I N1249DE Descri ption *159159* Met hod for
fabricating an integrated pin diode and assocj |||||}||||\|||||
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20 and the region near the substrate, and between the

intermediate region and the region remote £from the
substrate, in order to improve the electrical
properties of the pin diode.

25 A pin diode is a diode having a layer sequence p, i and
n, where p denotes a highly p-doped region, i denotes
an intrinsically conducting or intrinsic or else only
weakly n- or p-doped region, and n denotes a highly
n-doped region. The pin junction differs from a pn

30 Jjunction primarily by virtue of the intrinsic or the
weakly doped intermediate region. Owing to their
electrical properties, pin diodes are used as rectifier
diodes for reverse voltages of more than 100 volts.
Fast switching diodes in the microwave range constitute

35 a further area of application. Since the reverse
current of the pin diode principally depends on the
charge generation in the i zone, this diode is also
employed as a radiation detector, e.g. in nuclear
technology, or as a pin photodiode, in particular for
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35 a further area of application. Since the reverse
current of the pin diode principally depends on the
charge %peration inthe i zone, this diode is also
enpl 2E a radiation detector, e.g. in nuclear
technol ogy, or as a pin photodipde, in particular for
*@0002* 1n1249DE - 2 detecting light in the

}Navei;et@idlrfgangmbntweem apphexi makelynd@h narmtes er dbetween
0 about one m.cro er. In particular i.n diodes
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1Devetiopmeirtts. are specified in the subclains. 20 The
invention is based on the consideration that the

i nt ejggat. ed pin diode should be fabricated by a nethod |,

whi ot caf &dsi PRI SRt eRbedd® IRVEREION ]l ISRRGEsa simple

for dadrdgat EBg arfdvitiegwief Chhcuiintigratgenenpiand diode.
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circuit arrangement. 30 In the nethod according to the

i nvention, at |east one electrically conductive

t er il obdgEbnrehpEhinbe&ds the thrthedi bn AchievRe by means
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pendRT Y ERORHR % GRS HFRSFLEERd 10 the subcl aims

20
The invention is based on the consideration that the
integrated pin diode should be fabricated by a method
which can easily be embedded in the overall process for
fabricating an integrated circuit arrangement and which

25 also as far as possible contains method steps which can
also be utilized for producing other electrically
active structures in the integrated circuit

arrangement.

30 In the method according to the invention, at least one
electrically conductive terminal region which leads to
the region near the substrate is produced. The terminal
region is arranged in a layer containing the
intermediate region and penetrates through this layer,

35 in one refinement, from said layer’s interface remote
from the substrate as far as said layer’'s interface
near the substrate. In the case of such a method, the
region near the substrate is a so-called ‘“buried”



35 in one refinenent, fromsaid |layer's interface
!rermtfe fromthe substrate as far as said |layer's
interface near the substrate. In the case of such a
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1By C@@Eéﬂﬁ?fuﬂ@hélﬁcbélpd:an regl on |ies between the

ot her portion of the conponents and 25 the carrier

substrate. This nmeasure nmakes it possible, w thout
addi thonate pramesiomrgimeat ngheut haghodo preeretna to the

decoupl Lgs ££91 OnpPLANGeRYuaY nef B3GR 8 Phicthbed ac cthe

ci rctii DOT integratéd circuif arran
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curr?ntandanthH nespedtiéoy. dfy @a@agpmpogents and the
coupling.int tr d

par agf’lF?%eEur 195(? L SIS | %&Z c!)HtéI:Q§tseq'Rﬁ déééﬁpﬁﬁg region

§ or voltages not pass e.g.

meandief depawian veheowihary PPBRiPhe %b%%?a@@mpenﬁ%s and
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produce a decoupling region which, by way of example,
shields circuit portions of the integrated circuit
arrangement which cause interference from other circuit
30 portions. On the other hand, however, particularly
sensitive circuit portions can also be shielded from
the rest of the circuit. In the first case, parasitic
currents cannot be impressed e.g. by capacitive
coupling into the substrate. In the second case,
35 parasitic currents or voltages do not pass e.g. by
means of capacitive coupling from the substrate to the
sensitive circuit portions. A combination of both -
measures leads to improved shielding. Strongly



IN1249DE - 4 interfering circuit portions are e.g.
digital circuits or output anplifiers. Particularly
sensitive circuit portions are e.g. preanplifiers. 5
In #Hedéd RFevel opnent of the method for fabricating a
pin diode, a termnal region Leading to the decoupling
region is produced at the sane tine as the term na
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Becdupl & ngersgidmvaleonmard okgibea owethes Ui fabrbcating a
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regi ons si outsi de sald regions are provided
with a doping of a different conduction type. This

2f@5aik<)et§nlth Fﬁb%gd ?Jﬁév%@obﬁéildtat Qh@&ié&ghmﬂé@altgbhen terminal
substrate an ecoupli.ng regi on or.indi vi
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i s Ubase zares opfnhbRi RYCORPRABEENELOILOR., Rartlallyl i.e. by

25 at least fifty percent or even by at least seventy five
percent. The shielding effect is greater, the more
completely the encompassed region is enclosed. However,
interruptions in the shielding are also possible in
order, by way of example, to enable a simple process

30 implementation for other reasons.

