€3et FRB6ZTM r<. 5 _1_SEM CONDUCTOR DEVI CES AND SEM CONDUCTOR DEVI %
COVPONENTS WNM‘NM‘MWMLY LOCATED, CASTELLATED CONT, LI ES/AND
PACKAGES | NCL M CONDUCTOR DEVI CES OR PACK%E’WW’WEEI ATED
METHCODS TECHNI CAL.JdoizkD The present invention relates g

sem conductor devices and 10 15 semicondugctor device conpdH¥it's that are

useful in lowprofile packages, as well as to such packages. Mre
specifically, the SEVEGONIHQEORDERIGES ANR SEMICONDUCEVRE Y Tk ages

havi ng true EOMPONENTS WP PERRHERALLY LOGATED, SARTRIAATED CONEAGTHS S
with footprintsASSEMBLESANBIRACKAGES INGLUERING 88/GH SEMIgONDOTOR | ar ger
than the footprint oDEVIEBESTORPACIAEES. ANPACTSSMNTETHMEFH®DSI ons of nany

different types of state of the art electronic devices are 20 25 30 ever
decreasing. To reduce the dinensions of electronic devices, the structures
by which the m croprocessors, nenory devices, other sem conductor devices,

and ot her el ectronic conponents of g giv' are packaged and assenbl ed
with carriers, such as circuit boarg Eﬁﬁg %@E@m& nore conpact. In

general, the goal IThepfesat anRetiStelcspeRéHHBRIoRemidoRdsda RvRackRUe (CSP) of
-the smal | est size possible, and with conductive structures, such as | eads,

pi ns, or conduégmigendugiopdevigheamponents that are geefhl in dow-pyofdenackagest @ wall ashe

overall gjze i h |k i il ot ai ni ry

hi gh per@ or man oeé$gy§ga3%§4%p5$ %céﬁ%ﬁ#,ﬁﬂ«?ienagll&log%b hles é}?gf ggé"ogﬁ h%grs%%q%i es of
senmi conduct or  ggokiag&shaging tiik cBighdarrte arofiesh aswlegitotsemitondudiorpatiagepwith i | es
of the sem conductor devices and ot her el ectronic conioonents upon carrier

substrates (e. &otpraty tas are pahstantiallythe samg a5 or oalycdighthelapges thap dhesfoptpeint of

sem conduct or %Véh%gqhé}g&t rude fromthe carrier substrates. Various types
of packagi ng techndl ogi es” have been devel oped to facilitate orientation of
sem conduct or devi ces upon Garner substrates in this manner.

Conventignal | y, sem conductor device é)lgé e e multilayered structures,
typi cal 1l i ncl udi ng a bottom | ayer of material, a carrier

(e.g., leads, a ci FI@lHidlimQﬂﬁﬁhgof 1?151?}{ aiffell%nfst?gésc&f@ga‘tlé:cgﬁe Q‘lt BlectPdtic i @P afedyer

of encapsulant material, for exanple. In dition, the |eads, conductive
bunps, or pi nsewvdr deomasing. i natuce thilin@esionsoafrethetrowic dedvéscthestredtageby whi ch

electrically conn such packages to car.rier.substrate s.well .a

b ovi de._suppor S HGRE R HRBRETES ety B8Tkes pE TorPginer s snd Bene
sem conduct or gR¥iréific BRRFALASE ofBRES ddvicREhR paditagb®indashshblad Kith Ogrridrs! €sul t,
the overall thicknesses of these sem conductor device packages and the

di stancé® the Sughasicgaitbosrds myslderoroermosg ednapack Jp seneatlethe god igiceat er t han

is often desired for ' - afled SL 668
| evel | packagi neriaplisat Bradhes b Bhik<Bie hilaBl (COR B He Al UL BESIICINE L 1 o
it is still pamtithabnductiaé sructorbe syrhicks dgds pirlsasr @ndudtive ashphywhtiRi@n@acesses

are generally consjdered tgQ be "chip-sjzed" packages, .at |l east _wth respect
fo the | ateral SEsaRleoRrihuRiA i Rerall size In tie mr'sz}ﬂmen%ms, BYphtal 1y have

somewhat enl ar goghyahRlblavefy hiPh performance level.

25 One approach to reducing the sizes of assemblies of semiconductor devices and
circuit boards has been to minimize the profiles of the semiconductor devices and
other electronic components upon carrier substrates (e.g., circuit boards) so as to
reduce the distances the semiconductor devices protrude from the carrier substrates.
Various types of packaging technologies have been developed to facilitate orientation

30 of semiconductor devices upon carrier substrates in this manner.

Conventionally, semiconductor device packages are multilayered structures,
typically including a bottom layer of encapsulant material, a carrier (e.g., leads, a
circuit board, etc.), a semiconductor die, and a top layer of encapsulant material, for

example. In addition, the leads, conductive bumps, or pins of conventional



'the'Z dinmension due to the solder balls, pins, or other conductive
structures that protrude therefrom Likew se, nodul es of stacked dice may
use inter-die connections conprising solder balls, pins, etc., which
substantially contribute to the overall Z dinension, i.e., profile. 15
"Fli p-chi p" technol ogy, as originating v@ib controlled collapse chip
connection (G 4) technology, is an exanpl’@ of an assenbly and packagi ng

t echnol ogy t hasemigsuductor deviee paekiageswhich dectdealiycontist sughpackagestd carrier

substantial ly rallel to,a carrjer supstrate, such as a.circuit bqgard. In
1 e ohi bt eenAaieBEss. % el B RVszaupBin b e abckepiare pmaieh FAURd for
device are arr g the s@nﬁd_bn&ﬁdt&ﬁe@ié@ﬁa@(agéﬁ #phrt $ohi AeLri&f subdiite? Ns a result,
sem conductor device. Flip-chip techniques are applicable to both bare and

packaged seni céedwveradithiglandsses of thasqxsaticopducter deyice pagkageandsbedisionces theor

devi ce, i ch ically h |.d bal | i n. -cal l.ed "bal l id
e " B P S b B BRI B P 9
a Garner subst g@tearf turtdledtonicoevicad.| y termed an "interposer”. The

i nterposer may be positioned adjacent either the 25 back side of the
“seni conduct or  di e dYafenlevel Peckagingi(WdAD yefeisite peckaging obat clesiypaie qopgponent

i nterposer is Lt | j ] ar.. die,
_the bgnd pads (r‘}{i)lﬁ F Iiltelgéslg aggén%ﬁ‘g{%rr' %?ggggge%gtfaégﬁr@ggszl?:@%fg%gésc%%nect ed
by way of w re gherab chsidéraé to bellchipraiabid A packagaspatdédstreitle teapann tosthe tateral X

correspondi ng contact areas, on _a top side of the interposer. These contact
areas cdfuni ca?&/qﬁmﬁnwsclcfwr&ommiﬁat Wﬁﬂbah%ﬁwaewﬁ%& g5M Profesack

side of the in Sl siod AliStot | QG &xgg i it4.0ned
adj acent a hi g%}ge:? eveFlo;c{g{rlﬁoet%{ggodﬁégtb%gét’ gm\%ﬁrﬁtﬁg a(I(::?{Véssﬁ g&g%stdtlﬂe
i nt er poser f acprogrutlb éhecsdrom. ekikewiss,tmadudes of stadkeldfdideray use émtpiodie conrgctions

posi tioned adj acent, .t he%‘?e%é‘!p e surface 0 conduct or_di e, lti]e bond

t he sem
bads of the sefBRRREE PR, 91C. Wik systaniiglly cOBFRYA ©h gyeial
correspondi ng gpfdmfoh, B¢ §38fileN an opposite, top surface of the interposer
by way of internedi ate conductive elenments that extend through one or nore
hol es fdbnmed in t héFEp-chipéteplundogy, Ageriginating evithioentelledznolapse chipregniestior wi t h

correspondi ng C ads.on the jnterpose In this.ty of flLip-c¢

cer conduct o ey RehadBERIT SABpleirh BRR T petadingBpBlogy LEPiSMITa 1
| ocated on theid 9gensivéridacer Qéviéé&iﬂfﬁr%h&ﬁ%ﬁlﬁstmﬁﬁnﬁpﬁhlm k/a cdrflbSsubytiee, Of
flip-chip assenbly is positioned a acent a higher-level carrier

substrate, sucBludisasa ngﬁlliﬁb@?éd-cmféiniciﬁpﬂé%mél,ogwyh@)b@quﬁ gr eanéact padsopaser
ith the 10 f.aci dg . f th
W th the t Oge@#&;n(ﬁ]%%r dg\%epge taﬂgncﬁ(;é EIE: 'targénagé&%% é gifafc%r shx‘?ac%%?ﬁl of the

f oregoi ng type I'p-chip semc Ré Tont act pads of the
i nterpowr aresehicpnduetbridavied) Flip-ehip tebhriques areapiplicdbids tortioth teaé and packagedan
arrangenent of correggorrlg‘lf:ag t er m pal Srfﬁr ot her cont act rEF?I ons fornmed on a

carrier substr§ico FVIEHe ‘oA IERE YRS FIRINAULRA A SRdURIFRT di ce)
or contact (ongfdidalyhas sl bmg&?in&%@%aﬁélﬂ"ﬂﬂl%ﬁ@%? Qgnégiom nal
may be electrically connected to one another by way of a conductive
structure, suchagendypiodltyanclbddsla semicondudteralis pulcesartidreubstiate; pbichris sone

di stance away from.the carrier substrate. The space belween.the interposer
and the. Gar ner a0y frediahy Pleusites B inerater PRP BErqtored dipoiin ity e
“under figsl " di gh@cdidd 6f theepiitciduétbidic Bf Béiat®re (RAH) sindRlth@éstct ri cal 20
i nsul ati on between the sem conductor device and the carrier substrate. In

addi ti on, each of tWherftbe byespergr isypsitiondd adjacentdhd hack side 06 thesemisondiwtarces

ofthe. 1 nt r podbr BRI PRls el te o E I e BB il ERRENY &Y
conventional f kag-ofkiife Hoydeorbilid agamedinn doadiaive eBhictitsad tayesgondifdimtdct On
patterns are defined by the conbined thicknesses of the sem conductor die,

the interposer arafen agisidsef thginterposer. {Heseqaniagcaras copumumeate Wil uct i ve
structur (e. | r t he
sem conduct or g?réesﬁgédiﬁ#?ﬁﬁ]ﬁ@?ofl Fgfﬁaggéﬁgg%g?k %gﬁégtrl}% :ﬂgﬂg{%te? I ?%—§§ﬁlﬁg?type
packages are offtigpohipassemibiyaib pysitidriedkadfacent & highierrlesatedatrier sitbstrate stithi the backt he
art electronic %gvi es. Fur kger.rm e, use of this general 30 construction
met hod for prodieiof frednterpqest def £ FERFS fe (MCM results in a
relatively high-profile, large footprint device. Thinner, or |lowprofile,
flip-chip type packages have been devel oped whi ch include interposers or
other carriers with recesses that are configured to receive at | east -4 a
portion of the profiles of sem conductor devices. Wile interposers that

i ncl ude recesses for partially receiving sem conductor devices facilitate
the fabrication of thinner flip-chip type packages, the sem conductor dice
of these packages, as well as internedi ate conductive el enents that

e Y e - - L o, T T T T



'semt conductor die directly to a carrier substrate and electrically
connecting the interposes to the Garner substrate before the sem conductor
die is electrically connected to the interposes. The sem conductor die,

