
Bolometer for CMB

Flavio Gatti

Università e INFN, Genova

Flavio Gatti –Bolometers for CMB– Workshop on Axion Physics and Experiments – Tuesday, 28 March 2017



Overview

1. CMB TES Bolometers and Performance
2. Status of the Art
3. TES Bolometers and Readout chain for LSPE
4. Future developments
5. Sub-THz/THz detection with Qdot/QPC
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1. First TES Spiderweb Bolometers developed within ASI project “Sviluppi
Tecnologici nel Millimetrico per missioni di polarizzazione”  (2010-12)  within  
the call on new instruments

2. They were proposed as baseline detectors  for  LSPE (ASI-Uni. La Sapienza) as 
contribution of INFN (Bolometers-SQUID Readout-FDM electronics)

3. New future developments within the Progetto Premiale ASI-INFN on CMB with 
Ballon Born Telscopes
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Forewords
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LSPE



TES

• Superconducting film operated in the s/c to normal transition
• SQUID as best matching current amplifier
• Low T à Low Noise Equivalent Power to input and narrow transitions
• Multiplexing schemes TDM and FDM are suitable

NEP = 4kTG
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Status of the Art

1. Bla Bla Bla

A. Lee, UCB, “Workshop CMB from Space” Tokyo 12 Dec 15 
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Status of the art

• Array size:  doubling time = 20 months
• NEP challenge: improves of about a factor 10 each 10 years

BLIP – CMB Space

BLIP – CMB Ground
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TES Large Area Bolomter for LSPE
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• LSPE based on Multi-Mode detection: Bolometers must couples with several 
tents of cavity modes (P.de Bernardis)

• This is the motivations of a such large area
• Expected performance of comparable experiment with 103 single mode detector
• Top flat beam is within the required angular resolution of LSPE 
1. Is 

L. LAMAGNA

L. LAMAGNA
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Fabrication Process @ Genova

Full fabrication in the Genova Facilities

Flavio Gatti – TES Bolometers – Workshop on Axion Physics and Experiments – LNF 28 March 2017



Fab and Test Facility in Genova

1. Fab Facility with Thin Film  
growth system (PVD, RF/DC 
Sputtering, PLD) 

2. Optical micro-lithography
3. Micromachining (RIE/ICP)
4. Low T fridges with SQUID for 

testing
5. “Flexible” for fast prototyping 

not very well suited for large 
production 

Clean room	for	litho and	thin	 films	
evaporation	system	facilities

Test	facilities
(3	dilution fridgew)
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TES performance test

• Bilayer TES Ti-Au studied for covering 0.3 -0.4 K
• Larger temperature range requirements (0.5K): Investigations on Ti 

and Mo films proximized with gold
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TES Performance tests

1. Bolometer in isothermal box at low T (no external EM radiation) 
2. TES at several operating points (R/Rn) 
3. Current Noise as composition of [phonon noise x bolometer gain] 

and Johnson noise;  SQUID noise at 1x10-12 A/Hz.

Fcut-off Bolometer

Fcut-off ElecPhonon noise

Johnson noise
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Design Review and upgrade

• Largest spiderweb bolometers even built: Metal film-SiN stress release à wavy 
shape at the edges

• Reduction of von Mises stress at the supporting beam à more than a factor 3

flatness loss problem
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Design Review and upgrade

1. TES: TiAu, MoAu
Ti: Tc(0.4-0.6 K) depends process T profile (issue fixed)

MoAu: unsatisfactory results
1. New Wiring: Nb better than Al
2. New mechanical structure (wavy almost negligible)

3. Fabrication and micro-etching recently switched to RIE-
ICP for BOSH process
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1. New Bolometer mounted in the cavity           2. Horn and Focal Plane (P. De Bernardis)



Frequency Division Multiplexing
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FDM electronics by INFN-PISA – Giovanni Signorelli 



Custom LC circuits for FDM resonators

• Niobium inductors produced on 2” Si wafer
• Designed, simulated and tested at INFN Pisa- Fabricated at CNR-

NANO PISA and INFN PISA
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Custom LC circuits for FDM resonators

• Pack 16 carriers in 0.2 -2 MHz frequency band for the LSPE bolometers
• Nb quality test: Tc=5.6 K , RRR=2
• 4-resonator test at 4.2: amplitude and phase (data vs simulation)
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Custom LC circuits for FDM resonators

• FPGA controls the carrier frequencies generation and de-MUX
• Provide operating set-point tuning of TES bolometers
• Firmware test done with Altera CicloneV FPGA for DAC/Carrier gen.
• Foreseen migration to MicroSemi SmartFusion2
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Future Developments

1. Goals:  

a. Antenna Coupled Bolometers

b. High Multiplicity GHz FDM (developed for the HOLMES project-INFN 
by NIST)

2. R&D: 

a. Planar Antennas (multicrhoic and polarization saving) 

b. HF Striplines and Filters

c. Small TES bolometer (10-2 um)

d. High multiplicity FDM ( several 10103)

3. Teaming up with Uni. Trento - TIFPA and FBK 

a. Antenna design

b. HF striplines and Filters (FBK)

c. Large scale production (FBK)
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Future Developments

A snapshot of the possible future development for the Italian CMB community: 
multiband and polarization saving antenna coupled bolometers

A. Lee, UCB, “Workshop CMB from Space” Tokyo 12 Dec 15 
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THz detectors: my experience within TERAEYE
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Integrated project for SMEsIntegrated project for SMEs
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THz detectors: my experience within TERAEYE



1. QPC detector Array (Fab.: Chalmers, Des.:Royal Holl. Univ. Lond., 
VTT, UniGenova)
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THz detectors: my experience within TERAEYE



1. 1.5 K detector CMOS-TDM mux electronics (UniGe, VTT) and THz 
Fresnel lens (Un. Savoy)
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THz detectors: my experience within TERAEYE



1. The Camera started and operated but not in passive mode
2. The only images taken were obtained  with THz irradiation 
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√THz detectors: my experience within TERAEYE



CONCLUSIONS

1. Almost 3 decades expertise in Low Temperature Detectors in INFN 
and 2 decades in TES detectors.

2. Presently a INFN  groups are committed  for providing the full 
detector-electronic chain ( 300 bolometers channels) for LSPE.

3. We hope for a successful ballon mission in the winter 2018-19. 
4. Involvement in future projects is under the INFN plans.
5. Teaming up with Uni.Trento-TIFPA and FBK could allow:

a. Expertise exchange and design/fab. capability improvement 
b. Large array productions

6. Nano-devices (TES or Qdot) should have sensitivity for single photon 
in sub THZ and THz range.

THz detectors: my experience within TERAEYE
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Back up slide

History

Clarcke et al. 1977
NEP  10-13 – 10-12 W/Hz
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