INTEGRATED CIRCUIT PACKAGING SYSTEM WITH SUBSTRATE 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 a substrate. BACKGROUND ART Semiconductor chips have become progressively more
complex, driven in large part by the need for increasing processing power in a smaller chip size for
compact or portailr8le RONEDIEIRES IHUEA 6K A€ NS ES THNEW PIHSISB SERATR ANDlia systems,
ultraportable computers. There are a number of conventional processes for packaging integrated
circuit (IC) dice. By way of examMETHHEY OF pASRAFEs CTIIRIATTHEBKORadframe that has been
stamped or etched from a metal sheet to provide electrical interconnects to external devices. The die may
be electrically connected to the leadframe by means of bonding wires, solder bumps or other suitable
electrical connections. In general, the di @@ﬁmﬂgﬁﬂ@e leadframe are encapsulated with a
molding material to protect the delicate electrical components on the active side of the die while leaving

selected portions ofiiejeadiy %W&%H?él@fi&%é‘@&ﬁﬁ i qlegiical copnagiioniagxianal.deyiges. I

response to the smaller chip size, packaging technologies have evolved, for example, to enable an
increased ledBde P&y HAHICH earsieldeedhB ReotHTfiisrebPar e HagREgE MY Thted SHY printed circuit
board (PCB). Some packaging technologies may

BACKGROUND ART

Semiconductor chips have become progressively more complex, driven in large part
by the need for increasing processing power in a smaller chip size for compact or portable
electronic devices such as cell phones, smart phones, personal media systems, ultraportable
computers.

There are a number of conventional processes for packaging integrated circuit (IC)
dice. By way of example, many IC packages utilize a metallic leadframe that has been
stamped or etched from a metal sheet to provide electrical interconnects to external devices.
The die may be electrically connected to the leadframe by means of bonding wires, solder
bumps or other suitable electrical connections.

In general, the die and portions of the leadframe are encapsulated with a molding
material to protect the delicate electrical components on the active side of the die while
leaving selected portions of the leadframe exposed to facilitate electrical connection to
external devices.

In response to the smaller chip size, packaging technologies have evolved, for
example, to enable an increased lead density, which can reduce the footprint area of a

package mounted on a printed circuit board (PCB). Some packaging technologies may



enable this increased lead density by providing rows of leads connected to a disposable portion of a
leadframe. However, manufacturing processes for such leadframes may not be scalable. As lead
density requirements further increase, it may be desirable to use packaging technologies that are more
scalable in terms of lead density. Moreover, it may be desirable to further reduce package size in
additional wasisbit thie seaisestithieait Wrayibe el toravaimaitealsiiciriecsducturalisnesapley and to
facilitate surfgggigaintingighthie package to a PCB. It may also be desirable to formulate a packaging
process designed to meet these gbjectives. Current packaging solutions can meet some of these
objectives but may HOPEE LI I8AREI BRI SPeIfonr trb L drmesvaay not By iralablfe &y i remains for
increased dedsitytand)siitictdralinteg ity rdisa/iawnaf tredevierbinareasipackaging erchabiginpeiitive
pressures, alaorréqnvggghsgarlgwienl% gonsumer fa(&esﬁtations and the diminishing opportunities for meaningful
product differentiation in the marrketp ace, Itis Clitical that answers be found for these problems.
Additionally, the nedéptecnstiuic enep s dpsipadodoeifichen cidy g e sinantaddinonpeetysompetitive
pressures adgls aRUSHIIEHE HEIRGEWHIO thensiiliaal Necessitndeufinning arswrisdedhgsg.problems.
Solutions to these problems have been long sougqht but prior developments have not taught or suggested

any solutions 3t NEBRLIHE P3THEEAIH SIEMY RAVE RSN SRidabITHO S aRit A RAHE SRS
DISCLOSUREdSssTddE Y N Nhese dbjecpiresertunanparkgriogides@omeathochedrvanefacture of an

integrated cirgull.packaging, systemneluding: prowiding ap epiated ey die: encapstlating in a
package body the egrated circ it ie; applying an intér-react layer on fihe package body; forming a
substrate on the intéhtaactded siilltrrangisSoaiecisasid geativp dnd stensondbipgacaitd dntoseohdigctive layer;

forming a 3De@-ﬁh€?éé9ﬁ§hec&ﬁﬁi@‘&§1 b%&ﬂ&ﬁi%_te&sf@s%ﬁ}ééyeﬂoﬂgd Iﬂﬁ_lto rM?Fi%ﬂQﬁﬁ%fOf exposing
the top conductive layer in the 3D via; and depositing a top solder bump in the 3D via on the top

conductive la§dectatiopand, etiminiEing MR HAEE ST RSGRREB RO P SN EGHE SR @ Sincluding: a
substrate havingatpopdnisudatinrdayar and adop tenddctiedaperblamintatdeaohlayeicomtieosubstrate; an
integrated CirrCLéilE die on the substrt?te' a. acka%g\%%d on the,inter-react {% er and the irétéasgg{r?ted circuit

e

die; and atopesofc?ecroﬁl.sj’rﬁrf)lpcgﬂvﬁwee lgbé%%nsdﬁ%' ayer?%ﬁ’eaf]gpr%egfdceornﬂ)ﬁmpv? a 30'Vid tormed through

the package bouhgrthteinugerentst fagerntiarichthesttp fiorstindticraiayerfer drpropipljdme. top conductive layer
inthe 3D via.  CeraifMBoRIRERTH RN RV BALPR {lAVS P L SHRS 5vel t$ Ha@dglition to orin

place of those mentioned above. The steps or elements will become apparent to those skilled in the art
from a readirtg 8PS fIRSHHAY BRtandeliarsaRitH AR KT WiRirefahiies hvth i ae cbiifanying

drawings. those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method of manufacture of an integrated circuit
packaging system including: providing an integrated circuit die; encapsulating in a package
body the integrated circuit die; applying an inter-react layer on the package body; forming a
substrate on the inter-react layer, the substrate having a top insulation layer and a top
conductive layer; forming a 3D via through the package body, the inter-react layer, and the
top insulation layer for exposing the top conductive layer in the 3D via; and depositing a top
solder bump in the 3D via on the top conductive layer.

