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least one object (112) is proposed. The detector (110) com-
prises: at least one longitudinal optical sensor (114), wherein
the longitudinal optical sensor (114) has at least one sensor
region (130), wherein the longitudinal optical sensor (114) is
designed to generate at least one longitudinal sensor signal in
a manner dependent on an illumination of the sensor region
(130) by a light beam (132), wherein the longitudinal sensor
signal, given the same total power of the illumination, is de-
pendent on a beam cross-section (174) of the light beam (132)
in the sensor region (130), wherein the sensor region (130)
comprises at least one photoconductive material (134),
wherein an electrical conductivity of the photoconductive ma-
terial (134), given the same total power of the illumination, is
dependent on the beam cross-section (174) of the light beam
(132) in the sensor region (130), wherein the longitudinal

sensor signal is dependent on the electrical conductivity; and
at least one evaluation device (140), wherein the evaluation

device (140) is designed to generate at least one item of in-
formation on a longitudinal position of the object (112) by

evaluating the longitudinal sensor signal of the longitudinal
optical sensor (114). Thereby, a simple and, still, efficient de-

tector (110) for an accurate determining of a position of at
least one object (112) in space is provided.
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Detector for an optical detection of at least one object
Description

Field of the invention

The invention relates to a detector for an optical detection of at least one object, in particular, for
determining a position of at least one object, specifically with regard to a depth or both to the
depth and a width of the at least one object. Furthermore, the invention relates to a human-
machine interface, an entertainment device, a scanning system, a fracking system, a sterec-
scopic system; and a camera. Further, the invention relates to a method for optical detection of
at least one object and to various uses of the detector. Such devices, methods and uses can be
employed for example in various areas of daily life, gaming, traffic technology, mapping of
spaces, production technology, security technology, medical technology or in the sciences.
However, further applications are possible.

Prior art

Various detectors for optically detecting at least one object are known on the basis of optical
sensors. WO 2012/110924 A1 discloses a detector comprising at least one optical sensor,
wherein the optical sensor exhibits at least one sensor region. Herein, the optical sensor is
designed to generate at least one sensor signal in a manner dependent on an illumination of the
sensor region. According to the so-called “FiP effect’, the sensor signal, given the same {otal
power of the illumination, is hereby dependent on a geometry of the illumination, in particular on
a beam cross-section of the illumination on the sensor region. The detector furthermore has at
least one evaluation device designated to generate at least one item of geometrical information
from the sensor signal, in particular at least one item of geometrical information about the
illumination and/or the object.

WO 2014/097181 A1 discloses a method and a detector for determining a position of at least
one object, by using at least one transversal optical sensor and at least one longitudinal opfical
sensor. Preferably, a stack of longitudinal optical sensors is employed, in particular to determine
a longitudinal position of the object with a high degree of accuracy and without ambiguity.
Further, WO 2014/097181 A1 discloses a human-machine interface, an entertainment device, a
tracking system, and a camera, each comprising at least one such detector for determining a
position of at least one object. '

WO 2014/198629 A1 discloses a detector for determining a position of at least one object
comprising at least one longitudinal optical sensor, the optical sensor being adapted to detect a
light beam traveling from the object towards the detector. Herein, the longitudinal optical sensor
has at least one matrix of pixels and at least one evaluation device, the evaluation device being
adapted to determine a number N of pixels of the optical sensor which are illuminated by the
light beam, the evaluation device further being adapted to determine at least one longitudinal
coordinate of the object by using the number N of pixels which are illuminated by the light beam.
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Among other applications, metal chalcogenide thin films are known to be applicable as a
photoconductive material, as e.g. described in B. Heimann, W. Heimann, Fernsehkamerarohren
— Eigenschaiten und Anwendungen, Sonderdruck aus Fernseh- und Kino-Technik, 32, 1-12,
1978, orin R.S. Mane, C.D. Lokhande, Chemical deposition method for metal chalcogenide thin
films, Materials Chemistry and Physics 65, 1-31, 2000. Especially for a fabrication of large-area
photoconductors, a deposition of these films by vacuum evaporation, sputtering and chemical
methods such as chemical vapor deposition, spray pyrolysis, electrodepaosition, anodization,
electro-conversion, electro-less dip growth, successive ionic adsorption and reaction, chemical
bath deposition, or solution-gas interface techniques may be performed.

In particular, by depositing a layer of such a photoconductive material on a substrate, such as a
ceramic substrate, and providing respective electrically conducting contacts, a photoconductive
cell, also abbreviated as a ‘photocell’, may be obtained. The photoconductive cell may be
employed in different types of circuits and applications, especially as a photo detector for the
visible and infrared (IR} spectral range. Herein, the resistivity of the photoconductive material
decreases with increasing illumination, thus, allowing more photocurrent to flow. Accordingly, a
signal current from the photoconductive detector can be varied over a wide range by adjusting
the applied voliage.

In order to demonstrate the importance of detector linearity in spectrophotometry, E. Theo-
charous, Absolufe linearity measuremenis on a PbS defectfor in the infrared, Appl. Optics, 45,
2381-86, 2006 deals with the linearity of lead sulfide (PbS) IR detectors. For this purpose, the
linearity factor versus the irradiance for different illumination conditions, such as different spot
sizes on the sensor region of the IR detector, was investigated. Herein, the irradiance is a
physical quantity in pWW/mm? describing an incident power on the sensor region divided by an
area of the sensor region. The experimental results show thatf a deviation from linearity be-
comes significant (>1%) for an irradiance of 10 nW/mm?2. For a larger irradiance of 1 pW/mm?,
the linearity depends on the spot size on the sensor region. Further, the occurrence of the FiP
effect in mercury cadmium telluride (HgCdTE; MCT) is demonstrated in Figure 3 of E. Theo-
charous, J. Ishii, and N.P. Fox, Absolute linearity measurements on HgCdTe detectors in the
infrared region, Appl. Optics, 43, 4182-88, 2004.

Further, US 4,767,211 A discloses an apparatus for and a method of measuring a boundary
surface of a sample. Therein, a ratio of the light quantity of a part of reflected light from a
sample which travels in the vicinity of the optical axis of the reflected light, to the light quantity of
another part of the reflected light which is directed to a position deviating from the optical axis
by a predetermined distance is used to accurately measure a boundary surface of a sample.
Since the accuracy of measurement is increased by using the above ratio, light capable of
passing through the sample can be used as incident light. Thus, a deep hole in the surface of
the sample and a void such as an air bubble in a living being sample, which cannot be
measured by the prior art, can be measured very accurately.

US 3,035,176 A discloses a navigation instrument for determining the range of an object,
utilizing visible light from the object. The light is received through a condensing lens and
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directed to a beam splitting pellicle which provides two identical images of the object to two
photocells. One of the photocells is stationary and the other is movable. The stationary
photocell receives less illumination from the object than does the movable photocell because it
is closer to the pellicle so that its light sensitive surface receives a smaller fraction of the light
flux from the pellicle. The cross-sectional area of the beam at the stationary photoceli is larger
than the sensitive area of the photocell. The focal length of the lens is somewhat greater than
the total distance from the lens to the pellicle and from the pellicle to the stationary photocell.
The other photocell is movable through a small range of distances which is slightly larger than
the focal range of the lens. The instrument is focused on the object by moving the movable
photocell and by comparing the currents provided through the two photocells. When the
movable photocell is in the image plane so that the instrument is focused the ratio of currents is
at a maximum. Thus, generally, US 3,035,176 A employs the fact that only parts of a light beam
may be detected by a detector, wherein the parts actually detected depend on certain details of
the light beam itself and of the positioning of the photodetector relative to the object, thereby
enabling distance measurements. These distance measurements, however, imply the use of a
plurality of sensors, the use of moving parts and, thus, make use of a rather complex and
voluminous optical setup.

US 3,937,950 A discloses a system for detecting the distinction of the object image
characterized in that respectively on a photoelectric transducing element presenting electrodes
on both extremities along the longer sides of a photoelectric semiconductor presenting
considerably short sides as compared with the long sides and on a photoelectric transducing
element presenting electrodes on both extremities along the shorter sides of a photoelectric
semiconductor presenting considerably short sides as compared with the long sides an object
image is formed by means of an optics and that the distinction of the above mentioned object
image is detected by detecting the electric characteristics variable corresponding to the
distinction of the above mentioned object image, of each of the above mentioned photoelectric
transducing elements. The system comprises a movable image forming optical system, a
photoelectric transducing means positioned behind the optical system to receive an image
formed by the optical system, electrical circuit means coupled to the elements for generating an
electrical signal in response to the intensity distribution of the light on the phototransducing
means, the first transducing means and second transducing means being connected to the
circuit means to produce the electrical signal combining the output of the first transducing
means with the output of the second transducing means, and signal responding means coupled
to said electrical circuit means in the path of light from the image forming optical system for
detecting the image sharpness. Herein, the photoelectric transducing means has a first
elongated photoelectric transducing element having a semiconductor and electrodes deposited
on both long sides of the semiconductor and a second elongated photoelectric transducing
element having a semiconductor and electrodes deposited on both short sides of the
semiconductor. Further, the first transducing means and the second transducing means are
positioned in the path of light from the image forming optical system to receive light from the
object. Again, as in US 3,035,176 A, the system as disclosed there makes use of a plurality of
sensors and corresponding beam splitting means, wherein a combined sensor signal is
generated electronically from the sensor signal of the single sensors. Thus, a rather voluminous
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and complex system is proposed, the miniaturization of which is rather challenging. Further,
again, moving parts are used which further increase the complexity of the system.

In US 3,562,785 A, a method of determining the accuracy of focus of an image is disclosed.
Therein, a measurement of the degree of focus of an image is determined, wherein a pair of
light sensitive elements is exposed to the image. In a first embodiment, a pair of
photoconductive elements is physically positioned in different focal planes while, in a second
embodiment, a light diffusing medium is associated with one of a pair of photosensitive
elements whereby that element will receive only average or background illumination. In both
embodiments, as the degree of focus of image is varied, an electrical output signal
commensurate with focus is generated.

In US 3,384,752 A, an arrangement for ascertaining the maximum sharpness of an image is
disclosed, chiefly the image of an objective. The arrangement comprises a photo-luminescent
element adapted fo receive said image and to produce a replica thereof in accordance with non-
linear curve of response of the light produced versus the light received at the different points of
the image and a photosensitive element to measure the average intensity of the light produced
by said photoluminescent element.

In US 4,053,240, a method and an apparatus is disclosed for detecting the sharpness of the
object image suited for optical instruments such as a camera and for adjusting the focus of the
optics by means of photoelectric means presenting a non-linear resistance-illumination
characteristics such as CdS or CdSe. Such an object image may be formed by means of the
optics on the above mentioned photoelectric means presenting the electrodes at both ends
along the longer side of a photoelectric semiconductor whose longer side is extremely long as
compared with the shorter side as well as on the above mentioned photoelectric means
presenting the electrodes at both ends along the shorter side of the photoelectric
semiconductor. An object distance measuring system which digitally displays the distance
between camera and photographing object when an automatic focusing operation is carried out
is also disclosed.

In P. Pargas, A Lens Measuring Method using Phofoconductive Cells, J. SMPTE 74, 1965, pp.
501-504, an evaluation of lens characteristics is disclosed by using a method based on changes
in the light distribution which take place in the image plane as the image of high-contrast target
is moved through focus. A photoconductive surface in the image plane measures the
information in the image. The output of the proposed instrument indicates the degree of
sharpness of the image. Similarly, in P. Pargas, Phenomena of Image Sharpness Recognition
of CdS and CdSe Phofoconductors, J. Opt. Soc. America. 54, 1964, pp. 516-519, a theory is
presented to account for the fact that a photoconductive celi can detect when an image
projected on it is in sharpest focus. Therein, use is made of the findings that the conductance of
a photoconductive cell varies when the distribution of light on the photoconductive surface is
changed. The theory is based on the assumption that each of the smallest particles in the
photoconductive surface is treated as an individual photoconductor in a series-paraliel
connection with all other particles.
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Similarly, in J. T. Billings, An Improved Method for Critical Focus of Motion-Picture Optical
Prinfers, J. SMPTE 80, 1971, pp. 624-628, a sharpness meter is disclosed which is used as a
tool to determine optimum focus on motion-picture optical printers. The concept is based on the
photoconductive behavior of CdS or CdSe cells. The resistance of the overall cell depends both
on the amount of light impinging on the cell and the distribution of the light. In the device, the
difference in electrical response of two photocells, one with a diffuser and one without, is
amplified. A maximum deflection of a meter at sharpest focus that is independent of the total
amount of light is detected.

Further, M. Popescu, Disordered Chalcogenide optoelectronic materials: phenomena and
applications, J. Optoelectronics and Adv. Mat. 7,2005, pp. 2189-220, describes a number of
glassy, amorphous, and discrdered chalcogenide materials which might be suitable for
optoelectronic applications as well as physical and/or chemical effects which can be observed in
this kind of materials.

W. Hermes, D. Waldmann, M. Agari, K. Schierle-Arndt, and P. Erk, Emerging Thin-Film
Photovoltaic Technologies, Chem. Ing. Tech. 2015, 87, No. 4, 376-389 provide an overview
over thin-film photovoltaic technologies. Herein, an organics-based solar cell, in particular in a
dye-sensitized solar cell (DSSC), a kesterite solar cell which, in particular, may comprise a thin
film of copper zinc tin sulfide (CZTS), and a hybrid solar cell based on organic-inorganic halide
perovskite absorbers, especially on methylammonium lead iodide (CH:NH:Pbls), are presented
as promising candidates for high solar efficiency.

Further, J.P. Clifford, G. Konstantatos, K.W. Johnston, S. Hoogland, |.. Levina, and E.H.
Sargent, Fast. sensitive and spectrally tunable colloidal quantum-dot phofodefectors, Nature
Nanotechnology 4, Jan. 2009, describe ultrasensitive photodetectors based on solution-process
colloidal quantum dots (CQD) operating in both the visible and infrared. Accordingly, a spacing
between individual CQDs may be controlled by a length of an organic ligand used to passivate
their surfaces, which has been proved to be a determining factor with respect fo a charge-
carrier mobility and, consequently, a conductivity of CQD films. Contrary to state-of-the-art
devices which either exhibit considerably long response times on the scale of seconds for
changes with respect fo the iliumination or suffer from a low sensitivity, the authors show that
the temporal response of CQD devices is determined by two components, i.e. electron drift,
being a fast process, and electron diffusion, being a slow process. Taking this observation into
account, tunable CQD photodiodes operable in the visible and/or the infrared spectral range
capable of excluding the diffusion component, which exhibit a considerable improvement with
respect to the product of sensitivity and bandwidth, have been provided. For this purpose,
photodiodes based on a Schottky barrier at an interface between a PbS CQD film and an
aluminum contact have been used, wherein a planar, transparent indium tin oxide (ITO) thin film
on a glass substrate forms an opposing Ohmic contact. An incident light beam through the glass
substrate generates electrons and holes in the CQD film which are collected at the aluminum
contact and the ITO film, respectively. As a result, a depletion region may form in the CQD film
at a metal-CQD interface, whereas the remaining volume of the CQD film may be considered as
a p-type semiconductor. Herein, the PbS CQDs used had diameters of approx. 6 nm, thus,
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providing an increased value of 0.86 eV for an effective bandgap {compared to 0.42 eV for bulk
PbS), which results in an absorption feature around 1450 nm.

Furthermore, G.H. Carey, A.L. Abdelhady, Z. Ning, S.M. Thon, O.M. Bakr, and E.H. Sargent,
Colloidal Quantum Dot Solar Cells, Chem. Rev. 115 (23), 2015, pp 12732-12763, provide a
review concerning photovoltaic devices comprising doped semiconductor CQD films which are
combined, along with asymmetric electrodes, with a metal or with another semiconductor in
order to generate a complete solar cell. As a resulf, a Schottky barrier cell may be obtained with
the metal, while the at least two semiconductors may, preferably, combine into at least one of a
CQD-CQD p—n junction, a CQD-titanium dioxide p~n junction, or a CQD-CQD-zinc oxide
p—i—n junction. Herein, the state of the art related to synthesizing quantum dot solutions which
may comprise desired properties with respect to band gap, absorption, and dispersity;
converting the solutions into CQD films which may comprise desired properties with regard to
quantum dot packing, surface passivation, absorption, and conductivity; and constructing
material stacks around the CQD film for generating the complete solar cell are addressed.

Despite the advantages implied by the above-mentioned devices and detectors, there still is a
need for improvements with respect to a simple, cost-efficient and, still, reliable spatial detector.

Problem addressed by the invention

Therefore, a problem addressed by the present invention is that of specifying a device and a
method for optically detecting at least one object which at least substantially avoid the
disadvantages of known devices and methods of this type. In particular, an improved simple,
cost-efficient and, still, reliable spatial detector for determining the position of an object in space
not only by using light beams in the visible spectral range but also in the infrared spectral range,
in particular in the near-infrared spectral range, would be desirable.

Summary of the invention

This problem is solved by the invention with the features of the independent patent claims.
Advantageous developments of the invention, which can be realized individually or in
combination, are presented in the dependent claims and/or in the following specification and
detailed embodiments.

As used herein, the expressions "have", "comprise" and "contain” as well as grammatical
variations thereof are used in a non-exclusive way. Thus, the expression "A has B" as well as
the expression "A comprises B" or "A contains B" may both refer to the fact that, besides B, A
contains one or more further components and/or constituents, and to the case in which, besides
B, no other components, constituents or elements are present in A.

tn a first aspect of the present invention, a detector for optical detection, in particular, for
determining a position of at least one object, specifically with regard to a depth or to both the
depth and a width of the at least one object is disclosed.
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The “object” generally may be an arbitrary object, chosen from a living object and a non-living
object. Thus, as an example, the at least one object may comprise one or more articles and/or
one or more parts of an article. Additionally or alternatively, the object may be or may comprise
one or more living beings and/or one or more parts thereof, such as one or more body parts of a
human being, e.g. a user, and/or an animal.

As used herein, a “position” generally refers to an arbitrary item of information on a location
and/or orientation of the object in space. For this purpose, as an example, one or more
coordinate systems may be used, and the position of the object may be determined by using
one, two, three or more coordinates. As an example, one or more Cartesian coordinate systems
and/or other types of coordinate systems may be used. In one example, the coordinate system
may be a coordinate system of the detector in which the detector has a predetermined position
and/or orientation. As will be outlined in further detail below, the detector may have an optical
axis, which may constitute a main direction of view of the detector. The optical axis may form an
axis of the coordinate systemn, such as a z-axis. Further, one or more additional axes may be
provided, preferably perpendicular to the z-axis.

Thus, as an example, the detector may constitute a coordinate system in which the optical axis
forms the z-axis and in which, additionally, an x-axis and a y-axis may be provided which are
perpendicular to the z-axis and which are perpendicular to each other. As an example, the
detector and/or a part of the detector may rest at a specific point in this coordinate system, such
as at the origin of this coordinate system. In this coordinate system, a direction paraliel or
antiparallel fo the z-axis may be regarded as a longitudinal direction, and a coordinate along the
z-axis may be considered a iongitudinal coordinate. An arbitrary direction perpendicular to the
longitudinal direction may be considered a transversal direction, and an x- and/or y-coordinate
may be considered a transversal coordinate.

Alternatively, other types of coordinate systems may be used. Thus, as an example, a polar
coordinate system may be used in which the optical axis forms a z-axis and in which a distance
from the z-axis and a polar angle may be used as additional coordinates. Again, a direction
paraliel or antiparallel to the z-axis may be considered a longitudinal direction, and a coordinate
along the z-axis may be considered a longitudinal coordinate. Any direction perpendicular to the
z-axis may be considered a transversal direction, and the polar coordinate and/or the polar
angle may be considered a transversal coordinate.

As used herein, the detector for optical detection generally is a device which is adapted for
providing at least one item of information on the position of the at least one object. The detector
may be a stationary device or a mobile device. Further, the detector may be a stand-alone
device or may form part of another device, such as a computer, a vehicle or any other device.
Further, the detector may be a hand-held device. Other embodiments of the detector are
feasible.

The detector may be adapted to provide the at least one item of information on the position of
the at ieast one object in any feasible way. Thus, the information may e.g. be provided
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electronically, visually, acoustically or in any arbitrary combination thereof. The information may
further be stored in a data storage of the detector or a separate device and/or may be provided
via at least one interface, such as a wireless interface and/or a wire-bound interface.

The detector for an optical detection of at least one object according to the present invention
comprises:

- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
total power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the sensor region comprises at least one
photoconductive material, wherein an electrical conductivity in the photoconductive
material, given the same total power of the illumination, is dependent on the beam
cross-section of the light beam in the sensor region, wherein the longitudinal sensor
signal is dependent on the electrical conductivity; and

- at least one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the object by evaluating the
iongitudinal senscr signal of the longitudinal optical sensor.

Herein, the components listed above may be separate components. Alternatively, two or more
of the components as listed above may be integrated into one component. Further, the at least
one evaluation device may be formed as a separate evaluation device independent from the
transfer device and the longitudinal optical sensors, but may preferably be connected to the
iongitudinal optical sensors in order to receive the longitudinal sensor signal. Alternatively, the
at least one evaluation device may fully or partially be integrated into the longitudinal optical
Sensors.

As used herein, the “longitudinal optical sensor” is generally a device which is designed fo
generate at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by the light beam, wherein the longitudinal sensor signal, given the same total
power of the illumination, is dependent, according to the so-called “FiP effect” on a beam cross-
section of the light beam in the sensor region. The longitudinal sensor signal may generally be
an arbitrary signal indicative of the longitudinal position, which may alsc be denoted as a depth.
As an example, the longitudinal sensor signal may be or may comprise a digital and/or an
analog signal. As an example, the longitudinal sensor signal may be or may comprise a voltage
signal and/or a current signal. Additionally or alternatively, the longitudinal sensor signal may be
or may comprise digital data. The longitudinal sensor signal may comprise a single signal value
and/or a series of signal values. The longitudinal sensor signal may further comprise an
arbitrary signal which is derived by combining two or more individual signals, such as by
averaging two or more signals and/or by forming a quotient of two or more signals. For potential
embodiments of the longitudinal optical sensor and the longitudinal sensor signat, reference
may be made to the optical sensor as disclosed in WO 2012/110924 A1.



10

15

20

25

30

35

40

WO 2016/120392 Y PCT/EP2016/051817
According to the present invention, the at least one longitudinal optical sensor exhibits at least
one sensor region, wherein the sensor region comprises at least one photoconductive material.
As used herein, the term “photoconductive material” refers to a material which is capable of
sustaining an electrical current and, therefore, exhibits a specific electrical conductivity, wherein,
spegcifically, the electrical conductivity is dependent on the illumination of the material. Since an
electrical resistivity is defined as the reciprocal value of the electrical conductivity, alternatively,
the term “photoresistive material” may also be used to denominate the same kind of material. In
this kind of material, the electrical current may be guided via at least one first electrical contact
through the material to at least one second electrical contact, wherein the first electrical contact
is isolated from the second electrical contact while both the first electrical contact and the
second electrical contact are in direct connection with the material. For this purpose, the direct
connection may be provided by any known measure known from the state of the art, such as
plating, welding, soldering, or depositing electrically highly conductive substances, in particular
metals like gold, siiver, platinum or palladium as well as alloys comprising at least one of the
mentioned metals, at the contact zones.

Further, the sensor region of the longitudinal optical sensor is illuminated by at the least one
light beam. Given the same total power of the illumination, the electrical conductivity of the
sensor region, therefore, depends on the beam cross-section of the light beam in the sensor
region, be denominated as a “spot size” generated by the incident beam within the sensor
region. Thus, the observable property that the electrical conductivity of the photoconductive
material depends on an extent of the illumination of the sensor region comprising the
photoconductive material by an incident light beam particularly accomplishes that two light
beams comprising the same total power but generating different spot sizes on the sensor region
provide different values for the electrical conductivity of the photoconductive material in the
sensor region and are, consequently, distinguishable with respect to each other.

Further, since the longitudinal sensor signal is determined by applying an electrical signal, such
as a voltage signal and/or a current signal, the electrical conductivity of the material which is
traversed by the electrical signal is, therefore, taken into account when determining the
longitudinal sensor signal. As will be explained below in more detail, an application of a bias
voltage source and of a load resistor employed in series with the longitudinal optical sensor may
preferably be used here. As a result, the longitudinal optical sensor which comprises a
photoconductive material within the sensor region, thus, principally allows determining the beam
cross-section of the light beam in the sensor region from a recording of the longitudinal sensor
signal, such as by comparing at least two longitudinal sensor signals, at least one item of
information on the beam cross-section, specifically on the beam diameter.

Further, since the beam cross-section of the light beam in the sensor region, according 1o the
above-mentioned FiP effect, given the same total power of the illumination, depends on the
longitudinal position or depth of an object which emits or reflects the light beam which impinges
on the sensor region, the longitudinal optical sensor may, therefore, be applied to determining a
longitudinal position of the respective object.
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As already known from WO 2012/110924 A1, the longitudinal optical sensor is designed to
generate at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region, wherein the sensor signal, given the same total power of the illumination
depends on a beam cross-section of the illumination on the sensor region. As an example, a
measurement of a photocurrent | as a function of a position of a lens is provided there, wherein
the lens is configured for focusing electromagnetic radiation onto the sensor region of the
longitudinal optical sensor. During the measurement, the lens is displaced relative to the
fongitudinal optical sensor in a direction perpendicular to the sensor region in a manner that, as
a result, the diameter of the light spot on the sensor region changes. In this particular example
in which a photovoltaic device, in particular, a dye solar cell, is employed as the material in the
sensor region, the signal of the longitudinal optical sensor, in this case a photocurrent, clearly
depends on the geometry of the illumination such that, outside a maximum at the focus of the
lens, the photocurrent falls to less than 10% of its maximum value.

This effect is particularly striking with respect to similar measurements performed by using
silicon diodes and germanium diodes as the material in the sensor region. In this case in which
optical sensors of a conventional type are used, the sensor signal, given the same total power,
is substantially independent of a geometry of the illumination of the sensor region. Thus,
according to the FiP-effect, the longitudinal sensor signal, given the same total power, may
exhibit at least one pronounced maximum for one or a plurality of focusings and/or for one or a
plurality of specific sizes of the light spot on the sensor region or within the sensor region. For
purposes of comparison, an observation of a maximum of the longitudinal sensor signalin a
condition in which the corresponding material is impinged by a light beam with the smallest
possible cross-section, such as when the material may be located at or near a focal point as
affected by an optical lens, may be denominated as a “positive FiP-effect”. As has been found
so far, the above-mentioned photovoltaic device, in particular, the dye solar cell, provides a
positive FiP-effect under these circumstances.

According to the present invention, a photoconductive material is proposed as a further class of
materials being appropriate to be employed in a longitudinal optical sensor which is designed to
generate at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region, wherein the sensor signal, given the same total power of the illumination,
depends on a beam cross-section of the iliumination on the sensor region. As will be shown
below in more detail, this class of photoconductive materials may exhibit a “negative FiP-effect”,
which, in correspondence to the definition of the positive FiP-effect, describes an observation of
a minimum of the longitudinal sensor signal under a condition in which the corresponding
material is impinged by a light beam with the smallest available beam cross-section, in
particular, when the material may be located at or near a focal point as effected by an optical
lens. Consequently, the photoconductive material may, thus, preferably be used under
circumstances in which an appearance of the negative FiP-effect may be advantageous or
required.

Within this regard, the difference between a photoconductive material and a photovoltaic
material may be addressed here. In a longitudinal optical sensor comprising a photovoltaic
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material, an illumination of the respective sensor region may generate charge carriers which
may provide a photoelectric current or a photoelectric voltage to be determined. As an example,
when a light beam may be incident upon a photovoltaic material, the electrons which may be
present in a valence band of the material may absorb energy and, thus being excited, may jump
to the conduction band where they may behave as free conductive electrons. On the contrary,
in a longitudinal optical sensor comprising a photoconductive material, the resistivity of the
sensor region may be varied by the illumination of the corresponding sensor region, whereby
the observable change in electrical conductivity of the material may be monitored by a variation
in a voltage applied across the material or in an alteration of the value of a current applied
through the material, such as by an application of a bias voltage across the material.

For this purpose, a bias voltage source and a load resistor may, particularly, be employed in
series with the longitudinal optical sensor. As used herein, the term “bias voltage source”
generally refers to a device being configured to apply a bias voltage across a material of the
longitudinal optical sensor. The property of the longitudinal optical sensor may, thus, be
electrically adjustable by the biasing device. Herein, the biasing device may be configured to
apply at least one bias voltage to the longitudinal optical sensor. As will be outlined in further
detail beiow, a property of the longitudinal optical sensor may be adjustable by using different
bias voltages.

This difference in behavior of the photoconductive material with respect to the photovoltaic
material may be explained by a reasonable assumption that a density of the generated charge
carriers may be proportional to the photon irradiance, wherein, however, at higher carrier
densities, there may be a higher probability of electron-hole recombination, which may also be
called “Auger recombination”. Herein, Auger recombination may be considered as a dominant
loss mechanism. Therefore, as the intensity of the photon irradiance may increase, the carrier
lifetime might decrease, which may result in the described effect in the photoconductive
material. As a result, the longitudinal optical sensor comprising a photoconductive material may,
in general, exhibit a behavior which may significantly be different and vary from the properties of
the known longitudinal optical sensor which comprises a photovoltaic material.

For the purposes of the present invention, the photoconductive material as used in the sensor
region of the longitudinal optical sensor may, preferably, comprise an inorganic photoconductive
material, an organic photoconductive material, a combination thereof and/or a solid solution
thereof and/or a doped variant thereof. As used herein, the term “solid solution” refers to a state
of the photoconductive material in which at ieast one solute may be comprised in a solvent,
whereby a homogeneous phase is formed and wherein the crystal structure of the solvent may,
generally, be unaltered by the presence of the solute. By way of example, the binary CdTe may
be solved in ZnTe leading to Cd+..ZnTe, wherein x can vary from O to 1. As further used herein,
the term “doped variant” may refer to a state of the photoconductive material in which single
atoms apart from the constituents of the material itself are introduced onto sites within the
crystal which are occupied by intrinsic atoms in the undoped state. By way of example, a pure
silicon crystal may be doped with one or more of boron, aluminum, gallium, indium,
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phosphorous, arsenic, antimony, germanium, or other atoms, particularly, in order to modify the
chemical and/or physical properties of the silicon crystal.

Within this regard, the inorganic photoconductive material may, in particular, comprise one or
more of selenium, tellurium, a selenium-tellurium alloy, a metal oxide, a group IV element or
compound, i.e. an element from group 1V or a chemical compound with at least one group IV
element, a group IlI-V compound, i.e. a chemical compound with at least one group Il element
and at least one group V element, a group [I-VI compound, i.e. 2 chemical compound with, on
one hand, at least one group Il element or at least one group Xll element and, on the other
hand, at least one group VI element, and/or a chalcogenide, which might, preferably, be
selected from a group comprising sulfide chalcogenides, selenide chalcogenides, ternary
chalcogenides, quaternary and higher chalcogenides. However, other inorganic
photoconductive materials may equally be appropriate.

With respect to selenium (Se), it may be mentioned that this material has long been known to
exhibit photoconductive properties and has, therefore, been employed in early television,
vidicon camera tubes, and xerography, and may still be used in the sensor region in
photoconductive cells. Concerning selenium-tellurium alloys, P.H. Keck, Phofoconductivity in
Vacuum Coated Selenium Films, J. Opt. Soc. of America, 42, p.221-225, 1952, describes
photoconductive selenium layers comprising an addition of 5 to 9 wt. % tellurium which, thus, is
capable to increase the photoconductivity compared to a selenium layer without additional
tellurium and, moreover, yields a high spectral response over the whole optical spectrum from
400 nm to 800 nm. Further, in order to provide photoconductive properties, US 4 286 035 A
discioses that the amount of tellurium in the selenium-tellurium alloy may further be increased
from 5 wt. % up to 20 wt. % by simultaneously adding a conceniration of at least one halogen in
the photoconductive layer in a range from 5 ppm to 500 ppm, wherein the haiogen is selected
from the group consisting of fluorine, chiorine, bromine, and iodine.

As mentioned above, the chalcogenide, preferably selected from a group comprising suffide
chalcogenides, selenide chalcogenides, telluride chalcogenides, ternary chalcogenides,
quaternary and higher chalcogenides, may preferably be appropriate to be used as the
photoconductive material in the sensor region of the longitudinal optical sensor. This preference
may particularly be based on a reason that this kind of material has already known to be both
cost-efficient and reliable in many different areas of application, including cptical detectors for
the infrared spectral range.

In particular, the sulfide chalcogenide may be selected from a group comprising lead sulfide
(PbS), cadmium sulfide (CdS), zinc sulfide (ZnS), mercury sulfide (HgS), silver sulfide (Ag:S),
manganese sulfide (MnS), bismuth trisulfide (Bi2Ss), antimony trisulfide (Sb;Ss), arsenic
trisulfide {As2S3), tin (11} sulfide (SnS), tin (IV) disulfide (SnSy), indium sulfide (In2Ss), copper
sulfide {CuS or CuzS), cobalt sulfide (CoS), nickel sulfide (NiS), molybdenum disuifide (MoS,),
iron disulfide (FeS;}, and chromium trisulfide (CrSa).

In particular, the selenide chalcogenide may be selected from a group comprising lead selenide
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(PbSe), cadmium selenide (CdSe), zinc selenide (ZnSe), bismuth triselenide (BizSes), mercury
selenide (HgSe), antimony triselenide (Sh.Ses), arsenic triselenide (As:Ses), nickel selenide
(NiSe), thallium selenide (TISe), copper selenide (CuSe or Cu;Se), molybdenum diselenide
(MoSe,), tin selenide (SnSe), and cobalt selenide (CoSe), and indium selenide (In2Ses). Further,
solid solutions and/or doped variants of the mentioned compounds or of other compounds of
this kind may also be feasible.

In particular, the telluride chalcogenide may be selected from a group comprising lead telluride
(PbTe), cadmium telluride (CdTe), zinc telluride (ZnTe), mercury telluride {(HgTe), bismuth
tritelluride (Bi-Tes), arsenic tritelluride (As»Tes), antimony tritelluride (Sb.Tes), nickel telluride
(NiTe), thallium telluride (TITe), copper telluride (CuTe), molybdenum ditelluride (MoTez), tin
telluride (SnTe), and cobalt telluride (CoTe), silver telluride (Ag»Te), and indium telluride
(InzTea). Further, solid solutions and/or doped variants of the mentioned compounds or of other
compounds of this kind may also be feasible.

In particular, the ternary chalcogenide may be selected from a group comprising mercury
cadmium telluride (HgCdTe; MCT), mercury zinc telluride (HgZnTe), mercury cadmium sulfide
(HgCdS), lead cadmium sulfide (PbCdS), lead mercury sulfide (PbHgS), copper indium disulfide
(CulnS;; CIS), cadmium sulfoselenide (CdSSe), zinc sulfoselenide (ZnSSe), thallous
sulfoselenide (TISSe), cadmium zinc sulfide {CdZnS), cadmium chromium sulfide (CdCraS4),
mercury chromium sulfide (HgCr2S4), copper chromium sulfide (CuCr2S,), cadmium lead
selenide (CdPbSe), copper indium diselenide (CulnSez), indium gallium arsenide (InGaAs), lead
oxide sulfide (Pb,0O8S), lead oxide selenide (Pb20Se), lead sulfoselenide (PbSSe), arsenic
selenide telluride {AszSezTe), indium gallium phosphide (InGaP), gallium arsenide phosphide
(GaAsP), aluminum gallium phosphide (AlGaP), cadmium selenite (CdSe0s), cadmium zinc
telluride (CdZnTe), and cadmium zinc selenide (CdZnSe), further combinations by applying
compounds from the above listed binary chalcogenides and/or binary l{l-V-compounds. Further,
solid solutions and/or doped variants of the mentioned compounds or of other compounds of
this kind may also be feasible.

With i'egard to quaternary and higher chalcogenides, this kind of material may be selected from
a quaternary and higher chalcogenide which may be known to exhibit suitable photoconductive
properties. In particular, a compound having a composition of Cu(ln, Ga)S/Se: or of
Cu2ZnSn(S/Se)s may be feasible for this purpose.

With regard to the 1lI-V compound, this kind of semiconducting material may be selected from a
group comprising indium antimonide (InSb), boron nitride (BN), boron phosphide (BP), boron
arsenide (BAs), aluminum nitride (AIN), aluminum phosphide (AIP), aluminum arsenide (AlAs),
aluminum antimonide (A!Sh), indium nitride (InN), indium phosphide (InP), indiurm arsenide
(InAs), indium antimonide (InSb), gallium nitride (GaN), gallium phosphide (GaP), gallium
arsenide (GaAs), and gallium antimonide (GaSb). Further, solid solutions and/or doped variants
of the mentioned compounds or of other compounds of this kind may also be feasibie.
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With regard to the 1l-VI compound, this kind of semiconducting material may be selected from a
group comprising cadmium sulfide (CdS), cadmium selenide (CdSe), cadmium telluride (CdTe),
zinc sulfide (ZnS}), zinc selenide (ZnSe), zinc telluride (ZnTe), mercury sulfide {(HgS), mercury
selenide (HgSe), mercury telluride (HgTe),cadmium zinc telluride (CdZnTe), mercury cadmium
telluride (HgCdTe), mercury zinc telluride (HgZnTe), and mercury zinc selenide (CdZnSe).

However, other lI-Vi compounds may be feasible. Further, solid solutions of the mentioned
compounds or of other compounds of this kind may also be applicable.

In a further preferred embodiment, the photoconductive material may be provided in form of a
colloidal film which comprises quantum dots. This state of the photoconductive material which
may exhibit slightly or significantly modified chemical and/or physical properties with respect to
a homogeneous layer of the same material may, thus, also be denoted as colloidal quantum
dots (CQD). As used herein, the term “quantum dots” refers to a state of the photoconductive
material in which the photoconductive material may comprise electrically conducting particles,
such as electrons or holes, which are confined in all three spatial dimensions to a small volume
that is usually denominated as a “dot”. Herein, the quantum dots may exhibit a size which can,
for simplicity, be considered as diameter of a sphere that might approximate the mentioned
volume of the particles. In this preferred embodiment, the quantum dots of the photoconductive
material may, in particular, exhibit a size from 1 nm to 100 nm, preferably from 2 nm to 100 nm,
more preferred from 2 nm to 15 nm. Consequently, the thin film which comprises the quantum
dots of the photoconductive material, may exhibits a thickness from 1 nm to 100 nm, preferably
from 2 nm to 100 nm, more preferred from 2 nm to 15 nm, provided that the quantum dots
actually comprised in a specific thin film may exhibit a size being below the thickness of the
specific thin film. In practice, the quantum dots may comprise nanometer-scale semiconductor
crystals which might be capped with surfactant molecules and dispersed in a solution in order to
form the colloidal film. Herein, the surfactant molecules may be selected to allow determining an
average distance between the individual quantum dots within the colloidal film, in particular, as
a result from the approximate spatial extension of the selected surfactant molecules. Further,
depending on the synthesis of ligands, quantum dots may exhibit hydrophilic or hydrophobic
properties. The CQD can be produced by applying a gas-phase, a liguid-phase, or a solid-
phase approach. Hereby, various ways for a synthesis of the CQD are possible, in particular by
employing known processes such as thermal spraying, colloidal synthesis, or plasma synthesis.
However, other production processes may also be feasible.

Further in this preferred embodiment, the photoconductive material may, preferably, be selected
from one of the photoconductive materials as mentioned above, more particular, from the group
comprising lead sulfide (PbS), iead selenide (PbSe), lead telluride (PbTe), cadmium telluride
(CdTe), indium phosphide (InP), cadmium sulfide (CdS), cadmium selenide (CdSe), indium
antimonide (InSb), mercury cadmium telluride (HgCdTe; MCT), copper indium sulfide (CIS),
copper indium gallium selenide (CIGS), zinc sulfide (ZnS), zinc selenide {ZnSe), a perovskite
structure materials ABCs, wherein A denotes an alkaline metal or an organic cation, B = Pb, Sn,
or Cu, and C a halide, and copper zinc tin sulfide (CZTS). Further, solid solutions and/or doped
variants of the mentioned compounds or of other compounds of this kind may also be feasible.
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Core shell structures of the materials of this kind of materials may also be feasible. However,
other photoconductive materials may also be feasible.

In a particular embodiment, the thin film comprising the quantum dots of the photoconductive
material may be arranged between two individual conductive layers, i.e. a first conductive layer
and a second conductive layer. Herein, the two individual conductive layers may, preferably, be
arranged in form of a sandwich structure, i.e. in a manner that the thin film may adjoin both the
first conductive layer and the second conductive layer while the first conductive layer and the
second conductive [ayer may be separated from each other. In this particular embodiment, the
first conductive layer may, preferably, be selected to exhibit at least partially optically
transparent properties with respect to the incident light beam. As a result, at least a partition of
the incident light beam may be able to pass through the first conductive layer in order to reach
the thin film which comprises the colloidal quantum dots of the photoconductive material. For
this purpose, the first conductive layer may, in particular, comprise an at least partially
transparent semiconducting material, wherein the semiconducting material may, preferably, be
selected from the group comprising an at least partially transparent semiconducting metal oxide
or a doped variant thereof. Herein, the semiconducting material may, especially, be selected
from known at least one transparent metal oxide, in particular from indium tin oxide (ITO},
fluorine-doped tin oxide (SnO2:F; FTO), magnesium oxide (MgO), aluminum zinc oxide (AZO),
antimony tin oxide {Sn0»/Sbz0s), or a perovskite transparent conductive oxide, such as SrvVOs;,
or CaVQ,, or, alternatively, from metal nanowires, such as Ag nanowires.

As described above, the first conductive layer may, preferably, be selected to exhibit at least
partially optically transparent properties in order to allow at least a partition of the incident light
beam passing through the first conductive layer in order to reach the thin film comprising the
colloidal quantum dots. Alternatively or in addition, the second conductive layer may, thus, also
be selected to exhibit at least partially optically transparent properties. On the other hand, in
case the first conductive layer may aiready be at least partially transparent, a larger variety of
different materials, including optically intransparent materials, may be employed for the second
conductive flayer. Thus, the second conductive layer may comprise an evaporated metal layer
which may easily be provided by known evaporation technigues. In particular, the evaporated
metal layer may comprise one or more of silver, aluminum, platinum, magnesium, chromium,
titanium, or gold. Alternatively, the second conductive layer may comprise a layer of graphene.

In an alternative embodiment, a layer of an electrically conducting organic polymer may be
employed as the second conductive layer. Herein, poly(3,4-ethylenedioxythiophene) (PEDOT)
or a dispersion of PEDOT and a polystyrene sulfonic acid (PEDOT:PSS) may be selected as
the electrically conducting polymer. Further, in particular for allowing a better electronic contact,
a split electrode having at least two separate electrodes which each may comprise an
evaporated metal contact may be arranged on top of the layer of the electrically conducting
polymer. Herein, the evaporated metal contacts may, in particular, comprise one or more of
silver, aluminum, platinum, magnesium, chromium, titanium, or goid. Altematively, at least one
of the two separate electrodes may comprise a layer of graphene.
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in this embodiment, a Schottky barrier may, additionally, form at an interface between the thin
film comprising the quantum dots and one of the conductive layers which may exhibit properties
which are sufficient for forming the Schottky barrier. As generally used, the term “Schottky
barrier”, refers to an energy barrier for electrons which may appear at a boundary layer between
a semiconductor fayer and an adjacent metal layer which may, in contrast to an Ohmic contact
as described below in more detail, exhibit a rectifying characteristic, thus, allowing the electronic
device comprising the Schottky barrier being used as a diode. By way of example, the incident
light beam which may traverse the first transparent conductive layers, such as the transparent
indium tin oxide (ITO) electrode, may generate charge carriers, i.e. electrons and holes, within
the thin film comprising the quantum dots. Further, the charge carriers may be collected at the
boundaries towards both the transparent first conductive layers and a second conductive layer,
which may, preferably be an aluminum electrode. As a result, a depletion region may form
within the thin film towards the Schottky barrier located at the interface between the first
conductive layer and the thin film, whereas the remaining volume of the thin film may behave as
a p-type semiconductor layer.

