- 1 - 5 Sem conductor structure for photon detection

The i nvention

relates to a sem conductor structure for 10 photon detection according to
the preanble of claim1. The prior art, for exanple by virtue of US

5,786,609 A, discloses a sem conductor <etleet or
and also a "return el ectrode" enbodied as a 15 | ayer at the underside,
el ectrode being designed to extract the conduction carriers fromthe

depl etion zone. It is an object of the invention to provide a 20
sem conductor structure for photon detection which enables a cost saving

during production.
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The invention relates to a semiconductor structure for

photon detection according to the preamble of claim 1.

The priocr art, for example by virtue of US 5,786,609 A,
discloses a semiconductor detector having a unipolar
structure and also a "return electrode” embodied as a
layer at the underside, sald electrode bheing designed
to extract the conduction carriers from the depletion

zone.

It is an object of the invention to provide a
semiconductor structure for photon detection which

enables a cost saving during production.

Proceeding from a semiconductor structure of the type
mentioned in the introduction, this cobiect 1is achieved

by means of the characterizing features of claim 1.

Advantagecus developments and embodiments of  the
invention are ©possible by virtue of the mnmeasures

mentioned in the dependent claims.

Accordingly, a semiconductor structure for photon
detection according to the invention, comprising: a
substrate composed of a semiconductor material having a
first deoping, a contact region fitted at the frontside
of the substrate, a bias layer composed c¢f a
semiconductor material having a second doping, which is
arranged on the backside of the substrate at a distance
from the contact region; wherein the contact regicn at

least partly lies opposite the bias layer, such that an

a



a fitted at the frontside | ayer conposed of a second doping, which is
substrate at a distance - 2 - overlap region is present in a |lateral
direction, a guard ring, which is arranged on the frontside of the
substrate and surrounds the contact region, wherein a reverse voltage can
be applied between the contact 5 region and the guard ring, is

di sti ngui shedebyap hedfgen t hat piwsever Lap & ediadistads alrackian, ex ent

amounting t%s)%%{%l %i‘ﬁ%,;%i%'@rf raeiahgéddio%i ahee bebuesngkhe sCafact

regi on and ias lFayer. 10 The guard ring is a type of %rotectlve
structure whitlest raye viepdues wir Qe pot BAt i%ngtéyfm i B9+ t YNEAREhi%l d the
cont act regf@ﬁefé@ﬂ}&&@t@%rwﬂi m;l@s theneek ﬁbe%ﬁ@@hf%m@ercm'cf:wndgctor
structures. Inter alia, in particular stray arge carriers.can.also be 15
i nt er cept ed ¥ HPR ﬁPgotﬁﬁkggaFﬁ poS§i biHE ?%‘ﬁ%%ﬂﬁk%%ﬁ%é}%ﬁ%ﬁ Fitact

resi stancesthét the ecaseleh tdweyisem candaciateshiluchures tacoorahtnigng o t he

i nvention, the quard rjng _nmakes_i ossi b for. depl gt 0 e pl ace
| ateral ly m}?héﬁés%%% ktgHF%eqaﬁgﬁ Prf%%,kﬁﬁafﬁ%%g%o saggkﬁgfkatggﬁletion
zone can becéotaed, rsgthnt had the boasateyeegi on is shielded from ot her
regions such as, if appropriate, CMOS structures or sensor structures. 25

If the contact region is fornmed for exanple nerely by a netal contact being
appl i ed% o The GuBSEr 4LBY fHe aditePanSd IBIUSRHH e TOHIUTS effibiand the

bi as | ayer gangeriespondihe tdier drii cknesppofiethecsubs) rake. S0idhe bi as
| ayer is correspondu%%{y formed on the backside of.gp% sggsgrg e.@ghe
overl ap regF8R VitHi hgeﬁ&§Wingr8P tHE | VBB 9% haPFEGP6n Th whi ch
t he cont act fregi durthdrat eeal centlent oextserdsstovers .t henbéas alia, in
particular stray charge carriers can also be
15 intercepted; this also makes it possible to reduce the

parasitic resistances.

In the case of the semiconductor structure according to
the invention, the guard ring makes it possible for
20 depletion to take place laterally with respect to the
guard ring, that is to say that a depletion zone can be
formed, such that the contact region is shielded from
other regions such as, if appropriate, CMOS structures

or senscr structures.

25
If the contact region is formed for example merely by a
metal contact being applied to the substrate, the
distance between the contact region and the bias layer
can correspond to the thickness of the substrate.

30
The bias layer is correspondingly formed on the
backside of the substrate. The overlap region within
the meaning of the invention is the region in which the
contact region in lateral extent extends over the bias

35 layer.

The semiconductor structure can preferably be used as a
photodetector. In particular, it can serve as a

photodetector for the infrared range. The bias layer on



35l ayer. The sem conductor structure can preferably be used as a

phot odetector. In particular, it can serve as a photodetector for the
infrared range. The bias layer on - 3 - the backside can serve for
produci ng a depletion zone between regions on the frontside having a doping
of the first type (substrate contact) and the bias layer. If an

el ect r on- hotlee pairekisd dgenmrat eerae aoresladwiinthea 5 dgPEpLNOFBI® a phot on

in said de Zp Lhepnt hgY @re %%@@EaE%Q-% 3C Pt foft henel ectric
field in tﬂ%g%tg$%t|%§lgone nIn artlgu ar it ﬁs@ osslblrmfg)det t the

el ectrons |ﬁl¥ﬁg §M8§tr%ﬁ%?%ﬁﬁﬁﬁéttc%ﬁt?ﬁE f@&ﬁt§#&% Btafhed3yebst ridte. 10 In

partlCU|ar,a@yewbth@nOEouaepﬁﬂﬁCD@dgéh@taSEHwasuﬁ aeealdi mF tihd he

i nventi qQn, cost. savi ng. can he achi eved by . vi ue of the f act that t he
bi as Ia&er SPhRT b%%kézi eadoé% gt REve® ?t);d Jeg Fo&ditan y 288t act iS5
connect ed. tsel hye %epa&a&bdadnmﬂemmumbnuécthenedbC&&ﬂ@Iﬁ%ﬂidcwnthe

backsi de, W &N} 18, 0as6, 07 GamELel ALy, avallabl e se.agnducior

structures, can Ffommetal’, Tn partlcu ar, re i s bonded on or
a through- si¢teoh e (HER@tr@nﬁrédUCb@e Eb%éﬁéﬁtGQOﬂtmﬁ%C%r@&udﬂﬁbn can

lead to high, 60t Sqe HOWEVRE, sBp5PRLAEL - connection of this type can be
avoided in the case of the sem conductor structure according to the

i nventil®h. On account of the neasure that the mininmumlateral extent by
which the overpapthegiar,i syf erinede?s @amimntseritcdsdgeeat est thanuone
quarter of the s bstrate thickness or.of the di nc et ween_th ont act
regi on and ?ﬁ%oﬁ 2891 ay8r gh th%n%%%éﬁ?%é The® %%gs %%g%é Caﬁ ebg

i nfl uenced. aaﬁleMeprbmuqmnxu&hmfnghehéqmﬁxnnﬂtohhefbaa§e¢axﬂnnmmor

structure ofyf Ve ad%%@ condugty Beqlcoﬁgmgw réynugee for the

correspondlng s strat ) gernanluntor Si e in different
r egi onst X hecdopergedan Qﬁ?&kﬁYmujﬂﬁffféﬁéhtﬁy GQFWﬁ&trﬁ@nB@SG&8P|oﬁf35

process, fogakiAStadeera dieaviher Bhcweake! depisg, and atdepi agsef the same
sign or Oppoghﬁgrgiglly available semiconductor structures, can be
formed from metal, in particular, a wire is bonded on
or & through-silicon wvia (TSV) is produced. However,
20 this production can lead to high costs. However, a
contact-connection of this type can be avoided in the
case of the semiconductor structure according to the
invention. On account of the measure that the minimum
lateral extent by which the overlap region is formed
25 amounts to is greater than one quarter of the substrate
thickness or of the distance between the contact region
and the bias layer on the backside, the bias layer can

be influenced.

