WD 2011/ 056306PCT/ US2010/ 049457 M CROELECTRONI C PACKAGE AND METHOD OF
MANUFACTURI NG SAME FI ELD OF THE | NVENTI ON The di scl osed enbodi nent s
of the invention relate generally to packaging for 5 mcroel ectronic

devi ces, and WOI28018563%r e particularly to the distributi ¢TafS2EP/eQ8Yi cal
wiring within high density mcroel ectroni c packages. BACKGROUND OF THE

| NVENTI ON MICRDEIERNGDRIC PACKAGIEINDMEPHUY OFMARBIFRETAtING devi ces

are typically enclosed within a package that, anong other functions,

enabl es el ectrical connections to be nW@O between the die and a socket

a not herboard, or anot her next-|evel onent. As die sizes shrink and

i nt er connect densities increasef %QFQE%C[NMEMﬂONOHHGCH ons nust be scal ed

so as to match botyic ti\@losaedhidirRintsChreme tiYRhGa ¥atd Qeachi@tiot iekging Bpd the
| arger pitches typically found at the next-level conponent. An existing

approach to iRICErEes cvigesa pidglatkinais priisutay de @étdt%t‘?i‘%o“p%f@k‘é‘ij'é@ WiENg o 15

use a single J;nlugthhlgleaﬁisﬁymlcm&e@(gm&@gaggﬁu) substrate to handl e the space
transformation fromd urrp gltc re at |ce}r19ﬁ|tch val ue may be 150

nicrometers (nicrons or GK%LE\‘QQSJWI tch, where a typical

pitch value may ben:dfQE a-lrclutndtcd afd- othdk- BichclcbitdiRy 8fvidetMe typRhIS, aRRI&ACH
results in ver¥ fine line, space, and via design rules to enable die

routing and V&R tg?ﬁégcst&btstm%geo%cfwep%gnﬁbﬁs Sleefeiral cgnneRions fo e made t he

syst em 20 (poakflvcb@WR! dipiahd B -sodk, EFmddPbdat @hbt@r* nbkiEcFIROMNNGESnt. As die The
di scl osed enmbodi nents will be better under st froma reading of the

fol | owi ng det™f"t YAMHEULPICFONSAL CPERSHNGTEHT S B TONE oS HE dEcethny i ng
figures in the agiAuhidBSothnththaRi pidddkd fopicdily oudd B B8 dMi BW RS ladber pitches
m croel ectr on}lyp(%Ca 12 %Olgl%ga” ecreee(g_fiek’g%ortngon%gt enbodi nent of the invention;
An existing approach to interconnect scaling within microelectronic packages is to
15  use a single high density interconnect (HDI) substrate to handle the space transformation
from die bump pitch, where a typical pitch valuc may be 150 micrometers (microns or pim)
to system board level pitch, where a typical pitch value may be 1000 um, i.c., 1.0
millimeter (mm). This approach results in very fine line, space, and via design rules to
cnable die routing and very large substrate body sizes in order to interface at the system
20  board level pitch.
BRIEF DESCRIPTION OF THE DRAWINGS
The disclosed embodiments will be better understood from a reading of the
following detailed description, taken in conjunction with the accompanying figures in the
drawings in which:
25 FIG. 1 is a plan view of a microelectronic package according to an embodiment of
the invention;
FIG. 2 is a cross-sectional view of the microelectronic package of FIG. 1 according
to an embodiment of the invention;
FIG. 3 is a flowchart illustrating a method of manufacturing a microelectronic
30 package according to an embodiment of the invention; and

FIG. 4 is a flowchart illustrating a method of manufacturing a microclectronic

package according to another embodiment of the invention.
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FIG 2 is a cross-sectional view of the mcroelectronic package of FIG 1
according to an enbodi nent of the invention; FIG 3 is a
flowchart illustrating a method of manufacturing a mcroelectronic 30
package accor $Oofgii{98638h enbodi ment of the invention; andPCT/US2010849%57 4 s a
flowchart illustrating a nethod of manufacturing a mcroelectronic package

according to anot hgg si & Jfﬁrbﬂari@j oftﬂﬂﬁbtﬂdﬂd{? el P&Wing W&ires illustrate the general
2011/ 056306PCT/ US2010/ nplicity and clarity of

i |1 ustration, MPHE K awnﬁawfl‘i"gu%nés d?smlm@m éP% 4%59%@%1“% rfé%turstf and

construction, teamqlllaem&l 318 b&n&da@da\@ﬁi ahhcScs@dripvaibbeukROWR: RalsHbEe Sorame
techni ques nay be omited to avoj unnecessarlly obscuring the discussion

of the descrifeeribahpubrdmetsoidhe ‘fl}ﬁf‘ém%\f‘éiﬁ’c“i%‘ﬂ Y, ReES 18 e dryving fighent's i n

the draw ng fxhcﬁHé&&a@&%r&nﬂ@ﬁca@?&%&ﬁﬁélé Yh i RWRidn® o SR a1 theRlenR¥@ e, the
di nensi ons of _sone of the elenents in e figures may be exaggerated

rel ative to ot Brebrefieserascdislgvg Wp?twéﬂeawatéﬁ%b%{admwng FOdME®ht s of

the present i|avRAM@R. of TREISRABING&KiSH ETHE &ambl FEEBAS rufellsl 1BQ1Et?éi'ént frigOMg es
denote the same elenents, while |nllar ref erence nuner al , but do not

necessarily, rappithe eMaiclegionta) whlsntralar fefviace W ls iy, Spt do ncg ﬂ%@ew&,ﬂv
"third," "foudchbe sindaeiéh@td i ke in the description and in the clains, if
any, are q§ed for gjstln i shi ng behxe n.simlar elements and not

I

necessari 'y for dg’EFFB? Ysta pEPRd " Saertfe ntiddhe by i Hiegkeoristgncaad iy der .

