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 Important Issue: Current flows when Fermi
functions differ.
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* One level equations: | = 2q e IdE . DS(E)( f1 — fz)
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* One level equations:

| =29 NP2 (e D, (E)(T, - f,)
oy +7,

N :ZIdE-Dg(E){71f1+72f2}

Vit 72
* For one level:
DS(E) — 72/272-
(E-&)" +(y/2)

* Note: If 4, and p, are equal, then the number of
electrons, N, is given by

N =2JdE-D,(E)f, =2/dE-D,(E)f,

sV =0T




« Remember: Gate voltage moves
levels up and down but by how
much? And what will the potential
be?

» By an approximation you can
visualize capacitances C, C, and
Cp between the three terminals

» Might think of potential as a
weighted average:

GV, +CLV; +CLV,
C, +C, +C,
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Cp Vp
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» Set V4=0; the grounded reference
potential, therefore the effect on
channel energy levels by Cgq, C, and
C is given by

= (Co /Cr)(-aVg) + (Cp /Cr )(-qVyp),

ext

where C; C +Cg + Cp
and V=0 such that it is excluded.

* The above would be correct if the
number of electrons in the channel
was not changing (i.e. an insulator
such that U ;= U_)
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 Effect on Energy Levels

change in number of

* Increase in electrons raises levels;
decrease lowers levels.

» Electron-electron electrostatics
causes. Uscf = Uext N (qZ/CT) (N'NO)

where N, is the number of electrons
under equilibrium and

Ugwi = (Co/CH)(-qVe) + (Cp/Co)(-qVp)



* Why use the term “self consistent field”
f) .
(scf)? Because equation A must be [ Self Consistent Iteration ]

solved self consistently with equation B.

(A)
N =2/dE-D,(E-U

)]/1 fl +]/2 f2 Uscf 2 N9 Eq (A)

T,

2 |

Uext +q_(N - NO)

T

scf

N -> U, Eq. (B)

Note:
(B) is a simplified version of Poisson’s equation




» What effect would this have on
conductance vs. gate voltage?

l.e. Assume that the gate is very
closely coupled to the device. So,
Cs/Cr=1and C,/C;=0in U,

» Then conductance vs. gate voltage
peak is determined by:
- Broadening, y
- Temperature, kgT
- Uo = g?%/C; in USCf U, + 9%/C(N-
N,) from electrons placed in levels

Conductance vs. Gate Voltage
(very small V)




* Rather than a single peak, sometimes
experimentally we see two peaks of width

v + kg T (Coulomb Blockade)

* Occurs when U >> kT + v

» Reason: there are two levels: spin up and
spin down. When one level is filled and the
other is not, this will result in floating up of

the level which is NOT initially filled but feels

the potential due to the filled level. Note that

the filled level doesn’t feel a potential due to Coulomb Blockade: Spreading of
itself. Spin Levels

» For illustration, in this T >} Slight
figure, assume spin up (1) 1, >

_ Difference
and spin down () start out 1
2

with slightly different
energies




* As current flows say the spin up gets
filled first and pushes up the energy level
of spin down as the bottom figure
illustrates. So what’s happening is the
splitting of up and down spin levels and
this is what's called coulomb blockade.

» Note: for small devices U = g2/C; can
become very large as C; becomes very
small, hence affecting the condition U >>
kgT + v under which Coulomb Blockade
oCcurs

* An example:

qg° 1.6x107°C°
C, 107°F

=0.16eV




N=2/dE-D.(E-U )M1

scf

2

Uscf :Uext +qa(N - NO)

And

| =29 77 [g4E.p (E-U_)(f - f,)V
V1t 7,

* (A) and (B) must be solved self consistently.

* One further point: the effect of U, = C;/C; (-qVg) + C,/C; (-qV;) can be quite
dramatic. There are many important factors in electrostatics which can create
very different |-V curves.
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