RELIABLE SURFACE MOUNT INTEGRATED POWER MODULE BACKGROUND OF THE INVENTION
[0001]Embodiments of the invention relate generally to structures and methods for packaging
semiconductor devices and, more particularly, to a surface mount packaging structure that yields
improved thermo-mechanical reliability and more robust second-level package interconnections.
[0002]Surface-mount technology is a method for constructing electronic circuits in which surface mount

components or packddek 48 oAt e M Yhtd thd 5ERAERP FiéER MU ds (PCBs) or other

similar external circuits. In the industry, surface-mount technology has replaced the through-hole
technology construction method of fitting components with wire leads into holes in the circuit board. [0003]

One commo 0 ' -mounted is a power semiconductor device, which is a
AR R B VN

semiconducto asas ler in power electronic circuits, such as switched mode

power suppligsdy eXamigindast Rowe" REEAANJLGEer (a¥IaRy EHIMMECHHR FRTHsHiaHpn mode

(i.e., they are either on or off), and are therefore optimized for this. Many power semiconductor devices
are used in GHIGRLGEE PHRRIUSIPIEANIGHS At AM RSHSRETY 9 SUHAGR HIRIBIIRASKIARNt and
support a largeucaliagrat!yidse, ingh valtagennowedsarac osliibilioy devieesarebastfacenmdsated to an

external circuigcl?(\{1 way, eor}‘: fqelo] I(()arrlsoverlay (POL) packaging and interconnect system, with the POL
package alsd’ proﬂdlng a way to remove the heat generated by the device and protect the device from the

external environment. [0004] A standard POL package manufacturing process typically begins with
placement of 8Mbr nSFERHNRYERISIRAYCIR ABYied JUeNsLHRIB FieCERHE BN WS/ BIYIFadhesive.
Metal intercosingets fgnt copipenéntereopaseisisase: thenmiectpgiaiedranttéhaidigieorisriayer to form a

direct metallic.co ngcti nﬂw@ Rower semic ndu?tor evice.gs), 0 as tQ f&)rr?aPO sub-maqdule. The
) circuit _boards (PC or, ofher similar” external circuts, FZdB ustry, st ace-mo
metal intercofineécts may beinthe form of a low profile (e-g.; l€ss than micrometers thick), planar

interconnect stuwtlogy thzasprspidesdfotholirrugbrnolearisepolagytponstRO)asy staethed antl ffidinghe power

semiconductggﬂ%gﬁmi{ﬁ%@nggqmmgﬁglﬁ] is,dhen soldgrgd to a ceramic substrate (Alumina with
[ I

DBC, AIN with AMB Cu, etc.) using soldered interconnection for electrical and thermal connectivity. The

gaps around&p@%emi onductor b%}weefn the PO %electricflager ang éhe ceramic substaatg are then filled
using a dielectd-organie TPATEral YBing ERIMEP A W PRy b PRy S HER ke il or
injection moldavicématdahgicarsgroigoiaii)ctorfoavidthesBOds paskige.or rectifier in power electronic

circuits, such as switched mode power supplies, for example. Most power semiconductor
devices are only used in commutation mode (i.e., they are either on or off), and are therefore
optimized for this. Many power semiconductor devices are used in high voltage power
applications and are designed to carry a large amount of current and support a large voltage.
In use, high voltage power semiconductor devices are surface mounted to an external circuit
by way of a power overlay (POL) packaging and interconnect system, with the POL package
also providing a way to remove the heat generated by the device and protect the device from

the external environment.

[0004] A standard POL package manufacturing process typically begins with placement of
one or more power semiconductor devices onto a dielectric layer by way of an adhesive.
Metal interconnects (e.g., copper interconnects) are then electroplated onto the dielectric layer
to form a direct metallic connection to the power semiconductor device(s), so as to form a
POL sub-module. The metal interconnects may be in the form of a low profile (e.g., less than
200 micrometers thick), planar interconnect structure that provides for formation of an
input/output (1/0) system to and from the power semiconductor device(s). The POL sub-
module is then soldered to a ceramic substrate (Alumina with DBC, AIN with AMB Cu, etc.)



[0005]In existing surface-mounted POL packages, the long term reliability of the package is limited by
thermo-mechanical stresses that are generated due to the varying thermal expansion coefficients (CTES)
of the constituent materials. More specifically, the varying CTEs of the dielectric organic material/underfill
and ceramic substrate of the POL package leads to thermal and bending stresses in the underfill and
ceramic subgtste sqlHersd iRteraeanaFitybéeicpiRsisieelsards thetmal Lieaaefil\atyd Teg£e aigystrale can in turn

lead to warpiggnaidif RackRER Y IRNPoR RiRkAfith Rpackromocermichesaliabilii disraang-level
interconnections of the package is affected. [0006]Therefore, it would be desirable tg provide a

surface-mouHEPAKIFEHEG Apan et pal st 548l geular diPutdsoriHan et h AKL8Y warpage

and thermal stiés$illsardhjébadiheopiiokagel didpbolityoorids tonfdroytieROtapableagmproved. It would further
be desirable for such a package design strategy to improve the reliability of the second-level

interconnectpes PRIFFREAG RIREION (e P INKFATHION 9007} mhadimeois afihggyention
raw

overcome the aforementione backs by providing a surface-mount package structure that yields
improved thefm TR nIREIPeIRBHIAN Al Theites dBtls S oIkl adk a8 irerRgnietdhs. [0008]In
accordance \siifnienaspeitiohtheCmEendidtheacsisfacamatat gtiucoe ispelitidies g, sub-vagdige having a
dielectric Iay%r.r%rgd ﬂhlga |t|8<§e semicondugtor Pevic%lfltatgghed to the d{'elect%ighlgiggr;witq(each of the at

least one senficonductor ewcréciﬂrccf%fﬁwa] aaesrb%g{}%% compc():g{a{’ltgn of Sétjgsef%tl%gn Uclor matenal The

sub-module #tedsitciheesah firdbRagi idiessbatisrdomHedaréilt g csrefaictdebdtiattouphesetthehmat least one
semiconductgr Agyigs thalsdendmdhouehiviag fermad dwarab e idislpritiulayfasingoiqe connected

to the at least one semiconductor device and a second level input/output (1/O) connection electrically
coupled to thePffa8Gevel YAl EEREYhrdict B uPRHEUN LRSHISed Bh tHMBIRCHIE 18589 dide opposite

the at least oinesemMicamyoiahe pxiregdheasreerad level 110 connection configured to connect the
sub-module to an external circuit. The surface-mount structure also includes a multi-layer substrate

structure havigghay firStradRee ANELIFBEYRS SHIAEHroVRR §1hrHiG. A EASI RRESFIVRRNAUIQT device of

the sub-module is attached to the first surface of the multi-layer substrate. The surface-mount structure

further includRd2BrRERIEIA GRS eeTRBIPRY It FAHSES PeRiGHR W HEARR BRPHHE el stiETe: 1Bfer BRtd e first

surface of thedkalgelayRbsinpsiraeBaIusEITe a0 B iIepeyeartinlyoakpui-ihe ibé tRasiaeosenaiconductor

device of the syt morle, the ane o nore, dilectic materinls configuied I L1 gaps,n the
surface-mounlpsfru ur 69(1(3‘S prO\%Ie aral iona StI’UCk%UI'% in egﬁ%y there\fo. '

BRIEF DESCRIPTION OF THE INVENTION

[0007] Embodiments of the invention overcome the aforementioned drawbacks by
providing a surface-mount package structure that yields improved thermo-mechanical

reliability and more robust second-level package interconnections.

