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Description

PRIORITY APPLICATION

[0001] This applications claims priority to U.S. Provisional Application No. 61/059,131 filed on June 5, 2008.

TECHNOLOGICAL FIELD

[0002] Certain embodiments disclosed herein relate generally to optical devices. More particularly, certain embodi-
ments disclosed herein relate to optical devices and optical configurations for use in multiplexed systems, such as those
configured to detect multiple emitted or scattered wavelengths.

BACKGROUND

[0003] When light passes through a transparent medium, the light may be scattered in all directions. Two common
light scattering phenomena are Rayleigh scattering and Raman scattering. In Rayleigh scattering, the light is scattered
by molecules whose dimensions are smaller than the wavelength of radiation. The blueness of the sky, which results
from the increased scattering of shorter wavelengths of the visible spectrum, is an example of Rayleigh scattering.
[0004] In Raman scattering, the wavelength of the scattered light is shifted from the wavelength of the incident light.
The exact shifts in wavelength depend on the chemical structure of the medium or sample scattering the light. Raman
lines having wavelengths higher than the incident wavelength are referred to as Stokes lines and those having wave-
lengths lower than the incident wavelengths are referred to as anti-Stokes lines. The intensities of Raman lines can be
0.001% or less when compared to the intensity of the incident light. Thus, detection of Raman scattering remains difficult.

SUMMARY

[0005] In one aspect, an optical device comprising first and second optical elements is disclosed. In certain examples,
the first optical element may be positioned at a first angle with respect to an excitation source to pass light received from
the excitation source, and the second optical element may be optically coupled to the first optical element and may be
positioned at a second angle with respect to the first optical element such that the second optical element reflects incident
light passed from the first optical element back to the first optical element, the first optical element reflects the light
reflected from the second optical element, and the second optical element passes said light reflected from the first optical
element, wherein the first and second optical elements are both long pass filters.
[0006] In certain embodiments, the optical device may further comprise a collection device. In some examples, the
collection device may be configured to receive sample light incident on the first and second optical elements and passed
by the first and second optical elements to the collection device. In some embodiments, the optical device may further
comprise a detector optically coupled to the collection device. In certain embodiments, the long pass filters are further
configured to pass scattered or emitted light from a sample to a detector optically coupled to the sample. In other
examples, the collection device may comprise an optical fiber bundle. In additional examples, the detector may be a
charge-coupled device. In certain embodiments, the optical device may be configured to detect Raman scattered light.
In yet other examples, the optical device may further comprise at least one additional optical element.
[0007] In another aspect, a spectroscopic system comprising an optical device as described above, an excitation
source, a sample space, and a collection device is provided, with the features of claim 1.
[0008] In certain embodiments, the excitation source may comprise a plurality of optical fibers each configured to
provide light to the first optical element. In other examples, the collection device may comprise a plurality of optical fibers
each configured to receive a light emission from a different sample in a multi-sample device in the sample space. In
additional examples, the system may comprise at least one additional optical element. In yet other embodiments, the
system further comprises a detector optically coupled to the collection device such as, for example, a detector optical
coupled to plurality of optical fibers each configured to receive a light emission. In some examples, the system may be
configured to detect light emissions or Raman scattered light.
[0009] In embodiments of the invention, the system further comprises means for detecting light emitted from the sample
space, wherein said means for detecting light is optically coupled to the sample space through a second optical path
and wherein the first optical means and the second optical means are in the second optical path and pass emitted or
scattered light from the sample space to the means for detecting along the second optical path. The first optical means
and said second optical means are each a long pass filter. In yet other examples, the means for providing light comprise
an optical fiber bundle optically coupled to a laser. In certain examples, the means for detecting light may comprise an
optical fiber bundle optically coupled to a charge-coupled device.
[0010] In another aspect, a method comprising providing a sample space, providing an excitation source configured
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to provide light to the sample space, selecting a first angle for a first optical element with respect to the excitation source,
the first optical element comprising a long pass filter, selecting a second angle for a second optical element with respect
to the first optical element, the second optical element being optically coupled to the first optical element and also
comprising a long pass filter, adjusting the selected first and second angles such that the first optical element is configured
to pass light received from the excitation source, the second optical element is configured to reflect incident light passed
from the first optical element back to the first optical element, the first optical element is configured to reflect light reflected
from the second optical element and the second optical element is configured to pass said light reflected from the first
optical element to the sample space, providing light to the first optical element with the excitation source, reflecting
incident light from the first optical element back to the first optical element, passing light reflecting from the first optical
element to the sample space and detecting emitted light from the sample space with a detector
[0011] In an additional aspect, the method comprises providing an excitation source comprising providing a plurality
of optical fibers configured to provide light to the sample space, and wherein providing light to the first optical element
comprises providing light to the first optical element with the plurality of optical fibres of the excitation source.
[0012] Additional aspects, examples, embodiments and features are described in more detail below.

BRIEF DESCRIPTION OF THE FIGURES

[0013] Certain examples are described below with reference to the accompanying figures in which:

FIG. 1 is a schematic of two optical elements, in accordance with certain examples;
FIG. 2 is a diagram of an optical system, in accordance with certain embodiments;
FIG. 3 is a diagram of a system comprising two long pass filters and several optical elements, in accordance with
certain embodiments;
FIG. 4 is schematic of a lens and various samples, in accordance with certain examples;
FIG. 5 is a schematic of a system with three long pass filters, in accordance with certain examples;
FIG. 6 is a schematic of a fiber optic bundle, in accordance with certain examples;
FIG. 7 is a schematic of three fiber optic apertures providing light incident on a well plate, in accordance with certain
examples;
FIG. 8 is a schematic showing a fiber array having two rows and three columns (2x3 array), in accordance with
certain examples;
FIG. 9 is a diagram of a spectroscopic system, in accordance with certain examples;
FIG. 10 is an image on a detector, in accordance with certain examples;
FIG. 11 is a visualization of FIG. 10 showing sample tracks, in accordance with certain examples;
FIGS. 12A-12F is a visualization showing separate tracks, in accordance with certain examples;
FIG. 13 is one arrangement of in-line sampling optics, in accordance with certain examples;
FIG. 14 is another arrangement of in-line sampling optics, in accordance with certain examples;
FIG. 15 is a diagram of a system that includes an imaging lens, in accordance with certain examples;
FIGS. 16A and 16B are representations showing vignetting (FIG. 16A) and no vignetting (FIG. 16B), in accordance
with certain examples;
FIG. 17 is a representation showing beveled apertures for the excitation source and collection device, in accordance
with certain examples;
FIG. 18 shows spots produced for an excitation array, in accordance with certain examples;
FIG. 19 shows spots produced for an image of the excitation array of FIG. 18, in accordance with certain examples;
FIG. 20 shows spots produced for an image of the collection array, in accordance with certain examples;
FIG. 21 shows a schematic of a spectrometer, in accordance with certain examples; and
FIG. 22 is a detector image of paracetamol, in accordance with certain examples.

[0014] The angles, dimensions and exact sizes of the components shown in the figures are not necessarily drawn to
scale. In particular, the exact angle of one component, relative to another component, may vary as described further
below. The sizes and dimensions of the components in the figures, relative to the sizes and dimensions of other com-
ponents in the figures, are shown merely for illustration and should not be construed as limiting the scope of the technology.