It is to be updahistsOothy hatusdder dighpBisiea: besRdn sihelal t0itRageaktasnder
appropriate g %3 tances such that thg enbodHnE ts of the |nvq£t|oH

descri bed her!8f PSS & Ryyticy ahﬁapsma‘c%w gpglogea 8&@? A5 Bnbe ypdarstoedt it es

ot hﬁrdt handt hess sddlmséd fafd @erOiandabRr WhdRE a@@spﬁat@eﬂcmﬁgtﬁicéb b&#mtﬂaa(rjtha/, }f a
net ho () escri I n as .co ri.s a serjes of , e orader o
such steps a§“&?g‘§6ﬁt§é’8qﬁéf“éi“ﬂ°%n£ dﬁ%‘é@s@%{rf?rl %}‘a?lﬂ‘é ‘E?HF@C 8% OREFAUPR i ch
such st epss mayquegccp emtohiretoscamdtreed biddtierofse thReriet atent. Sihtlpgy, IBympassi bl y

be omtted and/or .certain other. steps.not. descyibed rein ossi ply be
added to the TRTABN et e HEFE"E PHE e P> é@w??fs%e Saln e Rqenant

"have, " and awieinviahotaictRnsilt ﬂhet‘)ﬁsbfordcﬁi’nexlhlﬂiaﬁﬂlﬂﬁd)btmhy(lﬁ\peﬁor&lcﬂ%deéﬁ‘ahrusi ve
i ncl usi on, OCEeSSs. ticle, a
compr T son’ o oF B sBit PaR iRt B bnTtoaBbly Fifin T SBR G et et .
but may |ncIuﬂ@‘mnhayl&laﬂaﬂhsﬂmahm&xpﬂa&&hmokgﬂkeﬂnmfﬁmﬁma&gntmtmdéuch
process, t h d Larticle aratus Th " " "front,"
P back. "« 0 MBie it iy FariafusRESE e pontO8 o SH3%% norSictiusivg fpefipt, suet
description amdajmo&he1ﬁaaknmnwkicﬁnypaaneﬂusednmub,dd&cmfmknmmspumposes
and not necessarll for

] feadSREN undy DL RRCRL QS LONS, s 1o
be.under ot oodChut by KB dS RE ST TelPUTEn: RSB GERME Prer S abr i at o
Ci r cunst ancesr flehntttdach phleess, method, article, or apparatus.
The terms “left,” “right,” “front,” “back,” “top,” “bottom,” “over,” “under,” and
25  the like in the description and in the claims, if any, arc used for descriptive purposes and
not nccessarily for describing permanent relative positions. It is to be understood that the
terms so used are interchangeable under appropriate circumstances such that the
cmbodiments of the invention described herein are, for example, capable of operation in
other orientations than those illustrated or otherwise described herein. The term “coupled,”
30 as used herein, is defined as directly or indirectly connected in an electrical or non-
electrical manner. Objects described herein as being “adjacent to” each other may be in
physical contact with each other, in close proximity to cach other, or in the same general

region or area as each other, as appropriate for the context in which the phrase is used.
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enbodi nents of the invention described herein arc, for exanple, capable of
operation in other orientations than those illustrated or otherw se

descri bed herein. The term "coupled,” 30 as used herein, is defined as
directly or i WH?PEOFPY connected in an el ectrical or norRCTEREPPI9¢H]
manner. bj ects described herein as being "adjacent to" each other may be

i n physical copfusGhicebt the RESR ‘@t BRY omUoBinfeh @ 38rehl ®XhdTnbdtsdafly@RACRePINGE . Or
in the sane general region or area as each other, as appropriate for the

context in whi*d cPRedipRtase is used. WO 2011/ 056306PCT/ US2010/ 049457

Occurrences of the phrasetrAareptrasimRbE Thermst Aawvgogeot necessarily all
refer to the sane enbodi nent. DETAI LED DESCRI PTI ON OF THE DRAW NGS | n one

embodi ment of t he It AVeFRbWHen, ofihg iyentinm p SHreclpriioRis gackesnpr s afirstrst 5

substrate bavjupgrat Ifaivfn%ta bl A%R affa@ad aREboAd SBGEOALhSMDST {eadR1 fANdcNGead
second surface area. The first substrate conprises a first set of
i nt er connect sTFaVShYLHTH FURDTEES & A setaok infesionisgist prBe th Bk sitchagir B6econd

set of intercom@chdcdTaNd HgcendseCaMsteRbinchs Rlvirk 5060 ieHd hacRnd hereof . The
second substrate js coupled to the first substrate using the second set of

i nt er connect PR CBIPTPREEULATEnis epugkt DG RiskrLsieaae MevicRydaset Al r d
pitch and fi rigercamtct And esipiled Nthfl B@lof Ai@EdnhbfPhavihg GORRW Bk Ifdy @hs t hat
are connecéed to each ot he(_%aﬁlth a mcrovia. The first PItCh is smaller
than the SBcoREPipieral eifdricdy SREdUSITCHY TS tatdry efneqintor 16 (oFisF 0ViBi 4 ch,
and the firstmigtkfaaCiec @AsEACh S SiBbd tBin thd aRoddifitcs 060 RldosdpifcB GELsnalI@Bthan

It was nenti oEegt?ﬂrrgbo e that _existing m cr?el ctronic packagl ng sol utions

enpl oy HDI sd Pk, 10 iy Sérfi“}‘?égeéb% e BHSPOIRARY SYHAE B di e bunp
pitch to system baavd nldtibdbowi tha RxistlipemeaslecBdnidigdckdpengtdol dibes ddloy

substrate is |y deteimned by the technol ogy required to achieve the
it mum and MG GURIOT FHte RO HESII Hiod P AR s pE

m ni mum desi gével pitcR STHRIcOst se@tkry o0t YD eetdede isNargdle dastined bl @fe tbdh8olbliye
shadow and in the first m.llirreter% of signal routing frgmthe die

cdge. 1 mt he TEHE AP HaCKT T Hor STOPEI FiENLEs (e IR T
requi r ement s Hufweodt yhe@b@lnimidd) Yedfn s dkOtaally only needed in the area under the dic
shadow and in the first few millimeters of signal routing from the die edge. In the existing
approach, therefore, the cost is driven by the requirements of only about 20% of the total

20 areca of the substrate.