[0008] In accordance with one aspect of the invention, a surface-mount structure includes
a sub-module having a dielectric layer and at least one semiconductor device attached to the
dielectric layer, with each of the at least one semiconductor device including a substrate
composed of a semiconductor material. The sub-module also includes a first level metal
interconnect structure electrically coupled to the at least one semiconductor device that
extends through vias formed through the dielectric layer so as to be connected to the at least
one semiconductor device and a second level input/output (I1/O) connection electrically
coupled to the first level metal interconnect structure and formed on the dielectric layer on a
side opposite the at least one semiconductor device, the second level /O connection
configured to connect the sub-module to an external circuit. The surface-mount structure also

includes a multi-layer substrate structure having a first surface and a second surface, wherein
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[0009]In accordance with another aspect of the invention, a method of manufacturing a surface-mount
packaging and interconnect structure includes the step of constructing a sub-module including at least
one semiconductor device and a packaging structure formed thereabout, with the step of constructing the

sub-module further including attaching the at least one semiconductor device to a dielectric layer, forming
a first-level niegailiteastoncoipnteeringtatpevitrepfitie qibteasdlenantizebemitothefith sidachah®alielectric

layer to electieatlyfaroaskiadherat lsasi@ARMIGIRAHCIORASYIRBILBRI JRBING BRI e Vel
input/output (110) connection on the dielectric layer on a side ?Iﬁf%os'te the at least one semiconductor

device, with tREERE RPTERIES 105 Ao N B HHGURYE S Ub e Y the WiRsE RS dthe B EhI&&Emal circuit.
The method ausetiatel stlesitizeante pt dédsirpainigliy sibbstrate stleaiuvadamitcohdienadeitevtiiistrate layer
and frst and SeRR e Al Yer s 0 opResing SRR s enis SRR N Ruchdiat the frst and
second metallic layers form a first surface and a second surface, respectively, of the Substrate structure.
The method foethéslivcluthexnehy astisl s ¢stitenratising el silbontydiaeetd the first surface of the substrate
structure and providing a dielectric filler material between the dielectric layer and the first surface of the
substrate strjotosg, the digleckicdilathnaatetial Bpéeast partialbhaocapmdmdoptheaatfeastiona
semiconductgy, evice of e submaduie, J040lIn aecorsianse withel anather aspagt of thg invention, a
power overlay SLTpaclPagln SthiCture heludes & POL sub-modu e%aovmg 8 dielectc layer, a plurality
of semicondusedbidelickdingtathisdstoaige stisslisondodtyedew dirstridvel packsaobtanecuetigctioranedectrically
coupled to the pluralify aiRemicasuFiadRYitRg ardsextrREing fhntohuiatdpunahinanguthe dielectric

layer so as to be connected to the plurality of semiconductor devices, and a second level interconnect
structure to dREEHIRAIRGBIAPITi0s BHEeLAR-ARBRIE d9¥sh Extairmf dreitp e g INBrcBeicond level

interconnect studaity & eaniy igisg driel uialisxehsoltesugunups formediexetribaagielestksiedayeanyand first level

interconnect structltjre ?}pd ?qnfigured to mak atn interconne %ion fo the exte(mal ircuitt]strycture. The
.conne%c to the aI east on SemICOHfTUf or dew%a anpp 0 mmt% a s}gcon ével inpu ?ugut
POL packaging structure also’includes a multi-layer substrate structure having a first'surface and a

second surfadé)itmneeipluralityeotliststicotayecton desiitespppsite PO ktskeshmduieieinduateached to the
first surface of{ie M- RLelSHRF TR $IE ChtRcdbe wW%'ﬁ?éﬁefos%’rfﬁEﬁed%rélfﬁ%%d&ﬁéh% BPL

packaging structure further includes a first direct bond copper (DBC) layer forming the first surface of the
multi-layer sk Qirituré"s %@Wd%@@%fgﬁn?%@ tAk 19ERHI S B RsEa STHE MBIt Ay er

substrate strijjgiluces an@draceeapiigdayRsr saadiKe aed seedweaiattne fisgtarsh spposingRBIES leyees. The POL

packaging structure further includes an encapsulate positioned between the dielectric layer and the first
Cortace of e TR e G At e o L PRSI A, BB U B e Bncluctor
devices of theesurist sictdote r{eIBLt{ehyest the slbshieie sttvanragdhandtieat firekewilidieden dine stepslily

understood fegmyihs o) auingdiaiilng desriptipn piriclericd eRbadinANE of he fyealigndhat is
provided in connection with the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS

[0012]The drdf/RTGaGiIRIMSFARAEH SeRNERT S5 S4Bt conRnAIfh 88 fHPCarFAfRY YutthebiiEtion.

structure, the dielectric filler material at least partially encapsulating the at least one

semiconductor device of the sub-module.

[0010] In accordance with yet another aspect of the invention, a power overlay (POL)
packaging structure includes a POL sub-module having a dielectric layer, a plurality of
semiconductor devices attached to the dielectric layer, a first level interconnect structure
electrically coupled to the plurality of semiconductor devices and extending through vias
formed through the dielectric layer so as to be connected to the plurality of semiconductor
devices, and a second level interconnect structure to electrically couple the POL sub-module
to an external circuit structure, with the second level interconnect structure comprising a
plurality of solder bumps formed over the dielectric layer and first level interconnect structure

and configured to make an interconnection to the external circuit structure. The POL



[0013]In the drawings: [0014]FIG. 1 is a schematic cross-sectional side view of a power overlay (POL)
structure according to an embodiment of the invention. [0015]FIGS. 2-11 are schematic cross-sectional
side views of a POL structure during various stages of a manufacturing/build-up process according to an

embodiment of the invention. [0016]FIG. 12 is a schematic cross-sectional side view of a POL structure
according to BAssaaEcsBRIdierRish BEthdes BnlibnyDETAI#OSDERCRITIONIGD T faEerafddiments of the

present inverEem Proviee: fotit SHEFRRRIMOU RAGkadR b8V INg iepraved Brermanmerhdnisahgeliability, as
well as a me%ftl%(gh(g(fj f%rmgnﬂrgtuguhrfgcguorﬁﬁg _rmj?tlij—ﬁ]atly%?%ﬁas reaite structure. The multi-layer substrate

structure of the POL packaging structure further includes a first direct bond copper (DBC)

layer forming the first surface of the multi-layer substrate structure, a second DBC layer

forming the second surface of the multi-layer substrate structure, and a ceramic layer

sandwiched between the first and second DBC layers. The POL packaging structure further

includes an encapsulate positioned between the dielectric layer and the first surface of the

multi-layer substrate structure and at least partially about the plurality of semiconductor

devices of the sub-module.

[0011] These and other advantages and features will be more readily understood from the
following detailed description of preferred embodiments of the invention that is provided in

connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  The drawings illustrate embodiments presently contemplated for carrying out the
invention.

[0013] Inthe drawings:

[0014] FIG. 1 is a schematic cross-sectional side view of a power overlay (POL) structure

according to an embodiment of the invention.

[0015] FIGS. 2-11 are schematic cross-sectional side views of a POL structure during
various stages of a manufacturing/build-up process according to an embodiment of the

invention.

[0016] FIG. 12 is a schematic cross-sectional side view of a POL structure according to

another embodiment of the invention.

DETAILED DESCRIPTION

[0017] Embodiments of the present invention provide for a surface-mount package having
improved thermo-mechanical reliability, as well as a method of forming such a surface-mount

package.



