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1.5 PHASE/OO OO
PHASEOODOODOODOOOOOODOODOODOOOOOOODOODOODOOOOOOOOObOObOODbOO
oo0ooooOooooooobooogoo

00000

https://azuma.nims.go.jp/

Takahiro Yamasaki, Akiyoshi Kuroda, Toshihiro Kato, Jun Nara, Junichiro Koga, Tsuyoshi Uda, Kazuo Mi-
nami, and Takahisa Ohno, "Multi-axis Decomposition of Density Functional Program for Strong Scaling up
to 82,944 Nodes on the K Computer: Compactly Folded 3D-FFT Communicators in the 6D Torus Network"
Computer Physics Communications 244, 264-276 (2019). https://doi.org/10.1016/j.cpc.2019.04.008

- J000OD0O0O0OOUVSoRODOOOOOOO

Tomoyuki Hamada and Takahisa Ohno, "First-Principles Broadband Dielectric Spectroscopy" Journal of the
Australian Ceramic Society, vol. 47, pp.61-64 (2011)

1.6 HISTORY

The original version of this set of the computer programs "PHASE" was developed by the members of the Theory
Group of Joint Research Center for Atom Technology (JRCAT), based in Tsukuba, in the period 1993-2001. The
names of the contributors to the original version are Hideki Katagiri, Koichi Kato, Tsuyoshi Miyazaki, Yoshitada
Morikawa, Hideaki Sawada, Toshihiro Uchiyama, Tsuyoshi Uda, and Takahiro Yamasaki.

These contributors has agreed with that the Institute of Industrial Science (IIS), the University of Tokyo, distributes
this program as a free software.

Since 2002, this program set had been intensively developed as a part of the following national projects supported
by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan; "Frontier Simulation
Software for Industrial Science (FSIS)" from 2002 to 2005, "Revolutionary Simulation Software (RSS21)" from
2006 to 2008. "Research and Development of Innovative Simulation Software (RISS)" from 2008 to 2013. These
projects is lead by the Center for Research on Innovative Simulation Software (CISS), the Institute of Industrial

Science (IIS), the University of Tokyo.
Since 2013, this program set has been further developed centering on PHASE System Consortium.

The activity of development of this program set has been supervised by Takahisa Ohno.

1.7 CONTACT ADDRESS

PHASE System Consortium

E-mail: phase_system @nims.go.jp URL https://azuma.nims.go.jp
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gobobooaobooabood

file_names.data O0b00b0O0000000b00O0b00O0b000DbbO PHASEDDODO
gboogboobooobboobboobooboobooboooboo
gobooboboooooooooboopbooobobogiboobogn
oobooOoobooooobooooooobooooobooobooooooon
goooboobooboboooobooboboooooomooooon
gboobuoobooboobobobobb 22400000000
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gboooobobooooobobooobooboobooboobooooboon

Sioooooboooboo20000000000000000000D00DO0DOOOOODOODOOOOOOn

goo

control{
condition = initial
cpumax = 86400 sec
max_iteration = 10000
}
accuracy{
cutoff_wf = 25.0 rydberg
cutoff_cd = 100.0 rydberg
num_bands = 8
ksampling{
method = monk
mesh{
nx = 10
ny = 10
nz = 10
}
}
initial_wavefunctions = atomic_orbitals
initial_charge_density = atomic_charge_density
scf_convergence{
delta_total_energy = le-10
succession = 3
}
force_convergence{
max_force = 0.001 hartree/bohr
}
}
structure{
element_list{
#tag element atomicnumber
Si 14

unit_cell{
#units angstrom
a_vector = 0 2.732299538 2.732299538
b_vector = 2.732299538 0 2.732299538
c_vector = 2.732299538 2.732299538 0O
}

(oooooon)
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(Cooooooooo)

unit_cell_type = bravais
atom_list{
atoms{
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 @
Si -0.125 -0.125 -0.125 ©
}
coordinate_system = internal
}
}
wavefunction_solver{
solvers{
#tag sol till_n prec cmix submat
pdavidson 1 on 1 on
rmm3 -1 on 1 on
}
rmm{
edelta_change_to_rmm=5e-5
}
}
charge_mixing{
mixing_methods{
#tag no method rmxs rmxe istr prec nbmix
1 pulay 0.40 0.40 3 on 15

}
}
Postprocessing{
dos{
sw_dos = ON
deltaE = 1.e-4 hartree
}
charge{
sw_charge_rspace = ON
filetype = cube !{cube|density_only}
title = "This is a title line for the bulk Si"
}
}

gboooobooooooboooooan

control O 00 0O O ooooooooboooon

accracy U O 0O 0O googood

structure O 00 0 O googood
wavefunction_solver O 0 O O O00000000a0n
charge_mixing 0 0 O O gooobobobogo
structure_evolution O 0 00 O 0o0oooooooobooogooo
postproccesing [ [0 [0 [ gooood

printlevel 0 O 0O O gooooood

oboooooboboboobOoboooobobooooOobooon

Control O O OO

control U0 OO00OO0000OO0O0OD0OODOOOOODOOOOOOODOOODOO

control{
condition = initial
cpumax = 86400 sec
max_iteration = 10000

}
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condition O00O000000DOO00O00000bO00DOO0o0bOOooDOooobOOoDOon
000000000 O4nitial 000000 Ocontinuationd 0 OO 00O
oooo

cpumax 0odoooboooooooooboooooon

max_iteration SCFOODOOoDoooouoooooooooooooo

Accuracy 0000

accuracy 100 O0000O00O0O0OO0OO0OOO0O0OOOOOOOOOODO

accuracy{
cutoff_wf = 25.0 rydberg
cutoff_cd = 100.0 rydberg
num_bands = 8
ksampling{
method = monk
mesh{
nx = 10
ny = 10
nz = 10
}
}
initial_wavefunctions = atomic_orbitals
initial_charge_density = atomic_charge_density
scf_convergence{
delta_total_energy = le-10
succession = 3
}
force_convergence{
max_force = 0.001 hartree/bohr

}

cutoff_wf goooo
0oodooooooooooooog

cutoff_cd 0o000oodoooooooDoooooooon

num_bands oo0ooooooooooooo

ksampling 0 0 0O O kOOODOoOooooooooao

method kOOOOODOOODODOOODODDODODOmonk O
Monkhorst-Pack [0 [Monkhorst76] O OO 0O OO O
ooooo

mesh 00o00ooooboooooo

initial_wavefunctions

000o0ooobDODbooooooooooog
atomic_charge_density 0 00 00 O00OOOOO0OO
Oooo0oooObOoO0o0oooooobooooog

scf_convergence 0 0 O O

oobOooooo Scrooboooooooonn
ooood

delta_total_energy

ubbuoaoboooboooboaobogaan
Oooooo0oooooo0oooDOOOOoSCEO
ooooboooobooon

force_convergence 0 0 O O

OoooooDoobo SCcFrO0ODOO0OOOODDODOD
oooono

googoobooon
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Structure 0 OO O

gobobooboobooboobooboobobbooboo

structure 1 00000000000 OOOOOO

structureq{
element_list{
#tag element atomicnumber
Si 14

unit_cell{
#units angstrom
a_vector = 0 2.732299538 2.732299538
b_vector = 2.732299538 0 2.732299538
c_vector = 2.732299538 2.732299538 0
}
unit_cell_type = bravais
atom_list{
atoms{
#tag element rx ry rz mobile
Si 0.125 0.125 6.125 @
Si -0.125 -0.125 -0.125 ©
}
coordinate_system = internal
}
}

element listO0 0 OO

gboooboooobooooooooboo
ooboooboooo Ssioobooomooboooon
0" 14 0ooooobooooobogo

unit_cell OO OO

0oodoooooooooooooooog
#units angstrom U 0 000000000 OO0OO
ooooo

a_vectord b _vectorOc vectorUOOOOO0OOO
oooood

atom_list 0 0 0O O

ooooboooooogoo
ooooooSiboo 200000000000
0.125,0.125,0.125 0000000

coordinate_system

ooooboooooao
internal 0 00 000000O00O0O0O0OOOCOO
ooooboboooobooobon

gboooobobooobOoboooobobooobooboooobOob @obooon2019.0200)

PHASEOOOOODO 2019.020 000000000000 000OCO0OOODOOO0ODOOODOOODO
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Wavefunction_solver 0 00 0O

wavefunction_solver D0 0D 000000000000 0OO0O0O0O0O0O0O00OO00O0O0O0O00OO0OO

wavefunction_solver{
solvers{
#tag sol till_n prec cmix submat
pdavidson 1 on 1 on
rmm3 -1 on 1 on
}
rmm{
edelta_change_to_rmm=5e-5
}
}

solvers 1 O OO ooooboooooooooon
O00000000O0O00000000 pdavidson
oboooooooooooocoorRMMOOOO
ooogd

rmm 0O 00O
edelta_change_to_rmm gdobooboooo RrRMMUOOOOOODOOOO
00000o0obooOoDOooDoooooooon
o0o0ooOobOOoooORrRMMOOOODOOO

Charge_mixing 0 0 0 [

charge_mixingO OO ODOO0O0OO0OO0OO0O0OOODOOOOOOODOOOOODOODOOOOODOOn

charge_mixing{
mixing_methods{
#tag no method rmxs rmxe istr prec nbmix
1 pulay 0.40 0.40 3 on 15

mixing_methods 0 0 O O goooboooobobooooooboooogoon
OO0000 pulay O [Pulay80] DD DOOD0OODDO
0000 broyden2 O [Broyden65] , simple mixing
ooooopoooooogooo

Postproccesing 0 0 0 [

Postproccesing D 0 D 00000000000 OOOOOOOOOOOO

Postprocessing{
dos{
sw_dos = ON

deltaE = 1.e-4 hartree
}
charge{

sw_charge_rspace = ON

filetype = cube

title = "This is a title line for the bulk Si"
}
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dosOO OO 00o00ooo0oboooooooooono

sw_dos oNOOOobopobooooooo

deltaE 0o0oobooboobobooooooo

charge O OO odooobooboobobobooooobooo

sw_charge_rspace oNOOOoboboboboboobooobooobogoo

filetype oboooboobooboboboboooog
cube 0 Gaussian CUBELD O OO DODODODOOOO
o

title O00 GaussianCUBEO O OOODOOOOODOO
gooooooobooo

obooooobooooobooooooon

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gbooooboobooboboooobooooboobooooobooooboobooooboon

0oo0o0o00oOodooo0oOoooDoooooooooDooooDooooooooooooDoooooooag
000000000000 Accuracy 00000000000 DOOOOOODOO cutoff_wf, cutoff_cd, k O
000 ksampling, Structure 00 0 O0O0000O0D0OO element_list, 00000000 unit_cell, D OO0
000 atom listOOOO0OO

goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gboooobooboooooboboooboobobobooboobooooobooon

control{
condition = initial
cpumax = 86400 sec
max_iteration = 10000
}
accuracy{
cutoff_wf = 25.0 rydberg
cutoff_cd = 100.0 rydberg
num_bands = 8
ksampling{
method = monk
mesh{
nx = 10
ny = 10
nz = 10
}
}
initial_wavefunctions = atomic_orbitals
initial_charge_density = atomic_charge_density
scf_convergence{
delta_total_energy = le-10
succession = 3
}
force_convergence{
max_force = 0.001 hartree/bohr
}
}
structure{
element_list{
#tag element atomicnumber
Si 14

unit_cell{
#units angstrom
a_vector = 0 2.732299538 2.732299538
b_vector = 2.732299538 0 2.732299538
c_vector = 2.732299538 2.732299538 0

(Dooooooo)
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}
unit_cell_type = bravais
atom_list{
atoms{
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 ©
Si -6.125 -0.125 -0.125 0
}
coordinate_system = internal
}
}
wavefunction_solver{
solvers{

#tag sol till_n prec cmix submat
davidson 1 on 1 on
rmm3 -1 on 1 on
}
rmm{
edelta_change_to_rmm=5e-5
}
}
charge_mixing{
mixing_methods{
#tag no method rmxs rmxe istr prec nbmix
1 pulay 0.40 0.40 3 on 15
}
}
Postprocessing{
dos{
sw_dos
deltaE
}
charge{
sw_charge_rspace = ON
filetype = cube !{cube|density_only}
title = "This is a title line for the bulk Si"
}
}

ON
1.e-4 hartree

oboooobooooobooboooobobooooobooooobooboooobooboobooooobon

obooooooooooboobooboobooboooboobobooooooobooooobobobooobooon
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gboooobooooooboooooan

accuracy{
cutoff_wf = 25.0 rydberg
}
structure{
unit_cell{
#units angstrom
a_vector = 0 2.732299538 2.732299538
b_vector = 2.732299538 0 2.732299538
c_vector = 2.732299538 2.732299538 0
}
atom_list{
atoms{
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 @
Si -0.125 -0.125 -0.125 ©
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gobgbooobooboobobopboobogbimybooboobobooboobooobooboo
O00D0D0O000000Mfilenamesdatal 00000000000 OO0DOOOOOO

gboboboaobooabuoobuoobgobobooboaoboabouoobooboboaboda

file names.data 0 0000000000000 O00O0O0O0OO

&fnames
0000000000 =’ J000000000oooUoo

oo /s obooooobooogobobbooooobooboobobooobooo
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&fnames

F_INP = ' ./nfinp.data

F_POT(1) ="' ./Si_ggapbe_nc_01.pp
F_POT(2) =’ ./0_ggapbe_us_02.pp
F_CHGT = ' ./nfchgt.data

F_CHR ="' ./nfchr.cube

/

goboboaoboo,bobooboobooboobobboboaoboabooobgad

F POTm)DOOOOOOO0ODODOOOOOO00O0nO0DOO0OO00O000O0DODODOO0OOOOOODOO
gboobooobooboooolroboobooboob Sioboobooboobon Siggapbe ne 01.pp
020000000000 O0O000000000D0000 Oggapbeus2pp0 00000 O0O0O0OOODO

gboooooboooboooobooooboboboooobooo b260000D0O

026 0000000000000 file_namesdata DO O00O0O
oooooo

gboodano
googo

good
googo

goodaoo

goodaoo
googo

g

F_INP

phase
ekcal

g

nfinp.data

gobooooo
gboooo

F_POT(n)

phase

ekcal

go

pot.01,
pot.02,
ooo

gooooooon
ogooooobgd
ooooooog
ooooooog
gooooood
goooooog
ooooooog
goooooog

F_STOP

phase
ekcal

g

nfstop.data

ooooooog
goooooog
gbooooao

F_KPOINT

phase

ekcal

go

kpoint.data

oobooOo0o kO
ooooooog
oo

F_DYNM

phase

RN

nfdynm.data

guoooooan
gogooooon
goooboood
ooooooog
gooooo

F_ENF

phase

RN

nfefn.data

guoooogoan
gooboooon
goboooao

googoobooan
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0O 26-0000000000

gboodano
googo

good
googo

goodaoo

goodaoo
googoo

g

F_CHR

phase

g

nfchr.data

oooooooo
ooooooon
0 0O 0 O CGaussian
cube DO O OO
oo

F_DOS

phase
ekcal

g

dos.data

gooboooon
goog

F_ENERG

ekcal

go

nf energy.data

ekcal OO ODOO
oooooood
ooooooog
oood

F_ZAJ

phase
ekcal

goo

zaj.data

guoooogoan
gooboooon
gooooood
ooooooog
gobobooon
goog

F_CHGT

phase

ekcal

goo

nfchgt.data

ooooooog
gooooood
ooooooog
ooooooog
gooooood
goog

F_CNTN

phase

goo

continue.data

gooooood
ooooooog
ooooooog
gooobooog
goooobod
ooooooog
goooooooo

F_CNTN_BIN

phase

goo

continue_bin.data

ooooooog
goooooogd
goooooog
oooooonog
ooooooboog
goooooog
goooooooo
ooooooog
oo

obooooood

22. 00000000
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0O 26-0000000000

ooooo oood oooood oooood oo

oooogo ooooo ooooo

F_C phase goo con- ooooboon
NTN_BIN_PAW ekcal tine_bin_paw.data oo0oooOoooo

ooooooao
ooooooo
OoOPAWOODO
[ERERERERERERERY
_CNTN_BIN OO
oooooooo
oooooooo
oooooooo
oooooooo
ooogooooo
oooooooo
oooooooo
oooooooo
F_STATUS phase oo jobstatus00x ooooooog
ekcal oooo

23 00000

231 00000 phased 00O
00000000000000000000000000000000000000 file_names.data 0 0
0000000000000000000000000000

ooboo0ooboobob0oobO0o0ooobbO0ooboboboDbOoUooDDbOO phase D OODOO
00O ./.phase0_2020.01/bin/” ODOPHASEO O ODOOODOOOOODOOOODOOOOOO

% ../../phase®_2020.01/bin/phase

goboboobooboobooboMPiObDOO0ODOO0DOO0O0DOOO0ODOOODOODOOOOObOO0ODbOOon

232 00000000

PHASEOOOMPIOOOOOOOOOOOOODOOOOOOOOOOOOOOOODOOOOOOODOOO
PHASEOUDO200000000300000000000000O00D0OOOkDOODOOOOODO
ooooobooooOokOOOO0OO0O0O0oOooOOOOO0OO0OooOooODOObOOoO0OooOo3poooooDooOoboOoOg
gbbooooooboooogocevboboooooobooobooboobooboobbooboobooooan
ooooo

gboogoboobogoooobboboobobooooMPiOoogbogooooboboooboboboo
gboooobobooooobooooboboboboobOobooo0obO0l mpirenO OO
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gobogbooon

200000000000 0DO0O0DOOOOOOObOOOOO0DOO

% mpirun -np NP PHASE_INSTALL_DIR/phase0_2020.01/bin/phase ne=NE nk=NK

OODOONPO MPIODOOUOOONEODODOOUODODOONKD kOOODOOODOO PHASE_INSTALL_DIR
O PHASEOOOOODOOOOODOOOOODOOOONP=NEx NKOOOODOOOOODOOO
oob0O0oookoooOoOoOooooOooooOooOoooookbODOoOooooOoOooooOoOoooooOoooDo

3pgbooooobobooooboobooooboobooooooDo

% mpirun -np NP PHASE_INSTALL_DIR/phase®_2020.01/bin/phase.3d ng=NG ne=NE nk=NK

O0ONGUOODODODOOOOOGUODOOOOODODODONP=NGx NEx NKOOODOOOOOO
000o0b0o0o0ob0o0o0bo0o0obO0O0OO0ONGONEOD 2000000000 00DOO0O0DOOODOOODOODOO

gobobooaobodobooad

oofo200003000000000000O0DO0O0DOODOOO0O0ODODOODOOODOODODOOODOO
gbooooobooobooboobobobooobooobooboobOoboboooooooboobOobooboon
obooooboooooooooboobboobooobooooooooooooboooooooobooooOoon
obooooooboboobooooooboodiistbDO00 000000 DO0ODOOOO0O0OOO0DOODbOO
gbooooooooo

ND
dirl
dir2

oooONDOOOOOOOOOOOO0OOOO0O0000000Odird,dir2,.00000000000000
obobooboooooooooooo0o0ob0ob0ob0ob0 PHASEDOODODODODOD200000
ONP=NDx NEx NKO3OOOODOODO NP=NDx NGx NEx NKOOOOOOODOOOOGODOOO
O0000o0O000oo0O0o0o0ooooo0oooDoOo0ooooDoOOogoooDPerd00ODOOOO0ODOOO
gbooooooooooooooobboobooboOobooobooooboboobooobooooooboooon
goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
goboobooobooo

gobobobooboon

NEBOOOOOOOOOOOOOOOOOOOOOOOOoobOoobOoooooooobobooboooo
oboooooobooooobobo0ooboobobobooboOobO PHASEOOOODOOOO

20000000

% mpirun -np NP PHASE_INSTALL_DIR/phase0_2020.01/bin/phase nr=NR ne=NE nk=NK

300000ooo
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% mpirun -np NP PHASE_INSTALL_DIR/phase®_2020.01/bin/phase.3d nr=NR ng=NG ne=NE nk=NK

O0ONROOOOOOOOOOONP=NRx NGx NEx NKOOOOOOOOOOOOOOoooooo
gbooooobobooooboobobobooooboboboboooobobobo@mobooooo
gboobooboooobooooboobooog

koooooo

obooobobobooobookbOOoO0oOO0kOO0OOOO0oOOoO0oOO0obOOOo0oobOOo0oOoOokOOoOOoooaoon

goooooooooogooooooOopoooooooooooooooDooOoooooDgoobooboog
condition O preparation 0 O 0 OO

control{
condition = preparation

}

0000000 PHASEOODOODOOOODOOOOOOODOOOOOOOOODDODDOOODOOODODbOO
obooooooooog (euput00 OO O0)00 kOOODOOOOOOOODOODODOOOOOOO
ooooo

% grep kv3 output000
lkp kv3 = 70 nspin = 2

kv3mspin 000000 kOOOOOOO0OO0O00O0O0O0O0O00D000O0 kv3=70,nspin=20000000
obooobokOoooooogoo3soooooboooooboobooooooooooboooboooDooon
00000o0oOoooOobooboO0obobo0bob0dbDeconditionD O O00OOO0ODOOODOOOOOOOOOOOO
gboooooboooooo

000o0o0oO0ooooooooooon 2020.01 000
ob0oo0Og20200100000000000 NENK,NGOOOOOOOOODOODOOOOOOOOO
gbooooobooboooboobooooobooobooog

2000 :00000000000000kOOCOODOOONPOOOODOOOODOOOODNO NK,NE
O NP/NK.

3000 :0000000DL0D0000KDO0ODODOOONPODOODOODOODODOODN NK,
NGO NEO NE*NG=NPNKOOOOOOO NEXNNGO 1:220000000000

233 0000000
SCFOUOO0O0Ob0OoOooonDobobUoutputOO DD ODOOO0OOOOODOODODODOOODOODOOO
gbooooooooo

000000 output0O00 0 O OO OTOTALENERGY FOROOOOOOO SCFOOOOOO0OOOOOOO
gooooooooooon

oo grep000000O0ODOOOOODOODOOOODOOOODOODOOOOODO

30 020 PHASE/OO OO OOOOOO




PHASE/0 Manual, 0 O 0O O 2021.02

% grep TH output000

TOTAL ENERGY FOR 1 -TH ITER= -30.8568.. edel
TOTAL ENERGY FOR 2 -TH ITER= -31.5523.. edel
TOTAL ENERGY FOR 3 -TH ITER= -31.5853.. edel
TOTAL ENERGY FOR 4 -TH ITER= -31.5876.. edel
TOTAL ENERGY FOR 5 -TH ITER= -31.5879.. edel
TOTAL ENERGY FOR 6 -TH ITER= -31.5879.. edel
TOTAL ENERGY FOR 7 -TH ITER= -31.5879.. edel

-0.308569D+02 : SOLVER = MATDIAGON
-0.695408D+00 : SOLVER = PDAVIDSON
-0.330329D-01 : SOLVER = PDAVIDSON
-0.235305D-02 : SOLVER = SUBMAT + RMM3
-0.227683D-03 : SOLVER = SUBMAT + RMM3
-0.192679D-04 : SOLVER = SUBMAT + RMM3
-0.372756D-06 : SOLVER = SUBMAT + RMM3

TOTAL ENERGY FOR ## -THITER=000O0O## 000 SCFOOOOOO0OOO0OO0O0O0OO0O0O0OODOO
U000000D0HaODOOODOOOO000O00D00O0O0-31HaDedel=000000000 SCFOOOO
gbooloooboobooobooboobooboboooooboooobobooooobooooboon
O00000000DDO0O00O0OGdelta_total energyD O OO O0O00D0OO SCFOOODODDOOOODOOOO
ooo

SOLVER=00O0O0O0000000O000DO0O00DOO000O00bO0O00D 1000 MATDIAGON, 20O
003000 P-Davidson, 4000000000000 OSUBMATOOOOODDO RMM3OOOOOOO
oboooobooobooboooboobooobOobooSCcFoooooooobooooobobooooon
goooooogd

234 0000

oboooooooooooooobooobooobooooooooobo0oobo0o0obo0oon0O0n control O
0000 conditionO OO ODOODO

control{
condition = continuation

}

condition [0 continuation 0 0 0000000000000 Oantomatic0 00000000 0O0OOOOOO
0000oo0oooo0ooobOo000oobOOo0o00boDb0Odcondition 00000000 automatic 0 O 0O
goodoooobooooooobobboooooobobbooooooUbOb b oooooa
JooooooooooooooobobbooooooooboooooooDobobooood

235 0 0000000000000 0OOO0O0ODODOO 2019.02000

PHASE/OOOODODO 2019020 00000000000000000D000000O0ODOOOO0OODOO
obooooboooobooboooobobooooobooooobooboooobooboooooobon
ooboogobooSscrO0ooboooobobooobbooobbooobboooboooboobooboooboon
ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
obooooobobooooobooooboobooonog
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gobobobooboobouogoooon

O0000D0O0O00000D000000 conrolJ00D0O0DOOO checkpoint_fileDOODODODOOOO
obooooobobooooobooooboobooooobobooon

control{
checkpoint_file{
iteration = 100
iteration_ionic = 10
cputime = 5 hour
nhistory = 5

iteration 0 0 000000000 1 0000000000000 OO0OO0OOOOOOOOOO00O0o0DO0O0
oboooooobobobooboobobboooooDobo0oboobDobUobbOnDg nhistory 2000
gbooooboooboobooboooobobooooobooobooboobooooboboooobooboon
chkpnpx 000 xx 0000000000000 00x00000000O0O00DOOC0O0DOOC0OOO00O0000
ooooo

checkpoint_file 00 000000000000 O0O0O0O0OOOO0DOOOOO

un uo

iteration SCFOUOnoOobooboobooooooobooon
gbooobooboooo
googo

iteration_ionic uboboboboboboboboooooon

bobooboboboboboooooooon
ooooooooo 1o

iteration_unitcell oooboboooooooooooooooooon
gbobobobobobobobobobobo
ooooo

iteration_neb NEBUOOOOOONEBOOOODOOODOOOO
goboooobooooboooooobooooonon
googo

iteration_reac gooooooooooooooooooooo
0000000 00oOooo0oooooooooao
O00o0o0ooOo0oooooooo

cputime gobooboboobobooobooboboon
ODO0000000D00000D s, min, hour,
dayOODOOOOODOOOOO.

nhistory oooooooooooooobobooobooboon
ooooogoooboo2000000000000
gboboooboooboooboobobooon
tooooooooooooobobooooboobobon
00obooooooooooooononOO chkpntxx
ubogbuobobobuibixdbooban
gboooobgooog

000000000 chkpnex OO0 0000000000 0DOO0OO0DODOAO file names.data 0000
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0000000000000 00000bO0000n0 FCHKPNTOOOOOOODO O O O foobarxxx O O
0000 filenamesdata0 0000 OO0O0O0OODOO

&fnames

F_CHKPNT = * foobar
/

g

gooooOoboOoO0ooobOdbOOoOooOOobOo0ooO0obOO0ooOoOooOOoboooDOooDOobooooag
e continue.data, continue_bin.data, zaj.data, nfchgt.data: 000000000000 OOOO
e continue_bin_paw.data: PAW O OO DO ODOOOOODOOO
e occmat.data: DFT+UD0OOOOOOO0OOOOO
e neb_continuedata: NEBO OO OOOOOOOOOD

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
oboo0douputoOO DO DOODOOOOODOOO

1*% dumped checkpoint files because
I*% jteration_ionic

* met the criterion

2.3.6 000000 (2021.0200)

PHASEOOOOOODOOOOOOODOOODODOOOOOODOODOOOO0O0ODOOOO0O00OoOoOn
gboooobooobooboboooobooon

et OO” 0bOOobOod

SCFOO00DOOOOO0ODOO

- J000D0O0O0O0O0DOO0O0OO

- JUD000bO0bOo0obOon

goooooooo
- JO00OOonbooboono
- U000DOOO0O0ODOODO

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
obooobooobooobooboobooobooobooboo FINePMODODOOOODOoooooooooo
O000000nfinp_moddata 000000000000 000DODO0OO0ODOOOOOOOOOOOOO
gbooooood

oboboboboobooboooooooboooo SCcrO0bOobObOOObOObODObOObOODO SCFO
gbooouobooobooboobooooboboooooboooboooboobooooboboooobooboon
gbooooood

23. 00000 33




PHASE/0 Manual, 0 O 0 O 2021.02

237 00000000DOO0OODOOUODDOUODOOOO

oo0oooooooooboooOooookbOOOO00O0DOO0 SCcFO0O0DoooooobooooooOog
UOOOOOPHASEOOOO ekcal OO DOOOOO0O0O0DOO0O0OODOO0O0OODOOOCOODOOOOOSCF
oboboooboooboooboooobbooboooobbooobooobOomoobooooboooooooon
oboooobooooooboooboomsScrFobboobobooboobooboobboobboooooo
oo0oooboO0O0o000oooo0ooooooboobo00oooooO0O0o0000Onfdynmdatal D000
00000 aom list 0000000000 00O0COnfdynmdata 0000000000000 0O00DOO
go3s8oobobooooobooooobobooooobooooboobooooono

gooogobood

SCFOOO0OO0O0DOD0OOO0O000DDODOO nfehgtdata 0 O0OOO0OO0O0DOOOOODODOOOOOOOO
00o0O00O0000D file namesdatall F CHGO SCFOOOOO0OO0OOO0OOOO0OOOOOOOOOOOO
obooooooooooobobooo

SCFOO000000DO000D0O000D0O000D0O000000000O0000 controldOO0OO0O condition
O fixed_charge DO DO OO

control{
condition = fixed_charge

}

UO0OAccuracy UDOODODO0DOOO0DOODOOODOODOOODOO

accuracy{
ek_convergence{
delta_eigenvalue = le-5
}
}

O000000000 ekcalDOODOOODO phase0_2020.01/bin/” DOPHASEO OO DOOODOOODOOO
gbooooooaoo

% ../../phase0_2020.01/bin/ekcal

gobogooo

SCFOO000O00D000O00000D0O0 nfchgtdataODOOOOOO0OOODOOO0OO0OOO0OOCODOOODOOOOO
0000000000 filenamesdataDOOOOF CHGO SCFOOOODOOOOOOODOODOODOOO
goog

000000 kOOODOOO0OO0O kpointdataOOODOOOO0OkOOOOOODOO kpointdata OO OO0
band_kpointpl O OO0 000000000000 O0O0O00O0O0KkOOOOOODOOOO bandkpt.inO OO
oood

0.04 # k DOOO

-0.8333333 0.8333333 0.8333333

0.8333333 -0.8333333 0.8333333 # O OOOOO
0.8333333 0.8333333 -0.8333333

3214#W# k00000 nl n2 n3 nd # Symbol
1112#L
000 1# {/Symbol G}

(oooooon)
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(Cooooooooo)

[CIAVER
w N =
(=]
0 BN
H* I
A= X

OkO00O0DOOOO0OO000O0Onl/nd,n2/nd,n3/nd00 kOOOOOO00D0OD0O0OO0O0O0O00ODOOOO
ob3214#W0O0O0000000 3/4,24,1/4000000000000000

000000000 band_kpointpl 0O OD0O00O0D00O0O0O0 kKkODOOOOODOO kpointdatad OO0
good

% ../../phase®_2020.01/tools/bin/band_kpoint.pl bandkpt.in

SCFO00000000000000000D0O0O0O0O000000000000 control00 00O condition
O fixed_charge DO DO OO

control{
condition = fixed_charge

}

Accuracy 0000000k OOO00ODOOOODOOOOODOOOODOOOODOOOODODO kODO
UboooobO00o0oO0000Oksamplingd method DOODOOO0OOO0OOOO

accuracy{
ksampling{
method = file
}
ek_convergence{
delta_eigenvalue = le-5
num_extra_bands = 10
}
}

U000 num extra bands 0 0000000000000 OCOOODOODO0OOOOOCOOODOODOODOOO
goboboobooboobooboobobobobooboo

0000000000 ekcalDOOOOOD phase0_2020.01/bin/” OOPHASEOOOOOODODOOOO
oboooooooo

% ../../phase0_2020.01/bin/ekcal

gobogbooon

0000000000 00D000000000D00 condition J OO fixed_charge_continuation 0 0 00 O
oboooobooocoobooboooon

control{
condition = fixed_charge_continuation

}

obooooosScFrooooobooooonooboooooboonooon
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gobogbooon

o0o0o0OOo0o00oooO0o0o0ooob0 SsCcFO0O0DOOOOoDkOD3DOODOOOGOOOOODOOOO
oboooobooboobooooooobOobook0obOoOooboobooobOoboobooooobooon
obooobokbOOoOoooobooboooooooooooDo

PHASEU ekcal 00O OO00OOOOOOO

0000000 PHASEODOOOODOOOOOOOODOOO0 kOOOOODOOODOOOOOOO

O00Oekcal D000 KkOODODOOOOOOOODODOOOOOOOODODOOOOOOODDODOOOO
ooo

control{
condition = fixed_charge
fixed_charge_option{
kparallel = one_by_one
}
}

oo0ooOooobooOoooookOoOGoOOOOOOOO0ODOOOOODODOOO0ODOOOOODOOObOOOO
0000000000 kparalleld one_by one 00000 kOOOOOODOOO0OOOOOOOOOO

U003 000ekcal DOODDOODOOOOODOODOODOODODO PHASEOOODODOOODOODOO
gbooooao

24 0000000

241 00000ODOO0ODOOOOO

boooobobooobobooooobooog

oood gbooobooooooobo go

oood SCFO0OOO0OOO0OOO0O0OO0O0O0O |oooo
SCFOO0OO00O0d good gooooao
ooooooboooo oooooooooooooon

googobooon

ooooobooobooooog
gooood
ooooooooooooooo
ooooooooo

gooad SCFOOODOODOODOO |boooooo
SCFOOoonoad ooooood

OSCF 00D DoDoooooao
OO0O0Ocontrol OODODOO
max_iteration D O OO0 O00O0O

gbooooood
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0 28-0000000000

good

gboabooaoaooad

g

U000 nfstop.data DO 00O O
oooooobooooooo
obooooooooooboooo
OO0O0oODbOoOnfstop. data
oooooooooooood
ooooobooooboboog
oobooooooboooooag
oooooooooooood
oo

oooOooDbOoobobooooog
OControl 0 OO OO cpumax U
ocooooooooo

good

goooooo
ooooobooobooooog
oo
oooooboooobooooogd
ooo
gbooooobooogn

gobooobooaobooabood

242 00000O0OO0ODOOOOOOUODOOOODODOOOO 2019.02000

PHASEOOOODOOOODOOOODOOOODoutputOOO 0000000 DODO0OOODOOOODO
goooog

<<Total elapsed

closed
closed
closed
closed
closed
closed
closed
closed
closed
closed

filenumber
filenumber
filenumber
filenumber
filenumber
filenumber
filenumber
filenumber
filenumber
filenumber

CPU

now = 81.69520 (sec.)>>

Total elapsed CPU Time untilnow =0 0 00 0000000000000 000O0O0O0O0OCODOO0OO0OOO
00000000 PHASEOOOOOOOOOOOOODODODOOOOOOOOOOOOOooOOoobOoOoobOoOoo
oboooooooboooboboooobooooobooon

24. 0000O0O0OO
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243 00000O0O0O0ODOOOOOOODOOOODODOODODO 2020.01000

oo0000202001000000000oouput0OO000000D0OOO0OODDODOOOOOODODOOO
gboooobooboooooboboooboobooooooboon

max_iterationJ 000000

M M A X X IIT TTTTTTT EEEEEEE RRRRRR
MM MM AA X X I T E R R
MMMM A A XX I T E R R
M M M A A X I T EEEEE RRRRRR
M M AAAAAAA XX I T E R R

M M A A X X I T E R R
M M A A X X III T EEEEEEE R R

CCCCC  PPPPPP U U M M A X X
C cC P P U u MM MM AA X X
C P P U U MMMM A A XX
C PPPPPP U UMMNMA A X
C P U U M M AAAAAAA XX
C cC P U U M M A A X X

ccceec  p yuuuu M M A A X X

nfstop.data0 00000 SCFOODDDODODODO0DO0DO0DO0O0O00O00000000O0O

FFFFFFF SSSSS  TTTTTTT 0000000 PPPPPP
F S S T 0 0 P P
F S T 0 0 P P
FFFFF SSSSS T 0 O PPPPPP
F S T 0 0 P

F S S T 0 0 P

F SSSSS T 0000000 P

M DDDDDD SSSSS  TTTTTTT PPPPPP
D S S T P P
S T P P
SSSSS T PPPPPP
S T P
T
T

M M

Douooguo

S S P

M

M M

M M
X M M M

M M

M M

M M DDDDDD SSSSS P

D
D
D
D
D]
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gobogbooon

FFFFFFF 0000000 RRRRRR  CCCCC CCCCC 0000000 N NV v
F 0 0 R R C c c co 0O NN NV v
F 0 0 R R C c 0 0O NN N V v
FFFFF 0 0 RRRRRR C c 0 0O N NNV v
F 0 0 R R C c 0 ON NN V V
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244 SCFOOUOUOUOOOODOOOOOOOO

PHASEOOODOOOOOODOOOOOOOOODODOOOODODOOOOOODOODOODOODOOO
PHASEOOOODOOOOOODOOOOODOOOOOODOOOOOCcontinuedataD0O0D00OO0OO0ODOO
U0000O0000bO00b0O0Oconvergencel D0 O0O0OO0OOOOO0O0ODOOOOODOOOOODOOO
obob20000ogscrodbooooooobobooooooooboobooooooboboo
O0000000D00ODO0OOdelta_total energy00 00 0000000000000 0O0O0DOOOOOOO
gbobooobooooooboooooboobo200b00b00b00b00b000b0O0O00ooooOOobOOobooboOoon
oboooooogd

iteration, iteration_ionic, iteration_electronic

111 11

Ionic System

(natm)

2

(pos)

0.1250000000000000D+00 0.1250000000000000D+00 0.1250000000000000D+00
-0.1250000000000000D+00 -0.1250000000000000D+00 -0.1250000000000000D+00
(cps)

0.1290824363824501D+01 0.1290824363824501D+01 0.1290824363824501D+01
-0.1290824363824501D+01 -0.1290824363824501D+01 -0.1290824363824501D+01

(cpd)

0.0000000000000000D+00 6. 0D+00 0. 0D+00
0.0000000000000000D+00 6. 0D+00 . 0D+00
(cpo( 1))

0.0000000000000000D+00 0. 0D+00 ©. 0D+00
0.0000000000000000D+00 6. 0D+00 ©. 0D+00
(cpo( 2))

0.0000000000000000D+00 6. OD+00 . 0D+00
0.0000000000000000D+00 0. 0D+00 0. oD+00
(cpo( 3))

0.0000000000000000D-+00 6. 0D+00 ©. 0D+00
0.0000000000000000D+00 6. 0D+00 . 0D+00

forcmx_constraint_quench
0.1000000000000000D+03
Total Energy
-0.7878566524513241D+01 -0.7878566524513241D+01
isolver

5

convergence

2

edelta_ontheway
0.1000000000000000D-09
corecharge_cntnbin

0

neg

8

245 0 0000000000000 outputd00 00 O O jobstatus000 )
000000000000 output00000000000000000000000000000000000
0000000000000000 001,002,.000000000

gobobobooboooboobuoobobobobboboobooboobuooboboooboaoboa
goo
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OooOooOoO kO

kOooOooboooooooboobobooooooobooboboooooboobobooboooobooobooobo
o0 kOoooobooooboooobobooooooboobooo kw3dboooobooooooo
ooooo

lkp kv3d = 8 nspin = 1

kv3=0000 80 kOOOODOOnspin=0000 10000000000000O00DO0DO0ODODO
ooooooOooooo0oooobo0oooobooo2000000

gooooo

obooooobooooooboooobooboooooobon

TOTAL  ENERGY FOR 3 -TH ITER= -687.253021587082 edel = -0.215950D+02 : SOLVER =PDAVIDSON
KI= 294.118626755617  HA= 4820.263454482710 XC= -686.596385560733 LO= -8452.905431759591

NL= -349.620400894588  EW= 3182.022578317359 PC= 505.464805336868  EN= -0.000268264724
PHYSICALLY  CORRECT  ENERGY = -687.252887454720

TOTALENERGY FOR ... 000000 0O0OOedel=0000 10000000D0000C0OO0OOCOOO
oboooboooboooobooooboooboobooboobooboobooobooobOOooobooKIOOoOon
UOO0OUOO0OHADO Harree OO0 O00DOXCOOOODOOODODOOOLOOODOOODODOOONLOODOO
OOO0OO0OEWO EwaldO0O0000OPCODOOOOO0OOD.ENOOODODOOOOOOODODOOO
gboooooobooooooo

PHYSICALLY CORRECT ENERGY U O OO0 O0O00OO00O0D0O0D0OODOODOOOO" oKOOODOODOO

goog"” goobooogo

googo

obooboooboooboobooooooobooboooo ScrOoooboooboooboobooooan
obooooobooooboboooobooo

1O0LD total charge (UP, DOWN, SUM)
INEW total charge (upP, DOWN, SUM)

4.53623488 +) 3.46376512 = 8.00000000
4.64907433 +) 3.35092567 = 8.00000000

'OLbD0O00O0obgob 1gobobooooobooooboobooboboo!INEWODOOoooooooon
obooooobooooobooooooon

goboogoooaoo

OkOOoOooooooooooooooooooooooooooooooooooboOoooon

EFermi = 0.10922262
====== Energy Eigen Values in the vicinity of the Fermi energy level (Range= 1 : 12) =====
ik = 1 -0.198857 0.025583 0.025583 0.025583 0.073053 0.073053

1.213861 1.213861 1.299925 1.299925 1.299925 1.636396
ik = 2 -0.196917 0.104776 0.104776 0.104776 0.174253 0.174253

(oooooon)
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(Cooooooooo)

1.217079 1.217079 1.325796 1.325796 1.325796 1.689134

gbooooboooooboooobooo

====== QOccupations in the vicinity of the Fermi energy level (Range= 1 : 12) =====

ik =1 1. 1. 1. 1. 1. 1.
0. 0. 0. 0. 0. 0.

ik = 2 1.000000 0.884668 0.884668 0.884668 0.000000 0.000000
0. 0. 0. 0. 0. 0.

gboooboobooooloobooogobooboboooboooobooboooobooboorloboobo 2000
oboooobooooboobooooboboooooboooooboOobobooobobooooooon
goooooobooooboobooogobobooooobooboooboboooobobobooobooDboo
gboobooooooom

SCFOOO00oooooon

gOO0Od0OOprintoutlevel 0 base 0 100 000O0SCFOOOO0OOOOOOOOOOOOOOOOOOOON

no id subroutine name time(sec) r(%)
1 20 evolve WFs_in_subspace (davidson 115.74820 71.17

2 13 m_ES_Vnonlocal_W 10.78620 6.63

3 8 betar_dot_WFs 7.33490 4.51

4 16 m_CD_softpart 2.53880 1.56

5 7 m_XC_cal_potential 0.97520 0.60

6 17 m_CD_hardpart 0.28100 0.17

7 10 m_ES_Vlocal_in_Rspace 0.02990 0.02

8 19 m_CD_mix_pulay 0.00670 0.00

9 18 m_CD_convergence_check 0.00230 0.00

Total cputime of (C 2 )-th iteration 162.64080 /221.651 (sec.)

gbooboooooobooooboboboboooooooboooobobobi1obooboobOobooboon

gbooosebOOoboboobOooooooon

00000000 jobstatus0000

jobstatusOOO D OO0 OO D0ODODOOOOOOOOOOODODOOODOOOOoutput0O0 OO0 ODOOOO
ooooogooot,o002,. 000000000000 DOOOODODOOOO

status = FINISHED
iteration = 674
iter_ionic = 21
iter_elec = 23
elapsed_time = 51648.7582

status FINISHED (00 0 0), ITERATIVE(DOOOOODO), START (D OO O)
iteration 0000000000000 00000000

iter_ionic 00000000000000000

iter_elec 00000000000000000000000000000000
elapsed_time | 1000000000000000O
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25 00000O0ODODOO

251 0000000000000000000O00OO00O0O0DO0O0O0O nfefn.data)

0000 nfefndatad 0 OO filenamesdata D0 000000 FENFOOOOOOOOOOOOOOOO,
gbobooooboboobobobobo,boboooooobobobobobobooooooobo
gbooboobooooboooooon.

obobooooboooboooooooobooobooobooooobooooboooboooooOooooboooob,obooOoo
goooooooo

goooaoo

O0000000000000 nfefndata0 0000000

iter_ion, iter_total, etotal, forcmx
1 24 -108.4397629733 0.0086160410
2 40 -108.4401764388 0.0076051917
3 56 -108.4405310817 0.0068758156
4 73 -108.4410640011 0.0065717365
5 94 -108.4414256084 0.0099533097
6 113 -108.4414317178 0.0094159378

ubooooboooooobooog

iter_ion oooooooobooo

iter_total SCFOU0noopoooooo.
ooooboobooooooooooo

etotal ooooboo,0pooboboooobooooo

forcmx O000000D000000000 (hartree/bohr) [
oooo0o.0b0000boooobboooooo
gd0oO0oooOodobOoOooooobooOoooo

gobogbooon

gbooooboobooo,oboboooboobaon

iter_ion, iter_total, etotal, ekina, econst, forcmx

1 18 -7.8953179624 0.0000000000 -7.8953179624 0.0186964345
2 30 -7.8953851218 0.0000665502 -7.8953185716 0.0183575425
3 43 -7.8955768901 0.0002565396 -7.8953203505 0.0173392067

obooooobooooboobo,coboboooooobooo
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ekina ooooooooag,

econst goooa,
0o0DOOo00D0DOO00oDDbOOo0ooDOOooooOoOon
0o0ooooooooooo,onpooooon
0ooDo0dDoDoDO00oDoDodooooooooon
00000O0o0bOooooooon

goooood

goboboobooobooboobooboboboo

ter_unitcell, iter_ion, iter_total,
1 47

i
1
2
3
4
5

-108.4707677506 0.0000000000
1 63 -108.4709554009 0.0000000000
1 79 -108.4710086729 0.0000000000
1 95 -108.4712228279 0.0000000000
1 110 -108.4746445482 0.0000000000

etotal, forcmx, stressmx
0.0001005608
0.0002931296
0.0002875926
0.0002809388
0.0000341462

gboobooboooooobooooboboooooboo

iter_unitcell | OO O0OOO00OO

stressmx goooooo

googo

252 0000000000000 0O0O nfdynm.data)

0000 nfdynm.datad O 00O file_namesdata D OO0 O0OO0O0 FDYNMUOOUODOODODOOODODOOOO
gbo,0boooobooboobooboooob.obooboobooboooobooboooboobooooboon
oboooooooobOobobooooooonbO0obD. 0000 nfdynmdata0000000000O0OO
obo,0000000000b00000b00bO0O0b00obO0boboooo.

#
# a_vector = 9.2863024980 0.0000000000 0.0000000000
# b_vector = -4.6431512490 8.0421738710 0.0000000000 (€))
# c_vector = 0.0000000000 0.0000000000 10.2158587136
# ntyp = 2 natm = 9 (b)
# (natm->type) 1 1 1 1 1 1 2 2 2 ((I)
# (speciesname) 1 0 @
# (speciesname) 2 Si
#
cps and forc at (iter_ion, iter_total = 1 24 ) (e)
1 3.161057370 1.169332082 1.214972077 -0.004058 -0.005565 -0.004966 H
2 6.693102525 2.152889944 4.620258315 0.006945 -0.001028 -0.004994
3 4.075293851 4.719951845 8.025544553 -0.002872 0.006394 -0.004796
4 -1.482093879 6.872841789 5.595600399 -0.004362 0.005502 0.004993
5 -0.567857398 3.322222026 9.000886637 -0.002792 -0.006296 0.004965
6 2.049951276 5.889283925 2.190314161 0.006974 0.000708 0.004795
7 4.921740324 0.000000000 3.405282833 0.001436 0.000122 0.000068
8 -2.460870162 4.262352150 6.810569070 -0.000612 0.001305 -0.000066
9 2.182281087 3.779821719 10.215855308 -0.000660 -0.001143 0.000001
cps and forc at (iter_ion, iter_total = 2 40 )
1 3.156999743 1.163767576 1.210005993 -0.002904 -0.005755 -0.003892
2 6.700048015 2.151861938 4.615264365 0.006567 0.000186 -0.003832
3 4.072421499 4.726345880 8.020748072 -0.003503 0.005487 -0.003829
4 -1.486455954 6.878343743 5.600593135 -0.003122 0.005780 0.003831
5 -0.570648922 3.315925959 9.005851266 -0.003532 -0.005392 0.003892
6 2.056925355 5.889992076 2.195109289 0.006503 -0.000290 0.003828
Cooooooo)
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(Cooooooooo)

7 4.923176344 0.000121757 3.405351146 0.000397 -0.000013 0.000018
8 -2.461482612 4.263656762 6.810503226 -0.000210 0.000337 -0.000017
9 2.181621403 3.778679157 10.215856638 -0.000197 -0.000341 0.000000

O000000000O00000a_vector, b_vector,
cvector0O00O0OOa0O,bd,cO00000000O
gooooooo
nyp=00000000000O00O0O0O0O0O0O0OO
000000o0o0oo0oboOo200000, natm=0
dooooooooooooooooboood
oad
(matom—type) DO OO, 00000000000
00O0000DOO0DOoOobOOooOo,1o0000e60
oooooooob L,7000090000400
02000000000000
(speciesname) 1 00O 0O, 0000 IDOODOODOO
odoooooooooooo,igooooood
oCO),20000000 SOOHyooooo,o
oooobobooooo
oo ogo
o0,000000000 10,SCFOn0ooog
240000000
ddddddoooooooooooooooa
000000oOoOo1oo00oooooo Ib,2000
0400000000000 xyz0O00O,5000
dedllUdODODOODUOOXyzOOODOODO
00000000000 0000 printlevel 0 00O
OO velocityOODO 20000000000700
goooobooobooboboobbooooo

(a)

(b)

©

(d)

(e)

®

253 0000000000000 nfchr.cube)
0000 nfchrcubeld 000 file_names.data 0 0000000 F.CHROODOODOOOOODOODOOOODOO
Gaussian CUBE 0 000D DDOO00O0O0ODDODO

PHASE Viewer U D Gaussian CUBEO 0 0 DD 00000000000 DOOOO0O0O0OO00OOOO0DO
gbooooboobooooooooo
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254 00000000DOO0OO dos.data)

0000 dos.datall DO O file names.data D0 0D O0OO00 FDOSOOOOODOOOO0ODOOOOODOOO
gboooooboooooo

000000000000 b0o0booob0boOOgn dos.plU0D0OOOO O phase0_2020.01/bin/” O OPHASE
000000000000 000000000000 does.plO00Perl D00 0ODO0OOOODOOODOOO
O0O0O0OO0EPSODOOODOODOON density_of_stateseps O OO OOOO

% ../../phase®_2020.01/tools/bin/dos.pl dos.data -erange=-15,10 -with_fermi -color

dos.data ooobooooooon
-erange O0do0oooobooooobooooon
-15,100-15eVO0O 10eVOOOOOOOOOOOO
-with_fermi Od0ooooooooooooo
-color ooo0oOoooooon
3 T T T T
fw
25 | 1 .
|
|
2 b //‘\ | —
| \
g P\ h i
8 \‘ M I T
S 15 | AN BER N .
2 | RS “\\“\‘ A
N ‘ i | [ [ I\
8 | || LV I
| [ | | I
; TS Y
1L | ‘\ ‘\\/ \‘ Lo )i \w/ v
L | | | / ||
A AU
/ f \
i \ J/\ ‘ / _
0.5 \ / \ ‘ \\
NN /
\/ \
0 | | v | v |
-15 -10 -5 0 5 10
Energy (eV)

02200000000 0S000000000000004
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255 00000000000 00O00O0OO nfenergy.data)

0000 nfenergy.datad O OO file_namesdata DO OO0 O0OO0OO FENERGUOUOOOOOOOOOOOO
J0o0O0ooOoOoOO0O kOO0OOOOOOOOOoOoOooOoooon

0000000 00b0o0o0o0b0ooobUobooobDd bandplUODODOODO phase0_2020.01/bin/” OO
PHASEOODOOODOOODODOOOODODOOODODOO dos.plO0Per DODOODOOOOODOOO
00000000 EPSOOODOODOCOODO band_structureeps 00O OO OO0O

% ../../phase®_2020.01/tools/bin/ band.pl nfenergy.data bandkpt.in -erange=-15,10 -with_fermi -color

nfen- 000DooO0o kODODOOOODOOoOoOooOoOOoO

ergy.data

bandkpt.in 000000 kOOO0OO0DOOoOOoOd

-erange 00000O0O0DbO0o0DOOoOooOooogoo-15,100-15evO0 10eVOOOOOOOODO
ooo

-with_fermi | 000000000 OOOOODOO

-color goooooogoooo
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10

Energy (eV)
|

/

-15

W L I X W K

023000000000 0S000000000000000
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030 000000000000 nfinp.datal] []
HREEN

31 0 0000000000000 ((F_INPODODO)

00000000000 nfinpdata 0000000000000 O0O0DODOOOODODOOOODDOOOO
gboooooboooooboooooooon

000000000000 nfinpdatad 00 Ofilenamesdata OO0 ODOOF INPOOODOOODOOODOOO
gboooboobooobooboboooobobooobooboooobobooooboaon

311 000000000

ooooooobooooobooobobobobooooobooboobobooooboboboooDoboo
gboooobooobooboobooooboboooooboooboobooboooobobooooboooboon
g, 0ooobooooboobooooboboooooboon

oooooobooooboooooobooooooboobooobooooboooobooo,bobobogot.. Yoo
googobooobobooobooboo,gbooboobooboobobboboobobobob=00
gbooouoboooobooboooobobooooboooboooboobooooboboooobooboon
oboooooogd

Upper_block{
Lower_block{

tag_keyword = value
}
}

gbooooboooobobooooboboooobooboooboobobo

- 0000000000 DOOOOODOObOOOOObOODbOn

googobooboobooboboboobbobooboo

- J0000000O0O0OO0OOOODOOOOOODOOODOOODOOODOOObOOObOOOOOOOnOO
ooooomoobooooboboooobooboooobobooooboboooboOobooon

gbooooOoboooobobo (ybooboobobooooo
- J000D000O0O0ODOO0ODOOOOODOObOOObOO20000 ¢ )ODOoDOOO
- JO000DO0O0O0ODOODbOODOO

gboooobooooooboooooan
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control O 00 0O O ooooooooboooon

accracy U O 0O 0O googood

structure J 00 0 O googood
wavefunction_solver O 0 O O O00000000a0n
charge_mixing 0 0 0O O gooobooogon
structure_evolution O 0 00 O 0o0oooooooobooogooo
postproccesing [J [0 [ [ gooood

printlevel 0 O 0O O goooooo

312 00000

PHASEO O OOOOOOOOOOOOOOOOOOODOOO,0000D0CODOO00DOOOOO0ODOOOO
g3lgoooobooobooboobo @oboobobooboobooboon)o

O 3.1: PHASEOOOODOODOO

oo bohr, angstrom, nm

O O O | hartree, eV, rydberg

oo

o0 au_time, fs, ps, ns, s, sec, min, hour, day

oo bohr/au_time, bohr/fs, angstrom/fs, angstrom/au_time, nm/fs, nm/au_time

g hartree/bohr, hartree/angstrom, hartree/nm, eV/angstrom, eV/bohr, ev/nm, rydberg/bohr, ryd-
berg/angstrom, rydberg/nm

oo hartree/bohr3, hartree/angstrom3, hartree/nm3, eV/angstrom3, eV/bohr3, eV/nm3, ryd-
berg/angstrom3, rydberg/bohr3, rydberg/nm3

oo au_mass, atomic_mass

gobo,bogbgobogboaoboobooboabo,boobobboaoboaoboobobobaobod
gobgooboobooboobooboobobobooobo,boobooboboo

block{

#units angstrom

gooooO,bleckD00O00O00O0O0O0OODOOOOODOOOOODOOOOOOODOOOOOOOODOOO
oboo,00b00b0oooobobooonog
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313 0000

ooo0/ooooooo,00bbo0ooooboooo

block{
! comment
! tag_keyword = valuel 0O0O0O
// tag_keyword = value2 00O 00O
tag_keyword = value3

}

obooo®who!ooboo#OobOooooboooooobooooobooooobooobn

314 00000000DOO0O0ODOOOOO0OO 202001000

oooo0z20200100000000000000000DOOO0DOOOOODDOOODOOOODODOO
gbobooobooboboooooono33333..0 13000000000000000+,-,/4*@000 x)
obooooobooooooboooobobooooobooooobooboboooboobooooooboon
oooooo+,-0000b00ooooooobn

- U00+0000-00000D000
e, dJDOOOOOM@M@MOODO le3,1d+4)0000000OO

gbooboobooobooboboooobooboooobooooobooboo

315 000000000000

Siooooobooboo20000000000000000000DO0DO0DOOOOODOODOOOOOO0
goo

control{
condition = initial
cpumax = 86400 sec
max_iteration = 10000
}
accuracy{
cutoff_wf = 25.0 rydberg
cutoff_cd = 100.0 rydberg
num_bands = 8
ksampling{
method = monk
mesh{
nx = 10
ny = 10
nz = 10
}
}
initial_wavefunctions = atomic_orbitals
initial_charge_density = atomic_charge_density
scf_convergence{
delta_total_energy = le-10
succession = 3
}
force_convergence{
max_force = 0.001 hartree/bohr
}
}
structure{
element_list{
#tag element atomicnumber
Si 14
}

@do0oooooon)
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(Cooooooooo)

unit_cell{
#units angstrom
a_vector = 0 2.732299538 2.732299538
b_vector = 2.732299538 0 2.732299538

c_vector = 2.732299538 2.732299538 0
}
unit_cell_type = bravais
atom_list{

atoms{

#tag element rx ry rz mobile
Si 0.125 0.125 0.125 @
Si -0.125 -0.125 -0.125 ©
}
coordinate_system = internal
}
}
wavefunction_solver{
solvers{
#tag sol till_n prec cmix submat
davidson 1 on 1 on
rmm3 -1 on 1 on
}
rmm{
edelta_change_to_rmm=5e-5
}
}
charge_mixing{
mixing_methods{
#tag no method rmxs rmxe istr prec nbmix
1 pulay 0.40 0.40 3 on 15
}
}
Postprocessing{
dos{
sw_dos = ON
deltaE = 1l.e-4 hartree
}
charge{
sw_charge_rspace = ON
filetype = cube !{cube|density_only}
title = "This is a title line for the bulk Si"
}
}
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032200000000000 nfinpdata0 0000000000
oo

ooooooo 0230000 ooooooood oo

control Oo0o0ooooooa

oood
oooooood

52 030 00000000000 Onfinpdata0 0000




PHASE/0 Manual, 0 O 0O O 2021.02

0 82-0000000000

ubooaoad

0230000
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uo

condition

preparation, -20 0 O O
oooo,000040n
OkxkO0000D000O0O
ooooo
automatic, -10 0 0 O O
0o0oooooooon
O0o00oOooOoOoon
O0ooooooon
ood
initial, 0 O O O O 0O
continuation, 10 O O O
O

(00O 200 ekcal O
oooooono)
fixed_charge, 20 0 O O
oooooag
fixed_charge _continua-
tion, 300 000+00
o0
0000000 auto-
matic J [ [

cpumax

ceudooomoon
0 0O O 86400 secld

0 O O {sec, min, hour,
day}

max_iteration

max_total_scf_iteration

OoSCcrOoooooon
oooooboooon
O0O0oDooiooood

max_mdstep

oMbOODOOOOO
goooboobooodg

max_scf_iteration

IMDOOOOOO SCF
ooooon
ooboooooboooon

nfstopcheck

0000 nfstop.data O
ooooooooooo
OoooDoogoooog
goooooooooig

gooooood
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gboogogaood

uo

sw_ekzaj

phase O Oekcal O OO
ooooDoooood
OF_zAJOOOOOO
OO0 ONOOOOEK-
CALOOO0OO0O0OO00O0
oopboo0oooo OoN[O
ooooooor oo
OoooDOooooOo
oood
O0o0O0oo0Oono OFFO
ood

accuracy

oooooooooo
ooogno

cutoff wf

gooooooooo
ooooo

cutoff_cd

oooooooooo
ooogoo

num_bands

gogd

ksampling

method

kOoooooooooad
monk[] Monkhorst-
Pack 0 O

mest 100000000
ood
filetOOOODOODODOO
direct in0 0000
gammall I'O00O0

o o o o o o
Monkhorst-Pack [

mesh

gboooobooo

nx, ny, nz

xy.zOOOODOOd
ooodoood=¢ 440
00 0 =(20,20,20)

kshift

Monkhorst-Pack 0 O O
oooooo

gbooooood
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uo

k1, k2, k3

ooooDooooog
oooDo [o.0,05]0
oogd
OoooDooo
hexgonal O O OO kil =
k2=0,k3=0.5
ODO0O00OD0DO0Okl=k2
=k3=0.5
gooosooooon
ooooDpDogoooog
O

kpoints

kOooooo

kx ky kz denom weight

k= (kx/denom,
ky/denom, kz/denom)
kODOooooooono
ood

smearing

k Ooooogoao

smearing

method

parabolic [ Parabolic [J
o0oooon

cold O Cold smearing [
(doooogao
tetrahedronl] Tetrahedron
O

improved_tetrahedron
00O tetrahedron U
tetrahedron 0 O O im-
proved _tetrahedron O [
0ooookoooon
oooooooooon
O0o0ooOoooooad

width

smearing l0 O 0000
0 0 0.001 hartreeJ
method = parabolic [
cold00O0OO0O

@ooo)

Xctype

000000000
(LDA, GGA)

LDA [0 LDAPW9Y1, PZ
GGA O GGAPBE,
REVPBE

scf_convergence

gogboooogooon
O

obooooood
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delta_total_energy

oooooooooo
oooooooooo
AFE
oooooooo10?
hartreel]

succession

000 ApQdQ0Q0C0O
oooooooDboo
gooooooooo
oo

oooooooo2no

force_convergence

ooooon

max_force

oo0ooOooooon
ooooooooon
oooooooo
O0O0D0DO00Oo.001
hartree/bohr[J

ek_convergence

oboo00000O0ek
cal00OO0O0O0OO000OO0
go

num_extra_bands

oooooooobooo
oooooooooon
ooogo2o

num_max_iteration

kOoOoooooooo
ooooboooooo
0 03000

sw_eval_eig_diff

oooooooogoo
{1l,on,yes }OODOODO
ooooooo

{0,off,no }0OO0ONO

delta_eigenvalue

00ooooon
Ooooooooolo—°
hartreed

succession

goooobooooono
ooogoobo2o

@Cooo)

googoobooan
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initial wavefunctions oo0ooooono
O O OOof ran-

dom_numbers,
matrix_diagon,
atomic_orbitals, file}
random_numbers :[]

ooogono
matrix_diagon:00 O O O
oooooad
atomic_orbitals:0 O O
ooooo
fileOODODO F ZAJ O
ood

matrix_diagon

gogboooogoon
gbooobooogn

cutoff_wf

gboobooobgon

@ooo)

initial_charge_density

oooooooo

a O 0 O {Gauss,
atomic_charge_density,
file}

Gauss: O QOQOOOO
O0o00ooooogon
atomic_charge_density:
ooooooooon
ooooooon

file: 00O 00O F_CHGT
ooon

precalculation

nel_YIm

gooooooooo
oooooooooo
oooooobooooono
O0o0oo0DD oo

structure

gooopooooon
oo

unit_cell_type

oooooobooon

{primitive, Bravais }

googoobooon
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unit_cell

a_vector
b_vector
c_vector
a,b,c
alpha,
beta,

gamma

unitcell 0 OO O0OOO
oooooooooon
ooon
oooooooo
(x,y,2) 00
0oooooooao
Bohr

0000 a, b, c
b—cUO0Oc—alOa-bO 0O
ood
@Ooobooobooao
O degree)

symmetry

method

O O O :{manual, auto-
matic}

automatic 1 0 0 0O 0O O
00o0oooooon
ooon

crystal_structure

ooon
{diamond,  hexagonal,

fcc, bee, simple cubic}

tspace

ooooooogooo
00 TSPACED (O O
0)dooOOABCAPO
oooooooon

lattice_system

{rhombohedral,
trigonal,r,t,-1}
{hexagonal,h, 0}O{ prim-
itive ,simple,p,s,1}
{facecentered ,f,2}0J {
bodycentered,b,3}
{bottomcentered ,base-
centered ,onefacecenter
ed,bot,ba,0,4}

num_generators

00000 (1~300
00)

generators

god

af_generator

gbogogogood

@s30000)

SW_inversion

oooooooon

©20000)

gooooood
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magnetic_state

0 O OO {para, antiferro,
ferro} OO OO
antiferro 0 af 0 0O 0O O
a

atom_list

oood

coordinate_system

0 O O0O{cartesian, inter-

nal}

atoms

X, 1y, 1Z

ao

element

oo

mobile

ood

O 0O 0O O{1,0}0 {on,
off} {yes,no} D O OO
0od

weight

oooo

weight = 2 O
SW_inversion = on
oooooo
Ooooooooooad
gooooooo

element_list

element

000 (atoms O ele-
ment 00000000

ooy

atomic_number oooo

mass oo

zeta Oo0oo00o0ooO s=(nup-
ndown)/(nup+ndown)

deviation

ooooooooon
oooooooooon
ooooooooad

OO0O0gdng devOd stan-
dard_deviation 0 O O [J

wavefunction_solvers

solver

oooooooooon
0d 362003800
oo

gbooabooan
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sol

goooogn
MatrixDiagon101 00 [0 [J
go

Im+MSDO Im(CD O O O
O)+MSDOOOoooo
o)

RMM2P, RMM30 RMM
g
MSDOOOOOOOO
pdavidson: O O David-
son [

pkosugi: 00 O Kosugi O

till n

oooobOoOoO0O0solO
gboobgoogan
gooopooooon
oo

dts

oooooooooo
O

dte

irtdooooogooo
ooooboooooo
O0dsO000O0OO
Oo0D00O000de0O
ooooooo

itr

gooooooooo
ooooon

var

Oo0o0oDoOooooo
{linear, tanh} 00 0 0 O O
lineard

prec

0o0ooooooooo
{on,off}

cmix

OoooDOooooOo
0 O charge_mixing O O
0 mixing_methods O [
oopooooooood
OoooDOooooOo
ooooooo

submat

on o o d sub
space_rotation o O
O 0000 subspace
rotation 0 0 0O OO O
0 O {on,off}

line_minimization

oooooooooo
oo

gbooooood
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dt_lower_critical O0o0oooooooo

dt_upper_critical oooopooooon
00
@Oooboooboa
0oo.0050 2.0

delta_lmdenom

rmm oooooo

imGSrmm

RMM O 000O0OO
ooooDooooad
Gram-Schmidt 0O 0O O
0o0o0DOoDoooao (@
O0o0oOooooon
00 imGSrmm = 1)

rr_Critical_Value

gogboooogoon
googoboooon
gooooooooo
ooooooooooo
gogboooogoon
goooo

edelta_change_to_rmm

oooooooooon
RMM OOOOOOO
0oo0ooooooon
ooopoooooon
oooooooooon
0000o0DOooooo
oooooooooon
oo0opoooooon
O le-3/natm hartreed] [
OO0 nam O 00O

subspace_rotation

subspace DO OO OO
ooo

subspace_matrix_size

oooooooooo
00000 (num_bands)
num_bands 0O O O O
ooooooooao
ooooooooao
num_bands O 0O O 0O O
ooooo

damping_factor

oooooooobooo
gooOgro.o, 10100
oooooooooo
ooooooogoon
oo1mo00000

obooooood
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period

solver O O O submat
O ONDOOODOD
O0OOperiod O 1 O
subspace_rotati on O [
ooaoao

000 period=3 0O
O O iteration(i) O O
0 0i=1,4,7,10 ,.. O
subspace rotation 0O O
oo0oooooooo
Ooo0ooog 1d

critical_ratio

oooooooog a
ooooo)oogod
O00oDoDo aoooo
0)ooooooo crit-
ical ratio 00O OO0
ooooooooood
0 O subspace rotation [
oooooo

oooooog 107t

charge_mixing

oobooomoogo
37003800000

mixing_methods

oooobooog

method

0 0O 00 { simple, broy-
den2, pulay }
O000D00D pulay

rmxs

oooooooDboo
ooogooo
oooobooo4

rmxe

ir000000000
ooooooood
Oooooooog o040
mxs 00000000
O0000d0d0Ormxe O
oooooooo

itr

00000000 (rmx)
0oo0oooon

var

mx 00000000
(tr00 SCFOOOOO
rmxs 0 0O rmxe O O [1J
0 O O [ linear, tanh}

prec

ooooooooooo
{on, off}

gbooooood
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gboogogaood
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istr

method O simple O O [
O000isr 00000
ooooooboooo
oooo

nbmix

gooooooooo
ooooboooooo

update

nbmix D 000000
oopoooooooOo
oooooooooo
oood

0 00O {anew, renew }
anew J OO0 QOQOQOQOO
oooobooogo
oood

renew OO OOO0OO
oopoooooooOO
ooood

charge_ preconditioning

amix

gboodn a

bmix

ooogoob

structure_evolution

goooooooon
oood

method

O 0O OO0 ({sd, quench,
gdiis, bfgs, cg, cg2, fire,
velocity_verlet, temper

ature_control }

dt

gooogno

stress

gbogdaog

SW_stress

Ooooooooood
0000 { on,off }

gdiis

(GDIIS O OO BFGS O
oobooboooog)

initial_method

GDIIS (BFGS) O OO O
oooQooOooDbooo
oOoooooooooo
{ quench, cg, sd }O OO
good cg

gdiis_box_size

ooooDpDogoooog
ooooDOooooO
0 0O gdiis(bfgs) O OO
oooo

gbooooood
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gboogogaood

uo

gdiis_hownew

gdiis_box_size 0 O O O
oooooooooon
O0o0oooooon
O0o00obDOoooan

0 0O 0O {anew, renew}

c_forc2gdiis

GDIIS (BFGS)O OO O
oooooo
ooooooo 0.05
(hartree/bohr)

postprocessing

dos

oooooano

sw_dos

oooooooooo
0000 { on,off }

method

O 0O00O00{ tetrahedral,

Gaussian }

deltaE_dos

oooooooooo
oobood

variance

mehtod 00 Gaussian O O
O0ooooDooog

nwd_dos_window_width

oooooooooon
A EOOOOOODOA
E=nwd_window_width
x deldos

charge

gogono

sw_ charge_rspace

Ooooooooood
00O { on,off }

filetype

ooooooooon
O

O000{ cube, den-
sity_only }

title

ooo0ooooooon
000
filetype = cube 0 0 O O
oo

printoutlevel

gooooooooo
ooood

ounboon
imoooog
20000000000
oo

base

oooooooooo
gobaoboboon
gboooobooo

obooooood
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gooooog 0230000 oooobooog oo

pulay Pulay OO O QOO

timing obooood

solver oooooo

evdff oo00oOoDOooo

rmm gooooo

snl oooobooog

gdiis GDIIS O

eigenvalue oono

spg god

kp k0O

matdiagon goooo

vlhxcq gboobgoogan

totalcharge ooao

submat ooooooo

strefctr ooog

parallel oooQooOooDoDoOo
0o0o0ooooo

input_file 000000 F_INPO
ooooogoo

parallel_debug 10o0oogooooo
oooooooobooo
000 o utput0Ox_xxx
oooooooooo
ooooo

jobstatus Oo0ooooono job-
status00x O O O

jobstatus_option oooooooobooo

O

jobstatus_format tag, tag_line, table O O
00000000 tagd

jobstatus_series ON OO0 OFF

33 0000000000400 Controll

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
o00o0o0oO0obooo00bO0conrol OO0 O0ODOOOOODOOOODOOOODOODOOOO

control{
condition = initial
cpumax = 1 day
max_iteration = 1000000

control OO OO0O00OODOOO0OO0ODOODLOOOOODOOOOODOO
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condition

0000000000000 0000D0 0 "initial"
00000000 O0DO0D0O0O0O0 "continuation”
000000 DOoOOobOOobOOoOobOOooooon
0oooooooooOoOoOo0oo0oo0o00oan
OO"utomatic" 0000000000000
00000000 O0obOOoObOOoOoDbOOoOooOoon
000oo0ooOoooOooooooooooon
0 O O "continuation"O OO0 O O O O O O O "initial"
OO00O0O00O0O0DbOOO0O0On0oo "preparation”
00000000 O0obOOobOO0oOobOOoOoooon
0o0o0oooDOOooooOoooooooooon
O'"automatic" 000 000MOO000O0000O0O
0000000000000 000DO0000000
00000000 DOO0bOobOOooOooooobOoonad
0 O O "fixed_charge", "fixed_charge_continuation",
"fixed_charge_automatic'D 00000000000
00000000 O0DbOO0O0oDOOooooooon
000000000000 D00000dAO0 "ini-
tial"0 "continuation"[] "automatic"[] "preparation" ]
fixed_charge" O'fixed_charge_continuation"[J'fixed_c
harge_automatic"0 00 000000 0o010- 10-20
2030-30000000000000

cpumax

PHASEOOOUOOOOODOODOODODOOOOODOO
0o00o0O0bO0oOOooOooOoooboooooood
00o0oo0o00ooooooooooooon
00000000000 DO00DbO0DO00oOoon
86400s (1 0H DO ODOOUODODDODOOUOOOODOO
O 0O"sec"O"s'T O 00O "sec"O O O M1"min"O"hour"
O00"day"'0 D000 0O0OCOOOOODOOODO
0000000000 DbOO0o0DODOOoO0ooOoOon
0o0DOo00o0DOo0o0oo0oOoooDoOoooooaon
dooodDoooooooooooooooon
O0000000S8hourd 0 O0O0O0OOM

max_iteration

max_total_scf iteration

SCrPOO0DODOOODOOODDOOODOOODO
gooSCFOobOonOoobOoboboboooon
ooooooooooooooboooobooboon
gooobooooooooboooogoD 10000
oo

gbooabooan
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max_scf_iteration

obooooobooooboobobooonbo MDO
oboooooooooooboobosScFoonon
boboboobobobooooooboooon
obooboobobobooboooooooooon
oboobooboboboboboobooooooon
oobOooooo SscrObbDoooooooDO
ubobooooooooboboboscFoonon
obooboobobobobobooboooooon
oobooooobooog ScrO0bDoonooDO
ubobobobobobooboboooboooboon
bobooboboboboboboooooboon
obobooboobobobobooboooooon
gboobobobobobobobooooobooon
oooobooboood

34 000000O0OOAccuracyld

341 00000000O0OO

gobgboboaoboabuoobuogbooobobbobooaoboobouobooboboooboaboa

goo

gboooobooooboooooobooog

accuracy{
cutoff_wf = 25 Rydberg

cutoff_cd = 225 Rydberg

}

cutoff wf

bobooboboooboobooobooboobooooboooooboaoon

cutoff_cd

boboobobooboobooboobooboooooboooooboaoon

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa

googood

e cutoff wfOOOOO 25 rydberg

ecutoff OO0 ODO0OOD0O0O0O0O0OODOOO0OODO0O0ODOO0O0O0O0O cutoff wfO 4000000
ooooooo0oooooobooooooooonobboOonoog20200100000000000O

gboooooboooon
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342 0000

O00000000000 accuracy 000000 num bands OO0 000000000

accuracy{
num_bands = 12
}

num_bands | OO 0O0O

gboooooobobooooo+«1000obo0ob0oboo0oooob 2000000000 00000
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
goooooooooooobooooogoo

343 kO OOD0ODODDOODODDOOOO

goooon

ooooooooooOo0ooook0ooooOooOoO0oOooooooooo0OooooooDoooOOo0OOkyg
O000000,accuracy UOOOO0ODO ksampling OO0 OO00O0OO0Oksampling 000000 ODOOO
oooooooooooooooboooon

accuracy{
ksampling{
method = monk
mesh{
nx=4

ksampling 00D O00O0O0D00OO0OO/O0000000D00O0OCOOODOO
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kOOOO0OO0OO0O0OO0DOOO0DODOOO monk, mesh,
file, gammal directin 0 O 0 O O O O O monk O
Monkhorst-Pack D 00000000000 OO0O
O0000oooobo0o0ooboDOO0U0OmeshO
Oo0o0o0oDbDoOOooobo0o0ooOoOooboooDo
Oo0oo0o0oDboOooo0oooDoOoobooooDo
gobobooooooooooogoofilenonoO
Oo0o0o0oDbOoOOoooOOooobOoboOoobO0ooDo
Oo0oo0o0oboOoooOoOooobooOoobooooDo
OOo0oOoOooooOooo0oOoDo kbOoOooo
oobo0ooobooobooobodbOgammald
Oooorooocooooooooboooooon
ocoooooDoDoOOOOroooooooooon
0000000000 000Db0000D0 directin
gooooOopooooOoOoOoOboooooooo
Oo0oooOo0o0ooo0oooobDoorooooon
ogoobooooooooooboboobuooooo
goboomrooooboooobooboon
oooooobo0ooooobooobooooDo
Oo0oO0o0oDOooooOooDOooobOoooon
Oo0ooO0ooDoooooOoboOoobooooDo
oooobooooon

mesh

gboobooboboboboooboooooon
googno

nx1000000000000000000000
ny200000000000000000000O0
3000000000000 o0o0oooooon

goooooogoooooooooooobo* 0000 Dooooooooobooooooobooboboog
goooooOoooooooooo kbOooOoOoooOopoOoooDOoO0OoooDooOoOoDbooOooobooog
goboobooOobDodn accuracy UODOOO0OO0OO smearing 0000000 0OOOOOOO

accuracy{
smearing{
method = parabolic
width = 0.001 hartree
}
}

smearing U0 OO OO0 00O0O000O0O000OO00O0O0000O0

34. 000DO0OOOOAccuracyd
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method 0000000000 DDOO0OO0A0O parabolic, tetra-
hedron, cold, improved_tetrahedron 0 0 O O 0O OO
0000000000000 parabolicO 0000
0000000000000 00o00o0oOooon
0000 OO O tetrahedron O improved_tetrahedron
0o0oOo00DoDOOoooobOOo0oooooooaon
0000000000O0dcoldd ColdOOOODO
0000000000000 oOoooOooooon
width 0000000000 DO000DOOo0ooDOOoon
000000000 0.001 hartree 0 0O O
UO0O0O0O0O method=parabolic O O O O O
0ooooDoooooooooooooad
method=tetrahedron 0 0 OO0 0O width OO 00O
00DO00D0DOO000O000O0widhO"ODOODO
dooodooOooooOoooooooooon
0oo0"ODoDoooooDooooooooooo
1.e-5 hartree[T] method=parabolic 0O O OO OO
0 width O method=tetrahedron 0 0 0 0 0O 00O 0O
0oo0ooooooooooooooon

WidhOOOOOOOO wODOOOOmethod=parabolic 0 D 0O OOO0O0O0O00OO0O0OO0O0e OOOOO
obobooooooooooobobobobe -whOOe +wOOOOOOODOODODODEe -22wOO
e -wlOOOODe +wlO0Oe 2wHOOODOOOODOOOOOODOOOODOOODODOOODOOODO
O0o0DoD0o000D0e -22wO0De +2wODO0OOOODOOOODOOOODOOOODOOOOODOOOO
oboboooboooootobl10oobooobbooooooboobooboooobo £2whOO0O0DOOOO
obooobooboobobooooboboobooboooobobobooboboobooboOoSCcFOobooooon
ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
2wl 000000000000 00O00O000O00b0O0O0bOO00ooO0ob0oobOoOobooboOoOoDboOooon
obbooobOoooOoOowOOOOOODFTOOOO0ODOOO0DOOODOOOOOO0O0O0OO0O0OO0bOOO0OOn

ooQoQoo 20200100000

kOOOOoOooOoo® 00" boboooooboooogoo 202001000

gbobog2020010b00kboboobooooboooboooooo®” oo bobobobobooooo
obooooboooboooobooogon

accuracy{
ksampling{
density = 4 bohr
}
}

density UODODODOODO0O0O0O0OOmesh OO0 O0O00O000O00OO00OD0OOOODOODOODOODODODO
000000000 4bor 0000000 SiOOD0O0O0OD4x 4x 4000000000000D0O
ob0o0ooOobOOoo0oboobO0b0o0oboobob0b0Oksampling0 00000000 O0DOOOOODOOO

kOOOOOOoOO0oOOooO0ooooboboboooooooooooD 2020.01000
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>

(2w)™* '

|
|
i
e-2wW € e+2w

O 3.1:Smearing width OO OO0 O0O000000OCOOO0O0O0OO0OOOOOOOOO

00000 ksamplingd method DO DO OO0O0OO0OCOO monk OO OODODOOODOO 2020.01 OO smearing
00000 methodO tetrahedral OO OO OOO0OD0OOO0OD0 meshO0OOOO0ODOOOO0ODOOOODOODO
00000000000 tetrahedral 0000000 kODOODOODODOODO meshOOOOOOOOO
000000000000 0O0 MM smearing 0 method O tetrahedral O ksampling 0 method [0 0 O mesh O
obooooooboooooboobooooboboboooOoboobOobDobooooboboboooo

344 000O00O0OOODO

O000D00O0OD0D0O0OD0OLDAD GGADUOODOODDOOODLDA O LDAPWYL, PZO GGA O GGAPBE,
RPBE,REVPBELO O OOODOOO

accuracy{
xctype = ggapbe
}

xctype | DO OOD0OOOOO (LDA, GGA)
LDA O LDAPWOI1, PZ
GGA O GGAPBE, RPBE, REVPBE
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345 0000

oooooooooooooooooboooooooboooboboooboooobOooobob 200000000
gboooooboooooo

accuracy{
scf_convergence{
delta_total_energy = 1.0E-8 Hartree
succession = 3
}
force_convergence{
max_force = 2.0E-4 Hartree/Bohr
}
}

oboooooooboooo/abobooooobon

scf_convergence SCFOOO0O0O00O0oO0Oooooooonooon
delta_total_energy 000000000000 o00o00b0O0oooao
ooooo

00oooooOooo1o00oooooooon
0ooDo0dDoDoDO00oDoDodooooooooon
Jooooooooboboboboooogoao 1e9
ooad

succession delta_total_ energy OO DO OO0OODOOOODOO
do0oo0dDooOoooooooooooooon
dooDo0dDoDDoD000oDoDo0ooDoDoooooon
0000000000 0OO0ooOooOo 2000

force_convergence goo0ooooooooooooooooooo
Ooo0oooa
max_force 00000000000 000o0o0ooooaoao

ooooboobooonD te3000

346 D000 0OODOOODOOOO

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
goooooooobooboboooobobobooooboooooboboooooo

accuracy{
initial_wavefunctions = atomic_orbitals
intial_charge_density = atomic_charge_density
matrix_diagon{
cutoff_wf = 5 rydberg
}
}

gboooooobooobooboboooobooooboo/obooboooboooDoo
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initial wavefunctions

0000000DbOO0o0ooOOoooOoooa
random_numbers, matrix_diagon, file,
atomic_orbitals 0 0 0 000 0O0O0OOOO0OAO
random_numbers 0 000000 0O 0O O 0O O ma-
trix_diagon 00 0000000 OOODOODOOO
0o0oOOo0ooOoOooobOOoooooooooon
00oo0odooooooooooooooon
O00000D0O0 matrix_diagon OO0 00O
000000 0Ofle00D0OD0OOO0DODODO
0o0oo0ooooOoooooooooooon
00000 ooOoo0oooooDoOoooooon
0000d0d0d0o0o0oDoDo0o0o0o0oooooood
atomic_orbitals D 0 O OO0 O0O0O00O0O0O0O00OO
dooodooOoooooooooooooaon
000000000 random_numbers 0 0O O

initial_charge_density

0000000000000 00000 Gauss, file,
atomic_charge_density OO0 0O O00OO0ODOO0OO
O00000Gauss 0O OQOOODOOOOOODO
dodooooopopooooOofled0O0OoOoOO
000o0dooooooooooooooon
00000000 O0bOO0oO0DboOOoOooooon
ddddd0dooooooOoOoOoooooood
atomic_charge_density 0 0 00 OO0 QOQOOOOO
0000000000 DO000DOOo0ooDOoon
00000000000 GaussO OO

matrix_diagon

initial_wavefunctions 0 matrix_diagonO0 O 00O OO
Jdd0d0od0000o0o0o0o0oOoOoOoOooooa
oooo

cutoff_wf

ugbboaboobooboboobboabboan
goboooboooboooboooboan
ooooboooobobooood

347 00000/ DO0O00ODOOO0ODOOOODOOOOMOODODOODODOOO

0000000 202001000

initial_wavefunctions, initial_charge_density O] file U0 00000000 0D0O0O0ODOODODOOOOOOO
000o0oOo0ooooo02001 0000000000000 00000O0O0O00OOOODOOOOOO0O
0000000000 00DO000O0D000200010000000000000/000D000O000O00
ooo0Odoo0oOo0oOo0obOOo0bOOoobOoDo0boOo0oo0oDOo0oobOoobooooooOoooa
doodobooooooobooooobooooobooooooboooo/Ooooboooooooooooa

gboooooboooooo

accuracy{
sw_read_pwbs_info = on
initial_wavefunctions = file

@dooooooo)
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(Cooooooooo)

initial_charge_density = file

}

O00000DUOOnfpwbsdata0 000 (file_namesdata OO0 O0OO0O FPWBSODOUOOOODOOO)
goboooobobooobooobbooobobooobboooobooobbooooboboooboobboooan
nfpwbsdata D0 0000000000000 O0O0O0O0OOOOOCOO0O0OOOOOOOOOOOOOO0OO0
ooooo

accuracy{
sw_write_pwbs_info = off

}

sw_read_pwbs_info0 0 OO0 O OO off, sw_write_pwbs_infoO 0O OOODOO on0O OO

348 0000

PHASEOOODOODOOOOOOOOOOOOOOOOODOOOOOOOOOO0OOO0OO0O0O00O00bOO0DO
gboooooboooobooboboooboboobooogooboo

accuracy{
nonlocal_potential{
sw_rspace = on
r@_factor = 1.9
}
}

000000 [King-Smith91]1 000 [Wang01] OO ODOODOODOODOOOOOODOODODOOODO ON
hOOooOOooooooooODoow*HOOOOOOO0OOO0OO0O0000000000000000000O0
000000000000 00D00000D000o00o000000DO0DO0O00o00o000oOoOooDoOn
nonlocal_potential 0 O 00000000000 DOOOOODOOOOOOO

Sw_rspace ooooboooobooboooooooon
O000D0O0Ogoffddn
projector_optimization gboobooooboooboooboobobooon

000000 DO000DOO00O0DOOo0DooOOoaon
000000000000 prefittingd OO0 OO 0O
[11O0000 Omask_function D O OO O0OO [2]
0000000000 DO000DOO0O0ooOOoaon
0 mask_function 0 O O

r0_factor 00000000 DO0D0OO00o0OoooOobOooon
0o0oOo0dooOOo0ooDDOo0oooooooaon
0doodooooooo 1.9d
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3.5 00000 Structureld

gboboboboaoboobodbUswucture DO O ODOOOOOO0OOOO0OO0OOOOOOOOOOOO

structure{
unit_cell_type = Bravais
unit_cell{
#units angstrom
a_vector = 4.914100000 0. 0.
b_vector = -2.457050000 4.255735437  0.000000000
c_vector = 0. 0. 5.406
}
atom_list{
coordinate_system = Internal
atoms{
#units angstrom
#tag element rx ry rz
0 0.413100000054 0.145400000108 0.118930000000
0  0.854599999943  0.267699999886  0.452263333333
0 0.732300000003 0.586900000006 0.785596666667
0  0.267699999946  0.854599999892  0.547736666667
0  0.145399999997  0.413099999994 0.881070000000
0  0.586899999939  0.732299999879  0.214403333333
Si  0.53 0. 0.333333000000
Si  -0.000000000072  0.529999999857 0.666666333333
Si  0.469999999954  0.469999999908  0.999999666667
}
}

element_list{
#tag element atomicnumber  mass zeta  deviation
0 8 29164.9435 * *
Si 14  51196.4212 * *

}
symmetry{
method = automatic
sw_inversion = off
}

351 000000

unit_cell_type goooboboooobooooon

prmitive 0 bravais O D0 OO0O0O0OO0O0O0OOO
O0D000D0bbravaisDO0O00OOO0OOO0DOODODO
O000Db0000bOO0oboOoO0OoOoDOn bravais
O000D0O000D00OO0O0Obravais00D00O0O
O0000dsymmetry OO ODOODO tspace 0 OO
0000000000 lattice_systemJ 0O OO0
OD0O0000D0OO00D0OD00O0ODO lattice_system
oooobooooboobooooboooon
unit_cell ttdooodooooooooooooooooon
oobooooboooobOooooooboooooon
U0O000000D00000D00D0 unit_cell_type
Obravais OO OO OOOOOO

- JUbuoobuooboonbg

gboooobdoobooooobooooboboobooboobooooboon
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unit_cell{
#units angstrom
a_vector al a2 a3
b_vector bl b2 b3
c_vector cl c2 c3

}

a_vector,b_vector,c_vector U0 O 00000 «O,00,c0000000000000000O0000O0O0O
000000000000 0000000000000O0000000000000000 0 0 unit_cell
000000 O#umits angstrom 00000000 O0OOO0OOO ADDooOoooooon

e U000DO0OO0OODOOOOO

gboooooobooooobobooobooboon

unit_cell{
a = ab
b = bo
= alpha®
beta = beta®
= gamma®

a, b, ¢, alpha, beta, gamma 0 0000 000000000000000000O a,b,c,a,8,7y00000
0000000000000 0000000000000000000 000" 0000000000
0ooooO

al 0.0 0.0
bl b2 0.0
cl c2 c3

a_vector
b_vector
c_vector

352 0000

atom_list dooooooooooooo
ooooooono
oopooo/mooooooooo
opoooooono
coordinate_system O0o00o0o0ooOoooooono
ooooooooooooooo
oooooooooooooo
O000Ointernal DO O0O0O0OO
0000000000 Ocartesian
ooooooooooooooo
00oooooooobooo
internal 00 O O
atoms ooooooooooooooo
ooooooooooooooo
ooooooooooooon
element dooooooooooooan
000" element_listt OO0 00O
oooOoooOooooooa
oooooooo
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0 310-0000000000

X

cOO00booaoad

ry

yooooooooo

IZ

000000000

mobile

ooboooboooooooog
oooooboooboooooo
“goooo0rbooboooog
gobooboobood onOd
000000 Oo0ooooff0ODd

mobilex

ooboooboooooooog
ggoooooooooooo
x,y,zO0OOOOO* 0ODOOO
g" gooobooooboood
oobooobobOonOOOO0OO
O00000O0Omobile 0000
googooo

mobiley

mobilez

weight

“ 00" 00000ooood
oo00200000000000
oooooooooooooo
ooooooooooooooo
ooooool1goo20000
00o0oDooooooooooo
OO0 sw_inversion OO0 0O OO
ODon0O000000ODO0OOOO
oo

353 000000

element_list

gooooooobbooood
oooooooooooboon
ooooboobooooooboo

element

ooboooooobooog
oood

atomicnumber

gooooooooooboo
goooon

mass

googoooooo

zeta

oooooooooooooong
gboboooboooboooboon

gex

ooooo/oooooooo
goog

o00odobooobooOoDOfilenamesdata 0000000000 0O0D0O0OODOOO F_.POTmOOOOO
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gboooooobonb0O0OO0OOOO0OOOO0OOOO0ODOOODOOODOODOODOOOOOOODbOOODbD O OO Si
gobgobooobooobooboobooobobo

structure{

element_list{
#tag element atomicnumber mass zeta deviation
0 8 29164.9435 * *
Si 14 51196.4212 * *

O000000000000000 OO O_ggapbe_us_0l.pp, Si O Si_ggapbe_nc_Ol.pp, 00O 00O
file namesdata 0 0000000000 0O0O

&fnames

F_INP = './nfinp.data’
F_POT(1)=" ./O_ggapbe_us_01.pp"'
F_POT(2)=" ./Si_ggapbe_nc_01.pp
/

goboboobooboooboobuooobobobobbobooboobooboobobooobooaoboa
0000000000000 0o000o00ob00ob00bOoDOD ggapbeD 1dapwo1l OO DO ODOOO
O00000ooDO0o00ooDO0o000oODO0O0000O0O0O0Oggapbe0 000 Idapwol D OO
ob0oobooobOoobOoobooboboOoooobo0oob0oobO0o0bOdlggapbe D ldapwol OO DOOO
goooooboooobooboooobobooooobooboobooboboleoobooboon

gbobogobo/obooboobooooobboobbbgexbbooboooooboo/obooboooan
oboooobooooboboooobooon

structure{

element_list{
#tag element atomicnumber mass zeta deviation gex
0 8 29164.9435 * * +1
Si 14 51196.4212 * * 0

gbooooooooobooobologbobobooobooo1obobooooooooooboboboo
oooooooooobooOooooooooDboOoOoSCcFoOOoooooDoooooobDOoooDoboOog
booooboooobobooooboooobobooboobooool1oboboboooooboon
obo0o0oooobOdobOob0O0EwaldO0O00O0OO0OO0O0ODOOOO0OOODOODOOOOOOODOODOODOOOn
goooobooooooooboo

354 0000000000DO0O0O 202001000

oo0ogno202001000structure 00000000 element list0O0O00O0000000O0O0O0O0OOO
goboboo0oooboo0oobobo0ooobobo0oobo+000bo0o0ooDbon (G, CL0o200)0element_list
0000000000000 0000D000000 0gexD zetaDODODOOOOO0O0ODODO element_list O
gbooooooao
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355 0000000000

O0000OD0OD0O0OD0OD00ODOGgexd DO OO Oadditional_charge 0 0 0 00O 0O 0O OO O O additional _charge
oooOoOooooOooooOoO00oooUOooOOOoOoo@E@O)ODODUOoOOO0OUOUOO0EwaldoDOOOO
oooooOoooOoOoOoOoOOOOOOOOOODOOOOOOOOOOOOOOOOOO

ooooooooob -1o0b00oboobOob 1boobooboobooog

O O additional_charge 0 0 0 O

structure{
charged_state{
additional_charge = -1.0d®
}
}

356 0 000DOOOODOOODOOO

ubooooboboooo @o)oboboo 3530 0zetal 000 Omoment 000000000
Ubobooooboo0 [ppl0O0000Omoment 0000000000000 0O00O00O0O0DO0O zeta
oboooooooo

ooooooocdcrioo ck0b0boooooooooo0onn0 3wp0d0 =3pp00000O00OO

O0Omoment 0O O0000O0O0O0O0COODOO

structureq{
element_list{
#tag element atomicnumber moment
Crl 24 3.0
Cr2 24 -3.0
038

357000000

symmetry oo0ooooOoooooooooog
00o00oboobooobooboboooobooooo
oo oog
0/0000000b00000oon

method 0000000000000 00Omanual O auto-
matic 0000000000 Omanual 00000
0ooboobooooobooobobooobooooo
000000000 d0dantomatic 0000000
PHASEO O OOOOOOOOOODODOOOOOO
O0000000000000D000000 manual
ogdo

googoobooon
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0 812-000000000O0

Ssw_inversion

ubbuoaoboooboooboaboaan
gboboboboboboboboboboobo
ond000OO0O00O0O0O0OCOOOOODOOOCOOO
goooooooboboboooboobooon
ugbboaboobooboboobboabboan
gbobooooboobobooboboobobooon
bobooboboboobobobooooboon
oono

tspace

TSPACEOODOOO0OO0OO0OO0OOO0OODOOO0O00O0O0
oooobobooobooboboobooonoo

lattice_system

unit_cell_type O bravais 1 OO OO OOOO” O
0000000000 facecentered, bodycentered,
basecentered, rhombohedral O D OO OO OO DO
0o0D0DO00D0DOO00D0DbOOo0ooDOoOooDoaon
dooodooOooooOoooooooooon
00 S00000000000000000n
0000000000 DOO00D0DO0o0DooOOoOon
00D0OO00D0DOO000DOO0O0oo0DOoOoooOoaon
dooodooOooooOoooooooooon
OO00000D0]latticesystem OO0 00000000
00000D000DO0DbOOOOoDOOoooOobOOoond
00DOooOooooO0ooooooooooooon
do0oo0dooDo0oooooooooooooaon
0000000000 DO000DOOo0ooDOOoon
0000000000 DbOO0o0DODOOoO0ooOoOon
000DOO00k0D00DOO000O0DOobOOoDOOooOn
ooodooooooood

generators

gobbooooooooooooboooo3on
uboboboboboobooooooboooon
bobooboboboboboooooooon
o0420000000000

358 00 000000DDOOODOOODODOO0ODODONO 2019.02000

ob0oOoOoOoFINPODOOOODOOOOOOODOOOOO0OOO0DOO0O0OO0O0O0OO0OOOO00O00On

goboboobooboobobboobodbUstructure 1000000 structureJ 00000000
OO0 file0000OD0ODOOOOOO0OO0OO0OO0OOOOODODOOOOOOOOO/MODODODOOODODOOOOO
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ooo/oo0000 oono oo

method ooboo0obOooboogooog
000000000 ddirectin O
000 F_INPOODOOOODOfile
ooooobooooooog
000000000 directind
file ooboo0obOooboogooog
goooogo

filetype method D00 fileOODOODOO
ooooobooooogoood
oopoooooooooood
oood

phaseO_input : F_INP O O
phaseO_output : F_DYNM 0 O
0000000 phaseO_inputdd
frame FDYNMOOOOOOoOOoood
ooooboboObDDOOOOOO
oo0booooooboooodg
oooooo-10o

filetype O phaseO_ output 0 0 00000000000 OO0O00ODOOOO0OOOOOODOOOODOOOO
0o00o00b0o0bo0o0bo0b0boO00DO0o0Dbbo0b0b0 mobileOO)ODOO FINPOODODODODOOOO
gboboboboboboboboboooooboooo FPANpODODODooOoobooooooog
gboooobon F.COORD_ATTROOODOOO FINPOOOOOODOOOOOOOOOOOODOO

ggbooabobooboooob FbynmbOugdooooooaoboboobbooobooboaoobad
gobgooooboooboobooboobobbobooboobooboboboboboobobooboo
gboooobooooooboooooan

structure_evolution{

temperature_control{
set_initial_velocity = off
}
}

file namesdata 0 000 0000000000000 O0ODO0O0OOO0O0O0O0ODO0OOOO0O0O0ODOOOODO
gboboooooao

gboooboooog | oo
F_POS 0000000000 0ob0obo0obO0bo0oo0ob0obOOn fietype O phaseO_input 0 0000 |
F_COORD_ATTR filetype O phase0_output 00 OO0 000000000000 OO0ODOOO0OOOOOOOOOOO F_|

file{filetype=phase0_output}] O O O O O file_names.data 0 F_ POSOOOODOOO FDYNMOODOOOO
00000000bDo0o000DoOo000D0o0000D0DoOO0UO00OoOF. DYNMOOOODOOOOOO
0000dooDOdoO00oD0o0oDodooooooooooooooDOoooooOon F_POSOOF_DYNM
doo0ooooodooooooooooooo
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3.6 000 0O0DOOOOOWavefunction_Solver[]

3.6.1 PHASECO OO OQOQOQOOO
PHASEODOODOOOOODOO 032000000
RFERE @ F)H1E

BEREE P, IHHME
REIRAEL V., FIHAE

:

RENREAR D EH

BRIEE Pou DI

|pin_pout|<8 %?—%‘\go)&bé
JIDETE
No
| force| <8 > FFEE Q, DEH

0 32: PHASEOOOOOOOOO
000000000000 Kohn-Sham 00O O
(Hxs(pinp) — €)1 =0,

oboooooogd

gobogoooboooboood

A; = (Hgs(pinp) — €i)%s
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O0OoO0OO00O0O0O0OO0O0O0OO0 00O0()H)OOUOODODODO0O0O0000O0O0O0O0O0ooOoOoDA; 000000 ed
ooy oboooobboobooobooooobooooob oooobooboboboobooobooo
gbobooooooboo32bogboboobobooobooboobooobooboobooboooboog pOO
gboooooboooooo

Pout = 2 Z |"/}i|27

occ.

