgaseibaion dVe? wra imdodatty eireuisulation montwiestddids ¢lditaed in claim 6

wherein formﬂi'egléhgf imgr&%ﬂﬁﬁﬁ%wﬁ%%ﬂ%ﬁ@ﬁ%f@é ning the i%eégﬂaﬂﬁck@ﬁ‘iu&tﬁl%@%i’iﬂg a
non-horizontal sidewall extending from a non-vertical base directly on the lead top side. 8. The

method as cIBHTEEHSERRETEANAL HdmAGTHYE Riesieitett Sructure includes forming the interconnect
structure having a chindinctprerétaciecatt aabied: o apstdniag tal withiddledaner gae and2hevingekgpad. 9.

The method as,claimed in claim 6 wherein: forming th includ rming the lead having a horizontal
filge betweoh HTRAT bt ot i A T30S T o T A SRR s mpoying
the passivatioiielirt&ily ightheridess pbbleiderotdrbrpetizbatedtidge. 10. The method as claimed in

claim 6 further Commj@iﬁg}'ar 1162 can include the pillar non-horizontal side 1168 between the pillar
bottom side 1164 and the pillar top side 1166. A plane of a portion of the pillar non-
horizontal side 1168 can intersect a plane of the pillar bottom side 1164 or a plane of the
pillar top side 1166.

The pillar bottom side 1164 and the pillar top side 1166 can be exposed from the
passivation 1118. A plane of a portion of the pillar bottom side 1164 can be above a plane of
the passivation bottom side 1120. A plane of the pillar top side 1166 can be coplanar with a
plane of the passivation top side 1122.

Referring now to FIG. 16, therein is shown a flow chart of a method 1600 of
manufacture of the integrated circuit packaging system 100 in a further embodiment of the
present invention. The method 1600 includes: forming a lead having a lead bottom side and a
lead top side in a block 1602; applying a passivation over the lead with the lead top side
exposed from the passivation in a block 1604; forming an interconnect structure directly on
the passivation and the lead top side, the interconnect structure having an inner pad and an
outer pad with a recess above the lead top side in a block 1606; mounting an integrated
circuit over the inner pad and the passivation in a block 1608; and molding an encapsulation
over the integrated circuit in a block 1610.

Thus, it has been discovered that the integrated circuit packaging system of the
present invention furnishes important and heretofore unknown and unavailable solutions,
capabilities, and functional aspects for an integrated circuit packaging system with
connection. The resulting method, process, apparatus, device, product, and/or system is
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 manufacturing integrated circuit packaging
systems fully compatible with conventional manufacturing methods or processes and

technologies.
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forming a pillar having a pillar top side and a pillar non-horizontal side facing a lead non-horizontal side of
the lead; and wherein: forming the interconnect structure includes forming the interconnect structure
having the inner pad directly on the pillar top side. 11. An integrated circuit packaging system
comprising: a lead having a lead bottom side and a lead top side; a passivation over the lead with the
lead top side exposédofismithroparisizationofahenpseeamreetnsipictutbagire st anytheppagsivadion and the

lead top side, thg nteficonnastistiusiie havingRminnesead;ans §meutesnad with afecassabove the

lead top side; aréointegrated circuit over the inner pad and the passivation; and an encapsulation over the
rmance.

integrated cirdtit

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

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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12. The system as claimed in claim 11 wherein the interconnect structure includes the outer pad with a
non-vertical base directly on the lead top side. 13. The system as claimed in claim 11 wherein the
interconnect structure includes a conductive trace attached to the inner pad and the outer pad. 14.
The system as claimed in claim 11 wherein the lead includes a horizontal ridge between the lead bottom
side and the Whatioglaigied is: 15. The system as claimed in claim 11 further comprising a pillar having a
pillar non-horizontal side facing a lead non-horizontal side of the lead. 16. The system as claimed in

claim 11 further corhprising aRSR& Al cBRRBEGISHALNAY A tbdristsl FrktEif HE&SFher pad.

