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(54) DEVICE AND METHOD FOR INFRARED MICROSCOPY AND ANALYSIS

(57) The invention relates to a device (1) and a cor-
responding method for infrared microscopy and/or anal-
ysis, the device (1) comprising at least one radiation unit
(10) configured to generate radiation (11) of time-varying
intensity, the radiation (11) comprising one or more wave-
lengths in the infrared spectral range, at least one refrac-
tive and/or reflective optical unit (12) which is configured
to focus and/or direct the radiation (11) to at least one
region or point of interest (20) located on and/or within
an object (2), at least one detection unit (18) configured
to detect ultrasound waves (17) emitted by the object (2)
at the at least one region or point of interest (20) in re-
sponse to an interaction of the radiation (11) with the
object (2) and to generate according detection signals,
and an evaluation unit (25) configured to derive informa-
tion regarding at least one property of the object (2) from
the detection signals and/or to generate a spatial and/or
spatiotemporal distribution of the detection signals or of
information derived from the detection signals obtained
for the at least one region or point of interest (20) located
on and/or within the object (2).
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Description

[0001] The present invention relates to a device and
method for infrared microscopy and/or analysis.
[0002] One of the most promising label-free chemical
imaging techniques is mid-infrared (mid-IR) micro-spec-
troscopy. Just like in the Raman-scattering approach, the
mid-IR spectrum of a biomolecule depends on its spatial
atomic configuration, strength of its chemical bonds, iso-
topic content, surrounding and/or attached molecules,
hence its specificity. However, unlike Raman-scattering,
in mid-IR micro-spectroscopy the endogenous contrast
is provided by direct absorption of infrared light that ex-
cites vibrational-state transitions in a molecule. Addition-
ally, due to the strong absorption coefficients of biomol-
ecules in the mid-IR spectral region (six orders of mag-
nitude stronger that Raman scattering) mid-IR imaging
requires less light fluence than Raman imaging resulting
in a lower risk of photo damage, negligible non-linear
effects, and a stronger contrast. Mid-IR imaging have
reached the clinical translation stage for spectro-histopa-
thology; a field that promises quantitative cancer diag-
nosis using the standard histological tissue samples with-
out mayor perturbation to the routine workflow of the pa-
thologists.
[0003] However, despite the advantages of mid-IR im-
aging over Raman imaging, it has not been possible to
apply mid-IR microscopy to in vivo or fresh biological tis-
sues. A reason for this is the detection scheme used in
mid-IR micro-spectroscopy. Transmission mode Fourier-
Transform Infrared (FTIR) micro-spectroscopy, the most
spread mid-IR imaging technique, requires thin dry tissue
samples, ca. 5 mm, for mid-IR light to be able to cross
the tissue and reach the optical detector. Attenuated-To-
tal-Reflectance FTIR overcomes this limitation and is
able to measure thick/opaque samples, but the penetra-
tion depth of the evanescent wave only allows obtaining
information from the first 3 to 5 mm inside the sample.
[0004] It is an object of the invention to provide an im-
proved device and method for infrared microscopy and/or
analysis.
[0005] According to a preferred aspect of the invention,
a device for infrared microscopy and/or analysis com-
prises: at least one radiation unit configured to generate
radiation of time-varying intensity, the radiation compris-
ing one or more wavelengths in the infrared spectral
range, at least one refractive and/or reflective optical unit
which is configured to focus and/or direct the radiation
to at least one region or point of interest located on and/or
within an object, at least one detection unit configured to
detect ultrasound waves emitted by the object at the at
least one region or point of interest in response to an
interaction of the radiation with the object and to generate
according detection signals, and an evaluation unit con-
figured to derive information regarding at least one prop-
erty of the object from the detection signals and/or to
generate a spatial and/or spatio-temporal distribution of
the detection signals or of information derived from the

