.e3e($46T(G Connecting the enmitter contacts of a sem conductor device 5
Description The invention relates to a sem conductor device '
Clainms 1 and 10 and to a nethod for fabricating a sem conducmﬂmmm’mmm““m
eccording to 10 Cainms .5 and 12. Fig. 16 'shows a conventio

sem conduct or device which wll be u_s%d to denonstrate the probl gs90f the
prior art with which the invention is concerned. The 15 sem conduct or

devi ce conpri s Ll ) bi.pelar transistor. | o, which, . in a known way,
has a base con?ggﬁe%gsﬁénggkiF&éggggangﬁaf SaR& 3 ESFREAFWERT act 16.
The bipol ar transistor 10 nmay be an fgNigeansi stor or a pnp transistor

whi ch, 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 cogﬁrises an MD5 transistor RPEFEIPEL®urce contact 22, a gate
contact 24 and a drain contact 26, nmay be provided vn 25 the sane substrate
8 (for exa be a silicon mafeg A characteristic feature of bipolar CMOS

circuits of ‘tfi s ¥R hat %Lﬁgeém' t%2r BontIRPLIQHHMFERE t Hevdeet t er
stack) 14 iscdesidgngd to bElsiwei ficaid vy 180 ahbaghes"” abaerHdEe Begcess

surface 8' g trate 8 1 the other, contacts. The contact
surf ace, reerrt%?té'g??g%p%he %roc%ésrgfg?ﬁ%%%%oﬁ' ST suBSSRE T of St he

eni tt et onfFadimes 5 angt 12 .greater distance fromthe process surface 8
than contact 35 surfaces of the other contacts 12, 16, 2z, z4 arid 26. This

rel ative grgat hgi gg%l of the emtter contact results from necessary process
demands i npds8d of SRR iTi RIW HHErRRL t semirenductor deviceBywhiapn of

exanpl e, theidlel® ludedght deridifsdfitd eEneoptasheld Ys at?'hpﬁlelror
e

transi stor res din 0, the I nfipeon BO9C process abov e*process
surface 8' %ggtyﬁ*ﬁ%‘g} I ygggﬁhnm%}ﬁy cHORYRREIONpy Lfay PNEREAPRe, {THe 5

hei ght 1& t Bempebpdukctorn devéceontatipri4esl an Moertizal)st ®ipéd a3f r anged

on the sanecgyhsticate 81bS tyRicpl !l y;9nl 80 nm These very different
hei ghts of the, contact sur'facjéig?'lolgheger%n(??“é? I act?®H SnPAEd to the

ot her cont afpgtact 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 ciréuit of the
semiconductor device. In addition, a CMOS circuit,
which in the simplest case comprises an MOS
transistor 20 with a gource 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 circuite of
this type is that the emitter contact (known as the
emitter stack) 14 is designed to be significantly
30 “higher” above the ©process surface 8’ of the
substrate 8 than all the other contacts. The contact
surface, remote from the process surface 8’ of the
substrate 8, of the emitter contact 14 is at a greatex
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
optimized bipolar transistor.
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Lead to serious process technology problens with regard to connecting these
contacts via contact holes 32 to a first patterned netal plane 34 (known as
the netal -1 plane), and these problens are described bel ow. 15 All the
active conponents of the sem conductor-dewice (i.e. the bipolar and CMOS
transistors), after the FEQL (front end of Iine) process end, are typically
covered withBx diaat ecfr iexa@3®ld, ortbﬁar@p’leefaBllSGlmIQtBopépmi@hesmF—Feate

glass) to a eirgh f a
e conduct of A5 Ee ol o Rt o oo T debony T re TR ecr atBe 1 ayer

30 (BPSG | aydpfingent H3C sPAgEesE t#HROYR 0£88s P#Q@%ﬁanﬁéﬁ&ﬁ@t o’ déice
according tOtngaé.tclall\t Nt hi, 2ByN C&om&taﬁffwema frdﬁné:b&nﬁleprtﬁét
Then, the in yer 30 i i shed back unt] l.anar

speci fi e t aP§e€ hl%g fr)égh 16P2a E%‘Ptﬁ%tha#nzf §If pqnangb zatl on
step 30 (CVPtBBREistep) - 2Eheaeeahgedducnortldevusmn@b@bmrtaa:fa el t hiss

pol i shing st has .ended .i s | aﬂlglamrati cally depicted in Fig. 2. The high

emtter cont&ePLfRl aﬁ’sllé’hgt 'pl anar 35 polishing step (CMP BPSG st ep)
is extremely critical. Wereas in the Infineon CON process, which is a CMOS

logi c pr Ocessl‘hl Re! On\%r@g 4PrE8F L “hglgﬁesr Qe g:@;n chﬂ'gté’ =25siir FrEECRROI 0gY,

this planar Shing “step Ts not ocess t requi rement on
account . 10f ttﬂt@ emthefeFapF@éFy M%W?@P@ﬁ?dof‘-ot W@an‘t”é“%’én?&éﬁagﬁs

(appr oxi mat el 228Q S8 AR Es tﬁteoéé@ét £8EBnSUGERCEY  obl ERBSHEERI ReghRE
process specification for the CON CMP BPSG step directl woulg? gad to
d

significant I505<KRANACH G HRREF oROPFEFES FdP SORMAGE BMSRc Rc& with
t he CON prOCﬁSsstI hpatﬂéﬂhéﬁoﬁnétaﬂlerpBﬁnét B BPGoumyers) tlse pokitaied back

to a total hel of 70 150 th shing step.
Therefore, ;Bg%{‘ \}:Z}e;f BV Ie (%\éPCBIPJED qf eCMa is a mninum

BPSG | ayeb th| ckness of 550 nm above the substrate surface and

consequent | y 4 BRI a%e 30 Mdlodeliel OBt Ahndtl sLRASNEI0:0I LRIALES above

the gate contac osition- nt 15 occupation densities of the
active conmponents ridie @B@Q%@@S@@ﬁy‘é%’a{lﬁf-é AEss - t BEFBEARE EESY bel ow
the typi cal V@éﬂﬁztofeﬁooﬂmtlﬁ@?r@‘ﬁc%sst hend aygfe heyphtalodf, deedresul at or

| ayer 30 achieved for a p 0qi c- base roce in accaord nce CON are
not 20 criti d&t th resfitin %’récatl vgﬁ(ﬁ ﬁr oce?éca\ﬁp W?:P%t fhe ovP
BPSG st ep0 Ho(\/ﬂzmphos‘pm:dmltncda:retrghasstor thO ias ptccwalziedhasghhe adtive
conponent of chah de a riat to a
CMCS transi st l%%c'%%r;l%ess chnoj;&gy%'m tgﬁét |Qonéa| %eg{%ncg\?ﬁutdt%'}
different. S@e}riqe:afw,'lowingheh?p@d:lefn i depeoiting shép Smsydiatsli ng t he

i nsul ator | aygf, 30 QMB%%%G)lé§e£EanﬁterEI?ﬁs dikgek fgomibe ds0gi ¢
process 30 (I nfl neon, CON_process

hei 700 nm nm, to the
bi pol ar CIVDS’HF%C%%@W?WFV%EBH @Elﬁﬁoé&%‘) %ﬁ)s? ﬁnFQV&HFaBPe 1s
scenari 02501 iedk apeendd £ Bsr &ont Bedm hehghdr bbr 5 nm above the substrate 8,
may result in a BPSG insulator layer 30 with a height 35 of only a few
manoneters. This very thin insulator |ayer 30 above the emtter contact 14
i s not suitableedortBebsvguénatopatiiearer kP ofs apebhshed hark IMtil it

Consequently, ; { he) pr oregse i RdaWet 9k ERe tBL-8RAT kB3LKkABss 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) 1s 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 regquirement on account. of the



-4 5 10 15 20 25 30 35 step (CWP BPSG is greatly reduced with B9C
process technol ogy. Furthernore, it is |likely that future bipolar

transi stor generations, which conprise in particular silicon-germanium
heterobi polar transistors, will have evgn-higher emtter contacts (emtter
stacks) conpared to the other contacts (for exanple the gate contact

pol ystack), wméighively irtensi hyitghits poobl ethesti lgatfeurt Bencadtf ur2her

probl em of cpnventional duct or bdeV| ce whi clk)l LS gssom a)LSed with the
relatively htYP %?ﬁ”flf‘%?ei%ntéégq] IH i §°64Sed g‘ﬁ t A& ﬁi:’é‘?l Br oe&5528RY! neer i ng
demands on ttreassberoingather progasite swetaticdioles 82r( €He ,CAN aCMbi ch the
contacts 12,5ddn &@e 2%1:%%&?" v?o%l‘%{ el%%deEBhs %?S.fﬁ?:% e‘cﬁtf&é% gyt andard

vvaytotheflrst erne ane or exanpl e, e et ng step
(CT etch5ste®1)'°¢‘é)¢t%% ¥batdet hoI es 32, which is typically a plasma
etching step, has to be highly selective with respect to the emtter
contact 14 (lgol ysili con contact), in order, to allow even the "dee est