Embodiments of the invention involve a combination of HDI substrate and HDI
printed circuit board (PCB) technologies that results in a packaging solution—useful for
central processing unit (CPU) and chipset packaging and the like—that is much more cost-
effective than the existing packaging solutions described above. To accomplish this,

25 embodiments of the invention break the space transformation into two levels, each with
fundamentally different cost structurcs. The system level interface is handled by a first
substrate manufactured using HDI PCB design rules and materials. The die level interface
is handled by a sccond substrate, the size of which may be restricted to the minimum
required to support an interconnect at the HDI PCB substrate level, manufactured using

30  more restrictive die level design rules and materials. Because the cost of the die level
design rules may exceed that of the PCB design rules by a factor of ten ore more,
embodiments of the invention yield a cost structure that is significantly less than that of
existing techniques.
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20 area of the substrate. Enbodi ments of the invention involve a
conbi nation of HDI substrate and HDI printed circuit board (PCB)

technol ogies that results in a packaging solution useful for central
processi ng unO 20pPEpoand chi pset packagi ng and the |i keeGIHEROP/E49%%Tch nor e
cost-effective than the existing packagi ng sol utions descri bed above. To
acconplish this, %b%mgabr@enmm@ﬂuanhﬁay éﬁ&ﬁ@%d QRallf ¢ Kﬁ&aﬂ@vaﬁ@aﬁ%rms of
transformation into two | evels, each w amental |y different cost
structures. TS &psuiey g efher fetaiss laélec qnglrwafﬁaw @@%&gﬁné%frwr&f’%tss%ph@ﬁ e
manuf act ur ed §ée§£né‘@ht R@)%&Agﬁhgrt%hﬁ&o@“@u&ﬁie@ﬁdo@g? are-gbeeqqhgvér?\'iﬁjge
interface is handl ed a second substrate, the size of which may
restricted tofofh @CFWWW‘MW ISR AreetpradypisicEIntp, ﬁ@%}t@gﬁ%a@www@ HDI
PCB subst r 3t eghp\@siratiBRNE-AGE M0 E Dadlabing padle iRy, 3331' eRbiihE theV Bactiind G484
design rules and materials. Because the cost of the die |evel design rules
may exceed t HEPSToIMAing 2pes HesT bty %&ewlba it é@ﬁlbﬂvela\w tepvestlelopst gost
enbodi ment s ofrutihR chi¥eRhictdy. yi el d a cost structure that is significantly
| ess than that of existing techniques. WD 2011/ Q56306PCT/ US2010/ 049457
Enbodi ment's of t hd iR tTMEAdImgYS éﬁatBP dngaprcithe 15t @pdnrtone anbstipies & i n

terns of bot hnm&tcmse@valnagﬁmaﬂmoéabﬁBth&asetf&éshe dhéhst zhﬁcl%ﬁ\{h HRNRNbacRige.
hi gh-end server processi ng. unij ackagi ng technol ogy.

Such t echn®l ogys %@@aéefﬁgwﬁ%www 1P3§F°gaéd1eb?‘fﬁq“‘at8tb6ﬁ’§k§ﬁ6“‘1 WEhoRt wastipg s t o

nmeet product dog@luie @®Rducing @84t dntl rlﬁlcréd@lng e\mﬁahcyéxmnmy Qidkld subbsdis at e
under existing pgﬁkagl ng pr.ocesses. gﬂ‘a ki ng the Packagl ng space

transf or mat i JFA°4 E&E‘%g?%eé%s‘{lf’%ff“é%w EYFIPUEH 8% ai | bel ow, an

overal | |ower cosRefbfdClowW & §3MNMBENACIHEVEGs a plan view in@&NGaRns andegdi ment s
of the invention the first and second substrates are manufactured a

attached to SSER"Yt Y %bér BroEodREos Bagkascat 4 atatnentor He op %&Pcwéwgﬁe. 10
This all ows defeetdrs AsnillufifucdURSEIGAL € shaye msicafidcehieplrie 100 depyissl ded out

wi t hout wasting good di t hus reducjn ost. and reasi fficiency.
Addi 1 onan 1y eSSl ArwRn ot hards sy oan b S b 19A R S
whi ch reduces 2t kit ughipaet atch MBS, a surfacc Red efpobiRGuialy 120, af doeofdiit@nbiigss 21 G 1

is a plan view.and FI is . acr 0SS~ sectional view a mcraoe ronic
backage 100 SEOF Qi 23 HHvERSH ke 5 OF REan i, i AP POet 1y ed

in FIG. 1 anrgkfide 2IIEC$1Q)@t|rz&€tlB(Dnha(s‘ Packag e3 1QQh aodtphis 8sda a33ﬂaC£1@ﬁbeEQ32‘ oni ¢
die 110, substrate 120 ubstrate 130., 6 Substrat 0 s. a surface
157 wi th D S GPrtS S 15 s o PE Y SPpbEH e ot bl 199 "Eghy  of

i nt er connect slc2@icaljashdi@tiee 1Py CIB3 22T 284 thaurd @aeckd 1o caahdthar it a dicrovia

i nt erconnect%4§28 having a pitch 229 at surface 222. Substrate 130 has a
surface 131 h a surface area 135, a surface 232 20 opposite surface 131,
a set of interconpent2e7 &&ﬁlaha\thmgmah pia piich23 jis sadatled thdrefitoRR3 B heciuifacal |y

oot S a0 R8s BLR S35 S SOERER S RS2 DRt

smal | er tIanapd m@mcawwmndatsium aeﬁlcanicmaomdsllosatsyméaﬂ easntﬁohachccﬂlapq‘caahq; ar ea
135. Accordi ngl st fine |line

