
QUART&T’s got facilities

WP7 - M. Faverzani and A. Rettaroli



6 facilities:

1. INFN – Bologna
2. INFN – Laboratori Nazionali di Frascati (LNF)
3. INFN – Lecce
4. INFN – Milano Bicocca
5. INFN – Pisa
6. INFN – Trento Institute for Fundamental Physics and Applications (TIFPA)
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INFN - Bo
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WP7 – Bologna

• The group owns an AMD/Xilinx Zynq Ultrascale+ RFSoC ZCU111 
Evaluation kit (main board + XM500 balun card) 

• 8 ADC/DAC embedded (4/6 Gsps, 12/14 bit)

• Building expertise in usage of QICK and QIBO during the last year of 
the Qub-IT project

• Participated in the single qubit characterization at LNF in  May 2024
• Successful test for single-tone spectroscopy
• Used local RF oscillators at LNF for up/down conversion

• In Bologna, a RF oscillator (6 GHz) of the Electronic Service can be 
borrowed for short periods of time (1-2 weeks)

21/02/2025 Quart&t kick-off meeting 4



WP7 – Bologna

• We plan to buy a RF oscillator in 2026 to be used with the ZCU111 
for the Drive and Readout/Feedback control at frequencies not 
directly reachable 

• Ongoing: purchase of a  new VFE-100 board by «Intermodulation 
Products»  as a replacement of the XM500 front-end card (access 
to ADC/DAC without undesired attenuators and filters)

• We also plan to gain experience with the usage ZCU208 (Gen. 3)

• Preliminary contacts in 2024 with the FE group (ZCU208 available 
in Ferrara)

• The idea is to provide support at the LNF group in the data 
acquisition, if necessary even using some hardware available at 
the LAB

21/02/2025 Quart&t kick-off meeting 5



Laboratori Nazionali
di Frascati
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LEIDEN CRYOGENICS

m b r.m a te ria a l

6-Jan-21

d :\\P ro E \ \C F -C S 1 1 0 X 3 -2 P T -T O T -O P E N .d rw

CF-CS110X3-2PT-TOT-OPEN mbr.partnumber

𝑇𝑏𝑎𝑠𝑒 = 8 𝑚𝐾

Cooling power:
500 𝜇𝑊 @ 100 𝑚𝐾

• 3 high-attenuation input rf lines

• 1 low-loss SC output rf line

RF instrumentation:
• VNA
• Signal gen. (LO and drive)
• Mixers 
• Wavefunction gen.
• Digital oscilloscope (DAQ)

LNF dilution unit
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LNF setup upgrades

8 new RF lines in Leiden C. cryostat

New BLUEFORS cryostat

➢ 16 RF lines; 4 are low-loss SC

➢ 72 DC wires

➢ Cryogenic Variable Temperature 
Noise Source

➢ Insertable cold probe 
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Technical Description  

Cryogen-free dilution refrigerator  
measurement system 

LD System 
December 29, 2022 

Version 3.0  

sales@bluefors.com 
+358 9 5617 4800 
 
BLUEFORS.COM 

Upgrade of an 
old cryostat:

Will be provided with 
Sumitomo Pulse Tube (1.2 

W@4.2 K).

 To become a 4K test 
station
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Technical Description  

Cryogen-free dilution refrigerator  
measurement system 

LD System 
December 29, 2022 

Version 3.0  

sales@bluefors.com 
+358 9 5617 4800 
 
BLUEFORS.COM 
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LNF setup upgrades

Purchased new readout electronics 
for qubits

Conclusion

(0x50x72)

Colou rs

(R/G/B)

H ighlight (1)

(99x184x224)

H ighlight (2)

(180x220x240)

G rey 1

(120x120x120)

G rey 2

(165x165x165)

G rey 3

(230x230x230)

G reen

(27x135x78)

Orange

(238x133x28)

Red

(169x7x7)

ACCELERATING THE 

ADVENT OF THE QUANTUM 

COMPUTER.

