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.-Nbfhbq for pro ' I conductor device and corresponding
sem conduct or Hﬂ“ﬁﬁ%ﬂ“@ﬁ@npresent invention relates to a Qgtﬁ@ﬂ &ﬁr
producing a se device and to a correspondi ng M CoRMBct or

device. 10 Semi condd®tdr devices are usugally either connected by neans of
an interposer substrate in a BGA (Ball Gid Array) on a printed circuit
board or eP§&CERB®18Bni conductor device is connected directly on the
printed circuit board as a W.P/ CSP (Wafer Level 15 Package/Chip Size
Package). ].n,the case of_a _conventional BGA arrangenent .accordin to
figurg Z, gegéﬁgco ctoPr8§€F&8910 s 56WH%%¥¥§%%%PI'WEQE¥18F s r balls
30 and a neocharEpahdiogneemicprZiatent cdewBilce 0 an i nt er poser substrate 32
or a base. To protect the sem conductor device 10, it is surrounded by a
cl adding 33. Sol der balls 30 serve in turn for the electrical bonding of
t he int er pBber psebentatiavdntion calatént ed &i methvdbdard B4dusing

illustrated in &b gEhEc 8, bY B PLO) eglion an, enl ORIEN i.n t he

| ar ge ovalg th% %nd?ng orrphe m?%?ng t akes ﬁﬁgceg?n 8% oniﬁﬂgﬁﬁﬁerposer
substrate SemMbFORAHREEEBNAEYESe35, for exanpl e of copper, which generally

have a width of nore than 100 mand a height or thickness of nore than 30

20 Wli% the case qf the printed circuit board technology illustrated. As a
resul t10 goB@MEFEREPFERF TOMTRT i 87 Sni LFURF oW i RidEdnneeineesedt Ruce i s
ensured, akhhsugit téhs inestidasdn aubsghadeerial | av@anre(sall acgeg outer
di mensi ons, of _the arraqgenent.g@%ll1fié%g§ 5boon t he othei hand, a

r else the

convent i onaf * W P/ cSP prin cir ard ©
semiconductor device is connected directly on the

printed' circuit board as a WLP/CSP (Wafer Level
15 Package/Chip Size Package).

In the case of a conventional BGA arrangement according
to figure 4, a semiconductor device 10 is connected by
means of solder balls 30 and a mechanical connecting
20 device 31 to an interposer substrate 32 or a base. To
protect the semiconductor device 10, it is surrounded
by a cladding 33. Solder balls 30 serve in turn for
the electrical bonding of the interposér'substrate 32
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 pum and a height or thickness of more than
30 20 pm 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.

IR

*G00002*




arrangenment i.s shown. In this case, the sem conductor device 10 or the
sem conductor chip is connected by I T1LILLL T1LL VILL VILL VL VLT LT
[111 *000002* 0 2 NOV 2006 2 neans of solder balls 30 dlorze%{/y ﬁé) t he
printed circuit.board 34. As in figure 4, in figure 5 the Iargz(g oval is
used. to illustrate a detail of an enl érgerrent in which the sem conduct or

device 10 or o, rt_@e chl P, |§ Lgpresent ed with underlying electrical
termnal contact  deviceioi%s Th%%e*%on%%ctab?ewlyngtOdetIheespﬁJZ'lcegisneraI |y

have a wi dt Ifigfcwbt e bokand 2B4um  aBd i hei ght<0f4 appLOXE glys2 9 4 m

and are appld£fk usihg t f technol.ogy. 10 Although The arrangerrent
according to ff%gure 5 al rﬂo%/]\s 1!zlaégeim)r EXRTRt ract PRI t it arhe

additional STkast BRI supst r‘&itlecnvmtrde tbe:siabﬁaﬁleﬁentde\}i’@i e1bs &
di sadvans agecHen tdiilp t hies conguctdadys of the wiring 15 device of, the
WP/ CSP is |ouer, by a factor of 5 to 0 4 an Utrhaee& ShiEt | S RSO
convent i onal"BEA™ i t FiPARAF nCEviSssr Btcor dheget ocbngace 4 Imﬂlla@ case of

a WP arracgenes lhegeesirstiancendfthe g.de is :
; dr{‘28 osin flﬁe g?f@)‘f“rrance

conpari son th Lhe I ternafive,  for I C reason
capability ‘34{1 the ar r%ﬁh %t WPLPHEMRaekAge i §Or ebt et ed, and1 paeti cul ar
in the case2®Plifidgh- freqm&n@g applri-catlimnsecitepregent ed in figure 6 is the
cross gartion of a 25 conventionally produced sem conductor device with a

contact or tbng devi ce. On a sem conductor -substrate 10 of a chip or
-waf er ther lgrnsttl épﬁquétf%ntcaﬁmc;@rrdirageto1i,v_gp1f:ef er abhywef atitani um

or a titani mnrecom:mum:l:t\Ahl@ﬂlgbsr@ylcgrpedwbghgugon%;| ve I-ayer 1% or 30
i nt erconnecqugyggs,ato o8 Qr'g)a!tee conpri si ng co

with this arrangemenL there is a.
disadvantage in that the conductivity of the wiring
15+ device of the WLP/CSP is lower by a factor of 5 to 10
than the conductivity 0f a conventional BGA .with an
interposer according to figure 4. In the case of a WLP
arrangement, the resistance of the wiring device is
high in comDarison with the BGa alternative, for wnich.
20 reason’ the performance capability of the arrangement df
the package is restricted, in particular in the case of
high-freguency applications. |

