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Research topics at Thales Research and TechnologyResearch topics at Thales Research and Technology
Small pixels Small pixels and and 3rd 3rd generation generation applicationsapplications

Alexandru NedelcuAlexandru Nedelcu, , Eric Eric Costard, Philippe Bois, Xavier Costard, Philippe Bois, Xavier MarcadetMarcadet
ATL IIIATL III--V V LabLab, RD128, 91767, Palaiseau, France, RD128, 91767, Palaiseau, France

Thales Research and TechnologyThales Research and Technology, RD128, 91767, Palaiseau, FRANCE, RD128, 91767, Palaiseau, FRANCE



A
le

xa
nd

ru
N

E
D

E
L

C
U

, A
T

L
 II

I-
V

 L
A

B
, F

ra
nc

e 
-Q

W
IP

 2
00

6:
 J

un
e 

18
-2

4,
 2

00
6 

K
an

dy
,  

Sr
i L

an
ka

2

TODAY CHALLENGESTODAY CHALLENGES

large FPA large FPA arraysarrays, , small small pixel sizepixel size
increased resolutionincreased resolution
higher yieldhigher yield

new (3rd new (3rd generationgeneration) applications) applications
true microscantrue microscan
multimulti--spectral / spectral / broadband detectionbroadband detection
polarimetrypolarimetry

⇒⇒ pertinent pertinent physicalphysical / / optical modelling optical modelling 

⇒⇒ epitaxial growth masteringepitaxial growth mastering

⇒⇒ process mastering process mastering for for small small pixelspixels

AtAt Thales R&T Thales R&T research research relies on production relies on production facilitiesfacilities
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MBE FACILITIES AT TRTMBE FACILITIES AT TRT

high stability high stability of of growth growth raterate
reproducibilityreproducibility
uniformityuniformity
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RIBER 49 MBE RIBER 49 MBE growth growth system
multimulti--wafer: 5 x 3" / 3 x 4"
automatedautomated wafer wafer charging
As /As / Sb based materials
GaAsGaAs,, InPInP,, GaSbGaSb,, InSb substrates

system
wafer: 5 x 3" / 3 x 4"

charging
Sb based materials

InSb substrates
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MBE FACILITIES AT TRTMBE FACILITIES AT TRT

300 K absorption @ 300 K absorption @ Brewser Brewser angle (1 angle (1 passpass) ) 
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Costard et al., SPIE 6206 – 13, 2006
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PROCESS TECHNIQUEPROCESS TECHNIQUE
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Applied bias (V)

Nominal size
 70 µm
 50 µm
 30 µm
 20 µm
 10 µm (real size: 9.5 µm)

40 QW QWIP structure @ 9 µm
Dark current density at 77 K

Dry etch
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BIBI--SPECTRAL DETECTIONSPECTRAL DETECTION

25 µm

22--colorcolor, 25 , 25 µµm pitch, 256m pitch, 256²² FPAs demonstratedFPAs demonstrated
8.5 8.5 µµm / 11 m / 11 µµmm
4.5 4.5 µµm / 8.5 m / 8.5 µµmm

what what aboutabout
4.0 4.0 µµm / 4.5 m / 4.5 µµm ???m ???
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4 4 µµm m QWIPsQWIPs
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4 4 µµm m QWIPsQWIPs
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Position (A)

CB profile, Gamma point

Al0.35Ga0.65As

In0.20Ga0.80As

AlAs

First
 sh

ot @
 4 µm

AlAs layersAlAs layers to to increaseincrease confinementconfinement
elastic strain elastic strain control: 20 % Indium, 5 QWcontrol: 20 % Indium, 5 QW
applied biasapplied bias compatible compatible with existing readwith existing read--out out circuitrycircuitry
highhigh doping (1doping (1··10101212 cmcm--22))
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4 4 µµm m QWIPsQWIPs
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 optical current @ 293 K, f/2

