
A multimodal widefield
hyperspectral microscope

B. Ardini, G. Valentini, A. Bassi, A. Candeo, G. Cerullo, R. Vanna, C. Manzoni



Outline

1) Hyperspectral imaging and microscopy

2) Fourier Transform (FT) spectroscopy

3) A novel ultrastable interferometer: TWINS

4) A Widefield FT hyperspectral microscope

5) Application and results

213/09/2022 Ardini Benedetto



From Standard Imaging to Hyperspectral Imaging
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heat dissipation

Radiative de-excitation
(fluorescence)

Hyperspectral microscopy
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frequency f

Field of 
View (FOV)

Spectral hypercube
of the FOV 

• micrometric spatial
resolution

• optimized light collection

+

MICROSCOPE SPECTROSCOPY

• Frequency dependent light-
matter interaction

Very powerful toll for material science!

RamanFluorescence

electronic transition molecule vibrations

(chemical structure)
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Typical hyperspectral microscopy scheme
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→ Raster (point-by-point) scanning approach
Dispersive spectrometer

Slit

(spatial filter)

dispersive element

array of 

photodetectors

incoming light 

(not collimated)

wavelength λ

SPECTRUM

• Pixel dwell time: 

~100ms for Raman

• 100k pixels image

Total meas. Time for Raman: 

~3 hours!

Inefficient!



Fourier Transform (FT) Spectroscopy
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delay τ frequency f

INTERFEROGRAM SPECTRUM

FT

INTERFEROMETER (e.g. Michelson interferometer)

incoming 
light

mirror 1

mirror 2 (movable)

photodetector

path 1

path 2 (variable)

50%/50% 
beam

splitter

ADVANTAGES OF FT SPECTROSCOPY

• high-throughput (no slits needed )

• possibility of parallel recording (no 
light dispersion )

POST-PROCESSING OPERATION

replica 2
replica 1

delay τ frequency f

TEMPORAL HYPERCUBE SPECTRAL HYPERCUBE

FT

PARALLEL ACQUISITION (WIDEFIELD APPROACH)



An ultrastable common-path interferometer: TWINS
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optical axis

polarizer 2
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replicas
interference

positive variable delay τA

negative delay τB

TRANSLATING-WEDGE-BASED IDENTICAL PULSES

ENCODING SYSTEM (TWINS)
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Widefield hyperspectral microscope for Raman and Fluorescence
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Fluorescence-Raman uncoupling
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WEDGE SCAN ACQUIRED INTERFEROGRAM SPECTRUM



Increase the spectral resolution
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maximum Raman scan ~2ps

Birefringence (|no-ne|) Scan length Maximum delay scan Spectral resolution

0.2253 15.3 mm 2 ps ~25 cm-1

FT
FWHM ~25cm-1

MAX scan 15.3mm

apex angle 10°

YVO4 WEDGES

delay τ frequency f

TWINS (~5cm length)

12cm

11.2cm

22cm

Light propagation
direction

wedges



CCD 
integration
per frame

N° of acquired
frames

2.5 s 806

Total 
measurement

time

N° of pixels in 
the image

38 minutes 250 kP

POLYSTYRENE 
(PS)

POLYMETHYL 
METHACRYLATE (PMMA)

Raman measurement on PMMA & PS beads
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532nm 

laser

(230 mW)
20x objective

YVO4 TWINS

PARAMETERS

REFLECTIVITY IMAGE RAMAN MEASUREMENT RESULT

1001 cm-1

1031 cm-1

1601 cm-1

2849 cm-1

2899 cm-1

3057 cm-1 2952.5 cm-1

3003.0 cm-1

812.2 cm-1

967.5 cm-1

1452.8 cm-1

1729.7 cm-1

SPECTRA WITH STANDARD RAMAN SPECTROMETER 
(785nm EXCITATION)

