Optical receiver for receiving light and optoelectronic measurement arrangement 5 The present
invention relates to an optical receiver for receiving alternating-light data signals and for storing
electrical energy obtained from extraneous light, having a photodiode for receiving light and for
converting the light into a photocurrent. The received light comprises extraneous light and an alternat-
o0 ing-light data signal component having a higher frequency in comparison to the extraneous light,
which is generated by a light source emitting a data signal. The photocurrent resulting from the
conversion of the light comprises a data signal current and an extraneous light current. The invention

also relates to an opiaadachsudiverdas réeBieMgliGHtgR P tosldbg A CKiRRRPEmEgHt cCompensation

comprising a data signal light source and a cog}paeé]sation light source, an optical receiver with a

photodiode and an amplifying unit and an extraheods II'?gehr}tcompensation circuit. The invention further
relates to a method for storing electrical energy obtained from extrane- 20ous light, and for receiving
optical alterpating-light data signals. Optical sensors receive light, which in addition to the actively
emitted light of a_data signal light source also comprises the extraneous Iiﬁht prevailing in the

environment, in PARiCIFSFHh N UETHER T SIHES SR ADBPURb ISR Y iFPGENEIAIZP5 38 Sibstantially
more intense thdiglthedighsigoaipandrforasimieg bietheaadnaign albiginedoiooe e{treekdusignal light

source). Optical feeNel g AR AIC SRR R AP S RBALMOL ARV ORURRl RgaSorS. which in

addition to the recCeiver also comprise a light source and emit light. The light emitted by the optical
sensors is reflecBBPREUERinHle de i d Aot kST BIB ARSI VAREr 8By AR BtAation on these
“illuminated't obj@eisigandzezokitinedorbpier tha:eampanaghef treyasnbient kohigweksalge is

significantly greger (han 108 43> ML H L ERBREY ANRRCISAS: emitting a data sig-
nal. The photocurrent resulting from the conversion of the light comprises a
data signal current and an extraneous light current.

15  The invention also relates to an optoelectronic measurement arrangement
having an extraneous light compensation comprising a data signal light source
and a compensation light source, an optical receiver with a photodicde and an
amplifying unit and an extraneous light compensation circuit. The invention
further relates to a method for storing electrical energy obtained from extrane-

20 ous light, and for receiving optical alternating-light data signais.

Optical sensors receive light, which in addition to the actively emitted light of a

data signal light source also comprises the extraneous light prevaiiing in the

environment, in particular the daylight. The received ambient light is in general

30



10 are e.g. screened and shaded in such a manner that as little ambient light as possible reaches the
optical receiver. A different path is taken by optical sensors that have an extraneous light
compensation circuit. Such optical sensors or optical receivers are known, for example from the
following applications: 15 EP 0 706 648 Al DE 101 33 823 DE 28 49 186 DE 103 00 223 Al 20The
ambient light does not contain any useful information for the analysis of the data signal, in particular for
detection of distant objects and/or their positions. Due to the high light intensity, a high photocurrent
level is produce@ihstpetstawicdeienaectresdive diabhramponrirakated Rcthoctadandfier of this type

of sensor into satyragrnsclhessiReithsigdragrossulight or ambient light 25 component of the
photocurrent is suppressed before the data signal component of the photocurrent is amplified. In doing

so, the fact that the ambient light is lower-frequency than the data signal is exploited. For example, the
light produced bygtitificisickgieingbften kiag arfraadrioy ekadpiz ay 60rtd oardtivaromdivas thereof. The

natural ambient lght Ar SERlANh sadgde %%%‘8&:\?@9%98%&&%&?%@%@&%& nyagtical receivers

the photodiode is often biased in the reverse direction, whereby in the simplest case the photocurrent
is dissipated wa%{‘?\é&%‘ﬂ&rﬁ%‘@fﬁ&ﬁéﬁi%BWerH%*F%{sS%%MEHﬁ%}&e RbWEARIE#EE due to this

type of 2 objects and after reflection received, whereby information on these "ilumi-
nated” objects can be obtained. Since the component of the ambient light here

aiso is significantly greater than the data signal light component, the sensors

1¢  are e.g. screened and shaded in such a manner that as little ambient light as

possible reaches the optical receiver. A different path is taken by optical sen-

sors that have an extraneous light compensation circuit. Such optical sensors

or optical receivers are known, for example from the following applications:

15 EP 0706 648 A1
DE 101 33 823
DE 28 40 186
DE 103 00 223 A1

20 The ambient light does not contain any useful information for the analysis of
the data signal, in particular for detection of distant objects and/or their posi-
tions. Due to the high light intensity, a high photocurrent level is produced in
the photodiode of the receiver, which would drive the receiver ampilifier of this
type of sensor into saturation. Therefore, the extraneous light or ambient light

)
w

component of the photocurrent is suppressed before the data signal compo-
nent of the photocurrent is amplified. In doing so, the fact that the ambient light
is lower-frequency than the data signal is exploited. For example, the light
produced by artificial lighting often has a frequency of 50 Mz or 60 Hz and
harmonics thereof. The natural ambient light, or sunlight, leads to a DC com-
30  ponent in the photocurrent.

in optical receivers the photodiode is often biased in the reverse direction,

whereby in the simplest case the photocurrent is dissipated via a resistor {o

the power supply. This has the disadvantage however that due to this type of
2



circuit, the photocurrent increases the power consumption of the entire circuit, since the
reverse-biased photodiode works not as a source, but as a "sink" and the photocurrent component
produced by the ambient light must be generated by the power supply. 5 In order to minimize any
loading of the power supply by the photocurrent produced by the ambient light, it has proved
advantageous therefore to operate the photodiode in the forward-biased direction. When connected in
this manner, the power supply of the sensor at least is not under load. 10 EP 1 956 493 Al describes
am optical interfagewhdbeRhRigsursihREea 8 fdten SRYyeAeonBBRtieR @ Ttbmenitienspotdr to an

extderﬂal devki)ce- éfrh‘&etﬁef%&ﬁéﬁbaﬂefﬂ@o&fdi&léé/Qsﬂi%%e_ﬂdigiﬁ%@%lﬁé@rﬁ%mﬁ@@ \;bé'irﬁnl optical fiber
and then subsequently conyerted back into an electrical signal. By. means, of a sig- 15 nal separator,
tho data signal (S TEbLR AR FEHFT S SRR L IR AFHE RRAg, A VB A 13b 25 ke
special optical ereatpg tratisel poegrwhighydelivers an output voltage of at least 5.5 V. However, an

energy transducer of this kind with a small receiving area is a very expensive and complex element to
produce, which costs several times more than conventional photodiodes. In 20 order for sufficient

energy to be trafPitRitCCRBIES LAY SRRUEPHERG RPRIRE RHRREN M IRG BEQSRBUT$AtRIBItion,
generating the ogticed éxyetgy sigriadtdidhhotioas ansledquiremapenwertasefonty dpdhasemanner can

sufficient energy,he é@?&%ﬁgqns%éh%%?ﬁiﬂg_géﬁ%%@  (RAaR M aseniiygiode and a

downstream storage capacitor, can be supplie sadvantage remains however that due to
the Schottky dio88&-thE sawritSHPAye 883 MPapbRASHIaRMN WdeyIaadEP 0 367 333 Al, an infrared
remote control unit is described which trans- mits data signals in the form of infrared light. At the same

time the remote < r it is, intended to receive energy from the ambient light in order to provide
energy support f%?t]ﬂe% %ét%#e%o?’?ﬁgnr%erﬁoat@ é)dgn't?%\{l IS?IGI . T'ECJgr Wﬁ’g ‘fjﬁr‘b"béne‘“’é‘ E|%f'u9%1‘%@E%)"%Jphotodiodes
are connected ireseriysats Hepagiiutierdderioratecsnpotepin dolexjernmidmiseediieeehtsgytimrging the

battery. The statg,Qhiiie @& Hglelprenirididh: haCRier RImERAAN A0 qrlicldisgeier which is as

energy-efficient as possible, with which the operating Reriod of an optical sensor, in particular when
supplied from a LAY PEEAHEEY GG HEFLLAn FISRIERRONSIR: ELTTaNSIR A S

cost-effective to pabdaperator, the data signal is decoupled from the energy signal. The en-

ergy, very sharply focused, strikes a special optical energy transducer, which

delivers an output voltage of at least 5.5 V. However, an energy transducer of

this kind with a small receiving area is a very expensive and complex element

to produce, which costs several times more than conventional photodiodes. in

20  order for sufficient energy to be transmitted, cabie-bound optical energy

transmission must be used. in addition, generating the optical energy signal is

jaborious and requires a power laser. Only in this manner can sufficient en-

ergy be transmitted so that the signal separator, in the form of a Schottky di-

ode and a downstream storage capacitor, can be supplied. The disadvantage

25 remains however that due to the Schottky diode, the output voliage drops by
approximately 0.4 V.

in EP 0 367 333 A1, an infrared remote control unit is described which trans-
mits data signals in the form of infrared light. At the same time the remote con-

30 trol unit is intended to receive energy from the ambient light in order to provide
energy support for the batteries of the remote control unit. For this purpose a
piurality of photodiodes are connected in series to be able to generate an out-
put voltage which is required for charging the battery.



5 This object is achieved by an optical receiver having the features of Claim 1, an optoelectronic
measurement arrangement having the features of Claim 12 and by a method having the features of
Claim 15. 10The optical receiver according to the invention is used for receiving alternat- ing-light
signals and for storing electrical energy obtained from the extraneous light component of the received
light. The invention therefore presupposed that the optical receiver is used in environments in which
the ambient light is not screened off, but is also received by the receiver. A photodiode incorpo- 15
rated in the receier séaleivéshbatigherafienresniprisdbehebisar af goowdightamdrallternating-light

data signal compaReRiiRANg 2 Ak, ERIERCH BEABRANAENAILARIRXUEERRHS Pehbaand converts

the light into a photocurrent, which accordingly comprises an extraneous light current and a data signal
current. The dat8 GRS BFRIMES " PRGIMIGTSRREMEURNIGH RN ARS8 ARyRITent, which,
when it is producadtlyyitheassdrah addiient {ighte ieiadd €houtdard. dostheffecivexd ofddadavention, the
term photodiode is understood to mean any photo-element for converting visible or invisible light
(electromagnetic waves) 25 into electrical energy, preferably into a current. This can be special

photodiodes for SiYRABPECESIRTERAIEN BrehBrsh BeRiEe Ravingittedeaiuseaphforin. 01 to 1 cm2.
Photocell modulas aouisetiaaludeshdivwarer avhigehayve ravopiita reseidsgamaalfoto 100 cm2

and are used for_example for sypplying. energy for law-power consumer devices. 30 The term
extraneous light ?ﬁﬁb&( goﬁf%]( g%'%%ml \t/%(erlf?ogrgﬁé%%gr&% the natu- ral ambient light and also the
artificial (man-made) ambient light together. The term extraneous light also includes other light sources

which are net usgdd@ptical receiver according to the invention is used for receiving alternat-

ing-light signals and for storing electrical energy obtained from the extraneous

light component of the received light. The invention therefore presupposed

that the optical receiver is used in environments in which the ambient light is

not screened off, but is also received by the receiver. A photodiode incorpo-

15 rated in the receiver receives the light, which comprises the exiraneous light

and an alternating-light data signal component having a higher frequency in

comparison to the extraneous light, and converts the light into a photocurrent,

which accordingly comprises an extraneous light current and a data signal

current. The data signal current has a higher frequency than the extraneous

20 light current, which, when it is produced by the natural ambient light, is a DC
current.