30 In principle, during the production of & semiconductor
structure of this type, a semiconductor material 1s
regularly used for the corresponding substrate (e.qg.
germanium or silicon), while in different regions the
doping can be formed differently during the production

35 process, for instance a heavier or weaker doping and a

doping of the same sign or opposite sign.

A further fundamental advantage o¢f the semiconductor

structure according to the invention i1s that the



- 4 - backside processing can be reduced during the sem conduct or
production, for instance in a process line. A further advantage of the
sem conductor structure for photon detection according to the 5 invention
is that reduced vol tages can be enploygd in order to be able to obtain a
correspondi ng, sufficient depletion zone for detection purposes. In one
preferred degekepdent efothesimyentdan, tige 10<dopedct deyibé i stiesi gned
to the effeg&mtééﬁdﬁééowtﬂ%a@ét%nthefcﬁi as JA¥elcd Sihnfhuepeed-y the
potenti al plied to said contact region. The contact region itself is

sur r ounded Eyna gudt d ﬁPﬁ@heﬂhlcﬁdV§nF?Q%mn§H§arFQﬁgeds%W9@¢%ﬁ¢??ﬁﬁ5|de of

the substragerudbuand lfS)IShl}_QHQQQnt h@e&@btlﬂhe revesseingl t age itself is

simulta ousl¥ Eglled be%¥een t gnta t éy on ang the uard, ring, that

's to say t PAYSBRLOBORE of % heTEBRFESpdRthtAg Vol 1Hhel Fs HERIEd t5' the

contact regooderamnd thee athertdoobheiguar daimgepdrheimpl aswtfyiofetthe 20

vol tage is QS §ng§8§ ?ngko IagtFQP%EFeggﬁgbgg of the substrate or the
uc h

rest of the s m con erra teral extent were chosen to be
| ess than one quarter of the thickness of the substrate, then the potenti al

in the region ofndhehulde s erdale fpridif: 25 SUBSLI at g,bgt wgan the. cont act

region and the bias 1ayer on the backsi de woul d substantially be influenced
by the Juar BOPFAGEvoFtaye? ByS viteUeIHIY t HO 1 48€, ROWEGEr, TRRRt e latera
extent is Cbaseﬂttalbeogr eaher bhas ongyguarier Dﬁfltﬂ@n&:@deﬁ?SSihé hat is
to say attaln% g 2 qﬁé&f nltude qt t.he substra thlckness t he
potential, BYS-FH&MFat &%A eﬁ? ﬁépeégﬂé'a%%CSﬁ%%Oﬁbr Snd-RoreC
independentreglbhelgw&ﬂd rlmgsuntbagéedFknahiyguao@ jrasg,t héripdtensial in

t he bul k materLal LS ed_by. i-al lied ntact 35
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regi on, but ew se t nti al e biras layer. A potenti cthannel
ari ses, 1% condudsi chicHaak| thetsiken The E6iieace regditewaand- 3kt bias | ayer

l'yi ng Opposbﬁﬁultanéotls@&n%ll% OPetheefubstd a&@nﬁb!éf:a 1cht£hecﬂrmre

however, the contact regi on n al so conprlse E wel | |n thh
substrate. SAFd MY ik E%rr dihiglty pidvi & Btm#FHEapa of"®pposi t e
sign in conﬁakksspoﬁdmhghvbhaaber&B dapilng:d tthatthes ¢@nsagt|ne@0@mar|son
with the substr i s_al.so kes |t passi bl a h t gi on
enbodi ed as“a melva Ohhnﬂstﬁnﬁé de%p?r |ﬁP61 hgT%€b§?§a l% %F thé

consequ&ht | yplbpgray sofdemenvsirg; , cxwt¢mf@beaceonhém@ﬁdﬂﬂhﬁﬁ Qﬁ the bias

'ﬁ%eg 10 Eosﬁﬂs%YQEegb%aE%r edBNtof lihPasdd b Buctdr i 82 POSShPl ersin one
embodi ren ghe lateral extent were chosen to be less than one

guarter of the thickness of the substrate, then the
potential in the region of the bulk material of the
25 substrate between the contact region and the bias layer
on the backside would substantially be influenced by
the guard ring voltage. By virtue of the fact, however,
that the lateral extent is chosen to be greater than
one quarter of the thickness, that is to say attains
30 the order of magnitude of the substrate thickness, the
potential, as the lateral extent increases, becomes
more and more independent c¢f the guard ring voltage.
Finally, not just the potential in the bulk material is
influenced by the potential applied tc the contact
35 region, but likewise the potential of the bias layer. A
potential channel arises, a conduction channel between

the contact region and the bias layer lying opposite.

The contact region can be formed by a metallic contact-



invention, for the sem conductor material having the doping of the first
type, i.e. in particular the 15 substrate, to be weakly doped, that is to
say to be enbodied with high inpedance. Said material is advantageous in
particular for photon detection, that ics_to say for charge carrier
separation during photon absorption. 20 Furthernore, in one preferred
devel opment cohnehelipnventi onthe hesdbprngtef thwrfeecond Kypehesreppositel y

doped in coppgeiaen WHd LB&tdep %Sqqf ﬁhéaﬁl S8l d YESmp BYs&PR! Vit a
correspondi ng reverse vol t age, i nfluencing of the bias |ayer is

achi eved byforrede it the ﬁ&étsttrﬁéte th%ajrf%u BELty IGhaFeer e P et aby e

extracted bprbkmd@@t entdnal a @@psﬁgueﬁtlypp@sﬂt@delgﬁ fier n@@npéﬂléms case,
t he bla Iaéeg dog g of(ﬁ$p05|t Lgn, |nt arison with th

subst r at 6% tghee 8i B ¢ R8SEnvERt W6, ?%el&ua?‘?fnp?ﬁjgs?rﬁ turn
can have a daphnglef BhbssaaEeS|gﬁuas aheosmbﬂﬁﬁatet rossifdie semaitonduct or
TRt el Al onakhBo Zeplpg Aloidie ChishikuPe.hs, AUl baplolite goptact. 35

connecti on e revers the majorit arge carriers of the
guard ring deepill tate &l a%mle%itrat% godr dcpmﬁgqelaﬁt@@ mevve wisavefy doped

than the SUQﬁgﬁ?&e E@hs lha%e%{c@%é\gpseéHJc%lao@arttuec%fers shi gL di ng
function which guard ring is intended to exercise with regard to the

contact(}egFBnaPeﬁg?Pv@r?étSrtﬁétﬁéﬁalnlng regions. In one preferred
devel opmrent of the invention, the sem conductor structure is enbodi ed such
that it can bepl&kgghggg?dg%ontheback%}de Th'%%ﬁ?@%ﬁ%hlment of the
invention, for the semiconductor material having the
doping of the first +type, i.e. 1in particular the
15 substrate, to be weakly doped, that is tec say to bke
embodied with high  impedance. Said material 1is
advantageous in particular for photon detection, that
is to say for charge carrier separation during photon
abscrption.
20
Furthermore, in one preiferred development of the
invention, the doping of the second type is oppositely
doped in compariscon with the doping of the first type.
By applying a corresponding reverse voltage, an
25 infiuvencing of the bias layer is achieved by virtue of
the fact that the majority charge <carriers are
extracted by the potential. Consegquently, a diode 1is
formed. In this case, the Dbias layer has doping of

opposite sign in comparison with the substrate.

30
In cne embodiment of the invention, the guard ring in
turn can have a doping of the same sign as the
substrate, 1.e. the semiconducter material having a
doping of the first type. As a result of the contact-
35 connection with the reverse voltage, the majority

charge carriers of the guard ring are in turn

extracted.

