INTEGRATED CIRCUIT PACKAGE SYSTEM WITH THROUGH SEMICONDUCTOR VIAS AND
METHOD OF MANUFACTURE THEREOF TECHNICAL FIELD The present invention relates
generally to an integrated circuit package system, and more particularly to a system for forming a
multi-chip package having through semiconductor vias in a stack. BACKGROUND ART One of the
goals in the fabrication of electronic components is to minimize the size of various components. For
example, it is desirabIINNBGRATR B ICIRCATASPFAICK AS BefVRT Ra e Iane THROREESDNal digital assistants
(PDAS) be as small as possible. To achieve this goal, the semiconductor circuits that are included within
the devices shouSENHEONREICTOROYE A NP MERH Praking AN JACGIEURESHBIBEOKo stack the chips
that carry the circuits. A number of ways of interconnecting the chips within the stack are known. For
example, bond pads formed at the surface of each chip can be wire-bonded, either to a common
substrate or to other chips in the stack. A“O?ﬁgﬁﬁ?&ﬂeﬁx% [50-called micro-bump 3D package, where
each chip includes a number of micro-bumps that are routed to a circuit board, e.g., along an outer edge

of the chip, et fROHELNA ahTIFRANRCEIRG.PRS AR 3 aRKIP Sa:M3Eyquah sgmiconductor

vias. The through semiconductor vias extend through the substrate thereby allowing electrical
interconnectiBSeh TSR cUfts BnVaBUSEhip Y MRy HERhbeh dRrdEISsiaimEiE o fsttibns can
provide advasiagesdideriaohinigiconnect density compared to other technologies. However,
introduction of such interconnects may introduce additional challenges. The integration of chips in 3D
brings-forth a number of new challenges that need to be addressed. Hence, what is needed in the art are
improved structures and methods of produ@ng startresfar3D chip integration.

One of the goals in the fabrication of electronic components is to minimize the size of
various components. For example, it is desirable that hand held devices such as cellular
telephones and personal digital assistants (PDAs) be as small as possible. To achieve this
goal, the semiconductor circuits that are included within the devices should be as small as
possible. One way of making these circuits smaller is to stack the chips that carry the circuits.

A number of ways of interconnecting the chips within the stack are known. For
example, bond pads formed at the surface of each chip can be wire-bonded, either to a
common substrate or to other chips in the stack. Another example is a so-called micro-bump
3D package, where each chip includes a number of micro-bumps that are routed to a circuit
board, e.g., along an outer edge of the chip.

Yet another way of interconnecting chips within the stack is to use through
semiconductor vias. The through semiconductor vias extend through the substrate thereby
allowing electrical interconnections between circuits on various chips. Through
semiconductor via interconnections can provide advantages in terms of interconnect density
compared to other technologies. However, introduction of such interconnects may introduce
additional challenges.

The integration of chips in 3D brings-forth a number of new challenges that need to
be addressed. Hence, what is needed in the art are improved structures and methods of
producing structures for 3D chip integration.

Thus, a need still remains for an integrated circuit package system with through
semiconductor vias that can assist in the package shrinking process. In view of the ever-

increasing process of functional conversion and the consumer demand for high quality and
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Thus, a need still remains for an integrated circuit package system with through semiconductor vias that
can assist in the package shrinking process. In view of the ever-increasing process of functional
conversion and the consumer demand for high quality and physically small devices, it is increasingly
critical that answers be found to these problems. In view of the ever-increasing commercial competitive
pressures, alpgiwitly gnewidey cehsuinecepeetstonsaa i thes Wits hisfined ép pesupiokistor leaningful
product differgggagiond b MRHEPIRS RS FUALINAL ISR bR RUIRHarhssEBoRlRmS.
Additionally, the need to reduce costs, improve efficiencies and performance, and meet competitive
pressures adtd¥eiE0Bh %%FW@B?%W&(?HH%@HH@SI 90 Jeainefst R dbsaraigtiR B problems.
Solutions to thade praklanis daiihkantongrsbel Ghindubpiesdavelopr entsifiara Ipothtanghtior suggested
any solutions acpd thuE solutions to these pr have | eluded th skilled in t

bl he, art.
DISCLOSURE 6%9 5B MOENST lﬁlencw‘f.ﬁn% ?%[Hgmance, Ty c.%télge?f?g/e pressures Ny