In a special embodiment, a blocking layer may, additionally, be arranged between the first
conductive layer and the thin film of the photoconductive material comprising the colloidal
quantum dots. As used herein, the term “blocking layer” refers to a thin layer which may be
adapted to influence a path of permeating electrically conducting particles, in particular of
electrons or holes, with respect to the adjacent layers in an electronic element, such as to
prevent a short-circuiting of the adjacent layers or to prevent a recombination of permeating
conductive particles as provided by one of the adjacent layers with oppositely charged particles,
such as ions, located in the other of the adjacent layers. In this special embodiment, the
blocking layer may, preferably, comprise a thin film of an electrically conducting material, in
particular one or more of titanium dioxide (TiO:) or zinc oxide (ZnO)}. In this special embodiment
the blocking layer may act as an n-type centact and, since the quantum dots are usually p-type
entities, may, thus, provide the p—n junction. An alternative setup in which the quantum dots
may be n-type entities and which, thus, can comprise a p-type blocking layer, such as a layer of
molybdenum oxide (MoQOs), may also be possible.

With regard to the metal oxides, this kind of semiconducting material may be selected from a
known metal oxide which may exhibit photoconductive properties, particularly from the group
comprising copper (i) oxide (CuO), copper () oxide (CuO-), nickel oxide (NiQ), zinc oxide
{Zn0), silver oxide (Ag:0O), manganese oxide (MnO), titanium dioxide (TiO.), barium oxide
(BaO), lead oxide (PbO), cerium oxide (Ce0-), bismuth oxide (Bi-Os), cadmium oxide (CdO),
ferrite (Fe;04), and perovskite oxides (ABCs, wherein A is a divalent cation, B a tetravalent
cation, and C = Q). Further ternary, quarternary or higher metal oxides may also be applicable.
Furthermore, solid solutions and/or doped variants of the mentioned compounds or of other
compounds of this kind, which could be stoichiometric compounds or off-stoichiometric
compounds, may also be feasible. As explained later in more detalil, it may be preferable fo
select a metal oxide which might, simultaneously, also exhibit transparent or translucent
properties.
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With regard to a group IV elemeni or compound, this kind of semiconducting material may be
selected from a group comprising doped diamond (C), doped silicon {Si), silicon carbide (SiC),
and silicon germanium (SiGe), wherein the semiconducting material may be selected from a
crystalline, or, preferably, from a microcrystalline or an amorphous semiconducting material. For
providing a silicon-based photoconductor which may, especially simultanecusly, exhibit a high
resistivity, a high charge-carrier lifetime, and a low surface recombination rate, doped silicon
comprising a low dopant concentration and a low defect density, such as existing in silicon float
zone wafers, may preferably be selected. For this purpose, the silicon wafer may, in particular,
exhibit
- adopant concentration of atoms of the dopant material of 103 cm2, 102¢cm3, 10" cm®
or less;
- an electrical resistivity of 5102 Q-cm, preferred of 5:-10° Q-cm, more preferred of 104
Q-cm, or higher; and
- athickness in a range between 500 um, more preferred 300 ym, and 1 ym, more
preferred 10 pm, for providing, on one hand, the desired high charge-carrier lifetime and,
on the other hand, an amount of material sufficient for absorbing a significant amount of
light at a target wavelength.

In a particularly preferred embodiment, the photoconductive material may be contacted by a so-
called “Ohmic contact”. As used herein, the Ohmic contact may refer to an electrical junction
which exhibits a linear current-voltage ratio according to Ohm's law but does not comprise any
photovoltaic properties as described elsewhere. By contrast, an electrical junction which does
not exhibit a linear current-voltage ratio may be denominated as “non-Ohmic”. Within this
regard, non-Ohmic contacts are, generally, known to appear in a number of embodiments,
including but not limited to a p—n junction and to a Schottky barrier as described elsewhere
herein. For providing the Ohmic contact, gold, silver, silver-nickel, silver-iron, silver-graphite,
silver-cadmium oxide, silver-tin oxide, copper, platinum, palladium, paliney alloys, indium,
gallium, indium amalgam, or graphene may be employed, wherein the indium or the gallium
may preferably be used in combination with cadmium sulfide {CdS) while the indium amalgam
may particularly be suited for a use with other li-VI compounds. However, depending on details
of the actual production process, an Ohmic contact or nen-Ohmic junction may be obtained.

Generally, semiconductor materials with a three-dimensional crystal structure and an optical
gap close to or below the spectral region of application are likely to be of interest if trap levels
may be introduced either by doping with a further material or by obtaining a nanocrystalline, a
microcrystalline, or an amorphous structure. Doping may, particularly, be achieved by adding
metal atoms or salts to the semiconductor in a manner that the band structure of the
semiconductor, preferably the conduction band, may be augmented by energy levels of the
doping material, preferably with energy levels which are energetically above or below the
conduction band. As a particular example, according to F. Stéckmann, Superfinear
photoconductivity, Phys. Stat. Solidi 34, 751-757, 1969, it may be possible that both the positive
FiP-effect and the negative FiP-effect may be achieved in a photoconductive material, wherein
the photoconductive material may be subject to a different position and/or concentration of traps
and/or recombination centers within the selected photoconductive material.
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Alternatively or in addition, the organic photoconductive material may, in particular, be or
comprise an arganic compound, in particular an organic compound which may be known to
comprise appropriate photoconductive properties, preferably polyvinylcarbazole, a compound
which is generally used in xerography. However, a large number of other organic molecules
which will be described below in more detail may also be feasible.

With regard to printing and imaging systems, reference may be made to the article P. Gregory,
Ed., Chemistry and Technology of printing and imaging systems, Chapman & Hall, 1996, Chap.
4, R.S. Gairns, Electrophotography, p. 76-112, wherein the technology of xerography and
respective photoconductors which are used in xerography are described. Herein, as a particular
example, a system first presented by R. M. Schaffert, /BM /. Res. Develop., 1971, p. 75-89, and
comprising a charge-transfer complex based on polyvinylcarbazole (1) as a donor moelecule with
trinitroflucrenone (2) as an acceptor molecule may be used:

0
1
" e "
~ R
LI
Donor Acceplor

(1) (2)

What can be derived from this example is that the organic photoconductors generally differ from
their inorganic counterparts in that they may, particularly as a tribute to the nature of the
corresponding photoconduction process, comprise a system of two different kinds of organic
materials. The reason for this selection may be found in an observation that light striking the
organic photoconductor located in an electrical field might be absorbed and may, subseguently,
generate a pair of electrical charges which can, further, be transported in form of an elecirical
current which generates an influence on the photoconductivity of the organic photoconductor.

When using organic photoconductors, it may, thus, be feasible to separate the mentioned two
kinds of processes, i.e. generating the electrical charges, on one hand, from transporting the
electrical charges, on the other hand, by employing two different kinds of organic materials,
which may be denoted as a donor-like “electron donor material” or “charge-generation material”,
abbreviated to “CGM” and as an acceptor-like “electron acceptor material” or “charge-transport
material”, abbreviated o “CTM". As can be derived from the example as described above, the
polyvinyicarbazole (1) may be considered as the charge-generation material while the
trinitrofluorenone (2) may be regarded as the charge-transport material which act as the donor
molecule and the acceptor molecule, respectively, in the above-mentioned system comprising
the organic charge-transfer complex.
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In a particularly preferred embodiment, the organic photoconductors may, thus, comprise at
least one conjugated aromatic molecule, preferably a highly conjugated aromatic molecule, in
particular a dye or a pigment, preferably to be employed as the charge-generation material.
Within this respect, particularly preferred examples of conjugated aromatic molecules exhibiting
photoconductive properties include phthalocyanines, such as metal phthalocyanines, in
particular TiO-phthalocyanine; naphthalocyanines, such as metal-naphthalocyanines, in
particular TiO-naphthalocyanine; subphthalocyanines, such as metal-subphthalocyanines;
perylenes, anthracenes; pyrenes; oligo- and polythiophenes; fullerenes; indigoid dyes, such as
thioindigos; bis-azo pigments; squarylium dyes; thiapyrilium dyes; azulenium dyes; dithioketo-
pyrrolopyrroles; quinacridones; and other organic materials which may exhibit photoconductive
properties, such as dibromoanthanthrone, or a derivative or a combination thereof. However,
further conjugated aromatic molecules or, in addition, other kinds of organic materials, also in
combination with inorganic materials, may also be feasible.

With regard to phthalocyanines, reference may be may made to Frank H. Moser and Arthur L.
Thomas, Phthalocyanine Compounds, Reinhold Publishing, New York, 1963, p. 69-76, as well
as to Arthur L. Thomas, Phthalocyanine Research and Applications, CRC Press, Boca Raton,
1990, p. 253-272. As presented there, dihydrogenphthalocyanine (3) or a metal phthalocyanine
{(4) may preferably be used in the detector according to the present invention:

’\M/
zi' N "j
E\!j P

)
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wherein the metal phthalocyanine (4) may, preferably, comprise a metal M selected from

5 magnesium (Mg), copper (Cu), germanium (Ge), or zinc (Zn), or from a metal comprised in an
inorganic compound, such as one of Al-Cl, Ga-Cl, In-Ci, TiOCI, VO, TiO, HGa, Si(OH)z,
Ge(OH)2, Sn(OH)z, or Ga(OH).

With respect to indigoid dyes, reference may be made to US 4 952 472 A, in which the following
10 three structures (5a, 5b, 5¢), wherein X may equal O, S, or Se, are disclosed:

top: (ba}, center: (8b), bottom: (5¢)
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Herein, a preferred indigoid may comprise the compound 4,4',7,7'-tetrachlorothioindigo (6)
which is, for example, disclosed in K. Fukushima et al., Crysfal Structures and Photocarrier
Generation of Thicindigo Derivatives, J. Chem. Phys. B, 102, 1988, p. 5985-5990:

With regard to bis-azo pigments, a preferred example may be chlorodiane blue (7), which
10  comprises the following structure:

HO
N o]
S °'
N N
Cl
o] N
OH

(7)

With respect to perylene derivatives, preferably perylenebisimides (8a) or perylenemonoimides
15 (8b), wherein R is an organic residue, preferably a branched or unbranched alkyl chain, may be
used as photoconductive organic material:

0
O
-0
O
-0
-0

20 top: (8a), bottom: (8b)
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With regard to squarylium dyes, a preferred example may comprise the following molecule (9):

©

With respect to thiapyrilium dyes, a preferred exampte may comprise molecule (10) having the
following structure:
10

(10)

15 Further, US 4 565 761 A discloses a number of azulenium dyes, such as the following preferred
compound (11}

20 (11)

Concerning dithioketo-pyrrolopyrroles, US 4 760 151 A discloses a number of compounds, such
as the following preferred molecule (12):
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(12)
5
With regard to quinacridones, US 4 760 004 A discloses different thioquinacridones and isothio-
quinacridones, including the following preferred photoconductive compound (13):
5
N
)
H S
10
(13)

As mentioned above, further organic materials, such as dibromoanthanthrone (14), may also
exhibit photoconductive properties being sufficient for being used in the detector according to

15 the present invention:

(14)

20
Furthermore, a mixture comprising at least one photoconductor and at least one sensitizer, such
as further specified, for example, in US 3 112 197 A or EP 0 112 169 A2 or in a respective
reference therein, may also be suitable for being used in the detector according to the present
invention. Accordingly, a photoconductive layer which comprises a dye sensitizer may be used

25  for this purpose.
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Preferably, the electron donor material and the electron acceptor material may be comprised
within a fayer which comprises the photocenductive material in form of a mixture. As generally
used, the term “mixture” relates to a blend of two or more individual compounds, wherein the
individual compounds within the mixture maintain their chemical identity. In a particularly
preferred embodiment, the mixture may comprise the electron donor material and the electron
acceptor material in a ratio from 1:100 to 100:1, more preferred from 1:10 to 10:1, in particular
in a ratio of from 1.2 to 2:1, such as 1:1. However, other ratios of the respective compounds
may also be applicable, in particular depending on the kind and number of individual
compounds being involved. Preferably, the electron donor material and the electron acceptor
material as comprised in form of the mixture may constitute an interpenetrating network of
donor domains, in which the electron donor material may predominantly, particularly completely,
be present, and of acceptor domains, in which the electron acceptor material may
predominantly, in particular completely, be present, wherein interfacial areas between the donor
domains and the acceptor domains may exist, and wherein as conductive paths in form of
percolation pathways may connect the corresponding domains to the respective electrodes.

In a further preferred embodiment, the electron donor material in the photoconductive fayer may
comprise a donor polymer, in particular an organic donor polymer, whereas the electron
acceptor material may comprise an acceptor small molecule, preferably selected from the group
comprising a fullerene-based electron acceptor material, tetracyanoquinodimethane (TCNQ), a
perylene derivate, and an acceptor polymer. Thus, the electron donor material may comprise a
donor polymer while the electron acceptor material may comprise an acceptor polymer, thus
providing a basis for an all-polymer photoconductive layer. In a particular embodiment, a
copolymer may, simultaneously, be constituted from one of the donor polymers and from one of
the acceptor polymers and which may, therefore, also be denominated as a “push-pull
copolymer” based on the respective function of each of the constituents of the copolymer. As
generally used, the term “polymer” refers to a macromolecular composition generally comprising
a large number of molecular repeat units which are usually denominated as “monomers” or
“‘monomeric units”. For the purposes of the present invention, however, a synthetic organic
polymer may be preferred. Within this regard, the term “organic polymer” refers to the nature of
the monomeric units which may, generally, be attributed as organic chemical compounds. As
used herein, the term “donor polymer” refers to a polymer which may particularly be adapted to
provide electrons as the electron donor material. Analogoustly, the term “acceptor polymer”
refers to a polymer which may particularly be adapted to receive electrons as the electron
acceptor material. Preferably, the layer comprising the organic electron donor material and the
organic electron acceptor material may exhibit a thickness from 100 nm to 2000 nm.

Thus, the at least one electron donor material may comprise a donor polymer, in particular an
organic donor polymer. Preferably, the donor polymer may comprise a conjugated system, in
which delocalized electrons may be distributed over a group of atoms being bonded together by
alternating single and multipie bonds, wherein the conjugated system may be one or more of
cyclic, acyclic, and linear. Thus, the organic donor polymer may, preferably, be selected from
one or more of the following polymers:
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-  poly[3-hexylthiophene-2,5.diyl] (P3HT),

- poly[3-(4-n-octyl)-phenylthiophene] (POPT),

—  poly[3-10-n-octyl-3-phenothiazine-vinylenethiophene-co-2,5-thiophene} (PTZV-PT),
poly[4,8-bis[(2-ethylhexyljoxylbenzo[1,2- 5:4,5- b1dithiophene-2,6-diyl][3-fluoro-2-{(2-
ethythexyl)carbonyl]thieno[3,4-Hlthiophenediyl] (PTB7),

—  poly[thiophene-2,5-diyl-a/t[5,6-bis{dodecyloxy}benzo|c][1,2,5]thiadiazole]-4, 7-diyl]
(PBT-T1),

- poly[2,6-(4,4-bis-(2-ethylhexyl)-4 H-cyclopenta[2, 1-5;3,4- b1dithiophene)-a/t4,7(2,1,3-
benzothiadiazole)] (PCPDTBT),

—  poly[5,7-bis(4-decanyl-2-thienyl)-thieno(3,4-b)diathiazolethiophene-2,5] (PDDTT),

- poly[N-9-heptadecanyl-2,7-carbazole-alt-5,5-(4',7"-di-2-thienyl-2', 1", 3'-benzothiadiazole)]
(PCDTBT), or

—  poly[(4,4"-bis(2-ethylhexyl)dithieno[3,2-5,2",3™- dIsilole)-2,6-diyl-a/t-(2,1,3-benzothia-
diazole)-4,7-diyl] (PSBTBT),

—  poly[3-phenylhydrazone thiophene] (PPHT),

~  poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV),

- poly[2-methoxy-5-(2'-ethylhexyloxy)-1,4-phenylene-1,2-ethenylene-2,5-dimethoxy-1,4-
phenylene-1,2-ethenylene] (M3EH-PPV),

—  poly[2-methoxy-5-(3",7'-dimethyloctyloxy)-1,4-phenylenevinylene] (MDMO-PPV),

- poly[9,9-di-octylfluorene-co-bis-N,N-4-butylphenyl-bis-N,N-phenyl-1,4-phenylenediamine]
(PFB),

or a derivative, a modification, or a mixture thereof.

However, other kinds of donor polymers or further electron donor materials may also be
suitable, in particular polymers which are sensitive in the infrared spectral range, especially
above 1000 nm, preferably diketopyrrolopyrrol polymers, in particular, the polymers as
described in EP 2 818 493 A1, more preferably the polymers dencted as “P-1" to “P-10” therein;
benzodithiophene polymers as disclosed in WO 2014/086722 A1, especially diketopyrrolopyrrol
polymers comprising benzodithiophene units; dithienobenzofuran polymers according to US
2015/0132887 A1, especially dithienobenzofuran polymers comprising diketopyrrolopyrrol units;
phenantro[9, 10-Blfuran polymers as described in US 2015/0111337 A1, especially phenan-
tro[9, 10-Blfuran polymers which comprise diketopyrrolopyrrol units; and polymer compositions
comprising diketopyrrolopyrrol oligomers, in particular, in an oligomer-polymer ratio of 1:10 or
1:100, such as disclosed in US 2014/0217329 A1.

As further mentioned above, the electron acceptor material may, preferably, comprise a
fullerene-based electron acceptor material. As generally used, the term "fullerenes"” refers to
cage-like molecules of pure carbon, including Buckminster fulierene (C60) and the related
spherical fullerenes. In principle, the fullerenes in the range of from C20 to C2000 may be used,
the range C60 to C96 being preferred, particularly C60, C70 and C84. Mostly preferred are
fullerenes which are chemically modified, in particular one or more of:

- [6,6]-phenyi-C61-butyric acid methyl ester (PC60BM),

—  [6,6]-Phenyl-C71-butyric acid methyl ester (PC70BM),

—~ [6,6]-pheny! C84 butyric acid methyl ester (PC84BM), or
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- anindene-C80 bisadduct (ICBA),
but also dimers comprising one or two C60 or C70 moieties, in particular
— adiphenylmethancfullerene (DPM) moiety comprising one attached oligoether (OE) chain
(C70-DPM-OE), or
— adiphenylmethanofullerene (DPM) moiety comprising two attached oligoether (OE)
chains (C70-DPM-OEZ2),
or a derivative, a modification, or a mixture thereof. However, TCNQ, or a perylene derivative
may alsc be suitable.

Alternatively or in addition, the electron acceptor material may, preferably, comprise an acceptor

polymer. Generally, conjugated polymers based on cyanated poly(phenylenevinylene), benzo-

thiadiazole, perylene or naphthalenediimide are preferred for this purpose. In particular, the

acceptor polymer may, preferably, be selected from one or more of the following polymers:

- a cyano-poly[phenylenevinylene] (CN-PPV), such as C6-CN-PPV or C8-CN-PPV,

- poly[5-(2-(ethylhexyloxy)-2-methoxycyanoterephthalyliden] (MEH-CN-PPV),

— poly[oxa-1,4-phenylene-1,2-(1-cyano)-ethylene-2,5-dioctyloxy-1,4-phenylene-1,2-(2-cyano)-
ethylene-1,4-phenylene] (CN-ether-PPV),

— poly[1,4-dioctyloxyl-p-2,5-dicyanophenylenevinylene] (DOCN-PPV),

- poly[9,9’-dioctylfluoreneco-benzothiadiazole] (PF8BT),

or a derivative, a modification, or a mixture thereof. However, other kinds of acceptor polymers

may also be suitable.

For more details concerning the mentioned compounds which may be used as the donor
polymer or the electron acceptor material, reference may be made to the review articles by

L. Biana, E. Zhua, J. Tanga, W. Tanga, and F. Zhang, Progress in Polymer Science 37, 2012,
p. 1292-1331, A. Facchetti, Materials Today, Vol. 16, No. 4, 2013, p. 123-132, and S. Gilines
and N. S. Sariciftci, Inorganica Chimica Acta 361, 2008, p. 581-588, as well as the respective
references cited therein. Further compounds are described in the dissertation of F.A. Sperlich,
Efectron Pararnagnetic Resonance Spectroscopy of Conjugated Polymers and Fullerenes for
Organic Photovolffaics, Julius-Maximilians-Universitat Wiirzburg, 2013, and the references cited
therein.

Using a layer of the organic photoconductive materials exhibits a number of advantages, in
particular with respect to the known inorganic photoconductive materials. The layer of the
organic photoconductive materials may, preferably, be produced by known high-throughput
methods, in particular by a deposition method, preferably a coating method, more preferred a
spin-coating method, a slot-coating method, or a blade-coating method, or, alternatively, by
evaporation. By this kind of process a transparent, semitransparent or translucent layer may
easily be obtained which may exhibit a thickness from 100 ym to 2000 pym, in particular from
200 pm to 750 pum. The transparency, semitransparency or translucency of the organic
photoconductive materials as obtained in this manner, thus, allows providing a stack of
longitudinal sensors which each comprises a layer of this kind of materials.

As will be explained beiow in more detail, the optical detector according to the present
invention, however, differs in a particular respect to the known IR detectors in which a
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chalcogenide photoconductive material, such as lead sulfide (PbS), lead selenide (PbSe),
mercury cadmium telluride (HgCdTe; also abbreviated to ‘MCT’), or mercury zinc telluride
(HgZnTe; also abbreviated to ‘MZT"), has already been employed. Whereas in an IR detector
according to the state of the art, it is essential for various reasons, such as to obtain an
excellent signal quality, in particular, in order to achieve a high signal-to-noise ratio under often
difficult measurement conditions, to illuminate the sensor region, which may comprise one or
more of the mentioned or other chalcogenide photoconductive materials, as far as possible.
From this point of view, it would be considered as completely deceptive even to contemplate
reducing the cross-section of a light beam which may impinge on the sensor region. In the
known art of IR detectors, it is rather best practice to completely illuminate the sensor region;
any deviation therefrom would be considered as an erroneous experimental set-up.

In contrast with this long-known conception according to the state of the art, it may,
nevertheless, be particularly advantageous to, still, vary the cross-section of a light beam which
may impinge onto the sensor region that comprises a photoconductive material, preferably, one
or more photoconductive material as described abagve and/or below in more detail. By
evaluating the longitudinal sensor signal of the longitudinal optical sensor in an evaluation
device it may, thus, in a rather surprising manner by employing this specific combination, be
possible to generate at least one item of information on a longitudinal position, such as a depth,
of the object which may, previously, have emitted and/or reflected the light beam which,
thereafter, may have impinged onto the sensor region of the optical detector. Consequently,
using an appropriate photoconductive material in combination with a variation of the cross-
section of an incident light beam impinging on this photoconductive material and the application
of a specifically adapted evaluation device may, thus, open extended measurement options
which have not been possible so far.

As used herein, the term “evaluation device” generally refers to an arbitrary device designed to
generate the items of information, i.e. the at least one item of information on the position of the
object. As an example, the evaluation device may be or may comprise one or more integrated
circuits, such as one or more application-specific integrated circuits (ASICs), and/or one or more
data processing devices, such as one or more computers, preferably one or more
microcomputers and/or microcontrollers. Additional components may be comprised, such as
one or more preprocessing devices and/or data acquisition devices, such as one or more
devices for receiving and/or preprocessing of the sensor signals, such as one or more AD-
converters and/or one or more filters. As used herein, the sensor signal may generally refer to
one of the longitudinal sensor signal and, if applicable, to the transversal sensor signal. Further,
the evaluation device may comprise one or more data storage devices. Further, as outlined
above, the evaluation device may comprise one or more interfaces, such as one or more
wireless interfaces and/or one or more wire-bound interfaces.

The at least one evaluation device may be adapted to perform at least one computer program,
such as at least one computer program performing or supporting the step of generating the
items of information. As an example, one or more algorithms may be implemented which, by
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using the sensor signals as input variables, may perform a predetermined transformation into
the position of the object.

The evaluation device may particularly comprise at least one data processing device, in
particular an electronic data processing device, which can be designed to generate the items of
information by evaluating the sensor signals. Thus, the evaluation device is designed to use the
sensor signals as input variables and to generate the items of information on the transversal
position and the longitudinal position of the object by processing these input variables. The
processing can be done in parallel, subsequently or even in a combined manner. The
evaluation device may use an arbitrary process for generating these items of information, such
as by calculation and/or using at least one stored and/or known relationship. Besides the sensor
signals, one or a plurality of further parameters and/or items of information can influence said
relationship, for example at least one item of information about a modulation frequency. The
relationship can be determined or determinable empirically, analytically or else semi-empirically.
Particularly preferably, the relationship comprises at least one calibration curve, at least one set
of calibration curves, at least one function or a combination of the possibilities mentioned. One
or a plurality of calibration curves can be stored for example in the form of a set of values and
the associated function values thereof, for example in a data storage device and/or a table.
Alternatively or additionally, however, the at least one calibration curve can also be stored for
example in parameterized form and/or as a functional equation. Separate relationships for
processing the sensor signals into the items of information may be used. Alternatively, at least
one combined relationship for processing the sensor signals is feasible. Various possibilities are
conceivable and can also be combined.

By way of example, the evaluation device can be designed in terms of programming for the
purpose of determining the items of information. The evaluation device can comprise in
particular at least one computer, for example at least one microcomputer. Furthermore, the
evaluation device can comprise one or a plurality of volatile or nonvolatile data memories. As an
alternative or in addition to a data processing device, in particular at least one computer, the
evaluation device can comprise one or a plurality of further electronic components which are
designed for determining the items of information, for example an electronic table and in
particular at least one look-up table and/or at least one application-specific integrated circuit
(ASIC).

The detector has, as described above, at least one evaluation device. In particular, the at least
one evaluation device can also be designed to completely or partly control or drive the detector,
for example by the evaluation device being designed to control at least one illumination source
and/or to control at least one modulation device of the detector. The evaluation device can be
designed, in particular, to carry out at least one measurement cycle in which one or a plurality of
sensor signals, such as a plurality of sensor signals, are picked up, for example a plurality of
sensor signals of successively at different modulation frequencies of the illumination.

The evaluation device is designed, as described above, to generate at least one item of
information on the position of the object by evaluating the at least one sensor signal. Said
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position of the object can be static or may even comprise at least one movement of the object,
for example a relative movement between the detector or parts thereof and the object or parts
thereof. In this case, a relative movement can generally comprise at least one linear movement
and/or at least one rotational movement. Iitems of movement information can for example also
be obtained by comparison of at least two items of information picked up at different times, such
that for example at least one item of location information can also comprise at least one item of
velocity information and/or at least one item of acceleration infarmation, for example at least
one item of information about at least one relative velocity between the object or parts thereof
and the detector or parts thereof. In particular, the at least one item of location information can
generally be selected from: an item of information about a distance between the object or parts
thereof and the detector or parts thereof, in particular an optical path length; an item of
information about a distance or an optical distance between the object or parts thereof and the
optional transfer device or parts thereof; an item of information about a positioning of the object
or parts thereof relative to the detector or parts thereof; an item of information about an
orientation of the object and/or parts thereof relative to the detector or parts thereof; an item of
information about a relative movement between the object or parts thereof and the detector or
parts thereof; an item of information about a two-dimensional or three-dimensional spatial
configuration of the object or of parts thereof, in particular a geometry or form of the object.
Generally, the at least one item of location information can therefore be selected for example
from the group consisting of: an item of information about at least one location of the object or at
least one part thereof; information about at least one orientation of the object or a part thereof;
an item of information about a geometry or form of the object or of a part thereof, an item of
information about a velocity of the object or of a part thereof, an item of information about an
acceleration of the object or of a part thereof, an item of information about a presence or
absence of the object or of a part thereof in a visual range of the detector.

The at least one item of location information can be specified for example in at least one
coordinate system, for example a coordinate system in which the detector or parts thereof rest.
Alternatively or additionally, the location information can also simply comprise for example a
distance between the detector or parts thereof and the object or parts thereof. Combinations of
the possibilities mentioned are also conceivable.

In a particular embodiment of the present invention, the detector may comprise at least two
longitudinal optical sensors, wherein each longitudinal optical sensor may be adapted to
generate at least one longitudinal sensor signal. As an example, the sensor regions or the
sensor surfaces of the longitudinal optical sensors may, thus, be oriented in paralief, wherein
slight angular tolerances might be tolerable, such as angular tolerances of no more than 10°,
preferably of no more than 5°. Herein, preferably all of the longitudinal optical sensors of the
detector, which may, preferably, be arranged in form of a stack along the optical axis of the
detector, may be transparent. Thus, the light beam may pass through a first transparent
longitudinal optical sensor before impinging on the other longitudinal optical sensors, preferably
subsequently. Thus, the light beam from the object may subsequently reach all longitudinal
optical sensors present in the optical detector. Herein, the different longitudinal optical sensors
may exhibit the same or different spectral sensitivities with respect to the incident light beam.
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Preferably, the detector according to the present invention may comprise a stack of longitudinal
optical sensors as disclosed in WO 2014/097181 A1, particularly in combination with one or
more transversal optical sensors. As an example, one or more fransversal optical sensors may
be located on a side of the stack of longitudinal optical sensors facing towards the object.
Alternatively or additionally, one or more transversal optical sensors may be located on a side of
the stack of longitudinal optical sensors facing away from the object. Again, additionally or
alternatively, one or more transversal optical sensors may be interposed in between the
longitudinal optical sensors of the stack. However, embodiments which may only comprise a
single longitudinal optical sensor but no fransversal optical sensor may still be possible, such as
in a case wherein only determining the depth of the object may be desired.

As used herein, the term “transversal optical sensor” generally refers to a device which is
adapted to determine a transversal position of at least one light beam traveling from the object
to the detector. With regard to the term position, reference may be made to the definition above.
Thus, preferably, the fransversal position may be or may comprise at least one coordinate in at
jeast one dimension perpendicular to an optical axis of the detector. As an exampie, the
transversal position may be a position of a light spot generated by the light beam in a plane
perpendicular to the optical axis, such as on a light-sensitive sensor surface of the transversal
optical sensor. As an example, the position in the plane may be given in Cartesian coordinates
and/or polar coordinates. Other embodiments are feasible. For potential embodiments of the
fransversal optical sensor, reference may be made to WO 2014/097181 A1. However, other
embodiments are feasible and will be outlined in further detail below.

The transversal optical sensor may provide at ieast one transversal sensor signal. Herein, the
transversal sensor signal may generally be an arbitrary signal indicative of the transversal
position. As an example, the transversal sensor signal may be or may comprise a digital and/or
an analog signal. As an exampie, the transversal sensor signal may be or may comprise a
voltage signal and/or a current signal. Additionally or alternatively, the transversal sensor signal
may be or may comprise digital data. The transversal sensor signal may comprise a single
signal value and/or a series of signal values. The transversal sensor signal may further
comprise an arbitrary signal which may be derived by combining two or more individual signals,
such as by averaging two or more signals and/or by forming a quotient of two or more signals.

In a first embodiment similar to the disclosure according to WO 2014/097181 A1, the
transversal optical sensor may be a photo detector having at least one first electrode, at least
one second electrode and at least one photovoltaic material, wherein the photovoltaic material
may be embedded in between the first electrode and the second electrede. Thus, the
transversal optical sensor may be or may comprise one or more photo detectors, such as one
or more organic photodetectors and, most preferably, one or more dye-sensitized organic solar
cells (DSCs, also referred to as dye solar cells), such as one or more solid dye-sensitized
organic solar cells (s-DSCs). Thus, the detector may comprise one or more DSCs (such as one
or more sDSCs) acting as the at least one transversal optical sensor and one or more DSCs
(such as one or more sDSCs) acting as the at least one longitudinal optical sensor.
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In contrast to this known embodiment, a preferred embodiment of the transversal optical sensor
according to the present invention may comprise a layer of the photoconductive material,
preferably an inorganic photoconductive material, such as one of the photoconductive materials
as mentioned above and/or below. Herein, the layer of the photoconductive material may
comprise a composition selected from a homogeneous, a crystalline, a polycrystalline, a
microcrystalline, a nanocrystalline and/or an amorphous phase. Preferably, the layer of the
photoconductive material may be embedded in between two layers of a transparent conducting
oxide, preferably comprising indium tin oxide (ITO), fluorine doped tin oxide (FTO), or
magnesium oxide (MgO), wherein one of the two layers may be replaced by metal nanowires, in
particular by Ag nanowires. However, other material may be feasible, in particular according to
the desired transparent spectral range.

Further, at least two electrodes may be present for recording the transversal optical signal. In a
preferred embodiment, the at least two elecirodes may actually be arranged in the form of at
least two physical electrodes, wherein each physical electrode may comprise an electricalty
conducting material, preferably a metallically conducting material, more preferred a highly
metallically conducting material such as copper, silver, gold, an alloy or a composition which
comprises these kinds of materials, or graphene. Herein, each of the at least two physical
electrodes may, preferably, be arranged in a manner that a direct electrical contact between the
respective electrode and the photoconductive layer in the optical sensor may be achieved,
particularly in order to acquire the fongitudinal sensor signal with as little loss as possible, such
as due to additional resistances in a transport path between the optical sensor and the
evaluation device.

However, In a particular embodiment, one or more of the mentioned physical electrodes may be
replaced at least partially by an electrically conducting beam, in particular a beam of electrically
conducting particles, preferably electrons, which may be arranged in a manner that the
electrically conducting beam impinges on the sensor region and, thereby, may be capable of
generating a direct electrical contact between the respective electrically conducting beam and
the photoconductive layer in the optical sensor. By providing this direct eiectrical contact to the
photoconductive layer, the electrically conducting beam may, similarly, act as a means for
transporting at least a part of the longitudinal sensor signal from the optical sensor to the
evaluation device.

Preferably, at least one of the electrodes of the transversal optical sensor may be a split
electrode having at least two partial electrodes, wherein the transversal optical sensor may
have a sensor area, wherein the at least one transversal sensor signal may indicate an x-
and/or a y-position of the incident light beam within the sensor area. The sensor area may be a
surface of the photo detector facing towards the object. The sensor area preferably may be
oriented perpendicular to the optical axis. Thus, the transversal sensor signal may indicate a
position of a light spot generated by the light beam in a plane of the sensor area of the
transversal optical sensor. Generally, as used herein, the term “partial electrode” refers to an
electrode out of a plurality of electrodes, adapted for measuring at least one current and/or
voltage signal, preferably independent from other partial electrodes. Thus, in case a plurality of
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partial electrodes is provided, the respective electrode is adapted to provide a plurality of

electric potentials and/or electric currents and/or voltages via the at least two partial electrodes,
which may be measured and/or used independently.

The tfransversal optical sensor may further be adapted to generate the transversal sensor signal
in accordance with the electrical currents through the partial electrodes. Thus, a ratio of electric
currents through two horizontal partial electrodes may be formed, thereby generating an x-
coordinate, and/or a ratio of electric currents through to vertical partial electrodes may be
formed, thereby generating a y-coordinate. The detector, preferably the transversal optical
sensor and/or the evaluation device, may be adapted to derive the information on the
transversal position of the object from at least one ratic of the currents through the partial
electrodes. Other ways of generating position coordinates by comparing currents through the
partial electrodes are feasible.

The partial electrodes may generally be defined in various ways, in order to determine a
position of the light beam in the sensor area. Thus, two or more horizontal partial electrodes
may be provided in order {0 determine a horizontal coordinate or x-coordinate, and two or more
vertical partial electrodes may be provided in order to determine a vertical coordinate or y-
coordinate. Thus, the partial electrodes may be provided at a rim of the sensor area, wherein an
interior space of the sensor area remains free and may be covered by one or more additional
electrode materials. As will be outlined in further detail below, the additional electrode material
preferably may be a transparent additional electrode material, such as a transparent metal
and/or a transparent conductive oxide andfor, most preferably, a transparent conductive
polymer.

By using the transversal optical sensor, wherein one of the electrodes is a split electrode with
three or more partial electrodes, currents through the partial electrodes may be dependent on a
position of the light beam in the sensor area. This may generally be due to the fact that Ohmic
losses or resistive losses may occur on the way from a location of generation of electrical
charges due to the impinging light onto the partial electrodes. Thus, besides the partial
electrodes, the split electrode may comprise one or more additicnal electrode materials
connected to the partial electrodes, wherein the one or more additional electrocde materials
provide an electrical resistance. Thus, due to the Ohmic losses on the way from the location of
generation of the electric charges to the partial electrodes through with the one or more
additional electrode materials, the currents through the partial electrodes depend on the location
of the generation of the electric charges and, thus, to the position of the light beam in the sensor
area. For details of this principle of determining the position of the light beam in the sensor area,
reference may be made to the preferred embodiments below and/or to the physical principles
and device options as disclosed in WO 2014/097181 A1 and the respective references therein.

Accordingly, the transversal optical sensor may comprise the sensor area, which, preferably,
may be transparent to the light beam travelling from the object to the detector. The transversal
optical sensor may, therefore, be adapted to determine a transversal position of the light beam
in one or more transversal directions, such as in the x- and/or in the y-direction. For this
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purpose, the at least one transversal optical sensor may further be adapted to generate at least
one transversal sensor signal. Thus, the evaluation device may be designed to generate at least
one item of information on a transversal position of the object by evaluating the transversal
sensor signal of the longitudinal optical sensor.

Further embodiments of the present invention referred to the nature of the light beam which
propagates from the object to the detector. As used herein, the term “light” generally refers to
electromagnetic radiation in one or more of the visible spectral range, the ultraviolet spectral
range and the infrared spectral range. Therein, in partial accordance with standard 1SO-21348,
the term visible spectral range generally refers to a speciral range of 380 nm fo 760 nm. The
term infrared (IR) spectral range generally refers to electromagnetic radiation in the range of
760 nm to 1000 um, wherein the range of 760 nm fo 1.4 ym is usually denominated as the near
infrared (NIR) spectral range, and the range from 15 pym to 1000 pm as the far infrared (FIR)
spectral range. The term ultraviolet spectral range generally refers to electromagnetic radiation
in the range of 1 nm to 380 nm, preferably in the range of 100 nm to 380 nm. Preferably, light as
used within the present invention is visible light, i.e. light in the visible spectral range.

However, the detector according to the present invention may comprise at ieast one specific
embodiment of the longitudinal optical sensor, wherein the specific embodiment of the
longitudinal optical sensor may, furthermore, be designed in such a way that the illumination of
the sensor region by the light beam might, in addition to being sensitive to the beam cross-
section of the light beam in the sensor region, cause an increase in temperature within the
sensor region. As a result of the temperature increase in the sensor region, the electrical
conductivity of the longitudinal sensor signal may be affected in such a manner that, given the
same total power of the illumination, a change of the longitudinal sensor signal upon illumination
of the sensor region by the light beam might be used to determine a value for the temperature
increase within the sensor region.

tn other words, the specific embodiment of the longitudinal optical sensor might be considered
as being sensitive to heat radiation, which is, generally, attributed to a wavelength of the light
beam in the infrared spectral range, in particular from 5 pm to 15 um. Usually, this kind of
detectors which are adapted to determine the heat radiation are denominated as “bolometers”
or, if they exhibit a lateral size in the micrometer range, such as from 10 pm to 100 pm in each
of two dimensions, as “micro-bolometers”. As a particular advantage of micro-bolometers, the
optical detector comprising this kind of arrangement may be employed in an uncooled fashion,
and thus may, thus, be able by using a simple setup and without cooling, to provide measured
values for the temperature increase at the sensor region as well as other kinds of measurement
parameters which may be derived therefrom, such as a heat flow.

Particularly, the photoconductive material as used within this kind of micro-bolometer, may
comprise one or more of the inorganic photoconductive material as described above and/or
below as long as the photoconductive material may exhibit a sufficient detection efficiency
within the mentioned spectral range from 5 um to 15 pm. Preferably, the photoconductive
material as employed in the micro-bolometer may be a chalcogenide which may be selected
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from the group comprising sulfide chalcogenides, selenide chalcogenides, telluride
chalcogenides, ternary chalcogenides, quaternary and higher chalcogenides. Alternatively or in
addition, the photoconductive material as employed in the micro-bolometer may be a
pnictogenide which may be selected from the group comprising nitride pnictogenides,
phosphide pnictogenides, arsenide pnictogenides, antimonide pnictogenides, ternary
pnictogenides, quarternary and higher pnictogenides. As generally used, the term
“pnictogenide” refers to a chemical compound which comprises a nitride, a phosphide, an
arsenide, an antimonide or a bismuthide anion. Furthermore, other kinds of materials, in
particular vanadium oxides (VO. or VO,), amorphous silicon (a-Si}, or a platinum-silicon alioy
(Pt:8i) may also be feasible for the purpose of the photoconductive material used within this
kind of micro-bolometer.

Within this regard, most preferably, the sulfide chalcogenide may be selected from lead sulfide
(PbS) or zinc sulfide (ZnS), and the selenide chalcogenide from lead selenide (PbSe), cadmium
selenide (CdSe), or zinc selenide (ZnSe), while the ternary chalcogenide may especially be
selected from mercury cadmium telluride (HgCdTe), mercury zinc telluride (HgZnTe), or
mercury cadmium sulfide (HgCdS), the nitride pnictogenide may be selected from indium nitride
(InN), gallium nitride (GaN), or indium gallium nitride (InGaN), the phosphide pnictogenide from
indium phosphide (InP), gallium phosphide (GaP), or indium gallium phosphide {inGaF), the
arsenic pnictogenide from indium arsenide (InAs), gallium arsenide (GaAs), or indium gallium
arsenide (InGaAs), and the antimonide pnictogenide from indium antimonide (InSh), gallium
antimonide {GaSb}, or indium gallium antimonide (InGaSh), while the ternay pnictogenide may
be selected from indium gallium phosphide (InGaP), gallium arsenide phosphide (GaAsP), or
aluminum gallium phosphide (AlGaP).

In a particular embodiment, in the optical detector according to the present invention, at least
two longitudinal optical sensors, preferably a plurality of the longitudinal optical sensors, may be
present as an array and arranged, particularly, perpendicular to an optical axis as determined
by a path of the light beam within the optical detector. Herein, each of the longitudinal optical
sensors may be considered as an individual resistor, and the plurality of the longitudinal optical
sensors within the array may, preferably, be considered as a matrix of individual resistors. For a
purpose of acquiring the longitudinal optical sensor signal of the longitudinal optical sensors
within the matrix, an aggregate resistance of the individual resistors within the matrix may, in
accordance with the present invention, depend on a number N of the longitudinal optical
sensors in the array which are illuminated by the incident light beam. Herein, each of the
longitudinal optical sensors may be considered as an element or a picture element, i.e. a pixel,
within the array. As a result, an array of interconnected individual resistors may, thus, be
obtained in which the aggregate resistance of the complete array or a part thereof may depend
on the number of the illuminated pixels.

