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Surface Passivation

» Unpassivated surfaces contain dangling bonds and introduce
undesired eigenstates within the bandgap
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The goal of passivation : remove surface state from bandgap

» There is not good parameters for passivation
» How determine passivation parameters?
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C%% nCN Surface Passivation

nanoHUB.org

Example : optimizing Si passivation parameter.
> Determine the passivation parameter for Si-UTB to
match DFT results.

Method:
Calculate E(k) using Nemo5 with different
V.S S Sigma H Si andV_S P _Sigma H_Si.
Compare TB bands to reference bands(DFT)

Coupling
parameters of
H-Si bond are

needed.
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(%% Qoﬁueog inbut deck

Material{

name = Si Define Material structure specifying a

crystal_structure = diamond

regions = (1)
Bands:TB:sp3db5sstar:param_set = param_Boykin
[Bands:TB:sdeSSstar:param_Boykin:V_S_S_Sigma_H_Si =-4.0 ]

Bands:TB:sp3d5sstar:param Boykin:V' S P Sigma H Si=0.3

}

solver { Calculate band structure by Nemo5
name = Si
type = Schroedinger
domain = structurel A possible Solution!!!
active_regions = (1)
job_list = (...[calcuIate=band=structure] » Create a set of inout decks with
output = (Energies, K-points) different options P
tb_basis = sp3ddsstar » Consolidate all results
k space basis = reciprocal
k_points — [(05’00)’(0’0)’(05’05)] > Use an external tool (.SUCh. as
number_of nodes = (10,10) Matlab), post-processing files

} » OR use a Python-Solver
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0%% nCN Solver

nanoHUB.org

solver {
name = solver_name
type = solver_type
domain = solver_domain

input_option_1 =input_1
input_option_2 = input_2
input_option_3 =input_3
input_option_4 = input_4

PURDUE
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d”g‘b NCN Solvers Interaction

nanoHUB.org

1 . opt1

2 Pz Typet

. opt3

1 Ll opt1 name

2 opt2

= Type2

— Opt3

name2
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d”g% NCN Solvers Interaction

nanoHUB.org

Schroedinger

potential_solver

step0

NonlinearPoisson €

4 41 41 31 1

poisson
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C%% CN New Solver

nanoHUB.org

My Solver

- SChroedinger

param

. gt
Si 3 L

Schroedinger «——

1 41 1 1
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Example: Nemob5 input deck

Define the structure without
specifying the parameter set;
(parameters with be specified in
the python script)

Material

{
name = Si
tag = substrate
crystal_structure = diamond
regions = (1)

}

Domain

{
dimension = (1,1,2)
periodic = (true, true, false)
crystal_directionl = (1,0,0)
crystal_direction2 = (0,1,0)
crystal_direction3 = (0,0,1)
space_orientation_dirl = (1,0,0)
space_orientation_dir2 = (0,1,0)
regions = (1)
passivate= true
geometry description = simple_shapes

}

A silicon UTB along 001
direction is define.

The thickness is 2 unit cell, 8
Si mono-layers, with
hydrogen passivated
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C%% nCN Nemo5 input deck

nanoHUB.org

Solvers {
solver {
name = Si
type = Schroedinger

}S olver { Specify the python solver
name = dl schroedinger : name of
type = PythonSolver '

: . the solver that calculate
schroedinger = Si Bandstructures
python_solver = ./input_python/input_python.py :

\ } python_solver : path to
Global { the python script

solve = (d1)

database = ./materials/all.mat Solve the PythonSolver
} (d1)
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O%% NCr Python script

nanoHUB.org

Jinput_python/input_python.py

1) Import Libraries

\ 4

2) write auxiliary methods/
functions

\ 4

3) Overwrite Nemo5
methods

¥

4) Bind methods to Nemo5
Python Interface
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Python script

import numpy as np

def do_solve (self):

if self.check_nptinn( "schroedinger™ }):
solver schroedinger str = self.get option{ "schroedinger™ )
solver schroedinger = self.find simulation{ solver schroedinger str )

if solver schroedinger is not None :
Num = 10;
Fitness = np.zeros {shape=(Num, Num} )
list _valuesi = range (Num)
list valuesj = range (Num)
for i in list waluesi :
for j in list valuesj :

materials solver schroedinger.get materials()

for m in materials.