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 Tfirstly applied a -
carrier layer 11, breferably of titanium or a tiéanium
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.
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+h
fu
<
(D
1
>
’_l

example gold, of a protective 1

4]
g
g
|_‘
]
(D
0,
@]
[»]
r
o]
U
6]
H
r
t-h
H
@]
=]
n
l_l
H
+t
[
n
=]
a]
{e}
[
o]
(mi
(0]
r
3
1]
9]
@]
3
Q.
=
0
T
=
<
(1]

35 layver 12, for example of copper.

Such an interconnect device protected from above, for

example as a contact or wiring device of a



conductive layer 12 is followed by a barrier layer 40, which conprises

-nickel in particular and prevents netal-. atonms, for exanp}eogopggg of a

protective layer 41 applied on top of it fromdiffusing into the
conductive 35 laver 12, for exanple of copper. Such an interconnect device
protected from above, for exanple as 4 ctontact or wiri ng device of a 0 2
NOV 2006 3 sem conductor _deyice 10, is applied_hy varjous production
steps i nvoFeMAGORAUCLEri nglaKUFEr *Y ect riotheAPRPAFeFepolYti M Pk ¥ esses and

struct ur edpbygduatiehchi ngtepecess inidl ve rfihot o tearting st r ugtidred 5

phot omask. The_ _hei ght .of _.such a sequence of |layers Ls  usuall

appr oxi mat Ei[?cﬁrPSg@mrhc-alDi %%‘?/%Jr'ntf’g%%s p(’ff)cﬁf’csr% a?‘P‘%r F&ﬁ&gﬁé‘ﬁ)‘t’edarl@f not only
the multi phe laystingemaratesy mithesaegphaotwchenhtsil expandidiumedf tinme
and consequent| sts, t t has trib 0 _10.the fact that the
si de wd Isgg?EP 8% ayerT}g%r%%%QﬁEngg g%fuac{%eé s%%nsg%ﬁa%c %r ls?uXt')esrtsr dt® 10 are
not protectiedadds a@peosdmedqiantd \texpobwd | Ripadviantlgest ®f such

el ectrocheni,cal | | g par tjgul ag1the Jate po nducti ve
| ayer 12,. glar efer a[)r{dﬁ%%\:ﬁ cgpper Cpﬁjs e?pgsedtto c%??%%?gé ts'lﬁag_,el%r)ldi vi dual
| ayers foganAagaaigal RERERRIETal Vel enFRUGRI Errrlidurehdehcytime under go

undesired ghgnicelsdRAHIGNScodPE, NBERS AU | BYSES ARE-ABLRad 18t aps for the
20 production of such a termnal_or wring device_are generally sputtering

on of %h aBResifdctorthalr Foe 1SRG wailsspkt the ng2¥RT oRTE 3SGSTS tcarri er

| ayer (notofr epeesefiiedhduaidyyisibsitta®é a0photohbthegbapRhited pimecess for

the structuring of the sguttilered-on 25 tall.i zations 11 dezposi ting of a
PRSFRYER

copper i nt 8 Gonnek 7, defoS 55y of & ni clPé‘Irtl'l%‘a as a Marrier or
buf fer | ayeleé@rodbposichilng cbraogdlosh.| ayer 4h asparticular, the

laterally exposed conductive layer 12, preferably of
15 copper, 1is exposed to corrosion, the individual layers
forming a galvanochemical element, which has a tendency

to undergo undesired chemical reactions.

The necessary layers and method steps for the
20 production of such 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 layers, 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 is associated
directly with the process or production costs. To

realize the same high conductivity as in the case of a



‘protection and, finally, renoval 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 |ayers, the cORdNeY 006ty i s
determ ned by the deposited or plated copper |ayer 12. 35 An inprovenent
in the conductivity means increasing e depositing or plating tine, which
is associated directly with the process or production _costs. To realize
the same hiRff cSARREGRAQTY §§Ci°|¥dtolﬁ1é3 c&Se 6f9ure 24 NOYHigHs hasy apga

connecti on jacrbadr t 92f bdunsh, Whehdeaesakingnty RIBLEiSg ebskase, the
depositing or plati ng costs for a CSP/WP termnal or vvli';ng devige as

i |1 ustrated©f it FGE/¥LE SHPeHgiie /% wHiFdHold9ye G dont LARStEaked; s

t heref ore tie fbjhecé ©fot hLigpueseht wonlenhioanbkeo ecphowiidala net hod for

pr oduci gg a sem conductor device and a correspondi ng sem conductor device
which provides termnal or wiring devices wwth a very good or high 10
conducti vi tit whs chheapfbeeprtdcucsn ettt | oW ¢chet pardenyr avidentsiat | tover al |