In particular for further evaluation purposes, the evaluation device may, furthermore, be adapted
to determine the number N of the longitudinal optical sensors within the array which are
illuminated by the light beam. In addition, the evaluation device may especially be adapted to
determine af least one longitudinal coordinate of the object by using the number N of the
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longitudinal optical sensors which are illuminated by the light beam. For this purpose, the optical
sensor may, in particular, be adapted to generate at least one signal which might indicate an
intensity of the illumination for each of the pixels within the array. In a preferred embodiment,
the evaluation device may, thus, be adapted to compare, for each of the pixels, the signal to at
least one threshold in order to determine whether the pixel is an illuminated pixel or not. Further,
in order to determine the longitudinal coordinate of the object, the evaluation device may also
be configured for using a predetermined relationship between the number N of pixels being
illuminated by the light beam and the longitudinal coordinate. Herein, the predetermined
relationship may, especially, be based on an assumption of the light beam being a Gaussian
light beam.

In a particularly preferred embodiment, the longitudinal optical sensors which are arranged in
the array may, furthermore, be designed in a way that the illumination of the sensor region by
the light beam may, as described above and/or below, additionally cause a temperature
increase within the sensor region. Consequently, the electrical conductivity of the sensor region,
given the same total power of the illumination, may, thus, further be dependent on the
temperature in the sensor region and, as a result, the longitudinal sensor signal, given the same
total power of the illumination, may, therefore, further depend on the temperature in the sensor
region. As already described above, the array of the longitudinal optical sensors might, thus, be
considered as being sensitive to heat radiation, i.e. to a wavelength of the incident light beam in
the infrared spectral range, in particutar from 5 pm to 15 pm. As a resulf, an interconnected
array of “bolometers” or, if the lateral size of the bolometers may be in the micrometer range,
such as from 10 pm to 100 pm in each of two dimensions, an interconnected array of “micro-
bolometers” may, thus, be obtained. Again, the optical detector comprising the mentioned array
of the micro-bolometers may exhibit the particular advantage that it might be empioyed in an
uncooled fashion, thus, being able to save construction expenditures as well as a considerable
amount of energy. Therefore, by using a simple setup and without cooling, a matrix of
measurement values for the temperature increase across the sensor region and measurement
parameters derived therefrom, such as the heat fiow, may be determined. Further, the array of
the micro-bolometers may, also, be employed to detect at least one object which might exhibit a
temperature above the temperature of the volume surrounding the one or more objects, i.e.
above room temperature,

The term “light beam” generally refers fo an amount of light emitted into a specific direction.
Thus, the light beam may be a bundle of the light rays having a predetermined extension in a
direction perpendicular to a direction of propagation of the light beam. Preferably, the light beam
may be or may comprise one or more Gaussian light beams which may be characterized by one
or more Gaussian beam parameters, such as one or more of a beam waist, a Rayleigh-length
or any other beam parameter or combination of beam parameters suited {0 characterize a
development of a beam diameter and/or a beam propagation in space.

The light beam might be admitted by the object itself, i.e. might originate from the object.
Additionally or alternatively, another origin of the light beam is feasible. Thus, as will be outlined
in further detail below, one or more illumination sources might be provided which illuminate the
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object, such as by using one or mare primary rays or beams, such as one or more primary rays
or beams having a predetermined characteristic. In the latter case, the light beam propagating

from the object fo the detector might be a light beam which is reflected by the object and/or a
reflection device connected to the object.

As outlined above, the at least one longitudinal sensor signal, given the same tfotal power of the
illumination by the light beam, is, according to the FiP effect, dependent on a beam cross-
section of the light beam in the sensor region of the at least one longitudinal optical sensor. As
used herein, the term beam cross-section generally refers to a lateral extension of the light
beam or a light spot generated by the light beam at a specific location. In case a circular light
spot is generated, a radius, a diameter or a Gaussian beam waist or twice the Gaussian beam
waist may function as a measure of the beam cross-section. In case non-circular light-spots are
generated, the cross-section may be determined in any other feasible way, such as by
determining the cross-section of a circle having the same area as the non-circular light spot,
which is also referred o as the equivalent beam cross-section. Within this regard, it may be
possible to employ the observation of an extremum, i.e. 2 maximum or a minimum, of the
longitudinal sensor signal, in particular a global extremum, under a condition in which the
corresponding material, such as a photovoltaic material, may be impinged by a light beam with
the smallest possible cross-section, such as when the material may be located at or near a focal
point as affected by an optical lens. In case the extremum is a maximum, this observation may
be denominated as the positive FiP-effect, while in case the extremum is a minimum, this
observation may be denominated as the negative FiP-effect.

Thus, irrespective of the material actually comprised in the sensor region but given the same
total power of the illumination of the sensor region by the light beam, a light beam having a first
beam diameter or beam cross-section may generate a first longitudinal sensor signal, whereas
a light beam having a second beam diameter or beam-cross section being different from the
first beam diameter or beam cross-section generates a second longitudinal sensor signal being
different from the first longitudinal sensor signal. Thus, by comparing the longitudinal sensor
signals, at least one item of information on the beam cross-section, specifically on the beam
diameter, may be generated. For details of this effect, reference may be made to WO
2012/110924 A1. Accordingly, the longitudinal sensor signals generated by the longitudinal
optical sensecrs may be compared, in order to gain information on the total power and/or
intensity of the light beam and/or in order to normalize the longitudinal sensor signals and/or the
at least one item of information on the longitudinal position of the object for the total power
and/or total intensity of the light beam. Thus, as an example, a maximum value of the
tongitudinal optical sensor signals may be detected, and all longitudinal sensor signals may be
divided by this maximum value, thereby generating normalized longitudinal optical sensor
signals, which, then, may be transformed by using the above-mentioned known relationship,
into the at least one item of longitudinal information on the object. Other ways of normalization
are feasible, such as a normalization using a mean value of the longitudinal sensor signals and
dividing all longitudinal sensor signals by the mean value. Other options are possibie. Each of
these options may be appropriate to render the transformation independent from the total power
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and/or intensity of the light beam. In addition, information on the total power and/or intensity of
the light beam might, thus, be generated.

Specifically in case one or more beam properties of the light beam propagating from the object
to the detector are known, the at least one item of information on the longitudinal position of the
object may thus be derived from a known relationship between the at least one longitudinal
sensor signal and a longitudinal position of the object. The known relationship may be stored in
the evaluation device as an algorithm and/or as one or more calibration curves. As an example,
specifically for Gaussian beams, a relationship between a beam diameter or beam waist and a
pasition of the object may easily be derived by using the Gaussian relationship between the
beam waist and a longitudinal coordinate.

This embodiment may, particularly, be used by the evaluation device in order to resolve an
ambiguity in the known relationship between a beam cross-section of the light beam and the
longitudinal position of the object. Thus, even if the beam properties of the light beam
propagating from the object to the detector are known fully or partially, it is known that, in many
beams, the beam cross-section narrows before reaching a focal point and, afterwards, widens
again. Thus, before and after the focal point in which the light beam has the narrowest beam
cross-section, positions along the axis of propagation of the light beam occur in which the light
beam has the same cross-section. Thus, as an example, at a distance z0 before and after the
focal point, the cross-section of the light beam is identical. Thus, in case only one longitudinal
optical sensor with a specific spectral sensitivity is used, a specific cross-section of the light
beam might be determined, in case the overall power or intensity of the light beam is known. By
using this information, the distance z0 of the respectiive longitudinal optical sensor from the focal
point might be determined. However, in order to determine whether the respective longitudinal
optical sensor is located before or behind the focal point, additional information is required, such
as a history of movement of the object and/or the detector and/or information on whether the
detector is located before or behind the focal point. In typical situations, this additional
information may not be provided. Therefore, additional information may be gained in order to
resolve the above-mentioned ambiguity. Thus, in case the evaluation device, by evaluating the
longitudinal sensor signals, recognizes that the beam cross-section of the light beam on a first
longitudinal optical sensor is larger than the beam cross-section of the light beam on a second
longitudinal optical sensor, wherein the second longitudinal optical sensor is located behind the
first longitudinal optical sensor, the evaluation device may determine that the light beam is still
narrowing and that the location of the first longitudinal optical sensor is situated before the focal
point of the light beam. Contrarily, in case the beam cross-section of the light beam on the first
longitudinal optical sensor is smaller than the beam cross-section of the light beam on the
second longitudinal optical sensor, the evaluation device may determine that the light beam is
widening and that the location of the second longitudinal optical sensor is situated behind the
focal point. Thus, generally, the evaluation device may be adapted to recognize whether the
light beam widens or narrows, by comparing the longitudinal sensor signals of different
longitudinal sensors.

For further details with regard to determining the at least one item of information on the
longitudinal position of the object by employing the evaluation device according to the present
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invention, reference may made to the description in WO 2014/097181 A1. Thus, generally, the
evaluation device may be adapted to compare the beam cross-section and/or the diameter of
the light beam with known beam properties of the light beam in order to determine the at feast
one item of information on the longitudinal position of the object, preferably from a known
dependency of a beam diameter of the light beam on at least one propagation coordinate in a
direction of propagation of the light beam and/or from a known Gaussian profile of the light
beam.

In addition to the at least cne longitudinal coordinate of the object, at least one transversal
coordinate of the object may be determined. Thus, generally, the evaluation device may further
be adapted to determine at least one transversal coordinate of the object by determining a
position of the light beam on the at least one transversal optical sensor, which may be a
pixelated, a segmented or a large-area transversal optical sensor, as further outlined also in
WO 2014/097181 A1.

In addition, the detector may comprise at least one transfer device, such as an optical lens, in
particular one or more refractive lenses, particularly converging thin refractive lenses, such as
convex or hiconvex thin ienses, and/or cne or more convex mirrors, which may further be
arranged along the common optical axis. Most preferably, the light beam which emerges from
the object may in this case travel first through the at least one transfer device and thereafter
through the single transparent longitudinal optical sensor or the stack of the transparent
longitudinal optical sensors until it may finally impinge on an imaging device. As used herein,
the term “fransfer device” refers to an optical element which may be configured to transfer the at
least one light beam emerging from the object to optical sensors within the detector, i.e. the at
least two longitudinal optical sensors and the at least one optional transversal optical sensor.
Thus, the transfer device can be designed to feed light propagating from the object to the
detector to the optical sensors, wherein this feeding can optionally be effected by means of
imaging or else by means of non-imaging properties of the transfer device. In particular the
transfer device can also be designed to coliect the electromagnetic radiation before the latter is
fed to the transversal and/or longitudinal optical sensor.

In addition, the at least one transfer device may have imaging properties. Consequently, the
transfer device comprises at least one imaging element, for example at least one lens and/or at
least one curved mirror, since, in the case of such imaging elements, for example, a geometry
of the illumination on the sensor region can be dependent on a relative positioning, for example
a distance, between the transfer device and the object. As used herein, the transfer device may
be designed in such a way that the electromagnetic radiation which emerges from the object is
transferred completely to the sensor region, for example is focused completely onto the sensor
region, in particular if the object is arranged in a visual range of the detector.

Generally, the detector may further comprise at least one imaging device, i.e. a device capable
of acquiring at least one image. The imaging device can be embodied in various ways. Thus,
the imaging device can be for example part of the detector in a detector housing. Alternatively
or additionally, however, the imaging device can also be arranged outside the detector housing,
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for example as a separate imaging device. Alternatively or additionally, the imaging device can
also be connected to the detector or even be part of the detector. In a preferred arrangement,
the stack of the transparent longitudinal optical sensors and the imaging device are aligned
along a common optical axis along which the light beam fravels. Thus, it may be possible to
locate an imaging device in the optical path of the light beam in a manner that the light beam
travels through the stack of the transparent longitudinal optical sensors until it impinges on the
imaging device. However, other arrangements are possible.

As used herein, an “imaging device” is generally understood as a device which can generate a
one-dimensional, a two-dimensional, or a three-dimensional image of the object or of a part
thereof. In particular, the detector, with or without the at least one optional imaging device, can
be completely or partly used as a camera, such as an IR camera, or an RGB camera, i.e. a
camera which is designed to deliver three basic colors which are designated as red, green, and
blue, on three separate connections. Thus, as an example, the at least one imaging device may
be or may comprise at least one imaging device selected from the group consisting of: a
pixelated organic camera element, preferably a pixelated organic camera chip; a pixelated
inorganic camera element, preferably a pixelated inorganic camera chip, more preferably a
CCD- or CMOS-chip; a monochrome camera element, preferably a monochrome camera chip;
a multicolor camera element, preferably a multicolor camera chip; a full-color camera element,
preferably a full-color camera chip. The imaging device may be or may comprise at least one
device selected from the group consisting of a monochrome imaging device, a mutti-chrome
imaging device and at least one full color imaging device. A multi-chrome imaging device and/or
a full color imaging device may be generated by using filter techniques and/or by using intrinsic
color sensitivity or other techniques, as the skilled person will recognize. Other embodiments of
the imaging device are also possible.

The imaging device may be designed to image a plurality of partial regions of the object
successively and/or simultaneously. By way of example, a partial region of the object can be a
one-dimensional, a two-dimensional, or a three-dimensional region of the object which is
delimited for example by a resolution limit of the imaging device and from which electromagnetic
radiation emerges. In this context, imaging should be undersiood to mean that the
electromagnetic radiation which emerges from the respective partial region of the object is fed
into the imaging device, for example by means of the at least one optional transfer device of the
detector. The electromagnetic rays can be generated by the object itself, for example in the
form of a lJuminescent radiation. Alternatively or additionally, the at least one detector may
comprise at least one illumination source for illuminating the object.

In particular, the imaging device can be designed to image sequentially, for example by means
of a scanning method, in particutar using at least one row scan and/or line scan, the plurality of
partial regions sequentially. However, other embodiments are also possible, for example
embodiments in which a plurality of partial regions is simultaneously imaged. The imaging
device is designed to generate, during this imaging of the partial regions of the object, signals,
preferably electronic signals, associated with the partial regions. The signal may be an
analogue and/or a digital signal. By way of example, an electronic signal can be associated with
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each partial region. The electronic signals can accordingly be generated simultaneously or else
in a temporally staggered manner. By way of example, during a row scan or line scan, it is
possible to generate a sequence of electronic signals which correspond to the partial regions of
the object, which are strung together in a line, for example. Further, the imaging device may
comprise one or more signal processing devices, such as one or more filters and/or analogue-
digital-converters for processing and/or preprocessing the electronic signals.

Light emerging from the object can originate in the object itself, but can also optionally have a
different origin and propagate from this origin to the object and subsequently toward the optical
sensors. The latter case can be affected for example by at least one illumination source being
used. The illumination source can be embodied in various ways. Thus, the ilumination source
can be for example part of the detector in a detector housing. Alternatively or additionally,
however, the at least one illumination source can also be arranged outside a detector housing,
for example as a separate light source. The illumination source can be arranged separately
from the object and illuminate the object from a distance. Alternatively or additionally, the
illumination source can also be connected to the object or even be part of the object, such that,
by way of example, the electromagnetic radiation emerging from the object can also be
generated directly by the illumination source. By way of example, at least one illumination
source can be arranged on and/or in the object and directly generate the electromagnetic
radiation by means of which the sensor region is illuminated. This illumination source can for
example be or comprise an ambient light source and/or may be or may comprise an artificial
illumination source. By way of example, at least one infrared emitter and/or at least one emitter
for visible light and/or at ieast one emitter for ultraviolet light can be arranged on the object. By
way of example, at least one light emitting diode and/or at least one laser diode can be
arranged on and/or in the object. The illumination source can comprise in particular one or a
plurality of the following illumination sources: a laser, in particular a laser diode, although in
principle, alternatively or additionally, other types of lasers can also be used; a light emitting
diode; an incandescent lamp; a neon light; a flame source; a heat source; an organic light
source, in particular an organic light emitting diode; a structured light source. Alternatively or
additionally, other illumination sources can also be used. It is particularly preferred if the
illumination source is designed tc generate one or more light beams having a Gaussian beam
profile, as is at least approximately the case for example in many lasers. For further potential
embodiments of the optional illumination source, reference may be made to one of WO
2012/110924 A1 and WO 2014/097181 A1. Still, other embodiments are feasible.

The at least one optional Hlumination source generally may emit light in at least one of: the
ultraviolet spectral range, preferably in the range of 200 nm to 380 nm; the visible spectral
range (380 nm to 780 nm); the infrared spectral range, preferably in the range of 780 nm to 3.0
micrometers. Most preferably, the at least one illumination source is adapted to emit light in the
visible spectral range, preferably in the range of 500 nm to 780 nm, most preferably at 650 nm
to 750 nm or at 680 nm to 700 nm. Herein, it is particularly preferred when the illumination
source may exhibit a spectral range which may be related to the spectral sensitivities of the
longitudinal sensors, particularly in a manner to ensure that the longitudinal sensor which may
be iliuminated by the respective illumination source may provide a sensor signal with a high
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intensity which may, thus, enable a high-resolution evaluation with a sufficient signal-to-noise-
ratio.

In a particularly preferred embodiment of the present invention, the longitudinal optical sensor
may be provided in a form of a layer of the at least one photoconductive material, which may
comprise a chalcogenide, preferably lead sulfide (PbS), lead selenide (PbSe) or another
appropriate material. Herein, the layer of the photoconductive material may be fabricated by
applying at least one deposition method which may be selected from the group consisting of:
vacuum evaporation, sputtering, chemical vapor deposition, spray pyrolysis, electrodeposition,
anodization, electro-conversion, electro-less dip growth; successive ionic adsorption and
reaction, chemical bath deposition, and solution-gas interface techniques. As a result, the layer
of the photoconductive material may exhibit a thickness in the range from 10 nm to 1000 um, in
particular from 100 nm to 10 pm. However other photoconductive materials as mentioned above
and/or below may also be feasible for this purpose and may also be treated in the same orin a
similar fashion.

Preferably, the photoconductive material may be fabricated by depositing the respective
material on an insulating substrate, preferably on a ceramic substrate, in particular for providing
mechanical stability to the layer of the photoconductive material. In this manner, by depositing
the selected layer on the appropriate substrate and providing at least two electrodes as
electrically conducting contacts, the longitudinal optical sensor according to the present
invention may, thus, be obtained. Herein, an illumination of the photoconductive materiai in the
sensor region by an incident light beam results in a variation of the electrical conductivity in the
illuminated layer of the photoconductive material which, given the same total power of the
illumination, depends on the beam cross-section of the light beam in the sensor region.
Consequently, upon impingement of the sensor region by the light beam the at least two
electrodes may provide the longitudinal sensor signal which depends on the electrical
conductivity of the photoconductive material and, thus, allows determining the beam cross-
section of the light beam in the sensor region, as described elsewhere. In this preferred
embodiment, the incident light beam may directly impinge on the photoconductive material, or
may first impinge on the substrate until it may reach the sensor region in the photoconductive
material, in which case it may be advantageous to employ a transparent substrate or at least a
translucent substrate, such as a glass substrate or a quartz substrate.

Irrespective of the actual configuration of this preferred embodiment, a comparatively simple
and cost-efficient setup for the longitudinal optical sensor may be obtained. This advantage may
particularly become obvious when compared to the longitudinal optical sensor as, for example,
depicted in WO 2012/110924 A1 or WO 2014/097181 A1, wherein more layers of different types
of materials may be required. Nevertheless, the lower number of layers which may be used
here may still provide a working embodiment for the longitudinal optical sensor. However, other
embodiments may also be appropriate as the setup for the longitudinal optical sensor according
to the present invention.

Furthermore, the detector can have at least one modulation device for modulating the
illumination, in particular for a periodic modulation, in particular a periodic beam interrupting
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device. A modulation of the illumination should be understood to mean a process in which a
total power of the illumination is varied, preferably pericdically, in particular with one or a
plurality of modulation frequencies. In particular, a periodic modulation can be effected between
a maximum value and a minimum value of the total power of the ilumination. The minimum
value can be 0, but can also be > 0, such that, by way of example, complete modulation does
not have to be effected. The modulation can be effected for example in a beam path between
the object and the optical sensor, for example by the at least one modulation device being
arranged in said beam path. Alternatively or additionally, however, the modulation can also be
effected in a beam path between an optional illumination source - described in even greater
detail below - for illuminating the object and the object, for example by the at least one
modulation device being arranged in said beam path. A combination of these possibilities is also
conceivable. The at least one modulation device can comprise for example a beam chopper or
some other type of periodic beam interrupting device, for example comprising at least one
interrupter blade or interrupter wheel, which preferably rotates at constant speed and which can
thus pericdically interrupt the illumination. Alternatively or additionally, however, it is also
possible to use one or a plurality of different types of modulation devices, for example
modulation devices based on an electro-optical effect and/or an acousto-optical effect. Once
again alternatively or additionally, the at least one opticnal illumination source itself can also be
designed to generate a modulated illumination, for example by said illumination source itself
having a modulated intensity and/or total power, for example a periodically modulated total
power, and/or by said illumination source being embodied as a pulsed illumination source, for
example as a pulsed laser. Thus, by way of example, the at least one modulation device can
also be wholly or partly integrated info the illumination source. Various possibilities are
conceivable.

Accordingly, the detector can be designed in particular to detect at least two longitudinal sensor
signals in the case of different-modulations, in particular at least two longitudinal sensor signals
at respectively different modulation frequencies. The evaluation device can be designed to
generate the geometrical information from the at ieast two longitudinal sensor signals. As
described in WO 2012/110924 A1 and WO 2014/097181 A1, it is possibie to resclve
ambiguities and/or it is possible to take account of the fact that, for example, a total power of the
illumination is generally unknown. By way of example, the detector can be designed to bring
about a modulation of the illumination of the object and/or at least one sensor region of the
detector, such as at least one sensor region of the at least one longitudinal optical sensor, with
a frequency of 0.05 Hz to 1 MHz, such as 0.1 Hz to 10 kHz. As outlined above, for this purpose,
the detector may comprise at least one modulation device, which may be integrated into the at
least one optional illumination source and/or may be independent from the illumination source.
Thus, at least one illumination source might, by itself, be adapted to generate the above-
mentioned modulation of the illumination, and/or at least one independent madulation device
may be present, such as at least one chopper and/or at least one device having a modulated
transmissibility, such as at least one electro-optical device and/or at least one acousto-optical
device.

According to the present invention, it may be advantageous in order to apply at least one
modulation frequency to the optical detector as described above. However, it may still be
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possible fo directly determine the longitudinal sensor signal without applying a modulation
frequency to the optical detector. As will be demonstrated below in more detail, an application of
a modulation frequency may not be required under many relevant circumstances in order to
acquire the desired longitudinal information about the object. As a resuli, the optical detector
may, thus, not be required to comprise a modulation device which may further contribute to the
simple and cost-effective setup of the spatial detector. As a further result, a spatial light
modulator may be used in a time-multiplexing mode rather than a frequency-multiplexing mode
or in a combination thereof.

In a further aspect of the present invention, a detector for optical detection, in particular, for
determining a position of at least one object, specifically with regard to a depth of the at least
one object, is disclosed. The detector for an optical detection of at least one object according to
the present invention comprises:

- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at ieast one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
total power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the sensor region comprises at least one material
capable of sustaining an electrical current, wherein at least one property of the
material, given the same total power of the illumination, is dependent on the beam
cross-section of the light beam in the sensor region, wherein the longitudinal sensor
signal is dependent on the at least one property; and

- at least one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the object by evaluating the
iongitudinal sensor signal of the longitudinal optical sensor.

According to this further aspect of the present invention, the sensor region comprises at ieast
one material which is capable of sustaining an electrical current, such as a metal ora
semiconducting material, Herein, at least one property of the material, being the electrical
conductivity of the material or another material property, such as a thermal conductivity, an
absorbance, a scattering property, a dielectric property, a magnetic property, or an optical
property of the material, in particular a polarization, a reflectance, a refractive index, or a
transmission, of the material, given the same total power of the illumination, is dependent on the
beam cross-section of the light beam in the sensor region.

As a resuit, the longitudinal sensor signal is dependent on the at ieast one property of the
material as employed here for the purposes of the detector according to the present invention.
Consequently, measuring the at least one property by recoding the at least one longitudinal
sensor signal allows determining the beam cross-section of the light beam in the sensor region
and, thus, as described above, generating at least one item of information on a longitudinal
position of the object. Herein, the longitudinal signal may be an electrical signal, such as a
voltage or a current, but may, first, be a physical sighal of a different kind, in particular an optical
signal, which may, thereafter, be transformed into an electrical signal, which may, then, be
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further treated as the longitudinal sensor signal. For further details concerning this aspect of the
present invention, reference may be made to the description of the other aspects of the optical
detector as provided above and/cr below.

In a particularly preferred embodiment of the present invention, the material capable of
sustaining an electrical current comprises amorphous silicon, also abbreviated as “a-Si”. As
generally used, the term “amorphous silicon” relates to a non-crystalline allotropic form of
silicon. As further known from the state of the art, the amorphous silicon can be obtained by
depositing it as a layer, especially as a thin film, onto an appropriate substrate. However, other
methods may be applicable. Further, the amorphous silicon may especially be passivated by
using hydrogen, by which application a number of dangling bonds within the amorphous silicon
may be reduced by several orders of magnitude. As a result, hydrogenated amorphous silicon,
usually abbreviated to “a-Si:H”, may exhibit a low amount of defects, thus, allow using it for
optical devices.

In this particular embodiment, the iongitudinal optical sensor may be a photo detector having at
least one first electrode and at least one second electrode while the amorphous silicon may,
preferably, be located between the first electrode and the second electrode. In particular for a
purpose of facilitating the light beam which may impinge the longitudinal optical sensor to arrive
at a layer comprising the amorphous silicon, at least one of the electrodes, in particular the
electrode which may be located within the path of the incident light beam, may be selected to be
at least partially opticaily transparent. Herein, the at least partially optically transparent electrode
may comprise at least one transparent conductive oxide (TCO), in particular at least one of
indium-doped tin oxide (ITO), fluorine-doped tin oxide (FTQO), aluminum-doped zinc oxide
(AZO), or a perovskite TCO, such as SrVQs, or CaVQOs, or, alternatively, metal nanowires, in
particular Ag or Cu nanowires. However, other kinds of optically transparent materials which
may be suited as electrode material may also be applicable. The one or more remaining
electrodes, also denominated as “back electrodes®, may also be opfically intransparent, in
particularly as long as they are located outside the path of the light beam within the longitudinal
optical sensor. Herein, the at ieast one optically intransparent electrode may, preferably,
comprise a metal electrode, in particular one or more of a silver (Ag) electrode, a platinum (Pt)
electrode, an aluminum (Al) electrode, or a gold (Au) electrode, or, alternatively, a graphene
electrode. Preferably, the optically intransparent elecirode may comprise a uniform metal Iayer.
Alternatively, the optically intransparent electrode may be a split electrode being arranged as a
number of partial electrodes or in form of a metallic grid.

Preferably, the amorphous silicon which is located between the first electrode and the second
electrode may be arranged in form of a2 PIN diode. As generally used, the term “PIN diode”
refers to an electronic device which comprises an i-type semiconductor layer that is located
between an n-type semiconductor layer and a p-type semiconductor layer. As known from the
state of the art, while in the n-type semiconducting layer charge carriers are predominantly
provided by electrons, in the p-type semiconducting layer the charge carriers are predominantly
provided by holes. In a preferred embodiment, the p-type semiconducting layer can partially or
wholly be comprised of amorphous silicon carbide. Further, the i-type semiconducting layer



10

15

20

25

30

35

40

WO 2016/120392 _45- PCT/EP2016/051817
comprises an undoped infrinsic amorphous silicon. In particular, in the longitudinal optical
sensor according to the present invention, the i-type semiconductor layer may exhibit a
thickness which may exceed the thickness of each of the n-type semiconductor fayer and the p-
type semiconductor layer, in particular by a factor of at least 2, preferably of at least 5, more
preferred of at least 10 or more. As an example, the thickness of the i-type semiconducting
layer may be from 100 nm to 3000 nm, in particular from 600 nm to 800 nm, whereas the
thickness of both the n-type and the p-type semiconductor layer may be from 5 nm to 100 nm,
in particular from 10 nm to 60 nm.

Photovoltaic diodes which are provided in the form of a PIN diode comprising amorphous silicon
are, generally, known to exhibit a non-linear frequency response. As a resuit, the positive and/or
the negative FiP effect may be observable in the longitudinal sensor which may, moreover, be
substantially frequency-independent in a range of a modulation frequency of the light beam of 0
Hz to 50 kHz. Experimental results which demonstrate an occurrence of the mentioned features
will be presented below in more detail. Further, the optical detector comprising the amorphous
silicon may exhibits the particular advantages of abundance of the respective semiconducting
material, of an easy production route, and of a considerably high signal-to-noise ratio compared
to other known FiP devices.

Further, taking into account a behavior of an external quantum efficiency of the PIN dicde vs.
the wavelength of the incident beam may provide insight into a wavelength range of the incident
beam for which the PIN diode may particularly be suitable. Herein, the term “external quantum
efficiency” refers to a fraction of photon flux which may contribute to the photocurrent in the
present sensor. As a result, the PIN diode which comprises the amorphous silicon may exhibit a
particularly high value for the external quantum efficiency within the wavelength range which
may extend from 380 nm to 700 nm whereas the external quantum efficiency may be lower for
wavelengths outside this range, in particular for wavelengths below 380 nm, i.e. within the UV
range, and for wavelengths above 700 nm, in particular within the NIR range, thereby being
vanishingly small above 800 nm. Consequently, the PIN diode which the amorphous silicon in at
least one of the semiconductor layers may preferably be employed in the detector according to
the present invention for the optical detection of the at least one object when the incident beam
has a wavelength within a range which covers most of the visual spectral range, especiaily from
380 nm to 700 nm.

Alternatively, a further PIN diode may be provided which couid preferably be employed in the
detector according to the present invention when the incident beam may have a wavelength
within the UV spectral range. As used herein, the term “UV spectral range” may cover a partition
of the electromagnetic spectrum from 1 nm to 400 nm, in particular from 100 nm to 400 nm, and
can be subdivided into a number of ranges as recommended by the 1SO standard 150-21348,
wherein the alternative PIN diode provided here may particularly be suitable for the Ultraviolet A
range, abbreviated to “UVA”, from 400 nm to 315 nm and/or the Uliraviolet B range, abbreviated
to “UVB” from 315 nm to 280 nm. For this purpose, the alternative PIN diode may exhibit the
same or a similar arrangement as the PIN diode comprising the amorphous sificon as described
above and/or below, wherein the amorphous silicon (a-Si) or the hydrogenated amorphous
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silicon (a-Si:H), respectively, may at least partially be replaced by an amorphous alloy of silicon
and carbon (a-SiC) or, preferably, by a hydrogenated amorphous silicon carbon alloy (a-SiC:H).
This kind of alternative PIN diode may exhibit a high external quantum efficiency within the UV
wavelength range preferably, over the complete UVA and UVB wavelength range from 280 nm
to 400 nm. Herein, the hydrogenated amorphous silicon carbon alloy (a-SiC:H) may, preferably,
be produced in a plasma-enhanced deposition process, typically by using SiHs and CH4 as
process gases. However, other production methods for providing a-SiC:H may also be
applicable.

As known from prior art, a layer comprising the hydrogenated amorphous silicon carbon alloy
a-3iC:H may usually exhibit a hole mobility which may significantly be smaller compared to an
electron mobility in a layer comprising the hydrogenated amorphous silicon a-Si:H. Thus, the
layer comprising a-SiC:H may be employed as a p-doped hole exiraction layer, particularly
arranged on the side of a device at which the light beam may enter the device. As a result of
this arrangement, a distance over which holes might have to travel in order to be able to
contribute to the photocurrent can considerably reduced. Consequently, it may, thus, be
advantageous to provide a PIN diode in the detector according to the present invention in which
the p-type semiconductor layer may exhibit a thickness from 2 nm to 20 nm, preferably from 4
nm to 10 nm, such as about 5 nm. Still, a particular light beam having a wavelength in the UV
spectral range, especially within the UVA spectral range and/or the UVB spectral range, which
may impinge on a side of the PIN diode comprising this kind of thin p-type semiconductor layer
may be absorbed therein. In addition, this kind of thin layer may, further, allow electrons to
traverse the layer and, thus, to enter into the adjacent i-type semiconductor layer of the PIN
diode. Herein, the i-type semiconductor layer which may, preferably, also comprise a-SiC:H
may, equally, exhibit a thickness from 2 nm to 20 nm, preferably from 4 nm to 10 nm, such as
about 5 nm. However, other kinds of PIN dicdes in which at least one of the semiconductor
layers may comprise at least partially a-SiC:H may also be feasible.

As described above, non-linear effects which are involved in the production of the photocurrent
may constitute a basis for the occurrence of the FiP effect in the longitudinal sensor being
equipped with a PIN diode comprising these kinds of semiconductor layers. As a result, this kind
of longitudinal sensors may, in particular, be used in applications in which a UV response may
be required, such as for being able to observe optical phenomena in the UV spectral range, or
suitable, such as when an active target which may emit at least one wavelength within the UV
spectral range might be used.

Alternatively, a further PIN diode may be provided which could preferably be employed in the
detector according to the present invention when the incident beam may have a wavelength
within the NIR spectral range. As used herein, the term “NIR spectral range”, which may also
abbreviated to “IR-A", may cover a partition of the electromagnetic spectrum from 760 nm to
1400 nm as recommended by the 1SO standard 1S0O-21348. For this purpose, the alternative
PIN diode may exhibit the same or a similar arrangement as the PIN diode comprising the
amorphous silicon as described above and/or below, wherein the amorphous silicon (a-Si) or
the hydrogenated amorphous silicon {a-Si:H), respectively, may at least partially be replaced by
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one of a microcrystalline silicon (uc-Si), preferably a hydrogenated microcrystalline silicon
(Lc-8i:H}, or an amorphous alloy of germanium and silicon {a-GeSi), preferably a hydrogenated
amorphous germanium silicon alloy (a-GeSi:H). This further kind of PIN diode may exhibit a
high external quantum efficiency over a wavelength range which may at least partially cover the
NIR wavelength range from 760 nm to 1400 nm, in particular at least from 760 nm to 1600 nm.
By way of example, the PIN diode comprising pc-Si has a non-negligible quantum efficiency
over a wavelength range which approximately extends from 500 nm to 1100 nm.

Herein, the hydrogenated microcrystalline silicon (uc-Si:H) may, preferably, be produced from a
gaseous mixture of SiHs and CHa. As a resuli, a two-phase material on a substrate comprising
microcrystallites having a typical size of 5 nm to 30 nm and being located between ordered
columns of the substrate material spaced apart 10 nm to 200 nm with respect to each other may
be obtained. However, another production method for providing pc-Si:H may also be applicable
which may, however not necessarily, lead to an alternative arrangement of the pc-Si:H. Further,
the hydrogenated amorphous germanium silicon alloy {a-GeSi:H) may, preferably, be produced
by using SiH., GeH., and H: as process gases within a common reactor. Also here, other
praduction methods for providing a-GeSi:H may be feasible.

Comparing both pc-Si:H and a-GeSi:H to a-Si:H, the semiconductor layers comprising pc-Si:H
and a-GeSi:H may have a similar or an increased disorder-induced localization of charge
carriers, thus, exhibiting a considerably non-linear frequency response. As described above,
this may constitute a basis for the occurrence of the FiP effect in the longitudinal senscr being
equipped with a PIN diocde comprising these kinds of semiconductor layers. As a result, this kind
of longitudinal sensors may, in particular, be used in applications in which a NIR response may
be required, such as in night vision or fog vision, or suitable, such as when an active target
emitiing at least one wavelength within the NIR spectral range may be used, for example, in a
case in which it might be advantageous when animals or human beings may be left undisturbed
by using an NIR illumination source.

In a further aspect of the present invention, a detector for optical detection, in particular, for
determining a position of at least one object, specifically with regard to a depth of the af least
one object, is disclosed. The detector for an optical detection of at least one object according to
the present invention comprises:

- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generafe
at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
fotal power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the longitudinal optical sensor, given the same total
power of the illumination, is capable of generating at least one longitudinal sensor
signal being dependent on the beam cross-section of the light beam in the sensor
region such that an amplitude of the longitudinal sensor signal decreases with
decreasing cross-section of a light spot generated by the light beam in the sensor
region; and
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- at least one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the object by evaluating the
longitudinal sensor signal of the longitudinal optical sensor.

According to this further aspect of the present invention, the longitudinai optical sensor, given
the same total power of the illumination, is capable of generating at least one longitudinal
sensor signal which is dependent on the beam cross-section of the light beam in the sensor
region. Herein, a dependency of at least one longitudinal sensor signal on the beam cross-
section of the light beam in the sensor region may be observed according to which an amplitude
of the longitudinal sensor signal decreases with decreasing cross-section of a light spot
generated by the light beam in the sensor region. As described above, this observation may be
denominated as the “negative FiP” effect.

Conseguently, recording the at least one longitudinal sensor signal allows determining the beam
cross-section of the light beam in the sensor region and, thus, as described above, generating
at least one item of information on a longitudinal position of the object. For further details
concerning this aspect of the present invention, reference may be made to the description of the
other aspects of the optical detector as provided above and/or below.

In a further aspect of the present invention, a detector for optical detection, in particular, for
determining a position of at least one object, specifically with regard to a depth of the at least
one object, is disclosed. The detector for an optical detection of at ieast one object according to
the present invention comprises:

- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
total power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the longitudinal optical sensor, given the same total
power of the illumination, is capable of generating at least one longitudinal sensor
signal being dependent on the beam cross-section of the light beam in the sensor
region, wherein a minimum of the longitudinal sensor signal occurs under a condition in
which the sensor region is impinged by a light beam with the smaliest available beam
cross-section; and

- at least one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the object by evaluating the
longitudinal sensor signal of the longitudinal optical sensor.

According to this further aspect of the present invention, the longitudinal optical sensor, given
the same total power of the illumination, is capable of generating at least one longitudinal
sensor signal which is dependent on the beam cross-section of the light beam in the sensor
region. Herein, a dependency of at least one longitudinal sensor signal on the beam cross-
section of the light beam in the sensor region may be observed according to which a minimum
of the longitudinal sensor signal occurs under a condition in which the sensor region is impinged
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by a light beam with the smallest available beam cross-section, in particular, when the material
may be located at or near a focal point as effected by an optical lens comprised in the optical
detector. As described above, this observation provides a different description of the so-called
“negative FiP” effect.

Consequently, recording the at least one longitudinal sensor signal allows determining the beam
cross-section of the light beam in the sensor region and, thus, as described above, generating
at least one item of information on a longitudinal position of the object. For further details
concerning this aspect of the present invention, reference may be made to the description of the
other aspects of the optical detector as provided above and/or below.

In a further aspect of the present invention, a detector for optical detection, in particular, for
determining a position of at least one object, specifically with regard to a depth of the at least
one object, is disclosed. The detector for an optical detection of at least one object according to
the present invention comprises:

- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at least one longitudinal sensor signal in 2 manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
total power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the longitudinal sensor is substantially frequency-
independent in a range of a modulation frequency of the light beam of 0 Hz to 500 Hz;
and

- atleast one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the object by evaluating the
longitudinal sensor signal of the longitudinal optical sensor.

According to this further aspect of the present invention, the longitudinal optical sensor, given
the same total power of the illumination, is dependent on the beam cross-section of the light
beamn in the sensor region. Herein, the longitudinal sensor is substantially frequency-
independent in a range of a modulation frequency of the light beam of 0 Hz to 500 Hz. Thereby,
the term “substantially” describes an observation that an amplitude of the longitudinal sensor
varies less than 10 %, preferably less than 1 % when the modulation frequency of the light
beam is varied within the indicated frequency range. As described above, this description refers
to the observation that the “FiP” effect may also occur at low frequencies, in particular at 0 Hz,
which indicates that no modulation frequency is present, apart from unavoidable naturally or
technically occurring modulation frequencies in the vicinity surrounding the optical detector.

Consequently, recording the at least one longitudinal sensor signal in the indicated frequency
range aliows determining the beam cross-section of the light beam in the sensor region and,
thus, as described above, generating at least one item of information on a iongitudinal position
of the object. For further details concerning this aspect of the present invention, reference may
be made to the description of the other aspects of the optical detector as provided above and/or
below.
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In a further aspect of the present invention, a detector for optical detection, in particular, for
determining a position of at least one object, specifically with regard to a depth of the at least
one object, is disclosed. The detector for an optical detection of at least one object according to
the present invention comprises:

- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
total power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the longitudinal optical sensor comprises at least cne
photodiode driven in a photaconductive mode, wherein an electrical conductivity of the
sensor region, given the same total power of the illumination, is dependent on the
beam cross-section of the light beam in the sensor region, wherein the longitudinal
sensor signal is dependent on the electrical conductivity; and

- at least one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the object by evaluating the
longitudinal sensor signal of the longitudinal optical sensor.

According to this further aspect of the present invention, the longitudinal optical sensor
comprises at least one photodiode driven in a photoconductive mode within the sensor region.
As used herein, the “photodiode” refers to a known electronic element which comprises an
electrically conducting material, in particular a semiconducting material, which exhibits a pn-
junction or a PIN structure, i.e. at least two types of the material inside the photodiode, wherein
the at least two types of materials comprises a different kind of doping, being denominated as
“‘p-type” and “n-type” material, which may, further, be separated by an intrinsic “iI"-type region.
Known materials which are commonly used in photodiodes include silicon {(Si), germanium (Ge),
indium gallium arsenide (InGaAs), lead (ll) sulfide (PbS), and mercury cadmium telluride

(HgCdTe). However, other materials may be feasible.

As used herein, the “photoconductive mode” refers to an electrical circuit employing a
photodiode, wherein the at least one photodiode is comprised in a reverse biased mode, i.e.
wherein the cathode of the photodiode is driven with a positive voltage with respect to the
anode. This is in contrast to the so-called “photovoltaic mode®, which uses a zero bias. Applying
the photoconductive mode to the photodiode, generally, leads to the observation that, given the
same total power of the illumination, the photocurrent is found to be dependent on the beam
cross-section of the light beam in the sensor region. Consequently, since the longitudinal sensor
signal is dependent on the electrical conductivity, recording the at least one longitudinal sensor
signal, thus, allows determining the beam cross-section of the light beam in the sensor region
and, thus, as described above, generating at least one item of information on a longitudinal
position of the object.

The observation that, given the same total power of the illumination, the photocurrent is found to
be dependent on the beam cross-section of the light beam in the sensor region may, further, be
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employed for electrically adjusting the electrical conductivity of the longitudinal optical sensor
comprising at least one photodiode by applying different bias voltages to the photodiode.
Herein, the electrical conductivity of the longitudinal optical sensor may be electrically
adjustable by using the bias voltage source. For this purpose, the bias voltage source may be
configured to apply at least two different bias voltages to the photodiode in a manner that it may
be possible to switch between at least two operational modes of the longitudinal optical sensor,
in particular by using a switching device.

