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* Part 1: Fundamentals
* Part 2: Analysis
» Basic considerations

» Common analysis
(bulk, molecules, two-probe)

» Advanced two-probe analysis
» Plotting
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What is “analysis™?

% Previous tutorial: converging the self-consistent field
calculation

% That is just a (necessary) step on the way to the end
results = some observable quantity
» Current
» Forces
» Total energy
» Spectrum, band structure
» Electron density
» etc...

* Analysis: computing these quantities
** Most analysis can be set up using VNL

» NanoLanguage scripting gives further, more advanced analysis
possibilities, including customized plottmg
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Two paths to the end results

\/

% Input for analysis calculation is always a self-
consistent field (SCF) calculation in the form
of an “SCF object”, either

» Returned by
executeSelfConsistentCalculation(...)

» Restored from NetCDF file by
restoreSelfConsistentCalculation(NetCDFFile)

% Given these two options, the analysis statements can
either be

» placed at the end of the main SCF script, or
» run as a separate script Al e

sure a NetCDF
is created!
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Output from analysis functions

% Return from analysis functions
» Various kinds of objects: single value(s), array, grid
| « Member functions (methods) like .energies() extract the data
@ e Use the .toArray() method to extract the data values from
e.g. grids and arrays for custom manipulations in NanoLanguage
» Data is typically a PhysicalQuantity (or array thereof)
e Hence always with explicit units (same as for input values)
e Use the . 1nUnitsOf() method to extract the value
“ All analysis quantities can and should be stored in a
VNL file for keeping + plotting in Virtual NanoLab
% Function nIPrint(): nicely formatted printing to log
file (stdout)
» Frequently used in VNL-produced scripts
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Setting up analysis from VNL

. - R 74 ManoLanguage Scripter iy ] |
** Analysis tab in - Sysom Type: Moo
molecule_configuration ) ) )
Electron Density: S pin-uny polarize d
°
NanOLanguage Scr’p ter Comfiguration | b ethod I Self-Consistent Calculation | Analysis |
—WML File

gives access to all basic ¥ seenapn e

Sample Mame Iwater

ana lySiS Options VNLFile Name [h2o.vri Bowse.._|

Ay ailable Quantities Selected Quantitie:
L] L] L]
> S m l l k t Atomic forces Effective potential
] p e C ] C ] n O Effective potential Fermi energy
Eigenstate ocoupations Total energy

Mulliken population
Molecular energy spectum

add/remove analysis

Electron denzity

|
o Electrostatic difference potential
Opt]ons Femi energy g |

Molecular energy spectium

Mulliken population

» Use as a template
generator for more
advanced analysis

% Don’t forget to store
the results in a VNL &
file!

Help Defaults Mew Sawve fig.. Save |
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% Drop SCF script on the
NanoLanguage Scripter to
import geometry and method

» Needed to determine
system type, spin-
polarization, etc

% Tick “Restore calculation
from checkpoint file”

% Untick “Only use initial

density”

» Tick to initialize e.g. a
finite bias calculation from
a converged zero-bias

density, or to restart a non-
converged calculation

% Set up analysis on Analysis
tab as on previous slide

L)

@NanoLanguage Scripter ;IE'EI

Spstem Type: Molecule

molecule_configuration

Electron Dengity:  Spin-unpolanzed

Configuration | b ethiod | Sell-Conziztent Calculation IAnaIysis

—Runtime Parameters

I~ Specify the checkpoint filename

Checlkpoint Filename I Browse,.. |

Werboszity Lewvel |1 0 ﬁ’

Mg Self-Consistent Calculation

Rl ztore calculation from checkpoint file

gk point Filenarne |h20.nd Browse. .. |

uze initial denzity

Help Defaultz Hew Save Ag... Save |
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Basic analysis

\/

% Available for all system types; no input parameters

»  Mulliken populations

« Tip: Use verbosity 10 for orbital-resolved populations
» Forces

e Analytic (Hellmann-Feynman)

« Can be used for customized relaxation algorithms
» Total energy

« Relatively expensive, but parallelized

« Tip: Use verbosity 10 to resolve individual
contributions

» 3D grids:

« Electron density
- A few lines of code make it possible to
visualize spin-polarization density n.(r)-n(r)

» Effective potential

« Electrostatic difference potential

- Solution to the Poisson equation for the "difference density” = the total
electron density minus the neutral atom electron density




