Sensor apparatus, production nethod and detection apparatus The invention
relates to a sensor apparatus, in 10 particular a tine-of-flight ON and/or
COD sensor apparatus for a. 3-0 canera sensor according to the preanbl e of
claim1l1, a method for producing the sensor apparatus according to the
preauthl e of claim 12, and a detection jqapparatus according to the preanble
of claim 1515. While on the one hand there is a general trend toward ever
greater mniaturizations in the chip design, on the other hand many chips
and optoel ectronic sensor 20 apparatuses can only be used to a very limted
extent and have to be inplenented in sone instances in a conpl ex manner

Wi th provision of sone peripherals in canmeras or other sensor devices.
Difficulties can occur, in particular, because correspondi ng sensor 25
devices d& e too large and too conplex, but often the necessary robustness

is also | aCkEtQESW%"t h 1 q._rust,o the, qPPLi St i ngz._éghat edd UL EOENL S It IS

an object of nvernti on to ‘propose a sensor ) apparatus and a net hod
for produci ngPPRT@¥IEN enabl es i nproved integration into application-based
sensor devices or detection apparatuses. Proceeding froma sensor apparatus
and a nethod for 35 producing it and a detection apparatus of the type
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While on the one hand there is a general trend toward
ever greater miniaturizations in the chip design, on
the other hand many chips and optoelectronic sensor
20 apparatuses can only be used to a very limited extent
and have to be implemented in some instances in a
complex manner with provision of some peripherals in
cameras or other sensor devices. Difficulties can
occur, in particular, because corresponding sensor
25 devices are too large and too complex, but often the
necessary robustness is also lacking with respect to

the application-related requirements.

It is an object of the invention to propose a sensor
30 apparatus and a method for producing it which enables
improved integration into application-based sensor

devices or detection apparatuses.

Proceeding from a sensor apparatus and a method for

35 producing it and a detection apparatus of the type
mentioned in the introduction, the object is achieved
by means of the characterizing features of claim 1, of
claim 12 and of claim 15.



10 The sensor apparatus according to the invention is, in particular, a
time-of-flight (ToF) and/or COD (charge coupl ed device) sensor apparatus
for a 3-D canera sensor. A typical industrial application consists, for 15
exanple, in providing a nonitoring apparatus for a door, a gate system or
the like. The invention makes it possible to provide a so-call ed.

syst em on- chingvhSeehebok pix@bodasad: slet eglii ond@fe Bogndhag eapfwhi€he 1N

particular, i,s alsq suitable for jndustrial_ 20 applications. The sensor
appar at us car]rnéf«?P\s'iéOQS tHE prE?%?Jﬁg]te el Bhenf€8P S ?—fg) Hifer S€IREESFs to
say as a 3- Dmeamgpacsensothewkepenaent icdapmef.er ably enbodi ed as a
time-of-flight or COD sensor apparatus. 25 The sensor apparatus according
to the invention conprises at |east one analog and digital circuit
conponent > andcarrdialadyl di gi t atckednver BEPAFBEUBon@ecOrig Ndnaltoy stghal s of
the anal 0g Cijhednk ;6@MeNNtsT iidda Hed 1) SHonal st fohad hendigitahigi reuit
30 conponent, and vice versa. Both types of circujt conponents, nanely
anal og and dicGPPEReEtScutRCEeiRPert’s, 1 %%ﬁdkﬁkEalto%ﬂV?ét?&- cafFfed
nodul es whi cineratlae cel ect raoni Ent oprevedt atirenief ia fandiipn ykegeidat a

pr ocessi ng, ta st.orage, driver functiaqns, .35 phase j.yst nent,
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appara dccor di ng to the
i nventi ohQ one nodul e of the analog circuit conponent is enbodied as a

sensor devi ceyfor ti r j dicatl i.N-sparticul | F.
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range). The detection of 5 infrared radi itl on (| F r.adi aél on) can rggul arly
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embodi ed as &oi OBakeRLOESES Nodext£on' U 19 PEOBeSHIag, diglid, signals, a
so-call ed digital domain for signal processi ng. Further functions which can
be i npl enent & Bt Additi onalSnodd e of BHétaP§Pt al &9% cui tnEBRPEASHL
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3-D camera sensor, wherein it is preferably embodied as
a time-of-flight or CCD sensor apparatus.

25 The sensor apparatus according to the invention
comprises at least one analog and digital circuit
component and an analog/digital converter for
converting analog signals of the analog circuit
components into digital signals for the digital circuit

30 component, and vice versa. Both types of circuit
components, namely analog and digital circuit
components, in each case comprise so-called modules
which enable electronic implementation of a function
(e.g. data processing, data storage, driver functions,

35 phase adjustment, amplifications, etc.). In the case of
the sensor apparatus according to the invention, one
module of the analog circuit component is embodied as a
sensor device for detecting electromagnetic radiation,

in particular IR radiation. Consideration is preferably



integrated in a single chip and a systemon-chip 25 solution is thus

provi ded, the sensor apparatus according to the invention can be integrated
particularly well into a wide variety of sensors, sensor apparatuses,
canmeras, nonitoring apparatuses, etc. _Besi.des the user-friendliness nade
possible by 30 this integration, the apparatus according to the invention
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The sensor appaty Tﬁﬂ according to the invention or the

syst em on- chi paccor | ngt ot hei nventi on.i s manuf act ur ed. usi ngl- pol yt echnol ogy
(single-polysilicontechnol ogy). Stackeddoubl e structures(2-poly)are thus

avoi ded, and ti€thermore, at least one module of the digital circuit

component is embodied as a signal processing device for

15 ©processing digital signals, a so-called digital domain

for signal processing. Further functions which can be

implemented by additional modules of the digital

circuit component concern, for example, phase

modulation, measurement and regulation of phase shifts,

20 if these functions are required for time-of-flight
measurements, for example.

By virtue of the measure that the sensor apparatus is
integrated in a single chip and a system-on-chip

25 solution is thus provided, the sensor apparatus
according to the invention can be integrated
particularly well into a wide variety of sensors,
sensor apparatuses, cameras, monitoring apparatuses,
etc. Besides the user-friendliness made possible by

30 this integration, the apparatus according to the
invention additionally also affords cost advantages,
since the individual, sometimes expensive, functional
modules are already integrated in the one chip. 1In
particular, the sensor apparatus according to the

35 invention or the system-on-chip according to the
invention affords a particular space saving by virtue
of which the possibilities of integration into a wide
variety of application systems are additionally
increased as well.



20 construction thus becones, in principle, flatter and additionally |ess
conpl ex, The entire chip, in particular also the COD, can correspondi ngly
be produced using 1l-poly technol ogy according to the invention. CCD chips
are usual |y manufactured using 25 2-paly technology. The integration of a
non-vol atile nmenory on the chip for storing configuration paraneters, in
particul ar an EEPROM (el ectrically erasable programmable read-only 30

menory), is rticularly preferred. This, allows cruci al .step toward a
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enbodi ed as &etepslipnst r @6t ur @biemisequeérving t hedidbfr ¥t gat @t 5Cabt

enbodi ed as g -deubkecst Kuchupe kNgWhielitheifliegting gate is situated bel ow
the control gate, said floating gate being separated fromthe rest of the
bul k material by nmeans of a gate oxide, rather the floating gate is 20

enbodi edl s @hkayeinddratambsmstaxd enadsooaernigt be reg dnveramaouscethewar d
drain. In this_case, the.region, of-t.he control te ca epar at from
t he region of Yehe 'solir ggl-lgr ai nacpcaqrré]bn)? rrea%% of %gefurtlhq}e\%)eq}?sleﬁ ox?ge

regi on. The vemufelctaate can be asimmged in tlreddyl k- st ructasenolegivde t he

source-drain (Q@h@-les-g)%q siRg dohoati 'E%cﬂﬁ%‘i ggf‘?s. not stgemea stagkgdie
structure with the control gate in 1-poly 8 ign, the gate structure can,
in partiCuIaﬁﬁr§F§Gr@§npr“§éPQlY) are thus avoided, and the

20 construction thus becomes, in principle, flatter and
additionally 1less complex. The entire chip, in
particular also the CCD, can correspondingly Dbe
produced using 1-poly technology according to the
invention. CCD chips are wusually manufactured using

25 2-poly technology.

The integration of a non-volatile memory on the chip
for storing configuration parameters, in particular an
EEPROM (electrically erasable programmable read-only
30 memory), is particularly preferred. This allows a
crucial step toward a fully integrated system-on-chip
which not only has a compact and space-saving design
but also can itself in turn be integrated outstandingly
into sensors and measuring apparatuses. Moreover, the
35 robustness of such a fully integrated variant according
to the invention can be increased significantly by

comparison with conventional sensor apparatuses.