Thus, on one hand, a non-zero bias voltage may be applied to the photodiode, specifically a
reverse biased mode, such as described elsewhere in this application, in a manner that the
photodiode may, thus, be driven in the photoconductive mode. Under such a first condition, the
longitudinal optical sensor may, consequently, be considered adopting a first operational mode.
On the other hand, a zero bias may be used, such that the photodiode may be unbiased and,
thus, be driven in the photovoltaic mode as described above. Under such a second condition,
the longitudinal optical sensor may, therefore, be considered adopting a second operational
mode. Accordingly, the switching device may be adapted to exert an influence on the bias
voltage source in order to set the bias voltage, such as described here. As used herein, the
term “operational mode” may refer to a definite state, in particular to an operating state, of the
longitudinal optical sensor. Herein, the operational mode may depend on an adjustable value for
the electrical conductivity of the longitudinal optical sensor such that the longitudinal optical
sensor, in the first operational mode, may generate a first longitudinal sensor signal and, in the
second operational mode, a second longitudinal sensor signal, wherein the first longitudinal
sensor signal and the second longitudinal senscr signal differ from each other. As a resuli, the
longitudinal optical sensor may, thus, be configured for the optical detection of the at least one
object in at least two operational modes. Herein, adjusting the longitudinal optical sensor may
require a certain time period in order to settle into an altered operational mode after the bias
voltage has been changed. However, the time period between detecting the photocurrent in a
first operational mode and, subsequently, in a second operational mode or vice-versa may be
arranged as short as possible.

For further details concerning this aspect of the present invention, reference may be made to
the description of the other aspects of the optical detector as provided above and/or below.

in a further preferred embodiment, the photodiode as comprised in this kind of FiP device can
be arranged in form of a thin-film soclar cell having at least one p-type absorber material, at least
one n-type semiconductor layer, and, in addition, at least one pair of electrodes. Herein, the p-
type absorber material and the n-type semiconductor layer form the photodiode while the
elecirodes may be required for collecting charge carriers. In addition, further kinds of layers may
be present within this type of thin-film solar cell, in particular, at least one substrate, at least one
back contact layer, at least one buffer layer and/or at least one protection layer. A particular
example for a preferred arrangement of this kind of thin-film solar cell which may, especially, be
suitable for being used as one of the photodiodes in the longitudinal optical sensor according to
the present invention is described later in more detail.
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in particular, the p-type absorber material as being used for the purposes of the present
invention may exhibit a diamond-like structure, thus, comprising a number of tetravalent atoms.
As a result, the p-type absorber material may be selected from one or more of diamond (C),
silicon (8i), silicon carbide (SiC}, silicon germanium (SiGe), or germanium (Ge). Alternatively,
the p-type absorber material may exhibit a modified diamond-like structure, wherein one or
more of the tetravalent atoms of the diamond-like structure may be substituted by an atom
combination which may, in particular, affect an average of four valence electrons within the
modified structure. As an example, a llI-V compound comprising one chemical element from
each of the groups Il and V of the periodic table may be suitable for this purpose since two
tetravalent atoms which jointly comprise 2 x 4 = 8 valence electrons may, accordingly, be
replaced by 3 + 5 = 8 valence electrons. As a further example, a I-lil-Vlz compound comprising
one chemical element from each of the groups I and lil and two chemical elements from the
group VI may also be used since four tefravalent atoms jointly comprising 4 x 4 = 16 valence
electrons may, here, be replaced by 1 + 4 + (2 x 6) = 16 valence electrons. However, other
kinds of combinations may also be feasible.

Thus, the p-type absorber material may, preferably, be selected from the group comprising

- a lll-V compound, in particular indium antimonide (inSb), gallium nitride (GaN}), gailium
arsenide (GaAs), indium gallium arsenide (InGaAs), or aluminum gallium phosphide
(AlGaPy;

- all-Vl compound, in particular cadmium telluride (CdTe), or mercury cadmium telluride
(HgCdTe, also abbreviated to “MCT") which may be considered as lI-VI ternary alloy of
CdTe and HgTe;

- al-lll-Vl2 compound, in particular copper indium sulfide (CulnSg; CIS) and, more
preferred, copper indium gallium selenide (CIGS) which may be considered as a solid
solution of copper indium selenide (CIS) and copper gallium selenide (CuGaSe»), thus,
comprising a chemical formula of Culn,GanySe,, wherein x can vary from 0, i.e. pure
CuGaSey, to 1, i.e. pure CIS;

- alz-ll-IV-Vls compound, in particular copper zinc tin sulfide (CZTS), copper zinc tin
selenide (CZTSe), or a copper-zinc-tin sulfur-selenium chalcogenide (CZTSSe); and

- a halide perovskite compound, especially a compound comprising an alkaline cation, or,
in particular, an organic-inorganic halide perovskite, such as a methylammonium metal
halide (CHaNHsMX; with M being a divalent metal, such as Pb or Sn, and X = Ci, Br, or
1), preferably methylammonium lead iodide (CH3NHaPbls).

Hereby, compounds, such as CZTS, which neither comprise rare chemical elements, such as
Indium (In), nor toxic chemical elements, such as cadmium (Cd), may especially be preferred.
However, further types of compounds and/or additional examples may also be feasible.

in addition, further considerations may, however, concern a sensitivity of the addressed p-type
absorber material with particular respect to an absorption rate as a function of the wavelength of
the incident light beam. Within this respect, the mentioned I-l1I-VI; compounds CIS and CIGS as
well as the mentioned I-{I-IV-V1s compounds CZTS, CZTSe, and CZTSSe may particularly be
used for related purposes within both the visual spectral range and the NIR spectral range from
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780 nm to 1300 nm. For longer wavelengths, in particular above 1300 nm, the {I-VI compounds
InSb and HgCdTe (MCT) can, however, be a preferred choice.

Further, the n-type semiconductor layer within this type of thin-film solar cell may, preferably,
comprise cadmium sulfide (CdS) or, in particular, for aveiding toxic cadmium (Cd) one or more
of zinc sulfide (Zn8), zinc oxide (ZnO), or zinc hydroxide (ZnOH).

In a further aspect of the present invention, an arrangement comprising at least two individual
detectors according to any of the preceding embodiments, preferably two or three individual
optical sensors, which may be placed at two distinct locations is proposed. Herein, the at least
two detectors preferably may have identical optical properties but might also be different with
respect from each other. In addition, the arrangement may further comprise at least one
illumination source. Herein, the at least one object might be illuminated by using at least one
illumination source which generates primary light, wherein the at least one object elastically or
inelastically reflects the primary light, thereby generating a plurality of light beams which
propagate to one of the at least two detectors. The at least one illumination source may form or
may not form a constituent part of each of the at least two detectors. By way of example, the at
least one illumination source itself may be or may comprise an ambient light source and/or may
be or may comprise an artificial illumination source. This embodiment is preferably suited for an
application in which at least two detectors, preferentially two identical detectors, are employed
for acquiring depth information, in particular, for the purpose io providing a measurement
volume which extends the inherent measurement volume of a single detector.

Within this regard, the individual optical sensor may, preferably, be spaced apart from the other
individual optical sensors comprised by the detector in order to allow acquiring an individual
image which may differ from the images taken by the other individual optical sensors. In
particular, the individual optical sensors may be arranged in separate beam paths in a
collimated arrangement in order to generate a single circular, three-dimensional image. Thus,
the individual optical sensors may be aligned in a manner that they are located parallel to the
optical axis and may, in addition, exhibit an individual displacement in an orientation
perpendicular to the optical axis of the detector. Herein, an alignment may be achieved by
adequate measures, such as by adjusting a location and orientation of the individual optical
sensor and/or the corresponding transfer element. Thus, the two individual optical sensors may,
preferably, be spaced apart in a manner that they may be able o generate or increase a
perception of depth information, especially in a fashion that the depth information may be
obtained by combining visual information as derived from the two individual optical sensors
having overlapping fields of view, such as the visual information as obtained by binocular vision.
For this purpose, the individual optical sensors may, preferably be spaced apart from each other
by a distance from 1 cm to 100 cm, preferably from 10 cm to 25 cm, as determined in the
direction perpendicular to the optical axis. As used herein, the detector as provided in this
embodiment may, in particular, be part of a “sterecscopic system” which will be described below
in more detail, Besides allowing steregscopic vision, further particular advantages of the
stereoscopic system which are primarily based on a use of more than one optical sensor may,
in particular, include an increase of the total intensity and/or a lower detection threshoid.
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In a further aspect of the present invention, a human-machine interface for exchanging at least
one item of information between a user and a machine is proposed. The human-machine
interface as proposed may make use of the fact that the above-mentioned detector in one or
more of the embodiments mentioned above or as mentioned in further detail below may be
used by one or more users for providing information and/or commands to a machine. Thus,
preferably, the human-machine interface may be used for inputting control commands.

The human-machine interface comprises at least one detector according to the present
invention, such as according to one or more of the embodiments disclosed above and/or
according to one or more of the embodiments as disclosed in further detail below, wherein the
human-machine interface is designed to generate at least one item of geometrical information of
the user by means of the detector wherein the human-machine interface is designed to assign
the geometrical information to at least one item of information, in particular to at least one
control command.

In a further aspect of the present invention, an entertainment device for carrying out at least one
entertainment function is disclosed. As used herein, an enterfainment device is a device which
may serve the purpose of leisure and/or entertainment of one or more users, in the following
also referred to as one or more players. As an example, the entertainment device may serve the
purpose of gaming, preferably computer gaming. Additionally or alternatively, the entertainment
device may also be used for other purposes, such as for exercising, sports, physical therapy or
motion tracking in general. Thus, the entertainment device may be implemented into a
computer, a computer netwerk or a computer system or may comprise a computer, a computer
network or a computer system which runs one or more gaming software programs.

The entertainment device comprises at least one human-machine interface according to the
present invention, such as according to one or more of the embodiments disclosed above
and/or according to one or more of the embodiments disclosed below. The entertainment device
is designed to enable at least one item of information to be input by a player by means of the
human-machine interface. The at least one item of information may be transmitted to and/or
may be used by a controller and/or a computer of the entertainment device.

In a further aspect of the present invention, a tracking system for tracking the position of at least
one movable object is provided. As used herein, a tracking system is a device which is adapted
to gather information on a series of past positions of the at least one object or at least one part
of an object. Additionally, the tracking system may be adapted to provide information on at least
one predicted future position of the at least one object or the at least one part of the object. The
tracking system may have at least one track controller, which may fully or partially be embodied
as an electronic device, preferably as at least one data processing device, more preferably as at
least one computer or microcontroller. Again, the at least one track controller may comprise the
at least one evaluation device and/or may be part of the at least one evaluation device and/or
might fully or partially be identical to the at least one evaluation device.
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The tracking system comprises at least one detector according to the present invention, such as
at least one detector as disclosed in one or more of the embodiments listed above and/or as
disclosed in one or more of the embodiments below. The tracking system further comprises at
least one track controller. The tracking system may comprise one, two or more detectors,
particularly two or more identical detectors, which allow for a reliable acquisition of depth
information about the at least one object in an overlapping volume between the two or more
detectors. The track controller is adapted to track a series of positions of the object, each
position comprising at least one item of information on a position of the object at a specific point
in time.

The tracking system may further comprise at least one beacon device connectable to the object.
For a potential definition of the beacon device, reference may be made to WO 2014/097181 A1.
The fracking system preferably is adapted such that the detector may generate an information
on the position of the object of the at least one beacon device, in particular to generate the
information on the position of the object which comprises a specific beacon device exhibiting a
specific spectral sensitivity. Thus, more than one beacon exhibiting a different spectral
sensitivity may be tracked by the detector of the present invention, preferably in a simultaneous
manner. Herein, the beacon device may fully or partially be embodied as an active beacon
device and/or as a passive beacon device. As an example, the beacon device may comprise at
least one illumination source adapted to generate at least one light beam to be transmitted to
the detector. Additionally or alternatively, the beacon device may comprise at least one refiector
adapted to reflect light generated by an illumination source, thereby generating a reflected light
beam to be transmitied to the detector.

In a further aspect of the present invention, a scanning system for determining at least one
position of at least one object is provided. As used herein, the scanning system is a device
which is adapted to emit at least one light beam being configured for an illumination of at least
one dot located at at least one surface of the at least one object and for generating at least one
item of information about the distance between the at least one dot and the scanning system.
For the purpose of generating the at least one item of information about the distance between
the at ieast one dot and the scanning system, the scanning system comprises at least one of
the detectors according to the present invention, such as at least one of the detectors as
disclosed in one or more of the embodiments listed above and/or as disclosed in one or more of
the embodiments below.

Thus, the scanning system comprises at least one illumination source which is adapted to emit
the at least one light beam being configured for the illumination of the at least one dot located at
the at least one surface of the at least one object. As used herein, the term “dot” refers to a
small area on a part of the surface of the object which may be selected, for example by a user
of the scanning system, to be illuminated by the illumination source. Preferably, the dot may
exhibit a size which may, on one hand, be as small as possible in order to allow the scanning
system determining a value for the distance between the illumination source comprised by the
scanning system and the part of the surface of the object on which the dot may be located as
exactly as possible and which, on the other hand, may be as large as possible in order to aliow
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the user of the scanning system or the scanning system itself, in particular by an automatic
procedure, to detect a presence of the dot on the related part of the surface of the object.

For this purpose, the illumination source may comprise an artificial illumination source, in
particular at least one laser source and/or at least one incandescent lamp and/or at least one
semiconductor light source, for example, at least one light-emitting diode, in particular an
organic and/or inorganic light-emitting diode. On account of their generally defined beam
profiles and other properties of handleability, the use of at least one laser source as the
illumination source is particularly preferred. Herein, the use of a single laser source may be
preferred, in particular in a case in which it may be important to provide a compact scanning
system that might be easily storable and transportable by the user. The illumination source may
thus, preferably be a constituent part of the detector and may, therefore, in particular be
integrated into the detector, such as into the housing of the detector. In a preferred
embodiment, particularly the housing of the scanning system may comprise at least one display
configured for providing distance-related information to the user, such as in an easy-to-read
manner. In a further preferred emboediment, particularly the housing of the scanning system
may, in addition, comprise at least one button which may be configured for operating at least
one function related to the scanning system, such as for setting one or more operation modes.
In a further preferred embodiment, particularly the housing of the scanning system may, in
addition, comprise at least one fastening unit which may be configured for fastening the
scanning system to a further surface, such as a rubber foot, a base plate or a wall holder, such
comprising as magnetic material, in particular for increasing the accuracy of the distance
measurement and/or the handieablity of the scanning system by the user.

In a particularly preferred embodiment, the illumination source of the scanning system may,
thus, emit a single laser beam which may be configured for the illumination of a single dot
located at the surface of the object. By using at ieast one of the detectors according to the
present invention at least one item of information about the distance between the at least one
dot and the scanning system may, thus, be generated. Hereby, preferably, the distance
between the illumination system as comprised by the scanning system and the single dot as
generated by the illumination source may be determined, such as by employing the evaluation
device as comprised by the at least one detector. However, the scanning system may, further,
comprise an additional evaluation system which may, particularly, be adapted for this purpose.
Alternatively or in addition, a size of the scanning system, in particular of the housing of the
scanning system, may be taken into account and, thus, the distance between a specific point on
the housing of the scanning system, such as a front edge or a back edge of the housing, and
the single dot may, alternatively, be determined.

Alternatively, the illumination source of the scanning system may emit two individual laser
beams which may be configured for providing a respective angle, such as a right angle,
between the directions of an emission of the beams, whereby two respective dots located at the
surface of the same object or at two different surfaces at two separate objects may be
illuminated. However, other values for the respective angle between the two individual laser
beams may also be feasible. This feature may, in particular, be employed for indirect measuring
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functions, such as for deriving an indirect distance which may not be directly accessible, such
as due to a presence of one or more obstacles between the scanning system and the dot or
which may otherwise be hard to reach. By way of example, it may, thus, be feasible to
determine a value for a height of an object by measuring two individual distances and deriving
the height by using the Pythagoras formula. In particular for being able to keep a predefined
level with respect to the object, the scanning system may, further, comprise at least one leveling
unit, in particular an integrated bubble vial, which may be used for keeping the predefined level
by the user.

As a further alternative, the illumination source of the scanning system may emit a plurality of
individual laser beams, such as an array of laser beams which may exhibit a respective pitch, in
particular a regular pitch, with respect to each other and which may be arranged in a manner in
order to generate an array of dots located on the at least one surface of the at least one object.
For this purpose, specially adapted optical elements, such as beam-splitting devices and
mirrors, may be provided which may allow a generation of the described array of the laser
beams.

Thus, the scanning system may provide a static arrangement of the one or more dots placed on
the one or more surfaces of the one or more objects. Alternatively, illumination source of the
scanning system, in particular the one or more laser beams, such as the above described array
of the laser beams, may be configured for providing one or more light beams which may exhibit
a varying intensity over time and/or which may be subject to an alternating direction of emission
in a passage of time. Thus, the illumination source may be configured for scanning a part of the
at least one surface of the at least one object as an image by using one or more light beams
with alternating features as generated by the at least one iflumination source of the scanning
device. In particular, the scanning system may, thus, use at least one row scan and/or line scan,
such as to scan the one or more surfaces of the one or more objects sequentially or
simultaneously.

In a further aspect of the present invention, a stereoscopic system for generating at least one
single circular, three-dimensional image of at least one object is provided. As used herein, the
stereoscopic system as disclosed above and/or below may comprise at least two of the FiP
sensors as the optical sensors, wherein a first FiP sensor may be comprised in a tracking
system, in particular in a tracking system according to the present invention, while a second FiP
sensor may be comprised in a scanning system, in particular in a scanning system according to
the present invention. Herein, the FiP sensors may, preferably, be arranged in separate beam
paths in a collimated arrangement, such as by aligning the FiP sensors parallel to the optical
axis and individually displaced perpendicular to the optical axis of the stereoscopic system.
Thus, the FiP sensors may be able to generate or increase a perception of depth information,
especially, by obtaining the depth information by a combination of the visual information derived
from the individual FiP sensors which have overlapping fields of view and are, preferably,
sensitive to an individual modulation frequency. For this purpose, the individual FiP sensors
may, preferably, be spaced apart from each other by a distance from 1 cm to 100 cm, preferably
from 10 cm to 25 cm, as determined in the direction perpendicular to the optical axis. In this
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preferred embodiment, the tracking system may, thus, be employed for determining a position
of a modulated active target while the scanning system which is adapted to project one or more
dots onto the one or more surfaces of the one or more objects may be used for generating at
least one item of information about the distance between the at least one dot and the scanning
system. In addition, the stereoscopic system may further comprise a separate position sensitive
device being adapted for generating the item of information on the transversal position of the at
least one object within the image as described elsewhere in this application.

Besides allowing stereoscopic vision, further particular advantages of the stereoscopic system
which are primarily based on a use of more than one optical sensor may, in particular, include
an increase of the total intensity and/or a lower detection threshold. Further, whereas in a
conventional stereoscopic system which comprises at least two conventional position sensitive
devices corresponding pixels in the respective images have to be determined by applying
considerable computational effort, in the stereoscopic system according to the present invention
which comprises at least two FiP sensors the corresponding pixels in the respective images
being recorded by using the FiP sensors, wherein each of the FiP sensors may be operated
with a different modulation frequency, may apparently be assigned with respect to each other.
Thus, it may be emphasized that the stereoscopic system according to the present invention
may allow generating the at least one item of information on the longitudinal position of the
object as well as on the transversal position of the object with reduced effort.

For further details of the stereoscopic system, reference may be made to the description of the
tracking system and the scanning system, respectively.

In a further aspect of the present invention, a camera for imaging at least one object is
disclosed. The camera comprises at least one detector according to the present invention, such
as disclosed in one or more of the embodiments given above or given in further detail below.
Thus, the detector may be part of a photographic device, specifically of a digital camera.
Specifically, the detector may be used for 3D photography, specifically for digital 3D
photography. Thus, the detector may form a digital 3D camera or may be part of a digital 3D
camera. As used herein, the term “photography” generally refers to the technology of acquiring
image information of at least one object. As further used herein, a “camera” generally is a
device adapted for performing photography. As further used herein, the term “digital
photography” generally refers to the technology of acquiring image information of at least one
object by using a plurality of light-sensitive elements adapted to generate electrical signals
indicating an intensity of illumination, preferably digital electrical signals. As further used herein,
the term “3D photography” generally refers to the technology of acquiring image information of
at least one object in three spatial dimensions. Accordingly, a 3D camera is a device adapted
for performing 3D photography. The camera generally may be adapted for acquiring a single
image, such as a single 3D image, or may be adapted for acquiring a plurality of images, such
as a sequence of images. Thus, the camera may also be a video camera adapted for video
applications, such as for acquiring digital video sequences.
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Thus, generally, the present invention further refers to a camera, specifically a digital camera,
more specifically a 3D camera or digital 3D camera, for imaging at least one object. As outlined
above, the term imaging, as used herein, generally refers to acquiring image information of at
least one object. The camera comprises af least one detector according to the present
invention. The camera, as outlined above, may be adapted for acquiring a single image or for
acquiring a plurality of images, such as image sequence, preferably for acquiring digital video
sequences. Thus, as an example, the camera may be or may comprise a video camera. In the
latter case, the camera preferably comprises a data memory for storing the image sequence.

In a further aspect of the present invention, a method for determining a position of at least one
object is disclosed. The method preferably may make use of at least one detector according to
the present invention, such as of at least one detector according o one or more of the
embodiments disclosed above or disclosed in further detail below. Thus, for optional
embodiments of the method, reference might be made to the description of the various
embodiments of the detector.

The method comprises the following steps, which may be performed in the given order orin a
different order. Further, additional method steps might be provided which are not listed. Further,
two or more or even all of the method steps might be performed simuitaneously, at least
partially. Further, two or more or even all of the method steps might be performed twice or even
more than twice, repeatedly.

The method according to the present invention comprises the foliowing steps:

- generating at least one longitudinal sensor signal by using at least one iongitudinal
optical sensor, wherein the longitudinal sensor signal is dependent on an illumination of
a sensor region of the longitudinal optical sensor by a light beam, wherein the
longitudinal sensor signal, given the same total power of the illumination, is dependent
on a beam cross-section of the light beam in the sensor region, wherein the sensor
region comprises at least one photoconductive material, wherein an electrical
conductivity of the sensor region, given the same total power of the illumination, is
dependent on the beam cross-section of the light beam in the sensor region, wherein
the longitudinal sensor signal is dependent on the electrical conductivity; and

- generating at least one item of information on a longitudinal position of the object by
evaluating the longitudinal sensor signal of the longitudinal optical sensor.

As described above, the photoconductive material may, in a preferred embodiment, be provided
as a thin film comprising colloidal quantum dots (CQD). Herein, the CQD film may, preferably,
be deposited onto a first conductive layer, wherein the first conductive layer may comprise an at
least partially transparent semiconducting material which may, preferably, be selected from the
group comprising an at least partially transparent semiconducting metal oxide or a doped
variant thereof, in particular selected from indium tin oxide (ITO), fluorine-doped tin oxide
(SnO2:F; FTO), aluminum zinc oxide (AZO), antimony {in oxide (Sn0./Sb20s), or a perovskite
TCO, such as SrVQs;, or CavO;, or, alternatively, from metal nanowires, such as Ag or Cu
nanowires. Herein, the CQD film may be provided as a solution of the quantum dots in an
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unpolar organic solvent, wherein the solvent may, preferably, be selected from the group
comprising octane, toluene, cyclochexane, n-heptane, benzene, chlorobenzene, acetonitrile,
dimethylformamide (DMF), and chloroform. Preferably, the guantum dots may be provided in a
cencentration from 10 mg/ml to 200 mg/mi, preferably from 50 mg/ml to 100 mg/ml, in the
organic solvent.

Generally, the CQD film may be provided as a single layer or as at least two separately
processed layers, preferably as exactly two separate layers. However, three, four, five, or six
separate processed may also be feasible. Irrespective whether a single layer or multiple layers
may be processed, the CQD film may, preferably be provided by a deposition method,
preferably by a coating method, more preferred by a spin-coating or slot coating; by ink-jet
printing; or by a blade coating method. Herein, the CQD film may undergo a treatment with an
organic agent, wherein the organic agent may, preferably, be selected from the group
comprising thioles and amines, in particular from 1,2-ethanedithiol {edt), 1,2- and 1,3-
Benzenedithiol {(bdt), and butylamine. By way of example, for treatment of a colloidal film which
comprises lead sulfide quantum dots (PbS CQD), the organic agent butylamine has
successfully been employed. However, other organic agents, such as 1,2-ethanedithiol, 1,2-
and/or 1,3-Benzenedithiol (bdt), or oleic acid, may also be feasible. After the treatment with the
organic agent, the CQD film is, preferably, dried at a temperature from 50 °C to 250 °C,
preferably from 80 °C to 180 °C, more preferred from 100 °C to 120 °C. As further described
above, an n-type material layer might, firstly, be deposited in a direct manner onto the first
conductive layer before the CQD film may be deposited onto the blocking layer. Herein, the
blocking layer may comprise a thin film of an electrically conducting material, preferably titanium
dioxide (TiO;) or zinc oxide (ZnO).

As further described above, a second conductive layer may, additionally, be deposited onto the
single or multiple CQD film, wherein the second conductive layer may comprise an at least
partially transparent semiconducting material or, preferably, an intransparent electrically
conducting material, more preferred an evaporated metal layer, in particular one or more of
silver, aluminum, platinum, chromium, titanium, or gold; or, alternatively, a tayer of graphene.

Alternatively, the second conductive layer may comprise a layer of an electrically conducting
polymer, in particular, poly(3,4-ethylenedioxythiophene) (PEDOT) or a dispersion of PEDOT
and a polystyrene sulfonic acid (PEDOT:PSS). Herein, a split electrode comprising evaporated
metal contacts may, additionally, be arranged on top of the ayer of the electrically conducting
polymer, wherein the evaporated metal contacts may, in particular, comprise one or more of
silver, aluminum, platinum, titanium, chromium, or gold; or, aliernatively a layer of graphene.

For further details concermning the method according to the present invention, reference may be
made to the description of the optical detector as provided above and/or below.

In a further aspect of the present invention, a use of a detector according to the present
invention is disclosed. Therein, a use of the detector for a purpose of determining a position, in
particular a depth, of an object is proposed, in particular, for a purpose of use selected from the
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group consisting of: a distance measurement, in particular in traffic technology; a position
measurement, in particular in traffic technology; an entertainment application; a security
application; a human-machine interface application; a tracking application; a scanning
application; a stereoscopic vision application; a photography application; an imaging application
or camera application; a mapping application for generating maps of at least one space; a
homing or tracking beacon detector for vehicles; a distance and/or position measurement of
objects with a thermal signature {(hotter or colder than background); a machine vision
application; a robotic application.

Specifically, the optical detector according to the present invention may, particularly depending
on the kind of photoconductive material selected for the corresponding sensor region, be used
as an optical detector for electromagnetic waves over a considerably wide spectral range.
Within this regard, the ultraviolet (UV), visible, near infrared (NIR), infrared (IR), far infrared
(FIR) spectral range may particularly be preferred. As non-limiting exampies, the following kinds
of photoconductive materials may, particularly, be selected:

— doped diamond (C), zinc oxide (ZnO), titanium oxide (TiO2), gallium nitride (GaN),
gallium phosphide (GaP) or silicon carbide (SiC) for the UV spectral range;

— silicon (Si), gallium arsenide (GaAs), cadmium sulffide (CdS), cadmium telluride (CdTe},
copper indium sulfide (CulnSz; CIS), copper indium gallium selenide (C1GS), copper zinc
tin sulfide (CZTS), quantum dots comprising lead sulfide (PbS), indium phosphide (InP),
or an organic photoconductor as described above for the visible spectral range;

— indium gallium arsenide {(InGaAs), silicon (Si), germanium (Ge), cadmium telluride
(CdTe), copper indium sulfide (CulnS;; CIS), copper indium gallium selenide (CIGS),
copper zinc tin sulfide (CZTS), or quantum dots comprising lead sulfide (PbS) for the
NIR spectral range, wherein CdTe, CIS, CIGS, and CZTS are particularly preferred for
wavelengths above 850 nm;

— lead sulfide (PbS) for the IR spectral range; and

— lead selenide (PbSe), mercury cadmium telluride (HgCdTe; MCT), or indium antimonide
(InSb) for the FIR spectral range.

Within this regard, it may particularly be emphasized that many of the mentioned
photoconductive materials are well known as cost-efficient, long-term stable and reliable
materials which have been developed over many years, especially for optimized sensing,
particularly for the indicated spectral ranges. It may, therefore, be considered as a particular
advantage of the present invention to be able o adapt commercially already available materials
for the extended purposes as proposed by the present invention.

Further uses of the optical detector according o the present invention may also refer {o
combinations with applications for which photoconductive cells have already been applied
successfully, such as determining the presence or absence of an object; extending optical
applications, e.g. camera exposure control, auto slide focus, automated rear view mirrors,
electronic scales, automatic gain control, particularly in modulated light sources, automatic
headlight dimmers, night (street) light controls, oil burner flame outs, or smoke detectors; or
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other applications, such as in densitometers, e.g. determining the density of toner in photocopy
machines; or in colorimetric measurements.

Thus, generally, the devices according to the present invention, such as the detector, may be
applied in various fields of uses. Specifically, the detector may be applied for a purpose of use,
selected from the group consisting of: a position measurement in traffic technology; an
entertainment application; a security application; a human-machine interface application; a
tracking application; a photography application; a mapping application for generating maps of at
least one space, such as at least one space selected from the group of a room, a building and a
street; a mobile application; a webcam; an audio device; a dolby surround audio system; a
computer peripheral device; a gaming application; a camera or video application; a security
application; a surveillance application; an automotive application; a transport application; a
medical application; a sports’ application; a machine vision application; a vehicle application; an
airplane application; a ship application; a spacecraft application; a building application; a
construction application; a cartography application; a manufacturing application; a use in
combination with at least one state-of-the-art sensing technology, such as a time-of-flight
detector, radar, lidar, ultrasonic sensors, or interferometry. Additionally or alternatively,
applications in local and/or global positioning systems may be named, especially landmark-
based positioning and/or navigation, specifically for use in cars or other vehicles (such as trains,
motorcycles, bicycles, trucks for cargo transportation), robots or for use by pedestrians. Further,
indoor positioning systems may be named as potential applications, such as for household
applications and/or for robots used in manufacturing, logistics, surveillance, or maintenance
technology. '

Thus, firstly, the devices according to the present invention may be used in mobile phones,
tablet computers, laptops, smart panels or other stationary or mobile or wearable computer or
communication applications. Thus, the devices according to the present invention may be
combined with at least one active light source, such as a light source emitting light in the visible
range or infrared spectral range, in order to enhance performance. Thus, as an example, the
devices according to the present invention may be used as cameras and/or sensors, such as in
combination with mobile software for scanning and/or detecting environment, objects and living
beings. The devices according to the present invention may even be combined with 2D
cameras, such as conventional cameras, in order to increase imaging effects. The devices
according to the present invention may further be used for surveillance and/or for recording
purposes or as input devices to control mobile devices, especially in combination with voice
and/or gesture recognition. Thus, specifically, the devices according to the present invention
acting as human-machine interfaces, also referred to as input devices, may be used in mobile
applications, such as for controlling other electronic devices or components via the mobile
device, such as the mobile phone. As an example, the mobile application including at least one
device according to the present invention may be used for controlling a television set, a game
cansole, a music player or music device or other entertainment devices.

Further, the devices according to the present invention may be used in webcams or other
peripheral devices for computing applications. Thus, as an exampie, the devices according to
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the present invention may be used in combination with software for imaging, recording,
surveillance, scanning, or motion detection. As outlined in the context of the human-machine
interface and/or the entertainment device, the devices according to the present invention are
particularly useful for giving commands by facial expressions and/or body expressions. The
devices according to the present invention can be combined with other input generating devices
like e.g. mouse, keyboard, touchpad, microphone etc. Further, the devices according to the
present invention may be used in applications for gaming, such as by using a webcam. Further,
the devices according to the present invention may be used in virtual training applications
and/or video conferences. Further, devices according to the present invention may be used to
recognize or track hands, arms, or objects used in a virtual or augmented reality application,
especially when wearing head mounted displays.

Further, the devices according to the present invention may be used in mobile audio devices,
television devices and gaming devices, as partially explained above. Specifically, the devices
according to the present invention may be used as controls or control devices for electronic
devices, entertainment devices or the like. Further, the devices according to the present
invention may be used for eye detection or eye tracking, such as in 2D- and 3D-display
techniques, especially with transparent displays for augmented reality applications and/or for
recognizing whether a display is being looked at and/or from which perspective a display is
being looked at. Further, devices according to the present invention may be used to explore a
room, boundaries, obstacles, in connection with a virtual or augmented reality application,
especially when wearing a head-mounted display.

Further, the devices according to the present invention may be used in or as digital cameras
such as DSC cameras and/or in or as reflex cameras such as SLR cameras. For these
applications, reference may be made to the use of the devices according to the present
invention in mobile applications such as mobile phones, as disclosed above.

Further, the devices according to the present invention may be used for security or surveillance
applications. Thus, as an example, at least one device according to the present invention can
be combined with one or more digital and/or analogue electronics that will give a signal if an
object is within or outside a predetermined area (e.g. for surveillance applications in banks or
museums). Specifically, the devices according to the present invention may be used for optical
encryption. Detection by using at least one device according to the present invention can be
combined with other detection devices o complement wavelengths, such as with IR, x-ray, UV-
VIS, radar or ultrasound detectors. The devices according to the present invention may further
be combined with an active infrared light source to allow detection in low light surroundings. The
devices according to the present invention are generally advantageous as compared to active
detector systems, specifically since the devices according to the present invention avoid actively
sending signals which may be detected by third parties, as is the case e.g. in radar applications,
ultrasound applications, LIDAR or similar active detector devices. Thus, generally, the devices
according to the present invention may be used for an unrecognized and undetectable tracking
of moving objects. Additionally, the devices according to the present invention generally are less
prone to manipulations and irritations as compared to conventional devices.
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Further, given the ease and accuracy of 3D detection by using the devices according to the
present invention, the devices according to the present invention generally may be used for
facial, body and person recognition and identification. Therein, the devices according to the
present invention may be combined with other detection means for identification or
personalization purposes such as passwords, finger prints, iris detection, voice recognition or
other means. Thus, generally, the devices according to the present invention may be used in
security devices and other personalized applications.

Further, the devices according to the present invention may be used as 3D barcode readers for
product identification.

In addition to the security and surveillance applications mentioned above, the devices according
to the present invention generally can be used for surveillance and monitoring of spaces and
areas. Thus, the devices according to the present invention may be used for surveying and
manitoring spaces and areas and, as an example, for triggering or executing alarms in case
prohibited areas are violated. Thus, generally, the devices according to the present invention
may be used for surveillance purposes in building surveillance or museums, optionally in
combination with other types of sensors, such as in combination with motion or heat sensors, in
combination with image intensifiers or image enhancement devices and/or photomuitipliers.
Further, the devices according to the present invention may be used in public spaces or
crowded spaces to detect potentially hazardous activities such as commitment of crimes such
as theft in a parking lot or unattended objects such as unattended baggage in an airport.

Further, the devices according to the present invention may advantageously be applied in
camera applications such as video and camcorder applications. Thus, the devices according to
the present invention may be used for motion capture and 3D-movie recording. Therein, the
devices according fo the present invention generally provide a large number of advantages over
conventional optical devices. Thus, the devices according to the present invention generally
reguire a lower complexity with regard to optical components. Thus, as an example, the number
of lenses may be reduced as compared to conventional optical devices, such as by providing
the devices according to the present invention having one lens only. Due to the reduced
complexity, very compact devices are possible, such as for mobile use. Conventional optical
systems having two or more lenses with high quality generally are voluminous, such as due to
the general need for voluminous beam-splitters. Further, the devices according to the present
invention generally may be used for focus/autofocus devices, such as autofocus cameras.
Further, the devices according to the present invention may also be used in optical microscopy,
especially in confocal microscopy.

Further, the devices according to the present invention generally are applicable in the technical
field of automotive technology and transport technology. Thus, as an example, the devices
according to the present invention may be used as distance and surveillance sensors, such as
for adaptive cruise control, emergency brake assist, lane departure warning, surround view,
blind spot detection, traffic sign detection, traffic sign recognition, lane recognition, rear cross



10

15

20

25

30

35

40

WO 2016/120392 _65- PCT/EP2016/051817
traffic alert, light source recognition for adapting the head light intensity and range depending on
approaching traffic or vehicles driving ahead, adaptive front-lighting systems, automatic control
of high beam head lights, adaptive cut-off lights in front light systems, glare-free high beam
front lighting systems, marking animals, obstacles, or the like by headlight illumination, rear
cross traffic alert, and other driver assistance systems, such as advanced driver assistance
systems, or other automotive and traffic applications. Further, devices according to the present
invention may be used in driver assistance systems which may, particularly, be adapted for
anticipating maneuvers of the driver beforehand for collision avoidance. Further, the devices
according to the present invention can also be used for velocity and/or acceleration
measurements, such as by analyzing a first and second time-derivative of position information
gained by using the detector according to the present invention. This feature generally may be
applicable in automotive technology, transportation technology or general traffic technology.
Applications in other fields of technology are feasible. A specific application in an indoor
positioning system may be the detection of positioning of passengers in transportation, more
specifically to electronically control the use of safety systems such as airbags. Herein, the use
of an airbag may, especially, be prevented in a case in which the passenger may be located
within the vehicle in a manner that a use of the airbag might cause an injury, in particular a
severe injury, with the passenger. Further, in vehicles such as cars, trains, planes or the like,
especially in autonomous vehicles, devices according to the present invention may be used to
determine whether a driver pays attention to the traffic or is distracted, or asleep, or tired, or
incapable of driving, such as due to the consumption of alcohol or other drugs.

In these or other applications, generally, the devices according to the present invention may be
used as standalone devices or in combination with other sensor devices, such as in
combination with radar and/or ultrasonic devices. Specifically, the devices according to the
present invention may be used for autonomous driving and safety issues. Further, in these
applications, the devices according to the present invention may be used in combination with
infrared sensors, radar sensors, which are sonic sensors, two-dimensional cameras or other
types of sensors. In these applications, the generally passive nature of the devices according to
the present invention is advantageous. Thus, since the devices according to the present
invention generally do not require emitting signals, the risk of interference of active sensor
signals with other signal sources may be avoided. The devices according to the present
invention specifically may be used in combination with recognition software, such as standard
image recognition software. Thus, signals and data as provided by the devices according to the
present invention typically are readily processable and, therefore, generally require lower
calculation power than established stereovision systems such as LIDAR. Given the low space
demand, the devices according to the present invention such as cameras may be placed at
virtually any place in a vehicle, such as on or behind a window screen, on a front hood, on
bumpers, on lights, on mirrors or other places and the like. Various detectors according to the
present invention such as one or more detectors based on the effect disclosed within the
present invention can be combined, such as in order to allow autonomously driving vehicles or
in order to increase the performance of active safety concepts. Thus, various devices according
to the present invention may be combined with one or more other devices according to the
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present invention and/or conventional sensors, such as in the windows like rear window, side
window or front window, on the bumpers or on the lights.

A combination of at least one device according to the present invention such as at least one
detector according to the present invention with one or more rain detection sensors is also
possible. This is due to the fact that the devices according to the present invention generally are
advantageous over conventional sensor techniques such as radar, specifically during heavy
rain. A combination of at least one device according to the present invention with af least one
conventional sensing technique such as radar may allow for a software to pick the right
combination of signals according to the weather conditions.

Further, the devices according fo the present invention may generally be used as break assist
and/or parking assist and/or for speed measurements. Speed measurements can be integrated
in the vehicle or may be used cutside the vehicle, such as in order {o measure the speed of
other cars in traffic control. Further, the devices according to the present invention may be used
for detecting free parking spaces in parking lots.

Further, the devices according to the present invention may generally be used for vision, in
particular for vision under difficult visibility conditions, such as in night vision, fog vision, or fume
vision. For achieving this purpose, the optical detector may comprise a specifically selected
photoconductive material which may be sensitive at least within a wavelength range in which
small particles, such as particles being present in smoke or fume, or small droplets, such as
droplets being present in fog, mist or haze, may not reflect an incident light beam or only a small
partition thereof. As generally know, the reflection of the incident light beam may be small or
negligent in a case in which the wavelength of the incident beam exceeds the size of the
particles or of the droplets, respectively. Further, might vision may be enabled by detecting
thermal radiation being emitted by a bodies and objects. Thus, the optical detector which
comprises the specifically selected photoconductive material which may particularly be sensitive
within the infrared (IR) spectral range, preferably within the near infrared (NIR) spectral range,
may, thus, allow good visibility even at night, in fume, smoke, fog, mist, or haze.

Further, the devices according to the present invention may be used in the fields of medical
systems and sports. Thus, in the field of medical technology, surgery robotics, e.g. for use in
endoscopes, may be named, since, as outlined above, the devices according to the present
invention may require a low volume only and may be integrated into other devices. Specifically,
the devices according to the present invention having one lens, at most, may be used for
capturing 3D information in medical devices such as in endoscopes. Further, the devices
according to the present invention may be combined with an appropriate monitoring software, in
order to enable fracking and analysis of movements. This may allow an instant overlay of the
position of a medical device, such as an endoscope or a scalpel, with results from medical
imaging, such as obtained from magnetic resonance imaging, x-ray imaging, or uitrasound
imaging. These applications are specifically valuable e.g. in medical treatments where precise
location information is important such as in brain surgery and long-distance diagnosis and tele-
medicine. Further, the devices according to the present invention may be used in 3D-body
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scanning. Body scanning may be applied in a medical context, such as in dental surgery, plastic
surgery, bariatric surgery, or cosmetic plastic surgery, or it may be applied in the context of
medical diagnosis such as in the diagnosis of myofascial pain syndrome, cancer, body
dysmorphic disorder, or further diseases. Body scanning may further be applied in the field of
sports to assess ergonomic use or fit of sporis equipment.

Body scanning may further be used in the context of clothing, such as to determine a suitable
size and fitting of clothes. This technology may be used in the context of tailor-made clothes or
in the context of ordering clothes or shoes from the infernet or at a self-service shopping device
such as a micro kiosk device or customer concierge device. Body scanning in the context of
clothing is especially important for scanning fully dressed customers.

Further, the devices according to the present invention may be used in the context of people
counting systems, such as to count the number of people in an elevator, a train, a bus, a car, or
a plane, or to count the number of people passing a hallway, a door, an aisle, a retail store, a
stadium, an entertainment venue, a museumn, a library, a public location, a cinema, a theater, or
the like. Further, the 3D-function in the people counting system may be used to obtain or
estimate further information about the people that are counted such as height, weight, age,
physical fiiness, or the like. This information may be used for business intelligence metrics,
and/or for further optimizing the locality where people may be counted to make it more atiractive
or safe. In a retail environment, the devices according to the present invention in the context of
peopie counting may be used to recognize returning customers or cross shoppers, to assess
shopping behavior, to assess the percentage of visitors that make purchases, to optimize staff
shifts, or to monitor the costs of a shopping mall per visitor. Further, people counting systems
may be used for anthropometric surveys. Further, the devices according to the present
invention may be used in public transportation systems for automatically charging passengers
depending on the length of transport. Further, the devices according to the present invention
may be used in playgrounds for children, fo recognize injured chiidren or children engaged in
dangerous activities, to allow additional interaction with playground toys, to ensure safe use of
playground toys or the like.

Further, the devices according to the present invention may be used in construction tools, such
as a range meter that determines the distance to an object or to a wall, to assess whether a
surface is planar, to align or objects or place objects in an ordered manner, or in inspection
cameras for use in construction environments or the like.

