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What is Qiskit Metal?

• A new open-source quantum-EDA tool from IBM

• Written in python

• Apache License 2.0

• IBM claims no ownership or rights to any device or code

• If you add code to the Metal database, it is open and free for everyone to use, but are under no 
obligation to ever contribute code.

• Major contributions get authorship credit for citations.

• Follows a modular architecture
• Qdesign is the primary instance for your circuit layout.

• Qcomponents are the library of circuits, like “super” p-cells.

• Renderers are the API interfaces between Metal and external software tools.

• Analysis work with the returned data of renderers to determine quantum parameters.

• Qgeometry is the internal database which allows your design to be generated natively 
in any external simulation software.
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QComponents – “Super PCells”
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QComponents – “Super PCells”

• Represent the electrical/physical 
contact point between two 
QComponents

• Have position and direction 
(outwards)

• Routing algorithms use pins as 
start-end anchors

• Non-routing component pins 
must be created before routing 
components

• Two pins can be “connected” thus 
establishing a net

self.add_pin(name, 2points, width) 
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Reuse and Extend the QLibrary

Extensible horizontally and 

vertically

Simple plug-n-play custom 

QComponents

TransmonPocketCL

TransmonPocket

QRoute

QComponent

BaseQubitCoupledLineTeeCapNInterdigital… … …

…

…

…

… … …

Folder Description

Core Base classes for inheritance (won’t instantiate)

Couplers Coupling between different components

Lumped Capacitive/Inductive elements

Qubits Contains josephson junctions

Sample Shapes Geometries sand-box

Terminations Single pin element (e.g. short to ground)

Tlines Two pins transmission lines
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QGeometry
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• The primitives of the Metal layout

• Path, Poly and Junction

• Includes additional parameters dependent on the renderers present



Renderers
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• The API translators between Metal layout/analysis and the classical simulation 
tools

• To generate the layout natively for optimal simulation results

• Extract results seamlessly into appropriate quantum analysis in Metal



Quantum Analysis: LOM
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• From classical simulations, via the appropriate renderer, quantum analysis 
can extract several quantum values of interest, such as your qubit’s 
anharmonicity or readout chi.

• Lumped Oscillator Model (LOM)

Quasi-static solver

no resonators 

in model

resonator
qubit



Quantum Analysis: LOM
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Quantum Analysis: EPR
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• From classical simulations, via the appropriate renderer, quantum analysis 
can extract several quantum values of interest, such as your qubit’s 
anharmonicity or readout chi.

• Energy Participation Ratio (EPR)

Eigenmode Simulation

[Z. Minev et al., npj Quantum Inf, 2021]



Quantum Analysis: LOM 2.0
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• From classical simulations, via the appropriate renderer, quantum analysis 
can extract several quantum values of interest, such as your qubit’s 
anharmonicity or readout chi.

• LOM 2.0

[Z. Minev et al., arXiv, 2021]



Quantum Analysis
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• From classical simulations, via the appropriate renderer, quantum analysis 
can extract several quantum values of interest, such as your qubit’s 
anharmonicity or readout chi.

• Lumped Oscillator Model (LOM) - https://youtu.be/rY7Os7B9sg0

• Energy Participation Ratio (EPR) - https://youtu.be/wjryCzaK0wY

• https://arxiv.org/abs/2010.00620

• Quasi-Lumped Model for Composite Systems (LOM 2.0) - 
https://youtu.be/S8Wx2Lo2CxQ

• https://arxiv.org/abs/2103.10344

https://youtu.be/rY7Os7B9sg0
https://youtu.be/wjryCzaK0wY
https://youtu.be/S8Wx2Lo2CxQ
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Keysight/EMPro Renderer
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Open Source Renderers

• Gmsh Renderer -> Elmer simulation
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Quantum Spice
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Research
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Chalmers 8Q

TU Delft Fluxonium Seoul National 
University



Education
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Commercial Foundries
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QuantWare
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Docs & tutorials
qiskit.org/documentation/metal

Tutorial videos
YouTube – see docs

Slack    
#metal (qiskit workspace)

Live tutorials
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Open Source Collaboration
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qiskit.org/metal

github.com/Qiskit/qiskit-metal