The present invention provides an integrated circuit packaging system, including: a
substrate having a top insulation layer and a top conductive layer; an inter-react layer on the
substrate; an integrated circuit die on the substrate; a package body on the inter-react layer

and the integrated circuit die; and a top solder bump on the top conductive layer, the top



BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a top view of an integrated circuit packaging
system in an embodiment of the present invention. FIG. 2 is a cross-sectional view of the integrated
circuit packaging system along the section line 2--2 of FIG. 1. FIG. 3 is a top view of the package body in
an encapsulation phase of manufacture. FIG. 4 is a cross-sectional view of the package body along the
section line 4solilgif my@p 8 FRD. Badehuestthistuge be Prokagdbedwahsdpeconetdhptiageddgheriapufacture.

FIG. 6 is the gliueide19fdr fer &PadnyigbaupingRiase 9fdnanytantine. FIG. 7 is a flow chart of a
method of manufacture of the integrated circuit packaging system in a further embodiment of the present

invention. BEST MOBTE R ARPeAERIVIREMOYERHENNG RN #9gS oF Slame RSBV i sbeifents are
described in slidicignhahetaitidodpabie thoIdskitedoireihacart toilnakeranappseihe thuantionedt is to be
understood U otharembodiments waulF he.cvident pased an e piesent disaipsie, and (hat system.
process, or mechanical changes r%ay & made without eparti g(?r]om the scope of the present invention.
In the followitley desunptivinsdieingss 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 step$BIEMBEJISBIFIadMQeTdHIE DRAWINGS

FIG. 1 is a top view of an integrated circuit packaging system in an embodiment of
the present invention.

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

FIG. 3 is a top view of the package body in an encapsulation phase of manufacture.

FIG. 4 is a cross-sectional view of the package body along the section line 4--4 of
FIG. 3.

FIG. 5 is the structure of FIG. 4 in a warpage control phase of manufacture.

FIG. 6 is the structure of FIG. 5 in a via forming phase of manufacture.

FIG. 7 is a flow chart of a method of manufacture of the integrated circuit packaging

system in a further embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention. It is to be understood that other embodiments would be
evident based on the present disclosure, and that system, process, or mechanical changes may
be made without departing from the scope of the present invention.

In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in
detail.

The drawings showing embodiments of the system are semi-diagrammatic and not to

scale and, particularly, some of the dimensions are for the clarity of presentation and are



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 alpwhientagented inhkelawrgtidie senhodmernbhaul el osee andhdasenbed faving some

features in comanudQrip@siyaregaseoaf dlatiatiandrssipionAnd fampeehensionthergof, similar
and like features one to another will ordinarily be described with similar reference numerals. The same
features are USPABY RETg Geacil e e tBYERE SaRtserRerated i pny ARERAION i rposes, the term
"horizontal" as used\eteimidigediractasimcpiane: pisalistdoaihe detan®eaf Baviagtivensuffacecofithe integrated
circuit, regarcéless 85 iii%rogierilttagogé a-!-stc]e %egrﬁl t"r\ellﬁ(r)tic%le"s(r:%f%rs to, addci(r)ectienegs%ﬁ% drié:otflart 2tlpe horizontal
as just defined. Terms, such as rabove”, "oelow"; "hoHo ,Qltlépn, “Side" (@s In i ewall'sjfm igher",
"lower", "upperd lisgéeatprongridenothes wtiprdenovithi beslsewitedtmathombmtlpiznse nagehabwn in the
figures. Theterm ienuierbadhabihergds cantast Retwsemglgmrants. The term "directly on” means
that there is direct physical contact between one element and another element without an intervening

element.  The tefH ‘PROGULEIRY R G &oF HETBInIALRIARYE SbERibRTEPnatsHaF b ADARBRSsist,
patterning, expasidie, devekoprotm, etoking;faleanihg iaagtoedemavalaitiemateralrihpliotoresist as

required in fafguing g desciied sitictire o Beferinang (o FIGy 1y hieiein s, shownygfog view of an
integrated circuit packaging system 100 in‘an emb&dinent of the present invention. 1he top view shows a

warpage baldrecedayoehl @9, “attoys Soldelonimibo0dnin, a @D (thsak-dinte nsionddveld 1 0ighsd a portion of a

package b0d5’1&\9§~”,—r hﬁ)ﬁ\é@'fp@&%@,%ﬁﬁc%ﬁ)@f, %@&ﬁﬂé‘&’%ﬂp%%é fHifeNRsSoRIAVEREWatPage of an
integrated circuit package by providing resistance to mechanical warpage. The warpage balance layer

102 can proviestiichs 5.t yrity for ultra-thin integrated circuit packages by mechanically preventing
warping. The watpagabalanaelaydial G eas toatucerawanelasisiantThaterialbaviag ancoefficient of

thermal expansion ghCT %seleé;tedt balance yva[rBin‘g forces qxerted on the IC ackage. uring assembly,
. meaPs aﬁ, Iec. 1 1rec{é%)y31ca .%OH a(f( ctween one € eanen al%é'anoth T ¢lement wifhout
testing, or operation of the integrated circuit packaging system due to thermal stresses. For example, the

warpage balandatéayemndesagninclude a warp balance material including invar, alloy 42, a metallic
material, and a metgjaljoy, The WaiRaosshRIANEEdRY Rl HIZ 133 QRIIPBRLERMRCREH RE G integrated

circuit packaging system 100. ) ) )
paterning, 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 top view of an integrated circuit
packaging system 100 in an embodiment of the present invention. The top view shows a
warpage balance layer 102, a top solder bump 104 in a 3D (three-dimensional) via 106, and a
portion of a package body 108. The warpage balance layer 102 can function as a stiffener to
prevent warpage of an integrated circuit package by providing resistance to mechanical
warpage. The warpage balance layer 102 can provide structural integrity for ultra-thin
integrated circuit packages by mechanically preventing warping.

