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XY motorized stage
The motorized stage allows automated measurements as well as stit-
ching to access optical information over a wider area. 

Our standard motorized stage is programmable along the X and Y 
axis and possess a 100 mm x 100 mm travel as well as a 0.022 μm 
resolution. It can be programmed with the sequencer of acquisition 
that is included in our proprietary software, PhySpec.

An unlimited number of images can be stitched or and it is also pos-
sible to stitch between 9 and 49 hyperspectral data cube, depending 
on their size.

Absolute calibration module
The photometric absolute calibration procedure, allows to deter-
mine the absolute number of photons emitted from every point of 
the surface of a sample, at every wavelength. With this feature, re-
searchers obtain quantitative information instead of data in arbitrary 
units. This option allows the user to better understand the optical 
properties of their sample.

       Calibrated photoluminescence and electrolu-  
        minescence data units are photons/(eV.s.cm2.sr).

The absolute calibration module includes hardware (laser, white 
light, integrating sphere) and an upgraded version of our PHySpec 
software.
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FIRST, a relative calibration (see Figure below a)) is 
achieved on the entire field of view for each wavelength 
by imaging the output of an integrating sphere coupled 
to a calibrated halogen lamp. This setup provides a spa-
tially uniform output with a known spectrum and allows 
the correction of sensitivity fluctuations across the field 
of view and the spectral range. For every pixel and wave-
length, a correction factor is established to match the 
spectral output of the sensor to the calibrated spectrum 
of the lamp.

THEN, an absolute calibration is carried out for a given 
wavelength on a single point of the field of view. To do 
so, we image the output of an optical fiber in which a 
915 nm laser is coupled and we compare with the inten-
sity measured with a power meter.

FINALLY, combining the relative calibration of the en-
tire field of view and spectral range to the absolute ca-
libration at a given wavelength and point, we extrapo-
late the absolute calibration of the entire sample for 
every wavelength.

In order to get an absolute calibration of the intensity to get the number of photons,  
two steps are needed.1

a) Relative calibration b) absolute calibration c) extrapolation

Sensor 
(mesured spectra)

Sensor 
(y counts/s))

Extrapolation to every pixel  
and every wavelength:

y counts on the camera correspond x 
photons emitted form the device 

l(arb. unit) ←→l(photon/(eV.s.cm2.sr))

Calibrated White lamp 
(reference spectrum)

For every pixel and ever wavelength: a correction 
factor is established to match the measured spectra 

by the sensor tot the calibrated spectrum of the lamp

Schematic of the absolute calibration steps. 

At the laser wavelength, at one point of the image:  
y counts correspond x photons

Laser 
(x photons/s)

Uniform 
Illumination

 1Delamarre A. , Paire M., Guillemoles J.-F.  and Lombez L., Quantitative luminescence mapping of Cu(In,Ga)Se2 thin-film solar cells, Progress in Photovoltaics, (2014).
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Epifluorescence module
An epifluorescence module can be added to the system providing 
multiple excitation wavelengths at low power density. This option 
includes an epifluorescence illuminator and fluorescence filters 
(chosen by the customers). 

Laser based photoluminescence 
illumination
If more power density is needed (1 mW/mm2 - 10 W/mm2) , high-
power laser can be integrated into the system. Our laser enclosure 
can be design to accommodate two or three laser sources. Those 
sources can be purchased with the initial system or later on.

The lasers are injected into our flat-top beam shaping module  
to ensure homogenous illumination over the entire field of view:

• Homogenous illumination - no speckel

• 10-30% difference between middle and side

With this configuration, 10% to 40% of the total laser output power 
can reach the sample depending on the excitation wavelength and 
the objective magnification.

Computer-controlled safety shutters are included as well as speci-
fic filters that will remove any contribution from the laser after the 
excitation.

Electroluminescence station
When working with functional devices, electroluminescence (EL) 
can provide useful information on the fundamental properties of the 
samples. Probes and a source meter can be provided with IMA to 
perform hyperspectral EL imaging. Magnetic wings are added to the 
manual or motorized stage to position the probes. The source meter 
is controlled by Photon etc.’s proprietary software.

Darkfield option
The standard condenser of the microscope can be easily replaced by 
a darkfield condenser to transform the IMA into a darkfield hypers-
pectral microscope. Appropriate objectives have to be added to the 
configuration in order to fit the NA of the condenser. This platform 
is compatible with both dry and oil objectives.
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Extended spectral range
The intrinsic configuration covers either the VIS (400-1000 nm) 
or the SWIR (900-1620 nm) spectral range. It is possible to add 
gratings to your hyperspectral platform as well as a second camera 
port to cover a wider spectral range: 400-1620 nm. Both VIS and 
SWIR ranges become available and are covered by an sCMOS and 
InGaAs camera respectively.
This spectral range extension can be added later, but if we build the initial system knowing it can be 
upgraded in the future, the upgrade will be smoother (faster, and cheaper).

I-V curves
It is possible to perform I-V curves with the hyperspectral imager if 
probes and a source meter are added to the setup. Magnetic wings 
are added to the manual or motorized stage to position the probes. 
The source meter is controlled by Photon etc.’s proprietary software. 

 

The measurement is performed by applying different voltages to the 
device. For each voltage, the current is measured. No image is pro-
vided for this measurement, only the I-V curves. 

