INTEGRATED CIRCUIT PACKAGING SYSTEM WITH VERTICAL INTERCONNECTS 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 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 industiN oG RONEDOCIRCACKE A CKUAOGING SYSITEM WECNaVERTOGAICN miniaturization, to

increase the density E] Wﬁ&?ﬁ t ?ﬁﬁ% i %cﬁﬂ%k{ﬁ d e sizes of the
products that are maI(éI&f(::-lI %?e rom. %:j?glir% %@pﬁﬁ]@?@g% mualé/(?nitgrlgasmg emalifllds on information

and communication products for ever-reduced sizes, thicknesses, and costs, along with ever-increasing

performance. These increasing requirert}%%m&rlgi;nﬁ%ﬂgation are particularly noteworthy, for
example, in portable information and communication devices such as cellular phones, hands-free cellular

phone headsets, pefsonedsdaitinasyistarvisteomestl)y camcotdgiacd oebt okadoameisessrarmmdo forth. All
of these dewﬁﬁﬁ‘eﬁ%ﬁ&ﬂ@rf? L) Eﬂﬁgfi sonaflen@ndhicnen i3 mpepa toeih Rartakility.feerrdingly,

large-scale IC (" 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. Consumer electronics requireRenissdsaRd more integrated circuits in an integrated
circuit package while paradoxically providing less physical space in the system for the increased
integrated circuits cBRTEHECBIIANGERIC8sPeNRRIK IS aBHET RGARAE I SYNIE {BESFHIgies
primarily focusremntintegratinagimerepbingtionsdniacashdniegratedsigeuit aihierdechnelagipgfocus on
stacking thesi% clgt? ra_lged CII‘CHItS into %gln%lé,} cli%acka e. While thdesa% apgvrvoaffhes.growde more functions

within an integra?e ‘cw&ﬂ?f??ﬁe‘;l/cg)cg RS lﬁfy qress léthélal}ﬁé‘mVenfg foVi erélrlgflct)lﬁnéer‘ltg) Lot reduction.

Thus, a needilstiﬂa@niaild_sn&mya]ﬁ }ihﬂ@grmtenieutscb_ﬂt ps:qmghrggctm@m wwvidmgimQMigmssﬁace sqvin_gs,
and low cost manifacturing |0 Yiey pfibg sYerincieasingpeedsQ IGiRans denaby ohiniggiated circuits

and particularly portable electronic products, it is _ '
on information and communication products 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
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.

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 integration and cost reduction.

Thus, a need still remains for an integrated circuit packaging system providing
integration, space savings, and low cost manufacturing. In view of the ever-increasing need

to increase density of integrated circuits and particularly portable electronic products, 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 differentiation in the marketplace, it is critical that answers be found for these
problems. Additionally, the need to reduce costs, improve efficiencies and performance, and meet
competitive pressstes) neddcahteaiensgrerates ineioytheserimainitioal heaessiof for firrdimgrassigers to these
problems. . aldions totheaaRrohleisNayehendrrgaemghihuiRior developmenis gve not taught

or suggested any solutions and, thus, solutions to these Frqblems have long eluded those skilled in the
art. D|SCLO§EB‘F%‘ES@PgT‘FH’EOINW‘|§RPTf6N“Ca“‘W@pPé%déﬁ iR IR R Bl Mhdhufacture of
an integratedcgiticulitthackagiag sy Sianmdinctutling :poobidaii g addistsubstratenatachiadae tical

interconnects I%Io(r)l\ge a f%elré%g%gyag(fi the first substrgt%egg%urr}l}t%l)ggt% n}ié%\glrraetseg gircuit overrth? }‘lrst

1 I erfor, CE, an cven cate
substrate, the nﬁ’tegrate CII’Q!JI'[ SUI’POU'ndI(I%%nby t?'le vertical interconnects; and mounting %l second
substrate direcggnentth@aeniticall intessibniye didartithie snidg fbeeipedtdains.  The present invention

provides an integratgg gisayilPackagipasien nelvding 3s§u§¥§tb%%§f6§‘¥?év¥§{§lﬁ%ﬂ§‘%%0ﬁmems along a
periphery of the first substrate; an integrated circuit over the first substrate, the integrated circuit
surrounded BY4HY 9&&}@&3?}&8&%&@&%&@&&&% Ssone insuia il elif Ry R e Feltraritsttonnects and
the integratedheikctkilled ilGRstan 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 DESGRIRI$SONERF THIE DRAWTINGS FIG. 1 is a cross-sectional
view of an integratﬁi&%ircr%isteﬁéx%g itn S rsot%[p taken %gg%gine I}ﬁft%ct%lzl . 210N fir% mbodti_ment of the

present invention. ALY opp an view of thé iﬁ]t%grated circu pac é)giﬁlé éryl/g%éa f5-%'is a detailed

view of a portiarkegitige intayratdeviec pioprickagifitgtsydisrate; attaching vertical interconnects along
a periphery of the first substrate; mounting an integrated circuit over the first substrate, the
integrated circuit surrounded by the vertical interconnects; and mounting a second substrate
directly on the vertical interconnects and the integrated circuit.

The present invention provides an integrated circuit packaging system, including: a
first substrate; vertical interconnects along a periphery of the first substrate; an integrated
circuit over the first substrate, the integrated circuit surrounded by the vertical interconnects;
and a second substrate directly on the vertical interconnects and 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 top plan view of the integrated circuit packaging system.
FIG. 3 is a detailed view of a portion of the integrated circuit packaging system.
FIG. 4 is a cross-sectional view of the integrated circuit packaging system in a
substrate-providing phase of manufacture.

FIG. 5 is the structure of FIG. 4 in a first mounting phase.
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FIG. 4 is a cross-sectional view of the integrated circuit packaging system in a substrate-providing phase
of manufacture. FIG. 5 is the structure of FIG. 4 in a first mounting phase. FIG. 6 is the structure of FIG. 5
in an applying phase. FIG. 7 is the structure of FIG. 6 in a second mounting phase. FIG.8is a
cross-sectional view of an integrated circuit packaging system in a second embodiment of the present
invention.  FIG. §1i8-& érdhssstuetional FlewSohtheapnberateicircuit packaging system in a

substrate-providingpaseQhmanefactvrerd! @ inlds the sltivse,ei&!G. 9 in a first mounting phase.

FIG. 11 is the structure of FIG. 10 in a second mounting phase. FIG. 12 is the structure of FIG. 11 in a
molding phase G. 8 is a cross-sectional view of an intégrated circuit packaging system in a second

embodiment of the present invention.

FIG. 9 is a cross-sectional view of the integrated circuit packaging system in a
substrate-providing phase of manufacture.

FIG. 10 is the structure of FIG. 9 in a first mounting phase.

FIG. 11 is the structure of FIG. 10 in a second mounting phase.

FIG. 12 is the structure of FIG. 11 in a molding phase.

FIG. 13 is a cross-sectional view of an integrated circuit packaging system in a third
embodiment of the present invention.

FIG. 14 is a cross-sectional view of an integrated circuit packaging system in a fourth
embodiment of the present invention.

FIG. 15 is a cross-sectional view of an integrated circuit packaging system in a fifth
embodiment of the present invention.

FIG. 16 is a cross-sectional view of an integrated circuit packaging system in a sixth
embodiment of the present invention.

FIG. 17 is a flow chart of a method of manufacture of an 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



FIG. 13 is a cross-sectional view of an integrated circuit packaging system in a third embodiment of the
present invention. FIG. 14 is a cross-sectional view of an integrated circuit packaging system in a
fourth embodiment of the present invention. FIG. 15 is a cross-sectional view of an integrated circuit
packaging system in a fifth embodiment of the present invention. FIG. 16 is a cross-sectional view of
an integratedeesecefitdpsreiiigih geaysbysin'a Srilernbodipesntios depipiesentliadation abitrfmG. 17 is a

flow chart of g,mgthpsioiamanufreiure @f andnirarale8chsviiRaskagingsysiem in a further embodiment
of the present invention. BEST MODE FOR CARRYING OUT THE INVENTION The following

embodiments are dOSiHEFTHRIEmRRMRENS 45 ehisthracthaed draneberh IAdns s AR d lise the
invention. It isdmienyfderkiagdibahathétnmboiinm detisimiciddne emidetkdmasadiantiesprEaent

disclosure. an) (ol SYsleih. RIGESSS. 21 WSELARIEAL Fhenaesdony, be made yithoyt depauting from the

ures.one to al‘IO’th T V¥1 QI' na%c!g TII .
scope of the present invention. n the tollowing description, humerous specific details are given to

provide a thotdagtmbadiersesnding beeneninvbertid riinsfooelasinieniillsbeoagsaregst it tieécin¥eAtion may be
practiced withoitheisa.spgsifie detalsiclRorgar IR avRithRRgcuingihe prepntinveRtion.sgne

well-known circuits, system configurations, and process steps are not disclosed in detail. The

drawings shoWieHiBLUIRTSAes B weseh5IRYASAY semi-diagrammatic and not to scale and, particularly,
some of the dimendfons-gi@iforytiparpladty vf peesematiomand.anesshavweiexaggeiaded in phadrawing

FIGs. Slm”ar%hﬁlg‘l]?(y glrfl: gl‘gng i g(‘:t‘ibfﬁ? s(ill@e\llgé:n(%s t}];(e)rintegrated circuit, regardless of its orientation.
The term “vertical” refers to a direction perpendicular to the horizontal as just defined.

LRI T3 LRI T3

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, as
shown in the figures.

The term “on” means that there is contact between elements. The term “directly on”
means that there is direct contact between one element and another element without an
intervening element.

The term “active side” refers to a side of a die, a module, a package, or an electronic
structure having active circuitry fabricated thereon or having elements for connection to the
active circuitry within the die, the module, the package, or the electronic structure. The term
“processing” as used herein includes deposition of material or photoresist, patterning,
exposure, development, etching, cleaning, and/or removal of the material or photoresist as
required in forming a described structure.

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 an enhanced fan-
in package-on-package base (FiPoPb) package using copper (Cu) pillar or a fan-in package-
on-package base package without mold.

The integrated circuit packaging system 100 can include a base package 102, which is
defined as a semiconductor package. The base package 102 can include a first substrate 104
having a first substrate bottom side 106 and a first substrate top side 108 opposite the first
substrate bottom side 106. The first substrate 104 is defined as a support structure for

mounting and connecting an integrated circuit thereto including providing -electrical



ease of description generally show similar orientations, this depiction in the FIGs. is arbitrary for the most
part. Generally, the invention can be operated in any orientation. 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 one to another will ordinarily be described with
similar refereprimentinisriiourhéhe suppelinenrtyitave been numbered first embodiment, second

embodiment, etc. agig pAlglfAesAFPLyE reRveNIscs andrasenaot intendsshiolavs amhather
significance or Cgrovide limitations for the present invention. For expository purposes, the term

"horizontal" 2445844 hetBfn Rirakiier e giahil Saraifettiahdns N B LR UH R Hfthe integrated
circuit, regardless Bddisodtientaiianl hikedermctyanticadh etdemtoyabe ifeatiianoparpanaicutantaiiihe horizontal

as just defineql. Terms,.such as " bovg", "beloxiv" "bottprp" "top”, "side" (as in "sidewall"), "higher",
" - characterisfic o q,lnﬁ é%rme as s%nr% ¢ Integral structure. . .
lower", "upper”, "over", and “ufider”, are deftirred with respect to the horizontal plane, as shown in the

figures.  The terfhtorertisehhyeisanthetse lif0caistdefipedvie eleetesalbn e mhetiermirtdireetlyoon" means

that there is giigelcRNIACBRIVERA slemaitapgd apeibrnelapent yithouwrardHeteingelement,
The term "active side" refers to a side of a die, a module, a package, or an electronic structure having

active circuithFRBHRERL RAEEH Yr Baviicahdmsrrenstthbithection to the active circuitry within the die,
the module, the pagkagsanplfiaielactropitzshciuie. Meiarme ppregescinglyastased foateifiicludes

deposition OfS'JL%E?g{Ql(Pr££‘eoi8§‘?SA%b%}tS{Qrﬁ‘@e%P‘ﬁé&ﬂle(srl"@z%xgaﬁoﬁg‘eg‘1‘ zeté?nhfi% a%é‘ﬁéf"”%ac%f‘d’ or
removal of the material or photoresist as required in forming a described structure. eferring now to
FIG. 1, therefilistshown a cross-sectional view of an integrated circuit packaging system 100 taken along

line 1--1 _Of FIG. 2 ina iﬁ%&%&?ﬂ?&%@%@ﬁ-@%ﬁﬁ%&éﬁ&%& hﬁ‘é%ﬂ%eﬂ&edﬂﬁ%g@t&ﬂ@r&}&{a&%?@ing system
100 can include an enhanced fan-in package-on-package base (FiPoPb) package using copper (Cu) pillar

or a fan-in pRACAFEYSARIRalE BERis P deiedgtitiobthiai includepericaly st CRRRIRPIREKERYing system

100 can includgA tasehpabkages Hopevitiich ismgrfined asiasamicondistor paakagadd kerbage package

102 can incll&%:e Ettgiréstug bstrate &104 having a first substrate bottom side 106 and a first substrate top side
[

108 opposite 18 firstlalinStrate Bottom side 106. The first substrate 104 is defined as a support structure

for mounting and cdisebiingpraskisted Rtedrcingitdthenetotdaciieding o Vidinbaslagtric ahtsgratettions
through the sypRAtSEHGIULRI. 116 MRIDASERICKEIRIAYZ CRAVAGIEE YeItGal dteironnestze410 having

non-horizontal sides 112. The vertical interconnects 110 can be attach directly on the first substrate top
side 108. EaCHOf tHRAGEY i intéPeonhe die g P i prbrelanty 58 Tastied SHRICBIHAGR fR4Erial
characteristimafibgingdoipad A@siasingtd integrabstritéwennectedh® Vericalcintercpanects kO are defined

as efectrically condugtive stryctures for mowning.and qonnection puoses. the noriiprizaptal sides 112
are defined as sfles that form a Tateral'boun ary of the ver |caf in erconnec{s ﬂ&g
active side 118 facing the first substrate top side 108.

The base package 102 can include connectors 120 attached to the integrated circuit
active side 118 and the first substrate top side 108. The connectors 120 are defined as
electrically conductive connectors for connecting an integrated circuit to another system
level.

The base package 102 can include an underfill 122 filled between the integrated
circuit active side 118 and the first substrate top side 108. The underfill 122 can be applied
directly on the connectors 120 to protect the connectors 120.

Each of the vertical interconnects 110 can include a vertical height approximately
equal to a combination of a vertical height of the integrated circuit 114 and a vertical height
of each of the connectors 120. For a specific example, each of the vertical interconnects 110

can include a vertical height equal to a combination of a vertical height of the integrated

circuit 114 and a vertical height of each of the connectors 120. A plane of a top extent of



For example, the non-horizontal sides 112 can be perpendicularly attached to the first substrate top side
108. Also for example, the non-horizontal sides 112 can be parallel to each other. As an example, the
non-horizontal sides 112 can include planar or curve surfaces. As another example, the vertical
interconnects 110 can include vertical heights approximately equal to each other. As a specific example,
the vertical irfiete@hicieritel dalariosnades Véfiean heigkieualtho edale ofhide integriedsasaipackage 102
can include gpjniegtaiedgrcuit 114 having an integrated circuit inactive side 116 and an integrated
circuit active side 118 opposite the integrated circuit inactive side 116. The integrated circuit 114 is
defined as a semicdRuttBicAbLERRUE d HuiBePoY ifte ity tPAHSS B hieKBRARLAER%0 form
active circuitsW/Bg integraiectgincuit 1hdt casebal mauritadovercthedioat pitksgatealO4paittaghe integrated
circuit active sjde 118 facing the first substrate. top,side 108.. =~ The b ckage 102 can include
connectors 130 i HE e g g S e Ao i S PR A e 108, e
connectors 120eentksinédlase eetivcaly comguctveedmnesstors foelednacctiveyconiptigrated circuit to
another systepylemal- The base package 102 can include an underfill 122 filled between the integrated
circuit active side 118 and the first substrate top side 108. The underfill 122 can be applied directly on the
connectors 120 to protetisHeeishhatierehidothe vaeicah pisrrannsritdl hdsrdeimrets 1165 2iAlinclude a
vertical heightiapproxinatily eeuwakiobacamipinadio axedns @réeml dfaight otitaeiintegiaied ditouit 114 and a
vertical heighi of cach gl ihe senectprs 420.£ar@ sheciip example, each ot vertical pterconnects
110 can include a verticalheig Eequaﬁ 0 a combination of a vertica helghflofilt e Integra ed Tircuit 114
and a verticab¢isigght bf exteir ot diveraphimectioesstied. 1A gnid e ofteetaipdsitent eftegchdefltlie vertical
interconnects 110 can.bricanianar Witk aiplang ol s daiggrasgd cisehitdnagtiys sigel ftance The vertical
interconnects 110 can provide reduced or fine pitch. Wire bonding (W/B)} interconnection is not needed in

fan-in packagd'oMing deayer b Rk pa G RS XA At oA S telutetrlisHd s\ Rtical

interconnectedchbbearausadhiervetican ntpreenneetstichOdiambe fasmeaowithaishsay efelpreaesses

including z-intercotnngctio%eamgug&ighrgiltlibst fsuﬁxst\{erticalSfiﬁ:eiq}%%of each of the vertical interconnects 110 is
ing

: ) te @ :
defined as a Vertical distanGe exten etween bottom an top extents of each of the vertical

interconnects 110. Ahgebtissabinigget Bixlvenintepdetedseiraditutsritedafinudiag a seseidaiudistaigce extending
between the ijegraled GEUILINAGHYESIdEhd1RARY & INRABLIEH EIRRNILRGHYE SR Bottom A Vertical

height of each of the connectors 120 is defined as a vertical distance extending between bottom and top
extents of eatft e LaiiRlHYFEEoDO MRV iR i BIGHIBPEEH 0r i ottty £t Clfitbpresent a
vertical distapeevritendigig hetwetmihe integrieisaiatitcactiveysidreil8 anddbrdiist substrate top side
108. Warpage can be controlled using dual side substrate with the first substrate 104 and
the second substrate 124. Warpage can also be controlled with the vertical interconnects 110
attached directly to the first substrate 104 and the second substrate 124.

