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1 RATIONALE OF THE PROJECT 

The leading role of the community, besides its contribution to the theoretical and interpretative 
framework, is also measured by its capability of providing state of the art hardware or designing innovative 
instrumental architectures.  

In Italy we have a long heritage of R&D in passive components for CMB studies (telescopes, feed horns, 
OMTs, phase discriminators, calibrators) and a more recent effort on active components (LNAs, bolometers, 
related electronics).   

For all these items, test and characterization for both development and delivery phases are crucial steps on 
the path to the assembly of the final instrument. Due to the stringent specifications, verifications are often as 
tough as the design and fabrication because of the necessity to cope with systematic effects that can be of the 
same order of magnitude of the quantities to be characterized. 

Scope of this WP is a survey of the existing expertise and test facility available in the Italian CMB 
community in order to trace an ideal supply chain starting from the design of an item, sub-assembly or sub-
system, its prototyping and/or manufacturing and verification- characterization.  

In the last years, thanks to ASI and MIUR funding, top level infrastructures dedicated to specific projects 
have been realized, constituting a precious background of people and instrumentation which risks to be 
under-assigned if not neglected. 

The main deliverable of this survey will be a full description of the test resources (hardware, software and 
know-how) in the different sites (Universities, INAF, INFN, CNR) and a prescription of what and how the 
facilities will need to be upgraded so that to remain effective and competitive in the following 3 years. 

 
2 RESULTS EXPECTED AFTER SIX MONTHS FROM THE KO-MEETING 

A preliminary list of sites with expertise on CMB instrumentation R&D, but also selected groups 
potentially interested in providing hardware for future orbital, sub-orbital or ground based programs is 
provided. 

 
3 RESULTS OBTAINED AFTER SIX MONTH FROM THE KO-MEETING 

We have contacted historical teams and sites, part of which are nodes of the COSMOS Program, but 
also groups and facilities totally or partially new to the field. 

The leading idea is to map R&D expertise in passive and active components as well as back-end electronics. 
We received expressions of interest from groups historically engaged in high energy physics with strong 
background in readout electronics also for space experiments. This can be a very precious contribution in 
case of a space mission. 

This survey is presented dividing the sites into two groups, according to the fact that their “historical core 
business” is the CMB observation or not. For each site a short note on the relevant current and past activities, 
not necessarily CMB related, are presented, together with a list of staff members, lab facilities and possible 
contributions to future activities. 
 
3.1 “Historical” Sites 

These sites are active in CMB research since decades, and the topic covered are CMB spectrum 
(Italy-USA collaboration, TRIS), CMB anisotropies (ARGO, MITO, Maxima, Boomerang, Planck), 
CMB polarization (Boomerang, Planck, Brain, MiPol, SPOrt, BaR-SPOrt, LSPE, QUBIC). 
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3.1.1 La Sapienza – Responsible Prof. Paolo de Bernardis 

The Observational Cosmology Laboratory (G31) at the Physics  Department  of  the  Sapienza 
University of Rome produces and tests instrumentation for observations of the sky at submillimeter 
and millimeter wavelengths. The group was involved, since 1980, in many experiments from 
different observational sites: ground-based, balloon borne and satellite. In this laboratory has been 
developed and actually built hardware for the MITO observatory on the Alps, the BRAIN 
experiment in Antarctica, the BOOMERanG stratospheric balloon and the High Frequency 
Instrument aboard of the Planck satellite of ESA. Current projects include LSPE and QUBIC.  

The laboratory is equipped with facilities for:  
• developing and assembling radiation filters and new technology detectors, like KIDs, 

specifically for mm-bands;  
• testing and developing readout low noise electronics;  
• cryogenic systems  for ensuring low temperatures (< 300 mK) for 

detectors  and  optical  systems;   
• calibrating photometers, polarimeters and spectrometers in the sub/mm spectral range;  
• data analysis support (workstations, storage space with backup, small clusters and access to 

large supercomputers).  