in the context of the invention, the term photodiode is understood to mean any
photo-element for converting visible or invisible light (electromagnetic waves)
25 info electrical energy, preferably into a current. This can be special photodi-
odes for signal processing, which preferably have a receiving area of approx.
0.01 to 1 cm®. Photocell modules are also included, however, which have an
optical receiving area of 1 to 100 cm? and are used for example for supplying
energy for low-power consumer devices.
30
The term extraneous light in the context of the invention covers both the natu-
ral ambient light and also the artificial (man-made) ambient light together. The
term extraneous light also includes other light sources which are not used for
optical data transmission or are used especially for optical energy transmis-
4



optical data transmission or are used especially for optical energy transmis- 4 sion. Therefore,
extraneous light includes all light components that are not to be transmitted to the photodiode in the
form of a data light signal. Data signals (i.e. useful signals) in this context are both information signals
transmitting data or information (and are used for detecting an object) and energy signals 5 for
supplying energy to an electrical circuit or storage unit connected to a photodiode. In order to separate
the data signal current from the extraneous light current, the invention uses the knowledge that the
photodiode can bieropEratefbie, fextrensand difedhondas Eihtighs thenpletatiatst deehoiotego into

saturation. In (R SHSHENRHAN e RRelSglone ot apRriLe salyptageQrdge other hand

a corresponding forward voltage for the photodio _ elow the saturation voltage, has to be
adjusted. From HEe-44sgiuh $iasssh iy SR ropirdtiag Rt ddRIawation saaasiiansiiiitea variable
load is connectegsita panatitvutdilanhate dicste id7 resesaitly, xapiyconmpheiadipdryimmsed for
receiving. Two of more Photo-diodefc, can ?Llsg().be| used Whi(%h are pr
5 2 Io an electrica gc% ol P)en

r sy ing ener a ¢ orage Ie{grabl c%%mgegt%j In series.
Preferably a maximuinof five p%gt%) odes are use FE T FECIRVER PR P has been

recognized that Bgied@ns of a suitable wiring (biasing) of the photodiode in forward direction, the
photocurrent produced by the ambient light can also be used in order to the increase the efficiency of
the overall arran%'ement, in particular of the oFticaI receiv<?r. Far 25 this purpose the optical receiver

comprises a coulliREEhIPIRSRATEIPHE F28 SIgRaN CUFRH R ERSiSHERRPES ARt Gt
alternating-light ¢retarsigmairc apgsahe rinoiviedig taithae pbopididdn daseparatechfednntf@-extraneous

iht current, whighs bpserb andbpeetianpeulabsseied Thedalaaliurent famplified in an

amplifying unit so that it is then available to an analysis unit 30 for analysis and further processing. The
amplifying unit pRERIAMRFBBHINFIEESIaTINGR-5 Mlerd e hamauprisvrtens Omiisitiflequency
signals are filterehoyt andmedpumgiitieldrward voltage for the photodiode, which lies below

the saturation voltage, has fo be adjusted. From DE 44 31 117 C2 a type of
operating point adjustment is known in which a variable load is connected in
15 parallel with the photodiode.

Preferably, exactly one photodiode is used for receiving. Two or more photo-
diodes can also be used, which are preferably connected in series. Preferably
a maximum of five photodiodes are used.

20
In the context of the invention it has been recognized that by means of a suit-
able wiring (biasing) of the photodiode in forward direction, the photocurrent
produced by the ambient light can also be used in order to the increase the
efficiency of the overall arrangement, in particular of the optical receiver. For

25 this purpose the opfical receiver comprises a coupling unit in which the data
signal current, which is based on the optical alternating-light data signal com-
ponent of the light, is decoupled and separated from the extraneous light cur-
rent, which is based on the extraneous light received. The data signal current
is amplified in an amplifying unit so that it is then available to an analysis unit

30  for analysis and further processing. The amplifying unit preferably comprises a
high-pass filter or a band-pass filter, so that iow-frequency signals are filtered
out and not amplified.



The function of the coupling unit is to separate the low-frequency photocurrent component from the
higher-frequency data signal current. This can be performed by means of an inductive transformer.
The primary side of the colil in this arrangement transmits the low-frequency current component, while
the high-frequency component is transmitted to the secondary side. Since, depending on the working
frequency, large inductances are required for the signal separation and in addition, coils can only be
poorly implemented in integrated circuits (IC), it is advantageous to replace the coil by a gyrator. 10A
gyrator is a tranSteerhataiarcvt thewithplifgolni iy idesinedahea plee fvedresuebeyqdmieataeitto its own
impedance, whicags R AALRRIHEENGAEIBHIRIAS ASARARI FANCEBRTbEe can be

implemented that behaves externally as an inductor. For example, the energy storage regulator for
controlling the efRSASASRY-RRANRHIPLAR BOHENESARRIPARE THRELOFREYrSt8F 1 dhIéR!8 stood as a
circuit arrangemtig whm’(g_isﬁemedrfmﬂ(almpIwrﬁemaeacyc@ummtampndMam@mplifi_er, that is,
from an oper a“%%ﬂ@gﬂ@ﬁ&%’@& WoLke %%Fh?(%ﬂ?e%‘%”%%”.ﬁqg%%gﬁgg ! SAurcginLhe geceiver

according to the | ention comprises an energy storage unit wi circuit for increasing the voltage.
Energy can prefefasipdenrtha weting festepaavinarss dmdustanessaecpapbes iy theesiditage applied

at the input of theeReFAY-Mi6HagRI URbisinercased badhenpireditdesinareasingtedagerirsuch a
manner that the voI{a e.Iew?Ir'z?ﬁljplitted dand the othut vqltage is increased rglative to the input
ra C S e va ﬁ

voltage. The eneqrgyes o'rré:éjé | Ite'ﬁeargy g&%sﬁgalésuﬁitr%oaﬁ be9n ebﬁnae%?'arl?e?{/ stored for this purpose

in the electrical field of a capacitor. In this case the voltage increasing circuit is designated as a

“charge pupmp". NWM&WSM N&%ﬁﬁﬁﬁ%oﬂ%ﬁ?&ﬁ GAm %i@%@fﬁlﬂ’é&iﬂ%&h%&é@é%’é&%@gg unit and can
also be performed In the electromagnetic field of an inductance or coil. Examples of this are a voltage

converter or an "TEIIRA LR KT IRSIHF th M BIRLINAD AR AN S oA 8% BTMISSYs at least one
inductor and oneausingch chpacltitianit@iberintucercecde dspidraesttddimvitehasesr extmbination of a

Swich and & diolen PLEGHTAR BB BB IS ATPLMISREARIED DAy The eneray

storage unit preferably comprises at least two capacitors and at least one switch, wherein the
capacitors are WiRSJSRSSEEIFIRTREM MO tRAR FRIVRISS i BEAHS CtERifeAR i¥Edie0HYi§UFRion and/or a
parallel configuratissy Hdsapsetarablyapgssibit thRNiigTdremdhier seremrirauihiriesheaparallel circuit

and vice versa. \\When chdz\rgtinrgd the energy, stpraqe unit is conntecte in FEr;flrallehand to Qischarge, for
gnsconductarnice amplitio that is, ram an-eperatiofial amplifier which works .
example to transter itS charge to an energy accumulator, itis connected'In series. By means of this

circuit arrangem@nt weitagersionrallsd euitprifseaRfsitors the voltage can also be increased to a higher
voltage, that is, to multiple times that of the photodiode output voltage. An energy stor- 10unit

constructed in thig manner is there _oretalt%o desiﬁ{nated as a charge IPum))o. tlt IS nomlallxhcontrolled by
means of an ene ?g?g?gl&é g%%(ﬂ; Img,o e Invenuion comprises aft ehergy storage unit w
20 a circuit for increasing the voltage. Energy can preferably be intermediately

stored in this circuit, at least temporarily. The voltage applied at the input of
the energy storage unit is increased in the circuit for increasing voltage in such
a manner that the voltage level is uplifted and the output voltage is increased
relative to the input voltage. The energy storage in the energy storage unit can
25  be intermediately stored for this purpose in the electrical field of a capacitor. in
this case the voltage increasing circuit is designated as a "charge pump”. Al-
ternatively, the energy storage can be performed in the energy storage unit
and can also be performed in the electromagnetic field of an inductance or
coil. Examples of this are a voltage converter or an "up-converter”. In this case
30 the circuit for increasing voltage comprises at least one inductor and one
switch. In addition to the inductor it can also have two switches or a combina-
tion of a switch and a diode. Of course, a plurality of inductors and/or switches

can also be used.



The energy storage controller controls and switches the switches of the en- ergy storage unit. It can
comprise a timing element and/or an oscillator which 15 is fed by a reference voltage source. The
energy storage controller can be controlled on the basis of voltage thresholds that are implemented by
means of comparators and reference voltage sources. A reference voltage source in the context of the
invention is understood as a circuit which from an unstabilized supply voltage, for example from the
voltage at the energy accumulator 20 (or its capacitor), generates a precise voltage with a defined
value. The referéheeeveitipsieagretibrelrieneranressrgy isoatdwencaragipiegenh@igy. A simple

method consistsfpassianithe, SHbin HiaesHtRithe yaltRaePivvsedhmhpanargyreiprage unit)
across a series resistor to a Z-diode. The reverse-bias volt‘?ﬁfe at th@@ iode can then be used as a

di
reference voltag@REIRITELES 1L8 BTHRE UYL B W hE BA g?(’)%@é’éaﬂﬂﬂ'i Breferably
performed to anpeefergip!peossibiator swilibHrprotideseadsighreuit g thdepata@heiongrgpdaccumulator

can be, for example. A suitqhlLSelRGIEhEARRCLABRS, Wiar 530 ARIIOLs (LGAISe FOPMERS 2

rechargeable battery (with charge con- sotroller) or'a similar electrical storage unit, which is charged. If
the voltage in the"ehergpeamdriterempPetatipnsifr 45£0R954a58 BRRIFERLILTAIER 10 a higher
voltage level, it Gal mesiealtrgessesr @ thakas of plirsdheulinitsaagdncett pemenisbeirzg part of the

optical receiver wi{gpa}gpltggea 7a C}QIIPQ %X%gﬁ%ﬁ é?/ %{?%t Eeeaﬁ;&e\ég%{){OZQShYgﬂggé%%)égeIectronic

measurement aﬁ'gange &nt an also be suppried. It is thereby possible to a tto operate the
optical receiver, et ipdRidtipisioneathahgbihe Rhriapieds anpih WEaasd AcHEIAHEE in any case in
such a manper thgé ahleashi@upRd & this manner is therefore also designated as a charge

pump. it is normally controlled by means of an energy storage controller.

The energy storage controller controls and switches the switches of the en-
ergy storage unit. It can comprise a timing element and/or an oscillator which
15 is fed by a reference voltage source. The energy storage controller can be
controlied on the basis of voltage thresholds that are implemented by means
of comparators and reference voitage sources. A reference voltage source in
the context of the invention is understood as a circuit which from an unstabi-
lized supply voltage, for example from the voltage at the energy accumuiator
20  (or its capacitor), generates a precise voltage with a defined value. The refer-
ence voltage source however is not an energy source that supplies energy. A
simple method consists of passing the supply voltage (or the voitage provided
by the energy storage unit) across a series resistor to a Z-diode. The reverse-

bias voltage at the Z-diode can then be used as a reference voltage.

The re-storage of the charge stored in the energy storage unit is preferably
performed to an energy accumuiator, which provides a higher charge level.
The energy accumulator can be, for example, a suitably selected capacitance
or a capacitor. It can also comprise a rechargeable battery (with charge con-

3¢ trolier) or a similar electrical storage unit, which is charged.