detection signals obtained for the at least one region or
point of interest located on and/or within the object.
[0006] According to another preferred aspect of the in-
vention, a method for infrared microscopy and/or analysis
comprises the following steps: generating radiation of
time-varying intensity, the radiation comprising one or
more wavelengths in the infrared spectral range; focusing
or directing the radiation to at least one region or point
of interest located on and/or within the object; detecting
ultrasound waves emitted by the object at the at least
one region or point of interest in response to an interac-
tion of the radiation with the object and generating ac-
cording detection signals; and deriving information re-
garding at least one property of the object from the de-
tection signals and/or generating a spatial and/or spatio-
temporal distribution of the detection signals or of infor-
mation derived from the detection signals obtained for
the at least one region or point of interest located on
and/or within the object.
[0007] Preferred aspects of the invention are based on
the approach to focus and/or direct infrared (IR) radiation
of time-varying intensity, e.g. pulsed infrared radiation,
to an object and to detect ultrasound waves emitted by
the object in response to an interaction of the radiation
with the object, i.e. an absorption of radiation by the object
and a subsequent temporary thermal expansion of the
irradiated point or region of the object (photoacoustic ef-
fect), and to generate according detection signals. Infor-
mation regarding properties of the object, e.g. the pres-
ence, content or concentration of molecules, in particular
biomolecule(s), is derived from the detection signals. Al-
ternatively or additionally, a spatial distribution, e.g. an
image, and/or a spatio-temporal distribution, e.g. a series
of images over time, of the detection signals or of infor-
mation derived therefrom is or are generated. Preferably,
depending on the wavelength(s) in the IR spectral range
contained in the radiation, vibrational transitions of bio-
molecule(s) in the object can be excited specifically, so
that the corresponding acoustic waves contain informa-
tion regarding the presence, content or concentration of
the biomolecule(s) in the object. Contrary to optical de-
tection, the photoacoustic sensing rescales the detection
scheme from a detection of photons to a detection of
acoustic, in particular ultrasound, waves produced in the
object in response to absorption of the radiation accord-
ing to the photoacoustic effect. Since acoustic waves are
far less attenuated and scattered than photons, deeper
penetrations can be achieved in photoacoustic imaging.
As a result, the device and method are configured for
infrared, in particular mid-IR, optoacoustic or photoa-
coustic microscopy and overcome limitations of the prior
art. In particular, the device and method allow for in vivo
label-free imaging and/or analysis of biological tissues.
[0008] In summary, the invention provides an im-
proved device and method for infrared microscopy and/or
analysis.
[0009] Within the context of the invention, the terms
"optoacoustic" and "photoacoustic" are used synony-
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mously.
[0010] Within the context of the invention, the infrared
spectral range covers wavelengths from approx. 780 nm
to approx. 1 mm, and the mid-Infrared spectral range
preferably covers wavelengths from 3 to 16 mm, in par-
ticular from 3 to 12 mm.
[0011] Preferably, the object is a biological tissue
and/or comprises biological cell(s), and the mid-Infrared
spectral range preferably covers one or more wave-
lengths or wavebands which are suited to trigger specific
molecular vibrational transitions of biomolecules con-
tained in the biological tissue.
[0012] For example, information regarding at least one
property of the object relates to absorption of radiation
in the object, also referred to as optical absorption, and/or
a concentration of one or more chromophores and/or
molecules, in particular biomolecules, in the object. Pref-
erably, the term "chromophore" relates to any kind of sub-
stances, e.g. molecules, in particular biomolecules, in
the object which absorb at least a part of the radiation
generated by the radiation unit.
[0013] For example, the information regarding the at
least one property of the object may be derived for a
single location on or in the object, for a few or a plurality
of locations on or in the object and/or may relate to a two-
or three-dimensional map or image representative of op-
tical absorption and/or presence and/or concentration of
chromophore(s) and/or biomolecule(s) in the object.
[0014] For example, the information regarding the at
least one property of the object relates to a two- or three-
dimensional optoacoustic microscopy image represent-
ing a spatial or spatio-temporal distribution of information
regarding the at least one property of the object or infor-
mation regarding the detection signals. Preferably, the
optoacoustic microscopy image comprises a plurality of
pixels exhibiting greyscale and/or color scale values.
[0015] Preferably, the obtained information regarding
at least one property of the object and/or spatial and/or
spatio-temporal distribution of the detection signals or of
information derived from the detection signals, in partic-
ular one or more optoacoustic microscopy images, may
serve as a basis for a diagnosis, in particular a medical
diagnosis, and/or be used for purposes of molecular di-
agnostics.
[0016] In a preferred embodiment, the optical unit com-
prises a first cavity having a first aperture and a second
aperture and being arranged such that the radiation en-
ters the first cavity via the first aperture and ultrasound
waves emitted by the object enter the first cavity via the
second aperture. The optical unit further comprises at
least one reflective element provided in the first cavity or
forming the first cavity and configured to reflect and focus
and/or direct the radiation entering the first cavity via the
first aperture to the at least one region or point of interest,
whereby the radiation exits the first cavity via the second
aperture. Further, the detection unit is arranged to detect
the ultrasound waves entering the first cavity via the sec-
ond aperture. In this embodiment, the first cavity serves