1005 cm-1

1033 cm-1

1605 cm-1

2843 cm-1

3060 cm-1

2894 cm-1

815 cm-1

1452 cm-1
2953 cm-1

1005 cm-1 (diffusion
from PS)

MEASUREMENT SETUP



965cm-1

Example of multimodal application on minerals’ grains
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MEASUREMENTS PARAMETERS

MEAS. CCD int. 
time per 

frame

N° of 
acquired
frames

Total 
meas. 
time

N° of 
pixels in 

the image

Fluo. 2 s 200 7 minutes 250 kP

Raman 8 s 806 1h 51 
minutes

250 kP

1 2

3 4

1 2

3 4

calcite calcium oxalate

hydroxyapatite

1089cm-1 

(1085 cm-1)

1465cm-1

(1076 cm-1)

965cm-1

(960 cm-1)

901cm-1 

(912 cm-1)

1089cm-1 

1465cm-1

MIX

RAMAN (FALSE COLOUR RGB) FLUORESCENCE (FALSE COLOUR RGB)REFLECTIVITY IMAGE



Conclusion

• An ultrastable common-path interferometer: TWINS

• Scheme of a widefield multimodal hyperspectral microscope

• Uncoupling of Raman and Fluorescence

• Example of multimodal (Fluorescence & Raman) microscopy

➢Optimal spatial resolution: ~1µm

➢Good spectral resolution: ~25cm-1

➢Fast measurements : ~40 min VS. ~ 3 h (raster scanning) for ~ 100k pixels 
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Thanks for your attention!



Back-up slides



scanning 
element

From Standard Imaging to Hyperspectral Imaging

illumination/excitation
source object

black-white 
camera

photodetector

imaging system

INTENSITY IMAGE
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the object

light 
reflected, 
emitted or 

scattered by 
the object

COLOUR IMAGE

BLACK-WHITE IMAGING RGB COLOUR IMAGING
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G
B

colour
camera

spectral
camera

MULTISPECTRAL IMAGING
SPECTRAL CUBE

(descrete wavelength information)

object

rotating filters wheel
diffractive element

object

HYPERSPECTRAL IMAGING

object

SPECTRAL HYPERCUBE – INFORMATION AND ANALYSIS

illumination/excitation
source

illumination/excitation
source

illumination/excitation
source

1) 2) 3)

SPECTRAL HYPERCUBE
(continous wavelength information)

sampling
hyperspectral

camera
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Typical hyperspectral microscopy scheme
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→ Raster (point-by-point) scanning approach
Dispersive spectrometer

Slit

(spatial filter)

dispersive element

array of 

photodetectors

• Spatial filtering (slit) → low light-throughput
• Light dispersion on photodetector array →

No possible parallel acquisition (only one
spectrum at a time)

incoming light 

(not collimated)

wavelength λ

SPECTRUM

• Pixel dwell time: 

~100ms for Raman

• 100k pixels image

Total meas. Time for Raman: 

~3 hours!



Fourier Transform (FT) Spectroscopy
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delay τ frequency f

INTERFEROGRAM SPECTRUM

FT

INTERFEROMETER (e.g. Michelson interferometer)

mirror 1 (fixed
position) mirror 2

photodetector

path 1 path 2

50%/50% 
beam splitter

MEASUREMENT

MICHELSON INTERFEROMETER WORKING PRINCIPLE

(1) Incoming light splitted into
2 replicas in 2 paths

(2) The 2 replicas reflected by 
the mirrors

(3) The 2 replicas recombine
and interfere on the detector

MEASUREMENT: move mirror 2 and 
acquire light for each position scan

replica 1 
(reflected)

replica 2 
(transmitted)

replica 1

replica 2

mirror 2 scan

ADVANTAGES OF FT 
SPECTROSCOPY

• high-throughput
(no slits needed )

• possibility of 
parallel recording 

(no light 
dispersion )

POST-PROCESSING OPERATION

path 1
path 2 (variable)



