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‘Working Package Number | 4 ‘ Start date or starting event ‘ M1

‘WP Package Title Microfabrication process for transmon qubits

Participant short name TIFPA [ PI [ LNL I [ CNR [ FBK

WP Leaders Federica Mantegazzini (TIFPA), Claudio Puglia (PI)

Objectives
Development of microfabrication and packaging processes for 2D and 3D transmon qubits; investigation of
new materials; production of the final devices.

Description of work

The focus of this work package is to complete and improve the acquisition of all the technological tools
and know-how to reliably microfabricate and package 2D and 3D transmon qubits. The final goal is the
production of fully assembled qubit devices designed within the work packages WP2 and WP3

The main activities will be dedicated to the optimization of the existing Al-based Josephson junction and
resonator mierofabrication processes at TIFPA and CNR.

At TIFPA, Al/AlOx/Al Josephson junctions have been already developed, fabricated at the FBK cleanroom
facilities and successtully tested. The aluminum coplanar waveguides resonators that have already been
produced demonstrated good internal quality factors (10° — 10%). New processes and materials will he
investigated to approach 10% — 107 quality factor to boost the device performances.

At IFN-CNR the fabrication process of Al/AlOx/Al junctions and resonators, already developed in Qub-IT
and SIMP projects, will be optimized for the new designs of the project.For this purpose the flexibility of
EBL lithography and multiple angle shadow mask evaporation will be extensively used.

The organization of the activities of this WP will closely follow the steps planned for the work packages
WP2/WP3 and the optimization process will be strictly connected with the characterization activities
carried out in WP7. Several researchers will be involved in all these WPs, allowing to establish rapid
feedback between design/simulation, fabrication, and testing to aceelerate device optimization. To do so
will be developed a common RF/DC packaging solution for the test of the planar devices that will be used
in all the characterization facilities. At the same time, for the characterization of the 3D devices, will be
optimized the production protocol for the 3D superconducting cavities.

Tasks description

T4.1: Optimisation of the overlap Josephson junction process (M1-M10).

T4.2: Optimisation of aluminium coplanar wavegnide resonators (M1-M10).

T4.3: Optimization of aluminum qubits for the 3D configuration (M1-M10).

T4.4: Investigation of other superconducting materials, such as Nb, Ta, NbN, NbTiN (M6-M24)
T4.5: Microfabrication of test structures to develop qubit couplers (M12-M24).

T4.6: Optimization of the PCB layout via electromagnetic simulation (e.g. Sonnet Software) (M1-M6)
T4.7: Optimization of the enclosure for the transmon qubits via electromagnetic simulation (M2-MT).
T4.8: Fabrication of the packaging system. (M7-M24).

Deliverables

D4.1: Definition of the microfabrication process specifically tailored for planar transmon qubits (M12).
D4.2: Definition of the microfabrication process specifically tailored for 3D qubits (M12).

D4.3: Definition of a protocol for fabrication and surface treatments of a cavity for 3D Qubit (M18).
D4.4: Report on investigation of new superconducting materials (M24).

D4.5: Report on the electromagnetic simulations (M8)

D4.6: Shipment of the packaging system to all the characterization centers (M26).

Milestones

M4.1: Microfabrication of preliminary planar two-qubit design from WP2 (M12).

M4.2: Fabrication of a 3D cavity and transmons for the 2-qubits device designed in WP3 (M12).
M4.3: Microfabrication of 3D transmons optimized for qudits experiments designe din WP3 (M24).
M4.4: Microfabrication of the planar two-qubit design (parametric coupler) from WP2 (M24).
M4.5: Radio frequency test at mK of an optimized S3D cavity and multi-cavities (M24).

M4.6: Microfabrication of the planar five-qubit design (all-to-all connection) from WP2 (M36).
M4.7: Fabrication of ring resonator and 3D qubits (all-to-all connection) from WP3 (M36)

M4.8: Packaging design optimized (M12).