30 control gate in the formof a buried. |ayer (buried control gate), which
is arranged in the bulk material of the sem conductor itself (enbodi nents:
e.g. ETOX, FLOTOX). In the case of this proposed desian, noreover, it is

al so possible to save material for the gxide 35 |layer that woul d ot herw se
be required for insulation in the case of a 2-poly structure. conponent,
whi | e subnonifabnki nesyarte gy agéus edphant hefdigid aineentibh, camponent .
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for exanple, in ordér to achievé a smallest possible distance between the
gate structuf83mr}s, TRerdrgfiap eppcunfoeBapsnBnEs Ba&nSEBFPEspondi ngly
conprise narrow lines, that is to say e.g. for short transistors, in order

to enable transistors to, be densely .packed and . thus in arder to be able to
obt ai n hi gh DeXGrTRAREHTE hECEEGhAIE o BRReSrAG VLIRS FPTHo Sor 82 the
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charge packets (so-called free-charge ng . '
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nor eover conb¥i VSRS ¢h pr PREPpIIdSr EdteE ARE dilgrtaldcidris t1s
conponent t embedsepar=al el byyse- ealated w@rdxtends over the region

from source toward drain. In this case, the region of
the control gate can be separated from the region of
the source-drain path by means of a further field oxide
region. The control gate can be arranged in the bulk

25 structure outside the source-drain path.

Since the floating gate does not form a stacked
structure with the control gate in 1-poly design, the
gate structure can, in particular, also comprise a
30 control gate in the form of a buried layer (buried
control gate), which is arranged in the bulk material
of the semiconductor itself (embodiments: e.g. ETOX,
FLOTOX). In the case of this proposed design, moreover,
it is also possible to save material for the oxide
35 layer that would otherwise be required for insulation

in the case of a 2-poly structure.

In one preferred embodiment of the invention,

subnominal gaps are formed in the analog circuit



5 rings, Such guard rings are highly doped ring structures surroundi ng
sem conduct or structure regions to be delimted, such that it is thereby
possi ble for the parasitic resistances to decrease and, on the other hand,
it is in turn possible for stray chargegarriers 10 to be intercepted by
the guard rings. Furthernore, it is possible to prevent sem conductor

structures taatnp@h@nito heh isihd ebd@ﬂoffnmalbqurir@sdrw@nm@ﬁu@@@w&tedofm
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or an LED contkql | endy dderaet sveubthsss nabken iRy Jhes iensoin appar at us,
a digital SPI interface for comrunication, the Al D_converter, tk?e PLL and

further dataSFr6cesi ngs%‘Fé%‘?Iﬁ%‘h‘FEo’éonﬁBﬁéﬁFErSr QIEENS ¢ Suc
15 EEPROMs or CCDs, to be able to influence charge carrier

packets by means of fields, since the distances can be
made correspondingly small, without structure overlaps
or similar measures being necessary. Consequently, this
production method is particularly suitable for

20 producing structures that are as small as possible,
such as are often desired in the case of CCDs, for
example, 1in order to achieve a smallest possible
distance between the gate structures.

25 The digital circuit components can correspondingly
comprise narrow lines, that is to say e.g. for short
transistors, in order to enable transistors to Dbe
densely packed and thus in order to be able to obtain

high performance in the signal processing.

30
Furthermore, the analog «circuit components require
narrow gaps for influencing and for transporting free
charge carriers by means of fields and for detecting
charge packets (so-called free-charge handling).

35

The analog/digital converter, by contrast,
advantageously has wide lines owing to the tolerance
with respect to high voltages.



10 conponents which can be used for volatile data storage. The DLL can, for
exanpl e, independently neasure and regul ate the phase shift between LED and
LED driver, The tiner is stabilized by a corresponding tiner 15 resonant
circuit (PLL). The sensor for radiation-detection is, for exanple, a pixel
matri x which is enbodied as a CCD and i nfluences and transports
radiation-i nguegd Jdee £NBE06 AT ELRES GBLEKNTEANS AL T4k londydegperature
sensor in turn can be provided for perfcorm ng a correction of the
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15
A series of modules can be integrated on the chip
according to the invention. In one exemplary
embodiment, moreover, the digital circuit component can
comprise at least one of the following modules
20 (alongside the digital domain for signal processing,

the A/D converter and the non-volatile memory):

- an apparatus for controlling a phase shift, in

particular a DLL (delay-locked loop),

- a timer resonant circuit, in particular a PLL
25 (phase~locked loop).

In addition, the analog circuit component can comprise
at least one of the following modules (alongside the
sensor and modules for so-called free-charge handling):
30 - a sensor for detecting radiation together with a
structure for transporting induced free charge
carriers,
- an amplifier,
- a voltage regulator,
35 - a voltage converter,

- a temperature sensor.

In one particularly preferred embodiment of the

invention, on a sensor apparatus according to the



10 efficiency in the CMOS conponents now proposed is made possible firstly
by illum nation of the conponents fromthe back side (back-side
illumnation) and the extrenely short detection tinmes for the charge
carriers forned in a detection. 15 The @D sensor device can be constructed
for exanple as follows: the sem conductor structure for photon detection
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region and the bias |layer lying opposite. The bul k material can be obtained
for the sens@he 1BLL #iar atf@sesekidPRget hel FIRANRIHe Yre 86§ Ve oabdzone

silicon). Thiggmteld athdé s pllaski N shedebyekar Vi EwWadef s andvby .
parti cul ar hgonogenei t%r. The conduct i wciy is fromseveral hundred.ohns x

centi meter sever al 1@ ohe %k daht i fret EPEREP R I ahesehsBFT

appar at uss acaersdinag tt @itdeeiitnve@iti)an or the correspondi ng enbodi ment, by
virtue of these measures, can nake possible not just particularly good
detection; these neasures also permt the sensor apparatus to be 10

sui tabl e for Thew skenseri oy ohdaidion ofstetoion ngsandeureieanp her i Af | uence

of anbient |ighiciangkd Mt hen£ase; of cArWadedvald & Yc@b 2R4! ¢akipeapeities of
the objects to be detected, which can noreover nove. 15 On account of their

different fufd¥d oh&3NPROBRE s R eiffBisfent 168 tHE TR eRBFEREIEhe
circuit gonpenenicar dheriEERECtA veepdbhesrof séheogi iauttiraogpaneet s can
be designed for di(:[f%fegnt volg aﬁgzs. One _functjon of rrﬂj‘ul ﬁSmOf r%h%ranal og
circuit corrpcﬁ‘Feothl SsiBTS"TH 1HE YetBtiFO l%ﬂdofn dencl ﬁ& 013: ¢har ge
packet s (freehchar gef hahdl iarg)ireTheecsor esppadiang sdetweinaim nodul @ays, for
exanpl e, part_.of S r of t n frout
conponent havoePag_E{? ﬁﬁl‘-tgl’: ongﬁlgéesrpg#ﬁa&golc{ggqelﬂ I%Z:&&nat ?%F\gara]éd% d v%llé't age
conver si on, taperatiftel det peripeRtea®pl LRi cEts n BEGROuUppressisrf bd@kgr ound

noi se, npgul e havipngpdsdri vey funationckorcide didght cgatttdng dinede, etc.
Accordingly, it _is advantageous for the nodul es of the analoa circuit
conponent to WEH&RT gr@y Per CRIpREED in a single system-on-chip, 1t

is additionally possible to save expensive and
space-consuming peripheral components such as FPGAs
(field-programmable gate array) for processing logic,

30 A/D converters, components for power supply, etc.

The digital circuit components can be manufactured, in
principle, in CMOS processes (complementary metal-oxide
semiconductor) .

35
In the present case, a particular CMOS process 1is
proposed for a sensor apparatus according to the
invention, sald CMOS process being distinguished by

some advantages, precisely in the area of infrared



30 voltages than those of the digital circuit conponent. The anal og and
digital circuit conponents conprise sem conductor conponents in which oxide
| ayers are used for electrical insulation. One exanple thereof is, for 35

i nstance, the gate oxide, which, in thecoase of a transistor, for exanple,
separates or insulates the gate fromthe rest of the bulk material, in

adplidti on, OLH@It_e@X.iidﬁJ ayer s:oﬁ@ad rals$e bei@nemndda‘w emasglreeflcmdéielﬂ
oxi de or other inter i ate oxi yers. in rder, rdin in the
case of anal g@mﬁfgﬁgﬁqé’onpoﬁgﬁﬁg,a ?L(‘? be a%laém%or VOi gﬁgsovol t%eg%é%Jf‘?—:akdom,
advant ageousl(gbbmeonetdevel opfient “*6HMOfhe imzeati orenxdde) | ayerspoisehe

| . . \ 1 1 1 ]
anal og ci rcwsg_(égrﬁrf%@lent lﬁﬁ%‘ﬁg tﬁﬁ‘gﬁga%dgg thlﬁllgg[J tﬂ?@té@é’ﬁg of,Lthe

digital circui't conponents. cknesses™ of t at'e oxi de of “the EEPROM
can be chbsefdetechHacsnglelgérnt iedn wHeh HalaTedssess Uil e Yateknssdecfayers

of the nodul gs @fy tHecANRL OG- &) T 6HhE GRMRANESHEy BYt shd1tWRN HAat €het han
the 10 thicknesses of the gate oxi &e | ayers in nodul es_of tple dtleg%[;{?l
circuit conp@REREPLECR. YW gPt al 1d8kaitRViB%t 2r YAV G 1ePAE N & de

| ayers of theaanaletgrs roui kitoopanemandlagveara bbsokpessnofleéhgh tof15 nm
the gate oxide_ | ayer of .the PROM. has_a.t hi ckne of 6.ninto and
the gate oxi &P é?nagfe]Tyhe Egnal ﬂlilﬁﬁofﬁ‘le&efﬁl' Ci ?gﬁit }g(l)grgone ‘%%nﬁg}sn a

t hi cknes0 of eff3cimncy I mmi{evheres oempoabbtevinawi grragfoseat ohet Baje

Furt her More, d 4. r F q]ez{& u depgto the
i nvention isp%grg?tgggorgd‘%rns&lﬁg %Sé lonlgle .l' n g{anr %3%,?%@?g§?£ogeggart of
the method f&hepr odaeki orf coRpFEikseigde200l hhyvics: Femuf ad@ i n§hfet hod.

