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*159159* Method for producing a transistor structure

5 The present invention relates to a method for ———————

fabricating a transistor, structure, conprisin

e TR eon ol e A

different collector widths.” Such a nethod is
from 10 DE 100 44 838 C2 for exanple. In bipolar *159159*
transi stors, the coIIector i s usually terninated by a

hi ghl oped buri er. The burjed |ayer is
pll\g%%oecg RF st € Li‘i th% ’éﬁ%%?%%’f%rt Bt4 Ct86‘315
i npl antation at the desired | ocation. Adtermard a

ygggeéﬂtep'w J?J% o{;ﬁayer rd1SaRplie tg%t\p{%' S for

emtter an ector are pro uced
po%%@@l%afpkftﬂ:e%stgéﬂaéﬁéérl stgesErirbed Joop el et nleast

t he t§¥E990k55E50h90|%Qb%wﬁpcrﬁfﬁéiﬁferk%%n51stor having
Schal t ungen” 20%; Technolo | arge scal e integrated

Tt B L B HnipAC T He RERr o R EhACkdrd ciown Erom
SE rngEy Merel:ﬁg Cc2 Zmlreedmmpne Tabl e 8.13, pp.

326-334. For integrated high-frequency circuits in the

Gz 25 range, it is favorable to integrate both

hilgh- voipager t taasisstsdiogs(HV thranststbefthavi ng a usually

high, by eakdovgy %°|H?@rﬁ@ngoﬁbahﬂdﬁ%@n£¥ EEanSﬂh%t O3ried

(HF tranS|stors) havi ort collector transit
tl%ﬁy%ﬁuﬂ?mﬁﬁﬁg%F?ﬁgﬁy FPﬁﬂFFﬁénﬂré&@eﬁ&FQQraQ§1to an ion
aCJQmﬂ[Hnﬁtjtd‘re fabrined | ate Shra@et Nogdsatki®Wn Afterward, a

h retofore is necessar to find a onmmr oni w th

rglga%j'dt]t% ?%edro arifas |%1iatyheer ]i%t%@?gf’F na&fjsethe wells
m@mﬂarb£$an5|sm@tsehavmnych¢¢kﬁeﬂmOrliateingroduced A
f requenci es, éaéeggp%a% éﬁ@éﬁsgt %@%J}age@ £dLT %@tﬁhe in

breakdown voltages in frequenc CIrCUItS

neatts tatPede p”é?FBPﬁéﬁ@éeoF‘O§Géﬁt§grﬁ1€g‘ﬁefrr eXfiienkyngen”
Circmddhrosivt be& ulibgzeds@pld mhlkyggrated circuits”] by

D. Widmann, H. Mader, H. Friedrich, Springer Verlag,
2nd edition, Table 8.13, pp. 326-334.

For integrated high-frequency «circuits in the GHz
range, it 1is favorable to integrate both high-voltage
transistors (HV transistor) having a high breakdown
voltage and high-frequency transistors (HF transistors)
having a short collector transit time and hence a high
limiting frequency F¢. On account of the fabrication
methods known heretofore, it 1s necessary to find a
compromise with regard to the ©properties in the
integration of bipolar transistors having different
limiting freguencies and bipolar transistors having
different breakdown voltages in high~-frequency
circuits. This means that the performance of such a

high-frequency circuit cannot be utilized optimally.

Such integration has been realized hitherto e.g. by

means of the collector region having a dopant
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Such integration has been realized hitherto e.g. by

means of the collector regi on having a dopant ~~~~~~~

frer e et el 111111111 ~11~ *G0002* 2
concentration of differing magni tude. The | ower the

dopi ng, the higher the coIIgc&o[-base br eakdown

vol tage. However, as a result®of this the collector

tr ' j ec S 4k . _and he ILmting 5
R T Boc e 1 Shes e REAREFiBhe. OB ¥ She 1
si¥ePtieg t hetdsl | ekieherransie tigml rtteheoasml | dreaakalown
cQld1eGly@r - baggebeeakdown svol £ age. of o £ h%htirsan?lllét Uo11Mctor
Racanelli et al. "Utra H gh Speed SiGe NPN for 10
ARFERSed BFEMES FEERREF0gYPNISH01ANEER RG] ddes limiting
saldqugridie Mopdrds alewktectrae Negimdy ofhd@ doping, the

istor_.in su way .t hat .t he dopant concentrati on

trans a_way C

W PR e e SR e P By FEATRAL & Gihdrbnt P8l PROGGRE the
t lics 1eaittri-tre sakeedkdpossidll ®md¢® ohctrleaserdhs d5or .
breakdown voltage of HF transistors, it stil

represents a conpromse. In addition to the dopant
cdhceRecaneonl tdle adi-mendibnbpnglbfht wpeassl | 866er NPN  for
Wirdfr@les0 dgt euatnesrddis, 120, pr opentypgs ofpde bi pQlsan oses
transi stor. The term coll ector w dth denotes that

r §Giogt TG tHee epPPRAPEl Idyerd whicod lecd arpcateEion of  a
betrseen sttfeg basesueh! al aeat ethdh the dephhaxicdindeat@ation

d.the buried | . HF t i st ich are to.b
optiH Fed- PBudrd HIGioT | FPETRE J59 r Equehtnber mustl though

have sa smluticowh | evébesw dth ancbdd\bld r ansi starsewhiech the

iR eC Lol N gf bRt eligges e,

dESPHITENTE s ATTHARLSST- conponent 30 and al so a

nmet hod for fabricating it in which bipolar conponents

h%XJnga%bﬁaﬁkﬁpt %% Ie%%%r mkgkggmgreconcentration, the
dimensioning of the collector width also determines the
properties of a bipolar transistor. The term collector
width denotes that region of the epitaxial layer which
is located between the base well located in the
epitaxial layer and the buried layer. HF transistors
which are to be optimized toward high 1limiting
frequencies must have a small collector width and HV
transistors which are optimized toward high breakdown

voltages must have a large collector width.

DE 100 44 838 CZ describes a semiconductor component
and also a method for fabricating it in which bipolar
components having different collector widths are
realized. In this case, an additional substance 1is
introduced into a buried layer of a bipolar component,
which additional substance influences the diffusion of
a dopant of the buried layer and hence the collector
width of said bipolar component. However, this method
does not result in a sharp Jjunction between the

differently doped buried layers and collectors.
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‘realized. In this case, an additional substance is

introduced into a buried | ayer of a bipolar conponent,

whi ch addi ti onal substance influences the diffusion of

35 a dopant of the buried |ayer and hence the

collector wdth of said bipo#a[ conponent. However,

this nmethod does not result Tn a sharp junctiog

b d i f e d e rs_an

o TSrre Lfry  e pE P S B Bt sned
@Pﬁ@é{tlb’eaééiabllﬁfsr%dsh@@cpryfahﬁ vvbtlh zasharpexhibits a
Pr@fiidree PULL AALNRY XN R tshn 1 obl drdgdenprofile with

a shallow gradient. 5 Accordlngly, it 1s an object of

the present invention to specify an optim zed nethod

f@bdﬁﬂﬂﬂd@ﬂynglﬁ ibr amsi S PEcst YCtiH L pﬁeﬂﬁhﬁhlnventlon
IIector. i ons havin di.fferent collectar w.dt
ﬁ béﬂ?éPﬁig Fhe %Qﬁ%éﬁﬁ 588ﬂs ﬁ85|n3a§r§ﬁ§Fﬁng a
b&u@@&mﬁﬂmﬂthEﬂﬂEmietDntmaldﬂ)imﬂlémkéﬁyEéﬁlons having
AxGrdi g, ot ocg@eedaﬂ?vren{qco{h L0 oBLeGh g achieved B eor
t he

means of a net pe nen Foned N th
|ﬁﬁ@édﬂbilbﬁvﬂﬁgmhicﬁhﬁhéreb@M@d@rEdu@édlatebeast atd5 the

f igusti eolil86dar. region having a first collector wdth
on a first buried layer and a second coll ector

regi on having a second collector wwdth C2 on a second
bm@cﬂidﬁmﬁrtolﬂhwhEQWeﬁtﬂbn;Othéh©bPF@®MiéOacaiebba by
secaond. colJ ector t a_first collect z0

having a ﬁ rs Iﬁw%k<£ O3 FAe pr%@ﬁ@edeH%ﬁﬂgegecdﬁd the
bumﬁe@duayeﬁnandnavg@&dndtbehbecaoe zoneddtaed ngta least a
sqaond thLekoess: Chab3oRr giliead, 0g the JJ féalfggksgtoldth

zone, and at least o e in n“region is
whilchonsof atBr st IbedsEect héagelrl eandr @ egﬁm@d r omldeetor

25 Q:tnher{av1 t al $eR0RIEVEsh BSc @0 F egilht hofc ot I'Er'?' LS second

ansi stors of the transistor
g?&& q&féjﬁgvé a g'%ﬁléﬁ case, for the pro uctfon of the
second collector width C2, a first collector zone

having a first thickness C3 1is produced on the second
buried layer and a second collector =zone having a
second thickness C4 is produced on the first collector
zone, and at least one insulation region is produced,
which isolates at least the collector regions from one

another.