m.set_option{'Bands:i. ““=star:param set®, *param Boykin®}
m.set_option{'Bands:TB:sps. ~aram Boykin:V S S Sigma H Si', str{-20+i*2}}
m.set_option{'Bands:TB:sp3d5ss.. movkin:V_S P Sigma H Si*, str{0+j*3)})

solver_schroedinger.set_option{"(

solver schroedinger.reinit () S paces for i n d e ntati 0 n

solver_ schroedinger.reinit mater:
solver schroedinger.solve() T
solver:schroedinger-output{] m atte r I n pyth 0 n
% post process
energy = np.loadtxt('Si_" + str{i)+ "_" + str(j)+'_energies.dat", "float"})
Ref_energy = [-1,-0.7,-0.5,0]
TB energy = energyl[[25,26,27,28]]
Dif = TB energy-Ref energy
Fitness[i,j] = np.dot(Dif,Dif}

else :

raise NameError({'solver schroedinger doesnt exists')
print Fitness
np.savetxt{'Fitness.dat",Fitness}
else :
raise NameError{'schroedinger parameter required®)

PythonSolverinterface.do_solve = do_solve

PURDUE

UNIVERSITY

Jinput_python/input_python.py

1) Import Libraries

3) Overwrite Nemo5
methods

do_solve
do_init
do_reinit
do_output
get_data ...

4) Bind methods to Nemo5
Python Interface




O%% NCr - do_solve

nanoHUB.org
Jinput_python/input_python.py

iIf self.check_option ("schroedinger"):
solver_schroedinger_str = self.get_option ( "schroedinger")
solver_schroedinger = self.find_simulation ( solver_schroedinger_str)
if solver_schroedinger is not one :

¥em = 10;

A

Schroedinger

List_wvaluesj = . .
o 3 in 163 In the nemo5 input.in :
materials = . solver
for m in y My Solver {
m.set :
::z 3 schroedinger name = dl
solver. schroe | param type = PythonSolver
solwer_schroel :

schroedinger = Si

¥ post proces:
energy = op-U Si
Ref energy =

else :
raise NameError(‘solver_schroedinger doesn’t exists’)
else:
raise NameError(‘schroedinger parameter required’)
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sgncn D! <olve

nanoHUB.org

Jinput_python/input_python.py

solver. Lngez st = sele-ont. 100 samples Reconfigure Schroedinger solver
if solwer schroedinger is mot Mone
for i in range(10) :
for j in range(10) :
materials = solver_schroedinger.get_materials()
for m in materials:
m.set_option('Bands:TB:sp3d5sstar:param_set', ‘param_Boykin®)
m.set_option('Bands:TB:sp3d5sstar:param_Boykin:V_S S Sigma H_Si', \
str(-20+i*0.2))
m.set_option('Bands:TB:sp3d5sstar:param_Boykin:V_S P_Sigma H_Si', \
str(0+j*0.3))
solver_schroedinger.set_option(‘output_file suffix', ' '+ str(i)+ ' ' + str()))

solwer schroedinger.reinit()

solwver schroedinger.reinit material properties()

solwer schroedinger.solwe()

solwer schroedinger.outpat ()

¥ post process

energy = np-loadtxt(*Si " + str(i)+ "_* + str(j)+"_energies.dat”,"float")
Ref energy = [-1,-0.7,-0.5,0]1

B energy = energyl [25,26,27,2811

Set parameters for
each material

E = 0 soasgr-tet smecry Specify the name of output file
__ malss Bamemroos ("soless. schrosdingsr dossut: exlsts") for each set of parameters

np.savetxt ("Fitness.dat", Fitness)
else =
raise Name®rror(*schroedinger parameter required®)
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do_solve

Jinput_python/input_python.py

:l.f:al.fltel:!qﬂ:un( "schroedinger™ }):
solver schroedinger str = self.get option{ "schroedinger™ )
solversduced:m selfﬂmm(snlmmm]

Re-initialize Schroedinger solver

if solwer schroedinger is not None :
Bom = 10;
Fitness = np.zeros (shape—=(lom, Mom) )
list valvesi = range (Mom)
hstn]m: ramge {(HBom)
for i in list valpesi -
for § mhsl:n]m

materials = solwver schroedinger.get materials{)
for m in waterials:

