:{| e3ej ng$" 6TnHW Met hod for producing a multichip nmodule and multichip
nodul e 5 The present invention relates to a nethod for producing a

“mul tichip nmodul e and a corresponding multichip nodul e, angmi i ar to
a nethod for producing a nultichip systiem in a package. 1&"’”’”""%%%@@% be
able to provide conpl ete sem conductor system solutions, 1T IS nec ry to
be able to iPregripeiceifferent functional units within a conpdiéilt. For

such integration, it is possible on the 15 one hand to choose an SoC
approach (systemon chip) or on the other hand an SiP approach (systemin a
package). SiNeEpdit f8Ks REIBIH 1 hed ad\Faritisde R HRPIUhe t e d“‘byck%éé?
separate chifpsqerpsn in each case be individually optim zed, tested and
produced_cost 20 effectively as functional units. In contrast, in the case
of an soé, all the functional units are integrated within a singular chinp.
What is prodiesrapresémtt heveaseéoof rE&iaPesoltot isoms tihod hatr teodndivg dual
chips within th - , rabl ithin i 25

el ectricall Sacoﬁ%iggg?@gﬁy %ﬁ{]ugcet edé/?%mge?hefgg%ﬁgoﬁt%q?nomgF;?%ygrder to
provi de t heseo@i ki r 2odl 1 comelukeb@r cbAnectNonObef ABePHAfHGAMuUaR chi ps

within a chin%p@?&kipigyggerkngmaf?gc@aggnber of methods to be used. FIG
16 illustrates two Known enbodi nents. 30 In the upper illustration in

accordahfe with FIG 16, a first chip A is nechanically connected to a

second chip | yragrabkevepét apila ab | ptevpesecoBplEhe cdipscdnd-ase

el ectrically cont act-cgﬁﬁect ed vi.% bondi ng wires D 35 within k%fee pggkage E.
a

The package B taH" beSThARELIEd t&ta pri nfEG ErPEdi t Boardt (ndt T 1 tst r at ed)
for exanpl e \negoider bdiFf§eEFentn tHienkcowenaknowwrnddrsf i gurgthom a
illustrated i s or, c i G, 16; . a;sem chhp Ais
el ectricall yé(%n n%%%rtl%d t@gga Séﬁ%?lp%(@@v%%%oﬁ%d\e'r JE)t;étl § 'O.%%'I%ﬁ%%f:ﬁcjgrb JﬁC1:hié)i kew se
has bondPng #¢ eBamdf 6P CHRASTNFANPEoRPREPAEBNAEYEILER o sTtder BAIIs F

within the 5packgge Endbe paskagenE gam begreeldd caldyscant ach coanect ed
externally via the sol der_bal lf) F, The kggwndco fi gur(gtl ons exp%al Jeed in
accor dance WARKEEI Y - 16° hAveS poort @t dct3 e pr’%}ﬁ,‘)‘%rt“i1 SR A8 cotft b of | arge
parasitic efdechisnab HatkdgequenpbeateBageibonchhe i) dagh iczbectlaace and
capaci tance of ,the. bo %i,ng Wi I.e,. ny connectin oi nts a1 I of
i npedance najtr&%‘ﬁlgqu%f ri ﬁé)t\}lm ZE@\M rictnegsncseu%stgg es Por’ n%ecgpo%g%g e.g. in
15 the Rormeffectoveld packagectsoaddi tirdriad | yIknowntiSueh, adnartaagenent
gives rise to,longe SéH”%bﬁPa%@?u tﬂ%""%\ﬁ%rc’ti%clh r e S r?ﬁﬁé&r PeBOON
el ectrical properties at hig requenci es. at 1s nore, such a known
arrangenent ¥istbmori ateguhArhChigh ¥HBSt At @TRPIEFAL.C AR hERE f FRAT
rﬁvv' ri Rg ?/I &t h%ii@dgé‘o_ﬂfxt?or(?@' RsPrevioushy enheddedua t knp@lsyn@ithona
through-p aﬂhﬂ? pggggég? b%eferably within a chip stack, have to be
25 electrically conductively connected together among one
another. In order to provide these electrically
conductive connections between individual chips within
a chip stack, it is known for a number of methods tc be
used. FIG. 16 illustrates two known embodiments.
30
In the upper illustration in accordance with FIG. 16, a
first chip A is mechanically connected to a second chip
C lying above it via an interposer B. The chips A, C
are electrically contact-connected via bonding wires D
35 within the package E. The package E can be connected to
a printed circuit board (not illustrated) for example

via solder balls F.

In the 1lower known configuration illustrated in

I
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| i kewi se known. At the through-plating |location, 25 electrically conductive
pl at ed-t hrough hol es are generated in the enbeddi ng polynmer prior to the
separation of a wafer. Such through-plating |ocations are provided, for
exanpl e, by holes or openings filled with nmetallizations. The conpl ex
processi ng associated 30 with high cost€ Ts di sadvant ageous in this case.

It is known, noreover, to provide plated-through hples withi.n a,chip, for
exanpl e by rfEdHs" n?%réﬁﬁﬁls¥&grasig{n5?hée %ﬂéﬁﬁt??MEChlp AR

cont act - conreisdtdtoni ¢t byighothecB88dchbpa whdpg & eriet chelddemtlmathe Ehip in

this case ( et.chin . chi ont.act.- cgn i -

t her eupon pglg}s/el vgﬁgg \%\,1J t%\ﬂs(ﬁﬁgggug%s n%?gﬁf?§atwitlgr%sof Bt @%n?g‘?légétﬁ%. The
via i s netaldnd eI acte apdines teimgofet @bt feed kbl $ hd” vivatodbsefient | y

being fikledackadk W.thre condsiéve materpal o 1Bty idiaves, résgchoct he
di sadvant ages that free areas_have to he provided on_the chip for
t hr ough- pl at§ e WHETheREEERE L ¥t &d3art I%ﬁkﬁﬁ%n?agﬁstﬁé éﬂ%ﬁ kpaun

