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Lecture 8: Single electron transistor
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Single electron transistor circuit
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Electrostatic energy
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Free energy :

1 G GG E QV Q V= − −
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Can current flow?

C1
CG

C2

V

VG

+

+-

-

Q2
+

Q1
-

Q2
-

Q1
+

Qg
+Qg

-

( )2 2 2 2
1 1 2 2

1
2 G G G G iE C C V V C C V C C V Q
CΣ

 = + − + + + 

1 G GG E V Q V Q∆ = ∆ − ∆ − ∆

0iQ n e= −
Before:

0iQ n e e= − −
After:

e-

2 2
02
2
n e eE
CΣ

− −∆ =



Last modified 3/31/2003 EECS 217C Nanotechnology © 2003 P. Burke 7

Can current flow?
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Can current flow?
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Can current flow?

C1
CG

C2

V

VG

+

+-

-

Q2
+

Q1
-

Q2
-

Q1
+

Qg
+Qg

-

2 2
102

2
g g

G

eC C eCn e eG V V
C C CΣ Σ Σ

− −∆ = + +

e-

g
G

eC
Q

CΣ

−
∆ =

2 2
02
2
n e eE
CΣ

− −∆ =

1 G GG E V Q V Q∆ = ∆ − ∆ − ∆

1
1

eCQ
CΣ

−∆ =

0 1 0
2 g G

e eG n e CV C V
CΣ

 ∆ = − − + + >  



Last modified 3/31/2003 EECS 217C Nanotechnology © 2003 P. Burke 10

Similarly
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Allowed only if:

n0 is the number of electrons on the island before the tunnel event.
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Can current flow?
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Can current flow?
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Can current flow?
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Can current flow?

C1
CG

C2

V

VG

+

+-

-

Q2
+

Q1
-

Q2
-

Q1
+

Qg
+Qg

-

1 G GG E V Q V Q∆ = ∆ − ∆ − ∆

Q2
+

Q2
-

e-

g
G

eC
Q

CΣ

−
∆ =2

1,
G

total
C CQ e
CΣ

+∆ =

2 2
02
2
n e eE
CΣ

− −∆ =

2 2
0 22
2

gG
G

eCn e e C CG Ve V
C C CΣ Σ Σ

− − +∆ = − +

( )0 2 0
2 G G g

e eG n e V C C V C
CΣ

 ∆ = − − − + + >  



Last modified 3/31/2003 EECS 217C Nanotechnology © 2003 P. Burke 15

Similarly:
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Allowed only if:

n0 is the number of electrons on the island before the tunnel event.
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Current for 1 electrons on island:
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SET I-V curve vs. gate voltage
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Band diagramEnergy
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Band diagram with Coulomb “gap”Energy
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Band diagram under biasEnergy
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Band diagram with Coulomb “gap”Energy

z

EFermi-eV

2

22
e
C

Gate voltage like a “plunger”
Moves island up/down by e2/VG



Last modified 3/31/2003 EECS 217C Nanotechnology © 2003 P. Burke 33

Band diagram with Coulomb “gap”Energy
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Zero bias conductance
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