The second substrate 124 can be mounted over the vertical interconnects 110 and the
integrated circuit 114. The second substrate bottom side 126 can be mounted directly on the
vertical interconnects 110 and the integrated circuit inactive side 116. The second substrate
124 is defined as a support structure for mounting and connecting an integrated circuit thereto
including providing electrical connections through the support structure.

The second substrate 124 can include a horizontal length approximately equal to a
horizontal length of the first substrate 104. For a specific example, the second substrate 124
can include a horizontal length equal to a horizontal length of the first substrate 104.
Horizontal lengths of the second substrate 124 and the first substrate 104 are defined as

horizontal distances between non-horizontal sides of the second substrate 124 and the first

substrate 104, respectively.



The base package 102 can include a second substrate 124 having a second substrate bottom side 126
and a second substrate top side 128 opposite the second substrate bottom side 126. Vertical thickness of
the vertical interconnects 110 can be adjusted or controlled to provide a height for stacking up the second
substrate 124 over the integrated circuit 114. Warpage can be controlled using dual side substrate
with the first substrdiee degigddisecereasiidl $0isstrreidinad waksskgs dathalSeiaksdnteol bandth the
vertical interqaRecsildBatiached diseelinigithenfirat-guhstiateohf4and shasecanstsbairate 124.

The second substrate 124 can be mounted over the vertical interconnects 110 and the integrated circuit
114. The secBil LSS Bottnicse £IBSEAK Y& mBUAEIRIEGR? Shetref v coldste?tdiidects 110 and
the integratedSoiruHolldactiteosidach 6 thEhersesidndsubsicaie 1024risodelined psa.support structure for
mounting and connegting an integrated.circuit thereto including proyjding electrical connections through
the support structur PR g e e ety e
to a horizontalhstigth ©bthildirkiSubSiratemmperod 4tspedifioaskasmpleenirombistriddsuisstrakier1 24 can

include a hor&qm@k!emgﬂa&%@iem ahotizoniaklenath ot thedikl-aibsatiate 14 dily igo&ggi{@ngths of the
second substrate 124 and the first substrate 104 are defined as horizontal distances between
non-horizont&PEIBYEB tHE 5 SRRF SGHSIPRBI% 2% OMARMARSt Kt SHMSPIBN b SBRRRHAY O @ The vertical
interconnectsekk@ean be joined or attached to the first substrate 104 and the second substrate 124. For
example, the verticgl interconnects 110.can be attached to the first substrate 104, the secand substrate
124, or a combinati?[)lhethgearseeo?avgﬁ go} (%.r on plgc @O%,esa%éﬁoggﬁc%nbgécﬁ% %ﬁ% \It;'%r |ceaﬁrns?erconnects
110, or condyebseaisaxsteom sidpHdbhisprpadkatyetnon eamindhudeetay eontboheshtusgaigoMteetiover the

second SUbStiﬁt@xE%Qi@?sﬂe%ﬁ-(}[&esﬁ%‘/}ﬁp”?ﬂ& %ﬂﬁei§&&ﬁ&ﬁﬁé§_ @4%9594098%&@% deviggatipr exampl_e_,
the component 144 can represent a semiconductor device including a passive component. For a specific

example, the CBMISBHEFR 4% ¥an represent a capacitor or a resistor.  The base package 102 can

include base intercameasaisciA&latiaaheddon e fisstatisvate haitome sidect Qadomgsraviglesdlientrical

connection be gen 1Ehe first subsHatte 104 and an exted'nal syst m notghomi Tllge base ipterconnects
e11ne ClO S age

. K t h .
146 are definéd as elec rellc%ﬁ]@ltC:(())nntljluctrl\})ea cofectors. © *'he'in %grg 6d Circu pagﬁaeéf‘ﬁngp seystem 100

can include dlstatklppekage 88 awtipteisnd efined edacsamickegiuotindiag kagd irnbpmedkasger the base
package 102\1eprxampie,Jhe stack package 148 can represent a semiconductor package including a

multi-chip-package (MCP) or a memory. The stack package 148 can include a stack substrate 150
having a stack substPaté #dttBkesse li%f%fhd“ﬁl%‘fﬁdk LS HRERH SehtBaopptstetiis@sck substrate
bottom side Hoom sidhesstask subsitaisdbitisogainetsasoppskippaid staictuis taterboustingdand
connecting an 'Eltegrated circuit thereto including providing electrical connections through the support
structure. For example, the stack substrate 150 can represent a support structure including a multi-layer
support structure in€hsdifigkaspbittitaid Et sidboerd {PCBppartatnintted subsrdtes andcoanastiicgsubstrate.

an integrated circuit thereto including providing electrical connections through the support
structure. For example, the stack substrate 150 can represent a support structure including a
multi-layer support structure including a printed circuit board (PCB), a laminated substrate,
or a ceramic substrate.

The stack package 148 can include a horizontal length greater than half of a horizontal
length of the base package 102. The stack package 148 can include a horizontal length less
than a horizontal length of the base package 102.

The stack package 148 can include a first device 156 attached to the stack substrate
150 with a first attach layer 158. The first device 156 can be electrically connected to the
stack substrate top side 154 with first device connectors 160.

The stack package 148 can include a second device 162 attached to the first device

156 with a second attach layer 164. The second device 162 can be electrically connected to



The stack package 148 can include a horizontal length greater than half of a horizontal length of the base
package 102. The stack package 148 can include a horizontal length less than a horizontal length of the
base package 102. The stack package 148 can include a first device 156 attached to the stack
substrate 150 with a first attach layer 158. The first device 156 can be electrically connected to the stack
substrate toptetdéadismatfitopdeldecorheetonrd d60ce compeiastakidpackage 148 can include a second

device 162 attachedip theififstiRyizeslon with & SesanckatiashRYar 464, Thesasandearice 162 can be

electrically connected to the stack substrate top side 154 with secaond device connectors 166. The
stack packagt 148 ARIRfe! A% TAR K EhRistURTE A P 1oL FRYSERW RN 40188 Sthelrst device
156, the first adtach leyethd 58 dhe dirsttdryigel 6onnecthssddad they kecandedevicech 6 2T ibetsacond attach

layer 164, and the secand device connectors 166 stac kage, 148 can include stackconnectors
76 attached 5 e Sk s e e BB o Drovice
electrical contigctionsbetikeubshiatetinpk sdibd# it IBOValedelheriesdatnsgetr MrswWezs. the sEigk stack

connectors 13@@@@%@%%g@gy&@mt{;ﬁ@qMﬁve connectors. The stack connectors 170 can
represent electrical connectors |nclud|n?Rconductlve balls, conductive columns, or conductive studs. The

stack connectors 170CHABE IBPRTEIWITR HTOrisetrre IeriticAlY sRItARY £ RIS nidteafr a metal
alloy. For exaimle;tbie stackacanecionskimicarcoepiaseniriadtigcalopdnnectardinclosingiselder balls.

The integrated gireuit packaging system 390 gan.inglude padkpae Inteqratien of mulfiple functions
including moaem, radio frequency ;I‘-'&% memory, graphic, and internet. The |ﬁ¥egratedlc:|rcui6f‘ packaging
system 100 cantérieludelstnekapackddesideeh of whichllang Faitedfnstidn siacsreopmekage. The

integrated cirguit RACKAGIRE: SYRIERL AR R IDGIERRiIR Ve ddat provides package size reduction and
cost innovation usirlﬁé:o,p r (Cu) pillars. The integrated circuit packaging system 100 can be

e . .
applicable to a pac iri@%%f VRN L RIG kRIS ohifp Ty SRR EAT 1B wsley BHEA& p HEREGEL 0§ lcustomer
market demamditiphefiniagniaiet Rioouit packaging sysiquent QAR include, eikphe-shelfiprekages and can
utilize the remained area as.system-in-a-package (SiP) with components including capacitor, and power
mocle atachOh. AR el cEl B ot e e e R R et i
pre-cleaning hesldedibatbdttertivmnn decfiuxlagd nmidteizkmekding woleskieilizasdtiox 100 cinhas been

discovered that iR S&EQRShSHASIBIRILLAAREY,ORthR MsI gﬁé‘c&ﬁqm%‘&{%éﬁg apdhe ntegrated

circuit inactive side 116 provides a significant reduction of package thickness and size thereby solving
problems of Iﬁﬂ]é"ésfan-in package-on-package base (FiPoPb) package, total thickness of stacked
packages, and marTHachudngenStcuit packaging system 100 can be applicable to a packaging system

with a number of input/output (I/O) or various packages by customer market demand. The
integrated circuit packaging system 100 can include off-the-shelf packages and can utilize the
remained area as system-in-a-package (SiP) with components including capacitor and power
module attached. Package cost can be reduced because of reduced number of processes
including pre-cleaning, solder ball attachment, de-flux and material including solder ball and
flux.

It has been discovered that the second substrate 124 directly on the vertical
interconnects 110 and the integrated circuit inactive side 116 provides a significant reduction
of package thickness and size thereby solving problems of large fan-in package-on-package
base (FiPoPb) package, total thickness of stacked packages, and manufacturing cost.

It has also been discovered that each of the vertical interconnects 110 having a
vertical height approximately equal to a combination of a vertical height of the integrated
circuit 114 and a vertical height of each of the connectors 120 provides reduced package

height profile.



It has also been discovered that each of the vertical interconnects 110 having a vertical height
approximately equal to a combination of a vertical height of the integrated circuit 114 and a vertical height
of each of the connectors 120 provides reduced package height profile. It has been unexpectedly
found that each of the vertical interconnects 110 formed with a single integral structure provides structural
integrity. It has Bekss haexpaeteancdbtdomiiacbathescthef videticeltienk iasnimasests 10 Groviers pitch and

size reductioR, geMRasediie atherpackagexi-pariags packages, which are limited in reducing package
size and thickness because of large interconnection pitch or size such as using solder balls for

interconnection witH\WiIEStBEERec sy diemingt fe o srhish drirrromiesiid ByeipvifsRiEtpacity of
solder ball mauhigre reddtiias hegaiedaxpattedyckageonipackiatingaerticahiciereomnaetsia10 attached

to the second substrate 124 and th«?1 {g§ﬁ<§lgspssgreacge sleoé]f %Illrmelr}gfg% Warpage r.?%ug%nsg Enslmgrgsved

. .- reduein ackKage S1Z 11C Z C . .
reliability. _eferﬁ g now to Ie—‘lgl. 2, t%erel_n IS shown a top plan view o the mtegratecflcwcwt packaging
system 100. Wiegtoplitarbalievicdepiersotiedhtagratb ondilauiupsiokagirg slpstém1aeo wideubile second

substrate 124af 16 o ftd tRGicRIReRAERT I 4¢ QidelBail nfdithe stack package 148 of FIG. 1. The
underfill 122 can be formed directly on the first substrate 104. The underfill 122 can be formed having a

perimeter extending B8y SR SPGHESHEH th s @ HET iRt he f HECHIBGFsRR Gt L0 PiEched wiReintegrated
circuit 114 cardoaduiitinde? dHyial paeipharahiatiay abthelverical inigreonrectsnkli. ihpeopedipheral array
is defined as g}lllé:%ll%lte rows of the vertical interconnects 110 formed adjacent a perimeter of the first
substrate 104- The Vértical interconnects 110 can be formed or attached along a periphery of the first
substrate 104. Eefdiusgratoniplilposesheranerticayinterepmracrse 1 of dhe ghesiadithreitular shapes,

althoug_h it i?ﬁ&ﬂ@gﬁg@%@ﬁtfb@ Y‘?Hé%'pi'Enﬁ%ﬁc{?i@@eﬁﬁiétlQlﬁ%t@ﬁﬂ&?&%i%&%ﬁ%ﬁﬁ@%‘%tgﬁr exampl_e,
the vertical interconnects 110 can include rectangular shapes. It has been discovered that the vertical

interconnects' 44 &/ 578V dRS Shprevabr refabity With tle Ve tREPIREN I G 10 il evenly

distributed tospkead 8 eeFI0at eliminate warpage.

The underfill 122 can be formed directly on the first substrate 104. The underfill 122
can be formed having a perimeter extending beyond or greater than a perimeter of the
integrated circuit 114.

The integrated circuit 114 can be surrounded by a peripheral array of the vertical
interconnects 110. The peripheral array is defined as multiple rows of the vertical
interconnects 110 formed adjacent a perimeter of the first substrate 104. The vertical
interconnects 110 can be formed or attached along a periphery of the first substrate 104.

For illustration purposes, the vertical interconnects 110 are shown with circular
shapes, although it is understood that the vertical interconnects 110 can include any other
shapes. For example, the vertical interconnects 110 can include rectangular shapes.

It has been discovered that the vertical interconnects 110 provides improved
reliability with the vertical interconnects 110 uniformly or evenly distributed to spread forces
that eliminate warpage.

Referring now to FIG. 3, therein is shown a detailed view of a portion of the
integrated circuit packaging system 100. The integrated circuit packaging system 100 can
include a first height 302, a second height 304, a third height 306, a fourth height 308, and a
fifth height 310 representing a total height of the integrated circuit packaging system 100.

The first height 302 is defined as a vertical distance extending between bottom and

top extents of each of the base interconnects 146. For example, the first height 302 can



Referring now to FIG. 3, therein is shown a detailed view of a portion of the integrated circuit packaging
system 100. The integrated circuit packaging system 100 can include a first height 302, a second height
304, a third height 306, a fourth height 308, and a fifth height 310 representing a total height of the
integrated circuit packaging system 100. The first height 302 is defined as a vertical distance
extending betrsessbottbaitamdsigeeadhikeishbaderistathabasecitiraichriakictd £46) Portkxdaple, the first
height 302 caprepgseNt 4 bottom solder ball height, depicted as a vertical height of each of the base
interconnects 146. The second height 304 is defined as a vertical distance extending between the first

substrate bottom sid81 88 W HEM R siibdt e ihas e itplsdippesaHBlinghRe Bt h Eight 304 can
represent a hotismsbbstiate dbitdhassidapictadasi@ wertidal 108ightrafxthiepii sths ubsiraitaeldd . The
third height 39 4isé defined as a §§[ticalsd's ance eét(endingebl%pévdeen the f{rst bsttﬁagte %EQ ﬁirgite 108 and

{ th \ 1 :
the second su@strg?ertegf)eg? el ethird eelg {306 ca repreageellwtvgréggfn ination of Vertical distances

of each of theuksitidal fitterconnects 110 and the second substrate 124. The third height 306 can also

represent a Combin@HQQtﬁ’xdeﬁEIg@ fistangesRiithe integiated cicuit Llsh@ach el ke enaggtors 120,
and the second substrate 124. For example, the third height 306 can include a bottom mold ca

. . . ! p
thickness, sutiPHels Jeritidr FBArd Bershand BhsaEn s Bl tdpe i s 8B idRal
encapsulatiofepresehinecaubihafietght 306cis defineck as aatestidal distianicatexiamdung lhetmeanebottom and

top extents of each of the st copnectors. 170. Far example, the fourth height 308 can represent a ball
height for topsf)%)é]lgasgueb Slzl{’ai&ee %r%'oﬁﬁ%an?%’ZB?é%%h 3':165 a ver %%Irﬁ%%ﬁ{%{o? €ac %lcl)l foél s(.)facvz I%I:F(%arﬁnectors 170.
The fifth heigfis@nceisod ¢ ateariad/eniudl distande @xtendingepietivédh thd Srackeondstiztiealsottom side

152 and a toﬁﬂ?.(t%tr%&%ﬁtﬁ% ﬁ{m%ﬁ‘%@ LGBk RUE%ABRIE m@_léiusmﬁigme%&%mgepreser}t a
thickness of a top package including a substrate and a mold cap, depicted as a combination of vertical

heights of the’ Stk UaBatetsAbrs e tHe L RotioBredsen Stensdan optippy! sxcamiiatitfe integrated
circuit packaging syHBiefodi@0Heaghirsci8itiedarpaakageveimangiannoé dltandiipetersdnmisoidy dddmillimeters
(mm) or 121 square millimeters (mm2), which is a reductign from a package dimensi 14 millimeters
by 14 milimeldie P TOE L TSI oI 110 SRk TEE) L A Himension o
12 millimetersepseseRtmibihbeeght doritan paplage Himatevstiog. sitreettdriin petikabeeshi packelye (FiPoP)
packages. rAys sRECHigLxRMPIg, each of the base interconnects 146 can include the first height 302
of approximately 0.18 millimeters. As a specific example, each of the base interconnects 146 can include

a ball diameter of approitihidteight 28 milfribetaandarticl gidnes spsRIGRRENFO 405 iiheters.

substrate bottom side 152 and a top extent of the stack encapsulation 168. For example, the
fifth height 310 can represent a thickness of a top package including a substrate and a mold
cap, depicted as a combination of vertical heights of the stack substrate 150 and the stack
encapsulation 168.