MWIR (4.0 µm) QWIP
23 µm pixel 0.8
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MWIR (4.0 µm) QWIP
 

 peak responsivity
(with AR coating)
 

 noise gain

reproduciblereproducible IV IV characteristicscharacteristics
activation activation energy at zero biasenergy at zero bias: 260 : 260 meV meV ≈≈ peak energy peak energy –– Fermi Fermi energyenergy
optimum FPA performanceoptimum FPA performance atat ––1.2 Volts1.2 Volts
BLIP BLIP temperature at temperature at 293 K & f/2: 95 K293 K & f/2: 95 K

researchresearch directionsdirections
increaseincrease peakpeak reponsivityreponsivity
decrease peak wavelengthdecrease peak wavelength
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SMALL PIXELSSMALL PIXELS
pertinent pertinent parameterparameter: : pixel size / pixel size / peak wavelengthpeak wavelength
spectral spectral shape shape = f(size)= f(size)
peak responsivity peak responsivity = f(size)

25 µm25 µm

regular regular QWIP, 9 QWIP, 9 µµmm
= f(size)
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AlGaAs/GaAs QWIP
77 K, 12 kV/cm
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SMALL PIXELSSMALL PIXELS

How to model How to model the optical coupling the optical coupling ??

How to How to improve the improve the active layer ?active layer ?

Global conclusions Global conclusions extractedextracted fromfrom experimentalexperimental data:data:

-- optimum active layer for large pixels optimum active layer for large pixels ≠≠ optimum active layer for optimum active layer for smallsmall pixelspixels

-- optimum optimum optical coupling optical coupling for large pixels for large pixels ≠≠ optimum optimum optical couplingoptical coupling for for smallsmall pixelspixels

⇒⇒ selfself--consistent consistent treatmenttreatment

Optical couplingOptical coupling, pixel , pixel geometrygeometry
andand active layer active layer cannot be dissociated cannot be dissociated 
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OPTICAL COUPLING MODELLINGOPTICAL COUPLING MODELLING

Thinned substrate Incoming
Radiation

The "elementary" FPA pixel is:The "elementary" FPA pixel is:
small compared to small compared to λλPEAKPEAK
complex  complex  
3D structure3D structure

•• NearNear--field opticsfield optics
•• FiniteFinite size size effectseffects 2D 2D modelling is only modelling is only qualitativequalitative

•• ParametersParameters ((simultaneoussimultaneous optimisation):optimisation):
•• Pixel Pixel widthwidth, , heightheight
•• Substrate thicknessSubstrate thickness
•• Grating periodGrating period, , filling factorfilling factor, , depth and topologydepth and topology

•• Full Full experimental wayexperimental way ? ? ExpensiveExpensive, time, time--consuming andconsuming and no information on no information on the near the near 
fieldfield, no , no physicalphysical insightinsight

•• DevelopDevelop 3D 3D rigorousrigorous EM EM modelling capabilitymodelling capability: : Finite DifferenceFinite Difference Time Time Domain methodDomain method
•• Parallel computingParallel computing
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ACTIVE LAYER
Pixel Pixel with with 2D 2D gratingsgratings

FF00

FFii--11

FFii

pci·JTOT
JDKi + 
JOPTi

JJTOTTOT

FF00

FFii--11

FFii

pci·JTOT
JDKi + 
JOPTi

JJTOTTOT

ACTIVE LAYER

QWs QWs are not are not equivalentequivalent
the closer the closer to to the gratingsthe gratings, , the betterthe better

number number of quantum of quantum wells wells ????
barrier width barrier width ????
doping ??doping ??

High temperature operationHigh temperature operation
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POLARIMETRIC DETECTORSPOLARIMETRIC DETECTORS
1D 1D gratingsgratings2D 2D gratingsgratings

IIPARPAR

IIPERPPERP

PERPPAR

PERPPAR
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II

+
−

∫ ⋅dλ)λ R( α I  

Polarisation ratioPolarisation ratio
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POLARIMETRIC DETECTORSPOLARIMETRIC DETECTORS
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 2D gratings
 
Sample1, 1D gratings

 2.6 µm periodicity
 2.7 µm periodicity

 
Sample 2, 1D gratings

 2.6 µm periodicity
 2.7 µm periodicity

Polarisation ratio
77 K / -1.0 Volt

setup tested setup tested on 2D on 2D gratingsgratings: : residual residual polarisation ratio < 3 %polarisation ratio < 3 %
reproducible resultsreproducible results
high high polarisation ratio polarisation ratio even even for 20 for 20 µµm pixelsm pixels

researchresearch directionsdirections
FPA design FPA design and and fabricationfabrication
goal: 20 goal: 20 µµm pitch, 640x512 FPAm pitch, 640x512 FPA