17. The systemngsigigimed in claim 16 wherein the interconnect structure includes a non-horizontal
sidewall extending from. a ngn-vertical base, directl the lead,top side. 18. The system as claimed in
claim 16 wherein thfé)rlrﬁltlél c%r?r%%tagﬁlééatz?asai%%ﬁ? eg%gggﬁ ﬁ%%ﬂ/{e%’%rggg’ attached to and integral with the
inner pad and the outelypada pasigatiite eyestethe dsadlatritbdtin draiintep whereinoshe lee ifftludes a
horizontal ridge between thgdgag pottom side and the lead top side; and the passivation is directly on a

ridge upper side of the horizontal ridge. 20. The system as claimed in claim 16 further comprising:
forming an interconnect structure directly on the passivation and the lead top side, the

interconnect structure having an inner pad and an outer pad with a recess
above the lead top side;
mounting an integrated circuit over the inner pad and the passivation; and

molding an encapsulation over the integrated circuit.

2. The method as claimed in claim 1 wherein forming the interconnect structure
includes forming the interconnect structure having the outer pad with a non-vertical base

directly on the lead top side.

3. The method as claimed in claim 1 wherein forming the interconnect structure
includes forming the interconnect structure having a conductive trace attached to the inner

pad and the outer pad.

4. The method as claimed in claim 1 wherein forming the lead includes forming

the lead having a horizontal ridge between the lead bottom side and the lead top side.

5. The method as claimed in claim 1 further comprising forming a pillar having a

pillar non-horizontal side facing a lead non-horizontal side of the lead.

6. A method of manufacture of an integrated circuit packaging system
comprising:

forming a lead having a lead bottom side and a lead top side;

applying a passivation over the lead with the lead top side exposed from the
passivation;

forming an interconnect structure directly on the passivation and the lead top side, the
interconnect structure having an inner pad and an outer pad with a recess
above the lead top side;

mounting an integrated circuit over the inner pad and the passivation;

attaching an internal connector to the integrated circuit and the inner pad; and

molding an encapsulation over the integrated circuit.
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a pillar having a pillar top side and a pillar non-horizontal side facing a lead non-horizontal side of the
lead; and wherein: the interconnect structure includes the inner pad directly on the pillar top side.

7. The method as claimed in claim 6 wherein forming the interconnect structure
includes forming the interconnect structure having a non-horizontal sidewall extending from

a non-vertical base directly on the lead top side.

8. The method as claimed in claim 6 wherein forming the interconnect structure
includes forming the interconnect structure having a conductive trace attached to and integral

with the inner pad and the outer pad.

9. The method as claimed in claim 6 wherein:

forming the lead includes forming the lead having a horizontal ridge between the lead
bottom side and the lead top side; and

applying the passivation includes applying the passivation directly on a ridge upper

side of the horizontal ridge.

10. The method as claimed in claim 6 further comprising:
forming a pillar having a pillar top side and a pillar non-horizontal side facing a lead
non-horizontal side of the lead; and
wherein:
forming the interconnect structure includes forming the interconnect structure having

the inner pad directly on the pillar top side.

11. An integrated circuit packaging system comprising:

a lead having a lead bottom side and a lead top side;

a passivation over the lead with the lead top side exposed from the passivation;

an interconnect structure directly on the passivation and the lead top side, the
interconnect structure having an inner pad and an outer pad with a recess
above the lead top side;

an integrated circuit over the inner pad and the passivation; and

an encapsulation over the integrated circuit.

12. The system as claimed in claim 11 wherein the interconnect structure includes

the outer pad with a non-vertical base directly on the lead top side.

13. The system as claimed in claim 11 wherein the interconnect structure includes

a conductive trace attached to the inner pad and the outer pad.

14. The system as claimed in claim 11 wherein the lead includes a horizontal ridge

between the lead bottom side and the lead top side.
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15. The system as claimed in claim 11 further comprising a pillar having a pillar

non-horizontal side facing a lead non-horizontal side of the lead.

16. The system as claimed in claim 11 further comprising an internal connector

attached to the integrated circuit and the inner pad.

17. The system as claimed in claim 16 wherein the interconnect structure includes

a non-horizontal sidewall extending from a non-vertical base directly on the lead top side.

18. The system as claimed in claim 16 wherein the interconnect structure includes

a conductive trace attached to and integral with the inner pad and the outer pad.

19. The system as claimed in claim 16 wherein:
the lead includes a horizontal ridge between the lead bottom side and the lead top
side; and

the passivation is directly on a ridge upper side of the horizontal ridge.

20. The system as claimed in claim 16 further comprising:
a pillar having a pillar top side and a pillar non-horizontal side facing a lead non-
horizontal side of the lead; and
wherein:

the interconnect structure includes the inner pad directly on the pillar top side.
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