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Summary:

* Context

* Quantum Cascade Cooler

* Self-consistent method

* Proof of Concept

* Electrons temperature oscillations
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Context:

The need for new cooling devices:

Moore’s Law: The number of transistors on microchips doubles every two years
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Context:

Cooling nano-device based on therminonic
emission: ALGa As

Thermionic emission
fT' Al Ga, As
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[1]M.Bescond et al. J. Phys.: Condens. Matter 30, 064005 (2018).

Injecting cold electrons by resonant tunelling and extracting hot
electrons Thermionic cooling
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Quantum Cascade Cooler

Al(x)Ga(1-x)As
Al(x)Ga(1-x)As
Al(x)Ga(1-x)As
Al(x)Ga(1-x)As

€ GaAs:Si
fE Wm

Emitter Al(y2)Ga(1-y2)As Collector
Ally1)Ga(1-y1)As Al(y3)Ga(1-y3)As
Typical layer length:
Lemit : 4nm
Lgw : 4nm
Lcoll : 12nm
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Quantum Cascade Cooler

Al(x)Ga(1-x)As
Al(x)Ga(1-x)As
Al(x)Ga(1-x)As

Thermionic emission

Al(x)Ga(1-x)As

GaAs

Resonant tunneling
GaAs:Si 4
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Emitter Al(y2)Ga(1-y2)As Collector
Al(y1)Ga(1-y1)As Al(y3)Ga(1-y3)As

Typical layer length:
Lemit : 4nm
Lgw : 4nm
Lcoll : 12nm

Institut Matériaux Microélectronique (Aix Marseille UNIVERSITE ISEN o L] ms;cl.?a?;

Nanosciences de Provence universite DE TOULON &mesis '™ o M CARNOT



7/17
Self-consistent method

Green's functions coupled to Heat and Poisson
equations:

NEGF equations for electrons

EI—H—-3%.—S]G=1

C Heat equation
chVTac) = () {G% (Tﬂﬂﬂ Tﬂp)]

Poisson equation

V.(eVV)=—p [Gﬁ]

Including interactions with:
- Acoustic Phonons (AP) - elastic
- Polar optical phonons (POP) — inelastic [2]

Through the self-energies
[2] M.Moussavou, et. al. Phys. Rev. Appl. 10, 064023 (2018).
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Self-consistent method
Virtual Buttiker Probes [3]:

// Probe Reservoir

[T

VA A

In out of equilibrium

F /
f“’ 17 }u27 T2
7 22
Probe in local equilibrium with the system:
( (O) . Chargefcurrent

< (1) O ? _

L R Energy cusrent

[3] C. A. Stafford, Phys. Rev. B 93, 245403 (2016).
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Proof of concept

Electron current spectrum:
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Key message:
= Electrons follow the quantum well states’ increase in energy
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Proof of concept

Electron temperatures:
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Key message:
" Electrons are cooled, up to 20K inside the QWs
= Simplification of the structure may lead to a better understanding
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Temperature oscillations

Electron temperatures: 2QW structure
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Key message:
= Anticorrelation between the electron temperatures
" |mpact of activation energy (W1)?
Institut Matériaux Microélectronique (Aix Marseille UNIVERSITE ISEN o -T\QSSOTCI.?U%
Nanosciences de Provence universite DE TOULON amems  ~  w M CARNOT



Activation Energy (eV)
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Temperature oscillations

Activation energy: ) Lt ,4 =40
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Key message:
= Maxima and minima of electron temperature occur when
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Conclusion

* Proof of concept for the Quantum
Cascade Cooler, a new type of cooling

nano-device
* Determination of the importance of

the optical phonon energy in multiple
guantum well heterostructure

Next step:
* Confirmation by experimental data
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