both as a reflector which focuses or directs the radiation
toward the object and as a collector which collects ultra-
sound waves emitted by the object in response to the
irradiation, wherein the radiation exits and the ultrasound
waves enter the first cavity via the second aperture lo-
cated in proximity of the object. In this way, optoacoustic
microscopy is implemented in a so-called reflection mode
by compact and simple design ensuring reliable irradia-
tion of the object and detection of ultrasound waves.
[0017] Preferably, the detection unit comprises a sec-
ond cavity which is acoustically coupled to the first aper-
ture and arranged such that the radiation can pass the
second cavity to enter the first cavity via the first aperture.
The detection unit further comprises an ultrasound de-
tector which is acoustically coupled to the second cavity
and configured to detect ultrasound waves. In this em-
bodiment, ultrasound waves entering the first cavity via
the second aperture of the first cavity enter the second
cavity via the first aperture of the first cavity and are de-
tected by the ultrasound detector coupled to the second
cavity, which further ensures and/or enhances the com-
pactness and simplicity of the design and reliability of
irradiation and ultrasound detection.
[0018] Preferably, the first cavity is an acoustically res-
onant cavity having one or more first cavity acoustic res-
onance frequencies. Alternatively or additionally, it is pre-
ferred that the second cavity is an acoustically resonant
cavity having one or more second cavity acoustic reso-
nance frequencies. Further, it is preferred that the first
cavity and/or the at least one reflective element provided
in the first cavity, and the second cavity form together an
acoustically resonant third cavity having one or more third
cavity acoustic resonance frequencies. In the aforemen-
tioned embodiments, the first and/or second and/or third
cavity is an acoustically resonant cavity having one or
more first, second or third cavity, respectively, acoustic
resonance frequencies at which the first and/or second
and/or third cavity resonates, i.e. amplifies ultrasound
waves entering the first, second or third cavity, respec-
tively, at the respective acoustic resonance frequencies
and attenuates ultrasound waves at different frequen-
cies. By designing the first and/or second and/or third
cavity, e.g. by selecting size, shape and/or material of
the respective cavity, the detection unit can be made par-
ticularly sensitive to desired ultrasound wavelengths or
frequencies, which further enhances the reliability of ul-
trasound detection without adversely affecting compact-
ness and simplicity of the overall design.
[0019] According to another preferred embodiment,
the radiation unit is configured to generate pulsed radi-
ation exhibiting a pulse repetition rate and/or radiation
exhibiting an intensity oscillating with a modulation fre-
quency, wherein the pulse repetition rate and/or the mod-
ulation frequency corresponds to at least one of the first
and/or second and/or third cavity acoustic resonance fre-
quencies. In this way, it is ensured that only or mainly
those ultrasound waves are detected which are gener-
ated in the object due to the interaction between the ra-
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diation and the object, while acoustic waves which are
generated due to other mechanisms are suppressed or
at least attenuated. This also further enhances the reli-
ability of ultrasound detection without adversely affecting
compactness and simplicity of the overall design.
[0020] It is further preferred that the first cavity, in par-
ticular the second aperture of the first cavity, is spaced
from the object to ensure a contactless optical and acous-
tic coupling of the first cavity to the object.
[0021] According to another preferred embodiment,
the device further comprises a holder configured to hold
the object, wherein the optical unit is arranged such that
the radiation impinges on a first side of the object when
the object is held by the holder, and the detection unit is
arranged to detect ultrasound waves emitted from a sec-
ond side of the object when the object is held by the
holder, wherein the first and the second side of the object
are opposing sides of the object. In this way, optoacoustic
microscopy is implemented in a so-called transmission
mode by simple and robust design ensuring both reliable
irradiation of the object and detection of ultrasound
waves.
[0022] Alternatively or additionally, the device prefer-
ably comprises an acoustic transmission medium and a
container configured to accommodate the acoustic trans-
mission medium, wherein the container comprises at
least one container wall, in particular a bottom wall and/or
a side wall, wherein the container wall comprises a win-
dow section which is transparent in the infrared spectral
range and configured to accommodate, in particular to
carry and/or support, the object which is immersed in the
acoustic transmission medium, the optical unit is ar-
ranged such that the radiation is transmitted from outside
of the container through the window section and focused
and/or directed to the at least one region or point of in-
terest on or within the object being accommodated by
the window section, and the detection unit is at least par-
tially immersed in the acoustic transmission medium and
configured to detect ultrasound waves emitted by the ob-
ject at the at least one region or point of interest in re-
sponse to an interaction of the radiation with the object.
Likewise, this embodiment allows for implementing op-
toacoustic microscopy in a transmission mode by simple
and robust design which ensures particularly reliable ir-
radiation of the object and detection of ultrasound waves.
[0023] Preferably, the detection unit exhibits at least
one sensing region or sensing point and is arranged such
that the at least one sensing region or sensing point co-
incides or overlaps with the at least one region or point
of interest irradiated with the irradiation. Preferably, the
detection unit is sensitive to ultrasound waves being
present within the sensing region or at the sensing point.
Preferably, the detection unit comprises at least one fo-
cused ultrasound detector exhibiting a focus region or
focus point, within or at which the sensitivity of the de-
tector to ultrasound waves is maximal or exhibits at least
a local maximum. In this embodiment, the sensing region
or sensing point of the detection unit corresponds to the

focus region or focus point, respectively, of the focused
ultrasound detector. Alternatively, the detection unit com-
prises at least one unfocused ultrasound detector exhib-
iting a non-focused, e.g. a fanned, cylindrical or pencil-
like, sensing region within which the detector is sensitive
to ultrasound waves.
[0024] According to yet another preferred embodi-
ment, the device comprises a temperature control unit
configured to keep the temperature of the object and/or
the acoustic transmission medium at a temperature value
or temperature range at which the thermal expansion co-
efficient of at least one component of the object, in par-
ticular water contained in the object, and/or the acoustic
transmission medium is zero and/or small and/or mini-
mized, so that the generation of ultrasound waves in re-
sponse to the interaction of the radiation with the at least
one component of the object and/or acoustic transmis-
sion medium is avoided or reduced.
[0025] For example, the temperature control unit is
configured to adjust the temperature of the holder holding
the object and/or the temperature of the container ac-
commodating the acoustic coupling medium such that
the temperature of the object and/or the acoustic trans-
mission medium is brought and/or kept at a temperature
value or temperature range at which the thermal expan-
sion coefficient of the at least one component of the object
and/or the acoustic transmission medium is zero and/or
small and/or minimized.
[0026] Alternatively or additionally, the temperature
control unit is configured to bring and/or keep the object
and/or the acoustic coupling medium to or at a temper-
ature at which the photoacoustic effect in certain com-
ponent(s) contained the object, in particular water, and/or
in the coupling medium is negligible or even disappears.
[0027] Preferably, the temperature control unit is con-
figured to adjust or keep the object and/or the coupling
medium at a temperature at which at least one of the
following thermodynamic parameters is zero, small or
exhibits a local minimum: volumetric expansion coeffi-
cient and/or speed of sound.
[0028] For instance, the volumetric expansion coeffi-
cient of water at 4 °C is zero. By keeping the temperature
of the object, e.g. biological tissue consisting 60 to 80%
of water, and the coupling medium, e.g. water or water-
based gel, then an undesired interference of acoustic
waves generated in the water with acoustic waves of in-
terest, i.e. ultrasound waves generated e.g. by specific
biomolecule(s), can be avoided or at least reduced con-
siderably.
[0029] In this way, the specificity and signal quality can
be enhanced significantly, in some cases by orders of
magnitude.
[0030] Further advantages, features and examples of
the present invention will be apparent from the following
description of following figures:

Fig. 1 shows a cross-sectional view of first example
of a device for reflection-mode infrared optoa-
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coustic microscopy; and
Fig. 2 shows a cross-sectional view of a second ex-

ample of a device for transmission-mode infra-
red optoacoustic microscopy.