€ present invention provi ame manuﬁ';rtlcture of an
integrated cirevin gersikeigessypsiemthscltidiabngncsviting Apshiekagevstidstraes prdleiting a first integrated
circuit die, having thyQughhsilicaR ¥as. PR RRCKAUE SHOSIRIR 1o Wrth A QMIBiHERk s the package

substrate adjacent to the first integrated circuit die; and mounting a second integrated circuit die, having
through silicdANEsCoM EsESL Emieyhatioascitdifiiie srutars doiaicar sy i folming adediectrical
connection amegithesacoadintegrated circuit die, the first integrated circuit die, the package substrate,
or a combination thereof. The present invention provides an integrated circuit package system
including: a package substrate; a first integrated circuit die, having through silicon vias, mounted on the
package substrate; cylindrical studs DespigolStoRReOparkags sapstiate adjacent to the first integrated
circuit die; and a second integrated circuit die, having through silicon vias, mounted on the first integrated
circuit die and the cyhadmeginstudspravige adeslectnghbd arfnmatiolna@mong theisegonelliniegrated circuit

die, the first igtegrated GGyl Aig; e, RPRTAZS %‘d&?&g@tﬁlb‘%{rﬁ&%‘am&%"%&?Gﬁ@grate&&f&ﬂi?

embodiments of the invention have other steps or elements in addition to or in place of those mentioned

above. The stépddrigeiienehiilisetoine appaedieioshossskmretriving axtindsiceh yeauiAghsf the
following detailechgesasiptionwhendakes wihireiaencaling-aec0 MPANYIRG HaWNiIGSgrated

circuit die, having through silicon vias, on the first integrated circuit die and the cylindrical
studs for forming an electrical connection among the second integrated circuit die, the first
integrated circuit die, the package substrate, or a combination thereof.

The present invention provides an integrated circuit package system including: a
package substrate; a first integrated circuit die, having through silicon vias, mounted on the
package substrate; cylindrical studs coupled to the package substrate adjacent to the first
integrated circuit die; and a second integrated circuit die, having through silicon vias,
mounted on the first integrated circuit die and the cylindrical studs provide an electrical
connection among the second integrated circuit die, the first integrated circuit die, the
package substrate, or a combination thereof.

Certain embodiments of the invention have other steps or elements in addition to or in
place of those mentioned above. The steps or element 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
package system in an embodiment of the present invention. FIG. 2 is a cross-sectional view of an
integrated circuit package system in a first alternative embodiment of the present invention. FIG. 3isa
cross-sectional view of an integrated circuit package system in a second alternative embodiment of the

present invention.  FIG. 4 is aBRELRIP ORI HENIFoFFAaRBRAMINGST an integrated circuit package
system in an embodiment of the present invention. BEST MODE FOR CARRYING OUT THE
INVENTION  ThEIfélibwing &fitowfitients siedebcmbériaerdedicisii etsiagrehatie thbse skilled in the
art to make agfibegridie nvientiersnl isvtadasm understood that other embodiments would be evident based

on the present disc re, and that sgstem rocess, or mechanical chang(es may be mad(?. without
. . 1? %CI‘OSS-S ct{()nal 1ew Of an (int ra}e circuilt &)a age .system 1n_a first .
departing from the sScopé of the present invention. In the Tollowing description, numerous specific

details are givbﬂm@tipﬁmﬁdgdirmotoﬁgh mwdﬂr@uawqthglof the invention. However, it will be apparent that
the invention may bg graciced. yithoul JhasssPEFIic driaisd Qi?&ﬂ?5&91&%9'@89&%”9Qe%‘ﬁcpresem

invention, some well-known circuits, system configurations, and process steps are not disclosed in detail.
The drawingL &8GR APREALSIGPINES 8L QR semi-diagrammatic and not to scale and,

particularly, some oflibedimngnzianmatefor therdardy einirseniaiiom and aieshavntgpgerated in the
drawing FIGs. Similar%, al o#glg th %ﬂews in the drawings for ease of description generally show similar
e

orientations, fﬁlséealelﬁic IGn'm 18 Fspéi?ﬁﬁﬁtaw 61 the most part. Generally, the invention can be

operated in any orientation.
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
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 reference numerals.
The embodiments have been numbered first embodiment, second embodiment, etc. as a
matter of descriptive convenience and are not intended to have any other significance or

provide limitations for the present invention.



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 reference numerals. The embodiments have been numbered first
embodiment, second embodiment, etc. as a matter of descriptive convenience and are not intended to
have any other sigrifi€&rpestpiyrovidestisnititsn fdrotieopedsentirddimion. is defapdespasitany purposes,
the term "horjzenial i@dhéseddereinis dsfinedhasabiang Ratalialie theplang or subasgabihe integrated
circuit substrate, regardless of its orientation. The term "vertical" refers tg a direction perpendicular to the
horizontal as J1§t SERNEG HFAIME LS s Hiping PasegBieulas oot Meggonidids st fehigfdewall”),
"higher”, "lowBstimSuppeti” aSovdidy @nd belodéer"; eseodetirnechivitisi@spest to thalbhosizontalighane, as shown
In the figures.qL0g et o, means Sﬁ‘@t‘%‘necfeer"?a‘%"%%h%gé‘tv%‘ﬁh L N G
processing" as used heFein includes eposition of matenial or photoresist, patterning, exposure,
developmentshsteningthelBawiesg, Biedromremonshos the et diiostsiontareyistiasiagenied in forming a
described structureTy, (Rafeping QR 1sRGd helBaraiIRdSSNRPG B SRFSRAIANRI prisw-afian integrated
circuit package system 100 in an embodiment of the present invention. The cross-sectional view of the

