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Superconducting qubit scale-up challenges

: » Better lifetimes and fidelities
Quality « Innovation (couplers, topology)
« Error mitigation, error correction

_ _ Scale-up
« High-throughput production rate
. Reproducibility challenges

» Testing capacities
Volume Quantity
» Cooling power

« Wiring
| QM  Denser integration



Scaling in the Noise-Intermediate Scale Quantum (NISQ) era
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QC: Quantum Computer, QPU: Quantum Processing Unit,
(*) Subject to change with average system lead times of 1 year




Path to fault tolerance

- Qubit lifetime is short and limited

_ : L .
Challenge: Quantum information is very fragile! - Quantum gates are faulty

QEM: Algorithmic scheme that effectively reduces the : QEC: Using long-range correlations of entangled :

. effect of errors in estimating the observable | quantum many-body states. :
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Utility in the NISQ era: how many qubits can be used?
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Utility in the NISQ era: how to bring earlier the applications?
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Quantum applications

Quantum
simulation

Quantum ML

Optimization

Battery optimization (automotive company),
molecular simulation.

Time series prediction of polymer production
(Siemens), optimal control of polymer reactor
(Siemens), fraud detection (Insurance
company), novel image generation for self-
driving (Airbus, BMW)

Power plant maintenance scheduling (EDF),
product portfolio optimization (DATEV), waste
disposal optimization (Infineon), supply chain
optimization (Airbus, BMW)

electrons

2QGfid | 5B 20QB 54QB
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Physical qubits



Utility in the NISQ era: how to bring earlier the applications?
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https://arxiv.org/abs/2402.15386

Path to fault tolerance
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» QEC requires us to increase the number of physical qubits

so much, that we need to go to a logarithmic scale...
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Path to fault tolerance
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Fast track to fault tolerance
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Fast track to fault tolerance

v" We extend the theory on gLDPC: We have built a scalable method to create gLDPC codes that are
topologically scalable (arXiv:2401.07583): We can aim to have a basic building block!

v" We develop an optimal HW to implement gLDPC with low overhead

Algorithm depth to ensure
completion below the
coherence (T1) time

Reduced overhead in
additional two qubit gates
(SWAP) to connect distant
qubits

gate time

If longer than T1,
computation fails!

2 xgatetime 3 x gatetime 4 x gate time

/ Clou stem \
IQM Deneb

Maximal transfer
time between
qubits reduced to
2 x gate time

Scaled
native tc
families

v" Minimizes the number of SWAP
gates to connect qubits

Ksmy tuned!!

litecture
gLDPC

/
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We target to build a basic building block to scale up
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IQM Tech Roadmap

2022 2024

2026

2028

2030 2032

IQM RESEARCH IQM FOUNDATION

5 Qbits 20-150 Qbits

Full-stack Technical Showcase
(Q-Hardware, Q-0OS)

IQM ADVANTAGE

1k+ Qbits

Utility NISQ
Algorithms Commercial
(Error Mitigated) Advantage
NISQ
?Au:nr:?m Research Logical Qubit
Yy Advantage

Error-correction at QPU

General-purpose quantum computer




Superconducting qubit scale-up challenges

Increase
cooling power

. Current cryostats | [ei
are £ OK to
~1000 qubits

i L
« Several 311
approaches beyond:*m'
-> Larger models

- Several cryostats
tightly connhected
(with"a single
vacuum chamber)

- Several cryostats
loosely connected
(with long-range
couplers

Reduce wiring
 To reduce the heat

* Possible approaches:

- Same wires to
control different
qubits (less heat
load but less
parallel
operations)

- Cryo-electronics
(futuristic)

ﬂ mﬁb =

(—

Increase QPU density
3D integration:

1. Two layers for qubits
and control

2. Enhance the layer
iInterconnections with
superconducting
Through-silicon vias
(TSVs)

3. Increase the number
of layers with qubits
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First-of-a-kind Quantum Factory in Europe

Tech roadmap <

Volume scaleup {
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Building design (Reprinted from Minatec Entreprises)
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Industrialization

UNE CONSTRUCTIN

15



Key take-aways

« Scaling up superconducting qubit quantum
computers involves overcoming numerous
technical and engineering challenges.

» Collaboration between quantum physicists,
engineers, and computer scientists is essential to
address these issues.

* In that context, the future Quantum Factory in
Grenoble will play a key role in implementing
capabilities to produce high-volume, high-quality,
large-scale superconducting processor.

\
-
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Thanks!

Xavier Geoffret
Technical Sales Manager

xavier.geoffret@meetigm.com

| (X

www.meetigm.com
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