*; e3e)ni)dde, gg$h6i TnijO1l fi F E B ZOO~r z FIELD OF THE | NVENTI ON_Thi s
invention relates to manufacturing of integrated circuit de'l/ﬁchEBl\/E@@lr '
particularly, this invention relates to a process far interconnecting
~multiple devices (generally with different sizes, architectures and.
functions) at close proximty and with a very hi gh W ring density.
BACKGROUND COF THE | NVENTI ON The need for greater functionality and
performance in sem conductor devices has resulted in the devel opnent of.

| arger and nore conplex chips. In addition, it is. often desirable to ,
include several (j ffMWH@M\M“ a 'systemon
a chip," which QEEEEEEE;RE R B JdB¥hTHE SPROCESS a nore

. conplicated manufacturing process. These factors both tend to depress '
manufacturing yield. It is estimated that many such conplex chips, with
areas greater than 400 mm-, w ] g(igj[\er ally have very poor manufacturing

yi el d (perhaps under 10% . Q& FRVENTIMNNg acceptable yields is
to manufacture smal |l er chi ps and then to interconnect those chips on a

si ngl e substrat i Be i oved nuf acturi ng vyield,
anot her major a g%\t'gmégogﬁél% I(?éla?oprgcs)a ﬁ?%"rq)ﬁﬁﬁ g Rf vinkgorateds nmay

be of di ffCe\rr&m@%%w%rfdﬂwewammlanm it Mvé&ﬂ:if&prfé,lag% +\YA

~different gn Js G t A conventi
net hod of dlg;:(?ceqjs OJF E%% conﬁuct or eV| ce lrge dﬂleg'girscﬁ er‘qwqﬂéa #HEhise
of contro bt eh prdHiteatures (mis)fumumearrmte,cllds‘é Pat ent No.

- 4,489, 364praﬁsmgm;d drd vt rhaw |hi 'ﬁl‘iﬁ%#’?fe'ﬂs’l%& Cor por ati on,
di scl oses a ceranmic chip carrier or supporti an array of chips by means

~ of solder balls, such as C4s, to forma rrultlchlp nodule (MCM. As an
-exanpl e, as shown in Figure 1, four separate chips 10 are nounted on a

carrier 11; the carrier incl ﬂotiﬁ%) QgD to interconnect the
chips. A C4 chip/carrier jOI% ng t og t ypi cgﬁﬁﬁgém res an array of pads
of about 100 pm dianeter, with the pads at approxi mately a 200 um pitch.
Such MCMs t endThe bﬁéwmlg\teaté&efhﬁcﬁ:ﬂehélﬂ#t khay E.-,e.@o

structure ific no an the conbl ne é?ea of
the chi psseﬁggo ?&"i’g—e? ﬁneq’nﬁerseﬁﬁﬁr %eﬁujﬁ'gﬁﬁl sl EFFcﬂeBEP‘BWQBb ofy langeher
met hod nuandpmogreegonpd exeghiips -t Aw addatfagesiof isredtbﬁ des;rable ﬁo

t

t he, syste hiRve29d) s,.jpecessar of
di fferent ﬂ%ﬁ?g:%uﬁgtl ons flg‘zggglghtvg{rmgggggge gr%})x;‘g é Ra%% Qktgin

- preci se afi gRREREMOPh 3 S8iRe (' FBlﬁacﬁeB?ﬁéllymeqnirgﬁMthamﬁl
i nter conniantreasehoulhdpalsiaebanﬂeaf ﬁéﬂ@dcmbhieéﬂééf% RGES 915 exi ty in
e

t he over ess t n i nterconn 1'ons”shoul d be
.made on ?%LOB%Q% TH!EES ?g ﬁ r'%st ﬁgﬁﬁ Rep t%hﬁgﬁpﬁ%ﬁﬁ"ﬁ@n%{ﬁgﬁqm@ There
remai ns aygﬁéé foitaisr estimatod thbtlmanyr@xehd@mnpbe:hacm ,agdﬁme .
arrangerregli- Q n h 7iRg

i nt er connect | %ngh\?ﬁ?gﬁ ggﬁnbgggr'gfgtl Sed Ci\W T qﬁyrrgll’?% aXFﬁVl Eﬁ"ﬁ el d.
SUMVARY CREARAERERRELRY oKL e W%Emslﬂﬂ@fm‘lmﬁhddresses t he

above- descr i bedneemgth¥dPoeVisli i fin 176§ Wcéﬂaﬁfé)rﬂfealtd?% A sem conductor

device  panufacture smaller chips, and then to interconnect those chips
on a single substrate or chip carrier. Besides improved
manufacturing yield, another major advantage of this approach
is that the individual chips may be of different sizes,
different functions, or be fabricated by different or

perform

-r- [

*G00002*

IIII/I(IIIIII/fllllllllllfllllllI/ﬂllll

*166166*



*~ 6 FEa ZOO-r including a chip, in which very fine-pitch conne tlons are
made between chips by using matching stud/via structures. Acco 2994
first aspect of the invention, a stud is provided on a first surface 0
chip (t helmdx@aa:rhmem&thmds he Jao:tomezmtrﬂa)al aretiod ioStjdiaaig i for.ned

on a pl at [ [ ty 4 ng radi,atio Theflrst | ayer
i ncl udes %e\@@ﬁcr}u{fcn%o%a Ceé; sur acaeragolr J‘?t‘i’d‘ VohvES dlifo U8 afhe plate, and
gener al | ycmm]elcﬂd-rmllwse r@lime:rcmrredmrd?ev(lm Ji.nt EooRmiply) WsS.

second | a f r, and a viais
formed i n»t%he secongeﬁjayer to ex s détc%% :{nﬁa;tlp?%ﬁ 5nrrent
subst r at eMaPﬁ\'-l“ﬁSr Soxpgration, (Heslasnid 4 a:,emaufi@r hdxt equoriay falg gnment

structure Qht [ f iyaser, into
t he vi a, grl?1 he c ] |sgl‘:—taﬁfltdafcﬁs:e*gliﬁo%tyh§n EF“%Snrrent ?ﬁ&%&r% cq’f it
surface of4 tshe tonifosm s mokighip madude d¥EM)ay ePsarse Exampled mkwown
el ectri calinc¢rilgaale vm ! Eduie seputaid R 1(Dsgrteh§{o Vi | on
is made).- A s ort |s then tt ch%(ﬁe chip gsor‘ﬁ’é%?f;y“ofacm ps) on the
backsi de tHdr g5et XY NESeSEaFYr tond ntes conaesar ent
plate is ahleatceﬂps.i ng\ ml ath iy geardi iriri qm(ntmgi fmefthyd @%ﬁc&idya e@)ires

t 1t t t th Th h
_CL?BSeray e alrb?aé%m%’n o:hl?(’:te@% "ﬁh? % n%&lrl'ewgﬁﬁdgbeb?gﬁgr:a rErlong a
| ami nat i onpplmeremtéﬂaf enAhle Mﬂh@lmh costeht MEMsy tendmtbhbec bikxpehs ivee
Support ngfer ﬁ tHl%: w&qrﬂayfmé)%ggfag@%h‘%@r%th%m Qﬂdagﬁghttgé bet ween

net al Iayers tp05|ted on t he “backsi afd on surface
of the sufperdfigandlyamors pregndhem fher F&?‘béﬁﬁdsayﬁér anﬁyebehapSached
. by fornlngo&tw@vweasuwnmanlnaqﬁ;&e ad joihidg pAtbRebbasl iybf ﬁeSaHBth
chips Wth th for %ln ag ayer dep05|ted on the support) t he chi ps
are of diff é’ﬁit the chips are planarized (typ| cally by

gri ndi ng and/ or dheme@ajimctﬂls&niadalanpaQEShbrﬁg)erbdf byethbesgsppnarbnt-a-
attached. «pip3 socg c@n%'é%tzo% BReo L—aﬁgbggsaﬂi EEROY#

transpar ent Bl at 0ses a’'surface o irst |ayer. Tn or%ﬂHS to permt
i nt er conn@dELER AR dunctdons, o bgnABCVEEN ﬁ&ﬁ§esH§ﬂxaﬂlt¥1 andshave

~ formed onve ps:eeflaee.a\hgmmdwmght QeapéeﬁOBd 85@RCbtRér! hendnvention, a

stud is pr |ded n e.first ans ar.ent Iate whi | e
S oia s REEaECRe" gndC tteteon RS bR BREn0Y, 1ot bR OBERE S Red ¥ bR o
stud is amllgnmalt @dldlesl wonplaxdtyhdénchpg pgeaalhcpzdcesst helal tganease
Struct ur eog0ahhabdt, h%h@ aitte&%mheee%ﬁst éhw@dssg ﬂ%?lé [Hggs?k hepgt ud

