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Quantum computing holds enormous potential for overcoming some of the funda-

mental limitations of classical information processing. However, current technological 

constraints in quality and scalability are preventing us from fully unlocking this poten-

tial. Among the various approaches, quantum computing based on superconducting 

quantum processing units (QPUs) stands out as particularly promising for achieving 

practical quantum advantage.

In this article, we explore the technological advancements of IQM Quantum Comput-

ers, focusing on both the QPU and the complete full-stack quantum computer. Our 

spotlight is on a 20-qubit quantum computer, featuring the IQM Garnet QPU, which 

we will scale up to 150 qubits. Additionally, we share benchmarks for both the QPU 

and system levels, highlighting achievements such as a median 2-qubit gate fidelity of 

99.5% and the genuine entanglement of all 20 qubits in a Greenberger-Horne-Zeilinger 

(GHZ) state.
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1. Introduction
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2. QPU Architecture
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2.1 Connectivity

2.2 Quantum gates
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2.3 Qubit readout

2.4 Crosstalk
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2.5 Control routing and fabrication
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3. System

3.1 General hardware description
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3.2 QPU control electronics
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3.3 QC control software
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3.3.1 Cortex

3.3.2 EXA

3.3.3 IQM Station Control
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4. Performance 

benchmarking
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4.1 Foundational operation level 

benchmarks
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4.2.1 Mirror randomized benchmarking

4.2 System level benchmarks
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4.2.2 Quantum Volume and volumetric benchmarking
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4.2.3 Circuit Layer Operations Per Second (CLOPS)



20 - WHITE PAPER



2121  - WHITE PAPER

4.3.1 GHZ state creation

4.3 Fundamental physics benchmarks
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4.4.1 Q-Score: solving Max-Cut with QAOA

4.4 Application benchmarks
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5. Summary and outlook

We have presented a comprehensive set of benchmarking data for a quantum computing system built on the IQM Garnet, 

a 20-qubit quantum processor with a square lattice topology and a dedicated tunable coupler for high-quality two-qubit 

gate operations. These technical solutions are representative of IQM’s qubit crystal QPU family.

The five-qubit QPU is the core of the IQM Spark system, which serves as a cost-effective, on-premises product designed 

for research and educational purposes [47]. IQM qubit crystals, detailed in Section 2, power the IQM Radiance integrated 

quantum computing systems, showcasing the state of the art commercially available, on-premises superconducting 

quantum computers. These systems are instrumental in exploring the boundaries of quantum computation, including 

applications approaching quantum utility and advantage, and in accelerating classical high-performance computing.

Notably, the IQM Garnet is also part of IQM’s cloud offering, IQM Resonance [49]. The performance levels we have 

described reflect the current achievements with today’s integrated superconducting quantum computing systems. In the 

near future, we expect improvements through enhanced control optimization, better coherence, and incremental system 

and QPU enhancements. We plan to integrate recent advancements in control optimization [13] and aim to improve the 

relaxation time (T1) from approximately 40 μs to over 100 μs, a target we have already achieved in test devices [50].
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