. Moreover, theopfopesst ghd iexgiiieX dnd assetidaned Wwtikhhi giGcosts in
this case as well. Therefore, .it,is_an object of the present . nyenfion to
brovi do a MEUGH PSP o SURELRG A mPETRAT pRBAUT AGETH 0 br 1 LEpShaI ng
mul tichi p noohrtas byl areafS eaft svhath el et rimcaiyanciorsluctBasetonnecthens are
gener at fro >hi I t n rd.yl chj e zar di o the
Toventi 00, thy b e o e b P bR PPt Bauc ng
a nul tichi p Wl eCasNspEENEi edPAINtE ai aNd ard byagkaniof iRReAR]NESchi p
nodul e accorgighioy G aim 8. The idea on which the present invention is
based 20 essentially consists in firstly providing a contact el evation and
a rewiring device on the contact elevation, a chip subsequently being

el ectrical | ya connicd edi s orthert eyl sLbgtdaviese onhereiyserdesddi ngihn an

encapsul at | g devion | s-eff egbed. The, contact 25 glevatian or Lhs,
t hr ee- dirensi‘onal” "Connécting e ement®3s p eferab?y forme % a printed

el evati on nedeclof aa reorwongRIetn ve gieeer iml se sttoh bengi Isiigowrd, patyser et hane,
pol yi mi de, fipfy &HANpl &n0en 3 goRdyeLLve -ERLEL alin SUchhas & gocpoadyct i ve
adhesive, with fluid transitions to 30 an underlying substrate, such as
e.g. a sheetPtrRGuf Rbsetathel Has frraEvgreLesabl Yhakt dlSl i RO pat tSEHed?

rewiring | ayefowBy aangferdthe ipr oduebcon taet hpdtAcCRI ghNgs i9s t gL 85
and the nmultichip nodul e according to the invention, a

i nventi
nultipl?@ithﬁt%hips in a chip stack can advantageously be connected to
one another in a sinple and cost-effective manner. The use of

cost-intensiye feW £ g SURSLIALES QN Jloadyant agequs, Agnding, migs, - 4
embedded with polymer to a through-plating location 1is
likewise  known. At the through-plating location,

25 electrically conductive plated-through holes are
generated 1in the embedding polymer prior to the
separation of a wafer. Such through-plating locations
are provided, for example, by holes or openings filled
with metallizations. The complex processing associated

30 with high costs is disadvantageous in this case.

It 1is known, moreover, to provide plated-through holes
within a chip, for example by means of through-Si-vias.
In the course of the contact~connection through the
35 chip, vias are etched into the chip in this case (dry
etching, wet etching). These contact-connections are
thereupon passivated with subsequent metallization of
the entire via. The via 1s metallized by the walls
being metallized and the via subsequently being filled



can thus be avoided. Follow ng the production nethod according to the

i nvention, a high degree of parallelismis nade possible in the production
process since, by way of exanple, 12 inch substrates or 5 rectangul ar
substrates or else a reel-to-reel nethod can be used. Conplex netallization
and filling of contact holes is not necéssary, just as little as vertical
patterning afier separanioniok the-chip:stagkal ong,ahi piadoese 10ndn the
present invention, the problens nmentioned in the 1 ntroduction are solved in
particul ar byizamvprordes ofhelt af hee hedepsr PproRluéongPa RICViLGED Podul e

having the figld owig, steps: capBligtabiiar ek, at vheast pBecsontaetslban
el evation onto a substrate; application andpgatternin a remﬁring devi ce
S

of
onto the subY2EECHERCt RE &9 5P oRESRon 5F°¥F§Va%qﬁ19f?ﬁe%?bg i on of
a contack devd ceomplékeaat laasicienedcont@cthegevadsos; iapplihicatcaseof a
sem conductor_chip, onto the substrate 20 with electrical contact-connection
of the remﬁr?%dwﬁg%lce; application of an encapsul ati ng device that is not
el ectrically conductive onto the sem conductor chip, the substrate, the
rewring devfféiéﬁgréheiﬁtige%ﬁi6%?%5@”59CEh§|%%%@éﬁ%_ﬂﬁﬁ%ﬂ%&gﬁcﬁodev'Ce
of the 25 at [east one contact elevation at |eaSt touching a first surface
of the encapstPeidpge desrhed Apd PEPEHICENSn 2afylddthighdwdilataneadt the

first tywp stepsredpondiingt sunkaceiefl thriencapsyl akeagsdevite sRLvhng as a
substrate and the porresponding{ygproduced 30 remﬁringﬁgeviqﬁﬁyagina

el ectrical cOMACIIGRthYt FENCHRTAVE FRAEE OO hedalf 198K BiE cohtict

el evation ofatheipndeshyi ng phaseerAdvagt apépusldeeel opnents and

i mprovenents of the 35 respective subject nmatter of the invention are found
in the subclainms. In accordance with one preferred devel opnent, the at

| east one colt@erdehevari ¢he siiprémtieh ontloisi sbappki ¢ achHEveqd Aw

| njectl ?@- o gl Ry ?Ee{?her n@ tBbAMRORY pHRR A A dTBhEN 1th S8 8Rodh De 2g§0r dance
with a further preferred devel opnent, a 5 chi'p contact geV|ce IS ag lied
onto the revwPeaytHedi d& whileh™ sl el®dd r P¥altsARdntHct F8GnMBRE BHCEOPT he
sem conduct afo@hl ®. atBorgcnRsdancelwihga further preferred devel opnent, the
10 chip contact device is electrically conductively connected to the

rewi ring device by soldering or adhesive bonding with conductive adhesive
or diffusionrisel dedéang on conpelesstion bondsegt 1bnvenatcor dascebased a

further ,preferred d | op e .non Y | ati n Lce is
appliedZ@y p??%??%bg%gyaﬁg$a%%%%?oﬁghp%g?%gﬁ§{egr§?§ggﬁpiné 0?0§€¥gging-on
or spi nni ng-ehkeva20itn aecek dahcer@biiiagf urdeidircer epr r éddevePBpatht ,

after the ap@ié&é’é%ﬁﬂ, of ot he-pghcopdystbMenengapydiald Nde devt secal ho

contact device on e at | east one contact elevation’s cleaned,d referably
g?gferred

in a plasma @PNRRELRECHINGERE ef SIS NG ¢ G dainc ¥ NHEEHPL Y uPTREH
devel opnent, j hesirdesnsapiseoraueior dehips, ¥ owWrfiewtdds. nade ofoatateast one

Phe encassul St HGE S8 ddli cEPi T el et FIEat ot aceriantact on e5cthe -
rewi ri ng devisepreferably formed by a printed elevation made of a
nonconductive material, such as silicone, polyurethane,
polyimide, for example, or a conductive material, such
as e.g. conductive adhesive, with fluid transitions to
30 an underlying substrate, such as e.g. a sheet. Said
substrate has the preferably metallic, patterned

rewiring layer.