[0018]Referring to FIG. 1, a surface-mount packaging and interconnect structure 10 is shown according to
an embodiment of the invention. In the embodiment shown in FIG. 1, surface-mount package structure 10
is in the form of a power overlay (POL) structure, although it is recognized that other surface-mount
package structures are considered to be within the scope of the invention. The POL structure 10 includes
one or more E¥¥tondetesintetacel@) 12atsrtieethatinhdeclampgtenthiiirIscantsbairelHie, 1dy be in the

form of a diesligfieacehRtRE 1P AN EHBIREHENI G AMEGRyNBSNOMNE EfBodintbiiegskmisandiictor device(s)
12 are provided in POL structure 10, however, it js recognized that a greater or lesser number of

semiconductS RGN RESKAGeL EHHTB L i PO e RERRT 1 PRVE' SRYRFlEYN HUfMar TG s) 12 are
packaged withinoagR Gi_isuéeogodedetiat dibérfounisce:siveat packadicstonnestiar teotiigretver semiconductor
device(s) 12, with t onnectipn.being in f f w profile. planar first-level interconnect structure,
for example. I I SO e A e TS A s 8 R S ST e 12 6
enable surfagéviselshitddhsteiietred | aetpiding o1 vatiem esxedimeriscoiey sk nadeafprmteti cittuit board

(PCB) (not shpy) o ASHHRF PEREC-RRIFIFETRIRES eROimeTH At seanpddavrbHRaenaastae) 16 is formed
of land grid array (LGA) solder bumps 17that are configured to be attached/affixed to the PCB to

electrically cdapié BB 8RR T Folthd PYEBraltD RGRMHRRY Lahase L YraSEURY T fer
interconnectionsgralsohdastbaldgiickanay (@G A sadtertumpsLceuidiaisalbe Thedemiehdadiaolder bumps
17 provide a highly religble interconnectign strugture that is resistive, tq failure in high, stress, conditions.
[00501As ShOHOER A2 1T AR KR AULB o atneu SASiE o e LU whicn
POL sub-modeneetiiors tatthe hewerseonediyaoratewrels diaryidhibe dammeatiotheesbistthecfetmueture 18 is
composed of ek ke G lerRinakAdmih adasrofHliteshprnd copper (DBC) 22, 24 bonded to

both sides thereof by a high-temperature joining process, with the top DBC layer 22 forming a "first

surface" of t cture 18 and the bottom D er 24 forming.a "second s e" of the structure 18.

For the joming i est, SHRIG R BIDS SR AZ) ER P e PR B3 e R iea on. for

example, w Gugfasmpost ruslurei aiteiderzed digilidosupiitegle petded he top DBC
I hédrieretirb RO ugs togoffaherRpla grusturaitiie atitelderrahdigilidosudhitagie petded h

layer 22, or "diggids 0P lﬁg(ﬁb%@%ﬂ%@&%ﬁ%&dﬂ%ﬁéﬁh}ﬁ&?ﬁ@?ﬂ@é&ﬁ%‘?ﬁ fifiBgedBrRabiin the layer

as desired based on the humber/arrangément of semiconductor devices 12. The bottom DBC layer 24, or
"non-die side/OFCRRFEPN &f thEorarkeidansrdHe aubstided saRlesn i TBS< dhekans enpariedyCexposed to

provide efficipatdnaeiddamsiet avt tieorTkad csitapiuteubie \Whikoeferatute abovetandosre below as

"DBC layers," it is recognized that aluminum can be used instead of cpopper gas the metal layers, and thus
such an ot E AR B e R P DL e R o PR BN B layers
here below isetiearitopsnconhats dsulsstratéhstrucireold® tHaninelldgxs eshde s biphlyrslidzble metallic

material 22, A4Sy A% AARBERAT AKRIRLTRQAERO RAIhNNES phafRrAMIC tile (e.g., alumina) 20. As

shown in FIG. 1, a dielectric material 26 (i.e., "dielectric filler'material”) is also provided on POL structure
10tofilling in the POL structure 10, s to provide additional structural {ntegrity tq POL structure
10. Accorcin 3 the Ao TMHarL o Ko s AL Ed i FIE e & ILGHEN RSP s n the
form of a polymwtiu:quiﬂetﬁll\@igh, E@ﬁlla@m@biﬁllm ﬁm_«ﬂt&Meo\deﬂﬂ;geﬁwp&uﬁtee@ﬁuﬂWa or mc_)lding
compound. Allarnatyely mﬁé%@&r%','sﬁ?ﬁc‘fﬂ?&?dé??@oﬁﬂ&afd'Bfge[ CAGhEGIRIMUNAESRGHIIS filfp 2 12, LIS

recognized that the dielectric material 26 could be formed from a combination of a céramic or dielectric

sheet and an&@HRIOHECHRIBE FRPAMRIR RSt Zb ReRGEN 0 RS CHRBRIUNGR hilidsRPS/Ecapsulate).
[0021]The P@linsigusistassl fvith ke tob iD it mfermedosmaty thatiteseaagsrdbiave! hackrgad/gheonnections

16 are provided on thegbic%til?vel ig%eiconnect side, féw s?cond- et el interconnection ﬁg a PCB or other
external circd ?J?ﬂtéogb ¢ @HstruchOnSt PorhuRUreso Yie sSWﬁWSe theh 8t Shical
reliability andmors, roftstse bozihe wetl pdicichdg®rid Gecomregitio msaychalemployied dagserion efectrical and
thermal perfc?ﬂ?r"f‘lﬂfe?whether tile 20 is composed of alumina or aluminum nitride and silicon nitride, etc.

The top DBC layer 22, or “die side DBC layer,” of substrate structure 18 is then etched after

firing, to pattern the layer as desired based on the number/arrangement of semiconductor

devices 12. The bottom DBC layer 24, or “non-die side DBC layer,” on the backside of the

substrate structure 18 is left fully or partially exposed to provide efficient heat transfer out



[0022]Referring now to FIGS. 2-11, detailed views of the process steps for a technique of manufacturing
the POL structure 10 of FIG. 1 are provided, according to an embodiment of the invention. As shown first
in FIGS. 2-9, process steps for a build-up of the POL sub-module 14 are provided. Referring to FIG. 2, the
build-up process of POL sub-module 14 begins with the placement and attachment of a dielectric layer 30
or "flex layerfromdhg ff@tétatetiraite. 3VhTiserefriredticabgie Bul ikeiig Beborvan dPRAAAYieTatidh dr film and is

placed on fr%t%gﬁfi&ﬂtﬁﬁt %’t%rﬁﬂr@ﬁﬁ‘ﬁ&’r?b%tﬁgéﬂtlhgb'&m&‘&%M%MB ﬁ@i’&lq ¢ BialrriRuetosile 14.

According to embodiments of the invention, the dielectric layer 30 ma rmed of one a plurality of

dielectric mafSPRAdING LS Copaldatsgy Uit dhs, %ORA S AR SR len ‘I"ﬁf tiheipolySifone
materials (e. g;ayéﬂsi’eﬁeﬁe Baole!3) nenstotbeopplsn e siibsi st siuasi@ ﬂaulﬂmn(stﬂbs)@lhymem(h@P) ora
polyimide m As showy F C r|n tric | me structure 32,
an adhesive g?y[ei;" jéc 315? & agr% 0 ggﬁe I’Erl %}3 {0 pﬁ% Fpura(?f%? P \glpé?sé/(gg ?%1 S?n‘%ié through
the adheswecleiyé}ieﬂl%lfﬂjgdléléﬂﬂ@)IéQerAQCBf@wnIusﬁKieél if qhﬁ@CWlCAﬁﬁiémir@tG @m’ldtﬂ!ﬁﬁﬁ@ﬁts of the

invention, the;yiasmampy RAILMEHIY WAYSIT srdser-ablalian fr dasshdrlling PspGasR passma etching,

photo-definition, or mechanical drllllog processes. In a next step of technigue, one or more 'semiconductor
devices 12 (&% opERYdenAdeiia Rk e s G0 or b SHEHERYSC k&yeré@?Bﬂ?\%y‘%ftgaheswe layer
34, as illustrag@dotihéct. & . POL Seaigter e seonadndictar, devideschictoatigigic2edd ay eve3d0rihef

semiconductor dFV|ces 12({%?'”%]%?0' on adhe(Per\ﬁé yer ?f4 and (%h he%%lve :flhel Pen cured to secure

the semlcon(?uc?(}/m é{ﬁcuep cf%?ec%ﬁlcliayer CCOI’ ng (0] oné em mént eeoirnventlon

and as shomeNgsf:@ns@lmcbonwctoatd@m@gdlasm\au be dﬁmﬁ@emwnegwmetguﬁtalh witdler to
increase a thigknessheight of A RerieERILERRORW Gelezuft GRRBEAISSUR A ldBeXPm&aP'HsTed to one or

more of semiconductor devices 12 in order to increase its thickness/height so that the thlckness/helght of

all semicond G EREAREY 1 F8TaRNfaICArH eeptick ¥6PiadRdofinaddiinnebitkletliu dlite 813818l planarized.”

