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(57) According to an aspect of the present inventive
concept there is provided a device for imaging of a mi-
croscopic object, the device comprising:
an array of light sensitive areas, each being sensitive to
detect light spanning a wavelength range of at least
400-1200 nm;
at least one light source configured to generate light at
a plurality of wavelengths within the wavelength range,
comprising at least one wavelength in a visible part of
the wavelength range and at least one wavelength in a

short-wave infrared, SWIR, part of the wavelength range,
and arranged to illuminate the microscopic object with
the generated light such that at least part of the light is
scattered by the microscopic object;
wherein the device is configured to transmit the scattered
light and non-scattered light, from the same light source,
to the array of light sensitive areas configured to detect
an interference pattern formed between the scattered
light and the non-scattered light, for each wavelength.
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Description

Technical field

[0001] The present inventive concept relates to a de-
vice and a method for imaging of microscopic objects,
and more specifically to multi-spectral imaging of micro-
scopic objects across a spectral range spanning from the
visible to the short-wave infrared part of the spectrum.

Background

[0002] Microscopy is widely used in research as well
as in industrial applications. Spectral data of microscopic
objects is often of interest and extending the spectral
range of microscopy applications from the visible part of
the spectral range into covering also the short-wave in-
frared, SWIR, range can often provide valuable informa-
tion. However, extending the spectral range of micros-
copy instrumentation to span from visible up to SWIR is
challenging because of the varying behavior of detectors
and optical components across the wide spectral range.
[0003] Imaging detectors typically have a good sensi-
tivity only in a limited spectral range, either dedicated for
imaging in the visible range or the infrared range. Con-
sequently, instrumentation intended to cover the range
from visible to SWIR typically requires two different im-
aging detectors, one for visible and one for infrared.
These systems require switching between the two de-
tectors in order to cover the full range. Because of differ-
ences in pixel pitch and the numbers of pixels between
the detectors, it is challenging, and sometimes impossi-
ble, to achieve a perfect pixel-to-pixel correspondence
of the field-of-view for the two detectors. This is further
complicated by difficulties in positioning the two detectors
at the exact same location, especially in microscopic ap-
plications in which even very small shifts may be signif-
icant to cause problems. Further, also the microscope
objectives need to be switched between applications in
the visible and the SWIR part of the range. This introduc-
es differences in chromatic aberrations, zoom, and other
imaging distortions. Especially in applications where im-
aging in both the visible and the SWIR range of the same
object is required, all these artefacts need to be dealt
with, for example by digital image processing such as
resampling, rescaling, and/or dewarping, in order to align
the spatial information in the respective images.
[0004] Moreover, the need for replacing components
when switching between different wavelength ranges is
time consuming. As a result, the work flow of the person-
nel working with the instrumentation is slowed down. Fur-
thermore, the need for replacing components also limits
the data acquisition rate, and this limitation is especially
pronounced in applications where data acquisition in both
the visible and SWIR is needed for the same object.
[0005] The increased number of components further
results in bulky and costly instrumentation. Therefore,
there is a need in the art for an improved solution for

imaging of microscopic objects covering the spectral
range from visible to SWIR.

Summary

[0006] An objective of the present inventive concept is
to mitigate, alleviate or eliminate one or more of the
above-identified deficiencies in the art and disadvantag-
es singly or in any combination. These and other objects
are at least partly met by the invention as defined in the
independent claims. Preferred embodiments are set out
in the dependent claims.
[0007] According to a first aspect of the present inven-
tive concept there is provided a device for imaging of a
microscopic object, the device comprising:

an array of light sensitive areas, each of the light
sensitive areas being sensitive to detect light span-
ning a wavelength range of at least 400-1200 nm;
at least one light source configured to generate light
at a plurality of wavelengths within the wavelength
range, the plurality of wavelengths comprising at
least one wavelength in a visible part of the wave-
length range and at least one wavelength in a short-
wave infrared, SWIR, part of the wavelength range,
and arranged to illuminate the microscopic object
with the generated light such that at least part of the
light is scattered by the microscopic object, forming
scattered light;
wherein the device is configured to transmit the scat-
tered light and non-scattered light, from the same
light source, to the array of light sensitive areas,
wherein the array of light sensitive areas is config-
ured to detect an interference pattern formed by in-
terference between the scattered light and the non-
scattered light, for each wavelength in the plurality
of wavelengths.

[0008] The term "imaging" of a microscopic object is
herein regarded to include also acquisition of the inter-
ference pattern. By acquisition of the interference pattern
formed by interference between the scattered light from
the microscopic object and the non-scattered light, infor-
mation about the three-dimensional shape of the micro-
scopic object is acquired in terms of a digital hologram.
Such information enables generation of a visual image
of the microscopic object, by means of holographic re-
construction.
[0009] By the term "light sensitive area" is here meant
an area reacting to light impinging onto the area, by gen-
erating an electrical signal as a response to the light in-
tensity. Arrays of light sensitive areas may be arranged
on detectors, configured to allow read-out of the detected
light for image acquisition. Given as non-limiting exam-
ples, light sensitive areas may be found on photodiodes,
photo-multiplier tubes (PMT), and pixels on image sen-
sors such as charge-coupled devices (CCD) and com-
plementary metal oxide semiconductors (CMOS). By
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way of example, an array of light sensitive areas may be
in the form of pixels on a CCD or CMOS sensor, but may
alternatively comprise a plurality of any other type of light
sensitive areas. Given as other non-limiting examples,
an array of light sensitive areas may be of Indium Gallium
Arsenide (InGaAs) type or of quantum dot image sensor
type.
[0010] By the phrase "sensitive to detect light spanning
a wavelength range" is here meant that the light sensitive
area, as a reaction to light impinging onto the area, has
the capability of generating an electrical signal as a re-
sponse to light intensity for light of all wavelengths that
fall within the defined wavelength range. Further, the light
sensitive area may or may not be sensitive to light of
wavelengths that fall outside of the defined wavelength
range. A light sensitive area is considered sensitive to
light of a certain wavelength if the light sensitive area has
a quantum efficiency of 5% or greater, for that wave-
length. It should be understood that if a light sensitive
area is sensitive to detect light of a specific wavelength
and a spectral filter blocking the wavelength is arranged
in front of the light sensitive area, such that light with that
specific wavelength is prevented from reaching the light
sensitive area, the light sensitive area as such is still re-
garded as being sensitive to the specific wavelength.
[0011] In this context the term "light" should be allowed
a wider interpretation, not limited to visible electromag-
netic radiation but may also include for example ultra-
violet light and infra-red light.
[0012] By the "visible" part of the wavelength spectrum
is here meant electromagnetic radiation within the wave-
length range of 380-750 nm.
[0013] By the "infrared (IR)" part of the wavelength
spectrum is here meant electromagnetic radiation within
the wavelength range of 750 nm to 1 mm.
[0014] By the "near infrared (NIR)" part of the wave-
length spectrum is here meant electromagnetic radiation
within the wavelength range of 750-1000 nm.
[0015] By the "short wave infrared (SWIR)" part of the
wavelength spectrum is here meant electromagnetic ra-
diation within the wavelength range of 1000-3000 nm.
[0016] By the term "light source" is here meant any
unit, device and/or element at which light is generated.
By way of example, the light source may be, but is not
limited to a laser, a laser diode, a light emitting diode, or
a combination thereof.
[0017] Generation of light at a plurality of wavelengths
within the wavelength range may be accomplished by a
single light source being configured to generate all the
wavelengths. Generation of light at a plurality of wave-
lengths within the wavelength range may alternatively be
accomplished by a number of light sources combined,
wherein each light source is configured to generate light
at one or a few wavelengths within the wavelength range,
each of the light sources being configured to generate
light at different wavelengths such that light at the plurality
of wavelengths is generated by the combination of the
number of light sources. It is conceivable that the one or