The warpage balance layer 102 can include a warp resistant material having a
coefficient of thermal expansion (CTE) selected to balance warping forces exerted on the IC
package during assembly, testing, or operation of the integrated circuit packaging system due
to thermal stresses. For example, the warpage balance layer 102 can include a warp balance
material including invar, alloy 42, a metallic material, and a metal alloy. The warpage

balance layer 102 is an optional component of the integrated circuit packaging system 100.



The 3D via 106 goes through at least the warpage balance layer 102 and the package body 108. The top
solder bump 104 can be seen in the 3D via 106 and is a conductive structure such as a solder ball. The
3D via 106 can also expose a portion of the package body 108 around the top solder bump 104. The
package body 108, such as an encapsulation, can protect components from the outside environment.
For illustrative purpd8eshéatdpodess ghoved atdiigléhowaniagrebrdpneoldre i pndolcinatieBD via 106

around a cenfl,areg ofrieyesiated cifsuibrackagingayatens 180yviauids igdandersiaefidhat there can
be different configurations of the top solder bump 104 and the 3D via 106. For example, there can be two,
three, or morétrf’ﬁgb‘?lﬁ’r‘éh H P g ralortre’ e 4h e dseggerse® Portiph ek BeBirkrseb98Yed that the
warpage baladngetayst HoZqprovide Dimiprodéed Talighikystobibuy integiatk dCiicuiicppakagpngeaystem 100
because the warpage b%'r?@n‘%?tjr%%e{h%%%t?ﬂ@éﬂ%%% warpage of the integrated circuit packaging system
100 due to differential thermal expansion forces and moments between the various material layers.
Referring now to FIErallunepeive isuahonsn theckassicse stioviakviagl ofatieirtegrateel dsrduimpdaging
system 100 glopg Hi¢ 38 GHBNINE La-CeRrflFealofHE MSHRIEH CHRYLAACKRADISY FRIMHLOR is shown
having the top solder bump 104 in the 3D via 106, a substrate 210, an inte%rated circuit die 222, bottom

connectors 28445 Rdiyeiseus e 08 JHferRe LoBRRYRIRNS S5 B1edRR A B PRy batdribe 1Ryer 102.
The substratei2 106 anacxassld.at st ibutiondayah{& D) naad oan hsadeufram thelbottmmrtavthe top, a
bottom insulz%t;jl%qjla er grlgl a bottom conductive layer 214, a middle insulation layer 216, a top
conductive layer o1 ,gén(?a top insulation layer 220. The bottom conductive layer 214 and the top
conductive layer 21B dws dietvediieovirathelmiribe ndiviepivs bidtiens |dayers | ahddexpdesednatroeadous points

from the top andihato @f the subsiate 1A ThsRayaeconsbstive avet 244 anshihe dop gonductive

layer 218 can be made from a conductive metal such as copper, titanium, tungsten, gQr a combination
thereof The HSHoTHTHEYESHBAPAYEC 18° iR EtRd < sl RAH SRR PABD 478 s t9pditsaratih layer 220
can be madetfieenbex plasisicallydnsadativednatesiakbsu aie asradieleitid.layerd he substrate 210 is shown
having five layers b te %'é Iignunlqoevrvs%gqqﬁsh%t tttpligrgsnogl ,an exam le g\crhc(l) thf:lt 1Ihe gylalsetr%tﬁ% %e:ll't(e) can have a
different number of ayers.gFor example, the Substrate 210°couid have b, 7,8, or more a%/ers, alternating
dielectric layetraih@abagoetivettaydf¥) alonglthe mertgrated eiréudf diEG222 i$lsomtrasiead toihiet top
conductive lw&?ﬁggﬁ&m%m&&%&%&m@a&% frrigxamplstheastivesige of the

e

integrated circuit die 222 can be on the bottom and connected to the top conductive layer 218. The
integrated cirelilt 8le1DSE A HEUHELh AT SISO AtayBF PoekAREnPtid SdBn Mehesive, for
example. Thedaieyaaridayer B2 6 ispabovmadieriyranihe top surface of the top insulation layer 220
laterally around the jntegrated circyit die 222. The inter-react laye can be a.thin, transparent layer,
and can nave a thick o SurSr A LSy O £ G0 ki oty S S A ST o
function as bastiemtdoséle ttiuelybbitsok tosektiainltypes 18f ermttymapplidtigoltieitesreadidayer. For
_example, th eilﬂtﬁ&f&@ﬁ&@yﬁr@;@oﬁ%lﬁﬁéﬁ@%@@ ke ﬁﬂ?&'ﬂﬁ; W@Mﬁlﬁﬂgﬂl&f 20 rg){en_g@g&gude. The
inter-react layer 226 can attenuate radiated energy directed towards the surface of the inter-react layer

226. The inteFRSEL Yoy By 9261 datnfeder WP Ui dbiuiaxea T ian srebridrey tdhg e wrarditd magnetic

radiation. Fonexaitgplaaibs, intarckpacidayen2df paintalsonbensateyiad toasaer iiteyudatian tager.  The
package b0d¥h]é0 [ directIfY] o th? integ—rfact I%yer 226. The aclka e ?gd% n1 8 en%%pfsulates the

integrated circuit fEYB5op lécﬁglec:k%?’ﬁé })df}rﬂ) ,etﬁo v&nggétégﬁanncez ayer 1 GZ,H% g inter-react layer

226, and the topdirsuyiatiotelapeh 220dpave thenBDuviangfeng oing dbidughithehetyexpbs dateontact pad
228 of the top,cRdUFiNR 1ayer al8.Rm IQ&;fQ%ﬁ”ﬁ?@%@,'QQ{@ﬁ%?tQ{) ThGisosHasihad?es, ¢an be made

from materials such as fitanium, tungsten, copper, or a combination thereof.
made from an electrically insulative material such as a dielectric.

The substrate 210 is shown having five layers but it is understood that this is only an
example and that the substrate 210 can have a different number of layers. For example, the
substrate 210 could have 6, 7, 8, or more layers, alternating dielectric layers and conductive

layers.