Fobes that - arr G ATREbRL S E el B s o Eue O e P GG B8 PR SR SRR TCni o
connect (C4) bmhptﬁdflﬁﬁng Suodasdi¢ aI(Btolf)Z&rgee@nat cfddeHtee&lghhe bt mpuhtcd vh putHI O) ,
power, and gpay sug?_l}'l Scp%%gtc @ét{a?c ‘?g%%’s BO & n%rc&%ﬁ% S'ts@%?ratc@gse enough

to be nmount ed on r'eseh "As has
been descri be«tﬂnumubsﬁtenﬁtcmg,]aB@,pantlnula(tdtch math substnamtléﬁfoawnmgdannterfms gtiacul ar

pitch w tﬂ) S alljg,setr rpattélle wltgoa DL rr%tgerboarcp E)re ]r’heq%%sonatthe other side. According to
embodiments of the invention, a combination of substrates 120 and 130, which
combination may be referred to as a substrate assembly, may serve as the “substrate” in a
CPU or chipset package.
-4-



30 larger pitch with a socket or notherboard or the |ike on the other side.
According to enbodi nents of the invention, a conbination of substrates 120
and 130, which conbination nmay be referred to as a substrate assenbly, may
serve as the WOUPH{OPAE¥%e" in a CPU or chipset package. \ROT/US2010/049457

2011/ 056306PCT/ US2010/ 049457 It should be noted that m crovia 240, in

accordance W th t iadblii@eabtclSRIiQbvit DAY if fLBdailcs vAHGRRNBRLI SRR NY
only between two adjacent |layers within substrate 130. This distinguishes

it froma pl &t it htBnRfionsInging gply Y copTCHlia e YPRFB g a0 Bhist ack
of substrate digyefiShes 2ot 4 Hteli %r&%mbr%sﬂoﬁmg%&w@s%&a& A stack of

i nterconnects 226, and substrate 130 is coupled to substrate 120 using

i nt er connect sSUPYBLE pistSer connect s 226 nmay connect microel ectroni ¢ package

100 wi th asnot her bgai th Qleol I hiskRerb@abo SHAMMerddnAecds BBCKRL suBlirail 1Boliar
component (al so not showng. IlThe socket connections may b any suitable
r A&y

e_of
type, includi®ygPipd o gipyra usipgAteroPReats g8 TalEeagyicets GRY, MBAI 9ot d

array (BGA). milRclkBtRACARREEHS0 328 .2 REhOBokS hDliRs GRS vihadoctobm t he
first level of connections comng out of die 110, are traditio

! nal |y
referred to a¥miarcenPIeiep!se ARy BiSseckepponpeqtionssgy pegfiapy S‘i“ﬁg]éﬁ‘ﬁﬁnnect s

236, being t hechditElis @Rnasdy S PEARtandttiaehayt e Adi RiRaAekageBan)a mot her board
or simlar conponent, are traditionally referred to as second | evel

i nterconnédBts, or MEPrFONNEGh; et Beife the dntorsenneets that forp the Wstleyh LE FUBRTIBEE | evel

because they cbmidOduiot ARNEIOL hi@NfadltnalyCerRedNents fisukstiriabrodo), sh@tl. i s not
part of exi sti_ng m croel ectroni c packages. Fol | ow nﬁ %h@ nam ng schene
al ready in pl3Rderpenteeenaecty ¢ befigqthe drighsenmeey diat jafecdr 0o e R1kass Re? phr ase

"md level | HARRGRAREG: " sifnllMIcdmpcheRt] WROSRMIDRIIBI Ref@sed e damRoiDevel
i nterconnects 228. A chall en%e faci ng manuf acturers of mcroel ect rtgnl c
devi ces is deVElaHHy BELhrlaTeenss!s 2% sprEcie 1981 PIErmgt Y GReSHE Ghg
assenbly ps ogessasn@ctibdsn@® Runpmpedeshgsibitate | @0pahdi 8. nENeapr eCasBtilei ng
expl ored is therno-conpressi on Eondi (TC&) .. The T roces i || _benefit
Fr bm havi hg dFPERTNE TEaEery AL Sadn o SBrET 84S T BErare) Y &Rbr t han
a thick, rigiadd setbsd lcadl@nterbbiiSets,ithe pitEscemd tiveERtkrcositbS t(rMLE) 12flopdSedl
corel ess substrate with no .PTHs or ofher through holes but rather mcrovias
connect i ng alfrefifydiediams sordpferoppuefs hand, a desire for a substrate
assenbly having an chdllegeateieVvabidgturéege alioscl@rotiibeddvicke isral¢vdordigt e
t hat subs&iate 120 ha%’z %C@gre“ ths, l(i.n t he g |l ustrate _et?nbodi. nto
subst r at e~ 1 2@ EBWpY B Yeging Sigh vielding aspgmbly PROgysiEs shag iR e for
m croel ect r omirge PiacRagerodObiitl txpddred Bdrine@dmaRsdicit egliat ¢dCPRpIHt ME€EBlevi ce
245 located in at |l.east .one of substrate 120 and substrate 130. In 30 the
I Tustrat ed SisouwEeerf doegrabid ol vitaudPia b s stibun P
substrate 136hanAs tifck, @iadTpiisyate. ntEgs, alhechepasi®idinendevbarte? 1) tan ceeleye as a
ggﬁ? gggg Olfsgé?l}s{rj%lg M%}ngh’g%%%g %ﬁiley t?llrc;[ugg Eollése 19}% lre%ﬁe?‘rmigrgvgap gonhleclgi%g all layers.
25  On the other hand, a desire for a substratc assembly having an integrated voltage regulator
or the like may dictate that substrate 120 have a core. Thus, in the illustrated embodiment,
substrate 120 comprises a core 225.
In certain cmbodiments, microclectronic package 100 further compriscs an
integrated passive device 245 located in at least one of substrate 120 and substrate 130. In
30 the illustrated embodiment, integrated passive device 245 is located in substrate 130. As
an example, integrated passive device 245 can serve as a component in a fully-integrated

voltage regulator or the like.