[0024]While thed@fmsatinsldihyiaspouidouditadhesiveapsyried4 and dielectric lamination 30 is shown in
FIG. 4 as being performed prior to placement of semiconductor devices 12 onto adhesive layer 34, it is

recognized thgg e p'ﬁ*ﬁ@'ﬁ@ﬂts%éﬁ%"i@'b‘?%@rP%Wﬁt?éf&%n%@‘él%l?ﬂ%ﬂrttEH@cB‘Hd"l%\fé}r pAgkiqp. Thatis,

depending on constraints imposed by via size, semiconductor devices 12 could first be placed on

adhesive Iayg%&%acaﬂé]%&ﬁc%?yé’ir %d%tﬁr\th@?/lé%s%@\é‘ﬂb%ﬂﬁ%’ﬂﬁﬁ?tbém% f%?&%ﬁdré‘?}%ons
correspondingttecanplotadiiyod PeBadizateisetsitaahoidiait cqn@epémﬂda@ﬁst(mtoﬁhﬁwm)_f@rmﬂ@n

semlconductgé Ep%?gr%%v%l her@?é%h%clga %ﬂggl? rr%ognd#) ,%egé'lde% p&g uId §employed

as needed. [ SAd" M Secii Nductor 2 on the
dielectric IayeDrBlB(awdSthé fdmgamdh fpeiis sﬁpm@mas Berana ptefanven(such as through a reactive ion
etching (RIB) desoot process) and subsequently metalized to form first-level interconnects 38. The

fi:st-leveil me[aquercmmm@?pﬁme B{msaﬂmioaaan!ehﬂﬂm@bh ﬂtﬁ@mbilfé%iﬁép@if]@%wt&fﬁmq@{ﬁ N
eectrop ating a 9]} tions, a itisre at other electroless methods, of meta eposmon
Cold 1o bR e Ut A gt Bl C U Doy BT R e ol via
a sputtering p:hfe)dewltfmﬂow@edst\mnfﬁmandij&ﬁn@@romﬁh&pm&eaﬁwl@cwp|olﬁrtb$§61_thebeopper toa
desired level ,[hgapRligd W&Fﬂeﬂ“a@é@riﬁ%‘%%%bﬁefﬂié%‘i'miﬂﬁtk%@@& SEeAeabinisgeanects 38 (i.e.,

first level interconnects) having a desired shape and that function as vertical feed-throughs formed
through dieleRq8iRIayE: Be &H@PH@H&%“O@\@?E‘F‘Q’E of R ipleedi Gty e SRrREctdesdayrte AR atTFRBIR

structure 32. The dielectric layer 30 is in the form of a lamination or film and is placed on
frame structure 32 to provide stability during the build-up process of POL sub-module 14.
According to embodiments of the invention, the dielectric layer 30 may be formed of one a
plurality of dielectric materials, such as Kapton®, Ultem®, polytetrafluoroethylene (PTFE),
Upilex®, polysulfone materials (e.g., Udel®, Radel®), or another polymer film, such as a

liquid crystal polymer (LCP) or a polyimide material.

[0023]  As shown in FIG. 3, upon securing of dielectric layer 30 to frame structure 32, an

adhesive layer 34 is deposited onto dielectric layer 30. A plurality of vias 36 is then formed
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circuits and/or connection pads (not shown) of semiconductor devices 12, through vias/opening 36, and
out across a top surface 39 of dielectric layer 30. [0026]As shown in FIG. 8, a solder mask layer 40 is
applied over the patterned metal interconnects 38 to provide a protective coating for the copper shims

thereof Alternative to solder, it is recognized that the layer 40 could be composed of some metal material
other than sdftiéngsube aEesivsr INIEAG4 A GieRatsh el BOFISIBIStHaed dadnid-18vehetoriifgritonnections

16 are applieghig,apidRtsBefE ARcAdORIRIThS stelestiie layREBRy W98 smaedimeih b Qaser

interconnections 16 are formed as LGA or BGA solder bumps 17 that are soldered to solder mask 40 to
enable surfaS8 HELABAEHAANTB GIERY, ATREL-HSTIBUeN K SPRclABIcAl NG SHEESBunTbE 1% brovide a
highly reliabletgecbtedHeivat ntercommectiomistnutice thaics es(stivethvetashmeondugbradeeieg)onditions.
[0027]In completingd the, build-up. of P b-m e 14, the POl sub- le 14 is-singulated and
removed fror# rf%lemc(aertes I’tl,(I)C béjg ﬁéggg/ %tsgtﬁa}{é/vdaﬁ%éh%s% (I:a %p%tgérﬂ%%gﬁé-%%gﬁg 14t[|3§ thus
provided thaseselades ssarsiishgiastaedessidddol diefpeitielyEhadidhmsentoontictaraB ings flhatton as metal

vertical feed-HyQidabo aBReSHE AR Mell (A tRFcRRRI RNRCHEIRE K REGrMANBEINR Gidatdr Sub-module

14 to an external circuit, such as a PCB. The POL sub-module 14 is handled as a component or
multi-chip mOGUIEE fB0TBIREHESAY G ENEIRICNFErding {8 GNGiGTE HREIA AT BN BT AW ASture 10
continues widhdéha farmaeticn whrcsnisitatestisestuzanty 2 be yaipied thitkodsssudightodulerder. tbhe substrate

structure 18 is composed, of a ceramic tile (e.q., alumina).20.with die side .and_non-die side layers of DBC
5 24 bonddl T e E e REIATH LSt AINGIRR) M8 QISR RS AR SR Te O
side DCB laylera2 of siisstphrersicaoductor gavigesticrheadrdaidh isrerseaiisatibknespreighisotthaorrelate to

the number/graRgerneRiH GRBICAN AdRIROARIER Sitei @5 POL SeRimorle ek credingdqran exemplary

embodiment, the non-die side DBC layer 24 on the backside of the substrate structure 18 is left
unpatterned, 885 WEHEINI F6Y f55/¢, 18 0PI F5bVide for greater bending strength of the substrate
structure 18. Additionally the entire surface of non-die side DBC layer 24 is available for thermal
connection (i[802Akatsivkilattbe Forreatip 002 BHAS shivwghiadresive by th S4eidriiplestoictaarindtioturing POL

structure 10 ggNLRKERYNHRS aUAING BERGPheHFBIOBU I SHP IR RIEH R ies Brording to

one
onto adhesive layer 34, it is recognized that the placement of semiconductor devices 12 could

occur prior to via formation. That is, depending on constraints imposed by via size,
semiconductor devices 12 could first be placed on adhesive layer 34 and dielectric layer 30,
with the vias 36 subsequently being formed at locations corresponding to a plurality of
metalized circuits and/or connection pads (not shown) formed on semiconductor devices 12.

Furthermore, a combination of pre- and post- drilled vias could be employed as needed.

