;e3e$(6TG Connecting the emtter contacts of a sem conductor device 5
-Description The invention relates to a sem conductor device according to

Claims t and 10 and to a nmethod for fabricating a seni cond:t'ﬂm,mmwmm,m .
according to 10 Clainms 5 and 12. Fig. 16 shows a conventio ctor
device which will be used to denonstrate the problens of the prisgs«art with
which the invention is concerned. The Z5 sem conductor device conprises a
(vertical) bipolar transistor 10, which, in a known way, has a base contact
12, an enitter Coomeadttinty! thed emiddidecantasdtt £ a @ emfrendussior
transistor 10 may be an npn transi st fe«ffceéd PNP transistor which, for
exanple, 20 forns part of a radio frequency circuit of the sem conductor
device. In addition, a CMOS circuit, which in the sinplest case conprises
an MOS tgansistor 20 with a sourcepeghtkagtidd, a gate contact 24 and a
drain contact 26, may be provided on 25 the sane substrate 8 (for exanple a
silicon wafer). A characteristic feature of bipolar CMOS circuits of this
type i s thatphde emivther ogontasiatknownoas & hesemitbrdustark) dediiae

designed to be significantly 30 "higher" % e LRr ogess. Sy d ace,8' of
the Subst ratSSETRAE ale t -2 Her Lot ot s rIec{l]cg%tagt s%rllf)l%ce, renot e
fromthe protsssisatfiage 8 ofsenticonghsttoat e Bevédfet hea@@P¥eeRrdcorftct 14

is at a.gre .dista omthe process surface 8 than contact 35
sur f aces ‘of a‘%ﬁ%lrg%h%r&ggnigéts 12, 16, 22, 24 and 26. This relative great

hei ght of the emtter contact 14 results from necessary process denmands

i nposed on aﬁiQPthgiéﬁngiBob@hdéﬁ@¥3ﬁ§MNSemicondhcdﬁw\MﬁWIﬁeemmhmﬂe, t he
overall height”of the enmtter contact

correspondi n§itd e Y§R4 nkBnIBIENFGE ésotg'begvélr‘?ﬁLg%? Zf?gg?h%?éra%%r 8 is
typically 55Qram wWByrconthash, hbhenayimferexanpl eist hedidegingist. of Théde
Cubstr ot 8 FETEGBNBHrryons 280 nec RAaavery dITForant her Pt oof the
contact surfaeensfistdrt heOem whéeheontacta 14neuvFpaéd .t ofFe 8t he?SRont act s
contact 12, an emitter contact 14 and a collector
contact 16. The bipolar transistor 10 may be an npn
transistor or a pnp transistor which, for example,

20 forms part of a radio frequency circuit of the
semiconductor device. In addition, a CMOS circuit,
which in the simplest case comprises an MOS
transistor 20 with a source contact 22, a gate
contact 24 and a drain contact 26, may be provided on

25 the same substrate 8 (for example a silicon wafer).

A characteristic feature of bipolar CMOS circuits of
this type is that the emitter contact (known as the
emitter stack) 14 1is designed to be significantly
30 “higher” above the process surface 8/ of the
substrate 8 than all the other contacts. The contact
gsurface, remote from the process gsurface 8' of the
substrate 8, of the emitter contact 14 is at a greater
distance from the process surface 8’ than contact
35 surfaces of the other contacts 12, 16, 22, 24 and 26.
This relative great height of the emitter contact 14

results from necessary process demands imposed on an

IR
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optimized bipolar transistor.



| ead to serious process technol ogy problens with regard to connecting these
‘contacts via contact holes 32 to a first patterned netal plane 34 (known as
.the nmetal -1 plane), and these problens are described below. 15 All the
active conponents of the sem conductor ,device (i.e. the bipolar and CMOS
transistors), after the FEOL (front eng of line) process end, are typically

covered w t§¥a diel ect rﬁ%(gglgge fogheexg{;g%gl@P%%i%Qlt( Bof opesphipst tefcat e

-glass) to a ot'ar hei g approxi nat el y 1400 nm Flg.r'# shows %E
seni conduct oontaet cé4f of| swbApoliae S sEs tPp FATESRPIMI DT sl 5Dr | ayer

30 (BPSG | ai’ﬁf%lne&tl tHYS 5188658 R ePr 06€S prddegsseshepadactsor tevi ce
according to the 1nvention is 25 not %et different from.the l%ri oL, art.

Then, the i FERLEROY| 898 190 | BY p6PPERBS thadl uheY | Oft TR iSar-Wth a
speci fi ed tpegehtt kanes gylyeansc®i gackentaatacecBani chl apl aM@Si zat i on
step 30 (CWP BPSG step)..The sem conduct Qr _devi o] I fter IS
pol i shi ng sFERAASERRdet0i L Xf TS I}cz%lhiey éap:%ct géﬁ:sg?gltg g il'ﬁe hi gh
emtter contgpticadlpeaniyt B&0 time pl anar 35 polishing step (CMP BPSG st ep)
is extrenely critical. Wereas in the Infineon CON process, which is a CMOS
| ogi ¢ process belonging to the ninth generation using 0.25 ~ techgology,
this pl anar Thekeshiemy stidiferenfotheighbee’s tEnFOVRFY HF ¥&fenPton

accounty of Efis erii ther Bb@hENELY 10 dMpIada of ot RBegaithaontantadds
(approxi mately 225“0l

mm above the substrate surface),.transferring._the
process spedPRAc&P SREOUS %WW%%%Q%FPE%k?JEW? yw%e%l ﬁeggﬁg to
tSihgnng:\lcant tbO%‘é@lfxﬁ@ft_iigplr&beﬁ : @dsmyé%d.(anr cenaﬁptte,hd)]m_sacﬂ)rkplagcg \t/)m t E

e process e insul ator layer e ayer gd bac
to a total (I'i;éFﬁli}t Rt ERIT mfgaﬁnrﬁjianm? héﬂg\g?rgggg %g ptorhgsﬂ?néistep.
Therefore, pakee)asaad ahesagerobdensherendassnidiast beligs-e is a m ni num

BPSG Igir t hi ckness of 550 nm above the substrate surface, and
conseq tly a BPSG |l ayer 30 with a height of at |east_ 270 nm._renai ns above

the gate coPfdacttlel apbive sIRMRGRGTIEt 015 thec (HI SPYLTETT i 88VEFSt he

active conpqrepts ciRy ﬂgﬂﬁ%ﬂ ha, BRSDS ayeins hiekneps adtencahkyFaEodp bel ow
the typical value of 550 nm

Therefore, the |ayer hei f i.nsul at or
| ayer 30 acHEf&®8s @519 LhuttPFOgPECFEEEd PtbcetsT i Eygggéi%gngég\%rte CON are
not 20 critiGal resultiddelecariel ati dél.y w dexrpr ocexemmilgdow B&SG he CMWP
BPSG st ep. wever, it a.hi.pol.ar t istor 10 s j d he s#cti ve
7 o e bonens iR Hie T BT T 58 aghr ot o R Pt

conpone ctor . appropriate in addition to a
CMOS transi sipproxdmatieiey pid08ssnmecid ogy sFheWe| ch SEMIGRBANGITOT

different. idd cald Yowidg t PReSBeeLS idatdopod PEindetni ep iakupaldoshi ng t he
i nsul at or I?%SI?LJ?O C%VPO“I,BPS% 'S traﬁsfer re d'trect f OE%éhe g\@ Logi c
process 30 (iayErmedh EBRSEr o.é?e‘é%‘.) BPAE It RePght %fo0-Am PISCHH to the
bi pol ar CMOR ¥ as@sscdidid theondB89Ccpr acess)dinchecaoshe uahaentiabl ds
scenari given a itter co | : nm above the substrate 8,
may resgﬁt g y@%sg}}f%%ﬁeﬁctogﬁao%e%ﬁégwﬁﬁ a g'ei ght 35 of only a few
nanometers. This very thin insulator |ayer 30 above the emtter contact 14
s not sultable, f qf,sURREGHERs, PRRLEENIRD of BoLoPhag! phekeusRil it
Consequent | y, Fhe process w ndow for the planarization
is planar with a specified target thickness by means of

a chemical mechanical planarization step
30 (CMP BPSG step) . The semiconductor device obtained

after this polishing step has ended is diagrammatically

depicted in Fig. 2.

The high emitter contact 14 means that the planar
35 polishing step (CMP BPSG step) 1is extremely critical.
Whereas in the Infineon C9N process, which is a CMOS
logic process belonging to the ninth generation using
0.25 um technology, this planar polishing step is not a

process technology requirement on account of the



510 15 20 25 30 35 - 4 step (CW BPSG is greatly reduced with B9C
‘process technology. Furthernore, it is likely that future bipolar

.transi stor generations, which conprise in particular silicon-germani um
het er obi pol ar transistors, will have en higher emtter contacts (emtter
stacks) conpared to the other contacts (for exanple the gate contact

pol yst ack), i.ch e\%’ I hnt ensl{g o%ﬁ{] oblLgm stéégef urddhfacth foat her
I"dgha

-pr obl em of & Arent S8&ni con VI ces which is associated with the
rel ativel y (ipghroxiimaterl yc oaB8Act mm4 also‘b%sé?dl%n sus tade pF‘BEé%e ngi neering

demands on h rachchohe T3 €KJ)CoNi amehi ch t he
é:%%f% %grqu;gzpﬁ%é %Pb@gsé g8peeh t £Kd)

contacts 1 are in eac cas conne t ed |nO§ st andar d
way to theB‘HSthtSfp%ﬁt@#ﬁ%@tlﬁétﬂpuéﬁaﬂ@aﬁh For ¥k ﬁb t h8%8F2nhiPhg step

(CT etch S&ﬁQ)dechIrh%rfél'H act holes 32, which is typi caIIy a plasm
etching step, has to be highly selective with respect to the emtter

contact 14 (polysilicon contact), in order to allow even the "deepest”
contact surdgcesxbinpte, th.@l salcéaﬁéanteca.tm:dl ctie e SON dxdeeps ocdde surface

8 of th bst.r i i
without t hzll%’eﬁs’r’r]tatqé"rr <"P*?f‘%irct erg?gsﬂ rfgi%%”%%”ﬂg‘%ﬁggg br\;‘\‘,,%?" %es ye

abovenent i medospécdhm;@htomi OVOﬂhe'H@N pPOcews, igpbuthe c@ﬁa@lp§322 and

drain ¢gnt MR, [ OfakEnmBY BA b@ﬁ:lagé oweradhaim of 850
nm bel %@vt |n%%1rgé org%‘pa er %%é?%#éow% t he ]%)%éé( E CIVP BPSG . To
h

enabl e thes%’lfcld?ﬂ avagepp &ﬁ@r% icat &g 5 %e opened
up w thout %@%’5@%”&&6@@' @JH@Sszs&Eaa@ eﬁrtftaeepl ammﬁq@rmlap a

relatively etchin i is required, .Thi o] e g
conj unct i or? wEHFCG BRYEF| ai}@r "‘F‘Pﬁ}tkﬁesg Joghg énm%%SﬁJg l‘r;ne nﬁéﬁg t at f or
a m Ni MM tPEdNES s abbve50Hun hat afdraracsveRda Feorit iarctdeanprndent dur at i on
the etehing, fronL of Lhe gentagt Jholec32omiorus hpsatahbove the
v

em'ttell comEctPast reachied the contact surface of ‘the emitter
cont act 14.the orBRSE slalsrgtranthbﬁwae% the lo5@ldet SHPPacRebPYt HE'S enmitter

contact 14 &ip 1&—995%1{1@ Uit PS@SHR. etmare@ané I fthéelamnmﬁsﬂmmg step
Su

etches the at or (e.q. BPSG% hi gH sel ectlv nygthr Hroa

addi ti on ofoEui t8Bl e %@é@la\fé’ﬁ om& §s SR chf R p l§ With
respect to 1b@i&oPASEd rﬁﬁﬁcﬁfé@é (im @copaidpsidel conrhl0CENNn ahe érehi ng
process for enin deep-LyLn td ek Nty t he
emtterl con?’ég'fl‘iigbe?ﬁﬁugﬂﬂ%k?—ia aT%leg%%ELg’ce s%éL;&ng]r?eerl ngéMrVanw r ement may
| ead to furfbertlsegiPi BRBE gtepd | osses. 15 In addition to the process
engineering difficulties entailed by the production of the conventional

sem conduct or devi ce descri bed above (critical process ’6£ w for, the CVP

BPSG and CTHewevepr oéésg Rigedar | rradidt Sent Bondudsy & Wthis

type the cogt@¢le component of the semiconductor device (if
25 appropriate in addition to a CMOS transistor 20), the
process technology situation 1is somewhat different.