For example, the integrated circuit packaging system 100 can include a package
dimension of 11 millimeters (mm) by 11 millimeters (mm) or 121 square millimeters (mm?2),
which is a reduction from a package dimension of 14 millimeters by 14 millimeters or 196
square millimeters for a molded laser package (MLP) or a package dimension of 12
millimeters by 12 millimeters or 144 square millimeters for other fan-in package-on-package
(FiPoP) packages.

As a specific example, each of the base interconnects 146 can include the first height
302 of approximately 0.18 millimeters. As a specific example, each of the base interconnects
146 can include a ball diameter of approximately 0.25 millimeters and a ball pitch of
approximately 0.40 millimeters.

A substrate thickness of a molded laser package can be greater than the second height
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A substrate thickness of a molded laser package can be greater than the second height 304 due to
warpage control. As a specific example, the first substrate 104 can include the second height 304 of
approximately 0.24 millimeters, which is a reduced height compared to a substrate thickness of
approximately 0.30 millimeters in a molded laser package or a package-on-package. As a specific
example, thePrduseigMaBBacasniel approxintatbly 0 2 iniltim étests eorpartd ten Belwdiliieters of a

corresponding. hsight o otae T falRASHEGE20-PAGKRIE DIHHATRS: redubIRBARMWRRA AP Of a fan-in

package-on-package base package, depicted as the second substrate top side 128, and a bottom of a
fan-in packadeSSRepeKbi e AR e EanEE R4 MEimsibih AR Hh ARy K%< 2As a specific
example, eaghahhestpakagnnectors 170 can include the fourth height 308 of approximately 0 06
millimeters with an %rs)parosxiera%tcelr}g(o.zg nﬁl}lin&lel'%grh%aleig&corp%grgd o a %él hsig%lt r&hgg&g(gximately 0.34
millimeters with an appro;%mate y 0525 millimeter ball size for a mBPéed%se?'pac age. As another
specific exansplepaeditod!. fHensiticieiconvietrrscsrondag hectht efthddoirehheighkt oS afaghioximately
0.06 miIIimetggM%.an approximately 0.20 millimeter ball size compared to a ball height of approximately
0.12 millimeters with an approximately 0.25 millimeter ball size of other fan-in package-on-package
packages. As a furtﬁe%aé’pgeél‘ﬁ‘éeéfafﬂlbl%f, taTitth RElgRE 81 kA5 AP A IR g ﬁ%ilﬁﬁeters with
the second suhistiateistdbasngda thkmessmotappsoxinatalyLkhganilipaetaps. op pddiadategrated circuit

packaging sy, tem 19191110% tbe thIilrgﬁler than an eclui\/alent molded l§ser package. hA% Anpe if'ig example,

the total heig ¥ of the mtegra?é cwcﬁrltpﬁgcﬁ%{aﬁﬁ éy?é?emAid‘oSBS‘ﬁ bceegp%lrpoﬁmately be 124 millimeters

compared to erotsiheibht eftappheddihatédyrih 301ghill iR repivosinisiticd (aser backaywidr antotal height

of aIOIOVOXimaﬁﬁbf&ﬁ%ﬁélw_imﬁ}eﬁﬁlfﬁﬁé?éh%fﬁ@ri@ Bt %Q'Waoﬁﬁk%ﬁ‘gﬂa&k%ﬁ%xﬁ{%aﬁﬁwwgﬁ specific
example, the integrated circuit packaglnq légsétem 100 can include an off-the-shelf package for a top

, s
package, depTtEaLEr e AR RAPRRAGEY 48325 mBlERs'rhbrH sitedP FIEdde LissiPRS 6w a
cross-sectional viewa ohtlehintegratie dciraplié, packaging systeronhffdn awubsiiatespeakidiogfphase of

Fret subetrard 101 con B T I B Rt D3RR e O ARERE N 104 car
represent a stgppionedtitacturellidshgbingf apnudtiviarely Stppontlémettirevifopm apeeifiodsantple, the first
substrate 104,camEGR"BSENA SHPRAE FHUEURSRGLdINgAREN R clieuit DRard{RtE) g latpinated
substrate, or a ceramic substrate. For another ) o _
example, the fifth height 310 can be approximately 0.48 millimeters with the second substrate
124 having a thickness of approximately 0.13 millimeters.
The integrated circuit packaging system 100 can be thinner than an equivalent molded
laser package. As a specific example, the total height of the integrated circuit packaging
system 100 can be approximately be 1.24 millimeters compared to a total height of
approximately 1.30 millimeters for a molded laser package or a total height of approximately
1.35 millimeters for other fan-in package-on-package packages. As another specific
example, the integrated circuit packaging system 100 can include an off-the-shelf package for
a top package, depicted as the stack package 148.
Referring now to FIG. 4, therein is shown a cross-sectional view of the integrated
circuit packaging system 100 in a substrate-providing phase of manufacture. The integrated
circuit packaging system 100 can include the base package 102.
The first substrate 104 can be provided for the base package 102. For example, the
first substrate 104 can represent a support structure including a multi-layer support structure.

For a specific example, the first substrate 104 can represent a support structure including a

printed circuit board (PCB), a laminated substrate, or a ceramic substrate. For another
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specific example, the first substrate 104 can represent a base substrate. The base package 102 can
include the vertical interconnects 110 mounted directly on the first substrate top side 108. The vertical
interconnects 110 can be mounted adjacent a periphery of the first substrate 104. For example, the
vertical interconnects 110 can represent electrical connectors including a conductive pillar, a conductive
post, or a conderitivecanmarthafgst fabetxaimilé ctnaapseiii i heseconpietes 110 can be formed with an

electrically conductiyg.malepalinsuding.a matallienhaiarial arameaialaioy. hauiher docexample, the
vertical interconnects 110 and the first substrate 104 can be provided or supplied together. For a specific
example, the VR ACASIRERIsHAR SideL 10 calPrepriicahiteisprreEL) s be moanjediadipeetih of each of
the vertical interpaaiyadted liscamdaeaotolled such that the second substrate bottom side 126 of FIG. 1
can be mounted dirggtly.on e veicalintaragnnegts 440,z e iiegrated dicul inaglive sde 116 of
FIG. 1 in a subsequent p’ﬁas%. The vertical heig {'0f each of the verical interconnects 110 can be
controlled withdvdigplicanidisbfcaprHask legrstuchioe sheiwer) a Thedhsssk talwnis ddfinéd expmpltucture
resistant to agemAMAlRrARERInTULHANRG: the fiaskilavrh CAN ERRIESARE RotiHcivee inglyding a dry film
resist (DFR) or a resist mask. The mask I%}/er can be deposited or applied directly on the first

substrate top &8 Al RKEIEr R A U rhug s (A RS s e TS RSP RBRSHe a pattern of
openings expasingdhetions abtheadinsiseibsieapertafeSiclesifiBicA lkating. procasp&afichs papfarmed to fill
an electricall)gh%ovré yc%rli\lleterpateriaﬂ% vﬂ icrgjl tr}g Oéasglr&ig(?gs forg&ilngiipa(?svertical interconnects 110 directly on
the first substrate top side 108 “The eled ricgﬁy condubtiv n% terial can be filled up to a top surface of the
mask layer. The mask¢styen baiglbetensbwé dhiessinepbottisnsist thelfirsashbsonitellehssidet08 exposed.

The vertical hﬁégh!cgﬁ@%ﬁbs&ﬁ@%&%ﬂcﬁh@tﬁG%rﬁ@§ iUerC@E‘ Re@ras CHﬂ@E% Whegaldrigavertical
thickness of the mask layer, which is defined as a vertical distance extending from a bottom surface of the

mask layer td‘lﬁéc?é‘ﬂe&?rﬂdgé‘%‘i the Herripdydicdrar dyedific HRAhpIE: hid geHPeaniraigMtast-each of the
vertical interchimnectscill Beigin € egphabiotaeveartigalificknasssof thecaask lay@iolkar wibther specific

example, planeﬁ.of t(c))l;loo tentﬁﬁqf the vetrtil(l:al irit onneﬁtﬁlllo aqgeg%ae lane 0 rsurfa(%(—{oof the mask

fat
layer can be %%Ifo}glghtér With eac 8“(%?.10 SIRER 'rrlnge now t6°FIG, eréin is shown 1ét%?ructure of FIG.

4 in a first mountiey 3 reesessTHeobagenple Kaga s 2aparcinakdestheastegrateth dirduit 1 daymbunted over
the first substrate btk bhe iieoralgd circuit active side 118 can be attached to the first substrate top
side 108 with the connectors 120. For example, the int%?rated circuit 114 can represent a semiconductor

device including a filBCAskdAY Fr’it%?ﬁ‘rBFleB‘i’lsé'Gf{ erePBiicd Wity il Grkiier sideBexample, the

connectors 12Recanskepiesent dlepiticaleanoe char shinahacingyepvsiuaivredburppseraaitdipetiue:balls, or
conductive studs. Also f?.r exa Bleefits e %onnectors. 2 @n Apelggxrmed with an 'eCtr}%‘%ﬂ.}é ({:%nductive

. . €Xposin oruoens o ubstrate top, side 10 TOCESS, Ca € per
material mclu&cl%g ametalic matérial or a me{al alfloy. oras uﬁcgé)xamp €, the connectors 120 can

represent eleittioatsonivetorsntettivingasoidewbbimps openings forming the vertical interconnects

110 directly on the first substrate top side 108. The electrically conductive material can be
filled up to a top surface of the mask layer. The mask layer can be removed leaving portions
of the first substrate top side 108 exposed.

The vertical height of each of the vertical interconnects 110 can be approximately
equal to a vertical thickness of the mask layer, which is defined as a vertical distance
extending from a bottom surface of the mask layer to the top surface of the mask layer. For a
specific example, the vertical height of each of the vertical interconnects 110 can be equal to
the vertical thickness of the mask layer. For another specific example, planes of top extents
of the vertical interconnects 110 and a plane of a top surface of the mask layer can be
coplanar with each other.

Referring now to FIG. 5, therein is shown the structure of FIG. 4 in a first mounting

phase. The base package 102 can include the integrated circuit 114 mounted over the first
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Referring now to FIG. 6, therein is shown the structure of FIG. 5 in an applying phase. The base package
102 can include the underfill 122 applied between the integrated circuit active side 118 and the first
substrate top side 108. The underfill 122 can cover the connectors 120. Referring now to FIG. 7,
therein is shown the structure of FIG. 6 in a second mounting phase. The base package 102 can include

the second seistrate 1034 iisuntesfabebeithel ventivasidrdicormdiasttarbedrid theefirtewatetiedivbuit 114. For
a specific exapleyghe fegendsibsirated 245y ofrRttacheddirgrtly: an sheyaspicatinterconnects

110 and the integrated circuit 114.  For example, the second substrate 124 can represent a support
structure incISATAG AMNRIE J5yisF SphybpeadinGhiy- @i geghuesie syl dipier theichasddiematrdte 124 can

represent a stigpdt structure including an interposer, a printed circuit board (PCB), a laminated substrate,
or a ceramic substrgt%. In.a s%ggg%ﬁl%ntt oPshaﬁ%’ the base interconnects 146 of FIG, ]Iu n be attached

. example¢, T can_represe ctrical~connectors includin
to the first substrate Bottom gl e e pase mterconné)cts £46 can represent efectrlca cgnnectors

including corﬁnm@lﬁvématngp%muéwé/@whrg, emdoritigotivesstidsy e iazddntes cONPRSELES146 can be

formed with & sepgluGtive-matsral Ididing.aynskaticinateiial 95 metd! AlRYIFOrGaARIE the base
interconnects 146 can represent electrical connectors includirbg solder balls. Referring now to FIG. 8,

therein is shdiPhdIVss U ctishs Uretr BrRlf i 6PARSH Uit AT SAR KSRGS yatericabeP S YEtond
embodiment pitthéiresaat bawgntion. The integrated circuit packaging system 800 can include an

enhanced fan-in pagkage-on-packa FiPoPb) package using co (Qu) pillar or an NG fan-in
package-on-packag%egaéggp%c\ﬁa%egv?ﬁ?h%?n%ngél d%glé%%ﬁP i Sﬁﬁg%ﬁeogra (Ea}d%ir?guelltn p?(ﬁ?gél%g system
800 can includesa-bdbe pesckeag&a802 Od lsighiixldefied imdafdbiie apolicddrepaekatie. iMeertiade package

802 can in?'“&f-’aﬁtfﬁ&ﬁ@@ﬁy 3R 304 ﬂﬂ@\ﬁ% ﬁlﬁ£§5§%§tﬁ?&§ Rﬁtoméiﬁiﬁiéﬁﬁ *'_1‘@@' afighvephstrate top side
808 opposite the first substrate bottom side 806. The first substrate 804 is defined as a support structure

for mounting %ﬂ‘?&e(?b‘ﬁﬁé%ﬂng an integrated circuit thereto including providing electrical connections
through the supporrsffatciigenow td @da3e hackagdge SrvaamdnatudesesicBidnteraonnesaisnd10 having
non-horizontal sides 8]hZ. él"htlah\éel;tlcal mf{ercogH%ects 8191 C?:ea be attach ﬁ'[re%hfﬁn nghgnftlergt substrate top

. mountin S S€ age . can, 1mc € second sSups VEr .
side 808. The vertical interconnects 810 are defined as elec rlcaﬁy conductive structures for mounting and

connection pthposesal fderemizotizbiitainsidbs Bizrareddafinedlds. sities arracédimeada@ralthoundary of
the vertical infgreRaRGER 8104 moliRES¥RRRAIGNGReIFNAFRNIAkRIdER:EL anirRt OB BEREMicularly

attached to the first substrate top side 808. Also for example, the non-horizontal sides 812 can be parallel
to each other"egr#&d s hple, the non-horizontal sides 812 can include planar or curve surfaces. As
another example, thievettiepldnteccRonarts BlAcaninaldepustical iipightsappueximataiiequal to each
other. multi-layer support structure. For a specific example, the second substrate 124 can represent
a support structure including an interposer, a printed circuit board (PCB), a laminated
substrate, or a ceramic substrate.

In a subsequent phase, the base interconnects 146 of FIG. 1 can be attached to the first
substrate bottom side 106. The base interconnects 146 can represent electrical connectors
including conductive balls, conductive columns, or conductive studs. The base interconnects
146 can be formed with a conductive material including a metallic material or a metal alloy.
For example, the base interconnects 146 can represent electrical connectors including solder
balls.

