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Charge sensing experimentsQuantum dots with integrated electrometers

Start

Polysilicon Etch

Finish

1. Gate oxide growth (critical interface)
2. Polysilicon deposition and gross pattern
3. Ohmic contact implant and anneal
4. Encapsulation and metallization
5. EBL and fine patterning of polysilicon

Spin readoutDouble quantum dot – charge transfer

5. EBL and fine patterning of polysilicon
6. AlOx deposition
7. Final metallization

Measurement circuit

• Transfer charge either from dot to dot  
or dot to 2DEG

• Differential technique
• Measure Pauli blockade, dot charging 

energy, etc.

• Transfer charge either from dot to donor
• Direct technique
• Measure electron spin localized to Sb donor
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Electrometer sensitivity

Charge sensing is fundamentally 
electrometry (charge counting).  
The ideal electrometer is:
• Sensitive
• Does not saturate or lose 

sensitivity over a large number 
of single electron transitions

• Tunable independently of the 
DQD being monitored

• Fast

The largest factor affecting 
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Electrometer sensitivity
The largest factor affecting 
sensitivity is distance from dot to 
sensor.  Other factors are the 
charging energy of the dot and 
intrinsic sensitivity of the 
electrometer (dIcs / dVcs).

A simple yet effective model is 
capacitance.  Changing the electron 
number on the dot changes the 
potential on the sensor through a 
capacitive voltage divider.  When 
the capacitive coupling between 
the dot and charge sensor is a large 
fraction of the total dot 
capacitance,  the sensor response 
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Direct vs. differential measurement

(disorder dominated).

Coupling between dot and 
CS.  Design parameter!

Change in dot potential 
when removing an electron.
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capacitance,  the sensor response 
will be large.
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• DC or quasi-DC measurement
• Suitable for single shot readout
• More difficult

• AC measurement
• Can measure tunneling rates
• Faster (noise rejection)
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