In a next development, in the plane or in the layer in
which that region of the pin diode which is near the
substrate and the decoupling region are situated,
35 regions situated outside said regions are provided with
a doping of a different conduction type. This makes it
possible to insulate the region near the substrate and
the decoupling region or individual decoupling regions



5 sinplified process inplenmentation results in
conparison with a lithography nmethod. In a next

devel the termnal region |leading to that
reglIGﬁ%gf%%e pi n di ode which is near the 10 substrate
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30 In another development, the layer containing the
intermediate region is fabricated by an epitaxy
process. In one refinement, base material for at least
one embedding region, which serves for embedding
components of the integrated circuit arrangement, is

35 simultaneously produced during the epitaxy process. The
embedding region is also referred to as the so-called
bulk. An epitaxy process is a simple possibility for
producing layers covering buried layers. However, there



15 manner, further buried regions in addition to that

reglon of the pin diode which is near the substrate

and in addition to the decoupling region. The growth

of tHel%piRExi al layer is then continued after the

ot her process has been carried gut. This procedure

means that 20 previously customary nethods for
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In a next development, the terminal region leading to
25 that region of the pin diode which is near the

substrate encompasses the intermediate region in the

lateral direction completely. This measure makes it

possible to electrically insulate the intermediate

region from the remaining constituent parts of the
30 integrated circuit arrangement in a simple manner.

In a next development, the layer containing the
intermediate region is a semiconductor layer which
preferably has regions with different conduction types.
35 By way of example, the semiconductor layer is based on
a monocrystalline material, e.g. on monocrystalline
silicon. However, mixed-crystal semiconductors are also

used, such as gallium arsenide.



Exenpl ary enbodi nents of the invention are expl ai ned
below with reference to the acconpanying draw ngs, in

20 % Figure 1 shows an integrated circuit
arr with pin diode and shielding well, and 25
Fi gures 2A to 2D show fabricatipn-stages in the

fabrication of the integrated circuit arrangenent.
Figure & stexts devebbppeated the cdetoapidngemesgidi) adjoins

cont ai.ni_.ng -a prdoped e pimp j .
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nonsfiigddled GircHbt B9QiaeBs. wiacHe IsiRStrake l2uhstion of
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L gclo] oo

regi ons re buried p+-type regions 24, 26
l8nd 5 28 lying in the same plane. The region 20

bel oflgs it ROt A8 EE oh411Yhi £81hBesSEYN an  integrated
laterally interrupted in figure 1. B Y f  exanmpl e,

t he GHAWGHE 0FETRRIRRSNEAN A EHE Bf Pff&tm@ qge. Whidh ¢an be
m frﬁmﬂﬁfétecﬁi ]byathgoab;t\h@gt fﬁlfrcﬁgijﬂmd% | shaninvention or
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ann%ﬁaﬁ@érﬁ@ﬁ‘@laﬁ@%@é‘ Fve hidnt s, n-doped, but with

15 a higher dopant concentration than the internediate
region 30. At its section 34 renote fromthe

subsg¥&hsl ary henyatimealt s egEontiy? iavehntdepedatd® explained
ord:é i)o ensgke a . |low contact _resistance. . . .

| nt PR L ER3E ShTFOFe pERetPS STTTRAN SIS GF2HoPgs. o
20et alhiethi on | ayers 40 of

Figure 1 shows an integrated circuit arrangement with
pin diode and shielding well, and

25 Figures 2A to 2D
show fabrication stages in the fabrication of
the integrated circuit arrangement.

Figure 1 shows an integrated circuit arrangement 10
30 containing a p-doped substrate 12, a pin photodiode 14,
a shielded region 16 or a plurality of shielded regions
and a circuit region 18 or a plurality of nonshielded

circuit regions.

35 fThe substrate 12 is part of a semiconductor wafer, for
example. A buried n'-type region 20 and a buried n*-type
region 22 have been produced on the substrate 12 for
example by the method explained below with reference to



20 the integrated circuit arrangenent 10 and lead to

the section 34 of the termnal region 32. Situated on

t he |q§ rnmedi ate region 30 is a p+-doped region 42,

whi RREPHE t he anode of the phot odi ode 14. 25 An

I nterconnect 44 penetrates throgigh the netalization
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abof&gbh@ Q@giam 4aeh6tﬁnguhmumi@ﬁ prhhe concentration of