- makes el ectrlcal Cont act w th the Conducting pa ud and via
are al i gnEBiPsh&athes tham {8 éEF‘FgﬁHéHt °§FF&EFU$Bbﬁ§§7a’é% bonded by a
l-am nati on proma:e aemadned aaheea. fﬁbeaSpﬁaeéks SEbEt FAbLLORYiRG S® be

attached zi n and su rt rmng

t her ebet V\gé?{ HW ki® nggg% %ﬂ'l‘i’:gn%ﬂ%ﬁgt ?8 ﬂ"?? R ‘E?ﬁ‘b@‘ ‘éi/’él’bg

di fferent dehsdkwesieshlpheoch:hpp anteptanaectidns Awhibckscawe Iseipmedticed hen
~attached h Ie f The interface between the first

| ayer and&’tthe1 gﬁl‘sg‘aa?)gnta%rthg%ielal nggﬁat ed using ablating radiation
transmtted through the plate, thereby detaching the plate. According to
anot her aspect of the inventi on a sem conductor device is provided which '
includes a plurality of chips. su port is attached to the chips on the
back surfaces thereof. A fi rsﬁ“’f QF; THEs RRYVENTIMN he front surfaces of
the chips; this layer has a plurality of vies forned therein and conducting

pads in regist i Wt h _ B A.plurality of_ .studs corres onding to
the vias, are éﬁ%bﬁggge & %ngg#géh ﬁ9§588ﬁ35|§9 rabeverdesqribed, nepd £ ¢ st
| ayer, on hysprbadidiofy ahmethpdt fbayEaboppating ahsemiabnduuﬂdﬁﬂﬁﬂwﬁﬁe1:he
chi-ps. This second layer is aligned to the first layer by the studs in the
“vies. The second | ayer includes electrical. Wring connecting to the chips
"through the studs and the conducting pags. The. electrical wiring in the
second | ayer nakes el ectri cal ~ s F~ a 200 connecti ons between the
chips. The stud/via structures may be forned either with the studs in
contact with the front surfaces of the chips or with the studs in contact
with the second



*layer. The support nmay be attached to the back surfaces of the ?:E
netal alloy |ayer, or by a |ayer which includes stud/vi,a struc gEByZUglf
El ectrical connection pads (such as C4 pads) nay be provided on the secon

| ayer. BRI BT R R ha carrier on
whi ch fou?’ﬁ:én%% éﬂ:lép{ -al;lr_E’ munt‘}(}c)%anfdﬂt% oug \%&Wﬁw ire dpade
i nt er connbét#eerFicuips by iusing aadivhing taxt vec tstomait udeaw of a

sem conduct or Pl flrst dlnent of

i nvention. Fi %?go%gi da s%hemat I C c%ss‘psogfct i ona \ﬁ B & r‘éry
structur epmvﬂﬁ'mdngra g ridrstarsamianesaf faorchdip grtﬂﬂ@g Saamfaa:u a:dhusmg;tt Reo
chip, accend agtiiSd fae:é‘a ) SlarRMOE IPRAL 19fy etthis' Foeiid Cenhavg,lif AN 3@1?55

illustrate steps in a abrlcatlon process

arrangenmen &fFan@Rarent, te dhtladiay m@#aﬂm it Qheerfﬁé‘é‘trréwegf mlmdudes

i nventi ona Ebgum:ti% 4ad ldrusd r@tﬁa?dé Yt ahealliayern® b?%@l’i’_fe L3 agl 4G the
Chip suppo hown _i.n_Fi.qure 3E. Fi |IIutrates he use o I ati’ng
radi ati on® %&t"&(ﬁ?]'{lﬁe s é’r‘é’ ng thereipnfonidemice ustrate

further sinpercnnmleetﬁamrl ca |s@m0|mdoda§rsmdsorfd»u:mgdt ont BRati ki racRogisTENt

of the in t a e tran Len | ate;: FEigures 6A and
6B. show cgﬁg ﬂgjs t%?z’?tl{’ rg%‘ed as mq%l gar %2 %Hg gecppd dayerety. - 5
16 FEB 20€§P°55| @bﬁe§omu&|td-nEBPade ke mdigomentssubstrateal theeEirgt a

chip and jgyBer an¥ &hied2ERBNdS aYelUESrn &S g to a second
. enbodi nment gfe the invention. Fi Sgr%es rfn 8 Egﬁhg%érsa ?éﬂé@hg a

fabri cat i ShEPFERZEEs f dheasyud 08 kb ﬁ’@lR gur§ace ﬁﬁnﬁbﬁ@n@lognedl pBd in
‘accor dancengeretih@ngecend egRgdamanthel chiip iBVaBtheRePELSH LEP DESCRI PTI ON

OF THE PREFERﬁggnnggDhNEure. The first surface of the c¢hip thus
contacts the second layer and the stud makes electrical contact
with the conducting pad (so that a stud/via connection is
made). A support is. then attached to the chip (or array of
chips) on the backside thereof. The interface between the
first layer and the transparent plate:is ablated using ablating
radiation (typlcally laser radiation) transmltted through the
plate, thereby detaching the plate. :

The chip (or -chip array) and the alignment strudture may
be fully bonded by performing a lamination process. To ensure
thermal coﬁductivity from the chip to the suppdrt material, the
support may be attached by forming an alloy between metal
layers deposited on the backside of the éhip and on tﬁe top
surface of the support. Alternatively, the chip array and
support may be attached by forming stud/via connections (e.q.
-studs on the back surfaces of the chips with vias formed in a
layer deposited on the support). If the chips are'of'different
thicknesses, the chips are planarized (typically by grinding
and/or chemical-mechanical polishing) before the support is
attached.



I n accordance with the present invention, a sem conductor devi qegﬁscﬁm
a chip is fabricated using stud/via connections, as detail ed bel bw.

first enbodiment of the invention, chip 2 has nmetal studs 20 forned on the-

term nal surfac®headeteehiingu s AAemoaldo 2@ . N, Cu,
e e g SR e cqpo A g pgR, ol fBores
under st ood  t gf:— BRE 8t & Y&tip Angorderose permitface 2a; sone
‘mat eri al wihtebeonmentddnf warht lbe hleac e as#Hifeaee ' i bat rocessi ng
surface 2a a di gtgghgg%\%k?cﬁgggpﬂﬁﬁl #si €45

step The pr.trude fr

um or | es?.g&i% ga"ggr f%"&a e lﬁelst“irﬁ&-cﬁoi nt alloy material is deposited
on the surface &€codiagutip hisecbad hispakes offOL[BRL Fg@eghgﬂ e%ec;_'ri Cil
connecti o i t QL ni rocess. .This material is typiéa I§ 8d, 18

Pb/ Sn sol g’el?w Jil%‘rin §§ Fgésf?%ng,RaXFFeFH!a‘F'PéeF’&l th¢ kmemsparentnplatie, Au/ Sn
and Sn/ Ag.Withke ot | v§anbsefoamednynba sebpaat tdybp &ntigs ngirggfagwg%r:%cg;‘s
so that | CQUir, £S owpd ape, as, shown in Fiqure 2A

facilitat 2?%|%irmﬁ&éntﬁ6§ fﬁg&s?gdggéﬁﬂfﬁetﬁ’h?’ﬂet'81"\‘/? A rthe cchip giment

st ruct ur e 2ti3fhed obo shbasal hgneenticstrectira sendpseryhal £ 0RO apd £ UCT UT €

‘12, accor @icrtdcxd hené i s8éorgPPEL 8N LS €4 ion. .The tenporary
al i gnnment _strructure 12 i.ncloudeggggtgr.%ﬁgpgﬁgn?t‘g‘?’g{%k% ?’s‘i&#’a@%&%#%@t

gl ass frofidthdte FARANSHIng pafli s stage in the process, the transparent
plate -- 6 - Aftdf BEB L08d 22ndasiy adreus igwed S | éF}ﬁﬁﬁf’ M}grtgl%n; pl at e
22 is separ ayers at .a later stage of the process.
Di el ectri %J]qgg'}ér%@(%}g‘?@g?yﬁ%ﬁ@? R e,‘?cmf tHpainatdan prodess erxedded
therei n highegehave wi 1Thy Suppoehaubstraay e J1eEhe Hrideneydyct ors,
~as shown gehamats i L qur lﬂm ) ect.rical jaqining pads 25 on
“the surf-agﬁ'ZS ;ﬁ%ﬁl{e@pﬁ% %ﬁgg‘gﬁq ou h@ﬁ'tda?&rm%;’g PRceddiony t he

conduct or &, elrgiﬁ%%?_ Tys oF dhglaking atudivigaldonpeckipneci atted theaknfips

ease of namef a€t diifferdnt @rﬁ{ﬁmg&‘yggm g saggiec.g]&gqggiz%gwl Lilayer
structure 5 are typi.ca Ni_,. bu al'so be , AU, ‘or~a
conbi nat-igﬁgg %grdé%ofs .%p O&?Egllgctwed‘ I%’cth?gla eithee€hipe (air Bngayagér 23;
| ayer 26 FB}PBA -f oMied igitex figgley ibeitskmennttdvel &lirkyplagbkyangdednn thin film
packag! notPaAspaTeRl. phakd i2d A% UAlsihol WARYROCLET (P00 B

SV -

feactiveﬁgog etcghn% gééb ,ﬁg exciner laser), al netal _
j oi ni ng pat“28M{&th RUG, ths: Pdmterhéherrbrndetachingythe 2p148ad hence
t-Ee'- de]E)t hgof t Aecoirddng7 toi aneblto:&&nb afb@e%g of H:{g hﬁ?gm%jg{,\h It e st:st 20. As
shown fn e,vias may be for .th-a sl ope angle as a
qui de for %‘?Sﬁ%@@ﬁ%@y deyife| 3f grey lﬂggpr'ﬁn&‘éheﬁ%%*g%ea splusa R0ty ot he
vices 27.ChhBSwal B gnpbertf ishettashedytbethai ERipd &9 aee%gmgﬁuﬁfa%es
near - ver ttkatedf . S| P VLt |y file can_be obtained 1t the
vices are forﬁeg byﬂRF%Fsstmﬁgéfbgénh%g#?gég %ﬁa?ﬁ%t{EﬁQﬁef%ﬁﬁiﬁﬁﬁnﬂfis
readi |y actonphiBRedtihEnlekerwhrr angluratity; of wias vidimédithey iy angl e
may convema@ntéidbet ohgapaas whepegiserst i %f‘@ﬁ%ﬂ% ,‘Lﬁnegﬂ, t ﬁ@ﬂﬁﬁ” a.
such ‘as - ~

