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-1- METHODS FOR ASSEMBLI NG SEM CONDUCTCOR DEVI CE
COVPONENTS 5 CROSS- REFERENCE TO RELATED APPLI CATI ON
[0001] This is a new application filed under Section
26(6) of the Singapore Patents Act claimng the
earlier filing date of Application No. 200203684-6
filed on 18 June 2002. 10 BACKGROUND OF THE | NVENTI ON
[ 0002] The pr esent [ nventl on rel at es_gener ally to

f 5 DOR A 3 R DS

] ] \ B DEEIGCEE EOMPONENTS
conponents that are useful in Iovv- profl | e packages, as
well as to such packages. Mre specifically, the

i nvention pecReKSBRAFERINCE TUAREL ATEREAPEIACARGOKages
havi EQ%Wtrue chip-carrier profiles, as well as to

sem dlictBus ﬁam‘agaesllwmh fileg uﬁlé@ttﬁ@ﬁtil(m 29(@)rvd thedyipgapore Patents

suhs sa or onI I r than
)ﬁac;l ﬁr{rﬁ,a[{lé %arfl?rq:tllﬁlélaete A%)p{l(hath b(ﬁgé%é%él @ﬁgeed ll%a
divensdnns of many di ffer ent types of state of the art
el ectronic devices are ever decreasing. To reduce the
di nensi ons of el ectronic devices, the structures by

whi ch the m cropr@geg; Y EIRMS oppt her

sem conduct or dewm@%u—]}%m—%rﬁa—a%m

conp§0dai s Hie [trbﬂéﬁlﬁnmt/lbﬂ edates genpratik agsednmnducammcbsﬂld
W th carr|$ such as | I cui t@-‘i a]Ir EPSt becone
TGRS queﬁogl@ﬂ%ernéﬁt atiaprusg Bl in ow-prgtilegakgss, anyvely as to
P&RH lﬂﬁ@ka@esc %&e%ﬁéﬁfﬁzaﬁ K@&@er(t@@zrt&lfls ttotl@nm&c?&tdewce

G
si ze possi bl e, % conducti've structures, such
apackeaged QaVng tre¢ clop cmndproﬁlee,eisbwﬁpis to mlmnddctonmkages with

siagni ficant | ute to the ove i he .
ot prin R o syt e aFme s o S R anprr s D st of e
hitghs tefebpr mance | evel . [0004] One approach to

reduci ng the sizes of assenblies of sem conductor )

devi [9@9 | anthedimensionsiod aragy dﬁ&;e%@ms olstate of thi 21 clepteonic
DPGLLL S BcARESSER, SOROH BEoPRbEE AT e B Bl e

C bthutlirés lk;o\ahldls jheSOicRPrdcessbR e oryt di:@lcéi SRR cdrfd@ctor devices,
sem conduct or. devi ces protrude fromt he carrier

s tisketherrelactrong cpppenents Otf yhisesdoicep atiagiasgd enkasronied with
h@é{‘ﬁe@ @h gsec\!i R%Sg'dg infs?ﬁéclohlte%&e WGt altn' ggfs}erlgl:; t}}el%ogl isto

sem con uct or&g‘ew ces upon carrier sugst rat
nmumenucal!l@ pakhcCochipintdlopakhge, (CSEhoCthe stugliest sigbepossible, and with

ac es are nulti]l ayered tructure cal | Lo
Pﬁ%‘}dgg‘il%gm&c‘m?@t Y P%%}% BPS Oh g%l&ilaﬁl%hun‘\{?g ‘@linrﬂaﬁo ngt significantly

Cabifthilite (Fthe over!al?ﬁgém th@XCyT &LZ BinRAGDAS, 2R While maﬁﬁalmng a very
sem conduct or di e, a top layer of éncapsul ant

mhtgbmpedbrmdnge level.

[0004]  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 of
semiconductor devices upon carrier substrates in this manner.

[0005] 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
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-2- exanple. In addition, the |eads, conductive bunps,

or pins of conventional sem conductor device

packages, which electrically connect such packages to
carrier substrates, as well as provide support for

the packages, are sonetines configured to space the

sem conductor device packages apart froma carrier
spBEplea tiz addiions thedeads.rcondustivebeme, pr pins eflceasensiond semiconductor
t ' i

R R, S s AR AR A bt substrates, as wel as
sprbitle atppsrt &rehgpRRiges, drdi@mndtigned tordipuekdso spade tRrsemiBnductor
i%Wstatgepf the art electronic devices. 100061 \afer

| SV PRHRREAPAY ﬁ@wq;sanpgfsglp%rateo %@dp% }lp@ oye¢rald fhicknesses of these

SleREdnARG P gmges"éﬁh S diﬁ%dcﬁs &15 ipéc%}(a%{g&'otﬂfdeéfrom carrier

Iy
waf er. The packages~ that are forne processes
aubstrptaseragreatertbarsis déeedesired fig uleiisptsozbelirt dactkomipedeyvices.

at | wi.th. respect to t to. lateral X apd :

ai roliEitins ,‘}Vﬁf.%ﬁ,va@ﬁe}@gmgi (ﬂfL,PD THEE 0 9@16%% ot egtronic

semiaatt vl A i9aHl i flal vester. MThePacidol tHRAR BAnSSy, WP

the 'sol der balls, pins, or other conductive structures

t pragessqs e genekelly bansisieredrio be |'dhiwkiges]” padchgese st lodst withadspett to the
i . 1 nter-die.connections. conprising,sol der

plafefey SPaE Bl RBES, ™ ROBC R ey PRV e R et

t frefiRy &f tk 7 dmersigandie @theisolder bals,Pins, 8¢ othé chbABRATe structures that

"Fli p-chip” technology, as originating with controlled

coPiradrsBerehipry. Likswiecmpdiey o stackeddipmiopse, inesdigronnections
sﬁlg%t)ldgpbm Sﬁﬁgb tf, @Jﬁgc ﬁgﬁﬁﬁa@gfingﬁ%ur??%ﬁﬁ% %\;el?ﬁf

; G e
results~in a seni‘conductor device
shldatanionald. yprefeal | el to a carrier substrate, such

as a_circuit board. |In flip-chip technol ogy, the bond
pads [Oéiﬁ]c 0 n{F Etcgﬁ’a deehne)pey, ag @WE@H’@O@f}b‘fong@uﬁdc@uéPS@ chip

atdnABARA (L) ARhASIHSY isoa\éﬁ’xg@gﬁgiggfti g%lﬁ;%f)g%ﬁd Bhckabfig 4 hnology that

sem conduct 0r devi ce. ues- are
appilisdn b lsemnicondwoton dbacebempbrpatk agethntislyparalted teca carrier

deyi . A kaged flip-chip.t ' duct

B RS i BT Rt B LR BT P oot s
a0 BPsehAIndbctolllce fd Hraffddiv an GBS ver ARNESIsUARe of the
pattern, typically includes a sem conductor die and a

ceanpirendugtandavicst &lipwhipdkchingiuey gt epplicgble & brsll bam and packaged

"t " . The,inter er .may be positioned. . :
PR douics S A PR B ROk Rionwpish wpicaly
dhas soldet betlsamrhhged if h 5@ 64lded SAIf @eRartdye (BGA) cdRROEIn patier,

the interposer is positioned adjacent the back side of

t ically pctidpvusanssongetor dip andy pImgrybstigte, which is typically termed an
S C . . . .

CoTERREL o B YOS BSERLLOR i

c eamsiuartduvter e entetastiteyfroa) surEsp degéoflg cont act areas on

KT R TR A e e R e

t B&nibatdacht 8, BE bokEpdds befhR & Riconductor die are typically electrically
connected by way of wire bonds or other intermediate conductive elements to
corresponding contact areas on a top side of the interposer. These contact areas
communicate with corresponding bumped contact pads on the back side of the interposer.
This type of flip-chip assembly is positioned adjacent a higher-level carrier substrate with

the back side of the interposer facing the carrier substrate.
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This type of flip-chip assenbly is positioned adjacent

a higher-level carrier substrate with the back side

of the interposer facing the carrier substrate. -3-

[00091 If the interposer is positioned adjacent the

active surface of the sem conductor die, the bond pads

of the sem conductor die may be electrically connected

t o d60e%spdfitie injerpesst qositipesdadingenttharspive surtace ploipe

surfac f the i,nterpos b \: jat.

SHRRBE Ol A0 mbEPRRS i R R PRE TR Gttty comecid
helcegespofidiBgcdniact A@ason dit @ppsiftop shgaienvf tHeliftedodr dgtway of
areas communj cate with correspondi ng cont act paq§ on, .
tiptermedigta p@t@gléqaye qlements tgatteyiﬁ\@d dhrough PeORmpre holes formed in the
s.em duc i ] .

R, YOl R G 58 Bt A KorA R POAR ppds on the
tinerpostre Mp dsetype SCRipratlipgmycontitiiter deyive assefblyl, hgweder, the contact
assenbly is positioned adjacent a _higher-level carrjer.
Seis e, ALY laeted onghe fopatrteserd et ERRtr Ao ingly’ this type
0 | ; r @ ef. [

PSR AL RERBRR PR s ghacl e

f prirgterbéinyit by ard sbyodricnting thetntprpe sarivd tirtblerop enrfabe facirgsthe carrier
th contact pads of the interposer are disposed in an
aMP82 % hat has a footprint that mirrors an

ar r ap@eoE Nt Qb S thé& R tPpds O Mgl séhicOiduetor devices, the
contact regions fornmed on a carrier substrate. Each
otontdeé pasisredi thedntetpasas ard digposed ip ag ey hablastadpotaiigidhat grrrors an
contact (on flip-chip 15 pack [ .
PP REREAR s B bR B BRR o RO b op a gurier

t qubsfgte. BawhidTelic Bond\(@ybaé flip-cap shasitondactst dioe)tod centas ahflip-chip
as a solder ball, that also spaces the interposer
spekagispads @ad Hivegrrospandingiemingl mayrbeglgsiically eonneejed tprone

T ' r C '

AR Sy AR ER e SRR SRR as Al P BT A epares

" imnelpoder bdmie disteheecivaly dromathe carailer substtat@r ovi des

addi t i gnal gLectrical | nsul ati on. bet ween

2 t he
sem &‘BH&L ct of® dGY laf‘éwgqglcpq? Hlét?rg%ls,ey angl the %g?rrsap%r_ate! 1Ray be left open
agdg ﬁflé@\gith £860a1R0 LR AP £EENY rdr{a}'e?ﬁﬁthgtfprf)\l/iﬂﬁ'agmtiﬁnal electrical

sem conduct or devi ces may I nclude an encapsulant
mirtselatieh betweer tha gemiconductos dovicesandshaeariicrshiystratel Ingfddities, each of

i nt d/ or. t ' die. 0121 Th

R BSRE Ha m RSP Shen P R AR Byl
haydtdihl Qﬁ}ehn% pbiéonsér s@b ﬁﬁﬂi_aﬁﬁ AINBEthE @fterPodet S{dASH tild &miconductor
defi ned by the conbi ned thicknesses of the

sdid. conductor die, the interposer, the adhesive

mat erjal,. th > n - ' .
T eidita. PSS FREMRSR A TAEURNE AU MR b i

| Ray pPOEREtiC patttis aRrdefinhictheotoflbided thickwnedsés dftilee dehddonductor
packages, conventi onal flip-chig type packagg; are

ofdi% theyngeserathe pdhesive mapesial therebptiyeen, and the conductive structures (e.g.,

solder balls) that protrude above the interposer or the semiconductor die. As with the flat
packages, conventional flip-chip type packages are often undesirably thick for use in
small, thin, state of the art electronic devices. Furthermore, use of this general
construction method for producing a stacked multichip module (MCM) results in a
relatively high-profile, large footprint device.