If the voltage in the energy accumulator, for example in a rechargeable bat-

tery, is raised to a higher voltage level, it can form a voitage source that sup-

plies the units and components being part of the optical receiver with voltage.
7



5the time it can work and function without an additional power supply. The optical receiver according
to the invention allows a significantly longer operating time (with a battery or with a rechargeable
battery) than other optical receivers of the prior art. This is advantageous in particular when the
receiver 10is deployed in vehicles, e.g. as part of an alarm system in powered vehicles or in leisure
boats, where no mains supply is available. The optical receiver can furthermore be additionally
supplied by other voltage sources, for example by a battery or, if present, by a mains voltage which is
15 appropriatelyfitnsfeotaet. Ehel efetgpatiaryed ior thé sfutggnstptagiedrmnicamedsoreowever be

used for other cympPReIts Ghant/ESHiLIEs B@%Eb%ﬂéé?ﬁ?s%&i@ﬁ@é\h%r tBROGRE MR

measurement system in which the optical receiver is integrated. The energy storage unit can for
example take orfUIRPFAEHHR BPUCBLIRLGY BufE iR TFRSYEMFa SHFIERRHbERTRG St bhe energy
storage unit it can preteiste ziove!tage®fin.bny adissinceube anemgyatdnapatuaisisichasged up by the

preferably fgrwa{}qéqg%%qg(%%qé%gio S @eﬁ%@pwmgl}ﬁgﬁ é'aﬁﬂgﬁgﬂm%@)éi%gigolt, since this is the

preferred operating point o otodio In a preferred embodiment, nergy storage unit
comprises a voltage converter. The voltage converter can be a DC-DC converter. A DC-DC converter

can be formed farexapaele Rscaeaniswting abandndvsitioee Mol sangsaiioassy agihby other
components. Thgp\é% i eti%?é‘ v(\anrt??g %aartlzeierrjflcgjrdv?itﬂteﬁgg}\argeab%e battery) than other opfical
receivers of the prior art. This is advantageous in particular when the receiver
10  is deployed in vehicles, e.g. as part of an alarm system in powered vehicles or

in leisure boats, where no mains supply is available.

The optical receiver can furthermore be additionally supplied by other voltage
sources, for example by a battery or, if present, by a mains voitage which is

15  appropriately transformed. The energy charged in the energy siorage unit can
also however be used for other components of a circuit, in particular for a
measurement arrangement or a measurement system in which the optical
receiver is integrated. The energy storage unit can for example take on the
function of a voltage buffering unit.

in a simple embodiment of the energy storage unit it can provide a voltage of
0.5 Volt, since the energy storage unit is charged up by the preferably forward-
biased photodiode. Its output voltage is approximately 0.5 Volt, since this is
the preferred operating point of a photodiode.
25
In a preferred embodiment, the energy storage unit comprises a voltage con-
verter. The voltage converter can be a DC-DC converter. A DC-DC converter
can be formed for example by a combination of an inductance and a capaci-
tance, and by other components. The voltage converter can include at least
30 one inductance and one, preferably two switches, wherein the second switch
can be a diode.

According to the invention, the optoelectronic measurement arrangement also
comprises, in addition to an optical receiver with a photodiode, amplifying unit,
8



300ne inductance and one, preferably two switches, wherein the second switch can be a diode.
According to the invention, the optoelectronic measurement arrangement also comprises, in addition
to an optical receiver with a photodiode, amplifying unit, 8 coupling unit and energy storage unit, a
data signal light source and a compensation light source and an extraneous light compensation circuit.
The energy storage unit of the optical receiver comprises at least one storage element and is charged
by the extraneous light current. The storage element is 5 preferably a capacitor. Alternatively, instead
of the capacitor theipteasuieanshésergngérnagd caih, ravetarsigoaidightasaivess@mrdge @iement. The

optical recelver isCARRSHIRMING. 1S eietdl-surbaR b RS LERIA LSSy shorage unit by

charging is used for supplying the energy for the optical receiver, at least a part of its energy supply.
10 The energy sEEeAGEURIEpYBIPIBRPHRRISELIFEER'YBT ARETPESRR) Foleagh MSPiRIRER&I8Y can be
temporarily storefleiihahis foteingesty shoepained.of lghe cergeriioTad isrageesrehehmere than one
second. Preferayy ihe gneray apiainad om0 cxliangausdiont er sraneaus gt egmponent is
stored in at least” oneycapagl or of the energy’storage unit. The'energy storage unit can preferably
comprise a plursAfiaegenpaciars Var IRardeler &5y Hieees aeseerds Brrl/optinabdeallel, wherein it

can preferably bgejyaicedhrmesibatreirsuand arialiehrornRegPREPECHN RS sudfghed back and

forth bet the two. Th { it qf th t t |t tivel
20comprise a VoSG EONE R WA L0l SF76 APlo BB IR o1 SRR BEACTUAT compensatior

circuit includes acelosk gldanasheopae dbits energy supply.

10
The energy storage unit preferably has a circuit for increasing voltage in which
energy can be temporarily stored, that is for at least a short period of time, e.g.
stored for a period of more than one second. Preferably the energy obtained
from the extraneous light or extraneous light component is stored in at least

15  one capacitor of the energy storage unit. The energy storage unit can prefera-
bly comprise a piurality of capacitors which are preferably connected in series
and/or in paraliel, wherein it can preferably be switched between the series
and parallel connections or can be switched back and forth between the two.
The energy storage unit of the measurement arrangement can alternatively

20 comprise a voltage converter with a coil and at ieast one switch.

The extraneous light compensation circuit includes a clock generator, a de-
moduiator for clock-synchronous analysis of the data signal current, a modula-
tor for generating a data signal control current for the data signal light source,
25  a modulator for generating a compensation signal control current for the com-
pensation light source and a regulator unit for generating at least one control
signal for at least one of the modulators. If a voltage of approximately 2.5 Volt
is provided by the energy storage unit or by an optional energy collection ac-
cumulator, then this voltage source can provide the operating voltage for the
30 photoreceiver and the data signal light source and compensation light source,
implemented for example as LEDs, of the optoelectronic measurement ar-
rangement. In addition this voitage source can also be used for the modulators

of the extraneous light compensation circuit.



modulator for clock-synchronous analysis of the data signal current, a modula- tor for generating a
data signal control current for the data signal light source, 25 a modulator for generating a
compensation signal control current for the compensation light source and a regulator unit for
generating at least one control signal for at least one of the modulators. If a voltage of approximately
2.5 Volt is provided by the energy storage unit or by an optional energy collection accumulator, then
this voltage source can provide the operating voltage for the 30 photoreceiver and the data signal light
source and compesdiitnttighe sovgttonniptciakoe desrixethpricaiecrDuc aheneLspmRiectronic

measureme f‘t aﬁﬁfﬁgﬁm_ 19 @é@&!@& tm%ﬁeﬁaﬁﬁﬁ%&%ﬁr}@s@&? Méﬁgf f%ﬁhsaméulators of th?
extraneous light compensation circuit, According to the invention the (above descrlb_edm%optoelectronlc

h .
measurement aR3A G RATRERALIOR ANk SLFr LMY AR I ARRCHSRNASR SPRIRM sBTite and the
compensation ligbtigentiky etoiteghtUisiagsihecibgyhias @ mitl &dioontriohéhsemumemsiadbtictosiged. Using the

regulator unit to caniglBe crmRenRRaN HanaL IO CUBaRE toccEnmaEBRAion g pource is
ude and

controllable in its light intensity in amplit d phasé in such a manner that the clock-synchronous
alternating-light H4eaHY i PEENTHERAMCRRIARIIRY B2 S1PARRS R PSR st Rithg-light data
signal componeaitrigifaiinghtr axtihsiglatn signaidight satiiemqrsktheomifensatiphasignal light
source) is set to zero. An extra-. 10 neous light compensation circuit of this kind, is_described in detall
for examplo n DRG0 M T e A Mot SR e e o e
content of this ajp@iitafidisbgnetercpeapFheatipiotinalbait AssirismehtcarRingbMm@ritaccording to
the inve_nti%fj is %@@[@ﬁ_ﬁ%&@&bﬁbﬁﬂi@h@@c@ﬁtaﬁiﬁ@RIr@JE%&i?@EaFﬁé%ﬂaﬁ%ﬁ ékaslr@f)nltéinem;s light
current in the cou it manper that the extraneous light cyrrent is available for charging
an energy storaéi%ﬁﬂ%%ge%{&/%s?ﬁagg L?r:]ftiqﬁ %@%isﬁ%ﬁ] gggcﬁt Téee??t '8H@°8&?)(5citor. The
energy charged upad itfe heayyiatbrdduuaipisatidodst gdetlgrngsed for supplying energy to the opto-

20electronic measurement arrangement. The invention is hereafter explained in further detail using
particular embodi- ments shown in the Figures. The special features shown there can be used

separately or in CORIRRRSFH PN BRI RERES H ASRAREI EBR RTGRAHIRSs 181 fife invention is

15 characterized in that the data signal current is separated from the extraneous
light current in the coupling unit in such a manner that the extraneous light
current is available for charging an energy storage unit. The energy storage
unit in this case comprises at least one capacitor. The energy charged up in
the energy storage unit is at least partly used for supplying energy to the opto-

20  electronic measurement arrangement.

The invention is hereafter explained in further detail using particular embodi-
ments shown in the Figures. The special features shown there can be used
separately or in combination, in order to create preferred configurations of the
25  invention. The embodiments described do not represent any restriction of the

invention which is defined in its generality by the Claims. In the Figures:

Figure 1  shows a schematic circuit diagram of an optical receiver;

Figure 2 shows a detailed circuit diagram of an embodiment of the optical
receiver according o Figure 1 with an energy storage unit;

30  Figure 3  shows a detailed circuit diagram of the energy storage unit of Fig-
ure 2;

10



25invention. The embodiments described do not represent any restriction of the invention which is
defined in its generality by the Claims. In the Figures: Figure 1shows a schematic circuit diagram of an
optical receiver; Figure 2 shows a detailed circuit diagram of an embodiment of the optical receiver
according to Figure 1 with an energy storage unit; 30Figure 3shows a detailed circuit diagram of the
energy storage unit of Fig- ure 2; Figure 4 shows a signal waveform of the data signal provided at an
amplifying unit of the optical receiver, of the temporal voltage waveform of the energy storage unit

during charging ppgh@f she yalaga WENSTAAIbAR SNBENYASIGGHIANARRRURIRT <RiHgyre 5 shows an

enlarged excerpt of the signal wavefgrms of Fi%JreA' i lg;e 6 show§ a circuit diae%ram of an

n §aNE7 ShiNE e e datRA8 HaNEIREE 8 of an

alternative embodiment of 41¥ §Ptical r&:%‘i)vlgf";E Igare .
optoelectronic measure- méis arfigY SiRaCIMpAdiing ahagingkrscefibe wigaec@dhows a
schematic circuit diagram gban éitatrRakvygyaipagieneicotulator;

5 Figure 5 shows an enlarged excerpt of the signal waveforms of Figure 4;

Figure 6 shows a circuit diagram of an alternative embodiment of an optical
receiver;

Figure 7 shows a schematic circuit diagram of an optoelectronic measure-
ment arrangement comprising an optical receiver,;

10 Figure 8 shows a schematic circuit diagram of an alternative embodiment of
an optoelectronic measurement arrangement;

Figure 8 shows a schematic circuit diagram of a startup circuit of an opto-
electronic measurement arrangement;

Fig. 10a-c show detailed circuit diagrams of the startup circuit according to
Figure 9.

[
N

Figure 1 shows a schematic diagram of an optical amplifier 1 having a photo-
diode 2 for receiving light and for converting said light into a photocurrent, a
coupling unit 3, in which a data signal current of the pholocurrent is separated
20 from an extraneous light current of the photocurrent, an amplifying unit 4, in
which the data signal current is amplified or converted into a voltage with a
Voltage-Current-Converter (V/l-converter, i.e. a transimpedance amplifier) in
order to be provided to a measurement and analysis unit for further process-
ing, and having an energy storage unit 5. The exiraneous light current of the
25  photocurrent is stored in the energy storage unit 5 so that the energy storage
unit 5 is charged. The light which is not used for energy transmission or for
data transmission, and which appears in the environment of the optical re-
ceiver as ambient light or extraneous light, is used for supplying the energy
storage unit & and enables at least a partial energy supply to the receiver
30 (amplifier) 1. In contrast to the known optical amplifiers and measurement ar-
rangements, the extraneous light (ambient light) does not need to be screened

off, but rather is used for the supply.