i nternedi ate conductive el enents that connect bond pads of the

sem conductor die to correspondi ng contacf areas on the 15 interposes, and
regi ons of the interposes adjacent the reteptacle may then be encapsul at ed.
Wil e this nethod ifthelrtaposer & positipnddadjgoentithd ative syrfachiofthe yaaicpadickge, t he

package cannot be_tested separately fromfhe rner .sypstrate. As a result,
't the packagediosthafpaf pagich thesemigepdugiersigsay, %&ggtaf:éi&cenm%@épd the
Garner substr aggr&pendiyc Q?&eWBﬁte%Qﬁrsﬁﬂﬁbe Mﬁﬁ&?ﬁmeﬂﬂ}ﬁy@ﬂ&%ag' ng

d
met hod of the ~695 Patent 20 conplicates the process of connecti
seni conduct or dderimedmteroddadtive elepicatsithad rktend thnpghent sr toreshadesrfoingsd in the
substr at g In %&lditi on, it ﬁhoul d . be noted t.hat ltﬁ order t.0 obtai n. &
| ow prof Pl e palRFPESCL| %‘geﬂﬁ’f f EOREE Arsas,pamuIpyIcaie Wi BECPELPE Foftact pads on
conpactness. ThR ihieRjobérl T thi 1§Fc Of flipLGHD RIS dehRe RRSKBYL nEWYveR She
significantly greater than thé area of the sem conductor di€ thereof. 25
-Thus, there i scentaspadsase also typically licptedon thedombiirtaee hiithe anterposer ow profil e,
may i ncorporateg a l.arge nunber.of sem conductor. packages of,.differing
_di nensi ons and“CETHRgH; s tfyg%pf@lgfc 45997 glﬁ%osglpg?)&(%{ﬂwggba ‘Péﬂ*er' Svel

| ow profil e typaristdubktedié, Rusipbll Rintddadircit Yodie, ByesHbntig the Shteghosth wath the i ts
assenbly with a Garner substrate and w thout adding conplexity to the
process 18f asstapourfage fariag thearmier s¥watéent s to the carrier substrate. 30 A

nmet hod for fabricaty ; j : . i

oDl SCLOBURE. O | R o RURE il 6 bR PARHARRTALIAIAL MEGHER
modul es ar e f opadscbfilic iaterposaraiedisposed mvincaemy that hacafogrinathatimireors act s,
sem conduct or devi ce conponents,. such,as Garners, with castell ated

contacts, or sBFRNEEEIEHS HLPTEPoRding Eaminalsprofes conidcs Frgions formedianagarisy of
sem conduct or e i jqf L OGS g i Y]

| ow-profile ar fplgtﬁggtgrrbgf a?%ft?%tr)%da(gﬂ) ﬁ%ﬁbﬁﬁﬁ%ﬁﬁ?ﬁﬁggﬁggeﬁglc&ﬁ o}égﬁ%
smal | f dét pri nthipeatkages) ipadsnglits demsipbyding teemimapmny be elsétejoaly donhegd tby .
Each sem conduct or package is proyvided with castellate ontacts, or outer
connect o o oprefulier beshey odaRRIeRTE et S5 8 splenyall Beldsinediubeych
as a printed 1ghehbeHsdmbaistatise WhyifRinetR8Mer sbisfatd. OF L0 anot her

sem conductor device. The castel|lated outer connectors are fornmed by
provi di ng conduct i Ve gpage betweay theiieterposai dad thesamier substroa sy bedefbopenpire

si ngul ati on bi . h fuld, Vi orgi tudi nal | y..i MO Vi.a rtions,
each of which @g%ﬁygggoga@%{s tu?gfl?a}glli %lgie\%tl%g,ma[?qréa)_{?hagﬁﬁ%&de%%%téogg&l,ecta?a t he
peripheral edgsofationbet@bert the séntiRomiticRe dedicsindahi drfie sABGIetY Bbaddiasm) out er
connector is electrically 15 connected.to a conductive bond pad of the

i ntegrated ci r 88ahtofithe forRgoingdwmeg of Bipgehép sgigondyptardevices maydedudeamed by t he
kage. Each , i i
Do to package CiieprR ARSI boViRite PR MR Al il B AEIAGPor ARYBARKEO®

ends. Both of sémiconduetord@nnector ends are readily connected by reflow to
conductive surfaces,on.a 20 supstrate aqr..anpt her kage wit he, sane
connector configur itthHam?F?éSB Oé‘?’erg‘(ﬁ?ﬁﬁeth"ﬁ t)ﬂ?e_ éﬁaﬁ?gegﬁﬁvé’&& e
electrigally CQM%&%%HB%MeﬁH@&K}aI&%%oﬁfbin@é‘[lﬁél&éss%é‘@ﬁth ?ﬁ)tﬁ%oﬁucfopﬁie[ top

3
sides, their back sides, their lateral surfaces, or any conbination
t her eof . \Wher ethetintegiosert the adlesive materiap thetehgmzen, antd éhe qvndugtive sirediures(eag.,
mul tichi p nodul e .hav [fferent di sions, 1i. are of different sizes, a
ol'urai 14y of - 2aSiiR s het BR R sbo B8 mbiRBiset e seff Eorilunr giop RS A the
package-si ze s@aspacRARS, JdAVdnfiendl Mip-SlPeypePatiGlobdrt Oftert MRURSIE4LIY thick for use
configuration as the underlying package. Each of the specific size or type
of package is stpealhthinstatoefthelars Alactnnikdgyinss.aFurtheemonss ese of dvegenemhus, f or
exanpl €303 mul ti el B RS %@}Qrddﬁ&hgg%ﬁaﬁ(e%arﬁ&ﬁgﬁ ML O(Mtfw%'s&% ifla
m croprocessor package, a nenory confrollTer package, and one’of nore nmenory
30 packages, aielativelyehigloptofil® ldrbefootphinpdévicat pri nt, t hree-di mensi onal nodul e

or package. The produced nultichip nodule is particularly useful in various
appar atus havi ng sé T, §ploweprofis, fiprchip bype packagesi haye beesrdexslapsst which
mniature tele 1o i ' G ices,
and o pl ot hor atapues tefBoRebh fiffer RN i 6 iy K Dlnflgthc Ukl FEIAEE
nodul e of multiple packages is assenbled and attached to a substrate

w t hout any hei ght-adding interdie connectors such as solder balls, pins or
the Iike.



The stacked multichip nodule may be surface nmounted directly to a support 5
substrate w thout solder balls, pins, colums, or other height-adding
connectors. Qther features and advantages of the present invention wll
beconme apparent to those of ordinary skill in the art through consideration
of the ensuing description, the acconpanying draw ngs, and the appended
clains. 10 BRI EF DESCRI PTI ON OF DRAWNGS‘ﬁ n the draw ngs, in which sone

di mensi ons maya pertien afithe padfies ofszmaivphducior@etioes. (Whillsintepposem thiaf invipdeut t he

invention are illustrated, wherein: FIG.,1 i3 a ers \view of, a

L Erl o s CloRERes o DYoo A Seicandyior Apies THik BGRS PETFATBN 6y ce

packages are f@ﬁxﬂﬁf’ﬂ@ﬂ é}ﬁb ﬁﬁé}g%ﬂa%éseﬁe@&hﬁﬁn {H?%fc%%&“&leler’?afcﬁé s NsQFdpazat i on
Ly i cor

in a nultichip asse ance W|tht e present venlon FIG 2 is
a plan view of 1n&nmlednlaarogadhcpmc tlewants thaprogderpdyand theuduter didacseof gthariibet or

fer f d int | at ed. devi h th
Ceachi ngd of t ESPUBRET B SEFeahhe®, BRFRATY add wThE MRRRG ks o er

showi ng a castgickadgd full via 20 formed at the interface of adjacent
packages in accordance with teachi ngs of the invention; FIG 4 is a

schematic perspecthSaPateaW5oﬁ4la15@@n 5639.695, é)oﬁiiﬁﬂg@dm@mwc&d@é‘ei@hﬁm ng a
castel | ated ou rp.fOr o mul tic SS

Thvention: 20" 1t A0 padi) HdloRP ubule ol <0 e AP SP phrites it
si ngul at ed paCKﬁHﬂeﬂlﬂXMeﬁﬂmW‘ﬂh@éaﬂH&fdﬂbﬁﬁﬂfe rétfepté@l‘éteﬁ{eh&hgdoﬂ?le@ly

connector for formng a nultichip assenbly of the invention

plan vi W of athgaﬂareuﬂ%vdlﬁeo695p%%¢mg@0hqsmp@gé@aﬁ by fwaffeérbwswunnga
i ncor porati on ééﬁn@or[HstH @'d?ra&ﬁﬁ?%‘%&éﬁa?%ub%&&‘te Y &itdien yc%gﬁg 9% s a

schemati c cross-sectional view’of a portiion o a si ngu at age for
i ncorporation 1mterposﬂtlﬂotﬂ1@:dfurpembm‘aﬁ befat thesemicondindtoratic 1chlle@tnoallys a plan

vi ew of anot her (ﬁig&gﬁ[ of a s m condu torp(gacka e havi ng outer

a

castel | at ed co?ﬁ‘i’é’@? & AINFPRNT- s ediate conductive elements
that connect bond pads of the semlconductor die to corresponding contact areas on the

15 interposer, and regions of the interposer adjacent the receptacle may then be
encapsulated. While this method results in a very low-profile flip-chip type package,
the package cannot be tested separately from the carrier substrate. As a result, if the
package is unreliable, it may also be necessary to discard the carrier substrate and any
other components thereon. Moreover, the packaging method of the ‘695 Patent

20 complicates the process of connecting semiconductor devices and other electronic
components to a carrier substrate. In addition, it should be noted that in order to
obtain a low-profile package, it may be necessary to sacrifice footprint compactness.
The footprint area of such a low-profile package may be significantly greater than the
area of the semiconductor die thereof.

25 Thus, there is a need for a multichip module which has a very low profile, may
incorporate a large number of semiconductor packages of differing dimensions and is
readily fabricated. There is also a need for a low-profile type multichip module that
may be readily tested prior to its assembly with a carrier substrate and without adding
complexity to the process of assembling electronic components to the carrier substrate.