[0031] Figure 1 shows a cross-sectional view of a first
example of a device 1 for reflection-mode infrared optoa-
coustic microscopy and/or analysis comprising a radia-
tion unit 10 which generates electromagnetic radiation
11 having a time-varying intensity. Preferably, the radi-
ation 11 is infrared, in particular mid-infrared, radiation
and/or comprises one or more wavelengths or wave-
bands in the infrared or mid-infrared spectral range. Fur-
ther, it is preferred that the radiation unit 10 is configured
to emit pulses of radiation. For example the radiation unit
10 comprises a laser source which emits pulsed radiation
in the IR or mid-IR spectral range.
[0032] The device 1 further comprises a first body 12
in which a first cavity 14 is provided, and a second body
13 in which a second cavity 15 is provided. The first cavity
14 has a distal aperture 14a, which is also referred to as
first aperture, and a proximal aperture 14b, which is also
referred to as second aperture. The second aperture 14b
is larger than the first aperture 14a.
[0033] The radiation 11 passes an infrared window 19
and the second cavity 15 and enters the first cavity 14
via the first aperture 14a. In present example, the radia-
tion 11 impinges on a reflective element 33, e.g. a convex
mirror, provided in the first cavity 14 and is reflected to-
wards the, preferably concave, surface of the first cavity
14 which is configured to again reflect the radiation 11
such that the radiation is directed, in particular focused,
towards an object 2 under investigation, in particular a
biological tissue, which is located on and/or held by a
holder 22. Therefore, the body 12 including the first cavity
14 and/or the curved reflective surface is also referred
to as "optical unit".
[0034] Preferably, the first cavity 14 is given by or com-
prises a concave mirror. Further, it is preferred that the
radiation 11 is focused to a focus point 20 located on or
within the object 2, in particular within a point or region
of interest of the object 2. Alternatively, the radiation 11
may be focused to a focus line. The focus point 20 or line
may also be located at the surface of the object 2. Alter-
natively, the radiation 11 does not necessarily have to
be focused to a point or line, but can simply be directed
towards a region of any desired shape on or within the
object 2.
[0035] Preferably, the device 1 further comprises a
mechanism 21 which is configured to move the focus
point 20, focus line or region and the object 2 relative to
each other, e.g. by moving the holder 22 relative to the
(fixed) device 1, moving the device 1 relative to the (fixed)
holder 2, and/or moving the radiation beam 11 so that
the focal point 20 moves relative to the object 2. The
relative movement can be a translational and/or rotation-
al movement in lateral (parallel to the surface of the object
2) and/or transversal (perpendicular to the surface of the