What 1is achieved as a result of this is that the two
bipolar transistors of the transistor structure have a
different collector width, and the collector regions
have a sharp or abrupt junction with a steep gradient
with respect to the adjacent regions, such as the
buried layers. The collector width Cl of the first
bipolar transistor preferably corresponds to the first
thickness C3 of the second <collector region. The
collector width C2 of the second bipolar transistor is
composed of the thicknesses C3 and C4 of the collector
zones of the second collector region. Accordingly, the

thicker the second thickness C4, the greater also the
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different collector wwdth, and the collector regions
30 have a sharp or abrupt junction with a steep
gradient with respect to the adjacent regions, such
as the buried layers. The collector width O of the
first bipolar transistor preferably corresponds to
the first thickness C3 of thée second collector

r 3 ct Wi of the econd
Sgk?%regggnsgg Qggﬁs gégnpgég%ggFofhe %%?%inesse§h€3 two
aﬁdpGAaéftﬂﬁéseétbé@tor zones of the second collector
region Accordingly, the thicker the second thickness
the greater also the 4 difference between the
cgb?ec%%YeQFH?%slé¥ PRE eBwoCNbi it af nEighsi stbas. arheharp

i m«samjb@ry i srbaged amrw@ |j1§rhc§]thior§ haiet&,éé}ar Rhed lightly

b br upt t th Iightly
OB el R BT S8, hP i dEade Barpay Piyesd layer

Snghﬁﬁu&ahkyylnpmpVGSeBhethehaNemmviﬁrawiﬁanﬁl$E@h51stor

sign a rofi wth a ste radien th a
SH258 e PEIURLGP" LS 0 L Shoge ol (e
fﬁhﬁgﬁngeﬁoséapa@lﬂ&m@@mlﬂﬁntbep$@m$1ehmﬁthoaeshékhogang

gtaghent ancEaual i yn thep?@fh?@ aEGY! ﬂﬁgfggﬁdlent

di
invention i nproves the high-current %ehaV|or
t@8H§ﬁéﬁort@@né@ﬁﬂﬂﬁ%ﬁ¢¢%¥@kﬁ%nﬁ%c@%%aiyvééﬁaﬁﬂ iipproves

t hak m@@h—@hr&@&tC@éH%ﬂiﬁr &ﬂiﬁﬁéi§r§ﬁ99§€gr“%ﬁhce there
chargg carriers and,

a 15 t _
RGBT ST I PNT ag b TRety G T ARROFALAGCEOT
t @htllo@ umwdmoqﬁadtMEtMBthadgefcmhelbyaeanﬁﬂnbpneﬂelBame

t lLatr ctl ve| e the f f ect
Rl PERCEORR R PR SR E M 1iekd S0 s
of a first conductivity type of the first bipolar

tm%lr@tl% apd aHfd r stnwzone of, at%%coxﬂgti%al e&f' W type
or a second conductivity ty

s@@Bg&onﬁlpdﬂhrtP?aﬁﬁgﬁQﬂ“%ﬁ%Pqn%?o@ﬁgé&qH%QJf?%ﬁher to
seiec efdecttort haubstitr dtessta 4 | fstsepidéxi aF hayekskSburied

layer of a first conductivity type of the first bipolar
transistor and a first zone of a second buried layer of
a first or a second conductivity type of the second
bipolar transistor are introduced into the
semiconductor substrate, a first epitaxial layer is
produced, which covers, over the whole area, at least
the first zone of the buried layers, at least a second
zone of the first conductivity type 1is produced within
the first epitaxial layer, the second zone adjoining
the first zone of the first buried layer, a second
epitaxial layer 1is produced, which covers, over the
whole area, at least the first epitaxial layer and the
second zone of the first buried layer, at least one
insulation region is produced, which isolates at least
the collector regions from one another, the second zone
of the first buried layer adjoining the first collector
region and the first =zone of the second buried layer

adjoining the second collector region.
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25 produced, which covers, over the whole area, at

| east the first zone of the buried |ayers, at |least a
second zone of the first conductivity type is

produced within the first epitaxial |ayer, the second
zone adjoining the first zong of the first buried

| ayer, a second 30 epitaxial Payer is produced, which
cqQyer.s ver the_ _whole area, at l|least the first
em%ﬁ%ﬁ%ﬁi?%ﬁﬁﬁ 4R8P He %éi%ﬁ%?%ﬁ LOfRERESY| pEE thereby
buricsthdealyertheattHiedste mecf | Dsal i keh begiied ilayer being
p%ﬂ%#ggéd\ﬁﬁcglf§9£@t§%ngt|dﬁ¥gh { eiﬁgkégﬁggg into the
regi ons fromone another, the second zone 0 tﬁe. .
f iS58 Goudved Qraysrbadyr et A nitthe af | $e¢ord| Izoneor which is

ragitanaRdd henfdrehezoner &f tphecageand hyfd.ed kayersecong
adj oi.ni ng.the second collector region. 5 "Buried
I

F€hab?RgT did¥er BRe thitknegsBs % tther ebyrst buried
pﬂQ@&Qe¢mdﬁErdﬁm%kH€?é @Bet@%ﬂérﬁﬁifﬁﬂé§§ iﬁYShis case.
bei.n conposed o i.rst _zone, ich is introduce
iﬁ‘thggt %lcsrleerﬁsc%%dﬁgt S S ubstT at Sman%ﬁ%o%%cgﬂal?éng,ayers
whirets &l Fdmtbpdubedthatéantke fifr stheps¢axnal zbayeof the
The seeondu ol edalaver apdthe firsiozane of tewy o

first buried 1layer preferably have the sane nes's
| MHiionessen e i ekdesseanof depengisr on ahe sddokgess

byt edchayeepithhus di fisfeby thenhbi ckngss gfir188 1ayer
secqond zone of the 10 second buried | ayer. Since the

cHHENDTM I dtHO ast"FrentPoh@¥i#h t heYPRtrodB6ti 69 llector
depends arl tdred td2 ckaasde afartihel epi t@xkahplay®bnner and,

m he buri.ed,layer xtendj ng, into the_ epitaxial
Iégéﬁf} ﬁé‘é% S i t%%ncblgﬁﬁr%ﬁ’cgﬁvﬁgtbg 8§ have
i i shsinpllainmniner keidyeds ume i keghhyedbpdidnents ekndwyers

hidert. INSHRITNelRSS haye o & sharg, et i on bet veen
the highly opeahburied Iayé?s anéﬂ%%e I ghtly doped
collector regions. The inventors furthernore propose
davel apiventidies nihite ri2dr ©f pthigo sy peetieNbpoAgd the e hod