"



an optoelectronic measurement arrangement; Figure 9 shows a schematic circuit diagram of a startup
circuit of an optoelectronic measurement arrangement;  Fig. 10a-c show detailed circuit diagrams of
the startup circuit according to 15Figure 9. Figure 1 shows a schematic diagram of an optical amplifier
1 having a photo- diode 2 for receiving light and for converting said light into a photocurrent, a coupling
unit 3, in which a data signal current of the photocurrent is separated 20 from an extraneous light
current of the photocurrent, an amplifying unit 4, in which the data signal current is amplified or
converted into afi@ltegge shigwa ¥ ohdipel @ grepedivaveaicthp/apieriveaeverd. of trigigenpedance

amplifier) in ordaio HeRIP\WERsHE @sasursmantaad analssiermisfer ddthperacsgsing, and
having an energy storage unit 5. The extraneous Ilght current of the 2543h0tc\)§tignt is stored in the

energy storage BHIT'E &GP S78:3Y 'SE5T R0 GARSHOLI Gl 39k S8H8Y used for
energy transmissiorage forid&thdsam plusdiynofacapadiiors agpk avstohehendrshroambeat adrthe optical

receiver as ARG QEANUaRGRNSBhralR USSR RASURRbI S ERRIBUS I ARl S and

enables at least a partial energ Egsupp y to the receiver 30 lifier) 1. In contrast to the known optical

amplifiers and m&athf SMREEY SRIAGR MRihEs, WheEir{ifew! ﬁ&rﬁf(f% tBRaldRBSHBES Adt need to be

screened off, bupzatiserds tsesriayihststpplunitigureshshawsoathartiotar eshbgeliofemeof the optical
receiver 1 of Flgure 1 T%e energy storage unit 5 is implemented in the form of a so-called charge
pump 6 and con?prlses %tleast one capacitor. As a charge pump 6 the energy storage unit 5 has a
plurality of capacitors and switches which can be con- 5 nected in series and/or in parallel. The

forward-biaged phigings recbivEges sRiReISNPERE S NRaWHh S oMIRIEI8 thaataliageapcross the at

least one capacitor of the energy storage unit cqrresponds to the output voltage of the photod ode.
T0The optioal FeEMRTERNARR 15 STOLEEOTEH T AT ESR TR S, & R s Gt omPoRent

The extraneous Eaght component is used for at least partiaiiy suppiy;ng energy
to the receiver 1. Light comprising an alternating-light data signal component
and extraneous light is received by the photodiode 2 and converied into a pho-

15 tocurrent ip. The photocurrent ip comprises a data signal current iy and an
extraneous light current |.. The extraneous light current | is typically low-
frequency or a DC current. The photocurrent ir flows from the photodiode
through the coupling unit 3, in which the data signal current Iy is separated
from the extraneous light current |z, The extraneous light current I flows to the

20 energy storage unit 5 and charges it up. The data signal current Iy is transmit-
ted by the coupling unit 3 and flows into the amplifying unit 4, in which it is
amplified. The data signal current |y is availabie for further processing at the
output 4a of the ampilifying unit 4.

[
tn

The energy storage unit 5 is preferably implemented as a charge pump 6 and
comprises a plurality of (at least two)} capacitors 7 and a plurality of (at least
two) switches 8. Figure 3 shows an embodiment of the energy storage unit 5,
in which four capacitors 7 are present. The capacitors 7 can be connected in
parallel, so that across the capacitors 7 the photodiode output voltage of the
30  photodiode 2 of approximately 0.5 Volt is applied. Connecting the capacitors 7
in series the voltage in an energy collection accumulator 9 can be increased to
multiple times of that of the photodiode output voitage. in the present example
with four capacitors 7, the voltage is quadrupled, with the result that a voltage
of approximately 2 Volt is present in the energy collection accumulator 9. This
12



component and an extraneous light component, or ambient light component. The extraneous light
component is used for at least partially supplying energy to the receiver 1. Light comprising an
alternating-light data signal component and extraneous light is received by the photodiode 2 and
converted into a pho- 15 tocurrent Ip. The photocurrent ip comprises a data signal current IN and an
extraneous light current IF. The extraneous light current IF is typically low-frequency or a DC current.
The photocurrent ip flows from the photodiode through the coupling unit 3, in which the data signal
current IN is separatiiefretin hineaeraaedically ligmestace nroceThelteitrihareipsdigiossainlieete IF flows to

the 20 energy storaps: YRl é&?@%&rﬁwl@_Jﬁzﬁe%ﬁemaahsua@éw1isﬁr§aﬁm'ﬁrsﬁeby the

coupling unit 3 and flows into the amplifying, unit 4, in which it is amplified, The data signal current IN is
available for furtMA95r¥EEBRGN ARG BIRRHRE & ENIMLIRAAGS AR Proy e RN AV orage unit 5 is

preferably implemm@obasrascmasgetwumprﬁm@mﬂmmm a@nraﬁtys&ﬁ(ammeﬂtsatwp)ejapacitors 7 _
and a plurallty of{gbleash el daResS priiib SHRWE AR BPBHBAIAL A et storage unit

5, in which four capa are present. The capacitors 7 can be connected in parallel, so that across
the capacitors 7%H’@%tﬁﬁli%@’%u?ﬁlﬁe\?ﬁﬁég@éEiﬂ‘é‘@@%fﬁﬂ‘bﬂﬁf@@%sa}ﬂﬁ%kﬁﬁ‘fwtﬁ.5 Volt is
applied. Connecgngriftedia@acitonsedin series the voltage in an energy collection accumulator 9 can be
increased to multiple times of that of the photodiode output voltage. In the present example with four
capacitors 7, the voltage is quadrupled, with the result that a voltage of approximately 2 Volt is present
in the energy collé&tiBwisbesrBuaast 9. IThigne SRR/ eaibY arpdrieticdly rmpeaedtpfocess. It is

thegefor_ethp%siti[ﬁ,sa qhggg?ega@i@&ggg&t@m?%mik.ét anéﬁca?omd%m%r%?&vwﬂagé siﬁnd-aAl\c;ne t
mode with exactly ope photqodiode 2, without needi ovide an addjtion ergy.source. Also, two
or more photodicald‘é& E‘@é’ﬁ%’e’ﬁ%}é&}m W%?eoﬁég%ogr bﬁt%lﬁﬁ&c? E?F]a@ri%@?% ably, the
number of phptodéo&eﬁisﬁmm@btaﬁ emauia‘cmoitai'g@,oéiﬁc%m. sT@ivabw@ii@siéiewaﬂb:iqieteriorates
when a plurality giaRqidigrends 4sqd ifiBgSWECRRRLSE] I PR ERRINSIN FAESiLa are

preferably implemented 10 such that the switches already work, i.e. they are switchable, at a voltage
of 0.4 Volt, prefefEBHS VERAGRESSE BSUWiotPREDENISrY Prtieto dneitaercRELS dBi%be switched
even at a voltageyait€d swithebis anplicsciepastiny lasiovhomtve svpitelzeshd, arelontegtatet switches 8,

i.e. implemented as,i circul i t Irgy T r Id vgltage of the
inte- 15 grated S\?v?l]t%c‘:f%z%%% tﬁ]%flr%%o% g?ﬁ@o@v%%ﬁ\%lg? Fﬁ%ﬁ%\?ﬁéﬁf %5:)%3 0%5%}3(0%1'? a{r)?d particularly
preferably arounftossigningtatrpeahiniterbe thmehelshydiiadst flRstvsRp dbat tsRRligH ®rreshold
voltage. This megagdhatciemiicalsanstyap beamalsonasiagedumisieanalhy without an auxiliary

voltage.

20 i the energy storage unit 5 is realized in CMOS technology, the definitive pa-
rameter is the threshold voltage of the NMOS and PMOS transistors, which for
this purpose should not be greater than 0.25 Volt. In that case the optical sen-
sor 1 can also be operated without an external auxiliary voltage, for example
from a battery or from the mains supply. If an external power supply is avail-

25  able, electronic switches 8 and control elements that have a higher threshold

voltage can also be used.

An energy storage controller 10 is provided to control the energy sforage
unit 5. The energy storage controller 10 can comprise a timing element, for
30  example a timer or oscillator, in order to effect a clocked predetermined
switching of the switches 8 presént in the energy storage unit 5. The energy
storage controller 10 is preferably integrated in the energy storage unit 5. The
control process can also involve monitoring of the voltage across the capaci-

tors of the intermediate energy storage, wherein comparators and reference
13



20If the energy storage unit 5 is realized in CMOS technology, the definitive pa- rameter is the
threshold voltage of the NMOS and PMOS transistors, which for this purpose should not be greater
than 0.25 Volt. In that case the optical sensor 1 can also be operated without an external auxiliary
voltage, for example from a battery or from the mains supply. If an external power supply is avail- 25
able, electronic switches 8 and control elements that have a higher threshold voltage can also be
used. An energy storage controller 10 is provided to control the energy storage unit 5. The energy
storage controllgtt@nesramen At applirthdPelbrmattofiy Goninaaipiecattivasedrovieilla10d, in order to

effect a clocked pyiegriesRingsLSWHSHIRG hMNaYHIChES BiRig36h¢tRthe energy storage unit 5. The
energy storage controller 10 is preferably integrated in the energy storage unit 5. The control process

can also involve monitoring of the voltage across the capacitors of the intermediate energy storage,
wherein comparétersaunpdingfendrt efliBevmitagé reoticasiaseappingdtoBtigumeéthodst(ansing

element-based saniial pndyaliaos IeyalibasedGPOL AN AshRSRRInerdRgelhg/, The coupling

unit 3 of the optical receiver 1 according to Figure 2 is a transformer 11, that is, a transformer for the

signal transmissit#ftal SiAamkYy dR8/6HHdiItee ﬂ%l@rﬂ?eﬁﬂﬁ"lﬁt'eaﬁlmﬁ &Pfﬂé@é‘ﬁb%’ﬂ”ﬁg of the data
signal compone@bﬁéﬂﬂ@ema@ﬂmbgbmgaﬁwmﬂmr&ameﬂeﬂ ihetphptagoterdrtasabe effected not

only by means of 3 fanslareo 1 R general lsowilp evigler lsh e fouplia it
comprises. 10 WiSen & fransforay | is"Used, the capaci OF Or CAPACItOTs Of the Enargy storage unit 5
or of the charge @iiRipr vaieh dheiapediiia YAl aTAR)ISEe 11a of the coil of the transformer 11. The

primary side,of the coil of the transformer 11 has a low resistance to DC current signals. Therefore, the
extraneous light 15 current c tori g from he extrane can flow to the energy
ctorage unit 5 i VRBAGEPRETEG At K e M RETRAGL 81 o P B S SPRGHALP the
photogurrent howgeenitvhichofshypicalyearoupd afeshkilobe s trefeimbly adihdicacofdhemegahertz,

the coil of the ragwofRR! hriAAAIGH PR IARRSGu8! i LB bPBS ABRInRRICT L (Output of a

transmit- 20 ter), an AC signal occurs which is fed into the amplifying unit 4 present in the secondary

side 11b of the tF?r?s?o%FeWﬁ%ﬁ te &?ﬁpﬁﬁgant signals. Therefore, the extraneous light

15 current component originating from the extraneous light can flow to the energy
storage unit 5 unimpeded. With respect to the higher-frequency data signal
component of the photocurrent however, which is typically around a few kilo-
hertz, preferably around a few megahertz, the coil of the transformer 11 has a
high resistance. So, at the output of the transformer 11 (output of a transmit-

2¢  ter), an AC signal occurs which is fed into the amplifying unit 4 present in the

secondary side 11b of the transformer, where it is amplified.

in the embodiment according to Figure 2, the amplifying unit 4 comprises
switches 12, which isolate the photodiode 2 from the amplifying unit 4 at least
25 some of the time. The photodiode 2 and the amplifying unit 4 are preferably
fully isolated when the transfer of the stored energy takes place from the en-

ergy storage unit 5 to the energy collection accumulator 9.