A-thin co&%ié@ugg of Lthermoplastic po] ynmer adhesive

f r om Dupont)” may becajéf‘)%g??g‘alﬁﬁ gﬂet}t‘ pvbEs ¢ fferelidisRasdd dmydre 26.as.0

ensure rd isgtendohayey io attached sortkeer Lost ANy el dhe g)gti re
Yy .

| ayer 26 r f Ve terial . An adhesive .l ayer na
'de%osi tedﬂ% fs)ﬁrr gcggg?ago?ggﬁlsgki Fﬂgag’a?% R LiRces qfns‘-t’@aéhip,s.l affhris28.
7 seqentpl gyer The pligred forthé i fivaty Jantr iy ind0 sl hethli ps 2

‘to the alvigigentyied riie I N; ith t.he first enbodl nent of
the invention is shom%ﬁ&.‘?(ﬁ Fi %}F.e}sﬁg%gé%a%ﬂﬁeec\%éﬂc Y& 1RG GRapecsinge

al i gnmentt St 1Th P thxough e studs @01 ithe condsptadigngadisas 27. As is
under st ood by THw S sdtiH{ &gh v , t | i gnnent _tool , nay be
used to align the chips to the iﬁ%?ﬁenﬁ@tﬁ#ﬁéﬁgﬁ E‘%@ﬁsaQESSFr?'gaﬁsed,
the matching of the stud pattern to the via pattern can be nade Wth a,
pitch of as little as 2 um Alternatively, the alignnment nmay be done
optically, by viewi ng an alignnent mar ¥ Gn surface 2a of chip 2 through the
transparent plate 22; in that case a view ng hole nust be formed fn |ayers
23 and 26. Since the systemnmay be built from chips having different
functions and originating fromdifferent device waters, -adjacent chips may
have different thicknesses, as shown in Figure ~A.' Each chip 2 nay be
tenporarily held in position relative to the alignnent structure 12, Wile
~alignment and placenent of other chips is perfornmed. This nmay be done by
using focused infrared heating to nelt solder on a selected stud (e. g.

sol der 21t on stud 20t), thereby "spot' welding" the stud to the
corresponding joining pad 25t. It m |l be appreciated that such heating
shoul d be performed outside an active device area of the chip, as heating



~wafer? i

*Alternatively (even if adhesive layer 28 is not used), chip 2 .
" tenporarily held in position by performng the alignnent procegﬁﬁeFZBazoolf
el evated tenperature, so that the surface of polyimde layer 26 is slightly

"tacky" bg [ QH%M« i ntact with surface 2a of chip 2. After
a7.1 of thgﬁgﬁic%§ 2 :hg%/e ee%'%?i%ganﬂee MAdy structyerEmaap Qge
hel d or "faEred" eidhew wityiientstatdaicinrcontadtamiing it @f&ﬁé%d%w%
perfor medg oL Rer I ; A he {ps, to layers 23 and 26 (see Fi

3B)., The | amﬂﬁag‘lﬁg pr%cgél;ﬁfgﬁégpﬁtgtgc}ﬁofrbm%d wiitho tdhes seeansdper at ur e
and pr essUR¥STto ensure (1) stud/via registration; (2) vertical netal

bondi ng bet weegpkh f’%’l&;—‘% HeTgpY) ds,2S; and (3) . bonding of

t he chips é to Iayg;1 6 aﬁ%ﬁgga\#ﬁr#a@eeﬁ %% ?’ﬁ@r gﬂé’g‘v@é‘ﬁ)f.gcsép@ffdiw on
the mat erFR4BS B¥d2 Medademddioxt Jieemny ore byn at Rayeanghidf0 i G udg C and
t he pressgkedyayabgtt ang I b« .As_sho in_Figure 38,
the | am natio roctggcg:gﬁsgs t%él%%ol gfﬂz%g?'ggﬁkéﬁf'sgagﬁ\g?s’s‘ﬁbdéﬁ &4t her
partial | Q’%‘?sgo’ﬁﬂ’e & previded, o rhe sscpndl dayedense array of chips (so
as to arrive at an optinum performance integrated systemon-a--chip
structure), it is desirable that the gaps 30 between adjacent chips be as
narrow as possi ble (see Figures 3A and 3B). The m.ni mumgap width (and
hence the chip density.)BHEEENDESCRIPIEONAOFT THE | BRA i que. Gaps havi ng
a wdth of about 60 ummay be filled with polyimde by dispensing the
polyimde with a McroPen'a', manufactured by OhnCraft~ of Honeoye Falls,
NY After the IBHWE®i bnsheeeeaschihecgrpier36n betitent b Pondd @1dukly OF
partial | yHips etiraV hbuatedi LA ghﬂgﬁgﬁi@f‘icﬁlﬁhéﬂ%ﬁ ther noset epoxy: or
anot her %rr%anic rra‘teéi%I (Figure 3C)7 Since the di e chips wll.
typically e THETT“Eht cknesses reduced and preferably made uniformin a
| ater processiFigwtenRAtie gapshafatbedcsdy-aaediddad ¥id Jevp! mtching
their evenal ' ' €ss. chi ps e then thinned and pl.anari zed
to have a uni fo()drgrrl1k% |€k¢1‘£§s€$§p§%f%}g 1y§%€°’bﬁ itr?gaa Tt fmbadimentni eal
pol i shi n@%( &%® igvamelenpack surfaces 2b. As shown in Figure 3D, the

result of thi Figroeesyiss tdatch Ve | QU L ; j form pl anar back
surface %@H\go h respect to ea,cch é(‘)hte%er A chéi:%,BS"‘}plt[;)'l’gl\réttei gz‘%?}ti? i &l | y a Si
s-i1he

Yonfod 1gurgy inclugingm tyansparesitapdatee forael igmitace 2p
of the chings atdacdtiown the Riyip e @fcoddinda s tileenikas %ﬂbbd&gﬂ\%#npgow (- 1,
W chi psghhishvieaiididip, may be perforned using an. insulating adhesive.
However; if the system.ncludes high-power chips, it is necessary to allow
for heat, trangf’&“&ﬁﬁaﬁpﬁ:’(ﬁn-‘tlﬁ@s&ﬁ% stiepsodmdian§abet eatdbnnpsbcblan be

t her mal | fozoaddeiviiee hatiiy) dldeh e RAYE ﬁlelp@_ngfbghx\ggn ¢hips 2 and '
support v.be .qbtgi ned by a netal .al I-dyi ng processt In ﬂhggﬁoﬁaagf’ﬁo
ispfor.negggg?&? n-fﬁﬁsgﬁ Iq"%é’ﬂﬁé'lﬁ“fta(?é’s the i%ﬁégﬁgaﬁari zed chips 2 . and tKe

chi p support FiguFescddaide tﬂljlﬂsﬂmad;t&cfainvﬁllté!&ﬂ&ti’éraemetﬁggpo upport 32 is
u

first co i | aygrs .3 ensure adhesign of the conductive |ayer to

t he chi pggggg#} %Bsg:r ag:gl;lpf %lu&&?é‘%plsé‘f’"flhrlg ké%Fenﬁf?' be a TiITiN

conbi nati on oF igMwe. 5Aidimistamtiesy ehe3dsies ofepbriateflg OFad gL Pegkesur f ace 2p

of the cépachThfet \ﬁgahg}g,g&.%n@ 13¢e2re then placed together facing each.

other, with an,alloyin ayer Bg ;{I aced between them (see Figure 3E).

Al'l oyi ng | ayeF1gyTes S%eﬁéﬂaﬁﬁy idlpustapteefyrtidey steps Qubiwat i on of

. metal s (£abglcAuidn) pwbeksPakbbirailRgndbngnhe 4 .in order to be
conpatib g %{éh Br evip%sl'\é E‘r ocgsseggng?egpgl ggﬁ%ﬁi%ga’(ga@?%t? WRishabl e

Sn foil eéwse ﬁohheaf" I| Fgupyasdzofzkhetranspapent moike ®lgwansnt 64

bef ore adn@dybBgshowt ehapt suppyrtanasddche@nas im i i | £, eutectie

propertigs ggg ?sefﬁPQSi ted on each bondi ng Iayeﬁ%wéﬁ,ﬁ;#ﬁk@’tm

surfaces-t% n Broug t into direct contact. Applying a heat treatnent (bel ow

400 C) results in formation of an all oy between | ayer 35 and each of |ayers

33 and, 34. Another |ow cost alternative, which is known in the art, is to

coat one surface with Au or Au/Si whtch beconmes a bonding | ayer at 400 C.



