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Principle of the QCD 

Barriers : AlGaAs, typically 22 Å, % Al = 34%
QWs : GaAs, between 20 and 80 Å, doping 5. 1011 or 1012 cm-2

Number of periods : 20 or 40
THALES patent
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QCDs: no dark current and high electron extraction 

QWIPs

•V>0 for electron collection

•Significative dark current

•Capacitance saturation in 
large area focal plane 
arrays, integration time…

QW photovoltaic detectors

•V=0 no dark current

•Low quantum efficiency (bad 
electron extraction or fast 
relaxation to fundamental)

•Low response

QCDs

•V=0 no dark current

•Good quantum efficiency 
thanks to the cascade 
scheme (optimization of a 
good matrix element and a 
good electron extraction)
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Detectivity : Responsivity and R0A
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exp
calculated

R0A (50K) ≈ 3 105 Ω.cm²

R0A (77K) ≈ 103 Ω.cm²
R = 44 mA/W at 77 K  (8µm)
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QCDs : introduction 

• The quantum cascade detector is nothing but a QWIP, in which the applied electric 
field has been replaced by a quantum heterostructure built-in electric field

• QWIPs have two versions : photoconductive (the wellknown classical QWIP) and 
photovoltaïc (QCD) with no dark current

• The photovoltaïc version can be directly compared to other photovoltaïc detectors 
(MCTs, T2SLs) using the same ROIC

• QWIPs and QCDs rely on the same technological skills and benefit from the same
advantages : 

• Easy cut off choice by quantum design and high cut off uniformity,
(Uniformity is not only a matter of III-V materials but also a matter of 
intersubband versus interband transitions)
• GaAs/AlGaAs material : no need for passivation, no 1/f
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Quantum Cascade Detectors : perspectives

Two directions for improvement :

1) Increase quantum efficiency (innovative QCD designs and electromagnetic 
structures)

2) Decrease the noise figure (increase the R0A)

Theoretical modeling enables the electronic transport in these complex 
heterostructures to be understood

Experiments under magnetic field allows the validation of the modeling
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Outline

General context and principle

Dark transport modeling

Magneto-transport measurements

Conclusion
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Modeling the transport (1)

How does the current flow in a quantum cascade structure ?
Through which subbands go electrons ?
How to calculate the R0A ? (resistance at 0V – determinates the Johnson noise)
Very small biases : neither field nor Coulomb effect in the structure
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We will study all the possible scattering events
between two subbands
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Modeling the transport (2)

Predominant scattering process : Electron/LO-phonons interactions

Neglected scattering mechanisms : - Interface roughness scattering
- Acoustic phonons scattering
- Electron-electron interactions

a
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• Sij* single state transition rate to subband j
• Gij global tr. rate from subband i to subband j

Evaluation of the R0A parameter

*Ferreira and Bastard, Phys. Rev. B, 40, 1074 (1989)
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Modeling the transport (3)

Gij (m-2s-1) 3B 4B 5B 6B 7B 8B

1A 6,8E+17 3,0E+18 5,1E+18 5,0E+18 3,5E+18 2,3E+18
2A 2,9E+17 1,1E+18 4,6E+18 1,3E+18 8,0E+17 5,6E+17
3A 3,6E+17 4,2E+17 1,3E+18 3,0E+17 1,6E+17 1,1E+17
4A 6,0E+17 2,5E+17 2,0E+17 1,5E+17 4,4E+16 2,8E+16
5A 3,5E+17 2,8E+17 6,5E+16 7,1E+16 1,8E+16 6,9E+15
6A 4,8E+15 4,0E+16 1,0E+17 8,8E+15 6,3E+15 6,6E+15

• At 80 K, two dominant cross transitions 
between two cascades : E1-E5 and E1-E6

• These transitions play a key role 
in the I(V) charcateristics
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Modeling the transport (5)

• In opposite to a QWIP, a QCD can be described by a simple model, for two reasons :
• Only two-dimensional states (no 3D to 2D capture). Matrix elements can be simply 
calculated.
• Neither field nor Coulomb effects.

•The resistance of a QCD is entirely 
determined by a few electron –
LO phonon transition rates Gij.

• Magnetic field enables to play with 
these transition rates.

• Magnetic field experiments offer an 
alternative way to understand the transport in QCDs.
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Outline

General context and principle

Dark transport modeling

Magneto-transport measurements

Conclusion
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QCDs under magnetic field (1)

B = 0T

2D system
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QCDs under magnetic field (2)
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QCDs under magnetic field (2)

Magneto-resonances appear periodically 
as a function of 1/B
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QCDs under magnetic field (3)T304_8_B4– 120K
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1) Experimental data : I(B)
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2) I(B) – magnetoR background
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QCDs under magnetic field (5)

E8, E7 and E6 have good matrix elements, but are empty 
E5 has a low matrix elements, but is populated
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QCDs under magnetic field (5)

E6 is now populated too 
and has the best matrix elements 80 K40 K 120 K
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QCDs under magnetic field (5)

E7 and E8 are now populated
and have the best matrix elements 120 K40 K 80 K
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Conclusion

Design of a QCD:

• Good quantum efficiency (high electromagnetic matrix element)

• High resistance (avoid cross transitions : depends on the 
temperature of the detector)

• Magnetic field experiments help the design by the identification of 
the relevant cross transitions

• The optimal design highly depends on the working temperature of 
the focal plane array 

• The extraction of photo-excited electrons can also be analysed by 
the analysis of magneto-photoresponse
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Perspective

Extraction

Photo-excitation

• Modification of the E7 – E6 and E7 – E5 transfer times with a 
magnetic field

• Modification of the extraction of photo-excited electrons
• Analysis of internal quantum efficiency
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