O000000o00000000 e 0000 p0000000000000000 00000 SCFO
ooooO)ooooooooboooooboooobooboboboobOobbobDoboooDOobDooo
gboooboobO)oboobobobooboobooooboboooobobooon

362 00000000

SCFOUOooobomoobooooobobbooboobooooobobobbooooobooo

000000000 0wavefunction_solver 00O O0O0O0O0OOOO0O

wavefunction_solver{
solvers{
#tag sol
pdavidson 2
rmm3 -1
}

rmom{

edelta_change_to_rmm =

}
}

till_n
on 1
on 1

le-3

prec

cmix submat
on

on

wavefunction_solver 0 000000000000 O0/00000000O00OO

solvers

gboobooboboboobboboobooboobooboobobobobbobd

sol

0000000000000 000000000 msd, Im+msd, cg, pkosugi, pdavidson, rm

till_n

SCFOUOUOO0OO0O0O0O0O0O0Osol000000D0O000O0DO0DO0O0ODO0ODO4IL.nDO0O0;

prec

gbogbooboboboobbooboobuodbuodontdbooboobgoboabo

cmix

ooboobobooobOoboooooboobooooboobooooobobooooobot

submat

oooobobooobOobooooobobooooobobobooboobooenOOOnO

davidson

davidson OO OOO0OOO0OO0O0OO0O0DOO0O0CODOOOCOOODOOOOOOODOOOCL

max_subspace_size

davidson OO OOO0OOO0OOO0O0OO0O0DOO0O0OOCODOOOOCOOODOOOOODOODOOO -

ndavid

davidson OO0 O 0OOOO000O0OO0O0OOOO0ODOOOODOOOCOOOOOOODODODOC

rmm

mmI0000000000C0000000O00O000000000

edelta_change_to_rmm

mmI000000000000O00000CO0O000O00000O00000000D000

line_minimization

Im+msd 00 cg00 10000000D0000O0D0OCOO0OOO0O0O0OODO 100001

dt_lower_critical

1o0o0oboobooooboooobobooooobooo1goDnDOo

dt_upper_critical

I1D0b0o0o0o0oobooooooobooooobooobooo 20000
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3.7 0000 000D Charge_MixingO

3.71 0000000

SCFO0O0O000OO0OooonOSCFOobOooboooboobboobooooooooooobooobooooan
gooooogooooogo* ODoooO0pDOooOO0" Dooo0ooDooOoO0oDOooOoUoooogoooog
00000000 chargemixingOOODOOOOODOOO

charge_mixing{

mixing_methods{

#tag method rmxs  rmxe prec istr nbmix
pulay 0.4 0.4 on 3 15

}

charge_preconditioning{
amix = 0.9
bmix = -1

chargemixing 0 0000000000000 O0OO0/MO00O0O00O0O00O00OO

mixing_methods O0000O00o000o0o0oo
oooooood
gdooooooooooood
ooooooooooooooo
000000000 solversd 0O
D00 emixO0OOOOOOOO
O000emixOOOOOODOO
oooooooogooo 1040
oopoooooooooood
oo0pDooooooooooo
oood

no O0000emixdOOoogog
goboooboobooboo
methodDOODOOOOOO 10
O0d0dOnoO0OOOOOOO

method oooooboooogoodg
0 0 0O O O simple, broyden2, pu-
lay, DFPOO0O0O0OOOOOOO
O0D0O0O0Osimpled OO0
0 0O 0O O O broyden2 O Broyden
02000000pulay O Pulay
000 RMM-DIIS O 0O O O DFP
O Davidson-Fletcher- Powell O O
0 O broyden2 [0 O pulay O O DFP
oopooooooooooog
0000 0 O mixing_methods O
oooooboooogooog
Opulay00OOOOOOOOO

gbooooood
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0 816-000000000O0O

rmxs

00000000 mxOO0OO
0000 1o0ogooooon
0000 0.3 mixing_methods O
oooooDoooooooo
0.4

rmxe

oboooooo0 mx0OO00O0O
goobol1ooooooooog
Uboo0O00OmxsOOOOO
oo

itr

gbooooobooog SCFO
ooooogo 1o00

var

00000000 :{linear, tanh}
OgOo0d lineard

prec

ggoooooooooooo
gbdbodonOO00OO0D0OOO
dbdonO OO

istr

method=simple 10000000
ooooDooooooboboOOO
O0000MmMmO0OD00 300 broy-
den20pulayDl 0 OO0 DFPO O
O00O0DO000O0OD0OSCFO
D0 isr+1 DOOOODODODO sim-
pe0000000O0DODOCODO
O00000D0O00 simple O
oooooom

nbmix

broyden20 pulayd O O O O DFP
oo0ooOoooooooood
O0o00o0oOooOoooooo
OSCcFOO00O0O0OoOoOoonon
Oo0 15

charge_preconditioning

00D0oDO0o0oDOoOooDoooan
amix, bmix OO0 O OOO0O0O0O
dooooooooooooo
oooooooooooooo
oooooooooODbODbDbOoOO
ooooooooooooooo
O0o0ooooooood amixd
bmix 0000000

amix

o0 1000000000000
g 1.00

googoobooon

3.7. 00 0O0O0O0O0OOCharge_MixingO

85



PHASE/0 Manual, 0 O 0 O 2021.02

0 316-0000000000

bmix 00000000000000
00000000000000
00-100000000000
0MO0000000 G20 0.63
oooooo

prec=off 0 0 00 00 0O charge_preconditioning D 0 OO OO MO OO0O0O0O0ODODODODO SCF OO method=simple
O00000O0OSCFOO0O0istr+1 OO000O0O0O00DDOOO0OODOOOODOOOODOOOOODOOOO
oooooo

Prew ¢ (1 = 1mX) poid + IMX X Ppew

0000000 ve0000000000 linear 0000000000000 rmxs0 rmxe 100000
000000000000 mx0O000000OvarD tanhOO0O00O0O0O0OOOO0OSCFOOOi0D0O0O0O i
00000000000000000000000000000mx000000000000000
1

= —®+1)

itr

1
rmx = rmxs + 3 (rmxe — rmxs) (tanh(lO X

1 ! ' ' ' " tanh ——
linear —s—
08 L _
06 L _
=
£
04 L -
02 L _
0 i i i i ; ;
0 5 10 15 20 25 30 35

#SCF

033: 0000000 mx0O0000O0O00O itr=3000 rmxs=0.10 rmxe=0.80]

charge_preconditioning 0 000000000000 GOO0OO0OOODOOOODOOOO
Prew (G) = (1= f(G)) pola (G) + [ (G) prew (G)

rmx X amix
f(G) = @7

Go = bmix X Gpin
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o000 GmnOO0OoooO00ooooOooooobooooDoo

chargemixing O OO OO0O0OO0O000O00O0O0ODOOO00ODOOOO0OOOOOO0ODOOO@Mm™0O0D0O
gboooooboooood

charge_mixing{
mixing_methods{
#tag no method rmxs rmxe var itr istr prec nbmix
1 simple 0.1 0.4 tanh 5 * on ¥
2 pulay 0.4 * * 0 on 10

372 0 000DOOOODOOOOO

gbooooScrobboobooboobooboboooboobooooboboooobooboooobon
ooooooo

ooooooOooDo/muobooobob swbmat D OO0O0O0DOOO0ODOOOODO

wavefunction_solver{
solvers{
#tag sol till n dts dte itr var prec cmix submat
ImMSD -1 0.2 1.0 40 linear on 1 on

000000000000 DoU0o0oDooo0oooDoooooooDooooDooooooooog
0oo0doooDoU0ooooD RMMOOOOOODOOODOOOODOOOODOODOODOODOOOODOOO
Joodo0Dd0oodoooDOoU0oU0D00ooU0oUDO00oO0OoOoDOoU0OoDOoDOooooUOoDoOoon
0 before_renewal 0 of 0000000000 Obefore_renewal=on 000 0000000000000

wavefunction_solver{
solvers{
#tag sol till n dts dte itr var prec cmix submat
ImMSD -1 0.2 1.0 40 linear on 1 on
}
submat{
before_renewal=off

}

goboboboobooobooboobobobobbobooboobooboboboboboobobooboo
gbooboobooobooboboooobooooboooooobooog

SCcFrO0O0O00onoobooooonog

oboooooboobooboooooboooboooSsSCcFOobooobooooboboboobobbogoboo
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
obooooboooobooboooobobooooobooooobooboooobooboooooobon
obooooboooobooooooob0oobo0o0oboobo0o0obObo0bob0o0obo0oOobonbOO PHASED
U000Dbo0bo0obOoob0ooo0bO0odbDOOcontrol DOODOODO O max_scf_iteration 0 00 OO0
goo

control{

max_scf_iteration = 50

3.7. 00 0O0O0O0O0OOCharge_MixingO 87
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gooooosoonO SCFOOOoOoboooboooboooboooobooooboooboooobooobbooooon
gobgboobooboobooboobobobooboo

gbooooboobooooooooo

boooooobooooboobooooboboooooboooboooboobooooboboobooooboon
gbooouobooobooboobooooboboooooboooboooboobooooboboooobooboon
00000000000 00D00000D0000000000 spin_density mixfacor 000000000

charge_mixing{

spin_density_mixfactor = 4
mixing_methods{
#tag no method rmxs rmxe prec istr nbmix update
1 broyden2 0.1 0.1 on 3 15 renew

0000000 spin density mixfactor 0 400000000000 0OO0ODO 0.1x 4=040000000
ooooooooooooooboooooboooooooooobooooooboOoooooobooDOoooobooog
0000000000 0OO0bOOd swrecomposing OO of UODOODOODO

charge_mixing{
sw_recomposing = off

obooooobooboooboboooooboooooaon

dgo0o0ooooOo00000oooobObOU0000UooDLOoDoLO0o00oUUoULoLObOooUoUUoDoDooDoOog
00 spin_density 00 0O 000 OO sw_force_simple_mixingOOODOOOOOOO onO0OODODO

charge_mixing{
swW_recomposing=on
spin_density_mixfactor = 4
mixing_methods{
#tag no method rmxs rmxe  prec istr nbmix update
1 broyden2 0.1 0.1 on 3 15 renew
}
spin_density{
sw_force_simple_mixing = on
}
}

gbooooooooo

obooooboooboooboo SCcrOO0O0obOOoOoOoOobObOOobOOOobOOOobOOoOobOOobOboOoboOoooooOon
O structure 0 0 0 00 OO ferromagnetic_state 100000000000

structure{

ferromagnetic_state{
sw_fix_total_spin = on
spin_fix_period = INITIALLY

total_spin = 1.0

ferromagnetic_state 1 OO0 0 000000000000 OCOOOOOOO

sw_fix_total_spin 'on"'0 0000000000 DOOO0OO0ODOO0OO
a

gbooooood

88 030 00000000000 Onfinpdata0 0000
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0 317-0000000000
spin_fix_period goooooooobooooog
“ INITIALLY" OO O0OO0OOSCFOOOOOooono
000000DbO000000bOO0o0D0O WHOLE”
000000 DOO00ooDbOOo0ooOOooooOoaon
dooooooOoooDooooooooooon
0oodoooopooooaon
total_spin ooo0oooooooooooooooooood
0000000bOoooOoooon

gbooooooooboo

PAWO OODOOUOODODODODOUOOOOODOOODODOOoOoOoooODbDFIT+Uooooooooooooood
Jooooooo0o0doDooo0000oooooOo00odooooooo0oooooDoooagao
000000000 DO0DO0DLO0ODO0D0DO0OD0ODO0OD0OD0ObDO0ObD0ODO charge mixing O OO OO
sw_mix_charge_hardpart 0 OO0 OO0OOO0OO onOOOOO

charge_density{

sw_mix_charge_hardpart = on

gbobobobobobobobrPAWDOODOO DFT+ULOODOOOOO0O0O0O0O0O0O0O0O0O00000A0
PAWO DO DFT+U0O 0000000000 OOOO0O000O0O00O0000 onO0O0O

38 1000000000 DOODDOODOOODODOOO

PHASEOOOOOOOODOOOOOOOODOOOMSDOOIm+MSD O 0ODavidsonOOCGOORMMOO
00000o0O0o0bo00oD0o00obO0o0bbo00nDO subspacerotation1 00000 OOOODOOOO
O0000000000O0Pulay00BroydenOOO 2000000000000000D00000000
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
obooooobooobooOoooOoobOo0ooO0o0obO0o00oO0OPHASEOOOOOOOOOOOOOOO
goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gboooobooooooboooooan

ooodooodoooooooDoooooDooDoooooooooooooooDoooooooooa
00o00o0o0oDODO00000o0ooo00ooooooobOoOo00o0o0oooooDoOo0o0oooooooooa
O000,000000000 wavefunction_solver OO O0O0OO solvers 0000000000 O0O0O0O0OO
charge_mixing 0 0 00000 mixing_ methods U0 0 OO0OO0OOO0OOO0ODOO0OOO0OOO0OOOO
000000000 b0o0b0o00o000b0o0b00ooODDdOdwavefunction_solver 0 000 OO
0000000000000 DO00bO0o0bO0oD0o00o0oo00ooooDo0ooobOOo0obOOooDoOooooooa
000000000000000000mmO0000000 10%harree 0000000000000
oooodoooooooooooooooooooad

wavefunction_solver{
rmm{
edelta_change_to_rmm = le-6 hartree
}
}
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oboooooboooobobooooboooooboboo1ooobobooobobooboooboooboon
goooboooobooo

charge_mixing{
method = pulay
rmx = 0.2
istr = 4
nbxmix = 10

}

goboboobooboaoobooobgan

method

O00000O0DOO0O0OO0O0D00ODOOsimple, broyden2, pulay 0 0000 D0 OO Osimple 000 OO O O broyden2 O

rmx

gboooboobooobooboboobo4OoboboOoboOoboOoboon),ol@ooboobooooogn)

istr

broyden2 D000 pulay OO0 DOO0O00D0OO0O00DOOO0ODO simpled000000000O0O0O0OOOO

nbxmix

broyden2 DU 00 pulay OO0 0000000000000 O0O00O00OO0O00O0OO00O0DOOO0O0O0DOOOOOOL

3.9 00000 (Structure_evolution)

0o0oo00o0obO00o0o0o0o0ob0ob0o0o0obDOobo0n0dstructure evolutionJ DO OOOO0OOODOO

391 000O0ODO

structure_evolution D D O 00 O0O0OO0O0OO00O00OO0O0O0O

structure_evolution{
method = quench
dt = 50

method ooooopoooooogooo
O0O0D0DbO00000000D0 quench (quenched MD
0)Ocg (CG O)Ocg2 00 O O CG O Mgdiis (GDIIS
0),bfgs(BFGSO)OODDOOOOOOOOOODO
0000 bfgsd 00O

dt Oo0oo0o0oDboOooo0oooOoooobooooDo
oo0Oo0o0oDooOooooOoobooOoobooooDo
oooooooooooooooooDboboboo
quench000 gdiisOD0O00OD0OOOODODOOO
oooooooooOobowooooooooon
oo00ooOoooOooooOoobooOoobooooDo
OoooooooooboooooooooDbooo

GDhISO0OO0OO0O0O BFGSOUOOOOODOOODODOOOoOooO0obOoOOooOoboooooooobooobooon
OO0 quenched MD OO CGUOUOOOODOODOOODOODOOODOO GDOSBFGS)DOOOOOOO
gbooobooobooeblIS@BrEGS) 0 bO0oooboooboobooboooooooooboooan

90 030 00000000000 Onfinpdata0 0000
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initial_method O c_forc2gdiis U0 0D OO DOOOOOOOOOO.

structure_evolution{

method = gdiis
dt = 50
gdiis{
initial_method = «cg
c_forc2gdiis = 0.0025 hartree/bohr

O00O0000OGDIS,BFGSOODO gdiisOO0ODOODOOOOO initial_method O cg, c_forc2gdiis O 0.05
hartree/bohr 00 (0 O

gdiis GDIISO OO BFGSO OO OO
ooogno

initial_method GDIIS (BFGS)O OO OOoOoOoad
gooooo
00o0o00DbDDO0O000f quench,
cg,cg2,sd }, 0000000 cg2

gdiis_box_size Ooooooooooooon
00000000 gdiis(bfgs) O
gooooo

gdiis_hownew gdiis_box_size U OO OO ODOO

0o0o0o00oooooooon
ooooooooooog
0000 {anew, renew}, 0 O 00O

000 renew

c_forc2gdiis GDIIS(BFGS)O O OOOoooOad
oo
O 000 dgaDoao 0.05
(hartree/bohr)

392 00000000

O000000000000000000Ostructure_evolution D OO0 O0O0O0O0O0OOO

structure_evolution{
method = velocity_verlet
dt = 100

3.9. OJOJ0O0OO (Structure_evolution) 91
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method ooooooooboooooooo
ooo0ooooOoooboooo
ooo

velocity_verlet D 00O O00OO
ooooooooboooooooo
temperature_control O Nosé-
Hoover 00O DOODOODOODOO
ooooooooobooooo
velocity_scaling ] 0O OOOOO
ooo0ooooOoooboooo
oooooooooooooo
dt oooooooooo
0000000 100au (0 2.4 1s)
oooooooboooooo
ooo0ooooOoooboooo

goooogoo
thermostat goboooooooog
temp gooooood
gmass ggodooobooood
tdamp oooooo* og"oogooo

oo0ooooOoooooooog
Uboo0bOoobodbdbdgmass
O tdamp U 0 0O 0O O O O Ogmass
oooooooooDo

393 0 00O0oOO0O0DoOoOooooobooobbOooobooooo

PHASEO OOOOOOOOODOOODOOODOOODOOODOOODODOODOOO0ODOOOOO0OO0OOO0oOoDo
gboboooogob* bo"00booboboobooboboonoob0oboobobOobODO [Arias94]
gboooooboboooooboooooan

OO00O00000D0O0O0OOstructure_evolution DO OO0 predictor OO0 OO O0O0OOOODOOOOOOO
O0o0o0o0ooooo

structure_evolution{
predictor{
sw_charge_predictor = on
sw_extrapolate_charge = on
sw_wf_predictor = on
}
}

predictor D0 OO0 O00O0OO0OOO0OO0OOODO

predictor

gooooood
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0 32-0000000000

sw_charge_predictor goooooooooobooo
oooooooo
Oo00O0OoO0Od on
sw_extrapolate_charge O0000000000o00no
0o00000o0bOooooaon
oooOdooOd on
sw_wf{_predictor O00000o00oooooon
doddoooooooooo
000 off

O O O printoutlevel O O O ipripredictor 00 0000000 200000000000000000000
goooooOoooooooooooooooooo

394 0 00000DOO0OO

O0000000000000000structure_evolution D 0 OO0 stress IO OO0O0O0OOOO

structure_evolution{
stress{
sw_stress=1
}
}

stress oooooo
sw_stress | 0O O0O0000000O0ODOO{ on,off }

3.10 0 0O O O Postproccesing(]

3.10.1 OO OO UODOSO

SCFOOOOOO0OOOO0oOboDboboDbbOoOOOOOOO0ObOOOoOoooOoObObODDDDD Opostprocessing
O0000O0O0dosO0ODOOOODOOO

postprocessing{
dos{
sw_dos = on
method = gaussian
deltaE_dos = 1le-4 hartree

dosOOOOOOODOOOODOODOOOODOOO

sw_dos ooooooooooboooooooooobo0ooooObo0ooooDoooooob onDoO
method 0000000000000 D0U00Ogaussian tetrahedral D OO0 O0O00OO0O00OO0O0ODOO0OD gaussian O [
deltaE dos | OOO0ODOOO0O00DOOOOO0DOOOOO0DOOOO0DOO0OO0DOOOOO0OO0O0O0OO00ORD 1le-4hartree J O L
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000000D0000D0 tetrahedral OO0 00000000 ODOODOOODOODOOOOODOODOO

- k000000 DD0O00DmeshODODOOOODODO

accuracy{
ksampling{
method = mesh
}
}

e smearing J 00000 tetrahedral D0 OO0 OO0

accuracy{
smearing{
method = tetrahedral
}
}

gobobbobboob0 gaussian 0000000000000 DOODOOODOOOOOODOOO

3102 00OO0O

SCFOO00O0O000ooboobooobobobooboooboobooooooooooboooooboooobooon
00000000 0bO0000b0000 PHASE-Viewer OO OOD0OO0O0OO0OODOOODOOOOODOOO
000D0D0DbO0bD0obOoDOoboOooOooO00O0O0OOpostprocessing 000 chargeD 000000000
goo

postprocessing{

charge{
sw_charge_rspace = on
filetype = cube

}

}

charge 100000000000 OOOOOOOOODO

sw_charge_rspace | 00 00000000000000000000000O0OOon00000000O0000O0O0OOC
filetype 000000000000000000000000density_only O cube 0 0 00 O O density_only O |
title GaussianCube 10000 000" D000 00000000000000000000 20000¢

O00OfiletypeO OO cube DO OO D0 OOOfilenamesdata0 0 00000000000 OO0OO0OOOO
oooooooooooooooDoon

&fnames

F_CHR = './nfchr.cube’
/

000o00o00O0b0000000 nfchrdatab 00O

O00000000DOo0oOoO0O0Dfilenamesdata 00000000000 nfchrecube 000000000
nfchr.up.cube O nfchr.down.cube 000 2000000000000 0O0OO0OOODOOODOOOOOODOO
ooooooooooog
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3103 0 O0O0OO/O0OooodoooOoboo0oooboooooooooo

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbooooboooboobobooooboobooboobooooobooooobooboooonoag

postprocessing{

frequency = 5

}

00 frequency 0000000000 O0O0O0O0O0OCOOO01000000000O00O0O00O0C0O0OOOO
000000000000 dos_iterxx.dataOD OO DO OODOOODO nfchr_iterxxdata DO OO0 O0O00OOOO
UxxOoboooooooboobooboobooobooboo@mobooooooooooboooobooo
gboooobooooooboo

3.11 0 00O 0O OO PrintLevelO

PHASE O outputOOO D O OO OOOOOCCOODOOOOOOOO100000000O00O0O00O0C0O0O0O
Oo00oo0oopoOoboOod printoutlevel 0O OD0OOO0OODO

printoutlevel{
base = 1

}

0000 printoutlevel 000000000000 O0DOOO0O0DOOOODOOOODOOOODOOOODOO
obobooooboooboool200b000bO00bOO0OOobOOoOoboooobOOooboobboobooOoooon
gbooooooboobo 1obooogobobobooobooboooobobboobooboobooDo

base gbobooOobooooobooooboobooooobooooboboooooobooon
timing | 000000000 O0O0OO0DOOOOCOOOO

input gbooobOoboooobobooog

solver | DO0OO0OOO0OO0OO0DOOO0OOCODOOOOOOOOOOO

spg gboooboooboooooboooooao

base=2 000000000 0OO0ODOOOOODODOOOOOOOODOOOO0OOOODOOOOODbOOODO
O0000o0o00ooOOo0o0oo0DOo0o0o0oDoO0o0ooobOObase=2000000D00O00O0ODOOO

3.11. 000 00O O PrintLevelO 95







97

40 0UOO0OOO0OO0Ooooo

41 0OO0OO0OOO

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gboooobobooooobooooboobooooboobooooobobooobooboobooono

411 0000000

ooooooboooOoooboboobboo0ooobooo0o0oobbooooboOOo0oO0Oon0n samples/
basic/Si8 00000000000 ODOORKOODO SisODOoOOObOo0ooOobOooboOoobooona
oboooooo41000000

Uo0oo00oopooo0oooobOonon filenamesdatad O OO O0OD0ODO

file namesdata 000000000 OOOO

&fnames

F_INP = './input_scf_Si8.data’
F_POT(1) = '../pp/Si_ldapw91l _nc_01.pp"
F_CHR = './nfchr.cube'

/

PHASEO OOOOOOOOOOOO0OOO0O0DOO0O0DO FPOTH)DOODOODOO FINPOOOOOOOO
00000000Si ldapw9l_nc Olpp 000000000 ODOOOOODOODOOO

O0000000D000 input_sef Si8data 0 D000 O0ODDOOO

Control OO0 OOO0O0OOO0O0OOCODOO0OO0OO0OODOOO0cpumaxO00000O0O0O0O0DOO0O0CODOODOO

Control{
condition = initial
cpumax = 3600 sec ! {sec|min|hour|day}

}

Accuracy OO O0OO000ODOO0OOO0OOODOOOO

accuracy{
cutoff_wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg
num_bands = 20
ksampling{
method = mesh ! {mesh|file|directin|gamma}
mesh{ nx = 4, ny = 4, nz = 4 }
}
xctype = ldapw9l
scf_convergence{
delta_total_energy = 1l.e-12 hartree
succession = 3

(booooooo)
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(Cooooooooo)

cutoff wfl cutoff cd0 OO0 O0D0O0O0O0O0DOO0OO0ODOOOOOOOODOOODOOO 9.0Ry O 36.0Ry
gboooobooboooooooobo

num bands UO0OO000000O0O0O0O0O0O0O0O0O0DOOOOSiOO 8000000000 0O0D0O 400
obooooobooboobobooob0oboob0ooooDobOooD sx4n2=l6000000 0DO0OO
num_bands U0 170 0000000000000 00O000Oksampling0000000K000D0DOOO
gbobooobooboooobooobooboobb4dx4x40000000 kOOOOOOOODOOOOO

xctype=1dapw91 DO OLDA OO ODOOOOODOODOOOOODOODOO

scf_convergence 0 0000000000000 0000DODO0OODOO0ODOOOOOODOOOO 10712
Harree 0O 000000000 O0O0O0O0300000000000000000O0O000O000O00COOAO

Stucture 00000000000 D0OO0ODODODOOOOODOO0DOODOODOOOOODOODOOOO
00 Bohr)O

structure{

unit_cell_type = primitive
unit_cell{
a_vector = 10.26 0.00 0.00
b_vector = 0.00 10.26 0.00
c_vector = 0.00 0.00 10.26
}
atom_list{
coordinate_system = internal ! {cartesian|internal}
atoms{
#default weight = 1, element = Si, mobile = 1
#tag rx ry rz
0.125 0.125 0.125
-0.125 -0.125 -0.125
0.125 0.625 0.625
-0.125 -0.625 -0.625
0.625 0.125 0.625
-0.625 -0.125 -0.625
0.625 0.625 0.125
-0.625 -0.625 -0.125
}
}
element_list{ #tag element atomicnumber
Si 14

}

atom list 0000000000000 O0O00O0OO0O0OO0O0OOOOO0O0O0OO0OO0O0OO0O0000000A0
O0element list 000000000 0ODOOOOOOODOO

Postprocessing 1 0D 0 OO0 O00OO0OO0OOOOOOOODOOODOOO

postprocessing{
charge{
sw_charge_rspace = ON
filetype = cube ! {cube|density_only}
title = "This is a title line for the bulk Si"

charge 1000000000 0OOO0O0DOO0O0CODOO0OOODOOODOOAOCfile_names.datad 00O F_CHR
00000boooboooDbOo0DOond filetype=cube 0D OO0 OOGaussiancube DO O OOOOOOMO
OO0OO0OOF CHRODODOOOODOOOOOO*cubeDODOOODODOOODODDOO Gaussian cube O O
OOOOPHASEViewer 0000000000000 OOOCOO0OOOOO0DOODOOODOOO

41. 00000000 99
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412 00000

PHASEOOOODODOOOODOOO

’% mpirun -np NP ../../bin/phase ne=NE nk=NK

UOOONPONEODNKOOODOOOOOODOOOOOODODOOOOOODOOOOOOODbOOO0O0O0
O000x0000000C0000O00C0O0O0DOO0O0DODOO0O0ODOOONP=NEx NKOOO OO
oboooooooboooooooon

goolicpuoooboooooboboo ooboooobooooon

% mpirun ../../bin/phase

oboboobobooooooooooooooooDobot owput0OO DD ODOODOODODODOODOOO
gbooobooboooobooboooboobooooboobooobooboboobooboon

% grep  TOTAL output®00

SiSsO0U0000000D0000 output0OO OO OODOOOOODOOOOODOOO

TOTAL ENERGY FOR 1 -TH ITER= -30.829890224786 edel -0.308299D+02 : SOLVER = MATDIAGON
TOTAL ENERGY FOR 2 -TH ITER= -31.552279425330 edel -0.722389D+00 : SOLVER = DAVIDSON
TOTAL ENERGY FOR 3 -TH ITER= -31.585338309210 edel -0.330589D-01 : SOLVER = DAVIDSON

TOTAL ENERGY FOR 4 -TH ITER= -31.587690531430 edel
TOTAL ENERGY FOR 5 -TH ITER= -31.587917448876 edel
TOTAL ENERGY FOR 6 -TH ITER= -31.587936739174 edel
TOTAL ENERGY FOR 7 -TH ITER= -31.587937104439 edel
TOTAL ENERGY FOR 8 -TH ITER= -31.587937141798 edel
TOTAL ENERGY FOR 9 -TH ITER= -31.587937146347 edel
TOTAL ENERGY FOR 10 -TH ITER= -31.587937147067 edel
TOTAL ENERGY FOR 11 -TH ITER= -31.587937147180 edel
TOTAL ENERGY FOR 12 -TH ITER= -31.587937147235 edel

-0.235222D-02 : SOLVER
-0.226917D-03 : SOLVER
-0.192903D-04 : SOLVER
-0.365265D-06 : SOLVER
-0.373598D-07 : SOLVER
-0.454873D-08 : SOLVER
-0.720142D-09 : SOLVER = SUBMAT + RMM3
-0.112617D-09 : SOLVER = SUBMAT + RMM3
-0.548042D-10 : SOLVER = SUBMAT + RMM3

SUBMAT + RMM3
SUBMAT + RMM3
SUBMAT + RMM3
SUBMAT + RMM3
SUBMAT + RMM3
SUBMAT + RMM3

SCrOb00obOobooooobobooobooboobooboooonoobn

413 0000000

goboboboobbOO0Ob00O0OFENFODOOOOOOOOODOO

Si80O0D00O00O FENFOOOO (DOOODOnfefndata) DO OO0O00D00OO0O00DOO

iter_ion, iter_total, etotal, forcmx
1 12 -31.5879371472 0.0000003022

0000000000 0000000 nfchrecube 000 0000D0O0OO0OD0OOO 0420000000
O0000000DOcubefileDOOO000O0OOO00ODO
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42 00000000 OOg
PHASEOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0OO0OO0O0O0O0O0O00O0O000O0
0000000000000 0o0o0o000o0oOb0000 OO0 0o0oooOooDoooOoooOooOoo
0000000000000, 0000000000 000O0O0000O0O0O00O0O0O0O00O0O0OO0O Oa
oOo0,O00 unit_cell_type OO OO0 primitive d Bravais OO OOOOOOOOOOO OOOOOOO
421 0000000

gooogoo

gbooooooooboo

unit_cell_type = primitive
unit_cell{
#units  bohr
a_vector = 0.00000 5.13000 5.13000
b_vector = 5.13000 0.00000 5.13000
c_vector = 5.13000 5.13000 0.00000
}

00000, unit_cell_type O primitive 0 0 Bravais U OO0 OOOOO

gbooooooooboo

unit_cell_type = Bravais

unit_cell{

#units bohr

a = 10.26, b = 10.26, c = 10.26
alpha = 90, beta = 90, gamma = 90
}

oo0O0dO,unit_cell_typed Bravais OO0 0000000000000 O0OO0O0OOO0OOOOOOOO
ogboooooo,0o0oboooooooboooboboobooboboooooobooboobbobbooboooon
oooo0oooboooooDoOoOd0k0ooooooboOo0oooobooooDO kOOOooooOoOoooooOOooDoOg
gbooooboobooooooooo

unit_cell type 000 Bravais OO0 0000000000000 OO0OOCOOOODOOODOOODOOODOOO
ooooooooooooogooo,oo,0oooboogooo,s,05050b000boobboobooOoo
O0000OBravais 0O OO0O00D0OO0O00DOOO00ODDO,latticesystemD0O0000000000O. O 4.1
gbooooooooon

00000 (thombohedra) DO OO0, 000000D00O0 (hexagona) DO OO DODODOOOOODOODOOO
gboobooboooobobooogob o 4300000.0

oboooooboooobooooo,b0obooboo,0bobooobooboooooboooboooboon
gooooboos3googobooo)yoooboobo(@oobobooooboLO)ooboooboOobooo
gbooboobooo,b420000000000000000D00000O0O0DOOOODOODOAO
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041:00000000O0

oo oood unit cellD OO0 | 00000 lattic _system O
oo gooooo
Oad (c) a a=a,b=a,c=a od @) primitive
alpha=90, beta=90, | O O (F) facecentered
gamma=90 oo bodycentered
ad () a,c a= a, b=a, c= c | OO (P) primitive
alpha=90, beta=90, | O O (I) bodycentered
gamma=90
Oad (o) a,b,c a=a,b=b,c=c oad @) primitive
alpha=90, beta=90, | O O (C) basecentered
gamma=90 oo @ facecentered
oo @ bodycentered
00 (h) a,c a=a, b=a, c=c | 00 (P) hexagonal
alpha=90, beta=90,
gamma=120
OO0 GmoOooad a,c a= a, b=a, c= c | OO (R) rhombohedral
ogooo alpha=90, beta=90, | O O (P) hexagonal
gamma=120
OO0 (m) a,b,c a=a,b=b,c=c oo @) primitive
B alpha=90, beta= g | OO (C) basecentered
gamma=90
Oad (a) a,b,c a=a,b=b,c=c od @) primitive
a, B alpha=a  beta=(
¥ gamma=-y

42. 0000O0O0OO0OOOO
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Y
a’ =ax
a . 3a .
b =-Z5 e 205 Q
c =c2 b"
aR
b
X
z=0
aH
O » O
z==¢
a” =a®—p* 3 cR
H wR R é)
b” =b"-c¢ ::%(

¢ =afrpf 4t

043 0000000000000.000000000000000000O000O0DOOO000O0.
aHpH cHOoODOoDOoOoOooODoOooooooo,aRfbRcRO00D0000D00000D0O00OON.

104 040 000000000OOODO



PHASE/0 Manual, 0 O 0O O 2021.02

042:.000000000000000.

ooooo |a b c
0
O000d]|ax ay az
(cP)
0000 |45+2) 4% 4y) Lx+y
(cF)
0000 | §(—x+y+32) | $(X-y+12) $(xX+y-12)
oogd (P) | ax ay cz
0000 () | 2(—ax+ay+ | 3(aX—by+cZ) | 2(aX + ay — c2z)
cZ)
0000 |ax by Z
(oP)
000 0| §(ax—0by) 3 (aX + by) z
(0C)
0000 i0y+c2) 2 (ax + cz) F(ax +cy)
(oF)
0000 (D) | 2(—ax+by + | 2(aX—by+cZ) | 3(aX + by — cz)
zZ)
0000 |ax o(—3R+5y) | @
(hP)
ooooo %§+23§§+ —g§+2?/§§+ _%§+%Cg
(hR) 1z 3z
0000 |ax by ¢(cos X + sin 0z)
(mP)
00 00 | i(ax—0y) 3 (ax + by) ¢(cos BX + sin fz)
(mC)
0000 |ax blecosyx  + | ¢ (cos Bx  cona—cosfeosy C“”?)
(aP) sinyy) I \/1 _ cos? atcos? Bs;s;ssacosﬁcos 15
0oooao

gboooobobooo,bobobobooboobooboboboobobobobboboooo

gboooogoao.

oboooooooobooo

00 crystal_structure 0, 0000000000 0O0O. 000O0O,00000 diamond, hexagonal, fcc, bee,
simple_cubicd 50000000 SiODO0OOOOOO0OCOCODOODOOO diamondODO.

oboooooobooooooo

method 0 0 0 automatic 000 00000,000000000000000tspaced 0000 lattice_system
O000,primitive 0000000 O0OO0OOOOOODOOOOO

42. 0000O0O0OO0OOOO
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symmetry{
method = automatic
tspace{
lattice_system = facecentered !{rhombohedral |hexagonal |primitive|facecentered|bodycentered|basecentered}
}
}

gbooooooboooon

U0000Owpace 00O OD0O0OO0OODOOSiODOOODO,tspace00000O0OOOODOOODOO.

tspace{
lattice_system = facecentered !{rhombohedral|hexagonal |primitive|facecentered|bodycentered|basecentered}
num_generators = 3
generators{
#tag rotation tx ty tz
IE 0 0 0
C31+ 0 0 0
C4X+ 1/4 1/2 3/4
}
}

U0, 0000000000 Ilattice_system = facecentered O, OO, DODOOOO 3 000000
num_generators =3 0000000, OO generators DO O, IE, C31+, C4X+ 0, 0000 300000
oooooooood

obooooobooooboobooo

oooogooooo,0oocoooooobob.bob,000boboboobODOoboobooOoob.obo
Ub0oobo0ooobOoobDdn generators OO OO rotation 000000000 0O0O0.000000
gboboobooooooooooooo.oo,0b0o,0b00o0o0o0o0oooooow0 Xyoooono.
obo0o,0b0o00o0oboobobooobooboooooboooooon.

goo,0o0ood.

1 E X Y z 13 IE -X -Y -z
2 Co6+ W X A 14 IC6+ -Ww X -z
3 C3+ -Y W z 15 IC3+ Y -w -Z
4 c2 -X -Y Z 16 IC2 X Y -z
5 C3- - X z 17 IC3- w X -Z
6 C6- Y -w A 18 IC6- -Y w -Z
7 211 -w Y -z 19 IC211 w -y z
8 c221 X w -z 20 IC221 -X -W z
9 c231 -y X -Z 21 IC231 Y X Z
10 c212 w -y -z 22 IC212 -W Y z
11 222 X -W -Z 23 IC222 X W A
12 €232 Y X -z 24 IC232 -Y -X z

gboo,00b000o00n

1 E X Y z 25 IE -X -Y -Z
2 c2X X -Y -Z 26 IC2X -X Y YA
3 2y -X Y -z 27 IC2Y X -Y z
4 c2Z -X -Y z 28 IC2Z X Y -Z
5 C31+ Z X Y 29 ICG31+ -2 -X -Y

6 32+ -Z X -Y 30 IC32+ Zz X Y

7 3+ -Z X Y 31 IC33+ z X -Y

8 C34+ z -X -Y 32 IC34+ -Z X Y

9 C31- Y A X 33 Ic1- -y -z X

10 C32- Y -z X 34 IC32- -Y z X

11 (33- -Y Zz X 35 IC33- Y -z X

12 C4- -Y -Z X 36 IC34- Y Z X

13 C2A Y X -Z 37 IC2A -Y X z
14 C2B Y X -Z 38 IC2B Y X Z
15 c2C z -Y X 39 IC2C -Z Y X
16 c2D -X A Y 40 IC2D X -Z -Y
17 C2E -z -Y X 41 IC2E z Y X
18 C2F -X -7z -Y 42 IC2F X z Y
19 C4X+ X -z Y 43 IC4X+ -X z -Y

(booooooo)

106 040 000000000OOODO




PHASE/0 Manual, 0 O 0O O 2021.02

(Cooooooooo)

20 C4y+ z Y X 44 IC4Y+ -Z -Y X
21 C4zZ+ -Y X z 45 IC4Z+ Y X -Z
22 C4x- X z -Y 46 IC4X- -X -Z Y
23 c4y- -Z Y X 47 IC4Y- z -Y X
24 C4z- Y X z 48 IC4zZ- -Y X -Z

Ub0.,.0000000000 generators 10000 tx,ty, tzOOOOOOOOOOO.0000000O000O
oooooooooooo.

gboooooobooon

gbobooodgobo,bobobooobgobo,0oboobooboboboobooobobobobobo

gbooooboooobooboooobobooooobooobooobooboooobobooooooboon
ooog

atom_list{
coordinate_system = internal ! {cartesian|internal}
atoms{
#units ! {angstrom(cartesian) bohr(cartesian)}
#tag rx ry rz weight element mobile
0.125 0.125 0.125 1 Si 1
-0.125 -0.125 -0.125 1 Si 1

gboboobooobooobdgiOUOsymmetry UODOODOOO sw_inversion=on U0 00000000 0O00OO

structureq{
symmetry{
sw_inversion = on

}
}

obooooboobOooooboooobooonD weight 00000000 O0OOO0OO0OOOOOOOOOOOO
gobobobobbooboobooboobooDb swinversion=on 0000000000 OO00OO

atom_list{
coordinate_system = internal ! {cartesian|internal}
atoms{
#units ! {angstrom(cartesian) | bohr(cartesian)}
#tag rx ry rz weight element mobile
0.125 0.125 0.125 2 Si 1
}
symmetry{

sw_inversion = on
}
}

weight 0000 200000000000000000O00DOO0OO0ODOOO

0 200000000000000000000000,000ption0000000O00O0OOOCOO O
g, ggbggbgobogboaoboobooba,ogbooboboboboaoboobuoobaboa
gobogbogbD swinversion=on 0000000000000 000O00O00O00O0O00OOOOOO0OO
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422 0000000000 (Si2)

ooooooooooooooobooooboboOoooboooo200b0b000D0000OO000OObOO 2
ooooo S, 00000000000 0440 S, 0000000DO

000000 samples/basic/Si2 00O O

044 S, 00000000000 20000000000¢0

SCFOO
SCFOO00O00O0O000DOO000DDOOO00DOO samples/basic/Si2/scf 000

0000 filenamesdata 00 00000000000 O0D00DOOOOODOOOOOOODOO

F_INP = './input_scf_Si.data'
F_POT(1) = '../../pp/Si_ldapw91_nc_01.pp'
F_CHGT = '../scf/nfchgt.data’'

108 040 000000000OOODO




PHASE/0 Manual, 0 O 0O O 2021.02

0000 b0O0Obo0oO0boOoOnbdderystal_structure 0O diamond DO 0OO0O0OOOOOOOOO

accuracy{
cutoff_wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg
num_bands = 8
}
structure{
unit_cell_type = Bravais
unit_cell{
a = 10.26, b = 10.26, c = 10.26
alpha = 90, beta = 990, gamma = 90
}
symmetry{
crystal_structure = diamond
}
atom_list{
atoms{
#tag rx ry rz element
0.125 0.125 0.125 Si
-0.125 -0.125 -0.125 Si
}
}
}

00000000000 num bands D00 0OO0O00OD0 20000 8000000D0

PHASEOOOOOOO

% mpirun ../../../bin/phase

oddoddodiile namesdata0 000000000 CO0OO F. CHGTOOOOOOOOOOUO nfchgt.data
gooooobooboooboobooooboboobooog

0000 (DOS)0 00

oooooboSOObOboOnO0bO0O0Db0OnO samples/basic/Si2/dos0 O O0O00OODOOOOODOONO
obooooooooooooboScFOobogooooooboobooooobobboooobooobooDo

SCFOODOOODOOOO0OD0OO0OO0OD nfehgtdata OO0 OO OOO0DOOOOOOO SCFOOOOOODOOO
OO00Ofilenamesdata 0000000000000 0OOOOOCOOOOOOO

F_INP = './input_dos_Si.data’'
F_POT(1) = '../../pp/Si_ldapw9l_nc_01.pp'
F_CHGT = '../scf/nfchgt.data’'

F_ENERG = './nfenergy.data’

FCHGTOOUOOODOODOOODOOODOOSCFOOOOODOooOOoooooooooooooooo
input_dos_Si.data O nfchgt.datad 20000000000 input_dos_SidataO OO0 OSCFOOODOOOO
OO0 input_scf Sidata OO0 0O OD0OOOOOOODOOO

Control{
condition = fixed_charge
}
accuracy{
cutoff_wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg
num_bands = 8
ksampling{
method = mesh
mesh{ nx = 4, ny = 4, nz = 4 }
}
smearing{
method = tetrahedral
}
xctype = ldapw9l

(oooooon)
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(Cooooooooo)

initial_wavefunctions = matrix_diagon
matrix_diagon{
cutoff_wf = 9.00 rydberg

}
ek_convergence{
num_max_iteration = 200
sw_eval_eig_diff on
delta_eigenvalue 1.e-8 hartree

succession = 2
}
}
postprocessing{
dos{
sw_dos = ON
method = tetrahedral '{ tetrahedral | Gaussian }
deltaE_dos = 1l.e-3 eV
nwd_window_width = 10
}
}

00000000 ControlDOODOOSCFOOOODOOOODOOOOOODOOODOOODODODOOODDOO
O0ksampling 00 A 00000000 4x4x40smearing 000000000000 O ek_convergence
U00000o0booooogbOPostprocessing 000000000000 OOODOOOOODOOOOOO
ooooooooooboooboo0o0ooooooooboobo0o0o0ooooooDoO0O0O0ODb0O0 ekecald
ooooOo0oOo0ooo0OoooDon

% mpirun ../../../bin/ekcal

O000000OOOnfenergydata 00000000000 D0OOCOO0O0OODODO AkOOOOODOOO
obooooobooooobOobobo booobooboooobooboooooboooooboOoboboonog

num_kpoints = 141
num_bands = 8
nspin = 1
Valence band max = 0.233846
=== energy_eigen_values ===
ik = 1 ( 0.000000 0.500000 0.500000 )
-0.0484324491 -0.0484324491 0.1258095002 0.1258095002
0.2619554320 0.2619554320 0.6015285289 0.6015285289
=== energy_eigen_values ===
ik = 2 ¢ 0.000000 0.490000 0.490000 )
-0.0540717117 -0.0427149546 0.1258687813 0.1258687813
0.2607026827 0.2633829946 0.6006244013 0.6006244013
=== energy_eigen_values ===
ik = 3 ¢ 0.000000 0.480000 0.480000 )
-0.0596299923 -0.0369220783 0.1260465996 0.1260465996
0.2596226501 0.2649874134 0.5980547648 0.5980547648
=== energy_eigen_values ===
ik = 4 ¢ 0.000000 0.470000 0.470000 )
-0.0651046420 -0.0310567694 0.1263428799 0.1263428799
0.2587131916 0.2667706685 0.5941566835 0.5941566835
=== energy_eigen_values ===
ik = 5 ¢ 0.000000 0.460000 0.460000 )
-0.0704931128 -0.0251220735 0.1267574962 0.1267574962
0.2579721226 0.2687346642 0.5892968047 0.5892968047

oooz200000000k000D0O0CO0000DOD30DO0O000O0ODOO0O0O0OO0OODDOODOOO
oboooooobobo400b00b0oobooboboboooobooooobobboooog

O00despl0D0O0O00 O0DOOOODOOOODOOODOODOOODOODOOODOOOOEIDDOOO
E200000

% dos.pl dos.data -erange=El,E2 -color

OO000O0OPostscriptd 0 00O OOO density_of_states.eps 1O OO OO0 O0O0O-with_fermi OO0 OO
0000000000000 00000000000 0000000000 ooOooOooooooboobDoooO
0000000000 00000 00000000 O00000O0O0bO00000O0O000000o
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goboboobooboaoobooobgan

% dos.pl dos.data -erange=-13,5 -with_fermi -color

Si, 00000000 45000000

045 8200000

gooaoo

0000000000000 00000 samples/basic/Si2/band O 0O file_names.data OO0 OO0 O OO0
0000000000 00000o00

F_INP = './input_band_Si.data'
F_POT(1) '../../pp/Si_ldapw91l_nc_01.pp'
F_KPOINT '../tools/kpoint.data’

F_CHGT = '../scf/nfchgt.data’'

0000000 input_band_SidataODO kOO OOD0OO kpointdata OO OO O OOOD0OOO0OODO

000000 kpoint.data 0 O 0O OO band_kpoint.pl DO 0O OO OO OO band_kpoint.pl O FCCO DO OO
00000 samples/tools/bandkpt_fcc_xglux.in OO0

% band_kpoint.pl ../../../tools/bandkpt_fcc_xglux.in

gbooooboboboobobooboobOekcalDOOOODOO
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% mpirun ../../../../bin/ekcal

O00000 nfenergydata 000000 bandpl DO OO0 ODODOOOOODOODOOOO

OO0 bandpl OO OOOOODOOODOOPostscript I 00 OO OO band_structure.eps DO OO OO OO

% band.pl nfenergy.data ../../../tools/bandkpt_fcc_xglux.in -erange=E1l,E2 -with_fermi -color

gboooboooooooobooboobooOob E10000 2000000 E1=-130 E2=50000
obooooooooooon

% band.pl nfenergy.data ../../../tools/bandkpt_fcc_xglux.in -erange=-13,5 -with_fermi -color

Si2000000000 46000000

Brergy (o)

=
~
-
c
=

O46:S2000000

43 0000000 OO0ODOO

gbooooboooboobooboooobobooooobooobooboobooooboboooobooboon
gbooooooooon

gboboooboobobooboboobooooboboboobooboooboboobobooboobon
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431 000000

gooogobood

gbooooboboooboobooooboboooonbdn samples/basic/becec_FeO OO

Control{
condition = initial
cpumax = 3  hour
max_iteration = 250
}
accuracy{
cutoff wf = 25 rydberg
cutoff_cd = 225.00 rydberg
num_bands = 20
ksampling{
method = mesh
mesh{ nx = 10, ny = 10, nz = 10 }
}
smearing{
method = tetrahedral
}
xctype = ggapbe
scf_convergence{
delta_total_energy = 1l.e-10 hartree
succession = 3
}
}
structureq{
unit_cell_type = Bravais
unit_cell{
#units angstrom
a = 2.845, b = 2.845, c = 2.845
alpha = 90, beta = 90, gamma = 90
}
symmetry{
crystal_structure = bcc
}
magnetic_state = ferro
atom_list{
atoms{
I#tag rx ry rz element
0.000 0.000 0.000 Fe
}
}
element_list{ !#tag element atomicnumber zeta dev
Fe 26 0.275 1.5 }
}
Postprocessing{
dos{
sw_dos = ON
method = tetrahedral
deltaE = 1l.e-4 hartree
nwd_dos_window_width = 10
}
charge{
sw_charge_rspace = OFF
filetype = cube
title = "This is a title line for M bcc Fe"
}
}
printlevel{
base = 1
}
goooood

OO0 crystal_structure 0 OO0 00000000 (becOOOO)OODOOOOOODOOOO.00000O0O
obooobooboooboboobooboooboooo,obobc1obobooboooo.coboobooooboon
OD0O000oboboOoobooOoOgOd. erystal_structure d bece 00000000 OD0OODODOOODOOO
gboooobooooboob,obogbooboooboobooooboobn

obooboooooobooo
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0000000000, magnetic_state O ferro0 00O OO O

structureq{
magnetic_state = ferro !{para|antiferro| ferro}

}

gboo,00boooobobooboobooobooboboooo.oooobooboon,

element_list{ #tag element atomicnumber zeta dev
Fe 26 0.275 1.5
}

Ozta=027500000000,00000000000000000000000,00000 ¢ =
(ny —ny)/(n+n)) 00000000000,

gobogooo

obooooboooo,oboogboboutput0OO O 0OO0OO0ODOOOOOODOOOOOOOOOODOOODOO.

% grep charge output®® | grep NEW | more

I*-——  input-file style = NEW

INEW total charge (UP, DOWN, SuM) = 4.91749982 +) 3.08250018 =) 8.00000000
INEW total charge (UP, DOWN, SUM) = 4.75677803 +) 3.24322197 =) 8.00000000
INEW total charge (UP, DOWN, SuM) = 4.64472738 +) 3.35527262 =) 8.00000000
INEW total charge (UP, DOWN, SuM) = 4.55104317 +) 3.44895683 =) 8.00000000
INEW total charge (UP, DOWN, suM) = 4.47221206 (€] 3.52778794 =) 8.00000000
INEW total charge (UP, DOWN, SuM) = 4.46057861 +) 3.53942139 (=) 8.00000000
INEW total charge (UP, DOWN, suM) = 4.48476557 ) 3.51523443 =) 8.00000000
INEW total charge (UP, DOWN, SuM) = 4.52141098 +) 3.47858902 =) 8.00000000
INEW total charge (UP, DOWN, suM) = 4.56555794 +) 3.43444206 =) 8.00000000
INEW total charge (UP, DOWN, SuM) = 4.61364243 +) 3.38635757 =) 8.00000000
INEW  total charge (UP, DOWN, suM) = 5.11286684 +) 2.88713316 =) 8.00000000
INEW total charge (UP, DOWN, SuM) = 5.11285665 +) 2.88714335 =) 8.00000000
INEW total charge (UP, DOWN, SuM) = 5.11284790  (+) 2.88715210 (=) 8.00000000
INEW total charge (UP, DOWN, SuM) = 5.11284030  (+) 2.88715970 (=) 8.00000000
INEW total charge (UP, DOWN, suM) = 5.11283035 +) 2.88716965 = 8.00000000
INEW total charge (UP, DOWN, SuM) = 5.11282059 +) 2.88717941 =) 8.00000000

0o00,00000000¢=(Mny—ny)/(ny+n))0000,000 ¢=0278200000000000
gbooooooao.

gobobooboobooboobobobobbooboobooooboaan

% grep charge output®@® | more

F_CHGT = ./nfcharge.data opened = false

I*%* _—-  charge preconditioning ---

1*#*  sw_charge_rspace = 0

! charge_filetype = 1

! charge_title =

1*% deviation( 1) of the Gauss. distrib. func. for the initial <charge construction = 1.50000
F_CHGT = ./nfcharge.data

F_CHGT = ./nfcharge.data

Il total_charge = 8.000000 (m_CD_initial_CD_by_Gauss_func)

I0LD  total  charge (UP, DOWN, suM) = 5.10000000  (+) 2.90000000 (=) 8.00000000
INEW  total charge (up, DOWN, suM) = 4.91749982 +) 3.08250018 =) 8.00000000
I0LD  total charge (UP, DOWN, SuM) = 4.91749982 +) 3.08250018 =) 8.00000000
INEW total charge (UP, DOWN, suM) = 4.75677803 ) 3.24322197 =) 8.00000000
I0LD  total charge (UP, DOWN, SuM) = 4.75677803 +) 3.24322197 = 8.00000000
INEW total charge (UP, DOWN, SUM) 4.64472738 +) 3.35527262 = 8.00000000
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432 0000000

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
ooooog

ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
UOO0OPHASEOUODOOOOOOOOODOOODOOODOOOOOOOOOOOOOOOOOOOOOoOOn
obooooboobobooboobooooboboooboOobooon

gbooooao

gobobooboobooboobooboobobbooboo

gbboobooobooobooboo0ooboobbooobo0oobooboOo0bOdd magnetic_state O
ferro0 000000000000 OCOCrOOO0O0O0OOOO0O0O0OOOCr1OC2000000000

element_list{
#tag element atomicnumber zeta
Crl 24 0.3
Cr2 24 -0.3

CrlO0 C20002000000000000000O000O000O000O00O0 o03,-0300000000000
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
oboooboobooooobobooooobooog

atom_list{
atoms{
#tag rx ry rz element
0.000 0.000 0.000 Crl
0.500 0.500 0.500 Cr2

gboooogo crlbooboobobooo cr0obooobooo

O00000D0O0ODOO0OUOmagnetic_state d ferro0 000000

magnetic_state = ferro ! {para|ferro} |

file names.data 0 0000000000000 O0O0O00OOCOO0ODOOOO

&fnames
F_INP = './nfinp.data’
F_POT(1) '../../Cr_pawl.pp'
F_POT(2) '../../Cr_paw2.pp'
/

Cr_pawl.pp O Crpaw2pp 00000000 O0OOO0OOODOOOOOOOOODOODOOOOOOO0OCKH,Cr20
ooooooooooooobobooobooboooon

gbooooboooooobobooobooboooobOoboooooboooooboOobooon
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44 00000

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa

441 00O0O0D0O0OO

gbooooboooobobooooboooobooobooon

accuracy OO oboooooooobboobboobbooboaoboaobooboaoboaboabooan
gobogoooboooboood

accuracy{

force_convergence{
max_force = 1.0e-3  hartree/bohr

}

max_force 000000000102 hartree/bohr 0 O O

Structure U0 00000000 atom_list 0 mobile 0 000000000000 OO0OO0O0 100000
oooooooboooooobooooboooboo*mbOobn

structure{

atom_list{

l#tag element rx ry rz mobile
Ba 0.0000 0.5000 0.05 0
0 0.5000 0.0000 0.05 1
Ba 0.5000 0.0000 0.15 1
0 0.0000 0.5000 0.15 1

oboobOol1o00o BabOOoOoOOoOooOOooooOoOob20004000 00003000 BaOOOOO
oboooooooobooo

xy,z000OO0D00O0O0O0O0O0DO0O000O00D0O0O000O00D00O00D0O0DDOOOOmobilex, mobile,
mobilez OO OO0 000D O OO O mobilex, mobile, mobilez D0 OO Omobile D00 DO O0O0O0D0OODODO
ooooo

structureq{

atom_list{

l#tag element rx ry rz mobile mobilex
Ba 0.0000 0.5000 0.05 01
0 0.5000 0.0000 0.05 10
Ba 0.5000 0.0000 0.15 11
0 0.0000 0.5000 0.15 10

oboboool1ogb BalOOxO0OOoOoOoOo20000040000000y000 0000003
000 BaOOOxy,zOODOOOOOOOOOOOOO

structure_evolution D D OO0 0 O00O0O00O0O0O0O0O0O0O00O0O0O
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structure_evolution{
method = quench
dt = 50

method oooooooooboooooon
00oo0b0b0O00O00dobuench (quenched MD
O)Ceg(CGO)xg2 M1 00O CG U Ckdiis (GDIIS O ),
bfgs BFGS O), fire (FIRE O ; O 0 0O O O 2020.01
O0), Ibfgs(LBFGSODODOOOODO 2021.0100)
00000000000 000000D bfgsOOO
dt Oo0oo0o0oDbOoOOooo0oooOooooboooDo
oo0oo0o0oDoOoooooboOoobooooDo
goo0oo0ogooooooooooooooooo
OoooDoooooboo woonon

GDIIS, BFGS, LBFGS O OO0 OO0

GDISOODOOO BFGSOODDODOOOOOOoODOOOOOoOoOoOoODOoOoOoooooooooooooood
OO0 quenched MDO O CGOOOOUODOODOODOOOOODOODODOO GDIOSBFGS) DO ODDOODOOO
000000000 0OGDISBFGSH) I ODO00000D0OD0OODOODOO0DOODOODOO0DOOOooDOoooa
initial_method O c_forc2gdiis U0 0D OO ODOOOOOOODOO.

structure_evolution{
method = gdiis
dt = 50
gdiis{
initial_method = «cg
c_forc2gdiis = 0.0025 hartree/bohr

O0O00OO0OODOGDIS,BFGSODOO gdiisOODOOO0OODOOD initial_method O cg2, c_forc2gdiis O 0.05
hartree/bohr O (0 O

FIREDOOOOOOOOOOOO 202001000

method 0 fire 0 0 0O 0O OO FIRE O (E. Bitzek F. G dhleret, M. Moseler, and P. Gumbsch, Physical Review
Letters, 97 (2006) 170201) OO OOOOFIREOO quench 00000000000 OOCOOOOOODOO
doodoOoooOoOoOoo0o0ooooooobooboooooa

1. 0000 FOOOvODOOOPOOOOOO
2vO0(l-a)-v+a glVIODOO

3.PO00000000C0POODOODOODOOD Ny 0OOODOODODOO0ODOO0OD0OOO0O
0000000000 At fine D Atmax 000000000000 000000 feeeDOOOO
ooooo
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4. POO0O0OD0O0DOOOOOOOOOOOOOD f.00000000000000000000
0000000000 agay 000000

000000000 MO0000 (P>000000000000000000000000000000
O00D0O0OC0OOO0O0OCOFREDOOOO OO0 O O astart, Nmins fines Atmax, fa, faee 000000000
000000000000000000000000

structure_evolution{
fire{

incre_factor = 1.2
decre_factor = 1/1.2
decre_factor_alpha = 1/1.2
alpha_start = 1
nmin = 3
dtmax = 300
initial_dt = 100
invmass_factor = 2.e-5

incre_factor 0 fi,. , decre_factor 0 fqec , decre_factor_alpha f,,nmin O Ny, , dtmax O Aty , alpha_start
O aget 00000000 OGnitial_ ddOO00000000O0Oinvmass_faccor0 00000000000
obOoooooooobOoobOo0bOoobOoobOOoooOoOooooOoonoog

mobile D000 000000000 OOOOOOOOOUOOOOO DOOODOOODOOOODOOOO
OoQoOooo 202001000

oboboOo?202001000 DODODODOODOOOOOOO mobileDOOOOO" ODODODOODOOO
O000D0000000000000000000 xADODOOODO mobileJ0OODOO0OO0OOO
gboooobooboooboboooooboooooaon

structure{
sw_mobility_by_distance = on
mobility_by_distance{
target_atom = 66
target_posx = 0.2
target_posy = 0.2
target_posz = 2
distance = 5 angstrom

structure J O 0O 0 0 OO sw_mobility_by distance 0 on DO D O00OO0OOO0OOODOOOODOOOO
OO0 aoms 00D O0000O0ODO0ODOO0OOOODOODODOOOOODODOOOOOODODODOO mobil-
ity_ by distance 000000000000 OOtarget atom 0000000000 IDODOOOODODOO
oooDoOo0ooooOo000DoOo0o00Do0o0oooo0oooDooooooo0oooDoOoOooondtar-
get_posx, target_posy, target poszU OO DO OO O0O00O0O0O0O0O0O0O0O x,y,z0000000000O000O0O
0000000 O00O0DOdistance 000000000 D0OODOO0O0OO0O0ODODOOOOOSADOOO
000000 mobile=on, 0000000 mobile=off OO0 OOOOO
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442 0000000

OUOO0O0OO0ODODODOOFENFODODO @OOOOOOOOOnfefndata)D00000000DO00ODOOOO
OO00O0OO0OOFDYNMOOOO(@OODOOOODOOnfdynmdata) DOO0O00D00OO0O00DOOCOO0ODO

443 00000000 DOOOOOOO0O
ddddooooOo0dodooooOo0ododoooooodoooooOobOoo0oogooooooa
0000000000 000000 samples/basic/Si2/relax 000

gooooo

0000 file_names.data DO OO0 00O 0ODOODO input_relax_SidataD 00000000000 0ODOOOO
000000000000 nfdynmdata000O000OODOOO

F_INP = './input_relax_Si.data’'

F_DYNM = './nfdynm.data’

000000 input_relax_Sidata 0000000 0.1250000 0.1300000000000000000
O00000000O0OD0COmobile00000 yesOOOOOOODOOOODOOOOO

structure{
atom_list{
atoms{
#tag rx ry rz element mobile
0.130 0.130 0.130 Si yes
-0.130 -0.130 -0.130 Si yes
}
}

}

accuracy 1 0 0D O0D0D0O00OO0OO0O0OODOOOOOODOOO0

accuracy{
force_convergence{
max_force = 1.0e-3
}
}
ogooo

00000000000 nfdynmdata000000000O

#
# a_vector = 0.0000000000 5.1300000000 5.1300000000
# b_vector = 5.1300000000 0.0000000000 5.1300000000
# c_vector = 5.1300000000 5.1300000000 0.0000000000
# ntyp = 1 natm = 2
# (natm->type) 1 1
# (speciesname) 1 Si
#
cps and forc at (iter_ion, iter_total = 1 34 )
1 1.333800000 1.333800000 1.333800000 -0.010794 -0.010794 -0.010794
2 -1.333800000 -1.333800000 -1.333800000 0.010794 0.010794 0.010794
cps and forc at (iter_ion, iter_total = 2 53 )
1 1.331707297 1.331707297 1.331707297 -0.010402 -0.010402 -0.010402
2 -1.331707297 -1.331707297 -1.331707297 0.010402 0.010402 0.010402
cps and forc at (iter_ion, iter_total = 3 75 )
1 1.327597870 1.327597870 1.327597870 -0.009614 -0.009614 -0.009614
2 -1.327597870 -1.327597870 -1.327597870 0.009614 0.009614 0.009614
cps and forc at (iter_ion, iter_total = 4 100 )

(oooooon)
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1 1.321624355 1.321624355 1.321624355 -0.008433 -0.008433 -0.008433

2 -1.321624355 -1.321624355 -1.321624355 0.008433 0.008433 0.008433
cps and forc at (iter_ion, iter_total = 5 127 )

1 1.314015753 1.314015753 1.314015753 -0.006865 -0.006865 -0.006865

2 -1.314015753 -1.314015753 -1.314015753 0.006865 0.006865 0.006865
cps and forc at (iter_ion, iter_total = 6 155 )

1 1.305076108 1.305076108 1.305076108 -0.004930 -0.004930 -0.004930

2 -1.305076108 -1.305076108 -1.305076108 0.004930 0.004930 0.004930
cps and forc at (iter_ion, iter_total = 7 184 )

1 1.295180554 1.295180554 1.295180554 -0.002671 -0.002671 -0.002671

2 -1.295180554 -1.295180554 -1.295180554 0.002671 0.002671 0.002671
cps and forc at (iter_ion, iter_total = 8 213 )

1 1.284767108 1.284767108 1.284767108 -0.000159 -0.000159 -0.000159

2 -1.284767108 -1.284767108 -1.284767108 0.000159 0.000159 0.000159

oboboo#0000000000O0C0O0O0O0O0O0OO0obOO0obOobOOobObOoOoOoooOooOOobOOobOooboOon
oooooooooooooobooobobooboo 4b0booooobobooboboobooobooo
300000000000000DO0O00000ODOO0OOODOODO0OO0O0 3DbO0OOoOoOooDbon
gbooooboobooooooooo

goobooo20000000000000 (x,y,z,bohr U O0HOO DO OO OODO (x,y,z, hartree/bohr O [ )
0oo0doo0o0doo0odooDooooooDOooDo0doodoooooooDoooDooooooOoooa
0000000000000 DO000DO000DO000000O00000DO00bOO00bOO0oDoDoOoooOoooa
ooooooooooooobOoobooboooooooooao

45 00000

451 0 0000O0O0O0ODOOO

PHASEO OOOOOOOOODOODOOODOOOOODOOOOOOO0ODOOO0ODOOO0ODbOOO0bObO0bOoDOO
goooobgooooo* oo goooboboooboboboooboobobooboboooobobog
0000000000000 0000000000000000000010A0000000000000
oboooOoboobOOoboooooboobOobOo ob0o00oDb00n samples/surface/H_Si®01_p2x1 [0
gbooobooooboobooobooboooo470b00ob0obobooboooobbooboboboOoDboon Si
gbooooobooobooboobooooboobooood

00000000 filenames.data O OO

&fnames
F_INP = './input_SiH2x1.data'
F_POT(1) = '../pp/Si_ldapw91l_nc_01.pp"
F_POT(2) = '../pp/H_ldapw9l_nc_01.pp'
/

F POT(HO F POT2)OOSidOO HOOOOOODOOOOOOOOOoOOooOOo
oooooooooboo

kOOoOooooooooooo

accuracy{

cutoff_ wf = 15.00 rydberg

cutoff_cd = 60.00 rydberg

num_bands = 25

ksampling{

method = monk ! {mesh|file|directin|gamma}
(Cooooooo)
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047:000000 Si00)-p2x 1)ODOOOOO
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mesh{ nx = 2, ny = 4, nz = 1 }
kshift{ k1 = 0.5, k2 = 0.5, k3 = 0.0 1}

ooooobooooooobo0oooooobokOo0oooooDobDkR, 000D 100000DODODO0OO

structure{
unit_cell_type = primitive
unit_cell{
a_vector = 14.512 0.000 0.000
b_vector = 0.000 7.256 0.000
c_vector = 0.000 0.000 30.784
}
symmetry{}
magnetic_state = para ! {para|af|ferro}
atom_list{
coordinate_system = internal
atoms{
#default weight = 1, element = Si, mobile = 0
#tag rx ry rz element
0.26177 0.50000 0.65651 H
0.73823 0.50000 0.65643 H
0.34138 0.50000 0.56971
0.65858 0.50000 0.56966
0.26229 0.00000 0.49388
0.73763 0.00000 0.49385
0.00000 0.00000 0.41498
0.50000 0.00000 0.40298
0.00000 0.50000 0.32769
0.50000 0.50000 0.32150
0.25000 0.50000 0.24167
0.75000 0.50000 0.24167
0.25000 0.20000 0.18269 H
0.25000 0.80000 0.18269 H
0.75000 0.20000 0.18269 H
0.75000 0.80000 0.18269 H
}
}
}
postprocessing{
charge{
sw_charge_rspace = ON
filetype = cube 1 {cube|density_only}
title = "Si(001) p(2x1) surface terminated by H atoms"
}
}

atoms U0 000000000 O0O000O0O0 SiOD000000000COCOelementd HOOOOOOOO
oboooooobo sibooboooobobooboobobobod mobile=00000000O0O0OO
gobooboooboooboooboon

gep0000000O0OCOO0ODOOO0OCODOOOOOOOOOOOOOOOOOOODOOOOO

% grep TOTAL output®00

TOTAL ENERGY FOR 1 -TH ITER= -41.206501960258 edel = -0.412065D+02 : SOLVER =
MATDIAGON
TOTAL ENERGY FOR 2 -TH ITER= -42.928541839902 edel = -0.172204D+01 : SOLVER = DAVIDSON
TOTAL ENERGY FOR 3 -TH ITER= -42.956734520103 edel = -0.281927D-01 : SOLVER = DAVIDSON
TOTAL ENERGY FOR 4 -TH ITER= -42.960659333525 edel = -0.392481D-02 : SOLVER =
SUBMAT + RMM3
TOTAL ENERGY FOR 5 -TH ITER= -42.961623666220 edel = -0.964333D-03 : SOLVER =
SUBMAT + RMM3
TOTAL ENERGY FOR 6 -TH ITER= -42.962559338199 edel = -0.935672D-03 : SOLVER =
SUBMAT + RMM3
TOTAL ENERGY FOR 7 -TH ITER= -42.964136746929 edel = -0.157741D-02 : SOLVER =
SUBMAT + RMM3
TOTAL ENERGY FOR 8 -TH ITER= -42.964791285123 edel = -0.654538D-03 : SOLVER =
SUBMAT + RMM3
TOTAL ENERGY FOR 9 -TH ITER= -42.964953052183 edel = -0.161767D-03 : SOLVER =
SUBMAT + RMM3
TOTAL ENERGY FOR 10 -TH ITER= -42.965045860995 edel = -0.928088D-04 : SOLVER = SUBMAT
+ RMM3

(oooooon)
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TOTAL ENERGY FOR 11 -TH ITER= -42.965076083146 edel = -0.302222D-04 : SOLVER = SUBMAT
+ RMM3
TOTAL ENERGY FOR 12 -TH ITER= -42.965088896548 edel = -0.128134D-04 : SOLVER = SUBMAT
+ RMM3
TOTAL ENERGY FOR 13 -TH ITER= -42.965091550789 edel = -0.265424D-05 : SOLVER = SUBMAT
+ RMM3
TOTAL  ENERGY  FOR 14 -TH ITER= -42.965092402734 edel = -0.851945D-06 : SOLVER = SUBMAT
+ RMM3
TOTAL  ENERGY  FOR 15 -TH ITER= -42.965092972980 edel = -0.570245D-06 : SOLVER = SUBMAT
+ RMM3
TOTAL  ENERGY  FOR 16 -TH ITER= -42.965093291397 edel = -0.318417D-06 : SOLVER = SUBMAT
+ RMM3
TOTAL ENERGY FOR 17 -TH ITER= -42.965093454357 edel = -0.162961D-06 : SOLVER =  SUBMAT
+ RMM3
TOTAL ENERGY FOR 18 -TH ITER= -42.965093580068 edel = -0.125710D-06 : SOLVER = SUBMAT
+ RMM3
TOTAL ENERGY FOR 19 -TH ITER= -42.965093601039 edel = -0.209711D-07 : SOLVER = SUBMAT
+ RMM3
TOTAL ENERGY FOR 20 -TH ITER= -42.965093604435 edel = -0.339656D-08 : SOLVER =  SUBMAT
+ RMM3

ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
gboboobooboooboooobooobooboooboooooobo sibooboooboooaon
00000 mobile=1)O00O00000000O0O00O0OO

atoms{
#default weight = 1, element = Si, mobile = 1
#tag rx ry rz element mobile

0.26177 0.50000 0.65651 H
0.73823 0.50000 0.65643 H
0.34138 0.50000 0.56971
0.65858 0.50000 0.56966
0.26229 0.00000 0.49388
0.73763 0.00000 0.49385
0.00000 0.00000 0.41498
0.50000 0.00000 0.40298
0.00000 0.50000 0.32769
0.50000 0.50000 0.32150
0.25000 0.50000 0.24167 ® 0
0.75000 0.50000 0.24167 * 0
0.25000 0.20000 0.18269 H 0
0.25000 0.80000 0.18269 H 0
0.75000 0.20000 0.18269 H 0
0.75000 0.80000 0.18269 H 0

}

Si0H OO ODOUO0O0O00U0O0O000000O0O0 p(2x1)0000 c4dx2)0000000O00O0O0O
ooboosicooobobobooooooooo boobooooo sicoooooooobobooboo
gboooood

452 0 0000O0OOOOOODOOO

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
2000000000000 b0ooo0oogoooopctdb0 Ipoooboboooobob oo
samples/surface/Pt 000 0000000000000 00O0OCOOOOODODDOOOOOOO structure
obooooobooooooobooog

structure{
element_list{
#tag element atomicnumber mass
Pt 78 355606.909
}
atom_list{
atoms{
#units angstrom
#tag element rx ry rz mobile weight

(ooooooo)
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Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt
Pt

L= I R I — R — R I I — I i R — I — I — I I — I — R — )

}

unit_cell{
#units ang
a_vector =
b_vector =
c_vector =

}

symmetry{
tspace{

0 0.0 0.0 * *
0 0.5 0.0 **
5 0.0 0.6 * *
5 0.5 0.0 * *

0
0
50
50

.666666666666667

.666666666666667

.16666666666666663
.16666666666666669
.3333333333333336 0.3333333333333335 0.26853501013399206 on
.33333333333333354 0.8333333333333335 0.26853501013399206 on 2
.8333333333333335
.8333333333333333

0
0
50
50

.666666666666667
.666666666666667
.166666666666667
.166666666666667

strom

0
0
0
0
0
0
0.
0
0
0
0
0
0
0

.0

0
0
0
0
0.0
0.
0
0
0
0

.6666666666666667 0.6666666666666666 0.05370700299352444 * 2
.6666666666666667 0.16666666666666674 0.05370700299352444 * 2
.16666666666666685
.16666666666666669
.3333333333333333
.3333333333333333
.8333333333333333
.8333333333333333

.6666666666666666 0.05370700299352444 * 2
.16666666666666674 0.05370700299352444 * 2
.33333333333333337 0.10741400477864135 * 2
.8333333333333334 0.10741400477864135 * 2
.33333333333333337 0.10741400477864135 * 2
.8333333333333334 0.10741400477864135 * 2
0 0.16112100656375825 * 2
.50 0.16112100656375825 * 2
.0 0.16112100656375825 * 2
.50 0.16112100656375825 * 2

.6666666666666667 0.21482800834887514 * 2
.1666666666666667 0.21482800834887514 *
.6666666666666667 0.21482800834887514 *
.1666666666666667 0.21482800834887514 *

NN NN

.3333333333333335 0.26853501013399206 on 2
.8333333333333335 0.26853501013399206 on 2
0.3222420119191089 on 2
.50 0.3222420119191089 on 2
0.3222420119191089 on 2
50 0.3222420119191089 on 2
.666666666666667 0.37594901370422584 on 2
.166666666666667 0.37594901370422584 on 2
.666666666666667 0.37594901370422584 on 2
.166666666666667 0.37594901370422584 on 2

5.6568542495 0.00 0.00
2.8284271247 4.8989794856 0.00

0.00 0.00 43.00

lattice_system = primitive

}

method = automatic

sw_inversi

}
unit_cell_type

on =

on

= bravais

weight 10000 20000000000000000000000D00O0O0O0ODO0O0DOODOODOOOO
oooooooooooooobooooobooooooboooooboooOoooboOoooooobooOooooog
Uob0OgO0O0symmetry DODOOOOO sw_inversion D OO on OO O0OO00OOO0OO0OOOOOOOOOOO

oooo 480

oooon

ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
gbboobooboobobodbDsw_inversion0 00000 onOO0OOO0OOO0O0OO0OOOOOODOOOOOO
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
goooooooooboobobooooobooogoooo
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453 00000000 DOOOODOOOO

oKkoooooooooooooooooooooooooooboooooboo
’V:(ES—Eb)/ZA

ooo~0OO0O0O0O0O0O0O0D0DDOE 00000000000, 000000000000000A4A00
ooooo2a0000000000D0O0000D 2000000000000, 0000000000
oboooobobooobobooooobooog

gobgobooboobooboobobobobooboobooboobon

Pe(111) O 900 (11H0,0 36000
000000a =b = 5.657,¢c = 30,0 = 8 =
90°, v = 120°
0480000

Pt(110) 0 MR 15 0 O missing-row (MR) (110) 0, 0 28 0 0

MROOOOOOO* 0O” 00000000010
000000000000000
00000 a=4,b= 2828427125, ¢ = 30, a =

B =~=090°
04100000000000000000000
OooD0m
Pt(110) O 1500 (110)0,0 15000
O00D0D0 a=8,b= 28284271248 ,¢ = 30, a =
B =~=090°
04900000000000000000000
0000 Mm

oooooodaiyooooooboaooobboob missingrow 00000000000 O0OOOOO
gboooooooooooobobooooboobooboooobooooboobo

gbooooooao

« Jbuoubuoobuoobgood

00000000000 25 Rydberg
- k00000000001 O00000 6x6x1,(110)00000 6x8x1, (110)MR OO0 000 3x8xl

«-J00000BFGSOOOODODOOODOOODOD 2 x 10~* hartree/bohr

gbooobOooooooboooobooob 4000

oboboooboooobooobooooooboobooobooboooo4s50b0bo0oooboooaIyobooooon
goooooooo dioMR,000goooooooooooo (ioooooboobooooboo
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045 0000000000000O11D, (110MR, (11000000

goooboooobooon

(111)

(110) MR

(110)

0000000 (eV/A%)

0.089

0.099

0.108

46 0 000O0O0DOODO

gbooooboooobooboooobobooooobooooobooboooooboobooooooboon
goooooooooooooooooOooooOoOooOooOoOooDo00oDOoU00DOOO0O0kDObODDOO
oroooooooobooo

461 0000000

obooooobO0obOoooobob0o0oobogwmitecelDODOOOOO

unit_cell{
a_vector
b_vector
c_vector
}

15.0

oo
v @
==}

o e
==

0.0

-
e
oo

gboooobooooboboooobooooobooboooboobobooooboobooono

Control{

}

accuracy{

}

structure{

condition = initial
cpumax = 1 day ! maximum cpu time
max_iteration = 6000
cutoff_wf = 25.00 rydberg
cutoff_cd = 225.00 rydberg
num_bands = 8
xctype = ggapbe
initial_wavefunctions = matrix_diagon
matrix_diagon {
cutoff wf = 5.0 rydberg
}
ksampling{
method = gamma
}
scf_convergence{
delta_total_energy = 1l.e-10
succession = 3
num_max_iteration = 300
}
force_convergence{
max_force = 1l.e-4
}
initial_charge_density = Gauss
unit_cell_type = primitive
unit_cell{
a_vector = 15.0
b_vector = 0.0
c_vector = 0.0
}
symmetry{
tspace{
lattice_system = primitive

=]
=]
=

[ — ]
===}

(ooooooo)
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(Cooooooooo)

generators{
#tag rotation tx ty @tz
C2z 0 0 0
IC2x 0 0 0
}
}
}
atom_list{
coordinate_system = cartesian
atoms{
I#default mobile=on
l#tag rx ry rz element
-1.45 0.000 1.123 H
1.45 0.000 1.123 H
0.0 0.0 0.0 0
}
}
element_list{ #units atomic_mass
#tag element atomicnumber zeta dev
H 1 1.00 0.5
0 8 0.17 1.0 }
}
wavefunction_solver{
solvers {
l#tag sol till.n dts dte itr var prec cmix submat
msd 5 0.1 0.1 1 tanh  on 1 on
Im+msd 10 0.1 0.4 50 tanh on 1 on
rmm2p -1 0.4 0.4 1 tanh on 2 on
}
rmm  {
edelta_change_to_rmm = 1.d-6
}
lineminimization {
dt_lower_critical = 0.1
dt_upper_critical = 3.0
}
}
charge_mixing{
mixing_methods {
l#tag id  method rmxs rmxe itr var prec istr nbxmix update
1 broyden2 0.3 0.3 1 linear on 5 10 RENEW
2 simple 0.2 0.5 100 linear on * * *
}
}

4.7 D0OO0OOD0OO

PHASEO SCFOOO0OO0O0OO00O0O0O0OO0O0OOOO0OOOOO0DOOODOOO0OOO0OO0O0O0O0oO0O0o0oOan
Uo0o00o0bo0oob0o0obo0b0o0o0oboOn PHASE-Viewer UODODOOODOOODOOOOODOO
ubobobobobobobobobobobuobobobobOobOobOobOond postprocessing U
gboobooboboboobobOcharge0 0000000 O0ODOOOOODOOOOOO

postprocessing{
charge{
sw_charge_rspace = on
filetype = cube

charge 000000000000 OCOOOOOOOODO

sw_charge_rspace goo0ooooooooooooooooooo
Ooo0oooa
onJ 0000000000 O0OOOOOOO0O

gbooooood
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O 46-0000000000
filetype obobooboboboboobooooooooon
0 O density_only [0 cube O O 0 O O O density_only
ODOo0oooDbOo0ooooObO0ooooooOo0ogon
O density_only 00 O O cube O O O O Gaussian Cube
OooOooooOOoOooooboOoooooooogo
O0cube DO DOOOOODOODOOOO

title GaussianCube DO OO0 OO0 0D00O00ODOO
Oo00DO0oO0oo0oooo0oooboboOo20000
oooooo

OOOfiletype OO0 cube DO DOOOOOOfilenamesdata 00 0000000000000 DO0OOOOO
gbooooboobooooooooo

&fnames

F_CHR = './nfchr.cube'
/

000o000pDo0bo0oO0O0O0nd nfchrdatab 00O

O0O000000DOD00000DOfile namesdata 0 O00O000O0O0ODOO nfchrecube 0000000
O O nfchrup.cube O nfchrdown.cube OO0 20 0000000000000 0O00O00OO0O0O0OOOOO
ooobooboboboobobobobgobo Db 411oooooooobooooboobooboooooo
PHASE-Viewer 00O O00D0OOO0O0DOOOO

oboboocoobooobobooobooOooboboo0oboOoob0obO0oobOo00 PHASEOOOOOOOOOOO
oboooboobooooobobooooobooog

48 1 00OODOO0O

gbobooboobooobooboobobobooboooboobooboboboooooooboobOobOooboon
Ub0o0o0O00 PHASE-ViewerUO0OO0OO00OD0OO0O0OOCOOOO0OOOOOOOODOOOOOOOOOOO
O Postprocessing D 00O OO0OOO0O0O0OOO0O0OO0 wfOOOOOOOOOOOOOOOOOOODO

postprocessing{
wi{
sw_wf_rspace = on
filetype = cube
eigmin = 0.13 hartree
eigmax = 0.14 hartree

sw_wf rspace=on 00 00000000000000O0O000OOOffiletype=cube0 OO0 cubed O ODOMO
OD0O000DbO0Ob0O0OOeigmin,eigmax 0000000000000 0ODO0ODOODOODODOODOOOOO
000000000000 0D000000000DO000000D00D eigmin =-100 Ha, eigmax = 100 Ha
ooooooooooooooooboooo

file namesdata U 00O 0000000000000 0O0O0OOO0OO0OO0OOD0OODOODOO nfwfk.data O
O00Ocbe 000000000 00O0D0 cwbeDO0O000DDOO0O0O0ODOOOODODOOOODODDOOO
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0O411:FeO000D0DO0O0.00000DOO0O0DODO,ODO000DOOO0DDO,DO00DOOODDOO
gboooooooboooobooobao.
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&fnames
F_WFk = 'nfwfk.cube'
/

0000000 cube 000000000000 O0OOOODOOOODOOOOOOODOOODOOOOOOO
0000000 0Onfwfk.kxxxxnyyyyy.cube 0000000000000 0xxxxO kOOOOOyyyyyd
00D000D0D0OO00D0000 cwbe00DO0OO0O0OOO0DOOODO cubedOOOO0DOOODODOO1IODODOO0O
odooodooooooooooooooooaon

Cube D0DOO0O0O0DDO wisqpy OO ODOOOOODOOOOOOO0ODOOOOOODOOOOODODOO
obooooboboooboobooooobooonog

$ $HOME/phase0_2021.02/bin/wfsq.py --input="nfwfk*.cube" --output=nfwfsq

gbooooboooboobobooogon

A INPUT,-- | ODOD Cube OO00OD0O0D0O00O0D0O0O0OO0ODOODOOOOOOOOOOOODOODOO
input=INPUT OO0 OO0*O?200000000000000000000 2000000000000
obobooobooboobobobobobobOobOobOobDobDOobDoboOoDonDOg

00 *.cube OO
-0 PRE- | 00O0000OQCOO0O0ODOOOODOOOOODOOO nfwfsq
FIX, -
output_prefix
=PREFIX

-a,--append | 000000 cube0000000000O00O0O0O0O0O0DOOOOOOOOOOOO PRE-
FIXOOOOooooo

49 0000000

SCFO0O0O00O00O0o0o0oOoooboobooooboooooooooobooboooboobobOoboboOoDbo
00000000000 postprocessing 0 0000 00000000000 dosOODOOODOOODOOOO
googoobooon

postprocessing{
dos{
sw_dos = on
method = gaussian
deltaE_dos = 1le-4 hartree

dosOOOOOOODOOOOODOODOOOOODODO

sw_dos bobooboboboboboooooooon

oo

gooobooboobdbononogno
obooooood
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O 47-0000000000

method ubobdobdobdobdbdbdO gaussian O
tetrahedral D 0 00000000000 ODO0O0OO
gaussiimnOD 00000 0O0ODODOOOOOOODODO
Oo0oo0o0oboOoooOoOooobooOoobooooDo
O00000Otetrahedral D OO O0O0000D0ODO0O
OO000o00DoOo0ooo0oopoooooooo
O tetrahedral 0 00O 0000D0O0O0DOODO
oooooooooooogooo

deltaE_dos dddd000000o0o0o0oOoOooOoOooooa
0000000000000 000000 1e4
hartree 0 0 O

0b0000o0bDO0b00O0D0 tetrahedral OO O0O0O00OO0O0O0O0OO0O0OO0OOODOOOOOOODOOO

«kOOO0ODO0ODOOODOUOD meshOOOOOODOO

accuracy{
ksampling{
method = mesh

}

e smearing J 00000 tetrahedral D OO O OOO0O

accuracy{
smearing{
method = tetrahedral
}

gbooboobobobodbD egassian0 0000000000 O0DOOOOOOODOOOCOODOODOOO

O0000DOgaussian 00 tetraheral D OO0 00000000000 O0O0O0O0O00OO O4.120 O 4.1300
0000k 000oo0oogoogD 10x 10x 10000000000 Tetrahedral OODOOD0OOOOOOO
gbooboobooooobooboooobobooooooboo

2t [ nd
I k’kw\w M

O
’“\” | ‘ I\
WMI‘.‘H\WH “'MJ ll]

O0412:Gaussian 0 OO0 O00O00O00O00O0O0OOOOOO

PHASEO OODOOODOOODOOOOO* OOoOOOoO0roboobooboooooooobooboooooo
gbooooboooooobooog
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0 4.13: Terahedral OO0 0000000000 OOO

410 O O00OOODOOO

4101 kOODOOOoOOOO

oboobooboooocobOobooooobobo kbobooobooboooooon

kOOOOOOODOOO band_kpointpl OODOODOOOOODOOO band_kpointplOO0DOOODOOODOO
gboooobooobooboboooobooon

dkv

blx b2x b3x

bly b2y b3y

blz b2z b3z

nl n2 n3 nd # Symbol

dkvO £O000DO0,blxblyblzOODOOOOOO b O xyz0OOOODODOOOOODO bebs0O0ODODODO
goooooooodoUoOo k0O0ODOOOO0O0O0ODOOO000DODOODODOO0O0DOODOOOOOn,
ooooooOo,00000D00000D00000D00000 n1,n2,n3,mg 0000 £OO0DODO

n n n
k= 71b1 + ibz + ibg
ng Nng ng

gobobboobooaboabo#hoboaoboaoo.oobooaboaoooooobaoog.

0.02 <---- k0OODOOO

-1.0 1.0 1.0

1.0 -1.0 1.0

1.0 1.0 -1.0

0 1 1 2 # X <---- nl n2 n3 nd # Symbol
o o0 0 1 # {/Symbol G}

1 1 1 2 # L

5 2 5 8 # U

1 0 1 2 # X

00000O00000000000000 band kpointplDOOOO000O00O00O kpoint.dataO OO OO ODODO

% band_kpoint.pl  bandkpt.in

kpointdata DO OO DO OO00OOD0OO0OOODOOO

41 141 a.
50 50 100 b.
49 49 100
100
47 47 100
46 46 100
45 45 100

ook~
'S
o
'S
co
B

(oooooon)
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(Cooooooooo)

0 44 44 100 1
0 43 43 100 1

obooooooboooooobono

) kooooooobooooooobooo 141000

Oo,0000 ¥ OooOooOoOoOooo
0 ni,ne,n3,ng,w 0O OO0 (OO
_>
1,00, 00000000000 k = w X
— —
Lb1+Lb2+mb3)

(b)

4102 0 0OO0O0OOOOOO

oooooo0oooooboooooooooobooOoo0oooDbOoOoooooscFO0OOOOoOOoDOOO
oboooooooobobooooooooobobooook0obOobOobooooooooOobobon
oboooooobooboobobooob 2370 0000000000000 O0O0OOODOOOOSCFOOODbOOn
ooooooooooboooooooboooooo,ooooobooobboobo0obDooDbbooboboOoo
gbooooboooboobobooooboboooboboooogon.

googooo

file_names.data

file namesdata 000000 SCFOOOODOOOODOOO,F.CHGTOOUODO SCFOOOOOODOOO
oo0o0o00obOoO00obOo00DOboO00DO0000.0000000 SCFOOO0D0O0O00 file_names.data
U0 FCHGTOOOOOOOOOOOOOOOO,000000 nfchgtdataOOOOOOOOSCFOOO
obdobobobobooboooooooboooooooooDoboOoboOobODOfie namesdatald 000
goooodg

0000D0O0OD0O0O0O kO0O0OODO kpoint.data O file_namesdata0 0000000

&fnames

F_CHGT = '../nfchgt.data’
F_KPOINT = 'kpoint.data'

U0 PAWDOOOODODOOO00DOD0O0O0O00O0F_ CHGTOOOO FCNTN_BIN. PAWOOODOOOOOO
ooboooooooboob SscFrO0bobooooboboboboooobobOouoDFI+UODOOoOoDOoDbOO
gbooboobooboooogono SCcruobbouoboob FoceMATO O OO OoooOooooooano
obooooobooooobooooooon
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&fnames

F_CHGT = '../nfchgt.data’

F_OCCMAT = '../occmat.data' <--- DFT+UD0O0ODOODOO
F_CNTN_BIN_PAW = '../continue_bin_paw.data' <--- PAWOOOOOOO

gobogoboooboon

boooooobooboboooooboob.oooog SCFoboonooboooooooobobon
obooooooboooooboboooboobooboooooobon

- 0000000

ooboooooob,oboooobbooooboooooboooobooooboooooboooobooo.ooo,og0o
gboooogbooFEDbyNMObOOOoooaooooaboooobobooboboooboboooobabo

- Joooboo

gboooobooboooooboboooboobooboooonog

Control{

condition = fixed_charge

0b00o0ob0o0b0o0ob0o0obo0buoUobOoobOoUobOogn, condition O fixed_charge_continuation
oooooooo

« kODOOOODDOOOO

U000 kpointdata 00O 000000k OOOOOODOOOOODOOOOOOOOOO

accuracy{

ksampling{
method = file
}

e ek _convergence 1O OO ODOO

000o0ooOobooobooOgbogn,accuracyek _convergence 1 0000000000000 O0O0DOOO
O,ek _convergence D 00D O ODOOOOOOOO0O

accuracy{
ek_convergence{
num_max_iteration = 500
delta_eigenvalue = 1l.e-5
succession = 2
num_extra_bands = 10
}

ek_convergence 10 OO0 O00ODOOOOOOODOODOOO

num_max_iteration Oo00ooooooooooooo
Ooooooooo
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0 48-000000000O0

delta_eigenvalue

ugbouogoboaooaoo

oobooooooooo le-s00bogooooDO
bobooboboboboooooobooooon
Oob0Ooobooo0Oo,0000000 1.e-4rydberg
00,000000 le-6rydberg0 0000000
go

succession

000000 D0DO0oo0oo0oDoobD0ooOooDao
delta_eigenvalue OO0 O success ion 0 OO OO
ooo0oooOoooooooooog

num_extra_bands

boboobobobobooboboooooon
oboo200000000000000000O
obooboboboobogobgobobooooooon
goooogoo

4103 0 OOOODOOOO

00000000000 k000000000000 0D0O0O000 nfenergydata0 0000000

num_kpoints = 117
@
num_bands = 8
()
nspin = 1
()]

Valence  band max = 0.233846 (d)
nk_converged = 117
(e)
ik = 1 C 0.500000 0.500000 0.000000 )
ik = 2 (C 0.487805 0.487805 0.000000 )
ik = 3 C 0.475610 0.475610 0.000000 )
ik = 4 C 0.463415 0.463415 0.000000 )
ik = 5 ¢ 0.451220 0.451220 0.000000 )
ik = 6 ¢ 0.439024 0.439024 0.000000 )
=== energy_eigen_values ===

ik = 1 ( 0.000000 0.500000 0.500000 ) (€3)

-0.0484324576 -0.0484324576
0.2619554301 0.2619554301
=== energy_eigen_values ===
ik = 2 0.000000
-0.0540717201 -0.0427149632
0.2607026807 0.2633829927

0.1258094928
0.6015285208

0.490000 0.490000 )

0.1258687739
0.6006243932

0.1258094928 @
0.6015285208

0.1258687739
0.6006243932

goooboobooao

(a)

kOoooooooo 141 o0004d

(b)

oooobooogob sogo

gooooood
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0O 49-000000000O0O
obooooobo1bo2b00000b0000000
g1oo0,000o0oooboo0oobobooooo
oo
oooooooooooooboo/oooooDooon
ubobooboboboboooooooooon
ooooboooo

ooogkOo

(©)

(d

(e)

gbooboboooooooopooooooo,on
kOOoOooOoooobOoooooooboooo
oooob,1000k0,0000000000R0
oooooboo oos505000000
gbbogobog,boobobodgbobooobood
gboogoobooobooo

®

(2)

ooooooboooooboo (o0 epu20bb0)booboobobbooboOobOoOo,oboo eboo
“UP" 0" DOWN" 00OO00o0O0o,bo00boobooboboboooooooooooooooobooooo
oboooooboooooo

energy_eigen_values
ik = 1 ¢ 0. 0 0. )]

up

-0.1998699758
0.0725171077
1.0289118953
1.2129026022
1.2994754011

energy_eigen_values
ik = 2 (
-0.1960420390
0.1799862148
1.0183970612
1.2192701193
1.3289165100

0.0267639589
0.0725171077
1.1650173104
1.2129026022
1.6365336765

0. 0 0.

0.0267639589
1.0289118953
1.1650173104
1.2994754011
2.2629596795

0.1062941746
0.1799862148
1.2174266166
1.2192701193
1.6910264603

) DOWN
0.1062941746
1.0183970612
1.2174266166
1.3289165100
2.2876818717

0.0267639589
1.0289118953
1.1650173104
1.2994754011
2.2629596795

0.1062941746
1.0183970612
1.2192701193
1.3289165100
2.2876818717

gbbooboooboobooobooooooboobooboOobOodOPHASEODOODOOOOOOO
obooooooooon® vandpl” OO0 PerlOOOOO0OO0OO0O0OO0OOObandplOO00OOOOOO

googno

% band.pl

nfenergy.data

bandkpt.in -erange=-10,10

-color -with_fermi

gbooooooboooooboboooo 044000000

410. 0O00OOOOOO
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Energy (eV)

04140000000000000
411 00O0OO

4111 00O0ODO

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbooooboooobooboooobobooooobooooobooboooooboobooooooboon
oboooooboooobooboo

’

BV , Vo Vo\?
Emt(V)*m B <1V>+(V> — 1| + Ewt (Vo)

000 Eg(V)DOOODOOO V000000000 00BOOOOOOORB 00O0O00OOOOOOO
VODDDDDDDDDDDDDDDDDDDDDB,B/,VmEm(VO)D A0000000D0D000DDOO
ooo

4112 0000OSIi0O0O

Sidd000D000o0oobobbo0OoOdonoO samples/unitcell_optimization/murnaghan_Si 0000
O00dobDoooooooooodbo voixxxOOODOOOOOODOOOoOoOOO0OO0OoDOooODOoOoOooooOog
O00D0OxxOODDODOOODDOOO0ODOO000000000D0000000000000Owvol12000 00
00000000 o0oO0OO0o0DOO0o0bOO0o0obOOoooOoooOoooooag

structure{
element_list{
#tag element atomicnumber
Si 14
}
atom_list{
atoms{
#units angstrom
#tag element rx ry rz
Si 0.125 0.125 0.125
Si -0.125 -0.125 -0.125
}
coordinate_system = internal
}
unit_cell{
a_vector = 10.62658569182611066038 0 O

(oooooon)
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(Cooooooooo)

0 10.62658569182611066038 0
0 0 10.62658569182611066038

b_vector
c_vector

}
symmetry{
method = automatic
tspace{
lattice_system = facecentered
}
sw_inversion = on
}

unit_cell_type = bravais

oooooooboooooboobooooboboooooobooboooDoboooooboboboooooboo
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
oboooooooo

unit_cell_type O O O bravais 0 0 0 0 00O OO lattice_system 0 facecentered 000000000 OONO
dood0ooOoOOO000000oo0oOobOoO000o0ooooOoo0o0o0o0oo0oOobOoOoooOoooooooag
d0odOoboOoOOoO000o0o0ooobooOooooOooooo

oooogooooooobooboooooboboooooboobooobooboooobobbooooDboo
ooooooooooooooboooooooOooooOob0oooobObOOoooDobOOooOoDboOobD 40000
gbooooobooboooooboooooobobo400000

obooobooooobooooooobooboobooo b415000 0410000000 0DOO
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
oboooooooon

0410: 000000O0O0OOCODOO
PHASE | OOOOO

a(d) 5.48 543
B (GPa) 87.5 98.8
Ecoh (eV/atom) | 4.60 4.63

4.12 Methfessel-Paxton 0 0 00000000 (DO0O00ODO 2021.010
0)

4121 00O

PHASE/O OO parabolic 0000000000000 DOOOOOOOOOOOOODOOO0ODO 20210000
0 0O O Methfessel-Paxton O [Methfessel89] 0 O 0 O O O O O Methfessel-Paxton D D OO0 000000003
0do0d0d00o0oU0DoOO000o00o00oD00DOoUDOo0ODOO0oOO0U0ODOoUODOoDODODOoODOOoOn
Joo00o0oo0ooooDoooooooon
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-1271 T T

-1271.02
-1271.04 /)
-1271.06
-1271.08 O

2714 \

energy (ev)

127112 N\
127114
-1271.16 |

-1271.18

R =
O 1 1 1 1

-1271.2 : :
145 150 155

160

165 170 175 180 185
volume (A%

041500000 Energy-Volume 0000000000 OODOOOOODOODOO

190
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4.12.2 Methfessel-PaxtonO 0 0 OO

gooon

goooooooooodsbOOOOOOOOOODOOODOOOOOOOOOOOOOOOOOOOOOO
OO0O0OOO0OMethfessel-Paxton 0 OO0 0000 0000000000000 0OOOOOOOOO

N
2
D(x) = [AnHzme "]
n=0
1
S(x):i(l—erf(x)) 4.1
A, =Y g O000.,000000000000C00000000000O00 0000000

n!42\ﬂ7r),
0e: 000000000 0000000000000 20 ay= 0000000000000
0000000000000 00b0D0o0b00bD0o0oDOn [Kressed6]
1 2
SN:JZkiANHQN(xlk)e ik (42)

041600 N=6000 D(z),S(x) 000000

18 T T T T T T T 12

16

10 —

Z2ZZZZ
TR
DEN=O
Z2ZZZZ
[T
OBEN=O

14
12 1 ‘.‘"“ ‘I“.‘ 1 08 |
10
< 08} 06 1

o I
08 04t
04 f

02 02}

00 ==/ W\ T

00 f AN me——

02}

04 . | | L . | L 02
4 - K -

0416:N=6000 D(z) 000 S(x)

O4160000000000Methfessel-Paxton0 0000000000000 0O0 z=00000000
gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gbooooboooooboooobooo

oboooooboooooo

oooo00oobO0oo0ooboob0o0o0ooboDobobo0oOobo0oboOoO0nODdn Methfessel-Paxton O 0O 00O
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
obooooboooobooboooobobooooobooooobooboooobooboooooobon
boooogoboooooboobooooboboooooboobooobobooooboboobooobooboon
goooodg

1. 000000000000 CCOCOODODO Methfessel-Paxton 1 00000000000 SJOCODO
O00d=ar/N.«0000000000000O0O0O0O0OO0O0O0O0OOPHASEODOOOOOOO
oi1o00d
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2. 000000000000000000000000000000000000000000000
000000 emin + (emax — émm) /2n 00000000000

3. s000000000000COOO0OD0OOO0O000O0OOOOO0ObODOOOODODODOOOOOObOO
oboooboobooooobooooooboooonog

4. 000oooooooobOoOoOooooooooboOobObOooOoOoooooooboOoOobOboOoOoOooooo
gbooooOoboooobobooog

4123 00O

gbooooobooboboboobobobOobUD accuracy OO0 OO0OO0 smearingd 00000000
0000 0OMethfessel-Paxton 0O D0 000000000000

accuracy{
smearing{
method = methfessel_paxton
width = 0.01 hartree
methfessel_paxton{
order = 2
}
}
}

method 0 methfessel_paxton DO OO 00 (meth DO O)00O00O0OODOOO Methfessel-Paxton O O O O
O000widhOOOOOOOOOOOOOOOOO0OOOOOO0OOOUOMethfessel-PaxtonOd 00000030
methfessel_paxton OO0 O O0OOO0O0 methODOOOOOOOOOODOOODOOODOOODOOODOOOOOO
ooooooooo

0 4.11: Methfessel-Paxton D O 000 O

ood 0od

order Methessel-Paxton 0 0 0 0000000000000 0OO 2000

esearch 000000000Dooo0ooooDooooooooooooooon
0000000 00o0oo00oooo0ooooooooogdd on.

esearch_factor escarch0 onO0000000000OOO0OOOOOO0OOOOOOO 10.

412.4 00O

samples/smearing 0 000000000000 OOFCC-AlD BCC-FeOODODDODDOOODODODOOO
O000000000Omp2mp4mp6parabolicO 30 0000000000000000N=4000600
00 Methfessel-Paxton D0 0O O000000O00O00O0 parabolic0 0000 OO0OO0OOO0OOOOOOOO
0000000000000 Osigma0.0001(0000O0O00O0O 0.0001 hartree 000 00) O sigma0.001(0
oooooOoDooo0olharree 0000 0)DO000000DOOO000OO0O0O0O0O0O0ODDOOOOOODODOO
gboooobobooobOobobooo@uoboobooboondn hartree D O)
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0 4.12: Methfessel-Paxton 0 O 0 000000000 OOO0OOO

oood
o = 0.0001 hartree o = 0.001 hartree
Al, mp2 -0.2552794 -0.2552805
Al, mp4 -0.2552794 -0.2552801
Al, mp6 -0.2552794 -0.2552801
Al, parabolic -0.2552797 -0.2552832
Fe, mp2 -21.993246 -21.993248
Fe, mp4 -21.993246 -21.993248
Fe, mp6 -21.993246 -21.993247
Fe, parabolic -21.993247 -21.993259

000000 OMethfessel-Paxton 0 O parabolic D0 0000000000000 O0O0DOOODOOOOOO
goooboooobooo

4.13 limited-memory BFGS O O DO OO ODOO (DO D OO 2021.01
00)

4131 00O

PHASEOOOOOOOOOODDOO quenchDOOCGUUOGDISOOBFGSOOFIREODOOOOODOOODO
ob0oboooon 2021.01 00000 [Hjorthl7] O limited-memory BFGS O (I-BFGSO)OO0O0OO0O0OOO
oobobooooo -BpGSO00bO0b0ooooboooooooooooboobobobobobobooobooo
goooon

4.13.2 I-BFGS OO OO0
limited-memory BFGS DO D OBFGS 0O 00000000000 O000000O000O000O000O0

gbobgbdhieration 0000000000000 O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OODOO0OO
000000000000 00D00000 limitedmemory 0000000000000 O0DOOCOODOO
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000000000000 0D00000
Sk—1= Tk — Tp_1

Ye—1 = Gk — k-1
1
SkYk
4= 9k
do i=k—1k—-2, .., k—m

Pk =

Q= PiSiq
q=4q— 05Y;
enddo
Sk—1Yk—1

Yo = —
Yk—1Yk—1
HY) =y I

z = qu

4.3)

do i1=k—m,k—m+1,..,k—1

Bi = piyiz
z=z+s; (= B)
enddo

Tt+1 — Tk — Q2

000 z, 9. 000 iteraion 00000000000 D0OO0O00O0ODODODOO HOOOOODODODOOOO
gbooooooooooooboobb @3)yuoog ngv;cIDDDDDDDDDDDDDDDDDD
gboobooboooboobobooooobooooboooooooboo

Pij = —HEXD <_A (TU - 1)) yTij < Tecuts
T (44)

0, Tij > Tcut

000 A pu,rm,ree 0000000000 OOCOOOOOOOOOOCODO AODOOOOOOOOOOO
oooooooooobooobooooo3soooooooooooboooooboo r, OODOOOOODOOO
goooooooooooooogooboooobo rwOODODOOOODOOODOODODOO0O ry, 0O
2000000DOO00oOOOO00oOOO00oOoDObO00DbOD pODOODOOODOODOOOODOOOO
gbboobooobooooboooboooooboobooboobOo0obOOPHASEOOODOOOOOO
oboooobooooboooobooooboooboooboobooooobooobOo -BFGSOO v OO00O0O0O
gooooooooooooboo

4133 00O

000000000000 00000000000 structure_evolution 000000 DODODOOOOOI-BFGS
gboooobooboooooboboooboobooboooonog

structure_evolution{
method = lbfgs
1bfgs{
c_iteration2gdiis=3
c_forc2gdiis = 0.05
gdiis_box_size = 6

(oooooon)
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(Cooooooooo)

initial_method = cg2
maxstep = 0.1
}
}

00 method O Ibfgs OO0 O0OODO I-BFGSOOOOODOOODOODOO OO Limited-memory BEGS OO O O
0000 BFGSOUOGDIS U OO DO OO OO Ostructure_evolution J 0 O O O OO Ibfgs 0 OO O (bfgs, gdiis
00)ODODOODODODODOODOOODOOfgsODOO@MDOO0O bfgs,gdiis0000)O0O00O0OOOOOO0O
ooooooooooooboo

0413 -BFGSOD0O0OOOO

goo go

c_iteration2gdiis Ibfgs O Obfgs D Dgdiis 0000000000 DOOOOOOODOOOO
gobobooobooooboooobooobooooobooooooooboooon
O00000D0OD0O0O0O000000D0OD0O0 IbfgsO (DODOD bfgsOO
edis0)00O000O00O0O0O0O0OOODOO 3.

c_forc2gdiis Ibfgs O Obfgs D Uediis 00 000000000000 OOOOO0OOO
OO000DO0 0.05 hartree/bohr

gdiis_box_size IbfgsO0Obfgs D0 gdiis D00 DOO0D000OOOOODOOODO 6.

initial_method Ibfgs O Obfgs O Dgdiis OO0 0000000 DOOOOOOOOOOOOO
0000000 cg2.

maxstep IbfgsOOOODOOOODO 10D000000DOOO0ODOOOOOOOO

O000000000000000.1bohr. DODOOOO IbfgsO0ODODO
oooobooog

oooooooebOSO0OOoOoOoOooooDoOOoOoOoOooobDoOobo GpISso0gooooooooboogg
goooog

Limited-memory BFGS O D OO0 0OO0D0OO0O0D0OO0O0OODOO0O0DOOO0OOODOOODOOOOODOOOODOO
googooood

structure_evolution{
method = lbfgs

sw_prec = on
prec{
A=3.0
mu = -1
}
}

structure_evolution D O O OO OO0 sw_prec=on 000000000000 0OOOOO0OOODOODOOO
prec000000D00OOO0ODOODOOOOOODOODOODOODOOO
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0414 1-BFGSODO0OOOO
ooo oo

440000000 A.000000
g 3.

@¢44Hbbooob p.0bob0o0OO
gboooooooooooobooo
gboooobooboooooobooo
ubooooooboooooooon
goo-1.

4134 00O

PHASE/OOOOOODODODOOOO samples/structural_evolution 0O OO0 O0O0O0OO0OO0OOOOOOO
000000 quench, bfgs,cg2, gdiis 00000000000 DOO0OOO0O IbfgsOOOOOODOODOO
OO0OOPHASE/OODDDODDOOOOOOUOCG2,BFGS,I-BFGSOOO0DO0OOOOOOOOO ionic iteration U
ooooooooooog

0 4.1s5: I-BFGSOOOODOO

O CG2 | BFGS | 1-BFGS
Si(001) O 84 102 63
Si0, 00 15 15 11
TiO, OO 21 31 17
oooobooooog | 77 60 45

oooogoooooo -BrFGSOODOO0O0OOO0oobooooooobooooboooooboooooooobooo
gooooooo0oOoooooooooooooooool-BFGSOODDODODOOODODODOODOOOOOO
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51 0000

511 00000000

gooon
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PHASEOODOOOODODODOOOOOOODOOOOOOODODOODOOOOOOODOOOOOOOOO

gboooooobooooobobooobooboon

goboobood

0000000000000 0DOb0OO00D00O00Db0DOO0 nfinp.datad 00O O Ostructure_evolution 0 0 O

obOO0O0stess0O000O0O0O0O0ODOOO0OOOOOOOOOODOOOOODOOO

SOO000o0o00oooooO0ooboo0ob0o0booO00ob00oOoOdl samples/elastic/Si/sO0

goooooo
Control{
condition = initial
}
accuracy{
cutoff_wf = 20 rydberg
cutoff_cd = 80 rydberg
num_bands = 8
ksampling{
mesh{ nx = 10, ny = 10, nz = 10 }
}
}
structure{
unit_cell_type = primitive
unit_cell{
#units angstrom
a_vector =  0.000000 2.723515 2.723515
b_vector = 2.723515 0.000000 2.723515
c_vector =  2.723515 2.723515 0.000000
}
symmetry{
method = automatic
}
atom_list{
coordinate_system = internal
atoms{ #tag rx ry rz element
0.125 0.125 0.125 Si
-0.125 -0.125 -0.125 Si
}
}
element_list{
#tag element atomicnumber
Si 14
}
}
structure_evolution{
stress{

sw_stress=on

(oooooon)
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(Cooooooooo)

SCFOUOUOOODO PHASEOODOODOO

% mpirun ~/phase0_2021.01/bin/phase

gobooboooboooboooboon

% grep -A3 'Total STRESS TENSOR' output®00

STRESS TENSOR

0. 4032 0. 0.

0. 0. 4032 0.

0. 0. 0. 4032

gboboooooao

X, X, X.

Y, Y, Y.

Zo Zy Z-
0000000000000000000000000 [Hartree/Boh®]000000000000000
000000000000000000000000 X,,Y,Z 0000000000

ooboooboobooboooooinD =900 b00b0 (=gb00bb0obooboboobboooboo
gboboooood

Xz = criexx + C12€yy + C12€4

Yy = C12€xx T C11€yy + C12€4

Z, = C126xx + C12€yy + c11€z
Xy(=Ys) = caseyy
Y. (= Zy) = caaey,
Zz(: Xz) = C44€2x

goog

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gbooooooboooboobobobooobooboooobooboobobobOobooboooboobobooboon
obooosSioooooobooboboooooooobOobOobOgn samples/elastic/Sid sO 0O
Ul sxxdbOdgooobd sebgbouboooodbobiodbsxxU xxOUOOODOOOO4OoOoOoooaod
googooo

gbooooboooobooboooobobooooobooooobooboooobobooooooboon
gobgboboaobooabuoobuogbooobobboboaoboobuobooboboooboaboa
googooood

unit_cell{
#units angstrom
a_vector = 0.000000 2.731958 2.731958
b_vector = 2.731958 0.000000 2.731958
c_vector = 2.731958 2.731958 0.000000
}
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0000000 samples/elastic/Si/s0 U000 000000000000 OOODO0OOOOOODOOO
googooo

% grep -A3 'Total STRESS TENSOR' output®00

Total STRESS TENSOR

0.0000000301 0.0000000000 0.0000000000
0.0000000000 0.0000000301 0.0000000000
0.0000000000 0.0000000000 0.0000000301

goboboboobbo0 sxxbOOooooo

’% cd ../sxx

ooooooboooobooboooboooooOooo sooooboboOoobOoooDboooDbbOOooDD 1
U0 xxOoO)booolbOoooooOobooooobOoboooooboonog

structureq{

strain{
sw_strained_cell = on
ell = 0.001
}
}

structure D0 O00000O strain0 0000000000 sw_strained cel0 onOO0O000000O0O0O0OOO
O0000000000000000 ell,el2,el13,e22,e23,e33 00 0000000000000 0O00O0O
00000000000 0000000000O0O0 00000 oOLO00o0oO0oOon

% grep -A3 'Total STRESS TENSOR' output®00

Total STRESS TENSOR

-0.0000051660 0.0000000000 0.0000000000
0.0000000000 -0.0000018789 0.0000000000
0.0000000000 0.0000000000 -0.0000018789

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gbooooboooobobooooboooboooonbo

gobgbbooboobogbooboobodbd en, e ooooobooan

Xz = criexx + C12€yy + C12€4

Yy = C12€xx T C11€yy + C12€4

Z, = C126xx + C12€yy + c11€4
Xy(=Ys) = casexy
Y. (= Zy) = caaey,
Zz(: Xz) = C446€zx

0000000 ex 000 OO0DOOOO0O0O0O0DO0OOO0O0O0D0 X, Y,000000 oonhOoOOO
Oen 0. 0000000000000000 ¢17 = 5.196 x 1073 Haurtree/Bohr3 = 153 GPa,c12 =
1.909 x 1073 Hartree/Bohr3:56.1 GPaOOOOOO

0000000 (@O0O0 (=Y)000000 (=P)000000 (=B)00000000000000
000000000000000000 Y/(2+2P)000000

2 2
Y — ciitciic12—2¢],
ci1tciz

P:‘ C12

ci1tci2
B = cuit2cio
3
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00000000000 e11,1 000000 SiOOO0ODOO Y =123 GPa, P =0.268, B = 88.4 GPa
googooood

0000000000000 000D0000000 cutoft wf, cutoff cdO0DODDOOOO0O0OODOOO
obooooobooooobooboooobobooooboobooon

oboooooooobooo

PHASEOODODODOODOOOOOOOODODOODOOOOOOODODOODOOOOD DOboboOobooDbo
gbooooobooooo” boooobobooooobooobooboboooobobooooboooboo
obooooobooooboobooo

- gJoog

gbobooooooooboooocuooooooooooobooboobobobobol oboboor o
b0 0obooboboooboOonO” OoobO0obOob0oO0o0o0ob000o0 [Bernasconi95]OOOODOOO
ggodooboobbotodooooobbbboooobobbbbouooooo
12
sG? — E
G2%G2+A[1+erf(20>}
o

PHASEOUOOOOODOOODOOODOOODOOODOODOOOOOOOO0OOODOOOoDOOooDooDo
gbooooboobooooooooo

structure_evolution{
lattice{ sw_optimize_lattice = on }
stress{
sw_smear_KE = on
a = 15 rydberg
sigma = 0.1 rydberg
e® = 35 rydberg
}
}

structure_evolution D O 0O stress OO0 0 O00O0O0O0O0O0OO0O0Osw smear KE=onOOOOOOOO
Oob0OobobdbOOasigma,e0000000OO0O0OOO0OOOODOOLOO

0000000 a=0.375, ecut, sigma = 0.1 Rydberg, eO=ecut-1 Rydberg O 0 O
000 ODO0OO0O 201901000

goboboooboooboobooboobobbobooboobooboboboboobobooboo
o000 E. 00000 AE,0000000OCOODO AR ODO0D0DO0ODCODODODODO ee0OODOOOOO

000000000000
_ (2B (AR
e =7\ 3y AE.