Re-initialize the options in the solver;

oot optiom(+Bands.To: spadsestar param poviinv 5 s mma n s RE-iNitialize the parameters of the

me(mmmssstupammmvspsmns

solver schroedinger.set option{®output file suffix*, *_* + str{i

solver_schroedinger.reinit()
solver_schroedinger.reinit_material_properties()
solver_schroedinger.solve()

solver schroedinger.output()

material;

= Foov paoouoo
energy = np-loadtxt{*si * + str{ip+ "_" + stx(j)+"_energies.dat T
Ref emergy = [-1,—0.7,-0.5,0]

B energy = energyl[25,26,27,28]1

Fitaos (L, 31 = op o DLE, D) Generate outputs

else :

raise MameBrror{*solver schroedinger doesnt exists")
print Fitness
op.savetxt{"Fitness.dat', Fitness)

else :

raise MameBrror(*schroedinger parameter required®)
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O%% Qo%BQ do_solve

if self.check option{ "schroedinger™ ):

solver schroedinger str = self.get option{ "schroedinger™ )
snlm:dnned:.ngn' ﬂfﬁﬂmﬂmlﬂmmm]

if solver schroedinger is not None : FltneSS
Nom = 10;

!‘.I.tle np. zeros (shape—{lom, Mom) )

materials = solwer schroedinger.get materials{)
for m in materials:
m_set option(*Bands:TB:sp3dSsstar:param set®, *param Boykin®)
m.set option(*Bands:TB:sp3dSsstar:param Boykin:V S S Sigma H Si*, str(-20+i*2))
m_set option{*Bands:TB:sp3dSsstar:param Boykin:V S P Sigma H S8i*, stx{0+j*3})
solver schroedinger.set option{*ovtput file suffix*, * * + str{i)+ *_" + stx(i))
wer schroedinger._ reinit()

war” wchroadingss raintt matarial propurtiest) Read nemob results

wver schroedinger.solve ()}
mller schroedinger . ootpuot ()

energy = np.loadtxt('Si_' + str(i)+ "' ' + str(j)+'_energies.dat','float")
Ref energy =[-1,-0.7,-0.5,0]

TB_energy = energy[[25,26,27,28]]

Dif = TB_energy-Ref _energy

Fitness|i,j] = np.dot(Dif,Dif)

np.savetxt('Fitness.dat',Fitness) Compare selected bands

_ else Eammcror(*solver.schrosdinger dossut exists') with reference bands

np-savetxt{"Fitness.dat",Fitness)

tai,;e MameError (*schroedinger parameter required®)

PURDUE
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o%% NCN Results of Example

nanoHUB.org

Average error of the highest 4
valence band at Gamma

0.35

25 03

40.25

20

10.2

158

VSDG

[100] Kk  [110]

10

Band structure of Si UTB:
Blue lines: DFT results
Red lines: nemo5 results

SSC

100 different values for Vspo_H_Si and
Vsso H_Si ->10000 samples
DFT result is generated by ABINIT
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'stepO.in

e« GaAs Nanowire

* Solvers:
* NonlinearPoisson
» Schroedinger
e Structure

Region{
shape = cuboid
region_number =1
priority = 1
min = (-1.5,-1.5,-1.5)
max = (5.5,5.5,2.5)

}

VVVVVVVVVV

~/public_samples/Python_solver/Python_tutorial/step0.in




&g%nCﬂ stepO0.in

nanoHUB.org
~/public_samples/Python_solver/Python_tutorial/step0.in

solver {
name = poisson
type = NonlinearPoisson
domain = continuum
}
solver {
name = step0
type = Schroedinger
domain = atomic_structure VTK Format

active_regions = (1)
job_list = (passivate_H, calculate band structure)
output = (energies,eigenfunctions_Point3D, eigenfunctions VTK)

potential_solver = poisson

} 3D Format
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d”g% NCN Solvers Interaction

nanoHUB.org

Schroedinger

potential_solver

step0

MyPotentialSolver [

4 4 31 1 1

mypoisson
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d”g% NCN Solvers Interaction

nanoHUB.org

Schroedinger

1 1

potential_solver

MyPotentialSolver

1 1 1 1

step0

poisson

mypoisson

. . h
NonlinearPoisson

|

poisson
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&g%nCﬂ step1.in

nanoHUB.org

~/public_samples/Python_solver/Python_tutorial/stepl.in

solver {
name = poisson
type = NonlinearPoisson

domain = continuum solver {
name = pythonpoisson
} type = PythonSolver

domain = atomic_structure
poisson = poisson
python_solver = ./stepl.py

solver {

name = stepl

type = Schroedinger
} domain = atomic_structure
potential_solver = pythonpoisson

NonlinearPoisson PythonSolver Schroedinger

poisson potential_solver

poisson pythonpoisson step1

PURDUE
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o%% NCN PythonSolvers Interaction

nanoHUB.org

Data Flow

Call methods:

get_data( ... ) e stepl.py Rewrite method:
get_multidata( ...) get_..._data_...(...)