di mensi ons he arr SRt Thi ' LS [ rdj o the
i nvention 6’?"‘%’;% m%t hog sp.ec]f?fe?fsl%r@%lalén % %ﬁlﬁﬁc\’\é u.cclatﬁoéoag%ggceg
sem conductagyd devEerraadonsinge ssawicomsiaiiooT dravi e WhicdorBF eigides O ai m
15. The i dea, o A cl.t hes Preserfenuant |,QRH s, Dged ?OO&S%%MM&AV to
provide a high conductivity by 20 i1ncreasing the conduction cross_section
by appl§i nFandt gyl aysfiiGier CB8r nPRal PEPAUFRR NG Heviotes cOFL | #rd,
without a gasddad! Shd D Sref€PPSiMBAsSHAR be tREr 8asengkhenkhi ckness of
t he copper or the conducting cross section. 25

This object is achieved according to the invention by

the method specified in claim 1 for producing a

15 semiconductor device and by the semiconductor device

according 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 platiné 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 1level 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.



In the present invention, the problem nentioned at the beginning is solved
inparticular by applying to a sem conductor substrate which has a
structured interconnect level on it a structured sol der I§¥eﬁmp2g@0 t he
structured interconnect level to increase the conductive 0SS tion.
Advant ageous devel opnents and i nprovenents of the respective
subject-matter of the invention can be found 35 in the subclains.
According to a preferred devel opnent, the interconnect level is applied in

a sputteringc-pregess &2 NOV g??@nm: S,-Ageording £0 g further preferred

devel opment, the |iterconnect Tevel which s applied compiises aietal,

preferably ¢BPBFEFCBRGFSr IR nuRiCAcésr dinrl iec achuptrhersprefrertrzdd

aevel opnen: preferabhiete@rRectademyl dusifugtured in a photolithographic
process. According to a further preferred devel opnent, a carrier -or
barrier layer is provided on the structured interconnect |evel. The
carrier or Barpréinbayero, aMﬂﬁﬁtimé&erpbéfeQQ@@ri@@%éﬂ%?%gdypzugﬁgs
structured .like_ the _interconnect |evel. According to a _further -oreferred
developnentfk%ﬁé'ggﬁfﬁ6tﬁﬁﬁél.Eﬁﬂ%ﬁﬁuTgﬁé?ai%naﬁpﬁQQTQ%+§¥%ﬁqqﬁqﬁb
process andprscdestributed in a predeterm ned way by re-liguefing or
refl ow ng of the solder. According to 'a. further TD ref erred devel opnent,

the sol der N pLied in a dip_solderin rocess, in which the
upper side é%é¥ﬁéléén?§oﬁdggfgge§u8§gfﬁféegp?8g?ggﬂmﬁPFh £heasri®Et ur ed
i nt erconnecPr| evalrriey dicated i hso arsevlided bath. #ceor depgetaradf urt her

‘preferred devebopsAtertt hevesol derppesist, deyicg i 9¢lectively applied
over . o
which preferably comprises titanium and is structured

like the interconnect level.

According to a further . preferred development, the
structured .solder laver is applied in & printing
process and is distributed in a predstermined way by

re-liguefing or reflowing of the solder.

According to a further preferred development, . the

solder layer is applied in a dip soldering process, in

i
wnich the upper side of &the semiconductor substrate
provided with the structured interconnect level is

dipped into a solder bath.

According to a further preferred development, side
walls of the carrier or barrier layer are wetted with

solder.

According to a further preferred 4

]

d velopment, Dboth
lder traces and soldsr balls for the bonding of

ol
further semiconductor devices and/or & printed circuit



predeterm ned portions of the arrangenent before. the application of, the

. ~sol der laver. According to a further preferred devel opnent, side vval | s of

the carrier or barrier layer are wetted with solder. Acgy dpng 0‘%
further preferred de_'vel opnent, both _solder traces and sol der balls for
th_ bonding o' further ther ‘sem condubt or devi ces and/ or a printed circu'i
0 2 NOV 2006 6 board in the ve{tlcal di.rection are f d .duri t he
appl i cat i oR°6F S HER sbRBeVadyera ! pReF 8FABHPY i8T'S hECER &@@sstr}get ep. 5
Accordi ng tappd ifdadiker qff efles redldeyelapeent praffiaradlye irapie cneon of t he
structured_sol der | ayer, a non- conductive plastic, preferably polyner, is
applied i nPTETEY ®a ‘that the tips of the solder balls for the wvertical
bondi ng protrude fromthe plastic, other 10 solder structures being

cover ed; over, ofé%&%gd debgéof@rw&hgye@ggés@ ad ey ?:@9{;&9 £ddie ¢ p'ied

polymer~is SNl uring or af el ectri ng W T
further se#p@dnd:@@tl@n devi céhES shyneruzegr i apddesi r éaverboat d an-—t he

vertical d q&faetg Aﬁf&ééheg tﬂ@féf&ﬁﬂ?rggﬁ.%%&redléje\é%bﬁ?ﬁlgﬁntrn the.

printing process According to a further

polymer is
preferred @é‘\?gll oﬁ)n’éﬂy tth«?e“— E}éﬂdﬁétpisveof nEBECc HMEA]T | Beétsi Lororth® on the

sem CondUCwYtilél&i”%cﬁf}dj Orp£Ottagé d@i‘bﬁhest&'éChpﬂ.%lstﬁQﬂd' REHeads in a
printin or process th a 25 hlg ‘y reactive substance, which

conpris®s LEHE EUTSH PRI COERRFE SV F ef erabl y pl ati num or

pal | adi um Exerrpl ary enbodi nents of the i nventl on are explained in nore
detail in %he g f%&[ﬁgéﬂ]gmifgrggllom%r% 2368 development, the
applied polymer is only cured during or after the
electrical bonding with a further semiconductor device
15 and/or a printed circuit board in the wvertical

direction.