Referring now to FIG. 8, therein is shown a cross-sectional view of an integrated
circuit packaging system 800 in a second embodiment of the present invention. The
integrated circuit packaging system 800 can include an enhanced fan-in package-on-package

base (FiPoPb) package using copper (Cu) pillar or an NG fan-in package-on-package base
package with molded underfill.
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The base package 802 can include an integrated circuit 814 having an integrated circuit inactive side 816
and an integrated circuit active side 818 opposite the integrated circuit inactive side 816. The integrated
circuit 814 is defined as a semiconductor device having a number of integrated transistors interconnected
to form active circuits. The integrated circuit 814 can be mounted over the first substrate 804 with the
integrated circuit activeisieeradBoisaingabiengine sbaratl wap Bidedosbase pRHkadsaXl palskadge 802 can
include conngefRis82Q attaehbreliathrdRiedratgd witewiaabye@ida B8 andithe fissb rlast@te top side

808. The connectors 820 are defined as electrically conductive connectors for connecting an integrated
circuit to anofi¥PgyAdaH fubatrate betiom HeerRO0SRtAITRENBHMLTIeRTE AR inRRSH AR IRGI height
approximatelyubsitiat tboar@ansidinaton ofte fatticabheighB8of thediefiegtaied cilippit-8 iduandeatvrertical height
of each of the, conectars 820, £0r,3 sheciie example, sacial ihe yriical istepanects 419,can include
a vertical heia}wt equ%\l {0'a combination of a \§ertlcalche|g t of the integratéd%ircwt 8§14 and a vertical

height of eackrafepizons HneetbidB8RPPAATEIIEIheight of each of the vertical interconnects 810 is defined
as a vertical distangg.exienging.between Palam-cnaion exias:elea30 ahihe verisalilgisonnects

810. A vertical height of the mteqrated circuit 814 is defined as a vertical distance extending between the
integrated cirddftiRattivesIgEEEFIME T8 PatbeiAtarhadifcr io tha Brst subs{Ale{eRISHSight of each
of the conne®oss 822 isededinad:asanertcallidistadetnedtan dingteiivearm baitiom @indtiog exstents of each

of the connectors 820aﬁ°avertica1. hﬁ:-'%ht of eacﬂof the connecLoeriaeié@fan rgﬁf%{eeséegg a1 a/er 'carill distance

extending befl\}\?élgﬁ%e mt%%nrléqt%l cifcuRt active seldléng!f lazﬂlcllu% & first substra I%op Side 808, The base
package 802feen ireterabbawsleonedl shibwtracel $parervieriss Eécond substrate bottom side 826 and a

second substrate t%§@&§&§, QRPQ&%&H%%‘PQMQs%ﬁ@%ﬁ%%e%‘iﬁ%ﬁhﬁigﬁr%?ﬁmm&ﬁ@Qﬁ’@ﬂéﬁi bstrate 824
can be mounted over the vertical interconnects 810 and the mtegrated circuit 814. The second substrate

bottom side $3BSEAN 1@ &ife AP oniRd VerirmBPimicBrmBeE et sdesRErirrgrRad st oitatactive side
816. The secemersubstrate 824 is defined as a support structure for mounting and connecting an
integrated circuit thg\reto includlinq rovi%gg el c rSi%%IS%cianectio S hr?é{%h the SUJZ)&?{% stru%téjre. The

second substrate 824 &an include a hofizontal eng appr(c)%(rllrhnac e 3? gqua]i 6%{lf¥or|zonf§ﬁength of the first

substrate 804nfibeacspaific Grarenplesl tiicxwooetsstilistataBMiecanrirelubiaghth atipetaldehgth equal to
a horizontal length ot the dirst substrate 804. Horizontal lengths of the second substrate 824 and the first
substrate 804 are defined as horizontal distances between non-horizontal sides of the second substrate

824 and the first suBb&fr s BEACkREGH 8RN include, an FHses ik iEghin8Lis Y& 4 PR8IAEE or attached
to the first subistiateBodvanadhe iIsesand simstiatel Saduktarcaxaniple stigeoppolinal titancairmedts 810 can

be attached (g the, sl substsate 804, fhe second subsiral 824, pr.5 combination tereqLuith solder on
pad (SOP), solder cap on each of the Vertical interconnects 81 , Or conductive paste.

having a number of integrated transistors interconnected to form active circuits. The

integrated circuit 814 can be mounted over the first substrate 804 with the integrated circuit

active side 818 facing the first substrate top side 808.

The base package 802 can include connectors 820 attached to the integrated circuit
active side 818 and the first substrate top side 808. The connectors 820 are defined as
electrically conductive connectors for connecting an integrated circuit to another system
level.

Each of the vertical interconnects 810 can include a vertical height approximately
equal to a combination of a vertical height of the integrated circuit 8§14 and a vertical height
of each of the connectors 820. For a specific example, each of the vertical interconnects 810
can include a vertical height equal to a combination of a vertical height of the integrated

circuit 814 and a vertical height of each of the connectors 820.

A vertical height of each of the vertical interconnects 810 is defined as a vertical
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The base package 802 can include an encapsulation 830, which is defined as a package cover of a
semiconductor package to seal an integrated circuit providing mechanical and environmental protection.
The encapsulation 830 can be formed between the first substrate 804 and the second substrate 824. The
encapsulation 830 can partially cover the vertical interconnects 810, the integrated circuit 814, and the
connectors 8¢Btance PrenduscbpaidcadeBor axhtarctygatbasediteicbanetisadaseaitaohes $dGhe first

substrate botioR: gidQ %Q%ﬁ@ orovidgelesiricalceinnaatignibghivean thefiishisulstiate. 34N an external
system (not shown). The base interconnects 846 are defined as electrically conductive connectors. It

has been disBEVEEH IR ASE By s Imst s 8! Girad dhrdRiTRE Se ditattieotifeti8 810 and the
integrated circuit inactivetisiden8ikbt prdiddsH signibeantisedaetian oéfrackage thiekaestisandesize thereby
solving problems, af |19, fan-i packagesonpackape, Base (FIRARDI RAEKAIS, Jolal fjckness of stacked
packages, an mam%facturing cost. has also been discovered that éach of the vertical interconnects
810 having aceehtidahheigeapprdxintantagpesgeril toatcehthiratio axsfdiveiiaicheightigeghiddahtegrated

circuit 814 and:a.¥eirRl NEight aheahelthn SRRNEHIGIR 888 provides reduced package height profile.
It has been unexpectedly found that each of the vertical interconnects 810 formed with a single integral

structure provides sHSCPASEIRRERFTFO2 cay el dfrseaark SRR Heamtiteed wrapthe RuiEal
interconnect»8iéhpralddR puch anecsizesidduakoncoidyszedipsitehpackage sabspackagepackages,

which are limited in_ reducin k ize.and thickness hecause of large. interconnecii ifch or size
e na caim B B T S R e
and equipmethecajracitybf solded Hall Tisureeand substipie beitrmupidrpeétedly becbipsibedithie the vertical

interconnects, §1i0.atiacke i i serandsHhsiata 8RA.AnAae JiRissRsraie 804.RIiMIRalRs warpage

resulting in improved reliability. It has been unexpectedly ascertained that the encapsulation 830
partially COVG%E‘IAQI%Hngi%%ﬂI RIS SRR SDH %PW%@W&E‘EPH&E\HWH%FWW%éh%fitﬁcal
interconnectsl@ling pléiais peeatinexpaciailysidesiiftechéhappor ancapsulation 830 formed between the
first substrate 804 aﬂlde tshe%o%%cgurl])%trsa?eb %92 t?ar? 21r41'c ulgp ig] %t()erlszg\{l?gpﬁeggfh approximately equal to a

horizontal length of the first substrate 804. For a specific example, the second substrate 824

can include a horizontal length equal to a horizontal length of the first substrate 804.

Horizontal lengths of the second substrate 824 and the first substrate 804 are defined as

horizontal distances between non-horizontal sides of the second substrate 824 and the first

substrate 804, respectively.

The vertical interconnects 810 can be joined or attached to the first substrate 804 and
the second substrate 824. For example, the vertical interconnects 810 can be attached to the
first substrate 804, the second substrate 824, or a combination thereof with solder on pad
(SOP), solder cap on each of the vertical interconnects 810, or conductive paste.

The base package 802 can include an encapsulation 830, which is defined as a
package cover of a semiconductor package to seal an integrated circuit providing mechanical
and environmental protection. The encapsulation 830 can be formed between the first
substrate 804 and the second substrate 824. The encapsulation 830 can partially cover the
vertical interconnects 810, the integrated circuit 814, and the connectors 820.

The base package 802 can include base interconnects 846 attached to the first
substrate bottom side 806 to provide electrical connection between the first substrate 804 and
an external system (not shown). The base interconnects 846 are defined as electrically

conductive connectors.

15



Referring now to FIG. 9, therein is shown a cross-sectional view of the integrated circuit packaging
system 800 in a substrate-providing phase of manufacture. The integrated circuit packaging system 800
can include the base package 802. The first substrate 804 can be provided for the base package 802.
For example, the first substrate 804 can represent a support structure including a multi-layer support
structure. For a spelifitaexeagipldistouchiedt SupbsthateRoadcanbréprestit disegshornstigtuegivitluding a
printed circuithgard {R{sBloajanipaied sHstRig: fhaice@migsyhslale Farrnohat sRepific example,

the first substrate 804 can represent a base substrate. The base package 802 can include the vertical
interconnectdBREFIASU SRS MY BredhemhRd: Wbeg Rrehlssiok!¥es ahid neregr MReRdisects 810 can
be mounted adjacBitoRbpeiipharyrahlhediisiss obsireitedgadkages, ad exantpleyrihg artical interconnects
810 can represent glegiricgl.conneciors Inlhling a,congugtivepilay. # gonduciiva postgr,a conductive
column. Also for exampfe, the vertical interconnects 810 can be formed with an e ectrlcallf[l)/gconductive
material includirig® heeghllrppresiriicbr glwakbtal aloybPaktbeofor eseieiblbeighé oeticaniegetednnects 810
and the first ybglrale 80 %a%ﬁﬁcﬂfﬁé’iigﬁdo%wﬂﬁQﬁetg&ﬁi&%rf%(ﬁ;ﬁ{%%i&cﬁémlﬁacﬁba%é/ ertical
interconnects 810 can represent copper (Cu) pillars. A vertical height of each of the vertical
interconnectd' 888 854 controlled such that the second substrate bottom side 826 of FIG. 8 can be
mounted directly onithasvesticalniatpscealyetisnd 1B anddhefintegratec Cirteit onaetiv e BideBdha of FIG. 8 in
a subsequen%‘?aass?ﬁ Fh? t\éelrrgilcsa%l Q(;igehtrm‘v %Fggtr%fcghrelvhel{gc?tl interconnects 810 can be controlled with
an application of a mask Pay%r (ngf sﬁoﬁn%. e masli(alaye s Uefined as a structure resistant to a
removal process. Fbrhasdasplanehpeaietk fejameend topréxeyrracstrnctineninelsditpzodidefititeresist (DFR)
or a resist Magh- size 1AEHASKIRYRFLAR RenEepRsited of pRilied girgatysonthe first ghASHale top side
808. The mask layer can be patterned such that the mask layer can include a pattern of openings
exposing porffHE'BE #iskies YapapaiistiBeanEe R hland rioRastan B’éCEé?‘féiﬁ‘?eﬂ‘i #il an
electrically canigctividan atelkialonvithisrdbhenapeningshforéngibaruertical indereomagetsoddd dinectly on the
first substrate }é)rge?eige %ShiT rr}l% qlggtgicqglleco&%ygg Ye, E)n%%rial can be filled up to a top surface of the
mask layer. 'Idhe mas ay%r Ranbe femoved (feaving porﬂons‘ of the first substrate top side 808 exposed.
The vertical height &flwadlecofthexpentidbl integomAdetstBd Oecarrloatenpprositn &iélpitnghed to tevertical
thickness of the maskyawes syhishdsilefined dsdesisal fistanceaxtending. o a hapem gurface of the
mask layer to the top surface of the mask layer. For a specific example, the vertical height of each of the
vertical interdSHMRER- 810 can be eqgual to the vertical thickness of the mask layer. For another specific
example, planes of o ektentsnef phaedeyticad iatase onnerts: Sdpandien @30 e6fial jop &iifgaaeof the mask
layer can be coplanarith cach Qe ReIRIIng noN (0 FIG, 10 dhrein.is,shawn the structure of FIG.
9 in a first mounﬁng p ase. The asé)pac age 5 can include the'in egrated circul 814 mounted over
the first substitile 804. The integrated circuit active side 818 can be attached to the first substrate top side
808 with the connegqrs, 820, KAk gxamuleidhs; e dratanClicU ikt SRRIERERREN R REMIsRnductor

device including a flip chig an integrated circuit die, or a wirebond integrated
first substrate 804 and the second substrate 824 eliminates warpage.

Referring now to FIG. 9, therein is shown a cross-sectional view of the integrated
circuit packaging system 800 in a substrate-providing phase of manufacture. The integrated
circuit packaging system 800 can include the base package 802.

The first substrate 804 can be provided for the base package 802. For example, the
first substrate 804 can represent a support structure including a multi-layer support structure.
For a specific example, the first substrate 804 can represent a support structure including a
printed circuit board (PCB), a laminated substrate, or a ceramic substrate. For another
specific example, the first substrate 804 can represent a base substrate.

The base package 802 can include the vertical interconnects 8§10 mounted directly on

the first substrate top side 808. The vertical interconnects 810 can be mounted adjacent a
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circuit. For example, the connectors 820 can represent electrical connectors including conductive
bumps, conductive balls, or conductive studs. Also for example, the connectors 820 can be formed with
an electrically conductive material including a metallic material or a metal alloy. For a specific example,
the connectors 820 can represent electrical connectors including solder bumps. Referring now to FIG.
11, therein ispshiohaitkéBerfisturebeif#¢E804.0 in a second mounting phase. The base package 802 can
include the second gubsiiateR24HN0KARSH OWe!{BEVEiGaR NERCRPEEIR &1Q id thenniagrated circuit

814. The second substrate 824 can be attached directly on the vertical interconnects 810 and the
integrated cirtSH818 FEPEYctvp Rl e SORINTH LT BSHAPS B5ANd4H VS HULBR: £ \SHESEPdRR fure including
a multi-layer supperisiruaterenherta speaitic exampledthakeaondsutsilate ricaa reptesent a support
structure including. an interppser, a printed circuit,boa CB), a laminated substrate, or a ceramic
Substate R R B e e S T G DY Svace. The

base packagél8om¢ e insluabstitceiapsubativpv8Rd. oT epehed pragtatont8B8e mediparkaiplover the first

substrate topgide 308 ithe vgHtical yﬁ%ggpé}ﬁgg&gg%ﬁé}q@ﬁgeﬁgfg{@d circuit 814, the connectors 820, and
the second substrate bottom side 826. For example, the encapsulation 830 can represent a package

cover including a mOI&& G deight. of cagh oldhpsetisahtshseegis YA e FOHREM S 86t FIG. 8 can
be attached thd¢hediist Substiatebbosianisde2804. ik Base ibtercannarisiBdbycan epresent electrical

connectors ingluding, condhe(ive hels, sonduciive, solumns, randysive sluds, Thedase nterconnects
846 can be formed with a conductive rratenal Inciu Ing a metallic material or a metal a IBy.SIE'or example,
the base inteldenratghe grrofeprasohttbiesericed] cotmevtoestingl@diag deldentsallisl withRaferring now

tO_F|G- 13, th@dﬁi@a@oﬁhﬁ"&@n@sﬁrﬁ%f%ﬁ_&@iﬁwﬁﬁi_‘?%@fn%ﬂfi&?gf?st%gfﬁiéﬁ% Q%&K@tﬂl@ge%ﬁ&ﬁmolﬁoo ina
third embodiment of the present invention. The integrated circuit packaging system 1300 can include an

enhanced fard-IRPAGKRERESH- S L R3gEa LB EASE YT HhHOE g8 Wy CBipE e B4y Aifholded fan-in
package-on-patkadERpseapagkagsskising copper pillar to control warpage. The integrated circuit
packaging system 1300 can.include a base package 1302, which is defined as a semicongugctor package.
The base package TH08 Lot HRch b s Heat S e A L0 e St B e 106 and »
first substrateltgpsiglel 1308 aypbropitécthed firsh shivsharnablotiont sidekd30B. Thatfirsofwpstiags 1304 is
defined as a SKRRAME PUMRIY eff %e%?é%@ﬂﬂ&x%@%i%@@%@@g ?g"biﬂﬁﬂg rﬁ‘x’&@s‘%@ﬂ%@‘ﬁéﬁ&?ﬂfé@'&ﬂmg

providing electrical connections through the support structure. ) o
fill an electrically conductive material within the openings forming the vertical interconnects

810 directly on the first substrate top side 808. The electrically conductive material can be
filled up to a top surface of the mask layer. The mask layer can be removed leaving portions
of the first substrate top side 808 exposed.

The vertical height of each of the vertical interconnects 810 can be approximately
equal to a vertical thickness of the mask layer, which is defined as a vertical distance
extending from a bottom surface of the mask layer to the top surface of the mask layer. For a
specific example, the vertical height of each of the vertical interconnects 810 can be equal to
the vertical thickness of the mask layer. For another specific example, planes of top extents
of the vertical interconnects 810 and a plane of a top surface of the mask layer can be
coplanar with each other.

Referring now to FIG. 10, therein is shown the structure of FIG. 9 in a first mounting
phase. The base package 802 can include the integrated circuit 814 mounted over the first
substrate 804. The integrated circuit active side 818 can be attached to the first substrate top
side 808 with the connectors 820. For example, the integrated circuit 814 can represent a

semiconductor device including a flip chip, an integrated circuit die, or a wirebond integrated
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The base package 1302 can include vertical interconnects 1310 having non-horizontal sides 1312. The
vertical interconnects 1310 can be attach directly on the first substrate top side 1308. The vertical
interconnects 1310 are defined as electrically conductive structures for mounting and connection
purposes. The non-horizontal sides 1312 are defined as sides that form a lateral boundary of the vertical
interconnects 1310, For example, the non-horizontal sides 1312 can be perpendicularly attached to

the first substrate tqRside,308. AlsQdanhexanRiey thsmnabirontatsides dntéisanika fRatallel to each
other. As an example, the non-harizontal sides 1312 can include planar or curve surfaces. As another

example, theSPBHEHY fnbareBhTRIN T P ULh fh ORIV YEiEMdeighte LB sPoRiRistdly ERISFIg Bach other.
As a specific @ample; thenveriaalinteecotabeisoldild eamaineludacradticod heighis aquahi@each other.