[0025] Referring now to FIGS. 6 and 7, upon securing of semiconductor devices 12 on the
dielectric layer 30 and the formation of vias 36, the vias 36 are cleaned (such as through a
reactive ion etching (RIE) desoot process) and subsequently metalized to form first-level
interconnects 38. The first-level metal interconnects 38 are typically formed through a
combination of sputtering and electroplating applications, although it is recognized that other
electroless methods of metal deposition could also be used. For example, a titanium adhesion
layer and copper seed layer may first be applied via a sputtering process, followed by an
electroplating process that increases a thickness of the copper to a desired level. The applied
metal material is then subsequently patterned into metal interconnects 38 (i.e., first level
interconnects) having a desired shape and that function as vertical feed-throughs formed

through dielectric layer 30 and adhesive layer 34. The metal interconnects 38 extend out from



embodiment of the invention, POL sub-module 14 is attached to substrate structure 18 by way of a solder
material 42, so as to secure the POL sub-module 14 and substrate structure 18 together. That is, each of
semiconductor devices 12 is soldered to the die side DBC layer 22. It is recognized, however, that a
conductive adhesive or sintered silver could also be used instead of a solder material to secure the POL
sub-module TUcIHE NESFakoRAPGHANePREstdjethehoNmolimesiaieaideet, lfvigssulte, thionehiding

compound 26;t8she fRGS%, AnPEIRLOGRAIGHaFRRaS g hisItee R RiRYiged on POL structure 10 that fills in
gaps in the POL structure 10, as shown in FIG. 11, so as to constrain dielectric layer 30 and provide

additional electrical insulation and structural integrity,1q.the POL strycture 10, [0030] As,shown in FIGS.
10and 11, aliiiing b5 AL B Tl R S R P SR sctune
18 is selectivigkprpenfentaed s Rigvidopimigetiveeepatinp defoltie sopiee0$PTA thereefiudlttmativates, it is

recognized tgdiefi§dseRIFBRtAR %Y?%W&G%ﬂ%ﬂb%ﬁ"@r SoRlEMRANRAR IS biRePIHEHE ceramic

substrate 20 (which generally has a low TEéﬂand the underfill 26 and copper pads/connections 22, 24,
38 (which gePfifally #0e 2 nith ETE M the S8R stRQMUrdM &1 GnPihHtehisFE M &ich can lead
to unbalanceihtdnesnnatisdre s srinabBihledstoussiaee AAsknifharelpyctahsdishatudtelayargaganhsading stress,

and cracking in the ceramic/insulating substrate underfill material. 26, and/pr the d-level 110
rerconmect LT O R e e R A e B e S 0 srucuure
10, and the salgraefbtansaidiingatkestantablasuifegecanaypidnthet dts/Pohrstiectnigiiiteansxisglaktive

formation of thg.sHb$HAS [EUsIHE 13- iR RHDRITANR SHAUHLIE S Binte FRKBGH (HGetified as 44)

and area coverage (identified as 46) of non-die side DBC layer 24 is selectively controlled so to optimize
thermal perfdhstahts i e eI IR TSIoRSePePiEeRRally, the ratio of a volume of non-die side DBC
layer 24 to the volume of the die-side DBC layer 22 is selected/controlled such that thermal/bending
stresses in tHeé02ddlerfilh 26 rapldtirer dhaiduilbstratt POlassrevitdel SinthieaR@busiy-toogididadteptable

levels. By proyigiingeaciii Qaab il Frofal wanetoniaere2sb O WG sHaReHiAe Bagk-2d8 fiferdadpbdie side), the

thermal expansion of the DBC layer 24 on the non-die side can counteract the underfilVencapsulant 26

expansion orf4RE AR Sid¢ df thiceranies iistiafk ges SRR dRERsTalBe Aty \GheBeids are
reduced. [00gkdachatetsnisangnhan apptRAriate viettMmeeratia/ viekinieronypslance cbibsineverigside DBC 24

to the die side DBC 22..and orresponding thick 44 and area,coverage, 46 of DBC layer 24, the
followine, factBIe ST T o R B BT A e o s he Kmouin
material propsréie€hefoof (chutinpdnte éfbistiand bdwitis corasfieie nt olthampanesplansion (CTE), and

fracture stress and toughness of the underfill material; (2) the die 12 density, thickness and spacing within
the POL subjomedyle Réra@ndyHotherdhiokness ane maisidat psppeitiena@itng cevanieustbstrage 20,

require greatel DHE VAU HLIAR DR Tea BE 3 2R madIeWAFpdoe and
bending stre3$evshiestesis garmiplians us derfilbseddratsnemjoitdelésgeralkotunap Inwitadiesside and

non-die side layers of DBC 22, 24 bonded to both sides thereof by a high-temperature joining

process. As shown in FIG. 10, the die side DCB layer 22 of substrate structure 18 is

patterned, such as via an etching process, to correlate to the number/arrangement of

semiconductor devices 12 of POL sub-module 14. According to an exemplary embodiment,

the non-die side DBC layer 24 on the backside of the substrate structure 18 is left unpatterned,

as a continuous layer, so as to provide for greater bending strength of the substrate structure

18. Additionally, the entire surface of non-die side DBC layer 24 is available for thermal

connection (i.e., heatsink attachment).

[0029]  As shown in FIG. 11, the technique of manufacturing POL structure 10 continues
with the attaching of POL sub-module 14 to substrate structure 18. According to one

embodiment of the invention, POL sub-module 14 is attached to substrate structure 18 by way



[0032] According to an exemplary embodiment of the invention, the DBC volume ratio/volume imbalance
of the non-die side DBC 24 and the die side DBC 22 will be greater than 1 and less than 2.5, for a typical
organic underfill material 26 for electronics packaging. That is, it is desired that the DBC volume

ratio/volume imbalance be in this range because a balanced ceramic substrate (i.e., DBC Ratio -1) would

exhibit high (WizargHiEsdgieni A% tpe s duse e érenBOtyslibrgnafid g idatad prlsteatr Sinckte kB (warpage)

due to high GademaismateibeiwesidhfcsRIARNE RRIiRsA PRI ARdIYRicAL QigapIB EINgRrils 26
(9-50ppm/C). By increasing the DBC volume ratig of the non-die side DBC 24 to between 1 and 2.5 that

of the die sidl BEEC 28 e B0V (Rl FRNALE U T athesti 85 PHred e S\ AlRAr %L nables
more robust seaaiddefeyaomeduiatdnts reosemctians ROL Wiith resipict todine aibevatdistedtands of 1 to 2.5,

it is recognized the DBC yolume ratio/volume jmbalan f the non-die side DBC 24 and the die side
DG 22 coul B e SRS T B s G O 58 BRI o<k s I miematch
minimized [00@B[RefdlemgaieiiahoiFi@n1movided o P(dtreusuis $hovah Bidtordiars th dho ek embodiment
of the inventign,\hei® SRRAKNIE AIRIeStiC SRS RIRHSAE QISR CRPHINIRGIF Ak dtsEre 50

between dielectric layer 30 and substrate structure 18 in the area occupied by dies 12. As shown in FIG.
12, a cerami€lBFtdfaldBEH UGS HCE PRI 0B S HiHUEHHE Myer 30 and the multi-layer substrate
structure 18, adjacent the dielectric layer 30. The ceramic/dielectric sheet 52 includes cut-outs 54 formed
therein to redéRadthe AieshovehivditGA d0lyantedd, Landerdilgntatenatxammblirignbodipentinel 36eis then
positioned betwasiAh e, FREABNYAIRICSIHSSReGHRE ANERSBIAY e HRSHRLS S YSTEnEge SO as to

fill-in gaps 58 between the ceramic/dielectric sheet 52 and the ceramic tile/alumina 20 of the multi-layer
substrate striiaUF8! PEFPHRARFD IR FEHE1ER AmiEididiedtrie Geeetizs hatilliReis & PEHBIbf the
volume in theyéteMerstivcituerfidichebyeeraiglesiindrye (SO shbskaiaisteubtutec120 aalipposed to
entirely using onl ielectric filler. material 5 ficially makes the POL stryctur less susceptible
o moisture SELBT ] Mat h R R oG AR O SR ORIl 77 yod Ao iR leture 50 s0
as to reduce @reeklhoghavelaniglelioRs rete: FO0SHBAtICEEpAEt DL WisUCTlrenBO)atcis aaTtegrized that the
volume and the [ipguithefpanaieghanical paeraloreiesaf forbyPiieCRIGHNIC disigrLic sheet 52

and the underfill material 56 are taken into account in determining an appropriate volume ratio/volume
imbalance of $lIRBRIERES Y SEBEX A 115 tihs GRECENRAIESBIRLIDG SyHTaR e SPEHEM MRS 44 and

area coverag@df6rothb Béedaygsvat 1 /Ehinelastinenipnslus, ¢eefBieul oiahwimal mxpsnsion (FHEE), and
fracture stress r]d tngﬁ\]nessl of each of tBS ceram'c/ditilgctri% stﬂeet 52 and the underfill material 56 may