more light sources may be configured to generate light
also at other wavelengths not comprised within the plu-
rality of wavelengths.
[0018] By the term "scattered light" is here meant elas-
tically scattered light, thus light scattered such that the
direction and/or phase and/or intensity of light may
change but the energy of the photons, and thus the wave-
length of the light is substantially unchanged, apart from
a slight Doppler shift that may result from the movement
of the sample. In other words, the scattering process does
not involve any net energy transfer between the light and
the scattering sample, in terms of e.g. change in elec-
tronic energy states of the atoms or molecules in the sam-
ple. Given as non-limiting examples, the elastic scatter-
ing may be, but is not limited to, Rayleigh or Mie scatter-
ing.
[0019] It is an insight of the inventive concept that im-
aging of microscopic objects over a wide range of wave-
lengths may be improved by using an array of light sen-
sitive areas sensitive to a wide range of wavelengths and
using detection of interference patterns to avoid micro-
scope objectives or other optical components in an im-
aging system. This implies that a common setup may be
used over a wide range of wavelengths.
[0020] An advantage with the present inventive con-
cept is that with an array of light sensitive areas sensitive
to detect light spanning the full range of intended use of
the device, the need for switching between different ar-
rays of light sensitive areas in order to detect light from
the visible part to the SWIR part of the wavelength range,
is eliminated.
[0021] Another advantage with the present inventive
concept is that a microscope objective is not required in
order to detect the interference pattern, thereby also elim-
inating the need for switching between different micro-
scope objectives or other optical components in order to
detect light from the visible part to the SWIR part of the
wavelength range. Further, aberrations otherwise intro-
duced in the imaging path by optical components are
eliminated as well. Moreover, since a microscope objec-
tive is not required, the present inventive concept allows
for the device to be made compact as well as at a rela-
tively lower cost than objective-based devices. Thus, by
the present arrangement, a compact, low cost device for
aberration-free, multi-spectral imaging of microscopic
objects covering the full spectral wavelength range with-
out the need for switching components when switching
between the different wavelengths, may be provided.
[0022] Another advantage is that no re-alignment is
required during operation, since the same array of light
sensitive areas may be used for detection of interference
patterns for all wavelengths. This may facilitate combin-
ing information for different wavelengths into a multi-
spectral image of the microscopic object. This also allows
for a more user-friendly device to be provided.
[0023] Consequently, with no requirement of replacing
components during operation throughout the intended
wavelength range of the device, a device with increased
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acquisition speed may be provided. Further, by the
present arrangement, simultaneous detection at the plu-
rality of wavelengths may be enabled.
[0024] According to an embodiment, the device may
be further configured to detect the interference patterns
at the plurality of wavelengths such that spatial informa-
tion of the microscopic object in the interference patterns
for each wavelength in the plurality of wavelengths are
aligned with each other on the array of light sensitive
areas, enabling combination of the information from each
of the plurality of wavelengths into multi-spectral infor-
mation of the microscopic object.
[0025] By the spatial information of the microscopic ob-
ject in the interference patterns for each wavelength in
the plurality of wavelengths being aligned with each other
is here meant that, once the images of the microscopic
object have been reconstructed, the spatial positions of
the microscopic object with respect to the array of light
sensitive areas match for the plurality of wavelengths. In
other words, the images acquired at the plurality of wave-
lengths may be superimposed with one another such that
corresponding parts of the microscopic object will over-
lap. By way of example, such alignment may be achieved
by, aligning the light at the plurality of wavelengths, from
the at least one light source, onto a common path prior
to being directed towards the microscopic object. Given
as non-limiting examples, light at the plurality of wave-
lengths may be aligned onto a common path by means
of dichroic mirrors or an arrangement of optical fibers.
[0026] An advantage with this embodiment is that the
monochromatic images acquired at the plurality of wave-
lengths show essentially the same perspective of the mi-
croscopic object. Thus, image transformation, such as
resampling, rescaling, and dewarping, is not required in
order to align the information in the respective images.
By the present arrangement superimposing of the mon-
ochromatic images for combining them into a multi-spec-
tral image may be facilitated.
[0027] According to an embodiment, the at least one
light source is configured to generate light having a spec-
tral line-width equal to or less than 100 nm and being at
least partially coherent, for each wavelength of the plu-
rality of wavelengths.
[0028] Coherent light may be advantageous as it im-
proves the interference visibility. A coherent light source
may be a laser. However, it should be understood that
also partially coherent light may provide an interference
pattern with sufficient visibility. A partially coherent light
source may e.g. be a light emitting diode, LED, emitting
light through a pinhole onto the microscopic object. A
coherent light source may provide better interference vis-
ibility but may be more expensive while a partially coher-
ent light source may provide a worse interference visibil-
ity but may be less expensive. It should further be realized
that temporal coherence of the generated light is not im-
portant. Thus, the generated light may be at least partially
spatially coherent, but need not be temporally coherent.
The at least partially spatially coherent light may create