00000 PHASE/OOOOOOOOOOOOODOOO stressd0O000OO0OMO sw_stress_correction [ on
ooooo

structure_evolution{
stress{
sw_stress = on
sw_stress_correction = on
}
}
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00000000000 DOoU0o0oDOo0ooU0oODO00oO0oO0oDOoU0oDODO0ooOooOooDoOoO
0000000000000 00000000000000d deltaecut00000000OOO0DOO0O
0000000 ecut-delta ecut 0000000 ecut+delta ect OO0 0O O00O0000 ecat00O00O0ODO
00o00dooDO00o0ooDOoUo0DO00oU0ooOoDO0O0oO0oDOoDoOUoOoDOoooOooOooDoOoO
0000000000000 DO00D0DoooooogodOoutput0OO 000 OOOOOODOODO

1** Pulay stress : -0.000194696412156

goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
gbooooboooboobooboooobobooooobooobooboobooooboboooobooboon
obooooboooobooboooobobooooobooooobooboooobooboooooobon
ooooooboooo0o0landD OO0

structure_evolution{
lattice{
sw_optimize_lattice = on
external_stress{
sll = -0.0001
s22 = -0.0001
s33 = -0.0001
}
}
}

oobooo2019010000000000000O0DO0bOOO0O0OOD
- 00O

gboooboooboooTio,00oboooooooooboobooobooooooooboooboooaon
0000000000 0b0b000 £5Rydberg0 000000

a (bohr) | ¢ (bohr)

00000 36Rydberg, EVOO | 8.8017 | 5.6355
00000 36Rydberg, 1000 | 8.6825 | 5.5862
00000 36 Rydberg, 00 1. 8.7593 | 5.6072
00000 36 Rydberg, 00 2. 8.8052 | 5.6200
OO0OD00 80Rydberg, 10O0DO | 87918 | 5.6158

gbooooboobobooooooboboooooboob EvoOoooOobooooooooboboo
gbooooooooooon

512 000000000O0OO0OO

googo

000000000000 0000000000000000000000000000 000000
00000000000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000000000
0000000000000 0000000000000000000000000000000000
0000000000000 0000000000000000000000000000000000
BaO/Si(00) 00000000000
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O000D0D0BaOOOOOOOSiODODOOOO0O (543A) 0000000000 0510000000
BaO/Si(00) DO OO0DOOOSO00DOO0O0DOOOb0eOODbDO BaOOD D OOUOODOOODOOO
00 BaO/Si(001) D0 000ODO0OO0O0O samples/dos_band/Ba0_Si001 0 0O O

gobogboobooaboabuooboooboboooboaoa

structure{
unit_cell_type=bravais
unit_cell{
Il a_Si=5.43 A, c-axis=5%a_Si

1 (c.f. a_Ba0=5.52 A)
#units angstrom  degree

a = 3.83958982184, b= 3.83958982184, c= 27.15
alpha=90.0, beta=90.0, gamma=90.0
}
symmetry{
tspace{
system = primitive
generators {
#tag rotation tx ty tz
E 0 0 0
C2z 0 0 0
}
}
sw_inversion = off
}
magnetic_state = para ! {para|af| ferro}
atom_list{
coordinate_system = internal ! {cartesian|internal}
atoms{
#default mobile=no
#tag element rx ry rz num_layer
Ba 0.0000 0.5000 0.05 1
0 0.5000 0.0000 0.05 1
Ba 0.5000 0.0000 0.15 2
0 0.0000 0.5000 0.15 2
Ba 0.0000 0.5000 0.25 3
0 0.5000 0.0000 0.25 3
0 0.0000 0.5000 0.35 4
Si 0.0000 0.0000 0.40 5
Si 0.5000 0.0000 0.45 6
Si 0.5000 0.5000 0.50 7
Si 0.0000 0.5000 0.55 8
Si 0.0000 0.0000 0.60 9
0 0.5000 0.0000 0.65 10
Ba 0.5000 0.0000 0.75 11
0 0.0000 0.5000 0.75 11
Ba 0.0000 0.5000 0.85 12
0 0.5000 0.0000 0.85 12
Ba 0.5000 0.0000 0.95 13
0 0.0000 0.5000 0.95 13
}
element_list{ !#tag element atomicnumber zeta dev
Si 14 0.00 1.5
Ba 56 0.00 1.5
0 8 0.00 1.5

}
}

O0000000000000000Omobiled no00000000O00OO0ODODOOO
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gobobooboobod

0000000000 DO0O0O0O0O0O0OD0OOD0 Postprocessingd 0000 dosOOO ldosOOODOODOOO
0000 dosOOODODO sw_dosO ONOOUOOO ldos 00000 sw_aldos 0 ON O O O OO phase/0 2015.01
000000000000 sw_dos=OFF [0 sw_aldos=ONOODOOODOOOOOOODOOODOOOODOO
oo

Postprocessing{
dos{
sw_dos = ON
method = g

}
ldos{
sw_aldos = ON
aldos{
crtdst = 6.0 bohr
naldos_from = 1
naldos_to = 19

OO0 aldosOO0O00OO certdst 00000000000 DOODOOOOODOODOODOODODOODODOODOO
0000000000000 o0oD0oooDo0ooooD0oD0ooooooDooooDoomoood
0+1000000000000000O0000OOOnaldos_formd naldos_toO0 OO0 O0OOO0OOOOO
00o0doUoDO00o0ooDOoU0o0DO00ooU0oooDO0O0oO0DoDOoDOoOU0oOoDOoooOOooOooDoOoo
0000000000000 atoms 00000 aldosd of OO0 O0O0DOODOODOOOODOOODOO
00 aldos O OO naldos_from O naldos_ toO0OOO0OOO0OO0O0OOO

00000 dosdata0 0000000000000 DOOOO0OOOOOO PerlOO000O0O dosplOOOO
00000000000 dos_a001.eps,dos_a002.eps,....dos_axxx.eps 1 OO0 DD OO0OOODOOOOOO
oogoooooo

’% ../../../tools/bin/dos.pl dos.data -erange=-30,5 -dosrange=0,12 -mode=atom

BaO/Si(00) DO OOODOOODOO0O0O0ODOO0ODO0OO0OO os1oogoogsSi,Bao0oonooonog
gboooooboboobooboobooooboboooodg

goobgoooooo

ob00ooo00oOoooOoooobOognOgd Postprocessingd 0000 dosO0O0O ldosOOO0OOO0OOONO
OO0 dosOUODOOO sw_dosO ONOUODODODO IdosODOOODO sw_layerdosD ONOOODOODOOOOOO
O000000000D00O0Ophase/02015.0100000000000sw_dos=OFF O sw_layer=ON O J
gbooooboboooooboooobooond

dos{
sw_dos ON

method

ldos{

sw_layerdos = ON
layerdos{
slicing_way = by_atomic_positions !{regular_intervals|by_atomic_positions}
deltaz = 1.0 angstrom
normal_axis = 3
crtdst = 3.5 bohr
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12
10t Si
2
% 87
2
8 6}
>
n i
o 4 ‘
c e T
|‘l‘ll! '|
0 : u'dl,l. i)
58 Ba 9P
10}
2
% 8
9
8 6}
= |
n !
! 4
I |
0o L, . A L
10} O 2p
> 2s
% 8
9
T 6| ‘
°
n L
Q4
D |
2| I
0 A 2 .'.. Ib.\- L 'L,LJA!!'
30 25 20 -15 -10 -5 0 5
Energy (eV)

O 5.1: BaO/Si(001)) D00 0ODOO0O000DO0O0O0000DO0O0O000Sioooo sioogooooog
gboO0b0OdBaOOOOO BaOOOOOODOOOOOOOOBaOOOOO OOOOOOODOO
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OO0 layerdos OO 00O normal axisO O OO O0O0O0O0O0OOO0O0OD0O0O0ODOOOO0ODO1I0 a00OO20
bOOO30 cOOODODOODOODO slicing_way O by_atomic_positions 1 00000000000 OOOO
O00000DDO0O0000000o0D0O00000000D0atomsO00000 num_layer00D00O0OOO
obooooooooobooooooboooboobooobO0oobobo BOoobooobooooboooooao
0000 slicing_ way O regular_intervals 0 000 0000000000000 ODO0OOOOOODOOO
O00000000000000000000 deltazDOOODOOOD erdst000000O00ODOO
ooooOooO0ooooOoo0o0oooOoo0oooobOo0oooDoOooooDo

0o0000oob0o000b00b0o0n outputOOO OO ODOOOOO

!'11dos no, min, max

!'11dos 1 0.00000000 5.13060607
I'11dos 2 5.13060607 10.26121214
1'11dos 3 10.26121214 15.39181821
I'11ldos 4 15.39181821 19.23977276
111dos 5 19.23977276 21.80507579
!'11dos 6 21.80507579 24.37037883
I'11ldos 7 24.37037883 26.93568186
!11dos 8 26.93568186 29.50098489
I'11ldos 9 29.50098489 32.06628793
!11dos 10 32.06628793 35.91424248
I'11ldos 11 35.91424248 41.04484855
111dos 12 41.04484855 46.17545462
I'11dos 13 46.17545462 51.30606069
I'11ldos 14 0.00000000 0.00000000

n00000000OminO0 maxOOO0O0OO0000D0OO0O0DOO0OODOOODOOODOOOOOOOOO0O0O0
ooog

00000 dosdata0 000000000 0DO0ODOODOOODOOODOOPerlDO0D0OOO dos.plOOOO
0000000000 0D0O00DO00DO0oO0DbDO0O0nO dos_1001.eps,dos_1002.eps,...,dos_lxxx.eps 0 O O
oooono

’% ../../../tools/bin/dos.pl dos.data -erange=-20,5 -dosrange=0,20 -mode=layer

BaO/Si(00) DO DOODOOOOOOOOOoOooOooboOoboOo os2000000

ooooog

000000000000 000 Postprocessing 00000 charge 000000000 chargeDDODOOO
sw_charge_rspace O 0 O partial_charge 0 0 0 0 0O sw_partial_charge 0 OnO0 00000000 OOOOO
OO0D00O0OOsw_charge rspace ] OnOD 0O O0O0OOOOOOOO

Postprocessing{
charge{

sw_charge_rspace = on

partial_charge {
sw_partial_charge = on
Erange_min = -0.45 eV
Erange_max = 0.45 eV
Erange_delta = 0.05 eV
partial_charge_filetype=separate !{individual,separate | integrated}

U0 Erange min 0 Erange max U0 0000000000000 OOCOOOOCOOOOOOOOOOOOO
gboboboboboboboobooboobo0o0obobOO0ob0Oo0bO0OO0b0b0O000O000000 Erange_delta
oboobooboooooboobooooobooooboobooooobon

ooooodouputoOODODOOOOOOODOOOOODOODOOOOODOOO" lper OOOoOoMm
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DOS (states/eV) DOS (states/eV) DOS (states/eV) DOS (states/eV)
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|
| | !
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-15 -10 -5 0 5
Energy (eV)

0 5.2: BaO/Si(001) OO0 OOOOOOOOOOOOOOO0OOOO0OOO0SiOOoOOOoooOoOoooOoooo
obooooooooogBao/Sioon) OO SinoooooooooooooooBao/Sioonoooon
0o0o0o0oobooboooboobOobooobooobooBaO/Sioony 000 BaOODODODODOOOOODOODOO

O00BaOOOODOODOOOOOODODOO
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Ipc nEwindows = 20, nvb_windows = 10, ncb_windows = 10 <<m_ESoc_set_nEwindows_pc>>

Ipc iw if_elec_state erange (hartree)

erange(eV)

Ipc (asis) (shifted) (shifted)

Ipc 1 1 ( 0.094537 0.096374 ) ( -0.018375 -0.016537 ) ( -0.500000 -0.
450000 )

Ipc 2 1 ( 0.096374 0.098211 ) ( -0.016537 -0.014700 ) ( -0.450000 -O.
400000 )

Ipc 3 1 ( 0.098211 0.100049 ) ( -0.014700 -0.012862 ) ( -0.400000 -0.
350000 )

Ipc 4 1 ( 0.100049 0.101886 ) ( -0.012862 -0.011025 ) ( -0.350000 -0.
300000 )

Ipc 5 0 ( 6.101886 0.103724 ) ( -0.011025 -0.009187 ) ( -0.300000 -0.
250000 )

Ipc 6 1 ( 0.103724 0.105561 ) ( -0.009187 -0.007350 ) ( -0.250000 -O.
—200000 )

Ipc 7 1 ( 0.105561 0.107399 ) ( -0.007350 -0.005512 ) ( -0.200000 -O.
150000 )

Ipc 8 0 ( 0.107399 0.109236 ) ( -0.005512 -0.003675 ) ( -0.150000 -O.
100000 )

Ipc 9 0 ( 0.109236 0.111074 ) ( -0.003675 -0.001837 ) ( -0.100000 -O.
050000 )

Ipc 10 1 ( 0.111074 0.112911 ) ( -0.001837 0.000000 ) ( -0.050000 0.
— 000000 )

Ipc 11 1 ( 0.112911 0.114749 ) ( 0.000000 0.001837 ) ( 0.000000

0.050000 )

Ipc 12 \] ( 0.114749 0.116586 ) ( 0.001837 0.003675 ) ( 0.050000

0.100000 )

Ipc 13 ] ( 0.116586 0.118424 ) ( 0.003675 0.005512 ) ( 0.100000

0.150000 )

Ipc 14 ] ( 0.118424 0.120261 ) ( 0.005512 0.007350 ) ( 0.150000

0.200000 )

Ipc 15 ] ( 0.120261 0.122099 ) ( 0.007350 0.009187 ) ( 0.200000

0.250000 )

Ipc 16 1 ( 0.1220699 0.123936 ) ( 0.009187 0.011025 ) ( 0.250000

0.300000 )

Ipc 17 1 ( 0.123936 0.125773 ) ( 0.011025 0.012862 ) ( 0.300000

0.350000 )

Ipc 18 \] ( 0.125773 0.127611 ) ( 0.012862 0.014700 ) ( 0.350000

0.400000 )

Ipc 19 \] ( 0.127611 0.129448 ) ( 0.014700 0.016537 ) ( 0.400000

0.450000 )

Ipc 20 ] ( 0.129448 0.131286 ) ( 0.016537 0.018375 ) ( 0.450000

0.500000 )

nEwindows D 000000000 OOOnvb_windows O ncb_windows OO0 O000000000O00O00O0OOO
00000O0CO000DOOO0O0DODOOOO0OOOErange_min=-0.45 eVOErange_max = 0.45 eVOErange_delta
=0.05eV0O000000DOOO0DOOO 1800000000000 DOOODOOODOOOODOOODOOOn
00000000 Erange delta 0000000000 0DODOOODOOODOOODOOODR200000000
0000000000 0iwODOODDO0O0O0O0ODODOifelecstate 1000000000 0OOODOO0O
0000000000 DOO0DOO0000oo0Db0ODOD0O0OD0OD0O01I0DO0DbO0ODOODO0ODOD0O0Dd asis
0000000000000 0O0D0O0000bO0D0O00DbOO0O0dshifteddD0OO0O0OO0DOOOOOOOO0O
0do0o0doo00oodooooooodevODOODOoOoooono

O O partial_charge_filetype O individual D0 0 separate 0 0000000000 OOODOOOODOOOO
ooo0Odoo0oOo0oOo0obOOo0bOOoobOoDo0boOo0oo0oDOo0oobOoobooooooOoooa
00O OF_CHR =nfchr.cube O O 0 O nfchr.00xx.cubeDd xx OO0 0000 iwOOOOOOOOOOOOOOO
000000000 D0O0O00OODOF_CHR =nfchr.cube O O O O O nfchr.up.00xx.cube nfchr.down.00xx.cube
000000000 DOO00D000D0000DOO ifelecstate] 00D0DO0ODOODOOODOOOODOO
0000000000000 0O0000000O0cube 00 0OO0DOOODOOODOOO

integrated D 00 0000000000000 DOO0OO00OO0D00D0O0O00OD0OOD0ODOO0OOOD PAR-
TIALCHARGEOOOOOODOOOOO ENDODOOOOOD0OO

BaO/Si(001) 0000000000000 O000DO O S3000000

«O0O0OOSTMDODOOO
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0 5.3: Ba0/Si(001) D0 00000O0O00O0O@Ba0O/Si001)DOO0OO0O0O0O0O0OOMBOOOOODOOO0O
0@oobooooo-0.05evO0 0OevOO)OODODOOOODOOOODOO(@OUDODODODO (0O
0000000.0VOO005VOO)O0OD0D0D00000000000000 1x107°00 1x10730
gbooboobooooboboooobooooboobooooboboooboOoboOoon
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obooobooobooobooobooooSTMOOooOoooooooooooooobooboobooooo
go

gbooooboooobooboooobobooooobooooobooboooobobooooooboon
STMOOOOOOODOCOOO00D0O0 (samples/stm_by_pcharge00)000000000O0COOOO
goooon

oooooosicoonooo0oooooooDOo0o00 PHASEDDOOOOOOOOODOODOOOO
oboooooooobooo

postprocessing{
charge{

sw_charge_rspace = on

filetype = cube

partial_charge{
sw_partial_charge = on
partial_charge_filetype = individual
Erange_min = 0 eV
Erange_max = 0 eV
Erange_delta = 1 eV

obooooooooobobOobDoboboboooboboDboO-1tevOOOevOODOODOODO OeVO
OlevOOOOoooOOOOOoOOODOODODODOOODOOOODOOOO-1VODOOOODDOOO 1YV
goooooooooooooooobooooooo STMODOOOOOODOOOOOOOOOODOOO
OOO0OO000O0Onfchr.000l.cube (-1evO O 0eVOOOOOOOOOODOO)O nfchr.0002.cube (0eV OO 1
evIODOODOODO0OO0OD)000000000000000005A00000000000000
oooooooobos4@O0O0000oO0OOOnDOsSs4®onoonoO

054510000 STMODO(@ODOOO0O00DO@®MOOOOODOOO
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gobogbboobooboobuooboobobboboon

gboooobooooboobooooboboooooboooboobobooooboboooobooboon
obooooboooobooboooobobooooobooooobooboooobooboooooobon
boooogoboooooboobooooboboooooboobooobobooooboboobooobooboon
gbooooooooo

Postprocessing{

dos{
sw_dos = on

}

ldos{
sw_rspace = on
sw_aldos = on
sw_layerdos = on
aldos{
}

layerdos{

L
}
}

ldosODOUOOODODO swrspace 00000000 onOO0O000D00DOO0OO00O0DOOOOOODOO

ooooon

513 000000

PHASEOODOOOOODODODOOOOOODOOOOOOOODODODOOOOOOODOOOOOODOOn
gbooooooooon

gooooao

goboboaobooboobooboobobbooboobooboobaon

accuraccy{

projector_list{
projectors{

#tag no gr

1

up radius 1 t

W
NN e
e
hree
= — =]
NN = =T

noJ0000000O00O0O0DO0O0OO0O0ODOOOOgroup 00 DOOODOO” DODOODODOODDOO
000000000000 group00000D00Oradius00000000000OO0ODOOODOOO
obobooooooooooooobOobobobobobooboooonbO 1bohrD0O1IO0OO0OO0OOOO
obooobooboOdsOoOobDlopbbOO20d00030fO000000O0O0O0O0O0O0OOtODOODOOO
ooooooobooooobooboooobobooooobooboooDoboooobobobooooDboo
b0 loooobooobooboooobobooooboooboobo20b00000b000O0DbO0n
gb200000000000O00O0C0O0O00O000C0«tOOO020000000¢0
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obooooobooooboobooooboboooooboooboobooboooobobobooobooboon
proj_group 00O O 0OOO0OOOOO

structure{
atom_list{
atoms{
#tag element rx ry rz mobile proj_group
Fel 0.0 0.0 0.14783 on 1
Fe2 0.0 0.0 0.35217 on 2
Fel 0.0 0.0 0.85217 on 1
Fe2 0.0 0.0 0.64783 on 2

gbooooboobooooooo

=0 =1 =2 =3
ggod
goooo
1 5 x 322 —r? 2(52% — 3r?)
2 z? — y? z(522 —r?)
3 xy y(522 —1r?)
4 Yz 2(2% — y?)
5 zx xYz
6 x(x? — 3y?)
7 y(32% —y?)

ob00o0d00FelO group 1000000000OFe20 groupd 200000000000000000O
gboooooboooooboobooooboboooogooboo

postprocessing 1 0 0 00 O0ODOO0O0O0OO0O0OO0O0O0ODOOOOCOOOOOOOODOO

postprocessing{
pdos{
sw_pdos = on

}
}

O000O0O0DO0O0O0OOdypostprocessingl dosU DO OODODODOODOOOOODOOO

gooogobood

PDOS: ia=2 1=1m=1 t=1
No. E(hr.) dos(hr.) E(eV) dos(eV) sum

6 -1.95781 0.0000000000 -56.762838 0 0.
16 -1.95681 0.0000000000 -56.735626 0. 0.
26 -1.95581 0.0000000000 -56.708415 0. 0.

0 0.

46 -1.95381 0.0085366260 -56.653992 0.0003137151 0.0000002437

0
0

36 -1.95481 0.0000000000 -56.681204
0

56 -1.95281 0.0176460501 -56.626781 0.0006484801 0.0000254127

pboS: 00000000 DOO0OO0O0OOO0OO0DOOODOODbO0Ob0OO0O0DO0DiIa=00000b00O0
oo0m0,=0000000000000000m=000000000000000:=00000000
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
gobobooboooboogo

UOoobobbObO0O0000 dos.data O OO0 Odos.pl O-mode=projected O OOOOODOOOOO
ooo

% dos.pl dos.data -mode=projected -color -with_fermi

O00O0OO0OEPSOO0O0DODOOO dos_aAAAILmMtTeps 00O OOOOOAAAODOO ID,LODODOO
oboooMOOO0OOO0OO0OOTOOOODOOOOODOOO0OOO0DOO00O0 data=yesOOOOOOOOOOOO
obooooooboooobooboooboboooooooooobooooobooboboooboOobDEPSODOOO
O0000data0000DOOOODDOOO

O000BaTiOs DO OO0OOOOOO

BaTiO; OO O0OO0O0O0O00O0O0O0O0O0O0O0O0O0000D000 samples/dos_band/pdos/BaTi0o3 00000
ooo

BaTiO; DO O0DOO0O0DOOO0O0OOOO0O0OO0O0O0O0O0DOOO0DOOOOOO0O0ODOO0ODODOODOOOODbODO
gboooobobooobooboooobobooooobooooboobooonoog

structureq{
atom_list{
atoms{

#units angstrom

#tag element rx ry rz proj_group
Ba 0.00 0.00 0.00
0 0.50 0.50 0.
0 0.50 0.00 0.
0 0.00 0.50 0.
Ti 0.50 0.50 0.50 1

00 2
50 2
50 2

}

}

unit_cell{
#units angstrom
a_vector = 4 0.00 0.00
b_vector = 0.00 4 0.00
c_vector = 0.00 0.00 4

goboboooboooboobooooon

accuracy{
projector_list{
projectors{
#tag no group radius 1
111.02

oooo1ol1o2d0D)0bO0OO0020 10 1(pO0O)0OOOOOOOO TIODOOUOODOOODOO
dO0OOpostprocessing 10000000000 O0OO0O0O0O0OO0O0OO0O0OOOOOOCOOOO

postprocessing{
dos{
sw_dos = on
method = tetrahedral
}
pdos{
sw_pdos = on
}
}
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0000000 tetrahedral D0 O 0000000000000k DOOOOOCOOO mesh OO smearing O
tetrahedral D 0 OO DO ODOOODO

BaTiO3O0OOOOOODOO O s500Ti0d0D00O00O0O0O0O0O0O0O0O O S6000000

DOS (statew/eV)
@

Energy (V)

O S55:BaTio3 00000000

T —

DOS (states/eV)
&

energy (V)

gse6eTildOOOOOOOOO

514 000000O0O0DOOOO 2020.01 000
ooooon

ooogooo@epoS)DoonooooscFrO0bnooboooDoonbog projectorD00O0ODOOODOOO
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
oboooobooooobooboooobobooooobooooobooboooobooboobooooobon
o@o)booooooobooooboooobobooooobbooboooboboobooobooboooboon
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
obooooboo SCcrOO0OOobOOoboOoOobooboboonog

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
000000000000 bandpl D000 0gnuplot D00 0O0000O perl OO0DO0OO0O0OO0O0DODOO

obooooboooobooboooobobooooobooooobooboooobooboooooobon
ooog
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goo

0ooooooo
1) SCFO O

00000000000 O00DO0O0DOOOorbital_population 0 O 0O O O O Osw_write_orb_dens_mat_file
=on0 0000000000 OPDOSOOO0OO0OOOOODOOOOOOOODOOOO

oboooooobooooooobobooobo(@oobobobooon)

accuracy{
projector_list{
projectors{
#tag group radius 1
12.52
}
}
}
structure{
atom_list{
atoms{
#tag element rx ry rz proj_group
Nil 0.600 0.000 0.000 1
}
}
}
postprocessing{
orbital_population{
sw_write_orb_dens_mat_file = on
}
}

2)ygoooon

goooooOoOoooooOooooOoOopooO00oooo0O0ooDoOoOoooDOooOooooogoobooog
0 O O wf_orb_projection 0 0 0 O 0O sw_calc_wf_orb_projection=on D 0000000000 OOOOO
U00000ob0O0O00bO0oOoOobOOnoOg orbital_population O O OO O O sw_diagonalize_population =
on0O0O0O0O0OO

gbooooboooboooo

accuracy{
projector_list{
projectors{
#tag group radius 1
12.52
}
}
}
structure{
atom_list{
atoms{
#tag element rx ry rz proj_group O key
Nil 0.000 0.000 0.000 1 1
}
}
}
postprocessing{
orbital_population{
sw_diagonalize_population = on
}
wf_orb_projection{
sw_calc_wf_orb_projection = on
}
}

g

1) SCFO O
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F_PORB_DENS MATOUOOOODOOODO (D0 0O0ODO0OOporb_density_matrix.data) D OO0 000000
gobogoboooboooog

2)ygoooon

O F_WFK ORB_PROJIOOODOO0OO0OOO@MUODOOOwWEn orb_proj.data) D00 0ODOOODOOOO
0000000000000 0D0000key OO 5- 20 keyOOOODOOODODOSscore_bond OO0
0000000000000 b00O0000O0O00000O000000mO0O000DDO score_bond OO

neighbor |21+1 2

1 1
score_bond(m) = TR Z Z Cin/mylm' (©i, ¢i)
s

i m=1

ooooooooooosboobob0oooobO0ddbdbOscore bondd O 0OODOODO t2c000O0O
goo

PBANDOOOOODO

# Orbital Projection for bands
num_kpoints = 88

num_bands = 40

nspin = 2

num of orbitals = 16
population_diag_mode = 1

# Orbital Info.

iorb ia 1 m' tau element key score_bond
11211Nil11 3.00000
2122 1Nil 1 3.00000

a@o

ik =1 ( -0. 0.5 0.5 )
11211: iorb, ia, 1, m', tau

0.0000000000 0.0291274666 0.0000000292 0.6901602135
ao)

gobobooboooboogo

band-orbital-proj.pl DO OO O Oegnuplot 1 000000000 OOODOOOOOOOOOOOCOCOCOLOO
oo0ooooog0oopoUoUOooOooUU0OooUUOoOOU0OODUUODOOOoUOODUOODDODOOO
plot_band_orbproj.dat D 0O OO0 0OO00OOODODODO plot_band_orbproj.gnul gnuplot D0 OO OO0OOO

band-orbital-proj.pl 0 O O

band-orbital-proj.pl EnergyDataFile KpointFile OrbProjFile
-erange=Emin,Emax -einc=dE -with_fermi
-atom_range=amin,amax -il=L -im=M -tau=TAU

-element=X -key=I -score_range=scmin,scmax
-cbrange=Cbmin,Cbmax -circle_radius=SIZE -window_width=SIZE
-color -print_format={eps,png} -outfile=AAA

EnergyDataFile 0 D 0O O0O0OOO0O0DODOKpointFile D kOO ODOODOOOOOODODOOOOOOrbProjFile
gboooobobooooobooooboboooobo3oobooooboobooon

O 5.1: band-orbital-proj.pl D O OO OO

ooooo o0 oooooo

-erange=Emin,Emax oooooooboobobboono | oo
ooooo

-einc=dE Uob0O0 increment O OO | OO
od

-with_fermi oooopoooog (o00ev)d (OO
oooooDooog

gboogbooan
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O 61-0000000000

ooooo oo oooooo

-atom_range=amin,amax O0o0o0ooooooooooo gooo
000000 amin 00O amax O
oooooooogo

-il=L 0ooodoooooooooOon |oooood
OO0 LOOoooOoooon

-im=M 00000O000o0o0oooOon0 |oboooad
ooMOOODOOODOOO

-tau=TAU 00000O0o00OO00ooboOoon |oobooo
OTAUODODODOOODOOO

-element=X - ooooooooooooooon |ooboood
000 XOoooooooooo

-key=I 00D0000D0000D0keydO | O key
1000000000

-score_range=scmin,scmax Oo0o0oo0oo0ooOoo0oooojoooo
score. bond O O scmin O O
scmax 0000000000

-cbrange=Cbmin,Cbmax Oo0oooooooooooo oa
aood

-circle_radius=SIZE doooooopooooooo | 0.02
good

-window_width=SIZE 000000 Window OOGOQO | 0.50
gooooo

-color gooboooooo NO

-print_format={eps,png} epsUO0O0 png0OOODOOO | eps
ooogoooono

-outfile=AAA 00000000000 AAAO |epsO00O00ODOODO
ooooa orbital _projected_band.eps,

pngO0O0O0OOOO
orbita 1_projected_band.png

00O O Oband-orbital-proj.pl DO O OO OOOOODOOODOOOkey O 10il=2(d 0 0O)UJ score_bond O O 0
00 1000000000000plot_band_orbproj.dat 00000000 OOOgnuplot0000 pngO O
0O O orbital_projected_band.png 0 0 00 00O 0O OO Onfenergy.data 0 00 000 00O OO O Obandkpt.in O
kOOOOO0OD0O0OO0OO00D0O000000O0wfn_orb_projdata 000000000000 DOOOODOO

band-orbital-proj.pl O O O O

band-orbital-proj.pl nfenergy.data bandkpt.in wfn_orb_proj.data
-key=1 -il=2 -score_range=0,1 -color -print_format=png
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g

gboooobooboboboobobOobOobuobob0i0O0d samples/dos_band/PBAND O DO OO0

oon

MOSZ /WSZ

O57@)00MoS,/wWS, 000000boboouooooooobob os2000000000000
0000000000000 a=3232A,¢c=12417A00000000

OOOPBANDOOODOOOOMOS, 00 WS, 0000000000 keyd 1,2000000000 0053
gboooooooooonod s400postprocessing0 000000000000 OOOCOOOOOOOO
5.70000000000000000000A0

O 5.2: MoS,/WS, PBAND OO O0OO

oo0DOooO000 [Ry] | 25
oo00Do0O000 [Ry] | 225

kODoooooo SCFOO Monk (6x 6x 1)
gpoooooog GGAPBE

goooood Mo_ggapbe_paw_02.pp, W_ggapbe_paw_01.pp, S_ggapbe_paw_03.pp
0 5.3: MoS, /WS, PBANDOOOOOOODOODOO
00000 |00D0000 (oooooooooog)
Mo s 0 (2.0 bohr), p 00 (2.0 bohr),d 0 O (2.4bohr)
Y s00 (2.0 bohr),p 0 0O (2.0 bohr),d O O (2.4bohr)
S s 0 (1.6 bohr), p 0 O (1.8 bohr)

0 5.4: MoS, /WS, PBAND OO0 00O O postprocessing U 1 00 O

oo

SCFO DO

ao

gooano

wf_orb_projection{ sw_calc_wf_orb_projection = on }

0580590 MoS, 00 WS, 00O0O0OOOOO PBANDOOOOODODOOODODOs,p,d0DDOOODO
obooooobooooossobosgoooboooooooboooonog

055 058000000000000

band-orbital-proj.pl nfenergy.data bandkpt.in wfn_orb_proj.data
-key=1 -with_fermi -erange=-5,5 -einc=1

-cbrange=0.00,0.01 -color -print_format=png -outfile=Key1.png

NiO
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O057:000MoS,/WS, 0000000000 DOOO00O0O0DOOOOd

gse00D00OO0O00O0O0O0ODOOOOOOODOODOOOOOOKODODOOODOOOODODOOOOO
O0000000 5700postprocessing0 00000000000 O0O0O0DOOOO O S5.100 5.1100Ni
3dd000 Rg0d0eg00O0O0DDOOODOOO

O 5.6: NNOPBAND O DO ODOO

OO00oo0o00000 [Ry]

25

000000000 [Ry]

225

kOoooooo

SCFO OO Monk (4 x 4x 4)

oooooooo

GGAPBE+U
( Uegr = 5.0eV on Ni 3d,
00000000 O0OOoo?2.5bohr)

ooogooboo

Ni_ggapbe_paw_01.pp,
O_ggapbe_paw_02.pp
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B.01

0.008

0.006

Energy (e\/)

0.004

0.002

0 5.8: MoS2 0 0 O PBAND
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B.01

0.008

0.006

Energy (e\/)

0.004

0.002

0 5.9:wS20 00O PBAND
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0 5.7: NiOPBAND 0 OO0 OO postprocessing 1O OO OOO

SCFO 0O

orbital_population{
sw_write_orb_dens_mat_file = on

}

goooo

orbital_population{
sw_diagonalize_population = on
}

wf_orb_projection{
sw_calc_wf_orb_projection = on

}

Energy (eV)

F{/SymbolMG} K L{/Symbol

-4

0.025

0.02

0.015

0.01

0.0085

0
G}

Energy (eV)

2k

-4

o Lv'. ‘:,
lv. .1

F{/SymbolMG} K L /Symbol

0.025

0.02

0.0815

0.01

0.0085

0
G}

0 5.10: NiOO PBANDONidO O @2g0 00000000000 OCOOO0OO0O0OOOO0OO0C0O0O0O0

51. 0000
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Energy (eV)

F{/Symboll&}

T _ .

)

0.

02

018

016

014

012

.01

.0a8

.86

.004

002

K L{/Symbol G}

Energy (eV)

F{/SymbollG}

g ©.02
0.018
“AH 0.016
1H 0.014

= @.012

| 0.008

0.006

0.004

0.002

K L{/Symbol G}

O 5.11: NiOO PBANDONidOO egD 0D OO0O0O0DOOOOO0ODOOOODOOOODOODOOOO
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gs80s80b000o0oo0oooon s.iiob s11rooobon
ooooo

t2g

band-orbital-proj.pl nfenergy.data bandkpt.in wfn_orb_proj.data
-atom_range=1,2 -il=2 -score_range=0,1

-erange=-4,6 -color -print_format=png -outfile=band_t2g.png
eg

band-orbital-proj.pl nfenergy.data bandkpt.in wfn_orb_proj.data

-atom_range=1,2 -il=2 -score_range=2,4

-erange=-4,6 -color -print_format=png -outfile=band_eg.png

515 00000

gooon

oo0ooooOoooooooooo0ooooo0oooObO0ooDbObO0o0oDO0oOoO0oD kOO0ObOOOO
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
200000000000 00DDO0O0DOOO0ODOOODODO0OODOOODDOOOODDOOOODOOBOO
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
oboooooooooon

ooooooobooooboooooooooooooooooooooooooobDoooDboooDboboOoo
gbooouoboooobooboooobobooooboooboooboobooooboboooobooboon
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
goo

oooosSiooooooooon

0000000000 O0O0D0O0O0OPostprocessingd Wannier O OO OOOOOOOOOOOO

Postprocessing{
wannier{
sw_wannier = ON
eps_grad = 1.d-3
dt = 1.d-4
max_iteration = 1000
filetype = cube

000000000 ODOepsgrad0 00000 ODOOODOOODOOOdODOODOOODOOODOOODOOO
000 00000 max_iteration 0 0 000000000000 O0O0O0O00O0OOOO0O0OQO Gauusian cube
000000 oooooooobooboooobod cube000O0D0OO0O0O0ODODOO O file_names.data [
00000000 F_WANNIEROODOOODOO
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F_INP = './nfinput.data'

F_POT(1) = './Si_ldapw91l_nc_01.pp'
F_WANNIER = './nfwannier.cube'

/

oboooorooooocoboobooooboon

ksampling{
method = gamma

}

gboooobooooboobooooboboooooboooboobobooooboboooobooboon
obooooobooooooobooog

SioOOoO0o0O0000000 samples/wannier/Si80 000000000 O0O0O0O0OO0OO0OOOO
0O O nfwannier.0000l.cube 0O OO ODOOO0OD0O 16 0000000000000 000O00O0O0ODO0OODO O
s.200000000000000 Si-Si0000ocooobooboboobooooooooasiooon
gboooooboooobobooogoon

(a)SifE = (b)GaAs#E &

05.12:Si00 ()0 GaAs OO ()OO DOOOOODOOO

0o0o00oooobooo0oobD0oboo0oboOobDOobDOo0Osw_random_wannier 0 ONOOOOOODOOO
gboooobobooooobobooobooboooobooboon

Postprocessing{
wannier{

sw_randomize = ON

00000000000 00ODO0O0000000D0O0000O0Osw_continue ONOOOODOOOOO
gooon

Postprocessing{
wannier{

sw_continue = ON
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Wannier90 D 0000000 D0O0O

goooon

Wannier90 O O 0 OO (http:/www.wannier.org/) D0 000000000000 O0OOODOO0OOOOOO
O0OWannierOO O OO OOOOOOOOOOOOOOPHASEODODOODOOODOOODOODOODOO
ooooooOoooooooboooooboboooooooo

- fd00b0b00O0b0O0kbOO0OO0OObOOO0OOOOObOOOOOobOOobObOOnOO
00000000 DOODObOOODODbDOOO
- J000D0O0OO0O0ODOO0DOOOODOOOOOOODOOOODOODbOOOOO

OOD0OOOPHASEOD WamierOO O OO DO OOO0OOOO0ODOOODOOOOOOO0ODOODOOODOOODOOOO
O0000o0000oobo0o0o0D0 Wamnier90 OO OOOODOOOOOODOOOODOOOODOOOO
ooo

good

Wamnier0O O 0 0O DO0000O00000000DD0OC0OO000000Wannier90OOOOO0O0OO0ODOODO
OO0Wamier90 OO OOOOO0OO0OOO0O0OO0O0OOODOOOO

1. Wannier90 O O 0O 0000000000 O000O0O0 seedname.win O 0O 0O O O seedname 0 0 O 0O O
0000000000 0000000

2. WamnierOO O O OOOOOO* OOOO0OO0OO0OOO” OOO0OO0OOO

% wannier90.x -pp seedname

O0000000O0OWamier0 DO DOOO0DOO0DOOOO0ODOOODOOOODOOOOODOOODDOO
gbooooobob0o PHASEOOOOOOOOOOOOOO

3. PHASEOODOUOODOOODODOOOOOOODOO0OO0ODO0OO0ODOO0 kDODOODOOOOO Wannier90O OO
00000 0oooooooboobbO0bb0o0b0oob0oOobDOoOnUdpostprocessing 0 0000
goooooooo

postprocessing{
wannier{
seedname = "seedname"
sw_wannier9® = on
nb_wan90 = wannier90 OO OOO0O0O00O0O
}
}

00 seedname D000 seedname OO0 0000000000 Osw_wannier90 0 on OO0 00O OO0OOO0O
Wanmnier9O OO0 OO0 00000000000 COOOCOO0COOnb_wan90 O 0 OWannier90 O OO O OO O
O00O00O0O0O0O0OPHASEOOOODOOOOOOODOOOOOOODOOO

4 PHASEOOOOODOOOOOOOOOOOWannier90 O DD ODOOOOOODODODODDOOOOOOO
000000000 obooooDboooooOwannier90 D000 000D O0OODODOOOODOOOO
000000ooooooooOoOo0Ooo0000ooog sw_wannier90 0 of 000 O0O00OOOOOO
000 sw_wannier9O 0 on0 00000000000 Wannier90 O OO OO OOOOO

5. WannierOO O O OO O QOO
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% wannier90.x seedname

oo0O0d0OWanmier90 O OO OOOO0OO0O0O00O0D0OO0OO0O0OWamierDO0OOOOO0OOOOOOOOOO
O000o0o0oboobOoobdbOOseednamewinD OO0 000000 DO0OO0OOODOOODOODOOODOOO
gbooooboboooooblioboooboobooooboobooog

ooooo

wan_interp 0 0000000 00000000 DOO0OOOO0OOO0ODOO0O0ODOO0OOODOOOODOOODO
gbob0oobOOsrcwan_interpO0 000000000000 O0OO0DOOOOCOOOOOOOOOOOOO
000000000000 OmakeshOO ForranOOO OO OOO0O LAPACKOOOOOOOOOOOOO
OO0 makesh OO OOO0OO0D0OO0O00OO0O0O0O0D0OOO0OODO0O0OO0O0O0DOOO00O0OO0DODOODOOWannier90
O00000o0o0o0oo0O00bo0ooooo00O0OWamiero0DOODODOOO0ODODOOODOOODOO
O0Wannier90 OO OOD0OOOOObandpl DO0O0000O0O0O00O0DO PHASE-ViewerJODOOOOO
obooooobooooood

wan_interp 0 00 0000000000000 0O0O0O0O0OO

e seedname_hrdat D OO0 00 Wannier0O O O OO O0OO0O00O0O00O0O00DOOODODOODOOODOO
oboooooboobooooobooon

e seedname.nnkp OO OO0 Wannier90 D OO0 0000000 O0ODO0OOOODOOOOODOODOOODOO
OCO0O000O0OWwamier90 0 OO0OOO0ODOOO” ODODOOOODOOOOODOOOODO

e kpointdata D 000000000 kKkOOO0DOOO0O0DOOO0O0DOOO0O0OO0O0O0OOODOOOPHASE
D000 kpointdata OO0 OO OO0 O0O0OO0OOODOODODOODODOODODODODbOODOOOOO
UbobobobOob0oobobo PHASE-ViewerUOOOOoOoooooooooooooooo
obooooood

e nfefermidata OO0 0000000000000 0DO00O0O0O0OO0O0ODO0OOPHASEDODODOO
gboO0OO0Owan_interp0 00000000 O0OO0O0OOO0OCODOOOOOOODOOOCOOOO

e fsdata 0000000000 O0O0OMmMPHASE-ViewerJOOOOOOOOOOOOOOOOODOOO
O00000000D0O0O0O0PHASE-Viewer 100000000000 DOOOkOOOODOOO
gbooobOobooooboobooodg

gboooooboboooooboooobooboooonog

% wan_interp seedname

good

0000000GaAsO0 0000000000000 00000D0000000 samples/wan90/GaAs [
goooogoo

- 0O000O0bOOon

O0O0OWamnier9O O OO OOOOOOODOOO

% wannier90.x -pp gaa

O0000000o0o0oDD0o00 gaasnkp0 000000 DO0O0OOOO0OOO0OOODDOODODOOOOO
PHASEOOOOOOOOOOOOOO
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O0D0gaasnnkp 00000000000 O0ODOODOOOOODO ADOooooooooo

begin real_lattice

0.0000000 2.8265001 2.8265001
2.8265001 0.0000000 2.8265001
2.8265001 2.8265001 0.0000000
end real_lattice

U00O00OOb0O0OPHASEDDODOOODOOODODOOODODOODOOOOODODOOOOOODOOOOO

structureq{
unit_cell{
#units angstrom
a=5.653, b=5.653, c=5.653
alpha=90, beta=90, gamma=90
}
symmetry{
tspace{
lattice_system = facecentered
}
}
}

0000000000000 0D00000D0000D0O000000GaAsO00OO00ODOODODOOOIlat-
tice_system 0 0 00000 facecentered 1000000000

O0O0Ogaasnnkp 00000 kOODOODOOODOODOODOOOOODOOOODOODO

begin kpoints

64

0. 0. 0.

0 0. 0.25
0 0. 0.5

0 0. 0.75
0 0.25 0.

0 0.25 0.25
0 0.25 0.5

end kpoints

ubb0d0obOoobOOoO0b0OPHASEDOOOOOODOOODOOOOOOOOO kODOOOOOOO® ODoOOao
oo oooobooooooooo

accuracy{
ksampling{
method = directin
kpoints{
#tag kx ky kz denom weight
0041

=== =)
L — I — )
. N~ WN R
L S A
e

“ method=directin” OO0 00000000 kOOOOODOO0OO0ODOO0O0OOODkpoints000O00OOOO
kx, ky, kz, denom,weight 0 D00 kO OOOOOOOkOOOOO (kx/denom, ky/denom, kz/denom)] O
0000 weight 00O 0O

Postprocessing D 0 OO0 OO0 Wannier90 OO O OO OO0 OO0O0O0O0OO0ODOO

postprocessing{
wannier{
seedname = "gaas"

(oooooon)
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(Cooooooooo)

sw_wannier9® = ON
nb_wan90 = 8
}
}

Wanmnier9O O O OO0 O 000000000000 O00O0O0O0O00OO0O00O000O0000O sw_wannier90
OoffUO0O0OOO0OO00O00O00O0O sw_wannier90 0 onO 0000000000 O0O0OO OO OWannier90
O0o0o0o0oooooo

PHASEOODOOO Wannier90 OO DOOOOODOOO0OOOWannier90 O-ppO0 000000000

% wannier90.x gaas

Wannier90 DO OO0 0O ODO OO OO gaas_00001.xsf, gaas_00002.xsf,.. 0 00000000 O0OOODOOO
U000 XCrysDen U 0O 0O O OO http:/www.xcrysden.org/ U0 000000000 0OO0OO0OOO0OOOOOOO
U000XCrysDenOOOOOOOOO0OO0OOOO0OO0OO0OO0OO0O0ODOO0O0DOOODOCOOOOPHASE-Viewer
000000000000 Gaussiancube U0 DO DOOO0OODOO0OOODOOOOODOOPHASEODOOO
000000 convpyJODO PythonODOOOOODOOOOOOODOOOOODODOODOOOODDOD 5.13
00000000000 00000000 XCryshenOOOOOODOOOODO

« googn

Wamnier0O OO OO0 DOOO00D0OO0O00DOO0O0D0OO0O0DOOOO0DOO0OO0DOO0O0DOO0O0OO0O0O0ODO
gboooooobooboobooboboobooboooooboooboobooboooooooooboooon
gbobooboobooboobooboobooboobodbOwaninterpdd0oonooaonood
oboooob0obbGaAsOO0O0OODOOOOOOODOOOODODOOOOODObOOOn

obboobooobOooboo0obO0oobOoOo0O0OO0OnOPHASE-ViewerU* 0 0OO0OO0O0OO0O" OOO
000000000 PHASE-Viewer OO0 0OO00O0O0O0O0OOCOO0ODOOOOO ODOOOOOOO OOO
Okpointdata DO OO0 00000000000 O0ODOODOODOODOODOO0OO0OOO00OO0OO gaas.nnkp
O0000gaas_hrdatOOOO0OO0ODOO0OPHASEODOOOOODDO nfefermidata 000000000000
gboooobooooooboboooboob wan_interpd00000000O0O0OO

% wan_interp gaas

Oo0oDoDbO0ODO0O0O000 kpointdataD O OO0 000000 KkOODDOOOOOODODODOD Onfenergy.data
o00o0ooooooOo0o0o00ooooOobOoO000nD ooboooO0oO0” 0000 kpointdataOD 00O
oboooobooooboobooooboboooooboooooboOobobooobobooooooon
U00000b0o000b0bO0o0oo0oDbOobn PHASE-Viewer OO0 O0O0O O 514000000

gooood

s 000000000 DODOODOO0ODODOODOOOONDOODOODODOODO sw_wannier90
Oeff 000D00OO0O0D0O00OO00O0O sw_wannier90 0 on 000000000000 Wannier90 O
dooooooooooad

0000000000 DOOOOODbOObOOOOObOOOOOn

180 o560 0000
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O 5.13: GaAsO0DO0OOOO
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OS514:GaAs 00O D00O0D00OO0O0DOOOO0OO
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5.1.6 XPSOO
ooooo

XOOOOOO (X-ray Photoemission Spectroscopy, XPS) 1 0 0 00000000000 O0O0O0DOOOOO
0000 (CoreHole) COODODODOOODODODOOODOODOOODOODOOODOO (Core Level Shift, CLS) O O
ooooo

gooooao

00000000000000000000000000000000000000000000000
00000000000000001400000 (15)%(25)%(2p)%(35)%(3p)? 0000 500000000
00000000 1s02s02p000000000000000000000000O0 ClIAOO GGAOO
ooo

Energy levels [All-electron]
Element ---> Si

symm j Energy (Ha) Energy (eV) nocc focc

1s 1/2 -65.6258330748 -1785.7697073691 2 2.00000

2s 1/2 -5.1250077353 -139.4585506190 2 2.00000

2p 1/2 -3.5260321902 -95.9482139488 2 2.00000

2p 3/2 -3.5022484901 -95.3010265676 4 4.00000

3s 1/2 -0.3967820153 -10.7969875601 2 2.00000

3p 1/2 -0.1503011244 -4.0899015276 2 2.00000

3p 3/2 -0.1491437813 -4.0584086215 4 0.00000

Total number of electrons 14.00000

gbobobooooobobobobobtevbhobobooooboboboboboooooboobo
gbooobooboooooboobooooboboooooboboooooboooooboan

000000000000000000000 1000130eVv00 XO0O00O0O0O0OOO0000000000
000000000000 0000000000000 [Landemark92]000000000000000
0000000000000000000000000000000000000000Si000000
000000000000000 2p00000000000000000000000000002p0
000000000000 000 2ps20 2p1/,0 064eVv00000000

ooooboooboooooboobooooboboooboobooooOO0 vy DODODOOODOODOO
0000000 EuwO

Ekin = hV — W — (EF — Ec) (51)

oooooooooowioiooUoOUObDEsO Fermi0 00 E. DO00ODODOODOODODOOODOOOO
gboooobooobooboobooooboboooobooboooboooboboooobobooooboooboon
gbobooboobooooobooboboobooboooboooOoooobooooooooooobono o
si500000000000b00000bO0b0O00bO0ob0OoobO0oooobOOoooobOooboOobooOoon
obobooboooo20b00b00bobobooboboob pO00b0ob0obobobOob0oboboOoo
gboooobooooboobooooboboooooboooboooboobooooboboooobooboon
obooooboooobOooboooobobooooobooooobooboooobooboooooobon
obooooooooooon
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hv

@
m
&
3

Eiin hv

\l

w

surface

Ec ! core levels

Er

bulk core levels

Osis:0000000000000000000O000000O000O00DO00DO000O000O Fermi O
UOEp0000000O0O0O0O0ODOODO0 E;000D0O0O0O0DO0DODODOODODOODOODOOOOO
gboooood

ooooooooooOoooooOoooooooobooG.HoooooooooooooD E.00D000
oboboooooobo g, 0000000000000 0O0000O00O00DbO0ObOO0ODbOObO0ObOOOOn0
ooooooobooooboobooogoboboooooboobooobooboooobobobooooDboo
O0000000000000DD0 Schefler DO OO DO [Pehlke93] O OO Scheffler 00 O 5.160000
0000 ODDO (initial state) 0000 (finalstate) 000000000000

initial state final state
hv - .
| _ € \Ekln(|)
o & /] e z
hv € v Ekin(ll)
— PN
m V4 e /]
B | ]

0516 0000000000000000MO0O00O0OO0O0OO0O0DOODOODODOINO0O0DOn
00000000000000000000 (nitial state) 000000 (h)O0O0OO00O0O00O00OO
O@OMOMODD000D000000 (finalstate) 00 00000000000000000 EwOOD
00 @O)IO00000000000000 ED OO ANOO000000 Ewm+EeO0O0000

05160000000000000000000002000000000000@MO00000000
00000000000 00000000000000000000000000000 (hv)000
0000000000 MO 00000000000 0D0NON0DONNoNoNoONNooNooong @ooon
000 Ew,)ODODODODO (OO0)0000000 (000000 E,wDODOOODOODODOODOO0OOOOO
000000000000000000000000000000000@MO D00 EuyO EqO00O
00000000000000000000000000000000000000000000000
00000000000 00000000

Exin (I) + Eiot, (I) = Exin (IT) 4+ Eyoy (II) (5.2)
oooooooO AEg,,OOOOOoooooo
AEkin = Ekm(H) — Ekin(I) (53)

goooe¢2yooooon

AEy, = Elot(I) - Etot(H) = —AEy 54
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oobooooDo0o ¢2)0bbooobboobo0obobooob0o0obo0oboDbDOOD Scheffler O [Pehlke93]1 00O
ooooooo siqgoo)boooboooboobo0ooboooboobboudbOLandemark D00 OO0
[Landemark92] 000000000 O0O0DOOCOOO0O E. 0000000000 E.DO0O0O0DOG.HO
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APFE, = AE, (5.5)
ogoooooooGe4aHooooaa
AE, = —~AE(6) (5.6)
gooboood
bulk
core level

surface
core level

Emission Intensity

> Eki
Exin()  Exin() Kin

Ebind <

Os517:000000000000O0
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U000o0ob0oobOoobD0oboooDbon sereening) OO0 ODOOOO0ODOOOOODOOOOOODOO
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
U0 FmiOO00O000O00O000DOO0O0DOOCOOOOOOOOOO0OOOOOO0OOOOOO0OOO00O0
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gbboodooboooboobooboobooboobooboboooooooooobooooboon 2pboan
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0100 3p0000000 (1s)%(25)%(2p)°(35)*(3p)* 00000000000 0O000ODODOOO

51. 0O0OO 185



PHASE/0 Manual, 0 O 0 O 2021.02

2. 000000000000000000000

3.000000 (3s)2(3p)*0 5000000000000000

4 000000000000000S5S00000000000000000000000000
00000000 05180200000 (final state)y 0 00 000 screenedhole(D 00 0)0000000

gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
ooo
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2. 00b00oobooooo 1obooboooooboooobOooobobOobooobooobboobobooo
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O00000O0Si(100)p(2x2)0000000000000O00OO0S(lO) 000000000 OUoOUO
gboboobooooboobooobooobooboooboooobooboooo@oobono)ooooao
obooooobooooooboooobobooooobooooobooboboooboobooooooboon
00000000 Si(100)¢(4x2)0000000000000000000000O0O0O0O0O0O0 p(2x2)
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O si19:Sidoopyboboobooooooooobobo 2x2Hhoooooo 8o @o)yoobooobooo
ooooDg8ooOopooooDoobOOooooOooooobOoO0oooboOoboooDboOooboOoOoO 1606400000
ooooooO0O0oooo00obooOo00boDbb00 wwbdo203uwd3d000O0O0ooooOoon

ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
O05x1074000000000000000000000 5.19000000000000000000
oboooooooooooo@ooO)ooboobo0OOgdSi_ggapbe nc Ol.pp0000O000O0O0O0O
GGA-PBED 0000 ODOOOOOOk.(wf) =350ke(chg)=7000000000a; = 14.68160152900
as = 14.68160152900 a3 = 60.00000000000 k 004 x4 x 10000000 O0O0ODOOOOOOOOOO

gbooooooooo

X z fx fy
fz
1 11.654665468 7.340800747 19.731672033 -0.000108 0.000000 0.000136
2 10.943522273 0.000000002 18.308554343 -0.000156 0.000000 -0.000260
3 7.408260709 7.340800738 18.308043049 0.000156 0.000000 -0.000288
4 6.696493833 -0.000000008 19.730653256 0.000095 0.000000 0.000136
5 12.644826676 10.798805752 16.929970763 -0.000186 -0.000125 -0.000051
6 12.644826664 3.882795799 16.929970692 -0.000187 0.000125 -0.000052
7 5.707073513 11.223532172 16.928492210 0.000184 0.000135 -0.000066
8 5.707073576 3.458069376 16.928492250 0.000184 -0.000135 -0.000066
9 9.176755229 11.011875138 14.003484695 0.000002 -0.000042 -0.000291
10 9.176755074 3.669726457 14.003484706 0.000002 0.000042 -0.000291
11 1.834472402 11.011012299 14.542706201 -0.000005 -0.000002 0.000195
12 1.834472400 3.670589245 14.542706195 -0.000005 0.000002 0.000196
13 9.235196168 7.340800802 11.460786586 0.000018 0.000000 -0.000178
14 9.118076207 0.000000001 11.459447663 -0.000002 0.000000 -0.000198
15 1.882358440 7.340800774 11.863174990 0.000085 0.000000 0.000607
16 1.785205792 -0.000000009 11.863763387 -0.000075 0.000000 0.000566
17 12.980433730 7.340800764 9.066215802 0.000364 0.000000 -0.000060
18 12.895937822 0.000000005 9.076888750 0.000103 0.000000 -0.000067
19 5.455961640 7.340800779 9.081857152 -0.000145 0.000000 -0.000096
20 5.370066620 -0.000000012 9.069872950 -0.000307 0.000000 0.000025
21 12.895952884 11.013570694 6.478028955 0.000077 -0.000071 0.000099
22 12.895952919 3.668030852 6.478029019 0.000078 0.000071 0.000099
23 5.455699091 11.008682705 6.484530647 -0.000072 0.000047 0.000112
24 5.455699061 3.672918843 6.484530696 -0.000072 -0.000047 0.000112
25 9.172291984 11.011379982 3.920759253 -0.000013 -0.000002 0.000122
26 9.172291976 3.670221565 3.920759374 -0.000013 0.000002 0.000122
27 1.838705787 11.010982242 3.857185244 0.000014 0.000000 -0.000054
28 1.838705789 3.670619311 3.857185195 0.000014 0.000000 -0.000053
29 9.176000956 7.340800765 1.297682500 -0.000017 0.000000 0.002104
30 9.176000956 0.0 1.297682500 0.000472 0.000000 0.002118
31 1.835200191 7.340800765 1.297682500 -0.000774 0.000000 -0.002772
32 1.835200191 0.0 1.297682500 0.000325 0.000000 -0.002761
51. OOOO 187




PHASE/0 Manual, 0 O 0 O 2021.02

oboooboooooooboobo 20000000000000O080040000 (2900320)0
gobgoboobooboobooboobobobooboo

gboooooboooooo

000000000000 (Surface Core Level Shift, SCLS) D00 O0DODOO0OODOODOOOOOOOO
gbooooboooboobobooooboboooooboooboobooboooobobooooboooboon
gbooooooao

oboooob Ss- 18s000b00oooobooooboobooboobD0 @boevyDOOoOoOooOoooooO
oooooooobo 3, 0oboobooboooboooobooboobooboobooboobobooooo
gbbooboooboooboobooboooOooboobooboobooboooOooo mOooOOooooon
goooooooo 3, oobooboooooooboooboooooooobooons, o3, 00b000o0aao
oboooooooo sasgoogoog 3, 000b0b0obogs3,booboboobooboooon 3,0
gboooooboooobooboooobobooooobooobooobo 3, 00b0b0o0oan

05200000 screened dJ unscreened D 0000000 1000 down OO0 O0O0O00O0OOOOODODOO
000000 unscreened D 0 0 screened 1 00000 0O0OO0OOODOO unscreened 00 down O OO OO
000000000000 000O0O0Oscreenedd 0000000000 O0OOOOODOO downOOOO
oo0o0OoooOoooooooog

10 T T

® Screened
© Unscreened (ion) |

05 e up

Kinetic energy (eV)
& °
>
[ J
o
2
=]
4
®

Layer number

0520:SCLSO00000O0O0O0O0O0O0O0DODODO unscreenedd0 00 screened 000000000000
O00000b0oOoooonod Scheler 0000 0O0O0OODO0O0OOODOOOOOOOOO @OO ev)d
Oo000000oooOo0ooooooooo 3, 0000000000 on

Scheffler U0 OO [Pehlke93] 00000000 DOOODOOOO 521000003000000000 SCLS
oobo0O0o0oooobobo0oobooooobo0ooboboOo0ooobOoO0nbnOOdDunscreeneddscreened
0oo00oopb0ooboob0bO0o0boOobOoU Landemark O [Landemark92] OO0 O OODOOO

05210000000000 [Landemark92] 000000000 0OSchefler 0000000 [Pehlke93] O
U000b0OoobO0ob00oobbOOscreened 0000000000 O0O0O0OO0OOXPSOOOOOOOOO
0000 screened 00000000 O0O0OOO

188 o560 0000



PHASE/0 Manual, 0 O 0O O 2021.02
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o000 SCFOo0oooooboooooooooooooooobobooooooooooooooDoobOog
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g

000000000 DO0O0ODO0D0O0OC0OO0ODO0ODOO00n0g postprocessing 0 0000 workfunc OO OO
ooooooooooooo

postprocessing{
workfunc{
sw_workfunc = on
sw_add_xc_to_vloc = off
}
}

gboooooobooooooo
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sw_workfunc O0o00oo0oooDOooDoooooooooooon
ooooooo
000000000 onOd0O0OO0O
sw_add_xc_to_vloc ddddddddddodoooogoogog

obooboboboboooooooooooon
boobooooooooooooooooonn
oboobooboboboobobooboooooon
gboobobobobobobobooooooon
OO00D00D0O00onO00DOff0OODODO
bobooboboboboboooooooon
ooooooooooono

oooobbooodooobobooono PHASEODOOOOODODOOOOOOOOODOoOooOoOoOoOoOoOoaoo

gobgbooobooboobuoobobobobbobooboobooboobobooboan

oooooao

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
goo

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
goo

0000000000 00000000 workfuncOOOOOOOOOOOOOOO0ODOO src_workfunc
0000000000000 000000000000Fortran9000000000O 0O OO O workfuncO0O
00o00ooooOo0oo0o00o0o0oooobObOoooooooooog

% cd src_workfunc
% export F90=ifort
% make

0000 F90O FortranO U OO OO ODOOOOOOODOOOFRFOOOODOOOO gfortran0 00O

gboooooboooooo

% workfunc -z ZAXIS

zZAXISOOOODOOooooooo"oooboogtbe«ODOO LhOOOO 2,c000003000000O0O

gbooooboooooobos3goo
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gooogobood

workfunc 0 00 00 O O 0O 0O Onfvler.cube O nfvler_avdata0 2000000000000 0O O O nfvler.cube
0000000000000 DO0O0D00DOO0OD0O0D0 Gaussian Cube OO OO DOOO0DOODOODOO
nfvicravdata O 0000 0000000000000 O0OOOOOOoOoOooooooooooooooa
0ooooooDoooooooooogon

# Fermi energy (eV) -0.37838

# distance along the z-axis(Angstrom) averaged local potential (eV)
.104167 -0.218799E+01

.208333 -0.250195E+01

.312500 -0.331223E+01

.416667 -0.427665E+01

.520833 -0.495695E+01

.625000 -0.496651E+01

.729167 -0.425552E+01

oo

obooob01gobooooboboobotevOobobooooobOoDb30boobooooboboooo
1000 A0D000O0DO0O000DO200000000000000000000eVv0000O00
oboooobooooobooboooobobooooobooooobooboooobooboobooooobon
gooooobooboooboobooooboboobooog

nfvlcr_avdata 0 000 000000DDOO000000000O0OOODOOOO00O0OOOOODODDOO OO
0000000000000 000000 PerlOOOOO0O workfunepl OOO0O0D0O0ODOOO0O0DODOOO

% workfunc.pl nfvlcr_av.data OPTIONS

O000000ooDOo00boO0O00oo0o0ooo0o0oDo00DO00OworkfuncepsDOOOODOOO
gbooooboooobOobooooboooOo EpPSO000o0oo0obooonog

gbooooboooooooo

gdododooodooooooodooooobooooboOdnod samples/surface/workfunc/Al
ooo

O0D0000D0AI(11)7000000000000000000 ¢c000000c00000O050A0
oboobooooooooaiyoooooooboboboooboooooooooooobooobooboobooon
goooooobooooooboobooogoobobooooooboobooobooboooobobboooDboo
gbooooboboooooboooobooboobooboOobooobo os200b000:0

PHASEOODO SCFOOOO0OO0OOO0O0O0O workfuncOOOOOOOOO nfvler avdataOOOOOODOOO
U000 workfuncpl OO0 00000000 DOODOOO0OOOODOODOOOOOOODOODOD O5.23
O0000000000Db0405ev0000D000000ODODO0OOODODODOO408evOOOOODOOO
goog
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gbbooooooooobooooobooboobooooboooboooboooboobooboonDny
obooooboooobooboooobobooooobooooobooboooobooboooooobon
obooooobooooboobooooboboooooboooboobooboooobobobooobooboon
oooo0oobDOo0o0oOb0OPHASEOODODODODOOOOODOOOODODODOODOOODOOOOD

obooooboooobOoboooobooon

(A) D0bO0b0oO0obDOoboobOoobOOobboobOo0obOUbOPHASED D ODODOOOODOODO
obooboobooboooboobooboboobbooooooooboooooobobooooaon
Up, 0000000000DOO0O0OCODOOOOOOODOOOO

Pe = Pv T Pc (57)

UbdbOp.0bO0obOObOODbOOOOO0OOOCIAOODODOOOOOO0OO0OOOOODOOOOOOnOnO
oobooobobooooooobooobocoooboooobooooooooooboooboooboooobooon
oo ¢ Hooooooo
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B) OOOODOO 9, 00DOOOODOOOODOOMOT

= =
_;A_/djpe (T'Z; <T> + e (p (7)) | 4 (7) = etb (er) 5-8)

bbb obooboboooboobobooboboboaobaoobabodabp, 0ooobaoo
oooooobooooobooooobooob 11obobooboobobooobooobooboobbooboogoo
ooooooooooooOoooooOooobOoOoooOoOoooOooooOoooooOoOoorooooo
obooooobooooobobooooobooon

Yy = %: U5 exp (28 - 7) (5.9)

gboooogbgooogoog 8DDDDDEIDDDDDDDDDDDDDDDDDDDDDDDD
goo

@© ODooooboooon

pp (7)) = [0 | (5.10)

() cobooboooobobooooboboooooboooooboobooooobon
1 2
—=mZe [ drp(r) py (M) (o) (5.11)

ocoobor,00ooobooO0O0dcoooObOOoOooroooooooooboboOoboboooo
0000000000 OPHASEOOOOOOODOOOOOOOOOOOOOOOOO0DOO

pel (pe) = pul (pu) + pcl (pc) (5.12)
JoooooooboooooobobobbodoooooobboooooobobOooooooooo

ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
gbooooboooobobooboobobol1oooboobooooboboooboobooobooboon
oboooobobooobOobobooobobooobooboooon [Puska9s]10O

D=1+ 1.23r, +0.9889r%/2 — 1.482r% 4 0.3956%/% 4 2 /6 (5.13)

DDDD%’W?:1/peDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
oooooobooooboboooobobooobOoboOon [Puska9l], [NakamotoO8] O

['=1+1.23r, +0.9889r%/% — 1.482r2 4 0.39562/% + (1 — 1/ceie) 75 /6 (5.14)

U000e 0000000 DODODOODOOODOODODOOOODOOODOOOOOuUvVSOROODOOOO
ubobOoboooooooooboboobOobobobobooooobodn [Nakamoto08] OO OOO
ooo
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gooogobood

SidOdboooooboooobobooooobobooonbdn samples/positron/Si 000

Sidooooooooooboooobooboooboooobooboooooooboooooboobooobooon
goog

Control 0D OODODOOOOODODOOOOD

Control{
positron = BULK
}

Control 01 O OO0 positron=BULK OO0 O00O00O0000O0O0O0O0O0O0CO (DOO0oO0O0O00O0O000OO0Od
oboooooooooon

accuracy 1000000000000 OOOOOOO

accuracy{

cutoff_pwf = ©50.00 rydberg

positron_convergence{
num_extra_bands = 8
delta_eigenvalue = 1.d-8 rydberg
succession = 6
num_max_iteration = 32000
dtim = 0.01
epsilon_ele = 12

cutoff_pwf = 50.00 rydberg 0oooooobooogn
oooooo[eYyooljooooooooooo
od

positron_convergencell [ goooboobobooboobooobOoobooon
Ooooooogoo ¢sboogooooooo
oo0o0o0ooOoooooooooooooDo
OO0

num_extra_bands = 8 oo0obooooooooooo 1oo0bo00ooon
Oo0oo0o0oDOoOOo0ooOooOoobooOooobooooDo
Oo0oOoOooDooO0oDbDoOoobooOoobooooDo
oOo0Oo0o0oDooOoOooOo0oopoooooooDo
oo0oooobOooooooobooobooooDo
OooooOooooorooooooo
delta_eigenvalue = 1.d-8 rydberg 5.00000

succession = 6 Ooooooooobooooooooboo7.000
04 000000000000COS.00DC0CO
Oo0Oo0o0opooOoooOoOoooOoobooooDo
ooooboooooooon

num_max_iteration = 32000 OO000ooO0ooOoOooooooOooooooo
oooooo

googoobooan
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0 510-0000000000

dtim = 0.01 oo ooooooogooog
O0doooooooooooodddimOoood
0000000000000 0DOO00ooOOoOon
00000000 00oO0DOoooooooboOoonad
doooodooOooooOoooooooooon
000000 DoDo00ooD0o0ooDoooooon
0000000000 DOO000OOo0ooOoOon
ooooo

epsilon_ele = 12 epsilon_ele 00 O00O0OO0O0OOODOOOODOLDA
00000000b0ob0o0o0ooUbOd tagdDO=
O0oooooooSioono 120000000d
0000000000 DbO0o00oDOoOoooOoOon
Jobooboobooome.ooooooooo

gobogbood

O000000000000Ooutput000 0000 300 cubefileJ0DO0OOOOO
goooogoooggd outputdO0

oooooobooobooooosigtbooooboooooooooboooobobooobooooo
gbooooboooobobooooobooogoao

oobogoo* --  initial  positron  energy eigen values ---" OO00O0O0O0O0O0OOOOOOOO
goooooOooooooOooooOoopooOoOoooo0ooooOoooDooDOoooooDOooobooog
O000000014.6379eV) 000000000000 D0extrabands 0000000000 DODODOOO
0 (14.9628460558-15.02922896990 0 0 00000000 0ODOD 200000000 000.0021898139(eV)
oooooogoo

--- initial positron energy eigen values ---
=== positron eigen values ===
14.6378982055
-- extra_bands --
14.9628460558 14.6842242625 14.9879179620 15.2755174303
14.8070539395 14.6061318397 14.8086346971 15.0292289699
=== positron eigen values ===
0.0021898139
-- extra_bands --
0.0892687578 0.1056325893 0.2037689630 0.2140559068
0.3115605599 0.3359746459 0.3540270556 0.4738130045

obooooooobooooobobooobooboon

positron lifetime(ps) 220.184723312044
core rate 3.79328791767622 %

oboooooboooboobboobooboobooboooboon20ps0000000O0O0OOoO0OOoon
corcrate OO UOODOO0O0OO0ODOO0DOO0O0DOOOOODOOOOOOOO

Cube 0O OO

0o0dbo0dbooobooboobbboboob0oobooboobo0obUoOogbOg electron.cubeld
positron.cube ep_pair.cube D 000D D000 000O0O0O0O0ODO Gaussiancube D OO0 OO0 OODOOO0O
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oooos- 20 S8i0000000000000O000DO0O0O0O0DOO0OOOOOOOOOODOObODOOO0
ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
ooo0s24()000bO00ooO0ooboooboOooo0ooooboooboboobooooooboooboooon

0524:Si000000000 000000 (MIDOODO0OOO0O000 ()

gooogoo

ubooooboooooobooog
- 000000000

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbobooooooooboooboobboobooobooooooooooooooooooooboobooOoon
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
oooogooooooobooboooooboboooooboobooobooboooobobbooooDboo
ooooo0obOoOoooo0oobobOooDbOboOoooOooooOoooobobOOooDbocCciaooooDoooooDog
gooooao

- JUb000b0o0oboobg

SidOoooobooooboobooboobooboooooboooobooooboooboobooao
gboooooboooooo

accuracy{
cutoff_wf 50.00 rydberg cke_wf
cutoff_cd 200.00 rydberg I cke_cd
cutoff_ pwf = 50.00 rydberg

gboobooboooobooboooobobooooboooooobooooboOobooon
- 00O

goboboboobooobooboobobobobbobooboobooboboboboboobobooboo
output0O0 D 0 0O DO0ODOODOOOOO0OODOOODOOOOODOOOOOOOODOOOOOOODOn
goom

=== positron eigen values ===
-0.5674635596
-- extra_bands --
-0.0490686179 -0.0460091253 -0.0446118499 -0.0275856742
-0.0102856694 0.0069403602 0.0274419414 0.2284487012
lifetime: 220.180365487100 220.179503204077

O000000000000000D0O00Opositroneigenvalued D0 00000000000 O00OOOO
000000000 output000) O O O

-0.5674635596
-0.5674635638
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obobobOobobOooooooo0ooboboobooboooobooDOobDOoDbDOD 220.180365487100,
220.1795032040770 0 000000000000 DOOODODODOO0OO0OOOODOOODODODOODOOOO
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
oon

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gbooooboooboobobooogon

oooo
519 0000000

g

oboooobooooobooboooobobooooobooooobooboooobooboobooooobon
goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
gboooooooooboooboobon ooboobooobooooooooooboo ooooooao
gbooooboooobobooooboooobobooboOobos3sgooooobooooobon
obo200000000000b000O00bO0ob0O0obOO0obOoOooobooOoooboOobooooooon
goooooooooooboo

gobobooobooboad

gboooobooobooboboooooboooooboaon

;ﬂ:_zgfzzzionéaﬂ+zi:2{raia'w- (5.15)
oooo Z.,,.00000000;0000000000c0000;0000000000000000A0
00o00ooopUOO00O00dDO0U000OD0O0000o0ODO0O000OD0DODOoU0oDOoDOooooOoooOog
g0o300000000o030000o00o00o0ooooobooooooooooobooboooon
goobo0ooooooooooootobooboboooooobooooooooobooobooooooboon
0000000000000 0000000000000x 943000 000000000000 ekcal
O000000000000000000000O0O0O00O0000000000 SCFOOooooooooaoa
00000000000 0DO000O0D0O0DO0O0O0OODO0OOPHASE/ODOODOO berryplOOO Perl O
goooooooood

OOOOPHASE/ODODOOO berryplUOO Perl OO0 DODDOOOO00O0O0OOOOberrypl00bin 000
0000000000000 0O000oDoO0OOberrypl00000000O0DOO0OOODOOO

1. 00000000000 SCcFOOoOooOono
2. 000000000003 00000000000DO

3. 1,2.00000000000000000000000000000O00O00OO0300000O00O0
ooooooooo

4. 3.00000000000D00000D0O0O G.1)oooooooooooooooDoooo

198 o560 0000
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obobooboboobogsScFro0boooooooooboooobobobobobobobOobooboon
berrypl UOOODOODOOOOOOODOOOOODOODO

googn

go

000000 000000b00000 PHASEO OO SCFOOOOekcalDOODOOODOOOOOODOOOO
OOOPHASEODODOODOOOODOOODOOOOODOO berryplO OO PerlDO0ODOODOOODOOO
OOOverryplD00OO0O0O0O0O00OSCFOOOOOOOOOODDOOOOOOOOOODODOODOOOO
OO0berryplUODOOOO0O0ODOOO0OOCODOOOOOOOOOOCOOOOOOOOODO

SCFOOOoOooboooobobouoooboboboooooboo

gbooooooooooooon coboobooboor oboobooobooooboooooooaon
ooSCcrOOoboOoOooboOooboooooobobooobooobobooooogbberrypl0O0OO0OOOOO
ooooobooobooboooooogoooboo SCcrObO0OoOOobOODbOODODbOODOODOO
O00000D0O0OSCFOOO PHASE,OOOOOOD 20000000 PHASEOUODD ekecal, 3000
Ub00 PHASEOODOODOOOOOOOOOOOOODODOOOOOOOOOOooOoOooOoooobooobooo
obooooboooooobooogoon

- J000D0O0OO0OO0ODOODOOOOODOOOOOOODOOOODOODbOOOOO

- J000D0O00O0ODOODOOOOODOObOOOnOO

gobooooooobooobooboooboobboobbooooooooboobooboboooboooo
O0000oooooooooooDoDoODOoO000o00ggy filenamesdatal 000000000
gboooboooooooDbo

- J000D0O0O00ODODOO filenamesdata0 0000000000 OD0OOOOO0O F_.CHGTUO
0000 SCFOO0O0ODO0o00on0 F. cHGTOODODOOooODoOoOOooooooooooooooo
O000000000DDO0O0O0O000 SCFOODOverryplODODOOOOOOOOOOOOOOOO
ob0oo0OobooooobOoboobooodOberrypl00000O0O00OO0OO0ODOOOO

O0oooob PHASEOODOOOODOOOOOODOODOOODOoDOooOooooboooooo
o0o0o0o00oooooO0* k0ooooooooorooooooooooooooooooooono
obooooOoboooooboooo

control{
condition = fixed_charge
fixed_charge_option{
kparallel = one_by_one
}
}

- 00000000 kODOOOOOODOberryplD000000DDOOO0OODODO meshl, mesh2, mesh3
UO00000000O0b00000ekcalDO0OOD0OODOOOO0O0OO0OO0ODOO ksamplingdOOO
ooooooooboo

berrypl D0 DDOOOO0OOOO0OOOO

berrypl 0O O00O00O0O0O000O0O0O0OOOOO0OOOCOOODOOOOOOOOOOOOCOOOOO0DOOOO0
gobooobooooooboo#jbo0bbo0oboomoboooooobo0oobD0o0DOon berry.pl
gboobooboooobobooooboboooboobooooboobo
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#overall control
property = zeff
cpumax = 1000

#directories under which the template files reside
template_scf = scf
template_berry = berry

#parameters for the berry-phase calculation
atom_list =1 3

displacement = 0.1

meshl = 6 6 15

mesh2 = 6 6 15

mesh3 = 6 6 15

#execution control
np = 4
ndir =
ne =1
nk = 2
ne_b = 2

scf_command = mpiexec -np NP phase ne=NE nk=NK
berry_command = mpiexec -np NP ekcal ne=NE_B

2

#unit cell info, optional
a_vector 5.01 0.0 0.0

b_vector
c_vector

0.0 5.01 0.0
0.0 0.0 5.01

gobooobooobooooooo1oboboo1boobooO oobodo=0"00o0obOo0o0oooboooo
obobooooboobooooboooboooboooboooobooobooboooobooooboooobooobooon

ooooo ood

property O0000O0OO00D00OO0O00D0DOOOO0 zeft, piezo,
sifre 00000000 z2f000000000O
ooooooboOooooooooooboooDo
U000 zffO0O00O0OO0O0OOOOOOOOO
ooooboogo

cpumax oo0ooooboOooooooooobooooDo
Ooo0o0o0oDbDoOOo0ooO0o0ooOoOooboOoooDo
ooboooooboooooboOoOobOoOonOoOoDbn
OO000o00DooOooooOoooooooooo

0-10

stopcheck uboboboboboboboboooooon
uboboobobobobooooogooooon
g 100

length_unit obobooboboboboobooooooooon

0000000 bohr, angstrom,nm 0 000000
000000000000 bohrOd

template_scf SCFOODOOooooooooooooooon
0000000000000 00DO0O0O00d tem-
plate_scfld

template_berry 0o0DOOo00D0DOO00oDDbOOo0ooDOOooooOoOon

O0OO00o0O0OOooDOooooOOooooDOoOon tem-

plate_berry[]

atom_list oopooOOo00OoIboOooooDooO0ooogoo

displacement O0bDO0o00bDO0oOobDOOOoproperty=zeff 00O

Oo00O00000000000 0.1bohrO
gooooooo

200 o560 0000
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O &611-000000D000O0O

gboodano

uo

meshl1

100o000oocoooooobooooooobooo
oobooobooobo0oobooobOnln2)O
O00OO0DO0O0O0OOproperty =zeff 00 O piezo O
oooooooooo

mesh2

2000000000000DOC0OODOO0OO0
ooboo0obO0ooboo0oooobOnln2)O
O000D00O00Odproperty =zeff 0 00O piezo U
oooobooogo

mesh3

jgjboooboooboooooboboooboooo
O00000O0ooooooDboDDoO00O0 nln2J0O
O0000000Oproperty =zeff 0 O O piezo O
oooopoooooo

np

MPIOOOOOOOOODOOODOO0OO0DOO0O0D 10

ndir

ugbboaoboooboooboaobooan
oo 10

ne

gooobooooboboooooboon g

nk

kOOoOOoOooooooooooooono 1g

ng

(Cooooo)eeUoooooooooooooo
ooog 1o

ne_b

gobooboboobobooobooboboon
oooobooooon 1d

ng_b

gooooooooooooooooboogo 6o
gboooboboooooboooo 1o

scf command

SCFOO000DOOOODOOOOODOOOO
scf_command = mpirun —np NP phase ne=NE nk=NK
2b0)

scf_command = mpirun -np NP phase ne=NE nk=NK
ng=NG (3D 0O)

OOOOOOOOONPNE NK,NGOOOOOOO
0000 np,ne,nk,ng0 000000000000
ooooooooOoOoOoODODD* ODODO"0O0OO
O0OOO0OOO0O0O0DODOD ne=NE nk=NKng=NG
oo0oOo0oobDoOoooOooooOoobooooDo
O mpirunphase DO O O00O0O00O0OO0OOOO0O
oooobooooooooooooog

googoobooan
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O &611-000000D000O0O

ooooo od

berry_command Ooo0ooooooooooooooooooo
od
berry_command = mpirun —np NP ekcal ne=NE_B
2b0)

berry_command = mpirun -np NP phase ne=NE_B
ng=NG_B 3D [0)

O0DD00O0O0O0OO0OONE_ BOOOO ne_bOONG_B
Ong bOOODOOOOODOOOODOOO mpirun
ekcal U0 OODOO0OD0O0OODOOODOOODOOOO
OooOopoooooooo

a_vector al00O0000D0OO0DOOOODOODODOO
Oo00o0o0oDbOo0o0ooO0o0oobOoboO0oobo0oooDo
OooooOooooDboOoooobooooooo
b_vector pO0000000DO0OO0OOODOODOODOOO
Oo0oo0o0oDbDoOoooOOoOoDboOoobooooDo
Ooo0ooooOoOoDooOoooooooooog
c_vector cooooooooooooboooooooboooo
oooooobOo0oooooboboOoobooooDo
Oo0oo0oDOoO0o0oooobooOooooooooDo

ooo
meshl, mesh2, mesh3 0000000000

go0ooo0oooOo0ooOod0ooo0o0ooooOooOoo0 pyoOoooooooooobL; 0O00D0OOd
O00000DO0O00DO0000000000b0000D0b00000 meshl, mesh2, mesh3000000
O0000D0O000;,000000D00000000meshi=nln2)JO00000000O000DODOO0OO
obooooboooboobodboaln200000000007J0O000

b;00020000000000 b;0000 b;0O biDDDDDDDDDDDDDDDbj—\bj|0059jiﬁ
0000000000000 D00000000000000000D000000000000000db;
0000000000000 00000000000 a_vector, b_vector,c_vector D O0O0O00OO0O0O
O000000Obohr! 0000000 DOODOO0OO0OO0DOODOOOOODOODOOOOOOODOO
0000000000000 D000000DO00000oo00oo0oooDooDOOo0obOOooDoOOoooOooO

|b_paral|, |b_para2| and |b_perp| (in bohr#-1 units)

for reciprocal vector no. 1 : 0.172224346323159, 0.107572987734313, 0.198867545420854
for reciprocal vector no. 2 : 0.172224346322494, 0.107572987734313, 0.198867545421622
for reciprocal vector no. 3 : 0.198867545420854, 0.198867545421622, 0.107572987734313

reference value for mesh parameters nl, n2 and J
for reciprocal vector no. 1 : 8, 5, 19
for reciprocal vector no. 2 : 8, 5, 19
for reciprocal vector no. 3 : 9, 9, 10

gbooooood

oboooboooboboooboooboobobobogbeerryplD000O0D0OOO00ODOOODOKDOOODOOO
@pooooooo GOOoO)ooooooooobooOoOobOOoOoOoooooooooOOobOD® Doooooo
0" 000000000000000000ODODODODODOODOC0O0O0OD0OO0O ndir00 200000000SCF
000000 np=nex nk0O OO0 np=ndir x nex nk (3D 00000 np=ne x nk x ng 0 O 0O np=ndir x ne

202 o560 0000
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xnkxng) OO OOOOOOOOOOO0OO0OOO0OO np=ne_b0 000 np=ne_bx ndir(3D 00 OO np=ne_b
xng bOOOOnp=ne_bxng bxndin OO ODOODOODOODOODOODOODOOSCFOOOOOOOO
oooooooooobooO0oooooOoo0oooboOo00okbOOODOooOoOOO0oOoDOOoOoOoooDoboOOg
obooooo200000000000000 ScaLAPACKOODOOOOOOODOO

wavefunction_solver{
submat {
scalapack{
sw_scalapack = off
}
}
}

aipooooad

oboooo2019020003D00000O0OO0O0O0O0O0O0DO0ODO0O0OOOOODOOO3DOOOODbDOO
O00000D000000D0O0 ekcalO00O0 phase 00 0000000000000 0OODOOOOO
gooooao

control{
fixed_charge_option{
kparallel = one_by_one
}
}

berry.pl 0 00O

berrypl UODOODOOD0OOO0OOO0OO0ODOOOO0ODOODOOOOODOODOO

% berry.pl
Usage : berry.pl control [OPTIONS]

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
oooooobooooooo

gboooobobooooobooooboboooooboboooooboooooan

% berry.pl control --mode=analyze

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gooooao

% berry.pl control --mode=gendir

goboboboobooobooboobobobobbobooboobooboboboboboobobooboo
gbooooboobooooooooo

‘% berry.pl control --mode=exec

-mode OO0 0000000 000ODO0 gendirDODOOODO

’% berry.pl --clean

gbOOoOO0OO0berrypl00000D0O00O0O0O0O0DOO0OOCODOOOOOOODOOOOO

000000DbO000000b0ob000bD0ObD PHASEDOODO ekcalDOODOOOOODOODODO
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berry.pl : script to calculate the berry phase for the PHASE System
Copyright (c) 2012-2013, IIS, The University of Tokyo

script start time : Tue Mar 21 18:12:13 2017

-- parsing the control file -

-- generating directories --

number of SCF directories : 7

number of berry directories : 21

-- doing SCF calculations --

running [mpiexec -n 4 $HOME/phase®/binN/phase ne=2 nk=2] under the
following directories

scf_al®

time spent in this calculation : 9 (s), total time : 9 (s)

gboooobooooboobooooboboooooboooboobobooooboboooobooboon
obooboooboooboooo ScrOObOOOobOOObOOOOOOOOOObOOObOOObOOOoOOn
oboooobooboooboobobooobobooooboboooooboboooobooboooboboDo

running [mpiexec -n 4 $HOME/phase®/bin/phase ne=2 nk=2] under the following directories
scf_al®

obooooobooooooboooobooboooooobon

goooogood ao

scf_a0 oooobooooboboooogd
SCFOOO0bOOoooobooooonoa

scf_aaid_uuid aid0000000Oid D00DOOO0O0ODOO SCF

000000000000 0D00adD 10000
0000000oO0oOoDOooOoooooooon
0000000000 wdO 1,2,3000000
obooobooobdxy,zO0O0OOOODOO
berry_a0_ggid 0000000o00ooonooooo0gn0ngdO
00000DoO0DO0DOoDOoDoDOooOooOooOoon
00000000gd0O 1,2,300000000
oo0ooooo1g0,200,300000000
oooooooo

berry_ aaid_uuid_ggid ad0000000uwid 000000000000
O00gd00000D00O00DOO00ODOO0OODOO
000000000000 D0@d 0 100000
00o000o0oooDooOoDOooDoooooooon
00000000 D0uwdO 1,2,30000000
00000000 x,y,z00000000OgidO 1,
2,3000000000000000 100,20
0,3000000000000o00oa

gbobooboobobooobooooboboboob0obobo0obo0bUo0DO0 PHASEDODODODOOO
O00000zffOO00DO0O0OO0DOO0OODOOODOOOODOOOOOOOOOOOOODODOOODDOO
gboooooao

204 o560 0000
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good

gbooboobooobooboboooobooooboooooon

--- Calculated effective charges ---
[ 2.98266 0.00512 -0.00454

Zeff( 2) = [ 0.00001 3.62664 -0.32666
[ -0.00010 0.27925 3.42264

[Rar -

--- Symmetrized effective charges ---
[ 2.98266 0.00000 -0.00000
Zsym( 2) = [ 0.00000 3.62664 -0.32666
[ 0.00000 0.27925 3.42264

[

--- Effective charges of all atoms ---
[ 3.46565 -0.27885 -0.28289
Zeff( 1) = [ -0.27885 3.14366 0.16333
[ ©.24184 -0.13963 3.42264

[Er——

--- Averaged effective charges ---
[ 0.00151 -0.00000 0.00000 ]
Zave = [ 0.00000 0.00151 -0.00000 ]
[ 0.00000 0.00000 -0.00587 ]

--- Corrected effective charges ---
[ 3.46414 -0.27885 -0.28289
Zeff( 1) = [ -0.27885 3.14215 0.16333
[ 0.24184 -0.13963 3.42850

[ERry——

--- Calculated effective charges --- OO0 0 OO0 000000000000 DOOOOOOOOOOOOOOOO
0000000000 D0O--- Symmetrized effective charges --- OO0 0 0000000000000 O0DOOO
0000000ODOO0O0OD0O0O00 ---Effective chargesofallatoms --- 0 0 000000000 O0ODOOOOOO
gooooooooobooooooooooooo0ogoooooooobooo0gooooobooboobooOoag
O000000000000DD-- Averaged effective charges -0 0000 0000000000D0OOO
ooooooooooooooboooooboooOoooobooooobooOo0oOooDboOooOooooOooDOoooooog
0b0o0oo00oooobO0oboboooooboOobOoboOnd--- Corrected effective charges ---0 000000
ooo

OOOO0O0O0--Corrected effective charges --- 0 0 0 0 0 00000000000 COOOOOOOOOOO
ooooooooooooOoOoOoOOOOOOODOOOOOOOOOOOOOOOOOOOO0O0O0O00O0
oooooooooooooOoOoOoOOODOOOOOOOOOOOOOOOO0OO0O0O0O0O0O0O00000O0
00000000 -- Calculated effective charges --- D D 0 00000000000 0OO0O0ODO

g

ANOOOOODOOOOOOOOoOooooOooo
ooooo

O0OO0O0OO0OO0OOPHASEDDD SCFOOUOOO0O0ODOOOOOOekcalOOOODDOOOOOODODOOO
gboooooodbOoverrypl0O000O0O0O0O0O0DOOOOCOOODOOO

PHASEO OO SCFOOOO0OOOOO0OO0ODOOOO0O samples/dielectric/lattice/born_revised/AIN/
born/template_scf 00 000000000 O0OO0O0O0OO0OO0OOOOO0ODOOOOOOOOOOOOOOO
O0OOmobileDOODOOOO ofCO0O00O0O0O0OODOODOOOOOODODOOOOOOOODODODOOO
oooooo
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ekcal OO OOOO0D0O0O00OOO0DOOOOOOO samples/dielectric/lattice/born_revised/AIN/
born/template_berry 00000000000 DOOO0OO00O0O0O0ODODOOOOOOODODOOOOO

berrypl 0 OO0OO0OODOODOODOO samples/dielectric/lattice/born_revised/AlN/born/control
O000O0o00ooooooooa

property=zeff

atom_list =1 3

meshl = 6 6 15

mesh2 = 6 6 15

mesh3 = 6 6 15

scf_command = mpiexec -n NP $HOME/phase®/bin/phase ne=NE nk=NK
berry_command = mpiexec -n NP $HOME/phase®/bin/ekcal ne=NE_B
np =1

ndir
ne =
nk =
ne_b

1

==

property =zeff OO 000000000000 0O0O0O0O0O0O0OO0O0ODO0O0ODOOOO0ODO atom_listd 130
O0ooooobooobooobooobooooo1ioooobOo AL3 000000 NOODOAINDOO
400000000000000200040000000000000000000DO00O0O0O00O000O00O0
000000000 0Omeshl mesh2, mesh3 00 0000000000000 000OOOO0ODOOOO0O
J0o00ooob00oob0ooboogUond nl=n2=6,J=150000000 scf_command, berry_command
0000 PHASEOOO ekcal OO DO OODOODOOODODOOOOOOOOOODODOOOODODODOOODOOO
O0000O0ODO0O0OO0OOnp,ndir,ne,nk,ne b0O0 00000000 O0OOOOOODOODOOOOODOO
oooOdooO 1,0000000000000o0o0obo0Ooo0obooooa

googo

O0O0o0O0OO0OObverryplDO0O000DO0O0O00ODODOOO

% berry.pl control --mode=exec

goobobobooceibboobooooooOoooognDOndOIntel Core i7-2600@3.40 GHz O CPU
ooooooOoooooooboOo0ooooboooOoooooooooo Lwve0OoOoDOOOOO

ooog

gobooboobooboobooboobobooboobooboobooon

2.50916
0.00000
0.00000

0.00000 -0.00000
2
0
2.50916 0.00000 -0.00000
2
0

.50916 0.00000
.00000 2.64124

Zeff( 1) =

[ R )

[

[

[

[

Zeff( 2) = [ 0.00000 2.50916 -0.00000

[ 0.00000 0.00000 2.64124 ]

[ -2.50916 -0.00000 0.00000 ]
Zeff( 3) = [ -0.00000 -2.50916 -0.00000 ]
[ 0.00000 -0.00000 -2.64124 ]
[ -2.50916 -0.00000 0.00000 ]
[ -0.00000 -2.50916 -0.00000 ]
[

0.00000 -0.00000 -2.64124 ]

Zeff( 4) =

10002000000 AL30004000000NDOO00

206 o560 0000
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berrypl 0000000000000 O0O0O0OO0O

OO0000o0oO00o0O0O0Overrypl0000D0OO0O0O0DOODOOO0DOODOOOODODOOOODOOO
SCFO O

ooooooooooooooooooooooboooOoOOObOO0Oo SCcFrODDODOODODODODODOOOOO
gboboooooooboooono Scruobbooobooobooobooboooooooboon Scrogon
oboooOoboobooboobOOobooobOoboobO0obond x,y,zOOOOOOOOOOO 0.1 bohrO
ooobooobobooboboooobobobboobooooboboobDOob00oobOoDbDOn atom_list O
O0000000000 displacement 000000000 000O0O0O

structure{
atom_list{

displacement{
sw_displace_atom = on
displaced_atom = 1
ux = 0.1
uy = 0
uz = 0

sw_displace_atom=on 0000000 0OO0OO0OOOdisplaced_ atom OO0 0000000 OOOOOOO
O0Ouwx,uy,uzO0O00000O0 xyzO0OOOOOOOOOOO

0o0o0ooobo0oo0ooob0ob0o0onD PHASEOODOODODOODOODOO
gooooao

SCFO00000O0oboboobooobboobboobooboooooonO ScFroboooooooooooan
oboooooboooboboo scrOO0bOODO30b0bbOobO0OoOobDOobObOOoDbOobbOODOn
o0ooooo0o0oooobooOOo0o00ooo00o0ooooDbob0000ooDoObOO0000n berry_phase
gbooooboobooooooooo

berry_phase{

sw_berry_phase = on

g_index =1

mesh{ nl =3, n2 =3, J =51}
}

sw_berry_phase=on 000 0000000000000 D000O0g indexODO0ODO0O0OOOODOOOO
O00000000Omesh0DO000OO00O00ONn],n2,JO0000000000O0O0O0ODOOOOODOOOO0O
OD0OSCFOOOOODOO displacement 0000000 OOOOOODOfile_namesdata0 000000
OSCFOdoonooooooboooonobbooooobooooboooobooooboooooooag
ooo

00000000000 00DO0OO0OeekcalDOOODOOOODODO
oooooooooon
gbooboobooobooboboooboobooooboooboooon

1. 0000000000000 0000000000000000 0 zeffthd
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2. 00000000000O0¢berrydata0 000000000000 ODOOODOOOOODOOODOO
goo2100booogooboooooboboooboboo21000D0obO

j.obobooobooboooboboooboooooScrO0oobooOoonoOoODn2.000 berrydatall OO
ooooooooo

4. 000000000DOOOdisplacement 00 0000000000000 DOOOOOOO00O0OO
000000 SCFOO000000D00D0O00 control000O0O00OMO max_iteration=000000
postprocessing 0 0 00O 0O0OO0O0O0OO0O0O0ODOO0OOOODOOOOOOO

control{
condition = initial
max_iteration = @
}
postprocessing{
polarization{
sw_bp_property = on
property = effective_charge
}
}

5. PHASEOOOOODOOOOODOOOoutpuxxx OO OOOOS5.190 O0OO0O000O0O0O0O0O0OO
good

5.1.10 BoltzTraPO O OO OO0 (DOCOOO 2019.0100)

BoltzTraP [Madsen06] , [Madsen18] D OO Bolzman DO O OO OO0 O0OODOODOOOOOOODOODOO
o000o0ooDoO0O0000ooDOoObO00000oDoO0O0O00000BoltzTraPO OO OODDOOOO
obooooobooboobOobooooboboooboOoboooooboooo

- JOoognoogd

- 0000000 ODOO0DOODOODOOn

gooan

gbboobooboooooboooobobooooobooooobooobo

0000

- gono

OOOOOPHASEODODOOOOOOOOOO BoltzTraP OO DO DODOOOOOOOOOOBoltzTraP OO0
oboo0oooooboboooono .oobbob2.0000000PHASEOODOOOOOOODOOO
goooooooo
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gooogoo

BolzTraP OO0 D OO OO00D0ODOOO00DOODOOOOO00DOOOOO0DODOD Postprocessing 0000
OO0 boltzrapO O OO OODOOOOODOOOOODO

Postprocessing{
boltztrap{
sw_boltztrap = on
version = 2
prefix = CoSb3
header = "CoSb3 calculated by PHASE/Q"
}
}

boltiztrap O O OO OO DO OOOODOOODO

ooo ao

sw_boltztrap BolzTraP O OO OO0ODODOOOOOO0O0OODO
oooobOoobooooooon
onJO0O00O0O0O0O0O0O0OO0ODOODOO

version BoltzTraP OO OO OO OOOODOOODO100OO
o2000000000D000O0 1.

prefix BoltzTraP OO OO OODOOOODOOOODOOOO
gooobooooboobooooboboo

header BoltzTraP OO OO0 OO0 0O0OODODDOOODOODO

00000000000 prefixOOOOO

PHASE/ OO OO

PHASEOUOUOOOOOOOOOOOODOOODOODODOODOOOOOOOOOODODOODODObODO
00000 BoltzTraP OO OO OO0O0O0DDOOOOOO0ODOOOSCFOODODOOOOOOODODO BoltzTraP
0b0O00booobooboOBoltzTraPO DO OO kOODOOODOOOOOOOOOOODOOKkOOOOOOO
gobobooboobooobooboobobobobbobooobooboobooboboobooboooboa
good

BoltzTraP O O O

U00dOBoltzTraP O OO OOOOOOOO0O00O0O0O0O0O0DODODODOOOO BoltzTraPOOOOODODOOOO
obobooboboboobooboooboonoonog BoltzTraPO OO OO DOODOODOOOODOOOOOOO
googooo

goooo 1.

00000 1.0000000000000D0D00 prefix.intrans, prefix.struct, prefix.energy 0 3000000
300000000000 PHASE/OODUODODOODO OO prefixintrans D 0 00 O BoltzTraP O O O O O
OO0 000000 0000000000000 DO0O00000b0DO0O000000D O prefix.intrans
gooooooOooooooooboooOoDbooOooobooooooOoOoOooDbOooOooobooDOoooobooo
ooooood
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GENE # Format of DOS

O 00 0.0 # iskip idebug setgap shiftgap

0.17267 0.0005 0.4 58 # Fermilevel (Ry), energygrid, ...
CALC # CALC (calculate expansion coeff), NOCALC
5 # lpfac, number of latt-points per k-point
BOLTZ # run mode (only BOLTZ is supported)

.15 # (efcut) energy range of chemical potential
800. 50. # Tmax, temperature grid

9: -1. # energyrange of bands

10: TETRA

11: ® ® ® ® ® # For scattering model undocumented
12: 2 # number of

13: 1E20 -1E20 # fixed doping levels in cm-3

N VA WN R

oboooo#oO00obO0o0oboobooboooobo0oboobooboobooboooooooOoooaon
gbooooooboooooobooog

oooooooobOooooOo0oooboo0ooDbOo0ooooOo0oooboooooOoo20000 20000000
obobooooooobooboboboboooooo3ooooobo1ocoo0oooooooboobon
00oo0oooboobD40000000000D0O Rydberg OO0 ODOODOODO70000000000000
O000D00 RydbergD 0O ODOOODOO8ODO0OO0ODOODOOOOOODOOODODOOODOODODOO
gbbdoboooboooboobookuouoboobooboobooboobooboboobobooooao
gbooob0ni2o000BoooooooooooobooooobooooooboOon 120000000000
00000000000 1300000000000 em?0000000000D0D0O0O00O0O0O0O0000
gbooouobooobooboobooooboboooooboooboooboobooooboboooobooboon
gbooooboboooboobooooboboooobOoboooooboooooboOoboon

prefixintrans 0 0 0 00000000 D0O0O0OOCOO0OOODODO BoltzTraP DO OO0 O0OO
PATH_TO_BOLTZTRAPU BoltzTraP OO O OO DOUODOOOOODOODOOOOODOOOOODOODO

%PATH_TO_BOLTZTRAP/src/x_trans BoltzTraP
(Coopoooooooooooo)

%PATH_TO_BOLTZTRAP/src/x_trans BoltzTraP -so
(Cooooooooooooo)

O00BolzTraP 000000 kOOOODODOODODOOOODOO0OOODOOODOOOOODODOOO
00k0D000000000000000000000000BoltzTraPO0000000000000O00
O M(VDDDDDDD)DDD kO000ODOODDO00000D00000

BoltzTraP O D OO OO OO00OODOOOODOODOOOOODOODOOODOODOOOODObDOOn

ooooo od

prefix.outtrace oooooo

prefix.trace oobobbbwace DO DODOOO

prefix.condtens OoooDoooOooooooooo

prefix.halltens oooooboooooboooooooooo
prefix.trace_fixdoping, 00000000000 00D0O0O prefix.xx
prefix.condtens_fixdoping, gooooooOoooooOooooooobooogoo
prefix.halltens_fixdoping

000o00o0bO000000bO0ob00BoltzTraPO OO ODOOOOODOODOOODOO
ooooo 2.