The base pa%(&%eaﬁgoz ]f;(E)alrnall‘SlCélél e an |I§[11t53 1r téaccio%'rrlg&'t 1%% Q%v%ggran integrated circuit inactive side

t
1316 and an mtegrate% circuit active side opposneotrﬁe Integrat d circuit Inactive side 1316. The

integrated ciregitd®4akleidiiverbas a semiconductor device having a number of integrated transistors

interconnected to faga.actiyecihckiteid Nerintegrated ciswit iRld.canempuited qver thedlist substrate
1304 with the integrated circuit active side 1318 facing the first substrate top side 1308. The base
1

package 1302 4R Rsdas cIhsdsraarkags S0AcAR IR e sl SUbitw SetvRoumied¥E8 and the first

substrate toptlside didfl8nithenennaiiomsd 320 erstefingcuass eleclticalyoadnabitiive Sanneaciors for

connecting an integrated circuit tp another system level. Ti%e Ease ackage 13 n include an
Cndertl 1353 At st e e S g L BRI R B8 e T208.
The underfill @32 lsathb scapplictbdirectB2 o ahecporneictorep P2 Gttogdrstert!tideng snmatitd s er320.

Each of _the Vﬁ{ﬁiﬁﬁ‘{ W@é&&@”%ﬁa@%@i@@@éﬁﬁ de K%H&@'sb@é&&%@@r%%%%ﬁodlﬁlﬁﬁoﬂ combination
of a vertical height of the integrated circuit 1314 and a vertical height of each of the connectors 1320. For

a specific exaHsiEr e Rt ding a0 BiGERASTer CoriRdctd it brakh fichiaa Svintied weijRieqtd to a

combination efranvertigatieight of the integrated circuit 1314 and a vertical height of each of the

connectors 1320. vertical hei o]‘ h af the vertical interconnect is defined as a vertical
ethnce oxtoadng ReEEH RS 1S O 00 Al e e RLeBIE et Pt M) R BRS  vartea
height of the itttsgratbe kirewirckdda §82dufined s shoenieabdistamdélextbpdingselaieed i edntegrated

circuit inactive, ydga 1316, ihe ierated sukivagive Si9ackBiRrcondd¥eRIvAkREIgRERk&AC Of the

connectors 1320 is defined as a vertical distance extending between bottom and top extents of each of

the connectof&4399) a e ARERFHENS FE8f BukhorerrNE SHAEAE RSP0 KerP PeprEYemtalsitiBal distance
extending besnvegsulbeoinB3graieepitctit aghivieagédelss 1 Ridch fhenfisilegubsiratr. top side 1308.

In a subsequent phase, the base interconnects 846 of FIG. 8 can be attached to the first
substrate bottom side 806. The base interconnects 846 can represent electrical connectors
including conductive balls, conductive columns, or conductive studs. The base interconnects
846 can be formed with a conductive material including a metallic material or a metal alloy.
For example, the base interconnects 846 can represent electrical connectors including solder
balls.

Referring now to FIG. 13, therein is shown a cross-sectional view of an integrated
circuit packaging system 1300 in a third embodiment of the present invention. The integrated
circuit packaging system 1300 can include an enhanced fan-in package-on-package base
(FiPoPb) package using copper (Cu) pillar or a molded fan-in package-on-package base
package using copper pillar to control warpage.

The integrated circuit packaging system 1300 can include a base package 1302, which
is defined as a semiconductor package. The base package 1302 can include a first substrate

1304 having a first substrate bottom side 1306 and a first substrate top side 1308 opposite the
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The base package 1302 can include a second substrate 1324 having a second substrate bottom side
1326 and a second substrate top side 1328 opposite the second substrate bottom side 1326. The second
substrate 1324 can be mounted over the vertical interconnects 1310 and the integrated circuit 1314. The
second substrate bottom side 1326 can be directly on the vertical interconnects 1310 and the integrated
circuit inactivirsigebiate bpriensside ld Gubtheatest sistigtadfifiéd dsfanedipporupputatiectee rpounting and

connecting apftegiatedciteriidhsietadnaluding previding wlealsical cRNe Glis ity orgh g support
structure. The second substrate 1324 can include a horizontal length approximately equal to a
horizontal lerfIHSTHARS QU ehuRErsHRPPEEH EYFA specific example, the second substrate 1324 can
include a horizontallien gikegguied do BB tbcomialdengihiof thedicshsctb 3t adend 304 nblohi@drtahlengths of the
second substr.%te% }%24 aﬂ% the first. substrate 4

] are defined as horizontal distances between
o horan e 3 D e L O IR PSR NS
vertical intercofh&298.13ho verrdsbijoimechmictttbtiietrcolehackras sifsticatty T0duain thieuswessnd substrate
1324. For eX%FE%l%uﬁhﬁgV%HQQJnHE&{GQ% 1319 cambptachesit the first skhstple 4304, the

second substrate 13241 or a combination thereof with solder on pad (SOP), solder cap on each of the
vertical interdBAHEER /81 Dowpdiy efithe padiea! mtefFﬁB“B%féé?J&ckage 1302 can include an
encapsulation 1330Fwhickhiplelefis athas@ipatkhgidcovEnoia semiapadlicitiiyaakagedoosaal an

integrated cirgcuit providing mechapical gnd environmental rqf)ection. The e sulation 1330 can be
formed betweir (Nt SIS e 04 S e e el T i T S Rt 250 can
partially covetotbrslfipteaubstrate top side 1308, the vertical interconnects 1310, the integrated circuit

_1314’ the uno!erfill 1822n %Q&H@ﬁ,%ﬁ&%ﬁ-ﬁk}@%@&? battory;side,13ehde pléﬁﬁﬁcﬁa&ﬁv@%ﬁg@sﬁoz can
include base interconnects 1346 attached to the first substrate bottom side 1306 to provide electrical

connection befweBAEE fra @Risstife 19642k 18R BRESHal SV P (NBELHBWITHFRe BE&8 nterconnects
1346 are defupgeoasatestiqaimconduative eonngetofs.examitlbagdeemicdisceneieddhatttecsecond
substrate 1324 directl on he vertical ipter npects 1310 and the integrated circuit inactive side 1316

1nc. c1gnts 0 €ac cl)(&l(er

. . d ti 1 . . . .
provides a signi icant requct ofﬂlé%kage ness and size thereby solving problems of large fan-in

package-onpackagdlisabes¢HiRERly) pitkeyeindtalkthickregstod sizpked3dadkagts aamdagraledfacturing
cost. It hagalaaheaRdizcovered ihah aae ol e Ve ricalteRoOMIBCE JR3 4P hRrviRgMuertical height

approximately equal to a combination of a vertical height of the integrated circuit 1314 and a vertical

height of eachSHthB¥aNRSKOS 1320 I oufeEd T qitel bHékage e Rt prsfionduittals veren
unexpectediyhieuipd thadebah @f the greldicatinigrennineaiodatedormeshwitttavsinglaintegmaestructure
provides Strulcl}‘}'elzrgarllltig ecgrgyt 1314 can be mounted over the first substrate 1304 with the integrated circuit
active side 1318 facing the first substrate top side 1308.

The base package 1302 can include connectors 1320 attached to the integrated circuit
active side 1318 and the first substrate top side 1308. The connectors 1320 are defined as
electrically conductive connectors for connecting an integrated circuit to another system
level.

The base package 1302 can include an underfill 1322 filled between the integrated
circuit active side 1318 and the first substrate top side 1308. The underfill 1322 can be
applied directly on the connectors 1320 to protect the connectors 1320.

Each of the vertical interconnects 1310 can include a vertical height approximately
equal to a combination of a vertical height of the integrated circuit 1314 and a vertical height
of each of the connectors 1320. For a specific example, each of the vertical interconnects

1310 can include a vertical height equal to a combination of a vertical height of the integrated

circuit 1314 and a vertical height of each of the connectors 1320.
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It has been unexpectedly determined that the vertical interconnects 1310 provide pitch and size reduction
compared to other package-on-package packages, which are limited in reducing package size and
thickness because of large interconnection pitch or size such as using solder balls for interconnection with
wider substrate area due to large solder ball diameter and equipment capacity of solder ball mounter.

It has been unexpeétediyicalchejaited gk ietheriehtshiaresameasts 1310 iatdabned 26 ahedisebnd

substrate 132d4anektheditshsubsitalend 304 eiMAtes WasPade (7 SHtiRg I TRRURRELE!iability - It has
been unexpecte@% ascertained that the encapsulation 1330 partially covering the vertical interconnects
r

1310 provide$ réBliet SRt Al rdgissrotdnarodtibidtedeBnrhatsa ertcal disfanss pueM Mexpectedly
identified thabéhecen dapawgiionl L33Aformed between ihe dieshaighatraterdd04 @vickifie1Seé8ond substrate

1324 eliminates warpage, Refer flﬂgof%"" {OJF!(Re LdniRGIRIN IS-BNQW, e[fj}agéoa?’ssas‘ég}él%’&ﬁh}’s‘t%w ofan
integrated circuit packaging syslgem 400'in’a Tourth embodiment of the present mve_ntlon._q‘che integrated
circuit packagivigndistdnivietodeseninok dw axterhahewd irfhe askeiges-oA2packageitsadeithiPoPb)

package using cQPReSt () BHIRRran NG Jﬁn-ﬂ&%a@g%%@a%%@@%m%w&m% mold. The
integrated circuit packaging system 1400 can alsq represent a thin three-tier fan-in package-on-package

packaging Sy&gﬁﬁa\tﬁﬂﬁlfﬁ }Vl’ensllga éﬁ.}?éwd ]B@fgst substrate top side 1308.

The base package 1302 can include a second substrate 1324 having a second substrate
bottom side 1326 and a second substrate top side 1328 opposite the second substrate bottom
side 1326. The second substrate 1324 can be mounted over the vertical interconnects 1310
and the integrated circuit 1314. The second substrate bottom side 1326 can be directly on the
vertical interconnects 1310 and the integrated circuit inactive side 1316. The second
substrate 1324 is defined as a support structure for mounting and connecting an integrated
circuit thereto including providing electrical connections through the support structure.

The second substrate 1324 can include a horizontal length approximately equal to a
horizontal length of the first substrate 1304. For a specific example, the second substrate
1324 can include a horizontal length equal to a horizontal length of the first substrate 1304.
Horizontal lengths of the second substrate 1324 and the first substrate 1304 are defined as
horizontal distances between non-horizontal sides of the second substrate 1324 and the first
substrate 1304, respectively.

The vertical interconnects 1310 can be joined or attached to the first substrate 1304
and the second substrate 1324. For example, the vertical interconnects 1310 can be attached
to the first substrate 1304, the second substrate 1324, or a combination thereof with solder on
pad (SOP), solder cap on each of the vertical interconnects 1310, or conductive paste.

The base package 1302 can include an encapsulation 1330, which is defined as a
package cover of a semiconductor package to seal an integrated circuit providing mechanical
and environmental protection. The encapsulation 1330 can be formed between the first
substrate 1304 and the second substrate 1324. The encapsulation 1330 can partially cover the
first substrate top side 1308, the vertical interconnects 1310, the integrated circuit 1314, the
underfill 1322, and the second substrate bottom side 1326.

The base package 1302 can include base interconnects 1346 attached to the first

substrate bottom side 1306 to provide electrical connection between the first substrate 1304
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The integrated circuit packaging system 1400 can include a base package 1402, which is defined as a
semiconductor package. The base package 1402 can include a first substrate 1404 having a first
substrate bottom side 1406 and a first substrate top side 1408 opposite the first substrate bottom side
1406. The first substrate 1404 is defined as a support structure for mounting and connecting an integrated
circuit theretauidcladirigprovisling @lelcthiesn tohhe bisnaiticonnttth&340ppofesnedasreectricathe base
package 140, qai-ineluggnvagical interconnects 1410 having non-horizontal sides 1412. The vertical
interconnects 1410 can be attach directly on the first substrate top side 1408. The vertical interconnects

1410 are defined ad'el@stReany EEREE dhatr RGureLRsr MBRIFiRG' ARt SBRHECHRSN BeErpedial The
non-horizontahsidesnd4d 21316 dafingd astsidesdthaiciornmactateradbolidapridbe vergadidnierconnects

1410. For example. the, non-horizontal sides, 1412 can.be endicularl atgache%to the first
subsiate ton e L A e T S R R AR o o other.
As an exampbeckhge hose- o8B akskdes total2hieimnehidengiethardspgesrvadmdaeastungsemsther example,

the vertical interconpegts Jd] @ candReiide yertical heightgaPRtRximale b el 1o ﬁﬁﬁ@v%@el- As a
specific example, the vertical interconnects 1410 can include vertical heights equal to each other. The

base packag&iU3h Relahin e Ay intugtdtet corRRiPaPRAoh AT Sl Tt ke d st Shactive side
1416 and a ficgtintagnataadcirevitiedtivegioer t4dAB8dpposienthefirstlitegraiad eddisidpackive side 1416.

The first inte rat%g %rl eit 1414 is defined as a semiconductor device having a number of integrated

. . €1 . . . . . . . .
transistors interconnected to form active circuits. The first integrated circuit 1414 can be mounted over the
first substrate 1404 Kvitks theetingncxpeejrdte dainduihaictive sfddel 4ar8 delcinigrioamiess ddbstretaadp side 1408.

The base packgge J492 R Nctdefitshconnegiarald ZQatiached to the first integrated circuit active
side 1418 and the first substrate top side 1408. The first connectors 1420 are defined as electrically

conductive connectBrRJIEBHRBRRTE N dsteuriediBidhn Erusm itErrast Idd8iProvideriighse package
1402 can inciudesadiistiuntariibhiddite dbetwean dbedifsicinlegpatedgelculiiaktive Bidred4ih8 and the

first substrate té)lpc 1S|de 1408. The flrgtdlljlglgn%rsfslllbl422 can beeaggélrecglnglg(:et%l}/ Igpc the first connectors 1420 to

) K. 1 h h
protect the first connectors 1420." ceause of fatg Of Stze Such as
using solder balls for interconnection with wider substrate area due to large solder ball

diameter and equipment capacity of solder ball mounter.

It has been unexpectedly recognized that the vertical interconnects 1310 attached to
the second substrate 1324 and the first substrate 1304 eliminates warpage resulting in
improved reliability.

It has been unexpectedly ascertained that the encapsulation 1330 partially covering
the vertical interconnects 1310 provides robust structural integrity of the vertical
interconnects 1310.

It has been unexpectedly identified that the encapsulation 1330 formed between the
first substrate 1304 and the second substrate 1324 eliminates warpage.

Referring now to FIG. 14, therein is shown a cross-sectional view of an integrated
circuit packaging system 1400 in a fourth embodiment of the present invention. The
integrated circuit packaging system 1400 can include an enhanced fan-in package-on-package
base (FiPoPb) package using copper (Cu) pillar or an NG fan-in package-on-package base
package without mold. The integrated circuit packaging system 1400 can also represent a
thin three-tier fan-in package-on-package packaging system with memory, modem, and logic.

The integrated circuit packaging system 1400 can include a base package 1402, which

is defined as a semiconductor package. The base package 1402 can include a first substrate
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Each of the vertical interconnects 1410 can include a vertical height approximately equal to a combination
of a vertical height of the first integrated circuit 1414 and a vertical height of each of the first connectors
1420. For a specific example, each of the vertical interconnects 1410 can include a vertical height equal
to a combination of a vertical height of the first integrated circuit 1414 and a vertical height of each of the
first connectoré044a0ing a fixsyepbeattadigropisiaddf theé varticalbsiteicmriedid 4B rpeiEfihed as a

vertical distangg extepdinghetvgen RogomantsiepRxientsef Rarmaldihe é’ﬁfm ntereRERGCts 1410. A
vertical height of the first integrated circuit 1414 is defined as a vertical distance. extending_between the
I1

first integrateB MRS ifddh e ERA% 13 alVefsE s Eirdl r g ir i yiling 1 glectricl yertical
height of eactoahé¢béofissheahestcipidlnsdedined as a vertical distance extending between bottom and
top extents of each.gf tefirst connegiors, 1420, & vertical helaht of eaghiof e first sonnectors 1420 can
represent a vertical IStance exten Ing between the first integrated circuit activé side 1418'and the first

substrate topsgleie #4088 . The vPHécHastersankerie 0z anheintisdelwestzomdtet bstratdstagatpiaving a

second SUbSEﬁ%@lQ@ﬁo"f‘}éi@@r&é‘ﬁ@n@é?@oﬁn%@&om@%@H&iﬁe@@s@ﬁ%tﬁ@ﬁﬁz QBRARIR dhe-Re6REd substrate
bottom side 1426. The second substrate 1424 can be mounted over the vertical interconnects 1410 and

the first integFSEERPRHN% %1 P IPAICR DIRPEibs it @ BoRYiEoGaL s19es6l thh e Hibedy o rithe vertical
interconnectshid i@randadbefsstiategrated cirduill inactimsidel 4140.6. The second substrate 1424 is

defined as a suppoft sttigiire frmouning and connectino.an f'sgrated sl fnereto inclding
providing electrical connec D5 rough the suppor?struc ure. € Second’substrate 1424 can include
a horizontal l&ngthvkdioroxemaitisyl €ifuahtep ddicrzonteal teneh-bnirenfidstidesobtldteandgpardich specific
example, the,segangqsybstrate 1424 can include a horizontal length equal to a horizontal length of the

first substrate 1404. Horizontal lengths of the second substrate 1424 and the first substrate 1404 are
defined as horizontASd8t5HBR!HRTNR-RBHAYAL SHEs KldeSHY iR s RIARPE AhSHe SPAB% SINd the first
substrate 140% respeetivelymple, The vettiitall intaseasmects 1410 can badainedvertattncheaghte the first

substrate 1404 and (he.geconfl subsiale 142, For pxampley Ingverlical Injereonnacts, 14, can be
attached to thgpﬁrsf su erac{e A?Oef, e se‘coné1 slﬂebs rate f}{’éz;, or a combination thereo Wci%ﬁ solder on

pad (SOP), soldedcegitonl datthioftivel vertichldiarconnects 1410, or conductive paste.  The base
package 1402 can iglude a seeapd niggated cinarit 143¢ Ravinga SEERd IEgralRe GifgKit inactive

side 1436 and a second integrated circuit active side 1438 oppaosite the second integrated circuit inactive
side 1436. THESEREAG TRIEGPAY T ERit 1o d dtrat gal e SHisH GVt deViR QPRSI number of
integrated trafsisteeginter cadniectackia faom patéve TiecHits. iifagrasedantintegiatedwiieui 1434 can be

mounted over the se({:opd ubstrﬁlte. 1424 wigh th{a. second iptegir?ted circuit acy\ée side 14(%8 facing the
er{nc%)n uctor %X aving a numoer O 1ntegrated ransistors interconnected to torm active

second substrate op side :
circuits. The first integrated circuit 1414 can be mounted over the first substrate 1404 with

the first integrated circuit active side 1418 facing the first substrate top side 1408.