This invol vegxa raufaGHydN GdmiNob i Ghed | £S5t | yhé scest gl bsbedeirs
seni conduct or. manuf acture, 25 hut with regard to its accuracy makes
requi renent s fOFgEd 1n a detection.

15
The CCD sensor device can be constructed for example as
follows: the semiconductor structure for photon
detection comprises a substrate composed of a
semiconductor material having a first doping, a contact
20 region applied to the front side of the substrate, a
bias layer composed of a semiconductor material having
a second doping, which is arranged on the back side of
the substrate at a distance from the contact region,
wherein the contact region is at least partly opposite
25 the bias layer, such that an overlap region is present
in a lateral direction, a guard ring, which is arranged
on the front side of the substrate and surrounds the
contact region, wherein a reverse voltage can be
applied between the contact region and the guard ring,
30 by virtue of the fact out that the overlap region has a
lateral extent amounting to at least one quarter of the
distance between the contact region and the bias layer.
As a result of this solid relationship, it is possible
not only for the potential in the bulk material to be
35 influenced by the potential applied to the contact
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 bulk material can be obtained for the sensor



still allow conparatively cost-effective production. In one particularly
preferred devel opnent of the invention, the gaps and |lines of the

sem conductor 30 conponents are produced by nmeans of a bi-subnom nal

et ching nethod, which makes it possiblejgo-produce particularly narrow
structures which cannot be achi eved using conventional etching nmethods and

the associ at sﬁpaagkﬁsefsrhl§sﬂﬁ§sumef0f1w@dwﬁé Omdmkas ifrpessidime 35 in
parti cul ar, to be able to rov de t?e sen ara& a ccordlng to the
i nventi on asSal ?GPP@ |ﬁ?§ﬁ$aP8 egyetemdns &ﬁFb ulshs dSEELE i oR"

appar at us accdefdcng tadt b m\t&ﬁldudjan Smdlcs;enmgmyshélﬂud)wdr’rmldmltylat a
sensor appar gLus, Aggording o ragdr@aergﬂn@ﬁcemghg%gr The, daf ectd on

appar at us can sefve, nmoni t evice whi'ch nonitors
t he nnvedbntS@VeaaﬁnvehEhPhQSeheﬂ@ntimﬁteﬁstaﬁ@% oh) a dafeeor ¥/¥NECHoor, In

this case, thgphRbens Ona'c%otr%ﬁ%o' d +¢ol | it3ieons Wivtdhtokirect Sor fOrchast ance
i f persons encroach on.a door gap and there is the risk of contusions or

other articl E8T¥§SRPEULPYpSEROGIMHicPEabtr iR fi V&S5 (HA e S coul d

al so i ncur daaag@aike tﬂ@%spmréesmt Hhes te i g taicaaradiing daod htetevendnon can
be sol dered, or exa

d t b t 15
circuit boar Séﬁ ﬂgggﬁﬂ#ﬁbeﬁfﬁﬁt efﬁé% Iag%é%ﬂ%gﬁ;gpP %P%;bghgge
active i10 umsnatiebiei orequiwiet deiqnyruﬁxtqndxnmqnixmﬁqkCBM$tamce
appropriate, ,alis0 GRLry )l 'e%*&te %‘}Ur 1&%‘3*‘1 @@%md ﬂ{“trgeg‘ L1i0g¢i odes.

A use of the sensSor apparatus n-a e vari ety of sensor devices is
concei vabl e, ai wigls rcplety . @&eﬂptaﬁyleﬁﬁ©§ﬁﬁﬁﬁ?5 of Aheexdnraky to

enbodi ment oh, ot Be ticRveRt i QR ;ics idbhugbrabed r2aocka.the drawings and is
expl ai ned nore thoroughl'y bel'ow with indication of further details and

advant ages. Specifically, in the figures:
15 On account of their different functions, in one

exemplary embodiment of the invention, the circuit
components or the respective modules of the circuit
components can be designed for different voltages. One
function of modules of the analog circuit component
20 consists 1in the detection and influencing of charge
packets (free-charge handling). The corresponding
detection module is, for example, part of the TOF
sensor. Further modules of the analog circuit component
have as function inter alia voltage regulation and
25 voltage conversion, temperature detection,
amplification for suppressing background noise, modules
having a driver function for the light emitting diode,
etc. Accordingly, it is advantageous for the modules of
the analog circuit component to be designed for higher

30 voltages than those of the digital circuit component.

The analog and digital circuit components comprise
semiconductor components in which oxide layers are used
for electrical insulation. One example thereof is, for
35 instance, the gate oxide, which, in the case of a
transistor, for example, separates or insulates the
gate from the rest of the bulk material. In addition,
other oxide layers can also be present, for example the

field oxide or other intermediate oxide layers. In



30 Figure 1 shows a schematic illustration of a sensor apparatus (300)

according to the invention; Figure 2 shows a schematic illustration of the
conbi nati on of the sensor apparatus with a 35PCB according to the
invention; - 13 - Figure 4 shows a schepatic illustration (conceptual) of

the transition fromthe 2-poly flash cell to the single-poly flash cell;
Fiure 5 shomerae5¢heaabbﬁdhhbmgtraihontl@é acds@ol yf EEerﬁCM Figtest 6 to 17

show t he sequence of ,a bi nom c hod f or

sem conduct of °FBRBSRERT s tﬁ)oﬁ $ﬁbst?%t &VRiten ?eXP&FSggl ze]ggav\%%vﬁnhre | ess
than the cri adaahtdgafenswn_s;nononhe @a‘sekomels‘chewrﬁtlth%ecmmtl@m agr ans.
Figures 18 (g.28cohowa yarbant ol {16, 846N Do JRLHOGdmispaceer dapce Wi th

figures 6 to 17. FI%U OWs a Ssc ustratlon of a plan view of

a sensor app&fPeedse e?csco‘iﬁfd}%]gmf othﬁé |tr§\?§ﬁt|% thai i Yiddntotiedias a

fully integr ébﬁ‘@oﬁéﬁﬁ:@m %&htﬁlczﬁeérseseraﬂ rehehlgetle eside idfl uskeated in
figure 1, hasg abbrevi ati on of

ize ere
millimeter). E§B§§Mf F@&I Ib)‘? glrﬂs)‘?nt & ijé"g vﬁﬂaéh et %5ieF es are
arranged ar eoifl st r@d@@l orider leleetr arf Cishe cmudun:eer offr adles ammalde |ike,

whi ch may be 2§C|ullltust r %ehq: spe]é:l fic, rqlet ggknonl X:e\gltter} dléldeI{:uI{p{eanyway

inthe size 6f FChé draW| Yave been onitt I'n Fig
schemat i t&l | f}lhnbﬂcustssatse@fcdnmr@me noxhde né)am%aﬁ shomdqhﬂseroﬁl the the

follow ng np nd he | 2 for
Wi ng @lilg‘i%aa cﬂ»&ﬁy m“g{@&% I ¥nk d@%gthﬁ donRiA,

Si gnal processing, o] xe eCtI on, e vol tage converter
(char ge purrp)Pr)?fetrﬁ@lUrrl F&e foete h?é“lqegﬂ{aY@rﬁsc tQIngt R A YREDF L5 e
EEPROM 6 for c%}nebheateomfav@uraatmﬂcm%@éreber 9, nAA AUl rfn com)élgaﬁe both a

resonant circuit, (PLL Iocl;@_ij [ o p and a % ar at

measuring and rléiﬁulla‘ﬂ §t \ﬁee’fq“}_ ea% P Du%rrir\‘/eFo(DLL

del ay- | ocked 1looom),. and the gate ox1de layer of the remaining
digital circuit components has a thickness of 1.5 nm to

3 nm (where: nm: abbreviation of nanometer).

Furthermore, a method for producing a sensor apparatus
20 according to the invention is correspondingly proposed.
In particular, at least one part of the method for
production can comprise a 200 nm CMOS manufacturing
method. This involves a manufacturing method which
firstly is established in semiconductor manufacture,
25 but with regard to its accuracy makes requirements that

still allow comparatively cost-~effective production.