By means of the production method according to the
35 invention and the multichip module according to the
invention, a multiplicity of chips in a chip stack can
advantageously be connected to one another in a simple
and cost-effective manner. The use of cost-intensive

rewiring substrates or disadvantageous bonding wires



In accordance with a further preferred devel opnent, the rewiring device is

applied by neans of a sputtering or 35 plating process and is subsequently

patterned photolithographically, preferably by neans of a wet etching step.
In accordance with a further preferred devel opnent, on - 6 the multichip
nodul e, above a final encapsul ating dévﬂcé solder ball s or contact

el evati ons or contact areas ar ppli

?g nectlon qulce # ach
case preferab?y iTY$ nBAn&Y ct 64 8H&G@t| ‘?ygﬁﬁ Y dBF 5? g pl ane
via a remnrlm@cde&iﬁ@ 4o acadredanteventhoa, furahenunﬂefedegde@evebﬁpnent,

a sheet is provided sl e Subal rale,, J0 | Duacear danss, i il Aot uEs ber

preferred de%e 0 evati on has ve materia
preferably S$1m©©ne by peRyi nbde exap@leur etiFanein@dr aseodbiREeve At erial ,

pr ef er ablsy CP@QH&%?M% RdNEF 8- a tles | %raCSPégarhcer\é"etlht%-fr‘éretlheﬁe’@ﬁgéer red
devel opnent | east one contact elevation is bel

a nd
preferably h@dla ?¢ans$¢fon 9W$®l%xsﬂﬁ??ab¥h€?%h?nbe%ﬂgen %E%lgﬁbs?Fate and

the contact ebgvattomos | ni Acedanee lsthr fgmtshter a@reﬂetteé as
devel opnent, a chlg%con ?ct device.is g I|e mnrlng Egékce, and

is electrlcaY?ﬁt%B aPErE6rRetled 16 h %%ﬁ?%b%ﬁu8 or éhi ' Hn

rewi ring devateng2bhip adgesdance with a further preferred developnent t he
chip contyact device is provided as a sol der deposit or stud bunp or fixed
contact "'on the rewiring device. In accordance with a further preferred
devel opnent , Inhehgoreacapsuiavieng idavi chehasr o sy mentione@cobrdahee with

a further preferpedcdeysl apeEs 1 Alg | £ aw@céwkcwduprt@rpﬁbwglbﬂ the
mul ti chip nodul e face one another with their Chlp cont act s.

accor dance m??haamFEPPﬁeﬁoﬁr@ﬁ@ﬂﬁé&n@e@bmbﬁﬁéﬁilﬁtﬂpq%ﬁﬁr?%ﬁlﬂ%vFE% i's

metal lic andf@wé\em@l ystlm a spbdebangohesdf_st akayesaot @rpassbudhton in
pr edet er m odi_nent.s f the i ventign are

glne re%to n% g C er L
i |1 ustradtfed $heY 8?aﬁpﬁ§séﬁ A7 BT BRP afhE lFﬁ more Y& a?? the?
description b&l aw. r&wiminke ﬁegucesxnﬁkGSthetos&ﬁséaahesmmwiat@ﬁagaannatic

CFOSS-SECtiOf@£st one contact elevation with provision of a contact
device on the at least one contact elevation;
application of a semiconductor chip onto the substrate

20 with electrical contact-connection of the rewiring
device; application of an encapsulating device that is
not electrically conductive onto the semiconductor
chip, the substrate, the rewiring device and the at
least one contact elevation, the contact device of the

25 at least one contact elevation at least touching a
first surface of the encapsulating device; and
repetition at least once of at least the first two
steps, the first surface of the encapsulating device
serving as a substrate and the correspondingly produced

30 rewiring device making electrical contact with the
contact device of the at least one contact elevation of

the underlying plane.

Advantageous developments and improvements of the
35 respective subject matter of the invention are found in
the subclaims.

In accordance with one preferred development, the at

least one contact elevation is printed on or is applied



vi ew of successive steps in the 10 production of a nmultichip nodule in
accordance with an enbodi nent of the present invention; FIGS 12 to 14 each
show a di agrammatic cross section 15 of a multichip nodule in accordance
with a respective enbodi nent of the present invention; FIG 15 shows a

di agrammatic plan view and a 20 di agranmati c cross section of a multichip
nodul e for elycigati ; [ e, prese L ovent i.en; |G 16
shows two kn%&méﬁﬂl%?gﬁ?glﬁggﬁﬁgg?HQSQ%ﬁ&?h%Pf?bu%%%%ﬂ}ﬁgnfggglqggfgrence
synbol s desi §RAEELINdefitPPal or functionally identical conmponent parts. FIG
1l illustrates a substrate 10, preferably a sheet, 30 in cross section. In
accordance with FIG 2, at |east one cantact elevation 1l is applied

t her et o. Thgﬁeoﬁﬁ%ﬂr %ﬁ%tVbﬁglfi u?éhﬁfoPrﬁfﬁEFﬁﬁeﬁﬁﬁqﬁoQﬂéﬁﬁﬂe? whi ch
may be cdénduchipecostabtasievdmdudts \eprddieesiore; o fioie exanpk engodevice
nonconducti ve, : sych si i oly e Lyim.de, _for npl e.
The applicat?%hégf t?g atgiggg?iggglgontgéSES?gvg Bgﬁxkfdis BPefeﬁggly
effected in aspiranfngtopechtiron or a netering operation or an

i njection-nol ding operation or a stanping step. The at | east one contact

el evation 11_is g _ 510 15 20 25 30 preferably bell-shaped and has a
smal | gradi ehf PﬁcPﬁgapFénﬁHﬁWn§fﬂ%ﬁﬁQQﬁaRﬂﬁﬁﬁ?%ﬁ deve bophentont A8t
elevatiam llchip thichteainectegicea si@l | egladiralially undengteedveoybe a
gradi ent of |ess t?aa 0.5. %n accordance with FIG 3, a rf$jring device 12
is applied aR@PEFtEFned®ontds heé Suddt¥at &0 Shd The B¢ 1255t on8  cont act
el evati on lladhasthesboasena hel trewcondgectévecedh2 spvef esrabtiyfhasion each

