Lecture 7: Double tunnel junction
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Electrostatic energy (no tunneling)
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Island charge

Q. Qy Q' Qy

“Island charge”:

Qi =Q,-Q

Cl C2 Kirchoff:
V — & + &
Cl Cz
Solve for Q, Qg:
Q, = Cl(CZV _Qi)
: C,+C,
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Qz —
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Electrostatic energy (with tunneling)
Q'Qr  QQy

Q, = Cl(CZV _Qi)
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Free energy :

G=E-QV

From before;

E— C1C2V2 +Qi2 Q — Cl(CZV _Qi)
2(C, +C,) ' C,+C,

o _CCN?+Q7 C(CV-Q),,
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~1(CV +Q)’
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Can current flow?

0 B 0Ve
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1 2 Before:
After:
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Can current flow?

Q" Qr @

i i AG = AE -V AQ,
C, GC, Before: 0 - C,(CV —(-n,e))
Q. =-n,e ' C,+C,
After:
Qi = —ne—e Q- Cl(CZVC: J(r—c?zoe —e))
A =" c:lc+1ec2
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Can current flow?

QMQ WQQ AG = AE -V AQ,
C, GC, _ -2n,e° —€°
2(C,+C,)
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A — 1
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= + = [—noe—E+C1V}>O
2(C,+C,) C,+C, C,+C, 2
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Similarly:

Allowed only if:

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

A

0 T AG = AE -V AQ,
Before:
L G G
o After:
Q =-ne—e
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Can current flow?

508 oo AG = AE —~VAQ,

[l

C1 C2 Before: o C.(CV —(=ng))
\+/> Q; =—nye 1T ¢+,
After: Q _ Cl(CZV B (_noe B E))
Qi:_noe_e b C,+C,
AQ, oGP
w ” , polarization C C
But... Acgl,tunnel =€ 1 T 2

AQ toa =€ — Ci :C1+C26— Cee = C.e
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Can current flow?

A
T AG = AE —VAQ,
C1 C2 C.e
AQl,total = C1 _i C2

- -2n,e° — e’
2(C, +C,)

. 2 A2 B
_T2nge”—e +V Ce __ ¢ —Nn,e — °_ CZV} >0
2(C,+C,) C,+C, C/+C, 2

V < —i(no +£j
C, 2
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Similarly:

Allowed only if:
V> —i(no — lj
C, 2

n, is the number of electrons on the island before the tunnel event.
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Summary
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Current

Emm

C, C, :

C, €

V) v<c%(no—%J V<%,
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Current

Letn,=0. LetC,=C,

A\
-
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Coulomb blockade

I

Cy

)

I

C,
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Let C,=C,
No current:
e e
—— <V <—
2C, 2C,

From quantum circuit theory,
works even when voltage biased.

\V/ In single junction, Coulomb
blockade hard to observe.

In double junction, Coulomb
blockade easy to observe.
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Band diagram with Coulomb “gap”
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Band diagram under bias
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Band diagram with Coulomb “gap”
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Band diagram with Coulomb “gap”
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Higher voltages

A
>l
C, GC, 3e

V < —i(no +l)
C, 2

Now ny=2

M‘Ll]]f

C, 3e

Olzs V<o,
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Higher voltages

A\
-
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Coulomb staircase

[l !

C, G

)

Overall slope is R which is large.

tunnel»
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