=10 P — ~loix]
ki 7 System Type:  Maoleculs
¥ Atomic Forces —I molecule_configuration y e L x
+ Electron Density: Spin-unpolarized
# Index Fx (V- /Ang) Fy (eV¥ hng) Fz (eV¥ ing) Configuration | Mathod I Sell-Consistent Calculation | Analpsis |
1] 2 2686e-013 1. 3267e-003 -3 .8309=-001
1 1.825%=-014 1.770%=-001 1.8998=-001 ~%ML File
2 1 8458=-014 -1 7844e-001 1.9108=-001 ¥ Store Results in ¥NLFils
. [ 2.00000000e+000 2.00000000=+000 2.00000000e+000 2.0000000
5.17117942e-028 2.07722705e-067 6.15822000e-1599 8.4506314 == Sample Name |mo|ecu|e_configuration
8. 10327452=-290 1.25645E8015=-317 0.00000000e+000 0.oo00oon r NanoLalngu .
0.00000000e+000  0.00000000e+000 0. 00000000=+000  0.0000000 Scripter WNLFile Name |dt /h2o.vri Browse... |
0.00000000e+000 0.00000000=+000 0.00000000e+000 0.oo0ooon
0.00000000e+000 0.00000000e+000 0.00000000e+0007] Available Quantities Selected Cuantitiss
Fermi energy Atomic forces O Atamic forces
U.076848337853 =¥ Effective potential . Eigenstate occupations
# - Eigenstate occupations Effective potential
¥ Total Energy - —465.2820 &V Eigenstates Electron dengity
# PDtenF ial . Energy = —465.2820 &V _ Sl Electrostatic: difference potertial
# Ton Kinetic Eneray  + 0.0000 e P |
? : - . - Taotal energy
# HumOrb: Energy of systen atomic_forces = calculatedtomicForces(self_consistent_calculation = scf) ;I Mulliken population
# if processlsMaster(): niPrint{stomic_forces) Wbl B s st
t Charge = &.0000 if processlshaster): file. addT o5 ample(atomic_forces, 'molecule_configuration’, 'Atamic Forces') sk
# Band Structure Energy = —-101.5048 ¥ ; : . : : .
& eigenstate_occupations = calculateEigenstateD coupations(zelf_consistent_calculation = scf)
: : B if processlsMaster(): nPrintjeigenstate_occupations)
# El. Kinstic Ensrgy = 335.2042 eV if processl s aster): file. addT oS ample(eigenstate_occupations, ‘'molecule_configuration’, ‘Eigenstate Dooupations’)
# HL Energy = —112 7928 &V
# dEna = —4 BEI0 =V effective_patertial = calculateE fectivePotentialzelf_consistent_calculation = zcf]
# dll=cf = 0.9640 =V if processlsMaster(): file. addT o5 ample(effective_potential, ‘maolecule_configuration', ‘Effective Potential’)
# XC Energyv = -115 8511 =V _ . . _
# ENa - g9 2021 eV electron_denzity = calculateE lectronDensity(zell_conzistent_calculation = scf]
# Fions - g 3 7 £394 oV if processlsMaster]: file. addT oS ample(electron_density, 'malecule_configuration’, 'Electron Density']
# - - electrostatic_difference_patential = calculateElectrastaticDifferenceP atentiallzelf_consistent_caloulation = cf]
# Electron kinetic energy = 335.2042 eV if processlsMaster(): file.addT o5 ample(electrostatic_difference_potential, molecule_configuration”, ‘Elactrostatic
# Electrostatic energy = —6B84.8352 =V Difference Paotential ]
# Ezchange—corr. energy = —-115.6511 &V
1 . fermi_energy = calculateFermiE nergulzell_conse
* Total tential = _46T 2870 =V if processlsMasten): niPrintfermi_snergy, Fey . S
# mal potentisl energy = if processlsMasten): file. addT aSample(ferm Th Iee e p reseﬂtatl 0l Of ana|yS I1S:
Ti;§l2§2§§gg26 - # Set verbosity level so that all energy con 1. Up I"Ight: Sett]ng Up the analySlS 1n VNL
- : & import ATE] . : ; .
* verbosity_level=ATK.verbosisLevell 2. Middle: The resulting NanolLanguage script
# Mulliken Population ATK. zetverbogityLevel[10] ¢
& C total_energy = calculateTotalE nergylzelf_c 3 - Left. The Output log
# Index Population ATE. seterbositylevel[verbaszity_level]
U 5.3%021 if processl st aster(): niPrinttotal_energy,'T : o o
é 1 ' gigg if processlsMasten(): file. addT oS ample(tatz The COlOI’ed Cl I"CleS mal‘k the CorreSpond]ng analyS]S
# riullik.en_population = calculatetullikenPo quantlt] es 1n ]nPUt, SCI1 pt, and Output.
# Energy Spectrum if processlsMaster): nPrintmulliken_popul
it if processlshdaster(): file. addT oS ample(mull
# Energy (=¥) ﬂmdecma,_enew_sped,um= e Note especially the use of the nlIPrint() function to
R if processlstd azter): niFrintmolecular_ene . .
d | ikt Mt  produce the output in the log file, and the way each
hep | Ewor | Help Hew calculated quantity is stored in the VNL file, with a label.
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VNL file imported to the Result Browser

