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We can assume a solution of the form:

e™ for x<—L/2
w(x)=1{Acos(kx) for—L/2<x<L[2
e for x> L/2
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Analyzing the potential piece by piece, we assume a solution of the form

& 4™ for x<0
w(x)=1{ae™ +be™ forO<x<L
™ for x> L
where once again
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of electron states G

3. Apply bias
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POH PEYMATOZ (FENIKA)

Fig. 2.4. (a) A wavepacket with no net velocity. Note that each plane wave component
with a + k, wavenumber is compensated by a plane wave component with a — k,
wavenumber. (b) A wavepacket with a net velocity in the positive z direction is

asymmetric about k; = 0.
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(@) tE (b) tE

0 K ko K

Fig. 2.6. (a) Under equilibrium conditions, electrons fill up the lowest energy k-states
first. Since equal numbers of +k, and —k, states are filled there is no net current. (b)
When +k, and —k, states are filled to different levels, there is a net current.
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(a) Degenerate limit: /= u(E-E)
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(a) 2-d: Quantum Well (b) 1-d: Quantum Wire (c) 0-d: Quantum Dot
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Fig. 2.12. A quantum well confines electrons in 1 dimension.
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V(x,y:z):P’Bu(—x)+ﬂ,u(x—£x)+lfau(—y)+I’E,u(y—Ly),

w(x.y.z)= w(x,y)efkﬁz

h* d° I h2p?
A ) P | . D)= E |
2m dx’ v (x.) 2m dy’ w(x y)+ m w’(x J") w(x y)

w(x=0)=y(x=L)=y(y=0)=y(y=L,)=0

v (x,y)=w,sin(k.x) siu(kyy) ,
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Fig. 5.15. For high transconductance,
the gate capacitance must be much
higher than the source or drain
channel capacitances. This forces
impractically small gate-channel
separations in molecular transistors.
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Fig. 5.25. Forward hias characteristics for a quantum wire FET at (a) T = 0K, and (b)
room temperature.
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Fig. 5.28. Below threshold few electrons can be injected from the source into the

conduction band, irrespective of the drain source potential.
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Fig. 7.1. A CMOS inverter consists of two complementary MOSFETSs in series.
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Fig. 7.3. Cascaded CMOS inverters. The first inverter drives the gate capacitors of the
second inverter. To examine the switching dynamics of the first inverter, we model the
second inverter by a capacitor.
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Figure by MIT OpenCourseWare,

Fig. 7.16. The voltage dependent K* ion channel has 4 charged paddles that rotate in an
electric field, opening and closing a mechanical gate at the base of the channel.
Reproduced from MacKinnon, et al.
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Fig. 7.17. lon channels modulate the diffusion of ions through a membrane. The
direction of ion current is determined by the concentration gradient. Typically, the ion
channel preferentially passes ions of a particular size and charge. When it is open, the
channel illustrated above selectively allows K+ ions to diffuse.
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1. Reversible computing
The absence of power dissipation makes this a big prize, but concerns remain as to its
noise immunity and fundamental practicality.

New information tokens
TIHIlSlStDIS today use electrons to carry mformation. Instead, we might seek to use a
different mformation token such as the spin of an electron or position m a mechanical
switch. A change i mformation token could revolutionize electronics. But at present 1t 15
not clear what, for example, a spm-1n spm-out transistor might look like, nor do we have
a clear 1dea of the potential benefits of spm-based technology. For example, could it
escape the Shannon-Von Neumann- Landauer limit?
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3. Integration

More tranststors per chip have traditionally meant more computing power. If we can’t
make fransistors any smaller, perhaps we could shift fo three dimensional circuits? A
transttion from two to three dimenstonal circuits could massively merease mtegration

densities. But apart from the difficulty of fabricating such structures, we must also figure
out how to cool them.
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4. Architecture
The computing power of the brain clearly demonstrates the virtue of different approaches

to certan problems such as pattern recognition. But 1t 15 not clear that our current model
of electronics 1s suited to say, a shift to a neural network type archutecture.

Whatever happens the stakes are high. As we approach the lmits of CMOS, slow
technological progress may reduce the need to update computers every few years. But the
economic model of the electronics mdustry has come to rely on rapid technological
change. Consequently, the rewards may be especially great for the next revolution m
electronics technology.
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