contact surfhees SRR, eche“%uPF&@égaInG@at‘éﬂt}Bl FH&stC PROSHSSeessP8ur f ace
8' of the subsétvéeoB) lhgebesopente Bpscelliaatdn) and pmt:h;wéd restiues yet

w thout the em tter, conta 14_b atta For exa

abovenent i ondd P& f Eégﬁgnso%f e?![(ﬂ)g EON %l:]gg%sém solr ¢ %oﬁ gct§{>§§ and
drai n camt achpsl26hifigt heepOSThearsbseor takem\ashearl hwemstie aoveaxi then of 850
.nm bel ow t he I y foll p hi e SG. To
enabl e thesee}ég%#ac]tw%fffa eécp%g g%a%e %@%nt%btg% : bes%rgltl'(é% Eg opened
up without |efvPRE amyabeyedids Whﬁé@r@é’-%fs‘ﬂf@?ﬁ:asﬁ%ﬁ eteRFAGUEREPY a

relatively | gngsgde hiy ra%etxl NMBoi Syi€guid etheifits b@nga@t qmarsgctlzrm, hid
conjunction with,a BPSG | ayer thickness of 70 ans_that, for

a m ni mum t hf ERAERE RS40) E]Pr?t FAECaf R TRGEN ﬁ‘ sh%‘??l'é’t%?n ?Pﬂﬁnaur ation
- 5 thea=tcbtogpatosh dfenhhleleenb&ctthimIa&:t’inef\/rumiipcbrsextmalh@le adose the

emtter cont ['l, have ed the_co urf e ter
contact 14. Eﬁsm]’ﬁé e, Hh %Q %ss (ke %‘%‘tgaa]c e o ?%Ee”he gemtter
contact 14 |Sypxpa§ed'atlmletmfpﬁégrrmt chheCaforef tthe plaassm betdhhg step
etches the igsul ahar 3fhdier boBPSE BIONIYY Seheibyshy Eol ough Lhge

addition of suit passi vation corrpoun e etch |n§ﬁ1p asmma
respect to tﬁ@géénPaéﬁdrraPé‘PF‘aﬁs(eln agsdanseonitio & tﬁéeetEﬁan

process For @EQEhagll,lprEBal@Qﬁg- iy RO xR EGie Be widd | PHecle ¥&t ROHEOWNE

emtter cont acked. This process engineering requirenent nay
lead to furt g}"ﬁ &#P Q%% FEFE | osses. 15 In addition to the process

engi neering d| ff| culties ent al l'ed by the production of the conventional
SEmeoncuel epvees Al beabeve L bon) 8 Ses ke 19T O
type the confgéive component of the semiconductor device (if
25 appropriate in addition to a CMOS transistor 20), the
process technology situation is somewhat different.
Specifically, if the specification for the step of
polishing the insulator layer 30 (CMP BPSG) is
transferred direct from the CMOS logic process
30 (Infineon CON 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 emitter 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
a limted extent on account of the |ess £5 than optinmumutilization of the
cross section of the emtter contact 14. The probl ens descri bed above in
connecti on wsthpt heced@bmpeatli ons ofgrdi: knowadserlcontiict @ocdeyiseebave 30
hitherto been solved by "w dening" the specification, derived fromthe CON
process, fort?ﬁgnﬁngé’hi ng step (CMP BPSG) carried out on the insulator

| ayer 30. Whereas the CON process required a specification of 700 nm 150
nm for the | ayer,heiaht of the insulat.qr 35 | ayer. 30_f W ng.

pl anari zat i oﬁ §F86Fmgﬁ§’bi p%) ar Jci/[)salplﬁ(oeclé’ss %%ﬁéaﬁ (1 ﬁﬂglhlggn ggtfg%?%l{:ess)
only denendetiransagéorheggheratiohe, i ngulclt orcdmppsse30inf F&0thenldas0 nm
above the preﬁggéoaf;%sn%m &'xét%oﬂ{ dNe- height;gtotbe ey epagantact
i's reduced by nm(i.e. to 500 nm, t%e process w ndow for the step of

et ching the E¥RRadiiAWesembtiar §ONLACKEr d eMiddiey ctt@FkSi nE@MPAERE i s now
attsmalkl grb"rt%%ertvﬁétQ:ftth%ﬁpolcasﬁ{;h&rzlgg& pﬁ?t E%x@ '_tlbertxg@ntgacttehléowaa@b can be
attacked by e con o] e etch, etch)., This reduces e process
wi ndow f or tﬁé’lﬁlﬂs&?ﬁ%%et cH ﬁﬁhst‘ﬁbﬁorlq ?ofrlv\\fa&hlﬁol 8§°§;?“‘105Fhﬁi ew of
t he abovepmentivereerdr awbacks of conventional sem conductor devices . and

t heir 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 t he heiagfurshexr qomkdem X (dorvexbhphzl ofenheorducter dewidaes 14)

can be sel ectgd s 9§Siars%%§:%'fatt?éwtw§@ﬁi é[‘?e@é@%éﬂ;“%@h Leﬁi%:ter

sen conduct or device nore ficult 1n the long term™This object is
achi eved by &oségicdondficticr Baopde R ZHedeBEFRbAFIGPSE aPRFIRCGRINY0 and a

th hgd ;ps f@fé&ﬂ'a@@tsdj rtgaausfn's@@ﬁﬂwt @Etci@\ﬂnqelgascrfte?ﬁﬂmd ino%gi Bﬁl 5 and
. Preferred enbodinents, formthe s ct tter t ependent ai ns.
25 Accor di ngc{tcg‘ a f“l”rastwré’s‘f}'écr?’%fc?ﬂga{:%eﬁ i'obr?l'aqssem' nd%%t@?gdgsi ce
conprises - arwubthr abeh tdteser coanecsed ate af stamdaiisway to the

substrat e- nor, dir j Qn: st irs{,co t eco cont act
30 arranged ofrrﬁtsr%e ?Sa(t%ete%g}eg gﬁecéoan ac%f%r&é;fa%%' opﬁﬁe %’Ieggrg éééon?ggt bei ng
at a greater aficltingcestem (AT efsht reiephofanl ther aomt@rt froheshé2,

S_UbSt ratgpt h%i%}poggacgypqlgglqg,e af gﬁlﬁ%n{d rgkcr9itaddse ,ndhasatt& egat a
first and a second pattérned netal 35 plane, in each,of which at I%ﬁst one
S

conduct or, mlg?lé’arﬁ?}éa%ﬁf?eé'fléﬂ‘t’be%@e?%a’é? bhie BMifRercGRPLEFS,

f or med, (polysilicon contact), in order to allow even the

“deepest” contact surfaces (i.e. the surfaces located

closest to the process surface B8’ of the substrate 8)

25 to be opened up reliably and without zresidues vyet

without the emitter contact 14 being attacked. For

example, with the abovementioned specifications of the

CIN 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 layver 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 Dby means of the plasma etching step, a relatively long
etching time is required. This long éetching 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



the 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 wthout a
conductor of the first netal plane being connected in between, and the
first cant actnbel egcrelegt lrﬁ'xeqadd yogfonaa@]E e€loh Ba @t 1Q162I.C&1d|l3(2t lovvhil:ncaiﬁd above
it in the substrate-normal direction, _of the first a ane, as
al ready been aggg?sbgg’ogﬁof&e i?mjrtst%{ls?S?rg??Lféti éf’ﬁt‘lt ﬁéaovc%nf%\%pée%f t he
active conponkat saftak® cenvdaticonaf Sdrs cenductor adeviaets fld .beFromnect ed,
Lypically vig,poat 3Le.KpouR a5 ant athnoles, Ll . 4 goaducher seplocat ed
above themin e subsPrat e-forma ‘diréection, of a firs patterneté nmet al
pl ane. F&r esmipter cpnthetadid vies cevpenedt tef thife nlafmrefuet or OR8Y devi ce
i's a bipolar;kranst stAsneseeehivg copddgctorehdd e fihstiipabierngd netal
pl ane are connected to the base cqontact, the emtter conta %,and th
col | ector cohBaft BFSEhelieddd sst‘%ilre.CtZS’EI-]é{/\eVé?I{O‘%ﬂ?éo‘?l%ﬁn@g bELPR PFrst
aspect of thayukeyBNbi Pasivhdfot eabmpeUh8si .4 akna. AONd nglasméhe
i nvention, a c¢ontact whgs% CQ:E{ act surface is at. a %reat dgstagce fsomthe
ulst r {92

process surf Y¢ERoFSFREC % GUGRSE BNt cBRUYEL O CBF' t he
first 30L0ret ebnplare. etclsieqdproeetactfds opeyinadepw the t Aespedpiagt in a

subsequent pr chgﬁé;ftx? g’cgnq:rinmhﬁth%{ﬁlw@hg % O'E/tgg(%%g%lfj?)tla%%di g to a

second patt ef g a |"ane; | i's"arranged a . rst patterned
met al pl ane, basngeeattacked. sukis atranesel e3gigeegdncdonre@BaseGaRAat |y,

the second cgalaglbadMibCRubaned &QRSIiG8ARIE YRI1GNY AkQwe the process
surface conparéd to the other contacts, can be provided with any desired

heirght, since there is no need to nake _ g _ contact with this second
contact i®mgetrher awibibhe ©b hetheonradisssvi anghackirisly patfekpadtiesal

pl ane. There is n onduct or_.bel ongi Q the first . .metal 5 plane ranged
above the se@Bﬁ?&lg‘ﬁﬁ%gh;jb¥ontt§tet, ggogggtﬁlloﬁl th%ésul%}er at 8°HY ﬁaﬁo&g?ecti on.
| nst ead, onl geaniconductor aletime sdesadibetalabpivane(cmitidal sprosrested to
the contact f ft SEFAN ntagt lo B%4 i pgsten
contact pin, \?\%iéldl%glgé‘%erd a ovgﬁgogtP g’_éggor?f ceont.a?zﬁlgﬁ%% tgﬁ%g &

seni conduct oKN@eVi cReBRteRARAEOT 0 AV dad eRfi diiHakyPeulEre a8PaEEE§es

result fzem he @ thaled urtdrer weid i cadmeopgect i ggnegatact sa(kngwn as
VI A 15 connect,i ng contacts) .are usualclﬁyeégrovi ed in fn% case after
ol

processing i NS IEHMTIN TR T NucteT sShe i A5SR0CEnEDE 1 st
nmetal pl ane tcontaghterhebadZZ or Bipellanrgi apgpl bcabitosecomhingt alrepgame.

