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 nents
of the i nwenbiiladeivel ate generally to packaging for 5 m ecoalSecnenIsT
devices, and relate nore particularly to the distribution of electrical

wiring withjin high nsi 1.croel ectrqni a .« BA ND THE
| NVENTI ON MICR&%@@F&@%@P&@&A@ %W@ﬁh’eﬁ%ﬁﬁ M@Mﬁevi ces
are typically enclosed within a pack at, anong ot her functions,

enabl es el ectrical connections to be made 10 between the die and a socket,

a not her board, or another ne \Y, ; di e sizes shrink and
XFELBVE ﬁfﬁ*ﬂ@(ﬁﬁﬂﬁn

i nterconnect densities increase, such electrical connections nust be scal ed
S0 as to mat clirtzotiiscibbel smbddimeni dfcthesinbyionatdiate farueadllatto t jaekatiigg dmd t he
| arger _pitches typically foynd at the next-Ilev conmponent. An_ exi sting

t I
appr oat h TENHEEPELS Rt 28 rﬁﬁﬁa rURTE RHCHREY GelNeHTBRION SIS Mg 15
use a si ﬂgiltlﬁnﬁli%ihrﬂeﬁﬁ(t}ﬁﬁ&oélé@t%%ﬁﬂd@ﬁ ¢(HDI') substrate to handle the space
I i e bunp pitch,

transformation Trom ere a typical pitch value may be 150
m croneters (mcrons or nPBAWKGREEW KHAFHEIIRWMANDIGNh, where a typi cal

pitch val ue be 1000 cd.e., 1.0 mllineter . This. roach

Pesul't o0 noverjieerud Prail ich R ofsramiiracbdEig, diFas ot olvBiraly Gogpsd
routing apighi¥Qrpack@FOMas WRDhE ifer FRRMioRs Z88bIch cRIcHRAI bohreBids t8aR Mhdd he
system 20 board | evel (\%: tch. BRI EF DESCRI PTI ON OF THE DRAW NGS The

di scl dsedctrtsodihaatie sndual Jocket, banetherboride ps po@bicrr naxinlevet eam@porpndf At Hie

foll ow ng.detall.ed description, .f.aken in conjunction with the co nyi ng
Figures Heo R g AEErRiAPu TR, SRR otk R, 66 SR

m cr oel egbranbamfal bagethacertlet pached t@sicaybdhdantheadic tahe tha egdripithes
FIG 2 is a cross-sectional view of the mcroelectronic package of FIG 1
accor di ngypigalihfoans aidthpapit-level capmpprpént i on;

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 value may be 150 micrometers (microns or pm)
to system board level pitch, where a typical pitch value may be 1000 pm, i.e., 1.0
millimeter (mm). This approach results in very fine line, space, and via design rules to
enable 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 microelectronic

package according to another embodiment of the invention.
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FIG 3 is a flowhart illustrating a nmethod of manufacturing a

m cr oel ectroni ¢ 30 package according to an enbodi nent of the invention; and
FIG 4 iswa2liossdvart illustrating a nethod of manuf act RCITALS2@0/049457

m croel ectroni c package according to anot her enbodi nent of the invention.

WD 2011/ 056306PCT/ US2010/ 049457 .. For sinpli.city and clarity of
illustration, %élfﬁﬁﬁéﬁ}\ﬁy_r?@df‘i?ﬂﬁyé’é ”ihllsltliﬁg??’ég%E{F%n%gé"ﬁlé?eéllﬂ??&ﬁﬁe‘&‘e general
const r ucthgher ad1d cIRKGEHRL, | QS RBGiARLY it Abralt! b knaMh GRS 2R

techni ques may be omtted to avoid unnecessarily obscuring the discussion
of the ddsdmidves mapdei metesl of avhil unvesassacly. obstuliring othal digcussibenentls i n
the draw figures are 5 t .necessarjly drawn to scale., For exanple, the
i rens, orfe e dSHRgRh o R HBREET Adderiig PubShiS e uubdie BE AR 4™

rel atiye dopn@dcb@kilPHRWRND Scdl® HyekRarhfIB! QY GintiidRIns basshef at cRifadiinemn s of
t he present invention. The sane reference nunerals in different figures
denot e t Hegusesnma be reepggeratorh rqletivg tei other ¢lements te aclpumprarcsundgistanding efo not

necessari | [T 1 e " i p y
bt enfbodHERRS B Bl RRHRGR o’ GHUCRERITS plhdsth i RS Mes ¢
any, are deaed thokarde slehiegtsi shilagimbigirweffenst Muhadralehmanemnit loamd ndedssarily,
necessarily for describing a particular sequential or chronol ogi cal order.
It is to dseotgrHelycldE hat the terns so used are interchangeabl e under

appropg i at e clfiRygRiaTRes SUGhd-hahit horRIROUIRAL AkOh HOSLBKREE LAfin

described herein are, tor exanple, capa of operation 1n 15 sequences
ot her t hahe tlhoss ifl dnlyusit natdetbr distiogiehing betwaters siniilae dichensiand nSt mickssatily, i f a

met hod i s. descr.jbed herein as canprising, a.series of steps, the order of
Such st epe S CHPBETREF RS ERITE S oBlab@Lprdcy 1f 50 GRRPAGHHEH Tk g ch
such st epsmi@YobesdaeafOi AR haRRdbIc e Lh&irNaropitfe SEiRLERBE&PIuIBRLROHRI bl Y
be omtted and/or certain other steps not described herein may possibly be

added t o anfwdimetttindf theunvémionolessriticd dietan e, 'feroenanipde capatile of apkratiop