NonlinearPoisson PythonSolver Schroedinger

poisson potential_solver

poisson pythonpoisson step1

UNIVERSITY



oo CN step1.py

~/public_samples/Python_solver/Python_tutorial/stepl.py

1) Import Libraries

import math
Import random

e import numpy

e import scipy

e import vtk

e from math import *

e import sys
e sys.path.append('.../my_path/")
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oo CN step1.py

~/public_samples/Python_solver/Python_tutorial/stepl.py

2) write auxiliary methods/
functions

#returns a perturbation [-0.05, 0.05]
def random_perturbation ():
return (random.random()-0.5)/10

#pot = Atom Id e Functions |
#ori_pot = Original Potential def name_function(...):
#new_pot = Perturbated Potential
def print_potential (pot, ori_pot, new_pot):
txt = "  Methods
txt += "Potential[" + str(pot) + "]:" + str(ori_pot) def name_method( self, ...):
txt +=" - " + str(new_pot)
print txt
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~/public_samples/Python_solver/Python_tutorial/stepl.py

3) Overwrite Nemo5

methods
def do_init(self):

self.potentials = {} . do_init(self):

If self.check_option ( "poisson"): . do_reinit(self):
poisson_str = self.get_option ( "poisson") . do_solve(self):
self.poisson = self.find_simulation ( poisson_str) | , do_output(self):

else: -~
self.poisson = None « get ... data_... (self, ...)

bool check option( string opt ) -> was ‘opt’ defined in the input deck?

string get_option( string opt ) -> returns input option ‘opt’

N5 Solver find_simulation ( string solver _name ) -> returns a ‘pointer’ to the
instance of solver name

VVVVVVVVVV



~/public_samples/Python_solver/Python_tutorial/stepl.py

3) Overwrite Nemo5
methods

void Simulation::get_data(const string& variable,
const vector<double>& in_data, std::vector<double>& out_data)

def get_list_uint _data_list double ( self, variable, in_data ):
out_data =[]
If self.poisson is not None:
self.poisson.get_multidata(params, in_data, result, "list<uint>:list<double>")
for i, v in enumerate(in_data[0]):
original_potential = out_data[O][i]
if v in self.potentials:

out_data[0][i] = self.potentials[v] Given a list of unsigned
else : integer, this returns a
out_data[0][i] += random_ perturbation() list of doubles

self.potentials[v] = result[O][i]
print_potential(v, original _potential, result[O][i])
return out_data
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oo CN step1.py

~/public_samples/Python_solver/Python_tutorial/stepl.py

4) Bind methods to Nemo5
Python Interface

PythonSolverinterface.do_init = do_init
PythonSolverinterface.get_list_uint_data list_double = get_list _uint_data_list_double
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d”g% NCN Run step1_small.py

nanoHUB.org

submit -v coates \
-1 /apps/share64/nemo/examples/current/materials/all.mat \
-1 ./stepl _small.in'\
-1 ./stepl.py \
nemo-r7962 stepl small.in

Open file XXXXXX.stdout in a text editor (emacs, vi, gedit, ...)