The 3D via 106 is defined as a hole in multiple layers of an integrated circuit package where the 3D via
106 has a sidewall 230 with at least two differently sloped sections due to a multi-step process used to
form the 3D via 106. In this example, a hole bounded by the sidewall 230 with a steep slope goes through
the warpage balance layer 102 and most of the way through the package body 108. The slope can
change through theTlbsipestidef sirtet gieckge popcroBtati chapgulegamlbicoddh anedmdiereact layer

226 and the 1gpipsylatiRuiiayan 9-21'6!eISiP'@XH?AF%?%@@&ib@‘éﬁl@o‘ftﬁfégﬁgg}&@ﬂﬁﬁﬁﬁ §lape as a result
of the changes in slope of the different sections of the sidewall 230 of the 3D via 106. The 3D via 106

is shown as AViRg YaRs RO LRp AL epatist i9ditdomb GeHIRS bvaktontd thAREHRSE YR S Wkample and
that the sidesiief the 3bnvie hiiachad chanrgen sloeaiai difereIR0paiitisa Fdi¢-exarn pléhdfiessipe can
change closer to the inter-react layer 226 than shown.in this example, The top solder bump 104 is in
the 30> via 108 e Rt et can e oo SR B e M R o
portion of thelaided A 128albf tieusd thiainegardespisdideZburhpe 104 csafo s tdiheastépped
multi-slope shape.ahihadeitgn ahthesRvia HbRMesRiamIE,1en solderbumado4 also has a

stepped multi-slope shape on the bottom portion of the top solder bump 104. The top of the top solder
bump 104 can be bEGWHRETEH LiighcE0SPIMMITHPBA SBHRAR SlssRYT0Block torgelyiBkgies Connectors
224 can be cemvnggetgtpliethebotignimenductive dayaro ldkdhrgughéhadbottan ingid@Ronclayes 212. The
bottom connegiors, 224 are conduciive siyetures,such as.salder balls, conduetive columps, pumps, or
posts. Reﬁﬁerrlng NOW torETG. 3, fherein is Showna top-view of the pacf(age bo%{/li In‘an
encapsulationtighugie wilrmad hecgyrdirdpiadioviods damsbdaseof tivepecicagelbsdy 208Tkeantefiare
configuration,Jpeugh it 1S dinderstRed that AthRRshaPes &t PIRIIRLG: - ALRX PRI  dg RackRge body 108
can be a rectangle, a pentagon, or other shape. Referring now to FIG. 4, therein is shown a

cross-sectiorAM AR ofifePaRR Yy e I TFEAIGNE thed S8R IR Alcret i@ 8 e #rédtated circuit
die 222 can hgyseen on the substrate 210 and embedded in the package body 108, with the bottom
connectors 224 attaghed to the bottom of the substrate 210. The te 210 and its yarious layers
can be bul up in o1 AR BATkAL BT M e vt Ms S e ob S rediy B peddea
Alternatively,ctivapsubstsahe deeded va foitrde 2 st hedabkapstbotztEB cireintiiego D2lancadiied, followed by
encapsulationyyith,theParkRgeRed»d 0%dTRe 1B frjEﬁﬁ%lﬁY £ 38(CRR OSarpYies, piiRr Jgite build-up of

the layers of the substrate 210 or attachment of the integrated circuit die 222. After connecting the
substrate 216'f84# iRtByfatEPeicaican s2p e bottdht dBREBIIR KarrbY oHhEIBrbRpdited on the
bottom condugiinexilayery2d 430rough aperinpsdinibehotomiasylatiomliaen? ih as Refarning now to
FIG. 5, therein is shown the structure of.FIG. 4 in.a warpage control phase of manufacture. In this view,

the warpage %13 Sneé]é(ig%err’l?ff ggﬁl%gaslggn grﬁyg ied directly to the top surface of the integrated circuit die
222. The 3D via 106 is defined as a hole in multiple layers of an integrated circuit package

where the 3D via 106 has a sidewall 230 with at least two differently sloped sections due to a
multi-step process used to form the 3D via 106. In this example, a hole bounded by the
sidewall 230 with a steep slope goes through the warpage balance layer 102 and most of the
way through the package body 108. The slope can change through the last portion of the
package body 108 and change again through the inter-react layer 226 and the top insulation
layer 220. The sidewall 230 can have a stepped multi-slope shape as a result of the changes
in slope of the different sections of the sidewall 230 of the 3D via 106.

The 3D via 106 is shown as having various slopes at specific points, but it is
understood that this is only an example and that the sides of the 3D via 106 can change in
slope at different points. For example, the slope can change closer to the inter-react layer 226

than shown in this example.



After the formation or deposition of the bottom connectors 224, a back grinding tape 532 can optionally be
applied to the bottom connectors 224 and the bottom insulation layer 212 to help hold the components in
place. This is followed by a back grinding step performed by wet etching, chemical mechanical
polishing/planarization (CMP), or dry etching to thin the package to a desired thickness and planarize the
package body 108 dhd thieselsy et diduit idichp 2D via IQfian thecplannidebrion, tisecomipiaipe balance

layer 102 canbe fpRligg (QIIRIAR BHERSesfNG e grRiRs SiraikRiadH2 ANk the Rackagesbody 108.

The warpage balance layer 102 can be laminated, deposited, or otherwise formed on the integrated
circuit die 223 Kn@RREPEREER KESPoET Hbatkrpa dy elores3aps ol bs it ttn I removed.
Referring nowiiol BéGarfa, diveceire ishshopwolie bliuptude okéIGs 5 eppedrfoiminegphhge ohmanufacture.

