¢.;qre3e <] (6T<AG ,r , , Description Method for producing a seniconductor
devi ce and correspondi ng sem conductor device 5 The present invention
relates to a nethod for producing a sem conductor device and to a
correspondi ng sem conductor device. 20 Sem conduct or devi HW”@WW’MI y
ei ther connected by nmeans of an inter POSEr_ substrate in a

Array) on a printed circuit board or el se the sem conductor dewisee isS
connect ed dPesetiptbonthe printed circuit board as a WP/ CSP (Wafer Level
15 Package/ Chip Size Package). In the case of a conventional BGA
arrangenent according to figure 4, ,a sem conductor device 10 is connected
by means ofMeldiedr BaK s W@h@lﬁgm@haﬁéﬁl-‘:@%ﬁ\ééé?rng dmy iei candl to an

i nt er poser éélﬂség%é ﬁg?%eﬁl@@ﬁgucggrpag{,geg t he sem conductor device 10,
it is surrounded addi ng 33. Solder balls 30 serve in turn for the

el ectri8al bonding of the interposer substrate 32 onto a printed circuit

board 34. Aﬁaé'ﬂ:ﬁé&éﬁteﬂn{rénaﬁoﬁl géuatésbxdfwxﬁ@i&x:tf&ﬁ Bt odfic &R argerrent
in the large oval bondi ng or .t ew;‘égtakes pl ace in or on

i nt er poser %ubﬁ%“@@lc&f’q nt &3 Fect & £8r eRanpfRrHFSROPRERY Whl ch
gener al | y hearei condiultttonfdewieet han 100 un and a hei ght or thickness of
nore than 30 20 umin the case of the printed circuit board technol ogy
illustrated. As a result, good electrical connection with | ow interconnect
resi st afice Sanirondwctonl tlevdiglst hhse r asulaldyi neithegh conaealtledsabyime or

| ar ge out eyl BNgEons, PpALEANGRBzach LA 0HER Rpa01 téﬁcgt her

0
hand, a conventi onal ;%%% arrangenent 1 s shown. In thi's case
sem conductisramyi c@nloaor BRI BRG] conragEisr dnards esnnedssd bshe  neans

of sol der @érﬁ&&%ﬁi&g“ae\t@céhelg“Gb%ﬂe%'t"e‘au' tgikeard 34.orfs tl_ma.flgure
4, in figu e oval _is usedt0|llustrateadetall of

enl argerrentpritr}F?/Sﬁl cﬂlgﬂ‘élgenpﬁ’éﬁ&"ucta(ﬁ dRvi WEP{§SEr é"‘{atf@rchllpe‘i’%l

r epr esgpt edragiidyaycieryd VS ive dockdgenl term nal contact devices 12. These
contact or wiring devices 12 generally have a width of nore than 20 um and
a height of approximately 2 to 4 um which are applied [sic] using

t hi n-fil m tlechriod oggse 10f Aht honyknthenadr &¢de merrtararowati rtg:ctcnrdirggjre 5
allows a t 4cons i ti.0 '
substratenq{vftﬁfgfﬁ IS grrgntgsree“n%trclgtoth\e@rttecn{);&%&gl@%aggarﬁltsa%?qdn&{t}egqo the
conduct i vi teasts t A6 WALARy 1824é6i & ofnfhed \IRPFESPiFE ]| swRmentind act or of

5 to 18¢t haedihee coNdust bii el pdseon\Rild onale BIA ¥kt B dadent erppses
according to figure 4 In the case of W.P arrangenment, the resjstance of

the wiring RR]FSS i ERRi GRIHTO SoNeW £R e BEA AFt SHARIWRES or whi ch
20 reason tie pecfllasdange IBpabitoliderofbd hes aBangemnt i0r tuke rakage 1S

restricted, | PRLLECYER WRANRLASE the GledFSSUency, ARRL LRl IRNS.

onto a printed circuit board 34. As illustrated in

25 figure 4 by the projection of an enlargement in the
large oval, the bonding or the wiring takes place in or
on the interposer substrate 32 by interconnects 35, for
example of copper, which generally have a width of more
than 100 um and a height or thickness of more than

30 20 um in the <case of the printed circuit board
technology illustrated. As a result, good electrical
connection with low interconnect resistance is ensured,
although this results in a high overall volume or large
outer dimensions of the arrangement.

35
In figure 5, on the other hand, a conventional WLP/CSP
arrangement is shown. In this case, the semiconductor
device 10 or the semiconductor chip is connected by

AV
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Represented in figure 6 is the cross section of a 25 conventionally
produced sem conductor device with a contact or wiring device. On a

sem conductor substrate 10 of a chip or wafer there is firstly applied a
carrier layer 11, preferably of titaniumor a titanium conpound, which is
adj oi ned by a conductive |layer 12 or _3@ interconnect |evel, for exanple
conprising copper. The conductive layer 12 is followed by a barrier |ayer
40, which oRe@ks Sest Ni §kBletn miiscumr AlfePEBYENES rreﬁal +DRBeqg f OF

exanple gold, of,a protectjye er 41 | i ed £on top rom di f fusing
into the cdmfitttbe rldayéx ForlrexgggPee 'coﬁBerPl@ﬁEﬁ an the

i nt erconnec:taf@yl cev@l ot bst edlséd ont@abovkluéoraesandl ed@safl copf acdn or
Wi ring devig nduct or _d i ed by