According to a further preferred development, ‘the
polymer is applied in a printing process.
20
According to a further preferred deVelopment,' the
conductive interconnect level is formed on the
semiconductor substrate and/or contact devices such as
bonding pads in a printing or stamping process with a
25 highly reactive substance, which comprises at least one

noble metal, such as preferably platinum or palladium.

Exemplary embodiments of the invention are explained in
more detail in the description which follows and are

30 represented in the drawings, in which:

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 view of a detail for the
explanation of an embodiment of the present

invention;



30 represented‘in the drawi ngs, in which: figure 1 shows the cross section

of "a sem conduct or

devi ce produced according to an enbodi nent of

t he

present invention; 35 figure 2 shows a plan view of a detgg INologygg he

expl anati on of an enbodi ment of the present

vi ew df "t he device

i nventi on;

0 2 NOV 2006 7
according to figure 2;

figure 3 shows a cross-sectiona

figure.4 shows the cross section of a customary

sem conduct or
figure 5 shows the cross.

de-vi ce
section

with a projection of an enlargenent; .
a known sehi@oRBut OFNEEYi Ge GFPRSasSpPEbfentl orvisiv ant
figure' 6 shows the crossos@chd ons 0fi &..s£m conduct or

evhar gervegae; and

devi ce produced by

customary nethod. In the figures, the sanme rAf Arence nuneral s desi gnat e

conponents which are the sane or functionally the sane.

Figure 1 shows

cr.oss sectidhgefeas sesiioonducter coewisce gadueed GECordi RG st-@raky

of
a

a

enbodi ment of the present o soventign, Reprgsented in.figure 1.is a
seni conduct or substrate 10, 10 Whigﬁ éggakffgr;1d%é?jiigl%Te?érQBIy of

nmet al

such as for é%%h%?%éW?%%hiunl has been applied in a

sputtering
is |likew se preferably

process. A further netallization 12, which
sputtered op, for exanple of a conductive material,
al um num pﬁ%vTHes an

such as copper and/ or

TRt er cBhhectCa%fer F2WMH%h adiroi né t hERO¥arri er

| ayer 11. A struct ur etephotodhesicod sddoioedwioh tzhimrd e rotef i khogr aphic

method step by applyidig ansk£xn0sifiy a photoresist, and i n a
figure 6 shows the cross section of =a semiconductor
device produced by a customary method.

In the figures,

reference
components which
Figure ‘1 shows &
device ‘produced according
present. invention.

Represented in
10, to which =a
sputtering process.

is likewise preferably

conductive material, such

yrovides an interconnect

copper

carrier layer 11. 2 stru
on this in a photolithographi

exposing

P
. 0

applyving and

etching step

and etching of the

Before a solder layer 13 is then applied

conducting cross section of the

embodiment

for
and/oxr
which adjoins the

photoresist £

——

numerals designate

the same or functionally the same.

semiconductor

-

of the

substrate
of mestal,
applied in a
12,

example of

which
a

aluminum,

formed

[ PR SY

to enlarge

=



subsequent et.ching step the applied netallization lavers 11 and 12 are
structured. This is followed by renoval of the photoresist pattern or the
p_".otoresist masv and etching or the carrier layer . Bef A% NQVs@ier | aver
13 is then applied to enlarge the cenduecting cross section of the
structures 0 2 NOV 2006 8 interconnect level, 12, it is possible, for
exanmpl e, f&Pt8rseraéFitngeredi-sti2deviitcesor |ayer (not represented) to be

sel ectivel yoappbigd, fiod L 0 p_fr. eterpmihed portions on the

5 structur%%l i nt er connect Iag@ejlﬁ%' éngS gg)g]ég:ﬁ%leé so d%rg"l §\7é’rlcf3°Fo t he

struct ur ed*2YRF er@GneEerresented) sopdére i sehppriwelto aheliséf udhur ed

i nt er connestdbevekol2 kaled hee Mg | nﬁré@e@%@nﬁ@%dllgélztiéﬂg exgmplke in a
e-1iqu

printi Eg pr,ocesa, aad, is. distributed by r I'ng I'n a refl ow process.
In  thPs wWay* “thBrEFedPFrEErPRPSTIndkRY#Yel80l der can be applied at | ow
cost and a cross-sectional enlargenent of the conduction cross section of
the structyred__15 int rconneﬁé | evel 12 can_be provided. The solder in the
liquid stat®. OFrH t HE'T ef FOnWBFocesyyepretdrabioy Hdwea strtasarednsi on,