“An alternative process for obtaining a ther'mal | y conductive bon,d bgtg\g%
chips 2 and support 32 is shown in Figures 4A-4C. This process ‘uSe Ull'
stud/via matching technique, simlar to that described above. Metal studs

- 40 are forned migdmaqolmaamdemswé asehetimtfc [t sdUdetty \?j{é’lds
~'s FEa’ zgﬁé WW tmhe qsame nﬁ as studs 20, or may be 0 owserﬁ{lr%
't her mal Bcf %f bR r2 b I B EUC tiRe ) FesRsatdyaly feeccorrd freg
of the stte. aCIsepozmbmthocBBném ebrehetimemadn 45 deposited thereon with
a polyimde |a ds (JFi gure 4H) The polyim de | ayer
.46 has vi g| 47¥§<Z;‘;}’% ‘JT‘nPJt% %ﬁs“e%ﬁi’% Fabnigas ion @rqus 2
are then Dirgne ctehétan.mgéh? dernge aﬁmgaatemn T % [ I 1{%!‘ {0
per manent{qx Fféhste =3 (atc?qnbsfgﬁgé)e tt %gfs(tFl g ree[]}g)o Asq?%om%qoﬁél—c%
t he size an ch of 2 i ﬂ’é's}' IR%ch greater than those

of the wiring |nterconnect|on studs 20 and vias 27. It will be appreciated
-that a stud/via connection between the support 32. and chips 2 may al so be
realized by reversing the positions of studs and vial shown in Figures
AA-4C; that is, FE’G& LED BES ORI BTIONe §F AHEUBBBFERBEDWEMBODINENYE! | Ng pads
45 and | ayer 46 are deposi ted on planarized surface 2p. It should be noted
that the chip gupﬁort 2 can be of _any conveni ent size and shape to
accommodat e t htRcRFFEFAPRCEaMLtELhe PreseRt éﬁVﬁBtaPergeneemlbgnductor

lr: ect angglde;iceeinuheutagea_rmmpl ie habkfﬁhﬁéeuﬁain e Jyf%ure shg\l/vnt! n
i gure ve IS en subj ecte aser abl ation
process. Er[aseéré?t['ﬂ?i’t'j'5 £ ggtglwr’]igddg%% 8h surface 22a o~ transparent plate

22, penetr at esI®hehe| &4 sshnembbHinent  bE the eifiveret hes )i N2 Lok 3hELE d
the pol ylgmﬁi@sojolgyg,ﬁ a3chFLadr i t del nation of t

pl ate frﬁe 31%/% sg tﬁgttggategﬁmgb §%%§$%é 22 dps‘z"el'h'g,\{n % %‘h 'port 32
t hus becdhed 05%?;560?? FOFMeA ot i bs, C‘EherrPl#ngd@ex W and’ ddmee Sétlikyi a
connect i mstahmnbmmmtﬂ%ﬁhoﬁlﬁéﬁﬂa r enpvas, urﬁg_{,ﬁg&@%ﬁ dipyer 23 is

exposed. on this s ace (or are exposed if
al r eady parcesent) o tﬁ{t ;[Q}Eﬁ er c%%mect"éd c‘fﬁ%‘s" 'bé‘i“tﬁ mEFasl adn
appr opr i &tk &4 ixgmovied @Fé%lcth Heacla putfara2bs Howa |1rat|axg W@ dirfg t he
chip suppidp .32 e aétt@&éteﬁo +SErdde frlom sulsfaFc%B 0Q nR/igldhzatian and

al | oyi nggﬁgg%ﬁ[}és.ee g; ure pf%%Al terf)ajl vely, a stu§/w S SHHER i on
© process i it pork Pt mly @ré@wzmezl@)mgt—m:@mmn ce
appears a&llshyweteriyus ceepos:temmﬂ i sunifetet ba thiee stivee apdPitch
of the t t hat. of, the studs 200r ‘vias 27 I n
a seconc(tlykea%(@)d't 1_337&(_5.5'5 # %E@%%\?e |%mnaé1e&ar Py OnNgRFien Guming dhecess i s
used to jlﬂlrmtﬂ% It’?ﬂﬁi:%s%hd Flinis \Mlarﬁem‘-ﬂlaydesr tymicallly pogiloi eeysef studs and
vias ar e gA\Wwised SNOMdEd Nt digaRgsed,t.her eqn
conduct i r% dsaggls IAS eI ectric rll:iéw-r %l%rﬁ{?l&egsﬂ§§y %gfﬁg}ﬁbﬁpﬁgf’id@
adhesi ve %z{%a hifr arfhed Matexiadt oy be Suhaeauedgtbr anspar ent
pl at e z2 tiwectmisilg hredidrest tgrcmtefsmgsd Bt a&ye&amshlééﬁifég Wi EP und g | ayers

gne

51 (F -
Che 11 poEhahR) ak SHOE 3470 Bl W i) H0eH1 T kRS AT eyt ecophe
Furt her ﬁﬁ@é’@sﬁhg‘—ha mﬂitmltwg Wm Pt itdue, aﬂnlghmegtthﬁrﬁaﬁuﬁ& pl anari zi ng

t he chi ps and | roceeds as ip, the ,first -
enbodi rrgnt Fq't he ct%:yi) sgigg%oﬁgﬁogkgt%a%gﬁgdggs?ngeﬁpﬁﬁ?ﬁyI ?E‘h IBENG) | oyi ng
process, SFF@CF&@&I 2ng aQCOreimge tios the fhisat embédimert SEf (epapare Fi gure
64, |1 hochbiprsupigiel cehpdiradgneds aheatasé}guét.#@ f?ng,gc)ﬁléQ“ process

W th stugs on mgarlze bac sur %t ng
structur &¥R8S 8§r§ﬁ ateri2gud gugh PEOPQEPefFPQEr%lw fiime Sdhettconnection
nmet hod dedasske(.henei mhier githgegiaathy pPEEEISE r

chip-to-chip i n?er connecti ons, §t her eby rgal i Zi ngd‘t't}:{%htler d%ﬁ%e t%/a‘;Hc)#vt/l"eolt h.
~Furthernore, with this nethod the need for conventional C4 chip-to-chip
connections-is elimnated; the conpl '_ex'%ty of the carrier substrate is

t herefore reduced, tore space thus becones available for a system deS| gher

" to allocate C4s to neet other requirenents; this in turn offers
."opportunities to design nore. advanced device structures)



12 ~ 6 ~ FE B 200 In addition, this nethod pernmits both highly

accurate chip placenent with vertical interconnections on the f‘]rgnFﬁ%?ﬂq){
the chi ps and assured thermal conductivity on the backside of the chi'ps:

shoul d. al sp2bragovasi t Qﬁ,@y M reas _often_|leads to formation
of voids ig thg gondilﬁhgl%arlea; vﬂq?ﬁ% hgegarra@'?'(lar%f)ga Biai:ﬁezgt &8/ PeRparated
connect i onS*?Hi EPBFEpILENETS @tedt iteadgtede Bhr ther ppocesby. gggﬂ%c(é&,&%ct
Wi ring intkagennestie icta_rquoP@rl ﬂm‘.ﬁ@)p ghgggk, Lkdgi' %)ée#% signifircantly
i nproved (espe cliall or . hi gh- frequency~devi cesy, ~anf ) reB8Br enent s
are reduced %é fdt éﬁeﬁﬁcwe, igh-gepgikgawilzingplacbobnetalipr subapge- ar ea

hi ps, chi @l $ hofii gadcb ot ,,' d ' | 1 {h '
(per haps. | peprmad. Qgggtgr 30%’5525?_, Aggofﬁ?hgfi?ﬂ?ﬁééf%%f%“ﬁsf‘iéisﬁ’é?aao y
useful for spectall LELCaAr JRINIBAPRES 2Ri 08 thehsusfad: @B3awppbsste
chi ps and B¥ateo?®er t Blthbugh, 1agerg28; hersluding etﬂgecdg,;}%/@&éggéc\f%f b;aﬁn
ent Th e

described d r f Lfic enbodjnepts., it Ts evi
f or egoi ng -éd}gbs‘??iﬁi %nsfﬁggén?]ﬁg?ﬁmggl Yéifwa‘?? VRRPT R ed hammsfandease
vari at i on®@Hinanachpaingt it ois hoften kiés bgnéd Ak ﬁﬁﬁicﬁﬁfﬁi dagly, the
I nventi onﬂlﬁdirltaa];&edsﬁpu a such alternatives, nodifications and
variations whjch fall_ w tﬁf?ﬁ_esﬁ%‘?;%?%n%r%%m caglfll‘f REL i Ridntmasn &keb t he
fol | owi ng 8 &'Ytrs At CO o & eqmbpasfonvthezaafi. 1A MiEldirtiONayer 26
fabricati wyealdes adnelueieingeviyed: i 2% udj ' omprising the steps
of : provi ?o'lqri?n ;yeatﬂfanéé’??s]g%{ enﬁ% o] abr%l{%gazragﬁa&t Pc%n:‘I‘%FM & first
fayer on thé*p éit €, 1195t Y%{feql]iiﬁﬁﬁﬁﬂ A &hdondddmi peckadioy a first
.'surface obProgessimg. | ayer opposite the plate; formng a second layer on
the first surfag i T, re. Were . the plate, the first [ayer and
t he second Iayer?tegl; r%tsggda iVSjFrlar#en sﬁorrﬁ'}?t‘{]?c&er?&?‘m RgY9a brareacthiwesdonnd
| ayer to BXFHLBY RE ddhdctennimer laser), so that a terminal metal

joining pad 25 {s at each via bottom. The thickness of layer
26 (and hence the depth of the vias 27) is chosen to match the .
height of the studs 20.
~ Bs shown in Figure 2B, the vias may be formed with a
sloped wa;l aggle as a guide for high-accuracy, self-élighed'
placement of the studs 20 in the vias 27. The wall angle of
the via may be tailored.to be either near-vertical or sloped.
A negr—vertical.profile can be obtained if_the vias arxe formed'
by RIE. It has been noticed that stud/via alignment is readily
accomplished when the wall angle is 65°; a via with this wall
angle may convenientlylbeiobtained when an excimer 1ase£'is
‘used to form the via.
| A thin coating 28 of thexrmoplastic polymer adhesive (such
. @5 Kapton-KJ@ from Dupont) may be deposited on the top of the
.dielectric layer 26, to ensure reliable bonding to the chip
-surface 2a. Alternatively, the entire layer 26 may be formed
of adhesiye material. An adhesive layer may be deposited.on
_gurface 2a of chip 2 in addition to, or instead of, layer 28.