DETAILED DESCRIPTION

[0015] Certain illustrative embodiments are described below to illustrate some of the uses, advantages and features
of the technology described herein. Embodiments of the optical devices and configurations described herein may be
used, for example, in or as multiplexing systems configured to measure light emission simultaneously from a plurality
of samples, to measure light emission simultaneously from a plurality of locations within a single sample, and/or to
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measure a plurality of light emissions simultaneously within a single sample and from a plurality of different samples.
Other uses are also possible using the devices, systems and methods disclosed herein. Certain embodiments described
are particularly suited for use with multi-well plates such as, for example, 96-well plates, 384-well plates or larger multi-
well plates. In addition, the devices may be used to measure light emission from fluorescence or phosphorescence
emission, Raman scattering or other suitable light emission and/or scattering processes. The term "emitted light" is used
herein to refer to light emission, scattered light and other processes where a sample provides light after excitation by a
light or energy source.
[0016] In certain examples, an optical device comprising first and second optical elements is provided. Referring to
FIG. 1, an optical device 100 comprises a first optical element 110 and a second optical element 120 optically coupled
to the first optical element 110. In certain examples, the first and second optical elements 110 and 120, respectively,
may each be a long pass filter that is selected to pass light from an excitation source such as, for example, a laser. The
long pass filters may be selected to match the wavelength of the excitation source. For example, where a 532 nm laser
is used, each of the first and second optical elements may be a 532 nm long pass filter. Where a 785 nm laser is used,
each of the first and second optical elements may be a 785 nm long pass filter. The long pass filter passes light with
longer wavelengths and filters or blocks light, for example, by reflecting it, with shorter wavelengths. For example, a 532
nm long pass filter blocks substantially all light at and below 532 nm and passes light above 532 nm. In certain examples,
each of the first and second optical elements may be a long pass filter and at least one additional optical element such
as, for example, a lens, grating, long pass filter, short pass filter or the like may also be used with the first and second
optical elements.
[0017] In certain instances herein, the first and second optical elements 110 and 120, respectively, can be angle-tuned
such that light 102 from, for example, a light source, is passed by the first optical element 110. The angle between the
light source and the first optical element 110 may be selected such that both polarizations of light from the light source
(s polarization - components perpendicular to the plane of the page and p polarization - components parallel to the plane
of the page) are passed by the first optical element 110. The passed light 102 is then incident on the second optical
element 120. The angle of the second optical element 120, with respect to the first optical element 110, may be selected
such that the second optical element 120 reflects substantially all of the light back to the first optical element 110. When
the reflected light 104 is incident on the first optical element 110, the angles of incidence may be selected such that the
first optical element 110 does not pass the reflected light 104 but instead blocks the reflected light 104 and reflects it
back to the second optical element 120 as reflected light 106. The reflected light 106 then reaches the second optical
element 120, and the selected angles of incidence permit passage of all the reflected light 106 to a sample (not shown)
by the second optical element 120. Such angle tuning provide numerous advantages including, for example, filtering
out resonance lines from the excitation source (and/or Raman light generated by the fiber optic carrying the excitation
light) that have wavelengths shorter and/or longer than the desired excitation wavelength. By filtering out the resonance
lines, the overall precision and accuracy of detecting emitted or scattered light from a sample may be improved.
[0018] In certain embodiments, the reflected light 106 may be provided to one or more samples and used to excite
the one or more samples such that the sample emits or scatters light for example, by fluorescence, phosphorescence
or Raman scattering. Fluorescence refers to light emission occurring during decay from an excited singlet state to a
ground singlet state. Phosphorescence refers to light emission occurring during decay from an excited triplet state to a
ground singlet state. Raman scattering refers to scattering of photons that are shifted in frequency (inelastic scattering).
The first and second optical elements 110 and 120 may receive the emitted or scattered light 108 and be configured to
pass the emitted or scattered light 108 to a collection device and/or a detector.
[0019] An illustrative system, in accordance with certain embodiments, is shown in the diagram of FIG. 2. The system
200 comprises a light source 210, optical elements 220, a sample space 230 and a detector 240. In operation, light 252
from the light source 210 is provided to the optical elements 220. The light is tuned by the optical elements 220 as
described, for example, in reference to FIG. 1. Light 254 is passed by the optical elements 220 to the sample space
230. Emitted light 256, e.g., scattered light, from a sample in the sample space 230 is provided back to the optical
elements 220 and onto a detector 240, as light 258, for detection. In some examples, a single sample may emit light for
detection, whereas in other examples described herein, a plurality of samples may simultaneously emit light and each
of the light emissions may be simultaneously detected by the detector 240.
[0020] In certain examples, the light source 210 may be, or may include, a deuterium lamp, an arc lamp, a vapor lamp,
a cathode lamp, an electrodeless discharge lamp, a laser, a light emitting diode, or other suitable light emitting devices.
In embodiments where the light source emits multiple different wavelengths, it may be desirable to select a single
wavelength or a small range of wavelengths from the light source. Such selection may be accomplished using suitable
methods and devices such as, for example, filters, gratings, monochromators and the like. In some examples, the light
source may be optically coupled to a plurality of fiber optical bundles such that two or more discrete light beams or spots
may be incident on the optical elements. By providing discrete light beams or spots to a sample, selected areas, such
as two or more wells in a multi-well plate, may be illuminated.
[0021] In some examples, the optical elements 220 may include at least one long pass filter and more particularly, at
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least two long pass filters that are angle tuned. In embodiments of the present invention, the optical elements 220 include
a first and second long pass filter and at least one additional optical element such as, for example, a lens, grating, prism,
short pass filter, long pass filter or other suitable optical devices. As discussed further below, in embodiments where
first and second long pass filters are used, the long pass filters may be angle tuned such that a desired wavelength of
light from the excitation source and/or the sample is passed and other non-desirable wavelengths of light are rejected.
In some examples, the optical elements may be packaged such that they can be dropped into an existing instrument
and provide the proper alignment and/or angles for performing optical measurements. Such packaging may include, for
example, positioning of the optical elements within an optically transparent housing so that the end user is not required
to align the various elements.
[0022] In certain examples, the sample space 230 may include a sample holder configured to retain a sample device
of a desired dimension and/or shape. In examples where the sample space is configured to receive a 96-well, 384-well
or other multi-well plate, the sample holder may comprise a generally flat surface that is configured to receive the plate.
The surface may be non-reflective such that light emitted or scattered toward the surface is absorbed rather than being
reflected. In examples, where the multi-well plate comprises a non-reflective coating on its inner surfaces, the sample
surface need not be anti-reflective. In some examples, the sample space 230 may include temperature control such that
the desired reaction or study in the wells of the plate may be maintained at a controlled temperature. In other examples,
the sample space 230 may include a moveable stage such that the exact position of the sample holder can be tuned or
adjusted or so that the plate can be agitated for mixing or the like. Additional suitable features for including in the sample
space will be readily selected by the person of ordinary skill in the art, given the benefit of this disclosure.
[0023] In certain embodiments, the detector 240 is configured to receive light emitted or scattered from a sample. The
scattered or emitted light is passed by the optical elements to the detector. In some examples, the scattered or emitted
light may be focused using one or more lenses prior to passage to the detector. In other examples, a filter or grating
may be placed between the optical elements and the detector such that a wavelength or wavelength range of light is
passed to the detector. In certain examples, the detector may include such filters or lenses. In some examples, the
detector may be configured to receive discrete spots or beams of light from the sample. In such instances, the detector
may be optically coupled to a plurality of optical fibers such that each beam or spot from the sample may be incident on
its own respective optical fiber. The beams may be individually detected or may be simultaneously detected depending
on the exact type of detector used. In some examples, the detector may include one or more of a photomultiplier tube,
a charge-coupled device, a diode or a diode array. The detector may also include apertures or slits whose width can be
tuned or selected to permit a desired amount of light to enter the detector. The detector may further include temperature
control, one or more communication devices to provide data to a system or the like.
[0024] In accordance with certain examples, the systems described herein may be controlled or used with, at least in
part, a computer system. The computer systems may be, for example, general-purpose computers such as those based
on Unix, Intel PENTIUM-type processor, Motorola PowerPC, Sun UltraSPARC, Hewlett-Packard PA-RISC processors,
or any other type of processor. It should be appreciated that one or more of any type computer system may be used
according to various embodiments of the technology. Further, the system may be located on a single computer or may
be distributed among a plurality of computers attached by a communications network. A general-purpose computer
system according to one embodiment may be configured to perform any of the described functions including but not
limited to: data acquisition, data analysis, angle tuning of the optical elements by, for example, actuating a motor coupled
to a moveable stage where the optical elements are mounted or fixed and the like. It should be appreciated that the
system may perform other functions, including network communication, and the technology is not limited to having any
particular function or set of functions.
[0025] For example, various aspects may be implemented as specialized software executing in a general-purpose
computer system. The computer system may include a processor connected to one or more memory devices, such as
a disk drive, memory, or other device for storing data. The memory is typically used for storing programs and data during
operation of the computer system. Components of computer system may be coupled by an interconnection mechanism,
which may include one or more busses (e.g., between components that are integrated within a same machine) and/or
a network (e.g., between components that reside on separate discrete machines). The interconnection mechanism
enables communications (e.g., data, instructions) to be exchanged between system components. The computer system
typically is electrically coupled to an interface on the system such that electrical signals may be provided from the system
to the computer system for storage and/or processing.
[0026] The computer system may also include one or more input devices, for example, a keyboard, mouse, trackball,
microphone, touch screen, and one or more output devices, for example, a printing device, status or other LEDs, display
screen, speaker. In addition, the computer system may contain one or more interfaces that connect computer system
to a communication network (in addition or as an alternative to the interconnection mechanism). The storage system of
the computer typically includes a computer readable and writeable nonvolatile recording medium in which signals are
stored that define a program to be executed by the processor or information stored on or in the medium to be processed
by the program. For example, the angles used to tune the optical elements may be stored on the medium. The medium
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may, for example, be a disk or flash memory. Typically, in operation, the processor causes data to be read from the
nonvolatile recording medium into another memory that allows for faster access to the information by the processor than
does the medium. This memory is typically a volatile, random access memory such as a dynamic random access memory
(DRAM) or static memory (SRAM). It may be located in storage system, as shown, or in memory system. The processor
generally manipulates the data within the integrated circuit memory and then copies the data to the medium after
processing is completed. A variety of mechanisms are known for managing data movement between the medium and
the integrated circuit memory element, and the technology is not limited thereto. The technology is not limited to a
particular memory system or storage system.
[0027] The computer system may also include specially-programmed, special-purpose hardware, for example, an
application-specific integrated circuit (ASIC). Aspects of the technology may be implemented in software, hardware or
firmware, or any combination thereof. Further, such methods, acts, systems, system elements and components thereof
may be implemented as part of the computer system described above or as an independent component.
[0028] In some examples, the computer system may be a general-purpose computer system that is programmable
using a high-level computer programming language. The computer system may be also implemented using specially
programmed, special purpose hardware. In the computer system, the processor is typically a commercially available
processor such as the well-known Pentium class processor available from the Intel Corporation. Many other processors
are available. Such a processor usually executes an operating system which may be, for example, the Windows 95,
Windows 98, Windows NT, Windows 2000 (Windows ME), Windows XP or Windows Vista operating systems available
from the Microsoft Corporation, MAC OS System X operating system available from Apple Computer, the Solaris operating
system available from Sun Microsystems, or UNIX or Linux operating systems available from various sources. Many
other operating systems may be used. In addition or alternative to a processor, the computer system may include a
controller such as for example and 8-bit or 16-bit controller. Other controllers such as 32-bit or higher controller may
also be used in place of a processor or in addition to the processor of the computer system.
[0029] The processor and operating system together define a computer platform for which application programs in
high-level programming languages can be written. It should be understood that the technology is not limited to a particular
computer system platform, processor, operating system, or network. Also, it should be apparent to those skilled in the
art that the present technology is not limited to a specific programming language or computer system. Further, it should
be appreciated that other appropriate programming languages and other appropriate computer systems could also be
used.
[0030] In certain examples, the hardware or software is configured to implement cognitive architecture, neural networks
or other suitable implementations. For example, desired angles of incidence for the components of the system may be
stored in the system and used where a desired assay or measurement is to be performed. Such a configuration permits
recall of known parameters for use in successive measurements, which can simplify the functionality and increase the
overall ease of use by an end user.
[0031] One or more portions of the computer system may be distributed across one or more computer systems coupled
to a communications network. These computer systems also may be general-purpose computer systems. For example,
various aspects may be distributed among one or more computer systems configured to provide a service (e.g., servers)
to one or more client computers, or to perform an overall task as part of a distributed system. For example, various
aspects may be performed on a client-server or multi-tier system that includes components distributed among one or
more server systems that perform various functions according to various embodiments. These components may be
executable, intermediate (e.g., IL) or interpreted (e.g., Java) code which communicate over a communication network
(e.g., the Internet) using a communication protocol (e.g., TCP/IP). It should also be appreciated that the technology is
not limited to executing on any particular system or group of systems. Also, it should be appreciated that the technology
is not limited to any particular distributed architecture, network, or communication protocol.
[0032] Various embodiments may be programmed using an object-oriented programming language, such as SmallTalk,
Basic, Java, C++, Ada, or C# (C-Sharp). Other object-oriented programming languages may also be used. Alternatively,
functional, scripting, and/or logical programming languages may be used. Various aspects may be implemented in a
non-programmed environment (e.g., documents created in HTML, XML or other format that, when viewed in a window
of a browser program, render aspects of a graphical-user interface (GUI) or perform other functions). Various aspects
may be implemented as programmed or non-programmed elements, or any combination thereof.
[0033] In certain examples, a user interface may be provided such that a user may enter desired parameters such as,
for example, the number of wells in the multi-well plate, sample holder temperatures, acquisition rates and times and
the like. Other features for inclusion in a user interface will be readily selected by the person of ordinary skill in the art,
given the benefit of this disclosure.
[0034] In accordance with certain examples, the devices and systems disclosed herein may be used to detect light
emission and/or scattering from many different types of assays. Illustrative assays include, but are not limited to, solid
phase assays, chemical reactions, binding assays, hybridization assays, enzymatic assays, clinical diagnostic assays,
immunoassays such as ELISA assays, polymerization processes and other suitable assays or processes that may be
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monitored using emitted or scattered light.
[0035] In some examples, the systems disclosed herein may include additional components such as, for example, an
autoloader. The autoloader may be configured to load samples sequentially into and out of the system such that the
system may perform measurements without user intervention or monitoring. The autoloader may comprise, for example,
a robotic arm and/or motor that can securely grip the samples and load them into a desired position in the system. The
system may include other electrical components such as operational amplifiers, gain control devices and the like. The
system may include a bar code reader so that each sample may be encoded with a bar code and the measurements of
each sample can be associated with its respective bar code. In some examples, each well of a multi-well plate may
include an identification device, such as a bar code or chip, so that each sample has its own individual address within
a plate. Additional components and features for including in the devices and systems disclosed herein will be readily
selected by the person of ordinary skill in the art, given the benefit of this disclosure.
[0036] In certain embodiments of the devices and systems described herein, the angle between the optical elements
110 and 120 is selected such that a desired amount and/or wavelength of the light is passed. Such angle selection is
referred to in certain instances as "angle tuning." For example, it may be desirable to pass both polarizations of the light
from the excitation source. If the normal incidence of the first optical element passes 99% of the light at a wavelength
λ99%T, then to determine the minimum angle the following equation may be used 

