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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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Large Scale Polarization Explorer
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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New Experiment Configuration and Flight Schedule SWIPE S
»+ Flight scheduled by ASI in the winter 2018-19 [/ =\
» Low frequency telescope (STRIP) ground based at Tenerife ASAYe Y2
»+ High Frequency telescope (SWIPE) will fly alone St

Adm

Hardware status

»+ Horn designed and prototype ready

» New bolometer under production

» SQUID selected, LNA 4th prototype tested

»+ LC resonator and FDM electronics prototype tested

LC resonator

Flavio Gatti -Bolometers for CMB- Workshop on Axion Physics and Experiments — Tuesday, 28 March

2017




@f— IN H—N Flavio Gatti — TES Bolometers — Workshop on Axion Physics and Experiments — LNF 28 March 2017

rtoliono

2.5 - Sensor sensitivity

0.5 / Ir-Au

Superconducting film operated in the s/c to normal transition

SQUID as best matching current amplifier
Low T - Low Noise Equivalent Power to input and narrow transitions

Multiplexing schemes TDM and FDM are suitable

a= (T/R) dR/dT

AT=03mK
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B mierostrip
C: filters
d‘: TES bolometer

Response (arb)
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A. Lee, UCB, “"Workshop CMB from Space” Tokyo 12 Dec 15
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« Array size: doubling time = 20 months

 NEP challenge:
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improves of about a factor 10 each 10 years
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LSPE based on Multi- Mode detectlon 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

Multimoded optics: Polarisation T T
2 Circular waveguide first 5 modes 0: L. LAMAGNA
& C
Mode 1 Related Beams
L. LAMAGNA 10F
Mode 2 E
20F
30 :—
“0f
¢ It is challenging to keep the polarisation purity using multimoded horns E /) ) - ) L
-> Itis also not obvious how to carry out the measurements 100 = : 50 .
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Full fabrication in the Genova Facilities

Fabrication Process 1: Fabrication Process 2:
metals deposition Etching
Negative Photolithography, e-beam metal evaporation, Lift-off process Reactive lon Etching used o cut silicon and silicon nitride
e Sterung from 2 silicon wafer covered with: 1 1! |
_ :25::3‘: ‘ _
= e =i & i
- —— % — — —
TES: TES wiring: Au absorder deposition and RIE CF, + O, etching cdeposition of Aluminum RIE back wafer etching with
‘l"lu :nm Al or TVA/TI multiayer m‘ — :;':;;::m mo&m “
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Fab Facility with Thin Film
growth system (PVD, RF/DC
Sputtering, PLD)

Optical micro-lithography
Micromachining (RIE/ICP)
Low T fridges with SQUID for
testing

“Flexible” for fast prototyping
not very well suited for large
production

C
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Clean room for litho and thin films
evaporation system facilities

Test facilities
(3 dilution fridgew)
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. B|Iayer TES T| -Au studled for coverlng O 3 O 4 K

« Larger temperature range requirements (0.5K): Investigations on Ti
and Mo films proximized with gold
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1. Bolometerin 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-of'f Bolometer

10™

RRy =10.2%
—— RIRy=128%
—— RIRy=18.8%
—— RIRy=27.2%
——  RIRy=46.1%
——  RIRy =554%
{ |—— RRy=626%

Current spectral density [A/(Hz)*1/2]

Current spectral density [A/(Hz)*1/2]
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« Largest spiderweb bolometers even built: Metal film-SiN stress release > wavy
shape at the edges

« Reduction of von Mises stress at the supporting beam - more than a factor 3

Surtace: von Mises stress (Nim?)
25 260 265 A et
: ot
s
as
.
Pssas: 723
0::“:‘ 32 a
oetesss! 950500
G :‘0‘0’0"
27 & -
et esss! 458 Hlas
R 05050555 e%,
LR SRS
02
X Hs
SR
SRS Has
IS LR 2
ST
%
Sese 0ot IR
5888 XX H-
todedes: 859%e% |
osee: 3RS
Nooe, S

Surface: von Mises stress (Nm?)
205 200 205 e
x10°
s

Seesses
2R "::‘

flatness loss problem

G
BRI
R
R
2R
%

. W - e L4 - _—

G]_ .)1 INFN Flavio Gatti — TES Bolometers — Workshop on Axion Physics and Experiments — LNF 28 March 2017




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)

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)
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FDM electronics by INFN-PISA - Giovanni Signorelli
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« 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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« Pack 16 carriersin 0.2 -2 MHz frequency band for the LSPE bolometers
 Nb quality test: Tc=5.6 K, RRR=2

Superconducting transition

4-resonator test at 4.2: amplitude

and phase (data vs simulation)

-
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« 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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1. Goals:
a.
b.

2. R&D:

o0 T o

a.
b.

C.

