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LEL S-I-N-I-S thermometry
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S-I-N-I-S thermometry
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S-1-N-1-S thermometry
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S-I-N-1-S electronic cooling
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Limitations of electronic refrigeration

Superconductor T,

I ITV+ I:)cool
f RY

) O

I I:)cool

Normal metal T,

F. Giazotto, T. T. Heikkila, A. Luukanen, A. M. Savin and J. P. Pekola, Rev. Mod. Phys. 78, 217 (2006)
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ﬂffa Limitations of electronic refrigeration

Superconductor T, Out-of-eq. q.p. atE > A

I ITV + I:)cool

f RY
) O Photons

W\ I Peoo /
Phonons

Normal metal T, h Ton < Thatn

Our objective

Understand the mechanisms coupling the cooled e- to the thermal baths.
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/\/EEL Performance of electronic refrigeration

Al/AIOx/Cu/AIOx/Al device: o0 S
500 b T S
Cooler junctions: N island L T =l -- - ..
weakly coupled to external world, 400 ¢
strong cooling effect expected. T (mK%OO :
g T 200 |
! = : model
100 ‘ « experiment
O TR Levnoa oy I Loy o v oy |
0,0 0,1 0,2 0,3 0,4

Thermometer junctions

Electrons cool from 0.3 down to < 0.1K
~ 1.5 pW at 0.3 K, area junction 0.45 pm?2

S. Rajauria et al., PRL 99, 047004 (2007)
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Probing independently
electron & phonon temperature...
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/VZ-EL Probe phonon temperature with S-1-N-1-S

I:)Joule/ I:)cool

Substrate phonons, T,

Theoretical expectations :

I:)el—ph =2Ad (Te5 _Tp?h)

4 4
I:)Kapitza = KA(Tph _Tbath)

2 is material dependent prefactor,
K is the Kapitza coefficient,
A area, d thickness.
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[Vfﬂ Probe phonon temperature with S-I-N-I-S

S'Tbath
N, phonons, T, Pe"ﬁh Nz_?'j_c_trrinS,
e2” p
S'Tbath
Pel-ph S'Tbath
Ny phOﬂOﬂS,TE(—)Nl eIectrons,Te1«
¢ I:)Kapitza S 'Tbath I:)\Iloule/ I:)cool

Substrate phonons, T,

Theoretical expectations :

Pei_ph = ZAd (Te5 —Tpsh) 5 is material dependent prefactor,
4 4 K is the Kapitza coefficient,
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[Vfﬂ Probe phonon temperature with S-I-N-I-S

S ’Tbath

P
N, phonons, T, mSa Nz_erllef_trrons,
e2— " ph

S ’Tbath

S 'Tbath

N, eIectrons,Te1«
SlTbath I:)Joule/ I:)cool

Substrate phonons, T,

Theoretical expectations :

Pei_ph = ZAd (Te5 —Tpsh) 5 is material dependent prefactor,
4 4 K is the Kapitza coefficient,
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[Vfﬂ Probe phonon temperature with S-I-N-I-S

S ’Tbath

Pel-gh N, electrons,
Teo=Thn

S ’Tbath

N, phonons, T,

S'Tbath
N, electrons,T,,
S1Tbath

Substrate phonons, T,

Theoretical expectations :

Pel_ph = ZAd (Te5 —Tgh) % is material dependent prefactor,
4 4 K is the Kapitza coefficient,
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Circuit approach to
photonic heat transport
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/V&Z Thermal noise or Johnson-Nyquist noise
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0 @ W
Noise is white below the thermal cut-off.

Photonic power from a hot resistor to a
z, z, cold one coupled through an impedance?