I Z |on Lght. can pass. t.hroug he 30
cutg]t{? ﬂﬁa%d lSae 4 ﬁn Cgf’ooéufc $h Fyéghce ot
t he amsamm ceur phopphbtresfameeze@mblé"he Sammmemaoetsneen the

confi tg% S efhf{ci‘aéz'é‘fédﬁgl—f%dig t Igfé‘ﬁéﬁé €24t 9 and
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Si tuat ed |n the sane plane as the internedi ate region

30 are oped regions 48 to 54 of | ayer 55, ich. .
s Hneorrsghen, DR R B by Bho St ade 11 ricn is
| N1243kn - 18 ted48layd SﬁtaﬂrapneﬂhelmewﬂﬁguﬂerbgiaanWay of
out sj e t od 4 he, pe :
so- cggﬁgﬁghulggbr %ﬁ?gﬁﬁ bgébs éa?%ggngﬁ} xg%F&bfofh fifey
18hi eligapmedgizen 1631tuatedl | ghovae (bgi orxe@zqns 20 is an
boundfd e & r&é@ioé B@glcﬁn e %b%Bdh%dE' koW Sghich is

annular for exa e, reaches as far _as the
deco@Aklng Redem 22 &nd %epﬂfzﬁ eénFﬁémF%%ﬁ TG 30 is

t he doa@lent &G a@hﬁﬁouﬁd@dt ewtaa!alwgl &y 5@ anfbt heexample
region 22 forn1a shieldin

i ch produce
f uné Tof “H P sﬁegfggegzexw 4 &ﬁ(ﬂiék? d, but with
15i t wvat &d ghvetrhi dopastsheehdedtragion lthar e thenponertrsediate

Wt I T %%ﬁgnf{ﬁ%fﬁr {‘%@c@f%&sj@”reﬁé’%%ef?ﬁ}a' E‘g%ogﬂBE trate,

transistor conponents
conpdiferter gl eeditmry2 is n‘-doped in order to ensure a

low contact resistance. Interconnects 36 and 38
penetrate through one or more metalization layers 40 of

20 the integrated circuit arrangement 10 and lead to the
section 34 of the terminal region 32.

Situated on the intermediate region 30 is a p*-doped
region 42, which forms the anocde of the photodiocde 14.

25 An interconnect 44 penetrates through the metalization
layers 40 and is connected to the region 42.

Situated above the region 42 is a cutout 46 in the
metalization layers 40. Light can pass through the
30 cutout 46 to the photodiode 14 in order to influence
the electrical properties thereof. The cutout 46 is
configured such that incident light can penetrate into
the photodiode 14 as completely as possible, e.g.
through the use of an antireflection layer.
35
Situated in the same plane as the intermediate region
30 are p-doped regions 48 to 54 of a layer 55, which
also contains the intermediate region 30. The regions



15 netal oxide sem conductor) or else with one or nore
passi ve conponents, e.g. coils. The npn transistor 58
and trggﬁc?ariponents 60 have been fabricated by standard
f abrifdet48F net hods. 20 Thus, by way of exanple, the
npn transi stor 58 contains a bugied collector term nal
region 62, which is heavily n-doped, i.e. n+, and
|62&d§8 tena ®U | eajoLinr G:g'ié)ntﬁﬂfmliﬂhﬁ cmgg}mrt OB2r aglitBide the
[ it ab

ol Ity P Bahe ' £8gi8a 52 iRnss BeNirrihleq butk or
Eea\nﬂx;ctptdopehstaadearar@n ise[parr@gl@ﬁ 68e whihlded region
eawy I'n e t 8

é? fofl chi o ©f i?rategﬁ?&sﬁy 28terminal

t he mat o | a ers are pene
Pnt eragimiect & 76hich afd llkem@ﬁ awundlas . weEhexeggle, and

in thisgderado £he base re@ omkbugladde B@gmttzn and
region 68 and to the collector termnal reglhség 5TLPe

t er MFRAT RS IS eE M 1A I t&tf‘pé’de%ﬂil
section 76 rermte fromthe substrate, said sectlon 35

bei n+ do | nt.er conne 7 n 0 | e
ter 5}?156 A S ser%esf o?ldzxg“r?p f%% 23 tzl} form a
18 pcﬁutel\dan:g)ewallngfmlt aRpeoPat et ifancgpopg tqé) a reverse—

whi cr:%]r?éo &9 eghegaéélgﬂd dl'Béfe a' §9theckge vdladﬁ&l 2¢ne shielded

cat hode of

reve‘?eﬁe’-% askdl e&??ac??’@ﬂo’aﬁﬁﬂ% "FhEhexFFéeflgonl&t&}’éeren‘:e
Cconpdret £ Hors i ﬁbﬂseﬂatt@EeC hod 3o wamgncgmt spasad further