Ther ef or e, CHLACIoRAN dhe diade halesn Lhe. secends pontgct candobbg, gecond 20

nmet al pl ane Vi e -1 connecting contacts, and consequent ere is no
need for any raddiitzeshatol ia hbgmaphg, ettt ngn mtetunzapiforthmd 1gsisi shi ng

steps inyerdeidd FBKEmGRNLAGH W deogeteRd epR@Ckedtadineo i gher netal
pl ane. 25 According to a preferred enbodi nent, the second contact is an
enmitter cont &t tdeT WFAS % -ansistor, 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 tr.ansistor.. As has, al ready been
described in T?'Hee Pﬁ??’gﬁﬁ‘ét i (g?r,c‘cfh SEmTIBrC At aZPBFCEL BT p o latsffjht r%g’ﬁ:)s/i stor,
conpared to tfebmiderigontet $hef tknowct isesicomsoedors ofevd csenibemeduct or

device, §ypi GaldneNas LEELTRANRY BE OhL RRAY 1 Nendr QoS fication,
derived from the C9N process, for the polishing step

(CMP BPSG) carried out on the insulator layer 30.

Whereas the CO9N process required 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 B9C process) only demanded

a layer height of the insulator 1layer 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 netal plane, but rather to be connected only to a conductor of the
second netal plane, for exanple via a_VlA~1l contact. g Ther ef or e,
there is no conductor belonging to the first netal plane |ocated above the
em tter contagt th@ehfail@m; cont ate | &mﬂltefe(ir abbyt£onnast edeﬁucéﬂe By
conductor of _the f| [ st cont act hnégwhéc xtends in the
i

é I an
subst r at e- no? teRdj ?'e8t R f’| Itl d RAY9F54h Ve 1y con%euoctl ve
cont act - hol eofi | £tapingt ethal cdheacontholehol 22filsj ngasmt &ti aberay, for

XAl 8. e FUDOSLEDun 1o TMLAGUEET M 0 10ngy PEEY I ulop .S ef ched
contact hol e GEMn ocess nown liner, for exanple a
Ti N liners n'aylbelibngonde@lf a§h@ demigsiesn seopaat 31141 wihd Gint eARacks (in

particul ar. QEE%ﬁedthsycomélctcdw&@cél IHd1ng wRier i abrandcthe. metwl s pl ane

or the contact 15 matertal). The second contact is preferaq_‘ connect ed to
t he conduct oFe8RCERe tHEc FFP TRt WA g?ﬁ Sheomigsman gt chteRt ends
in the substrgtetner eahtdceepbiles 3od is 20 filled with an electrically
conductive contact-hole filling material, w thout a conductor of the first
nmetal plane being connected in between. As has al ready been expl ai ned
above, tie cant &(itewh@lfe tiey drewdnsn b ioietwir abddies \bA- dogveneiohal
contact, which nor 5 nec nd S c ned

nmet al pI ane FSm&SPP %I ncg&glognaéuctao;&s gﬁé?% F |°Fgl[&%l§t%t Oﬁﬁ‘égé’%?é{ pl an
Accordi ng toithe J-IS1V€EIHI ovbjedt s ¥EA- Eh@onnémelnrtgo@onttabt REGVIHRE usdd to

make cont act ‘Qhﬁ@ E%c%%eonéewetaacanar A Fﬂﬂ&@éééyf@ﬁr hpgBaaenhacts. No 30
conductor of t fi Ee correspondi ng

rst metal plane,is ng bet ween t 0
conduct or of Steméc%’é’é‘ﬁ&oﬁetdfﬂvkﬂeanénaﬁ’g”tc%e %t%‘c’:fggﬁrP ceé? o‘FOFHg Stecond
contact,18s q€eR igkaid esdFStutat eemicytieat chrtendt ad) 3Garcber dehgetedt he
first aspect of t e |nv nt met hod_f or bri cat on t or

st aspect of BEN LD 8 MEROREALOT DT IS Sy e eondig

device, in partic nduct or i cein &ccor e first
aspect of thsemiwmdu@rt,orcdlewmcsae@oa‘@e i fionltg ist e long r@rm 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 suflbdce oPiede §SsAUHP Rt RYt DePRPLFORENEHOA! LGt BF

di stancepqi N dae S I alre- NOTdMBrhs di 1echihgn fipomddee sbsheehedt hgsra
cont act surfz%%g) of the fi rst contact; - electri,call é coanectl E’% thenfl rst
contact to alPPLEGIC%r 2 | SETLEARTHGFET t G ifRe 88bstPRFEIRG nar

direction, oftlains & anﬂtkﬂneﬂt@ﬁénie@lambodamdnts form the subject
matter of the dependent claims.

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;



- electrically connecting the second contact to a conductor, |ocated above
it in the 15 substrate-normal direction, of a second patterned netal plane
wi t hout a conductor of the first netal plane being connected in between;
the second netal plane being at a greater _distance, in the substrate-nornal
direction, fromthe substrate than 20 the first netal plane. Accordingly,
in a method fg¢ Labbhaakidta1a SR L aeied Okt daVigeRatRracedanas Wi h the
first aspect of the invention, ﬁlhg&second co&':ract, whi cq)is Ztg) further away
from the protResSubpFagEezgosna Tef& 180 s e -5 mHPHh TS i B i s not

connect ed t otReCopdyet petafi phenkirst netal plane, but rather is connected

only to a copductor, |ocated above it in.the_substrate- . direction, of

t he second nggﬁl il . §8n$ﬁ|cg ?ﬁﬂqfﬁésecgﬁéc[%agyer%ﬁr}gé%? hlgoeléectri cal

connecti ans &ondtbeost hetocanedctabawe f ditm tthe thestsgesteapedieenal pl ane

o uoone SeHERLELTRROT! of N Pnbe BREOURE WA SpiingSeditihditce 40O
rgny’ a

account the g,%r second contact or mul tiplicity of such high second
cont act s whemondakierngft heher féast @nfialecplamef beiaPe @A l8A chhnect i ng
the first coptagbehO tAg first netal plane. Instead, the patterning and
process paraneters for making contact vviih t he fﬂst cont act - 11 (or
first contact8f chhrde SAMALedPEIRt PSSRt SRHLIFGIY TS, AP the sane
time, thg heighiuekokhe seeapddcaabaeéd (it eint hehdi stanserdremmotmal op of

t he second c ntaci:.to thef % Qcess %urfe%c«i, Sp3een in5 the direction
normal to t hE1EEESEPEY eP e dftné &8 eled a8 -"88Si'red (provided that the BPSG
| ayer thickness is adapted at the sane tine; its-m ninmum hei ght nust be

greater thangr ,eaual,;La.4le (e beag-a8akAGp AR 0Nt L ofi d Neusechady

contact), in r-to ensure optinum patterni ng and conponent
properties. Toe seddndtdent SentaStsr ePér abhg afCEAVEL eFOBBRARGBESof OF

bi pol ar {& angissk@nt ;3@ 1t he dhiilcohdutiact desikegfl ekabl pea baafeeestiact or
col l ector contact qf a 15 bipol ar tr}a(nsistor or sourcejocon?@ﬁ, gate

contact or drt¥RSediactidiWiamt MRSt FRAYPS AT .© G P e tically
connecti ng t kerdductoreont bsda tpedf ebabéy thenprirseshé hsubskratengosmeps: 20 -

defining a contact .hol e, ich e t j C t gxtepds in the
subst r at e- nor IS et i oo\rllg,1 i% a%dyissntgul %%?%Hjééi |’19|Q%§ft hgﬁggnt act hole
with an el ectadesgilley cbhdtdei acttiomn acemhonent| [dfi ngherasemiaPndyf§crs -

defini ngy phe Londuet oL, Wheho14£S t3Re%e skhe i Fedp&iiwet cbRdubeors

substrate-normal direction, ‘of the first nmetal plane in such_a_manner that

it is electricdfalthie doride R EorReR BRFR hcPL AP e2FPI FPRGCRELEr FRI FP50

base contact, the emitter contact and the collector
contact of the transistor.