Antenna Coupled Bolometers

High Multiplicity GHz FDM (developed for the HOLMES project-INFN

by NIST)

Planar Antennas (multicrhoic and polarization saving)

HF Striplines and Filters

Small TES bolometer (102 um)

High multiplicity FDM ( several 10103)
3. Teaming up with Uni. Trento - TIFPA and FBK

Antenna design

HF striplines and Filters (FBK)
Large scale production (FBK)
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A snapshot of the possible future development for the Italian CMB community:
multiband and polarization saving antenna coupled bolometers
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Figure 1.10 — Resulting image of passive spectroscopy.
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Figure 3.5 — On the right the whole array of sensor is presented, on the right
the picture of one mesoscopic sensor in which gates define the point contact
and the coupled dot. The image has been acquired with Scanning Electron
Microscopy courtesy of Cristina Bernini, SPIN-CNR sez. Genova.
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1. QPC detector Array (Fab.: Chalmers, Des.:Royal Holl. Univ. Lond.,
VTT, UniGenova)
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1. 1.5 K detector CMOS-TDM mux electronics (UniGe, VTT) and THz
Fresnel lens (Un. Savoy)
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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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Almost 3 decades expertise in Low Temperature Detectors in INFN
and 2 decades in TES detectors.

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

We hope for a successful ballon mission in the winter 2018-19.
Involvement in future projects is under the INFN plans.
Teaming up with Uni.Trento-TIFPA and FBK could allow:
a. Expertise exchange and design/fab. capability improvement
b. Large array productions

Nano-devices (TES or Qdot) should have sensitivity for single photon
in sub THZ and THz range.
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Clarcke et al. 1977
NEP 10-13—-10-12 W/Hz

A Superconducting Bolometer as a
High Sensitivity Detector for Molecular Beams

M. Cavawung, G, GALLINARO, and G. Scotes

Istituto di Fisica Sperimentale dell’Universia,
16132 Genova, Italy
Gruppe Nazlenale & Struttura della Materia del CNR.
(L Novwrtarsdh, 20, 19501051 (199] 1 peveived 31 July 1969)

The construction, operation and calibration of a supercon-
ducting belometer is reported. Operated as & molocalar beam
detector the bolometer has, for Argon, & maximum sensitivity
of 710 melecules sec ! corresponding to a NEP. of 3:10-1
Wart Hz L

The use of a liquid He cooled Ge infrared detector
as a high sensitivity bolometer detector for molecular
beams has been recently reported ' and its usefulness
in molecular scattering experiments has been shown * %,

The present note is intended to report on the con-
struction, operation and calibration of a superconduct:
ing bolometer which, operated as a molecular beam
detector, showed an order of magnitude improvement
in signal to noise ratio compared with the previously
used Ge bolometer,

A superconducting bolometer has been reported, al-
most ten years ago, by MARTIN and Broox ' which
showed a noise ﬂiuiulml power (N.EP.) of about
3107 Watt Hz ¥ (reflection coefficient 2+ 0.1) with
a time constant of about 50:10°* sec. The sensitive
element was an evaporated tin film maintained at a
fixed temperature, to within 1072 °K, in its supercon.
ducting transition (around 3.7 °K). In this condition
the film has a very large temperature cocfficient of

resistance that can be used to transdece a chopped
power imput to a voltage output which may thea be
integrated wit dard techniq

Up to the present time the superconducting bolo-
meter has not been widely adopted in infrared spectro.
scopy for two main reasons. The first is the difficulty
of thermo-regulating the sensitive element within 10°*

K. and the second is the extreme delicacy of its con:
struction.

Taking into account that the NE.P. of Martin and
Bloor's bolometer was reported to be limited by the
electronics available at that time, we undertook the
development of a superconducting bolometer with the
aim of solving the mechanical ruggedness problem by
relaxing the requirement that the film, when operating,
should be homogencous in temperature.

Indeed the possibility of a superconducting thin film
acting as a non isothermal bolometer is qualitatively
quite obvious and has also been quantitatively discus-
sed theoretically in the literature by Franzin®,

A superconducting bolometer of the non isothermal
Kind has also been reported by V. A. KoNovopcHinko
et al. at the 11"™ Low Temperature Conference (St
Andrews 1968). With respect to this point it should be
noted, however, that it is not clear whether or not a non
isothermal bolometer can be operated oaly in the way
described by Franzen?, Indeed the tramsition curves
obtained by us (see Fig. 1) were of the kind expected
for a non isothermal element. Two types of operations
are then possible: namely in the region a or in the re-
gion b, Region b corresponds to the type describec by
Franzen. If sufficient thermal stability is available one
can operate in region a which, in our opinion, cor
responds to a diflerent non isothermal kind of opera:
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Reprint requests to Dr. G. Scours, Istituto di Fisica Speric  * P, Canring, M. Cavarten, M. G, Doxor, and G. Scotrs,
mentale dell'Universith di Genena, Viale Benedetto XV, 5, Phys. Letters 27 A, 284 [1968)
116132 Genoue, Inaly, ¥ M. G, Doxoe, G. Scours, F. Torrio, asd H. Pauty, J.
UM, Cavasuns, G, Garuxano, and G, Scowrs, Z. Natur Chem, Phys. 51, 392 [199)
forsch. 22a, 413 [1967). 4 D.H. MaxTix and D. Brook. Cryogenics 1, 159 [1961).
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