Furthermore, in one embodiment of the invention, the



10 illumnation firstly nakes it possible that photons can penetrate into
the region of the depletion zone as advantageously as possible. If,

nor eover, the backside is prevented from bei ng contact-connected or

equi pped wi th further conponents, the light can penetrate into 15 the
substrate with | ess hindrance, since no di sturbing contacts, etc. are in
the way on gherpat Wiof tiear i ght. TRseef dieavilit erdaped, thaps dihso

possi bl e toshpetpase. t hey & findeney anbfi%gseahggmegct@r g UG T N
photon detection. 20 In a further enbodi nment e i.nvention, at |east one

further reg?%he%%h%gl§Pﬁ§té9nl@QéFhoﬁﬁ%Mﬂ?aE%nﬁbgﬁdléf%QH%Q@%@EH havi ng

the sane sigueptidopivighaseyaedcat acte r eghonctamcheoar rangaed vien o manner
|l ateral lLy 25 offset.with resgect to the contact region. In particular, at

| east oﬁe fE??hE?m?%@f%% t3% 8% enbodi ed as a sensor conponent for
detection, nore particularly for detection of photons. Since these regions

are arrange ngﬂq r aj h pe th nt act

regi on, ?ﬂ I?% ayq%?%%%ftﬁgkéﬁg%gg%ﬁ' %on%gﬁde£ﬁ¥ég%§9%enﬁggﬁductor
structur e %ﬁ@s@om@cﬁ@r phrepkuray ief epkedieghevich thetcdde T hitksi de
i11um natiop 1ihi ARPEQPT | @tem Suahhd hatprachkgher phqm@ yl ad4k-1eay e

achi eved. 35 Moreover, haowever, a regiqn which i t eral offset with
respecti0t o +hEURERRbAOBeF ORSEhE @éﬁﬁgcﬂtuﬁﬁ%ﬂ+(ﬁﬁ1€% Qﬂ?l Wi as a
depl etion Zp@ﬁeﬁﬂdté husmf®r tpleot QﬁgﬁiehecdbfOFtheTheIE@fLelte,ont hkzsnpards of the
bul k - is.also utili.zed as_ an tion . negio d, becones
t he depletl%ﬁai%ﬁﬁgeou?ﬁyoﬁg éﬁban%§9e0u£§ nﬁggg ot eégﬁggn %on t he
5 absorptionsr @gle(merﬁ@@onﬁsomhéed@m &@@mqbﬂeomm@@t@he oreveqsEcRpedt age is

present. In opg pLELeL &E?@ﬁ@@ﬂ?”tggEtﬂEhH@VSQB'%%né%%%ﬁ%ﬂﬁﬁféte of

t he sem conduct or structur r oduc 10 fromfloat-zone silicon. This
mat eri ai° |stH?s§Pﬁ§ﬁ¢§ﬁ§d“ﬁ§ﬂv §5% oA BEFBEFS  afd by prt td R aFPing

honogenei t yeod BEcEONAUEEL Viaky K8 fth@m@q;vefraltﬁww@d &hnBh Dﬁ@lﬁ’t meter (O

t | rt |
fzzenfliﬁve%ﬁ%r% ﬁF@on&BEFGr%ﬁﬂf%fﬂﬁﬁrﬁﬁbgﬁggegiagiﬁi %réb???%?etype or

t he substrateei seffirakkych- ddpethe Aammnunﬁunﬁbnuﬁunmﬂuxekmmr@h@EGMS to a
hi gh resist&gggcggoghe material and to a |ow density of nmajority charge

20
In a further embodiment of the inventicn, at least one
further region comprising at least one well composed of
a material having the same sign of doping as the
contact region can be arranged in a manner laterally
25 offset with respect to the contact region. In

particular, at least one further region can be embodied
as a sensor component for detection, more particularly
for detection of photons. Since these regions are
arranged in a manner laterally offset with respect to

30 the contact region, that is to say are situated on the
frontside of the semiconductor structure, these zre not
in the way of the light 1in the case of backside
illumination, if appropriate, such that a higher photon
yield can be achileved.

35
Moreover, however, a region which is laterally offset
with respect to the region below the contact region can
alsc be utilized as a deplietion =zone and thus for

photon detection. Therefore, this part of the bulk



20 carriers. In one advantageous enbodi nent of the invention, a
shallow-trench isolation (STI) is partly arranged between the contact
region and the guard ring and/or 25 between the contact region and the at
| east one further region. A corresponding isolation |eads to a further
partitioning with regard to the corresponding potential, if thisis
necessary. BOte@neabaiti culsr wdvhhiadeast atheaBeprebhadict6L160r wétdre

according tQ-thecEnveBtep1LE1LhatoRE. being able to obtain a particularly
good quantum efficiency, in particular in the near infrared range. This

regul arly necessitates providing a depletion zone of 35 corresponding
eﬁtent of tilflﬁ er%era@ffﬁﬁag@}abuge e@rﬁocﬁlﬂn&]&ﬁﬂﬁ efonmier $n{pn).iosj ncend he
absorption length in the silicon materi [ et.ween 4 vel engt h
of “the. 5 g5S0kBE inodes v Sor SR ni Boed By et 4778 ChBal T pi s
structure (abbeeveatrodhzagb: iposkeswet- intrinsic - negative). This approach
i's unsuitable, however, in the case of photodetectors with integrated
detection 5 el ectronics. The extent of the depletion zone in the substrate
is principalhy ¢me| el 18d t Wevgdpinng Wi t Bitn the simserbie?, Furitther nore,

it should bg,taken:Lntor congl desal bonabbeabrt ha revanse \.i%t@ﬂwﬁ&@d can be
. , the, 0

applied to the frontside is [imted and is typically o rder

magni t dde of TaMf EWCRSI ESRCPRdt 6GE ectidrS &2 Eﬁ?ls"la]t y%% ‘%fa‘?/%l?%‘él%?%(gdvant age
that the abpor pkirgn Il@engidreeirs bendi g fiacaritdul agr eadrergdriait it heTlext ent  of
the depletion zone. Accor.dingl it can 15 h n t A er of
gener at ed cﬁgpégcgéyF%gr§sa5%§éj ?Y?é?%h§F8§9§§SS%%%ion %ﬁﬁgf%gyt e

depl eti on zdfecimh thesbukkamakeriml. There, the mnority charge carriers

have only a short lifetime and are not exposed to an electric field, such

that after the splitting of . _
15 In particular, in cne development of the invention, the

semiconductor material having a doping of the first
type or the substrate is weakly n-doped. A
correspondingly weak doping leads to a high resistance
of the material and toc a low density of majority charge

20 carriers.

In one advantagecus embodiment of the invention, a
shallow~-trench isolation (STI) is partly arranged
between the contact region and the guard ring and/or
25 between the contact region and the at least one further
region. A corresponding isolation leads to a further
partitioning with regard to the corresponding

potential, if this is necessary.

30 One particular advantage of the semiconductor structure
according to the invention is that of being able to
obtain a particularly good quantum efficiency, in
particular in the near infrared range. This regularly
necessitates providing a depletion zone of

35 corresponding extent of the order of magnitude of a few
micrometers (um), since the absorption length in the
silicon material is between 4 pm at a wavelength of the
light of 750 nm and up to 200 um at a wavelength of

1000 nm. In the case of commercially available



20 the charge carriers, the latter cannot be separated from one anot her

rapi dly enough and reconbi ne again. On account of this reconbination effect
that arises when the corresponding electric field is not high enough to

mai ntain a sufficient separation of theg charge carriers 25 or to enable a
rapid extraction of charge carriers that counteracts the reconbination, a
cor r espondi pigopodiedas of thhe s i acthavegd oar mieass wfl ar ecorslleecagai n and
is thus |os o] cti Li e_g har ge
carriers |s§§%bfggﬁcggEg Igg%r%%¥%g§?f$ﬂglogg%%ﬁé%%ounﬁagf%E%QCpacking
electric fietdabhdel s ThépeRBPECRLHaLBY Udstiédtdd Sel SEWTSEE,: aelif not

where it hagaastuddy pﬁgﬂoaeﬁeeﬁggscowletsfpon@hﬁgg@hab@ns it igd to the
separation of the charge carriers é | ue) . _Mor.eover, a corQﬁyPondlng