an interference pattern, formed by interference between
light scattered by the microscopic object and non-scat-
tered light, at the array of light sensitive areas.
[0029] A narrow spectral line-width may be an advan-
tage because it may facilitate matching the line-width of
the light from the light source with the spectral band or
bands of interest to probe or measure at.
[0030] Another advantage of a narrow spectral line-
width is that, if the plurality of wavelengths is acquired
sequentially one by one, the requirement for spectral fil-
tering in front of the array of light sensitive areas may be
eliminated.
[0031] According to an embodiment, the at least one
light source comprises one or more lasers and/or one or
more laser diodes and/or one or more light emitting di-
odes, LEDs.
[0032] According to an embodiment, the array of light
sensitive areas is of Indium Gallium Arsenide, InGaAs,
type.
[0033] An advantage with this embodiment is that light
sensitive areas of InGaAs type may provide relatively
high quantum efficiency within the full spectral range in
which the devices is intended to operate. High quantum
efficiency may provide improved image quality of the de-
tected interference patterns.
[0034] Another advantage with this embodiment is that
it may allow for the use of lower power light sources than
otherwise required in order to provide good image quality
of the detected interference patterns.
[0035] According to an embodiment, the array of light
sensitive areas is of quantum dot image sensor type.
[0036] An advantage with this embodiment is that light
sensitive areas of quantum dot image sensor type may
provide relatively high quantum efficiency within the full
spectral range in which the devices is intended to oper-
ate. High quantum efficiency may provide improved im-
age quality of the detected interference patterns.
[0037] Another advantage with this embodiment is that
it may allow for the use of lower power light sources than
otherwise required in order to provide good image quality
of the detected interference patterns.
[0038] Yet another advantage with this embodiment is
that the wavelength range in which the quantum dots are
sensitive to light can be tuned within the visible and in-
frared wavelength range. Such tuning may be achieved
by selection of material and particle size, thereby adjust-
ing what wavelength range is absorbed by the quantum
dots. In the present manner, quantum dot image sensors
may be tailor-made to match the desired wavelength
range for visible/SWIR applications.
[0039] Yet another advantage with this embodiment is
that it may provide a small pitch of the light sensitive
areas. By small pitch of the light sensitive areas, higher
image resolution of the acquired interference patterns
may be provided.
[0040] According to an embodiment, a pitch of the light
sensitive areas in the array of light sensitive areas is not
larger than 100 mm.
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[0041] By the term "pitch" is here meant the distance
from a center of a light sensitive area to the center of a
consecutive light sensitive area. In other words, the pitch
includes a width of a light sensitive area as well as a
separation between two consecutive light sensitive are-
as. The resolution of the acquired images is related to
the pitch of the light sensitive areas. In order to obtain
images with high spatial resolution, the pitch of the light
sensitive areas needs to be sufficiently small. By way of
example, arrays of light sensitive areas with a pitch of
the light sensitive areas of 10 mm, preferably 5 mm, and
more preferably 1 mm or smaller may be suitable for use
in the device for imaging of microscopic objects.
[0042] According to an embodiment, the device is fur-
ther configured to, by the at least one light source, se-
quentially illuminate the microscopic object with the gen-
erated light at the plurality of wavelengths one by one,
and, by the array of light sensitive areas, sequentially
detect the interference patterns for imaging the micro-
scopic object at the plurality of wavelengths.
[0043] The array of light sensitive areas may acquire
image frames, each image frame corresponding to a sin-
gle exposure of the array of light sensitive areas. The
interference pattern for light at a single wavelength may
be detected in each image frame. Thus, the interference
patterns at the plurality of wavelengths may be detected
and acquired in consecutive image frames. The present
embodiment is suitable for imaging stationary or quasi-
stationary microscopic objects, where movements of the
microscopic object are so slow that the microscopic ob-
ject may be considered stationary (movement is smaller
than size of a pixel) during the sequential acquisition of
the plurality of wavelengths.
[0044] An advantage with this embodiment is that as
the microscopic object is illuminated by light at individual
wavelengths one by one, and thus the individual interfer-
ence patterns are detected and acquired one by one, the
acquisition may utilize full resolution of the array of light
sensitive areas for each of the plurality of wavelengths.
By the present arrangement high resolution images may
be provided for each of the plurality of wavelengths.
[0045] Another advantage with this embodiment is
that, since the microscopic object is illuminated by light
at individual wavelengths one by one, leakage of infor-
mation between the interference patterns at different
wavelengths may be avoided.
[0046] According to an embodiment, the device is fur-
ther configured to, by the at least one light source, simul-
taneously illuminate the microscopic object with the gen-
erated light at the plurality of wavelengths, and, by the
array of light sensitive areas, simultaneously detect the
interference patterns for imaging the microscopic object
at the plurality of wavelengths.
[0047] The interference patterns for the plurality of
wavelengths may thus be detected and acquired in the
same image frame.
[0048] An advantage with this embodiment is that it
may provide a significantly faster acquisition of all of the