object 2) direction.
[0036] The time-varying radiation 11 is at least partially
absorbed by the object 2, whereupon the irradiated part
of the object 2 undergoes an alternating thermal expan-
sion and contraction resulting in an emission of acoustic
waves 17. The frequency of the emitted acoustic waves
17 depends on an intensity modulation frequency and/or
a pulse repetition rate of the time-varying intensity of the
radiation 11. Preferably, the intensity modulation fre-
quency and/or a pulse repetition rate is or are chosen
such that the acoustic waves 17 are ultrasound waves.
[0037] At least a part of the acoustic waves 17 enters
the first cavity14 via proximal second aperture 14b. Pref-
erably, the second cavity 14, in particular the curved sur-
face or concave mirror forming the curved surface, is
configured to collect ultrasound waves emitted by a re-
gion or point of interest on or within the object 2.
[0038] The collected ultrasound waves 17 exit the first
cavity 14 via distal first aperture 14a and reach the sec-
ond cavity 15 to which an ultrasound detector 18 is acous-
tically coupled.
[0039] Preferably, the first cavity 14 and the second
cavity 15, including at least one additional optional cavity
like an acoustic passage section 16 between the first
cavity 14 and the second cavity 15, altogether form an
acoustically resonant cavity, also referred to as third cav-
ity 14 to 16, exhibiting one or more third cavity acoustic
resonance frequencies. In this way, components of the
emitted and collected acoustic waves 17 having frequen-
cies at or around the one or more third cavity acoustic
resonance frequencies are amplified, while components
of the acoustic waves 17 having frequencies which are
different to the one or more third cavity acoustic reso-
nance frequencies are attenuated or even suppressed,
so that the ultrasound detector 18 detects high-intensity
ultrasound waves 17 at the one or more third cavity
acoustic resonance frequencies.
[0040] Preferably, the radiation 11 emitted by the ra-
diation unit 10 is pulsed radiation exhibiting a pulse rep-
etition rate and/or radiation exhibiting an intensity oscil-
lating with an intensity modulation frequency, wherein
the pulse repetition rate and/or intensity modulation fre-
quency corresponds to at least one of the one or more
third cavity acoustic resonance frequencies. In this way,
stimulation and detection of ultrasound waves 17 are syn-
chronized with each other, whereby it is ensured that the
ultrasound detector 18 detects only or predominantly ul-
trasound waves 17 which are stimulated by the radiation
11, whereas a detection of possible acoustic waves orig-
inating from other sources or mechanisms is avoided or
at least reduced considerably.
[0041] Alternatively or additionally, depending on the
particular design of the first cavity 14, second cavity 15
and/or passage section 16, it is also possible to detect
high-intensity ultrasound waves 17 at one or more further
resonance frequencies. For example, in case that only
the first cavity 14 or the second cavity 15 is acoustically
resonant (in the relevant acoustic wavelength range),
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high-intensity ultrasound waves 17 are detected at one
or more first cavity acoustic resonance frequencies or
second cavity acoustic resonance frequencies, respec-
tively. Same applies accordingly to the passage section
16. In these embodiments, the pulse repetition rate
and/or intensity modulation frequency preferably corre-
sponds to at least one of the one or more first or second
cavity or passage section 16 acoustic resonance fre-
quencies, whereby it is ensured that the ultrasound de-
tector 18 only or predominantly detects ultrasound waves
17 which are stimulated by the radiation 11, while possi-
ble acoustic waves originating from other sources or
mechanisms are suppressed or attenuated.
[0042] Preferably, a temperature control unit 23 is pro-
vided which is configured to heat and/or cool the holder
22 and the object 2 thereon in order to keep the temper-
ature of the object 2 at temperature values at which the
photoacoustic effect caused by specific components of
the object 2, in particular water contained in the object
2, is suppressed or at least reduced compared to usual
ambient temperatures, e.g. around 20 °C. For example,
in order to suppress or reduce the photoacoustic effect
caused by interaction of the radiation 11 with water in the
object 2, the temperature of the object 2 is kept at or
around 4 °C, where the thermal or volumetric expansion
coefficient of water is zero or approximately zero, respec-
tively. As a result, volume expansion and contraction due
to a temporary heating of the water component by pulsed
radiation 11 is zero, minimal or at least significantly re-
duced and, therefore, considerably smaller than at am-
bient temperatures, so that no or considerably less ultra-
sound waves are generated by the water component of
the object 2. By suppressing or at least reducing acoustic
waves due to water in the object 2, acoustic waves gen-
erated by other components of the object 2, in particular
biomolecules, can be detected with considerably higher
sensitivity and specificity.
[0043] The device 1 further comprises an evaluation
unit 25 which is configured to process detection signals
generated by the ultrasound detector 18 when detecting
the ultrasound waves 17. Preferably, the evaluation unit
25 derives information from the detection signals regard-
ing at least one property of the object 2, e.g. an optical
absorption and/or a concentration of one or more
chromophores and/or biomolecules in the object 2. Al-
ternatively or additionally, the evaluation unit 25 gener-
ates one or more images corresponding to a spatial
and/or spatio-temporal distribution of the detection sig-
nals or of the information derived from the detection sig-
nals obtained for a plurality of different lateral and/or
transversal locations on or within the object 2.
[0044] In summary, a particularly preferred and advan-
tageous aspect of the first example of the device 1 for
reflection-mode optoacoustic microscopy is a resonant
contactless optoacoustic coupler 12 to 16, abbreviated
by "OAC", which simultaneously focuses the IR radiation
11 and collects and acoustically amplifies the ultrasound
waves 17 to be detected by ultrasound detector 18 cou-