BoltzTraP O OO OO 20 Python OO OO OOOOOOOPythonODOOOOOO0OOOOOOOODOOODOO
ooooooboOuwp2000000000000C00DO00OO0O0OOCODOOOOODOp200000000
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000000000000 bo0obO0obOobO BoltzTraP OO O OO 2.0000000000000O000OO
gobgobooobooobooboobooboboon

btp2 00000000000 ODOODOO prefixenergy O prefixstructure 0 000000000 ODOODO0O
O00000bDOoooobod prefixU00O0Oprefix DO 000D OODOODO0ODOODOODOOO" OODOO
oo” goooodgo

% btp2 interpolate -m 5 prefix

interpolate 0“ OO0 O0OOO0O00OO0" OO0 bp20000000000-m50 k0O 1000050000
U000b00b0o0b00b0o0bDO0o00O interpolationb2 0000 DOOO0DOOOOOODOOOOOO
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gboooobooooboobooooboboooobooboooonboobo

% btp2 integrate interpolation.bt2 300:500:1

integrate 1* OODOOO0OO0OOO OO0 bpp20000000000C00ODOOOO0OOOODOOODOO
00000 interpolationbt2 00000000000 OCOO0O0DO:0000:0000000000O000O0
obOoooobOobooobOoboboooboOobBoltzTraP O OOOODO 1.OOOOOOCOODOO

goo

go0g CoeSh; U0 DOOODOOODOOOOODOOODOODOCeSh; DO OODOO O S2500000000
gbooouobOdb0o0O000b0O samples/BoltzTraP/CoSb3 0000 ODOOOOONO

o0 SCFO00oooooboobooobobooboobono SCFonoobooooobo scroonoon
U0 kOODODODOODO 4x 4x 40 Monkhorst-Pack 00D ODODOODOODODODOODO O fe_5x5x%5,
fc_10x10x10, fc_20x20x20, fc_30x30x30 0 00 00000000 kOOOO0OO0OO0OO0OO0OOO0ODOOO0ODO
oboooboooOoboooboobOOob0oOoobo0oOobOoon BoeltTraPOOOOOOOOODOOODOOO
gboboboboobooaobooboobooobab

postprocessing{
boltztrap{
sw_boltztrap = on
version = 1
header = "CoSb3 ksamp 10x10x10 bands 96"
}
}

ekcal UOOO phase OO0 0000000000000 O30000000000000000 fc_5x5x5
gobogoboooboon

fc_5x5x5.energy fc_5x5x5.struct, fc_5x5x5.intrans

*energy, *struct U0 0000000000000 0DOO0O0O0O0O0OO0O0O0O0DOOOOOOOOOOOO
Uo000bo0oboO0OO*inrans O BoltTraP O OO0 OO0 O00ODOO0O0OODOOOOODOOODOOOOODOOO
O0000000b0000 BolzTraPO OO OO DODOOOOODDOOOODOOOODOOOODO

BoltzZTraP 0000000000000 BolzTraP 00000000 O0 x rans 0000000 O0D
00)o
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$ x_trans BoltzTraP

gobgboboaoboabuoobuogbooobobbobooaoboobouobooboboooboaboa
Uo000bo0booboboobooboobbO*wace00DO0ODOODOODOfe Sx5x50000000O00OO
gbooooooooo

# Ef[Ry] T [K] N DOS(Ef) S s/t R_H kappa6® ...

0.02274 50.0000 34.92246648 0.45246722E+03 -0.16967269E-04 0.94428193E+20 0.15114046E-08 ...
0.02274 100.0000 34.89576852 0.46772674E+03 -0.82371993E-05 0.95266319E+20 0.11470114E-08 ...
0.02274 150.0000 34.86708620 0.47412414E+03 -0.53033332E-05 0.94512268E+20 0.10363499E-08 ...
0.02274 200.0000 34.83810551 0.47509694E+03 -0.38465950E-05 0.94664477E+20 0.93685045E-09 ...
0.02274 250.0000 34.80983692 0.47363201E+03 -0.18452224E-05 0.95321416E+20 0.85951902E-09 ...

gbooooboooobobooooobooooboobooobooboooobOobo sboboooooboon
gboo3okoOoooooooooobOokOoOoooooooboooooooboooooo os2e00
obooooooobogogdsx sx sgboobooooooooboboboooobooooooboboo
O0oooooooD k0OO0OD0O0O0O0O000000000010%x 10x 10,20x 20x 20,30x 30x 30000
gboboobooboooolox 10x 100000000000 000000000 02500 0.3 Rydberg O
oo0oo0ooobooooooobooo20x 20x 20,30x 30x 30000000000000000O000
ooooogD20x 20x 200000000000000DO00O00ODO0OOOOOODOOOOODO

m T T T T T T
hehth ———
a0 | A0
Al ———
300 | UMD |
700 | i
100 | i
¥ o} .
=
=
= 0| §
200 | 4
ana | 4
400 | i
500 | -
_Em 1 1 1 1 1 1
] oS 01 | Iy L) 02 025 03 035

chemical poienkal (Ryd)

0 5.26: CoSb; 0 300K OO ODOOOOODOO
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good
5A11 000—000000000OO00DOO0OO0((@@WODOOO 2019.0200)

g

PHASEOOOOODOOODOOOOOOOOOOODOOOOOOOOOOOOO0OOOOO0ObOOODbO0OO
—OobobooboooboobooooooboobobOoboobooobooooooOoooOobOO0bOonb CUBE
gboooooooooooobobooooboobooboooobooooboobo

ooo0o—0o0oooo
ooo—00oo0oo0ObOCcuBEODOO0OO0OOOUOOoOoOoOOOOOODODODDDDDOOOOOOOPHASE/O
0000—-00000000000000D0O0000DO000D0—000 bader00D00O0O
http://theory.cm.utexas.edu/henkelman/code/bader/

0000000000000 000000D00000000000000000D000 baderJODOO
oboooobooocoobooboooon

good

00000000000 00000000 po(r)00 p.(r) DOODODOCUBEODDOODOOOOOODO
0000000000000 00p.(r) 00001000000 «0000O0O0O0 p2(r—Ry)O0O0ODO
gbooooooao

pe(r) =Y pZ(r—Ry) (5.16)
I
00000000000000000000000000000000000000000000000
0oooo

Hoooooobooooo

pe(G) =Y p(G)exp(—iG - Ry) (5.17)
I

000000 p(G)0000 poe(G) 000000000000 00 pry(r) D0000
2) 0000000000

gobgoboboobooboobuooboobooboobooojo

pe(r;) =Y po(r; — Ry) (5.18)
I

00000 p(r;) D000 pee(r;) 000 0000000000000 O00O000DOOODOOOOOOO
ooooOooooOo0oooDoOo0ooooOo0oooobO00jO000000 R,O000D000 rewtd0D0O0OO
ooooog
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g

filetype = cube 0 O sw_add_corecharge_rspace=on 0 0000 000000 OO0ODOOODOO)DOOOOO
000000 0b0ObO0Ob0ObOCUBEDODUODOUODODUODODOOOOeval_corecharge_on_Gspace =on
ofh DO0O00DOOO0O0O0@OO)bOOoOoOoOoDoOoOoooooOoooooo

postprocessing{
charge{
sw_charge_rspace = on
filetype = cube
sw_add_corecharge_rspace = on ( DO 0000 off )
eval_corecharge_on_Gspace = off ( 0000 0OOoff )

g

oboooooboOoboooooboOo cCUBEODOOOODOOO0O® ae” ODOOOOOODOOOOOOODOOO
OCUBEODOOODOO * nfchrdata” OOOD0O00OOO0O0 CUBEODODOOO " nfchr_aedata” OO0OOO0O

oo

GaNOOOO

GaNOODOOODOODOOOOODOODOO samples/Bader/GaNO O OO ODOOO
0o0o00o00Doooodooooooooooooooogoooo

bader 00O O000O0ODOOOOODOODOOO 1300000000000 51400000
000 1:badernfchrdata (DO OO0 0OOOOOOOO )

000 2: bader nfchr_aedata (OO OO OOO0O)

0 00O 3: bader nchr.data -ref nfchr_ae.data

oboobooobooboooobooooboboboooooo)

0514 GaNODUODO—0O0O

Ga N oo
Elk

plot3d 000000 160x 160 x 250
O 1.34,1.59 -1.55

PHASE/O | eval_corecharge_on_Gspace = off
cutoff_cd =270Ry (CD_FFT O OO0 O32x%x 32x 108)

ooo1 | 151 -1.51 o
02 3.15 -1.44 X
3 1.47 -1.47 o

goboooood
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0O 614-0000000O0COO

cutoff_cd =2700Ry (CD_FFT O OO OO 108 x 108 x 180)
oog1 | 1.58 -1.58
a2 0.78 -1.51
3 1.51 -1.51

cutoff_cd =6150Ry (CD_FFTO O OO0 160 x 160 x 250)
ooo1 | 1.58 -1.58
02 1.58 -1.52
3 1.51 -1.51
PHASE/O | eval_corecharge_on_Gspace = on

cutoff_ ¢cd=270Ry (CD_FFT OO DO DO 032 x 32 x 108)
ooo1 | 1.51 -1.51
2 1.35,1.36 -1.36,-1.35
3 1.28 -1.28

cutoff_cd =2700Ry (CD_FFTO OO OO 108 x 108 x 180)
ooo1 | 1.58 -1.58
2 1.22 -1.22
3 1.22 -1.22

cutoff_cd=6150Ry (CD_FFTO OO OO 160 x 160 x 250)
oool 1.58 -1.58
2 1.21 -1.21
3 1.21 -1.21

obooooooobooooobobooobooboon

eval_corecharge_on_Gspace=on 0 00 0000000000000 O00ODOOO0ODOOOOOOODOODOO0O
000000000000 @O)oDOoOoDoDOOObader DO D ODODOODOO0DOOO0ODOODOODO

O O Oeval_corecharge_on_Gspace=off U0 OOO0OO cutoff cdO0 0000 OOOOOOOOOOOOOO
goooo0oooo0ooooo0oooo 3000000000000 0ooo0D0obo0ooO0—000000b00o0n

gbooooooao

4H-SiCOO0O0O

4H-SiCOUO0OO0O0OD0OO0OD0O0000D000O samples/Bader/4H-SiCOOOOODOOO

gboooobooboooooboboooboobooooooboon

GaNOUOODOOOObaderDO0ODOOO0DOOOOOODOOODOO 130000000000 05150000

goo

000 I:badernfchrdata (OO0 O0O00O00OO0DOCODOOO )

000 2: bader nfchr_aedata (D OO0 O OOO0O )

0 00O 3: bader nchr.data -ref nfchr_ae.data
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{oooboobobooooboooobobobooobooobo)

0 S5.15:4H-SiCcO0000—0O0

Si C o0
Elk
plo3d0 00O OO0 150x 150 x 480
O 2.66 -2.70, -2.69
PHASE/O | eval_corecharge_on_Gspace = off
cutoff_cd =270Ry (CD_FFTO O OO O32x%x 32x 108)
ooo1 | 4.00 -4.00 X
o2 -4.27,2.88 -2.66,-2.55 | x
3 2.56, 2.58 -2.58,-2.56 | o
cutoff_cd =2700Ry (CD_FFT OO O OO 100 x 100 x 320)
ooo 1 | 4.00 -4.00 X
02 2.59, 2.67 -2.68,-2.67 | o
3 2.65, 2.66 -2.66,-2.65 | o
cutoff_cd =6150Ry (CD_FFT O D O OO 150 x 150 x 480)
ooo1 | 4.00 -4.00 X
02 2.66, 2.68 -2.69,-2.68 | o
3 2.66, 2.67 -2.67,-2.66 | o
PHASE/O | eval_corecharge_on_Gspace = on
cutoff_cd=270Ry (CD_FFTO OO0OO32x%x 32x 108)
ooo1 | 4.00 -4.00 X
2 0.94, 1.03 -0.92,-1.03 | x
3 0.89, 1.06 -0.94,-1.01 | x
cutoff_cd =2700Ry (CD_FFT OO O OO 100 x 100 x 320)
ooo1 | 4.00 -4.00 X
2 1.18, 1.24 -1.22,-1.19 | x
3 1.18,1.24 -1.22,-1.19 | x
cutoff_cd =6150Ry (CD_FFT O OO OO 150 x 150 x 480)
ooo1 | 4.00 -4.00 X
2 1.20, 1.24 1.21,1.23 X
3 1.20, 1.24 1.21,1.23 X

gboooobdooooooboooobobooon

GaN OO UODOO0ODO Oeval_corecharge_on_Gspace=on 00000000 0O0O0O0OOOOO0ODOODOOO
000000000000 o0oooObooooobD @O)yYObooooodObader OO0 O0O0oooOoOoaQ
O0oo0OoOooooo
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0 O Oeval_corecharge_on_Gspace=off U0 O OO0OO cutoff cdO0 0000 OO0OOOOOOOOOOOO
dooooooobOooooooooo 300000oooooooooooooo—000oooooa
O00000GaNODOODOOOOoOOooOoDOOooOOoooooooo 10o00b0b0obooooooooag
ooooooono

5.1.12 band-unfolding 0 0 0 0 0 2020.01 0 0 O

oo

Band-unfolding O 00000 MMO0O0OO0OO0O000O0O0O0O0O0 BZOOOODOOOO kODOOOOOOOO
oooooooooboboooobooooooooo  GUuooobooooooboooobooooo
gbooobooooboobooobooobooooooboo(@o)boooobooooboooooobooon
0000000 bandplOO00O0Ognuplot 000000000000 perl 000000000000

OkO00O0000 v (CODODn0OO0O o)OOOOooobooooooo

Apko = Y {Gltonro) | (5.19)

GeGp:e

oooooobooooooobboooDbOboOGprOOD0O0OOOOO0OO0ODODOOOOGOOOODODO
gbooooboobooboboooobooon

e = S (G )+ 5 St crons i P

GeGpr I Tlmt'lU/'m’ ] (520)
TIZm: Z <B7{lm|G> <G|¢nkg>
GeGpr

0000000000, 0000100000 -00000011000000mO00000000O0
oooo00 ¢, .,y 00000000

oooooo
band-unfolding D 0 OO0 O0OOOO0OOOreference_cell 0000000000 ODOOOODOODOODOO

0 Oband_unfolding 0 0 0 0O 00O sw_band_unfolding=on 00 000000kOODOOOOOOOOOOO
0000000 BZzOOOOOOOOOOOOOOOoOoOooOoobooooao

control{
condition = fixed_charge
}
accuracy{
ksampling{
method = file
}
}
structure{
reference_cell{
#units angstrom
a_vector = 0.0000 2.1798 2.1798
b_vector = 2.1798 0.0000 2.1798
c_vector = 2.1798 2.1798 0.0000
}
}
postprocessing{
band_unfolding{
sw_band_unfolding = on
}
}
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gooogoo

00000000 F.BAND_SPECTR_ WGHTOOOODOOOOO (OO0 OO0 DO nfband_spectr_wght.data )
gboooooboooooobooob 1ooon

num_kpoints = 141

num_bands = 32

nspin = 1

ik =1 (0. 0.5 0.5 )
0.0000000000 0.3333333226 0.6331196968 0.0335469806
0.2340754547 0.3217382137 0.4441863316 0.1846990206

ooy

band-unfold.pl DO OO0 OO0

band-unfoldpl DO OO0 O Ognuplot 00000000000 O00DODOO00DO0OO0DOOO0OO0O0O0ODO
000000000000 0D00O00DODO00DOOO000 (plot_band energydat) 000 O00O0O0D0OO
O (plot_band_energymap) DO O DO ODOODOOOOODOO plot_band_unfolding.gnu [0 gnuplot 0O O OO
ooooooooooooooboog ¢9yyooo ¢s200000obo0ooobbooooDbon

Aka(w) = Z Ankaa(w - 5nka)

gbooooooooo

(OO0O00000 plot0Ooo)

band-unfold.pl EnergyDataFile KpointFile SpectralWeightFile
-erange=Emin,Emax -einc=dE -window_width=SIZE
-with_dispersion -with_fermi -circle_radius=SIZE

-color -print_format={eps,png} -outfile=AAA

(@CO0O00000 plot0O0O0O)

band-unfold.pl EnergyDataFile KpointFile SpectralWeightFile
-spectral_func

-erange=Emin,Emax -einc=dE -window_width=SIZE

-ndiv=VAL -sigma=VAL -line_width=VAL-cbrange=Cbmin,Cbhmax
-color -print_format={eps,png} -outfile=AAA

EnergyDataFile OO0 OO0 OOO0OOOOKpointFileO kOOOOOOOODOOODOOODOOO O Spectral-
WeightFile 0000000000000 OO00O0DOOOOODOOOOO30000000000000O

O 5.16: band-unfold.pl DO OO OO

oooono oo ooooog

-erange=Emin,Emax ooooooobooobobbono |oo
ooooo

-einc=dE - o000 increment O OO | OO
oo

-window_width=SIZE oo00o000d Windkowd oo | 050
gooood

-color ooooooooo NO

-p rint_format={eps,png} epsUO0O0 png0OOODOOO | eps
gbooooood

googoobooan
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0 616-00000000C0OO

gboodano

g

gooaoo

-outfile=AAA

oooooo0O0oo0ogg AAAO
ooooo

epsUODOO0OOO
unfolded_band.eps,
png OO OOOO
unfolded_band.png

oooobooooo

good

-with_dispersion 00000000 oO000ob0o0o o0
oooooooooooooo
aood

-with_fermi ooooogoooa (0.0ev)yo | OO
ooooooono

-circle_radius=SIZE oooooooio(oooyo |02
oooooooo@oboo)yo
oo

ooooooooag

-spectral_func O000000O000o00oo o0

-ndiv=VAL 0000b0O0oooooooooo | 400
dooooopoooooooo
ooooo@oboaoo)a

-sigma=VAL 00000000 GaussianO O | 0.05
gooodooood

-line_width=VAL dooooooooooooo | 4
gooooo

-cbrange=Cbmin,Cbmax O000o0OoO0o0oO00ooooono ogd

OO00O0Oband-unfoldpl OO OO0 OO00O0D0OCOOOO00O0DOO00O0DOCOOO00O0OgnuplotddO0O eps
0000 unfolded_band.eps 0 OO OO DO OO0 OnfenergydataD 0 D0 OO0 D0 OOODO Obandkpt.in O kO
OO0O0O0O0O0OO00O0000000OOnfband_spectr wghtdata0 O OO0 OO0 0000000000 O0OOO

band-unfold.pl nfenergy.data bandkpt.in nfband_spectr_wght.data -with_fermi -color

oo

Band-unfolding 0 000000000000 DO0DOOOOOOQO samples/dos_band/Unfold 00O OO

gboooboooboooooboo

Te 00O 0O 2H-MoS,

05270)0 2H-MoS, 0000000 0O0ODOODLOOOD OO0 20000000000200S0O
ub TeOOOOOOODOOOOOODOOOOODOOOOOOODOOOOOO

2H-MoS, 0000000000000 O0O000O00000

220

o560 0000




PHASE/O0 Manual, 0 0 0O O 2021.02

000000000 [Ry] | 25
000000000 [Ry] | 225

kO0oooooo SCFOOOMonk(4x 4x 1HOOOO 2x 2x 1)
gooooooo PBE+D2
goooooo Mo_ggapbe_paw_02.pp,

S_ggapbe_paw_03.pp,
Te_ggapbe_paw_02.pp

0s527@0O)02H-MoS, 00D DODOOOOOOOOOOOOOOO@)OO0O0O0O0O0O0O0OODOD O s5.28
obobobsbO0b0O0DbOO0OO00OO0O020000000000000O000O00O00O0O0O0O0O0O0O0O0OOO
gbooobooobooboboooooobooobobooooooooooobooobooooboOonon O s29
oo200 SOO0O0 TeOODOOOOOODODOOOOODOOOODOODOOODODOOOOODODOOO
gbooboobooobooboboTeOOOoOOobOOoOOODOOOOOOODOO

& Mo 4
~
2
-
- 0

Energy (eV)

7 N

Y S/ NIANN

-
<
X
—

0527 (00)2H-MoS, 0000000 O0@O)ODOOOOODOOOOOOOOM@MOOOODOO

0s53000 0s529000000000000000000DOOO000O0DOOO0OODOODOO

Ako’ (w) = Z Ankaé(w - Enka)

gboboooooaoo
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¢
e
Energy (eV)

0s528:(00)0s27000000 200000000000 @O)0D00O0DODOOOOOODDODOOO
oboo@)boooooobooooooo
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& Mo

& Te

Energy (eV)

052 @0O)0S5- 260200 SO000 TeODOOODODOOOOOOO@O)OOOOOOOODOO
gbooooboo@yoboobooboobooooono
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goboboaoboaoboaooboooboooba

052805290 530000000000000

oooooooooooo
band-unfold.pl nfenergy.data bandkpt.in nfband_spectr_wght.data

-with_fermi -color -erange=-6,4 -print_format=png -with_dispersion
oooooooooooo
band-unfold.pl -spectral_func nfenergy.data bandkpt.in nfband_spectr_wght.data

-with_fermi -color -erange=-6,4 -print_format=png

GeOd OO Si

Oo0s531(@)00Ssidoo0ooob8siboofdn2000 GeOODOODOOOODOOODOODOO
gbooobogSi2000o00o0o0ooboooboobooooooooboooboooboobooooon
0000000D00000000000000 (a=5543A)00000000000000000000
ooooogo

GeOUODO SiODOOOOOO0OOO

gooobooboo [Ry] | 25
000000000 [Ry] | 225

kO0oooooo SCFOOOMonk (4% 4x 4)
oooooooo PAW-PBE
ooooogo Si_ggapbe_paw_02.pp,

Ge_ggapbe_paw_02.pp

os3r{@ooobooooooooooooooooobboooobooobooooboboobooobooon
goboboobooboobooobon

os310000b00booooag

’bandfunfold.pl nfenergy.data bandkpt_fcc_xglux.in nfband_spectr_wght.data -with_fermi -print_format=png -color

513 0000000000 00DOO0OOD0O2021.02000

ooooon

gobobooobooboobooboobobboobooboobooboobobooooboo

00o0oooooooVvV(r),00 ADOUOOUODOOOUOOOfOODOO0OOO AQOOOOOOOOOO
ooooog

VA:/drV(r)f(\r—RAD 521)
gooo0ooOooooOofoooooooono 000 0oooooooooa
é r<r.
f(r): (5.22)
0 r>r.
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& Si
& Ge

é/\f q/ \?‘
‘T/@\G/ \‘4

-15
X {/SymbolG} L U X

Os53l:({d)Ged00O Si0dpoOo@)ooboooooooooon

00000000000 Q=% 0g00000PHASEOOOOODOOO0O0D
Vir)y=> ¢ (5.23)
G
00000000000 (522)(523)0 (52)000000000000000000000
VA:ZV(G)eiG'Tw,
G

4 1
- Gy (" (G, 624

. sinx coszx
Ji(z) =

w

2 x
G¢G24H)000000000000O0ODOO00000O0DOoODOOo00OoOooooOoOO

gboooobooooo

oboooobobooobooboboooobobooooboboooooDbo

postprocessing{
potential_average{

sw_calc_pot_avg = on ! { on |off }, default : off
sw_add_xc_pot = on ! { on | off }, default : off
cutoff_radius = 2.0 bohr ! default : 2.0

}
}

sw_calc_pot_ avg=on 000000000000 OCODOOOOODOODOOODOODOOQOOsw_add_xc_pot
=on00000000O000O00O0O0O0O0OO0O0O0O0O00O000OO0OO0O0OOOOO0O0OO0OO0OAO0
00000000 Ocutoff radius 0000000
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gooogoo

O0000O0OD0O00O0ODOOpotential_on_atoms.data 00000000

# Potential on atoms
# id pot (eV)
1 -19.343121
2 -19.539243
@o)

0100002000000 0000oooooobob0o0oooooooob0 @uoevybOODOOO

0000 Al-Graphene-Al O

Al-Graphene-Al 0 0 000 O0O0D0OOO0ODOO0DODOOOCDOQODO samples/local_pot_av/
Al-Graphene-Al 0000 00ODOOAI-Graphene-AlO D OO DOOD0OO O 53200000000

ﬁ#*‘f"-t'"l"l".'.'.'.'.'.".'. _
9. «s.@o.o 0.0.........0‘..

e W o Y

b

l—.a
0 5.32: Al-Graphene- Al D 00O O00O0O0O0OO0OOOOOOODOOOO COO AlbOobOOoboOooocooboo
gooooooooooooboooooooood

oboooooboooooobobooog

O 5.17: Al-Graphene-Al 0 OO OO0OO0O0OO

oood O

00000000 [Ry] 30.0
OO0O0O0ooooo [Ry] | 2700

kOOoOoooa monk (1x36x1, I" -centered)
oooooood GGAPBE, PAW

SCF O 0O 00O [Ha/atom] 1.0E-8

oboooobooboobooboooooboooooooboboobooo0ob2000b00b00OO0DObOOOO
oo@)boooooooooooooboo@oO)oooooooobooooooboobbobog
gbooooobdooboooboobooooboboooobobooon
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0.35

0.3

0.25

0.2

0.15

0.1

0.05

relative energy [eV]

cutoff: 1.0, xc: off —e—
cutoff: 1.0, xc: on —é—
cutoff: 2.0, xc: off —=—
cutloff-. 2.0, xc; I4::1"1 —a—

40 G0 80 100 120 140

atom site (C)

0O 5.33: Al-Graphene-Al O 00D OO0O0DOO0OO00O0O0O0O0O0O0OO0O00DOO COOOOOOO0OOOO
gbooooooooo

5200000000

521 0000

goooon

PHASEO OOOOOUOOOODOODOOODOOOOOODOOOOOO0OOoobooooboooboooooo
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
gboooobobooobOoobooooboooooobooooobOoboooOoboOoon

(0oooboobobbobd0 wwboooobooboobooobobooboobobooboan
goooodg

miiisg =~ Pia,iplp (5.25)
i

000000%,,,s000000000000000000D0000 E(uy,uy,...) 0000000000
gooooao

P L (5.26)
i, jB = 9 o .
Ou; o Ouy g
ooooooooo-oboboodobooooooooooooogoboo booogooooooon
OF,
‘I’ia,jﬁz—aujB (5.27)
ooooooooooogobooooobooooooooooooooonon «0000
aFia :Fior|ujB:a_Fia|ujp:—a (5.28)

8uj B 2a
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
DDDDDDDDDDi,jDDDDDDDDDDD{R|T}Di/,j/DDDDDDDDDDDDDDD ®; ;0
gooooboo ey, 00000 RODODOOOOOOOODOOOOOOODODO

Rr;+T=r,

Rrj+T=r, (5.29)
0000

®;,;=R"®; /R (5.30)

oo0o0oooooO0o0ooooo0o0ooboO00 ¢,;000apB OO0O0000 jO0000000000
goooogooooooooooDo

> @i =0 (5.31)
J

000 000000000000000000000000000
PQin,jip = Pjia (5.32)

000 0000 wyq =uq+/m 000000 Dy g = ®ie s/ /mam; 00000000000000
(5.25)0

W ==Y Diajswjp (5.33)
iB
D0000000000000000000w, =Q& .+ 00000000000
2
W&o = Dinjséip (5.34)
iB

0000000 w?000000000 ¢, 000000 DWw,p0000000000000ODODOOO
goooooooooboobobooooobooogoooo

googood

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
O00000D0O0000000D0O000O0nfdynmdata 00 0000000000000 DOOOOO
obooooooboooooobono

oboooooodOPhonon 000000 ODOODO

Phonon{
sw_phonon = on
sw_calc_force = on
sw_vibrational_modes = on
displacement = 0.05

gbooooboooooobooog

obooooooooooobono
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ooooooooag gooooo o0

sw_phonon OFF O0ooooooooooon
oooooooooooooo
oo

sw_calc_force OFF gooooooooooooo

oooooooooooo
oNOOoooooooooao
dooooooo@ooooo
forcedata0 00000 0O
OFHsw_vibrational_modes =ON
000000 "F_FORCE"'O OO
gooooooooooo

displacement 0.1 obooboooooobooo
sw_vibrational_modes OFF go0ooooOooooooon
ooooooao

ONODOOoOoDooDoooooao
modedata 0000 O00OODOOO
ooooo
OFFb0000000Dn0oooDd
oo

norder 1 oo00Do0oDoDooooooog
ooo

sw_polynomial_fit OFF oNOOOoOoOoooooooono
ooooog

OFHI0 000000000000

- 0000D0O000O0DOO

obooobooobooboobooobooobooooooooooboooOoooDOon weightOooo
0000000000000 O0O0sw_inversion OFFOO0O0OO000O0O0OOO0O0ODOOOOODOOO
gbbooboooboooboooboooboooboooooobooboo0 symmetryDOODOOOO
goboboboobooboobuooboobobboboooboaobooaad

- 0000000

Og0000Ocelement listDO000000massJ 000000000 (au)0000O0O0OOOOO0O (amu)
UO000ddnfDOO #units atomic_mass U#tag U OO0 OO0 O0OO0O

- JOooobooo

OO0O000 PhononOOOODO displacement I 00D O0OD0DOO0OOOOOOO0law.O000OOOOOO
ddddoooooooooooooooobobbobobbo0dddddd0d00o0o0o0oUUdddnorder
02000000000000000300b0SO0000000bD0O00Odiplacement0000O0O0O0 u
0000000000 -u,-u2u/2u000000sw_polynamial_fit0 ONOOOOODOOOOOOOOOO
norder J 200 0000000O0OOOOOODOODODOODO O -u/mnorder,-u/(norder-1),...,u/(norder-1),u/norder
OOOnorder 0000000000000 0OO0O0OOOODOOO0OOOOOODODODODOOOOO norder
010000 2*norder 00 0000000O0OOOO0O
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gooogobood

O000000000000D00000 modedatal OO 00O forcedataD 0000000

modedata 00 000000000000 00D0O00D0D0O0O0DO0O0O0OO0 a; = (aix,ay,a,) D000
googoooooo

---  primitive lattice vectors ---
a_lx a_ly a_lz
a_2x a_2y a_2z
a_3x a_3y a_3z

000000 namO000000 (24,94,2) 000 m; 0000 name() 000000000000

---  Equilibrium position and mass of each atom---
Natom = natm
do i=1,natm
i x(1) y(i) z(1) m(i) name (i)
end do

gobobooobooobooboobooobon

--- Vibrational modes ---

Nmode= nmode, Natom= natm

do m = 1,nmode
n= m representation(m) acvtive(m)
hbarW= omega_ha(m) Ha = omega_ev(m) ev; nu= omega_nu(m) cmA-1
do i=1,natm

i vec(m,i,1) vec(m,i,2) vec(m,i,3)

end do

end do

representation D DO DO O0O0O0OODactivem) OO O00O0O0O0O0OOODOO ROODOOOOOOOOOO
0000 ROODOODODODOOO0OOOOO0O0OIR&SGERODOOOOODODOOOODOOOO0OODODOOOOOOO
O00OvecOUODOOODOOODOOOOomega hall Hartree OO OOOOOOomega evd O OODOOO
gobdf00O0OQOomega nudOO4dOng

ob0oogogn forcedata OO O0O0OO0OOOODOODOOOODOOOOOOOCOOOOOOOOOOO
gobogoboooboooog

num_force_data, norder, sw_ploynomial_fit
do i = 1, num_force_data
displaced_atom, displacement(1:3)
do ia = 1, natm
i, force_data(ia,1:3,1)
end do
end do

num_force_ data 0000000 OO0OO0ODOODOdisplaced_ atom 0000000000 ODOQOO displace-
ment 0000000000 (ug,uy,u,) D00Onorder 00000000 norder 0000000000
sw_ploynomial_fit 0 0 O O sw_ploynomial_fitd ONOOOOOONUODOO 100000000OOFFOOO
gooooooooooan

sw_calc_force] OFFO 0000000 OOOOOOOOOOOOOOOOOODOOOOOOOOOOOO
goboboobooboobooboobobboobooboobooboobobbooboo
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oooooOoOoOoOoOoODOODODODODODDODOOOOOO 2020.01 000

gobogz202001000000000000000O0O000OO0O0O0OO0O0OOOOOOOObOOOn
obooooboooobooboooobobooooobooooobooboooobooboooooobon
gboooooboooooboobooooboboooooboooon

0000000000000 0000O00000D0O00000DO0000DbO0O0000D000D000 mobile
o0o00O0O0O00o0O0o00b00o0ombOO0OO0DOOOO0OfOOOOOOO

structureq{
atom_list{
atoms{
#default mobile = on
#tag element rx ry rz weight mobile
Cu® 0 0 1off
Cu 0 0.250000000015 0.090375000005 1 off
Cu 0.250000000015 0 0.090375000005 1 off
Cu 0.25 15 0.25 15 0 1 off
Cu -0.00133991609598 -6.13618712873e-06 0.183172868018 on
Cu 0.00243063003687 0.247502210432 0.274544823036 on
Cu 0.248598303756 0.999991722423 0.274874965184 on
Cu 0.249918873555 0.250806431959 0.18373526966 on
Cu 0 0.500000000029 0 1 off

O0mobile OO OOOODOOO0OOOofC0DO0OO0O0ODOOOOODonDO00O0O0DOOOODODLOOOO
mobile 00 of DOOOD0OOO00ODOOOODOOOODOOOOODOOOODOOOOO

O000o0oO0ooOoOoOoODODODODODODODODODODOOOO 2020.01 000

000000000000 (forcedata0 000000000 O0O0O0OOOCOOOOODOOOOO)ODOOO

obobooobooooboooboobobooooobooboooboooobooobooboboobooOoooboonz020.010
gobgoooobooboobooboobobboobooboobooboboboboboobooboo

phonon{
sw_read_force_pre = off

}

phonon 0O OO ODODO sw_read_force pre 0000000 ODOODOOOOOOOOOOODOODOODO
00000 DOObO0O00000O0oo0bObOb0O0O000onOODODofO0O0DOO0OO0O0OOOOODODOODOOO
doooOobooOoOoo0o0oooooooooooa

gbooooboooooo

00o00o0D00o0o00O0bOob000bDObO samples/phonon/H200 0000000
goooon

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gboooobooobooboboooooboooooboaon
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control{
condition = initial
cpumax = 1 day ! maximum cpu time
max_iteration = 6000
}
accuracy{
cutoff_wf = 25.00 rydberg
cutoff_cd 225.00 rydberg
num_bands = 8
xctype = ggapbe
initial_wavefunctions = matrix_diagon
matrix_diagon {
cutoff_ wf = 5.0 rydberg
}
ksampling{
method = gamma
}
scf_convergence{
delta_total_energy = 1l.e-10
succession = 3
num_max_iteration = 300
}
force_convergence{
max_force = 1l.e-4
}
initial_charge_density = Gauss
}
structure{
unit_cell_type = primitive
unit_cell{
a_vector = 15.0 0.0 0.0
b_vector = 0.0 15.0 0.0
c_vector = 0.0 0.0 15.0
}
symmetry{
tspace{
lattice_system = primitive
generators{
#tag rotation tx ty @tz
C2z 0 0 0
IC2x 0 0 0
}
}
sw_inversion = off
}
magnetic_state = para
atom_list{
coordinate_system = cartesian
atoms{
I#default mobile=on
l#tag rx ry rz element
-1.45 0.000 1.123 H
1.45 0.000 1.123 H
0.0 0.0 0.0 0
}
}
element_list{ #units atomic_mass
#tag element atomicnumber zeta dev
H 1 1.00 0.5
0 8 0.17 1.0 }
wf_solver{
solvers {
l#tag sol till.n dts dte itr var prec cmix submat
msd 5 0.1 0.1 1 tanh on 1 on
Im+msd 10 0.1 0.4 50 tanh on 1 on
rmm2p -1 0.4 0.4 1 tanh on 2 on
}
rmm  {
edelta_change_to_rmm = 1.d-6
}
lineminimization {
dt_lower_critical = 0.1
dt_upper_critical = 3.0
}
}
charge_mixing{
mixing_methods {
l#tag id  method rmxs rmxe itr  var prec istr nbxmix update
1 broyden2 0.3 0.3 1 linear on 5 10 RENEW
2 simple 0.2 0.5 100 linear on * * *
}

(oooooon)
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(Ooooo0ooooo0)

}

structure_evolution{
method = «cg

}

file_names.data O O elementlist 0 OO0 O OO O0O0OO0OODOOOOODO H_ggapbe_nc Ol.pp U
O_ggapbe_us_ 02pp 0000000000000 O0O0O0O0O0O0O0000000O0S34000000

0534000000

good

ooo0oooooooooooooobobOoObODOO0O0O0O0O0000000o00oO00OPhononDOO0O0OOOO
obobooboboobOoboooooooooooooO0oboobO0b00obd nfdynmdata0 000000

goboobooobooobooogo

atom_list{

coordinate_system = cartesian
atoms{
l#tag rx ry rz element
-1.446816228 0.000 1.123327795 H
1.446816228 0.000 1.123327795 H
0.0 0.0 0.0 0
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obooobooboooooboboooobobobooboobooosboonog

Phonon{
sw_phonon = on
sw_calc_force = on
sw_vibrational_modes = on
displacement = 0.05

PHASEOOOOOOO

% mpirun ../../../bin/phase

PHASEOOOOOOOODODOOOOOO0ODOOO modedata D OO OODODODO

00000000000 freqpl 100000000000000000000000-mel0000000
00000 freqpl 0000000

% freq.pl -mol mode.data

obooooooobooooobobooobo os3sooooon

Vibrational Analysis

4000 | A1 IR&R B1 IR&R ]

2500 | 2 3589 1 3703

3000 | .
2500 _

2000 r -
1500 - 1— 1580 ]

Frequency (cm'1)

1000 | .
500 | .

gs3s:00b000ooobooooon

000000o0bO0o0b00D00DO000oOn0Dn trajecory 0000000 OO0ODOO animate.pl 0 OO
0000bD0o0Db00D0ooboOoonbOgd controlinpDOOOOODcontrolinpDO0ODOOODOOODOOOO

origin 7.5 7.5 7.5 ‘

O00 animatepl OO O OO0OO0OOO0OOOO

’ % animate.pl mode.data control.inp ‘

Ubooo0o0oobO00oO0O000nn trajecory 0000000 mode_*tr20 0000000

0000o0obboooobobooobboooobobo bos36b00bbo0bbO00bbo0oOoubOO trajectory
0000000 mode_7.tr2,mode_8.tr2,mode 0.t2 00000 O0O0O0OOO
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1A, bending 2A; sym. stretching 1B, asym. stretching

‘\

0000000000 (Si2)

gooooao

A

[N

Os36:0000000000000000

00o0dooooOoOo0ooooobobobbO0Oddd samples/phonon/Si2 00O 0O

O00D0O0ODOD0ODOO nfinputdata0 0 Oelement_list 0000000000 28.0855amu 000000
0000000000000 00000000O4#units 000 atomic massO OO0 00000

element_list{

000000000 #tag

}

#units
element

atomic_mass
atomicnumber

mass

Si 14 28.0855

00000000000 PhononDOOO0ODOODOOOO

Phonon{
sw_phonon

= on
sw_calc_force =
displacement =

sw_vibrational_modes =

on
0.1
on

sw_calc_force 0 sw_vibrational modes 0 000 ONOOOOOOOOOOODOOOOOOOOOOOOO

ooooog

PHASEOODOOOOO

% mpirun

../../../bin/phase

O0000D00000D00000 modedata D0 000000000000 OOmodedatal 000000
gbooooboooood

--- primitive
0.0000000000
5.0875600000

5.0875600000

lattice vectors
5.0875600000
0.0000000000
5.0875600000

5.0875600000
5.0875600000
0.0000000000

---  Equilibrium position and mass of each atom---
Natom= 2
1 1.2718900000 1.2718900000 1.2718900000 51196.42133  Si
2 -1.2718900000 -1.2718900000 -1.2718900000 51196.42133 Si
--- Vibrational modes ---
Nmode= 6 Natom= 2
n= 1 Tlu hbarW = 0.00000000E+00 Ha = 0.00000000E+00  eV; nu= 0.00000000E+00  cmA-1
1 0. 0. 0.7071067812
2 0. 0. 0.7071067812
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
obooooboOoboobooboobOoobobooobOo0bOoOobOoOobooOoDOd Vibrational modes
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
gbooboooooobooboobooboobooobooooboobooboobooooboooboooooon
goboboooboooboobuooboobobboboooboobooboobobooooboo

gooooao

00000000000 modedata OO0 DOO0OD0OOO0OCOODOODOOODOODOOOOOODOOODOO
U00 freqqpl U0 OO00ODOPostscripp 000000000 freqeps O OOOODOO

% freq.pl mode.data

0000000000000000000 0537000000000000000 517em? 00000
yoboo0d0d0o00ooooooooUUUoUU T, 0000000000 ooooooooooo
U000ddT, 0000000000000 COCOOOO0OO0O0OOOOOROOOOO0OO0O0O0O0O0O00
obooooboIROOOOOOOO

Vibrational Analysis

700 r .

600 G ng R |

500 | 1 517 _

400 r T

300 - .

Frequency (cm'1)

200 - .

100 | .

0537:000 Si000000oobooogogo

gboboooooao

00000000000 modedatad OO0 Trajectory OO0 DOOO0DOOOOOOODOOODOODOOOO
0oodoOobOd0ooOooobo0ooDobDOooo0ooOobOO0o0ooDO0ooDoboooDOoDOOoooOooOooDooo
animatepl 0000000000000 O0O modedata 000D O00DO0ODOOODOOODO Trajectory
oooooobO @oow2)ooooobooo

0bobooooooooooooobOdDoOobDOonO controlinpOOOOOOOcontrollinpdOOOONO
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ooooooo

origin 1.27189 1.27189 1.27189
vectorl 10.17512 0 0
vector2 0 10.17512 0
vector3 0 O 10.17512

000 animatepl 000000000000 O0DO Tajectory 00000000000 OO0OOODODOO
ooo

% animate.pl mode.data  control.inp

obooooobooooboobooooboboooooboooboobooboooobobobooobooboon
0000000000000 000D00 Trajectory 000000 mode_ 62000000000 5380
O00D0o000oDO0o00D00o0o0oooDoboO s380000000D00000O000 gridmol20000
0000000000000 0o0o0obO0bO0ObOobn Trejectory OO0 0O000OO0O0DOODOOOOOOO
ooooog

0s538:000Si0000000000000000000

238 o560 0000



PHASE/0 Manual, 0 O 0O O 2021.02

ooooo @o0)000Ooooooooooooogd

Cu(l00)OD 0000000 DOOO0DbOO0O0OO0bOO00bO000O0bO000O0000D000 samples/phonon/
Culee_C2H4 00000000 O0C0CO Cywl00)ODOOOOOOO0OO0OOOO0OO0OOOOOoOOooOoOooOoooon
obooooooooooboooos3dooooon

0 5.39: Cu(100)00 GH, 0000000000

obboooboooooo(@ooboobooobobooobboobobood molonly)DOOOOOODOOOO
oboboboo@uooboobobobobobooobooooo phhoooobobobOobOobobOoo
o@ooobooooooooooooooop2)000ObOO0O0ooooOOb00@WooDboOoDbOog
0b0o00ooooboboopha)000000O000CODOODOOOOOOODOOOOOOOOODOOO
oboooooboooobosogosisooooobon

0519000 top5S0000cm!O

o000 |00+10 (00«20 (000 (O0O0OO
3041.4 3039.7 3039.4 3039.4 | 3057.8
3014.0 3012.2 3012.0 3012.0 | 3028.5
2946.3 2944.3 2944.1 2944.1 | 2973.7
2942.2 2940.1 2939.8 2939.8 | 2957.6
1475.9 1478.4 1478.7 1478.9 | 1618.1

0000000000000003em!' 0000000000000 O0O0O0DODOOO0OOOOOO100
0000000 O05em!' 0000000000000 O0D0O0O0D0DO0O0ODOO020000000000
00002em!'0000000000000D0D0D0000O0O0O0OOOOOOOOOOODOO0

522 0000O0OOCOODO

ooooon

PHASEO OO I'DODOO0OOO0OOO0OO kODOODOODOOOOOOOODOODODOOOOOODODO
Uboooouobooooboobono [Parlinski97] 000000000000 OOODOO
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good

gbooooooooboo

obobooooooooooorobooboocboo phonon0 0000000000 OOOOODOODOOO
goboooboooboobod

phonon{

sw_phonon = on
sw_vibrational_modes = on
sw_calc_force = on
displacement = 0.1
method = dos
lattice{

11 =2

12 =2

13 2

}
dos{
mesh{
nx = 10
ny = 10
nz = 10
}
}
}

gboooobooooooboooooan

010000000 0200 3000000 |0oooo oo
O
phonon ooooooooDooo
oooooooog
sw_phonon PHASE O

oooooooooo
oooooooDboo
oorooooooo
ooogno

sw_vib rational_modes

gooooooooo
oooooooar o
ooboooooogo

sw_calc_force

oooooooDboo
oooooooooao
roooooooon
oono

displacement

oooooooooo
ooooooooooo
ooooooooooo
rgogocoooooo
oooooooooo
0.1 bohr O O O

obooooood
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0 s20-000000DOOCOO
o10000000 02003000000 (Dboooo uo
g

method “ g0’ gbooogo
gooooooooo
dos, DOODODOOOO
000 bandOOOOO
oo

lattice OokOOooooooo
gooooooooo
oooooooooo
oooooooooo
ooooooooboo
oo

nx a0000000000
oood

ny pOooODDOOOO0O0O
ooood

nz cOO00O000OO0OO0O0O0
ooood

dos oooooooDbDoo
ooboooooogo
mesh oooooooDboo
OrkO0000D0O0OO0
ooooboooao

nx 10000000ooo
oobooooooooo
ny 20000000000
ooboooooogo
nz 30000000000

goooobobogooobo

methodJ band DO 000000000000 OO0O0O0OOCOOODOOOOOCOODOODOOOOOOOOO
U000 band_kpoint.pl DO DO ODOODOOO ADO0O00OD0O0DOOO kpointdata OO DO OO OODOODOOO
goooodg

obooooobo k0000

oooooobooobooboooooobooboboooobooooobooookbobooobogoboOoo
oboooobOoooobO PHASEOOOOOOODOOOODOODOOOOODOOO

- J0000000DOOOOO0DODOOO0O0DOOOO00O0OO000 PHASEOOOOODOOUO unit cell type
OBravais U0 D O0O0O0OO0O00ODOO0 kOOOOOOOODOODOOOOOOOODOOODOODOOO
gboooboobooooobooobo

0000000000 DOOOODOOOOOOODbOOOOOOObOObOOOOOn

gobobooboooboogo

52. 000O0OO0OOOO 241



PHASE/0 Manual, 0 O 0 O 2021.02

gbobogbooboaoboodaraoobuogbobobobbobooaobooboobuooboboooboaboa
googLro-rogboooboooboboobooooboboobooboooboooboboobDoobooobooo
gbooooooooboo

phonon{
sw_lo_to_splitting = on
electronic_dielectric_constant{

exx = 2.6
eyy = 2.6
ezz = 2.6
exy = 0.0
exz = 0.0
eyz = 0.0
}
}

00 sw_lo_to_splitting D on 000000000 LO-TOODDOOOOODOODOOOOOODOO elec-
tronic_dielectric_constant 0 0 0D 00000000000 OO0O0O0DOO0O0DODOOAQO electronic_dielectric_constant
O0D00OD000 exx,eyy,ezz,exy,exz,eyz U 0D OO OOD0ODOODOODOO0OOOOOOOO0OOOOOOOO
0000000 UVSOR-Epsilon 00000 O0OO0O0ODOOOODOODOOOOOOODOOODOOOOOOO
0000000000000 DOO effchgdata DO O OO0 ODOODOOOOODODOOODOO

1.1

@@ 1 Ne@r K~k N

gbooo1l1oooboobobooooo2b0000000000b0b0000O0OOObOObODbOn
oibboobooobooobooooboooboobboooooboooooooboooooobooboobobooooaon
goooog

UVSOR-Berry U0 OO0O0OO0OO0O0OO0OODOOO0OOOOODOOOOODOOOOOOO
ooooo

00000000 000000000 PHASEODOOOOOODOOPHASEDOODOOOODODOOO
gboooobooooboobooooboboooobooboooonboobo

natm_super,natm2_super= 64 64

ia,cps(3),pos(3),ityp

1 1.27189 1.27189 1.27189 0.06250 0.06250 0.06250 1

2 8.90323 8.90323 8.90323 0.43750 0.43750 0.43750 1

3 1.27189 6.35945 6.35945 0.06250 0.31250 0.31250 1

4 8.90323 13.99079 13.99079 0.43750 0.68750 0.68750 1
5 6.35945 1.27189 6.35945 0.31250 0.06250 0.31250 1

6 13.99079 8.90323 13.99079 0.68750 0.43750 0.68750 1
7 6.35945 6.35945 1.27189 0.31250 0.31250 0.06250 1

8 13.99079 13.99079 8.90323 0.68750 0.68750 0.43750 1
9 11.44701 1.27189 1.27189 0.56250 0.06250 0.06250 1
10 19.07835 8.90323 8.90323 0.93750 0.43750 0.43750 1
11 11.44701 6.35945 6.35945 0.56250 0.31250 0.31250 1
12 19.07835 13.99079 13.99079 0.93750 0.68750 0.68750 1
13 16.53457 1.27189 6.35945 0.81250 0.06250 0.31250 1

natm_super 0000000000000 OcpsOD0O0OO0O0O0O0O0O00O0OpesOOOOO0OOOODOO
O0iypOOOOO0O0OO0O0O0OO0ODOOOO0OOOO,00000000000000O0C00O000O0kOOOO
gboooooooooooooo
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num_bands will be changed.
neg,meg= 192 192

k-point mesh will be changed.
mesh=111

neg0 0000000, mesh0000 kOOOOODODOO
oooooo
modedatad0 O 00

00000000 modedataD00OOO0O0OO0O0D0O0O0O0O00O0OOO0O0OO0O0O0O modedatalOOOOONO
gobobobooboooboooroboobobbobooobooboobooboboaboo

--- Vibrational modes ---

Nmode= 6 Natom= 2 Ngqvec 120

ig= 1 g=( 0.00000, 0.00000, 0.00000) ( 0.00000, 0.00000, 0.00000)

n= 1 Tlu IR

hbarW= 0.00000000E+00 Ha = 0.00000000E+00 eV; nu= 0.00000000E+00 cm*-1
1 0.0000000000 0.7071067812 0.0000000000

2 0.0000000000 0.7071067812 0.0000000000

0. 0. 0.

0

. 0. 0.
= 2 Tlu IR

1
2
n

ig= 2 g=( 0.01875, 0.01875, 0.03750) ( 0.02316, 0.02316, 0.00000)

n= 1 B2 IR&R

hbarW= 0.63506708E-04 Ha = 0.17281054E-02 eV; nu= 0.13938112E+02 cmr-1
1 0.4999599615 -0.4999599615 0.0000000000

2 0.4999599615 -0.4999599615 0.0000000000

1 0.0063274755 -0.0063274755 0.0000000000

2 0.0063274755 -0.0063274755 0.0000000000

n= 2 Bl IR&R

gbboobooboooobokOooooooOobooobO kOOO0OOOOoOOoOobOOoO0OO,kbOO0000ao
obobooooboooooooooobooobooooboooooooobooooooobooooooooboboo,oaoon
ooooooooo,0boboooooobooooboooroobooobooobooboobboobbooooo
g/00b0oo0ooboo0ooooooooooroooooooooooooboOoooooo

phdos.data 0 O O O

O000b0O000dOphdesdata 0000000 DODOOO0OODODOOOOOODOOOODDOOOOOODODO

# Index Omega(mHa) Omega(eV) Omega(cm-1) DOS(States/Ha) DOS(States/eV) DOS(States/cm-1) IntDOS(States)
0 -0.00050000 -0.00001361 -0.10973732 0. 0. 0. 0.

1 0.00950000 0.00025851 2.08500903 0.00473815 0.17412390 0.00002159 0.00001500

2 0.01950000 0.00053062 4.27975539 0.01996324 0.73363561 0.00009096 0.00012976

3 0.02950000 0.00080274 6.47450174 0.04568839 1.67901746 0.00020817 0.00044927

4 0.03950000 0.00107485 8.66924810 0.08191360 3.01026946 0.00037323 0.00107853

5 0.04950000 0.00134696 10.86399446 0.24722290 9.08527497 0.00112643 0.00286860

6 0.05950000 0.00161908 13.05874081 0.37130693 13.64527929 0.00169180 0.00591423

7 0.06950000 0.00189119 15.25348717 0.49343689 18.13347292 0.00224826 0.01020273

8 0.07950000 0.00216331 17.44823352 0.67844022 24.93222060 0.00309120 0.01602478

10000000000000002,3,40000000 mHa,eV,ecm-1000000000O0S5,6, 7000
0000 states/Ha, states/eV, states/cm-1 0 0000000080000 000O000O000O00O00O0O0O00O0OOO
000000000000 00bbODbOO00x 3000000

obooperlOOODOO0

00000000000 00000 PerlDOOODOO PHASEOOODODOOODOOOOOD 3000 Perl
obooooobooboooboboooooboooooaoon

phonon_dos.pl
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obobooobooooboooboomoboobooobooooboooobooobD perlO0D0OOO0OODOOODOOOO

googno

% phonon_dos.pl phdos.data OPTIONS

phdosdata O OPHASEO O OO OOOOOO0OOOOOODOOOOOOOODOphonon_dos.eps 000 EPS
gobobooboooboobooboobobboobooobooboobonoobo

--units=UNITS or -u UNITS

gboboobobobO00bOmHa, meV, THz,ecm-1 O OO 0OO0OOO
oboboobd0Ocem-1000

--width=WIDTH or -w
WIDTH

ubobooboobooooobooooboobooo11o00ao

--erange=[emin:emax] or -e
[emin:emax]

gbooobooboooobooon

--drange=DRANGE or -d
DRANGE

ooooooboooooon

--title=TITLE or -t TITLE

uboabouogoooogn

--font=FONT or -f FONT

oboooooboobobooooobooboboooooooboon 180
oo

--keep or -k ubooboobdoboooboboobobooooboobooogooboaon
--mono or -m gboabuoobooobgobobbooboaboobooobgan
--dinc=DINC ooocooobooooogon

--einc=EINC obooooOoboooooooon

phonon_band.pl

oboooOobooooOoboooooobooooooooboono perlO0O0O0OOOOODOOOOOOOO

goo

% phonon_band.pl mode.data OPTIONS

modedata 0000 0000000000000 O0O0O0O0DOOOOOODOphonon_band.eps 00O EPS OO
gobobooobooobooboobobobobbooboooboobooboon
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control=CONTROL
or -c CONTROL

band_kpointpl 0000000000000 O00CDOODOOOCODAO bandkpt.in
ooo

--ptype=PTYPE or -
p PTYPE

0bo0o00o0oo0ob0obO0oobO0ob0bo0b0Olne0dO0OO0OODOcircle
oboooopboboooboobooooboboboobooboboonb lnedDn

--units=UNITS or -u
UNITS

ob0bD0o00DbD0o0o0obO0O00dO0OmHa, meV, THz,cm-1 OO OOOOOOOOO
Ubd00Ocem-1000

--width=WIDTH or -
w WIDTH

gboooobooboooooboooobobo 1000

erange=[emin:emax]

or -e [emin:emax]

gboooooobooooooo

--title=TITLE or -t
TITLE

gobooobooboobod

--font=FONT or -f
FONT

gboooooobooooobobooobooboboboooooboosbooo

--mono or -m gboooooobooooboboooobooboooooboon
--keep or -k gbooboobdooooboboooobooooboooooooboon
--einc=EINC gboooooobooooooo

phonon_energy.pl

ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
gboboooboooboobooboobooobooooooobooobooobo DbFrTOOObOOObOOOn
obooooboooobooboooobobooooobooooobooboooobooboooooobon
obooobooboooogooboo

O0kOOOO0ODDOO00OO000000000 w00000 (A +7)h,00000000000000

— Upn
gogno kazneﬁ[II]DDD[ID[ID[IDDDDDDDDDDDDDDDDDDDDDDDDDD
oooo

€xp [* 2?;’3“}
Qr = PPN PR
exp | — ek

00000000 0000000 Faw=),—kpTlogQ, 000000000000 0000O0OODODOO

hw hw
Fp = Z [Qk + kT log (1 — exp [—&})] .

k

DDDDDDDDDDDDDDDDmm:&lehmpC%%oDDDDDDDDDDDDDDDDD
oooooooooo

hw hw
T o L=
w1 q
k exp[kBT}
O0000000FR 000 UwOO (Uw— Fup)/T00000000000000OO00OOOOODOOO
gooo0oooooobooooooobooooobooooooooooooooooao

2
hwy hwp
kT &XP (szT>

exp (,f:;) -1

- aU'vib

Co oT

:kB
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phonon_energypl D0 0000000000000 ODOOO0OOODOOODOOOOODOOOOODOOODOO

% phonon_energy.pl mode.data

gbooooboooobo3boobooboobooooona

phonon_energydata 000 0000000000000 O0D0O0O0D0O0OO0OO0OOOOODOOOODOOODOO
gobobooobooboobooboobobo

# T (K) Internal Energy (eV) Free energy (eV) Entropy (eV/K) Cv (kB/atom)

0 0.125434126153072 0.125434126153072 0 O 30 0.12552700746085 0.125409486111375 3.91737831580881e-06
0.0820122071540538 60 0.126828216477476 0.124936822438767 3.15232339784872e-05

0.435633166874193 90 0.130001095247047 0.123379006005857 7.35787693465625e-05

0.787404251770626 120 0.134948880737123 0.120473935403623 0.000120624544445835 1.12444793146534

1000000020000000000000000000D000000D0000esvO0O00O0DODO
b0 ev/KODOOOOODODOOOOOO kg0OO0O0O0O0OO0OOOO

phonon_energyeps N 00 000000000000 DO0ODO0OOOOOOOOOOOODOODOODODO
ooooooOooboEeEPSOOODOOO

phonon_ Cveps 0000000000000 OO0OOOCOEPSOOOOODOO

SidO0OO0O0O00000O0 phonon_energy.eps U U O phonon_Cv.eps U O O 0O O 0O O O phonon_energy.pl 0 [
O000000D0O000D0O000D0000D0000000 modedata 00000000000 OODDOO
0000000000000 00D0000D000000000 modedataD 0O 0OO0OO0OO0OODOO
goooooOooooooOooboooOopooOoOoooo0OooooooDOooOoooooDOoobooboog
ooooood

% phonon_energy.pl mode.data
weight undefined for g-point no. 1 at /home/user/phase/bin/phonon_energy.pl line 131, <MD> line 4450.

2 T T 0.0016 3
Internal Energy
15 Free Energy —
Entropy— 1 0.0014
1 - 25
- .
05 F s 0.0012
yd 2t
. or ~ 4 0001
=y 1
e o5 / g
1 0.0008 & 15}
g f / =
@ [&]
15 F / 4 0.0006
15 / 1L
2r/ 1 0.0004
251 / 05
4 0.0002
3+
35 L . . L . 0 0 . L L . L
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
temperature (K) temperature (K)

O 5.40: phonon_energy.epsd 0 O O O phonon_Cv.epsOD OO0 )OO

phonon_energypl 0O O DOODOOOOOODOO0ODOO0ODOOO
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--width=WIDTH or -w WIDTH

gbooooobooooboboooobooo 1000

--trange=[tmin:tmax] or -t
[tmin:tmax]

gboobOobooboobooooboooKOoOo3oo0KOOMO

--nT=NT or -n NT

gbooooooboooooboboooogooobn

--font=FONT or -f FONT

gbooooooooboobobooooooooobobooon

18000
--mono or -m oobooobooooboooooboooooooooooboOoooon
--tinc=TINC obooooobooooon
--einc=EINC gbooooboobooooooo
--cinc=EINC gboooooboooooo
oo
gooood

ooodooO0 1000000000 o0oooboooooooooooooooooooooooa
O00000ooooOoo000o0oOonDOn samples/phono_band/Si 00000000

UboO0oO0Oob0o00O000dD0 samples/phonon_band/Si/band 000000000000 OOO0O

band_kpointpl DO O OO0O00O0Obandkptin 0 0000000000000 ODOODO

0.02

-0.8333333 0.8333333 0.8333333
0.8333333 -0.8333333 0.8333333
.8333333 0.8333333 -0.8333333
00 1# {/Symbol G}

/Symbol G}

rour oo
[=I— VU
oo
N = 00N
F* W W H
Faa

00 bandkptin 00O O0O000O0O0O0O0O0O0OODO kpointdataOOOOOOOOOO0O

% band_kpoint.pl bandkpt.in

gboooooboboooooboooobooboooonog

structure{
unit_cell_type = bravis
unit_cell{
a = 10.17512
b = 10.17512
c = 10.17512
alpha = 90.0
beta = 90.0
gamma = 90.0
}
symmetry{
tspace{
lattice_system = facecentered
}
method = automatic
}
atom_list{
coordinate_system = internal
atoms{
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 @
Si 0.875 0.875 0.875 0

(oooooon)
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(Cooooooooo)

element_list{
#units atomic_mass
#tag element atomicnumber mass
Si 14 28.0855

unit_cell_type O bravais 0 [ O lattice_system D 0 000000000 DOO facecentered, D OO OO OO
000000000o0o0oooooo0o0o000o00 PHASEOOOOOOODODDODDODODODODODDODDODODOOOO
000000o0ooogoooooooooooooo0o0o0O00000C0O0OO00O0OO0OOddphonon
0o00oooooooooooooooo

Phonon{
sw_phonon = on
sw_calc_force = on
sw_vibrational_modes = on
lattice{

2

2

2

—
]
- n

method = band
}

00000000ab,cO00000200000000000000000000000 PHASEOOO
0000o00oob00o0obO0o0bO00b00000 modedataD00O00O0OO0OOOmodedatad 00O O0OOONO
goooooboobooooboooooboboobooog

% phonon_band.pl mode.data --control=bandkpt.in

-——control O OOODO bandkpointpl OO0 0000000000000 OO0OOOOOOOOOOOO
goboobooboobooboobobobobboboobooboobooboboo

gbobobobobobobobobdooond samples/phonon_band/Si/dos D00 OOODOOO
UbOo0o0o0ooob0Odb0bandOO00OD0O0D0O0O0O0OO forcedata0 00000000 OO0OOODOOO
0o00o00obO0o0bo0o0ob0oo00obO0ooDbb0obnod sweale_ forceDOOO0O0O0OoffO0DOOODOOOODO
gobgogboobooboobooboobobbooboobooboobooobo

Phonon{
sw_phonon = on
sw_vibrational_modes = on
lattice{

—
N
o n
N

method = dos

}

method=dos 0O 00000000000 DOO0O0OO0ODOO0O0OO00DO0O0O0O0OdesOODOOOOO mesh
gboboooboobbooboobooboooboooboob0x 10x 10000000bOO00booobooaon
000000 PHASEOOOOOOOODOOODOOODOOODOOOO phdesdata0 0O O0O0OOO0OOONO
000000000 phonondospl OO OODOOOOOOODOODOOOOODOOOODOO

% phonon_dos.pl phdos.data

gboooobooboooooboboooboobooboooonog
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500

400

Frequency (cm™)

300

200

100

X

u

os4:000000000000D00

0.09

0.08

0.07 |

0.06

0.05

0.04

DOS (states/cm™)

0.03 f

0.02 |

0.01

0
-100

200 300 400 500 600
Frequency (cm™")

0s542: 0000000000000000
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ooooooo

00000000 NaClOODOODOO0oO0ooooooooooono 0s430000000000000
0oooooooooooLo-TO0000DODO0O0O0000DODbO0ODbOO0ODbOO0ODOOo0oOo0ooOooDooOooa
0000 samples/phonon_band/KIO OO OOOOMO

0543: 000000000000

Lo-roodooooooooooooobooooboobo0o0ooooooboOoooooDobooooooDon
obooboooooooo

- OD00O00O0OUVSOR-Epsilon 0000000000 D0O0O0DO22evO0000000D00O00
OO00000Oxx,yy,zzODDOOOOD 260000000

- O0000O0OUVSOR-BerryUUDOOOOOODODOOOODOOOOOOOOOOOOOOOODOOO
Oo00oo0o0000 11262, 0000000000 112620000000

oboboooooooboobooboooLo-rooboboooooobobooobooooboOoboboooon
oogLo-tToooooooooooooobobooogooooooboobobooOoooooooboobooOgg
oooooogorooooo Lo-TooooooboooOoooobObOOoOooooOoboOoooooOooOoooDoboOO

OO00000DOsw_lo_to_splittingd onO 000000000 OC0O0O0O00O0DOCOCOOOODOOOOO
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LQ-TO splitting not taken info account ———
LO-TO splitting taken info account ———

Frequency (THz)

0

r X U I L

0544: KIODOOD0OOOOOOOOOOO Lo-To0bOO0O0OO0oOoobOOoboooobooooonD Lo-roogon
gobogoboooboon

52. 000O0OO0OOOO 251



PHASE/0 Manual, 0 O 0 O 2021.02

gobooboabood

0000000000 0000O0000000O0O000000O00O00000O0O0bO0000O0O0O0ob0Ooa0a
000000000000 samples/phonon_band/Sn/a-SnOa OO OO OO samples/phband/Sn/b-Sn
opoooooooon

OoooCoOOOpOOOOOOODODOOOOOOODOoOOOOOOOOOOOOBOOOOOOO
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O000o0oDoO0O0000ooooDO0oO0O00OpOODODb ¢a0DbD054601400000000000
obooooooboooooooon

o o

OD0O0O0a@) |ooooc(d) | DDDDOO (hafeell)

a0 | 6.6555 6.6555 -136.147884
pO0O | 59184 3.2323 -136.144694
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% phonon_energy.pl mode.data
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phonon{
sw_phonon = on
sw_calc_force = off

}

- U000DOO000O0000D000D00 BravaisOOO Primitive U0 DOOOOO00O0OOO0OCODOOO
obooooOoboobooooobobo0ooboobobooboObOBravaisOOOOO0OOOOODOOO
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U O 0O Nose-Hoover U
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00o0oooooon
00o0Ooooooon
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0O &21-000000000O0O

0100000400 02003000000 |O00ogoad oo
O
thermo group oooopooooon
ooooooooood
ooooooo

oooooooo@o
oooooooooon
ooag)

VX,VY,VZ Oo000ooooao
Ooooooooag (
sw_read_veloci ties=on
ooOd)oooooo
O0xyzOOODOODO
O0o0oOooooon
oooooogoon
ooooo
element_list O0oo0o0oooooo
o0oooon

mass goooooboogoo
O0o0DoOooOooon
ooooooooon
oooono

goooogo
00O000D filenamesdata DO OO0 FDYNMUOOOOOOOOOOOOOOOOOOOOOOOO
gboooooboooooboobooooboboooogooboo

0000

00b00O0O0oo00oobobOO0o0oo0ooobdfilenamesdatal 0 F DYNMOOOOOOOOOOOOOOO
0@U00000000 nfdynmdata) 0000000000 D0DODO printoutlevel 00000 OO iprivelocity
oooooz2000000000@OO0OO00ODDO0OO0DODODOD0OODOODOOODOOO)YODO0O0DODOOO
ooooooOooooooooopo0ooooo0oOoooboOooooDoooooDbobooooo

« JOo0goooboobooobd

O000ooogogggddfilenamesdatal 0 F ENFOOOOOOOOOOOOO0O0O0O0 @O0O0O0Qg
0000 nfefndata) 0000000000 DOOOOO0ODOOOODOOOODOOOOOO

iter_ion{ iter_totall etotall ekinall econst[] forcmx

1 18 -7.8953179624 0.0000042358 -7.8953179624 0.0186964345
2 30 -7.8953851218 0.0000665502 -7.8953185716 0.0183575424
3 43 -7.8955768901 0.0002565396 -7.8953203505 0.0173392067
4 56 -7.8958649874 0.0005418445 -7.8953231430 0.0156398790
5 69 -7.8962052587 0.0008785990 -7.8953266596 0.0132645441
6 83 -7.8965425397 0.0012120826 -7.8953304571 0.0102355854
7 97 -7.8968179539 0.0014840140 -7.8953339398 0.0066063151
8 111 -7.8969784478 0.0016420281 -7.8953364197 0.0024736141

9 125 -7.8969875377 0.0016502900 -7.8953372478 0.0020111576

(booooooo)
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(Cooooooooo)

10 139 -7.8968352058 0.0014992046 -7.8953360011 0.0066379641
11 153 -7.8965440599 0.0012113794 -7.8953326806 0.0111430822

boooboooboooooboooboooboo ScrO0obooobOoOoOoobbooobooooooooo
gboboboboaoboooboobuoobobobobboboobooboobuooboboooboaoboa
gobgoboobooboobooboobobobooboooo

gobobobooboobuoobuooboobobbobo

gboooOobooooboboooooboooobooooooboon

000000 samples/dynamics/molecular_dynamics/NVE O O O

accuracy{
cutoff wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg
num_bands = 8
xctype = ldapw9l
force_convergence{
max_force = 1.0e-8 Hartree/Bohr
}
initial_wavefunctions = matrix_diagon
ksampling{
mesh{
nx = 4
ny = 4
nz = 4
}
}
scf_convergence{
delta_total_energy = 1le-12 Hartree
succession = 3
}
}
structureq{
unit_cell_type = primitive
unit_cell{
a_vector = 0.0000000000 5.1300000000 5.1300000000
b_vector = 5.1300000000 0.0000000000 5.1300000000
c_vector = 5.1300000000 5.1300000000 0.0000000000
}
atom_list{
atoms{
#tag element rx ry rz mobile
Si  6.130 0.130 0.130 yes
Si -0.130 -0.130 -0.130 vyes
}
}

element_list{
#tag element atomicnumber
Si 14

}
structure_evolution{

method = velocity_verlet
dt = 100

O0000DOo00o0ooDO0o0o0000ooODOoO0o00000D0O0atoms D0000O0DDO" mobile” O
00" yes” OOOOO0OODOOOOOO" no” ODOOO" 0" OOO0OOODOOOOOODOODOODOO
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
gooSitoooooooo dipooobooooobooboooobobobooooboooo

goooon

structure_evolution 0 J O 0O 0 O method” O OO velocity_verlet” DO 000000000 OO0OOOO
ooooooooooboobooooooooooooooobooooooooooooooo @b Ay
oooog* 100" 0000 000000000000 2418x107%s0000000

gobogbooan

ooooooooooooooboooooooOooooboboooobDooobbOOoOODbOOOObObOOO
gbooooboooobooboboooooboooooaon

structure_evolution{
method = velocity_verlet
dt = 100
temperature_control{
thermostat{
#tag temp
300

oood temp” DOOOOOOODOOODOOODOOOOOOOODOOODOOOOOOOOOOOODOOO
ooooooooooooobooooooooobooOoobooDgo

obooooboooobOooboooobobooooobooooobooboooobooboooooobon

structure_evolution{

method = velocity_verlet

dt = 100

temperature_control{

thermostat{!#tag temp

300
500
700

U0 atoms OO OOO thermo_group” DO DO ODOOODOOODOO

structureq{

atom_list{
atoms{
I#tag rx ry rz element mobile weight thermo_group
0.1159672611 0.1235205209 0.1215156388 Si 1 1 1
-0.1329067626 -0.1264216714 -0.1225370484 Si 1 1 2
0.1273740089 0.6305999369 0.6247606249 Si 1 1 3

ooooobDooOoooos3okoooooogoosookooooooooo7ookooooooood
gbooooood

gooaoo

gbooooboooobobooboobooooboboooboobooobo Oos4700b000O0

52. 000O0OO0OOOO 259




PHASE/0 Manual, 0 O 0 O 2021.02
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time (pe)

0s547:000000000000000O0O000DOOO00O0O0DODOOO
obooobooboobooobobooooobooog

gboooobobooooobobooobooboooobooboo

000000 samples/dynamics/molecular_dynamics/NVT O 0O O

googno

structure_evolution O 00 O O O temperature_control 0 O OO0 OOOOO

structure_evolution{

method = temperature_control
dt = 50.0
temperature_control{
thermostat{
#tag  temp gmass tdamp
300 5000 10000
}
}

O0o0O0ooOoooon® method” 0O ODO temperature_control D 0 D 000000000 OOOOOO0O
O0000000000000000O0O d" O000000O000000000o0o0ooooooooooaoa
O000000000000000sco00000000 126sO0000000

000 Otemperature_control 1 0 0000000 0OOO0OOOOON thermostat” DO D OOOODOOOO
00000000 temp” OOO0OD0OOO0ODOOODOOODOODOOODO@ODOOD)HE gmass” OOO
oo0o0ooOo0obOoO0obO @oboo)OoboUOboor gmass” DOODOOOOOODOODOOODOODOO
0000 «damp” 00O O0ODOODOOODOODOOODOOOOODOODOOODOODOOOOODOOOODOO
00000000 n gmass” O tdamp” DO DO 0O0D0O0D0O0OO0OO gmass” OO0O0O0O0O0ODOODOO0O
0000000000 Sx da0 000000000000 000000O0000O00n

gooooao

structure J 0000 Datoms OO0 O0O00O00000D0O00O0O000O0O0O0O0O0O0OO0O0OOOO

structure{
atom_list{

num_atoms = 8

cooordinate_system = internal

atoms{

l#tag rx ry rz element mobile weight thermo_group
0.1159672611 0.1235205209 0.1215156388 Si 1 1 1
-0.1329067626 -0.1264216714 -0.1225370484 Si 1 1 1
0.1273740089 0.6305999369 0.6247606249 Si 1 1 1
-0.1152089939 -0.6164829779 -0.6221565128 Si 1 1 1
0.6299472943 0.1341313888 0.6253193197 Si 1 1 1
-0.6305720382 -0.1290073650 -0.6187967685 Si 1 1 1

(oooooon)
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(Cooooooooo)

0.6151271805 0.6206113965 0.1333834419 Si 1 1 1
-0.6276524003 -0.6268549639 -0.1175099372 Si 1 1 1
3
}

ooo0O0* thermo_group” OO OOO0OOOOOOO0ODOOOOODOOOOOODOOOOOODOOOOOODOO
Uo0oooooobo0ooooobo0ooo0oD0oob0ooDbbo00bD0OU0DO0d #default” DO OOO
o000DOo0o000ooO0O0000oDOO0000oooO0000ooOoOb0000oooDOoOogdO thermo_group
gbooooboooobOobobooobobooobooboooobobooooOon

ooo* o0 oobo(@ooog2o019.0100)

000000000 DO0O0000D0O00D0D0DO0000 Nosé-Hoover chain 000 [Glenn92] 00000
0000D0000D0DO0O0000D0DOO0O000D0DONosé-HooverchainOOOODOOOOOODOOOO
doooooOoOoO0o0o0oooooObOoo0ooooopDooOooooooooooooooooooaga
temperature_control 00 000000 num_chainO0 OO0 0OOOO

structure_evolution{
method = temperature_control
dt = 50.0
temperature_control{
num_chain = 5
thermostat{
#tag temp gmass tdamp
300 5000 10000

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
ooboooooobbooooooooobboooooonD PHASEODODODOOODOODODOODOOO
gbooooboooboobobooogon

num_chain OO0 O000O00O0 1,0000000 Nosé-Hoover 0 0 00O
“0o00o0o0oOoOoOor" ooo(@oooo2019.0100)

goboodobooobooboobobobbooboooboobDoobo0obo0obDoobDoobooobag
gdoooobooboboobooobooboooboooobOo*T oobooobobo"ooboobooba
0000000000bDOo0oboOoDoongd temperature_control 00 0 00 OO O sw_temperature_profile
=on00000000Othermostat 00000000000 0OOODODODODODODOOODOODOOO
0000oooobooooOodtermostat 0 000 0000O0O0OODOODOOOOOOOOODOOODODOOO
goodoooooboooooooobboooooooooooooooobObooooooooooa
0000000000000 o00o0DO0o00oo00ooDbOO0o0ooo0oOooDbOoODd no (id, thermo_group O 00)
goodoobobobobooooooobbbbooooobobobbooooon

structure_evolution{

temperature_control{
sw_temperature_profile = on
thermostat{
#tag no tempi tempf till _n tdamp
1 8000 8000 3000 5000
1 8000 300 7000 5000
2 400 500 1000 5000
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000000000 no0000O0DO0O0OO0OODOOtempi, tempf 000000000 O0DO0O0OOODOOO
ooooooodtdln00000DO0ODOO0OOO0O0ODO0OODOOODOODOO0D0 dampOOOQQO
000000000000 0Wdamp O 0000000 gqmass 0000000000000 OO00O0O0OO
obooooobOoooonooD thermostat 0O OD0OO0O0OO00O0OOOOOOOOO

- 10001000000000O 8000KO 30000000DOOOO

«20001000000000 8000KODO 300KOO 700000000000000O0 @ 0OOOOOO
ooocooMbOOOOO oo00) 000 300KOOOOOOOO

3000200000000 0O400K0O0O S00KO0O 10000000D00000DOODOO0O 500KO
goooooo

oboboobooboooooogdln0000D000D0C00000 tempfO000000O0O0OOOOOOOO
googo

0oooooooooo@bobog 2021.0200)
gooboooobobooooboboooooboooooooboo
i = pi/mi
2m;v:kgT
il'%':Fz'*’Yﬂ?ﬂr\/imAy EZR(t) (5.35)
At
(R(t)) =0, (RO R()) =0(t—1)

wooboooooooooooooooooooobooooobooooboooooooboboooo
gobobooooooboboobooobooobooboooboboooboobooooboooooOoooboaoon
0000000000000 000UO0OR(¢y)UOO0OUOOUDOODOUOOUCODOOUOOOUOOOOOO
0000000000000 0000(R(r)yOOO 1,0ODO0OOODOOODOODOOOOOOO

gbooboobooooboboooobooooboobooooono

structure_evolution{
method = velocity_verlet
temperature_control{
method = langevin
thermostat{
#tag temp tdamp
300 5000

structure_evolution O O O O method O velocity_verlet O O Ctemperature_control [ [ 00 0 O method O langevin
goooooopoooogoooooooo0ogooooooooooooopoooooo0 yO0O0000
ooooooooooooooboooooboooOoooboooooboo0oOoooboOoooooooOooooog
goooooOoooooOooooo0oooobo0oOoooDoooOooDbooooDon

gooboooboooooooooboooboooboobooooboooooobbooobobooobooboooo
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gboooobooooboobooooboboooobooboooonboobo

ooooboobooobo 400000000000 D0O00O0ODO0O 25Rydberg, kOO OODOODOO IO
ooooooooooooo 1fs00oo0oooo0ooooooooo@oboobooosoo)ooooDog
gbool1ooobobooobooboboooboobooooobooog

Os4sb00bo0ooboooobooooobobooooobooooboobooboobooboooobooooon
gbobogoobobobobobobooboobooooooooboboobobobobobobbobobo
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obooooobooooboobooooboboooooboooboobooboooobobobooobooboon
gboobouobdooooboobooooboboooooboobooobooboooobOoboooobooboon
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
oboooooboooooomoobooobooobooooboooooooooboooooooooooooaon

goo
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Langevin

Nose-Hoover

0.20 gr

0.15

0.10 |

H\ | l‘
|wll.|w,,|l| M'M i w,w "

KE (hartree)

0.05 §

| | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

MD time steps

0.00 ' ' '

0s54: 000000000000 DODODODOODODUOODODOODOOODbDOODbDOOO
us4900000000000000O000O0OO0OOOOOOOOOOOOOOOOOOODOOOODOOOODOOO
gobooboodooooooooboocoooooOoooobooobOboooooboboOooboOoOo0boboboOooobOboOooooOoo

2 1 K
()=~ o) VK exp (—kB—T> (5.36)

oooooo¢G3c)00oono 0s49000000000000000DOOO0OOOODDOOOO0OO
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gobooboabood

obooooooobooobooboooooboooooon

PHASE/0 O O [Souza97], [HernandezO1] O OO OO0O00D00OO0O000DOOOO00DOOOOO0OOOO
gboooobooobooboboooobooon

gboooooboooooobooboo

gbooobooboobooboobbooboooboooooobooobobooboooooooobooooooon
obOooOooooooooboobooooboobobOobooooboooooooooboooboOob 20000
oooooooooon

structure_evolution{
method = temperature_pressure_control
dt = 50.0
temperature_control{
num_thermostat = 1
set_initial_velocity = on
I'lmethod = velocity_scaling
thermostat{
#tag temp gmass
300 4000
}
}
pressure_control{
pressure = 0.0
mass_baro = 1
mll on
m22 on
m33 on
ml2 on
ml3 on
m23 on

goboogbooaobooaboodaod

« MDOODOOUODO | method O temperature_pressure_control 0 [0 00 O pressure_temperature_control [J O
00000000000 ooU0oooo0oo0oo0ooooOooo NPTOOOODOOOODOOO
0000000000000 Opressure_control 00 0000000000000 OOOOOOOO
OJ0OOONPHOODODDODODODODOODOODOODOODOOOO

- J0D000D0O|IO0D00OOONVTOODOOOD temperature_control D000 O000OOO0OOODOO
OOONVTOODOOODODODODOODOOODOOODOO0O0DOO00DOO00DOO00DOODONPTOOO
doodooodoooooooooooooooooooonoooooooooDoooooooo
O00000D0O0000D0ODOmethod =velocity_scalinge 00000000000 OOOOOOO
00000000000 00D000D00O0O0ONosé-Poincarc 00000000 OOO0OOOOODO
do0o00oo00oOo0bOoobOoo0o0ooo0ooo0oOoobOooobOoooooDoooooooa
00000 Nosé-Poincare OO0 OO OOOOO

- J000ODOD0|IOODOOOpressure_control O OO0O0ODOOOOODOODOODOOADO pressure O
oboooOobooooobOobOooooboooobOobooboobobocPaO0OOnDOOOO
U0000O0Omass baroOODOOO0OO0D0OO0O0ODO0OO0ODOOOOODOOO1000000DO00O0DOOO
ooooooboooooooobooooooboobooOooooobo icoMDOODOOOOOOOO
Oo00ooo0o0o0o0oDo0oooDoon

 Jboobobbobboobuotdbmydbodboooboboogbooboobaoboan
Oo0000oobo0o0oobobo0oood mll=off000OD0 1100 @U0D0e0)OODOOOOODO
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ml2=on000 1200 («00p0)000 2100 O0e0)000000O0D0O0DO0OODOODO
gbooobobobooboobdboenb0boboobOobDO0ObO0bOobLOObOobObOoDO
goooo

NPTOOOOOOOOOOOOOOOOOOOOOOO0OO0O00O00000000000000 nfefn.data
oo0ooooOoO0o000ooO0O0dd nfdynmdata0 000000000000 0O0OO0ODODO nfmetric.data
0000000000000 0D00000D0 nflatconstdata 0000000000 0DOOOODOOOO

nfefn.data 0 O O O

obobooobooooobooboboboooooooooboboo NTOMDOOOODODODODODOO
gbooobooNPTOOODOODOOOOODODOOOOODOOODDOOOOODOOOOOOOOOOO1100
gbooooooooooon

iter_ion, iter_total, etotal, ekina, econst, pressure
13 -31.8045273788 300. 0. 0.0209863336 -0.0000504658
25 -31.8045248143 301.4440100456 0.0000586853 0.0211839341 -0.0000573770
37 -31.8043935680 299.1271868912 0.0001085792 0.0214781523 -0.0000574428
49 -31.8041402859 293.2700519011 0.0001476826 0.0218951630 -0.0000570036
-31.8037768714 284.3267516440 0.0001733906 0.0224437768 -0.0000560637
0
0
0

73 -31.8033194235 272.9264725662 0.0001832795 0.0231125156 -0.0000546420
85 -31.8027870051 259.8057152864 0.0001752150 0.0238698884 -0.0000527691
97 -31.8022003504 245.7426304561 0.0001475268 0.0246685850 -0.0000504870
9 109 -31.8015806171 231.5028071591 0.0000992076 0.0270606007 -0.0000478460
10 121 -31.8008921515 217.8018629938 0.0000862100 0.0294678421 -0.0000449028
11 133 -31.8002640917 205.3149756742 0.0000004873 0.0315593847 -0.0000420615

PN VA WN R
(=}
=

bbb 1gbboooobooooooboooooolooooobobooooooooooboo2b000 SCcroOO
oooooo30boo00ooobooboooom40b000000DO0ODOOOOODOmDSODO0OO
oooooooooomedlnoDbDOOOOOODODOOODOOODO0DmM7O000000DODOODOODOO
oooomooobooooooooobooboboooooooboobooobooboobbooboboooooon
gboooooboboboooooobobgoooobobooooboboboboobobobobog

nfdynm.data 0 0 O O

00b00o0o0oDo0oobobO0oobobob0d nfdynmdata 000000000000 OONPTOOODOOOO
gobgoooobooboobooboobobboobooboobooboboboboboobooboo
gbooooboooboood

nfmetric.data 0 O 0 O

gboobooboooobooboooobooooboobooooboboooOoboOoon

2

105.8775163849 0.0064685429 -0.0017420207
0.0064685429 105.8774556260 0.0027757249

-0.0017420207 0.0027757249 105.8776712432
3

105.8648537936 0.0196786348 -0.0055233812
0.0196786348 105.8644796107 0.0091955626

-0.0055233812 0.0091955626 105.8652454083
4

105.8462013539 0.0389223098 -0.0123434716
0.0389223098 105.8452005929 0.0190717120

-0.0123434716 0.0190717120 105.8468474757

oboooooobooooboboooobooog 3x 3gogbobooooboooooboboooobooo
gboooobobooooobooooboo20b000000b000d

nflatconst.data 0 0 O O
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
g1oo0bogobooobon

10.2896800915 10.2896771391 10.2896876164 89.9984979129 90.0009426965 89.9964995371 1089.4462540511
10.2890647677 10.2890465841 10.2890837983 89.9950232125 90.0029893382 89.9893495841 1089.2504025643
10.2881583072 10.2881096705 10.2881897084 89.9896762432 90.0066816443 89.9789308011 1088.9605527024
10.2869678503 10.2868710406 10.2870094050 89.9825817981 90.0125180935 89.9656805224 1088.5783846407
.2855038285 10.2853392827 10.2855504459 89.9738915620 90.0209385359 89.9500901373 1088.1067192172
10.2837804786 10.2835276570 10.2838245727 89.9637869404 90.0323061920 89.9327006608 1087.5497224800
10.2818163114 10.2814547573 10.2818483397 89.9524812878 90.0468878988 89.9140944258 1086.9130916478
10.2796344063 10.2791449593 10.2796435437 89.9402204612 90.0648344761 89.8948814720 1086.2041781879

WO OoNOOVBd WwN
=
=]

0001 0000000000000 0000010000000O00000200007000000
O00000,000 800000000000 0000O0O0O0 BohrOOOOOOOOOOOODOOOOO
Boh 0O O

gboooobooooooobobooobooboon

gobgobooboooboobooboobobobooboooo

Nosé-Hoover 00 0O OO0O0DO0OOO0OOOOOOOODOOODOOOODOOOODOOODOOOODO
O00000b0O0O0O0b0ODbO0ODOUdtemperature_control 00O O 0O OO method O O O velocity_scaling
oo0ooooOoooooOoOobooooooo

structure_evolution{

temperature_control{
method = velocity_scaling

goboboooboooboooboMMbobooobooobooobooo
gboooobooobooboboooobooon

oobooooooooobooobooobooobooobooobooboobooobooooooooooao
gooooooooobooobooobooboobooboobobooboobooooobooooo
sw_shift velocites 000 onO0O0OMDOOODOOODOOO0OOOO0OODOOOODO

structure_evolution{
temperature_control{
sw_shift_velocities = on

}
}

gobobooobooboooboon

oobooooooooooboooobooooboooooboooobooooobooOoobooooobooboon
gbobobobobobobooooooooobobobobobobobobobobooboaoba
vx, v, zO OO OO0 0O0000000000D0O0000000O000000D0O0 temperature_control
O0000000DD0 sw_read_velocities=onO0O0 0000000000000 00O0O0DOOOOOOOO
oon

structure{

atom_list{
atoms{

{ooooooo)

266 o560 0000




PHASE/0 Manual, 0 O 0O O 2021.02

(Cooooooooo)

l#tag rx ry rz element mobile thermo_group vx vy vz
0.11 0.12 0.11 Si 1 1 0.001 0.0014 0.0008
-0.13 -0.13 -0.14 Si 1 1 -0.001 -0.002 0.0001

0.12 0.63 0.62 Si 1 1 0.0003 -0.0005 -0.00028

}
structure_evolution{

temperature_control{
sw_read_velocities = on
}
}

gboooobooooboooooobooog

oobooooooooooooboooooooobobobobooooooobbooooooboobooo0ooooon
0ooooooooooooooooooo0obo000000000uooooooOOD set_initial_velocity
OO0 off0000O0O

structure_evolution{

temperature_control{
sw_read_velocities = on
set_initial_velocity = off
}
}

ooooooOooooooo@obooono2019.0100)

oboooooboooooboobooooboboooooboooooboobobooobobooooooboon
oooooooobooobDOoESMUOO dipole0 000000000 OOOODOOODOOOOOOOOOO
gboobouobooobooboboooobooooboooooobooog

ooooon

UO00OOstructure 00000 regionx U OO0 D000 000000O00O0DOOOO00O0OxO0000000
good

structure
regionl{
region_group = 1
type = cylinder
radius = 3.5 angstrom !0O00
cylx = 5 angstrom
cyly = 5 angstrom ! 0000000
orientation = 3 ! JOOO0O
cylzmin = -1000 ! OOOOO
cylzmax = 10600 | OO OO0
sw_tally = on ! JOODOOOOOO
eps = 0.001 !0 00000000
sigma = 1.5 !0000000
}

x0100000000x02,3,.0000000000000000000000000DO 000 regionx
goboboobooboobooboobobboboobooboo
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ooo

ao

region_group

“0Ob000000"00000oooob0ooooon
ooooooooboO Oooo"ooooooon
UdooobooobboobbOn region_group
uboboboboboboboboooooon
UbOoooo0ooobob0O0Ooo0bOn regionx O
ooo0dxooooo

type

oooooooooood
cylinder (DO O)ODODOD box (DOOO)DODOO
000000000 boxOOO

radius

O00000000O000ooooon0g 6.5bohr
O0Otype=cylinder 00O DOODOOOODOODO
oo

cylx

OO000O00DOxODOO000O00D0Db0O0ODOOb
0000000000 0Otype=cylinder 0 00O 00O
oooopoooooo

cyly

00000000 y0O0O00000000000
00000000000 type=cylinder 00000
0000000000

orientation

Ooooooooooobo10b00x00b00o200
Oyoono300O0zO00OOOOOOOOO0OO0DOO
OO0 3000type=cylinder OO DOOOOOODO
ooooo

cylzmin

OoooooOoooooooooooooooo
000 10°000type=cylinder 00000000
ooooooo

cylzmax

Oo0oo0o0oDbDoOoOoo0oooOoooobooooDo
00 10'°000type=cylinder 000000000
oooooo

Xmin

0000x00000000000000000
0000 10°000typesbox 00000000
0000000

Xmax

0000x00000000000000000
000 10°000typesbox 000000000
000000

ymin

0000y0OO0O00000000000000
0000 100000 type=box 000000000
000000

ymax

0000y0O0ODOOO00OO0O0O0000O0O0000
000 10°000typesbox 0000000000
0oooO

zmin

0000 ;00000000000000000
00000000000 10000 type=box O O
0000000000000

googoobooon
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0 522-0000000000
ooo 0o
zmax 0000 :00000000000000000
0000000000 10000 type=box 00 O
000000000000

sw_tally D000000000000000000000
0000000 on0000000

eps D00000¢(2)°0e00000000000
D0000000000000 le-3 hartree 00 0

sigma D00000e(2) 000000000000

O000DbO0o00oOoDOon 1bohrdom

0b00o00oobodbOOregion id00O0OO0O0O0O00ODO region_idODOOO0OOO0OOOOOOOOOODOOO
gobooboobooboobooboobon

structure{

atom_list{
coordinate_system = cartesian
atoms{
#default mobile=on,thermo_group=1
#units angstrom
#tag element rx ry rz region_group

H 4.231707 4.904619 6.374683 1
H 5.716594 4.994127 6.011627 1
0 5.118193 4.883964 6.766158 1
H 4.167342 5.876768 8.210465 2
H 5.481543 5.259672 8.697061 2
0 4.627457 5.590603 9.014168 2

O00000100020003000000 region_group=1 000000000000D00O400050
obe00O00OD0O0O region_group=2 00000000000 OO00O0O0O

goooon

gobooobooooooooooooboooooOoooobooOooboooobooOoooboOooobooooon
obooooobooooboobobooooboboooobooboooooboOobo

* region statistics

um_regions = 1

! status for region no 1

1** region type : CYLINDER

I*% orientation : 3 (1->x, 2->y, 3->z)

1*% radius : 6.6140409725

I*% cylx,cyly : 9.4486299607 9.4486299607
I*cylzmin,cylzmax: -1.797693134862316E+308 1.797693134862316E+308
1** gigma, epsilon : 1. 0.001

1** tally : F

I** n target atoms : 36

12345678910 11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 37 38 39

UOO00Ontargetatoms D OO0 000000000000 O000O0000O0O0O00OO0O0O00O0OO0OO0O0OO0OOO
gboooobooobooboboooobooon
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goboooboooboo

booobooboooobooboboobooboobooooboooboobobooboPAWODOOO
oboboobooboboooboboobooobooOooooboooooooooobooooooooaon
oobooobbooooooboooobooooooooooooooooboooobooooobooobobooo
gboboobOobooooboobooooboboooooono

ooboooboooooobOoobOoobOooboobbooboooboooboooooooobooooaon
ggbbooobbooobooooboooboboobooobooboboobbooobooobooa
oo000b0oo0oooboobodObOUOPHASEDOODODODOOODODOODOOODOOOODOO
gboooboobooooobo 1822877333000

000000000000000000000000000000000000000 Eg = 3 x
Nuom x kg7 000000000000 00000O00000 EguODOOOO Nea0OOOOOO
00 k00000000 7T00000000000000000000000000000000
D00000000000000003.1578x10° 00000000 (000000000 kgT OO
0000)0D00 300000000

0000000000000 0000000000 (structure_evolution 000000 dDO0OO0O0O
goO)obooooobooboobooobooboobooboooobooboOoooobooooan
00000000000000000@O000)2418x107"0000000000000O0O0
oo0oooOooooooboonb 100av. 000000 2418fs0000000O

oooooooooooOoUoooooooOooooooooo0 ooooooooooooooo
ocooooQoOoboooooooooooooobooogoooooobooooooobooooooooo
goooooooooOoOoooooOooooU0OoDObOo0bOooD OooOoOobooooooooo
gbooobOoboooobobooboobooooooboooo

Ob000bOoOOO0Oo00Ooooooooboo0ooooooooOoboooOoooooDoboboOoo
oobooobboooooooboooobooooboobooboobooooboobbooboobooooboobooobobooo
000000 [Nose9l]

1/2
— 27 _ Q
T=4 =27 (2ngT)

b0 -vO0bO0bOO0O0000O000DO0gO0000D00 BxOO0O0O0O0OO0O0OOODOODOODOOO
OCO)DkpOO0O0ODODOOOTOoOoDOOOOOO0ODODOOOODOrOO0OSpsDOOOOOBOOO
O300KOOODOOO0 QUDOOOO0O0O000O0O0O0DOOO0DOD 460000000000PHASE/N
oooUbOoO0O0O0000ooOoOoO0Oo0OoooOOOo0oOoOoooODOoOoOOoooODOOOOO
cooooO0ooooOoOooDoOoOoboooOoobooOobOa40bOo0oOosSo0bb0 UuOUOoOoOooo
ooo

good
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53 00000000000

5.3.1 DFT+U O

goooon

PHASEOODOOOOODOOOOODODOOOODOOOOODOODOOOOODODOOOOoDOobObOOooboOoDboo
goboooooboooobooobooooooooboooboooobo0ooboobboooobooooo
gbbooboooobooboobooboobooooboooobooobOo0oO0dbPHASE D LDA+U
oboooDbDrFT+Ub0000b00b00obooooooobooboboboooocoooooooobooboooboon
oooooobooooooo

DFT+U 00000000000 0D00000OPHASEODODODOOOOODOOODOOOOOOOOOODOO
[Liechtenstein95] 0000 00O0O0ODFT+UDOOOOOOODO (Epprp) D00 0O0O0O0O0O0OODOOOO
oboo (Epep) 07 +U” DOODDOODOOOODOOOODOODOOOOO@EODOOOODOODOODOO
gboobooboOo)yoboooobooboooobooboobooboooobOo pboooon

Uett
Eprr+v = Eprr + 26 Z plmc,m - szjm' PinUQm
m/

I,m,o

O000IDm(m’ )ODOO 000000000000 O000000D0DO0O000DOD0O0OU00000
gboooooobooooooo

0000000000 00000000000000000000000000000
P2 =D i < Wl >< ol V5, >
k,n

O000rk000000000OC0O0000O0OCOOOO0ODODOOOOfZE 00000 kno OOOO
goo

oboooobooooboobooooboboooooboooooboOobooooboobooooooboon
o@oo)yoobooobooboooo %DDDD(DDDDDDDDDDUeﬁDDDDDDDDDD
gobgobooobooobooboobooobobo

gboooo 202001000

Around Mean Field (AMF) 00 0000 [PetukhovO3] 0D OO0 OD00OD00OD0OOOOOOOOODOODODOO
goooog pbrr+u0b0obooooboooooooboon

U

Ewup = - ;ﬂ Z Tr (Ap? - Ap7),
o="1,
Apd =p? L Tr(p%) o
pm,m’ - pm,m’ 21 +1 P m,m’

goooooooood pghm,l:lDFT+U[|[I[II:II:IDDDDDDDDDDDDDDDDDDDDDDD
VG o = —Uett ApZ

goo
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e+U, /2
Empty level

Ueff

Occupied level

&=U ¢/ 2

gsso:0o0poobooboobobobooooboo

gbooooao

DFT+U0 0000000000000 0D0000000Oaccuracy JO0O0OOO0 hubbard DO OO O
projector list 0 0 0 0000000000000 D0OO0O00O0OO000O00DO0O0O00000 uethDOODDO
U0O00Osw_hubbard=on 000000000000 DO0OCOO0OOOOO0OOOOOOOCOOOOOOOOO
gbobgbobobooboobodaboobuodbdnoboboobodbOgroupdoaonoog
U00000D00Oradius DO 0000000000000 0O0bbardD 00000000 0O0OODOOOO
OO0ODOprojector list 0000000000 DO0OO0O0ODOOOO0ODOO0OO00ODOOOODOOO

accuracy{

hubbard{
sw_hubbard = on
projectors{
#units eV
#tag no ueff
1 10.0
}
}
projector_list{
projectors{
#tag no group  radius 1
1 1 2.75 2

O00Ostructure 000 0000000000000 0O0O0OO0O0O0O0OO00Oproj_group0 0000000
OOaccuracy OO0 00000000000 O0DOOOOOOOODOOOOODOOOODOOOOOOOO
O0Oproj_group 000 OO0ODOODODOODOOODOODOODOOODOOODOO proj_group 0o
oooooooo

structureq{

{ooooooo)
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(Cooooooooo)

atom_list{

coordinate_system = internal
atoms{
!#default mobile=no
l#tag rx ry rz element proj_group
0.0 0.0 0.0 Sr ]

0.5 0.5 0.5 Ti 1
0.0 0.5 0.5 O 0
0.5 0.0 0.5 O 0
0.5 0.5 0.0 O 0

DrFT+uvbdbdgboooogbaboboboooobabaobobobooooboboboooood
gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
goo

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
ooooboooboob0oobo0oooDooobooO0obbUobbOU0UgnDO ocematdata DO OO OODOOO
0000000000000 00000000occmat.data 000000000 DOOO0OOODODOOO
oboooooobooooooo

accuracy{

hubbard{
initial_occmat = file

}

occmatdata 00D 000000000 OODOOOOOOODO
gbooo 202001000
DFT+UAMF) 0 0000000000 Ohubbard D00 OO Odftu_type=AMFOOOOOOO

AMFO OO DFT+U0O0 0000

accuracy{
hubbard{
sw_hubbard = on
dftu_type = AMF
}
}

googooo

phase DO OO OOO

gogbobooobooobooobooboboooboobbodb HE)OUODDbOoooboooboooo
b dEpOOoooobooog

TOTAL  ENERGY  FOR 2 -TH ITER= -79.756461901287 edel = 0.482992D+01
KI= 45.2522902  HA= 125.6089055 XC= -43.2979227 LO= -147.0597534

NL= 19.3280980  EW= -92.0686823 PC= 12.2272681  EN= 0.0000000
HE= 0.2533348 HP= 0.6709743

gbhoooooooobooboopooboobobgboobobobobgobisgbobobobiagdbobO
o0l1gooooo0oooooboo0ooooooooog 2+-HxRH+HOODOO00000 (mm’ )OO
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0000000 mO0m O (1l<=mm' <=21+1)000000000000O00O0DO00O0CODOOOO
00o0o0ooooooDOo s10o0b0o0o00O0dPrintout0 0000 iprihubbardd 200000000
goooooooboooobooboooobooooboobooooboooobooooobooooa™to
gboooooboboooooboooobooboooog

Occupation Mattrix: is,ia,l= 1 2 2
0.583 0.000 0.000 0.000 0.000
0.000 0.583 0.000 0.000 0.000
0.000 0.000 0.529 0.000 0.000
0.000 0.000 0.000 0.529 0.000
0.000 0.000 0.000 0.000 0.529
Diagonalizing Occupation Mattrix: 1is,ia,l= 1 2 2
0.529: 0.000 0.000 0.000 -1.000 0.000
0.529: 0.000 0.000 1.000 0.000 0.000
0.529: 0.000 0.000 0.000 0.000 1.000
0.583: 0.000 1.000 0.000 0.000 0.000
0.583: -1.000 0.000 0.000 0.000 0.000

Occmat.data O OO 000000000 0O0D0O0OO0ODOO SCFiteration0 000000000 O0DOOOOO
goo

16 : num_om

13131:is, ia, iproj; it, 1
0.17441054E+01 -0.20464246E-02 -0.99899010E-03
-0.20464246E-02 0.17539484E+01 -0.39442624E-02
-0.99899010E-03 -0.39442624E-02 0.17529809E+01
14131:is, ia, iproj; it, 1
0.17365161E+01 -0.12145064E-01 -0.11970673E-01
-0.12145064E-01 0.17903944E+01 -0.85524320E-02
-0.11970673E-01 -0.85524320E-02 0.17856965E+01

1000 numomO00000000O0C00O0OCO0O0DOOCOO20000000000000000000
gbgboobodgbobobobgobisgbgbdbdbiabdbodiddiprogd0dboooogonog
itddooooooloooobooooo0ooooobooooo0ooo00Onum_omOO000OOoOoQooOO

0000 n>?02+102+10000000000000

0,1,p oup 0,1,p
Ny U T 9141
0,i,p op 0,1,p
M2,1 2,2 M9 21+1

0,i,p 0,i,p . 0,i,p
Nojr1,1 Moir12 No141 2141

ooooobooo0oOooooooo0oOooboooD/oooooOobobo0oooooooboOogs- 2800
O0O00Ooccmatdata 00O 00000000000 ODOOOO0ODOODOOOOODOOOOO

0s523:00000000000000000RO

gooooooo (I=0(l=1|1=2 =3

s x 322 —r? | 2(522 — 3r?)
2 Yy 2?2 —y? | z(52% - 3r?)
3 z Ty y(52% — 3r?)
4 yz 2(2% — y?)
5 zx xYz
6 x(2? — 3y?)
6 y(32* — y*)
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goo

OO0 StTio3

o000 STio3ooooon
e samples/DFT+U/SrTi03/cubic+u (U OO Ti3dOOOOO0O 10eV)
e samples/DFT+U/SrTi03/cubic (U O 0eV)

goooooooo ossioooogoon

16 r
NRFXyT (eV)

14 + GGA GGA+UU=10eV) Exp. ——GGA+U (U=10e\)
1.8 3.1 3.2

12 1

10 | Empty d-bands

DO S (States/eV)
0

6 -

4 F

2 -

0 1 1 L

-8 -6 -4 =2 0 2 4 6 8
Energy (e\)
0 5.51: SITI03 00000
000 LavO3

000 Lavo30Ooooooo
e samples/DFT+U/LaV03/cubic+u (U O Ladf 00O OO0 20eV)
e samples/DFT+U/LaV03/cubic (U O 0eV)

UsgOO0eVOOUOOOAODODODODODODODODOOD 15eVvOOOODOODOOUsO 20eV O
oO00g8vOoOOoOooooo

000 Lavo3

000 LavO30D0OO0OO0O0ODODO
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e samples/DFT+U/LaV03/orthrombic+u ] (U0 OV3dO OO 5SeVOLad4fO OO 20eV)
e samples/DFT+U/LaV03/orthrombic (U O 0 eV)

DFT+UCO 000 VOOOOOOODOOoOOOobOOooooooobooboo

000 FeO

b0 FOUOOOODOOOO0OODOOODocematdata 00000000000 O0O0DOOODOCOOOCOOO
ooooog

e code:samples/DFT+U/FeO/gga+u (Ug O Fe3dOODOOODO 5eV)
e code:samples/DFT+U/FeO/gga (Ug O 0€eV)

000000000000000000000 1000000000000 322-72000000000
00000000000D0U4D0 0eVO0O 322—r200000000d000000000000O0O00
gboooobobooooobooooboobooooboobooooobooooobooboobooono

DFT+UAMF) 0 000000000 202001000
NiO
052400000000005250000000000N0000000000O0UOOOOOOA0O

obooobooooobboobooboboobooob0obo0obOo0DOAME D O full localized limit (FLL) O
gboobooboooobobooooboboooobovuobooooooboooobOooboooon

0 524: NiO(AMF) O OoOonoOd

000000000 [Ry] | 30

OO0o0oDoOooOoon [Ry] | 270

kOOOooooo Monk (4 x 4 x 4)
oooooooo PAW-PBE+U

( DFT+U on Ni 3d,
OooOoOooOO0O0O0002.5bohr)
ooooood Ni_ggapbe_paw_01.pp,
O_ggapbe_paw_02.pp

0 s525:NiO0000000000NiOO0ODoOooooooouo

oo
GapleV] | DODODOOOOOOO
Ueff [eV] | FLL AMF FLL | AMF
0.0 0.962 0.962 1355 | 1.355
1.0 1.561 1.478 1457 | 1.444
2.0 2.033 1.881 1527 | 1.514
3.0 2.470 2.247 1.581 | 1.571
4.0 2.852 2.610 1.626 | 1.618
5.0 3.221 2.978 1.666 | 1.659
6.0 3.584 3.351 1.703 | 1.693
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FeAl

FeAlODOODOOD a=291A0 cubicOD (JDO0D0O FedD AlD 10000) 00 [Makhlouf94] 0 5.26
gbooobooooos27000b0ob0o0oob0 FeOOOODOOODOOOOUOOOODOOOOFLL
oboooooboobooooOobob0ooOobDAMFODO U=s50evVODOOOOOOOOO

O 5.26: FeAlOOOODO

OO0000000D0 [Ry] | 25

OO00000000 [Ry] | 225

kOOoooooo Monk (8 x 8 x 8)
oooooogo PAW-PBE+U

( DFT+U on Fe 3d,
O00DC0O0OO00O0OOO2.3bohr)
ooooogo Fe_ggapbe_paw_02.pp,
Al_ggapbe_paw_01.pp

0527 FeAlDODODOOOOOOO FOODODOODOODOOU

ooo
Gap[eV] | 0ODOODODOOOOO
Ueff [eV] | FLL AMF FLL | AMF
0.0 0.0 0.0 1.043 | 1.043
1.0 0.0 0.0 1.092 | 1.034
2.0 0.0 0.0 1.145 | 1.023
3.0 0.0 0.0 1.206 | 1.008
4.0 0.0 0.0 2.745 | 0.459
5.0 0.0 0.0 2.817 | 0.456
6.0 0.0 0.0 2.865 | 0.486

532 00000O0OOODO

goooon

00D 0000 local density approximation=LDAOO 0 OO0 OO0 OOOO DO OO OO generalized gradientap-
proxiation=GGADO O OO O OHartree-Fock D0 000000000000 DOOOO0ODOOOODOOOODO
0O O PHASE/O O O OPBEQO [Perdew96] [Emzerhof97] [Emzerhof99] [Adamo99] O HSE06 [Heyd03] [Heyd04a]
[Heyd0O4b] [HeydO6] OO0 DO OOODOOOOODO

0000000000 Hartree-Fock 00000000E™ 00{kO0v0e}000000{0000000
00000000000}00000 ¢,,,(r)0000
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occ

B =030 Y [dndn,

o kuk'V

w]jua (1‘1) djk,u/a (rl) /wz/l/g (1'2 qpkw’ 1'2 Z Ql_] wkualﬂz> <5g |'¢}k >

r1 — 1o |r1 — 12|

(5.37)

000000000000»000000000000000000002000 ;0000000
gooooooobooooobobooobooboobooobooboo

PBEOOODOO «OOO0OO0ODOOOO

EPBEO Eexact (1 _ O[)EEBE 4 EEBE (538)

0000000 [Perdew96] [Emzerhof97] [Emzerhof99] [Adamo99] 00 00 O EPBEQ PBEOOOOOOD
EPEQ PBEDOOOOOOOe=4000000000000000000000000000000
000 E* 0000000000000 HSEOOO EfSEQOO0O0O0O00onon

PBE

EHSE Eemact SR( ) + (1 . a)Ef‘BE,SR (w) + EfBE’LR (w) + Ec (539)

000000000 [Heyd03] [Heyd04a] [Heyd04b] [Heyd06] 0w 00000000000 O0000O0O0
000000000w=00 EF00000w—0co00000 EPFE0OOODODODOHSEN6OO0O0O0
000000000000 00000000000 KkO000000000000PBEOOOOOCOOO
0000000000000 0000000000000000000000000000000000
0000000000000 00000000000wO0 0.1(Bohr)OOODOOOOODOOOODO

gooogobood

gooood

HybridDOOOOOOOO0OO0OOOOOOOO0OCOOOOOOOOO0

accuracy{
ksampling{
method = gamma
base_reduction_for_GAMMA = OFF
base_symmetrization_for_GAMMA = OFF
}
xXctype = ggapbe
hybrid_functional{
sw_hybrid_functional = ON
functional_type = HSE06
alpha = 0.25
omega = 0.106
}
}

ob00oooogOoHSEce 0000000000000 000HSEO6 O OO OPBEOUHFOOOOOOOO
00000000 0samplingk OO0 OO method=gammall OO0 00000000 O0O0ODOODO sampling
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0 method=meshU 00 O 0 O Monkhorst-Pack D 0O 0 OO0 OO kO sampling[] method=monkO OO 00 0O
oboo0oooobogobOd alphal QUG OUOODODOOOOOOOODODOO «OODODODOO
00250000megal] Q) 000000000000 0000000000 0.106bohr! 000

obOooboobOob0Ob0O0O0OHartree-FockDOOOOOOOOOOODOOOOODOODO

accuracy{
hybrid_functional{
sw_hybrid_functional = ON
functional_type = HF

OO0OO0O0OHartee-Fock DOODOOO0 PBEOOOOOOOOODOOOOOOO

PBEOUODO0OODOODOOOOOODODOOOO0ODODO0O0OO0O0O0 hbridOODODOODOOODOO
gbooooboooboobooboooobobooooobooobooboobooooboboooobooboon
oboboobooboobobo cGAObOoOooooooooooooooooobOoboboboboooon
oboooooooboooooobooDbn

accuracy{
initial_wavefunctions = file
initial_charge_density = file

oboboooooooooooboobobobo PBEODODOODODOOOOOOON (zajdatayd 0o
00000 (nfchgtdata) DO 0O O0OO0O00O0OO0OOCOOODOOO

oooooooooobooboooooooo kOO 200000000000D0O00O00O0ODOOOO KOO0
gbobooooooooooobooboobobobooooooooooooo koboogo* oog”
obob0oooooooboobO0obOo PHASEODOOOOOOOOOOOOOOOOOOOOOOODOOO
goooogoo

accuracy{
ksampling{
method = mesh
mesh{

I~ E=a=~1
I
[T
PN

}
}
hybrid_functional{
reduction_factor{
f1 2
2 2
13 2
}
}
}

o0 fL,2, 30000 x,ny, zOOOO0O0O0O0O0O0O0OO0OO0OO0OOCOOOOOOOOOOOOOO
ooooboobooboobo iz0boooboofL, 2, 30000000 nx,ny,nzO0000O00O000OOO
gboooobooobooboboooobooon

jooooooobooooobobooooon

jggooobooboboooooooooooobobooooboooooooDoboboboobobooooo
gboooobooboobobooboobooooboooooboobooooboon

accuracy{
hybrid_functional{
sw_change_axis = on
}
}

53. 00O0OOOOOOOOO 279



PHASE/0 Manual, 0 O 0 O 2021.02

oboooooboooooboobooooo3ogobooooobooboooooboooboooooboon
gboooobooooo

0000000200000 300000000 sw_change axis=onO0O000000O0O0O0O0OOOO
oo

000000000000 oDoU0o0oDooo0oooDoooooooDoooooDoooooooog
O00oooOoO0oO0oboOoO0oO0ooOo0oO0oOoO0oOooOoooOomOoboo OO0 o0o0oOo0oOooo
0d0Dd0d0D0o00ooU0Do00DoooooOo0oDoOU0ooDoOo0DoOO0U0oDoOooDooOoooDoOn
0000000000000 000000D0000d0DdOD0O0DOPHASE/OD O D ODOOOOOOOO
00 charge_mesh OO OOOO0O

accuracy{
hybrid_functional{
charge_mesh = fine
}
}

00O charge_mesh O 0 Oexact, fine, moderate, coarse 1 DO 00000000 OexactDOOOOOOOOOO
0000000000000D0 0O fine, moderate, coarse 1 D00 0000000 OOOODO OO charge_mesh
00000000 moderate O O O

0000000300000000 sw_change axis=onO0O0OO00000000O0O0OOOO

gbooob FrFFrTO00ob00ooogobooboobooooobooboooboooooooooboooaon
boooobooooboobooooboboooooboooobooboooobobooooooboon
ooog

accuracy{

hybrid_functional{
sw_change_axis = on
cutoff_wf_for_exx = 9 rydberg
}
}

accuracy 0 0 0O 0 OO O hybrid_functional 0 OO 00O cutoff_ wf for exxO O OODOOOOOOODOOOO
0000o0oOo0oDooooobOobOoooooooooooOooooooDoooooobooooonooa
000000oDooDOo00000ooooooOoo0oooooooOoDO0Oddcutoff_ wf for exxOOOOO
000000000000 00D0O0D00000DO00000O0 FFTOODODOODOODODOODOOOOoooa
ooo0Odoo0oOo0oOo0obOOo0bOOoobOoDo0boOo0oo0oDOo0oobOoobooooooOoooa
O00ooooooboooooooboooooDog Sioooonn cutoff_ wf for exxOOOOOOOOO
0000000000000 DO00bO0o0bO0oD0000oo00oo0ooOo0oDbOOo0oDobOOooDoOooooooa
oooOoooOoo100b000o0oOm

cutoff wf for exx = cutoff wf | cutoff wf for exx = cutoff wf/2
000000 (ha) | -7.8457557283 -7.8457499896
ogoood 1 0.34

goooboobooao

0000000200000 300000000 sw_change axis=onO0OO00O000O0000O00DOO
oo
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
goboboobooboobooboobobobobooboo

accuracy{
hybrid_functional{
sw_rspace = on
}
}

000000000000000000ooooooo0owHOO0O0O0O0O0O00O00O0O0O0O0OOoOooaQ
000000000000 oW 0000000000000 00000000000000D0D00000
O00 charge mesh 0O OO0 000000000 OOOOODOOOODOODOOOOO

sw_rspace=on U 0O 000000000000 O0OCOOOOLevel3BLASOOOO0OOOO0OOOOOO
obooooobooooboboooobooo

accuracy{
hybrid_functional{
sw_rspace = on
sw_rspace_dgemm = on
}
}

gbooooboooobobooooboooobooobooon

goo

good

00000 PBEOOOPBEO OO OHartree-Fock 1 D 00 00 00O samples/hybrid/H2 0000000
00 PBEOPBEOODHFOOOgo h2shO00OOO0OOO0O0OO00OOOO0OODOOOOOOOOOOOOOOOO
GausianO3 O OO 0OO0O0O0O O 552000000

goo

0000 PBEOOOPBEOOOOOOO samples/hybrid/H200 000000000 PBEOPBEODO OO
go_ h2oshOO0OOOO0DO0OO0DOOODOOODOODOOOOO0D0O0O00D00O Gawvsian03 00000000
0553000000

goooog

0000000000000 0D00OPBE,PBEO, HSEO6 OO D OODOO samples/hybrid/Si00 OO0
oobooobooobooobooobooooo oss40pboooboooboooboboo os280noooon

gs28: 0000000000000 0O0O0DOOO0O0OOn

000 |000O0000 (V)
PBE | 07
PBEO | 1.9
HSE06 | 1.3

samples/hybrid/Si_ k10 0 D0kODO0OO0O0O0 10x 10x 1000000000000000O00ODOOO
gboooooboooooboooooooon
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0.1 : : :
[
0 A _
A
01 | -
02| -
A
E HOMO (G03) @
£ o3l LUMO (G03) i
-~ HOMO (PHASE) A
S LUMO (PHASE) A
(i ®
04 | -
®
0.5 |- -
06 | ® i
07 ! ! !
PBE PBEO HF

0 552: PBEOOOO,PBEOO O OO Hartree-Fock DO OOOOO0OO HOMOO OO LuMOO OOQdnO
0000 GauwssianO30 GO30 DO O0OO0OO0OOODOOOOO

0 ®
® Lumo
02 -
AN
® HOMO
® PY
-04 - ® -
3 ®
b~
5 ®
L 06| _
>
=g
[}
[=
LL
Go3 @
-08 -
PHASE AN
1k i
[ ]
1.2 | |
PBE PBEO

OS553:PBEOOUOOPBEOODOOODOOODOOOODOOODOON Gaussian030 GO30 O OODOOO
gboooood
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3.0
‘ PBE
| PBEO
| HSEO6 ——
25 - || |
20 - |

DOS (states/eV)
o

1.0 -

0.5 -

0.0
-15

energy (eV)

O 5.54: PBE, PBEO,HSEO6 D OO0 OO OOOOODO SiODOOO0O0O0OO

000o00oo00oooooooDoooooooOgon 2019.02000

oboooo20020c0b0ooobooboooooboobobooooooooboobooooooooboobon
oooooooooo SscrO0bO0OOOObOODbDOODOODOODOODOODOODOODOO
gboooobooooboobooooboboooooboo oboboo" obooboo* b0boboo
obooooO” booobooooooooboooboo SCcrO0O0bO0oO0ooobooOoboooboooboooan
gbobogboobooboobuooboobobbobooaobooboobooobaboo

accuracy{
hybrid_functional{

sw_output_hybrid_info = on
}
}

sw_output_hybrid_info 0 on OO0 OO OOOOOO FHYBRIDINFO OOOODODODOOOOGOGOd
sw_output_hybrid_info D OO DO OO0 OO hybrid_functional D0 O OOOOOOOOO on, DODODODOO

00 off000OF_HYBRIDINFO O file_names.data D00 0000000000000 OOOOOOO ./nfhy-
bridinfo.data 00 00 O

SCFOOO00boOoobboobbooooo  pPBEODOOOODOOODOOOOOODOOODOOODODOOOO
O00o00o0o0o0oooO000DOo000DOo0o00DbObO0O00 filenamesdataD 00000000000
o000 SCFOO0DOO0O00DOOo0oDoOoOo1b000sef0000DOO0O0ODOOOOOOO)HO
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&fnames

F_CHGT = ‘' ../scf/nfchgt.data’

F_SCF_ZA) = ' ../scf/zaj.data’
F_HYBRIDINFO = ‘ ../scf/nfhybridinfo.data’
/

0000000000000 00D0oOO00DO00D0oO00DO000oo0oOoDDOOo0nDg F.SCF_.ZzAJOOO
OSCFO0OO00D0OODDOODDOO0DO0oDooooodDoooDoooooooooooooDoooog
000000000000 F HYBRIDINFOOOOOOOODOOODOOODODODOODOOODOOOOOO
00o00dooD00oo0oooDo0o0DooooooooooooooDoooooDoooooooog
gooosidoo cOoboDboonoooDoOOo0onoooDoOOo0oDodooOonoDOd samples/hybrid/
Si/band_hse®6 [0 O 0 samples/hybrid/C/band_hse®6 O 0 0O 0O OO

oboooooooo

« Jbb0oobbuoobobooobooobooobooobbooobboobooobbooon
obO00 swiinversion 000000 onOO0O0O0OO00O0O0O0OODOOODOODOOODOOODOOOO
ooo

oooo
5.3.3 SC-DFT O

googo

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
oobooooooboboboooobobooooobooboboooooboboooOo PBEOODOODOO
OO00OO0OPBEOOODDODOOUOODa O0O0DODOOOODOOOODODODOOO0ODODO00DOOO 02500
boboobooooboooooooooooboooooon SC-DFT OO [Skonel4] OSC-DFTODOOO
obooooobooooobooboooobobooooobooooboobooooboobooboooooboon
oooooooooboo

oo

oboooooobooboooboobobooooboobo pBEOOODOOODOOOODODOOOODODOOOO

Eiypria = (1 — @) Egpp + B,

exact*

(5.40)

000 B, 0 GGA-PBEDODOOODOOO EZ,,, 000000000000 (540)0000000 o0
0000000000000 0000000000000000000000000000000000
00000 SC-DFTO0O0

a=1 (5.41)

13

ce000000O0SC-DFTOOOOONOOONOD 0 0000000000000 00OOOOOOO
00000 «000000000000000000000000 54)00000 0000000 o
00000000000000000000 «0000000000000000000000000 a

gobgoboobooboobuoobuoobooboob0 ebbgobboboobooboo
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goo

SC-DFTO0O0000O0DDDOOODODO0O0OCO controlDDODOODODOOOOdriver D00 sc dftDDODOODO

control{
driver = sc_dft

}

SC-DFTOO0OO0O0O0O0OO0O0CO0O0OO0O0DOO0O0O0DbO00OOn

accuracy{
sc_dft{
delta_epsilon = 0.01
}
}

delta_epsilon D 00O OOOO 001000

SC-DFTOO0O0000O00DOO0OO00O0OO0O00DODO00DOOO0O0OODOOODOOO0ODObOOo0DbDoOBooo
ob0b000oboooooobooobooobooobDOepsion0O00000O0O0O0OO0OCOOOOOOOOOOO
OOSC-DFTO 00O photon DO OO OODOO polar, Poynting OO O D OO0D0OO0O0D0O0O0O00OO00OOOO
oooooobooooobobooooobooog

epsilon{
photon{
poynting{
ux = 0.0,uy = 0.0, uz = 0.0
}
polar{
px = 0.0, py = 0.0, pz = 0.0
}

}
}

oboooooboooobobooooboboooboboobobob0 kooobobooooooboo
gobooboobooboobooobooo

accuracy{
ksampling{
method = mesh

}
smearing{
method = tetrahedral
}
}

gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
obobOobooO0o0oooooooobOoboobOOobOobO0bOo0000functional typeOOOOOOOO
oo0OpPBEOODOODOOOOOOODOOODOOODOODOOOOOODOOODOODOODOODOOO
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gooooao

$ grep alpha_exx output®00
P1** glpha_exx = 0.1425
11#**% alpha_exx = 0.1208
11%* alpha_exx 0.1113
I1#* 3lpha_exx 0.1081
L1** glpha_exx = 0.1080

OO0Onfefndata 00000000 ODOODOO SC-DFTOO0O0O0O0O0O0O0O00O0O0OO0OOOOOOOOO0O
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iter_scdft, iter_ion, iter_total, etotal, forcmx
11 9 -7.8461877466 0.0000000000
2 1 12 -7.8443931212 0.0000000000
3 1 15 -7.8437399027 0.0000000000
4 1 18 -7.8434571365 0.0000000000
5121 -7.8433616238 0.0000000000

goddooooooooobobooOoooboo0o00o00ooo0oooooooooboboooooOoooooa
0000000000000 b00b00b00o0oO0000ob0ob0o0o0b0000ob0b00d controlOOOODO
condition O continuation 0 O O 0 automatic 0 0O 00 PHASEA OO OO OOOOOODOO

goo

SidOOd SC-DFTUOO0O0O000D0O0O0000000000 samples/hybrid/scdft/SiO00000000O0
Sio00ooo0og pPBEOOODOOOOODOOODOOO0GeVvOOODOOODOODODODODOOOODOODO
OOOPBEO(a=0.25)00000 194evO00000000O0OOO

obOo osss0b00ooobob0oooobooboo0ooboobonbononngSC-DET iteration4 OO0
oboooooboooboosiboobooosc-brFTo0nooooobooboobooooboon «0
goo.los, 00000000 926000

9_5 T T T

fan
T

90

¥

5

?_“{: 1 1
0 1 2 3 4

Os555:Si000000 SC-DFTOO0000D0O0000D0«0000000O00O0000O0D00

oboboooboo 0000000000000 000O0000bO0b00 Osse0onoobooboon
00 PBEOOODOOOOOODOOOODOOOODOODOOOODO

O000oo0oDo0O0000ooDoO0o0o00n0123ev000oooooooD 1 17evO00D0DODOOO
gooooao
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3 : : : : :
! PRBE —
! 0108 ——
! o025 —
2t : 1
o H
= !
= :
= !
- !
Q !
1} ! .
0 ] | H L
-15 -10 5 0 5 10 15

enengy (eV)

gsse:Sidooooon
goog
534 0000000000 O0ODOOODOODOO

goooon

J0000DbO00000O0D0ODO0O0O0O00O0D van der Waals density functional (vdW-DRE)O O OO OO OO
00000000 000O0OPHASEOODODOOODODOOODODOOODODDOOODDO Generalized Gradient
Approximation (GGA) D OO OOO0ODOOO0OOOOODOOODOOOOOODOOODOOOODOOODDOO
JoddoooooooooooboobobbbobdoooooooooooboD cGGADDODoooooa
O00000o0ooooDooobDOoooboboOod vanderWaals OOOOOOO0O000OOODODOOOOOOO
000000000000 00D0DO00DO00DO00DO00D00 vdWDFODOOOODOOODOOODOOoao
0000000000000 o00o00dbOO00O0oDooOO0obOO0oDOo0ooobOO0obOobOOooDoobOOobOooOooag

gbooooboooooobooog

good
- 0O0Od

00000 wWF0DOOO0O0O0D000 E'O000D000000 END0GGADOODNDOOO ESSA [
LDAOOODOOODO EXPA 0000000000000 00000000000000000000
000D0000000000000 EO

Ey. = ES9 + EIPA + EY (5.42)
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oboooobobooobobobOobo0oob0oo0ooobOodvdw OO DionD [Dion06]O000OOO0O0O0DOOO
goboboobooboobooboobobbooboobooon

1
B / drivip (x:) 6 (vi, e p (1) (5:43)

00000000000000000000000r;0 r000000000GGAD LDAODOOOOO
00000000000000p(r) 0 p(r,) 00000000000000000000 ¢(rs,re) 0

2 o0
6 (riri) = — / dadba*b*WT (5.44)
0

gboooooboooooo

W (a,b) = pETE; [(3 — a2) bcos bsin a + (3 — b3) acos asin b + (a2 . — 3) sin asin b — 3abcos acos b]
(5.45)
googooo
1 1 1
Tl @) 9102 @ 0 =3 | )
[ 1
(zi (a) + zx (a)) (2: (b) + 2k (b))
1
TR TR 40
goboboobooboooboooobg
a? 1
zj(a) = — X -
tew ()
dj = |r; — 1| qo (r;)
_ _4i6LDA _ Zay Vp (r)) ? r
do (rj) = 3 xe ( J) 9 {QkF (rj)/)(rj)} kF( ])7
k% (r;) = 3n%p(r;) (j =i ork) (5.47)

oooodoOobOd0ooOOooOobo0ooOobOO0bOooO0ooOOobOO0O0obOO0oDOoboooOOobDOobOoOooooDooo
oooooogn ¢4noibb Zp,=-084010000000000000000 vdwdfversion1 0 OO0
O0O000OO0Ovdwdfversion200 00000 220000000000000000O00DO0DO0ODODOO
0000000 €kPA 0 0. Gunnarsson e al[Gunnarsson76] 0000000000000 0000000
plasmon-polemodel DO DO 000D OOOO0OOODOOODO vanderWaals OO OODOO0ODOODOOO
00000000000 ooooooDooo0oDooooooooooDooooooog
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000000000000000oo0O0@G43) 000000 ¢o(ry,rp,) 000000000 OODOOOOO
00000000000 ¢(ry,r,) 00000 di0 000000000 0OOdI=D(+0 )0dj=D(1-56 )0
O0000000oOo0oDbOsUOOnO ¢(ry,re) 0 ¢(D,0) 00000000 OOODOOOOOOOODO
oboooobooooboooobobooooboobooooo ¢4 20b000o00obOobOoOoOobooOon
goooooobooooooobooooooon

- J000OD0O0O0O0O0OD0

47000 e=0000r,=r, 000000000000 2;(e000000000000C0OO
(543)0000000000000000DO000O0O0OD0O0U0O0OO0O0O0 -k 1l0000O000O
000 p(r;)=p(rp,) 0000 r, 00000000000O0O0OO0O0ODOODOO (5430000, 000
uboooobpobO0b00 v, 000

1

3 /77 drp (r3) ¢ (vi, 1) p (rr)

1

14mn3
5%02 (r;) / dry¢ (r;, riht)
-

k3

1 4mn3 "
_ 5%& (r;) x 47r/ drice (di, dy.)
0

_1 47”7? 2

nido D2
— 5 ) xan [ dDe (D) o
BE 0

(5.48)
@

0000000000000 00000mn, = |r;—r]00000000O0OOO0OOODOCOOOOO
D=qgryx(=d;=d,)00000000000O000OO0OOOOOOOOOOOOOODOOOOOOOO
gboooooooooobooooooon

- Ub0O0OoOOobOoOoo

0000000000000 0000000000000000000000000000000000
000000000000000000000000000000000000000 ;01,0000
0000 (543)000000000000000000000000000000000 van der Waals O
0000000000000 0000000000000000000000000000000000
0000000000000000000000000@G43)00000000000000 ¢(r;,1%) 0
r;, 0r, 00000000000

12 (4x)°
__C 1
e qg (ri)ag (r) (g5 (ri) + 45 (1))
c
:<—;g—X'¢[p(an(rkH (5.49)
ik

gboooboooobooboooooboooobooooooboooDo C:12(47T/9)3DDDEIDEIEID
U ¢g4400000000OOODODODODODODODODOOOOOOOOOOOODOODOODODODOOn
oboooooobooo® x> boobod r,00b00ob0obo0oboooboboobbooboobobooooon
x' 0000 ¢[p(r),p(ry))00 ®UOODOODOD0ODO0OO0O0OOOOOOOOOOOOUODODOOO
ooooooooooooooooooobooooooboooooDooD @Uuouoor 0, 0000
00000 (k>n000000000000OOOOOOOOOO

53. 00O0OOOOOOOOO 289



PHASE/0 Manual, 0 O 0 O 2021.02

%/ § dridrgp (r;) ¢ (vi, 1) p (v)) = %dzﬂ ST N sl é (i) p(re)

r;c ri €
uniteell (ry >n)

1
= §dru2 Z Z P (I‘Z) QS (I‘i, ri + txyz) 14 (rk + txyz)

Ti,T, € txyz €
unitcell (|ry,+tyy, —1;|>n)

tyy €

D LaTC NIC P NS SR (550

r
T, T € [rpttyy,—ri|>n Y7
unitcell

ooboogoogoooooooooooodeowbooooooboboboboboboobooboooooo
U0ty 000000000000000000000000000000000 ;00000000
000000000000000000000000000000000 1/78%, 00000000000

Xyz

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
00000 p(r)D000000OD00DOO0DO0ODO0DO0OOOO0ODOODOODOODOOOOOOOODODOD
goooon

oboooboooooboobooboooob 2oooooooboboooboooboobobooobooooon
gbooooboooooooboooobooobooobobooboooooobooobobooboooooobooobooboooo

«300000000000DO0O000DOO0O0O0ODO

DionOO0OOO0OO0OOO0OOOO0OO0OOO0OOO2000000000000000000000000000
O0ORoman-Pérez U Soler U0 OO O0O0O0ODOOODOOODOOODOOODOOODOODOOOOOOOOOO
0000000 [Roman09] PHASE/OO OO ODOOOODOOOOOOOOOOO

obooooboooboobooboo3oboobooboooooboooooboon

o(d.d)=o(glr—r'|,d [t =) =D (galr = g5 lr —'Dpa (@ps (). (551
of

fa (r) = palq)p(r) 000 0000200000000000000000000000000000

1
B = 5 [ [ a6 ()05 () s (1 = ')

= > 300(G) 85 (@) s (G
@ G (5.52)
0o (G) = /drﬂa (r)exp [—iG - 1],

b (1G]) = % [ réassiniiGiriar.