Further, the devices according to the present invention may be applied in the field of sports and
exercising, such as for training, remote instructions or competition purposes. Specifically, the
devices according to the present invention may be applied in the fields of dancing, aerobic,
football, soccer, basketbali, baseball, cricket, hockey, track and field, swimming, poio, handball,
volieyball, rugby, sumo, judo, fencing, boxing, golf, car racing, laser tag, battlefield simulation
etc. The devices according to the present invention can be used to detect the position of a ball,
a bat, a sword, motions, etc., both in sports and in games, such as to monitor the game, support
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the referee or for judgment, specifically automatic judgment, of specific situations in sports, such
as for judging whether a point or a goal actually was made.

Further, the devices according to the present invention may be used in the field of auto racing or
car driver training or car safety training or the like to determine the position of a car or the track
of a car, or the deviation from a previous track or an ideal track or the like.

The devices according to the present invention may further be used to support a practice of
musical instruments, in particuiar remote lessons, for example lessons of string instruments,
such as fiddles, violins, violas, celli, basses, harps, guitars, banjos, or ukuleles, keyboard
instruments, such as pianos, organs, keyboards, harpsichords, harmoniums, or accordions,
and/or percussion instruments, such as drums, timpani, marimbas, xylophones, vibraphones,
bongos, congas, timbales, djembes or tablas.

The devices according to the present invention further may be used in rehabilitation and
physiotherapy, in order to encourage training and/or in order to survey and correct movements.
Therein, the devices according to the present invention may also be applied for distance
diagnostics.

Further, the devices according to the present invention may be applied in the field of machine
vision. Thus, one or more of the devices according to the present invention may be used e.g. as
a passive controlling unit for autonomous driving and or working of robots. In combination with
moving robots, the devices according to the present invention may aliow for autonomous
movement and/or autonomous detection of failures in parts. The devices according to the
present invention may also be used for manufacturing and safety surveillance, such as in order
to avoid accidents including but not limited to collisions between robots, production parts and
living beings. In robctics, the safe and direct interaction of humans and robots is often an issue,
as robots may severely injure humans when they are not recognized. Devices according to the
present invention may help robots to position objects and humans better and faster and allow a
safe interaction. Given the passive nature of the devices according to the present invention, the
devices according to the present invention may be advantageous over active devices and/or
may be used complementary to existing solutions like radar, ultrasound, 2D cameras, IR
detection etc. One particular advantage of the devices according to the present invention is the
low likelihcod of signal interference. Therefore multiple sensors can work at the same time in
the same envircnment, without the risk of signal interference. Thus, the devices according to the
present invention generally may be useful in highly automated production environments like e.g.
but not limited to automotive, mining, steel, etc. The devices according o the present invention
can also be used for quality control in production, e.g. in combination with other sensors like 2-D
imaging, radar, ultrasound, IR etc., such as for quality control or other purposes. Further, the
devices according to the present invention may be used for assessment of surface quality, such
as for surveying the surface evenness of a product or the adherence to specified dimensions,
from the range of micrometers to the range of meters. Other quality control applications are
feasible. In a manufacturing environment, the devices according to the present invention are
especially usefui for processing natural products such as food or wood, with a complex 3-
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dimensional structure to avoid large amounts of waste material. Further, devices according to
the present invention may be used to monitor the filling level of tanks, silos etc. Further, devices
according to the present invention may be used to inspect complex products for missing parts,
incomplete parts, loose parts, low quality parts, or the like, such as in automatic optical
inspection, such as of printed circuit boards, inspection of assemblies or sub-assemblies,
verification of engineered components, engine part inspections, wood quality inspection, label
inspections, inspection of medical devices, inspection of product orientations, packaging
inspections, food pack inspections, or the like.

Further, the devices according fo the present invention may be used in vehicles, trains,
airplanes, ships, spacecraft and other traffic applications. Thus, besides the applications
mentioned above in the context of traffic applications, passive tracking systems for aircraft,
vehicles and the like may be named. The use of at least one device according to the present
invention, such as at least one detector according to the present invention, for monitoring the
speed and/or the direction of moving objects is feasible. Specifically, the tracking of fast moving
objects on land, sea and in the air including space may be named. The at least one device
according to the present invention, such as the at least one detector according to the present
invention, specifically may be mounted on a still-standing and/or on a moving device. An output
signal of the at least one device according to the present invention can be combined e.g. with a
guiding mechanism for autonomous or guided movement of another object. Thus, applications
for avoiding collisions or for enabling collisions between the fracked and the steered object are
feasible. The devices according to the present invention generally are useful and advantageous
due to the low calculation power required, the instant response and due to the passive nature of
the detection system which generally is more difficult to detect and to disturb as compared fo
active systems, like e.g. radar. The devices according to the present invention are particularly
useful but not limited to e.g. speed control and air traffic control devices. Further, the devices
according o the present invention may be used in automated tolling systems for road charges.

The devices according to the present invention may, generally, be used in passive applications.
Passive applications include guidance for ships in harbors or in dangerous areas, and for
aircraft when landing or starting. Wherein, fixed, known active fargets may be used for precise
guidance. The same can be used for vehicles driving on dangerous but well defined routes,
such as mining vehicies. Further, the devices according to the present invention may be used fo
detect rapidly approaching objects, such as cars, trains, flying objects, animals, or the like.
Further, the devices according fo the present invention can be used for detecting velocities or
accelerations of objects, or to predict the movement of an object by tracking one or more of its
position, speed, and/or acceleration depending on time.

Further, as outlined above, the devices according to the present invention may be used in the
field of gaming. Thus, the devices according to the present invention can be passive for use
with multiple objects of the same or of different size, color, shape, etc., such as for movement
detection in combination with software that incorporates the movement into its content. In
particular, applications are feasible in implementing movements into graphical output. Further,
applications of the devices according to the present invention for giving commands are feasible,
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such as by using one or more of the devices according to the present invention for gesture or
facial recognition. The devices according to the present invention may be combined with an
active system in order to work under e.g. low light conditions or in other situations in which
enhancement of the surrounding conditions is required. Additionally or alternatively, a
combination of one or more devices according 1o the present invention with one or more IR or
VIS light sources is possible. A combination of a detector according to the present invention
with special devices is also possible, which can be distinguished easily by the system and its
software, e.g. and not limited to, a special color, shape, relative position to other devices, speed
of movement, light, frequency used to modulate light sources on the device, surface properties,
material used, reflection properties, transparency degree, absorption characteristics, etc. The
device can, amongst other possibilities, resemble a stick, a racquet, a club, a gun, a knife, a
wheel, a ring, a steering wheel, a bottle, a ball, a glass, a vase, a spoon, a fork, a cube, a dice,
a figure, a puppet, a teddy, a beaker, a pedal, a switch, a giove, jewelry, a musical instrument or
an auxiliary device for playing a musical instrument, such as a plectrum, a drumstick or the like.
Other options are feasible.

Further, the devices according to the present invention may be used to detect and or track
objects that emit light by themselves, such as due to high temperature or further light emission
processes. The light emitting part may be an exhaust stream or the like. Further, the devices
according to the present invention may be used to track reflecting objects and analyze the
rotation or crientation of these objects.

Further, the devices according to the present invention may generally be used in the field of
building, construction and cartography. Thus, generally, one or more devices according to the
present invention may be used in order to measure and/or monitor environmental areas, e.g.
countryside or buildings. Therein, one or more devices according to the present invention may
be combined with other methods and devices or can be used solely in order to monitor progress
and accuracy of building projects, changing objects, houses, etc. The devices according to the
present invention can be used for generating three-dimensional models of scanned
environments, in order to construct maps of rooms, streets, houses, communities or
landscapes, both from ground or air. Potential fields of application may be construction,
cartography, real estate management, fand surveying or the like. As an exampie, the devices
according to the present invention may be used in vehicies capable of flight, such as drones or
multicopters, in order to monitor buildings, chimneys, production sites, agricultural production
environments such as fields, production plants, or landscapes, to support rescue operations, to
support work in dangerous environments, to support fire brigades in a burning location indoors
or outdoors, to find or monitor one or more persons, animals, or moving objects, or for
entertainment purposes, such as a drone following and recording one or more persons doing
sports such as skiing or cycling or the like, which could be realized by following a helmet, a
mark, a beacon device, or the like. Devices according to the present invention could be used
recognize obstacles, follow a predefined route, foliow an edge, a pipe, a building, or the like, or
to record a global or iocal map of the environment. Further, devices according to the present
invention couid be used for indoor or outdoor localization and positioning of drones, for
stabilizing the height of a drone indoors where barometric pressure sensors are not accurate
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enough, or for the interaction of multiple drones such as concertized movements of several
drones or recharging or refueling in the air or the like.

Further, the devices according to the present invention may be used within an interconnecting
network of home appliances such as CHAIN (Cedec Home Appliances Interoperating Network)
to interconnect, automate, and control basic appliance-related services in a home, e.g. energy
or load management, remote diagnostics, pet related appliances, child related appliances, child
surveillance, appliances related surveillance, support or service to elderly or ill persons, home
security and/or surveillance, remote control of appliance operation, and automatic maintenance
support. Further, the devices according to the present invention may be used in heating or
cooling systems such as an air-conditioning system, to locate which part of the room should be
brought to a certain temperature or humidity, especially depending on the location of one or
more persons. Further, the devices according to the present invention may be used in domestic
robots, such as service or autonomous robots which may be used for household chores. The
devices according to the present invention may be used for a number of different purposes,
such as to avoid collisions or to map the environment, but aiso to identify a user, to personalize
the robot’s performance for a given user, for security purposes, or for gesture or facial
recognition. As an example, the devices according to the present invention may be used in
robotic vacuum cleaners, floor-washing robots, dry-sweeping robots, ironing robots for ironing
clothes, animal litter robots, such as cat litter robots, security robots that detect intruders, robotic
lawn mowers, automated pool cleaners, rain gutter cleaning robots, window washing robots, toy
robots, telepresence robots, social robots providing company to less mobile peopie, or robots
translating and speech to sign language or sign language to speech. In the context of less
mobile people, such as elderly persons, household robots with the devices according to the
present invention may be used for picking up objects, transporting objects, and interacting with
the objects and the user in a safe way. Further the devices according to the present invention
may be used in robots operating with hazardous materials or objects or in dangerous
environments. As a non-limiting example, the devices according to the present invention may be
used in robots or unmanned remote-controlied vehicles to operate with hazardous materials
such as chemicals or radioactive materials especially after disasters, or with other hazardous or
potentially hazardous objects such as mines, unexploded arms, or the like, or to operate in or to
investigate insecure environments such as near burning objects or post disaster areas, or for
manned or unmanned rescue operations in the air, in the sea, underground, or the like.

Further, the devices according to the present invention may be used in household, mobile or
entertainment devices, such as a refrigerator, a microwave, a washing machine, a window blind
or shutter, a household alarm, an air condition devices, a heating device, a television, an audio
device, a smart watch, a mobile phone, a phone, a dishwasher, a stove or the like, to detect the
presence of a person, to monitor the contents or function of the device, or to interact with the
person and/or share information about the person with further household, mobile or
entertainment devices. Herein, the devices according to the present invention may be used fo
support elderly or disabled persons, blind persons, or persons with limited vision abilities, such
as in household chores or at work such as in devices for holding, carrying, or picking objects, or
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in a safety system with optical and/or acoustical signals adapted for signaling obstacles in the
environment.

The devices according to the present invention may further be used in agricuiture, for example
to detect and sort out vermin, weeds, and/or infected crop plants, fully or in parts, wherein crop
plants may be infected by fungus or insects. Further, for harvesting crops, the devices
according to the present invention may be used to detect animals, such as deer, which may
otherwise be harmed by harvesting devices. Further, the devices according to the present
invention may be used to monitor the growth of plants in a field or greenhouse, in particular to
adjust the amount of water or fertilizer or crop protection products for a given region in the field
or greenhouse or even for a given plant. Further, in agricultural biotechnology, the devices
according to the present invention may be used to monitor the size and shape of plants.

Further, the devices according to the present invention may be combined with sensors to detect
chemicals or pollutants, electronic nose chips, microbe sensor chips to detect bacteria or
viruses or the like, Geiger counters, tactile sensors, heat sensors, or the like. This may for
example be used in constructing smart robots which are configured for handling dangerous or
difficult tasks, such as in treating highly infectious patients, handling or removing highly
dangerous substances, cleaning highly polluted areas, such as highly radioactive areas or
chemical spills, or for pest control in agriculture.

One or more devices according to the present invention can further be used for scanning of
objects, such as in combination with CAD or similar software, such as for additive
manufacturing and/or 3D printing. Therein, use may be made of the high dimensional accuracy
of the devices according to the present invention, e.g. in x-, y- or z- direction or in any arbitrary
combination of these directions, such as simultaneously. Within this regard, determining a
distance of an illuminated spot on a surface which may provide reflected or diffusely scattered
light from the detector may be performed virtually independent of the distance of the light source
from the illuminated spot. This property of the present invention is in direct contrast to known
methods, such as triangulation or such as time-of-flight (TOF) methods, wherein the distance
between the light source and the illuminated spot must be known a priori or calculated a
posteriori in order to be able {o determine the distance between the detector and the illuminated
spot. In contrast hereto, for the detector according to the present invention is may be sufficient
that the spot is adequately illuminated. Further, the devices according to the present invention
may be used for scanning reflective surfaces, such of metal surfaces, independent whether they
may comprise a solid or a liquid surface. Further, the devices according to the present invention
may be used in inspections and maintenance, such as pipeline inspection gauges. Further, in a
production environment, the devices according to the present invention may be used to work
with objecis of a badly defined shape such as naturally grown objects, such as sorting
vegetables or other natural products by shape or size or cutting products such as meat or
objects that are manufactured with a precision that is lower than the precision needed for a
processing step.



10

15

20

25

30

35

40

WO 2016/120392 73 PCT/EP2016/051817
Further, the devices according to the present invention may be used in local navigation systems
to allow autonomously or partially autonomously moving vehicles or multicopters or the like
through an indoor or outdoor space. A non-limiting example may comprise vehicles moving
through an automated storage for picking up objects and placing them at a different location.
Indoor navigation may further be used in shopping malls, retail stores, museums, airports, or
train stations, fo track the location of mobile goods, mobile devices, baggage, customers or
employees, or to supply users with a location specific information, such as the current position
on a map, or information on goods sold, or the like.

Further, the devices according to the present invention may be used to ensure safe driving of
motorcycles, such as driving assistance for motorcycles by monitoring speed, inclination,
upcoming obstacles, unevenness of the road, or curves or the like. Further, the devices
according to the present invention may be used in trains or trams to avoid collisions.

Further, the devices according to the present invention may be used in handheld devices, such
as for scanning packaging or parcels to optimize a logistics process. Further, the devices
according to the present invention may be used in further handheld devices such as personal
shopping devices, RFID-readers, handheld devices for use in hospitals or health environments
such as for medical use or to obtain, exchange or record patient or patient health related
information, smart badges for retail or health environments, or the like.

As outlined above, the devices according to the present invention may further be used in
manufacturing, quality control or identification applications, such as in product identification or
size identification (such as for finding an optimal place or package, for reducing waste etc.).
Further, the devices according to the present invention may be used in logistics applications.
Thus, the devices according to the present invention may be used for optimized loading or
packing containers or vehicles. Further, the devices according to the present invention may be
used for manitoring or controlling of surface damages in the field of manufacturing, for
monitoring or controlling rental objects such as rental vehicles, and/or for insurance
applications, such as for assessment of damages. Further, the devices according to the present
invention may be used for identifying a size of material, object or tools, such as for optimal
material handling, especially in combination with robots. Further, the devices according to the
present invention may be used for process control in production, e.g. for observing filling level of
tanks. Further, the devices according to the present invention may be used for maintenance of
production assets like, but not limited to, tanks, pipes, reactors, tools etc. Further, the devices
according to the present invention may be used for analyzing 3D-quality marks. Further, the
devices according to the present invention may be used in manufacturing tailor-made goods
such as tooth inlays, dental braces, prosthesis, clothes or the like. The devices according to the
present invention may also be combined with one or more 3D-printers for rapid prototyping, 3D-
copying or the like. Further, the devices according to the present invention may be used for
detecting the shape of one or more articles, such as for anti-product piracy and for anti-
counterfeiting purposes.
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Preferably, for further potential details of the optical detector, the method, the human-machine
interface, the entertainment device, the tracking system, the camera and the various uses of the
detector, in particular with regard to the transfer device, the longitudinal optical sensors, the
evaluation device and, if applicable, to the transversal optical sensor, the modulation device, the
iflumination source and the imaging device, specifically with respect to the potential materials,
setups and further details, reference may be made to one or more of WO 2012/110924 A1, US
2012/206336 A1, WO 2014/097181 A1, and US 2014/291480 A1, the full content of all of which
is herewith included by reference.

The above-described detector, the method, the human-machine interface and the entertainment
device and also the proposed uses have considerable advantages over the prior art. Thus,
generally, a simple and, still, efficient detector for an accurate determining a position of at least
one object in space may be provided. Therein, as an example, three-dimensional coordinates of
an cbject or a part thereof may be determined in a fast and efficient way.

As compared to devices known in the art, the detector as proposed provides a high degree of
simplicity, specifically with regard to an optical setup of the detector. Thus, in principle, a simple
combination of a photoconductive material in combination with a variation of the cross-section of
an incident light beam impinging on this photoconductive material in conjunction with an
appropriate evaluation device is sufficient for reliable high precision position detection. This high
degree of simplicity, in combination with the possibility of high precision measurements, is
specifically suited for machine control, such as in human-machine interfaces and, more
preferably, in gaming, tracking, scanning, and a stereoscopic vision. Thus, cost-efficient
entertainment devices may be provided which may be used for a large number of gaming,
entertaining, tracking, scanning, and stereoscopic vision purposes.

Further specific advantages of the present invention may refer {o a high responsivity of the
photoconductive material to both very low light levels (moonlight) and to very high light levels
(direct sunlight), wherein the responsivity exhibits a wide dynamic range due to the observable
resistance variation which may comprise several orders of magnitude between "light" and "no
light". Further, the photoconductive material which may be available for a wide range of
resistance values is known for its low noise distortion.

Summarizing, in the context of the present invention, the following embodiments are regarded

as particularly preferred:

Embodiment 1: A detector for an optical detection of at least one object, comprising:

- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
total power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the sensor region comprises at least cne
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photoconductive material, wherein an electrical conductivity of the sensor region, given
the same total power of the illumination, is dependent on the beam cross-section of the
light beam in the sensor region, wherein the longitudinal sensor sighal is dependent on
the electrical conductivity; and

- at least one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the object by evaluating the
longitudinal sensor signal of the longitudinal optical sensor.

Embodiment 2: The detector according to the preceding embodiment, wherein the
photoconductive material comprises an inorganic photoconductive material, an organic
photoconductive material, or a combination thereof.

Embodiment 3: The detector according to the preceding embodiment, wherein the inorganic
photoconductive material comprises one or more of selenium, tellurium, a selenium-tellurium
alloy, a metal oxide, a group IV element or compound, a lil-V compound, a [I-V1 compound, a
chalcogenide, a pnictogenide, a halide, and solid solutions and/or doped variants thereof.

Embodiment 4: The detector according to the preceding embodiment, wherein the selenium-
tellurium alloy comprises selenium and an addition of 5 to 9 wt. % tellurium.

Embodiment 5: The detector according to any one of the two preceding embodiments, wherein
the selenium-teliurium alloy comprises selenium and an addition of 5 to 20 wt. % tellurium in a
presence of a concentration of at least one halogen in a range from 5 ppm to 500 ppm, wherein
the halogen is selected from the group consisting of flucrine, chlorine, bromine, and iodine.

Embodiment 6: The defector according to the three preceding embodiments, wherein the
chalcogenide is selected from a group comprising sulfide chalcogenides, selenide
chaicogenides, telluride chalcogenides, ternary chalcogenides, quaternary and higher
chaicogenides.

Embediment 7: The detector according to the preceding embodiment, wherein the sulfide
chalcogenide is selected from a group comprising lead sulfide (PbS), cadmium sulfide (CdS),
zinc sulfide (ZnS), mercury sulfide (HgS), silver sulfide (Ag.S), manganese sulfide (MnS),
bismuth trisulfide (Bi>S3), antimony trisulfide (Sb,S3), arsenic trisulfide (AszS3), tin (Il) sulfide
(SnS), tin {IV) disulfide (SnS2), indium sulfide (In2S3), copper sulfide (CuS), cobalt sulfide (CoS),
nickel sulfide (NiS), molybdenum disulfide (MoS2), iron disulfide (FeS.), chromium frisulfide
(CrSs3), copper indium sulfide (CIS), copper indium gallium selenide (CIGS), copper zinc tin
sulfide (CZTS), and solid solutions and/or doped variants thereof.

Embodiment 8: The detector according to any one of the fwo preceding embodiments, wherein
the selenide chalcogenide is selected from a group comprising lead selenide (PbSe), cadmium
selenide (CdSe), zinc selenide (ZnSe), bismuth triselenide (BizSes), mercury selenide (HgSe),
antimony triselenide (Sb;Ses), arsenic triselenide (As»Ses), nickel selenide (NiSe), thallium
selenide (TISe), copper selenide (CuSe), molybdenum diselenide (MoSey), tin selenide (SnSe),
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cobalt selenide (CoSe), indium selenide (In:Se3), copper zinc tin selenide (CZTSe), and solid
solutions and/or doped variants thereof.

Embodiment 9: The detector according to any one of the three preceding embodiments,
wherein the telluride chalcogenide is selected from a group comprising lead telluride (PbTe),
cadmium telluride (CdTe), zinc telluride {ZnTe), mercury telluride (HgTe), bismuth tritelluride
(Bi>Tes), arsenic fritelluride (As;Tes), antimony tritelluride (ShaTes), nickel telluride (NiTe),
thallium telluride (TITe), copper telluride (CuTe), molybdenum ditelluride (MoTey), tin telluride
(SnTe), and cobalt telluride {CoTe), silver telluride {AgzTe), indium teliuride (In,Tes), and solid
solutions and/or doped variants thereof.

Embodiment 10: The detector according to any one of the four preceding embodiments,
wherein the ternary chalcogenide is selected from a group comprising mercury cadmium
telluride (HgCdTe), mercury zinc telluride (HgZnTe), mercury cadmium sulfide (HgCdS), lead
cadmium sulfide (PbCdS), lead mercury sulfide (PbHgS), copper indium disulfide (CulnSy),
cadmium sulfoselenide (CdSSe), zinc sulfoselenide (ZnSSe), thallous sulfoselenide (TISSe),
cadmium zinc sulfide (CdZnS), cadmium chromium sulfide (CdCr.S.), mercury chromium sulfide
(HgCr2S4), copper chromium sulfide {CuCr.S4), cadmium lead selenide (CdPbSe), copper
indium diselenide (CulnSey), indium gallium arsenide (InGaAs), lead oxide sulfide {Pb.0S), lead
oxide selenide (Pb,0OSe), lead sulfoselenide (PbSSe), arsenic selenide telluride (As,;Se;Te),
indium gallium phosphide (InGaP), gallium arsenide phosphide (GaAsP), aluminum gallium
phosphide (AlGaP)}, cadmium selenite (CdSeOs), cadmium zinc telluride {CdZnTe), cadmium
zinc selenide (CdZnSe), a copper-zinc-tin sulfur-selenium chalcogenide {CZTSSe), and solid
solutions and/or doped variants thereof.

Embodiment 11; The detector according to any one of the eight preceding embodiments,
wherein the metal oxide is selected from a group comprising copper (1) oxide (CuQ), copper (1)
oxide (Cu0y), nickel oxide (NiQ), zinc oxide (ZnQ), siiver oxide (Ag,0), manganese oxide
(MnQ), titanium dioxide (TiO;), barium oxide (BaQ), lead oxide (PbQ}, cerium oxide (CeQy),
bismuth oxide (BiO3), cadmium oxide (CdO), and solid solutions and/or doped variants thereof.

Embodiment 12: The detector according to any one of the nine preceding embodiments,
wherein the H-VI compound is selected from a group comprising cadmium sulfide (CdS),
cadmium selenide (CdSe), cadmium teliuride (CdTe), zinc sulfide (ZnS), zinc selenide {ZnSe),
zinc telluride (ZnTe), mercury sulfide (HgS), mercury selenide (HgSe), mercury telluride
(HgTe},cadmium zinc telluride (CdZnTe), mercury cadmium telluride (HgCdTe), mercury zinc
telluride (HgZnTe}, and mercury zinc selenide (CdZnSe), and solid solutions and/or doped
variants thereof.

Embodiment 13: The detector according to any one of the preceding embodiments, wherein the
photoconductive material is contacted by an Ohmic contact, wherein the Ohmic contact refers to
an electrical junction which exhibits a linear current-voliage ratio according to Ohm's law, or by
a non-Ohmic contact, wherein the non-Ohmic contact refers to an electrical junction which
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exhibits a non-linear current—voltage ratio, wherein the non-Ohmic contact is, preferably a
Schottky barrier or a p—n junction.

Embodiment 14: The detector according to the preceding embodiment, wherein the Ohmic
contact is provided by one or more selected from a group comprising gold, silver, silver-nickel,
silver-iron, silver-graphite, silver-cadmium oxide, silver-tin oxide, copper, platinum, paliadium,
paliney alloys, indium, gallium, indium amalgam, graphene, and solid solutions and/or doped
variants thereof,

Embodiment 15: The detector according fo the preceding embodiment, wherein the Ohmic
contact to cadmium sulfide (CdS) is provided by indium or gallium while the Ohmic contact to
other 1I-VI compounds is provided by indium amalgam.

Embodiment 16: The detector according to any one of the thirteen preceding embodiments,
wherein the 1lI-V compound is selected from a group comprising indium antimonide (InSb),
boron nitride (BN), boren phosphide (BP), boron arsenide (BAs), aluminum nitride (AIN),
aluminum phosphide (AIP), aluminum arsenide (AlAs), aluminum antimonide (AlSb), indium
nitride (InN), indium phosphide (InP), indium arsenide (InAs), indium antimonide (InSb), gallium
nitride (GaN), gallium phosphide (GaP), gallium arsenide (GaAs), and gallium antimonide
(GaSb), and solid solutions and/or doped variants thereof.

Embodiment 17: The detector according to any one of the eleven preceding embodiments,
wherein the photoconductive material is provided as a colloidal film comprising quantum dots.

Embodiment 18: The detector according to the preceding embodiment, wherein the
photoconductive material is selected from the group comprising lead sulfide (PbS), lead
selenide (PbSe), lead telluride (PbTe), cadmium telluride (CdTe), indium phosphide (InP),
cadmium sulfide (CdS), cadmium selenide (CdSe), indium antimonide (InSb), mercury cadmium
telluride (HgCdTe), copper indium sulfide (CIS), copper indium gallium selenide (CIGS), and
copper zinc tin sulfide (CZTS).

Embodiment 19: The detector according to any one of the three preceding embodiments,
wherein the quantum dots exhibits a size from 1 nm to 100 nm, preferably from 2 nm to
100 nm, more preferred from 2 nm to 15 nm.

Embodiment 20: The detector according to any one of the four preceding embodiments,
wherein the photoconductive material is provided as a thin-film which comprises the quantum
dots.

Embodiment 21: The detector according to the preceding embodiment, wherein the thin film
exhibits a thickness from 1 nm to 100 nm, preferably from 2 nm to 100 nm, more preferred from
2 nm to 15 nm, wherein the guantum dots exhibits a size below the thickness of the thin film.
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Embodiment 22: The detector according to any one of the five preceding embodiments, wherein
the film of the photoconductive material comprising the quantum dots is arranged between a
first conductive layer and a second conductive layer in a sandwich structure, wherein the first
conductive layer exhibits at least partially transparent properties with respect to the incident light
beam.

Embodiment 23: The detector according to the preceding embodiment, wherein the first
conductive layer comprises an at least partially transparent semiconducting material.

Embodiment 24: The detector according to the preceding embodiment, wherein the
semiconducting material is selected from the group comprising an at least partially transparent
semiconducting metal oxide or a doped variant thereof.

Embodiment 25: The detector according to the preceding embodiment, wherein the
semiconducting material is selected from indium tin oxide (ITO), fluorine-doped tin oxide
(SnO2:F; FTO), magnesium oxide (MgQ), aluminum zinc oxide (AZO), antimony tin oxide
(Sn02/Sb20s), a perovskite transparent conducting oxide, or a metal nanowire.

Embodiment 26: The detector according to any one of the four preceding embodiments,
wherein a blocking layer is arranged between the first conductive layer and the film of the
photoconductive material comprising the quantum dots.

Embodiment 27: The detector according to the preceding embodiment, wherein the blocking
layer comprises a thin film of an electrically conducting material.

Embodiment 28: The detector according to any one of the two preceding embodiments, wherein
the blocking layer is an n-type semiconductor and comprises cne or more of titanium dioxide
(TiO2) or zinc oxide (ZnO), or wherein the blocking layer is a p-type semiconductor comprising
motybdenum oxide (MoQs3).

Embodiment 29: The detector according to any one of the seven preceding embodiments,
wherein the second conductive layer comprises an intransparent electrically conducting
material.

Embodiment 30: The detector according to the preceding emboediment, wherein the second
conductive layer comprises an evaporated metal layer or a layer of graphene, wherein the
evaporated metal layer preferably comprises one or more of silver, aluminum, platinum,
magnesium, chromium, titanium, or gold.

Embodiment 31: The detector according to any one of the ten preceding embodiments, wherein
the second conductive layer comprises a layer of an electrically conducting polymer.
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Embodiment 32: The detector according to the preceding embodiment, wherein the electrically
conducting polymer is selected poly(3,4-ethylenedioxythiophene) (PEDOT) or from a dispersion
of PEDOT and a polystyrene sulfonic acid (PEDOT:PSS).

Embodiment 33: The detector according to any one of the two preceding embodiments, wherein
a split electrode comprising contacts of an evaporated metal or of graphene is arranged on the
layer of the electrically conducting polymer.

Embodiment 34: The detector according to the preceding embodiment, wherein the evaporated
metal comprises one or more of silver, aluminum, platinum, magnesium, chromium, titanium, or
gold.

Embodiment 35: The detector according to any one of the thirty-two preceding embodiments,
wherein the group IV element or compound is selected from a group comprising doped diamond
(C), doped silicon (Si), silicon carbide (SiC), and silicon germanium (SiGe), and solid solutions
and/or doped variants thereof.

Embodiment 36: The detector according to the preceding embodiment, wherein the
photoconductive material comprises doped silicon in form of a doped silicon wafer.

Embodiment 37: The detector according to the preceding embodiment, wherein the doped
silicon wafer is a float zone wafer.

Embodiment 38: The detector according to any one the three preceding embodiments, wherein
the doped silicon exhibits a dopant concentration of 105 cm- or less, preferably 10'2cm3 or
less, more preferred 107" cm or less.

Embodiment 39: The detector according to any one the four preceding embodiments, wherein
the doped silicon exhibits an electrical resistivity of 5-102 Q-cm or more, preferred of 5-10° Q:cm
or more, more preferred of 104 Q-cm or more.

Embodiment 40: The detector according to any one the five preceding embodiments, wherein
the doped silicon exhibits and a thickness in a range between 500 ym, more preferred between
300 ym, and 1 ym, more preferred 10 um.

Embodiment 41: The detector according fo any one of the thirty-nine preceding embodiments,
wherein the organic photoconductive material is an organic photoconductive material, wherein
the organic photoconductive material comprises at least one conjugated aromatic molecule,
preferably a highly conjugated aromatic molecule.

Embodiment 42: The detector according to the preceding embodiment, wherein the organic
photoconductive material comprises at least one dye and/or at least one pigment.
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Embodiment 43: The detector according to any one of the two preceding embodiments, wherein
the organic photoconductive material is a system comprising a charge-transfer complex,
wherein the charge-transfer complex comprises a charge-generation material and a charge-
transport material.

Embodiment 44: The detector according to the preceding embodiment, wherein the charge-
generation material acts as a donor and the charge-transport material acts as an acceptor
within the charge-transfer complex.

Embodiment 45: The detector according to any one of the four preceding embodiments,
wherein the organic photoconductive material comprises a compound, in particular as the
charge-generation material, selected from the group consisting of: phthalocyanines, naphthalo-
cyanines, subphthalocyanines, perylenes, anthracenes, pyrenes, oligo- and potythiophenes,
fullerenes, indigoid dyes, bis-azo pigments, squarylium dyes, thiapyrilium dyes, azulenium dyes,
dithioketo-pyrrolopyrroles, quinacridones, dibromoanthanthrone, polyvinylcarbazole, derivatives
and combinations thereof.

Embodiment 46: The detector according to any one of the forty-four preceding embodiments,
wherein the organic photoconductive material comprises an organic electron donor material and
an organic electron acceptor material.

Embodiment 47: The detector according to the preceding embodiment, wherein the electron
donor material and the electron acceptor material are comprised within a layer.

Embodiment 48: The detector according to the preceding embodiment, wherein the layer
comprising the electron donor material and the electron acceptor material exhibits a thickness
from 100 nm to 1000 nm.

Embodiment 49: The detector according to any one of the three preceding embodiments,
wherein the electron donor material comprises an organic donor polymer.

Embodiment 50: The detector according o the preceding embodiment, wherein the donor
polymer comprises a conjugated system, wherein the conjugated system is one or more of
cyclic, acyclic, and linear.

Embodiment 51; The detector according to the preceding embodiment, wherein the donor
polymer is one of poly(3-hexylthiophene-2,5.diyl) (P3HT), poly[3-(4-n-octyl)phenylthiophene]
(POPT), poly[3-10-n-octyl-3-phenothiazine-vinylenethiophene-co-2,5-thiophene]

(PTZV-PT), poly[4,8-bis[(2-ethylhexyl)oxy] benzo[1,2-£.4,5-b]dithiophene-2,6-diyi][3-flucro-2-
[(2-ethylhexyl)carbonyllthieno[3,4-blthiophenediyl] (PTBY), poly{thiophene-2,5-diyl-a/£[5,6-
bis(dodecyloxy)benzo[c][1,2,5]thiadiazole]-4,7-diyl} (PBT-T1), poly[2,6-(4,4-bis-(2-ethylhexyl)-
4 H-cyclopental2,1-5,3,4-b]dithiophene)-a/t4,7(2,1,3-benzothiadiazole)] (PCPDTBT), poly(5,7-
bis(4-decanyl-2-thienyl)-thieno(3,4- H)diathiazolethiophene-2,5) (PDDTT), poly[N-9'-
heptadecanyl-2,7-carbazole-alt-5,5-(4', 7'-di-2-thienyl-2', 1, 3'-benzothiadiazole)] (PCDTBT),
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poly[(4,4'-bis(2-ethylhexyl)dithieno[3,2-5;2,3’- d]silole)-2,6-diyl-a/t(2,1,3-benzothiadiazole)-4,7-
diyl} (PSBTBT), poly[3-phenylhydrazone thiophene] (PPHT), poly[2-methoxy-5-(2-ethylhexyl-
oxy)-1,4-phenylenevinylene] (MEH-PPV), poly[2-methoxy-5-(2'-ethylhexyloxy}-1,4-phenylene-
1,2-ethenylene-2,5-dimethoxy-1,4-phenylene-1,2-ethenylene] (M3EH-PPV), poly[2-methoxy-5-
(3',7"-dimethyloctyloxy)-1,4-phenylenevinylene] (MDMO-PPV), poly[9,9-di-octylfluorene-co-bis-
N,N-4-butylphenyl-bis-N,N-phenyl-1,4-phenylenediamine] (PFB), or a derivative, a modification,

~ or a mixture thereof.

Embodiment 52: The detector according to any one of the six preceding embodiments, wherein
the electron acceptor material is a fullerene-based electron acceptor material.

Embodiment 53: The detector according to the preceding embodiment, wherein the fullerene-
based electron acceptor material comprises at least one of [6,6]-phenyl-C61-butyric acid methyl
ester (PC60BM), [6,6]-Phenyl-C71-butyric acid methyl ester (PC70BM), [6,6]-phenyl C84 butyric
acid methyl ester (PC84BM), an indene-C60 bisadduct (ICBA), or a derivative, a modification,
or a mixture thereof.

Embodiment 54: The detector according to any one of the two preceding embodiments, wherein
the fullerene-based electron acceptor material comprises a dimer comprising one or fwo Cgo Or
Cro moieties.

Embodiment 55: The detector according to the preceding embodiment, wherein the fullerene-
based electron acceptor material comprises a diphenylmethanofullerene (DPM) moiety
comprising one or two attached oligoether (OE} chains (C70-DPM-OE or C70-DPM-OE2,
respectively).

Embodiment 56: The detector according to any one of the ten preceding embodiments, wherein
the electron acceptor material is tetracyanoguinodimethane (TCNQ) or a perylene derivative.

Embodiment 57: The detector according to any one of the eleven preceding embodiments,
wherein the electron acceptor material comprises an acceptor polymer.

Embodiment 58: The detector according to the preceding embodiment, wherein the acceptor
polymer comprises a conjugated polymer based on one or more of a cyanated poly(phenylene-
vinylene), a benzothiadiazole, a perylene, a perylenediimide, or a naphthalenediimide.

Embodiment 59: The detector according to the preceding embodiment, wherein the acceptor
polymer is selected from one or more of a cyano-poly]phenylenevinylene] (CN-PPV), poly[5-(2-
(ethylhexyloxy)-2-methoxycyanoterephthalyliden] (MEH-CN-PPV), poly[oxa-1,4-phenylene-1,2-
(1-cyano)-ethylene-2,5-dioctyloxy-1,4-phenylene-1,2-(2-cyano)-ethylene-1,4-phenylene] (CN-
ether-PPV), poly[1,4-dioctyloxyl-p-2,5-dicyanophenylenevinylene] (DOCN-PPV), poly[9,9°-di-
octylfluoreneco-benzothiadiazole] (PF8BT), or a derivative, a modification, or a mixture thereof.
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Embodiment 60: The detector according to any one of the fourteen preceding embodiments,
wherein the electron donor material and the electron acceptor material form a mixture.

Embodiment 61: The detector according to the preceding embodiment, wherein the mixture
comprises the electron donor material and the electron acceptor material in a ratio from 1:100 to
100:1, mare preferred from 1:10 to 10:1, in particular of from 1:2 to 2:1.

Embodiment 62: The detector according to any one of the sixteen preceding embodiments,
wherein the electron donor material and the electron acceptor material comprise an
interpenetrating network of donor and acceptor domains, interfacial areas between the donor
and acceptor domains, and percolation pathways connecting the domains to the electrodes.

Embodiment 63: The detector according to any of the preceding embodiments, wherein the at
least one longitudinal optical sensor is a transparent optical sensor.

Embodiment 64: The detector according to any of the preceding embodiments, wherein the
sensor region of the longitudinal optical sensor is exactly one continuous sensor region, wherein
the longitudinal sensor signal is a uniform sensor signal for the entire sensor region.

Embodiment 65: The detector according to any of the preceding embodiments, wherein the
sensor region of the longitudinal optical sensor is formed by a surface of the respective device,
wherein the surface faces towards the object or faces away from the object.

Embodiment 66: The detector according to any of the preceding embodiments, wherein the
optical detector is adapted to generate the longitudinal sensor signal by one or more of
measuring an electrical resistance or a conductivity of at least one part of the sensor region.

Embodiment 67: The detector according to the preceding embodiment, wherein the optical
detector is adapted fo generate the longitudinal sensor signal by performing at least one
current-voltage measurement and/or at ieast one voltage-current-measurement.

Embodiment 68: The detector according to any of the preceding embodiments, further
comprising a bias voltage source.

Embodiment 69: The detector according to the preceding embodiment, wherein the bias voltage
source and a load resistor are arranged in series with the longitudinal optical sensor.

Embodiment 70: The detector according to any one of the two preceding embodiments, wherein
a bias voltage is applied across the photoconductive material.

Embodiment 71: The detector according to any of the preceding embodiments, wherein the
evaluation device is designed to generate the at ieast one item of information on the longitudinal
position of the object from at least one predefined relationship between the geometry of the
illumination and a relative positioning of the object with respect to the detector, preferabty taking
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account of a known power of the illumination and optionally taking account of a modulation
frequency with which the illumination is modulated.

Embodiment 72: The detector according to any one of the preceding embodiments, wherein the
longitudinal optical sensor is furthermore designed in such a manner that the illumination of the
sensor region by the light beam additionally causes an increase in temperature in the sensor
region, wherein the electrical conductivity of the sensor region, given the same total power of
the illumination, is further dependent on the temperature in the sensor region, wherein the
longitudinal sensor signal, given the same total power of the illumination, is further dependent
on the temperature in the sensor region.

Embodiment 73:; The detector according to the preceding embodiment, wherein the light beam
exhibits a wavelength from 7 pm to 15 pm.

Embodiment 74: The detector according to any one of the two preceding embodiments, wherein
the photoconductive material comprises an inorganic photoconductive material according to any
one of the embodiments 6 to 10.

Embodiment 75; The detector according fo any one of the three preceding embodiments,
wherein the optical detector is uncooled.

Embodiment 76: The detector according to any of the preceding embodiments, wherein the
detector furthermore has at least one modulation device for modulating the illumination.

Embodiment 77: The detector according to any the preceding embodiment, wherein the light
beam is a moduiated light beam.

Embodiment 78: The detector according to the preceding embodiment, wherein the detector is
designed to detect at ieast two longitudinal sensor signals in the case of different modulations,
in particular at least two sensor signals at respectively different modulation frequencies, wherein
the evaluation device is designed to generate the at least one item of information on the
longitudinal position of the object by evaluating the at least two longitudinal sensor signals.

Embodiment 79: The detector according to any of the preceding embodiments, wherein the
longitudinal optical sensor is furthermore designed in such a way that the longitudinal sensor
signal, given the same total power of the illumination, is dependent on a modulation frequency
of a modulation of the illumination.

Embodiment 80: The detector according to the preceding emboediment, wherein the light beam
is a non-modulated continuous-wave light beam.

Embodiment 81: The detector according to any one of the preceding embodiments, furthermore
comprising at least one illumination source.
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Embodiment 82: The detector according to the preceding embodiment, wherein the illumination
source is selected from: an illumination source, which is at least partly connected to the object
and/or is at least partly identical fo the object; an ilumination source which is designed to at
least parily illuminate the object with a primary radiation.

Embodiment 83: The detector according to the preceding embodiment, wherein the light beam
is generated by a reflection of the primary radiation on the object and/or by light emission by the
object itself, stimulated by the primary radiation.

Embodiment 84: The detector according to the preceding embodiment, wherein the spectral
sensitivities of the longitudinal optical sensor is covered by the spectral range of the illumination
source.

Embodiment 85: The detector according to any of the preceding embodiments, wherein the
detector has at least two longitudinal optical sensors, wherein the longitudinal optical sensors
are stacked.

Embodiment 86: The detector according to the preceding embodiment, wherein the longitudinal
optical sensors are stacked along the optical axis.

Embodiment 87: The detector according to any of the two preceding embodiments, wherein the
longitudinal optical sensors form a longitudinal optical sensor stack, wherein the sensor regions
of the longitudinal optical sensors are oriented perpendicular to the optical axis.

Embodiment 88: The detector according to any of the three preceding embodiments, wherein
the iongitudinal optical sensors are arranged such that a light beam from the object illuminates
all longitudinal optical sensors, preferably seguentially, wherein at least one longitudinal sensor
signal is generated by each longitudinal optical sensor.

Embodiment 89: The detector according to any one of the preceding embodiments, wherein the
longitudinal optical sensors are arranged as an array.

Embodiment 90: The detector according to the preceding embodiment, wherein the array of the
longitudinal optical sensors is arranged perpendicular to the optical axis.

