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Cosmic microwave background CMB: Map of
the temperature fluctuations (power) measured
by the ESA Planck satellite
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X-ray materials analysis (I. Maasilta, et al., JYU)

Security imaging (A. Luukanen)

(

see asgella.com/videos)



http://asqella.com/videos

TES and KID

Presently: two generic types of superconducting detectors

Thermometer Transition edge sensor TES: thermometer= resistance
I at the superconducting transition

m Kinetic inductance detector KID: thermometer = T-
. dependent inductance in a superconductor
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In both cases, an external read-out signal is needed!

More: Giazotto, TTH, Luukanen, Savin, Pekola, RMP 2006
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Thermoelectric detector TED

Jones, J. Opt. Soc. Am. (1947)
) van Vechten, et al. (1999)
Laet L. Kuzmin (2010)
l. Varpula, et al. APL (2017)
... and a few others

Low T: low noise!

It = AT /T x P,
Advantage: self-powered by measured radiation

Independent of overall temperature fluctuations

BIG disadvantage: usually a # 0 only above room temperature



Thermoelectric effects

Linear response charge and heat currents across an interface:
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Thermoelectric detection
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Noise analysis
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Thermoelectricity Densiy of sates

/ Diffusion constant
Ev(E)D(E)
4k 5T cosh? (Q’fBT)

Boltzmann theory: a o« [ dE
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Main message: no known strong thermoelectric at low T!



Thermoelectricity in
superconductors

Many textbooks: no thermoelectric effects because they are cancelled by supercurrent
(Meissner 1927).

Ginzburg (1944): possible to see in multiply connected structures, but very small
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The size of thermoelectric coefficient in bulk superconductors: i
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Main message (before 2014): superconductors are extremely poor thermoelectrics!



Super/ferro hybrids

Wolf, Sirgers, Fischer & Beckmann, PRB 90, 144509 (2014)

Fe: ferromagnetic metal
Al: superconductor (below 1 K)
EuS: ferromagnetic insulator
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Magnetic proximity effect into S: exchange field “leaks” into S: spin-split density of states
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Super-ferro: ingredients

Ferromagnet: spin-dependent
. — .
~ spin-dependent contact resistance
== Fermi level Ry—R,

Polarization: P =
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Large thermoelectric effect:

T T
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1. Large e-h asymmetry per spin

2. For P # 0, different spin contributions weighed differently

Ozaeta, Virtanen, Bergeret, TTH, PRL 2014



Spin-splitting field + polarization

s . I (G Po V
near response: | 5 | = | py g.7) \—AT/T

Polarization!
P

o L [ ap N NE)

N/F | S
2e i 4k 5T cosh? (% T) |

G ~ GpV 2rA cosh(h)e ™
keGrA T _AT[ b/ & 772 —h/X 7\2
Gn = 2\ 2x°¢ [ (A—h)"+e (A+h)],

a R~ GT\/M A[A inh(h) — hcosh(iz)}

e

Ozaeta, Virtanen, Bergeret, TTH, PRL 2014



week ending

PRL 116, 097001 (2016) PHYSICAL REVIEW LETTERS 4 MARCH 2016

£

Observation of Thermoelectric Currents in High-Field Superconductor-Ferromagnet
Tunnel Junctions

S. Kolenda, M. J. Wolf,* and D. Beckmann'
Institute of Nanotechnology, Karlsruhe Institute of Technology, Karlsruhe, Germany
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Only fit parameter: exact temperature difference




S-F heat engine:“real” ZT

FNF island (antiparallel magnetizations) S island (F electrodes)
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g ~ relative strength of spurious heat conduction

I' ~ ”Dynes” parameter, quality of the BCS gap
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Current or voltage measurement!

Add amplifier noise power spectral density
(voltage noise Si; or current noise Si):

‘ 2 A
SA GTGrot o NEPA,V SV G
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Voltage noise: NEPAY = T +21) "= TNEP? T 4kpT (1+ 27)
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Using /Sy = 0.3 nV/v/Hz yields
rv ~ GA/(GrkpT)(1+ ZT)™! < 1 whenever kT < A

Using /St = 0.5 fA/vVHz yields
rr ~107*AGr (1 + ZT)/(GkpT), exceeds unity for kpT < A

Voltage measurement is preferred due to the high dynamic resistance of the junction!
However, at low T, the bandwidth may become quite low.



Multiplexing...
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?fi SUPERTED

New type of an ultrasensitive thermoelectric radiation sensor

Sept. 2018-Aug 2022
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Secret: career in physics?
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Happy birthday, Jukka!