Portions of the warpage balance layer.102, th body 108, the inter-react layer 226, and the top
aulaton 2y DO L et s O B B8 B e e N R e
few different ayep Mifiisleftiisevafigskaeceridyerdddd in a particular order to ablate or laser drill the 3D

via 106. For exampig,andyokvltvialenk aserand,an dR.énfiptsdhdasst san Brikead iﬁ}cé;rglpj;nation to
form the 3D via 106. As a more specific example, first the IR laser can be used to remove or ablate

the warpage BAMRRSyBPUUD A48 0BT ofa-veitiaPREPib I SIFROFa A& D SR8  Forming a
recess in the packagesbadys 108eHailexamples tbednajosityuasss, ke pst99% of the vertical height of the

package body 108. Jhis is followe the UV laser,being used to f a hqle to c m%g te the 3D via 106
by removing or abl G RS PG s o SRl s e TR SRR RS 156, he
inter-react layesrapsedlatprl phastop imsaiducntay&r 429 viovespode thenchntaetlpad DB, 108 msaan alternate

example, the 2SR e R Ie RRlRiANOlE (R mHARAge RAIRRGRIYRS Q2RO he IR laser

is used to ablate most of a vertical portion of the package body 108. The rest of the process would remain
the same. B PO JUEARPR ST oIR Berdctrmiegp P UG 2R sparent or semi-transparent materials,
if the warpage balaReg:tayemndA2iFIEnspacesii, it e laserscast iaeninoteredfichepaak fpdl sedgoval of the
warpage balalcrgn) e la er,102 than theiR Ia§%rld/v§ic ma Iea\(e behind to%ﬁuch [)esidue. Due to the

e

ablation spe ditrer r%téee of ?ﬁ“&h"c? U\74I§ser, the s gﬁé 6?%¥i“e"%i8‘é%‘v%{ndé“3 of the §565Pa0f0tgewill change

depending onuhifieke type efidaswbiddadpliethdHighergspemly |48 r ablation tygivallgoproviciss’asteeper

slope to the sjdaewall 33 ahe leWehsResd-ablkatipn typically provides a shallower slope of the sidewall
230. Rates of ablation through different materials can also affect the slope of the sidewall 230. For

example, the changEMseRsHa D RIS HEWATI 240 HEST FhR R5JtEk B tHY $5A ARG BskseE B8 Ban mark the

point at which@Revith the integrated circuit die 222 already embedded. Alternatively, the substrate 210
can be formed first and the integrated circuit die 222 attached, followed by encapsulation
with the package body 108. The inter-react layer 226 can be applied prior to the build-up of
the layers of the substrate 210 or attachment of the integrated circuit die 222.

After connecting the substrate 210 to the integrated circuit die 222, the bottom
connectors can be formed or deposited on the bottom conductive layer 214 through openings
in the bottom insulation layer 212.

Referring now to FIG. 5, therein is shown the structure of FIG. 4 in a warpage control
phase of manufacture. In this view, the warpage balance layer 102 can be seen applied
directly to the top surface of the integrated circuit die 222.

After the formation or deposition of the bottom connectors 224, a back grinding tape
532 can optionally be applied to the bottom connectors 224 and the bottom insulation layer
212 to help hold the components in place. This is followed by a back grinding step

performed by wet etching, chemical mechanical polishing/planarization (CMP), or dry



laser being used was switched from the IR laser to the UV laser, and the second change in slope can
mark the point at which the package body 108 ends and the other layers begin. The differences in
ablation speed of the IR and UV lasers can lead to the stepped multi-slope shape of the sidewall 230 of
the 3D via 106. There are many different types of lasers aside from IR and UV, and any laser with
appropriate afitatisntieHardbeepishiegethroulghintbtiakkesy artsodynro g dhriptkagpbiodiulbomdaper 220 can be
used. For exampladheiivned laser used can include IR, UV, Green, or more specifically, yttrium
aluminum garnet (YAG), neodymium-doped YAG (Nd-YAG), or carbon dioxide (CO2). The laser
ablation mechanism‘€5h & 5MHGEHANWHIT Y IEHSE FHLATRG 134 HEhG3nbeatENed 101M%a % head to
maximize masnifaetuinig:thhe peliolutiasd cntod gaddhniabikagechialityl 08) tHaswasrate ALcwhich can
also be refered 10,85 he RDL Sagk: FOr-SaMBIens Vilanel andi2 ormare, 'R lasess. 59 be
integrated into the same mechanism. Bortions of the warpage balance ayer fgﬁ, the package body
108, the interanddbe Riykr22®dad%hd hepaplsatannreltapers3 20 prietntormn then SidleawalY 280 of the 3D via

'106 can have an UrI@é.@Hiﬁg'rﬁ@%t&*ﬁ@%?ﬂ%iﬁﬁfiias‘h%%bﬂﬁéi%&% SFANB!S 1he WRLYShRKY que can
include a shallow cavity, a micro recess, bum marks, or other remaval marks, After laser drilling or

ablation, a clB3HinG TPEREES sy Bartippielths wEragraRaech e dBAvikeiskasrchedy Hfvdbelean with
solvent / deianizee:{0 )awatz26yithdstefagtamnd plasimes aleaningctean etabvag stémtomhtharentact pad 228.
To finish manufacturing the integrated circuit packaging system 100 of FIG. 1 requires that the top solder
bump 104 of . 1 be formed on the contact pad 228 in the 3D via 106 through a process such as solder
paste printing or ballfthr@p. via 19theanhednrdisd overts tiifetisat sidesvaN 20 loftyhes 3D lgtard 08 having

_multiple S|0I0_%Q _ﬁk’é&aﬁle§ B&r@ﬁﬁéﬁ'&l’r&?@?%@'ﬂ@ e ﬁ&?@@iﬂﬁ{&o@mfvﬁﬁfﬁf@ntﬁasegasﬁ}%g%_s@vovides
improved reliability because the multiple sloped surfaces of the sidewall 230 Prowde additional surface

area for the tSP&SigkLENH 9 AR B iafta e sthera paitdithistrakiasian P ismadEitprdted structural
integrity of theowp solder bump 104 for stacking another package or component over the integrated circuit
packaging system 100. It has.been discovered,that the uneven surface of the warpage balance layer
102, e package bdy 1BV TG oy 38, e g T o TAyAF S50 form he
sidewall 230 whtpred baldact ayprovld esdmproyerdty alfabilieytiFd mexzm i thhoankege hodurl8e of the
sidewall 230 Rﬁ%’ﬂ;@g% }%S%Qﬁqge%(fﬁ@ B leSthﬁotlo&iﬂiqg,rto MRk [9-pand togesyitipg in improved

structural rigidity. It has been discovered that a combination of multiple lasers, including IR lasers and
‘?rHﬁr