M0 GlStaRSt T2 12 8 MeyhEo! aseReand. OB enentary
15nt augted b d oxildeui $emt candeaeot ) cont aeh_sea_vmjilt i pheciey more
t hr ?fé&%{&@' Eo Hﬂgﬂegt s B ﬁ Whé&?lér eTh@d'r&g{ edrf¥sistor 58

s in nterference produced. by
t he andnghet §Pm98n§ﬁ§5t ﬁ@ d@isorieer Babrimabed by standard

penefé@;fcg@l&@qnmgnts 82 on account of the
shielding by the shielding well fornmed fromthe

term nal region 56 and the region 22.
20 Thus, by way of example, the npn transistor 58 contains

a buried collector terminal region 62, which is heavily
n-doped, i.e. n', and leads to a collector region 64.
The collector region 64 is weakly n-doped, i.e. n’.
Situated above the collector region 64 is a base region

25 66 which is heavily p-doped, and an emitter region 68,
which 1is heavily n-doped. In the region of the
transistor 58, the metalization 1layers 40 are
penetrated by interconnects 70, 72 and 74, for example,
which lead in this order to the base region 66, to the

30 emitter region 68 and to the collector terminal region
62.

The terminal region 56 is likewise n-doped and has a
section 76 remote from the substrate, said section
35 being n'-doped. Interconnects 78 and 80 lead to the
terminal region 56 and serve for example for applying a
positive operating voltage potential UP to the terminal
region 56 and thus also to the layer 22, which form the



15 Figure 1 additionally illustrates so-called field

oxi de regions 84 to 100, which are conposed of silicon
d|0X|q§ for exanple, and electrically insulate

i ndil E'tonponents or functional units of

conponents with respect to oneignether. 20 In another

exenpl ary enbodi nent, the interconnects in the

nmet dathaideon dfayed s ﬁ@v@m\@e@ia@&df esettacoiponedisdef The

thelnte ratedcrc er nt

pho O eRe Lo gdd . ArTEPEIBE’ (dieted, hifgg Lcurrencs
firsthifcdbmiigitt masst agie:qjmhewg;uhse:rfaaiﬂ ildati on of the
integrated circuit arrangenent 10. Firstly a silicon

di oxi de | ayer 110 is produced on the substrate 12, for
2xarfiiee nagicms: b & iazie aftwe IBhaTrathdss a5 nwell.

silicon dioxide |ayer 110 |s fifty nanoneters for

exanple. A $I|IC n|tr| . 112 is t.he

depg&ec eHeg\hﬂPchl bfﬁ/vafr Je&ta%%lfaete I?é\ﬁcs’e‘thagrﬁangement
t hi dormssimd & fmylﬁapmmeteys oB5 eﬂléattﬂmgrcaph:y)mm—ﬂwnts 82
fordﬁ-éhCIQQ an 4 hﬁﬁlg%% qgﬁgaﬁﬁrggr d E% flgure 1.

I"an i on of opan ayers
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- 11 |n subsequent exposure and_ devel o nt s
suc@%?%ﬁ}}'— QL t hsr U HRD Y 126 éﬁ'ﬂ'éﬁg%o‘@%ﬂ hgormed
r egifatsn itheMicdniirtal rmegivs 530 andl ik afeyio @rled to

be produced. Afterward, the silicon nitride |ayer 112

is 5 renoved selectively with respect to the silicon
18i oﬂi@aﬁe&;ﬂeradﬂ:’(ki@naﬂw r el essraoes covecatleg theld oxide

phot.qf g[%h KA dpr @ba”plv&ld% a ey @ ﬁx?o‘%%d”eb@dsnlcon
e pa |

Aéter tterning of the silicon n|tr ayer

an iBrP¥iAR ant FOTon ?§a@ﬁiﬁved FA i RledEiqad Tl &ﬁ‘?‘ﬂate
ar seM@ i1 andnpeentdnsr fehcexen®l eunsee 3Er evmponents
120. shown |n figure 2B, .the residual remainder of

t he gt Ita‘gle‘?nellail‘?rst‘?%en renoved. Afterward,

28 local oxidation is carried out, thicker oxide

e i N

r egitdns mmmm eledrs:os aéPi Ganéécﬁuﬂﬂ-ﬁéetfﬁét components

oXi 4ot i Qhe integrated circuit arrangement 10, e.g. the
photodiode 14 to a transistor.

25
Figure 2A shows a first fabrication stage during the
fabrication of the integrated circuit arrangement 10.
Firstly a silicon dioxide layer 110 is produced on the
substrate 12, for example by thermal oxidation. The

30 thickness of the silicon dioxide layer 110 is £fifty
nanometers, for example. A silicon nitride layer 112 is
then deposited, which, by way of example, likewise has
a thickness of fifty nanometers.

35 A lithography method for producing an implantation mask
for the implantation of dopants for the layers 20 and
22 is then carried out. To that end, a photoresist
layer 114 is applied over the whole area and patterned



As shown in figure 2C, the residues of the nitride 20
| ayer 112 are then renpoved, for exanple with the aid
of an t%w ng nethod. The regions 24 to 28 are then
pro ¢%H% h the aid of an ion i mpl antation 140. By
way of exanple, boron is inplanted. The energy during
the inplantation is dinmensioned such that the boron 25
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By contr
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regions 130 an e .residual regions of the silicon _ .