"have,! and any vari.ations thereo e i.ntended .t.o cover .a ,non-excl usi ve

| ha et o RduGis FRGIAL B3 IUERARL pr BhSHN FERE ARG iy B

conpri sess deddrivbd Obre@l @reshpridifig @%ri&ﬁ@ﬁ&%}ﬁé’, ithy ofdefof 86cH QepspresdneENt S,
y

but may include other el enents not express listed or inherent to such
process, heeinédiotaeedserdy theyordy pedenirughicirisech eepssmay be performedgand certafy ont |,
bac k.’ df s stateg %%e%%ma pogé{ﬁlgl’be onlﬁﬂgc? End/oﬁ&(iita 5?ttnglesééedskneot 4 sctrilﬂgd herein
description and 1n the PR s Y Ot any, are used for scriptive purposes
and not negepssibll el addedeasdcihi bhhetod eFurdrRemnbrel ehatdring ‘Romiptik@NSindiddel’s t o
be understood that the ternms so used are jnterchangeabl e under appropriate
i T ouRbt aHEES” STLANY HAONS CRBSRERERISSE Ot ST #PBHER GRS MR HIGI1SHe W e n

are, for fxalmoes ANARLE, AticRP D AphAAnls"th@t BEhpRLds eNIRL bPR @ id hose

illustrate %&kofﬁérwﬁge’deggrfbegbherékn. The Per%1"coup?ed," '
necessarily limited to those elements, but may include other elements not expressly listed
or inherent to such process, method, article, or apparatus.

EE TS

The terms “left,” “right,” “front,” “back,” “top,” “bottom,” “over,” “under,” and
25 the like in the description and in the claims, if any, are used for descriptive purposes and
not necessarily for describing permanent relative positions. It is to be understood that the
terms so used are interchangeable under appropriate circumstances such that the
embodiments 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 each other, or in the same general

region or area as cach other, as appropriate for the context in which the phrase is used.
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30 as used herein, is defined as directly or indirectly connected in an
el ectrical or non- electrical manner. Objects described herein as being
"adj acentwoabi1@aeive ot her may be in physical contact witirCeaskolowi®s7 in
close proximty to each other, or in the sane general region or area as

each other, as appropriate for the cqnte in which the phrase i.s used. WO
2011/ 05630PEP ORI 167 TGS 70 GBE STIEAREE ohert OpmtégeeeSS§QY&ilefeé%%%&1%nt "
herei n do,pRtnideagssarily all refer to the same enbodi ment. DETAI LED
DESCRI PTI ON OF THE DRAW NGS I n one enbodi nent of the invention, a

m croel ectroni ¢ packad¥ETalHD DESCRIPTIGN (B EUBIIRAMWINGAi ng a first

surface area and a s %ﬁnd §u?§@rate haviqg.a iegond surface area. th:first
substrate corrS‘PiO&ssené Pt oL dpC grvepiigta e HAZCY" mﬂ%?vﬁ’ar‘f&a%e FIPREDPER at a
first surdparutd henieeh mMadusfasesRRdng atse@ind UbSFHONRERE S sBdHINGrRAcS ekand
pitch at a second surface thereof The second substrate is coupled to the

first subBier frse substiaty eerapswe onfirs set of intercenrnesisnkeaying arfersic pigy psedirst third
set of i onn i t B i fi .t er nal
ot ectri carTEORRAREE PR\l S oPichoBh e B0fe d LR AR R A SEERA Gl

m cr ovi a.thdbef. fihesdecpnd slibstratesiRuddupledt toathe tfivet sesond Wi the $doend seosfl
pitch is smaller than the,third‘gitchh and the first surface area is

smal | er tiREFONARCtS arcbprMRNifes adhirdpepf interconngefs hgydngyi Hifdopiesdh adiret ¥t

exi stifg MG ORk&RI" ABLtHA ' el B (T 1o SURB LIRLEFith &
handlé@tﬁ%ké%%cégﬁraﬂgéo?n@f?@%ﬁl?gi1 ig ﬁhnﬁﬁg?égﬁmfg gf%?eﬁ{@%gﬁg 15
| evel pi tolrovih@hedstt gtohus smakerahart the sefndspites thatsecand fit@h gebypaltbe ttleanm ned

by the technolo requjred to_.achieve t I ni um an re expensive to

ol erent B BOGHER HadhE FERTERE Hds amfon bl TE SSPgH SGerat o real 1y onl y
needed in the aLea mAABKed M vEIRA SRAAAWnABDclcBird A€ phéNaBing @MtHnk lehipRiyer s of
signal routing fromthe die edge. In the existing approach, therefore, the

cost is diPleubsbytes e hamteithcespent tranffommtipn dhoutdibgmppitchdo sptterh ardar ea
of the.sybstrat.e. Enbodi sren of , the invention invglve a conbi nation
of HOP < Be PRVE Thsonerrmnv ae HDISHb i o e b AR rp B RS o S
resul ts igqédrddackagiing sl wihieimisahdimérer exgeidivalto ArPLessi-NGlesih trulcSPU)
and chi pset packaging and the like-that is much nore cost-effective than

t he exi stlleweysacthaw mipimemudestgnsridessaeitedly anlgwecdeabinatheonpt paderithe dic 25

hodi . . ‘ ‘ ‘ ; . . ‘
Covels  ehast, b EYERAO iRl RA, R SisnPAGGip BOR B IR AR Cetithe | o e
i nt er f acappoabianttretbriiytha cst islrivambist thatrequikmehacdWonéyd absit 29%d-6l thP@aldesi gn

rules_and materials. The die level interface is handled by a second
subst tht e Mfdhgpubstrgle- whi ch may be restricted to the mininumrequired to

support an i ntEhCARRERE Rlind DRchiRin FEBLEUPSShBhGdEYE HDINGBUEAC LHE §fbIUST NG

