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(54) Bezeichnung : NICHT-INVASIVE STOFFANALYSE

Fig. 1

(57) Abstract: The invention relates to a method and to a system for analyzing a substance (100). The method comprises the
following steps: arranging an optical medium (10) on a substance surface, such that at least one region of the surface (12) of the
optical medium (10) is in contact with the substance surface; emitting an excitation light beam having an excitation wavelength
through the region of the surface (12) of the optical medium (10), which is in contact with the substance surface, to the substance
surface; emitting a measurement light beam through the optical medium (10) to the region of the surface (12) of the optical medium
(10), which is in direct contact with the substance surface, such that the measurement light beam and the excitation light beam
overlap on the interface of the optical medium (10) and of the substance surface, on which the measurement light beam is reflected;
direct or indirect detecting of a deflection of the reflected measurement light beam in dependence on the wavelength of the excitation
light beam; and analyzing the substance (100) based on the detected deflection of the measurement light beam in dependence on the
wavelength of the excitation light beam.

(57) Zusammenfassung:

[Fortsetzung auf der ndchsten Seite]
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Gezeigt werden ein Verfahren und ein System zum Analysieren eines Stoffes (100). Das Verfahren umfasst die folgenden Schritte:
Anordnen eines optischen Mediums (10) auf einer Stotffoberfliche, so dass zumindest ein Bereich der Oberfldche (12) des
optischen Mediums (10) in Kontakt mit der Stoffoberfliche steht; Aussenden eines Anregungs-Lichtstrahls mit einer
Anregungswellenldnge durch den Bereich der Oberfliche (12) des optischen Mediums (10), der in Kontakt mit der
Stoffoberfldche steht, auf die Stoffoberfliche; Aussenden eines Mess-Lichtstrahls durch das optische Medium (10) auf den
Bereich der Oberflache (12) des optischen Mediums (10), der in direktem Kontakt mit der Stoffoberfldche steht, derart, dass der
Mess-Lichtstrahl und der Anregungs-Lichtstrahl auf der Grenzflache des optischen Mediums (10) und der Stotfobertldche, an der
der Mess-Lichtstrahl reflektiert wird, {iberlappen; direktes oder indirektes Detektieren einer Ablenkung des reflektierten Mess-
Lichtstrahls in Abhéngigkeit von der Wellenldnge des Anregungs-Lichtstrahls; und Analysieren des Stoffes (100) anhand der
detektierten Ablenkung des Mess-Lichtstrahls in Abhéngigkeit von der Wellenldnge des Anregungs-Lichtstrahls.
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Attorney Ref.: 5002P002CAO01

NON-INVASIVE SUBSTANCE ANALYSIS USING AN OPTICAL MEDIUM AND
EXCITATION AND MEASUREMENT LIGHT BEAMS

FIELD OF THE INVENTION

The present invention relates to a method and a system for analyzing a substance
noninvasively. In particular, it relates to a method and a system for non-invasively analyzing
a substance from the deflection of a probe light beam which is reflected in an optical medium

placed on the substance.

BACKGROUND

In a wide variety of technical applications and in particular in chemical, biological and
medical applications, the analysis of substances is required with regard to their composition
and their constituent substances. In many of the analysis methods, part of the substance is
removed and made to react with other substances. From the change in the reaction mixture,

conclusions can then be drawn as to the constituent substances of the substance.

The removal or alteration of the substance can be undesirable however, for example if as a
result of the reaction the substance is no longer usable for its actual purpose, or if the removal
of a part of the substance damages or destroys the substance. In these cases, a non-invasive
substance analysis can be advantageous, in which the original function or application

capability of the substance is not adversely affected by the analysis.

SUMMARY OF THE INVENTION

The object of the present invention is therefore to provide a method and a system for the non-

invasive analysis of a substance.

According to the invention, the method comprises a step of arranging an optical medium on a

substance surface, so that at least a portion of the surface of the optical medium is in contact

Date Regue/Date Received 2022-03-31
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with the substance surface. In the context of the present invention, the step of arranging the
optical medium on a substance surface shall in particular be understood to also include the
arrangement of a substance surface on the optical medium, and in general any bringing into
contact thereof. Thus the optical medium can also be designed in particular as a holder for a
substance, or be fixedly connected to a substance. Preferably, the optical medium is a body
made of ZnS, ZnSe, Ge or Si, which is transparent in a predetermined wavelength range,
preferably in the infrared range or a part of the infrared range. The substance can be a tissue,
for example skin, but also a liquid or a solid or a combination of solid, skin and tissue, such as
a sample holder made of glass with either a tissue to be examined located thereon or a liquid

contained therein.

The aforementioned contact typically involves a direct contact. A "direct contact” is
considered to be onc in which the surfaces of the optical medium and the substance are
touching. In this regard, the above step of arranging the optical medium on the substance
surface means bringing the surfaces of the optical medium and the substance into contact. For
example, the optical medium and the substance can each have (substantially) flat surfaces in

one region, which are brought into contact with each other.

The method according to the invention also comprises the step of emitting an excitation light
beam with an excitation wavelength through the region of the surface of the optical medium,
which is in contact with the substance surface, onto the substance surface. In addition, the
method according to the invention comprises the step of emitting a probe light beam through
the optical medium onto the region of the surface of the optical medium which is in contact
with the substance surface, in such a way that the probe light beam and excitation light beam
overlap at the interface of the optical medium and the substance surface. Preferably, the probe
light beam and excitation light beam overlap at the interface of the optical medium and the
substance surface by 10% to 100% or 50% to 100%, particularly preferably by more than
90%, or even by 100%. The degree of overlap is determined, for example, by the fact that a
first interface region is defined in which 95%, preferably 98%, of the total light intensity of
the probe light beam is located. Similarly, a second interface region is defined in which
between 95% and preferably 98% of the total light intensity of the excitation light beam is
located. The intersection of the first and second interface regions is then divided by the mean

of the first and second interface regions to give the degree of overlap.
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The method according to the invention also includes the step of directly or indirectly detecting
a deflection of the reflected probe light beam as a function of the wavelength of the excitation
light beam. The deflection can be determined, for example, directly by means of a position-
sensitive photo detector (PSD) or indirectly by means of a photo-detector, in particular a

photodiode, which is arranged behind an iris diaphragm.

Furthermore, the method according to the invention comprises the step of analyzing the
substance on the basis of the detected deflection of the reflected probe light beam as a
function of the wavelength of the excitation light beam. ‘Analyzing’ here means, in particular,
measuring or determining parameters which characterize the substance composition.
Preferably, the analysis comprises determination of an absorption characteristic of the
substance. If the excitation light beam is an infrared light beam, then the analysis preferably

includes performing an infrared spectroscopy measurement.

The method according to the invention is based on the fact that an excitation light beam
absorbed in a substance changes the beam path of a probe light beam through the optical
medium. The reason for this is that the absorption of the excitation light beam in the substance
induces a temperature increase, which locally changes the refractive index or index of
refraction of the optical medium in contact with the substance, and thus deflects the beam path
of the probe light beam. The degree of deflection correlates with the degree of absorption of
the excitation light beam in the substance, so that substance components with characteristic

absorption spectra can be identified from the degree of deflection of the probe beam.

The method preferably comprises the step of aligning the probe light beam, so that the probe
light beam undergoes total internal reflection at the interface between the optical medium and
the substance surface. The term “total internal” reflection in this description and the claims, in
accordance with Snell's law of refraction, is equated with an angle of incidence of the probe
light beam that is greater than the critical angle of total internal reflection, which is equal to
the arcsine of the quotient of the refractive index of the substance divided by the refractive
index of the optical medium. The probe light beam is preferably aligned such that it enables

the analysis of a plurality of different substances with different optical densities.