35 di ff usi oRLPFHERRLCHf e cRAFGRCC r.%fe% (FELEEGS e HPT atPVETRF sl owl y,
in pr|nC|plsubSUEhtéhaﬁsth@r@&bﬁgspmydln@fmw@admﬁrehauuhechﬂopmn@etection
can be | ost bgﬁaus%j}he cor respond%ng

har ge carrler only
sl owl y and, "tonsequen tI rresponaﬁerm -%9 in ﬁOujrapses%%%%//\een t he
separation DmtoheoohadgeataonlEhstaﬁﬂeth@vaaﬁ@aWQiaagﬂluhﬁt'ﬁﬂﬁuﬁe

di sadvant ag Orgé&rkgeghga@r%t@&%d% qrm{lec@ep%qld%g he,s&m capduct or

structure ac to the invention can be achi‘eved by providing a
subst r dtte hﬁb?n@rﬁeéo@fe@ﬁ@ﬂéFH@Pyoﬁeékf@BpVﬁbtFs that the depletion zone
has a correspondi ng extent. As has al ready been nentioned above,

corresponding 10 .electronics faor detectlon ur pose a appl i on

Chet ront o1 A APLEERCEAEDI o2t vl ichr e RovE!HRE G SR L
structures.thesaasbrpuhanlyadgahtagao@ﬁ(Bxgnrﬂmynﬁmyuygeaﬂnﬁﬂmhamese
structures, tl'hg R guloaf Qﬁem%fé slec&flol@ll gy%(% rhggo ggﬂpdl ng the, contact

15 region. I's guar ring I's uti or ap he Teverse
vol t age.> ThbappeﬂetbéhdﬁngagmﬁemmmmynﬂQﬁ)Qﬂﬂaﬁﬁi (ﬁhaﬁﬁgﬂﬂﬁﬁﬁﬁeﬁﬁfron1

noi se or erPléQd'&deHﬂ %%B%%%S Q@s@r§€§éﬁt Al 4ihee CoRtachesSnOnest i on of
the contact region wt possi bl e contact- 20 connectlons of the

further reg?BRs, Hﬂth%aPBE§ @Pqﬁﬁéﬂéw15¥ﬁ¥%ctEP@sm%QQ£ﬁﬂﬁn? 9%ne can
be producedcpractireahbyei Bntlhe aentHore lllﬂﬂétrm{eerarai atd rmstdeéxp@sé@ci litate

the formati on of a.depletio zone _.or a rrespondi onduct j

channel belg% Fﬁe<ﬁﬁﬁiﬁﬁc é%ﬁ%ﬁf %P%?ag Bygg g&n%%b'hé%£§? %gt%
backsi d&) whheh ¢h&rq&unqﬂ;nﬂén$pposhee kigren tdamespebt teepdeated

sem conduct of ofRbLAE! ahoRAYnG HRING Sloddhe dHd SteddthSind Nais. tonsay the

sem conduct o
account of this recombination effect that arises when

the corresponding electric field is not high enough to
maintain a sufficient separation c¢f the charge carriers
25 or to enable a rapid extraction of charge carriers that
counteracts the recombination, a corresponding portion
of the split charge carriers will recombine again and
is thus lost to the detection. Another portion of the
generated charge carriers 1s subject to a lateral
30 diffusion on account of the lacking electric field and
igs therefore finally detected elsewhere, namely not
where it has actually Dbeen abscorbed corresponding
photons which led to the separation of the charge
carriers (image Dblue). Moreover, a corresponding
35 diffusion ©process of the charge carriers proceeds
comparatively slowly, 1n principle, such that the
corresponding time correlation during detection can be
lost because the corresponding charge carriers diffuse

away oniy slowly and, consequently, a corresponding



30 material of the substrate. If the sem conductor material is weakly
n-doped wth doping of the first type, for exanple, then the bias |ayer is
p-doped. Said bias |ayer need not necessarily be contact-connected.
However, it is also conceivable, in prignciple, 35 additionally to provide
for exanple a netal contact therefor, |f appropriate al so through the bul k
material . HoWeverelab$es coprBeeroNFREt | BPPTHHC BN avdf dddhdy Glerge

sen Conductearﬂéygt uhe %@fé)réjé@@ai odbRecktavant imRse -diddadvdstfasd i cul ar,
it is advant ageousl é possi ble to use conventi onal gioc s lines for wafer
fab

producti on ARFERIBAADI e“3F ontRF de %Y%%%%@lngoﬂafe? i nd%and B'9ossi bl e
backsi de pr@@@g@bﬂ@uct@rth$§rﬁ@5@reth£c6@r@£m¢edt f riond si deveptitoo@ssi ng" can

be effe ordln rcially avail abl e nner. b roductlon of
dopi ngs, fowgﬁ afigfle ﬁy%c §ﬁ¥aP|%n g%&?dStﬁgﬁ%éFééééﬁgg

netalI|zat|ousre§ﬂbndpag$yva5ﬁ¢n$wpﬂng 19 Reststbes daplarisicogt oz@pe etc. can
t her eby be ﬁggsgrgggfge%gééigée tELggions can be formed by producing active

structures an e contact region in turn can be shiel ded
by a guard ring fromthese regions with regard to its potential. The 15

contact reghon gay haveeaayechangul pint 05:MRQr SEEvde edbpetash m@l@%
The guard rings can be forned for y deeply

ring-s ed fashion
extendﬂﬁg ﬁb?éﬁf%ﬂlgFrJﬁﬁhrggteFBFOBxéﬁﬁﬁﬁxﬁvsMEPP S?Pﬁﬁﬁﬁﬁ sC™ St andar d
CMOS pr oduct;g'u@n processedecan ahse Pecunl | i zedolvet het fpittder pEMasiction
weys. 25 ThECEUGHPFary enbodl okt dBGFI B oy ow “¢FE SUBEITA e 13 for med
froma weaktyrdepedndinhypg matierlical tlobtai asdurchurhe., f ligatr2ohecwdihod, for
exanpl e. Thﬁyguﬁégnéin8§ a guard ring surrcunding the contact
15 region. This guard ring is also utilized for applying
the reverse wvoltage. The corresponding shielding also
brings about a shielding from noise or from additional
effects as a result of the contact-connection of the
contact region with regard to possible contact-
20 cennections of the further regions, for example of the
CMOS structures. A depleticn zone can be produced

practically in the entire bulk material.

In order to facilitate the formation of a depletion
25 zone or of a corresponding conduction channel below the
contact region, a bias layer can be fitted on the
backside, which has doping of opposite sign with
respect to the semiconductor material having doping of
the first type, that 1s to say the semiconductor
30 material of the substrate. If the semiconductor
material is weakly n—-doped with doping of the <first
type, for example, then the bias layer is p-doped. Said
bias layer need not necessarily be contact-connected.
However, it is also conceivable, in principle,
35 additionally to provide for example a metal contact
therefor, if appropriate also through the bulk
material. However, this contact-connection c¢an be
avoided by the semiconductor structure according to the

invention.



are formed by n-doped wells. The region outside the 30 region within the
guard rings shall be at the potential O (ground). A reverse voltage is
applied, such that the guard ring is provided with a positive bias voltage.
A depl etion zone is thereby produced_wyphin the substrate. The contact
region in turn is connected to a 35 negative potential. Through the barrier
produced by the positive bias voltage of the guard ring, practically no

| eakage currgnt,ari ses1bet waan the sapadiifesent{y gippadregicensysa the

substrate. On t%e ot her hand, the substrate itself is only weakl|y doped,

such that oRPPVENTiOoRRL. RKGSPSHhal L Fst ¥ alabaFr PEPAG %g‘&?ﬁclﬁo t he

backsi de pnehHBCEki Onf emdts €8e Aqeddh g ryg, Majwaiticry chatgeaiearri&né of the
holes, can flow to the. negative

the 5 coht aBP CeBlEn. SACRRHAT ngl S HA I or A1 ¢ o RegaiiVe Bi%e 98Ttage of

t he cont act ceégiedn "lfirkewssee pflorercesnd hecdi ase | aeected "gteonaliigbacksi de

contact praghi cal I 8ld 3851130 LaRhhRGkP! £2hfib S MRAC 0hgRRENALI 0fgin the
dopings, for example by ion implantation, oxidatiocon
processes, metallizations, 5TI, passivations, etc.