Embodiment 91: The detector according to any one of the two preceding embodiments, wherein
the longitudinal optical sensors which are arranged in the array are furthermore designed in
such a way that the illumination of the sensor region by the light beam additionally causes an
increase in temperature in the sensor region, wherein the electrical conductivity of the sensor
region, given the same total power of the illumination, is further dependent on the temperature
in the sensor region, wherein the longitudinal sensor signal, given the same total power of the
ilumination, is further dependent on the temperature in the sensor region.
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Embodiment 92: The detector according to the preceding embodiment, wherein the light beam
exhibits a wavelength from 7 pm to 15 pm.

Embodiment 93: The detector according to any one of the two preceding embodiments, wherein
the photoconductive material comprises an inorganic photoconductive material according to any
one of the embodiments 6 to 10 or 28 to 44.

Embodiment 94: The detector according to any one of the two preceding embodiments, wherein
the optical detector is uncooled.

Embodiment 95: The detector according to any one of the three preceding embodiments,
wherein the longitudinal optical sensors in the array are arranged within a matrix of individual
resistors, wherein an aggregate resistance of the individual resistors in the matrix depends on a
number N of the longitudinal optical sensors within the array which are illuminated by the
incident light beam.

Embodiment 96: The detector according to any of the four preceding embodiments, wherein the
evaluation device is adapted to determine a number N of the longitudinal optical sensors which
are illuminated by the light beam, the evaluation device further being adapted to determine at
least one longitudinal coordinate of the object by using the number N of the longitudinal optical
sensors which are illuminated by the light beam.

Embodiment 87: The detector according to the preceding embodiment, wherein the optical
sensor is adapted to generate at least one signal indicating an intensity of illumination for each
of the pixels.

Embodiment 98: The detector according to the preceding embodiment, wherein the evaluation
device is adapted to compare, for each of the pixels, the signal to at least one threshold in order
to determine whether the pixel is an illuminated pixel or not.

Embodiment 99: The detector according to any one of the three preceding embodiments,
wherein the evaluation device is adapted to determine the longitudinal coordinate of the object
by using a predetermined relationship between the number N of pixels which are illuminated by
the light beam and the longitudinal coordinate.

Embodiment 100:; The detector according to the preceding embodiment, wherein the
predetermined relationship is based on the assumption of the light beam being a Gaussian light
beam.

Embodiment 101: The detector according to any of the preceding embodiments, wherein the
longitudinal optical sensor comprises at least one layer of the photoconductive material and at
least two electrodes contacting the layer, wherein the at least two electrodes are applied at
different locations of the layer of the photoconductive material.
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Embodiment 102; The detector according to the preceding embodiment, wherein the at least
two electrodes are applied to the same side of the layer.

Embodiment 103: The detector according to any of the two preceding embodiments, wherein
the at least one layer of the photoconductive material is directly or indirectly applied to at least
one substrate.

Embodiment 104: The detector according to any of the two preceding embodiments, wherein
the substrate is an insulating substrate.

Embodiment 105: The detector according to any of the two preceding embodiments, wherein
the substrate is at ieast partially transparent or transiucent.

Embodiment 106: The detector according to any of the preceding embodiments, wherein the at
least one longitudinal optical sensor comprises at least one transparent iongitudinal optical
sensor.

Embodiment 107: The detector according to any of the preceding embodiments, wherein the
evaluation device is adapted to normalize the longitudinal sensor signals and to generate the
information on the longitudinal position of the object independent from an intensity of the light
beam.

Embodiment 108: The detector according to the preceding embodiment, wherein the evaluation
device is adapted to recognize whether the light beam widens or narrows, by comparing the
longitudinal sensor signals of different longitudinal sensors.

Embodiment 109: The detector according to any of the preceding embodiments, wherein the
evaluation device is adapted to generate the at least one item of information on the longitudinal
position of the object by determining a diameter of the light beam from the at least one
longitudinal sensor signal.

Embodiment 110: The detector according to the preceding embodiment, wherein the evaluation
device is adapted to compare the diameter of the light beam with known beam properties of the
light beam in order to determine the at least one item of information on the longitudinal position
of the object, preferably from a known dependency of a beam diameter of the light beam on at
least one propagation coordinate in a direction of propagation of the light beam and/or from a
known Gaussian profile of the light beam.

Embodiment 111: The detector according to any one of the preceding embodiments, further
comprising at least one fransversal optical sensor, the transversal optical sensor being adapted
to determine a transversal position of the light beam traveling from the object to the detector,
the transversal position being a position in at least one dimension perpendicular to an optical
axis of the detector, the transversal optical sensor being adapted to generate at least one
transversal sensor signal, wherein the evaluation device is further designed to generate at least
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one item of information on a transversal position of the object by evaluating the transversal
sensor signal.

Embodiment 112; The detector according to the preceding embodiment, wherein the transversal
optical sensor is a photo detector having at least one first electrode, at least one second
electrode and at least one photoconductive material embedded in between two separate layers
of a transparent conductive oxide, wherein the transversal optical sensor has a sensor area,
wherein the first electrode and the second electrode are applied to different locations of one of
the layers of the transparent conductive oxide, wherein the af least one transversal sensor
sighal indicates a position of the light beam in the sensor area.

Embodiment 113: The detector according to any of the two preceding embodiments, wherein
the transversal optical sensor comprises a layer of a photoconductive material according o any
one of Embodiments referring to a photoconductive material.

Embodiment 114: The detector according to the preceding embodiment, wherein the
photoconductive material comprises an inorganic photoconductive material.

Embodiment 115: The detector according to the preceding embodiment, wherein the inorganic
photoconductive material comprises a chalcogenide, preferably lead sulfide (PbS) or lead
selenide (PbSe), according to the Embodiments referring to chalcogenide, or a doped silicon
photoconductor according to the Embodiments referring to doped silicon.

Embodiment 116: The detector according to any one of the preceding embodiments, wherein
the photoconductive material is provided as a layer of the photoconductive material being
embedded in between two layers comprising a transparent conducting oxide or a metal
nanowire, wherein the transparent conducting oxide, preferably, comprises indium tin oxide
(ITO), fluorine doped tin oxide (FTO}), aluminum doped zinc oxide (AZO), magnesium oxide
(MgO), or a perovskite transparent conducting oxide.

Embodiment 117: The detector according to any of the six preceding embodiments, wherein the
at least one transversal optical sensor comprises at least one transparent transversal optical
sensor.

Embodiment 118; The detector according to any of the seven preceding embodiments, wherein
the sensor area of the transversal optical sensor is formed by a surface of the transversal
optical sensor, wherein the surface faces towards the object or faces away from the object.

Embodiment 119: The detector according to any of the eight preceding embodiments, wherein
the first electrode and/or the second electrode are a split electrode comprising at least two
partial electrodes.

Embodiment 120: The detector according to the preceding embodiment, wherein at least four
partial electrodes are provided.
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Embodiment 121: The detector according to any one of the two preceding embodiments,
wherein electrical currents through the partial electrodes are dependent on a position of the light
beam in the sensor area.

Embodiment 122: The detector according to the preceding embodiment, wherein the transversal
optical sensor is adapied to generate the transversal sensor signal in accordance with the
electrical currents through the partial electrodes.

Embodiment 123: The detector according to any of the two preceding embodiments, wherein
the detector, preferably the transversal optical sensor and/or the evaluation device, is adapted
to derive the information on the transversal position of the object from at least one ratio of the
currents through the partial electrodes.

Embodiment 124: The detector according to any of the fourteen preceding embodiments,
wherein the at least one transversal optical sensor is a transparent optical sensor.

Embodiment 125: The detector according to any of the ten preceding embodiments, wherein the
transversal optical sensor and the longitudinal optical sensor are stacked along the optical axis
such that a light beam travelling along the optical axis both impinges the transversal optical
sensor and the at least two longitudinal optical sensors.

Embodiment 126: The detector according to the preceding embodiment, wherein the light beam
subsequently passes through the transversal optical sensor and the at ieast two longitudinal
optical sensors or vice versa.

Embodiment 127: The detector according to the preceding embodiment, wherein the light beam
passes through the transversal optical sensor before impinging on one of the longitudinal optical
Sensors.

Embodiment 128: The detector according to any of the twelve preceding embodiments, wherein
the transversal sensor signal is selected from the group consisting of a current and a voltage or
any signal derived thereof.

Embaodiment 129: The detector according to any one of the preceding embodiments, wherein
the detector further comprises at least one imaging device.

Embodiment 130: The detector according to the preceding claim, wherein the imaging device is
located in a position furthest away from the object.

Embodiment 131: The detector according to any of the two preceding embodiments, wherein
the light beam passes through the at least one longitudinal optical sensor before illuminating the
imaging device.
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Embodiment 132: The detector according to any of the three preceding embodiments, wherein
the imaging device comprises a camera.

Embodiment 133: The detector according to any of the four preceding embodiments, wherein
the imaging device comprises at least one of: an inorganic camera; a monochrome camera; a
multichrome camera; a full-color camera; a pixelated inorganic chip; a pixelated organic
camera; a CCD chip, preferably a multi-color CCD chip or a fuli-color CCD chip; a CMOS chip;
an IR camera; an RGB camera.

Embodiment 134: A detector for an optical detection of at ieast one object, comprising:

- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
fotal power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the sensor region comprises at least one material
capable of sustaining an electrical current, wherein at least one property of the
material, given the same total power of the illumination, is dependent on the beam
cross-section of the light beam in the sensor region, wherein the longitudinal sensor
signal is dependent on the at least one property; and

- at least one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the cbject by evaluating the
longitudinal sensor signal of the longitudinal optical sensor.

Embodiment 135: The detector according 1o the preceding embodiment, wherein the detector
comprises one or more features accerding to any cne the embodiments 2 fo 133.

Embodiment 136: The detector according to any one of the two preceding embodiments,
wherein the at least one property of the material is an electrical conductivity of the material or
another material property. '

Embodiment 137: The detector according to any one of the three preceding embodiments,
wherein the material capable of sustaining an electrical current comprises amorphous silicon,
an alioy comprising amorphous silicon, or microcrystalline silicon.

Embodiment 138: The detector according to the preceding embodiment, wherein the alloy
comprising amorphous silicon is one of an amorphous alloy comprising silicon and carbon or an
amorphous alloy comprising silicon and germanium.

Embodiment 139: The detector according to any one of the two preceding embodiments,
wherein the amorphous silicon is passivated by using hydrogen.

Embodiment 140: The detector according to any one of the three preceding embodiments,
wherein the longitudinal optical sensor is a photo detector having at least one first electrode, at
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least one second electrode, and the amorphous silicon, the alloy comprising amorphous silicon,
or the microcrystalline silicon located between the first electrode and the second electrode,
wherein at least one of the first electrode and the second electrode is a transparent electrode.

Embodiment 141: The detector according to the preceding embodiment, wherein the
transparent electrode comprises a transparent conducting oxide (TCQ), in particular indium tin
oxide (ITO).

Embodiment 142: The detector according to any one of the two preceding embodiments,
wherein the amorphous silicon, the alloy comprising amorphous silicon, or the microcrystalline
silicon located between the first electrode and the second electrode is arranged as a PIN diode,
wherein the PIN diode comprises an i-type semiconductor layer located between an n-type
semiconductor layer and a p-type semiconductor layer.

Embodiment 143: The detector according to the preceding embodiment, wherein the i-type
semiconductor layer comprises amorphous silicon and exhibits a thickness which exceeds the
thickness of each of the n-type semiconductor layer and the p-type semiconductor layer, in
particular by a factor of at least 2, preferably of at least 5, more preferred of at least 10.

Embodiment 144: The detector according to the pre-preceding embodiment, wherein the p-type
semiconductor layer comprises an alloy of silicon and carbon, and exhibits a thickness from
2 nm to 20 nm, preferably from 4 nm to 10 nm.

Embodiment 145: The detector according to the preceding embodiment, wherein the i-type
semiconductor layer comprises an alloy of silicon and carbon, and exhibits a thickness from
2 nm to 20 nm, preferably from 4 nm to 10 nm.

Embodiment 146: The detector according to any one of the six preceding embodiments,
wherein the longitudinal sensor is substantially frequency-independent in a range of a
modulation frequency of the light beam of 0 Hz to 50 kHz.

Embodiment 147; The detector according to the preceding embodiment, wherein the material
property is an electrical property and/or an optical property of the material.

Embodiment 148: The detector according to the preceding embodiment, wherein the material
property is selected from a group comprising a polarization, a reflectance, a refractive index, a
transmission, a thermal conductivity, an abscrbance, a scattering property, a dielectric property,
and a magnetic property.

Embodiment 149: A detector for an optical detection of at ieast one object, comprising:

- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
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total power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the longitudinal optical sensor, given the same total
power of the illumination, is capable of generating at least cne longitudinal sensor
signal being dependent on the beam cross-section of the light beam in the sensor
region such that an amplitude of the longitudinal sensor signal decreases with
decreasing cross-section of a light spot generated by the light beam in the sensor
region; and

at least one evaluation device, wherein the evaluation device is designed o generate
at least one item of information on a longitudinal position of the object by evaluating the
longitudinal sensor signal of the longitudinal optical sensor.

Embodiment 150: The detector according to the preceding embodiment, wherein the detector
comprises one or more features according to any one the embodiments 2 to 133.

Embodiment 151: A detecter for an optical detection of at least one object, comprising:

at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
total power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the longitudinal optical sensor, given the same total
power of the illumination, is capable of generating at least one longitudinal sensor
signal being dependent on the beam cross-section of the light beam in the sensor
region, wherein a minimum of the longitudinal sensor signal occurs under a condition in
which the sensor region is impinged by a light beam with the smallest available beam
cross-section; and

at least one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the object by evaluating the
longitudinal sensor signal of the longitudinal optical sensor.

Embodiment 152: The detector according to the preceding embodiment, wherein the detector
comprises one or more features according to any one the embodiments 2 to 133.

Embodiment 153: The detector according to any one of the two preceding embodiments,
wherein the condition in which the sensor region is impinged by a light beam with the smaliest
available beam cross-section is achieved when the sensor region is located at or near a focal
point as effected by an optical lens.

Embodiment 154: A detector for an optical detection of at least one object, comprising:

at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
least one sensor region, wherein the longitudinal optical sensor is designed to generate
at least one longitudinal sensor signal in a manner dependent on an illumination of the
sensor region by a light beam, wherein the longitudinal sensor signal, given the same
total power of the illumination, is dependent on a beam cross-section of the light beam
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in the sensor region, wherein the longitudinal sensor is substantially frequency-
independent in a range of a modulation frequency of the light beam of 0 Hz to 500 Hz;
and
- at least one evaluation device, wherein the evaluation device is designed to generate
at least one item of information on a longitudinal position of the object by evaluating the
longitudinal sensor signal of the longitudinal optical sensor.

Embodiment 155: The detector according to the preceding embodiment, wherein the detector
comprises one or more features according to any one the embodiments 2 to 133.

Embodiment 156: The detector according to any one of the two preceding embodiments,
wherein the longitudinal sensor is substantially frequency-independent in the range of the
modulation frequency of the light beam of 0 Hz to 50 kHz.

Embodiment 157: The detector according fo any one of the three preceding embodiments,
wherein the longitudinal sensor comprises amorphous silicon.

Embodiment 158:; The detector according to the preceding embodiment, wherein the
amorphous silicon is passivated by using hydrogen.

Embodiment 159; The detector according to any one of the two preceding embodiments,
wherein the longitudinal optical sensor is a photo detector having at least one first electrode, at
least one second electrode, and the amorphous silicon located between the first and the second
electrode, wherein at least one of the first electrode and the second electrode is a transparent
electrode.

Embodiment 180: The detector according to the preceding embodiment, wherein the
fransparent electrode comprises a transparent conducting oxide (TCQ), in particular indium tin
oxide (ITO).

Embodiment 161: The detector according to any one of the two preceding embodiments,
wherein the amorphous silicon located between the first and the second electrode is arranged
as a PIN diode, wherein the FIN diode comprises an i-type semiconductor layer located
between an n-type semiconductor layer and a p-type semiconductor layer.

Embodiment 162; The detector according to the preceding embodiment, wherein the i-type
semiconductor layer exhibits a thickness which exceeds the thickness of each of the n-type
semiconductor layer and the p-type semiconductor layer, in particular by a factor of at least 2,
preferably of at least 5, more preferred of at least 10.

Embodiment 163: A detector for an optical detection of at least one object, comprising:
- at least one longitudinal optical sensor, wherein the longitudinal optical sensor has at
ieast one sensor region, wherein the longitudinal optical sensor is designed o generate
at least one longitudinal sensor signal in a manner dependent on an illumination of the
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sensor region by a light beam, wherein the longitudinal sensor signal, given the same
total power of the illumination, is dependent on a beam cross-section of the light beam
in the sensor region, wherein the longitudinal optical sensor comprises at least one
photodiode driven in a photoconductive mode, wherein an electrical conductivity of the
sensor region, given the same total power of the illumination, is dependent on the
beam cross-section of the light beam in the sensor region, wherein the longitudinal
sensor signal is dependent on the electrical conductivity; and

- atleast one evaluation device, wherein the evaluation device is desighed to generate
at least one item of information on a lengitudinal position of the object by evaluating the
longitudinai sensor signal of the longitudinal optical sensor.

Embodiment 164: The detector according to the preceding embodiment, wherein the detector
comprises one or more features according to any one the embodiments 2 to 133.

Embodiment 165: The detector according to any one of the two preceding embodiments,
wherein the photoconductive mode refers to an electrical circuit empioying a photodiode,
wherein the at least one photodiode is comprised in a reverse biased mode, wherein the
cathode of the photodiode is driven with a positive voltage with respect to the anode.

Embodiment 166: The detector according to any one of the three preceding embodiments,
wherein the photodiode comprises at least one p-type absorber material, at least one n-type
semiconductor layer, and at least one pair of electrodes.

Embodiment 167: The detector according to the preceding embodiment, wherein the p-type
absorber material exhibits a diamond-like struciure comprising tetravalent atoms.

Embodiment 168: The detector according to the preceding embodiment, wherein the p-type
absorber material is selected from the group comprising diamond (C), silicon (Si), silicon carbide
(8iC), and germanium (Ge), and solid solutions and/or doped variants thereof.

Embodiment 169: The detector according to any one of the three preceding embodiments,
wherein the diamond-like structure is modified by substituting at least one of the tetravalent
atoms by an atom combination comprising an average of four valence electrons.

Embodiment 170: The detector according to the preceding embodiment, wherein the p-type
absorber material is selected from the group comprising II-V compounds, II-Vi compounds,
[-1lI-Vl; compounds, and l>-ll-IV-VI]4 compounds.

Embodiment 171: The detector according to the preceding embodiment, wherein the p-type
absorber material is selected from the group consisting of. amorphous silicon (a-Si), an alloy
comprising amorphous silicon, microcrystalline silicon (pc-Si), germanium (Ge), indium
antimonide {InSb), indium gallium arsenide (InGaAs), indium arsenide (InAs), gallium nitride
(GaN), gallium arsenide (GaAs), aluminum gallium phosphide (AlGaP), cadmium telluride
(CdTe), mercury cadmium telluride (HgCdTe), copper indium sulfide (CIS), copper indium
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gallium selenide (CIGS), copper zinc tin sulfide (CZTS), copper zinc tin selenide (CZTSe),
copper-zinc-tin sulfur-selenium chalcogenide (CZTSSe}), an organic-inorganic halide perovskite,
in particular, methylammonium lead iodide (CH:NHsPbls), and solid solutions and/or doped
variants thereof.

Embodiment 172: The detector according to any one of the five preceding embodiments,
wherein the n-type semiconductor layer comprises cadmium sulfide (CdS), zinc sulfide (ZnS),
zinc oxide (Zn0O), or zinc hydroxide (ZnOH).

Embodiment 173: The detector according to any one of the ten preceding embodiments,
comprising a bias voltage source.

Embodiment 174: The detector according to the preceding embodiment, wherein the bias
voltage source and a load resistor are arranged in series with the longitudinal optical sensor.

Embodiment 175: The detector according {o any one of the two preceding embodiments,
wherein a bias voltage is applied across the photodiode.

Embodiment 176: The detector according o the preceding embodiment, wherein the
photodiode is switchable between at least two different operational modes of the longitudinal
optical sensor by applying at least two different values for the bias voltage across the
photodiode.

Embodiment 177: The detector according to the preceding embodiment, wherein the
photodiode is switchable between a first operational mode and a second operational mode,
wherein, in the first operational mode, the photodicde is driven in the photoconductive mode
and, in the second operational mode, the photodiode is driven in a photovoltaic mode.

Embodiment 178: The detector according to any one of the two preceding embodiments,
wherein a switching device is adapted to exert an influence on the bias voltage source in order
to set the bias voltage.

Embodiment 179: The detector according to the preceding embodiment, wherein the switching
device is used for switching between the first operational mode and the second operational
mode of the longitudinal optical sensor.

Embodiment 180: An arrangement comprising at least two detectors according o any of the
preceding embodiments.

Embodiment 181: The arrangement according to any of the two preceding embodiments,
wherein the arrangement further comprises at least one illumination source.

Embodiment 182: A human-machine interface for exchanging at least one item of information
between a user and a machine, in particular for inputting control commands, wherein the



10

15

20

25

30

35

40

WO 2016/120392 _95- PCT/EP2016/051817
human-machine interface comprises at least one detector according to any of the preceding
embodiments relating to a detector, wherein the human-machine interface is designed fo
generate at least one item of geometrical information of the user by means of the detector
wherein the human-machine interface is designed to assign to the geometrical information at
least one item of information, in particular at least one control command.

Embodiment 183: The human-machine interface according to the preceding embodiment,
wherein the at least one item of geometrical information of the user is selected from the group
consisting of: a position of a body of the user; a position of at least one body part of the user; an
orientation of a body of the user; an orientation of at least one body part of the user.

Embodiment 184: The human-machine interface according to any of the two preceding
embodiments, wherein the human-machine interface further comprises at least one beacon
device connectable to the user, wherein the human-machine interface is adapted such that the
detector may generate an information on the position of the at least one beacon device.

Embodiment 185: The human-machine interface according to the preceding embodiment,
wherein the beacon device comprises at least one illumination source adapted to generate at
least one light beam to be transmitted to the detector.

Embodiment 186: An entertainment device for carrying out at least one entertainment function,
in particular a game, wherein the enterfainment device comprises at least one human-machine
inferface according fo any of the preceding embodiments referring to a human-machine
interface, wherein the entertainment device is designed to enable at least one item of
information to be input by a player by means of the human-machine interface, wherein the
entertainment device is designed to vary the entertainment function in accordance with the
information.

Embodiment 187: A tracking system for tracking the position of at ieast one movable object, the
tracking system comprising at least one detector according to any of the preceding
embodiments referring to a detector, the tracking system further comprising at least one track
controller, wherein the track controller is adapted to track a series of positions of the object,
each comprising at least one item of information on a position of the object at a specific point in
time.

Embodiment 188: The tracking system according to the preceding embodiment, wherein the
tracking system further comprises at least one beacon device connectable fo the object,
wherein the tracking system is adapted such that the detector may generate an information on
the position of the object of the at least one beacon device.

Embodiment 189: A scanning system for defermining at least one position of at ieast one abject,
the scanning system comprising at least one detector according to any of the preceding
embodiments relating to a detector, the scanning system further comprising at least one
illumination source adapted to emit at least one light beam configured for an illumination of at
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least one dot located at af least one surface of the at least one object, wherein the scanning

system is designed to generate at least one item of information about the distance between the
at least one dot and the scanning system by using the at least one detector.

Embodiment 190: The scanning system according to the preceding embodiment, wherein the
illumination source comprises at least one artificial lumination source, in particular at least one
laser source and/or at least one incandescent lamp and/or at least one semiconductor light
source.

Embodiment 191: The scanning system according to any one of the two preceding
embodiments, wherein the illumination source emits a plurality of individual light beams, in
particular an array of light beams exhibiting a respective pitch, in particular a regular pitch.

Embodiment 192: The scanning system according to any one of the three preceding
embodiments, wherein the scanning system comprises at least one housing.

Embodiment 193; The scanning system according to the preceding embodiment, wherein the at
least one item of information about the distance between the at least one dot and the scanning

system distance is determined between the at least one dot and a specific point on the housing
of the scanning system, in particular a front edge or a back edge of the housing.

Embodiment 194: The scanning system according to any one of the two preceding
embodiments, wherein the housing comprises at least one of a display, a button, a fastening
unit, a leveling unit.

Embodiment 195: A stereoscopic system comprising at least one tracking system according to
any one of the embodiments which refer to the tracking system and at least one scanning
system according to any one of the embodiments which refer to the scanning system, wherein
the tracking system and the scanning system each comprise at least one optical sensor which
are placed in a collimated arrangement in such a manner that they are aligned in an orientation
parallel to the optical axis of the stereoscopic system and, concurrently, exhibit an individual
displacement with respect to the orientation perpendicular to the optical axis of the stereoscopic
system.

Embodiment 196: The stereoscopic system according to the preceding embodiment, wherein
the tracking system and the scanning system each comprise at least one longitudinal optical
sensor, wherein the sensor signals of the longitudinal optical sensors are combined for
determining the item of information on the longitudinal position of the object.

Embodiment 197: The stereoscopic system according o the preceding embodiment, wherein
the sensor signals of the longitudinal optical sensors are distinguishabie with respect to each
other by applying a different modulation frequency.
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Embodiment 198: The stereoscopic system according to the preceding embodiment, wherein
the stereoscopic system further comprises at least one fransversal optical sensor, wherein the
sensor signals of the transversal optical sensor are used for determining the item of information
on the transversal position of the object.

Embodiment 199: The stereoscopic system according to the preceding embodiment, wherein a
stereoscopic view of the object is obtained by combining the item of information on the
longitudinal position of the object and the item of information on the transversal position of the
object.

Embodiment 200: A camera for imaging at least one object, the camera comprising at least one
detector according to any one of the preceding embodiments referring to a detector.

Embodiment 201: A method for an optical detection of at least one object, in particular by using
a detector according to any of the preceding embodiments relating to a detector, comprising the
following steps:
- generating at least one longitudinal sensor signal by using at least one longitudinal
optical sensor, wherein the longitudinal sensor signal is dependent on an illumination of
a sensor region of the longitudinal optical sensor by a light beam, wherein the
longitudinal sensor signal, given the same total power of the illumination, is dependent
on a beam cross-section of the light beam in the sensor region, wherein the sensor
region comprises at least one photoconductive material, wherein an electrical
conductivity of the photoconductive material in the sensor region, given the same total
power of the illumination, is dependent on the beam cross-section of the light beam in
the sensor region, wherein the longitudinal sensor signal is dependent on the electrical
conductivity; and
- generating at least one item of information on a longitudinal position of the object by
evaluating the longitudinal sensor signal of the longitudinal optical sensor.

Embodiment 202: The method according to the preceding embodiment, wherein the
photoconductive material is provided as a film comprising colloidal quantum dots {(CQD).

Embodiment 203: The method according to the preceding embodiment, wherein the CQD film is
deposited onto a first conductive layer.

Embodiment 204: The method according to the preceding embodiment, wherein the first
conductive layer comprises an at least partially transparent semiconducting material, preferably
selected from the group comprising an at least partially transparent semiconducting metal oxide,
a doped variant thereof, or a metal nanowire, wherein the transparent conducting oxide is,
particularly, selected from indium tin oxide (ITO)}, fluorine doped tin oxide (FTO), aluminum
doped zinc oxide (AZQO), magnesium oxide (MgQO), or a perovskite transparent conducting
oxide.
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Embodiment 205: The method according to any one of the three preceding embodiments,
wherein the CQD film is provided as a solution of the quantum dots in an unpolar organic
solvent, wherein the solvent is preferably selected from the group comprising octane, toluene,
cyclehexane, chlorobenzene, n-heptane, benzene, dimethylformamide (DMF), acetenitrile, and
chloroform, wherein the quantum dots are provided in a concentration from 10 mg/mi to 200
mg/ml, preferably from 50 mg/ml to 100 mg/ml, in the organic solvent.

Embodiment 206: The method according to any one of the four preceding embaodiments,
wherein the CQD film is provided as at least two separate layers.

Embodiment 207: The method according fo any one of the five preceding embodiments,
wherein the CQD film is provided by a deposition method, preferably by a coating method, more
preferred by a spin-coating method.

Embodiment 208: The method according fo the preceding embodiment, wherein the CQD film
undergoes a freatment with an crganic agent, wherein the organic agent is preferably selected
from the group comprising thioles and amines, in particular from 1,2-ethanedithiol (edt), 1,2-
and 1,3-benzenedithiol (bdt), and butylamine.

Embodiment 209: The method according to the preceding embodiment, wherein, after the
treatment with the organic agent, the CQD film is dried at a temperature from 50 °C to 250 °C,
preferably from 80 °C to 180 °C, more preferred from 100 °C to 120 °C.

Embodiment 210: The method according to any one of the seven preceding embodiments,
wherein a blocking layer is, firstly, directly deposited onto the first conductive layer until the
CQD film is deposited onto the blocking layer, wherein the blocking layer comprises a thin film
of an electrically conducting material, preferably titanium dioxide (TiO,) or zinc oxide (ZnO).

Embodiment 211: The method according to any one of the nine preceding embodiments,
wherein a second conductive layer is deposited onto the CQD film.

Embodiment 212: The method according to the preceding embodiment, wherein the second
conductive layer comprises an intransparent electrically conducting material, more preferred a
an evaporated metal layer or a graphene layer, wherein the evaporated metal layer, particularly,
comprises one or more of silver, aluminum, platinum, chromium, titanium, or gold.

Embodiment 213: The detector according to any one of the two preceding embodiments,
wherein the second conductive layer comprises a layer of an electrically conducting polymer, in
particular selected from poly(3,4-ethylenedioxythiophene) (PEDQOT) or a dispersion of PEDOT
and a polystyrene sulfonic acid (PEDOT:PSS), wherein a split electrode comprising contacts of
an evaporated metal or of graphene is, preferably, arranged on the layer of the electrically
conducting polymer, wherein the evaporated metal contacts, particularly, comprise one or more
of silver, aluminum, platinum, titanium, chromium, or goid.
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Embodiment 214: A use of a detector according to any one of the preceding embodiments
relating fo a detector for a purpose of, preferably simultaneously, determining a position, in
particular a depth of an object.

Embodiment 215: The use of a detector according to the previous embodiment, for a purpose of
use, selected from the group consisting of. a distance measurement, in particular in traffic
technology; a position measurement, in particular in traffic technology; an entertainment
application; a security application; a human-machine interface application; a tracking
application; a scanning application; a photography application; an imaging application or
camera application; a mapping application for generating maps of at least one space; a homing
or tracking beacon detector for vehicles; a distance and/or position measurement of objects with
a thermal signature (hotter or colder than background); a stereoscopic vision application; a
machine vision application; a robotic appiication.

Brief description of the figures

Further optional details and features of the invention are evident from the description of
preferred exemplary embodiments which follows in conjunction with the dependent claims. In
this context, the particular features may be implemented alone or with features in combination.
The invention is not restricted to the exemplary embodiments. The exemplary embodiments are
shown schematically in the figures. ldentical reference numerals in the individual figures refer to
identical elements or elements with identical function, or elements which correspond to one
another with regard to their functions.

Specifically, in the figures:

Figure 1 shows an exemplary embodiment of a detector according to the present
invention comprising a longitudinal optical sensor having a sensor region,
wherein the sensor region comprises a photoconductive material;

Figures 2A and 2B show exemplary embodiments of the longitudinal optical sensor having a
sensor region, wherein the sensor region comprises a photoconductive
material in an arrangement as a photoconductor;

Figures 3A to 3C show experimental results demonstrating the negative FiP effect by using
the longitudinal optical sensor having a sensor region, wherein the sensor
region comprises lead sulfide (PbS) as photoconductive material;

Figures 4A to 4D show further experimental results demonstrating the negative FiP effect
by using the longitudinal optical sensor having a sensor region, wherein
the sensor region comprises lead sulfide (PbS) as the photoconductive
material;
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shows further experimental results by using the lengitudinal optical sensor
having a sensor region, wherein the sensor region comprises lead sulfide
(PbS) as photoconductive material, wherein the FiP effect is observed
without applying a modulation to the incident light beam;

show further experimental results demonstrating the negative FiP effect
by using the longitudinal optical sensor having a sensor region, wherein
the sensor region comprises other photoconductive materials apart from
lead sulfide (PbS), i.e. lead selenide (PbSe; Figure 6A), a mixture of an
organic donor polymer and a fullerene-based electron acceptor material
{(Figures 6B to 6D), antimony trisulfide (Sb,Ss; Figures 6E to 6G), and p-
type doped crystalline silicon comprising a low dopant concentration and a
low defect density (Figure 6H);

show further exemplary emboediments of a transversal optical sensor
having a layer of a photoconductive material in the arrangement as a
photoconductor;

shows an exemplary embodiment of an optical detector, a detector
system, a human-machine interface, an entertainment device, a tracking
system and a camera according to the present invention.

shows a simulation of a change in a resistance of a longitudinal sensor
signal in a detector having an interconnected array of longifudinal optical
Sensors;

show a further exemplary embodiment of the longitudinal optical sensor in
the arrangement as a photodiode (Figure 10A) as well as experimental
results demonstrating the positive FiP effect obtained by using this
arrangement which comprises a layer of amarphous silicon {a-Si:H;
Figures 10B to 10E), of microcrystalline silicon (uc-Si; Figure 10F), and of
gallium phosphide (GaP; Figure 10G);

show further exemplary embodiments of the longitudinal optical sensor in
the arrangement as a thin-film solar cell being used as a photodiode
within the sensor region of a longitudinal optical sensor (Figures 11A and
11B), experimental results which demonstrate the occurrence of the FiP
effect in the photodiode comprising cadmium telluride (CdTe; Figure 11C),
zinc cadmium telluride (ZnCdTe; Figure 11D), copper indium gallium
selenide (CIGS; Figure 11E) or copper zinc tin sulfide (CZTS; Figures 11F
to 11H), as p-type absorber material; and a further exemplary
embodiment of a detector according to the present invention, wherein the
longitudinal optical sensor has a sensor region comprising a photodiode
(Figure 11J); and
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Figures 12A to 12D show further exemplary embodiments of different arrangements of
longitudinal optical sensors in which the photoconductive material within
the photodiode is provided as a film comprising quantum dots (Figures
12A, 12C and 12D), and experimental results which demonstrate the
occurrence of the FiP effect in the longitudinal optical sensor according to
Figure 12A (Figure 12B).

Exemplary embodiments

Figure 1 illustrates, in a highly schematic fashion, an exemplary embodiment of an optical
detector 110 according to the present invention, for determining a position of at least one object
112. The optical detector 110 may preferably be adapted to be used as an infrared detector.
However, other embodiments are feasible. The optical detector 110 comprises at least one
longitudinal optical sensor 114, which, in this particular embodiment, is arranged along an
optical axis 116 of the detector 110. Specifically, the optical axis 116 may be an axis of
symmetry and/or rotation of the setup of the optical sensors 114. The optical sensors 114 may
be located inside a housing 118 of the detector 110. Further, at least one transfer device 120
may be comprised, preferably a refractive lens 122. An opening 124 in the housing 118, which
may, particularly, be located concentrically with regard to the optical axis 116, preferably defines
a direction of view 126 of the detector 110. A coordinate system 128 may be defined, in which a
direction parallel or antiparalle! to the optical axis 116 is defined as a longitudinal direction,
whereas directions perpendicular to the optical axis 116 may be defined as transversal
directions. In the coordinate system 128, symbolically depicted in Figure 1, a longitudinal
direction is denoted by z and transversal directions are denoted by x and y, respectively.
However, other types of coordinate systems 128 are feasible.

Further, the longitudinal optical sensor 114 is designed to generate at least one longitudinal
sensor signal in a manner dependent on an illumination of a sensor region 130 by a light beam
132. Thus, according to the FiP effect, the longitudinal sensor signal, given the same fotal
power of the illumination, is dependent on a beam cross-section of the light beam 132 in the
respective sensor region 130, as will be outlined in further detail below. According fo the present
invention, the 130 sensor region comprises at least one photoconductive material 134, in
particular a chalcogenide 1386, preferably lead sulfide (PbS) or lead selenide (PbSe). However,
other photoconductive materials 134, in particular other chalcogenides 136, may be used, As a
result of the use of the photoconductive material 134 in the sensor region 130, an electrical
conductivity of the sensor region 130, given the same total power of the illumination, depends
on the beam cross-section of the light beam 132 in the sensor region 130. Consequently, the
resulting longitudinal sensor signal as provided by the longitudinal optical sensor 114 upon
impingement by the light beam 132 depends on the electrical conductivity of the
photoconductive material 134 in the sensor region 130 and thus allows determining the beam
cross-section of the light beam 132 in the sensor region 130. Via a longitudinal signal lead 138,
the longitudinal sensor signal may be transmitted to an evaluation device 140, which will be
explained in further detail below. Preferably, the sensor region 130 of the longitudinal optical
sensor 114 may be transparent or translucent with respect to the light beam 132 traveliing from
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the object 112 to the detector 110. However, this feature may not be required since the sensor
region 130 of longitudinal optical sensor 114 may also be intransparent.

In a preferred embodiment, the longitudinal optical sensor 114 may be located at a focal point
142 of the transfer device 120. Additionally or alternatively, in particular in embodiment in which
the optical detector 110 may not comprise a fransfer device 120, the longitudinal optical sensor
114 may be arranged in a movable fashion along the optical axis 116, such as by means of an
optional actuator 144, which may be controllable by using an actuator control unit 1486, which
may be placed within the evaluation device 136. However, other kinds of setups are feasible.

The evaluation device 140 is, generally, designed to generate at least one item of information
on a position of the object 112 by evaluating the sensor signal of the transversal optical sensor
114. For this purpose, the evaluation device 140 may comprise one or more electronic devices
and/or one or more software components, in order to evaluate the sensor signals, which are
symbolically denoted by a longitudinal evaluation unit 148 (denoted by “z"). As will be explained
below in more detail, the evaluation device 140 may be adapted to determine the at least one
item of information on the longitudinal position of the object 112 by comparing more than one

longitudinal sensor signals of the longitudinal optical sensor 114.

As explained above, the longitudinal sensor signal as provided by the longitudinal optical sensor
114 upon impingement by the light beam 132 depends on the electrical conductivity of the
photoconductive material 134 in the sensor region 130. In order to determine a variation of the
electrical conductivity of the photoconductive material 134 it may, as schematically depicted in
Figure 1, therefore be advantageous to measure a current, which may also be denominated a
“photocurrent”, through the longitudinal optical sensor 114. For this purpose, in a particularly
preferred embodiment, a bias voltage source 150 may be provided which may be configured to
provide a bias voltage above ground 152. Further, the longitudinal sensor signal as provided by
the longitudinal optical sensor 114 may first be amplified by application of an amplifier 154
before supplying it to the longitudinal evaluation unit 148.

The light beam 132 for illumining the sensor region 130 of the longitudinal optical sensor 114
may be generated by a light-emitting object 112. Alternatively or in addition, the light beam 132
may be generated by a separate illumination source 156, which may include an ambient light
source and/or an ariificial light source, such as a light-emitting dicde 158, being adapted to
illuminate the object 112 that the object 112 may be able to refiect at least a part of the light
generated by the illumination source 156 in a manner that the light beam 132 may be
configured to reach the sensor region 130 of the longitudinal optical sensor 114, preferably by
entering the housing 118 of the optical detector 110 through the opening 124 along the optical
axis 116. In a specific embodiment, the illumination source 156 may be a modulated light
source 160, wherein one or more modulation properties of the illumination source 156 may be
controlled by at least one optional modulation device 162. Alternatively or in addition, the
modulation may be effected in a beam path between the illumination source 156 and the object
112 and/or between the object 112 and the longitudinal optical sensor 114. Further possibilities
may be conceivable. In this specific embodiment, it may be advantageous taking info account



10

15

20

25

30

35

40

WO 2016/120392 103 PCT/EP2016/051817

one or more of the modulation properties, in particular the modulation frequency, when
evaluating the sensor signal of the transversal optical sensor 114 for determining the at least
one item of information on the position of the object 112. For this purpose, the respective
property as provided by the modulation device 162 may also be supplied to the amplifier 154,
which, in this specific embodiment, may be a lock-in amplifier 164.

Generally, the evaluation device 140 may be part of a data processing device 166 and/or may
comprise one or more data processing devices 166. The evaluation device 140 may be fully or
partially integrated into the housing 118 and/or may fully or partially be embodied as a separate
device which is electrically connected in a wireless or wire-bound fashion to the longitudinal
optical sensor 114. The evaluation device 140 may further comprise one or more additional
components, such as one or more electronic hardware components and/or one or more
software components, such as one or more measurement units and/or one or more evaluation
units and/or one or more controlling units (not depicted here).

Figures 2A and 2B show exemplary embodiments of the longitudinal optical sensor 114 in an
arrangement of a photoconductor. Accordingly, the longitudinal optical sensor 114 comprises a
layer 168 of at least one photoconductive material 134, in particular a chalcogenide 136,
preferably lead sulfide (PbS), lead selenide (PbSe), or another photoconductive material as
described elsewhere herein. The occurrence of the above-mentioned negative FiP effect in the
longitudinal optical sensor 114 comprising the layer 168 of lead sulfide (PbS), lead selenide
(PbSe), and or other photoconductive materials has been experimentally demonstrated as
illustrated in Figures 3A to 6, respectively. Preferably, the photoconductive material 134 is
placed on an insulating substrate 170, preferably on a ceramic substrate 172, in particular for
providing mechanical stability fo the layer 168 of the photoconductive material 134, which may
exhibit a thickness from 10 nm to 1000 pm, in particular from 100 nm to 10 pm.

As described above, the illumination of the photoconductive material 134 in the sensor region
130 by the incident light beam 132 results in a variation of the electrical conductivity of the
photoconductive material 134 which, given the same total power of the illumination, depends on
a beam cross-section 174 of the light beam 132 in the sensor region 130. Conseguently, upon
impingement of the sensor region 130 by the light beam 132 at least two separated electrodes
176, 178 provide the longitudinal sensor signal which depends on the electrical conductivity of
the photoconductive material 134 and, thus, allows determining the beam cross-section 174 of
the light beam 132 in the sensor region 130. Preferably, the optically intransparent electrodes
176, 178 each comprise a metal electrode, in particular one or more of a silver (Ag) electrode, a
platinum (Pt) electrode, an aluminum (Al) electrode, or a gold (Au) electrode, or, alternatively, a
graphene electrode. Herein, the electrodes 176, 178 are, preferably, placed on different
locations on top of the layer 168 of the photoconductive material 134, in particular in form of
bars which may be spaced apart a distance between 1mm and 10 cm, such as about 1 cm.

Whereas in the exemplary setup of the iongitudinal optical sensor 114 according to Figure 2A
the incident light beam 132 may directly impinge on the photoconductive material 134, in the
exemplary setup of the longitudinal optical sensor 114 according to Figure 2B the incident light
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beam 132 may first impinge on the substrate 170 until it may reach the sensor region 130 in the
photoconductive material 134. In this particular embodiment pursuant Figure 2B, the insulating
substrate 170, therefore, may advantageously be a transparent substrate 180 or at least a
translucent substrate 182, such as a glass substrate or a quartz substrate. In this case, a part of
the material may not be covered with the photoconductive materiai. Further, in the case a gold
{Au) electrode may be used, a thin layer of Ni/Cr or Ti/Ni may be employed in order to bond the
gold strongly to the glass substrate, thus, making it bondable for wires.

