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Who are we?
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What’s the plan?
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1. High Tc materials as absorber
2. Low Tc material for quasiparticle 

trapping
3. Josephson Junctions using low Tc 

materials

C. W. Fink, C. P. Salemi, et al. A qubit-based sensor for mev-scale phonons 
and single thz photons, Phys. Rev. Applied 22, 054009 (2024).
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JJ angled evaporation technique
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JJ angled evaporation technique
1st lead 

30nm at 45° - 2A/sec

Oxidation

15mBar 15 mins

2nd lead 

70nm at 45° - 2A/sec
90° rotation
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2 µm

Al/AlOx/Al JJ

1. Multi-Tool Deposition System

2. Inert Sample Handling

3. In-Situ Characterization Suite

Quantum Cluster system

Resonator and qubit 
fabrication

2 µm

Al/AlOx/Al JJ

Josephson junction 
Fabrication

Hf
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Quantum Cluster system



2 µm

Device Characterization

100 nm
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lead

Top 
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SEM

1. Double angled shadow evaporation technique
2. Hf deposited using e-beam evaporation
3. In-situ oxidation of HfOx tunnel barrier
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2 µm

Device Characterization
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lead

Top 
lead
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Lead thickness
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Hf film Characterization
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• Polycrystalline with a hexagonal close-packed 
(hcp) structure.

• No HfO2- related peaks observed
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Critical temperature measurements

• Polycrystalline with a hexagonal close-packed 
(hcp) structure.

• No HfO2- related peaks observed

• 4-wire resistance measurements as a function 
of temperature.



JJ Composition analysis - XPS depth profile

- To identify the oxidation state of Hf within the oxide. 
- Increase in oxygen concentration - Decrease in Hf concentration

Ar+ ion 
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Test structure Layout
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Room temperature measurements
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2-5x larger

Comparison of Hf JJ with Al JJ resistance

Hf JJ

Al JJ

Room temperature DC measurements
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Measurement setup
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FIG. S3. Circuit diagram of the measurement setup. The room temperature Rb = 2000! and 4K cold Rsh = 20m!
forms a 105 : 1 voltage divider that significantly reduces thermal and electromagnetic interference (EMI) noise from the lab
environment. The connection from 300K to 4K uses twisted constantan wires, and the connection from 4K to JJ uses twisted
superconducting niobium-titanium wires. A capacitor Cf = 10 µF is placed at the voltage supply output to form a low-pass
filter with Rb. Additional 1MHz-cuto” low-pass L-C filter is integrated in the D-sub connectors when the wires entering the
DR. The readout SQUID is a Quantum Design SQUID array, simplified as a single loop in the schematic.

IV. TC MEASUREMENTS

To measure the superconducting transition temperature (Tc), we used a Quantum Design PPMS DynaCool system
equipped with an adiabatic demagnetization refrigerator (ADR) to reach a base temperature of 90 mK. Hf films were
first deposited with titanium/gold (Ti/Au) contacts by e-beam evaporation using a shadow mask to define the contact
geometry for four-wire resistance measurements. The ADR system was cooled down to 90 mK, and the resistance
was recorded at each temperature point. We employed the standard four-point probe method with a measurement
current of 1 µA. The Tc was determined as the temperature corresponding to 50% of the normal-to-superconducting
transition step. Table S1 shows the measured and extracted parameters of the 30 nm and 60 nm thick Hf films.

TABLE S1. Summary of measured parameters for Hf thin films.

Film Thickness 30 nm 60 nm
Tc (K) 0.29 0.27
# (µeV) 41 44
Resistivity (!m) 1.62↑ 10→7 1.37↑ 10→7

RRR 1.68 1.97
Penetration depth (nm) 0 0
Kinetic inductance (pH/sq) 0 0

21

- Voltage divider to minimize parasitic series 
resistance.

- DC SQUID system to readout JJ current



Measurement setup
9

→ +

Cf

Rb

Rsh

JJ

feedback Vout

300K
50K
4K

1K
0.1K
mK

Copper shield

Cryoperm shield

IR absorber

FIG. S3. Circuit diagram of the measurement setup. The room temperature Rb = 2000! and 4K cold Rsh = 20m!
forms a 105 : 1 voltage divider that significantly reduces thermal and electromagnetic interference (EMI) noise from the lab
environment. The connection from 300K to 4K uses twisted constantan wires, and the connection from 4K to JJ uses twisted
superconducting niobium-titanium wires. A capacitor Cf = 10 µF is placed at the voltage supply output to form a low-pass
filter with Rb. Additional 1MHz-cuto” low-pass L-C filter is integrated in the D-sub connectors when the wires entering the
DR. The readout SQUID is a Quantum Design SQUID array, simplified as a single loop in the schematic.

IV. TC MEASUREMENTS

To measure the superconducting transition temperature (Tc), we used a Quantum Design PPMS DynaCool system
equipped with an adiabatic demagnetization refrigerator (ADR) to reach a base temperature of 90 mK. Hf films were
first deposited with titanium/gold (Ti/Au) contacts by e-beam evaporation using a shadow mask to define the contact
geometry for four-wire resistance measurements. The ADR system was cooled down to 90 mK, and the resistance
was recorded at each temperature point. We employed the standard four-point probe method with a measurement
current of 1 µA. The Tc was determined as the temperature corresponding to 50% of the normal-to-superconducting
transition step. Table S1 shows the measured and extracted parameters of the 30 nm and 60 nm thick Hf films.

TABLE S1. Summary of measured parameters for Hf thin films.

Film Thickness 30 nm 60 nm
Tc (K) 0.29 0.27
# (µeV) 41 44
Resistivity (!m) 1.62↑ 10→7 1.37↑ 10→7

RRR 1.68 1.97
Penetration depth (nm) 0 0
Kinetic inductance (pH/sq) 0 0

- Voltage divider to minimize parasitic series 
resistance.

- DC SQUID system to readout JJ current
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Measurement setup
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I-V curve of  400 nm x 400 nm lead JJ 

Hf JJ show supercurrent behavior!
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AB relation to extract ∆ 
      

∆AB ~ 22 µV

∆meas ~ 17.5 µV

Presence of subgap states
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IV Characteristics – Temperature dependence
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Supercurrent resistance 
increases with increasing 
temperature.



IV Characteristics – Temperature dependence
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Supercurrent resistance 
increases with increasing 
temperature.

Extract superconducting 
gap and Tc ∆0 = 17.2 µeV

TC = 125.6 mK



Conclusion

- Demonstrated Hf JJ as a viable platform for Low – 
Tc qubit based detectors.

- Ongoing  JJ fab and optimization – study Hf JJ 
barrier

- Understand Qubit parameters.

- Implement Hf JJs in SQUATS

10 µm
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Thank you!
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Device Characterization