UV lasers, for$BiAltG ahe AiPoipdisear e Wihsthite P preditedsrhirdiies tengsitry LsSWw@i as
increased thrgtglepoltohtigecombanation ob tierdnidtipledasaisicoes bisdmirddiessingiacnidmper of
challenges. An IR laser, ecially at.lo er, is inefficient at ting g_hole or via on fransparent and
o tanepa A R B T R O B A B S e layer
102, backsidédrdtectioncttisescotath @ddtzi8react layer 226. Thus, use of a low power IR laser can result in

un-removed bits of fhe intaripactdauapR2MBOTNa P NsUatiRBIayehrl AHadaingkigiapt gemoval of
transparent or semitransparent materials. Using a high power IR laser to expose the contact pad 228

through the pJXRXGeBEEY PDEMEalsidRnBssFobIEfbIUALRIMBIRSH PhateliH Bl tROs i EatfsEhe separate

problem of delamipatedyieBveer the comtagiopad v38 @nanthe dudaie inselatieikayes2 16. noae UV laser
is much slower thgﬁg the IR laser at aplatingbb?th transparent aqd n n.-t{Sar}?%%rent matel-:ir%?l and leads to

some difficult‘f/e% achieve aﬁié%mt%vr%légﬁaﬁlﬁ?, Ut dogS Mot catise detamination pr%ﬁgﬁ%. %JHSCF the use of a

high power |IRjasdpfoigtimkiyacretatbeal o kser thra packergecBousnl 081 il lowed by tHibeusearpfea UV laser to
ablate the reainingJayers NEUAING NSINAGERACH FRE HeRmW RIS IR ARRRAreNt, will lead to high
throughput without delamination problems.
Due to the ablation speed difference of IR and UV laser, the slope of the sidewall 230

of the 3D via 106 will change depending on which type of laser is applied. Higher speed

laser ablation typically provides a steeper slope to the sidewall 230, and lower speed ablation

typically provides a shallower slope of the sidewall 230. Rates of ablation through different

materials can also affect the slope of the sidewall 230. For example, the change in slope of

the sidewall 230 near the bottom of the package body 108 can mark the point at which the



It has been discovered that the inter-react layer 226 provides improved reliability because the inter-react
layer 226 functions as a barrier to selectively block particular forms of energy applied on a surface of the
inter-react layer 226. For example, the inter-react layer 226, being transparent, can provide a way to
ensure an IR laser can be changed before reaching any insulation layers to a different laser source to

reliably form tre3RivEauped Wirotigkcbe tominkulRibrdairehe OWvitkoutek hmiaetisnchetgseidn the contact
pad 228 and {hgdeiddieinsiation lavandlBe paclh s eenisgoysiar hat A spmbinatiomel multiple

lasers, includinf? the IR laser and the UV laser, for forming the 3D via 106 provides improved ablation
accuracy becHiISEHRe s aPlatioRcsaPh HarRvoar BOAH AN s AL P D SRR rRHEVERYe inter-react
layer 226 andiiye tgpHesidiatiandayef B20DIVie 1@ser source with the narrower beam width than a laser
source with a widerheam width allows the ablation to be performed wit cision directly over a
oredetermined locatbi PO S Ty o o7 o B e iy
Referring nowPy P te7attat pai ahizrasttesigica ow dhide pfckagrebhdd [PGGuest aiepfastdas o yerintegrated
circuit packaging Gystensia a fertbersmbadiment #1ithe Rieseah imeniion, The, mathpd,/ fddacludes:

providing an integrated circuit die in a block 702; encapsulating in a ackag%e body the integrated circuit
die in a blockS BRGNS IHE Uah AR SRTAT YO  tha P AXRAYR- SRR iN A hIDEK Y788 180G substrate
on the inter-raasidayenine substrate having a top insulation layer and a top conductive layer in a block
708; forming a 3D vja through the package body, the inter-react.Jayer, and th insulatjon |ayer for
Exposing e 1op ol UM P S 0 B B e B e i the a0
via on the topiclsasiuttieldagichdndadimekimizz, mandfhgigrijishtsovekprtssboertol thendHamisitegrated circuit

packa_ging SY@E%J&QH’J E'ﬂﬁs&_ﬁ@é@[@,iWéﬁie%f&h%i%@%fi!}}&@(@ﬁ éﬁ@%‘fﬁf%{&’é?{%?'é?@&l%]e@”d _
unavailable solutions, capabilities, and functional aspects for an integrated circuit packaging system with

substrate. ThE'FESUITG AEtRGY M IRsEse 5ar AR i erdied ipdBR msiarePay€tem is straightforward,
cost-effective, uncoroplicaied Heighlypyersalile-angeffectite, pakape sdplissnoly ang-twaobui@usly
implemented.fy adapiing knawnleehnaloies andare thus deadix suited forellicigpy, and economically
manufacturing iritegrated Circul packa%]lng syslfems frlﬂIfIy compatiblé wit conventional manuFacturing
methods or processes awthtectinglotiasic of Rsathblaimaportzen aspedeoftthapsresestrfavestion is that it

valuably suppeiisi@ AdRAHICES e Rien cal Le g SRR HASEmSIIRIEXRY Systems, and increasing

performance. These and othér valuable aspects of the present invention consequently further the
state of the technolOgif ¢ et I8HLthar fBIatRyEl Cleanifge RS AR AL DR HESEriTetN
conjunction vgithaaspegifiechastamadeldirsiohte nadersaatddiatDnany altermalives:amogifications, and
variations will be apparent to those skilled in the art in light of the aforegojng description. Accordingly, it is
ended to eHBTAD L o e AL A A o e of e
included claimisculllipavattgirs hitkientof8eos dlforihrh@redn thasHowepinader deeamisdnyidd@rawings are to be

interpreted inga,iigtative ARSLNBRIMEIRY 8eNES-vIWVRES IBRIRINGDiStess shef A06HIRG Bhpanufacture of
an integrated C'Il‘(tZ'UIt palgzlila r|(r)1pg system comprising:
printing or ba .

