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Transport in Semiconductor Mesoscopic Devices .

wave function, is larger so that the scanned measurement
image gives an indication of the spatial extent of the wave
function. We can see the concept of the SGM in the video
of figure 2.4. In this video, the propagation through the
QPC is shown in the right-hand panel. The conductance is
plotted in the left-hand panel. When the probe (indicated
by the white shape in the right-hand panel) is at the left, it
sits over the potential barrier (red in the right-hand panel)
and the conductance measured through the QPC is unaf-
fected by it. However, as the probe moves through the
actual channel, the large bias of the top serves to cut off
the transmission through the QPC and the conductance sl 3 /

drops to almost zero. Then, as the probe moves onto the
potential at the right, the conductance rises back to its
normal value. The fact that the conductance is nearly cut
off in this video tells us that the probe tip is fairly large.

- . A 3 % £1s
However, it is possible to adjust the distance of the tip S
from the surface, and the bias applied, such that a spatial @
. . . . 1
resolution of 5 nm, or better, can be achieved with this
technique.
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" J
o 02 0.4 08
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Figure 2.4. The video illustrates the method of
operation of the SGM. (Video by Richard Akis,
included with his permission.)
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Transport in Semiconductor Mesoscopic Devices . < = AA Q .
of the sample under test. It is not affected by the surface sured. (Reprinted with permission from [11]. Copy-
conditions or the manner of isolating the device. We have right 2010 Macmillan Publishers.)

already remarked that it is not dependent upon the mater-
ial being studied. Because of the topology of the experi-
ment, we are led to the result that the Hall resistance is a
result of the gauge invariance and depends only upon the
ratio of these fundamental constants [7].

The stability of the quantum Hall effect is remarkable,
and because of this it has become the international stan-
dard for resistance. The resistance value given by equation
(6.17), when v = 1 has been called the Klitzing. One
important aspect of this is that the value depends only
upon fundamental constants, and efforts have been taken
to assure that its value is universal among various materi-
als [8]. Indeed, this value is so well known, that there is
now a move afoot to rework all of the various
international standards in terms of the value for Planck’s
constant, as described in the video of figure 6.6. It gener-
ally is felt that this will provide better known values for
these various standards [9].

The above approach has since been extended to amino
acids and peptides through the recognition tunneling
method [13]. In this approach, the tunneling leads are
modulated. Since the tunneling current depends exponen-
tially upon both the voltage applied and the tunneling dis-
tance, the modulation leads to a series of current spikes.
As an amino acid is moved into the gap between the elec-
trodes, the amplitude of these spikes will vary according
to the size of the molecule. These current spikes can then
be used as a recognition signal to identify the particular
amino acid that is in the tunneling gap. The process is
explained further in the video of figure 8.7, from the ASU
group [13]. The process of making the entire structure is
further explained in [14].

Figure 8.7. The video describes tlgg recognition of
individual amino acids as they are jpulled| through
the gap in a tunneling structure. Here, t®® acids play
the role of the quantum dot in, e.g., figure 8.4. (The
video is from S Lindsay, included with his
permission.)

Figure 6.6. The role of the quantum Hall effect in
defining new values for various SI standard quanti-
ties. (Video reproduced with the permission of ] T
Janssen et al [8] and the National Physical Laborato-
ry. Copyright 2011 the National Physical
Laboratory.)
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Habitable zones in multiple star systems

Binary Muttiple

Star A u
Temperature 5780 K s
Luminosity 1.0 Lsolar
Mass 1.0 Msolar
Position X | 4 AU 2
Position Y 0.0 AU _
Star B B =
g o
Temperature 3800 K =
Luminosity 0.2 Caoiar -
Mass 0.104 Msolar -2
Position X 0.5 AU
Position Y 1 AU
Star C ﬂ .
Temperature 8700 K
-4 -2 o 2 R
Luminosity 4 Lsolar Distance [AU]
Mass 1.5 Msolar Star  Temperature Luminosity Mass x Y
Py ~ v A 5780 K 1 Lsolar 1 Msoiar 4 AU 0 AU
B8 3600 K 0.3 Lsotar 0.104 Mgoiar 0.5AU 1AU
Position Y B AU c 8700 K 4 Lsolar 1.5 Msotar 3 AU 2 AU

Parameters

Mode! Kopparapu et al. { ¢

Plot region min/max XY :
Minimum X -5 AU
Maximum X S AU
Minimum Y -5 AU
Maximum Y 5 AU
Aspect Ratio
Resolution 0.05 AU
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Pendulum Driven by 7 = Feos(wt) Phase Plot: 6 vs 0
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The Institute of Physics and [OP Publishing appoint Professor
f Qi-Kun Xue as chief scientific advisor for China Most Recent
4 e © Coronavirus (COVID-19) FAQs
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© 0P Publishing and Hungarian consortium sign
open access publishing agreement

© 0P Publishing joins Researcher to keep
academics on top of leading physics research

© First papers publish in J Phys Complexity - IOP
Publishing’s new open access journal for
complex systems

© Physics World - indispensable, trusted daily
news throughout the pandemic

© 0P Publishing brings the international quantum
science community together virtually
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integrate its article submission system with
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Editage’s online submission system
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