In an alternative embodiment, the layer 168 of the photoconductive material 134 within the
longitudinal optical sensor 114 comprises a mixture of an organic donor polymer as electron
donor material and a fullerene-based electron acceptor material. In a particular example, the
organic donor polymer comprises a 80:20 wt% mixture of poly(3-hexylthiophene-2,5.diyl)
(P3HT) as the electron donor material and of |G,6]-phenyl-C61-butyric acid methyl ester
(PCB0BM) as the electron acceptor material. However, other kinds of mixture ratios and/or
organic photoconductive materials 134 may also be suitable. Preferably, the single layer 168 of
the photoconductive material 134 comprising the mixture of P3HT: PC60BM is similarly placed
on the insulating substrate 170, preferably on the transparent or transiucent substrate 180, 182,
such as a glass or a quartz substrate. For this purpose, the mixture of P3HT ;: PC60BM may,
preferably, be cast from a solution, in particular from a chlorobenzene solution, by using a
deposition method, preferably a coating method, more preferred a spin-coating method, a slot-
ceating method, or a blade-coating method, or, alternatively, by evaporation, into the single
layer 168 which may exhibit a thickness from 100 pm to 2000 um, in particular from 200 pm to
750 pm.

Irrespective whether the embodiment according to Figure 2A or to Figure 2B may actually be
selected for the optical detector 110, both embodiments exhibit a comparatively simple and
cost-efficient setup of the longitudinal optical sensor 114, for example when compared to the
longitudinal optical sensor as exemplary depicted in WO 2012/110924 A1 or WO 2014/097181
A1. This result may, in particular, be atfributed to a lower number of layers which may here be
used in order to still provide a working embodiment for the longitudinal optical sensor 114.
However, other embodiments not depicted here may also be appropriate as the setup for the
longitudinal optical sensor 114 according to the present invention.

In Figures 3A to 3C, the occurrence of the above-mentioned negative FiP effect in the
exemplary embodiments of Figures 1 and 2 shall be experimentally demonstrated.

Herein, Figure 3A shows a so-called “FiP curve” as the experimental results in a setup in which
the sensor region 130 of the longitudinal optical sensor 114 comprised lead sulfide (PbS3) as the
photoconductive material 134. Herein, the setup of the optical detector 110 comprised a green
light-emitting diode (LED) 158 which was placed 80 cm in front of the refractive lens 122 and
which was simultaneously employed as both the illumination source 156 for the light beam with
an optical wavelength of 530 nm and the object 112. The sensor region 130 of the longitudinal
optical sensor 114 comprised the commercially availabie iead sulfide (PbS) photoconductive
material 134, which was operated under a 10 mV bias voltage provided by the bias voitage
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source 150. In this particular experiment, the light-emitting diode as the illumination source 156
was modulated with a modulation frequency of 375 Hz by using the modulation device 162.
Consequently, the longitudinal sensor signal was measured by using the lock-in amplifier 164.

During the experiment, the longitudinal optical sensor 114 was moved along the z-axis of the
optical detector 110 by using the actuator 144 and the resulting voltage in millivolts (mV) was
measured. Herein, the focal point 142 of the refractive lens 122 was located at a distance of
43.5 mm, whereby the refractive lens 122 and the light-emitting diode 158 serving as the
illumination source 156 were placed at larger z-values. Moving the sensor along the z-axis of
the optical detector 110 during the experiment resulted in a variation of the beam cross-section
(spot size) of the incident light beam 132 at the position of the sensor region 130, thus vielding a
z-dependent voltage signal.

As can be seen in Figure 3A, the FiP curve comprising the observable voltage which may be
attributed as the longitudinal sensor signal varied with the varying distance of the longitudinal
optical sensor 114 from the object 112 and comprises a distinct minimum in an event in which
the object 112 was focused on the longitudinal optical sensor 114, Thus, the optical detector
110 according to the present invention may be arranged in a manner that it clearly exhibits the
above-described negative FiP effect, i.e. the observation of a minimum of the longitudinal
sensor signal under a condition in which the material in the sensor region 130 is impinged by
the light beam 132 with the smallest possible cross-section, which occurs in this setup when the
sensor region 130 is located at the focal point 142 as effected by the refractive lens 122, i.e.
here at a distance of approximately 43.4 mm from the refractive lens 122,

In the experiment according to Figure 3B, the same setup as in the previous experiment
pursuant to Figure 3A was used. Herein, the experiment as performed above with respect to
Figure 3A was repeated several times, wherein the light-emitting diode 158 serving as the
ilumination source 156 was being placed at different distances from the refractive lens 122. The
recorded FiP curves are presented in Figure 3B. As a result, the minimum of the recorded
voltage attributed as the longitudinal sensor signal varied with varying distance of the light-
emitting diode 158 from the refractive lens 122.

As can be, furthermore, extracted from Figure 3B, the absolute vaiues of the recorded voltage
also increases with increasing distance of the light-emitting diode 158 from the refractive lens
122. Therefore, it may be useful to divide all vaiues of an individual observed FiP curve by the
value of the observed FiP curve acquired for a condition in which the sensor region 130 is
located at a distance where the z-coordinate equals the focal distance of the refractive lens 122.
As a result, the following graph as displayed in Figure 3C is obtained. Herein, all normalized FiP
curves have a minimum value of approximately 0.55 mV, and a value of 1.0 at a value of the z-
coordinate of 43.4 mm, i.e. where the z-coordinate equals the focal distance of the refractive
lens 122. This observation clearly demonstrates that the so-called *Iso-FiP relation” still holds in
the case the photoconductive material 134 is used for sensing in the sensor region 130. As
used herein, the “Iso-FiP relation” refers to a presentation in which the longitudinal sensor signal
curves for different focus positions may be normalized to a corresponding iongitudinal sensor
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signal of the focal longitudinal optical sensor. On further details, reference may be made to the
European patent application, EP 14 176 112.2, filed 08.07.2014, whose contents are included
herein by reference. Consequently, two to three longitudinal optical sensors are sufficient to
detect a distance without any ambiguity.

Figures 4 A to D show experimental results of further measurements in which the sensor region
130 of the longitudinal optical sensor 114 comprised lead sulfide (PbS) as the photoconductive
material 134. Again, the setup of the optical detector 110 comprised a green light-emitting diode
(LED) 158 which was placed 80 cm in front of the refractive lens 122 and which was, again,
simultaneously employed as both the illumination source 156 for the optical wavelength of 530
nm and the object 112. The longitudinal optical sensor 114 with the photoconductive material
134 lead sulfide (PbS) was operated under a 10 V bias voltage provided by the bias voltage
source 150. In this particular experiment, the light-emitting diode 158 was again used as the
illumination source 156 which was modulated with a modulation frequency by means of the
modulation device 162, wherein, however in contrast to the experiments as performed
according to Figures 3A to C, different values for one of the photocurrent and the modulation
frequency were applied. Consequently, the longitudinal sensor signal was, again, measured by
using the lock-in amplifier 164.

Whereas Figure 4A shows the actual FiP curves as recorded under these conditions, wherein
the modulation frequency was set to 375 Hz and the photocurrents have been varied between a
minimum value of 1 mA and a maximum value of 1000 mA, Figure 4B displays the respective
normalized actual FiP which, again, demonstrate the validity of the Iso-FiP relation under these
circumstances.

In Figures 4C and 4D, the FiP currents in focus (Figure 4C) and out of focus (Figure 4D) are
recorded at a varying modulation frequency. The modulation frequencies are plotted on the x-
axis in Hertz. The FiP-currents in focus are plotted on the y-axis. All curves were normalized to
the value at 0 Hz. Both axis are plotted on a logarithmic scale. The different curves were
recorded at varying currents which were applied for the LED-target (1mA — 1000mA).
Additionally, an organic sensor curve is shown for comparison in Figure 4C. The curves show
that the FiP-signals are not substantially affected by increasing the modulation frequency to
more than 500 Hz. This result is independent of the light intensity and the focus position.

in measurement according to Figure 5 the same setup as for the measurement pursuant to
Figures 3A to 3C was employed, wherein, however, no modulation was applied so that the
green light-emitting diode 158 emitted a light beam 132 which exhibited an optical wavelength
of 530 nm in a continuous intensity. Herein, the longitudinal sensor signal was recorded by
using the amplifier 154 and an oscilloscope. Thereby, the observable residual modulation in the
photocurrent in Figure 5 may be caused by an electromagnetic interference into the amplifier
circuit through the power line and not by the non-existing modulation of the incident light beam
132. The observable decreasing of the intensity at both sides of the curve as shown in Figure 5
may be attributed to the fact that, by increasing the spot size at the sensor region 130, at some
point the spot size exceeds the area of the sensor region 130. Nevertheless, Figure 5 clearly
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demonstrates that the occurrence of the FiP effect does not require the presence of a
modulation.

Figure 6 demonstrates that the measurements according to Figures 3 to 5 which have been
performed in lead sulfide {(PbS) as the applied photoconductive material 134 in the arrangement
of the photoconductor within the sensor region 130 of the longitudinal optical sensor 114 may
also be performed by using another photoconductive material 134 apart from PbS.

Accordingly, the photoconductive material 134 as used for the experiments as shown in Figure
B6A comprises the selenide chalcogenide lead selenide (PbSe) in the sensor region 130. Similar
to the measurements according to Figure 3A, again, the setup of the optical detector 110
comprised a light-emitting diode 158 which was placed 80 cm in front of the refractive lens 122
and which was, again, simultaneously employed as both the object 112 and the illumination
source 156. This time, however, and in accordance with the known absorption spectrum of lead
selenide (PbSe), the optical wavelength of 1050 nm which is located in the near infrared (NIR)
spectral range was applied. The longitudinal optical sensor 114 with the photoconductive
material 134 lead selenide (PbSe) was operated under a 10 V bias voltage which was provided
by the bias voltage source 150. Again, the light-emitting diode 158 as the illumination source
156 was modulated with the modulation frequency of 375 Hz by using the modulation device
162. Consequently, the longitudinal sensor signal was, again, measured by using the lock-in
amplifier 164. The result is the FiP curve as depicted in Figure 6A which, again, demonstrates
the occurrence of the negative FiP effect in this kind of materials.

Figures 6B and 6C show experimental results in which the layer 168 in the sensor region 130 of
the longitudinal optical sensor 114 comprised the above-mentioned 80:20 wt% mixture of P3HT:
PC60BM as the organic photoconductive material 134. Herein, three different samples were
used being distinguishabie from each other by the corresponding thickness o of the layer 168 of
the organic photoconductive material 134. As indicated in the Figures, the respective thickness
of the layer 168 amounted to ¢= 430 um, ¢= 580 pm, and ¢= 1500 pm.

Similar to the measurements according to Figures 3A and 6A, the setup of the optical detector
110 comprised a light-emitting diode 158 emitting an optical wavelength of 530 nm which was
placed in front of the refractive lens 122 and which was simuitaneously employed as both the
object 112 and the illumination source 156. The longitudinal optical sensor 114 comprising the
organic photoconductive material 134 was operated under a 10 V bias voltage which was
provided by the bias voltage source 150. Further, the light-emitting diode 158 as the illumination
source 156 was modulated by using a modulation frequency of 43 Hz provided by the
modulation device 162, while the longitudinal sensor signal was, consequently, recorded by use
of the lock-in amplifier 164.

As a result, the curves in both Figure 6B and 6C show that the observable photo-induced
current which may be considered as the longitudinal sensor signal varied with a varying
distance of the longitudinal optical sensor 114 from the object 112, thereby comprising a distinct
minimum in an event in which the object 112 was focused on the longitudinal optical sensor
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114. Thus, the optical detector 110 clearly exhibited the negative FiP effect, i.e. the observation
of a minimum of the longitudinal sensor signatl under a condition in which the organic
photoconductive material 134 in the sensor region 130 is impinged by the tight beam 132 with
the smallest possibie cross-section, which occurs in this setup when the sensor region 130 is
located at the focal point 142 as effected by the refractive lens 122, i.e. at a distance of
approximately 20 mm from the refractive lens 122. Further, by shifting the longitudinal optical
sensor 114 up to 12.5 mm away from the focal point in both directions along the optical axis 116
the size of the light spot was filling most of the area of the sensor region 130 between the
electrodes 176, 178.

The ratio rwhich provides a guotient between the photo-induced current of the sensor region
130 being located at the focal point 142 to the sensor region 130 outside the focal point 142
assumes a value from 4 to 5 as indicated in Figure 6B. The ratio r could, however, be increased
to a value more than 8 in a further experiment as depicted in Figure 6C in which the same
samples were used as for the experiment of Figure 6B after they had been exposed to a
halogen lamp in air, which is known to cause a doping of the organic photoconductive material
P3HT: PCE0BM. As can further be derived from both Figures 6B and 6C, generally, the ratio r
assumes a high value, in particular since the photo-induced current nearly seem to vanish when
the sensor region 130 becomes located near the focal point 142.

Further, Figure 6D shows that the observable photo-induced current as the longitudinal sensor
signal is a distinct function of the modulation frequency fof the incident light beam. For this
purpose, a single sample was used in which the layer 168 in the sensor region 130 of the
longitudinal optical sensor 114 comprised the above-mentioned 80:20 wt% mixture of P3HT:
PC60BM as the organic photoconductive material 134 and exhibited a thickness of = 430 pm.
Accordingly, Figure 6D displays three different curves whereof two were recorded under
different illumination conditions:

- with illumination by the light-emitting diode 158 emitting a wavelength of 530 nm;

indicated as “illuminated”; and

- without illumination; indicated as “dark”; and
with the third curve indicated as “difference” provides the difference between the respective
values for the illuminated curve minus the values for the dark curve. As can be derived from a
comparison of the three different curves in Figure 6D, the measured signal proved to be
undistinguishable from a noise level of the setup at a frequency above approximately 1 kHz.
On the other hand, at a frequency below approximately 50 Hz, a signal-to-noise-ratio of
approximately 100 can be observed. It may be mentioned that the obtained peak at a frequency
of 50 Hz can be attributed to the frequency of the mains supply. Thus, the longitudinal optical
sensors 114 in which the layer 168 in the sensor region 130 comprises the above-mentioned
mixture of P3HT: PC60BM as the organic photoconductive material 134 may, particularly, be
used for a determination of the FiP effect at a frequency below 100 Hz, preferably below 50 Hz.
In this frequency range the noise seems to be considerably low, in particular due to a virtually
zero leakage current in this kind of materials.
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Figures 6E to 6G illustrate further experimental examples in which the photoconductive material
134 within the sensor region 130 comprises a layer 168 of antimony trisulfide (Sb,S3). In the
particular example as shown in Figures 6E and 6F, the layer 168 of the Sb.S; exhibited a
thickness of 400 nm and was sandwiched by a silver (Ag) electrode 176, 178 and a silver(l)
selenide (Ag2Se) substrate 170. Herein, the longitudinal optical sensor 114 was operated under
either a 5 V bias voltage across the longitudinal optical sensor 114 comprising this sample (see
Figure 6E, dashed line) or, alternatively, without an application of the bias voltage (see Figure
6E, solid line; and Figure 6F in amplified depiction}. The FiP curves recorded without the
application of a bias voltage in Figures 6F and 6G demonstrate that the longitudinal optical
sensor 114 behaves here as a Schottky diode as, for example, described by J.P. Clifford et al.,
s. 0. Accordingly, the incident light beam 132 may generate charge carriers, i.e. electrons and
holes, within the layer 168 of the antimony trisulfide. Herein, the charge carriers may be
collected at the boundaries towards both the silver{l)seienide substrate 170 and the silver
electrode 176, 178. Thus, a depletion region may be formed within the layer 168 of the
antimony trisulfide towards a Schottky barrier that may be located at an interface between the
silver electrode 176, 178 and the layer 168 of the antimony trisulfide. Again, the light-emitting
diode 158 as the illumination source 156 was modulated with the modulation frequency of 375
Hz by applying the modulation device 162 using 100 ms long current pulses with an amplitude
of 1000 mA. Consequently, the longitudinal sensor signal was, again, measured by using the
lock-in amplifier 164. In both cases, the result are the FiP curves as depicted in Figures 6E and
6F which, again, demonstrate the occurrence of the negative FiP effect under the mentioned
conditions in this kind of material.

In contrast thereto, in the example as shown in Figure 6G, the layer 168 of the antimony
trisulfide exhibited a thickness of 1.3 ym and was sandwiched by a silver (Ag) electrode 176,
178 and a transparent indium tin oxide (ITO) substrate 170. Probably due o a higher intensity
of the illumination with respect to the sample which had been used for recording the curves in
Figures 6E& and 6F, a positive FIP effect could be monitored here without an application of a
bias voltage across the longitudinal optical sensor 114 comprising this sample. Again, Figure
6G demonstrates that the longitudinal optical sensor 114 comprising this embodiment of the
layer 168 of the antimony trisulfide behaves here as a Schottky diode similar as in the example
presented in Figure 6F. Further, it may be mentioned that the increase in current as shown in
Figure 6G for short distances below approx. 13 mm as well as for large distances above approx.
24 mm may, similar to Figure 5, originate from a geometrical effect that, by increasing the spot
size at the sensor region 130, at some point the spot size exceeds the area of the sensor region
130.

Finally, Figure 6H illustrates further experimental results for which a 15 mm x 15 mm doped
crystalline silicon (Si) sample comprising a low dopant concentration and a low defect density
was employed and furnished with contacts in a manner of a photoconductor in order o provide
a silicon-based photoconductor which exhibited a high resistivity, a high charge-carrier lifetime,
and a low surface recombination rate. As described above, the photoconductive material may
here be contacted by an Ohmic contact, thus, providing an electrical junction which may exhibit
a linear current-voltage ratio according to Ohm's law but does not comprise any photovoltaic
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properties. For this purpose, the silicon sample showing an electrical resistivity from 770 to
2020 O-cm was used. The experimental results as depicted in Figure 6H were obtained by
applying a bias voltage of 10 V across the longitudinal optical sensor 114 comprising this
sample, thereby using two different wavelengths for the illumination, i.e. 530 nm (solid line} and
850 nm (dashed line), in order to investigate the behavior of this sample in the visual and the
infrared spectral range, respectively. In both spectral ranges, the negative FIP effect could be
cbserved.

As described above, the optical detector 110 may comprise a single longitudinal optical sensor
114 or, as e.g. disclosed in WO 2014/097181 A1, a stack of longitudinal optical sensors 114,
particularly in combination with one or more transversal optical sensors 184. Hereby, using a
tayer of the organic photoconductive materials in the longitudinal optical sensors 114 may,
particularly, by preferred, mainly due to the transparency, semitransparency or translucency of
the organic photoconductive materials. As an example, one or more transversal optical sensors
184 may be located on a side of the stack of longitudinal optical sensors 114 facing towards the
object. Alternatively or additionally, one or more transversal optical sensors 184 may be located
on a side of the stack of longitudinal optical sensors 114 facing away from the object. Again,
additionally or alternatively, one or more transversal optical sensors 184 may be interposed in
between the longitudinal optical sensors 114 of the stack. However, embodiments which may
only comprise a single longitudinal optical 114 sensor but no transversal optical sensor 184 may
still be possible, such as in a case wherein only determining the depth, i.e. the z-coordinate, of
the object may be desired.

Thus, in a case in which determining the x- and/or y-coordinate of the object in addition to the z-
coordinate may be desired, it may be advantageous to employ, in addition to the at one
longitudinal optical sensor 114 at least one transversal optical sensor 184 which may provide at
least one transversal sensor signal. For potential embodiments of the transversal optical sensor,
reference may be made to WO 2014/097181 A1. Accordingly, the transversal optical sensor
184 may be a photo detector having at least one first electrode, at least one second electrode
and at least one photovoltaic material, wherein the photovoltaic material, preferably, one or
more dye-sensitized organic solar cells, such as one or more solid dye-sensitized organic solar
cells, may be embedded in between the first electrode and the second electrode.

In contrast to this known embodiment, Figure 7A shows a side view of a preferred exemplary
embodiment of the transversal optical sensor 184 pursuant to the present invention.
Accordingly, the transversal optical sensor 184 has a layer 168 of the photoconductive material
134 which, in particular comprises a chalcogenide 136, such as lead sulfide (PbS), lead
selenide (PbSe), or another appropriate material. Herein, the layer 168 of the photoconductive
material 134 may, preferably, be embedded in between twe layers 186 of a transparent
conducting oxide 188, preferably comprising indium tin oxide (1TQ), fluorine doped tin oxide
(FTO), or magnesium oxide {(MgQ). However, other material may be feasible, in particular
according to the desired transparent spectral range.
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Further, at least two electrodes 190, 192 may be present for recording the transversal optical
signai. As schematically depicted in the side view of the of the transversal optical sensor 184
according to Figure 7B, at least of the electrodes 190, 192 of the transversal optical sensor 184
may be a split electrode having at least two partial electrodes 194, 196, wherein the transversal
optical 184 sensor may have a sensor area 198, wherein the at least one transversal sensor
signal may indicate a x- andfor a y-position of the incident light beam 132 within the sensor area
198 in a similar manner as described for the transversal optical sensor 184 as disclosed in WO
20147097181 A1. Accordingly, the transversal optical sensor 184 may comprise the sensor area
198, which, preferably, may be fransparent to the light beam 132 travelling from the object 112
to the detector 110. The transversal optical sensor 184 may, therefore, be adapted o determine
a transversal position of the light beam 132 in one or more transversal directions, such as in x-
and/or in y-direction. For this purpose, the at least one transversal optical sensor 184 may
further be adapted to generate at least one transversal sensor signal. Thus, the evaluation
device 140 may be designed to generate at least one item of information on a transversal
position of the object 112 by evaluating the transversal sensor signal of the longitudinal optical
sensor 184.

As an example, Figure 8 shows an exemplary embodiment of a detector system 200,
comprising at least one optical detector 110, such as the optical detector 110 as disclosed in
one or more of the embodiments shown in Figures 1 to 7 and 9 to 12. Herein, the optical
detector 110 may be employed as a camera 202, specifically for 3D imaging, which may be
made for acquiring images and/or image sequences, such as digital video clips. Further, Figure
8 shows an exemplary embodiment of a human-machine interface 204, which comprises the at
least one detector 110 and/or the at least one detector system 200, and, further, an exemplary
embodiment of an entertainment device 206 comprising the human-machine interface 204,
Figure 8 further shows an embodiment of a tracking system 208 adapted for tracking a position
of at least one object 112, which comprises the detector 110 and/or the detector system 200.

With regard to the optical detector 110 and to the detector system 200, reference may be made
to the full disclosure of this application. Basically, all potential embodiments of the detector 110
may also be embodied in the embodiment shown in Figure 8. The evaluation device 140 may
be connected to each of the at least two longitudinal optical sensors 114, in particular, by the
signal leads 138. As described above, a use of two or, preferably, three longitudinal optical
sensors 114 may support the evaluation of the longitudinal sensor signals without any
remaining ambiguity. The evaluation device 140 may further be connected to the at least one
optional transversal optical sensor 184, in particular, by the signal leads 138. By way of
example, the signal leads 138 may be provided and/or cne or more interfaces, which may be
wireless interfaces and/or wire-bound interfaces. Further, the signal leads 138 may comprise
one or more drivers and/or one or more measurement devices for generating sensor signals
and/or for modifying sensor signals. Further, again, the at least one transfer device 120 may be
provided, in particular as the refractive lens 122 or convex mirror. The optical detector 110 may
further comprise the at least one housing 118 which, as an example, may encase one or more
of components 114, 184.
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Further, the evaluation device 140 may fully or partially be integrated into the optical sensors
114, 184 and/or into other components of the optical detector 110. The evaluation device 140
may also be enclosed into housing 118 and/or into a separate housing. The evaluation device
140 may comprise one or more electronic devices and/for one or more software components, in
order to evaluate the sensor signals, which are symbolically denoted by the longitudinal
evaluation unit 148 (denoted by “Z"} and a transversal evaluation unit 210 (denoted by “xy™) and.
By combining results derived by these evolution units 154, 156, a position information 212,
preferably a three-dimensional position information, may be generated (denoted by “x, vy, z").
Similar to the embodiment according to Figure 1, a bias voltage source 150 may be provided
configured to provide a bias voltage above ground 152. Further, the longitudinal sensor signals
as provided by the longitudinal optical sensors 114 may first be amplified by means of an
amplifier 154 before supplying it to the longitudinal evaluation unit 148.

Further, the optical detector 110 and/or to the detector system 200 may comprise an imaging
device 214 which may be configured in various ways. Thus, as depicted in Figure 8, the imaging
device 214 can for example be part of the detector 110 within the detector housing 118. Herein,
the imaging device signal may be transmitted by one or more imaging device signal leads 138
to the evaluation device 140 of the detector 110. Alternatively, the imaging device 214 may be
separately located outside the detector housing 118. The imaging device 214 may be fully or
partially transparent or intranspareni. The imaging device 214 may be or may comprise an
organic imaging device or an inorganic imaging device. Preferably, the imaging device 214 may
comprise at least one matrix of pixels, wherein the matrix of pixels may particularly be selected
from the group consisting of: an inorganic semiconductor sensor device such as a CCD chip
and/or a CMOS chip; an organic semiconductor sensor device.

In the exemplary embodiment as shown in Figure 8, the object 112 to be detected, as an
example, may be designed as an article of sports equipment and/or may form a control element
216, the position and/or orientation of which may be manipulated by a user 218. Thus,
generally, in the embodiment shown in Figure 8 or in any other embodiment of the detector
system 200, the human-machine interface 204, the entertainment device 206 or the tracking
system 208, the object 112 itself may be part of the named devices and, specifically, may
comprise the at least one control element 216, specifically, wherein the at least one control
element 216 has one or more beacon devices 220, wherein a position and/or orientation of the
control element 216 preferably may be manipulated by user 218. As an example, the object 112
may be or may comprise one or more of a bat, a racket, a club or any other article of sports
equipment and/cr fake sports equipment. Other types of objects 112 are possible. Further, the
user 218 may be considered as the object 112, the position of which shall be detected. As an
example, the user 218 may carry one or more of the beacon devices 220 attached directly or
indirectly to his or her body.

The optical detector 110 may be adapted to determine at least one item on a longitudinal
position of one or more of the beacon devices 220 and, optionally, at least one item of
information regarding a transversal position thereof, and/or at least one other item of information
regarding the longitudinal position of the object 112 and, optionally, at least one item of
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information regarding a transversal position of the object 112. Particularly, the optical detector
110 may be adapted for identifying colors and/or for imaging the object 112, such as different
colors of the object 112, more particularly, the color of the beacon devices 220 which might
comprise different colors. The opening 124 in the housing 118, which, preferably, may be
located concentrically with regard to the optical axis 116 of the detector 110, may preferably
define a direction of a view 126 of the optical detector 110.

The optical detector 110 may be adapted for determining the position of the at least one object
112. Additionally, the optical detector 110, specifically an embodiment including the camera
202, may be adapted for acquiring at least one image of the object 112, preferably a 3D-image.
As outlined above, the determination of a position of the object 112 and/or a part thereof by
using the optical detector 110 and/or the detector system 200 may be used for providing a
human-machine interface 204, in order to provide at least one item of information to a machine
222. In the embodiments schematically depicted in Figure 8, the machine 222 may be or may
comprise at ieast one computer and/or a computer system comprising the data processing
device 166. Other embodiments are feasible. The evaluation device 140 may be a computer
and/or may comprise a computer and/or may fully or partially be embodied as a separate device
and/or may fully or partially be integrated into the machine 222, particularly the computer. The
same holds true for a track controller 224 of the tracking system 208, which may fully or partially
form a part of the evaluation device 140 and/or the machine 222.

Similarly, as outlined above, the human-machine interface 204 may form part of the
entertainment device 206. Thus, by means of the user 218 functioning as the object 112 and/or
by means of the user 218 handiing the object 112 and/or the control element 216 functioning as
the object 112, the user 218 may input at least one item of information, such as at least one
control command, into the machine 222, particularly the computer, thereby varying the
entertainment function, such as controlling the course of a computer game.

Figure 9 shows a simulation of a change in a resistance in percent of the longitudinal sensor
signal in a detector which comprises an interconnected array of individual photoconductors as
the longitudinal optical sensor 114, in Figure 9, the resistance for an entire grid comprising the
interconnected array is depicted for a number of focusing steps, starting from the fully
illuminated array and, consecutively, increasing the focus of the light beam 132 step-by-step,
thereby, however, maintaining the incident power of the illumination for each of the levels from
50 mW to 1000 mW as indicated. Hereby, the value of the resistance for the first step which
corresponds fo the fully illuminated array was used as a reference.

For this simulation, a resistor network software was initially compared with experimental results
for photoconductors comprising PbS as the photoconductive material in the longitudinal optical
sensor. After having achieved reasonable agreement between simulation and experiment, an
interconnected array of individual photoconductors was employed for simulation. Herein, the
array yielded an aggregate DC resistance which turned out to be non-linear with respect to the
illumination density as long as not all of the individual photoconductors were iliuminated equally.
This feature could even be observed in a case in which the individual photoconductors exhibit a
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perfectly linear resistive response to the illumination density. Consequently, this feature could
be employed to determine the cross-section of the light beam 132 on the array within the sensor
region 130 and, hence, the distance between the detector 110 and the source of the light or IR
radiation, even within the LWIR spectral range, i.e. from 5 pym to 15 ym. For the purposes of the
simulation, a Gaussian profile was assumed for the light beam 132, which, at the first step,
significantly overfilled the array until it was consecutively reduced in diameter in the following
steps.

Figure 10A shows a further exemplary embodiment of an arrangement of the longitudinal optical
sensor 114. Herein, the longitudinal optical sensor 114 has a layer 226 of a material capabie of
sustaining an electrical current located between a first electrode 228 and a second electrode
230. Herein, the sensor region 130 comprises the material being capable of sustaining an
electrical current, wherein the electrical current of the material, given the same total power of
the illumination, is dependent on the beam cross-section of the light beam 132 in the sensor
region 130. In particular for enabling the light beam 132 to reach the layer 226, the first
electrode 228 being located within the beam path 232 of the incident light beam 132 is at least
partially optically transparent. Preferably, the at least partially optically transparent first electrode
228 may, thus, comprise one or more transparent conductive oxides (TCO), in particular indium-
doped tin oxide (ITO). The second electrode 230, also denominated as “back electrode”, was
here selected to be optically intransparent, and may, thus, comprise a metal electrode. As
schematically depicted in Figure 10A, the second electrode 230 may, herein, comprise a
uniform metal layer. Alternatively, the second electrode 230 may be a split electrode which
might be arranged as a number of partial electrodes or in form of a metallic grid. In this
embodiment, the layer 226 is exemplarily arranged in order to form a PIN diode 234. As shown
in Figure 10A, the PIN diode 234 comprises an i-type semiconductor layer 236 being located
between an n-type semiconductor layer 238 and a p-type semiconductor layer 240. In particular,
the i-type semiconductor layer 236 exhibits a thickness which exceeds the thickness of the n-
type semiconductor layer 238 as well as of the p-type semiconductor layer 240.

In the example as depicted in Figure 10B, all three layers, i.e. the i-type, the n-type, and the p-
type semiconductor layers 236, 238, 240, comprised optically transparent hydrogenated
amorphous silicon (a-Si;H). Herein, the thickness of the i-type semiconducting layer was
approx. 690 nm while the thickness of both the n-type and the p-type semiconductor layer was
below 50 nm. The PIN diode 234 which comprises a-Si and/or a-Si:H in at least one of the
semiconductor layers 236, 238, 240 may preferably be employed in the detector 110 in a case
in which the incident beam 132 has a wavelength within the visual spectral range, especially
from 380 nm to 700 nm.

As shown in Figure 10B, the positive FiP effect could be observed in the longitudinal sensor 114
comprising the arrangement as schematically depicted in Figure 10A. Herein, for a modulation
frequency of 375 Hz, resulting FiP curves, i.e. ac photocurrents | in nA vs. a distance d of the
fongitudinal optical sensor 114 from the object 112, are presented for a number of different
Hlumination intensities, which are given in control currents in mA as required for controliing an
light-emitting diode 158 as the modulated illumination source 160. it is emphasized here that a
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control current of 1 mA for controiling the light-emitting diode 158 corresponds to a very weak
5 nA longitudinal sensor signal. Thus, Figure 10B further demonstrates that a considerably high
signal-to-noise ratio compared to other known FiP devices could be observed here.

Moreover, as can be derived from Figure 10C, the ac current | as the longitudinal sensor signal
exhibits a substantially frequency-independent behavior in a range of a modulation frequency 7
of the light beam of 0 Hz to 50 kHz. Herein, the solid lines represent the respective curves in an
in-focus position while the dashed lines refer to a 2 cm out-of-focus position. The various curves
relate to various settings of a bias current from 1 mA to 367 mA. The curves as presented here
are all taken without room light.

Further, Figure 10D illustrates a variation of the FIP curves as observed for different modulation
frequencies of 27 Hz (solid line), 375 Hz (dashed line}, and 2177 Hz (dotted line), whereby the
modulation current of 62 mA and the illumination wavelength of 530 nm were kept constant. No
bias voltage was applied here to the sample. Further, from Figure 10E it can be derived that the
amplitude of the optical transmission for the optically transparent a-Si:H depends over a
wavelength range from 500 nm to 800 nm on the thickness of the i-type semiconducting layer.
As illustrated in Figure 10E, the transmission optical depends on the thickness of the optically
transparent hydrogenated amorphous silicon (a-Si:H). Herein, i denotes a thickness of the
optically transparent layer of 230 nm, whereas 2i refers to a thickness of 460 nm and 3ito a
thickness of 630 nm.

in an alternative embodiment (not depicted here), at least one of the i-type semiconductor layer
236, the n-type semiconductor layer 238, and the p-type semiconductor layer 240 in the PIN
diode 234 comprises an amorphous silicon carbon alioy (a-SiC), preferably a hydrogenated
amorphous silicon carbon alloy (a-SiC:H). In this aliernative embodiment, at least one of the p-
type semiconductor layer 240 or the i-type semiconductor layer 236 may exhibit a thickness
from 2 nm fo 20 nm, preferably from 4 nm to 10 nm, in particular about 5 nm. This kind of
alternative PIN diode 234 may preferably be used in the detector 110 according to the present
invention for detecting a wavelength of the incident beam 132 within the UV wavelength range,
in particular, completely over at least one of UVA wavelength range from 315 nm to 400 nm and
the UVB wavelength range from 280 nm to 315 nm.

in a further alternative embodiment as iliustrated in Figure 10F, at least one of the three kinds of
the layers, preferably all of the three kinds of the layers, i.e. the i-type semiconductor layer 236,
the n-type semiconductor layer 238, and the p-type semiconductor layer 240 in the PIN diode
234, comprise a microcrystalline silicon (uc-Si), preferably a hydrogenated microcrystaliine
silicon (uc-Si:H). Alternatively {not depicted here), an amorphous alloy of germanium and silicon
(a-GeSi), preferably a hydrogenated amorphous germanium silicon alloy (a-GeSi:H), can also
be used . This further kind of alternative PIN diode 234 may preferably be suitable for detecting
wavelengths within the NIR wavelength range from 760 nm to 1400 nm, in particular from 760
nm to 1000 nm. Therefore, the curve as shown in Figure 10F has been recorded by using an
illumination source with the wavelength of 850 nm and the modulation frequency of 375 Hz. The
longitudinal optical sensor 114 equipped with this kind of alternative PIN diode 234 may, in
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particular, be employed for night vision or fog vision or in case animals or human being may be
left undisturbed for any reason by using an NIR illumination source.

In order to enable the longitudinal optical sensor 114 also to be sensitive within at least a part of
the ultraviolet (UV) spectral range, a further alternative embodiment, such as depicted in Figure
10G where a gallium phosphide {GaP) photodiode has been used, may be employed. As known
to the skilled person, the material GaP exhibits a non-negligible spectral response within the
spectral range from about 140 nm to 580 nm and may, therefore, employed for this purpose.
Accordingly, the curve as depicted in Figure 10G has been recorded by using an illumination
wavelength of 490 nm, wherein the light-emitting diode was driven with a current of 100 mA.
However, further materials which may exhibit a different non-negligible spectrai response within
at least a part of the UV spectral range may also be feasible.

Figure 11A illustrates a further preferred example of the optical detector 110 in a further
arrangement in which the longitudinal optical sensor 114 exhibits a device structure of a typical
thin-film solar cell 242, wherein the p-type semiconductor layer 240 comprises a p-type
absorber material 244 as described above. Preferably, a I-llI-VIl; compound, in particular copper
indium sulifide (CulnS;; CIS) or copper indium gallium selenide (CIGS; see Figure 11E), or a
tz-1I-1V-Vls compound, in particular copper zinc tin sulfide (CZTS; see Figures 11F to 11H),
copper zinc tin selenide (CZTSe), or a copper-zinc-tin sulfur-selenium chalcogenide (CZTSSe)
and doped variants of all of them may be applied for this purpose. Alternatively, a halide
perovskite compound, in particular an organic-inorganic halide perovskite, especialiy
methylammonium lead iodide (CHsNH3Pbls), may also be employed. However, further
examples, wherein cadmium telluride (CdTe; see Figure 11C) or zinc cadmium telluride
{ZnCdTe; see Figure 11D} have been used as the p-type absorber material 244, demonstrate
that the concept as presented here is more general.

Herein, a glass of about of a thickness of 1 mm to 3 mm, such as a soda-lime glass, may here,
as commonly, used as the transparent substrate 170, 180, in particular since a presence of
sodium in the glass substrate aliowing vielding a substantial open-circuit voltage increase,
presumably through surface and/or grain boundary defects passivation. However, as in this
example as depicted in Figure 11A in which the beam path 232 of the incident light beam 132
may not traverse the substrate 170, which, therefore, may not require to be transparent, other
kinds of substrates 170 may also be feasible, in particular lighter and more flexible substrates,
such as polyimide sheets or metal foils.

A back-contact layer 246 which can serve as the back contact and, additionally, may reflect a
considerabie amount of unabsorbed light into the absorbing p-type semiconductor layer 240
may comprise a thin metal layer, such as a molybdenum (Mo) metal layer, which might be
produced by depositing, such as by sputtering, the respective metal onto the substrate 170.
Further, following molybdenum deposition, the p-type absorber material 244 may be grown on
top of the back-contact layer 246 by one of several methods, such as, for example, described in
W. Hermes et al., s. 0. Accordingly, thin-films of can, generally, be prepared via a two-step
process. During a first step, a thin fiim of the p-type absorber material 244 may be deposited by
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a vacuum-based or a soluticn-based method. For this purpose, elements or a precursor
material can be coated sequentially or mixed, wherein high efficiency is obtained for elements
already mixed in the film. As an alternative, nanoparticles comprising the p-type absorber
material 244 can be deposited. In the second step, the layer may be annealed at temperatures
from 500 °C and 800 °C which may result in the formation of the desired p-type absorber
material 244 from the elements or a sintering of the nanoparticles. To alternatively fabricate the
p-type absorber material 244 absorber material in a one-step approach, the elements may be
simultaneously deposited at elevated temperatures, such via co-sputtering or co-evaporation
onto heated substrates, thus, leading to a direct formation of the p-type absorber material 244
during deposition. However, other kinds of materials may be possible.

Further, particutarly as a result of a direct contact between the molybdenum (Mo) metal present
in the back-contact layer 246 and the adjacent p-type absorber material 244 comprising suifur
(8) atoms as in this example, a layer comprising molybdenum sulfide MoS» may be obtained in-
situ as a thin boundary layer 248 located between the back contact layer 246 and the p-type
absorber material 244.

On top of the p-type absorber material 244, a thin n-type semiconductor layer 238 which may,
preferably, work as a buffer layer 250 may be provided. As typically in the case of the thin-film
solar devices 242, the buffer layer 250 can comprise a material such as cadmium sulfide (CdS)
which might, for example, be deposited via chemical bath deposition. In addition, the buffer
layer 250 may be overlaid with a thin protection layer 252 which may, further, be capped by a
comparatively thicker charge-carrier collection layer 254. Generally, the protection layer 252
may comprise a layer of intrinsic zinc oxide (i-ZnQO) which can, particularly, be used for
protecting both the buffer layer 250 and the p-type absorber material 244 from sputtering
damages which may otherwise occur during deposition of the charge-carrier collection layer
254. Herein, the charge-carrier collection layer 254 may, preferably, comprise an aluminum (Al)
doped ZnO layer (ZnO:Al), usually denoted as ZnO:Al window layer, which may, as usually,
produced by DC sputtering which is known as a rather damaging process. Other kinds of
materials may also be feasible for being used within the respective layers, such as zinc sulfide
(ZnS), zinc oxide (Zn0), or zinc hydroxide (ZnOH) within the buffer layer 250 in order to avoid
toxic cadmium (Cd). The charge-carrier collection layer 254 can, preferably, serve as a
transparent conducting oxide layer 256 for coliecting and moving charge-carriers from the p-
type absorber material 244 while absorbing incident light from the light beam 132 to the at least
one first electrode 176 and the at least one second electrode 178 as arranged here on fop of
the charge-carrier collection layer 254. Accordingly, a photodiode 258 is, thus, formed at least
by the n-type semiconductor layer 238 and the p-type semiconductor layer 240 and which may,
as further illustrated in Figure 11A, be supplemented by one or more other kinds of additional
layers, such as the ones described here, i.e. the back-contact layer 246, the boundary layer
248, the protection layer 252 and the charge-carrier collection layer 254, or by one or more
further layers, as well as by the at least one first electrode 176 and the at least one second
electrode 178.
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Figure 11B presents a further preferred example of the cptical detector 110 in an arrangement
in which the longitudinal optical sensor 114 exhibits a device structure of a typical thin-film solar
cell 242 as a photodiode 258 which deviates from the depiction in Figure 11A in some way. In
particular confrast to the setup of the device according o Figure 11A, the thin-film solar cell 242
pursuant to Figure 11B may be employed in a setup in which the beam path 232 of the incident
light beam 132 may be capable of traversing the substrate 170 which is, therefore, transparent
in this exampie. Accordingly, a transparent substrate 170, 180, preferably glass, quartz or a
solid transparent polymer, is used as a basis on which a fransparent conducting oxide layer 256
may serve as the first transparent electrode 228. Between the fransparent electrode 228 and
the second electrode 230, which can exhibit optically transparent or, preferably, intransparent
properties, the photodiode 258 is, again, formed at least by the p-type semiconductor layer 240
and the n-type semiconductor layer 238, wherein here, additionally, the buffer layer 250 as
described above in more detail is employed. Preferably, one of the above-menticned p-type
absorber materials 244, is used here as the p-type semiconductor layer 240. For further details
concerning this type of arrangement, reference may be made to the description of Figure 11A.

Figures 11C to 11H present experimental results which have been acquired by employing the
optical detector 110 according to the present invention in which the longitudinal optica! sensor
114 uses the a thin-film solar cell 242 as the photodiode 258, preferably according to one of the
arrangements as depicted in Figure 11 A or 11B.

Figure 11C shows three different FIP curves in which the longitudinal optical sensor 114 uses a
thin-film solar cell 242 as the photodiode 258 in the setup according o Figure 11B, wherein the
p-type semiconductor layer 240 comprising cadmium telluride (CdTe), the n-type semiconductor
layer 238 comprising cadmium sulfide (CdS), and the additional buffer layer 250 comprising tin
oxide (SnO;) are arranged between a layer of transparent indium tin oxide {ITO) as the first
electrode 228 located on a glass substrate 170, 180 and a metal layer as the second electrode
230. Herein, the three FiP curves which demonstrate the occurrence of the negative FiP effect
within this arrangement are recorded without the application of a bias voltage at an illumination
wavelength of 850 nm, i.e. in the NIR spectral range, provided by a light-emitting diode 158
which was driven with a current of 100 mA (solid line), 500 mA (dashed line} or 1000 mA (dotted
fine), respectively.