25 However, according 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. Conseqguently, the second contact, which has
a considerable height above the process surface
compared to the other contacts, can be provided with

any desired height, since there is no need to make



By way of exanple, after the active conponents of the semi conductor device
has been conpl eted (FEOL process end), a dielectric insulator, such as BPSG
(borophosphosilicate glass) is deposited on the 35 seni conductor device by
seans of a CVD process, is polished back to a target hei ght by neans of a
subsequent pl anarization step (CVMP BPSG and is patterned by neans of

convent i onal cdhtHeQr apivh anthief cliekgnst epsntibe cepgacheholwiwhi cthe S
formed and £ 12 extengs al on&thg.sugst%gt e- no(r:_{mal d:]_re tion ends at the
first contact UFT CHRFERTR oAt AcTRT s*15° beP AR  BPOt HE AL rBE%B8nt act s wi t h
whi ch contact is to be made. This contact hole can then be filled with an 5

el ectrically, uctd ve co = eqfid Ll teri p a ngst en,
by neans of r211(3‘Q‘RP}E,%DC:LrTEIiataol i ggﬁ?%ﬁgg%epgé%%ﬁgnﬁ tleog grlngf e#g%§% %%t%ij
conduct o5 ofptémref arsengedapbpransheo sgeond diged)orait@atungst eseent act

pin, which has been planerized a9ahdn |dhS86hién 10 MROReIal hadniy I8
electrically conductively connected to the first contact. The st'ep of
el ectrical | yCeRRAREEPT ngft FBesEE6RAACBRESLt Hirerer aMiFR b rYEe s tRd

foll owing steps.tiE -céetadt NOs@r£00¢ achf hotige Wheedh@&ndsortadthe seeond
contact and extengs iLn _the %ubstrat e-nornmal directipn, .in_an instt)JI at or;
filling the COMPREE RO i CHFNCEPecITRERFy Pedutt i v BEFFactoNeT e
filling roat ethal seaodd28ontdeti ni ng the conductor, which |lies above the
second contact in the substrate-normal direction, of the second netal plane
in such a manner that it is electrically connected to the contact-hole
filling mateWibh witttcut senbrerdeoronf devifde staQEon@ird piténe Hefng

connect ed i ni RGEMNEEDN , Alpds SARE: 1a8PaREab8s 1Y BLER! khedl et
connecting the second, contact .to_the condyctor of the second net alﬁl ane,

it is preferiBfE fBrther| ¥8sticad CORAGCEIRDIOIFAGS X heét= Vitane to
be connead edcbaAnéaceinguiodt aeftstiheasecasdatiialpdwided ALRORGWV U yset he
second cont ag(r, S ér ef ersabl é el ectr ieg::altlcy cc%r}{jeuc t ic\/gllé/ fﬁ)nnoerg:%}?dttxosa
conduct or of “tREF sBESRTSREPH 1B SRS & WS kT 3 t ARG
connecti ng cbatanginFheoptbeessinsg okt these \HA-Highemeoondigctons act s
forms part ofelfBfgshandr dnlr aeesses Al ol o1l OfhSRIBSANAUC AL, devi ces
of this type, and consequently there I's no need for any additi ona“il
patterni ng sE@Bshbeo made kehvaer kheh serend .cantagecghd it a2@Ce¥Apar ed

to conveyyi opakalr 0§E$8&NGria 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.



processes. According to a second aspect of the invention, a 5 sem conductor
devi ce conprises - a substrate, the process surface of which has a
substrate-normal direction; - at least a first contact and a second cont act
arranged on the substrate, a contact surdace of 10 the second contact being
at a greater distance, in the substrate-normal direction, fromthe
substrate th@neeeee@bactheuref deermdf ddmiddict aldmginig aisl that f1e88t one
patterned neta% R E 0 hcgfahﬁlea%b a fIE conduc ar and a second
conduct or arB€t8-f ﬁB& 85EH° VEh “C&n “Be SﬁnESPgac 6 one of the
contacts; the first contact belng el ectrically connected to the first

conduct or, Igggt ecE %@%Veéo ol r& the_Lssqus;tné Iteagll?s rg,L ont of Ege net al

pl ane (340) via a contac e su strate nor mal
di rect i orb andongdlutitbiredini tive aﬁlesecmt@& Ilyl@mdm-:@l ve quHiart - hole

Filling mategihaly, anddfig SBEOPHe CaNbatkadiel 8k 1ad;Qidd b d hengegand 25

conductor, |located above it in the substrate-normal direction, of the net al
pl ane, so th&ildge sWeshd 8Bnt SEFCF§lEPe&¥r| EaAPAYCESRRecERUtREETRR1ISecoNd

conductor w #h9uting f mbkegdiaant a@hehobenbet:aghemenegie:dlng bﬁ&\ﬂ@:ﬁﬂalBO
According to the s cond as ect of %he [ vent t.he seco %‘h ont ac

the hi gher cBA¥acth®F & ’f‘FB? §ecPFi CHPPFEBN &Celdjt l%% the (e.
g. firstjonewalppéabeusly plecnsaetdheide. cdm‘saeadhcﬂlae 1351edze@t rMC‘aID

connection is eff eGt eqj\n,gége? Iwﬂogé gn rf'ecrt“ft?% f%l?ﬁ% hol &; fei ng

connect ed i n"B&W ween by vir e secon conduc he rreta pI ane
adj oi ni ng t hdinemt acray up¢ apgout defe asecondiébnsaen. scopsafuentl ythene

processing of; E@%f&&&@Cthﬂpl%%fﬂ¥cular14beéﬁ@e&th@ﬁecoeéﬁﬁéétcﬁalge
carried out WlthOUt t aki ng, account of the hlgh second contact, which neans

that the pat fdldiiM§g omategiadnend RBEeTRRL cHIRBE i NG (1S f FPRERESNL act
to the nmegal malcairg dls .not critical 5 conpared to the conventi onal

sen conductor device as described in the introduction. The contact surface
of the second contact is not opened up by a plasma etching step of a

cont act hol e Theut sE@ongt heonitaicr efier abrefepeldd upobpeatpdl i Shi nghst ep

CVP st t | ted
( step) . %@g@gto t%} il G &édf%f&&@%&% achcs8p heisel ecte

as desired or e process requirenents of_ an opfim zed active
conponent . 1¥hiedh setrristohl athei $upsdratsnpPraRlefitastintaed of a

bi pol ar ppansighela AdH hanf i e3kceeitadlyl scphalbetabky aoﬁeaetcaatlect or
col l ector cont.act, or a sour.ce Contag tgaée £§H‘é¥¥oé” K t o ogtact of an
NOS tranSIStcﬁll%ﬁyg material, thou
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:



According to the second aspect of the invention, a nethod for fabricating a
sem conduct or device, preferably a sem conductor device in accordance with
t he second aspect of the invention, conprises the 25 follow ng steps: -
providing a substrate, the process surfage_of which has a substrate-nornal
direction; - defining at |east a first contact and a second contact on the

substrate, wth apﬁ@ﬁidﬂﬁgsuéfa@@b§9r@f:et hetﬁeCOpﬂoeegéaC§ubeéag apfa
greater distance, substr tion, . fromthe substrate

n th te-n e
than a cont act su‘?’lﬁhﬁle g?stﬁes‘ﬁgf‘gfa%nfﬁaﬂa& 8&F88Hf°8al |y connecting the
first contact to @e8bningstatcohdastora Ifao:aettedcahtmetl tandh Bhesecond

substrat e-nor mal ghfeGLi O fedRELLSred MPAl, il AN Y AEaNge Of g

contact hole, whic e substrdte-nornmal di re fon and 1S filled
with - 515 el eceerenfll y auHdrt i voedogt aclonatedfi a4 ngamat greaterand -

el ectrically CO”“&Eétﬁﬂthe isecend %@ﬁaé@—@oﬁﬁ&?”@ﬁ%’&@‘i@r@rfr%' chis

| ocated above it Int substrate-normal direction and adjoins the second
contact, of the nEh@l spbgk&aker FARD A f FPREACEoRLEERCROIE b@ﬂ%g tBfhect ed
in between. Consegggphty; the first contact or first contacts - as 10 is

al so the case V\ntht%églcal wn fabricatio thods - is connected to

lf_ o] me
cor respondi ng conBUEEEFLCE LY heS PR ERT HRd &l D FPREEGH atf hdl es
extendi ng i n the sohdtcabe; nor ndloadittegtt i onabdhe contiact halres arehdefi ned,

for exanple, in ap bQﬁEE%FOBPrhglp C#]géltl_f@g 15 @PSQ, fq)éSrEegﬁgﬁteng

| it hography and stb sequen asnma which™ s T
met al | i zati on st epetat Pﬂanenganﬁe cont act hoIe with a contact- hoIe f|||ing