In one particularly preferred development of the
invention, the gaps and lines of the semiconductor
30 components are produced by means of a bi-subnominal
etching method, which makes it possible to produce
particularly narrow structures which cannot be achieved
using conventional etching methods and the associated
masks. This measure for production makes it possible,
35 in particular, to be able to provide the sensor
apparatus according to the invention as a fully

integrated system-on-chip.



14 A/D converter 8. Furthernore, contact areas 9 are illustrated. The
systemon-chip 1 which is illustrated in figure 1 and which is manufactured
using 1-poly technology is the particularly preferred enbodi nent of the
invention. For 'nonitoring purposes, theypixel matrix can conprise 3 x 8

pi xel s. Each pixel can operate independently of the others. Furthernore,
each pixel in taepefasot WapdRtuschanaekaingi cho cahdeineadtand anal yzed
in order to et%nnine %hﬁtrglat%ve pgasg 19 O%Lset wWith respect to the
phase of the @Mtf84IEPGRt. P¥n FRE ch2Etof “B%honft o RS Eendde Tt Ps

basi cal | y subficoireihgt ccaretser é naenitidinviiduaprdivstadce Thenddsoectisnf fi ces
to forman a lu ve pi S and_the r " tion

t her eof . Theg§%%?%5¥§idggﬁ p%%gpg’caﬁgglsgggésaéfgh 2d %iff@?@%?%gﬁggor t he
illustrated eevddienemhich t FOndviorsl, tae | MAARHE Vf t aye BOTRRRNT
suffices, whi ghcfRkes aval | ableadcyobiage RfB.or Vor ShneR MOl tageshigquired
20 further are provided by neans of |ntegrated voltage converters, Since

t he sensor oﬁéﬁ&?es@ﬂ%f1%Rﬁ?QE??WIuﬁ?nagPon?Wﬂhﬁ ié?%%}%%ﬂpﬁts%}thas a
l'i ght sgur celo%g%@tfsor et e.@iét@mﬁ@urj@msohsi cerazﬂra]d%[am e 4 ypocal d_;&pb |
required as l_umi nqus neans._in the,present case. The 25 dista : e rea
out for exanﬁﬂgt) %%%n%sthﬁmﬁﬁﬁﬁL% ﬁ?H%HSﬁSHElgﬁ(ﬁsk%n %§€h§§§§ of an
SP' regisder arGCommmpgsedndisethicy ofs¢éheheegirsvver ofcdrhdededf ecoeddby
means of an SRl pr. ol . T f structure nmakes it possible,
in particula?}sfﬁégkgﬁéd@ﬁ%&gquaﬁﬁge%rggggggg can be influenced or :
detected in a short time. This is particularly inportant in connection with

the use of TGheSeAsOsSactbhe@nbherd ather {Ripaldy Bawe B BBkEe38d,
detections i.n the range of a few nanoseconds. , ,

for example, onto a printed circuit board. The printed

15 circuit board can be equipped with the voltage supply,

for instance. If active illumination is required, the

printed circuit board can, if appropriate, also carry a

light source, such as e.g. light emitting diodes. A use

of the sensor apparatus in a wide variety of sensor

20 devices 1is conceivable, in principle.

Exemplary empbodiment:

An exemplary embodiment of the invention is illustrated
25 in the drawings and is explained more thoroughly below

with indication of further details and advantages.
Specifically, in the figures:

300 Figure 1 shows a schematic illustration of a sensor

apparatus (SoC) according to the invention;

Figure 2 shows a schematic illustration of the
combination of the sensor apparatus with a

35 PCB according to the invention;

Figure 3 shows a commercially available 2-poly flash
memory cell (EEPROM) ;



Essentially, the response to a short emtted light pulse of the LEDis in
this case recorded and neasured. The sensor chip 1 additionally al so makes
it possible to performdistance neasurenents with regard to - 15 -

articles having a. different reflectiyiig.ﬁln this case, the distance can
typically be froma few centineters to several neters, 5 Figure 2 shows a

schematic ilkystratyonsah,d SENSQh QW t110ugeRRELShNY(& aBppar at us
as chip 11, which is applied on a printed circuit board gor

l'ied d . 12 (FOB).
contact -connection, tRé 6@%3?EPW%#E&ﬂ%kﬁ%QWdFP@c@F?O&Htﬁﬁ?%ﬂi%ﬁ%
circuit board 12. For &0 egstachgtenpect/ @naskoceall;ed pads 13 are
available on the printed circuit board 12. Said pads 13 or contact points
produce the connection to further conductor tracks. The chip 11 is fitted
on the patls F3ghyenmBanshofissod dechealatsicl4illnsthetsensarf r egi bripoihne chip
11 1.5 is illum nated tram-fhe back side of the sensor. In this case, the
i nci dent photons 15 firstly inpinge on a layer of filter material and
m crol enses 16. Situated thereunder in turn is the bulk material 17, which

substanti al | yigoReisste of filoatngpnensi ld&aenddec20 £18ct E@hEmEhALUI S
18, which servé, inter alia, for detection, are situated on the

uni | umi nated side of FAENIBAsoPSERAR dQLalremiroRAUStq" GPmPRRENTS

sem condugt or conponenth, 4 asupgtiheepriittedfeat et shaasd WiiciThater egi on

of the bulk material 17 into, 25 which the .incident. phot.ons 15 pass.i
sBan""F {5 ¥%ix? RoEn

J s
present as a full depl éf°6n ® pHotone 15 " generat e “Cchar ge

carriers 19 in the bul basdtsewifalschémawhicc Isecan ona 1t whimdyanrget ect ed by t he
circuits 18 of the sensor. 30 The quantum efficiency of a photo detector is
general ly dependent on the followi ng four factors: absorption properties of
the bul k nat diigalrest Het 8 28 $dpwofa svpreant; ofhdhai ekples’d ofethed

non-sensigive layer in wWiseh3%ansh0rti Hhecaminea iond imes of the charge
carriers generated predom nate (these reconbination tines are the limting
factor particularly for the U/ range with short wavel engt hs);

Figure 1 shows a schematic illustration of a plan view
of a sensor apparatus 1 according to the invention,
which is embodied as a fully integrated system-on-chip.
20 The entire chip 1, as is illustrated in figure 1, has a
size of 2.55 mm x 2.55 mm (where: mm: abbreviation of
millimeter). Specifically, only the regions in which
essential modules are arranged are illustrated; other
electronics, conductor tracks or the like, which may be
25 illustrated in specific detail only with difficulty
anyway in the size of the drawing, have been omitted in
figure 1. The schematically illustrated component
mounting plan shows, inter alia, the following modules
and circuit components, namely the digital domain 2 for
30 signal processing, the pixel matrix 3 for detection,
the voltage converter (charge pump) 4, the driver for
the light emitting diode (LED) 5, the EEPROM 6 for
storing configuration parameters, a module 7 comprising
both a resonant circuit (PLL, phase-locked loop) and an
35 apparatus for measuring and regulating the phase shift
between LED and LED driver (DLL, delay-locked loop).

Furthermore, a module is illustrated which has elements

of analog and digital circuit components, namely the



- 16 - the thickness of the depletion zone, which neans a cut-off in the

| ong-wave range; the reflection properties of the surface. Particularly in
applications in the area of nonitoring, detection in the infrared range is
often used. An inprovenent in the U rapge. can be effected, for exanple, by
optimzing the aftertreatnent on the back side for ultra-thin, insensitive

llayers. in tAgpUVcdRveapge, 8he|ﬁb§ﬂﬁeﬁiﬂ1@fbl engdicdd sidimhm anty a few
nanonmeters. ver, in princi such an .optjm zatjon st, s . nothing to
do with the %%F%E%gs &b&d. Yﬁﬁee‘%‘aﬂ?e‘cgblﬁp ijeswﬁbc héssulr%fpla%%rparnco% rties
on the detecthonfsjules tlheabdckwisicle dfs t henséaictomeddct osisgr uctpeky 15
i.e. in partj t r ect Vi h KO j The- sensor
i Tustrated FRePRghPeys TR e BRbiANYLEELY BrERLEFCLP Brtiol e 150
principl & athargénaessaiprs.avdiorablerdd o indsulRurgossfe i IHif rat¥dh from
the hack sidgatFlQat wzanesibirgar i ysed gstulk 2Gdmi ergiatedr @snbasic
constituent. In the analog circuit conEonent it isﬁgr sible to enpl oy

vol tages of PRETBFBerGERrAGITdde OF GRSt GtE8TY: Fi @bﬁﬁ‘&leapp%? us
proposed enabligslaiguamnirumhefss itticeraiyt gut achwaisd lengithi atangen dbe 528adm t o
900 nm of nore than 80%,In this case he i or accur S in the
sub- nanosecof#9r &Y “fife Js%n85§e5ppéjr a‘{l%%e%ﬁ{;g%e%i&ge%ﬁliggﬁvx\ﬁét hprgé(ggeed of
up to 1000 f r afEsepenisécarmkpa 1o ohke cohrent oéntidu rﬁ;ffﬁt‘t;temelb@mtre
sensor together %éhcfaggl péf{"ﬁedm&{%’ fngogkgs{&«s a; 81 2 Ohadf-AMy 28 MM

wherein the vol tage supply, e controlTer wo LEDs for active,
i |1 uni nat i on sarféigsealtr dadyneiassingded iimdiidiuapks Qi staneensyidi 80t her ef or e

al so sui tabl g, fifh Rart keul a6 ymf 04n apPldLA}d ORS IR t Beear eahef poORELOri Ng,
such that small, 1nconspicuous nonitoring sensors can ?gﬁuseg. -T%7 -
Fur t her nor e, PERESSénsofPdppatat us R a MRGNPE y FORTERErgy 1
consunpti®n. iAdparitdueul arilxel1er idainc all sioadteo wadidtit erde garfd etrertthie .ener gy
consunption is the active illum nation for distance neasurenent by neans of
a TOF

For the illustrated embodiment of the chip 1, an
individual voltage source suffices, which  makes
available a voltage of 8.5 V, since voltages required
20 further are provided by means of integrated voltage
converters. Since the sensor operates with active
illumination, that is to say itself has a light source
used for detection purposes, 1 to 3 LEDs are typically
required as luminous means in the present case. The
25 distance can be read out for example by means of PWM
(pulse width modulation) or by means of an SPI
register. Commands and setting of the registers can be

effected by means of an SPI protocol.