where neff varies with the particular element used and is provided by the manufacturer. For certain examples described
below, neff represents 2.08 for the s-polarization, 1.62 for the p-polarization, λlaser is the wavelength of the excitation
source and θ99%T, λlaser is the angle. The angle should be larger for the s-polarization than the p-polarization to transmit
99% of the light. In a typical configuration, the larger of the two angles may be used in the devices and systems disclosed
herein to ensure that 99% or more of the light is transmitted by the first optical element.
[0037] To determine the angle to reflect the excitation light, the angle should not be so large such that one of the
polarizations of light is passed. For a normal incidence where the optical element blocks 99% of the light at a wavelength
λ1%T, the minimum angle to block about 99% of the light may be calculated from the following equation 

where, again, neff varies with the particular element used and is provided by the manufacturer. In this illustrative em-
bodiment, neff represents 2.08 for the s polarization, 1.62 for the p polarization, λlaser is the wavelength of the excitation
source and θ1%T, λlaser is the angle. The angle should be smaller for the p-polarization than the s-polarization to reflect
99% of the light. In a typical configuration, the smaller of the p-polarization and s-polarization angles is not exceeded to
ensure that 99% or more of the light is blocked.
[0038] In certain embodiments, the particular angle of the optical elements can be expressed with reference to two
orthogonal planes. A first vertical plane may be defined as being the surface of the first optical element 110, and a
second horizontal plane as normal to the surface. The angle between the light source 130 and the horizontal plane is α
as shown in FIG. 3. The angle between the second optical element 120 and the vertical plane is β. Also shown in FIG.
3 is a detector 140, and lenses 150, 160 and 170 which may optionally be present to focus the light. Assuming that the
light source 130 is a laser, the angles can be used to express the incidence angles of the optical elements for each at
the different passes. If laser1,1, laser1,2, laser2,1, laser2,2 are the angles of incidence of the laser on the first filter at the
first pass, on the second filter at the first pass, on the first filter at the second pass and on the second filter at the second
pass, respectively, then: 
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and for the laser to reach the sample, the angles of incidence should also fulfill the following relationships: 

where θ99%T,λlaser,s polarization is the angle tuning required to transmit 99% of the s- polarization (which is the limiting
factor as less angle tuning is required to transmit 99% of the p-polarization) at the laser wavelength. This insures that
the laser is transmitted properly during the first pass on the first filter, and the second pass on the second filter. For
improved operation, the following relationships may also be satisfied: 

where θ1%Tλlaser,p polarization is the angle tuning required to block 99% of the p-polarization (which is the limiting factor
as more angle tuning is possible to still block 99% of the s-polarization) at the laser wavelength. This insures that the
laser is reflected properly during the second pass on the first filter, and the first pass on the second filter.
[0039] For a specific combination of angles α and β, there are several possible configurations that may be implemented.
In one embodiment, for a given value of β, one value of α may satisfy the above equations such that only a single laser
spot is passed to the sample. In another embodiment, for a given value of β, a range of values for α may satisfy the
above equations and a plurality of laser spots may be used and placed at an angle to the horizontal plane within the
range of α values. Such plurality of spots permits multiplexing using the optical devices disclosed herein.
[0040] In certain examples where a plurality of laser spots are used, the distance between laser spots may be selected
based on the configuration of the optical elements and the exact angles used. The optical elements can either transmit
the laser beams or reflect them like a mirror, neither of which will or should modify the angles between different laser
beams. The position of each laser spot on the samples depends, at least in part, on the angle between the collimated
laser beams and the focal length of the sample lens. By noting Δα as the maximum angle between the laser spots and
F as the focal distance of the sample lens 410 (see FIG. 4), the distance d between the most distant laser spots may
be found from the following equation. 

In order to achieve a given value of d (for example, to have the laser spots match the spacing of the wells of a 96-well
or a 384-well sample plate), the focal length F or Δα can be altered. Changing the focal length is straightforward and
should not require any modification to the remainder of the system, though the optical elements may be rotated.
[0041] In some examples, a plurality of optical fibers may be used to provide the light and/or receive scattered or
emitted light from a sample. Where a plurality of excitation fibers and a plurality of collection fibers are used, the results
noted above may be counter-intuitive. The image of the array on the collection fibers is independent of any lens used
for the samples. The image of the excitation array is magnified on the samples by a factor that depends on the ratio of
the focal lengths of 1) the laser collimation lens and 2) the sample lens. This factor mag@laser-sample is expressed by 
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where Fsample is the focal length of the sample lens, and Flaser is the focal length of the laser lens. The excitation array
may be magnified on the samples if the sample lens has a longer focal length than the laser lens. For example, if the
fibers of the excitation array are 2 mm apart, and the focal length of the sample lens is twice as much as the laser lens,
the laser spots will be 4 mm apart on the samples. Similarly, the image of the sample array is magnified on the collection
fibers by a factor that depends on the ratio of the focal lengths of the sample lens and any collection lens. This factor
mag@sample-collection may be expressed by: 