material, for exaeméetwegiwn chtiﬁe fiest seRBAHCt Qn©fct hegresal

pl ane is defined on the poliShed Side, renote fromthe process
surface, of this GQPEiPE&Preont ac]to‘iﬂ‘%ﬁa whi c#Pe¥ifls at ithe cortact EQfface of

the firsts contact gubBtgHeB- aomamerdltﬂaititcms bEr ot STt patt8rned

| ect | t - hol | I B
contrast - the o GREFRCaPIabEAERoN oft RS Rroe: EHoeE BEFBR
conductor of the paaher bedngetahnpkard tiakbetpleane in a different way. In
Lhis Sase: . AhanLaehb0lf fdi | ol toeag! 36! ahRdddd | M OBhEL] ALg 30 15

nt

not used, i.e. the vertica act prn s abse nst ea e cont act
surface of tﬁbesée@ﬁér@ém—mn@ﬁr sémar tdqroi rErametkor pebpbRatAgtEaRduct or
of the negal cpkarerssomhat Hhehe.is an el ectrical connection between the
conductor of the (first) netal plane and 35 the second contact. However, it
is possible for a thin liner layer, in particular as a diffusion stop (e

g. conprisingctboiingdyhe prigsenta bet weehotihe (f@itactfmi@&'elmé t ha second
contact and the secand condléct Qrs of, theacpcagggr ned rretah pj:ﬁ

semiconductor vice ance wit "first
.aspect of the invention, the second contact, which is
25 further away from the process surface as seen in the
substrate-normal direction, is 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 prodcess 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 nade by neans of a contact hole together with the
first contact or contacts, the process denmands inposed on the patterning 5
of the contact hole are significantly_lppser. The normal height of the
second contact can now be sel ected as desired, independently of the process

restrictions(ef thegantaebnhgkespat teyi Nnge 1GJhenseeond re@nt aghi & s
preferably an emtter gontaot of a blgglar transi,stor, and_the first

contact is prePEPGLTYRR BEsE ot ot JRSoPRBRt &iMSont BRE &R1gM%i pof ar
transi stor othes sacsodr oroattact i . gat eheordiatdiarde dfabm ehwt acip odfan MOS
transi stor. T p trrcall ectin he first contact
preferably c%ﬁ%r??ggﬁﬁyéggﬁ%%ﬁjﬁg gkgﬁgg%ﬁgﬁ%iﬁgrga%%htg%tﬁﬁﬁ%nlﬁhich
ends at tshe thesgizectdenactormed e eblle Bnbehzasebstosat demosabeécdedect i on,

N an | nsul ahor gasifidd | (G- Sheasantagt hale #bad agyelehiicalda cogductive

contact-hole filling material; and - defining th rst conductor, which is
| ocat ed: 25 aBBeRCEfe AY rhecopmacttioRe sedhsi mirHensubbeiaht- Awstal be

direction, Oﬁréggef’mtt@ﬂanmﬁee%ﬂ}aiwi@ aH@npeEut hahgl tedrit RlteChEi GRE! Y
connected to the contact-hole filling material. 30 ‘Cllhe step of electrically

connecting tAE sEEHNFSEIMACEOPEEFE? abl I c TS ed A hEREBE BovPRE I B Bps: -
defini ng;an pacoeenedgcantiacbmponhtaceprvbeehies.oriented in the
substrate-normal 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 nafher selkand tcamdjaginsis herefevakledavommEdttesurdammat ohe
second contagt iy} Al ecéféﬁé‘%éé’ofpnd%\&@ Ve HBNNEE y oy - cjohk,)a'ctt 1S5 g
preferable for thé contact surtace of the second contact to be opened up by
neans of a pPARAPTEBLYsH nfastepSorbdfler Mhafiobyeatprastrntéaethi 8F step as

i P the csse Bf.pbmlérf itﬁcahs_ci?mrgiaccbr lan stdﬂix%feccwrﬁé%ltct,k t C‘é&t 3 éadp/%l 68hi ng

steps are particul ar sui e. way of exanple, after e

deposi ti on ofF&AB Fﬂ?gF‘SEOPg( f“BngéaﬁﬁgﬁsBF’E@ﬁafter the FEOL process end,

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

carried out ifes S'P”%?Lrect&gtcatlﬁ‘fz tcacfrﬂaeéct"l%,&c"ekﬁﬁt ﬂfrlgtthecéﬂt?%égor 'S
s af -t o no

such that the polishing stép en he secon ntact. wh~ endpoi nt
det ecti on syprefisrekhvybeounsdses sbhe fhélewdpoi steps:t he CVP polishing step

in a knom way. |hekdnkagPrefesabie: f apibhe ifcande£oot aet disetfrLp be
used as a pollshlng stog in the polishing or planarization step. It_is also
possi bl e to provi 88R58AFt | GRE sEXGEPRERes Wthi chl&r e SRICERt A POTTRAI ng

stop. 20 Since theaipeevious! ynuaaoyasedaeontact surface of the second
ctching stepof tRe daHPact Rol EoRBr hmid R coNt Bt AR TRECTI et Eontact,
it is not attackedoddrrhgveheoptastmhelehifndlingpmatieeieflor end
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 1is
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, 1is
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 |liner
{(for exanple TiN), which functions as_aqpigration 30 stop, to be sputtered
on prior to definition of the second conductor of the netal plane (for

exanpl e an AbQdeplaneaWbhgh dizs bepBt2BRLLEE Hah NG A MV P Qeers gad then
patterned). 35 .an alternative, to uncovering the contact surface of the

As 1 .
second cont atPehy iREsCREACHoVEERI G iSthe F¥AFRG edl BuULCoPe HEAGRISAF at or

(for exanpl etBBS@irdt tsnahsespessitblehien hintacentagt courdaichase. be
uncovered by

,-. 18 nmeans o subseque oli.shing,step carried out on
the contact - RBEE fiTTHHRS t%??ﬁl.‘*ﬁé iEb&ﬁti&ﬁaisgaiieaibé@jgbloﬁpby way
of exanpl® wefllkcBriehdlencmriduacicompannicag tdhaliendgsi lhiows ngapeeiely ed
enbodi nent s, | Leh., Hi 0 i agr ' : ferred
10 sem condugkglﬁggé\g/)?(\,’e %ﬂﬁgﬁﬁét %épz{cﬁ%\%o (\g/lgr %(Mt{r%?%?%gz%}:?éﬁri ng
the fabricat B6ePsecThemal 1 ens omeddinadite ofod Ian aevdudance ofi t hhehe

i nvention at rpr-a¢esgiRg1St 3885eMetB00bel5sFirngda SBAYStRedi RQRGETBLI C
sectional view through a preferred enbodi nent 0f a_sem conductor device i

accor dance WFPREERE Sdfondrdsedir g PRtz 2GR0 FRgSUeR 8hows

sectional( Vi ganhbioughat Ganvient ebaatrseldlconduHdictderd 6. cbhlecteghows
sectional view ttgr O%ﬁh % pr efterred enbodi ment of a sem conductor device i
accor dance wi-Ph 25 /A&5H PP 4S5ect of the invention. The seniconduct or

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

bi pol ar transi.st d i Q- q
conpl et ed - TRESEGeH (5 pt 085 Rl 100 SR e cAng, Y Po i aRa KoERh
particul ar hpPgefesmpdyacOrPrssess thgy ingasters.ef ore al ready been

reached.1f\s showngigfifitg b dehide: fRbLAW BB iRHOGERE; siePchdesgRbhle

sen conductor device is covered with a 35 dielectric insulator 30, which
may, for exanpl e, SRRBESEG (HRF opFESHTES | i 28t e HiassFUPFEERERABPTMBY means
of a CVD depositi dirslcel ohCVRnBRAGisiseplatokhye i nsul ator [ayer 30 is

LYPLSe Y ane ] ol eiadndY Rhe CLEhkatl 2RBIZC AER0 B IHeBckRY¥ETaGOVENI N
conductive contact-hole filling material; and