differ from on& anot eer, and ?husér%ﬁseesse%atelﬁa?tf)ur%{ﬁreertles S eaghvg%rﬁgggtebgﬁlghq%nsttrae% &hsidered
when detgrnﬁr@ﬂiﬂgecvuﬂedﬁbaraﬁm/@@mhﬂdﬂmmmw PE@BB‘}'Bénr@ﬁmiaﬂnyetﬂmmetntstmbthe invention
thus provide gPQ, RarkagingARLdNRIRAPESA] Sérmmésoél)a%mﬁ%é%om-'%'&@%@9&&03 16 that

are provided on the flex side (i.e., on top of dielectric layer 30) of the POL sub-module 14 for second-level

interconnectidAersi el es& et PlaPEiRQmtim 8l e R tir EYRE nedids stals b ety 1 89BT Ale s Qv QI BHEMEE thermal
conEection. Tﬂf@ri?@ﬂ;eﬁ*?]uﬁaute] d@bQWQE@&@hWQ%%MMQFTyDﬂ}?Gd@Qﬁ@W@Fﬁh@@nﬁhﬁtjiréEdUCGS
package war thermal stress, such that the.pa religpility in m cling can be
improved. Th%agﬁc)ﬁgx AR or;[oo%\éo &qg?é&g&jéeﬁg&&%gfa% r?(?dﬁggl%(é{asg}t’(f?ge%ﬁ@éegrﬂ%gﬂ}a&psuIant
expansion onmmdvees;idieg)faﬂm&eeramimsubsﬂaféIzaﬁwmmthrmmisﬂtiQ@MSsmlamqmding package
curvature and;ahlinad s iRHksEsopt 1 markis iRgcepRReip BB uppnaig sida DBC layer

24 can be formed to %r&(zwde optimal DBC volume ratio/volumeé imbalance for a given package design

(device size, Yeth8ifysiEae Ragc tHeeVbRineHER A atisriNsrivé Hieanaie i BB Gapxeras 98ing based

on the packagig rMvALERIA @aNiEeMeridoserrBdi|RvialpssrA DY erlRRSONIth tihe dielastrist material and
insulating material's b%Qt:[jﬂij%@rength aﬂqdett%gﬁrbaq ss. [0036]Therefore, according to one embodiment of

the inventionc&a 5y sucH that ending stresses are reduced.

[0031] In determining an appropriate volume ratio/volume imbalance of the non-die side

DBC 24 to the die side DBC 22, and a corresponding thickness 44 and area coverage 46 of
DBC layer 24, the following factors are taken into consideration: (1) the volume of the

underfill material 26 and the known material properties thereof, including the elastic modulus,



structure includes a sub-module having a dielectric layer and at least one semiconductor device attached
to the dielectric layer, with each of the at least one semiconductor device including a substrate composed
of a semiconductor material. The sub-module also includes a first level metal interconnect structure

electrically coupled to the at least one semiconductor device that extends through vias formed through the
dielectric layépefdicientoobdhesnrleexsanttothéCdiib aastdofiactsenitiepulattotodaviess aidhe seesrtllevel

input/output (HeENFHiOMe 8Lt isRKRIe kY KRRdRgiRHR RERD L”%ﬁﬁ%ﬁﬂ@@tﬁ”b!ﬁtﬁg@ and formed

on the dielectric layer on a side oppaosite the at least one semiconductor device, the second level 110
connection cBIEAUFKEFES EBRNBRENHRL PN SURY (DS Rt St ksPat:, 20 dneling heo iiucture also
includes a mnitclayeastilcStEats steuehanshabsigat finst g&rré&m;esaffdra:smandmwfmzavhqmm the at least
one semicon r f th t st suface f er substrate.
The surface- IL:Jguér)lt Str ?c?te?r% uTﬂ%?l?l%ncg gg’ 8%@%%@? %Ig?e %ncongg g?la ;S}(;Etloné eatveeen the
dielectric lay&eriaptbieesisvkerdtceo obthatmudgrfay eatutattrany iserigsser e dvitiedmbalsngsartially about the at
least one semiconductor device of the sub-module, the one or more dielectric materials configured to fill in
gaps in the spodagE-mputdrsingctoramrskgnplace adﬂ&ﬂﬂnahﬁtﬁﬂthahimagmy therpBC [QaBimeA ccording to
A RNk R ATE B led ol mRedaching Aeuiassmount gk o
interconnect Stracture Inc e step O constfic INg a 50D-modute incl {eadt
semiconductthadéviod @ﬁﬁthapé’c&af@m@tsmad@reamwedﬂﬁHr@@bﬁat aﬁwfhrteiecgmpcefp@dmmmtmg the
sub-module fiyrther inclugineRiiaERDIBE FbIGASTANS SRMIEANIMEIRE deVictiomickrelis:laver, forming

a first-level metallic interconnect structure over the dielectric that extends through vias in the dielectric
layer to electPRIANSEE SAIRBNE & aiak ﬁb%lspgrqe%"’é'r?l|C9ﬁﬁ%fb?%l‘c@gEHB%?Hﬁ%tﬁe%EﬁW?&vel

input/output (RENECHRNAEkIOFT DNy theddjalaet fadkygs am\ﬁtanée(wapageyedtjﬁ@higaslmma@nductor
device, with %‘l? seco&u\d level 1190 ggectlo onf ured Ito connect h l%é'r@ e togf éagernal circuit.
The method 3iS6 mclu&ecsect?{glgtep oPr%lng a su gﬁ'a(\: e SRt |nc ACEnter substrate layer
and first and isetsepid et RO apbrmoraibppbiingasidies sida htBEe?ndo bamatls dagers shattotiia the first and
second metale Igkesnionn afis!sfReds 0 fiar aeRYLaHERG [ SaRealy el AL IDERHbSRE structure.

The method further includes the steps of attaching the sub-module to thé first surface of the substrate

structure and IY6VRIHY seerafbsiavR ﬂlf&“H’ﬂlﬂ@(@%@%&#ﬁﬂevﬁi@éﬁpﬁﬁé%?%ﬂﬂﬁé'~°ﬂ?§tré‘[lg?ace of the
substrate strgetute ztbeudiel@c@gmﬁé@tmat%r@sat \eash@adioNy eneaptialabngoihmandaast ore

semlconductBrl%%e I_)engf hed%léskfg%@%%ezz[oos tﬁ gor ng {ofyt%t(%]ﬂgé Oefrunlaner ﬂ|e| a(ﬂf ge invention, a

ower overlay packagi ur&iAtdes PO San mo havinga r|c ayer, a plurality
of semiconduwetyride\soes thettbb €0 Eontirendighde i layzad.a first level interconnect structure electrlcally
coupled to the plurality of semiconductor devices and extending through vias formed through the dielectric

layer so as tqd@ezgonrwmdﬁ@ Hugvploirality absanmiopnsti@eiedsyiResh@nel acsaranid te\wabtAégrconnect
structure to ele rﬁgﬁe the POL s b-module to, a xter% CI Ccuit stru turﬁ9 with the second level

interconnect %'?} sﬁl\’ge%t'ﬁfbr\g Fyeo?‘*ES it rddfrﬁff LRHMERDO%: tRE 4 Estrji% ng}%ﬂ%nd first level
interconnect ttmiéﬁlresandttrerﬁlg edatern nd ket | Fyeac 8A naTti onbitratee stxiennal I8 rouithstrareture. The
POL packaging siiuFw ¢ i%Ls?é”%d%\ﬁr{ﬂH'h'éy% SLBSHAR SrEbwE RAVIRg 8ISt RIIiRREANd a

second surface, with the plurality of semiconductor devices of the POL sub-module being attached to the

first surface @PfWéemdlﬁanS/@r laysstFatedihaciid - v RYONTAR F usistidcrdireRL e shielRs PO L

packaging strygitise. funth@eémﬂdaﬁeaéﬂmtgﬁmosiammwow)ﬂﬂma fmiquh@cﬁr\sé mérface of the
multi-layer su second DB e second su f the muIt| I