In sone enbodi nents where substrate 120 is a cored substrate, the core
itself has a thickness that is no greater than 400 mcroneters. In the sane

or other enbodinents, and as illustrated in FIG 2, substrate 120 contains
a plurality oVOZAY@HYY hol es 251 having a di ameter that BG40 PEEer t han
200 m In the sane or other enbodinents, and as 5 illustrated in FIG 1,

substrate 120 contiaidaf @RaflchGalhky sGRREALALO K& bFedSRHtrdohd M Msclwas Of
whi ch are shovvné t hat each have a thickness no greater than 15 mcroneters

and are separBtEeFst gy 88t ar 4Eymisipmcless 58T samg orpther pbefineternd han 15
m croneters. 4snidsheres aNEIARN, AR I20e58a0eHs MBI Mralits WD Sd13h @0k305 C ot S
electrically conductive traces 162@80n| y two of which are shown) that each

have a t hi ckn&&eteiohgr s ioepredttiatian 500iHET dirdheragnc1ty FRY HRROILRHEr 48485 f r om

each ot her sbyigst&RAGEFILSS, dubdatel 120 DSt HRLAS R callNIMIIRivETrEdO TBE @AF-two of
FIG 3 is a flowhart illustrating a nmethod 300 of manufacturing

. a
mi croel ect r onY¥Cth&EKAGENa BTN Vet » TAFKNeHOIS RET e 12 FECPRGERtAEe As an
exanmpl e, met hephr3QDIHMafteSlrtby Padeh 85T ALIERE hOBredfr Mafil € HA@bAEEK ORI the
package that is simlar t"g)Prrj croel ectraonjc pac}kggeﬁéﬁ)o th%ts s first shown
in FIG 1, nof™f r?&@mib%ge dimeity subpisate §t3%|8°‘§‘1‘6’ St N SAnAIeYS %ac%lﬁ?r ovi de
a first subst®eayewo fswibh &% RGNS that BRK hiveSd thRkRSE Adk@at6aRaDES Bichinkedrs t O
substratela.ZO that is first shown in FI% Accordlntggp, in one

embodi ment'¥ t47€ aeisprafated fngt cagh athprdy asppq rlééL tha s o gigatg DCEsit ses a
first set of intermanneefiswhaw ingtratidy 4 Séthgt 300 f ddan@fadtidirgta SidrdeREomid1er eof

and a second set of interconnects havi a second pitch at a second surface
t her eof , and p@ﬁ‘ég‘? F‘i‘g‘?im&i P &R el‘é"@??ﬁlrtloé r?l%t RERIPTh& 28 f‘éé%lﬁ’dmf)‘}l?cgﬁqo may A
st gp 320 of rfeguqu t@@ﬁ)frﬂn&tioﬁm%fad gﬂ&bbléchﬁnif: ipﬁ&&féﬂhﬁis{/ﬁ@ﬂegﬁ@h@icﬁﬁ&@dﬁgﬁc
substrate in order to forma subs te ass N ich the secon
substrate had*#psto%dhy ‘ng[g&téhﬂm} Wﬁ&n‘al‘l"té?%@?g%ﬁﬁ% conductive | ayers that
are E:rglnnemﬁ ed to aatdh nnrwﬁnrigdoa B0@ isntb pENVdean firdSsuBstira@X AlTah @xanil€ tlsdhtmslt rate
assenbly can represent a conbination of substrates t are 25 simlar to
Che Tirat  oubLEPAF ST S e LIbbrTA ! SRR InbRAd: REDufiiE i b

m crovi a can ch@odimgit| atc fiGt BAGHAYihas 24@kst hafacd arcs I cohpribds G fidst s&Sonot her
exanpl e, the.second sgbstr e C?pn' bg si m.| ar t_ofs%bst rate 130 that is first
shown in FI G OARHY adi‘“r%a%)?t Pt YA TE A SHF HSHPT 1S LB o T PSP PS%e has a
second surf ateviag eascond pdiplacdcdnd stulfiee fthatSif, @ bist fiat gitctSs mgalichehas elond set
of interc? nect s ?Ed conprises a third set of interconnects 30 having a
third piteh. ST YR enbodi ment, the second pitch is smaller than the third
pitch and the firAtstepd2d a€ ecaioed00 s wruethdhethe fihanutishige see srvdnd ubk@temar ea.
As mentioned apove, in certain enmhodi nents, of the inventio ubstrate 120
s R oo o ess™RRlS PSRl RFRR IR TR0 SechBC s BED Rt ERE I

ot her enbodi ieahd cleViBcARIcbAdL6E06REThS2O0NEQ4ALE Zachbodrcewi b sticratie As20 1S
relatively tgjln anq/ ar. flbegdtbl e, élhe substratte can Qe difff{&céu{t to handl e
wit hout causihg TdHage” tES e 2 TRMelY R FREFEsE Symardiog e Riate dhdCenge
for cor el #ssssifaadtooh érsy sypackaged ts sewhll yulpiracess amthePeemald, @chhiegvia
substrate 12Q to substrate 13 escri bed.in.ste 20 solves, the rigidit
Tasue and af e TGS ASadd iRyt SEOLRE v et R el s i Mo 500
may be per f osubsglateisdinrig sghidanckasutistfaid B0kt s st B &sBIETDI Accoritdyhy, (ues.

embodiment, the second substrate has a second surface arca, is coupled to the first

substrate using the second set of interconnects, and comprises a third set of interconnects

30 having a third pitch. In this embodiment, the second pitch is smaller than the third pitch
and the first surface arca is smaller than the second surface area.