plurality of wavelengths, since all of the plurality of wave-
lengths are acquired at the same time. Increased image
acquisition speed makes the present embodiment suit-
able for imaging stationary as well as non-stationary mi-
croscopic objects.
[0049] According to an embodiment, an array of filters
is arranged on the array of light sensitive areas, wherein
the array of filters comprises a plurality of subsets of fil-
ters, each of the filters in the subset of filters being ar-
ranged in front of a light sensitive area, wherein each of
the subsets of filters is configured to transmit light at one
of the plurality of wavelengths, and wherein each of the
subsets of filters are further configured to transmit light
at a different wavelength than other subsets, such that
each of the wavelengths of the plurality of wavelengths
is transmitted through a corresponding subset of filters.
[0050] It should be understood that with the present
embodiment, not all of the light sensitive areas of the
array of light sensitive areas are utilized for detecting the
interference pattern at a single wavelength. Rather, light
at a specific wavelength only reaches a subset of light
sensitive areas such that not the full resolution of the
array of light sensitive areas is used for each of the plu-
rality of wavelengths.
[0051] By way of example, the filters in the array of
filters may be, but are not limited to, interference filters
or absorption filters or a combination thereof. Given as
non-limiting examples, the filters in the array of filters may
be made of thin films, absorbing materials or nanoparti-
cles.
[0052] An advantage with the present embodiment is
that it allows simultaneous detection of all of the plurality
of wavelengths by a single array of light sensitive areas.
By detection of all of the plurality of wavelengths using a
single array of light sensitive areas, a more compact de-
vice for imaging of microscopic objects may be provided.
Further, by the present arrangement, capability of acquir-
ing images of a full volume with a single acquisition may
be provided.
[0053] According to an embodiment, the device may
further comprise a processor configured to perform digital
holographic reconstruction on the interference patterns
detected by the array of light sensitive areas to generate
a monochromatic image of the microscopic object at each
of the wavelengths of the plurality of wavelengths.
[0054] The processor may be arranged internally in the
device. Alternatively, the processor may be arranged in
an external unit, such that the digital holographic recon-
struction may take place elsewhere. Data of the interfer-
ence patterns detected by the array of light sensitive ar-
eas may be transferred to the processor, either by a wired
connection or wirelessly. As yet another alternative, the
processor for performing digital holographic reconstruc-
tion may be distributed among physical units, such that
parts of the digital holographic reconstruction may be per-
formed in different physical units.
[0055] It should be understood that any suitable algo-
rithm for performing the digital holographic reconstruc-
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tion may be used, as known to the person skilled in the
art, including a Gerchberg-Saxton algorithm or multi-ac-
quisition (multi-depth and/or multi-wavelength) for phase
retrieval, or reconstruction based on angular spectrum
diffraction by means of Gabor wavelet transform. Further,
algorithms for performing digital holographic reconstruc-
tion may include theories of diffraction, such as Fresnel,
Fraunhofer and or Kirchhoff theories, or may be based
on deep machine learning methods.
[0056] According to an embodiment, the processor is
further configured to combine the monochromatic imag-
es of the microscopic object generated for each of the
wavelengths of the plurality wavelengths, thereby form-
ing an aligned multi-spectral image of the microscopic
object.
[0057] According to an embodiment:

the at least one light source is arranged at a first side
of the microscopic object; and
the array of light sensitive areas is arranged at a
second side of the microscopic object, wherein the
second side of the microscopic object is opposite to
the first side of the microscopic object;
wherein the at least one light source, the microscopic
object and the array of light sensitive areas are fur-
ther arranged to provide a light path from the at least
one light source to the array of light sensitive areas
through the microscopic object.

[0058] The non-scattered light from the light source
may be passed along a common light path with the light
being scattered by the microscopic object. Thus, the in-
terference pattern may be formed within a wavefront
passing the microscopic object in a so-called in-line ho-
lography set-up. However, according to an alternative,
the non-scattered light may be passed along a separate
reference light path, which is combined with the light hav-
ing been scattered by the microscopic object for reaching
the array of light sensitive areas.
[0059] An advantage is that the in-line holographic set-
up may be realized by a simple arrangement. Such a set-
up may be preferred as an optical measurement method
since it may be robust. Further advantages are that such
a set-up may be compact and realized at low cost.
[0060] According to a second aspect of the present
inventive concept there is provided a method for imaging
a microscopic object, the method comprising:

generating light at a plurality of wavelengths within
a wavelength range of at least 400-1200 nm, by at
least one light source, the plurality of wavelengths
comprising at least one wavelength in a visible part
of the wavelength range and at least one wavelength
in a short-wave infrared, SWIR, part of the wave-
length range;
illuminating the microscopic object with the generat-
ed light such that at least part of the light is scattered
by the microscopic object, forming scattered light;

transmitting the scattered light and non-scattered
light, from the same light source, to an array of light
sensitive areas, such that an interference pattern is
formed by interference between the scattered light
and the non-scattered light; and
detecting, by the array of light sensitive areas, inter-
ference patterns at each of the plurality of wave-
lengths;
wherein each of the light sensitive areas of the array
of light sensitive areas are sensitive to detect light
spanning the wavelength range.

[0061] Effects and features of the second aspect are
largely analogous to those described above in connec-
tion with the first aspect. Embodiments mentioned in re-
lation to the first aspect are largely compatible with the
second aspect. It is further noted that the inventive con-
cepts relate to all possible combinations of features un-
less explicitly stated otherwise.
[0062] Other objectives, features and advantages of
the present inventive concept will appear from the follow-
ing detailed disclosure, from the attached claims as well
as from the drawings.

Brief descriptions of the drawings

[0063] The above, as well as additional objects, fea-
tures and advantages of the present inventive concept,
will be better understood through the following illustrative
and non-limiting detailed description, with reference to
the appended drawings. In the drawings like reference
numerals will be used for like elements unless stated
otherwise.

Fig. 1 illustrates a device for imaging microscopic
objects comprising a light source configured to gen-
erate light at a plurality of wavelengths within a range
of at least 400-1200 nm.
Fig. 2A illustrates a device for imaging microscopic
objects comprising a number of light sources illumi-
nating the microscopic objects from slightly different
angles of incidence.
Fig. 2B illustrates a device for imaging microscopic
objects comprising a number of light sources illumi-
nating the microscopic objects from the same angle
of incidence.
Fig. 3 illustrates detector comprising an array of light
sensitive areas, in front of which an array of filters is
arranged, enabling simultaneous detection of a plu-
rality of wavelengths by the same detector.
Fig. 4 illustrates a schematic block diagram shortly
summarizing the method for imaging a microscopic
object.