irggogHgt%% JL%égg{o%Qd in the introduction further in
such a way that at least a first zone of a first buried
layer of a first conductivity type of the first bipolar
transistor and a second buried layer of a first or a
second conductivity type of the second bipolar
transistor are introduced into the semiconductor
substrate, at least a first collector zone of the first
bipolar transistor and a first collector zone of the
second bipolar transistor are produced, the first
collector zone of the first bipolar transistor
adjoining the first zone and the first collector zone
of the second bipolar transistor adjoining the second
buried layer, the first collector zone is formed as
first conductivity type, a second collector zone is
produced on the first collector zone of the second
bipolar transistor and a second collector =zone is
produced on the first collector zone of the first

bipolar transistor, and at least one insulation region
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such a way that at least a first zone of a first

buried layer of a first conductivity type of the

first bipolar transistor and a second buried | ayer of

a first or a second conductivity type of the second

bi pol ar 25 transistor are introduced into the

sem conductor substrate, at PYeast a first collector

zqQne flrst . bi pol ar, t ansi stor and a flrst

cgglegg8ﬁnggné oyh%?hp 126 %lpo%arl?ran3|gior%%%geCtor

prodesed rorhenfs rgtotheal.l ect or zone of the first

bi pol ar transistor 30 adjoining the first zone and the

first collector zone of the second bipolar transistor

adPdisnitRy e rseddind Huriedepayéblet hénf pr sgmple manner,

CQbEerﬂﬂéﬁﬂBi|§éé£6ﬁ§dtésbé|ﬂéﬁr£&5ﬁ%@tWHi&M h¥Pe. both
%%ond coll ector zone is  produced on the first

EEEM 2 onE DF P SefBAd FBR IR pBIrar L randi idtfor 2asd eep
ag&edae@tcothBtOWegp&mx| $o producedjenehbe Hurisdd layers

cal | ect n he fir lar transjistor,
% Féas?ggégqﬁﬁggﬂgf|o% f%%?%n g@ s Producdd Wi c%ormed
|§®u§be§qmpnu§§ﬂ hdﬂ?(ﬂhé(ﬂi@perZDQSSOfr@n1ﬁﬁetran51stor

a%‘?ltdh%ﬁms-gh'osft%okﬁeacr}%ntsq%ttdrt I's possible, in a
sinmple manner, 5 for collector regions to be

fabri cat ed mhlch have both different thicknesses and

smardl@vrérmfpniee& W it h:kﬂa sheefod §r adbehlii gt Ror @sReGhvie®it 1on
t he adj ace E |ed lyer s and consequent

t|p§r9§’|l§ite(§r cpt%r 9 et i %W%o%ré%e%e%?hted

the properties of an HV tranS|stor 10 and those of an

H% nt LANSLSEOL o A 98%48&8@}}{8% ofe t ”rﬁégl%'é aCCOf%Q%g to

to the |nven{|on the
zGhe tbnb@nﬁé®@5|¢@¢ thsrdrlQP#&Q#%@EedI@@Nei@pm@@p51ted

ofetike TehhQds raccording ¢ oot hent gveptbonothecthitd e 55
Flector one is deposited e |taX|aII As a result

of P, e EBFI QB 2 ohRs e l@r&/’vﬁ’%atlh tpecfeRestvhich
pdssitéﬁycﬁy$bakadﬁfeﬁds twki chunctional properties of a

bipolar transistor.

Another refinement provides for an insulating layer
(SOI layer, SOI - Silicon On Insulator) to be provided
between the buried 1layers and the semiconductor
substrate. The collector regions are thereby
electrically insulated and capacitively decoupled from
the substrate without the need for any additional

insulation.

Typically, the insulation region which isolates at
least the <collector regions from one another 1is
isclated from one another with the aid of shallow
trench isolation technology (STI technology). The
insulation region may be filled with an electrically
insulating material, such as a CVD oxide (CVD =
Chemical Vapor Deposition), for example. Preferably,
the two laterally adjacent highly doped buried layers

of two bipolar transistors are thereby electrically
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Is very inportant for the functional properties of a

20 bi pol ar transistor. Another refinenent provides for

an insulating layer (SO layer, SO - Silicon On
Insulator) to be provided between the buried |ayers

and the sem conductor 25 substrate. The collector

regi ons are thereby electrrcglry i nsul ated and
capaC|t|v§%y decou | ed fr% the s bstra%e wi t hout 't he
a8 1 Gi Sy Sl EPEnAPOtAEUl atd . L361TS b £al P IiCRe may
| trsul atb i ¢ gfon whiacplisaat esfalll IteasicH her as a deep
cqllechor regions fromone another is isolated from

one another with the aid of shallow trench isolation
technol ogy (STI technology). The insulation region

may be,filledeMeth ag eEﬁCtiféﬁ%N/ 3§okn5%kg between
material, such as a CvD oxid Chem ca

DeSEETIBS. Tors kil oo PraEeF abhg, Sltlﬁ@opms Stehed or

I atrﬁ:reaJrld)pth acent tirghlas doped Birdedi | aysfess,0f 40 that
olar tranglst0és are theﬁeby el ectri cal

S
|n§ﬁi§?bd PESMSonBE5HGERer - %al%OWB%%?%E?oﬁy?%nyﬂmHﬁ%Fely
benenhnmmﬂdxfoﬂ%emathEr@sch tahllebeacb @Elailaed®eﬂarge

t&?%ﬁ%l§%d§fl%égﬁéﬁ?Chgké ﬁguﬂbﬁéég Sxang?lcéﬁl also

tween one
etdewed ihed |Jrﬁ et UPteEc b ]@?ar SasMerdaburilagacay efs,0 S um

thatr @uwid eptcRAbhsy ?eh@@%@tﬁybﬁﬂﬁD@P§H&§ @E%Hatlon with
conplete#g interrupted. Afull trench_can

i@ veRySEargE1 s tr%HEﬁEﬁ%ﬁereéﬁbn33$?%%¢%%e RF/Rnalog
arpidcatdsnss’ al 3000 desapi.besh i w1an alrém{@chyy S- Digest

" npac f_0.18 Sa usi ng
NQ%??EE e t QOP%floﬁE§thNéﬁﬁﬁb%£§?gf% 9ages 154 to
Sdﬁ%irate on Enbedded RF/ Anal og Appllcatlons" 2000
Synp. on VLSI Technol ogy - Digest 15 of Technica

(CAT. No. 000H37104 ages 154 to
P%peéesep trench is descrlgedpf%r example in the article

“"An SOI-Based High Performance Self-Aligned Bipolar
Technology Featuring 20 ps Gate-Delay and a 8.6 fJ
Power Delay Product” by E. Bertagnolli et al., 1993,
Symp. on VLSI Technology, Digest of Technical Papers
(CAT. No. 93CH3303-5), pages 63 to 64. In contrast to
the full trench, the deep trench is not wide enough to
be able to integrate the entire dimensions of passive
components above it. Rather, the deep trench serves for

dielectric component isolation.

Preferred exemplary embodiments of the present
invention are explained in detail below with reference

to the accompanying drawings, in which

figures la to 1d show a diagrammatic cross-sectional
view of a first method according to
the invention for producing a
transistor structure according to
the invention with two collector

regions having a different
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155. A deep trench is described for exanple in the
article "An SO -Based H gh Perfornmance Sel f-Aligned

Bi pol ar 20 Technol ogy Featuring 20 ps Gate-Del ay and

a 8.6 fJ Power Delay Product"” by E. Bertagnolli et

al ., 1993, Synp. on VLSI Technol ogy, D gest of

Techni cal Papers (CAT. No. 93CH3303-5), pages 63 to

64. In contrast to the L1, trench e deep trench

i s not wi de enough to %%{ o 5Bf e tgiF%Fegr P£ t fgans  of
entire dinmensions of pasbéveiveomponenys above it.