a 4 °, - . S 0 vice ap
Var | ous. pr CHAETEEMERE s ik, BRoff T FEPRRGTAHATEF AIRLErBOREm T
deposi t bng tthecedsigs arsl stepnoesmreuedby vantlet cmader Yoy oue s seed tr cal

phot ochem u 5 t ska h C ce of
Payers s GaiRhpcoHiRs SRR e ol sl b T

ar r angenentdawicent 1énigeneralhy t hpve Iaayexd@eneiamm ptbaesSds)umhi ch
cause expengquge Rk &hE‘E ﬁﬂdaﬁg%eﬂheetew Pk @Uh,ur?l SEniBASE

attributable to 10 the act that the_side | ayer arrangenent of
the senm corRRtiRd sbbke} aseing %Penh%%l%rB?%E¥%H°§ﬁd are consequent |y
exposedopi n particular to el ectrochem cal corrosion. In particular, the

| aterally e p sed .conductive | ayer ferably of 15 cop i s exposed
to corrosi gh:CRIER nURSi JEERRFEYRRE FSFBrFﬁéng §8i \#&ﬁb“é‘ﬁe?ﬁ @&I MSefent ,
whi ch has mdmdenomphatundeds:g@tmndeﬂmedm.rtemural tleact Iamﬁ,tl'ﬂifalnecessary

avers and ehod SLes. Lot Lbe, 20:0oeld of ol sugkna LEHLngL o wiring

device are gene Yy sp erin an ddhesi v
sputteri ng dmsatﬁvai'lllﬁmﬁpellrbal:haer ttlasyerCO(rxﬁ@tctrle?prtesenfedt)hecmngg out of

a_phot @i t haaraphi G¢ peaeemﬂ/@fsg & Si&#@%fﬁgng Haddiy Scpf'tse;gd n 25

metal | 1 zati ogns 11) depositin a co erconnect |a eposi ting

of a ni ckelthayethgs %OTE)%WFEYU@Y tmfffer q%nmn@ep%ﬁtmgtl@f ag gol d

|l ayer 41 aslrﬁféltﬁéélorh@é@rd{ﬁ@aiéYh(j@H@Vw ofint RReStRYe! Wred Rt omask

and etching of the carrie in re n n which the strugtured
ot omack arasiaRne | S ot aeistencl cif o, e nuhessg: dSuiie  Lene

conducti vi thidgls et eonpaetsby WHQ:hde:ﬂIEIBGN altprateilveppifier hapen 12. 35
o By O TRled Tl SONAUERANLLYCRRNP) LROT BAoLAG LS AERARL 19 Of

plating tinmne assocl ated S Of “praoduction
costs. To rdw ipackdae svemermsgm@bﬁ@ucmvpaytasuilart he theeceseaof g

BGA connectj;gyn w & b1 & shs Whi ch has an interposer 32 or " base,
the depositing or p atlng costs for a CSP/W.P ternminal or wiring device as

illustrated in figure 6 or figure 5 would not be economical. 5
Represented in figure 6 is the cross section of a

25 conventionally produced semiconductor device with a
contact or wiring device. On a semiconductor substrate
10 of a chip or wafer there is firstly applied a
carrier layer 11, preferably of titanium or a titanium
compound, which is adjoined by a conductive layer 12 or

30 interconnect level, for example comprising copper. The
conductive layer 12 is followed by a barrier layer 40,
which comprises nickel in particular and prevents metal
atoms, for example gold, of a protective layer 41
applied on top of it from diffusing into the conductive

35 layer 12, for example of copper.

Such an interconnect device protected from above, for

example as a contact or wiring device of a



. It is therefore the object of the present invention to provide a nethod for
produci ng a sem conductor device and a correspondi ng sem conduct or devi ce
whi ch provides termnal or wiring devices with a very good or high 10
conductivity which can be produced at | ow cost and provide small overall
di rensi ons of the arrangenent. This ebj3ect is achieved according to the
i nvention by the nethod specified in claiml for producing a 15
sem conductsgmidzanducter byeawiessenit@eondues or ad@Aiies acbor divgrious ai m 1S.

The ideam&%&tbﬁhe eSSt | niueRbi P s bagsdktereagenti ahgyoto

provide a high conductivity by 20 increasing the conduction cross section
by appl yi ngledorerienital ~ 66BPSLELRINATHEIHSS ngndetaar tiirad g,

Wi thout a st bYchlidly NBroEedEPasith NG SHRELbEnEREERRSY tHErlbickagss of
t he copper qr the conduc ss section. 25 In the present invention,

ing cr
the proBl eIRHATHed a?}l?h SRR AT FYE sBI FEFUPRCFal AA¥ETDYL%ippl vi ng
to a sem cailitByF Spbsdtahecaly ch Bascapst.r utiw=el dridRfa e cdudigvel on
it a structured solder |a 30 the structur.ed intg\r;g% nect. |l evel to

er .an
i ncrease t & coﬂﬁﬁﬁf’?@@eﬁéos?r&ect?g . R&ant aydBus Y e nd
i npr ovenentgermdratiang eppeceseessubyleictk netiee cfxpdredi nveat odn tciame be f ound