integrated cirttHEPiRkaGe S te et OORIBHIL S e KGR Sith APdier 15 At ey A YidE 104 and a
component sidetdfeisfacarmpestantpacidO8 dnayted couplee through the package substrate 102 to a
system interconne 0. which ma sed to electrically connect the integrated circuit kage system
700 10 the next lever Sy T b T R R e
112 having afirsetivieadidgeconteint 004mnae entbedueinisilifcba piasditenventipe Msuenesd-sstiheabomponent
side 106. Thethrayghesilicem g L8imakesthe e fareRiderls famheasive side camact 114
available on the back side of the first integrated circuit die 112. The through silicon via 116 may be
coupled to th&/¥6MS8lset ity 258 BYORRN I IhtEICoNROBIPPEEN SRRt 198 F18y e F PRk, Gk ball, solder
column, or stthd batkgzeTh®pasitin? ob theyaetivensitenaatacto] Ihishansxemplel oo lylamndcthie active side
of the first integyated clreull die L2 may, b ither (o o away, ffom (e compgnent Sidecf06.  An
adhesive layer %6, stich as a pre%rorm dthidertill material of a film famirration ?ype of URderfill material,
may be applietdcbéthvarsh nhesfipstintegrated circuit die 112 and the component side 106 of the package

substrate 102. The ghigdnipfconeeclithi dav P2 cartlyainthe adhesiyrday#id a0 andiappied as a unit

to simplify the manufacturing process. Cylindrical studs 122, such as solder balls of a specific size,
may be appli&dtoHE o Pl Faynies dirditgomraeett¥aHEtirdbmiBgrR ditfdit did 12, The
cylindrical stuslate2timaytdrenes dgafficiont wizactd exiencbstightlyebavetheiinst iniegkadedfaiieuit die 112

and be substantially the same hei e active side cont 114. A second integrated circuit die
124 i R G 3 e B S bl e ol R e B o e
114 of the firpriht@§ ted birdoitdimier? | Gylindrisah stldbchmactigobalhy ddecoviplan besivden the

through silicag, yj .Srlq%%o"s‘_ﬁi%l?&f%s?faeiti%%‘&{é\k%qtﬁlftCPMLea&%%aﬁPfé mﬁ}zﬁyﬁm{écéétﬁly@i&%fi” order to

form an electrical connection between the second integrated circuit die 124 and the system interconnect
110, without HpREYing{tRB Rt fitdriteld ZifaKttnig!ihes toward or away from the component side
106.

An adhesive layer 120, such as a preformed underfill material or a film lamination
type of underfill material, may be applied between the first integrated circuit die 112 and the
component side 106 of the package substrate 102. The chip interconnect 118 may be captive
in the adhesive layer 120 and applied as a unit to simplify the manufacturing process.

Cylindrical studs 122, such as solder balls of a specific size, may be applied to the
component pad 108 directly adjacent to the first integrated circuit die 112. The cylindrical
stud 122 may be of a sufficient size to extend slightly above the first integrated circuit die

112 and be substantially the same height as the active side contact 114.



The chip contacts 128 may be coupled to the active side or the back side of the second integrated circuit
die 124, as the through silicon vias 126 provide the interface signals to both sides. A second adhesive
layer 132, such as a preformed underfill material or a film lamination type of underfill material, may be
applied in a non-flow process by either being applied to the second integrated circuit die 124 prior to
assembly or by a filf Seapidatiarpirscassid drintPaskemisihroughnsiestd ethp hekané dharigon84tssuch as an

€poxy moldingz@pmoymmmﬁa/dqmi%adbﬁb@sﬁamgﬁtm thﬂ%@ﬁ%ﬁ%ﬂiﬁ%&@@&@ﬁﬂ%ﬂaﬁﬁge substrate
102, the cylindrical studs 122, the first integrated circuit die 112, and the second integrated circuit die 124.

A bond wire £36MHEsb St RANAESULIE IR Secomilvtdghatea Girctitoush 29iFe8 e datpdnBht pad 108 in
order to formsadditionapgigdalicainnéectians ndtieenlthdrisystan neicandeats b anditheisgcond
integrated circuit die 124 without impacting.the first integrated, circuit die 112. . It has discovered
that e appicA S e T s A P A A i BRI Provie
additional inteffheet capadiigebefrss ippersiethcadatigbe $iZe of the second integrated circuit die 124. The

attachment of a singig. rquy, QE&%@WE@C{H%B(’% R4 %ithanE¥e LIRS ARl AR faultipiRrQushef the
cylindrical studs 122 are possible. The cylindrical studs 122 may be larger than standard solder balls and