- gpecifically, if the specification for the step of
polishing the insulator layer 30 (CMP BPSG) is
transferred direct from the CMOS logic process

30 (Infineon C9N process: BPSG layer height 700
nm + 150 nm) to the bipolar CMOS process (Infineon

B9C process), the most unfavourable scenario, given an
emitter contact height of 550 nm above the substrate 8,

may result in a BPSG insulator layer 30 with a height

35 of only a few nanometers. This very thin insulator
layer 30 above the emitter contact 14 is not suitable

for subsequent patterning of a contact hole 32.
Consequently, the process window for the planarization



20 surface area of the emtter contact 14 is disadvantageously restricted
‘to the surface area of the contact hole 32. Bipolar applications, which
require high emtter-collector current intensities, can only be realized to
alimted extent on account of the lesg 25 than optinmumutilization of the
cross section of the emtter contact 14. The probl ens descri bed above in
connection ydh tleere aBps6ht i@ ghebbeykneydusedi ¢arducor danddssdave 30
-hitherto been solved by "w deni ng" the specification, derived fromthe CON
process, fore¥MOH¥Yshing step (CVP BPSG carried out on the insul ator

| ayer 30. Whereas the CON process required a specification of 700 nm 150

nmfor the lLa hei ght of..the.insu 35 r oW L he-
pl anari zat ill(‘)ﬁlﬂlé{@t['%]fﬁé?%’e bilptf)l a.rlSClVD@%%gXessts}ggp ?ﬁ’r‘lt}ﬁ%on k%lg)cclhpr ocess)
only deBandexkmslayer resngmatdfortshe Whdghat 6PMPHEYEL 30N ofPEABUL FHHAAYI50 nm
above the p 5 8- hererBpibbibhe hekghtsobrd he gt i &ont act
is reduced %gfgﬁéﬁngf%ﬁésf@% 580eﬁn)}bthe process %ﬁhﬁom/for the\gtep of
etching1ﬂnﬁtﬁmt5é9hﬁﬁl@@M&ZQEL?Qﬁﬁqqt%eK§W1FE§Frﬁ@ﬁ&ishﬁQRﬂ?%WEge is now
a Smi|k| grb"E@ﬁ%Hée"oeﬁex'? th&ﬁt%ldﬂé:?g% tf]b)eaﬁ%ét&rhegogaaét hddhw&uwh can be
attacked by the contact hole etg et ch),. .reduces. t he process
wi ndow f or RREYPFackh et"gTﬁcﬁb é“’tlgﬂ f dPEERELESNt hﬁfsho?lé‘gb%?f‘ 10411 vi ew of
t he abavgenmepatened. dr awbacks of conventi onal sem conductor devices and
their production processes, it is an object of the invention to provide a
sem conductor device and a process for producing -a sem conductor device in
whi ch the hei ghtrtbéraprohient 0£5cpmen_ém1n@lle E‘(ﬁmltqm'lcb*ﬁttqlérd%‘b#ﬁ%&t 14)
can be sel gl edhas Jeshisdi #LROW HRKLAS WAL AAERST RGN it cer

[

sem conduct or devi ce nore ifcult inthe long term This object is

achi eved bycen&a@t cofduéBorPaf8d ceNastB® <t | BEACFRSO RIS RF 10 and a
ggt hgd 1]{50r a%ha%%afj bAY t@lesljﬁ’ﬂ'e(ﬁﬂﬂﬂm@@t‘géﬁﬂiﬁg aaedewaf ialped Hd]le(ﬁjé a:i:msl 5 and
. Preferr enbodi nent.s m t he .suhj eci, mat }er e depen cl ai ns.
25 Accor di ngCTb' avifr ¥ 15%3&’19 &Oritt‘?ecb%%v%%t i ﬁ);l gi%e??do%g]‘ucatrbcfn%%vi ce
conpri ses -agesubsteatk, case prouesstedr flacea ofstamidelrcdhagay to the
substr at e- n]g{;@{: d‘jpéggg%]qg' -mBtaheash adef | . ccygracte:@é}\qplae second cont act
h S a

30 arranged on tThe su rafe, cont &ct surface of the second contact being
at a great eet@hinanssen nlQTheekeibs £8P - foabhai FEREREH, T GR the

substr gie tHRNcR Gant aghisHiigace ob1hBRaf idisdhant agkp, anghs &b least a

first and a second patterned netal 35 plane, i.n each of which at ast one
conduct or, %Qéﬁycﬁﬁ?ﬁﬁtEBﬁn@&F dTeEPECY gé’stt%ee%]fmti% %%Iﬁ?%% si,fi s
f or ned; (polysilicon contact), in order to allow even the

vdeepest” contact surfaces (i.e. the surfaces located
closest to the process surface 8’ of the substrate 8)

25 to be opened up reliably and without residues yet
without the emitter contact 14 being attacked. For
example, with the abovementioned specifications of the
C9N process, source contacts 22 and drain contacts 26
of the MOS transistor 20 may be “buried” a maximum of

30 850 nm below the insulator layer 30 following the
polishing step (CMP BPSG).

To enable these contacts 22 and 26 located close to the
substrate to be opened up without leaving any residues
35 by means of the plasma etching step, a relatively long
etching time is required. This long etching time, in
conjunction with a BPSG layer thickness of
700 nm * 150 nm, means that, for a minimum thickness of

550 nm that after even a short etching time duration



t he .second netal plane being at a greater distance, in the substrate-nornal
‘direction, fromthe substrate than the first netal plane, the second
.contact being electrically connected to a 5 conductor, |ocated above it in
the substrate-normal direction, of the _second netal plane w thout a
conductor of the first netal plane being connected in between, and the
first conta bei ng el ectyicall o] ct n t Qfi chocated above
‘it in the sgggtr%fgbﬁ%gna]xﬁﬁ%e%Ffogggofggﬁgg??rigfﬁgtgﬁcpﬁgﬁgb Asghas

al ready beelodesedi bedvabove émitsexusephacy fdr wiilil thavR oReacRedof t he

active conmpopent s, of, 1o conuenid ogal S epnduelorcslevases a beremnnect ed,
typically via what are known as contact holes (CT condu | ocat ed

: ) L.t to
above t hem thighe i18§6antat OWEEHE - dithst i FRERT a ?‘?’Fg‘?t‘c%at?gr négémat al
pl ane. Ror exampke dontha act ive erppsaantoofthehe lsamecontclst 0On2P devi ce
is a bipolar transistor, respective conductors of .the f.irst erped net al
pl ane are céhnetb8d RIATIR KISEEGht ﬁgfe? t RERRP 1 1SS cdf szlcltahl%%fj ?Ee
col | ector cqet act pEfs@)harilgransisdlect 2k Howeuterougie conei agdibieneofi r st
aspect of the.inyention, _a differ r IS, t N. o AGCH ST BEaLRAY he
i nventi on, Eu&&ﬁ%?t@t %%%Jev%%ln?rgct%gnﬁ’ro %?% i%_) at‘a“hg gr eatq{d?s?aﬁcea?rom t he
process surfdta afesplestsimstilet econtant mahettibd(€oda B@%ME&@&FOBP t he
first 3p,metal, Hh?é‘e?téﬂ%gggno%%@cfof SopBhYnfFReR Whé BBep-a0Ahact in a

subsequent process stage, I exanpl e through a contact hol etralsetad' ng to a
second patt gomd@ctet Be Femelny@f c Withont ahed FBbYEST h&FHAST padft er ned
netal pl anepA$55€8RthBkERE STRSET iodwssralendfi ndiardaig oreqGimsegnéent | y,

t he second contact,_ which has a considerahl e .hei ght ove the process
surface cong@¥edsas ttl?e%rr rcogrﬂgé’cflt’gl,caéb ybleeelpcgl(;j‘vol%‘P‘d'y'with any desired
hei ght, since there is no need to nake _ g _ contact with this second
contact_fogether w.th the_ ot c Vi he 4 patetrenad it al

pl ane. ;ﬁg'\er 3 saﬁlgltc%ﬁaucizgrhg%?o%‘%%é%o tﬁiegtl I rstlr%tet al 5 pl gne q_:ranged
above the sedmd dd ghbycontket , Paedwedddm t AE suR® r aCOE YO Fir ect i on.

Instead, only. a conduatar 8fvibe seeend iRt albdlanecrvbiehli preewsact ed to
the contact surface of the second cont act fort(_)%)?(ag?l e via % tungst.%n
a

contact pi nwingdqwcERedthBotHP16P e 8kt dnt € OCQFEnSERPS) T 1
semi conduct ginSl@yi semaeeaadcpgrt aldwicenvertt i dnis paypiecuthe adrgactges

result fromthe fact that further yerticagl. ect| tactg (k as
VIA 15 €8nneMiTff S ont31R) a?€ usﬁg?l y %lpcl)\%fgggd i%ggﬁ%‘%@ase%ﬂe?@m

processi ng idiscuqimnﬂagemmhctre;@umtﬁ@oh@uéh@r§u§éﬁéﬁgiaﬁ§at Qb HdFirst
metal pl ane éoq%tm%qehoﬁgndyﬂ OrBE&ﬁLlaqnghEﬂlti%a‘tH%n§e,C0sﬁﬂi6Et Hedqliane.
cont ac et ween t he

Therefore, _ can be nade t second, cont act _and t.he .second 20
metal pl ane Wigh t ¢l R 1CRbHRRERT nGUEBRRECEEECRR G EE6Rs e GOV Y HF e is no

need for any.&afdiid®nab |4t heghraedy, extenni rgy aetabhtzatfi onhandlgrms i shing

steps in _order to nmake contact. wwth the_s d ac, i he <hi r netal
pl aPle. 35 ACRANi ARCEBUR dHerehd e T Sdi et%r)\ ,cﬁﬁggse%:eoé/n%@%%ntggct&lr% an

emtter contagittdr acdntodtarl4ransi stor, and the first contact is a base
contact or collector contact of a bipolar transistor or a source contact,
gate contact 30 or drain contact of an MOS transistor. As has _al ready been
descri bed i Mhée problemsct feacribedend?eee déht SORTECEAOR; pBt& t'?ekél%si stor,

conpared to f&ﬁf&{@{oﬁo@@ﬁtﬁné’f EARC L d MR SHEpeRest S dévicsermavaduct or
devi ce, 3t0ypi}(1:fthgrtc?s btegg gsfoela_\';eegt b?/'ei ‘%]itdeartljfr\l/ge” t rtyf“xeprsopceecslsfication,
derived from the CO9N process, for the polishing step
(CMP BPSG) carried out on the insulator layer 30.
Whereas the C9N process reguired a specification of
700 nm * 150 nm for the layer height of the insulator
35 layer 30 following the planarization step, the bipolar
CMOS process step (Infineon BSC process) only demanded
a layer height of the insulator layer 30 of

750 nm + 150 nm above the process surface 8'.



35 surface of the substrate. It is therefore advantageous for the
‘(relatively high) emtter contact not to be connected to a conductor of the
first nmetal plane, but rather to be connected only to a conductor of the
second netal plane, for exanple via a ¥l A-1 contact. - 9 Therefore,
there is no conductor belonging to the first netal plane |ocated above the
emtter co C The f]rst n ELS: er npact edit®ed he

-conduct or S#Pt tﬁgefigggbh%t acFPp}tg%e %ﬁﬁ%@tég%orﬁ{ct%éﬁl e i ch extengg in the
substrat e- 0 muh i rect Fon58AdMS . f EhPeBTRICER Sal i8dekt fiotalthF &Hfduct i ve
cont act - hol g¢ fil{ g gaterd al corfttec € oMaicds hal®e fid) i ngs matter ivedretay, for
exanpl e, be tungsten which is introduyced into 10 :g%gre\(‘i ouselryl_ pl aa- et ched
cont act holeesisT hgtad MoVBRELodd TS Wiat PPY oWt as™a | Fier, for exanpl e a
TiN l'iner, %@Yy@:@lﬂé@x\ii defl @ahed dinifusiorcsritopetat 18 | whhehi ncanf dves (in
particul ar between_the contact-hqole filling ri a . pl ane or
the contact®85PFseeridy) .t ecévélg:gﬁ& c%’ﬁ?‘gctg?éﬁpr tra él?)gbgﬁlggltseg to the
conduct or ofedlieesechad preicals splvamslon af er coheaptllasmbe etHEW S&¥hds in

t he substrate-normal _dj t] ng,is 20 filled with an electrically
conducti ve %’ﬁtg%?-ﬁgﬂq{égggl#l?gagng%éri al, without a conductor of the first
net al pl ane bei ng connected in between. As has al ready been expl ai ned

above, jthe goniacy B?' SNERY RS MRl 1ok i @Wanda dKEe O Asdnaiianid ng
contact, which normally 25 connects ¢onductors of, the second%%)éaéé rned

metal pl aneSe®ieorBs EBRIIRY LHRIUBREr SRFLY hBEPARSELRR tRYFST Metal pl ane.
Accordi ng t 9t hegi nwent igkhyedthi sol Athecofneentihgncordcactpwanide uwsed to

make contact with the second contact.or a raldt f pi QPpLacis. No 30
conduct or o?el{nﬁ‘éoflitj}lgf‘oﬁet FVPFEne Tt é—:lrrg%)e&%bset \)ﬁggn ?kg&égr r%spondi ng

conduct or ofeibeosdaondrnetentiqe aive whichhéhsonmekghsupfacde @PREMEt second
cont act.,

as , seen | bstrate-.naryml_. Qi 100, Assosdi Bgcé@ t he
first élsspect( 8f Fﬁgn‘%g\%e%#i ?rrll,e Ef?“#e%?h% %‘Ogirtra?g{)rliqgat% a se 'cotductor
devi ce, in partidegliameda swhwHduchdfrin@yi EBej nPEOCS Fafce vﬁr% h {']]Pu% first

aspect of tg@mh@&ﬁﬁhh@@r QRYRELS RS rbha ek kawingnsteps long thdm.- provi di ng
a substrate, the process surface of which has a substrate-normal direction;