Laboratory personnel contributed very significantly to the development of the analysis pipeline of 
the BOOMERanG experiment, one of the first large datasets for CMB anisotropy, and of the B2K 
experiment, one of the first large datasets for CMB polarization. These pipelines were improved 
further for the analysis of the data from Planck-HFI. The analysis pipelines for LSPE and QUBIC 
will inherit quite directly these developments, and in particular the treatment of systematic effects, 
developed in the G31 group. 

 
3.1.2 University of Milano – Responsible Prof. Marco Bersanelli 

The laboratory has contributed to the design, development and/or testing of components for several 
projects. The main are 7x7 feed horn arrays at 43 GHz for LSPE/STRIP, 12 feeds and OMTs at 43 
GHz for SRT, 8x8 and 20x20 multifrequency feedhorn arrays at 150 and 220 GHz for QUBIC 

Current ongoing activities include: 

• Design, manufacturing and testing of  

§ a KID-coupled array of corrugated feed-horns composed of 37 elements [ASI project 
KIDS] 

§ a 150 GHz OMT to be coupled to a KID detector array [ASI project KIDS] 

• Manufacturing and testing of 95 GHz feed horns for LSPE-STRIP [ASI project LSPE] 
• The RF laboratory is equipped with the following hardware and software: 

• Two full anechoic chambers (122x122x305 cm and 400x330x840 cm) one with a dual reflector 
compact range (installation in progress) equipped with VNA Anritsu Vectorstar MS4647B 
(Frequency range: 0.01 ÷ 70 GHz), SNA HP8757D (Frequency range: 0.01 ÷ 50 GHz) and 
Agilent and Anritsu power meters 

• Stanford Research 530 lock-in amplifier 
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• Werth ScopeCheck 200 metrology instrument with touch-trigger probe 

• Software tools commonly used are Orange – SRSR-D, Ticra GRASP 10.2, COMSOL 
multiphysics 

 
3.1.3 University of Milano Bicocca – Responsible Dr. Mario Zannoni 

The Radio Group of the University of Milano Bicocca is active since ‘80s in the CMB field building 
instrumentation for spectral and polarization measurements (White Mountain, South Pole, TRIS, 
MiPol, LSPE and QUBIC experiments). The expertise covers full radiometer design (passive and 
active components), cryogenics down to 0.3K, analogue and digital readout electronics.  
The laboratories of the Radio Group are equipped with millimetric, cryogenics and electronics 
instrumentations:  
• Spectrum/Signal Analyzer (from 100 µHz up to 325 GHz), VNA up to 170 GHz, power meters 

up to 325 GHz, optical benches for free space propagation measurements. 
• Two totally oil-free cryo facilities operated by GM and PT coolers down to 3K for cryogenic S 

parameters characterizations. 
• Olympus stereo microscope for micromechanics/electronics inspection in laminar flux hood 

class 100 
• 3D gauge for shape verifications 
• Electronics Lab for prototype development. 
• Data acquisition, analysis and simulations are performed with dedicated workstations on 

LabView, ADS/MOMENTUM, Comsol Multiphysics, GRASP, SolidEdge, IDL. 

The Physics Department and INFN machine shop is able to realize millimeter optics, RF vacuum 
feedthroughs, custom components designed by the Radio Group. 

Currently the Radio Group main activities are LSPE/STRIP (readout electronics, polarimeters’ 
characterization, data analysis), QUBIC (complete RF switches, feed horns tests, data analysis), 
readout electronics for ASI KIDS for SPACE. 

 
3.1.4 INAF-IASF Bologna – Responsible Dott. Fabrizio Villa 

The expertise of the group (known as “Cryowaves”) derives from space-borne and ground-based 
instrumentation development and span several scientific and technical areas. It comprises expertise 
on antenna design and simulations, antenna development, thermal engineering, system engineering 
and AIV management, configuration management, testing and verification, qualification of flight 
hardware, data analysis. These unique mix of skills, competences and earned experiences, make our 
group (4 permanent staff and 3 temporary staff) able to approach all the phases of a large project 
(space-born and ground-based), from the conceptual design phase to the commissioning and 
observations. 