whi ch is clmsencesnnkcett hdtevidie hepght skhaed ofsa selfsarsyettgd tﬁe
] t he

i nt er connegt rycture, 12 corresponds approxinatély to half t :
structure %ﬂ?gtég?HZSl%’refﬁgnpﬁtcér C r‘?rY@?t » st r uctdr e©F Th&SsoVdEENI3 covers

over &f wedevihessilde Wdl.| sSEdf ekamphle sim uat pracdiniersonnest, | eyel , 12
and preferabl y; S t arrie er 11. Caon uently, the side 25
P@ als@k_BuQ%db%9(¥g lﬁ égyngiﬁgta 5%3; %K?%%?%

wal | s 16. are protecte y the solder ag &F - cofRosi on.
The verti capliextvait, 14hef ehecsalidal lwercenivdmier ceriebdr stoamct bee 17 of

the intercappectal eeel1dR <38t saagdant ablgsLosthe;Leayi red, copdugtivity and
of the conduction cross section of the structured '

15 interconnect level 12 can be provided.

The solder in the liquid state_or in the refiow process
preferably has a surface tension, which is chesen .such
| " that the height 14, 24 of a solder-wetted interconnect
20 structure , 12 corresponds approximately t¢ 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 ievel, 12 and preférablf
also of the carrier layer - 11. Consequently, the. side
25 walls 16 -are protected by the solder against
'electrochémical 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

the interconnect level 12 of, for

Hh

portion 17 o

example, approximately 20 to 50 um. The height 224 of
35 the solder structure or vertical extent of the solder. -
the
interconnect level, 12 is likewise adaptable to the

Fh

on a terminal or connecting device 18 o

required conductivity and preferably amounts to



preferably in the range between 10 to 25 min the case of a variable
structure width of the interconnect portion 17 of the interconnect |evel
12 of, for exanple, approximately 20 to 50 m The hei giftZ ¥8V Q0835 t he
sol der structure or vertical extent of the solder. on a terminal or
connecting device 18 of the interconnétt-level, 12 is |ikew se adaptable
to the required conductivity and preferably anmounts to 0 2 NOV 2Q06 - 9
appr oxi nat e2praeRimatedy mihdtehad0d dum 28ndf thiee widthleRSstefictthee or

horizontal exigof chth%u%‘é' dar 1?65:1.@0:‘&@5?‘ 8l B Co%””@r?é' 981§§¥' 8§018 of

the interconnect Ievel 12 anount for exanple, to proxi mat e
600 m | nst@abeEPiBppl ;ﬂrng:qrm@%%}r&érdgglpﬁ é8pr<r»fnt th pn@eéggnn\m:t:h

subsequent 1&¢41quef wirdeinefs t os0bdenpld and Lonseduptdy diehr LButi on of
t he sol der éo 10 predeterm ned portions of the int erconnect | evel 12,

wet t i ng ~of %@ WPructured interconnect | evel 12 in a solder or soldering
bath is alternatively envisaged. For this purpose, the sem conductor
substrate | evel 12 and/or the carrier

Ee st uctur g§l nt
T T ayer 1IN REEE OF caPPLYEnEnERel BRdnaS ity & ORFST ChF cOBPEEES ¢
pr ef er abl y whtri'pedswbse’fqudsmt metexd 1 i pesif wing @lbwrn/haerdsorltdéxa 30l dending bat h.

The porti ons, rg)g?&@d%%%%ruct rse@ri}:m@{ onnect - I ev&erl ng' 58 F&Er ovided with a

sol dering resis _ (not” Tepresenied) or sol i st 3yer are
t hen walt edbvedetevhired 1pontheons| afe tbhe tirtewtemmesnl devel3 tizpendi ng

on the Chosﬁé‘tt?ﬂ‘i%a%‘% 15051508 Qfc i SQHQEEchPEE‘E llsg}ﬂld %at d the

di nensi oni ng 0 e i nterconnect structure. Preferab onl the sfructured
i nt er connectold®®el o2 BAYASEIPAe BBLR i aﬁllﬁ%ﬂﬁiéﬁ’@rlé’d @@W‘f‘@@eﬁayer 11

are di pped gdi OthiBe figipodd qUtHeS Jedeilcorvdihd €ot heuser-6eRAUGY Ofith
the structured interconnect level 12 and/or the carrier
15 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 1level 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 liquid 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, likewise wetted with solder 13, on the

semiconductor substrate 10.