- defining at least a first contact and a second contact on the substrate,
a contact sgrfgcemwfedtheis setomdebnbucta beemycbnducedratdeyificagdr

di stance, in the,substr.ate- : i recrihon{brogide subgterdbg thap a
cont actz%uraﬁégrég’e?hel I rsc{h%clqmﬁslt ag%; Ii'%ltl{:all eépr_i cally cannect] ng the first
contact to &ab@icemdugt or, Eewarendubbes i feViCehea§ubSErPSEAPREr mal

di rection, @f gk BShaRatier nedfmhala Rissiimees ebest theablipjeonnecting
the second confact to a conductor, |ocated above it in the 15

subst r at e- n@aFERIdPLe s AePERdeNse EdRG St t er ned

25 According to a first aspect of the invention, a
semiconductor device comprises
- a substrate, the process surface of which has a
substrate-normal direction;
- at least a first contact and a second contact
30 arranged on the substrate, a contact surface of
the second contact being at a greater distance, in
the substrate-normal direction, from the substrate
than a contact surface of the first contact; and
- at least a first and a second patterned metal
35 plane, in each of which at least one conductor,

which can be connected to at least one of the

contacts, is formed;



metal plane wi thout a conductor of the first netal plane being connected in
- bet ween; the second netal plane being at a greater distance, in the
.substrate-nornmal direction, fromthe substrate than 20 the first netal

pl ane. Accordingly, in a nethod for fabfr cating a sem conductor device in
accordance with the first aspect of the invention, the second contact,

which is 25 ther r p s sur, Se8istantle in
-substrat e- n(§ ad\é\/al%%aff%igﬁ %ggﬁéctae%détoaé:geﬁenductor gge first
metal pl aneth@tsutﬁtrrate-&qmﬂieccilet?@%ﬂ%}ltof’aOIEoHBI%cFBPStFBESt pove it

in the substrate lr}%rtna({etglr?ﬁtér@ of the second netal plane. 30 This
sinplifies the patterning of the el

ectrical ctiaons _for the other
contacts to ther nfeaengi ANttt ePREBINRLEC T “r?;ﬁ% 5°cor(?§|t éira egextent
This is becalRddiene | io&@t@@edaboveaketr rntm aheousubstea3s-perghl second
contact or a mul ti pI icit uch high sec on %Wﬂtﬁ@ék' Zighg the
process engiHe&SIHPF or éf'ect calﬁ?/cg%o&nnefgl ?ng t rst contact to the
first metal d@:ﬁﬂﬁ;tdmsoeadhet Ml it t meh@ hgPandepreriats parBAeEefs ifor
maki ng contact with the,first contact - 11 (or first contacts) can be
optim zed f SRR ¢ St dact making step. At the sane tine, g hei ght of the
second cont atte (ifiestt heodtathndeeindmelies tirdgadilivt héo‘é‘@EGﬁ& confa@ to the
process,surface ee éhgbgrvreecgtonlﬁort[feé temddwraidatamatad) can be
sel ect eaaas %"es?lt eop]?prorlvrdr}%that the BPS er t hi ckness is adapted at
the sane tindirecsion niddinthei GRS hmetHe er than or equal to the
resulting contact height of the second cont act) in order to ensure optinmm
10 patterning and conpone i es d contagt dissd¥isFably an
emtter conta®tNgF £ ‘t%ér FF ns‘ts‘ %frlbandg?%ggt'rrst contact is
pr eferably af&aseal:bnttaloé arorcmhdest v comectadive 1T WRRIRES r 87&i st or

a soyrce contact, gate al JesPREECt O B8 Mdnrsersd st or .
The steﬁrSOf %‘P%Y,??ch%’lq % C(g)%ﬁn'le |%g&t 4 (?Era'st cont act prefer ~compri ses
the fol | owi ngysteptly20ia sdsitniake alﬂ%‘oﬁta%% RBREACHAi th3 first

contact and gxhgndeoLl B AKRH raHdydoENEh dir atid ombstttrane+mnhal or; -
filling the contact

ofewith an electricall nduct |ve ct e
filling matedineetapd. 250F d&f i Fitk§ S hé’act(fr?&ﬁjcetdg \f\')-h ﬁ??éegéé’laboe(g}t he
first contactxhptBe substrat eclﬁorvealccdnpceoentonpfoftlteheswmtmﬁ’é?’at?rpI ane
in such a manner, that it iLs _el.ectr neq_Ie%q) t E8REastohsl e
filling Xtht efPYECe30-B avwﬁ} la(il £§$ﬁéya?§gr f he aé(%l\)}e@co onenf__ of the
seni conduct oofdeheceﬁlh‘ra$ tpv@@teo?@r%i élteetdil( FEQN G rdcR sORMATEEA bPe ggt ric
i nsul at or, Sggg g&é bortQ@O%RHQ%'eE:' cabfrgkasund s tteposbledconrt he 35
sem conduct oP gévi ce neans of .a CVD process, is polished back to a
target hei ght:OmZaﬁﬁa% 6Peat§&l!?§é&|§é’ﬁt pl anari zation step (CMP BPSG and is

patterned by nmeans of conventional |ithography and etching steps. The
contact ;?leH%ug%grts fgggggdﬁﬁg to the first aspect of the

invention, a different route is taken. According to the
invention, a contact whose contact surface is at a
great distance from the process surface of the
substrate is not connected to a conductor of the first
30 metal plane. Instead, contact is only made with this
contact in a subsequent process stage, for example
through a contact hole leading to a second patterned
metal plane, which is arranged above the first
patterned metal plane, as seen in the substrate-normal
35 direction. Consequently, the second contact, which has
a considerable height above the process surface
compared to the other contacts, can be provided with

any desired height, aince there is no need to make



- 12 extends along the substrate-normal direction ends at the first
rcontact with which contact is to be made or the first contacts with which
contact is to be made. This contact hole can then be filled with an 5
electrically conductive contact-hole fidling material, preferably tungsten,
by neans of a MCVD netal lization step. Then, it is preferable for a

conductor of the first tal . pl b ed -9R thize tingst epheont act
-pin, which F88BEEN Bf‘gﬁgr%le% Zgg%férf?di ers:oas}{}{: a 18%manner that it is

el ectri cal | pthendaontecity voansbeedirstt patticraedcBiRtadt PIPRE st ep of

el ectrically connecting the second contact preferably conprises the

follow ng steps. 15 - defining a contact hole, whi ctg}?en(%s at the sgcond
contact andTberendssi me heosehsitos ePROPRELNE rERt T &k i N8GRator; -

filling éhep‘i‘&ﬁfea%trﬂé%g@dﬂﬁaﬂbv@ e dded@med | yhigimduednvacconaactehnl e
[ 0
&

filling material; and - defining.the.canductor, i lie (o] t he
secondgcont a8t ither h&v E§Fg§fé‘-oﬁg‘%r]fal S&FF&%‘ |%(I)1r'1, 8%F%gdé;c§ﬁ29n;§al pl ane

in such a meem@udtoat dft tie elenind cedtyl cobaeet edhioht he conngctefol e
fil1ing mater]al it Agul ;3cCodUELOl Obel NEnkl  sbedaamelaheal-anc cbei ng
e en.

connected i e Safre time as e step of electri caII%/,
connecti ng txampdeondizont atingsteme coptackt Rini the LRRIRA mBPIVSpI ane,

it is pg@{ gg:%[tél %efc%rndatcdn‘?:%%tt one conductor of 30 the first nmetal plane to

be conn 0 a conductor of the second netal plane. Accordingly, the
second contact is preferably electrically conductively connected to a
conduct or ofysitdie segpd FRIAlkoRldRREcH a abaices kiawrddsnd hetdl Athe

connecting contact,. The processing 35 these VILA; ciing tacts
forms part dﬂl‘{%%ndﬁgﬁtﬁﬁiﬁgsgg&@éﬁﬁg&? oﬁ?&g}lgsg%%cr&gn%%t 6{%% evi ces
of this typehandnaisanuenttycd hecennscningeedntactanykagunt pendlLA

pattern po. SLeRs A0 IRKESORLAC] W {8611y L3ovsaeandconhaciosearpar ed

to conv OCeSsi NG processes. According to a second aspect of the
i nvention, affeEmrerRBSing devordetoffr FEBBECty CEYEeE AN Piocess

surface of whiGh hasy aSubsd r8f £sAon8BA1dblaARI 8, higher conductors
belonging to the second metal plane. Therefore, contact
can be made between the second contact and the second
20 metal plane wvia the VIA-1 connecting contacts, and
consequently there is no need for any additional
lithography, cleaning, metallization and polishing
steps in order to make contact with the second contact
via the higher metal plane.
25
According to a preferred embodiment, the second contact
is an emitter contact of a bipolar transistor, and the
first contact is a base contact or collector contact of
a bipolar transistor or a source contact, gate contact
30 or drain contact of an MOS transistor. As has already
been described in the introduction, the emitter contact
of a bipolar transistor, compared to the other contacts
of the active components of a semiconductor device,
typically has the greatest height above the process
35 surface of the substrate. It is therefore advantageous
for the (relatively high) emitter contact not to be
connected to a conductor of the first metal plane, but
rather to be connected only to a conductor of the

second metal plane, for example via a VIA-1 contact.



- at least a first contact and a second contact arranged on the substrate,

-a contact surface of 10 the second contact being at a greater distance, in

the substrate-nornal direction, fromthe substrate than a contact surface
of the first contact; and - at |east qng patterned netal plane, in which at
| east a first conductor and a second conductor are 15 forned, each of which

can be connegfgfdokgrane 8krihe sCoRy admiuddty Wdlvngiony amd ted nfirst
-electrically connected to the fi rEt conguctor. | ocat eg agove it in the
subst r at e- noMfERLdPH-8BE dRCA5ES RROWEL 5PSpFENEE346P758%'a a contact hol e,

whi ch extends in the substrate-normal direction and is filled wth an

el ectrically_condyctiye contact-hale filldn er | t se d
contact di reE‘f‘Fy %&jr(?i\(‘ni FEYHRE Sseddhd pi'?fceon&ﬂi& oré,_oq.}%eca ed gtfe)%ve&?%l in the
subst r at & noesabudipectdfonthef £ihetmetedlalplwiane svishat aamtasdcohdleont act
is electrical 0 tg t S RAUELRL 1 Wi M id idAgdi gont act
hol e bei ng c‘évhﬁgglt e%g&%%ﬁ%et%eeﬁﬁe3§ﬁ%§ggggi ng to the lseconld asgectlof t he

i nvention, tHheldedonwitbntast eleetripalhyghePnevrtire) FenhREteleterically

connect ed togﬁligﬂauchgfce%aihe fBe Jcohbh&t)haebal £pl 20RgViRategoal act
hole. Instead, the 35 electrical connection s effected d'cﬁjECt it hout an

Y.
el ectrical cBaYactiol KBy cBRNEEREIEER ¥ 1Dy RFTreEE-et  th&Csecond
conduct org of at er&kei @hs Dy apa aathacietichgd heowtat acthodw fasengf a hBC¥Bcond

contact. Consequently, _the processing of _the_cont h far n: 44 the

ot her cont acP§gE§r°fsbe %n’-l’l gﬁ gﬁﬁ’to‘”ﬁ tgah%u’[El tialﬂe%g g%%%u%%(ggﬁpl%hea hlllé second

contact, whi tineeansushabet beopatiedr misng ofli £ festont sterhditesatbr the

connect i ng ”i‘fxtfe'rrf Le&ont @Gl tcgé%\ftﬁg:\ﬁ?éra' B @er S BRE Cebhtaak-hotanpar ed
| or

to the conventional sem condu evi ce as described in the introduction.
The contact $ddflise oratasiabc@nf csheadtetal ndladfened Fi%yanpRaEm
etchi ng ¢4 ep @i eadigant.act hole, but 10 rather is preferably opened up by a
polishing step (CWMP step). Consequently, the height of the second contact
can be selected as desired or matched to the process requirenents of an
optim zed acirihee serpodnicontacthe isecpreferabdyt conpeetedablty akhemitter

contact of a bl ol ar, ! Lanshsl Ale AN S0 {1 f8lngopLach Lenbhekehally a base

contact or c&% cont act® of & source ¢ ct, gate contact of drain
contact of awhioB texrmids oin 2beAsedsdired e-aorne ls cbiorRF B cendf ifhe

| nvent i of, af‘IgtﬂéQid e aln C@%@Qr&cmﬁiﬁma@ﬁ%@&i@@vi eentpcelepabl y a
sem conductor_ devi ce in accordance w th the second aspectt (?:fhe:[ h%ilrg\éentl on,
conpri ses t hd1ids ingl |@@¢ﬁ§1§@epswlthout a conductor o
metal plane being connected in between. As has already
been explained above, the contact hole may be what is
known as the VIA-1 connecting contact, which normally
25 connects conductors of the second patterned metal plane
to corresponding conductors of the first patterned
metal plane. According to the invention, this VIA-1
connecting contact can be used to make contact with the
second contact or a plurality of high contacts. No
30 conductor of the first metal plane is arranged between
the corresponding conductor of the second metal plane
and the contact surface of the second contact, as seen

in the substrate-normal direction.