Crescendo 
Introduction, Specifica tions & Ins tallation ins truc tions 

• TWPAs purchases to be done
• TWPAs from collab (WP6)
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FPGA resource estimates    

Site type Available Used % Utilized Available to user 

CLB LUTs 244936 9424 3.85 235512 

LUT as logic 244936 9369 3.83 235567 

LUT as memory 113192 55 0.05 113137 

CLB registers 489872 10028 2.05 479844 

Register as flip flop 489872 10028 2.05 479844 

Register as latch 489872 0 0 489872 

CARRY8 30617 162 0.53 30455 

F7 Muxes 122468 242 0.20 122226 

F8 Muxes 61234 119 0.19 61115 

F9 Muxes 30617 0 0 30617 

CLB 30617 3647 11.91 26970 

CLBL 16468 1971 11.97 14497 

CLBM 14149 1676 11.85 12473 

Unique control sets 61234 1144 1.87 60090 

Block RAM tile 360 0.5 0.14 359.5 

RAMB36/FIFO 360 0 0 360 

RAMB18 720 1 0.14 719 

URAM 240 0 0 240 

DSPs 1872 0 0 1872 
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M5301A characteristics  

General characteristics  

Description PXIe Baseband AWG 

Bus interface and compatibility PXIe peripheral module (x8 Gen 3) 

Number of slots 1 

PXIe chassis compatibility M9046A 

Front panel connectors  

RF Input connectors SMA (4) 

Trigger I/O SMB (4) 

2.4 GHz in MCX 

2.4 GHz out MCX 

Mechanical (nom)  

Size 
3U/1-slot PXIe standard 
130.1 x 21.7 x 210 mm; includes connectors and handle 
extensions 

Weight 420 g (0.9 lb) 
 

Channel characteristics  

Performance characteristics  

DAC resolution 14-bit 

Bandwidth 400 MHz, -3 dB 

Usable frequency range7 
0-450 MHz, ±1.5 V 
0-350 MHz, ±2.0 V 
0-275 MHz, ±2.5 V 

Waveform memory depth, per channel 1 GSa 

Waveform sample rate 2.4 GS/s 

Output voltage ±2.5 V into 50 Ohms 

Settling time (to 99%) < 200 ns 

Settling time (to 99.999%) < 1 us 

Temperature stability 20 uV/ºC 

Output impedance 50 Ω 

Noise floor (NSD) -145 dBm/Hz 

Phase noise 8 -142 dBc at 100 MHz,10 kHz offset 

 
 
 
 
 
 
 
 
 
 
 
 

 
7 Non-linear behavior of spectral content may occur outside of the useable frequency range  
8 When used with M9046A-QS1 

             6 

M5301A Baseband AWG 

The M5301A is a single-slot PXIe module with four baseband AWG outputs, clock 

input and output, and four triggers. It provides high-performance with easy-to-use 

programming libraries, real-time sequencing technology, and FPGA programming. 

The M5301A Baseband AWG module supports analog waveforms from 0 to 400 

MHz with 400 MHz of bandwidth. The waveforms can be played from onboard 

memory as part of an HVI sequence.  

The M5301A includes a PathWave FPGA with user-customizable customer 

accessible area. The FPGA resource reserved for the customer configurable area 

is approximately 25% of the total XVCU35P FPGA resources. The customer 

configurable area in the M5301A reserves approximately 98% of CLB registers and 

98% of LUTs for the user application.  

 

M5302A Digital I/O 

The M5302A is a single-slot Digital I/O PXIe module with 28 programmable LVDS 

channels and 8 single-ended channels. The LVDS channels can be used to 

communicate to the device under test or can be used to control other devices by 

emulating protocols. The single-ended channels are suitable for event triggers or 

other general-purpose I/O applications.  

There are 28 bidirectional differential channels included on a 100-pin, front panel 

connector. These differential signals are LVDS (meant to drive 100-ohm differential 

load) and have a 1.2 Gbps maximum toggle rate. The Dig connector also includes 

+5 V power that is available to the user to power external interface circuitry 

(maximum current load is 0.5 A).  

Eight SMBs are available for instrument triggers or other general purpose I/O 

signals. These channels are single-ended with a voltage swing of 0 – 3.3 V when 

driving High Impedance loads (the voltage levels at the DUT are halved when 

connected to a 50 Ω load). These signals can toggle up to 150 MHz when used as 

outputs, and 75 MHz when used as inputs. 

