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Introduction

» Why do we need an accurate pixel spatial response (also called Intrapixel Sensitivy Variation or
pixel Point Spread Function) measurement of IRFPAs ?
* Enable precise image deconvolution and image interpretation for spatial and astronomy missions and
end users

e Quantitative information for IRFPAs designers for improving the MTF (Modulation Transfer Function)
performance of their IR sensors, especially when designing small pixel FPAs

* Reliable MTF values for infrared optical systems builders when comparing different IR sensors
performance

» How to achieve an accurate MTF/PSF measurement ?
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What does“accurate” mean in terms of PSF or MTF measurements ?
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* How do you finally measure the accuracy of
your MTF / PSF measurement ?
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Differents methods and differents deconvolution / interpretation issues...

Spot scan / slanted edge

Meas. of PSF/LSF
(projection by classical optics
- or metallization)
Local / Global




Differents methods and differents deconvolution / interpretation issues...

Spot scan / slanted edge Interferometer / Gratings
Meas. of PSF/LSF Meas. of MTF
(projection by classical optics (Quantitative Interference)
- or metallization) Global

Local / Global




Differents methods and differents deconvolution / interpretation issues...

Spot scan / slanted edge Interferometer / Gratings Speckle diffuser
Meas. of PSF/LSF Meas. of MTF Optical meas. of MTF
(projection by classical optics (Quantitative Interference) (Statistical Interference)
- or metallization) Global Global
Local / Global
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PLUMMER, Philip J., and al. "Generalized focal plane array
modulation transfer function estimation approach for
nonstationary laser speckle random processes. Optical
Engineering, 2022, vol. 61, no 6, p. 064104-064104.
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Differents methods and differents deconvolution / interpretation issues...

Spot scan / slanted edge Interferometer / Gratings Speckle diffuser EBIC
(Electron Beam Induced Current)
Meas. of PSF/LSF Meas. of MTF Optical meas. of MTF Electronic meas. of PSF
(projection by classical optics (Quantitative Interference) (Statistical Interference) lLocal
- or metallization) Global Global
Local / Global

PLUMMER, Philip J., and al. "Generalized focal plane array
modulation transfer function estimation approach for
nonstationary laser speckle random processes. Optical
Engineering, 2022, vol. 61, no 6, p. 064104-064104.

Yeche, A., et al. "MTF Characterization of Small Pixel
Pitch IR Cooled Photodiodes Using EBIC." Journal of
Electronic Materials 49 (2020): 6900-6907.
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Optical spot scan : issue of the size of the projected spot VS the pixel pitch
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Optical spot scan : issue of the size of the projected spot VS the pixel pitch

Pas
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Evolution de la taille pixel pour la technologie HgCdTe Durant
la période 2000 — 2020. Antoni Rogalski, RPP, 2016

The method is sensible to

* Focalization

* Optical abberations [PSFmeS = PSF,ixel ]
L, Absolute wavefront
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Absolute wavefront spot measurement by comparison to a perfect spherical wavefront

Step 1 : Calibration of the wavefront sensor : a spherical wavefront is diffracted (Huygens —Fresnel Theory)
by a very small diffractive hole

Diffractive pinhole Wavef
(~5 um diameter) avefront sensor

Spherica
reference
Wafefront
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Absolute wavefront spot measurement by comparison to a perfect spherical wavefront

Step 2 : measurement of the spot wavefront

afefrom
the spot
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Absolute wavefront spot measurement by comparison to a perfect spherical wavefront

Reference diffractive hole

Picture inside ONERA MIRCOS bench : (5um diameter)
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Absolute wavefront spot measurement by comparison to a perfect spherical wavefront

Picture inside ONERA MIRCOS bench :
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Use of a specific wavefront analyser QWLSI (Quadriwave Lateral Shearing Interferometry)

No aberrations  With spherical aberration
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Thank you for your
37x37 points, 2um steps +/- 200nm attention !

30um pitch standard diode

30x30 points, 1um steps +/- 100nm
small diode in 30um pitch

72 um
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Back-up slides
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Back-up slides
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