P el | 0C, TP AbBeqdCSOrY! BOSkA @ T L6 AEYE] AR Rl d (LT onnect

| evel is ap ed in sputtering_process. toa further

preferied dével Hprenthathdhaterdennadils| afel thni davies @ppianaerasiprises a
metal, prefgrahly SORPESnARNEOF ShHEEPHEL 20ARERr digtd g e dddd helg

preferred devel opnent, the interconnect |evel, is structured in a

phot ol i t ho@%bhi ¢ FFHREBENLY Acc PRI 0 a Hur t harigwhded déel oprent ,

the struct WiedddHaomect |ewatodidyi des onrd he ahdicambiet or bstrate a
carrier or barrier |ayer, ichr%eferably conprises tit ni%ﬂand's
struct ur ed 4358F Y | FIBPESANTIRTE! Ve 75 34 or dfng PHeLe¥aPtYerroref erred

devel opfrentcorder st isiceupededoltdercdayesiars, appéi eddiriduprili riayeg spr ocess

and is distgi ' 1L hed recliguetin refl ow ng of

t he sol der .{Ofg&kgggoar %%&%%ggﬂﬁ%%gre%%?ggf eﬁhgggeFlgSn%nger’tqﬁe@c%’ol der

| ayer is apl ivedldng widesigtatbrehrnitataseactiombi ch t he upper side of the
semn conductor substrate provided with the structured interconnect |evel is

25 dipped into a solder bath. According to a further preferred devel opnent,
the sol der Thési sPeEBSFREY s MV i vBRY apptRed ov&teRSedef @F i 1@ porti ons
of thexarr yrarRIdidief efe §h€éh a terminal or wiring device are

generally sputtering on of an adhesive or carrier layer
11, sputtering on of a copper carrier layer (not
represented), carrying out of a photolithographic
process for the structuring of the sputtered-on
25 metallizations 11, depositing of a copper interconnect
layer 12, depositing of a nickel layer as a barrier or
buffer layer 40, depositing of a gold layer 41 as
protection and, finally, removal of the structured
photomask and etching of the carrier layer in regions
30 in which the structured photomask was previously

provided.

In such a sequence of 1layers, the conductivity is
determined by the deposited or plated copper layer 12.
35 An improvement in the conductivity means increasing the
depositing or plating time, which i1s associated
directly with the process or production costs. To
realize the same high conductivity as in the case of a



« 30 application of the solder |ayer. According to a further preferred

devel opnent, side walls of the structured interconnect |evel and/or of the
carrier or barrier layer are wetted with solder. 35 According to a further
preferred devel opnent, both solder traces and solder balls for the bonding
of further sem conductor devices and/-oréda printed circuit - 6 board in
the vertical direction are fornmed during the application of the sol der

| ayer, prefB@Ablgonpecthionameqaudtions dtcepfigusecoddi mhich aas t har
preferred d , 29f app}LC te'p%@ :Qfs t da. der

| ayer, a noﬁ%gﬁgﬁgﬁ%ﬁ% Eadse'{i%%@%'r e?ig%ag Y pc%%lrrrletg‘??ollssﬁgf)éﬁgdcfﬁeéuch a
way that thEo¥ips CSPAHE sepmeindh| Py WX ifige GRIFXGR AS bégépﬁéréﬁﬁﬁrude

fromthe p'%tfﬁ?u?%éhsro%of&@héér 5S{fouaunet BRI R wRYAlRd over. According
to a further preferred devel opnent, the applied polyner is only cured

during Sr after the electrical bonding with a further sem conductor device
f15 aﬂdlor a?pr&at leecﬁelrf@#et mrﬁbj@cthefvw@ @els_ibrfjtepiﬂl@éhtmpfgl ng to a
urther preferred devel opment . the polyner-is applied jn a printin

b ocess. TOPRCELRE: By HOLEOR uEPhoP IS a2 SRS RHE P heCEbhiRe | ve

i nt er connecdnd esekorsebponednon steid caxerdurtoit clexri s bglt § @lth epasdi @&s cont act
devi ces such_as. bondi n in f g i r st iNg_process wth a 25

hi ghly reac??%%l%%gstoar’ﬁlc‘g?gl\%ﬂpch%:‘&r%%él sg'g'tg]t ?eg’rségygn%g%gb%er n%%%l?, such
as pr eflér abtgnghativihy orwlpkdh adiamm bExerpbérgednini et scobtt hand nvent i on

are expl ai Nefb b fadokfa et BuLral! HemdRSgbhR! beN Wl el balAwncand are 30
represented 1 n the drawngs, 1n which: figure 1 shows thé cross section of
a sem conduct or devi ce produced according to an enbodi nent of the present

invention; Bpidi ghrec? shPWachielad WRWriny des akhel Amvidif imdlspat i on of
an enbodi ment of the gresent J_nventi,on; fig reef'% shows cr oss-secti onal
view of thetlfeviBethedor aPRGLIELCFH gdFfe Sl | é‘ur F s YHEr G5s
secti onsof semisoodneyoseraariichad deyi atheM EBmacphaiheebirond&fidn

enlargenentaiccording to Claim 15.

The idea on which the present invention is based is
essentially to provide a high conductivity by
20 increasing the conduction cross section by applying a
solder layer over terminal or wiring devices or lines,
without a costly plating or depositing step to increase
the thickness of the copper or the conducting cross
section.
25
In the present invention, the problem mentioned at the
beginning is solved in particular by applying to a
semiconductor substrate which has a structured
interconnect level on it a structured solder layer on
30 the structured interconnect level to increase the

conductive cross section.

Advantageous developments and improvements of the
respective subject-matter of the invention can be found

35 in the subclaims.

According to a preferred development, the interconnect

level is applied in a sputtering process.