The excitation light beam is preferably designed as an intensity-modulated, in particular

pulsed, excitation light beam. The modulation frequency, in particular the pulse rate, is
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preferably between 5 and 2000 Hz and particularly preferably between 10 and 1000 Hz, or 20
and 700 Hz. If the excitation light beam is designed as a pulsed-excitation light beam, the
cyclic heating and cooling of the excitation light-absorbing substance constituents generates
expansion and contraction of the constituents and hence pressure waves, and in particular
thermal waves, which pass through the substance and propagate into the optical medium and

thus also deflect the beam path of the probe light beam.

Preferably, the step of emission of the excitation light beam is repeated for different
modulation frequencies and the step of analyzing the substance comprises the analysis of the
substance on the basis of the detected deflections of the probe light beam as a function of the
wavelength and the modulation frequency of the excitation light beam. In doing so, different
modulation frequencies allow different layers to be included in the absorption process. Thus,
for example, higher modulation frequencies lead to absorption processes nearer to the surface,
while lower modulation frequencies also include absorption processes in deeper layers. Thus,

an analysis of different layers is facilitated.

The step of analyzing the substance preferably comprises subtracting a value which is based
on a deflection of the probe light beam that was detected at a first modulation frequency from
a value based on a deflection of the probe light beam that was detected at a second modulation
frequency, or dividing a value based on a deflection of the probe light beam that was detected
at a first modulation frequency, by a value based on a deflection of the probe light beam that
was detected at a second modulation frequency. By calculating the difference or performing
the division, the influence of superficial layers can then be deduced by calculating absorption
processes which occur in superficial and deeper layers, so that the contribution of the deeper

layers can be determined.

The step of analyzing the substance preferably comprises a subtraction of values which are
based on deflections of the probe light beam that were detected at a first modulation frequency
for different wavelengths of the excitation light beam, from values which are based on
deflections of the probe light beam that were detected at a second modulation frequency for
different wavelengths of the excitation light beam, wherein the values are particularly
preferably spectral absorption intensity values, or a division of values based on deflections of
the probe light beam which were detected at a first modulation frequency for different

wavelengths of the excitation light beam, by values based on deflections of the probe light
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beam which were detected at a second modulation frequency for different wavelengths of the
excitation light beam, wherein the values are preferably spectral absorption intensity values.
By subtracting or dividing the values, an absorption spectrum of a particular layer of the
material can be isolated, so that the presence of certain substances in this layer can be
demonstrated, which is particularly advantageous when the occurrence of the substances is not

evenly distributed in the material.

The step of analyzing preferably comprises associating values, which are based on deflections
of the probe light beam which were detected at different modulation frequencies, to different
regions in the substance, preferably regions of the substance located at different depths. By
assigning or associating the values with substance regions, a distribution of a substance in the
containing substance can be provided, in particular a depth profile of the presence of a

particular substance.

The determination of the deflection of the probe light beam preferably comprises the
amplification of an associated probe signal with a lock-in amplifier. By the use of a pulsed-
excitation light beam in combination with a lock-in amplifier, even small signals or signal
changes which lie within the noise range can also be rendered detectable. The pulsed
excitation light beam is preferably modulated by an optical chopper. The optical chopper is
preferably coupled to the lock-in amplifier. Alternatively, the pulsed-excitation light beam can

be generated by a pulsed-excitation light source.

Preferably, the excitation light beam is focussed on the surface of the optical medium by
means of an optical device, wherein the optical device in particular comprises a parabolic
mirror. The optical device is preferably adjusted by means of an adjustment laser, which emits
visible light. The laser beam of the adjustment laser can be adjusted or aligned by means of a
mirror arrangement such that the beam path of the adjustment laser beam is at least partly

coincident with the beam path of the excitation light beam.

The wavelength of the excitation light beam is preferably varied, in particular by the
wavelength being cyclically tuned within a predetermined wavelength range or by
characteristic wavelengths, in particular absorption wavelengths of a suspected substance,
being selectively set. The variation of the wavelength range of the excitation light beam

enables a spectral analysis to be performed, which allows substance constituents with partially
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similar or overlapping absorption spectra to be differentiated. The wvariation of the

predetermined wavelength range can be effected, for example, using a tuneable light source.

The excitation light beam is preferably an excitation laser beam. Due to the use of an
excitation laser beam, the absorption range or an absorption spectrum can be analyzed with
high resolution. For the infrared spectral range, a quantum cascade laser can preferably be

used as an excitation laser.

The probe light beam is preferably a probe laser beam. The wavelength of the probe light
beam is preferably in the visible wavelength range. The use of a visible probe laser beam
enables a simplification of the alignment of the probe laser beam onto the region of the

interface through which the excitation light beam passes.

The excitation wavelength is preferably in a range from 6 pm to 13 pm, particularly

preferably from 8 pm to 11 pm.

The polarization of the probe beam is preferably adjusted such that the deflection of the

reflected probe light beam is a maximum.

Before detection of the deflection, the probe light beam preferably undergoes total internal
reflection at the same point at the interface of the optical medium at least one more time,
preferably two to five more times. For example, by the probe light beam being reflected back
by a mirror system onto the region of overlap with the excitation light beam. This effectively
increases the deflection angle, allowing the accuracy of detection of the deflection to be

increased.

If the substance to be analyzed is the skin of a patient, the method preferably comprises the
step of preparing the surface of the skin by applying and removing a fabric strip to remove
dead skin cells, wherein the fabric strip comprises a substance which adheres to the surface of
the skin. The removal of the dead skin cells enables the analysis accuracy to be improved,

because interfering effects due to dead skin cells can be avoided.

If the substance to be analyzed is the skin of a patient, the step of analyzing the substance

preferably comprises the step of determining the blood sugar level of the patient. The step of
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determining the blood sugar level particularly preferably comprises the step of measuring the

glucose content of the interstitial fluid of the skin of the patient.

If the substance to be analyzed is the skin of a patient, the step of analyzing the substance

preferably comprises the step of determining a water content of the skin of the patient.

If the substance to be analyzed is the skin of a patient, the step of analyzing the substance
preferably comprises the step of determining a protein composition of the skin of the patient,
and particularly preferably determining a protein composition of the skin of the patient in
different layers of the skin. It is understood that the term "skin layers" should be understood as
meaning regions in the skin that extend (substantially) parallel to the skin surface and are

located above or underneath each other.

Preferably, the substance is a fluid or stationary fluid or emulsion and the analysis of the

substance comprises determining a sugar content, alcohol content, fat and/or protein content

of the fluid.

The substance is preferably a fuel and the analysis of the substance comprises determining an

alcohol content, rapeseed oil methyl ester content, lead or benzene content of the fuel.

The substance is preferably fresh water or salt water and the analysis of the substance

comprises determining a contamination of the water.

Preferably, the substance is a body fluid.

Based on the detected deflection of the probe light beam, an absorption intensity value is
preferably associated with the wavelength of the excitation light beam. The absorption
intensity value can be compared with a calibration absorption intensity value, which
represents the absorption intensity value of the skin of the patient with a known blood sugar
level and at this exact wavelength of the excitation light beam. The current blood sugar level
of the patient is then preferably determined on the basis of the comparison, wherein the
determined blood sugar level deviates the more from the blood sugar level on which the
calibration is based, the more the absorption intensity value deviates from the calibration

absorption intensity value.
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The system according to the invention comprises an optical medium, a device for emitting one
or more excitation light beams with an e¢xcitation wavelength, and a measurement device. As
already discussed above, the optical medium can be, for example, a body made of ZnS, ZnSe,

Ge or Si, which is transparent in a predetermined wavelength range.