35 According to the first aspect of the invention, a
method for fabricating a semiconductor device, in
particular a semiconductor device in accordance with
the first aspect of the invention, comprises the

following steps:



- providing a substrate, the process surface of which has a
substrate-normal direction; - defining at least a first contact and a
_second contact on the substrate, with a contact surface 30 of the second
contact being at a greater distance,_iq}the substrate-nornmal direction,
fromthe substrate than a contact surface of the first contact; -

electrically corgfﬁgiagné he, fidfisicatact ¢ a FrdddSt ROMHEL orof | ocat ed
ubs

-above it in the bstrate-normal direction, of a patterned netal plane by
means of a cont a@hl%I]é?SMi%W%S(’E%‘h‘%rsn?ﬁ“?:hed%ﬂﬁgﬂ%'e- normal direction
and.is filled wigbBrintnd5atel eehstcal | ¥ieenduesnvec €orindct ahderdrid | i ng
material; and - electrical Ig conngc%i ng t he seg]%ng:tcosr&tr atcet QA econd
conduct or, whi chSPRERGEaPRd“EBoVEPFFLIARCr h8 §CMTSS &G el ditecti on
and adj gi ns the seeond cavmeict of behagnethdcaptede witt hoat arvédtdexs cont act
hol e bei ng connected in_ betwee f gk a first
51 g6 JeDetiyeen, o CANSEAUEd Yol T bf $boEoBRAG &l

contacts - as 10°1% the case w typi abrication nethods -
is connected to toer espehdihg thadud creniACE haupheeer fdd the afipitane via
contact hol es ex%gﬂgégg.i n the substrate-normal direction. The contact

hol es are defined, for example, in an insulator, in particular_15 BPSG by
means of a tithogtephyieatlyuREnrRtE1RY adhe effdfiSty SPBH2 Hhi ER i3
followgg by a metghhiéabion stepcheed illidgpide contact Hel e witiea
contact-hole filling material, for_ .exanple tungsten. . Then, t@tee]]jrilé t
conduct or of theSHREEFapPaRerPal q&iinRst it n8 pdt i SAEE 2PF o S, renote

fromthe processmevalaptanet &hds vertical contact pin, which ends at the

contact surface Oﬁ?%ggf‘%ﬁt ccgc;c}{rge?%ioﬁg{%%%%h d-0BRfe d el hieg farst

conductor is elef conn e contact-hole filling naterial.
25 By contrast, thedetberiical losatesti on ¥#Oo¥he seddnd cortact ¥€a second

conductigy of hepaLEeaREdnBBhAL BliaRedidkes of age dduondlipdetenteqay. In
this case, a contact

ole filled wth contact-hole filli mat er | 30 is
not used, i.e. tWetedrplanp wWakbeEt G Fargugiameet |tk egfj]’fs‘f ng%%i]t act
surface of the sgeand penhgctoflheeekllyiadpetweehhe correspondi ng conduct or
of the nmetal_plane, so that there is an electrical_,connecti et ween the
conduct or oFNEhESEPPLs e Rt 1R TG §§ th%ealctoe%g (%bén %2?@ I—%ﬁ\ever, it
i s possi bl echer sabshiratlei-nermhdy € reict ipar.t ifordrarthe sulstrase ohanop (e.
g. con'pgd' Si Qﬁﬁﬂf'i\'}m:t etgglpéggﬁgt_ bet ween the contact surface of the second

cont act” and e Second conductors of the patterned netal plane.
Accordingly, in a method for fabricating a
semiconductor device in accordance with the first
aspect of the invention, the second contact, which is
25 further away from the process surface as seen in the
substrate-normal direction, 1is not connected to a
conductor of the first metal plane, but rather is
connected only to a conductor, located above it in the
substrate-normal direction, of the second metal plane.
30
This simplifies the patterning of the electrical
connections for the other contacts to form the first
patterned metal plane to a considerable extent. This is
because there is no need to take into account the
35 (high) second contact or a multiplicity of such high
second contacts when realizing the process engineering
for electrically connecting the first contact to the
first metal plane. Instead, the patterning and process

parameters for making contact with the first contact



- 16 On account of the fact that contact between the contact surface and
the second contact is not made by neans of a contact hole together with the
first contact or contacts, the process demands inposed on the patterning 5
of the contact hole are significantly_ |Ippser. The normal height of the
second contact can now be sel ected as desired, independently of the process

restrictions,of t tagt @QE at tgini nge 1QphhignispadNdfeont adtid s
‘preferably aﬁ&ém' [}'ﬁ‘er%%gon‘?a%t 0?52 bi pol ar transi,stor,, .and theh%i rsﬁ

contact is prehtacbryakinasstesnt skt GhecoPIREt &iMContHE 8P S16i 1 ar

transistor of LS s SAMN GrRQHAct 1 . gat eheontiatiarre dfvom that &oto off an MOS
transi stor. ]% Tﬁe step of electri caijly connectin %Qgefiggt cQnt agt
preferably cbhpriseeencheqiaTni by & @p@ro(feqﬁ%i%‘gra coht act Sh%ﬁl’e, whi ch
ends at the {hesStiZz@ceaphacioraid exd etids Enbtheasebstceat aorekgciRt ect i on,
inan insulator; - filli t he. con | & v eghy;i cpdducti ve
cont act - hol e2fi Idlelsr’@er‘?lat &g‘f%‘f];d%(%dk-ﬁgge%ﬁﬁ n%\b%(%eil?%,rsgt ?g%rﬁ(é{%r, which is
| ocat ed 25 abquptele &t rshe ceamect time sedfsi MiTHOWYpEEFERE- FVSTalPe

direction, of th | @hegl1a3UGh a-m@npakulbahg tedritapitecheigiat |y
connect ed togfﬁggggﬁﬁg{&n?ho eeﬁlﬁi ng materia “30 The steg of elrglctl:léri cally

connecting thé seendeamhceopitarérabl ¥ $5ed hEPFBF FonrRG S Bps: -

def i ni ng Qn PgﬁeégﬁgﬂgcQHHaEBmﬁBhEﬁ%epr‘d@b(fhiieS.Ori ented in the
substrat'e-nornmal direction, of the second contact by neans of a planar

polishing 35 step; and - defining the second conductor of the netal plane
in such a nmaRREr ddwind teadizinsi ¢ hprefiepubigd acoramidtt surdéereadt efe

second contact in an electrically conductive ganngt o+ - dohtddtiSis
preferable f&r tHe ac rgﬁf’?’gggrm té%led setclg%d contact to be opened up by

means of a plaederpbllysha ndpasteepconbantr ehagodyesterasrantiehi Mf sfep as

in the case of the firsh GOaCly I ddliSc&0nberdct Kngibe ¥Enbapel behi ng
steps ar partPc_u arly suitable. By way of, exanple, after the CVD
deposi ti on ofdrefia icestastorf PEY V@éarﬁ%‘laélsélﬁ%r'after the FEOL process end,

t he planar polishing step for polishing back the insulator (e. g. BPSG is

K
carried out in such a manner that the target 10 hei.ght ecbpsdkator is
such that th&hSol $s¥R ng%st rdS Y hgORRESH ngortl:tgltaéctﬂ ntgvvﬁ endpoi nt

det ection sysgireferedlybedimed ses site tird landie ratedsthe CVP pol i shing step
in a knoyn way. |t 1S, P &f folo1tdie shEeRd Rt apt thselfirke be
used as ggpol“l shi r?ge]tg"tnolﬁlqongt ﬁéﬁgéﬁfs%{c}ng ‘or planari zg‘g on step. It .is also
possi bl e to provi derddditt | oanfl stexi@nstes whi ci-hfe § &t§§t§“818f‘f‘§‘&i ng
stop. 20 Since they M Qs W ingPUeIR Lo act surface of the second
contact is protected by a photoresist duri the Lit r dahasma
etching step of tHeddfShctthfol é:Wchakihr?a%cor%lé:& v%%tgh%{i%t%iqrsat %(S)nt act,
it is not attackeddHéddig e gl tasne-redlohi figl biregp. mater 23 br eand
25 - defining the conductor, which lies above the first
contact in the substrate-normal direction, of the
first metal plane in such a manner that it dis

electrically connected to the contact-hole filling
material.

30
By way of example, after the active components of the

semiconductor device has been completed (FEOL process
end) , a dielectric insulator, such as BPSG
(borophosphosilicate glass) is deposited on the
35 semiconductor device by means of a CVD process, is
polished back to a target height by means of a
subsequent planarization step (CMP BPSG) and 1is
patterned by means of conventional lithography and

etching steps. The contact hole which is formed and



25 contact can easily be nade with the uncovered contact surface of the
second contact by the second conductor of the netal plane being applied to
‘this contact surface. It may be advantageous for what is known as a |iner
(for exanple TiN), which functions as aynigration 30 stop, to be sputtered
on prior to definition of the second conductor of the netal plane (for

exanpl e an génalsaf‘éwﬁ&c*EH@Ss%@,larala@Lh@@Imusi n@ Pe MM preaiassaand t hen

-patterned). As an alternative 210 ncover i r%the.cont agt, s éégcgrof t he

second cont &8 i GitansoRFaGt pyit hi"‘?%b‘ PEATT ed° ol o1F tha T nslil at or

(for exanpl @ BPSQ)xst t cbatakse past bivkiébr donit:atont actosurd amadeo be

uncovered by , - 18 means qf a subse t i shi te rigg out on
thSFe TTPRFRGE miHoa . CThe THGEnt oh | & 4080y Bed bel &

t he cont act - e invention iS descri el ow by way
of exanpse wiltehtyilefldencendocatcemncanyaeg -Hedw sl Sieai Agteréférr ed
enbodi ments, in whigh: Fi t o, 14 Show di aganm@ih CnklRougRagiBhef erred
10 sem cond?ftegter(?z)\j‘lycetltlﬁis%%?ét bgspect ofbgarai ous pa{nt ernin orl during
the fabri catitep.sethennalityi s RuRfRNaRIR 6PTa @ nCRBEBFEM O ERS he

i nvention atc;prcessidig stAges MiNoGe 1arFagge> showshe dicagosmeat i c

sectional view through a preferred enbodi fent of sem concliucgs%rc dgvi cein
accor dance wiortradie Bigbothigdpdeds oPeeheP 1 AVRN FB87; 2dAd 20 Fi §-°16 “shows a
sectiongd Vigwddy opBAL a iGonventdlerntl isertilyonchndue t tewl g e corngctedshows a
sectional view through a preferred enbodi nent of a sem conductor device in
accor dance W% s ftuﬁgifé;tfi Ft3dpect of the invention. The sem conduct or

device is at a process stage in which the active conponents - such as the

bi pol ar tra%aﬁ“ieeStF%ci ?Pr@g%tlteg%ﬁlﬁﬂzﬁg&ﬁ{&fti%‘tl@évseébhaa@brﬁ%ﬁ&

conpl et ed. | rocess end, in which in 30
particul ar hrgfaraiper atomer stepHsthryf QLEWinhaEE¢PRr ef ore al ready been

reached, gAs showyd s Hgy 4. cbAthBe hollgwivig i ceess atepheheeentid e

sem conductor device Is covered with a 35.diel geLri cdbnsg__ull ator, 30, whi ch
may, for exanpl e, CHETHISG EHGr opFosPIOSi | iCat e*§F as S P5r & et ably by reans
of a CVD depositi®direéd o C\Vih BRSG séepgtodhe i nsul ator |ayer 30 is

;[)S/plSICSH %/i 22%“ sdfnj.ﬂl.iangl} B&e heéém;aég RPF OX 11400 i hhds: o s@ypnpovering
conductive contact-hole filling material; and
20 - defining the conductor, which lies above the
second contact in the substrate-normal direction,
of the second metal plane in such a manner that it
is electrically connected to the contact-hole
filling material without a conductor of the first

25 metal plane being connected in between.