Search line (~320):
“[Schroedinger] band dispersion loop at: 0%, k=(0,0,0)”

UNIVERSITY



&g% NN step1_small.py

nanoHUB.org

Search line (~320): “[Schroedinger] band dispersion loop at: 0%, k=(0,0,0)"

E Open Files

@ xterm
= - ;7| ‘ I[?—_",denphl
% Import/export file =
e —————————— Places | Name ¥ |Size |Modlﬁed |—
<7 gedit ©, search ) NEMO 08/12/11
: & Recently Used [ data 02/23/11
w0 @ denphi [ 02429348.stderr 150 bytes Thursday
~ [ File System I 02429348 stdout 1.4KB  Thursday
e [T all.mat 566.6 KB 01/25/12
(-_‘] WWW Browsers [ asd.txt 3 331 bytes 08/16/11
— — o) driver4281 xml 876 bytes 07/29/11
|¢] gotoNanoHUB.sh 47 bytes 06/22/11
#~ Development Tools {0 octave-core 113 bytes 06/19/12
*® Multimedia & Graphics
Math & Science
¢ Utilities
Settings I
fpadd | empemovel AlFles v
i )

pen Files | 2:14 Jul 11

PURDUE
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d”g%nCﬂ Run step1.py

nanoHUB.org

submit -v coates -i ./all.mat -i ./stepl.in -i ./stepl.py nemo-rXXXX stepl.in

Atom ID

FL\

Potential[123]:-0.711241071429 - -0.71468656041
Potential[124]:-0.711241071429 - -0.708356163895
Potential[125]:-0.711241071429 - -0.707456438156
Potential[126]:-0.711241071429 - -0.713384328581
Potential[127]:-0.711241071429 - -0.7121059371 . ———
Potential[128]:-0.711241071429 - -0.710035799555 | MyPotentialSolver : =3
Potential[129]:-0.711241071429 - -0.711474255723 | posson :
Potential[130]:-0.711241071429 - -0.711047785595 18
Potential[131]:-0.711241071429 - -0.712618402222
Potential[132]:-0.711241071429 - -0.711746789194 NonlinearPoisson
Potential[133]:-0.711241071429 - -0.715607662224
Potential[134]:-0.711241071429 - -0.707339627721
Potential[135]:-0.711241071429 - -0.71571539359
Potential[136]:-0.711241071429 - -0.715568649722 _ _ _
Potential[137]:‘-0.711241071429 i‘-0.716199576789’ def print_potential (pot, ori_pot, new_pot):
I

Schroedinger

| W B —

11 2 3

I mypoisson

[ poisson ]

"Potential["+str(pot)+"]:"+str(ori_pot)+"-"+str(new_pot)
After Before

PURDUE
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e Load Vislt: * Open Database

* use Visit-2.5.0 (y) Vit 25.0
e ViSit &

File Controls as Windows PlotAtts OpAtts Help

Main |
~Global—
i 7 Il 'I ™ Auto appl
= E=]E) Active w’ ow I PPlY
denphi@nanoHUB: "¢ use visit-2,5,0 —Source s

Do you want to make 'use visit-2,5,0' persistent? (u/n) y

. — % & & L
denphi@nancHUB:$ visitsll (o] ose Reopen | Replace Overlay
|Open
Active'source | Iz
~Time

r [
ST R |
~Plots

%

Add. Operators_

A

Delete Hide/éhow D'raw Variables_

Apply to & active window © all windows
~ Apply operators to all plots
~ Apply subset selections to all plots

PURDUE
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“""File open .
L t 0 f t f Id &) Host Ilocalhost .'J
Oca e elgen unC Ions 0 er 1 Path Inanohub/denphi[NEMO/prototype/public examples/Python solver/Python tutorial j
Filter [*
~ Use "current working directory" by default | File grouping |5mart 'I I Remove paths . . ]
Directories Files
. {current directory) 02438738.stderr =
.. {go up 1 directory level) 02438738.stdout
21 .svn geometry surface.vtk
| & eigenfunctions ____________JLLECCURVS
poisson.xy
® step*.in database
step0.in
stepl.in
step2.in =
Open file as type: |Guess from file name/extension _'J Set default open options.,.l
Refresh OK I Cancel l

File open .
®| Host [localhost |

1 Path h/NEMO/prototvpe/public examples/Python solver/Python tutorial/eigenfunctionszl

Fittr [ Load wavefunction DB
¥ Use "current working directory" by default | File grouping ISmart 'l [ Remove paths . . |

Directories Files

. {current directory) eigenfunction 6 processor 0.xyz =
.. {go up 1 directory level) l'wavefunction_*.3D database

wavefunction_0.3D
wavefunction_1.3D
wavefunction_2.3D
wavefunction_3.3D
wavefunction_4.3D
wavefynction_5.3D
wavefunction 6.3D 5

Open file as type: |Guess from file name/extension x| Sef default open options..‘l

