L12 Current Topics

Friday, December 3,2021  1:25 AM

Lecture notes by Ethan Minot, visiting from Oregon State University
ethan.minot@aalto.fi
Nanoelectronics Class at Aalto University, Autumn, 2021.

Philosophy of the course - examine electron transport
phenomena in small conducting structures.
The structures could be made out of

1. Normal metal wires

2. Superconducting wires

3. Semiconductors R 2000~ 2010
4. Molecul

olecules sean s
5. Graphene

kq/)m fo cadl TWis Noavoglechyines

Fronn 2010 — 202D

I\

! Nmo&d—m'tsn Woff(l\/{ry Into HBL”‘J Prsnntrinn {7(1*/1/“_& ¥

! Qo Aataniads”

or

Jis:‘v‘r:jw'sk S~ "annture nanoelechonics  reseanch fopics fuat have
SLVL“‘I frown P'A/?"l‘ o(elomw+f Mo 6,12(;/»1:»( wjint@(;’_‘j dﬂp“""""‘m
and  Companies.

(e.s. Malging & CPU for o onvulau'qu us]:xj Cf\ﬂ\s>‘

(0“/4:({_4 ‘/O

n an onae (,L\M‘cﬂl /Lz.f”l“ju‘
C/ﬂ_—‘> Lo +
\ J/h

_S‘u/,u.q condue /-\'y cirew it
>

-M;&Ag Aode.

AM’[] _,(:M,/ﬁ‘mw‘b Fuat isu't /@ossiék n oo St\:jlk Sjsle»u—-\

LQ(L(M/L'IUM Maderials ’ Sevriiclassical ﬂq,gw.'/,hbnx can't ce,/af'ufc e /aLunow.uao\
‘-‘j' Mo , ,ﬁi 1 Cscafler (? arzametar ;j\/:j\ CVA'M‘(MM
2w, effects o p onto

clasgicad Tnhuitt o 7

P Shong elechonalechon ntemc ks & Guumtwan phase hranisitens
. Mon-trivial '5/0/0‘7, oF o band shuchere

O otre gmasi prcticdes ja o Sﬂg{ov\_\

New Section 1 Page 1



(CMOS@_ Some recewt veseanch Fuat uges ~deas —Fa,uljld T ‘hxufs cluss , and
are M(aumr:ki o{ b)(a‘/:{'\'\/}j/()n,m;{ij ‘g&‘h/me “LSLM&(«)

* HZLrhsoL Quowv{u‘m %Sb\»\ Cocl"“’ "Pa;( SP(\‘H'W

x* Ruantun Mars cals < A/lﬁ\ji(r‘/qvl-j(&, bilaje/ 7faflfwﬂa (inmm\ms)

Guwanntinn Sf:n Ha,[/ Mate ~cals (’{\7\/0(02«7)

M”\J'N_M/W\ Z2ero modes in nanowirel vty Al shell [O(D'/‘“ 4'(//\0-5; (’m(/(u)

¥ Outloole .

CooPer. PAIR. SPLITTE R 74»\« PR L. (ZOlL) S’cl‘;o\emﬁugxri greep in Based

T4 no,w&— novened cotnch

Gi[ o
DC Y R el

N N
0wk | kT = ZpeV

dgsi‘jla o,y,omiwwv\f' o E. islarge

(EC 2 Sm.\o, ne virluel state with
Aouble occpounyy. (c) local processes

'rmms[»ﬁ' ‘s fMp/J/zSSeJ when
Ob\‘y’ evie G{D iy +\AV\<_0Q 4o
fe gonance it E‘F in S

L

(‘)’l,._z_ local process imolves Victwal excited Stute )

New Section 1 Page 2



(b) (d) Cooper pair splitting
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FIGURE 1. ATOPOLOGICAL INVARIANT is a property of a geometric shape that does not change when the shape is stretched or
distorted. One such invariant is the genus g, which is given by the number of holes in the surface and is related to the integral of the Gaussian
curvature K over the surface of the shape. Shapes with no holes in them (g = 0) all give the same value of this integral, as do shapes with one

hole in them (g = 1). (Image by Donna Padian.)
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FIGURE 2. IN A CRYSTAL, AN ELECTRON STATE (black curve) is described by a slowly
oscillating plane wave (blue curve) whose wavelength corresponds to the electron
momentum that is modulated by a periodic Bloch function describing the electron’s
attraction to the atoms (red and blue circles) in the crystal’s repeating unit cell. The electron
probability density is shared among the atoms in the unit cell, as indicated by the shaded
black areas in the outlined unit cells, The Berry connection X, shown above those unit
cells, is a vector that can be thought of as the center of the state's density distribution.
(Image by Donna Padian.)
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FIGURE 3. THE BRILLOUIN ZONE (BZ) is defined by the set of all

possible momenta p for electrons in a crystal. This illustration shows

the BZ for a two-dimensional crystal. The Berry connection Xis a

vector field (black arrows) in the BZ that indicates the electron = .
wavefunction's center in the crystal’s unit cell as a function of p. VX X 119 CMIKQJ
If an electron is accelerated and decelerated along some closed

path P (red loop), its wavefunction acquires an overall phase y,

whose sign depends on the direction of the path, clockwise or

counterclockwise, But if that closed path runs along the BZ

boundary (green loop), the phase must be a multiple of 2.
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If an electron is accelerated and decelerated along some closed

path P (red loop), its wavefunction acquires an overall phase y,

whose sign depends on the direction of the path, clockwise or + loate “Mj
counterclockwise, But if that closed path runs along the BZ ° l’° a N d
boundary (green loop), the phase must be a multiple of 2. trive °
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FIGURE 4. A QUANTUM SPIN HALL SYSTEM has equal and opposite Chern nurmbers, which deseribe electron wavefunction winding, for \

its two spin species. [a) The Berry connection X, shown here for a two-dimensional quarntum spin Hall material, winds counterclockwise for up
spins and dhockwise for down spins, which gives Chem numbers of +1 and -1 respectively. The systern remains syrametric under time reversal,
which simultaneously changes p to —p and sgin up to spin down. (b) The boundary of & quantur spin Hall material features edge states in
which one spin species moves dockwise around the sample while the other moves counterclockwise. (Image by Donna Padian.)
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Microsoft’s Big Win in Quantum
Computing Was an ‘Error’ After All

In a 2018 paper, researchers said they found evidence of an elusive theorized
particle. A closer look now suggests otherwise.
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Zhang et al. "Quantized Majorana Conductance" Nature (2018)
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Sergey Frolov @spinespresso - Feb 4, 2021 ,
Replying to @spinespresso

Then @VincentMourik stared at it for a long time and
realized: it was the same data! But... four vertical lines
(current-voltage characteristics) were missing from the
middle. At first we could not believe it, made 15 slides just
studying the noise patterns in the two images...
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A segment on the far right of raw data has

been cut (green rectangle). It contains

1> zero bias peaks below quantized value and
a peak splitting.

Peak splitting favors trivial Andreev bound state
interpretation and goes against ‘robust plateau’ claim

7 major charge jumps are left uncut to extend zero
bias peak and generate an apparent ‘plateau’, while
unfavorable charge jumps were cut
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