pled to the acoustically resonant second cavity 15,
wherein the laser repetition rate is preferably set to one
of the resonant modes of the contactless OAC. In this
context, the term "contactless" refers to a preferred em-
bodiment in which, as shown in figure 1, the OAC 12 to
16, in particular the second aperture 14b of the first cavity
14, is provided at a finite distance from the object 2 and,
therefore, does not contact or touch the object 2 during
optoacoustic signal acquisition.
[0045] The first example of the device 1 described
above is configured for optoacoustic microscopy. It is,
however, possible to add components for optical and/or
fluorescence microscopy, in particular in the visible (VIS)
spectral region, in order to allow for both optoacoustic
and optical, in particular VIS, and/or fluorescence micro-
scopy.
[0046] In figure 1, components for (optional) optical or
fluorescence microscopy are highlighted by dashed
lines. Two light sources 30 generate light 31 by which
the object 2 is illuminated in oblique or epi-illumination.
Alternatively or additionally, a ring array of light sources
(not shown) may be provided in order to obtain a partic-
ularly homogenous illumination of the object 2. Scattered
and/or reflected and/or fluorescent light 32 emerging
from the object 2 is collected and reflected by the concave
reflective surface of the first cavity 14 towards the reflec-
tive element 33, where it is again reflected to subsequent-
ly pass the passage section 16 of the first body 12, second
cavity 15 and window 19 and proceeds, via IR-VIS cou-
pler 34, to an optical detector 35, e.g. camera, where it
is detected.
[0047] Figure 2 shows a cross-sectional view of a sec-
ond example of a device 1 for transmission-mode infrared
optoacoustic microscopy and/or analysis comprising a
radiation unit 10 which generates electromagnetic radi-
ation 11 having a time-varying intensity. Preferably, the
radiation 11 is infrared, in particular mid-infrared, radia-
tion and/or comprises one or more wavelengths or wave-
bands in the infrared or mid-infrared spectral range. Fur-
ther, it is preferred that the radiation unit 10 is configured
to emit pulses of radiation 11. For example, the radiation
unit 10 comprises a laser source which emits pulsed ra-
diation 11 in the IR or mid-IR spectral range.
[0048] The device 1 further comprises an optical unit
12 which is configured to focus and/or direct the radiation
11 to at least one region or point of interest 20 located
on or within an object 2 to be investigated. For example,
the optical unit 12 may comprise one or more refractive
and/or reflective optical elements, e.g. curved reflective
surface(s) or lens(es), respectively, which is or are pref-
erably composed of material(s) with weak, neglectable
or zero absorption and/or net change of the molecular
dipole moment when interacting with infrared radiation
and configured to focus and/or direct the radiation 11 to
the region or point of interest 20 on or within the object 2.
[0049] Further, a container 26 is configured to accom-
modate an acoustic transmission medium 27, e.g. water.
In present example, the bottom wall 26a of the container
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26 comprises a window section 28 which is transparent
for the radiation 11 and configured to support and/or hold
the object 2. For example, the object 2 can be enclosed
in a Petri dish (not shown) which is supported and/or held
by the window section 28. The object 2 and/or Petri dish
enclosing the object 2 is immersed into the acoustic trans-
mission medium 27 or is at least partially surrounded by
the acoustic transmission medium 27.
[0050] The time-varying radiation 11 is at least partially
absorbed by the object 2, whereupon the irradiated part
of the object 2 undergoes an alternating thermal expan-
sion and contraction resulting in an emission of acoustic
waves 17. The frequency of the emitted acoustic waves
17 depends on an intensity modulation frequency and/or
a pulse repetition rate of the time-varying intensity of the
radiation 11. Preferably, the intensity modulation fre-
quency and/or a pulse repetition rate is or are chosen
such that the acoustic waves 17 are ultrasound waves.
[0051] At least a part of the acoustic waves 17 emitted
by a region or point of interest on 20 or within the object
2 pass the acoustic transmission medium 27 above the
object 2 and are detected by an ultrasound detector 18
which is at least partially immersed into the acoustic
transmission medium 27. In present example, the ultra-
sound detector 18 is a focused detector having a focus
point or a focus line which coincides with the focus line
or focus point 20, respectively, of the focused radiation
11 on or within the object 2.
[0052] In present example, the optical unit 12, the win-
dow section 28 of the container 26 and the ultrasound
detector 18 are arranged such that the radiation 11 im-
pinges on a first side, in present example on the bottom
side, of the object 2, whereas the generated ultrasound
waves 17 are detected at a second side, in present ex-
ample at the top side, of the object 2. Therefore, this
arrangement is also referred to as "transmission mode".
[0053] Preferably, the bottom wall 26a and/or the win-
dow section 28 is or are configured to hold and/or support
the object 2 from below while simultaneously preventing
acoustic transmission medium 27 to get or enter between
the object 2 and the window section 28 in order to avoid
that, in addition to the object 2, also acoustic transmission
medium 27, e.g. water, absorbs a part of the radiation 11
and emits acoustic waves.
[0054] Preferably, the device 1 further comprises a
mechanism 21 which is configured to move the container
26, on the one hand, and the optical unit 12 and/or ultra-
sound detector 18, on the other hand, relative to each
other in order to move the focus point 20, line or region
of the radiation 11 and/or of the ultrasound transducer
18 and the object 2 relative to each other. This is accom-
plished, e.g., by moving the container 26 relative to the
(fixed) optical unit 12 and/or (fixed) ultrasound detector
18, and/or by moving the optical unit 12 and/or ultrasound
detector 18 device 1 relative to the (fixed) container 26,
and/or moving the radiation beam 11 so that the focal
point 20 moves relative to the object 2. The relative move-
ment can be a translational and/or rotational movement