The magnification of the array of laser excitation fibers on the collection fibers mag@laser-collection is: 

and, thus, the magnification does not depend on the sample lens.
[0042] Certain examples are described below in reference to Raman measurements. It will be recognized by the
person of ordinary skill in the art, given the benefit of this disclosure, that other light emissions, such as fluorescence
and phosphorescence may also be monitored using similar embodiments.
[0043] In certain embodiments, the devices disclosed herein may be used for measuring Raman scattering. In such
instances, the collection device may be referred to as a Raman collection device or Raman collection fibers. Formation
of an image of a sample array on the Raman collection fibers is straightforward. Referring to FIG. 5, if the laser spots
form on the samples, then 1) the angle of incidence of the lasers on the first optical element at the second pass is small
enough to block the laser wavelength and 2) the angle of incidence of the lasers on the second optical element at the
second pass is high enough to transmit the laser wavelength. Since the lasers and the Raman follow the same paths,
the Raman is incident at the same angles as the laser. In embodiments where the optical elements are long pass filters
510 and 520 selected based on the laser wavelength, if the filter 520 transmits the laser (pass 2), it will or should also
transmit the Raman. For the filter 510, the laser is blocked at the second pass (on the way to the sample(s) 525). During
the collection (coming from the sample(s) 525), the light from the laser 530 is incident at the same angles on the filter
520, so the light is blocked again and does not reach the Raman collection fibers 540. In certain embodiments, it may
be desirable to include an additional optical element 545, such as a long pass filter, to block additional laser light or stray
laser light. Because the long pass filters are designed to work at the laser wavelength, it follows that when they block
the laser, they transmit the wavelengths immediately after the laser (red-shifted light), and the Raman is transmitted and
reaches the Raman lens 550. That lens then forms an image of the sampling spots at its focal distance. Placing the
collection fibers 540 in the focal plane and positioning the fibers 540 so that they coincide with the image formed results
in the collection of the signals.
[0044] In accordance with certain examples, it may be desirable to increase the collection efficiency using suitable
optical techniques and/or mechanical devices. While changing the sample lens will change the distance between the
laser spots without requiring any modification to the rest of the elements (excitation and collection arrays, filters, laser
and Raman collection lenses), it can change the efficiency of the collection. Increasing the focal length of the sample
lens can be accompanied by an increase of the diameter of that lens, but because the filters and the Raman collection
lens do not change size, they can act as aperture stop if the sample lens’ diameter is too large. The light that does not
go through the aperture is lost, reducing or eliminating the effect of increasing the lens’ diameter. After going through
the different aperture stops, the light reaches the Raman lens. The lens then forms an image of the sample array.
Magnification of the image is independent of the lens used for the samples, and depends, generally, on the laser lens
and the Raman lens. The diameter of the spots at the collection end depends on the diameter of the core of the excitation
fibers and the magnification factor. When the lenses used for the laser and the Raman have the same focal lengths, the
magnification factor is one, and the collection fibers desirably have at least the same core diameter as the excitation
fibers but may be larger. A larger core can be used, to make the coupling easier, but a smaller core can result in loss
of signal. The collection fibers can transmit the signal entering their core, for example, if the angle of coupling is within
the fiber’s acceptance cone.
[0045] In certain examples, depending on the angle of coupling, several situations can arise: the angle of coupling is
larger than the acceptance angle and some of the light is not coupled properly or lost by the fiber and some of the signal
is wasted; the angle of coupling is equal to the acceptance angle, and the light is coupled properly and the fiber is used
at its maximum; and/or the angle of coupling is smaller than the acceptance angle, and the light is coupled properly but
the fiber is under-used. With an array of fibers, some of the fibers in the array may be off the axis of the lens, so the light
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may not be coupled symmetrically if the fibers are parallel to each other. By changing the orientation of the fibers so
that they are not parallel to each other, but face the center of the lens, the acceptance cone of the fibers can be made
to match the cone of light focused by the lens. Such an arrangement provides for more efficient coupling as substantially
all light from the lens may be coupled with the fibers.
[0046] In certain embodiments, it may be desirable to filter the laser light further. For example, where a plurality of
excitation fibers are used to provide the laser light, the silica of the excitation fibers may generate some Raman scattering.
That Raman, if not removed before it reaches the samples, will be scattered by the samples and collected as if it were
originating from the sample itself, causing interference. Normally, a band pass (laser line) filter would be used for this
purpose, transmitting selectively the laser wavelength (typically, a 785 am laser line filter will have its pass band between
784.0 nm and 786.0 nm). In the case of multiplex sampling however, the collimated lasers beams may not be parallel
to each other so the lasers cannot be at normal incidence of the band pass filter. Using the equations above, the maximum
amount of angle tuning that may be used before the filter stops transmitting the laser is about 4.7 degrees. Therefore,
the maximum angle between the lasers would have to be about 9.4 degrees if a laser line filter transmitting between
784 and 786nm, with neff the same as the value used in the above paragraphs. The exact angle may vary depending
on the particular laser line filter used. In general, the maximum angle between the lasers would be limited by the band
pass of the laser line filter.
[0047] In certain embodiments disclosed herein, using a band pass filter is however not necessary: the filters do not
transmit all light to the sample, they transmit substantially only a desired wavelength, or wavelength range, due to the
angle tuning of the optical elements. For example, only the desired wavelength from a laser is transmitted, and Raman
lines generated by the fiber optic of the excitation array or other wavelengths from the laser are not transmitted in
substantial amounts. Qualitatively, this result may be explained by considering the different passes and each of the
optical elements. The first optical element is angle tuned so that during the first pass it transmits the wavelengths that
are at or equal to the laser’s wavelength or longer wavelengths. Shorter wavelengths are not transmitted, but instead
are blocked. The second optical element is angle tuned so that during the first pass it blocks the wavelengths that are
equal to the laser’s wavelength. Longer wavelengths are transmitted. The second pass on the first optical element does
the same as the first pass on the second optical element - blocking the laser and shorter wavelengths and reflecting the
longer wavelengths removing the Stokes Raman bands of the excitation light. The second pass on the second optical
element does the same as the first pass on the first optical element - transmitting the laser and the longer wavelengths
and blocking the shorter wavelengths, removing the anti-Stokes Raman bands of the excitation light. The amount of
laser light collected at the same time as the Raman depends on the filtering accomplished by the optical elements. The
optical density is a measure of the laser light rejection, and high values are preferred because the less laser light that
enters the collection fibers, the less the silica in the fibers will generate its owns Raman signal on the way to the
spectrometer. As discussed herein, the first and second optical elements are typically each long pass filters whose
transmission profile is selected based on the desired wavelength of the excitation light.
[0048] In certain examples, two or more lenses may be used in the devices and systems disclosed herein. In some
examples, the optical element closest to a collection lens may block the laser, and the other optical element (closer to
a sample lens) may be angle tuned so that it transmits the laser. The optical density depends on the angle of incidence
the light makes with the normal of the optical element. Since there may be several samples, signals originate from
different directions and do not all make the same angle with the optical elements. The angle of incidence of the Raman
has the same form as the one determined for the laser in the equations above 

where Raman1,i is the incidence of the Raman of sample i on the first optical element, β is the angle between the second
optical element and the vertical plane, and αi is the angle between the horizontal plane and the collimated laser excitation
light reaching the sample i.
[0049] In accordance with certain examples, the optical fibers described herein may be used to provide a signal to the
sample and/or collect a signal emitted from a sample. In some examples it is desirable to use optical fibers for their ease
of use and flexibility to form them into an array. Such arrays may be configured so that an individual optical fiber receives
light from an individual well in a multi-well plate or an individual spot on a chip or other device. The optical fibers may
be arranged vertically and/or horizontally in many different configurations including, but not limited to grids, circles,
squares or other internal or external shapes, to provide an arrangement of fibers that may be used to collect light. In
operation, not necessarily all of the optical fibers will receive light from the sample. The positioning or address of the
optical fibers in the collection array may be used to identify which test wells or samples emit or scatter light.
[0050] In some examples, a group of optical fibers may provide a single address on the collection array. An example
of this configuration is shown in FIG. 6. The optical fiber bundle 600 comprises a bundle of 7 optical fibers that have
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been formed into a generally circular pattern wit six optical fibers 602-612 adjacent to a central optical fiber 620. The
six optical fibers 602-612 may function together as a slit or single aperture such that light emitted from a single test well
or sample container is incident on all six of the optical fibers 602-612. The light may also be incident on the central optical
fiber 620, or the central optical fiber 620 may be configured as a dead fiber to provide proper spacing between the other
fibers. In other embodiments, light originating from a single well may be incident on only one (or less than all) of the
optical fibers 602-612. A plurality of optical fiber bundles, such as optical fiber bundle 600 may be grouped to provide a
linear (or other desired shape or pattern) array of optical fiber bundles. In operation, the optical fibers bundles that receive
light show up at the detector as a track or spot.
[0051] In multiplexing operations, it is desirable that the height and width of the spot emitted by the sample is less
than or equal to the overall size of the optical fiber bundle so that adjacent optical fiber bundles do not receive the same
signal. As long as the image or spot is less than the height of the detector, the signal from each respective well may be
imaged separately onto a detector. In the instance where the height of the image is greater than the height of the detector,
the detector may be changed, for example, to one with a larger chip (the detector becomes taller), or the optics used in
the wavelength analyzer may be changed to de-magnify the image of the array on the detector (the image becomes
smaller), or both, thereby making the image fit on the detector. In addition, optical fibers with a thinner cladding may be
used to reduce the height of the image, without changing the efficiency of the system, or optical fibers with a smaller
core may be used.
[0052] In certain examples, an optical fiber bundle may be used to provide a plurality of laser spots to the optical
elements, which may be configured to position the laser spots separately on wells in a multi-well plate. For example, an
optical fiber bundle may include a plurality of optic apertures each configured to provide a single spot or beam of light
to the optics and onto a sample. Each of the spots may be incident on a single well or site of a sample such that individual
wells or sites receive their own spot or beam of light. Wells that scatter the light, or emit light in the case of fluorescence
or phosphorescence, may show up as spots at a collection fiber optic bundle. In some examples, each optical fiber of
the collection bundle may be optically coupled to a respective well or site of the sample such that scattering or emission
from different areas of the sample may simultaneously be received by the detector. An illustrative example is shown in
FIG. 7. Shown are three optical fiber apertures or ferrules 710, 720, and 730 of an optical fiber bundle. The optical
elements (not shown) may be angle tuned such that each beam or spot of excitation light from the apertures 710, 720
and 730 is incident on a single well in a multi-well sample device such as, for example, a multi-well plate 740.
[0053] In certain examples, the collection optical fiber bundle may be optically coupled to a detector such as a charge-
coupled device (CCD), photomultiplier tube or the like. In certain embodiments, the detector is a CCD such that multiple
light emissions or light scattering measurements may be detected simultaneously. When a CCD is used, the emission
spots from individual samples may show up as tracks on the CCD detector with various resonance lines being displayed
for each sample.
[0054] In certain examples, a system comprising a device configured to provide light to a sample is provided. In some
examples, the system may further comprise a first optical path between the device configured to provide the light and
the sample. In other examples, the system may further comprise a first optical device in the first optical path that is
configured to pass light received from the device configured to provide the light. In embodiments of the invention, the
system also includes the further features of claim 1.
[0055] In certain examples, the device configured to provide light comprises an optical fiber bundle optically coupled
to a laser. In embodiments of the invention, the first optical device and the second optical device are each a long pass
filter. In other examples, the device configured to detect light comprises an optical fiber bundle optically coupled to a
charge-coupled device. In other examples, the system may further include at least one additional optical device.
[0056] In certain examples, a method of providing light to a sample comprising angle tuning at least one optical element
is provided. In certain examples, two or more optical elements may be angle tuned such that a first optical element is
configured to pass light received from an excitation source, a second optical element is optically coupled to the first
optical element and is configured to reflect incident light from the first optical element back to the first optical element
and configured to pass the light reflected from the first optical element. Additional optical elements may also be used to
provide the light to the sample.
[0057] In other examples, a method of detecting emitted or scattered light comprising configuring a system with at
least one angle-tuned optical element is disclosed. In some examples, the system may be configured with first and
second angle-tuned optical elements that pass light from a sample to a collection device such as, for example, a charge-
coupled device optionally optically coupled to an optical fiber bundle. Additional optical elements may also be used to
detect the light emitted or scattered by the sample.
[0058] In certain embodiments, a method of multiplexing is disclosed. In some examples, the method comprises
simultaneously detecting at least two spots or beams of scattered or emitted light by passing the scattered or emitted
light through at least one angle tuned optical element. In some examples, the scattered or emitted light may be passed
through two or more optical elements that have been angle tuned. For example, two or more angle tuned long pass
filters may be used in the multiplexing methods.
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[0059] Certain specific examples are described below to further illustrate the novel and non-obvious technology de-
scribed herein.