their method BfSgpRe&HOH! dipatursdlsritash sifisas e iRt Yriedacorignabdeift®ize, to be
precisely posiitered osetbadpadikage Juiastrate, 1G2h as RefemiongedownderfiGmacitarein 4sfsliown a
cross-sectioqal \{Iile gftaneig%elgl@etgglcirgtgg aﬁ)adéa%% S sltl%mig(%onion _ehgirst g&%gg tivg;ml%o%iment of the
present invention. The cfoss-sectional view Gf the integrated circuit paéxéeli)ge system 60 (?e[ﬁcts the
package subsprlied10Xvasdnepthaiogsttah gideitl Gt AAd percnaptsmeny sitéyl ediimhkmoniponent pad 108
may be couplgd threnghdnspaskage substrate 102 to the system interconnect 110, which may be used
to electrically connect the integrated circuit package system 200 to the next level system such as the
printed circuit board® MA<FbRgRKage badyel Arspiistetrated Bhcr! diBe P RAAAgAL SRURRBILIYE contact 114
and the throughsiliconhdackdfoneayshie newikd arithe: cospanan sisecyBfdridaestadough, sikicon via 116
makes the interface signals.from the active side contact 114 available an back side.of first
tegrated crti DS T8T THE b e S AT B i B et a e oantact by the
chip interconnest dE®nsliziveipk satdwctndrpteguithdr driitsdicld2¢dtutha comprndiiurap [ Phenposition of
the active S'd@f&&n@%&%&a&%axggaalecgﬁmegst@%@éhf%héIQ§F@Mhﬁt£va;dﬁga9 rfgch iy Gt die 112

may be either toward or away from the component side 106. he cylindrical studs 122, such as solder

balls of a spetfRIiPEeFIUEH SEAlieddd MR LBIRRGERS Piadiidd thredey diutdis t%he first integrated
circuit die 112. The leyindeeakisitis ke thayhbeaiiaasisifictant siamioextend Ighity.abiave the first
integrated cirguif die 112 and he su ntially the. same height as. the actjve side contact 114. The
oo oo b A B B e AR i e, iy b
mounted on thegerctive sfdéccomviantgndgragddivardirgtdmtdgratEkecitthratat 12 Tingleylindeicdiestud

contacts 130Jﬂﬁ)ﬁﬁ@a??{‘dﬁ&%&?%ﬂﬁ%&%@%%&iﬁﬁﬁﬂp‘{éal%\%g@f afdheizReRAdIniRgraiedcircuit die

124, and the cylindrical stud 122 in order to form an electrical connection between the second integrated

circuit die 128°5M8!f &y SYiRdiicflriBnbLt T itiat hap seidy dneiirsPrtegrdidaitmedirtie 112.

The chip contacisplie@ionay belicawplpebtestialrsiy/ensicldindhiba badkistleph thirsacand, indagrated circuit

die 124, as the thr u&h silicorﬁ giat? 126 rovidg th ilmgrface signals to both sides. The second adhesive
a [

layer 132, subR 2 arPundeif M é:rPgﬁl%%ys eStéap% "in a non-flow process by either being applied to

the second integrat8dfeirmgtrdie 12 Fk§riot, tthersgembsljoomby adilsrsdancimatioemprdcasstegrated
circuit package system 200 in a first alternative embodiment of the present invention. The
cross-sectional view of the integrated circuit package system 200 depicts the package
substrate 102 having the system side 104 and the component side 106. The component pad
108 may be coupled through the package substrate 102 to the system interconnect 110, which
may be used to electrically connect the integrated circuit package system 200 to the next level

system such as the printed circuit board, not shown.



A third integrated circuit die 202, having the through silicon vias 126, may be mounted on and electrically
connected to the second integrated circuit die 124. The chip contacts 128 of the third integrated circuit die
202 may be coupled to the active side contacts 114 of the second integrated circuit die 124 in order to
provide a high speed interface between the two integrated circuits. A fourth integrated circuit die 204,
having the through $hicrsiins a26d wisgpibdimnblinberiemtbhactkectideaipieonhictad teetheottihd integrated
circuit die 202;iLhe GhiR ePRIACTR: 1ASualhe faHEtRnieakated &ireyit dik-20dmAa%PeFOURIgddo the active

side contacts 114 of the third integrated circuit die 202 in order to provide a high speed interface between

the two integFRakes dicintetace sigalyfsnm ihpacisyddssiy a4 14 Rl lsre B8Rk oin gt dBmpound, may
optionally be fiesmelgtinectheicampieneant sidaetiOGebistheopatkaye wupstrateplOP dhie eylindieal studs 122,
the first integrated cjrcuit die. 112 the se integrated circuit die 124, the third integrated circuit die 202
and the fourth s O A T e ] s oo Bt el SMPARRIRER S0 roted
circuit die 204t4d thapohpasitiopad hegdiverdds ol dt ditorraksipltalindpanedivrsibesideen the

system interqmﬁ@%ﬂiﬁ%g@@&faﬁéﬁwﬁ infegratast chisuitsieR04 wWithorbimmacting therfirtdntegrated