30 A method for fabricating such low-profile type packages is also needed.



‘FIG 9 is a schematic perspective view of an enlarged portion of two

castel | ated packages joined by an intervening castellated substrate in
accordance with teachings of the invention; FIG 10 is a cross-sectional
view of an enlarged portion of two castellated 5 packages joined by an

i ntervening castell ated substrate in accog dance with the invention, as
taken along line 10-10 of FIG 9; FIG 11°is a partially expl oded schematic
per spective view of an enl ar ged PISCLOSURE OFVdVEREIEN at ed packages j oi ned

by an intervening castellated substrate in accordance w th anpther
enbodi ment of the {RGERIESR inyeptieRstackes multighip mediles 3 forRef O de vi ew of

an enl arged po %&Mléﬂncﬁilcctd% d%ﬁéés%i'tl%a%@ll%@i:&%@éﬂ Qérﬁi'éo&ﬁ&{ﬁ?&@vib@édgn?&pﬁlgs,a

castellated multilevel substrate in accordance wth teachings
i nventi on; FI Gsudasicarrizss, withicasielthtqiaontactst dnseme icombmhtiemtherebfir ged

| ow-profide nmultichip.assenbly conprising.castell ated cka of differing
si zes joined in ac@%&ﬂ%‘r‘i‘(‘f‘éﬂ %plilgﬁfye%tlc?ﬁ&ﬁé’gg‘b. ort%kqgﬁ§€mq£zﬁ?feﬁ%§lz%4 i's
an enl arged pl athy\He@WicRéd AR @nglﬁbmelm%yn%‘nt toefol latstackddrnalsisipidodufeor med
of castell ated packages and castell ated substrates in accordance with

“t eachi ngs of t Rdu¢hhasatsmeH foedprintrexgemely High densityand geperiof signal indegrisy. an

exenpl ary | ow |l I chi 0] | v..for f castell ated packages
.and castellate a%%%‘fl F%@éﬁofﬁécg%é&? ﬁgoﬁ’g({emﬁ Ehhcgftsng%%f%o gac oxi%ugeri nventi on.
BEST MODES) FORofuAtisid, N5 efddikicaonhédviohiTd £bhriRer @ /gl aGubdirafe sich ds a grinted ti chi p
substrate blank 8 is shown in which a plurality 25 of dice 16 is shown as

defined I8y bousHeHi{beardan interpases efey) ortp anethessermisordugtarilevise Theeastellaad

sem conduct or ' | . ' 16 ] - r
ahi oh fa01 111 at Gt (roRAPRARPRntEd by BovIAIER RN, Vs hE ol afheT P
foot print mnult iwalférjeve sBiesinguladbin becsibsh it eia bdrgitkdiBallysintepiocti£poréiens,
conprising a full sjlicon wafer, use of qther sem conductor substrates
(e.g., partial sahrfmdicheamaprisss aeastsflatinnids, 150 OuEhreBREIG A1 the Prirheral adge

005, 4 0 L R G0 O R a (1

15 connected to a conductive bond pad of the integrated circuit in the package’s die by a

conductive trace carried by the package.
Each outer connector may be exposed over its height from package top to

package bottom, and may be formed with generally flat top and bottom ends. Both of
the outer connector ends are readily connected by reflow to conductive surfaces on a

20 substrate or another package with the same connector configuration. The outer
connectors of such a package may be electrically connected to other packages or
carrier substrates at their top sides, their back sides, their lateral surfaces, or any
combination thereof. Where the electronic device packages to be incorporated in a
multichip module have different dimensions, i.e., are of different sizes, a plurality of

25 the packages may be stacked with intervening thin package-size substrates having the
same castellation connector configuration as the underlying package. Each of the
specific size or type of package is separately formed and packaged at the wafer level.
Thus, for example, a multichip module may include a package stack including a
microprocessor package, a memory controller package, and one or more memory

30 packages, all in a low-profile, chip footprint, three-dimensional module or package.
The produced multichip module is particularly useful in various apparatus having
severe space limitations, including, for example, miniature telephones, miniature

computer devices, vehicle control devices, and a plethora of other miniature electronic



'substrates) is also within the scope of the present invention. _g_ The
initial steps in form ng package 10 may be any of those well-known and used
t hroughout the industry. Thus, one side of the substrate blank 8 is

sel ected as an active surface 18; the opposite side becones the back side
19. A pattern of planned straight boundaré/ lines 12 and 14 in the X
direction and Y 5 direction, respectively, is provided for subdividing the
substrat e bl ankpghratod. ol'te multickp imodulefof undtiplg phckhge islassemBled fnd atfazhed toat | ng
sem conduct or devi ce ckages 10, depicted in FIG . 2, e. boundary |ines
12A, 12B, etc.S tﬁgﬂqeé@ﬁnovwiﬁe@?w@aet rdig COMSAIgET pch awi&zbyl?samsg A 14B
and 14C (coll e?ﬁélﬁ&' y referred to as boundary |ines 14) define the

eac

di mensi ons of die 16, and conprise saw lines for singulation 10 of
each separ at e asseffihk etickeiohaltiehip GaduleGiBy e siFaceancuntediirectly &r suplperd
referred _to as packages 10 r surroundi ng ckage r exanple, in FIG
D backade 10EMBTER Jamoltsolier RS D Gt enp o e diRge SifedeSn
packages 1 OA, 1 ORythdQbaturbs 5%d advRMitagds oPlhe }Jresgﬂ iAvhtibn Qill bedomedlppiras: af er
| evel . An integrated circuit 42 (see FIG 7) is formed in each die 16 to
“interface withthose pherdinety skall inth¢ art thrauggh cansideration dfithe ¢nsuiagdescaption, she
configured in accordance w t.h the tﬂeSi reg‘a&jd- yse of the assenbl ed package
.10. A wide var ia(é(ioylp&f‘ylpﬁfi@évr‘%gse@dc ¥ 8RRe PR el ement s may be used in the

die 16 of a package 10, including, for exanple, conductors, resistors,
transi stors, capacitors, inductors, insulators, and the |Iike. Fabrication

processed are used whi ch typi BRIBEDERCRIEHON ORORAWISSknown as | ayeri ng,
20 patterning, dopi J AWaP § i.fi Lati.o ach are
wel | - known. For exéﬁlrr%egi?gﬁ@gggl} Q’F’&{,‘%@ﬁ%&rﬁé‘ﬁgﬁ%&b?ﬁ’\éfgrﬁé‘%{e\‘}aﬁ%“g’i“ﬁet hods
of oxidation, embodiamhts\fapeatryitgmms teiinven(iéV/ad illusohted,ulzsreiheam epi t axy,

physi cal vapor depqsitjon (PVD), and ofher_ techniques. As shown.in FIG 2,
each package on sut%ﬁlir ia’fsé‘HS’Fsé’ﬁT\UV&? viegy Bé%?‘t}h‘éleesﬁn’é‘gﬁ‘?g\lqt‘éra‘f’?fér mavhich 3 he
numeral 10, andyjiBF RwRpokile by biciabaMRe R¥med WiliRhakb 100,
10E, etc. for gudrr%%)ggs of roe' atinglpa jgcen% pagﬁagesﬁs\%\nét eélct:%ggi‘rﬁ%&?s Each
package 150 i s [erducatpatation in aanultvhip hsseambly ip acor@bcevyith thequegent imeenpionyrar y
termnals of the i grated circuit 4 not visible) in the package. The
upperour f ace, 1. e FICot BARILYIPY Rt en Sae8RbUlipE AT B BRI Fuliio0 o each
package 10 ar e gbffrah@fdidr vaf@SImRd ilt% presiifulafittevis pAlkaféssh a6dordcdRiRT | al
for insulating the underlying conponents of the circuit 42 from external
currents, incl thatitagrhirgs ofthedevestiot, netal i zation to be formed thereon in
accordance with the nyention.. -9 In.the sem conductaor K s. 10 used
' this invention, TConbrRRIEydevsh2eptisn L e e spolne s Eruletii¥iniuct i ve
traces 2f) at op fetnRidectheiigtelfaeaf adjacdnhpickagdssi astbidahtewithwackingsuf tizct i ve
surface 18 and _circuitry thereon. The traces 28 may be considered as "third
| evel " conduct #$NHPH extend to boundary |ines 14 between adjacent 5
packages 10. Each tgiacg:.28 i1 j 0 FIG 2,
or may have an enl glgéglsiarsgg&ﬁgﬁzﬁ)ﬁ?s{pﬁ%ﬂvre ggﬁr%y% %ﬁgﬁ%ﬁf“zﬁ‘?‘wﬁ% eng t he

i ntersection 66he¥ingheadteliateisouts conidoto darrformtivig b nmudtichdp assamisifofthei n FI G 3.
At the intersection 66 of each trace 28 with boundary line 14, a

t hr ough- hol e 3d0YeRUen; e, Each through-hole 38 is coated with a conductive
materi alpsto form aggl § s é&h&mﬁiopeﬁpé&iﬂe%’ie@éf &%lddi&%f £ ﬁéﬂiﬁ’aﬁ‘ckh via 30
(referred to in FIG 2 as conductive vias 30A, 30B, 30C) having a holl ow,
circul ar or cylshowing eadtherembedingent of¢astsllated atitey conpemterdbefdrnmgtdreulticlipe. The
full vial 30 are fﬂl??irr%q withta di aneter 64, which is also the dianeter of

t hrough- hol e 3&¥ AR Ig?ﬁlgﬁr_’%?f’ea 58 of trace 28 may be configured to
essential 'y surroundGage aﬂ@ilew_ats&nicbﬁdlféﬂi??ﬁél&agé’ﬁn lated @onts Wafef f@n Of
the 15 through-hole 38 and conductive via 30 fornmed therein are within the
peri phery of eandorpsrationdn aspuldchip asserohlagétheioBntion 10E, as shown in FIG 3.

The con tive via 0, are aced apart.fromone anather at redet erm ned
spaci ngd%b(r: pitch 6§I%FY aasﬁ?mﬁthcecr%s?-rsgﬁggﬁlgvd?w 8fa B%lﬁaﬂgf ?%g@fnggp %h a
gi ven boundary fbd in€orpdratieei atatltitidp usseinblyofithe ipvétidon68, provi ded that the

arrangenment of conductive vias 30 substantially 20 mrrors the pattern of
correspondi ng condddtiod & aplanviewof apothenssodiment of ygamisondHelor pAFEES i ve vi al

30 are to be c%gmggﬁga?%fé?a&ﬁg&% bgodnqﬁreggidg@%tpﬁ)%%ég@d in the substrate

bl ank 8 by nechani I'ng, such as wt Spi ndl e machi ne as
used for drilling circuit boards. Alternatively, laser drilling, punching,
et ching, or other workable nethod may be 25 used, depending on the via
di aneter 64 and aspect ratio, i.e., hole depth 70 to dianeter 64 ratio.

Hol e formation by etching may be a viable alternative only where the aspect
ratio of the hole is relatively low, i.e., less than about 7:1. The term

o 2 1. M " o ”~ o o



Fol owi ng the formation of through-holes 38, the hole inside surfaces 60

may be cleaned (e.g., to renove drill snear, dust and burrs that may be
generated during nmechanical drilling) to establish a clean surface for via
formati on. - 10 To formthe conductive vias 30 in through-holes 38, a

conductive material may be plated or coated onto the inside surface 60 of
the through-hol e 38. Methods used may include el ectrol ess plating,

i mJer ﬁ i on p: ating, Fg]}.emits m@bhﬁxﬁatic@bt)spédﬁge viehﬁdt}aﬁ?hlalé@gpbrtﬂmnﬂwvb taxtellatelD)
and physi cal vapor deposition (PVD), as exenplified by 5 sputtering or
evapor ati on, aReFKagesdeingt %%@@Wﬁeﬁﬂ%wﬁw@ mgcgordang rath igechingss 30
may be fornmed 8fth@iﬂ§%ﬁ?$ .such as copper or alum num another netal, or
metal alloy or a nonnetal conductor may be used. |f the material of
conductive vi al 3O0FIG. ¥k asadssle¢ctionatividw of an, enbangedi gortivayofltwo dasséllated! e t o
subsequegtly adhere sol d‘iéﬂt 0. conducti ve via‘ils 30, each conduc_ti%e via 30
may incl dde” onBaGAEIPBC bR infrrusningrasisiifed subgiEate Hy aceprdanss/ ot iebl e net al

layers. The pl flveRghOhs GRAT AR OB RPoraiIGest | vel y connects the formed
conductive via 30 to the trace 28 and/or trace enlarged area 58, and thus
"to a bond pad 20 ofIGhH isempactisHy exrtlodedseldnzagic ptBpedtive Fie® of3n ealafged|
conductive via 30 is.shown as an annul.ar nmber  havin dial width 62
Cal'so ret err eapegondf BieiRieREed RaRpiShed By Rl Relifed fbsFiEimie
surface 60 of hh@rdancd Witk dAdthIRodindnPofths Hiveatidh; of an axial opening 40.
The coating thickness 62 may be sufficient to provide required strength as

wel | as 181 ect ri cal Féanldus aictoss-sc@tinnal sideyiew dfcancantargadgportivnodfresseltedray be
fromabout 1 to_abou 5. m.crons. tional ]y, the entire through-hole 38
my e Ti1 1 ed. SRpRSlygH? PRRKBRE ied 87 b lst apd e Sl eap osnOBvts, o
package si ngul adatififgs cfakdine&niddct i ve via 30 may communi cate with conductive