At the same time as the step of electrically connecting
the second contact to the conductor of the second metal
plane, it is preferable for at least one conductor of
30 the first metal plane to be connected to a conductor of
the second metal plane. Accordingly, the second contact
is preferably electrically conductively connected to a
conductor of the second metal plane via what is known
as the VIA-1 connecting contact. The processing of
35 these VIA-1 connecting contacts forms part of the
standard processes carried out on semiconductor devices
of this type, and consequently there is no need for any

additional patterning steps to make contact with the



- 19 greater than the height of the emtter contact 14, which is typically
550 nm and of the gate contact 24, which is typically 280 nm 5 In a
follow ng process step, illustrated in Fig. 2, the insulator layer 30 is
pol i shed back by a polishing step to_ajtarget height of typically 700 nm
150 nm for which purpose known CVP (chem cal nechani cal planarization)
steps are US_,,SECLC{I-QVP BReG &t epdomdfrd8 | tbustbatedtionkig. pYocesstiagt hol es
-32 are then defined in the insulator |ayer 30 by nmeans of a |ithography and
subsequent &@XiRFRIep (CT etch step). These contact holes 32 extend in
the direction normal 15 to the substrate 8, i.e. they have a verti cal
orientation. Unlike in a caonventional f j,catjon h L gxanpl e for a
seni conduct dt€ Y adt9 1 1%stFH ey i r?%b%d.tcléj,Pa eg};etnt ggltﬂ’é;lrf)tlrle&%@ whi ch
ends at 8 ca¥dmictorsdudooe ddévide ewmprisegontact 14 is not 20 defined. In
ot her words, a w nd I i.ng t h ct d@acecdfl WHierenhakera cont act
14 is not etched aPn%\(()yzotsﬁ'gg:t%éuI%’fc—rf)r_Blrggg%gws.@ﬁ‘ol'ﬁherefore, during the
subsequent et al | g toRtetRYENDE EoFREEIOMNS not nade with the enmitter
contact 14, whichyin tdys egbogi pept @indde: semdcoaduséasndeiaedat t he
second (higher) contact. On account of the fact that _cqnt LS.N made
with the emtter %W%%?dlﬁn(tmesé&‘g’ﬁ&r@%rﬁ’ac?) clor{ltt%cﬁg %ﬁ%gégg g_%fage, t he
patternipg 30 of the sesbast cbntast3Beihgeatt e oBMR tBRS@isdlarstd ngit ep and
the CT etch plas etchjng ste d to rEke

si nul t aneous con{%&‘? W#ﬁgfﬁée%l?gﬁggnggégggﬁ négg?gg??@me%%%&is conpl ex
interns of the ptheess eogtacerswyfass af bheefirst £ABLPFEEe&8Wi ndow for
t he CMP BPSG pol i ghi ep he, & f L thdiSnid, | ust r @hedh natFi g. 2,
and for the O et %%a"f‘istr%a %?‘Léh?r?gt%%#?%d?cr?%i e i dened

consi der abl yleasparad figss ngppeuctor 2nds G F%Elopgat Fﬂﬂdilﬁgogen?%%nduct or
devi ce showngip.ERY. ebeh The PREBhS Y ebdeicghhectedhecsubser atfe- rioe nal
direction for the second contact 14 no | onger has to be selected while

t aki ng accoufiP?BRCERé patterning of the 5 contact holes 32. Instead, in
accordance wihb tfHe stabeoweddonbeenoc lastoridiagly ocohaerheentiOntRer a
sem conduct or.devi ce in accordance W he f] asp of ithhe ianenti on,
the height of*FffE eni(f?ne(iugcto##’act %%c%g&r?hbe sg{jégteed ?i(r:geel y or ng E1ed to
the 10 processbsegateenentmslofdimedpioni z&f bERSI dretdhnBilens . { § i nating
t he topojcpgyﬁkgduc%d resddd£&dd onshonet he {aiight ofexttemcda ttiat conhact 14
makes it  possible to avoid the need t.o devel(ﬁp new fffrltlae%[l hoi et ghi ng

t echni ques f erPBEBBLErNOERBoNe L fE1R8 orffihg t8 f dture echino og

pl atforms. Fhfecfrhkhusir ai@siddie yir eéentadtehbddi reritliafg tﬂn@tgéﬁrﬁionduct or
devi ce according to the invention in accordance with the first aspect of
the inventi oR™&fter 20 the contact hole netallization has concluded.. First
of all, it ishereferad fomihet | dikAERAYas 3IqiTEMT whFkd c8RSPEFs, for

exanpl e, ,.0f TENaapdchs Ussdataapaibidyl afe asn @bkl ustpBEshep nbenae
sputtered. Tdigectggn?xag]gl eﬁhctaunrgeséae{] I;')Sla(tjr?g,omstoed’tl'faltl ! 'trllx% tggcgggt act

contact is electrically connected to the second

conductor without a filled contact hole being connected

in between.

30
According to the second aspect of the invention, the

second contact (i.e. the higher contact) is not
electrically connected to a conductor of the (e.g.
first) metal plane via a contact hole. Instead, the
35 electrical connection is effected directly without an
electrical contact hole being connected in between by
virtue of the second conductor of the metal plane
adjoining the contact surface of the second contact.

Consequently, the processing of the contact holes for



25 holes 32 as a contact-hole filling material, for exanple by neans of a

*MCVD process. The process steps illustrated in Figs. 4 to 9 correspond to
_steps used in a conventional nethod for 30 fabricating a sem conductor
device as illustrated, for exanple, inqfig. 16. Therefore, in a
conventional way, the electrically conéucti ve contact-hole filling materi al

i s polished hack, {02 Lap9akchei @t By reansied 8upl anaticias | eakshep (step:
-CVMP W. The target 35 height Is in thla case sel ectgd hn such a HgEner t hat
the enitter 266RUASt Al EthFe KebndeEBRTadI 5 ot YBpERe 'Y F'2Fi g. 5)

and there ar@en@dtasd@iiesy obf t bref cbhitagtmiicdrdsal far ¢omeecoingi tbet he
defi ned contact holes. - 21 g?len, t teLor ghe fiirsstnggttgwg et al
pl ane 34, afA&tdl , CRRMEER tmayO f eexﬁ‘ﬁ’%f-’l e%AFcu;"i s"sput tered onto the

seni condsict eomghaviede €of .tHe gcoﬁyestépnaébu$emicm¢11a¢tcl3}. dpwd deayap

t hi ckness of, this.first t.al.__pl ; can be selected as a function of

t he design rd&fﬁirrlgr%intlgl gcr?%eilglttr%&%c%gtﬁ%él'approxi mately 400 nm A subsequent
| it hography and etching step (step: etch 10 netal 1) is used to pattern the

first metal plang 34 ddh SHCHL @& BN thatofh ecbhtsat £onduet epened
connection contacts are forned in the first t al Gvgl ﬁne S&a]l;ove t@e
contact hol & 3Dy \éhi BRaEME fRYTRINT f GEeBanbl & GPERAEandM e, RY

i 11 ustraged dathng.isl prasfeddisl v ofgdnedtyp Copt acbe1igdhin§, sk2p 24MEnd 26
are connected via contact holes to,correspandipg nd v oAl d above
themin the S&@tr d @%%‘F’ﬁ%ﬁltﬁbffegheor‘he@% h%gf itg%t %%%%&plcgﬁg% . Only
above the sesgntbeoskdect:d, ahi desimethemprwsbahedntiodi Heat PXOCESE enmitter
contact, 20 _is there C ct or. .of. I Sfe EMoiane 34 arranged
above the cdit ref‘fnqzos tqr?%lﬁ Ogtl%lzt&? dds de I@éo

In e Substrat'e-nornma irection. This is followed,
in a deposition step, by the 25 application of a further dielectric or

i nsul at 95 ( ShEP: s JePRS| LohbBLe (18t ¢lcavsiardivel fct &hetddy. cBhgacd Hfows the
sem conduct or device after thi,s deposition sbep ?S el_lnded. TheE) t.hse
diel ectric vhi cRIRR%2Pr eFFERSILF Ho%en ddsi 8E | SP3Y shed™b&Ek t 35 t ar get

hei ght by mpans Sndfy aaf usdder cpeltiasit ngrstep (ettep: EhRthEDl)ofcfa Fi g.

9) . Next, in the sa as_for ep,.o0 t Laget e ISRt or

| ayer 30 expiathied Wnrﬁm"rm%’f e?ae%%ecél{g@?:lé%.gﬁ,éﬁggg Ff)?lﬁggr aphy “and et chi ng
step i s usedramsigtragduce contact holes 38 into the dielectric 36 (1LD)
(step: %ch VIALl). Unlike in a conventional fabrication nethod, for exanple

for a sem conductor device as shown in Fig. 16, hovxﬁver,, not only the
cont act hol &c@gding 2zo the second aspect of the invention, a

method for fabricating a semiconductor device,
preferably a semiconductor device in accordance with
the second aspect of the invention, comprises the
25 following steps:
- providing a substrate, the process surface of
which has a substrate-normal direction;
- defining at least a first contact and a second
contact on the substrate, with a contact surface
30 of the second contact being at a greater distance,
in the substrate-normal direction, from the
substrate than a contact surface of the first
contact;
- electrically connecting the first contact to a
35 first conductor, located above it in the
substrate-normal direction, of a patterned metal
plane by means of a contact hole, which extends in

the substrate-normal direction and is filled with



whi ch end at conductors of the first netal plane 34, but also a contact

“hol e 38 which ends at the contact surface of the emtter contact 14 (of the
.second contact) are patterned. 5 A window |leading to the emtter contact 14
is therefore preferably only opened upjduring the patterning of what are
known as the VIA-1 connecting channels, which are standard neans of
connecting condu@h¥&Afcding fir&dndieteial ptaneadd-heleonddetotagof the
-second netal plane 40., _nse(HJentIy, unlike in the prior art, contact is
made with the en™A%*Cont &2 14 preferably via a VIAL contact hol e
connecti on to thelsetondaidhal tbratconnpl arlee Eecbmeh, contactki id aep way to
the netallization, s Cy ] wi t.h. rnefere Fi , +the_c act
holes 38 are fil Isee(fto\%npq ﬂceoznnéde%%’ri clgll(frs %%ngﬁ(g??%% %%%Yéc%?f ?PI :E%te

materi al5 Once agailstrdtrestnaymag] 1dbreotiemeandriadidinsptheersegdopt as a

di ffusion stop (YfRaSPUttE IdHRer hethiaXt p1andti taRKRUret @l  Efian eexanpl e
tungsten) is deposite y nmeans of a MCVD process (step MCVD W cf. Fig.
12), and this netcgEmtacpglaieingicamerted gat PRI/ by nmeans of a
further planar 25 polishing step (step: CW W O. Fig. 12). The second
metal plane 40 is patterned in_the_sane way as the patterning of the first
netal pl ane 99 St d %rﬁbﬁﬁtmacf)ﬁtﬁgfy’eroé:ncglﬁ%t F?%%.Qa%g%na 75 30 The
preferred enkodilmnttind ddee seithotgpital Heowoe fmbracesidancethiods t he
first aspect of, the, inventipn. after St RS iypvention have
ended is il lustat (act?rll%r?eallﬁeéf f% %s?r%}aégpa &1'6131 y beenu%fpoiljaélenggvi %ﬁrﬁet ail
above, this marticooreilicmetadewlanali vier scontors 35 he Liesovrx seRe Eo@id dét or
device illusifat eghbprEL-ndfmbl RAMGUIGH. thReudbddied arblébakrhe
second contact_ 14 %I n this enbodi nent the emtter contact) is not connected
to a conductdsfigted hefPfr SX3MRLE, phBNAB41BFUIBERT 0f 1B PAYEEILGH act

hol e 32;sbutgpdd hepyi eans ¥ 4i &Qﬁhbbrﬁ@h&ec‘atrﬁﬂ tGbsbguentopdasma

metal | i zati on pl.ane 40, preferabl i a, wha s known .t he .VI A-

connect i ng g StfRe "ie’i%l?ll?) %%n}éﬂg}‘&‘?’e%e*’gnai H‘Stfagitlﬁg% st et al

pl ane 34 arrfangedtEetiveen the coobastt5 baléacwitch t he soodrdtchwilsct 14
and t he conduct.ar_ of on Lzat| e wWhi IS Y& anged
above the cgf‘r?tclalc ngif%%%%’suﬁ%ﬁ%}?ée% %?n%ﬁﬂglgr%gtl g‘%.enSi rtl:glteé t,her%sto- cal | ed
VI A-1 connectdndipaiont &k  thiivetal nbanesiandefdneeans i

conduct 9ps afod heitde, St rBRbBE PEAGR ttheOBIBELRES ShrEheesecond urtsl

pl ane, nust in any case be forped in, a standar ocess, Kin ont act
With the sectfFict £n43CY | RIT heVRES nﬁnarﬁt QE glrn&né:oﬁl(sa& ess‘%d“tcaceent ai l
addi ti onal 15f ptlesessrstepsntAceor dnngiuch tdhemdthdest ehehi npisbdierstthe

contact 14 is n tcécglopfgq?fgcgrfé_)g?%}gt g%qn]?chgg tir s4d atyta_?i%lebut

rat her ends &t the polysiTicon o ter contact 14. erefore, the

| i ners whi chficldninse ek issl an et ching stop are broken through into the 20
first ngtal plane 34 or the polysilicon of the emitter contact 14 in a

si mul t aneous, controll ed manner. Fi g.,FJﬁg shows a senm conductor devigce in

accor dance ¥ hCPREY&EEond-RR pELECEHEL | FRMEF bRORf Oy FRE FSFMY i cati on
met hod st epscdfrddie tBvent sesohave emigtorThefsaficopducepnedevieamlnas a

subsivat e 00wl chumey beoacolld conasemLaiugy sbsieglocn
FEOL processcattarst naglef @i ldednpticsh contact-hole filling material
30 is not used, i.e. the vertical contact pin is absent.
Instead, the contact surface of the second contact
directly adjoins the corresponding conductor of the
metal plane, so that there is an electrical connection
between the conductor of the (first) metal plane and
35 the second contact. However, it is possible for a thin
liner layer, in particular as a diffusion stop (e.g.
comprising TiN), to be present between the contact
surface of the second contact and the second conductors

of the patterned metal plane.