It has been discovered that the sidewall 230 of the 3D via 106 having multiple sloped
surfaces at different angles due to a combination of different laser sources provides improved
reliability because the multiple sloped surfaces of the sidewall 230 provide additional surface
area for the top solder bump 104 to be attached. The additional surface area provides
improved structural integrity of the top solder bump 104 for stacking another package or
component over the integrated circuit packaging system 100.

It has been discovered that the uneven surface of the warpage balance layer 102, the
package body 108, the inter-react layer 226, and the top insulation layer 220 which form the

sidewall 230 of the 3D via 106 provides improved reliability. For example, the uneven



providing an integrated circuit die; encapsulating in a package body the integrated circuit die; applying an
inter-react layer on the package body; forming a substrate on the inter-react layer, the substrate having a
top insulation layer and a top conductive layer; forming a 3D via through the package body, the inter-react
layer, and the top insulation layer for exposing the top conductive layer in the 3D via; and depositing a top
solder bump stirthee 31 thinsode tridl 1o aunddetivectagrsed surfape Tirpa fvetthe dorsseldemesnin EMine 1 further

comprising appiviRgr&WaiRag pARBESHaNEr PR ad@ep surface of the package body and the integrated
circuit die. 3. The method as claimed in claim 1 wherein forming the 3D via through the package body,

the inter-react layer!' 248 PRl amerdibat ayerRIPLigodinguHBltdBseBndirlilag AP 4D via
includes: formiNgadecasstomiine peckdga b ooty iwithe antitrdaser)gnaviaemimgravacle: Hatdligaa remaining

Frion of o EK, 5 R S RIS Mg g o ooosi

connectors t@ thenbabefigdralenges. An IR laser, especially at low power, is inefficient at ablating a hole
or via on transparent and semi-transparent materials including transparent dielectric film,
some kinds of the warpage balance layer 102, backside protection tape, or the inter-react
layer 226. Thus, use of a low power IR laser can result in un-removed bits of the inter-react
layer 226 or the top insulation layer 220 due to inefficient removal of transparent or semi-
transparent materials. Using a high power IR laser to expose the contact pad 228 through the
package body 108 will avoid the problem of un-removed material but can cause the separate
problem of delamination between the contact pad 228 and the middle insulation layer 216.
The UV laser is much slower than the IR laser at ablating both transparent and non-
transparent material and leads to some difficulty to achieve high throughput, but does not
cause delamination problems. Thus, the use of a high power IR laser to quickly create a hole
in the package body 108 followed by the use of a UV laser to ablate the remaining layers,
including the inter-react layer 226, which is transparent, will lead to high throughput without
delamination problems.

It has been discovered that the inter-react layer 226 provides improved reliability
because the inter-react layer 226 functions as a barrier to selectively block particular forms of
energy applied on a surface of the inter-react layer 226. For example, the inter-react layer
226, being transparent, can provide a way to ensure an IR laser can be changed before
reaching any insulation layers to a different laser source to reliably form the 3D via 106
through the top insulation layer 220 without delamination between the contact pad 228 and
the middle insulation layer 216.

It has been discovered that a combination of multiple lasers, including the IR laser
and the UV laser, for forming the 3D via 106 provides improved ablation accuracy because
the laser source with a narrower beam width is used to partially remove the inter-react layer
226 and the top insulation layer 220. The laser source with the narrower beam width than a
laser source with a wider beam width allows the ablation to be performed with precision
directly over a predetermined location of the top conductive layer 218 thereby providing

improved ablation quality.
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5. The method as claimed in claim 1 wherein forming the 3D via includes forming the 3D via with a
sidewall having a stepped multi-slope shape. 6. A method of manufacture of an integrated circuit
packaging system comprising: providing an integrated circuit die; encapsulating in a package body the
integrated circuit die; applying an inter-react layer on the package body; forming a substrate on the
inter-react layer, th&ksighsngateomaind ¥top itktiration [sheyand ot pebahdeciversiet: Hbiging a

warpage ba'%ﬂ&iﬁﬁ%ﬁf@ﬁf&ﬁ@ﬁﬁ@ﬁ@fé@ Qfithe Fﬁ%l& ﬁgbﬁ’ﬁ‘{eﬁ{"%ﬂ&eﬂﬁ%ﬁ&r g iGEH dig; fRrming a 3D
via through the warpage balance layer, the package body, the inter-react layer, and the top insulation

layer for exp@EHGHEIL ¥onddeEhegelOn rludes Rao Alia Lah Uy O LbidEr Bt R the 3D via
on the top conejctivepaysing in .phtiegaaihddibs okapgned inicl#aindié iwhebkickdegoajipgiibedtop solder

Eg%%gt?vg‘f gﬁ@rr_-‘%‘e’g‘cqlf%k‘{eoha & NGEeR AGPOSIBR IS IRPERIASE RUMRQR 3 CANIAGLRAG Qf the top
layer, the substrate having a top insulation layer and a top conductive layer in a block 708;
forming a 3D via through the package body, the inter-react layer, and the top insulation layer
for exposing the top conductive layer in the 3D via in a block 710; and depositing a top solder
bump in the 3D via on the top conductive layer in a block 712.

