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Coulomb Blockade
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Coulomb Blockade

Coulomb Blockade

» Equilibrium Charge
Q=C - VL—I—CR-VR—I—Cg-Vg
» Total energy of the island with n electrons

_ 2
En(Q) = (QQCSO)
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Coulomb Blockade

Transition Rates and Master Equation
r P+ I‘
. @ .

» Rates I can be calculated via Fermi golden rule
> pn: propability to find the system in a state with n electrons

» — Masterequation

d

apn = rn—i—l—»npn—l—l + rn—1—>npn—1 - (rn—>n+1 + rn—>n—1),Dn
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Coulomb Blockade

Steady State and Current

» Condition of Detailed Balance

ranJrlpn = I_nJr1~>nPnJr1

> = P

» Current through the left junction

= _ezpn(rﬁ—m—i—l - rrL7—>n—1)
n
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Stability Diagram
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for T =20mK

Differential conductance
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Stability Diagram

Differential conductance -5
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Stability Diagram

Conservation of Energy - Tunneling

» from left junction onto island

EI_ZEk+ECh +Z€k

kl%ax ma)(
Gf:ZEk—Ek/—i-Ech n+1 +Z€k

k
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Stability Diagram

>€i:6f

AEch = €k’ < Gkre]ax = eE

» from island to right junction

4
AEc > _ea

» from right junction onto island

4
AE, < _35

» from island to left junction
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Stability Diagram

Tunneling condition - straight lines in stability diagram

» calculate AE,, for positive population n and consider equal
signs

» from left to island and v.v.

_(2n+1)e 26

v G G

'Vg

» from right to island and v.v.

(2n+1)e n 2C;

V=-_
Cs Cs
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Stability Diagram

» calculate AE;, for negative population -n and consider equal
signs

» from left to island and v.v.

_ (2n+1)e N 2C,

%4 -V,
Cs G ¢
» from right to island and v.v.
V— ~_(@n+1)e 2C v,

G G

> slope and axis intercept yield Cy and (g
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Coulomb Oscillations

0a

0a

arv

G/G0o

Coulomb Oscillations

for V=1nV

Differential conductance (V=0 V)
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lvs.V=Vg—-V, for Vo =0

Current (Vg:u V)

I (nA)

1)
VL-VR (meV)
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Higher Temperatures

Stability Diagram for T =0.15K
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Higher Temperatures

Differential conductance -

Jiirgen Wurm, Teresa Ler

SET Single Electron Transistor



Higher Temperatures

Stability Diagram for T =2K

Differential conductance i
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Higher Temperatures

Differential conductance i
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different resistance

Different resistance: R = 1002, R, = 1012

Differential conductance

VL-VR (meV)
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Conclusion

Conclusion

» We learned the basics of the Coulomb Blockade Effect and
the concept of the Single Electron Transistor

» We gained insight into numerical working with matlab and its
graphical features
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