TWINS for Widefield hyperspectral imaging
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2D detector (e.g. CCD)
wedge translation

delay τ change

BLOCK A width
change

delay τ

frequency f

TEMPORAL HYPERCUBE

SPECTRAL HYPERCUBE

WEDGE SCAN

FT

Interferogram for 
each pixel in parallel: 

WIDEFIELD
measurement

FT of temporal
hypercube

light collected from an 
object by an imaging 
system (e.g. microscope)

replicas interference in each
pixel (interference image)



Increase the spectral resolution
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Birefringence (|no-ne|) Scan length Maximum delay scan Spectral resolution

0.1403 9.6 mm 0.55 ps ~100 cm-1

delay τ

maximum Raman scan ~0.55ps

maximum Raman scan ~2ps

Birefringence (|no-ne|) Scan length Maximum delay scan Spectral resolution

0.2253 15.3 mm 2 ps ~25 cm-1

FT

FT

frequency f

FWHM ~100cm-1

FWHM ~25cm-1

MAX scan 9.6mm

MAX scan 15.3mm

apex angle 7°

apex angle 10°

α-BBO WEDGES

YVO4 WEDGES

VERY POOR 
FOR RAMAN!

BETTER!

delay τ frequency f

YVO4 TWINS DEVELOPMENT

(1) construction and 
allignment

(2) boxing

(3) coupling with a 
commercial microscope



CCD integration per 
frame

N° of acquired
frames

Total measurement
time

N° of pixels in the 
image

2.5 s 806 38 minutes 250 kP

Raman measurement on PMMA & PS beads
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532nm 

laser

(230 mW)

20x objective

532 RazorEgde
Dichroic

RazorEdge 532

LongPass 550

ShortPass 650 YVO4 TWINS

MEASUREMENT PARAMETERS

FOV WITH PMMA 
AND PS BEADS

FALSE COLOUR RGB 2797cm-1-3172cm-1

1 2
POLYSTYRENE 

(PS)
POLYMETHYL 

METHACRYLATE 
(PMMA)

1000.6 cm-1

1030.8 cm-1

1600.9 cm-1

2849.6 cm-1

2899.5 cm-1

3056.5 cm-1
2952.5 cm-1

3003.0 cm-1

812.2 cm-1

967.5 cm-1

1452.8 cm-1

1729.7 cm-1

SPECTRA WITH STANDARD RAMAN SPECTROMETER 
AND 785nm EXCITATION LASER

POLYSTYRENE 
(PS)

POLYMETHYL 
METHACRYLATE 

(PMMA)

1005 cm-1

1033 cm-1

1605 cm-1

2843 cm-1

3060 cm-1

2894 cm-1

815 cm-1

1452 cm-1

2953 cm-11005 cm-1

(diffusion from PS)

RAMAN & FLUORESCENCE SETUP RESULTS



965cm-1

Example of multimodal application
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532nm 

laser

(230 mW)

20x objective

532 RazorEgde
Dichroic

RazorEdge 532

LongPass 550

ShortPass 650 (only Raman)

RAMAN & FLUORESCENCE SETUP

YVO4 TWINS

MEASUREMENT PARAMETERS

MEASUREMENT CCD integration
per frame

N° of acquired
frames

Total 
measurement

time

N° of pixels in 
the image

Fluorescence 2 s 200 7 minutes 250 kP

Raman 8 s 806 1h 51 minutes 250 kP

FOV WITH MINERALS’ 
GRAINS

FLUORESCENCE
(FALSE COLOUR RGB 550nm-750nm)

RAMAN
(FALSE COLOUR RGB 615cm-1-1847cm-1)

RESULTS

1 2

3 4

1 2

3 4

calcite

calcium
oxalate

hydroxyapatite

1089cm-1 (1085 cm-1)
1465cm-1

(1076 cm-1)

965cm-1

(960 cm-1)

901cm-1 (912 cm-1)

1089cm-1 
1465cm-1

MIX