*pad; aligning the stud to the via; attaching the chip to the,aligg nt
structure, so that the first surface of the chip contacts the sé 355Eh2§04
and the stud rmakes el ectrical contact with the conducting pad; attaching a

support to therkdi progagsalbat addgaingnhaaf A6enbLhyeRA i ayeg _and
t he pl ate .usi ,ab?g?'ngsradiatiogﬁt?gnsnittegnthrqﬁfhlfﬂglélg?%Pgt%eﬁgby
detachindeﬁégg+%?@?“gh LRUGEHES]14e cARIRRGOFD2RFR  With ther Einsthe fir st
| ayer corembediment yofi the andehBeond! 85 8HowAdiAlF DHuLOEPEASSS ., | a?ﬁg _
radi ation,, 3. A nethﬂg ac%o dlgg to gla|n11,:mhere|n sal d stef of Tormng
the first“HRAAYE2hLINE n%?i € PILOPBERG StERetURe) 12 byglasinge first
Iayerdconﬂmmdérzptbntberreapundlng vﬂds-2?14-As is-ﬁﬁgﬁiheggg ?Y én ghoﬂ-
accordin el Qi i n_salj : rmng the secon ayer further
. conpri segﬂ'E ep%s?til?ﬁét %%\gg%ﬁfiﬁé élgﬁéé‘%qg%gd%if%%?& sEON BEY obe B8 dkRg to
claim 1, #kgmetheophipsi bg the slignwéntepusuciune anitidwshve t6YEri®n t he
second | rg yO b Ao Step. ACHI 0. t | gnnent
St uctur Sodd IS Al g SOENERs PLAIBMEERIALS W \H1g FaftgAlreen
provi di nd% madel Wikh herptbahre£eas ptbttle nas ah 1amd oA Meenatdvely | hehst ud,
so that \ té b e k and, ' ad is
f or med i?lgﬁiﬁﬁpﬁﬁ?ﬁftggﬂ? ngb?ﬁga%:ih}?b 1’?%% he a‘# %%&%éﬂu@t'ﬁ?’%‘ 7. A

met hod a@@brHFED 23 & ghinnerbhvough (the dranspanenthipkpta2Zhijnto the
al i gnmenttit ueisk ea fuléhpng CRODE | mESt the sdmiedlid aEyEd Nib td1kg %ﬁ and
t he

h i ' 8. h di no. | . Wn
1 am nat | AN o et JBF B e e’ e g AbiRenent C | 400 C

and a prdamatadane tand remtgingt sy frQociitiererd. dewistchodmtmany ding to
ol aim 1, Jehpiclit (41615 P0Y (n o A1 AEORhYE 1 SGRALLS AU, LE CNi P

opposite _the first - surface thereof, and further conprising. € step of
planarizﬁﬁ?qqﬂa%ﬁmond surface of the chip before said step of attaching

the support. Each c¢hip 2 may be temporarily held in position relative
to the alignment structure 12, while aiignment and placement of
qther'chips is performed. - This may be done by'using focused
infrared heating to melt solder on a selected stud (e.g. solder
21t on stud 20t), thereby "spot welding" the stud to the
corresponding joining pad 25t. It will be appreciated that
such heating should be performed outside an active device area
of the chip, as'heating-through the device area should be
avoided. Adhesive or solder fuses may aiso_be used at
specified locations on the front surface 2a of the chip, so
that the chip is temporarily held to corresponding portions of

- the alignment structure. | '

Alternatively (even if adhesive layer 28 is not used),
chip 2 may be tempbrarily'held in position by performing the
alignment procedure -at an elevated temperature, so that the
surface of polyimide layer 26 is slightly "tacky“ before being

. .brought into contact with surface 2a of chip 2.
After all of the chips 2 have been aligned and temporarily

_g -



*10. A nmethod according to claim9, wherein said planarizing step is
performed using chem cal - nechani cal polishing. - 15 10 FEB quq: zuaé
nmet hod according to claim1l, wherein said step of attaching the supggs
the chip h QPRI SES ;the st ens. . of depositi a first netal |ayer on
the suppo§?§ad§%os?EP%§§§ gﬁ%?ﬁ’ %@ﬁﬁ e?&eF%6HFE%§§Coﬁqi§ﬂﬁﬂﬁﬁéQﬁ the
chip opp@?ﬁ@egﬁegﬁl per foumiesc do @@mh.emﬂ.qvadrtaghfitﬁbl E]i,j_%t q-'lodllzr%%g%rrlsl n
.cont act eoki 1 ayen ang,in with the Secon ta
layer;_aﬁ%ifgéniﬁ é%ggrngﬁ%%ﬁ§§2ﬁ t%gefﬂggghgﬁﬁgp.pFS?@F?aﬁ& taeicaildy
metal . | dpR¥FLange eﬁﬁé@deWh6e§e¢&m@ematarelandrpaedshhe,tmbrén@ﬁggl(h yer,
t her eby bopdpgigh i@t chlLpy L2 h cording to claim
7., wherein gid&s?gggggeg%#gcfiRg)tRgggﬁééérﬁeggitﬁgngﬁpﬂ gﬁFﬁﬁ@P the
conpr i sesS¥¥RS s2@pands vdepdsiining nafsr 35;bendi £3)| kyeding blfe theppat ps
depositi g osespedg hendand kay o} n t he chi p . opposite
R Y e R SaR ShoLEbBEleth, . " pePERaTRganor

the first_;surface thereof; .depositing an alloying layer
t he firstpﬂﬁwmﬁﬁﬁr#ﬂggruﬁﬁe'tﬁBesEEBHﬁrBBHHPnBaYaDGrinahhefnanbegZ&O'atloy

bet ween t-het00rsC anddthg peeesupsdmapebsecAneh&OPghEd i@yﬁgiiby goﬁg{sﬁctic
aIonirm)A%cgﬁﬁgn:1€e§§§é goRging thf syﬁgggt to the"chip.”1.3. oY
according to cla ml, F&i f°¢a Hes B PP RFPFESS Sappestthe sobdehip
further cbinko sbbowheostbpt sélderoeithay pasuppdiy 6@“@6ﬁ§i@@e?%uﬂiffsa
second sysffpcpy of the chip opposite the First surface thereof; rmng a

| ayer on fhe support including a support conducting pad; formng a via in
the layer on tFR RBubidra denggpereay hef schips t (@wnakicto ngrppde &g ng t he

SUppOrt  epYEMin QFe bt ditndRcé NEntédrd fed NPyd BURIo ML 146 5 UWPQid e A0 5 16
. - is desirable that the gaps 30 between adjacent chips be as
narrow as possible (see Figures 3A and 3B). The minimum gép

width (and hence the chip density) depends on the gap filling
technique. Gaps having a width of about 60 um may be filled
| with polyimide by dispensing the polyimide with a MicroPen™,
manufactured by OhmCraft™ of Honeoye Falls, NY.
| After the lamination process, the gaps 30 between chips
are fully or partially filled with a suitable materia] 31, such
as thermoset epoxy or another organic material (Figure 3().
Since the different chips will typically have their thicknesses
“reduced and preferably made uniform in a latexr processing step,
the gaps 30 need only be filled to a level matching their
-eventual uniform thickness. ' ' '

The chips are then thinned and planarized to have a
uniform thickness, preferably by'grinding and chemical-
.mechanical polishing (CMP) of their back surfaces 2b. As shown
in Figure 3D, the result of this process is that the various
chips have a uniform planar back surface 2p with respect tb
each other. .

A chip support 32 (typically a Si wafer) is then bonded to



'16 FEB 200g causing the support connection stud to bond to the support
conducting pad, thereby bondi ng the support to the chip. 14. A gg izgnl"
according to claim 13, wherein said step of providing a support conn

stud furtbhe pammamsieﬂadowdkdlswfwed% B @healenq ssa'a% & glhat a
sol der co EECtig tggtmee gﬁfug&ﬁa; connection stud and 't ﬁgb lgure
,conductlng pad-3s G et b 160 ~PoWEEn tﬁe éuﬁ@dmﬁlc¢Masct|on
stud to bboddingt t.aysmppretrfmnwctuusaglgpad; iheulad iRt RAMerqoR ding to
claim1, where iLd s f att ch| suppor.t .to Ihe Chlp further
conpri ses the §?g§§egy 3%?8 dfﬁa E%ﬁngeéoﬁﬁgbfP8ﬁe§tG@iGﬁ,tﬁé dspport;
formi ng aneqyesarycmodadgou fnmpheatcamdmembmgawaﬁ gomk Qﬁ@oeﬂiégrfﬁﬁg of
the chip S her, a support Anecti on
via in S;@B ay rm%@%g%hgséu Eﬁ%ﬁp% %85W833¥|ﬁ8 Eﬂtigﬁlgnﬂng t he
support cohesealdy §Puduc§lvhebgn§pbetweennehupanzvand 8GPp agusgggmggebe

bonding (por Sinear by, 4 mpEal HT191hotoRiRAE: IR PHERD B Bhaen Ta

wher ei n stREmed ebeBWeﬁFoWFH?ﬁbl gedugpsfaces n(aécthe npdandrigedhehiponpri ses

provi di ncars®! €eé SRLLT kd ggtsggd Sipyd h nection etween
t he support connectlp br eﬂgucggg%écﬁ‘ﬁdﬁc?‘%&&étggg "e'?% Phedth

ty
said step }b'}pc%'ﬁgPﬂﬁ ﬁg %ﬁp%@)F?tcﬁﬂﬂEE?lHﬁtgt%udl@beﬁohll to eheulseupport |
conduct i radipaslidn. ofA théhodndacdidénPayerctai ehd cmrgﬁﬁpgﬂ dsx?xﬁf i ng of

t he pl at se rface of. t he 1y er_opposite the fT1fst
.surface t ereé?gﬁ%jEl fﬁr'?% %%ﬁp'f‘?%lhﬁ Fhet f‘é{) ‘E)%/ }on e Riddct idn
pad on t HeimEkandlayer ads Dﬁ! déposited dmythe badk surfé&el'_ﬁB 890@}1&8 A
et hod acapipgh N 4Re CERb g\hﬁel t (:QF@}? A
met hod accor%lll}'lk 1%hto cla ks eff\/nerel n:gl4 gfeura |t ;‘S a?@ecﬁl ps ﬁ]ﬁr af%faltﬂ‘-’al [ ty
of studs S BHHeEt e"&l}flb ?%@H?Wn’ealé@l? W11 Blacethdetyern |them (=wd udes
~a plural irigwfe cibuct Ahtpoyiats, 1 oysk 'él:hia % rprefdraBy Qfe d |n{§1g9aj \?\%@ S) .