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 enbodi nent of the
present invention. Represented in figure 2 is an intercgrnRroy 2p08rtion 17

wetted with solder 13 and a term nal or connecting 35 device 18, |ikew se
wetted with solder 13, onthe senicontctor substrate 10. 0 2 NOV 2006 -
10 In figure 3, the arrangenent according to figure 2 is illustrated in

cross sect ilan. £ IUEde 3s ek nALERBE eNS Db s BCscr dmg atQefiongenid hisol der 13

is provided 8Qfdtrddkd NG NEEEEQNNEEEL PORTT ON k7 aﬁé idedhieoh@isisnal or 5
connecting device portion 18. On account of the reater horizontal extent

of the ter AURALTRRS ck0182 WELTIBGr Wikht Q1AL |l§j’ur:‘eg DLV e PR on of

the verticaln bRadingedevngects paitdni 371 rirended tae &@m&talngorfurther
senm conduct or deV| ces and/or a r| nI ed cjrcuit C210 board, acco

figure 3 a FAGRTEIAS { i9RT1 S5t STt hi® sol det™ al Fo-9E3GI t%£| nt €h| s
portion. Tim—ssee:rmcanﬂzttcimtﬂzevézeeﬁecofdlth@ terdiedlndeuticon,18 f aas exanpl e

di to fi 1 ddi t PRY th a fill
ol yrer | apf R T DT EEOMEver . Vil P ST BBBP e i BRTHTHy o
di stributi rtganqm@eslfevafctelar 18he wleid:lmvmm ahttendeslol fer arwhnéet oy
preferab'yfg{dﬁ%%f) e% :‘ﬁlééh cEB %g eétéff’cg}ﬁ %a'}%tef%iecﬁh&it@r in

their verti suc exa f'érconnect portions 17
et t ed1Qi t toasl derccording \A]Orlf@g‘éi@%l éesa 1}21§hﬁreN§€GlF§|1c]e>i¢@t sol der

ball's, whi (§¥ aife RISMELLh]db Q?éélh?@éainf@ﬁlsvfbiftﬁ@h.bond' ng, without
covering themover, so that the tip of the solder ball protrudes above the

filling 25 material. This filling device is then activated during the
re-1iquefyipue okeiieonahdeiorbaiesitaer ddeov@idgcalo the invention,

for example according to figure 1, may additionally be
15 provided with a filling polymer applied on the wafer
level, which is applied in _a printing or distributing
process after the reflowing of the solder and thereby
preferably encapsulate [sic] the solder structures that
are shorter in their vertical 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 afe 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 consequeﬁtly 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 cérrier 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



bondi ng of further sem conductor devices and/or a printed circuit board
and consequently adheres to the additional seniconductor device and/or the
printed 30 circuit board, whereby a solid nechanical conneciZ2oN0Y 2006ensured
bet ween, for exanple, the printed circuit board and the chip. I|Instead of
the carrier layer 11 and/or the interddnnmect 35 level 12 being sputtered
on, the connecting devices or portions 18 (bonding pads), for exanple of

al um num cagaickd spaydileht | cRMEritsge Jeiahdond @it icte p eRmPdEentaTt i vat ed

si mul t aneoygly Ry Fi{d}ﬂté NHe 0414 MPEESSI RE Wi b0 BdNOVq%{éOGstr ddurghem cal s
whi ch conprise highly reactive conponents such as nobl e met Lf such as Pt

or Pd. TheP¥CAYE elnprBB&léedWFM t RPEhwagvesbt htl’(l)%era¥‘h@1%‘|lliﬁm%maof a

bondi ng paﬁoﬁadn@verptabe paggi vadien of thde HE0dH ¢ARPYLt Orosubsiyate is
wetted by sol der ase of this nmetho t he aiglled carrier

net al | i%at F&H‘lclogd\?éﬁ?rt rﬁ'ﬁbs%&%‘:ﬁl A6 t HELESSt H¥ht 8ALFGE - phdPolthenogr aphi ¢
st eps whi chaake afegthiedméehodst et Lpr\:glécﬂlecEﬁfliEEr rieRiaAl 11 Zadiiogn
interconnegtss. 1(‘)/_eélthougg .t he present |nvent| gn has be n d scri.bed above
on the basi'§ of pr &ferre exérrpl aﬁ‘/ él%&?l ment o YRSVt ed to
this, but phsteddtbegrephiodi f iseegpsn \v\mmcﬂms BES . Jr'éq%i:tﬂmilgh faet ual

O enSton! 89, RIARING! $1k0L OGS AUNSOl 5 AN Uifoe Ko o0dL0g devi ces

have been e int exenp ary e arger and smal | er
structiff es are conceivable. In.addition, the envisaged 20 materials, for

exanpl e f ok tReulMl %(éow%‘éerlteveﬂv&;tléxhehQQSEéthdal’s%ﬁ@edc%Uo'v%f layer,
are to be understood as given by way of exanple.
on 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 Dbe

understood as given by way of example.



0 2 NOV 2006 . - 12 List of designations 10 sem conductor substrate or
sem conductor wafer or semconductor chip 11 carrier layer or barrier

| aver, for exanple conprising titanium 12 conductive |ayer,q2 mopaghg cul ar
i nterconnect |l evel 13 solder layer, in particular interconnect 14 height
of solder structure or vertical extent of- splder on an interconnect
portion of the interconnect |level 15 width of solder structure or

hori zont al &ttt feSEFRYELOBR an i nt erconnect portion of the
|nterconnect Ievel 16 side wall of the interconnect level 17 interconnect
portion of i nt.erconnect Iev 18 term nal or connecting deV| ce of the
i nt er connect IEEW Perght S Sstd"l‘”‘bttﬁ OFr LREDT EOBAUGEPT i Watet @At of
sol der on a tersmmnaiom:ﬁu@mnechipg device of the interconnect |evel 25
wi dt h of sal.der sztrrueczturc_slL or horizoniaal extent,of _solder on a termnal or

connect i ng "device © &Y FFer COhnebE Tl 302%8F der 4041 | s¥&BPUSr bunps)
31 nechani cal dﬂl@mmttbmnsmni nterposer substrate 33 chip cladding 34

primnted ci o tc &Rﬁ{%ﬁ% R S O S UM

40 carrier Taye er ab w t h ective rayer, Sdgampl e of Au
0 2 NOV Zode ﬁpl er layer, in partlcular 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 interconpect 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 horlzontal 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



