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About IRnova zIRnova

* EUbased IR detectors OEM Supplier M gy
- Independent and Privately owned M gy

« 20+ years of IR sensor R&D and Manufacturing
+ leading QWIP and T2SL detector manufacturing
« Several 1000’s of QWIP & T2SL detectors fielded
« Contract manufacturing for llI-V material and SWIR detectors

- Pioneers in Optical Gas Imaging
« MWIR and LWIR solutions for all addressable gases
- QVGA (320x256) and VGA (640x512) solutions available

« Strong Team and Excellent Facilities
« 70% staff share of PhD’s and MSc’s
« 2500 m? manufacturing facilities including 1300 m? of clean room




T2SL- QWIP IRnova
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20+ years history ataglance “ZIRnova

ACREO == IRnova AB T2SL dual color
Qwi research [Rnova founded as QVGA MWIR dual
’ an ACREO spin off color pixelated array

initiated in Sweden
under SIM/ACREO

2019

1986 2016 ZIRnova
T2SL research FPA to IDDCA T2SL VOC HOT T2SL MWIR
Research on T2SL New equity onboard Serial production of launch of HOT
materials started Updated strategy QVGA T2SL MWIR SWAP VGA format
IDDCA  for  gas IDDCA

detection

T2SL VGA MWIR

Launch of  VGA
format 15um pitch
T2SL MWIR IDDCA 4



zlRnova
Already by our customers..

Optical Gas imaging sensors innovations

. In Hond Held camera, nevertheless...
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... we'llmake our customer’s camera  "°V°

even smaller with Oden MW -

Demonstrated at SPIE baltimore Q1 2019
« SWaP F/4 IDDCA with Thales RMsI cooler (Weight: 230 g, Power: 3.2 W)

« No compromise on image quality and performance up to 110K
Temporal NETD = 21 mK, Spatial NETD: 7 mK, Integration time: 10 ms

 Planned release end of 2019

2019-09-12 Confidential and Proprietary 6



Roadmap IRnova

Has to be Done

2018 2019

2020 ...
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Ongoing R&D projects at IRnova
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zlRnova

eSWIR (Extended SWIR imaging
for space applications)

Objective: To design and
fabricate a T2SL detector
structure suitable for space
eSWIR applications

Funding: 170 kEuro from Swedish
National Space Agency
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HOT MWIR (Superlattice-based
HOT MWIR imaging sensors)

Objective: To optimize the
passivation of the RED HOT
detector for operating
temperatures up to 130K

Funding: 190 kEuro from Vinnova
= Sweden’s innovation agency

VLWIR (Low dark current VLWIR
T2SL infrared detectors)

Objective: To develop, fabricate
and test T2SL detector arrays
with 1.5 pm and 14.5 pm cut-off
wavelengths

Funding: 960 kEuro from ESA
End Q12020




T2SL activities in United States

Military funded VISTA organization
Industry
consortium 4™

T2SL detector GasSb Dual band /LW
m Raytheon designs: Substrates: Fabrication
s JPL, NRL Galaxy/Intelliepi Teledyne, HRL,
_ Raytheon
Lockheed Martin
n Tetedyne Industry Epi foundries:
consortium IQE/Intelliepi HOT MWIR
= MBAC Fabrication
FUR Systemns Digital ROIC: N1 Lo (o | Lockheed Martin,
DRS MIT Lincoln Raytheon Vision SIEF, HFITL, L3,
systems aytheon
3-5" GaSb substrates Laborattory . 4

LT

640x480 = 4kx4k FPAs

{vea Jet Propulsion Laboratory
NA‘QP California Institute of Technology | C u beS at

= Hyperspectral therma
Earth Science

LN RECURRG COST
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LW:
VGA->2kx2k
20->5 ym pitch

Dual band
MW/LW:
VGA->720x1280
20-> 12pm pitch

HOT MWIR:
VGA->4kx4k
25 > 5 pm pitch

Now included in space programs and military programs

45% REDLCTION.