8i oxemovias) dre et el B UBkey iERtPST ehovede AlLdGeR gioxide
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26 ar 28 by an 35 _epitaxy t hod. The Ia%er 5% igAf th
noaktyhn. BBBeE ARGk Afpi%. AR (S 5rpdd. After the

enbaditirininddeofayeie S5ildgoa tilckihdss lefyek0 112, an ion
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I'cl'es per

leentdmmrgrimany iednsof fmmpanple t Hee S15eh I bxi de

| ayer 152 is subsequently applied to the |ayer 55.
Afterward, in a lithography 5_ nethod, _a photoresist

| aydiS 138O dpl FLEUBR2Bat (L cHoRba it hngenpgRdsr of the
subsemeited iyt | Nayert ation.id nthea phemovedi stafitayvard, a
154, cutouts, 156.t0 162 are th roduced he._ . :
regilo%%a]l y?ﬁbéggbeﬁ e %%“ffe e&(;f 8Pgé %glgllcgéneslt 2%(%1%% regions
182. 1A0 i beingpl pnoduced idnt fidre 10ncavered ouegiéwms of the
exarg)jll'éﬁ‘} n iBQQ&thkﬁéx’ O . T&'ﬁeeﬁ‘éﬁgﬁtgurj!rpgtﬁgeregions

an I that t

ion 1 np ation s nsi oned_such he

phosthand 3dreR R Fehsidwe dErngtiqoxidation.
phot oresi st |ayer ‘154. Consequently, the phosphorus

|21 P2SRA Y 0PI S5 GRS LSR e 384 B, Ul crice
26xarnmdyeer the2 dapanthenncemoveadi ofiornekhepdei yithl the aid of
000108, SN 1kh0d 10k 101010REe S PoLl) S A chen
. npl antation s represente
by;grqﬂupqdzwﬁﬁhﬂqﬁﬁeaQQ_of an ion implantation 140. By
way of example, boron is implanted. The energy during
the implantation is dimensioned such that the boron
25 ions do not penetrate through the oxide regions 130. By
contrast, regions of the silicon dioxide layer 110
whose thickness did not change during the production of
the oxidation regions 130 are penetrated by the boron
ions.
30
As shown in figure 2D, the oxide regions 130 and the
residual regions of the silicon dioxide layer 110 are
subsequently removed. A layer 55 is applied to the
layers 20 and 22 and the regions 24, 26 and 28 by an
35 epitaxy method. The layer 55 1is weakly n-doped, for
example. In the exemplary embodiment, the layer 55 has
a thickness of 10 micrometers. The dopant concentration
in the layer 55 is 510 particles per cubic



20 Residues of the photoresist layer 154 are then
removed. A phototechnology is used to produce a new
phot.o st_mask having cutouts in regions in which
theqqugl%% is intended to be p-doped. The regions
48, 50, 52 and 54 25 bel ow t he 13 |- con di oxi de | ayer
152 are then doped with the aid of an ion

| nplasidineder f Wy exau® aEngldoron ions. A

di ffusion process is then carried out, for exanple 30

using a diffusion furnace. In this case, firstly the

dopamt sthilirf f uskEl fcam t Gtonidgi ndhyeopi h§2r egsonsubsgquently
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Sal re
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necesSary
1Ai t readeriedeoutl?. £ohe eranpie alJJSﬂtllgogphpﬁphﬂ‘étlﬁodl@”ls The

add'ﬁ] @@'aumss he %%ll%ﬁatr?c&%r?@s agshbHatbABA such

exanpl e, only the regions 24

262#%?%r5590@@°3@h9QHﬁ %?ﬁ?rgﬁl8ﬁt2§E4¢F¥PH%thrgugh the
p{ ?fpjﬁ‘ﬁcﬁt&d’%}é‘éﬁ%d ]?)Eéhos preor us Cﬁdrﬁfeiztié?ﬁiiuy’lg 1:@1de S phosphorus
or oA (HESHORTAY ABG oI A Gl pr EEaee s 168 o 170
18ar idgintecthe tmrlowaltheegicatoul? anbé56tar el 2 odued way of
not é&hﬁEIéPSiQﬂebu&obéﬁgercBMcEH@ration in the original
doping regions 164 to 170 is 10'® dopant particles per
cubic centimeter. The ion implantation is represented
by arrows 172 in figure 2D.
20
Residues of the photoresist layer 154 are then removed.
A phototechnology is used to produce a new photoresist
mask having cutouts in regions in which the layer 55 is
intended to be p-doped. The regions 48, 50, 52 and 54
25 Dbelow the silicon dioxide layer 152 are then doped with
the aid of an ion implantation, for example using boron

ions.