Cryogenic hardware:  

• The ‘coffin’, a cryofacility (1m x 2m x 1m) with configurable thermal interfaces to cooling 
instrumentation down to 4 K. These dimensions make this facility useful to test and calibrate 
big hardware as well as integrated instruments. The cryofacility is equipped by a Dry scroll 
vacuum pump, Turbo pump, Sumitomo Cold head Model RDK-415D (4K), Leybold cold head 
RGD5/100 (20K) 
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• The ‘blue barrel’. It is a small cryofacility to test components such as passive components at 

cryogenic temperature, or to measure thermal properties of materials. The facility permits to 
cool down the device under test down to 4K. 

RF Instrumentation:  

• Scalar Network Analyser 10 MHz - 100 GHz Agilent tech. 8757 D including a complete set of 
measurement system in Ka-, Q-, V-, and W-band (The procurement of a VNA up to 70 GHz is 
under study)  

• Wideband Peak Power meter. Anritsu ML2487 A (up to 50 GHz)   

• BIAS Supply and data Acquisition. NI PXI System with 2 units NI PXIE-4140 4-CHANNEL 
SMU to provide 8-channel supply for LNAs biases. NI PXIe-6361, X Series DAQ (16 AI, 24 
DIO, 2 AO) providing 16 analog input channels and 24 Input/Output channels. 

Software facilities:  GRASP; SRSR-D; Ansys HFSS suite; ESATAN TMS. National Instrument 
Labview.  

 
3.2 New Sites 

Part of these sites weren’t directly engaged in past CMB measurements, but acted as providers of 
crucial pieces of hardware. The rest are either groups active in CMB detectors R&D or even totally out of the 
business but with a strong background in rad-hard and space qualified electronics. 

 
3.2.1 University of Genova and INFN – Responsible Prof. Flavio Gatti 

The Low Temperature Detector group has expertise in design, simulation, fabrication and 
characterization  of  microcalorimeters and bolometers made with TES and semiconducting sensors. 
It has also expertise for making experiment and measurement with large amount of acquired data and 
analysis.  

The Lab has a small clean room for microlithography and micro-fabrication of the detectors. It is a 
class 1000 clean room that is equipped with Süss mask aligners and spinner/coaters, a PlasmaLab 
100 OxInst with DRIE/ICP process upgrade for etching Si, SiO2, Si3N4 and other materials, an 
Optical profilometer Shaefer SMART and an ESCA-XPS Physical Electronics system for precise 
surface elemental analysis. A wire bonders for Au, Al, Cu and Nb fine wires is available. 

For thin film production (TES sensors) various sputtering/evaporation systems are available for Nb 
and Ti; a ion Gun Omicron 5KV is used for surface cleaning; finally a pulsed Laser Deposition 
system for Ir, W, Re evaporation with 10 ns, 0.5J NdYAG Spectra Physics complete the thin film 
facility. The systems are interconnected, allowing multi-process of the sample without vacuum 
breaking.    

The LTD Lab has 3 sub-Kelvin dilution coolers from OxInst cooled with LHe, several 1K LHe 
cryostats and a pulse-tube cooler; two of these fridges are equipped with commercial SQUIDs 
electronics for the TES sensors reading; the detector signals are acquired with a Fast Digitizing 
System in PXI standard. 

Four-probe resistance for TES characterization can be performed with resistance bridges:  3 Picowatt 
AVS-47 with eight channels  and 1 Linear Research resistance Bridge with eight channels, all of 
them coupled to the data acquisition system.  
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LNA and Signal Spectral Analyzer HP for low frequencies ( 0.001-100kHz) and high frequencies 
(up to 45 GHz) 

Design and simulation tools includes RF, Thermal and Mechanical simulator based on HFFS, 
COMSOL multi physics and MatLab. 