Rat her, the deep trench serves for dielectric

conponent isolation. Preferred exenplary enbodi nents

of LAHE DT eerit® BD i nvERW oR &lederpiaitied Grpetsgdtional
bel ow wi th reference $0e he facg orRAMINImEE AWHNGSacdHing
which figures la to 1d shqw a di agrammtic

cross-sectional view of &5 r<fVABLAGH aéesr dPRgdeeing a
35 the invention for prostuei igoa transuistareStryGttiy € two
according to the invqggi 0 @Ath two col | ector :

regi ons having a diffefent 8 °%ol | ett8F R Pdth By 'idhs @
of selective epitaxy,difgerest2acflée2e¢oshomidth by means

di agrammati c cross-secgfowﬁéle5ayé§Mé§Itgx econd
f

met hod according to the invention for prodlicing a

transistor structure with two collector regions

hattigres IH fferant codheet ar dwadtAmBY trRans o) Mctional
whol e- area epit axy, flgures a to 3c show a
c

3 .
di agrammati c cross-sectiohaPt @i & 6F FeCHofy ARty to
according to the inventeon frorerprieduci igra producing a

transistor structure with two
collector regions having a

different collector width,

figure 4 shows a diagrammatic Cross-

sectional view of an alternative

configuration for producing a
transistor structure with two
collector regions having a

different collector width with an

SOI structure.

The first method according +to the invention for
producing a transistor structure according to the
invention with two collector regions having a different
collector width which is described below with reference
to figures la to 1d is performed by means of selective

epitaxy.

In figure 1la, the, for example n’-doped, buried layers
5.1 and 5.2 have already been introduced into the
semiconductor substrate 1 and insulated from one

another by insulation regions 4, here realized as deep
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15 transistor structure with two collector regions
having a different collector width, figure 4 shows a
di agrammatic cross- 20 sectional view of an
alternative configuration for producing a transistor
structure with two collector_regions having a
different collector width with an 25 SO structure.

The first t hod, accordin 0o the invention f .
] ggt‘raﬂglest%?mﬁ?‘?ﬁé?ﬁﬁgrac%%?fﬁﬁ%{]‘? 00{ h&Omprises
i Bw@nt momowirtyts tadd iow |seicticromn eghionts havprdoped .

different 30 collector width which is descri bed bel ow

with reference to figures la to 1d is perfornmed by
mParfst 6Tt sEbektiaey épveaxy. and fa gapeond, avkélikey layer

exanpheen+- g@peHe rRytbed hayef8ed35 SyHi@Rd S Na%e  the
al ready heen introdugegél nto the sem conductor
a

sUbSHE e O PN 87 18R oPRl GRBtReropy substrate 1
i rasud aﬁh@nbnegbdnsla@;eﬂmre.nealridée@l.as deepcifis case, the
trenches 4. .The sem conductar, substrate "1 c rises .
e.sge.coﬁloﬁoac%xyls]tlaﬁ‘w nnleaglefi gor?%cfjt{hs |§h% ﬂiBBEggngfli r§gLon
auxi dndr gheaylerr 6 apdxalsecond ayed | baradi@yer tbe7 second
ar. yr; revi.ded, ' is -

At o regon 4 Fromithe se conducrbrtstpy, sypstrate

and ase ther ied ey eray e sl anld 31.51%: this case, the

second auxiliary layer 7 adjoins the insulation region
4 and the first auxjliary |ayer 6 adjoins the second
1GRXPPFARY 1396 TR ER Y ( He BERTEBARLEL romPTises a

substerdtsd dhaod tihe kesiedanayets Dxidntidn 2andhecan be
SRRV NPT Ll L SO LSRR gy s
silicon nitride Sii3Ng, for example. This makes it
possible to avoid sidewall defects, that is to say
crystal defects which arise at the interface between a
dielectric material and silicon during the epitaxial
growth of the silicon. In another wvariant, the second
auxiliary layer 7 may be formed from polysilicon. The
thickness of said second auxiliary layer 7 lies in the
range of between 3 nm and 60 nm. One advantage of this
thin nitride lining is that it protects the wall of the
insulation region 4, which is filled with CVD oxide,
for example, against oxidations and thus prevents

defect formations.

The first auxiliary layer 6 preferably comprises a
material which can be etched selectively with respect
to the layer 7 and avoids large mechanical stresses on
the semiconductor substrate 1, such as an oxide, for
example. Furthermore, the auxiliary layer 6, up to the
epitaxy, can protect the sensitive silicon surface of

the buried layers 5.1 and 5.2 against oxidation.

The openings 12 are etched into an STI oxide layer 13

down to the second auxiliary layer 7, which STI oxide
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15 etched selectively with respect to oxide, such as
silicon nitride Si3N4, for exanple. This nmakes it
possible to avoid sidewall defects, that is to say
crystal defects which arise at the interface between a
dielectric material and S|I|3§p during the epitaxial
20 growth of the silicon not her variant t he

' I f
Syt | CORC LGPy Y Bonkal s gl o Ththa R 95 the
Iéﬁ@ﬂC¢NQWQ§qn1$¢h§tEQMthﬁWiknmﬁba Suxmlardyo0lapers 6
CB%dadVaﬂta9§l@ﬁaE£wS Enége%htrldQKglnlfg 'SkﬁBQB Itfrom

protects the wall of the 25 insulation region

i §Pf 01 1688 wi'th BavD o&h%le etichirgkanpre, &§ai n%ffected by

0&hd@bt@@%1@ﬂddk@useﬁbﬁiﬁﬁtSwhﬁQﬁﬁC%t%%%”a%bQ%%t1@%@y on
first auxiliary |layer 6 preferap| nprises a

3HF8P Wﬁﬁdﬁc%hn kﬁﬁ%dD%eF%%tFv%PQdmﬁPﬁl#é§§§c@aYer
td.the | ayer 7 and avoi ds | arge nechani cal stresses on
t he sem conductor substrate 1, such as an oxide, for
exanple. Furthernore, the auxiliary layer 6, up to the
epit Fhp, sedsgaustrdctnatiwdesisép i Ve scbocdanser fack dfigure

39t he @éﬂé%%ﬂiﬁﬁﬂé%éaQ-fﬁmké gh@g%p9§ 19§%d?5¥895 and

The openln gs 12 are etched into an xi d
ddwnt ¥ o efhEcSeCondT BixiundgmEutay éf 7s \/\ﬁ?éﬁrsfl’ﬁdoxlrdemore

- dé@ailayier prefesedl y76overs stiheahol e @Ertbes form
enlcon%ﬂctor substrate.1 with the aUX|I|ary | ayers 6

aRG 7§ 0Gt b PRerdbhn. 1RESES 3RS WnCFFORED ER TG 685X éary
Bl,aylehre ét @mnichg remd tien eefect Bck byf StAai satiegi tageys 5.1

[ S lecti y Si | con nitr
H{E%§ygﬁﬁﬁ%e5§§§o% d%él|?br§8$a er® f g? % %?e along
sd&éédu@ﬁY3ﬁﬁhoﬁa@¢%p tha@uxﬂdaﬂceawtﬂ@ﬁl@ﬂmmplQOalong

|Qheash@h%%@U %ﬁd%ﬁ&“@f&46§1&@el§§éfl|§ﬁ¥s|$¥8&§h6of the
and i eff;cted The %ndercut 14 is described
wg 8 al ects can interrupted by the overhang

formed by the undercuts 14 of the STI oxide layer 13.

Afterward, a first collector region 2.1 having a
thickness Cl and also a collector zone 2.2.1 having a
thickness C3 are deposited epitaxially, the first
collector region 2.1 adjoining the first buried layer
5.1 and the collector zone 2.2.1 adjoining the second
buried layer 5.2. In this case, the collector zone
2.2.1 is provided for the second collector region of a
second bipolar transistor. The thicknesses Cl and C3 of
the collector region 2.1 and of the collector zone
2.2.1 are approximately identical and are preferably

between 50 nm and 300 nm.