circuit die 112, the second integrated circuit die 124, or the third integrated circuit die 202. It has been
discovered th]eppby providing high speed electrical interconnects between the integrated circuit die of the
present invention nmiehe aldimgriovide@nl efficientadhenaalbpathothraughiouithensiask ippteanmally coupling
the through silicon vias to tq< ckage substrate. . This allows improved reliapiljity for the integrated circuit
die i the midd T S B e R e B S Trerem i
shown a crossudetlibnayviewiof anflicierfratedteirstsingpakRaidie pste he3d0timie gasdrdralie hative

embodiment pfhg P5eSeRiRNRNNIgR IMe KKLRsRertianal VW QJiih& integrated circuit package system
300 depicts the package substrate 102 haviﬂ% the s%stem side 104 and the component side 106. The

component pad 108 RiayB8LaisREtHsughnd abrugE Levkiraed 15 tie Kistahtsietonnect 110,
which may bedis&tsto28leatiycedlyncomecinthie:intagsated ciigbitackagensyiiemi2pata e next level
system such as inted circuit board, not s n. The first.integrated circuit die 112 having the
iive Side CRANL L T o s s b BT RS 0 hE s e 206, The
through silicol2¢iaflthe sersidstivgrinedrfacnisih Al frodhthises daniiecdideid dAaotader avEitable on the back

side of the firs.itRaralecliGHit Gavta. fhe oMo RiRYIRiAhG NRY Peicaupiertafhr,somponent

contact by the chip interconnect 118, such as a solder bump, solder ball, solder column, or stud bump.
The position BYFFHEOHESYE St ot AP st b B RITE G H IS S HY difeldetive side of the first integrated
circuit die 112 may Deeeiifiecdoaasd 28 awelyefeompitaacompanenidgide thdback sidhe adingdosal studs 122,

such as solder balls of a specific.size, be applied to the com t pad 108 directly adjacent to the
first integratel(ﬁltgﬁ'réﬁ? e %Qﬁle]'ﬁzea ’c%/ i%&?ﬁ%%“éﬁﬁﬁf?ﬂ \r’#gyf%e% %%s[,gj‘[f]ﬁ:%%e Size't né‘%t(te%n%()s ightly above
the first integsatesd Bixceitelid ddirsaveddyersiitistantialiyathedenfinlé theigid asahcautile dider contact 114.

The second iftRafatee SHEyihrliend7d ppNEAg e tuRUaMBilcaRviRsdafieand R CliRcaniRFts 128, may
be mounted on the active'side contacts 114 of the first integrated circuit die 112 in an active side to active

side configurafibh 2 e BRRaHeAPREF tontacts 130 may be coupled between the through silicon vias
126, of the second integratadegirauit digdi?4li@ndzhesylindieahsiughldBdonoregr todormypmelectrical

connection b%g‘(?%’&;@f asec?%fé‘?:t}Pétﬁ r%tfef‘%gé{ecé’ R84 300 N8 SRR Inte onap Ch L Oy yithout
impacting the first ntegrated circuit die )
contacts 128 of the third integrated circuit die 202 may be coupled to the active side contacts
114 of the second integrated circuit die 124 in order to provide a high speed interface
between the two integrated circuits.
A fourth integrated circuit die 204, having the through silicon vias 126, may be
mounted on and electrically connected to the third integrated circuit die 202. The chip
contacts 128 of the fourth integrated circuit die 204 may be coupled to the active side

contacts 114 of the third integrated circuit die 202 in order to provide a high speed interface

between the two integrated circuits.



The second integrated circuit die 124 may be much larger than the first integrated circuit die 112. In this
case, additional rows of the cylindrical stud 122 may be provided to support the second integrated circuit
die 124 and provide electrical connections to the component pads 108. The present invention is shown
having two rows of the cylindrical studs 122, but this is an example only and any number of rows of the

cylindrical studs 12Xayelsedppshededdedditetiich as RefneygdhNDPI@oandh srsirrpsgHdin a flow
chart of a megheg 400 &f MaruHRcHR Qﬁ@@d@tﬁ%@%@g@%&%@m%t@mﬂa&al%m@pﬂiment of the

present invention. The method 400 includes: providing a package substrate in a block 402; mounting a
first integrate @it Ure el ity tHrdtigH sillboresrd Bifgrsdsdicadeitubetrabs i BieRYeth: coupling
cylindrical stutisi the Jirckapestihstraieadjsaboikdoitlié fot.imegbateiowiic Ubdiea inopthlagdky406; and
mounting a second integrated circuit die, havin silicon vias, on the first integrated circuit die and
the cyinchicar Sl or e e S L B B e, e v
integrated ciredditiieal thienphekengetsubdetrecobihg exstmbimitmentnestedf thaadtaekonoB integriiigd resulting

method, procgssARRAIGIURIHEN (ﬁ%pQEQHg' ¢he ANCY GhSYSIRM B Stk fPrW@RE LB gifestivas
uncomplicated, highly versatile and effective, can be surprisingly and unobviously implemented by