Refresh OK | Cancell

PURDUE
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1) Add/ PseudoColor / Wave
2) Operators / Geometry / Resample
3) Draw

<

T e LB B < Boundary I — TG Vit 750 EE
File Controls Options Windows PlotAtts OpAtts Help IE 6 eonton: , Hows PlotAtts OpAtts Help File Controls Options Windows PlotAtts OpAtts Help
Main | Sl Curve N Main
- Global "y i
_W' : P W Filled Boundary Y Sloket
Active window [1 =] | Auto apply i Histogram . I Auto apply Active window [1 = | I Auto apply
[ Sources ~ & Label 13 - Sources
g &5 & &; Ly B Mesh gL (L & & & & ]
Open Close Reopen | Replace Owverlay & Molecule » bplace Overlay Open Close Reopen | Replace Overlay
Active source [wavefunction *3D database | | MultiCurve " 7%3D database | Active source [wavefunction *3D database =
= - I*| Parallel Coordinates »
- lime rr = - Time
2 Poincare 4
. oo3 B ..o [T ; e
« I - | I L} L I i | . Scatter > time_derivative » I -« | « I I L] » | > |
— - peatsheet > [T e
% o L 5 y i < Streamline L m = i v 5 i
e . ; B ¥ Subset b Iy ~i % L s )
Add, Operators,| Delete Hide/Show Draw Variables, ) - ariables. Add_| Operators_| Delete Hide/Sho ariables,
. T » =
YT - . Tensorl \ Analysis
: ruecolor Debugging *
Svecton & SN & CoordSwap
# Volume 4 Molecular  * & pyal Mesh
Se-lt.action , Edge
Slicing " External Surface
Transforms * g Extrude
Apply to & active window € all windows Apply to € active window € all windows Apply  Lagrangian X
srang
 Apply operators to all plots ~ Apply operators to all plots F App  ModelFit @ Fevolve
¥ Apply subset selections to all plots F Apply subset selections to all plots P App £ Remove last Smooth
@ Removeall  * SurfaceNormal
Unpostl Dismiss Unpostl Dismiss Triangulate Regular Points
(Y] & S Tube

PURDUE
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o5

Pseudocolor
Var wave
0.003843

—0.02919

0.001996
0.001072
0.00014584

NCN

nanoHUB.org

PURDUE
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eigenfunctions/wavefunction_0.xyz

Pssudocolor
var wave
0.003801

— 0.00288

0.001972

0.001057

stepO0.py

stepO vs step1

stepl.py



O%‘b NCMN stepO vs step1

nanoHUB.org

Pseudocolor 5.0
Var. wave

.— 0.002801

—0.002886

0.001972

L]
-
<

U
L]

1.0

X-Axis

PURDUE
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OO’%% CN stepO vs step1

nanoHUB.org

X-Axis

PURDUE
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« Edit random_perturbation function.
File (stepl.py)

 Examples:
e return (random.random()-0.5)
e return random.random()
* return (random.random()-0.5)*2

PURDUE
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Exercise

Eile Edit View Search Tools Documents Help

[=]=[E3

DB.E’

New Open Save

é’%?‘d\uﬁﬂyf\@
Undo R

Print edo ! Cut Copy Paste ! Find Replace

|©) stepl.py ¥

import math
import random
def do_init(self):
self.potentials = {}
if self.check_option( "poisson" ):
poisson_str = self.get_option( "poisson" )
self.poisson = self.find_simulation( poisson_str )
else:
self.poisson = None

1
lef random_perturbation ():
[ return (random.random()-0.5)/10

#pot = Atom Id

#ori_pot = Original Potential

#new_pot = Perturbated Potential

def print_potential (pot, ori_pot, new_pot):
txt = "
txt += "Potential[" + str(pot) + "]:"
txt += " - " + str(new_pot)
print txt

+ str(ori_pot)

def get_list_uint_data_list_double ( self, params, variables ):
result = []
if self.poisson is not None:
self.poisson.get_multidata(params, variables, result,
"list<uint>:1ist<double>")
for i, v in enumerate(variables([0]):
original_potential = result[0][il]
if v in self.potentials:
result[0][i] = self.potentials(v]
else :
result[0] (1] += random_perturbation()
self.potentials(v] = result[0][i]
print_potential(v, original_potential, result[0][i])
return result