Patent clains 1. Method for producing a sem conductor device with the
steps of: 5 applying an interconnect level (12) to a semi conductor
substrate (10) structuring the interconnect |evel (12) and 013)”3?5[1’3086 ng a
sol der layer (13). on the structured Lnjgrconnect level (12) in such a way

t hat the -sgl ggrhl ayer (13) as.sumes the structure of the interconnect
| evel (12) Ad=Fhe“stHB=wal | s (16) of the 15 structured interconnect |evel

(12) are wetted with solder. 2. Method according to claiml1, characterized

in that the iniergonnegt level (12) is applied in a sputtering process or
in. a depositing process \Aﬁg‘fﬁ%lﬁ“f‘n t 8r n%&?rg)lc‘iﬂ*?"éh"ﬁorzoa%‘fl%t Woeh accor di ng

to claiml or 2-°¢hareRE ?fzed in that the interconnect |evel (-2) which
is appliZed conprises a netal, preferably copper. and/or nickel and/.or

al um num 25 4. . acgcordi to one of the preceding clains,

charact eri zed i?\.‘% Fyat %heac‘l‘ ntleI}q’geo‘n‘ﬁD ®3%eveltVEl2) i$1dPructuked aith the

aid of a phot of PRHORFIEPHIC prdecesste3015) ; Met hod according to one of, the
preceding clains, - characterized in that a carrier layer (11) which

preferably conpgises titaniur; .and is structured |ike. --he Intercor-sect
level (12), 1s applied orF the L5rcenagpsttarel (16)2)6. :MenHod accor di n?

to clai 5 in which the carrier

applying: a solder layer (13). on the structured

interconnect level (12) in such a way that the

solder layer (13) assumes the structure of the

interconnect level (12)  and the side walls (16) of the
1s structured interconnect level (12) are wetted with solder.

o 3 ~e~ 3 : " Y
2. Method according to claim 1, characterized in that
the interconnect 1level (12) is applied in a
~sputtering process or in.  a depositing oprocess

without external current.

20
3. Method according to claim l'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 £ 31 '
corading to one of the preceding claims,
characterized in that the interconnect level
(12) 1is structured wit the aid of a
photolithographic process.
30 |
5. Method according + £t b lai
I €ording to one of ‘the preceding claims,
characterlzed. in that a carrier laver (11) which
preferably comprises Eitanium and is structured
Lke. =ha TPrEFEars ~ 3 5 ad
like. the interconnect level (12), is eapplied on the
2= : 3 T
325 Semiconauctor substrate (10).

6. Method according to claim 5 in which the carrier
laver (11) is wetted with solder during said step

of applving soider.



| aver (11) is wetted with. solder during said step of applying solder. 7
Met hod accordi _no to one of the prece d.i ng clains, characterized in
that the solder layer (13) is 0 2 NOV 2006 - 14 applied in a printing
process and is distributed in a predeterm ned way by re-quH %bpg
reflowmng of the solder. 8. Method according to one. of the 2 Wﬁg
clainms, characterized in that the solder laver. (13.) is appliedin adip
sol dering process, in which the uppefsside of the sem conductor substrate

(10) provided_w th the structured interconnect |l evel _(12) is dipped into
a sol der bat h. agplﬁbet%ojtfla%c&&?ﬁdn?op&r%%?st%’é dpiéc &Hi SHF et o, b

characterized Bn phedetesplided resysbyl ayer 1k suesliacd i vel YrapDhi £k on

predet erm ned BEr by oO.Lfde he arrangenment after the structuring of the

i nt erconnect | evel %) before the application of the sol der | ayer
(13). "10. Method accor d| ng to one of the preceding clains, characterized

in that th sphdend races o al | 80)_for_Lhe bondin of
further gée)m conduct or evf?gglg:m%? aé)prlffltté cﬁ?’f:%?t‘ bBEr nJl
vertical dir ecFPéﬁa&t@Iﬂ@r%d gur |trb@tt hé&heapEdisié onl@fet he( 5D desz | ayer

(13), prefer abja%gpwedt hiansained@ o%‘ec?_s?%%ﬁ%t a?%\%ggod %CCOJ{‘_L?IEQ?I t.0 one of

the preceding clains char acterl Fot he: app of the
structured sol ’t]813'°elray§|ld(el?))oL a cﬁﬁmm:@mvec‘cplrasﬁtrbsqxrae:feer afl o)

pol yner, is appi:b&dcﬂe& Sklfﬂtl’ﬁ Ry dthatcdheeli PSnek I%%nsaq-,]tder]_ |1| s (30)
for the wverti bondln otrude fromthe_plastic, other sol

structures bei &b ):overe& pped into a solder bath.