case a contagglggykﬁg_ég §§mgrggggggtb§hgxg (on 11. The contact device 13
i 0

on the contact eleva n S preferably obviated in the case of a contact
el evation 11 nade of a conductive material, the rewiring device 12 making

el ectriqal coptgetovhbiAckheithen gopducdd o Lontaci @levatiomndl. cfibe

rewiring device 12 is preferably sputtered on or plated electrochemcally,
patterned i "N pRBEBFFLRBgr PP PGty preversbl yidy mPRddest abiet
etchi ng techpiguneingndbihasna passtvabhonodiagSosElesi Ny r gsicstinkiayer over

predeterm ned sections (not illustrated).
Spraying-on‘'or spinning-on.

20 In accordance with a further preferred development,
after the application of the nonconductive
encapsulating device, the contact device on the at
least one contact elevation is cleaned, preferably in a
plasma or wet etching step.

25
In accordance with a further preferred development,
besides semiconductor chips, provision is made of at
least one passive component and/or a memory and/or an
optical semiconductor device in the encapsulating

30 device with electrical <contact-connection to the

rewiring device.

In accordance with a further preferred development, the
rewiring device is applied by means of a sputtering or

35 plating process and is subsequently patterned
photolithographically, preferably by means of a wet
etching step.

In accordance with a further preferred development, on




In accordance with FIG 4, a chip contact device 14 is thereupon applied,
which is electrically conductively connected to the rewiring device 12. The

cross sections in accordance with FIG 3 to FIG 11 in each case illustrate
two strands of a rewiring device 12 thatgare electrically isolated fromone
another, i.e. an electrically conductive connection in the formof the

rewiring devigge 12uh$iBalpPr @WAAd betaman the ch pacoNtAckpdaYhegngld in
accordance wiith FI G 41&%# The ihlp contact device 14 is preferably

provi ded by SBBE§Fng 2SR P2 HeposSitt TP TonBLEVATECREhedT vECRERESi t or a
stud bunp. 3bréasFhGe Spp isemaongduebaneebipnlieivd c@ppliredeapheteasabl y
adhesi vely bg to the arrangenent in accordanc ith FIG,_ 4, the chip
cont act devi%ggﬁgr%§?Xg %?eéﬁrpggﬁﬁ§ d%%%%%??%%lfx¥5ﬁﬁ%% et Bfot(?niﬁ&l

cont act s { noundekizingt pdpnef viiheasermivéondgctiovidevice g _ 15. This
presupposes a precise positioning of the sem conductor chip 15 on the
substrate 10. The el ectrical contact-connection of the chip contacts (not

i |1 ustrated)IRo 3@ rdaiNTcont blet adei i ay psebepreferdt sl AMeet edaby
means of a sghdet LsfpbewwveHea REESHYr gueant-aek . or by diffusion soldering or
an adhesi ve bondi ng connection using a conductive adhesive. 10 In
accordance with FIG 6, an encapsul ating device 16 is applied above the
chip 1510 heIneacebngadewi e th? a tthetated easifoneed o acti ophenat i aheand t he
substrate 10:1p.Lhe formol. a ponconductive. RoLyngr...The engapsulaling
device 16 is preférably app?led byéﬁ% printing oh or injection nolding or
sprayi ng on pre§prahirgsdn ighng rmonceodtvnide put @clalurdtharnd.s ehse, the
vertical extgphqQEctibe ﬁHE@P%Hh?tFBQfQ§¥b§? i6ndoes inet eersdd he verti cal
extent of the at |east one contact elevation 11, so that the contact device
13 on 20 the contact elevation 11 or the contact elevation 11 itself
touches 1at | easthceBedsHetagethb'a (RoveldMp R rad ddee eosapstl athag

devi ce 16. PrefeLablﬁ, t he vert%ca exient of a contac lelsvatidon 1

proj ects abovk the2¥brtPeal eXbedAttof® ﬂ%aEh%%psh?at?ﬁ% d8ifee®25218. In

t he case of phefarabhgeneas ia accanslantenw tvhtlkl G 6sméhis gsagieherably
fol | owed by L ng i o] h o] I i 1 and in

parti cul ar oﬁéfﬁgégo%?éc%nggékgge1gn§ngpﬁeg%ﬁ%écgf8#%§aggﬁ%ﬁct el evati on
11, preferably in a plasma or wet etching 30 step. FIG 7 shows the
arrangepgnt iR aceendance Wity FLGr b @afderp poptactqelemali gsdd, have been
applied onto the surface 16" of the,encapsu?atlng device 16. The contact 35
el evations 19"8R t RRNEAFFacE8eYéCCar d Sar PRRJEFI atBHA | yLRRlj aE8RELEBIt he
uncover ed comkactefdewvries 133 ofetbeicont actcpltematinddrod tdee wnderlying
pl ane. The cont act glevatiogs 11 gn bhe surface 16' ,are applied in the
manner expl af FEHCRTRCFBF eFBhReE EPE “SYITAIE PEVICE-10 fol | owned by

application and patterning of a rewiring device 12 onto the surface 16" of
t he encapsul ati i 16.and .t tact vatio e face
167 wit B et of BorFoRLoF baradt taduress Lrshet B My otel 0 BHE 2O7
The rewi ri ngcleni eentacks deypiciced sk patded ned Ri ke ldes ofepespt aPhed with
reference tosEh& bdmp COPt ERkY¥At BchBEc8eshi eRal rElk ¥shpalien dan accordance
with FIG 8, a conductor track of the rewiring device 12 on the surface 16
that 10 is led onto a contact elevation 11 on the surface 16' and forns a

contact devite d3condhiheet WRths aprrefrehaid b mdte 0@ atdvensnmeshed thet he
contactﬁgevice 13 he cgntact 5Ievati03811 of the underlying plane, but
a

r at her mﬁr%ﬂcﬁf?ﬁ?3£f3?e GV iy alfdcBnP céfbbct or 15 track (not

illustrated in the sectional illustration). In accordance with FIG 9, a

chi p contact, deyi I Lie n e _ar I an wth
FI'G 8. whi ch TS BPEFar B §/ L uert | CaF CPo 1 ReCERr e Ront A SHT AT C 14 of
t he under|yi b2t afec RlIdNdyeiuet r gahédst Ha afhangerdrichdarordidnget o FI G

9, a second sgm CORLUSHOEnEhi pidR PRLNY 8RPHi €dneBERsthe surface 16' with
contactégonnectlon of the rewiring
In accordance with a further preferred development, the
rewiring device 1s metallic and preferably has a
soldering resist layer or a passivation in

predetermined regions.