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gboooooboooooo

SCFOUoOooooobooobobooboboboooobooooooboooo
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o 50, (x) , 80 () Slp ()]
”Cl(r)_;<““ ©) 5w 2 ) 5, w0 s )

r/

Ua = > 05 () pag (It —1')).
5 v

(5.53)

u, (r) 000 0000000000000000000000 FFTOOOOO0OO0O0O0O00OO00ooooo
oood

- JOo0oonoa

U0b0000OvanderWaals OO0 OO0O000000000D0OCOO0O0O0OO0O0 GGA,0D0000D0O00OO
U0 LbA, 0000000000000 0O0O0O0OOoo0onbO vdawbFOODOODOODODODODOO
oo0oooooooo0o0ooDOOo0oo0oDOo0o0obObO0o0oDOoO0oooDoO0ooOoD eGA, 00000
o0 LbAO0OOCOO0O0O0O0OO0OO0OOOOOO0O0O00O000O000O00O000 vdwbrFOGOoooano
oo0o00ooboO0oO0b0O0O0Ob0O0OPHASEODODOOO® SCFO'ODOO0O* ObOobOOoOooOo” obobooobooo
ooooooooboool1ovdwOoooooooobooSscFObOooooooboooboooobooo
oooo0oooo0ooooDOoOoo0oooooOOoO0ooooOobO0o0ooooObO0oooDoODO00vdaw o
obooooobooocobOobooogob ScrO0oouobooooonboonn

obooobooobooobooooboooooobooo cGAooooooobooobooobooognD zpoo
vdwdf 0OO0O0D0)OOOODOOOODODOO vdWDFODOOOOOOOOOODPHASE/OOOO
oboovdwDbFOOOOOOOOOOO0OO

ood vawdf OO0O0O0O0O | 000000
vdwdf 1 revpbe
vdwdf2 2 pw86r
vdwdf-c09x 1 c09x
vdwdf2-c09x | 2 c09x
vdwdf-optpbe | 1 optpbe
vdwdf2-b86r | 2 b86r
vdwdf-cx 1 lvpw86r

ooog

O000bo0oO0bDOGGAPBELD DO DOOOOOOOODOOODOODOODODOOOUODODOODODOO
ubooouobobooobodob GGAPBEUODUOOOOOOMmMmOOOOOoOooOobOOobOooobOoboooon

accuracy{
xctype = vdwdf2 ! vdwdf, vdwdf2, ... ,vdwdf-cx OO O0OOO
vdwdf{
mode = scf
}
}

accuracy OO0 DOO0O0O0O xetype OOODOODOODO vdWDFODOOOOODOODOOOODOOvdwdfO OO
O00000 modeD SCFOOODOOOOOOsef00O0O0000OO0O0O0ODDOOODOO oneshotOOO
00000 modeJO0ODOOOOO oneshot 0O 000 Oxctype=vdwdf 0000000000 0OOOO
ooooo

oo
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000000000 0b0b000Onfefndata 000000000000 0DO0ODOnfdynmdatald 000
ooodobo0oobooob0oobo0ooboo0bo0ooboooooobbo0bDOboutputoOI O OoogonO
00000000000 fefndata 0000000000 DOOCOOOOODOOOOOODOOODOO
oboooooobOo0obOooboooooboo0obooO0o0obOo0oD GGA,D0b0oOoono LLpAO0OOn
oboboooboooooobooooooooboboobboooooooobooobovdawbFO O ODOOOOO
O00oo0oO0oo0ooOodooutpit0OO 00O OOOODODOOOODO

vdW energy : 0.0668443126 hartree
--> total energy : -22.8808219651 hartree

nfefndata 0000000000000 0OD0O0OO0OvdWDFOODOODODOOODODODOOOODOODOO

ooo10oooooooooooooooog

good

obooooooboooboooovdwdOoooo vdaw-DFOOOO0O000000000D00 GGADO LDAO
oooooooboooboooooobooobboObbobDA-BstackingD D OO D OoOoOOoOooooooo
oobooooooocGADOOODOOODODODOOOOO0OOO0OOO0OOObOOODOOODDOO
obooooboooobooboooobobooooobooooobooboooobooboooooobon
oboooooooobobobooooboboobobobooobooGccGADbOOoDbOOobDOooOooooo
U00000Db0o00O0b0o0o0obo0boOgDbDO vanderWaalsOOOOO GGAODODOOOODOOO
gbooooboobooboboooobooooboboooooboooobooboooooboon

ooog

00000000000000000000O00O0O0O0O ABstackingDO0O000000000000
000000000000 800200000000000000000000000000 200000
000000 43x 25x% z(=xx yx z[A’)O0O0O0:0 500 12A]0000000000C ;00000
00000000000 0000000000 GGAD vdW-DF O O ( xctype=vdwdfO mode=oneshot ) [ 2
0000000000000 000000000000000000vW-DFOOO0O0O0000000
00000 pSSA(r)0000000000000000000 GGAOOOOOOOO cutof 00000
00000000 32x 18x 40(t096) 00 0000000000000 0000O0O0000OOO00OO0
000z00ODODOOOOOO0OO00000000000000000000000000000000
0000000C0C00000000000000000000 PHASED inputfile 0 cutof 000000
0000000000000 O0vwWOOOOOO0OOO00000 GGAOODOOOOOOO0OoOoO00on
ooooo

good

oboooooobooooooboooboobobA-BstackingDOOOOOOOOOOOOOOOOOOO
oboooboooboob GcGAODODUODOOOooDoDbO vdawoooO vaw-DFO OO ODODOOODOOODOOO
O0O00D00O00DDOO0O [Benedict98] [Baskin55] 0 000000 O0OOOODOOODOOOODOODOOOO
Ub00o00oooOoboobOoo [Rydbergd3]O00D0O0O0O0O0O0GGADOODOOOOOOOODOODOOO
obooooOvdw-DFOO0OO0O0O0000000O00DO00000O000000000000a0
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0.8
Experiment
g 06 + (Margin of error0.08 eV)
% 04} e Another calculation
o0 \
S ozl
o 0.2 'ul“.‘
Eﬁ ol \ GGA only
) =
5 \ S g
— 0.2} ° O~
= -04] L
-0.6 L— : : : - :
6 7 8 9 10 11

Inter layer distance [A]

oss57:00000000000000000000000D0GGADOODOO GGA+vdWOODOODOOO
g

0002000 2H-MoS, 000000000
ooooooDb 2H-MoS, OO 60D)OOODDOUODOOODODDOcOOODODOODDOODODODOO
O00000a0b0000003.1612A0000000000mode=scf 0100 SCFOOODOOOOODO

0000000000000 00000000xXctype=vdwdf 000 vdwdf2-cOxOO00O0O0O00D00OO
122985A000 c0000D000D0OO0O0DOOOOOOD

good

ooooooooooooobpPAWOOOODOOOODOOOODOOOODOOOOD vdawDFOO
gboooobooooboobooooboboooobooboooonboobo

good
535 000000000ODO0O0DODOOO

googo

e Williams [0 00 O [Williams06]
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0.20 g |

_______________________ 1| vdwdf2-c0ox |
| — vdwdf

Energy (eV /cell )

exp: 12.2985'A
-0.20 L I 1 !
11.5 12.0 12.5 13.0 13.5 14.0

Lattice constant c ( B\ )

055800 2H-MoS200000000 cOODODO
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o ii)3 ii\?
20 Jy.m . L. ( 0) + (RO ) )
CéJz—ScX%J%]:SRXﬁv 0 =2xRy
piCg +p;Cy (Ri)? + (Rf)j>
ooooo
vdw radius 20.0 bohr
scaling factor S¢ 0.8095 (PHASE), Si 0.80 0 O PBE S¢ 0.85 Sk 0.80
damping factor d 3.0
polariz- vde coef C6 | vdwra- polariz- vde coef C6 | vdwra-
abilities A | Hartree*bohr © dius abilities A | Hartree*bohr © dius
3 3
H 0.38 2.831179918 1.17 NTE | 0.964 20.89758657 1.50
F 0.296 3.94987377 NTR2 1.030 23.080 1.50
Cl | 2315 3.94987377 NPI2| 1.090 25.125 1.50
Br | 3.013 128.2756865 NDI | 0.956 20.63799109 1.50
I 5.415 309.0603852 OTE | 0.637 11.86370812 1.40
CTE| 1.061 22.67403316 1.70 OTR4 0.569 10.01566303 1.40
CTR| 1.352 32.61525204 1.70 OPI2| 0.274 3.346856941 1.40
CAR| 1.352 49.790/Sc 1.70 STE | 3.000 121.2531939 1.80
CBR| 1.896 54.16430826 1.70 STR4| 3.729 168.0350502 1.80
CDI | 1.283 30.15058105 1.70 SPI2 | 2.700 103.5277919 1.80
PTE | 1.538 42.11289383 1.80

e Grimme (DFT-D2) 0 O O [Grimme06]

Eaisp = —56 Z %};f (Rij)
ij i

_ 1

- 14 exp [—d (goi — 1)]

C = \/CiC4. Ry = Riy + Ry

f(R)

oooono
vdw radius 30.0A

scaling factor 0.75, damping factor 20.0
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Cé RO Ceé RO

Jnm®/mol A Jnmé/mol A
H 0.14 1.001 | K 10.80 1.485
He | 0.08 1.012 | Ca 10.80 1.474
Li 1.61 0.825 | Sc-Zn | 10.80 1.562
Be 1.61 1.408 | Ga 16.99 1.650
B 3.13 1.485 | Ge 17.10 1.727
C 1.75 1.452 | As 16.37 1.760
N 1.23 1.397 | Se 12.64 1.771
O 0.70 1.342 | Br 12.47 1.749
F 0.75 1.287 | Kr 12.01 1.727
Ne | 0.63 1.243 | Rb 24.67 1.628
Na | 5.71 1.144 | Sr 24.67 1.606
Mg | 5.71 1.364 | Y-Cd | 24.67 1.639
Al 10.79 1.716 | In 37.32 1.672
Si 9.23 1.716 | Sn 38.71 1.804

7.84 1.705 | Sb 38.44 1.881
S 5.57 1.683 | Te 31.74 1.892
Cl 5.07 1.639 | 1 31.50 1.892
Ar | 4.61 1.595 | Xe 29.99 1.881

1 J/mol = 3.8088e-7 hartree, 1 bohr = 0.5291772480 A
e Grimme (DFT-D3) 000 (DO D OO 2019.0100)
DFT-D200000DFTI-D3 0 [Grimmel0] 000000 0O

DFT—D3[|[|DFT—D2DI:IDDDD[IT%D[I[I[IDEIDDDDDDDDDDDDDDDDDDDDDDD
o0 DFT-D20000000DO0O000ODO0OOOO0OOODOOOOO0ODO0ODbDOOODODObObOODOODbDOO
gbooboobooooboooo

DFT-D30000000000O0ODFIT-D20000000000 controlOO00O0O0O OO O sw_vdw_correction
O00onOOO0OOO

Control{
sw_vdw_correction = on

}

O0O00OaccuracyOO0DOODOOO0O vdw_method DO O dftd3 000000000

accuracy{
vdw_method = dftd3
}

DFT-D200 Willlams 000000000000 O0O0O0O0O0O0OO0OO0OOODOOOO0O0OO00O00O00O0
oooon

00000000000 00D00O000D000O file_names.datad F DFTD3PAROOOOO0ODO

&fnames
F_INP = * ./nfinp.data’

(oooooon)
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(Cooooooooo)

F_DFTD3PAR = ‘ ./dftd3par.data
/

F DFTD3PAROODODODO OO O J/dftd3par.data 0 O O dftd3par.data 0 O O O O OPHASE/OO O OO ODOODO
obooooboooocoboobooogon

samples/vdw_correction/dftd3

ooooood
0529 vdWwOOGOOoOooooooad
oo O o0
Control sw _vdw_correction
Accuracy vdw_method williams o0o0oo
grimme or dft-d2
vdw_radius 20 bohr
30 A (Grimme DFT-D2)
vdw _scaling_factor 0.805 (Williams)
0.75 (Grimme DFT-D2)
vdw_s caling_factor_r 0.8 (Williams)
vdw _damping_factor 3.0 (Williams)
20.0 (Grimme DFT-D2)
Structure atom_list
atoms #tagvdw O vdw O O O
O0O0000 typeO O
O
vdw_list vdaw OO OO000O0O0O | Williams
ooooooODbDDbO0O0 | #tagtypecor0p
a Grimme

#tag type c6 10

oooovbwOOOoooooooooooooooo

vaw OO Ooo0o0000000000o

Williams O O Grimme(DFT-D2) OO0 000000000 C0O0OO0OO0O0O0O0O0OCOOOODOOO0OOOOO
vdw_list 0 type O D atom_list DO OO0 vdw O type DO DO O0OOOD0OOOOOO

Williams O

vdw_list{
#tag type c6 r® p
H 2.831179918 1.17 0.387
CTE 22.67403316 1.70 1.061
}

Grimme(DFT-D2) 0
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vdw_list{
#tag type c6 r0
H 0.14 1.601
C 1.75 1.452

gbooooood

viwO OOooooooooobooogooo

Methane Dimer Williams O

Control{
sw_vdw_correction = ON
}
accuracy{
vdw_method = williams
vdw_radius = 20.0
vdw_scaling_factor = 0.8095
vdw_scaling_factor_r = 0.8
vdw_damping_factor = 3
}
structureq{
atom_list{
coordinate_system = cartesian ! {cartesian
atoms{
#units angstrom
#default mobile=on
#tag element rx ry rz vdw
00 0 CTE
0 1.093 0 H
1.030490282 -0.364333333 @ H
-0.515245141 -0.364333333 0.892430763 H
-0.515245141 -0.364333333 -0.892430763 H
0 -3.7 0 CTE
0 -4.793 0 H
-1.030490282 -3.335666667 O H
0.515245141 -3.335666667 -0.892430763 H
0.515245141 -3.335666667 0.892430763 H

ja=jii=cii= ===l R« il -l 0}

}

vdw_list{
#tag type c6 r0 p
H 2.831179918 1.17 0.387
CTE 22.67403316 1.70 1.061

Methane Dimer Grimme(DFT-D2) O

Control{
sw_vdw_correction = ON

}

accuracy{
vdw_method = grimme
vdw_radius = 30.0
vdw_scaling_factor = 0.75
vdw_damping_factor = 20.0

}
structure{
atom_list{
coordinate_system = cartesian !
atoms{
#units angstrom
#default mobile=on
#tag element rx ry rz vdw
coo06C
HO 1.0930H
H 1.030490282 -0.364333333 0 H
H -0.515245141 -0.364333333 0.892430763 H
H -0.515245141 -0.364333333 -0.892430763 H
co-3.70C
HO -4.793 0 H
H -1.030490282 -3.335666667 0 H
H 0.515245141 -3.335666667 -0.892430763 H
H 0.515245141 -3.335666667 0.892430763 H
}
}
vdw_list{

(boooooono)
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(Ooooo0ooooo0)

#tag type c6 r0®
H 0.14 1.001
C 1.75 1.452

goo

e samples/vdw_correction/Water_Dimer (Williams, Grimme(DFT-D2))
e samples/vdw_correction/Methane_Dimer (Williams, Grimme(DFT-D2))

e samples/vdw_correction/Ethane_Dimer (Williams, Grimme(DFT-D2))

samples/vdw_correction/ATstack (Williams)

oooO
536 JJIJOODOOESMOO

ooooo

ESM (Effective Screening Medium) O [OtaniO6] [Hamada09] OO OO0 O0OD0O0OODOOO0ODOOOOOODOO
OOOOPHASEOOODODODODOOOOODODODODODODOODODODOODOOOODOOOOOOO
oo0doU0DO00o0ooDOoU0oU0DO0O0oUOoOUODOT OoDO0” DboUoOoDOoooOoooooo
0000000000000 Do0oU0o0oDO00oU0oUooO00oO0oO0DOoUoOoDO0oooooOooDoOon
0000000000000 ESMODOODOOOOODOOAO effective screening mediomO OO0 000000
0doD00oooU0DoOOo0oo00oo0U0ooU0DoDoUDOoOo0o0U0DooUDoOOoOoOoooOooDoOon
PHASEO OODOOODO ESMOOOOODOODOOODOOO

oooooao

0000000 PHASEDDOOOOOOOOOOOODODOOOOODOOOOooOooOoODODODOOODbOOOO0g
ooooooOoooOoESMOO0O0OO0O0O0O0DOOOOODOOOODOOOOODOOOOODOOOODOOD

3 )

L
-

vacuum vacuum

=

tcﬂZ

.

m&

gs55:ESMO0000OO0O0O0O0OO0O0O0ODOO0O0O0O0O00O0000O0
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obob2000a000b0000000001000c00D0000O00OOODOOOODOOODOOO
ci0dgbooboboOoOoOooooobDOobUObDUoboboOoUobOobOooobDOobDoboboobobooooo
gbbooboboobooboobouooobuo ob0oboobooboooobooboobooboon
obESMOO0OO0000O

accuracy 0D 00 esmOOO00O00OO0O0OO0OOESMUODOOOOODOODOOOOODODOOOODOO

accuracy{
esm{
sw_esm = on
bc = pel
electric_field = 0.001
}

emUJ00000000O00O0O0O0O0OO0OO0OCOOOOO0OO

sw_esm ESMO0O0O0O0O0OO0OO0OOO0OO0OO0OO0OOOOOOOO
on0O00000 ESMOOODOOOOOOOOO
000 off

z1 ESMOO0O000000DOO0O0O000O00O0000
00000 ESMOOOO0OOO0D0ODOOOOzl=c/2(1

bc O0OD0O0O (boundary condition) O O OO O0O0O

BARE,PEl,PE20000000000DOOBARE
D000 ESMOOOODOO IOPEIOODOD
ESMOODOOOODO coOPE20 ESMO OO OO
OOO00O000D0D0OD0O000000000000
0000 BARE

electric_field 0000000000000 000000000
000000000000 Obed PEIOODODODO
O0O00O0O0O0D0OD0ODODODO000000000O
00000000 DO0000DDOOhartree/bohr O
000 51.4 V/AD

add_elec ooooo/moboboooboog/mobooooon
gboobooboboboboboboooooon
goooogoo

z_wall oooooooooooooooooOoDoDomT o7

uboobooboobooo® booboo" gbooooo
obooboobobobobobooboooooon
oooobobooobogoooo

bar_width “0O” obboobboobboobobooooboo
oooobooboood
bar_height “0O” ogbboobboobboobooooo

gooobooooobooboooon
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gooon

gboboooooboo PHASEOOOOOOOOOOOODOOOOOOOOOOOOOODOOOODOOO
oboooooboobobooboboooooboooooaoon

goo

goo

ESMOU0OO0O0O0O000O0O0O0O000O00000000b0000b000b00000000 samples/
surface/esm/H200 00000000000 0OO00O0OOOOOOOOOOOOOOOOOOOOOOO0
oboooobooobooboboobooobooobooooobooobooobOoESMODOO1IODOOOoOOoobooOooDooOon
gbooboobooobooboboooobooooboooooobooog

obooooboobooooobobooooboobooocoooboon
. 00oo0ooooboooobobooboooboooon
2. 0000000ESMOO0O0OO0O0OO0O0OO0O0O0D0
j.oboooobobooobooboooobobobooobooboooon

j.00oboooooooooooooooooooobooobOoooooooooDOoOobObOooOooooo
gboooooooooo3.ooooooooobooooboboboboooo2. 000000
obooooOobooooobobooobooboboooboOoboooooboooooaon

goboboobooobooboobooboboboo

000000 (hartree/ H,O) | 00D OO0 (hartree/H,0)
1.000 | -17.1855148193 0 1.8927504 x 107
2.000 | -17.1836307637 8.6948 x 10
3.000 | -17.1836220689 0

gboboboboobooESMOO0O0O0O0O0O0 3. 0000o0ooooooool bobooooo” O ESM
gbooooooboooooboooooon

gbooooooooo

ESMOOOO0OO0O0O0O0cO0O0O00C0O0DOO0O0O0O0DOO0O0OCOCODOOO0OOO0ODOO0OO0OODO0O00O0bO0O00O0
oo0oobooobO0oboo0oboob0oboO0bo0obO000d samples/surface/esm/A1111 00000
goo

gboooooboooooooooooooo Aliyoooooooooooboobooo EsMOOo
ooog

accuracy{
esm{
sw_esm = on
bc = pel
electric_field = 0.001
}
}

53. 00O0OOOOOOOOO 301




PHASE/0 Manual, 0 0 0 O 2021.02
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ob00oobooobooooobooOdbsOObpelOOOODOOOOODOOODOODOODOODOOOOO
goboboooboooboobooboobobbobooboobooboobooboooboooboo

postprocessing{
workfunc{
sw_workfunc = on
}
}

obooooooo-0.001,0,+0.001000000000000O000C0O0O00OO0OO0OOCOODOODOOO
obooooooooomoobooboooboooobooobooooooooboooboobooboooobooooOon

googboo swinversionD O 00000000 OO0OOO
0000000000000 PHASEOODOOOOOOOOOODOOOO0ODOOOOworkfunedODOOOO

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
ooooooooboobooooooboooobooooog o selbbooobobobobooobooobboboboOoo

ooo0oOo0o0o0ooOoO0oOooDoOooselo 200000000000

1.6 )
AN

14 + |
1.2 [ | \
\

1.0 - \

‘ \

06 [ \\
|

potential difference (eV)

0.4 -
V \ “

0.2 - \ |

OO | | |
0 5 10 15 20 25 30

distance along the c-axis (A)

gsel:0000000O000O0O0O0O0OO0OOODOOOOOOODn

gboboboboaobooaboobuoobobobobbobooaobooboobooboboooboaboa
gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo

gbooooboooooobooog
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ooooooooo
« ESMOOOOOOO0OODOOOODOOO0DOO0ODOO0O0OO0O0O0O0DO000O00 FFTWOOOOO0O0OOd
ooooogd

- J000000O0O0DO0OODOODOOUObOOOODOOODOODOObDOOOweightDDOODOOO
oo 1obo0o0o0ooaon

- 00000000 cOOOOOOODOOODOOODOOOOOOODOOOOOODbOOObOOOnOOO
gboooboooboobogbDOswinversion0 00000 onOOOOO0OOOOOO

good

goooon

PHASEO ESMUOOUOOEsmPack D00 0000000000000 O0O00OEsmPackO0O000O0O0O0OO

obooooooooMITooOoooooooobOooboOoESMOOOOOoOoooooooobooboo

gboooobooooboobooooboboooooboooboobooboooobobooooboooboon
000000000000 [Otani06] [HamadaO9] O OO OOOOOOOOOOO

Copyright (c) 2012, Minoru Otani <minoru.otani@aist.go.jp>
Permission is hereby granted, free of charge, to any person
obtaining a copy of this software and associated documentation
files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge,
publish, distribute, sublicense, and/or sell copies of the Software,
and to permit persons to whom the Software is furnished to do so,
subject to the following

conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES

OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT

HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

5.3.7 Dipole 0 [0

Dipole D0 DOO0DODOODOOOOOODOOOODDOOODDOdipoled 0000000 O0OOOODO
obooooboobooboooooboobO0obooooO0bo0oobO0obooo0OOobOODbipele0OOO0O
oo0bo0ooboobooboooboboooboobOoOdipeleb 0 00D0OO0OO0DOOODOOOOOOODOOOO
gobgbooobooboobooboobobooboobooboobooboboon

304 o560 0000
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goboboboobooboooobgad

Dipole DOOO0O0O0ODOOOOO0O0DDOOOOOO00O0OCcontrol0D0D00OOO00OOO00O0O0ODODO
gooooao

control{
sw_dipole_correction = on

}

00000000 OdipoleD000D0O0O0OOODOODODODOOO Daccuracy O dipole 0 O 0O OO 0O O O Odipole
ooopoooOooooooooo

accuracy{

dipole_correction{
direction = 3
amix = 1
vacuum{
rz = -0.5

}
elec_field{
ez = 0.0
}
}
}

dipole_correction 0 OO vacuum OO 000 dipole U0 0O O0OO0D0OOOelec_field 00 00000O000DOO
0000000000 Odpole_correction 0000000000000 O0DOOOO0O0OODOOODODOO
ooo

o ooob|oo

ooo

direction obooobooooboboolgooboob20p000030 cOOOOODOOOOO

amix oboooooooboobooboboobooobOoOoOoOooolIoooooboobOoboon
oooooo100o0n

vacuum oobooboboooooboooboobooboooooboboooboobo10bb0ooDn
ooooogd

rx O0000eO0D000O000OODOdirection=1000000000000000000OO
goooo

ry O0000p00000000Odirection=20000000000000000000
oooono

v Udob00Oc000000O00Odirection=3000000000000000000O00O
ooooo

elec_field gboocoooboooobooboooooobon

ex U000«O000000OOdirection=10000000000

ey gbooO0p0000000DOdirection=20000000000

ez Ub00OcO0000000Odirection=30000000000

Dipole D0 OOD0OOO0OOOOODOOO0OOODOOOODOODOOOOODOLOOODODOOOOD zOO
O00D0DMrz+050000000000000000OOO00O0O0O000O0O0DOOOODOOOOOOOO
gbooooobogse2tboOobooooOOoboboOobOoO0OdbDez=000000000000000 rz=
1000000 0b0oo0oo0oboboboooobooboooooDbo

OO0Odipole0 000000000 O0ODODOODOOOOOOOOOOOOODODODOOODOOOOO
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Rz * Rz

z=0 z=0.5 z=1.0

O 562:Dipole 000 0O0O00D00OO0OO0DODO

gboobouobdooooboobooooboboooooboobooobooboooobOoboooobooboon
gboooobobooooobobooobooboooobooboo

postprocessing{
workfunc{
sw_workfunc = on
}
}

gooooooao

Dipole 0000000000000 O0O0D0O0O0O0DoutputxxxOOODOOODOOOODO dipoled OO0 SCF
gbooobooboooooboo

Dipole: rmin,rmax,idir = -0.50000000 0.50000000 3

Dipole: Total = -0.22795296 = -0.5795 Debye = -1.9326x104-30 Cm
Dipole: Ion = -38.10003241

Dipole: Elec = -37.87207945

Dipole: mix dipole and field with amix_dip= 1.00000000

Dipole: (NOW) dipole,field = -0.00776990 0.00000000

Dipole: (OLD) dipole,field = -0.00776992 0.00000000

Dipole: (NEW) dipole,field = -0.00776990 0.00000000

Dipole: Edip(ion),Eext(ion)= 0.01230 0.00000

Dipole: potential jump (dip and ext)= -0.09764 0.00000

Dipole: Total D0 OO O0ODOOODO dipole 0000 OODOO OO Dipole: (NOW), Dipole (OLD), Dipole
WNEW))ODOOOOOoOODOoobOooooboooOddipeleD 001000000 dipoleD 0000000
OO000DoO0OO0dipoleDOO00OO00DOOOSCFOOODOOODOOOOOODOOOOOOOOOODOOO
O000000000000D0000 Dipole: Total O DOOOODOODO

ooo

Dipole D0 OOO0OOO0OOOOODOOOESMOOOO0O0OO0OO0OO0OOOOOOOOOODOOOOOO
goo

ESMs53.60 00 OOO0OOOOOODOODipole000D00O0DOOODOOODOODOODOODOODO
00000 samples/surface/dipole/H200 0000000

O00000O0O0DipoleD 0000000 ODOOOODO

306 o560 0000
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control{
sw_dipole = on
}

accuracy{

dipole_correction{
amix = 1
direction = 3
vacuum{

rz = -0.5

}

}

}

o0oo0oo0oO0o0ooo0o0o0Dbo0o00bDO0Ob0vacuumd0O000000 rz000-05000000000
obooooboooooOoboboooboboooooboooESMObOOOOoOoOOobOOoooOooDn

0s5- 34000000000

o000 oooo esm ref

OO0000 (ha) | -17.201981 | -17.201719 | -17.2017015 | -17.201773
O (ha) -0.000208 | 0.000054 0.000072 —

ESMO0OO0OO0O00O0O0O0O0O0O0O0O0O00O0O0O0O0O0O0O0000O000O00000O00b000000b000On

ose30dc0b0oboobooooobooobooobooooooooESMOUDODOOOoobDooooo
0000000000000 c000000 16A0000DO0DOOON0O0N0NDODODONO0ONOONOn
oboooobooooboobooooboboooooboooooboOobobooobobooooooon
oboboboboboobooooooobooooooooooDbdDDipoled 00000 ESMODOOO
gbooouobooobooboobooooboboooooboooboooboobooooboboooobooboon
gboobooboooobooboooobooooboobooooboboooOoboOoon

gobogbooaoo

OO0 ESMS53.60 00000000000 OODipele000D0O0O00O00DODODOOOOODODOOO
00000000000 samples/surface/dipole/Al 000000000 O0DOOO0OOOOOOOOO
ooooo

control{
sw_dipole = on
}

accuracy{

dipole_correction{
amix = 1
direction = 3
vacuum{
rz = -0.5
}
electric_field{
ez = 0.001
}
}
}

postprocessing{
workfunc{
sw_workfunc = on
}
}

00000000000 PHASEOOOODODODO workfuneOOODOOOOOOOOOOOODODOOO

53. 00O0OOOOOOOOO 307




PHASE/0 Manual, 0 O 0 O 2021.02

0.5

I
~no correction
dipole correction

potential (eV)

_25 | | | | | | |
0 2 4 6 8 10 12 14 16

o

distance along the c-axis (A)
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
obooooopoooo se4dbbonog

0.4 ‘

0.3 - M -
0.2 - A |
0.1+

-0.1

potential diff (eV)

| J
[V

0 5 10 15 20 25 30

o

distance along the c-axis (A)

Ose4:0000000DO00O0O0ODOODOOOOODObOOOOOD

ESMOOO0OO0OO0O0O0OOO0O0O0OO0O0CO0OO0O00O000O000O000o0bobo0oboo0oboooboooonoa

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
gobooboooboon

53.8 PBEsol0 0O 00OOOO 2019.020 00

g

PBEOOOOOODOOO0OOOOOOOOOOOOOO0DOOO0OOOOOOOOOOODbOO0OO0ObOODOO
U000000000PBEsolO 00O [PerdewO8]DOPBEOD OO DOODOOOOOOOOOOODOODOO
oboobooobooooobooboooooboboooboobooooobon

PBEsol 0000000 DOOO0ODOOOOODOOOOODOOOO

Egl;‘BEsol [n} — /dre‘mmif (n (I‘)) FEBESOI (8 (I')) s
_ [Vn]
o kan

FPBEsol (&) — 1 4 pus?

S

kg = (37r2n) 1/3 (5.54)
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g

EPBEsol ] — /drn (r) {2 (n (r)) + Bt*},

5.55
v e (5.55)

000000000000 w=10/8100 g=0.046000

g

xctype DO DO pbesol OO0 DOOO0O00O0O0OO0O00D0O0O0O PBEODODOOOOOOOOOODODOOO

accuracy{
xctype = pbesol
}

gbooooboooopPBEQODOODLOOOOODOOO

RN

oboO0o0 (output000) DO OO OOOODOOOOODOOO

IPP xctype = pbesol ps_xctype® = ggapbe

000000000000 0000000 PBEOOOODODOOO PBEsol000000O0O0DOOODODOO
OO0O00O0O0OPBEsolDOO0O0OO0OOO0OOOOOO

goo

samples/pbesol D0 OO DO0OO0OODOOOOOONOODNOO O transition metal dichalcogenide (TMDC) O
0000000000000 00000000000OPBEODDO PBEsol000OO0OOOODOOODOOO
0000000000000 000ooooOoAO0OO

Table5- 1TMDCOOODOOODOO A,

“A()E;Q “A()E;eg VVE;Q \ﬁJESeg

PBE 3.196 (+0.035) | 3.374 (+0.089) | 3.189 (+0.036) | 3.339 (+0.051)
PBEsol | 3.149 (-0.012) | 3.293 (+0.008) | 3.146 (-0.007) | 3.289 (+0.001)
ooo | 3.161 3.285 3.153 3.288

U000 PBEsol0DO000O0O0O0O0O0O0OOODOOOOOOODOOOOOOOO

310 o560 0000
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ooog
5.3.9 meta-ggall 0 0 000 2019.020 00

g

modified Becke Johnson D O 000000000 O0D0O0O0O0OO0ODODO [Tran09] [Koller12]

o () — L fB [0
B ) = BB 1) 4 e 2) 1y 0y [0,

= a+ B8V (5.56)
11 (1o ()] Im(r’)l)
=—— [ d +
g v2/ " (mr') py (r)

0000 p,(r) D0 t, (r) 00000000000 O0O0O0OO0OOO0OOOOOOOOOOO

occ

0 () =3 [nir ()
nk

e (5.57)
1 2
te = 5 Z |ankcr|
nk
00000oO0oooodd a=-0.012,4=1.023000000
ggoooobboobood
1 1
B0 =~y [1- e = g e
B s (5.58)
b 2, (r) ez )
7 2ml/3 N pe (r)
goooobobbodog e, oobbbbooooobo
o 5/3
2ge20/% 2 05"
Ty — 2 3 Q,’
1
Q, = G (Ap, —2D,), (5.59)
1 2
Dg:2tg_7|vpo-|
4 po

oboo ¢syHoboboobobobobooboboobooooooonononog Proynov O [Proynov08] OO O
goooogoog
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g

SCFO 0O

modified Becke Johnson O 0 0000000000000 DO

accuracy{
xctype = "tbh09"
}

ooogooog ¢se)dcdnD SCFOODOOoooboooobooooooboobooobooooboooon
goo

accuracy{
xctype = "tbh09"
metaggaf{
val_c_tb09 = 1.20d0
}
} |

00000000 b0oobobU0oo0obbOoOoUnndsw_mix_charge_with_ekindens=on OO 00 OO
000000 of0 OO

Charge_mixing{
sw_mix_charge_with_ekindens = on
mixing_methods{
!#tag no method rmxs rmxe itr var prec istr nbmix update
1 pulay 0.40 0.40 40 \* on 3 20 RENEW

googo

O00O00O00OD00ODOO condition = fixed_charge OO0 OO0 OO0O

control{
condition = fixed_charge

}

0000000000000 O000b00oO00O0Oo0o0oo00oo0ooO00oo0ob0OooOoooo0OoobOoooooa
file namesdata0 0O 00O OO

&fnames
F_CHGT = '../scf/nfchgt.data’
F_EKINDENS = '../scf/ekindens_bin.data'

/

kOOxctypeOOOOOOOODO SCFOODOOOOODO

g

O0000O0ODOO0O0OODFTOOUODOOOOF.ENERG(DOOOOOUODOOOnfenergydata)d OO0
000000000000 000b0000bD00 FCHGTOOUODOOOOO—O0OO F_EKINDENS (O
O000000000ODOekindens_bindata) 00O O O0OOO

312 o560 0000
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goo

Meta-ggca U OO0 O00OO00ODO samples/meta_gga U0 0 0OD0OOO00OO00O0O0ODOOO0OO0OODOOOO
oboSi0b GeOOOOOOOOODOO

Siooooo

O053l:mBJOO0O0OOOOOOOO (Si,diamond )

xctype al[A] | gap[eV]
PBEsol 5.445 0.582
TB09 00 1.149

cf. 000 | 5.431° | 1.17°

a) ref. [Atdaev87], b) ref. [Tran09]

GeOODOOO

0532 mBJO00OOOOODOOO0O (Ge,diamond )

xctype a[A] gap [eV]
PBEsol 5.733 0.000
TB09 oo 0.496

TBOO (O OODOOOO) | 5.6512 | 0.638

cf. 000 5.6512% | 0.74°

a) ref. [Oadri83], b) ref. [Tran09]

goog

5.3.10 Opencore 0 0 00000 2020.01 00 0O
00

oboooOo0obOOo0obO0o0bO0o0bO000O0o0bO0o0O000O00000000Opencore d [Miyakel4]
gboboboboaoboooboobuoobobobobboboobooboobuooboboooboaoboa
oboooooboboooboooboooboobOoooooopccOb0booboooboooDooPAWOO
oooooooooooooobooooofooooooooooooobooOooOooooOooOoooooDo
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REEE

TB09

| PBEsol

density of states ( arb. unit

U X

314 D5.65:mBJDDDDDDDDDDDDDDDDDDDD(Si,diamond)D 50 0000
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energy (eV)

\J 7 ) >
N

-10

-12

X I L U X

Os566:mBJOOODOOOOODOOOODO (Ge,diamond)
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good

ooopcCcOODOO0OOO0ODOOOOOOOOOOOOOODOODOOOOOD

Ve (phot) (5.60)

gbobobobobobooboboboboob@obo pI,DEI p%DDDDDDDDDDDDDDD
pCCOOOOOOOO

Ve (pl + prc, ol + prc) (5.61)

obobOOo@oobobooD)paritalCore D OO ppc O000O00O0O0O0O0OCOOOOOOOOOOOO
O0O00ODODopencore 00 ppc 00000000 OOOODOOODOOO0OODOOODOOOOODOODOOO
oooooooooboooobooo ctaooooooooooooooo

gobogooon

opencore 10O OOOOOOO

accuracy{
sw_opencore = on

}

0o0oo0ooob0o00o0ob00bOo PHASEOODODOOOOODOOOOODOOD

oo
Nd (2a) Fe (8j)
&
e/ (8f)

Fe (8i)

L.
TF

O 567:000 NdFe,, DO OODO

000 NdFe;, 000 opencore 000000000000 DOOO0ODOOOOODOOOODOOOOOOO
0000boo0ob0o0ob0o0oo0ob00o0b0o0bO00Dn samples/opencore 00 0000O000OO00OOO
goooon

316 o560 0000
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O 533: NdFe, OOOOO0DOO (OO [Fukazawal7])

oDooo [A]

a 8.533

c 4.681

oooo

Nd (2a) ( 0.0000, 0.0000, 0.0000 )
Fe (8f) (0.2500, 0.2500, 0.2500 )
Fe (8i) (0.3594, 0.0000, 0.0000 )
Fe (8j) (0.2676, 0.5000, 0.0000 )

0 5.34: NdFe;, 00O ODOO

0oooooooo | 25
[Ry]
0ooooooooo | 225
[Ry]

kOoooooood

Monk (6 X 6 X 6)

gbooaooagno

paw = on

ugbooaoad

(0 OO 0O O)Nd_ggapbe_paw_01.pp, (O) Nd_ggapbe_paw_015_4f core.gncpp2,

Fe_ggapbe_paw_02.pp

oboooobooooboooooN4fO0booooooobooooboobooooooooooobooon
004 0000000000000 00O000O000ODFI+UDODO0000D00D00000D000Ueg

oooooobOeevO 20000000 SCFOODOOOOODO

obooooobobooobooo400000000D00000O0Oopencore000000 20000
obooSscrOObOoooonDo

0535000000000000000000000000000DO000O000 Ug=6evOOODODO
oboobOoO0oOobO0o0obOOobOooOoobooboobooboOobOOopencore 0000000 Ueg=6 eV
oboooooooboooooobobn

05360 SCFODOD iteration D0 0000000000000 O00OO0O00ODOOO0ODOO4 000000
obooooobooooooobooog

O 5.35: NdFe;, 0O OO0

goooood goood, goooo, 0, a,

oood Uegr=0eV Uer=6eV opencore 0 O | opencore O O
Nd (2a) -0.243 -3.502 0-3.391 0 -3.499

Fe (8f) 1.898 1.905 1.888 1.903

Fe (8i) 2.603 2.599 2.595 2.602

Fe (8)) 2.381 2.405 2.386 2.396

04000000 -300000
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0 5.36: NdFe,, OO OOODODO SCFOODODDODO iteration O

ogoooood oooog, goooa, o, a,

oood Ugi=0eV Ugi=6eV opencore 0 O | opencore 000
iteration [ 223 69 33 34

oooo

54 0000000

5.41 NEB O
ooooo
Nudged Elastic Band (NEB) O [Mills94] O O O Climbing Image (CI) NEB O [Henkelman0O] O OO OO OO

gobogbooboobooboobobobobooboobooooaan

NEBO OO0 CINEBOODOOOOOOOO000000000000000 (B)00OO0000000
00 (Ry000000000000000000000000 (B, i=2~N-1)00000000
0000000000000 (@O0O00)00000000000000000000000000000
00000000000 R, 000000000003M00 (MOOOD)O0O00O0OONEBODDD
CINEBOOOODOOOODOOODOOOOOOOOOOOOOOOOOOODOOOOOONOOooon
0000000000000 000000000000000000000

* NEB U

D0ONEBOOODOOOOCODOOO0C0O0ODOO00000000000
?,:?]H—VE(ﬁOLb (5.62)

DDDD?:MI:JIZI[II:JDI:ID[II:JEI[II:JDI:ID[II:JDDDDDDDDDDDDDDDDDDDDDDDD
goo

?jhlzk(‘ﬁﬂrl_ﬁi _‘ﬁi_ﬁiflb'?ﬁ:- (5.63)
000 k000000007000000000000D0O00O0OO0O0DOOOOOOO0
ﬁi_ﬁifl ﬁzﬁrl_ﬁi

?:

: (5.64)

-] [Fun R

(5.62)00 VE(ﬁi)\LDDDDDDDDDDDDDDDDDDDDDDDDDDD[I[I[I[I[I[I[I[I[I
gobogoooboooboood

VE(ﬁQLL=VE(ﬁQ—VE(ﬁQ-%E (5.65)

* CI-NEB [

318 o560 0000
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CINEBOOOOOONEBOODOOODOODODOOOODOOODODOODOOOOOOOODOOOOOODOO
O0O0O0O0OOCI-NEBOODOOOODOONEBODOOOOODOOODOODOOODODOOODOODOO
DDDDDDDDD(ﬁiymax)DDDDDﬁiymaxljDDDDDDDDDDDDDDDDD

Fimax = —VE (T?fi,max) 4 OVE (ﬁi,max)

= ?i,max|L - ?i,maxh\ (5.66)
e JO0DOODOODOO

obooooboooobooboooobobooooobooooobooboooobooboooooobon
ooboooboobooooooooooboooboboooboooobooboooooboooooooooobooo
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
gooooooooooOoOoooooooooboOooooboooooooOooooooOooobooDO kOO0
oo00oobooob0ooboob0OoONEBOOOOCIINEBODOODODOOOODOOOOOODOODOO
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbbooobooobooooboobooooooooooobooboooboobbooboooboooobooboOooboooon

E —F;
k:kmax*A = E;,>E000 s
(Emax - Eref) ( ! )
k= kmax — Ak (B; < E000) . (5.67)

D000k O0OODOODODODOOO0AKkDOOOOOOOOOOOOOODODOOOEO0O0D0O0O00000
ob020000000000000000000000000D000ERw.xO0000DO0O0O0DOOODOOOO
Ub0o0Es0000D000O00DO0ODOODOODOODOODOODOD Es0000D0DOOODOODOO
gbooooboooooboobooooboboooooboooon

googooood

oboooooooon

NEBOOOODOOODOODODOODODOoOoOOooobOOooooboobooog

OS5S37:NEBOOOODOOOOODO
o10000 02030000 oooono ao

Control

multiple_replica_mode NEBOOOODO

ON,OFF
multi- NEB iteration [
ple_replica_max_iteration
multiple_replica
method oo0o0OoDOooo

nudged_elast
ic_band_method

accuracy

obooooood
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0 &37-00000000C0OO

010000 02030000 oooono 00
dt NEBOOODOOOODO
ooooo At
neb_time_integral gogooo
quench, ste
epest_descent, cg,

fire OODOOODOO
(cg, ire OO ODOO
202001 O O) OO0
0000020 20.01 0O
O O ste epest_descent,
2020.01 0 OO fire.

penalty_function

ogoo0o0ogaogaob
ON,OFF

neb_converg

ence_condition

NEBOOOOO (0O)

neb_converg

ence_threshold

NEBOOODOO

constraint

ci_neb CI-NEB ON, OFF
sp_k_init oooo@oo)
sp_k_min oooo@aoag)
sp_k_max oooo@oag)

sp_k_variable

oooobooogo
OFFO00OO0OONDOO

structure

number_of_replicas o0o0oo
replica oooooo
endpoint_images oooooooooa
oo

directin, file

atom_list_end0

oooooooooo
ooo

atom_list_end1

gogboooogoon
god

structure

symmetry

method

gboogogn

NEBOOOOOODODOOOOOODOOOOODOOOO

NEBOOUOOOOOOOOOOOOOoOd

s NEBUOOOOOOOODOO

s NEBUOOOOOOOOOOODO
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- 0J000DO0O0O0OODO

- J000DO0OO0OO0ODOODOOOODOOOODOO

- 0000000000 DOOOOODOObOOnOn
obooooooooooooobooobo

s NEBUOOOOOODOOO

PHASEO NEBOOOOOODOODOOOOODOOOOOOOOODOOOO control000ODOO0NO multi-
ple_replica_mode 0 00 on OO OO0

control{
multiple_replica_mode = on

}

- 0000

000000 0O0Omultiple_replica 0 DO 00 OO accuracy U 0 0O 0O OO O neb_convergence_condition U [
ooooo

multiple_replicaf{
accuracy{
neb_convergence_condition = energy_e
}
}

neb_convergence_condition 0 0 0 00000000000 0OO0OOOOODOODOODOOOOOOODODO
gooooao

obooooooooooobono

oo (ogo oo

1 energy_e dE <threshold

2 phase_force PHASE OO OO OO <threshold

3 neb_force NEBOOOOOOOOODOOO <threshold

4 force_at_transition_state | 000000000000 PHASEO OO O OO <threshold
5 phase_force_normal PHASEOOOOOOODOOOOOOOOO <threshold

- JO00gnboooboogn

00000 2020.0100000000000O0 structure{ symmetry{method = automatic}}00 00000 00O
0000OO0oOO0bOO0bOO0bOO0bOO0o00o0o0oooooooDoDooDooooooDoOOoobOOoobOOooDoOoonoa
0doodooobooooooobooooooooooooooooooooooooo4.2.1.20010d
oo0o0o0oooooooooooon

00000 2020.0100000000000O0 structure{symmetry{method = automatic} 00000 OO0 OO
doodoodoooooooooooooooooooooooooooooooooooo

0000000000 DOOOODOODOOOO

oboooobooooboboooobobooooboOobooooobooooobooboooonoo

multiple_replicaf{

(oooooon)
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structureq{
endpoint_images = directin
atom_list_end®{
coordinate_system = cartesian ! {internal

atoms{
#units angstrom
#tag element rx ry rz

Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
}

}

atom_list_end1{
coordinate_system = cartesian ! {internal
atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
}

O O endpoint_images 0 directin OO OOO0D0OOOOO, OO0 atom_listend0 DO DOOOOOODOO
atom_list endl D00 0O0OO000OOO0O0OOOOOO0 PHASED atom list 00O O0O0O0OO0OOOOOOO
ooooooooo

- J000DOO0OOODOODOOOODOOOOODOODbOOOOODOOOODOOn

0000000000 D0O00000DO0DO0O0O0O0O0O0ODODO0OD endpoint_images 000 fileO OO
file namesdata D 0 0000000000 OOOOO0O0OO0OUOfile names.datad 000000 F_IMAGE(-
HOOO F.IMAGEO)ODOOOOODOOODODODODOOOODODODOOOO0OO0O0O0DO0OAO file_names.data O
ooooaoao

gobogbooaoo

multiple_replica{

structure{
endpoint_images = file

}

file namesdata0 0 OO0 0O0O0O0O

&fnames

/

&nebfiles

F_IMAGE(®) = './endpoint@.data’'
F_IMAGE(-1) = './endpointl.data’'

0o0o00boo0ob0o0ob0o0bD @O0o0O00D0 endpoint0.data endpointl.data D OO O OO O)ODOOO
ooooooooooog

322 o560 0000




PHASE/0 Manual, 0 O 0O O 2021.02

coordinate_system=cartesian
#units angstrom

Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 1.644706293661 1.095414892118 11.000000000000
H 1.095414929519 1.644706317263 11.000000000000

- J000000D0OO0DOOODOOOOODbOOODbOOOOObOOObOOObOOOOObOOg (propor-

tional)

0000000000000 0000DO0000D0O0O000D00Oreplica OO0 howto-
give_coordinates [J proportinal D 0 00000000000 OOOOOOOOOO

multiple_replica{
structure{
number_of_replicas = 6
replicas{

#tag replica_number howtogive_coordinates end® endl
proportional ® -1 ! 0: end®, -1l:endl
proportional 0 -1
proportional 0 -1
proportional 0 -1
proportional 0 -1
proportional 0 -1

VB WN =

- J000D00O00ODODLOODOODUObObOODODbOOOODbObOOOn (ile)

O00000DO0O0OD0O0ODO0OD0OO0O0D00ODOOreplicad O0ODO howtogive_coordinates O file DO OO OO0
000000000 file namesdata0 00000000000 OO0O00OO file namesdatal 0000 OO

goooboobooao

gbooooooaoo

multiple_replicaf{

structure{

number_of_replicas = 3
replicas{
#tag replica_number howtogive_coordinates
1 file
2 file
3 file
}
}

end® endl
0 -1 ! 0: endd, -1l:endl

file_ names.data 0 O 0O O

&fnames

/

&nebfiles

F_IMAGE(®) = './endpoint®.data’'
F_IMAGE(-1) = './endpointl.data'
F_IMAGE(1) = './imagel.data'
F_IMAGE(2) = './image2.data’'
F_IMAGE(3) = './image3.data'

/

54. 0000O0O0OO
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gobogbooboobooboobobobobbooboobooboobon

gbooooboooooobooog

Control{
condition = initial ! {initial|continuation|automatic}
cpumax = 1 day ! {sec|min|hour|day}
max_iteration = 10000000
multiple_replica_mode = ON
multiple_replica_max_iteration = 2000
}
accuracy{
cutoff_ wf = 10.00 rydberg
cutoff_cd = 40.00 rydberg
num_bands = 28
ksampling{
method = monk ! {mesh|file|directin|gamma}
mesh{ nx = 2, ny = 2, nz = 1 }
}
smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.001 hartree
}
xctype = gdgapbe
scf_convergence{
delta_total_energy = 0.5e-7 hartree
succession = 2 !default value = 3
}
initial_wavefunctions = matrix_diagon ! {random_numbers |matrix_diagion}
matrix_diagon{
cutoff_wf = 3.00 hartree
}
}
structure{
unit_cell_type = primitive
unit_cell{
a_vector = 10.400 0.000 0.000
b_vector = 0.000 10.400 0.000
c_vector = 0.000 0.000 30.200
}
symmetry{
method = manual
sw_inversion = off
}
atom_list{
coordinate_system = cartesian ! {cartesian|internal}
atoms{
#units angstrom
#tag element rx ry rz mobile
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 1.644706293661 1.095414892118 11.000000000000
H 1.095414929519 1.644706317263 11.000000000000
}
}
element_list{
#tag element atomicnumber mass zeta dev
#units atomic_mass
Si 14 28.085
H 1 1.008
}
}
multiple_replicaf{
method = nudged_elastic_band_method
accuracy{
dt = 40 au_time
neb_time_integral = quench
penalty_function = off
neb_convergence_condition = 3
neb_convergence_threshold = 5.0e-04
}
constraint{

=]

L= — I — I — I — R — ]

(oooooon)
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ci_neb = OFF
sp_k_init = 0.03
sp_k_min = 0.03
sp_k_max = 0.03
sp_k_variable = OFF
}
structure{
number_of_replicas = 6
replicas{
#tag replica_number howtogive_coordinates end® endl
1 proportional 0 -1 ! 0: endd, -1l:endl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1
}
endpoint_images = directin ! {no or nothing | file | directin}
howtogive_coordinates = from_endpoint_images
atom_list_end®{
coordinate_system = cartesian ! {internal|cartesian}
atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 1.644706293661 1.095414892118 11.000000000000
H 1.095414929519 1.644706317263 11.000000000000
}
}
atom_list_end1{
coordinate_system = cartesian ! {internal|cartesian}
atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 2.22686927 0.48813212 7.65400988
H 0.48813224 2.22686933 7.65400957
}
}
}
}
wavefunction_solver{
solvers{
#tag sol till n dts dte itr var prec cmix submat
1mMSD -1 0.2 0.2 1 linear on 1 on
}
}
charge_mixing{
mixing_methods{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 broyden2 0.10 0.10 1 linear on 1 0 RENEW
}
}
printoutlevel{
base=1
}

NEBOOOOOODOOO

NEBOOOOOODOOOfile namesdata0 O O0O00000O0O0O0O0O0OOOOO
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&fnames
F_INP='./nfinp.data’'
F_POT(1)='"./Si_ggapbe_nc_01.pp'

/
&nebfiles
F_IMAGE(®) = './endpoint®.data’'

F_IMAGE(-1) = './endpointl.data'
F_NEB_OUT = './output_neb'

F_NEB_ENF = './nfnebenf.data’
F_NEB_DYNM = './nfnebdynm.data’

/

000000000 namelist D00 O &nebfiles 000000000000 0ODOOO0O

&nebfiles 00 000000000000 OO00O0O0OOO00OOOOO

Os538:NEBUOOOOOOOOOOOOOO

oooooog UnitO O oooooo od

F_IMAGE(-1:99) 201 Jendpoint0.data oooooboogoo
(F_IMAGE(0))
Jendpoint].data
(F_IMAGE(1))

F_NEB_STOP 202 ./nfnebstop.data NEBOOODOOOOO
ooad

F_NEB_OUT 203 Joutput_neb NEBOO OOOO

F_NEB_CNTN 204 ./neb_continue.data NEBOOOOOOOO
O

F_NEB_ENF 205 nfnebenf.data ooooodoooood
oo

F_NEB_DYNM 206 ./nfnebdynm.data oooooooood

O0000o0o0O0O0OD0ODODODODDOD 2020.01 000

NEBOOO2020010000000000000C0O0O00O0O0O0OCOOO0OOO0OOOOOOOOOOOO0
gboo20200100000000000000D0O0O0OO0IOO0ODODOOODOOD

- 000000D00ODODOO000DODODO0OO000DOD0OO quenchDOOO0fire00 cgOODODOOO
ocooooOo0o0oboOooOooDbOooOoooboOog fiebO0OO

s CINEBOUOUOOOCI-NEBOO NEBOOOOOODOOOOODOOOODODOOOODOOOODOO
OOONEBOOOOOODOOOOOCINEBOOOODODOODOOODOODOOODOOOOO
boboobooobooobooobooobooboobooobooobooboooboobobooobooaon
oobooooboooobooobooonD22020010000000000000000O0DOO0O0DOOOOOOO
O0D0o0bO00boOoOoONEBOOOOODOOONEBODOOODOOODODOODOODOOO
OO000000000OCINEBOOOOOODOOOONEBOODOOODOOOOODOOOO
oboobooooboobOobooobObOooboOobO0oboboOoNEBOOODOOOOOOOODOOO
ooogd

- 0000000 DODODOODDOOOO0OOOOODOOOO0O0OOODODOO0O000DDODD2020.01
boboobooboooooooooooboobobobobooooooooooboooooooon
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go0202001000000000000O0O00DOO0O0OO0DOOODOOOOODOODOODOOODOOO
gbobobooooobobobobobobooooooboboboboboboboboonoa
gbooooobooooooboon

e nfdynmdata 000000000000 O0CO0O0O0O00O0OCOO nfdynmdatad00000000O0O0
oooobo0oboooboobOOnfdynmdata D000 O00O0OOOOD0OODOOOOODOOOODOOO
goooogd

- JO00O00O00O0O20200100000000000000000000DOO0O0OO0OCOCODOOOOO
gooz20001000000000000D0O00O0DOODOODOODOOODOODOODOODOO
obooboboooooobooboobboooobooooboooobooboooboooboooboaon
boboboobobobooooobooooobooboobobobooboooooooooooooon
obobooobobooobooobooooobobobooboooboooboobooooobo?202001000
“go0ooboooooboooOor ogboboooobooboobDOobDoUooOobooboobobobo
gboooboobooooobooogd

NEBOOOOOOOOO

NEBOOOOOODOOO multiple_replicald 0000 accuracy D0 OO0 O0O00O0ODOOOOODOOOO

multiple_replica{
accuracy{
neb_time_integral = fire
neb_convergence_condition = 3
neb_convergence_threshold = 1.0e-3
}
}

neb_time_integral I OO0 NEBOOUODOUODOODODOODOODODO O DO steepest_descent, quench, cg, fire [
0000O00O0ob00O00000On fredDOfre0000D00OD00ODO0ODOcgO queenchOO00O0O0OODOODO
neb_convergence_condition NEBO OO OOOOOOOOOOO1IO000OOOOOO2000000003
ONEBOO400000000000S5S000000000000000000O0O000O0O0 1000

neb_convergence_threshold D 0 0000000000 DOODOODOOOOOOOOOOOOODOODODO
000000000 00000 neb_convergence_condition U 1 00 00O 10 hartree, 000000 OO
1073 hartree/bohr 0 O O

FIREOOOODOOOOOOOODODODODOOOO0OO0O0OD0O000000000000000000000 multi-
ple_replica0 0000000 structure_evolution DO O OO0O0O fieDO0O0DO0OO0DOOO0ODOOODOOODOO
000 @44.120)0000000000

0000000000 nfdynmdata00000000O0OO0O0

00 O multiple_replica0 0000 structure 00000000000 0ODOOOOODOOO

multiple_replicaf{
structureq{
number_of_replicas = 6
endpoint_images = file
frame_end® = 0
frame_endl = 1
}
}

number_of replias 00000000000 0ODOOOODOODOODOOQOODNOODO endpoint_images = file O
OO0 nfdynmdata0 00000000000 ODOOQOOO frame_endO, frame_endl O nfdynm.data 0 O O
0o0o0d0d0o0doDoooDOooDooooD 100000 ooobD00oDo0o0oooOooDoOoooOoooDoga
000000000000 frame_endO, frame endl O O0O0O00O0O00O-1000
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OO000Ofilenamesdata 0 000 0000000000000 nfdynmdata0 000000 0OO0OO

&fnames

/

&nebfiles

F_IMAGE(®) = ‘ end®/nfdynm.data
F_IMAGE(-1) = ' endl/nfdynm.data
/

nebfiles0 0000000000000 0OOOO0O000O00O0O F_IMAGE(O)OUOOOUOOOOOF_IMAGE(-1)
00000000 nfdynmdata 00000000000

CIINEBOOOOO

CINEBOOOOOOOOOOOOOO

multiple_replicaf{
constraint{
ci_neb = on
ci_thres = le-2
ci_index = 0
}
}

multiple_replica0 00O 00O constraint OO0 OOOO CIINEBOOOUODOODOOOci_neb=on O OO
OCI-NEBOOUOOODOOOOci_thresOOODODOOODODOOODD0DO0O0OO0OOOOOOOOODODOOODOO
OOOOONEBODO CIINEBOOODOOOODOODODODOODODOODOOODODODODOOOOOOO200
OOCI-NEBOOODOODOOODOOOOODOOODOODODOOOOOCI-NEBODOOODOOOOO
000000000000 DOO00D000O0OcindexO 20000000000000000O0000O0O0O
0000dooobDooooooobdDclindexOOO0O0O0OOODODO CIINEBOOOOOOOOOOOO

nfdynmdata 000 0000000000000 OOOOOOOOOO

nfdynmdata OO0 0000000000000 O0O0OOOO0OO0O0O0O0OO0OOOOOOOOOOOOODOO
O Onfnebdynmdata OO0 OO 0OOOO0 NEBOOODO nfdynmdata D00 000000000 OOOOOO
gbbooboobOOoONEBOOODOODOOOODOODOOOOOOOODOOOOOOOODbOOOOOn
oboooobooooboobooooboboooooboooooboobooooobooboooooobon
gobobobooboooboobuoobobobobboboobooboobuooboboooboaoboa
goog

gbooooboooobooboooobooooboobooooboboooOoboOoon

multiple_replicaf{
structureq{
sw_path_from_dynm = on
}
}

O00Ofilenamesdata0 00000000 O0OOOO0O

&fnames

/

&nebfiles

F_PATH = ' foo/nfdynm.data
/

nebfiles 0 00000 FPATH OO0 DOODO nfdynmdata 0000000000 O0ODOOnum-
ber_of replicas+2 (+2 D00 OOODOOOO)0 nfdynmdata OO0 000D OO0ODOOOOOOODOO
dooooooooooooo
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goboobooobooaoboaooboooaoo

bobobobobobobobobobobobobobobo NEBOOOO 100000000
gbooooboooobooboooobobooooobooooobooboooobobooooooboon
oboooooobooobooboboooboboooooboobooooobooonoo

multiple_replicaf{
structure{
end®_energy = -120.1 hartree
endl_energy = -120.3 hartree
}
}

end0_energy OO 0O0OOendl_energy U0 O0O0DOODOO0OOODOOOOOO

googooo

NEBOOOOOOOOOOOoOobOooobooobobooboaoboaooboan

% mpirun -n NP phase ne=NE nk=NK nr=NR

OOOONPOMPIOOOOOOONROOODODOOOOOOODOOONE, NKOPHASEOODOOO
o000 kO00OOoOOoOoooboooONe = NR O x NE x NKOOOOOOOOOOODOO
gooood

gobogooo

NEBOOOOOOOOOOOOOOOOODO PHASEOOODOOOOODOOOOOOOOOOOOOOO
000ooooon (output00O) DO DOOO0ODOOO0DOOODOOODO (continuedataD OO0 DO OO)OOODOOO
gboooobooboboobooboboooobobobboobD® xxx” DOO0OO0OO0DOO0O000
OO0 NEBOOOOOOOODOOOODODOO

* output_neb_pxxx

NEBUOOODOOOOOOOOOxxxOO MPIOOODOOOOOOOOOOOOONEBOOOODOODOO
gboooood

¢ nfnebenf.data

NEBOOOOOOOOONEBOOOOOOOOODODOOOOODOOOOOOOOOOO0OOOoObOOo0OOn

#step image image_distance energy force_org force_neb force_normal

1 1 0.0000000000E+00 -0.4399458479E+02 0.1112676571E-01 0.1112676571E-01
0.0000000000E+00

1 2 0.1323772380E+01 -0.4397221867E+02 0.5212041989E-01 0.4899393390E-01
0.4899393390E-01

1 3 0.2640972887E+01 -0.4393533860E+02 0.5368141337E-01 0.5023308254E-01
0.5023308254E-01

1 4 0.3958252743E+01 -0.4389613534E+02 0.4830449879E-01 0.4474348402E-01
0.4474348402E-01

1 5 0.5277489255E+01 -0.4389237657E+02 0.4486782793E-01 0.4486782793E-01
0.4486782793E-01

1 6 0.6594794555E+01 -0.4396965451E+02 0.8881334200E-01 0.8881334200E-01
0.8881334200E-01

1 7 0.7911999993E+01 -0.4404244254E+02 0.5849229655E-01 0.5849229655E-01
0.5849229655E-01

1 8 0.9229437211E+01 -0.4405831588E+02 0.2414216682E-01 0.2414216682E-01
0.0000000000E+00

(oooooon)
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2 1 0.0000000000E+00 -0.4399458479E+02 0.1112676571E-01 0.1112676571E-01
0.0000000000E+00

2 2 0.1356841287E+01 -0.4398451885E+02 0.4270600251E-01 0.4018848625E-01
0.4018734489E-01

2 3 0.2677587331E+01 -0.4394948430E+02 0.5479419750E-01 0.5096369018E-01
0.5096445426E-01

2 4 0.4004269114E+01 -0.4390739111E+02 0.5004508819E-01 0.4463448973E-01
0.4464878761E-01

2 5 0.5328036512E+01 -0.4389409127E+02 0.4291037894E-01 0.4291037894E-01
0.4291037894E-01

2 6 0.6642907129E+01 -0.4397034020E+02 0.8879366098E-01 0.8879366098E-01
0.8879366098E-01

2 7 0.7959713712E+01 -0.4404290631E+02 0.5713917408E-01 0.5713917408E-01
0.5713917408E-01

2 8 0.9278358213E+01 -0.4405831588E+02 0.2414216682E-01 0.2414216682E-01
0.0000000000E+00

3 1 0.0000000000E+00 -0.4399458479E+02 0.1112676571E-01 0.1112676571E-01
0.0000000000E+00

3 2 0.1356624500E+01 -0.4399408010E+02 0.1114085905E-01 0.1114085905E-01
0.1114085905E-01

3 3 0.2730952540E+01 -0.4397302719E+02 0.5096325231E-01 0.4680553493E-01
0.4683808222E-01

3 4 0.4090362450E+01 -0.4392669466E+02 0.5272530274E-01 0.4351975945E-01
0.4355359239E-01

3 5 0.5418808773E+01 -0.4389735067E+02 0.3886543373E-01 0.3886543373E-01
0.3886543373E-01

3 6 0.6726370673E+01 -0.4397144829E+02 0.8809362538E-01 0.8809362538E-01
0.8809362538E-01

3 7 0.8041492838E+01 -0.4404354368E+02 0.5543086596E-01 0.5543086596E-01
0.5543086596E-01

b0 10ogboooobooooboboboobooooboooobl1ooO0o NEBOODOODOO200
obooooo b,3000o0b0o0bo0oooooo* on0” ,400000000000000O50000
obooooobooobogobeODO NEBOODOOO7000000000D0OOOODOOOODOO
OONEBOOOOOOOOOOOODOOOOOOOOOOO

* nfnebdynm.data

0000o0DbOo00boO0o0oDb0o0obob0o0n PHASEOODOOOODOO nfdynmdata0 0000 0OO0D0OOOO
gboooobdoobooooobooooboboobooboobooooboon

#step image atom cps
0 1 1 0.0000000000 0.0000000000 0.0000000000
0 1 2 5.2000000098 5.2000000098 0.0000000000
0 1 3 2.6000000049 2.6000000049 2.6000000049
0 1 4 7.8000000147 7.8000000147 2.6000000049
0 1 5 0.0000000000 5.2000000098 5.2000000098
0 1 6 5.2000000098 0.0000000000 5.2000000098
0 1 7 2.6000000049 7.8000000147 7.8000000147
0 1 8 7.8000000147 2.6000000049 7.8000000147
0 1 9 0.0000000000 0.0000000000 10.4000000197
0 1 10 5.2000000098 5.2000000098 10.4000000197
0 1 11 2.6000000049 2.6000000049 13.0000000246
0 1 12 3.1080442326 2.0700339938 20.7869859136
0 1 13 2.0700340645 3.1080442772 20.7869859136
0 2 1 0.0000000000 0.0000000000 0.0000000000
0 2 2 5.2000000098 5.2000000098 0.0000000000
0 2 3 2.6000000049 2.6000000049 2.6000000049
0 2 4 7.8000000147 7.8000000147 2.6000000049
0 2 5 0.0000000000 5.2000000098 5.2000000098
0 2 6 5.2000000098 0.0000000000 5.2000000098
0 2 7 2.6000000049 7.8000000147 7.8000000147
0 2 8 7.8000000147 2.6000000049 7.8000000147
0 2 9 0.0000000000 0.0000000000 10.4000000197
0 2 10 5.2000000098 5.2000000098 10.4000000197
0 2 11 2.6000000049 2.6000000049 13.0000000246
0 2 12 3.2652054480 1.9060914168 19.8836995566
0 2 13 1.9060915098 3.2652055024 19.8836994729

00000 NEBOODOOOOODODOOOODODOOOOODOODODOOO1IODOO NEBOOO
00200000000 ID,3000000000000000 1D,4,5,600000000000000
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gboboboboobooaobooboobooobab

nfefndata 00000 nfdynmdata OO0 D OOO000 PHASEOOOODOOOOODODDOOOOOOOODO
gbbooboooboobobooobooOobOONEBOODOODOODOOOOOOOOOOODOOODOOO
ob0oobOoooobOoOobO00OOnfefndatad0 00000 nfnebenf 0000000000000 NEBO
00000o0bD000o0bD0bDOnfdynmdata OO OOOOPHASEOODODOOOODOODOOOOODOOO
gboooobooobooboboooobooooboboooooboooobooboooooboon

gobogboboobooboobuooboobobbo
oobooobO0ooobOooobOoo0oOobo0o0ooOo0oo0o0o000n0n samples/dynamics/neb/Si_H2 0O
goooood

gboooobooooboobooooboboooooboooboobobooooboboooobooboon
obooooboooobOooboooobobooooobooooobooboooobooboooooobon
obobooboobooobooboobobooobooog ose8sb O seO00oooboooooooon
gbooooobooooooobooooboboboooobooboooobooog

goooog

control OO OO0O0O0DOO0O0OO0ODOOOOOOODOOOOOD

Control{
condition = initial ! {initial|continuation|automatic}
cpumax = 1 day ! {sec|min|hour|day}
max_iteration = 10000000
multiple_replica_mode = ON
multiple_replica_max_iteration = 2000

multiple_replica_mode 0 ONOOODOOOOOOOONEBOOOOOOOOOOODOOONEBOODODOO
000000 0OQO multiple_replica_max_iteration 1 OO O OO 20000000000

multiple_replica0 000000 structure 0000000000000 D0OOCO0O00O0ODOOOO0ODOOO
goooog

multiple_replicaf{

structureq{

number_of_replicas = 6
replicas{
#tag replica_number howtogive_coordinates end® endl
1 proportional 0 -1 ! 0: endd, -l:endl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1
}
endpoint_images = directin ! {no or nothing | file | directin}
howtogive_coordinates = from_endpoint_images
atom_list_end®{
coordinate_system = cartesian ! {internal|cartesian}
atoms{

#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000

}
}
atom_list_end1l{
coordinate_system = cartesian ! {internal|cartesian}

{ooooooo)
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atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000

number_of replicas0 600000000000 0DOOCO0ODOOOODOOODODO 6000D00O0O0OANO  replicas
00000000000 DOoU0o0oDOo0ooU0oODO00oO0oO0oDOoU0oDODO0ooOooOooDoOoO
0000000000000 00D0000000O000000datom_list_end0 OO O atom_list_endl O 0O O
0000000000000 000D00o00o00o0Do0oDO00o00oo00n0 PHASEOOODOOO
oooooooooooog

multiple_replica{

accuracy{
dt = 40 au_time
neb_time_integral = quench
penalty_function = off
neb_convergence_condition = 3
neb_convergence_threshold = 5.0e-04

oood
gboooobooobooboboooobooon

0s5700000000000000000NEBOODOODOOODONEBOODOODOOOODOOODOO
oooobooobooobooboooobooobooooboooooooobDooooboo41obooooo
gbooboobooooboooooobooog

Os7io0o0booooobooobooooboooboooboobooooboooboobooooOobonoag
ob4000000000000D0OOOODOOOODOODOODO 18eVOODODOOODODODOO

1.0e+00 [

— “A\ R
VA

1.0e-02

\
N
1.0e-03 | SN A\

NEB force (hartree/bohr)

~

o 5 10 15 20 25 30 35 40
NEB iteration

0 570: NEBODOOO

Os7nboooobboobobobooboooboobooooboobooobooboooobooobooonoo
goboboobooobooboobooboboboo
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energy (aV)

image ID

gs71:00000000000000O0000DO0O0DO0O000ODODBDO

0572:.000000000000
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O0O00O0 2020010 000000000000

gboobogz2000100000000000o0ooooooooooc aihooooooooooooo
obooooobobooooobooooboobooooobobooon

g

Pt(111) 00 fechollow OO OO0 hephollow D0 D00 O0O0O0O0O0O NEBOOOOOOOODOOODOOO
00 samples/dynamics/neb/Pt111 000000000000 O0O0O0ODOOOOOOOOO (d1noO
hollow DO 0D OO0DOOODOOOODOOODODO (OO fecODO)OODOOODOO@MDO hep o)
oo0o0oD0ooO0o0000ooOoO000o0oDbOoO0000DLO0Ob0000oD0b0DO0 P11 OO fee hollow
OO0000 hephollow OO OOOOO00O0DOO0ONEBOOOOODOOOfecODDDO (fccOODDODOOO
oboboobOo)boobooooooboobooboobodbDOhep0OO (hepOODOODOODOODOOOOO
0UHoooDOoooooooboboooODOfec_hepd fecOODOODO hepOODOOOOOODODOO
NEBOOOOOOOOOOOOOOOOOOOOobOOooon

ooooboooooboos730000b0o0ONEBODOOODOOOODOOODO FIREDOOCG O Oquench
goooooobooooboobooogobobooooobooboooboboooobobobooobooDboo
000000000 NEBO 1x 102 hartree/borr 00000 O0O00OCINEBOODODODODODOOOOO
gbooooboobooooooooo

initial state final state

0s573:00000000000000000RO

goooodg

control O OOOO0O0O0O0OO0O0O0OODOOOCOCOOODOOOOODO

Control{
condition = initial ! {initial|continuation|automatic}
cpumax = 1 day ! {sec|min|hour|day}
max_iteration = 10000000
multiple_replica_mode = ON

multiple_replica_mode 0 ONOOODOOOOOUOOONEBOOOOOOOOOOOOOONEBOODODOO
O0000O0O0OQO multiple_replica_max_iteration 1 OO O OO 20000000000

multiple_replica D OO O0O0O0 accuracy OO OOOO0O NEBODOODODODOODOOOOOOODOODO
ooo

multiple_replica{

accuracy{

(ooooooo)
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neb_time_integral = fire
neb_convergence_condition = 3
neb_convergence_threshold = 1.0e-03
}
}

multiple_replica0 000000 structure 00000000000 O0ODOOOO0ODOOOOODOOOO
oooooo

multiple_replica{
structure{
number_of_replicas = 5
endpoint_images = file
end®_energy = -1308.2190366480
endl_energy = -1308.2355763153

number_of replicas 0 50 0000000000000 O0O0OOOCOOOOOOOODO SOO000OO0O0O0
endpoint_images =file 0 Onfdynm.data DO 0D 0000000000000 DO0ODOOO0OOOOOOOO
frame 000000000000 O0ODOO0OO0OOOODOOOOOOO0ODOOODODOOOOOOODOOO
end0_energy 0 endl_energy 0 000 0D0ODOO0OO0O0OO0OODOODOOOOODOODODOOOODOOODOO
OONEBiteration 10000000000D0C0COO00O0O00O0ODODOOOO0OOOOOODOODOOOO

multiple_replica DO OO OO0 constraint OO O ODOOOOCI-NEBOODOOOOOOODOOOOO

multiple_replicaf{
constraint{
ci_neb = on
}
}

cinebD on 0000000000000 O0O0ONEBOOODOOOOODOOOOODOOOOODOOOOO
o000 CI-NEBOOODOODOOOODODODOOOOODOOOODOODOOOO2000D0

OO000Ofile namesdata D00 0000000000000 nfdynmdata00000000000O00O0O

&nebfiles

F_IMAGE(®) = '../fcc/nfdynm.data’
F_IMAGE(-1) = '../hcp/nfdynm.data’
/

&nebfiles 0D UODOO0OOO0NEBOOOOOODOODODOODODODODO nfdynmdata0 0000
O0000oboo0o0o000o0oD FAIMAGEO)OOODOOF_IMAGE-H)OOODOOOOoOoDoOOOOOd
O00000ooDoooo0oO010000 fecODOODOOOOOOO0O0O nfdynmdata0 000000001
0000 hepO0O0OO0OO0OO0ODOODOOD nfidynmdata00000000000D00O0OCOOOODOOOO

good

NEBOOOOOOOOOOOOOOOOOOOOOO0 O s740000000CGOOFREOOOODOO
2000000 3200NEBOOODODOOOOOOODODOOO0OOO0DOOqQuenchDO 100000 NEBUO
goboboooboobooboobooboboboooboo
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107!

0.2

quen'ch
fire
cg ——

~ NEBHOJESE o e xaaw—

0.0¢
01 b

02 | \

03 S b

max. NEB force (hartree/bohr)
energy (eV)

04 -

104 s . . . ‘ 05 . s . . . ‘ . . .
0 20 40 60 80 100 120 00 02 04 06 08 10 12 14 16 18 20

NEB iteration reaction coordinate (A)

OS574NEBODODOOOODOOOODOOOODOOOOOOO

goboogoooaoo

- JOO00O0O0O

NEBOOOOOOOOOOOODOOOOOOOOOOO0obOOoOooobOoOooOooboboooon
ne=NE nk=NKOOOOOOOOOOOOOOONROODOOn=NROOODOOOMPIOODOOOO NE
x NK x NROOOOOOOOOOOOOOOOOOOOOoOOOOoOoOoboood

% mpirun -n N phase ne=NE nk=NK nr=NR

- J000ODOO0O0OO0O0OO
NEBOOOOOOOOOOOOODOOOOOOOOOOoOOobOOoo0oooO0obO0ooooobooon
«JO00OOobOon

000000 multi_replica_max_iterationd O O O nfnebstop.data J 0 0 OO O NEB O iteration 0 0 NEB O
Ub000b00bO0obO0o0obbO00obO0ob0obO0o0obbOOn0DUd max_iteration, cpumax, nfstop.data
0000000000 0o00oooob0o0ooooooooooobooooOoooobooooooooOoa
ooooaoao

O000O00O0O0O0O0ODODDOO PHASEDOOOOOOOOOOPHASEO O Onfstop.data0 0000000
00000OOnfstopdata 0 0000 0D0OODOODODOOOOOOO0 NEBOOOOOOOOOOOO nfstop.data
Ob0Oobooooo0OOOnfstopdata 00000000 0ODOODOOOOOOODOODOODODODODOO
OONEBOODOOOOOOOOOODDO nfstopdata00 0000000000000

 Jobagbooan

PHASEOOOUODOOOOOOODDOcondition 00O continuation D0 0000000000 00DOO
goooon

Control{
condition = continuation

goboboooboooboobooboobobboobo

0O NEB 0O O : neb_continue.data
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oo0oooOobD:000000 PHASEDOODOOOOODOO;

neb_continue.data, continue.data_r*, continue_bin.data_r*, zaj.data_r*, nfchgt.data_r*

good

5.4.2 Dimer O

gooon

Dimer 00 [Henkelman99] OO D2000000000 dimer0 00000000000 CO0ODOODO
oboooobooocoobooboooon

Dimer 00000000000 ROOODO ARODOOOODODODOOOOODOODOdmerDO0O0O00O0ONO
DimerDOOO0O0DO0OO0O0O0OOO NOOOOODOOODODOOOOOO R,RR,OODOOODODOODODOOOO
ooobooo

Ry = R+ ARN

Ry, =R—ARN

(5.68)

0000 ,L20000000000000000 ELFLE,, FR,O00000000dimer0000000O0
o00o0oboooboong Ey, Frdimer 00000000000 E=E1+Ey, FrOOOO %(FlJng)
0b0000Dimer 000000000 ODOO0DOOODOODOOOOODOO

(F,—F)-N E-2E

— 5.69
¢ 2AR AR? .69
(569000 E,000000000000000000
E AR
Ey=5 + = (FI = F)-N (5.70)

Dimer 0000MOO0O FL=F-F0000000000F00000000000 000
000000 1,200000000000000000000000000

T/QzRﬁ:(Ncosﬁ+@sin0)AR (5.71)

000000 600000000 dO000000000000000000000000000004d4
00000000000000 1,200000 FyL,F;00 F*=Ff—-F;00000000 F=F*-©
0O FODOOOO F#88-FOnnpooooo00000 A0O000000000000

1 2F
M:_i arctanﬁ (5.72)
000O000o0ooo A0 G7HO00000dimer0O000O000OOO

DimerD0000000000O00O0dimerD 000000000000 O0O0O0OO0OOCOODOOO0OO
gooo
—Fl C>0

Ft = (5.73)
F—-2rl Cc<0>

000 quenchedMDOOOOOOOOOOOODOOODOOODOOODOOODOOODOOODOOODOOOOO
000oO00oobD0o0o0OD100 dimeriterationJ 00 400 SCFOOODOOOOOO
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gooogobood

Dimer U0 O0000OD0OOO0OOOO0OOOOODOOOOODOOO

Control{
condition = initial ! {initial|continuation|automatic}
cpumax = 1 day ! {sec|min|hour|day}
max_iteration = 10000000
multiple_replica_mode = ON
multiple_replica_method = dimer
multiple_replica_max_iteration = 2000

NEB 00 O0O0O0ODOcontrol DO ODODODODODO multiple_replica_mode = on OO0 OOOOOOO
multiple_replica_method = dimer D OO DO OO dimer OO0 OQO0OO0ODOO0ODOOODQOmulti-
ple_replica_max_iteration J 0 OO NEBUO OO OO OODOO

Dimer 0000000 NEBOOOOODO multiple_replica0 00 0000000000000 OCO0ODO
obooboooooobooo

multiple_replica{
accuracy{
dt = 20 au_time
dimer_convergence_threshold = 5.0e-04
}
dimer{
delta_r = 0.01 angstrom
delta_theta = 0.001

}
structureq{
endpoint_images = directin ! {no or nothing | file | directin}
howtogive_coordinates = from_endpoint_images
atom_list_end®{
coordinate_system = cartesian ! {internal|cartesian}
atoms{
#tag element rx ry rz
Si 0. 0. 0.
Si 5.2 10 5.2 10 0.000000000
}
}

atom_list_end1{
coordinate_system = cartesian ! {internal|cartesian}

atoms{
#tag element rx ry rz
Si 0. 0. 0.
Si 5.2 10 5.2 10 0.000000000
}
}
}

multiple_replica 0 accuracy U0 000000 dimer D0 00000000 0O0O0OODOOOOODODOdtO
quench 00 00000D0OO0O0OODOODOOODOOdimer_convergence_threshold D000 OOOO0OOO0O
O0000000000dimer00000 delta_r, delta_theta 00000000 AR, dPODODOODODOO
O000OO0DO0OO0OAROOOOODOODO 001AdAOOODOODODD 0.001 radian 00000 dimer 0 NEB
OdodbOoooobooooooo2000b000000b00000b0DO00000ONEBOOODOOO
00000 R 0000000000 R,O0D000EH R gooo0000iR=f2 00000 NO
oooooo

340 o560 0000




PHASE/0 Manual, 0 O 0O O 2021.02

gooogoo

000 nfefndata 0 00 nfdynmdata OO0 000000000 DOnfefndata00000000000D0OO
oboooooooobooo

1 -43.925344990434660 0.0353683091
2 -43.926190890438960 0.0336994667

3 -43.927411726085005 0.0330083334

100000 dimeriteration 00 0 0200000000000000000030000000000O0O
nfdynmdata OO0 00000000 nfdynmdata 0000000000000 0OOOOOOOODOO dimer
iteration 0 000000000

ooOo1:Si00o0ooooo

NEBOOOOOOOOOO Sio00o0o0oo0ooooobo00dimer 0000000 0OD00O0DOODODO
samples/dynamics/dimer/h-Si 00 000000000000 O0C00O0 NEBOOODOOOOOOOO
gbboobobooo20000b000b00b00oobooooboob bimer00O00O0OOO0OOOOO
ooo

ooo O

AR 0.01

de 0.001 radian
ooooog | 5e4

DimerU0O0000OD0O0OO0O0OO0OO0O0OS/SO00000000DOO0O0O0O0O0OO0OOODODOO0
gboooobobooooobobooobooboooconoa

-43.924 . . . . ; , . . 2107
energy —o—
X max franslational force —o—
-43.926 | ]
43928 | 9 3
—_ “‘;:tv"k‘;‘t’f‘il {102 €
g 3930 . ~Q 3 S
~ ~
= =y [
© %
§_ -43932 | ) %
S 43934 4 g
Y 1107 &
43936 | I SSa._
-43938 | \6—8—9—9—6—9—9—9—e—<> '
.43940 1 1 1 1 1 1 10-4

0 2 < 6 8 10 12 14 16 18
dimer iteration

0 5.75:Dimer 00 00O
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0s3930000000000 CIINEBOOODODOOOODODOODOOOD zO0OOODOO zOO0ODOO
O0ODimer U0 CINEBOOUOOOOUODOOODOOODzODOODOOOOOOOOOODOOOO zOOO
gboooooboooobooboo

0 539:CI-NEBOODOOO

CI-NEB | dimer
energy (Ha) | -43.9380 | -43.9381
z (Bohr) 16.711 16.748

O002:PtO0000000000

NEBOOOOOOOOODO pe(11H)OOODODOOOOOOOO0DOOOdimerd000000O000O0OOO0O
00 samples/dynamics/dymer/Pt111 00 0000000000000 NEBOOODOOOOOOOOO
oboooooboooboOdimerdDO0O0O SiDOO0OODOOOODOOOODOO

-1308.204 I I I I I I 0.1
energy
max force

-1308.206

-1308.207

0.01
-1308.208

-1308.209

-1308.210

energy (hartree)

-1308.211

.......
B

0.001

max. force (hartree/bohr)

-1308.212

-1308.213

1308.214 T T Tereeeoesoommoemwoorrosmmocroreece

-1308.215 ' ' ' ' ' ' ' ' 0.0001
0O 10 20 30 40 50 60 70 80 90

dimer iteration

0 5.76: Dimer 0 O O O

0540000000000 C-NEBOOODOOOOOODOOODODOO x,y,zO0ODOODODO x,y,z00
ob0oobOob0ooobOoobOOob0o0oobOo0noCI-NEBOOODOO 001bohr DO OOOOODOOODOOO
ooo
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0 5.40: CILNEBOOODOO

CI-NEB dimer
energy (Ha) | -1308.214122 | -1308.214122
x (Bohr) 20.19726 20.21692
y (Bohr) 11.66089 11.67224
y (Bohr) 12.64020 12.63675

543 0000000000000 BIlueMoonO 0000000 OOODOO

googo

gbooooboboooboobooooboboooooboooooboobooooboobooooooboon
obooooobooooboobooooboboooooboooboobooboooobobobooobooboon
ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
UOOPHASEOOOODOOOOOOOOOOOODOOOOOOODOOOOOOOOn

gooooao

gobobooboooboobooboobo

gs4:000000000DO00O00DO0O0OOOO0ODO

010000000

02003000000
O

ooogno

oo

control

driver

00oDoooooon
oooooon
oooooooooon
U0O0O0O0O constrain ts
oooooag

structure

gooooooooo
ooooooo

constrainablexx

oooooooooo
ooood

xx OOOOoooood
oooooooo 1o
oooooon

gooooood

54. 0000O0O0OO

343



PHASE/0 Manual, 0 O 0 O 2021.02

O &641-0000000O0C0OO

o10000000

02003000000
g

gooaano

uo

type

ooooo ogr oo
00

bond_length,
bond_angle, di-
hedral_angle
bond_length_diff,
bond_angle_diff, dist
ance_from_pos, plane,
center_of mass, coordi-

nation_number

atomx

O00D00oDOoOooon
OooooOoxOoono
gooobod type =
bond_lengthOD OO 200
O0o0DoDooooon
atoml 0 atom2 0O 0O O
ood

mobile

goooda* gaonb
O" 00ddd0onO
ooogooo
of 0000O0O00D0DO
00000 off

monitor

gobooooaoo® 0O
g"goooobogon
oooooo
0000000 off

reaction_coordinate

oooooooo oo
goraboooboaon
gboooobooo

sw_reaction_coordinate

onJOOOOOODOO
ooogno

init_value oo0ooooooa
ooooooooo
final_value oooooooooao

oooobooog

increment

final_valu e,init_value O
ooooooo

plane

oooooooooo
ooooooooboo
ooogno

normx,normy,normz

oooooon xyzO
O

googoobooon

344

o560 0000




PHASE/0 Manual, 0 O 0O O 2021.02

O 541-0000000000
010000000 02003000000 |O0O0O0Oon 00
O
distance_from_pos oooopooooon
00
PpOSX,posy,posz goooooDDoD xyz
o0
coordination_number oooooooooao
oo
kappa_inv ooogoobobo OO
ooooooooan
kappa O0O0O0O0On s l/bohr
oooono
rcut ooodoog r.oo
O00oooooooad
center_of _mass oooooooooa
ooooooooad
directionx 0oo0oooooo xO
O
directiony oooooooo yd
O
directionz 0o0doooog zOoOo
structure_evolution Oooooooooo
oooooooo
method ooooooooon
ooooooo
O0o0oooooon
oooono

quench,damp, veloc-

ity_verlet tempera-
ture_control
ooooooo

0000o0ooobo0oobo0oob0o0obO0o0ob0ob0O00000n conditionOOOOOOO driveeDOOOO
oood

condition{

driver=constraints

O00000D0DD structure JO0O0O00ODO constrainablexx 0000000000000 O0 xxO0O0O0O0OO

structureq{

constrainablel{
type=bond_length
atoml=1
atom2=2
mobile = off

(oooooon)
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monitor = off
reaction_coordinate{
sw_reaction_coordinate=on
init_value = 2.4 angstrom
increment = 0.1 angstrom
final _value = 8.0 angstrom
}
plane{
normx=1
normy=0
normz=0
}
coordination_number{

kappa = 5.0

rc 2.0 angstrom

000000000000 000O0000O000 constrainablel, constrainable2, constrainable4 L O 0 3 0
0 constrainablexx 0 O OO0 O0O000OOOOconstrainable4 D0 00000000 0O0OOODOOOODOOO
0000000000000 DO00bO0o0bO0oD0000oo00oo0ooOo0oDbOOo0oDobOOooDoOooooooa
0000000000000 O00OOOconstrainablexx0 000000000 O0OODO/0000000O00O00
opoooooon

type O O

oooon* oo"ooooooo
ooooobooooooboono

bond_length

200000
gobooboaobood

bond_angle

30gooooo0ooooooo
g

dihedral_angle

4A0002000000000

bond_length_diff

20000000000000
go

bond_angle_diff

3jgoooooooooooo
go

distance_from_pos

goboooboooboooood
oon

plane

gobooooboooobooobooo

center_of _mass

gobooobooooooog
oo

coordination_number

oobooboooobooog
oooooooooon

gbooooood
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0 s42-000000DOOCOO

atomx [ [J

oopoooDoooooooo
0doo0odxooooooog
ooo20000000000
200000000000000d
atoml O atom2 OO0 OO OO0
gooooboodbdtyped co-
ordination_number D OO0 0O 0O O
oooooDoooooooo
goooooo

mobile 0 O

gbooogoaog* goaogr”
goooooboobobobgn
off 00D 0DDOD0OO0O0O0OOonOODO
oobooboooobooog
oboooff00O0O

monitor [J [J

gboogogoo* gorgoo
gbobogboooooboooo
goboooboooboooood
OO0O00oO0OO0Doff OO

reaction_coordinate O O O O

ooooooooooogog @
oboooooooboo)y ooo
ooooobboooooooog
gooooooobbooood
oo

sw_reaction_coordinate

on0 000000000000
oo

init_value

ooboooooobooog
oobooboooooooog
goboboooobooood
gobooboooobooood
ooboboooobooooog
oopbooooooboooog
goboooboooboooood
oooooooooooooog
oo @oboooo)ybooo
oooooboooogooog
goboooboooooood
oboooooooooobooon

final_value

ooboooboooooooog
oboooooog

increment

final_val ue O init_value 0 00 O O
ooooooooo

ooboboboooogoooo,
goboooboooooood
goooooo.

googoobooon
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type O plane O O O

oooonooooooooooo
oo.00p0ooooooooo
oooooOooooooooo
dooooooooooooo
ooooooooooooooo
ooooooooooooooo
000o00DOOoooOooooon
init_value, final value, i ncrement
gopoooooooooooo
oooooooooooooo
init value OO OOOODOO 00O
oooooooooooooaoo
oooooooo

type O center_of_mass 0 [1 [

ooooopooooooooo
0000000 0 init_value, fi-
nal_value, increment 0 OO0 0 0O O
ooooooooooooooo
0000 init.valueOOOOOO
obo0ooOoooooooono
oooooooooooag

plane 00 OO

normx

gboooooo 000

normy

gboooogbyoono

normz

gbooooao 000

distance_from_pos 0 0 O O

type 0 O O distance_from_pos [
ooooooooooogog
ooooooooooooog
oooooooooooog

posx

gboobouobodbez00000
goooboooobooo

posy

gbobooodbyboboo
gbooooooooo

posz

gobooooobbz00000
gbooooooooo

coordination_number O O 0 O

uboooooooooobo
ke 00000000O00O0DOOO
ooooooooboooog
goooon

kappa_inv

sO000b000oobooboon
go

kappa

xO0D0D0D0bohrDDODODDODODO
O0kappa_invO0 OO OOOOO
oo

gbooooood
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rcut re00000000000ODOO
ooo

center_of_mass J 0 OO type 0 O O center_of _ma ss [J [
ooboooooooobboooo
O0moooboooooooo
ooooooo

directionx ooobobogoo «00oboboo
oooo

directiony oo0o00ooobO yOOODOO
oooo

directionz o00o0ooo0oo0 200000
oooo

googooood

type = coordination_number 0 0 0000000 OO0OO0O0O0ODODO jO000000000000DOOC0ODOO
ooooooo

o= S(ri—r),
i)
1

S(r)y=— .
(r) exp [k (r —r¢)]
k,r. 00000000000 firstcoordinationshell OO OO0 000000 O0OOOOOOO

0000000000000 0000000000000O00000O000000O0O0 PHASEO OO OO
O Ostructure_evolution 1 O 00 O00O0O0000O0O

structure_evolution{
method=quench
dt=40

00 0O Omethod OO OO quench, damp, velocity_verlet, temperature_control D D 000000000000
00000000000 Ogdiis,cg000000D0O0O0O00O0ODODOO0OODOOOOODOOOO0OODOdamp
0 damped moleculardynamics 0 0000000000000 OO0OOOO0ODOOODOOODOOODOOOOOO
000 quenchedMDOOODOOOOOO0O0 @DOOOOOOODODODOODODOOOOOOODDODOOO
ooo

gbooooobooobooboobooooboboooog
- J000DOO0O0O0O0DOO0DbOOODbOOn

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gboooobooboooooooobo

structureq{

constrainablel{
mobile = off
monitor = on
type = dihedral_angle
atoml = 2

(oooooon)
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atom2 4
atom3 3
atom4 1
reaction_coordinate{

sw_reaction_coordinate = on

init_value = -179 degree
final_value = -1 degree
increment = 5 degree

}
}
constrainable2{
type=bond_length
monitor=on
atoml=3
atom2=4
reaction_coordinate{
sw_reaction_coordinate=on

init_value = 1.2 angstrom
final_value = 1.6 angstrom
increment = 0.05 angstrom

O00Oconstrainablel 00000000 2000-179° 0OO-1° OO0 5 000000000000 0O0OO
O000000O0Oconstrainable2 0D O ODODDODOODDODOODOD 12A00 1.6A00 005A000000
000000000000 DDDDD0000000000000000DODD 1.2A00000000 2
0O0D-179° OO-1° 00000O0D0OO0OO0OO0DOOO0ODOO0-1° 000000000000 00000 1.25
AOOOOOooOoOODO-1° 00-179° 00 200000000000000000000000000O0
000000000000 00D00000D00000D000000000000000000000000

gboooobooboboooboobobooboobobooooboboooooobOobo0bool o
00000000000000D0 n, 0000 [[,n000000000000000D0000O0DO0
obooobooobooboooboobooboboobobooboobooobooooooobooboooooboooboooon

- J000DOO0O0OO0ODOODOOOODOOOODOO

U00000000000000 reaction_coordinate 1 000000000000 O0O0OOOOOOOO
gboboagbuoobobboobuooooboboobooboboobuobbobobdud «gbobboa
ooooO00O0o00n, 0000 [[,no0000000000000O0DOOO00O0ODODOOOOODOOO
gbooouoboooobobooooboboomoooobobmbooooboboooooboon
oboooooooo

0000000000000 constrainablexx 0000000 OO0O0ODOO0OODOOODOOstructure 00 0O
gbooboobooooboooo

structure{

reac_coord_generation = via_file

ob000bO0o0bO00b000D0 Treac_coordsdata0 00 0000000000000 OOOOOOOOOO
ooooog

-1.9373154697
-1.7627825445
-1.5882496193
-1.4137166941
-1.2391837689
-1.0646508437
-0.8901179185

.2676711906
.2676711906
.2676711906
.2676711906
.2676711906
.2676711906
.2676711906

NOoO U WN e
NNNNNNN

(oooooon)
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8 -0.7155849933 2.2676711906

9 -0.7155849933 2.3621574902
10 -0.8901179185 .3621574902
11 -1.0646508437 3621574902
12 -1.2391837689 .3621574902
13 -1.4137166941 3621574902
14 -1.5882496193 .3621574902
15 -1.7627825445 .3621574902
16 -1.9373154697 .3621574902
17 -1.9373154697 .4566437898
18 -1.7627825445 .4566437898
19 -1.5882496193 .4566437898
20 -1.4137166941 .4566437898
21 -1.2391837689 .4566437898
22 -1.0646508437 .4566437898
23 -0.8901179185 .4566437898
24 -0.7155849933 .4566437898

NNNNNNDNNNNNNDNNN

oobl1ooooboooooooooboo 1oooooobooooooooobbooooboooo
oooboOo20000000000000D0000000CO0DOOOOODOOODODOOO 200000
o00oooooooooooo0o0o0l1oo0goooooooD 10000000000 -1.9373154697”
ooooo20000000000¢ 226711906 DOOO0OO0OODOOO0OO0O0ODOO0DOOOOODUOPHASE
oooooobooooboboooobooooDoobboobDOoboOd bohrDO,0000 radianO 0O
goo

googooo

obooooobooobooomobooooboooobooobooooooooboooooooooooooan
0o0oo00oobo00o0oO00oUOPHASEDOOOODODOOOOOODOOO

% mpirun -np NP phase ne=NE nk=NK nr=NR

OOO0OONPO MPIDOUODOOONEOOOOODOOONKO kOOOOONROODOOODOOOODOO
NP = NE x NK x NROOOOOOOOOOOOOOOOOOOOOOOOOOOOoOoOOoo
gbboobooobooboooboooooooobooooooboobooO bbb oobooobooooan
oboooooboooboboooboerb 10D0000000DOO0ODOOOOODODOOODOOOODOOO
ooOoOoOoObDONRO 1OO0OOOOODOOOODODOODODOOO

gooogobood

gbbooboomoobooboooobooobooboobooboobOobono PHASEDOODOOO
obooobOo00Oflenamesdata0 0000000 FENFOOOOOOOOOOOOOOOOOOOOO
oooooobooboobooboooooboboooOoFEDbDYNMOODODODOOOoOOOoDbODOoODOooOO
gbboooboooboooboobooboooboooboooooboomooobooboobobooboaon
gboooobooooooboooobobooooooboon

obmoogooboooooboooboobobooboobobooobooboobooooboooobobob (@
OOOFENFOOODOODOODOOOODODODOODOODOOOODOO nfefndata, FDYNMOOOOOOOO
O00000000000000 nfdynm.data 000 0)0O
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nfefn.data.reacxx

xxOoooooooooooooooooboooooooooooobooobo
oooooobooooooon

nfefn.data.converged
(ooooooog
)

gboobOobo0ooboooooooboooobooooboooooboon
gboogbuogbooboobooboboobooboobooboobooo
gbobooobomoooboooooboboobooboboooobo
goo

nfdynm.data.reacxx

xgdooooooooboobooboobooooooooooooboooobo
oono

nf-
dynm.data.converged
(oooooooo
)

oboobOobooooobobooooobooooboobooooboon

nfblue-
moon.data.reacxx
@ooooooao
oooooogooo
)

xgdooooooooobooboobooobooboooooooooboooobo
gbooooOobooooooboooon

gbobobobooboobuoobuooboobobbobooobooboobooboboaboo

BlueMoon D OO OO ODOOOOOOOO

goooon

obobooooooooobO0b0oboboo0oboooooboonDg (bluemoonensemble)y OO OOOOO
obooooopbooboobooboooobobobooboobooboobD0oboooOoDoOon [Sprikes1 O

oooob0 00 ObbOoooooooooooooooooooooooooobDoooooo

&1
dgaﬂ

W (&) —W (&)= ., o€

DDDDDDDDDDDDDDDDDD<0—W> Omeanforce 0000000000000 ODOODOO
3

¢

goboboaoboaoboaooboooboooba

aVV—<8I{>cond
o ~\og /.

ooo («~~>C°ndDDDDDDDDDDDDI:IDDDDDDDDDDDDDDDDDDDDDDDDDDD
goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
oboooooboaoooobooooooboooobobobooo

ow  (1E772)
% (277

N~ L 0¢ o¢
- p ml8r1831

gobgoboobooboobooboobobobooboobooboobooobooboo
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PHASEO OODOOOOOOODOOODOOODOOODODOOODOOODOOOOOOOOOODOODO,
PHASEOODOOOOODOODOO bluemoon D OO DOODOOOOODOO

O0000O0O00O0bluemoon OO0 OO00DOOO00OD10000000DO0O0O0O0DOOO
bluemoon DO D OO OOOODOO

bluemoon OO0 DO ODODOOOOOOOPHASEODOODOOODOOODOODODO scecbmOO0000O0O0O
obOoboOobob0OObluemoonOOOOOO FortranO0 OO OOOOO COOOOOOOOOOOOOO
FortranQO D 0O 00000000 FOODOCOOOOOOODOOOOCCOUODODOOmakeODOODOO
oboboobobooboobooooooobooooooDoooobDgO bashOOFortran DO OOOOOO
ooobofooocCcOooDoooooDooondbeednooooOon

cd phase0_2020.01
cd  src_bm

export  F90=£90
export CC=cc
make

make install

R R R R R R

U000 FO0OCCODOOOnoOoODgfortrand geeOOOOOO0ODODOODOOOOO0OODODOOOO
O0000Obluemoon OO0 O0D00O0O00D00O0OO00DODOOOODOO % make instalO000O
phase0_2020.01/bin 0000000000 bluemoon OO OO OOOOOONO

bluemoon DO DO OOOODOOOOODO

bluemoon 00D DODOOOCOOOUOUOPHASEOOUOUOUOOOO Onfinp.data OO0 0O OO thermody-
namic_integration 1 0 0 0000000000000 O0D00O0O0O0O00DOO0OOODOO0O0O0OO

thermodynamic_integration{
nsteps=2000
nequib=1000
istart_reac_coords=1
nreac_coords=14
nsample=10
smooth=o0ff
basedir=.

thermodynamic_integration U 0 0 00000000 OOOOOOOOO0OO

0s543: 0000000000000 0000000000

nsteps oooooooooooooobooboobooboboobobobon
Ooooooooooooooboooooon 2000
Ooo0oOoOooooooooboOoobooooDo
od

nequib nsteps O OO0 O0OO0O0OOOODOOOOOOOO
OO00OnstepsUO00D0O0O0O0O0OOOOOODOO
oooooboooooooogooo

istart_reac_coords gooooooooooo Ibooboooooo
ooooogo1ooad

nreac_coords Oo00ooo0oooooooooonooonoo

nsample ooooboooogoogoo

obooobOooooboobooooobooooon
gooooood
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smooth onUdOuoouooooboobooooaogaon
gbooobgoooooo

basedir gboboooboooboooboobboob
oboobooooboooobooooon

bluemoon DO O OOOOOONO

00000O00000O000b0o0o00000 bluemoon0OODOOOO

% bluemoon inputfile

0000000 inputfile 00 0000000000000 000000O0O0Onfinpdatad 0000000
goooog

ooooooao
0000000000 0000O0O00000000
 potential_of_mean_force.data

gobgoboobooboobooboobobbooboobooboobon

#value, potetial of mean force in  Hartree, ev, kcal/mol, kJ/mol
2.4566437898 -0.0215821952  0.0003443042 -0.5872816633

0.0093689992 -13.5430301648 0.2160541460 -56.6640534911 0.9039707906
2.2676711910 -0.0224669448  0.0003796767 -0.6113569350

0.0103315334 -14.0982188431  0.2382507016 -58.9869635475  0.9968412043
2.0786985910 -0.0226882285  0.0004435350 -0.6173783747

0.0120692073 -14.2370764737  0.2783223931 -59.5679440305 1.1645012069

oo01gooooooooooboo0ooooboobol1oooooooooo2000300000000000
A00050000000000060007000 kca/molOOO8DODODO 9000 KImolOOODDODO
obooooobooooboboooobooo

¢ ean_force_raw.data

000000000000 0O0 meanforee000000000DOOO0OO0ODOOOODOOOODOOOO

2.4566437898 0.0066082098 0.0188118786
2.2676711910 0.0034758686 0.0099291734
2.0786985910 -0.0009537509 0.0028573953
1.8897259920 -0.0074922663 0.0213420952
1.7007533930 -0.0098143395 0.0279585555
1.5117807940 -0.0157974842 0.0449758051
1.3228081950 -0.0161451965 0.0459534340

potential_of mean_forcedata OO0 D OO OO0OO0OOO 10000000000 O0OO0ODOOO1O00OO
0000002000 meanforced 0 (DO DOhartree/0 000000000 OHO300000O00O00O0O0O0O
oooo

* mean_force_smoothed.data

ooooooboooo0oooobooobooboboooboooUboUd meanforce 00 OO0OOODOOO
00D0000000000DDO0O00D000 meanforce 0000000000000 ODODOOOO

354 o560 0000
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OO mean_force rawdata D00 0000000000000 ODOOOCOODOO

O000OH0, 000 H,S, 0000000000

000ooooooooooooooDiOHO0, 000 H,S, 0000000000000 00000H;0,,
H,S; 0 0 5770000000000000000000HOCHHSSH)) 00O 20000000000
ob0oHOOODOOOOoOoOHOOO oS)Obooooobooooooobooboooowoooooo
oboooobooooobooobob20b0bobooobooooooobo 2000000 oobooboboo
gboooobobooooobobooobobooooonoa

