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QD measurements



Single Electron Capacitor
Electrostatic Barriers, VDS>0

Ecurrent suppression



Single Electron Transistor – SET

Electrostatic Barrier, Single electron charging



Single Electron Transistor – SET

• Conditions for observing single 
electron tunneling phenomena

• Ec > kbT
• Ec = e2/2CΣ

• Rt > Rk

• Rk = h/e2 (25.8 KOhms)



Example

Calculate the size of a sphere 
shaped quantum dot of Si that 
would produce observable 
single electron effect at room 
temperature. 
Solution. The energy change 
on charging of the quantum 
dot capacitor should be much 
larger than kT in order to 
observe the single electron 
effects.



Single Electron Transistor – SET

• Conditions for observing single 
electron tunneling phenomena

• Ec > kbT
• Ec = e2/2CΣ

• Rt > Rk

• Rk = h/e2 (25.8 KOhms)

Another requirement for observing the single electron 
effects is that the fluctuations in the number of electrons 
in the quantum dot should be negligible. The time 
constant for an R-C circuit is RC. The time taken by an 
electron to move in or out of a junction should be of this 
order. 

According to the Heisenberg uncertainty principle, the 
product of the energy change accompanying this transfer 
and the time taken should be larger than h, the Planck’s 
constant

ΔE.Δt > h
or ( e2/2C).RC >h

or R >2 h/e2 = 51.6 kΩ.



Single electron charging (II)

Electrostatic Energy, ΔN electron charging

Electrostatic Barriers, ΔN + 1 electron charging



SET Measurements

Current flows when Vg = ne/2Cg



Example
30 nm wide Si-wire channel and poly-Si gates defined by E-beam lithography

Current quantization due to single electron transfer in Si-wire charge coupled device, Applied Physics Letters, Vol 84 (8), 23 Feb 2004, 1323



Examples of quantum dots: Different 
Approaches



Electrically controlled and measured
quantum dots

A small semiconducting (or metallic) island
where electrons are confined, giving a 
discrete level spectrum
• Coupled via tunnel barriers to source and 
drain reservoirs
• Coupled capacitively to gate electrode, to 
control # of electrons



Electrostatically defined quantum dots

• Electrically measured (contact 
to 2DEG)
• Electrically controlled number of 
electrons
• Electrically controlled tunnel 
barriers



Transport through quantum dot - Coulomb 
blockade



A quantum point contact (QPC) as a charge 
detector



Few-electron double dot design



Energy level spectroscopy at B = 0



Observation of individual tunnel events



The effect of electron’s spin and related 
interactions in semi-QB

EXERCISE: We calculate that the magnetic field inside an electron is about B = 8.3 × 1013 T . This is about 8.3 × 1011

times bigger than the highest obtainable magnetic field in today's conditions. Therefore, is an unbreakable 
fundamental particle.



Single electron Zeeman splitting in B//



Initialization of a single electron spin



Spin read-out principle: convert spin to 
charge



Spin read-out procedure

Time



Spin read-out results



The end


