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[J LYNRED presentation

[1 Very Large dimension, Very high performance
IR sensors for Science and Space Applications

[1 Micro-bolometer sensors for thermal sensing
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O SOFRADIR and ULIS merged to become LYNRED
0 #2 worldwide IR detector manufacturer offering the largest product portfolio
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About LYNRED

A PRIME
LOCATION IN
EUROPE’S
IMAGING VALLEY
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Micro-bolometer
detector

DEPENDABLE

PARTNER

Supplies
components only

Hybridized
detector
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]
Circuit de lectyre

Micro-bolometer IR detector
Operating T°: Room T°
Performance: Range ~ 1km
Technology: MEMs above IC

Window

RAYONS IR

Cold Finger

Hybridized IR detector
Operating T°: - 200°C

Performance: Range ~ 10km

Technology: II-VI /III-V semiconductors hybridized

on CMQOS ASIC
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Very Large dimension
Very high performance

IR sensors for Science and
Space Applications




2] [PCEI 2K2 FPA for EELT new
generation of telescope

(astronomy...) need very large dimension

a“" Earth observation and Science
E.
and high performance Focal Plane Array
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Vertical Industrial Model

for II-VI Technologx

In-house design
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CZT substrate, MCT
epitaxy and detection

circuit

FPA hybridization

FPA
integration
& cooler Tests
assembly phase
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= Very large components with ROIC dimensions
larger than 200 mm CMOS maximum reticule
size

= Development of specific stitching process for
LYNRED

= Development of CMOS wafer post process for
hybridization of very large components
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Increase CZT Substrate Size

2000 x 2000
15um pitch

0 CZT wafer manufacturing and MCT epitaxy:
B 5x5cm?2 CZT : industrial standard for the production of 640x512 MWIR Scorpio FPAs.

[0 Increase of CZT wafer size up to 4" In-house CZT bulk manufacturing and epitaxy:
B On-going developments for CZT ingot diameter > 4.5".
B Increase of CZT ingot diameter from 0.9” (late 70’s) to 4.5” (today).
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LYNRED R&D Approach
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T Quality And Affordability

0 CZT bulk process improvements:
B Increase of single crystal yield.

[0 Better CZT material quality:
B Suppression of Te-rich and Cd-rich 2nd phase defects.
B Dislocation density reduction from mid-to-high 104 to low 103 cm-2.
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Very low photon flux in Scientific and Space observations.
=» Dark current has to be as low as possible
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MTF & MRTD
Minority carrier lifetime increase to decrease J 4,
© 7 for Jdark N = Ldiff 72|t = [ e

=» Diffusion length increase

But.... Diffusion length increase decreases MTF (1cross talk) and degrades MRTD

Design optimization to ...

K. X NETD? + K, X RFPN? L.
VK 2 © Maximize MTF

MTF
K1 and K2: system dependent constants ® Maximize QE

MRTD: Minimum Resolvable Temperature Difference
NETD: Noise Equivalent Temperature Difference

MTE- Moo aton Taen. empera ©® Minimize Noise: temporal, spatial for ROIC and
RFPN: Residual Fixe Pattern Noise ph oto d etector

MRTD =
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Project achievement

Selected for SVOM mission
(Gamma emission study 2020-2026)
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Micro-bolometer sensors for
thermal sensing
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Today’s Technological development in uncooled IR detectors

> Pixel size reduction : below 12 pm ... ? um

» System integration as close as possible to detector development

> Improve FOM beyond NETD
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BOLOMETER THERMAL TIME CONSTANT

PZ
d The need of a short
In the case of short events : i
»Higher signal to noise ratio
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n
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th T
E
k Wlth Tth = Rth * Cth g
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BOLOMETER THERMAL TIME CONSTANT

P,
1 The need of a short
In the case of short events : i
»Higher signal to noise ratio i
»Sharper image P o o
"o 0.005 0.01 0.01ti5me (S()).OZ 0.025 0.03 0.035
4 Tsup + PiRen for t <t E%
Tmemp (£) = {Tsub + <P2 + (P, — Py)exp (tort_h t> * Rth> for t>t, E
\ with T = Ry, * Cep, E
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BOLOMETER THERMAL TIME CONSTANT

Blurred image from a standard component Sharp image from a fast component

»Higher signal to noise ratio
»Sharper image
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Summary
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European sovereignty in
IR sensing technologies
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[0 People at LYNRED who made all this happen!
Alexandre Kerlain, Diane Sam-Giao, Vincent Destefanis, Pascal Leboterf,
Julien Roumegoux, Laurent Rubaldo, Nicolas Boudou, Alain Durand...
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microelectronics

DIRECTION GENERALE
DES ENTREPRISES

e
Lindustvie Electronique invente netve futur

The IPCEI is also funded by Public Authorities from Germany, Italy and U.K.

26



