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Introduction: Lippmann photography (hyperspectral imaging) Materials Scence and Technology
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Gabriel Lippmann " S
The Nobel Prize in Physics 1908 .
Prize motivation: Obiect Casiacs i :
"for his method of reproducing colours ’ MU IRt nobel se

photographically based on the phenomenon

Of inte I"fe rence" The Nobel Prize in Physics 1908.

NobelPrize.org. Nobel Prize
Outreach AB
https://www.nobelprize.org/prizes

/physics/1908/summary/

https://elysee.ch/en/exhibitions/g
abriel-lippmann/

https://en.wikipedia.org/wiki/Gab
riel_Lippmann

A Lippmann plate is a clear glass plate coated with an
almost transparent (very low silver halide content)
emulsion of extremely fine grains, 10 to 40 nm in
diameter
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Focal Plane Array Spectrometer: Miniaturization effort for space optical instruments
The main idea introduced by Benedikt Guldimann and Stefan Kraft from European Space Research and Technology Ctr. (Netherlands)

Proc. of SPIE Vol. 7930 793000-1 (2011), https://doi.org/10.1117/12.882501

detector array in the evanescent field along the core
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array connectors of waveguide
Technological development is highly desirable for FPAS realization - Very compact

Materials and geometries choice is crucial
A real integration challenge

- No intrinsic limit on spectral resolution
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Introduction: digital Lippmann photography — one pixel concept Materials Scence and Technology

Stationary-wave integrated Fourier-transform (SWIFT) spectrometry Main figures of merit

Introduced by Etienne le Coarer, et al in Nature Photonics 1, 473 (2007) - High spectral resolution

https://doi.org/10.1038/nphoton.2007.138
AL = A2/OPD = J2/2Ln,

Examples
1) A=850nm, L =1mm, ng, = 1.5-> A4 =024 nm

Standing wave 2) A=2000nm, L =5mm, ng=35->A12=0.171nm
Movable mirror
Gold nanorods \ : - Bandwidth (Nyquist criterion)

Sampling -> A/4n, d — distance between samplers

A = A2/dan;

Examples

1) A =850nm,d =10 um, ngp, = 1.5-> 04 = 12 nm

2) A =2000nm,d =3 um, ng; = 3.5-> 04 =95nm

3) moving mirror by steps of d = A/4n; -> oA =1
no undersampling -> bandwidth limited by other physics

- Efficiency
doi:10.1088/2040-8978/17/2/025801 Optimized when every sampler extracts 1/N of the local power
74% of the input power contributes to detectors
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Realization of one pixel with scanning mirror

unable laser
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wemee | SCaN mirror — record out-scattered intensity

CCD camera ::
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Fabrication

1. standard EBL for

bottom electrode
2. spincoating of
HgTe QD film

3. annealed PMMA on Wat;/etgutide
sacrificial Cu substrate substrate
annealed
PMMA Cu
<
_a SiO,
Cu etchant \4. “fishing” of
resist \ 4
side view top view
-floating
PMMA

H,O

5. standard EENA

6. metal deposition
Lx
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Surface optical waveguides are written into LINbO; by
fs-laser at sub-ablation threshold power.

IR-absorber,
HgTe QDs were fabricated using the HgCl, precursor
followed by ligand exchange with 1,2-ethanedithiol
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Nature Photonics 17, pages 59-64 (2023);
https://doi.org/10.1038/s41566-022-01088-7
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Integrated Colloidal Quantum Dots Photodetectors Materals Scence and Technology

.= HgTe QD layer
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Nature Photonics 17, pages 59-64 (2023); https://doi.org/10.1038/s41566-022-01088-7
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Spectrometer functionality
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Nature Photonics 17, pages 59-64 (2023); 10 7 5
https://doi.org/10.1038/s41566-022-01088-7
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Spectrometer functionality

- mirror
clropper modulation
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Nature Photonics 17, pages 59-64 (2023);
https://doi.org/10.1038/s41566-022-01088-7
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Demonstrated small (<A/4 in 2 dimensions) QDs-based IR photodetector sensitive up to A = 2 um
Integration of the nano-sized photodetector with an optical waveguide

Demonstrated standing wave sensing for spectroscopy application

The technology is compatible with 2D/3D integration idea for FPASs

A step forward towards a digital Lippmann camera

Applications in remote sensing O\)\.
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