25 device 12, preferably via the chip contact device 14. The orientation
and fixing of the second sem conductor chip 15 on the surface 16
correspond to the operation described with reference to FIG 5. 30 In
accordance with FIG 11, an encapsul ati gg device 16 in accordance with FIG
6 is |ikewi se applied above the second sem conductor chip 15, the rewiring
device 12, the contact elevation 11 in each case on the surface 16" . 35
FIG 12 illustrates a cross section of a multichip nodule which, in
conpari son VAxdmgHlaGy lémbhdsmenosf wrft here senveonhdant erechi pudtrated wo
further overylyi P tLpLicl ont.a I j.ons; 17 e -
11 applied lorynt%gea #%@F‘ngﬁrg}g%eég%' ggkxgghegaﬁke%tgar%sﬁ/egﬁlglg Hév?lgée 16.
These conneda iy @ terhtize Y@ - cont act - connection, for exanple to a printed

circuit poard or an interposer (not illustrated in either 5 case), are
preferably |ikew se provided in the formof a polymer elevation conprising
a conducti ve-Tbrt 1ve material, as described with reference to FIG

2. Arewiring device 18 is |ikew se provided on the surface 16' of the

t opnost enc% ti.n vice 16, 10 which _rew ring device preferably also
forns contact e\a}ll cteésg ]Clilg on (%ré ?kll%wofa t%lgfégfgﬁn‘fnggg‘celcervoas[si osn%cﬁbsnal%e
rewi ring device 18 is el ectvigal | yotonduntdasd ywveonnsotes t olrwont Hoe

devices 43 on the contact egg_@(yéa&afof@n 11,ef the undertyi g”ﬁ?%ﬁe 15 FIG 13

shows an alternative enbodi'nent of the present invention, Ich two
semi conductor chips 15 wit PIPPIEOPR acistlnaani [enzedaier) tdht F2Re one
anot her are provided, whichdeih Lacdne€ass; el ectrically 20 conductively
connected to a chip contact device 14. Contrary to the inpression of the
drawing in accordance with FIG 13, the chip contact devices of the upper
sem conduct arI@hil® i and odadihe showera sefaganrcucitdre , chopsl5s artel mot

directlygelectrically Cond“c?é'é’eljné{lg?cﬁ&?gnﬁ%ﬁﬁet%no%ec anoLnels JILg
requires a nodified production process. urther “EmSodiment in ‘accor dance
with FIG 14 has the chips a haesbacé igre emotdenenn adcotdangerademt FI G 13
30 and a further sem conductpfe, iy 15 arranged thereabove. All further
essential features correspond to the above explanations. A cross section

and an associ ated plan view for 35 elucidating an enbodi nent of the present

invention ared.l lusstrated diragiamat deaklremialch o eperanceibp Fikd 15, In
this cafg, the sectional illustration corresponds to a section _along the
ne

br oken 7z . - 12 APHEUFMIHNE Dr esEAPSPhvet SO Mas b&&n deéScri bed
above on the basis of preferrled axgnpl apguésbodioent sluktdesingt rastricted

thereto, but rather can be i fi i n_diverse . dh in_parti,cul ar,
Ce[]rpcgc%cjl q’uﬂ oP tl’(lje C%%e\’\@ggt 1n9§htlgpé,a d

other fornms of the 5 contact elevation produ arée - conceiva or
exanple as a bunp, bead or with regard to the lateral and vertical extent.

Moreover, theadnay of producing,d he,somM r@df&’fv%}il%"m$&'uf‘99i. tion to the
possi biééti es nmentioned, is also possible by application, In
In the figures, identical reference symbols  designate

identical or functionally identical component parts.

FIG. 1 illustrates a substrate 10, preferably a sheet,
30 in cross section. In accordance with FIG. 2, at least
one contact elevation 11 1is applied thereto. The
contact elevation 11 is made of a polymer, for example,
which may be conductive, such as conductive adhesi?e,
for example, or nonconductive, such as silicone,
35 polyurethane, polyimide, for example. The application
of the at least one contact elevation 11 is preferably
effected 1in a printing operation or a metering
operation or an 1injection-molding operation or a
stamping step. The at least one contact elevation 11 is



10 particul ar adhesive bonding, of a preforned elevation. In addition, it
is possible to provide, instead of the contact elevations 17 with contact
devices 19 on the tip thereof, other contact elenents for the electrical 15
connection to further electrical or electronic conponents, such as, for
exanpl e, contact areas or else sol der bdl Is that are contact-connected via

arewring device 1 An esired configurations are possjible with regard
to the stgckpﬁggaﬁ?géﬁd5%&gm%9ﬁgﬁf(ﬁnéﬁ%a%hﬁp§ %HJ%?é;?ﬁﬁpl%rF§ﬁgenent,
so that, by wagneftéranplfeondi ffrex ensulsht pasézegOor tel isetl@éli psgaltecpzr ovihded
next to one c W tihin e | |.tichi dyl.e according.to the
i nventi on. Fgggﬁg?%gﬁgﬁhfelg?ﬁggggifggﬁFgﬁpéﬁUceg gﬁaﬁﬁe %ﬁ%ﬁﬁ%@ are to be
regarded as wefler§togdbyonay eof gerdaphs. of lepd thiast OofS.reference symbol s
10 Substrsate, preferably sheet 11 Contact elevation 12 Rewiring device 13
Cont act device on contact elevation 14 Chip contact device 15 Sem conduct or

chip 16 Encap8ul3ING MR c& 116 ElFfach of theweheRpsHaiey deviés 17
Cont act el evapp0hed8aRewig=tng iy cehil® et aghsdevicee 10N Lontagt ghkevation

AChPBLIC o PogeL; UbE ALECKH) PO 1a W 1 65 packdger I Sol . bal |
foll owi ng stepsirbnga)dapptecatkonpoéfatabeast hane d¢nnt aathel exaki oa (11)
onto a gupstEaheabd0)device 13 on a contact elevation 11. The
contact device 13 on the contact elevation 11 1is
preferably obviated in the case of a contact elevation
11 made of a conductive material, the rewiring device
12 making electrical contact with the then conductive
15 contact elevation 11. The rewiring device 12 is
preferably sputtered on or plated electrochemically,
patterned in a photolithographic process, preferably by
means of a wet etching technique, and has a passivation
or a soldering resist layer over predetermined sections
20 (not illustrated).