30 The use of a CCD structure makes it possible, 1in
particular, that the charge carrier packets can be
influenced or detected in a short time. This is
particularly important in connection with the use of
TOF sensors, since the latter typically have to make

35 detections in the range of a few nanoseconds.
Essentially, the response to a short emitted 1light
pulse of the LED is in this case recorded and measured.
The sensor chip 1 additionally also makes it possible

to perform distance measurements with regard to



5 sensor. If the illum nation weak, this sonetinmes of the distance
enbodi nent, an pixel suffices to generate a signal of approximtely 10
100, 000 el ectrons and thus to achieve a quantum efficiency of 80% at a
wavel ength of 850 nm of the incident Light. Overall, the LEDs typically
need to be switched on for only 50% of the required integration tinme. 15

TOE' sensorszarecdest hagmhghgd dafrgeirseky fey 1erahkiing .t e, hackgraisng,

produced by apbient |ight (for exanple sunlight) to be reduced. This
firstly mke%gtﬁ)oééﬁﬁﬁﬁgﬁ Fart ité’ﬁllggﬁx}ypi’gcif§g’“héa e erﬂet,mb i so”in turn

20 nakes it pessrblemtoekewer the energy consunption, since the active
illum nation can be chosen to be weaker, in principle. Figures 3 to 5 show
a non-volatile nmenory in the formof an EEPROM 20. The EEPROM 20 is firstly
manuf act ur edFagiing. 2- pbloyst ezholhematilie f LjhretBatTpe sdii 8ontRik ©F

structure hag;iRgikerfp nabfpseuing & deabdr Deahratnsconsr ehipermpal, a
control gate CG  The doubl e structure conposed of,goly5|llcon go glses, in
the 30 regi oWhafht e grRRl1heCBoRt KA LG theet Font bf PPRECdrt r ?é% te CG
and a so-cal lred floaid e gadrends sdrackedntherglinder 11 Saiid f | satdagegat e FG
serves for stori n{g&char es %gd t hus, for  storing.informtion. I n tpe pr esent

case, the gafdr&CF¥t urd s oft uRetl ol a S3THUE matQFTAI 21 (hef®F p-type
substraty). thetbkaationgegatenkGds- cdiardteadd rdmh the butdd etler i ah 21 by

means of a g xi.de 22. In regi o e r | .S+ kpsul ated
by a so-call gé‘%f i(ioeﬁl %oexqzd%lﬁgﬁpﬁufggﬁggng%, rga'—JU%(JPun gﬁgg%i)édgﬁ% sc%l?%%/? ed. The
charge - 18poinhat psodncendédet ocbenscoied i Aot hBurkbari ngogaretfs can be

i nfluenced b s _ofhd Neniynnel sef f@Gteedhen t engl paks i1y the heghen of
source S andséérgg?{rr% D ar ehﬁl %ach éase err‘[;aodi ed as a?hi ghl dk%seed (n+) layer
&Pfcﬁv e

N (n: negati ¢ FoPidRy *atlsedfs HilghH-RRpPABTOTL FEGHEFE 4 £
transition frem iheuRd: potydstieet utget dadie dipel Wist thet wendcx ef facted
Conceptually%ﬁ&ﬂfcﬂﬂ%&'%ﬁ%rfgéfgé%éE%ﬁgkéﬁswfgefirstly impinge on a
layer of filter material and microlenses 16. Situated
thereunder in turn is the bulk material 17, which
substantially consists of float-zone silicon. The
20 electronic circuits 18, which serve, inter alia, for
detection, are situated on the unilluminated side of
the sensor (the actual “front side” of the
semiconductor component), facing the printed circuit
board 12. That region of the bulk material 17 into
25 which the incident photons 15 pass is present as a full
depletion zone. The photons 15 in turn generate charge
carriers 19 in the bulk material 17, which can in turn

be detected by the circuits 18 of the sensor.

30 The quantum efficiency of a photo detector is generally
dependent on the following four factors:
- absorption properties of the bulk material (that is
to say of silicon);
= the thickness of the non-sensitive layer in which
35 short recombination times of the charge carriers
generated predominate (these recombination times
are the limiting factor particularly for the UV

range with short wavelengths);



10 "undone” in the region of the floating gate FG and "fol ded to the side".
Q herwi se, the inmaginary structure fromfigure 4 generally corresponds to
the structure fromfigure 3. 15 Figure 5 finally shows the 1-poly structure
of the EEPROM 25. This flash nmenory cel{gno | onger has a double |ayer
structure. Qutside the source-drain path S-C) is present, by neans of a
field oxide 23 oththencemheeks @at ecras sl & b ghbie dopadchnmeanay ef
(buried 20 control gagf)n z£$ cgntrol 9ate CO is situated bel ow a gate
oxi de, the floatFRE gatetRO-FEnAPIY VAYEUFA"B8i ng arranged ther eabove. By
means of the-dritvhagrefleheionnpropegaiesC&f the flhodtcag gate FGis
finally influenced, which, for its part, ensures that the 25 source-drain
path S-D changes its resistance. The information to be stored can be
cor r esporidi ngRytéedédrlyubnomipival cetdlnggin3¢IEniardanvad veen et eietihdd f or
produci ng segke@RAYEHOr 1 £ONPONENTSE QI SURSIHAL € SCORBELAI NFsed. An
phot ol i t hographi ¢ patterning steps,__in which nethod, on_the substrate, a
first |ayer ngEBVEQFPErnéH iEhﬁpppYedr%ﬂﬂea SRR oneP | aEreSEF Vi ngt 2% a nask
: ayer for thexhipst,| agk@erolbeizbeZpﬂgtegéledaﬂ'tSeﬁpm_ aitﬁfbnﬂdnoﬁdg:ihtd dTacE third
ayer serving.as a_nms or_the. secan ayer. i s applied, an t two
photolithogrgﬁafc B%Fte? ??ﬁf Vtesse¥ S %?i XNl 3&y§&F'su?8es§$$eF@éfor t he
second |HYyer ranger, eithhe daissaogoiohen olehbehpant exniingprpr bsessey, affev the -
19 i or O%uCt haRoA B8 T WELWRTRAR, T£RTKE: B! QRERSIA Vot AYPEal B0n ! Ne
r p he thitd Iaye

provision of a nask Tayer for a patterning process at t r,
posi tive ramptarghes gratlprodueeddat vihke pact EMMShnPredsEs disethe Therd

layer; as a kesdl bppfivhi ¢l the SUUEW e IR i 188 @ VSt Bon

thickness h of the third | ayer, decrease in size by a value 0 = 2*hitana,
and wherein, s&ﬁ‘?i'ngt??ned]?ﬁqﬁ%r Séfiet ne paFt?"teer RPRGCAPOLESSEs, SEF e T fie
productiph ofi.a.stihuglattd dMde foomhee phaotlosenisiitiwe A0thayestéotidhe
provi sion of _a mask | ayer for a patternin ocess.at the third | r,
negative r anﬁ”gﬁg’f’és g¥8 prodited lgtﬁlﬁsﬁga%a?{%{ efRi ng-edges 2E)f hta‘%e ﬁxngr d

| ayer, wher eienvehéagenaiin ngastiovtares thgitvenim phiicknpds h af Lahget hird

| ayer, dect egseal N.SiZf Yo ISy ahUe LT 2'H LANP 1 Alidhet £li Ebensecond
| ayer is patterned on the %a5|s of the respectively patterned third |ayer.
The startingtPsi nPark esgdea watert 199N orfposktPdf 120 $iSEiCcoAShabhg doped
regi ons 491, netehed 1Styruddiness i d Gonichead € useehe. SnaBSgaet k¥gitegi ons
of a. transistor, in which the gags,Bitmeen t he _etched. structures ﬁre
filled with CP8RCRERM materisal POPRIBIGcess e §TOUCH a%‘ﬂe‘?%‘?e%Tl"f((esﬁ Pl ow
trench isol abiraielr 23 aagn@EQB e lodcalp axi da&t ivan of silicon). A dielectric
103, serving as a dielectric for transistor structures, can be applied to
the wafer 100. Finally, this insulation layer is followed by a |ayer
conposed of fdleysi$¢ronr foeppexarplse, nwerdsed usedbllaser & or 988npr@duci ng

the gateyof the A sLY S fHfe XA erémc]&@ &ct b ekpgseo0b080AnNEYE The
pol ysilicon H%?g gﬁggs862? E%T%ﬁﬁﬂfecgggPothéo%éﬁﬁﬁigfggéguggéy is
even in the sub-nanosecond range. The sensor apparatus
can be operated with a speed of up to 100 frames per
second.
30
In one current embodiment, the entire sensor together
with the ©printed circuit board has a size of
17 mm x 28 mm, wherein the voltage supply, the
controller and two LEDs for active illumination are
35 already included in this case. The sensor is therefore
also suitable, in particular, for applications in the
area of monitoring, such that small, inconspicuous
monitoring sensors can be used.