i nt er conngct thod_acgor, t.0..cl ai m erein sai

det achi n%gféot aif@e?(%g}nse%f? Ce dczg"gréjr%?cgﬂbifd} ReTIHitE hapddmgpposi te
. the firs &Qj Her et | oxdrr g thﬂarcmmmtshmglmmGGﬂmfs]fyorm ng a
.pluralit gﬁ ek Giva seqihe W Qﬁnf er he C4 pads
h Y T @@rié’ﬁ ie chi ps thro él{a?]}elé = fo"tl ;

Tayer . ¢ RERHARIL Hif o LA (1 Tacehsizes AR Mes e cedb conkmictg &

seni condlluetﬂmrejeaﬂlhwing:.l uch.]rtgamaﬂilvﬁél:ﬁ,orﬁif latdig oM 1S 1RO with

Co suitable eutectic. properties may be deposited on each bonding
layer 33, 34, and the two surfaces then brought into direct
contact. Applying a heat treatment'(below 400 °C) results in
formation of an alloy between .layer 35 and each 6f layers 33
and 34. Another low cost alternative, which is known in the
art, is to coat one surface with Au or Au/Si which becomes a
bonding layer at 400 °cC. _ |

An alternative process for obtaining a thermally
conductive bond_betwegn chips 2 and support 32 is shown in
Figures 4A-4C. This process uses a stud/via matching
- technique, similar to that described above. Metal studs 40 are

formed on the planarized surface 2p of the chips. These studs

-1'0—



"providing a plate transparent to ablating radiation; formng af'r '
on the plate; providing a stud on a first surface of the first Eyé Q/UUI,.
opposite the plate, where the plate, the first layer and the stud forman :

al i gri merpagtpeCiHeCsamer ﬁb@glaaéeﬂ?ﬂgsl %erofmm?%fbéséfs §ea Dt ihe chip

i ncluding & conducting pad contacting the Eh i fn¥®Eesecond
| ayer to eh@EmeltaendsBagivitg pAdlayer gof ngolder sé Lidnayp bdaeappﬁie@tﬁgchl ng

Second | qyr aegeaed GEIES REGAL] SneD SPBbote ot it A e ElRuSade s

second | ayer and the stud nakes el ect ( pad;
at t achi ndt% %%%%Hefiotbﬁee@m pvitiga aMJaYimgd%tnla\y\eJertiﬁicevémly\ﬂe@ the

f t | di at
tléﬁsm?ﬁd?&!g IRy 8, e ‘Eﬁtre LY Er R e PR " Piiad o

t the pla
accor di nd® S8XPOBR RAGS (4% f | '3@ Feyds E%rﬁnl@eiqu)oz yare dtehemnd the

abl ating armhmdomcmervsﬁ 4'ﬂﬁednd -a I'BshAid ©fon &o&é@tﬁﬁ, 49 to
r conpri ses

cIa|m21 erein s f.orm.n theflrst | ayer fur

pr ovi di nd % BAHIRSH gX ﬁga%h the cf’?ﬂ%t SYRRAFt I IURE 14 hhe B8t ud. 24,

IA met h]?d shopor dimFigure adCh 2the Sihmr aind guitcbiste sfudrad hd hﬁaz axeqond
ayer fu S er 5 A
me%lhod a&%ﬁf%%ﬁc arm %‘{Sﬂﬁ urt %’%decoo%ﬁ’}ge rVg”"tﬂé; sm'tr&t?ré?‘y %M ng an

adhesi ve Stayds Zh and wba®Hridl J ayer prior to said step of attachl ng the chip

to the alignmentt s‘;iryptwe? é"tfbh cAtEf t@gta%c%rtq;m ﬁl&p \ﬁ\% re| n said

step of %row ding a stud conpri ses prow ¥5 on
the stud, “rPétm%F net And &Wﬁt&ﬂ%mmwb&nimmmuctl ng

pad is fahehddl ok Stiﬁnsﬁfds’ﬂdrﬁpWi% Ts'h%vﬁlhh.ﬁ’t %Q gl E%sa'tzé.g%emth t
structur ‘315,27 ‘%ﬁge*&q%}g Corfd,ﬁﬁ'»%ﬁi{ 0 im21, wherel 2_ sai il

at t achi ng t'hé A i §tfﬁ%¥ﬁ?§ £ér Fihdd cGRBFP§§§thEa§Fep of
| ami-nati 4§ Eimsl dmypexarﬂﬁ tdre leppsited on plamarized surface 2p.

It should be noted that the chip support 32 can be of any
convenient size and shape to accommodate the chips. In
particular, if the chips are generaliy rectangular, the

. substrate may also be rectangular. _ |

The structure shown in Figure 3E (alternatively, Figure
.4C) is then subjected to a laser ablation process. Laser
‘radiation 36, incident on surface 22a of transparent plate 22,

 penetrates the plate and ablates the interface between the

‘plate and the polyimide of layer 23 (Figure 5). This results
in delamination of the plate from layer 23, so that plate 22
‘may be removed. The chip support 32 thus becomes'the support
for the chips, the wiring layer, and the stud/via connections
therebetween. | _- R

With plate 22 removed, surface 23b of layer 23 is exposed
C4 pads 37 are then formed on this surface (or are exposed if
already present), so that the interconnected chips may be
joined to an appropriate carrier. The device then appears as

~shown in Figure 6A, if the chip support 32 is attached using a

A\
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*28.. A nethod according to claim 27, wherein the |am nating st?p
performed using a tenperature in the range 200 C 400 C and a p di§EE§32004
the range 10 psi - 200 psi. . 19 - ~ 6 FEg 200g 29. A nethod according
to cla|n1ﬁﬁtahbbz&thonhandhablepbmgrproseaﬁtes@edwiguﬁesggpnd sur face of

t he chi 0si t he fitg hereof ., and further co ng the
step- ofpp§§€%F?§€h% f% con%£§€f§%é g%?n?ﬁ%l%ﬂl%F%%?%?e1§2$ﬂe tE% of

attachingathechhchipuppppbrtswz Pseethbguaeso4mhm©);otnéadévﬂee APBEELE
said pla S rgQr usy . ' n ollshln
31. Aprret 0 %%r%ﬁﬁfviégpglélgm , %@?%ﬁ?nhggaﬂg‘g{ ”ﬁﬁ%ﬁ {éﬁ?aﬁ FRg2nd ¥
support tRiték QﬁlbhéueihpadSo&%riSEmucheQSQEDSEoﬁhadepNBttmﬂgthef$t§as
met al | ay S ort; depositing a second netal |ayer on a second

%‘d cﬂ:g % & SEPP

surface o I p opp03|te the first surface thereof; providing a third
metal |ayer inl®ontSeEondt embodimentoficthe inyentiom, i» ebmibat with the

second neéﬁhd}ﬁy.@rjoﬁﬁﬂnéo%ﬁbé@sﬁn;s?l'ﬁ@éfdb@é %féﬁ.ﬁss ﬁﬁetﬁyer and

t he thlrd- { ei et ween t he second W&A yer an ird
metal | aiTing PRE e HROSIEARNE 9 §HIds and tas mre retersed.
arc]cor]gll ng?]s Qs Jedvanh mﬁmlgm erm, sau:bsz a9 fddposdd r&éf@aﬁl&&mﬁcéﬂlé he ]
-chip furthe e e, steps eposd ti |rst er on t he
cuppor - RRSBTT HTSTRCtErs FAFar nf eoeh iEs Wl e SHeEmb AR ohi p
. opposi t eadlh%ive slawf&&e t Pempaia ryd epbixrinent: atmidtayrad 2 AyaicRiddig
| cast g St BEr it pLOG 87 iRl e SR POV 0 4 yﬁbﬁﬁﬁf‘ﬁg
layer by studg ‘&l%llll%?/ IRy phavexrs 5% r'@fieﬂjv-‘%(?rﬂimg the support to the
chip. 20~ fnéRehip9bss arigiiditd AR 41% Wi AlgdReRl 53 d

step of the first embodiment, resulting in the arrangement shown in

- Figure 8A. Further processing, including'lamination; filling

" the gap 60, planarizing the chips and attaching chip support
32, also proceeds as. in the first embodiment. If the chip
support is attached using a metallization/allbyihg process, the
resulting structure is as shown in Figure 8B (compare Flgure
6RA). 1If the chip support is attached using a stud/via
connection process with studs on the planarized back surface of
the'chips, the resulting structure is as shown in Figure 8C
(compare Figure 6B). '

The chip connection method described herein permits
greatly increased wiring density for chip-to-chip
interconnections, thereby'realizing higher device bandwidth.

