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from classical bits
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scalable quantum systems

3) Qubit Modalities 

4) Quantum Engineering – Support 
structures need for the Quantum 
Age

5) Quantum Business – Opportunities 



Quantum Computing – What is a Qubit?  
• the qubit ...
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Review – Many Worlds ... Quantum Parallelism
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• Mach-Zehender Interferometer
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• real access to “what ifs” [counterfactual realities]
• essence of quantum computing

Elitzur-Vaidman Bomb Tester (Foundations of Physics, 23, 1993)

Review – Many Worlds ... Quantum Parallelism
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Review – Many Worlds ... Quantum Parallelism

pattern of thing I’m looking for 
(Shor/Grover)

right answer in 10 days
(instead of 1080 days)
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From single paths to many histories

classical computation quantum computation

• interference AMPLIFIES good histories and cancels bad ones
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From single paths to many histories

• we do not read out histories; we get ONE measurement
• power comes from engineering interference so that only useful histories survive
• this is why in quantum, software and hardware are “tied at the hip”, unlike classical computation 

• many possible histories

• computation explores 
many trajectories

• phase cause destructive 
and constructive 
interference

• probability concentrates 
on right answers
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Qubit vs Bit  
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Error Correction / Fault Tolerance

TO 
GATES
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Classical Electronics to the Rescue!



NRC’s Spin Qubit NRC’s Photon Qubit
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Qubit Modalities  

Studenikin, et al. Coherence Characteristics of a GaAs Single Heavy-Hole Spin Qubit Using a Modified Single-Shot Latching Readout Technique. Nanomaterials, 13, 950, 2023
Mnaymneh, et al. On-Chip Integration of Single Photon Sources via Evanescent Coupling of Tapered Nanowires to SiN Waveguides. Adv. Quantum Technol., 3: 1900021, 2020
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Challenges

“Despite our best efforts to predict the important applications, 
tomorrow’s quantum computers are sure to delight and benefit 
us in ways we cannot currently anticipate. Before that happens, 
we have a lot of work to do.”
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Qubit Modalities  

Platform: Superconducting - Transmons
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Qubit Modalities  

Platform: Trapped Ion
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Qubit Modalities  

Platform: Neutral Atom
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Qubit Modalities  

Platform: Photonics
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Qubit Modalities  

Platform: Quantum Dots
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Qubit Modalities  

Platform: Spin defects
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Challenges & Opportunities



Silicon Nitride for Quantum Technologies  
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Dr. Abubaker Tareki

(SiN Materials)

Prof. Connor 

Kupchak

(Quantum Tech.)

Carleton U

bulk losses < 0.1 dB/cmThanks to NRC’s Quantum Sensing Program
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Implications

• for industry, communications, sensing, cybersecurity and advanced manufacturing 



NRC’s supports the National Quantum Strategy
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Canadian Quantum Strategies

National Metrology Institute Initiatives

“Funding, de-risking and creating supportive policy 

frameworks for emerging technologies, convening 

and coordinating, procuring goods and services, and 

serving as a research partner.”

• NRC Quantum R&D 

Initiative ($9.0M)

• NRC Challenge Programs 

($50.0M) NRC funded 
initiatives

The NRC supports all 
Canadian strategies 

on quantum  



RESEARCH CENTRES

• Quantum & Nanotechnologies 

Research Centre

• Metrology Research Centre

• Digital Technologies

COLLABORATION CENTRE

• Joint Centre for Extreme 

Photonics

BUSINESS INNOVATION

• Canadian Photonics 

Fabrication Centre

• Industrial Research 

Assistance Program

NRC Quantum + Portfolio

COLLABORATION R&D 

PROGRAMS

• Small teams and Ideation 

projects

• High-throughput and Secure 

Networks

• Quantum Sensors

• Applied Quantum Computing

• Quantum InterNetworking 

(NEW)
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NRC QUANTUM

Bringing technical expertise to collaborations

Measurement standards

RepeatersMemory

NetworksTransducers

Photonic 
Measurement

Quantum Network 
Metrology

Waveguides Detectors

Single photon 
sources Lasers
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NRC has a diversity of 
quantum expertise 

Canada has world-class 
quantum talent and expertise

Quantum 
networking

Essential ingredients 
for heterogeneous 
quantum networking

Sherbrooke

+ many more
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Thank You!
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