Afterward, an insulation |ayer,

is applied to the layer 200. This |ayer should have chem cal propert

which are different than those of the underlying |layer 200 and has a. g. a

t hi ckness of 50 nm Thus, this layer,_affer - 20 - its patterning,

used as a mask for the patterning of the underlying |ayer. A | ayer

400 is app"?ﬂrﬁh@fﬁ@ﬂe WWH81ééW@%rsbﬁﬁﬁrétﬁénIﬁﬂﬂsbskxﬁbaﬂéﬁﬁﬁémy

an antireflection coati 401 and. a ghotor Si s éﬁﬁq%3402 (see
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| ayers,
figure 7)
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in particular a silicon 35 oxide |ayer 300,
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mask for thewiuhdertegangl | avertHd1 enkmgtyhi somsisept 16n orlsy the statuictelr es
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Ot or esi st
1nc1dent light. Overall the LEDs typlcally need to be

switched on for only 50% of the required integration
time.

TOF sensors are distinguished precisely by enabling the
background produced by ambient 1light (for example
sunlight) to be reduced. This firstly makes possible a
particularly precise measurement, but also in turn
makes it possible to lower the energy consumption,
since the active illumination can be chosen to be

weaker, in principle.

Figures 3 to 5 show a non-volatile memory in the form
of an EEPROM 20. The EEPROM 20 1is firstly manufactured
using 2-poly technology in figure 3. The semiconductor
structure has the terminals source S, drain D and, as
control terminal, a control gate CG. The double
structure composed of polysilicon comprises, in the
region of the gate, the contact-connection of the
control gate CG and a so-called floating gate FG
stacked thereunder. Said floating gate FG serves for
storing charges and thus for storing information. In
the present case, the gate structure is situated on a
bulk material 21 (here: p-type substrate). The floating
gate FG is separated from the bulk material 21 by means
of a gate oxide 22. In the edge region, the memory cell
is insulated by a so-called field  oxide 23.

Furthermore, a tunnel oxide is provided. The charge

ari se
e size

sequent
egi on

s then



A preferred etching step advantageously takes place in such a way that a
positive ranp angle arises in the 30 | ayer 401 at the edges of the
structures. This produces in the |ayer 401 openi ngs 420 which substantially
have a constant offset of D = 2*h/1-Lanpg where h is the thickness of the

| ayer 401. The angle a is by definition the angle forned by the oblique

boundary of thetl ayeri Alhand theppl arerel tie ved efioibahgneans that an
angle a > 90 corresggggs to g EPSItlve ra

ngl e, in the _case whi ch
openi ngs 420°RRviSfy Yeeed stYe Bfidke, © stEEneh 5%5@8 a 3{}@% a
negative ranpeanghels. dnprtésentegidn tdie sasecef Swandhdraidl D aopenimgs
increase in %ngsC%%ed% lggfgq J%‘J'Q#éﬁl?’d8888'QQ§)4%9%@ﬁplﬁpd ed in
nt step. e tanp a Sitive

size at any race in the Jrese . angl'e i's p see
figure 9)% Thegatdeel gongnpayér“3002aprabkaohagep)nps -patterned using the
patterned |ayer 401. This results in structures 320 (openings) in the |ayer

300 which correspond to the openingf 420 in the | ayer 401 at t;e
Figure 4 shows how he transition ~from the -poly

structure to the l-poly structure is effected
conceptually. The double structure is as it were
10 “undone” in the region of the floating gate FG and
“folded to the side”. Otherwise, the imaginary
structure from figure 4 generally corresponds to the

structure from figure 3.

15 Figure 5 finally shows the 1-poly structure of the
EEPROM 25. This flash memory cell no 1longer has a
double layer structure. Outside the source-drain path
S-D is present, by means of a field oxide 23 of the
control gate as buried highly doped (n+) layer (buried

20 control gate). The control gate CG is situated below a
gate oxide, the floating gate FG finally in turn being
arranged thereabove. By means of the driving of the
control gate CG, the floating gate FG 1is finally
influenced, which, for its part, ensures that the

25 source-drain path S-D changes 1its resistance. The

information to be stored can be correspondingly coded.

Bi-subnominal etching:

30 This involves a method for producing semiconductor
components on a substrate comprising photolithographic
patterning steps, in which method, on the substrate, a
first layer to be patterned 1is applied and a second
layer serving as a mask layer for the first layer to be

35 patterned is applied. In addition, a third layer
serving as a mask for the second layer is applied, and
at least two photolithographic patterning processes are
carried out successively for the second layer, wherein,

during one of the patterning processes, after the



10 | ayer base thereof (see figure 10 and also figure 11.). In figure n, the
| ayer 402 and 401, respectively, is conpletely renoved before the next
process step. In accordance with figure 12, a layer 411 and 412, 15
respectively, is applied, wherein the |layer 411 corresponds to the |ayer
401 and the layer 412 corresponds to the |ayer 402. The layer 412 is a

phot or esi st bgh 4 patdignnedidd aegar dange W tghdthssaiductyees in
which the i n#’gﬁts?gﬁ@?g tdoﬁaghiget%re a 20 line width sgﬂlxﬁgr t ha la lIi ne wi dth
e

which is stilRYpBssitBIe &&€or RERY 5 Ahe i t? cal"®d V&h (SE&F fiYure

13). Lines 43Qteapnbggseaibddsd i gur eenl3. thhese 1dyes, 486satevgr eadms t han
or equal to the . mninumline w dfh gsi n}g t he hotalith% r%%hi Ce the

possi bi | iti e€N9285Usi Ty tHE PG er Aéd TATeP ISP | FRES 430 tTHe
underlyi g | ajierd4llaiysrpat &er ned rassich af wawhidiat tegatstveuctampeangl es
arise. As a Egégkhinph%rggm'gq'vgg LI nes A3Q deG eASE H S 28 bYa &y gach
case the ranp angfe rande,” that is to say that the lines becone smaller
by the val uedpcregshi tianfdizaner e2 pvpdueh® angld/belfee®the'Rebt at e

surface and Hhe;hgwehd! bhRe! igred redga s fdgWrodds g, fadorese 453, 35
Using the patternéd lines 430 in the |ayer 411, the unokee)rl |nlg Igier 300 is
patterned anBRCOWRELENN The dwi HEHFOF EheTPifest B2™ t Re PIONEYS TR AY St he

transitipm tQalty@Q | &yar 3 | sptsansi@t r edft oat heawnderllagieng |&yer a- 22 -
300. Subnom nal |

ine structures that_are, smaller_than ol | raphi c
li ne width apﬁggfernéﬁgse%ﬁ%ﬁﬁs/, atthetrll%yécfg‘rflzi%%%lg’éll%ﬁgragqg’z)errp#é{aggy PH
'renoved andaagieseviedapat teroniungdopet atthen patvarried edueasiafy the
patterned | a)é?xrir%pgi -QE lx@[gfei’grg)otﬂgwr%ﬁn@&ﬂ'iﬂﬁ sihnErals gap wedt Bs and

subnom nal line w s in congarl son W a critical 10 dimension at the
pr edet er ni nedhiskaeisend: of &bar $ainchelavgior 300rRARS cARt AP A Yef

Structu[]:% a%l%lesgwlskr Q@BMESEBMﬂié}{HSQh{e%%Q_@n?th@ tdcdid t i1egle rdi mrensijon.
Usi ng the patterne ayer 300, the,unde ing layer 200 .15 is, patterned,
with which t RP&tG&EE§%iOothe aﬁ%%?%?orostI aﬁep.rc?d%’cee%t.”ely patPerney

third layer.

