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Higher and higher resolution

Astronomical observations:
Details of star formation.
High resolution images of remote objects.
Asymmetries in the cosmic background radiation.
Early universe.

Terrestrial applications:

Sensing ultra-weak electroluminescence from large
scale integrated circuits
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What do we need? ..
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Tunneling through NIS junctions

electric current /
9

O

gt

J

DA <emmremeeeee

N

S I

M. Nahum at al., Appl. Phys. Lett. 65, 3123 (1994).
M. M. Leivoet al., Appl. Phys. Lett. 68, 1996 (1996).

| S

1 (nA)

J. P. Pekola, DVA, et al., Appl. Phys. Lett. 76, 2782 (2000).

6/07/2017

MMCP2o017, JINR

_20 1 : L L 1 1 1 1 1 l
-05 -04 -03 -02 -01 00 0.1 02 03 04 05

vV (mV)



NIS detectors

- thermometer

A circuit

refrigerating
tunnel

Calculations of the noise equivalent power

(NEP) requires T, ~ 100 mK.

DVA, A. Luukanen, J. P. Pekola, Appl. Phys. Lett. 78, 556 (2001).
DVA, J. P. Pekola, J. Low Temp. Phys. 123, 197 (2001).
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~Model for th

Interaction

e electron-phonon
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Metalliclayer

L— W=electronic wavefunction

Dielectric membrane

— u=elastic displacement field

Electron-phonon interaction Hamiltonian:

H, = gEF]V YH(r)WY(r) V- u(r) d3r

In a 3D model the electron-phonon heat power is: P o T, — T;’h
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etallic layer over free stan

INg

membrane: the electron system

Metallic wire as a quantum Metallic wire as a 3D Fermi

well (QW)
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~ Thermal properties of the
supporting membrane
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~ Thermal properties of membranes

and bridges
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~ Metallic layer over free standing
membrane: the phonon system
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Results

DVA, S. Cojocaru, S
S. Cojocaru, DV,

2016).
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Low temperature expansion of P

N
ph

e For 3D systems, x = 5 (PRB 49, 5942, 1994)

* In general it is expected that P oc T} —

* In monolayer and bilayer graphene, x = 4 (PRB 81, 245404,
2010)
e For quasi 1D geometry, x = 3 (PRB 77, 033401, 2008).

* Ingeneral, P « TS*% — If,fz,

dimension of the system (PRB 81, 245404, 2010).

where s is the smaller

* There are also claims that x>5 (thin metal films deposited
on semi-infinite dielectrics, Phys. Rev. B 72, 224301, 2005).

» Experimental results are inconclusive.
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Quantum well model e — ph

In the valleys
ng
P( s ZQW(kBT )3. z 1
e
10 ‘ ‘ n—lVEF‘_E"
Zow
3° 28E)5 7\ 15520s 2
= Svﬁflsg(?)me EF - u) ]O 75
] I i ]
§ el h4.5pcf§',3.5 (1—J)L2s
- o)
E (] 5|
} On ctests fhere is no simple power-law
., depehddnce '
0.1 2} .
Quasi 2D QW
d [nm] Y o T [K] 10 20 40 60 80 100 120

€

[

P©® =electrons to phonons heat flux

6/07/2017 MMCP2017, JINR 18



Quantum well model ph — e

In the valleys
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Conclusions

We analyzed the electron-phonon heat flux P in layered
nano-systems, employing two models

In the 3D Fermi gas model we obtained P « T, —
accordance with the general assumption, that P f“”z

Ton?, s being the smaller dimension

In the QW model we observed very strong oscillations of P
with the thickness of the metallic film.

P forms crests where it increases by more than one order of
magnitude.

Between the crests, P o< T3> — T3-5

The crests (if observable) may prov1de opportunities for
applications
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