In accordance with FIG. 4, a chip contact device 14 is
thereupon applied, which is electrically conductively
connected to the rewiring device 12. The cross sections
25 in accordance with FIG. 3 to FIG. 11 in each case
illustrate two strands of a rewiring device 12 that are
electrically isolated from one another, i.e. an
electrically conductive connection in the form of the
rewiring device 12 is not provided between the chip
30 contact devices 14 in accordance with FIG. 4 ff. The
chip contact device 14 is preferably provided by
applying a solder deposit or a conductive adhesive

deposit or a stud bump.

35 In FIG. 5, a semiconductor chip 15 1is applied,
preferably adhesively bonded, onto the arrangement in
accordance with FIG. 4, the chip contact device 14
being electrically conductively connected to <chip
contacts (not illustrated) of the semiconductor device



(b) application and patterning of a rewiring device 10 (12) onto the
substrate (10) and the at | east one contact elevation (11) with provision
of a contact device (13) on the at |east one contact elevation (11); (c)
application of a sem conductor chip (15) onto the 15 substrate (10) wth
el ectrical contact-connection of the reﬁirtng device (12); (d) application
of an encaps is not electrically conductive onto

éatlg . devi ce %1 that X'
t he seni condudt or gbschPﬁef BPOSPRe 8ubBFFGEae(1BPSIEABDIBM r Phg d8Gi ce
(12) and thesemibeadncone caﬂnqnt EBevatuontMél)subheramntaclodevmﬁe (13)

on the at | eastoenecaontact elexatlan (L) A J.easty LouehLogep.fis

surface (16 € encapsulating p%tlpl n at
| east once oflhusteasedst eps (afhand ¢ibdp t kenfriacst s@eVace (168 ) of the

encapsul af i n}grgﬁxtgslpl%)ff%%@dtgbﬁls n%g%%b%fafae %&Paé@erg@ttﬁsp&ﬂdangl y

produced rewiring device (12) nmakin l ectric ontact with e cont act
devi ce (13) BFEPRBI&t FERSACSne Ofontact dlffgiugh (Ia)derirke @hderNying

pl ane. 2. Methpdsaceor dbpgdi 8gC akshAecBdogharast ggi zed i ncbhaticthoeat
| east one con ct elevatlon (11) is printed on or is applied in an

i njection- rof o Fep or a stanplng step or a netering step. - 15 3.
Met hod accordlng to daim1l or 2, characterized in that between steps (b)

ond (9 agf cRhPaCamLpCh ol (343, 15 abpl glcant, thecoulz g 4oyl ce

(12) 5 which is electrically con € “Serfi conduc chip
(15) in st epl§cpppztle%tammf@ctb@dphgpt 0 Gl athe 3reghariact etdzietk 102i n t hat

the chip cont@@taéeyesgt(éﬁ)e lc%n%la%%t rél%@)étﬁo@ﬁ%%ﬁ’@'%&ﬁé’f‘? cledgto the

rewiring device (12) by soldering o hesi ve bondi n conductive
adhesi ve or Htffudton sSAderi i oraconBP@§§P6HCEéﬁélngPOiBmﬁr Vet Roe

accor di ng tocentigpohildbengr eclediing clid meischaragkeribzgd idpdhadqt hBy

noncondycgti ve_enca sulatln devi.ce (16) | i ed by rlntlng or
|nject|§§ mot Gt Ry 8F e 8bt%Pﬁ8¢8$°§pr%9%§SR%n r A A ot 26r
Met hod accor&prmmi@gone @ﬁ'&henqm@mm@mmglméamaser¢baradherunxsicase,

the vertical extent of the encapsulating device 16 does
not exceed the vertical extent of the at least one
contact elevation 11, so that the contact device 13 on
20 the contact elevation 11 or the contact elevation 11
itself touches at least one surface 16’ (covering area)
of the encapsulating device 16, Preferably, the
vertical extent of a contact elevation 11 projects
above the vertical extent of the encapsulating device
25 16. In the case of the arrangement in accordance with
FIG. 6, this is preferably followed by cleaning of the
tips of the contact elevation 11 and in particular of
the contact device 13 on the tips of the contact
elevation 11, preferably in a plasma or wet etching
30 step.

FIG. 7 shows the arrangement in accordance with FIG. 6
after contact elevations 11 have been applied onto the
surface 16’ of the encapsulating device 16. The contact
35 elevations 11 on the surface 16’ are arranged laterally
adjacent to the uncovered contact devices 13 of the
contact elevations 11 of the underlying plane. The
contact elevations 11 on the surface 16’ are applied in

the manner explained with reference to FIG. 2. This is



in that, after the application of the nonconductive encapsul ati ng devi ce
(16) in accordance with step (d), 25 the contact device (13) on the at

| east one contact elevation (11) is cleaned, preferably in a plasma or wet
etching step. 7. Method according to one of the preceding clains, 30
characterized in that, besides sem conddé€tor chips (15), provision is made

of at |east @n assive co nent .and/or a nenory and/or an optical
seniconducto?ogég ﬁﬁ’tﬁgggﬁ€§§§ﬁpht?%ﬁ BHTCE AT Gft IR eFEFELLES
contact 35 cdamecei are t ontcloe thewi rsngaayi ¢e’ (1lef . the Mehbegsageendigng to

e appl i od bocaggse e A My d AR Bt TR e SRR e b bhsSad e
subsequent | ylpatt itibd phet olintr‘rII@qu@phl cd | worp:raecfteradbéylbgsneaﬁs ah a wet