- figure 5 shows the cross section of a known 10 sem conductor device with a
projection of an enlargenent; and figure 6 shows the cross section of a

sem conduct or devi ce produced by a customary nethod. 15 In the figures) the
sane reference nuneral s designate conponents which are the sane or
functionally the same. Figure 1 shows & cross section of a sem conductor 20
devi ce produced according to an enbodi nent of the present invention.
Represented in figure 1 is a sem conductor substrate 10, to which a carrier

| ayer 11, of ,netal ch a i i um been
ap)pl)l ied i n%@éﬁ?ﬁqi n%° r%ces'fg?é']&%#u.r erftér%rgrtegl {Hz)%‘??%ér#@HMi gﬁéi S
| i kewi se prigteeBePyneput E@V@é viichorixappléedf comprigest ia aneeekrial ,

such as co fSEN D) QPR AUMMA ASE OhDSmEABmcarrier layer 11. A structured
phot omask 30 is formed on this in a photolithographic nethod step by

appl yi ng and exposing a photoresist, and in a subsequent etching step the
appl i ed netmtdozaingn teyeas hraherl?2prefetirdd Stdéﬁlﬁéllb’gﬂ‘ﬁiantfr,hi Stn&

foll owed by, renoval of tﬂe $£0tore i St gattenn or the %: hot or esj st mask
and et chi ng-FEXFPRETY | £FVEayLF. SBEFGFETESdiuét RhRkeLithogrq appl i ed
to enl arge plecesmducti ng cross section of the structured, conductive _ g
_ layer 12 or the interconnect level 11, 12, it is possible, for exanple,
for a soldering resist device or layer (not represented) to be selectively
appliedp i Raraeting keep &reéuptbdet epriefednedy t idevelaopndme:,5 sthaict ur ed

i nt erconne v 12a e dP, t he er ; to e ctured
i nter conneggft’%gé}rél%, ;%?derc?rgrp%%%l i eéatgc%idft hebgt%%‘g%%r ed ﬁt e?écr{)éjnnect
level 11, ISeRicQMiIGheT nFUEPtFaiTed 1EATTRRIT oPT exR@Y £2¥ n IBYRY.Nti ng
process, aRghich dpebEebHbeY bonpriddnietiBaniomd 4rff | 9W QSRS irdd) this
way, the 6|e'trléﬁgl' conductive sol der can be applied at | ow cost and a
Cross- secti JﬁﬁﬁﬁﬁﬂnQﬁcq ¥onduction cross section of the
structuged 15 interconnect |evel 12 can be provided. The solder in the
liquid state or in the reflow.progcess preferabl.y S surface tension,

4 Jlé% f%"élg%ﬁf 1&?65%]5515% tsa(aﬁv gfpw%éd iMt%r connect

which is Cfﬁ)csceor{ ST t'ﬁ%t % he

20 struct ursErdkturedorsespendslawer oxigat ebpliiedhalih t ke shrimdtimge wi dt h

15, 25 of ' r n The, sgl %QM 0, wets the
side wal | stﬂ%godo%sfhgsgt ?ﬁtﬁ%%ﬁ%%{lg?gogﬁéct& %egjél , %e%an‘)éggr%&er ably
al so of the&ediquating ar meflonngrhitie sakderde 25 walls 16 are

prot ecped by the sol der agai nst el ectrochem cal corrosion. The verti cal
extent 14 qf the sol der over an interconng%%rstru 17 of the

tur
i nt er connedC9%EING 2 W) |} atuptRsFe PEe Fequ EEESQHﬁﬁ%Tivﬂpf and
preferably dalddre Yarsge bet apphiéf tie 20 dbhpi nollertagepabcaswar iiabl e

structure W,dth o he,_ ] r ect. =poL{ Lo : inter | evel 12
of ) for ex\éwrlf%l% te:lh%r Q%%fe%&% %)(J‘)E S%Hamns. leé) %‘#g‘ﬁt{é’g4%§’f%%§%%t% e sol der
struct ure @rovdidaccalwidit efiheof stiFacdpingst dmteneonmnasd drevednnést i ng

devi cepd8 (gig;dg-a & GO Hed 8y:ln 11, 12 is |ikew se adaptable to the
requi red conductivity and preferably anmounts to _

According to a further preferred development, the
solder resist device 1is selectively applied over
predetermined portions of the arrangement before the

30 application of the solder layer.

According to a further preferred development, side
walls of the structured interconnect level and/or of
the carrier or barrier layer are wetted with solder.

35
According to a further preferred development, both
solder traces and solder balls for the bonding of

further semiconductor devices and/or a printed circuit



« _ g _ approximately 150 to 300 umand the width 25 of the solder structure
or horizontal extent of the solder on a termnal or connecting device 18 of
the interconnect |evel 12 amounts, for exanple, to approxinmately 300 to 5
600 um Instead of applying the solder 13 in a printing process with
subsequent re-liquefying of the sol der 613 and consequently distribution of
the solder to 10 predeterm ned portions of the interconnect |evel 12,
wetting of Wdexrdt inctulreedventecabndececiteval e i foamedl drarriorg stheleri ng

bath is alt it enyi e L pu?%&% t .em r
Substrate 1%5%%&’%@ s??ugggr gallﬁ%%e?%g%ﬁéc I evéaﬂ}g g‘ﬁg}%?&%ééar rier
15 | ayer 1Rrosesgten.|ike the structured interconnect level 12) is
preferably dipped with the netallized side dowward into a sol dering bath.
The portions of the structured interconnect |evel 12 .not provided with a
sol deri g rAagexding it nburEbprepEriedyesy deyedormaptao aldastthayer are
then wettegpptitsoister o8, thize wekubRuekd heonakiedlspbder 43 figpendi ng on
t he chosen surface tension of the solder . in the liquid statﬁ,agd,the

