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- Some previous work
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Dot current (pA)
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* Reverse normal usage: use a quantum
dot to sense changes in a point contact.

« Can be used to sense the spin state of a
donor embedded in the point contact. (7 Senca Ntional abortoies



Si MOS process flow

Oxide growth

Polysilicon deposition
and patterning

Ohmic contact implant
and anneal

Nitride and pre-metal
dielectric dep.

Silicide and metallization
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Control sample: Silicon implant

40 keV silicon implant
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Control vs. implanted
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Antimony allows
high temperature
post-implant
processing.
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Conductance (e2 / h)
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Tunneling spectroscopy
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Relevant features:

1. Aliasing — nearby charge environment
2. Excited states — structure of donors / dots
3. Slope of lines — capacitance
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Capacitive model

Aluminum gate
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Triangulation of Resonances OINY_.
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A @ Experiment (A or B) '
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Position and size determination

1.

Capacitance ratios are sensitive to small differences
In geometry
Top gate, S/D and lateral gates cover all three spatial
directions

- Is resonance below the surface?

- Still in progress @mmm



Spectroscopy: Sb in Si

Deeply buried donor Donor near interface
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Conclusions

Fabricated unique device which enables a
wide variety of possible experiments.

|dentified tunneling resonances in
Implanted point contacts, which are rare in
clean controls.

Capacitive measurements locate the
resonant states in the point contact, and
are consistent with donors as the source.

Charge sensing measurements ongoing.
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Extracting capacitance
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Donor distribution

150 keV Sb implant
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lon implantation

lon beam

250 nm SiO2

E-beam litho and polysilicon patterning

More EBL and ion implantation

Strip metal and re-oxidize polysilicon Back end
Second dielectric (ALD Al,O,) dep.

Final metallization
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Lever arm analysis
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Poor scaling due to high V
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Top gate lever arm
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Top gate bias (V)
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There is a disorder dot
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Disorder dot!
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Interface Trap Density (g/cm?*-eV)

13

lon implant damage

45 keV silicon implant, equivalent to 100 keV antimony implant
900 C furnace anneal, 24 minutes in O,

Interface Trap Density vs. Trap Energy
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Threshold difference
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Implant damage increases interface trap density and fixed charge, but
mostly repaired after high temperature processing.

CV measurements of Dit and Qf by Greg Ten Eyck @mmlahmms