Example 1 - Optical Fiber Selection

[0060] Filters for use in an optical device configured to collect signal from six samples simultaneously were selected.
Two custom optical fiber bundles were manufactured - the first one for the excitation light and the second one for the
signal collection. The optical fiber bundles were designed to achieve a spacing of 4.5 mm between the laser spots (to
roughly match the well spacing of a 384-well plate) by using an available 785 nm laser source, and two 785 nm long
pass filters (25mm diameter), and a spectrometer as used in commercially available PerkinElmer Raman instruments
capable of 785 nm excitation. A schematic of the spectrometer is shown in FIG. 21. The spectrometer 2100 included a
base 2101, walls 2102, 2104, and 2105, a lid 2106, a grating mount 2107, a grating 2108, a mirror mount 2109, a lens
mount 2111, a lens tune 2112, a lens adjuster 2113, a lens 2114, a ferrule tube 2115, a ferrule mount 2116, 2117, a
lens lock 2118, a lens hood 2119, a lens 2120, a detector mount 2121 and a detector 2122. The focal length of the lens
used for the collimation of the lasers was chosen so that the filters would transmit both polarizations of all six laser beams.
[0061] To minimize the focal distance of the lens used to focus the laser on the samples while achieving the desired
4.5 mm separation between the laser spots, the angles between the different laser spots was selected to be as large
as possible. However, the angles also were selected to not be so large that the filters would start to fail at sending both
polarizations towards the samples. With the filters used, applying the equations above provided a maximum angle of
incidence on the filters of 11.1 degrees to provide 99% or more reflection of both laser polarizations. Similarly, a minimum
angle of 15.9 degrees was calculated to be necessary to provide 99% transmission of the laser (both polarizations). The
combinations of angles α and β were used, and the angle β found to give the largest range of angles α verifying the
equalities was found to be β = -14°. The range of α was 25° to 17° (i.e. 21°, +/-4°), so the filters would work with angles
of incidence over a range of 8 degrees. The number of optical fibers to be used in the array was selected to be six, a
compromise between using more fibers (which may require more expensive bundles) and using fewer fibers (not enough
to utilize the multiplexing advantage of the device). The fiber array was configured to match the well arrangement of a
sample plate and was arranged in two rows of 3 fibers each. Referring to FIG. 8, the six fibers 802, 804, 806, 808, 810,
812 and 814 were arranged in three columns and two rows (a 2x3 array). Each of the fibers in the rows was separated
by a distance d, as shown in FIG. 8, and each of the fibers in the columns were also separated by the same distance d.
[0062] The maximum angle between the lasers, covering a range of 8 degrees, is reached between the fibers in
opposite corners of the array. The distance between those fibers is the square root of 5 times d, and the distance to the
lens is the focal length, Flaser. The following relationship was used to verify proper functioning. 

The focal length Flaser was selected so that it was not so large that the light exiting the excitation fibers produced a cone
too wide to be fully captured by the lens. The following equation was used to express the maximum focal length as a
function of the fiber’s distance to the lens’ optical axis 

In the above equation, Dlaser is the diameter of the lens used to collimate the laser excitation, Flaser is its focal length
and θ is the acceptance angle (half of the acceptance cone) of the fiber. The lens mounts used in the set up were
designed for 25 mm optics, and the clear aperture was slightly less (about 22 mm) because of the fixation mechanism.
Therefore Dlaser = 22 mm. The fibers used had an acceptance angle of 12.7° (NA = 0.22) so the maximum focal length
that could be used for the collimation of the laser in this setup was 37.3 mm. The closest focal lengths commercially
available were 35 mm and 30 mm. A 30 mm lens was selected, to provide some leeway is case the array was not
centered properly with reference to the lens’ optical axis. With a 30 mm focal length, a value of 1.9 mm may be used
between the fibers in the array to have 4 degrees between the outermost fibers (in opposite corners). Two 30 mm lenses
were used, one for the laser collimation and one for the Raman collection. Having two lenses of equal focal lengths
provides a magnification of 1.
[0063] Two custom fiber bundles were used, one for the excitation and one for the collection. The fibers were ordered
from Fiberguide Industries (Stirling, NJ). The excitation bundle had a 6 around one arrangement at one end (6 excitation
fibers around 1 unused central fiber), and the 6 fibers were rearranged at the other end into a 2x3 array, with 1.9 mm



EP 2 286 195 B1

13

5

10

15

20

25

30

35

40

45

50

55

between the different fibers. The collection bundle had a similar array at one end, and at the other end the fibers were
aligned into a slit with a gap of 0.5 mm between the different fibers so that each would give a track well separated from
the others on the detector.

Example 2 - Alignment of Optical Components

[0064] A prototype device was assembled by using each of the bundles of Example 1 with a 30 mm lens, two 785 nm
long pass filters, a 785 nm laser and a 70 mm lens for the samples. The 70 mm lens provides a distance between the
laser spots matching the spacing between the wells of the 384 well plate.
[0065] To place the excitation array in focus, one end of the fiber bundle (the 6 around 1 end) was coupled with the
laser so that each of the fibers would receive comparable amounts of laser power. The 6-around-1 fiber bundle was
mounted on an x-y-z micrometric stage. A lens (7.5 mm focal length) was used to focus the beam of a Torsana 785 nm
laser. The focused spot was smaller than the fiber bundle, so the fiber bundle was placed off focus using the z- axis
control. The array was moved along the x- and y-direction to have similar (but not equal) laser power coming from the
6 used fibers (the 6 focused laser spots had similar brightness). The other end of the fiber bundle (the 2x3 array) was
placed in front of a 30 mm lens, and moved at a distance such that the diameter of each of the collimated lasers would
be constant over a distance of about 10 meters. The collection array was placed at the focal distance of the other 30
mm lens in the same way, with the difference that an incandescence bulb was used as a light source, and not a laser,
to select the exact position of the collection array.
[0066] The excitation and collection bundles, together with their lenses and the 70mm lens, were then placed on an
optical bench. At this stage, the filters were not added to the system. The white light from the collection array was focused
by the 70 mm lens providing six spots of white light on a target placed at the lens’ focal distance. In order to align the
laser spots with the collection spots (made visible by the white light), the filters were inserted. With filters from one
supplier, the spots mostly disappeared because the filters were blocking most of the white light (shorter wavelength than
785 nm) but faint green spots were still visible, because these filters had some transmission in the green wavelengths.
With filters from another manufacturer, the spots disappeared completely, because the transmission was very low at all
the wavelengths shorter than 785 nm. The first set of filters were Semrock 785U long pass filters, and the second set
of filters were Iridian 785nm long pass filters. A diagram of the system is shown in FIG. 9. The system 900 included a
2x3 laser array 910 optically coupled to a 30 mm lens 920. Filters 930 and 940 and a 70 mm sample lens 950 were also
optically coupled to the laser array 910. A 2x3 collection array 970 was also optically coupled to the filters 930 and 940
and the 70mm lens 950. Another 30 mm lens 960 was positioned between the collection array 970 and the filters 930
and 940. The relative distances and sizes of the components shown in FIG. 9 are not shown to scale. Generally, all of
the components were in the same plane, so there was no vertical spacing. The lens in front of the excitation array was
about 4 cm away from the first filter. The lens in front of the collection array (connected to the spectrometer) was about
6 cm away from the first filter. To align the laser spots with the collection spots, the filters were rotated so that both
polarizations of the six lasers were transmitted to the sample lens such that six laser spots were formed. To find the
correct angle combinations, the angles between the filters were changed, and then the two filters were rotated together.
The ferrules of the laser and collection arrays were also rotated so that the spots were in the same direction.
[0067] Some of the combinations successfully resulted in six laser spots forming on the samples, but not where the
six collection spots were. The angle combinations could result in the spots too far to one side of the collection spots, or
too far to the other side. By having the right angles between a) the two filters and b) the first filter and the optical axis of
the laser lens, the laser and collection spots were matched horizontally (for fine adjustments in the horizontal plane, the
x-adjusters of the ferrule mounts were used). The height of the spots is generally independent of the filters, so to have
the laser spots vertically aligned with the collection spots, the y-adjusters on the ferrule mounts were used to change
the position of the arrays relative to the lens in the vertical plane, hence the direction of collimation and the angle of
incidence on the sample lens and the height of the focusing. Moving the ensemble of the lens and the array together
did not change the focusing height because the angle of incidence on the sample lens did not change and it is that angle,
not the position where the light enters the lens, that affected the focusing height.