The device for emitting the excitation light beam is arranged such that the excitation light
beam emitted enters into the optical medium through a first surface and leaves it again
through a predetermined point on a second surface. If a substance is arranged at the second
interface of the optical medium, the excitation light beam is at least partially absorbed on the
surface of the substance or in the substance. The degree of absorption can be detected with a

measurement device.

The measurement device comprises a device for emitting a probe light beam, which is
arranged such that during operation, an emitted probe light beam enters into the optical
medium and overlaps with the excitation light beam at the interface of the optical medium and
the substance surface. The probe light beam and excitation light beam preferably overlap at
the interface of the optical medium and the substance surface by 10% to 100%, or 50% to
100%, particularly preferably by more than 90% or even by 100%. As described above, the
degree of overlap is determined, for example, by the fact that a first interface region is defined
on which 95%, preferably 98%, of the total light intensity of the probe light beam is located.
Similarly, a second interface region is defined in which between 95%, preferably 98% of the
total light intensity of the excitation light beam is located. The intersection of the first and
second interface regions is then divided by the mean of the first and second interface regions

to give the degree of overlap.

For example, the probe light beam can impinge on the interface between the second surface
and substance surface at an angle that is smaller than the critical angle of total internal
reflection, wherein the point of incidence overlaps with the point of incidence of the excitation

light beam and is preferably coincident with it.

The measurement device additionally comprises a device for receiving the reflected probe
light beam and for directly or indirectly detecting a deflection of the reflected probe light

beam.
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If, for example, the optical medium is arranged with the second surface on a substance to be
analyzed, then the excitation light beam enters into the substance and, depending on the
composition of the substance and the wavelength of the excitation light beam, is absorbed by
differing amounts. The absorption of the excitation light triggers heat transport and pressure
waves, which affect the beam path of the probe laser beam in the optical medium. Since the
effect is correlated with the concentration of a substance constituent absorbing the infrared
light, the concentration of the substance constituent can be determined by measuring the

degree of deviation in the beam path from an unaffected beam path.

In operation, the probe light beam preferably undergoes total internal reflection at the

interface between the optical medium and the substance surface.

The excitation light beam is preferably an infrared light beam, since infrared light is
characteristically absorbed by many substances and is therefore particularly suitable for

substance analysis.

The excitation light beam is preferably an intensity-modulated, in particular pulsed, excitation
light beam. The device for receiving the reflected probe light beam and for directly or
indirectly detecting the deflection of the reflected probe light beam preferably comprises a
lock-in amplifier. The modulation frequency, in particular the pulse rate, is preferably between
5 and 2000 Hz, particularly preferably between 10 and 1000 Hz, or 20 and 700 Hz. In order to
generate a pulsed-excitation light beam the device for emitting the excitation light beam
preferably comprises an optical chopper. The optical chopper is preferably positioned in the
beam path of the excitation light beam and modulates the intensity of the excitation light
beam. The use of an intensity-modulated, and in particular a pulsed light beam in combination
with a lock-in amplifier, means that small signals or signal changes which lie within the noise

range, can also be detected.

The excitation light beam is preferably an excitation laser beam, and the device for emitting
the excitation laser beam is configured for emitting excitation laser beams of different
excitation frequencies. Due to the use of an excitation laser beam, the absorption region, or an

absorption spectrum, can be analyzed with high resolution.



10

15

20

25

30

CA 02951580 2016-12-08

-10-

Preferably, the system also comprises an optical device which is intended for focussing the
excitation light beam at the predetermined point. By focusing on the predetermined point, the
effect of the excitation light beam can be concentrated even more strongly, causing the
deflection of the probe beam to be even greater. The optical device may comprise, for

cxample, a parabolic mirror.

The system preferably comprises an adjustment laser, which facilitates the adjustment of the
optical device. The system in this case preferably comprises a mirror pair, which is suitable
for adjusting or aligning the beam path of the adjustment laser in such a way as to ensure that
at least a portion of the adjustment laser beam is coincident with the beam path of the

excitation light beam.

The device for emitting the excitation light beam is preferably a quantum cascade laser. The
device for cmitting the excitation light beam is preferably tuneable in an excitation

wavelength range of 6 um to 13 pm, preferably 8 pm to 11 pm.

The wavelength of the probe light beam is preferably in the visible range. This simplifies the

alignment of the probe light beam to the excitation light beam.

The device for receiving the reflected probe beam and for directly or indirectly detecting the
deflection of the reflected probe light beam preferably comprises a photo-detector, in
particular a photodiode, and an iris diaphragm, wherein the photo-detector is arranged behind

the iris diaphragm, or a PSD.

Before detection of the deflection, the probe light beam preferably undergoes total internal
reflection at the same point at the interface of the optical medium at least one further time,
preferably two to five more times. For example, by the probe light beam being reflected back
by a mirror system at a different angle onto the point of overlap with the excitation light
beam. Due to the multiple reflections in the overlap region, the deflection angle is effectively

increased, which increases the accuracy of detection of the deflection.

Furthermore, the method and the system are designed for analyzing substances both on and in
the skin, and for recording depth-selective profiles of these substances. The method and

system are both also suitable for the analysis of traces of substances, such as contaminants or
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explosives, on the skin. Or for investigating the absorption of cosmetics into the skin, such as
fats and ingredients of creams, ointments or lotions, or of pharmaceutical active ingredients,
medicines etc. The method and system are also suitable for sensing-related applications, such
as monitoring tlowing and standing liquids or solutions and emulsions, for determining such
properties as their alcohol content or the composition of alcoholic beverages such as beer,
wine or spirits, the fat content of milk or milk products, and in general the sugar, fat, alcohol
or protein content of foodstuffs. In addition, the method and system are suitable for fuel
analysis, for example for determining levels of lead or benzene, measurement of water
pollutants (e.g. oil) or the analysis of body fluids and the analysis of pathological and non-
pathological changes in the skin, such as the detection of melanoma by determination of the
protein composition of the skin at various skin depths, the detection of psoriasis or allergies,

and the determination of skin moisture content.

The system is preferably comprised in an apparatus for determining the blood sugar level of a
patient, which apparatus also comprises a controller for setting different wavelengths of the
excitation light beam and a logic unit or calculation unit, which is configured for determining
the blood sugar level in the skin of a patient from detected deflections of the probe beam as a
function of the excitation wavelength, when the optical medium is brought into contact with
the skin of the patient in such a way that the excitation light beam emerging from the optical

medium at the predetermined point enters into the skin.

The system is preferably comprised in an apparatus for analyzing a substance, which device
also comprises a controller for setting different modulation frequencies of the excitation light
beam and a logic unit or calculation unit, which is configured for analyzing the substance by
means of the detected deflections of the probe light beam at different modulation frequencies,
when the optical medium is brought into contact with the substance in such a way that the
excitation light beam emerging from the optical medium at the predetermined point enters into

the substance.

The substance is preferably the skin of a patient and the logic unit or calculation unit is
configured for analyzing different layers of the skin of the patient from detected deflections of

the probe light beam at different modulation frequencies.
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The system is preferably comprised in an apparatus for determining ingredients of a liquid or
emulsion, which apparatus also comprises a controller for setting different wavelengths of the
excitation light beam and a logic or calculation unit, which is configured for determining
ingredients of the liquid or emulsion from detected deflections of the probe beam as a
function of the excitation wavelength, when the optical medium is brought into contact with
the liquid or emulsion in such a way that the excitation light beam emerging from the optical

medium at the predetermined point enters into the liquid or emulsion.