The base package 1402 can include first connectors 1420 attached to the first
integrated circuit active side 1418 and the first substrate top side 1408. The first connectors
1420 are defined as electrically conductive connectors for connecting an integrated circuit to
another system level.

The base package 1402 can include a first underfill 1422 filled between the first
integrated circuit active side 1418 and the first substrate top side 1408. The first underfill
1422 can be applied directly on the first connectors 1420 to protect the first connectors 1420.

Each of the vertical interconnects 1410 can include a vertical height approximately
equal to a combination of a vertical height of the first integrated circuit 1414 and a vertical
height of each of the first connectors 1420. For a specific example, each of the vertical

interconnects 1410 can include a vertical height equal to a combination of a vertical height of
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The base package 1402 can include second connectors 1440 attached to the second integrated circuit
active side 1438 and the second substrate top side 1428. The second connectors 1440 are defined as
electrically conductive connectors for connecting an integrated circuit to another system level. The
base package 1402 can include a second underfill 1442 filled between the second integrated circuit active
side 1438 anth¢Hestatiogidtedibatitd 1o atide 1upel Phgkiedsachu degfilrst aameetarh é4dPplied directly on

the second connectgrs 1449 feiprptactdhe fegend eeRneeRishAid401410 Te-Rase Rackagr 4402 can
include a component 1444 mounted over the second substrate to%side 1428. The component 1444 is

defined as a SBHRESAYGRERHRSKee I D RbIeR A AR L5 B 8T dBsarstitaba ersesper ihiédPated circuit
1434. For examplecihreggim@fane fik st 444 ceabdrepresant 4 iseatiaandustarilevidetinctudirg dngassive

component. For a specific example, the component 1 42 n represent a ca c%or or.a resistor. The
B R L R R Sl SRS e a0

base package can inclu ase interconnects 144
to provide eletdrid4ll 8onnection between the first substrate 1404 and an external system (not shown). The

base interconnects 144G a1e1deSined asielRHicRIl COndHeVe400NDREIRR as 2 THEINIBRIAIEd Circuit
packaging system 1400 can include a stack package 1448, which is defined as a semiconductor package,

mounted ovet 8RB EHUERR G P08 SITN HACKAIe L A HERRIIERIE™S Ktabk Subsetichk 1450
having a stadietibsifatechostormesiiler 1dndaandsa ISBTk subsiraientop sidecid dhapposiettastack

substrate botiom sid, 1402, The siack sunsttate 14305 definerl s a suppott siyglure for mounting

cen St .
and connecting an integra cuit thereto including providing electrical conniections through the support

structure. For example,biie prakiesuigirare meBdcascrepdevbritaesifzidnsngieterendcldirgea multi-layer

support struchdtg,including & ﬂ&@%&@ﬁ@‘dﬂ@@@@t&ﬁ GR q@i@%ﬂééﬁg EERstAe silsfe€ Rmimsubstrate.
The stack package 1448 can include a horizontal length approximately equal to a horizontal length of the

base packag&datP2oasTasrsant e Aecetabk PatRS & 1A 4B iRIE SO AP b HtaP length equal
to a horizontahlengthief thedase gackagel4402e secobldesiackpbckagsilid4rcarnaludealiirst device

1456 attached tq the, stack sybstrate 1490 with 3,115t gtach layer 1428, The [t dleyige 1436 can be
electrically connected %oat e stack substrate ltjop side S?Afgf%v%%rst evice connectors 1460.
second substrate 1424 is defined as a support structure for mounting and connecting an
integrated circuit thereto including providing electrical connections through the support
structure.

The second substrate 1424 can include a horizontal length approximately equal to a
horizontal length of the first substrate 1404. For a specific example, the second substrate
1424 can include a horizontal length equal to a horizontal length of the first substrate 1404.
Horizontal lengths of the second substrate 1424 and the first substrate 1404 are defined as
horizontal distances between non-horizontal sides of the second substrate 1424 and the first
substrate 1404, respectively.

The vertical interconnects 1410 can be joined or attached to the first substrate 1404
and the second substrate 1424. For example, the vertical interconnects 1410 can be attached
to the first substrate 1404, the second substrate 1424, or a combination thereof with solder on
pad (SOP), solder cap on each of the vertical interconnects 1410, or conductive paste.

The base package 1402 can include a second integrated circuit 1434 having a second
integrated circuit inactive side 1436 and a second integrated circuit active side 1438 opposite
the second integrated circuit inactive side 1436. The second integrated circuit 1434 is
defined as a semiconductor device having a number of integrated transistors interconnected to

form active circuits. The second integrated circuit 1434 can be mounted over the second
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The stack package 1448 can include a second device 1462 attached to the first device 1456 with a
second attach layer 1464. The second device 1462 can be electrically connected to the stack substrate
top side 1454 with second device connectors 1466. The stack package 1448 can include a stack
encapsulation 1468 over the stack substrate 1450, the first device 1456, the first attach layer 1458, the
first device cowpréigtorsti4 a0thite seeudd Hesided1dBRittheisesidnd Sitaleking/be sawad snebtiae second
device connegfpirid 468 The stack package 1448 can include stack connectors 1470 attached to the
stack substrate bottom side 1452 and the second substrate top side 1428 to provide electrical connection
between the stack SstAsfePidsGRh e adBoHdsiRsandteesiprs 144 atached (o fettcrad1470 are
defined as elaatigeally cotduciivieecoidaectagsanthehstagkcbRueciars thd /ddeante8prelentelactrical
connectors ingliding copdyetive balks, sondustive calumng, of sonduglive, styds- The stack gonnectors
1470 can be formed with a conductive material Inciudi ga metallic matenal or a meta alfl%y.nFor example,
the stack connisetored raroicarmrefresssicaldvrlcal connectors including solder balls.  The second

integrated circuit 1454 and theicempanenhidddcanbe suiieunseday apariRheia) atayehihe stack
connectors 1470. The peripheral arr%is defined as multiple rows of the stack connectors 1470 formed

adjacent a pePirstador RIS At Gl kta1 aih the sqpopds whsPfideBVEfEq 178t thEP&e¥sAY substrate
1424 directlyiadiial verticahinbe regpiracis<bdi O ankk the dirstisiaghate d Lircutpractivdsideohd 16 provides

a significant reduct'{(())nS %E@ckage thickness and size thereby solving problems of large fan-in

package-onp%oclﬁlaeéerbase (FiPoPb) package, total thickness of stacked packages, and manufacturing
cost. It has alsolheebretisersiregedl d9dt emchmdpdecavertivehinielddrnuotned @y tathingesardrtical height

approximately,gqual @ sampipatian ot gnysitica! nRioh ol fhedfishintamird sicul i414med a vertical

height of each of the first connectors 1420 provides reduced package height profile. It has been
unexpectedyF PRI Hat &L B HreddETRI hreteocbieerass fhidvith afhgie M rEgriestructure
provides structuipbibi@@rity. can réphasnbasenioexpeciedyidetermingdathaisthe csaipealninteeannects 1410

provide pitch agc{ tscize reduc lon com aref‘q i&octyerre Igraecstgn %eégrgll-cpl)t%c%frjlg? g%%ages, which are limited in

. ClI1c.exXam com en . .. .
reducing pacﬁ%ge Size and thickness because of Ia ge Interc fection pitch or size such as using solder
balls for interconnedtionbasthpadliegesiiidirate arcladiubate latgeavickss BAfldrerbst tntheduipment

capacity of sQ|igf-RalbBSHN Rl 1406/t 1B NEERIMIEXRRIRAENIECOGRZE AP beupeHigal ierconnects
1410 attached to the second substrate 1424 and the first substrate 1404 eliminates Warp.agle resulting in
improved re”éqﬂmyexternal system (not shown). The base interconnects 1446 are defined as electrically

conductive connectors.

The integrated circuit packaging system 1400 can include a stack package 1448,
which is defined as a semiconductor package, mounted over the base package 1402. The
stack package 1448 can include a stack substrate 1450 having a stack substrate bottom side
1452 and a stack substrate top side 1454 opposite the stack substrate bottom side 1452.

The stack substrate 1450 is defined as a support structure for mounting and
connecting an integrated circuit thereto including providing electrical connections through the
support structure. For example, the stack substrate 1450 can represent a support structure
including a multi-layer support structure including a printed circuit board (PCB), a laminated
substrate, or a ceramic substrate.

The stack package 1448 can include a horizontal length approximately equal to a
horizontal length of the base package 1402. As a specific example, the stack package 1448
can include a horizontal length equal to a horizontal length of the base package 1402.

The stack package 1448 can include a first device 1456 attached to the stack substrate
1450 with a first attach layer 1458. The first device 1456 can be electrically connected to the
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Referring now to FIG. 15, therein is shown a cross-sectional view of an integrated circuit packaging
system 1500 in a fifth embodiment of the present invention. The integrated circuit packaging system 1500
can include an enhanced fan-in package-on-package base (FiPoPb) package using copper (Cu) pillar or
an NG fan-in package-on-package base package without mold. The integrated circuit packaging system
1500 can alséiaepreurtatpnskadiig sysidstditnidirsonpeerab®interconnection.  The integrated

circuit packaging syptgm RO asinghide fihasenackase &5QR2 whichdis Kefinarkasa samiconductor

package. The base package 1502 can include a first substrate 1504 having a first substrate bottom side
1506 and a fité0 QUHEAETINS 2itns™ Bogr dpposil s recARS QY irsae BR M SHEI PRIy E ORI ifst substrate
1504 is definediassaduppetiasinoptiite iasmelmtiagand:connestingoan keegrated circuit thereto including
providing electrical cpnnections through,the support structure. The bas ckage. 1502 can include
Fortial interconnecii L0 T g on e S Aiiod TS APy (A8 SrActie TET5 can be
attach directlyubsimie fit80 sthiodirstelavigeside 0 308 fiThatiashitiakintépotivelitst I5VIgcarendefined as

electrically congdpctiye stuaiires far menting AR cPNRGEHORRYIM26ES inaHo:hafizeRtalsides 1512
are defined as sides that form a lateral boundary of the vertical interconnects 1510. For example, the

non-horizont&PRELH 5194 ahhse Bk parihetisi? sHailiss s fropstipsri i wirdigd 588, Also for
example, thesaeR-hokzartbbsiaesidsd 1452andapaalial iobeanh eiheike 14283@pre@xamyethe

non-horizontal sides 1512 can include planar or curve surfaces. As anot xample, the vertical
interconnects Tglfﬁ%gﬁ)?nvé Saéh\?esr |%%Flh§es?aﬁ?s{§%%?ggﬁrﬁ%?gf§ %dqsﬁﬁaﬁroaqgg%{ﬁ%ther. As a specific example,
the vertical interconReciatk xomgatine Y vaetidefitmsightsleciuedlty eershidtieconnectirs. bdde package

1_502_ can '”CBﬂQﬁ‘( %BB%EH_%%Q V_PAI‘?@ %HEU}E&@%P@@&&@J'r&dﬂé%@t_‘?ﬁcﬁi&%’gt E@ﬁhﬁ%ﬁv’é'd@aﬂém a_nd a
first integrated circuit active side 1518 opposite the first integrated circuit inactive side 1516. The first
integrated circUlfg4 ROYEH e 8" L9 MehifcIHtR IOl RRRES VIS MU B b IRttt tfansistors
interconnectedriouteive aatarCirelitind Aenféstliotegraiedoeiccuitthbidogantbe exatipite dheveidhe first
substrate 1504 wit thqzj%tciar}lt? rated cérc it aalc(:give sige 15]l8 faciéﬁ dth%gilig,t substrate top side 1508.

t d . N .
The base paccl(zgléeec 502" can‘ihcitide first connectors 1620 attac o the first integrated circuit active

side 1518 and the fiFse sagutdatscpteidartE084 Fhenflrdtecommizntors 1142 @ arddafirmudes dieatrically
conductive CORRRGINISIPL,CONARCHAL A ANERH LI CHift &@Q@Qfﬁwqmd@}{%d as nlii§pRase package

1502 can include a first underfill 1522 filled between the first integrated circuit active side 1518 and the
first substraté P L 1568 cTHETPst Litdeitnres 09 tan BB Hitkety SrrthEist édfnectors 1520 to
protect the first conneatersdn2Qiscovdraichhaf tihe wecvaal stsreannects dbddigaoinekidedioaertical height
approximateli; equal to a fgmt%i&ft&?en f a vertical hei%hE of the firs infg%ated i(éircuit 1514 ared a vertical

: t t tgorated
height of eac 1 6f (e first connectors g%d.nﬁgraaesp(cal& ic é%lcn% eS,1 each ofthe verticalfinterconnects 1510

can include aradxtical bigigbtagqutkocascombiratiorelf soberticabbleightOlatiae fiinstnprslypgtecheircuit 1514
and a Vemcai)g@égé@:t Ms@@b@b%éﬁ%&?&@%ﬁ%e%?gpstacked packages, and manufacturing cost.

It has also been discovered that each of the vertical interconnects 1410 having a
vertical height approximately equal to a combination of a vertical height of the first integrated
circuit 1414 and a vertical height of each of the first connectors 1420 provides reduced
package height profile.

It has been unexpectedly found that each of the vertical interconnects 1410 formed
with a single integral structure provides structural integrity.

It has been unexpectedly determined that the vertical interconnects 1410 provide pitch
and size reduction compared to other package-on-package packages, which are limited in
reducing package size and thickness because of large interconnection pitch or size such as
using solder balls for interconnection with wider substrate area due to large solder ball

diameter and equipment capacity of solder ball mounter.