etching sf epac80PaaniBt h‘f?gtﬁccf’f ' ng%t o ne Qe il QQ@ ecrd); 3l Mg
iC above

characterized in that, on the nmodul e, a fina encapsulatlng
, devi ce (16)2PRbiadr %aﬂlspéFtééﬁFﬁctlék@vath@ns©0§7)ebpléén?dctwatéas are

applied as ardBeeenBect iten devGce, 3. eash: LASE | Bod ﬂﬁﬂ@ers@eﬂagﬁaqd
conductively, a erlying plane via a rewiring device (
Mul tichip nnﬂ%?%sﬂﬁegﬁan 15 (& dedss  ghéhcoht ctf%le@atFSHdPEIPron a

substrate (10¥ack(b}f ahEGWEWHWQHQGWEWQc@lZﬁ%Qﬁ1Hh&asybﬁf?@éeléigfhéﬂg 20
I i 1 t sign of a conta evi ce
(15 S Bnotionecaontac £ SXALLeD ChBhalhich DI OVER) Mells B EOTL AT

(13) on the east one con 6l évatio r chip
(.15) on thea@@b§9ra§ea(E@Ptﬂ?hmd&vxn@clBloalt@mﬂ&mﬂ rmnpeefemabmp t he

rewiring devige (:Jj%)caced)co%e%%@pse% aghag Aevice (%%% &gatls' So 0

h
el ectrically conductive oh the sem conductor chip 0 the substrate
(10), the revWPPTAGt de%t 262112} ahl tPE aEh$ea%md%ﬁbYE@@ta@iaéﬁevabU§n (11),

the contact dewhee (ﬂé&l@édthﬁlﬁﬁ |£aSIa@@§aPP@ta§&j§&§M@t'QBnééélorat

| at device (16 and
ggast t?%Ch'”Pacﬁ gtlff té A OLetggcgggggiulﬁlhg ratlon)f )

In accordance with FIG. 9, a chip contact device 14 is

applied onto the arrangement in accordance with FIG. 8,

which 1is preferably identical to the chip contact
20 device 14 of the underlying plane.

FIG. 10 illustrates the arrangement according to FIG.
9, a second semiconductor chip 15 being applied onto
the surface 16’ with contact-connection of the rewiring

25 device 12, preferably via the chip contact device 14.
The orientation and fixing of the second semiconductor
chip 15 on the surface 16’ correspond to the operation
described with reference to FIG. 5.

30 In accordance with FIG. 11, an encapsulating device 16
in accordance with FIG. 6 is likewise applied above the
second semiconductor chip 15, the rewiring device 12,
the contact elevation 11 in each case on the surface
le6’.

35
FIG. 12 1illustrates a cross section of a multichip
module which, in comparison with FIG. 11, has two
further semiconductor chips 15 in two further overlying

planes. A multiplicity of contact elevations 17 are



(e) repetition at |least once of at least features (a) and (b), the first
surface (16') of the encapsulating |ayer (16) serving as a substrate and
the corresponding rewi ring device (12) nmaking electrical contact with the

- 17 contact device (13) of the at |east one contact elevation (11) of the
underlying plane. 11. Miltichip nodul e éécordlng to daim10, 5

characterize eet, i's £RrQ i ded t he ,nstrate (10)

Mul ti chip noggkg accor%nﬁg to Cla|n1 0 of" ﬁi %hardcterlfed ﬁi)|Q+QFHat t he
cont act elevﬁpﬁéﬁspiﬁﬁlmms@ﬁ?&ﬂ@oh@ucﬂh@eanﬂqnnent1mgeééembhyssnknxone or
pol yi i de- or cpgludelipRec o cgeguc\%%afrﬁpf@t 2 2, &éﬁ{@%@b'&r%‘?ﬂ uctive

adhesive. 15 13. Ml tichi p nodul e accor aracterized in
that the at PEASE oRE céht athtEFEP&EIoN | PPI) #élU@WKa§ﬁ&bednan@l¢m@ﬂErabIy

has a transi thes) wﬂb&éipﬁﬁﬁér£ﬁﬁfl@Bke@@%@e%Qo%H%éSHEHrﬁﬁg €4 %ﬁd the

20 contact el evati 11) tichip nmpdul e according to one of C ains
10 to 13, chSrac?%fY? r?%Q%ﬁt%fQ:hl5O§Bﬁﬂ§épgdev?ce‘?qgqu%lQ% appl i ed
onto the rewhphagndewmaae(lﬁgteﬁﬂniqlSaele@@bkeabbwv@ﬂﬂiaﬁéféeﬁﬂ@ﬁteﬂ>tg fhe
sem conduct o hip, (1) .an Wi ring evi ce i,chi p nodul e
accor di ng to%&Fa|E%14E f%wqh cte?Y%% th%tl§%§%3ﬁlp %B%Yb%?ddgﬁlce
(14) is provFHédS&§fac§oﬂ&érQﬁﬂﬁhﬁttmeqﬁtuEmmmpsulatmndudENveead%es|ve
deposit 1an tHRiEBWM FENIr d8YI CRadildd - (f%ééé%\@@%t'chkp mdule %gﬁgagkng -

one of Clainsg 10 to 15 characteri ze he "'encapsulatin evice (16)

has a pol ymefl€vices18 op. tom tGichiqf ndul @oniecaer dehgveblene of . Cllaens 10

to 16, charaeeetirzad i ndénateat 1gasti s Woeserkeerduator EBhHEc@l@Elpn the 5

nultlchlp nodul e f?S one anot her mnth their Chl? contacts ichip
on

' nodul e accof dithg® f PRFAEL 109y 1PRS the contact

elevations 11 of the underlying plane.

15
FIG. 13 shows an alternative embodiment of the present
invention, in which two semiconductor chips 15 with
chip contacts (not illustrated) that face one another
are provided, which are in each case electrically

20 conductively connected to a chip contact device 14.
Contrary to the impression of the drawing in accordance
with FIG. 13, the chip contact devices of the upper
semiconductor chip 15 and of the lower semiconductor
chip 15 are not directly electrically conductively

25 connected to one another. This requires a modified

production process.

A further embodiment in accordance with FIG. 14 has the
chips that face one another in accordance with FIG. 13
30  and a further semiconductor chip 15 arranged
thereabove. All further essential features correspond

to the above explanations.