In a further aspect, this document discloses a method for analyzing a substance, the method
comprising: arranging an optical medium on a substance surface, so that at least a portion of
the surface of the optical medium is in contact with the substance surface; emitting an
excitation light beam with an excitation wavelength through the region of the surface of the
optical medium in contact with the substance surface onto the substance surface; emitting a
probe light beam through the optical medium onto the region of the surface of the optical
medium which is in direct contact with the substance surface, in such a way that the probe
light beam and the excitation light beam overlap at an interface of the optical medium and the
substance surface at which the probe light beam is reflected; directly or indirectly detecting a
deflection of the reflected probe light beam as a function of the wavelength of the excitation
light beam; and analysing the substance on the basis of the detected deflection of the probe
light beam as a function of the wavelength of the excitation light beam, wherein the substance
is skin of a patient and the analysis of the substance comprises any one of: determining a
blood sugar level of the patient, determining a water content of the skin of the patient,
determining a protein composition of the skin of the patient, and determining a protein

composition of the skin of the patient in different skin layers.

In a further aspect, this document discloses a method for analyzing a substance, the method
comprising: arranging an optical medium on a substance surface, so that at least a portion of
the surface of the optical medium is in contact with the substance surface; emitting an
excitation light beam with an excitation wavelength through the region of the surface of the
optical medium in contact with the substance surface onto the substance surface; emitting a
probe light beam through the optical medium onto the region of the surface of the optical
medium which is in direct contact with the substance surface, in such a way that the probe
light beam and the excitation light beam overlap at an interface of the optical medium and the

substance surface at which the probe light beam is reflected; directly or indirectly detecting a

Date regue / Date received 2021-10-29



-12a-
Attorney Ref: 5002P002CA01

deflection of the reflected probe light beam as a function of the wavelength of the excitation
light beam; and analysing the substance based on the detected deflection of the probe light
beam as a function of the wavelength of the excitation light beam, wherein the substance is
selected from the group consisting of: a fluid or emulsion, wherein the analysis of the fluid or
emulsion comprises determining at least one of a sugar, alcohol, fat and protein content of the
fluid or emulsion; a fuel and the analysis of the fuel comprises determining an alcohol
content, rapeseed oil methyl ester content, lead content or benzene content of the fuel; fresh
water or salt water and the analysis of the fresh water or the salt water comprises determining

a contamination of the water; and a bodily fluid.

In a further aspect, this document discloses a method for analyzing a substance, the method
comprising: arranging an optical medium on a substance surface, so that at least a portion of
the surface of the optical medium is in contact with the substance surface; emitting an
excitation light beam with an excitation wavelength through the region of the surface of the
optical medium in contact with the substance surface onto the substance surface; emitting a
probe light beam through the optical medium onto the region of the surface of the optical
medium which is in direct contact with the substance surface, in such a way that the probe
light beam and the excitation light beam overlap at an interface of the optical medium and the
substance surface at which the probe light beam is reflected; directly or indirectly detecting a
deflection of the reflected probe light beam as a function of the wavelength of the excitation
light beam; and analysing the substance on the basis of the detected deflection of the probe
light beam as a function of the wavelength of the excitation light beam, wherein, based on the
detected deflection of the probe light beam an absorption intensity value is associated with
the wavelength of the excitation light beam, and wherein the analysis of the substance
comprises determining the blood sugar level of the patient and wherein the absorption
intensity value is compared with a calibration absorption intensity value, which represents the
absorption intensity value of the skin of a patient at a known blood sugar level and at this

exact wavelength of the excitation light beam.

In a further aspect, this document discloses an apparatus for determining the blood sugar
level of a patient, the apparatus comprising: a system for analyzing a substance, said system
comprising: an optical medium; a device for emitting an excitation light beam with an
excitation wavelength, wherein the device for emitting the excitation light beam is arranged

such that the emitted excitation light beam enters the optical medium and exits the same
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again at a predetermined point on the surface of the optical medium; and a measurement
device, wherein the measurement device comprises a device for emitting a probe light beam,
which is arranged such that an emitted probe light beam enters the optical medium, and
during operation the probe light beam and the excitation light beam overlap at an interface of
the optical medium and a substance surface at which the probe laser beam is reflected, and
wherein the measurement device comprises a device for receiving the reflected probe light
beam and for directly or indirectly detecting a deflection of the reflected probe light beam, a
controller for setting different wavelengths of the excitation light beam, and a logic unit or
calculating unit, which is configured to determine blood sugar levels in the skin of a patient
from detected deflections of the probe light beam as a function of the excitation wavelength,
when the optical medium is brought into contact with the skin of the patient in such a way
that the excitation light beam emerging from the optical medium at the said predetermined

point enters into the skin.

In a further aspect, this document discloses an apparatus for analyzing constituents of a liquid
or emulsion, the apparatus comprising: a system for analyzing a substance, the system
comprising: an optical medium; a device for emitting an excitation light beam with an
excitation wavelength, wherein the device for emitting the excitation light beam is arranged
such that the emitted excitation light beam enters the optical medium and exits the same
again at a predetermined point on the surface of the optical medium; and a measurement
device, wherein the measurement device comprises a device for emitting a probe light beam,
which 1s arranged such that an emitted probe light beam enters the optical medium, and
during operation the probe light beam and the excitation light beam overlap at an interface of
the optical medium and a substance surface at which the probe laser beam is reflected, and
wherein the measurement device comprises a device for receiving the reflected probe light
beam and for directly or indirectly detecting a deflection of the reflected probe light beam,

a controller for setting different wavelengths of the excitation light beam, and a logic unit or
calculating unit, which is configured to determine constituents of the liquid or emulsion from
detected deflections of the probe light beam as a function of the excitation wavelength, when
the optical medium is brought into contact with the liquid or emulsion in such a way that the
excitation light beam emerging from the optical medium at the said predetermined point

enters into the liquid or emulsion.
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In a further aspect, this document discloses A method for analyzing a substance, the method
comprising: arranging an optical medium on a substance surface, so that at least a portion of
the surface of the optical medium is in contact with the substance surface; emitting an
excitation light beam with an excitation wavelength through the region of the surface of the
optical medium in contact with the substance surface onto the substance surface; emitting a
probe light beam through the optical medium onto the region of the surface of the optical
medium which is in direct contact with the substance surface, in such a way that the probe
light beam and the excitation light beam overlap at an interface of the optical medium and the
substance surface at which the probe light beam is reflected; directly or indirectly detecting a
deflection of the reflected probe light beam as a function of the wavelength of the excitation
light beam; and analysing the substance on the basis of the detected deflection of the probe
light beam as a function of the wavelength of the excitation light beam, wherein the
excitation light beam is an intensity-modulated excitation light beam, , wherein the step of
emitting the excitation light beam is repeated for different modulation frequencies and the
step of analysing the substance comprises the analysis of the substance on the basis of the
detected deflections of the probe beam as a function of the wavelength and the modulation
frequency of the excitation light beam, and wherein the step of analyzing the substance
comprises a subtraction of a value which is based on a deflection of the probe light beam that
was detected at a first modulation frequency, from a value which is based on a deflection of
the probe light beam that was detected at a second modulation frequency; or wherein the step
of analyzing the substance comprises a division of a value which is based on a deflection of
the probe light beam that was detected at a first modulation frequency, by a value which is
based on a deflection of the probe light beam that was detected at a second modulation

frequency.