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 structures. 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 second 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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30 nore 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 ofwODenlisesosor e, enbodi ments of the invention yi @Ca/S2e1098948T r uct ure
that is significantly less than that of existing techniques. WO

2011/ 056306PCT/ US2010/ 049457, . Enbodi pents .of the_invention may enabl e
especi al | y sicdu:rfl‘l?‘? BRES vgft"t?el,rwml_oslé?%e@%w@lﬁlg@&w@(@fuanﬁl koot _
factors, o tQes8MYYsARTRIRE rREorliif MRS ird SRl or HidH-Ad GFRPEIPESoiYRARSS NY
unit (GPU) packagi ng technol ogy. Such technol ogy areas require very large

f or m f actpwossssingl undy(@PlOopackaging tavhaelogy.oSiuebt teclomplogyesreast wquireatyt langg i n a
very expensive. 5 HDI substrate under existin ckagi rocesses. B

br eaki ng DR (o agn A LRl B BRE Fn Bt ke PRSARUB T B S P s Bensite
descride HDI dgbsiate RBIQVExiGhgOpRIkaking| o8I ssG&OBy BidakflgUihe FRRadlBg aphiceved.
In certain enbodi nents of the inventron the first and second substrates are
manuf act Urasgfoamation agestedva snbshatles.orshéasciiles oy detpihdcloive ansoveralhbave dopt t he
final pac i 8. ows defects in the substrate |ayers and el sewhere
to be yi eﬁlﬁﬁgtgweo%%%b}ﬁ%tc 188%(1'wasti ng good di e, thus reducing cost and

i ncreasi ng ef flncec@nty .crAddinidnanalf| e @iventndthsufisd raide sevandlf @btttutesngrecan be
done in parallel, which reduces through ut tine. Referring now to the
dr awi ngs,manudactured gnd afipcdd o sachpderpetorothedia iv pigrched dt theomal Poflageof a
M cr o) ectyfion f hOQuRRERN A Yarkfel ' ifhobP waluRNt | on.
As il ustré%edﬁygg@eg@. 193%1% %{3 %egg%e(feegét%%%@ddﬁﬁgggggﬁo cocjz)um%dra |5ts S a

m cr oel egdoodndie, thue rddi@ingacsstilasd rimdreasir0effmidcy Addisibnadtye diSa@nd Sulxstateat e

120 has a surface 121 with a surface area 125 a surface 222 opposite
surface Do e G hodbls Buiild Sk e Al BB RS o7 ot CBbrtace 121,

and a set of IRELGENRRELS R2ArNAUENFIE. B {Ch A0 vRly 8 TAGe 2282, cRbstrate
130 has a surface 131 with a surface area 135, a surface 232 20 opposite
surface I8dtjonal yetw of 4 niepclecnaut pagid@ehP aggordipg tte rn287bodamdnt at drenal

el ect Lé cal | sganquc 1i vtetl(ﬂerpﬁ 23’; ar&d 234 t at _are ¢ nneclto d to each ot her
with & miBYQUeE Zagliustratcd RO "5 2ad o THAPFIESr G RIEIEE H 028 IR 1 229
i's smal | ehictdedttBhicGhic 2802 btradnbacadar adstads 136. Sumirher 20 ap asurthace
area 135. Accordingly, substrate 120 has fine |ine, space, 25 and via

desi gn r ul2dsvithasurdicke gigacidane stifass 228 ogtpesitesorfage 131pp cefl of defgropandcsd226

col | apse R c e Lt.ghe S [ i hut es .t

i nput/ outh%mn%(algﬁgh %%Zléfs@rga%é lg?’o%}1dd§§§trr%f;ﬁ?:egcn%]nﬁga$ ?g%%éi(]élg%lgﬁ‘iho@ Ftar ger
pi t ch coausfced22gbulistatael 300 Uik ed surfacanl 3HDitPGBswtdes tarad €33, epsasant B2 by
substrate 130. As has been descrjbed, substrate 130, in addition to

i nt er fheimgodiic auniacet | &l arsepiaf chisiraedsbsity ApENE 20 Mish oAt > sige internal

interfac ee?ec%gcea@iy%gn&&gi?@ [ay@fstfs%gg b4 8 9{%‘%%51%&%&‘{’6%'3% b@er ditkh %ﬂé‘ﬁ)vﬁaﬂ ke on

t he ot her si . "According’to e iments of the I nvention, a conbination of
substrat é50120 and 130, which conbination nmay be referred to as a substrate

