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FPLO: Getting Started
fcc aluminum — SCF, DOS, band structure and equilibrium lattice 
constant

Based on the FPLO22.02-66 "Getting Started" primer by M. Richter, K. Koepernik, O. Janson & H. Rosner



What we do today

1

Self-consistent run

Input editor fedit, run fplo, check 
populations, convergence and total 
energy

2

DOS & band structure

Bandplot menu, total and partial 
DOS, band plot in xfbp

3

Lattice constant

Total energy for a₀ = 7.50 / 7.55 / 
7.60 Bohr → equilibrium

⟨CR⟩ = press Enter.   Hot-keys in fedit are not case sensitive.   Use only the main keyboard, not the numeric keypad.



1
S E T U P

Create a tidy directory tree
1 / 38

Key sequence Explanation

mkdir Al <CR> create directory Al

cd Al <CR> change into directory Al

mkdir SC <CR> create directory SC

cd SC <CR> change into directory SC

ls <CR>
list all files (directory is 
empty)

fedit22.02-66-x86_64 <CR> call input editor

• SC = self-consistent

• Executables carry the full version suffix 
(no generic fplo / fedit links any more)

• <CR> = press Enter



2
I N P U T  E D I T O R

Start fedit — default input is created
2 / 38

Key sequence Explanation

x exit initialization information

• fedit calls fplo once and writes the default input file 
=.in

• Version number is shown in the lower-right corner
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I N P U T  E D I T O R

Main menu
3 / 38

Key sequence Explanation

+ select symmetry menu

• Hot-keys, not case sensitive

• Blue keys: entries of this menu

• Red keys: other menus / exit

• h opens help — don't use the numeric keypad



4
I N P U T  E D I T O R

Symmetry menu — fcc Al is predefined
4 / 38

Key sequence Explanation

+ update crystal structure

• Space group 225 (F m -3 m)

• Lattice constant 7.55 Bohr

• One atom: Al at (0, 0, 0)

• After ANY change here: update with +



5
I N P U T  E D I T O R

Update the structure, then go to Options
5 / 38

Key sequence Explanation

x exit update information

x exit symmetry menu

- select options menu

• Update output appears in an info screen (scrollable)
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I N P U T  E D I T O R

Options menu
6 / 38

Key sequence Explanation

x exit options menu

• Only NO_SYMMETRYTEST is on by default

• No changes needed — back to the main menu
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I N P U T  E D I T O R

Save the input
7 / 38

Key sequence Explanation

q
quit input editor and save input 
files

y confirm saving

ls <CR> list all created files

• Publish every change of the defaults (k-mesh, xc, …) 
plus the version number → reproducible calculation



8
I N P U T  E D I T O R

Your terminal now
8 / 38

• New files: +fedit, =.in, =.in.bak



9
S C F  R U N

Run FPLO and look at the structure
9 / 38

Key sequence Explanation

fplo22.02-66-x86_64 | 

tee out <CR>

run fplo and save 
output — a few 
seconds

ls <CR> list all created files

xfplo =.in <CR>
look at the crystal 
structure

Ctrl + w
quit xfplo (on the 
xfplo screen)



10
S C F  R U N

Check the population analysis
10 / 38

Key sequence Explanation

less out <CR> inspect output file

G go to the end of file

?Population <CR>
search last population analysis 
(backwards)

:q quit less

• 3d: almost pure overlap population → 
polarization states

• Rule of thumb: gross ≳ net, net never 
negative

• Semi-core 2s, 2p: full occupation within a 
few 0.01 e
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S C F  R U N

Check SCF convergence
11 / 38

Key sequence Explanation

grep "last deviation" out

<CR>
check iteration

grep "st de" out <CR> … or shorter

• u = convergence measure of each SCF 
cycle

• Default criterion: u < 10⁻⁶



12
S C F  R U N

Total energy
12 / 38

Key sequence Explanation

grEE <CR> print total energy values

• Columns: E_tot, E_kin, E_Coulomb, E_xc 
(Hartree)

• With DFT+U: extra column at the end

• More powerful grepper: grepfplo
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S C F  R U N

Iteration progress in xfbp
13 / 38

Key sequence Explanation

xfbp -oi <CR>
start xfbp, show iteration 
progress

Ctrl + q quit xfbp

• Same as menu Mode → Observe → Iteration progress
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B A N D S  &  D O S

Open the bandplot menu
14 / 38

Key sequence Explanation

fedit22.02-66-x86_64

<CR>
call input editor

<SPACE> select more menus

b
select bandplot 
menu

• Red [] in the menu bar → more sub-menus via 
<SPACE>

• Band structure along symmetry lines; DOS comes 
with it



15
B A N D S  &  D O S

Switch on the band structure and run
15 / 38

Key sequence Explanation

b select band structure plot

x exit bandplot menu

q quit input editor, save input

y confirm saving

fplo22.02-66-x86_64 > out.bs & <CR>
run fplo in background (few 
seconds)

ls <CR> list all files

• DOS split by sort (Wyckoff position) and 
basis state (nl)