20 - defining the conductor, which 1lies 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 1In a
foll ow ng process step, illustrated in Fig. 2, the insulator |layer 30 is
pol i shed back by a polishing step to a {arget height of typically 700 nm
150 nm for which purpose known CVP (chem cal nechani cal planarization)
steps are usgdobfHP BRRGastePlomt@rA% | lddIstddtfthi bl 0. Brocoitact hol es
32 are .then defined in the insulator |ayer 30 by nmeans of a |ithography
and subsequeR¥CefERFRg step (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 i conventiong! fabrigatggn ggthod fO{%exanple for a

seni conduct ofCH8% bgégsg?llﬁst?ﬁfgﬁ i n2BPGE 16T a totit attVROrE%32 vhi ch

ends at & coaeattosduthoe dévihe epmptrésesontact 14 is not 20 defined. In
ot her words, _a w pd ﬁgQi t h t e t mytter_contact
14 is not etched ?n?%h% e |€r%gulgpér%r;b%£%osﬁ#ﬁérggf oo?;,wgg?ﬁnéﬁttshea
subsequent netal | ErRELoAtetppsmal domwegsions not made with the emitter
contact 14, whichin i8ise enpogi pght ?En{:QEFS%&Or&dugégbngevc!:&ﬁtéétthe
second (higher) contact. On account of the fact that contact 1s not nade
wWith the emitter 25REREEALILN t RBSScTHRRLERFR ac®) FORERFE FHBEESE sPhge, the

patternijng 30 of the geebad! BRltet3deint at e LML BESGPOtisbeNgist ep and
the CT etch plasnma_etch n%Fstep, doeg npt need to be adapte

d to_neke
si mul t aneous cont 5B i &S OPET WGP tont =W st %m?%RSFEagﬁnplex
internms of the prheeasa engtaeer sngfade AS aheedihist tthetpracessnidM ndow f or

t he CVMP BPSG_pol i ghi p h f Leh is i1l uskr jn.EFig. 2,
and for the CT et %E p af-"ssérrt: Ce)fl%hi%négéés#ler}oefﬁgehﬁg.ﬂ%ﬂ%'s \?mﬁdg\;nrg'gzﬂ at
consi der abl 'y leespar @d figrst meohsgctor 2endf op feasrdncht cegdgEoFenpEBnduct or

devi ce Sown Rl Jdin THE REHERSSEDh epbeiinddtddeesUBsl & - premmal
direction for the second contact 14 no |l onger has to be selected while
t aki ng accoufRPRERCERE patterning of the 5 contact holes 32. Instead, in

accordance wche thierdtabebsahton vaEldyde Be€OF UEATLY O cohfeceanti®nther a
sem conduct or_, ice in $ccordance W E&%e fiﬁst aspect of .the ipyention,

de
t he hei ght oFlFﬁ eni TTRTUCHRT act ﬁ£9%i e s&P&¥¢fed f+%e|y35} na %ﬁed to
the 10 processbsegqaiteemontalof daneopioni zexf bitpel anetahngilers . (BEADN nati ng
the topoj@oyyhaduced resifili onspaelne RGN Oleldig i tisn cophgct 14
makes it possible to avord the need to devel op new contact hole etching
t echni ques f 6UbSItFEItE neOFHBdneftisrask il ondnfg €6 f Ridrded echhblr ogyn

platforns. Fidectrildauats adssaddne: v etentaeterdad nentl iafg t hecsemheonduct or
devi ce accordhgg to the invention in accordance with the tirst aspect of

the inventioff ter 20 the contact hole netallizati on has concl uded. First
of all, it isher efssahid foontvhat | sikeowdvas adjdireimg whtled ceesbatis, for

ChDL o RS UTBaiopeLbbou s n il aLoabeR okonl.
direction, of the metal plane, so that the second
contact is electricélly 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 cont act - hol e 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 nmethod for 30 fabricating a sem conductor
device as illustrated, for exanple, in Fhg. 16. Therefore, in a
conventional way, the electrically conductive contact-hole filling nateri al

is polished bgek Jih&t éBﬂ%"ac'E%' HHn bYeMRaNS18g 8okl aRAIZRlH OPaRigy (Step:
CWP W. The target 3 is.in this _case selected in such a nmanner that

5
the enitter B6RPHBE 1QFE(F%8 JEPhdSEERPECIICPT S G0t WPRaRBd MeeN et thetg. 5)

and there arensog=edcdyndliot hehéi bbhegcﬁahemeel fAr | ddreie Ot Sd dEhéhe

defi ned contact hol es. - 2% Th%n, to f he firgst ISatterne {L

pl ane 34, a Fﬁlt KRPERFay FOf oF 8xa??ﬁf:8, %151 iFs 4Qht teFELG6RL o t he
sem condugt ocodpared (td. ta. c6nvenEponaﬂ)ut$eemc:mthctﬂc)r e ilcayeas
thickness of stRi$ibStno¢ tqln[ Hder34can be selected as a function of
the design requiréements an ypi cal Ty approxi nat el y 400 nm A subsequent
| it hography and etching step (step: etch 10 netal 1) is used to pattern the
first metal phane 3dadt sgeﬁffa%meéhé had c Sl &d €Ak £ CPOANGE ObSeREd
connection contacts are_forned in the first nmetal plane 34 above t he
contact hol e¥P32by Wi cR1apBaf i¢ihing opteRarf e WoRt2ThgHER -

illustraied ifaches i% pafjekéﬂwollgﬁ dfdded Jurs a@tleo:@:?shﬂq@g aeep%cﬁpd 26
are connected vi a contact hol e orr.esp nduct or s Ioc ted above
themin the SHERrateRMRTAT Y ¥ecF?‘ ?'1 gl RIHG) GAB %ﬁ Only
above the secemd sontatectad s c&esmreﬂeomewmhaﬂrbmdl nerd psothssenitter
contact, 20 is the fli e 34 arranged
above t he cor]fte%]tlrrf%e%% %gdslé&b%r rtgLEmeltJnéeﬁr na%ﬁ&le??zo@pg% q’[l‘l'hl s is foll owed,
in a deposition step, by the 25 application of a further dielectric or

i nsul at of 5 (St LSRR tebhlck m&eb&exe&agu?e%% g ddde Ebeade sBovs the

sem conductor devjce_ after this deposition s as ended. Then, the

di el ectric wii chPHRRIPY evitEaESy ShOEN d&PBSi tE]a i s SpESItshetPHRY" t 0*8 t ar get
hei ght by meaiefifapflya Auddes pehtaktndost epllscepr Cbbhtadd) dcfa Fig.
9). Next, in the sane vay_ .as for the st of atternl ngathe nsul ég | ayer

30 expl ai ned ST S &% Ghd°et 2Hi

cef (B gcor?sta Ehjorbr%%% step is
used to intrddwrsictmtact holes 38 into the d| electric 36 (ILD) (step: etch
VIAl). . Uphike in a conventional fabrication nmethod, for exanple for a
seni conduct or devi ce as shown in Fi g. 16, however, not only the contact
hol es 38 _ Apgrording to 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



5 10 15 20 25 which end at conductors of the first nmetal plane 34, but also
a contact hole 38 which ends at the contact surface of the emtter contact
14 (of the second contact) are patterned. A window |leading to the emtter
contact 14 is therefore preferably only; %)pened up during the patterning of
what are known as the VIA-1 connecting channels, which are standard neans
of connecting congdugterscoiiyhe tohstcraial pl@aﬁé’é&i&wndugipiﬁn@f the
second netal plane 40. Consequently, unlike in the prior art, contact is
made with the emi PRERTEBH arPd14 preferably via a VIAL cont act hol e
connﬁ:_tl on to theeb‘g@@ﬂﬂcgﬁlﬁﬂ |dcﬁ’&iécﬂi’hrﬁ§ amele Toegondn c&:hrSda[ﬁﬂ atowaa/}] Ito tgg
metal | ization step descgribe t he cont act, hol es
are filled with an“ePd tFPBg}lV\%OEOnHE} é‘rﬂfﬁzt%q‘ 999y Matdi HFS once
again, fisst of aéﬁbattanem(ﬂ’mhll |c'&r$|cm:t1toer emhdnadgoandi ftfmsl:wccm@p
(step: sputter Ii a t t or e tu

deposi ted by meangg{l%ac NC\A?)f ggésg};{%e?fﬁ %&é wf?ﬁ‘gﬁl: g nj)gls %i this
metal is poli shedcgat;RCt:ohaleabgenghepghecsydneanbe@weanf urt her pI anar
polishing step (step: CMP W cf. Fig. 12). The second nmetal plane 40 is
patterned in the sane way as the patterning of the first netal plane 34

whi ch was degﬁﬂﬁﬁg‘de%—ﬂ-ﬁ r &6 it FPBRCT 60BN LFSL3FOM@GHSeferd®d

enbodi nerg of st hesserheorduel i tdewyge ddl 3atdintanas: W4 bidhemétisds aspect
of the invention after the HEtE'Od st eps of he |nvené have ndetg is
as“8lr b

illustrated in EPg. CegReaLe &34 eﬁ@%ﬂ 1P aF ARgH oﬁﬁt aPt a
sem conduct opadeerneddiddttls plame35sica kecontasem ohels C texit etedinge in

11ustrated LHeP dpelGd L RaiLu! 8 LBESUAD %%fgsﬁtghet Hdiesegoad

contact 14 (in th e emftter contact) I'S not ‘connec
conduct or of defiéneds stfqmt akapbage 3in bpnmebmsubitar (| [inedrebhi@etahol e 32,

but rathey i8pgq; %@ r@ééﬁ@t by %pnilfeﬁ@gr&ﬁn Bnde UL dmiad i gatéaa pl ane

h
40, preferabI\E/ Vi a i's known as % connect i nﬂ contact. There is
no conduct or €P6H§| ﬁ ePo P oty iy frﬂslt]é:lwe&d?% Mgk hhiRAt bk wBERPt he
contact 5 SUEBQCEfollhhg se;mndcwrﬁaaﬂi bland wieh conduepntaot -hbeesecond
netal lization,plane 40 Wm is_arranged agbove the nt act 14 t he
Subst 1 at o noF AL P BRECEAR s 128" (HETE % HOREP V. 1T RGAneEls nb BBt act
whi ch is 10 gostlantardofedhs axfet@dnrpéanmgLscc'mﬁmaﬁ somf thhepcblxshedret al

pl ane toygondyet o f t]_llgli SELO t pllﬂ_r@ st £y cage or ned
in a standélar gugpr%?:%gs I ng g%r?ﬁic?hsmt e é"%slecsedn cont a?t 1?13\1/%a t he
second net al VEF&RE240 COBERCHOPIENt AL k@RIt Blse proRBast stepEace

ACCSF di ngl Yf thQ;h\él Arite Cé'&rﬁ‘th@@OVﬁBt Bﬁcﬁoﬁt %%Innje"r l&é@ttﬁi@pﬁﬁésby a .
conduct or of t i rst .met ane,. but_rather t S con o
Che o t1er CORRUEEOEs ITiAbatord a1l GIRE it Con Bonbash BR 6y

et chi ng stopfaléibgokemetrimdugh into the 20 first netal pI ane 34 or the

pol ysi | |§ﬁn of the emtter contact 14 in a sinultaneous, controlled manner.