30 correspond to those of the preferred enbodi nent of the sem conductor
- device in accordance wth the first aspect of the invention which has been
.descri bed above. In the preferred enbodinent illustrated in Fig. 15, 35
there is a bipolar transistor 100 withi@ base contact 120 (first contact),
an emtter contact 140, which fornms the second (higher) contact, and a

col l ector contastodfl 6Fi eak ¢avtachht Hoathiceolatwidemnsitsd arorl-tmay, for
-exampl e, be part of a_radio fre ncy circujt - 24 oitp theeasem' c,é)nductor
devi ce. Fur¥WeFaBPeanfh&DentSaRidhiCHtdHe L2nRbnBatForYadREE 9 ust rat ed
in Fig. 15 hascentMIBS didgleai ttogethddy | witdpr ebent Bdrsn s¢omptadt eddd orm by a
MOS transistor, 200, T r.ansi I ris t act
220, a gat ec%%?‘ég?'2E§e¥§§8f§§%ﬁn§a&‘?‘h§<§| é&%loﬁgoﬁﬁdgn aea ral né&gi)lntq%;ct 260.
The conBactsf 22the24comric6thale faret shonbiieantly helasrie: ofThde

i nventi on. é@iﬁélhﬁéiaheea@yth%e%e@%@ iRed it coRNedv Bk idledidn 1,
after the procesS end, the_seniconductor device is covered with an

i nsul at or 389, desiiged s, irGePeRARRELY BESE1PoPEPRESHN0GT Tt e YrSss), for

exanpl e by geapgeOtoat&YP Hepesphtearpiggess. 15 Unlike in the fabrication
met hod in accordance with the first aspect of the invention and known

fabrication nethods, however, the subsequent planar polishing step (step:
CMD BPS@ i'shéakkeicegidoutontacilichs aprafeeablhaan2emtiiieeimsidratamt i af pol i shed

back as far_as.t.he. second cont (1. th it on 0) .;dhe CWP
process ste% i?lﬁ?&r‘agf opter% solp%'g((gjrht ?Hg eﬁn:kﬁnerkg%ﬁgac%%%%g?: In %1 known
manner, an endfeovablydet ebasen cystagt Wi cholhdftaresaH@GthsPint2at which

the polishiggosigp 25aheaches Lo :SeGONbOn alnddlh, ik decsisedor (his

pur pose. Tt Sso possible to provide additional auxiliary structures
whi ch functpsndedin pentaarngfseBpMO80tAENRASEAFr eady been described in
detail wth reference to Figs. 3 to 5, contact holes 320 are then patterned

in the insulator 300 b ans _of | i t hogr aphy_ st a e i step
(step: CT eff) StS¥wekr € ﬁﬁl%fr&gagr]ryt He %cgc%'fg aggﬁn\rfl‘(ejlrﬁ%&onécﬁﬁggt
sem conduct preflerabkyasoshownesntBB Ebglowéngastepsact hole 320 is not

fornmed above the emtter contact 140. The contact holes 320 can be lined in

the usual way with a |liner (for exangle consisting of TiN) and filled with
a suitabl e cont adefhpingf il |GOREFRE ehPAR, MY ExaPRfR Blind®enfifhe net al

layer whj ch - 28nchas beg apekieddsf oriexampke, sishogrardMMErmavcess is
pol i shed back, in,a subsequent planar 1gol ishing step (CVP W, to a target

hei ght which is SLERCERSR-t BB BBntRERL&GPFace of the enmitter contact 140
(of the 5 secondfeomiagt)the usenvaced. hdbées wkehs dhateléetsiepldy

o he " Seet  cogbRabebobe Lohihag iBher 3h10hy NECEINLAT! iy s 320 can

al so be used to 883 uupl‘('a rm'nate 1iner I dues . e cont act
surface of the sdefmdingntele I1&rstQ conductor, which is located

25 above the first contact as seen in the
substrate-normal direction, of the metal plane in
such a manner that it is electrically connected to

the contact-hole filling material.

30 The step of electrically connecting the second contact
preferably comprises the following steps:

- defining an uncovered contact surface, which is
oriented in the substrate-normal direction, of the
second contact by means of a planar polishing

35 step; and

- defining the second conductor of the metal plane
in such a manner that it adjoins the uncovered
contact surface of the second contact in an

electrically conductive manner.



This is followed by definition of the (first) patterned netal plane 340,
“the process steps of which are no different froma conventional standard
_process for defining netal planes of this type. It should be noted 15 that
a conductor of the netal plane 340 whi¢h Ls arranged above the second
contact 140 in the substrate-normal direction directly adjoins this second
contact, sorthag grsdaciyicaldy ewadoshtyercenrgatieoni Schy ogeestd bet ween
‘the second contact 140_(the emifter 20 contac%) and_the corrﬁsggnding
(second) coRABERGF &P PGS HRNBY 38631Fn Tt KerP VI, PYhe R3S nd
contact 140stupl i keattHeer othe bgnteachlashat ket chamoc et as devitlee 1S not
connected to_the sqcl a e nd o] al by a
contact-hol%a%Fncggt%%%.kfggﬁeggg%ggﬁfac iéh%%dggaft théagggﬁn cont act
140 diréct | pobyshengs sifepopnduet @ar ofcular ¥y r suifabdle .pl Byie w840 @hi ch
adjoin it. AcbRbRe,l a:Rgr! e ql @ diG ildH &5f aNRL ey P HF epesE bet ween
the second contact and the second conductor of the 30_netal plane 340, for
exanpl e i n 6xa@pPleo BRYfuceafher coltencFEREs PHossss 2Rdad At aBb2BRTt hi s
fabricati onpget BRdngnHt@p ofot hposerheaRdusdi @k €Rki GarsMlidbr S (&hgl eby
obtained is_that 35 the height of .the second contact. 140 can be se] ected as
desired in BRECIUBS rGREF IR nAPt diiPe Th AnBRBRCEaFGE HHThEETEBEt he
processLO egHeli.ghenbs @headnepiliatiozed shigpallartiatansistpslidheng ssepo need
for thickness measurenen n STI. At the sane tinme, the - 26
uncertaintyePﬁstﬁg %ggsﬁggﬁéﬁgggF%?ﬁg'layer t hi ckness of the insulator 300
(the BPSG | ayer) follow ng the CVMP BPSG polishing step (which anmounts to
- 150 nm i s Rﬁﬁ%ﬁe@naﬁgihlﬂedg't%%t‘iB O\Seeld TUDbd Sudbdi 1) 288: OLhS
elimnated. There 1s"no need to naEé contact wth the _second contact by
means of a EBAPgRthGfe By EYIP| P listANGorfttRR - Hol @ FMaWhdg'&at etFal (for

exanpl e g ungst pefela®lld ridr NEial sftene 34ftean heseamens asetaséhe
emtter contact 140 directlgegmjthout t he pne cont act %gle pi ns

ed.,10 for
320). The | Pfii CatPOH TP 2%eSEQR: 48t BF f RRELEFERY O% PIARAHI&RELRP of the
contact hol esep20, Iits els m absed, pesatblehe tent ipmoweifdect addisiuohate area

of the secogd,GpLact 4RiLA02E8N.Q8aU380! BRLARIGE Qeepntact. This means

t hat hi gher “curren ensitres can be realfized in"the pol ar transi stor
100 and/or optimally matched to the surface area of the emtter contact

140. 44 st gehckefaiensLesVoholy RRkoie Rl ef &t 6k eghedieentof ntAgcor dance
with the first aspect of the inventio%_%?d tggugrior art: .8 Subs%éate (e.

g. silicon SBRPEENGGBLEFLsdsPFAE Y Podke RFSRES Of WRENY | EBEr ate 8
10 Bi pol ar thgahsygsbphy and plasma etching step of the contact hole

for making contact with the first contact, it is not
attacked during the plasma etching step. Therefore,

25 contact can easily be made with the uncovered contact
surface of the second contact by the second conductor
of the metal plane being applied to this contact
surface. It may be advantageous for what is known as a
liner (for example TiN), which functions as a migration

30 stop, to be sputtered on prior to definition of the
second conductor of the metal plane (for example an
AlCu plane which has been applied using a MCVD process
and then patterned).

35 As an alternative to uncovering the contact surface of
the second contact by means of a polishing step carried
out on the insulator (for example BPSG), it is also

possible for this contact surface to be uncovered by



12 Base contact of the bipolar transistor 14 Emtter contact (emtter

. stack) of the bipolar transistor 16 Collector contact of the bipolar

20 MOS transistor 22 Drain contact of the MOS transistor 24 Gate
contact of the MOS transistor 26 Sour_cg?cgnt act of the MOS transistor 30

‘transistor

| nsul ator (e.

g. BPSG 32 Contact hole

CT) filled with contact-hole

filling matgrial, (g 'Q@bég&dgﬂé‘ﬂég;gﬁ%é?tsfgﬁé%af%fﬁﬁ ¥t hogopdactors 36

-Dielectric

I nsul ator) LD

Cont'act hole (VIA-1) filled with

) (€. g .

cont act - hol @opitieicitmgoke: érlilgllH@OHPéﬁetrélaﬁed second netal plane with

conductors For the preferred enbodi nent in accordance with the second

aspect of the inventiaon: 80 Substrate (e.. g. ,silicon_sem conducto
Hesritind Rtk

substrate) BHe prySadd &S

% WY 105 BHOPF VPERsi st or

120 Bases coredeirepicet heobi patempdmyivsg stdrawidlyEnishiceringonpaeteteetit t er
he, bipoal ar__transi %ti% .160 Col | ector contact of the bipolar

stack) of t
transi stor

fﬁ%’ Oﬁbgletnrtgns idt &F

Drain contact of the MOS transistor 240

Gate contact of the MOS transistor 260 Source contact of the MOS transi stor

300 I nsul at @ %e' .1g'toB€§G) shlo'w( §8gd§g r SAARL BEL hol& {Gbndi1 | | ediwyEh

cont act - hol

10

15

20

25

30

35

e fril'ling materi

Fig. 15
Fig. 16
Fig. 1

Q%rough' a preferred embodiment of a
semiconductor device in accordance with
the first aspect of the invention at
various patterning or processing stages
during the fabrication method;

shows a diagrammatic sectional view
through a preferred embodiment of a
semiconductor device in accordance with

the second aspect of the invention; and

shows a sectional view through a

conventional semiconductor device.

shows a sectional wview through a preferred

embodiment of a semiconductor device in accordance with

the first aspect of the invention. The semiconductor

device 1s at a process stage in which the active
components - such as the bipolar transistor 10 and the
MOS transistor 20 - have already been completed. The

FEOL (front end of 1line) process end, in which in

particular high-temperature steps may occur, has

therefore already been reached.

As shown in Fig. 1, in the following process step the

entire

semiconductor device is covered with a

dielectric insulator 30, which may, for example, be

BPSG (borophosphosilicate glass), preferably by means
of a CVD deposition step (CVD BPSG step). The insulator
layer 30 is typically applied in a layer height of

approx.

1400 nm. This layer covering is significantly



340 .Patterned first metal plane with conductors - 29 dains 1.

*Sem conductor device, having - a substrate (8), the process surface (8 ) of
_whi ch has a substrate-normal direction; - at least a first contact (12, 16,
22, 24, 26) and a second contact (14) gkranged on the substrate, a contact
surface of the second contact (14) being at a greater distance, in the

substr at e- n%&@gté}i reehhonehér (B id1e: swgst take 4t tdran cordtact4sur f ace
-of the first _contact (12, 16, 22, 24, 26); east a fiEShé(M) and
O L4

- at |
a second (407igd tiet n%@%@hlypﬁéﬂem'n%aﬁr%ftﬁi IRtGt CPRERE

conductor, WHiGHh Ga R icNectmb trn.at | east one of the contacts, is
formed; the second netal plane (40) being at a greater distance, in the

substrate-normal direction, fromthe substrate (8) than the first netal

pl ane (3%), Irhex seldnsvicontmcdcddst) sbep ngiklestrateafll yncBagecled the a
conductor, l.ocat ve it 4 te; 00 g8l SdibEesthoRy @falhe
second net all%pﬁ%éﬁago?(ﬁg)a%%_hjogtigeggﬁg%%%grs%?gtﬁg ?i rbg)ff%g%et g? pl 5%2 (34)
bei ng connedicedai tasoehedreigid efie typisaldynt & a2t 150 opm, 2£0roe)

bei ng el ectrjald y cOnPSSL&€d t Rndweondusior, |8géhedadbovaechani cbhe
substrate-normal direction, of the first_ngtal r@%?ﬁéﬁ?ﬁ? 2. Sem conduct or

devi ce accomdiaRpriFayigm stens etk Lo { 14 ) is an
emtterpgontact of a bipolar transistor (10), and the first contact is a

base contact_ (12).or collector conta (16) .of  a.,bipol ar,,transi [Lor is a
source cont 3t &ié}l,stgan cort a%tlg('zzct%' OFC%‘F&CFE c}b%f%sét 32263 91 SCEI%DNDS
transi stor (@¥inedB. iSenmitdenductsarlader cdagmoor ihghyo Glegima 1odr 2 in

whi ch the fiq. c , 4 IS - e to the
conduct or ofljt%%]heoé)ﬁ%rt‘%& rﬁgargtgl S%H@gé%%g?%%) et\:/?g%%bcgﬁ?gcg eﬁo%g@? 3%‘:%\?\)/?% ch
extends in tThesaibconbaet nbodgls B3 eexiendadd e i fisEChiPR Zprmal

electriggll ypondyeti wepsenhaet -l e fiLlingnegt eriafe 4a Seldraareuct or
devi ce according to one of the preceding clains, in \/\/gi cqf he second
contact (14)°5EHGE R ed VBLERE cdRdud or SBRVERELSBRONnd &cagﬁla?ﬁ‘e (40)

via a cont agietrd® (Ir Whipdplext divds ian tdemisudisiucator: ndlewlcali reect i on

and is filled with an el ectrical cond I agt- hal.e fil]J

mat eri al , vviﬁ%o‘tﬁt?q_t%cﬁd][fbt%:rg bfi%/heaffzgég:éégt %?% grrzleul?lé%)h t')e_éflldnég;%ctonnect ed
in between. &. chethot feurfabei coff i thea eohteendwsdagfeviléde, 18oMAt si ng
the stepy ofior; UOVI 4 DNY A RUDSLIAE (8)a LG RIWCaSHEH] ad® (&he Of

whi ch has a substrate-normal direction; )
contact surface of the emitter contact 14 is not etched

into the insulator layer 30.