 
3.2.2 MECSA and University of Roma Tor Vergata – Responsible Prof. Ernesto Limiti 

MECSA (Microwave Engineering Center for Space Applications) is formally a “Inter-Universitary 
Research Center”, with purely Public nature. In practice, it is a large specialized and distributed 
Research Center, focused on Microwave Theory and Techniques. MECSA activities of interest for 
CMB community can be grouped in the macro-area of Microwave Electronics (devices, circuits and 
subsystems). Device characterisation and modelling of linearity, non-linearity and noise up to 
110GHz (and above). Circuit and subsystem design of Amplifiers (PAs, LNAs, VGAs, DPAs ..), 
Mixers (resistive, passive, active ...), frequency multipliers, multifunction (Core chips, T/R chips, 
Integrated Receivers ...) adopting state-of the art design methodologies. Long-track experience in 
Hybrid and MMIC design with many foundries (SLX, UMS, OMMIC, WIN, NGS, TRW, Triquint, 
Raytheon, ...).  

Subsystems verification and testing benefit of laboratories equipped with: 
• 2 Vector Network Analysers (up to 110 GHz)  
• 2 Spectrum Analyser (up to 50GHz)  
• Noise Measurement System (up to 26.5 GHz, with proprietary extension to 40 GHz)  
• Digital Sampling Oscilloscope (up to 50 GHz)  
• I-V Pulsed Measurement System(GaAsCode)  
• Probe Stations (Cascade Microtech RF-1 and proprietary semi- authomated one, equipped with 

anti-vibrating tables)  
• Cryogenic Probe Station (down to 20K, proprietary)  

 
ASI, ESA, EC (FP6, FP7) are the main funding agenicies of MECSA and a collaboration with the 
French foundry OMMIC let to the realization of the first European commercial MMIC LNAs with 
performances of interest for the radioastronomical community. 

  
3.2.3 INAF-IRA (Bologna, Arcetri, Noto, Cagliari) – Responsible Dr. Eng. Alessandro Orfei 

The INAF-IRA is responsible for the development and maintenance of the Italian radio-astronomical 
facilities (Medicina, Noto antennas and the SRT). Historical expertise derives from the teams located 
in Bologna (Medicina) and Firenze (Arcetri). In the last years a skilled and equipped group grew also 
in Cagliari to serve the new Saridina Radio Telescope. The relevant activities are concentrated in 
receivers design and realization from hundreds of MHz to 100 GHz. Typical design capabilities are 
on passive components (feed horns, OMTs), active front-end and back-ends (LNAs, mixers, LO, IF). 
Standard cryogenic techniques (cryo-cooling) are commonly used in the Low Noise front-ends of the 
radio telescope receivers and this has become a part of the expertise of the group. Data acquisition 
and digital signal processing are common task of the IRA personnel. International collaborations are 
historically based on VLBI observations and recently on SKA. 

The most relevant instrumental resources are: 

Scalar and Vector Network Analyzers (10 MHz to 120 GHz) are available in almost all the sites. 
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Additional measurement capabilities are Noise, 1/f instabilities, compression point.  

In Medicina the VNA can be connected to a cryostat (size 40 x 40 x 24 cm) allowing the 
measurement of devices at cryogenic temperature (20K). 

The electronic lab in Bologna is equipped in particular with pick and place and ultrasonic wedge 
bonder. 

In Arcetri an anechoic chamber, size of 4.5 x 3 x 3 (height) m, is available for characterization of 
antenna system starting from 2 GHz. 

 
3.2.4 IEIIT-CNR Torino – Responsible Dr. Eng. Oscar Peverini 

The research field of the Applied Electromagnetics and Electronic Devices unit (AE&ED) mainly 
deals with the development of microwave, millimetre-wave, optical and electronic systems. In the 
microwave and millimetre-wave range, significant effort is devoted to the simulation, design, 
manufacturing, and measurement/calibration of novel components and systems for satellite 
communication payloads, and scientific instrumentation for radio-astronomy and astrophysics 
(SPOrt, SRT, LSPE/STRIP). In this context, specific topics deals with the development of: 

• Simulation codes based on integral-differential formulations, spectral methods, and model-order-
reduction techniques. 