Polarisation measurements
Polarization measurements bring a new dimension to the hyperspec-
tral imaging. It is possible to add polarisers in the optical path of the 
IMA to perform polarisation measurements. Polarisers can be added 
in the excitation and/or emission path. The polariser are chosen 
along with the customer to fit the specific needs of its research. 
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IMA™ 
Higher-level  
add-on

Time resolved measurements Cryostation - 
temperature dependent 
measurements
This imager can also be coupled with a cryos-
tat for temperature controlled measurements 
(4K and up). Temperature dependence helps 
to understand the dynamics of carriers and 
the quenching of their radiative recombi-
nation. Measuring samples at 4 K also al-
lows to observe fundamental optoelectronic 
properties that cannot be probed at room 
temperature (excitonic peaks, for example). 
Long-working distance objectives need to be 
included when a cryostation is included in 
the setup. The cryostation (cooling tempe-
rature/size/other features) and objectives are 
chosen in function of the client’s research 
needs.

This imager can provide time-resolved photoluminescence measurements. 

TRPL provides information on the carrier lifetime in a variety of advanced materials.

It is also possible to build the IMA with an additional input port that can accommo-
date fluorescence lifetime imaging microscopy (FLIM) module from other suppliers. 
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Hyperspectral microscopy of carbon nanotubes suspended with sodium deoxycholate. a) False-color image colored by nanotube chirality. 
b) A representative spectrum of a single nanotube of each of the 17 species detected in a 500 nm emission window.  
Adapted from https://doi.org/10.1038/srep14167

Mapping of the current transport efficiency fT calculated from EL hyperspectral images. fT mapping was performed at the microscale  
(a) and at the whole device level (b) for perovskite solar cells using C60 as the electron transport layer.  
Adapted from https://doi.org/10.1039/C6EE00462H
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https://www.nature.com/articles/srep14167
https://pubs.rsc.org/en/content/articlelanding/2016/EE/C6EE00462H
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Gray scale intensity images at specific wavelengths as part of  
a hyperspectral image cube of H&E stained specimen of human liver 
with metastasis of colon cancer. Corresponding cancer patterns are 
denoted in each image by an arrow of the same color.   
Ref: https://doi.org/10.1117/12.2503907

Anomalous CIGS PL observation 
within the edge of the P1 line.  
(a) PL intensity map extracted 
from the hyperspectral data;  
(b) statistical analysis on the PL 
line profiles (at 980 nm) across P1  
and P2 showing the extent  
of the P1-edge PL effect.  
Adapted from  
https://doi.org/10.1016/j.
eng.2019.12.019
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nm continuous wave laser excitation intensity is set to ~90 mW/cm2, equivalent to illumination 

with ~1.4 sun for this bandgap (see Methods), which emulates the conditions of a functioning 

solar cell device; we do not see considerable transient light soaking effects under these 

conditions and so we assert the variations we observe here are not due to light-induced phase 

segregation (see Supplementary Fig. 2) 29,30. The samples show PL spectra centred at 

approximately 1.62 eV (765 nm), with local variations in intensity, peak position and shape on 

the hundreds of nanometres scale (see example spectra in Figure 1b, taken from map in Figure 

1d). By fitting the absolute PL spectra using the generalized Planck law 31, we extract the Quasi-

Fermi Level Splitting (QFLS) from each point and plot this in Figure 1f (see Methods and 

Supplementary Fig. 3), which provides information about the excited state carrier distributions 

and gives an upper bound for the open circuit voltage of a solar cell for the device under 

analysis. In films, we find variations above 20 meV in the local QFLS values, including local 

performance hot spots with values above 1.24 eV, corresponding to ~93% of the radiative limit 

of ~1.32 eV for this bandgap (1.62 eV). This spatial heterogeneity is particularly evident in the 

full device stack (Supplementary Fig. 1) where QFLS values range from below 1.07 eV to 

above 1.11 eV, with the increased spread likely due to additional spatially varying carrier 

quenching from the contacts. The spatially averaged QFLS in the bare film corresponds to an 

optically implied open-circuit voltage of ~1.23 V, with the full device exhibiting a value of 

1.08 V, consistent with non-radiative losses associated with the contacts 32,33 and comparable 

to the electrically measured value of 1.11 V.  

 

 
Figure 1: Hyperspectral microscopy of perovskite solar cell device stacks. a) Schematic of 

the hyperspectral microscopy setup used to characterize the FA0.79MA0.16Cs0.05Pb(I0.83Br0.17)3 
Hyperspectral microscopy of perovskite solar cell device stacks.  
d) Absolute PLQE, f) QFLS maps of a perovskite device stack (without the back metal contact). All scale bars represent 2 µm.  
Adapted from: https://doi.org/10.1038/s41565-021-01019-7
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https://www.spiedigitallibrary.org/conference-proceedings-of-spie/10956/2503907/Hyperspectral-imaging-for-intraoperative-diagnosis-of-colon-cancer-metastasis-in/10.1117/12.2503907.short?SSO=1
https://www.sciencedirect.com/science/article/pii/S2095809920301715?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2095809920301715?via%3Dihub
https://www.nature.com/articles/s41565-021-01019-7