[0013]  Thinner, or low-profile, flip-chip type packages have been developed

which include interposers or other carriers with recesses that are configured to receive at
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small, thin, state of the art el ectronic devices.
Furthernore, use of this general 30 construction

nmet hod for producing a stacked nultichip nodule (MCM
results in a relatively high-profile, |arge footprint
devi ce. [00131 Thi nner, or Iquprofile, flip-chip type
packages have been devel oped which include

i lgest p portien of Be peafilesrof sernicpriustonideticase Y8y keantetpostrs tetinclude

C [ I j- . -4- least a i on .Qf. t he )
PO Rt QLSRR elsoragb CRE e {RBRERS B istigot mimmer
t fliptchipngpeishekades,abssaficdnductpadite ef thase be@EM, AOwell as intermediate
sem_conduct or devices facilitate the fabricati on of

L FARHNRYe clemepts diat profyide bpaad Hisesiter swidacswrh aibeihe sespiconductor

. lo.as i i
N B S T

sur flA0kY ofU.8i Ed;ents_ S,E‘ell ,mngm@;ﬁﬁﬁlboﬁl ié'f(uee tcOIon%bft al.

i nt er pasers, . esjr tq the thicknesses o
 ReLRgaS iy 430 a5 6B Hpeu S, olndeseroaths: oD chdype package
B39, Dot § G0, gL ELAS B
f thegstheorigh. fThpp 6P Rakeatieachenh patkagaibhtudmsbeaformaet ey wowarg a

with a.semconductor die re acle extendin . .
st R SPHECDY R o e’ SR GE iRl velBlesting e interposer
pRekageriérRabstiaRbeRRe fHRisBRboRYuCER Al ik BdctRically connected to the

sem conductor die directly to a carrier substrate and

elnisgpasere diheyemisandustar dig, intesmiediptercondistive ¢lomenisthebeannest bond

RS GE P SeEb Rk 15 PR CRMMEL Bl Fes T olene g ol

| rg@hyefihaimterpeseriatiidentthe teesiadl S maf len 66 BRARHSuIREN dWhile this
padéggf t he sem conductor _die to correspondi ng contact
aethed myulisia ajvepdppouetile fipghip tygipaskagefthe paskage cannot be tested

i ' r | - -
B RERASEEn N RS0 e’ ALA SMABER Bftapl ymay o
Lm\?qcpstsam te distarg ﬂ?hllamef yl.rhstrfta ahkdge;, othdy eomg&ieag;tethaaﬁgs] ot

este S arate r ) carrier supstirate. a .
r @lé’ﬁefotv,er’ &F P@ﬁgﬁgﬁlﬁaﬁe& quﬁ‘% ﬁ?g Prigh cempligatgsdhe progess opgonnecting

NGeAsSRALNMoE Qovitied &R SthdrfechBhit bEhpSitRRkS AE&rigN\dbd¥e. In addition,
ot her conponents thereon. Moreover, the packagi ng

i sl o naterkthatgg Srdeatosrbtain o hpy-prdil esack e, oy ds seaksary to
C ting . sem conductor .devices apd other electronic
O ioPPriptComnaSiEs, g fplariat figa Of fuch g oY PRI passagg may be
skignikidaniily gfeatep thahfiad arbdofhel@mitehdabibAdis tiRrdo@W profil e
pack&ggﬂ it may be necessary to sacrifice footprint

e

conp ssThusihere gt pred der aamaltickip nendsle vehighobaspristy low profile,

p [ Sef | - t the area of .

PR BRSO et o Bk 0 R B s ana s

neadily fabrienten | Thieretis pisore deddefomdnlomhplodte tapemtilichipwhodule that may
rate a_ | arge nunber o

2 ﬁ%%%ﬁ%@?@gﬁégé 3%8%@%/ Ve e gulrate r@gifi yithowtdding
Zéorﬁﬁé‘ﬂPJI tIM tHARb LSS BsenIRE %lehﬁ?rgtl: ?cﬁnaﬁonﬁgtggo h8@%ader substrate. A

| owpro e type nultichip nodu
method for fabricating such low-profile type packages is also needed.

SUMMARY OF THE INVENTION

[0016] In the present invention, stacked multichip modules are formed of
semiconductor devices with castellated contacts, semiconductor device components, such

as carriers, with castellated contacts, or some combination thereof.
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be readily tested prior to its assenbly with a carrier
substrate and w thout adding conplexity to the process
of assenbling electronic conponents to the carrier
substrate. A nethod for fabricating such | owprofile
type packages is al so needed.. 30 SUWARY OF THE

I NVENT ON [0016] In the present invention, stacked
mul tIP8HTp e dus Bention, 3 plRrAEY Qffsemicenduci packegss @@me@éféenng

=T
L B T S
coodue whichdias 5 smal footpbint akironely hizhelefisity; &nd shfGioT tighal integrity.

t.hi en ural i. of se conduct or package

kP s rgish g deBs BoRnidehsRin SR ERT foriety o GRE MiRectors, for
| &Ma@f:éﬂn@ctﬁfnﬁé‘ﬁgﬁr%ﬁqe d.Q JBEMSsueh a&%&%t@al&&duﬁ *Bbﬁd an
nodul e which has a sma footprint, extrenely high

d!@'@qus% etgn dr ougnethensendéapdagdtor dﬂvggr iThe casteEa@& outer connectors are

SRRSROLHSL PRI s PR MRN8 Fkeed i

Cﬁﬁg’iﬁ&ioh%ﬁbe&@ efchCrall Kia@bngdiRdihally RtStkRSEA ﬁ&ﬁoﬁé«' 64tha$ which
printed circuit board, an interposer, etc.) or to

aepoanises aeaviellainmide o, Gator eannectoreatdhe pasipherabelige of ee of the two

DAt R R R O 00 SROAER ¥Snki @t o
oPREE BAY A nck AT TR R B0 IR,

Sd:(rmguétﬁfb ibond ba&ﬁ’(theln%fdﬂedf ditchit i the b@dkggé’sldﬂerbglal oynduttioe trace
%1 @prtlons each of which conprises a
by FBﬁﬂ@S%. i.e., outer connector, at the

pe ri poesel @Qﬁ%uf& c&ﬂl@ct&;mﬁﬁﬁe E%sé’doov%gitﬁgé? from package top to

S|ngulated packages out er “‘connect or
epakge itbiny ambmeeloet fmtntd)wah germnadl;cﬂat m dnd rbdttqnacéndn‘ Both of the

the integrate C|rc in t

e PR e G T portrenod bR ERSRIR sheficyiaoes gpig substrate
Obit %t&@?&&ﬁ%&htﬁrﬁ% shfic %@éﬁﬁcdﬂ‘ﬁgﬁra’ué§ TR i cf)ﬁrfé@ﬂors of such a
package package bottom and naybe forned with

gpavéingd 1hgy be d@cttl@qdiyanmleb@dﬁ@ﬂﬁlermkagseomaoﬁertstmtrams at their top
out.er C onn [

adi | y connect ed
¢ oG RO, PR TGN RS sl PR Cerey WK e
pal@&ﬁtﬂ@c dévide pableigsaiaBe GRdAREAET inGARlLeMp ﬁ{ddﬁl% hav&\@ifferent
outer connectors of such a E ckage may

e ww&w Py e Gh AdteralIsizes. dp ltsp@@kgg@gagﬂs mgbeistacked with
w? rg%acf(%;% s'ize sﬁﬁ’stra?e' ﬂ%?in ﬂg%hﬁle ?:?s?éfla %dgo%nector
err er sut f ereor.

aces, or any onb rnation
V\hmfgutdmen aethe uhd@lyiing piaek(agee Eadckf&beg)ebtﬁc Bize or type of package is

AR BRI ook i
ofndiliR RAGKAEES, Wa%% Qtedk RERE ﬁllﬂzro rQée%oY?Qcﬁagt e, bhdory

package Size substrates haV|ng nme cas ion
c conimtieopackagen andganea)t imone msmbtyepaukms lajliim g lqyerpiodids chip footprint,

R S 305 S B A s prscuy
TRksFul ih Qhri Q% APPArSus Ravidd deb&BisPace limitations, including, for example,
miniature telephones, miniature computer devices, vehicle control devices, and a plethora
of other miniature electronic apparatus. The multichip module of multiple packages is
assembled and attached to a substrate without any height-adding interdie connectors such
as solder balls, pins or the like.
[0019]  The stacked multichip module may be surface mounted directly to a

support substrate without solder balls, pins, columns, or other height-adding connectors.
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nodul e may include a package stack including a

m cr opr ocessor package, a nenory 25 controller

package, and one or nore nenory packages, all in a

| owprofile, chip footprint, three-dinmensional nodul e

or package. The produced nul tigchi p module is

parti ri seful in various_apparatus havin

sev éP@ﬂi} g At ptdVanthes hteg greseny rm‘@;e%\%wﬂl become

rﬁpﬁh@ﬁt‘% @nds@ bERBRARSSskilTn M4 tHhfoueh T ¥R b F ﬁl%%nsulng
icle control devices, and a plethora of oth

rdesérationgheh@ompamyiing @pwmga,tamé theTpeended tlaghd. p o d ul e

of multiple packages is 30 assenbl ed and attached to a

substrate wi thout any hei ght-adding interdie

connegRIEBDEICRIPEONOL A®IE YBVERALPVIEW S OFtTIEE IDRYEWINGS

100191 The stacked nmultichip nodule may be surface

mount08lldi rleéie dyawings in whish @@rne dmmwm waype¢ ¢xgggerated,

i.n col.ums, h
cSefBlery PobciBif B sER BT R b HiP eIl AR bergl
of t[0023]r eaG! 1 istMBRdpe@iveWidw oERONE c3BRRdoBMCtdravdftas &hich a
of ordinary skill in the art through consi derati on of

tIHBralysQfilowy Prefie devigeinagiages #e feraned mydiapstakptert uignsganectors for

MU%FW‘%Q HH’—% @R\?@ﬁg@ EFS%?@ n t??ghtgawl ngs,

in V\w’l)23] sdite. diseeplan view ofay chierged pgtion af @kxemplary multidie
:%(egl qrﬁﬁé?rre \g{i) g o%ﬁg{ E?{ESI{E%%%% gq%'}c%lil)%ci taiggs 1|g rgl\éc%%a:ngg with the

p@ﬁ&ﬁ%tolm@lwe@l%lpf a nultidie sem conductor wafer in
whicha plurality of |owprofile device packages are

f or nE024% t FiCadisd plan eidwodagortoomde stafr shdwoing a tastellated full via