Such an embodiment of the amplifying unit 4 is advantageous, because the
30 analysis of the data signal current Iy at the amplifying unit 4 has to be inter-
rupted when the charge transfer is taking place. Otherwise the data signal
would be superimposed with the switching pulse and the measurement, for
exampie for the detection of an object, would be corrupted. By opening the
switches 12 on the secondary side 11b of the coils of the transformer 11, the

14



In the embodiment according to Figure 2, the amplifying unit 4 comprises switches 12, which isolate
the photodiode 2 from the amplifying unit 4 at least 25 some of the time. The photodiode 2 and the
amplifying unit 4 are preferably fully isolated when the transfer of the stored energy takes place from
the energy storage unit 5 to the energy collection accumulator 9. Such an embodiment of the
amplifying unit 4 is advantageous, because the 30 analysis of the data signal current IN at the
amplifying unit 4 has to be interrupted when the charge transfer is taking place. Otherwise the data
signal would be aupbiyinpostiddvithriesrsnizdhivgeatvelaras tad nansivpesiarss, Fowéfieniple for the
detection of an qhigghnweulgl be corrupted. By opening the switches 12 on the secondary side 11 b of
the coils of the transformer 11, the 14 amplifying unit 4, implemented for example as a
transimpedance amplifier is disconnected. The temporal waveforms of the signal voltage in Figures 4
and 5 show the Fheteragitoal bedwdenmsbiditiiagignargpitagktive Ritpasarenadtprreesshéigure 5 shows
a detail of Fig. 4.] ime. |.of 2 | [ 7 eLenergy
storage unité5 ar’(‘fz-E E%%téggf?aérmggﬁﬁg\%ﬁﬁ%gﬁ\?@tfeé?v%de@r% tm%l%dﬁgsﬁﬁgﬁﬁ é)ga%%h lﬁ%{%esz increases
linearly. The volfydveva &Pl bigs SnBvieilmReiTiens! Rhgrafh e tgen®s Bsardweinsile the capaci-
10 tors 7 are beirgpsbiesged, ¢ MeaswRINenrags beiedesneihgl beadgia, signabragemN is coupled
out via the transformer 11 and ears at the output.da of the amplifying.unit 4. The measurement of
the data signal cCHBGETN'E THGs D e T S tes (N or (31208 HAHE and during
the transfer of thierohif%)és tehwneineiitpy lowke cliagraconhigntiest ARBoWhiettiee\eaparht age V2 of the
photodiode 2 betygendherasiesiagad ORNARIFRCARHOPRHRISHY- THOKaf igtge transfer to

the energy collection a cumul@?r 9 occurs. In thequﬁer diagram the waveform of the voltage V9
across the enerdiCEEMiSFACEHBAMYR S BHERTERAR odfd PEAT B4R aHBESEH. The
capacitors 7 of threecamepiiyispragedinite areadisehwnmied dnel datachignginguft@pripcesststarts again as

soon as the switghas Bof iMeRORIGUSIGALRHOILRASE GgrRidERRacted SR dNAL hegapacitors 7 are
in parallel with the series circuit formed by the coupling unit 3 and the photodiode 2.
fer of the charge to the energy collection accumulator 9. As soon as the volt-

15 age V2 of the photodiode 2 between the nodes 2a and 0a has risen to ap-
proximately 0.5 Volt, a charge transfer to the energy coliection accumuiator 9
occurs. In the upper diagram the waveform of the voltage V9 across the en-
ergy coliection accumulator 9 (between the nodes 9a and 0a) can be seen.
The capacitors 7 of the energy storage unit 5 are discharged and the charging

20  process starts again as soon as the switches 8 of the energy storage unit 5
are again connected such that the capacitors 7 are in parallel with the series

circuit formed by the coupling unit 3 and the photodiode 2.

Figure 6 indicates a circuit variant of an optical receiver 1 in which the cou-

b2
on

pling unit 3 is implemented by means of a gyrator circuit 14 with a gyrator 41,
The coupling unit 3 ailso comprises, in addition to the gyrator circuit 14, an
output capacitor 15, with which the capacitors 7 of the energy storage unit 5
(and the photodiode 2) are connected in parallel during the charging process.
in order that the efficiency of the energy extraction is as high as possible, the
30 output capacitor 15 for the daia signal current |y must be small in comparison
to the capacitors 7 of the energy storage unit 5. This means, however, that the
data signal current Iy is reduced, that is, the data signal is attenuated, because
the voltage is divided across the capacitors according to the ratio of the ca-
pacitor values.

15



Figure 6 indicates a circuit variant of an optical receiver 1 in which the cou- 25 piing unit 3 is
implemented by means of a gyrator circuit 14 with a gyrator 41. The coupling unit 3 also comprises, in
addition to the gyrator circuit 14, an output capacitor 15, with which the capacitors 7 of the energy
storage unit 5 (and the photodiode 2) are connected in parallel during the charging process. In order
that the efficiency of the energy extraction is as high as possible, the 30 output capacitor 15 for the
data signal current IN must be small in comparison to the capacitors 7 of the energy storage unit 5.
This means, however, that the data signal current IN is reduced, that is, the data signal is attenuated,

because the voltaggde, iV ilRHG RS SiHBG CORARN GRS GG BNGHO H&?a@?&?\é’if 3R GaRABHOr values.

Therefore, wiring the circuit shown in Figure 6, the data signal can only be read out when the

capacitors 7 of (P8R YE0 e cRRRSIAR ae‘gotﬁ'ﬁl@ﬂ‘?@% Hitagsotiiicuare. ¥asPHREdase, the

gyrator circuit 14ranhibe eitskisde tPafscdhduciaacthampldier ditcaitd 4nvMiMIOBdiiadesisior, assumes
the function.of oeratng eihstaiizrion othe AP RiAEBIAdE NS YR AIEYE by, works as a
erefore implemente todiode voltage lim

photodiode voltage Imiter an as a pho iter circuit 26. It is

thereby ensured%ﬁ@?@'?@rﬂ%‘fﬂ stakiiratianf fisdRPRWRER (B 8pprSahatenito’d Yig and is

stabilized. In ordﬁm& SAYEOEBHIETY, Jbtmgem&e&beweemwérefmeamemaﬁt@i 8. dhgmeampling of the
data signal, are rcgl%aﬁaeaett n times I§ & |s %e actual mes ﬁrl%lentaogrlo For this reason
ot

imier. circut ensure
this restriction to a'sequenti gl opera ion18 no serrous wever, #rcreﬁcy of the

receiver circuit fafidhsy dipde IEOi%t%%@@mb@mm@rﬁéovmbmleaﬁmmér Insbrg@itt the Figures

are particuiéarlyﬁriéeaﬁemet@é%agee@rbéwﬁmaiﬁa/rﬂéemmrqgppeyverﬁéeﬁwpm@i%ltﬁeceiver 1. The
energy from the ambient I’ght recerve%wr h the%)q otodiode 2 can be stored and "fed back" to an

energy collectio? 3R M FHafSF & 3L FABIAFRSITES RIS AP § LAY MG LB Bhttery. With
sufficient illumingtond(rof thie Easwdibder@sthetiefore asstaialbopeogieratonafsérooptical receiver 1

s also possible. gdoueniand e A ERIRgE AL b AR RiGiiqde, ssipnd-alone

operation is possible without a voltage source, €.g. a battery or rechargeable battery. Of course, two or
more photodiodes can be connected in series in order to obtain a higher starting voltage for the energy
star- 25 age5unitTh@wweaim&atmeretaeemrmsréeew&he wmhneihuh'é rigwedl &% ifmaast- The optical

receiver 1 with 2 ghpioflede 1 Werslore RaiGMRLY MelLouled oruie 1 SRPIgggna n which the

receiver or optlca nsor, into whic tica rece verlis ed, have no'access to the mains

supply and the cwr\éﬁft‘bd—ﬁ%ﬁﬁﬁ(@hffﬁ%ﬁ%é%ﬂﬂ@t B@%é@ﬁéﬁdﬁ@ly‘@mﬁlﬁ phietedjpdeivasre 30 for
example, that SUgH @& &eBAHdS reappggkeqoaéﬂighéwr&aréeﬁbargaamﬁrewregymwﬂtrs am-

"Supercap- capacrtor" %qr charg rg%%?agrtgc ?eﬁgwn%nw ntI ht Iev lis hrgh enough, the

energy buffer caR BaFd arged: IS mean nance MEENValf 818 h a sensor are
significantly: @ncr@éﬁ@@pb@mmmmm pmau@mnemr@trmreo@mmbreeér‘mmmré hardly in-

is also possible. The invention has the advantage that, with only one photodi-
ode, a stand-alone operation is possible without a voltage source, e.g. a bat-
tery or rechargeabie battery. Of course, two or more photodiodes can be con-
nected in series in order to obtain a higher starting voltage for the energy stor-
25  age unit. However, this increases the size of the receiver unit, as well as its
cost. The optical receiver 1 with a photodiode 2 is therefore particularly well
suited for use in applications in which the receiver or optical sensor, into which
the optical receiver 1 is integrated, have no access to the mains supply and
the current consumption must therefore be particularty small. It is conceivable
30  for exampie, that such a sensor is supporied at night with a rechargeable bat-
tery or with a "Supercap-capacitor”. By recharging during the day, when the
ambient light level is high enough, the energy buffer can be recharged again.
This means that the maintenance intervals of such a sensor are significantly
increased.
16



creased at all, because the photodiode needed for the energy storage is al- ready present in the
optical receiver for receiving the data signal. In optical 5 measurement arrangements in particular,
which can also be used in strong ambient light and work without errors, an optical receiver of this kind
is very advantageous. It is precisely this property (strong ambient light) which is important so that the
energy extraction in the optical receiver 1 can be used in a meaningful manner. 10 Furthermore, it is
conceivable to enlarge the effective area of the photodiode, for example by means of lenses. In this
manner the photocurrent can be maximized without the costs of such an optical receiver or optical

sensor noticeab X d0cHeaNAgs PrBUSR A S 2L AOBGRL ARENUFI 4R AR procuced from

plastic materials and therefore are much less expensive than, for example, enlarging the photodiode
and its silicon aré2aeR5LA PsRSRAVSH iR Riipdintemesdpdidar thesneray Win@9% milyrated into an

optoelectronic meagyrerassitar ang espettl kecdiber apioelesitingieneersa 2hHEemeribagangement 16
comprises, iy ad%ition to theto rtigal recgiyger 1 vgi 1.0ne Q(\)Ih%oreg P1pgl%o%iodes,da dastt?o%i nal light
t

easureme rangem i e Us
source 17, a compensa?lonrhg {30Urce 18 and'an extraneous ﬁg compensa?tlon Circuif19. The

extraneous light @BRipeinkaiiciNgivaik Mt @8R cRICRIGSAEFaasivED, o tisnoadisiorl for

clock-synchronoygvanadysisuef Ihs GriaisianahisUsrepsHy. @treag URlokR2igH2 AeERSLalNg a data
signal control current Iglts [ﬁr ttbe data sigf%%ll light s,ou%ce 17, a modulator 23 for generating a
I dPRRPFTRY

compensation sifRAFEbH B JER SRR I§RE YU S PEHF e EbRiator unit 24
for generating atrteasingie cwmnel signal for at least one of the modulators 22, 23. 30The data signal
light source 17 and/or the compensation light source 18 are preferably implemented as LEDs. Both
light sources are _driven in such a man- ner that they emit light in a specific phase relation,

time-sequentially EIEP Hb BIER8EE ¥R o faldigh e STeei @ A phidamhetrsicdfmpensation

signal for example by means of lenses. In this manner the photocurrent can be max-
imized without the costs of such an optical receiver or optical sensor noticea-

bly increasing, because the reflectors and optical concentrators can be pro-

15 duced from plastic materials and therefore are much less expensive than, for

example, enlarging the photodiode and its silicon area.

