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Erin riff
If I want to add an extra election

DEA N Eee Nta Eee N It È
NÉILL ME semi

This quantity is called charging energy because it tells

how much energy we have to spend to add an

extra election to the dat if we have already N

electrons inside











































































This value corresponds to the addition energy in

case we are neglecting excited States which arise from
quantum confinement

2 in principle

Ifiiii here are

excitedstate

particle in a box like

Since Ec Sears usually in all these computations

Coming from his simple capacitance model we are

neglecting effects of quali confinement Sears o

meaning that discretization rules are dictated just
by coulomb repulsion since it usually dominates

0 not depending on N

2 sega SUNG SUVa GS Y Viva LaSua Va
CoSuaVa Casu va Cava

Cava Eiffel e Cava Cava

Seta Ig neat Ie le Cavataio

II Ntt lel Cav Cavs











































































3 To inject one electron from the source to the dat

DELE O E lel_Cava Cava co

Cava Ntt e Cavo

Va Va Ntt i

4 Inject an electron from dat to the drain
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cnn.at IteIcm S
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Squa Squat fa Valdi Cervo CaSveva
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6 7 i 1 are ap of a time in the Us Va plane
one line for each N value

However to get the full picture we are missing one

point what if I o

In fact if Va co it is more energetically favorable
to inject one electron from the drain to the dat

and then from the dat to the source the opposite
with respect to what we got so fer
If we do the computation we get tuo new

inequalities
D L dot Va a Fava Ntt

a

dat to S Va Eva n E E
So in the end we get 4 inequalities which have

to be Satisfied to get a current from S to D

for Vaso or from d Lo s for Va co

Va GVa Ntt vaso source

dì
Vs Va n E E Cusco

Va IL Va N E LÌ Vaso drain

LE
Va a Icaro Ntt if Cusco
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So if we plot these inequalities for each value of N
we get finally the charge stability diagram of a single

quantum dot The green regions called Coulomb diamonds

because of their Shape are regions where electron transport
is completely forbidden by Coulomb repulsion Outside

the diamonds e current con flow from S to D and

viceversa according to the sign of Va
In conclusion we have to provide energy to electrons
in order to overcome Coulomb repulsion We can do

it through Va orland Va

Effe
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Coulomb oscillations

Li
Vg is able to more up and down the chemical potential

of the dat When his potential is aligned to he

chemical potentials of the reservoirs election tunneling
is possible
How to convert gate voltage Va directly into energy
provided to the electrons Through the lever arma

affari inf e Ì

Through 2 Ece E
v
periodicity
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EÈÈ
Blue point no confinement anymore

EEA
The bias window is so large that there is always an

energy level in the dat within the window

independentlyon Va

Etf
How much is his value

From up i and y

Va Va Ntt Va Va net

v nidificava va verità
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Catia a Va e lel Vai LÌ
Eaten afa FFF
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we found previously in the exercise which was N depone

This is because it is more convenient to re define an

expression which is N independent in onda to think

in terms of energy differences and not absolute values
defined Starting from an arbitrary reference ex Nao

Ec DECINA DE.CN CIÉ TI
s
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da 0.04 If if we apply Una 1mV we

shift the chemical potential in the dat of go µ

Notice that now that we know Ec we can also

compute the total capacitance of the dat

Ec Ii Conte E
And by approx the dat as a conductive diste ve

con estimate the dot radius

Colt SEE Riot

Notice in the picture you can also see other transition

lines outside the diamond which lead to an increase

in current when matching this transition by Va and

Va excited states due ho quantum confinement
as anticipated at the beginning se.rs con be

extracted from the graph as well
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