\Aféc % {3(? ?{[ t geé;f@ﬁ? oiia aﬁurﬂnéﬁlﬁt p% a%f%gégﬁor@é Wi %eglolgggﬁncﬁﬁhe invention;

vi ewfood d]an B, 25 gesthBaktid ;saasp@étlﬁrw@wsf@mﬁanmmgdﬂaeed package
sem conductor wafer formed into presingul ated device

pﬁ@k‘é%@ casiellated ovntanennaedipn far formingagadeing 8ssemblyted the invention;
' nV eﬂ)t()b gr lilrg)gﬂ ézclh%:lgtg % ?p%%tng%ﬂ PFa ]i)O%IlOl'?%pa?glltl%aged package

akhotv\hﬁg ariotles Emb@dlmfentafﬂcaaamednﬁwdf agerctonfoa Caaigipan@ltichip
with teachings of the invention; [0025] FIG 4 is a
seneRbliot thsdReHEeni ve vi ew of a portion of a

si nggj@‘ﬂed F’I@?§ Sk W a8 &l!lclt(ﬂ‘tep n‘@? gé’glflgulﬁted from a wafer

connector for n amJItlc ass
i fmemrtormmatlon[lﬁ)@ﬁﬁl]tlcﬁi@sséinblg oﬁthsam&mnnn C perspective

Vi ew p ibon of a singul ated package show.n
anot s EbElH rane ool Pt EpbRRE P aoRigR £bf Spgplated

Hﬁfoal fa@itahi-h z&uﬁﬁﬁ@m&eﬁm oftthSinvBRAL | On;

027 is a Enan vi ew of a sem conduct or
pack 9ki nGl- Btisalp

having outer castellated connectors on three sides of the package;

grewaohigapter embodiment of a semiconductor package

[0030] FIG. 9 is a schematic perspective view of an enlarged portion of two
castellated packages joined by an intervening castellated substrate in accordance with
teachings of the invention;

[0031] FIG. 10is a cross-sectional view of an enlarged portion of two castellated
packages joined by an intervening castellated substrate in accordance with the invention,

as taken along line 10-10 of FIG. 9;
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for incorporation in a multichip assenbly of the
invention; [0028] FIG 7 is a schematic
cross-sectional view of a portion of a singulated
package for incorporation in a nultichip assenbly of
the invention; 25 [0029] FIG-%B is a plan view of
anot e i
SOt BEAEL P iy BEILEEHE B ARKATE iU
pach@pef, twp @83d]atddIpacka@ed pined by e imérveninecsrRRattd bstrate wt
enl arged _portjon of t castel | ated packages

of a

J%FWBEPOS)W ypnofersn rﬁﬁm@éﬁ%ép‘feé‘fl% substrate in
accopggsice Mgt v is a%@'sé@%n@fsufen@e\if Y SN R56d rp%gt é{nqg%l]
FIG 10 is a cross-sectional view o an en

pastellged s:dmlwmluctaspakdl@tj eiled {percdaaighated muuhéd/ebgubstrate in

i nt elhvenl n astell ?ébgd subst rate in accordance with
t &% ﬁ'\lﬁéﬁ’t’l i“‘%%é el Yhg 1ine 10-10 of FIG 9

-7- (008421 IFIGGB %%'&pl@d&ﬁf&ép@&i\?}é \@éﬁpbpgleé#ﬂa?géaqgﬁiﬁr&ﬁle

perspective view of an enlarged portion of

cayltichipasssthbiaerienyising; costelbatedpackages of & fforng sng:s JOlned in

cast I | at e str ccordance with anot her
?988 en‘i’lﬂ‘o’f% Q‘ﬁ“& ﬁ@‘éﬁ‘%"e%} 1,100331 FIG 12 is a
cr osEossIct i gl 4 & zﬂ%nlék@dlpﬁn A&y BNARERRPPTok - filf mdltichip

5 castel | ated sem conduct or package joined to a

c%§§@rélpl|y derered o castallated padkiapest qnétCésta}@tedas@bmatpa freeccidence with
glﬁmoéégﬁt&fm‘géﬁﬁ ﬂl%&ntl on; [0034] FIG 13 is an
erspec ’'ve view of an enlarged | owprofile
nrul t [0056]p aBlse 1P isancalpgadsideyionast @l dxetphinpRokagfk rmﬁlncmp

diffe si.zes d in accord nce th teachin
oFSSERRIY g #tgffﬁﬁpe@@sas Gastil@tqd§maﬁraéq%|lla?¢§e ance with
p{eﬁ&n‘{%s%\f’t}gm@éﬁu@%enpl ary lowprofile multichip

assenb fornmed of castell ated packages and
castel l ated substrates in accordance with teachings

of the invent b%jf i

oo b o DRTAERB SEREIGS o PN B! 9°¢

asse[goy| f orsRAingfto FRS tleb hﬁﬂtﬁ%;%%&%@@aﬁm 1s shown in which a
castel |l ated substrates in accordance wth

t e’alcahth@fsdlgef 16 i ehgwivasrietioed byj&mﬂu&rhnaESt}mdFm @Nagoprdance with
hglven O\IlO%lReferr

> SPRicondcior dgﬂgmac 11&E E rm&‘l qp (the 41%? l§f1n a manner

dme;hltﬁcmﬁtes mvyrmmg defhic @ka?ys iBQUeE Profilk isiRE fdetp@itanultichip
I n. accordance wth e invention,

s éfi?P‘@Blde Whils subeiate laned 1eslgpistediap porpprising avd sdison mafer, use of
dbf@r defhibdhdBctBPRBE ates (e.g., partial wafers, substrates of other semiconductive

1

materials, including, without limitation, gallium arsenide, indium phosphide, and the like,
as well as so-called silicon-on insulator, or SO type substrates) is also within the scope of
the present invention.

[0038]  The initial steps in forming package 10 may be any of those well-known
and used throughout the industry. Thus, one side of the substrate blank 8 is selected as an
active surface 18; the opposite side becomes the back side 19.

[0039] A pattern of planned straight boundary lines 12 and 14 in the X direction
and Y direction, respectively, is provided for subdividing the substrate blank 8 into a
plurality of unsingulated dice 16 for fabricating semiconductor device packages 10. As

depicted in FIG. 2, the boundary lines 12A, 12B, etc. (collectively referred to as boundary
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which facilitates the stacking of the packages in a
| owprofile, small footprint nmultichip assenbly.
Wil e substrate blank 8 is depicted as conprising a
full silicon wafer, use of other sem conductor
substrates (e.qg., partial waf-&-s, substrates of other
v
| ﬁ{r%?%na%ﬁth £ %Eﬁcfmleﬁfg @812?0 ké&?l ér*g‘lrum p J}@g{}' lines lég define the

tdimehdidis, of E&hab?e WEhhd asnsisecal ligek foi ilh@ﬂ?znroﬁl’d)f cach separate
|nsulator type substrates) is also within the

el ot pickages 1;96@%%1%9%%6# arq Pepgigieree &0 dsiagkages 10, from
g
TP R I B AR F LT BRAGR L HORAG; beine
osmerosmctibd byfimtrediateisbatjacahtepabkagak 1 @A, 19Bs #0@A0B 165 186, 10H and
\1 surf %61 ; the opposite side becones the back
E@ 1l A pattern of planned straight

bo u n[@@«! | '&?ﬁteﬁ?at&i@rcﬂlﬂ 4b ek G % g% fofifitd RRactPiE 1 to interface
dlrectlon respectively, is provi for subdividing

t Wish helastivesuefatsl kinks IBrovmtio the arp b ialcpnfjguodd in accordance with the

SRl R e e S8 h P PR D AN SRl A circuit device
beleielas thal boesed 1k the A ofed gackdgeqb) 1ﬁ§1hﬂﬁ/1%| f¥r & [d 86hductors,
to as boundary -8- lines 12) and 14A, 14B and

(EBRoBe transistays, carasiosdndusters, inwlaraapd Fhedé@ falanc@@m precesses
t |

¢ B8 us RO B GRS Il Bk dno 1SS BRI BN, WoBIRS and
Qheatinrg) ]aad rﬂan@@ecﬁio&zanawdﬂs ©ﬁ edthareadbkiicede rfoe dxdlrﬂplaﬁuseful
packages 10, from surroundi ng _packages. For exanp

| RY$IING Procesyss Heligls Vaaesinaet %0@§atw@p fhgcad yanog G?ﬂ’é’&lon
by ' j I

O§Vﬂ?” @%l&}lﬁl‘%ﬁ?b}ﬁﬁﬁm g#&?ﬁ?&f %%ﬁﬁ élh)(gg‘{ont e V\’/aa#l(el gﬁer {echnlques.
| eve[004]1]00484 shamwniin &G badh packagaion sut%tr@ts blankB@ d&jgnated

f or med ch di 6 to interfac he acti
e SBCRratreh b m e Hnpa Sty Shive B mgieta) T4, 108,
aceON @R EEE W Ifrt éﬂﬁ)os&ﬁﬁ&& j%cé&ﬁ%aél{aéémnlﬁ&%ﬁ e dEach

packae 10. A wide vari et nte rated circuit
de&nk@ge H0is proavided t\*ethmaywué buséplads ﬁOMheclmomlese pfimary terminals of

PGB0 I o S BRI SRR AR e s

| Briicatl ®om, wialdtht Bend ;fmlae 20 b8 bdch atkags 1@5@@&5&@% ciefed by a
used whi ch typically fall into the groups known as

| Eyer 16 digedmiemaieny, fordlaﬁ}lﬁglgéh@undq HOB GYNPRSHLSIphHp circuit 42
S B%ﬁf x'téfnzﬁ %ﬁ#&{té ﬂPz tﬁ@gﬁec?sr & IM@Q 12251'3? Y ﬁ%ed thereon in

exanpl e, use ng processes I nclude various
nnd:donﬂmcem‘izltbmedmtmnasn chem cal vapor deposition 15

l e r beam epi taxy, hysi cal
depoiqof‘ng ](C"Ffb‘bje migefugionRgek ﬁ@éﬁﬁ}lﬁﬁ%gt Spggglﬂl avmetallization

S
S0P A, RSB0 U0 it

paovercthe active sstiaer Stapd aircuitme theteo 0&he tt@M8s 28 may be considered as

“third level” conductors and extend to boundary lines 14 between adjacent packages 10.

Each trace 28 may be of uniform width 56, as shown in FIG. 2, or may have an enlarged
area 58 in the region immediately surrounding the intersection 66 of the traces 28 with
boundary line 14, as shown in FIG. 3.