After the first collector region 2.1 has been covered
with a masking laver 8, a further collector zone 2.2.2
is applied epitaxially on the collector zone 2.2.1 in
figure lc. Said collector zone 2.2.2 preferably has a
thickness C4 of Dbetween 100 nm and 200 nm. The

collector width C2 of the second collector region 2.2,
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detail in EP O 600 276 Bl. Since sidewall defects form
proceeding fromthe interfaces between the auxiliary

| ayers 6 and 7 and the surface of the buried |ayers
5.1 15 and 5.2 and grow up at an angl e of about 52
along (111) crystal faces, at is to say for exanple
along the sidewall of the Sﬁi oxi de layer, this

gromﬁh of th i de ef ects _can _be i.nterrupted,by

& B ST ang grnemﬁﬁfxghe uﬁ%%?%u@égli of " ?hg'gTF’ thus
O)ill% liay erhel 3arR@ Afft éra/tafeden al30 rst @od | €@ onmr egi on
2.1 having a thickness Cd and also a collector zone
2.2.1 having a thickness C3 are deposited .
epgit HHalRRESqHe 9331 e cotPeceBFOondgiren 12ct oadjrsigiong 2 - 2
tIﬂéﬂHﬂﬁﬂtéﬁerﬁd éﬁb@%xgﬁaéeiyaﬂ§u$h%a%%l|§65@& LQDﬁh the

oining the second  buried layer 5.2. In th
cé’é’e“ator%e C’(f)tq)ltlh?ctsc}'ﬂrI Peieie 2Laver i 83 provi ded for the
second coIIector regi on of a second bi pol ar
tr n3|st r. t hi ckness th :
colPFector By reglonez foa% % the %&Tec?g igﬁe 5pe first
2Q@Lﬂanupnnnﬂq»@nmﬂelyandemhaxﬂokﬁﬂtmum wiéfer abl pf the
b%te%% 5(.,OO:E nggﬂg}) ?ftfr elfl' rStr&PJ[éegtfor etween
een covere

regi on 2. a maskin
- & - tand fé&o$| BBt Bz GRO TR 2 Tx%masl applied are 100 nm

eﬂkhamﬁﬂ|deMbdﬂEt(Mhd@Kt@I 3200€2202nh B k@ &d18ector

Sai.d | | ect on referably has a thickness

G et om0 O E eI oH Cobth T VeBERECt GLR2 of
Czmef the secbhdctotl aﬂégﬂom@glmm 2add -212 eanmpgsed same
o%éﬂ%%é%ﬁd Ctor Q%%ﬁ% lhggg gaenﬁFfFE%tﬁgjgﬁéggHﬁlng

t he range o nm and 5
e%éﬁpl@romﬁetse@obdtboki%caorfﬂ%gtnmnathOE Badri ot es HV
at: apprieddmtely the sane level with the surface of
the STI oxide layer 13. Typically, the collector width
Cl of the first

If the intention 1s to obtain even greater differences

between the collector widths of the first and second
collector regions 2.1 and 2.2, then, in the method step
of figure 1b, the collector width Cl and the thickness
C3 are kept relatively low and, in the subsequent
method step of figure 1c, the deposition of the
collector zone 2.2.2 with a second thickness C4 1is

repeated appropriately often.

In the transistor structure of figure 1d, the masking
layer above the collector region 2.1 has been removed
and collector terminal regions 11 have been introduced.
After filling with tungsten, for example, the
collectors can be routed out electrically to the
surface, thereby enabling the transistor structure to

be integrated into an integrated circuit.

The method according to the invention for fabricating a
transistor structure for two bipolar transistors with

the aid of selective epitaxy which has been described
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collector region 2.1 and the collector width C2 of the
10 second collector region 2.2 are in a ratio of
between 0.05 and 0.9 to one another. Typical val ues
are 100 nm for the collector width C1L and 250 nm f or
the collector wdth C2. The.different collector
widths C1 and C2 of the two™Collector regions 2.1 and

2 n 1 emd. t or. subhstrate .t
CESE LRESRBEC D e AR g SUBSLRL 5 DN 00ny
t BaA®iLst- orl endvaXians HYoli pahorsttegiarts theei depasiibad in

| $ekpehligien oo Heatr! biferensesps20:1bat ween rhgired
col l.ector w @t hs %f the first and _second_ coll ector

r &Gr6f8ess1 aRd 208, Ofdn, %t 9he 1R¥ERod lsep ther already
f icgmpa etled t heldeldtect orewiidinh @.1an<asetih@bt Rigciness by a
C3 _are kept rel ativel ow and, in the_subsequent .
TPRsanS: B5Y5E B i TS Re REBBehE ) n BF e spitaxial
coklpestidionon&h2, ey iwirtsh in seloondT I hbekdesda@éri §3 which
r at pricatel y. of n_the .St Qr

stedrr%%ct Sggﬁggggi glg?g I )ém ttﬁgqﬁgg%ﬁég dlteg)égfita O%yeatrﬁe _thus
cOPEaeCoriy PN 223ch&s lhedpr et edorgespadding epitaxy
cakleector term nal regions 11 have been introduced.

After filling with tungsten, for exanple, the

coll ectors can be routed out electrically to the

surf dce,altderebys epadl vight hdet ransi s othuéuatﬁuee eb@taxy
be integrated into an integrated cigrcuit, 35 The .
rrgtohog RS ncgojtoloe(fr}hoeri n%%%%ci’%sn for *f aBFVERE ngig ferent
t cadsiestor stidichsr e@rfdor shaopbijpularidransishorseswedt to
ag%ea%qg%ﬁyS@dﬂgd\Bﬁ 1%&z@%@é@%FP%Q?%XP§§9nQSS%%Fgﬁﬁyith

with reference to figures la s particular
SiFRpIEESTTRe V8ri 6LTUESFI edRort? eqi®ons Hi e tdepbsiaase i nthe

respeelicvel Y reueenssi ve xepickaxy nsleps tWidhd N&he top in
;%ﬁ-gllgl(r@;’d fgsmfgrpeg% Itrhé hgar%-e“ loe)%le € \Lli%ﬁr t]h?’e’ gg?face of
the STI oxide layer 13, the thicknesses D1 and D2 of
the buried layers 5.1 and 5.2 being varied. This planar
termination is particularly advantageous since planar
surfaces are required for subsequent photosteps (not
described here), with feature sizes of 1less than

0.35 pm.

In accordance with figure 2a, an epitaxial layer 9
having a thickness El1 is deposited over the whole area
of the semiconductor substrate 1, into which a first
zone 5.1.1 of a first buried layer and a further first
zone 5.2.1 of a second buried layer have already been
implanted. The first zones 5.1.1 and 5.2.1 are
preferably n'-doped. |

Afterward, 1in figure 2b, a second zone 5.1.2 of the
buried layer 5.1 and a second zone 5.2.2 of the buried
layer 5.2 are introduced into the epitaxial layer 9,
these second zones 5.x.2 also being n -doped. In this

case, the second zone 5.1.2 extends approximately over
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5 conpleted collector region 2.1 being covered by a
masking layer 8 in order to prevent a further
epi taxial deposition. The regions in the STl oxide
| ayer 13 which are required for an epitaxial

deposition are thus opened each case only for the
correspondi ng epitaxy 10 st is al so possible

i gdeof 0 e t x to i.ze
coﬁ?ector rgéuéﬁgpzkgr%gvﬁéﬁg f%rehtd' 4 dctppe second

WEZ@RRs Sard st pthenkburoad W@w@rreéﬁbdﬁer©115exhends over

hibghlayrdaped-hurd.edo f aygES £ias XAl ned, bel va Wn%hburled
reference to figures 2a to 2e. In this case,

cOPYEEt Or %regions 2.x ternminate toward the top |n
planar fashion at the sane level with the surface of

oxide | ayer 13, the t |cknes es. D1 and D2 of
Lot e e aUeF o S2ep' b BhS BERRED, BoSiruig oto the
phanantlbermnuﬂmgumésZQarhie@qmdq/eﬁmﬁﬂﬂa@EOUSyernme is
rf r nt
PHEPBE i coU’ Ao B SRHIISE, B IS o1 akea of
oithlee§§lfﬁﬁair3ralo 13yen 250G dHeeosdapee abnhsfpgurd 24, the

aﬁugﬁbﬁaﬂéﬁefﬁygrlg arf@vEng . a i ekigss He i Ssaid second
EOSIted over the mhole area_of the sem conductor

dtrEtell, Lavfo Whi BRYaresHdt St 3. 31196 gdeppsdttion
bbﬁled |@wﬂraﬂniyifdﬂtfmﬁpé$£§ioﬁg zpne 5u§cés§ﬁoﬂ The

S urled er.. have ead be i, mpl ant ed
firs ﬁes%%%f%.g%d é éf§¥ SPZﬁgFgﬁr ?ﬁg%ﬁ%eﬂay pe
Aﬁeénwaddbm WHE(PHEEKHES&iE%C@ﬁdsabdeeﬁliagleﬂ flhger 10,

3%h@“é&ﬁ]a e#ﬁg Zlétﬂ”Qn? éSEPQ%p ??n?he 2P QﬁetQﬁlckness

burie are introduce epltaX|w
| &fer oF, &Wﬁseegeééﬁéa%oné§Y§rx A%l sByei agntrast, the

Ncodopedor! Nuwtilic® easeoft hensecapdozene 311e2teXt endgion

a%%E%égg%%%Iy over. 13

sum of the thicknesses E1 of the
epitaxial layer 9 and the thickness EZ of the epitaxial

layer 10.