assenbly, may serve_as t "subst " CPU hi pse ckage.. WO
2011/ 056306Pg:1‘%t9§2731¢§ ﬁﬁgg‘é g piich 3pf. nifeB g l%%n?ﬂ[ﬁf Tan{hiap 23?3&‘@3}1%@%’40, in
accor dancgeaM 4istshadit 1o hrtia8& 0f5. tahabrdi@lyNsubsirade CRNRACHAOM YN
only between two adjacent |layers within substrate 130. This distinguishes

it fram anglat desighrdeythahelley conndgetiph tevdicc hl G anypichl eangtollad celarise ehigt ack
of subst rc%%geclt %E)rpsltches. Substrate 120 redistributes the input/output (10), power, and ground
bumps coming from die 110 to a larger pitch coarse enough to be mounted on an HDI
PCB substrate represented by substrate 130. As has been described, substrate 130, in
addition to interfacing at a particular pitch with substrate 120 on one side, interfaces at a
30 larger pitch with a socket or motherboard or the like on the 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.
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5Die 110 is coupled to substrate 120 using interconnects 226, and substrate
130 is coupled to substrate 120 using interconnects 228. Interconnects 226
may connewoO 2niiasesbect roni ¢ package 100 wi th a not her boaca/useowiog94b7 ke ( not
shown) via a socket or simlar component (also not shown). The socket

connections be any suitable.t ,. inclyding pin grid array GA) ,
land grid ar 4y SQ%&%? nsémtﬂgrwr% ég&(léc%ﬁﬁqrgﬂ@e%ﬂﬁb%‘%ﬂﬂ%tuéf‘gf‘z%f,(tﬁbtei ng
the int ergoNNeglcandddabn lhl%mgt (]t)}ﬁy fbbtéw%’én lt%%]biaeént @%%erxﬁfthiﬁ%ﬁbﬁ&% M. quts of

die 110, are traditionally referred to as first I'evel interconnects, or

FLI . Si midistimigyishesit &looomnketdsth@@gh hoksi, ny PTHe whitheugotineughsant dndire stackach t he
die pack%@ﬁttg @/nntherboard or simlar conponent, are traditionally

ref erred F'6°HE® €8€8nd | evel interconnects, or SLI. Interconnects 228
represent a ngwei NDES ¢oIeEto bidithtcNOOAMER hedbnhSets ODHN HANIBGEAHONS) {0 a
component (substrate 120) that is not part of existing mcroelectronic
packages.copple otfi nabsttaee A3fi wang dhismena¢ate 23y ilateploanects oi26f eyt comge| and
second | i Q ct Syant "m.d. | } inte tr (5 ") is
ot oposed Taresi b ERERAL oo Blp ARG bolaCr Y Bhe OGHERAL SR peckMly
manuf act wireils @mponetqelse @bt shvve) dEvd @rietl @na&tioho pian ®e2F apy soieddespeapabl e
of delivering high yielding assenbly processes at fine bu pitches for
arge di anclsias prosiba Bk el 6rda s (Lidnrisl@sipresdBoH bondi ng (TCE)
The T proce i i1t : j el r a
corel gs subsfQi ?Eae\tme h?égfzg‘ﬁ’ t%eﬁf%\éﬁg l{ﬂt%%@gﬂ%c?sl tfglflhg su tg% ﬁ%ggvﬁtﬁ& g’ﬁ‘?éﬁﬁ%ﬁsz
enbodi mrenfomisgibst phtle 1R) ars tradiciondlyesdersabit asafiest Wewteh imtorcBilidstsoor dilher

t hr ough | es .but rather mjcrovias. connectin | | ayers. 25 t he ot her
hand. a QUTREYT BrerEOREhS T QeuGe R Py B A Bdra b d
regul at orm@hedBrdl ok esiffr didhngnd hat subisbhale rdRBchaue R SQLRd RS, in
the illustrated enbodi nent, substrate 120 conprises a core 225. In
certai n emsominnents, or Shlchntateniceis A28 rpprekeage nedOinfarearmeet lewshdercamss thay

i ntegrat assive.device 245 |located .in at |.east one of subhstrate 120 and
subst 1t doBoR ot EutRy WE % FormePERL A ubbalh el hrhrsoRen Ao sEari o ce
245 i s | afRtRctionRUWiskit EFARAvindShRanaeheme lalit el At pldcPasshiielslevi ce
245 can serve as a conponent in a fully-integrated volga%ﬁ regul ator or the
li ke. WO apd ser@uasnd PUTragsperts /o plsse “mid levelnintesepanedth 6 dYlEn tis prapepest
substr at 20 i reed. I »othe core itself has a thickness that is
no greateF%%ﬁg%&%gﬁﬁ%F§$%%%$%%%&E?%§1he sane or other enbodi nents, and as
illTustrated i nAFtHalle?ge Suding rabgufddOreeso i amiodeqtonial det/iceofist dvelogimeghol es
251 having a di aneter {hat i.s no greater than 200 lam | n the sane or other
embodfrertrecessfiigapabsof dliystipghigh Yigidie@ssembly prncersas at HbupmpHghiss for
electric zongct t fkﬁ% . A j each
have a tﬁ?%%ﬁggs no£%¥§gsgéﬁ§%(n 1%Qﬁ?%%%ﬁ@?%@%”ﬁﬁ%qg?ghgéﬁg?2?§§;??%%1each
ot her by mpasesill B8ndfhidtonaheving agileallersubdtare Gbchrbe p eoeias substmtd) hghsanme or
anot her epbodi nent, . subsirate 0 contains electrically c uctive traces
165 Conl yting Brckuiich SHPEH owb st Rt e AR ORHDE o SE N CAE e Gelater