SHORT DESCRIPTION OF THE FIGURES

Fig. 1 shows a schematic representation of a preferred exemplary embodiment of the

system according to the invention in operation;

Fig. 2 shows glucose bands which were measured when analyzing human skin with

the preferred exemplary embodiment of the system according to the invention;

Fig. 3 shows a comparison of the non-invasive determination of the blood glucose
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level in accordance with the preferred exemplary embodiment of the system

according to the invention, with an invasive measurement using a glucometer;

Fig 4 shows the evaluation of the non-invasive measurement of the glucose level in

accordance with Fig. 3 in a Clarke error grid;

Fig. 5 shows absorption intensity spectra which were obtained with the preferred
exemplary embodiment of the system according to the invention at different
modulation frequencies;

Fig. 6a-c show a schematic representation of a substance to be analyzed, the absorption
intensity spectrum of glucose, and the absorption intensity spectrum of a

polymer layer;

Fig. 7 shows process steps of the method according to the invention.
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DESCRIPTION OF PREFERRED EXEMPLARY EMBODIMENTS

Figure 1 shows a schematic representation of a preferred exemplary embodiment of the
system according to the invention in operation. The preferred exemplary embodiment
comprises an optical medium 10, a device for emitting an infrared light beam in the form of a
quantum cascade laser 20, a device for emitting a probe light beam in the form of a probe
laser 30 and a device having means for receiving the reflected probe laser beam with a
photodiode 40 and having means for evaluating the reflected probe laser beam, which

comprise a lock-in amplifier 50, a digital-to-analogue converter 51 and a computer 52.

The quantum cascade laser 20 transmits an infrared laser beam on a first infrared laser beam
sub-path 21 through an optical chopper 22, which converts the continuous infrared laser beam
into a pulsed infrared laser beam, preferably with a pulse frequency of between 10Hz to
1000Hz. Alternatively, the device for emitting the infrared light beam, here the quantum
cascade laser 30, can be operated in pulsed mode - also with a pulse frequency of preferably

10Hz to 1000 Hz.

At the end of the first infrared laser beam sub-path 21, the infrared laser is incident on a
parabolic mirror 23. The parabolic mirror 23 diverts the infrared laser beam along a second
infrared laser beam sub-path 24 onto a first surface 11 of the optical medium 10. In the
preferred exemplary embodiment shown in Fig. 1, the angle of incidence between the second
infrared laser beam sub-path 24 and the first surface 11 has the value 90°. In principle
however, other angles of incidence between the second infrared laser beam sub-path 24 and
the first surface 11 are also possible, provided the infrared laser beam enters into the optical

medium 10 through the first surface 11 and is not totally internally reflected.

The beam path of the infrared laser beam passes along a third infrared laser beam sub-path 25
in the optical medium 10 towards a second surface 12 of the optical medium 10. In the
preferred embodiment shown in Fig. 1, the angle of incidence between the third infrared laser
beam sub-path 25 and the second surface 12 has the value 90°. In principle however, other
angles of incidence between the third infrared laser beam sub-path 25 and the second surface
12 are also possible, provided a sufficient proportion of the infrared laser beam can exit the

optical medium 10 through the second surface 12.



10

15

20

25

30

CA 02951580 2016-12-08

-14-

In the preferred embodiment shown in operation in Fig. 1, the infrared laser beam penetrates
along a fourth infrared laser beam sub-path into a substance sample 100, which abuts against
the optical medium 10. The distance between the parabolic mirror 23 and the second surface
12 of the optical medium and the shape of the parabolic mirror 23 are selected, taking into
account the optical densities along the second and third infrared laser beam sub-path 24, 25,
such that the infrared laser beam is focused onto the second surface 12, or onto a point which
is located at a predetermined distance, e.g. between 30 um and 100 pm, behind the second

surface 12 in the substance sample 100.

In the substance sample the infrared laser beam is at least partially absorbed by substance
constituents. The absorption changes the temperature of the absorbing substance constituent.
In the case of a pulsed infrared laser beam as shown in Fig. 1, pressure and thermal waves are
generated, since the absorbing substance components are cyclically heated up and cooled
down and the resulting expansion fluctuations give rise to pressure fluctuations, which
propagate through the substance in the form of pressure waves. Since the optical medium 10
and the substance are in direct contact, the thermal and pressure waves that are generated

migrate into the optical medium 10, where they affect the refractive index.

The measurement of the absorption of the infrared laser beam and the change in the optical
density of the optical medium 10 correlated with the absorption is performed by the probe
laser beam emitted by the probe laser 30. In Fig. 1 the probe laser beam is directed onto a
third surface 13 of the optical medium 10 by way of a first mirror 31. Alternatively, the probe
laser 30 can also be aligned such that the probe laser beam is directed directly onto the third
surface 13. As shown in Fig. 1, the beam path of the probe laser beam can include an angle of
90° with the third surface 13. Alternatively, the beam path of the probe laser beam can include
a smaller angle with the third surface 13, provided a sufficient component of the probe beam

can enter into the optical medium 10.

However, the beam path of the probe beam must be adjusted or aligned such that the point of
incidence of the probe laser beam on the second surface 12 of the optical medium 10 is
coincident with the point of incidence of the infrared light beam on the second surface 12 of
the optical medium, or at least overlaps it. This ensures that during operation of the infrared
laser beam, the beam path of the probe laser beam passes through the above described region

of the optical medium 10, in which the refractive index n is sufficiently strongly influenced by
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the absorption of the infrared laser beam in the substance 100, wherein it is clear that this
region is limited, since the pressure waves are attenuated as they propagate and the heat

increase decreases with distance from the absorption region.

Preferably, the optical density of the optical medium 10 is selected in accordance with the
substance 100 to be examined and with the angle between the beam path of the probe laser
beam and the second surface 12, such that the probe laser beam is totally internally reflected
at the second surface 12, or at the interface between the second surface 12 of the optical
medium 10 and the substance 100. In the subsequent course of the beam path the reflected, or
totally internally reflected, probe laser beam is incident on a fourth surface 14 of the optical
medium 10. The fourth surface 14 is such that the probe laser beam exits the optical medium

10 through the fourth surface 14.

As shown in Fig. 1, the probe laser beam which exits the optical medium 10 is detected by the
photodiode 40. The deflection of the probe laser beam due to the change in the optical density
in a sub-region of the optical medium 10 can be measured, as shown in Fig. 1, by the fact that
the probe laser beam passcs through an iris diaphragm 41 before being incident on the
photodiode 40. The deflected probe laser beam is then partially impeded by the iris diaphragm
41 from being incident in the photodiode 40, so that the intensity of the probe laser beam as
measured at the photodiode 40 decreases due to the deflection caused upon traversing the
optical medium 10. Alternatively, a spatially resolving photodiode 40, for example, a four-
quadrant photodiode, can be used to measure the change in the beam path, or deflection. In

this case, the iris diaphragm 41 can be omitted.

The lock-in amplifier 50 receives the signal from the photodiode 40 and the frequency signal
of the pulsed infrared light beam. The lock-in amplifier filters out the noise from the intensity

signal, so that even small intensity fluctuations can be measured.

The filtered intensity signal of the photodiode 40 is converted by means of a digital-to-
analogue converter 51 into a digital signal and transmitted to a computer 52, which is
configured for recording the intensity measurements as a function of the wavelength, or
wavelength range, of the quantum cascade laser 30 and for comparing the recorded values
with a calibration curve, in order to derive conclusions as to the composition of the substance

100. The computer 52 for this purpose comprises a processor, a storage unit and instructions,
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which, when they are executed by the processor, record the intensity measurements in

association with the wavelength or wavelength range of the quantum cascade laser 30.