Tab Width: 8 ¥ | Ln 22, Col 3 INS

Python ¥
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step1_small.py

@ xterm

% Import/export file
<7 gedit

¥ emacs

@ Help

EIWWW Browsers

#~ Development Tools

*® Multimedia & Graphics
Math & Science

¢ Utilities

Settings
Logout...
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E Open Files

z| ‘ |E-,denph|=

[+]

sl Add | = REMOVEe I

Places | Name - | Size | Modified |
@, search [ NEMO 08/12/11
& Recently Used [ data 02/23/11
[ 02429348.stderr 150 bytes Thursday
[ File System I 02429348 .stdout 14KB  Thursday
[ all.mat 566.6 KB 01/25/12
[ asd.txt 331 bytes 08/16/11

|@| driver4281.xml

|12 gotoNanoHUB.sh
i) octave-core

876 bytes 07/29/11
47 bytes 06/22/11
113 bytes 06/19/12

All Files - |

_ —1
pen Files 2:14 Jul 11




submit -v coates \
-1 /apps/share64/nemo/examples/current/materials/all.mat \
-1 ./stepl _small.in'\
-1 ./stepl.py \
nemo-r7962 stepl small.in

25.0
File Controls Options Windows PlotAtts OpAtts Help

Main i

Global
L\ctive window [1 =] l " Auto apply
i urces

& 5 & & =

Open Close Reopen | Replace Overlay

Active sourqelwavefunction *.3D database EI
7T;III!'.‘

]0003

%

T8 L 5 & 4 N

rators, Delete Hide/Show D.raw Variables_ Reoppn
Visualize next
Reload database Wavefunction

Apply to * active window © all windows
F Apply operators to all plots
¥ Apply subset selections to all plots

Unpost | Dismiss
PURDUE B
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O%‘b NCMN stepO vs step1

nanoHUB.org

Pseudocolor 5.0
Var. wave

.— 0.002801

—0.002886

0.001972

L]
-
<

U
L]

1.0

X-Axis
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d’%'b NCN stepO vs step1

nanoHUB.org

Pseudocolor 5.0
Var. wave

.— 0.003995

—0.002025

0.0001152
Max: 0.003995
Min: 0.0001152

3.0

Y-Axis

2.0

1.0

1.0 2.0 3.0 4.0 5.0
X-Axis
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~100 Nem05 eatures

PythonSolverinterface() //N5_Solver | « N5_VecDouble/N5_VecComplex() « N5 MatDouble/Complex_Parallel ()

str get_name() » int get_size() » void set_num_nonzeros (int, int, int)
ﬁgt ggi_tc))lgt?c())ns 0 » int get_local_size()
bool ch_eck_option(str) » void get_values( list, list) » void éllocate_memory()
str get_option (str) » void set_values(list, list) » bool is_ready()
« N5_Output() 1_values(list, list) » void add(int, int, double/complex)
» void add_dataset(str name, list values double/complex ) » Ve N5_Material()
» void remove_dataset(str) ale(double ) » C » str get_name()
» void write_to_file( str ) _product(N5_Vec*, N5 > | » list get_options()
. > | » bool check_option(str)
« N5_Utils (static) ble_Sequential > V » Str get_option(str)
» void db_set_parameter(str, str, str) o N5 Atom 0 » void set_option( str, str)
» string db_get_parameter(str,str) > St get_atom_type () _
B T e« NNo_Domain()
* N5_P(object) // pointer 5 pogitio_n // |I;t[g] B ? » list get_domain_options ()
» setValue(object) » ideal_position // ist[3] > Strget_name()
» value // object - » bool if_atomistic()
s id Jf int » bool if_intialized()
* N5_MPI (static) » .proc_id //int o . _
» void N5_MPI_Comm_rank(N5_P, int) » .region // int * N5_AtomisticDomain (N5_Domain)
» void N5_MPI_Comm_size(N5_P, int) » .active // bool T LSS
»
» void N5_MPI_Bcast(object, int,*=* i ~ it
d N5_MPI_Barrier() N5_Output create_output() » list get_atoms_info()
> voldNo_MPL void init_material_properties() » list get_atoms_info_CPU(int)
» void N5_MPI_COMM_WORLD() void reinit_material_properties() » int get_size CPU()
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C%% NCN step2.py(add potential due an impurity)

nanoHUB.org

~/public_samples/Python_solver/Python_tutorial/step2.py

Initialization (do_init)

def do_init(self):
self.potentials = {}
self.done = False
self.charged id atom =1
self.charge _atom =-1.60217646e-19 #boron charge
self.charged _pos_atom = [0,0,0]
If self.check_option( "poisson™ ):
poisson_str = self.get_option( "poisson”)
self.poisson = self.find_simulation( poisson_str)
else:
self.poisson = None