[’_-_':Em:rg'_.r Spectrum ;IE'EI

Sample | Description |

- ralecule_configuration

AtomicForces Atomic Forces Atomic Forces 120 . o .
Electron Dengity Electron Density Electron Dengity R] g h t - C l] C k to EXpO rt / P r'l n t

ElectrostaticDifferencePotential Electrostatic Difference Potential Electrostatic Difference Potential

Energy Spectrumn Malecular Energy Spectmumn Malecular Energy Spectrum 100}
MullikenPopulation Mullken Population Mulliken FPopulation
Physicalluantity Fermi energy Fermni energy -
Phyzicalluantity Total energy Total energy _ ;Iglll
Feal Space Effective Potential E ffective Potential Effective Patential 80 -
- SequencelfMumbers Eigenstate Ococupations Eigenstate Occupations _ | Besaialan | Atomic Forces: [ B.823632242-015 5.1E
—_— [7.10154842e-016 6.88769187e-003 |
60 [ 7.17886634e-016 -6.9401 0250e-003 |

Wmomic Forces

Electron Density

a0 erence Potential Electrostatic Difference Potential
Molecular Energy Spectrum
Mulliken Population

il BBl Richt-click to Mark/Copy

LClear all Clear zelected

Help | Hpen |

Drop file (or drag from Result

Browser) on Nanoscope to Clear al Clear selected | 1| Lt | N
visualize the 3D grids! oo | g |
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3D plotting in the Nanoscope

% VNL: 3 types of plots
» Contour plot
» |sosurface
» VYolume plot

% A variety of color & appearance options
» Colorbar, different maps, “zoom” in color
“ Export
» Variety of bitmap formats
(BMP, PNG, EPS, etc)
» Print directly
% Custom plotting/data manipulation:

» Extract values in NanoLanguage via
object.toArray()

» Grid dimensions can also be extracted;
contact QuantumWise for more information
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Band structure

«» ATK function to calculate
“bandlines” is a low-level
work-horse routine 120 — e

» A higher-level band | SO S T

structure calculator is
available on the Forum

» Becoming part of the
standard product in 2009
% For density of states, see
Forum!

< Compute effective I I e :
masses (and more...!) in
NanolLanguage

Energy (aV)

E=0 corresponds to the Fermi level.
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Decomposition and analysis of the current

et Transmission spectrum T(E) =
== [T(E)[ne (E— 1) —ng (E - 1) ]dE ~

2 et (Bt i | D

| = 2 .
h s [— - - )
Current /(V) : /

w

&

Churrent | g Ampere)

w

L'} 1]
Bias | Valt)

Transmission
coefficients T(k)

Transmission

\ eigenvalues T,
Eigemralue ] 0.17252

Eigemvralue 1 0.00Z67

(=Y r(Ek) P

Transmission
eigenstate W, ., (r)
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Transmission coefficients

s

SANER
R

L)

» Input parameters:
» energy E
» quantum numbers [k, k,, k3, ...]
» (Spin.Up | Spin.Down)
* In VNL, k-points can be set up as
» individual points
» regular grid (not Monkhorst-Pack)
* k-points are always given in

fractional coordinates
(-0.5 <k, 5 < 0.5)

% Tg(k)>1 if several channels
contribute to the transport
at the same energy

» Parallelized over the k-points
» Linear scaling

L)