[0043] At the intersection 66 of each trace 28 with boundary line 14, a
through-hole 38 is formed. Each through-hole 38 is coated with a conductive material to
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| OC, I OD, | OF, etc. for purposes of relating
adj acent packages with each other. Each package 10 is
provided with a row of bond pads 20 which conpri se
primary termnals of 20 the integrated circuit 42
(not visible) in the package.-9he upper surface, i.e

r.f a
Rk SR 1 26 dr P a1 SR 0 R et B £l
dioatlectiveivias 3AE30R I3 0CDhavimgsahaiow) glrdilﬂz& od ﬁyllﬁfdrlyal rR@nter and

C onents of the circuit 42 fromexternal currents
i ﬁéﬁp wﬁﬁ GOrIStea g e fracef Thedplh vias 38 predarmaes Wwigh 3 diapmgigr 64, which

1@ QL6 At difineBCHAIHRNE olé\gggég I@%lgl‘%%g g%.fa'S@ f ﬁrgé 150042

In the sem conduct of pa int
i condigtiied tn essentigtlpburiaad ndbe ireg to the penduotiveeda 30. A portion of the

eatin ndyctive.trac 28 ato dlele tric |ayer
Rt i aprd v 08 20 rermed Yibeib eatiinn e pedttinto! cach of
Cihé Gdjaéery pAdR8ERQUD ahB0E! AGRSwE fh FYRY 3 b%@ BRI AR/R5hsBD are
"third | evel " conductors and extend to boundary |ines

1wab%imﬁrﬁoad9@@@nmepa@m%b§nmmed sEmulg or piceoRE Iﬁa@ Hée
kAT i el o BBy B

SpltdhCﬂgnpiﬂoﬂ@le& iRt the e hiRElehOdT BRdREivé igs 30 abSantZdly\WhitBrs the
boundar % line 14, as shown in FIG 3. [0043] At the

i PRUSFScoretpopding ponsaietors af acareg systrate bowhigh i dondustive vias 30

1 hole 38 is forned. Each through-hole 38
|§Eggg%&g&8&&ﬂ a conductive material to -9- forma

ful | [00#4]e. , Tlod thmgh}hol@ﬁ 38 ylay bel forpet ircthe dmlfstrhtéalavlka b&O
(referreF conductive vias 30A

t
P%g e aawﬁa ppliplespisdleapachingas yad f’e@mlbmg circuit
a’%’ardse |}€1§‘etiﬁdt19@1|yl Mséi: QAN&E! ltuﬁ telﬂ&urb@zl %%?r%kéﬂsi% Jéﬁe%lgd may be

vias 30 are formed wwth-a 't er
t heed gdepamding omthe tviar bargtet @l md&Spethle,rilairhgbdiemhéﬂ t&8iameter 64

of tr 8 configured to essentially surround
oD B PRt Rt 4 Vel ARe e an oV fpe gfpoet rato of
t e holehls RIAR=RAbR, 133 1881 %a%%ﬁg&teﬁ 1. VﬁlthleI"ih gﬁllf’ er Lﬁ@@ herein indicates
therein are wi'thin the periphery of each

a]ah‘qulg mmlgﬁ)clp@g Zg& and condugtiare viaGo, foasechthmquxtenﬁi lc@nplgtely through
T ML R A v R RTS8t 90

2)4Bjmw;.anmﬁpgenent of conductive vias 30 on a given
boundaré line 14 need not be uniformin 10 ﬁltch 68,

pr ovI®4al t nEellavias the fermytine af therughbrles 88 thehalp isidggurfaces 60
I
. ongrbé b (¥ gmtJ teflove bl s Se? LE{e %dgt{uﬁ?lg’% ﬁ‘?&ﬁgg %E&gated during

uctors a carrier su
c dehanﬁdalldrﬂhng)sto 88ablah e ctean baface furedd oematid0441 The
thro s .38 y be forned in the substrate bl ank
8 by f&géﬂ hahb &M F f Pendipigye vaascn iB roahrioles R ¢ Pnidyctive material

S Riaf Bk B1ARCH DRe@SniH FRAnG AL sufabd 60 HENE fHhGiphthole 38. Methods used
may include electroless plating, immersion plating, electrolytic plating, chemical vapor
deposition (CVD) and physical vapor deposition (PVD), as exemplified by sputtering or
evaporation, and other processes known in the art. The conductive vias 30 may be formed
of a metal such as copper or aluminum, another metal, or metal alloy or a nonmetal
conductor may be used. If the material of conductive vias 30 is not solder-compatible, but
it may be desirable to subsequently adhere solder to conductive vias 30, each conductive

via 30 may include one or more additional conductive barrier and/or noble metal layers.
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15 boards. Alternatively, laser drilling, punching,

et ching, or other workable nmethod nay be used,

depending on the via dianmeter 64 and aspect ratio,

i.e., hole depth 70 to dianeter 64 ratio. Hole

for mation by etching may be al@iable alternative only
@atﬁlﬁ or ERIRRE bro%égs'eﬁ“e&fvebl J&ﬁn&@é the fo?m%@ ESHaL¥RleWid F¥%o the

e., less than about 7:1. "The term"full" as used
H@neﬁ& andicti teae aslargechalea t8end thrus tyhbérol md 28 oAtie semlconductor

d d th xt end

RSB D3 R B SarE ke Vo SEun B0 S SR tpper havinga
hagiadaidih 42 @Ro Me&édtotab"éoaﬁﬂg"‘ﬂiﬁﬂkﬁess lshMestehdiflg frokfiBe inside
14C. ... 14n [ 00451 Fol Il owi ng the formati on of

tsrfacefi dfshetbravgh-hpled Stio h surfassiofian aielfonening 60 Thespatieg
t h.l neeséj 6£ glag b% F]uefﬁg I}D\éreovu{e requ&rggﬁg %ﬂgé déjssﬁllaq%%le%ggcaf o

Qf@hdlliﬂtﬂoﬁ hG%néfhlfy’;l ﬂle&‘ddﬁtilfgqmcf(ﬁkfss 62 maf B8 B HOut 12 ab6&4PE Inicrons.
To formthe conductive vial 30 in throu gh hol es 38, a

coptinnety. ke entirethioseh-haley? Speasthedilisd, aithouguit exquiseradditiqral time
'z{hﬁ'n‘?ﬁe i $ 2GS0 @%’ %ess efd?)hoéﬁgﬂ MG ﬁ@#gg?%aﬁﬁﬁ&@ate with

may | nc ude el e atin I mYer si on
edoadtativk yhtss 2B lofitwogl; aaehmmm@indmmoievwdemﬂsﬂms mmay(‘tﬁ\s’ﬁmed by

SR g eblh g S e h Tl ik v 3p BB s Riigatmected
X attpcl%e a8 bn eé@ﬁ%a%@g H&idave b?’ b&shdad RV 4b€of &Jaﬁ?gel, ﬁ&é{rgées 10D

a netal such as copper or al um num anot her
nmdaHOEesham;fulbwammmnthebaundaqdmmwwmylnmtwmdkagm

ggﬁd@m‘@r L.Séf(l ?l{.ﬂltgo%g ?etrI LA %%81%0 alggr}aigl%lg ?)omay be applied before

swﬁw@hlaﬁoﬂﬁ&w@r zﬁﬂ';ﬁ’&écﬂt}ﬁb &Gt ti@seras 30, each
conductive via 30 include one or nore addijtional

condl98¢8lve Mﬁﬁ’ﬂ@c ion of Bisipacknses] 0 qrespbsteate blawgk 8, the

C n | n t . )
PP B P RoRAREP P 60k Kb REES 3 N g
eRIGBYeE saw &orf 38 wilknighidalii Bavtet leeridch Tmﬁét\ﬁ&nda‘erﬂlﬁleS 71 and will
sem conduct or | package 10. In FIG 3, a full

c BTN er mramg@f qagh dHptiveiandp eaemniawithismibe peripheripgef
d]5%ﬂ{e @ckgfgtl D 4f en(a'iI: %Q(h Sh&l ﬁeexgmBQedazh %Qﬁé & eter 64 of each

ng romthe insi sur 60
othrdntgh ltoﬂﬁfiﬁngberhexkrlem Bﬁgetrmhaan tbekdrbwealtlo?2.an axi al
open The coat hi ckness 62 be syfficie
O olldotie sidglri e roimbttss SRRy 0N Bufiiy es T and 14
C@iﬂgﬂ’t‘ﬁﬁéoﬁﬁy rééan&wléeyuoﬂ dtRa &Pl BRI CHR 86 $td &vdTRid pBftions, or
from about to about 25 microns. Optionally, the

entter @rmmt@m gh- Rbseasgutaragpniectdril jof gachafhll ptivetvia 30 remains

reguires nal erial . Prj .
SRS o Bk e Faee £ TR O oniets e simply
C dEgigtatcd e fointifteNaslferiplurel Udsiof in tHedBex st tl@ff mwmlon as outer
adj acent sem conductor devi ces and, thus,

skersatoma 1. Aishaw atElG opheirayeed pw) agml&sfroré ﬁw&fen lpvel of

¢ %E@%MS ViiteY l:&m%&ofs% 1%91913{\4?1 iAo b%ﬁ‘f Jli%escﬁj n& Sfﬁg package periphery. A
semicircular axial opening 40 in each outer connector 31 is exposed along the length 70
(FI1G. 7) of the outer connector 31. The outer connector 31 (see FIG. 4) has an upper
surface 76 and a lower surface 78, both of which are generally planar. The outer

connector surfaces 76 and/or 78 may be approximately coplanar with upper and lower



to a trace 28 on each package bounded by boundary |ine
14. For exanple, packages | OD and | OCE share ful

vias 30 on the boundary |ine 14 between the two
packages. [0047] An additional |ayer 44 of dielectric
material (FIG 7) may be appliléd before 15 package

DRl 0P, SN oo B0 Bl Hhorh IR SO b biknd pREES:
usbusaiestl ank 8, (he  packages are o auated.

ééB: @3% Vi s hpgent ar? elr%lg%iaﬁﬁwg?qﬁry%et RFIG- 3 #RPBigT ppnector 31
haXEbefokEd bybsthietéR tﬁﬁﬁ%"&% Vchrgﬁghf-h(gé BeWith %oﬁd%‘é%\\é@ r%%terial.

permt a major portion of each ctonductive via
5 reneli0ASHi t hihe terine“qastellgtioe’ isesedlierdd tad¢rataht cpdighates imparted

R 7+ b o G e LRt v .o
| @mnél€dtors BRNn' Bhdry oF Qﬁé?niz&ldu[:@pé&}ice%ae% 3k hLQJJé_tEQg "(lj’he outer

t he packages 10 by cutting al ong boundaz%ﬁnlnes an
1epnnggters Pl areewitian therpastage 4 0 ontling sedeitend theaippérshiface 74 to

cen ti Vi into t i rtions out er

CARRHEY ek 2 ottt U Kbt BB e Mper srfce 76
10 faidalewsokiefatey 28 whizgh thybe EBASted 2o Medddue@deiObf dnbtet WO

adj acent packages 10. These outer connectors will be

s§erprepdugtasdeyirgtos scrpispriusior deviceeomnenensige peridugtvgsitey formed on
A P B . " 51 ngui at ed package 10 fr om.
t he 0852 |Gl i0d cribtsSectiorabsiewwif @ portionné a fated Package 10, as
AR R0 S0 B e RS e

5 OBt S NS A8 T S

chmyetindhe 81 Assgwwhal Giterionhesoradn isipdeposition of acenduGivamahterial in

a,l ower e .78, both of ich are nerall. .

o AR ol i 338 4f Sorgitn e Pisered Al @28 Graftsrin bond
MR 02 PRNHIEMBE RN e CIQD| ddlediriMaldt J6RPRECtAREL g MBS rcuit 42 from
package surfaces 74, 34, respectively, or may protrude

stlegrical phastsyend dhe likes. Pepdtegeot conductivemetaliization trice0Zis formed
i | t ti ' in FI.G .5, .
2 Ao D08 340 AR SIBAEL U Dbl G By o

t fepackageughint) b @eigBboning ke padtdgd 105 ofieavdfér! AndtheP@olkEtric

The term "castellation”™ is used herein to denote the

c BriRbYR laysr g manherapalied to gowss ablgys aportion of e uppersuriagss’4

t LRk ' conducti ve vias 30,

opé%ﬂter]th%%§§?%$g%%%¥ug%ﬁ@%%§geriphery of a

sem {93dLict Atsodesshoen paEKA §ethe inventst mayt lee applied wytaekages 50
nnect or are withint e 10 outline and

25 CRPaREP IO @%ﬂ%ﬁ& g iz ¢ B runlaero seie e
3%}82?6 g)ﬂﬁg ggéeﬂﬁg% 60.1Phe FRGROoAMCR)s SOHREERE 58 hBR f8Fhed on one
or more nonpad edges 54 and connected to the bond pads 20 by conductive traces 28, as
illustrated in FIG. 4. Of course, placement of bond pads 20 along one or more edges 54 of
a die is also well known in the art. Accordingly, dice with other patterns of configurations
30  of bond pads 20 and outer connectors 31 are also within the scope of the present invention
provided there is sufficient peripheral space for the outer connectors.