A diffusion process is then carried out, for example

30 wusing a diffusion furnace. In this case, firstly the
dopants diffuse from the original doping regions 164 to
170 as far as the regions 20 and 22, respectively, the
terminal regions 32 and 56 being formed. The dopants
are also distributed within the regions 48, 50, 52 and

35 54 and lead to a p conduction type in said regions 48,
50, 52 and 54.

In another process variant of the method explained with



15 production of deep trenches into which doped

polysilicon or else a netal is then introduced.

I n124 - 14 Patent clains 1. A nethod for

f abrif %R an integrated pin diode (14), in

particul ar a pin photodi ode (143, -5 having the

follow ng steps executed without a restriction by the

or detefapreidd edto pr ddgareo@Bof ardopeddi efomal ( 201 thbgraphy

one cqQndugction_10.type, which,_ . in_r e a_canri
SubdaHes (iSypersoimea Ysteag B MU lodh Bot bt fbn.
dopethirsegicase( 42} tr eb®t exdty omeckesaust tat 3Py cla | silicon

fur trﬁq{ri%’@{% m theycarfier L SH?SE atl%.é}fba@réﬂ?ﬁﬁ method

the region near the 'substrate and is_ o X _

8i f f icrHdoct Pakes yAE (IREF I cBAdATHIGYS yPpeSafuation
t he eI 2By NRRF dheetahisi& At GnlPr eHectegNont 28 and 26
internedi ate re igg}(%%éf which is 2 rranged between

t he arré’gi%?f%ﬁ néHT M S HSEP AP t he region (42)
renote fromthe substrate and is undoped or provided

wth a (o]o]] |JL C | son_w ;ﬁﬁ [ .

t herkrneg')l’{\ﬁgéfgogh{}lgcaér h‘gggﬁ%%?f aF e ﬁa}% t ﬁ%gpg%—ag%f coating
1Phe ¥egithi{zed insweadfebnth@eion supsdaphebloangn order to

proqiddide Hnatad S g sectrical ly conductive
termnal region (32), which leads to the region (20)

near the substrate, in a layer (55) containing the 30
I nt eredhdtileer egtOdeé¢SWariant, the terminal regions 32 and

56 are produced not by diffusion but rather by the
15 production of deep trenches into which doped
polysilicon or else a metal is then introduced.



2. The nmethod as clained in claim1l, wherein the
termnal region (32) penetrates through the |ayer (55)
fromits interface renote fromthe substrate as far as
35 kL34 f ace near the substrate. 3. The method as
claimed in claim1 or 2, conprijggng the steps of:

I n1249DE - 15 production of a doped decoupling region

(22)pstedtthecstits ti me as the production of the region
(20) near the substrate, 5 and production of a circuit
arrangenment (10) carried by the carrier substrate and
having atAImaShodvvcfoaonﬁanh:ehd:stiﬁ@ ago irs:ggrattkmi pin diode

d
et v ot T R B B e €6 "B ¢ ne

Garrier substrate (12) and 10 not between the other

pOr th A 1 t%éom%nﬁ%mn@Z)saaﬂst heeﬁé‘étﬁt@d without a
substrate, (12). 4. The %ﬁ as c* SE in claims3,
conpFeSthtCt S}P3épt16$ OREGHrIRRACE O of an

electricall'y conductive decoupling region term nal

region at t as.the ductlo f 1
ter n‘?ﬁ%ﬁg %Jg?%n %32? r%’é’(ﬁcﬂer?gl?ﬁe ﬁegl oRE( 2 8 Col?l%u‘:tlon
10he sybst relbech20is. rEhpentt hédaasaiammoe s tedion 42), is

whergin . t e, degouplipg region termnal region (56) and
t he decoup |ng region (22) forma shielding well which

surrounds a regi on enconpassed by the shielding well
25 C@ﬁ@a@éeidnorof r el adoped Ortebeoai de4ay eageriditle t Erom the
base area of the enconpasse

per cEAPSoFab$ at WibEst tve ‘ff/tet??l %‘%%/36 %%O%Sttﬁéfté/arrier

15 substrate (12) than the region (20) near the substrate
and is of a different conduction type than the
conduction type of the region (20) near the substrate,

production of an intermediate region (30), which is
20 arranged between the region (20) near the substrate and

the region (42) remote from the substrate and 1is

undoped or provided with a weak doping in comparison

with the doping of the region (20) near the substrate

and the doping of the region (42) remote from the
25 substrate,

and production of at least one electrically conductive

terminal region (32), which leads to the region (20)

near the substrate, in a layer (55) containing the
30 intermediate region (30).

2. The method as claimed in claim 1, wherein the

terminal region (32) penetrates through the layer (55)

from its interface remote from the substrate as far as
35 its interface near the substrate.