in lateral (parallel to the surface of the object 2) and/or
transversal (perpendicular to the surface of the object 2)
direction.
[0055] Preferably, a temperature control unit 23 is pro-
vided which is configured to heat and/or cool the contain-
er 26 and/or the window section 26a and/or the acoustic
transmission medium 27 and/or the object 2 in order to
keep the temperature of the object 2 at temperature val-
ues at which the photoacoustic effect caused by specific
components of the object 2, in particular water contained
in the object 2, is suppressed or at least reduced com-
pared to usual ambient temperatures, e.g. around 20 °C.
For example, in order to suppress or reduce the photoa-
coustic effect caused by interaction of the radiation 11
with water in the object 2, the temperature of the object
2 is kept at or around 4 °C, where the thermal or volu-
metric expansion coefficient of water is zero or approxi-
mately zero, respectively. As a result, volume expansion
and contraction due to a temporary heating of the water
component by pulsed radiation 11 is zero, minimal or at
least significantly reduced and, therefore, considerably
smaller than at ambient temperatures, so that no or con-
siderably less ultrasound waves are generated by the
water component of the object 2. By suppressing or at
least reducing acoustic waves due to water in the object
2, acoustic waves generated by other components of the
object 2, in particular biomolecules, can be detected with
considerably higher sensitivity and specificity.
[0056] The device 1 further comprises an evaluation
unit 25 which is configured to process detection signals
generated by the ultrasound detector 18 when detecting
the ultrasound waves 17. Preferably, the evaluation unit
25 derives information from the detection signals regard-
ing at least one property of the object 2, e.g. an optical
absorption and/or a concentration of one or more
chromophores and/or biomolecules in the object 2. Al-
ternatively or additionally, the evaluation unit 25 gener-
ates one or more images corresponding to a spatial
and/or spatio-temporal distribution of the detection sig-
nals or of the information derived from the detection sig-
nals obtained for a plurality of different lateral and/or
transversal locations on or within the object 2.
[0057] Similarly to the first example shown in figure 1,
the second example of the device 1 is configured for op-
toacoustic microscopy. It is, however, also possible to
add components for optical and/or fluorescence micros-
copy, in particular in the visible (VIS) spectral region, in
order to allow for both optoacoustic and optical, in par-
ticular VIS, and/or fluorescence microscopy.
[0058] In figure 2, components for (optional) optical or
fluorescence microscopy are highlighted by dashed
lines. Two light sources 30 generate light 31 by which
the object 2 is illuminated in trans-illumination. Alterna-
tively or additionally, a ring array of light sources (not
shown) may be provided in order to obtain a particularly
homogenous illumination of the object 2. In present ex-
ample, the top side of the object 2 is illuminated with
radiation 11, and at least a part of transmitted and/or
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fluorescent light 32 emerging from the bottom side of the
object 2 is collected by the one or more refractive and/or
reflective optical elements which is or are provided in the
optical unit 12, and proceeds, via IR-VIS coupler 34, to
an optical detector 35, e.g. camera, where it is detected.
[0059] All in all, the devices and corresponding meth-
ods described herein allow for endogenous and/or exog-
enous non-destructive chemical imaging and analysis of
in vivo or ex-vivo biological specimens. For exogenous
non-destructive chemical imaging, for instance, isotope
probes using the mass effect can be used. For instance,
heavier atoms to the naturally found atoms, e.g. a heavier
Carbon isotope, or a Nitrile probe, can be used.
[0060] Preferably, the IR or mid-IR laser is a broadband
pulsed tunable Quantum Cascade Laser. It is further pre-
ferred to provide a Mercury-Cadmium-Tellurium(MCT)
detector which is used as a reference detector, and a
VIS laser pointer (aligned with the IR laser) which serves
as an aiming beam for easy optical adjustment.
[0061] Preferably, the IR beam path can be completely
or partially purged by a dry inert gas, for instance dry
nitrogen, in a chamber where the IR beam is enclosed.
The beam path purging is preferred to remove the vibra-
tional-rotational absorption of atmospheric CO2 and wa-
ter vapor that, otherwise, may reduce the performance
of the mid-IR system limiting the delivered energy and
overlapping with important absorption bands of certain
biomolecules.
[0062] Further, the reflective optics, mirrors and reflec-
tive objectives for beam modification and focusing are
preferably made out of metallic surfaces such as gold or
aluminum.
[0063] Further, the refractive optics, such as lenses,
objectives and sample cuvettes, are preferably made out
of mid-IR transparent materials such as: ZnSe, ZnS,
CaF2, BaF2, Germanium, Silicon, KBr, NaCI, MgF2,
Sapphire, etc.
[0064] Alternatively or additionally, the reflective op-
tics, mirrors and reflective objectives for beam modifica-
tion and focusing and/or the refractive optics, such as
lenses, objectives and sample cuvettes, is or are prefer-
ably composed of material(s) with weak, neglectable or
zero absorption and/or net change of the molecular di-
pole moment when interacting with infrared radiation.
[0065] The transmission mode device shown in figure
2 allows for microscopy on thick tissues, about 5 mm,
and cell cultures, while the reflection mode device shown
in figure 1 using the resonant contactless OAC allows
microscopy in vivo, for instance on skin. The device pref-
erably comprises: one or more mid-IR lasers for excita-
tion of molecular vibrations; one or more optical ele-
ments, reflective or refractive, for delivery, modification
and focusing of the mid-IR radiation into the specimen,
also referred to as object; one or more ultrasound sen-
sors, resonant or not resonant, of the localized optoa-
coustic and/or optothermal signal generated by the laser-
sample interaction; a mid-IR transparent sample cuvette;
one or more elements for recovery and processing of the

optoacoustic and/or optothermal signals; a sample scan-
ning system for point-by-point image formation; and an
interface for graphical display and assessment of the
chemical content of a selected region or point of interest
in the specimen as well as for operation and configuration
of the device.
[0066] In general, a strong and specific endogenous
contrast from lipids, CH bondings, and from proteins, the
amide I and amide II absorption band, have been ob-
served in the micrographs from tissues and living cell
cultures. This allows to specifically separate the images
according to their lipid or protein content, as it can be
observed, e.g., for adipocytes and for Thymoma tumor
and pancreatic tissues.
[0067] Furthermore, the sensitivity and the imaging
speed of the devices make it possible to monitor meta-
bolic process in living cells. For example, induced lipol-
ysis on Brown and White adipocytes and the release of
insulin in beta cells can be successfully monitored.
[0068] In addition to imaging of lipids and proteins, con-
trast from carbohydrate-related structures, glycolipids or
glycoproteins, can be observed in living cell cultures. Fur-
ther, nucleic acids on living cells can also be detected.

Claims

1. A device (1) for infrared microscopy and/or analysis,
the device (1) comprising
at least one radiation unit (10) configured to generate
radiation (11) of time-varying intensity, the radiation
(11) comprising one or more wavelengths in the in-
frared spectral range,
at least one refractive and/or reflective optical unit
(12) which is configured to focus and/or direct the
radiation (11) to at least one region or point of interest
(20) located on and/or within an object (2),
at least one detection unit (18) configured to detect
ultrasound waves (17) emitted by the object (2) at
the at least one region or point of interest (20) in
response to an interaction of the radiation (11) with
the object (2) and to generate according detection
signals, and
an evaluation unit (25) configured

- to derive information regarding at least one
property of the object (2) from the detection sig-
nals and/or
- to generate a spatial and/or spatio-temporal
distribution of the detection signals or of infor-
mation derived from the detection signals ob-
tained for the at least one region or point of in-
terest (20) located on and/or within the object
(2).