Detailed description

[0064] In cooperation with attached drawings, the tech-
nical contents and detailed description of the present in-
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ventive concept are described thereinafter according to
a preferable embodiment, being not used to limit the
claimed scope. This inventive concept may be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided for thoroughness and com-
pleteness, and fully convey the scope of the inventive
concept to the skilled person.
[0065] Fig. 1 illustrates a device 100 for imaging mi-
croscopic objects 10, according to an embodiment of the
inventive concept. The device comprises a light source
110, which in the present embodiment is a laser config-
ured to generate light at a plurality of wavelengths within
a wavelength range of at least 400-1200 nm, including
wavelengths in the visible part as well as in the SWIR
part of the spectrum.
[0066] The light source 110 may be tunable for select-
ing a desired wavelength within the wavelength range.
Thus, the light source 110 may be configured to sequen-
tially output different wavelengths within the wavelength
range. The light source 110 may for instance be a tunable
laser diode.
[0067] The light source 110 is configured such that the
spectral line-width for each of the generated wavelengths
does not exceed 100 nm, in order to avoid spectral over-
lap between the generated wavelengths. It should be re-
alized that other spectral line-widths of the generated
wavelengths may be provided, such as spectral line-
widths that do not exceed 50 nm or spectral line-widths
that do not exceed 10 nm. In particular, when the light
source is a laser, a narrow spectral line-width may be
provided.
[0068] The light from the light source 110 is guided by
an optical fiber 112 to an output 114. The output 114 is
arranged such that the light exiting the output 114 is di-
rected towards a microscopic object 10. In this embodi-
ment, an objective slide 20 is used on which microscopic
objects 10 are arranged, and the microscopic objects 10
are thereby illuminated on the objective slide 20 from a
first side of the objective slide 20.
[0069] It should be understood that, although the light
source 110 is herein described as a laser, it is conceiv-
able that the light source may alternatively be a laser
diode or a light emitting diode, LED.
[0070] As the microscopic objects 10 are illuminated,
at least part of the light is scattered by the microscopic
objects 10, forming scattered light, whereas some of the
light is non-scattered and passes through the microscop-
ic objects 10 and the objective slide 20. The scattered
and non-scattered light is transmitted to a detector 120
comprising an array of light sensitive areas 122, the de-
tector 120 being arranged on a second side of the objec-
tive slide 20, opposite to the first side. At the detector
120, an interference pattern is formed by interference
between light being scattered by the microscopic objects
10 and non-scattered light from the light source 110. By
the present arrangement, non-scattered light may be
transmitted along a common light path with the light scat-

tered by the microscopic objects 10, in a so called in-line
holography set-up. In alternative embodiments, howev-
er, scattered light and non-scattered light may be trans-
mitted along separate light paths, being combined at the
array of light sensitive areas 122 to form the interference
pattern. Also, it should be realized that the array of light
sensitive areas 122 may alternatively be arranged on the
side of the microscopic objects 10 and the objective slide
20 from which the microscopic objects 10 are illuminated,
with light transmitted through the microscopic objects 10
being reflected by a mirror towards the array of light sen-
sitive areas 122 such that a reflective set-up is used in-
stead of a transmissive set-up.
[0071] The array of light sensitive areas 122 is config-
ured to detect the interference pattern, for each wave-
length of the plurality of wavelengths. Each of the light
sensitive areas 122 are sensitive to detect light spanning
the wavelength range of at least 400-1200 nm, thereby
being able to detect light in the full range of wavelengths
produced by the light source 110.
[0072] The array of light sensitive areas 122 of the de-
tector may selectably be of either InGaAs type or quan-
tum dot image sensor type. However, it should be real-
ized that the array of light sensitive areas 122 may be
formed by another image sensor type that is sensitive to
detect light spanning the wavelength range of at least
400-1200 nm.
[0073] As the spatial resolution of the detected inter-
ference patterns is related to the pitch of the light sensitive
areas 122 in the array of light sensitive areas 122, it is
preferable to use a detector 120 with an array of light
sensitive areas 122 having a small pitch, not larger than
100 mm. Provided as non-limiting examples, suitable de-
tectors may have a pitch of 10 mm, 5 mm, or 2.5 mm.
[0074] The device 100 is configured to, by the light
source 110, sequentially illuminate the microscopic ob-
jects 10 with the generated light at the plurality of wave-
lengths one by one. The device 100 is further configured
to, by the array of light sensitive areas 122, sequentially
detect the interference patterns for imaging the micro-
scopic objects 10 at the plurality of wavelengths. More
specifically, the device 100 is configured such that each
illumination event of the light source 110 is synchronized
with a corresponding detection event of the array of light
sensitive areas 122. In an alternative embodiment, the
microscopic objects 10 may be illuminated by light at all
of the plurality of wavelengths simultaneously, and the
interference patterns of light at all of the plurality of wave-
lengths may be detected simultaneously. Given as a non-
limiting example, the interference patterns at the plurality
of wavelengths may be separated by means of an array
of filters arranged in front of the array of light sensitive
area 122, thereby allowing simultaneous detection of the
individual interference patterns by the same detector
120. Such an array of filters is described in more detail
in relation to Fig. 3.
[0075] In the present embodiment, the light source 110
generates light at the plurality of wavelengths and the
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light at the plurality of wavelengths exit the light source
through a common exit and the plurality of wavelengths
are pre-aligned on a common light path. The illumination
therefore follows the same path for each of the plurality
of wavelengths. Further, no objective is used for imaging
that may cause chromatic aberrations, and the interfer-
ence patterns for each of the plurality of wavelength are
detected by the same detector 120 with the array of light
sensitive areas 122. Hence, the device 100 is configured
to detect the interference patterns at the plurality of wave-
lengths such that spatial information of the microscopic
objects 10 in the interference patterns for each wave-
length of the plurality of wavelengths are aligned with
each other on the array of light sensitive areas 122. The
present arrangement enables combination of the infor-
mation from each of the plurality of wavelengths into mul-
ti-spectral information of the microscopic objects 10.
[0076] The device 100 further comprises a processor
130 configured to perform digital holographic reconstruc-
tion on the interference patterns detected by the array of
light sensitive areas 122. The digital holographic recon-
struction for each of the plurality of wavelengths detected
generate a three-dimensional monochromatic image of
the microscopic objects 10 on the objective slide 20. For
the digital holographic reconstruction, the processor 130
may utilize any suitable algorithm as known to the person
skilled in the art, including a Gerchberg-Saxton algorithm
or multi-acquisition (multi-depth and/or multi-wave-
length) for phase retrieval, or reconstruction based on
angular spectrum diffraction by means of Gabor wavelet
transform.
[0077] The processor 130 is further configured to op-
tionally combine the monochromatic images of the mi-
croscopic objects 10 generated for each of the wave-
lengths, to form an aligned multi-spectral image of the
microscopic objects 10. Since the spatial information of
the microscopic objects 10 in the interference patterns
for each of the wavelengths are aligned with each other
on the array of light sensitive areas 122, combination of
the monochromatic images may be performed without
further intermediate image transformation such as resa-
mpling, rescaling, or dewarping, that may otherwise be
required to align the image views of the different wave-
lengths.
[0078] The processor 130 may be implemented as a
general-purpose processor, which may be provided with
instructions, e.g. through computer programs for per-
forming digital holographic reconstruction and for provid-
ing any other functionality of the processor 130. Thus,
the processor 130 may for instance be a central process-
ing unit (CPU).
[0079] The processor 130 may alternatively be imple-
mented as firmware arranged e.g. in an embedded sys-
tem, or as a specifically designed processor, such as an
Application-Specific Integrated Circuit (ASIC) or a Field-
Programmable Gate Array (FPGA).
[0080] It should be understood that the signal-to-noise
ratio, SNR, of the detected interference patterns may de-