As mentioned above, in certain embodiments of the invention substrate 120 is a

coreless substrate. In at least some of those embodiments, and in other embodiments

-6-



An optional step 330 of nethod 300 is to reinforce the substrate assenbly.
As an exanple, optional step 330 may conprise adding an underfill materi al
or corner glue or the like to the substrate assenbly. 10A step 340 of
met hod 300 i sSWOG'P&FPHr m a test on the substrate assenblBETF2GPEEIS o
obtain a test result. Note that this step takes place prior to die attach,

| eading t 0 CO®herS 3WsRAS 120Gs RUNBEIyAdMANLAYESxiBS, BRSGPIRR &hsRWIEEIher ei n.
A step 350 of method 300 is to attach a die to the substrate assenbly if,

and only if, bhandlepwidhout saising dagrestq dls Thispraa- WRTENhPnuen k3R raleee 88 an

exanpl e, the M&es@@in@romeﬂ%cﬁaée @@aﬂmp |p%es@@_;nPtkéQttt@chﬁ@V@Bqﬂﬁteel20rto PASEHa]
result of a test operati i's aflo%art |IIustrat|nga

met hod 400 oflwhdtsalate&ﬁt ﬁ@p ézor?PkVF%‘éF é&lflt%ﬁi“t? apd sy SxiiRsasenby 4 tedh

enbodi ment s0f méth@isikdvantd. Gtbp 388 nAD HLE¥AFPh& ushRtshaghr48Q BYor Beﬁouetbtemmy t he
formation of a mcroelectronic package that is simlar to mcroelectronic

package 100 t'RHY9UES-first shown in FIG 1, including die 110. 20A step 410

of nmethod 400 is taa @iemil dep §3(ﬂbﬁnetﬁ§dm&&ﬁﬁﬁﬁ&ce thbeuir@e aaBmbE. Ak whl ar to
die 110 that is first. showmn in FIG 1. qtleg,gl 420 of rrethod 400 is to

attach the di &2PBeaontiopd sic J8E maycampriseqiigian atan T4 ICHR O HSBBRBING OT A an
exanpl e, the tfléﬁl&étg%@ﬁﬁbfla&gssgﬁﬂlybe simlar to substrate 120 that is first
shown in FLG 1. Accordi ngly, i n_one enpodi men s% first s bstr%e has a

first surflce 25 Ar¥d® ¥A¢Q %Wﬁ??%oe%maperop“gﬁt%tn%t ATET BOTMREIHRING ng a
first pitch abtan titébstresawrtﬁasehat higs e@fg takdd pRcs peaNd Eehtteh, ichdigs eOBdeCt S
havi ng a second h at a second, su ce . th reof and the first pitch is
smal | er than W EBﬁﬁf%W?Eﬁﬁbﬁgk ? SPvhete the di e assenbly can be
simlar to the COMBte@@tSD ohmehod 5@ idioarttadch dihe thd sl‘uBitraﬁdHQ&Eﬂb@hﬁ and only if, An
opti onal step 430 of met.hod 400 is to reinforce the di fﬁé{ﬁé dan 30
exanpl e, opt i BhEPt SHELSABES fapredgigrmips ‘5@&?& af" G ?l ip F'EFe o

corner glug &bndlhﬁtdahKeaf@oﬁahleodpﬁmﬁ@ﬁé&ﬂb&ﬂ&testoperaﬂo& step 440 of net hOd 400
is to performat he di e assenb rder to.qgbtain a t result.
VD 20157 056306pCT Uisadn b ongiE I STETE dahecbal RS g TPk B B RE oot t s
t he di e asserpatiygé eccarddaond caibbdme@tod theaividngoi. mrs&tn caatdptseman@tt 400t sy al
electrically co du

o et cally condioh Kool Aiehe, S, e e A o STE e A
condi ti on. A?paﬂslag,emr’thﬁt%,ﬁrﬁthﬁovm mI‘RI)GI amaﬁmtgeh@nm lar to mcrovia 240 that
Icgnglh t(:) :Agnwag ! Sn %£§Rﬁ ]Q,afslg%h()({)@%és ot ebal(g %‘l‘ aBSSas“?PrlFS threes%ag by glmgﬁgest
operation. to die 110 that is first shown in FIG. 1.
A step 420 of method 400 is to attach the die to a first substrate in order to form a
die assembly. As an example, the first substrate can be similar to substrate 120 that is first
shown in FIG. 1. Accordingly, in one embodiment, the first substrate has a first surface
25 arca and compriscs a first sct of intcrconnccts having a first pitch at a first surface thereof
and a sccond set of interconnects having a sccond pitch at a second surface thereof, and
the first pitch is smaller than the second pitch. As another example, the die assembly can
be similar to the combination of the dic and the first substrate.
An optional step 430 of method 400 is to reinforce the die assembly. As an
30 example, optional step 430 may comprise adding an underfill material or corner glue or
the like to the die assembly.
A step 440 of method 400 is to perform a test on the die assembly in order to
obtain a test result.
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As an exanple, the second substrate can be simlar to substrate 230 that is
first shown in FIG |I. Accordingly, in one enbodi nent, the second substrate
has a second surface area, is coupled to the first substrate using the

second set of WOrPEMEEPnects, and 10 conprises a third setCTdS2{1HPEIYonnect s
having a third pitch. In this enbodi nent, the second pitch is smaller than

the third pitch andsghesh iof sictdurfoaGe (@ a@ahn ke sioRbeAbI N sdcbRl s@sLns
surface area. Al t hough t he |E¥t?1g% on has been described with
y

