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Crystal structure

with long range order.



Crystal structure: lattice + basis
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0, 0, 0 1/2, 1/2, 1/3



Face center square lattice

Primitive cell

Face centered Not face centered



Primitive lattice

(2 atoms)



(4 atoms)





Examples of Wigner-Seitz primitive cell



Periodic table



Examples of lattices with basis



(Rocksalt)





One dimensional lattice

a

y(x)=y(x+a) → kna=2πm →kn =2πm/a=0,b,2b,3b, …, b=2π/a, b: reciprocal lattice
Bloch theorem confines to the first Brillouin zone: 0~b (2π/a)



Two dimensional lattice



Reciprocal lattice

3d Fourier Transform





Examples of reciprocal lattice and first Brillouin
zone (The Wigner-Seitz primitive cell of the reciprocal lattice)



1 BZ of a fcc lattice 



CMS II-3 Hands-on: vaspview, 
density of state (DOS), and 

partial density of state (PDOS)
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Vaspview
visualizing the charge (spin, partial charge) density



Try yourself





mouse

Click+direction key







Density of state
DOSCAR:
2   2   1   0
0.2001288E+02  0.3839590E-09  0.3839590E-09  0.3839590E-09  0.5000000E-15
1.0000000000000000E-004
CAR 
Si Diamond                              

17.62901345     -8.17412253  301      5.77032221      1.00000000
-8.174  0.0000E+00  0.0000E+00
-8.088  0.0000E+00  0.0000E+00
-8.002  0.0000E+00  0.0000E+00

……………………………………………….
17.457  0.0000E+00  0.1600E+02
17.543  0.0000E+00  0.1600E+02
17.629  0.0000E+00  0.1600E+02
17.62901345     -8.17412253  301      5.77032221      1.00000000
-8.174  0.0000E+00  0.0000E+00  0.0000E+00
-8.088  0.0000E+00  0.0000E+00  0.0000E+00
-8.002  0.0000E+00  0.0000E+00  0.0000E+00

…………………………………………………….

Save to dos.dat
Plot DOS using xmgrace
Shift Ef to zero





Partial density of state
DOSCAR:

2   2   1   0
0.2001288E+02  0.3839590E-09  0.3839590E-09  0.3839590E-09  0.5000000E-15
1.0000000000000000E-004
CAR 
Si Diamond                              

17.62901345     -8.17412253  301      5.77032221      1.00000000
-8.174  0.0000E+00  0.0000E+00
-8.088  0.0000E+00  0.0000E+00
-8.002  0.0000E+00  0.0000E+00

……………………………………………….
17.457  0.0000E+00  0.1600E+02
17.543  0.0000E+00  0.1600E+02
17.629  0.0000E+00  0.1600E+02
17.62901345     -8.17412253  301      5.77032221      1.00000000
-8.174  0.0000E+00  0.0000E+00  0.0000E+00
-8.088  0.0000E+00  0.0000E+00  0.0000E+00
-8.002  0.0000E+00  0.0000E+00  0.0000E+00

…………………………………………………….
17.457  0.0000E+00  0.0000E+00  0.0000E+00
17.543  0.0000E+00  0.0000E+00  0.0000E+00
17.629  0.0000E+00  0.0000E+00  0.0000E+00
17.62901345     -8.17412253  301      5.77032221      1.00000000
-8.174  0.0000E+00  0.0000E+00  0.0000E+00
-8.088  0.0000E+00  0.0000E+00  0.0000E+00
-8.002  0.0000E+00  0.0000E+00  0.0000E+00

……………………………………………………..

total DOS

Partial DOS of Si2

Partial DOS of Si1
Save to pdos.dat
Plot PDOS





Homework 
please Email to jeng@phys.sinica.edu.tw

• Plot charge density, DOS, and PDOS of 
Si(Dia) and C(Dia) using LDA with 
experimental lattice constant

• Plot charge density, DOS, and PDOS of 
Cu(FCC), V(BCC), and Ti(HCP) using GGA 
with experimental lattice constant (Hint: for 
HCP lattice, use Gamma Monkhorst-Pack k-
mesh by adding ‘G’ in front of ‘Monkhorst-
Pack’ in KPOINTS)