adapting knofft é‘r‘n‘ﬁ6%9%@%1%%@%@?%‘3&@&&% for efficiently and economically manufacturing
integrated circuit syRtem e yisoopatblevtithpeovivaiptitinnlsprad wiaclttrin gnieeihinds obgaracasses and
technologies, Ang Qeﬁt'é'g 9:%%?tdf%sgfet‘ffeOfrthgnpfr?vse%i}%h”}{ﬁmhgsr})'Sr%@?c}éta‘ﬂaéﬁa?e'XtSiHE’l%?Jlt%a d services
the historical trend of rTeducing costs, simplitying systems, and InEreasing performance. ese and
other valuabléupspbets bf tiechastatimiertivnloende duontgl furchevihetstdiensfkhectedhtiology to at least

the next levelrpis  MYRilei g Jauentiepinashear deserRed iR GRUINNGIAR WIliR SPesifigRegymode, itis to
be understood that many alternatives, modifications, and variations will be apparent to those skilled in the

art in light of IRUSRF SSAANET RS JEMBEBI A ccordingly, it is intended to embrace all such alternatives,
modifications, and \Ryfiaiimgsnhatibalieititinteescopehoithe ticiudedictaimsevAlbMmattensdiiertofore set
forth herein of.shown jn the %%%? Anving drawings, ae 9 B iterpreigd Inan, lustrative nd
non-limiting sense. &t is'claimed iS;

cross-sectional view of the integrated circuit package system 300 depicts the package
substrate 102 having the system side 104 and the component side 106. The component pad
108 may be coupled through the package substrate 102 to the system interconnect 110, which
may be used to electrically connect the integrated circuit package system 200 to the next level
system such as the printed circuit board, not shown.

The first integrated circuit die 112 having the active side contact 114 and the through
silicon via 116 may be mounted on the component side 106. The through silicon via 116
makes the interface signals from the active side contact 114 available on the back side of the
first integrated circuit die 112. The through silicon via 116 may be coupled to the component
contact by the chip interconnect 118, such as a solder bump, solder ball, solder column, or
stud bump. The position of the active side contact 114 is an example only and the active side
of the first integrated circuit die 112 may be either toward or away from the component side
106.

The cylindrical studs 122, such as solder balls of a specific size, may be applied to the
component pad 108 directly adjacent to the first integrated circuit die 112. The cylindrical
stud 122 may be of a sufficient size to extend slightly above the first integrated circuit die

112 and be substantially the same height as the active side contact 114.



1. A method of manufacture of an integrated circuit package system comprising: providing a package
substrate; mounting a first integrated circuit die, having through silicon vias, on the package substrate;
coupling cylindrical studs to the package substrate adjacent to the first integrated circuit die; mounting a
second integrated circuit die, having through silicon vias, on the first integrated circuit die and the
cylindrical studs for Faersiegpaintdgietad siremndisctith kavioa ghenbrosgbadi¢ategrated enddiedidpthe first

integrated cirgyitgie.1the ﬁ’@?@%&lﬁ'@&i@ﬂ%@%@tﬁ@@l@%ﬂ@&f@@[ﬂ@f aHackfQr 'Hxi{égrét&}/ linggieal stud
contact, coupled to the through silicon via, on the second in;[%grated circuit die for coupling the cylindrical

studs. 2. The¥fiethol 48 eivel m'uasHY e SdrrerEaminain e supntEcehip dsnits, biY h&¥second
integrated cirseiitotlite @behasiivensitleegintéaisn ofadhedjrst dntegraie dnaireuit digrctor derminguide electrical

connection. 3, The,method as.clajmed in claim 1 further comprising applying an adhesive between the
st Integratell e i e o g i R B e e 1
further comptiigisgated upiig sbnd WiresdpBrverticth eiparskagecs U Stratshand hpastepriticinietirated circuit

die; and integrated circuit die 112.

The second integrated circuit die 124 may be much larger than the first integrated
circuit die 112. In this case, additional rows of the cylindrical stud 122 may be provided to
support the second integrated circuit die 124 and provide electrical connections to the
component pads 108. The present invention is shown having two rows of the cylindrical studs
122, but this is an example only and any number of rows of the cylindrical studs 122 may be
applied as required.

Referring now to FIG. 4, therein is shown a flow chart of a method 400 of
manufacture of an integrated circuit package system in an embodiment of the present
invention. The method 400 includes: providing a package substrate in a block 402; mounting
a first integrated circuit die, having through silicon vias, on the package substrate in a block
404; coupling cylindrical studs to the package substrate adjacent to the first integrated circuit
die in a block 406; and mounting a second integrated circuit die, having through silicon vias,
on the first integrated circuit die and the cylindrical studs for forming an electrical connection
among the second integrated circuit die, the first integrated circuit die, the package substrate,
or a combination thereof in a block 408.

