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Outline:

o Context

» Cooling devices
o Asymmetric double barrier
o Quantum Cascade Cooler

e Self-consistent method
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Context:
The need for new cooling devices:
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Asymmetric double barrier

Evaporation

of hot electrons
(evaporative cooling)
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[2] M.Bescond et al. J. Phys.: Condens. Matter 30, 064005 (2018).

» Electron temperature reduced by up to 50K. (evaporative cooling)
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Quantum Cascade Cooler
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» QCC consists of a periodic serie of the previous structure
» 1 electron absorbs several phonons in cascade along the structure
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Self-consistent method
Green’s functions coupled to Heat and Poisson

equations:

|[El —H —3c—Z|G =1
> Heat equation

NEGF equations for electrons

~V - (ktnVTac) = Q[G>(Tac, Top)]

Poisson equation <
V- (eVV) = —p[G>]
Including interactions with:

- Acoustic Phonons (AP) - elastic
- Polar optical phonons (POP) — inelastic [3]

Through the self-energies
[3] M.Moussavou, et. al. Phys. Rev. Appl., 10, 064023 (2018). 6/14
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Performance comparaison
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Performance comparaison
SOW & OCC Cooling power and COP:
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Applied bias (V)
» Higher maximum Cooling Power for QCC than SQW (Single Quantum Well)
» Higher COP at max Cooling Power
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Temperature oscillations
Electron temperatures
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» Analyze the injection and extraction current spectra, impacting the electron distribution
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Temperature oscillations

W = hw,, >kgT = 25meV
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Temperature oscillations

W = 0.5hw,, <kgT = 25meV
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Polar optical phonon energy

20 0 20
Wavevector (Arb. units)

@ (Aix Marseille

0.2

0.18

0 lGl‘
'!

0.14 11

l) ‘II

0.12/ |
0.1
(.08

0.06

0.04 <l
(

0.02 )

1/',-.

0!
0

360

0
o
=]

Temperature (K)
&

] 0.2

'..,hu‘f o

—6— QW1
—A— QW2

(4 0.6

Potential bias (V)

0.5

O
j Cold

S

1

Electron density spectrum (Norm.)
» Excited electrons extracted from QW1 through elastic scattering = Cooling in QW1
» Electron injected in QW2 above ground state energy— Heating QW2

UNIVERSITE |ISEN
DE TOULON  sisen

° ' m Ay
o—— IN
a C

1.5 s0
hero
0.5hwro
0
0.5hwio
Do
-1.5hwie

-'3'!.»';,. ]

11/14

socigtion

STITUTS

CARNOT

W (eV)



360

» —6—Qw1

2hero

W (eV)

n ] % 15N 10
Temperature oscillations ., ~ /==
X 340 L i
@ “,\ 05010
2520 s 0
W ~ O g‘ (.57
E \a . 4 e LR TPR
' : = . D 300 =, x k. 4 =
0.375 V: q Tqw,=>local m?x.lmum ;o = 35 meV 2 o
Tqwz =>local minimum - 250 N (Lo
Polar optical phonon energy T or on o Mo
Potential bias (V)
0.2 0.2 0.2
018 | 0.18 0.18
0.16 /’ 0.16 0.16
014!/ 0.14 0.14
: \ A
0124\ 0.12 {\ 0.12 )
© A\ \
> 010\ 0.1\ , 0.1}
@ \ \ 3
5 0.08 0.08 / 0.08 \
\ \‘
0.06 0.06 0.06 ‘
0.04 0.04 0.04 e e Hot
, = | ] cold
0.02 0.02 0.02 e
) v
0 0 : 0L
0 0.5 1 -20 0 20 0 0.5 1
Electron current density spectrum (Norm.) Wavevector (Arb. units) Electron density spectrum (Norm.)
» Electron bottleneck lead to a shoulder at 0.055 eV = Heating QW1
» Narrowed injection & subsequent thermionic emission = Cooling QW2  12/14

Institut Materiaux Microelectronique

UNIVERSITE ISEN @ .5 5cciter
Nanosciences de Provence

DE TOULON P—— INSTITUTS

a CARNOT

%Bﬂ @ (v



Conclusion

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

* Performances are increased when
compared to the SQW

* Interpretation on the role of the optical

ohonon energy in multiple guantum well

neterostructure

13/14

'm n Institut Matériaux Microélectronique (Aix Marseille UNIVERSITE [SEN o D et
Nanosciences de Provence s SV DE TOULON e ‘( RN



Thank you
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