crease as the distance increases between the micro-
scopic objects 10 and the array of light sensitive areas
122 of the detector 120. Thus, in order to ensure a good
SNR, it may be preferable to have the objective slide 20
with the microscopic objects 10 arranged at a minimum
distance from the array of light sensitive areas 122 of the
detector 120. Thus, in a practical set-up it would be ad-
vantageous to have the objective slide 20 arranged in
immediate proximity to the detector 120. In this respect,
the illustrations in Fig. 1 as well as in subsequent figures
are to be interpreted as schematic illustrations, wherein
the objective slide 20 is illustrated at a distance away
from the detector 120 for clear illustrational purposes on-
ly.
[0081] In the present embodiment, the microscopic ob-
jects 10 have been placed on a transparent objective
slide 20 for easy handling of the microscopic objects 10
into and out from the device 100. However, it is conceiv-
able that also other solutions for introducing and remov-
ing microscopic objects 10 to and from the location at
which imaging of the microscopic objects 10 are per-
formed. By way of example, the microscopic objects 10
can be placed on rotating disks, rolls of tape, or in flow
channels through which liquid or gaseous flow may pass.
[0082] Fig. 2A illustrates a device 200 for imaging mi-
croscopic objects 10, according to an embodiment of the
inventive concept. The device 200 comprises a number
of light sources 210a, 210b, 210d, each of which is a
laser configured to generate light at an individual wave-
length or at several different wavelengths in an individual
wavelength interval within a wavelength range of at least
400-1200 nm, including wavelengths in the visible and
in the SWIR part of the spectrum. For illustrational pur-
poses, the number of light sources 210a, 210b, 210c is
illustrated as being three in Fig. 2A and 2B. However, it
should be understood that the number of light sources
may vary between different embodiments, and therefore
may be two or more.
[0083] Each of the light sources 210a, 210b, 210c is
configured such that the spectral line-width of the gen-
erated wavelength does not exceed 100 nm, in order to
avoid spectral overlap between the generated wave-
lengths. It should be realized that other spectral line-
widths of the generated wavelengths may be provided,
such as spectral line-widths that do not exceed 50 nm or
spectral line-widths that do not exceed 10 nm. In partic-
ular, when the light source is a laser, a narrow spectral
line-width may be provided.
[0084] The light from each of the light sources 210a,
210b, 210c is guided by respective optical fibers 212a,
212b, 212c to respective outputs 214a, 214b, 214c. The
outputs 214a, 214b, 214c are arranged such that the light
exiting the outputs 214a, 214b, 214c is directed towards
a microscopic object 10. In this embodiment, an objective
slide 20 is used on which microscopic objects 10 are
arranged, and the microscopic objects 10 are thereby
illuminated on the objective slide 20, at slightly different
angles from a first side of the objective slide 20.
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[0085] At least part of the light is scattered by the mi-
croscopic objects 10, whereas non-scattered light pass-
es through the microscopic objects 10 and the objective
slide 20. The scattered and non-scattered light is trans-
mitted to a detector 220 on the opposite side of the ob-
jective slide 20, the detector 220 comprising an array of
light sensitive areas 222. At the detector 220, an inter-
ference pattern is formed for each of the wavelengths
between light being scattered by the microscopic objects
10 and non-scattered light from the light sources 210a,
210b, 210c.
[0086] The array of light sensitive areas 222 is config-
ured to detect the interference pattern for each wave-
length. Each of the light sensitive areas 222 are sensitive
to detect light spanning the wavelength range of at least
400-1200 nm, thereby being able to detect light in the full
range of wavelengths produced by the light sources
210a, 210b, 210c.
[0087] The array of light sensitive areas 222 may se-
lectably be of either InGaAs type or quantum dot image
sensor type or another type that is sensitive to detect
light spanning the wavelength range of at least 400-1200
nm, similarly as was described in relation to the embod-
iment illustrated in Fig. 1.
[0088] The device 200 further comprises a processor
230 configured to perform digital holographic reconstruc-
tion on the interference patterns detected by the array of
light sensitive areas 222, thereby generating a three-di-
mensional monochromatic image of the microscopic ob-
jects 10 on the objective slide 20, for each of the wave-
lengths.
[0089] Since the light from the different light sources
210a, 210b, 210c reaches the detector 220 with slightly
different angles of incidence, the interference patterns
may not necessarily be detected such that spatial infor-
mation of the microscopic objects 10 for each of the wave-
lengths are aligned with each other. The processor 230
may therefore be further configured to perform interme-
diate image transformation such as resampling, rescal-
ing, and/or dewarping. Image transformation may facili-
tate subsequent optional combination of the monochro-
matic images of the microscopic objects 10, to form an
aligned multispectral image of the microscopic objects
10. Alternatively, it is conceivable that the acquired data
be transferred to an external unit such as a computer
where processing such as image transformation and/or
image combination may be performed.
[0090] It should however be realized that, since the
same detector 220 is used for detecting image informa-
tion relating to different wavelengths, relatively simple
image transformations may be used for forming an
aligned multispectral image of the microscopic objects
10.
[0091] Fig. 2B illustrates a device 300 for imaging mi-
croscopic objects 10, according to an embodiment of the
inventive concept. The device 300 shares a number of
features with device 200 illustrated in Fig. 2B, all of which
will not be explicitly repeated in this section. The device