20 traces 28 of two_adjacent sem conductor devices and, thus nm{_be shar ed
by two adj acent pgécﬁ-a;é’e@ an gxpladedpersparitye viaw ofawrealsegadewyrefilgpuiltichimown as

For  exanl o, pakas B oRBEne St RAGReRa ORAOORAAR i od MABKRIBheL WO, 11

14 bet wdén t hetdavkingsafilxgiasentidh; An addi ti onal |ayer 44 of dielectric
material (FIG 7) e appl.ied, before ckage singul ation tq cover and
protect the conducﬁée&tlﬁ é%laTSSdPEBIVF%ﬁ eé‘glﬁﬁf“‘@f Unprﬁﬁi)etrﬂ‘émf}éﬂkages 10
on substrate b | i gﬂ,’,@@]

al ong boundar yhﬁgﬁ};gﬂ f?%@l%%%gédpﬁgtﬁﬁk ?I%P%%ﬁg%d El%bﬁg&géaﬂ\?v cgarf?&% w |

t ypi cal | y haveteachings ofithalinmert@®npatdnveen kerf lines 71 and will 30 pernit a

maj or portion of e nductive,vi.a 30 to remain within.the I.i pheries of
adj acent packages %‘ig(%%ﬁﬁﬂ enlagged sidg v W@’rofaﬂﬁﬁelﬁ%la‘?ﬂWﬁBﬁfefﬂﬂg‘ﬁW he

di amet en64 of agemblyifofReddrdastkibatetBpdcRaged Bfd\khatel1hted SilistritBam debsrd&RE ity dt h
72. -11 Singul ation of the packages 10 by cutting al ong boundary |ines 12
and 14 si nul t atraehisgsofitbasigveniionn bi section of each full conductive via 30
into two via portions, or outer connectors 31. Thus, an outer connector 31
of each full conductive via 30 remains wth each of the two adjacent

packages 10. These out BESTWMOBHE(Sy BORICARREING OUPTHRRS/ENEION her ei naft er
as peripheral vial _or, .in the context of the invention, as outer connectors

31. As shown in FI 8efegringtodilGyly adpwcb‘aék‘éi&étemr&ﬁﬁlﬂw inaylch p plygality,f
FIG 2 b3S out BFGEONORSHON o2k RN Robthf BRMI2SHREE P2l i fitypackage
ehi ng in eac is

peri phery. A semcircular axial openi out er connect or
exposed al ong frventien gtrhicFtiucter Gevidd) paskagehwilbbtie formed om thetdice 1%lin a himneut er

connector 31 (see FEl G 4) has an _upper surface 76.and ower surface
78, both of wh PO IIFGE SR IO A PackisES BAA B TWBRGoUra OB hces 76
and/ or 78 may Qf@dhRy A¥mBYE WhikQEbRRARY bINMK §Ys dBpieted agle’odqsgwg PRAKARSH
surfaces 74, 34, respectively, or may protrude slightly beyond the package

surfaces 74, 3avafensuseiobosher semicondiictor substiates (e.gh patitinkewafeispsubbt@itesmf ofher out er
connectar, 31 may be 15.formed by completely £illing the through-hole 38
With 00%8 uct i véglﬂlﬁ?%(fuicg oMyl alf’épﬁ?égg%zsv& Limiafion, gal %&rsﬁ@ﬁg’ilﬂ‘g’t‘@_ denot e
the confi gur at pRésphidiegdridask ki, awelllgesolelled 4iliedn-6h RBGAKBE dr BORttysear ri es an
array of bisected conductive vias 30, or outer connectors 31, in the

periphery of aséshpledrisiglee withindhe scoppatihggeesent invghkian-at e. The out er
connectors 31 are within the package 10 outline and extend fromthe upper




20 surface 74 to the |lower surface 34 of the package 10. Each outer
connector 31 has an upper surface 76 and a | ower surface 78 which may be
connected to a conductive via of another sem conductor device or

sem conduct or devi ce conponent or conductive sites forned on anot her
package or substrate. FIG 7 is a cross-sgctional view of a portion of a
formed package 10, as cutting 25 through an outer connector 31 with a
central axi al openﬂhghﬁﬁMEuPﬂhdbnhbgemﬁﬂ@mQQanheanwmémosuwﬂhkmnﬁﬂmkh

typically covere I r. protective 46, .as k h art As
Shown- out or - cormanibyBho Helindisfio Fhus Prs AFocsicimatus PR aif it

through hol e 3§etividisBrid® 1(80%%P§sn€@1d'e%E&ﬁﬁ@ttﬁéjbéékrsﬁé'lb 42 whi ch term nat es
i n bond pads 20. An upper insulative .e., dielectric layer 36 protects

integrated circuit Adpate; ofimanned steaight batindsnolines laraddtlhmﬂhﬁ%dlre&tlgmaman of
conductivye netagllization es 28 f or.ned .at eleciric.layer 36 to

connect Bond paH “é’@nvﬁefﬂ?cé\ ﬂi‘édmfat’t?e‘?f%é“ﬁvwgﬁe ?“b %%?rﬁ]ﬁ?#ggl%§ackage 10
and its nei ghbgnirdliy bf Rirakkedicelib o PiblibRing@b@icondit@riievice packdgisalect ri ¢

insulative layer 44 may be applied to cover at |east a portion of the upper
“surface 74 bef é\ﬁéieplétedﬂm’g“l(bﬂdﬂ@&awdﬂ@' lings 12/ H2Btett (ecdlecta@ly tafesigd tnas shown

in FIG 8, the a v pher al

_bond pads 20 aPongﬁgjnlllel%géW%rAat&@er ?%%g(%ﬂgﬁgggﬁreg%ga%a&gg’r@g% axis 26
5 of the packatigesSih) ddfe thel tigmiensionseftdach died6, aid doapkisgsawolndyddyr digulgioned on
one or nore nonFad edges 54 and connected to the bond pads 20 by conductive

traces 28 as P F%tsm%afiSﬁmhteépa¢ag®i 04.049Bs éOC,tﬂt‘ac‘éh@hﬁfe@ﬂSOH Hedtars 20

al ong one or n r

Accordingl y, dPekefROR” 5o Bl pdckyf? Bl Bl G 2 88BBOER 20 and
out er connect osbovﬁiasafm@usoum&thynnﬂﬂwlammaba@ﬁt ﬁéakageelpAﬁH]BJthCnMEMti on
provi ded there er al ace for the outer connectors. It
i s noteworthy tlh]g’tﬁgaébﬁ@ﬁgaﬁ)ﬁﬁa qg?b"@&ﬁﬁ’& ‘es 38 to be drilled and filled
i's one-half the nungniepfarddciiehi h@gse@FIGW)(i%ﬁﬁEd B acipdic 1839 IRGARE ERS S

time. The packages 10, as describ herein, may be joined to each other or
to 15 subst rat e ®Evé surfacey 28, iag kpowri m/thqart andlm cogfigrednin abeatdaficerwitththe

formati on of rof il e tichi SS &S 90, Sev exempl ar y., met hods
bre 11 st at edeaEntsate §'thé iSdfled BTN A Sitg Bl SRR Retng 10
two packages 1@éviahéledheris ﬁfay'bblﬁﬁbthlﬂﬁﬂﬁé 0O APatkasd 1Y, ifeRANRC FRlexAABILET N MAY
be joined nechanically and electrically with an intervening substrate 88
having the sameorfiugions irqméoramnastwt ¢appeitony, inslyeters, moulglorm ard Bedikeo

conprising via { h kages
The outer conngc rgér%b%ﬁ{ ‘L’%%e E&Eﬁ%@a} tg’?lcgﬁ Faﬁgﬁt? %eeétg Igsy SO ?a oW,
and nay 20e gangaﬂwmdg,cﬂo@mgemd heating, Addanarygpecific trmondommmmmamvnar e

col l ectively bonded one, anot her by a slpgle conducti ve el ement, such as
a sol der bunp) Fege gs §¥"1“&8PFQ9ESSF$W§“ TREIqus msthiads phexidafions r at e 88
may al so conta t he
outer connect orhersevapopodion (VI olccRF el ot piHic AR tefbhidah
Addi tional | evé@¥Dhfanpathengelmiq@sand i nt erveni ng substrates 88 of the sanme

ST moe e ey 18 Ky Eowh fp I 220 PAckeee i oypotgih BRoE Ad dcetiraistgomsicaly pe

stacked 2sn a W&thecﬁun&rﬁsl@emlyn@i@?diﬁéulﬁf &B%wmﬁuﬁ{éﬂumnﬁwn@c 2019 her
assenbly configuration nmay be usefu epicted in FIG 11, an

i nt er medi at e suBE¢atatfer Baposahofrnlating adizsenepackagss withteach @bﬁh@@@bp@kw Ihi ch

superi mposed ovcrSLaed B HfosERRIEE 2B huth SxBEiR AR IS chown as
being snal | er ﬁrhé@atedc&&@%@ﬁvlblb%tﬁﬂﬁadkb cnﬁn@pwurfmet g8, afigéor via

di aneter thereof may also differ fromthat of package 1 The second
package | OC hawfmtlérowhwb&mogdmdsczqcrfﬁclwa@k@e am baatqulswhm@btéa to

corresp i ng tion
patternojgbgj prot?a%}gp%jé)%(ﬁ?lﬁe s%t%?gﬁv%glﬁﬁnéfﬁg%ﬁ& ré@%\ e ma%a% Ff@gtl on 5

i ncl udes bondi ef¥ct4Z ficraexrhat contensyinetnding théeffackscofimadtalizationto bdfonaed ond
package 10C an trace 94 i ch, connect the bonding surfaces to the
substrate outef QEFWHE@FE? S%Wﬁg e IB¥PRg surfaces 92 may be of any shape
suitable for bonding to the | ower surfaces 78C of the outer connectors 31
C. The surfaces 92 are shown as sem circular, but may be circul ar, square,
or oblong, for exanple. 10 Were the two packages 10B, | OC are of
different sizes, but have outer




connectors 31B and 31C of substantially the sanme size and arranged at
substantially the sane pitch, edge 82C of package 10C may be aligned with
edge 82B of package 10B, and the outer connectors 31C nay be joined in-line
to outer connectors 86 of the substrate 88A. As edges 84B and 84C cannot
then be aligned, 15 substrate netallizatipn 92, 94 may be used to connect
outer connectors 31D to outer connectors 86 al ong edge 84B. As shown in the
sectional view of H tBe sdficomiuctonpeckapehi I wsed intthisnimtenti®8 A metallireion step is
conductive traces 94, or netal]izatjion,,. on either.the er side, or
Coer i do 08, BETo5ORING capcfa s R delrisr Aier JB ik sdsEBeeilior

