HgCdTe FPAs developments
for space and scienceimaging
at DEFIR (LETI-Sofradir joint lab)

O.Gravrand (LETI)

atech  Outlook

* General intro about MCT FPAs

— MCT alloys
A bit of history about LETI and Sofradir
Dark current of the photodiode
Spectral shape of the photodiode response
Avalanche photodiodes (APD)

« Focuses on latest achievements for science imaging
— Low flux dedicated arrays
¢ Ultra low dark current arrays in NIR for Astro needs
« MWIR - LWIR investigations for exoplanet observations
— VLWIR for atmospheric sounding
— APD rapid array for Adapative optics and photon counting
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Ceatech Material systems for IR imaging
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Ceatech Brief history of IR detection at LETI

leti

Creation of LIR (laboratoire IR)
« 100 people

* HgCdTe choice

CEA — DGA (french MoD) convention

1986

1978

Creation of Sofradir

« Cooled MCT detectors

S—
SOFRADIR
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« Establishment the IR detectors 2" gen in France

- SAFRAN

LETI-Sagem common lab
InSb devn

DEFIR: LETI-Sofradir Common Iat>

2003
1998 2002

Creation of Ulis

(SOciété FRANgaise de Détecteurs IR)s Uncooled detectors

-
uLIs

2008 2013

Gathering of all french IR
detection activities

in Sofradir group

* HgCdTe

* InSb / InGaAs / QWIPs
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Diode process

« Passivation

Si ROIC ¢ lon implantation

* Metal deposition

- |

"™
Absorbing layer growth (LPE or MBE)

CZT: transparent substrate

L

=

Backside illumination
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Interconnection process

Ceatech HgCdT dark current issue

Intrinsic: Diffusion current from absorbing layer
Low lifetime t 0ty

i i Jair = qi*Iff
High doping Ng,p Noo 7

S recombination velocity
via recombinating interface trap(s)
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J,=q+S
=05

GR current in SCR and at interfaces

SCR
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Jor :qrin

GR

CZT: transparent substrate

MCT p/n LW+
30pm pitch 5

Extrinsic:
Higher lifetime
Lower doping Ny,
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tech Low dark current issue
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Ceatech Low dark current issue Niype |
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PN junction

cea teC_h Low dark current issue

N type
absorbing layer
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Material quality Risk of a burried junction
Process quality - Barrier formation on the VB
Improvement > Eg<kT: QE loss at low T°

Heterostructure Photodiode (thermionic current at high T°)

0. Gravrand — IN2P3 Workihop 2017

Ceatech UV-vis-IR flat spectral response...

1 2.5
e O. Gravrand, JEM 40(8) p. 1781, 2011
l
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lambd
CZT: transparent substrate ambda (m)
L CZT is transparent down to 0.8um
CZT substrate removal ensures a very flat QE across
§ * Visible
« UV

Works in SW, MW, LW...
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Ceatech Impact ionisation for MCT APDs

APD = Avalanche Photodiode
Photocurrent pre-amplification in the jonction
- Overcome read out electronic noise

e electron o hole

¢ Single e- multiplication
(no hole Xcation)

] — Impact lonisation
bt le- > 2e +1h*

R o T & » quasi deterministic P;ypisation
1;::3.-: LPE BC\ (Auger7y! - Low additional noise

i, = +/2ql before amplification

/o/—\ in =M X ,/2ql X F with gain M

G. Perrais,JEM36(8) p963(2007) RSB;. .
e Qe e P e F=—"~11-12 XS noise
o 00 BV RSBout
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¢ QE tint

\/F ¢ QF tine + (TIRI‘?[’LC)Z\+ (ndﬁi;lwc\tint)z

SNR =

E
&6t = [Tt

=~

Bias (V)

MCT APDs amplifie the photo-current without loosing information
* Large gainvalues M > 10 — 100 and low excess noise F = 1.1 — 1.3

The APD gain allows to obtain photon shotnoise limited SNR
for shorter integration times

* SNR Degradation measured with % =QEFR> 50%

Short observation times applications : Adaptive optics and interferometry...
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cea tech Outlook

MCT alloys

¢ General intro about MCT FPAs

A bit of history about LETI and Sofradir
Dark current of the photodiode
Spectral shape of the photodiode response
Avalanche photodiodes (APD)

— VLWIR for atmospheric sounding

— APD rapid array for Adapative optics and photon counting

» Focuses on latest achievements for science imaging
— Low flux dedicated arrays

» Ultra low dark current arrays in NIR for Astro needs

* MWIR - LWIR investigations for exoplanet observations
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ceatech Jdarkissue in NIR
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Ceatech Ongoing effort for large formats

ALFA = Astronomical Large Format Array
« Funding ESA + FOCUS + H2020

» Consortium LETI + IRFU + Sofradir

» Goal:

— Auvalability of 2kx2k NIR arrays in Europe (ITAR less detectors)
for astronomy and science

— Rendez vous in 2020!

First mockup 2kx2k 15um pitch HgCdTe/Si
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Ceatech Dark currents on MW-LW devices
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ceatech p/n LW is diffusion limited down to <50k leti
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ceatech Outlook
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» Focuses on latest achievements for science imaging
— Low flux dedicated arrays
e Ultra low dark current arrays in NIR for Astro needs
« MWIR — LWIR investigations for exoplanet observations
— VLWIR for atmospheric sounding
— APD rapid array for Adapative optics and photon counting
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4 layers investigated

 Cutoffs from 15.6 up to 17.1um @ 78K, <QE>~80%
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Ceatech VVLWIR: upto 17um co @ 78K

« 4 layers investigated

O. Grawa_nd — IN2P3 workshop 201/
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« 4 layers investigated
 Cutoffs from 15.6 up to 17.1um @ 78K, <QE>~80%
e = 20um co @ 50K, longest ever processed at LETI <QE>~50%
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C@atech VVLWIR: FPA performances

 Study array to identify best variation
» Optimum configuration gives very low noise defectivity at 50K
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m NEW RAPID FPAS

°* New APD arrays with increased gain and QE
® Lower X4 : Ac = 3.6 pm
* Larger APDs in the pixels = improved QE due to fill factor
, Gain at 80 K Gain map at 8 V, T=80 K

10 L

Gain

2 4 6 8 10
-Vapd (V)

°* < M >=41with pixel operability > 99 % at <M > +50 % wo the crack)
* <M >=70at 9V reverse bias, M > 80 at 60K

* Very high QEFR = 70%

MCT APDs for astronomy at LETI | J. Rothman, O. Gravrand | 25

NEW RAPID APD FPAS
RECORD LOW SINGLE READ NOISE

Dark noise at T=60 K, Vpol=9 V,

Gain at 80 K Gain=80,t,,=600 us
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Input referred single read noise (electrons rms)
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0.8e single read noise achieved with RAPID ROIC at t;,; = 600 us

Photon counting imaging is possible with CEA/LETI APDs FPAs
with non-destructive read-out (and/or lower ROIC noise)

* Single photo-detection with SFD multiread circuit demonstated in 2012 with
single elements (G. Vojetta et al., SPIE proc. 8375-35)

MCT APDs for astronomy at LETI | J. Rothman, O. Gravrand | 26
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