3. The method as claimed in claim 1 or 2, comprising
the steps of:



6. The nethod as clained in one of clains 3 to 5, 30
wherein, the layer (55) in which the region (20) near

theﬁé&é&ﬁﬁ%e and the decoupling region (22) are

arr ) gi ons outside said region (20, 22) are
provided with a doping of a dififserent conducti on type,
an oxide (130) covering the region (20) near the 35

subgiraie-taiuh t bé decdopleidngdeeguphif@ 2 rgyiefrer 4By at the

servj f.or [ [ ion_ (1 , Jwherehh, i

the 433‘%er‘9’(‘%%)ggr( n%iﬁ}%@ﬂé%’gi of é}%) r8idH7LEDT: nr the
nearsubbgtrafisst rate and the decoupling region (22) are
arranged, regions outside said regions (20) are

undoped or selectively d d. 57. Th

B oo Lok b CLEHD CrupienanRy GhiT parries oy
%eL il bagk?@r( 3Buthiratse pr addcehavidgt hat least two
t et TS st 58w o801 { S0t REo1008558P L G & e (22)
te(r]I preferagivnbeldg Hramgddbbetweed wnd plhgtdiod off the
a di ' 0 S i Lhah P i ff a
regi%é#?%r?réo}ftgg f ?%?ﬂ t Eg)\;%bs&t rat e.aéags %{ a%&]??]%?g%/er(lz) and
1020)nateabetweesushe apsheandyosit wiver f n thiee ¢eppPPRanNts (82)

regi oMy (3 &8)risr Masiicesk dy B i npl antation met hod,
preferably by a high-energy inplantation nethod. 20 8.

The nethod as clainmed in one of the preceding clains,

wherej n thee | Agehol5%)s cobhdhmed ngnt heldimt € nedompeising the

regiéggéigg:is produced by an epitaxy nethod,

15
production of an electrically conductive decoupling
region terminal region (56) at the same time as the
production of the terminal region (32) leading to the
region (20) near the substrate.

20
5. The method as claimed in claim 4, wherein the
decoupling region terminal region (56) and the
decoupling region (22) form a shielding well which
surrounds a region encompassed by the shielding well

25 completely or, relative to the side areas and the base
area of the encompassed region, by at least fifty
percent or by at least seventy five percent.

6. The method as claimed in one of claims 3 to 5,
30 wherein, the layer (55) in which the region (20) near
the substrate and the decoupling region (22) are
arranged, regions outside said region (20, 22) are
provided with a doping of a different conduction type,
an oxide (130) covering the region (20) near the

35 substrate and the decoupling region (22) preferably
serving for masking implantation (140),

or wherein, in the layer (55) in which the region (20)



25 and/or wherein a base naterial for an enbeddi ng
region (52, 54), which serves for enbeddi ng conponents

(58,
(10),

, of an integrated circuit arrangenent
Iﬂﬁﬁéﬁﬁgthed si nul taneously during the epitaxy

met hod. 30 9. The nethod as el aiemed in claimS8,
wherein an epitaxy nethod for producing an epitaxial
| ayeredrs tlmdeubetratecatariceashet decotingeny tiegion (22) are

epi ta%aﬁq%fo&%iﬁ%%%ﬂﬁel %;@%Jﬁcﬁjr %i(gﬁ@ (20} a%*e undoped

interru

€ execution of a

| eastr el esthierelpr olomd. preferably a doping process
for fabricating a doping which differs froma dopi ng

of

IN1249DE - 17 the epitaxial layer, and_th r owt h

of the efiftexMEItNCSy efS bef st itAuelRgr 1QF (e preceding
exeitd oy of whereiher theoceesminall. rHig oret haikR as 56) is

clainmed. in one of tthgre e Eq%a%k%hﬁsbe“%gg r%ggp which

t er MARAUGSSi ot 32)

ading 0 tHe region

t he udfsrattley | &eer abl ydepchngdedes isheatnt keaktdi dwice its

regi ¢héﬁ¥», preferably conpletely. 10 11. The nethod

as clained in one of the preceding clainms, wherein the
1Payer (55) containing the intermediate region (30) is

a sedw CQRAvelAr thayefemiigdl pregeoabl(B2gorial nisr gégbaicated

Wit hwidt!.l'i f te:{lgmaicé)ngymal oé]i flgustj}/gr'?sprocess in which dopants

15

20

25

30

35

diffuse from a region remote from the substrate as far
as the layer (20) near the substrate,

and/or wherein the terminal region (32, 56) is produced
by an implantation method, preferably by a high-energy
implantation method.

8. The method as claimed in one of the preceding
claims, wherein the layer (55) containing the
intermediate region (30) is produced by an epitaxy
method,

and/or wherein a base material for an embedding region
(52, 54), which serves for embedding components (58,
60, 82) of an integrated circuit arrangement (10), is
produced simultaneously during the epitaxy method.