I nternal | eadsqoydRyhO&ctie siPiaE a8 cRABrPthefBhE ThEUELES 28 %a%’b%Qbﬁsidered as

i nterconnection of conplex circuits The 1nternal traces 100 nmay i ncl ude,
for exanple, fUthirdtayalfiwonductory arbextd to hbunslarydutes hd betmisen adjadeat | y t hr ough

the internedi at e, subst.rate 88A,.and .blind. conductive vial 1 i ch extend
onl yI parti al : yp?cﬁ?%qﬁah' %ﬁ@“ﬁr?ﬁe@ﬁ%ﬁ ba?tog B%’?Wg(ﬁ}é%éﬁ\é Wémglﬁgs ’r(;zit‘%aysg,
88A may conpri pfednenliBcdlakedl 58U @feltbgib imMmbaiaRRly ROSEndiMPthe 2iteB&oR 68 of t e

substrate may be substantially rigid, e. g , a copper-clad dielectric
‘material, suchthgdragestd8ywith bauindarydmed4rasshown THAG.dsi n may be, for exanple,

enory, POy, BB S B T SIS,

| ayer or a | ansifainfedoEath tHroughehdl@¥®isToated@ Gith @abhdtickige fRARAMICH IS & idges, or
| eads. Alternatively, substrate 88, 30 88A nay be forned fromceram c or

anot her 1fat eri b, cifcglar exeylindrcal spnduetiva Yig 30 (referned tainddGr A eecABPUCHBBA nay be
flexible or rigj j . q . ar | 13 pe. The
tape of such ag%1 g %éé’?jaﬂtBté)bgg) E%@% ﬁ?ﬁgzgﬁ%f? 5&’2‘2}@1{3@%8‘?? deégécgr?caiel ched to
formvia througimbcké® thetraceakihedulpeias ph etedbrnoadiveith £ diameter 64,3v186h salsg. , i n

t he sanme manner, as outer. connecto 1 e for ) ... For_.stacking a
plurality of p%@@é@ﬂféﬂvﬂg@-ﬁlﬂe?gdgneﬁé{gémaaeggg o rpte 2EHAN B EuR v ¢
i nterveni ng supsscatighy &Brdufl@bnd BColiLR Otk bndiRANEHE 80S ASRrtidH¥fGke Of S the

various considerations relating to the outer connectors 31, 86 which affect
t he i nt d6connethrough-lids38jandanvadyaive viazd Odoamest theremdare Withinabe peripheryrof ety

itch 68, d k i dt i i t | | at ed .ed 2, 84
PH G o) o patiBEeaBY faekhets o A A B T FIcE 3 1R st B It e
connectors 31 hﬂé%{laﬁjeﬂapﬁt froiy-dak ahdthe a'ﬁubfrédét@hﬁmé’&ﬁﬁmk)brﬁftc;m éFiIG.hi)P nmodul e
(MCM 110 may be 10 fornmed froma stack of wafer |'evel sem conductor

packages 10 dedbe psangemantiafeonductyoviagdene ayen beundagy lmeddpeed adt bsuch an

assenbly 110 i g, I .13, e i F 1 f our
sem conduct or ;ﬁ)ré%%%‘\éﬁég lt%%’ﬁ%@e%ltbé aenﬁ%gégf%éifggﬁf@eq yasr e Sé‘k’ Y ec}l aﬁg as
packageg010) andrreds tiekettern dflcotrespendirg coarglustolssifaateier Bdétratach @Bikh the

(collectively referred . to as substrates, 88). The assenbly 110 15 may
i nclude a suppBQQduﬁ%‘E?s‘ﬂ?sa}Oearﬁﬁé’qW%%ecti on to a printed circuit board

or ot her apparat us: € ;ﬂﬁesfd ] i :
m cr opr ocessor, pac §§‘é 'S a8%a mry@%%@ﬁ%?%%gﬁlgﬁgg\ék%%gﬂ%% and |
QZ are nenory delingesuich dhwitls appudtiile spitidie matknd 492used forhianiengaircait beardof
connectors 114 on its _|lqwer si.de 113. The_ conneciors ma e in the form
of 5 bal | ~gri AR GRS rigrling Sihip, S peeRyR e may Bed ess
chip Ganger (L{gel, d@endii@bn tHeid MEmBREEAGR {spbdrlatiof PE., IIedRME70 When

assenbl ed, the _rmftl chip assenbly 110 conprises a conpl ete conputational
syst em havi ng diamsier o adtiol dlaleformatiorohypstehing way be a iviaplepdtemativerenly wheret hat

of the | owernogt pac | l.n_thi s, exanpl i, _shoul 4. be noted.that
each successiv efg%ﬁcg%gs 063%&‘5 %‘Q{Vﬁg 9@%§f%mhagguta’ﬂgn§ﬁ t%pn h
(between connegd g¥ed Bdfelryindigatesitiasthd thraupth-1ido 38 md doneidHvE ®ia J0Brméd thbrefiS Of
outer connectors 31 of each successively higher package 10 is shown as

bei ng smal | er exend ¢amaplefelydhrogh theéwe adiagent packagesdPdoradedbytboundaex ling Hher
package ,40. Th . td_chj e y o 110 is not limted to the
use of ggckagegﬁwgggﬁél@%i@%ﬂéﬁw ’h'li ;J via dianmeter 64 (FIG 3) or
outer 30 connect or Fplléwing(ife fofrhationdf thréligtsholey I thellole/inside suifi0éd G0hay be
construction of "system or subsﬁstem nodul es. In the enbodi nent ;shown in
FIGS. 13-15, eslepnedie-8s fgmeve dall pmpsradust sl busrsdhat say hergspereisd guring

substantial |y jlensaaPdiiag) Bestiiih WEh sHERQ HARK Atk and have a



-15pattern of outer connectors 86 which is the sanme pattern as the pattern
of outer connectors 31 on the underlying package. Thus, substrate 88Wis
substantially the same size as package | OWNand has a pattern of peripheral
out er connectors 86Wwhi ch match outer connectors 31 Wof the package 10W
It is noted that dielectric 5 | ayers on_tlpq surfaces of each package 10 and
substrate 88 are not shown, in order to il'lustrate electrical traces 28 and
94. The footprint b flum thepandkmtjve ViaRO arthiroughbolean B a3@udwuntive mateoiat may

The same.si e hEpBEIRsGeatR w3 Bratnde et e et BE VBB RuRT, ha
mat ches the ouhRk kPRI AGleSplAtiRY PREKRADIatin 2%1ecmgyﬁ§3ﬂ4tﬁg,rbhfeﬁﬁﬁapri nt

118X of 10 package | OX and substrate 88X on substrat Wis al so shown.
Packages 10Y amapotdgpdsiis (E¥D)end physicabvaper denssitien (BYD), 38 exempdified by

respectivyely. Each.of the pagkage QY and 10Z has footprint, 118Y or 118Z
whi o appears Sneres ot rBiater W67 abe bt s kiowi i e af TRt RO Ry s 10
and i nt er medi ayRs S0l HRTGMAADS anitdal Mud¥l alsk@g;{i/?/ibr BlambRunh, Aao®Ber MYtk bemiiang

the elenments as shown in FIG 13. Package 1 may be considered as the

| onest - | evel oflleywer ayommetad condueter may bp usade Tetha matariabiof Gonduatiyg viqs 80 is

substrate 88W . E@g@; 0Z. The
. castellated ou %%(@%ﬁg%?%&béégﬁﬁgﬁgﬁggﬁ%iialélgg S‘g’géé ag %‘g%érﬁ[sgéf)got rate 88
may be gang- boosieiuctive viad 3)eschronietiveyias0lmierincladd one orAhdre additionagl y, t he
MCM 110 nmay 20 be, provi ded with a _support substrate 112, which is the

| ovest - 118vel epgréélﬁﬁvec}?wcﬁénﬂ/enmbi@me%@bwer&| Ithe platiag e io3ag Precasstrate 112
of the MCM 110 ' f '

connect or s 31 ey RSl B ikeR Lol Shl G638 bk k|
on the subst r atrea 58 Zandalwsao i dohdpadizinefi thgsesnicdmaloeter fickage Hn IaFi@.3, affull

connectors 114 foy conneciion of the 110 to a.circuit board, for 25
exanpl e. The cﬁ?ﬂfﬁlﬁ?‘éﬁ‘é‘a%ﬁ W%%%W%P%%r%@ig&gﬁpg@ﬁ ement s,
such as a bal | r&sihd 18rak adoaliBEMioknBis 520y dxferigdVorh BieMsiddiRfacd 60 bf HE _
connectors, or leadless chip carrier (LCC) connectors, for exanple. Form ng

an MCM 1150, as tldesghrhdleds to eswufacsof an axial openingrQ. | Eheapogingthickness 62 mawbei n
FIGS. 14 and 15, ..which has.no solder | ls i ns...or other hekghtsaddi ng 30
Gl ement's. bot weSHESRLIA SEVIqERaRiEd st sty B Soratl sPAlSla R B goes
the MCM 110 haygating tkikiee$82 dal BYBMAbOUEL tolhﬁbutiZSSmfcfth.p%)ﬂéna'lI?yth@@ntﬁaUa'
to, or slightly larger than, the |owest-I|evel package 10Wthereof. The

castel | ated outtwpughohniedsd sy be fillsd@lthenghribrepeiecs additiged timerand aaterial i Rdgr bond
and establish . , i e S .
substrates. A ?0 ac!( ?é%lrigu}%lrgﬁ’e%%@ug@é@ @%er Qgggﬁ;’g&ggrsﬁg%géﬁﬁ@&og%&gy &d in a
si ngl e YAvacked trassdf ywo ydjeceBdniiddhductondsvides and, dais) may bé starddityltwey st em or
subsystemon a single | owprofjile, chip-sized multichip assenbly.
Typicall'y, t heaiw%iwkageselﬁcéjbgiz eagtull sprdichivaia phis sHPwiaa bepe Fomegred
protect the otpey %&QW@E%&%@EW&E@W%@&?:lin@ﬂ@. 86 ex'ﬁﬁlpﬁl, ready

i ndicated, the internedi ate substrates 88 may cdnprise any of a w de

vari ety of subgbdkages 10hasl 1 0Esham falipias 30 phthedowbsdarnling 14Betwagn thatwo i n
rigidity froma r,i gi d material to a flexible tape or filin. The support
substrate 112 8F%2E¥ MOM 110 may be si mlarly formed, but without

cast el | ggsed_connecle aidifonalllyda oh itfeot fikiShl (216, 2fhad Be apfil 86ford OW and

support substrate 112 may together be considered as a first package |evel
122A. Package bpadsagasiogilaiaxtaeayeiand piotest thacendgtiyeiwdces 8§et her be

considered as a se ack | ey 22B. Packa Y 10Z, .t t her
W ih substrate sax IRy BEORBuoE oFlny badee] TSRt P Eind ipuadS9R