H

S0 quz i HZSE

s ©

- ¥
J’-r' J—t‘
0 577: H,0, 000 H,S, 0 00O0doad

O00000dooboOoODDO00 samples/dynamics/constraints 0000000000 H202 O 0O 0O H2S2
0000000000000 000structure 000000000000 OOOOOO0O

structure{
constrainablel{

type = dihedral_angle

atoml 2

atom2 4

atom3 3

atom4 1

reaction_coordinate{
sw_reaction_coordinate = on
init_value = 9 degree
final_value = 179 degree
increment = 10 degree

constrainablel 0 0 0000000000 ODODODOOODOODOOODOODOOODOOOOODOODOOOOO
000o00oO0oO0ooobO0ooooooDooooobOoooooDoooDoDoooooooDooo2000
000000000 Otyped 00000 dihedral_angle 00000000000 O020000000000
000400000000 aaoml 00 atom4 OO0 000000 OOOOODOOQO DO Oreaction_coordinate [
0000000000 00000000000000000000 sw_reaction_coordinate (I on, init_value
O final_value O O OO0 9degree [0 179 degree, increment J 10degree D00 OO0 O0O0OO0D0OOOOOOO
oo0ogo9e 0o 179° O00O0O10° OO0 20000000000000000000

Os5780020000000000000000000000000000 5780000000 [Pelz93]
gboboboboaoboooboobuoobobobobboboobooboobuooboboooboaoboa
oooo0O0dn Ikeca/molODOOODO M
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H,O0, U0 H,S, 0000000 20000001 000000020000000H,0,04000000
00 109.5° ODO0OOO0OO0OOD0O0O0000O0OHS,09° ODOODOOD 2000002000 transO0O
oood (057800 180° DOO0OOOO0OOOO0OOODOOO0OOOH0,0000000H,S,0 trans 0O
obooooboooobobooetboobOobOOObOObOOOOODbDOOOODOODbOOOOODOn
goboooooboooooooboboooboobooon

8 T T T T
~ PHASE (H202) ()
PHASE (H282)
7O experiment (H202) ———
\ experiment (H252)
8 | C) \\
- A
3 5 \
£ )
] 9 \
e 3t
5 Q\
2+ \
O\
1F oS
()(@'\/
0 20 40 60 80 100 120 140 160 180
dihedral angle (degree;

0 578: H,0, 000 H,S, 000 2000000000000

goboogoooaoo

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
obooo0oOooONEBOOODOOOOODOODOOOOODOODOOOOODOO

% mpirun -n NP phase ne=NE nk=NK nr=NR

oooo
5.4.4 Meta-dynamics [J

googo

Meta-dynamics O [Laio02], [lannuzzi03] OO ODOOOOOO0OCOO0O0OOOOO0OOO0OO0ODOOOOODO
00000000000Meta-dynamics 000 0000S, (r)000 0000 00000000000
oooooooooooooobooooobooooooboooooboooOoooboOoooooobooOooooog
ooooooooooobooobooooogooooooobobooooooooo* oo oobobbooog
o000 oobOobooooor 0000 Meta-dynamics 0 O 0O 0O 0O 0O Meta-dynamics 1 OO0 00000
ooodooooooooooooooCoOOoOCOOOOO00OooUooobooooooooOoboobobooogg
0000000000000 D0O00O0O0OPHASEDDOOOOD Meta-dynamics DO O00DOOO0O00O00OOO

Meta-dynamics 0 00 0000000000000 00OO0OOOOOO V(t,s)OOOOOOOOOOOO
ooMbOOooooooooooooooooooobooooboooooboooooobooboboooboo
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
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V(ts)DOODODODODODDODOOOUOOOO0O00ooooooooooooooooooooooooooo
0oooooO0VvV(t,s)DDO-10000D00000000O0000D0000000000O0O0ULO0O0O0

Meta-dynamics 0 0 0 0000000000000 0O00O00ODO OS57900000000000000000
oboooo1ooboboobooobooboobobooboo20000ob00obO0obOoOooOo3goooobon
obooooobooboooooboobooboooobooogoo 4,5, 60boooobobobooboOon
gbooooboooboobobooboobooooboboooboobooooboboo7boooboOobDOon
gbooosooboboooboobooooobooooboobooooobooooboobooooooboon
oboooooboooboboooobooooboob-1oboooooboooboooobobobooboboboooboon
googoooooo

Viis))

0 5.79: Meta-dynamics D0 0000 QOOOOOO

Meta-dynamics 00000 00000000000O0O0DOOCOOO0O0O0O0O0O0O00O0OOODDOOOO0
obooooboooobooboooobobooooobooooobooboooobooboooooobon
oooooo® boobooobor obooboobbooboo0oobo0obobooobo0ob0Odbluemoon OO
oooobooobooobooob0oobooooobo0oboobo0oobDooOobOUnUmetadynamics 0O
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
oboooobooooboobooooboboooooboooooboobooooboobooooooboon
oboboooboooboobooboo0oooooboobbobobbo0obobo0bobOO0DOdMeta-dynamices O
gbobooobooobooboooboobobooboobooooooobooooboobooooooooboooooon
boooobooooboobooooboooobobO0obOoOoOoobOoboOoOobOOobooobooboOon
0000000 0Meta-dynamics O O O(tQ)EII:II]DDDDDDDDDDDDDDDDDDDDDDDD
gboooboooooooboooooobom

Meta-dynamics 0 0 0 0000000000000 0O0OO00OO00ODOO0O0O0ODOO

1 . 1
Hmeta = HMD + Z 5/10453 + Z §ka (Sa (I‘) - Sa)2 +V (t7 S) )

2
V(tvs):Zwexp —ZM

2As2
t; <t [e% «
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UbiddebO0b0O00oobobobooboobuooibdu 0 s 0dbuooboobogboobaogabg
S.,(r)0000000000000O0OD0O0ODO0OUO0DDOMIEk, DOO0O0OUDOODOOOOUOOO
00oo0ooooo0@mVvt,,s)DOOOD0DODO0OO0D0DOO0O0D0DOOOO0D0DOOOOUOOOOOOOO
oboooobooooboobooooboboooooboooooboobooooboOoboooooobon
gobobooobooobooboobooboboan

- U000D0O0O0OODOODOOODOODOOOOODOObOOODOODO
- 0000000000 DOOOOODOObOOOOODbOOOOOOODbOObOOObOObOOOOODO

ooooooobooooooboooobobooooobooboobooboooobobobooooDboo
gboboooooooboomoobooboobooboobooobooooooboobboooboooooaon
obooooboooobooboooobobooooobooooobooboooobooboooooobon
gboooooboooooboobobooooboboooooobooooooboooobooboooon

Meta-dynamics 00000 0000000000000 00O0O0O0OODOOO0O0O0O0O0O000OOODOOO0
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control{
driver = meta_dynamics

}

U0O000000OPHASEODOODOOOOODOOOOODOOODOOOOMeta-dynamicsO0O0OOOO0OOOO
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e Meta-dynamics D OO0 OO0 QOO0
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meta_dynamics 1000 0000000000000 O0OO00O0O0O0OOO0ODOOODOOOOOOOODOOO0O

meta_dynamics{

meta_dynamics_type = bias_only

max_bias_update = -1

extensive_output=on

output_per_rank=on

output_cvar_every_step=off

continuation_strategy{
randomize_velocity=on
scale_velocity=off
velocity_scaling_factor=0.7
configuration_from_input=off

meta_dynamics 1 00 000000000/O0000000000C0O0O000O000OAO

gs45s: 0000000000000 0DO00OO0OO00O0DOO
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bias_generation D O OO0 OO0
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bias_and_fictitious D 0 O 00 O
oooooooooooooo
00000 DObias_only OO O
ooooooooooooooo
ooooooooooooooo
OO00O0O0DO0ODOObias_gene
ration 0 0 O O O Meta dynamics
dooooooooooooo
doodooooooooooo
oooooOooooooooo
ooooooooooooo
ooooooono
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control_velocity=on
mass_thermo = 50
target KE = 0.1

}

collective_variablel{
type=bond_length
atoml=>5
atom2=4
delta_s=0.05 angstrom
smin=1 angstrom
smax=5 angstrom
ds = 0.1 angstrom

0 0 Ometa_dynamics 0 0 00O OO collective_variable 0 0 0 0 00O O O O O O collective_variable 0 O O
doodOoOoOoOoOo0O000o00oo0obObO0o0o0oooooo0oo0ooooobOoOoooOoooooooag
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output_frequency=100
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structure{
atom_list{
atoms®{
#units angstrom
#default weight = 1, element = Si, mobile = 1
#tag element rx ry rz mobile weight

C 5.0157363043 5.6563796505 5.8043454319 1 1
C  4.7499007526 4.2727134018 5.7364572058 1 1

}
atoms1{
#units angstrom
#default weight = 1, element = Si, mobile = 1
#tag element rx ry rz mobile weight
C 4.5897384578 5.5998560107 5.7723226564 1
C 5.1658344359 4.3217914066 5.6857269157 1

o

googood

Meta-dynamics D0 0000000000 PHASEODOOOOOOOODOOOOOODODOOOODOOO

mpirun -n NP phase ne=NE nk=NK nr=NR
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1000000000 NE=NPOODOO

00 Metadynamics 0 0O OO ODO0O0O0O0OOOOOOOOO0O0O0O0ODOOOOCOOODOOOOOOOOOO
ooooooooooooooooooopoo0oooooooooooooooooooooooOooOg
000000000000 0D00O0 meta_dynamics OO 0O OO meta_dynamics_type O O [0 bias_generation
0000000000000 D0O0OOmeta_dynamics OO0 OODO0O bias_potential 1D OO0 OOO0OOOO
0 O Obias_output_frequency 0 0 OO0 0000000 1000000000 0O0ODODO Obias_output_frequency
0l 00000000000 wo00oooogoooo2000030000..10000000000000
O0000D0O000000O0O0O00000D00O00000000000000 bias_potential.dataxx” [
00000000 xOOOO0OO0ODOO0OO000DO0O00000D000OMeta-dynamicsd 0000000
000000000 PHASEOODOOOODOOOOOOUOOOOOOODOODODOOODODOOODDOO
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e curr_bias_potential.data 0 00 0 [J

“gbo0” bobooooboooobooboooobOoobooobOOobOoOooobOoboobooonoa

1.2000000000 -3.1400000000 0.0000000000
1.3000000000 -3.1400000000 0.0000000000
1.4000000000 -3.1400000000 0.0000000000
1.5000000000 -3.1400000000 0.0000000000
1.6000000000 -3.1400000000 0.0000000000
1.7000000000 -3.1400000000 0.0000000000
1.2000000000 -3.0400000000 0.0000000000
1.3000000000 -3.0400000000 0.0000000000
1.4000000000 -3.0400000000 0.0000000000
1.5000000000 -3.0400000000 0.0000000000
1.6000000000 -3.0400000000 0.0000000000
1.7000000000 -3.0400000000 0.0000000000

oo oobooo” boboooobobooooobooooobooboooobobooo* oboo
gbO” oogbdoboooooboboooboobooocoonoa

* bias_potential.dataxx 0 0 0 O

0000000000 0000O0000000O0O000000O00O00000O0O0bO0000O0O0O0ob0Ooa0a
0000000000000 000000000000000xx 0000000000000 00O0aO0a
00000000 0ODOO0OO curr_bias_potential.data 0 0 O 0O 0O O

e nfdynm.data_at_bias 0 O O[O

obboooboooooobooboooooboooboOoobOoooboOob0o0oOoPHASEODOOOODOOOO
oo0oo0ooooFDbYNMOOODOOOOODOO

e nfefn.data_at biasO 0O OO
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00000 O0bDO0O00O0O00OFENFODOOOOODODOO

e collective_variables.data 0 O O O

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
oood

2 1.6399047278 0.0906233310
3 1.6933783940 0.2327954221
4 1.6487636847 0.0655806009
5 1.7510381463 -0.1403803460
6 1.7880912692 -0.2122517967
7 1.7558411086 -0.2557274737
8 1.7939362867 -0.0296094373
9 1.7595919709 0.1959354384
10 1.7773637731 0.3761827029
11 1.7657919080 0.3998392061
12 1.7604309483 -0.0107912799

13 1.6218441177 -0.3366407543
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Meta dynamics 0000000000000 Ocontrol OO0 OOOO driver 0 00O meta_dynamics O O
oooooooooooooo

condition{
driver = meta_dynamics

gbooooboboooboboooobobooooobooooboobooonog
1.0581000100020000000000ds,deltas00000 0.1A00.05A

2.05810000 14-320000000000000 ds,delta_sOO0O0O0 10° O 5°
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O0000Ometa dynamics OO0 0000000000 OD0OO0O00OOO

meta_dynamics{

collective_variablel{
type=bond_length
atoml=5
atom2=4
delta_s=0.05 angstrom
Ifor bpot output

smin=1 angstrom
smax=5 angstrom
ds = 0.1 angstrom

}

collective_variable2{
type=dihedral_angle
atoml=5
atom2=3
atom3=2
atom4=4
delta_s = 5 degree

Ifor bpot output

smin = -180 degree
smax = +180 degree
ds = 10 degree

O0000000oOoooboOodo.02ev@4e6kecal/mo) D00 ODODOOOODOOOOOOOOOOOOO20
MDUOOOOOODUOODOUOUODOUOODUODOmeta_dynamics D00 OO OO bias_potential D O OO OO
O0height OO OOO0ODOOOOODOOOOOOODOO

meta_dynamics{

bias_potential{
update_frequency = 20
height=0.02 eV
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1g400000000000000O0000000O0O0O0O0OOOO0O00OO0
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dihedral angle (radian)
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osggb000ooogooboooboooooooooooo40b00ooooooooobooobbooobooo
O00000000 1.5A00000000 Oradian0 00000000 33A000000 0radiand O
00000 37A000000 f3radian 000 2000000000000000000000Ocis1-3
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i (e, 1) = H (1) 0K (x,1)

000000 kOO0O00OO0ODOn00000000000000 ¢kO00¢ker 0000000000 HO
gbooooboboobooboboooobooooboOooboooooboboooobooboooooboon

i t+At
X (r,t + At) = exp (—/ dt'H (t/)) oX (r,t)
h )i

gbobobobobobbobobooboooooooooobobobobobobobobbobobo
gbooooboooboobobooooboboboobA rObO0b0Ob00obOO0obOoooobobooooaon

OX (r,t + At) = exp (—;AtH (t)) oX (r,t)

gboooobooooobOoobooooboooooboobooooono
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. N
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k — RN
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N=0
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gbooooobooboobobobobrrTO00dbOobobooooboboboobobobooobo
gbooooboboooodbdte Jk,t=0)000000C0000O0O00CODOOOOOOO

n

¢(r,t=0")=e "¢k (r,t=0")
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OO000D«0* 0000000000000 C0O0000DOOO000DOOO00OoDObOOOOODde
ooooooob Jooooobooooooobooooboobooooboooobobobooooboo
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
obooooooboooooobono

gbooooao

obooooobooobooooooboooooxbooooob o0 obooooboboboobobooobooo
ooomooooolobOobOboO/MoobDObODbD Lo DooooooooooDbDOooOoOoo 1000
o000 oRT-TDDFTOOOO0OOOO0OO0O0OODOO0O0OCODFTOOOOOO0O0O0OOO00O0O0OO00
obOo00O0RT-TDDFTOOOOO0OOO0O0OO

postprocessing{
rttddft{

sw_rttddft = on
time_step_delta = 0.1
time_step_max = 1000
ext_pulse_epsilon = 0.01
ext_pulse_kx = 1.0
ext_pulse_ky = 0.0
ext_pulse_kz = 0.0

ooooo oooood oo

sw_rttddft OFF ONOOO RTTDDFTO OODOO
oood
OFFO 00 RTTDDFT O O OO
ooooo

time_step_delta 0100000000 oooooo

Ooo0oo00Oo0Ooooaoao
O 0O Otime_step_d elta x
time_step_max U 0O 0O O
ooooooostdoloooono
opoooooooo
0l1goodoogood 0.024
fsOJ

000 time_step_deltal 00O O
gooooooooooooo
oooooooooooooo
oooooOooooooooo
oooono

time_step_max 10000 0O O0o0ooooooooooon
oood
ooooooooooooooad
000D0O0O00000nfstopdd
ooooom

O000000000000000000 E(f)=Fed(t)0000000O0O0ODO

376 o560 0000
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ooooo oooooo (oo
ext_pulse_epsilon | 0.0d0 000000 Ey
ext_pulse_kx 0.0d0 00000 e
ext_pulse_ky 0.0d0 00000 e
ext_pulse_kz 0.0d0 00000 e

googood

0doddoogoo SCFOooooooooouddsw_rddft 000000 of DODDODOODODOOOOOO
OSCFOO0O0000O0OOsw_rtddft 00O OOO onO0 000000 0OOOODO rtddft 00 O0OOO0O
000000000 OcontrolOO0OO0OONO condition 000000 continuation 000 O00O0O0OOO0O
00000D0DOO000000 PHASEODOOODOOOODO TDODFTOOOOOOODOODOOODODOOO
RT-TDDFT O O 00O OO OO O OO ext_pulse_epsilon, ext_pulse_kx, ext_pulse_ky, ext_pulse_kzO 0O O 0O O
0 O O O condition=continuation D O O OO0 PHASEO O OO OOOOOOOODOOOO

goog

gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
ooooog

# time_step= 991 time= 0.9910E+02 au = 0.2397E+01 fs

P= 0.0285381798 0.0002058360 0.0001702915
J= -0.0133497494 0.0000068680 -0.0000030064

p=0000300000000000000«x,y,z000J=000030000000000 x,y,z00O
goo

oboooobooooboobooooboboooooboooooboOobobooobobooooooon
oboooboobooboboooooboobooboooobooo0obooboODO sre_spectrum OO0
OO0 specrum.fO0 D0 000000000000 0O0D0ODO Fortran00 OO O DOOODODOOOOOODODOO
ooooooooOoooooo0ooooOooOooobOoOooooOoooooDooOOoooDoOoOoftOOOoObODOOO
oboooooooooobmooobooobooooboooooo fOb0O0O0OO0O0DbOO0O0ObOO0ObOOOn
oboobooboobdbjdata0 0 0000DOOOOODOO

% mkdir ft
% cd ft
% grep " J=" ../output®01 > j.data

jdata000000O0O0OOCODO 1000 time_step_delta O ext_pulse_epsilon DO OO0 OO time_step_max
oogo200000000

0.1 0.01

1001

J= -0.2999128661 0.0000002015 -0.0000008972
J= -0.2970981909 -0.0000022160 -0.0000000155

ooo0oooobooobodOspecrumfOO 000000 0O0O0O0ODOODO0ODOO0OO aotUOODOODOOO
go
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goobooooooobocooooooono

0oOooo0O0 | OO0

j.out 0000000000 0Ix® Jy®) Jzb)

p.out 0000000000000 0000000Px(®) Py(t) Pz(t)
pw.out 0000000000000 0000ORe[Px(w)] Im[Px(w)]
abs.out 0000000000 000000

oo

0000Oooooo0d 05800 RI-TDDFTO O OO OOOOOOO0OO0OO0OO0O0O0O0O0O0O00O0O samples/
tddft/rt_benzene 0O OO OOO0O

Os86: 00000000000

0000000 SCcFO00u0oooooob RT-TDDFTOOO0O00O0O0000O0DO0O0CODOOOORT-TDDFT
ooooooD 100000000000 01an(@ 00024fs)000000000O0O0O0O0O0O00O0ODO 55.1.4
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oboooooboobooboboooobobooobO0ob0o0oboobOo0n (absoutd0OO)0O O 5870

googooood

absorption (arb. units)

180

160

140

120

100

80

60

40

20

L
‘;“\ﬂ\u‘

|
L

‘ |
il

LA

P

! ! 1

VW /A\“ I
J KIN1VIW,

AP A s
T VA AN

10 20
energy (eV)

40

50

gs8:00b00000b00oocooooooan

obobooboobogoe8evOODOODOODOOOOO SCFOOOOOOOOOO HOMO-LUMOOOOO
obOslevOoboooboooooboOoooOobooooOOobOOOobOOoOoOoOoooobboobOOobooobon

goo

gooogoo

- J0000D0ODODODOODODOOOOOOOODOOOO0OOOOOOOOOOOODbOODbODO

ooooo

- J0000DO0ODODODODODODODOOOOOOOOLOODODODOOOODDOODUODODO
gboboobooooboboooboobooomoooboooooboooobooobooboooboon
gbooooOoboooooboooom

e ksampling{ }[J 00 O O O base_reduction_for_GAMMA = oftf0J [0 0 base_symmetrization_for_ GAMMA =

off 10 0D0000D0ODO

e symmetry{ }0 O O O O method = manuall 00 O sw_inversion=off U0 00O O0OOOO0O

- Jb00buooboobobobooboo

55. 0000O0OOOOOOOOCOTDDFTO
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56 0 00O0OO

561 D0 0000OD0OO0ODOOODOOODOODOODODO

PHASEOUOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0OOOOOO0bOOODbOODnOO
gobogoooboooboood

gooogobood

gboooobooooboobooooboboooooboooboobobooooboboooobooboon
oobooooboooboooooooobooobooboooboobooooboobD -0000000O00bOO0O00
boooogoboooooboobooooboboooooboobooobobooooboboobooobooboon
goo

structure_evolution{
latticeq{
sw_optimize_lattice = on
}
}

00O sw_optimize_lattice 0 on 0O O O00O00O0O0OOO0OO0OD0O0OO0OO0OOOIattice000O0OO0OODODOO
00000000o0oooboooag

sw_optimize_lattice O00ooo0oooobooobo0ob0onOOOOO
0000000 offD00000O00DO0O0O0O0 on
0000 swstressUOOO0O onOOOOOO

sw_uniform gboboooboobbooboob0ongnnog
O000D0O0of00DDO0O00D0D0OO onDO
ooooooooooooobooobooooooboon
gbogboobooboaoboabod

sw_rebuild_pws obobooboboboboobooooooooon
obooooboobDoboooboonbogd on, 00O
oooooooDoDODODODOOOOOOOOoffo
obooboobobobobooboooooooon
obooboobobobooboboboooooon
ooooooooooobbooooooooooo
oooboooooooboooooooboobooon
oooooooooooooooooooooon
ooboboogoff0000D0O000DbODOOB0ODDO

ooooooo
method O0000D00ODODODO bfgs, quench, sd O O
000000000 0OOD0O0O0OO ofgsgO
delta_stress methodd quenchO sdO00O0O0O00OOOOOO

oooobooooogobo1ooo

googoobooon
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0 649-000000D0O0COO

max_stress

00d000D0dDOooO0DOoDoDOoDOoooOoOon
000000 000oO0ooooooOdogn l.e6
ha rtree/bohr® 0 0 O sw_uniform 0 on 0000 0O
00000DoO0DOoDOoDOoooooooooon
oooooo

sw_optimize_coordinates_once

obooooooboo1oocooooooooon
ooodb0donOOODOO

sw_fix_length_a

on000«00000DOO0DOOO0DODODOOO
oo

sw_fix_length_b

onJ0O00O0OpO0O0ODOOODOOODOOOODO
oono

sw_fix_length_c

ond000O cOO0O0OO0OODOOOOODOOOOO
oono

sw_fix_angle_alpha

onJ0000000cO000O0O0O0O0O0O0COO
oono

sw_fix_angle_beta

on000000DODOROOOODOODOOOOOO
ooo

sw_fix_angle_gamma

on000000O0y O0DOODOOO0OOODOOOO
oo

oooooz2019.01000000oog

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gbooouoboooobooboooobobooooboooboooboobooooboboooobooboon

obooboooooobooo

oooooooooooooDooOD 2019.01 000

goboobooobooobooboobobobobbobooboobooboobobooboo

structure_evolution{
stress{
sw_stress_correction = on
}
}
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goooOoOoOoOoOoOoOoDOODODODODODDOOO 2019.020 00

gboooboobooobooooboboboobooobooboobOoboboobooobooboobOobooboon
2010.020000000000000000O0000O0000O0000O00O0O0O00O00O000000A0
oboooooobobooooogoog22019020b0b000oobooboboooooooobobon
ooooooooooooooooo0ooobOoooooobo0ooooDoOooooooOobOoOooScrFoOyg
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
oboooooooon

structure_evolution {
lattice {
sw_optimize_lattice = on
sw_interpolate_charge = off
sw_interpolate_wfs = off
}
}

oooooao

U000 outputO00 D O O O Onfefndata D DO O Onfdynmdata OO O OO0 OO00OOO0O

output0O0 0 OO OO OOOO0O0DOO0ODOOODOOOOOODOOODOOODOOOOOOOOOOOO0O0OO
oboooooogd

% grep -A3 ‘ STRESS TENSOR$' output®00

STRESS TENSOR

0.0002326236 0. 0.
0.0000000000 0.0002326236 0.0000000000
0. 0. 0.0002142790

STRESS TENSOR

0.0002272841 0. 0.
0.0000000000 0.0002272841 0.0000000000
0. 0. 0.0002077216

oboooooboooobooboobo 1ocoboboooboobobooobooooboobooooooboon
ooooooooooooooo

nfefndata 0000000000000 DOO0OO0OO0O0ODOOOOOO0ODOOOOODOOOOOODOO
O0Oswuiform0 on 00 0000000000000 O0O0OOO0OOOOOODODOOODOOOODDOO
ooog

iter_unitcell, iter_ion, iter_total, etotal, forcmx, stressmx
11 18 -181.4043211413 0.0020128619

1 2 27 -181.4043355689 0.0015666906

1 3 36 -181.4043464493 0.0011267018

1 4 44 -181.4043509953 0.0008837770

15 53 -181.4043582176 0.0000137026 0.0002326236

2 173 -181.4044226903 0.0000645338 0.0002272841

nfdynmdata D000 0000000000000 0OO0OO0ODO0OODOOODOOODOOODOOOOOOOOO
gboooobooooboooooobooog

#

# a_vector = 8.6795114819 0. 0.

# b_vector = 0.0000000000 8.6795114819 0.0000000000
# c_vector = 0. 0. 5.5916992108

# ntyp = 2 natm = 6
# (natm->type) 2 21111

(oooooon)
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(Cooooooooo)

# (speciesname) 1 : O
# (speciesname) 2 : Ti

#

cps and forc at (iter_ion, iter_total = 1 18 )

10. 0. 0. 0. 0. 0.

2 4.339755741 4.339755741 2.795849605 0. 0. 0.

3 2.643779197 2.643779197 0.000000000 -0.001423 -0.001423 0.000000
4 6.983534938 1.695976544 2.795849605 -0.001423 0.001423 0.000000

8.7672856463 0. 0

a_vector = .
b_vector = 0.0000000000 8.7672856463 0.0000000000
c_vector = 0. 0. 5.6429940606

#

#

#

#

# ntyp = 2 natm =

# (natm->type) 2 21111
# (speciesname) 1 : O

# (speciesname) 2 : T
#
C
1
2
3
4
5
6

ps and forc at (iter_ion, iter_total =1 111 )
0. 0. 0. 0. 0. 0.
4.383642823 4.383642823 2.821497030 0. 0. 0.
2.663907294 2.663907294 0.000000000 0.001773 0.001773 0.000000
7.047550117 1.719735530 2.821497030 0.001773 -0.001773 0.000000

1.719735530 7.047550117 2.821497030 -0.001773 0.001773 0.000000
-2.663907294 -2.663907294 0.000000000 -0.001773 -0.001773 0.000000

00000000 Tio(DOOoOoOOooono)

oboo0 Tio,000000000000000000000000 samples/unitcel_optimization/

Tio2OOOOO0O0ODOO

gbooboobooobooboboooboobooooboooboooon

- 0000000000 80 Rydberg

- J00D00O0OU0DODO0O0DOOOU0DOOODOOON Ti_ggapbe_us_02.pp 0 O_ggapbe_us_02.pp

- 0000000000 DO0OOODbOBRGSOOODOOOOOOODOOOOO 2e-4

- J000D0000O0DO0DLOOODOODbOO0OOODOb0OO AtomWorkO http://crystdb.nims.go.jp/0 O O

ooooooboooo o, ooooooo

- J000D000O0O0O0O0DOOOODOOOOOOODbOObOOOOODODOO

U000000o0b0bO0o0bog8Rydbergl D0 DODOODOOODOODOODOOOOO TIO,ODO0DOOO

gbooooboobooooooooo

nfefndata 0000000000000 O0OOOOOOO

ter_unitcell, iter_ion, iter_total, etotal, forcmx, stressmx
1 18 -181.4043211413 0.0020128619
27 -181.4043355689 0.0015666906
36 -181.4043464493 0.0011267018
44 -181.4043509953 0.0008837770
53 -181.4043582176 0.0000137026 0.0002326236
-181.4044226903 0.0000645338 0.0002272841
92 -181.4044839579 0.0001241955 0.0002222588
111 -181.4056948858 0.0025074070 0.0002222588
120 -181.4057176163 0.0020195652 0.0002222588
130 -181.4057600852 0.0000156213 0.0000444895

BB A WN Rl e
WN R RS WN

~

w

9 1 248 -181.4058191217 0.0001647915 0.0000332105

10 1 268 -181.4058328662 0.0000709369 0.0000119789
11 1 287 -181.4058349707 0.0000268520 0.0000015502
12 1 306 -181.4058351835 0.0000244918 0.0000006790
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oboboooooooboob sooooooooboboobooobooooooboboboobooboeb OO
oboooooooosooooogoogoooobobobobooooobooogooobDobOoboubOoo
gbooooboooobobooobooboooobooboooobooo 1ocobobo 20000000
obobooooboobtdetOOOOO0OOOOOOOOODbOObOODODODODOO2000300000
oboooooobooooboobooooboboooooboobooobooboooobobooboooooboon
ooooo40000000000DOO0O00DOOODOOOODODOOOODOOODODDOOOODOOODOOO
gbobooboobooooobooboobooooboobooboobooooboobbooboonoo 12
obooooobooooooboooobobooooobooooobooboboooboobooooooboon
gbooooobooboooooboboobobooobooog

-181.4042 ; ; ; ; ; - 107°
total energy ]
max. stress 1
181.4044 | .
-181.4046 | 1 g4
; T
@ -181.4048 | 1 g
E | &
£ -181.4050 = ] £
8 110° £
@ .181.4052 | ] 9
® = ] o
© : 1 w
S -181.4054 3 %
: N -6 E
-181.4056 | 10
-181.4058 | A S o &
-181.4060 : : : : ' 1077
0 2 4 6 8 10 12

unit cell iteration

gsg&s:00b000ooboobooooobobobooboobooooobobooooboon

O00000D00Onfdynmdata 00000000000 O00OO0O0ODODOOCOOOOOODODOOOOO
000000000000 a=8.7934 bohr, c=5.6164bohr O OO DO OODO

- J000D0O0O0O0ODOODOOOODOOn

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
oooooooboooooooboo o, 0boobooboobboooooboobbooboboooooo
gboobooboooooboooooboooon

U000b0O0oo0bOO000oo0ogon soRydberg OO0 O0D0OO0O0DOOO0ODOOOOOOOOOOODOOOOOO
obooooboooboobobobooobooboobo0obooO0boobooboDbOoO0On 80RydbergD OO
gobgboobooboobooboobobobooboo
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2.5‘9"[]4 T T T T T T
2.0e-04 + g .
1.5e-04 | .

1.0e-04 | | 1

stress (au)

5.0e-05 | | ]
0.0e+00 |} & | ]

-5.0e-05 i

-1.[]&-[]4 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180

cutoff energy (Ryd)

0s589: 0000 TiO,0O0O0DO0OOOO0OOOOO0DOOOOODOOOOODOODOO
00000000 TiO,(DODODODDODODODODODODOOO 2019.0100)

561 0 0000000000000 O0O0DO0ODOO0OO0OD0O0O0DO0OO0DOO0OO0O0DOO00O0DO samples/
unitcell_optimization/TiO2_with_correction 00 OO 00O
doo00ooOoOOO0O0000o00oObObO000o0oooOoOoOo0o0o0o0oooooOoDoDoOooOoa

« JO000ODOODOOODOO 36 Rydberg

e JO0OOOODOOO (structure_evolution DO OO OO0 stressd000OOOODO sw_stress_correction
=on0O0)

00o00O00obo0oo0oobo0o0boO0o0b0b0000 Ti_ggapbe_us_02.pp O O_ggapbe_us_02.pp

00000000000 00Db0000 BFGSOOO0DOOO00ODOO0OO0ODD 2e-4

0000 00bO0oobuo0obuoboboobooobodgn AtomWorkO http:/crystdb.nims.go.jp/00 O O
oooooobooobo o, 0oogooo

gbooobOobooooboboooobooooboboooobooon

obooooobobooobOobooboobobooobO0obO0ooboOoboOobooOonOg 36Rydbergy OO0
obobobobobooboboobooboobooooooDoooboOo0oOgb0OdUa=_8.806bohr, c=5.619
bohr 0D OODOODO
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-181.3036 —= | | | | 103

energy
max. stress

-181.3038

-181.3040

104
-181.3042 -

-181.3044 -

-181.3046

-181.3048

energy (hartree)
H
o
a1

max. stress (au)

-181.3050
106
-181.3052 -

-181.3054

-181.3056 | | | | | | 107
0 2 4 6 8 10 12 14

unit cell iteration

Os59:00000000000000DO00000O00O00O0O0O0OO0DOOOO0ODO0OOO

386 o560 0000



PHASE/0 Manual, 0 O 0O O 2021.02

5.7 0000000000 DLDOO0ODDDODOODDOO0

571 00000O0ODOOO

goooon

ooboooobobooooogooooooboooboooboooboboboooobooobboobooboooobooo
boboooooooboooobooboboboooooboooolooooooboobobobooobooo
gboooooboooobooboo20b0000b00000b0o0oo0oooboan

@/’lk (G - 0)

(ﬁjjﬂc) _ wlk (G = GmaX)
wik ¢ik (G = )

wik (G = GmaX)

goboogbooaboodaod

n® (r) = Z frk (Ynklr) <r|¢5k>
nk

obooooobooboobob 2x20000000000DO0OO0O0ODO0ODOOO0OOODOobOOODOD

Neot = Tr [0 (r)] = n* + nPs
me () = n*? (1) 0" (1)
oy 6) = [ ) 40 )]

m. (r) = n*® (r) — n” (r)

gooaoo

oooooao

oooooooooOoooobobD200000000000000D00 OstructureJ 00O O magnetic_state
=noncollinear* DO 000000000 DDODOOOOO0O0O0O0000000O0D0DOD mdx mdy mdz” O
obobooobooboooboooobbozobOoOoooOooooooooooooobooooooboooD
theta phi” (DO Odegree) OO ODOODOOO

structureq{

magnetic_state = noncollinear
element_list{
#units atomic_mass
#tag element atomicnumber zeta deviation mdx mdy mdz
00 8 0.166666 1.5 0.0 0.0 1.0
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gooogobood

gboboobooboooboobooooboooobooboo0oobooboodToet, Mx, My MzOOOOOOO
obooooboooobooboooobobooooobooooobooboooobooboooooobon
goooogoo

I0LD Chg \*\* Tot: 40.00000000 Mx: 0.00073742 My: 0.00000000 Mz: 16.17742289
INEW Chg \*\* Tot: 40.00000000 Mx: 0.00075559 My: 0.00000000 Mz:

572 0 0O0OO0OOOODOO

ooooon

2000000000000 DDO0OOO0ODOO0OODOOODODOODOODODODOODOODOOODOODOO

obob0oo0obo0obOoob0oO00obO0o0obbo00obO0o0ob0o0b00oO0nn0 HamiltonianOOOOODOOOO
obobooboooboobooooooooooboooboss1iooooo20b000b00oobo0oooon
goo

goboogood

O000000DO00O0O0O0OO0O0ODOaccuracyOODOOODO spin_orbit 0 OO0 OO mode =pawpot” OO
ooooooOoooooOoobooOoo0oOoooboOooooo

accuracy{

spinorbit{
mode = pawpot
}

goboobood

O00oOo0o00oDoO0o00oDbDOo0oo0oDoOo0oO00Dn ESpinOrb_old,new DO 000000

ob00O00o0O0oO0oboOoboob0odg CPPFLAGO -DUSE_ESPINORBO OO OOOOOOOOOOOOO

TOTAL ENERGY FOR 53 -TH ITER= -41.454944288742 edel = -0.170628D-08 : SOLVER = SUBMAT + RMM3
KI= 13.204535394898 HA= 32.283599969986 XC= -6.801519951682 LO=

NL= 7.597059454569 EW= 5.402894293900 PC= 0.000000000000 EN=

PHYSICALLY CORRECT ENERGY = -41.454944288742

EOHXC_PAW= -0.4786729 HA_PAW= 0.0218350

XC_PAW_AE= -15.6619733 XC_PAW_PS= -5.6000049

I XC_PAW_AE-XC_PAW_PS= -10.0619684

ESpinOrb_old= -0.0000308 ESpinOrb_now= -0.0000293
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00000, 000Pt, 00

00000 samples/spin_orbit 000000000000 OOOOOOODOOO0OOOOODOOO xOO
obooooobOOobooooobon (theta)DODOOOOOOODOOOOODOODOO

gsoroobooboooboobooboooooooon

0,00

e samples/spin_orbit/02/Theta_0

e samples/spin_orbit/02/Theta_90
o0Oo0ooOOg1ooobooogo.1o8mevOoonod
P, OO

e samples/spin_orbit/Pt2/Theta_0

e samples/spin_orbit/Pt2/Theta_90

oooooo100000 17215meVO0O0OO0O
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Sioooooo
oo00o0ooDo0O0o000ooDOoO0O0o000O0ob000oooODOoObO0000ooDOoObO0oO00O0DOsefdd
OO0 (phase)D 0000000 OO0O0O0OOOODOO (ekcah) DO DOODODO

OooddOSidiamond O 00000000000 OOscfOO0band0 0000000 OOOOOODOOO
00 (samples/spin_orbit/Si_band/soc_on 00O 00O OO )O

accuracy{
paw = on
spinorbit{
mode = pawpot
}
}
structure{
magnetic_state = noncollinear

}

oso2o0ooooooobooboobooooooboobooooobooobooobooboooaon
obooooobooboobob0 enma 0000000000 DO0OO0OODOODO

0.1 0.1
spin-orbit: on spin-orbit: off
0.0 [ 0.0
> >
.CD, 0.1 QD o1 .
> >
(@) (@)
S | -
Q o2} QO o2/ .
c ' c '
LL LL
0.3 s 03 .
split-off
-0.4 -0.4
<100> r <111> <100> r <111>
0592:0000000000000000000000000000000000
oooooo

- 00000000000 DOODOODOODbODOObOOOOOOOOO ECODOOOODOODbOODnO
oood

e smearing 0 0 0 O method = parabolic 0 0 OO0 O0O0OODO

390 o560 0000
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5.8 ELNES/XANES O OO DO

581 00O0OO

EELSO000000000000000000000000XAFSO000 XOOoooooooooao
ooooboooooboobooooboooDoobobooboLo Xooooogoooooobooooo
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
00000000 0obO0000obO000O0bO0000DEELS O ELNESOXAFSO XANESOOOOOO
ooo

ELNESO XANESO OO OOOOOOOOOOOOODOOO00O0O0O0O00000O0o000oa0a
0%c o
OE0f)

0%c .
590 & > lile- R| f)” (XANES)
if

> l(ila-R| f)[* (ELNES),
i,f

000 li>|f>0000 @UO00)0000000000O00O00ODO0OO0OO0OO0OOOOOO0OOOO
U@MqUbOO0b0O0ob00ob0o0ooboobooboobe0dnD XO0OOOOOOOOOOOODOOOO<OXANES
OODOOOELNESOO0ODOqU e0000D000DOO0OO0DOOO0OO0O0 nk0D00O0DOO0O0DOODOOOO
goboon [GaoO8] O DO OO

(Bclral tn) = (e lral du) + 3 ((Bclral 6:) = (@clral &:)) (Bildhu)

i
oboooboooobbooboboo oob 10000b00b seftpart 00000 200000000

DDDDDDDDDDDDDDDD|¢i>DDDDDiDDDDDDDDD({SiDDDDDiDDDDDDD
ooo

gbooboooooboboobobooooboboobobobobooboboboooboboba

582 0 00000O0ODOO

ooboooboobOoobobooobooboobOb0oOoobO0oobo0oboobOO00O00n0DbOOELNESO
XANESOOOOOOOOooooooboobobobooboooooooooooooooobobobo
googooood

- J000O0O0DOO0O0OD0
00000000 DOODOOOODOn
Ub00000b0LFOO0OO LibO0o0O0 KOOOooOooooooooooooo
- Lid0O0O000000000D000O0
«LidD00O 1sO000000OO0DbOoOoOOoDon
- FOOOOOOODOOOOOOODO

obooobooboboooboboobooboboooobooboooboctaobobooooooon
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sw_write_core_to_valence 1

0o0oooobooooboobooogon” sw_with_dipole_cor2val 1”7 OO O0OO0O00OOO0OOO0OOOOOO
gbciacotbooogooooooogobooo

583 00000

obooooooooooobono
.0000 (A0 SCFOO
2. 00000000 @0SCFU0
3. 0b0oooooboo@uoooobooooo

gboooooboo Ao @GUooooboboboboooooooboboboobooooobooboboo
oon

000o00o0D000o0bD0DbOo0 SCFOOO phaseD 0000000000 epsmain000O00OO

5,84 0000 (A)O SCFOO

RN

oboooobooooboboooobobooooboOobooooobooooobooboooonoo

accuracy{
paw = on

}

Postprocessing{
CoreLevels{

sw_calc_core_energy = on

}

}

O000Ofile_names.datal F POTO0OS5320000000000000000000O00000DOOOO
gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gbooooboooooo

&fnames

F_INP = './nfinpl.data’

F_POT(1) '../pp/Li_ggapbe_paw_02_no_corehole.pp'
F_POT(2) '../pp/F_ggapbe_paw_02_no_corehole.pp"’
/
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g

core_energydata O 00 OO 0ODO0OOO0ODOOODOOOOOOODODODODOOOODODOODODODOOO
core_energydata0 00000000 0OOODOOODOOOfile_names.data 0 F_CORE_ENERGY_OUTUO OO
O0ooooooooo

# Etotal (Core+Valence)
-3437.92292869603

5,85 00000000 (B)O SCFO O
oo
gddoooobooobooooooobooooobooooooooooooobooob0oooooooa

gboboooooooooooobooboobobobobobobobO100b00obobOobOobooboon
oboooo L2000

structure{
atom_list{
atoms{
#tag element rx ry rz mobile

Li2 0. 0. 0.
F1 0.25 0. 0.
@oH
Lil 0.75 0.5 0.75
F1 1. 0.5 0.75

}

element_list{
#units atomic_mass
#tag element atomicnumber zeta deviation
Lil 3 0.00 1.5
Li2 3 0.00 1.5
F1 9 0.00 1.5

L20000000000O0O0DODO000000O0DOOOOO000000O0DOODOO0000 (B)O SCFO
00 file_names.dataO0 OO0 000 O

&fnames

F_INP = './nfinpl.data’

F_POT(1) = '../pp/Li_ggapbe_paw_02_no_corehole.pp"'
F_POT(2) = '../pp/Li_ggapbe_paw_02_1s_corehole.pp"'
F_POT(3) = '../pp/F_ggapbe_paw_02_no_corehole.pp'
/

oo

Ub000bOo00b0O000Oeore energydatal 00000000 0OO0O0O0O0O0O0OOCOOOODOOOOOO
oboooooooo
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586 D00O0ODOOOOMBULODODOOOOO

g

000000000000 Ocontrol0OODOO condition = fixed_charge 00O O OO 0O

control{
condition = fixed_charge
use_additional_projector=on

}

O0O0Ostructure 0000000000000 O0OCODOOOCOOO

epsilon 000 0000000000000 0O0O0O0O0O0OODOO0ODOSsw_corelevel_specrum 0000000
O00000o0ooooDo0O00O00000000on000000Oprobed00000O atom_id 000
0000000 O0000D0OO0O0000D00O Li2010000000000Datom_id=100000000
O0orbital DO 0000000000000 O0DOO0O0DOOOO0OO00O00000O000 orbitalD 1sO0O0O
o00OooLKOODODOOOOoooooooooooo

fermi_energy OO0 OO0 read_efermi=on 00 Cefermi D000 0000000 (B)O SCFO OO nfefermi.data
gooooooooog

Oenergy D0 O00000D000O0O0000O0DODODOO0OOO0O0O0DDOOOOOOlow, high,step 000
00000000000 0000O0000D0O0000DO0O000DA0 hartree D00

OXANESOOOOODOODOOOOEELSOOO photonO eels OO OO0DOOO0OODODOOODOOO
gobooboooboobooboobooobobbooboobooobag

epsilon {
sw_epsilon = on
sw_corelevel_spectrum = on
probe{
atom_id = 1
orbital = 1s
}
fermi_energy{
read_efermi = on
efermi = 0.21930399
}
photon{
energy{
low = -0.10, high = 2.0, step = 0.002
}
}
transition_moment {
type = ks ! {1
symmetry =on
}
BZ_integration {
method = g !{parabolic(p)
width = 1.0 eV
}
}

OO0O0Ofile namesdata OO0 OO0OO00 (A)ODDODOOOOOOOO B)OODOOOOOOOOOOOO
U0 OF_CORE_ENERGY_INITIAL O OO F_CORE_ENERGY_FINAL OO DO UODOOOOOOF_CHGTOO
F CNTN_BIN PAW O OOOODOOOOO0 B)OOOODOOOODOOOOD

&fnames

F_INP = './nfinpl.data’

F_POT(1) = '../pp/Li_ggapbe_paw_02_no_corehole.pp"’
F_POT(2) = '../pp/Li_ggapbe_paw_02_1s_corehole.pp"’
F_POT(3) = '../pp/F_ggapbe_paw_02_no_corehole.pp'
F_CHGT = '../scf_excited/nfchgt.data’

F_CNTN_BIN_PAW = '../scf_excited/continue_bin_paw.data'

(do0oooooon)
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(Cooooooooo)

ORE_ENERGY_INITIAL = '../scf_ground/core_energy.data'

F_C
F_CORE_ENERGY_FINAL = '../scf_excited/core_energy.data'
/

g

O00000000D00O0D0epsdata 0000000000000 O3000000D0O0O0O0O0O0O0OO
dbO00O0elowDOOOOOOOOspecrum 0000000000000 O0OCODOOO ODOOCODOO

# Spectrum data

# Energy[eV] Spectrum
0.6018296869E+02 0.7167942086E-06
0.6023739146E+02 0.1031555487E-05
0.6029181423E+02 0.1478755242E-05

587 0000

LFOOOD LiDOD KOODODODOOOO
O000O00OLFOOO LIOO KOO XANESOOOOOOOOO0O0000 OO0 Osamples/XANES/LiF
0oooooo
1. 0000 (A)O SCFOO (000000 scf_ground )
2. 00000000 (B)D SCFOD (00000 scf_excited )
3.00000000 @)00000000 (000000 eps_excited )
0ooo0o0ooo

ooooooOook0oooooooobooooooogooon

588 000000 (DOOOO 2019.0200)
0o
XANESOOOOOOOOODOO0O000i0000f000000000000000000000000

gboooobooooboobooooboboooooboooboobobooooboboooobooboon
obooo0ooobOO0b0O0o0o0Oobob0oon PHASEOOOOOOOOOOOOOOO
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1= =N\
o B i

=

" "corehole

0;—

g @@L el @F
0593 (0)LIFOOO@m)OOOOO

goog

goooboooood

ooo0ooo0o0o0oDOoO0o0i0bobo0ofoooboooOooooon

Aﬂﬁf:@M|DMMLD:%~P+%@~ﬂGcr) (5.74)

000000 [GougoussisO9] O+, 00 v, 000000000 i00000 fO0O00O0O0O0é00 kOO
goooooOoooooOoooboooooopDOO10DOO0O0O0D20000000D0O00O0DOD

oooopPAWODOOOOOOODOOOOODODOOOODODOODODODODOODODOODOO
Miaf:<¢f‘D‘7/~1i>

+ Z Z Z <1/~’f ‘ 5ﬁ,l'mw> (PR mr

R U/m/7' nlm

E S S () (G

R lU'm/'7T' nlm

D | 6% nim) <ﬁﬁ,nzm ’ z/’> (5.75)

D ‘ q;%.,nlm> <51C1,nlm Wz>

D000 ymr 00 B, 0000000000000000000000000000000¢R
00 ¢4 ym,» 00000000000000000000000000000 ¢§ 1, 00 6 i 000
00000000000000000000000

O0ODOOXANESOOOOOOOOi00000000 RpOOOO0OOO0OD0 m,hOO0OD0OO0ODOOO
gbooboobdboooooboooobobooooobooooon

Miy~ Z Z <sz ’fgﬁo,l/mw> <¢URo,l’m’7" D | ¢CRo,n1m> <ﬂﬁo,n1m ‘ 7/~’z> (5.76)

i'm’T" m

gboooobOob0ooo0gboO [Gougoussis09] O

oboooooooon
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gooooooon
e2 (w) =472 Y "M |* 6 (B — E; — hw)
! 1 (5.77)
=4m ) [<¢f|é~r|wi>|2+4|<wf|(é-r>(k-r>wi>|ﬂ6<Ef—Ez-—hw>
f

0000000 [CabaretlO] 00000 £;00 E,0000000000C0O0C0O0O0O0OCD0 wOBOOO
gboooobooer7pbobooboobobobooboobooooboon

51 ) =475 3| 5 5 (6 B ) (S e
f

U'm/t" m

D60 o) i )

X §(Ef — E; — hw),

52782 () = 42 Z Z Z <7/~1f ’ 5R0,l’m'7/> <¢UR0,l’m/T/

[ m/'t" m
X (l;f —F; - 7&;)),
DW =¢.¢r,DP = (¢.1r) (k1)

2 (5.78)

D® ’ ¢§0,n1m> <BRU,nlm ’121>

ob0Ooo0oOo0odOoEIODO E200000000000000O000O00000

oo

000000000 SCFoooooboooobooooooboooboooooobooobooboooboobooaon
0000000000 0DO0O000O00O0b0D0O00DO0DOdsw_local_approx_trans_moment=on 0 [
O000000000000000000000000Owave_vector 00000000 DOOOOOOOO
ooooogao

gbooooobooooooboon

epsilon{
sw_epsilon = on
sw_corelevel_spectrum = on
sw_local_approx_trans_moment = on
probe{
atom_id = 2
orbital = 1s
}
photon{
polarization{
ux =1, uy =0, uz =0
}
wave_vector{
kx = 0, ky = 0, kz
}
energy_range{
e_low= -0.10, e_high=2.0, e_step=0.002

0]
—-

}

}

BZ_integration {
method = g !{parabolic(p)
width = 0.2 eV

}

fermi_energy{
read_efermi = on
efermi = 0.17409189

}

}

O0O0Ofermi_energy 0000000000000 DOOOOO0O0O0ODOOO0OODODOOOOOO SCFO
0o0o0o0o0bO000000b0o000DO filenamesdata OO0 0000000 O0D0OODO
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fermi_energy D00 00000 O0ODO0O file_names.data O O

&fnames

ao)

F_EFERMI = '../scf-final/nfefermi.data'
a@o

/

oo

000D 0o0obDO0o0obOobobo0ob0oboO0obobOnbOOeps_El_Eldata O eps_E2 E2data 00 OO0
goo

eps_El_Eldata00 OO 0O

# Core level spectrum ( dipole-dipole )
# atom: 2, orbital: n=1, 1 =0

#

# Energy [eV] spectrum

#

oo

0.4968388438E+04 0.8211847200E-07
0.4968442860E+04 0.9903378493E-07
0.4968497283E+04 0.1147357290E-06
oo

eps_E2_E2data 00O 0O

# Core level spectrum ( quadrupole-quadrupole )
# atom: 2, orbital: n=1, 1 =20

#

# Energy [eV] spectrum

#

a@o

0.5008878978E+04 0.1286045986E-09
0.5008933400E+04 0.1328488558E-09
0.5008987823E+04 0.1279594782E-09

ao)

ooo

SITIO; 0000000000000 0OD0O0O0OO samples/XANES/SrTio3 000000

000000 GUO0)0D000D0kD: Monk(@x 8x 800000 a=3.923A 0000000000
00000003000000000 (135000a=11.769A)000001 00 TiOOODO0OO0O0OO0OOO
OlsdogboooobooboooobobobooboboooooDo
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cutoff wf

25 Ry

cutoff_cd

225 Ry

kOoooooo

SCF: Monk 2 x 2x 2)
XANES: Monk (4 x 4 x 4)

ooo

PAW, GGAPBE

ooooooo

Sr_ggapbe_paw_02.pp

Ti_ggapbe_paw_002_nocorehole.gncpp2

Ti_ggapbe_paw_005_1s_corehole.gncpp2

O_ggapbe_paw_02.pp

gooooooon
oood

Gaussian, width = 0.5 eV

ooooooobooooobobooboooobooooobobboobD 200bobooOobDOobOboOooOoDboOoon
O0ab 2g, b0 eg00000O0DOOODODODO

gbooog EOOO

[100]

[110]

oooooo kOO0

[010]

[1-10]

Oo00ooDoooDooooSTios 0 dOodbORgd DO egb 00D OODOOOOODOODOOODOO
gbdbobooooobobd gdbO0bOO0ObOO0O0O0 a000000 (O 59400)005950000

gbooooooooon

589 OO

59 0000000000 DOODOO0ODODOO

59.1 OO

PHASEOOUOOOODOOOOOCOOOOOOOOOOOOOO0OOOOOOOOOO0ODbOOOOOO000OO0
obooooboboobooooooooooobboobooooooobo0oooobOoOooONEBOODOO
OO0 [Bonnet12] OO OOODOODOconstant-mu 000 PHASE/OD D OOOODOOOOODOOOOOO
gboooobooooboooo

59. 0000O0O0OOODOOOOOOOOOOOO
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a) E//[100], k//[010] DIHE

| E//1100], k // [010]
4 ; ; ;
C
-
e
S
@© i |
; | —— dipole | 3
. quadrupole |
-
O
e
£
4950 49I55 -~ 49I60 4965 49170 49I75 49180 4985
energy (eV)
b) E//[110], k//[1-10] D3H&E
| E/1110l k /7 1110]
o 1 % %
(-
>
o
—
© ‘ ‘
: | — dipo(lje | | 3
o qqa ruppe
=
O
e
£
4950 49I55 4960 4965 49170 49I75 49180 4985
energy (eV)
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a) E//[100], k//[010] D3mE (hKEH)

E //[100], k // [010]

—~~
. =
c || === dipole
> quadrupole
No) sum
| -
T ,
N
>
=
7))
c
)
]
=
p1
4954 4956 4958 4960 4962 4964 4966 4968 4970
energy (eV)
EERFER
SrTiO3 pre-edge
TPt
(a) expt.

p3_ P4

p1

s o 3 ¢ 1 4 4 ¢ 4 1 , 4 4
4965 4370 4975 4980
el T T kP rg T
= |(B) calc.
"é without p4
=1 core-hole
e
T
2
= | R
2 0 5 10
= L T SR | T
(c) calc.
with
core-hole B

2
o1 P2

4985

a8 et
4890 4995
Energy (eV)
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592 000000OOO

O000oooooDOo0o0o0o0o0oooooboDObacacuracy 0000000 fepODOODODOOOOO
gboooooboooooboo

accuracy{
fep{
sw_fcp = ON
mu = -0.1
relax_crit = 1.0d-5

}

fecpO000O0O0OO0OO0OOODOOOOOOODOOOOODOOOOOOO

sw_fcp Oo0o0o0oDbOoOO0o0ooO0o0oDoOooboooDo
oooooooooo

goodbDonOdDOODOO

mu obooboobobobobobooboooooon
O000o0o0DooOoooooooOooooooo
Oo000o00oDbOoOOo0ooO0o0obDoboOOo0obO0oooDo
Oo0oo0o0oDboOooo0oooDoOoobooooDo
goooooooooogooo

temperature obooooboooboobooobo"ooo"on
OO000o00DooO0O0ooooooOooooooo
oooooboooooboooog

gqmass oobooooobOoooOoooootobOo"bo
Oo0oo0o0oDbOoOO0o0ooO0ooDboOooboooDo
ooooooooooood

mass obobooooboooooboooo'coooor
OO000o0o0oDoooO0oooOoooOooooooDo
OooooDoooooon

relax_crit oo0ooooboOooooooooobooooon
Oo0o0o0oDbOoOO0o0ooO0o0oDoOooboooDo
oooooOoobooOoooooobooOooboooDo
gooooOoOoOoOoOoOoODODDOOOOOOoo
Oo0oo0o0oDboOOo0ooOo0ooobOoOoobOoooDo

o

tot_charge_first NEBOOOOOOOOOOOOOOOOOODOO
oooooo

tot_charge_last NEBOOOOOOOOOOOOOOOOOOoDOO
oooooo

obooooboooobooboooobobooooobooooobooboooobooboooooobon
oboooboobooooboooobooobomooooboobobooo 0 mubO0ooooooobooooon
gooobooboooooobooooooobooooooboobOooboooDoboobooDbooo
bobooooooobobdOmbOO0OO0bOOoOO0OO0O0oOoOoOoOobO0obOobO0oo0oboobooboOoboboon
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gbooboobooobooboboooobooboooobooooobooboo

accuracy{

sw_add_gex_to_initial_charge = off

593 00000

gboboboooobobobobooooooboboboooooboboboobobobobo
gboooOobooboobobo0 PHASEODODODOOOODOOOOODOODOOOOO

oboooooobooooobobooobooboboobooboobooooobooon

% grep 'Total Charge' output000
FCP : Total Charge 31.98942095
FCP : Total Charge 31.99795170
FCP : Total Charge = 32.01254363
FCP : Total Charge 32.02605805
FCP : Total Charge .03237025
FCP : Total Charge 32.02886985
FCP : Total Charge 32.01742419
FCP : Total Charge 32.00372842
FCP : Total Charge 31.99503316

L L 1 T | | U | e [}
w
N

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
ooooo

% grep 'Fermi Energy' output002
FCP : Fermi Energy = 0.24621583
0.24679898
0.24700415
0.24674191
0.24618985

FCP : Fermi Energy
FCP : Fermi Energy
FCP : Fermi Energy
FCP : Fermi Energy

594 00O

0000000000 00000080I00OO0O0000O0OObO000O0oOobOoOoOoOooOooooaOoan
000000000 samples/dynamics/FCP/NVT_nose_hoover 0O OO OO

J0dddooooooooooDboOO samples/dynamics/molecular_dynamics/NVT OO O OO 00O
00000 o0OooooooOo* 00b0o0b0o0Do00ooooooooOo0obOooobOOor ogooooooad
ooooooooo

accuracy{
fepi
sw_fcpopt = ON
mu = 9.0e-3
mass = 1000.0d0
gmass = 4000

59. 0000O0OOOOOOOOOOOOOOO 403
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ob00oo0oboo0obo0ob0obo0oobOo0 PHASEOOODOOODOODOOOOOOODODOODOOODOOOO
ooboooooooooboooooobobooobboOooopDOooo oseebboobObDOOOOODDbOO
gbooooboboooogooo

32.12
32.10 | 1
32.08 | 1

o 3206 1

(@)

)

5 3204 - f

(2]

>

S 3202 |,

C

g

£ 3200 A :

2

£ 3198 - :
31.96 - 1
31.94 f
31-92 | | | | | | | | |

0 100 200 300 400 500 600 700 800 900 1000
MD steps

gse6:000000000DOOOODOOOODO

595 000000
obooooobooooboobooooboboooooboooboobooboooobobobooobooboon

ooooboooooboooooobooooDboooobDbOooobDoOoooESMO0s3.60 000000
OO00OpelDOOO0OESMODOOODOOOOOOOOODOODOOOOOOOOOOOODOODODOOOO

596 OOOO

510 00000000 (MDOO00O2019.0200)

5.10.1 OO

goboooboooobobooobooooboooboooobooooobooooobooooboooobooo® o
oboooo” boooooobooooboboooooboooooboobooooboobooooooboon
oboooooboooobooboooobobooooobooobooboobooooboboobooobooboo
gbooboobdooooobooboooobobooooooboo
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5102 0 OOO

Uboboooooooog [Seuwzal2] 0000000 ODOO0ODOOOOOOOOOOODOOOOOODOOO
gboooobooooboooooobooog

F = FExs — QPpac - E (5.79)

Exs 0000000000000 O0O000C0O0O0O0000000O00QU0000000P w000
OO0O0OO00ODEDOOOOOOODOOOPn. . 000000OOO00DDOOODOOOOOOOOOOEO™
goooooobooooboobooogobobooooobooboooboboooobobobooobooDboo

f N
o) =~ Flics [un
|gnk) ;s [tnk)

ZerE o Z [1t00) St (166 = [, p0) Sk (1, k)]

]\[E? m=1

(5.80)

lu) 000000000000k, k_ 0000000000 b,00000000 k+by/N; k-by/N, . O
0 Sy (k,kK) 0000000000000 (umi|une) 00000000000

gbobooboooboooboobooboobooboobooboooboobooboboooboobooobooaooo
P...000O0OOO0OO0OODODOOOOOOOOOODOOOOOOOOOOODODOOODOOOOOOO
0000000000000 U0U0U0000D0D0D0000ooooooooooooooooO sE OO
oOo0opoooOooooépPODOOODODODO 5—1+47r5PDDDDDDDDDDDD]DDDDDDDDD
gboooooogooboo eZ—g—gEII]DDDDDDDDDDDDDDDDDDDDDDD

5.103 0O
00000000000 PHASEOOOOOOODOOcontrol 0000000 sw_fef=on000000000

0000o0O0O000ooboDoOo0O000bOoUdd accuracylOOODODO0O fefOO00OOODODO electric_filed
gboobooboooobobooooboboooobooboooboooboobo

control{
sw_fef = on

}

accuracy{
fef{
electric_field{
ex = le-5
ey = le-5
ez = le-5
}
}
}

O0ex,ey,ez0000000x,y,z0000000000000O0C0OCOCOODOOOOOOKOOOOO
0000000000000 0000D0 kshiftOOODODODOOOO0O00OD0OO0O0DODOOOO method O
0000000 monkOOOO

ksampling{
kshift{ k1=0, k2=0, k3=0 }
}

510. 00000000 ((MODOODO 2019.0200) 405
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5104 OO OOODOOOOO

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
O00 (Punae - E)ODOOOOO0DODOOOOOODDOOOOOOOODODOOOOOOODODODOOOO
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
0booooobooboboboobOobU bavidsonODOODOOOOOOOODOOOODmMOOOOOODOO
ooobooooobcccOoooooooooboboooooOooOooooooooboboooooOoboOooooog
gboooobooboooobooogon

5.10.5 0O

PHASEO OODOOOOOOODOOO (eutputOOO D DD O)O0DOOODOOODDO SCFOOOOOOOOOO
gboooobooooboooo

BP = 0.006502276 0.006502276 0.006502276
Pel = 0.000078647 0.000078647 0.000078647
Pion = 0. 0. 0.

Pmac = 0.000078647 0.000078647 0.000078647

Bp=0O0OOOOOOOO0OOPlOOOOOOOOO0OOOO0OOOOPIionOOOOOOOO0OOOOOOOOOO
Pmac 00000000000 DOOODOOODOOOOOOOOODOOODOODOODOODOOOODOO
gbooooboooobobooooobooogoao

000 e=1+4r

_ OF
00000 eZ=2%E

5.10.6 O OO

AlpO000000000CO00O0O0O0OO0OO0O0OO0DOODOOOO0DO0O0O000000 samples/FEF/AIP OO0
oboogioooobooooobobboobooboooooobooDbo

good
oono good
oood 0.000050916
oooobooogo 7.40
oooooooo 7.40
oooobooooooono)| Al:2.25,pP:-2.27
oooobooogo Al:2.227,P:-2.227

obooooboooobooboooobobooooobooooobooboooobooboooooobon
oboooooboooobobooooboboobooboobooooboboooooon
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5.10.7 0O OO

- O0000DO0OO0DOODOO0ODOODOOO0DO SCFOOOODOOOODOOOODOODOODbOOOO
gboooOobooooboboooobooooooboooobobooonog

1. 00000000 ScrPOO0O0ODO

2. 00000oooOo0o0ooooobooooobooObD .0DO0000O0obODbOOO00ooOooDoObOO
oo000oO0o00ooOoO0o00oDO000DbDO000D0OO0O0000 zajdatad nfchgt.datal

. 0b0gooooocooooooooooooooboboobOobobobobOobOoDbOoDo
gbooboobdoooboobobooooboooobooboooooboooooboobooog

- J0D000DO0ODO0ODO SCFOODOOODOOODOOOOOoOnOOoonooooooooonooon
doooobodrpelO00OD0D0O0O0O0OO0ODODO0OO0ODODOOOOOODDODODOOOOOODODOOOOd
00000000 initial_wavefunctions [ initial_charge_density O fileO 0D OO0 O00OO0O0O0OOOOO
0000000000000 DO0000000Ooo00oOo0oooDoDOoOobOoooaooo

 JOgboobobobobobuobuobobobobobobuobobooooobobaoban
gobooobooobooobobooobbooobooobobooobooobooobooooba
goooooooon

5108 O OOO

511 000000000 (DO0ODO 2021.0100)

5111 00O

PHASEOUODOOOOOOOOOODOOO0OOOO0ODOOO0OOOO0ODOOO0OOO00OOOOOO0O0O00O000O0
obooooboooobooboooobobooooobooooobooboooobooboooooobon
ooboooooboooboobooooooooboooobbobooooobooooboooooboooobobooooboobooo
oo0boooooboO0o0oooo0ooboOo0bbOO000ob0oboOOo00boDOgOnENY O [Freysoldt09] O O
UobO0o0ooboooobO0O000 (sxdefectalign, COFFEEOO)O0D0000O0O0O0O0DOOOOOPHASE/N
2100000000000 0O000DO00O00O0b0O0bOO00ObO00OCUBEDOODOOOOOOO
goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
ooooooboo0o0oooooo0ooooooboobo0o0ooooooOoObo0o0oooDoO00Od PythonOO
gbooooooooo

511.2 00O

gbqobog@@bobooboon

Ejo, (Be) = Epih — EBES — Y napti + ¢ (Bvem + Br) + By, (5.81)

7

000000 ERS, 000 ERk 0 DFTO000000000000000000000000000
0000000000 (Pristine) 0000000 »,0000000000i00000000 0000
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oooooooooo eypw000C0O000O0COO0OO0ODOOOOOOO £ O0O0ODOOOOODOOOO
goo

FNV O

FNVOOOO Ed

corr

U2000000000000 [Freysoldt09] O

EL, = Bl — qAViar (5.82)

corr

globooooobobooqgOobobobooboboobooboboooboboooboobooooobooon
oboooooooooon

Elc = Bl atea — Pperiodic (5.83)

0OdoOOd0oo0o0o0oOO0ooOO0oOOoDOOoOOoDOOoDbFTOOOODOODOODOODOODOODOObOOO 2000
potential alignment 0 0 D DO DO0OOOOOOOOO

AV (r) = Vopd (r) — VR (r) — Vil (v) (5.84)

DI:IDDDDDDDDDDDDDDDDDDDDDDDDDVF‘,ICDDDDEIDDDEI gooobooobon
gooooao

gooboobooooo

sxdefectalign D CoOFFEE0 0 000 0000000000000000000
-00D000D0O
00000
< VA (r)0 VRkDDDODDODODOD0O0 CUBED DD
00000000000000on
« B,00

« AV(r)D000D000D000O0ODOU0DOOO0ODO0OOO0O0ODOOOODO0OUDOOOODOOOD
gbooobOoboobooboboobooboooobooboooobobooonog

obooooboooboooobooogon
e sxdefectalign U 0 00D OO O0O0O0ODOOO0OOODOOOOODOODOOOOODOOOOOO

« COFFEE0 0000000000 DOO00OO00OOODOOD0ObO0O0n0Og pythondOOOO0OOO0ODOO
obooooOoboooooboboooboobooooobooooooon

« COFFEE0 00 EL.0000000000000000000fiting0D 00000000 DOODOOO
gbooooooooboo

408 o560 0000
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extended FNV O

Kumagai 0 [Kumagail4] O extended FNV OO OO Ef, O

2 q Z g erfc (\/RisflRi) Tq n 4mq exp (7G¢6G1/472) 2vq (5.85)
PC = 75 = ~ o o - .
roo VIl VRieTR; Qy? Gido U GieG; Vel

ooooooOOoOoO0o0U0O~y0OO0OO0O0OOO0O0OO0OOOO0OOODOCOOODOODcODOOOODODOOOQOOOO
0000000000000 V.00

erfc (VR;e 'R, T drq exp (—GieG; /47> )
Vo= D, . §441T4* )“ff%4‘ ‘Qg ((; G_/ )exphch(r—fhﬂ} (5.86)
R;#0 ‘6| Rie™'R; v G;#0 €8
00000000000 RgkOOOOOOOOO

Ve 000000000000000000000000000000000 AV (r)000000000
0000000000 Rws0OODOOOOO0OOO0OO000O AV, 00000000 RywsOOOODODO
000000000000 (5.85),(5.86)000000000000000 sxdefectalign, COFFEE 0 0 0 O
0000 (@O00)EL, 000000000

5113 00O
000ooo0o0ooooo

sxdefectalign 0 CoFFEEO 00 D00O0O0OO0DOOODOO0 CUBEODDOOOOODOOODOODOOOOO
oboooooooboooooooon

postprocessing{
electrostatic_potential{
sw_write_electrostatic_pot = on
unit = Rydberg ! { Rydberg | Hartree | eV }
}

0000 witd O O0ODORydbergd HartreeDeVO OO OOOOOOdefault D000 eVOOO

000 electrostatic_pot.cube D DO OO OOOOO0OOO0OOOODOOODOOOOOOOOOOOOOOOO
goboboobooboobooboobobbobooboo

Calculated by phase
Local+Hartree potential in Rydberg

215 0.0000 0.0000 0.0000

180 0.180912 0.000000 0.000000

180 0.000000 0.180912 0.000000

180 0.000000 0.000000 0.180912

33 33.000000 2.396007 2.396052 2.396080
@od

0000000000000 0000D00000000DO0O00000D0 (sxdefectalign OO DOOO0OO
O0Ounitd Rydberg 1O OO OO0O0O0O0O00O)OOOOO0O0DOOO CUBEODDOOOODODOO sxdefectalign
oooooooooon

sxdefectalign --charge 3 --eps 12.88

--vdef ../electrostatic_pot.cube --vref ../bulk/electrostatic_pot.cube
--center 0.0,0.0,0.0 --relative

--ecut 270 --qe > Log

511. 000000000 (MOOOO 2021.0100) 409
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000000 qO0O0O000Ocharge00 qUOOO0000eps0 00000000000 ODOvdefOO vref
000000000 00DOo00DOoO00DOOo00D0DoO00DO00D0DO0U0DOO0OOcenter000OO
O00000OD0O0O00O0OOecutdO nfinpdata0 00000 cutoff cdd RyODOOODOODOO

sxdefectalign 0 Log DO O O0OO0O0O0O0OO0OOO0OO0OOODOOOOODOOO

Defect correction (eV): 0.828347 (incl. screening & alignment)

0000000000000 O (0 (5.83)00 )O0O00Opotential alignment 1000000000000
LogOOOOOOOOOv1ine-eV-an.dat ( n=0, 1, 2 )OO vAtoms.dat OO OOO0O0OOOOOO
Gs4H)Do0DbO00DOO0DbOOoO0DOO0bOO0ODOOO0bD 100000000000 0DOOoDOOoo0ooooDOoooaooo
0odoooooooooboooooooobooooobo0ob0o00Db00o0ob00OdoO vAtoms.dat
oooooDo00oodooonoooooooon

extended FNV O

ooooofooooo0dOwkOOOoOoOo0ooooooooooooODOOOOCOODODOO0O0ObOOOO0o

postprocessing{
electrostatic_potential{
sw_write_electrostatic_pot = on

}

OO0 elecpot bindata OO O OO0O00O0000O0O0O0O0O0O0O0OCOCO GOOOOOOOOOOOOOO
oboooboooooobooooooooboooO0obbo0bO0b00O0DbO0O0OF_ELECPOT BINODODOO
goooon

&fnames
F_ELECPOT_BIN = './elecpot_bin.data’
/

goboboooboooboobuoobobobobboobooboobuoobooboboa

postprocessing{
electrostatic_potential{
sw_write_electrostatic_pot = on

}
charged_defect{
correction{
sw_calc_extfnv_correction = on ! default : off
dielectric_constant{
exx = 12.88
eyy = 12.88
ezz = 12.88
}
position{
x=0.0, y=0.0, z=20.0
}

charged_defect O 0 0 O O O correction O 0 O O O O sw_calc_extfnv_correction=on DO 00000000
dielectric_constat 0 0D 00000000000 OOposition 00000000 0OODDOO0OOOOODOO
0000000000000 0000D00000 (atom_id)000000OO0OO0O (O0Oatom_id=2)0
00000000 wkDODOO0DOO0O0OODOOODOOOO F_ELECPOT_BIN. REFOOOOODOO

&fnames

F_ELECPOT_BIN_REF = '../bulk/elecpot_bin.data'
F_ELECPOT_BIN = './elecpot_bin.data’'

/
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O 00O defect_pot_correction.direction_n ( n=1,2,3, )1 defect_pot_correction.atoms 0 0 OO0 0O O0OO0OOO
O0Gs4)ydooooodonoooooooonoooD 1godoooooooooooooooooooad
doodooOoOoOo0000o00oo0bobOobO0o0000ooooo00oooooooooOoOoa

0 O O O defect_pot_correction.direction_1 0 O OO0 OO0 OONO

# dist. (Ang), pot_diff, Vpc, pot_diff -Vpc (eV)
0.00000 -0.13205 -0.03907 -0.09299
0.09573 -0.13743 -0.03902 -0.09841

@od

020000300000000 (5.84)0 Vi (r) - Viak(r) 00 Vi, (r) 00000000 400
AV()000000000000000000000000000000000000000

0 O O O defect_pot_correction.atoms 0 000000000

# no., dist. (Ang), pot_diff, Vpc, pot_diff -Vpc (eV)
1 2.1961 -0.0550653932 -0.2936706923 0.2386052991
2 3.9534 -0.1647261198 -0.1693351641 0.0046090443

a@o

# Correction energy (eV): 0.7827480523

O00o00oOoDOoO0oOoOonogn “ Correctionenergy” DO0DOOOOODOODOOOOODOO EL OO0

corr

ooooooooooo A1
oooooooooogooooobooooOooooobooooooooobooobood
calc_defect_formation_energy.py D 0 OO OOOOOOO

gobooboooboooboooboon

/J'Ga + /’LAS = M%aAs7
fGa < fia, (5.87)

0
HAs S HAs

DDDDDDDDDDDM%aDD pQ, 000000 GaDDO AsOO0OO0 100000000O0D0OO00ODOOD
go u%aASDDGaASDDD 20000000000000000DO0Ga-richODO0O00DOO

HGa = N’(C)}a’ HAas = /”L%aAs - ILLOGa (5.88)

OO0O00AsrichO00O00

HGa = IU‘OGaAs - ,U,%S, HAs = ILL(AS (589)

0000000000000 DO0O00O000OO00O00OO0Og cale_defect_formation_energy.py 0 OO 0O
goooooooooooooooooo

O000GaAsUODOU0ODO0O000O0O0 Gabooooooboboobooogonbg g=-3,-2,-1, 0000000
gboooobooooboobooooboboooooboooboobooboooobobooooboooboon
obooooooobooooobob0o0 wmplinOd00000O

511. 000000000 (MOOOO 2021.0100) 411
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&VBM #(eV)
6.00887

&band_gap #(eV)
1.424

&Chemical_potentials #(Ha)
Ga -138.9838873703 # mu_GaAs_bulk -mu_As
As -87.9848825305

&Defects #elements, number ( negative==vacancy, positive==impurity )
Ga -1

&Host_supercell_energy #(Ha)
-7263.0006368270

&Defective_supercell_energy # charge_state(q) and energy (Ha)
-3 -7123.2688494462
-2 -7123.4909799361
-1 -7123.7111092854
0 -7123.9292947570

&Correction energy # charge_state(q) and energy (eV)
-3 1.1593520601

-2 0.6178614391

-1 0.2315198082

0 0.0

gbooooboooboooo

Os5s51:00000000

ooooo oo oo
&VBM eV Evim
&band_gap eV gobooooon
&Chemical_potentials Hartree oooooobod yp;, ooooo
ooopooooooooooo
&Defects googooo
&Host_supercell_energy Hartree EB %1}}
&Defective_supercell_energy Hartree =
Erph.-0000oog
Oo0DO0o0DO qO
cooooooooo
&Correction eV
Eg ... 000000
oo0DbO0o0DO qO
ooo0ooooooo

000000 cale_defect_formation_energypy D00 OD0OO0OOOOO

python3 calc_defect_formation_energy.py input
[-o OUTFILE]

[--emin EMIN] [--emax EMAX] [--de DE]

[--vmin VMIN] [--vmax VMAX]

[--image_format IMAGE_FORMAT]

gobobbooboooboobuoobooboboboboaobod

412 o560 0000
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gss52:.00000000

od od oooooo
-0 oooooobooog result
--emin oooobDEFOOOO -1.0

--emax oooobDEFOOOO 6.0

--de oo0oobDEFOODOO 0.01

--vmin gooooooooobooboooog | -5.0

--ymax obooobooooooobooog | 5.0
--image_format | OO0 0OO00OODO (png/eps) png

gobogobooobooood

python3 calc_defect_formation_energy.py tmpl.in -o resultl

ob00o0booo0b0o0b0o0b0oo0b0o0DOoO0Og resultl.gqdepd resultl.min{ resultl.gnuld resultl.png
OO00000Oresultl.gqdepO0 0 resultl min 0 000000000000 000O000O0O0O0OCOOO0OO
gooooooooooOoOoOoOoOOOOOOOOOOOOOOOOOO0OO0OOO0OOOOOOOOO™

000000000000 0D00000D000D0 Charge Transition Level D 0D OO0 D0 OO0OODO

resultl.qdep 000 O O0OO

# Formation energy

# Ef (eV) g=-3 q=-2
-1.00000 6.48430 4.90715

a@aoH

q=-1
3.53961

q=0
2.37978

resultlmin 0000000

# Formation energy
# Ef (eV) min
-1.00000 2.37978
aoH
6.00000 -14.51570

Charge Transtion level [eV]
-3 0.57715

2 0.36754

1 0.15983

resultl.gnu 00000000 gnuplot 000 OO Oresultl.png O gnuplot 000000

ooooooooooo 2

ooooobooobobooobooboboobooboooobobo/b0boboooboooobooobooobooon
gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
000000000000 gatherl.inOODOODO

#

# title filename ( excluding
#

&List

Vac_Ga Vacancy_Ga/resultl
Vac_As Vacancy_As/resultl
Ga_As Ga_for_As/resultaa
As_Ga As_for_Ga/resultaa
&band_gap #(eV)

1.424

" min" )

511. 000000000 (MOOOO 2021.0100)
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gobobooaobooabood

055300000000

ooo oo | o0
&List oo0o0ooQoOoQoOoOooOobO(ooooOooOoOoOoO 10000 outfiled)
&band_gap | eV opboboooog

000000 plot_multiple_defect_formation_energypy D00 OO0 DOODOOODOO

python3 plot_multiple_defect_formation_energy.py input
[-o OUTFILE]

[--emin EMIN] [--emax EMAX]

[--vmin VMIN] [--vmax VMAX]

[--image_format IMAGE_FORMAT]

[--keypos_h KEYPOS_H] [--keypos_v KEYPOS_V]

obooooOobooobobobooboobooobOoooobOo000bOOoOO0EMINOEMAXOODO OOOO
ooooooo/000b00oboooobobn

O 5.54: plot_multiple_defect_formation_energy.py D0 OO DO OO

ooooo

0O od oooooo
-0 goooooooodo result_all
--emin OO0O00D0EFO0DOODO oo

--emax OO0O00D0EFODOODO oo

--vmin oooooooooopoogooo | oo

--ymax oooooooooooogooo | 0o
--image_format | OO0 O0O0OODO (png/eps) png
--keypos_h 0000000 (left/center/right) right
--keypos_v UOO00dodg (top/center/bottom) top

gobogoboooboooog

python3 plot_multiple_defect_formation_energy.py gatherl.in

OO00O0 result_all.gnu O O result_allpng OO O OOO0O0O0ODO gnuplot DO OD0OO0O0OOOODOOO
oooooooooo

5114 00O

od
GaAso4O0UO0OO0O0O0OO0DOO0OO0O0OO0OODOO0DOOO0OOOOO0DOOOOOOO0DbOOOOOOObOObOO0On

U0GaAsODOODOO0OO00OD0O0DOO0O0O000O0DbO0000DO0bO000ObDOPHASEODODODOO
Oextended ENVOOOOOOODODOOO
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0555 00000000000000D0O0

O0o0obDOoon [Ry] 30.0

OO00O0DbOoO0oOOd [Ry] 270.0

kOoOoooooad Monkhorst-Pack (2 x 2 x 2)
ooooooood GGAPBE, PAW

0000 10 [A 11.48882

SCFOOOO [Ha/atom] 1.0E-8

oooooo [Ha/bohr] 2.0E-4

ooooogon Ga_ggapbe_paw_02.pp, As_ggapbe_paw_02.pp
(COoOoooDooooooo) | 000 O 12.88

O https://www.microwaves101.com/encyclopedias/gallium-arsenide

gobobboobooboobooboobo
obooooboooobooboooobobooooobooooobooboooobooboooooobon
gobobobooboaobooboobobobobboboobooboobooboboan

O00000DO0O0000000000Db000000 samples/defectqOO000OOO0DOOODOO
gboooobobooooobooooboboooooboobooon

defectq O OO0 Preparation DO OO OOOO GaAs_64_lattice_opt U0 O ODOOOOOODODOONO
Preparation 0 0 0 0O O 00O

000 As,Ga,GaAs 000 000D 0O0O0O0OD0O0O0O0O0O0ODODO0O0O0O0DODO0O0O0ODO bulk_As,
bulk_Ga,bulk_ GaAs 000000 0000O00O0O0OOOOOOOODOOOO0OO0O0O0OOOO0O0Od
000000000000 ¢.83)¢Gy)ydnooonooonooboobonoooooon
0 0O O &Chemical_potentials 1 0 0 O 0O 0O O

GaAs_64_lattice_opt O OO OO

gboboobooobooboooobooboobooooboobooooboobooboooag
OO0OO0O0ODDODOOO0000000 64000000 GaAs_64_lattice opt0 000000
oooooobooooboboooobooobooobooboo
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O 5.56: GaAs_64_lattice opt OO0 DO OO00OODOODODO

oooooooo oo

Pristine doo0doo0o0oodoooooDoooooooooooooon

Ga_for_As AsO GaO0O0OODOOooOoooooooooDoooooon
gooooo

As_for_Ga Gal AsO000O0000O0O0O0OD00O0ODOODOO0ODOOOO0
gooooo

As_interstitial_As4 AsO0000000O00O0000000 Asinterstitial O O O
dooooooooooooooooa

As_interstitial Ga4 GalUOOOOOOOOOOO0OO0OO0OOO0 Asinterstitial O O O
dooodoooooooooooooa

Ga_interstitial_As4 AsOO00D0000000O00O000O0OO Ga interstitial 0 0 O
doodoooooonoooooooa

Ga_interstitial_Ga4 GalOOOOO0o0ooooooononon Gainterstitial O 0O O
00000oo0ooooooobooooa

uoboooboobbodobbod gugooboobbodgbboabod gbgan
googoooog

* Pristine 0 000 q 00 q0200000000000000 Eypy = Z0-EO_AN)
(0000 AN=02)0000000 Eygn D000000000000&VBMOODO
00b0O00qo0000000D0CO00D0DOO &Host_supercell_energy 1000000

- 0J0000O0O0OODODOODOODODOODOOOOODOOODODOODODOODDOODODOO
&Defective_supercell_energy UO O OO0O0O000O0q 0000000ODO extended FNV OO
ooooooooo e, 0000000000000 defect_pot_correction.atoms [ [

o00DoO0o00oOoO0o00DboO00000O0000DDb00&CorrectionDO0O00OO0O0O
(q=00000o0000000)d

O0D0000D00000000 cale_defect_formation_energypy DO OO OO0 OOO0DOOOO
oooooooooooooboooooooobboooooooboooooooooooooDon
oooooooo oooooooobbopo 200000000000000000O0ODOOO
oooooo0ooooo0ooooboOoOoooboboOoOoooDo

oboooooooo

U000GalD0 (g=-3) 0000000000000 DO0OOsxdefectalign 0 PHASE/O O O O extentend FNV
gbooooboboooboboooobobooooobooooboobooonog

0557:Gal0 (q=-3) 0 0000000000000 (@DOev)

sxdefectalign | PHASE/O
Epc 1.24251 1.24272
dv -0.00731 -0.02779
Ecorr | 1.22058 1.15935

416 o560 0000
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oooooogooooo 1.
O000DGa000000MmMOOODOO0O00O0ODO0O00000000DDO0ODGa-richDOOO As-rich
oboooooooobooo

calc_defect_formation_energypy O O O 0O ( Garich OO0 OO0 OO Ga O0O; samples/defectq/
GaAs_64_lattice_opt/Vacancy_Ga/cond_Ga_rich.in)

&VBM #(eV)

6.00887

&band_gap #(eV)

1.424

&Chemical_potentials #(Ha)

Ga -138.9586691142 #mu_Ga

As -88.0101007866 #mu_GaAs -mu_Ga

&Defects #elements, number ( negative==vacancy, positive==impurity )
Ga -1

&Host_supercell_energy #(Ha)
-7263.0006368270

&Defective_supercell_energy # charge_state(q) and energy (Ha)
-3 -7123.2688494462
-2 -7123.4909799361
-1 -7123.7111092854
0 -7123.9292947570

&Correction energy # charge_state(q) and energy (eV)
-3 1.1593520601

-2 0.6178614391

-1 0.2315198082

0 0.0

calc_defect_formation_energypy 0 O O 0O ( Asrich OO0 DO OO0 Ga O0O; samples/defectq/
GaAs_64_lattice_opt/Vacancy_Ga/cond_As_rich.in)

&VBM #(eV)
6.00887

&band_gap #(eV)
1.424

&Chemical_potentials #(Ha)

Ga -138.9838873703 # mu_GaAs_bulk -mu_As

As  -87.9848825305 #mu_As

&Defects #elements, number ( negative==vacancy, positive==impurity )
Ga -1

&Host_supercell_energy #(Ha)
-7263.0006368270

&Defective_supercell_energy # charge_state(q) and energy (Ha)
-3 -7123.2688494462
-2 -7123.4909799361
-1 -7123.7111092854
0 -7123.9292947570

&Correction energy # charge_state(q) and energy (eV)
-3 1.1593520601

-2 0.6178614391

-1 0.2315198082

0 0.0

oo0boOooooO0oobooOoobooboOon0ooboOogn (result-Ga-rich.png O O result-As-rich.png)) 0 OO0 0O O
obooos97,0s598000000

calc_defect_formation_energy.py D 0 O (GaO O)

511. 000000000 (MOOOO 2021.0100) 417
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python3 calc_defect_formation_energy.py
cond_Ga_rich.in -o result_Ga_rich --emin -0.5 --emax 2.0

python3 calc_defect_formation_energy.py

cond_As_rich.in -o result_As_rich --emin -0.5 --emax 2.0
I I 1
. q=-3
4k s q=-2 |4
_———______ —_— q:-l
—] ~_ q= 0
Se— min.
E 2r ﬁ—-___“_________ -
= e —
&
o
=
@ 0+ i
=)
=]
=
-
E
g 2t —
-8 = -
| j
-0.5 0.0 0.5 1.0 1.5 2.0

Fermi energy {eV)

0 5.97: Ga-rich limit (O O O O O O result-Ga-rich.png )

OoooooooDOOoOD 2

00000000000 DOO0O0000o0oObOD0O0000DDODbOD0D00000OGa-rich OO As-rich 00O
000000000000 samples/defectq/GaAs_64_lattice_opt 00O 0O gather_Ga_rich.in 00
gather_As_rich.in0 0000000000000 O0O0ODODOOA0O result-Ga-rich O result-As-rich 0 0 O O
0000000000000 000O0OO0OgOon [Brobergl8]OODODODODODOOOODO

gather_Ga_rich.in 0 O O

#

# title filename ( excluding ".min" )

#

&List

Vac_Ga Vacancy_Ga/result-Ga-rich

Vac_As Vacancy_As/result-Ga-rich

Ga_As Ga_for_As/result-Ga-rich

As_Ga As_for_Ga/result-Ga-rich

Ga_i_As4 Ga_interstitial_As4/result-Ga-rich
As_i_As4 As_interstitial_As4/result-Ga-rich
Ga_i_Ga4 Ga_interstitial_Ga4/result-Ga-rich
As_i_Ga4 As_interstitial_Ga4/result-Ga-rich
&band_gap #(eV)

1.424

0b0oboobOobOobOobooboooboOoooogn (results-Ga-rich.png O O results-As-rich.png) O 0O 0O O

oooooosononnsioooobooon

418

o560 0000
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Hm'mh I T | - q=,3
4k '\-\....H.H CI="2 N
e, _— q--l
- . q=0
. min.
s 2fF — ]
8 T
o= T—
o e -
@ ——
=
¢ 0} .
c
e
@
E
g -2 -
= .
-0.5 0.0 0.5 1.0 15 2.0

Fermi energy (eV)

0 5.98: As-rich limit (OO O O O O O result-As-rich.png )

python3 plot_multiple_defect_formation_energy.py
gather_Ga_rich.in -o results_Ga_rich --emin -0.2
--keypos_h left --keypos_v bottom
python3 plot_multiple_defect_formation_energy.py
gather_As_rich.in -o results_As_rich --emin -0.2
--keypos_h left --keypos_v bottom

--—emax 2.0 --vmin -4.0 --vmax 5.0

--emax 2.0 --vmin -4.0 --vmax 5.0

g0 [Brobergl8] DO DOODOOOOOOODOOO0OOODOODO (@MOODOOO0OOODOO Charge Transition
Level DOOOOOOOO0ODOO)T

512 0000000000 DOODO2021.0100)

5121 00O

goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gboooobooobooboboooobooon

oboooobooobooobooooooboboooboobooooboob FFTOOODOODOOODOODOOn
goboooooooobobooooobooooboboooobooboooobo0ooooo0oobboooobon FFTOO
gbooooboooobooboooobobooooobooooobooboooobobooooooboon
oboooobooooboobooooboboooooboooooboOobobooobobooooooon
goooooobooooboobooogobobooooobooboooboboooobobobooobooDboo
oooooooooooooboboOoooOo0ooDbbO221000000000000000D0DO0 FFTOUO
oboooooooooooboooobooooboooooboooooobooooboooooobooooon
obooooobooooobooboooobobooooobooooboobobooooboobooboooooon
oooooobooooboooboooooboobooboooobboooboboOobObo FFTOODOO
gboooobooooooboooooan

512. 0000000000 (MOOOO 2021.0100) 419
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Formation energy (eV)

Formation energy (eV)

Vac_ Ga ——

Vac_As

Ga_fs ——
As Ga —

Ga_i Asd
As i Asd

| Gali Gad ——

As | Gad

0.0

O 5.99: Ga-rich limit (O O O O O O results-Ga-rich.png)

0.5

1.0
Fermi energy (eV)

1.5

Vac Ga
Vac_As

Ga_As —
As Ga ——

Ga_i Asd
As | Asd

| Ga 1 Gas ——

As i Gad

0.0

O 5.100: As-rich limit (O O O O O O results-As-rich.png)

0.5

1.0
Fermi energy (eV)

1.5

2.0

420

o560 0000



PHASE/0 Manual, 0 O 0O O 2021.02

5122 00O

O00000ooooDOo0o0O0O000o0noo0o0o0onDOpostprocessing0 0000000 dosOODODOOOO
gbooooboooooboooooooon

postprocessing{
dos{
sw_dos = on
method = t
}
ldos{
sw_aldos = on
aldos{
sw_atom_centered_mesh = on
atom_centered_mesh_factor = 1
}
}
}

postprocessing U0 000 dos0 OO0 D000 O0O000O0000O0DODOOOO00OODOOOOOODOO
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
O00Oldoes DO OO0OOO0OOO0OOO0OOO0OOO0O0OO0OODOOOODOODOODOO0DO aldesOOOOOOOOOOO
oboboooboooooobboobobodbadestOooooooooboobOoobbOobboOobooOoo
goooodg

e sw_atom_centered meshO OO0 sw ac mesh:onO0 00000000000 0OO0OOO0OOOO
000000000 FFTOOOOOOOODOOOOOOO0OOO0OOO00O0O0O0000000a0 oft.

¢ atom_centered_mesh_factor OO0 OO ac_mesh_factor: OO0 000000000000 O0O0OO0O0OO
00 00" 0000 FFTOOODOUODOOOOOODOOOODODOODOOO0Doooooooooo
0002000003 000000000000022000000000000000 800000
doodoooooooooooo 1.

5.123 OO

SioOoOOoOdoooooboooooooooboddoood samples/dos_band/aldos_by_acmesh [
gbooboobosSidbobobobobuoboo si200000b00b00b00buobobuoboOog graphite O
00000000000 0D00 acmesh O £fftmesh 000000000000 O0OOOOOOOODOOO
0000000000000 FFTOOOOOO0OO00000000000000000000000000ad

oboooobobooobOoboooboobobooobOobooboOoboobooonboOon (80Rydberg)y OO
goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
gboobooboooooobooooboboooooboo

accuracy{
cutoff_wf = 80 rydberg

ksampling{
method = mesh

}
smearing{
method = t
}
}

obobooobOoobOooobooooooobOooobooobooobooSCcro0ooboooooooooboooon
O00dosdata0 0000000000 O0DOOOOOOODOOO0DOOODOO ALDOS num_atom = aid[
oboboooooooboooooDob0obO0ob0obobon aidOObOO0 IDOOODODODODODODOO

512. 0000000000 (MOOOO 2021.0100) 421
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oboboooboooboobooboooboo0booobob0oob0ooboobbo0obboO0b0DbOOnDndos.data
oboboo@uooooooooboboy4boooooooooobooboboboboboboboo
o00de000DODOOOOOODODOODOOOOO400D00O0000O0DeODOOOOODDODOOO
obdbOobobOobOoboobooooooobooooboooonOd desdatal 000000 OOOO1O
obooooobooooobog 398030 00ogn

ALDOS num_atom = 1
No. E(hr.) dos(hr.) E(eV) dos(eV) sum
6 -0.33730 0.0000000000 -11.955933 0.0000000000 .0000000000
16 -0.33630 0.0000000000 -11.928722 0.0000000000 .0000000000

==

4366
4376
4386
4396
4406
4416

.09870
.09970
.10070
.10170
.10270
.10370

.6019928210 -0.091764
.2103606325 -0.064553
.0555466368 -0.037342
.0056133904 -0.010130
.0000000000 0.017081
.0000000000 0.044293

.0221228201
.0077306078
.0020413005
.0002062882
.0000000000
.0000000000

.9797782305
.9801773503
.9802911964
.9803167566
.9803179066
.9803179066

oo
oo
oo
wWwwwww

oboooobooooobooboo siboboooboooboooooboooobooobooooobon

gsss:0000000o00ooooa

Si, fitmesh | Si, acmesh | C, fitmesh | C, acmesh
3.9803 4.0000 4.0537 3.9992

gobobooooooooooooobooboboboooobooooo4b000b0b0obOobDOoDOO
gboboobooboooobooooobooboobOo FFTOb00obooobooobooboooboooan
gooooao

53 0000 XPSO0(DO0ODOO2021.0100)

5.13.1 OO

202000000 PHASE/OOOOXPSOXANES OO OOOOOOOOOODOOOOOOOOOOOOOO
oboboooooooobooooooobooooboboboboboboooboobobociaoobooooo
O0o00o0o0oD IRACOOHOODOOODOOOOODOO0OO0O0O0O0O000000D0OO0OPHASEO
Oopencore 0O O0O0DOO0OO0O0O0ODODOOOOOODODOOOOOO0ODDOSICOAINOLI7TISO20
oboooobooooboobooooboboooooboooooboobooooboobooooooboon
oood

422 o560 0000
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5.13.2 0O

gobobbooboon

Kohn-Sham O O OO0

(TH+ V) =g (5.90)

ooooooorTrToobOvOoooOooDOo0oooOooooO0oooDOoooo0oooDbO00 ;009,000
obooooboooobooboooobobooooobooooobooboooobooboooooobon
000000000000 [Lenthe9o] O

1
TNR — 7p2
2 )
ZORA c?
DIRAC c?
T —0p— " _5.p.
7 p262 +é&; — VJ P

TNRODOOO00D0 T%CRA O ZORA (Zero Order Regular Approximation)] TPRAC O Dirac 00D 0000
OO0DDOZORA DD DO Oscalarrelativistic 0 000 000000000000000

)

2 c? (5.92)
TS%ORA —P5aT VPyTsZg(Fj{A = WU' (VV x p)

ZORA _ mZORA ZORA
T =T +T6¢

DiracOOO0O0OOOO0VOV—-gO0000D0000O00DO

DIRAC _ -DIRAC DIRAC
T =T +Tsoc

)

2 2 (5.93)
TDIRAC _ ¢ TDIRAC _ ¢ (VV
sc p2027V75ip7 SOC (ZCQ—V_Ei)zo- ( Xp)
000000000000000000000 scalar-relativisitic 0000 00000000000000O
oo000ooo00o0ooboO0ooooociaAoboooooooooooooooooooooooon

000000 scalar-relativisitic 0 OO0 OO0 00000

gbooobooboooobooboo

core

Bggre = (4 [VOIRAC| ;) (5.94)

7

0000000000 DIRACODODOOOO0O0ZORAODOOOODODOOOOOOOCIAOODODDODOOOO
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
obooooobooooood

oV c? o, c?
sc ¢ (T) ar (202 _ V)2 (’97" 202 _ V ’(/} ’
0% c? o, c?
TPIRACy, (py = 22 ©  Z7 T Ay 5.95
s¢ vi (1) o (22 +¢;,—V)> Or 22 +¢ -V Vi 09
192 I(1+1)
Aty (1) = o2 (r1hi) — 2 (o

5.13. DOOOXPSOUO (DOODD 2021.0100) 423
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gobogbooon

ClA0000000000000000000000000000000000000000000000
0000 peore 1000000000000 )0000000000 f,00 5, 00000 £, # fz,
0000000000000 f),+f,00000000000000000000000000000
0000000000000000000000

1
pZore (T) = Pcore (7') + iAp (T)

1 (5.96)
pz:Lore (T) = Pcore (7") - §Ap (r)
ooood
AP (7’) = (fj;:,[ - fi,l) | ﬁ}? (T’)|2 (597)

gooooobogoboooooo ¢;’ﬁDD[IDEI[IDDDDDDDDDDDDDDDDDDDDDDDDD
ooooooooooo0ooooboooDbo xoooooo

Exc (p) — EXZ (p) + EXG (p) (5.98)

ooobD1000 pPAWODOO 20300 PAWDO ODOOOOOO0DOOoDbooooboobooboooobgoo
Hartree 0000000000000 00OO0O0O0OOXCOODOOOOOO Ap(r)00000DOO

XPSOOooooooooooooo

Oo00odddo XpSOOooooooooodoooobooooobooD pgO0b00b0O0d [Ozakil7] O
EB = Efinal (N — 1) — Einitial (N) + o (5.99)

o000 NOODOUODOUODO b O0OOO0OO0O0ODO0ODOOgapO0OOODOODOODOOO (VBM)
ooooooo csMyooooooOooooOooOoOOOOOOOOOOODOOO E,0000
1
UOZEVBM+§Eg (5.100)
JodooooooovBMOODOOO Eygum O
Einitial (N) — Einitial (N — AN)
AN

gboboooooboobobobooboooooobobobOobooboboonbD 1000000 (5.82)
O(q=1)O00OO0O0OO0OO0OO0OO0DOO00OO0

Bypy = (5.101)

Ep = Efinal (N — 1) = Eiitial (N) + pt0 + Elopy (5.102)
goooooooooogo
Ep = Efinal (N) — Einitial (V) (5.103)
gooooo

gbooooboooobooboo

EB = Eﬁnal (N — 1) - Einitial (N) + El

corr

(5.104)

googooo
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5133 00O

gobobbooboon

gboooobooboobobooogob ciaouooogooooon

# PAW
sw_paw 1

# CORE ELECTRON INFO
sw_with_dipole_cor2val 1
method_ekin_core 1 ! default:0 (DOO0O), 1:DIRAC, 2: ZORA

method_ekin.core 1 OO0 2 O00000OO0O0OO0OOODOOOODOODOOODOOODOODD
sw_with_dipole_cor2val 1”7 OO0OO00O00O00O00O0O000O0 XPSOXANESOOOOOOODOO

“ method_ekin_core 1” OO OO0 30 000000000000 0O0OOODOOOOOO

sw_write_core_full 1

U000 egncpp2 0000 (DOODOOOOODOOO)ODOOOOODOO

CORE ENERGY CONTRIB
0.319190836204E+02 kin | J000D00oooooo
-0.677766126155E+02 ion
0.697542582590E+01 hartr

gobgbooon

000000 bOO0O00000DoObOo00000o0DooOD000ooooDoDDOoO00o0oooooobOoDOoOoOoa
00Db000ODb0OO000O0OD1sO0bO00OC0DbDO 1sObboobob2pUO0bOOoOobobDO2ppbOOOoDOO
dodoooOOo0oooopooDOo0ooooooooObOoooooooobOoo00o0ooooooooaoa
OO00000O0Osw_opencore=on 0 0000000000000 (9) 000000000 DOO0OODOO
sw_xc_opencore_ae_only=on 000000 30 (AEOO0)00OODOOOOOOOOOOOODOOOOOO
O000D0O0O0OOspin_orientation 000000000000 (@OOOO0OO)OOODOOOOOOOoOooOOO
0000ooooooobooo0o0oooooooooOSCFRiterationd 0000000 OoOoODOOOOO
0o0000O00b0o00O0bOoO0DO0ob0ObOo0ooO0bO0oDO0ob0O0oOODOO0OgDOsw_fix_core_spin_pol
=on0 0000000000000 DOOO0DOOO0DOOODOOOOOOO

goboobooobooaoboaoobooogaon

accuracy{
paw = on
core_electrons{
sw_opencore = on
sw_xc_opencore_ae_only = on
spin_orientation = anti_parallel
sw_fix_core_spin_pol = on

}

default :off
default :off
anti_parallel or parallel (default)
default: off

}
postprocessing{
corelevels{
sw_calc_core_energy = on [ IXpS OOOOO
}
}

Ub00sO00000O00bO000O00000bO0bO0b000ooooobo0oboOooboOoXpSOooooo 200
ooooboobogob2poonooboboob2pl2O2p320000000000000000O000ODO0OOO
gobgobooobooobooboobooobobo

5.13. DOOOXPSOUO (DOODD 2021.0100) 425
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goboboobooboaoboabooboooboboboaboo

postprocessing{
corelevels{
sw_calc_core_energy = on
corehole{
atom_id = 10 1 0o00o0oo
orbital = 2p 00 \ gooooo
}
}
}

(00000 0O0O0OU0bOO0b0)UO0DbO0OU0OD0O0O00O Ocore_energy.data 0 0 0O O 00O OO sw_calc_core_energy
=onOO0O0OO0OOcore_energydata D00 DD O0OO0ODO0O0O0OODOOODOOOOODOOO0OO (5.99
(5.102) .10 00000000000 00000 Fgna 0 i 000000000000 OOODOO

core_energy.data 0 0 O O

# Etotal (Core+Valence)
-18558.3245482622

total (Core+Valence+Soc_corehole)
= 3/2: -18558.3331659845

# E
#7J
#7J 1/2: -18558.3073128174

5134 OO

00O00OO0bOO0bOOobOobDooOXpSOOOO samples/XpSOO0OO00OOOOOOOOOOOOOOOO
oooooooo boobooooboob D0ob0oO0oDOo0 swowrite_core_full000 10000000
0000000000000 b0obObpsendo0 0 0000DO0OO0OO0DODOOOODODOO

4H-SiICO O (C 1s)

4H-SiCO 0000 samples/XPS/4H-SiCOOO0O0O0OD0OOD0OOO0OOO0OOCOOOOOOOOOOOOOOO
ooog

0 559:4H-SiC(Cls) XPSO OO OOOOOOODOO

oooOg |booo oo

Final oooooooooo
q_0_no_opencore gooooooooo
q_0_with_opencore | DO DO DOODOOOOO
q_1_no_opencore Oo0+100000000
q_l_with_opencore | OO +10 0000000

Initial gooooooooog
q 0 oo
q 0.2 00+0.2
q_0.5 0 d+0.5
q_1 O0+1

00000000000 D0000D000D0D000D000DND000DO0000DnO0o0n (a=3.108
ADc=10.170A)0 3x3x3000000

426 o560 0000
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O 5.60: 4H-SiC (C 1s) XPSOOOOODOODO

00000000 [Ry] 30.0

000000000 [Ry] 270.0

kOoooooo Monkhorst-Pack 2 x 2 x 2
oooooooo GGAPBE, PAW

SCF O 0O 0O 0O [Ha/atom] 1.0E-8

gooooooo SW_xc_opencore_ae_only = on
claoo g sw_write_core_full 1
@OoooooooobO)yoonDo | O09.76@b0O0O), 10.32(cO)

O https://onlinelibrary.wiley.com/doi/pdf/10.1002/9781118313534.app3

obooooobooooood

O 5.61: 4H-SiC(C1s) 0 XPSOO OO (O OOevV)O O (5.102) 00O

0000
000000000000 |000000000000

Eginal(N — 1) — Einigia(N) | 279.258 272.309

EL . 0.237 0.237

Evem (AN =0.2) 9.307

E, 2435

Eg 289.975 283.026

000 283 +/- 0.8 9

a) http://www.xpsfitting.com/2012/01/silicon.html

goboOoooooooooooooobooobbooooboooobboooobooOooobOoan (5.103)
gboooono pgO0b0000OobOOobOboonog

0 5.62: 4H-SiC(C 1s)0 XPSO O OO (O0O0eV)D O (5.103) 00
oooo

gboooooboooon gboooooboooooo
290.815 283.864

w-AIN O O (N 1s)

w-AINO O (N1s) OO0 samples/XPS/w-AINO OO OOOO0OO0O0O0O0O0O0O0O0OO0ODOOOOCOOO
goooog
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O 5.63: w-AINODO (N1s)XPSOOODDOOOODOOO

good googd

g

Final_Nls

gogbooooooo

g_0_no_opencore

gogboobooobooo

q_0_with_opencore

gogboobooobooo

g_1_no_opencore

oo+100000000

g_1_with_opencore

obo+100000040o

Initial

oboobooooooono

q_0 oo
q_0.2 00+0.2
q_0.5 0o0+0.5
q_1 O0+1

gobooobboooooobooooobooooboobooooDoobboo0ooDoOoDOOnD (a=3.140

ADc=5040A)3x3x2000000

0 5.64: w-AIN O O (N 1s)

00000000 [Ry] 30.0

000000o0oog [Ry] 270.0

kOoooood Monkhorst-Pack 2 x 2 x 2
oooooooo GGAPBE, PAW

SCF O 0O 0O 0O [Ha/atom] 1.0E-8

oooooooo

SW_xc_opencore_ae_only = on

ciaoonogd

sw_write_core_full 1

@gobooooboobo)boo

0823 (ab00),9.74(c0)

O https://materialsproject.org/materials/mp-661/

0565 w-AIN(N1s) 0 XPSOO OO (O000eV)D DO (5.102) 00

oooo
000000000000 |000000000000

Egnat(N — 1) — Bt (V) | 395.772 387.703

EL.. 0310 0310

BEvem (AN =0.2) 6.735

E, 4.404

o 405.019 396.550

000 397.4 %

a) [Mahmood03]

oobooOoooboooooooOooooboooobooOoobooooooboboOoooooOooooan (5.103)

oboooooD pgg0b0000Oob0obboonDg

428
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0 5.66: AIN(N1s)0 XPSOODODO (0DO00eV)OO (5.103) 000
ooo

gbooooobooooon gbooooobooooo
406.976 398.889

Ep

w-AIN 0 O (Al 2p3/2)

w-AIN OO (Al2p3/2) 000 samples/XPS/w-AINO OO DOOD0OODOODOOOOOOOOOOOOOOO
oboooooog

0 5.67: w-AINO DO (Al2p3/2)XPSOOODOOOOOOODOO

oood oood od

Final_Al2p oooobooogoo
q_0_no_opencore O00oooOooooo
q_0_with_opencore | OO OOOOODOO
gq_1_no_opencore O0+100000000
q_l_with_opencore | OO +10000000OO

Initial o0ooooooogooo
q 0 oo
q_0.2 00+0.2
q_0.5 0 0+0.5
q_1 O0+1

00000000000 000D00000000000000000000000000000 (a=3.140
ADc=5040A)3x3x2000000

O 5.68: w-AIN O O (Al 2p3/2)

oooooogo [Ry] 30.0

Uoooogoogd [Ry] 270.0

kOooooooad Monkhorst-Pack 2 x 2 x 2
gooooooo GGAPBE, PAW

SCFO O OO [Ha/atom] 1.0E-8

ogooooooo SW_Xc_opencore_ae_only = on
clAOO0 00O sw_write_core_full 1
@Qooooooooo)yoonO | O0823(@00),9.74(cO)

O https://materialsproject.org/materials/mp-661/
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0 5.69: w-AIN (Al 2p3/2) 0 XPSOO OO (OO0 Dev)DDO (5.102)

goooooo
000000000000 |0000000oooooon
Eginal(N — 1) — Einigial(N) | 64.980 64.212
El . 0.327 0.327
Evpm (AN =0.2) 6.735
E, 4.404
Fgn 74.244 73.476
ooo 7339

a) [Mahmood03]

goboooooooooooooobobooooobooooboooooboboooooDoOoOooDOoOn (5.103)
o00oo00o0o0 pgg0000D0ODO0O00ODOOO

0 5.70: w-AIN (Al 2p3/2) 0 XPSOO OO (OO0 Dev)OO (5.103)
ooooooQ

gbooooobooogn gboooobooooo
76.221 75.446

fcc Pt O O (Pt 4f)

fccePINO O (Pt4f) 000 samples/XPS/Pt 00 000000000000 OO0ODOOOOOOODOO
ooooo

O571:fecPtO00 (Pt4H)XPSODOOODOODOODOOOO
oooOo |booo oo

Final oooooooooon
q_0_no_opencore gooooooooo
q_0_with_opencore | OO ODOOOOODOO
Initial oooooooooboo
q 0 oo

00000000000 000000000000000D0D0000000000000000 (a=3.963
A)yD2x2x2000000

430 o560 0000
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O 5.72: fec-Pt OO (Pt4H) XPSOOOODOOOO

gboooboodo [Ry] 30.0

ooooooDbooo [Ry] | 2700

kooooooo

Monkhorst-Pack 2 x 2 x 2

gbooobooon

GGAPBE, PAW

SCF O 0O 0O 0O [Ha/atom] 1.0E-8

gbooaboodn

sw_xc_opencore_ae_only =0n

ciaoonogd

sw_write_core_full 1

O 5.73: fecPt (Pt4f7/2) 0 XPSO DO OO (OD0OOev)O DO (5.103) O

ooooo

000000000000 |000000000000
Ep 70.673 70.380
oog | 719

a) http://techdb.podzone.net/xps/index.cgi?element=Pt

0 5.74: fec Pt (Pt4f5/2) 0 XPSOO OO (D0 0eV)I O (5.103) O

ooooo

gboobooboooonb |bocobooboooboobo
Ep 74.333 74.040
oog |71

a) http://techdb.podzone.net/xps/index.cgi?element=Pt

oobociacob0coooooboOoooooDoooo0oooDoDoooboooooooDooooOooDoOoaf
0000000000 (4720 4520000000H)0 83.052ev0O00000O0DOOOOODOOO

0,00 (O1s)

0575:0,00 (O1sXpPSOOOODOOOOODOO

good o0
final_spin_antiparallel | OO0 0 O000O0OO0O0O
final_spin_parallel goooooooo
initial oon

obooooooboooooobono

5.13. DOOOXPSOUO (DOODD 2021.0100)
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0576:0,00 Ols)XpSOOOOOOODO

00000000 [Ry] 30.0
OD000000D00 [Ry] 270.0
k0oooooo

rooog
00000000 GGAPBE, PAW
Oooo 10 [A] 14.0
SCFO 00D [Ha/atom] 1.0E-8

googooogo

sw_xc_opencore_ae_only = on

ciaoonogd

sw_write_core_full 1

gbooobooobooboood

O 1.00

ooog

0 s577: 0,00

Ols)XpPSOOODO (ODOOevV)ODO (5.104)00O

oooo
S=1/2 S=3/2
spin orientation [J [0 O anti parallel parallel
542.000 541.297
Eﬁnal (N - 1) -
FEinitial (V)
L 1.436 1.439
ECOI‘I‘
543.436 542.736
Eg
oog® 544.2 543.1

a) https://t-ozaki.issp.u-tokyo.ac.jp/vps_pao_core2019/0/index.html and references therein.