than 75 rg,esenehehsol®TRNg: aiher SeRahalodd tut @ﬂh&%&r&&igseéonwctﬁlgsmﬁ?er@ﬁ3
that is no greater than 75 mcroneters. FIG 3 is a flowhar

i 11 usty atOmtheantimsthand B@0ire forrrambstaase asscmglyshaving aneintegrateshv @ taga ekgadpsor

according_t n enbaqdi t . of the i.Ayentian, an exanpl e, nethad 300 may
Fosul 1 oot R R FRRARUAE Dot SinslrdR 2P ETS b AP ek By P Sed Bitdfashy

m croel eGubQnit€ 1 PRI cd Qoikel?rat. is first shown in FIG 1, not including
die 110. 15A step 310 of nethod 300 is to provide a first substrate. As an
exanpl e, the flir sertadypypbodimentan nyeroglegironie  paskagm shoPafusthep ocamppgises sanf j r st
shown in . . : i: i i A r has a
Firor surpisgiac nESEPeds 10t RegiPatERPILBE LA IE 150 ki SRR BHOT
first3pi tthdilaistratedl ichtbod Bt ainegtdiel pokivanidvize 246 antbcart infsubsitaey CIMMEct s

havi ng a second pitch at a secgnd surface thereof, and the first pitch is
smal | er taRaFapRls, integrated passive device 245 can serve as a component in a tully-integrated

voltage regulator or the like.



20 second pitch. A step 320 of nmethod 300 is to attach the first
substrate to a second substrate in order to forma substrate assenbly in
whi ch t heweeonnde®uabstrate has first and second i nt er nalPCElusSeewiogssT y
conductive layers that are connected to each other with a mcrovia. As an

exanpl e, the substrat ssenbly can represent a conpi nation of . s trates
that are 25 silfioPRF eff@???%enﬁ I ﬁ%%rﬁ ;22? 13 AGOIHeY %@&ahes%gtt#i? S 2ns
anot her  axRRRLE thd REndTLRARY AR BRrethdtsamh tho sithé bP¥indr &ffodifRhtsi shdshown
in FIG 2. As another éxanple, the second substrate can be simlar to

subst r at exsliB@sttabealt ini G, i25 subsghtewl20i ¢onkii@, a plurdlay o dhnegily holem 26 hédaving a
enbodi neni., the second substrate s a second surface area,.is.coupled to
Che 11 rotumbet MR S0 BEn APbeR0R it R PPt BRe ST G Fes
third setili@dtratdit iQMFEGNNEKILSaO | PRVOMGAn R clebric8lPédraletiventrdcas $52a0diweest . t he
second pitch is smaller than the third pitch and the first surface area is

smal | er tvizeh tape sls@g&l@n’tha% Q&Cﬁlah,%’ea% dhickness noigmgatmrh@ndrﬁemiqgm@@rs pd @& t ai n
enbodi ”E%%Sargtfegtéb?n 'chr‘iﬁ{;)khléﬁ@h ?;ga%% ?,%t Bhat %?%ﬁos g%%%gélﬁrrlgﬁrsnﬁﬁ%%&re% §a a0 at

| east sone 0 hose e I'n other

2011/ 056 3QmRGh/ 40520t Ahibea#heht Whdiseats IOt ¢ontansl 2Bctirialtye bandue gy trabdsnlaand/ or
flexible, the substrate can be difficult to handle w thout causing damage
to it. THPBlydHR afeptighsaisishawa) that eackante & fhickussy ao Rerate dhad BsRuqramatcst her)

paCka?(Eegl%,ﬁE‘[%%ﬁ& e%cf‘?o?ﬁ gach d?ﬁﬁr‘t%rtat s&%@é 163 BEOS LG %%%t%l% it SHPGh&gke 130 as

descr O solves the“rigidity 1ssue ows exl sting
assenbly and tl6&t 35s atlohabat {lustretingse chetlskl 40032 namayacheinger foroectttoniong

standard fljip chip or BGA assenbly techni ques. An optional, step 330
of et hod 3kt e Tee s B RETHEE PACBUaL SUhbt 5RO BRa gD andy
optional sL@PiBAR NGB 25K RGdERDnAN M@?ﬁ! fhdt |is TRE®I Bl mRTogQitRalc 9l ue
or the like to the substrate assenbly. 18A step 340 of nethod 300 is to

per f or m aparkage 10A thdtes Bisbshomar ie FAes ot including dierl 160 obtain a test result.

Not e at this,ste akes pl rior tqg di ttac eading to cQ

savi njggsj and otﬁéﬁepg&baoﬁte%ﬁgg(?ggo gse CIFTPB@G & @féﬁﬂ@ﬁt Qtﬁ'eé&aﬂ .eX"gmple’ ﬁlesflKStst ep
350 of nmeybathtSh bssib@aid Abbirae dD@ tHa0 id fSt SHoRs! ihatIe. asaedddivighyf in @rd only
if, the test result satisfies a pre-determ ned condition. As an exanpl e,

the pre- detbadimentd thes figh nabstrasn heare Bestasuriagoratsl androppssisngy fiels st oof a
test operafl QMnects havir(lﬁF ei ﬁ"[st gitéﬁataa Iﬁnjspéltﬁ‘ﬂ@é {heirég!f Y54 %%doﬂg S Jﬁ]ﬁtgl%g{lée%?s of
manuf acturing a m croet ectroni ¢ package according to an enbodi nent of the