9, Method according to one of the preceding claims,
characterized in that a solder resist layer' is
selectively applied on pred= ermined portions of
the arrangement after the structuring of the
interconnect level .- (12) and Dbefore the

application of the solder layer (13)

10. Method according tc one of the preceding claims,
characterized in that both soldcr traces and solder
balls (30) for the bondlng of- further semiconductor
devices and/or a- printed circuit board in the
vertical  direction are formed during the

| application of the solder layer (lBX, preferably in
the same process step.

11, Methbd'according.to one of the preceding claims,
characterized in that, after the application of the
structured solder layer (13), a non—condﬁctive
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.



0 2 NOV 2006. - -15 12. Method according to claim1ll, characterized in
that the applied polynmer is only cured during or after the ?dﬁﬁt“ cal
bonding with a further sem conductor 5 device and/or a. pri ntn

board in the wvertical direction. 13. Method according. .to claim11l or 12,
characterized in that the polynmer is applied in a printing 10 process.
14. Method according to one of the preceding clainms, characterized in that
t he conductive interconnect level (12) is fornmed on the sem conduct or

substrate 1fe ( M3tiand/ akceort ©e Vi 4Ygh ds.in
printing or statggé) % %r Qge sl\?\ﬁh a. (l:%ns§ i‘i rg:}c%{%\}feg%]bs%ancré t\%ﬁl ch
conprises at |le ReL | RO HETEE, Js%cﬁn y prated aﬁugrlplgatcmum:cer
pal | adium 20 Itthe Sehkeerdesllonhdieyicg with: =2 ﬁﬁ*ﬂwdé'gﬁQEoﬁggéEE)?te

(10); 25 a struci:t ured int grconnect | evel (12) .on th sem conduct or
substrale (10):“AhtCa sBPHEPTI ayfer RERFLEA t Kércsdtuctanasd i nier cohaect

| evel (12) for wadargabgdtbecedmehucti ve cross 30 section, the sol der |ayer
(13) assuming the structure of the interconnect |evel (12) , the side

wal I s of the interconnect |evel (12) being wetted with solder. L6.

Seni conductler- d&ftiked aecondidignd otol ailaikh, 1ghasacheri zatkiac-tbal ;ihe

structured intgreonnect 12) conprises a netal, in particular
al unmi num and/ or copper . §r2 NC%{/%ES'B‘G 16517 8% gTﬁec%nlectcﬁ VIR R cor di ng

to clai® 15 or P cess.

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 étamping process with a highly

reactlve substance, which comprises at 1least one

noble metal, . such as preferably platinum or
ralladium.
20
15. Semiconductor device with:
a semiconductor substrate (10);
25 a structured interconnect level (12) on the
‘semiconductor substrate (10); and
a solder layer (13) on the structured interconnect
level (12) for enlarging the conductive cross
30 section, the solder layer (13) assumiﬁg the
structure of the interconnect level (12) , the side
walls of the interconnect level (12) being wetted with solder.
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.



characterized in that forned on the interconnect level (12) is a carrier

| ayer (11), which is structured |like the interconnect Ieveﬂz(ub%)zmd 5
preferably conprises titaniumand/or copper. 18. Sem conductor device
according to claim17, characterized in that side walls (16) of the 10
carrier layer (11) are wetted with solder. 19. Sem conductor device
according to one of claims 15 to 18, haracterized in that the

sem conduct1 r JA5.devigce: is mechanl cally connected to at |east one further

sem conducfor &g{}}lgg%%}r adpriAte@casinddma tobedrad byl freans 1, a

plastic or a pehpmercterizedtha etle&trlfQﬁlmef‘cP”B%Ct’cHé‘ b%{% Lgelvi} dEd in the
vertical directiQn by qezgns of soI der .ball s (30). em conduct or
devi ce accordifig to one of ditai s 8T Ligrig l aé’f?afrac&]elr zed'ich hats t he

structured sol 86rucitayed (13kehasha SDhﬂ@fcbﬁM@&thelQhél(1?12?4kn%p'Ch

corresponds appﬁfgglerlrgbquctogn I(sl e structure 25 width (15, 25) of the
structured interconnect IeveIEﬂa}L 185 8 S R copper.

18. Semiconductor device according to claim 17
14
characterized in that side walls (16) of the

10 carrier layer (11) are wetted with solder.

15. Semiconductor device according to one 0of claims 15

to' 18, characterized 4in that the semiconductor

15 device 1is mechanicall}f connected to at least one
further -semiconductor device and/or a printed
ci*cuit;_.boa_‘rd by means of a plastic or a polymer,

the electrical connection ' being provided in the

e e . . -
ver;;cal airection by means of solder balls (30).

20
20. Semiconductor device according to one of claims 15.
to ;9, characLe*1z=d in that the structured solder
layer (13) has a solder layer hei ght (14, 24) which
corresponds approximately to half  the structure
25 width (15, 25) of the st*ucturnd interconnect level