The process described above, an overview of which is shown in Fig. 7, is preferably repeated
for a series of different wavelengths or wavelength ranges in the infrared light range, to enable
the absorption spectrum of individual or a plurality of substance constituents to be
determined. In doing so, the presence of a substance constituent can be determined by
measuring characteristic absorption spectra, and the concentration of the substance constituent
can be determined from the amplitude of the spectrum, for example by comparison with a
calibration curve. For this purpose the quantum cascade laser 30 can be tuneable, for example,

in the wavelength range of 8 um to 11 pm.

If the system is used to determine a blood sugar value of a patient, the blood sugar level of the
patient can be calculated from the measured absorption spectrum of the glucose in the

interstitial fluid by means of a calibration curve.

The system shown in Fig. 1 comprises a device for emitting an adjustment or alignment laser
beam, here in the form of an He-Ne laser 60, and a mirror pair 61, 62, which aligns the beam
path of the adjustment laser such that at least a portion of the beam path of the adjustment

laser is coincident with the beam path of the infrared light beam, i.e. the excitation light beam.

If the substance 100 to be analyzed is skin and the objective of the analysis is to determine the
blood sugar level, then for example, the ball of the thumb, the fingertip, the ball of the hand or
other surface of the body is brought into contact with the second surface 12 of the optical
medium 10. The body surface to be brought into contact can be prepared in advance, by
attaching and then removing a fabric strip to remove dead skin cells, wherein the fabric strip

comprises a substance which adheres to the surface of the skin.

The spectra of the skin, which were measured in this way with the preferred exemplary
embodiment of the system according to the invention, show the bands of keratinocytes and
lipids as the first principal component. The second principal component measured were the

glucose bands shown in Fig. 2.
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In a comparison between the non-invasive determination of the blood glucose level in
accordance with the preferred exemplary embodiment of the system according to the
invention and an invasive measurement with a glucometer, a good correspondence was
obtained, as shown in Figure 3, even in the region of low concentration (180 mg/dL to less
than 100 mg/dL). Figure 3 shows the measured blood glucose values and the blood sugar

concentration determined from the amplitude of the second principal component.

If, as shown in Fig. 4, the results of the non-invasive measurement of the blood sugar level as
shown in Fig. 3 are plotted in a Clark error grid, all data points of the measurement lie in the

"A" zone, in which 90% of the valucs must lie in an accepted method.

The quantum cascade laser 30 is tuneable in the wavelength range of 8 pm to 11 pm. From the
measured absorption spectrum of the glucose in the interstitial fluid, the blood sugar level of

the patient is calculated by means of a calibration curve.

In a preferred embodiment the system is permanently attached to the patient, for example in
the form of a wrist band, and is additionally configured to alert the patient with a warning

signal if the glucose concentration in the interstitial fluid falls below a predetermined value.

In a further preterred embodiment, the system can control an insulin pump, in order to

maintain a constant blood sugar value in the patient.

In a further preferred embodiment the computer 52 can be configured to record the intensity
measurements as a function of the wavelength or wavelength range of the quantum cascade
laser 30, for different pulse frequencies of the infrared laser beam. For this purpose the
computer 52 comprises a processor, a storage unit and instructions, which, when they are
executed by the processor, record the intensity measurements in association with the

wavelength or wavelength range, and the pulse frequency of the infrared laser beam.

On this point, Fig. 5 shows intensity measurements, measured with the further preferred
embodiment, of the substance arrangement shown in Fig. 6a, consisting of a glucose solution
64 covered with a polymer film 66, which is arranged on the optical medium 10. The
comparison of the absorption spectra shown in Fig. 5 with the absorption intensity spectra

shown in Fig. 6b and 6¢ shows that at higher frequencies, the influence of the absorption by
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the polymer film 66 on the qualitative profile of the absorption intensity is reduced. By
subtraction or division of the absorption intensity spectra at different pulse frequencies,
influences of specific layers can thus be largely eliminated, or absorption intensity spectra of
specific substance layers can be calculated, so that, for example, a depth profile for the

substances present in the substance 100 to be examined can be determined.

The difterence formation or division of the spectra can be carried out, for example, as shown
in Fig. 5, relative to a specified reference spectrum. The spectrum at the lowest or highest
pulse frequency, for example, can be used as a reference spectrum. To take account of
different pumping intensities in the respective layers, caused by the absorption of higher
layers, the subtraction or division can be preceded by a determination of weighting factors,
wherein the spectra or spectral values that are to be subtracted from or divided by one another
are to be multiplied by a weighting factor. In addition, a principal component analysis based
on the non-linear iterative partial least squares (NIPALS) algorithm can be used, for example

for determining a substance which is distributed differently by depth in a solid matrix.

Furthermore, the person skilled in the art will appreciate that the above exemplary
embodiments are to be understood as being purely illustrative and in no way restrictive of the
scope of protection of the claims. In particular, it should be noted that the specific applications
of the system are not intended to be limited to the applications described in the figures. On the
contrary, it is assumed that the person skilled in the art will immediately realise that the
applications described in the drawings are only intended to clarify the inventive principle,

which is applicable to a plurality of different substances and to substances contained therein.
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LIST OF REFERENCE NUMERALS

10 Optical medium

11 First surface of the optical medium
12 Second surface of the optical medium
13 Third surface of the optical medium
14 Fourth surface of the optical medium
20 Quantum cascade laser

21 First infrared laser beam partial path
22 Optical chopper

23 Parabolic mirror

24 Second infrared laser beam partial path
25 Third infrared laser beam partial path
30 Probe laser

31 Mirror

40 Photodiode

41 Iris diaphragm

50 Lock-in amplifier

51 Analogue-to-digital converter

52 Computer

60 Alignment laser

61 Mirror

62 Mirror

64 Glucose solution

66 Polymer film
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CLAIMS

1. A method for analyzing a substance, the method comprising:

- arranging an optical medium on a substance surface, so that at least a portion of the

surface of the optical medium is in contact with the substance surface;

- emitting an excitation light beam with an excitation wavelength through the region
of the surface of the optical medium in contact with the substance surface onto the
substance surface;

- emitting a probe light beam through the optical medium onto the region of the surface
of the optical medium which is in direct contact with the substance surface, in such
a way that the probe light beam and the excitation light beam overlap at an interface
of the optical medium and the substance surface at which the probe light beam is

reflected;

- directly or indirectly detecting a deflection of the reflected probe light beam as a

function of the wavelength of the excitation light beam; and

- analysing the substance on the basis of the detected deflection of the probe light beam

as a function of the wavelength of the excitation light beam, wherein the substance

is skin of a patient and the analysis of the substance comprises any one of’

determining a blood sugar level of the patient,

determining a water content of the skin of the patient,

determining a protein composition of the skin of the patient, and

determining a protein composition of the skin of the patient in different skin layers.

Date Regue/Date Received 2022-03-31



-21-
Attorney Ref.: 5002P002CAO01

2. The method according to claim 1, further comprising:

aligning the probe light beam such that the probe light beam undergoes total internal

reflection at the interface between the optical medium and the substance surface.

3. The method according to any one of claims 1 and 2, wherein the excitation light beam

is an infrared light beam.

4, The method according to any one of claims 1 to 3, wherein the excitation light beam is

an intensity-modulated light beam.

5. The method according to claim 4, wherein the excitation light beam is a pulsed excita-

tion light beam.

6. The method according to any one of claims 4 and 5, wherein the modulation frequency

1s between 5 and 2000 Hz.