Example 3 - Data Collection

[0068] The collection bundle was connected to the entrance of the spectrometer, which is shown schematically in FIG.
21, then aligned vertically and brought to the focal distance of the collimation lens by placing a neon source with a diffuser
near the focal plane of the sample lens. The laser was then turned on, and six different samples were placed in front of
the six laser spots. The samples were varied and included a pharmaceutical tablet (sample 1), a pigment (sample 2,
Ti02) and polymers (polystyrene, polypropylene and polyethylene).
[0069] An image of the detector was then taken, showing the spectra of the different samples as six distinct tracks.
The height of the image occupied approximately two thirds of the detector, with wide gaps between the tracks corre-
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sponding to the spacing between the fibers on the slit. The tracks were not perfectly centered on the detector because
the detector had not been adjusted, but this did not affect the data in any way. The dispersion occurred in the horizontal
plane. An image from the detector is shown in FIG. 10.
[0070] The image shown in FIG. 10 can also be visualized in a different manner, where each row of pixels from the
image is shown as a separate spectrum. The resulting visualization (FIG. 11) shows the sample tracks are series of
stacked spectra, and the gap between the tracks are a flat "floor" from which the spectra emerge. The differences in the
Raman bands (position and intensity) between the samples are easier to see with the data presented in this manner.
[0071] A third way of visualizing the spectra is shown in FIGS. 12A-12F, where background corrected counts versus
pixel number are plotted. In this configuration, the detector is configured for multi-track operation, a feature which bins
the data over a specific (user defined) number of rows grouped in a track. The rows corresponding to the different tracks
are determined in the image of the detector (FIG. 10), and the output of the software is six spectra (one per track).
Because the data for each spectrum is the binning of several rows of pixels, there is less noise on the data compared
to the other two visualizations.
[0072] The device described above permits acquisition of data from several samples simultaneously with the same
system. The multiple signals can then be analyzed simultaneously with a suitable system. The prototype built and tested
demonstrates the feasibility of a multiplex system based on this design. The cost of producing the design is less than
having a separate laser and/or collection device for each point. Similarly, by using several lasers (one per sample) or a
high power laser (shared among the samples), a Raman spectrometer using the multiplex design can acquire spectra
from many samples in very little time.

Example 4 - Inline Sampling Optics

[0073] The novel design described in Examples 1-3 advantageously uses a difference in the angle of incidence of the
laser and the Raman on two angle tuned filters to align the paths of the laser with the Raman’s path. In order to achieve
that difference of incidence, two lenses were used, one dedicated to the laser and one dedicated to the Raman, and the
lenses were placed side by side.
[0074] The difference of incidence on the filters can also be achieved by using a single lens for both the laser and the
Raman. In order to do so, the fibers may be placed off the optical axis because the direction of collimation depends on
the fiber’s position relative to it. The resulting size of the system (or a module) is much smaller than in prior systems,
because all the elements are aligned together; there is no lens on the side. FIGS. 13 and 14 show two possible arrange-
ments of the optics, which can be very close to each other in both cases. As shown in FIGS. 13 and 14, the optical
elements are angle tuned to provide the desired optical properties for the system. Referring to FIG. 13, the device 1300
comprises a ferrule 1310, a first lens 1320, first and second angle tuned filter elements 1330 and 1340, and a second
lens 1350. The device 1300 is shown as focusing laser light on sampling point 1360. By placing the laser excitation fiber
1302 and the Raman collection fiber 1304 off the optical axis 1315 of the same lens, the angles of incidence of the
collimated beams on the angle tuned filters are different. The laser is redirected in the path of the Raman, thereby
aligning the Raman collection spot and the laser excitation spot together.
[0075] Referring to FIG. 14, the device 1400 comprises a ferrule 1410, a first lens 1420, first and second angle tuned
filter elements 1430 and 1440, and a second lens 1450. The second lens 1450 is substantially parallel to the collimating
lens 1420. The device 1400 is shown as focusing laser light on a sampling point 1460. In this arrangement, the sampling
point does not move, but the lens will exhibit more aberrations because the light is off-axis and off-center. More than
one sampling point can be achieved by using arrays of optical fibers for the excitation and collection.

Example 5 - Laser Filtration

[0076] Angle tuning of the two optical elements, e.g., the two long pass filters, permits the laser wavelength to reach
the sample. With the inline optics, the lens collimating the laser(s) and focusing the Raman is placed before the filters,
so some of the light coming from the excitation fibers (laser and Raman from the silica) is scattered by the lens, and
some of the scattered light is then collected by the Raman collection fibers. This result may be detrimental to the quality
of the Raman spectrum of the sample(s) as the Raman spectrum of the fibers will be overlaid with it.
[0077] To avoid this result, in some embodiments a laser line filter can be placed directly in front of the excitation array
to selectively transmit the laser wavelength towards the collimation lens. While this does not prevent scattering of the
laser, it stops or reduces the Raman of the silica excitation fibers from reaching the lens, and therefore from being
scattered and collected by the collection fibers. The scattered laser can be prevented from entering the collection fibers
by a number of ways.
[0078] In order for the device to have good performance, it may be desirable to increase the filtering of the laser light.
Several methods can be used for this purpose. In one method, an optical fiber bundle with a built in Bragg grating may
be used. By using a Bragg grating, built in the fiber core itself, the laser wavelength is selectively prevented from being
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carried by the fiber. In another method, the tip of the fiber may be coated with a filter. By coating the tip of the fiber with
a filter, the collection of laser light by the fiber is prevented. In yet another method, a long pass filter may be placed
directly in front of the collection array. Using a long pass filter placed directly in front of the Raman collection array works
according to the same principles, but the filter’s optical density will not be at its maximum. These three approaches have
the advantage of not letting the laser light inside the fiber, so there is no possibility for the silica of the fiber to generate
its own Raman spectrum while it carries the Raman spectrum of the sample to the spectrometer. Filtering the laser at
the other end of the fiber may, in contrast, make it possible for the silica to produce interfering Raman (but not a lot
because only a fraction of the laser power is collected). It will however prevent the laser from entering the spectrometer
and therefore stray light will not be an issue.