10 Resistors, transistors, etc. can thereby be
constructed. Different regions can be formed Dby
producing active structures and so-called STIs. The
contact region in turn can be shielded by a guard ring
from these regions with regard to its potential. The

15 contact region can have a rectangular form or can be

embodied in a ring-shaped fashion.

The guard rings can be formed for example by deeply
extending implanted structures, for example by well

20 structures.

Standard CMOS production processes can also be utilized
in the further production method. The "wafer thinning
process"”™ can likewise be resolved in various ways.

25
The exemplary embodiment described below, the substrate
is formed from a weakly doped n-type material obtained
in the float-zone method, for example. The guard rings
are formed by n-doped wells. The region outside the

30 region within the guard rings shall be at the potential
0 {(ground). A reverse voltage is applied, such that the
guard ring is provided with a positive bias voltage. A
depletion zone is thereby produced within the
substrate. The contact region in turn is connected to a

35 negative potential. Through the barrier produced by the
positive bias voltage of the guard ring, practically no
leakage current arises between the two differently
doped regions in the substrate. On the other hand, the
substrate itself is only weakly doped, such that only a



sem conductor material can remai n unchanged even when, as a result of the
absorption of photons, charge carrier separation takes place, that is to
say that mnority charge carriers arise. Specifically, outside 15 the
correspondi ng conducti on channel, the @9Igs flowrather in the direction of
t he backside since this is at a negative potential in conparison with the
rest of theveubst sadl Apaaresidl ilparuker tHWétpot &sgirald atta hetlracksi de

of the sem ggnduchar shrushireibs 20n4NEESASCHCcHRARBAY1 ] OMApgAItye toward
zero, which in turn lowers the barrier with regard to t%e junction between
the bias | afBRrdRd EHer Rt af r &§iconPifPnal#ysTa dyifdni ¢SeqtiPl i ®*Yumis
establ i shedhosdsh that thewbacksikde respdinsvat palsubstenideal by comst ant

tenti . 25 _As |t of ti. t ial at th ksi de, . I t
Phe bi a0 | agBPEerh pardtEhl arkio Sl re at (FSAEaa 5r r RBVEIrITbH Ehe © -
substrate. Mbasowerltaiglee i echei cofitebd irsdiner dasedhidd hinmfljaences t he
bul K, 30 TLEREA) - pRUCh thakrhe Thow Ly Tp,glakhe sleeligns cagnbeo.

significant shorténed. nséquently, a correspondi ng sem conductor
structure apterdinglty ehéseAvention can also be used for applications in
which time correlations are particularly of inportance, that 35 is to say
those applications in which the detection has to be as close as possible to
t he ph&ﬁgn aBsor BELBRIPERenpl B S enfifiGentd  ©PEFatiPRenptiry BWBodi ments
of the inveptioRoanackbkusiatairad i ncdherdnanhngschacgade exql avhed, i n

greater detail be|OM/Mﬁéh fgrtP r adyvant ages_and detgi%gnbeinehéndicated.
I'n detail, FR tfe fFgtrés: ©5 ¢ gﬁreaRSSHB % s2hemdtPeCPT1 ustPaf¥on of a
Ccross secti oarrheougtesatypogr apyesf mlpbet oddtact 6 avromsdivngthatt he

i nventi on, i e Ghenmatic:illu iQn.gf CLQsSigection

t hrough a téQSE?ggky‘%Fﬁgg%ﬁggé e?ector %%%orﬁ%%%htoQi ey?nvent?%n (with a
schematiT™ efOpva®Enteiqreling dFageaayions channel, the holes flow

rather in the direction of the backside since this 1is
at a negative potential in comparison with the rest of
the substrate. As a result in turn, the potential at
the backside of the semiconductor structure is
20 increased, namely from negative toward zero, which in
turn lowers the barrier with regard to the Junctiocn
between the bias layer and the contact region. Finally,
a dynamic equilibrium 1is established, such that the
backside remains at a substantially constant potential.
25
As a result of negative potential at the backside,
namely at the bias layer, in particular holes are
attracted cr removed from the substrate. Moreover, the
electric field is increased with regard to the bulk
30 material, such that the flow time of the electrons can
be significantly shortened. Conseguently, a
corresponding semiconductor structure according to the
invention can also be used for applications in which
time correlations are particularly of importance, that
35 is to say those applications in which the detection has

to be as close as possible to the photon absorption.

Exemplary embodiments




figure 3 shows a schematic illustration of a cross section through a

t ypogr aphy of a photodetector according to the invention with a contact
region conprising a p-type well, 20 figure 4 shows a schematic illustration
of a cross section through a further_typography of a photodetector
according to the invention, 25 figure 5 shows a further schematic

i |l ustrati obxefphaty osELoEeresh st Mioughe alhypBEFaphy 16f al Bhvitiet@ct or
according tp,thed nMenlk afs( Cind f lagkr eo3)1230=4i gl egbeshews @eischenatic
illustration of a cross séectjon through a typography of a_photodetector
accor di ng toetfE iﬁVéﬁkioﬁufE??rfiﬁﬁﬁg§t§9%® vith adSEREhE | PR val ent

circuit di aghamaBsdfi gurecashpwsnatsehematiresil lustrati on of the

arrange%pnt of a contact region on a substrate, - 13 - figure 8 shows a
schematic illustration of the arrangement of a plurality of contact regions
on a substrateurs iigshewd showsshemsdhaematlild usitinegticat i of of ac¥$$y- shaped
contact region on a sybstyate. Figurel shgws g H¢ segtion 1 hrough a
sem conductor structure %.gﬁhe Iattéﬁyconprises al suﬁgtrate 2, to which

a contact region 3 i sPhppPiebechebhi AGCPEGERI4LPstBEt AV 6ANt he backsi de
of the substrate. A guard ring 5 is in turn arranged around the contact 3.
A CCD sensor .6 and_al so a further CMOS regiiqn 7 are situated laterally

of f set Wi t hf+e4psct t9%5t R &&ﬂ%ﬂﬁt¥%gg' USLIRYIer §& VOl tAR°T s
applied to the sem copdaecion strurtairegh 1 by t hetywoondmegthd beiofg comnect ed
to the negative pole Il guard. ri is.co cte positive
pole 9. The polarity ﬁ%?ﬁgﬁﬁf%%9$ﬁe F%%%?gggloltgae ﬁgﬁhlt?%%,% gs%pplied
is 20 dependent, intefwatha, @n theckhepihgcof twiigediednductd¥cstfuct ures.
The substrate 2 is meégggrgmgpped. It consists of float-zone silicon.

15
figure 3 shows a schematic illustration of a cross
section through a typography of a
photodetector according to the invention with
a contact region comprising a p-type well,
20

figure 4 shows a schematic illustration of & cross
section through a further typography of a

photodetector according to the invention,

25 figure 5 shows a further schematic illustration of a
cross section through a typography of a
photodetector according to the invention (ct.

figure 3),

30 figure 6 shows a schematic illustration of a cross
section through a typography of a
photodetector according to the invention (cf.
figures 3, 4) with a schematic eguivalent
circuit diagram,

35

figure 7 shows a schematic illustration of the
arrangement of a contact region on a

substrate,



The guard ring in turn consists of an n-doped material, 25 which is nore
heavily doped than the substrate. The bias layer in turn on the backside is
p- doped. Upon application of a reverse voltage in the manner nentioned
above, a depletion zone forms in the substrate. 30 By virtue of the fact
that the lateral extent of the contact " region is greater than one quarter
of the subsfignesthi ckress, tthe pobeneital présénstaptine copfactthregi on can

i nfl uence the pot ent il alodhe.bias 35pharens A ype.sf: candustign channel

ari ses, the course of ich is indicated by the contours 10. Asa result of

the negative pol e beitiy BppPlPedrda’e®t he contact region, the holes
originating for exanple fromthe p- doped bias |layer 4 or fromthe charge

carrier splittin - 14 - Dbrought about b hot on,absorption mgrate in the
directi on o#l‘ﬁlﬁjégn%ga? I pcit e%#ﬁ@agcé‘rﬁ cér]igblé 5|at§tc’llluc$%r e?i s“%lﬂ_t her nor e
enbodi ed such that thehqgeduneattont betgeen ¢hea sebisttadesand the bias | ayer
has a 5 relatively |low barrier, such that here, too, the holes can mgrate

in the direction of the negative pole. Since the positive pole is applied
to the n-dopedugeard ri sowtshe amj crdhgmathiar ge seartriosr s, thheuahectd ons, are

extracted fromtheqposhti verpakeurdihe guanderingddkr comprises a
10 substrate 2, to which a contact region 3 is applied. A
bias layer 4 is situated on the backside of the
substrate. A guard ring 5 1is irn turn arranged around

the contact 3. A CCD sensor 6 and also a further CMOS3
region 7 are situated laterally offset with respect to

15 the contact region 3. A reverse voltage is applied to
the semiconductor structure 1 by the contact 3 being
connected to the negative pole 8, while the guard ring

5 is connected to the positive pole 9. The polarity
with which the reverse voltage is ultimately applied is

20  dependent, inter alia, on the deping oL the
semiconductor structures. The substrate 2 is weakly n-

doped. It consists of float-zone silicon.