System Typer  TwaoFrobe
Electson Diewrity. §prnpolaiond

Corfigeation | Hethod | Seb-Conditerk Cakulgtin | Al |

1 VHL File:
R Siooe Pepks inWHLFie

Somphe Nome [hwoprobe_configuration

VHLFile Haeses

Fuvinable Quarities

Sebected Quarties

Aot faicas

Curend

Deerviy of dabes

B Nesciren pdeilinl

Flrton dersly

Elscircatabe: diftsercn polenhsl
Lol denaity of shaley

il population

Prossched Mlamltonisn sigenibates
Prossched Hlamdionisn Snendy § et
Tetdl sndsgy

Tiarnmussnm cosfiicents

Calcudobe Transseiiion Cosllicaents

|
< |

Tranamitiion costfmnt

Ermigy 5]

[ mectronva =]

(irmert's Function Infratesimal [1e-005

F Epeciy kpoinis on a gid
Guardum Musslers

Hurnbees ol gr) prmnds slorg &
Hursbont o grab s sewy B

SIhIBDn'-I'p "I

| mectronva =]

o |
o - |

Mo | Do | Hew

Sowhs. | Sew | \=d
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Plotting transmission coefficients

*» Coefficients computed on
a regular grid can easily o
be visualized using ATK ?’-—* ’\T
> ATK has an built-in 0af 88 wJ | I
plotting engine! |

. . 0.1 _ .. _ ‘
« Matplotlib, to be specific 2 ool . AW
http://matplotlib.sourceforge.net ' - .. &

e Fully customizable 2D plots, 'l

0.2 ‘ |27

1-15

Matlab style . N
< Some simple scripting M I
needed (5-10 lines) o ST T, W

» Script available from the In[T-(k)] at E=p

Forum
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Symmetries reduce calculation time

to reduce calculation time

» Time-reversal symmetry T.(k)=Tg(-k) is always used in ATK

% In some cases, the transmission coefficients

have additional symmetries

» Example: Fe/MgO/Fe, bcc [100];
unique values only in first octant

» Calculation time for current, etc,
can be reduced by a factor of 4
‘ ! compared to using standard ATK

... or a factor 8, if you want to
plot the transmission coefficients,
compared to a brute force script!

% Custom script solution required
» Script available from the Forum

g 0.0

0.3

0.4

0.3

0.2

0.1

FeMgQ, antiparallel config, majority spin

0.1

0.2

0.3

-0.4

0

05 04 03 02 .01 00 01 02 03 04 05

kx
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Transmission spectrum

. -.._.__. W f:",'"?-;,_ | e
1y r:' = "-3.'1-\’&':;"&\'-{!:-;‘-

% Input parameters:
E .., E number of points in

min» =max»
between

» Monkhorst-Pack grid (NAXNB)

% Required number of k-points
depends varies a lot

»  Always 1x1 for 1D systems

» Roughly 10x10 for “typical” 3D
systems - but must be checked
for convergence!

» 400x400 for minority spin in
Fe/MgO/Fe!ll

» Unrelated to the number of k-
points used for the SCF loop;
depends on the central region,
surface states, and the nature
of the transport mechanism

% Parallelized over k-points
» Linear scaling

% Density of states: completely
analogous input and output

twoprobe_configuration

@NanoLanguage Scripter

=10l x|

System Type: TwoPFrobe

Electron Denzity: S pin-unpolarized

Configuration | tethad | Self-Congistent Calculation | Analyziz |

—WNL Fil
¥ Stare Results in YMLFile

Sample Mame Itwoprobe_configuration

WMLFile Name |

Browse... |

Available Quantities

Atomic forces

Current

Density of states

Effective potential

Electron density

Electrostatic difference potential

Local dengity of states N |
Mulliken population

Projected Hamiltonian eigenstates < |
Projected Hamiltonian energy spectrum

Total energy

Transmission coefficients

Tranzmizzion eigenstates

Tranzmizzion eigenvalues

Transmizgion spectrum

— Calculate Tranzmigsion Spectium

Energies: |1 ﬁl points from ID o |0 IelectronVoIt ;I
Green's Function [nfinitesimal I‘Ie-DDE I electronty/olt ;I
Brillovin Zone Integration P
MNumber of k-paints (4] |1 ﬂ
Mumber of k-paints [B] |1 ﬂ
Help Defaults Hew Save Az, Save |
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< Calculator function returns - — =
T(E) for both spins (if spin- = M —
polarized) N — 2 {f
% Store in VNL file and plot in
Result Browser A L
» Open/drop VNL file, view ]
spectrum in right panel A S
» Can be zoomed, exported, 4 =
printed 1 =
% Extract values, plot yourself e | e
in GNUPlot, Excel, ... s | e