+50% REDUCTION
\ UPERMIUNS AND SUSTAINMENT COST
5x 2x
L Fﬂi%&i o

RELIABIUW



EPIC General Assembly April 2017.... ....
Still the same claim 2.5 years later

HOWEVER.... IR{nova

... 2 key components in our products are still not available in Europe

llI-V epitaxial wafer

Read Out Circuit

We get both knowledge and know how in Europe, we just need to join our

strengths in order to stay/become independent for every key technologies

@ EPIC s afantastic tool for reaching our independence

\ European Photonics
Inagustry Consortium
2019-09-12
6 www.ir-nova.se
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: : : zIRnova
Trying to build a IS8 T2SL supply chain...
with H2020 funding through a HD detector goal for Space need

ADS ADS and UM
(EO evaluation) (Space evaluation)
- . g ¢ i
IRNOVA : IRNOVA A0 25 ol D
IRNOVA (PDA Fabrication) IRNOVA (Mounting G ‘
(T2SL design) ) - e FPA on ceramics) &
i (T2SL production) — (FPA Hybridization)
100 HW INININE TfSL{"———"" - ({ h ’ IRNOVA
1 ___g_l_;_ epi-layers F -_—
SaSacacacase= [ SuBSTRATE HHER | ) (IDDCAIntegratlon)

NES

&_. g

H (Proximity electronics)

(ROIC design ana rabrication (X-fab))

ADS
(Integratnon In (Camera evaluation in
HAPS IR camera)  stratospheric balloon)

rejected twice...in 2018 and in 2019 ... 2.5 years have passed....
and during this time....



... Even China is growing up... #IRnova

e UP.... UP...,. !
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summary “ZIRnova
e T2SL IS the solution for SWaP, we have it

« RED HOT SWaP IDDCA
+ 20 MK NETD @ F/4
« High performance up to 120K
« Oden Release December 2019

« DEEP BLUE SWaP IDDCA
* 160 K, F/4, 20 mK
» First prototype December 2019
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INFRARED DETECTORS




ESA funding for VLWIR T2SL ...

(7 I R NOVd - Design,fabrication, photodiode and FPA characterization

&

linstitut
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External QE
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- MBE growth development, material characterization

- Extensive electro-optical FPA characterization
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State of the art performance:

- QE up to 60% (with AR)
- Low dark current

- pixel to pixel uniformity

R&D FPA format: 320x256 pitch 30um
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; Single pixel 60um
photodiodes
— 60pm
= 60um
- Mesa 2-5, 60um — 30um
- Mesa 6-9, 30um
T=77K -+ 30um
— 30um
Lo o o ovis oo pinse g v 006w i oy — 30um
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General Purpose IDDCAs ZzIRnova

Brage LW | TorLW | HeimdallMW | Dag MW Oden MW
i,
wA=Te
QWIP QWIP T2SL T2SL \\’5}} Fal T2SL
37051 374.2
A (um) 7791 7791 37051 37051 Red Hot Deep blue
10K 150K
Arrq 320x256 640x512 320x256 640x512 640x512
Y 30pm 15um 30pm 15um 15um
NETD 20 MK 25 mK 15 MK 20 MK 20 MK
F/4
" 2 /4 Fla i
Fl# FN.2 FN1.2 E/2 F[2 Fh.2
F/2.24 FN1.2 F/1.2 F/5.5*
2019-09-12
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T2SL - high performance, ZIRnova
reproducibility and reliability

IRnova has been manufacturing QVGA MWIR T2SL FPAs since 2012 and have experienced:
« Good manufacturability
« Low noise, harrow noise histograms

» Great long term stability
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T2SL activities at IRnova

Main focus is on VGA format with SWaP capability

New design has enabled high QE (60% single pass)

SWaP capability with:
« Size: 48x44%98 mm
+  Weight: 230 g, Power: 3.2 W
« Low NETD: 21 mK at F/4, 110 K, 10 ms integration time

« Narrow noise histogram
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Gas and pollution detection

One IDDCA, multiple configurations

Integrated proxy

board
Power <7w (12vDC)
Cooler Stirling Rotary
Cool <6 min
down
Video LVDS
Interface Camlink*
_Control 12C
interface
Frame Proxy Max 60Hz

rate

2019-09-12

Embla1055 Idun 1055 Freja xxx
%. QwWIP QWIP T2sSL
Detection SF6 SF6 VOCs
£ (um) 10.55 10.55 On demand
A 320x256 640x512 320x256
Y 30Mm 15pm 30um
NETD 25 mk 25 mK 15 mK
F/# F/2 F.2 F[2
' FN1.2
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This presentation was presented at

EPIC Meeting on New Space 2019
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