Thus, it has been discovered that the integrated circuit packaging system 100 of the
present invention furnishes important and heretofore unknown and unavailable solutions,
capabilities, and functional aspects for an integrated circuit packaging system with substrate.
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
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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8. The method as claimed in claim 6 wherein forming a 3D via through the warpage balance layer, the
package body, the inter-react layer, and the top insulation layer for exposing the top conductive layer in
the 3D via includes: forming a recess through the warpage balance layer and in the package body with an
IR laser; and forming a hole through a remaining portion of the package body, the inter-react layer, and
the top insulation layewaiitklained isser for exposing the top conductive layer. 9. The method as
claimed in claim 6 forming a 3D via through the warpatge balance layer, the package body, the inter-react

layer, and the top insulatioh 18&FHr YxIBEMG THESoB c AR IR ETE R er TR ePIER T VUEE: forming a

hole in the waspagRibglance layer with a UV laser; forming a recess in the package body with an IR laser;

and forming a hole through arer eairglrelggrc():mpg.gf the package body, the inter-react layer, and the top

insulation layer witt the aser for exposing t e top conductive layer. 10. The method as claimed in
claim 6 further comprizsipyletingactinechaec hislyrtiethicztkddiectot tie; top conductive layer.  11. An

integrated circuit p%@g@aﬁxﬁmgmg%]@mh@ﬁ&%@ggmwng a top insulation layer and a top
conductive layer; an inter-react layer on the substrate; _ ) )
forming a substrate on the inter-react layer, the substrate having a top insulation layer

and a top conductive layer;
forming a 3D via through the package body, the inter-react layer, and the top
insulation layer for exposing the top conductive layer in the 3D via; and

depositing a top solder bump in the 3D via on the top conductive layer.

2. The method as claimed in claim 1 further comprising applying a warpage

balance layer on a top surface of the package body and the integrated circuit die.

3. The method as claimed in claim 1 wherein forming the 3D via through the
package body, the inter-react layer, and the top insulation layer for exposing the top
conductive layer in the 3D via includes:

forming a recess in the package body with an IR laser; and

forming a hole through a remaining portion of the package body, the inter-react layer,

and the top insulation layer with a UV laser for exposing the top conductive

layer.

4. The method as claimed in claim 1 further comprising attaching bottom

connectors to the substrate.

5. The method as claimed in claim 1 wherein forming the 3D via includes

forming the 3D via with a sidewall having a stepped multi-slope shape.

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

providing an integrated circuit die;

encapsulating in a package body the integrated circuit die;

applying an inter-react layer on the package body;

forming a substrate on the inter-react layer, the substrate having a top insulation layer

and a top conductive layer;
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an integrated circuit die on the substrate; a package body on the inter-react layer and the integrated
circuit die; and a top solder bump on the top conductive layer, the top solder bump in a 3D via formed
through the package body, the inter-react layer, and the top insulation layer for exposing the top
conductive layer in the 3D via. 12. The system as claimed in claim 11 further comprising a warpage
balance layer on a tplsindatevefnee fabkigdbetyarid tvesiiees arb dheireadkatie body 18dThe system as
claimed in claim 11 wherejdhe@P-Mapag a sidewall having an uneven surface. 14. The system as
claimed in claim 11 further comprising bottom connectors on the substrate. 15. The system as
claimed in claim 11'RREPSIA TR DRy LS WaRaga hHaRAR e s pagkasaiiodopedhigsacact 16, The
system as claimed in clairaykl, fardhée egniprigangn dawarfagepbsilante tayeonduaitepsuifaceaof the
package body and the int%g%g;daggcuit die; and wherein:

depositing a top solder bump in the 3D via on the top conductive layer.

7. The method as claimed in claim 6 wherein depositing the top solder bump on
the top conductive layer includes depositing the top solder bump on a contact pad of the top

conductive layer.

8. The method as claimed in claim 6 wherein forming a 3D via through the
warpage balance layer, the package body, the inter-react layer, and the top insulation layer for
exposing the top conductive layer in the 3D via includes:

forming a recess through the warpage balance layer and in the package body with an

IR laser; and

forming a hole through a remaining portion of the package body, the inter-react layer,

and the top insulation layer with a UV laser for exposing the top conductive

layer.

9. The method as claimed in claim 6 forming a 3D via through the warpage
balance layer, the package body, the inter-react layer, and the top insulation layer for
exposing the top conductive layer in the 3D via includes:

forming a hole in the warpage balance layer with a UV laser;

forming a recess in the package body with an IR laser; and

forming a hole through a remaining portion of the package body, the inter-react layer,

and the top insulation layer with the UV laser for exposing the top conductive

layer.

10. The method as claimed in claim 6 further comprising connecting the

integrated circuit die to the top conductive layer.

11. An integrated circuit packaging system comprising:

a substrate having a top insulation layer and a top conductive layer;
an inter-react layer on the substrate;

an integrated circuit die on the substrate;

a package body on the inter-react layer and the integrated circuit die; and
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the 3D via is formed through the warpage balance layer, the package body, the inter-react layer, and the
top insulation layer for exposing the top conductive layer in the 3D via. 17. The system as claimed in
claim 16 wherein the top conductive layer includes a contact pad in direct contact with the top solder
bump. 18. The system as claimed in claim 16 wherein the 3D via has a sidewall having a steeper

slope of an upper sed¢eipsrterbanopehsftancwehuseetitayer, theyopFhidasytamiag Slairmedimadaim 16

wherein the inter-react laygfjgJfans paieite Yod¢idiarsRal@Mhyer, aRP thEEpSYsiemAI Faifed in claim

16 wherein the integrated circuit die is connected to the top conductive layer.
exposing the top conductive layer in the 3D via.

12. The system as claimed in claim 11 further comprising a warpage balance layer

on a top surface of the package body and the integrated circuit die.

13. The system as claimed in claim 11 wherein the 3D via has a sidewall having

an uneven surface.

14. The system as claimed in claim 11 further comprising bottom connectors on

the substrate.

15. The system as claimed in claim 11 wherein the 3D via has a sidewall having a

stepped multi-slope shape.

16. The system as claimed in claim 11 further comprising:
a warpage balance layer on a top surface of the package body and the integrated
circuit die; and
wherein:
the 3D via is formed through the warpage balance layer, the package body, the inter-
react layer, and the top insulation layer for exposing the top conductive layer

in the 3D via.

17. The system as claimed in claim 16 wherein the top conductive layer includes a

contact pad in direct contact with the top solder bump.

18. The system as claimed in claim 16 wherein the 3D via has a sidewall having a

steeper slope of an upper section than a slope of a lower section.

19. The system as claimed in claim 16 wherein the inter-react layer is transparent

or semi—transparent.

20. The system as claimed in claim 16 wherein the integrated circuit die is

connected to the top conductive layer.

14