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 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

to be understood that many alternatives, modifications, and variations will be apparent to



forming a molded package body on the package substrate, the first integrated circuit die, the cylindrical
studs, the second integrated circuit die, and the bond wires. 5. A method of manufacture of an integrated
circuit package system comprising: providing a package substrate having a component side and a system
side; mounting a first integrated circuit die, having through silicon vias, on the package substrate including
coupling a chipitefdisdriachpetivedighs ettt afhesiivendoiaritigtheceppoalnitsimiendae tvackage
substrate; copplingcylindiralsigsiQ, theRackagr shRsialg ssiarankio haifirelintegeatedeircuit die

including performing a ball drop process for positioning the cylindrical studs of a specific size; mounting a
second integtatBYErEliit e, ﬁ%x)ﬂ?gﬂ“iﬁ&‘&fﬂﬁ‘@f%rf?}ig%%ﬁ’?%“fi%t Theegr MY TREATIEEAE the
cylindrical stuliswoizfanmin@aineteiidah aonneetivor andang-theisegcenddntegrated circuit die, the first
integrated circuit die, the package substrate, or a combination thereof including forming system contacts
on the system side of the package substrate coupled to the electrical connection; and forming a cylindrical
stud contact, coupled to the through silicon via, on the second integrated circuit die for coupling the
cylindrical studs including coupling a component pad, on the component side of the package substrate,
through the cylindrical stud.



6. The method as claimed in claim 5 further comprising providing chip contacts on the second integrated
circuit die and active side contacts on the first integrated circuit die for forming the electrical connection
including forming a thermal path by the through silicon vias thermally coupled to the package substrate. 7.
The method as claimed in claim 5 further comprising applying an adhesive between the first integrated
circuit die and the sBdwhi integedted circuit die including applying a preformed underfill material or a film

lamination type of underfil\maigHal Endihe.eaethochRSelaimaninclejm e, liher GaRRSING: coupling
bond wires between the package substrate and the second integrated circuit die including bonding to a
component pad coUPRHIBAASGRRETIBASCt through the package substrate; and forming a molded
package body on thequadkagefssbsitatedtheifics integhatad: circuigidiglithe cidindraat sindsgthe second
integrated circuit die, and §Q§S§89d wires; and wherein: coupling the cylindrical studs to the package
substrate includes coupling more than one row of the cylindrical studs. 9. An integrated circuit package
system comprising:cayréiokagidindiiztratads to the package substrate adjacent to the first integrated

circuit die;

mounting a second integrated circuit die, having through silicon vias, on the first
integrated circuit die and the cylindrical studs for forming an electrical
connection among the second integrated circuit die, the first integrated circuit
die, the package substrate, or a combination thereof; and

forming a cylindrical stud contact, coupled to the through silicon via, on the second
integrated circuit die for coupling the cylindrical studs.

2. The method as claimed in claim 1 further comprising coupling chip contacts,
on the second integrated circuit die, and active side contacts, on the first
integrated circuit die, for forming the electrical connection.

3. The method as claimed in claim 1 further comprising applying an adhesive
between the first integrated circuit die and the second integrated circuit die.

4. The method as claimed in claim 1 further comprising:

coupling bond wires between the package substrate and the second integrated circuit
die; and

forming a molded package body on the package substrate, the first integrated circuit
die, the cylindrical studs, the second integrated circuit die, and the bond wires.

5. A method of manufacture of an integrated circuit package system comprising:

providing a package substrate having a component side and a system side;

mounting a first integrated circuit die, having through silicon vias, on the package
substrate including coupling a chip interconnect between the through silicon
via and the component side of the package substrate;

coupling cylindrical studs to the package substrate adjacent to the first integrated
circuit die including performing a ball drop process for positioning the
cylindrical studs of a specific size;

mounting a second integrated circuit die, having through silicon vias, on the first

integrated circuit die and the cylindrical studs for forming an electrical

10



a first integrated circuit die, having through silicon vias, mounted on the package substrate; cylindrical
studs coupled to the package substrate adjacent to the first integrated circuit die; a second integrated
circuit die, having through silicon vias, mounted on the first integrated circuit die and the cylindrical studs
provide an electrical connection among the second integrated circuit die, the first integrated circuit die, the
package substrate, or a cepbisstibrtvagRbE saednd dykatibrseud donthetisdipkettedthiectirough silicon

via, on the second integraggd giequitidie: famnceuplipg.themlindsical stedsh QDB syRIeR) aselaimed in
claim 9 further comprising chip contacts, on the second integrated circuit die, coupled to active side

contacts, on the first integf SRR SiRtLIPGRYSisBvige Bhdhe Btk SdHaG G Plef PHBCSEEL3s claimed in

claim 9 further comprisingcafmnacthesimel between the first integrated circuit die and the second integrated

cicuit de. 12,The systeimn as diafied 0 claif  JUUnes SOMRHE S AR GIIeH e R bg, package

substrate and the secondtintegrated circuit die: and
integrated circuit die for coupling the cylindrical studs including coupling a
component pad, on the component side of the package substrate, through the
cylindrical stud.