di nensi oni MPHUIH§ nPh:PE’GFrﬁectp’%? REAUre. PRH¥TEFablyS ofiPYPLRE St uct ured
i nt e{jponngcz_tudrevel whzr amlallpr thge t&r@?iasrfl a_h:ey siIrdend L&p@ﬂlﬁalfb'trertﬂegyer 11
are di pped _i nt.a the hot iquid s r, ile the senmi_conductaor ,substrate
10 is not dﬁretc?ﬁ{/i drkf)%%%l? topY?lgrg%?de%?ﬁgj‘ b%?‘ﬁ. ?g'alé%dlfr'e f%&/\s a plan
vi ew ol0a dmtlaidr ferrudioiese|laeing orooéred enendi nent of the present
invention. Represented in figure 2 is an interconnect portion 17 wetted
with solder 13 and a term nal or connecting 35 device 18, |ikew se wetted
wi th sol deAckPrdHNg het@ent cofidtieher sppsfexredipodevelopmentn fitdgre 3 |
the arrang ti RECYAiE A O sl JBhey2 Larkhl UstFahgd 4P HASS segll on. On

t he sem conduct or, substrate 10, .a wetting with solder 13 is provided both
in the int &EGHEQ2HOPPRIANG 7WAGHE e FWetReY nPRRECERIZCEBRNE@VLSE devi ce
porti ons 18.arfdy caccoant pefinfthea gremtaiihor baartial iaxt egheof vidit it nal

devi ce 18,\ﬁas rei_%resented in figure 2, in the region of the vertical

bondi ng deVI*&E8,°™whi ch is intended for connecting further seniconductor
devices and/or a printed circuit 10 board, according to figure 3 a higher
vertical exdrdnd hGoolaersalefeteskbsckPebin ARRILLARNLTNC the

sen conduct or device according to the Tnvention, for ex rrpfle according to
figure 1, POLYRRS tiSomdRliase U5 HIRFAHSRNRFPELISF{ 1 i ng pol ymer applied on
the wapgr |level, which is applied in, a printing or distributing process

after the reflog,n of the soéder and the%ebé Breferaglé encapsukate [ sic]
the sol der A s % hat® ar EVEHRPY er PYREERERY vERVRLGPMEREent Eh8uch as
for 20 exampirelddtd vent eineemrechnpert i ochevdl wdid edferinBdsolster, the t he

wiring devices A2.and emed Il gl theasaldeiohaldis d W b arg pr gyi ded in
partl cul ar or Vertical® bondi ng, w (0} coveril r]g them over, SO at the
tip of thebosidderw eadds pivt rudesintbiove eohe stiarpimy 2roesg iwithTai s

Fillings deyi;efihs e A | MBS (K | Nenibe é&aﬂafgggéygeglgéskhsnéol der

balls for thé _vértical bonding of further sem conductor devices and/or a
printed ci PoRle BELed -afP o fise RFGTaEARIGN &L 1R IRF Rtk kaHng-
sem conductor device and/or the printed 30 circuit board, whereby a solid

boar d and ERETBRSY IFEREATHIR HEE s | LPUPRGEP A 18F8nGrBIaEHES: Pher connect
35 level ladorel ngespllt dnedthe, deserdpuiect i wigicevifoddowms pardi ane 18
Sorm ConduCESPEER D Tkl he S8 (VL L it ARHSIE ) by printing or
i npressing with
figure 1 shows the cross section of a semiconductor
device produced according to an embodiment of
the present invention;
35
figure 2 shows a plan wview of a detail for the
explanation of an embodiment of the present

invention;



- 11 chem cals which conprise highly reactive conponents such as nobl e
nmetals, such as Pt or Pd. The structure produced in this way both over the
al um num of a bondi ng pad and over the passivation of the 5 sem conductor
substrate is wetted by solder. In the case of this nethod, the applied
carrier netallization is very thin, av@iding the cost-intensive

phot ol i t hographi c steps which are required for structuring the carrier
metal lization interconnects. 10 Al though the present invention has been

described WGP (MBS 3§ rduel erefonie Ty SIO0hEP S dd 15 no

restrictedt can In various ways

Al t hough act ual d|ne@ﬁqg¥dky9[ﬁQnﬁkﬁﬂﬁﬁf%w i nterconnect structures or
bondi ng devi ces have been made in the exenplary enbodi ments, both | arger
and snall er_ structures are caonceivable. In. addition, the enV|saged 20

materi ab s) HGUES ApEOME (R | NEEPESNN&ACHIGTe| OF tRe pPOSEIMAFYpr esent

carrier |ayer, are t@ehfdonRIcHOMEsideVveithy avayreieckaspl 8f ar 12
Li st of designations 1Q sem conductor substrate or sem conductor wafer or

sem conduct or chi p 1EP¢&rES8eNSyer or barrier layer, for exanple
conpr|5|ng tltanlun112 conductive layer, in partlcular i nt erconnect | evel

13 sol der ayer rtlcul%gé nt er connect 1 1o ght f soldgg structure
or vertical &?F@nt of S der an T8 corec Eortl of* t héM%Per connect

| evel 1% wi dth of solsdedconducttore devioe i wobhhala ept@jecioiosobfiemnon an

i nt erconnect portion gﬁ Eg%dé%%?r%QRPECt | evel 16 side wall of the
i nterconnect | evel |nt connect portion of the interconnect |evel 18
term nal or connectlng device of the interconnect |evel 24 height of sol der

structure ¢ N&id igCalsnexisenthelf eigler sertdoner BENal @G MRRIHHRG devi ce
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In the figures, the same reference numerals designate

components which are the same or functionally the same.