reference to GyEeifFitandsisetd inssia o | PHEI P AT S 8oYC BYPIEHES 0 @RR 1 1 ed
in the art thaherwathiaQuisro¢Aan gRBonMRY, theteiRalel Witkhautprd Setdapat todugdidal A t he
spirit or scope of the invention. Accordingly,_ the disclosure of

enbodi ment s ot FREVErRRITOR: $ Henreiami He 4Ot s P e B 2 & “&tope of
the invent isonmandr nsthe®B00, Heeitel@dlektindd@ohdifidr, bigh edabnples cdnnbeendeslatibat t he
scope of the invention _shall be |limted only to the extent required by the
appended cl ai MESMEREL A R8T Werafione of ordinary skill in the art, it will
be readily apparemﬁ ailfb&%mf;lb,ethms&bﬁ@klﬂ)_@t'frel’t@ﬂzirﬁbbepﬁﬁlkﬁlgﬁ saMatrgmgozﬁ)dt rehiat ed f
structures and net | SCUsSse nereln e enent ed | a vari et (0}
embodi ment s, HAY" f‘hgf(?'t‘hé\%%ffi@égﬁ Hy i %fﬁlg’gg?e&h thgg‘i‘?%? Sal’ltbﬁ“"é? gft‘shaeéf‘é"“‘(F Y
enbodi ment s dafscen®éa, NEGRFIBALD thy re@puBSeRTusRg GRSl 86 Midréinh&uiks, @hd al |

ossi bl e odi nents. . Addi tional ly, benefits, other advantages, and
ot ut i ons 1P FBBT ko RGO MES Frits Bt RSP BabE SPEOLPGY: B setond
enbodi nent s. plike idendtd than thadvianpiagesd tsofid Juefas dren X3mpl@RhaNEe s@bed any

el enent or elenents that may cause any benefit, advantage, or solution to
occur or becdte*#St% pronounced, however, are not to be construed as
critical, requiredlth@gh@sSevwhiial hab @aineasibar wiel enedit StoGbedyentbodidtehtspf t he

cl ai nB. . reover, enbodi ments,and |limtations disclosed herein are
ot Gedi cat ed PH Enbasatl B  Gnnarucy B et Phoaten Rut Sy Bomdty fe
enbodi nent s alepbrig Frioni that spofiSer {chpe af ehan@iveddnexyprasiakly, eeadis@ebuiecnof he

clainms; and (2 re or_.are potenti.all gui yval ent s expre el enent s
cndl o 11 m v areafbSnn of s REdns it FEF HBHERISe e SR A0 B anelE S a v
What i s cl ai nmdis st intend&d ro & heitiegtlr onhendrdckage woppsi thé ngention shall B i r st

substrate haying.,a first surface ar nd_cont ai ni.n first plurality of
olect rroal Iy B el bele R SRR D B SRl sl ofort el o bl 2 ity
of el ectri calokdincpsidilictthaat, itrvalt @s readity pppantahae chelmicracltdtiosic psgagesndttie fir st
substrate,conprising.a first se f interconnects hayin first. pitch at a
first sur%(gcrem %tﬁeF%I%Cfur%fncc‘fldzmgt@%sn%scsu&edg}erelmnfn él?’cbgnlrt{lé)‘éctmsegﬁg\}fl r?gvaélepe8§nd
pitch at a sembodimsuts,faad éhat the feredoingatidtussion of cartagecithde smbedimaiteddrawbing a

second surface area and containing a secaon lyrality. of electrically
conduct i ve t FRsee DuREr e ddr el s alot Ml CLC Al ity o
el ectrical |y condaddiiimelly,raoeftsastbersepartates dandysolutisec an grobpas ehavh dten s

larger than j[dQS%I‘ﬂ%ﬁ!rC]irVSVItth %%%Lgiefo %p@celfl? %C%Q&!m%r%s?sﬁ{ea%e%e%guﬁvggaéesq sto_nx%ojlsl [OSt
substrate usi ng e SecC ser ol 1 nterconnects and ‘conprising.

25 problems, and any eclement or clements that may cause any bencfit, advantage, or solution
to occur or become more pronounced, however, are not to be construed as critical,
required, or essential features or elements of any or all of the claims.

Moreover, embodiments and limitations disclosed herein are not dedicated to the
public under the doctrine of dedication if the embodiments and/or limitations: (1) are not

30 expressly claimed in the claims; and (2) are or are potentially equivalents of express

elements and/or limitations in the claims under the doctrine of equivalents.



a third set of interconnects having a third pitch; and first and
second internal electrically conductive |ayers that are connected to each
other with a mcrovia, wherein: the first pitch is smaller than the second
pitch; the second pitch is smaller than the third pitch; and the first
surface area is smaller than the second surface area. 2. The

m cr oel ectroni ¢ package of claiml WEAEVS. the first substrate
contains a Iurallty of through holes having a dianeter that is no greater
than 200 mcdwbireldmsd isng the first plurality of electrically

conductive traces each have a thickness no greater than 15 mcroneters and
the first space is no greater than 15 mcroneters. 3. The m croel ectronic
package of claiim1 whankkmkwnonm;mﬂh@esemmddngiuraIity of electrically

conductive traces. each have a thi knes reater than 7 i Ccr ters and
t he second spac%%ﬁgfﬂ'ﬂﬁﬁ% fépe g Hﬁt$§EWF8F faining a,fi mghﬁmﬁﬁe of

m croel ect él@aheam/a&iﬁaganﬂéftréék@wﬂe;e fyhddnebn&imné ik %lurﬁlﬁty'dfte%’frﬁiaﬁ
passi ve device | 6cated in at I'east one of the first substrate and t

second subsmdagtive trges Weesemmtedeb}eatﬁrrﬁwp@prEQé s‘dfstr@ﬂeanompxlsmea érsﬁ t he

];:c ' zlt als lr:,lbit mi rlrgFrﬁonnec r}%v?nsgsa %rsl%sptitlé ? a first surfac hﬁlereo(fraﬁgla sC on (E o? ackage

interconnects having a second pitch at a second surface thereof; and
a second substrate having a second surface area and containing a second
plurality of electrically conductive traces, where adjacent ones of the second plurality
of electrically conductive traces are separated by a second space that is larger than the
first space, the second substrate coupled to the first substrate using the second set of
interconnects and comprising:
a third set of interconnects having a third pitch; and
first and second internal electrically conductive layers that are
connected to each other with a microvia,
wherein:
the first pitch is smaller than the second pitch;
the second pitch is smaller than the third pitch; and

the first surface area is smaller than the second surface area.