tr truct
meirans st RS o R e eI e SR 2B, B B LR The POL
packaging sthatigee foetberanmcldidEstan seebiisatatthpositivlager bebtsistnsthetdielé8tse dayefibnd the first
surace of iyl Gy e sl SRR Ao eac Loyl Aot s BRI PAs genducto

devices of the 0039 e invention d in detail iIn connection with only

a limited nuntBdEidaxan BN ETUEEHOUR bd e JRJ A IRRIERG oRid ApTaMIREiploEHEoP 8§ thet litlited to such

disclosed empadimentpoRriner, thevsvartignraroe sedilirdde HREVSPRERaRY Mybey Qﬁd/ariations,
alterations, suk%stltutlons ar eq ;évalent arrar&]gements not hereto &[}oﬁ;g ﬁ ?crlbed ut which
I

commensurate et %W‘f d g%c%’goé? hbon‘?OHFﬁ%n“S}ﬂSdﬂ @(‘\/551 IRYEY dﬁ%ents of the
invention haveretieinltie scakeedhe RAbL brushaerSiotedstisascappeletscofribistiny ehtamptinayamichade only some
of the described embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
10



PARTS LIST 10surface-mount packaging and interconnect structure 12semiconductor device(s) 14POL
sub-module 16second-level input-output (I/0O) connection 17solder bumps 18multi-layer substrate
structure 20alumina 22layer of direct bond copper 24layer of direct bond copper

further minimize thermo-mechanical stresses in the POL structure 50 so as to reduce cracking,

delaminations, etc.

[0034]  With respect to POL structure 50, it is recognized that the volume and the known
thermo-mechanical material properties of each of the ceramic/dielectric sheet 52 and the
underfill material 56 are taken into account in determining an appropriate volume
ratio/volume imbalance of the non-die side DBC 24 to the die side DBC 22, and a
corresponding thickness 44 and area coverage 46 of DBC layer 24. The elastic modulus,
coefficient of thermal expansion (CTE), and fracture stress and toughness of each of the
ceramic/dielectric sheet 52 and the underfill material 56 may differ from one another, and thus
these material properties for each separate element are considered when determined the

volume ratio/volume imbalance.

[0035] Beneficially, embodiments of the invention thus provide a POL packaging and
interconnect structure 10 having second-level package 1/0O's 16 that are provided on the flex
side (i.e., on top of dielectric layer 30) of the POL sub-module 14 for second-level
interconnection to an external circuit and the entire non-die side DBC layer 24 is available for
thermal connection. The POL structure 10 incorporates a stress balance-based design strategy
that reduces package warpage and thermal stress, such that the package reliability in thermal
cycling can be improved. Thermal expansion of the non-die side DBC layer 24 counteracts
the underfill/encapsulant expansion on the die side of the ceramic substrate 20, with the
resulting stress balance reducing package curvature and enabling more robust second-level
module interconnections 16. A non-die side DBC layer 24 can be formed to provide optimal
DBC volume ratio/volume imbalance for a given package design (device size, density etc.),
with the volume determination of the non-die side DBC layer 24 being based on the package
curvature requirement for second level assembly, along with the dielectric material and

insulating material's bending strength and toughness.

[0036] Therefore, according to one embodiment of the invention, a surface-mount
structure includes a sub-module having a dielectric layer and at least one semiconductor
device attached to the dielectric layer, with each of the at least one semiconductor device
including a substrate composed of a semiconductor material. The sub-module also includes a
first level metal interconnect structure electrically coupled to the at least one semiconductor
device that extends through vias formed through the dielectric layer so as to be connected to

the at least one semiconductor device and a second level input/output (I/O) connection

11



26dielectric material 30dielectric layer 32frame structure 34adhesive layer 36plurality of vias 37copper
shim 38first-level interconnects 39top surface 40solder mask layer 42solder material

electrically coupled to the first level metal interconnect structure and formed on the dielectric
layer on a side opposite the at least one semiconductor device, the second level 1/O
connection configured to connect the sub-module to an external circuit. The surface-mount
structure also includes a multi-layer substrate structure having a first surface and a second
surface, wherein the at least one semiconductor device of the sub-module is attached to the
first surface of the multi-layer substrate. The surface-mount structure further includes one or
more dielectric materials positioned between the dielectric layer and the first surface of the
multi-layer substrate structure and at least partially about the at least one semiconductor
device of the sub-module, the one or more dielectric materials configured to fill in gaps in the

surface-mount structure and provide additional structural integrity thereto.

[0037]  According to another embodiment of the invention, a method of manufacturing a
surface-mount packaging and interconnect structure includes the step of constructing a sub-
module including at least one semiconductor device and a packaging structure formed
thereabout, with the step of constructing the sub-module further including attaching the at
least one semiconductor device to a dielectric layer, forming a first-level metallic interconnect
structure over the dielectric that extends through vias in the dielectric layer to electrically
connect to the at least one semiconductor device, and forming a second level input/output
(1/0) connection on the dielectric layer on a side opposite the at least one semiconductor
device, with the second level I/0O connection configured to connect the sub-module to an
external circuit. The method also includes the step of forming a substrate structure that
includes a center substrate layer and first and second metallic layers on opposing sides of the
center substrate layer, such that the first and second metallic layers form a first surface and a
second surface, respectively, of the substrate structure. The method further includes the steps
of attaching the sub-module to the first surface of the substrate structure and providing a
dielectric filler material between the dielectric layer and the first surface of the substrate
structure, the dielectric filler material at least partially encapsulating the at least one

semiconductor device of the sub-module.

[0038] According to yet another embodiment of the invention, a power overlay (POL)
packaging structure includes a POL sub-module having a dielectric layer, a plurality of
semiconductor devices attached to the dielectric layer, a first level interconnect structure
electrically coupled to the plurality of semiconductor devices and extending through vias

formed through the dielectric layer so as to be connected to the plurality of semiconductor

12



44thickness 46area coverage 50POL structure 52ceramic or dielectric sheet 54cut-outs 56polymeric
underfill material or molding compound 58gaps CLAIMS WHAT IS CLAIMED IS

devices, and a second level interconnect structure to electrically couple the POL sub-module
to an external circuit structure, with the second level interconnect structure comprising a
plurality of solder bumps formed over the dielectric layer and first level interconnect structure
and configured to make an interconnection to the external circuit structure. The POL
packaging structure also includes a multi-layer substrate structure having a first surface and a
second surface, with the plurality of semiconductor devices of the POL sub-module being
attached to the first surface of the multi-layer substrate structure. The multi-layer substrate
structure of the POL packaging structure further includes a first direct bond copper (DBC)
layer forming the first surface of the multi-layer substrate structure, a second DBC layer
forming the second surface of the multi-layer substrate structure, and a ceramic layer
sandwiched between the first and second DBC layers. The POL packaging structure further
includes an encapsulate positioned between the dielectric layer and the first surface of the
multi-layer substrate structure and at least partially about the plurality of semiconductor

devices of the sub-module.