25



A vertical height of each of the vertical interconnects 1510 is defined as a vertical distance extending
between bottom and top extents of each of the vertical interconnects 1510. A vertical height of the first
integrated circuit 1514 is defined as a vertical distance extending between the first integrated circuit
inactive side 1516 and the first integrated circuit active side 1518. A vertical height of each of the first
connectors 1520 is idfinddeasiacvertedl viseasorakbiditg isetoad érdiertonstand k6 piéaekadisoof each of
the first connggtaes dRQuidiRetica heightof each sQlBEB%t@i@h@@rH?ﬁﬁ%ﬁésl@%ﬁﬁg’@ f&prgsenha vertical
distance extending between the first integrated circuit active side 1518 and the first substrate top side
1508.  ThiBAehEdiRbdE% 502 can include base interconnects 1546 attached to the first substrate
bottom side 1506 tRpfavitle slecttidadizormektiom hetween thedirstaiiogtiate: U5 aardiat@xternal system
(not shown). The .base interconnec 46 are defined as electrically conductive connectors. The
imeorated o SR S A RCIRRRY s
semiconducteirgatRagagns mteeiovePihenbase piickagahrsonl fineistpekkprscrageckszrgiean include a
second substiaig, pHRRHAYINGRASESHRH RUHSHBISPIANT BidgnneR.80d Rpercand adisikRigtop side
1554 opposite the seqc%ndgsub_strg;te bottom gde 1552. The E%cor%] sut%tra%lSSO is d_egfined as a
support struciiFRRrrRBLinfikg BlE RS HUEH P A Rty PSR RS TRRERSERhE AT electrical
connections tykosg kv tthedsegapackspaicidreomectexample, the second substrate 1550 can represent a
support structure including a multi-layer support struc including, a printed circuit board (PCB), a
laminated substratgl,qg'rlgt r%?n%i%lrgﬂg&@%%lg Sgﬁgeemstlé%@n%a%ggﬁ%&g qgg(gaé%ﬁgge{ mo’u\ﬂféc over the
vertical interceodnBaed 253 Qcandotsidipstintkapatddicivesitrhsiage TINE senpmdIsdbatfuse ubsts side 1552
can be directis@nihgnerticd intereanngcis 1RiEQ anthe, fitgt Hﬁﬁ%’@&eagpcé{&él'fﬂﬁél%BE@sﬁlQﬁe1516- The

second substrate 1550 can be electrically connected to the first substrate 1504 with the vertical
interconnectd 4% £APstraterptiam il 0B st At ESHRSHA N AL 958652 S P 1BRGTH SPpHskiately equal
to a horizontahdengily ofrithechirsicstibstraieilb@dtddorcaspe cificeaxaimmlditheseadnt stlestriate 1550 can
include a hor!szoog'éa len krlog ua?letts) a h(r)tri%or&al length of the first substrate 1504. Horizontal lengths of the
second substrate 1550 and the Tirst Substrate 1504 are defined as horizontal distances between
non-horizontal sidedlesf bage sackrnd $0BStanent B0 wandeth enfarsosubnssrdidOs0Mngaspdotivelfal  The
vertical intercQnneci$1 5tk GaRibe ipiRrd Hl-alashed Ir thedirsh %ﬂ@&tﬁa@l RO#-anditbe.gegpnd substrate

1550. For example, the vertical interconnects 1510 can be attached to the first substrate 1504, the
second substidfe! 2850 14 & SR ETGNBREYe bt Withestitarbs s selly) cerfigh Cal BrBsth of the
vertical interconmnegis:ihd ko daoanndisativaasie. The non-horizontal sides 1512 are defined as sides

that form a lateral boundary of the vertical interconnects 1510.

For example, the non-horizontal sides 1512 can be perpendicularly attached to the
first substrate top side 1508. Also for example, the non-horizontal sides 1512 can be parallel
to each other.

As an example, the non-horizontal sides 1512 can include planar or curve surfaces.
As another example, the vertical interconnects 1510 can include vertical heights
approximately equal to each other. As a specific example, the vertical interconnects 1510 can
include vertical heights equal to each other.

The base package 1502 can include a first integrated circuit 1514 having a first
integrated circuit inactive side 1516 and a first integrated circuit active side 1518 opposite the
first integrated circuit inactive side 1516. The first integrated circuit 1514 is defined as a
semiconductor device having a number of integrated transistors interconnected to form active
circuits. The first integrated circuit 1514 can be mounted over the first substrate 1504 with

the first integrated circuit active side 1518 facing the first substrate top side 1508.
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The stack package 1548 can include a horizontal length approximately equal to a horizontal length of the
base package 1502. As a specific example, the stack package 1548 can include a horizontal length equal
to a horizontal length of the base package 1502. The stack package 1548 can include a first device
1556 attached to the second substrate 1550 with a first attach layer 1558. The first device 1556 can be
electrically connectddacbtiie peckned Jibstrete iopwldefmgsdonidstirst dalicitedivdettole1860.  The

stack packaggda48 sandneds SsRRCPNQ dRYigR hre2atiaahedhicidba st devicedantwitha second
attach layer 1564. The second device 1562 can be electrically connected to the second substrate top side

1554 with sedond He e AnSEERS A e He ST PERa e F8R% i i S 3 S e Bh Epsulation
1568 over thameloangssiibstrate 1550, the first device 1556, the first attach layer 1558, the first device

connectors 1560, th sagond deyice (1362, ihe seepnd AllRchJaysr 195 ynd IR seqand fleyice
connectors 1566. Tt' as been %ﬁ_scovere that t e second substrate 1@ Bdlrecﬁy on the vertical
interconnectsmeatesheiidyat fiastvintede atietd dnduthdriactivebsitiee 150 6igeolibds Ahsignificideréduction of

package thickgess angd §E?¢iéh%!i€é3}1}59ﬁw'ﬁ@fﬁépéﬁﬁﬁéét8fs|@SQ@ {aprin-Rankaes-QnRaGkaAIEs @se (FiPoPb)
package, total thickness of stacked packages, and manufacturing cost. It has also been discovered

that each of the verliedl ifdreoaL S HEGHd A Vet Nulg i upBrakhnistgrRERIdMy Y combination
of a vertical hejghtioftbenfishiniegrated cicsuiicidhl 4fahd Arveiticalaneightoit each afdhe éinstaonnectors

1520 provideg feduged package Reiontprofll. | soff has hesupexpeciadly fopnd thateach,of the
vertical interconnects 1510 formed with a single integra straBtare prowopes’ structural integrity. It has
been unexpeitietigndettsr AdiHEchthathide veititiahimazbopaistte 2500 previrieopitcieming bizehteduction

com pared to @Uﬁspﬁgﬁ%a@ﬁ'&ﬁ‘@@%%%%&%ﬂ Yi@?g%*ﬂ @@a@l’i‘ﬂﬁﬁei ﬁﬁs%gy&i@&&@@@@e size and_ _
thickness because of Iaré?e interconnection FItCh or size such as usm[g solder balls for interconnection with
1

wider substrate are# dGE'f3IAFRR8ICh Al dianietihicsqipreedddadelvdsdider 843 nounter.
It has been udieipectatiydiagdgrized ibasithenvesicakintestenriectsht Htfiaitachediadhe ISeoond

substrate 1590 ang (ne st sehstrale 204 ellminalers wrpags ssulting inmpraved eliably.
Referring now to é. é, erein IS ShOWN a Cross-sedtional view of an m%egra ed Gircu paéf(aglng
system 1600teteiesixthe mbodinmericdicihaiprasentcindentiold. Methstégratedairedicpewokaging system
1600 can inclygle;apgenhanced fan-in package-on-package base (FiPoPb) package using copper (Cu)

ilar.
P A vertical height of each of the first connectors 1520 is defined as a vertical distance

extending between bottom and top extents of each of the first connectors 1520. A vertical
height of each of the first connectors 1520 can represent a vertical distance extending
between the first integrated circuit active side 1518 and the first substrate top side 1508.

The base package 1502 can include base interconnects 1546 attached to the first
substrate bottom side 1506 to provide electrical connection between the first substrate 1504
and an external system (not shown). The base interconnects 1546 are defined as electrically
conductive connectors.

The integrated circuit packaging system 1500 can include a stack package 1548,
which is defined as a semiconductor package, mounted over the base package 1502. The
stack package 1548 can include a second substrate 1550 having a second substrate bottom
side 1552 and a second substrate top side 1554 opposite the second substrate bottom side
1552.

The second substrate 1550 is defined as a support structure for mounting and
connecting an integrated circuit thereto including providing electrical connections through the

support structure. For example, the second substrate 1550 can represent a support structure
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The integrated circuit packaging system 1600 can include a base package 1602, which is defined as a
semiconductor package. The base package 1602 can include a first substrate 1604 having a first
substrate bottom side 1606 and a first substrate top side 1608 opposite the first substrate bottom side
1606. The first substrate 1604 is defined as a support structure for mounting and connecting an integrated
circuit theretanigleiognypebiidiicg wlraricivconp awstiefisgarpigfhdihscsiigerd sHaBupdaminaiige base
package 160¢,gamipaiHdeysricalintaiconnects 1610 having non-horizontal sides 1612. The vertical
interconnects 1610 can be attach directt% on the first substrate top side 1608. The vertical interconnects

1610 are defined ad BfetERISPBYHGdEVE StURTUMLRSIRSUHTAY SHERLSHAHSeRBE S U0 The
non-horizontahesiilesidibd2iade igefined s Ridescthdtsidnmaze Iadatah bidundazyaf baeliverticahitierconnects

1610. For example, the non-horjzontal sides 1612 can be perpendicularly ched tq the first
subsirate o S 08 A e B B R other. as
an example, shibshaia-Hobiz satabsidtestiiealdy cepminetedieoplbm dirsr ehsvats ukfadesithhtharvstiedl example,
the vertical intgrcQnests;364.0 can include vertical heights approximately equal to each other. As a

specific example, the vertical interconnects 1610 can include vertical heights equal to each other. The
base package 16021885 dubsHAKidgratstdieliter 8 PaHavIAL & R FERUFRLIIHAE e side 1616
and an integraigdoatetudngdiive sieeik6 idoppedisesharintagiadad ccaiipradiyeesidd Iodwtakhe integrated

circuit 1614 ig ““a%dl&?u%esgﬂ‘éﬁ%’“&%ﬁ?{ ﬂf‘é‘%‘% having.a ng%“j&r of H}Iﬁ%r%tr%fs”é‘s?%%t‘?%%ax.
interconnected to ?orm active circuits. Thente ra{e circui i can be moun e3 over the first substrate
1604 with theiptiagnsaeledrouivfabiviecsioe bs@afadingthedfifyt Suthswbiaiopl Sideatcddined aFhe base

package 160@0?@8&@9'&1%&95‘89%9&% ﬁ&%ﬁo@ﬂ@ﬁﬁ?%&QStBFtHEt‘é‘&f&{quiﬂgﬁﬁiE qgﬁy%ﬂdtﬁelﬁésﬁ and the first
substrate top side 1608. The connectors 1620 are defined as electrically conductive connectors for

connecting afPivEIFe Y reRFEty Bhother system level.  The base package 1602 can include an
underfill 1622 filled Driwesnrthaiciegrted dioubackveisideot Gidcaand ithedirsisswitsiraie 16piside 1608.

The underfill %1%?% con be %%'JF‘E'eq‘é?gF'Sis&%%h?ncféf‘H%%%& 1p20.1o protect ihe connecior 4620.
Each of the VeRical interconnects 1 can include a vertica elg i approxmatefly equaflfo a combination
of a vertical Heidhitfobtebitteigraied diecaitong bubamaicalvéticakiveighinefientdieopthvatbonldectors 1620. For

a specific eXW?@P?}%I%E@%YﬂQ&@J ngrcnpestsdRAcaR ngbide aNattical psig.ht equal to a
combination of a vertical height of the integrated circuit 1614 and a vertical height of each of the
connectors 1620. The stack package 1548 can include a horizontal length approximately equal to a

horizontal length of the base package 1502. As a specific example, the stack package 1548
can include a horizontal length equal to a horizontal length of the base package 1502.

The stack package 1548 can include a first device 1556 attached to the second
substrate 1550 with a first attach layer 1558. The first device 1556 can be electrically
connected to the second substrate top side 1554 with first device connectors 1560.

The stack package 1548 can include a second device 1562 attached to the first device
1556 with a second attach layer 1564. The second device 1562 can be electrically connected
to the second substrate top side 1554 with second device connectors 1566. The stack package
1548 can include a stack encapsulation 1568 over the second substrate 1550, the first device
1556, the first attach layer 1558, the first device connectors 1560, the second device 1562, the
second attach layer 1564, and the second device connectors 1566.

It has been discovered that the second substrate 1550 directly on the vertical
interconnects 1510 and the first integrated circuit inactive side 1516 provides a significant
reduction of package thickness and size thereby solving problems of large fan-in package-on-

package base (FiPoPb) package, total thickness of stacked packages, and manufacturing cost.
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A vertical height of each of the vertical interconnects 1610 is defined as a vertical distance extending
between bottom and top extents of each of the vertical interconnects 1610. A vertical height of the
integrated circuit 1614 is defined as a vertical distance extending between the integrated circuit inactive
side 1616 and the integrated circuit active side 1618. A vertical height of each of the connectors 1620
is defined as a vertitahagistan deeaxdipeing e thie encbodlohearritiop exrsersnsteabh dftwiangomnectors

1620. A verti%hn%iqﬁggm 8A510,0FH18 CONNERIArs ka2 6aR SEPIRRRNI Rovartisakdistanse extanding

between the integrated circuit active side 1618 and the first substrate top side 1608. The base
package 16094 iRAG RS St 'sheshatl seutadbmnd s seuBsa Yot i@ Bsidsm Y626 and a
second subspatkatemhsigle A28 opposite the second substrate bottom side 1626. The second substrate

1624 can be mountgd, over fhe yerlical inisraannests 4619 and ihe.ntsqrated. dlieyit 41, The second
substrate bottom side i% 6 can be |rec¥ly on the vertical interconnects Y616 %and the integrated circuit
inactive side Y6h@.sTiséedeicarid Susstramsor8iza s§whefiiabiagriysupport structure for mounting and

connecting an imegfﬁ{%db%isrﬁH&%@é@;@%ﬁ&%\éﬂm%gﬁﬁﬁé&%ﬁ&%i%‘ﬁ) J@hothg support
structure. The second substrate 1624 can be smaller than the first substrate 1604 with the second

substrate 162880 RAML SRR AR A8 HOPPBHARIeRSIH & thehif Rt LB BERAE 1604. The
second subsikalie-ihg2hdandneitdadthokzantat dengtio ke gtenifraonhadtion aindrizosital decigis of the first

substrate 1604. Horiﬂ)errltgl fﬁng)trh% efr tggnggttlzond b@}&gtemllgs%rdé tgnqetzlr]%fgrstt() sfbsetrgct)?%g@%lare defined
?ra 8654 an fh

. using Sso n, wi
as horizontal (ilslgances be%ween non- orlzon?al sides of the second substrate e first substrate

1604, respectivaigter andrgrniparticiadapreittohneldes b8l mearebe joined or attached to the first substrate

1_604 and the second jsllsiRtE. 1624 aRr RXamPI& thea Yl?é_%ﬁhé&f%ﬁ@&@&ﬁﬁkﬁslﬁﬁi@ Gac-hReatiached to the
first substrate 1604, the second substrate 1624, or a combination thereof with solder on pad (SOP),

solder cap orf6atf YrtruRLAIEal nte ABh HECIE 16 18 sBrEohilfcfliE Palie . Warragie B8 sk age 1602

can include amgreapstliabioiny1630, which is defined as a package cover of a semiconductor package to

seal an integrated it.providin ical and environmental protection. The enc su{a ion 1630 can
e formed over the ML DR LB oI Lot SABLALS Toohl SRS CATBATAIT 1630 can
partially covetithiatfipsckubisgratestiap dield) 1608, thehventieediinearcoh tectsrd® ivenineagratéd circuit

1614, the ungerfil 1622-ancihe saeyd sHhaliRta PaRM Side,h6284 For Sramalk- g sngapsulation

1630 can represent a %?qckg%e cover including a molded underfill. The encapsulation 1630 can
include an erf@p&iRe itgeL 83 SOBPRS ‘it portion of the encapsulation 1630. A portion of the
second substrate tophsithe: 3623 catunefxagsRc fiam ttoEasapsLlationLayiykhes82602, which

is defined as a semiconductor package. The base package 1602 can include a first substrate
1604 having a first substrate bottom side 1606 and a first substrate top side 1608 opposite the
first substrate bottom side 1606. The first substrate 1604 is defined as a support structure for
mounting and connecting an integrated circuit thereto including providing -electrical
connections through the support structure.

The base package 1602 can include vertical interconnects 1610 having non-horizontal
sides 1612. The vertical interconnects 1610 can be attach directly on the first substrate top
side 1608. The vertical interconnects 1610 are defined as electrically conductive structures
for mounting and connection purposes. The non-horizontal sides 1612 are defined as sides
that form a lateral boundary of the vertical interconnects 1610.

For example, the non-horizontal sides 1612 can be perpendicularly attached to the
first substrate top side 1608. Also for example, the non-horizontal sides 1612 can be parallel
to each other.

As an example, the non-horizontal sides 1612 can include planar or curve surfaces.
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The base package 1602 can include base interconnects 1646 attached to the first substrate bottom side
1606 to provide electrical connection between the first substrate 1604 and an external system (not
shown). The base interconnects 1646 are defined as electrically conductive connectors. The
integrated circuit packaging system 1600 can include a stack package 1648, which is defined as a
semiconductdwpackRéige, preunted Bverdit whsmiseskages1 602 0 Thanstaskugackatisd 648 g include a

stack substrafg, 1650 hayingua staskisuhstrate Postemsideninsrnd asiask substiata dop side 1654

opposite the stack substrate bottom side 1652. The stack substrate 1650 is defined as a support structure
for mounting BRI SRISALAY SR irALY i er itk thereto including providing electrical connections
through the supporibirucisreadkapexanpien thelsiaclo Sutegttade diGh0k dan 4 ¢prasenh ansepped structure

including a multi-layer support ture includin rinted circuit board (PCB), a laminated substrate, or
 coram sub e B e e e o
horizontal lerfittnifinaetivasedpdokbgd G0 drHedstaekipHekhiged4dagl ean isalmdaddioridoneal length less

than a hOrizoﬁﬁﬁd%nﬂ%gfb@}ed?aﬁ%ﬁﬁg@%ﬂsﬁ%s intelRiack @@%ﬂea%ﬁ_é@ Eﬁ&lj&@m‘iﬁ@ first device
1656 attached to the stack substrate 1650 with a first attach Iae/er 1658. The first device 1656 can be
T

electrically coRERES FHHE \QLERENSHAREH 9 SHd e BEh st (VTGN dBR HLCERE QA BERt  The
stack packageda48dedrs ischstle stheetandidaeviceop6ar? atieehed to the first device 1656 with a second

attach layer 1664. The second devi 662 can be electrical npected to the stack substrate top side
1654 with sscond ALk GoPsere opgaan oy R BEEER M b A BT R
encapsulationcligé8idydp tiierndabk Sutistuhsea65®, shis flitdeVirecresBare il aratdiinggdars 1658, the

first device ceprgrtaly 16RRHR SBRARIAAE Vire bhRZ1ilhe Searnd-Alpciarelh Lakihang s second

device connectors 1666. The stack package 1648 can include stack connectors 1670 attached to the
stack substrafd Bottom side 1652 and the second substrate top side 1628 to provide electrical connection
between the stack SiHesbeatephobigancotheascioondesubsiateillomp? filldhbesiack aennegiarsdl670 are

dened 2 SERISELIETTAICA AN TR, TR e 670 GaLn sy Qv seon
applied directly on the connectors 1620 to protect the connectors 1620.