2000000000000O00DOO0O0O00O00O000O0

514 J0O0000DOO0ODO0O0ODOODOODOODDOODOODOD (DO

000 2021.0100)

5141 00O

goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
OO0000DO0O0 [Behler07]10000000PHASE/ODDODODOOOO0ODOOOOOOODDODOOO
00 O 0OPHASE/O OO O @net [Artrith16] O n2p2 [Singraber19] 0 00000000000 OOOOOOO

gobogbooboobooboobobobobooboobooooaan

432

o560 0000
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5142 00O

gobogbooon

gboboooooboooobobobdn2p2000 enetd 00000000 OO0OOODOOOODOOO
gboooooboooooo

gobgobooobooboobooboobobbooboo

structure_evolution{

nnp_output{
sw_nnp_output = on
filetype = all
frequency = 100
}
}

Structure_evolution D OO0 D OOD0O0O nnp_output 00 000000000000 DOOOOOOODOOO
O0O00O0Osw_nnp_output=on 00 0000000000000 OCODOOOOOOfiletypeOOOGOO
0000000000000 D0000D000XSFOOODODOO enetd 00000 XSFOOOn2p2000
U000 m2p2000000000a1000000 XSFO n2p20 00000000000 frequency D OO
ooooooooooObo0oOooooOooooobooOoboooooObooooooo 0000DODbO0O0O0DbDDbOOO
00000n2p2 0 input.data, XSF O nfdynm xxoox xsf OO0 OO0 xxoox O MDO DO OO OO O On2p2
o0b0oob0ooboo0o0obo0bo0b00dbenetD 00000000 10000 100 XSFO
ooooo

file namesdata D0 0000000 On2p2000 XSFOODODOOOOOOOOOODOOOOOOOOO
000000b0000000 inputdata 0 0O 0O nfdynm xxxox xsf O 0O O

oooo |D0o
o o0 0O
oo
F_N2P2 n2p2000000000000000000 input.data

F_XSF enet000000O00O0O0O0OOCOOOOOOOOOOOOOOOOOO00O00O0000 MD
O00o0D0O0o00ooO0o0ooOo0o0O0obOOo00o0ooDoOooO00ooboOoO0gO nfdynm.xsf

gobobooboobouodaoaon

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
gboooooooooooobobooooboobooboooobooooboobo

accuracy{

scf_convergence{
delta_total_energy = le-4 Hartree
delta_total_energy_sampling = 1.e-9
succession = 1
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accuracy U0 000 scf_convergence 10O OO OO0 SCFOODOOOOOOOOOOOOOOOOOO
O 0O delta_total_energy_sampling0 0 0 00000000000 DO0OOOO0OOOOOODOOOODOOOO
O0000D0O0O0000DO0O000D SCFODOO ledhartree0 00000000000 DODODOOO
oboooooboboobooog leS000oobOoboboOoOOobOoOoogon

gboooood

goooooOoooooOoooooooobooodg
input.n2p2 0 0O 0O O

inputn2p2 00000 n2p2 0000000000000 0O0O0O0OOOCOOOOOOOOODOO
gboooboobooboobooobon

begin

comment iteration 100

lattice 5.6022996655 0.0000000000 0.0000000000
lattice 0.0000000000 9.7034676599 0.0000000000
lattice 0.0000000000 0.0000000000 14.7489157721
atom 5.054 4.636 1.407 Li 0.00 0.00 -0.141 -0.0743 0.1568

energy -25706.79549229032
charge 0.0

end

begin

end

begind end 000 1000000000000 OcommentJ00000000000000
OO0DDOlatice 0000000 D0O00O0DO0OO0O0ODO0O00DaomO0000O000ODODOO
000000D002000000 400000000 xyz00000005000000000
00000D06,700000000000000D0D00000000O0DDOODOOOO8O
00000 10000000000000000D0000000000O0OOODOOOO00
0000000000000 0D0D000000D00000D0D00000oDoo0oono
000000000000000000000000O0O0denergy0000000000DO0
O00D000Ocharge 00 0000000000000 DOO00ODOD chargeDO0O0ODDOO
00000000 mp20000000000000000000000000D00000 eV,
OO0 A 00000 ev/AODD

n2p200000000000000000 inputdata 0000000000 0OO0OODOOOO
gbobooboobooobooboobooooobooobooooobooooooobooooag
caad0O0O000oO0oo0ooooOooooooboooooobooooobooboooogon

$ cat A/input.data > input.data
$ cat B/input.data >> input.data
$ cat C/input.data >> input.data

xsf

xsfO XCrysDenOOOOODOO0O0OO0O0ODDOO0D0OO00000O0Denet0 000000
gbobooooooooooobooooXSFooooooboooooooooooooooog
oooooooooboo

# total energy = -25711.2660427032 eV
CRYSTAL
PRIMVEC

(ooooooo)

434 o560 0000
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(0O0O00oooon)

5.6022996655 0.0000000000 0.0000000000
0.0000000000 9.7034676599 0.0000000000
0.0000000000 0.0000000000 14.7489157721
PRIMCOORD
84 1
Li 5.0229472700 5.0300845743 1.8014586046 -0.1368952902 -0.0902290564 -0.4716359333

#J00D00D00 XSFOOOOOOOOOODOO0O0O000OOenet O #total energy 0 0 0 0 0
0000000000000 00000D0D0000=00000000000000000
OOOOCRYSTALOOOOOOOOOOOOOOOOODDODODOODOODOOOOOOOO
OUOOOOOPRIMVECODODODDDOOOOOOOOODDDD 300 «00 000000
0000000000000 O0O0O0D0OD0OOPRIMCOORDOODDODDODOOODOOOOOOO
0000000000 00000D00000D0D00000D0000DDoO00onoonoo
00084100000008 0000000000000 O0000O000ND 100000
Oeenet000000000000 XSFODODDDDOOODODODDODDODDODOOOOOOOOOOO
00D00000D0D010000000002000000 40000000000500000
07000000000000000m2p2000000000000ev,000A, 0000
OevAODOO

5143 00000000 DOOO0ODOOODOOOOO

0000« QuartzOOOOOOOODOOO0OO0ODOODOOOOODOOOOOOODOOOOODOODOOOO

googo

U000 «QuartzOODOOOOODOOODOOOD eO0O cO0O0D0O0O020000000000000
obooooobo 200000000 O0oobooosaorocoooon

gooogoo

bsi101g0oooooooooboion 500K, 800K, 1200K00000O0ODOOOOOOO0OO0OO0O0O0000

odooooooooooooboooooobooobooooobooooooonooonondndd nnp/SiO2/fpmd
gbooooobooooobooboooobobooboooobooboobooboooo

os78:00000000000000D0O0

ooogad a
oooooooooo 25 Rydberg
kOOoOooooo rooo
oooooa 1e-9 hartree
oooooooo ioMbOOQOGOoOooOO
OoMDOOOOO 10000
oo0ooooa XSFO O

514. 00 0000000000000 0O0O0OO0OO0OO0OOO0OO0O00O0((@OOOO 2021.0100) 435



PHASE/0 Manual, 0 0 0 O 2021.02

0 5.101: 7200 « Quartz O O

o560 0000
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oboooooooobooboooooobooooooobD ioMDOODOOOOOOOOODOOODOOOOO
goboboobooboobooobon

gobobbobooobuoobuooboobobo

gbooooboooobooboooobobooooobooooobooboooobOobooooooboon

00000 0bD0O0enet0D00enet 00000000 ODOOOO0OOOO OOODOOOOOO

o00odbooobooboob0oob0ooDoobDooDoOoDObOoODO xsfarbz2200 000000
gbooooboooooo

$ cd samples/nnp/Si02/fpmd/500K
$ tar -jxvf xsf.tar.bz2

$ ...

$ cd ../800K

$ ...

0o00oo00o0b0o00oobO0bo0o0o0oDO0 nfdynmxexx xsf0 100000 xsf OO OOOOO0OO0OOO

O00enet 000000000000 DOOD0OOODOODOOODOOODOOOOOOODOOOOODOODOOO
UO0UOenetU000000OD0O0OD0OODOODOOOObBINOOOOODOODNO generate.x-*, train.x-*, predict.x-*0
3000000000000 00000 (@boo0*tDenet 000000 dddbbbooogog g
O,00-*000)

oboooooobooobobooobod LAMMPS [Plimpton95]00 enet 000000000 O0O0OOO
0000000000 O0oOoOO0OLAMMPSO enet0 0000000 [Mori20]0 ODOOO0OOOOOO OO
ooooooooooooob LAMMPSOOOODOODOOOOO

gobogbooon

gobooobooobooooboboooboooboooobooooobooooobooooboboooobooon
000b000ob0o0ObOob0O0bOU0o0ob0oob0o0obOobObOoboOoOoboOgon generate.x O OO generate.x
000000o0b000b000n generatex0O0O000OO000O0O0O0O0DOO0O0DOO0ODOODOO (generate.in)
oobooooobooooobooooobooobooooboooobDoOoboDOoO0OoonD samples/nnp/
Si02/aenet/generate U0 0O OO OO

generatein U O U O OOO00OOO00OO0O0O0O0OO0OO0OO000OO00OO0

OUTPUT SiO.train

TYPES

2

Si -107.171 | eV
0 -434.109 | eV

SETUPS
Si Si.fingerprint.stp
0 0.fingerprint.stp

FILES

3000
../../fpmd/800K/nfdynm@00772.xsf
../../fpmd/800K/nfdynm@OOO38.xsf

* OUTPUT O generatex U 0000000000000 O0O0O0O0O0O0DOODOO SiO.trainO0O 0O

514. 00 0000000000000 0O0O0OO0OO0OO0OOO0OO0O00O0((@OOOO 2021.0100) 437
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« TYPESOOODOOODOODOOODODODOOODODODOOOOODOOOOOoOOoOobooOoOo 20,0001
ooobooboboooooooooobobooooooooooooboobbooooooooobobo 1o
gbooobOoboooobobooog

« SETUPSUOOO0O0O0OO0O0OO0C0OO0OOO0OO0OOOOOOO0O0 O0OO0O0O0ooOoooo obooboboobo
goo

« FILESOOOOOOO0OOO0O0OO0O0OO00O000000o00o0o0oog1oo 1ocooooooag
oboocoooboooooooboooooon

goboboobooboobooboobobbooboobooon

ATOM Si

ENV 2

Si

0

RMIN 0.85d0

BASIS type=Chebyshev
radial_Rc = 6.0 radial_N = 16 angular_Rc = 6.0 angular_ N = 8

AToMOO0O0000O0O00O0O0O0O0oobOoOo0

« ENVNUOOOOODOOODOOOOooboobooboobooboobobooboobooo
gbooooob1bobo1oooob0oboooooboon

RMINOOOOOOOOOOOOOOO

BASISOOOOOOODOODOOODOODOOD type=Chebyshev 0 O 0O O Chebyshev D OO OO OO0
OO00000D0 [Artrith17] 00000000 radial ReO radial NOOOOOODOOOOOOOO
OO0O00O0O0Oangular ReO angular NOOOOOOOOOOOOOOOOOOOOOOOOOOO

generate.in U 0O O0000O00000000000O0000Ogeneratex00000OO0

$ generate.x generate.in > generate.log

Obod0oO00dD0Ogenerateind OO0 OUTPUTOOOOODODOOOOOODOOOOODOODOODOOOO
000000000000 00O0000000000 samples/nnp/Si02/aenet/train00 0000000

gobobobooboobouoobooooboon

generatex 10O DOOD0O0O0O0DOO0O00O0O0O0O0O0O0O0O0O0OO00O00 wainxOOO0OOO0OOO0OODOODOO
ob0oo0o0oob0o00oob0O0b0ob0 wainin) OOOOOOOODOOOOCODOOOOOO

TRAININGSET SiO.train
TESTPERCENT 10
ITERATIONS 5000

MAXENERGY 1.0

METHOD
bfgs

NETWORKS

! atom network hidden

! types file-name layers nodes:activation
Si Si.10t-10t.nn 2 10:tanh 10:tanh
0 0.10t-10t.nn 2 10:tanh 10:tanh

e TRAININGSET O generatex U0 00D OO OO00O0ODOO0OOODOOOO
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« TESTPERCENTOODOUODOOO0OOODOO0OOO0OOOODOOOOODOOO0OO0OOO0DbO0bO00DOD
e ITERATIONS OO O iterative D0 000 0OO00D0D iteration 0 00000000000

« METHOD: OOODOOOOOOOOObfgsOOOOLevenberg-Marquardt 1 0 OO0 O0O00O0O000O0O
ObOOdO0bfgsOO0D00ODOODOODODODODODOODOODOODOOOOOOOO0OO0O00O00O0O0on
goo

« NEWORKSOOOODOOOOOOOOOOOOOOOOOoooooooo1oooo0 100000
gbgbgboboobobobobobobobobobooooboboboboboboboonoa
o00ooboob0obooboboobOobO0bDOoOoD0ob0OoOobDOoOn activation function(I OO OO
g0)ooooooobooo

trainx U0 O0goooooaood

$ mpiexec -n 8 train.x train.in > train.log

gbooooooMPIDOOO 800000000000 O0DOOO0OOOO0OOOO0OOOOOOOOO0OOOn
oooooao

oooo0obo0ooo0ooboooDoobboOobboobbooboodbwaindlog D OOOOOOOOOOOOO
trainlog 0000000000000 DDOOO0OO0O0000O0DODOODOO0O0000000O00 Training
processUOOOO00O0O0O0OODOOOOOOODOOO

Weight optimization for 5000 epochs using the Limited Memory BFGS method.

Sampling type : sequential

epoch MAE <RMSE> MAE <RMSE>
2.055153E-01 2.392261E-01 2.059784E-01 2.414336E-01
2.055153E-01 2.392261E-01 2.059784E-01 2.414336E-01
1.338985E-01 1.499288E-01 1.358931E-01 1.509523E-01
4.876623E-02 7.448498E-02 4.891127E-02 7.381589E-02
3.806436E-02 5.418523E-02 3.679157E-02 5.251901E-02

A WN R
AN AN AN A

00O TEST O MAE (mean absolute error), RMSE (root mean square error) D 0 00 OO 0OOOOOOOO0O
gob0oboodboOdepochODOOOODODOOODOOOOOO

goboooboboooboboooboooobooobooooboboooboboooobobo0ooono traindn
oboooooobooooboobObiteration0000000O0O0O0COOO (UODOO Si.10t-10tnn-00100 O
0H)ooooooooooooo

obooooobooooobooooooon

enetJ 0000000 predictx DO OO O0OO0OO0OOODOOODOOODOOODOODOOODOOODOODOO
000000000000 Opredictx O xsf 00000000000 O00DOOOODOO0ODOOODDOO
oboobooooooboooobOoobOoobO0ooboobooooOon (predictxODOOOOOOOOO
obooooobooboooobob ravMPSOOOOOoOOoOooOooDOoOoooooboooooDbon)

predictx DODOOOOOOOODO (predict.in) OO O0OOODODOOODOOODOOOODOOODOOOO
samples/nnp/Si02/aenet/predict DO OO OO OO

514. 00 0000000000000 0O0O0OO0OO0OO0OOO0OO0O00O0((@OOOO 2021.0100) 439
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TYPES
2

Si

0

NETWORKS
Si Si.10t-10t.nn
0 0.10t-10t.nn

FORCES

FILES

3000
../../fpmd/800K/nfdynm®00772.xsf
../../fpmd/800K/nfdynm0@00038.xsf

TYPESOUOUOOODODOOOOOODOOOOODOOobOOoOooOOoobooooooboo

NETWORKS OO OOOOOOO OOOoooobobooobooooboooobooboooonoo
oboooboobooooboobobooobooboooooboooooon

OO000000000D0O0OFORCESODODOOOODOOOODOOO

FILESOOOOOOOOO0OOO0O0DOOOODOgeneratein0000000O00O0O0O0O0OOOOO XSF
oboboooobo0oooooooobooboobOobob0obOob00oo0obo0onoO predictxO OOOO
googooo

predict.x O generate.x, trainx 00000000000 ODOOOOO

$ predict.x predict.in > predict.log

0oo00oopDobooooobo0obo0oooobOoboOogbog predictloglDOOODOOOODOODOO
gboooooobooooooo

Number of processes : 1

Cartesian atomic coordinates (input) and corresponding atomic forces:

X y z Fx Fy Fz

(Ang) (Ang) (Ang) (eV/Ang) (eV/Ang) (eV/Ang)
Si 9.649365 8.409237 9.994378 0.235924 0.525635 -1.368195
Si 1.351787 1.864069 0.963064 2.655693 2.032425 -0.024373
Si 1.296394 6.654412 2.411131 1.116420 0.752235 1.365680
0 8.774874 1.120195 9.374453 -0.116155 1.088577 -0.440955
Cohesive energy : -184.66378181 eV
Total energy : -23593.99978181 eV

Mean force (must be zero) : -0.000000 0.000000 0.000000

051020 predictx U0 ODO0D0ODOOO0OOODOOOOODOODOOOOODOOOODODOOOODOO
gbboodobooooboooboobooobOoooboobooboobooboOooo400b0bo0ooo0oooan
bobooobooooooooobooboboboboooooooboobOOobOobooboooooooot
meVOOOOOODOOOOOODODOOO0O0ODOO0DOO0O0OO0
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-2.40
-2.45 |- .
€
S
S 250 —
>
)
>
>
(]
c
v 255+ —
o
=z
=z
-2.60 + —
-2.65 | | | |
-2.65 -2.60 -2.55 -2.50 -2.45 -2.40

FP energy (eV/atom)

05102 0000000000000000O000O00000DO0O0O0O0O00O0O0O0O0bO0O0O00
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enet 0000000000000 LAMMPSOOOO

gobobooooooboboboooobobooooo LAMMPSOOOOO0O0OO0OOOO0O00ODOOOOO00 (Si.10t-
I0tnn-xxxxx O 0)OOOO0O0OOO0O0O0O0O0O0O0O00O00000000000000000000*  -xxxxx”
gboooobooooboobooogon
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0 0 0 _ggapbe_paw_us.pp
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gbooboobobfbd accuracy DOOD0O0O0O0 paw OO ODOOO0OO0OO0onOOO0OO0OOOOOO

accuracy{
paw = on

}
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charge_mixing{

sw_mix_charge_hardpart = on

00b0000oboboO0o0oO0oogn filenamesdatall F CNTN_BIN PAWDO OO ODOOOO PAWDO O OO
oooooogoobooooo0O0OO0O0O0O0O000000o0oooob0O000000 continue_bin_paw.data
gbooobog ScrO0gbooboobobOOobobool1booboobooooooooboooooboooan
ooooog

&fnames

F_CNTN_BIN_PAW="'../continue_bin_paw.data'
/




PHASE/0 Manual, 0 O 0 O 2021.02

63 0000000D0OO0DOOO

PAWODOODOODOOODOOOOODOOOOOOODOOODOOOOOoOoOoobobooboooboboobooboboDoo
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0o0dobooooonooO samples/paw_ Cr 000000 samples/paw_Cr D000 O00O0OOOOOOO
opooooooood

paw/
us/

obooboOobDpawD PAWDOOOOOOOOOuwsOOODOODODODODOOOOOOODOODODODOOD
b0 paw,us U0 DO00O0O0DOODODOODOODOOODOOODOODOOO

vol20/
vol21l/

vol20, vol21, ... 0000 D0DO0O 20A3,21A%,.. 0000000000000

paw,us 0000000 OOOOODOOODOOODOOOOODOOODOODOOODOOOOODOOOODO
U0 accuracy D 0O OUOOOOOOOOOOOOO

accuracy{

paw = on (DO0OO0O0O0O pawOOOOOOOOOO)
}
accuracy{

paw = off (JO0OO0O0OO0 wsOOOOODOOOOO)
}

o0o0ooo0O0o0o0EVOODO D 6100000 0DOOOOODOOOODOPAWODO USOODOOO
OEviOOO0OoOoOooOoobOoboooo Evoooooboobooobooooooooooboooboobooooo
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oooooooooooooboboooboooboooon

Oel:PAWOOODO USOODOOOOODODOOOOODOOOODO

ooooooo
us PAW | OO
a(d) 2,994 | 2.886 | 2.88
B (GPa) 89.2 150.5 | 190.1
Ecoh (eV/atom) | 4.01 3.065 | 4.10
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paw_one_center_integral{
element_list{
#tag element surface_integral_method
Fe gl
0 gl
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FCC-Cu
FCC-CuOOOOOOOOOODOOOOO0OO0OO0OO0OOOOODODOOO0OO0OO0OoOoOOoOoobObOOoOoOoOoOooOooOon
ooo0o0ooooOo0Oo000o00oooobODboO000o0oooOoOoOoO00ooUoooDoobODbOOoOoOoa
samples/sol_cmix_test/Cu

oooono

gobooboobooboobooboobon

Control{
condition = initial
cpumax = 1 day
}
accuracy{
cutoff_wf = 25.0 rydberg
cutoff_cd = 225.0 rydberg
num_bands = 10
ksampling{
mesh{
nx = 10
ny = 10
nz = 10
}
}
scf_convergence{
delta_total_energy = 1l.e-10 hartree
succession = 3
}
initial_wavefunctions = atomic_orbitals
initial_charge_density = atomic_charge_density
}
structure{
unit_cell_type = primitive
unit_cell{

!#units  bohr

(oooooon)
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a_vector = 0.0000000 3.4704637 3.4704637
b_vector = 3.4704637 0.0000000 3.4704637
c_vector = 3.4704637 3.4704637 0.0000000
}
symmetry{
method = automatic
tspace{
lattice_system = fcc
}
sw_inversion = on
}
atom_list{
atoms{
#tag rx ry rz weight element mobile
0.000 0.000 0.000 Cu 0
}
}
element_list{
#tag element atomicnumber
Cu 29
}
}
wavefunction_solver{
pgooo
}
charge_mixing{
mixing_methods{
#tag method rmxs rmxe itr var prec istr nbmix update
broyden2 0.60 0.60 * * on 3 15 RENEW
}
printlevel{
base = 1
}
goodoooboboooooobobobboooo
e JOoon
wavefunction_solver{
solvers{
#tag id sol till_n dts dte itr var prec cmix submat
1 matrixdiagon -1 * * on 1 off
}
}
e Im+msd, 0000000 OOOOOOO0O
wavefunction_solver{
solvers{
#tag id sol till n dts dte itr var prec cmix submat
1 Im+msd 1 * * on 1 on
}
submat{
before_renewal=off
}
}
e Im+msd, 00O 0O0O0OOOOOOOOO0O
wavefunction_solver{
solvers{
#tag id sol till_n dts dte itr var prec cmix submat
1 Im+msd 1 * * on 1 on
}
submat{

before_renewal=on

}

e Im+tmsd ->rmm3, 00 0000000000000

452
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wavefunction_solver{

solvers{
#tag id sol till n dts dte itr var prec cmix submat
1 Im+msd 1 * * * * on 1 on
2 rmm3 -1 * on 1
}
rmm{
edelta_change_to_rmm = 5.0e-3
}
submat{ before_renewal=off }
}
e lm+msd >mm3, 00 0000000000000
wavefunction_solver{
solvers{
#tag id sol till n dts dte itr var prec cmix submat
1 Im+msd 1 * * * * on 1
2 rmm3 -1 on 1
}
rmm{
edelta_change_to_rmm = 5.0e-3
}
submat{
before_renewal=on
}
}
e Davidson —rmm3, 000000000000 O00OO
wavefunction_solver{
solvers{
#tag id sol till n dts dte itr var prec cmix submat
1 davidson 1 * * * * off off
2 rmm3 -1 on on
}
rmm{
edelta_change_to_rmm = 5.0e-3
}
submat{
before_renewal=off
}
}
e Davidson —rmmm3, 000 0000000000O00OO
wavefunction_solver{
solvers{
#tag id sol till n dts dte itr var prec cmix submat
1 davidson 1 * * * * off off
2 rmm3 -1 * * * * on on
}
rmm{
edelta_change_to_rmm = 5.0e-3
}
submat{
before_renewal=on
}
}
e Davidson
wavefunction_solver{
solvers{
#tag id sol till n dts dte itr var prec cmix submat
1 davidson -1 * * * * off off
}
}
od

oboooboobooboobooo bo740000000 0 71000000 Intel Fortran Compiler 11.1 for
Linux O0O00000D00O 24GHz O Opteron280 D00 0000DOOO0DOOOO0ODODOOODOOOKDO 4
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102 . . . ST
matrixjiagon —o—
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1072 Lo davidson->rmm3, submat after wf renewal :
davidson->rmm3, submat before wf renewal —S—
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10% | 1
©
o
5 108 | —
w
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g7i1oo0boobobobobobobobobobooboboboboooboobobobobobo
0000 Opteron28024GHz 000D O0000D0O0OkO 400000000000D00000D0O00O0O
gbooooooboooon

0g71:000000000000000000O

oo oooooo | oogno
gooooag 130 19.20
Im+msd, OO O OO0O0O00O00O00OOOOOO 670 2220
Im+msd, 000000000 OO0OOO0O 105 0O 32410
Im+msd >rmm3, 00 0000000000000 340 1240
Im+msd ->rmm3, 00 000000000O0O0O0OO 16 O 8410

Davidson »rmm3, 0 0 0000000000000 | 230 11.20
Davidson - mm3, 000 0000000O0O0OOO0O | 150 950

Davidson 170 11.8 0

oooooooO0o0oooooooobo0oOooooobooO0oooobO scrOOOODOOODODOOO
obooooboooobooboooobobooooobooooobooboooobooboooooobon
gbooooioooooooboooobooboobooobooboooooooooooboooboobobooooon
oooooooooooooboooooD mm300000000000O000ODO0O0DO0O000Ormm3
gboooobdoobooooobooooboboobooboobooooboon

ooobooooooboooobobooboooboobooboboooooobobooooooooooao
gooooogoobooboooooboobobobooooonb0 LM+MSD—RMM3 [0, Davidson O,
Davidson—RMM3 0 0000000000000 O000ORMM3O0O0O00000000000O0DOOO
000000000 0000000D0O000ODavidsonOOOODOOOODOOOO (precon) D off 000
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Fe(100) 0 O

o0ooooooooooDoooooOoog FIOO)DO0O0OODOOOOOOOOODODODODOODODOOOO
gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
obooooobobooooobooooboobooonog

samples/sol_cmix_test/Fe100
oooono

gobobooboooboooboooboobo

control{
condition = initial
max_iteration = 200
}
accuracy{
num_bands = 52
ksampling{
method=monk
mesh{
nx = 6
ny = 6
nz = 1
}
}
cutoff wf = 30 rydberg
cutoff_cd = 300 rydberg
initial_wavefunctions = atomic_orbitals
initial_charge_density = atomic_charge_density
scf_convergence{
delta_total_energy = le-9
succession = 3
}
force_convergence{
max_force = 0.0005 hartree/bohr
}
}
structure{
atom_list{
atoms{
#tag element rx ry rz mobile weight
Fe 0.5 0.5 0 off 1
Fe 0 0 0.0948333333333 off 2
Fe 0 0 0.2845 off 2
Fe 0.5 0.5 0.189666666667 off 2
}
}

ferromagnetic_state{
sw_fix_total_spin=off
total_spin=14
spin_fix_period=5

}

unit_cell{
a_vector
b_vector
c_vector

5.3762704477 0.0 0.0
0.0 5.3762704477 0.0
0.0 0.0 28.3458898822

}
element_list{
#tag element atomicnumber mass zeta deviation
Fe 26 101802.230406 0.375 1.83
}
symmetry{
method = automatic
sw_inversion = on
}
magnetic_state=ferro
}
structure_evolution{
method = gdiis
gdiis{

@do0oooooon)
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initial_method = «cg
c_forc2gdiis = 0.005 hartree/bohr
}
}
wavefunction_solver{
solvers{

#tag sol till n prec cmix submat
davidson 1 off 1 off
rmm3 -1 on 1 on

}
rmm{
edelta_change_to_rmm = 5e-3 hartree
}
submat{
before_renewal = on
}
}
charge_mixing{
gooo
}
printoutlevel{
base = 1
}

gboobooboooooboooooboooon

obo0ooobOO0o0oooOoobob0o0oobooboooonodn Broyden2 O (case0)

charge_mixing{
spin_density_mixfactor=4
mixing_methods{

#tag no method rmxs rmxe itr var prec istr nbmix
update
1 broyden2 0.1 0.1 40 linear on 5 renew
}
}
00000000 ooooobo0ob0o0ob0o0obOooOodn Pulay O (casel)
charge_mixing{
spin_density_mixfactor=4
mixing_methods{
#tag no method rmxs rmxe itr var prec istr nbmix
update
1 pulay 0.1 0.1 40 linear on 15 renew
}
}
0000000000 0DO0b00000DbD0O0OOODOn0D Broyden2 O (case2)
charge_mixing{
spin_density_mixfactor=1
mixing_methods{
#tag no method rmxs rmxe itr var prec istr nbmix
update
1 broyden2 0.1 0.1 40 linear on 3 15 renew
}
}
00000O0DO0O00C0DO000O00O0OD0O0OOODOO0OO Pulay O (case3)
charge_mixing{
spin_density_mixfactor=1
mixing_methods{
#tag no method rmxs rmxe itr var prec istr nbmix
update
1 pulay 0.1 0.1 40 linear on 15 renew
}
}
od
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obooooooooobooo720b00b0boOooooooobobobooooooooobobon
oooooooooooogoooooboooooboobomoooooooooobooobooooboo
O00 PulayOO(case3) DO OO0 O00DDOOODOOO0O00ODOOO00O0OO000DOO case3000000
ob00o0ooo0obOooboooooo0ooobobooobOog Broyden2O0OOOOOOOOOOOOOOO
boooooobooooboobooooboboooooboooboooboobooooboboobooooboon
gbooouobooobooboobooooboboooooboooboooboobooooboboooobooboon
gboooobobooooobooooboboooooboboooooboooooan

0 72:Fe(lOO)O00O0OO0O0DOO0ODOOO SCFOOO0OOOO0OOOOO
ooooo

SCFOO |00O0O0O00 (ha)

case0 | 36 -153.877775988322
casel | 32 -153.877775991437
case2 | 34 -153.877775825592
case3 | 29 -153.877775990755

715 000000000000 DOD0ObDOobOOoOooboOooOg

PHASEOOOOOODOOOOOODOOOOOMSD O0OIm+MSD O 0ODavidson 0 OCGOORMM OO
U000000O00obo00obO0o000O00b00O0000 subspacerotationd 0O O0O0O0OOO0OOOOO
Ub000boooboobO0b0OPulayd0OBroyden DO 0O 2000000000000000000O000O0OO
oooooooboooooboobooooboboooooobooboooDoboooooboboboooooboo
ubbodobooobooobOoobOoobOoobOoobOOoooOOoo0OPHASEODODODOOOOOOOOOOO
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
gboooobooooboboooobooooobooboooboobobooooboobooono

obooooboooobooboooobobooooobooooobooboooobooboooooobon
gbooodoopboobobooobooboooooboooboonoo

o00ooooooooo0O0o0o00oooooooooOboO00ooooobooODO0ObO0O0000n PHASE
v1100 0 PHASE/020140 0000000000000 0O0OOCOOO0OOO0OO0OOODOOOO0O0O0O0O0

000o00o0oobo0b0O0oO0o0og PHASEvIIOODOOODOOOOO

gbo0obooobOogbOPHASEvIIOOODOOOODOOOOOOOOOOOOOOOOOO0O0O0OO00OO0
oboooobooooobOobooooboobooooobooboobOoboooobooboobooonoo
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104 ; ; ; ; ;
dev —C—

v1100
10% 1 -

100F

102 |

dE (hartree/cell)
=)
[N

SCF iteration

g75000000000000000DO00O00DO0OO

72 00000

721 0000000

ooo
0000oo00ooo00oDoOo0o0oDoo00ooo00ooDoooooDoooooooooooog
000o0ooo00ooooooooooooooog

000 1:cisO0000DOOO0OODODODO

000 2:0000 TiO2

« 00O0O 3:Si02

000 4:Si(001) OO0
000000000oo0o00oDooo0oooooooooooooDooon
samples/strevl_test

0000000000000000 10~*hartree/bohr 0000000000000 0000000O00O0
000@MO0O0000000000000000000000 107*hartreeel 000000000000
obooooo2e000b0bb0oboobooboobooboooobobboonog

gbooooooboooooboboooboobooocoooboon

quenched MD 0

structure_evolution{
method = quench
}
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cg

structure_evolution{
method = cg
}

gdiis O

structure_evolution{
method = gdiis
gdiis{
initial_method = «cg
c_forc2gdiis = 0.01 hartree/bohr

oboboooboobobooboogb cgobobooboooooooboOooboboboobboobboooooo
O c forc2gdiis 000000000000 DOO0O0O0O gdiisO0000000DODODOOOOO0OO300
uboooobooooboboocgbobooooaon

bfgs [

structure_evolution{
method = bifgs
gdiis{
initial_method = «cg
c_forc2gdiis = 0.01 hartree/bohr

oboooooooooooob cgObOOoOoOOobOOoOobOOoOoOoOoOoobOOobobOooboboOooboooooaon
Oc forc2gdiis 00000000000 OD0O0OO0O0OODbgsODOOODDOODOOOOODOODOODOO 300
00000o0b0o00o0obobb0d cgOOO0O0ODOObesODOOODOOD gdiisODOOOOODOO
O00D00O000 gdiisO000OO00O0DOOOOOO

good

oboooooooooo730000000000000O0quenchedMDOOOOOOOOOOOOOOOON
oboboooboobobooobooobooooooaviooooobobooboobbobboo
oooooooooooogooooooaebnsSon Sio,00fooooooooooooooooogog
000000000000 0D0O000000DDgdiis0000000Oc forc2gdiis0 00000000
oboooooboooobooboooobobooooobooooobooboooooboobooooooboon
O0cgOO0ODO0ODOOODOODOODOOODOOMgsOOODDODOOOODOODODOOOOODOODOO
gbooooboooboobobooogon
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73 00000000000000000DOO00O00O00O02000¢0
gobooooboboooboboob400000000000O0O00O
gooobooo0o1oboogooboboobooobooboooo 20000
O Ti02, 000 30 Si02, 000 40 Si00) DD oOoOoooDO

o001 |0002|0003 (0004

quenched MD | O OO 115 166 good
cg 195 62 28 124
GDIIS ooo 71 13 176
BFGS 87 38 16 67

722 00000000DOOOO0OOOODOOOODOOODOODOO

PHASEO OOOUOOOOODOOODOODOOODOOODOOODODOO0ODOOO0ODOO0bOO0ooo0oobooOoooDo
gobooooooo* ob"ooobobo0ouobobooooboooboooobboooubogn [Arias94]
gboooooboooboobooboboooobooooooobooboboooooooboobOobOooboon
obooooobobooooobooooboobooonog

goo

no prediction | charge0 | charge1

oooooboooo |11 11 11
SCFOO 245 185 163

gobobooaobooabood

no prediction | charge0 | charge1

gooooooo 25 25 25
SCFO O 481 330 310
SiO, 0 O
no prediction | charge0 | charge1
gooooooo 16 16 16
SCFO O 193 144 136
Si(100) 00
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no prediction | chargeO | chargel | chargel+wf
iteration_ionic | 21 21 21 21
SCFOO 324 200 187 157

00 DO O Ocharge0 O sw_charge_predictor = on, chargel 0 sw_charge_predictor = on 0 sw_extrapolate_charge

= on, chargel+wf [0 sw_charge_predictor = on , sw_extrapolate_charge = on, sw_wf_predictor = on 0 O O

Si64 00 300K MD 50 O

no prediction | charge0 | chargel | charge1+wf

SCFOO | 613 413 387 231

000 O Ocharge0 O sw_charge_predictor = on, chargel 0 sw_charge predictor = on 0 sw_extrapolate_charge

= on, chargel+wf [ sw_charge_predictor = on , sw_extrapolate_charge = on, sw_wf_predictor = on O 00 O

7.3 PHASE/O OO OO

PHASEOOOOODODOOOOOODOODOOOOOO0O0ODOOOO0O0ODOO0O0000O0000DO0OO0
gboooobobooooobooooboobooooboobooooobobooobooboobooono

goooo 1 hartree = 2 rydberg = 27.21139615 eV = 4.359745836 x 107187

oo 1 bohr = 0.5291772480 A= 0.5291772480 x10~1°m

00 laumass= 00000 =9.1094x10%! kg

oo 1 au volume = 0.1481847426 A3 = 1.48184726 x 10729 m3

00 1 au velocity = 2.187691417 x10~2 A/s = 2.187691417 x10® m/s

a 1 hartree/bohr = 51.42208259 eV/A= 8.238725025 x10~8 N

oo 1 au time = 2.418884327 x1072 fs = 2.418884327 x10~17 s

oooo 1 au stress = 2.903628623 x10? atm = 2.942101703 x10'3 Pa

oo 1 au density = 1.23013834 x 10* amu/A3 =9.1093897 x 10~ % g/cm3 =9.1093897 x 10~ kg/m?
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080 PHASEAOUUODOOOO

81 0000

PHASEOOOPCOOODOOOODOOOODOOOODOOOODOOOODOOO

PHASE/0 OO0 OOO fortrand fortran90 0 0 O fortran770 0 COODOODOOOO0ODOOCOOOCOOODO
gboobodbooboobobobooooobobooboboMPiOobgoboobobooboooa
googoooooo

gboooobooboooooboooooon

e FortranOO D O OO OOCOODOOOOODOO

MpPIOOOOOOOOOOOOOO

000000000 LAPACK,BLASOOOOOOO
 FFTUOOOOO FFTWOOOGOoooo

e Perl000O0OO00OMMOOOPHASEOOODOOO

GnuplotO OO DO UOOMMOOOPHASED OO OODO

PythonDOOODOOMOOOPHASEOOODASEO DO
PHASEOOOOOOOOODOOOOOOOOOOOODOODOO

PHASEOODOOOOOOODOO

ooooo oooood ooooooooo

Linux GNU Compiler Intel Compiler | LAPACK, BLAS, ScaLAPACK MKL FFTW3
Intel 0 Mac OS X GNU Compiler Intel Compiler | MKL FFTW3

NEC SX Series Fortran90/SX Mathkeisan(LAPACK) ASL(FFT)

Fujitsu FX10, FX100 | Fujitsu Compiler

- MPIOODOODOOOOpenMPL, IntelMPL, SGIMPT O OO OOOOOOOO

GNU Compiler gfortran, geccO0 0000000 44000000000000

MKL O FFTW3OUOUOOOOO0O MKLO FFTO00OO00OOO0OO0O0O000

ASLO FFTW30OOOOOO0OO0O ASLO FFTOOOO0OO0O0O0000000
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8220000003000 ODOOO

PHASEOOOODOOOOO kOO 2000000000 2000000000k0O000GOOODOO
oboo3gooobobobooooooobo 20gboooooboboboooDobooooobobbooDboo
jgdobooooOobooooboboooobobo200000000000000000DOO0

83 0 000O0ODODO

LnuxOOOOOOOOODOOOOOOOO0ODOOOOOCOOODOOLinux 00O Intel Fortran compiler O O
gooooooOooooooooooOoobo0ooooooDooOoboOooo0ooOoooDoDoOOoDboOobDoO
obooooooboooooooooboooMPICDOOOOOOOOOpenMPIDODODOOODOOODOOO
0000000000000 00D0000DSeriaDO0000O00MPIDOOODOOODOOODOO
ooooooooooooooo

OO OPHASE/O OO OOO phase0_2020.01.tar.gz 0 PHASE/OD OO ODOODOODOODOODOOOOOOO
goooodg

$ tar zxf phase0_2020.01.tar.gz

0000000 phase0_202001 000000000000000000D00O 20000 install.sh,3000
O install 3d.shO0 000 200000)

$§ «cd phase0_2020.01
$ ./install.sh

=== PHASE installer ===
Do you want to install  PHASE? (yes/no) [yes]

gboooobOoboooooboboooboobobobooboOobD Enter000000O0DOOOO

Supported platforms

0) GNU Linux (IA32)

1) GNU Linux (EM64T/AMD64)
2) NEC SX Series

x) Exit

Enter number of your platform. [0]

0000000000000 000D00MGNU Linux JA32)D00000 0OO0O0OO0OOEnterdOQon
ooooooo

Supported compilers

0) GNU compiler collection (gfortran)
1) Intel Fortran compiler

x) Exit

Enter number of a desired compiler. [0]

0000000000000 000000000OMO Intel Fortran compiler 9.xOD 00000 2000000
Enter UO0OOD0OOO0OOOOO

Supported programming-models

0) Serial

1) MPI parallel

x) Exit

Enter number of a desired programming-model. [0]
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00b00o0obooO0ooooOooo0oDbo00bOo00bmMMPIparallell 00000 1000000OEnterd0
googoooooo

Supported MPI libraries

0) Open MPI

1) SGI MPT

2) Intel(R) MPI

x) Exit

Enter number of a desired MPI library. [0]

ooooMPIODODODOODODODOOOODOOOOOpenMPIDOODOODO OOOOOOOEnterdd
googooooo

Supported BLAS/LAPACK

0) Netlib BLAS/LAPACK

1) Intel Math Kernel Library (MKL)

x) Exit

Enter number of a desired library. [0]

0000 BLAS/LAPACKOOOUOOOOODOOOODOOOODO OO0 Netlib BLAS/LAPACKOO OO OO 00O
O000O0Enter0000000O00OODO

Supported FFT libraries

0) Built-in FFT subroutnes

1) FFTW3 library

x) Exit

Enter number of a desired library. [0]

U000 FFTO0OO00000D00O00000DDOD M Built-in FFT subroutnesD0 00000 0000000
Enter U0 OOD0OOO0OOOO

Do you want to edit the makefile that has been generated? (yes/no/exit) [no]

00000 Makefile 0O OOOO00ODOOOO0DOOOOMakefileJ0DOOO0O00O00OO0OO0O0DOOOOO
oboob00O0Enter00000000O00ODO

Do you want to  make PHASE now? (yes/no) [yes]

PHASEOOODOOODOOOOOOOOOODOOODOO0DOO0O0DOO000O0000D00 Enter000nOg
OOPHASEOODOODOOOODOOOODODOOOOD

PHASE was successfully installed.
Do you want to check the installed programs? (yes/no) [no]

PHASEO OOOOOOOOODOOODOOODOOOOOOOOOOOOOOOOOOOOO0O0O00O00O0O0
oo0oobooobooboboobdO0yesOODODOOEer 0000000 0o0ooooooobooooOoo
U0Ono00O0O0O0 Enter0 0000000000 0O0CODOOOOOOOOOODOODOOOOODOOO
gbooooood

Do you want to check the installed programs?  (yes/no) [no]

yes
Checking total-energy calculation.
Total energy : -7.897015156331 Hartree/cell
Reference : -7.897015156332  Hartree/cell
Checking band-energy calculation.
Valence band maximum : 0.233846 Hartree
Reference : 0.233846 Hartree

MPIOUOODOODOOD0OOO0DO mpirun mpiexee D00 000000 000O000OO0O

$HOME/phase0_2020.01/bin 00000 PATHOOOOOOOOOPHASEOOOOOOOOOOOOOO
oboobooooooboo
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Bourne shel(O OO0 O00)000000$HOME/bashrce 000 PATHOO OO OOO

export PATH=$HOME /phase®_2020.01/bin: $PATH

Cshel(DODOOO0O)0O0000O$SHOME/.cshre D PATHOO OO OOO

setenv  PATH $HOME/phase®_2020.01/bin:$PATH

MPIOOOOOO binOOODOOOODOOOODOOOOOOODOOOOO

Bourne shel(C OO O O0)00000O$HOME/.bashrce 00O PATHOO O OO OO

export PATH=$HOME/openmpi/bin: $PATH

Cshel(ODODOO)ODOOO0OOOSHOME/.cshre 0 PATHOO O OO OO

setenv PATH $HOME/openmpi/bin:$PATH

O0000OO0O0O0OD0OPHASEODOODOOO

’$ mpirun -np 2 phase ne=1  nk=2
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090 PHASEAOUOOUOOOODOOOOOOO

9.1 00000 phase

00000 phase 00
PHASEO SCFUUOOOOUOOOOOU0OOOOOOOOOOODOOOOUOOOOOUOOOOOOooO
O00U0oo0oOooooooo

obobobobobooboooboooooooooooooDoob0goboOobODbODUfile_names.data O O
gbooooboooobooboooobobooooooboon

oobOb0ooooobooobObOoooOb0O0ooboboobooobOoOoboDnO phase D OODOO
00 ./.phase0_2020.01/bin/” ODOPHASEO OO UOOOODOODOOOOODOOOODOO

% ../../phase®_2020.01/bin/phase

gbboobooobooobooooooboooboooMPIODOOOOOOOOOOOOOOOOOOOO
oboooooobooboooooboboooboboboboob0obbob0ooob0l mpirenD OO

% mpirun -np NP ../../phase0_2020.01/bin/phase ne=NE nk=NK (2 00O0O0)

% mpirun -np NP ../../phase0_2020.01/bin/phase.3d ne=NE nk=NK ng=NG (3 0 O0)

OOOONPO MPIOOOOOONEOOODOOOOONKDO kOOOOOOO30000000 NGOG
goooogoo
911 000O0OD0O phase20 0000000 OOOOO

O0o0ooookOoOO

0000000000 0xk0000000000000 NEOKkOOOONKOOOODOOONP=NEx NK
obooooooooooboooooooo

% mpirun -np NP ../../phase0_2020.01/bin/phase ne=NE nk=NK

obooooboobookobooooboboooooboobooboooobobo kbooooooo
ooooooboooobobooODBrillovin0 000000000 kODOOOODOODOOOOODOOO
ooooooooookooooooooooboooooooboooooboooooooboooMPIDDOO
00000000 kODOD0OO00DOOO00DOO00DOO000O0O0O00DOkO0O0OO0OONKOOOODDOO
obobooboobOoboobookOobooNKOOOOOOOoOoooOoooooooboooobooooboooo
gooooooobooooobobooobooboobooobooboo
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ne, kU0 ODO00O0D0O000O0D0O0DOOO0OOODOOOOOOODOOOOOOODOO0OO
00000 202000l DOONE=NP,NK=1

- 00000 20200100000000000000000kOOOOOOONPOOOOOOOOO

0000 NK,NE O NP/NK.

goooaoo

NEBOOOOOOOOOOOOOOOOOOO0O0oO0o0oobOo0ooboooooooDo* oooooo” oooo
gboooobobooobooboooobobooooobooooboobooonog

% mpirun -np NP ../../phase0_2020.01/bin/phase nr=NR ne=NE nk=NK

NROODOOOODODOOONP=NRx NEx NKOOOOODODODODODODOOOOOoOOOoOOooDOooDO
o0o0o0oo0O k00000000 0ODOO0O00kOO0O00oooOOOO0OoooODOOOO0D Dooobooboog
obooooOo” boooobOobooooboboooboOoboooooboooo

912 00000 phase30000GOHOOOO

PHASEOOODODOO kOO 200000000000000000GOOOOOOOOOOOO0OODO
jooboooo200000000000C0O0O00DO0O00O0DO0OO0OO0OO0OO000a0

’ % ./install_3d.sh

gbooboobooooboooo

‘% mpirun -np NP ../../phase0_2020.01/bin/phase.3d ng=NG ne=NE nk=NK

OOOONPOOMPIODOOOOONGD GUOOUOONEODOOOODOONKD kOOODOOODOO
OONGO NEONKODOOOOMPIODOODOOOODOODOOOODOOD20000000000ONEB
ubobooboooooooboobooooooobooobooboobob0 a=NROOOOOOOO
obooooobooooood

ne,nk, ng 100000000000 OOODOOOOODOO
- 0J0O0O0ODO 2020.01 0 OONE =NP,NK =1, NG=1

- 00000202001 00000000000000000KkODOOODOOONPODOOODOODODOO
O0O00 NK,NGO NEO NE*NG=NP/NKOOOUODOOO NENGO 120000000000
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913 300000000DODOOODO

jjooo0ooooooooooooooooooobo0ooooObooobDoOoooDobooOooDo
FFTOOOO000000

30000 FFTOODOOOOO0ODOO0bOOO0O0oooooooooboobooboooGeoooooboooo
gboobooboooobooboooobobooooboooooobooooboOobooon

control{
sw_serial_fft = on

}

U0ng=1000000000000000C0OO0O0O0O00OO
obooooboooboobOoboooobooon

jggooobobooooooooooooboboboooboooooobobDoboboobobooooo
gbooboobooobooboboooobooooboooooon

control{
sw_communicator_for_chg = on

}

GO000O000bOO0o0o0oooOoOoOooooOooOooOoOOoOoobODOOoOoOooon

9.2 0 0O0O0O0O ekeal

obooooobOobooooobobook0obOOoboOoooOobOO0obOoooobOobobOekcalOOOOOO
SCFOOOooobooooobobooobooboooooooo

SCFOOO0OO0O0DOOOO0O000DDODOO nfehgtdata D0 OOOOOO0O0ODOOOOODODOOOOOOOO
0000000000 filenamesdataOO00OOOF CHGO SCFOOO0OO0OOOOOOOOOOODOOO
oono

000000000000 0D0O0O000D0KkOO0O00O0DO0OO0 kpointdataOD O OO OOO

0000000000 ekcalDO0ODOOODO phase0_2020.01/bin/” OOPHASEDO OO DOOODOOOOOO
googoooooo

% ../../phase®_2020.01/bin/ekcal

ekcalUOOOOO2000000000000000000000000000O0O00O0CO0O0OO00OO0O
0000000000 phased ekcal OO OODOO0DOOOOODOOOOODOO

control{
fixed_charge_option{
kparallel = one_by_one
}
}

ONE_BY ONEOOOOOODODOOODOO kO iteration 00O 0O0O0D0OODOO 1000 kO iteration
0000000O00b0ob00bU0obbuOoobOobDUgn sw_modified_kpoint_increment J 00O on O 0O 0O O
00000 kOO0DO00D0D0000D000kODOODO0OO0DOOD kOODOOOOO0DOOO0DOODOOOOOOd
oooOooooooono

9.2. 00000 ekcal 469
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control{
fixed_charge_option{
kparallel = one_by_one
sw_modified_kpoint_increment = on
}
}

9.3 00000 epsmain

0000000000000 0000000OO0epsmain0000000O ekcalDO0O0OOOOOOOO
goooooooooOooo0oOooOoOoooOobooOoOooOooOoOoOOoOoOO3ogoooOooDoOg
O epsmain.3d 0 O O

9.4 00000 tdlrmain

0000000000 0DO0O000000D00O00000000O0000000D0 tdrmain000300
oboooooooooon

95 00000000D0O0O dos.pl

googobooon

PHASEO O OO EKCALOODODOOOOO0OO0O0OOOODOOO0OO0O0O00000000OOO0ODODO0O0O
3101 00000000000000000O0 dosdataD O ODOODOOODOODOO dos.pl example O dos.data
OworkODOOOOODOOO

$ «cp ../example/dos.data

Ob0000 desdata DD O00OO0D0O0ODOOO sODOO0O0O0ODOOODODOOCOODOODOOODODOO
dosdata 000D OO00OODOODOOOOODOOOOODODOOOODOO

$ dos.pl dos.data -erange

OO0DOO0OOD0OEPSOOON density_of_states.eps OO O DOOODOUNIXODOOOODOOOODOO ghostview
OgvOOO0O0DDOOODO

$ ghostview
ooo $ gv

dospl OODOOODOODOOOD0OODOO dosdatalD OO 0O00OO-erange 100000000 0OOOODOO
oo0oboo0oOd0D-colorO0000O0DO0OO0DODODOOODOODOOOO
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12 -10 - F] -+ 2 ° 2
Energy (eV)

gol:000Soooooon

9.5.1 dos.plOOODO OO

O000O0db00OdesplDODOOOOODOODOOOODODODO

$ dos.pl

Version: 3.00

Usage: dos.pl DosD

ata -erange=Emin,Fmax -einc=dE -dosrange=DOSmin,DOSmax -dosinc=dDOS
-title=STRING -with_fer

mi -width=SIZE -font=SIZE -color -mode={total|layer|atom|projected}
-epsf={yes|no} -data={yes|no}

DosData DO O OOOOOOO0OOO0OO0OODOODO (OO dosdata)UOODOOOOOOOOOOODOODOO

gobogobooobooood

-erange=Emin,Emax 0000bO00obOobobdboevOOuobooonDO
ooobog-10
OO0D0DO-erange=-10,50000000000000
Ooo0o0o0oDOoO0o0oDbOOoOobDoboOooboOoooDo

evOQoS5 evoOooooono

states/ eV 0 O

O O -dosrange=

oo
-einc=dE obOob0oo0obooboboooboobd2eviO0On
O00o0bobo0oobDOdb0O0-eine=200000
-dosrange=DOSmin,DOSmax oobooooooooooboooobooooo

12 states/eVO O ODOOOOOO
0,1200000

-dosinc=dDOS 00 @UOo0D)yODoooOoooDooDoooOoo
0002 states/eVOODOOOOODOOODOODOO-
dosinc=2 00000

titile="Total

-title=STRING oboobooboboboooooooooooon
oobooboOooobToetal DOSOODOOOODO-
posS"oDogOoon

-with_fermi uboboboboboboboboooooon
obobooboboboboooooooooon
obooboobobooooboooooooooon
gobooooboooobooooooboooooo

obooooood

95. 00000O0OOOOO dos.pl
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0 91-0000000000
-width=SIZE oo 1oodogoggoogo
0odo0bD0oooooDoboDOooooooood
08000000000O-width=0.800000
-font=SIZE 00000000000 000DO000oDOoOon
000000000 4000000000000
gooo200000000-font=2800000
-color 0o0ooooobooooan
-mode={total[layer|atom } total 000000000000 0OO0OOOOO0O
layer OO0 O0O0O0U0O0O0OD0OO0ODOOOOODOOOO
O000000aomO0O0O0O0O0OOOOOOO0O
O0000000D0O0DODOOOprojected DO 0O
0o0oOo00oooooobOo0oooooooon
00O0oooooo tetald0OO
-epsf={yes|no} oooooobooobooboooooooooo
noJ000000000O0yesOODOOOOODOO
0000000bOooooooooooog
-data={yes|no} O00000D0O00O0000ODOODOO epsOO
0o0DOOo00D0DOO00oDDbOOo0ooDOOooooOoOon
00oob0dyesOdooonoo

96 10D OIDOODODDOODOdos.py (000 0O 2020.0100)

9.6.1 OO

PHASEOOOODOOOOOODOOOOdesplOO0DOOOOOOODOOOODODOOODODDODOOOOO
oboooboooooooboooboooboOoooooboooboooooboooobo EPSOOOOOOOO0OOn
O0dospyDO0OO0ODOOO0OOODOODOODOODOOOOODOOOODOOOODOPythonOOOO
gboooobooobooboboooobooon

e dosplDOOOOOODOO
«EPSUOO000O0O0O0ODO0O0ODO

- 000000000000 ODOOODOODOOOOOOOOODOOODOOODOOObOOOnOOnOO
obooooobooooboboooooboboooooboooobooboonog

goooooooooobooogooboooo
- 00000D00O0OdesplDO0O0O0O0D0OOOOODDOOOODODODOOODOGGUIDOO

gbobobobobobobobxuobobobobyuobobobuobdzoboboboboboaoba
goboobooobooboobooboobobboboobooboobobobobobobobooboo
gboooobobooooobooooboboooobobooooobooooobooboon

gboboboboaoboooboobuoobobobobboboobooboobuooboboooboaoboa
ooobOdbOOdespyD0ODODOOO0OO0OODODODOOOOOOODOODOODOODOODODOO
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
goo

dospyDOOODOO GUIDOOOODOOODOOOGUIOODOOODOODOO tkinter (https://docs.python.org/ja/
3/library/tkinterhtml) O O O tkinter D 0 0 Python OO0 OO0 0000000 0OO0ODOOOOOOOOOO
ooooood

0000000000 Odos.plO gnuplotD 0O DO DODOOOOOO Odos.py O matplotlib (https://matplotlib.org/)
0000000000000 0000DOO0O000000 PythonOOO matplotlibOO0OOOODOOOO
U Onumpy O O O O O O Matplotlib O numpy O pip(https://www.python.jp/install/windows/pip.html) O O O O
0000000000000 00D0000000D00000O0O0O0 Anaconda (https:/www.anaconda.com/) O
000 Pythondistribution 0 0 0000000000000 O0O0O0COCOPython300000 00 OOPython2
ooooooooooo

9.6.2 00O

gooooo

ooooooogooooo-f00o0o--file0000DOO0O0OO0ODOOOOODOOOOODOODROO
gbobobooboboboboboboooobobobooooobobobooooboboona
obooboobooooobooooooboooooDbo0 (-HO0=00Db00O0O0ODbOODO0Ob00O0-m
total, --mode=total D D 0 0 000000000000 0OO0O00O0OO0O0O0ODOOOOO0ODOOOO0O0ODOO0
obooobooobooobooooobooboooboooboooboo .oocoboobooboobooooon
gboogob2.000000boooooboboobooooboboobooog3.ocgoboooobooobooo
gboooood

obooooboooobOoboooobooon

gobobooboooboobooboobobboobooboobooboobon

ooooo oo

--version goooooooogo

-h, --help ooooooooad

-i, --interactive 000000000 DOO0DOO0ODbODbOOobOOoDOOoDad

-g, --gui oo GuUIDOD0OOOOoOoOooooooooon
oooao

-f FILE --file=FILE 000000 DOO000DOO0o0oo0DOoOoooOoOon
00O dos.data.

--output000=OUTPUT000 outputOOO 0 0O O0O0DOODOOODOOOODOOO
dooo0dDooOo0oDoDOoooooooooon
O0ouput0OO D OO OOOODOODOO

-m MODE --mode=MODE 000000000000 0O00Ototal, atom,
layer, projected D OO0 O OO

googoobooon
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0 92-000000000O0

gboodano

uo

-a ACTION --action=ACTION

000000000000 00ODOO analyze, split,
sumd 00000

analyze 00000000000 OOOOCOOO
OO00D0OCsplit0 0000000000 00D0OO
ooooooooooooooboOssmOd0000O
oo0ooo0ooOooooooooobooooo
Oo0oo0o0oDboOooo0oooooobooooDo
Ooooooooooon

--heatmap dddddddddd0o0o0oOoOooOooOoooa
JdodooooDoooooooooooa
-0 OUTPUT, 00000000 0D0O0O0ODO genfig, storedata, both

--output_action=OUTPUT_ACTION

U00O000Oegnfig0O00O000OO0O00ODOOO
OOOstoredata 00000000000 0DODO
OO0000O00D00O00000O0bethOOODODO
O000ob0O0oo0o0oodn both.

gboooooboboobooboobooooboboooog

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
oooooooooooobooooboooobooobogobbooooooooooDooboooo (puooo
(ygobooboooboobooboobooboOoboobooooooOoboooboboOoboOoOoboOooon
obbooobooobooobooobooonoo 1,348-11000000 1,34,89,10,11000000000
O0--elemid0 00000000000 ODO0OO0OCODOODOOOOODO

goooo

ao

--dosid=DOSID

dosid0 0D 0OO0OO0DOOOOODOOOOODO
dosidD0OO0DOO0OOOOOOOOOOODOOOO
00000 atomid, lid, mid, tidD 0000000 0O

--atomid=ATOMID

ubooboouabgbgIibgboooogooon
gboboopoboobobooobooboboon
oono

--layerid=LAYERID

uoboboooobooIpoobooobooooon
oooobOoobooooooon

--elemid=ELEMID

ooooboooooooooon

--lid=LAYERID

obobooboboboboooooooooon
ooooboooooooon

--mid=MID oboboobobobooboooooooooon
gbooboobooboob

--tid=TID ugbboaoboooboooboaobooan
gbooobooboooo

googood

gboooobooooboboooobooooobooboooboobobooooboobooono

474
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googo

go

-e ERANGE, --erange=ERANGE

ooooooboooobooooooooooooo
eminemax D 000000000 0eminO00O00OO
emax DO 0O0O0Oemin,emax 0000000000
gdododouod emin, 0000 ,emax. OO
00000000000000 matplotlibd 00O
gooopobobooood

--einc=EINC uoooboooobooboooood

-d DRANGE, ttododoooooooooooooooooon
--drange=DRANGE ooooboboooobooooo

--dinc=DINC gooobooboooobooooon

--lIrange=LRANGE

goboooobooooboooboooobooooonon
obooboobobobOobobooboooooon
oono

--linc=LINC

bdbdobabobobobobobobood
gbogobooboooobo

--with_fermi

gbobooboboobboobboobboan
uoooboooobooboooon

--title

uboboboboboboboboooooon
oooobooogon

--cmap=CMAP

goboooobooooboooboooobooooonon
ooooboooooooooon
obobobobobooboobooobooooooon
000000000 viridis

--imgtype=IMGTYPE

00000000000000D0O0O0O0O00000
eps, ps, png, jpg, pdf, svg

O https://matplotlib.org/3.1.1/gallery/color/colormap_reference.html

gooon

dospy O-i0 000 -interactive 000000000000 D0OO0O00O0DOOOOO0ODODOOOO0OODOO
obooooboooobooboooobobooooobooooobooboooobooboooooobon

goboogbooaobooaod

- 00000000000 DO0ODOODODDOO total, atom, layer, projected D D O O OO

* atom, layer, projected D OO0 OO0 OO0 OO OOO O O atom, projected 0 O O split 0 O O O sum, layer [

O00000 heatmap O OO OO

sum0 00000000 IDO0OOO

OO000OO000O0O0O0OO erange, drange, with_fermi OO0 OO OO

Oo0oOooOOoDoOoOOeps,ps, png, jpg, pdf,sve0 0000000
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Gulooo

dospyO-g0000--guiD 0000000000 DOOO 092000000 GUIOOOODO0O0O

= dos.data

File: ‘

10 A

—
>
@
i
wi
@
]
1+
-
£
w
o]
[m}

1 LN i

T T T T
-25 -20 -15 -10 -5 0 5
Energy (eV)

atom (sum)] Ia_l,rer] layer (sum)] layer (heatmap)] figure options]

‘e atom01 O atom02 O atom03 O atom04 O atom0S O atom06 © atomO7 ¢ atomO&
" atom09 " atom10 O atom!l O atom12  atom13  atoml4 ¢ atoml15 ¢ atomiG
" atomd? O atomld O atomid

#€> $Q/= B

0 9.2: dos.py U O OO0 GUL

obooooooobooooobo euincoogooooooon
a. Dooooooo

b. 0O0OO0OOCODODOO0ODOOO0OODOttal ODO0OC0DatomOO00O0D0O0ODOOQOODatom
sum) 0000000000000 Olayer 0000000000 Olayer(sum)0 00000 OO0O
O00OOlayer (heatmap) D0 OO0 O0ODOOO0OOOOODOOprojected d 0 00O OO DO projected
sum) 000000000 Ofigureoptions0 00 0000OO0OOOO

c. DO0D0DOO0O0OOOatomID, layer ID,pdos IDO OO ODOODOO0OOODOODOOODOODOOOOODOO
oboobobooboooooobooboobooooooobooobooobooobooobooaoo
goooooao

d 0000ob0O0obooboboobobobobooobooooobooboobobobobobOoboobooon
goboobobooobooobooobooooobooooboooooobooooboooobooobooao
goo
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9.6.3 0O

goboooboooooooooooobooooooooboooooobooooboooboooooooo
ooo0DOO0O0000000ob00ODOO000000OODb000000O0ObOODO0000 data, 000 --imgtype
oboooooboooooboobobooobooboooobooboobooboOOobooooboboobooonoo

e ——action=sum 0 0 0O 0--heatmap D OO0 O OO0 OO

00O 00O O dos_total

00000 00 dos_atomatomid

0000000000 dos_layerlayerid
« 000000 O dos_atomatomid_1lid mmid_ttid

e cheatmap OO0 DO O OO0

UO000O00O000O0layer_dos_heatmap
e --action=sum 0 O O

« JO0O0ODO0OOdos_summed_atom

0000000000 dos_summed_layer

0000000 dos_summed_projected

964 00O

oboboooobOoboooooooo0ooocbo0oobobo0oooo0obo0obOOo PHASE/OOOOOOOOO
BaO-SiD 00O BaTiOOOOOoOOoOOOODO

0 9.3: (2)Ba0-SiO OO (b)BaTi0O DO OO OO

96. 000000 OOOOOO dos.py (OO OO 2020.0100) 477
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BaO-Si 0

dos.py -f dos.data --imgtype=svg

oboooobobooobOoboooobobooonsvgonon

80 1

70 A

60 -

50 A

40

DOS (states/eV)

30 A

20 A

10 -

0 1 1 T T
-25 -20 -15 -10 -5 0 5
Energy (eV)

094000000

dos.py -f dos.data -m atom --imgtype=svg

goboooboooboooobooooboooboooooooooooobOooboO0oooobon BaO
gbooooobobooooobooooboobooonog

dos.py -f dos.data -m layer --imgtype=svg

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
gbooooood

‘dos.py -f dos.data -m atom -a sum --elemid=Si --imgtype=svg

Siooooooooooooooooooooboooooog

‘dos.py -f dos.data -m layer --heatmap --imgtype=png --drange=,2

obobooobooboobooobooobooboobooboobooooboooobooobobobooobooOobo200000A0
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104
Ba|l . (@)

s S 61
d] q)
% 6 W
i3 U
k] k]
© ©
@ @
& 2,
a a
o 41 o
a a

21 » 21

. h o] . -
-25 -20 -15 -10 -5 0 5 -25 -20 -15 -10 -5 0 5
Energy (eV) Energy (eV)

095 1000000200000000000000000093(@O0O00O0DODO0O0O0OODODDO 100
O Ba, 2000 00000

154
o

A\~ A |

° ilayer=1 ilayer=6"

o o
ES [

o

IS
DOS (states/eV)
o
w

DOS (states/eV)

o
N

] ” . /L
0 k 0.0
=25 =20 =15 -10 -5 0 5 =25 =20 -15 -10 -5 0 5
Energy (eV) Energy (eV)

096:1000 0 9300000065000 093(@O0O00O00OO00O0O00OOO
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DOS (states/eV)

17.5 -

15.0 -

12.5 4

10.0 A

7.5 1

5.0

2.5 1

A

LY

0.0

-25

-20

-15

-10

H “

M

Energy (eV)

g97:Siddfiboooooobooooooooooono

480

090 PHASE/OO OO OOOOOOOOOOO



PHASE/0 Manual, 0 O 0O O 2021.02

Energy (eV)

0 3

10 15 20

25
distance along the axis perpendicular to the layers (A)

gog ooooobooooboooboooooboooooooooooooooooobooooDooo
gbooooboobooboboooobooooboooooobooog
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BaTiO O O

dos.py -f dos.data -m projected --imgtype=svg

obooooboooboobOobooooboTiDJO00O00O0OOobOO0O0oOonOo

10

dii;E, m=1 = ciffiaE,m=3

N
=)

-
v

DOS (states/eV)
DOS (states/eV)

-
o

u T 0

-60 =50 -40 -30 -20 -10 0 10 -60 -50 —40 =30 -20 -10 0 10
Energy (eV) Energy (eV)

099 TidOOOOOOOOOO

dos.py -f dos.data -a sum --lid=2 -m projected --imgtype=svg

TiO4J0000000000000O00000DO00OO0O0O00Db000

9.7 kDODOODOODOODOOO band_kpoint.pl

0000oooooooooooDooOOC k00000000000 kOOoOoDOOO0OO0OD0O0O0 ekcalOdO
O0O0O0OOekcal D kOODDODDODODODOOOOODOOOO kpointdataDO0 0000 kOOOOOOOOOO
O00000Doo0 k00000000000 00000D0DDO DO band_kpoint.pl O O O band_kpoint.pl O
gbobogboooboobooboobobobaoboa

dkv

blx b2x b3x

bly b2y b3y

blz b2z b3z

nl n2 n3 nd # Symbol

dkvO kOOODOObIxblyblzOOOOODOOD b 0xyz0O0O0O0O0OO0O00O be,bg0OODODOODO
oooooobobooooD kbOOoooOoOoooOoooobooooooooOoOooobDOoooDoOoooboooDoDO
oooooo0o0ooo0o00obOoO0o0o0ooDooOo0oO00o0o0O0g ng,ne,ne,ng0000 kOOOOO

n n n
k="1bi+2byt—hy
nq na nq

gboobooboboboobobo#buoboobooboobooooboboooboobooooono

0.02 <---- k0OO0OO
<---- 0000000

X <---- nl n2 n3 nd # Symbol

(oooooon)
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80 A

70 A

60 -

50 A

40 A

DOS (states/eV)

30 A

20 A

10

0 T 1 1 T 1 AI T 1
—-60 -50 -40 -30 -20 -10 0 10
Energy (eV)

golo:TidDODOoOooooooo
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(Cooooooooo)

o o6 © 1 # {/Symbol G}
1 1 1 2 # L
5 2 5 8 # U
1 0 1 2 # X

000000000000 00 example UODOOOOOO0OOOODOO band_kpointpl DOOOODOO
good

$ «cd PHASE_INST_DIR/samples/tools/work
$ «cp ../example/bandkpt_fcc_xglux.in
$ band_kpoint.pl  bandkpt_fcc_xglux.in > output

00000 kpoint.data OO0 OO O000000OO0O0O000O0DOODO kOOODOOOOOOOKOOOO
O0000O000O0DOekcal D kOOOOODOODOOODOOOOODDOOOO

98 00000 0ODODODO band.pl

9.8.1 band.plC 00O

band.pl PHASE/O O ekcal 00 O O nfenergy.data O band_kpoint.pl D OO OO OO0 bandpl DO O OOOO
0000000000000 kpointdataOO OO0 Oekcal 0 DOOO0OO0OOOOODOOOOODOOO
00000000000 nfenergydata 0000000 example DO OO0000000D0OO0OO0DOOOO
000000000000 example O OO nfenergy.data O bandkpt_fee_xglux.in 0 work OO O OO OO
00000000 bandplOOODOOOO

$ «cp ../example/nfenergy.data
$ cp
$ band.pl nfenergy.data bandkpt_fcc_xglux.in

O0OOOODEPSOODDO band_structure.eps 00O 0000 OO0ODOOODOOODODOONODOOOghostview
OgvOOO00ODOOOODOOOOO

$ ghostview
ooo $ gv
$ gv  band_structure.eps

Vi 1
|

. —
//
2t //
//

/

Energy (eV)
IS

gol:000 SiobOOoOooao
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bandpl OO0 DO OO00OOD0OO0O0OOCODOODOOOOCODOODOOOOODOOOODOOMO

9.8.2 band.pl0 00000

00000000 bandplO00OOOO0O0DOOOODOOOODO

$ band.pl

Usage: band.pl EnergyDataFile KpointFile -erange=Emin,Emax

-einc=dE -ptype={solid_circles|lines} -with_fermi
-width=SIZE -color

KpointFile 0000000000 OO0OO0DOOOO

-erange=Emin,Emax

O00oobOobobooboobouoevOoooboooOg
OOo0oo0-10 evOOS evOOOOODDO
OO000-erange=-10500000

-einc=dE

obooooOobobooooobogob2evbOOOn
O000b0ob000D0-eine=200000

-ptype=TYPE

OO0D00000O0O O -ptype=solid_circles g
000O0oO0oOooD0OD0OO0O00000d-ptype=lines
oooobo@oooo)o

-with_fermi

goboooobooobooobooboboon
obobooboboboboooooooooon
obooboobobooooboooooooooon
gbobobobobobobobobobobo

-width=SIZE

ooboboooobooooosbbooobooooon
gbobobobobobobobobobobo
03000000000-width=0300000

-color

ooooboooooao

99 0000000 trajectory 0l 000000000 dynm2tr2.pl

Perl DOO0OO dynm2t2.pl OO0 000000000000 0D0OOO (nfdym.data) 0 0O O trajectory O

gboooood

o000 dynm2t2pl DO00OO0O0O0OO0OO0OOO

$ dynm2tr2.pl nfdynm.data

obooooboooOdymmue200000000 gridmol2000000000C00O0O0OOOOODOCOOO
gbobobooobooaboobooboobobbooboobooboobooboboboaoboa

FCCODOODODODOOD Sioo0oo0ooooooooooooboooooooooooobooooon

trajectory U0 OO0 O00O0O0OO0OO0OOOO

oynrpoogooooogobooboobooobooooboobooboobooobDobooboobooDoOoo
gbbooboooboobooboooobooboobooooooooboobooobooea2uoboooan

99. 0000000 trajectory 1000000000 dynm2tr2.pl 485
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Step 1 Step 2 Step 3 Step 4

7T
YN

Step 9 Step 10 Step 11 Step 12

g 7 F

0912:000 Sid0ooo0ooooooooog

000000000000 000b0DO controlinp0O000D00O0O0O00DOOOOO0OOODDODOOO
gooooao

origin 1.2825 1.2825 1.2825
vectorl 10.26 0 0
vector2 0 10.26 0
vector3 0 0 10.26

00 controlinp DO O OO dynm2u2.pl 0 dynmr2 OO0 OO0 ODOO (1.2825,1.2825,1.2825) bohr O O
00o0ooooooog (10.26,0,000(0,10.26,0)0(0,0,10.26) bohr D DD OOOO0ODDO O OO Odynm.tr2
ooooooo

$ dynm2tr2.pl nfdynm.data control.inp

obooooobobooobooboOsteplO00O0OD0OOO0OOOO 013000

Step 10

0913: 0000000000000 Si00000000 (step 10)
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9.10 000000000000 freq.pl

PHASEO OOOOOOOOODOODOOODOOODOOOOOO0OO0ODOOO0ODOOO0DOOObOO0O0OO0O0ODO
O0000000000 modedataD OO OODOOOPerl DO OODO freq.plmodedata 0 00O OODOOO
0000000000000 00000OfreqplO000000OEPSOO0O0O0O0O0DODOO freqepsO0 OO0
oooooogoo

$ freq.pl [options] mode.data

obo0o Siboooooobooooooboooo oe4boobooon

Vibrational Analysis

700 F
600 | T2gR

500 | 517
400 ¢

300 -

Frequency (cm'1)

200 -
100 -

0914000 S00000000

goboooobooooobooooboooboooooOooooboobooooboboooboooobooooon
00000 dRRIR&G RNON)OOOOOOOO0IRODOOOOODOOOROOOOO0O0OO0O0OODOOIR&R
obboooobooboboooooooboooobooooNOND OO0 ooboobbobboooobooo
0000000000000 000000000000em!00000000000000000000
gboooobobooobooboooobooboooog

9.10.1 freq.pl0 00000

Uo0oO00ooDO freqplODO0OO0OD0OOOOOOODOOOO

$ freq.pl

**% A visualization program for vibrational fregencies
Usage: freq.pl [-width=W] [-height=H] [-nrep=N] {-solid|-mol|-ignored_modes=LIST} mode.data

freqpl 000000000

-width=W oooooooboooo1oooboobooooo
ooobooooboobooooong
ooboooo300b0000000-width=0300
agod
-height=H oooboooobooboo1oo0oooobooobooon
gbobobobobobobobobobobo
25000000000-height=2500000
googoobooan

9.10. 000000000000 freq.pl 487
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0O 96-000000000OO
-nrep=N ubbuoaoboooboooboaboaan
oooooboooooooboooooog EPS
ooooboooooao

-solid uboboboboboboooboooobooooon
gbooobOoboooobooooon

-mol bobooboboboboboooooooon
oo

-ignored_modes=LIST LISTOOOOOOOOOO0OOOOOOoOOoD0OO

Jo0o0dooooobodooooooooog-
ignored_modes=1,23 0000 1,23000000
ooooooooooa

0.1 0000000000 trajectory 0D OO0 O0O0OO0OO0O ani-
mate.pl

Perl D00 OO animate.plmodedata D 0 O 0000000000000 000DOOOODOOOOOOOO
Uboo00obo0 ajectoryD0000O0OO0OOOOO
controlinp 0 0000000000000 0OOODOOOOOOODOOOODOOOOO

control.inp 0 OO OO

origin 1.27189 1.27189 1.27189
vectorl 10.17512 0 0
vector?2 0 10.17512 0
vector3 0 0 10.17512

000000000000000000000000 (1.2718901.271890 1.27189) bohr 00 000 D00 O
000 (10.175120 00 0)0 (00 10.175120 0)0 (00 00 10.17512) bohr 1000 00O

animatepl OO0 0OOOOOOOOO

’ $ animate.pl mode.data control.inp

0000000000 trajectory U0 OO OO mode_1.tr20 mode_2.tr20 ...0mode_6.tr2 00 0 OO OO
Ogridmo200000000000O0O0O0O0O0OwaectoryI00000O0OO0OOOODOOODOODOOO
oooo

oOoOoSibboo0oO0 60000000000 OOOO mode 6.tr20 0000000 0915000000

488 090 PHASE/OO OO OOOOOOOOOOO
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0915000 Si000o0ooooooooon

9.11. 0000000000 trajectory 00000000000 animate.pl 489
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912 00000 O0O00ODOO conv.py

convpy OO Python OO D OODOOODOOOOOOOODODOODOOOOOOOOObMnOOOOOODOO
O0000ODOconvpyOODOO0OOUODOOOODOODOnfdynmdata0O0 OO0 CIFOOODOODOOO
gbooooooaoo
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PHASE/0 Manual, 0 O 0O O 2021.02

oooobooooo

ao

$ conv.py

atomic configuration converter utility.

Copyright (C) the RISS project, The University of

Tokyo

select the type of the input atomic coordinate file
0. phase_input

phase_output

VASP_input

VASP_output

OpenMX _input

OpenMX_output

XSF

Xyz

cube

e Al ol

cif

_
e

dmol

11. LAMMPS_output

x. Exit
Please enter a selection (0/1/2/3/4/5/6/7/8/9/10/11/x)
[0]:

0000000000000 000nfdynm.data O
00O phase_output 0 OO 100000 Enter

Please enter the name of the input atomic coordinate
file, or type x to exit. [nfdynm.data]:

nfdynmda ta OO0 00000000 0CQCOCOnf
dynm.data0 00000000 Enter

Please enter the frame no. (enter a negative value in
order to output all frames when possible), or type x to
exit. [-1]:

goboooboooobooooooboobooonn
uboboobobobooboobooboooooon
ooboobooboooooobooobooono,bo
gbooboboboboboobooooobooooon
ooooooono

select the type of the output atomic coordinate file
0. phase_input

phase_output

VASP_input

OpenMX_input

XSF

Xyz

cube

NN AE WD =

cif
8. dmol
9. LAMMPS_input x. Exit
Please enter a selection (0/1/2/3/4/5/6/7/8/9/x) [1]:

OoooooooooooclIFo0nD 70000

Enter

Please enter the name the output atomic coordinate

file, or type x to exit. [coord.cif]:

0000000000000 CIFOOOooooo
0000 coord.cif

U000o0bO0od0OOnfdynmdata 000000 CIFODODOODOOOOOOOOOODOOODOOODOOO

gbooooboooooobooog

9.12. JO00O0OO0OO0ODOOO conv.py
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convpy OO DOOOOOOOOOOO0OOOO0OOOOOOOON

goooo (oo

--pack obooooobooooooooo

--na=NA aUO0NAOOODOOOOODOODOOOOOOODOOO
--nb=NB bOONBOOOODOOOOOOODOOOODOODO
--nc=NC ciONCOOOOOOOODOOOOODOOOOOOO

PHASEOOOOUOODOOOOOOOOOOOOOO0ODODOpiou00000D0O00OO00O0OO0OOOODO
ubooooboooooobooog

pp.default_pp_dir=PATH_TO_PPDIR

000 PATH. TO_PPDIROOOOO0DOO0O0O0ODOOOODOOOODOOOODOO

013 0000000 DOODOODODOO inpcheck.py

inpcheck.py OO OPHASE OO OO OOOOOOOOODDDOODOO®nO0O00O0O0000O0OODOOO

gbogboboooboboobbooboboobobodgbpiovndbogbobooobooobonood
gobgobooboobooobgn

pp-default_pp_dir=PATH_TO_PPDIR
000 PATH_TO_ PPDIROOOO0OOOOOODOOOOOOOOOOOOOOOOOOO

gboooobooooboobooooboboooooboooboobobooooboboooobooboon
gboooooboboooooboooobooboooonog

$ inpcheck.py

input data validator utility for PHASE

Copyright (C) the RISS project, The University of Tokyo

INFO: -- running the input validator --

INFO: specfile : phase.spec

INFO: checking directory : /home/jkoga/phase0_2018.01/samples/Si8
INFO: validating input...

INFO:

INFO: checking if required/recommended entries exist...

INFO:

INFO: found [accuracy.matrix_diagon.cutoff_wf] at line 31, a recommended
entry when [accuracy.initial_wavefunctions] is 'matrix_diagon'

INFO: checking whether each entires are valid...

INFO:

INFO: line 2: entry [control.cpumax] matches the specification.
INFO: line 3: entry [control.condition] matches the

WARNING:

WARNING: line 95: could not find [postprocessing.dos.nwd_window_width] in specification.
WARNING: candidate entry: [postprocessing.dos.nwd_dos_window_width]

WARNING:

INFO: line 98: entry [postprocessing.charge.sw_charge_rspace] matches the specification.
INFO: line 99: entry [postprocessing.charge.filetype] matches the specification.

INFO: line 100: entry [postprocessing.charge.title] matches the specification.

INFO:

INFO: input validation done.

INFO:

WARNING: found 2 warnings in /home/jkoga/phase®_2018.01/samples/Si8

WARNING: check the log for details.
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inpcheckpy OO0 OO0 0OO0D0O0DOOOOODOOO

goooo

ao

-1 LOGLEVEL, --loglevel=LOGLEVEL

ooooboobooog
0:00001:00000002:000000

--prop=PROPFILE

o0obobo—0bO0bO0obOobOoboobooboon
OMOO00D00On piou/data/props.propertiest]

--ppdir=PPDIR

ugbboaboobooboboobboabboan
00000000 (@O0O00000$HOM E/.piou
oooobooooboan)

-s SPECFILE, --specfile=SPECFILE

ooooooboooooobooobooooDo
000000000 piou/config/phase.spec]

-I, --recursive

bobooboboboboboooooooon
U000—[000000000PHASE/OOODOO
oooooooooooooobooboobooboboobobobon
googno

9.13. 0000000000000 0O0 inpcheck.py 493






495

U100 OOoooon

0ooo0bOoooOOooODOoooOooOOooDbOooDoOobOOooDoDOooODOoooODOooDoOoboDoooad
OF_INP(=nfinp.data)) 0 0 00000000 O0O0ODOOfile_names.data 224 [0 000000 OOOO
oooOoooooooo

101 DO0DOOOO0OOO0OO0O F_POTOOODO

1011 OO0ODOOO

gboooobooooooboooobobooooooboon

gbooooSicooooooooooboboooboobooooooDo

14 4 3 0 2 :  zatom, ival, iloc, itpcc
1ldapw91l :  name |
2.160000 0.860000 1.605400 -0.605400 : alp,cc
1501 96.000000 60.000000 : nmesh, xh, rmax

VALL
-0.14250064037552332E+07 -0.14102392478975291E+07 -0.13956251181755565E+07
-0.13811624288404209E+07 -0.13668496105922471E+07 -0.13526851103651347E+07
-0.13386673911985729E+07 -0.13247949320589846E+07 -0.13110662276746516E+07
-0.12974797883723934E+07 -0.12840341399159116E+07 -0.12707278233458301E+07
-0.12575593948213934E+07 -0.12445274254637859E+07 -0.12316305012010917E+07
-0.12188672226148657E+07 -0.12062362047882713E+07 -0.11937360771558125E+07
-0.11813654833546225E+07 -0.11691230810772763E+07 -0.11570075419261454E+07
-0.11450175512692606E+07 -0.11331518080976552E+07 -0.11214090248841981E+07
-0.11097879274438950E+07 -0.10982872547956155E+07 -0.10869057590252746E+07
-0.10756422051504281E+07 -0.10644953709862572E+07 -0.10534640470129563E+07
-0.10425470362444966E+07 -0.10317431540987322E+07 -0.10210512282688706E+07
-0.10104700985962711E+07 -0.99999861694454885E+06 -0.98963564707499891E+06

obooooooooooooobooboboooooooooboooDo#00b0ooDoobLDOobDOobDoboOoo
000000000000 0D0O00000000PHASEOOOODOOOODDOOO (output000) 0 OO
obooooooboooooobono

oo0odo PHASEOOOUODOOODODOODOOODOOOOOOOOOOOOO040@ObOOoboboooobooOoo
ooooooooooo40000)0D00000DO0OOODOOOODOOOODOOOODOO

100 O natomn, ival, iloc, itpcc, igncpp

00000000000000000 Z00OOO00O0O 200000000000 .0 10000000
000000000 (=H0 (=)00000000000000 GNCPPI(=1)0GNCPP2(=2)0 00000
oooo

2000 xctype

gbooouobobooobO0obo0oouobo 0b0bO000UOLDAPWIOIOGGAPBELD DO DO ODOO
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3000 alpl, alp2, ccl, cc2
00000 0oO0ooOdn0 ag,as,c,cc D0000OPHASED DO ODOODOODOODODODOO

Zy
Veore = —7{clerf(\/a1r) + Cgerf(\/OTQ’r’)}

O000000000000000 0000erf(()0000000000O00 00020000 10 20O
00 a+c=1000000000

4 0 00 nmesh, xh, rmax
oooboOoooooa

Ty = max€XpP ((imeesh)/'Th) (izlv"'aNmesh)
0000000000000 0o0b00dNgey 0000000000 OOOO0O0OO

000400000000 40 Si0000LDAPWOIODOOOODOOOOODOOOODOOOODOOO
oboooooooo

s00@oboboobobooboobobebO)0d00OD0OD VALLOODUOOOOPHASEDOODOODOODO
gbooboobooooboooooobooog

0000000000000 0000000000000000000000000000000000
0000000 (screened All Electron potential 0 VAE(r) D0 DD OO00O00O00O0O0OO0OO

scr

do ir = 1, nmesh
Ve (ir)
end do

gboooooboooooo

g200000000000000000000 (screenedlocalpotential[]Kﬂiﬁlloc(r,l))DDDDDDDDD
VAE(YOOOOOOOoOo0Oo0o0o

do ir = 1, nmesh

VPP

el (ir,iloc)

end do
oooooo

03000000000000000 (valence charge densityd n,(r) 0000000 472000000
000000 p(r) 0000 (po(r) =4mrn,(r)D0000000

do ir = 1, nmesh
po(T)
end do

googoobooooo

gbobo0o3b00ooooooooooboobooboooooobooooboboobooooooboobooobooooan
oboooobobooobOoboboooboobooooobOoooonoOoDn

gboooociAobDgooooooobooooobooog
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101.2 OO00O0OO0OOOOOOOO

O0ooooO0oDODDOOOO00000000000 phase_pp 2014000000000000000000O0O
boboooooobooooooooooobobooobooobooooboobobooonon 2020010000
oboooobooooboboooobobooooboobooooobooooooboooonoog

GGA-PBE

H_ggapbe_paw_nc_01.pp, He_ggapbe_paw_us_01.pp, Li_ggapbe_paw_nc_01.pp,
Be_ggapbe_paw_nc_01.pp, B_ggapbe_paw_us_01.pp, C_ggapbe_paw_us_01.pp,
N_ggapbe_paw_us_01.pp, O_ggapbe_paw_us_02.pp, F_ggapbe_paw_us_01.pp,
Ne_ggapbe_paw_us_01.pp, Na_ggapbe_paw_nc_01.pp, Mg_ggapbe_paw_nc_01.pp,
Al_ggapbe_paw_nc_01.pp, Si_ggapbe_paw_nc_01.pp, P_ggapbe_paw_us_01.pp,
S_ggapbe_paw_us_01.pp, Cl_ggapbe_paw_us_01.pp, Al_ggapbe_paw_nc_01.pp,
K_ggapbe_paw_us_01.pp, Ca_ggapbe_paw_us_01.pp, Sc_ggapbe_paw_us_02.pp,
Ti_ggapbe_paw_us_02.pp, V_ggapbe_paw_us_02.pp, Cr_ggapbe_paw_us_02.pp,
Mn_ggapbe_paw_us_02.pp, Fe_ggapbe_paw_us_02.pp, Co_ggapbe_paw_us_01.pp,
Ni_ggapbe_paw_us_01.pp, Cu_ggapbe_paw_us_02.pp, Zn_ggapbe_paw_us_01.pp,
Ga_ggapbe_paw_us_01.pp, Ge_ggapbe_paw_nc_01.pp, As_ggapbe_paw_nc_01.pp,
Se_ggapbe_paw_nc_01.pp, Br_ggapbe_paw_nc_01.pp, Kr_ggapbe_paw_nc_01.pp,
Rb_ggapbe_paw_us_01.pp, Sr_ggapbe_paw_us_01.pp, Y_ggapbe_paw_us_02.pp,
Zr_ggapbe_paw_us_02.pp, Nb_ggapbe_paw_us_02.pp, Mo_ggapbe_paw_us_02.pp,
Tc_ggapbe_paw_us_02.pp, Ru_ggapbe_paw_us_01.pp, Rh_ggapbe_paw_us_01.pp,
Pd_ggapbe_paw_us_01.pp, Ag_ggapbe_paw_us_01.pp, Cd_ggapbe_paw_us_01.pp,
In_ggapbe_paw_us_02.pp, Sn_ggapbe_paw_us_02.pp, Sb_ggapbe_paw_us_02.pp,
Te_ggapbe_paw_us_02.pp, I_ggapbe_paw_us_02.pp, Xe_ggapbe_paw_us_01.pp,
Cs_ggapbe_paw_us_01.pp, Ba_ggapbe_paw_us_01.pp, La_ggapbe_paw_us_02.pp,
Ce_ggapbe_paw_us_02.pp, Pr_ggapbe_paw_us_01.pp, Nd_ggapbe_paw_us_01.pp,
Pm_ggapbe_paw_us_01.pp, Sm_ggapbe_paw_us_01.pp, Eu_ggapbe_paw_us_01.pp,
Gd_ggapbe_paw_us_01.pp, Tb_ggapbe_paw_us_01.pp, Dy_ggapbe_paw_us_01.pp,
Ho_ggapbe_paw_us_01.pp, Er_ggapbe_paw_us_01.pp, Tm_ggapbe_paw_us_01.pp,
Yb_ggapbe_paw_us_01.pp, Lu_ggapbe_paw_us_01.pp, Hf_ggapbe_paw_us_03.pp,
Ta_ggapbe_paw_us_03.pp, W_ggapbe_paw_us_01.pp, Re_ggapbe_paw_us_01.pp,

Os_ggapbe_paw_us_01.pp,
Au_ggapbe_paw_us_01.pp,
Pb_ggapbe_paw_us_01.pp,
At_ggapbe_paw_us_02.pp,
Ra_ggapbe_paw_us_01.pp,
Pa_ggapbe_paw_us_01.pp,
Pu_ggapbe_paw_us_01.pp,
Bk_ggapbe_paw_us_01.pp,
Fm_ggapbe_paw_us_01.pp,
Lr_ggapbe_paw_us_01.pp,
Sg_ggapbe_paw_us_01.pp,
Mt_ggapbe_paw_us_01.pp,

Ir_ggapbe_paw_us_01.pp,
Hg_ggapbe_paw_us_01.pp,
Bi_ggapbe_paw_us_02.pp,
Rn_ggapbe_paw_us_02.pp,
Ac_ggapbe_paw_us_01.pp,

Pt_ggapbe_paw_us_01.pp,
T1_ggapbe_paw_us_01.pp,
Po_ggapbe_paw_us_02.pp,
Fr_ggapbe_paw_us_01.pp,
Th_ggapbe_paw_us_01.pp,

U_ggapbe_paw_us_01.pp, Np_ggapbe_paw_us_01.pp,

Am_ggapbe_paw_us_01.pp,
Cf_ggapbe_paw_us_01.pp,
Md_ggapbe_paw_us_01.pp,
Rf_ggapbe_paw_us_01.pp,
Bh_ggapbe_paw_us_01.pp,
Ds_ggapbe_paw_us_01.pp,

Cm_ggapbe_paw_us_01.pp,
Es_ggapbe_paw_us_01.pp,
No_ggapbe_paw_us_01.pp,
Db_ggapbe_paw_us_01.pp,
Hs_ggapbe_paw_us_01.pp,
Rg_ggapbe_paw_us_01.pp,

LDA-PWI1

’Ge_ldaprl_paw_nc_@l.pp

10.2 000000 kODOOOO F_KPOINT O =kpoint.datalT] 0 0 [

OO00OO,ekcald phase DO OO0 OO00O0OOOO0OF CHGTODOOOOOODOOODOOOOOOOOOOO
000oo0o0oooOoOo SCFOOOO00O0DODOD@UODO00 kOOOO0DOOOODODOOObODODOO
oo0oo0oo0oooooOok0O0ODO0OO0ODOOOOoD® file OODOOOOODODOOOODDOOO
Ubo0o0oooooobOobOobobobooOoO0dband kpointplODOOODO (970 )00000000
gobogbboaoboaoboobooboobobbobooboobooobooboooaoboo.

F KPOINTOOOODOODOOODOOOOODOOOoODOOO

141 141 (a)
0 50 50 100 1 (b
0 49 49 100 1

0 48 48 100 1
0 47 47 100 1
0 46 46 100 1

(dooooooon)
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(Cooooooooo)

0 45 45 100 1
0 44 44 100 1
0 43 43 100 1

(@ UO000O0 kOODO0OD2000D00000000D0OODOOERODO0ODOOO0w,DDOO WO
Oo0o0o0o0o0o00b0sk000D0 14100000000 WO 41000000

(b) sSOOODOO0OO0DOO0O0O0OO0OOCDO 40000000 kOODOOODODODOOODOODOOO n1,n9,n3,n4
ooooo@oo b_1>,b_2>,b_3>|]DDDDDDDDD)DSDDDDDDDDDDDDDDDDD kO
O00000w,0D00000000 w, D000 @0 WOOOOOOOOOOOOOOOOOO
ekcalO phase 0000000000000 O0O0OCODOOOOCOOOOOOOODOOOOOOOO

— ny— ny— ns —
K ="h + M 4 3%,
Nq ng Nq

G)y0obob 410000000

F_KPOINT O =kpoint.dataDl 0 OO0 0000000 OCO00OO0ODOODOOOO SCFOOOOMmMO kODOO
O0000000000w,/WoOooooooo

103 000000000 F_DOSO =dos.datall] [0 [0 [
FDOSOOOOOODODODOOODOOOO0OO0OO0O0O00000O00 0000000000000 oonooDn
0 dos.data 0 O O

10.3.1 D O0OO0O

obooooboooobooboooobobooooobooooobooboooobooboooooobon
oboooooog

No. Echr.) dos(hr.) E(eV) dos(eV) sum
6 -0.20528 0.0000000000 -11.949000 0.0000000000 0.0000000000
16 -0.20491 0.0000000000 -11.939000 0.0000000000 0.0000000000
26 -0.20455 0.0000000000 -11.929000 0.0000000000 0.0000000000

END

U000 No.OUDOOOOODOOOOOODOOOOEMn)DOOOODOOO0OOODOO00O0O0Odesthr)y0 00000
ooooooboooboobD0oooobObEy) DO0O0DO0000DO0000DbO0Odes(eV)OODOOO
goboboboobooboobuooboobtdsumdboobooboobobboboobooboon
gboooobooooooboooooan

No. EChr.) dos_up(Chr.) dos_down(hr.) E(eV) dos_up(eV)
dos_down(eV) sum_up sum_down sum_total
1 -1.5451 0.0000000000 0.0000000000 -45.4403 0.0000000000
0.0000000000 0.0000 0.0000 0.0000
11 -1.5441 0.0000000000 0.0000000000 -45.4131 0.0000000000
0.0000000000 0.0000 0.0000 0.0000

(oooooon)
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(Cooooooooo)

21 -1.5431 0.0000000000 0.0000000000 -45.3859 0.0000000000
0.0000000000 0.0000 0.0000 0.0000

31 -1.5421 0.0000000000 0.0000000000 -45.3587 0.0000000000
0.0000000000 0.0000 0.0000 0.0000

41 -1.5411 0.0000000000 0.0000000000 -45.3315 0.0000000000
0.0000000000 0.0000 0.0000 0.0000

51 -1.5401 0.0000000000 0.0000000000 -45.3043 0.0000000000
0.0000000000 0.0000 0.0000 0.0000

dos_up,dos_down OO OO ODOODOOOO0O0OO0OO0OOOODOODOOsum_upd sum_downODOODOO
ooboboboobo0ob0o0obo0obuo0obOobobOonbDOOd sum_total O sum_up O sum_down OO 0O OO

ooooooobooooboobooogoboboooooboobooobooboooobobobooooDboo
gbooooboooboobobooooboboooooboooboobooboooobobooooboooboon
gboooobooooboobooooobon.

1032 OOOOOOOO

goboboooboobooboobooboboboooboo

ALDOS num_atom = 1
No. Echr.) dos(hr.) ECeV) dos(eV) sum
6 -0.84950 0.0000000000 -26.189850 0.0000000000 0.0000000000
16 -0.84850 0.0000000002 -26.162639 0.0000000000 0.0000000000
END
ALDOS num_atom = 2

gbooooooboo ALDOSUO00000b000000000 ENDOODOOOOOooogALDOSOO
00000000 0Omm_atoms=10000000000000000O00O00O00O00OO0OO0OOO
gboooooboboooooboboobooboobooog

1033 000000000

oboooooboobobooboboooooboooooaoon

LAYERDOS num_layer = 1
No. E(hr.) dos(hr.) E(eV) dos(eV) sum
6 -0.84950 0.0000000000 -26.189850 0.0000000000 0.0000000000
16 -0.84850 0.0000000002 -26.162639 0.0000000000 0.0000000000
END
LAYERDOS num_layer = 2

oboboooDooooooboooboobooobobooboOond LAYERDOSO OO OO OO D Unum_layer O
goboboobooboobooboobobooboobooboobo

103. JUJO0OOOUOO F_DOSO=dos.datall 0 O O 499
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104 D0DO0O0O0O00O0OO F_ENFO =nfefn.datall] 0 0O
FENFOOOOOOOOODOOOO0OO000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
0ooooo

1041 OO0O0OOO

gbooobooboooobob FENFOOOODOOOOOooOao

iter_ion, iter_total, etotal, forcmx
1 24 -108.4397629733 0.0086160410
2 40 -108.4401764388 0.0076051917
3 56 -108.4405310817 0.0068758156
4 73 -108.4410640011 0.0065717365
5 94 -108.4414256084 0.0099533097
6 113 -108.4414317178 0.0094159378

gbooooboooooobooog

iter_ion goooooobooo

iter_total SCFOU0nooonoonoon
ooooboobooooooooooo

etotal 00000ooobOoooooDooooooooo

forcmx O00000000D000DO0O0O0 (hartree/bohr) O

bobobobobobobobooobooon
obooboobobobobooboooooooon

ao
1042 0O00O0ODODOOO
gobooooobooboooooboooooon
iter_ion, iter_total, etotal, ekina, econst, forcmx
1 18 -7.8953179624 0.0000000000 -7.8953179624 0.0186964345
2 30 -7.8953851218 0.0000665502 -7.8953185716 0.0183575425
3 43 -7.8955768901 0.0002565396 -7.8953203505 0.0173392067

gboobooboooooobooooboboooooboo

500 0100 0O0O0OO0OOO



PHASE/0 Manual, 0 O 0O O 2021.02

ek-

ina

oooobooog

god

econst 100 0000O0O0O0O0OOCOOOOOOOOOOOOOOOOOOOOOOOODOOOODbOn
gboboodgbgooboboobobooboboobobooboboobooboabaonon

1043 DO0O0OOOO

goboboobooobooboobooboboboo

iter_unitcell, iter_ion, iter_total,
11 25 -181.4043211381 0.0019960638
1 2 33 -181.4043560304 0.0004826299
1 3 40 -181.4043582176 0.0000016495
2149

3

1 58 -181.4044833189 0.0001158383

etotal, forcmx,

0.0002327496
-181.4044223602 0.0000572790 0.0002273231
0.0002220365

stressmx

gbooooboooobooboooobooboooooobon

iter_unitcell

gooooao

stressmx

gboooooboooon

10,5 0000000000 F_DYNMO =nfdynm.data(l] (0 0 O

FbynmMUOooooooooooooooooboboooboooboooooooooooboooooooo
gbooooboooboobooboooobobooooobooobooboobooooboboooobooboon
ob0Od FDYNMOOOOOOOOOOOOOO0OOO0O0OO0OO0bOO0O0bOO0O0obO0ob0o0o0oooooon

gobobooabooan

#

# a_vector = 9.2863024980

# b_vector = -4.6431512490

@
# c_vector = 0.0000000000
# ntyp = 2 natm =
(b)
# (natm->type) 1 1 1
«©
# (speciesname) 1 0
@)
# (speciesname) 2 Si
#
cps and forc at (iter_ion, iter_total
(e)

1 3.161057370 1.169332082

(€3]
2 6.693102525 2.152889944
3 4.075293851 4.719951845
4 -1.482093879 6.872841789
5 -0.567857398 3.322222026
6 2.049951276 5.889283925
7 4.921740324 0.000000000
8 -2.460870162 4.262352150
9 2.182281087 3.779821719

cps and forc at (iter_ion, iter_total

0.0000000000
8.0421738710

0.0000000000

1

1.214972077

4.620258315

8.025544553
5.595600399
9.000886637

2.190314161

3.405282833
6.810569070
10.215855308

= 2

24 )
-0.004058

0.006945
-0.002872
-0.004362
-0.002792
0.006974
0.001436
-0.000612
-0.000660
40 )

0.0000000000
0.0000000000

10.2158587136

-0.005565

-0.001028
0.006394
0.005502
-0.006296
0.000708
0.000122
0.001305
-0.001143

-0.004966

-0.004994
-0.004796
0.004993
0.004965
0.004795
0.000068
-0.000066
0.000001

{ooooooo)

10.5. OO0O0O0OOOOOOO F_DYNMCO =nfdynm.datalll 0 O O
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(Cooooooooo)

O OoONOO VA WN =

3.156999743
6.700048015
4.072421499
-1.486455954
-0.570648922
2.056925355
4.923176344
-2.461482612
2.181621403

1.163767576
2.151861938
4.726345880
6.878343743
3.315925959
5.889992076
0.000121757
4.263656762
3.778679157

1.210005993 -0.002904 -0.005755 -0.003892
4.615264365 0.006567 0.000186 -0.003832
8.020748072 -0.003503 0.005487 -0.003829
5.600593135 -0.003122 0.005780 0.003831
9.005851266 -0.003532 -0.005392 0.003892
2.195109289 0.006503 -0.000290 0.003828
3.405351146 0.000397 -0.000013 0.000018
6.810503226 -0.000210 0.000337 -0.000017
10.215856638 -0.000197 -0.000341 0.000000

()

O0O000O000D0000O000D00a_vectord
b vectorOc vector UOOO0O aO0Ob0OOcO0O
0o0o00o0o0ooooooooa

(b)

nyp=000000000000000O00OO0O
oboobobOobobOobD 2000000 natm =
ooboooooboooooobooooooogooDo9
oono

(©)

(matm->type) U0 0O 0O0O00O000O0O0O0COOO
oobooobooooooobooobolooooe
obooooooi1oobgoooobooo7000
Oob0oOoboOoOoOo200000000000O0
oooooo

(d)

(speciesname) DO OO OOOOO0OO0ODOOOOO
000000 DOo0o0oo0oOoooDoooooaon
oobooo1oooooo@oOHoooooood
200000 SicO)yoooooooboooad

©)]

ooobobobobooooooobooooon
oo,00000000010,SCcrO00bOonon
240000000

®

oboboobobobobooboooooooon
oooooooolrobooooobo bb2000
0400000000000 xyzO000OS5000
Oe0000000O0DDDOOXxyzODODODODO
O00O00o0ooooooooon printlevel 00O
OO velocity UOD 20000000000700
oooouooooooooooooboooobobbo
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10.6 OO0 O0O0OO0O F_CHRO =nfchr.cubel 0 0O

FCHROOOOODODOOOODODOOOOOOOOODOOOOOOOoDOOooOooOOoOOD PHASEDO
oooooobooooOgUfiletyped OO cubeD0D0OOO0OD0O0ODOOO GaussianCube DO OO DOOO
O0000O0DOO0OO0OPHASEOOODOODOOOOOODOOODOOOOOODO. DOOO Gaussian Cube
gboooooboboooooboooobooboooonog

This is a title line for the bulk Si

@
SCF Total Density
8 0.0000 0.0000 0.0000
(b)
20 0.513000 0.000000 0.000000
(@)

20 0.000000 0.513000 0.000000

20 0.000000 0.000000 0.513000

14 4.000000 1.282500 1.282500 1.282500

@

14 4.000000 8.977500 8.977500 8.977500

14 4.000000 1.282500 6.412500 6.412500

14 4.000000 8.977500 3.847500 3.847500

14 4.000000 6.412500 1.282500 6.412500

14 4.000000 3.847500 8.977500 3.847500

14 4.000000 6.412500 6.412500 1.282500

14 4.000000 3.847500 3.847500 8.977500
0.87897E-01 0.80457E-01 0.63811E-01 0.47743E-01 0.35993E-01 0.26628E-01 (e)
0.18342E-01 0.12084E-01 0.83725E-02 0.65941E-02 0.60774E-02 0.65941E-02
0.83725E-02 0.12084E-01 0.18342E-01 0.26628E-01 0.35993E-01 0.47743E-01
0.63811E-01 0.80457E-01 0.80457E-01 0.76575E-01 0.63379E-01 0.51118E-01
0.43367E-01 0.35993E-01 0.26413E-01 0.17302E-01 0.11265E-01 0.80672E-02
0.65941E-02 0.62411E-02 0.68963E-02 0.88010E-02 0.12493E-01 0.18342E-01
0.26413E-01 0.37600E-01 0.53180E-01 0.70418E-01 0.63811E-01 0.63379E-01
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(a)

obobooboboboboooooooooon
ooboooobooooboOoboFINPOOOOODOO
ooooooon

(b)

gUOOooooo 0.00000.00000.0000" OOOO
OO0OOODOOPHASEODOOD (000000

©

oobooooobooooboooooonD 20
0.513000 0.000000 0.000000" OO OOOOOODO
ooboobooobooz2o0bbocobooobooonbn
gobogoboosizeooooodboonooonDn
O0000D00 Bohr DO O

(d)

oobooobooobooooooDbobO 400
Uooooobbooooooooodd 4.00000
obooboobobobobooooboooooon
oboboooboo xy,zODOOOOODOO Bohr
oo

©)]

oboobobobobobooooooooooo
UzOOOOOyOdOOoOoOxoOoooooOooO
oooooooooogono

(1,1,1) (1L,12) (1,1,20)
(12,1 (12,2)

...... (1,20,20) QLD
(20,20,19) (20,20,20)

10,7 00 O00O0D0O0O00O0 F_CNTNO =continue.datalD 0 0 0 O

gboboooooo,oobobooboooboobobooboobobooooboooobooobooboooobooobooan
gboboboboaobooaboobuoobobobobbobooaobooboobooboboooboaboa
goooboooobooboobooboobooboboobooboobooobooon

iteration, iteration_ionic,
19
@
Ionic System (natm)
(b)
(pos)
0.1249999999999999D+00 0
0.8749999999999994D+00 0
(cps)
0.1282864712563094D+01 0
0.8980052987941646D+01 0
(cpd)
0.0000000000000000D+00 0
0.0000000000000000D+00 0
(cpo( 1
0.0000000000000000D+00 0
0.0000000000000000D+00 0
(cpo( 2))
0.0000000000000000D+00 0
0.0000000000000000D+00 0.
(cpo( 3

iteration_electronic
1 19

.1250000000000001D+00
.8749999999999994D+00

.1282864712563093D+01
.8980052987941646D+01

.0000000000000000D+00
.0000000000000000D+00

.0000000000000000D+00
.0000000000000000D+00

.0000000000000000D+00

0000000000000000D+00

=]

==}

2 @

==

==}

.1250000000000001D+00
.8749999999999994D+00

.1282864712563093D+01
.8980052987941646D+01

©

@

.0000000000000000D+00
.0000000000000000D+00

.0000000000000000D+00
.0000000000000000D+00

.0000000000000000D+00
.0000000000000000D+00

@dooooooo)
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(Cooooooooo)

0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
Total Energy
-0.7851066208137508D+01 -0.7851066208137508D+01 (e)
isolver
17
convergence
2
)
edelta_ontheway
0.1000000000000000D-07
@

gobogbooboobooooad

ob0oo0ooooooobOob0obOobOoSCFOO
gboobgoobooogon

(a)

DooO00opooooooo
(b)

boboobobobobobobooooboon

© oood

U000b0O0ooooOobOoOoOBohrDOOOOO
ooood

(d)

gobbooobogobooobooobobooon
gboogoooo

(e)

gbooobooboooo

0: 00001 SCcFO0000ooDOooOoOonooon
oooob2.0000
ooboooobogoz20000000000000
gbobobobobobobobobmoon
boboboboboboboboooobooon
oboooooobooooboobooboooooon
gboooobgon
SCFOOOOoOooobOobobobooooboonog
OSsCcrO0bboobbOOobOoooobbobooDn
goooboooooboobooooboboo

®

()

108 00 OOO0OODOO0O F_ENERGO =nfenergy.datall] (0 00 0 0 [
HEN

ekcal DDOO00D0OOO00ODOOOODOOOODOOOODOOOODOOOOODOOOO

num_kpoints = 117
@
num_bands = 8
(b)
nspin = 1
©
Valence band max = 0.233846

b @ooooooo)

108. 00 0O0OO0OOOOO F_ENERGO =nfenergy.datal0 0 000000 505
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(Cooooooooo)

nk_converged = 117
(e)

ik = 1 [¢ 0.500000 0.500000 0.000000 )
ik = 2 ¢ 0.487805 0.487805 0.000000 )
ik = 3 [¢ 0.475610 0.475610 0.000000 )
ik = 4 ¢ 0.463415 0.463415 0.000000 )
ik = 5 ¢ 0.451220 0.451220 0.000000 )
ik = 6 [¢ 0.439024 0.439024 0.000000 )

=== energy_eigen_values ===
ik = 1 ¢ 0.000000 0.500000 0.500000 )
(€3]
-0.0484324576 -0.0484324576 0.1258094928 0.1258094928 @
0.2619554301 0.2619554301 0.6015285208 0.6015285208
=== energy_eigen_values ===
ik = 2 ¢ 0.000000 0.490000 0.490000 )
-0.0540717201 -0.0427149632 0.1258687739 0.1258687739
0.2607026807 0.2633829927 0.6006243932 0.6006243932

kO0O0oOoooooooooboooooo 1700

® oo

obooboobooboobooboboooboooon 8o

b
(b) a0

obooooboobooobobooolo 2000
ooobooooooo1ocooooobooooon
ooooboooobooon
ubobobobobobooobooooboooon
g/00obbooboooobocoboooboobn
oboooooboooooooobooon

0000 kDO0O0OO0DOOO

(©

(d)

(e)

gbooboobobobobobooooooooon
o000 (000000000 O00DDOO0OD0OD
O0oo00oooo1oob k0o0ooOoboboboo
ooooooboooobog oos0s50o0o0000d
ooboooboooooboooobooooboooon
oooooobooog

)

(o)

ooooooooooooo (@b b 20bb0)0bbooboobO0OobDOooDbOoOoboOonD eooo
“UP" 0 DONW” 00O00bO0oooobooboobooooboobooooboooobooooono
oboooooobooooooboo

=== energy_eigen_values ===

ik = 1 ( 0. 0. 0. )] up
-0.1998699758 0.0267639589 0.0267639589 0.0267639589
0.0725171077 0.0725171077 1.0289118953 1.0289118953
1.0289118953 1.1650173104 1.1650173104 1.1650173104
1.2129026022 1.2129026022 1.2994754011 1.2994754011
1.2994754011 1.6365336765 2.2629596795 2.2629596795

(oooooon)
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(Cooooooooo)

=== energy_eigen_values ===

ik = 2 ( 0. 0. 0. ) DOWN
-0.1960420390 0.1062941746 0.1062941746 0.1062941746
0.1799862148 0.1799862148 1.0183970612 1.0183970612
1.0183970612 1.2174266166 1.2174266166 1.2192701193
1.2192701193 1.2192701193 1.3289165100 1.3289165100
1.3289165100 1.6910264603 2.2876818717 2.2876818717

108. 00 0O0OO0OOOOO F_ENERGO =nfenergy.datal0 0 000000 507
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0110 00000000 UVSOR

111 0000

11.1.1 UVSOR O O

UVSOR (Universal Virtual Spectroscope for Optoelectronics Research) D 0 OO0 0 OO0 OD0OOOODOODOO
000000000 o000o0o0oO0o0o00O0OoO00o0oo00oo0OoOoOn epsmaind tdlrmain O
O00OD0O0O0O0OODOOOO0OD phased 00 ekcalDODODDODOOOOO UVSOROOOOODODODODOUVSOR
0000000 phase0d SCFOODOOOOOODOODOOOOODOH2OOOODOOOOODOOO
gooooooooooOoOOOOOOOOOOOOOOOOOOOOOOOOOO0O0O0O0O0O00000
ooooooooooooOoUooooooooooOoUUUooooOooOoOOoUooooooboOogg
gooooOooooOoOoOoOOOOOOOOOOOOOOOOOO0OO0OO0O0O0O0O00OOOOOOOOOO
00000000000000000000000000000000 10% (Mega)  10° (Giga)Hz O 0 O
OO0OO0O0O0O0O0O0D0D00000000000000000 RFRadioFrequency) 0000000000
gooooooooooOoOoOoOoOOOOOOOOOOOOOOOOOO0OO0OOO0OOOOOOOOO™
goooOoOoooooooooo

gbooooboooboobobooooboboooooboooboobooboooobobooooboooboon
00000000102 (TerayHz 000 O0O0000000000000000O0D0O0O0O0O00O0OOO0OO
oboooobooboooooboboooboobobooboonog

vvSsoROOOOooooOooooobooooobooboooooooooobooobooboooobooo
OHzOOOOOOOOOOooOooOooOooOobobobooooooooooooooobooobooboobo
oboboobobobooboobooooobooooooooooooooogoovuvsorROOOooooOoOonO
goooogootoooobobo'obobobooobooooooboooobobooooDboo

gilniroobobooboobooooboobooooboboooboobooon

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
ooooobooooooboooobooboooboobo0oobo0oUD 10T(TerayHzO OO RFOOO
gboooobooooboobooooboboooooboooboobooboooobobooooboooboon
obooooobo 10THzOOOOoOOoOoOOoooooobooooobooooooooboo

00000 0o00ooooooboOooOobD UVSOR-Epsilon0 O 000O0O00DOOOOO0O0DODDODO UVSOR-
Berry-Phonon 0 0000000000000 DOO0O0ODOOOO0OO0ODOOOOODOOOOODO
ubboooboooboobooboooooooooobooHzDOOoOooOooooooooobooooao
oboooobooooboobouvsorROOOoOooooOoboooooobooo200030@mogooan
obooooooooobooooooogooooouvsorRbgoooooboboboboboooooo
o0o0o000o0oobOoO00oDOO00obOoO00bO0o0oooOo0oooo0ooooO0oO uvSoROODOOOMPI
obooooooooon
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Y R ReREE

glﬂll‘:
3
1

B AR

10MH= 10GHz 10THz 10P

Oln:00000000

11.1.2 UVSORO O OO OO
UVSOR-Epsilon 0 00000 PHASED SCFOOOOOOO0O000000O00000O0000000O0

obooooooboooooboboooboobooboooooobon

UVSOR-Epsilon 000000
1. PHASE/EKCALOOOOOOOOOOODOOO
OOOOPHASEEKCALOODOOODOOOOOOODOOODOOODOOODOOODOOO0ODOOoO0oDOoo
oooooooooobooooon
2. PHASEOOOOOOOODOOOOOOOOOOO
PHASEOOOOODOOOOODOODOOOOODOOOODOOODOOOOODOOODOOobObOODO
oo0ooooooooookbooooooooboooooooooboobooobooooooDoooo
oooooooooo
00000 0O0JRandom Phase Approximation0 D 0 000000000 OD0OOOOOOOODOOOO

3.0b0ooooooo
ob0oo0OobOo0oooboboooboobooooobonond [Gunther72] O

4. 00000000D00DOOODOODOOO
bobobobobobobobOobobaO [Starace72], [Read91], [KageshimaO7] OO OO OO

obooooobooooooobooon
obobOobooboooooooobooobociaAoboooooobobondgd Troullier-Martin(TM)
obooboboooboooboobobooobooobooooooooobooboobooobooon
oobooooT™MUOO0oOOooooooboooboooOoBHESO0OO00O00OO0O0OO0O0OOO0O0DOOO0O0

011000000000 UVSOR
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10.

O00D00O0O000ODODUORead and Needs(RN) O [Read91] O O O O Kageshima-Shiraishi(KS) O
[Kageshima97] 0 0O OO

gbbooooobooobooboobOoooobooobO RNOODOOO KSOOooooooooao
oboooooboooo KSOooooooooooo

gboboobOobooooboobooooboboooooono

oboooboboooboboooooOobooobooboobooobooogn [Lehmann72] 00 gaus-
sian/parabolic smearing U 0 0 0 00 000000000000 O0O0OO0OOOOOOOOOOOO
ooooooooo

gobooobooooobooobobOooobboooob0ooooO0o0o0obo0ooo0nbOuUvSOoR 1.00
obooooobo200b0000000n

.00goboooboooo

oboboooooooooooboobooooobboobooooooboooooobooobooooooan
obooooobooooooboon

2000000000000

OO0O0OooDoO (Second Harmonic Generation(SHG)) 000 2000000000 - X(z)(72w;w,w)
oo

00000000 Third Harmonic Generation(THG)O O 3000000000 x® (—3w; w,w,w) -
ooo

gbooobooobooboobobboobbooboobooboobob

.0o0obooao

obooooOobooooboobooboobobobo kpOOoOooOoboooo
gboooooobooboo
oboooooboooobOobooooboobooooobooooobooboooooboOobooon
oood

gooooooMPIODOOOOOODO

UVSOR-Berry-Phonon O 0 0 0 0O

1.

