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Entanglement

N Quantum Bits or Qubits =  2N States

1)

2)

3)

4)
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Quantum Computing: Key Concepts

Superposition

Classical Physics Quantum Physics

Heads or Tails Heads and Tails

v

Fragility

Observation or 
noise

causes loss of 
information

Å 50 Entangled Qubits = more states than 
any possible supercomputer

Å 300 Entangled Qubits = more states 
than atoms in the universe

Å Fragility will require error correction and 
likely millions of qubits  
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Changing the World

ŕĖĴĠĭĳĴĬ 
Will Change 

Everythingò

PharmacologyImage ProcessingTravel and Logistics

Improved Forecasting CryptographyImproved Stock ROI

Source:  Google Images
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The promise of quantum computing

Exponential speedup  ăĄ surpassing the limits of scaling
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Quantum co-processor: 

Augmenting, not replacing, 

traditional HPC systems

5

Applications Space: High Performance Computing

~50+ Qubits:  Proof of concept

ÅComputational power exceeds 
supercomputers

ÅđĤĠıĭĨĭĦ ĳĤĲĳ ġĤģ ĥĮı İĴĠĭĳĴĬ ŕĲĸĲĳĤĬŖ

~1000+ Qubits:  Small problems

ÅLimited error correction

ÅChemistry, materials design

ÅOptimization

~1M+ Qubits: Commercial scale

ÅFault tolerant operation

ÅCryptography

ÅMachine Learning
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Control Electronics

Compilers/Runtimes

Application Algorithms

Quantum Chip

Challenges to be 
addresses at each level
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Intel ÝQuTech Research Collaboration

Atomic Layer Control PackagingPatterning

24nm Pitch Lines Assembly and Packaging 
Research

Metal Gate / High k on
300mm Silicon Wafer

ĖĴęĤĢħœĲExpertise in qubit 
operation and control

Intel Labs:
Å Algorithms
Å System Architecture
Å Control Electronics

Intel TMG Components Research

Combining Intel capabilities with Delft expertise 
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Superconducting Qubits Spin Qubits in Silicon 

Very high 
quality 

microwave 
circuit

Single electron 
transistors, where 
qubit is spin state

Building Better Qubits
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Shared Feedlines Surface Code Topology

Starmon Geometry 
with up to 30us T1

Tangle Lake (49 Qubits )

Superconducting Qubit Progress

17 Qubit Array7 Qubit Array6 QubitsResonator
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