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End	of	the	Silicon	Technology
• End	of	Moore’s	law	(~10	years)
• Slowing	down	of	Moore’s	law
• Limitation	to	silicon-based	computing
• Overheating	and	quantum	mechanical	
effects
• Uncertainty	principle:	You	don’t	know	
where	the	electron	is
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Quantum	Computers
• Solve	problems	that	are	infeasible	for	classical	
computers
• Simulate	quantum	environments
• Factoring	large	integers
• Combinatorial	optimization	problems
•Major	problem:	Docoherence,	noise,	loss	of	information
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Internship
- Kevin	Huang,	junior	at	Centennial	High	School
- Professor	Kestner
- University	of	Maryland,	Baltimore	County
- Quantum	Information	in	Department	of	Physics
- Interest	in	developing	physical	devices	which	exploit	quantum	
mechanical	phenomena
- Project:	Joint	measurement	on	two	qubits	without	revealing	
the	individual	state	of	either	qubit
- Application	in	error-tolerant	encoding	of	multiple	physical	
qubits
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Tasks
- Transmission	of	matter	wave	
across	a	rectangular	barrier

ntmdt.com



Readings
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Theoretical Exploration of Resonant 
Tunneling in Quantum Dot Systems: A 
New Approach to Performing Joint 
Measurements

Kevin S. Huang

yacoby.physics.harvard.edu
vandersypenlab.tudelft.nl



Introduction
Odd parity Even parity

- Joint measurement on multiple qubits gives information about the system 
without revealing the individual state of each qubit

Application:
- Quantum entanglement
- Basis of fault-tolerant error correction procedures
Theoretical conditions must be taken into account before this procedure can 
be implemented in experiment



Quantum Tunneling



Quantum Dot

- Artificial GaAs/AlGaAs heterostructure that 
holds electrons whose spin state forms a 
physical qubit

- Joint measurement: Transport electrons in a 
nearby conductance channel

- Electrostatic coupling between qubits and 
channel creates a scattering potential that 
depends on the spin states of the trapped 
electrons
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Current Measurement



Resonant Tunneling





Results r is defined as the ratio of energy to barrier height.
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Transmission vs. Energy Plots
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Discussion
- Compromise between distance and energy sensitivity is observed

- Unlike rectangular barriers, these resonant distances display a general linear 
pattern a+nb which leads to a discrete set of solutions in the case of more than 
two qubits

- For a=mb, the sensitivity in distance would be decreased below the sub-10 
nm range

Overlap between 
potential barriers 
leads to loss of 
resonance
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Conclusion
- Important step forward to experimental implementation

- For both the two-qubit and three-qubit joint measurement, the main 
challenge is dealing with the spread in the electrons’ energy

- Transmission restriction on allowed solutions is absent in the two-qubit 
case where an added background term satisfies experimental constraints
considered

- Conclusions drawn here lay the foundation for further paths of 
exploration to maintain parameters within realistic bounds



Future Direction
- Expand upon preliminary result to 
2D and 3D detailed device 
modelling

- Calculate the sensitivity of the joint 
measurement in the presence of 
additional components of noise and 
decoherence

- Developing efficient quantum 
entanglement and error correction 
procedures is essential to building 
quantum computers
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