16
B A N D S  &  D O S

Total DOS
16 / 38

Key sequence Explanation

xfbp +dos.total <CR> display total DOS

Ctrl + q quit xfbp
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B A N D S  &  D O S

Which file is which orbital?
17 / 38

Key sequence Explanation

head -n 1 

+dos.sort001.nl00[1-

7] <CR>

print first lines of 
the partial DOS files

• First line of each +dos.sort001.nl00x names the basis 
state



18
B A N D S  &  D O S

Total + partial DOS (3s, 3p, 3d)
18 / 38

Key sequence Explanation

xfbp +dos.total 

+dos.sort001.nl00[3,5

,7] <CR>

display total and 
partial DOS

Ctrl + q quit xfbp

• 3s lowest in energy

• 3p dominates at E_F

• 3s and 3d contribute about equally
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B A N D S  &  D O S

Band structure — edit the title
19 / 38

Key sequence Explanation

xfbp +band <CR>
open the band 
structure file

right-click title → 

properties

show title 
properties

Text field → Aluminum modify the title

Apply, then Close
apply changes, close 
dialog



20
B A N D S  &  D O S

Band structure — edit the legend
20 / 38

Key sequence Explanation

right-click a band → 

group

open group 
properties

Legend text → Al 

bands

modify the legend 
text

Apply, then Close
apply changes, close 
dialog
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B A N D S  &  D O S

Valence bands of Al
21 / 38

Key sequence Explanation

File → Save
save the plot with title & legend 
as “al.bands.xfp” for later use

Ctrl + q quit xfbp

• Change the energy window: Edit → World → 
Properties (Min / Max)

• filename.xfp keeps all plot settings — reopen with 
xfbp filename.xfp



22
L A T T I C E  C O N S T A N T

E(a): prepare three lattice constants
22 / 38

Key sequence Explanation

cd .. <CR> go to parent directory Al

mkdir a0=7.55 <CR> directory for present a₀

cp SC/* a0=7.55 <CR> copy all files into a0=7.55

mkdir a0=7.50 <CR> directory for another a₀

mkdir a0=7.60 <CR> directory for another a₀

ls <CR> just to look

cp a0=7.55/=* a0=7.50 <CR> copy input files

cp a0=7.55/=* a0=7.60 <CR> copy input files

• a₀ = 7.50, 7.55, 7.60 Bohr

• Only the input files (=*) are copied to 
the new directories



23
L A T T I C E  C O N S T A N T

a0 = 7.50: change the lattice constant
23 / 38

Key sequence Explanation

cd a0=7.50 <CR>
change into directory 
a0=7.50

fedit22.02-66-x86_64 <CR> call input editor

+ select symmetry menu

L7.50 , , <CR>
change lattice 
constant

+
update lattice 
geometry

• Warning: user-defined band-plot symmetry points are 
reset to defaults
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L A T T I C E  C O N S T A N T

a0 = 7.50: save and run
24 / 38

Key sequence Explanation

x exit update information

x exit symmetry menu

q quit fedit

y confirm saving

fplo22.02-66-x86_64 > out 

& <CR>
run fplo in background

• Runs in the background — continue 
with a₀ = 7.60 meanwhile
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L A T T I C E  C O N S T A N T

a0 = 7.60: same procedure
25 / 38

Key sequence Explanation

cd ../a0=7.60 <CR> change into directory a0=7.60

fedit22.02-66-x86_64 <CR> call input editor

+ select symmetry menu

L7.60 , , <CR> change lattice constant

+ update lattice geometry

x exit update information

x exit symmetry menu

q quit fedit

y confirm saving

fplo22.02-66-x86_64 > out & <CR> run fplo in background
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L A T T I C E  C O N S T A N T

Check the running jobs
26 / 38

Key sequence Explanation

ps <CR> check the running jobs

cd .. <CR> change into parent directory

grit a0= <CR> check convergence

• What you see depends on when you look
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L A T T I C E  C O N S T A N T

Compare total energies
27 / 38

Key sequence Explanation

grEE a0= | tee ea0 <CR> print energies, save to file ea0

• Columns: a₀, E_tot, E_kin, E_Coulomb, 
E_xc

• Minimum of E_tot close to a = 7.55 Bohr
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L A T T I C E  C O N S T A N T

Shortcuts with grepfplo
28 / 38

Key sequence Explanation

grepfplo -m EE -p a0= | 

tee ea0 <CR>
only the total energy, 
save to ea0

grepfplo -m EE -p a0= -x

<CR>
show energies directly 
in xfbp

• Take a rest!
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N E X T

Further reading (FPLO22.02-66/DOC)
29 / 38



Break
Next: k-point convergence of the DOS — fcc Al with 8³, 16³ and 32³ meshes



30
K - P O I N T  C O N V E R G E N C E

Why converge the k mesh?
30 / 38

512
k points in the full BZ

8×8×8

4 096
k points in the full BZ

16×16×16

32 768
k points in the full BZ

32×32×32

NBZ = N³ — printed in the output:  AUTOSUBDIVISION: actual nkxyz = 8 8 8 NBZ= 512