[0054] It is noteworthy that the number of through-holes 38 to be drilled and filled

is one-half the number of resulting outer connectors 31, saving process time.
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10 and a | ower surface 78 which maybe connected to a
conductive via of another sem conductor device or

sem conduct or devi ce conponent or conductive sites
formed on another package or substrate. [0052] FIG 7
is a cross-sectional view of-&portion of a forned
PACk03) 1012 BaciGRL 1018 dBE:tigReidth, B BE (ERANG ARt or o
with a central axral opening 40 forne 1%

tsubstetds 88 uig h varidyeof waysy maling them i8dal ifw the/foimatidnyof low-profile

RSP heBunth Selimle opliRenPiflote u el B HBs) 0. 11
0fnda 2C ARSI & FRIE DIl 10,hwolpREIQUETOR0AR 138 of ke dikfensions

contains an integrated circuit 42 which termnates in
bemd putsa denn@ctor peitemppay b jningH aechanically and eld¢ta¢ablytvithcan

|.ayer 36 t integrated.circuit 42 from
elp%ée(r:\{ep}ng asﬁgsgﬁ%%%}aglﬁl ?l?ehs e?i‘lgg.ens%\)ns éuecf %P;ﬁ{eg} of outer connectors 86

CévneiHsinig\WeastBhRduré 2Bt ke 4s' e Sodifkcioss FlunRelpaRagk OMhe outer
dielectric Iager 36 to connect bond pad 20 wth a

brotRerery 31 prkSamayihe ivknadend-torachby soldep seflosyg andipaybr

[ ' [ i - OX -
Al R e R Ty BRGNS B sl e 0 one
t oty By a aihgleeasducavdememsuoh ag Hsoldyp pamppurredee cadbtruction
before form ng and coating the through-holes

3
[ GBS 3] hounissyening sUBRSH# FErmey @50 eoniaipas _aﬁ%rrfmegwﬁ?a@s (pgt shown)
ggﬁ’ﬁh%&gd o PAREAQRScRYs SERr BANEIS: I 8 B RERLonReRnRa e,

al ong one edge 52 rather than along or near a
cAdditiahal deviels of fadkhgesHO apdohergenif®subIimesdiftadithe same dimensions

CBRREE 3 e B TR B TR P Byl o

b¥o£@ndbgHoe traces 28, as illustrated in FIG 4. O
course, placenent of bond pads 20 al ong one or nore
f

edgel08a] of When tepackaged Kohe [stackeddna mudtichieasggnebly are not of the
Accor di ngl. i ce w th oth tterns of o
G SlrP Rt 5 Ml s R R SRR Shet ntimiggtinge. 11,

3dn fdtEmadise suwbsthaierssAh@hisle Bpecasttlldtétboudéresaidctord e which Align with
provi ded there is sufficient pethheraI space for_the

O ERTEISPRUSKIEANE conneetyr B ofparkags dUBwRAVISPupHERPOSEROVEr
n HAE&%Eteg %Imgﬂagg Yo - AQL&Rd §5§$1$eag% F@; Wehblv s ﬁéglg%iddﬂeo glgn

i s one- e nunber o ng outer nect
3packag10R) apd theessnccionpitch dhd/or vObahetditherpafokaygeso differ from

< Db eraekeedaB! s Seand byl | Dlps oomaRI PR e are
ggfecﬁ'ilaﬁl}f QLD cOfreshONMiRS Biddl fads 2ot by gﬂdﬁctﬁ%ﬁl%@%ll degs. A

. Several exenplary nmethods are illustrated in FIGS
9metdlization pattenis pRovided ofdld sibstthté B84 TS: substeateime@]lizatm

package . QA and B of lik i mensi,ons and quter
C SRR BortiR YRR Ao B bE fo e TEtmuRR gt Sipd Deblage 10C and
elraed 94 which ¥onMetthth@Bondinsaf @R itd ghe Sttishle duer 8Shnbetvis®G. The
the same di mensions and a pattern of outer connectors
gfonding surfaces 92 may be of any shape suitable for bonding to the lower surfaces 78C
of the outer connectors 31C. The surfaces 92 are shown as semicircular, but may be
circular, square, or oblong, for example.
[0057] Where the two packages 10B, 10C are of different sizes, but have outer
connectors 31B and 31C of substantially the same size and arranged at substantially the

same pitch, edge 82C of package 10C may be aligned with edge 82B of package 10B, and

the outer connectors 31C may be joined in-line to outer connectors 86 of the
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conprising vias configured the sanme as outer

connectors 31 on the packages. The outer connectors

31 and 86 may be joined end-to-end by sol der reflow,

and may be gang-bonded (i.e., nore than two

correspondi ng connectors are-ddktl ectively bonded to
AT sy 4413 oL G ST Mot SRt tfeation o2
i 9t reawbenmsag tecinptet ater 8Geetyrsall Bdo ootret mme@unsfSé abngredge 84B.

inte e not ,shown conn to.the outer
conrb3Y, s et 1%%58%0?1@1 R BTICEd21 R B pbsete 854
SEBERRe coﬁﬂféh{/é ARk ok &Y %e?all@fah@ﬁ%%ﬁﬁé tAuMRLside 96 or lower

i nterveni ng substrates 88 of the sanme di mensions may

bedefd etion both hléeaslsedﬂmyn,gmemﬁhteacas Kbt mte@mﬂ trags, ety be formed
sur f ace- no circ

AR e S 4 SheRs b e ORire i B emal

NMdddes €0 BapmSRIAL] f¥r édaply FulDdontiti@ive SREBOZ 'vﬂﬁé}ﬁéx@éiﬁ,substantlally
another assenbly configuration may be usef ul .

Bpueh e mwrrm@te gubstratg §8 Anansrbiiad icanducvieay wewg@y\ extend only
&ﬁrﬁﬁlﬂﬁ%u R3S aeUbSTaeggnect ors 86 which al i gn

corr er connectors 31B of package

OB nfgs9e Sﬂwlbmtts&&i 8B @iay20mpeiss &1yl radterthl m@&ﬂﬂ&fgﬁthe purpose.
| OB. A second package 1 QC is, shown as being smal

t Ferpxamgpleythg substreig mag(rb& sptantiglyagid of-2.pi mpelaﬁasi él:eleeﬁns
dfn@f@ﬁ&le% uchR€h %Bfe r@édsl%Flg £f1ﬁ Festn' 249 be Bittex 2 ?@B%]gi

e second pac age as outer’ connect
Opalpiatideg ﬂ)Esmahslnmdertlhm’ld (\]BT(),qm)l‘n}ecttaﬂ([iotoethgbne 8RB dandpr cyanate
bond ds 20 nductlve trace
oSG RS SyteEe S, ETRAT Londmrist e edRo R ot gf multiple layers,
8&R/h cdirl %b@ﬁh&@&&rd@@é ot ieh@satAl%ﬁla%%l%r %bwda%‘éxm@ﬁllnﬁhsj be formed
surfaces 92 conformng to the via pattern of
sé@mmmamacnag@ﬂmr@@waauﬂnmxanﬂeg4 whi ch connect the

borc et R 8, 115, SHRRUEE RLSL ESRISCOL8 85
f @iKhPTlT@lN%rtaﬁoﬁlb}q)d]}Qme tapd. FTe @5pe 68 SuchQf subfifatdd88, 88A may be

connectors 31C. The surfaces 92 are shown as

s ByCBEG, dlifleg or %Qhed e {ra viathraughdeles &quaakéng mnpb@nbn@er
fc%g %e(tgfgg6ge 1gf In ? 4 m\ﬁ}?&g {nnﬁr co}%?ecpc?g gf‘%%‘?oﬂme%() (s

Si zes connec
31 Blowed] 31F&: seickinglaglhwnlity af packhdes 16 ame irglude casdellated outer
arranged at supbstantial]y the sanpe pitch, edge 82C o

p&eRagers;3 lopthinieryaing %UBﬁ@EFS\ﬁth gw&g@e gvigt BANGGRIR §8eth}'ee of the
OBari AR dondi diatiIt Féiatﬁq%%]ﬁlg()ﬁ{e? cotth 8’01%@3{ , Q‘?whf&h ﬁ t the

in-l1ne to outer connectors 86 o Sstrate
aﬂerCMeedglekts@A Breg(apivi8 4@meten ﬁé,t(b) dger cbfm@lorgprtehd68 and

strate I 1ization 92, u
o U o ah ruenbh s pulacl Fess 6oy 2 GO Ghgackages 10
e%echaﬁae castdN@R8 hparHBQWe kdtht Bﬁteﬁ&ﬁﬁlh&&%'?a 1¥he@¥ih Of
12, an internedi ate substrate 8
[0062] A low-profile multichip assembly or multlch1p module (MCM) 110 may
be formed from a stack of wafer level semiconductor packages 10 described in the
foregoing discussion. An example of such an assembly 110 is shown in FIGS. 13, 14, 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 may include a support

substrate 112 for connection to a printed circuit board or other apparatus. As an example,
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may have conductive traces 94, or netallization, on
ei ther the upper side 96 or lower 5 side 98, or on
both sides. In addition, internal traces 100, or
internal | eads, may be formed on one or nore |evels
to enabl e i nterconnection of-tbnplex circuits The
I
0 b e Bl PSRy Y ool and
tiaclogghl @hend HiZerresdimetredsidsst Tht ipg8lsubatiae ﬂ)lz mdy have an array

R Pt Rt st 13, St Febectg 1+ B5Y boduof tameet
Sdansgﬁdaélﬁy%ﬁmg%lﬁ%ﬁdra%p (PGR), 3bNinfiBL184d1Rb cl‘ﬂ% eirtibr (LOIC), or

t he purpose or exanpl e, the substrate na
siylbhmdmeupacka»ge (P .for etagiple éNh@anldechdledn@nemp pgsembly 110

mat er.i al r.ei orceq [ esi resin

compgses a%com (Qe corp%utatlongl system Vlng AL prQD dI a foclgr'%platnt which

trhaypld en{aB by thaD@ffthé weaﬁbsﬂ @ﬁ@@g@ yowne ( PTFE) and/ or
cyanate ester. The substrate 88, 88A nay conprise a
s i ngP8631ay dp this expmpigaitishewld be nofad thapeash segpessiyelyiueher package in

fv}’dlﬁgl é@%@?&%@ﬂ}’e‘?“&{t@g&fwe& 811&?%? car?‘yl 5&%& gér’ Slds4).