A similar example is presented in Figure 11D. Herein, the p-type semiconductor layer 240 which
comprises a layer of zinc cadmium telluride (ZnCdTe) with a thickness of 2.5 pm and the n-type
semiconductor layer 238 which comprises a layer of zinc selenide (ZnSe) with a thickness of
220 nm are arranged between a layer of transparent indium tin oxide (ITO) as the first electrode
228 and a metallic silver (Ag) layer as the second electrode 230. Again, the negative FiP effect
may be derived from the FiP curve as depicted in Figure 11D which has been recorded without
the application of a bias voltage, wherein the illumination source 156 was modulated with the
modulation frequency of 375 Hz using 100 ms long current pulses exhibiting an amplitude of
1000 mA.
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Figures 11E to 11H present experimental results in which the longitudinal optical sensor 114
uses the thin-film solar cell 242 as the photodiode 258, wherein the p-type semiconductor layer
240 comprises one of the p-type absorber materials 244 as described above, i.e. the I-1lI-VI;
compound copper indium gallium selenide (CIGS; see Figure 11E) or the |2-lI-1V-V14 compound
copper zinc tin sulfide (CZTS; see Figures 11F to 11H). Alternatively, a halide perovskite
compound, in particular an organic-inorganic halide perovskite, especially methylammonium
lead iodide (CHsNH3sPbls), may also be employed for this purpose. Without any loss of
generality, the compounds CIGS and CZTS are, however, used as paradigmatic examples in
the following description although the examples from Figures 11C and 11D have illustrated that
the concept of using the thin-film solar cell 242 as the photodiode 258 may be applied more
generally.

Thus, Figure 11E presents an experimental result in which the p-type semiconductor layer 240
comprises the I-lI-VI2 compound copper indium gallium selenide (CIGS) as the p-type absorber
material 244. Herein, the FiP curve as shown here which has been recorded without application
of a bias voltage at an illumination wavelength of 850 nm, i.e. in the NIR spectral range,
provided by a light-emitting diode 158 being driven with a comparatively high current of 500 mA
clearly demonstrates the occurrence of the positive FiP effect in this kind of arrangement.

Further, Figures 11E to 11H present experimental results in which the p-type semiconductor
layer 240 comprises the |-1I-IV-VI; compound copper zinc tin sulfide (CZTS) as the p-type
absorber material 244. As can be derived from a comparison from Figures 11F und 11H, on one
hand, and Figure 11G, on the other hand, it could be demonstrated here that, in case the
photodiode 258 is driven in the photoconductive mode, a sign of the FiP effect may depend on
an intensity of the incident light beam 132 impinging on the p-type absorber material 244 CZT3
exhibiting a size of 3 mm x 3 mm. Thus, by using two suifably different values for the intensity of
the incident light beam 132, it may be feasible to, again, acquire two individual measurement
curves which may, particularly, be used as a reference base for resclving the above-mentioned
ambiguities with respect to the longitudinal sensor signal by comparing the two individual
measurement curves.

As illustrated in Figure 11F, for a comparatively high intensity in which the illumination source
156 comprised the green light-emitting diode (LLED) 158 emitting a wavelength of 530 nm and
driven by a comparatively high current of 600 mA, the negative FiP effect could be observed. As
a further example for comparatively high intensity in the same optical detector 110, the NIR
light-emitting diode (LED) 158 emitting a wavelength of 850 nm and driven by an even higher
current of 1000 mA was employed for obtaining the measurement curve as illustrated in Figure
11H which aiso exhibits the negative FiP effect.

In contrast to these findings, the positive FiP effect could, although having a comparatively
smalier amplitude, as illustrated in Figure 11G, be observed in the same optical detector 110 by
illuminating the p-type absorber material 244 CZTS within the longitudinal optical sensor 114 by
a comparatively low intensity. For this purpose, the illumination source 156 comprised the green
light-emitting diode (LED) 158 emitting a wavelength of 530 nm which was driven in the
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experiment here by a rather low current of only 8 mA, thus, providing the incident light beam
132 only with a comparatively low intensity.

This kind of behavior with respect to the sign of the FiP effect depending on the intensity of the
incident light beam 132 may, in particular, be explained by an assumption that in case in which
the incident light beam 132 has, given the same total power of the illumination, a small beam
cross-section 174 and, thus, causes a high intensity within the area of the beam cross-section
174, recombination of a great number of generated charge-carriers may occur within the p-type
absorber material 244 CZTS. In the opposing situation in which the incident light beam 132 has,
given the same total power of the illumination, a large beam cross-section 174 and, therefore,
may only lead to a low intensity within the area of the beam cross-section 174, virtually no
recombination can occur within the p-type absorber material 244 CZTS, moreover, since this
kind of material may, in particular, have a large number of defects.

Consequently, by switching between the at least two operational modes of the longitudinal
optical sensor 114, it may, thus, be feasible to acquire two individual measurement curves,
wherein one of the individual curves may, in particular, be used for reference purposes. Since
the photodiode 258 may, generally, not exhibit the FiP effect in the photovoltaic mode while the
same photodiode 258 may actually exhibit the FiP effect in the photoconductive mode, it may,
accordingly, be possible to use the measurement curve acquired in the photovoltaic mode as a
reference base for resolving the above-mentioned ambiguities with respect to the longitudinal
sensor signal by comparing the two individual measurement curves.

Compared to the detector 110 in which the sensor region 130 of the longitudinal optical sensor
114 comprises the chalcogenide 136 lead sulfide (PbS) or lead selenide (PbSe) as the
photoconductive material 134, the detectors 110 of this the kind as illustrated in Figures 11A to
11H exhibit a number of advantages, in particular, a homogeneous film formation, a low
observable voltage, a lack of a dark current resulting in a higher signal-to noise ratio, a zero
offset, a higher current at the same total power of the illumination, and a capability that the
longitudinal optical sensor 114 may be transparent or translucent.

Further, as illustrated in Figure 11J, the photocurrent through the longitudinal optical sensor 114
as presented here may, accordingly, be determined by using the detector 110, wherein, for this
purpose, the bias voltage source 150 configured to provide a bias voltage, in particular, above
ground 152 may, preferably, be used to drive the photodiode 258 in a photoconductive mode.
For this purpose, the photodiode 258 is employed in a reverse biased mode, in which the n-type
semiconductor layer 238 of the photodiode 258 is driven with a positive voltage with respect to
the p-type semiconductor layer 240. This is in contrast fo the so-called “photovoltaic mode®, in
which a zero bias is used between the n-type semiconductor layer 238 and the p-type
semiconductor layer 240 of the photodiode 258. Applying the photoconductive mode to the
photodiode 258 may, generally, lead to the observation of the FiP effect in the photodiode 258,
i.e. that, given the same total power of the illumination, the photocurrent as generated by the
photodiode 258 may be found to be dependent on the beam cross-section of the light beam in
the sensor region 130. Conseguently, since the longitudinal sensor signal is dependent on the
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electrical conductivity within the sensor region 130, recording the at least one longitudinal
sensor signal, thus, allows determining the beam cross-section of the light beam in the sensor
region 130 and, thus, generating at least one item of information on the longitudinal position of
the object 112. For further details in Figure 11J, reference may be made to the description of
Figures 11A or 11BE.

In a preferred embodiment as further illustrated in Figure 11J, a switching device 260 may,
additionally, be employed, wherein the switching device 260 may, in particular, be adapted fo
exert an influence on the bias voltage source 150 in order to set the bias voltage to at least two
individual values which may be different with respect to each other. Thus, the bias voltage
source 150 may be configured to apply at least two different bias voltages to the photo-diode
258 in a manner that it may be possible fo switch between at least two operational modes of the
longitudinal optical sensor 114. As a result, the electrical conductivity within the sensor region
130 of the longitudinal optical sensor 114 may be adjustable by applying different bias voltages.
In this embodiment, in a first operational mode, a non-zero bias voltage may be applied to the
photodiode 258, in particular, in a reverse biased mode, in which the n-type semiconductor
layer 238 of the photodiode 258 may, as described above, be driven with a positive voltage with
respect to the p-type semiconductor layer 240. Thus, in the first operational mode, a first
longitudinal sensor signal may be acquired. Further, in a second operational mode, a zero bias
may be applied to the photodiode 258 which may resuit in an observation that the photodicde
258 may be unbiased and, thus, adopt the photovoltaic mode as also described above. Thus, in
the second operational mode, a second longitudinal sensor signal may, similarly, be acquired
which, generally, differs from the first longitudinal sensor signal.

Figures 12A, 12B, and 12D illustrate three further preferred examples of the longitudinal optical
sensor 114 in which the photoconductive material 134 is provided in form of a colloidal film 262
which comprises quantum dots 264. Further, Figure 12 B shows experimental resuls which
demonstrate the occurrence of the negative FiP effect in the longitudinal optical sensor 114
according to Figure 12A, wherein the photoconductive material selected for the quantum dots
264 has been lead sulfide (PbS).

In a first embodiment as illustrated in Figure 12A, the longitudinal optical sensor 114 behaves
as a Schottky diode 266 as, far example, described by J.P. Clifford et al,, s. 0., wherein, the film
262 of the collcidal PbS quantum dots 264 (PbS CQD film) which acts as the photoconductive
material 134 is sandwiched between a first electrode 268 and a second electrode 270. Herein,
the first electrode 268 which is impinged by the incident light beam 132, preferably, comprises a
layer of an electrically conducting and at least partially opftically transparent electrode 272, more
preferred at least one transparent conductive oxide (TCO), in particular an indium-doped tin
oxide (ITO) electrode 274. However, other kinds of electrically conducting and optically
transparent materials 272 may also be suitable as material for the first electrode 268, in
particular one or more of fluorine-doped tin oxide (FTO), magnesium oxide (MgO), aluminum-
doped zinc oxide (AZO), or, alternatively, metal nanowires, such as Ag or Cu nanowires. In
contrast hereto, the second elecirode 270 may be at ieast one optically intransparent electrode
and may, thus, preferably comprise a metal electrode 276, in particular an aluminum (Al)
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electrode 278. In this particular example, the second electrode 270 may, preferably, comprise a
uniform metal layer. As a result of this setup, a Schottky barrier 280 may form at an interface
between the PbS CQD film 262 and the aluminum elecfrode 278. The incident light beam 132
through the ITO electrode 274 may generate electrons and holes in the CQD film 262 which can
be collected at the boundaries towards the ITO electrode 274 and the aluminum electrode 278,
respectively. Consequently, a depletion region may form in the CQD film 262 at the Schottky
barrier 280 which is located at the metal-CQD interface, whereas the remaining volume of the
CQD film 262 may be considered as a p-type semiconductor layer 240.

In this particular example, the PbS CQD film 262 which comprises PbS quantum dots 264
having diameters above 5 nm still exhibits a good absorption above 1000 nm. In order to
achieve this result, a 100 mg/ml solution of PbS gquantum dots 264 in an unpolar organic
solvent, preferably octane, have been provided, from which two subsequent layers have been
formed on the ITO electrode 274 by application of a deposition method, preferably by a spin-
coating method with a rotation freguency from 1000 rpm to 6000 rpm, such as 4000 rpm. Each
of the two layers has individually been treated with ethanedithiol during a treatment time,
preferably from 10 s to 10 min, more preferred from 10 s to 1 min, such as 30 s, before a drying
step was performed for a drying time, preferably from 1 min to 2 h, more preferred from 10 min
to 1 h, such as 30 min, at a drying temperature from 50 °C to 250 °C, preferred from 100 °C to
200 °C. This kind of procedure turned out to be particularly advantageous with respect to
obtaining a setup for the longitudinal optical sensor 114 with as little short circuits through the
CQPD film 262 as possible. Finaily, a 100 nm thick layer of aluminum was deposited through
evaporation onto the colloidal film 262 as the metal electrode 276. Experimental results which
demonstrate the occurrence of the negative FiP effect in this kind of specimen are shown in
Figure 12 B for drying temperatures from 100 °C to 180 °C in 20 °C intervals. Similar as above,
the NIR ifight-emitting diode (LED) 158 emitting a wavelength of 850 nm and driven by a
comparatively high current of 1000 mA was employed for illuminating the longitudinal opticai
sensor 114 pursuant to Figure 12A which behaves as a Schottky diode 266.

In an alternative embodiment as illustrated in Figure 12C, a blocking layer 282 which,
preferably, comprises a tfitanium dioxide (TiO,) blocking layer 284, was deposited onto the layer
of the first electrode 268 which, preferably, comprises a layer of the electrically conducting and
at least partialty optically transparent electrode 272, more preferred the at least one transparent
conductive oxide (TCQ), in particular a fluorine-doped tin oxide (Sn02:F, FTQO) electrode 286,
before the CQD film 262 was deposited on top of the blocking layer 282 as the photoconductive
material 134 similar to Figure 12A., In the example as illustrated in Figure 12C, an electrically
conducting polymer 288, preferably a poly(3,4-ethyienedioxythiophene) (PEDOT) layer 290,
was deposited onto the CQD film 262. In order to achieve a good electrical contact to outside
electrical means, a split electrode 292 comprising at iast two evaporated 200 nm silver (Ag)
electrodes 294 have been deposited onto the PEDOT layer 290. Alternatively, the split
electrode 292 may be selected from the group comprising a platinum (Pt) electrode and a gold
(Au) electrode. Herein, the split electrode 292 may, preferably be arranged as a number of
partial electrodes or in form of a metallic grid. Alternatively, as illustrated in Figure 12C, a
mesoporous titanium oxide (TiO-) layer 296 can, additionally, be deposited between the titanium
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dioxide (TiO,) blocking layer 284 and the CQD film 262, wherein the mesoporous titanium oxide
(TiOZ) layer 296 may be considered here as the n-type semiconductor layer 238 while the CQD
film 262 may be attributed as the p-type semiconductor layer 240 also in this particuiar
embodiment.

In a further embodiment as illustrated in Figure 12D, the blocking layer 282 which, preferably,
comprises the titanium dioxide (TiO2) blocking layer 284, was deposited onto the layer of the
first electrode 268 which, preferably, comprises the layer of the electrically conducting and at
least partially optically transparent electrode 272, more preferred the at least one transparent
conductive oxide (TCO), in particular the fluorine-doped tin oxide (SnOzF, FTO) electrode 286,
before the CQD film 262 was deposited on top of the blocking layer 282 as the photoconductive
material 134 similar to Figure 12C. However, in contrast to Figure 12C, the metal electrode 276
comprising the single evaporated 200 nm silver (Ag) electrode 294 is used in this embodiment
as the second electrode 270. Alternatively, the mesoporous titanium oxide (TiOy) layer 296 may,
additionally, be deposited between the titanium dioxide (TiO2) blocking layer 284 and the CQD
film 262 in a similar manner as described in the embodiment as depicted in Figure 12C.
However, leaving out the additional mesoporous titanium oxide (TiO») layer 296 as shown in
Figure 12D may result in more homogeneous layers.

As outlined above, the detector 110 may have a straight beam path or a tilted beam path, an
angulated beam path, a branched beam path, a deflected or split beam path or other types of
beam paths. Further, the light beam 132 may propagate along each beam path or partial beam
path once or repeatedly, unidirectionally or bidirectionally. Thereby, the components listed
above or the optional further components listed in further detail below may fully or partially be
located in front of the longitudinal optical sensors 114 and/or behind the longitudinal optical
sensors 114.
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List of reference numbers

110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168
170
172
174
176
178
180
182
184
186
188
190
192

detector

object

longitudinal optical sensor
optical axis

housing

transfer device

refractive lens

opening

direction of view
coordinate system

sensor region

light beam
photoconductive material
chalcogenide

signal leads

evaluation device

focal point

actuator

actuator control unit
longitudinal evaluation unit
bias voltage source
ground

amplifier

illumination source
light-emitting diode
modulated illumination source
moduiation device

lock-in amplifier

data processing device
layer of photoconductive material
substrate

ceramic substrate

beam cross-section

first electrode

second electrode
transparent substrate
translucent substrate
transversal optical sensor
layer of transparent conducting oxide
transparent conducting oxide
first electrode

second electrode
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194
196
198
200
202
204
206
208
210
212
214
216
218
220
222
224
226
228
230
232
234
236
238
240
242
244
246
248
250
252
254
256
258
260
262
264
266
268
270
272
274
276
278
280
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first split electrode
second split electrode
sensor area

detector system

camera

human-machine interface
entertainment device
tracking system
transversal evaluation unit
position information
imaging device

control element

user

beacon device

machine

track controller

layer of material capable of sustaining an electrical current

first electrode

second electrode

beam path

PIN diode

i-type semiconductor layer
n-type semiconductor layer
p-type semiconductor layer
thin-film solar cell

p-type absorber material
back-contact layer

boundary layer

bufier layer

protection layer
charge-carrier collection layer
transparent conducting oxide layer
photodiode

switching device

colloidal fitm

guantum dots

Schottky diode

first electrode

second electrode

optically transparent electrode

indium-doped tin oxide (ITO) electrode

metal electrode
aluminum {Al) electrode
Schottky barrier

PCT/EP2016/051817
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292
294
296
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blocking layer

titanium dioxide (TiOy) layer

fluorine-doped tin oxide (SnOs:F, FTO) electrode
electrically conducting polymer

PEDOT layer

split electrode

silver (Ag) electrode

mesoporous titanium oxide (TiO;) layer

PCT/EP2016/051817
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Patent claims

1. A detector (110) for an optical detection of at least one object (112), comprising:
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- at least one longitudinal optical sensor (114), wherein the longitudinal optical sensor
(114) has at least one sensor region (130), wherein the longitudinal optical sensor
(114) is designed to generate at least one longitudinal sensor signal in a manner
dependent on an illumination of the sensor region (130) by a light beam (132), wherein
the longitudinal sensor signal, given the same total power of the illumination, is
dependent on a beam cross-section (174) of the light beam (132) in the sensor region
(130), wherein the sensor region (130} comprises at least one photoconductive
material (134), wherein an electrical conductivity of the photoconductive material (134),
given the same total power of the illumination, is dependent on the beam cross-section
(174) of the light beam (132) in the sensor region (130), wherein the longitudinal sensor
signal is dependent on the electrical conductivity; and

- at least one evaluation device (140), wherein the evaluation device (140) is designed o
generate at least one item of information on a longitudinal position of the object (112)
by evaluating the longitudinal sensor signal of the longitudinal optical sensor (114).

The detector (110) according to the preceding claim, wherein the photoconductive
material (134) is an inorganic photoconductive material, preferably selected from the
group consisting of selenium, tellurium, a selenium-teliurium alloy, a metal oxide, a group
IV element or compound, a IlI-V compound, a li-Vl compound, a pnictogenide, a
chalcogenide (136), and a solid solution and/or a doped variant thereof.

The detector (110) according to the preceding claim, wherein the chalcogenide (136) is
selected from the group consisting of: a sulfide chalcogenide, a selenide chalcogenide, a
telluride chalcogenide, a ternary chalcogenide, a quaternary chalcogenide, a higher
chaicogenide, and a solid solution and/or a doped variant thereof.

The detector (110) according fo the preceding claim, wherein the chalcogenide (136) is
selected from the group consisting of: lead sulfide (PbS), copper indium sulfide (C1S),
copper indium gallium selenide (CIGS), copper zinc tin sulfide (CZTS), lead selenide
(PbSe), copper zinc tin selenide (CZTSe), cadmium telluride (CdTe), mercury cadmium
telluride (HgCdTe), mercury zinc telluride (HgZnTe), lead sulfoselenide (PbSSe), copper-
zinc-tin sulfur-selenium chalcogenide (CZTSSe), and a solid solution and/or a doped
variant thereof.

The detector (110} according to any one of the three preceding claims, wherein the
pnictogenide is selected from the group consisting of: nitride pnictogenides, phosphide
pnictogenides, arsenide pnictogenides, antimonide pnictogenides, ternary pnictogenides,
quarternary, and higher pnictogenides.

The detector (110) according to the preceding claim, wherein the pnictogenide is selected
from the group consisting of: indium nitride (InN), gallium nitride {(GaN}), indium gallium
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nitride {InGaN), indium phosphide (InP), gallium phosphide (GaP), indium gallium
phosphide {InGaP), indium arsenide (InAs), gailium arsenide (GaAs), indium gallium
arsenide (InGaAs), indium antimonide (InSb), gallium antimonide (GaSh), indium gallium
antimonide (InGaSb), indium gallium phosphide (InGaP}, gallium arsenide phosphide
{(GaAsP), and aluminum gallium phosphide (AlGaP).

The detector (110) according to any one of the preceding claims, wherein the
photoconductive material (134) comprises doped silicon, in particular as a float zone
wafer, wherein the doped silicon, preferably, exhibits a dopant concentration of 1013 cm3
or less, an electrical resistivity of 5-102 Q-cm or more, and a thickness of 500 um or below.

The detector (110) according to any one of the preceding claims, wherein the
photoconductive material (134} is provided as a colloidal film (262), wherein the colloidal
film {262) comprises quantum dots (264).

The detector (110} according to any one of the preceding claims, wherein the
photoconductive material (134} is an organic photoconductive material, wherein the
organic photoconductive material comprises at least one conjugated aromatic molecuie, in
particular a dye or a pigment, and/or a mixture comprising an electron donor material and
an electron acceptor material.

The detector (110) according to the preceding claim, wherein the organic photoconductive
material comprises a compound selected from the group consisting of. phthalocyanines,
naphthalocyanines, subphthalocyanines, perylenes, anthracenes, pyrenes , oligo- and
polythiophenes, fullerenes, indigoid dyes, bis-azo pigments, squarylium dyes, thiapyrilium
dyes, azulenium dyes, dithioketo-pyrrolopyrroles, quinacridones, dibromoanthanthrone,
polyvinylcarbazole, derivatives and combinations thereof.

The detector (110) according to any one of the two preceding claims, wherein the electron
donor material comprises an organic donor polymer, in particular one of poly(3-hexylthio-
phene-2,5.diyl} (P3HT), poly[3-(4-n-octyl)phenylthiophene] (POPT), poly[3-10-n-octyl-3-
phenothiazine-vinylenethiophene-co-2,5-thiophene] (PTZV-PT), poly[4,8-bis[(2-ethy-
thexyl)oxylbenzo[1,2-5:4,5-b]dithiophene-2,6-diyl][3-fluoro-2-[(2-ethylhexyl)carbonyl]
thieno[3,4-bithiophenediyl] (PTBT), poly{thiophene-2,5-diyi-a/£[5,6-bis(dodecyloxy)
benzo[c][1,2,5]thiadiazolel-4,7-diyl} (PBT-T1), poly[2,6-(4,4-bis-(2-ethylhexyl}-4 Hcyclo-
penta[2,1-5,3,4-b]dithiophene)-a/t4,7(2,1,3-benzothiadiazoie)] (PCPDTBT), poly(5,7-
bis(4-decanyl-2-thienyl)-thieno(3,4- b)diathiazolethiophene-2,5) (PDDTT), poly[N-9'-hepta-
decanyl-2,7-carbazole-alt-5,5-(4', 7'-di-2-thienyl-2’,1',3'-benzothiadiazole)] (PCDTBT),
poly[(4,4'-bis(2-ethylhexyl)dithieno[3,2-5,2",3’-dsilole)-2,6-diyl-a/#(2,1,3-benzothiadazole)
-4,7-diyl] (PSBTBT), poly[3-phenylhydrazone thiophene] (PPHT), poly[2-methoxy-5-(2-
ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV), poly[2-methoxy-5-(2'-ethythexyloxy)-
1,4-phenylene-1,2-ethenylene-2,5-dimethoxy-1,4-phenylene-1,2-ethenylens] (M3EH-
PPV), poly[2-methoxy-5-(3',7'-dimethyloctyloxy)-1,4-phenylenevinylene] (MDMO-PPV),
poly[9,9-di-octylfluorene-co-bis-N,N-4-butylphenyl-bis-N,N-phenyl-1,4-phenylenediamine]
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(PFB), or a derivative, a modification, or a mixture thereof.

The detector (110) according to any one of the three preceding ciaims, wherein the
electron acceptor material comprises a fullerene-based electron acceptor material, in
particular one of [6,6]-phenyl-C61-butyric acid methyl ester (PC60BM), [6,6]-Phenyl-C71-
butyric acid methyl ester (PC70BM), [6,6]-phenyl C84 butyric acid methyl ester (PC84BM),
an indene-C60 bisadduct {ICBA), a diphenylmethanofullerene (DPM) moiety comprising
one or two attached oligoether (OE) chains (C70-DPM-OE or C70-DPM-OEZ,
respectively), or a derivative, a modification, or a mixture thereof.

The detector (110) according to any one of the four preceding claims, wherein the electron
acceptor material comprises an organic acceptor polymer, in particular one of a cyano-
poly[phenylenevinylene] (CN-PPV), poly[5-{2-(ethylhexyloxy)-2-methoxycyanoterephthal-
yliden] (MEH-CN-PPV), poly[oxa-1,4-phenylene-1,2-(1-cyano)-ethylene-2,5-dioctyloxy-
1,4-phenylene-1,2-(2-cyano)-ethylene-1,4-phenylene] (CN-ether-PPV), poly[1,4-dioctyl-
oxyl-p-2,5-dicyanophenylenevinylene] (DOCN-PPV), poly[9,9"-dioctylfluoreneco-benzo-
thiadiazole] (PF8BT), or a derivative, a modification, or a mixture thereof.

The detector (110) according to any one of the preceding claims, wherein the optical
detector is adapted to generate the longitudinal sensor signal by one or more of
measuring an electrical resistance or a conductivity of at least one part of the sensor
region (130), specifically by performing at least one current-voltage measurement and/or
at least one voltage-current-measurement.

The detector (110) according to the preceding claim, wherein a bias voltage is applied
across the material.

The detector (110) according to the preceding claim, wherein a bias voltage source (150)
and a load resistor are arranged in series with the longitudinal optical sensor (114).

The detector {(110) according to any one of the preceding claims, wherein the electrical
conductivity of the sensor region (130), given the same total power of the illumination,
decreases with decreasing beam width of a light spot generated by the light beam (132) in
the sensor region (130).

The detector (110) according to any one of the preceding claims, wherein the longitudinal
optical sensor (114) comprises at least one layer (168) of the photoconductive material
(134) and at least two electrodes (176, 178) contacting the layer (168), wherein the at
least two elecirodes (176, 178) are applied at different locations of the layer (168) of the
photoconductive material (134).

The detector (110) according to the preceding claim, wherein the at least two electrodes
(176, 178) are applied to the same side of the layer (168).
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The detector (110) according to any one of the two preceding claims, wherein a Schottky
barrier is formed at a boundary between the layer (168) of the photoconductive material
(134) and at least one of the electrodes (176, 178) contacting the layer (168).

The detector {(110) according to any one of the three preceding claims, wherein the at
least one layer (168) of the photoconductive materiai (134) is directly or indirectly applied
to at least one substrate {(170).

The detector (110) according to the preceding claim, wherein the substrate (170) is an
insulating substrate, preferably a ceramic substrate (172).

The detector (110) according to any one of the two preceding claims, wherein the
substrate (170) is at least partially transparent or transiucent.

The detector (110} according to any one of the preceding claims, wherein the at least one
longitudinal optical sensor (114) comprises at least one transparent longitudinal optical
sensor.

The detector (110) according to any one of the preceding claims, wherein the detector
(110) comprises at least one stack of at least two longitudinal optical sensors (114).

The detector (110) according to any one of the preceding claims, wherein the detector
(110) comprises at least one array of at least two longitudinal optical sensors (114),
wherein the array is arranged perpendicular to the optical axis (1186).

The detector (110) according to the preceding claim, wherein the longitudinal optical
sensors (114) in the array are arranged as a matrix of individual resistors, wherein an
aggregate resistance of the individual resistors in the matrix depends on a number N of
the longitudinal optical sensors (114) within the array which are illuminated by the incident
light beam (132), wherein the evaluation device (140) is adapted to determine a number N
of the longitudinal optical sensors (114) which are illuminated by the light beam (132), the
evaluation device further being adapted to determine at least one longitudinal coordinate
of the object (112) by using the number N of the longitudinal optical sensors (114) which
are illuminated by the light beam (132).

The detector (110) according to any one of the preceding claims, wherein the longitudinal
optical sensor (114) is furthermore designed in such a manner that the iliumination of the
sensor region (130) by the light beam (132) additionally causes an increase in
temperature of the sensor region (130}, wherein the electrical conductivity in the sensor
region {130}, given the same total power of the illumination, is further dependent on the
temperature of the sensor region (130}, wherein the longitudinal sensor signal, given the
same total power of the illumination, is further dependent on the temperature in the sensor
region {130).
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The detector (110) according to any one of the preceding claims, wherein the evaluation
device (140) is designed to generate the at least one item of information on the
longitudinal position of the object (112) from at least one predefined relationship between
the geometry of the illumination and a relative positioning of the object (112) with respect
fo the detector (110).

The detector (110) according to the preceding claim, wherein the evaluation device (140}
is adapted to generate the at least one item of information on the longitudinal position of

the object (112) by determining a beam cross-section (174) of the light beam (132) from

the longitudinal sensor signal.

The detector (110) according to the preceding claim, wherein the evaluation device (140)
is adapted to compare the beam cross-section (174) of the light beam (132) with known
beam properties of the light beam (132) in order to determine the at least one item of
information on the longitudinal position of the object (112).

The detector (110} according to any one of the preceding claims, wherein the light beam
(132) is a non-modulated continuous-wave light beam.

The detector {110) according to any one of the preceding claims, further comprising:

- at least one transversal optical sensor (184), the transversal optical sensor (184) being
adapted to determine a transversal position of the light beam (132) traveling from the
object (112) to the detector (110), the transversal position being a position in at least
one dimension perpendicular an optical axis (116) of the detector (110), the transversal
optical sensor (184) being adapted to generate at least one transversal sensor signal,

wherein the evaluation device (140) is further designed to generate at least one item of

information on a transversal position of the object (112) by evaluating the transversal
sensor signal.

The detector (110) according to the preceding claim, wherein the transversal optical
sensor (184) is a photo detector having at least one first electrode (190), at least one
second electrode (192) and at least one layer (168) of a photoconductive material (134)
embedded in between two separate layers (186) of a transparent conductive oxide (188),
wherein the transversal optical sensor (184) has a sensor area (198), wherein the first
electrode and the second electrode are applied to different locations of one of the layers
(186) of the transparent conductive oxide (188), wherein the at least one transversal
sensor signal indicates a position of the light beam (132} in the sensor area (198).

The detector (110) according to the preceding claim, wherein at least one electrode (190,
192) is a split electrode having at least two partial electrodes (194, 196), wherein electrical
currents through the partial electrodes (194, 196) are dependent on a position of the light
beam (132) in the sensor area (198), wherein the transversal optical sensor (184) is
adapted to generate the transversal sensor signal in accordance with the electrical
currents through the partial electrodes (194, 196).
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The detector (110) according to the preceding claim, wherein the detector (110) is
adapted to derive the information on the transversal position of the object (112) from at
least one ratio of the currents through the partial electrodes (124, 196).

The detector {110} according tc any one of the four preceding claims, wherein the at least
one transversal optical sensor {184) comprises at least one transparent transversal optical
Sensor.

The detector (110} according to any one of the preceding claims, furthermore comprising
at least one illumination source (156).

The detector (110) according fo any one of the preceding claims, wherein the detector
(110) further comprises at least one imaging device (214).

The detector (110} according to the preceding claim, wherein the imaging device (214)
comprises a camera, in particular at least one of: an inorganic camera; a monochrome
camera; a multichrome camera; a full-color camera; a pixelated inorganic chip; a pixelated
organic camera; a CCD chip, preferably a multi-color CCD chip or a full-color CCD chip; a
CMOS chip; an IR camera; an RGB camera.

A detector (110), preferably according to any one of the preceding claims, for an optical

detection of at least one object (112), comprising:

- at least one longitudinal optical sensor (114), wherein the longitudinal optical sensor
(114) has at least one sensor region (130), wherein the longitudinal optical sensor
(114) is designed to generate at least one longitudinal sensor signal in & manner
dependent on an illumination of the sensor regicn (130) by a light beam (132), wherein
the longitudinal sensor signal, given the same total power of the illumination, is
dependent on a beam cross-section (174} of the light beam (132) in the sensor region
(130), wherein the sensor region (130) comprises at least one material capable of
sustaining an electrical current, wherein at least one property of the material, given the
same total power of the illumination, is dependent on the beam cross-section of the
light beam (132) in the sensor region (130), wherein the longitudinal sensor signal is
dependent on the at least one property; and

- atleast one evaluation device (140), wherein the evaluation device (140) is designed to
generate at least one item of information on a longitudinal position of the object (112)
by evaluating the longitudinal sensor signal of the longitudinal optical sensor {114).

The detector (110) according to the preceding claim, wherein the material capable of
sustaining the electrical current is one of the group consisting of: amorphous silicon (a-Si),
an alloy comprising amorphous silicon (a-Si), microcrystalline silicon (uc-Si), germanium
(Ge), cadmium telluride (CdTe), mercury cadmium telluride (HgCdTe), indium arsenide
{InAs), indium gallium arsenide {InGaAs), indium antimonide (InSb), copper indium sulfide
(CIS), copper indium gallium selenide (CIGS), copper zinc tin sulfide (CZTS), copper zinc
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tin selenide (CZTSe), copper-zinc-tin sulfur-selenium chalcogenide (CZTSSe), and solid
solutions and/or doped variants thereof; wherein the property comprises an electrical
conductivity of the material capable of sustaining the electrical current.

The detector (110) according to any one of the two preceding claims, wherein the
longitudinal optical sensor (114) is a photo detector having at least one first electrode
(228), at least one second electrode (230), and a layer (226) of the material capable of
sustaining an electrical current located between the first electrode (228) and the second
electrode (230), wherein at least one of the first electrode (228) and the second electrode
(230) is a transparent electrode.

The detector (110} according to any one of the three preceding claims, wherein the
material capable of sustaining the electrical current is located between the first electrode
(228) and the second electrode (230) is arranged as a PIN diode (234), wherein the PIN
diode (234) comprises an i-type semiconductor layer (236) located between an n-type
semiconductor layer (238) and a p-type semiconductor layer (240), wherein the i-type
semiconductor layer {236) exhibits a thickness which exceeds the thickness of each of the
n-type semiconductor layer (238) and the p-type semiconductor layer (240).

A detector (110), preferably according to any one of the preceding claims, for an optical

detection of at least one object (112), comprising:

- at least one longitudinal optical sensor (114), wherein the longitudinal optical sensor
(114) has at least one sensor region (130), wherein the longitudinal optical sensor
(114) is designed to generate at least one longitudinal sensor signal in a manner
dependent on an illumination of the sensor region (130) by a light beam (132), wherein
the longitudinal sensor signal, given the same total power of the illumination, is
dependent on a beam cross-section (174) of the light bearn (132) in the sensor region
(130), wherein the longitudinal optical sensor (114), given the same total power of the
illumination, is capable of generating at least one longitudinal sensor signal being
dependent on the beam cross-section (174) of the light beam (132) in the sensor
region (130) such that an amplitude of the longitudinal sensor signai decreases with
decreasing cross-section of a light spot generated by the light beam (132) in the sensor
region (130); and

- at least one evaluation device (140), wherein the evaluation device (140} is designed to
generate at least one item of information on a longitudinal position of the object (112)
by evaluating the longitudinal sensor signal of the longitudinal optical sensor (114).

A detector (110), preferably according to any one of the preceding claims, for an optical

detection of at least one object (112), comprising:

- at least one longitudinal optical sensor (114), wherein the longitudinal optical sensor
(114) has at least one sensor region {130}, wherein the longitudinal optical sensor
(114) is designed to generate at least one longitudinal sensor signal in a manner
dependent on an illumination of the sensor region (130} by a light beam (132), wherein
the longitudinal sensor signal, given the same total power of the illumination, is
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dependent on a beam cross-section (174) of the light beam (132) in the sensor region
(130), wherein the longitudinal optical sensor (114}, given the same total power of the
illumination, is capable of generating at least one longitudinal sensor signal being
dependent on the beam cross-section (174) of the light beam (132) in the sensor
region (130), wherein a minimum of the longitudinal sensor signal occurs under a
condition in which the sensor region (130) is impinged by a light beam (132) with the
smallest available beam cross-section {174); and

at least one evaluation device (140), wherein the evaluation device (140) is designed fo
generate at least one item of information on a longitudinal position of the object (112)
by evaluating the Icngitudinal sensor signal of the longitudinal optical sensor (114).

A detector (110), preferably according to any one of the preceding claims, for an optical
detection of at least one object (112), comprising:

at least one longitudinal optical sensor (114), wherein the longitudinal optical sensor
(114) has at least one sensor region (130), wherein the longitudinal optical sensor
(114) is designed to generate at least one longitudinal sensor signal in a manner
dependent on an illumination of the sensor region (130) by a light beam (132), wherein
the longitudinal sensor signal, given the same total power of the illumination, is
dependent on a beam cross-section (174) of the light beam (132) in the sensor region
(130}, wherein the longitudinal sensor (114) is substantially frequency-independent in a
range of a modulation frequency of the light beam of 0 Hz to 500 Hz; and

at least one evaluation device (140), wherein the evaluation device (140) is designed to
generate at least one item of information on a longitudinal position of the object (112)
by evaluating the longitudinal sensor signal of the longitudinal optical sensor (114).

A detector (110}, preferably according to any one of the preceding claims, for an optical
detection of at least one object (112), comprising:

at least one longitudinal optical sensor (114), wherein the longitudinal optical sensor
(114) has at least one sensor region (130}, wherein the longitudinal optical sensor
(114) is designed to generate at least one longitudinal sensor signal in a manner
dependent on an illumination of the sensor region (130) by a light beam (132), wherein
the longitudinal sensor signal, given the same total power of the illumination, is
dependent on a beam cross-section (174) of the light beam (132) in the sensor region
(130), wherein the longitudinal optical sensor (114) comprises at least one photodiode
(258) driven in a photoconductive mode, wherein an electrical conductivity of the
sensor region (130), given the same total power of the illumination, is dependent on the
beam cross-section of the light beam in the sensor region, wherein the longitudinal
sensor signal is dependent on the electrical conductivity; and

at least one evaluation device (140), wherein the evaluation device (140) is designed to
generate at least one item of information on a longitudinal position of the object (112)
by evaluating the longitudinal sensor signal of the longitudinat optical sensor (114).
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The detector (110) according to the preceding claim, wherein the photodiode (258)
comprises at least one p-type absorber material (244), at least one n-type semiconductor
layer (238), and at least one pair of electrodes (176, 178).

The detector (110) according to the preceding claim, wherein the p-type absorber material
(244) is selected from the group consisting of: l1l-V compounds, 1l-VI compounds, I-11-VI2
compounds, and l.-1I-IV-VI; compounds.

The detector (110) according to the preceding claim, wherein the p-type absorber material
(244) is selected from the group consisting of: amorphous silicon (a-Si), an alloy
comprising amorphous silicon {a-Si), microcrystalline silicon (uc-Si), germanium (Ge),
copper indium sulfide (CIS), copper indium gallium selenide (CIGS), copper zinc tin sulfide
(CZTS), copper zinc tin selenide (CZTSe), copper-zinc-tin sulfur-selenium chalcogenide
(CZTSSe), cadmium telluride (CdTe), mercury cadmium telluride (HgCdTe), indium
arsenide (InAs), indium gallium arsenide (InGaAs), indium antimonide (InSb), an organic-
inorganic halide perovskite, and solid solutions and/or doped variants thereof.

The detector (110) according to any one of the four preceding claims, wherein a bias
voltage is applied across the photodiode (258) in a reverse biased mode.

A camera (202) for imaging at least one object (112}, the camera (202) comprising at least
one detector (110) according to any one of the preceding claims referring to a detector
(110).

A human-machine interface (204) for exchanging at least one item of information between
a user (218) and a machine (222), wherein the human-machine interface (204) comprises
at least one detector (110) according to any one of the preceding claims relating to a
detector (110), wherein the human-machine interface (204) is designed to generate at
least one item of geometrical information of the user (218) by means of the detector (110)
wherein the human-machine interface (204) is designed to assign fo the geometrical
information at least one item of information.

An entertainment device (208) for carrying out at least one entertainment function,
wherein the entertainment device (206) comprises at least one human-machine interface
(204) according to the preceding claim, wherein the entertainment device (206) is
designed to enable at least one item of information to be input by a player (218) by means
of the human-machine interface (204), wherein the entertainment device (206) is designed
to vary the entertainment function in accordance with the information.

A tracking system (208) for tracking the position of at least one movable object (112), the
tracking system (208) comprising at least one detector (110) according to any one of the
preceding claims referring to a detector (110}, the tracking system (208) further
comprising at least one track controller (224), wherein the track controller (224) is adapted
to track a series of positions of the object (112}, each position comprising at least one item



10

15

20

25

30

35

40

57.

58.

59.

60.

WO 2016/120392 PCT/EP2016/051817

- 136 -

of information on at least a longitudinal position of the object (112) at a specific point in
time.

A scanning system for determining at least one position of at least one object (112), the
scanning system comprising at least one detector (110) according to any of the preceding
claims relating to a detector {110), the scanning system further comprising at least one
illumination source adapted to emit at least one light beam (132) configured for an
illumination of at least one dof located at at least one surface of the at least one object
(112), wherein the scanning system is designed to generate at least one item of
information about the distance between the at least one dot and the scanning system by
using the at least one detector (110).

A stereoscopic system comprising at least one tracking system (208) according to the pre-
preceding claim and at least one scanning system according to the preceding claim,
wherein the tracking system (208) and the scanning system each comprise at least one
longitudinal optical sensor (114) which are located in a collimated arrangement in a
manner that they are aligned in an orientation parallel to the optical axis (116) of the
stereoscopic system and exhibit an individual displacement in the orientation
perpendicular to the optical axis (116) of the stereoscopic system.

A method for an optical detection of at least one object (112), the method comprising:

- generating at least one longitudinal sensor signal by using at least one longitudinal
optical sensor (114), wherein the longitudinal sensor signal is dependent on an
illumination of a sensor region (130) of the longitudinal optical sensor (114) by a light
beam (132}, wherein the longitudinal sensor signal, given the same total power of the
ilumination, is dependent on a beam cross-section (174) of the light beam (132) in the
sensor region (130), wherein the sensor region (130) comprises at least one
photoconductive material (134), wherein an electrical conductivity of the
photoconductive material (134) in the sensor region (130), given the same total power
of the illumination, is dependent on the beam cross-section (174) of the light beam
(132) in the sensor region (130), wherein the longitudinal sensor signal is dependent on
the electrical conductivity; and

- generating at least one item of information on a longitudinal position of the object (112)
by evaluating the longitudinal sensar signal of the longitudinat optical sensor (114).

The use of a detector (110) according to any one of the preceding claims referring to a
detector (110), for a purpose of use, selected from the group consisting of: a distance
measurement, in particular in traffic technology; a pesition measurement, in particular in
traffic technology; an entertainment application; a security application; a human-machine
interface application; a tracking application; a scanning application; in stereoscopic vision;
a photography application; an imaging application or camera application; a mapping
application for generating maps of at least one space; a homing or tracking beacon
detector for vehicles; a distance and/or position measurement of objects with a thermal
signature; a machine vision application; a robotic application; a logistics application.
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