Addi tional | eveingulafedp@piléalg;elsy sevigalosgbsindatydmeS 82, may Ab@le%id(éﬂﬁh EI63. B9
produce a desired m niature system or subsystem As described above, the
mul tichi p assef spwdorhAdwilldypigally haye p kend widthJd bgisyesn kenf bressHleand avil

equi pmendy whi c £, W L ot el ect ' j : The
packagergfo of ltis ﬁ@ﬁlg?gggﬁ{‘%ﬁ@g’g?&g‘ﬁ%@igﬂﬁﬁ‘é 32‘%?0.6‘ n?ﬁ%&?ﬁe@ﬁgﬁﬁ{s&s t han
about 1 mm naladjacerit packividel 10D0and UiOEadatter than be semavied c Thysa e didneeténrcdirofc

devi ces, such as 20 ce]lu] gr .tel ephongs, handhel d.co ters, and a plethora
of other snall egqhetg{qug#ﬁhelegé\}ﬁ E@%?Wq%gf%ﬂg@ﬁﬁhquh-e assenblies 110
are required or desired. Although the foregoing description contains nany
specifics, these should not be construed as limting the scope of the
present invention, but nerely as providing illustrations of sone exenplary
enbodi nents. Simlarly, other enbodinents of the 25 invention may be

devi sed which do not depart fromthe spirit or scope of the present




‘invention. Features fromdifferent enbodi nents nay be enpl oyed in

conbi nation. The scope of the invention is, therefore, indicated and
limted only by the appended clains and their |egal equival ents, rather
than by the foregoing description. All additions, deletions, and

nodi fications to the invention, as di scl_?zqd herein, which fall 30 within

t he nmeani ng and scope of the clains are be enbraced thereby. - 17CLAI M5
What is clai ned i sSitfgulatiod\ofiihd phekagesclOgi qufting adngtmundary thessi@rindddduct or

devices in stacked arrangenent .conpri sing: first. fixngt. | evel .

compr i sing: a_ Fpdtancoudly desilc i tisechon Ptsah Al couivieivg VA TN e A RO St e
connect ors expgg&fierdionAecdits B PNEma artslder dohRdcesii3l ofesbhlill dordiktivévia3pbstrate
underlying said first sem conductor device and including conductive sites

arranged cor r etgyeave Widh gachef theitwofaiiacent pagkagesr OaIdrete aagaricpunectoys widheect ed
thereto; .a second.fiulctjqn |evel conprdsi;ng: a.second, sem.conductor device
nel uding a seSBIY fisighated hseafer s BeRpheta Vs 0% 8 e ShateX 0L MvEon 5.
edge thereof; aiudrcnhbdtsrs 31 NARISHGG B FIGS Uhsdih@ill Red PatRige/1 0orh Eetwaraeond

sem conductor device and at |east partially overlying said first
- semi conduct or el IFIGsfhas quter sonnestoss Tetprmedingebsh edges 22124 efdheppckage

conductive conpegct.ars, | f ' i thiyd
_pattern and pog(leﬁ—?‘l;}%}?gd‘x g%%lﬁgﬁgSrpag(%rlrgﬁéeﬁﬂneﬁv%e@%é@&%t%#Jogg%goqé i1 ?Ss%(pogéd’

i nternedi at e sulag brtlengtls 20 FIGHTY ¢f thabuter ddnfienidrdn NThy oafer E@msdtodlr (seal |y to
said first pattern; and others _of _which condugtive connectors are arranged

in a follh pafitérh hanen wpsr erbie do andmlgwer pafac erboth eiduiciregapaally r st
ntermediate Sybah! A oufbshrcbibf dhrfiBld RS dhdfcR 78 Hay'tRndoxtriicly cfitidaral | Y Lo

sai d second pattern, conduc connectors o nmedi at e
substrat e bei ngithlupptrrand ddwer package suréded B, G4y regreptivaly, og nawy tpestrude sightlyor s - of

said first and,secqond patjterns, 2._ The nodule of claim1, further
conpri sing at Pe‘é@ﬁ?@ﬁ@%&ﬂwﬁwgﬁ% ction

As shown in an alternative embodiment in FIG. 5, an outer connector 31 may be

15 formed by completely filling the through-hole 38 with conductive material.

The term “castellation” is used herein to denote the configuration imparted to an
edge 22, 24 of a package that carries an array of bisected conductive vias 30, or outer
connectors 31, in the periphery of a semiconductor device package or substrate. The
outer connectors 31 are within the package 10 outline and extend from the upper

20 surface 74 to the lower surface 34 of the package 10. Each outer connector 31 has an
upper surface 76 and a lower surface 78 which may be connected to a conductive via
of another semiconductor device or semiconductor device component or conductive
sites formed on another package or substrate.

FIG. 7 is a cross-sectional view of a portion of a formed package 10, as cutting

25 through an outer connector 31 with a central axial opening 40 formed therethrough.
The lower surface 34 is typically covered by a lower protective layer 46, as known in
the art. As shown, outer connector 31 is a deposition of a conductive material in
through-hole 38. Die 16 contains an integrated circuit 42 which terminates in bond
pads 20. An upper insulative, i.e., dielectric layer 36 protects integrated circuit 42

30 from electrical shorts and the like. A pattern of conductive metallization traces 28 is
formed atop dielectric layer 36 to connect bond pad 20 with a boundary line 14 which
is common to package 10 and its neighboring like package 10X on the wafer. Another



1 evel conprising a third sem conductor device and a second internediate
substrate. 30 The nodule of claim2, conprising a plurality of additional,
stacked function |evels. -184. The nodule of claim1, further conprising
conductive elenents that electrically connect outer connectors to one

anot her, to conductive connectors of saicl first internmedi ate substrate, and
to said conductive sites of said carrier ‘éibstrate. 5 5. The nodul e of

cl ai m 4, wher edielestricdnautative tdyiey 44 mlag be apylied dorpovies at 1t alportioh of the@ppardul e of

claim4, wherein _said conductive el enents conpris ang bonds. 10 7. The
modul e of cl ai ﬁ‘l‘rfﬁce\X/ﬂé’ngf%Po%P’@aP Pgﬁtmgé}i’ﬁ%%‘@hé‘f’gﬁ%éevi ce and said second

sem conduct or devi ‘A%J)Q%&o%fiﬁﬁém, UL &dntioR mg%teggplmdtts gsacagé’s-somemgodul e
C rs es

of claim1l, wherein each of said outer connect onpri
seni cyl i ndri cabetipigeahband pads 2R nlondiongedgedgathettbamlongér meacaocantrabpaxii2ng

peri pheral edge.Qf 15 a rrespondi n em, copduct or_ device. 9. The nodul e
of clai mos, - wheF eHackate ShuTEs MG HRBRDTS  LOMHERYE S9BRSHe rhed of SnePPoy o
al oy, and a neiEhdipad ekl Sl iaN@ cokbEd &) the Bohdlthds 20 8y BBIEHICBytaced 28,7 8.
wherein said outer connectors conprise copper. 11. The nodule of claim1,

“wher ei n sai d f illustratedineFlkedi Sfeovrad placamentodhpnd pads 28 alongiode et maxst ur e. 25
12. The nodul e of c¢lai.m,ll wherein said.rigiq structure conprises a resin.
13 The modul codiescrar iess ol Selao R nfint o) AefisfiElvetiee SRR Bty
pol yi mi de, pol ¥t ednfiaitation s Hond pak 2063 datet c@fnbebrs FTRrdflso WHinIhSRBpSbM de
triazine. 30 14. The nodule of claim 1, wherein said first internmedi ate
subst r atl® conpthequesent inyayion peovided flare1ssufficient peyipheral spaee fasdhg autest ¢l ai m
14, wherein saicgrffe‘l:@%i ble structure conprises a polyimde film 16. The
nodul e of claim I, Tufther conprising an array of nodul e connectors

extendi ng from sai d ieactewerthythasthe atudbéraf tlashgibhaled 3819 beldeitied acifilled is
comruni cati on between conductjve sites of said carrier substrate and a
hi gher -1 evel sQB&hplhths numper ofifgsultng uter spnnectorsd 1) BAVIRGRIPESSHUES d array of

modul @ connectors  The packages 10, as described herein, may be joined to each other or to
15 substrates 88 in a variety of ways, making them ideal for the formation of low-profile
multichip assemblies 90. Several exemplary methods are illustrated in FIGS. 9, 10,
11, and 12. As depicted in FIGS. 9 and 10, two packages 10A and 10B of like
dimensions and outer connector pattern may be joined mechanically and electrically
with an intervening substrate 88 having the same dimensions and a pattern of outer
20 connectors 86 comprising vias configured the same as outer connectors 31 on the
packages. The outer connectors 31 and 86 may be joined end-to-end by solder reflow,
and may be gang-bonded (i.e., more than two corresponding connectors are
collectively bonded to one another by a single conductive element, such as a solder
bump) to reduce construction time. The intervening substrate 88 may also contain
25 surface or internal leads (not shown) connected to the outer connectors 86 for
achieving a desired interconnection scheme. Additional levels of packages 10 and
intervening substrates 88 of the same dimensions may be added to the assembly 90.
The assembly 90 may be surface-mounted to a circuit board, not shown.
When the packages 10 to be stacked in a multichip assembly are not of the same
30 dimensions, another assembly configuration may be useful. As depicted in FIG. 11,
an intermediate substrate 88 A which has castellated outer connectors 86 which align
with corresponding outer connectors 31B of package 10B may be superimposed over

castellated package 10B. A second package 10C is shown as being smaller than



.conprises one of a ball-grid-array, a pin-grid-array, columms, |eadl ess
chip Garner 10 connectors, and dual in-line connectors. 18. A sem conductor
devi ce assenbly, conprising: a first sem conductor device including an
active surface, a back side, and a first set of castell ated connectors on
at | east one peripheral edge thereof, jﬁellated 15 connectors of said
first set extending substantially fronls d active surface to said back
side; a secondps@nage:mﬁmnddreddmweo&ﬂ'pntdmhnﬂdmm@aéimtetﬂmmoﬁmayalsedif&rlﬁauk

Stge t hor oo EeoENTkEed OB dhEStOnd PaaBaL L Sead °”c"é‘érfe'c&%$éwﬁﬁﬁbﬁe” Pheral
substantial |y E{)g:g@g}i cg,gﬁgugém caﬂésg,eﬁ& Bor%fbaae ge&gﬁcﬁ%&%és@tw

device to said said s con sem’con uct evl ce;
i nt er nedi at e sntmﬂllimtien pamhumlpurg/wbedtdmltheiswnsltrateBSAaﬂ“heblllmtrw mnmihmbmr s on

at | east _one per reof sai d ird set of. caste
connect oPs ha\F/)FrFf E ?W@n@mgﬁ?{l@ %‘I the $e§9n<£ age 10C

correspondi ng ﬁﬁms‘&tgarvaua{ co'iﬁea thd wo?ﬁn@@qrﬁ&g Edithé QU526 oufer Bhiieblobso)
conmmuni cation with one another; and a fourth set of conductive connection

“sites on a sur ThebomstingaurficesA2amapelti dtaayshﬁmtsumbée fos hm@tllmg)tqrthdnlomr of
conducti ve conne tio s havin itch as
correspondi ng. Susee 86 ebFE sREiPRedbER  ELe sinbiche 2 3 Bl pedpiing
castel | at ed COBﬁﬁﬁﬁ}O]!S&mfbhlaﬁ%qdarsaﬁ-(@ﬂﬁmgefbraﬂﬂ-lrﬁ@l‘ respondl ng conductive
connection sites of 30 said fourth set in electrical comrunication with one

anot her ,10sai d i nt emﬁ thedwe ppekages 0B, 146 aIGerIdU@TPF@, SZEROUERIVeOUICF aces
e oSSR AR 8 e OSSR B it
19. The sem cogfaimeipitels\edges S ofmmokageaCahal o zil&ned/\hﬂh eige 898 6f second set
of castellated connectors has a different pitch fromthat of said first set
of cast el | at edPackage t§Byagd the outer connectors 31C may be joined in-line to outer
connectors 86 of the substrate 88A. As edges 84B and 84C cannot then be aligned,
15 substrate metallization 92, 94 may be used to connect outer connectors 31D to outer
connectors 86 along edge 84B.
As shown in the sectional view of FIG. 12, an intermediate substrate 88A may
have conductive traces 94, or metallization, on either the upper side 96 or lower
side 98, or on both sides. In addition, internal traces 100, or internal leads, may be
20 formed on one or more levels to enable interconnection of complex circuits The
internal traces 100 may include, for example, full conductive vias 102, which extend
substantially through the intermediate substrate 88 A, and blind conductive vias 104,
which extend only partially through the intermediate substrate 88A.
The substrate 88, 88 A may comprise any material useful for the purpose. For
25 example, the substrate may be substantially rigid, e.g., a copper-clad dielectric
material, such as a fiber-reinforced resin. The resin may be, for example, epoxy,
polyimide, bismaleimide triazine (BT), polytetrafluoroethylene (PTFE), and/or
cyanate ester. The substrate 88, 88 A may comprise a single layer or a laminate of
multiple layers, each carrying conductive traces, or leads. Alternatively, substrate 88,
30 88A may be formed from ceramic or another material, for example.