2. The microelectronic package of claim 1 wherein:

the first substrate contains a plurality of through holes having a diameter that
is no greater than 200 micrometers; and

the first plurality of electrically conductive traces each have a thickness no

greater than 15 micrometers and the first space is no greater than 15 micrometers.
3. The microelectronic package of claim 1 wherein:
the second plurality of electrically conductive traces each have a thickness no

greater than 75 micrometers and the second space is no greater than 75 micrometers.
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the first substrate conprises a core having a thickness that is no greater
than 400 m croneters. 7. A mcroelectronic package conprising: a

m croel ectronic die; a first substrate having a first surface area
and containing a first plurality of electrically conductive traces, where
adj acent ones of the first plurality of electrically conductive traces are
separated by a first Thpadaoclkfteori¢ padkagaibSdlgiat efiethepeomprigng first set of

i nterconnects having a first pjtch_at %,first sur f edihergof and second
set of interconﬁ%éﬁ%ﬂﬁﬁ@Pﬁﬁ“@‘@éﬁ@ﬁﬂmﬁiﬂﬁﬁt@?“8n§8g§ﬁ gt upsieate ebigof :  and
a second SgQBB{QHEHQ%Vi”Q a second surface area and containing a second
plurality of electrically conductive traces, where adjacent ones of the
second plurality of electrically conductive traces are separated by a

second space that is_|arger than.the first space, the second substrate
coupled to the gjrstTE%H%FPQFQ“H%?Hﬁ*?ﬂ%“é%@ghﬁ“@@?“bf i nterconnects and
conprising: a t{HeBsiS8bste isHREAORNEGHMHtdaving a third pitch; and

first and second internal electrically conductive |ayers that are connected

to each other with a mcrovia, wherein: the first pitch is smaller than the
second pitch; the secpnd.pitch is snaller. than t hird pitch; t he
first substrateais C ﬁ%ﬁgpoﬁggﬁﬁg3W&%?%Eﬁg%?Pbkﬁggﬁhé using the first set
of interconnect e fafdsubBieatt icbsbrises 4 ese aving d hickiedsl @at &shangrbiter grgond
surface area. - 10 - 8. The mcroel ectroni c package of claim7 further

conpri si ng*0%midqremelgisat ed passi ve device located in at |east one of the
first substrate and the second substrate.

7. A microelectronic package comprising:

a microelectronic die;

a first substrate having a first surface area and containing a first plurality of
electrically conductive traces, where adjacent ones of the first plurality of electrically
conductive traces are separated by a first space, the first substrate comprising a first
set of interconnects having a first pitch at a first surface thereof and a second set of
interconnects having a second pitch at a second surface thereof; and

a second substrate having a second surface area and containing a second
plurality of electrically conductive traces, where adjacent ones of the second plurality
of electrically conductive traces are separated by a second space that is larger than the
first space, the second substrate coupled to the first substrate using the second set of
interconnects and comprising:

a third set of interconnects having a third pitch; and
first and second internal electrically conductive layers that are
connected to each other with a microvia,

wherein:

the first pitch is smaller than the second pitch;

the second pitch is smaller than the third pitch;

the first substrate is coupled to the microelectronic die using the first
set of interconnects; and

the first surface area is smaller than the second surface area.
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9. The m croel ectroni c package of claim@8 wherein: the first substrate is a

corel ess substrate. 10. The m croel ectroni c package of claim8 wherein:
the first substrate conprises a core having a thickness that is no greater
t han 400 microneters. 11. The mcroel ectroni c package of claim?7

wherein: the first substrate has a thickness that is no greater than 400
m cronet ers; 8. t e Microtlestudst patkegeoidlainn® fuathet corapridiyg:of t hr ough

hol es having a dianeter .that is no greater than 200 m croneters; d
the first pIuraP@P@q%wf%P@ﬁ?@ﬁ%&ﬁ?%x@ﬁﬁdﬁé{#@%‘W?88g§f%ﬁéﬁgﬁgﬁ%m%?i i ckness
that is nogQreat@dshdan 15 microneters and the first space is no greater

than 15 m croneters. 12. The m croel ectroni c package of claim 11l
wher ei n: the second plurality of electrically conductive traces each

h i 75 i . _ .
have a thi ckness no great el LNAN 75, 6! STRLST WAl e second space is o

the first substrate is a coreless substrate.

10.  The microelectronic package of claim 8 wherein:
the first substrate comprises a core having a thickness that is no greater than

400 micrometers.

11.  The microelectronic package of claim 7 wherein:

the first substrate has a thickness that is no greater than 400 micrometers;

the first substrate contains a plurality of through holes having a diameter that
is no greater than 200 micrometers; and

the first plurality of electrically conductive traces each have a thickness that is

no greater than 15 micrometers and the first space is no greater than 15 micrometers.
12.  The microelectronic package of claim 11 wherein:

the second plurality of electrically conductive traces each have a thickness no

greater than 75 micrometers and the second space is no greater than 75 micrometers.
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