
Overview of MCT IR developments at LETI for space 
and science applications

 General IR context at LETI = Who are we ?
 Link with lynred

 CdHgTe eAPDs at LETI
 Moon-photonics

 CdHgTe for imaging
 Classical diode structure
 MTG, ALFA, …

 CdHgTe New gen (NG) structure
 NIR to VLW

 Sb-based III-V
 Bulk and T2SL

O. Gravrand et al.

IRIS @ Bologne 2026

My face, MWIR (𝜆௖ = 5.2µ𝑚), 7.5 µm pitch



Brief historical perspective 
IR imaging devnt at LETI

1976
Choice of MCT for IR det devnt @ LETI

2011
LETI  III-V lab = joint venture 
Nokia (Alcatel Lucent) + Thales

2019
Sofradir & ULIS fusion 

1987
Sofradir creation
(spinoff from LETI)

2013
Gathering of all cooled IR activities
@Sofradir
= MCT + InSb + QWIPs + InGaAs

2002
ULIS Creation for bolometers
(startup from LETI)



LYNRED is the European leader for Flight Model deliveries
> 180 Delivered Flight Models
>   81 Flight Models in Space



At LETI we master the full MCT integration

IR

Si ROIC

In Bump

MCT Absorbing layer

CZT substrate

Substrate growth

Absorbing layer growth

Diode process Interconnection process

Packaging

Si ROIC design

Sovereignty



MCT = initial choice at LETI
Intrinsic n/p

MCT:VHg

In Bump

 Legacy technology at Lynred

 Absorption in P-type

 VHg low 𝝉

 High Jdark

 high MTF 

 Compatibility with eAPDs

 Electron initiated avalanche 
in planar devices = SAM eAPD
 High gain, 

ex 2nd gen HOT APD SW @300K
M= 200 @ 26V

 High BW, high QE, low F
up to 1.6 GHz for M=200

 HOT operation now available
Idark=70 nA at T=300 K
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IR eAPD history at LETI

2011
Active imaging FPAs
(LiDAR imagers) 
320x256 30 µm pitch

Fast frame rate for astronomy
2 kfps, 320x256 30µm pitch, 
sub electron noise
2014: RAPID at VLTi

2006
First MCT APD @ LETI

[3D] DeBorniol et al., Optical Engineering 51, 1305 (2012)
[RAPID] M. Hillen, et al., AA 08544 (2016)
[LIDAR] A. Dumas et. al., Appl. Opt. 56, 7577 (2017)
[DS FSO] J. Rothman et. al. CEAS Space J. 9, 507 (2017

2014
LLCD with Leti APD 
(80 MHz BW)

2016 : APD for CO2

Atmospheric Lidar

2023 :1st gen
HOT APDs for FSO 
@ 2.5 Gbps

2026 : Creation of 
Moon Photonics
- FSO
- Lidar
- Quantum

Switch from FPA to single diodes
For high 𝑀 × 𝐵𝑊
Mid 2010’s

Photon counting APD 
for deep space coms
2022

Back to imaging with
COBRA CTIA ROIC MPx

1380*640 pixels
< 10 el. noise (goal)



Low photon 
number 

detection

Moon Photonics detector solutions

An integrated solution with the highest sensitivity for seamless integration and scaling of 
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Moon Photonics solutions 04/03/2026

HgCdTe APDs
– M=100-1000
– F=1.2-1.3
– BW = 1-2 GHz, 2.5Gbps FSO
– T=80-300 K
– l<2.5 µm

Hybridized amplifier
– Reduced thermal noise x 2-4 
– Reduced electromagnetic interference (EMI)
– Guaranteed system performance through characterization 

of all detector chips

Enhanced optical area with 
monolithically integrated micro-lenses
– 250 µm diameter 
– at  F# = 2,27 (NA = 0,22)

FSO LIDAR Quantum photonics



Brief cooled IR imaging history @ LETI

2004
1k² 15µm pitch

MTG selection
2010

1st NG FPA
TV p15 LW
2020

IGn InAsSb
MWb = 4.1µm co
TV p15 150K
2018

[MPX] Catelein et Al. (2004) SPIE, 5251
[VLWIR Gravrand, et al (2007) JEM, 36(8), 981–987
[APD] Perrais,. (2009) JEM 36(8), 963
[P/N] Mollard, et al. (2008). SPIE, 6940.
[NIRLFSA] Gravrand et al. (2012) JEM 41(10), 2686
[ALFA] Gravrand et al. (2022). SPIE, 1210706 
[HOT] Gravrand et al. JEM to be published 2026

VLWIR FPA n/p
20µm co
2006

1st MCT 
eAPDs
2006

P/N FPAs
MW-LW-VLWW
2008

NG 3Mpx p7.5 
MWr HOT 150K
2025

ALFA NIR
(2k)² p15
2021

2k² hybridation
2013

Low flux P/N
NIR LFSA
TV p15
2012

CZT 7x7cm
4x(2k)² p15
2019

T2SL p15/7.5
MWr = 5µm co
HOT 130K
2025



MCT = initial choice at LETI
Intrinsic n/p

MCT:VHg

In Bump

Space proven from 2.5 to 15µm wavelength

 Legacy technology at Lynred

 Absorption in P-type

 VHg low 𝝉

 High Jdark

 high MTF 

 Compatibility with eAPDs

IR moon rise taken with MTG



MCT = initial choice at LETI
2010’s = switch to extrinsic p/n

MCT:NIn

In Bump

 Extrinsic N doping + Lower doping level
 𝝉 > µs 

 Gain of 2 OM in dark current

 High QE

 No MTF issue down to 7.5µm pitches

 LETI allways follows Rule 07
 (Lynred aswell)