7. The method according to claim 6, wherein the modulation frequency is between 10 and
1000 Hz.

8. The method according to claim 6, wherein the modulation frequency is between 20 and
700 Hz.

9. The method according to any one of claims 4 to 8, wherein the step of emitting the

excitation light beam is repeated for different modulation frequencies and the step of
analyzing the substance comprises the analysis of the substance on the basis of the de-
tected deflections of the probe beam as a function of the wavelength and the modulation

frequency of the excitation light beam.

10.  The method according to claim 9, wherein the step of analyzing the substance comprises
a subtraction of a value which is based on a deflection of the probe light beam that was
detected at a first modulation frequency, from a value which is based on a deflection of

the probe light beam that was detected at a second modulation frequency; or
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11.

12.

13.

14.

15.

16.

wherein the step of analyzing the substance comprises a division of a value which is
based on a deflection of the probe light beam that was detected at a first modulation
frequency, by a value which is based on a deflection of the probe light beam that was

detected at a second modulation frequency.

The method according to claim 9, wherein the step of analyzing the substance comprises
a subtraction of values based on deflections of the probe light beam that were detected
at a first modulation frequency for different wavelengths of the excitation light beam,
from values based on deflections of the probe light beam that were detected at a second

modulation frequency for different wavelengths of the excitation light beam; or

wherein the step of analyzing the substance comprises a division of values based on
deflections of the probe light beam, which were detected at a first modulation frequency
for different wavelengths of the excitation light beam, by values based on deflections of
the probe light beam, which were detected at a second modulation frequency for differ-

ent wavelengths of the excitation light beam.

The method according to claim 11, wherein said values are spectral absorption intensity

values.

The method according to any one of claims 9 to 12, wherein the step of analyzing com-
prises associating values based on deflections of the probe light beam, which were de-

tected at different modulation frequencies, with different regions in the substance.

The method according to claim 13, wherein said different regions in the substance are

regions of the substance located at different depths.

The method according to any one of claims 4 to 14, wherein the excitation light beam

is modulated using an optical chopper.

The method according to any one of claims 4 to 15, wherein the detection of the deflec-
tion of the probe light beam comprises amplification of an associated measurement sig-

nal with a lock-in amplifier.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

The method according to any one of claims 1 to 16, wherein the wavelength of the ex-

citation light beam is varied.

The method according to claim 17, wherein

- the wavelength is cyclically tuned within a predetermined wavelength range, or

- characteristic wavelengths are selectively set.

The method according to claim 18, wherein the characteristic wavelengths are absorp-

tion wavelengths of a suspected substance.

The method according to any one of claims 1 to 19, wherein the excitation light beam

is an excitation laser beam, and wherein the probe light beam is a probe laser beam.

The method according to any one of claims 1 to 20, wherein a polarisation of the probe

light beam is set such that the deflection of the reflected probe light beam is a maximum.

The method according to any one of claims 1 to 21, wherein the excitation light beam

is generated by means of a quantum cascade laser.

The method according to any one of claims 1 to 22, wherein the excitation wavelength

is selected from a range of 6 umto 13 pm.

The method according to claim 23, wherein the excitation wavelength is selected from

arange of 8 umto 11 um.

The method according to any one of claims 1 to 24, wherein the excitation light beam

is focused on the said surface of the optical medium by means of an optical device.

The method according to claim 25, wherein the optical device comprises a parabolic

mIrror.
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27.

28.

29.

30.

31

32.

33.

The method according to any one of claims 25 and 26, wherein the optical device is

adjusted by means of an alignment laser that emits visible light.

The method according to any one of claims 1 to 26, wherein the wavelength of the probe

light beam is in the visible range.

The method according to any one of claims 1 to 28, wherein the deflection of the probe

light beam

- is determined by means of a photo-detector, which is arranged behind an iris dia-

phragm, or
- is determined by means of a position-sensitive photo-detector (PSD).
The method according to claim 29, wherein said photo-detector is a photodiode.
The method according to any one of claims 1 to 30, wherein before the detection of the
deflection the probe light beam is reflected back into an overlap region with the excita-
tion light beam on the interface at least one additional time.
The method according to claim 31, wherein before the detection of the deflection the
probe light beam is reflected back into an overlap region with the excitation light beam

on the interface two to five additional times.

The method according to any one of claims 1 to 32, wherein the substance is the skin of

a patient, the method comprising the additional step of:

preparing the surface of the skin by attaching and removing a fabric strip to remove dead

skin cells,

wherein the fabric strip comprises a material which adheres to the surface of the skin.
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34, A method for analyzing a substance, the method comprising;

- arranging an optical medium on a substance surface, so that at least a portion of the

surface of the optical medium is in contact with the substance surface;

- emitting an excitation light beam with an excitation wavelength through the region
of the surface of the optical medium in contact with the substance surface onto the

substance surface;

- emitting a probe light beam through the optical medium onto the region of the surface
of the optical medium which is in direct contact with the substance surface, in such
a way that the probe light beam and the excitation light beam overlap at an interface
of the optical medium and the substance surface at which the probe light beam is

reflected;

- directly or indirectly detecting a deflection of the reflected probe light beam as a

function of the wavelength of the excitation light beam; and

- analysing the substance based on the detected deflection of the probe light beam as a

function of the wavelength of the excitation light beam,

wherein the substance is selected from the group consisting of:

a fluid or emulsion, wherein the analysis of the fluid or emulsion comprises determin-

ing at least one of a sugar, alcohol, fat and protein content of the fluid or emulsion;

a fuel and the analysis of the fuel comprises determining an alcohol content, rapeseed

oil methyl ester content, lead content or benzene content of the fuel;

fresh water or salt water and the analysis of the fresh water or the salt water comprises

determining a contamination of the water; and

a bodily fluid.
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35, A method for analyzing a substance, the method comprising;

- arranging an optical medium on a substance surface, so that at least a portion of the

surface of the optical medium is in contact with the substance surface;

- emitting an excitation light beam with an excitation wavelength through the region
of the surface of the optical medium in contact with the substance surface onto the

substance surface;

- emitting a probe light beam through the optical medium onto the region of the surface
of the optical medium which is in direct contact with the substance surface, in such
a way that the probe light beam and the excitation light beam overlap at an interface
of the optical medium and the substance surface at which the probe light beam is

reflected;

- directly or indirectly detecting a deflection of the reflected probe light beam as a

function of the wavelength of the excitation light beam; and

- analysing the substance on the basis of the detected deflection of the probe light beam

as a function of the wavelength of the excitation light beam,

wherein, based on the detected deflection of the probe light beam an absorption intensity

value is associated with the wavelength of the excitation light beam, and

wherein the analysis of the substance comprises determining the blood sugar level of
the patient and wherein the absorption intensity value is compared with a calibration
absorption intensity value, which represents the absorption intensity value of the skin of
a patient at a known blood sugar level and at this exact wavelength of the excitation

light beam.

36.  The method according to claim 35, wherein the current blood sugar level of the patient
is determined on the basis of the comparison, wherein the determined blood sugar level
deviates the more from the blood sugar level during calibration, the more the absorption

intensity value deviates from the calibration absorption intensity value.
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37.  An apparatus for determining the blood sugar level of a patient, the apparatus compris-

ing:

a system for analyzing a substance, said system comprising:

an optical medium;

a device for emitting an excitation light beam with an excitation wavelength,

wherein the device for emitting the excitation light beam is arranged such that the emit-
ted excitation light beam enters the optical medium and exits the same again at a prede-

termined point on the surface of the optical medium; and

a measurement device, wherein the measurement device comprises a device for emitting
a probe light beam, which is arranged such that an emitted probe light beam enters the
optical medium, and during operation the probe light beam and the excitation light beam
overlap at an interface of the optical medium and a substance surface at which the probe

laser beam 1is reflected,

and wherein the measurement device comprises a device for receiving the reflected
probe light beam and for directly or indirectly detecting a deflection of the reflected

probe light beam,

a controller for setting different wavelengths of the excitation light beam, and

a logic unit or calculating unit, which is configured to determine blood sugar levels in
the skin of a patient from detected deflections of the probe light beam as a function of
the excitation wavelength, when the optical medium is brought into contact with the
skin of the patient in such a way that the excitation light beam emerging from the optical

medium at the said predetermined point enters into the skin.

