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Quantum Simulation Module 
(QSM - NIST)

https://github.com/Borealis126/QSM

https://github.com/Borealis126/QSM
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Chip design 

• Chip design and component parameters (inductances) defined using 
.json files

• Qubit
• Floating/Grounded
• Single/Double JJ
• Only rectangular pads at the moment

• Resonator
• CPW transmission line

• Transmission lines
• Feedline
• Launchpads
• Qubit-Qubit coupling 
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Workflow - Layout phase

• systemParameters.json → main chip information 
• Number of qubits
• Number of control lines
• Material

• componentParameters.json:
• CPW phase velocity
• Qubits type and inductances
• Resonators and control lines definition

• componentGeometries.json:
• Position and dimensions of all the components
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systemParameters.json
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componentParameters.json
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componentGeometries.json
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Qubit Resonator

Control 
lines
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Result of the layout phase → GDS file
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Workflow - Simulations and analysis
1) Capacitance matrix extracted with Ansys Q3D
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Q0Pad1 Q0Pad2 R0Pad1 R0Pad2

Q0Pad1 0.09411 -0.01927 0 -0.01935

Q0Pad2 -0.01927 0.08391 0 -0.00039

R0Pad1 0 0 0.05146 0

R0Pad2 -0.01935 -0.00039 0 0.04416
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Workflow - Simulations and analysis

2) Predict resonator frequency using admittance
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Directly probing each readout resonator 

for λ/2 resonator
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Workflow - Simulations and analysis
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3) E
C
 and E

J
 for qubits
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Workflow - Quantization 
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4) Quantization
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Calculations
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Qiskit Metal
(IBM)
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Chip design 

• Each component is an object with dedicated design options and pins
• Qubits

• Simple transmon
• Interdigitated transmon
• Xmon
• Concentric transmon

• Resonator
• CPW transmission line

• Transmission lines
• Semi-automatic management → Path finder from pin to pin
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Result of the layout phase 
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Analysis - Lumped element analysis 

• Capacitance matrix → lumped oscillator model (LOM) simulation
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Analysis - Finite Element Analysis and Energy 
Participation Ratio (EPR)
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https://www.nature.com/articles/s41534-021-00461-8

Participation ratio

https://www.nature.com/articles/s41534-021-00461-8
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Analysis - Finite Element Analysis and Energy 
Participation Ratio (EPR)
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https://www.nature.com/articles/s41534-021-00461-8

https://www.nature.com/articles/s41534-021-00461-8
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Analysis - Finite Element Analysis and Energy 
Participation Ratio (EPR)
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https://www.nature.com/articles/s41534-021-00461-8

https://www.nature.com/articles/s41534-021-00461-8
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Analysis - Finite Element Analysis and Energy 
Participation Ratio (EPR)

20
https://www.nature.com/articles/s41534-021-00461-8

https://www.nature.com/articles/s41534-021-00461-8
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Analysis - Finite Element Analysis and Energy 
Participation Ratio (EPR)
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https://www.nature.com/articles/s41534-021-00461-8

Anharmonicity 

Dispersive shift

https://www.nature.com/articles/s41534-021-00461-8
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Analysis - Impedance, Scattering and Admittance

• Circuit analysis
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Analysis - Impedance, Scattering and Admittance

• Circuit analysis
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Analysis - Impedance, Scattering and Admittance

• Circuit analysis
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Comparison QSM-Qiskit
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Parameters QSM Qiskit-Metal

LOM EPR

⍵q [GHz] 6.48 6.45 6.52

𝞪 [MHz] -390 -413 -348

𝛘 [MHz] -1.79 -1.73 -1.27

EC [MHz] 359.77 356.73 /

EJ [GHz] 16.35 16.34 /

EJ/EC 45.44 45.80 /

T1
To be 

implemented 146 /

Computational 
cost Low Low High

User defined 
parameters Li, Lj

Lj, Cj, 
readoutFrequency Lj,Cj

Qubit + Resonator

Qubit only

⍵
q

⍵
q
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Conclusions and next steps

• QSM is still far from Qiskit-Metal in terms of possibilities
• On the other hand, for QSM it’s easy to add custom simulations 

and calculations 
• QSM also aims to be totally open-source (e.g. using FasterCap 

https://www.fastfieldsolvers.com/fastercap.htm)
• Qiskit-Metal offers more options for the design and also custom 

qubits
• Next step: simulation of other designs (e.g. trying to recreate the 

design shown https://www.nature.com/articles/nphys1710.pdf)
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https://www.fastfieldsolvers.com/fastercap.htm
https://www.nature.com/articles/nphys1710.pdf