i nvent i orhavihg @sccondmitie at astdoad sdb@carigrdo€sandt the Mirsthatchds smbilanthed the
m croel ectronjc ﬁackage that is simlar to mcroel ectronic package 100 that
is fift&t SHIWPHH FIG 1, including die 110. 20A step 410 of method 400 is

to provide a dA%te&A@faéf REATR180 i W%g%ﬁ Ot?é‘@iré%esu(ﬁjé Bid A 2 §Qeotll SultQed At 1S

first shown in Fl A step nmet hod 400 is to attach the die
to a firstrdgulosformat & substretedeserhalyf ior whigh dhe sawsd rdobstratAbasa firet xaadpleeond: he

(1ol Sl can Re S LT Lo, SRSt e 420 LAl L LifStyahown 4 Pl

an example, the substrate assembly can represent a combination of substrates that are

25 similar to the first substrate and the second substrate. As another example, the microvia

can be similar to microvia 240 that is shown in FIG. 2. As another example, the second

substrate can be similar to substrate 130 that is first shown in FIG. 1. Accordingly, in one

embodiment, the second substrate has a second surface area, 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 area is smaller than the second surface area.

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

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

-6-



25 area and conprises 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 woOgetaseosurf ace thereof, and the first pitch ipsTarsadibosshan t he
second pitch. As another exanple, the die assenbly can be simlar to the

conbi nation of the die and the first substrate. An qgpti.anal step
430 of metHEY HoYHS 7% e dhip wgdﬁqreﬁ%ﬂ@@nﬁﬁﬁub%at%m ek to
optional 15h&iR @%Q1Hg&uﬁ9@p&%%§¢aﬂﬂhngiﬁ£c5?4§&%k%{a”%%ﬁﬁ%%g OkalRRENGS: 9l ue

(0)
or the like to the die assenbly. step 440 of method 400 is to
per f or m aordess (amd other)diackaws sesdnibly iprocossderPre-ottaditiag substrotes?Orte substrate 7 -

the die doLangry o601 St onbe ety e IbFRaT ISt SRiddetmby Red e "

el ect rj cahtiodsab BYGikéd Stdpd®hayt BeperfrRic ANAL SlaBartl 1ie 8P 0P BIRY aybinBlya
mcrovia if, and only if, the test result satisfies a pre-determ ned

condi t i orfechagqugh exanpl e, the microvia can be similar to mcrovia 240 that
I's shown in FIG oéﬁoﬁ%ﬁ; #8538 otfrn‘ﬂe%héofﬁod%tth‘%ginf’o%e e NGB Qses}:rt%gl H&%n
condition, as ‘an xanpfe, can be a favorabl e or passing resu f a test
oper at i orexample, opSnaliBte@X3BOPhey coipriseaddit: subsddrall enatatallg ®iier lghue 610
substrate 230 that is first shown in FIG 1. Accordingly, in one

enmbodi meribe likp® t8eednias@pnbiy-e has a second surface area, is coupled to
the figst substr [ it t : rises
2 thi st of rap oy oh RO REF RIFARER Slosd M B SANER S Bl PR e
second pidbtdin iastestredstiler Nofeathat thes step rtdkqsi plede pmol tohdicf attash, kadihgde castea i s
smal l er than the sgg surfac Al t hough the invention has been

ond ar ea.
descri bed NMEn LG aRY e s I ERTIOE CRBBEFRERAT, 1t will be understood by
those skilled AGwhhsoaFmciHdaz0uas iokacle RARAS Shd R sPhe ﬁ?s@ﬁlbgd_ feh@uionkpif,
departing fromthe spirit or scope of the invention. Accordingly, the
di scl osurthe ¢dst eedubidiatieintssa pic-ti¢terniingd nondinon.sAs ph endedle chdpra-ddtastinet i ve
of th§55c0ﬁ§.of thE i venﬁﬁon and is n@tfintfndeq.to be limting. It is
i nt entted CRAYIOR £ %%E%V%af T HPPHBRPIOR! KT PPDE Y% mited only to the
extent requirgdGby it heloaRpan dadtretim AetHodr400X3FHM @ fach@ingNEmdroédionss Y
skill inthe art, it will be readily apparent that the mcroel ectronic

package dnekagsercoording] tetaadesbadimenfrasthe iy crien ois an pxanplscacthed ¢0A may be

| mpl em‘v‘”.trsﬂuﬂ'f nl[ ﬁe"f%ﬁngr@ o BF ae@?c?gél&‘%{b&l%c pidod %&.i% Qﬁnﬁé}rt%gl%ic?&lgéu%%‘rﬁ“‘ on
of certain o Ese embodI ment's does not Phecessar i y represent a conpl ete
descri pt ipaokaf 180IthfrasSisbiwanibh GG nhsuding die 118ddi tional |y, benefits,

ot her _advant ages, and golutions-to probl ens have been described with regard

to spelific enbs@rrehosmetiod 498wt trevids g regasxampleytheghig cangepimilar
problensqogﬂg”%nrmgkggg@mwﬁiﬁﬁﬁm@nts that may cause any benefit,

advant age, or solution to occur or becone nore pronounced, however, are not

t o be construel sep 420iof incalhqd 40gisite edachahe destent firal subs@dtairesrdor toefoement s  of