6. The method as claimed in claim 5 further comprising providing chip contacts
on the second integrated circuit die and active side contacts on the first
integrated circuit die for forming the electrical connection including forming a
thermal path by the through silicon vias thermally coupled to the package
substrate.

7. The method as claimed in claim 5 further comprising applying an adhesive
between the first integrated circuit die and the second integrated circuit die
including applying a preformed underfill material or a film lamination type of
underfill material.

8. The method as claimed in claim 5 further comprising:

coupling bond wires between the package substrate and the second integrated circuit
die including bonding to a component pad coupled to the system contact
through the package substrate; and

forming a molded package body on the package substrate, the first integrated circuit
die, the cylindrical studs, the second integrated circuit die, and the bond wires;
and

wherein:

coupling the cylindrical studs to the package substrate includes coupling more than
one row of the cylindrical studs.

9. An integrated circuit package system comprising:

a package substrate;

a first integrated circuit die, having through silicon vias, mounted on the package
substrate;

cylindrical studs coupled to the package substrate adjacent to the first integrated

circuit die;

11



a molded package body on the package substrate, the first integrated circuit die, the cylindrical studs, the
second integrated circuit die, and the bond wires. 13. The system as claimed in claim 9 further
comprising: a component side and a system side on the package substrate; a chip interconnect between
the through silicon via, of the first integrated circuit die, and the component side of the package substrate;
and system contacts easehé sysestiedidiecofttie phewagdhsonghraticepupied mytheeéleetthealicgnnection;

wherein: the cylindrical stygssodpled adiacant i@dhefifaintegratee cilcult disinclidemacapgcific size
cylindrical stud. 14. The system as claimed.in claim 13 further comprising chip contacts on the second

integrated circuit die coupf8PR§ AR%ivEcERib ‘BlstaAcS St hstiftdrattigercdichid o Prothae the

electrical connection inclupekathabnakpaisfarmsadabyiifeitubugh silicon vias thermally coupled to the

package substrate. a cylindrical stud contact, coupled to the through silicon via, on the second integrated
circuit die for coupling the cylindrical studs.

10. The system as claimed in claim 9 further comprising chip contacts, on the
second integrated circuit die, coupled to active side contacts, on the first
integrated circuit die, provide the electrical connection.

11. The system as claimed in claim 9 further comprising an adhesive between the
first integrated circuit die and the second integrated circuit die.

12, The system as claimed in claim 9 further comprising:

bond wires between the package substrate and the second integrated circuit die; and

a molded package body on the package substrate, the first integrated circuit die, the
cylindrical studs, the second integrated circuit die, and the bond wires.

13. The system as claimed in claim 9 further comprising:

a component side and a system side on the package substrate;

a chip interconnect between the through silicon via, of the first integrated circuit die,
and the component side of the package substrate; and

system contacts on the system side of the package substrate coupled to the electrical
connection;

wherein:

the cylindrical studs coupled adjacent to the first integrated circuit die includes a
specific size cylindrical stud.

14. The system as claimed in claim 13 further comprising chip contacts on the
second integrated circuit die coupled to active side contacts on the first
integrated circuit die to provide the electrical connection includes a thermal
path formed by the through silicon vias thermally coupled to the package
substrate.

15. The system as claimed in claim 13 further comprising a cylindrical stud
contact, attached to the through silicon via, on the second integrated circuit
die, coupled to the cylindrical studs includes a component pad, on the

component side of the package substrate, coupled through the cylindrical stud.

12



15. The system as claimed in claim 13 further comprising a cylindrical stud contact, attached to the
through silicon via, on the second integrated circuit die, coupled to the cylindrical studs includes a
component pad, on the component side of the package substrate, coupled through the cylindrical stud.
16. The system as claimed in claim 13 further comprising an adhesive between the first integrated circuit
die and the second iftegrdiedsestewingidandadeslzprefdnried epvaarsingiatediesvre RiNedamhnation type

of underfill material applieg;dl {nhasyigBIACaMeddnclaim i3uHber cRmMPURING hard wires
between the package substrate and the second integrated circuit die include a c%rp'tponent pad coupled to

the system contact through $HEBxtrAde T Betsral ha SImolyBEPLAES BbH)GH thdBisEtige
substrate, the first integratg@laidcuit die, the cylindrical studs, the second integrated circuit die, and the
bond wires; and wherein: ﬁ%g I}ndricallstrggds.g%ya%lgqé?utrteIpackalge substrate includes more than one

row of the cylindrical studs co 6 &d {0 the package Substrate, - PrImE:

bond wires between the package substrate and the second integrated circuit die
include a component pad coupled to the system contact through the package
substrate; and

a molded package body on the package substrate, the first integrated circuit die, the
cylindrical studs, the second integrated circuit die, and the bond wires; and

wherein:

the cylindrical studs coupled to the package substrate includes more than one row of

the cylindrical studs coupled to the package substrate.
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