Therefore, during the subsequent metallization steps

25 contact is not made with the emitter contact 14, which
in this embodiment of the semiconductor device is the
second (higher) contact. On account of the fact that
contact is not made with the emitter contact 14 (the
second contact) in this process stage, the patterning

30 of the contact holes 33, i.e. the CMP BPSG polishing
step and the CT etch plasma etching step, does not need
to be adapted to make simultaneous contact with the
first and second contacts, which is complex in terms of
the process engineering.

35
As a result, the process window for the CMP BPSG
polishing step, the result of which is illustrated in
Fig. 2, and for the CT etch plasma etching step (cf.

Fig. 3) is widened considerably compared to a method



- defining at least a first contact (12, 16, 22, 24, 26) and a second
contact (14) on the substrate (8), a contact surface of the second contact
(14) being located at a greater distance, in the substrate-normal direction
fromthe substrate (8) than a contact 2s(tlr_face of the first contact (12, 16,
22, 24, 26); - electrically connecting the first contact (12, 16, 22, 24,

26) to a copgict ey L ogel g a@gée bk BohBE DSt kTR0 wHowl T et | on, - of

-a first patierne - electrically connectin lthe
second contBty. (14) Tbeapéémlaétlb h&é@@édlﬁlb(’i\]i’@ ifURSF R -noT

substrat e- “&{P@étﬁbﬁeg&koeheOEeaoaaceaataatt euned Meiajerpltane t(o40$e wi t hout

a conductor of the first rretal pl a % bjg gﬁ conr%%cted |nO tyueen t he

second net afepeared (Wb} LBeitAfizg aacgfroé"é’c AnBa-FAHHE

subst r atse- ngsHBACE res1&on, 33 r onThdeesdipst it eedB)rddrace t hel th r stheret al

pl ane (34). . gGess accor tp C ch e second
;anlﬁ?lté?ﬁlttnﬁctﬁcﬁt ccor%:.rﬁ% £o @&%nri \)el?lt%'n P 2

contact (14 bi pol ar ansi stor 2 and t he
first contasémisondbasercodentte(1ip orceoriesicer (Y\Grttl'hctt}(em) ¥fsta bi pol ar

t t 2 t 2 t act
(26) of an WEREEFaFSar (30 SRy iOhe) (o, ERIECRs, %ﬁ;."?‘é’f‘i‘%& S

whi ch t he sceptecte|1e0ctﬁanalhq/ é@ﬂ\ﬁéé?ﬁngflf%bh%t RREREE 92 11% 22,

24, 26), Ocongfbé Sst he JRhi Qs &t epsof - dgﬁl ni I&;@)tanﬁ(zlﬁdact Hanb@lz(JBZ)
whi ch ends e first contact, (12, 16, 24 6% nf exten uceorp t he
subst r at e- nbFABELAEPECt | on, EF HOLRAFHRE at ort]i‘%O) R TPRG THETONt act

hol e (32) wWitBtancekieakr Idh'i| {:MeCQﬂadlgﬁtl vef c ahteacémhoterf iddntegtnat4éri al ;

d - defi t he, conduct, h fi th&d2. 16,
22 24, 26) "FREEnc- SUBSHPAT hoF Ral Ul hctn "SRt R 1 FPCr Aokt o bl ane

(34) i n suchoataahnéwlichagtdhing eeebnmuam )fogomJ@Ft%omﬁ%n%’éﬁ%act hol e
flllln%jyatsgighgﬁﬁg Vot bad,2eceedhng 168088 alkokhi@l.M 5 to 7, in which the

step of el ectrrc connecting the second contact (14) conprises the
following steps: - defining a contact hole (38), which ends at the second

contact (1l4yignd extentsstratde suhst palerdiaiathl efiboedivent, bif anhénsul at or
(36); - filling the contact

wi.th an_electricall
cont act - hol 8SFRFPRAYCHEEer fiﬁ]"lc&ndaC%aﬁfiﬁHPngt?heE%SndﬁEt éPEQ Iilhl i es
above the saeaaddanntaamt(nzzehe it Sdrsatatet @minﬂem@;@ﬂoﬂﬁtér t he
second gt al bl ane, (40 gy SURDe 3 TRARELohNAS! leditRltd [ I spFby sennect ed

to the ntg I¥ol ing nmateri a out a conductor of the first metal
pl ane (34) bdilng tonAsctreierBeiaeénr whapisg kngWhogSaktotdMRg to one

of daims 5498 Eon¥bhies, atfdﬁee%lﬂ@lbl meo£s e ahep D electrinal |y
connecting t etiecono]! cont ac‘g11 é% %1t0 t he condu or OJ; eregecgﬁg nmet al
pl ane (40), PRELASHdATORS BndhttBrior £HEPrI F&Y t%ﬁ) ane (3

connected t oz EXagipAlegr minddters econiepres bt edl aflell.rl:@gj the contact
25 holes 32 as a contact-hole filling material, for

example by means of a MCVD process.

The process steps illustrated in Figs. 4 to 9
correspond to steps used in a conventional method for
30 fabricating a semiconductor device as illustrated, for
example, in Fig. 16. Therefore, in a conventional way,
the electrically conductive contact-hole filling
material is polished back to a target height by means
of a planarization step (step: CMP W). The target
35 height is in this case selected in such a manner that
the emitter contact 14 (the second contact) is not
opened up (cf. Fig. 5) and there are no residues of the

filling material or liner outside the defined contact

holes.



10. .Sem conductor device, having - a substrate (80), the process surface
“(80") of which has a substrate-nornal direction; - at least a first contact
.(120, 160, 220, 240, 260) and a second contact (140) arranged on the
substrate, a contact surface of the segpnd contact (140) being at a greater
di stance, in the substrate-normal direction, fromthe substrate (80) than a

contact sur of. th ir oat (I;aagg 1y REBal? ZH0Bya,angd - at
-| east one pél?%% netéDt mga?a]in ﬁhﬁeg%%ﬁ%), in ?/\7h' ch aj'é%ieaggg’aa first conductor

and a secorietdhducthsicharBay or hod, FERMPHE WiSc ' b&ScotEetEfY o one of
the contact§n{d20:hdé40cehbBonddBro240dez8R); t(re . fi FSilg.cordactsg&?0, 160,
220, 240, 260) being el ectrical cqonnected to the first d | ocat ed
above it inSPRELSHD ‘?taﬁe]e- mor rra*ﬁ/%li ﬁ‘@gteironghﬁ?k?ﬁgsne le tgggn?%%%) via a
cont act shol ge£320)plastd chaextaendsei metlleetsthsas ave=funetioni odcttld and is
filled with_ an,electricall dugtive scont -hol&, fidhd Ao {Riesiwl , and
the second YORtERt ffﬂbl)lr&l%ﬁglggl y%%lélj oil(r%’long leé{lelggndéé:%nduct or, %aocat ed
above it ind0benmubstrate-normal direction, of the netal plane (340), so

that the second contact (140) is electrically connected to the second
conductor without a filled contact hole (320) being connected in %gt ween.

11. Seni conducudsesmande hEERPIFARNY 0 2004i ARG FREBh (STERecBhd cont act
(140) g anpephbites santael eb padtideaimrtte anistst afe{d 0 lame 3heihir st
contact 1s a base contact (120) gr gol.legtor Eﬂfréta(:t (olr60%081t1e8*§io' 33

bi pol ar traR4FBt & NABHE ofhes” §LEGHFLEALoMPE(2E) O gat R ORI T ( 240)
or drain copbathct26Qreof faumdddSihr ahe stiorst 206kal12laket il fbeve
fabricating sem_conduc eyge, rising te f exampigVvi ding a
substrate (5%)9, THE apc%océggegu;gf%cew%ggﬂ) %;&wﬁ%gﬁéﬁésggrguﬁ}é??gt e- nor mal
direction; witkfibiungsaenl.eads aillustrasetacin(18b9-168: 2261 28BS 260)

and a sgcondegontact.{lde Onibhe 1gbsipat @4 8ha vt e coshaettadr face of
t he second contact (140). being at a %r eat er_.di stanc&LE in the

subst r at e- nBLARICANGAE | BALET r b CRFTEFRNHNY (FHUFr S cORFREFIsur f ace
of the firshpeoat agheh 120, €168, sRBRtr24R-n2hfal -dikectional lof cbheecting

the first caontact (12 :atp %ﬁéo éﬁf@c a@c@eé&% %% (§£dc8§ggg{:9ri3l ocat ed

above it infth&ELs t9on, erned netal plane
(340) by neshichf iam ahrt artedwite ¢r@RO)imew chs ekeeneg®itherheontact,

substr - nQor.ma prectio :&[y]' il leedewit h t ry | v Aap@uctiyve

cont actaﬁ-(ﬁol é'sfihqlg!ﬁé n%éfe?i al; datflo - Oﬁe%%i,cgﬁfgcoﬁﬁﬁ%i rﬁjg1 t he second
contact (l4@yrrengedseterie cbh8u@Btacthi th & |Yiat SHPERERES POFR%the
substrat e- ngrnRl-tdighect i on and adj oi ns the second contact, of the netal

pl ane (340) without a filled contact hole (320) being connected in between.
13. Method according to Claim1l12, in which the second contact (140) is an
em tter contradts ofisa bfgblewedr ansnst ar (AEWsidrichnt hestepst B¥Nt &8 is a

base copfact (120),,qr, cold ect 85101 d60)10 02 BLBAIAECL aBSistOr (100)
or is aﬁ1 ouf& ]l&c?)natta(?tn %fz%,%%@g%ont%ct 2321_0)Oor drai.n cont a%t %260) of
an MOS trangieposit( 20001 (intezlayer \hieRFEckdr d) hg Fd af SIS 13, in
whi ch the step Yerfl@EdiGRY Yaspmnecifvart Bri §i asposopiant s¢2p0hakt0, 220,
240, 260) conprises the follow.n steps: . .

ended. Then, the dielectric¢ which has previously been

deposited is polished back to a target height by means

30 of =a further polishing step (step: CMP ILD1)

(cf. Fig. 9).

Next, in the same way as for the step of patterning the
insulator layer 30 explained with reference to Fig. 3,
35 a lithography and etching step is used to introduce
contact holes 38 into the dielectric 36 (ILD) (step:
etch VIAl). Unlike in a conventional fabrication
method, for example for a semiconductor device as shown

in Fig. 16, however, not only the contact holes 38



- defining a contact hole (320), which ends at the first contact (120, 160,
1220, 240, 260) and extends in the substrate-normal direction, in an
dinsulator (300); - filling the contact hole (320) with an electrically
conductive contact-hole filling materigp;_and - defining the first
conductor, which is |ocated above the first contact (120, 160, 220, 240,
260% as Seeﬁhi?lﬁt {é@i_dfl&)@t blahaue;ebmfl@: ol r ek cﬂdrsm‘ h&ealepalangl @, (340) in
‘such a nmanner it is electric y,gonnected to th ntact-hole filling
material . 1BYEMBHEd AcEBRERAG 95ﬁ6%e3gfW%P&%mfgé%tggligqrF%&ﬁ%ﬁFthe st ep
of el ect rhcfahi«faeenneﬁt i tiget hemsecend comtact (140) (chnprthsessedendiol | owi ng
steps: - definjin n_uncover ed ntact surface, which is oriented in the
RERCH] EtErned

substrate-pﬁ?_ r 3t BA: € second contact (140) by neans of a
pl anar polishing step (CM° BPSG CWP W; and - defining the second

conductor of %Eﬁa8$t§%a8&ﬁget63%%kié&f%&é}f%dﬁ%ﬁ&% ihais itnasbpbps the
uncovered contact surtace of the second contact (140) in an electrically
conduct i ve pufferablaFonlxs ppeped AP Auginga they pafierning of what
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20 liner (TiN) is sputtered on as a diffusion stop (step:
sputter liner). Next, a suitable metal (for example
tungsten) is deposited by means of a MCVD process (step
MCVD W; cf. Fig. 11), and this metal is polished back
to a target height by means of a further planar
25 polishing step (step: CMP W; cf. Fig. 12). The second
metal plane 40 is patterned in the same way as the
patterning of the first metal plane 34 which was
described with reference to Figs. 6 and 7.

30 The preferred embodiment of the semiconductor device in
accordance with the first aspect of the invention after
the method steps of the invention have ended 1is
illustrated in Fig. 14. As has already been explained
in detail above, this semiconductor device differs from

35 a known semiconductor device illustrated in Fig. 16 in
particular through the fact that the second contact 14
(in this embodiment the emitter contact) is not
connected to a conductor of the first metal plane 34 by

means of a filled contact hole 32, but rather is
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plane 40, preferably via what is known as the VIA-1

connecting contact. There is no conductor belonging to

the first metal plane 34 arranged between the contact

5 surface of the second contact 14 and the conductor of
the second metallization plane 40, which is arranged

above the contact 14 in the substrate-normal direction.