- Furthermore, with this method the need for conventional C4
chip-to-chip connections is eliminated; the complexity of the
carrier substrate is therefore reduced. More space thus
becomes available for a system designer to allocate C4s to meet

~other requirements; this in turn offers obportunities to design
more. advanced device structures. '
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"attachi ng a support to the chip further conprises the steps of prOV| d| ng a
support connection stud on a second surface of the chip opp05| HFszmﬁ
surface thereof; formng a | ayer on the support including a suppo

conducti ng pad:In erdditdcn VItatilsmrtelt@aolda rmdftst B thU t

support co ducti ?&u gg:lhtall sufépr"?' onnect P‘g?hl?l% 9'%%'%

the | ayer POR“ERE 8" &rtcﬁ neGLIone E’BnﬁB@tlfé‘@n:tt ﬂd.dteoolfond
to the supher t:hctgusdmttd rag;sma@d ﬂ:heﬁ:ﬁtb)l behdu&gitrheysuﬂp%b l)Qc&QQd%h R 34.
A et hod @ glg% % i/n in s%ggﬁlgg provid support

connect i of It Wl s8ds |GP § g&r RﬁPéPHaPVGFf s"rél‘raestud
‘so t hat aaseaeepfctennde'ajdosntbetfmatﬁ.ba sdppoitisCOANEhe BBnding ardalhe

SopPott CREGMCLRROSAEY Brd BRI chd DR R8P eBhpeRHIbRT A e pbhbaen 1o
accor di nggreatiLyi Wﬁgycedher Enmthervoseepbyf uaﬁ.nacdlngca wippagt to the chip
further cgﬂﬁékééﬁnbbel%hgpstﬁa ogéextilaﬂlg sypR1! ¢ ESQT?E"O” stud on the

support; prntgg ayer. including a su E |ng ad df a second

surface of18Rd ﬁPBtaépégPFEV?ﬁe(PFPQFiQ lYaE@rthegbpferOencmgdav$uepprt

connect i oandli powarseeguliggfents 8¥80sedhBEqsUPPOrt conducting pad; aligning
ort ,connection via; and causing the

t he support copnectio s%ud to *‘he su g

support connectfoft® éﬁad 8YBontinid ’t‘ﬁg Q@18 r aPRLEGRRLE EO pherm Lavgeby
bondi gg téxesuphdps,t chips whth. mix@d functSoh&ER ﬁﬂ@%ﬁﬁps AeaBt et ed t
accordin c Qvi di n connecti on
st ud fur%ﬂ%?hc%%}p-rmﬁggs ﬁggé%?ng&gﬁnééﬁg?/f%h?é’??%’s Salggg‘?’&‘&ln%y that a
metal lic %@hﬁe@?f—bﬁdbéﬁv@éhet-‘ﬁeltnppmeboﬁmmpemialmiednndlidﬂe* support
conduct i Neegibfial 26§CEniPs SButh 2 Rshbe CUPEOLLLCIRIDPLLg SRATECt T ON

stud to bond to égﬁg conductlgg pad’ A et h accor g toclaim
21, wher.eTPESFHCHE ng®BPNY REBRET e exposes a second surface of the

first layer opihsléethéeifiventicnrRasbéderdascr sl fin ti’f&‘msPQ{@“ sing the
step of f t ngd surface. of th |rst | ayer.

| &?1@& accor@gﬁgﬁbéggf gafrint 3’?6 leére'élﬁér)\ ﬂh & ¢ Thifk (i ing 4
pad 39 desGRipbioncthatli Mperows A henativen medif Ligatilians czfnd:m ps W th
a pl urﬁl l&a&:iﬁtﬂéfé ﬁiﬁ%@? Skt EJteuﬁié.&ertléé rlqptef{ ,}Jte II lrst

1 ayer ha ra sfuC ereon,, an wiring in i'rst | ayer

i nter con}éc‘:t‘gr#j jc'ﬁt pé)h 'h& a‘d’t“cﬁ"&fi‘?fg £ compass E\Melﬁéiﬁm sai d
det achi n@]d:felmmtptese m@mmmmmm@uﬁoﬁmwﬂmtfatm%tm&ps' te

plhﬁr;: |rtsy tgéfrj &5% Wgﬁ%%e seconcﬁbsur Hace ilp(t%i r}tq"ndt q% 3 Of for 3 nq@a’ *pads

maki ng el ectrical connection with the chips through the W|r|ng in the flrst
| ayer, the studs and the Conducting pads. ' _ 22
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.2 6 FFB ZOO~r 41. A sem conductor device including a plurality ﬁgbﬁﬂg
the chips having front surfaces and back surfaces, the device c é U
support attached to the chips on the back surfaces thereof; a first |ayer
di sposed on the front surfaces of the chips and having a plurallty of vias
formed therei nyangiG@Reuct i ng pads in registration with the vial; a
plurality of studs corresponding to the vias and di sposed thereln and - a
second | ayer attached to the first Iayer on a surface of the first | ayer

Opposi te 1he I aiethod (ReTabir it (1Y 5 schl1@ohaRAld %%égeélq%d]%qped to

the first kags e studs in the Vi al | ayer 1n
el ectri cafhi Fééﬂ? e@ﬁe“@hlps through the studs and 'the

conduct i ng pawwwww 41, Werein
the electrical _wri, i second | ayer nmakes el ectri cal dnectlons

in
bet ween the chPF&V: ngAasgﬁP@ﬁnﬁﬁépﬁPaJ@FFc§°aébéﬁ§¢ﬁg roddagilons 1,
wherein the Comdmﬁmgap&ds:'s&r ea%&pes\edhbebwaee thﬁeS%ﬁQB‘é ha ?%Ec and the

correspon a re for in _contact front
surfacgs g#@?ﬁéiﬁﬁl % %Ri gnﬁ@%n&ﬂc?ogeﬁ§§lEBrEEESrﬂﬁnﬁhﬁoféF§Fn14l
wher ei n theyecnenppﬁﬁgep&hg pietebsposed bet ween the front surfaces of the
chips and the ¢arhgpaondsRaokiayeidohhens! i £ LRL IR LN FONLOCL Wi th

t he second | ayer sem con evi ce accordl ng
wher ei n t%%YPFrthPE?thPnPFaéés ﬁbﬁyﬁﬁraé layeg and/ the S6cof@0Zagér A

sem condugé e aﬁvagggﬂﬁeatdgagubeugbaln141 wherein the first |ayer
i ncl udes an ad eS|ve | ayer, with the front surface of the .chips.

47. A semi condb8¥Bt 8e9|Xéaa&EoganﬁeF8n€I5P¥?ﬁ1t°mﬁ§P@Fﬁ thearpaguehiagi al

is dispospadyn the vias, so that netallic connectlons are formed between

the studs and ghg?ﬁgépeéﬂgnghgg ggngﬂgtkgg pads.' 48: A sem conductor

devi ce accordin e Cthips, the first layer and the
second | ayer cBRFbAFBANG Lhei fhiBdtat thetal tgnment structure, so that the

first surface of the chip contacts the second layer and the
stud makes electrical contact with the conducting pad,
attaching a support to the chip; and _ .
ablating an lnterface between the first layer and the
‘plate using ablatlng radiation transmitted through the plate,
thereby detaching the plate.

2. A method accbrding to claim 1, wherein the first layer
comprises polyimide, and the ablating radiation comprises laser
radiation. | |

3. A method according to claim 1, wherein said step of forming

the first layer further comprises providing electrical wiring
in the first layer connecting to the conducting pad.

- 14 -



49. A sem conductor device according to claim4l, wherein the back surfaces
of the chips conprise a planarized surface. ;50. A senlconducto @qﬁgigzoo
according to claim4l, wherein adjacent ChIpS are separated by no 4

than 100 um 51. A senlconductor devi ce according to claimb50, wherein a

" b h de, 52
Jam conaubt orAdbet BECCAEAPARARS: SocFAPAPAL, PhEERSR’ EBHf: FtRyofn forming

attachnenthéageCohdtmayertﬁer&hpmobbmpmdsbbedebbﬁitiﬁ afidsedi-¢agdyct or
devi ce ac Si Hg Lo g%glﬂ]SZ wherein the attachnment [ayer includes a netal
al | oy Iaf% i A fi'conduct or devi ce according to claim53, wherein

t he net al aIon | ayer is, forned. by a eutectic aIonlng process. -- 24

Th0 BB 2008 RBenbassELeands! o S5KNEIACEALER0R LayBLEL % puEieL
t herein, %ﬁp@@POSébhngCﬁhoﬁdpaaivan{argrsonathensacohdtbayenppplbr to
connect | ofly 44 35e epNdrdaLUERLREYCRE SHRROEL EARNSEIaRost Udf-dieposed 1N

t he support connettion vies an connec d to e su por Bﬁ'pads.
56 A sem-conductor device according to claimb55, wherein an aIon mat eri al

i s disposgd in méehéupaeebremgeeblenaﬂnei, ﬁﬂeféfﬁ #Bigl §Lépcgpnections
are forned %i en t he sgpg gpconnectl n stud Wf@d t he corriespondi n

support dYr B9 Pafitu §EnF€%HH 888 PERYILENG 20 3l hey tmatenlal 55,
wher ei n tdre shppsttdgosoethabna padtabkie despnsedidet beBfeéhet 56 PPOEE and

connnect i,gn, Vi e SHPPOr e P, copnect i ve, studs are
formed in cont‘glzgge%tﬁe Réabg%kégﬁ@%gc}éﬁ o%il(?h%;%% 8€ %Chﬂ‘%e R oRRLBt or
devi ce adedvridhagal bgenentn ssrugkerein the support connection pads are

di sposed between the support connection vias and the back surfaces of the.

chips, and the su ggort connection studs are fornmed in contact with the
support. 59. & Rebhedaceeriing e cclablr b ihexein Saidistanrqher

Conprgﬁlulta¢ﬁim@Jth§ ehfptt¢06heC@nﬂ§ﬂ%$ﬁfléﬁﬁhbﬁﬁﬁfiﬁﬂﬂﬁﬁgiféﬁmﬁfﬁ%e%
secon er oSl ke (S J'l uct evice accordi ng
E: %mln él ca éhl é 810 r&l q?ﬂ'% ture,

to claim e|n |on pa 5
. Ah. A3(. Al A N . Asl

8. A method according to clalm 7, wherein the laminating step
is performed using a temperature in the range 200 °C - 400 °C
and a pressure in the range 10 psi - 200 psi..