The guard ring in turn consists of an n-doped material,

25 which 1is more heavily doped than the substrate. The
bias layer in turn on the backside is p-doped. Upon
application of a reverse voltage in the manner
mentioned above, a depletion zone forms in the
substrate.

30
By virtue of the fact that the lateral extent of the
contact region 1is greater than one quarter of the
substrate thickness, the potential present at the
contact region can influence the potential of the bias

35 layer. A type of conduction channel arises, the course
of which is indicated by the contours 10. As a result
of the negative pole being applied to the contact
region, the holes originating for example from the p-

doped bias layer 4 or from the charge carrier splitting



10 turn shields the contact region 3 fromthe CCD region 6 and the CMOS
region 7, respectively. If a photon then passes into the photodetector 1
upon backside irradiation, it can be absorbed in the region of the
depletion zone in the substrate 2 and lit an 15 el ectron-hole pair,
wherein the hole can be extracted through the conduction channel 10" and
the el ectrohresghvai flable fly spgnadnderieetipPhliori gr@r2tshows ache .
cor respondi g, LELUSHT ablEON R |ralo i 20 TN S o N yffaglcsehemt i c
equi val ent circuit di agram merely for th ur pose of understandi ng: the
constructioﬁtéHﬁFBéecoh@ar%&Fﬁhﬁ%W@#@ﬁ!%ﬁbqgéﬁﬁgrSNFPh &hafodkhei retit 11
?-ndv\ll\f]\'!tﬂ ahﬁﬁﬁeﬁﬁéhofﬁeﬁt\rééﬂl ﬁ:hgsz-su%@tlflaggr endl shews ifaassllrm}eaﬂlflw_ siruction,
in ich, however, e_contact .region consists of a metallic contact
103a, mﬁ?chr?%aébﬁﬁﬁgleH JEﬁﬂgtr%%%h15§?Qah8rﬁﬂrﬁﬁ§?n6#€3o?o%?%ighly
doped p-typeanelhidO3be anch athekewi sechearni |of daped (pagpthagerpdD3c
situated 30_.undernpeath. The substrat.e 10 ansi.st VE n- d n-type
mat eri al obFéPﬁ%dtﬁﬁ PﬁglFﬁggtP?&ﬁelﬁb%ﬁﬁﬁsjgﬁéﬁbﬁgg% @?ﬁ%é%%Sggﬁgiurn
conprises arheayi tyentdoped ayeha1@sacandiarbur ther dadtedbrsdoped | ayer
105b S'tuat?QtEQQEEB?%&HﬂnTQ%eb' slaygr Qithe ghebagkside disghepyily

p- doped (reference si It has applied on it in turn a passivation

n 104).
113, whith §EF9e§hﬂ8P~g§e§Pi6n§OPﬁé‘C§urrfeééé’.n By Mesft ofhexdnpl 8294 PR fse of a
silicate gl asg f0lc PA%SE Vakhopni 9, conespa@biwely: 15 a Ashdtdresthénof
appl yi ng the negative oIe_éQ8 to the contact region_103, the Fo%gs
Froheaterial ,

situated t hBRESSPhe HAFOri t5RThamfP OHTF IS of the BPPYpe We
are extract edradhaanahpgaits satudtd oxhsosved y inhette exegaohi arf othe

el ectrons, gcgyLs.ay a ieoul tof [hie PAsLLiYE.pol o 103 beifn appl bed to the

guard ring a result of the wde lateral extent of the contact
regi on 103 eaectmparhsés wair t hehdrsianddchetpbencihe RdoneAErafegion 103

and the biasylaygh 104 & EANdU ofndfnehamnel Jh0' t HOrdbecthbEhi ks _
respectively indicated by the lines 11Q. Furthernore, a CCD el ectronic unit

106 and fur BKetlehds fegi §Agned7datectiikdni se situated in a manner
| aterally offset fromthe contact region 103. 15 A further structure of a

correspondigg Bhot det.ect or _201 Essilh stragﬁng%fi ures 4 tp 6. §aid
phot odet ect 6F I Kevi s&'ThhpPi S8ST&SEGHTALE r'egion Havihg & netallic
cont act2@034&iwutrk al heavhl ya dopepd P ypehewbii203inwivalatrdd andermntat h and

a further paiggrgﬁgfgnéx?%l% e§9§C 51 Uah edo sndeenegtdl - Jigh acidial cgubstrate

202 in turn is weakly n The contact region 203 is surrounded by a
guard ring ZO9StTHEtILaNt S8 MpaBdER echetal 3 i TLRbhE ActeroRRheltFBn2and 25

al so a heavighyde- dopedivwehh 203a.art a fiabhlRersmydepeddiayer 205b |ying
below the well. Furthernore, a bias |ayer 204, which is heavily p-doped, is

applied on the backside, and a passivation |ayer 213 is also applied. A
correspoidi B9 gGMBS St r wtiawrse 207 davi hgr a, cbnkewnseion, in which,

however, the contact region 103 consists of a metallic
contact 103a, which is applied to the substrate 102,
and furthermore of a highly doped p-type well 103b and
a likewise heavily doped (p+)} layer 103c situated
30 underneath. The substrate 102 consists of weakly n-
doped n-type material obtained in the float-zone
method. The guard ring 105 in turn comprises a heavily
n-doped layer 105a and a further buried n-doped layer
105b situated underneath. The bias layer on the
35 backside is heavily p-doped (reference sign 104). It
has applied on it in turn a passivation 113, which
serves for sealing the surface. By way of example, the

use of a silicate glass for passivation is conceivable.



30 shielding, p-doped |ayer 207" situated underneath is |ikew se present.
In contrast to the previous structures, in particular the guard ring is
surrounded by a shallowtrench isolation (STlI) 214 on the inner side (that
is to say toward the contact region)_apd on 35 the outer side (that is to
say toward the further regions such as,” for exanple, in the CMOS region).
This STl sthsiceureesertvesff @ppélyealtgertkd%l nepeatiren oofla hk03 ndpvildisal

regions. The,struet Uf@gi n O ACt -gonegt Bl i nsihe svaleays, thate is to
say that the negative po e - - 208 is applied to the cont act regi on

203, whil e BHEOPHLY t e TEs| é:éleorgler%g appl iE 1 EHRS gligld Mo

Schematic egypbvakeptaeteguit adi aghanegdles anrd 126 iamg 5r1ai?r$ﬁl’31 edcien figure

6, nerely for the sake o el uci dation. The diodes ect ed
back- t 0= bac?XEB??E%%Bnd?égF@qq%rSQFVatBCFHESfo?%af%oﬁegpl %%Igg?on zone.