Example 6 - Prototype Device with In-Line Optics

[0079] A prototype of a device using in line optics was built to verify the feasibility of this configuration. The prototype
was made using the same laser, the same fiber bundles and the same filters as described in Examples 1-3. The lens
used for the laser collimation and Raman focusing was a camera lens instead a simple achromatic doublet. A camera
lens was used because it had much better imaging properties and fewer aberrations, in particular when it was used off
axis as it is here. A diagram of the system is shown in FIG. 15. The system 1500 includes a sample lens 1510, first and
second long pass filters (785 nm) 1520 and 1530, a 50 mm camera lens 1540, a 2x3 laser excitation array 1550 and a
2x3 Raman collection array 1560.
[0080] Using the camera lens largely improved the spot shape, giving round focused spots. The ferrules were on the
right side of the lens -the same side the camera film detector would be (back of the lens), and the samples were on the
front of the lens (where the subject would be). This arrangement was selected because the camera lens is optimized to
work with diverging light at the back (the lens would normally focus light on the film/detector) and collimated light at the
front (subject at infinity). Using the lens the wrong way can result in aberrations. A difficulty with using the same lens for
both the laser and the Raman is that both arrays should be in the focal plane of the lens at the same time. Otherwise
the array of focused laser spots may not have the same dimension as the array of focused Raman spots. Additionally,
when the two arrays are not at the same distance from the camera lens, the focusing by the sample lens does not occur
in the same plane, making the collection very inefficient.
[0081] Another difficulty is aligning the laser and Raman spots formed by the sample lens - any rotation of an array
to align the focused spots (laser and Raman) formed by the sample lens is desirably not accompanied by a change in
the distance between the rotated array and the camera lens. If the array moves with respect to the focal plane of the
camera lens, then the focal plane of the sample lens for this array can move as well. This results in the focused Raman
spots being aligned with the focused laser spot, but the focus does not occur in the same plane - and the collection is
very inefficient. Experimentally, it is much easier to work with a sample lens that has a long focal length, so that the fiber
arrays appear magnified in the focal plane of the sample lens. In this manner it is much easier to see the (mis)alignment
of the Raman and laser spots, and rotate the arrays accordingly to achieve proper alignment. The sample lens can then
be replaced by another lens with a shorter focal length (if desired), and the Raman and laser spots will still be aligned.
Additionally, for the excitation and collection spots to be vertically aligned the height of each of the ferrules relative to
the camera lens can be selected to be the same or substantially similar. If not, the angles of collimation of the Raman
and laser are different, the focusing by the sample lens occurs at a different height, and the collection is inefficient.
[0082] If the same lens is used for both the laser and the Raman, the excitation and collection fiber arrays may be off
the axis of the camera lens. Referring to FIGS. 16A and 16B, in order to maximize the amount of light from laser fibers
1610 that reaches a camera lens 1620 and the amount of light from Raman scattering that are coupled with the collection
fibers 1630, the ferrules can be rotated so that they face the camera lens 1620. Without the rotation, vignetting 1640
was observed (as shown in FIG. 16A), resulting in losses and strong scattering by the mount of the camera lens’ back
(made out of a metal, and quite reflective). By rotating the ferrules, the vignetting can be avoided or reduced (as shown
by arrows 1660 in FIG. 16B), but the ferrules of the fibers may not be in the lens’ focal plane 1650 any longer.
[0083] With the rotation, the vignetting was completely avoided at the back of the camera lens. However, rotating the
ferrules also resulted in the six fibers of each array not all being in the focal plane of the camera lens anymore. This had
an effect on the efficiency of the coupling. This problem could be corrected by using a beveled instead of a cylindrical
ferrule, and all the fibers could be maintained in the focal plane while facing the camera lens at the same time. Initially,
the ferrules of the fibers were originally designed to be used separately with a dedicated lens, so rotation of the ferrules
was not necessary for that application and the front of the custom made ferrules was therefore flat. Custom made ferrules
with a different shape would avoid that issue, and still prevent vignetting as shown in FIG. 17. In particular the ferrules
of the laser 1710 and the ferrules of the Raman collection fibers 1720 may be angled or beveled such that vignetting at
the back of the lens 1730 is avoided (as shown by arrows 1750) while the fibers remain in the lens’ focal plane 1740.
More simply, using a lens with a larger f/# number would also achieve the same result.
[0084] With the long pass filters available used in the prototype, vignetting also occurred at the front of the lens because
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the filters (25 mm diameter, 22 mm clear aperture) were undersized (50 mm f/1.4 lens, with about 35 mm diameter at
the front). This can be corrected by using larger filters (50 mm diameter) readily available from commercial suppliers.
Because of the vignetting by the filter some losses occurred. The mounts holding the filters also scattered some of the laser.
[0085] During the collection of the Raman signal, some loss in the collection was also caused by the filters. Larger
filters could avoid the occurrence of the issue. The overall efficiency of the system was reduced because: some of the
laser was vignetted by the filters, reducing the excitation power; some of the emitted Raman was vignetted by the filter,
reducing the collection efficiency; the fibers (excitation and collection) were not all in the focal plane of the lens because
of the tilt of the ferrules, resulting in poor coupling of the collected Raman; and scattering by each of the surfaces of the
multi element camera lens occurred (for both the laser and the Raman).
[0086] Because of the scattering by the camera lens’ many surfaces, the tilt of the long pass filters used to combine
the Raman with the laser and the scattering by the mounts of the various optical elements that vignetted the laser, the
amount of laser entering the collection fibers was higher than desired. While it was not enough to generate any noticeable
Raman by the silica of the collection fibers, it was enough to generate stray light on the detector. In order to avoid this
result, extra laser filtration was used. This was achieved by placing a long pass filter directly in front of the Raman
collection fiber (without obstructing the path of the laser), and placing another long pass filter inside the spectrometer itself.
[0087] The filter in front of the collection fibers was enough to reduce the laser line to some extent, but because the
filter was not used with collimated light the filter’s efficiency was not optimum. The size of this filter was enough to not
cause any loss. The other filter was placed inside the spectrometer between the mirror and the grating, though it could
also be placed between the mirror and the collimating lens. The use of the filter with collimated light resulted in a very
large reduction of the stray laser to levels that did not cause any undesired results. However, because the filter had a
22 mm clear aperture and the rest of the optics’ diameter was 50 mm, losses in the Raman signal occurred. A larger
filter, e.g., 50 mm, would have filtered out the laser without reducing the Raman.
[0088] Although the efficiency of the system was low for the reasons discussed above, it was sufficient enough to
collect spectra to demonstrate proof of concept. The sample lens that was used during the collection (40 mm focal lens,
25 mm diameter) had a small diameter to limit the vignetting by the filters, and the focal length was chosen so that the
f/# was high to achieve an efficient collection. This lens was chosen in order to not aggravate the efficiency issue.
Because the focal length of the sample lens was less than the camera lens’ focal length (50 mm), the focused laser
spots were a demagnified image (ratio of 40/50) of the excitation array. As the fibers were 1.9 mm apart from each other
in the array, the spots were about 1.5 mm apart. A single paracetamol tablet was used as the sample, and sampling
was performed at six different locations simultaneously. The different spots produced for the excitation array, the image
of the excitation array and the collection array are shown in FIGS. 18, 19 and 20, respectively.
[0089] As shown in FIG. 22 (image of the detector), six tracks were visible. Each track corresponded to one of the
collection fibers of the array. As the six fibers were collecting the spectrum of paracetamol, all the tracks have hotspots
at the same position in the dispersion plane (horizontal). The intensity of the signal is not the same for all the tracks
however because the laser power was not equal in the six excitation fibers, the coupling efficiency was not the same
for the six collection fibers and vignetting affected the different fibers with a different severity.

Example 7 - Fluorescence Spectroscopy

[0090] The set of long pass filters used to fold the laser path and combine it with the Raman path can be modified to
transmit a wider range of wavelengths (instead of the laser wavelength only), and collect the wavelengths longer than
the excitation wavelength, e.g., fluorescence emissions or phosphorescence emissions. The amount of angle tuning
necessary to transmit the excitation wavelengths can be determined using the above-listed equations.
[0091] With a range of excitation wavelengths, the filters can be used for fluorescence spectroscopy. Because fluo-
rescence spectroscopy is less demanding than Raman spectroscopy (the intensity of the fluorescence compared to the
excitation is much higher than the Raman intensity compared to the scattered laser), there is no need to use extra filters
for filtration and two edge filters should be sufficient. The use of a single lens for the collection and the excitation, in
particular, is more straightforward.
[0092] The small size of the optics remains the main advantage of the double edge design, since the excitation and
the collection can come from the same direction. Using the multiplex properties of the system can be used to screen
through large numbers of samples at the same time, or for imaging applications. In the latter case, the time necessary
to complete the scanning of all the sampling points will be reduced by a factor equal to the number of simultaneous points.
[0093] When introducing elements of the examples disclosed herein, the articles "a," "an," and "the" are intended to
mean that there are one or more of the elements. The terms "comprising," "including" and "having" are intended to be
open ended and mean that there may be additional elements other than the listed elements. It will be recognized by the
person of ordinary skill in the art, given the benefit of this disclosure, that various components of the examples can be
interchanged or substituted with various components in other examples.
[0094] Although certain features, aspects, examples and embodiments have been described above, additions, sub-
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stitutions, modifications, and alterations of the disclosed illustrative features, aspects, examples and embodiments will
be readily recognized by the person of ordinary skill in the art, given the benefit of this disclosure.

Claims

1. A spectroscopic system comprising:

an excitation source (130) configured to provide light;
an optical device comprising first and second optical elements (110, 120), the first optical element optically
coupled to the excitation source and being positioned at a first angle with respect to the excitation source to
pass light received from the excitation source, and the second optical element being optically coupled to the
first optical element and positioned at a second angle with respect to the first optical element, the first and
second angles being selected such that the second optical element reflects incident light passed from the first
optical element back to the first optical element, the first optical element reflects the light reflected from the
second optical element, and the second optical element passes said light reflected from the first optical element;
a sample space optically coupled to the second optical element and configured to receive the light passed by
the second optical element; and
a collection device (160) optically coupled to the second optical element; and
a detector (140) optically coupled to the collection device,
wherein the first and second optical elements are both long pass filters configured to receive emitted light from
a sample in the sample space and to provide the emitted light to the collection device.

2. The optical device of claim 1, in which the collection device comprises an optical fiber bundle.

3. The optical device of any of the preceding claims, in which the detector is a charge-coupled device.

4. The spectroscopic system of any of the preceding claims, in which the excitation source comprises a plurality of
optical fibers each configured to provide light to the first optical element.

5. The spectroscopic system of claim 4, in which the collection device comprises a plurality of optical fibers each
configured to receive a light emission from a different sample in a multi-sample device in the sample space.

6. The spectroscopic system of claim 5, wherein the detector is optically coupled to the plurality of optical fibers each
configured to receive the light emission.

7. The spectroscopic system of any of the preceding claims, in which the spectroscopic system is configured to detect
Raman scattered light.

8. A method comprising:

providing a sample space;
providing an excitation source configured to provide light to the sample space;
selecting a first angle for a first optical element with respect to the excitation source, the first optical element
comprising a long pass filter;
selecting a second angle for a second optical element with respect to the first optical element, the second optical
element being optically coupled to the first optical element and also comprising a long pass filter;
adjusting the selected first and second angles such that the first optical element is configured to pass light
received from the excitation source, the second optical element is configured to reflect incident light passed
from the first optical element back to the first optical element, the first optical element is configured to reflect
the light reflected from the second optical element and the second optical element is configured to pass said
light reflected from the first optical element to the sample space;
providing light to the first optical element with the excitation source;
reflecting incident light passed by the first optical element back to the first optical element;
passing light reflecting from the first optical element to the sample space;
providing emitted light from a sample in the sample space to a collection device, via the first and second optical
elements; and
detecting emitted light from the sample with a detector.
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9. A method according to claim 8 wherein providing an excitation source comprises providing a plurality of optical fibres
configured to provide light to the sample space, and wherein providing light to the first optical element comprises
providing light to the first optical element with the plurality of optical fibres of the excitation source.