The starting point is e.g. a wafer 100 composed of
20 silicon having doped regions 101, etched structures
102, which are used e.g. as active regions of a
transistor, in which the gaps between the etched
structures are filled with insulation material, in
processes such as e.g. STI (shallow trench isolation)
25 or LOCOS (Local oxidation of silicon). A dielectric
103, serving as a dielectric for transistor structures,
can be applied to the wafer 100. Finally, this
insulation layer is followed by a layer composed of
polysilicon, for example, which 1is wused later for
30 producing the gate of the transistors, for example with
a thickness of 200 nm. The polysilicon layer bears the

reference symbol 200 (see figure 6).

Afterward, an insulation layer, in particular a silicon
35 oxide 1layer 300, is applied to the layer 200. This
layer should have <chemical properties which are
different than those of the underlying layer 200 and
has e.g. a thickness of 50 nm. Thus, this layer, after



It is subsequently possible to renove the layer 300 to | eave a patterned
polysilicon |ayer 200 havi ng 20 subnam nal gaps 220 and subnom nal |ines
230 (cf. figure 17). A conventional CMOS process can subsequently be
carried out. 25 In order to use the nminpgum structures, an inplantation for
produci ng source/drain regions in the regions of subnom nal gap w dths
shoul d subsequentbﬁt&%r@ﬂ@hdedcaﬂ)Iweth@sy@riast af theket ciimng tieéhod in
accordance mﬁtEEfi ures ¥ers are enployed as in the

net hod i n acE8 ﬁgénﬁiPﬁ F%SUP8965EV8HEY whi ch reason the same

reference synbols are used for the |ayers and the structures. Wat are

different 1ramagetheacaducly a mphad pogardidly (o fdurssed d0adf I the

pr oducti on accor !pﬁ'g to 29 are t ocess sequence
and the |ayefage§eaRdst Qaﬂﬁﬁﬁﬁnnniaﬁﬁnﬁxie1QiLﬁﬂr%ﬂ%kF%@l$¢bh@@ 16 to

figure 21 coebasperdsohoahbat pRokibddcestb1b9e?. 4bn qeBkr ashute 7)

The photoresist layer is patterned in order to obtain a
first mask for the underlying layer 401. In this case,

10 only the structures with which gap widths smaller than
the critical dimension are intended to be created are
realized in the photoresist layer. It goes without
saying that this mask step can also be used to produce
structures which are larger than the minimum structure.

15 Furthermore, structures having a size of the minimum
lines with regard to the critical dimension thereof can
arise in this mask step. In principle, the criterion of
the minimum feature size is complied with during the
photolithographic process. The feature sizes smaller

20 than the minimum feature size arise as a result of a
subsequent patterning step on the basis of a
photolithographic process in the region of the minimum
possible feature sizes.

25 A patterned photoresist layer 402 with openings 403
ultimately remains (see figure 8). The layer 401 1is
then patterned using this patterned photoresist layer.
A preferred etching step advantageously takes place in
such a way that a positive ramp angle arises in the

30 layer 401 at the edges of the structures. This produces
in the layer 401 openings 420 which substantially have
a constant offset of D = 2*h/tana, where h 1is the
thickness of the layer 401. The angle o 1s by
definition the angle formed by the oblique boundary of

35 the layer 401 and the plane of the wafer. That means
that an angle o > 90° corresponds to a positive ramp
angle, 1in the case of which openings 420 having a
reduced size arise, whereas at an angle o < 90° a

negative ramp angle is present, in the case of which



- 23 - the method in accordance with figures 6 to 17, however, the

underlying mask | ayer 300 is not patterned by neans of the patterned | ayer
401 after the production of the openings 420, rather the photoresist |ayer
402 is 5 conpletely removed (see figure,22) and a renewed photoresist |ayer
(412) is applied. As in the nethod in accordance with figures 1 to 12, the

|ayer 412 1SopahigRBCd ) ARCOrancE bt bl e AuiGH U o3l B bhiah ¢ he

intention is to achieve a |ine ler than a |ine w dth mhlch is
still possibPESphBESI |4t9r{bgFEBh|r@§lq%Fé%cb?d|SH§lﬁ at  apyi nekr§ t i8al the

di mensi on. g@@geﬂaombem@e&a@ fagyre 24 ﬁ'dﬂ@ﬁ“eﬂre nese430f Bgergr eat er

than or equal,,to the mninumline wdth using the photolithographic
possibilitie )+15 Usi ng the patterned | ayer 412 with lines 430, the

underlying |ayer 400 is patter ned in such a way that negative ranp angles

arise. fs a iggulinalbeyig {%ﬂe LI 4@% deciegee)i nisl 28, be Hogach

case the ranp angl e I gure E toresist layer 412 is
subsequent | yulsénﬁve(iﬂ'(eseepﬂ’gﬁr@e@& ayegat t&thed CFhyér #PEWldiai niRg which

is used to pakbgrRui-be under| Yidkenliawen 3Qrp (trsk ia%y@df) 300 aggpEHance

with the width of the openings and | ines e y, at, these di mensions
are transfer FOITEREOPE! 76 ity PPYEERSS %% R gﬁ"le 31‘?1 &5 st%p,2@ %Efllgas t wo

patterning stegsratasepiioeshf ofsébert gyee 300a|nrai tamesmeﬁgmre nlm:cor dance
with figures_ 6 to 17. 30. Th att erned yer .3 jcan b re 22.
The further 6Poc§s%u%equ}a ghg L& d4a¢1 e Rt %%fl gurreesg)ezcg-'elar}ﬁédl ?H
corresponds coo@lageally tremplvedpbedess sdéguared Proaccsesr ¢aeee Wit h figures
16 and 17.

In accordance with figure 12, a layer 411 and 412,
15 respectively, is applied, wherein the layer 411
corresponds to the layer 401 and the layer 412
corresponds to the 1layer 402. The layer 412 1is a
photoresist layer which is patterned in accordance with
the structures in which the intention is to achieve a
20 line width smaller than a line width which is still
possible according to the <critical dimension (see
figure 13). Lines 430 can be seen in figure 13. These
lines 430 are greater than or equal to the minimum line
width using the photolithographic possibilities.
25
Using the patterned layer 412 with lines 430, the
underlying layer 411 is patterned in such a way that
negative ramp angles arise. As a result, the remaining
lines 430 decrease in size by in each case the ramp
30 angle range, that 1is to say that the lines become
smaller by the value W = 2*¥h/tanf, where B is the angle
between the substrate surface and the inwardly inclined
edge (see figure 14 and figure 15).

35 Using the patterned 1lines 430 in the layer 411, the
underlying layer 300 is patterned anew, wherein the
width of the lines at the lower edge at the transition

to the layer 300 is transferred to the underlying layer
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300. Subnominal 1line structures that are smaller than
the photolithographic line width arise.

Subsequently, the layers 412 and 411 are completely
5 removed and a renewed patterning operation is carried
out using the patterned layer 300.

The layer 300 now contains subnominal gap widths and
subnominal line widths in comparison with a critical
10 dimension at the predetermined locations. Of course,
the layer 300 can contain larger structures and also

structures which correspond to the critical dimension.

Using the patterned layer 300, the underlying layer 200
15 is patterned, with which the gates of the transistors

are produced.

It is subsequently possible to remove the layer 300 to
leave a patterned polysilicon layer 200 having

20 subnominal gaps 220 and subnominal 1lines 230 (cf.
figure 17).

A conventional CMOS process can subsequently be carried
out.

25
In order to use the minimum structures, an implantation
for producing source/drain regions in the regions of
subnominal gap widths should subsequently be avoided.

30 In the variant of the etching method in accordance with
figures 18 to 29, the same layers are employed as in
the method in accordance with figures 6 to 17, for
which reason the same reference symbols are used for
the layers and the structures. What are different from

35 the production method according to figures 6 to 17 in
the production method according to figures 18 to 29 are
the ©process sequence and the layer sequence. The
production method illustrated by figure 18 to figure 21

corresponds to that in figures 6 to 9. In contrast to



15Light 16Filter layer with mcrolenses 17Sul k material 18El ectronic
circuits 19Charge carriers 202-poly EEPROM 21 p-type substrate 22Gate oxi de
23Fi el d oxi de 24Tunnel oxide 251-poly EEPROM 100 Wafer 101 Doped regi ons
102 Structures 103 Dielectric 200 polysi4icon 220 Subnom nal gaps

the method in accordance with figures 6 to 17, however,
the underlying mask layer 300 is not patterned by means
of the patterned layer 401 after the production of the
openings 420, rather the photoresist 1layer 402 is
5 completely removed (see figure 22) and a renewed
photoresist layer (412) is applied. As in the method in
accordance with figures 1 to 12, the layer 412 1is
patterned in accordance with the structures in which
the intention is to achieve a line width smaller than a
10 1line width which is still possible
photolithographically according to the critical

dimension. Lines 430 can be seen in figure 24. These
lines 430 are greater than or equal to the minimum line
width using the photolithographic possibilities.

15
Using the patterned layer 412 with 1lines 430, the
underlying layer 400 is patterned in such a way that
negative ramp angles arise. As a result, the remaining
lines 430 decrease in size by in each case the ramp

20 angle range (see figure 25). The photoresist layer 412
is subsequently removed (see figure 26), a patterned
layer 401 remaining which is used to pattern the
underlying layer 300 (mask layer). In accordance with
the width of the openings and lines, respectively, at

25 the base of the layer, these dimensions are transferred
to the layer 300 in the patterning process, to be
precise in a single patterning step, whereas two
patterning steps are employed for the layer 300 in the
method in accordance with figures 6 to 17.