In figure 2d, the buried layers 5.1 and 5.2 are
insulated from one another by means of insulation
regions 4, embodied as deep trenches in the present

example.

Afterward, in figure 2e, the STI oxide layer 13 is
etched into the epitaxial layer 10 in accordance with
figure 2d and preferably filled with STI oxide, regions
for the collector terminal region 11 and also the first
and second collector regions 2.1 and 2.2 being left
free. The collector terminal regions 11 are then etched
above the second zones 5.2.2 and 5.1.2 in order thereby

to enable an electrical linking of the collector.

The first collector region 2.1 thus has a first
collector width Cl1 and the second collector region has

a larger collector width C2. The two collector regions
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the area of the first zone 5.1.1, whereas the second
zone 5.2.2 of the buried layer 5.2 nerely extends over
a partial region of the first zone 5.2.1 of the buried
layer 5.2. 5 In the subsequent step of the method
according to the invention |n figure 2c, a second
epitaxial layer 10 is deposﬂted wth a thlckness E2

over t whagl ¢ a he |t xi al Iayer 9 and .t he
sgcondgggneg 2. E%nggﬁﬁ% % S 9y érs B0 afid th the
5sarfpget mifs b@%eSTéwQ¥Eﬁmohdyeepﬂﬁaﬂnﬂ b@@@rh&@eﬁmbarp

r lcte 1forngm waghe dgposy 59& or 4goLur
dg%ggfﬁfgﬁs ?ﬁ§sgccesg|on : ly Q%t%r fgéﬂ%& 19 he

isC ANt o - F egPBn tﬁ‘ﬁy Rre déf%@by bgoPRe corTector

thb@&ﬁ@%S EZ;Qf %?ldaepkbékﬂg! kﬁ?e&Fﬁg tlﬁhﬁhetransistor
cal |l ector w dt correspondj n 0 e i ckness
Ftrﬁgtgﬁita?nglFEferdfgpnﬁé %ﬁF*a?ﬁaCFHQ geltegaigable
wipdlpe€2 iefs .t he second col | ector region corresponds

to the sumof the thicknesses El of the epitaxial

layer 9 and the thickness E2 of the epitaxial 20

| dyerfuthem fneured 2dacehedbngi edtd ayers 5idvandibn2 for

arf%brh.@%lﬁll feda fr@mu%gséagt h§£r§%t{f?@nsac‘ﬁé Mﬁ&géate the

%IOHS 4, enbodi ed as deep trenches in t
R sketier) W&ﬁFbﬁMﬁwfoﬁ%?QF%ﬁréegéonﬁh€a$IDgoi|@éfferent

Iameneb3oms mﬁkﬁmedﬂsn(héiﬁtfﬁ@&axhﬂ| mhayer &8tbR1 with
acc%rdance % qt 29 preferably filled with

st oxide’” t@g 6r the’col l ector ternina

region 11 and also the first and second coll ector

r gy 05 2rd and %ﬁa %&@%igf o f £EGur h%bCOLg')re&&Jngn%n is

tern1na regi ons et ched bove e sSe
zBRES .f.zaanétSPEFErﬁn bﬁ&é@gth@nebprei@rebéwlepadoped

eleatikog@l dorki Bgnet rhhe collectarir 35 one 5.1.1 of a
first buried layer implanted into the semiconductor
substrate 1, and an implanted second buried layer 5.2,
having a thickness D2, insulation regions 4, a first
auxiliary layer 6 and a second auxiliary layer 7, an
STI oxide layer 13 and the collector zones 2.1.1 and
2.2.1.

As in figure 1lb, in figure 3a, the auxiliary layers 6
and 7 are undercut under the STI oxide layer 13, so
that the collector zones 2.1.1 and 2.2.1 have a stepped
profile in cross section. By virtue of this undercut
14, the STI oxide layer 13 exhibits an overhang over
part of the collector zones 2.1.1 and 2.2.1.

The thickness C3 of said collector =zones 2.1.1 and

2.2.1 may vary between 5 nm and 300 nm.

After a masking layer 8 has been applied to the region
of the collector zone 2.2.1, the collector zone 2.1.1,
as shown using the arrows 15 in figure 3b, is doped in

such a way that it has the same doping as the first
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The first collector region 2.1 thus has a first
collector wwdth C1 and the second coll ector region has
a larger collector width C2. The two col |l ector regions
- 14 2.1 and 2.2 termnate in planar fashion with the
surface of the STI oxide Igy 13 and both have sharp
junctions between the heavil? doped regions of the

bytied %axeﬁs Sex and the Jorg | 1%@'% ngGd s cpllegror g
5 regi ons 2.x. As a result of t e Frandi stor
Pﬁ@étel}@@la’cq%n res tdafd nddpand - esTadts yeeter fbnabtie second

PRl 5 as.2 Addurders ineihogd,accordi ngntQ t8em the buried
inventigon for 10 fabricating a transistor structure

acCyFdi ng 1t FARET Pt EiGREIe A th two col | ect or r egi ons
havi ng a d| fferent collector wwdth is described in

h_.ref f 3a_to, 3c. 15 |
(PGare h° ARIcUgoudy 10 Ttk P blagrovPsi of Fdouze 3c,

nadefufsta sbillettre haaging a?2. pr efseradpys peeldpeditaxially
S duct trat first,zone .

SRS, YRS b o st o0e ST igl B o
s@@@tﬁatéuithghdC@ﬁlﬁmMQQn%QP%eéoﬁd2bmﬁﬂedmiayemhﬁcxpess

2@4ha%bngd@PthQEBesép@%ath§Qbatbgn EQQ'OE%l&ecﬁor zone
fi rét auxi[iary layer 6 and a"second auxiliary |ayer

STTh%xF&@OPde‘FC’]i]Se%’h‘EIr t K&€IE6MN ettdr ifoneew formed

kaoin ank w@.dol Pectsri Bohiegure 2l h, dny fd gure 3a8d has a
?31 UXI I|ary l ers 2 and 7 are undercut under th

oXi0€ Iayer R $ 18 919 ectBR z&MBs ZOg. 1 the
alt@lzl@eBSh@véiih snépﬁéd Boofi bellaceposseggatrison2 . By and

Cone i S Wy, b1, ST Arige Larstelor on

exhi bits an ove e co
zéﬁésozlﬁelléﬂﬁrzlﬁ 1. The thlckness C3 of said
collector zones 2.1.1 and 2.2.1 may vary between 5 nm

a%%tSOO @He introduction of the <collector terminal
regions 11 and filling with tungsten, for example, the
transistor structure of figure 3c is suitable for use

in bipolar transistors.

In a further embodiment according to the invention as
shown in figure 4, an insulating layer 3 is produced
between the semiconductor substrate 1 and the buried
layers 5.1 and 5.2.