St I at
amwlleﬁnormathepntcaml 68 df@ntee xampéters 3[1 @F6ah sAbdessivedy highdrypackage 10

R X TN o ——
D&Jcléég@ 19€ Thae %e IIH'I%CEJ? B@seﬁ’lt)lysdf‘mcm f’llm§ hé@inGted %o tHI®Ke of

be punched, drilfed or "etched formvia
t wﬂcm@h 16 bhesg thesamakidil | I:fe Mapthanabr @mFé(ﬁ 3 ©r outer connector
ca t 6..{€.q...1n the e manner. as
ORREEEIE ATt eitlin o RBR T, SRARRKG R Ry or subsystem
phudabd. ty of packages 10 that include castell ated
outer connectors 31 wth intervenin?%substrates 88

t hat [006dll uda tls erebodiraeni savor o BBES. 1hibeadyintepaediate substrate 88 1s
%ecf: t%r‘% fgl?%’%‘hﬁt%ﬁ L&l §1z ng t& uﬁdjeﬁylglg%gcka%e 0 and have a

connec ors onn

desiegofuger @:al)ne\tﬂoas 88 el ﬁrtheﬁﬁme([ﬁ)terﬁlat; e pafen et bﬁtér
pitch 68, and 25 (c¢). package wi dth_ di nensi on betwee
CSRNNEFtPIS3d @nélaeg@?eézng Bapkegq G hug) substrag,§3H gSe%Jbatenﬂaﬂy the same

V0B 905 O S IEEIAE U TR S S
asgtemndoinyieadors GLiM ofaln pnchz[géulow (]I‘t/ﬁl\t‘)otéﬂjtﬁatnba}ecu’uelaf@s meﬂhe
f rlg’go pa N c?aa&lﬁpag: %gv\%glrnglé sﬂrﬁte m o WUCt (?r S kﬁ%ﬁgtr%tg electrical

S Hﬁ&s en 2RS4 n"pllla/foéébgnt @fb%hpaxekage 16W&d s%ﬁstralés 8vaRe sdfhort

As depicted in 3, four sem conduct or
padi&ageé 12 is@gpoted b)(thenumvraéhbsw @ﬂce“ésﬁombetcate $&X ys the same size

refer ed t ackages 1 r,

|t SR 1ok SRR PP coheu eSS R T Mhes e guter
I ebietof3 10 oﬁpac&ggwtorxatm pafiorn de’ﬂ?mﬂSS gXif Yackdge 10/and
include a_ support substrate 112 for connection to

a
ppibstralg S8XraausubstigtefSyV évalsorshewnaBpckesasddY and 197 have patterns of
X PLSmectdid 3 1Y, 312, respectively. Each of the packages 10Y and 10Z has a

footprint 118Y or 118Z which appears on the surface of substrate 88X.

[0065]  Starting with packages 10 and intermediate substrates 88, the MCM 110
may be formed by stacking the elements as shown in FIG. 13. Package 10W may be
considered as the lowest-level of the MCM 110, upon which are connected, in sequence,

substrate 88 W, package 10X, substrate 88X, and packages 10Y and 10Z. The castellated
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assunme that package | OWis a mcroprocessor, package
| OXis a nenory controller, and packages 1 OY and |
QZ are nenory devices. The support substrate 112 nay
have an array of connectors 114 on its |ower side
113. The connectors 114 may béSin the formof a
o ( dbed0iofs _
SR b BGRIBL I0) fa  PR b ansond to
i lnwki memperdiyagie ©oflpy, AlernatxeppheMCONéh0 ams baptovitied with a

OB e £ S e RS FUPBr BT 1 NI H- Typically, he
f Rpart bkt il chof tHRRNAEMAZ0 SR hhveas dRARbf BndidpSurfaces 92 to which
| ower nost package | OWN [0063] In this exanple, it

stuber| canisstonbi IO maydte aadieds Condptive whaps h2Qleemepdizkies on the

i n. .the 11 as a,.smaller wi.,dth (between con or
ppte L Pnid e RafdbRitagls o bl bt o e Pk
6&nBéctionbethe MOONELIOAH 8 céuitboLd Fhr xHBBRS ThY bnhebloBNQY may
package 10 is shown as being smaller than the pitch
oformise ait werkablg serdustive damestts, speh asabelligoderray paERIge

) i.chi I . i
e G R RSB Bl UM A P2 comectns,
wodlexandpl&, vi a di ameter 64 (FIG 3) or outer connector
pitch 68 (F1G ,2). This versatility is inportan

. t.in
constPBek i diprginganMidd 14, ps despaled; emlts 152 iRyrgradide assembly, as
[ . LIER ' I .@ach:
|%¥gﬁﬂr}gg iﬁg\%'gqsaggg? ’(rj‘gt e fé%%gmg%ﬁagtg’r%’ gé&%lo beé&%@dmg
selbmtiatnbetaictrypachages dfrend intemadiatelsebstratte 88.y Nogoryaddea diee

1 ve a pattern of guter. connectors 86 ich i.
RGPS PRty Bhnefe bR POt bR b el tord sty
Ofardel haH NEE [IWEs DGV PEUATGE 1 0WtHS eo S tlhS kAR Bted BWek Sonnectors 31
substantially the sane 20 size as package I OWand

had & pravide amexsellgn elepinisaldiond andeestabtisine stapg sna®@BaNiodh beord

t.ch outer connectors 31\W.of, the packa | It 1.8
Bitien Mk iep SRLEBRISS 4 BAOh 19Ee POBHORE ekl hay
packdetitciin arthghubrkéPisCerdfly 2y MOM $1T0hhblihg cREE®T oftadull
illustrate electrical traces 28 and 94. The footprint

ofYSSH o PhBRIETEON TMneladpvspiedile. ship-sgsnaptidimsesnbly. Typically,

S . .
PRMCBL A BroPaPECCR TR B R BRI R e oheryise rmoned

| o eondedt@s 3dand8d.er connector 86X pattern that

mat ches,_t he outer .connector 31 X of package I OX. The

pat t §1087F ooftprirFady indasetess thy dntrumsdiage eRotEARS SSampeROKe any of a
8 . i . 4
g R T g
r eigivleustena ltya fl&dble taple or fién pAbk sipppert tulGyata di2 bf B2 MiAN! 140 may

footprjnt .118 118 ich th f f

DR elafl e 3 v G0 eileRER s B packages. 10 and

I nt eneueg] at &s skst Hiaties. BBandt lﬁ?pm‘éetloiv@and'rﬁi&_?)gﬁ s1ib§trate 112
n

formed by stacking the el enents as Shown i . .
Parsydegethier D¢ongidersd as a first package level 122A. Package 10X and intermediate

substrate 88W may together be considered as a second package level 122B.
Packages 10Y and 10Z, together with substrate 88X, may be considered as a third package
level 122C. Additional levels of packages 10 and substrates 88 may be added to produce
a desired miniature system or subsystem.

[0069]  As described above, the multichip assembly 90 may be readily fabricated

using processes and equipment which are widely used or known in the electronics
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consi dered as the | owest-|evel of the MCM 110, upon

whi ch are connected, in sequence, substrate 88W

package 10X, substrate 88X, and packages | OY and 1QZ.

The castellated -15- outer connectors 31 and 86 of

each package 10 or substrate-88- maybe gang-bonded to a

19&\%[ry' BRIk RYe FPLARE pik&ht i‘ﬂ%ntf%hﬁrﬁgqﬁ% Y e 'thlElal%ssWss than
0 maybe provi ded MAt% a support strate 11

vd’mpulhlmm mhang theedCM bl\ﬂesluit@:ﬂefm use iofcotnipact IvtéMrdnl@dewces such as

ical t ubst 112 of. the
iRl rthori G AR S i il 8 et MGallplebiorse devices,
Odvllﬁ@é sURN6R Gl Sas3dmbNeIRY0 BR réfulirdg Bedesire@nduct i ve
traces 120, or netallization, on the substrate 112

connl8870 t Htheuglaiihe éorggnmgad@gn@@ntcontams aranayp@tﬁcs these should
2190? @g I&%n%%'g d]'%éhn‘ugng th%%ﬁ(%%c%kh[:ﬁéesgnt r}ﬂve 190, bu%T TC zg; providing
citiagafatioss @Wm%k&ﬂfblh@ eﬁ%diﬂlﬁ‘dntsv Sirel18NE Bthss erfbdimass &f the

bal | - grid-array I n- grld array (PGA), dua
i HY$NQB MRy be éé‘t’lé‘?dsWhlélP de @%tdie@@*s emithe wtrqr &¢ope My present

0
TRRRRER kBt ol Wenkd B Sarnl iy AR M odfihsion. The
a@opesdnﬁ:thmmvmtﬁh(ﬁ theiéfo&ni‘ihdﬂ:St,ed atd lﬂ:thltédaﬁﬂp by gel aﬁpernded claims and
bal | pins, or o . hei addi n el enent )
@ seleaiyaleny, PHCE AR bY ShedoBEnSE RoreaRia AR Ry kletions,
dzﬁﬁ%n&d’iﬁcm bR AURioR nasQﬁ‘stcfo‘é‘gﬂellleYelh C\Wn@ﬁ Rl vlflﬁnn ﬁllétmeamng and
its footprint maybe equal to, or slightly 15 larger
t $vape oftheclhinmsse to bevegibrared kmgdyl  OW t her eof . The
castel l ated outer connectors 31 and 86 provide an
excel l ent electrical bond and establish a strong
mechani cal bond between packages and substrates. A
relatively |large nunber of packages nmay be
incorporated in a single stacked assenbl y-type MCM
110, enabling creation of a full system or subsystem
on a single lowprofile, chip-sized multichip
assenbly. Typically, 20 the MCM 110 i s encapsul at ed
with a dielectric material to protect the otherw se
exposed outer connectors 31 and 86. [0067] As already
i ndicated, the internedi ate substrates 88 may conpri se
any of a wde variety of substrate types. For
exanpl e, the substrates 88 nay vary in rigidity froma
rigid material to a flexible tape or film The support
substrate 112 of the MCM 110 may 25 be simlarly
formed, but wi thout castellated connectors 86. [0068]
As shown in FIGS. 14 and 15, package | OWand support
substrate 112 may together be considered as a first
package | evel 122A. Package I OX and internedi ate
substrate 88Wnay together be considered as a second
package | evel 122B.
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Packages | OY and | QZ, together with substrate 88X,
maybe considered as a third package 30 |level 122C
Addi tional |evels of packages 10 and substrates 88
maybe added to produce a desired mniature system or
subsystem [0069] As described7above, the nultichip
assenbly 90 may be readily fabricated using processes
and equi pnrent which are widely used or known in the

el ectronics -16- industry. Thaldickage 10 of the

sent in%ﬁniion may have a total thickness of |ess
tﬁgﬁ——ég%%%—%ﬂn] maki ng the MCM 110 suitable for use
i n conpact el ectronic devices, such as cellular

t el ephones, handheld conputers, and a plethora of o
ot her kmal |1A glcthod ferriseenehdipg semicondustor deerc¢pnipmnents, comprising:

