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Work Flow

Step 1 Step 2 Step 3

Input Structure DFT Calculations (DFT MatProp) Landauer Transport (LanTraP)

* Atomic Structure (Fractional or * Band Diagrams * Seebeck Coefficient (S)
Cartesian) * Density of States Conductivity (o)

 Cell Vectors (A) * Input Data for LanTraP Power Factor (PF)
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Density Functional Theory (DFT)

Row vector of

Objectives: Approach: n eigenvalues

*Compute the band diagrams and *Perform DFT calculations using the E:
electronic density of states for the G- Local Density Approximation (LDA) "
hBN Bilayer "
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Basic Input ] Geometric Input | Energy Expression | Band Structure/DOS | Dielectric |

Task: | Thermoelectric Calculations

' Basic
INputs

Material Type: | Semiconductor

Semiconductors: | Graphite

Advanced Options: @ ~ Jmm yes ‘ Select the fO”OWing:

Enable Advanced Material Type: Semiconductor

Options

Semiconductors: Graphite




B nput

- Define
=1 B B BT Geometric

shown here

e Input

Eruation of State Calculations: @ _J no

ed Options: @ = yes ‘ NO need to
enable




o Input

Basic Input | Geometric Input  Energy Expression ] Band Structure/DOS | Dielectric |
Exchange and Correlation funclional:LDﬂ b

\.| Select “LDA”

X direction: |30 * =

¥ direction: |30 *|=]

Z direction: |1 *|=]

il Set Both Z
ol /] directions to 1"

Z direction: |1

Wavefunction Kinetic Energy cutoff (Fzy);-’l[l.l] PN | g y

Charge Density Kinetic Energy cutoff (H',*):160.0 |

°
SCF Convergence Criterion (Ry): Imi _l E X re S S I O n
SCF maximum steps: 100 Set to ”1E 5”

Enable occupation options: @ e yes

Smearing: | Ga

Gaussian Spreading (Ry): |.0038

Simulate >




0 Input

Basic Input | Geometric Input | Energy Expression  Band Structure/DOS | Dielectric
P p gy Exp

Band Structure Calculations: @ — j» yes

No need to
‘ select “yes”, but
recommended
to visualize Band
Structure and
DOS

330
0.00.00.0

Number of Points: |50

Density of States Options: @ __ jm» yes

minimum Energy (eV): |-
maximum Energy {eV):

energy grid step (eVv): |.001

Advanced Options: @ jm yes

Simulate >

Press “Simul
to Begin”

Final Step and
RUN

Be Warned: Simulation may take
more than 30 Mins.

For a more in-Depth tutorial into
Band Structure and DOS, consult
Shukai Yao’s presentation.

ate



@ simulate

Obtainin;
Select: “File for fiz|  Click h(lare(;co - .
ic B Download. 0. 05
TE:IrcrElc;iilsg'lc 41 A pop-up will 8 | n p Ut F I | e

appean

nanoHUB

1748 2.5501 4.3435 9.1586 9

Find: AT Select 4l

4 results Clear One  Clear all

Save File on your
Computer

Simulation = #3
Task: = Thermoelectric Calculations

task = lantrap

SCF Convergence Criterion (Ry) = 1E-5

Band Structure Calculations = yes

Density of States Options = yes

minimum Energy (eV) = -20

energy grid step (eV) = .00

Atomic Structure: = C 0333330044 0.666670085 0.580000013 C 0.B6EE670034 0.333330023 0.580000C

-16.8701 -14.0477 -13.1417 -10.4721 -6.44 -5.6745 -2.7984
-1.954 1.445 3.4795 7.3569 8.6719 11.1034 11.3387 11.5623
11.6832
-16.8761 -14.1537 -12.9918 -10.4316 -6.5163 -5.7277 -2.8144
< Input | -1.9619 1.4968 3.5184 7.4755 8.7514 1@.7817 11.1403 11.4279
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LanTraP

Objectives:

*Determine the Transport Properties
of G-hBN bilayer.
Seebeck Coefficient (S)
Conductivity (o)

Power Factor (PF)
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€ Load Data

Upload: | %

Dafa“'efE""”“‘Ml Select: “Upload”
A pop-up will
appear to
upload your file

H your data will show up here |

Select: “Modes

and TE”

‘What to calcuIaJeLIMou es

Modes Options >

Upload
Input File

nanoHUB

Upload

Use this form to upload data for LanTraP. If you don't specify a file for a particular
input, that input won't be modified by the Upload operation.

Data file (E-k or modes):

® Upload a file O Copy/paste text

Browse for /
your DFT file

and Upload




9 Modes Options

Monkhorst-Pack k-grid?: @ — jwm yes
Dimensionality: | 2 :|
Lx (nm): |17
Ly (nm): Iii
Lz (nm): |17
Number of kx points: Imiq-]—‘
Number of ky points: Imiq-‘—‘

Mumber of kz paoints: I +I _‘

Number of Bands: |157+I—‘
Transport direction: |y7j
Spin Degeneracy: Iiﬁ
Emin (eV): lmi

dE (EV‘| EI D0lev

Emax (eV): 2l]eU

Set values as shown on
the picture.

< Load Data | TE Options >

Modes
Options
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QMudes Options aTE Options E

Particle: Electrun |

Temperature (K): .:SUIJK
Transport type: Eid“lalIL. |

Ef min (eV):
delta Ef (eV): |0.001eV

Ef Max (eV): - +16eV
Make sure T E
values are
always lower .
than Emin/Emax O t I O n S
From Modes p

Options

Set values to

< Modes Options | Simulate >

Press “Simulate
to Begin”

14



Visualizing Transport Properties

¥
8

1) where dedimension)

0 ]
(&v) Fermi Energy (V) Fermi Energy

< TE Options. « TE Options

O simulate

0 0
Fermi Energy (eV) Fermi Energy (2V)

-TEu.rs..:J < TE Options
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Further Work

*Study the effects of Interplanar Distance, Temperature, and layer stacking to the transport
properties of materials.

*Study other 2D materials.

*Study Phonon ballistic transport