ALFA = Astronomical Large Focal Plane Array
NIR : ௖=2.1µm 

 ESA prog for NIR low flux (2k)² 15µm pitch

 CdHgTe LIR – ROIC+Packaging Lynred 

 Dark ~2e-3 e/s/px @ 100K

 IPC<3% / Low persistance

 Installed in Colobri telescope in mexico 
(SVOM mission to observe g ray bursts)
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2020’s = New generation of p/n (NG) 
LW ( ௖ ) for tactical applications

MCT:NIn

In Bump

 Decrease the process induced defects to minimize distribution tails

[C. Lobre et al, JEM. 0123456789,  2025]
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p/n Extr, 20°C BB, F/2

p/n NG, 25°C BB, F/4

[N. Baier et al, SPIE 1253413 2023] [O. Gravrand et al., SPIE 121070U, 2022] 
[O. Gravrand et al, JEM. 42(11),  2013]

15µm pitch

130K
140K
150K
160K

MWr
QXGA 7.5µm pitch

3Mpx 
F/4.1, 5ms

25°C BB
70fF

[O. Gravrand et al, to be published JEM. 2026]

2020’s = New generation of p/n (NG) 
MW ( ௖ ) for tactical HOT

 MW HOT : Top limited by operability (not dark)

 NG = drastic decrease of distribution tails /improve operability

 Decreasing pitch from 15µm to 7.5µm with 3Mpx formats

 >50% MTF@ Nyquist + High LF stability



Wider picture : 
MCT VLWIR NG for space applications (MTG++=MFG)

 1st VLWIR arrays in NG, 15µm pitch TV arrays
 Fully functionnal with  𝜆௖ > 15.5µ𝑚 @ 80K,
 DI ROIC from tactical applications

 Flat QE>70% wo ARC

 Uniform response
𝜎<2.5% / full array

80K, F/2, 40°C BB, 50µs



Wider picture : 
MCT VLWIR NG for space applications (MTG++=MFG)

 1st VLWIR arrays in NG, 15µm pitch TV arrays
 Fully functionnal with  𝜆௖ > 15.5µ𝑚 @ 80K,

 DI ROIC from tactical applications

 No XS noise

 Low noise tail :

<1% (50% criteria, F/4)
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Wider picture : 
MCT VLWIR NG for space applications (MTG++=MFG)

 Dark activation energy ~15.54µm, ie ~80meV! 

 Consistant with Rule22

 Follow diffusion trend line down to 55K 

 quasi gaussian histograms down to 30K
(low distrib tails)
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The other side of the spectrum
SWIR NG for low persistence

• 1st batch on structures for very low flux Astro applications
• SFD ROIC (pre ALFA study ROIC)

• Stability in MW translates into low persistence in SW SFD?

• Very low dark current demonstrated on first trial!
• < 0.1e/s limited by ROIC glow

• Very low persistance levels (close to measurement limit!)

0.1e/s

2.5µm co

SW NG, persistance
SFD array @100K, 15µm pitch

[ Le Goff (2024) SPIE130460W ]
[N. Baier (2025) SDW ]



Low flux MCT LW NG

CDS

FUR, glow substracted

FUR

[ T. LeGoff., et al (2024). SPIE, 130460W ]

CDS

FUR

Per pixel glow

 ESA contract, IRFU collab
 Dark LW and Glow estimation, SFD ROIC

 Video output glow
 Per frame glow

 𝟏𝟎ି𝟐𝑒/𝑠 dark current at 30K
 Confirmed with other arrays

processed @ Lynred



Switch to III-Vs
Sb-based T2SL for MWr 5µm co

𝜆ா೒
= 5µ𝑚

𝜆ா೒
= 5.6µ𝑚

[ M. Delmas,(2023). SPIE125340H ]

[ D. Ting, (2018) SPIE 10624 ]

 15µm pitch @ LETI
 Diffusion limited down to 110K

 ~ no distribution noise tail @ 130K

 Stability/MTF under investigation 
(looks OK)

IGn InAsSb
150K

MCT NG
130K

T2SL 
130K

[N PereLaperne, Optro 2026]



Switch to III-Vs
Sb-based T2SL for MWr 5µm co

 Smaller pitch investigation
 Super pixel 7.5µm and 5µm

 Still diffusion limited down to 110K

 ~ no distribution noise tail @ 130K

𝜆ா೒
= 5µ𝑚

𝜆ா೒
= 5.2µ𝑚



PhD works @ LETI for 
advanced understanding



Conclusion

 Wide Spectrum @ LETI 

 MCT NG for high performance (Science) & space (SW →VLW) 
 Very high LF stability & Operability
 Very Low dark & high QE! 
 Up to 16µm cutoff!

 APD gain remains interesting in photon starved scenarii  
 Single elements for LIDAR/FSO/Photon counting
 Moon-Photonics creation
 Investigation of COBRA APD FPA … to be continued!

 SWAP approach calls for more affordable solutions than MCT 
 Bulk InAsSb for tactical MW blue
 Ga free T2SL for Tactical MW red

 MTF management for small pixels under study
 Dark current always higher than HgCdTe
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