> nIPraint(T), or .
» T.energies() & Transmission spectrum for

T.coefficients () a 4-atom Au monowire

. between [100] Au surfaces
% Tg> 1 if several channels

contrlbute to the transport at

the same energy

L)
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current

4

4

(R

4

L)

)
0’0

Input parameters:
» Monkhorst-Pack grid
» Number of points
» Spin component

Integration window = bias + 5kT

max

Required number of points depends on

smoothness of transmission spectrum
in the bias window

» Possible to develop an adaptive
integration routine to automatically
handle this

» Would also provide error estimate
Sign convention: positive current =

flow of charge from left to right
(i.e. electrons flow right to left)

» Obtained when the bias on the left
electrode is higher than on the right
one

Parallelized over k-points
» Linear scaling

NanoLanguage Scripter

Spstem Type: TwoProbe

twoprobe_configuration

=10l x|

Electron Dengity: S pin-unpolarized

Configuration | tethod | Self-Conziztent Calculation | Analyzis |

— WML Fil

¥ Stare Results in YMLFile

Sample Mame Itwoprobe_configuration

WMLFile Name |

Browse... |

Available Quantities

Atomic forces

Current

Drenzity of states

Effective potential

Electron density

Electrostatic difference potential

Projected Hamiltonian energy spectum
Total energy

Transmission coefficients

Tranzmizzion eigenstates

Tranzmizzion eigenvalues
Transmizzion spectium

Local dengity of states N |
Mulliken population

Projected Hamiltonian eigenstates < |

Selected Quantities

: Current

—Current
Brillovin Zone Integration Parameter
Number of k-points (4] Jio =
Number of k-points (B Jio =
Spin I SpinUp LI
Green's Function [rfinitesimal I‘Ie-DDE I electrontolt LI
Mumber of Paints |1 0o ﬁl
Help Defaults | Hew Save As... | Save | =5
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Transmission eigenvalues

@ NanolLanguage Scripter = | [m] |1|

System Type: TwoProbe

» The transmission eigenvalues are

twoprobe_configuration

fou nd by d]agonaliZ] ng tTt Where t Election Densiy: Spinunpolarized

Configuration I tethad | Seli-Consistent Calculation | Analysis |

is the transmission matrix tz(k)

[¥ Stare Results in YHLFile

0.0 E aC h e'i ge n V a l u e Samp?e Name :twoprobe_configuration
tn ( O S tn S 1 ) fvailable Quantites
represents a transmission =

Electron density

eigenchannel and measures it’s e

contribution to the total :Il

Projected Hamiltonian energy spectn

transmission coefficient
T(K)=Tr[t't] = 2T, .

% The transmission matrix tg(k) is
computed using scattering states einte e
(not Green’s functions) . [ S

* K-points are given in reciprocal
coordinates
(-0.5 <k <0.5)

Help Defaults MHew Save As... Save | =3
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Transmission eigenstates

NanoLanguage Scripter ;Iglﬁl

% Project transmission

twoprobe_configuration

ei ge n C h a n n e l O n t h e Configuiation | Method | Selt-Consistent Calculation A?:;:izn T”SW e
real-space orbitals

v Store Results in WHLFile

» “Eigenchannel Index” S
CO rres po n d S to t h e Awailable Quantites
transm]SS]On e]genvalues Effective potential -]

Electron density
Electrostatic difference

” K pO] n tS a re g] Ve n ] n Local density of states peterta

tulliken population

rec ] p Froca l CoO0 rd TNna t es Projeoted Hamilonian eigenstates

Prajected Hamilkonian energy spectn

=
(-0.5 < k < 0.5) | =

% 3D grid, use VNL to bt
Vi S u a l i Ze —Calzulate Transmission Eigenstat

-
=
4]

. . Energy [0 electrorivalt x|
* Illustrates, in a sense, P : .
the “pathway” of the

1 D D

electrons tunneling = -
through the central
reglon Help Defauls New | savess. | sae ||

o] [«
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Additional two-probe analysis