P j l.] 0,are required or desired..5
Ao R s Rl LByt A e S et o Pl
nmany spegédndedor dehizs eoﬁE@&Hnﬂand’iﬁtsu&ﬁmﬁéle%M&Ureﬂﬁion to the
limting the scope of the present invention, but

mer el ySUARSCS theseend gemjcongustor sevigs eonaponsptrpempxiging o typality of
o ent S abdiive L@ dosigBhitfin ATRRUTSAY chlbnerept

sqdigning ableastcome cafdutting: qnasssrs of the primndlitpof condadtive @Snnectors with

fromdifferent enbodi ments may be enpl oyed in
conbi n%ﬂrfeé?ﬂngffﬁé?oﬁ'é"t@&% of the plurality Aeamtachareasson the surface of the

t her ef fiBsentiBfdEabEfvREdombPidnfdn@n! y by the appended
claims and their |egal equivalents, rather than by

t ¢lectfieally goimegtinethe af Iotst svme gdriducttidiconme®rs wigh gicicorresponding
and nodifications to the invention, as disclosed

her ei n°NF&F*F al | within the meaning and scope of

the clains are to be enbraced thereby. -17- CLAIMS

What is clained is: 5 1. A nethod for assenbling

sem coiduct Bie ethodel dampomdsrein pesitigningthagecond semiconductor
pasi:ti oni em conduct or .devi ce._conponent
o8t SRR SFFALE pSSERRE NS Sha SF ST BEAE Yomponent

c ovgranerfhceanfdt ekt subSAhicahddiatpaibatrdtela sufpcH uBBtrdtd a circuit
surface, the second sem conductor device

t he

cgﬁﬁﬁﬁ@ﬁﬁS@@Hﬁ?@@#ﬁgeﬁc%lurality of conductive
connectors positioned on at |east one peripheral edge
thereof; 10 aligning at |east sone conductive

connec8.or s Tiie méthogpbiklahi 2, whefeic paitiohirigwke soombehticaductor

e SRS R S Sba iSSPl AL o e

S §éthicOmRoL Avidedhipen&RPonent ; and el ectrically
connecting the at l'east some conductive connectors

with the corresponding
4. The method of claim 1, wherein positioning the second semiconductor
device component comprises positioning a second semiconductor device component with
at least some conductive connectors of the plurality of conductive connectors including
recesses formed therein and extending substantially from a first major surface of the
second semiconductor device component to an opposite, second major surface of the

second semiconductor device component.

5. The method of claim 4, wherein positioning the second semiconductor

device component comprises positioning the second semiconductor device component
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contact areas. 15 2. The nethod of claim1, wherein
positioning the second sem conductor device conponent
conpri ses positioning the second sem conductor device
conponent over a surface of at |east one of an

i nternedi ate substrate, a suppbrt substrate, a circuit
RAB! Hle rBLePo SRR GARANRIUonARYVE BonnéQor3 -corhPRsiE tdaney1Ritirical
claim 2, wherein positioning the second sem conductor
desesse. conponent conpri ses positioning at | east one

sem conduct or device over the first sem conductor

devi ce conponent. 25 4. The nethod of claim1, wherein
posi tigoni Nght hRiHACP B-irs 8WER&H B6difsning ¥ iseRne SRRt or
conprises positioning a second sem conductor device

lsiise aempongnt ¢pmpgised praiioning e sseendliremicpadeceriisrice pampsnent

t he drali.ty of cenductive connegtors. | [

S5 bonaof AT R POt LRSS Pt groas of he

fpleaiey of cbiithct BRhOhasate foreed oh apbephetd edgetthereof.

sem conduct or devi ce conponent to an opposite, second
maj or surface of the 30 second sem conductor device

conponent. g, Té&?od’E%%ﬂH 60&/hgrleiglg)'g%iﬁoni HeSbnd semiconductor
posi tioning the second sem conduct or evi ce conponent

cdevize icemponpas cdmmisesnppsithaingehosedosErimianduddodevite coroponent

conponent -18- with the recesses _of the at | east sone

BT S ERHMEISE B SceCOmPPI: figlusin 4 Jaost g cantadt arcas of the
I AGRAEAT coftact iis TRE MeRIOTectsal BhRed MBRMEHA extend substantially
positioning the second sem conductor 5 device

choparfesttmaorsprinsey tixofist seoméondudtdralesise gpmiponent to an opposite,

sem conduct o devic onmponent ver a firs

SEPELRAOETBRog el e Bt SRBEHENE T IRHSEOMEOT™ cast some

contact areas of the plurality of contact areas that

are | ocated on a peripheral edge thereof. 7. The,

met hodB-of cIThgimstlod Qﬁfzﬁi@i Tawhersint plégningconsisescdighing at least some

SEn Cgsno%%et r%%eﬁsels%f q’neevalt feSst &SNP géé‘lned&%ti&eo &cPStS of the secon

positioning e second sem conductor devi ce componen

oyeiicéhdhittbBdeviiofPoakit tvith cofwporlit@repeReif thewt lldag ome contact

at | east sone contact areas of the plurality of

c¥isesrfthelisheniepdustaicdeyife cPEpicsbs forned therein

that extend substantially froma first major surface

of the first sem conductor device conponent to an

opposi $.e, Beanatodef daimsd)whawen efectriealyf ¢onsécting includes

S ?nrt?o Sgggu gr} € (r)ng%?evéo(r:ﬁuc%%g%l%rr}l%r% within aligned recesses of at least one
conductive connector of the at least some conductive connectors and of at least one

contact area of the at least some contact areas.

10.  The method of claim 4, wherein electrically connecting comprises
introducing an elongate conductive element that is in electrical communication with a
contact area of the plurality of contact areas of the first semiconductor device component
into a recess of a corresponding conductive connector of the at least some conductive
connectors of the second semiconductor device component so as to contact a surface of

the corresponding conductive connector.
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15 8. The nmethod of claim7, wherein aligning

conprises aligning at | east sonme recesses of the

recesses of the at |east sone conductive connectors of

the second sem conductor device conponent wth
correspondi ng recesses of the 18t | east sone cont act

areas DIf. t HEhefrhéthéd sfmai@or dieted! cRevicaR GRARAAL BEmpres placing
9. The.nmethod of claim@8, wherein electrically

L CRASTIE Pefieen e it o semm eprciblesagaictsrs and the
CORANEdIduE SheBBALW thin aligned recesses of at |east

one ‘conductive connector of the at |east sone

conductive connectors and of at |east one contact

ar ea o{ t he_at lﬁ%ft one contact areas. 25 10. The _
met hod of ol iTetho B 1. wherety plegirirallyconnrsting fgther comprises
CHsHRlin S Sorete BhdnBHECI % MAIRURRIRE&iaf Q)%Eﬁ: Edn\éﬁctfa\}e%&[?&tctor of the
that is in electrical communication wwth a contac
attdeasbiomeronghativaroringctofs andmicarréspandiag carftact ea b the torresponding
s&gﬁ&gg%{gtor devi ce conponent into a recess of a
correspondi ng conductive connector of the at |east

some conductive 30 connectors of the second

sem conduct or device conponent so as to contact a
surfact-of Thayaethod pbelpiont, merstm glacinigwendistivematerial comprises
- 149=: f.claiml erein._ electricall )
Bt fotackMEesrUEh B R o SomupatliSt R i £ fhapSesbonding
beinteeearcahe at | east sone conductive connectors and

the corresponding contact areas. 5 12. The net hod of
claim1l, wherein electrically connecting further

conpri g£s j j : I4f | the L
conduct fve tararREorhSaEah: @A Gediss ki pgentcomprising
t pesitioainglasasindsemizosdnthr cievice canpureat @hfprising aglurality of
corres&ogdigg cont act argg of the correspondi ng )

cont acPPEPRYE conpecipss onygy leagteang paripferal edgethareof qyseans in

pl aci nﬁlb@tﬁl&?ﬁlll?&)bl‘éﬁeﬁ@lta%ﬂ @la sﬁgﬁ&f 55t SQJIlﬁZ%{l(‘ﬂglt(ﬁ'%le &
between the at | east sone conductive connectors an

t he cotamepperitdi ng contact areas. 14. A nethod for

] sem conduct or devi ce.conponents, ) i
g IR TR R ——
devi cecopeEpRaRRicof@iiRidas bNMhe Frf sethRbhdubto? Hevibd . héMEand

connectors on at |east one peripheral edge there
oRasHiogHg theat least some conductive connectors against the corresponding contact

areas.

15. The method of claim 14, wherein positioning comprises positioning the
second semiconductor device component over the surface of a first semiconductor device
component comprising at least one of an intermediate substrate, a support substrate, a

circuit board, and a semiconductor device.

16.  The method of claim 15, wherein positioning the second semiconductor

device component comprises positioning at least one semiconductor device.

17. The method of claim 14, wherein positioning the second semiconductor

device component comprises positioning a second semiconductor device component with
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substantially parallel relation to a surface of a

first sem conductor device conponent; aligning at

| east some conductive connectors of the plurality of
conductive connectors with 20 correspondi ng contact
areas of the first senicondutdbr device conmponent; and
REORLitiseAE Behdubeyedonh@asé o SBEPluEDIRKOdoh¥:tiee Bitrettorssncluding

agai nst the correspondi ng contact _areas. 15. The

FeqeRsd famed fherein angl expgnding sHbsvadiplly Bamigirelgniey weiace of the
i L n

SR BRRT oS ERRRALRETME BTG QhoollP KR succe of the

destindgemizongiete devicoamipaentg at | east one of an

i nternedi ate substrate, a support substrate, a

circuit board, and a sem conductor device. 16. The

met hodgof gl a Hég%éé)f WAGH & NyIRPSh Rb&t‘iﬁrﬂ% thBSecofE 8t conductor
sem conduct or O devi ce conponent conpri ses

plesict icomprigps positiedst the secosd sentiondiuctbodevitewdomponen? withiitiee

met hod of cl aim 14, erein positioning.the second

Ceocrs oh e o sape OB Rt BRE b o Bt RS f e gpeosses.

a second sem conductor device conponent with -20- at

| east sone conductive connectors of the plurality of.
conducltd ve Themmedudmntslaimd 8 hargn ppsideriegepnipsisaeppsitioning the
therein and.extendi ng substantiallyfr fiLs: ' .
SOramir g e SR et e otrics B h Bt bRk device
t @nBonORROGbLiSing SE6RNShnIBGoRtacEiEdE EheQflurhlitg of s@asdchat are
sem conduct or devi ce conponent. 5 18. The nethod of

closated ara peinbiera] edgsdaredfoni ng t he second semni conduct or

devi ce conprises positioning the second seni conduct or

devi ce conponent with the recesses of the at |east

sone cahduclhereetb@ivfeiiimrl®, wherpinipeiitignisg nomptises positgming the
recesses. 10 19. The nmethod of c¢laim 18, erein .
p¥sPRd BAYFRREGNSIGYSE SOBBLRf Y ?ﬁf Sppfece o éﬁ@ﬁ&mconductor device
S@é&?‘dﬁ@%ﬁ%ﬁs ‘ﬂg Vi 168t SRAPORRRE aR¥ESF thd\Rudifyf #e6nt@ét afeas that
fITst sem conductor devi ce conponent ‘conpri sing at

| embile smomechnnattheminems todt extend pibstaatiallyyroot a o trair surface of

that. are .l ocated an a peri pheral edge thereof. 15 20,

e e sRpiso Btk devita Srmeitar A BRBRES stioRe TRl s ag Rt the firs
Pashibb R A& AR coaeR&l. sem conduct or devi ce conponent

over the surface of a first sem conductor device

conmponent conprising at | east sone contact areas of

tor oo ner D Rse B At SRl Benide oo AR 1o

f isbrat rodBdsey of 3y feddses@ff the at least some conductive connectors of the second

semiconductor device component with corresponding recesses of the at least some contact

areas of the first semiconductor device component.