Alternatively, the substrate 88, 88 A may be flexible or rigid-flexible, such as
KAPTON® or another polyimide tape. The tape of such a substrate 88, 88A may be



5 20. The sem conductor device assenbly of claim 18, wherein at |east sone
castel |l ated connectors of said first, second, and third sets conprise a
sem cylindrically shaped recess extending substantially a height of each
said castellated connector. 10 21. The sem conductor device assenbly of
claim 18, wherein correspondi ng castell ag;d connectors are secured to one
anot her with solder. 22. The sem conducfor "device assenbly of claim 18,
wher ei n sai d i piusheddirifiedosettistna form da tinmghdnidsdbl making péréphetal euted t h sai d
first sem conductor device. 15 23. The sem conduct or Siﬁc assenbly of

clai m 18, furt RIFCEERG (E8ndn Be SURGRNIGH AR PHERSORPECIAS B BN Hc| udi ng a
fifth set of castephpiisg; ﬁﬁﬂiﬁ{ 03’ tpg%kagés 1PR8inQ08& QelRBEbakr edge

thereof, said fifth set of castel onnectors having substantially the
sane pitch as comeespddiithyintaenelg subsithtas @8 rikat inplulehites apuhestorsoitcl thget of

correspondi ng 20 castel |l ated.connect ors. of said seco nd.f.ifth sets in
cormunt o8t i on T ATOHEFARET RS TSR NSO SORRR o Ao ieh e El y o
claim 18, furt jRércoRBdnTieRigh afe (8) VAR Alainetdd B3 L (bRbftel ddmhetddrifitck 8RAmalE)yv e
connection sites on a surface thereof having substantially the same pitch

“as that of sai padkagewidtledimehsionbetwicemeasttllaton ndgss 82 s846dGi 9 of packiagest 10 cal

and modute coniPdREC FRRIRES et iRS o B FE RO Rt i onci ng.

conducti ve connect iAclRwsprofR riltistap BsseMPRT mftidhsp Mmdtifle (SN NMOAHAEDe

connectors being configured to establish electrical communication between

seni condfct or  §8TIed Somby steckeofFrferdenct snmicendyetorpankages 4§ <lesasibpd tnibe ot her
et nel v chheint o Sh e Beakm by BB PSSO e
and 15. As depicted in FIG. 13, four semiconductor packages 10W, 10X, 10Y and
10Z (collectively referred to as packages 10) are stacked with intervening
substrates 88W and 88X (collectively referred to as substrates 88). The assembly 110
15 may include a support substrate 112 for connection to a printed circuit board or other
apparatus. As an example, assume that package 10W is a microprocessor,
package 10X is a memory controller, and packages 10Y and 10Z are memory devices.
The support substrate 112 may have an array of connectors 114 on its lower side 113.
The connectors 114 may be in the form of a ball-grid-array (BGA), a pin-grid-array
20 (PGA), columns, leadless chip carrier (LCC), or dual in-line package (DIP), for
example. When assembled, the multichip assembly 110 comprises a complete
computational system having a low profile and a footprint which may be as small as
that of the lowermost package 10W.
In this example, it should be noted that each successively higher package in the
25 MCM 110 has a smaller width (between connector carrying edges 82 and 84).
Furthermore, the pitch 68 of outer connectors 31 of each successively higher
package 10 is shown as being smaller than the pitch of the outer connectors 31 of the
next lower package 10. Thus, the multichip assembly or MCM 110 is not limited to
the use of packages 10 having the same width 116, via diameter 64 (FIG. 3) or outer
30 connector pitch 68 (FIG. 2). This versatility is important in construction of “system”
or subsystem modules.
In the embodiment shown in FIGS. 13-15, each intermediate substrate 88 is

constructed to be substantially the same size as the underlying package 10 and have a



26. ' A sem conductor device assenbly, conprising: a first sem conductor

devi ce conponent conprising a plurality of first connectors positioned on a
peri pheral edge thereof, each of said first connectors including a recess
that extends substantially froma first major surface of said first

sem conduct or devi ce conponent to an opp3§|te second maj or surface of said
first sem conductor device conponent; 10 a second sem conductor device
conponent conpipakémgf eutpt qmamtmry 86 Whishds e samn patteroasthp pattarn ohederon a

peri pheral edge there

L T

sem conduct or  ggmk §i8e GPPRRARNIOW SndPlhs ARRASH T perditefil duftPédihesitisisg0e of said
second sem conductor device conponent, corresp ond| ng ones of said first and

15 second conn&dudymatolepgr eanngriens BeWwfithe ma%m\ﬁe i[t isipoed tabdielestie of

said fir and e GQIro

el ati onani p. - S5ERIRnE SEREENHERhack B 0Fnd IIRARRNEI B S AR ORER 1 o
| east one of sauhdtrﬁuereﬁcmaurmsmdl&%mmmupﬁwofﬁewpaekagertleamt S
conprises a sem conductor 20 device The sem conduct or devi ce assenbly

“of claim26, widhsdats W P@awoaﬁebwtesldﬁds denpted by e mpesaldl 18¥Yy Bikawiset or

d t
oSty ar oTPone AR EAN 3% AinesBR% pRRGPT0Phd ik ih BRLonnBllal S ATRA) & ©
assenbly of cl ahatni2fchesthe baiencainetton3X ofyeackigesldiXd 'lfhermttemlfdotpﬁ?ﬁt(lﬂ@X of

sem conduct or devi ce nts nprises exposed contact pads on_a maj or
surface ther eofPackage é@ﬁmé‘ﬁ@ ggXWéPW Efe&%ﬂ%é‘; aé%’ssé‘ﬁwpy Pagkages 0¥, and
wherein said rqg@ﬁ%ﬁ@%&%@&t&&ﬁﬁé&&kBwrmcafesge%ﬁgag }{bﬁﬁ@s t her eof
bei ng | ocated adj ace to opposite mmjor surface al I rst or second
semi conduct or (eskages IBpwhkZt has a fogtpdt. 1 13 Keor d 87 ehivtiappears orethe serfasoEnbl y
of claim 26, further rising a plurality of conductive el enents
positioned to églf Sigie |8§E{rgl ectrical comuni cati on between correspondi ng ones

of said first and ssgng wﬁﬁ?ﬁ@&?é&rﬁ}anaantem&i@ﬁﬁb@@étm tHe MEX £ RapBab! Y
of claim31l, wherein sard plurality of conductive elenents at | east

partial 13 securfermeddiystacking thelemerteasribiown in E@ldﬁcfmkaE@WW@MOnent s to
one anot her. 3:(3:ons-l-<t1.'c§edS asrﬂug R)w%utclevel 0981\/ MEM ISI%)eupory wl(l)l]Z:h grle%hlq]ne%%d sherein

each said reces
sequence, substrate 88W, package 10X, substrate 88X, and packages 10Y and 10Z.

The castellated outer connectors 31 and 86 of each package 10 or substrate 88 may be
gang-bonded to a lower member by solder reflow. Alternatively, the MCM 110 may

20 be provided with a support substrate 112, which is the lowest-level element of the
MCM 110. Typically, the support substrate 112 of the MCM 110 will have an array
of bonding surfaces 92 to which outer connectors 31W may be attached. Conductive
traces 120, or metallization, on the substrate 112 connects the bonding surfaces 92 to
an array of connectors 114 for connection of the MCM 110 to a circuit board, for

25 example. The connectors 114 may comprise any workable conductive elements, such
as a ball-grid-array (BGA), pin-grid-array (PGA), dual in-line connectors, or leadless
chip carrier (LCC) connectors, for example.

Forming an MCM 110, as described, results in a low-profile assembly, as

shown in FIGS. 14 and 15, which has no solder balls, pins, or other height-adding

30 elements between packages 10 and intermediate substrates 88. Not only does the
MCM 110 have an extremely low profile, but its footprint may be equal to, or slightly
larger than, the lowest-level package 10W thereof. The castellated outer

connectors 31 and 86 provide an excellent electrical bond and establish a strong



10 s configured to at |least partially receive an el ongate conductive
structure and to establish electrical contact between a correspondi ng
connector and said el ongate conductive structure. 34. The sem conduct or
devi ce assenbly of claim26, wherein at |east sone of 15 said second
connectors are |ocated so as not to corrgspond to a position of any of said
first connectors upon placenent of said first and second sem conduct or

devi ce conponemteshanicat binil tetwenmpackhgesdral substsitdsp A Bhtively hargboainberof

assenbl i ng sem cqnduct or. devi ce onent s onpri si-ng: viding a
iret sem condBERGEERIER e RIaRaN: 3 PREE stieke oty necd Bl Fit fuablpg
areas; providi @gaflorPECLMY s§REth 6P RbdGstéth ofl @ \ingR: 16RREMRhifs-6iF8d miltidRipa
plurality of conductive connectors positioned on at |east” one peri pﬁeral
edge thereof; asseophiyaglypicallpdbe MEavid 10 sraoansilated vdtiraeditlsetsic ofateial th

plurality of conductive connector Lt h corresponding contact areas of said
plurality of cgﬁg%?ﬁheé) eé\g}segws%o%recgpp?cécgﬁ?gagcggﬂecti ng said at | east

sonme conductive congefieadysintdichtdd, IR itetMEdiSR ROBKaRY 88 alily6ipAkeas. of d8vidd he

met hod of claim 35, wherein said providing said first sem conductor device
“conmponent conpVPEAY obsubsirae Hlyefor ey the ybsteptesiB3magyvaay urigidibhSemat e, a
support 30 subs; . | ' a ] k&Er 11/ The

_method of clai ﬁ‘??@‘?‘gﬁﬁ%@rt‘g?ﬁ%?ﬁeﬁ%f‘%\%“&i ﬂ%%g?%@%@%ﬁﬁ%%@g%@g&lﬁ devi ce

conponent conpmayéde simitarlydbmgedabut veidmiut cuseellatedtarmpctost8s; devi ce. - 23

38. The thod of claim 35, wherei aid providing said first sem conductor

devi ce cdnponent C&WPP%@BWHIE%%%PP?WF 19%/_ éﬁm%ﬁbs‘ﬁeé%i%“lébnppnent
with at |east %@Eﬁ?ﬂé‘fcﬁ@deﬁﬁ%ﬁ P%fé g?ogdag‘? RVH"13b AL ?a&é{;g@?@k%ﬁ& iftrffegiaRe1 N9

| ocated on a peri phera edge o rst sem cond@ctor device
conponent . 39. sitsgrateS8Mothaptogether be Gmsideted nen second paghnge/iedélig2Bai d second

sem conduct or  devi ce; GRAPONG! | ORI, 3PS, REY B8k afins SSN-om anpuct of
package level 122C. Additional levels of packages 10 and substrates 88 may be added
15 to produce a desired miniature system or subsystem.