2. The device (1) according to claim 1, wherein the op-
tical unit (12) comprises
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- a first cavity (14) having a first aperture (14a)
and a second aperture (14b) and being arranged
such that the radiation (11) enters the first cavity
(14) via the first aperture (14a) and ultrasound
waves (17) emitted by the object (2) enter the
first cavity (14) via the second aperture (14b),
and
- at least one reflective element provided in the
first cavity (14) or forming the first cavity (14)
and configured to reflect and focus and/or direct
the radiation (11) entering the first cavity (14)
via the first aperture (14a) to the at least one
region or point of interest (20), whereby the ra-
diation (11) exits the first cavity (14) via the sec-
ond aperture (14b),

wherein the detection unit (18) is arranged to detect
the ultrasound waves (17) entering the first cavity
(14) via the second aperture (14b).

3. The device (1) according to claim 2, wherein the de-
tection unit (18) comprises

- a second cavity (15) which is acoustically cou-
pled to the first aperture (14a) of the first cavity
(14) and arranged such that the radiation (11)
can pass the second cavity (15) to enter the first
cavity (14) via the first aperture (14a), and
- an ultrasound detector (18) which is acousti-
cally coupled to the second cavity (15) and con-
figured to detect ultrasound waves (17).

4. The device (1) according to claim 2 or 3, the first
cavity (14) being an acoustically resonant cavity hav-
ing one or more first cavity acoustic resonance fre-
quencies.

5. The device (1) according to claim 3, the second cav-
ity (15) being an acoustically resonant cavity having
one or more second cavity acoustic resonance fre-
quencies.

6. The device (1) according to claim 3 or 5, the first
cavity (14) and/or the at least one reflective element
provided in the first cavity (14), and the second cavity
(15) forming together an acoustically resonant third
cavity (14, 15) having one or more third cavity acous-
tic resonance frequencies.

7. The device (1) according to any of the claims 4 to 6,
the radiation unit (10) being configured to generate
pulsed radiation exhibiting a pulse repetition rate
and/or radiation exhibiting an intensity oscillating
with a modulation frequency, the pulse repetition rate
and/or the modulation frequency corresponding to
at least one of the first and/or second and/or third
cavity acoustic resonance frequencies.

8. The device (1) according to any claim 2 to 7, the first
cavity (14), in particular the second aperture (14b)
of the first cavity (14), being spaced from the object
(2) to ensure a contactless optical and acoustic cou-
pling of the first cavity (14) to the object (2).

9. The device (1) according to claim 1, further compris-
ing a holder (22, 26, 26a, 28) configured to hold the
object (2), wherein

- the optical unit (12) is arranged such that the
radiation (11) impinges on a first side of the ob-
ject (2) when the object (2) is held by the holder
(22, 26, 26a, 28), and
- the detection unit (18) is arranged to detect
ultrasound waves (17) emitted from a second
side of the object (2) when the object (2) is held
by the holder (22, 26, 26a, 28),

wherein the first and the second side of the object
(2) are opposing sides of the object (2).

10. The device (1) according to claim 1 or 9, further com-
prising an acoustic transmission medium (27) and a
container (26) configured to accommodate the
acoustic transmission medium (27), the container
(26) comprising at least one container wall (26a), in
particular a bottom wall and/or a side wall, wherein

- the container wall (26a) comprises a window
section (28) which is transparent in the infrared
spectral range and configured to accommodate,
in particular to carry and/or support, the object
(2) which is immersed in the acoustic transmis-
sion medium (27),
- the optical unit (12) is arranged such that the
radiation (11) is transmitted from outside of the
container (26) through the window section (28)
and focused and/or directed to the at least one
region or point of interest (20) on or within the
object (2) being accommodated by the window
section (28), and
- the detection unit (18) is at least partially im-
mersed in the acoustic transmission medium
(27) and configured to detect ultrasound waves
(17) emitted by the object (2) at the at least one
region or point of interest (20) in response to an
interaction of the radiation (11) with the object
(2).

11. The device (1) according to any preceding claim, the
detection unit (18) exhibiting at least one sensing
region or sensing point and being arranged such that
the at least one sensing region or sensing point co-
incides or overlaps with the at least one region or
point of interest (20) irradiated with the irradiation.

12. The device (1) according to any preceding claim, fur-
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ther comprising a temperature control unit (23) con-
figured to keep the temperature of the object (2)
and/or the acoustic transmission medium (27) at a
temperature value or temperature range at which the
thermal expansion coefficient of at least one com-
ponent of the object (2), in particular water contained
in the object (2), and/or the acoustic transmission
medium (27) is zero and/or small and/or minimized,
so that the generation of ultrasound waves (17) in
response to the interaction of the radiation (11) with
the at least one component of the object (2) and/or
acoustic transmission medium (27) is avoided or re-
duced.

13. A method for infrared microscopy and/or analysis,
the method comprising the following steps:

generating radiation (11) of time-varying inten-
sity, the radiation comprising one or more wave-
lengths in the infrared spectral range,
focusing or directing the radiation (11) to at least
one region or point of interest (20) located on
and/or within the object (2),
detecting ultrasound waves (17) emitted by the
object (2) at the at least one region or point of
interest (20) in response to an interaction of the
radiation (11) with the object (2) and generating
according detection signals, and

- deriving information regarding at least one
property of the object (2) from the detection
signals and/or
- generating a spatial and/or spatio-tempo-
ral distribution of the detection signals or of
information derived from the detection sig-
nals obtained for the at least one region or
point of interest (20) located on and/or within
the object (2).
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