Figure 1 shows a cross section of a semiconductor
20 device produced according to an embodiment of the

present invention.

Represented in figure 1 is a semiconductor substrate
10, to which a carrier layer 11, preferably of metal,
25 such as for example titanium, has been applied in a
sputtering process. A further metallization 12, which
is likewise preferably sputtered on, for example of a
conductive material, such as copper and/or aluminum,
adjoins the carrier layer 11. A structured photomask
30 is formed on this in a photolithographic method step by
applying and exposing a photoresist, and in a
subsequent etching step the applied metallization
layers 11 and 12 is [sic] structured. This is followed
by removal of the photoresist pattern or the
35 photoresist mask and etching of the carrier layer.

Before a solder layer 13 is then applied to enlarge the
conducting cross section of the structured, conductive



30 solder balls (solder bunps) 31 nechanical chip connection 32 interposes
substrate 33 chip cladding 34 printed circuit board 35 interconnect on

i nt erposes substrate with via hole 40 carrier |ayer, preferably with Ni 41
protective |ayer, for exanple of Au - 13 5 Patent clains 1. Method for
produci ng a sem conductor device with tghe steps of: applying an

I nterconnect level (11, 12) to a sem conductor substrate (10); structuring

the interconnest |eyvelod 1£he12hntmolrﬁlml VieR@1a gal,den2l,ayge (d8) on the

structured |nterconne€ | evel (11, lr) h.a way that éhe sol der | ayer
(13) assumRCIHP LR r EPLir 8XBFPLRe LR rHQﬁ/ eguSt 48YicePB( 25 30
I35 2I ?/Et hOlh}&QCOT(ﬂbﬁg rtq(;)zﬁésaéfméd) Char&SéGBEZGdtLﬂeljzaTaﬁﬁ‘ﬂ?ddlt efrgonnect
eve 11, 12) is a ed in_.a sputterln r.Qcess a de 03|t|ng
process vmt%u? ex rn FeRur EﬁF ?re t%&%‘lélce(;%(s)r(foﬁgtltoglsclal t 2,

char act bri zggugtuted inkercovmneobtnbeveleddl 122) which is applled
conprises a netal, preferably copper and/or -nickel and/or alum num 4.

Met hod accordi ng to one of the recedi ng cl-ains, characterized in that the
i nt er conned®o | ex@Ply 11£he2) sodday yckawed wieh the &he ofstructured

phot ol i t hogGIAHY Lo QeeSS1eve1Mehod agoidh ngléo 8 19kdt hepr agedi ng
clains, characterized in that a carrier |ayer 9é |ch preferably
hqn

conpri ses 5% intangemiafited Y9u&t t Hé chﬁne’é@el NI 2) s
appl i edoon dhg i tondugt o csubsidangilee (19) a BriMethgd ey dd, ngarIdJ one of
t he precedlqg<§la| ch racterlfed |? t hat, the s%lder | ayer (13)
istri ute by re-Iiquefing in low process
this way, the electrically conductive solder can be
applied at low cost and a cross-sectional enlargement
of the conduction cross section of the structured

15 interconnect level 12 can be provided.

The solder in the liquid state or in the reflow process
preferably has a surface tension, which is chosen such
that the height 14, 24 of a solder-wetted interconnect
20 structure 11, 12 corresponds approximately to half the
structure width 15, 25 of the interconnect structure.
The solder 13 covers over or wets the side walls 16 of
the structured interconnect level 11, 12 and preferably
also of the carrier layer 11. Consequently, the side
25 walls 16 are protected by the solder against

electrochemical corrosion.

The wvertical extent 14 of the solder over an
interconnect structure 17 of the interconnect level 12
30 is adaptable to the required conductivity and
preferably in the range between 10 to 25 um in the case
of a wvariable structure width of the interconnect
portion 17 of the interconnect 1level 12 of, for
example, approximately 20 to 50 um. The height 24 of
35 the solder structure or vertical extent of the solder -
on a terminal or connecting device 18 of the
interconnect level 11, 12 is likewise adaptable to the

required conductivity and ©preferably amounts to



- 14 applied in a printing process and is distributed in a predeternined
way by re-liquefying or reflow ng of the solder. 5 7. Method according to
one of the preceding clainms, characterized in that the solder layer (13) is
applied in a dip soldering process, in which the upper side of the

sem conductor substrate (10) provided-vwth the structured interconnect

|l evel 10 (11, 12) is dipped into a solder bath. 8 Mthod according to one
of the pr ecaﬂbﬁgxﬁ:h\ait@&y ch60 aeber3 0@dpin drdit thesobidthr @5 sof | aper is

selectively_a |ed on redeter d f .15 ment after

t he structuFPﬁ§e5f e ﬁ?%ﬁé%%q%%fl?ggé%i %t% :%dg%g gggg
applicationaotermanaﬂ(hr caymectirny . dev1mbtﬁ@h<aﬁcdhd|mgtecconeeot t he
precedi ng c 0 q?ﬁ{ er d_.i t gid ﬂ%ﬁ e
structured #ntgico%nec evel f%ﬁ,e%g?bgﬁd/gr S} éﬁ%é§§%l ggeFo(ll) are
wetted VBt h68BI H®r. 10. Met hod according to one of the preceding clains, 25

characterized in that both solder traces and solder balls (30) fox the

bondi ng of further sem conduyctor devices and/or a printed circuit board in
the verticafnafeaét Pénarpd YASOdded MRS ne’ abipl & cCR¥+BR1BY PRECESEder

