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• Investigation of a new technology :

Covering the SWIR, MWIR and LWIR domains
Broad band detection 
Good homogeneity
Potentiality for high operating temperature
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T2SL material

Infrared detectors for imaging

MCT InSb 

Well established infrared technologies

QWIP InGaAs Si : As 

• This work investigates proton-induced performances 
degradation of T2SL : Jdark

• But for space missions ? 
What about their tolerance in this harsh environment ?
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• Superlattice : structure with a repeating sequence of thin layers of different materials 

Coupled Multiple Quantum Wells 

Period : LA+LB

Creation of semiconductor with a 
tunable bandgap (Eg)

Eg depends on the antimonide 
(Sb) concentration and superlattice 
period 
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CONTEXT : SUPERLATTICE STRUCTURE 

• Superlattice : structure with a repeating sequence of thin layers of different materials 

Period : LA+LB
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EXPERIMENTAL DETAILS : DEVICES UNDER TEST
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• XBn T2SL InAs/InAsSb monopixel bariode

MWIR T2SL structure Cut-off wavelength Vop AL thickness Number of periods

Samples XBn c = 5 µm (150K) - 1 V 3 µm 545

MidWave InfraRed (MWIR, 3-5µm) 

Different objectives :

Homemade technological process
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UCL Louvain (Université Catholique de Louvain), Belgium

63 MeV Protons, 
fluence up to 8x1011 H+/cm²
Proton flux : 2x108 H+/cm²/s

Samples 
at 150K

Proton irradiation

All measurements at Top = 150 K

Measurements performed 
after each irradiation step

Measurements performed 
after last irradiation step ~ 

few days @ RT

EXPERIMENTAL DETAILS : SETUP DESCRIPTION  

Samples 
at 300K



Evaluate the damage of dark current density 
under proton fluence (Tirradiation = 150 K)
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EXPERIMENTAL : INFLUENCE OF THERMAL CYCLE ON JDARK EVOLUTION
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Understand the evolution of dark current in 
T2SL for a bariode irradiated at Top = 150 K, 

at different steps of fluence
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GR current :
• Increases with proton fluence
 Damage remains 90 days after irradiation
TAT current :
• Appears from the first step of fluence
 Weak reduction of damage is visible 90 days
after irradiation

ANALYSIS : EVOLUTION OF JDARK UNDER PROTON FLUENCE STEPS
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ANALYSIS : EVOLUTION OF JDARK UNDER PROTON FLUENCE STEPS
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• Trap density Nt

increases (Et cste)

𝐽ௗ௜௙௙ ∝  𝑞
௅೏೔೑೑

𝝉×𝑵𝑨𝑳
𝑛௜

ଶ
𝐽ீோ  ∝  𝑞

𝑊(𝑉)

2 × 𝝉
𝑛௜

𝐽்஺்  ∝  𝑞ଶ ௏௠೟ெమ𝑵𝒕

଼గℏయ ா೒ିா೟

0 2x1011 4x1011 6x1011 8x1011
0

2

4

6

8

10

x0.37

x6

1 day after irradiation
90 days after irradiation

N
A

L
 a

nd
 N

t (
x1

0
15

 c
m

-3
)

Proton fluence (H+/cm²)

 AL doping N
AL

 Trap density N
t

 Carriers lifetime

x3.3

0

100

200

300

C
ar

ri
er

's
 li

fe
tim

e 
(n

s)

 𝐼ௗ௔௥௞ = 𝐼ௗ௜௙௙ + 𝐼 ோ + 𝐼்஺்

Damage coefficients consistent with :
L. Höglund et al., Appl. Phys. Let., 108, 263-504, 2016
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Influence of the detector’s temperature 
during the irradiation (150K / 300K)
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Proton fluence : 8x1011 H+/cm²
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MWIR InAs/InAsSb T2SL DETECTORS

T2SL Ga-free XBn

AlAsSb
T = 150K

X B n

3µm

Eg(T=150 K) = 241 meV

InAs/InAsSb period = 5.5 nm
In absorbing layer : 545 périods

V = - 1V

17

InAs/InAs
0.65

Sb
0.35

 SL

 

InAsSb

InAs

2

C1

VL1 light hole 
miniband

VH1 heavy hole 
miniband

C1 electron 
miniband

2

VH1

I<
C1

I
VH1

>I2 = 55%

Eg



INFLUENCE OF THE INITIAL DARK CURRENT LEVEL   
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V = -0.75 V x 2.7 x 2.6

V = -1 V x 3.1 x 3.2

V = -1,25 V x 4.4 x 4.6

Temperature of detector during irradiation = 300 K

Area of bariodes : 130 µm
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EVOLUTION OF Jdark  AT A STANDARD PROTON FLUENCE
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ΔJdark (V = - 1V) = 2x10-4 A/cm² 

Proton fluence : 4x1010 H+/cm²
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E. H. Steenbergen et al. Proc. Of SPIE,
11002, (2019)

After a fluence of 6x1011 H+/cm² :  
Jdark x 3.8 at V = - 100 mV 

COMPARISON WITH MCT PHOTODIODE UNDER PROTON FLUENCE
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PIN B c = 5 µm 1 µm 303

INFLUENCE OF THE PERIOD NUMBER ON THE Jdark DEGRADATION

DEGRADATION 
independent of 

the AL thickness 
 no dependent 
on the number of 

periods
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CONTEXT : XBn BARRIER STRUCTURE 

• Presence of barrier layer in the structure :
• To confine electric field inside
 Diffusion dark current is expected 
High operating temperature possible (T  > 130K)

• To block majority carriers (electrons)
To collect minority carriers (holes) 

Pixel XBn MWIR bariode

GaSb (p) substrate

InAs/InAsSb SL 

GaSb (p)

T2SL InAs/InAsSb 

AlAsSbBarrier Layer
InAs/InAsSb
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After irradiation : 
dark current increases (T > 100 K)
dark current decreases (T < 100 K)
TAT current appears (V < 0 and V > 0)
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