30
The patterned layer 300 can be seen in figure 22. The
further process sequence in accordance with figures 23
and 24 then corresponds once again to the process

sequence in accordance with figures 16 and 17.
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List of Reference Symbols:
1 System-on-chip

2 Digital domain

3 Pixel matrix

4 Voltage converter

5 LED driver

6 EEPROM

7 PLL/DLL module

8 A/D converter

9 Contact area

10 Sensor circuit

11 Chip

12 Printed circuit board
13 Pad

14 Solder ball

15 Light

16 Filter layer with microlenses
N7 Bulk material

18 Electronic circuits
19 Charge carriers

20 2-poly EEPROM

21 p-type substrate

22 Gate oxide

23 Field oxide

24 Tunnel oxide

25 l-poly EEPROM

100 Wafer

101 Doped regions
102 Structures

103 Dielectric

200 polysilicon

220 Subnominal gaps
230 Subnominal line
300 Mask layer

320 Structures

400 Layer stack

401 BARC layer



N+(n+) layer Source termnal 26 - Clains: 1.Sensor apparatus(l1,11),in
particulara tinme-of-flight (TOF) and/or COD sensor apparatus for a 3-0
camera sensor, which conprises at |east one anal og and one digital circuit
conponent and an anal og/digital convertgs (8) for converting anal og signals
of the analog circuit conponent into digital signals for the 10 digital
circuit conpgpent pf,2}oralésy¥i ce versa, wherein the analog circuit conponent
and the digital circuit conponent in each case conprise at |east one nodul e
for el ectronffdl | YPERPPENeNting a function, and wherein one of the nodul es
of the anal oglcirs®rRt cegpenent is 15 enbodi ed as a. sensor device (3) for
det ecting eIgﬁEroggggeEic.g%diation and one of the nodules of the digital
circuit conponént "| gnbodred as a si gnal processing device for processing
digital signdR§, ©banacgerized in that the circuit conponents including 20
the anal og/ dijgit al sganverter are integrated as an integrated circuit in a
chip and the chip 1s manufactured as a sem conductor structure using 1-poly
technol ogy. 25§ 2. Sen§éPappai-at usaccordi ngt od ai ml, characterized in that at
| east one of pt he meduhescefhithe digital circuit conponent is enbodied as a
nonvol atil e nenor in particular as an EEPROM (6, 25) (electrically
erasabl e progpannéﬂpétﬂggdgéﬁﬁy menory), 30 for storing configuration
paranmeters. B+Sengor)appgeat us according to either of the pr ecedi ng
claims, characterizzed in thaE %Ee digital

ci rcui tconpo enti STaRGFactiré usi ngCMOS 35 technol ogy.



- 27 - enbodied as an FGEET (floating gate field effect transistor).

5. Sensor apparatus according to any of the preceding 5 clains,
characterized in that the FGFET conprises a control gate structure with a
buried layer (buried control gate). Q.Semsor apparatus according to any of
the preceding 10 clains, characterized in that subnOm nal gaps are forned
in the analog circuit conponent and/or subnomnal lines are fornmed in the

digital circgjt;gooponent. 15 7. Sensor apparatus according to any of the
preceding clarms, characterized in that the digital circuit conponent
conprises at |east one of the foll ow ng nodul es; an appar at us

f?) ;or ContﬁolIiB@néo@haQ@mﬁﬁéﬁu%in ZOparllbuIaﬁJa Dbartdehagx| ocked
oop I r t
| oop) | S Senkoneahbarat At adagrdi MY/ e ot “PHeth, BREras 35 i el am.

ing 25 clains,
characteri zed- DncamMmmIaanﬁunmmyhn¢muc©mpbh§©ﬁeﬁt dEmFti B AN EASt one

o e r o | DGR onn ST, [ alplant L i oosther w1
vol t age regukangerter (8 for converting analog 1gnals ”Ph
analog circuit component into digital signals for the
10 digital circuit component (2), and vice versa, wherein
the analog circuit component and the digital circuit
component in each case comprise at least one module for
electronically implementing a function, and wherein one
of the modules of the analog circuit component 1is
15 embodied as a sensor device (3) for detecting
electromagnetic radiation and one of the modules of the
digital circuit component is embodied as a signal
processing device for processing digital signals,
characterized in that the circuit components including
20 the analog/digital converter are integrated as an
integrated circuit in a chip and the chip is
manufactured as a semiconductor structure using l-poly
technology.

25, 2. Sensor apparatus according to Claim 1,
characterized in that at least one of the modules of
the digital circuit component is embodied as a non-
volatile memory, in particular as an EEPROM (6, 25)
(electrically erasable programmable read-only memory),

30 for storing configuration parameters.

3. Sensor apparatus according to either of the

preceding claims, characterized in that the digital

circuit component is manufactured using CMOS
35 technology.

4, Sensor apparatus according to any of the preceding
claims, characterized in that the EEPROM (6, 25) is



a voltage converter (4), a tenperature sensor for detecting and

correcting 35tenperature-dictated drift. - 28 - circuit conponents are
designed for higher voltages than the digital circuit conponents. 10. Sensor
apparatus according to any of the — owherein at |east one of the oxide

| ayers of the analog 10 circuit conponents is enbodied as thicker than that
of the digitahpehieHit acompanericFeT 11.£19RASOG appalat usiactordi fig-to any
of the preceding ¢lains, characterized in that the gate oxide 15 | ayer of

t he anal og cFFEgﬁﬁsEBHbonent has a thickness of 9 nanonP'r, to 15
nanoneters, the gate oxide |ayer of the EEPROM has a thickness of 6

nanometers tg 10 A3NOMG! Ls. 30d ! he QaLA axide Jayele afnd e Lemmi ging

digital circti't conponéen as a thickness nanoneters to
nanonet ers. claimbet hotefartprodedi g atsansorhappdidtluscagpsrdeig #o any

of the precedppg ghai g8te25sd3. Mot 0d BGGOr di Nguk-9edNY18fetheprecedi ng
clains, characterized in that at |east one part of the
control gate).

6. Sensor apparatus according to any of the preceding

10 claims, characterized in that subnominal gaps are
formed in the analog circuit component and/or
subnominal lines are formed in the digital circuit
component.

15 7. Sensor apparatus according to any of the preceding
claims, characterized in that the digital circuit
component comprises at least one of the following
modules:

- an apparatus (7) for controlling a phase shift, in

20 particular a DLL (delay-locked loop),

. a timer resonant circuit (7), in particular a PLL
(phase-locked loop).

8. Sensor apparatus according to any of the preceding
25 claims, characterized in that the analog circuit

component comprises at least one of the following

modules:

- a sensor for detecting radiation together with a

structure for transporting induced free charge

30 carriers,

B an amplifier,

- a voltage regulator,

- a voltage converter (4),

= a temperature sensor for detecting and correcting
35 temperature-dictated drift.

9. Sensor apparatus according to any of the
preceding claims, <characterized in that the analog



met hod conprises a 200 nm CMOS manuf acturi ng net hod, 14, Method according to
any of the preceding 30 clains, characterized in that subnom nal gaps
and/ or subnomi nal |ines are produced by neans of a hi-subnom nal etching
met hod. 15. Detection apparatus(10), in particular a 35 nonitoring apparatus
for nmonitoring the novenent of a novenent el enent agai nst undesired

col l'isions Wt hcantobiefbonchas acl & i zediighddhakoa SRISREr aPRST B diSs
according to_any of the preceding claims is provided for detecting the
obj ect . than the diglital cirCult components.

10. Sensor apparatus according to any of the
5 preceding claims, characterized in that the analog and
digital circuit components comprise semiconductor
components having oxide layers for electrical
insulation, in particular having a gate oxide layer,
wherein at least one of the oxide layers of the analog
10 circuit components is embodied as thicker than that of

the digital circuit components.

11. Sensor apparatus according to any of the
preceding claims, characterized in that the gate oxide
15 layer of the analog circuit component has a thickness
of 9 nanometers to 15 nanometers, the gate oxide layer
of the EEPROM has a thickness of 6 nanometers to 10
nanometers, and the gate oxide layer of the remaining
digital circuit component has a thickness of 1.5

20 nanometers to 3 nanometers.

12. Method for producing a sensor  apparatus

according to any of the preceding claims.

25 13. Method according to any of the preceding
claims, characterized in that at least one part of the

method comprises a 200 nm CMOS manufacturing method.

14. Method according to any of the preceding

30 claims, characterized in that subnominal gaps and/or
subnominal lines are produced by means of a
bi-subnominal etching method.

15. Detection apparatus (10), in particular a

35 monitoring apparatus for monitoring the movement of a
movement element against undesired collisions with an
object, <characterized 1n that a sensor apparatus
according to any of the preceding claims is provided
for detecting the object.