A cross section and an associated plan view for

35 elucidating an embodiment of the present invention are
illustrated diagrammatically with reference to FIG. 15.
In this case, the sectional illustration corresponds to
a section along the broken line z7’.



10‘characterized inthat the rewiring device (12) is netallic and
preferably has a soldering resist |ayer or a pa?skzakiog iRNgrigst%énined
[ . . A% A Aa. Aa. Au. Aa. A. Aa. Aa. AN A; 9. A, . ASF. A(. Ay. Ay. A ) >@B*
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0 - 0

ONE (0 ILLg 8 1PN S IOARL, Ao
10\ \ : EJMMXVBY AP fhereof, other contact elements for the electrlcal
15 connection to further electrical or electronic
components, such as, for example, contact areas or else

solder balls that are contact-connected via a rewiring

device 18. Any desired configurations are possible with

regard to the stack height and fashioning of the chips

20 or the chip arrangement, so that, by way of example,
different chip sizes or else chips are provided next to

one another within a plane in a multichip module

according to the invention. Furthermore, relative sizes
reproduced in the drawings are to be regarded as merely

25 by way of example.
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14 Chip contact device
15 Semiconductor chip
16 Encapsulating device

16’ Surface of the encapsulating device
17 Contact elevation
183 Rewiring device

19 Contact device on contact elevation

Chip
Interposer substrate
Chip
Bonding wire
Chip package
, F’ Solder ball
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(a) application of at least one contact elevation (11)
onto a substrate (10);

(b) application and patterning of a rewiring device

10 (12) onto the substrate (10) and the at 1least one
'~ contact elevation (11) with provision of a contact
device (13) on the at least one contact elevation (11);

(c) application of a semiconductor chip (15) onto the
15 substrate (10) with electrical contact-connection of

the rewiring device (12);

(d) application of an encapsulating device (16) that
is not electrically conductive onto the .semiconductor

20 chip (15), the substrate (10), the rewiring device (12)
and the at least one contact elevation (11), the
contact device (13) on the at least one contact
elevation (11) at least touching a first surface (16')
of the encapsulating device (16); and

25
(e) repetition at least once of at least steps (a) and
(b}, the first surface (16’) of the encapsulating
device (16) serving as a substrate and the

correspondingly produced rewiring device (12) making

30 electrical contact with the contact device (13) of the
at least one contact elevation (11) of the underlying
plane.

2. Method according to Claim 1,

35 characterized
in that the at least one contact elevation (11) 4is
printed on or is applied in an injection-molding step
Or a stamping step or a metering step.
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3. Method according to Claim 1 or 2,
characterized
in that between steps (b) and (c¢), a chip contact

device (14) is applied onto the rewiring device (12)
5 which is electrically contact-connected to the
semiconductor chip (15) in step (c).

4, Method according to Claim 3,
characterized

10 in that the chip contact device (14) is electrically
conductively connected to the rewiring device (12) by
soldering or adhesive bonding with conductive adhesive
or diffusion soldering or compression bonding.

15 5. Method according to one of the preceding claims,
characterized
in that the nonconductive encapsulating device (16) is
applied by printing or an injection-molding step or |
potting or spraying-on or spinning-on.

20
6. Method according to one of the preceding claims,
characterized
in that, after the application of the nonconductive
encapsulating device (16) in accordance with step (d),

25 the contact device (13) on the at least one contact
‘elevation (11) is cleaned, preferably in a plasma or
wet etching step.

7. Method according to one of the preceding claims,
30 characterized
in that, besides semiconductor chips (15), provision is
made of at least one passive component and/or a memory
and/or an optical semiconductor device in the
encapsulating device (16) with electrical contact-
35 connection to the rewiring device (12).

8. Method according to one of the preceding claims,
characterized
in that the rewiring device (12) is applied by means of
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rned photollthographlcally, preferably by means of

a wet etching step.

5 9. Method according to one of the preceding claims,
characterlzed
in that, on the multichip module, above a final
encapsulating device (16), solder balls or contact
elevations (17) or contact areas are applied as a

10 connection device, in each case in a manner connected
conductively to an underlying plane via a rewiring
device (18).

10. Multichip module having:

15
(a) at least one contact elevation {1l) on a substrate
(10);

(b) a rewiring device (12) on the substrate (10) and

20 the at least one contact elevation (11) with provision
of a contact device (13) on the at least one contact -
elevation (11); '

(c} a semiconductor chip (15) on the substrate (10)
25 with electrical contact-connection of the rewiring
device (12);

(d) an encapsulating device (16) that is not
electrically conductive on the semiconductor chip (19),
30 the substrate (10), the rewiring device (12) and the at
least one contact elevation (11), the contact device
(13) of the at least one contact elevation (11) at
least touching a first surface (167) of the
encapsulating device (16); and
35
(e) repetition at least once of at least features (a)
and (b), the first surface (16") of the encapsulating
layer (16) serving as a substrate and the corresponding
rewiring device (12) making electrical contact with the
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5 characterized
in that a sheet is provided as the substrate (10).
12. Multichip module according to Claim 10 or 11,
characterized
10 in that the contact elevation (11) has a nonconductive
material, preferably silicone or polyimide or
polyurethane, or a conductive material, preferably

conductive adhesive.

15 13. Multichip module according to Claim 12,
characterized
in that the at least one contact elevation (11) 1is
bell-shaped and preferably has a transition with a
small gradient between the substrate (10) and the
20 contact elevation (11).

14. Multichip module according to one of Claims 10 to

13,

characterized in that a chip contact device (14) is
25 applied onto the rewiring device (12), and 1is

electrically contact-connected to the semiconductor

chip (15) and the rewiring device (12).

15. Multichip module according to Claim 14,

30 characterized
in that the chip contact device (14) is provided as a
solder deposit or stud bump or conductive adhesive
deposit on the rewiring device (12).

35 16. Multichip module according to one of Claims 10 to
15, |
characterized
in that the encapsulating device (16) has a polymer.
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multichip module face one another with their chip
contacts.

18. Multichip module according to one of Claims 10 to
17,

10 characterized in that the rewiring device (12) is
metallic and preferably has a soldering resist layer or

a passivation in predetermined regions.