% Surface density of states (DQOS)

“ Spatially resolved DOS
» DOS projected on the real-space orbitals

% Conductance (do-it-yourself)
> [/V
> dl/dV
» Zero bias: GOT$E=|.|), where Gy=2e%/h = 77.48 pS

Exact in the limit of zero temperature

“* Prototype: Linear response current
» Quick method to get an |-V curve

» Assumes transmission spectrum for small voltages is
independent of bias

» Import ATK.Future
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MPSH analysis - eigenvalues

Molecular Projected Self-Consistent Hamiltonian
Molecular calculation for all atoms in central region minus specified
“surface atoms” (truncated Hamiltonian)
» Primary result is a molecular eigenvalue spectrum
> Accounts for the coupling to the electrodes, but not the self-energy
coupling
» IlQeallpart of self-energy coupling shifts transmission peaks relative to MPSH
evels
» |maginary part of self-energy broadens transmission peaks (hybridization with
continuum)
> The MPSH peaks can often be correlated to transmission peaks
» Or dips, in case of localized orbitals!
»  Makes most sense when a "molecule” can
naturally be defined in the central region

» Can also be a stump of a nanotube
or graphene ribbon, e.g. segment
with dopant

» Compare to HOMO/LUMO states
in the isolated molecule

L/ L/
0.0 0.0

L0

.0

0

Transimission
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MPSH analysis - eigenstates

% Each eigenstate can be
projected on real space
in 3D

» Similar to usual molecular

eigenstates (i.e.
wavefunctions)

¢ Visualize in VNL

% Caution: uses a lot &
of memory...

» Don’t put too many in the
same VNL file

ﬂm
=20 -1.5 -10 05 00 05 1.0 1.5 20 2.5
Energy [ eV

LUMO (h)
ORI

HOMO
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Voltage drop

+* Visualize where the
quantum resistance appears

» Must use electrode
constraint DensityMatrix
(introduced in 2008.10) for
reliable results

% Visualize as 3D in VNL or use
NanolLanguage to average o emematmymn
over the XY plane )

L)

L)

ooz

.04
o
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Collinear spin-torque transfer (STT) and TMR

Results courtesy of Cybernet Systems

< 1mport ATK.Consortia
% Heusler alloys suggested as new

materials for MTJs
A. Thomas et al., APL 89, 012502 (2006)

% Example: Co,MnSi
(semi-metallic; majority spin
metallic, minority semiconducting)

L)

Parallel or Anti-Parallel

%cT)tal . Jth)tal 10E+05 0

TMR = Jtotal % 100 . 1 -0005 _._9,,

: 10E+03 oo -:_J

h total total X ~0015 %

= — - 2

1= T00e (ST Pr = " Pr) £ 7Y TR \T-o.oz S

1.0E+01 —*— Spin Torque \1 0005 é

o

Jmajority . Jminority 10E+00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ o 3

P — 11(1) T1(1) 100 0O 01 02 03 04 05 06 07 08 09 1 2

M) = Jmajority n Jminority X Bias voltage [V] =
11(1) T1(0)
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Help us improve ATK and VNL!

/

% The analysis output are the true results of a calculation
with ATK, and therefore of fundamental importance for
the successful use of the product

% QuantumWise is therefore particularly interested in
getting input from users about analysis

» New quantities that can be computed

- » Data handling
« Storage
e Export
" » Plotting
« Data management

« Plot types (different graphical
representations of the data)

 Plot options (customization) tj‘;
« Export options v

Let us know what you need!




uantum
LU(l')se

New features delivered via the Forum

/7
0.0

D)

*

Analysis extensions
»  Bulk DOS
» Projected DOS (PDOS)
»  Symmetry reduction of k-point sampling for transmission & DOS
» Effective mass and band gap for semiconductors
» |-V curves Energy 3,06

K-paint Transmission

»  Atomization energy
» Current density
Geometry setup and manipulation
» Graphene nanoribbons
»  Nanotubes
» Relaxation under bias
Plotting tools
» K-point resolved

DR o ewe 100

.30 Sa 030 S

Voltage ileop of Li M2 LI chaln

transmission =)

» Band structure 36 i '
» Voltage drop o)
Miscellaneous =
»  XYZ file manipulations s
» Extracting data from VNL files ool

» Converting old ATK files to NanoLanguage =