any or al]l]. of t | ai ns. reover, enbodinents and |imtations

i 261 0sodtiH GRS T Hgal: Ll SO THE B ME G aHORFEE AOLHH He

dedi cat i Qioivh ih IFEGE ﬁrb@@&dfgﬁ%% 3N dhO ermbbintcat, 11RO First (shbstAtEn N0 3R saﬁ*]@éees sly
an

clainmed in the clains; are or are potentiallé equi val ents o
e

express alremanst comemigeon firdtwet eftinoneonierts having aifing pitald et a fikse seidacerthereofof
equi val enatna'a second set of interconnects having a second 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 die 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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WO 2011/ 056306PCT/ US2010/ 049457 CLAI M5 What is clained is: 1. A

m cr oel ectroni ¢ package conpri sing: a first substrate having a first
surface aweapidsesohi rst substrate conprising a first sePtChH/uUskomoni®sSTONNECE S
having a first pitch at a first surface thereof and a second set of

I nt erconnects havi ng_a econd %(ﬁ]ch at _a t%gocgd sur f ce t her eo

a second subst af%® @neéh%de & Qupttagde saS%qli@ 4R Gndfes §tﬂ?%r@@

coupl ed tlﬁvfn@eﬁxfs! 51?& se%Hﬁ’dS ‘iﬂt@ﬁn@l éléétﬂgaliyhé‘on%@t%dla?@ﬁ 10 atESHEORN|S kecrand
conprising: a thi set of interconnects having a third pitch; and 10first

and secordhdrwidy enmllcreVIe ¢t rin¢ anlyyf, m@mwtesatlaf@@rasprﬁhaterlamd condition.¢kb t 0

each other with,a mc¢ t.ch sha r, t.han the
Sacong. Dt o BB o RE BE B0 PloroyioRhaSD sh® ITHIG 2 et e
first surfirc®r dc@d 3005 MR pRIdctdiRmddn@®naRrGaANSk S ELAese, 3Jaﬁaoe a favrabldér

m croel ectronic package of claim1l wherein: the first substrate contains a

plurali twaéf’rlngrﬂswlﬁgﬁaw&@@rﬁm} ng a diameter that is no greater than 200
mcroneters; and,, . ample, IiEse qﬁﬁ%b%%%g’étcﬁg(})% s‘h%ﬂ&ra{o“%lbf {(&%tzs%”tﬂat £Gg0d g

electrlcally conducti v races Ness no grea
t han 15 mshowanetEGs 1amcbcafcﬁn§yz,pmr aiceambodimeanahe otdoad dystaatspace §eb@td | s no

greater tsf&?fgcelgre? grc%gglte?i to the first substrate using the second set of interconnects, and
10 comprises a third set of interconnects having a third pitch. In this embodiment, the second
pitch is smaller than the third pitch and the first surface area is smaller than the second
surface area.
Although the invention has been described with reference to specific embodiments,
it will be understood by those skilled in the art that various changes may be made without
15 departing from the spirit or scope of the invention. Accordingly, the disclosure of
embodiments of the invention is intended to be illustrative of the scope of the invention
and is not intended to be limiting. It is intended that the scope of the invention shall be
limited only to the extent required by the appended claims. For example, to one of
ordinary skill in the art, it will be readily apparent that the microelectronic package and the
20 related structures and methods discussed herein may be implemented in a variety of
embodiments, and that the foregoing discussion of certain of these embodiments does not
necessarily represent a complete description of all possible embodiments.
Additionally, benefits, other advantages, and solutions to problems have been
described with regard to specific embodiments. The benefits, advantages, solutions to
25 problems, and any element or elements that may cause any benefit, 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.
Morcover, 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.



3. The mcroel ectronic package of claim1 wherein: the second substrate
contains first and second electrically conductive traces that each have a
t hi cknesswoaogrisetoer t han 75 microneters and are separ aPea/Useanioessh ot her
by 25 a space that is no greater than 75 m croneters. 4. The

m croel ectroni c package of claiml fa@h@ﬁg conprising: an integrated
passi ve device located in at |least 0 the first substrate and the
second suRghiiidtRimed is®- The microel ectroni c package of claim1 wherein:
30the first substrate is a corel ess substrate. 6. The mcroel ectronic
package of cl ai.m 1 Aveeretlectrethepddkage cayufrstingit e conpri ses a core having a

t hi ckness that Ls. n reater t 4 m craoneters ..

2011/ 08e306pr ERuGDePHS Bihe b HR siffRed et MLRLIPMER comarisinge 8 i si ng:
a m croel FehteRBhfecl iving a first fitdh 4t StfirstiRShéAtherebpMidWsc@ohd §ctbf sur f ace ar ea,
the first substrate conprising a first set of interconnects having a first

pitch at iaterdonsectshpvingesached piseh dndcepndentine: bercobfand int er connects havi ng
a second pi tch, or?df Sgsend ha?\HE% ﬁf&@com%ﬁrg‘é)cfe?a% e second sﬁPﬁ%@%Eﬁpﬁéﬂ%t rate
sur ea, the second s pled to the

havi ng a secon ace ar ubstrate cou i rst

subst r at eh¢!§tsagulishretessiQnhe ssebndfctiofiireérconikestaid aodpasingri sing: a third set

of interconnects having a third pitch; an first and second
)

. . and .
internal_elecpricaﬁﬂ?ﬁ_ plcpddntesrennesirdtayingrathird pécligifect ed to 10each ot her
with gymcrovia, WiGLEIN second internal electrically conductive layers that are connected to

cach other with a microvia,
wherein:
the first pitch is smaller than the second pitch;
the second pitch is smaller than the third pitch; and
15 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 substrate contains first and second electrically conductive traces that each
20 have a thickness no greater than 15 micrometers and are separated from each other by a
space that is no greater than 15 micrometers.
3. The microelectronic package of claim 1 wherein:
the second substrate contains first and second electrically conductive traces that
cach have a thickness no greater than 75 micrometers and are separated from each other by
25 aspace that is no greater than 75 micrometers.
4. The microelectronic package of claim 1 further comprising:
an integrated passive device located in at least one of the first substrate and the

second substrate.