Since the so-called VIA-1 connecting contact, which is

10 a standard means of connecting conductors of the first
metal plane to conductors of the second metal plane,
must in any case be formed in a standard process,
making contact with the second contact 14 via the
second metal plane 40 does not entail additional

15 process steps. Accordingly, the VIA-1 etching above the
contact 14 is not stopped by a conductor of the first
metal plane, but rather ends at the polysilicon of the
emitter contact 14. Therefore, the liners which can be
used as an etching stop are broken through into the

20 first metal plane 34 or the polysilicon of the emitter
contact 14 in a simultaneous, controlled manner.

Fig. 15 shows a semiconductor device in accordance with
the second aspect of the invention after the
25 fabrication method steps of the invention have ended.
The semiconductor device has a substrate 80, which may
be a silicon semiconductor substrate, with a process'
surface 80’. The active components which have been
patterned in the FEOL process steps may, for example,
30 correspond to those of the preferred embodiment of the
semiconductor device in accordance with the first

aspect of the invention which has been described above.

In the preferred embodiment illustrated in Fig. 15,
35 there is a bipolar transistor 100 with a base contact
120 (first contact), an emitter contact 140, which
forms the second (higher) contact, and a collector
contact 160 (first contact). The bipolar transistor 100

may, for example, be part of a radio frequency circuit
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the semiconductor device. Furthermore, the
embodiment of the semiconductor device illustrated in
Fig. 15 has a CMOS circuit, which is represented in
simplified form by a MOS transistor 200. The MOS
transistor 200 comprises a source contact 220, a gate
contact 240 consisting of polysilicon and a drain
contact 260. The contacts 220, 240 and 260 are first

contacts in the sense of the invention.

As has already been described in connection with
Fig. 1, after the FEOL process end, the semiconductor
device is covered with an insulator 300, which is, for
example, BPSG (borophosphosilicate glass), for example
by means of a CVD deposition process.

Unlike in the fabrication method in accordance with the
first aspect of the invention and known fabrication
methods, however, the subsequent planar polishing step
(step: CMD BPSG) is carried out in such a manner that
the insulator is polished back as far as the second
contact (i.e. the emitter contact 140). The CMP process
step is therefore stopped at the emitter contact 140.
Tn a known manner, an end point detection system, which
indicates the instant at which the polishing step
reaches the second contact 140, may be used for this
purpose. It is also possible to provide additional
auxiliary structures which function as a polishing

stop.

As has already been described in detail with reference
to Figs. 3 to 5, contact holes 320 are then patterned
in the insulator 300 by means of a lithography step and
an etching step (step: CT etch). However, unlike in the
case of a conventional semiconductor device as shown in
Fig. 16, a contact hole 320 is not formed above the
emitter contact 140. The contact holes 320 can be lined
in the usual way with a liner (for example consisting
of TiN) and filled with a suitable contact-hole filling

material, for example tungsten. The metal layer which

Z10% & ()-'y 31 109& ()-
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1 10% [ & § ) - Be¥00%R (Ont@09&' {9 -uncovered. This means that the step
of polishing the contact-hole filling material of the
contact holes 320 can also be used to open up (and
eliminate liner residues from) the contact surface of
the second contact 140.
10
This is followed by definition of the (first) patterned
metal plane 340, the process steps of which are no
different from a conventional standard process for
defining metal planes of this type. It should be noted
15 that a conductor of the metal plane 340 which is
arranged above the second contact 140 in the
substrate-normal direction directly adjoins this second
contact, so that an electrically conductive connection
is produced between the second contact 140 (the emitter
20 contact) and the corresponding (second) conductor of
the metal plane 340. In other words, the second contact
140, unlike the other contacts of the semiconductor
device, is not connected to the associated second
conductor of the metal plane 340 by a contact-hole pin
25  320. Instead, contact 1is made with the second
contact 140 directly by means of conductors of the
first metal plane 340 which adjoin it. A thin, in
particular metallic interlayer may be present between
the second contact and the second conductor of the
30 metal plane 340, for example in order to reduce the

contact resistance.

An advantage of this fabrication method and/or of the
semiconductor device which is thereby obtained is that
35 the height of the second contact 140 can be selected as
desired in the substrate-normal direction and/or can be
matched to the process requirements of an optimized
bipolar transistor. There is no need for thickness

measurement by means of STI. At the same time, the
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with contact-hole filling material (for example

tungsten). The first metal plane 340 can be connected

to the emitter contact 140 directly (without the need
10 for contact hole pins 320).

The limitation of the contact surface area, i.e. the
diameter of the contact holes 320, is eliminated, since
the entire effective surface area of the second contact
15 140 can be used to produce a contact. This means that
higher current intensities can be realized in the
bipolar transistor 100 and/or optimally matched to the

surface area of the emitter contact 140.
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art:
8 Substrate (e.g. silicon semiconductor substrate)
8’ Process surface of the substrate 8

10 Bipolar transistor

12 Base contact of the bipolar transistor

14 Emitter contact (emitter stack) of the bipolar
transistor

16 Collector contact of the bipolar transistor

20 MOS transistor

22 Drain contact of the MOS transistor

24 Gate contact of the MOS transistor

26 Source contact of the MOS transistor

30 Insulator (e.g. BPSG)

32 Contact hole (CT) filled with contact-hole £filling
material (e.g. W)

34 Patterned first metal plane with conductors

36 Dielectric (insulator) ILD (e.g. TEOS)

38 Contact hole (VIA-1) filled with contact-hole
filling material

40 Patterned second metal plane with conductors

For the preferred embodiment in accordance with
the second aspect of the invention:

80 Substrate (e.g. silicon semiconductor substrate)

80’ Process surface of the substrate 80

100 Bipolar transistor

120 Base contact of the bipolar transistor

140 Emitter contact (emitter stack) of the bipolar
transistor

160 Collector contact of the bipolar transistor

200 MOS transistor

220 Drain contact of the MOS transistor

240 Gate contact of the MOS transistor

260 Source contact of the MOS transistor

300 Insulator (e.g. BPSG)
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has a substrate normal dlrectlon,
- at least a first contact (12, 16, 22, 24, 26) and

a second contact (14) arranged on the substrate, a

contact surface of the second contact (14)

being

at a greater distance, in the substrate-normal

direction, from the substrate (8) than a contact

surface of the first contact (12, 16, 22,

and
- at least a first (34) and a second (40)

metal plane, in each of which at

24,

least

26) ;

patterned

one

conductor, which can be connected to at least one

of the contacts, is formed;

the second metal plane (40) Dbeing at a

distance, in the substrate-normal direction,
substrate (8) than the first metal plane (34),

greater

from the

the second contact (14) being electrically connected to

a conductor, located above it in the substrate-normal

direction, of the second metal plane (40)

without a

conductor of the first metal plane (34) being connected

in between, and

the first contact (12, i6, 22, 24, 26)

being

electrically connected to a conductor, located above it

in the substrate-normal direction, of the first metal

plane (34).

2. Semiconductor device according to Claim 1, in

which the second contact (14) is an emitter contact of

a bipolar transistor (10), and the first contact is a

base contact (12) or collector contact (16)
(22),

bipolar transistor or is a source contact

of a

gate

contact (24) or drain contact (26) of an MOS transistor

(20) .

3. Ssemiconductor device according to Claim 1 or 2, in

which the first contact (12, 16, 22, 24,

26) is
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substrate-normal direction and is filled with an

electrically conductive contact-hole filling material.

4. Semiconductor device according to one of the
preceding claims, in which the secoﬁd contact (14) is
connected to the conductor of the second metal plane
(40) wvia a contact hole (38), which extends in the
substrate-normal direction and is filled with an
electrically conductive contact-hole filling material,
without a conductor of the first metal plane (34) being

connected in between.

5. Method for fabricating a semiconductor device,

comprising the steps of:

- providing a substrate (8), the process surface
(8’) of which has a substrate-normal direction;

- defining at least a first contact (12, 16, 22, 24,
26) and a second contact (14) on the substrate
(8), a contact surface of the second contact (14)
being located at a greater distance, in the
substrate-normal direction from the substrate (8)
than a contact surface of the first contact (12,
16, 22, 24, 26);

- electrically connecting the first contact (12, 16,
22, 24, 26) to a conductor, located above it in
the substrate-normal direction, of a first
patterned metal plane (34); and

- electrically connecting the second contact (14) to
a conductor, located above it in the
substrate-normal direction, of a second patterned
metal plane (40) without a conductor of the first
metal plane (34) being connected in between;

the second metal plane (40) Dbeing at a greater

distance, in the substrate-normal direction, £from the

substrate (8) than the first metal plane (34).
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contact (12) or collector contact (16) of a bipolar
transistor or is a source contact (22), gate contact
(24) or drain contact (26) of an MOS transistor (20).

7. Method according to Claim 5 or 6, in which the
step of electrically connecting the first contact (12,
16, 22, 24, 26) comprises the following steps:

- defining a contact hole (32), which ends at the
first contact (12, 16, 22, 24, 26) and extends in
the substrate-normal direction, in an insulator
(30);

- filling the contact hole (32) with an electrically
conductive contact-hole filling material; and

- defining the conductor, which lies above the first
contact (12, 16, 22, 24, 26) in the
substrate-normal direction, of the first metal
plane (34) in such a manner that it is
electrically connected to the contact-hole filling

material.

8. Method according to one of Claims 5 to 7, in which
the step of electrically connecting the second contact
(14) comprises the following steps:

- defining a contact hole (38), which ends at the
second contact (14) and extends in the
substrate-normal direction, in an insulator (36);

- filling the contact hole (38) with an electrically
conductive contact-hole filling material; and

- defining the conductor, which lies above the
second contact (14) in the substrate-normal
direction, of the second metal plane (40) in such
a manner that it is electrically connected to the
contact-hole filling material without a conductor
of the first metal plane (34) being connected in

between.
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the second contact (14) to the conductor of the second
metal plane (40), at least one conductor of the first
metal plane (34) is connected to a conductor of the

second metal plane (40).

10. Semiconductor device, having

- a substrate (80), the process surface (80’) of
which has a substrate-normal direction;

- at least a first contact (120, 160, 220, 240, 260)
and a second contact (140) arranged on the
substrate, a contact surface of the second contact
(140) being at a greater distance, in the
substrate-normal direction, from the substrate
(80) than a contact surface of the first contact
(120, 160, 220, 240, 260); and

- at least one patterned metal plane (340), in which
at least a first conductor and a second conductor are
formed, each of which can be connected to one of the
contacts (120, 140, 160, 220, 240, 260);
the first contact (120, 160, 220, 240, 260) being
electrically connected to the first conductor, located
above it in the substrate-normal direction, of the
metal plane (340) wvia a contact hole (320), which
extends in the substrate-normal direction and is filled
with an electrically conductive contact-hole filling
material, and

the second contact (140) directly adjoining the second

conductor, located above it in the substrate-normal

direction, of the metal plane (340), so that the second
contact (140) is electrically connected to the second
conductor without a filled contact hole (320) being

connected in between.

11. Semiconductor device according to Claim 1, in
which the second contact (140) is an emitter contact of
a bipolar transistor (100) and the first contact is a

base contact (120) or collector contact (160) of a
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comprising the steps of:

- providing a substrate (80), the process surface
(80’) of which has a substrate-normal direction;

- defining at least a first contact (120, 160, 220,
240, 260) and a second contact (140) on the
substrate (80), with a contact surface of the
second contact (140) being at a greater distance,
in the substrate-normal direction, from the
substrate (80) than a contact surface of the first
contact (120, 160, 220, 240, 260);

- electrically connecting the first contact (120,
160, 220, 240, 260) to a first conductor, located
above it in the substrate-normal direction, of a
patterned metal plane (340) by means of a contact
hole (320), which extends in the substrate-normal
direction and is filled with electrically
conductive contact-hole filling material; and

- electrically connecting the second contact (140)
to a second conductor, which is located above it
in the substrate-normal direction and adjoins the
second contact, of the metal plane (340) without a
filled contact hole (320) Dbeing connected in

between.

13. Method according to Claim 12, in which the second
contact (140) is an emitter contact of a bipolar
transistor (100) and the first contact is a base
contact (120) or collector contact (160) of a bipolar
transistor (100) or is a source contact (220), gate
contact (240) or drain contact (260) of an MOS

transistor (200).
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- defining a contact hole (320), which ends at the
first contact (120, 160, 220, 240, 260) and
extends in the substrate-normal direction, in an

insulator (300);

- filling the contact hole (320) with an
electrically conductive contact-hole filling
material; and

- defining the first conductor, which is located
above the first contact (120, 160, 220, 240, 260)
as seen in the substrate-normal direction, of the
metal plane (340) in such a manner that it is
electrically connected to the contact-hole filling

material.

15. Method according to one of Claims 12 to 14, in
which the step of electrically connecting the second
contact (140) comprises the following steps:

- defining an uncovered contact surface, which is
oriented in the substrate-normal direction, of the
second contact (140) by means of a planar
polishing step (CMP BPSG, CMP W); and

- defining the second conductor of the metal plane
(340) in such a manner that it adjoins the
uncovered contact surface of the second contact

(140) in an electrically conductive manner.