Fig. 15 shows a sem conductor device in accordance with the second aspect
of the invenByvorceattersthe the fabetenitah mormestsiiaapsodf thee BACeEndi on

have ended. The s oecsldacts%c&ed/l E@nhﬁ%t@rSLth.StEﬁEe p@até’ﬁﬂé‘c{‘ RBYabe a
silicon sem C(?Lnduct or su sirate Wt cess surfacestSrg't% The active

ro
conponent s WRILGR RLPGRt éPnéd thﬁf HETEEAY2Br 0dBs P29y, 2f or

exanpl e, contact hcle filled with contact-hole filling material
30 is not used, i.e. the vertical contact pin is absent.

this

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 ment of the semni conductor
device in accordance with 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 with fcbase contact 120 (first contact),
an emtter contact 140, which fornms the second (higher) contact, and a

col | ector CO@ﬁas&cééﬁt(BEr%heceekec&hatT@%A@aaﬂégeewéaﬁnéﬁ@rcaﬁtba@y for
exanpl e, be part of a radio frequency circuit of .t he sem copnduct or

devi ce. FurtBBFRBFE, aPRe tIfHBGRAN QﬁntﬁﬁFseﬁteeﬁdﬁﬁﬁﬁrqxaﬂQﬁPﬁl?Estrated
in Fig. 15 has @ofBhbcCiticlét coddtted s wiepr espet ediraesi ophtéted éorm by a
MOS transi stor 5 tran tor 200 co |ses a source cont act

220, a gate 88HEQEFSZ4ghSOP CSEeRg SRS SRRt 260.
The cont &t so220th840candag60 hobeflase csmgapfscantlhe tepserof The

i nventi on. E%Eéaa'faﬁe%ma% REEN LeReld RAM I CABEASP LA L0 ELbeal,

after the F focess~end entconductor 1s covered wt
i nsul at or 308§ mma@, i@ﬁeéﬁaﬁﬁnelYBP@G tRPoRFIFEHFn oS FELERIGNRGSS)

for exanple py @Eg”éoﬁEaétCHQl@eﬁaéhEkﬁﬁnBrOcess 15 Unlike in the
fabrication nethod in accordance with the first aspect of the invention and

known fabrication nethods, however, the subsequent planar polishing step
(step: G\ BREE) deToed rdt it ig puebefapBNan ittt tdwntawstl afor is
pol i shed back a far as the_secopd_contact nltter cqgtact 140) .

(l.e. the
The CVP proc@ss BRPa%s t hEFRFHFEO5t opfEY at™ e gﬁf Ot 148, 1n a

known nannerpraﬁeea6190|mthde&ectonnasysunn]cmﬂﬂehtbmdlchE3ctheﬁinetant at

whi ch the pOLI;Qth %&%Bs%%t%@a%ﬂg%j¥QP %ﬁgtenEanﬁcEsed for

At
thi s purpose I'S al'so possible to provide a dltlona1 auxi | rary
structures wﬁﬁcﬁrﬁaﬁcFP@ﬁa§§ gfpeni ¥RSn§ranspsteT-As has al ready been
describegsin detail wth reference to Figs. 3 to 5, contact holes 320 are

t hen patterned in the insulator 30 Ey neans of a btho,ra steg nd an
etching step I8t ef-eReTOt &F chﬁﬁﬂgi% TRREETRI t FEeC %~ S°BbAGENt i ona
sem conduct opré@ered13s cohpaisies IheFifellboing earipact hol e 320 is not
formed above the emtter contact 140. The contact holes 320 can be lined in

the usual way with a liner (for exanple consisting of TiN) and filled with
a suitabl e centacdefdindn 14 i agnacer halle,f orhisanphdst atgsted. £¥hetnet al

| ayer whj - 2 beeg,appld,edndor a u PDokPragess is
pol i shed gack i n%onhl'%%stequgrrlttal pe'anar dpsgl |§1)t§1| %I—get epg%%ée\)@tg a target

hei ght which is sGEFAFAON e Gt dEEES@HCLce of the enmitter contact 140
(of the 5 second (qultlélQig) itheuncovened Hbile nwamh t Bat emecsi:&pamfty

pol i shing the contact e fillin ri f. the qont.agt . hol es 320 can
al so be used to ofERS Q:( e c@qtrﬁ%ﬁn’?‘@i raté srflr ) FHe contact

surface of the secwmfdrdomg athel4firg®d 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 nmetal planes of this type. It should be noted 15 that
a conductor of the netal plane 340 whiciyis arranged above the second
contact 140 in the substrate-normal direction directly adjoins this second

contact, so tfajsaprefeshblealior ca@uabnugceoau@@bb@n Jfs e dEeshdet ween
t he second contact 140 (the emt gb cont act) and t.he correifégdl ng
(second) condeRtdTtofOt @ e BapeaPrR 8fh

contact 140,stad| keatherot tiesin cbyt actslagma hets:hrih@ormimm oasdewi Cﬁ‘;el S not

connect ed to t he assqgi at caond. condu of .the I ane, by a
cont act - hol €° f% Q% g%t? fns €a On&%ﬁf‘_‘acffl st%%ec\?\nntq%k?he secon cont act

140 direc| ypcbylahang cftegndareormmfidtieafly ssuntsedllepl abe 349 whi ch
adjoin it. AgLhi 1e', NaPREL ¢ukak gi%lé:ldsq’dl@rﬁrd@y@{e nfrys@fatpcslesemr bet ween

t he second cont act an the secon ct or he 30 netal plane 340, for
exanpl e i n of¥erprie EFRHFe @ﬁéeéorﬁh@ctFE@%l PHTESS ARNAdy dhCagel 32 hi s

fabrication ?ewgﬁlﬁgd/&rep)fféPeF@@%mn@u%a&k dedieceanshilehdrs tdegeby
obtained is that 35 the Fefld?rg t he second cont act t%é(%ﬁg%be sel ected as
desired in t BBSG bty Ha- Pubi FBctS ghdPBFEan thetPT%et he
process I(Equhéﬂgnﬁt sfotthan ippiilaitoed ild paldar thanmsils opol Tsieimg i step need
for thickness :nge nt %é E{eanls,l of t:STI At the sane tine, the - 26
uncertainty Fﬂ SuPERBRRE GPRERS I"ayer thickness of the insulator 300
(the BPSG | ayer) foI | owi ng the CMP BPSG polishing step (which amunts to
150 nm) is rgﬁ%ﬁdeﬁa ok gestléc@_floﬁvpsé/ n{ssfuar}g Beﬁ W NEZedeOr tRe

ntact wt

el i m nat ed. ere I's No nee make cC t e second contact by
means of a cBREREENRoIE 3PP f FHP e @OMERIEENtHIR hbf e 2f MOy WA erf&I (for

exanpl e t3ingskeple fERQHId Storet R @é@ﬁﬁd%aneaatbe.t@ylrfec&ceobé Ou*sh&
emtter contact 140 wi t hout. t he need, 10 tact. ho i ns

t
320). The Iiﬁ?tﬁi%‘?\fﬁhf‘?ﬂg &8&&&1 E]a?f%jl&Péé‘g 0%, DIRBIHI AAEESD of ¢ he
contact hol estdg0, iIE elisri naled, pbseébilee anti rprefideti gddiuibned area

of the secongtgg&: Eslah%%% ¢33 lage e retal P%rlgg%%%tgﬁesctb act. Thi s neans

t hat hi gher curren Irntensiti eés can I'pol ar transistor
100 and/or optimally matched to the surface area of the emitter contact

140.  Lygt afhineef e&?élcgrawgegin%a&&r%ef@61&@&@”@@%@%@ 4 @geordance
with the first aspect of the invention and the prior t: Substrg{z_ilte(e

g. silicon sERFERRdEONSRCSIHS RHEDeHePrHE & sPRY W%%%lﬁf" tHE1RGpSEPate 8
10 Bi pol ar tnarsogt@phy 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 Emitter contact (emtter
stack) of the bipolar transistor 16 Collector contact of the bipol ar _
transi stor 20 MOS transistor 22 Drain contact of the MOS transistor 24 Gate
contact of the MOS transistor 26 Source,gontact of the MOS transistor 30