9. The method as claimed in claim 8, wherein an
epitaxy method for producing an epitaxial layer is
conducted in at least two stages,

the epitaxial growth being interrupted,
the interruption being followed by the execution of at

least one other process, preferably a doping process
for fabricating a doping which differs from a doping of



12. The nmethod as clained in one of the preceding

clai ns, wherein the decoupling region (22) adjoins

mat er i.al , 52, 54) with a different conduction type

20 P1%§9&%$rounded by material with a different yP
conduction type, preferably enilall sides apart from

one or a plurality of decoupling region termna

r egithies efifaxiads 1BYerAn integrated circuit

arrangement (10) having a pin diode (14), in

particul ar having a pin photodi ode (14), having a

car mingr thesgraweh( o) thei epitaxiaeés lavesgiloigp continued
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dopad .r egiren féZhoden®ds e dradmddie igubsheats, whiechpreceding
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1Penote fromthe substrate and is undoped or provided

Wi thia weale dgRcRAGAl Na§ oMY ik Wnt hohBe @lPpitke Obreceding
the regi on (20) near the subsfirate an he dopi ng af
theq%§;Wﬁr(4 erettt e FREm tHeYStbstPale, £6 ning the

haviing evmerlienid imsdion cBWucis ve@ semicoadiucegr ohayer which

32 ' I . i .
(2 U o egk8;H0° 183188, (900 el o, copaucrson
1bhe tymesr.nedi ate | ayer (30).

12. The method as claimed in one of the preceding
claims, wherein the decoupling region (22) adjoins
material (12, 52, 54) with a different conduction type

20 or is surrounded by material with a different
conduction type, preferably on all sides apart from one
or a plurality of decoupling region terminal regions
(56) .

25 13. An integrated circuit arrangement (10) having a
pin diode (14), in particular having a pin photodiode
(14),

having a carrier substrate (12), which carries a region
30 sequence of a pin diode (14),

having a doped region (20) of one conduction type,
which is contained in the region sequence and is near
the substrate,

35
having a doped region (42) remote from the substrate,
which is contained in the region sequence and is of a
different conduction type than the conduction type of



15 14. The circuit arrangenment (10) as claimed in
claim 13, wherein the term nal region (32) penetrates
through the layer (55) fromits interface renote from
the I&B4PPht e as far as its interface near the

substrate. 20 15. The circuit asgrangement (10) as
claimed in claim13 or 14, conprising a circuit

ar r aipge R dnl Q)2 hirsdad chearsubatrace,he carrier

substrate (12) and contains at |east two electronic
conponents (58, 60, 25 82), and a doped decoupling

r egitpiviii2p) anr rartgechdittamenregéonnel Yonpwheah (BB) arranged

and ”}? eceﬁ'{”t?lr Syg@%{,ﬁt 6(2(01)2) %&Q of:hEhes@%ﬁ?rate and the

con € as near 30
Substegitan ah%ﬂ orremot et %@Iﬁetlél% p%\WPSEBﬂE% nf‘?gt ignugdoped or

the g ]ﬁwl%d 2Q% theag txb&lﬁli@ip&@ige aﬂd/@dsml@afm@ed with the
onecjzq ane vvlththere on(%énart sub trate. 16

The QR t O&r rdify °’€1(5§ s t§& WEE claae nd the
15, @siid sdnocren ﬁé@mm osd ) yremrrmmft'mme mmsw@ate/
region termnal region (56), which leads to the

decoupling region (22) and/or which has the sane
108t eandl hewipgsiar oplastrheal by maeaducsdgiveh Eepyinal region

I nl2 : w%gchTﬁégﬁggtéothaeréégbﬁn (030) neear thie substrate
substTat e clrcuit arrangenent ) as_cl ai ned
in dﬁ@ioflélaﬁﬁﬁamseﬁo 16 \her BT he sgychPntalnlng the

arr angespnia{d0: bapes begn. fabricated by a nethod as

claimed in one of claims 1 to 12.

15 14. The <circuit arrangement (10) as claimed in
claim 13, wherein the terminal region (32) penetrates
through the layer (55) from its interface remote from
the substrate as far as its interface near the
substrate.

20
15. The <circuit arrangement (10) as claimed in
claim 13 or 14, comprising a circuit arrangement (10)
which is carried by the carrier substrate (12) and
contains at least two electronic components (58, 60,

25 82),

and a doped decoupling region (22) arranged between the
one component (58) and the carrier substrate (12) and
of the same conduction type as the region (20) near the

30 substrate and/or of the same dopant concentration as
the region (20) near the substrate and/or arranged in
one plane with the region (20) near the substrate.

16. The circuit arrangement (10) as claimed in
35 claim 15, comprising an electrically conductive
decoupling region terminal region (56), which leads to
the decoupling region (22) and/or which has the same
material composition as the terminal region (32)
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leading to the region (20) near the substrate.

17. The circuit arrangement (10) as claimed in one of
claims 13 to 16, wherein the circuit arrangement (10)
has been fabricated by a method as claimed in one of
claims 1 to 12.