Figure 7 shows an embodiment of an optical receiver 1 which is integrated into
an optoelectronic measurement arrangement 16. The optoelectronic meas-
20 urement arrangement 16 comprises, in addition to the optical receiver 1 with
one (or more) photodiodes, a data signal light source 17, a compensation light
source 18 and an extraneous light compensation circuit 19. The extraneous
light compensation circuit 19 includes a clock generator 20, a demodulator 21
for clock-synchronous analysis of the data signal current |,, a modulator 22 for

B
923

generating a data signal control current lys for the data signal light source 17,
a modulator 23 for generating a compensation signal control current Iy, for the
compensation light source 18 and a regulator unit 24 for generating at least
one control signal for at least one of the modulators 22, 23.

30 The data signal light source 17 and/or the compensation light source 18 are
preferably implemented as LEDs. Both light sources are driven in such a man-
ner that they emit light in a specific phase relation, time-sequentially clocked.

The phases of the data signal control current Iy, and the compensation signal
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control current IKs are phase-shifted by 180. The two control currents therefore have a different sign.
In the embodiment according to Figure 7 the modulator 23 is driven by the 5 regulator unit 24 in such
a manner that the compensation signal control current IKs is varied such that the light intensity and/or
phase emitted by the compensation light source 18 can be regulated. The compensation light source
18 is thus regulated in such a manner that the clock-synchronous alternating-light data signal current
occurring between different phases, which flows from the 10 photodiode 2 via the coupling unit 3 into
the extraneous |gihtted mypesrgaiioareimshataShifeab bye $808rof FEhavexamitfohctiormg thictiee extraneous
light compensati jreuit | i in DE 103 00 223 B3. The optoelectronic measurement
arrangement 16%@%%eds%aﬁr§2%ﬁ%q§étor- 15 controller 10 and a photodiode limiter circuit 26
implemented as a gyrator circuit 14. The photodiode limiter circuit 26 preferably consists of a regulated

load that draws swffiRiesthBotierhsuRdhatde fomrpedralageaiiherdiods indelycanrstant at 0.5

Volt. The gyrator cir u{t 14 CO prises cﬁ transcond%ctﬂ%ce arpnIBIifier 41, a filte carﬂgoqitor 42, a
e "t ThE

5 regulator u ipsuUch a manner ha nsayion signal co ur- - ,
reference sourcé 23 and 4 tefd- 20° €iect ansistor &10ra Tas & OW-pass cRaracteristic. It is

hereby ensured tRat ikdsesarigdenies fiogit tbarhaht irtargihatdphormsbeniigsoraltheenstant ambient
light is fed to theRRGHI%SIRIAIRUBE P8RRI Fbjgﬁ%f'ﬁﬁ’é’%%@h%%m%'mﬁﬁ (data signal
|

current IN) which was emitted via the data si%]lal ht source 17 and the compensation light source 18
in the 25 form offdH'SITEHARITS Sty LihTIaTI E‘E?gﬂa%ﬁﬁf%ﬂ%f‘ﬂ‘ﬁé BIETRUIEIb is coupled
out via the outpuiatapagitalr dbremtdckesl tond deimepdily tiferarit $leasd shevhictradiweu§dghtheompensation

cireuit 19. T coupls gy uexiaiaiaionsl (GiiafianAuto coualiaghd! isnecsipenkiiien30 the

photodiode 2 be operated with an internal résistance which is as high as possible. The photodiode 2
must therefore nBf®8 dSmPRSRIPRARSdTHRSEACEIHREtIRNAR ehiti RETRTERYS feblstafte would be
very low and thepdakasignalcitrie sésaibee ilwngen etapeeidgely coupled out. The gyrator circuit 14
therefore serves as a photodiode voltage limiter and sets the operating point of the 18
The optoelectronic measurement arrangement 16 comprises an energy stor-
15 age controller 10 and a photodiode limiter circuit 26 implemented as a gyrator
circuit 14, The photodiode limiter circuit 26 preferably consists of a regulated
load that draws sufficient current such that the forward voltage of the diode 2
is held constant at 0.5 Voli. The gyrator circuit 14 comprises a transconduc-
tance amplifier 41, a filter capacitor 42, a reference source 43 and a fieid-
20  effect transistor 44. it therefore has a low-pass characteristic. !t is hereby en-
sured that the extraneous light current | criginating from the temporally con-
stant ambient light is fed to the energy storage unit 5, but not the high-
frequency current component (data signal current Iy) which was emitted via
the data sighal light source 17 and the compensation light source 18 in the
25 form of an alternating data signal. The data signal current of the photocurrent
Ip is coupled out via the output capacitor 15 and fed to the ampilifying unit 4

and the extraneous light compensation circuit 19.

To couple out the data signal {(information output coupling) it is necessary that
3¢ the photodiode 2 be operated with an internal resistance which is as high as
possible. The photodiode 2 must therefore not be completely forward biased,
since in this case the internal resistance would be very low and the data signal
current can no longer be capacitively coupled out. The gyrator circuit 14 there-
fore serves as a photodiode voltage limiter and sets the operating point of the
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photodiode 2 to a forward voltage from 0.2 Volt to 0.6 Volt, preferably to 0.5 Volt. The internal
resistance is thereby high enough for coupling out data signal current. The high internal resistance
enables the high sensitivity necessary for the sensor function of the photodiode 2. At the same time
the photodiode 2 5acts, as desired, as a source for the energy supply. In the optoelectron c
measurement arrangement 16 the (low-frequency) extra- neous light current IF is coupled out via the
gyrator circuit 14 in such a manner that it is fed to the energy storage unit 5 and the at least one
capacitor 8 of theht@oeiteigy P stoaaigemanit Boiadasramparariit stobddl \okrerdlecabhetyp Storage unit 5,
preferably impleqgntehan a, fRAaUHED e@,tﬁerwyaéqgoﬁéeg@gﬂ'faged@aﬁ@t)medw;@gablv one

photodiode 2. For example, the voltage can be raise It. For example, the charge pump can
be formed by at ESHIFS cAPa L g RERIPRGE SORRIRE T RIHTEARL S I5GESHAR to provide 15
the operating vof@gadeeierapietiectithic pheasivenerniattiangemnane fotushogptheddata signal light

source 17 agd tha% ompe s"%t&(,)%sligQtoﬁpég?%gﬁ%%gﬁag%ﬁegmces implemented as LEDs require, for

example, an operatihg voltage 'of approxima e diode forward voltage of the LEDs
typically lies between 1.2 and 1.8 Volt. If e.g. two photodiodes are connected 20 in series, the charge
pump 6 can be adapcsharseiilymAlaiRat¥atatRAGAESE BITAD Gan-Rededirgpe@yan
up-converter. The ug—con\éerter ag at Ieaﬁt gne tcczil &pd onetgiyvcit%hﬁp{st%rggflz\é té/vo switches, wherein
one of the switcH& %Hgg FrE FENoR é’é’ cORverer &R b'e, for exﬁamp e, a BDEWE converter.
Depending on thiabithinidddy theethéopy sidizag tné bptotibetadikashens wanacitnrdirefrtjément 16 or an
optical sensgr (Igdgchnaloayk i spaeiinresdifizaliprsoresaitle rrpelaledhasnaygy storage unit
5 and the gyrator circuit 14 (photodiode limiter circujt 26) without an external vo ge source or 30

| ( ta
auxiliary voltage 8t re@rSREPRY IMp'eRERIRRIAHE FORSSRITR Srodm MaRNEYsths § 1985 provided by
the photodiode 2elkit & ithie noiefdrtolyispen pbotbtticie & ditonatanfiegdrsovndagextamalkevoltage

source, auxiliary \Qlige, UGBS ae ABRIISNK AREIRANIB PatemAygn By tpient as shown

in Figure 8 can be used. Compared to the embodiment-according to Figure 7 the optoelectronic
measurement arPyRGERRGHCIS AEL B dRAGL VRISHICBERad R B8R IF SeFEIPIRRAPYEE which for
example can be grsepiranhs iRy thihgchargepurapié Waasarpldeityehcgpasihors-In the circuit
arrangement accqrdin Figure 8 the.coupling unit 3 is formed from the gyrator circuif 14 5 and the
output capacitor (ﬁg. lFﬁeEﬁl)ﬁpﬂ%[ & ncia;\% gg%)ﬁ{?'(%ﬁﬁg earrfgrtg%f S SWa%eenaar‘]tfto gg ?@%Eoﬁ%%rgteeé%ia the
field-effect transidte dahtosthscsatpopisaprisier as LAPh cesaiire dpiceufanpipuasappeiainge CIN and the

output capacitor J§ia4a isokysrdmnahgfigldaiian deameigsabdoll s e dher et et
(trans-conductan&%iggﬂ? I‘ig‘égrgei‘%\i’gn ﬂl%@e&t}g% i% CM’(OI§ éfgh?\jvséoéh%etgﬂ%?}é’%}g gg}%ec’ced
20 in series, the charge pump 6 can be adapted accordingly. Alternatively, the
charge pump can be replaced by an up-converter. The up-converter has at
least one coil and one swiich, preferably two switches, wherein one of the
switches can be a diode. The voltage converter can be, for example, a DC-DC

converter.

B
o

Depending on the technology used for realizing the optoelectronic measure-
ment arrangement 16 or an opfical sensor (IC technology). it is sometimes
difficult or impossible to operate the energy siorage unit 5 and the gyrator cir-
cuit 14 (photodiode limiter circuit 26) without an external voltage source or
30  auxiliary voltage source, and to only start with the voltage of approximately 0.5
to 0.7 Volt provided by the photodiode 2. If it is intended fo dispense with an
additional voltage source (external voltage source, auxiliary voltage source
such as a battery or rechargeabie battery), an embodiment as shown in Fig-
ure 8 can be used. Compared to the embodiment according to Figure 7 the
19



10 this circuit arrangement it is possible to operate the energy storage unit 5 at the same time to
measure the data signal current IN, i.e. to store energy at the same time (the capacitors of the energy
storage unit 5 are charged) and to carry out an information transfer. For this reason this circuit
arrangement is particularly efficient. 15 The starting circuit 25 is typically implemented such that it
works even at particularly low operating voltages. It can be used to transform the photodiode voltage
from approx. 0.5 Volt to a higher voltage level, so that the gyrator (gyrator circuit 14) together with the
energy storage wpiosleanobe: Supaiadwitlt aaz@ngeffietentty higardperatnggotagenasharstarting circuit
25 has a lower ehgrgy, elfisieney han s chage TR AAC hseeraL siarage ik, The
optoelectronic measurement arrangement {6 Can in this case be operated without a geparate voltage
source. The medReretaede AR et a Gliale: of saraginssatldstas sistdhareapasirVice and can

be usl»_ed ir? partic‘égaéfimgthiﬁgﬂﬁyisetﬁeowmﬁ@anﬁi@@ Wﬂ@ﬂ&h@@}%@? gf&ﬁhaavolta%e f
supplies nave to be use € maintenance ulrements of suc storage arrangement are therefore
etuced. Ao R R0 e S AR o 15 SASTo P Figure & can
be replaced. Thesd vokaye3EsolveethaieskeffieddrapsistoeddtyytseovatmiueipsatothtBenergy
collection accumuflatey ShFRSRRGIVRY inbIRLASS LRI S YiRNeR IBUREIRIgHERRRNMY a5 Schematic

explanation of the functioning and hence are not implemented in the circuit arrangement. In order for

d ( _
the optical receiRR'AShAYHES SRISBEET N@NTSRN A Ih tBIS rRFENBR Y648 bE TaBf@1S work in
stand-alone modenkhetzoitagempidiadds inyptbmphietd dioel 2 nustdisiondeehseid@codsilingly, so that for
example the gyratQr Gircujt imilar.v \ irguit e ' i sufficiently
mighvolage Vel e B ety Figure o
shows a schemdti 8RRFMBR TRABHEIOGiFREASIINRERFIRR} birl-8ule250r8sengedy iatthe circuit

arrangement in igueetBnd\ithe hegieiing Bitthe snerghatging Pianessdhesuiphesan® and Si are first

closed, i order (o charge b an obfional temporary siorage Uit 29 or he encigy.collscion
accumulator 9 ard e tVG capacitars 7 of the énergy Storage units Gp-td the protoaiods voltage,

which is typicallyrleigweny @Hoiatt and 0.7 Volt. As soon as the capacitors 7 of the energy storage unit
5 or the energy collection accumula-

The starting circuit 25 is typically implemented such that it works even at par-
ticularly low operating voltages. it can be used to transform the photodiode
voltage from approx. 0.5 Volt fo a higher voltage level, so that the gyrator (gy-
rator circuit 14) together with the energy storage unit 5 can be supplied with a
20  sufficiently high operating voltage. The starting circuit 25 has a lower energy

efficiency than the charge pump 6 or the energy storage unit 5.