5. The microelectronic package of claim 1 wherein:
30 the first substrate is a coreless substrate.
6. The microelectronic package of claim 1 wherein:

the first substrate comprises a core having a thickness that is no greater than 400
micrometers.
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the first pitch is smaller than the second pitch; the second pitch is
small er than the third pitch; the first substrate is coupled
to the mwoaeli@sszoeni ¢ die using the first set of 15 i nPerasneosss? and t he
first surface area is smaller than the second surface area. 8. The

m cr oel ectron|7c par{g ge of clalraniav\,herel n. the first substrate has a

t hi ckness t hat ng¢regleglionif BOCHIEHE er s; the first
substrate contaaihﬁoeqeogﬂoﬁ{cadléty of through holes havi ng a dianmeter that is
no 20 greater than 200 mcroneters; and the first substrate contains

first and seconfdsedubstrate bavihya Fosidudedowec, thaclst whstrate aohphsivea drstlsticknesss

that is reater  than 15 t e separ at ed each ot her by
2 space thafereonirsgPa e i EIATE s SHas ShE SRR F LR L ISR cot roni ¢
package QBteﬁdoﬁhéBtslﬁav\M‘geé &dcBad gﬁéﬂkﬁ aSBEMAGusMEsThERLE ag@nt ains third and
fourth electrically conductive traces that each have a thickness no greater

than 75 ni cr orfetceensl shetraie Bagep asepoad shifennasete heoeemnd wsteptspramtedithat i s no
greater t[%é‘ﬁrszg’uﬂﬁr& Qﬂﬁltg%f%sec ond set 8}81teonﬂEEﬁ%ﬁd§%m Qpfacturing a

m croel ectronic risrn ow ing a first
substrate; att achl naghtrheetfdfﬁﬁtbrcsmb@tsrlatvmgta)th&d@&@l@rufidsubst rate in order to
forma substrate assenbl , the second substrate having first and second

i nternal el ectri calffst @éﬁﬂ%‘tdl iptsmabgleptgicplhagondpeivedayrds thatiare soregstEdde her

Wi th gym crovidey pthéPwith 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
15 interconnects; and
the first surface area is smaller than the second surface area.
8. 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
20  greater than 200 micrometers; and
the first substrate contains first and second electrically conductive traces that each
have a thickness that is no greater than 15 micrometers and are separated from each other
by a space that is no greater than 15 micrometers.
9. The microelectronic package of claim 11 wherein:
25 the second substrate contains third and fourth electrically conductive traces that
cach have a thickness no greater than 75 micrometers and are separated from each other by

a space that is no greater than 75 micrometers.

10. A method of manufacturing a microelectronic package, the method
comprising:
30 providing a first substrate;

attaching the first substrate to a second substrate in order to form a substrate
assembly, the second substrate having first and second internal electrically conductive
layers that are connected to each other with a microvia;
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performng a test on the substrate assenbly in order to obtain a test
result; if, and only if, the test result satisfies a pre-determ ned
condi ti onwoantiashiong a die to the substrate assenbly. 1PCTHseonwsdIst of
claim 13 further conprising: 5reinforcing the substrate assenbly. 12. The

met hod of claim 13 wherein: the first substrate has, a.first syrface area;
the first subé%eFéfmeéé’ﬁﬁsrtiO&é C bﬁ'ir?tétas%’?g‘ﬁyo‘ﬁl qrﬁ?ré? ObiHER test rﬁ%}ﬂan a first

pitch at a firgty,gehfyaeend RereQflt dRdHA %Q@Qr&ﬁfed%ndiﬂ&&%@t@&ﬁ@%&ﬁiehtéVi ng a
second pitch at a second surface 10 thereof; and the first pitch is smaller

t han t he thesdntiatpiasssmbl.3. The net hod of cl ai m 15 wherein: the second
substrate has laI secgnd s .t he second substrate is

coupled to the firs estﬂ%tgﬁgf‘ga%ﬁ%&l@ﬁﬁcw' ¥ set of 15 interconnects;

the segond subsif@tReCRRILLERS ageidly d set of interconnects having a third
pitch; the second pitch is smaller than the third pitch; and the first

surface area il snallicancthedaf ¢lpan Erwbagisur f ace ar ea.

the first substrate has a first surface area;
the first substrate comprises 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

10  thereof; and

the first pitch is smaller than the second pitch.

13. The method of claim 15 wherein:

the second substrate has a second surface area;

the second substrate is coupled to the first substrate using the second set of
15 interconnects;

the second substrate comprises a third set of interconnects having a third pitch;

the second pitch is smaller than the third pitch; and

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