10 FUrthernpoe;tivgupeﬁe?log mmiﬁg|d@p&ﬁ¢®1éoexaﬂpbasrdfﬂumgciﬁﬂact
regi ons 303,493, 303 (can. beyar (angcd AN Abogi eg vLE Jeoaldh das L hel 1

form Figure” 7 shows a S a sem conductor structure |n pl an
view with aneghdnvﬂ@@ahﬂxﬂﬂmnﬂrk%@1OMIB@Btbﬁbdéﬁééﬂpﬁ =ty | e

fashion and fitted abqthe iHaNhabdeneFidWwe 18idk g %ﬂ%@@&wﬁl ity of
punctiform cont act ions 403 on a substrate 402. Flgure 9 shows a

ri ng- sR&pedcedntatt 1llgg| douE3 o e ubst FEEEC562 V30 TORGhEd 22 a
particul arl ynher Qflelrersedlls@m E\Qﬁﬂlﬂétﬁbrétr@c'ﬁw]@ toecphohon detiecti®h is

tructed d tr.at duced
From 11 oat - 2832 6RE SFFi CURSWEEH ARPaa0dt P v 2000 W T b o

seni-intrinmannseniabedamlproﬁﬁsetlﬁkomstbegconbaCESpegdongﬂ93(n--) doped.
This substrate is thinned to a thickness of approximtely 50 pm 30

Mor eover, the sem conductor has a contact region at the frontside of the
substrdtfe. A formdienf S50Upe200 pri c 6RES SEREBIEBASI RIS BRDRECTRT

particular. bt, assin jhhediesent case, aiyeakky nydoped sgbstraiedis
chosen, the contact region cqurlses a so- called g%source/draln ?@

i npl ant at i ORREBAPBEBHATEE & IKFINSHopRUPRAFEFi & BBt r XNV
appr oxi mat eh¥vifg @ Q@tb&ﬂlﬁiﬁmntéﬁﬁazgeﬂ wmthha hage 19f domped Opam t o

| ot Y pRo L PBEY S 00aLLaa 2 il el | ahPl ANtk aR Ny ng @

doped | ayer resistivi
20 doped layer 203c 51tuated underneath

The actual substrate 202 in turn is weakly n-doped. The
contact region 203 is surrounded by a guard ring 205.
The latter comprises a metallic contact-connection and
25 also a heavily n-doped well 205a and a further n-doped
layer 205b lying below the well. Furthermore, a bias
layer 204, which is heavily p-doped, is applied on the
backside, and a passivation layer 213 is also applied.
A corresponding CMOS structure 207 having a, likewise
30 shielding, p-doped layer 207' situated underneath is
likewise present. In contrast to the previous
structures, in particular the guard ring is surrounded
by a shallow-trench isolation (STI} 214 on the inner
side (that is to say toward the contact region) and on
35 the outer side (that 1s to say toward the further
regions such as, for example, in the CMOS region). This
STI structure serves for greater delimitation of the
individual regions. The structure is centact-connected

in the usual way, that is to say that the negative pole



- 17 - 1000 O/sqg., arranged in the range of fromapproximately 0.1 mto 1.0
m depth). Said p-type well is designed such that a potential of -1 Vto -5
V can be applied. In addition, a p-type subinplantation is provided, 5
which froma (p+)-doped region (sheet {gsistivity of approxi mately 1000
O'sq., arranged at a depth of approximately 0.7 mto 1.5 ng: The guard ring
is |ikew se2f8rred eppthedf riont shde @intiy-t hsegibst rédlls andisdar ridimds the

contact regjon;Jhe ﬁ%%éhng 8e, 5@Eer£89thé_Eﬁ§E@r9Ph¥ appr oxi mately 10
pm and the distance fromthe contact region |ikew se approximately 10 pm
Furthernore, a shallowtrench isolation (STI) having a wdth of 10 mis 15

pr ef er abl 3(;_ Qélﬁéhgﬁﬁjcwédﬂiﬁrad@lto%ﬁhﬂ@iﬁh@/iglq&!éldls!’iZ’ﬁ?ﬁ Fhe gua card ngOI f
corresp in conpri ses.an n-type_source/ drain, i nplantation conposed o
(n++)-d edlﬁﬁgéFﬁgFjﬁhv?ﬁguﬁesh etmﬁégﬁgtrgﬁfytgﬁ|%£;etﬁ§n&ﬁﬁf sq. and
a depth froailthédsuibace ahelOQimmes20 NEr eowermedtmt guaack+iargoastk uct ure
conprises an n- 2| | 1. mpl i f. + P i al

(sheet resi§ ?6%%@5“§§%9%¥?@%?§%3E§8§ g?%ﬂgiﬁgggfﬁﬁgﬁ%ﬁgiiﬁgée yﬁ%$7 mto
1.5 m arranged-in the range of 100 nmto 1000 nm depth). The n-type well

25 inplantation is enbodi ed such that an isolating voltage of +5 V to +10 V
can beégpplied. Furthernore, provision is nmade of an n-buried |ayer inplant
conposéed’ of FARtPRENCdEped eSS alr ($hBE PedidtiNitAFe dpiuxiSmtety 1300
Q' sq., dept howapph@ddmatetyidhd BUBP 103, M5B0 tyhnpe mrimmgeangenof 500 nm
to 700 nn1deg%hé“ Bb further |ayer is rovi%%d uanrqg%§h7 ore
particul ar | §PRGY4PFedt Wont BEELCorfectioht of °the n-t9pe glard T *hg®to the
substrate. 3bBbBurther 302e o fpreodesiianidBiatade Dfrecthacksideclayevigwmi ch is
ey stange chr oLt Pengept AGk1 1 e0bARachul -LOLAR ash3! cLphoavenl amwi th the
contact region. It conprises a p-type well I antation ((p+)-doped with a
sheet risi spiorctyfofm dashilpan aobor trsgd) aéxttéwdi P ide 18Fid@rdept h of

200 nm frongt henbagksh desisad ace. pAlu-the tsur bacepusatdrbagkstgethayer is
covered by an anti-reflective coatin Igggr %A | ayer) conposed of
ye

ARC
nitrides, zbSPEPBE 255 N° FhEUBACkFde 1IYE FegulUr y* hbhdgeneousl y
enbodi ed, i sBapedt boutastr vebibnngp3and extebdsraver SDBe entire wafer
region, if appropriate apart froma narrow edge region that is e.g. not

thinned and is fitted on the backside. - 19 -
20 To summarize, a particularly preferred semiconductor

structure for photon detection 1s constructed as

follows:

It has a high-impedance substrate produced from float-
25 zone silicon with a resistivity p > 2000 Q cm. This
semi—intrinsic semiconductor material is e.g.
correspondingly (n--)-doped. This substrate is thinned

to a thickness of approximately 50 um.

30 Moreover, the semiconductor has a contact region at the
frontside of the substrate. A format of 50 pm x 200 um
comes into consideration, in particular. If, as in the
present case, a weakly n-doped substrate is chosen, the
contact region comprises a so-called p-source/drain

35 implantation composed of a (pt++)-doped material (sheet
resistivity approximately 100 Q or 100 Q/sqg., arranged
in the range of from 0 nm to approximately 100 nm),
additionally a p-type well implantation having a (pt)-

doped layer (sheet resistivity: approximately
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1000 Q/sqg., arranged in the range of from approximately

0.1 pm to 1.0 um depth). Said p-type well 1is designed

such that a potential of -1 V to -5V can be applied.

In addition, a p-type subimplantation is provided,

5 which from a (p+)-doped region (sheet resistivity of
approximately 1000 Q/sg., arranged at a depth of
approximately 0.7 pym to 1.5 um).

The guard ring is likewise formed on the frontside of
10 the substrate and surrounds the contact region. The
width of the guard ring is preferably approximately
10 ym, and the distance from the contact region
likewise approximately 10 um. Furthermore, a shallow-
trench isolation (STI) having a width of 10 pm 1is
15 preferably provided within and outside the guard ring.
The guard ring correspondingly comprises an n-type
source/drain implantation composed of (n++} ~doped
material having a sheet resistivity of less than
100 Q/sq. and a depth from the surface of 100 nm.
20 Moreover, the guard ring structure comprises an n-type
well dimplantation composed of (n+)-doped material
(sheet resistivity: approximately 800 Q/sqg., depth
approximately 0.7 um te 1.5 um, arranged in the range
of 100 nm <o 1000 nm  depth). The n-type well
25 implantation is embodied such that an isolating voltage
of +5 V to +10 V can be applied. Furthermore, provision
is made of an n-buried layer impiant compcsed of an
(n+) -doped material (sheet resistivity: approximately
1300 Q/sqg., depth: approximately 0.5 um to 1.0 um,
30 1lying in the range o¢f 500 nm to 700 nm depth). No
further layer is provided underneath, more particularly
no direct contact-connection of the n-type guard ring

to the substrate.