The optoelectronic measurement arrangement 16 can in this case be operated
without a separate voltage source. The measurement arrangement 16 there-
25 fore operates as a stand-alone device and can be used in particular in mobile
devices or vehicles. Since no additional batteries or other voltage supplies
have to be used, the maintenance requirements of such a storage arrange-
ment are therefore reduced. An important point here is that the reference voit-
age sources 43, 45 indicated in Figure 8 can be replaced. These voltage
30  sources are provided by the energy storage unit 5 or the energy collection
accumulator © respectively. They are thus o be viewed in the Figures only as
a schematic explanation of the functioning and hence are not implemented in

the circuit arrangement.
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15 tor 9 or the temporary storage unit 29 are appropriately charged, the switches SO and Si are
opened. By now closing a switch S2, the charge of the two capacitors 7 is transferred to the energy
collection accumulator 9. By subsequent alternating switching of the switches Si and S2 while the
switch SO is open, an incremental increase in the voltage of the energy collection accumulator 9 20 is
made. This process can last until, for example, the voltage in the energy collection accumulator 9 is
equal to at least twice the photodiode voltage of the photodiode 2. The switches SO, 51 and/or S2 can

be realized in CMOSidechsiotagyoRREioR0a shawsthe ombericnenicofrsdgdiharaaaement 30 of

the switches SO, Si and r contralling the starting,circuit 25 according to Figure 9., The circuit
erranmomon: 30 RR0EER e A R ERASHE e B Wade pibisen B0 CToWL
switching signalsh&rergipiiede\R/imhugtibecincleated seauitinalsisautivr! ifrtexaswieths G- Si, S2,

implemented as Méi#A380 SAPMICHaRJS E8AVERE: diRksiREA 88 RGIeR i the pfeblem that

CMOS transistors as switches typically only guarantee a reliable switching function at a switching
voltage thatis higRBIYHARYEIABPENBYV SIRIGRY IR S ussty (BUS AMRSER AL SoREge, reliable

switching is onlydpsareedeedaudiiegithe starting resistance of the switch can be reduced. In general the
switching process of a CMOS analog switch takes place via the gate voltages of the PMOS and
NMOS transistors. The substrate terminal BN, BP is at the same potential as the source terminal S or

is more negative’ 189h&: thewtiBsticietfadiaving FeniiseambriireeibeisAsiRttA@ Bfrection of 5

rotation of the suhstizBeasliegeivBiR trRMafatigasistois dgl: BN Ap INMGXTitsRgistars The
substrate djodes ar refore operated. i lly copsta erse-bjas,vo and
conseq uen'TI% ha\clﬁeaigmgﬁ ﬂ%ﬁ%n?‘s\?o ?aé@%%é%%ﬁ?%ﬁqe% {%eﬁg}cﬂ%tggéHWQ%%%n 0isé % Zted such that
the substrate voltRganEprionas FERPXgliaistageseritrl podhfeneitie Wheshas appverula:2 Volt less

than the forwardplagasohiheueubeate diodanie bras askiliane otine iRaAtRsgis reduced.

The starti ist i inimized at the gi t i irable t t late th
subsirate voltag@ 98 JEE A {5 85 I LEMERO o Do AT e a5
high-impedance cappoitgiblé whide entdigyofiaige. Tiiedhreimkeheoiingeliettioe tranigisttes is hereby
increased gnd th@ﬁ@@ﬁﬁ@&érﬂﬁ%é&fﬂf@ﬂx WiigDed QIE Byprugiching dhssibsitaigyriiage VBN or

VBP from a maximally negative voltage inthe off state to a positive voltage that is less than the

forward voltage GFHESTISHEERANSD BHBWCIARINShABHECh P BAeD IR WiRitding of the
transistors on angheffos Juatemiefetied cathbersagn okciitguaecloaithiat hagwuskatméatminals of the
transistors alternating switching of the switches S1 and S2 while the switch S0 is open,
an incremental increase in the voltage of the energy collection accumuiator 9
26 is made. This process can last until, for example, the voltage in the energy
collection accumulator 9 is equal to at least twice the photodiode voltage of
the photodiode 2. The switches S0, 81 andf/or S2 can be realized in CMOS

technology.

25 Figure 10a shows an embodiment of a circuit arrangement 30 of the switches
S0, 81 and 82 for controlling the starting circuit 25 according to Figure 9. The
circuit arrangement 30 has an input 30a, an output 30b and a switch input 30c,
at which the corresponding switching signals are applied. With this circuit the
starting resistance of the switches 80, 51, 82, implemented as CMOS analog

30 switches, is reduced. This arrangement soives the problem that CMOS tran-
sistors as switches typically only guarantee a reliable switching function at a
switching voltage that is higher than their threshold voltage. in the case of the
jow photodiode voltage, reliable switching is only guaranteed when the starting
resistance of the switch can be reduced.
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are controlled by a unit which synchronously with a switch-on signal (applied 25 at the switching input
30c) sets the substrate voltages VBP of the PMOS transistors and VBN of the NMOS transistor in
each case to a positive value, for example approx. 0.4 Volt. In the off state the voltage is set to 0 Volt,
preferably to a maximally negative value, i.e. less than 0 Volt. 30A circuit arrangement 31 as shown in
Figure 10b can be used for implement- ing the substrate voltage controller, which is required for
controlling the starting circuit 25. By using Schottky diodes the "most positive" and "most negative"

voltage is extraciegeteiaethucsiRtRingprofbéte oMAONIOBItshal dgcaiesRareingmuitthaver is effected

via the two field-effect transistors P Th voltage VBP herghy generated is, the substrate
voltage for the =Y §°[ﬁ|£gﬂglssf)§rt?*h%@%%aagnge OWFZ ﬁgss'?ﬂ% ra Qev(%\{%%l)éa?%r?ﬁg‘ﬂﬁw transistor. It
can be advantad@foiss al_@@tga,me cgtﬂnﬂﬁéascmmtgg@ﬁ@mimlt@adrd_s mr@voamaﬁ@stms Ni and P1. It
is clear to the perspnrekilaskinibertdhatsiaikrnaRadiTaNS AR SHEU AL Angemsars also lead to

the same objective. The only essential feature is that a reliable switch is produced which also works
reliably at low vORISS Sf fRESHRST B XPdRIB RS 4B [ M LansiR Y &Y BB VEPS50, an energy
storage can be c¢rargisidraititibesgbsiraighdicdésderyoltegef okt e plattddigtte 2. t@ingaailitrol of the

energy storage i 4f Y26 goUsALIergINeL Wnronsdeliably Waysiagbak e siarage. Patent

Claims 1.Optical receiver for recelving altérnating-light data Signals and tor storing electrical energy
obtained from efréibous light, comprising a photodiode (2) for receiving light, which comprises the
extraneous light and an alternating-light data signal component having a higher

10 When the circuit arrangement is adjusted such that the substrate voltage VBN,
VBP is regulated or set to a positive value which is approx. 0.2 Volt less than
the forward voltage of the substrate diodes, the threshold voltage of the tran-
sistors is reduced. The starting resistance is minimized at the given gate volt-
age. it is desirable to set or regulate the substrate voltage to a value equal to

15  or less than 0 Volt, so that the transistors also are as high-impedance as pos-
sible when in the off state. The threshold voltage of the transistors is hereby
increased and the transistors are securely switched off. By switching the sub-
strate voltage VBN or VBP from a maximally negative voltage in the off state
to a positive voltage that is iess than the forward voltage of the substrate di-

20 odes in the on state, a reliable and precise switching of the transistors on and
off is guaranteed.

It can hbe seen from Figure 10a that the substrate terminals of the transistors
are controlled by a unit which synchronously with a switch-on signal (applied

25 at the switching input 30c) sets the substrate voltages VBP of the PMOS tran-
sistors and VBN of the NMOS transistor in each case to a positive value, for
example approx. 0.4 Volt. In the off state the voltage is set to 0 Volf, preferably
to 2 maximally negative value, i.e. less than O Volt.

30 A circuit arrangement 31 as shown in Figure 10b can be used for implement-
ing the substrate voltage controller, which is required for controlling the stari-
ing circuit 25. By using Schottky diodes the "most positive” and "most nega-
tive" voltage is extracted at the itwo terminals of the analog switch. A corre-

sponding switchover is effected via the two field-effect transistors P1 and N1.
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10 frequency in comparison to the extraneous light, and for converting the light into a photocurrent
(In), which comprises a data signal current (IN) and an extraneous light current (IF), a coupling unit (3)
for decoupling and separating the data signal cur- rent (IN), which was generated by the optical
alternating-light data 15signal component, from the extraneous light current (IF), which was generated
by the extraneous light, an amplifying unit (4) for amplifying the data signal current (IN) and - an
energy storage unit (5), which is charged by the extraneous light current (IF) and which comprises a
circuit for increadii) YelRal e/ CEBIM Y Biﬁ‘ﬁ‘@érﬂﬁ@?éﬁ%‘?e@iﬁgﬁwél&%‘w Jiotage @its) is used for at
least partially suppigisgihasraRIOVHOVEIRGPIEBNrecehek(bsaat ordieigat leasheantiatis supplying the
energy for a megglér%mernt arrangement (16) comprising the optical receiver (1). 252.Optical receiver
according to Claim i Characterized in that the circuit for increasing voltage in the energy storage unit
(5) includes at least two capacitors (7) and switches (8), so that the capacitors (7) can be connected in

serie; orin Qa_raﬁeé@nges_gam é_é‘urbtéﬁ% @@G@ef@ﬁtﬁ&%éeé@%ﬁir%ﬁ%éi.hﬁs@@é@"&' fEcuit. 30
3.Optical receiver according to Claim 2, characterized in that the capaci-

two transistors N1 and P1. It 1s clear to the person skilied in the art that similar
embodiments and circuit arrangements also iead to the same objective. The
only essential feature is that a reliable switch is produced which also works
reliably at low voltages of less than 0.7 Volt, preferably of iess than or equal to
10 0.5 Volt. So, an energy storage can be charged with the given photodiode
voltage of the photodiode 2. The control of the energy storage unit 5 of the

