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• Introduction

• Hardware status with focus on silicon

• How to go to large scale?

• ERC QuCube original idea

• Project organization

• Highlights and results

Agenda
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Opportunities
High performance computing

US$ 32 billions in 
2017

Memory wall and power consumption

are in the way of growing computing capabilities

Scaling limitations
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HOW TO REACH THE PROMISE OF QUANTUM COMPUTING?

Hundreds of qubits

Millions of errorless quantum operations

QUANTUM 
SIMULATION

Better pharmaceutical,  materials, 
chemistry, physics,…

MACHINE LEARNING
& BIG DATA

Autonomous vehicles, finance, 
mathematics

CRYPTOGRAPHY
Security



| 7

LIVING WITH ERRORS

Millions of errorless quantum operations

Quantum Error
Correction protocols

millions of physical
qubits in a 2D array

1 Errorless logical qubit
> 1000 physical qubits
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WHERE DOES QUANTUM COMPUTING STAND?

Entangled qubits 53 2 20 18

Size (100µm)² (100nm)² (1mm)² 1 mm2

Fidelity 99.3% 98% 99.9%
50% (mesure)

98% (portes)

Speed 100 ns 5 µs 100 µs 1 ms

Superconductor Spin silicon Ion trap Photons

Key platforms

Hardware is at its infancy
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WHERE DOES QUANTUM COMPUTING STAND?

Superconductor Spin silicon Ion trap Photons

Key platforms

Entangled qubits 53 2 20 18

Size (100µm)² (100nm)² (1mm)² 1 mm2

Fidelity 99.3% 98% 99.9%
50% (mesure)

98% (portes)

Speed 100 ns 5 µs 100 µs 1 ms

T° of operation 20mK 1K Room T° 4K

Hardware is at its infancy



| 10

SILICON SPIN QUBIT

Spin degree of freedom of an electron

0 → ۧȁ↑
1 → ۧȁ↓

Gate defined quantum dots
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How to go to large scale?

• Variability
• Controlability
• Individual qubit addressing
• Cross talk
• Large scale coherence

Single and two qubits gate demonstrations
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OBJECTIVE

Design and fabricate a quantum accelerator encoding quantum information in silicon 

spins and develop low level software allowing its use to solve dedicated useful problems.
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STRATEGY FOR BUILDING A QUANTUM COMPUTER

Definition of good quality single & few qubits1

2D array definition2

Long distance quantum information transfer3

Cryogenic large scale compatible architecture4
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50nm

Source Drain

Sensor Qubit

Gate1 Gate2

Q+S Q+S Q+S Q+S

Q+S Q+S Q+S Q+S

Q+S Q+S Q+S Q+S

Q+S Q+S Q+S Q+S

Cryogenic large scale compatible architecture
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Cryogenic large scale compatible architecture
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Cryogenic large scale compatible architecture
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Meunier, De Franceschi, Vinet, Hutin (2017)

Gates to load carriers 

in sensing layer

Sensing layer

Control gates to tune 

detector/qubit coupling

Qubit layer

Control gates to manage qubit manipulation

Cryogenic large scale compatible architecture
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Fabrication highlights: robust baseline developments

SERIES F2F

Id

Vg
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Fabrication highlights: materials optimization
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Fabrication highlights: materials optimization

B.Guillaumot et al., ST, LETI,  IEDM 2002
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First CMOS spin qubits

2016

1 qubit read out

Fidelity > 98%

2019

First one qubit with manipulation 

& scalable read out co-integrated

2019

Maurand et al, Nature Comm 2016

Urdampilleta et al, Nature Nano 2019

Crippa et al, Nature Comm 2019

Good quality qubits
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Gate-reflectometry with superconducting TWPA to increase fidelity and read out 

speed

Good quality qubits highlights

• Design and fabrication of TWPA (N. Roch’s team)

• First 0.3 K 

TWPA is functionning at low frequency

It is at the SoA

To go further new designs have been implemented
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Design and integration of metal lines for ESR 

manipulation

(for electron spin qubits manipulation)

Good quality qubits highlights
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Towards large scale highlights

Fast spin coherent link and Spin entanglement at distance

B. Jadot (Grenoble)

Unpublished 2018

Fast spin coherent link

and spin entanglement at distance

1 µm
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Towards large scale highlights