The production of the collector regions 2.1 and 2.2
having different collector widths Cl and C2 and sharp
junctions between the collector regions and the buried
layers may correspond to the method according to the
invention from figures 3a to 3c. Moreover, the methods
according to the invention which have been explained
with reference to figures la to 1d and 2a to 2e are

also conceivable.

Preferably, in the methods according to the invention

as shown in figures 1 to 4, the first buried layer 5.1
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35 After a masking |layer 8 has been applied to the

region of the collector zone 2.2.1, the collector

zone 2.1.1, as shown using the arrows 15 in figure

3b, is doped in such a way that it has the sane

doping as the first 15 zone.5 1.1 of the first buried
layer 5.1. This is preferably an n+-type doping. This

n o] onhe 2 i rst. zone
%f{{.dy &% grcrcrjrﬁtahrkqtu%e&edlgyéreﬁa?jlg?av Cnon fgured as an

tﬁﬁ@@ﬁé§§k1006dw@tEVltheLﬂéﬁbvaﬂhgﬁ th@nﬁagkrmgl¢ayemkes

8,1t N JJdsGUA 3C.to a fd¥St §@$|e€29535§959n %t%uc%grfs of
deposi t ed epltaX|aII on the first buried layer

WIERT GGl Goier Wit THe drke aoF DR EheEhasl Recter say for
Zenamdl2. 2whawphy tardnfdickness okd b isnslepeshd dors.
epitaxially on the collector zone 2.2.1. The second
collector region 2.2 is now fornmed fromthe two
cdinl ez orlzemes:td.v2 lemndd 2m@n?, anduhaiiasux%mfmé@rlayer
wicdt; h r e S h t hi ckness

Wl 2 SRLESERLL0 08 S fetne J  SknEstetFea o
t@ﬂﬁﬁ@éﬁ@tlﬂ%ﬂqyﬂ%1W%&MnQMp®ﬁtrEMh% makeacetoposkeble to

S?bﬁﬁ“é#*ﬁﬁﬂe%r$%51ékhgrHégid@téogwg'égbﬁg %ﬁgi on the
col |l ector terni nal ons 11 and filling wt
t&ﬁ@?téﬁmlFSPdéfgﬁﬁl %Fﬁéatfoltran3|stor structure of

flgure 3c is suitable for use in bi pol ar transistors.
In a further &l od ment ccordrn to the hnventron 35

shdwn & n F3 5 gure £ 50 i HARIIHY ?%yege§e SPPFBHuce
ZBEEQDW@enaduyﬁﬁﬂngxnuhunthesubsteatEOm andhéhecollector

bqug@nslaX§fé 5f$ il &%ﬁ rhe pr?ﬁ) 31 on @hgnt the
col Iect or regi ons 5 % 215 ﬁavrngj %fe
c@PP@@PéF&Hl@PhSDIHtBﬁd<¥%ﬁﬁﬁd %ﬁaVBHGSOJ]uhh@r@@glzontal
betiween ibhe cahliect %v@@gﬁﬁl@%tan%am% byri G%Js@i%&% for
may ¢ correspond to the nethod according to t
éxample, form an 1ncreased dopant concentration in
the central collector region. This development, in
particular with a small thickness of the collector
region, reduces the base-collector space charge zone
and thus reduces the collector transit time. This
development 1is particularly advantageous primarily in
the case of very small transistor structures in which
the emitter region is arranged centered above the

collector region.

It goes without saying that, instead of the deep
trenches, it 1is also possible to use full trenches as

insulation regions 4.

Overall, the methods according to the invention as
explained with reference to figures 1 to 4 make it
possible to fabricate transistor structures having a
first collector region 2.1, having a first collector
width Cl, and also a second collector region 2.2,
having a larger collector width C2, on the same

semiconductor substrate 1, all junctions between



invention fromfigures 3a to 3c. Mreover, the nethods
according to the invention which have been expl ai ned

with reference to figures lato |ld and 2a to 2e are

35 al so conceivable. Preferably, in the nethods

according to the invention ?% shown in figures 1 to

4, the first buried layer 5. and t he second

b u |dent|cl
caaerraey bt rEnfr ety 3 el thferrace.
p&83Ebl €268, fob}’h tway t ransisstamp st r udthe eilafst collector
If Q@thbﬁab t]ypfs 0Bg;i bgside fhe othegy Enguéﬁcglotsr"éMSLStor

exanpl e two npn tran3|stors or
tWéﬁQlSPdﬂ? I%%@ﬂF%HQer%%QQV%n%hﬁédlﬁentanﬂheth?rsﬁecond

bablleéc*t@}terreéléna@ 1 he ssegandabuki edotayer n3g2-ab8tage
%nfl as % ferent conduct|V|H¥ gﬁges Thi's
nek 88 ﬁ? Sgsgﬁﬁ e 5 TEG SESY MIGe K 5335t besi de

a pnp transistor on the sane sem conductor substrate
1. In a particularly advant ageous devel opnent of the
met hods according to the invention, the collector 15
regions are formed with a dopant gradient, the
concentration of the dopant varying in the horizontal
direction. This devel opnent makes it possible, for
exanple, to forman increased dopant concentration in
the central collector region. This devel opnent, in 20
particular with a small thickness of the collector

regi on, reduces the base-collector space charge zone
and thus reduces the collector transit tine. This
devel opnent is particularly advantageous primarily in
the case of very small transistor structures in which
25 the emtter region is arranged centered above the
collector region. It goes w thout saying that, instead
of the deep trenches, it is also possible to use ful
trenches as
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30 insulation regions 4. Overall, the methods
according to the invention as explained with
reference to figures 1 to 4 make it possible to
fabricate transistor structures having a 35 first
collector region 2.1, having a first collector wdth
Cl, and also a second coIIector region 2.2, having a
h+C oyl Or width C2, on the sanme seni conductor
subg%rgtglf %gll junctions between 17 differently
doped regions having a sharp interface. In this case,

by .way 20f n&xas®! qoﬁ heaht{8heeabl 6Ct OFank £9E 9P ?st]rdcscure,
sui tabl e for a hi frequenc transistor wth hj

| SRS 1% q@éncilé@ ST &nd e tsecdify & C&QQQQQN blPOlar
r eQia0iz i3t hasuiriplel ief feaferer m@hlé/@idlag/eldﬁM§n$¢§I oc2),

h d br eakd | t 0
L2t RO o7 A eI 5 U7 ol ST PR e

céhprlaUuﬂQHSﬁeasﬁlasmrbﬂramd dagecond .fi)padarthe first
transi ving, £ 5f n ol | ( )

A a 32%?2&% uctoﬁgéjﬁg%fdggg % gggggdw%gggg gay§$2(§ 2)
| east #% ittt paepred Iba@@rla(rs quamlwferfbﬁsﬂg Bingaicetuced

transi S_Ltrﬁ;ro Qmé & SRCUHL W eds higvera{D- 2)) , ofnd he
se ond a% fransi st or. beln% |ntroduced 10 into

t BORIsHFATIRASE (BF, HRFO) 3 hefeSheideg lector
produc&@gakxieQStlﬁ hew&hgcaileﬁket. dAgiet 2. &1dth (C1)

h f t ¢o ctor Wi he fi
bﬁY:ggcﬁbyé%%(S% fS% d°a’se on y% Ilggt% %Qé second
(2.2) kmadilegtesecepdotol (Zect)or hatbngi dt hseémr)ldora:d]ﬂeactor
second \»Hl&'t'he?( dtzﬁy%'n (Hef)se d eﬂﬁ‘rl dt]h%?f h§5 2)

production o e second coll ector W
f "N$'eddl | ector zone (2.2.1) having a

a) for the production of the second collector width
(C2), a first collector zone (2.2.1) having a
first thickness (C3) 1s produced on the second
buried layer (5.2) and

b) a second collector zone (2.2.2) having a second
thickness (C4) is produced on the first collector
zone (2.2.1), and

c) at least one insulation region (4) is produced,
which 1isolates at 1least the <collector regions

(2.1, 2.2) from one another.

