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Synopsis

1. What is band structure

2. Calculating band structures

3. Features of “Band Structure Lab”
4. Results

5. Question
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Nature of band structure

Isolated atom

Two atoms
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Importance of Band Structure

« Materials can be divided into three groups depending on bandgap

e Band structure determines the material's electronic and optical
properties

overlap Free electron
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Band Strucutre

An example:
High S;g’nmetry Points

sult.|Eands /
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Importance of Band Structure

Moore’s Law

e Transistor is the most used

10’ Ttanfum2,

semiconductor device
o o WhBrede  Quantum mechanics plays a central
role in systems performance

« Atom by atom description
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Tight Binding Method: NEMOS5:

* NanoElectronics MOdeling tool

* Approximations by Prof. Klimeck research group

e Based on atomic orbitals _
« Computes band structure using

« Different models tight binding method

« Atom by atom analysis

* Requires a specific input file

By http://www.chemcomp.com/
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nanoHUB.org

RAPPTURE (Rapid APPlication - :
Infrastuc TURE): s

Input deck
Symmetry points

* Tool used to easily generate friendly ...

graphical user interface(GUI)
* Allow users to customize simulations

and outputs

@Device Parameter

Gresulls  Parameters..
} Simulation = #4
Ll 1

Strain ] Electronic Structure Parameter] A ;({ pait = (05, 05,0

: . ‘Ei;;etnaailﬁrinia::rametar = patan_Kiineck
Strain Model: | Biaxial Sirain Model = none

None

Uniaxial

Biaxial

Free Form

Hydrostatic

T e i
Epsilon: 0.01

Use material parameters to define the strain in
the direction normal to biaxial strain plane: &
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Input
Parameters
from GUI

Material

name = GaAs
tag = substrate
crystal_structure = zincblende
regions = (1)
Bands: TB:sp3dSsstar_SO:param_set = param_Klimeck
Bands: TB:sp3dSsstar_SO:param_Klimeck:VBO = 0.0
}

online simulation and more

Domain

name = structurel
type = pseudomorphic
base_material = substrate
dimension = (1,1,1)
H periodic = (true,true, true)
d Materlal crystal_directionl = (0,1,1)
. . . crystal_directionz2 (1,0,1)
crystal_direction3 (1,1,0)
® Tlght blndlng mOdel space_orientation_dirl = (0,1,1)
. space_orientation_dir2 = (1,0,1)
° Straln regions =(1)
geometry_description = simple_shapes

« Points :

Domain

name = structure2
type = pseudomorphic
base_material = substrate

AL mnmmnt men — IO O O
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Simulation
Results from
NEMO 5

" and Structure L3l

o gsimulate

o Resu\t-lBands ﬂ @
Gamma . : ) n

ulation and more o I - : _ o

k {(nm)-1)

2results  Parameters..

» Simulation = #2
e

=

Matetial: = Gads
Strain Model: = none
Tight Binding Parameter: = param_Klimeck
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Features

* Intended to scientific and educational environments
e Intuitive Input options and output results
kz — T i x ol + @ r @ Job Description
- T \\\ Choose a path: [Path Between High Symmetry Points
s 4 Py High Symielry Point On:
’ e T High Symmetry Paint [
ff L poir L3
‘,'/ ! ~ L point: !([I 5,05,0 5) (Nnrmaklzed N: asis in k-Space) = fﬂ 5,05,0 5) (Cartesi: asis in k-Space)
/ 5,05, 0.5) (Normalized asis in k-Sps [ ce!
L ! {n 05, 01 (Nnms!lzad Nalur ~n,5} (Camaslan Eas\s in k Spana)
s i (0.5, 0, 0} (Nomalized Natural Basis ln k-Space) = (0.5, -0.5, 0.5) (Cartesian Basis in k-Space)
! } L AN {0, 0, -0.5) (Normalized Natural Basis in k-Space) = {0.5, -0.5, -0.5) (Cartesian Basis in k-Space)
/ / [ {0, 0, 0.5} (Mormalized Natural Basis In k-Space) = {-0.5, 0.5, 0.5} (Cartesian Basis in k-Space}
{ / ' ! \ {-0.5, 0, 0} (Normalized Natural Basis in k-Space) = {-0.5, 0.5, -0.5} (Cartesian Basis in k-Space)
/ i \ {0, -0.5, 0} (Normalized Natural Basis in k-Space) = {-0.5, -0,5, 0.5) (Cartesian Basis in k-Space)
! ! l ’i \} (-0.5, -0.5, -0.5} (Normalized Natural Basis in k-Space) = {-0.5, -0.5, -0.5) (Cartesian Basis in k-Space)
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Results - Band Structure

it |Bands /
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Band Structure

overlap

Fermi level

metal semiconductor) insulator

Bandgap

Electron energy




Outputs

Result Ilnpu1 deck =
@ simulate

Result ISymmatry points 7@
O simutate

Result ]Stlucture ¥ @
@ simulate

Result: IBands =l ]

c
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Results - NEMO5 Input Deck

pn - @ simulate

Result: | Input deck

Structure

1
Material

Band structure

name = 51

tag = substrate

crystal structure = diamond

regions = (1

Bands:TB:spitosstar S0:param_set = param Boykin
Eands:TB:spadSsstar_30:param Boykin:¥BO = 0.0

Crystal Structure

1

Domain

{
name = structurel
type = pseudomorphic
base material = substrate
dimension = {1,1,1)
periodic = (true, true, true)
crystal directionl 0,1,1
crystal direction2 1,01
crystal directiond = (1,1,0
space_orientation dirl = (0,1,1)
space_orientation dir2 = (1,0,1)
regions = (1)
geonetry_description = simple shapes

Bandgap Info

)
)
)

1

Domain

{
nane = structure?
type = pseudomorphic
base material = substrate |

Find: o Select Al

< Job Description

PURDUE

UNIVERSITY




Summary and Acknowledgments
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