Cold-Electron Bolometers
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Bolometers
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Record Electron Cooling

Very small volume of the absorber
(0.02 um?3) and large relative area of
tunnel junctions (80% of the absorber).

Efficient removing of hot quasiparticles
by double stocking them at both sides of
the junctions.

Suppression of Andreev Reflection by a
thin layer of Fe in AlFe absorber.

Result: unique bolometers operating at T,
less than T ;.



Direct Electron Cooling vs
Platform Phonon Cooling

Direct electron cooling
Kuzmin et al., 2002-2019

Direct electron self-cooling
of the absorber at
300 mK to reach 70 mK
or 170 mK under 20 pW
radiation.

The cooler size is 1 X1 um?.

Result: photon noise
limited system of
194 CEBs for OLIMPO
Balloon Telescope.

Cooling Platform
Pekola et al. 1997-2019

Phonon cooling of a membrane
from 300 to 200 mK.

The cooler size is 2X2 mm?.

Result: no tests of bolometers
on the platform so far.

A. J. Manninen, M. M. Leivo,

J. P. Pekola, “Refrigeration of a
dielectric membrane by SIN
tunneling”, Appl. Phys. Lett.
70, 1885 (1997).



Sinuous Antenna

R. O’Brian et al., IEEE Appl. Sc. (2011)
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L. Kuzmin, ISSTT, 2013; IEEE TST, 2014
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Cross-Slot Antenna
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“Seashell” Slot Antenna

Leonid Kuzmin, Rome, 21 Sept 2013
stimulative discussions with Paolo de Bernardis are acknowledged
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Seashell Antenna with Resonant
Slot Antenna and w/o RCEBS
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Application

M‘BR temperatUre ﬂuctuatlons = 160 pK
V- Planck (2009-2013):. i D
o NEP'= 2><10 17, W/Hzl/z .- 100 mK

_"_Estlmated upper B—mode Ilf’nlt = O 1 uK  ®

-_-_-=-.-::-°COrE (2015:-2025) = 0 v
. NEP =0 W/Hzl/z 100 mK

Credit: ESA, Planck Collaboration



Application:
LIP Recelver Pixel
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Single Bolometer NEP

AD745 at 300 K Cold amplifier
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Weak Signals Detector

SEM of a nanowire WSI nanowire with
pattern a detection energy
threshold of 0.8 eV

G. Gol'tsman et al. Y. Hochberg et al.



Weak Signals Detector

I Josephson =] ’
junction N.’
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G. Oelsner, L. S. Revin, E. II'ichev, A. L. Pankratov, H.-G. Meyer, L. Gronberg,
J. Hassel, L. S. Kuzmin, Appl. Phys. Lett. 103, 142605 (2013)



9 GHz Signal Response
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Lifetime: Dark Counts Rate
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Running State vs Phase
Diffusion State

Running State: Phase Diffusion:
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Lifetime Distribution
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9 GHz Signal Response
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9 GHz Signal Response
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Conclusions

A detector of an ultimate sensitivity has
been created.

 There are many more mysteries to deal
with.