Patentansprüche

1. Spektroskopisches System, umfassend:

eine Anregungsquelle (130), die zum Bereitstellen von Licht konfiguriert ist;
eine optische Vorrichtung, die ein erstes und zweites optisches Element (110, 120) umfasst, wobei das erste
optische Element optisch mit der Anregungsquelle gekoppelt und in einem ersten Winkel in Bezug auf die
Anregungsquelle angeordnet ist, um von der Anregungsquelle empfangenes Licht durchzulassen, und das
zweite optische Element optisch mit dem ersten optischen Element gekoppelt und in einem zweiten Winkel in
Bezug auf das erste optische Element angeordnet ist, wobei der erste und zweite Winkel derart ausgewählt
werden, dass das zweite optische Element vom ersten optischen Element durchgelassenes einfallendes Licht
zum ersten optischen Element zurückreflektiert, das erste optische Element das vom zweiten optischen Element
reflektierte Licht reflektiert und das zweite optische Element das vom ersten optischen Element reflektierte Licht
durchlässt;
ein optisch mit dem zweiten optischen Element gekoppelter und für das Empfangen des vom zweiten optischen
Element durchgelassenen Lichtes konfigurierter Probenraum; und
eine optisch mit dem zweiten optischen Element gekoppelte Sammelvorrichtung (160); und
ein optisch mit der Sammelvorrichtung gekoppelter Detektor (140),
wobei das erste und zweite optische Element beide Langpassfilter sind, die zum Empfangen des von einer
Probe im Probenraum emittierten Lichtes und zum Bereitstellen des emittierten Lichts für die Sammelvorrichtung
konfiguriert sind.

2. Optische Vorrichtung nach Anspruch 1, in der die Sammelvorrichtung ein optisches Faserbündel umfasst.

3. Optische Vorrichtung nach einem der vorstehenden Ansprüche, in der der Detektor eine ladungsgekoppelte Vor-
richtung ist.

4. Spektroskopisches System nach einem der vorstehenden Ansprüche, in der die Anregungsquelle eine Vielzahl von
optischen Fasern umfasst, die jeweils zum Bereitstellen von Licht an das erste optische Element konfiguriert sind.

5. Spektroskopisches System nach Anspruch 4, in dem die Sammelvorrichtung eine Vielzahl von optischen Fasern
umfasst, die jeweils zum Empfangen einer Lichtemission von einer anderen Probe in einer Mehrprobenvorrichtung
im Probenraum konfiguriert sind.

6. Spektroskopisches System nach Anspruch 5, wobei der Detektor mit der Vielzahl von optischen Fasern optisch
gekoppelt ist, die jeweils zum Empfangen von Lichtemission konfiguriert sind.

7. Spektroskopisches System nach einem der vorstehenden Ansprüche, in dem das spektroskopische System zum
Erkennen von Raman-Streulicht konfiguriert ist.

8. Verfahren, umfassend:

das Bereitstellen eines Probenraums;
das Bereitstellen einer zum Bereitstellen von Licht an den Probenraum konfigurierten Anregungsquelle;
das Auswählen eines ersten Winkels für ein erstes optisches Element in Bezug auf die Anregungsquelle, das
erste optische Element einen Langpassfilter umfassend;
das Auswählen eines zweiten Winkels für ein zweites optisches Element in Bezug auf das erste optische
Element, wobei das zweite optische Element optisch mit dem ersten optischen Element gekoppelt ist und
ebenfalls einen Langpassfilter umfasst;
das Anpassen des ausgewählten ersten und zweiten Winkels, sodass das erste optische Element konfiguriert
ist, von der Anregungsquelle empfangenes Licht durchzulassen, das zweite optische Element konfiguriert ist,
vom ersten optischen Element durchgelassenes einfallendes Licht zurück zum ersten optischen Element zu
reflektieren, das erste optische Element konfiguriert ist, das vom zweiten optischen Element reflektierte Licht
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zu reflektieren und das zweite optische Element konfiguriert ist, das vom ersten optischen Element reflektierte
Licht zum Probenraum durchzulassen;
das Bereitstellen von Licht an das erste optische Element mittels der Anregungsquelle;
das Reflektieren des vom ersten optischen Element zurück zum ersten optischen Element durchgelassenen
Lichtes;
das Durchlassen des vom ersten optischen Element reflektierten Lichtes zum Probenraum;
das Bereitstellen von einer Probe im Probenraum emittiertem Licht an eine Sammelvorrichtung über das erste
und zweite optische Element; und
das Erkennen des von der Probe emittierten Lichtes mittels eines Detektors.

9. Verfahren nach Anspruch 8, wobei das Bereitstellen einer Anregungsquelle das Bereitstellen einer Vielzahl von
optischen Fasern umfasst, die zum Bereitstellen von Licht an den Probenraum konfiguriert sind, und wobei das
Bereitstellen von Licht an das erste optische Element das Bereitstellen von Licht an das erste optische Element
mittels einer Vielzahl von optischen Fasern an die Anregungsquelle umfasst.

Revendications

1. Système spectroscopique comprenant :

une source d’excitation (130) configurée pour fournir de la lumière ;
un dispositif optique comprenant des premier et deuxième éléments optiques (110, 120), le premier élément
optique couplé optiquement à la source d’excitation et étant positionné au niveau d’un premier angle par rapport
à la source d’excitation pour laisser passer la lumière reçue de la source d’excitation, et le deuxième élément
optique étant couplé optiquement au premier élément optique et positionné au niveau d’un deuxième angle par
rapport au premier élément optique, les premier et deuxième angles étant choisis de sorte que le deuxième
élément optique réfléchisse la lumière incidente passée du premier élément optique au premier élément optique,
le premier élément optique réfléchit la lumière réfléchie du deuxième élément optique, et le deuxième élément
optique passe ladite lumière réfléchie du premier élément optique ;
un compartiment de prélèvement couplé optiquement au deuxième élément optique et configuré pour recevoir
la lumière passée par le deuxième élément optique ; et
un dispositif de collecte (160) couplé optiquement au deuxième élément optique ; et
un détecteur (140) couplé optiquement au dispositif de collecte,
dans lequel les premier et deuxième éléments optiques sont à la fois des filtres passe-haut configurés pour
recevoir la lumière émise d’un échantillon dans le compartiment de prélèvement et pour fournir la lumière émise
au dispositif de collecte.

2. Dispositif optique selon la revendication 1, dans lequel le dispositif de collecte comprend un faisceau à fibre optique.

3. Dispositif optique selon l’une quelconque des revendications précédentes, dans lequel le détecteur est un dispositif
à couplage de charges.

4. Système spectroscopique selon l’une quelconque des revendications précédentes, dans lequel la source d’excitation
comprend une pluralité de fibres optiques chacune configurée pour fournir de la lumière au premier élément optique.

5. Système spectroscopique selon la revendication 4, dans lequel le dispositif de collecte comprend une pluralité de
fibres optiques chacune configurée pour recevoir une émission lumineuse d’un échantillon différent dans un dispositif
à multi échantillons dans le compartiment de prélèvement.

6. Système spectroscopique selon la revendication 5, dans lequel le détecteur est couplé optiquement à la pluralité
de fibres optiques chacune configurée pour recevoir l’émission lumineuse.

7. Système spectroscopique selon l’une quelconque des revendications précédentes, dans lequel le système spec-
troscopique est configuré pour détecter lumière diffusée de Raman.

8. Procédé comprenant :

la fourniture d’un compartiment de prélèvement ;
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la fourniture d’une source d’excitation configurée pour fournir de la lumière au compartiment de prélèvement ;
la sélection d’un premier angle pour un premier élément optique par rapport à la source d’excitation, le premier
élément optique comprenant un filtre passe-haut ;
la sélection d’un deuxième angle pour un deuxième élément optique par rapport au premier élément optique,
le deuxième élément optique étant couplé optiquement au premier élément optique et comprenant également
un filtre passe-haut ;
l’ajustement des premier et deuxième angles choisis de sorte que le premier élément optique est configuré
pour faire passer la lumière reçue de la source d’excitation, le deuxième élément optique est configuré pour
réfléchir la lumière incidente passée du premier élément optique au premier élément optique, le premier élément
optique est configuré pour réfléchir la lumière réfléchie du deuxième élément optique et le deuxième élément
optique est configuré pour faire passer ladite lumière réfléchie du premier élément optique au compartiment de
prélèvement ;
la fourniture de lumière au premier élément optique avec la source d’excitation ;
la réflexion de la lumière incidente passée par le premier élément optique au premier élément optique ;
le passage de la lumière réfléchissante du premier élément optique au compartiment de prélèvement ;
la fourniture de la lumière émise d’un échantillon dans le compartiment de prélèvement à un dispositif de collecte,
via les premier et deuxième éléments optiques ; et
la détection de la lumière émise de l’échantillon avec un détecteur.

9. Procédé selon la revendication 8, dans lequel la fourniture d’une source d’excitation comprend la fourniture d’une
pluralité de fibres optiques configurée pour fournir de la lumière au compartiment de prélèvement, et dans lequel
la fourniture de lumière au premier élément optique comprend la fourniture de lumière au premier élément optique
avec la pluralité de fibres optiques de la source d’excitation.
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