optical receiver functions reliably by using that energy storage.
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tors (7) are connected in series, in order to transfer the energy of the charged energy storage unit (5)
to an energy collection accumulator (9) with a higher voltage level. 4. Optical receiver according to
Claim 3, characterized by a switch which isolates the photodiode (2) from the amplifying unit (4) at
least temporarily in such a manner that the photodiode (2) is isolated from the amplifying unit (4) when
a transfer of charge from the energy storage unit (5) to an energy collection accumulator (9) is taking
place. 5. Optical receiver according to any one of the preceding claims, characterized by an energy
storage controller (10) for controlling the energy storage unit (5). Optical receiver according to Claim 5,
characterized in that the energy storage unit (5) is decouplable from the photodiode (2) by a gyrator
(41). Optical receiver according to Claim 1, characterized in that the energy storage unit (5) comprises
a voltage converter which preferably has at leBstest&@sitaind one switch. Optical receiver according to
any one of the preceding claims, characterized in that the coupling unit (3) comprises a transformer
(11) or a gyre-tor (41). Optical receiver according to any one of the preceding claims, characterized in
that the amplifying unit (4) comprises a band-pass filter or a high-pass filter and/or the amplifying unit
(4) is designed ais a cOptirai aeapiiitefor ecriing s becoatpgt-iglltaptacogveidemOpticidrageiver

according to any one &E&%g{f@gg 'g%ﬁ%mﬁ’f%‘rﬂ@&@ﬁiﬁgsi’ﬂéFfth}ﬁp?iQ diode (2) is biased in the

forward direction, wherein prefera photodiode limiter circuit (26) controls a forward voltage of 30
the photodiode (2) at tes PRRIPHICGAR) fREfEFSHPS Jatrol Wi fERREIISES 1A St anRiite between 0.2

and 0.6 Volt, particularlyigrefeniabdy afi@rbadel-idf: Qpiiearacebmapases diagriy amigpee of the
preceding claims, charag}gr{}zeend ini rtlhact) r%hea rsw\{\c/)i‘t‘cpe QSL kﬁ?&‘%‘e‘é‘ t‘pﬁ %rgeer!g%é %orzégr(!evgﬂiiﬁ iSS) are
implementégl in such a manner that the Switches ?Sé)ﬂcan 2"SWitchet star Ing from a voltage of 0.4
Volt, preferably from a viitadghd s a/photearrrent {lp), which comprises a data signal cur-

rent {Iy) and an extraneous light current (I¢),
- a coupling unit (3) for decoupling and separating the data signal cur-
rent (Iy), which was generated by the optical alternating-light data

15 signal component, from the extranecus light current (lg), which was

generated by the extraneous light,

- an amplifying unit (4) for amplifying the data signal current {ly) and

- an energy storage unit {(5), which is charged by the extraneous light
current (I} and which comprises a circuit for increasing voltage,

20 wherein the energy stored in the energy storage unit (5) is used for at
least partially supplying the energy for the optical receiver (1) and/or for
at least partially supplying the energy for a measurement arrangement
{(16) comprising the optical receiver (1),

25 2. Optical receiver according to Claim 1, characterized in that the circuit for
increasing voltage in the energy storage unit (5) includes at least two
capacitors (7) and switches (8), so that the capacitors (7) can be con-
nected in series or in paraliel and switching can take place from the se-

ries circuit to the parallel circuit.

3. Optical receiver according to Claim 2, characterized in that the capaci-
tors (7) are connected in series, in order to transfer the energy of the
charged energy storage unit (5) to an energy collection accumulator (9)

with a higher voltage level.
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5 ticularly preferably from a voltage of 0.2 Volt, in particular when the switches are integrated switches
(8), such that their threshold voltage is below 0.4 Volt, preferably below 0.3 Volt, particularly preferably
close to 0.25 Volt. 1012 Optoelectronic measurement arrangement comprising a data signal light
source (17) and a compensation light source (18), which emit light in a specific phase relation,
time-sequentially clocked, an optical receiver (1), in particular an optical receiver (1) according to any
one of the preceding claims, having a photodiode (2) for re- 11-5 ceiving light comprising a
clock-synchronays aligphaiingtigihédatzsigingl eoipanenicamiteskbydhs, lwkheeurasich/, 18) and an

extraneous light compori?ent %nd Hawa%ga ﬁr}nal%/comgglk;lgg&a OPJg\étnl% tata S|9r,ﬂnal current (IN)

based on the received’R ernat|n8 A extaneons ght
compensation circuit {¥99, squmcnamedmatgi@wahemmq@ is isdatet &ermnttecasiireous light

compensation circuit {19),RMNNRH 2P ranSIeF0aNs tﬁro@%e SheRfp oo Liliapthe

clock-synchronous analysis of the data signal current ) -a modulator (22) for generating a data

signal contrdl current FNEFFIY R RHIANAGRYMHACL &S f(’f’f’P B8 modulator (23) for generating a

compensation signal control cur- rent ('KS) for the compensation light source (18), and
5 Optical receiver according to any one of the preceding claims, character-
ized by an energy storage controlier (10) for controliing the energy stor-
age unit {5).
10
6.  Optical receiver according to Claim 5, characterized in that the energy
storage unit (5) is decouplable from the photodiode (2) by a gyrator (41).

7. Optical receiver according to Claim 1, characterized in that the energy
15 storage unit {5} comprises a voltage converier which preferably has at
least one coit and one swiich.

8. Optical receiver according to any one of the preceding claims, character-
ized in that the coupling unit (3) comprises a transformer (11) or a gyra-
20 tor {41).

9. Optical receiver according to any one of the preceding claims, character-
ized in that the amplifying unit (4) comprises a band-pass filter or a high-
pass filter and/or the amplifying unit (4) is designed as a current amplifier

25 or works as a current-voltage converter.

10. Optical receiver according 1o any one of the preceding claims, character-
ized in that the photodiode (2) is biased in the forward direction, wherein
preferably a photodiocde limiter circuit (26) confrols a forward voltage of

30 the photodiode (2) at less than 0.7 Volt, preferably controls the forward

voltage in a range between 0.2 and 0.6 Volt, particularly preferably at 0.5
Volt.

25



a regulator unit (24) for generating at least one control signal for at least one of the modulators (22,
23), the compensation light source (18) can be controlled in its light intensity in amplitude and phase
by means of the regulator unit (24) by controlling the compensation signal control current in such a
manner that the clock-synchronous alternating-light data signal component occurring between
5different phases is set to zero, characterized by a coupling unit (3) for separating the data signal
current (IN) from an extraneous light current (IF), which is generated by the extraneous light

forr]nponent ion;amgddr?ﬁlaa Hgl&éwéﬂaa?@ﬂﬁf@mm{ﬁgﬁ@mlttb@)M@biﬂ@ @mﬁ@@%m&&eﬁxtraﬂeﬁus
ight current (IF) and which inc (ﬂes at Jeast gpe storage element for energy st e, Wherein the at
least one storage eler%gﬁt'?s%ﬁlg Bee&%'yt/cﬁ% égfrﬁ?leeda@ug‘ﬁg?ﬂeégyrgmraﬁ éﬂﬁ({%i%éﬁé%y charged up
in the energy stor- 15agmentehiswahl@avapaetlytha doefowsahety(Bpcandrgseatthecopti@i-electronic
measurement antangefeal il koldgO BIAFIECIERNS SRS ARIATY ATRRESINET 96ROANO to Claim 12,
characterized by an enerPy collection accumulator (9) which is charged ug
5 ticularly preferably from a voltage of 0.2 Volt, in particular when the

switches are integrated switches (8), such that their threshold voltage is

below 0.4 Volt, preferably below 0.3 Voit, particularly preferably close to

0.25 Volt.

10 12, Optoelectronic measurement arrangement comprising
- a data signal light source (17) and a compensation light source (18),
which emit fight in a specific phase relation, time-sequentially clocked,
- an optical receiver (1), in particular an optical receiver (1) according

to any one of the preceding claims, having a photodiode (2) for re-

15 ceiving light comprising a clock-synchronous alternating-light data
signal component emitted by the light source (17, 18) and an extra-
neous light component, and having an ampilifying unit (4) for amplify-
ing a data signal current (ly) based on the received aiternating-light
data signal component,

20 and

- an extraneous light compensation circuit (19), to which the data signal
current (Iy) is fed,

wherein

the extraneous light compensation circuit (19) comprises

25 - aclock generator (20),

- a demodulator (21) for the clock-synchronous analysis of the data
signai current (Iy),
- a modutator (22) for generating a data signal control current (iys) for
the data signal light source (17),
30 - a modulator (23) for generating a compensation signal control cur-

rent (Iks) for the compensation light source (18), and
- a regulator unit (24) for generating at least one control signal for at
least one of the modulators (22, 23),
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20by the energy storage unit (5) in such a manner that it has a higher volt- age potential than the
energy storage unit (5), 14. Optoelectronic measurement arrangement according to Claim 12 or 13,
characterized in that the data signal light source (17) and/or the com25pensation light source (18) is
an LED. 15 Method for storing electrical energy obtained from extraneous light and for receiving
optical alternating-light data signals, with an optical receiver (1) for receiving light comprising an
alternating- 30 light data signal component and an extraneous light component, wherein the optical

receiver (1) includes arRhedaghiasiaddh mreYsling wm@%@n%%}ﬁmmim (handeAgignergy storage
unit (5), comprising the following steps: receiving li means of the ph ﬁ)dlodeéﬁég the optical
receiver (1) and conv&tﬁ@pﬁgla%iaﬂﬁ)ﬁ%sgn glg?:efgﬁegloé d@&f#@h‘%"dﬁ'%‘ﬁ )68%?{ a data signal
current (IN) based on titee coptigriisstomsiing ligint rob tai ségrt ah coipa meariremdreah thetoekous light

current 5(IF) based on {Re-eXHRAREQNS AN L PQB@&igﬁ%P@B%%Eﬁ? 5IRCHRRl fatasaignal current

(IN) from the electrical extraneous light current (IF) by means of coupling unit (3), amplifying the
data signal Gurrent (INYTESFFRERIRSES th&ShiffiRhg

characterized by

- a coupling unit (3) for separating the data signal current (Iy) from an
extraneous light current (I¢), which is generated by the extraneous
light component contained in the light,

10 - an energy storage unit (5) which is charged by the extraneous light
current {I) and which includes at least one storage element for en-
ergy storage,
wherein the at least one storage element is charged by the extrane-
ous light current (i) and the energy charged up in the energy stor-

15 age unit (5) is at least partly used for supplying energy to the opto-
electronic measurement arrangement (16).

13,  Optoelectronic measurement arrangement according to Claim 12, char-

acterized by an energy collection accumulator (9) which is charged up

20 by the energy storage unit (5) in such a manner that it has a higher volt-
age potential than the energy storage unit (5).

14. Optoelectronic measurement arrangement according to Claim 12 or 13,
characterized in that the data signal light source (17) and/or the com-
25 pensation light source {18) is an LED.

15.  Method for storing electrical energy obtained from extraneous light and
for receiving optical aliernating-light data signais,
with an optical receiver (1) for receiving light comprising an alternating-
30 light data signal component and an extraneous light component, wherein
the optical receiver (1) includes a photodiode (2), a coupling unit (3), an
ampilifying unit {4) and an energy storage unit (5),
comprising the following steps:
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unit (4) and providing it to an analysis unit for further processing, 10 charging of the energy storage
unit (5) by means of the extraneous light current (IF), wherein the energy storage unit (5) comprises at
least one storage element which is charged up by the extraneous light current (IF) , providing
and using the energy stored in the energy storage unit (5) 15for at least partially supplying energy to
the optical receiver (1).

- receiving light by means of the photodiode (2} of the optical re-
ceiver (1) and converting said light into an electrical photocurrent (lp),
which comprises a data signal current (i)} based on the optical alter-
nating-light data signal component and an extraneous light current

5 (s} based on the extraneous light component,

- separating the electrical data signal current (ly) from the electrical
extraneous light current (I) by means of the coupling unit (3),

- amplifying the data signal current {ly) by means of the amplifying
unit (4) and providing it to an analysis unit for further processing,

10 - charging of the energy storage unit (5) by means of the extraneous
light current (Ir), wherein the energy storage unit (5) comprises at
least one storage element which is charged up by the exiraneous
light current (lg) ,

- providing and using the energy stored in the energy storage unit (5)

[

&

for at least partially supplying energy to the optical receiver (1).
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