layer (13), wptBf es@bb¥qhienB80 #d1e1 SQUBEPLHECSSE Sttﬁ‘ﬁa kb1déat had agg@rding to
one of the | ai ns characterlzed i , after _the appllcatlon

recedin
of the strug?ﬂﬁﬁﬁuggFggr | SFbFEFARYEIQR hon-@ ndu e 359 pﬁgilc
preferady pﬁé&éﬁérmiﬁedpmamhoms sich aheayirdtetcdieedt psesfelt he2 sol der
ball s (30) the vert I n o] h ti t her sol der
structures Bgﬁﬁ goégiegﬁgvéggg%té¥é§ gﬁgggféﬁggk&Zaéﬁﬁﬁoggacg%r ing to
claim11) cbaléereroxzeaqllden-’hag thathppls edleryasdivied vonepvisagedduri ng or
after the ebselihGd bonghdg, wiehie &dmiddictacedt canduelakeday cgsepd/ or a

print ed CIrCUIt oar e vertical direction according to
clai m 11 orthe, sthurhered isgerronRect: HeVs Vikerand/ @ prR@dcaRr&8Hri nt i ng

process.s layer 11, structured like the structured interconnect
level 12, is preferably dipped with the metallized side
downward into a soldering bath. The portions of the
structured interconnect level 12 .not provided with a
soldering resist device (not represented) or soldering

20 resist layer are then wetted with solder 13, the volume
of the wetted solder 13 depending on the chosen surface
tension of the solder in the ligquid state and the
dimensioning of the interconnect structure. Preferably
only the structured interconnect level 12 and/or the

25 similarly structured carrier layer 11 are dipped into

the hot, liquid solder, while the semiconductor
substrate 10 is not directly dipped into the soldering
bath.

30 Figure 2 shows a plan view of a detail for the
explanation of an embodiment of the present invention.

Represented in figure 2 is an interconnect portion 17
wetted with solder 13 and a terminal or connecting
35 device 18, 1likewise wetted with solder 13, on the

semiconductor substrate 10.



©14. Method according to one of the preceding clainms, characterized in that
t he conductive interconnect level (12) is fornmed on the sem conductor
substrate (10) and/or contact devices such as bonding pads in a printing or
stanpi ng process with a highly reactive substance, which conprises at |east
one noble netal, such as preferably pl &a0i rum or pal |l adium 15.

Sem conductor device with: a sem conductor substrate (10); 25 30 a
structured Int igumeeci, | thel afrhngkdendn ad:mms@inhgonducﬁixgumubzt tate (10);

and 2 ool derALBNELACLY) A e T HeLuued | SREORRRC! sLAYELobAbLo12) Tor

enlarging t conductrve cross sec Ion e so ayer unlng t he
structure ofubftrahtelfonAettetitdng W%Eh SE@den£i3SEﬁ1pnﬂﬂudedrbdeh|ce

accordi ng t on Ch-gleM ilph e dBHACE €7 HELE 1A tlh'ataﬂcﬁ‘e;.ﬁt el w@ﬂniﬁgfrsmnegg 35

| evel (12) conprises a netal, 1n particular alum num and/ or copper
17. SenPcon@oRR8FtiBgi cEe¥éesr dPAKELBNCI 4Pm 15 OR 18CCEWRFacPEri BB® in t hat

the struct Ugﬁdatéi*eh@@ﬂﬂ@ﬁi:atle\éedtehkloflaueOT@&hﬂgﬁaprﬁé\Fﬁcéem coggluct or
substrate (10) a carri.er gy %%%% Cﬂﬁ .Stru ured i ke, the

i nt er connect® Eeﬁ?ngﬁg)lgn Lo ral 37 cb rF?géqﬁt i W a¥a¥ bt C@bpper .

18. ﬁem Codrlﬁmﬁbﬁgd&i/e\&e:?CG.(Br ,di whith one afé—lt@rma& Ebrt Ocdﬂnecletlﬂ:ﬁgact erl) zed
in that si 16). t truct ured.intercaonne eve 11, 12
and/ or of tﬁ%*@%?F|%Fm%§§§Fu ffaa%ykﬁﬁﬁeﬁna/?ﬁ §o /B ?é) ftbnduct or
devi ce lfccordang, t acewedahngcl i nEigdreo 318 hhghartamnmatarléﬁaenuhe

sem conduct 9¢ J; dggiggrlglggcpgghfg gncgﬂggcgggt%ggqt | east one further

I
sem conduct or JQV|ce and/ or pr|nteé circuit boar y neans of a plastic
or a polymer, the electrical connectlon bei ng provided in the verti cal

direction by,deamidortRlddr babbic(eBOacc@de M eneduchPeneieyi ce
accordi ng tg one of ilalns 15 .to 19, aract?rlzed in that the structured

sol der | ayebO¥ 18¥3RRL e, 2SGOFEA G S 14351 R4H; P e Kfonds
appr oxiLgat epyotdddal withe st fudtlung ASolyméh @pplidd) of the sédfwt ured
i nt er connec

A AEedevSle whiBhnig aplicdoip. R PRREIPI A, AISETHHT

process after the reflowing of the solder and thereby
preferably encapsulate [sic] the solder structures that
are shorter in their wvertical extent, such as for

20 example the interconnect portions 17 wetted with
solder, on the wiring devices 12 and embed [sic] the
solder balls, which are provided in particular for
vertical bonding, without covering them over, so that
the tip of the solder ball protrudes above the filling

25 material. This filling device is then activated during
the re-liquefying of the solder balls for the vertical
bonding of further semiconductor devices and/or a
printed circuit board and consequently adheres to the
additional semiconductor device and/or the printed

30 circuit board, whereby a solid mechanical connection is
ensured between, for example, the printed circuit board
and the chip.