38.  The apparatus according to claim 37, wherein the probe light beam in operation under-

goes total internal reflection at the interface between the optical medium and the
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39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

substance surface.

The apparatus according to any one of claims 37 and 38, wherein the excitation light

beam is an infrared light beam.

The apparatus according to any one of claims 37 to 39, wherein the excitation light beam

is an intensity-modulated excitation light beam.

The apparatus according to claim 40, wherein the device for receiving the reflected
probe light beam and for directly or indirectly detecting a deflection of the reflected

probe light beam comprises a lock-in amplifier.

The apparatus according to any one of claims 39 and 40, wherein the modulation fre-

quency is between 5 and 2000 Hz.

The apparatus according to any one of claims 40 to 42, wherein said intensity modulated

excitation light beam is a pulsed excitation light beam.

The apparatus according to any one of claims 40 to 43, further comprising an optical
chopper, wherein the optical chopper is positioned in the beam path of the excitation

light beam and is suitable for modulating the intensity of the excitation light beam.

The apparatus according to any one of claims 37 to 44, wherein the excitation light beam
is an excitation laser beam and the device for emitting the excitation light beam is con-

figured for emitting excitation laser beams of different excitation frequencies.

The apparatus according to any one of claims 37 to 45, having an optical device which

is suitable for focussing the excitation light beam on the predetermined point.

The apparatus according to claim 46, wherein the optical device comprises a parabolic

mIrror.

The apparatus according to any one of claims 46 and 47, further comprising an align-

ment laser for aligning the optical device.
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49.

50.

51.

52.

53.

54.

55.

56.

The apparatus according to any one of claims 37 to 48, wherein the device for emitting

the excitation light beam is a quantum cascade laser.

The apparatus according to any one of claims 37 to 49, wherein the device for emitting

the excitation light beam is tunable in an excitation wavelength range of 6 umto 13 um.

The apparatus according to any one of claims 37 to 49, wherein the device for emitting

the excitation light beam is tunable in an excitation wavelength range of 8 pmto 11 um.

The apparatus according to any one of claims 37 to 49, wherein the wavelength of the

probe light beam is in the visible range.
The apparatus according to any one of claims 37 to 52, wherein the device for receiving
the reflected probe light beam and for directly or indirectly detecting a deflection of the

reflected probe light beam

- comprises a photo-detector and an iris diaphragm, wherein the photo-detector is ar-

ranged behind the iris diaphragm, or
- comprises a position-sensitive photo detector (PSD).
The apparatus according to claim 53, wherein the photo-detector is a photodiode.
The apparatus according to any one of claims 37 to 54, wherein before the detection of
the deflection, the probe light beam is reflected back into a region of overlap with the
excitation light beam on the interface at least one additional time.
The apparatus for analyzing a substance according to any one of claims 37 to 54,
wherein the excitation light beam is an intensity-modulated excitation light beam, said

apparatus further comprising:

a controller for setting different modulation frequencies of the excitation light beam, and
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a logic unit or calculating unit, which is configured to analyze the substance by means
of detected deflections of the probe light beam at different modulation frequencies,
when the optical medium is brought into contact with the substance in such a way that
the excitation light beam emerging from the optical medium at the said predetermined

point enters into the substance.

57.  The apparatus for analyzing a substance according to claim 56, wherein the substance
is said skin of said patient, and the logic unit or calculating unit is configured to analyze
different layers of the skin of the patient from detected deflections of the probe light

beam at different modulation frequencies.

58.  An apparatus for analyzing constituents of a liquid or emulsion, the apparatus compris-

ing:

a system for analyzing a substance, the system comprising:

an optical medium;

a device for emitting an excitation light beam with an excitation wavelength,

wherein the device for emitting the excitation light beam is arranged such that the emit-
ted excitation light beam enters the optical medium and exits the same again at a prede-

termined point on the surface of the optical medium; and

a measurement device, wherein the measurement device comprises a device for emitting
a probe light beam, which is arranged such that an emitted probe light beam enters the
optical medium, and during operation the probe light beam and the excitation light beam
overlap at an interface of the optical medium and a substance surface at which the probe

laser beam is reflected,

and wherein the measurement device comprises a device for receiving the reflected
probe light beam and for directly or indirectly detecting a deflection of the reflected
probe light beam,

a controller for setting different wavelengths of the excitation light beam, and
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a logic unit or calculating unit, which is configured to determine constituents of the
liquid or emulsion from detected deflections of the probe light beam as a function of the
excitation wavelength, when the optical medium is brought into contact with the liquid
or emulsion in such a way that the excitation light beam emerging from the optical me-

dium at the said predetermined point enters into the liquid or emulsion.

59. A method for analyzing a substance, the method comprising;

arranging an optical medium on a substance surface, so that at least a portion of the

surface of the optical medium is in contact with the substance surface;

emitting an excitation light beam with an excitation wavelength through the region of
the surface of the optical medium in contact with the substance surface onto the sub-

stance surface;

emitting a probe light beam through the optical medium onto the region of the surface
of the optical medium which is in direct contact with the substance surface, in such a
way that the probe light beam and the excitation light beam overlap at an interface of

the optical medium and the substance surface at which the probe light beam is reflected;

directly or indirectly detecting a deflection of the reflected probe light beam as a func-

tion of the wavelength of the excitation light beam; and

analysing the substance on the basis of the detected deflection of the probe light beam
as a function of the wavelength of the excitation light beam, wherein the excitation light
beam is an intensity-modulated excitation light beam, , wherein the step of emitting the
excitation light beam is repeated for different modulation frequencies and the step of
analysing the substance comprises the analysis of the substance on the basis of the de-
tected deflections of the probe beam as a function of the wavelength and the modulation
frequency of the excitation light beam, and wherein the step of analyzing the substance
comprises a subtraction of a value which is based on a deflection of the probe light beam
that was detected at a first modulation frequency, from a value which is based on a

deflection of the probe light beam that was detected at a second modulation frequency;
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or

wherein the step of analyzing the substance comprises a division of a value which is
based on a deflection of the probe light beam that was detected at a first modulation
frequency, by a value which is based on a deflection of the probe light beam that was

detected at a second modulation frequency.
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Arrangement of an optical medium on a substance surface, so that at least one region
of the surface of the optical medium is in contact with the substance surface
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Emission of an excitation light beam with an excitation wavelength through the region of

the surface of the optical medium which is in contact with the substance surface onto the
substance surface
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Emission of a probe light beam through the optical mediuvm onto the region of the

surface of the optical medium which is in direct contact with the substance surface, in such a
way that the probe light beam and the excitation light beam overlap at an interface of

the optical medium and the substance surface at which the probe light beam is reflected

v

direct or indirect detection of a deflection of the reflected probe light beam as a
function of the wavelength of the excitation light beam

}

dareot or indirect detection of a deflection of the reflected probe light beam as a
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analysis of the substance on the basis of the detected deflection of the probe
light beam as a function of the wavelength of the excitation light beam
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