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CLAIMS 

 

1.  A fluxonium qubit, comprising: 

 a superinductor, comprising: 

 a substrate; 

 a first vertical stack extending in a vertical direction from a surface of the substrate, the first vertical stack 

comprising a first Josephson junction and a second Josephson junction connected in series along the vertical 

direction; 

 a second vertical stack extending in the vertical direction from the surface of the substrate and spaced 

apart from the first vertical stack, the second vertical stack comprising a third Josephson junction; and 

  

 a superconducting connector connecting the first and second vertical stacks in series such that the first, 

second, and third Josephson junctions are connected in series; and 

 a shunted Josephson junction connected to the superinductor with superconducting wires such that the 

first, second, and third Josephson junctions of the superinductor that are in series are connected in parallel with the 

shunted Josephson junction superinductor. 

 

2. The fluxonium qubit according to claim 1, wherein the first vertical stack and the second vertical stack each 

comprise at least five Josephson junctions. 

 

3. The fluxonium qubit according to claim 1, wherein the first vertical stack and the second vertical stack each 

comprise at least 50 Josephson junctions. 

 

4. The fluxonium qubit according to claim 1, wherein the first vertical stack and the second vertical stack have a same 

number of Josephson junctions. 

 

5. The fluxonium qubit according to claim 1, wherein the superconducting connector connecting the first and second 

vertical stacks extends in a direction substantially parallel to the surface of the substrate. 
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6. The fluxonium qubit according to claim 1, further comprising a support material disposed between the first and 

second vertical stacks and under the superconducting connector. 

 

7. The fluxonium qubit according to claim 1, wherein each of the first, second, and third Josephson junctions includes 

a tunnel barrier layer disposed between two superconducting layers, and wherein the height of each tunnel barrier 

layer is about 1 nm. 

 

8. The fluxonium qubit according to claim 1, wherein the first vertical stack is spaced apart from the second vertical 

stack by about 1 µm. 

 

9. The fluxonium qubit according to claim 1, wherein the superinductor further comprises: a third vertical stack 

extending in the vertical direction, the third vertical stack comprising a fourth Josephson junction and a fifth Josephson 

junction connected in series along the vertical direction; a fourth vertical stack extending in the vertical direction from 

the surface of the substrate, the fourth vertical stack comprising a sixth Josephson junction; superconducting 

connectors connecting the third and fourth vertical stacks in series with the first and second vertical stacks such that 

the first, second, third, fourth, fifth, and sixth Josephson junctions are connected in series, and wherein the shunted 

Josephson junction is connected to the superinductor such that the first, second, third, fourth, fifth, and sixth 

Josephson junctions of the superinductor that are in series are connected in parallel with the shunted Josephson 

junction. 

 

10. A method of producing a fluxonium qubit, comprising: forming, on a substrate, a first vertical stack extending in a 

vertical direction from a surface of the substrate, the first vertical stack comprising a first Josephson junction and a 

second Josephson junction connected in series along the vertical direction; forming, on the substrate, a second 

vertical stack extending in the vertical direction from the surface of the substrate and spaced apart from the first 

vertical stack, the second vertical stack comprising a third Josephson junction; forming a superconducting connector 

connecting the first and second vertical stacks in series such that the first, second, and third Josephson junctions are 

connected in series; and connecting a shunted Josephson junction to the first and second vertical stacks such that 

the first, second, and third Josephson junctions of the superinductor that are in series are connected in parallel with 

the shunted Josephson junction. 

 

11. The method according to claim 10, wherein the forming process is an additive process. 
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12. The method according to claim 10, wherein the forming process is a subtractive process. 

 

13. The method according to claim 10, wherein the first vertical stack and the second vertical stack each comprise 

at least five Josephson junctions. 

 

14. The method according to claim 10, wherein the first vertical stack and the second vertical stack each comprise 

at least 50 Josephson junctions. 

 

15. The method according to claim 10, wherein the first vertical stack and the second vertical stack have a same 

number of Josephson junction. 

 

16. The method according to claim 10, wherein the superconducting connector connecting the first and second 

vertical stacks extends in a direction substantially parallel to the surface of the substrate. 

 

17. The method according to claim 10, wherein each of the first, second, and third Josephson junctions includes a 

tunnel barrier layer disposed between two superconducting layers, and wherein the height of each tunnel barrier layer 

is about 1 nm. 

 

18. The method according to claim 10, wherein the first vertical stack is spaced apart from the second vertical stack 

by about 1 µm. 

 

19. The method according to claim 10, further comprising forming a support material between the first and second 

vertical stacks and under the superconducting connector. 

 

20. A quantum computer, comprising: a refrigeration system under vacuum comprising a containment vessel; a qubit 

chip contained within a refrigerated vacuum environment defined by the containment vessel, wherein the qubit chip 

comprises a plurality of fluxonium qubits; and a plurality of electromagnetic waveguides arranged within the 

refrigerated vacuum environment so as to direct electromagnetic energy to and receive electromagnetic energy from 
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at least a selected one of the plurality of fluxonium qubits; wherein each of the plurality of fluxonium qubits comprises: 

a superinductor, comprising: a substrate; a first vertical stack extending in a vertical direction from a surface of the 

substrate, the first vertical stack comprising a first Josephson junction and a second Josephson junction connected 

in series along the vertical direction; a second vertical stack extending in the vertical direction from the surface of the 

substrate and spaced apart from the first vertical stack, the second vertical stack comprising a third Josephson 

junction; and a superconducting connector connecting the first and second vertical stacks in series such that the first, 

second, and third Josephson junctions are connected in series; and a shunted Josephson junction connected to the 

superinductor with superconducting wires such that the first, second, and third Josephson junctions of the 

superinductor that are in series are connected in parallel with the shunted Josephson junction. 

 

21. The quantum computer according to claim 20, wherein the first vertical stack and the second vertical stack each 

comprise at least 50 Josephson junctions. 

 

22. The quantum computer according to claim 20, further comprising a support material disposed between the first 

and second vertical stacks and under the superconducting connector. 

 

23. The quantum computer according to claim 20, wherein each of the first, second, and third Josephson junctions 

includes a tunnel barrier layer disposed between two superconducting layers, and wherein the height of each tunnel 

barrier layer is about 1 nm. 

 

24. The quantum computer according to claim 20, wherein the first vertical stack is spaced apart from the second 

vertical stack by about 1 µm. 

 

25. The quantum computer according to claim 20, wherein the superinductor further comprises: a third vertical stack 

extending in the vertical direction, the third vertical stack comprising a fourth Josephson junction and a fifth Josephson 

junction connected in series along the vertical direction; a fourth vertical stack extending in the vertical direction from 

the surface of the substrate, the fourth vertical stack comprising a sixth Josephson junction; superconducting 

connectors connecting the third and fourth vertical stacks in series with the first and second vertical stacks such that 

the first, second, third, fourth, fifth, and sixth Josephson junctions are connected in series, and wherein the shunted 

Josephson junction is connected to the superinductor such that the first, second, third, fourth, fifth, and sixth 

Josephson junctions of the superinductor that are in series are connected in parallel with the shunted Josephson 

junction. 
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