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Outline

Multi-frequency focal plane arrays with Cold-
Electron Bolometers (CEB) for COrE, ESA.

Dual-frequency arrays of CEBs for 210/240 GHz of
LSPE.

Perspectives
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Central Bandwidth | Angular Q&U Out of Beam Cross —
Frequenc (GHz) Resolution | Sensitivity | band Ellipticity | polarisatid
v (GHz) (aremin) (pK Rejection | (% @-3dB) (dB)
arcmin) (above
1THz)
9.0 > 120 dB <1% < -50 dB
4.7 > 120 dB < 1% < -30 dB
4.6 > 120 dB < 1% < -30 dB
1.5 > 120 dB < 1% < -30 dB
4.0 > 120dB < 1% < -30 dB
4.5 >120dB < 1% < -30 dB
4.5 > 120 dB <1% < -30 dB
10.4 > 120 dB <1% < -30 dB
17 > 120 dB <1% < -30 dB
46 > 120 dB < 1% < -30 dB
117 > 120 dB < 1% < -30dB
255 >120dB < 1% < -30 dB
530 > 120 dB <1% < -30 dB
3420 > 120 dB < 1% < -30 dB
20881 > 120 dB < 1% < -30 dB
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R. O’Brian et al., IEEE Appl. Sc. (2011)
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Cold-Electron Bolometer (CEB) with
capacmve coupling to the antenna

SIN tunnel
junctions

2 main features of CEB:
1. Effective electron cooling from 300 to 100 mK! Photon-noise-limited mode can
be achieved without dilution refrigerator.

2. Due to small size of CEB the Multi-frequency system can easy realized by ’
Ibsersion of CEBs in any antenna system



Concentric “Seashell” Slot Antenna with RCEBs

Leonid Kuzmin , Rome, 21 Sept 2013
For OLIMPO Stimulative discussions with Paolo de Bernardis are acknowledged
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Resonance Cold-Electron Bolometer (RCEB) with Nanofilter by a
Kinetic Inductance of the NbN strip and a Capacitance of the SIN

Tunnel Junctions
L. Kuzmin, ISSTT, 2013; IEEE TST, 2014

Superconducting SIN

Absorber
NbN strip with junction

Kinetic
Inductance

JFET L
NbN: A=400 nm, b=10 nm, Lkin =140 pH for [=0.6 pm
Q=10, Rabs=15 Ohm, @Lkin=300 Ohm @ 350 GHz, SIN: S=0.04 pum?



Seashell Antenna with A/2 H-slots and MSLs with
CEB

resonance resonance

Beam ellipticity 2% at 75 GHz
0.3% at 105 GHz

Stlens Glued with | a | S
4 Cyanoacrylat .,

Si, 1.85 mm

Si substrate, 250 pm|
—

| Fastened with E”iptiCity: 2% — 4%

4-probe antenna‘\"‘ Apiezon ReZ =13 Ohm
Bandwidth: 20%

Crosspol: 12-20 %




Seashell Antenna with CPW and RCEB for 75/105 GHz

L. Kuzmin, A. Chiginev, E. Matrozova, and A. Sobolev. IEEE Trans. on Applied Superconductivity, (2016);
L. Kuzmin, A. Chiginev, Proc. SPIE (2016)

S-Parameters [Magnitude in dB]

— 1]
75 GHz

Lumped T~
capacitance N

e (N

CPW: 1 RF layer (4 layer technology ): [
1. DC wires (30 nm Au) Ellipticity: 2% — 4% !
2. SIO2 insulation, 50 nm ReZ = 13 Ohm

3. Ground plane (Au or Nb, 150 nm) Bandwidth: > 20%

4. CEB (FeAl/oxid./Al) Crosspol: 15-20 %




One polarization Seashell antenna with 2 RCEBs

Ground plane

7 KbN 'stribfﬁ

ons

Ground plane

Mag- 7.22KX  Zpm* WD = 27 mm EHT = 10.00 kV HV: 8 kVWD: 39 mmMag: 17x

© IPM RAS H— Tilt Angle = 20,



Multifrequency Seashell Antenna based on Resonant Cold-
Electron Bolometers with Kinetic Inductance Nanofilters for
CMB measurements (AIP Advances 2018)
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One polarization Seashell antenna with

resonant slot antenna and CEBSs

MhortTE\

Frequency / GHz



One polarization Seashell antenna with
resonant slot antenna and CEBs

Frequency (GHz)
Measurements

Exp. 81 GHz
Exp. 108 GHz
—o— Fitting 81 GHz
—m— Fitting 108 GHz
- - Theory 75 GHz
- - Theory 105 GHz
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Featured article

Multichrolc seashell antenna with internal filters by resonant slots
and cold-electron bolometers

L S Kuzmin, A V Blagodatkin, A S Mukhin, D A Pimanov, V O Zbrozhek,
AV Gordeeva, A L Pankratov and A V Chiginev

iopscience.org/sust
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The Large Scale Polarization Explorer

PIVOT

Preliminary sketch of the LSPE
experiment, without thermal ; STAR
protections. E - ~~| SENSORS
The total mass is around 2.5 tons,
the overall dimensions are
5.8m(w) x 3.2m(d) x 4.6m (h).

A 800000 m? balloon is used to lift
the instrument at 37 km of
altitude.
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SWIPE optics and focal planes

Scanning direction
(cross-elevation)
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Cold-Electron Bolometer connected to a Slot
Antenna by the Coplanar Waveguide

CE3 SLOTs + CPW
Rabs CSIIN C|e| Le Re Z,
Nt N NS



Dual-band Slot Antennas with Cold-Electron Bolometers
connected by Coplanar Waveguides for the 220/240 GHz

Front horn Transition horn

Filter cap Waveguide filter Detector
cavity

—_— 51,1 220 GHz
— 51,1 240 GHz

210[214.6 | 220 [225.6]230 240 250 260
Frequency / GHz




Measurements
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Dual-frequency arrays of slot antennas with CEBs in
Voltage-Bias mode
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Perspectives:
1. Concentric "Seashell" Antenna with resonant slots and
CEBs
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Absorption in 4-Frequency Seashell Slot Antenna
with RCEBs designed for 75, 105, 135, and 165 GHz

Silens Glued with

4 Cyanoacrylat

Si, 1.85 mm '
Si substrate, 250 pm______ NP =\ Fastened with

4-probe antenna Apiezon
22




Perspectives:
2. Arrays of resonant dipole (or slot) sntennas with CEBs

4-Frequency
Resonant Dipole
Antennas with CEBs

Glued with
& Cyanoacrylat

&< Fastened with
Apiezon

| - 8 23
Filter cap Waveguide filter Detector
cavity

4-probe antenna




Conclusions

. Multi-frequency system can be easy realized by
Ibsersion of CEBs in any antenna system due to
small size of CEB.

. Concentric Seashell antenna with CEBS Is

recommended for a single cell with a lens for small
power load.

. Arrays of resonant antennas with CEBs are
recommended for any power load.

. High sensitivity due to effective electron self-cooling:
NEP gg<NEP,;,; at 300 mK without dilution
refrigerator! °