I nsul ator (e. g. BPSG 32 Contact hole ](CT) filled wth contact-hole

filling mat ehéahs (€f Ja M%bgéqﬁahEe$BQQSBHh§ts@%bmcd@fygﬁ‘ﬁﬁé1 ndyctors 36
Dielectric (insul at r%le 'éf' %. EQS) 38 Contact hole (MIA-1) filled with
cont act - hol ec?I?’?EI“F"nig)h et tat129 PateE+ALd second netal plane with
conductors For the preferred enbodi nent in accordance with the second
aspect of t Lnvention: 80 Substrate (e..g. silicon sem conductor .-
substrat e) ggbe PriocEast {Rr 8¢ eﬁFrthgdsgﬁégf”a?)é( Q@ylcﬂfelé?’b%’i‘ € (WL st or
120 Base5contefterafce hedi polcamparyrisicsst dratidQgEm shewingntmed f weredt er
stack) of t | r [ 160 Col |l ector contact of the bipolar
SoRER e R T

transi stor sistor Drain contact of the MOS transistor 240
Gate contact of the MOS transistor 260 Source contact of the MOS transi stor

300 Insulatofi¢e. 0. tBPEO) show?28 B2y LMAGL hol getEIbnki! | ed, i fh

contact-hole firlling material (e.g.
g thréug a preferred embodiment of a

10 semiconductor device in accordance with
the first aspect of the invention at
various patterning or processing stages
during the fabrication method;

15 Fig. 15 shows a diagrammatic sectional view
through a preferred embodiment of a
semiconductor device in accordance with

the second aspect of the invention: and

20 Fig. 16 shows a sectional view through a

conventional semiconductor device.

Fig. 1 shows a sectional view through a preferred
embodiment of a semiconductor device in accordance with

25 the first aspect of the invention. The semiconductor
device 1is 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

30 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
35 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 conduct or 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) anranged on the substrate, a contact
surface of the second contact (14) being at a greater distance, in the

subst r at e- noigzRla i eebban, ch O ;genéu@fﬁreas (Shithap aganact 1gurface

of the first "contact (12 - at least a first 34) and
a second (40yhasth e‘r*he’ély%?%jrlibl 5ﬁ@ nmy, éé’é’n%q‘ e cPa e F@§§P06n@

conduct or, wiighkicarns e eyiast eBd et | east one of the contacts, is
f or med; the second netal plane (40) being at a greater distance, in t he
substrate-normal direction, fromthe substrate (8) than the first netal
pl ane (343, tlme ebmiikbwiong gotodddy beemg eleostrebellyinomhgct €d tthea

duct t f..t
cecond et al e oy o | 5F SubEkbancoe Y, & BTLeMInaist el 5y
bei ng connectted &ntbsowserheiaht thé fivpdicaddut atio (m +16].5C22nm24 fox6)
bei ng el ectr'vﬁﬁ]dry copnesbed tokao%ndqu '@@ﬁéﬁﬂcé@ovemetcaaaltcgq
substrat e-norma

direction, of the first netal plane (34). 2. Sem conduct or
devi ce accor MIAA%LZGHIGR )1, SEIPIMATH YIRT KB BRIt HID) - 14 ) is an
emtter ggntact of a bipolar transistor (10), and the first contact is a

base cont act (12 r collegtor caontact_ (16) of a Iar ranS|st r or is a
source cont a@t (%é?usgﬁf’l&e@oﬁtﬁc%lgmﬁ'or CRP&PR Tc 5?1% 6)a’6‘F &?ﬁ‘eﬁos
transi stor Héflne’ﬂ Sem ctdmjucnrrmu]dseaan:e lagear di3tg thy Clnaaamsl @f 2ain
which the fir c tothe
conduct or of ]1 I&fogﬂagﬁ ane&?eﬁ? sggﬂéﬁéonfag gl %r& %%?

extends in tW&%s@@ﬂtéchohtwesdl3%cexbﬁnéndn| sthe | ﬁedewllhnarmormal

el ectricakly «pndugti V%uﬁb%fitr%(‘tte hod e f.U ki ng t'HéEzer IHve 4. aSeRiaqnduat or
devi ce according to one of reced i ng cl ai s, n which the secaond

contact (14) 95t eRfrietded tBn?'hEe ofductdr SPnYﬁ’été%Bﬁd FERRIHERR (40)
via a contactmdtt® ( 3 or Whieingdd erfiter i ra t %nﬁldlﬁidtﬁitﬁm‘lord@hdﬁ regfion

and is filled ectr caII conduct ve, con
mat eri al , J‘rigflﬁ n%\r%b%% e #i st ﬁ%Fan’ %&)tnb “ﬁ%g&;hnect ed
in bet vveen B Fenhed tf osufﬂbcecaiﬁ nghe semt:'oe:duc:tcurtalbem dé, ES)IT]M‘CHSI ng

th t f di t 8) .4t 8'
uni ch he2% SREMANLID? R i) o [ WARIAPEIRRF R bt

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_sy Rface of the first contact (12, 16,
22, 24, 26); - electrically connecting the first contact (12, 16, 22, 24,

26) to a conéaQtOEabmeat@anb%% | sy dHRIEURS T 3 S 10 rméh&bﬁecahon of
a first patterned_ peta and - electrically connectin
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filling matepbibn §ngN€bh@@t§9%0"t@'cPaﬂotl% 1@ fr@s™ 5 to 7, in which the
step of electri ca? | y connecting the second contact (14) conprises the

following steps: - defining a contact hole (38), which ends at the second
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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.



- 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) Qe%ag_at a greater distance, in the
substrate-nornmal direction, fromthe substrate (80) than a contact surface
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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



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

., contact-hole filling material; and - defining the first conductor, which is
t ocat ed above the first contact (120, 160, 220, 240, 260) as seen in the
substrate-normal direction, of the netal,,plane (340) in such a manner that
it is electrically connected to the contzact hole filling material. 15.
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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 is
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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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
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
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
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
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,
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,
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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contact 260. The contacts 220, 240 and 260 are first
contacts in the sense of the invention.

10 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.

15
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

20 the insulator is polished back as far as the second
contact (i.e. the emitter contact 140). The CMP process
step 1s therefore stopped at the emitter contact 140.
In a known manner, an end point detection system, which
indicates the instant at which the polishing step

25 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.

30 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

35 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



10f5f5 10f5f5 10f5f5!y 6! 109558 ()-!x & "109%65& ()- @ & "109%65&8 ()- @ &

" 10%5u58&' () - @MADBB: Ct CCzY7M ! ~!: ~ F1 109% 5( 5& () - |
~F1 109kk& ()-! Ls! 10955& ()-:! Ls! 10955& ()-:!Ms! 109%658& ()-:|L10%& ()-Ci D
DJEEFFWUBM | ~9/ 109B& ()-!}" &#! 10%-5~58/%s) - ! &#! 10%p5p5& () -

" FI 109858& () -1 1" FI 10%565& () -!° F! 10965& () - FGHHHHHI TPl 1 ~9/

10968 | F" 10Ul Joodsl 04061 {3, 16651 xA0kALS o ocess is
10f 5f 5!y LSO'l 96 & kLsO! 10965 X5 () &IJJr KlLLZX6 |~|S L'109%& () -
| pL! 10%&' ()- %@%g 1%%‘ Ky pifool: (JUbSequey Rl pRar| PEILhNG ) StED

NMVQ\lNOO}[9+I(cmptw&d§'tmo/& (ﬁaﬂ-@f&iSth%t()whD&ﬂOW Ehch that the
To 1 &8 100 RS (Ljiy?xgﬁf?‘i%%q 9/&%% %owﬁoﬁtzcb &L BETERe () - ML
0% & ()- 40 BECRRET.CPFWAXBX)! is 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, wunlike the other contacts of the semiconductor
device, 1is not connected to the associated second
conductor of the metal plane 340 by a contact-hole pin
25  320. Instead, contact is 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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of the insulator 300 (the BPSG layer) following the CMP
BPSG polishing step (which amounts to * 150 nm) is
reduced and the risk of over-polishing is minimized or

5 eliminated. There is no need to make contact with the

second contact by means of a contact hole 320 filled
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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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-1l) 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 direction;

- 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, 24, 26);
and

- at least a first (34) and a second (40) patterned
metal plane, in each of which at least one
conductor, which can be connected to at least one
of the contacts, is formed;

the second metal plane (40) being at a greater

distance, in the substrate-normal direction, from the

substrate (8) than the first metal plane (34),

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, 16, 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) of a
bipolar transistor or is a source contact (22), gate
contact (24) or drain contact (26) of an MOS transistor
(20) .

3. Semiconductor device according to Claim 1 or 2, in
which the first contact (12, 16, 22, 24, 26) is
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I ~"10%H-H&4() - semiconductor device according to one of the
preceding claims, in which the second 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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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 f£illing 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 1lies 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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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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transistor (200).

12. Method for fabricating a semiconductor device,

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, 1located
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 f£illing 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) being connected in
between.

13. Method according to Claim 12, in which the second
contact (140) 4is 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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Method according to Claim 12 or 13, in which the
of electrically connecting the first contact (120,
220, 240, 260) comprises the following steps:
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 1is 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.

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.