 

Distributed processing with FPGA 

The M5000 Series has individual FPGAs in each module. Featuring the Kintex UltraScale+ FPGA in the 

M5201A and M5302A, and the Virtex UltraScale+ FPGA in the M5200A, M5300A, and M5301A, which 

allow for fast, distributed processing. The FPGA configurable region utilizes Xilinx FPGA partial 

reconfiguration technology to design and configure a defined section of the FPGA without the need to 

power down or reboot the cards or host computer. 

 

4 channels
400 MHz bandwidth
2.4 GS/s rate
FPGA integrated

QuantWare
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INFN - Le
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INFN LECCE / EMFL-IRIS Infrastructure / Omnics Lab

http://www.omnics.it/home/

http://www.omnics.it/home/ 

giuseppe.maruccio@unisalento.it

ZNA vector network 

analyzer @ 67 GHz,

four channels

Present major equipment

Milano 

Frascati

Napoli 

Salerno

Genova

Lecce

Firenze

Milano 

Perugia

Roma

Napoli 

Torino Pavia

Pisa

Salerno

Parma Modena
BolognaGenova

Lecce

EU and IT infrastructures

EU / EMFL-ISABEL

IT / IRIS

IT Magnetism Network

Cryogenic superconducting magnet 

(10.5 T, 0.3-300 K) 

Oxford dilution refrigerator (down 

to 10 mK, vector magnet 6T/1T/1T) 

Lakeshore Cryogenic RF probe 

station (8 K, 0.5 T and 70 GHz)

close-cycle 

SQUID 

magnetometer

scanning probe microscope (MFM, 

PFM up to 9T and 2K)

split pair  cryogen-free magnet 

system for combined magneto-

optical and FMR measurements

close-cycle superconducting 

magnet for physical 

properties measurement

NEW INSTRUMENTATION [PNRR-
IRIS]Laboratory for Magnetism and 

Superconductivity

11

http://www.omnics.it/home/
http://www.omnics.it/home/
https://www.facebook.com/omnics.research/
https://www.linkedin.com/company/omnics-research-group/
https://www.youtube.com/channel/UCABaDJvVbcsJTZOdZCp9GZw
https://twitter.com/home?lang=en
https://www.slideshare.net/GiuseppeMaruccio1
http://www.omnics.it/home/
https://www.instagram.com/omnicsresearchgroup/


INFN LECCE / EMFL-IRIS Infrastructure / Omnics Lab

http://www.omnics.it/home/

http://www.omnics.it/home/ 

giuseppe.maruccio@unisalento.it

Measurement capabilities
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Oxford dilution refrigerator (down 

to 10 mK, vector magnet 6T/1T/1T) 

SETUPs AVALIABLE:

➢ Magnetotransport down to 15mK

➢ MW measurements up to 67GHz, 

four channels (VNA) (8K)

➢ Vector magnet 6T/1T/1T (18 GHz, 

15mK))

➢ High field up to 10.5 T (and beyond 

within EMFL)

➢ Magnetometry (1K, 9T)

QMEASUREMENTS CAPACITIES

➢ Strong coupling measurements in 

cavity resonators

➢ Qubit measurements: to be tested in 

operative conditions, possible need 

for improvement in sample box 

(shielding and sample temperature) 

and MW lines (attenuation and 

filtering)

http://www.omnics.it/home/
http://www.omnics.it/home/
https://www.facebook.com/omnics.research/
https://www.linkedin.com/company/omnics-research-group/
https://www.youtube.com/channel/UCABaDJvVbcsJTZOdZCp9GZw
https://twitter.com/home?lang=en
https://www.slideshare.net/GiuseppeMaruccio1
http://www.omnics.it/home/
https://www.instagram.com/omnicsresearchgroup/
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Milano – Bicocca: 
cryostats

• Now: one dry 3He/4He cryostat + one wet with coax lines, 
HEMT and circulators

• By June, two brand new dry cryostats Proteox by Oxford 
instruments procured within NQSTI (PNRR)