• Direct synthesis techniques for RF design. 

• Novel layouts of radio-frequency devices exploiting advanced manufacturing technologies. 

• Vector-network-analyzer measurement procedures. 

• RF characterization of components and materials. 

• Characterization and calibration of polarimetric receivers both indoor and outdoor (via a drone 
system equipped with RF sources). 

The Applied Electromagnetics & Electronic Devices unit carries out the experimental research 
activities in the IEIIT-CNR microwave laboratory equipped up to 110 GHz (HP8510 and Agilent 
VNAs), and in the following facilities managed by the Electronic and Telecommunication 
Department of Politecnico di Torino: 

• a 5m x 5m x 4m size anechoic-shielded chamber operating above 700 MHz with a spherical 
near-field antenna test range at frequencies 700MHz-40GHz and a 3-axis positioner for far-field 
and spherical near-field antenna measurements. 

• a 2m x 4m x 2m size anechoic-shielded chamber operating from 1200 MHz up to 90 GHz,  with 
a 3-axis positioner for measurement of gain, far field patterns and antenna matching parameters. 

• an outdoor far field system  with 4 positioner, AZ over EL + roll axis for antenna under test and 
a source antenna rotator. The system operates with the Antenna Under Test (AUT) in reception, 
with an elevated range of 150m, mounted at 30m above the ground. 

 
3.2.5 IFN-CNR Roma – Responsible Dr. Gabriella Castellano 

The IFN-CNR has the mission of studying and developing advanced devices for photonics, 
optoelectronics and electronics. The Rome branch has a long-standing experience and reputation in 
the field of micro and nanoelectronic devices and structures, from design to fabrication.   
Collaborations  are  active  both  with  academic  partners  (universities,  other  public  research  
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bodies  such  as INAF, ASI, INFN) and with industries, from the big ones  (Leonardo Company, 
Thales Alenia Space-Italy, CGS) to SMEs.  
During the years, IFN-Rome has been active in the development of several types of radiation and 
single photon detectors based on superconducting materials and/or Josephson devices: bolometers, 
SNSPDs (Superconducting nanowire single-photon detector), KIDs (Kinetic Inductance Detectors). 
All of them have been fabricated in the micro-nanofabrication facility located at IFN-Rome,  
featuring a 250 sqm clean room (class ISO 5- ISO 6) and  hosting equipment for thin film 
technology,  namely  for  film  deposition  (e-gun  and  thermal  evaporation,  sputtering,  PECVD,  
ECR),  film etching  (fluorine  and  chlorine-based  RIE,  deep  RIE  with  ICP,  ion  milling),  
patterning  with  e-beam lithography  (100  keV),  photolithography  and  nanoimprinting,  
diagnostics  (AFM,  SEM). Relevant experimental facilities include:  

• Electron Beam Lithography (100 keV, VISTEC EBGP5)  
• Contact and double-side mask-aligners (Karl Suss, Evatec)   
• Several sputtering systems with and without magnetron, rf or dc, also for reactive sputtering 

of NbN (achieved) and TiN (under development)  
• 2 deposition systems equipped with e-gun, one of them equipped for tilted evaporation 

(Balzers)   
• RIE (reactive ion etching, Plasma Technology) for fluorine and chlorine gases  
• SEM (Zeiss);   
• AFM (Digital) for diagnostics and nanolithography  
• ECR system for deposition of dielectric materials, amorphous and policrystalline silicon  

In the cryogenic lab of the Institute, facilities are also available for a first test of the devices, in 
particular a 3He refrigerator operating at 300 mK.  

As regards CMB studies, IFN-Rome is involved in the fabrication of arrays of KID sensors, 
preferably onto silicon wafer of 3-4 inches diameter.  