300 comprises a number of light sources 310a, 310b,
310c, of the same type as described for device 200.
[0092] The light from each of the light sources 310a,
310b, 310c is guided by optical fibers 312a, 312b, 312c,
which are combined to a common output 314, from which
light from the light sources 310a, 310b, 310c may exit,
following a common aligned light path. The output 314
is arranged such that the light exiting the output 314 illu-
minates the microscopic objects 10 on the objective slide
20.
[0093] Scattered and non-scattered light is transmitted
to a detector 320 comprising an array of light sensitive
areas 322, of the same type as described for device 200.
The array of light sensitive areas 322 is configured to
detect the interference pattern for each wavelength.
[0094] In the present embodiment, the light from the
light sources 310a, 310b, 310c are combined onto a com-
mon, aligned light path, prior to exiting the output 314.
The illumination therefore follows the same path for each
of the wavelengths. Hence, the device 300 is configured
to detect the interference patterns at the plurality of wave-
lengths such that spatial information of the microscopic
objects 10 in the interference patterns for each of the
wavelengths are aligned with each other on the array of
light sensitive areas 322. The present arrangement fa-
cilitates combination of the information from each of the
wavelengths into multi-spectral information of the micro-
scopic objects 10.
[0095] The device 300 further comprises a processor
330 configured to perform digital holographic reconstruc-
tion on the interference patterns detected by the array of
light sensitive areas 322, thereby generating a three-di-
mensional monochromatic image of the microscopic ob-
jects 10 on the objective slide 20, for each of the wave-
lengths.
[0096] The processor 330 may further be configured
to combine the monochromatic images of the microscop-
ic objects 10 for each of the wavelengths, to form an
aligned multi-spectral image of the microscopic objects
10. Such combination may be performed without further
intermediate image transformation, since the spatial in-
formation of the microscopic objects 10 in the interfer-
ence patterns for each of the wavelengths are aligned
with each other.
[0097] Fig. 3 illustrates a detector 420 and an array
440 of filters 444, according to an embodiment of the
inventive concept. The array 440 of filters 444 is arranged
above the array of light sensitive areas 422 such that
light passes the array 440 of filters 444 before reaching
the array of light sensitive areas 422. The array 440 of
filters 444 may be arranged close to the array of light
sensitive areas 422, such as being arranged directly on
the array of light sensitive areas 422 or being monolith-
ically integrated with the array of light sensitive areas 422.
[0098] The array 440 of filters 444 comprises a plurality
of subsets 442a, 442b, 442c of filters 444, each of the
filters 444 in the subset 442a, 442b, 442c of filters 444
being arranged in front of a light sensitive area 422. Each
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of the subsets 442a, 442b, 442c of filters 444 is config-
ured to transmit light at one of the plurality of wave-
lengths, so that each of the subsets 442a, 442b, 442c of
filters 444 transmit light at a different wavelength than
other subsets 442a, 442b, 442c. By the present arrange-
ment, each of the wavelengths of the plurality of wave-
lengths is transmitted through a corresponding subset
442a, 442b, 442c of filters 444, such that some of the
light sensitive areas 422 detect the interference pattern
for light at a first wavelength, some other light sensitive
areas 422 detect the interference pattern for light as a
second wavelength, and so on. In the manner described
above, a detector assembly may be provided with which
light at different wavelengths may be detected by differ-
ent light sensitive areas 422, thereby allowing simulta-
neous detection of the individual interference patterns by
the same detector 420.
[0099] Each of the embodiments illustrated in Fig. 1,
2A, and 2B may optionally be provided with the present
array 440 of filters 444, thereby enabling simultaneous
detection of the plurality of wavelengths.
[0100] Fig. 4 illustrates a schematic block diagram
shortly summarizing the method for imaging a microscop-
ic object, as previously described in relation to the oper-
ation of the devices 100, 200, 300. It should be under-
stood that the steps of the method, although listed in a
specific order herein, may be performed in any order suit-
able.
[0101] The method may comprise generating S502
light at a plurality of wavelengths within a wavelength
range of at least 400-1200 nm, by at least one light
source, the plurality of wavelengths comprising at least
one wavelength in a visible part of the wavelength range
and at least one wavelength in a short-wave infrared,
SWIR, part of the wavelength range.
[0102] The method may further comprise illuminating
S504 the microscopic object with the generated light such
that at least part of the light is scattered by the micro-
scopic object, forming scattered light. It should be under-
stood that there may be implementations of the methods
in which the illuminating S504 the microscopic objects
may be performed sequentially by the plurality of wave-
lengths. It should be understood that there may be im-
plementations of the methods in which the illuminating
S504 the microscopic objects may be performed simul-
taneously by the plurality of wavelengths.
[0103] The method may further comprise transmitting
S506 the scattered light and non-scattered light, from the
same light source, to an array of light sensitive areas,
such that an interference pattern is formed by interfer-
ence between the scattered light and the non-scattered
light.
[0104] The method may further comprise detecting
S508, by the array of light sensitive areas sensitive to
detect light spanning the wavelength range of at least
400-1200 nm, interference patterns at each of the plu-
rality of wavelengths. It should be understood that there
may be implementations of the methods in which the de-

tecting S508 interference patterns may be performed se-
quentially at the plurality of wavelengths. It should be
understood that there may be implementations of the
methods in which the detecting S508 interference pat-
terns may be performed simultaneously at the plurality
of wavelengths.
[0105] In the above the inventive concept has mainly
been described with reference to a limited number of ex-
amples. However, as is readily appreciated by a person
skilled in the art, other examples than the ones disclosed
above are equally possible within the scope of the inven-
tive concept, as defined by the appended claims.
[0106] Although the light sources are mainly described
herein as being laser light sources, it should be realized
that the light source(s) may alternatively be implemented
as one or more light emitting diodes (LEDs). The light
output by a LED may be guided through a pinhole for
generating at least partially coherent light such that an
interference pattern may be detected that allows digital
holographic reconstruction.