2. A method for fabricating a transistor structure,
comprising at least a first and a second bipolar

transistor having different collector widths (Cl, C2),

A) a semiconductor substrate (1) being provided,
B) there being produced at least a first collector
region (2.1) of the first bipolar transistor

having a first collector width (Cl) and a second
collector region (2.2) of the second bipolar
transistor having a second collector width (C2),

wherein
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first thickness (C3) is produced on the second 20
buried |l ayer (5.2) and b) a second collector zone
(2.2.2) having a second thickness (C4) is produced on
the first collector zone (2.2.1), and c) at |east one
insulation region (4) is produced, 25 which isolates

at | east the coIIector regio 2.1, 2.2) fromone
t her for fabrlc ing. a transistor
st Suct e, lea npral s Fhig® at ZP8Sst ?if }Et Ancf ai&??ﬁn&’urled

bi pol arlay&(?r t fan$) stcdr haviingsdi Ebedent icaklectygse of the
t b
m”dthsif g?p%%g t§gﬂggggggcéﬂime ?%EQF z% ) {(5.2.1)

bei ng prOV|d there bein d eas
first ¢l ectsecondegpaniegd. ];)a}tﬁrthé Eirsaf bﬁpo‘ffJaTSt or a

transi sffondaviondud tfiiisty CQly?%Ct 8F wWidth s(é%ané’fmq) }olar
second 35 coll ector region the second bip

t ransi St HaHHy 3r§ecjdhtdr%%‘l.1¢%%t 6|nt\99i dERe( GZ%mlCOUdUCtOf
mherelrsdﬁktﬁﬁtdﬂ east a first zone (5.1. 1) of a

first burled f a f|r t conducti type .
ot he 2 fF%gftbl%%+% x%? nsi®for dnd a*fi rRi° % %d' which
(5. 2. 1ﬁbvﬁr$tSQEendﬂhHIEHoﬂayenxﬁﬁ 2atoflemdt r sheorfirst

a 5 secQiyl condycty vi jpe of the second bipol ar
transi stor are intro u |nto t he sen1conductor

siost r atte (BRSt) 2 fslefC‘S?tndepiZt%ﬁ al(9.dye}) (9f i she first

pr OdUCQﬁ)ndMH*Chzlt@OVQ%/%e og%r BP@d%QHe @I@ﬁ‘lnattﬂ@a%lrst
the first ones éﬁ | east a

c
second ForeX{5 thégh rthecoﬁHGé’PFjw 2Py pel J-d - 2)
pr oduc et v itrhirry thaeflEststepzbaélalslayey (8%, dhe first

second ecﬂ%ébé@ (§uﬂpining the first zone (5.1.1)
of the Tirst T
d) a second epitaxial 1layer (10) 1is produced, which

covers, over the whole area, at least the first
epitaxial layer (9) and the second zone (5.1.2) of
the first buried layer (5.1),

d) at least one insulation region (4) is produced,
which 1isolates at least the collector regions
(2.1, 2.2) from one another,

e) the second zone (5.1.2) of the first buried layer
(5.1) adjoining the first collector region (2.1)
and the first zone (5.2.1) of the second buried
layer (5.2) adjoining the second collector region
(2.2).

3. A method for fabricating a transistor structure,
comprising at least a first and a second bipolar
transistor having different collector widths (Cl, C2),

A) a semiconductor substrate (1) being provided,
B) there being produced at least a first collector
region (2.1) of the first bipolar +transistor

having a first collector width (Cl) and a second
collector region (2.2) of the second bipolar
transistor having a second collector width (C2),

wherein
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15 buried layer (5.1), d) a second epitaxial |ayer
(10) is produced, which covers, over the whol e area,
at least the first epitaxial layer (9) and the second
zone (5.1.2) of the first buried layer (5.1), 20 d)
at | east one insulation regi&& (4) is produced, which
i solates at | east the coll ector regions (2.1, 2.2)

RIS, B8, PO 8 ) BERRCHE T (Co AL Bt buries

col | ectléveregi %n1(20f) a25¢aw¢ th@nﬁucsuvzomet@®e2 4 the
of thef%%%%”%ﬂﬂﬂlé¥jﬂfﬁﬁ§1§€5g)a§g19'gkegabhgu§§%8nqayer

col | ect or reglon % . . nmet hod fo ricating
transi Stor)stHuct uF &rst 30T cAnpTe ey aPnfeasivatyi egpe of

and a i&@OdehhﬂD|Bipolé@n$k%ﬁ@ﬁjﬂﬂMﬂn@r@'ﬁﬁ@f@ﬂﬁced into

coIIec r wi dt.hs (C1 a sem conduct or
substr 8 CHM & ﬁﬁQﬁus %5t§h Y bei ng produced
ab)leaat aléasstenthestorcoIE@¢b@r(&dbecﬁztmelﬁir@ﬁ the

bip0|a s%nsbﬁ ﬂarsstp Méggtgrflggt col | W tor
& £47 13. 5 . Sodans

(a) an a seco col |l ec region
bipolaﬂonﬁrdﬁéﬂéﬂdr havihg @enanﬂubxmmlectOramﬁdshor are

(C2), pwlergidy Zoch@)fiafs{e@%tll@cft' LSt Zane 45 14 1) o of rhe
a first buried layer (5.1) of first conduct|V|t

type of 1ffifé& Q%H%ﬁa%l56?%?1§F9ﬁ39§ﬂﬁﬁﬂﬂﬂ9eﬁ%%c@h@St zone

buri ed (sayen) (and) tofe aritbst W1@S@EONEone (2.2.1) of

conduc hwity t t he_second_bi olar transi stor
ar e |n%rod§%e &EQ%pg% séﬂﬁ%%hﬁﬁ%fo? dGbeLPg: ERpppecond
b) at beastda lfaiyest (©old)ect or zone (2.1.1) of the

(5! el palenehelpeogpd Apflrslactliely Adht s
first conduct1v1ty type,

d) a second collector zone (2.2.2) is produced on the
first collector zone (2.2.1) of the second bipolar
transistor and a second collector zone (2.1.2) 1is
produced on the first collector zone (2.1.1) of
the first bipolar transistor, and

e) at least one insulation region (4) is produced,
which isolates at least the <collector zones

(2.x.y) from one another.

4. The method as claimed in one of claims 1 to 3,
wherein

the second collector zone (2.2.2) is deposited.

5. The method as claimed in claim 4,

wherein

the second collector zone (2.2.2) is deposited
epitaxially.

o. The method as claimed in one of claims 1 to 5,

wherein



10 produced, the first collector zone (2.1.1) of the

first bipolar transistor adjoining the first zone

(5.1.1) and the first collector zone (2.2.1) of the

second bi pol ar transi stor adjoining the second buried

| ayer (5.2), 15 c¢) the first collector zone (2.1.1) is

fornmed as first conductivrtﬁltype d) a second

cal | ect or A % roduced on |£

¢S ectBr Ao % ﬁ% ﬁe sSecond™ B %%ﬁ%r etween the

tﬁammqmnmuqmmi &uﬁaﬂr&thMIEcamd zbaeb(2idéd2).ayer20 (5.1,

proq ced on the first collector zone (2.1.1) of the

flrst ‘bi pol ar transistor, and e) at |east one

insulation region (4) is produced, which isolates at

| east the eRldeet s 2an8sed 21X e faﬂrel%ﬁnsanpté@f

25 4. The nethod as clainmed in one of clalns

WEEEER % he second col | ector zone (2.2.2) is

dem@siirad;lha&brs ri@@oﬂet (kod as @P@Bgegdizgﬂzi@haitmé’n aid of
the secan ector zone . 2. is

dé%&ﬁlﬁéb t&hi ai]éﬂfﬁl o35 T ChRAR hod as claimed in

one of clainms 1 to 5  wherein - 21 an insulating

| ayer (2) is produced between the sem conductor

substrate (1) and the buried layers (5.1, 5.2). 5 7.

The nethod as clainmed in one of clains 1 to 6,

wherein the insulation region (4) is produced with the

aid of shallow trench isolation technol ogy.