22.  The method of claim 21, wherein electrically connecting includes
introducing an elongate conductive element within aligned recesses of at least one
conductive connector of the at least some conductive connectors and of at least one

contact area of the at least some contact areas.

23.  The method of claim 17, wherein electrically connecting comprises

introducing an elongate conductive element that is in electrical communication with a
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the first sem conductor device conponent to an
opposite, second major surface of the first 20

sem conduct or devi ce conponent. 21. The met hod of
claim 20, wherein aligning conprises aligning at |east
sonme recesses of the recesses?df the at least sonme

camthetirey ef the pheditysSconfact dr€asHE G st seRMBob@REI#EEAEte component
devi ce conPonent wi th correspondi ng recesses of the at

| B TeEEaT & BRTTeARRNIITS cPERive FORNGEIOF Pk the atdeast samrreadistive
d&hhERors BFMRIERNd s&gtcoﬂ-(iﬁ%to?péxﬂé’éjco%po@lﬁﬁ' Baéth cofAEF Eurace of
el ectrically connecting includes I'n r05u0|ng an

ethe ngra¢spombimgicontinatveebmmetot. Wi t hi n al i gned recesses of
at | east one conductive connector of the at |east

some conductive connectors and of at |east one 30

cont aci4_ ar ; SHh&ORE :

The met hod e%lfeq{clzeltg(infnof%%nh\?ﬁ é&gl n e?lgcg{iéaﬁ‘lggf)ﬁ/e%ﬁﬁg CO%%HSGS
colA¢ipg eandyctivsrmpatersad betwiean the dulehst gorae caldantijatcennectors and the
cgq%ggﬁhve elgnent that is in electrical conmunication
Wi EIRPRORE copRel aleds- area of t he plurality of contact
areas of the first sem conductor device conponent

into a recess of a correspondi ng conductive connect or

of the2dat |'Eegnetheshef daimddewherein destrieatlysornesfing fugther comprises

S ' 0 evi ce cQ ne sg as ,tqg.contact
ag@gp‘%acg%%é? 8155?'%@580(&&?%%06 ondi'i g‘P age g{?ceta&/ %Onélgﬁhvg Spypector of the
Sat2éast sbies comiiioitte odnnettaisiind 4 combspbading edsek hre of th¥ corresponding
connecting conprises placing conductive materia
bEEEH e at | east some conductive connectors and

the correspondi ng contact areas. 10 25. The net hod of
claim?24, wherein electrically connecting further

conpri 3®es Toewiethgd df daine?4 wiaseitt iptacing cofductiee materi?l comprises
conducti.ye teriial to each copductive connector o )

{ RASHE oG REFY <G 4 RtIaEI T SIS ecanBr 4O Al W corfesponding
cedniRependi ng contact area of the corresponding

contact areas. 15 26. The nmethod of claim 24, wherein

pl aci ng conductive material conprises placing solder

bet ween, t he, at .| t sone. conductive connectors and ..
Che cot ¥ espdRIG LEREATIEIPRiedusior dRVite ymRpnegl. comprising

apsaivhlngntes@ i seMMBHEIRIT deGE BEINSARRANRNS Surface of a first
conprising: 20 positioning a second sem conduct or

devic esegngﬂj)gﬁ@m gyip@,cogpg@mf,él@eesemndaseﬁﬁqogductor device component
:gm gg‘% CtSo g agpggljiaglg/ Oggﬁ%%ﬁ e\'/;ei cOn}lgc ors Ieags%ri]odned on at least one
peripheral edge thereof, at least one conductive connector of the plurality of
conductive connectors including a recess formed therein and extending
substantially from a first major surface of the second semiconductor device
component to an opposite, second major surface of the second semiconductor
device component;
aligning at least some conductive connectors of the plurality of conductive connectors with
corresponding contact areas of the plurality of contact areas on the surface of the
first semiconductor device component; and
electrically connecting the at least some conductive connectors with the corresponding

contact areas.
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conprising a plurality of conductive connectors
positioned on at | east one peripheral edge thereof,

at | east one conductive connector of the plurality of
conductive connectors including a recess forned

therein and extending 25 subs#antially froma first

maj or 28ur f agenRihoti e claRe M dviseedth GREIEYIEHS the@e36nd 8emiconductor
conponent to an opposite, second major surface of the
SIs¥iI6R Ao peTicBOIIPES e Posiiening dhesseandriemtconducteydevige egmponent
l o zg suHfE of Al T(%gtc te b8 af %‘%ﬁ%&ig{e%u&ftra{ehg s‘.g)lp&[t @tllﬂ s{rXte,oeI circuit
Conduet Ve connact ors  w correspondi ng cont act
doarls a®f a §dndcqlductat ddéviceof contact areas on the surface

of the 30 first sem conductor device conmponent; and
electrically connecting the at | east sone conductive
conneciyor s : COn -

26 TS ot Lo S SR Bt SR Spigiucor
skvizedompoienbourises pagionig at kapone samicaniprtiosdevice over the first
posLtigning t he second sem conduct or devi ce conponent
o\vBticapdugiprdevice GempeNePbast one of an i nt er nedi at e
substrate, a support substrate, a circuit board, and

a sem conductor device. 5 29. The nethod of claim 28,

wher ei 3. posiheingathadpfickim £8 cuheteis pasit oming e gecond sgrigenductor

c onent conprises positioning at.least .one .

ST SRERETST SRR Ee b iaringhC FioPy serigndiai fryieg somponent
d@ith B8R r6QRPENEBOAt.leablomQonditivetiresondoniridingaZémicylindrical
wherein positioning the second sem conductor device
cEagdnent conprises positioning the second

sem conduct or devi ce conponent wth the recess of the

at | east one conductive connector conprising a

sem cy}i.ndrTleahethdEefagsm 305wBdreinTositiorihp dek sefond lsemivonductor
30, .wherein positioning.the second, seni conduct or

<M ESCOBBRPIN é?ﬁlp%%?ﬁﬁ?ﬁl%%%n&)‘g‘g PEPBh PRy cnEcler(qypg component
S G QHGLEH RondRYdr ‘El@viggéﬁ?%b%@ﬁt in@¥dhe & 18dsf §e contact area located on
sem conduct or devi ce conponent 1 ncluding at |east one
coptaytterahedge thavealt ed on a peri pheral edge thereof. 20
32. The nethod of claim 31, wherein positioning the
second sem conductor device conmponent conprises

posi ti gni NOTRNReHES NTaifEIM, GABRHLIRItoHRY S c6eHiReMRIdhductor
over a first sem conductor device conponent including

atleVieagmponent comprisss pasiteningthe second semiconductor device component

over a first semiconductor device component including at least one contact area that
includes a recess formed therein that extends substantially from a first major surface of the
first semiconductor device component to an opposite, second major surface of the first

semiconductor device component.

33.  The method of claim 32, wherein aligning comprises aligning the recess of
the recesses of the at least one conductive connector of the second semiconductor device
component with the recess of the at least one contact area of the first semiconductor

device component.
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i ncludes a recess fornmed therein that extends
substantially froma first major surface of the first
sem conduct or devi ce conponent to an opposite, second
maj or surface of the first 25 sem conductor device
conmponent . 33. The nmethod of -@Pai m 32, wherein

al i gnig cormemh&Rsd ¢t dlAmi BIwheein' ReBfalPEonnbffhg includes
recesses of the at |east one conductive connector of

t WErodsingnn dergtesnadistive clgmentothiv aligned eastssed ofithe sfdeast one
r . of ne. contact, area of the first
sgﬁ?@%a@&g@gﬁkghm%§@ﬁ%gﬂggﬁggﬁgﬂﬁqﬂ¥§g- 34. The net hod
of claim 33, wherein electrically connecting includes

i ntroduci ng_an el ongate conductjve element within
al i gnetP: r echsdugthest ofighmay7, whersin ebgsiricallp penmeetingecomprises

C : t [ 5 .35 .
SR APl 6,80 EAEL A0 BOARY A
comteet tiem gf the plurdlggsf contuct adasaifiig: st seinfudgalictor device component
cond%ptiveﬁglene t that is in electrical communication
it thy recgsspl tha at lgag-pngcondistiyg cnaegtenet die seenndsemicgpdugtor
Oﬁexﬂi(féecofﬂ#bﬁént S&H 6 BAHG IRV e £ ABARE bnducRb otnﬁﬁctor.
recess of the at | east one conductive connector o e
second sem conductor device conmponent so as to

cont act, a rfac f.the east ,one conductive ) ;
conne c% %r Siii'ff rg%(ﬁogﬁectl%&%?ﬁ'hwmﬁl%ﬁtqﬁag? CORPGENNS Gemprises placing
ebaluetiveahdrdtial BERREH thadt RATBEHS Bshdabidel BneckROHiCGhE Ve
materi al between the at | east sone conductive

c ETFREPANGINE GoAtctafeas. cor r espondi ng contact areas. 15
37. The nethod of claim 36, wherein electrically
connecting further conprises bonding discrete

quant i 31.es Tife héthod oflaif 36y &heminedléodicallP c@debting further comprises
cgnduct.ve connector_of the at |east sone conductive
C

PR Grects ARRnAitienettaa prnqdurtivg resseriahin cagh eendygtiversennector of the
COf k4P W&Vﬁguctﬁfg %I?’&Eto?sreﬁlﬁ% c a'gstpfigtgn%gcfné?& gﬂtl:g deglk corresponding

cl ai m 36, erei n placing conduc

cooppaat segs. pl aci ng sol der between the at | east sone
conductive connectors and the correspondi ng contact
ar eas.

38.  The method of claim 36, wherein placing conductive material comprises

placing solder between the at least some conductive connectors and the corresponding

contact areas.