Claims

1. A device (100, 200, 300) for imaging of a microscopic
object (10), the device (100, 200, 300) comprising:

an array of light sensitive areas (122, 222, 322,
422), each of the light sensitive areas (122, 222,
322, 422) being sensitive to detect light span-
ning a wavelength range of at least 400-1200
nm;
at least one light source (110, 210, 310) config-
ured to generate light at a plurality of wave-
lengths within the wavelength range, the plural-
ity of wavelengths comprising at least one wave-
length in a visible part of the wavelength range
and at least one wavelength in a short-wave in-
frared, SWIR, part of the wavelength range, and
arranged to illuminate the microscopic object
(10) with the generated light such that at least
part of the light is scattered by the microscopic
object (10), forming scattered light;
wherein the device (100, 200, 300) is configured
to transmit the scattered light and non-scattered
light, from the same light source (110, 210, 310),
to the array of light sensitive areas (122, 222,
322, 422), wherein the array of light sensitive
areas (122, 222, 322, 422) is configured to de-
tect an interference pattern formed by interfer-
ence between the scattered light and the non-
scattered light, for each wavelength in the plu-
rality of wavelengths.

2. The device (100, 300) according to claim 1, further
configured to detect the interference patterns at the
plurality of wavelengths such that spatial information
of the microscopic object (10) in the interference pat-
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terns for each wavelength in the plurality of wave-
lengths are aligned with each other on the array of
light sensitive areas (122, 322, 422), enabling com-
bination of the information from each of the plurality
of wavelengths into multi-spectral information of the
microscopic object (10).

3. The device (100, 200, 300) according to any of the
preceding claims, wherein the at least one light
source (110, 210, 310) is configured to generate light
having a spectral line-width equal to or less than 100
nm and being at least partially coherent, for each
wavelength of the plurality of wavelengths.

4. The device (100, 200, 300) according to any of the
preceding claims, wherein the at least one light
source (110, 210, 310) comprises one or more lasers
and/or one or more laser diodes and/or one or more
light emitting diodes, LEDs.

5. The device (100, 200, 300) according any of the pre-
ceding claims, wherein the array of light sensitive
areas (122, 222, 322, 422) is of Indium Gallium Ar-
senide, InGaAs, type.

6. The device (100, 200, 300) according to any one of
claims 1 to 4, wherein the array of light sensitive ar-
eas (122, 222, 322, 422) is of quantum dot image
sensor type.

7. The device (100, 200, 300) according to any of the
preceding claims, wherein a pitch of the light sensi-
tive areas (122, 222, 322, 422) in the array of light
sensitive areas (122, 222, 322, 422) is not larger
than 100 mm.

8. The device (100, 200, 300) according to any of the
preceding claims, wherein the device (100, 200, 300)
is further configured to, by the at least one light
source (110, 210, 310), sequentially illuminate the
microscopic object (10) with the generated light at
the plurality of wavelengths one by one, and, by the
array of light sensitive areas (122, 222, 322, 422),
sequentially detect the interference patterns for im-
aging the microscopic object (10) at the plurality of
wavelengths.

9. The device (100, 200, 300) according to any one of
claims 1 to 7, wherein the device (100, 200, 300) is
further configured to, by the at least one light source
(110, 210, 310), simultaneously illuminate the micro-
scopic object (10) with the generated light at the plu-
rality of wavelengths, and, by the array of light sen-
sitive areas (122, 222, 322, 422), simultaneously de-
tect the interference patterns for imaging the micro-
scopic object (10) at the plurality of wavelengths.

10. The device (100, 200, 300) according to claim 9,

wherein an array (440) of filters (444) is arranged on
the array of light sensitive areas (122, 222, 322, 422),
wherein the array (440) of filters (444) comprises a
plurality of subsets (442) of filters (444), each of the
filters (444) in the subset (442) of filters (444) being
arranged in front of a light sensitive area (122, 222,
322, 422), wherein each of the subsets (442) of filters
(444) is configured to transmit light at one of the plu-
rality of wavelengths, and wherein each of the sub-
sets (442) of filters (444) are further configured to
transmit light at a different wavelength than other
subsets (442), such that each of the wavelengths of
the plurality of wavelengths is transmitted through a
corresponding subset (442) of filters (444).

11. The device (100, 200, 300) according to any of the
preceding claims, further comprising a processor
(130, 230, 330) configured to perform digital holo-
graphic reconstruction on the interference patterns
detected by the array of light sensitive areas (122,
222, 322, 422) to generate a monochromatic image
of the microscopic object (10) at each of the wave-
lengths of the plurality of wavelengths.

12. The device (100, 200, 300) according to claim 11,
wherein the processor (130, 230, 330) is further con-
figured to combine the monochromatic images of the
microscopic object (10) generated for each of the
wavelengths of the plurality wavelengths, thereby
forming an aligned multi-spectral image of the mi-
croscopic object (10).

13. The device (100, 200, 300) according to any of the
preceding claims, wherein:

the at least one light source (110, 210, 310) is
arranged at a first side of the microscopic object
(10); and
the array of light sensitive areas (122, 222, 322,
422) is arranged at a second side of the micro-
scopic object (10), wherein the second side of
the microscopic object (10) is opposite to the
first side of the microscopic object (10);
wherein the at least one light source (110, 210,
310), the microscopic object (10) and the array
of light sensitive areas (122, 222, 322, 422) are
further arranged to provide a light path from the
at least one light source (110, 210, 310) to the
array of light sensitive areas (122, 222, 322, 422)
through the microscopic object (10).

14. A method for imaging a microscopic object (10), the
method comprising:

generating (S502) light at a plurality of wave-
lengths within a wavelength range of at least
400-1200 nm, by at least one light source (110,
210, 310), the plurality of wavelengths compris-
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ing at least one wavelength in a visible part of
the wavelength range and at least one wave-
length in a short-wave infrared, SWIR, part of
the wavelength range;
illuminating (S504) the microscopic object (10)
with the generated light such that at least part
of the light is scattered by the microscopic object
(10), forming scattered light;
transmitting (S506) the scattered light and non-
scattered light, from the same light source (110,
210, 310), to an array of light sensitive areas
(122, 222, 322, 422), such that an interference
pattern is formed by interference between the
scattered light and the non-scattered light; and
Detecting (S508), by the array of light sensitive
areas (122, 222, 322, 422), interference pat-
terns at each of the plurality of wavelengths;
wherein each of the light sensitive areas (122,
222, 322, 422) of the array of light sensitive ar-
eas (122, 222, 322, 422) are sensitive to detect
light spanning the wavelength range.
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