M4.9: Final packaging system design and fabrication protocol (M26).
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and resonators, already developed in QubIT and SIMP
projects, will be optimized for the new designsof the project.
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A 2Djunction characterization
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EBL AND SHADOW MASK EVAPORATION ;:CT')“,R

PMMA 6% AR 669.06 total thickness 1700 nm
COP 33 10% AR617.10 thickness 1000 nm
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EBL AND SHADOW MASK EVAPORATION

PMMA 6% AR 669.06 total thickness 1700 nm
COP 33 10% AR617.10 thickness 1000 nm

WA A WA b e
20992 VY Yy

V7 VA A

[2 urr) Coll.BIAS EHT=20.00kV Mag= 6.14KX Tit= 450° Date [2 1] Col.BIAS EHT =20.00kV Mag= 16.00 KXTilt= 45.0° Date
.'N H 22 May 20 lFN ; 22 May 20
300V WD=90mm |[Probe= 10pA 14:11:07 300y WD=90mm |Probe= 10pA 14:12:40

F. Mattioli, 13 March 2026 INFN istituto Nazionale di Fisica Nucleare @C N R I F N

Istituto di Fotonica e Nanotecnologie

Ty



EBL AND SHADOW MASK EVAPORATION

PMMA 6% AR 669.06 total thickness 1700 nm
COP 33 10% AR617.10 thickness 1000 nm

WA A WA b e
20992 VY Yy

V7 VA A

[2 urr) Coll.BIAS EHT=20.00kV Mag= 6.14KX Tit= 450° Date [2 1] Col.BIAS EHT =20.00kV Mag= 16.00 KXTilt= 45.0° Date
.'N H 22 May 20 lFN ; 22 May 20
300V WD=90mm |[Probe= 10pA 14:11:07 300y WD=90mm |Probe= 10pA 14:12:40

F. Mattioli, 13 March 2026 INFN istituto Nazionale di Fisica Nucleare @C N R I F N

Istituto di Fotonica e Nanotecnologie

Ty



EBL AND SHADOW MASK EVAPORATION

PMMA 6% AR 669.06 total thickness 1700 nm
COP 33 10% AR617.10 thickness 1000 nm <
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EBL AND SHADOW MASK EVAPORATION
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EBL AND SHADOW MASK EVAPORATION
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EBL AND SHADOW MASK EVAPORATION
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EBL AND SHADOW MASK EVAPORATION
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EBL AND SHADOW MASK EVAPORATION
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3D @BIT ON SILICON
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Resists andaticharging layer:

WICOP 3310% AR HBpryPX rPPPR JHE BHP
Hotplater A G°Cp g P

WMMAGWAR BHxXxKPH rPPP JHE BHPRA
Hotplater A G°Cp g P

WProtective Coating PMMA Electra 92 {R® 5090)
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INFN istituto Nazionale di Fisica Nucleare @ C N R I F N

Istituto di Fotonica e Nanotecnologie



3D QBIT ON SILICON  c

F. Mattioli, 13 March 2026 |N FN Istituto Nazionale di Fisica Nucleare @ C N R N!mEn

Istituto di Fotonica e

ogie



3D @BIT ON SILICON
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3D @BIT ON SAPPHIRE

Dicing tests:

A Pressure on the upper
surface of the sample
using a stepped holder

A The opticallyfinisced
surface is the one with the
cutting groves

A Acetone/IPA cleaning is
necessary prior to the
trilayer spinning
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3D @BIT ON SAPPHIRE

~ F. Mattioli, 13 March 2026

Resists andaticharging layer:

ILOP 33 10% AR BprKPX FPPP JHI
Hotplater A GCp g P

PMMAG6% AR BFHEXxKPH rPRRP JHE
Hotplater A GCp g P

WProtective Coating PMMA Electra 92 {R®& 5090)
2000 rpm, 60 Blotplatep A @& x P

Dose 360nTC/cm?

Layer 1central part of thecurcularpadsqubit DF 1,3
Layer 1Qcentral part of thesquarepadsqubit DF 1,25
Layer 3 Frames
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3D @BIT ON SAPPHIRE

lGoodalignmentusingthe edgesof eachsample
lGoodprocessresults
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3D QBIT ON SAPPHIRE " e

Al/AIOX/Al

N 600 A Al 140
N Ox5 min 1.0 mbar
N 600 A Al 90

N chip separation at the end of theprocess
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3D @BIT ON SAPPHIRE

Al/AIOX/Al

N 600 A Al 140
N Ox5 min 1.0 mbar
N 600 A Al 90

SEM

N JJ andcavity
frequenciesoverlaps

N chip separation at the end of theprocess
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