As described above, the multichip assembly 90 may be readily fabricated using
processes and equipment which are widely used or known in the electronics industry.
The package 10 of the present invention may have a total thickness of less than about
1mm, making the MCM 110 suitable for use in compact electronic devices, such as

20 cellular telephones, handheld computers, and a plethora of other small electronic
devices, where such low profile assemblies 110 are required or desired.

Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as providing
illustrations of some exemplary embodiments. Similarly, other embodiments of the

25 invention may be devised which do not depart from the spirit or scope of the present
invention. Features from different embodiments may be employed in combination.
The scope of the invention is, therefore, indicated and limited only by the appended
claims and their legal equivalents, rather than by the foregoing description. All
additions, deletions, and modifications to the invention, as disclosed herein, which fall

30 within the meaning and scope of the claims are to be embraced thereby.



conponent with at | east sonme conductive connectors of said plurality of
conductive 10 connectors including recesses forned therein and extending
substantially froma first nmajor surface of said second sem conduct or

devi ce conmponent to an opposite, second major surface of said second

sem conduct or devi ce conponent. 40. The ngthod of claim 39, wherein said
provi di ng said second 15 sem conductor device conprises providing said
second semi conductor devi ce conponent WLMMSai d recesses of said at |east
sonme conductive connectors conprising semcylindrical recesses. 41. The

met hod of claim 35, wherein said electrically connecting conprises 20

pl aci ng condwtiat i¥¢lairaédEiki al bet ween said at | east sone conductive
connectors and said correspondi ng contact areas. 42. The nmethod of claim
41, wherein said electrically connecting further conprises bonding discrete
quantitias of saifl congufliindTRlifi h Blurdifly SACHIGRAAUG! defefh gaRBCL OF Of
said at least sone conductive conn ors and a correspondi ng contact area
of said corra&mgadmﬂgonmnhngt areas. 43. The nmethod of claim4l, wherein
sai d pIaC|ng ctlve terlal conprises placing solder between said at

| east sone c% Q%WB?Egand said 30 corresponding contact areas.
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positioned along a péripheral edge of said first in ermedlate substrate, said

third pattern conforming at least partially to said second pattern, conductive
25 connectors of said first intermediate substrate being electrically connected

to corresponding outer connectors of said first and second patterns.

2. The module of claim 1, further comprising at least one additional function
level comprising a third semiconductor device and a second intermediate substrate.
30
3. The module of claim 2, comprising a plurality of additional, stacked

function levels.
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8. The module of claim 1, wherein each of said outer connectors comprises a
semicylindrical indentation extending along a height of a corresponding peripheral edge of

15  acorresponding semiconductor device.

9. The module of claim 8, wherein said outer connectors comprise one of a

metal, a metal alloy, and a nonmetal conductive material.
20 10.  The module of claim 8, wherein said outer connectors comprise copper.

11.  The module of claim 1, wherein said first intermediate substrate comprises

arigid structure.
25 12.  The module of claim 11, wherein said rigid structure comprises a resin.

13.  The module of claim 12, wherein said resin comprises one of epoxy,

polyimide, polytetrafluoroethylene, cyanate ester, FR-4s, and bismaleimide triazine.

30 14,  The module of claim 1, wherein said first intermediate substrate comprises

a flexible structure.
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a first semiconductor device including an active surface, a back side, and a first set of

castellated connectors on at least one peripheral edge thereof, castellated
15 connectors of said first set extending substantially from said active surface to said
back side;

a second semiconductor device including an active surface, a back side, and a second set
of castellated connectors on at least one peripheral edge thereof, castellated
connectors of said second set extending substantially from said active surface of

20 said second semiconductor device to said back side of said second semiconductor
device;

an intermediate substrate including a third set of castellated connectors on at least one
peripheral edge thereof, said third set of castellated connectors having substantially
the same pitch as said first set, corresponding connectors of said first and third sets

25 in electrical communication with one another; and

a fourth set of conductive connection sites on a surface of said intermediate substrate, said
fourth set of conductive connection sites having substantially the same pitch as
corresponding castellated connectors of said second set, corresponding castellated
connectors of said second set and corresponding conductive connection sites of

30 said fourth set in electrical communication with one another, said intermediate
substrate also including conductive traces electrically connecting corresponding
castellated connectors of said third set and corresponding conductive connection

sites of said fourth set.
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castellated connectors are secured to one another with solder.

22.  The semiconductor device assembly of claim 18, wherein said intermediate
substrate is substantially coextensive with said first semiconductor device.
15
23.  The semiconductor device assembly of claim 18, further comprising a
second intermediate substrate including a fifth set of castellated connectors on at least one
peripheral edge thereof, said fifth set of castellated connectors having substantially the
same pitch as corresponding castellated connectors of said second set, corresponding

20  castellated connectors of said second and fifth sets in communication with one another.

24.  The semiconductor device assembly of claim 18, further comprising:
a support substrate including conductive connection sites on a surface thereof having
substantially the same pitch as that of said first set of castellated connectors and in
25 electrical communication with corresponding castellated connectors of said first
set; and
module connectors in electrical communication with corresponding conductive connection
sites of said support substrate, said module connectors being configured to
establish electrical communication between semiconductor devices of the
30 semiconductor device assembly and other external devices by way of a circuit

board.
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semiconductor device component to an opposite, second major surface of said first

semiconductor device component; and

10  asecond semiconductor device component comprising a plurality of second connectors
positioned on a peripheral edge thereof, each of said second connectors including a
recess that extends substantially from a first major surface of said second
semiconductor device component to an opposite, second major surface of said
second semiconductor device component, corresponding ones of said first and

15 second connectors being alignable with one another upon placement of said first

and second semiconductor device components in an assembled relationship.

27.  The semiconductor device assembly of claim 26, wherein at least one of
said first and second semiconductor device components comprises a semiconductor
20  device.

28.  The semiconductor device assembly of claim 26, wherein at least one of
said first and second semiconductor device components comprises at least one of an

interposer, an intermediate substrate, and a carrier substrate,

25
29.  The semiconductor device assembly of claim 26, wherein at least one of
said first and second semiconductor device components comprises exposed contact pads
on a major surface thereof.
30 30.  The semiconductor device assembly of claim 26, wherein said recess

comprises a semicylindrical recess with ends thereof being located adjacent to opposite

major surfaces of said first or second semiconductor device component.



S1096& ()-f3109%& ()-f109%B& ()- @y1l0%& ()-S10%& ()- 105- &edE:/
105, f &109%B& ()-,, 10%& ()-fZ109%& ()-&LZ"10%& ()-fz10%& ()-f10%& ()-JXd
E:/ 105,11 9%8" 10%& ()-y#10%& ()-fF'10%& ()-f
10%& () -, Z109%& () - &f 109%8& () - P\dE: /
105, S09! 109%& () -, ,/ 10%& () -- Y"10%& ().~ +t109%& ()-fL*10%& () -, (10%& () -
\ @H JPxnmb@ 105! f 10%s&' ()-S 105 105 _ o
105, F7T109%& () - 83! 109he s¢micosdietd devipe @ashlyus elaim 20 Xrderis@nprising a
I F' 10948 ()« 10944&. ().- . . .
1805/‘_‘8:: ( )1 9 ,%ht@)lof%%/il@s%fmeﬁtia%%nﬂ ggs&gg%%CMCal communication between
105! Y40%4&’ (QorreépbRdi& ohes offsai@lftdfafd 6écond connectors.
10%4&' () -y"10%4& () -, t10%1& () - bCdEnb@ 105! y0OS
10%& ()-, @T10%4& () --10%& ()-f+109%4& ()-f *10%& ()-, (T10%K ()-VxnmbC

105!, yZ1Q%& () - $,10H-4QH %8 () - 0% o ,

5&! 10%&9( )-yy?2 1?0%—4&' (1%‘9&9%9?8@?‘% %ﬁﬁg}gg}l’%ﬁ:ﬁ“‘(’)l’&%@“{‘? sad plysgitgoly . v
1090& ()-f  cohQii&e elemByits!al 2961 Saftinlly odifeniodid Fiosk ahdBsecond semiconductor device
1096&' () - &@*109%0&' () -, 1096& ()-f 10%& ()-f:109%& ()-&s"10%& ()-M fdENDC
© 105! f s* 1096 SOMPONETHA t9orme apethely’ 1 10068 () - % 1096& () -, $10%& ()-f F

109%& () - FWIEnbC 105! 5310%%& ()-y 4

_109%& ()-,22109%& ()-,f/10%& ()--"10%& ()-,,109%& ()-'()*1}bC 105!S
10%4& () - f z10%4& 33) - STKsémicpndulidr device assembly of claim 26, wherein each said recess

10  is configured to at least partially receive an elongate conductive structure and to establish
electrical contact between a corresponding connector and said elongate conductive

structure.

34.  The semiconductor device assembly of claim 26, wherein at least some of
15  said second connectors are located so as not to correspond to a position of any of said first
connectors upon placement of said first and second semiconductor device components in

said assembled relationship.

35. A method for assembling semiconductor device components, comprising:
20  providing a first semiconductor device component including a plurality of contact areas;
providing a second semiconductor device component comprising a plurality of conductive
connectors positioned on at least one peripheral edge thereof;
aligning at least some conductive connectors of said plurality of conductive connectors
with corresponding contact areas of said plurality of contact areas; and
25  electrically connecting said at least some conductive connectors with said corresponding

contact areas.

36.  The method of claim 35, wherein said providing said first semiconductor
device component comprises providing at least one of an intermediate substrate, a support

30  substrate, a circuit board, and a semiconductor device.

37.  The method of claim 36, wherein said providing said second

semiconductor device component comprises providing at least one semiconductor device.
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39.  The method of claim 35, wherein said providing said second

semiconductor device component comprises providing a second semiconductor device
component with at least some conductive connectors of said plurality of conductive

10  connectors including recesses formed therein and extending substantially from a first
major surface of said second semiconductor device component to an opposite, second

major surface of said second semiconductor device component.

40.  The method of claim 39, wherein said providing said second
15  semiconductor device comprises providing said second semiconductor device component
with said recesses of said at least some conductive connectors comprising semicylindrical

recesses.

41.  The method of claim 35, wherein said electrically connecting comprises
20  placing conductive material between said at least some conductive connectors and said

corresponding contact areas.

42.  The method of claim 41, wherein said electrically connecting further
comprises bonding discrete quantities of said conductive material to each conductive
25  connector of said at least some conductive connectors and a corresponding contact area of

said corresponding contact areas.

43.  The method of claim 41, wherein said placing conductive material
comprises placing solder between said at least some conductive connectors and said

30  corresponding contact areas.