9. A method according to'claim'l, wherein the support is
attached to a second surface of the chip opposite the first
surface thereof, and further comprising.the step of planarizing
the second surface of the chip before said step of attaching
the support. |

10. A method according to claim 9, wherein said planarizing
step is performed using chemical-mechanical polishing,

._15._.



A (3 .Au3 .Al .AN.A3 .AF .A3.A .AY.Al . AF.A .AY . A A I
ABEF A$a { ‘ﬁ 5’:E¥§2062
* DQCM_ r>FNZ}xsn|d ZU] ca] ca] c* a]c<a]cLa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]

ca] call cay] ca] gahehedl Gebozkiabcet] eathmnay] cahetalf (8448 (2cdy] 8¢
~attaching the support to the chip further comprises the steps
of:

depositihg a first metal'layer on the support;

deposlting a second metal layer on a second surface of the

‘providing a third metal layer in contact with the first
metal layer and in contact with the second metal layer; and
- forming an alloy between the first netal layer and the
third metal layer and between the second metal layer and the
third metal layer, thereby bonding the support to the chip.

12. A method according to claim 1, wherein said step of
attaching the"support to the chip further comprises the steps
of:
 depositing a first bonding layer on the support;

depositlng a second bonding layer on a second surface of
the chip opposite the first surface thereof;

depositing an alloylng layer on at least one of the first
bondlng layer and the second bonding layer; and

forming an alloy between the first bonding layer'and the
second bonding layer by a eutectic alloying'process, thereby
bonding the support to the chip,

-13. A method according to claim 1, wherein said step of
attaching a support to the chip further comprises the steps of:
providing a support connection stud on a second surface of
the chip opposite the first surface thereof;
forming a layer on the support including a support
'~ conducting pad; '
' forming a via in the layer on the support to expose the
support conducting pad; .
allgning the support connectlon stud to the via in the
layer on the support; and ;
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19. A method according to claim 3, wherein a plurality of
chips with a plurality of studs are connected to the alignment
structure, the first layer 1nc1udes a plurality of conductlng
pads, and the wiring in the first layer interconnects the
chips. ‘

20. A method according to claim 19, wherein said detaching of
the plate exposes a second surface of the first layer opposite
the first surface thereof, and further comprising the step of
forming a plurality of C4 pads on the second surface of the
first layer, the ¢4 pads making électrical connection with the
chips through the wiring in the first layer, the studs and the
conducting pads.

21. A method for fabricating a semiconductor device including
a chip, comprising the steps of:
providing a plate transparent to ablating radiation;
forming a first layer on the plate;
~ providing a stud on a first surface of the first layer
opposite the plate, where the plate, the first layer and the
stud form an alignment structure; |
forming a second layer on a first surface of the chip
including a conducting pad contactlng the chip;
_ forming a via in the second layer to expose the conducting
pad; _ '
- aligning the stud to the via;
attaching the chip to the alignment structure, so that the
first layer contacts the second layer and the stud makes
electrical contact with the conducting pad;
| attaching a support to the chip; and
ablating an interface between the first layer and the
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23. A method according to claim 21, wherein said step of
forming the first layer further comprises providing electrical
wiring in the first layer connecting to the stud.

24. A method according to claim 21, wherein said step of
forming the second layer further comprises depos;ting and
curing a polyimlde layer.

25. A method according to c¢laim 21, further comprising the
step of depositing an adhesive layer on the second layer priox
to said step of attaching the chip to the alignment structure.

'26. A method according to claim 21, wherein said step of
prov1d1ng a stud further. comprises providing an alloy material
on the stud, so that a metallic connection between the stud and
the conductlng pad is formed in said step of attaching the chip
to the alignment structure.

27. A method according to claim 21, wherein said step of
attaching the chip to the alignment structure further comprises
the step of 1am1nating the chip and the alignment structure.

28. A method according to claim 27, wherein.the laminating

step 1s performed using a temperature in the range 200 °C -
400 °C and a pressure in the range 10 psi - 200 psi.
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'31. A 'method according to claim 21, wherein said step of _
attaching a support to the chip_further-comprises the steps of:
‘depositing a first metal layer on the support;
- depositing a second metal layer on a second surface of the
chip'opposite the first surface thereof;
providing a third metal layer in contact with the first
metal layer and in contact with the second metal layer; and
forming an alloy between the first metal layer and the
third metal layer and between the second metal layer and the
third metal layer, thexeby bonding the support to the chip.

32. A method according to claim 21, wherein said step of
attaching the support to the chip further comprises the steps
of: _ :
depositing a first bonding layer on the support;
depositing a second bonding layer on a second surface of
the chipnopposite the first surface thereof;
| depositing an alloying layer on at least one of the first
bonding layer and the second bonding layer; and
forming an alloy between the first bonding layer and the
second bonding layer by a eutectic alloying process, thereby
bonding the support to the chip
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forming a layer on the support including a support
conducting pad;
forming a via in the layer on the support to expose the
support conducting pad;
- aligning the support connection stud to the via in the
layex on the support; and
caus;ng the support connection stud to bond to the support

conducting pad, thereby bonding the support to the chip.

‘34, A method according to claim 33, wherein said step of
providing a support connection stud further comprises providing
solder material on said stud, so that a solder connection
between the support comnection stud and the support conducting
pad is formed in said stép of causing the-sdpport connection
stud to bond to the support conducting pad.

35. A method according to claim 21, wherein said step of
'attaching a support to the chip further comprises thé steps of:
pfoviding a sﬁppoft connection stud on the support;
forming a layer including a support conducting pad on a
second surface of the chip opposite the first surface thereof'
~ forming a support connection via in said layer to expose
the support conducting pad;.
aligning the support connection stud to the support
connection via; and | _
causing the support connection stud to bond to the support
- conducting pad, thereby bonding the support to the chip.
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"s$"10%&'sud to bond to the support conducting pad.

37. A method according to claim 21, wherein said detaching of
ﬁhe plate exposes a second surface of the first layer opposite
‘the first surface thereof, and further comprising the step of
forming a connection pad on the second surface of the first
layer.

- 38.. A method according to claim 37, wherein the connection pad
is a C4 pad.

39." A method according to claim 23, wherein a plurality of
.chips with a plurality of vias are connected to the alignment
structure, the first layer has a plurality of studs thereon,
and the wiring in the first layer intercomnects the chips.

40. A method accordlng to claim 39, wherein said detaching of
the plate exposes -a second surface of the first layer opposite
'~ the first surface thereof, and further comprising the step of
'forming a pluraiity of C4 pads on the second surface of the
first layer, the Cc4 pads maklng electrical connection with the
chips through the w;rlng in the first layer, the studs and the
¢onducting pads.
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| a first layer disposed on the front surfaces of the chips
and having a plurality of vias formed therein and conducting
pads in registration with the vias;
' a plurality of studs corresponding to the vias and
disposed therein; and
" a second layer attached to the first layer on a surface of
" the first layer opposite the front surfaces of the chlps, the
second layer being aligned to the first layer by the studs in
the vias, the second layer 1nc1uding electrical wiring
connecting to the chips through the studs and’ the conducting

pads.

- 42, A semiconductor device according to claim 41, wherein the
electrical wiring in the second layer makes electrical '
connections between the chips.

43. A semiconductor device according to claim 41, wherein the

- conducting pads are disposed between the second layer and .the
corresbonding vias, and the studs are formed in contact with
the front surfaces of the chips.

44. A semiconductor device accordihg'to claim 41, ﬁherein the
conducting pads are disposed between the front surfaces of the
chips and the corresponding vias, and the studs are formed in
contact with the second layer.

45. A semiconductor device according to_claim 4], wherein the
first layer includes polyimide. '
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first layer includes an adhesive layer in contact with the
front surface of the chips.

47. A semiconductor device according to claim 41, wherein an
alloy material is disposed in the vias, so that metallic
connections are formed between the studs and the corresponding
conducting pads.

48. A semiconductor device according to claim 41, whérein the
chips, the first layer and the second layer comprise a
laminated structure. '

49. A semiconductor device according to claim 41, wherein the
back surfaces of the chips comprise a planarized surface. |

50. A semiconductor device according to claim 41, wherein
adjacent chips are separated by not more than 100 pm.

51. A'sehiconductq: device according to;claim 50, wherein a gap
between the adjacent chips is filled with polyimide.

52. A semiconductor device according to claim 41, furfher
”comprising an attachment layer between the support and the

chips.

53. A semiconductor device according to claim 52, wherein the
attachment layer includes a metal’alloy layer.

54. A sémiconductdr device ac¢ording to claim 53, wherein_the
metal alloy 1ayei is formed by a eutectic alloying process.
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studs disposed in the support’connection vias and ¢onnected to
the support connection pads. '

56. A semiconductor device according to claim 55, wherein an
élloy material is disposed in the support comnection vias, so
that metallic connections are formed between the support
connection studs and the corresponding support connection pads.

57. A semiconductor device according to claim 55, wherein the -
support connection pads are disposed between the support
“connection vias and the support, and the support connection
studs'areuformed in contact with the back surfaces of the chips.

58. A semiconductor device according to claim 55, wherein the
Suppért connection pads_are_disposeq'between the support
connection vias and the back surfaces of the chips, and the
support connection studs are formed in contact with .the support.

59. A semiconductor device according to claim 41, further
-comprising. a plurality of electrical connection pads on a

surface of the second layer opposite the first layer.

- 60. A semiconductor device according to claim 59, wherein the
electrical connection pads are C4 pads.
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