[0039]  While the invention has been described in detail in connection with only a limited
number of embodiments, it should be readily understood that the invention is not limited to
such disclosed embodiments. Rather, the invention can be modified to incorporate any
number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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1. A surface-mount structure comprising: a sub-module, the sub-module comprising: a dielectric layer;

at least one semiconductor device attached to the dielectric layer, with each of the at least one
semiconductor device including a substrate composed of a semiconductor material, a first
level metal interconnect structure electrically coupled to the at least one semiconductor device, the metal
interconnect structure RA®ERdiNgG through vias formed through the dielectric layer so as to be connected to
the at least ope semicongluct_or detvice' and dint a s,(?ctondt level input/output (110) connection
electrically coupled to %Hréaﬁ?sm%l{/%lpr%%ﬁ%ﬁ'wtgpcdﬂr?(re% "SFlicture aivd formed on the dielectric layer on a
side opposite $he at leashRBRIsEBIcRMAAEGIOr device, the second level 110 connection configured to
connect the sub-module to an external circuit; a multi-layer substrate structure having a first
surface and 44econd BQHauk;mudelein the at least one semiconductor device of the sub-module is
attached to the first surface of the multi-layer substrate; and one or more dielectric materials
positioned betiveen thePBRERSIEYR! 1IBRAEOHHRYRER SAWSAURE of the multi-layer substrate structure and at
least partially, about thg at |east one semiconductor device of the sub-module, the one or more dielectric
materials configured to fill in gaps in the surface-mount structure and provide additional structural integrity

thereto. 28 The surfagiearedobstaickirecairelaim 1 wherein the multi-layer substrate structure
comprises: a ceramic insulating layer;
20 alumina
22 layer of direct bond copper
24 layer of direct bond copper
26 dielectric material
30 dielectric layer
32 frame structure
34 adhesive layer
36 plurality of vias
37 copper shim
38 first-level interconnects
39 top surface
40 solder mask layer
42 solder material
44 thickness
46 area coverage
50 POL structure
52 ceramic or dielectric sheet
54 cut-outs
56 polymeric underfill material or molding compound
58 gaps
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a first metallic layer positioned on one side of the insulating layer to form the first surface of the multi-layer

substrate structure; and a second metallic layer positioned on another side of the insulating layer
to form the second surface of the multi-layer substrate structure. layers comprise first and second direct
bond copper (DBC) layers. 4. The surface-mount structure of claim 3 wherein the first DBC layer
comprises a phttdied DBC layer and the second DBC layer comprises a patterned or unpattemed DBC
layer. 5. The surface-mount structure of claim 3 wherein a volume of the second DBC layer is greater
than a vqum\é’Uﬁ éSﬁ%T'LH q)a?ér. 6. The surface-mount structure of claim 5 wherein the volume of
the second DBC layer is between 1 and 2.5 times the volume of the first DBC layer. 7. The

surface-mount structure of claim 5 wherein a thickness or area of the second DBC layer, and the
corresponding volufne, is SoHEfBMABEESH SH Bt $8BPISINE of a thickness and material properties of the

one or more dielectric matgyialecydensisuickngssoapigpgcing of the at least one semiconductor
device, and a thickness and materiaLeﬁg{?%Ej&ies of the ceramic insulating layer. 8. The surface-mount

structure of claim 7 wherein the ?rgé? ﬁérties of the one or more dielectric materials and the
ceramic insulating layer include @t lkastone of@ndicsticleviod alteshed ddfidie dtetdfcthie el ewtansion

(CTE), and fraghirgy Stresgaddougingsscondudor *a%ﬁwf%aua\ﬂgns SUWEIMEE QbRIpIRP Bhgrein a

volume ratio between the second DBC layer and the first DBC layer provides a stress balanced
surface-moufRPEERddiifY BaBTMaterconnect structure that minimizes warpage and thermal stresses

therein. 10. The surface-moyifyStiBGHRee GladRchiwbesriiiie AleeMamPESpRIEEs Bdaterials
comprises ari) underfill materigl encaéjsulan , Silicone or molding compound R sitioHed etween the

dielectric lay&8hdTheHPLIHARE S7¥Ice iR S QIhePRES SEHEA PG, extending through vias

formed through the dielectric layer so as to be connected to the at least one semiconductor
device; and

a second level input/output (1/0) connection electrically coupled to the
first level metal interconnect structure and formed on the dielectric layer on a side opposite
the at least one semiconductor device, the second level I/O connection configured to connect
the sub-module to an external circuit;

a multi-layer substrate structure having a first surface and a second surface,
wherein the at least one semiconductor device of the sub-module is attached to the first
surface of the multi-layer substrate; and

one or more dielectric materials positioned between the dielectric layer and the
first surface of the multi-layer substrate structure and at least partially about the at least one
semiconductor device of the sub-module, the one or more dielectric materials configured to

fill in gaps in the surface-mount structure and provide additional structural integrity thereto.

2. The surface-mount structure of claim 1 wherein the multi-layer substrate
structure comprises:
a ceramic insulating layer;
a first metallic layer positioned on one side of the insulating layer to form the
first surface of the multi-layer substrate structure; and
a second metallic layer positioned on another side of the insulating layer to

form the second surface of the multi-layer substrate structure.
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11. The surface-mount structure of claim 1 wherein one or more dielectric materials comprises: a
ceramic or dielectric sheet positioned between the dielectric layer and the first surface of the multi-layer
substrate structure, the ceramic or dielectric sheet having cutouts formed therein to receive the at least
one semiconductor device; and a dielectric filler material positioned between the ceramic or
dielectric sheet andBthe firkbegwfiras-oTaky syl el daiirttatderiictoediss ardteetitngh Heplibetween the

ceramic or diglaetricsPRsE AREINEBRBHI ANRE BHREEGHS SISt  Ryers. 12. The surface-mount structure of
claim 1 wherein the second level 110 connection comprises one of land grid array (LGA) solder bumps

and ball grid array (BGA) solder bumps. 13. The surface-mount structure of claim 12 further
comprising one of asoldeTmatefiat-aaondtictivesad otsdive Wh@ﬁiteﬂmﬁ'rnﬂ%ﬁ)i@aoaiﬁmis%between the

multi-layer subritrt eﬁat%g grngngn sgjet% m&)%?f oy PF%?%H rﬁaerem ﬁe%?'ge%l%t &M eH Ba]ger substrate

structure. e sur moun Stricture sUb-module comprises a power
overlay (POLR¥tib-module. 15. The surface-mount structure of claim 1 wherein the at least one
semiconductor device comprises a plurality of semiconductor devices attached to the dielectric layer.

5. The surface-mount structure of claim 3 wherein a volume of the second DBC

layer is greater than a volume of the first DBC layer.

6. The surface-mount structure of claim 5 wherein the volume of the second DBC
layer is between 1 and 2.5 times the volume of the first DBC layer.

7. The surface-mount structure of claim 5 wherein a thickness or area of the
second DBC layer, and the corresponding volume, is controlled based on at least one of a
thickness and material properties of the one or more dielectric materials, a density, thickness,
and spacing of the at least one semiconductor device, and a thickness and material properties

of the ceramic insulating layer.

8. The surface-mount structure of claim 7 wherein the material properties of the
one or more dielectric materials and the ceramic insulating layer include at least one of an

elastic modulus, coefficient of thermal expansion (CTE), and fracture stress and toughness.

9. The surface-mount structure of claim 5 wherein a volume ratio between the
second DBC layer and the first DBC layer provides a stress balanced surface-mount

packaging and interconnect structure that minimizes warpage and thermal stresses therein.

10.  The surface-mount structure of claim 1 wherein the one or more dielectric
materials comprises an underfill material, encapsulant, silicone or molding compound
positioned between the dielectric layer and the first surface of the multi-layer substrate

structure.

11. The surface-mount structure of claim 1 wherein one or more dielectric

materials comprises:
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a ceramic or dielectric sheet positioned between the dielectric layer and the
first surface of the multi-layer substrate structure, the ceramic or dielectric sheet having cut-
outs formed therein to receive the at least one semiconductor device; and

a dielectric filler material positioned between the ceramic or dielectric sheet
and the first surface of the multi-layer substrate structure so as to fill-in gaps between the

ceramic or dielectric sheet and the multi-layer substrate structure.

12.  The surface-mount structure of claim 1 wherein the second level 1/0
connection comprises one of land grid array (LGA) solder bumps and ball grid array (BGA)

solder bumps.

13.  The surface-mount structure of claim 12 further comprising one of a solder
material, a conductive adhesive, or sintered metal joint positioned between the multi-layer
substrate structure and the sub-module to secure the sub-module to the multi-layer substrate

structure.

14.  The surface-mount structure of claim 1 wherein the sub-module comprises a

power overlay (POL) sub-module.

15. The surface-mount structure of claim 1 wherein the at least one semiconductor

device comprises a plurality of semiconductor devices attached to the dielectric layer.
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