Instead of the carrier layer 11 and/or the interconnect
35 level 12 being sputtered on, the connecting devices or
portions 18 (bonding pads), for example of aluminum,
and the passivation of the semiconductor chip may be

activated simultaneously by printing or impressing with
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10%u& ()-lon the basis of preferred exemplary embodiments, it is
not restricted to this, but instead can be modified in
various ways.

15
Although actual dimensioning. proposals for interconnect
structures or bonding devices have been made in the
exemplary embodiments, both larger and smaller
structures are conceivable. In.addition, the envisaged

20 materials, for example for the interconnect 1level or
the ©possibly present carrier layer, are to be
understood as given by way of example.
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solder layer, in particular interconnect

14 height of solder structure or vertical extent of
solder on an interconnect portion of the
interconnect level

15 width of solder structure or horizontal extent of
solder on an interconnect portion of the
interconnect level

16 side wall of the interconnect level

17 interconnect portion of the interconnect level

18 terminal or connecting device of the interconnect
level

24 height of solder structure or vertical extent of
solder on a terminal or connecting device of the
interconnect level

25 width of solder structure or horizontal extent of
solder on a terminal or connecting device of the

interconnect level

30 solder balls (solder bumps)

31 mechanical chip connection

32 interposer substrate

33 chip cladding

34 printed circuit board

35 interconnect on interposer substrate with via hole

40 carrier layer, preferably with Ni
41 protective layer, for example of Au
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the steps of:

5
applying an interconnect .Ievel (11, 12) to a
semiconductor substrate (105;
structuring the interconnect level (11, 12); and
10
applying a solder layer (13) on the structured
interconnect level (11, 12) in such a way that the
solder layer (13) assumes the structure of the
interconnect level (11, 12).
15
2. Method according to claim 1, characterized in that
the interconnect level (11, 12) is applied in a
sputtering process or in. a depositing process
without external current.
20
3. Method according to c¢laim 1 or 2, characterized in
that the interconnect level (12) which is applied
comprises a metal, preferably copper and/or nickel
and/or aluminum.
25
4. Method according to one of the preceding claims,
characterized in that the interconnect level (11,
12) is structured with the aid of a
photolithographic process.
30
5. Method according to one of the preceding claims,
characterized in that a carrier layer (1l1l) which
preferably comprises titanium and 4is structured
like the interconnect level (12) is applied on the
35 semiconductor substrate (10).

6. Method according to one of the preceding claims,
characterized in that the solder layer (13) is
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applied in a dip soldering process, in which the
upper side o©f the semiconductor substrate (10)
provided with the structured interconnect level
10 (11, 12) is dipped into a solder bath.

8. Method according to one of the preceding claims,
characterized in that a solder resist layer is
selectively applied on predetermined portions of

15 the arrangement after the structuring of the
interconnect level (11, 12) and before the
application of the solder layer (13).

9. Method according to one of the preceding claims,
20 characterized in that side walls (16) of the
structured interconnect level (11, 12) and/or of

the carrier layer (ll) are wetted with solder.

10. Method according to one of the preceding claims,

25 characterized in that both solder traces and solder
balls (30) for the bonding of further semiconductor

devices and/or a printed circuit board in the
vertical direction are formed during the
application of the solder layer (13), preferably in

30 the same process step.

11. Method according to one of the preceding claims,
characterized in that, after the application of the
structured solder 1layer (13), a mnon-conductive

35 plastic, preferably polymer, is applied in such a
way that the tips of the solder balls (30) for the
vertical bonding protrude from the plastic, other

solder structures being covered over.
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the applied polymer is only cured during or after
the electrical bonding with a further semiconductor
5 device and/or a printed circuit board in the

vertical direction.

13. Method according to claim 11 or 12, characterized
in that the polymer is applied in a printing
10 process.,

14. Method according to one of the preceding claims,
characterized in that the conductive interconnect
level (12) is formed on the semiconductor substrate

15 (10) and/or contact devices such as bonding pads in
a printing or stamping process with a highly
reactive substance, which comprises at least one

noble metal, such as preferably platinum or
palladium.
20
15. Semiconductor device with:
a semiconductor substrate (10);
25 a structured interconnect level (11, 12) on the

semiconductor substrate (10); and

a solder layer (13) on the structured interconnect
level (11, 12) for enlarging the conductive cross
30 section, the solder layer (13) assuming the

structure of the interconnect level (11, 12).

16. Semiconductor device according to claim 15,
characterized in that the structured interconnect
35 level (12) comprises a metal, in @particular

aluminum and/or copper.
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18. Semiconductor device according to one of claims 15

to 17, characterized in that side walls (16) of the

10 structured interconnect level (11, 12) and/or of
the carrier layer (1l1l) are wetted with solder.

19. Semiconductor device according to one of claims 15

to 18, characterized in that the semiconductor

15 device is mechanically connected to at least one

further semiconductor device and/or a printed

circuit board by means of a plastic or a polymer,

the electrical connection being provided in the
vertical direction by means of solder balls (30).

20
20. Semiconductor device according to one of claims 15
to 19, characterized in that the structured solder
layer (13) has a solder layer height (14, 24) which
corresponds approximately to half the structure
25 width (15, 25) of the structured interconnect level

(12).



