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Abstract: The fields of quantum information and quantum computation are reliant on creating and maintaining low-dimensional quantum states. In
two-dimensional hexagonal materials, one can describe a two-dimensional quantum state with electron quasi-momentum. This description, often
referred to as valleytronics allows one to define a two-state vector labelled by k and k', which correspond to symmetric valleys in the conduction
band. In this work, we present an algorithm that alows one to construct a nanoscale device that topologically separates k and k' current. Our
algorithm incorporates electron transport calculations, artificial neural networks, and genetic algorithms to find structures that optimize a custom
objective function. Our first result is that when modifying the on-site energies via doping with ssmple shapes the genetic algorithm is able to find
structures that are able to topologically separate the valley currents with approximately 90% purity. We then introduce an arbitrary shape generator
via a policy defined by an artificial neural network to modify the on-site energies of the nanoribbons. We study the dynamics of the genetic
algorithms for both cases. Lastly, we then attempt to physically motivate the solutions by mapping the high dimensional search space to a lower
dimensional one that can be better understood.
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Injection of electrons

2D material
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How do we calculate currents in the devices?
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What Kind of Transport?

Diffusive Transport Ballistic Transport
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< Length of Device

Type of Transport depends on 3 length scales:

The Fermi Wavelength (35 nmn)
The Mean Free Path (30 pon)

Phase-Relaxation Length (30 pm) for high mobility semiconductors

R
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Electron transport

Left Region Barrier Right Region
J
Ip = LT
Vis) The current comes from transmission

through the barrier
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Electron transport

A C F
B D G
Left Region Barrier Right Region
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Tight Binding in 1D
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Tight Binding and Electron Transport in 2D
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Tight Binding and Electron Transport in 2D
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Tight Binding and Electron Transport in 2D
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Tight Binding and Electron Transport in 2D
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Tight Binding and Electron Transport in 2D
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kwant Python Package

e Allows one to construct and solve

for the transmission in a small =

n
number of lines of Python 1P TaT S T T

about  blog  install  documentation  community  contribute  cite

e Well documented

Quantum transport simulations made easy

. . . =1
e Growing community with a good ’,r k
’ e - import kwant \
mailing list | G R
& _w\ % syst = make system() 9 X “."-w ._ :_
smatrix = kwant. smatrix(syst) : - -‘-:_"“ Y '
74 ‘ G = smatrix.transmission(1, 0) ;ng'-.l:‘

e laster than other codes written in IJ;LL/R\LL_:‘
FORTRAN and C/C++

e Freel!!
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Tight Binding for Graphene
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Design Space
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e Apply a gate voltage across (or doping) the device as demonstrated in [1], modifying
the on-site energies of the atoms!

e DBut what atoms do we select? With 4000 orbitals (as shown above) there are 21000
possibilities!

T2

[L] Rycers A, Tworzydio J. Beenakker CW. Valley filter and valley valve in graphene. Nature Physics. 2007 Mar:3(3):1
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Simple Strategy - Drawing Polygons
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Simple Strategy - Drawing Polygons
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Device 3
Device 56
Device 23
Device 0
Device 99

Device 76
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Simple Strategy - Drawing Polygons
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More Sophisticated Strategy - ANN Policy

byttt

B L T L L T T r LT
‘t’:‘r‘:':‘r‘:‘:‘-’-‘r‘:’:‘r’r’r’t’t‘r r't‘:’r’x‘:‘:’:‘1':‘:‘:’:‘:’:’:'|‘t‘:’r‘r‘:’r’r‘:‘t’:‘z‘:‘:’:‘:‘:‘:’:‘:’;’:‘f’r‘r‘:‘r‘:'t‘t‘r’:’
[ 3444 N 4 I!::Ila!‘|!:|!!II!!I!!1!!]I!|:TQI:QIIIIIX

x‘:’:’-‘:’:’- SN I :‘:‘:’x’:’-‘ LI
AR ‘x’x‘:’:,x'x’:‘:’r’:’:‘r’:‘:‘t‘:‘ KRR
, v v vty
SRRt DR

Ty T

)

Db L ; ;: ’:‘:‘;’:‘x'x':‘x'x": :z:x‘z‘:i oy :’i’:‘:::’?:':';‘zt:’:
w >, " w 4, 3, e

R AR ‘:‘f‘f‘f‘i‘i‘f‘f-z e

AR AR RE LR RER LR RD RERSREARLRRER LA RARLREAEARLRARER R AR RN

TRERR R R R RS by b R L T L L LD L L L LT D

. i Y R e R

e S e e e

R x ’x’:‘:‘:‘:‘:‘:‘1‘:‘:‘:‘:‘:':’: 1 x’: rr R :’:‘:x

iy

EERLRERARR AA Y] v

drddi

ettt bty

fz’x::‘x"’:’:"'l‘ R R R

B

on-site energies

hq
h|

ha _ p-doped
B ANN Policy _
n-doped

o

Pirsa: 19070021 Page 28/36



More Sophisticated Strategy - ANN Policy
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More Sophisticated Strategy - ANN Policy
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More Sophisticated Strategy - Testing ANN Policy
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More Sophisticated Strategy - Testing ANN Policy
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Experimental Realizability
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Summary

e 'Ireat calculating ballistic current as a “particle passing through a finite

barrier” problem
e® Able to search for structures by pairing transport calculations with GAs

e The polygon strategy for splitting valley currents yields high purities, but
gets stuck in a local minima of optimizing one valley current and produces

devices with low currents

e The ANN policy for splitting valley currents yields high purities, rids the

local minima, and has an order of magnitude higher currents
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