• DOS and E_tot are integrals over 
the Brillouin zone — sampled on 
an N×N×N mesh (tetrahedron 
method)

• Finite size effects NxNxN k-grid ↭
NxNxN supercell with periodic 
boundary conditions

• Metals: the Fermi surface cuts the 
bands → sharp occupation step → 
slow convergence

• Insulators: filled bands only → 
converge much faster

Recipe  increase N until the quantity you care about stops changing —
fix everything else.
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K - P O I N T  C O N V E R G E N C E

Set up three k meshes
31 / 38

Key sequence Explanation

cd .. <CR> go to parent directory Al

mkdir k8 k16 k32 <CR> one directory per mesh

cp SC/=* k8 <CR> copy input files

cp SC/=* k16 <CR> copy input files

cp SC/=* k32 <CR> copy input files

cd k8 <CR> change into directory k8

fedit22.02-66-x86_64 <CR> call input editor

K8 8 8 <CR> change k-mesh subdivision

q quit fedit

y confirm saving

fplo22.02-66-x86_64 > out & <CR> run fplo in background

• Bandplot / DOS is still switched on —
copied from SC

• Only the k mesh changes; everything 
else stays fixed
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K - P O I N T  C O N V E R G E N C E

Repeat for 16×16×16 and 32×32×32
32 / 38

Key sequence Explanation

cd ../k16 <CR> change into directory k16

fedit22.02-66-x86_64 <CR> call input editor

K16 16 16 <CR> change k-mesh subdivision

q quit fedit

y confirm saving

fplo22.02-66-x86_64 > out & <CR> run fplo in background

cd ../k32 <CR> … same with K32 32 32

cd .. <CR> back to Al

grit k <CR>
check convergence of all 
meshes

grEE k <CR> compare total energies

• 32³ takes noticeably longer: 8× more k 
points than 16³

• Check the k mesh actually used: grep 
nkxyz out
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K - P O I N T  C O N V E R G E N C E

Compare the DOS: 8³ vs 16³ vs 32³
33 / 38
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xfbp k8/+dos.total 

k16/+dos.total 

k32/+dos.total <CR>

• 8³: spiky — individual k points 
show up as artificial peaks

• 16³: overall shape right, fine 
structure still noisy

• 32³: smooth; differences to 
256³ below 0.03 states/eV
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K - P O I N T  C O N V E R G E N C E

DOS vs the 256³ reference
34 / 38
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8×8×8 16×16×16 32×32×32 256×256×256 (ref.) Key sequence

xfbp k8/+dos.total 

k16/+dos.total 

k32/+dos.total 

k256/+dos.total <CR>

• 256³ (black, dashed) = 
converged reference

• 32³ lies on top of it: max. 
deviation 0.02 states/eV (128³: 
0.003)

• 8³ off by up to 0.5 states/eV, 16³ 
by 0.2
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K - P O I N T  C O N V E R G E N C E

Zoom on the Fermi level
35 / 38
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8×8×8 16×16×16 32×32×32 k mesh N(E_F) (st./eV)

8³ 0.321

16³ 0.339

32³ 0.384

64³ 0.400

128³ 0.400

256³ 0.400

• N(E_F) converges slowest: 32³ still 4 % 
off

• Matters for γ (specific heat), Pauli χ, 
Stoner, transport

• Converge the property you need, not 
just E_tot
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K - P O I N T  C O N V E R G E N C E

Zoom on the Fermi level — with 256³ reference
36 / 38
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8³ 0.321

16³ 0.339

32³ 0.384

64³ 0.400

128³ 0.400

256³ 0.400

• N(E_F) converges slowest: 32³ still 4 % 
off

• Matters for γ (specific heat), Pauli χ, 
Stoner, transport

• Converge the property you need, not 
just E_tot
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K - P O I N T  C O N V E R G E N C E

What converges how fast? (fcc Al)
37 / 38

k mesh k points ΔE_tot (meV/atom) ΔE_F (meV) N(E_F) (st./eV)

8³ 512 −14.2 −29 0.321

16³ 4 096 −0.20 +27 0.339

32³ 32 768 −0.15 +8.2 0.384

64³ 262 144 +0.002 +2.1 0.400

128³ 2 097 152 −0.0007 +0.4 0.400

256³ (ref.) 16 777 216 0 0 0.400

• Total energy: sub-meV already at 16³    ·    DOS shape: 32³    ·    N(E_F) and E_F: ≥ 64³

• Δ = value(N) − value(256³);  E_tot and E_F taken from the FPLO output (EE: and TETWTS: Fermi energy)



38
K - P O I N T  C O N V E R G E N C E

The full fplo_kconv data set: metal vs insulator
38 / 38

• Diamond: fast convergence — 10⁻⁴ meV/atom at 16³

• Al: slow convergence — 0.15 meV/atom off at 32³, ~10⁻³ meV/atom at 64³–128³
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