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Hyperspectral imaging and microscopy

Fourier Transform (FT) spectroscopy
A novel ultrastable interferometer: TWINS
A Widefield FT hyperspectral microscope

Application and results
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From Standard Imaging to Hyperspectral Imaging
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Hyperspectral microscopy

MICROSCOPE SPECTROSCOPY
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Very powerful toll for material science!
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Typical hyperspectral microscopy scheme

— Raster (point-by-point) scanning approach
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point focused spectrometer
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collection * Pixel dwell time:
/ ~100ms for Raman
- 100k pixels image |nefﬁcientl
Total meas. Time for Raman:
~3 hours!
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Fourier Transform (FT) Spectroscopy

INTERFEROMETER (e.g. Michelson interferometer)

POST-PROCESSING OPERATION
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light delay T frequency f
photodetector
PARALLEL ACQUISITION (WIDEFIELD APPROACH)
ADVANTAGES OF FT SPECTROSCOPY TEMPORAL HYPERCUBE SPECTRAL HYPERCUBE
* high-throughput (no slits needed ) jl_>
* possibility of parallel recording (no —
light dispersion ) , ’
delay t frequency f
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An ultrastable common-path interferometer: TWINS
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Widefield hyperspectral microscope for Raman and Fluorescence
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Fluorescence-Raman uncoupling
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Increase the spectral resolution

YV()4 WEDGES Birefringence (| -n_[) Scan length Maximum delay scan Spectral resolution

0.2253 15.3 mm 2 ps ~25 cm?

MAX scan 15.3mm
maximum Raman scan ~2ps
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Light propagation
direction
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Raman measurement on PMMA & PS beads
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Example of multimodal application on minerals’ grains
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* An ultrastable common-path interferometer: TWINS

* Uncoupling of Raman and Fluorescence

* Example of multimodal (Fluorescence & Raman) microscopy

» Optimal spatial resolution: ~1um

»Good spectral resolution: ~25cm!

» Fast measurements : ~40 min VS. ~ 3 h (raster scanning) for ~ 100k pixels
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Thanks for your attention!
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Typical hyperspectral microscopy scheme

— Raster (point-by-point) scanning approach

excitation source
(e.g. laser)

confocal pinhole

RS

galvo scanning
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dichroic lens lens
lens <D
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point focused spectrometer
excitation and
objective collection * Pixel dwell time:
~100ms for Raman
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Total meas. Time for Raman:
~3 hours!
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Dispersive spectrometer
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array of

dispersive element photodetectors

» Spatial filtering (slit) =2 low light-throughput

* Light dispersion on photodetector array =
No possible parallel acquisition (only one
spectrum at a time)
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Fourier Transform (FT) Spectroscopy

POST-PROCESSING OPERATION

INTERFEROGRAM SPECTRUM
50%/50% mirror 2 ' 1 ADVANTAGES OF FT
beam splitter SPECTROSCOPY
* high-throughput

MEASUREMENT ,
(no slits needed )
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parallel recording
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INTERFEROMETER (e.g. Michelson interferometer)
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position)

MICHELSON INTERFEROMETER WORKING PRINCIPLE

(2) The 2 replicas reflected by (3) The 2 replicas recombine MEASUREMENT: move mirror 2 and
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=~ mirror 2 scan
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TWINS for Widefield hyperspectral imaging

WEDGE SCAN
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SPECTRAL HYPERCUBE
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freque"ncy f

13/09/2022 Ardini Benedetto



Increase the spectral resolution

0.1403 9.6 mm 0.55 ps ~100 cm?
i 1) construction and
MAX scan 9.6mm - : (
VERY POOR 3 i allignment
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(3) coupling with a
commercial microscope
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Raman measurement on PMMA & PS beads

RAMAN & FLUORESCENCE SETUP RESULTS
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Example of multimodal application

RAMAN & FLUORESCENCE SETUP | RESULTS
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