• 400 W @ 100 mK

• each instrumented with 10 semirigid coax lines, 3 of  
which in Nb with HEMTs + double junction circulators

• one additional insert with semirigid coax + HEMTs + 
circulators for fast sample switching

• cold cryoperm for magnetic shielding 

• one cryostat equipped with 6-1-1 T vector magnet

• New, joint lab with 5 refrigerators is being built, in the 
meantime temporary labs

21/02/2025 Quart&t kick-off meeting 14



Milano – Bicocca: readout and 
electronics

• Several RFSoC boards:

• ZCU111: 8x ADC 4 GSPS; 8x DAC 6.5 GSPS

• RFSoC 4x2: 4x ADC 5 GSPS; 2x DAC 9.85 GSPS

➢ already used for this characterization of  trasmons: arxiv:2409.05988

• ZCU216 by the end of  the year: 16x ADC 2.5 GSPS; 16x DAC 9.85 GSPS

• Quantum controller by Quantum Machines OPX+: 8x 400 MHz outputs; 2x 400 MHz 
inputs; 10x digital outputs

• up/down converter Octave: 5x up-converted 2-18 GHz outputs; 2x down-converted 2-18 GHz inputs

Parametric amplifiers:

• JPA from NIST: tunable center frequency 6-10 GHz

• 2x JTWPA from Silent-Wave (Argo and Carthago) by the end of  the year

• KI-TWPA developed within MiSS/DARTWARS and in collaboration with NIST

Ancillary instruments:

• VNAs, Spectrum Analyzers, AWGs, Synthesizers, …

• Extensive use of  Qibocal (arxiv:2410.00101), Qibolab(arxiv:2308.06313), and Qibosoq
(arxiv:2310.05851)
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INFN - Pi
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Cryostats

• Bluefors SD T < 22 mK with 4x RF (20 GHz) +

48 DC in an EMI shielded room

• Custom Chase T < 300 mK with DC capabilities

Electronics

• Vector Network Analyzer up to 44 GHz

• Arbitrary Waveform Generator up to 12 GS/s

Cold (4 K) amplification

• HEMT amplifier 0.3 - 14 GHz

Today



Cryostats

• Oxford Instruments Proteox MX with 8 RF lines, 48 DC

lines, removable secondary insert, triaxial magnet 6-1-1 T

(Delivery 06/2025)

Electronics

• Keysight Qubit Controller for few qubit operation

(Delivery 03/2025)

Cold (4 K) amplification

• HEMT amplifier 4 - 8 GHz (Delivery 04/2025)

Tomorrow



TIFPA
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Cryogenic laboratories at

UniTn Cryogenic Lab
Fridge:

- DR Janis, Tb = 30 mK
- 2 input lines, 1 output lines + switches

Liquid He (with recovery line)

RF instrumentation: 

- VNA Copper Mountain C2220 20 GHz 
- Spectrum Analyzer HP 20 GHz
- Signal generator Anapico 20 GHz
- Signal generator Marconi 5.4 GHz
- AWG Siglent SDG7102A 1 GHz

etc.  …

Activities

Characterisation of devices at mK
Fast testing in liquid Heat 4K

21/02/2025 Quart&t kick-off meeting
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FBK Cryogenic Lab
Fridges:

- DR Bluefors LD250, Tb = 8 mK
8 input + 2 output lines 
(in expansion)

- Cryocooler, Tb ~ 4 K

RF instrumentation (R&S):

- VNA ZNB 26 GHz
- Signal generator SMB-100B
- Spectrum analyzer FPL

etc.  …

Qubit control:
- RFSoC board 4x2 Kit

Cryogenic laboratories at

Activities

Characterisation of devices
Fast testing with cryocooler
Qubit measurements (RFSoC) Quart&t kick-off meeting


	Diapositiva 1: QUART&T’s got facilities
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4: WP7 – Bologna
	Diapositiva 5: WP7 – Bologna
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12:  Measurement capabilities
	Diapositiva 13
	Diapositiva 14: Milano – Bicocca: cryostats
	Diapositiva 15: Milano – Bicocca: readout and electronics
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21