Each of the vertical interconnects 1610 can include a vertical height approximately
equal to a combination of a vertical height of the integrated circuit 1614 and a vertical height
of each of the connectors 1620. For a specific example, each of the vertical interconnects
1610 can include a vertical height equal to a combination of a vertical height of the integrated
circuit 1614 and a vertical height of each of the connectors 1620.

A vertical height of each of the vertical interconnects 1610 is defined as a vertical
distance extending between bottom and top extents of each of the vertical interconnects 1610.
A vertical height of the integrated circuit 1614 is defined as a vertical distance extending
between the integrated circuit inactive side 1616 and the integrated circuit active side 1618.

A vertical height of each of the connectors 1620 is defined as a vertical distance
extending between bottom and top extents of each of the connectors 1620. A vertical height
of each of the connectors 1620 can represent a vertical distance extending between the
integrated circuit active side 1618 and the first substrate top side 1608.

The base package 1602 can include a second substrate 1624 having a second substrate
bottom side 1626 and a second substrate top side 1628 opposite the second substrate bottom
side 1626. The second substrate 1624 can be mounted over the vertical interconnects 1610

and the integrated circuit 1614. The second substrate bottom side 1626 can be directly on the
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The stack connectors 1670 can represent electrical connectors including conductive balls, conductive
columns, or conductive studs. The stack connectors 1670 can be formed with a conductive material
including a metallic material or a metal alloy. For example, the stack connectors 1670 can represent
electrical connectors including solder balls. It has been discovered that the second substrate 1624
directly on theeviéeticattiereonnsaitettd A.6md dhrd thiegrted ratsditireuitiisasiive Kite 1646 provites a

significant reducdiaf: ofépackage thickness pad stee therelynsaiving Rrebisms hlarge fadiled
package-onpackage base (FiPoPb) package, total thickness of stacked packages, and manufacturing

cost. It h&¥aidhsedn igrledie mig tipsee erriselirar s Aioar ifYeHeS e SYePRE B HEtify a vertical height
approximately equélte @cainbibainn of2d vartieahhtighhof thefintegitatedeci cOditvithlheasacbadvertical
height of each pf the ctors 1620 provides reduc ackage height profile, . It has been
nexpoctod VoUE O CUEHT iyt e e H R AR M e ABRAEES ot
provides stru¢b@ral ifegsitgond subtiepteh bt Lpap xipeledad iy biutepniihdendiateisetie Hivahintep onnects 1610

provide pitchiapg size edHEIPMHCARPAIRE 1R QHRT RAGKANEIORRARKAYRLAREEAD S Whtich@ke limited in
reducing pacg%ﬁe size and thickness because of large interconnection pitch or size such as using solder

balls for inter&ShHECHEh WhHr o EOdubediatined a8 e pihguasrsdehr Bl zoni by dspment
capacity of soltiae balbnagubieste 1624 hasthetinnexpactsslly, regagdized that the vertical interconnects
1610 attached to the,second substrate 1 d the first substrate . 1604 eliminates wa resulting in
mproved relabitty. T eI RO I 7 B o b S iy o Rl 285700 of
manufacture afdathdntegrdteubgirte it PackBeyingesydte tharvatfeatheiersavbedinl 6P ofnre piesksst invention.

The method 176Q ﬁl@l‘éqﬁﬁia@éqwﬂgl@_s@&%hé%@%{%@ irm,béq:a&%@%aa&mmraefwﬂ%memﬁpo_nnects
along a periphery of the first substrate in a block 1704; mounting an integrated circuit over the first

substrate, th@SI et dreGP AR FaEhaE G by tHEA B anPReFc U e SIS U BI¥ERAEF06; and mounting a
second substrate direethyaanfiekaerticabintercannects anddhaliniegressa eitciht in dhiedkal Z08. Thus,
it has been disc%/ered tk}a(;[fthe intceglrg\tetd circ#g %gackag[ing .system f.the pres%Ht inver}'gioncfyrnishes

u u

important and Hierétotore unknown and unavaitable solutions, capabilities, and functionar aspects for an

integrated ciredtopazRagingasysetastiwithTihtereonndetonTiedresubintprmethens: o tesissubprieatus, device,
product, and/gyosysigemdSsStiaiahifqryangogost-effective, uncomplicated, highly versatile and effective, can
be surprisingly and unobviously implemented by adapting known technologies, and are thus readily suited
for efficiently and eddfofhfeany Hahetuiigniitghatery Cirttit At RUBHE S ySRe el i)t otpatible with
conventional vagiaufacieingheostheds aicpineassas arditedinolagiasderfill Ahendmpodanhaspect of the
present invention is etrﬂ%%tlt valjéabllgz%gplgorts and services the h{storicé%trend of reducin Eggés, simplifying

systems, an Oslllncreasmg %rgr ide 1625 For example, the encapsulation can represent a pdac
cover including a molded underfill.

The encapsulation 1630 can include an encapsulation cavity 1632 at a top central
portion of the encapsulation 1630. A portion of the second substrate top side 1628 can be
exposed from the encapsulation cavity 1632.

The base package 1602 can include base interconnects 1646 attached to the first
substrate bottom side 1606 to provide electrical connection between the first substrate 1604
and an external system (not shown). The base interconnects 1646 are defined as electrically
conductive connectors.

The integrated circuit packaging system 1600 can include a stack package 1648,
which is defined as a semiconductor package, mounted over the base package 1602. The
stack package 1648 can include a stack substrate 1650 having a stack substrate bottom side

1652 and a stack substrate top side 1654 opposite the stack substrate bottom side 1652.

The stack substrate 1650 is defined as a support structure for mounting and
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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, peodifitagonsnigadtoddudwneneo fatlndingrptne doestedtitbdpmiaded cihinygh Aiematters

hithertofore sgffRithshgraiR OrrRQWILIpIth & AGERMRAWYING JE3Wings:aFR{nPe isIRteietLinan illustrative
and non-limi)t}igé sense. What is claimed is: 1. A method of manufacture of an integrated circuit

packaging sySerT 8 mBRLHEY B SRERG ST L s ing ARTHU AT o RO HE T I nA&tnaishg a

periphery of thadirst sodsteaiaiinabnting an integrated circuit over the first substrate, the integrated circuit
surrounded by the vgitical iptarephnedts;and, moynting a,second sukstrale.dueqiy,onathe vertical
interconnects and the mtegraPea circuit.

horizontal length of the base package 1602. The stack package 1648 can include a horizontal

length less than a horizontal length of the base package 1602.

The stack package 1648 can include a first device 1656 attached to the stack substrate
1650 with a first attach layer 1658. The first device 1656 can be electrically connected to the
stack substrate top side 1654 with first device connectors 1660.

The stack package 1648 can include a second device 1662 attached to the first device
1656 with a second attach layer 1664. The second device 1662 can be electrically connected
to the stack substrate top side 1654 with second device connectors 1666.

The stack package 1648 can include a stack encapsulation 1668 over the stack
substrate 1650, the first device 1656, the first attach layer 1658, the first device connectors
1660, the second device 1662, the second attach layer 1664, and the second device
connectors 1666. The stack package 1648 can include stack connectors 1670 attached to the
stack substrate bottom side 1652 and the second substrate top side 1628 to provide electrical
connection between the stack substrate 1650 and the second substrate 1624.

The stack connectors 1670 are defined as electrically conductive connectors. The
stack connectors 1670 can be attached to the second substrate top side 1628 within the
encapsulation cavity 1632.

The stack connectors 1670 can represent electrical connectors including conductive
balls, conductive columns, or conductive studs. The stack connectors 1670 can be formed
with a conductive material including a metallic material or a metal alloy. For example, the
stack connectors 1670 can represent electrical connectors including solder balls.

It has been discovered that the second substrate 1624 directly on the vertical
interconnects 1610 and the integrated circuit inactive side 1616 provides a significant
reduction of package thickness and size thereby solving problems of large fan-in package-on-
package base (FiPoPb) package, total thickness of stacked packages, and manufacturing cost.

It has also been discovered that each of the vertical interconnects 1610 having a
vertical height approximately equal to a combination of a vertical height of the integrated

circuit 1614 and a vertical height of each of the connectors 1620 provides reduced package
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2. The method as claimed in claim 1 wherein mounting the integrated circuit includes mounting the
integrated circuit over the first substrate, the integrated circuit having an integrated circuit inactive side
coplanar with a top extent of each of the vertical interconnects. 3. The method as claimed in claim 1
wherein attaching the vertical interconnects includes attaching the vertical interconnects perpendicular to
the first substreigt profde. The method as claimed in claim 1 wherein attaching the vertical interconnects

includes attaching the,yepical intgprerascisiiagty Qorhe fitst sHialrale dhgvatticalgnigrrannects
having vertical heights approximately equal to each other. 5. The method as claimed in claim 1 further

comprising folHidg B8 Hiagal ARG RS PEINFE ST HkegE ical interconnects. 6. A method of
manufacture of an integraten wisgpicpaltkaginthBistem camprisignpraxidiog aditspeubkifdte; attaching
vertical intercgnnects, along,a periphen,of dhe st sybehate: mounting an njeckaled eisult guer the firs
substrate, the mtegrateo‘l circuit surrounde y the vegrticalqntergor?nectg; and mounting a second
substrate direedctns thiskagetisiad ipndrdoeinestsbasrisgnointegratiidrednngittinadtiive sidezef td iptegrated

circuit. 7., The mathedas qaimed imiain s wiersindnaisting thenegratas girquiténalyges mounting

the integrated circuit over the first substrate, the intetlgrated circuit surrounded by a peripheral array of the
vertical inter&ﬁ‘ﬁ@@fé}“d equipment capacity of solder ball mounter.

It has been unexpectedly recognized that the vertical interconnects 1610 attached to
the second substrate 1624 and the first substrate 1604 eliminates warpage resulting in
improved reliability.

Referring now to FIG. 17, therein is shown a flow chart of a method 1700 of
manufacture of an integrated circuit packaging system in a further embodiment of the present
invention. The method 1700 includes: providing a first substrate in a block 1702; attaching
vertical interconnects along a periphery of the first substrate in a block 1704; mounting an
integrated circuit over the first substrate, the integrated circuit surrounded by the vertical
interconnects in a block 1706; and mounting a second substrate directly on the vertical
interconnects and the integrated circuit in a block 1708.

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
interconnects. 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.

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.

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

33



8. The method as claimed in claim 6 further comprising mounting a second integrated circuit over the
second substrate. 9. The method as claimed in claim 6 wherein mounting the second substrate
includes mounting a stack package having the second substrate directly on the vertical interconnects and
the integrated circuit inactive side. 10. The method as claimed in claim 6 wherein mounting the
second substrake inedlgeiecpehtahtivpYhe tseesivies soiedifiaesidive cthd oiriheove rfidhlbinemeoamets and the
integrated cirgl4ifinReiive side aensgaansd &l&bﬁ%ﬁ:@oh@%@&ﬁp‘ﬁ@ﬂ.zom%ﬂ&ﬂgm ie$$ itharuaghgrizontal
length of the first substrate. 11. An integrated circuit packaging system comprising: a first substrate;
vertical inter¢NActLHISHY élﬁé?ﬁf)wg?‘yrﬁ?‘?ﬁéc‘fﬂg%Lﬁ?&t?’é‘f&tﬁ’ﬁ‘si r%ééf%ﬂ&aﬁl@}%@%%?@?% st substrate,
the integratedncindeit slairpundad dhytikie kihtaaliniekeoionadis«indashecanic shibataiadingtity on the
vertical interc(gg\g%ctsae%tg% tlpeeiril?ete é%[(?dn%irlicl:Hlilts'trativ:eL%ha—hgn§¥8t?11q] gesn(S:Iaimed in claim 11 wherein the
integrated circuit inciudes an mterg%ate circult Inactive side corpI)]Ilangr With a top extent of each of the

vertical interconnects.
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13. The system as claimed in claim 11 wherein the vertical interconnects are perpendicular to the first
substrate. 14. The system as claimed in claim 11 wherein the vertical interconnects include vertical
heights approximately equal to each other. 15. The system as claimed in claim 11 further comprising
an encapsulation partially covering the vertical interconnects. 16. The system as claimed in claim 11
wherein the s¥bahid daierdite is directly on an integrated circuit inactive side of the integrated circuit.

17. The system as claimed in claim 16 wherein the integrated circuit is surrounded by a peripheral array

of the vertical intercbnnects. Mg Phe SIS Ghifitdiieeraifd 16 I h SPeFERsNG 8 econd

integrated circuitpis@igthe second substrate. 19. The system as claimed in claim 16 wherein the
second substrate includes a §ta<f‘k Batgl&age having the second substrate directly on the vertical
Toviding a Iirst suostrale

interconnects and the Integrated circuit mactive side. 20.The system as claimed in claim 16 wherein the
second substrate intlaeldggavertical interconnects along a periphery of the first substrate;

mounting an integrated circuit over the first substrate, the integrated circuit
surrounded by the vertical interconnects; and
mounting a second substrate directly on the vertical interconnects and the integrated

circuit.

2. The method as claimed in claim 1 wherein mounting the integrated circuit
includes mounting the integrated circuit over the first substrate, the integrated circuit having
an integrated circuit inactive side coplanar with a top extent of each of the vertical

interconnects.

3. The method as claimed in claim 1 wherein attaching the vertical interconnects

includes attaching the vertical interconnects perpendicular to the first substrate.

4. The method as claimed in claim 1 wherein attaching the vertical interconnects
includes attaching the vertical interconnects directly on the first substrate, the vertical

interconnects having vertical heights approximately equal to each other.

5. The method as claimed in claim 1 further comprising forming an encapsulation

partially covering the vertical interconnects.

6. A method of manufacture of an integrated circuit packaging system
comprising:
providing a first substrate;
attaching vertical interconnects along a periphery of the first substrate;
mounting an integrated circuit over the first substrate, the integrated circuit
surrounded by the vertical interconnects; and
mounting a second substrate directly on the vertical interconnects and an integrated

circuit inactive side of the integrated circuit.

7. The method as claimed in claim 6 wherein mounting the integrated circuit
includes mounting the integrated circuit over the first substrate, the integrated circuit

surrounded by a peripheral array of the vertical interconnects.
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horizontal length less than a horizontal length of the first substrate.

8. The method as claimed in claim 6 further comprising mounting a second

integrated circuit over the second substrate.

9. The method as claimed in claim 6 wherein mounting the second substrate
includes mounting a stack package having the second substrate directly on the vertical

interconnects and the integrated circuit inactive side.

10.  The method as claimed in claim 6 wherein mounting the second substrate
includes mounting the second substrate directly on the vertical interconnects and the
integrated circuit inactive side, the second substrate having a horizontal length less than a

horizontal length of the first substrate.

11.  An integrated circuit packaging system comprising:

a first substrate;

vertical interconnects along a periphery of the first substrate;

an integrated circuit over the first substrate, the integrated circuit surrounded by the
vertical interconnects; and

a second substrate directly on the vertical interconnects and the integrated circuit.

12. The system as claimed in claim 11 wherein the integrated circuit includes an

integrated circuit inactive side coplanar with a top extent of each of the vertical interconnects.

13. The system as claimed in claim 11 wherein the vertical interconnects are

perpendicular to the first substrate.

14.  The system as claimed in claim 11 wherein the vertical interconnects include

vertical heights approximately equal to each other.

15. The system as claimed in claim 11 further comprising an encapsulation

partially covering the vertical interconnects.

16. The system as claimed in claim 11 wherein the second substrate is directly on

an integrated circuit inactive side of the integrated circuit.

17.  The system as claimed in claim 16 wherein the integrated circuit is surrounded

by a peripheral array of the vertical interconnects.

18. The system as claimed in claim 16 further comprising a second integrated

circuit over the second substrate.

19. The system as claimed in claim 16 wherein the second substrate includes a
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stack package having the second substrate directly on the vertical interconnects and the

integrated circuit inactive side.

20. The system as claimed in claim 16 wherein the second substrate includes a

horizontal length less than a horizontal length of the first substrate.
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