35 Furthermcre, provision 1s made o©f a Dbackside layer
which is at a distance from the contact region, but
forms a lateral overlap with the contact region. It
comprises a p-type well implantatiocn ((p+}-doped with a

sheet resistivity of less than 1000 Q/sg.) extending to
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a depth of 200 nm from the backside surface. At the

surface, said backside layer 3is covered by an anti-
reflective «coating layer (ARC layer) composed of
nitrides, ZbSi0 or ZbSiNi. The backside layer is
5 regularly homogeneously embodied, i.e. without
structuring, and extends over the entire wafer region,
if appropriate apart from a narrow edge region that is

e.g. not thinned and is fitted on the backside.
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150pposite the bias |ayer, such that an overlap region is present in a

| ateral direction, - a guard ring (5, 105, 205), which is arranged at the
frontside of the substrate and surrounds the contact region, 20wherein a
reverse voltage can be applied bet vve_enz%h_e contact region and the guard
ring, wherein the overlap region has a lateral extent anmpunting to at | east
one quarterCbiimpe di stance between contact region and bias |ayer. 25 2.
The sem conductor structure as clainmed in any of the preceding clains,

wherein the_contact region is designed to infl ce.t potential of the
bi as | ayer by ne%n%e%’rg?ﬂ@u%%n?FgPCEBﬁ?ie( 'tg% ic?oggcof?ﬂracﬂh‘%ecﬁ? on. 3.
The sem conduct ofleséctitéty ecaspel aimgd in any of the preceding clains,

wherei n the di stance between contact region bi | ayer, orrﬁﬂonds to
the 35tHi ckness oft h& 8 §?F§te.(%4. Iﬁfeg’semggghdu?’t%gr’ ste4r0u2§ture as clai ned

in any of the precedhpgsedaiafs, awherel potdieccont actt addgilonhevapri ses a wel |

(103b, 203b) forne‘ﬁog)gn%hgf 5 £2.zcStbhstrate, said well having a doping of
opposite sign to the doping of t.ﬁe fi st'tgge. 5. The sem conduct or
structure as cl af n&d GoRt ofeGipe pgreced?ng Caims>Chher @ tHelksubstrate

has fitted at the frontside of the substrate,

10 - a bias layer (4, 104, 204) composed of a
semiconductor material having a second doping,
which 1s arranged on the backside of the
substrate at a distance from the contact region,
wherein the contact region at least partly lies

15 opposite the bias layer, such that an overlap
region is present in a lateral direction,

- a guard ring {5, 105, 205), which is arranged at
the frontside of the substrate and surrcunds the
contact region,

20 wherein a reverse voltage can be applied between
the contact region and the guard ring, wherein the
overlap region has a lateral extent amounting to
at least one guarter of the distance between
contact region and bias layer.

25

2. The semiconducter structure as claimed in any of
the preceding claims, wherein the contact region
is designed to influence the potential of the bias
layer by means of the potential applied to said

30 contact regilon.

3. The semiconductor structure as c¢laimed in any of
the preceding claims, wherein the distance between
contact region and bias laver corresponds to the

35 thickness of the substrate.

4, The semiconductor structure as claimed in any of
the preceding claims, wherein the contact region

cemprises a well {103b, 203b) formed in the



hi gh i npedance,

in particular is weakly doped. 6. The sem conduct or

structure as clained in any of the preceding clains, wherein the contact
regi on 10has dopi ng of opposite sign in conparison with the substrate. 7.
The sem conductor structure as claimed,4n_any of the preceding clains,

wherein the bias |ayer

substrat e.
pr ecedi ng
the substr

pr ecedi ng
iIIuningTe

has 15dopi ng of oOpposite sign in conparison with the

8. Theulsehizomductdd stellt brE1ag & aflPRENY n o&nyorfo 3 e

cl ai msg 4

e&@'@héh&%pﬂ% of i e NBSr & 20¢gpi ng of the sane sign as

ate. 9. The sem conductOor structure as clainmed in any of the
preceding cl ainms, wherein the guard ring is nore heavily doped than the
substrate. 25 1orhérh%emkflo@@m1@%&orstsﬁm¢mw €ads dllaimedl in amy off the

cl ai nB

dfroﬁ@%e

wher ei n he se conductor stru Eﬁge |E§g tgurd to be

H‘S ’ Th‘%h%lé%%%o t 5

clainmed in any om1QMe1mpedeﬂcag nhapastlmhba3|nsaWehEhgtdopedfurther regi on
(6, V, 106, 107; 207) conprising at | east one well conposed of a materi al

The semiconductor structure as claimed in any of
the preceding claims, wherein the contact region

has doping of opposite sign in comparison with the

The semiconductor structure as claimed in any of
the preceding claims, wherein the bias layer has

doping of opposite sign in comparison with the

The semiconductor structure as claimed in any of
the preceding claims, wherein the guard ring has a

doping of the same sign as the substrate.

The semiconductor structure as claimed in any of
the preceding c¢laims, wherein the guard ring 1is

more heavily doped than the substrate.

The semiconductor structure as claimed in any of
the preceding claims, wherein the semiconductor

structure is designed to be iliuminated from the

The semiconductor structure as claimed in any of
the preceding claims, wherein at least one further
region (6, 7; 106, 107; 207) comprising at least
one well composed of a material having the same
sign of doping as the contact region i1s arranged
in a manner laterally offset with respect to the

contact region.

havi ng the sane
0.
10
substrate.
7.
15
substrate.
3.
20
9.
25
i0.
backside.
30
11.
35
12.

The semiconductor structure as claimed in any of



35 sign of doping as the contact region is arranged in a manner laterally
offset wwth respect to the contact region. - 23 - the preceding clains,
wherein at | east one of the further regions (6, 106) is enbodied as a
sensor conponent for detecting photons,45_13 The sem conductor structure as
clained in any of the preceding clainms, wherein the sem conductor structure
i s designed to ef8Bl ®rslveddns atlaiaust Par¥eint atpdredlateds b Bae

absorption regi oguetnhthe it At esf onoahsordi 8gnpROEANSs Wi glnksr

10l aterally offset with re%pect to the ovgrlag region. 14. The

seni conduct or st FAEPAPERAs TEFafReGCtAREnY "8 °FRe preceding cl ai ns, wherein
the sem conductor 15 structure is designed such that the absorption region
forns adgeph%{ioghéone mhenc%h reve ggcgolta e islgg%géeq. 15. ng

. SCm1iCconguc ry s ur C S =1 .
seni conduct OF st ruct ure as ¢ ai ned | any of t he preecedi ng ¢Hai s,

wherein the substhat episcedouaced § rom f [WwhatrZone tiel i senicdBduTher _
sem conduct or St%HQEHEEFQSj%!a?gggzh?%i4¥>0@n$@féf§ﬁ6%@h@9eﬁiaiQ§st“here'”

a shallowtrench 25 isolation (STI is part arranged between the

contact region aRETtRE ditar @eRFRE2BAJAGE DetheeRSPRETEEOM @9 4WBYi B8R and the
at least one further E@BLeRzte for absorbing photons, which is

10 laterally offset with respect to the overlap

region.

14. The semiconductor structure as claimed in any of

the preceding claims, wherein the semiconductor

15 structure is designed such that tThe absorption
region forms a depletion zone when the reverse

voltage is applied.

15. The semiconducter structure as claimed in any of
20 the preceding claims, wherein the substrate is

produced from float-zone silicon.

16. The semiconductor structure as claimed in any of

the preceding claims, wherein a shallow-trench

25h isolation (STI) (214) is partly arranged between
the contact region and the guard ring and/or

between the contact region and the at least one

further region.