D. Schmidt et al, Phys. Rev. Lett. 93, 045901 (2004)
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C
Al L B L u ] M 5 L<A,(~1cmatlK):Kirchhoff's laws apply.
loop Vi
L ' /

—z — — voltage: 2.AV; =0 VaTlVC
“ ol oR[ oWl = current: 2 Al =0 Ials ¢}
| | @

Ali Zé]i -I-AVi/Zi |
Fluctuation-dissipation theorem — ~~ Current through Z,

(81 () (@) = 275(0+ w')hame{z_ %W)HH 2

Absorbed power: Pi (t) = (Al; (t)AV; (t))

e e
2
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CLL  Absorbed power and linear inductance

z, z,
I Tdw
Landauer-Biittiker — type formula: P1=-P2 = [P(@)dw = jﬂha)T(a))[nl(a))— N ()]
0 0
4Re|Z(w)[Re|ls @
Photon transmission coefficient: 1) = Zi(o) 2[ 2(@)
Zr ()
2 © 2
Linear heat conductance: K :Tk—Bjde(x) X2 with _ o
g sinh“(x) 2kgT
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L Apsorbed power and linear inductance

Z Z,
| |

o0 OOd
Landauer-Biittiker — type formula: P1=-P2 = [P(@)dw = jz—wha)T(a))[nl(a))— N ()]
0

0 T
4Re|Zq\w)RelZr(w
Photon transmission coefficient: 1) = 21() 2[ 2(0)
rad()
Linear heat conductance: K = B Id XT(x) , with X =
sinh (X) 2kBT

2,2
f T(w) =1, K=Kq = 7°KgT  thermal conductance quanta, ~ 1 pW/K at 1 K,
’ Q 3h see M. Meschke et al, Nature (2006).
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LL photonic heat transport in transmission line
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L. Pascal, H. Courtois, F. W. J. Hekking, Phys. Rev. B 83, 125113 (2011)
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M:féSpectral density with a capacitive coupling

l Spectral density
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Te(w) =

with
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ho
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2kgT
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ﬂé—féSpectral density with a capacitive coupling

10",
Typical parameters ;
10° =
R,=R,=R~500Q P i
K AT10-1 [ i i
T~40 mK |
107} |
K> K for large AT. | ;
107} ! ]
7 10" | |
aC:4RCk T e N
B 0.01 01 1 10 100
C ~ 10 pF: e C ~ 10 fF;
strong coupling small coupling
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/\é-féSpectral density with a capacitive coupling

10",

Typical parameters
R, =R, =R ~230Q
T ~ 300 down to 100 mK

O.D‘II 0‘1 | 1 Il 10 | 100

O = <10
ARCkgT
A. Timofeev et al., PRL 102, 200801 (2009)
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M:ééSpectral density with a capacitive coupling

Typical parameters

Our work:

>10

a = >
CSXP- 4ARCKgT

% nnnnnnnn N
14/10/2011 7! VR



institut

...back to probing independently
electron & phonon temperature...
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Lel Probing phonon temperature

S'Tbath
Pel-gh N, electrons,

N, phonons, T,

Theoretical expectations:

B _ 5 5
Heating Phor)e Iect n  Heating Pe —ph ZAd(Te Tph)
Junction 8rmof] brmofheter Junétion 4 4
8 ' & ' Wz . I:)Kapitza = KA(Tph _Tbath)
www.neel.cnrs.fr ,,,I,)I *
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£EL Probing phonon temperature

S 'Tbath

Pel-gh N, electrons,
Teo=Thn

S 'Tbath

N, phonons, T,

S ’Tbath

p.

I:)Joule/ I:)cool

Theoretical expectations:

: B _ 5 +5
Heating Phor)e Iectn Heating I:)el—ph ZAd(Te Tph)
Junction 8rmof ermometer Junétion A 4
8 ' & ' Wz . I:)Kapitza = KA(Tph _Tbath)
www.neel.cnrs.fr I)l *
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Probing phonon temperature

N T il
» phonons, T,

N, electrons,
Te2=TDh

S ’Tbath

S ’Tbath

P
N, phononsD(ﬂﬁh)

N, electrons, T,

S 1Tbath

i I:)Kapitza

Substrate phonons, T,

L. Pascal et al., unpublished
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Probing phonon temperature

N, electrons,
Te2=TDh

S ’Tbath

S 'Tbath

N, electrons, T,

S'Tbath

Substrate phonons, T,

L. Pascal et al., unpublished

PJouIe/ . o - .ll"
Pcool 1 el e '
« 1 10 100 1000

Heating power (pW)
Electron-phonon coupling : 2=2 109 W.m=3.K">

&

Kapitza coupling: K=7 10" W.m?2.K*
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cel Probing phonon temperature

L. Pascal et al., unpublished
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LEL Conclusion & Perspectives
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Thanks for your attention !

31

14/10/2011