Previous experience on this kind of detectors concerned phonon-mediated operation regime for the 
CALDER experiment  Afterwards, IFN-Rome  has developed KID arrays also  for astrophysical 
observations in the mm and sub-mm range (“KIDS- Kinetic Inductance Detectors for Space” and the 
KID arrays at 150, 202, 350, 480 GHz for the balloon-borne mission Olimpo.  

 
3.2.6 INFN-Pisa – Responsible Dr. Giovanni Signorelli 

The INFN group at Pisa led By Dr. Signorelli has experience in Detector calibration for high energy 
physics (PMTs, SiPM, MPPC, TES) at cryogenic temperatures (300mK to 170 K) by means of 
radioactive sources, laser light, x-rays, LEDs, for the CHOOZ, MEG, MEGII and LSPE experiment. 
Detector development and test (wire chambers, drift chambers, silicon strip detectors) is also part of 
the historical expertise. Readout and trigger electronics, low noise electronics, cold and ultracold 
(superconducting) electronics are also partgroup. of the R&D activity of the Pisa  

Recently the group joined the LSPE collaboration to provide the readout electronics for TES 
detectors for the SWIPE instrument 

At INFN Pisa there is a cryogenic laboratory with: 
• two wet cryostat for calibration and measurements at liquid nitrogen temperatures in UHV. 
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• one dry cryostat for calibration and measurements down to 20 K (one-stage GM power 5 W at 

30K) 
• one dry cryostat for calibration and measurement down to 300mK (two stage pulse tube - 1 W 

at 4K,  20 uW at 300 mK) 
• Furthermore there is a calibration lab with a x-ray source for detector irradiation (40 kVolt, 

Chromium	cathode)	

 
3.2.7 ELETTRA-Trieste – Responsible Dr. Giuseppe Cautero 

ELETTRA is a private foundation partially funded by Italian Ministry for Research. The mission is 
to provide synchrotron light from THz to 30 keV for pure and applied research. ELETTRA has its 
own electronic lab at the service of the experimental beam lines, but recently started also a semi-
industrial activity devoted to the design, fabrication and sale of electronic devices typical of high 
energy physics. The electronic group has a deep expertise in design and fabrication of analogue and 
digital readout electronics fit for rad-hard environment. For this reason they candidate to be a 
reference provider of back-end analogue and digital electronics for space or suborbital missions. Of 
relevant interest is also the mechanical workshop where ultra high vacuum components are designed 
and manufactured. 

The electronic lab is able to design (Altium designer) and realize prototypes (LPKF) of analogue and 
digital electronics (from DC to RF). FPGA programming in Xilinx and Altera environment. 
LabView software is the standard resource for instrument control, programming and acquisition. 

 

 
3.2.8 Fondazione Bruno Kessler - Trento – Responsible Dr. Benno Margesin 

Fondazione Bruno Kessler is a private foundation of public interest active in technological 
development and human science. One of its centers is the Centre for Materials and Microsystems 
(CMM): an applied research centre that operates in the following areas of science and technology: 
materials and interfaces, devices and microsystems, integrated systems. The MicroSystems 
Technology (MST) Research Unit is oriented to the design and fabrication of microsystems, 
microdevices and sensors. The main activities are concentrated on one side on biomedical, 
environmental and agrofood applications and on the other side on MEMS devices development for 
radiofrequency transmission and control. The MEMS group has a long lasting experience in process 
development and microstructure design also in the field of microbolometers for basic science 
applications. The main research activity performed in this context in the last years was the 
development of Kinetic Inductance Detectors (KIDs). In developing KIDs FBK can be competitive 
by providing a technological approach that is more manufacturing oriented but at the same time 
keeps enough flexibility to accommodate the needs of the specific applications. With respect to more 
research oriented institutions FBK can provide a better technology control. In addition they have 
capabilities in cryogenic characterization which are useful in the development phase as they allow 
to  perform the more technology oriented characterizations and provide the final user with already 
selected and measured samples. 

Specific applications have been developed in collaboration with INFN, the University of Rome 
Sapienza and the University of Milano Bicocca. 
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