UUUUUUUUU



Solution def do_solve (self):
(do_solve) if self.done is False :
K =8.988e9 # Nm2/C2
1 Q domain = self.get_domain()
VE — .. atomistic_domain = N5_AtomisticDomain(domain)
471'{-:0 atoms = atomistic_domain.get_atoms_info();
Electric potential due to a point charge | for atom in atoms:

if atom.id == self.charged _id_atom:
self.charged_pos_atom[0] = atom.position[0]
Searching “impurity” - self.charged_pos_atom[1] = atom.position[1]
self.charged_pos_atom[2] = atom.position[2]
self.potentials[atom.id] = 0
o break;
#endfor
~| for atom in atoms:
if not atom.id == self.charged_id_atom:
X = atom.position[0]-self.charged_pos_atom][O]
Y = atom.position[1]-self.charged pos_atom[1]
Z = atom.position[2]-self.charged_pos_atom|[2]
dist = math.sqrt(X*X + Y*Y + Z*Z) * 1e-9 # nm to m
Pi = ( K * (self.charge_atom) ) / (dist)
self.potentials[atom.id] = Pi
self.done = True

Calculating potential -

PURDUE
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Communication
(get_data)

def get_list_uint_data_list_double ( self, params, variables ):
result =[]
If self.poisson is not None:
self.poisson.get_multidata(params, variables, result, "list<uint>:list<double>")
for i, v in enumerate(variables[0]):
result[0][i] += self.potentials[v]
return result

UUUUUUUUU



&g%nCﬂ Run step2.py

nanoHUB.org

submit -v coates \
-1 /apps/share64/nemo/examples/current/materials/all.mat \
-1 ./step2_small.in \
-1 ./step2.py \
nemo-r7962 step2_small.in

UNIVERSITY



O%%ncn Run step2.py

nanoHUB.org

submit -v coates -i ./all.mat -i ./step2.in -i ./step2.py nemo-rXXXX step2.in

eigenfunctions/wavefunction_0.xyz

Pssudocolor
Var, wave
' N

0.0

oo

o152

13608005
a3

step1.py

PURDUE

UNIVERSITY



File Edit View Search Tools Documents Help

OB.B[ & 4% ¢ &8 Qa4 &

New Open Save | Print | Undo Redo | Cut Copy Paste ! Find Replace

o) step2 py % |

import math
import random
def do_init(self):
self.potentials = {}
self.done = False
self.charged_id_atom = 10
#boron I
self.charge_atom = -1.60217646e-19
self.charged_pos_atom = [0,0,0]
if self.check_option( "poisson" ):
poisson_str = self.get_option( "poisson" )
self.poisson = self.find_simulation( poisson_str )

* File (step2.py)

self.poisson = None

» Edit charge_atom value. P e

K = 8.988e3 # Nm2/C2

domain = self.get_domain()
b Ed It Ch arg e Id ato m Val Ue . atomistic_domain = N5_AtomisticDomain(domain)
- - atoms = atomistic_domain.get_atoms_infol();
for atom in atoms:
if atom.id == self.charged_id_atom:
self.charged_pos_atom[0] = atom.position[0]
self.charged_pos_atom[1] = atom.position[1]
self.charged_pos_atom[2] = atom.position[2]
self.potentials[atom.id] = O
break;
#endif
#endfor
for atom in atoms:
if not atom.id == self.charged_id_atom:
= atom.position[0]-self.charged_pos_atom[0] |
= atom.position[1]-self.charged_pos_atom[1]
= atom.position[2]-self.charged_pos_atom[2]
ist = math.sqrt(X*X + Y*Y + Z*Z) * le-S # nm to m &

| Python ¥ | TabWidth: 8~ [ Ln1, Col 1 INs

X
Y
4
d

submit -v coates \
-1 /apps/share64/nemo/examples/current/materials/all.mat \
-1 ./step2_small.in \
-1 ./step2.py \
nemo-r7962 step2_small.in
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