4x4 line-column addressing

y

x

Qdots

200nm

in III-V
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Control electronics highlights

First co-integration of a quantum device quantum device

(double quantum dot) together with control electronics in 

commercial technology (28FDSOI)

To be published @ ISSCC2020
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Quantum algorithms highlights

ZX calculus is a EU lead consortium aiming at developing a full stack intelligent compiler 

(industrial & academic) - new website http://ZXcalculus.com

Direct contact with the theory of ZX calculus and actual physical implementation. It enables

us to talk between technology and the quantum compiler. This approach is going beyond

the circuit model to compile efficiently and pave the way to design new and bigger circuits. 

https://arxiv.org/abs/1904.12817

New mathematical tool for ZX calculus to go to large scale (unlike circuit diagram) 

https://arxiv.org/abs/1905.00041
1

2

1

2

• First paper to show that polarization exists from a quantum perspective
• Proposition of efficient decoding scheme (log-lin complexity) for Pauli channels

(ie errors type bit flip or phase flip)

http://zxcalculus.com/
https://arxiv.org/abs/1904.12817
https://arxiv.org/abs/1905.00041
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Architecture highlights

| 6Leti Innovation Days — Quantum Computing Workshop | Yvain THONNART | June 28th 2019

ROOM TEMPERATURE HARDWARE & LOW-LEVEL SOFTWARE

Syndrome state

Quantum chip 

characterization

parameters

Barrier control

Digital ctrl serialization

Readout

control

Reflectometry

analysis

Reflectometry

stimuli
Homogeneization

Analog muxing Field sync.

Operation tick (1MHz)

Line scrolling (100MHz)

Column scrolling (10GHz)

Lab equipment

Operation

flow

Monitoring

flowBarrier & field drivers

Quantum error correction

Instruction 

flow

Measurement

flow

Instruction Parallelization engine

Classical & quantum algorithmic software loosely dependent / independent of HW platform

Quantum chip 

topology

description
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CONTROL ELECTRONICS AND CHIP ARCHITECTURE

Readout electronics: MHz qubit modulation

ESR/cavity field:

qubit manipulation

Control electronics: barrier heights between qubits => qubit selection

Control

Barrier polarization

Quantum cap. modulation

Reflectometry

Field coupling hνhν
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Architecture definition v0 (must have)
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CONCLUSION
Grenoble Quantum 

Program

Motivation & positioning
• Become the hardware leader in terms of qubits quality & quantity

• Interlock with users ecosystem to optimize usage-hardware design

Quantum computing is a disruptive 

innovation in computing.

French industrial and research

ecosystem is at the state-of-the-art

State of the art

UNSW, 2015 
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1 qubit

2021

2024

Gen0 

Application 

processor

2030

Quantum simulation algorithm

Logical qubit demonstration

6 entangled qubits

Tackle scientific questions
• 2 qubits gate

• Fidelity increase

• 2D tile for large scale

2018

Technological challenges
• Development of technological 

modules for a million of qubits

• First 2D array of 100 to 256 

interconnected qubits

Technology and biz
• Demonstration of all the modules together

• Architecture yield

• Fabrication of a million of qubits

• Value chain consolidation

• Cloud accesss

100 qubits 

prototype

Error 

correction

SI SPIN QC ROADMAP

• Large scale coherence

• Quantum error correction



1st quantum revolution at work

1800 technology researchers in Leti
More than 7000 direct jobs in semiconductor industry

• Industry
• Entrepreneurship

Engineering
 Large scale facilities
 Nanotechnologies 

 Computer 
sciences

 Mathematics

 Philosophy
 Social 

sciences

60000 students, 100 researchers in fundamental quantum sciences

Quantum physics
 Condensed matter
 Nanosciences
 Photonics

Leverage collective intelligence

• Create the feeling of belonging to an adventure
• Leverage the physicist for risk analysis and for finding problems
• Leverage the engineering skills to propose solutions and move on (open and 

close doors)



QuantECA: Large scale quantum integration

Superconducting
circuits

Quantum optic
electronics

Spin qubits

Quantum information 
transport

Cryogenic electronics

Theory, modelization
and simulation

Technology
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