PHASE/EKCALOOOOOOOOOO

OOOOPHASE/EKCALOOOOOOOO BeryUOOOODOODOODOODOOOODOODOOOOO
ooo

gbooobOobooooboboooobooooong

.00oboooooo

gbobooboobobodobooboboobobobooooooobooboooboboobooooon

gbooooood

gboboobooabooboobobboobboaoboobooboooban
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4. 0000000

oboobobooooooboooboooooooooboooooobooooboobooobooaoo
goo

gbobooboooboooboobooboooboo-0ooboobooboobooboabooaonoa
goo

ooo

1113 0000

20000 6000D0DOOOODODOOOODOO

00000 3.20 | PHASE ver8.00 000

2009/06 O O

gbOo0ooO 321 | PHASEver8.01 00O

2010/03 00

gbOo00 330 | PHASEver9.00 000

2010/06 00 O DrFT+Ub0b0dbooabooabooanod

obOOo00 340 | PHASE ver 1000000
2011/06 D O O
obOo00 341 | PHASEver 1001 000

2011/08 O O TDDFTOOOOO0O
gbo00 342 | PHASEver 11.00000
2012/06 O O goooogd

2014/04 0 O PHASE/0O OO

1114 00000000

O000O0O0000O0O000D0O0000 PHASE/ODOODOODODOOO

oooooo
phase0_2021.01 bin epsmain, tdlrmain
samples/uvsol/ goooooon
oo

oooooood

512 011000000000 UVSOR
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0O 111-0000000000

oooooo
electron Si UVSOR-Epsilon I
Cu oono
AIN Sioooooo
NiO oooo0o
ooogooooo
oooo

DFT+U O OO0
oooooooo
oooo

lattice GaAs UVSOR-Berry-Ph
AIN onon J 00O
Quartz GaAs 0O QOO0
O
ooogooooo
oooo
oooooo
Ir-tddft C6H6 TDDFTOOODO
SiBulk Ce¢He
oooooo
Sioooooo

util eps_file.f90,
nlo_file.f90

000000 samples/dielectricO0 0000000

samples/dielectric/electron O O UVSOR-Epsilon 0 O O O O samples/uvsor/lattice 0 O UVSOR-
Berry-Phonon 00000000 OOTDDFTO OO OO samples/tddft 000000

samples/dielectric/electron 00 0OSiD0 000000 CuODODOOODOO0ODOODOOO AINDODOO
ooooooONOUOODFT+U O OO0 ooO0o0oooooooooooo

0000000000 00000UVSOR-Epsilon0 00000000000 phaseO0OO0O00O0OOOO
U00000 sef0D0 00 UVSOR-EpsilonD 000000000 OO00O0O0O0O0O0OOOO epsOOOOO
oooooooooooooobooooooppPOOOOOOSiD0OOOODODOODODOOOOOOOOO
0000000000000 mass003000000000000000000000000O chi3OOO
OO00AINOODOOOODOOOOOO0OD200000000000000000000000 chi2_pd
O chi2_t00000Ochi2_p O parabolic smearing DO O Ochi2_ t 000 000000000000 0OOOO

samples/dielectric/lattice O 0GaAsO0 0O DO0OD0O0O0D0OO0O0OO000 AINDODOOODOD Quartz
oboooooooobooobooobooboobobooboobooboob0oon0o0g berryDlO
obooobooobooobooooooooooboooboog phononD 00O O0O0D0OO0O0ODOOODOODOOO
gbooboooooppOO0OCODOO

samples/tddft/1r_C6H6 U O OCsHs 0 00O 00O OO samples/tddft/1r_bulkSi OO SiODOOOOOO
ooo

111. 0000 513
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1120000

11.21 000

U000 [Gunther72]
oo oo b oo o b oooooboobooa
gooooooooooooooooooooobobbbbbbobbbbbbooboooooooooo
goodooboobooooooobobbooooooboboooooo

goboogobooo

gboooobooboooooboooobooboooboobooboo gl.yooooboobo

_ 2
H = e (p+eA)" +V(r) (11.1)

mO000000e000000p00O00O00D0ODADOOOONDOOODOUOOOOOOV(r)DOODO
gbbddooobooboodooobobooooooboo o000 ooooooo O (2 oboooao
Hip = (e/m)A -p (11.2)

gbooboobooobooboboooobooboooobooooobooboo

A = Aguexp [i (k- r — wt)] (11.3)

0000uwdO0O0O0OOOOO0000DOkO0O00O0DOOOOr0000D0O0DO0wOOOODOtODODODOOO

gboboooboooboobooboooooooob+«o0oboboobooboobooobo0oooboooooaoon
ooog

2

t
w(w,t, ky, ko) = /dt’/ dr¥,(k,,r,t )A(k,r,t ) - pU,(ke,r,t ) (11.4)
0 1%

o2
m2h?
v, 000do0oooo0dodoook, 0y, 00000000V, 00000000k O0Vv, 00000

ooooobooooboooog ebvbooooooobboboovy, 00 v, 0o OoobDOoOoDOO
oooov,00v9.0000000000D00000DOO

U, (ko,r, 1) = exp {— %E (kt)} exp (iky - 1)y (Ko, 7) (11.5)
U.(ke, r,t/) = exp {—;Ec(kct/)} exp (ike - r)ue(ke, ) (11.6)

514 011000000000 UVSOR
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(11,500 (11600 (1140000004 0000000000000000000000O0

2
2 2
e“ B
2,2
m2w2,

t
w(w, t,ky, k) = / dt exp [z‘ffl(Ec(kc) — Ey(k,) — hw)t/] u- M, (11.7)
0

OO0OE =—0A/dt = Eguexp [i(k-r—wt)] 00 p=2v000000000we, 00 u-M, 00O
000 (1800 (11.9000000000000

Wew :%(EC (ke) — Ey (ky)) (11.8)
u~MVC:/ drexp [—(k. — k- r]uiu- Vexp (ik, - r)u, (11.9)
1%
vodLiopooooooobooooooo
.0 .0 0
V=ig, +tig, tkg (11.10)

,j k000000, y,z000000000O0O00001L7H)O000DOO0O0OO0ODOOOOODOO

2p2 |ew i(EC—EhU—hw)t} _1

w(w,t,ky ke) = .
( s Uy B, C) m2w02v z(E‘Cfb;;,fhw)t

u- M, (11.11)

(1r1)yoooob+¢toboobooboooooboooon

ow  ’Ej
ot m2w?,

lu- M,|? 27h6(E. — B, — hw) (11.12)

(r2ygpoooogooobooooo vy, 00y . 00oooobobOoOoOoooobDOobOobbOOoboOoon
ooow,.0oobooooooooo

€2E2
ch = 2 g
m2V

u- M, 2
Z | . | 21hd(E. — E, — hw) (11.13)

k,c,v v

ooovooooooooooo¥oooo k,00o0o0ooooooooooooooooooDoog
goooog

11.2. 0000 515
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goboooboooboo

gboooobooooboobooooboboooooboooboobobooooboboooobooboon
00 W, ,wODOOOOODOODODDOODODOO0O0O0O00000000D0 E2000D0s000000000
gboooobooooboobooogon

Wihw = oEZ /2 (11.14)

Ub00sc0O0000D00000 eO00O0O0OO0O0O0ODOODOOO

62:471'0'/w (11.15)

(11.1400 (1115000 00000000

87re u-M,.
_ ek Z' Ml 5, (ko — 1 ()~ e

_ 8me?ht lu- M,|*

m?V e (Bu(k) - E,(k,))?

5(Ec(kc) - Ev(kv) - hw) (11.16)

(lrle)00b0O0Oob0o0ob0ob0obDOobooobooobooobooobooobboboobooboboOobOoOooDooon
oooooooooooodbk,k, >k0000000DO00O0O0ODOOOOOO

u- M, = / drexp (—k.-r)uiu- Vexp (ik, - r)u, (11.17)
v

gboobogpbOODOO

WM = () u-pl 9, (k,)

%<\I’c(ka)lu-p\\11ﬂ(ka)> (11.18)

0000k, =k, =k, 0000 (V. (k)|u-p|¥,(k,)) 0000k, =k, 0000000000(11.16) 0
00 (11.18)0000p000 000000000

| 2

_ 8me’h Z |<\I' |u p|\I/ (ko) >

= me2V ko) — By (k) 0(Eec(ka) — Ey(ka) — hw (11.19)

00000 v=p/mO00000vOOOOOO [Adolf97]000000

516 011000000000 UVSOR
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8me2h2 |< We(ky)lu- v|\I/ (ko) >|?
% (Ec(ka) — Eu(ka))

ka 1C7’U

€2 = (Ec(kq) — Ey(kq) — hw (11.20)

gboooobooboooooboooooon

< We(ka)|P|Wu(ka) >= i%(C(ka) — Ey(ka)) < We(ky)|r|¥,(ky) > (11.21)

(11.19900 (112) 000 r00000 r0000000000

2
€2 = |< \Ilc(ka)‘u ’ r|\pv(ka) >|2 5(Ec(ka) - Ev(ka) — hw (11.22)

kq,c,v
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gboooooobooooobobooobooboooboooobon

873 .
¢‘;1:72/}32d3k<unk|71ba~vk\unk> (11.111)

a00000000 b, 00000D00 12300000w,000000000000O00O0On0O0OOO
ooooooooOoOokOOoOoOoOoOOoOoOoDoOvOoOooOOoOoooOoOoOooooOooDoOoOo BZODOO
goooooooooooboobooooooboooboooooo pgboDoboobooboOoOoO

1 e

1
Py =— WY ¢§aa (11.112)

Ub0b00a, 0000000000 DOODOODOOODOOODOO0ODOO0ODbODObOObObOObOOn

lmz——EZZ& (11.113)

i oobooooooobOOoRrROODOOOOOODOOOOOODOODbOO (bg’":—zlba-RlDDD
00000000000 ¢! 0000000000 ¢,000000000000000POOOOOO
goooog

P:fgvgﬁﬁa (11.114)

000000 POOOOODOOOOOOOOOOOOOOOOODOONOOONOOONOODOOODOOn
£a,000000000000000000000000000000000000000000000
0000000000000000000000000000 ((11.1150)0 (11.11400 (11.110)00
0ooooooo

3%
Cikl = 2ﬂ-v’:£: Fe. da (11.115)
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goboooboooboo

ooo00odd-.; 0000000000 (1115 0000000000000000000000000
ooooooobooooo0oooooooDOoDOg ¢, 000000000 DOO0OO0DOOO0ODOOODDOO
gboooooboooooobooboo

(11.116)

DDDDU§O)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

000000000000 4400000000 2 =Y2 000000 4400000000000
J

gobobooboobooboobooboboboo

0P; 0u3
Cikl = l+z T, e (11.117)

00000000000000 $pey=%2e 0000-00000 cma,klzagg; Ooooooooo
J

% . 3uj 8Fma
Ot <= OF o Ockl (11.118)

gobooboobboobooboobooboooodadrniyobooboobooooboooboo
goooon

7 C
VZ A AN (11.119)

oboooooboooooboo-obooog

Cop = \ﬁ Z Cip.kiérig (11.120)

gooaoo

11.3 UVSOR-Epsilon

1131 0000000

Epsilon 0 OPHASE/EKCAL 000 0O0O0ODOO0ODOO0O file_namesdata 0 OO0 OO O O Epsilon O
file names.data0 000 OO
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&fnames

F_INP = './nfinput.data’

F_POT(1) = '../PP/atom_14_Si_lda_nc_bhs.gncpp2'
F_ENERG = './nfenerg.data’

F_ZA) = './zaj.data'

F_CHGT = '../scf/nfchgt.data’'

F_CNTN = './continue.data'

F_EPSOUT = './eps.datal'

/

file_ names.data 0 0 00O 0O PHASE/EKCALOUODOUOOOODODODOODOOODOOOODOO

1. 0000000 FINPOOODOOOEpsilonO0O0000000 EKCALODODOOOODOOOOOOO
OO0epsilon0000000000O0OOepsilon00000O0000OO 11320 0000

2. PHASEOOOUODOOOOOODOOOODOO FcHGTOOODOOD

j.obooooboooobooboobogon FEpSsouTOOoOogn

1132 00000000
O0OD0O0D0O0O0OFINPOOOOODODODOOEKCALOOODOODO Epsilon00000O00O OO OO Epsilon
000000000 0000000

Control O OO0

control 0 00000 OO Ocondition=2 0 00O condition=fixed_chargee 1 000 OO00O0O0OOOO0OO0O

000000000 TMODOUOUODOODOOODODOODOOuse_additional_projector=on 000000000
Control 00O OOO0O0O0OOOOOOO

Control{
condition=fixed_charge
cpumax = 1 day ! {sec|min|hour|day}
max_iteration = 60000
use_additional_projector=on ! {on|off}

O0O0O0OQ0O use_additional_projector=on 0 0 00 0 00O0OODOOCDOOODOOODOOODOO
use_additional_projector O on O 0O O O

accuracy U QO

accuracy 100 O0000000D0O000O0Onum _bands0 0000 MksamplingDk OO0 O0O0O0OOOO
ek_convergencel 00D 0DO0O00DOOOO0ODOOOODODOOO020000000000

obobooooooooooooboobobobok0obOoboooOooOooooooooooOooobooboobooon
oboooooooooboobobob bo7b0000D0O0DOO0OO0OOOOOOOODODODODbOO
goboboooboobooboons34goonooooboon

ek_convergence [0 O O delta_eigenvalue 0 O succession 0 00 0 O O O O delta_eigenvalue 0 O succession [0 O
goooooooo
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O 11.2: ek_convergence D0 O OO0

oog delta_eigenvalue(Rydberg) | succession
oo l.e-4 3
gooood l.e-6 3

epsilon0 000

epsilion 00 0000000000000 O0O0O0O0O0OCOCOOOOepsilon000000000O0O0O0O
ooo

epsilon {
sw_epsilon = on ! {on|off}
crystal_type = single ! {single|poly}
fermi_energy{
read_efermi = off ! {on|off}
efermi = 0.000
}
photon{
polar {ux=1.00, uy=0.00, uz=0.00}
Poynting {px=0.00, py=0.00, pz=0.00}
energy {low=0.000, high=2.000, step=0.002}

transition_moment{
type = ks ! {l|rn|ks|mks}

delq =0.001
symmetry =on ! {on|off}
band_i=1
band_£=5
}
mass {
sw_mass = on ! {on|off}
direction{nx = 0.0, ny = 0.0, nz = 0.0}
point = band_edge ! {band_edge|input}
shift = 1.0d-4
ik =1
ib = 5
}

BZ_integration {
method = t ! {parabolic(p)|gaussian(g) |tetrahedron(t)}
spin = both ! {both|major|minor}

}

band_gap_correction{
scissor_operator=0.00d0

}

drude_term{
drude= off ! {on|off|drude_only}
effective_mass = 1.0d0
damping_factor
conductivity =
plasma_frequency =

}
nonlinear_optics {
process = off ! {off|shg|thg}
excitation = all
band = all
term = all
double_resonance{
method = damping
cut_off = 10.0d-3 hartree
}
}

ipriepsilon=1

536 011000000000 UVSOR




PHASE/0 Manual, 0 O 0O O 2021.02

sw_epsilon

gbooooboooooobooog

ooooo on OOOOODO

ooooon off 010 D0O0O0DDO

OO0 off1OODOOUOEKCALODDOOOODOOOD0ODOOOODOOOm

crystal_type

oooooooo0o000

0000000= singleD OO0

0ooooO = poly O OO0

poly 0000000000000 O0OO0OO0OOOOONONONONONONONONONONONONOO0O0000

e=(ex+ ey +6,)/3000000
fermi_energy

ooooooooooooooo
0000000 read_fermi

gobgoooooboooog = on [OD0OOD0OOOOOODOOODO

oboooooooooon = off000000OD0O00O0OO0ODbOOO00OO0

OO000000 efermi = OO000D0O000D0O0000000Oread_fermi = on OO
goboobooboobooon (Hartree D OO0 O)

e.g. efermi = 0.124
00.124  Hatree[J

OO000Oread fermi = on0OO00000O0O0O00OO0OO0DOOOOO
gobooboobooboobooboobon

photon

gbooooboooobooboooobobooooooboon
U plartD 00000000 0ODOOOOODOODO
obooboobobobw =00000000xx00000000
gboobooboobwy =00000000yOO0O0O0O0C0OO
oboooboobobbvew =00000000:zO0O0O0O0O0D0O0O

oono Oeg polarfux = 10, uwy = 00, wz = 00}]00x0O0
ooooooooo

gooooood
gobd Poyntingg ODUOOOOO0OO0OO0O0O0OOOOOOOOOO
oboooobobobopx =0000000C000000xO000O0D000O0

11.3. UVSOR-Epsilon 537



PHASE/0 Manual, 0 O 0 O 2021.02

gobgboooboodpy =000b0gob0bOobbOOobOOyOobOooOoOabOo
gbooooobobobpz =000000C00O00000zO00000000O

RN e.g. Poynting {px = 10, py = 00, pz = 0.0}
OO0xgdooooooo

Oooopoooooooo
Oenergy: UOOODOO0ODOOODOOODOO
ooooo high OOOOOODOOO Hartree DO O OODOODOO 200
ooooo step OO0OOO0O0OOO0O0O0O0 (HatreeOOOOOODOOOO 0.002)
oooooooooooooooooooooooooboOoooobooooDbobooooon
oOoooooooooo
000§ O0O00ooOooOoOooOoo0oOobOOOoOoOoboObOOoOoOoOboOOoOoboOoo
00 i) O0000OO0OO0O0ODOOO0OO0O0ODOOOO0OODOOOOO0ODOOOOO0ODOOOOODobOOO
O0iHi) O0000OOOOOOOOOO0OOOOOO0ODOOOOOOOOOODOOOOOn
00 iv DODOO0OO0OO0ODOOOO0OOOO0OO0OODOOO0OOOOOO0OOO0O0bODODbOOOn

oag ogoooooooo xx, vy, 77, XY, Xz, yz O OOooooogo
goooooooo

ugboogog

transition_moment

gboobooboooooboooooboooon
gobogoo wpe : ODOOOOO0OOOOOOOOO

oooooOo O0DboOOoOds= 1 Olecal DO ODOOO0O0DOOO0DODMIOODODOOO
gooooooood = m [Read and NeedsOOOOODODODODOO [Starace72],
[Read91]

ooooooOooooo0oooobo0oUooobooOoooDoooOoooDo

oooooooooog = ks 0O Kageshima-Shiraishi(KS) 00O D000 OO0 O [Kageshima97]
gooooooooooooooooO0opooooooDooOoOooDoooooDooOooo

00000 O delq = ORead and NeedsRN)ODOOOOOOOOODODDOODOO [Read91]

ooooooOooooooooooooooDo o.0010
gobogoono symmetry O0000000O000O0O0C0O0OO0O0O0O0OO

gboooogo Oobooo = on OOOOODOO
oooooopoooOono= off OOOOOoOoDogoo
obooO0O00 band_i = ooooooooon
000000 band_f = goboooooao

U000 000b0b0b0oboobooooobobooobobooooobooooobooDbo
oooobooogobooon

OO0O0O0b) band.i = al0Oband f = bOOOODOO a -> bOOOOODOOOOODOOO
oooobOoooobOobooooobooooooboooo

gboo0i KSOOOoOooOoobOoooobooookSsoboooooboooooooboo
O00gnepp2 000 0000ODOOOOODOOOOODOODOOOODOOCIAO
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O000Db0000Db00sw_with dipoleD 0000000 O0O0DOODOOOCIAO
ooooboooooao

gobi)y O00OO000OO00OOO0OOODOOObDOObOOT™OOOO0OOOO0DbOO0ooDo
KSOOOOOOOODOOODOODOO O additional_projector 0 OO O OOOO

oood
ObO0ibi) RNOOODOOOOOOOOOOOODOOOOOOOOOOOOOO0bOOoO00OO0
ooo O Pickard and Payne OO0 [PickardOO]OODOO0OOO00D0OOdelq0O0D00O0O
oo
goo gooobooboooooao

ooo ivy 0000O00O0O0OO0D0000Osymmetry=onO0O000000000O0OO
O000v) OO0O00ODOOO0O0O0ODOO0O0DOCOOOband_i00 band fO00O00OD0O

mass

goooooooooooooooog

O000000 swmassOOOOOOO

oooooooooooo on0 00000

000O00OODOoooono = offb ODD0OODOODO

0000000 direciond 0D OO0OOODOOOOODOO

0000000000000 nxOnyOnzDOODOODOODOOOO 0.00

O0o000dDpeintD 00 ODOOOOOOODOODOODODO

000000000000 = bandedge OOOOODODOOOODCOOOODOO

ooooooooooono = mputDO0O0O0OO

O0o0oO0oOgD shitOOOODOO0O0O0 O0OO0O0OOODOOoOOogoo.od

0000000 ikOkOOOOODOO direction=input J 0 0 O

0000000 bO00OO00OO00ODOO0O0Oddirection=input 0 0 0O O

ooooooooooooobobooobooboooon

0000y O0000OO00OOoOooOooooooogon

Oo00 i) OO0O0OO0ODOODOO0OOdrection{nx=0.0, ny=0.0, nz=0.0}0000

oo iii) 000000000 OdirectionDO0000O0OOO0

oooOoogob@aodb0OdO0O0DbObOO0ODODddirection{nx=1.0, ny=0.0, nz=0.0}0000

oo0 vy OOOO0OODOO0OOOshifit=/00d000000000 10.0d-30 10.0d-40
v) point=input 00 0000ikkOO ibOOOOOO0O

Odd wvi) read_fermi=of 00000000 4.2.600)0

000 vii) shift /= 00d000000000000OO0O0OOOCODOOOOOOODOOOOODOOO
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BZ_integration

ooooooooooooobooooobooo0oooooOoooobOoooD
00000 method OOOOOOOO
oooooooooo O tetrahedron0 000t O0D0O0O0O00DCOOOO [Lehmann72]0000
000000000000 parabolic O OO pO [ parabolic  smearing 0 0O 00O
ooooooOoooooooooooooDoooog oooooog
obOobobOb0O0O0O00 gaussianO O OO g O gaussian  smearing 0 0 00 00
00000 width OO [0 gaussian/parabolic ~ smearing J O O 0O O smearing O O 0O O
O00000000OOHartree OOOO0OOOOOO 0.01837451  Hartree(=0.50 eV)O

spin O000D00O0O0OOD magnetic_state=ferro/at 0 0 000 OO

ooooo O both Omajor00 minor OOOO0DOOOOODOOO
ooooooOooooooooDo ooooooooooo
000000000000 majorOmajor 0000000 OO0ODOOOO0ODOODO
000000000000 mnorfOminor 00000000 O0OO0DOODOOOO
oo0oo0o00ooo0o0oDo0oooDoo00bspin00000OO0O00DO0O0O0
ooooooOoooooooboogoo
o000y O00DOOO0O0O0DOOO0O0kOO000ODOOO0OO0O0ODOOO0O0O0DODO0OO0ODODbOOO
000 i) 0O0O0OOO0ODOOOO0ODOCOOO0OOOOOOOOOOODOODOOO

iii) width O0000O0O0O0D0COOOOCOOOOOOO (0.01837451Hartre) 0 0 0O
oooo

band_gap_correction

O0OOscissors operator U0 OO OOOOOOOOOOOOO

U0O000 OO scissors_operator = [ scissors  operator 0 U 0 0O 0O 0O 0O O Hartree O O O
obooooobo0obooooobobo0oobooboboobog 0.0 Hartree
OoooODFTOOOOOO0OOOOO0OOOOO0ODODOOOODDOOO
oo0ooooOoooooooooooooood

drude_term

gboooooboboooooboooooan
oboooodb0drudeD D0 O0D00OO0O0OOOODOO

obooooooboooogs= on000000+00000000O00000000O000
goog

oboobooooooboooogs= off 10 DOO00D00ODOO00O0OODO0O0OO00DOO0DbO0O0OO

gbooooboooboood gooooao

Uooooobooobobod= drudeonlyDODOODOOOODOOOOODOODOOOO
oboooooboooooogonb 000
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0000000 effective 0 mass = 00O00ooooooooooooo
0000000 damping_factor = 00000 damping factor OO O O Hartree 0 O O
00000000000 000O0o00ooOoOoOooon 0.0036749 Hartree  (=0.1eV)O
OOO0O0OOO conductivity = D000000000m/Q0O

0000000 plasma_frequency 0= OOO00O0OO0O0OOODOOHartree OO

ooooooOoooooOooDooOooobDoOooooo

000i) 0O000DOoOOoOooooodg

OO0 i) damping_factor] conductivityld 00 O plasma_frequency DO DO OO0 OODO0O

oooo0 oooooo

O iii)) damping factor OO0 00000000000 0D0OOO0ODO (0.0036749
Hartree) D OO0 OO0 O

nonlinear_optics

gboobooboooooboo

gbobgbood processDUOOOOOOOOOO

OO0000O0oO00oo0og0 = off ODOOOOODOOOOO@M@OOONn)
obooooopboooon = sheOOo20000000000000ODO
obooooooooooon theO O 300000000000000O
0000000 excitationD OO OOOOOOOOO

oob0o0 = Al0000000000D0000DO0000bO0@oboO)
000000000000 = elcronD00000DOOOODOOOODO
oooooopooooono = holeDOODOOOOOOODODOOOOD

ob0oO0o0ooboo0oon =three_stated3000000000000000O00O
0000000 bandDDOOOODODO

gbooooooooooon ADO00000000000DO000@bOoDg)
gboooobobooonb = imerfDO00O0O0O0O0O0OO0OOCODOOOO
obooooopbobooonD = a0 O000OD0O0ODOOOOCODOOO
obooooobD ermO0O0000O0OO

gboooobooooo Al 0000000 @O00O0)

gobobobooboobnd = omegaDUOUODUOO0ODODDOODOOOOO
oboooooboooon = 20megall0 2000000000000000O
ooooooooooonD = 3omegal 0 3000000D0OO00OODOODOO

0000000 double resonance0 2000 0000O000O0O
0000000000000 methodD200000000DOOOOODOO
ooboooooooooooboob0o = omtUODOOODO0ODO (@OOOO)

= dampingd O OO
gooooood
0000000000000 cutoff20000000000 (method = omitO0O0O)
00000000000 o0o0oo0o0ooo0Db0o0bDOoO0o0d (method = damping000)
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0000000 o00oou0o0ob0o0ob0oobuoobO10.0d-3  hatree
oboooOoboOoooboobooooo
0000np00000000000000O0OBz integration (2.1000)000 000 THG
0000 O0O0O0O0O0Olinear tetrahedronO O OO OOOOO

ii) read efermi = off U0 0OD00OO0O0O0O426000

iii) O0O0OOO0OO0OO0OOO0ODOO0Oscissors operator 0 OO (7.2.11) 000

ivy O0O00OO0O0O0O0O0OO0ODOOOOOoDbOobooOo2z1000

ipriepsilon

obooooooobooooooDo
gbooooboboooooobOonon

gboooooooooo 1iocgbooobogooooboooon
obooooboobooo2000000
ooooooOooooo3poooooog
obooooooobooooooDo
gbooooboooobooboooobooooboobooooono

1133 00000

goboobood

Epsilon0 00 EKCALODOOODOOOOOODOOOO0O0O0O0O00O0DOO0O00000O0000000D00
UO0OOPHASEOODOOOOOOOOOOODOOOOOOOOOODOO PHASEOOOOODOOOOOO
ooo

Epsilon0 0000000000000 DODOO0O00DODOO000D0DOOO000DDOD U file_names.data 0[O
U0 FCcHGTOOOOOOoooooooboobobooboobooobooobooooooooooao
00000000 filenamesdata D0 0O 0OOO0O0O0O0OOO0ODO

&fnames

F_POT(1) = ...

F_CHGT = ‘ ../nfchgt.data’
/

gobogooo

obooooobDooocobOOobOooodEpsiion000O0O0OO0O

% mpirun -np 1 PATH_TO_PHASE®/bin/epsmain >& 1log &

oboooooooobobooboooooboobobooobooboooobdnproc00O0O0O0OODOOO
ogbooobooobooooMPIDODOOOOODOOOOODOODOOOOD
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% mpirun -np nproc PATH_TO_PHASE®/bin/epsmain >& log &

gbooooao

Epsion0 0000000000000 OO0DOO0ODOODO0O0ODO0O0DOO0ODOO0ODOODAO file_names.data
O000 FOCNGTUOOODOOOOOOD nfinputdata0 000 epsilon00000000O0D00OOOO
oboooooooo

goboobooobooobooboobooboboboon

mass{

sw_mass = on ! {on|off}

direction {nx = 0.0, ny = 0.0, nz = 0.0}
point = band_edge ! {band_edge|input}

shift = 1.0d-4

oooooopooooooobooo quoojo)yboo

mass{

sw_mass = on ! {on|off}

direction {nx = 1.0, ny = 0.0, nz = 0.0}
point = band_edge ! {band_edge|input}

shift = 1.0d-4

O0000o00000o0000ob0O0EBpsilon0 000000

% mpirun -np 1 PATH_TO_PHASEQ/bin/epsmain >& log &

gobobboboon

Epsion 0 0000000000000 OODO0ODOODO0OO0ODO0O0DOOODO0ODOODAO file_names.data
O00O0OFCNGTOOOUODOODOOODOUO nfinput.data 0 0 0O O nonlinear_optics 000 O0OOO0OOO

ooog

oooooobDooboobDobOoobodEpsiiond0DOO0OO0O

’% mpirun -np 1 PATH_TO_PHASE®/bin/epsmain >& log &

1134 0000000

goboboobooomobooobooooooboo@oboboooogouuooooooooboobooon
gbooooboobooboboooobooooboOobooooobooooobooboooonoog
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goboboooboobod

gbdbdouputOO 00O OOO0O0OOOOOO0OOODOOOODOO0ODOO0ODOOOODOOOODOOOOOOO
boooobobo kboooobobooooobooooboobooooboboooooboooon

% grep transition output®00
I*  transition moment correction = Kageshima and Shiraishi method 1
I* transition moment square  matrix is symmetrized )
! PP transition moment correction data it = 1 number of data read from PP file =
18
| transition  moment of 1 -th k-point is calculated by  UVSOR-Epsilon ~ -----
1 e transition moment of 2 -th k-point is calculated by  UVSOR-Epsilon ~ -----
| transition moment of 3 -th k-point is calculated by  UVSOR-Epsilon  -----
1 e transition moment of 4 -th k-point is calculated by  UVSOR-Epsilon ~ -----
1% e transition moment of 5 ~-th k-point is calculated by  UVSOR-Epsilon ~ -----
[T transition moment of 6 -th k-point is calculated by  UVSOR-Epsilon  -----
1% e transition moment of 7 -th k-point is calculated by  UVSOR-Epsilon ~ -----
[T transition moment of 8 -th k-point is calculated by  UVSOR-Epsilon ~ -----
[T transition moment of 9 -th k-point is calculated by  UVSOR-Epsilon ~ -----
| transition  moment of 10 -th k-point is calculated by UVSOR-Epsilon 3)
[T transition moment of 11 -th  k-point is calculated by  UVSOR-Epsilon ~ -----
1% e transition moment of 12 -th k-point is calculated by UVSOR-Epsilon  -----
1 e transition moment of 13 -th  k-point is calculated by  UVSOR-Epsilon
1% e transition moment of 14 -th k-point is calculated by UVSOR-Epsilon
[T transition moment of 15 -th k-point is calculated by UVSOR-Epsilon
1% —eeee transition moment of 16 -th  k-point is calculated by  UVSOR-Epsilon ~ -----
1% e transition moment of 17 -th  k-point is calculated by  UVSOR-Epsilon ~ -----
[ transition moment of 18 -th  k-point is calculated by  UVSOR-Epsilon
1% e transition moment of 19 -th k-point is calculated by UVSOR-Epsilon ~ -----
! transition moment of all k-points is calculated 4)
[ weighted  transiti
on  moment square of each k-point in  irreducible Brillouin zone -----

integration of all possible band transitions )
I*  tetrahe
dron integration of transition moment square over Brillouin zone (6)
gooooobooooooooon
(1)  Kageshima-Shiraishi(KS) 00 000000 0OO0OOOOO0O
(2 UDO0O0ODOO0ODOOOCOOODOOOOO0O0ODOO0OO ransition_moment/symmetry = onUOOO0O
3 O00OO0O0DOOOoDDOOoDoOOoOooOoood
(4 00D kOOOOOOOD
() ODObOooUoOoUobobbboooooUobbbobooo
(6) ODODOOOoOoOoOoOoobOoOoOoOooOooooo
oo

OkOoOOoOoooOOoOOoooDOoOOooooobo0ooooDooOoooobooooDboOoo

777777777 list of Dband type and occupation ----------
ispin band type occupation

1 1 filled 1.00000

1 2 filled 1.00000

1 3 filled 1.00000

1 4 filled 1.00000

1 5 unfilled 0.00000

1 6 unfilled 0.00000

1 7 unfilled 0.00000

1 8 unfilled 0.00000

1 9 unfilled 0.00000 0O OO (7)

1 10 unfilled 0.00000

1 11 unfilled 0.00000

1 12 unfilled 0.00000

(booooooo)
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(Cooooooooo)

1 13 unfilled 0.00000

1 14 unfilled 0.00000

1 15 unfilled 0.00000

1 16 unfilled 0.00000

1 17 unfilled 0.00000

1 18 unfilled 0.00000
—————————— list of band numbers for each spin  -----—--—-

filled half-filled unfilled number of electrons

ispin = 1 4 0 14 4.00000 O (8)
total number of electron in  the system 4.00000

The system is insulating or semiconducting (€)]

HODOOOODO (filledCOO0O0ODOOhalfAilled0 00000 Ounfiled00000)O0000D00O0O
@oooobooooboboooo
Go)ooooboooobooboooon

Oo00o0ooooo[pooogl]

Thomas-Reiche-Kuhn’ ssumrule 0 0000 00000000000 0OOOOOOO0OOOOOOOOOO
0000000000000 DO00bO0o0bO0oD000o0oDo00oo0ooDooobOOo0obOOooDoOooooooa
0000000000000 000 sumrule 00000000000 DOO0DOOOdSsumruledOO0O
00000000000 DOO00O0O0O0OoOO0bOOO0oOodEpsilond0000D0OO0ODODOODOOOOOOO
oooooooooono

obobobobooupubOO OO OOOO0OOOODOODOODOODOODOODOODOOOOOODOOOOO
gboooog

% grep oscillator  output000
1* sum of weighted oscillator strength of k-points in  irreducible Brillouin zone = 0.91165
I* oscillator strength  per electron = 0.91165

U000 SiOnum_bands=18; kOO OO0 O000OD0004x4x4l0 000 0000ODO0OO0OOOODOODOOO
O00goo0d00sum-rule00000000000000D0000Onum-bandsO0 00000000
gboobooooooooobooboboooooooobooo7boboboOoOooOoOooboOoboOoboOon
oboooooooo

oboooooooo

O0O0oOooOobOoboOooOodfilenamesdataJ 000 EPS_OUTPUT O OO OOOOOOOOOOO
gboooobooooosiobocobooboooonoo

Dielectric Function Optical
Properties
(€D] ) 3) 4 (©)
6 @
Photon Energy(eV) Real Part Imaginary Part [} n k abs(in
10%%8  m-1) R
0.00000 13.90891 0.00000 3.72946 0.00000
0.00000 0.33307
0.05442 13.91137 0.00000 3.72979 0.00000
0.00000 0.33310
0.10885 13.91876 0.00000 3.73079 0.00000
0.00000 0.33320

@do0oooooon)
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(Ooooo0ooooo0)

0.16327 13.93110 0.00000 3.73244 0.00000
0.00000 0.33337

0.21769 13.94843 0.00000 3.73476 0.00000
0.00000 0.33361

0.27211 13.97078 0.00000 3.73775 0.00000
0.00000 0.33392

@aoo)

00000000000000
(H)O0DOOOOOO0OOO @O000@O) ()ooOoo@o)
@O000(@O0) G000 @OD)oD(eDOoo00 (7hooooooo

gbooboobdoobooboobooooboboooooboobooobooboooobOooboooobooboon
gboooboooboooooboo

O Dielectric Tensor  Component(Imaginary part is in  parenthesis)
Photon  Energy(eV) XX yy zz Xy
Xz yz
0.00000 13.90838 13.90838 13.90838 0.00000
0.00000 0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
[¢ 0.00000) [¢ 0.00000)
0.05442 13.91084 13.91084 13.91084 0.00000
0.00000 0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
C 0.00000) C 0.00000)
0.10885 13.91824 13.91824 13.91824 0.00000
0.00000 0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
C 0.00000) C 0.00000)
0.16327 13.93058 13.93058 13.93058 0.00000
0.00000 0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
C 0.00000) C 0.00000)
0.21769 13.94790 13.94790 13.94790 0.00000
0.00000 0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
[¢ 0.00000) C 0.00000)

gboboooboobobooboooboobboobooobooooobooboooboooboboooboooboboobooooon

oboooooooo

gbooouobooobooboobooooboboooooboooboobooboooobobooooboooboon
goooon

oboooogo Ssitbobooooboboooooboooobobooooooboon

—————————— effective mass calculation ----------
I* effective mass at valence band top: ik = 1
1* degeneracy = 3
I*  warning effective mass should be wrong Dbecause of the degeneracy.
I*  set direction indices and k-point shift parameter in  tag_mass.
1* ib = 2
I* ispin = 1
aa = -0.10765 bb = -0.36038 cc = -0.88554
a b c
0.70986 -0.07279 0.70057
0.53349 -0.59385 -0.60227
-0.45987 -0.80128 0.38272
1* ib = 3

(boooooono)
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(Cooooooooo)

I* ispin = 1
aa = -0.09841 bb = -0.47571 cc
a b
-0.55182 0.63785
0.52096 0.76670
-0.65123 0.07285
1* ib = 4
I* ispin = 1
aa = -0.10696 bb = -0.29293 cc
a b
0.23175 0.97159
-0.71433 0.13650
-0.66032 0.19333
I* effective mass at conduction band bottom: ik
I* degeneracy = 1
1* ib = 5
I* ispin = 1
aa = 0.93658 bb = 0.18362
a b
1.00000 0.00000
0.00000 1.00000
0.00000 0.00235

cc

-1.07597 0000000000 (D
C
0.53725
-0.37519
-0.75538

-2.32353
-0.04797

-0.68637
0.72567

= 4

= 0.18362
0.00000 2)
-0.00235

1.00000

(h) oooooboroooooooooooobooOorooooooooooobooOoooooooDoon
ooooboO -bOOooogo

2) 0D000o0b0o0o00bbO0000aa,bb,eccOODODOOOO (a,b,c)D00O0O0OO0ODO xyzOODODO

oooooooooooaog)ObOoOooDbOOoOoobDbOOoOooDo

7777777777 effective mass calculation ----------
1% effective mass at valence band top: ik = 1
I* degeneracy = 3
1* ib = 2
I* ispin = 1
mass along ¢ 1.00000 0.00000 0.00000) direction = -0.17130
1% ib = 3
1% ispin = 1
mass along C 1.00000 0.00000 0.00000) direction = -0.27190 0O (3)
1% ib = 4
1% ispin = 1
mass along C 1.00000 0.00000 0.00000) direction = -0.27190
1* effective mass at conduction band bottom: ik = 4
I* degeneracy = 1
1% ib = 5
I* ispin = 1
mass along ( 1.00000 0.00000 0.00000) direction = 0.93658 4)

@) qoooooooooog

4 (qoo)obobooooooo

SHGOOOODODOODODODODOODOODOO

O00O0O0OD0O000000000D filenamesdataD0 D0 O0OOF NLOOOODODDOOOOOOOOOOO
gbgboboboboboboboobao X(2)(O)D[II:II:J[II:II:JDDDDDDDDDDDDDDDWurZite
OAINOOOOODOODOODOOODDOscissorsoperator 1 00000000 OO0ODOOODOOOOOOO
0000000000000 000000000000D00000 parabolicsmearing0 00000000
gbbooboooooobobooboooooobooO0oobooobOoobooboobooOobooOoooOoon linear
tetrahedron D0 OO0 O000O0OD0OO0OOODO

Static SHG Susceptibility Tensor (10-8 esu)
SHG prrocess = all type excitation (@D)
SHG term = all terms @)
XXX = 0.00000 XXy = 0.00000 XXz = -0.04514

(oooooon)
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(OO0OoDoooooon)
xyy = 0.00000 Xyz = 0.00000 Xzz = 0.00000
yXx = 0.00000 yxy = 0.00000 yxz = 0.00000 3)
yyy = 0.00000 yyz = -0.04514 yzz = 0.00000
ZXX = 0.08732 zZXy = 0.00000 ZXzZ = 0.00000
zyy = 0.08732 zyz = 0.00000 zzz = -0.92412

(1) ODoO SsHGOOooOoo

ooooboooogoo

@ bobobooboboooobobboooobooboooo

3) xP(0)00000xx00 2 00oooo

FNLOOOOOOOOooooooooooo X(Q)(—Zw;w,w)DDEIDDDDDDDDDDDDDDDD
oooooobobooooobobooOwarziteD AINOOOODODOODO

SHG  susceptibility  Tensor (10d-8 esu)

xxx (D) @ 3 @ ()

Photon  Energy(eV) real part imaginary  part abs
0.00000 0.00000 0.00000 0.00000
0.05442 0.00000 0.00000 0.00000
0.10885 0.00000 0.00000 0.00000

gooo

ZZZ

Photon  Energy(eV) real part imaginary  part abs
0.00000 -0.92412 0.00000 0.92412
0.05442 -0.92432 0.00000 0.92432
0.10885 -0.92494 0.00000 0.92494
0.16327 -0.92597 0.00000 0.92597
0.21769 -0.92741 0.00000 0.92741
0.27211 -0.92926 0.00000 0.92926

() 0DO00O00O000O00n
() 000000000

3) x?(—2w;w,w) 000
%) x?(—2w;w,w) 000

Gy x®Poooo

THGOOOOOOOOoOooooo

O00000SHGOODOODODOOfile namesdataJ 000 FNLOOOOOOOOOODOOODODOOO
0b0ob00oo0oooooDobOobon0 Sio THGOOOOOOODOODOD Oscissor operator 0 0 0O 00O
Oo0o00o0pDO00o00bO0bOob0o0oobDOobOoOnOg parabolic smearing 00O OO0 OO

Static THG  Susceptibility  Tensor (10-12 esu)
THG prrocess = all type excitation O (1)
excitation = inter + intraband (2)
THG term = all terms (€))
XXXX = 59.19956 XXXy = 0.00000 XXXZ = 0.00000
XXYyy = 24.15228 XXyzZ = 0.00000 XXZZ = 24.15228
Xyyy = 0.00000 xyyz = 0.00000 Xyzz = 0.00000
Xzz2Z = 0.00000 VXXX = 0.00000 YXXy = 24.15228
yXxz = 0.00000 yXyy = 0.00000 yxXyz = 0.00000 (4)
yxzz = 0.00000 yyyy = 59.19956 yyyz = 0.00000
yyzz = 24.15228 yzzz = 0.00000 ZXXX = 0.00000
ZXXy = 0.00000 ZXXZ = 24.15228 ZXyy = 0.00000
ZXyz = 0.00000 ZXzZzZ = 0.00000 zyyy = 0.00000
zyyz = 24.15228 zyzz = 0.00000 zz2Z = 59.19956

() boooobooooobooboooo3boooooon
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2 0000000000000000000000000
3) 00000000000000000000000000
@ x®0)000000xxxx000 xS, 000000

FNLOOOOODOOOOODODOO0O0000 x@® (—3w;w,w,w)000000000000000000
0000o0o0oooooooooosSioy®oooooooo

THG susceptibility Tensor (10d-12 esu)
Xxxx(1)
) 3) (€] (©)
Photon Energy(eV) real part imaginary part abs
0.00000 59.19956 0.00000 59.19956
0.05442 59.33822 0.00000 59.33822
0.10885 59.75834 0.00000 59.75834
0.16327 60.47272 0.00000 60.47272
0.21769 61.50384 0.00000 61.50384

(H)DO0O0OODODO0O0Oo0O0 ooooooood 3)x® (—3w;w,w,w) 00 @) x® (—3w;w,w,w) O
OGx®oooo

11,35 0000Si2-0 0000000
Doooooo

00ddooooo0o0oooooo0o0ooDo00oooooooooooooooooooOoooo
00000000 samples/dielectric/electron/Si0 00000 samples/dielectric/electron/Si
O00000O0Oscfdeps 00 PPOCOOODOOODOOOODOOODODOOOsefO phase0 0000 O0O0DOOOO
O0000O0Oepsd UVSOR-Epsilon 00000000000 OODOOOOPPO SiDOOOOODODOO
doooooooooooooooooon

OO000Sid0000000 PHASEODOOOOODOsefODOO0O00DOOOOsef0D0O00OO0ODOOO
oboooooogd

0O file_names.data
nfinput.data

file_names.data ] PHASEO OO OOOOOOO0OO0DOOOOO0OOOOOO0OOOOO0DOOOOO
O./mfchgtdata 0000000000 O0O0ODOO

&fnames

F_INP = './nfinput.data’
F_POT(1) = '../PP/atom_14_Si_lda_nc_bhs.gncpp2'
F_CHGT = './nfchgt.data' 0 -.000000000COO

/

nfinput.data ] PHASEO OO Sid 00000000000 O0O000O000O000O0O0O0OO00O0O0O0000
goooooooo

gboooo0OobOob0oOLDAPWO1

oboooos
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kO0ODODOO0O0O0O000 (4xd4x4)
SCF O O O O O scf_convergence = 107!2 Hartree; succession = 3

obobooobooooooopPO0O0OO0D0OOO atom_14_Si Ida_nc_bhs.gnecpp2 OO0 O0O0O0O0OOOO
ooooooogooboo

0000000000 0OLDAPWIL
obooooooooBHSOO

Ooo0o0oOoDO0boO0oO0onbO PHASEDOODOOOOODO

% mpirun -np 1 PATH_TO_PHASE®/bin/phase >& log

gooooao

goboboobooboobooboobobbobbdepsgbboboobooboobonDbO
gbooooobooobooboobooooboobooood

0 file_names.data
nfinput.data

file_names.data 0 UVSORO O OO OODOOOOOOOOODOOOnfinputdatad UVSORO OO OO OO
O0O0Ofilenamesdata D 00000000000 OO0OO

&fnames

F_INP = './nfinput.data’ ~ (L ODODOoOoooooooo
F_POT(1) = '../PP/atom_14_Si_lda_nc_bhs.gncpp2' ~ (2)O0000O0000OOOOODO

F_CHGT = '../scf/nfchgt.data’ -~ 3 U00O0oooDoooooD
F_EPSOUT = './eps.data' - (00000000 ooooo
/

(HOODOODOO0OO0O PHASEEEKCALOOUOOODODODOODODODODOOOOODODODOOOOOD
@UboooOoboooobobooooobooooboobobooooon

BGscf 0000000 PHASEOODOODOOOOODODOOODODODOOOOODOO
@oobOoobooooboobobobooboobooobooobo

oboooooooo

nfinputdata 00 00000000 0O0O0OO

Control{
condition = 2 a {0]1]2]3}|{initial|continuation|fixed_charge|fixed_charge_
<scontinuation}
cpumax = 1 day ! {sec|min|hour|day}
max_iteration = 6000
use_additional_projector = off
nfstopcheck = 1
}
accuracy{
cke_wavefunctions = 25.0 rydberg ! cke_wf
cke_chargedensity = 100.0 rydberg ! cke_cd

num_bands = 18 2)

(oooooon)
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(Cooooooooo)

ksampling{
method = mesh ! {mesh|file|directin|gamma|monk}
mesh{ nx= 4, ny = 4, nz = 4 3
}
smearing{
method = tetrahedral ! {parabolic|tetrahedral}
width = 0.001 hartree
}
xctype = ldapw9l ! ldapw9l
scf_convergence{
delta_total_energy = 1l.e-12 hartree
succession = 3 ldefault value = 3
}
force_convergence{
max_force = 0.le-3
}
ek_convergence{
num_extra_bands = 0
num_max_iteration = 300
sw_eval_eig_diff = on (3)
delta_eigenvalue = 1l.e-6 rydberg 4)
succession = 30 (5
}
initial_wavefunctions = matrix_diagon ! {random_numbers |matrix_diagion}
matrix_diagon{
cke_wf = 20.00 rydberg ! cke_wf
}
initial_charge_density = file !{Gauss|Very_broad|pseudopotentialfile}
}
oooo
epsilon {
sw_epsilon = on0 a
crystal_type = single ! {single|poly} b
fermi_energy{
read_efermi = off c
efermi = 0.0000
}
photon{
polar {ux=1.00, uy=0.00, uz=0.00 } d
Poynting {px=0.00, py=0.00, pz=0.00}
energy {low=0.000, high=2.000, step=0.002} e
}
transition_moment{
type = ks ! {l|rn|ks} f000000000000OOO0 .
delg = 0.6001
symmetry = on g
}
BZ_integration {
method = t !{parabolic(p)|gaussian(g)|tetrahedron(t)} h
}
band_gap_correction{
scissor_operator=0.0d0 i
}
drude_term {
drude = off j
}
ipriepsilon = 1 k
}
@oo)

(1) control 000000 condition=20 0000

2)num_bands 000000 Onum bands OO0 SCFOOOOODODODOODOOOOODOODOOOOOO
oooooooo70bbOobooOobU0bObOOoboDOoboooboOobobooog

(3) sw_eval_eig_diff=on 00000

(4) delta_eigenvalue 0 0 0000 0 O delta_eigenvalue 0 0 00 000000000000 10-% Rydberg O
00000000 1074 Rydberg 00000

(5) succession=3 00000

G)epsilon0 0 0000epsilon0 0000000000 0OO0O0O0ODO0OODO0OODO0OO0O0O0O epsilon O
O ab,c,de f,ghik00000000D0OOO0
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allO0Ooaooaod

sw_epsilon=off 0000 000000000000 O0O0OOO0OO0OO0OO

bOOOOOOOoOooOO

cOO0O0noooobooooboon
dO00000O0OO0O00ooOooO0oooOoo0ooooon a.o0,00,000x0) 0000000000
e000D0000O0O0O0DOOODOOOO20Hartree000000000O0OODOO 0.002Hartree 0 00O

f00000D00000000O0O000000D0000000D00000D0000D Kageshima-Shiraishi(KS)
goooog

¢cO00000000000ODOO00DODODOOO0DOOOO0OOn
hscissorsoperator 0 00 OO0 (DD OO0OO0OOO0OODOOOOODOO)T
idoooooao

(OO)Readand NeedsRN) U O OO DO OODOOODOOODOOODOOODOOODOOODOOKSOOOOOOO
O0000oooooOo0O0o0o0oooooboDoboOociaAoD0OO0OoOoOoOoOoKSODODOO (DipeleDODOO)
Ub0oobOob0o0ob0o0obO00o0o0b0o0b0OOobO0o0o0O0b00O0n0uUVSOR-Epsilon0 O CTAOOOOO
gboooboobooooboobooooboboooboobooooboboooooboon

oooooooi

eps 00000000000 DOOO0O0D0O0O0O0O0D0OOO0OUVSOR-Epsilon0000D0OOO

’% mpirun -np 1 PATH_TO_PHASEQ/bin/epsmain >& log &

gboooooooooooooboooboooboooboobooboooobooboooboOooboOoooDoOooon

’ % grep converged output®00

|

oooooboooooooOr*alkpointsareconverged 0 O 00O O00ODOOO0O0O0OOOOOOOOOOO

epsdata 00000000000 OO00OOOOOODOOOCOOOODOOO

Dielectric Function Optical
Properties
[€D) @ (€] @ (©)]
6 (€]
Photon Energy(eV) Real Part Imaginary Part ] n k abs(in
10%*8 m-1) R
0.00000 13.90891 0.00000 3.72946 0.00000
0.00000 0.33307
0.05442 13.91137 0.00000 3.72979 0.00000
0.00000 0.33310
0.10885 13.91876 0.00000 3.73079 0.00000
0.00000 0.33320
0.16327 13.93110 0.00000 3.73244 0.00000
0.00000 0.33337
0.21769 13.94843 0.00000 3.73476 0.00000
0.00000 0.33361
0.27211 13.97078 0.00000 3.73775 0.00000
0.00000 0.33392
@oo)
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0000000000000000
(h)ODOODOOOoOOO (0000 @0) 3)0000 @0)

@000 @o) G)00O0(@OD)D(eooooo (ooo

0000000000 0000000C0000000000000000000000000 13.9000

ob dryhooobobobooboobooooboLpADO SicobOooooooooobooobooboo
gooooao

gobgbooon

gbooooboooobooboooobobooooobooooobooboooooboobooooooboon
oboooooboooobobooooboboobooboobooooboboooooon

’ % grep oscillator output®00

goboogbooaobooaod

’!* oscillator strength  per electron = 0.91165

gobogbooaobooabodaod

ooooooooooooooooobooooooooboooooooog1IoobObOOoUOoOooboDObOOd
goooooooo(@ooooooooooooooO)ool1ooooooooooooooOo 1000
000000000000 (num_bandsUOOODO)D0 OO O OO OO oscillator strength per electron O O
obooobooboobooboobooboobooooonDoo700bO000d num bandsODODOOODOOO
goooooooooooooobooooobooOooooboooooboooOoooboOooooobooDOoooobooog
goo7000000000OODOO0ODOOOODOODOOODOOOO

ooooooo 2

O0O0OReadand Needs RN) DO O OO O DOOOO0DOO0O0O0O0OOSiDOO0D0O0OO0O0O0O0O0OODODOOepsilon

OO0 fOD0O0wpe=mm 0000000000000 O0OO0ODO0O0OO0OD epsdatal 00 0OODOOO
gboobooboooooboo

% cp eps.data eps.data-ks

oboooobOobooobOoboo0dDepsdatalDO00OODOOO

Dielectric Function Optical
Properties
Photon  Energy(eV) Real Part Imaginary  Part n k
abs(in 10%%8  m-1) R
0.00000 13.97263 0.00000 3.73800 0.00000
0.00000 0.33395
0.05442 13.97510 0.00000 3.73833 0.00000
0.00000 0.33398
0.10885 13.98253 0.00000 3.73932 0.00000
0.00000 0.33408
0.16327 13.99492 0.00000 3.74098 0.00000
0.00000 0.33425
0.21769 14.01231 0.00000 3.74330 0.00000
0.00000 0.33449
0.27211 14.03476 0.00000 3.74630 0.00000
0.00000 0.33480
goooo
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ooogooo 139700KSO0000000000OO00DOO0O0DOO0O0DO0O013s50 00000 KSOO
googbobooooobobooboboobobooobooboooboooboboobobooob o
IlH40b0b0oO0oooboooobooboooobobooooobooogn

50 | | | ED | | |
0 - - 50 .
a0 - _
= o - .
$#o [5]
W20 4 B
ivj’+ 0E = M
% ol % wf -
.
10k - 0 .
-0 | ] ] 0 L ] J
5 10 15 20 0 5 10 15 20
BEOEO T 2 )03 —(eV) BREEO T 2 )LF —(eV)
(a) (b)

O114:Si00000000G@OO;b)OD0O0OKSO0J00O0RNODOODODODODOOOOODOOOOGOO
000000 (CRC Handbook of Chemistry 79-th Ed,CRC Press, New York 1998) 00 O OO ODOOO

11.4 UVSOR-Berry-Phonon

1141 0000O0O0O

gboooood

PHASEO OOODOOODOOODOOODOOO filenamesdataD 00000000000 DOOODOOOODOO
goooon

&fnames

F_INP = './nfinput.data’
F_POT(1) './potential.l’'
F_POT(2) './potential.2’'
F_CHGT = './nfchgt.data’
F_BERRY = './berry.data’
F_EFFCHG = './effchg.data'
F_FORCE = './force.data'
F_MODE = './mode.data’
F_EPSILON= './epsilon.data'

/

F_INPO PHASEOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOO0O0OO0
00000 PHASEOODOOOOOOOODOODODOODODODOOOOFBERRYOOOOODODOOOOOOO
OOFFEFFCHGOUOOOODODOOOOOODOOoOOoOoDOoboooOOoDO0bOOOF_ FORCEO DO DO OO
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obooooboooooooboobO0o0obO00bO00Ob0FMODEDODODOODOOODOOODOOODOOOO
oooooobDOoo0oOooOobOU0O0OFEPSILONDODOODOOOODODOOOOODOn

gboooobooooooboo b n3oo00oao

0113: 00000000000

goooooood aoo oo

F_INP nfinp.data goooood
ooodoooooooooooo
oo0o0OoooOooooooono

F_BERRY berry.data oo0oooooooooooo
oooooo

F_EFFCHG effchg.data oooooooooooooo

F_FORCE force.data oOoooooooooooood
oooooooopoooo

F_MODE mode.data oO0ooooooooooood
O0o0ooooooooooo
o0

F_EPSILON epsilon.data ooooobooooooobogo

F_STRFRC strfrc.data gooooooobobboboo

goboooboooooood
gobooooboooobooobooo

00O000O0"F_INP"

"FINP'OOOOO00O00oooooooooboooooobbooooooooooobooooooobobooo
O0Berry_phase OO0 O0O0O Phonon OO OOOOO0O0OOOOOBerry_ phase 00 O00OODOOOOOOO
0000000 EKCALO0O0O0O00000000000000000Phonon00000O PHASEO OO
ooooooOoOooooooooDooo

Berry_ phase OO0 O O0O00O0ODOO0OOODOOOOOOO

Berry_phase{
sw_berry_phase = <ON_OFF>
g_index = <G_INDEX>
mesh{ nl = <MESH_NI1>, n2 = <MESH_N2>, J = <MESH_J> }

BerryPhase U0 OO OOOOOODOO

gooooooo (o o | oo

O a

sw_berry_phase OFF odooooooboboooooooooog

g_index 1 0000000 g;(:=1,2,3)000 40

mesh kO0DODOODODODODODOOoOOoOoOoOooooo

nl,n2 4 00000000000 g, 0000000 Monkhorst-Pack 000000
0 nl xn2

J 20 goooobobooog gsoooo Jo
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obooooobobobooooobobobboobobooooboobOoDg Berry-PhononODO OO0
0000D0oO0D0D0O00 displacement DO 00000000000 atom_listOO0OO00OOO0OOOO

goo

atom_list{

coordinate_system = cartesian
atoms{
#tag rx ry rz element
0.000 0.000 0.000 Al
2.6561175 2.6561175 2.6561175 As
}
displacement{
sw_displace_atom = <ON_OFF>
displaced_atom = <ATOM_ID>

<Ux>
<Uy>
<Uz>

ux
uy
uz

gboooooboooooo

ooooooooo (ogoo | oo

sw_displace_atom OFF ogoooooooooooobooooo

displaced_atom 0 O00ooooooooao

ux 0.0 xOD0OOOOODODOOO0OOoOOo0O000O adbOooooooooooa

uy 0.0 ydOOOOOOOOOoOOOoOOooDOOooO pOOoOoOobOOobDOoboOon
oo

uz 0.0 z00000000DOODOODOODOO0ODO cOODOODOOOODOODOO

gobooobooboboobuoobboobbooboobbuoobodoobdg Postprocessing U U O
b0 Polarization DO O O0OO00OO0OOOOO0OOOOOOO0OOODOOOCOOOOO

Postprocessing{
Polarization{
0 sw_bp_property = <ON_OFF>
property = effective_charge

}

gboooobooboobOoboooobooon

ooooboogo ooo oo

Polarization gooooooooobobboo
ooooooooooo

sw_bp_property OFF BerryUOODOOOOODOOOO
oooooooooooog

property 0 polarization O O O O 0O 0O

berry.data 0 0 O OO Berry O O
oooooood
effective_charge 0 O 0 0O O O
berrydataO OO OO OOOOO
oooooood

Phonon OO OOO0OOOO0O0ODOOOODDOOO
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Phonon{
sw_phonon = <ON_OFF>
sw_calc_force = <ON_OFF>
displacement = <U>
sw_vibrational_modes = <ON_OFF>
point_group = <Point_Group>
sw_lo_to_splitting = <ON_OFF>
electronic_dielectric_constant{
exx = 0.0, eyy = 0.0, ezz = 0.0
exy = 0.0, eyz = 0.0, ezx = 0.0
}
k_vector{ kx = 0.0, ky = 0.0, kz = 0.0 1}
sw_lattice_dielectric_tensor = <ON_OFF>
sw_dielectric_function = <ON_OFF>
energy_range{
min_energy = 0.0
max_energy = 0.01
division_number = 100

oooooooooboooooen70Ob0OO0O

obooooooboooooobono

ooooboooo goo go

sw_phonon OFF goboooboooooood
gbooooooboooooboo

sw_calc_force OFF goboooboooboooood

oooooooooad

ON OOooooooood
oooooDooooooa@
00000 forc edata 00O 0O
OO0OD0OO0O0OFF 000000
sw_vibrational_m odes=ON 0O O
OO0OO"F_FORCE "O0O OO
ooooooooo
displacement 0.1 goboooobooon
sw_vibrational_modes OFF O0000O00o000o0o0oo
gooboooNOODoOOooooo
00000000 Omod es.data [
OO000D0D000OD0OOFFO OO
oooooooooODbODbDbOOOo

oo

point_group C1 ooboooboooooooog
ooo

sw_lo_to_splitting OFF Lo-rogooobgoobgoono
oooooo

electronic_dielectric_constant Oo000oo0O00ooooooono
oooono

exx 0.0 000000 xx0O0O00O

eyy 0.0 0oooogyyOOoO

ezz 0.0 oooOdo0zO00OO

exy 0.0 0oooodxyOoOoO

obooooood
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0O 115-0000000000

ooooooood aoo oo

eyz 0.0 obooobogyzOOO

ezx 0.0 0ooodno zxOoOoOo

k_vector dooooooooooooo
ooooooooooooao

kx 0.0 oooooboooooono xOo
oo

ky 0.0 ooo0oooooooog yd
o0

kz 1.0 oooooooooood zo
o0

sw_lattice_dielectric_tensor OFF O0000O00o000o0o0oo
gooooo

sw_dielectric_function OFF [ I O I O B R N A N N |
O"F_EPSILON"O O O O O
oooooooood

energy_range gooooooboobobboo
ooooooooooog

min_energy 0.0 oooooooooooo

max_energy 0.01 gooooobobooboood

division_number 100 ooooooooooog

00 point_ group 00000000000 O0O0O0OOOOO0OOODO

Oh, 0, Td, Th, T, D4h, D4, D2d, C4v, C4h, S4, C4, D2h, D2, C2v, D6h, D6,
D3h, C6v, C6h, C3h, C6, D3d, D3, C3v, S6, C3, C2h, Cs, C2, Ci, C1

O0o0o0oOoOoOooOoOOoOo"F_BERRY"

0O displaced_atom O (ug,uy,u,) 00 0000000000000 000O0O0O00O0OO0OO0OCOOOOO

nkprep, ig, displaced_atom, displacement(1:3)
do i=1,nkprep

i, cphi(i), phi(i), wgh(i)
end do

00 displacement 0 1,23 000000 ug,uy,u, 000000phiO0000000 go0000000O
0000000000000 cphiO0O0 phiJOODO OOOOOO0O0DOOOOOOnkprep00OOOO
ob0JooOOdbDigd 000000 g 0000000wghO kOOOOOODOO

goobgoobooobooboobooboobobbooboobooboobooboboboobobooboo
gbooooboobooboboooboobooooboooooboobooooboOoon
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00O0000"F_EFFCHG"

gboooobooooboobooooboboooooboooboobobooooboboooobooboon
gboooobooboooooboboooboobooboooonog

num_zeff

do ia=1,num_zeff
zeff(1,1:3,1ia)
zeff(2,1:3,1ia)
zeff(3,1:3,1ia)

end do

num_zeff OO0 0000000000000 000000000zfO000000O00O00O0O0ODOOOOO

O0oo0ooOooOoOoOO"F_FORCE"

"F_FORCE'D O ODOO0OO0OOO0O0O0O0O0O0OO0O0OO0O0DOO0O0OO0OO0O0O0OO00b00o00o0bOoo0o

ogod

num_force_data

do i = 1, num_force_data
displaced_atom, displacement(1:3)
do ia = 1, natm

i, force_data(ia,1:3,i)

end do

end do

num_force_ data 0 OO OO0 0O0OOD0OOOODOOdisplaced_atom D0 O0OO0OO0O0OODOO0OOOO dis-
placement 0 000000000 (ug,uy,u.) 3000
OOJoood"F _MODE"

"FMODE'D D 00000000000 0000000000000D000 a; = (ax, ay,a,) 00000
oooooao

---  primitive lattice vectors ---
a_lx a_ly a_lz
a_2x a_2y a_2z
a_3x a_3y a_3z

000000 natmO0O0O0000O (x4,¥,2) 000 mOO0O0O0 name() DO0O00O00O0OOOOO

---  Equilibrium position and mass of each atom---

Natom = natm
do i=1,natm
i x(1i) y(i) z(1) m(i) name (i)
end do

gbooooboooooooboooooon

--- Vibrational modes ---

Nmode= nmode Natom= natm
do m = 1,nmode
n= m representation(m) acvtive(m)
hbarW= omega_ha(m) Ha = omega_ev(m) eV; nu= omega_nu(m) cmA-1
do i=1,natm
i vec(m,i,1) vec(m,i,2) vec(m,i,3)
end do
end do

11.4. UVSOR-Berry-Phonon 559




PHASE/0 Manual, 0 O 0 O 2021.02

representation D DO DO 000000 Oactivem 000000000 0OOOO ROODOOOOOOOOO
00000 ROOOOODOODOOOO0O0OIR&GEROOOODO000O0O0OOOOOOODOOOOOOOOO0
vee UODOOODODODOOODOOomega hall Harree D00 UO0O0O0OO00O0OOomega evd O OODOOOOO
0b00dO00O0OOomega nu0OOOOOO

gobgoboobooboobooboobobobooboobooboobooobooboo

--- Vibrational modes ---

Nmode= nmode Natom= natm
do m = 1,nmode
n= m character(m) active(m)
hbarWi= omega_ha(m) Ha = omega_ev(m) ev; nu= omega_nu(m) cmA-1
do i=1,natm
i vec(m,i, 1) vec(m,i,2) vec(m,i,3)
end do
Mode  effective charge and its  average:
Z= z(m,1) z(m,2) z(m,3) Ave.= zave
end do

obooooboooboobOoboooobooon

--- Lattice and static dielectric tensors ---

[ elat_xx elat_xy elat_xz ] [ e®_xx e0_xy ed_xz ]
[ elat_yx elat_yy elat_yz ] [ ed_yx el_yy eb_yz ]
[ elat_zx elat_zy elat_zz ] [ e®_zx ed_zy ed_zz ]

elat 000000000 0e000D0O0O0O0ODOO

O0O0O0O0O0O"F_EPSILON"

"F_EPSILON"'0D0 0000000000000 O0O000O00

Energy (eV) Elxx Elyy Elzz Elyz Elzx Elxy E2xx E2yy E2zz E2yz E2zx E2xy
do i=0,division_number
energy (i) elxx(i) elyy(i) elzz(i) elyz(i) elzx(i) elxy(i) e2xx(i) e2yy(i) e2zz (i) e2yz(i)
e2zx (i) e2xy (i)
end do

energy 1 eVOODODODDOOOOOOOOOelxxelyyelzzelyzelzxelxy OOODODO0O0O0O0O00OO0O
XX,yy,2z,yZ,zx,xy 0 0 0 0 O O e2xx,e2yy,e2zz,e2yz,e2zx,e2xy D D000 0O00D0O00OODO XxX,yY,2Z,YZ,ZX,Xy
oooooo

gbooooooboooo

00000000 output0OO D 0O D ODOODOOODOO"F_BERRY'DDODOOODOODOOOOODOOO
gbooooboboooooboooooan

---  Calculated electronic effective charges ---
do i=1,num_atom_inputed

[ zel_xx(i) zel_xy(i) zel_xz(i) 1]
Zel ( i) = [ zel_yx(i) zel_yy(i) zel_yz(i) ]
[ zel_zx(i) zel_zy(i) zel_zz(i) 1]

end do

num_atom_inputed D 0 0000000000000 0OD0OOzel xx(i),zel xy) DDOODODO iDDOOOOO
gboooooboood xxxy,..0ooooo

gboooobooooobooboooobobooobooboooooono
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--- Calculated effective charges ---
do i=1,num_atom_inputed

L zeff_xx(i) zeff_xy(i) zeff_xz(i) ]
Zeff( i) = [ zeff_yx(i) zeff yy(i) zeff_yz(i) ]
[ zeff_zx(i) zeff_zy(i) zeff_zz(i) 1]

end do

zeff_xx(i),zeff xy()) OO DO OO i000000O00O0O0O xxxy,...O0OoOoogd

gboooobooobooboboooobobooobooboooobobooooboaon

---  Symmetrized effective charges ---
do i=1,num_atom_inputed

[ zsym_xx (i) zsym_xy (i) zsym_xz(i) ]
Zsym( D = [ zsym_yx(i)  zsym_yy(i) zsym_yz(i) ]
L zsym_zx (i) zsym_zy (i) zsym_zz(i) ]

end do

zsym_xx(i),zsym_xy() DO 000 i000000000000O00000 xxxy,...0O0O00O00O

gbobooobooobooobooooooboobOoooobooobooboobooOooobooooboooobooobooon

--- Effective <charges of all atoms ---
do i=1,natm

[ zeff_xx(i) zeff_xy(i) zeff_xz(i) 1]
Zeff( i) = [ zeff_yx(i) zeff yy(i) zeff_ yz(i) 1]
[ zeff_zx(i) zeff_zy(i) zeff_zz(i) ]

end do

zeff_xx(i),zeff xy() DO OO0 i00000OD0O0O0OCOOD0O0ODOO xxxy,...0OOOODO

goboboobooboaoboabooboooboboboaboo

--- Averaged effective charges ---

[ zZave_XX zave_xy zave_xz ]
Zave = [ zave_yx zave_yy zave_yz ]
[ zave_zXx zave_zy zave_zz ]

zave_xX,zave_xy,. D0 O00O00000O0ODO xxxy,..0DOOOOOOOOO

gobobooobooboobooboobobbooboon

--- Corrected effective charges ---
do i=1,natm

[ zeff_xx(i) zeff_xy(i) zeff_xz(i) ]
Zeff( i) = [ zeff_yx(i) zeff yy(i) zeff_ yz(i) ]
[ zeff_zx(i) zeff_zy(i) zeff_zz(i) ]

end do

zeff xx(),zeff xy() DO ODOO iODOD0OODOOOOOOOOOOO xxxy,...0OOO4QOnO

0000O00"F_STRFRC"

O0O0O0OD"F.STRFRC'OOOOOOOOOOOODOODOODOODOODOODOObOObOOobOobDobooOoo
good

num_force_data

do i = 1, num_force_data
index (i) strain(i)
do ia = 1, natm
i, force_data(ia,1:3,1)
end do
end do
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1142 000000 (a=quartz) O OO0O0O00OO

ooog
gboooobooooboobooooboboooooboooboobobooooboboooobooboon
gooooao

. Jooooooobooooobobooogoboo

2. nfdynmdata 000000000000 OCO0O0O0 PHASEODODOOOOODO

3.0000000000000000berry000000000C0O0D00O0O0O0 phononOOOODOO

4. 000000 berryOO0OPerl DOODODO prep_zeffpl OO0 000000000 DODOOODODOOO
OO template_berry O template_ scf 0 000000000000 2.00000000000000
ooo

5.2000000000000000000D0O0O0ODOOODODOODOUODOODOODOODOOO
0000000000 phononO OO0

6. 000000 berryOOprep_zeffpl D0 D OOOOO0OODOO0O0DO0 PerlODODOODO exec_zeff.pl OO
O0D0000D00O00OO0DOOexec_zeffpl 000000 DOO0OODODOOODOOOODOOOODOOOO
OOprep_zeffpl O bin OO OO0O0D00OOO0ODO

7. 000000 phonon OO0 O0O0O00OO0OO0O0OO0O0DOOOOODOOOOOOODOOOOOOODO

8. 1.0000000000000OC0000O0000 200 300000002.000000000000
O0O00D00O00OODUOcoordinate_system O cartesian 00 0000000000300 700000
ooooooa

gbooooao

U00bD0bObOekcal D ODOODODOOekcal UODODOODODOODODODODODOODOODOODOODOODO
ooooooooooooooboooooboooOoooboooooboo0oOoooboOoooooooOooooog
file_names.data 0000000000 OODODO potentail. SiD OO OO0 O0OODOO potential,O O OO OO OO
ooooooOoooooOoOooooOoOoDoooooooboooooDo

&fnames

F_INP = './nfinput.data’
F_POT(1) '../../potential.Si’
F_POT(2) '../../potential.O"'
F_CHGT = './nfchgt.data’'

/

000000 0D00oooo0ooooooo XyZ0oooooooooooooooooooooo
OO0D00OO0O0"FINP'DOOOODOOOOODOOO Accuracy{}d 00000 force_convergence{ }J O O
000000 max_force=0.1e+3 0 000 0000000000000 0ODOO00OO0O0OO0OOOOOOOO
0oo00o0DO00ooO0oOoDOoU0oUoDOoooooOooDooo

Control{
condition = 0 ! {0]1]2]3}|{initial|continuation|fixed_charge|fixed_charge_continuation}
cpumax = 24 hour ! {sec|min|hour|day}
max_iteration = 60000

@do0oooooon)
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(Cooooooooo)

accuracy{
cke_wavefunctions = 36.00 rydberg ! cke_wf
cke_chargedensity = 300.00 rydberg ! cke_cd
num_bands = 32
ksampling{
method = monk ! {monk|mesh|file|directin|gamma}
mesh{ nx=2, ny=2, nz=2}
}
smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree
}
xctype = ldapw9l
scf_convergence{
delta_total_energy = 1l.e-10 hartree
succession = 3 !default value = 3
}
force_convergence{
max_force = 0.le+3
}
initial_wavefunctions = matrix_diagon !{random_numbers|matrix_diagion}
matrix_diagon{
cutoff_wf = 10.0 rydberg ! cke_wf
}
}
structureq{
unit_cell_type=Bravais
unit_cell{
l#units  bohr  degree
a = 9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}
symmetry{
tspace{
system = h
generators {
l#tag rotation  tx ty tz
E 0 0 0
}
}
sw_inversion = 0
}
magnetic_state = para !{para|af|ferro}
atom_list{
coordinate_system = cartesian ! {cartesian|internal}
atoms{
I#default mobile=no
l#tag rx ry rz element
-2.136349214 -3.700265381 3.373333567 Si
4.272698428 0.000000000 0.000000000 Si
-2.136349214 3.700265381 6.746667135 Si
2.511045782 2.203258231 1.129569348 0
0.652554710 -3.276258553 4.502902914 0
-3.163600490 1.073000321 7.876236482 0
2.511045781 -2.203258231 -1.129569348 0
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 0
}
displacement{
sw_displace_atom = on
displaced_atom = <ATOM_ID>
ux = <Ux>
uy = <Uy>
uz = <Uz>
}
}
element_list{ #units atomic_mass
|#tag element atomicnumber zeta dev mass
Si 14 0.00 3.5 28.0855
0 8 0.00 2.0 15.9994
}
}
wavefunction_solver{
solvers{
l#tag sol till n dts dte itr var prec cmix submat
MSD 5 0.2 0.2 1 * on 2 off
1m+MSD 20 0.2 1.0 100 tanh on 2 on
rmm2p -1 1.0 1.0 * * on 1 on
}
line_minimization{
dt_lower_critical 0.1
dt_upper_critical 3.0

(oooooon)
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(Cooooooooo)

}
rmm{
imGSrmm = 1
rr_Critical_Value = 1.e-15
edelta_change_to_rmm = 1.0e-6 hartree
}
}
charge_mixing{
mixing_methods{
I# tag no method Imxs rmxe itr var prec istr nbmix update
1 simple 0.50 0.90 400 tanh on
2 broyden2 0.30 0.30 100 * on 3 5 RENEW
}
}

BeryOUOOODOUOOOODOgenerators 00000000 OOOOatoms OO OOOOOO diplacement
ooooooOooooooooDooo

displacement{
sw_displace_atom = on
displaced_atom = <ATOM_ID>
ux = <Ux>
uy = <Uy>
uz = <Uz>

}

sw_displace_atom 0 ONO OO OOODO DO O Odisplaced_atom 00000000 (ux,uy,uz) OOOO0ODOO0O
00000000 <ATOM_ID>,<Ux>,<Uy>,<Uz>000000000000Oprep_zeftplOOOOO
00000000000 000DO00D0DO000O00OgnDanO file_names.data O"F_INP'OOODOOO0O
template_scf 0 0 0 O

00000000 filenamesdata D0 000000000 OOO

&fnames

F_INP = './nfinput.data’

F_POT(1) = '../../potential.Si'
F_POT(2) = '../../pontetail.O’'

F_CHGT = '../<SCF_DIR>/nfchgt.data’
/

000000000 filenamesdataD 00000 F_ CHGT O0OO0OO00O0O0O0OOOO0OOOOOOOOOO
000000000000 DOO00DO0O0bOO00DOprep_zeftpld <SCF_DIR>00000000OO
O00000000000000 file_namesdataO OO 0O OO

gbooooobooo'"FANP'ODOOOooOooaoo

Control{
condition = 2 ! {0]1]2]|3}|{initial|continuation|fixed_charge|fixed_charge_continuation}
cpumax = 24  hour ! {sec|min|hour|day}
max_iteration = 400001
}
accuracy{
cke_wavefunctions = 36.00 rydberg ! cke_wf
cke_chargedensity = 300.00 rydberg ! cke_cd
num_bands = 24
ksampling{
}
smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree
}
xctype = ldapw9l
ek_convergence{
sw_eval_eig_diff = on
succession = 3
num_max_iteration = 200
delta_eigenvalue = 1.0e-8
num_extra_bands = 0

(oooooon)
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(Cooooooooo)

initial_wavefunctions =
matrix_diagon{

matrix_diagon

! {random_numbers |matrix_diagion}

cutoff_wf = 10.0 rydberg ! cke_wf
}
}
structureq{
unit_cell_type=Bravais
unit_cell{
l#units  bohr  degree
a = 9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}
symmetry{
tspace{
system = h
generators {
l#tag rotation  tx ty tz
C3+ 0 0 2/3
c212 0 (] 0/1
}
}
sw_inversion = 0
}
magnetic_state = para ! {para
atom_list{
coordinate_system = cartesian
atoms{
I#default mobile=no
I#tag rx ry rz element
-2.136349214 -3.700265381 3.373333567 Si
4.272698428 0.000000000 0.000000000 Si
-2.136349214 3.700265381 6.746667135 Si
2.511045782 2.203258231 1.129569348 0
0.652554710 -3.276258553 4.502902914 0
-3.163600490 1.073000321 7.876236482 0
2.511045781 -2.203258231 -1.129569348 0
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 0
}
displacement{
sw_displace_atom = on
displaced_atom = <ATOM_ID>
ux = <Ux>
uy = <Uy>
uz = <Uz>
}
}
element_list{ #units atomic_mass
l#tag element atomicnumber zeta dev mass
Si 14 0.00 3.5 28.0855
0 8 0.00 2.0 15.9994
}
}
wavefunction_solver{
solvers {
l#tag sol till_n dts dte itr prec submat
MSD 10 1.0 1.0 1 on on
1m+MSD 20 1.0 1.0 1 on on
rmm2p -1 1.0 1.0 on on
}
line_minimization{
dt_lower_critical = 0.1
dt_upper_critical = 3.0
}
rmm{
imGSrmm = 1
rr_Critical_Value = 1.e-15
edelta_change_to_rmm = 1.0e-4 hartree
}
}
Berry_phase{
sw_berry_phase = on
g_index = <G_INDEX>
mesh{ nl = <MESH_NI1>, n2 = <MESH_N2>, J = <MESH_J> }

Berry DOODOOODOOODOGgenerators OO0 O0OO0O0OOO0OOOdisplacement 00 O00OO0O0O0O
0000O0ODOO0OD0OO0DO0D0DOO0DO0D0O0DbD0O0OBeryDOOOOOOOODOBerry_phased 00000
sw_berry_phase 0 ONOUOOOUODOg indexd mesh OO O OO nl,n2J 000000 g _index,nl,n2,J 00O 0O
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<G_INDEX>O<MESH_N1>0<MESH_N2>0O0<MESH J>0000000000 prep_zeftplOD 0000
0000000000000 0DO0000DO0000D0O0ODO0n0dofile_names.data 0 "F_INP'O
000000 template_berry O 0 OO

oboobooboooobooboooooobooooooooboooooonog PerllOOOOO prep_zeff.pl O
ooooboodOdyprep_zeffpl U0 O 0ODOOODOOO0OOODOOOODOOOOOODOODOODOODOO
gboooobooooo

prep_zeff.pl DISPLACEMENT  ATOM_LIST  MESH1 MESH2 MESH3

DISPLACEMENT DO 0OO0OOO0OO Bohr 0OOOO0OO0OO0O0O0O00O00O00050000ATOM_LISTODOO
obooooboooobooboooobobooooobooooobooboooobooboooooobon
gbooooboooooobooooboobbooboobooob40b00bbO0bbO0obobOobobooboobooon
O0O0O0O0OOATOM_LISTO "24"0 0 0O O0MESHIMESAH2MESH3 OO OkOOO0OODODOOOOOOO
nl,n2J0’' nln2) O00000000000000"2100000000000000000Oprep_zeft.pl
ooooog

$ $PATH_TO_PHASE®/bin/prep_zeff.pl "0.85" "2 4" "2 2 " "2 2 10" "2 2 10"

000000000000 000000000 PerlO0000 exec_zeffplOOODOODOOO0OOOOO
00000000000 0000000000000000 berry_ai_ua_gpB (berry_a0_gB) O scf_ai_ua
(sef 20) 00 00DO00ODO0O0OD00,B=1,230000:0000000000«00000000O0O
0ol—-z2—y3—xdpdld00000O0OO0OO0OODOOOODOODOODODOOODOODOOO
berry_ai_ua_gf (berry_a0_gfB) 0 ekcal 00D 000000000 0ODOO ekcal00ODOODOOODOODOO
000000 scf_ai_ua(sef_ a0) 0 phase 00 0000000000000 0OODOOOOOOODOOOO
oooooooooo 150000000

PerlOODO OO exec_zeffpl D00 OOD0OO0OODOO0ODODOODexec_zeffpl DO OOODOOOOOOO
00000000000 00000000000oO0o00o0o0oO0oooo

$ ./exec_zeff.pl PHASE EKCAL PARALLEL {-vpp|-primepower|-sr}

" PHASE' O PHASE O 00O 0O0O PATH_TO_PHASEO/bin/phase 0 0 0 00O EKCAL' O EKCALO O OO
O PATH_TO_PHASEO/bin/ekcal D OO OO0 Oberry DO O0O0O0O0O0O0O00O0O0OODO phased ekcal 0O
O0o0oo000o0oooooooOoOoOO0OC0OOO0O0000000 PARALLEL OOO0OO0OO0OCOOCOOOOOO
(PHASEUO OO EKCAL)UODOOOOUOOexeczeffpl OO OO0OO00O0OOOO0O0ODOODOOOOOO
D000 berryOOOODODO berrydataD OO OODODO

’$ ./exec_zeff.pl PATH_TO_PHASE®/bin/phase PATH_TO_PHASE®/bin/ekcal 1

MPIODOOUOOOO0O00O0DDDDO -machinefile0000000000000COCOOOOOOmachinefile O
gboooobooooboooo

VPP, PRIMEPOWER,SR8000,SR110000 000000000 MPIDOOOOOOOODOOOOOOOOOO
MPIOOOOOODOOOOOOOOODODODOOD-archDODODO0O0OO-arch000O0OO0O0OOODOODO
goounooooonooDn

./exec_zeff.pl
PATH_TO_PHASE®/bin/phase PATH_TO_PHASE®/bin/ekcal 1 -arch=primpower

oboooooobooooooo

exec_zeffpl DO OO OO
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b) i FBDORFMNARIZERL-
(a) ¥EPRRETDBerryiitHETE IKRETDBerryitBEt 5

scf_a0 scf_ai Ua

berry_a0_g1 berry_ai_uo. g1

berry_a0 g2

berry _ai uo,_g2

berry_a0_g3 berry_ai_uo,_g3

O 115 BeryOUOODOOOODOOO
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ooo archO 0O
VPP5000 vpp
PRIMEPOWER HPC500 | primepower
SR11000 sr

ob0oobooboboboobooobooocpibOUObDObOOObbOOD0O0ODexe_zeffplODOODOOO
o000 dOmpiren 00 000000DOOOOODOOOCPUNDOOODODOOODOODOOOODOO
0000000000000 0000O-loadleveler 0000000000000 ODOOOSRII0000 40
obooooboobooooboooon

./exec_zeff.pl PATH_TO_PHASE®/bin/phase PATH_TO_PHASE®/bin/ekcal 4  -arch=sr -loadleveler

obooocPubOOnOOoOonDOoOonOOonDOOn execzeffplOOOOODOexec_zeffplOOODOOOOOOO
oo ceubOUOOOODODOO-loadleveler D00 0OOOOO0OOODOOOOODOOO

000000000000 0D000O exec_zeftplOODOODOOO00ODODOOOODOOOODO

Perl DO OO0O0OO000OO03000000000000000000000 berry000DODO0O0O berry.data
obooooooboooboooobooboooboobooboobooobo0oobooobDOoODverrydatad O
gboboooooao

gobobooobooo

00o000OOob0OOoO0O0"F BERRY'DOOOOOOOODOOOOO

4 1 2 0.0 0.0
0.50000000000000D-01

1 0.63456226917922D+00 -0.20888574273791D-02 -0.32917965405901D-02 0.
—25000000000000D+00

2 0.63432394408679D+00 -0.20934910658866D-02 -0.33003380756268D-02 0.
—25000000000000D+00

3 0.63289711025371D+00 -0.19971191896918D-02 -0.31555090531068D-02 0.
—25000000000000D+00

4 0.63151794421351D+00 -0.20390845515460D-02 -0.32288511895501D-02 0.

—25000000000000D+00

O000o00D SiooDoo0ooD 2000 005auw.00000000000000000D DO berry.data
U0O0O00O0"F_BERRY'DOOOOOOOOOOOOOOODOOOOOOOOOOODOOOO0O00 210
oboooooog

ooooog

phonon O OO O 0OO0OOOOOOODOOODOOOODN potential,SiD O OO DO OOODOOODO potential.O
00000000000 00D0O00 filenamesdataODOOO0D00OOO00ODO

&fnames

F_INP = './nfinput.data’
F_POT(1) '../potential.Si’
F_POT(2) '../potential.O’

/

ooooooDooooOoboOo'"FAINP'ODODODOOooOoo
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Control{
condition = 0 ! {0]1]2]|3}|{initial|continuation|fixed_charge|fixed_charge_continuation}
cpumax = 24  hour ! {sec|min|hour|day}
max_iteration = 60000
}
accuracy{
cke_wavefunctions = 36.00 rydberg ! cke_wf
cke_chargedensity = 300.00 rydberg ! cke_cd
num_bands = 32
ksampling{
method = monk ! {monk|mesh|file|directin|gamma}
mesh{ nx=2, ny=2, nz=2}
}
smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree
}
xctype = ldapw9l
scf_convergence{
delta_total_energy = 1l.e-10 hartree
succession = 3 !default value = 3
}
initial_wavefunctions = matrix_diagon !{random_numbers|matrix_diagion}
matrix_diagon{
cutoff wf = 10.0 rydberg ! cke_wf
}
}
structure{
unit_cell_type=Bravais
unit_cell{
l#units bohr degree
a = 9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.60
}
symmetry{
tspace{
system = h
generators {
l#tag rotation tx ty tz
C3+ 0 0 2/3
C212 0 0 0/1
}
}
sw_inversion = 0
}
magnetic_state = para ! {para|af|ferro}
atom_list{
coordinate_system = cartesian ! {cartesian|internal}
atoms{
!#default mobile=no
I#tag rx ry rz element
-2.136349214 -3.700265381 3.373333567 Si
4.272698428 0.000000000 0.000000000 Si
-2.136349214 3.700265381 6.746667135 Si
2.511045782 2.203258231 1.129569348 0
0.652554710 -3.276258553 4.502902914 0
-3.163600490 1.073000321 7.876236482 0
2.511045781 -2.203258231 -1.129569348 0
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 0
}
displacement{
sw_displace_atom = off
displaced_atom = 0
ux = 0
uy = 0
uz = 0
}
}
element_list{ #units atomic_mass
#tag element atomicnumber zeta dev mass
Si 14 0.00 3.5 28.0855
0 8 0.00 2.0 15.9994
}
}
wavefunction_solver{
solvers{
I#tag sol till n dts dte itr var prec cmix submat
MSD 5 0.2 0.2 1 * on 2 off
Im+MSD 20 0.2 1.0 100 tanh on 2 on
rmm2p -1 1.0 1.0 * * on 1 on
}
line_minimization{

(oooooon)
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(Cooooooooo)

dt_lower_critical
dt_upper_critical

w
=

}
rmm{
imGSrmm = 1
rr_Critical_Value = 1.e-15
edelta_change_to_rmm = 1.0e-6 hartree
}
}
charge_mixing{
mixing_methods
l#tag no method rmxs rmxe itr var prec istr nbmix update
1 simple 0.50 0.90 400 tanh on
2 broyden2 0.30 0.30 100 * on 3 5 RENEW
}
charge_preconditioning{
amix = 0.90
bmix = -1.00
}
}
Phonon{
sw_phonon = on
sw_calc_force = on
force_calc{
start = 1, end = 0
}
displacement = 0.05
norder = 1
sw_polynomial_fit = on
sw_vibrational_modes = on
point_group = D3
electronic_dielectric_constant{
exx 2.56011, eyy = 2.56011, ezz = 2.57411
exy 0.0, eyz = 0.0, ezx = 0.0

}
k_vector{ kx = 0.0, ky = 0.0, kz = 0.0 1}
sw_lattice_dielectric_tensor =
}
Postprocessing{
Polarization{
sw_bp_property = off
property = effective_charge

diplacement U 0 0000000 OOsw_diplace_atom 0 of OO ODO0OODOODOOODOOODOOODOOO
OO0Oelement 000000 (mass) 000000000000 D0OODOOOOODOOOOOODOOODOOOO
O #units atomic_massO 0 element list O 000 0000000000000 COO0OOCOCOOOPhononO OO
0000000000000 0D0000000D0S521 00000000 0sw_phonon [0 sw_calc_force [
oONOOOODODOOOO (diplacement) 0 0.0500000000000DO0OCO D3 OO 0O dpoint_group O D3
0000000000 0000000000D0000000A00electronic_dielectric_constant 0 O O 0 OO
DO000000D000D00 ex =6y = 256011, ¢, =2.5741100000000000000000000O
0 O O sw_lattice_dielectric_tensor J of 0 0D 000000000 OO0O0ODOOOODOsw_cale_force O
off O O sw_lattice_dielectric_tensor O sw_bp_property 0 on 0O 0000000 DOOO0OOOOOODOOO
0000 PHASEOOOODOODODODODOODOODDODODODOODO PHASEOODOOOOOODOO
oood
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gobobooboobod

output001 D OO DOOOD0ODOOOODOOOOODOOOO

--- Calculated electronic effective charges ---
[ -1.00158 0.00284 -0.00266 ]
Zel (¢ 2) = [ -0.00001 -0.35464 -0.32379 1]
[ 0.00000 0.28121 -0.56029 ]
[ -7.31546 0.50495 0.31818 ]
Zel (¢ 4y = [ 0.45145 -8.00477 -0.70090 ]
[ 0.25220 -0.73456 -7.72450 ]

O00O00" Calculated electronic effective charges” 0 OO0 O O00OOO0OO0OOOOODOOOOOOOOOO
O0O00O03x300000000000000 ZeI' 00000000000000O0O0O0O0O0O0O0OO
gooooooooooOoO0 2000 4000000000000 OOOBODOOO

--- Calculated effective charges ---
[ 2.99842 0.00284 -0.00266 ]
Zeff( 2) = [ -0.00001 3.64536 -0.32379 ]
[ 0.00000 0.28121 3.43971 ]
[ -1.31546 0.50495 0.31818 ]
Zeff( 4y = [ 0.45145 -2.00477 -0.70090 ]
[ 0.25220 -0.73456 -1.72450 ]

O0O000" Calculated effectivecharges” OO0 OO0 O000O0OOODOOOCOODODOOOOCOOOOOOOOO
ZzeffOOODOOOOODOODO zelDOOOODODODO

--- Symmetrized effective charges --
[ 2.99842 0.00000 0.00000 ]
Zsym( 2) = [ 0.00000 3.64536 -0.32379 ]
[ 0.00000 0.28121 3.43971 ]
[ -1.31546 0.50495 0.31818 ]
Zsym( 4y = [ 0.45145 -2.00477 -0.70090 ]
[ 0.25220 -0.73456 -1.72450 1]

00007 Symmetrized effectivecharges” D000 0000000000000 O0O0O0ODODOOOOOOO
oboooooooon

--- Effective charges of all atoms ---

[ 3.48362 -0.28013 -0.28041 ]
Zeff( 1 = [ -0.28013 3.16016 0.16190 ]

[ 0.24354 -0.14061 3.43971 ]

[ 2.99842 0.00000 0.00000 ]
Zeff( 2) = [ 0.00000 3.64536 -0.32379 1]

[ 0.00000 0.28121 3.43971 ]

[ 3.48362 0.28013 0.28041 ]
Zeff( 3 = [ 0.28013 3.16016 0.16190 ]

[ -0.24354 -0.14061 3.43971 1]

[ -1.31546 0.50495 0.31818 ]
Zeff( 4y = [ 0.45145 -2.00477 -0.70090 ]

[ 0.25220 -0.73456 -1.72450 1]

[ -2.24657 0.08613 -0.76609 ]
Zeff( 5) = [ 0.03263 -1.07365 0.07490 ]

[ -0.76225 0.14887 -1.72450 ]

[ -1.41830 -0.51083 0.44791 ]
Zeff( 6) = [ -0.56433 -1.90192 0.62600 ]

[ 0.51005 0.58569 -1.72450 ]

[ -1.31546 -0.50495 -0.31818 ]
Zeff( 7 = [ -0.45145 -2.00477 -0.70090 ]

[ -0.25220 -0.73456 -1.72450 ]

[ -2.24657 -0.08613 0.76609 ]
Zeff( 8 = [ -0.03263 -1.07365 0.07490 ]

[ 0.76225 0.14887 -1.72450 ]

[ -1.41830 0.51083 -0.44791 ]
Zeff( 9 = [ 0.56433 -1.90192 0.62600 ]

[ -0.51005 0.58569 -1.72450 ]

O0O00" Effective chargesofallatoms” D0 0000000000000 OOODOOOOOOOODOOO
oooooooooooooooooooooboooooboobooooobooboooo
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--- Averaged effective charges ---
[ 0.00055 0.00000 0.00000
Zave = [ 0.00000 0.00055 0.00000 ]
[ 0.00000 0.00000 -0.00310

1
1

O0O00" Averaged effective charges” DO 000000000000 O0O0O0OO0OOODOOOOODOOO
oooooooooooooboooooboooooobooooobooooooboOobooooboboOoooooog
ooooooooooooooboooooboooOooooboooooooOoooboOooOoooooOooooog
OO0000O0O000000" Corrected effective charges” OO0 000000000

--- Corrected effective charges ---
[ 3.48307 -0.28013 -0.28041 ]
Zeff( 1 = [ -0.28013 3.15960 0.16190 ]
[ 0.24354 -0.14061 3.44281 ]
[ 2.99787 0.00000 0.00000 ]
Zeff( 2) = [ 0.00000 3.64480 -0.32379 ]
[ 0.00000 0.28121 3.44281 ]
[ 3.48307 0.28013 0.28041 ]
Zeff( 3 = [ 0.28013 3.15960 0.16190 ]
[ -0.24354 -0.14061 3.44281 ]
[ -1.31602 0.50495 0.31818 ]
Zeff( 4y = [ 0.45145 -2.00532 -0.70090 ]
[ 0.25220 -0.73456 -1.72141 ]
[ -2.24713 0.08613 -0.76609 ]
Zeff( 5) = [ 0.03263 -1.07421 0.07490 1]
[ -0.76225 0.14887 -1.72141 ]
[ -1.41886 -0.51083 0.44791 1]
Zeff( 6) = [ -0.56433 -1.90248 0.62600 ]
[ 0.51005 0.58569 -1.72141 ]
[ -1.31602 -0.50495 -0.31818 ]
Zeff( 7 = [ -0.45145 -2.00532 -0.70090 ]
[ -0.25220 -0.73456 -1.72141 ]
[ -2.24713 -0.08613 0.76609 ]
Zeff( 8 = [ -0.03263 -1.07421 0.07490 ]
[ 0.76225 0.14887 -1.72141 ]
[ -1.41886 0.51083 -0.44791 ]
Zeff( 9 = [ 0.56433 -1.90248 0.62600 ]
[ -0.51005 0.58569 -1.72141 ]
goooobooboooogo
0o0odoo"F_MODE'OOOOOO
---  primitive lattice vectors ---
9.2000000000 0.0000000000 0.0000000000
-4.6000000000 7.9674337148 0.0000000000
0.0000000000 0.0000000000 10.1200000000
---  Equilibrium position and mass of each atom---
Natom= 9
1 -2.1363492140 -3.7002653810 3.3733335670 51196.42133  Si
2 4.2726984280 0.0000000000 0.0000000000 51196.42133  Si
3 -2.1363492140 3.7002653810 6.7466671350 51196.42133  Si
4 2.5110457820 2.2032582310 1.1295693480 29164.94360 O
5 0.6525547100 -3.2762585530 4.5029029140 29164.94360 O
6 -3.1636004900 1.0730003210 7.8762364820 29164.94360 O
7 2.5110457810 -2.2032582310 -1.1295693480 29164.94360 O
8 0.6525547080 3.2762585530 5.6170977880 29164.94360 O
9 -3.1636004890 -1.0730003210 2.2437642190 29164.94360 O
--- Vibrational modes ---
Nmode= 27  Natom= 9
n= 1 E IR&R hbarW = 0.00000000E+00 Ha = 0.00000000E+00 eV;  nu= 0.00000000E+00
cmA -1
n= 4 E IR&R hbarW = 0.58285132E-03 Ha = 0.15860191E-01  eV;  nu= 0.12792108E+03
cmA -1
1 -0.1076861591 -0.0492955392 -0.0289969411
2 -0.0000000001 0.1372246738 0.0579965405
3 0.1076861592 -0.0492955391 -0.0289969411
4 -0.0710674524 0.2294802586 -0.2767253313
5 -0.0266667306 -0.2719065772 -0.0591536507
6 0.3853480075 0.0172331774 0.3358772210

(do0oooooon)

572

011000000000 UVSOR




PHASE/O0 Manual, 0 0 0O O 2021.02

(Ooooo0ooooo0)

7 0.0710674522 0.2294802589 -0.2767253316
8 0.0266667309 -0.2719065770 -0.0591536503
9 -0.3853480076 0.0172331772 0.3358772209

Mode effective charge and its norm:

Z= 0.0000000000 0.0159080661 0.0000020096  Norm= 0.0159080663
n= 5 E IR&R hbarW = 0.58285208E-03 Ha = 0.15860211E-01 ev; nu= 0.12792125E+03
cmh -1

1 0.0750340743 -0.1076820548 0.0502260531

2 -0.1114922066 -O0. 1 0.

3 0.0750340742 0.1076820548 -0.0502260531
4 -0.2462863619 -0.2627994415 0.2280661351

5 0.2551052896 -0.2184164183 -0.3536922309

6 -0.0340512209 0.1936020463 0.1256104976
7 -0.2462863620 0.2627994412 -0.2280661348

8 0.2551052896 0.2184164186 0.3536922309
9 -0.0340512205 -0.1936020463 -0.1256104979

Mode effective charge and its norm:

Z= 0.0159051835 0. 0. Norm= 0.0159051835

--- Lattice and  static dielectric tensors ---

[ 2.1944 0.0000 0.0000 ] [ 4.7545 0.0000 0.0000 ]
[ 0.0000 2.1944 0.0000 ] [ 0.0000 4.7545 0.0000 ]
[ 0.0000 0.0000 2.3874 ] [ 0.0000 0.0000 4.9616 ]

0000000000000000000000000000000000 Z=° 0000000000
00000000000000000000000000 Norm=' 00000000000000000
00000000000000000000000003x300000000000000000000
0000000000000 00000000000000000000000 &=é%=22 4=24
00D000D0000D0000000000000 ), =¢,=48,¢,=500000000000

1143 DOOOAINOOOODOOOO

ooog
AINOOOOOODODOOOODODOOO00ooOoOOoO0oooOoOo0oooDObO0oooooOooooooObOOoOoooDn
ooog

. 00o0oooooooobooog

2. 000000000DOO0O00O00DODO0OO

(98]

.nfdynmdata 000 0000000000000 PHASEOODOOOOODOO
4. 0000000000000000 berryDOODOO

5000000 berry000PerlOO0O0D00O prep_zeffpl 0000000000000 OOODOOO
OO template_berry O template_scf 0 000000000000 3.00000000000000
goo

6. 00000000O00DODOO phonondOODOOO

7.3.0000000000000000O000O000O00DO0OODOODOODOODOOODOOOO
000000000 phononO OO0

. 00000 DODOOOODOOO0 piezoOOOOOODOOOODODOO clamped O internal 00O
ooo
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9. 000000 clamped D O OPerl DO O OO prep_piezopl DO OO0 DOO0O0OOO0DOOODOOOO
00D template_berry O template_scf U DO O0DOOOOOOO0DO 3.00000000000000O
ooo

10. 000000 internal O O [(Perl 0 0 O O O prep_strfre.pl DO O OO MM OOOO0OOOOO template_scf
goooboobooooobos3.coboooooobooooooboo

11. O0D00O00 berry DO Oprep_zeffpl OO OO ODDOOOOODOO PerlOO DO OO exec_zeff.pl OO
OO0000000000OOexec_zeffplO0O0O0OOCOCOOOOOOOO0O0O0OO0OO0OO0OOOOOOOO
O O prep_zeff.pl 0 PATH_TO_PHASEO/bin 0 O O O

12. 000000 phonon 000000000 OOO0ODOO

13. 000000 piezo/clamped O Oprep_piezo.pl D OO0 OO0 O0O0O0O0O0O0O0DO00O Perl DOODODO
exec_piezopl OO ODOOODOOODOOOOexec_piezopl OO DOODOOODOOOOOOODOO
0000000000000 0DDOOprep_piezo.pl O PATH_TO_PHASEO/bin 00O 0O

14. OOD0O0OOQ0 piezo/internal O Dhrep_strfre.pl OO OO MM OOO0O0OO00O Perl 0000 O exec_strfrc.pl
O000000000bodb0ODexec_stefrepl OO0 O0O00OD0O-00000000DO0O0OOOO
0000000000000 0prep_strfrc.pl  PATH_TO_PHASEO/bin 0 0O 0O O

15. 000000 phonon0 000000000000 O0O0OO0OOOCO-00000000O000O0O0O
ooooooo

1. 00000002.000000000000002003000003.000000000000000O
OO00ODO0ODOOcoordinate_system U cartesian 0 00O 00000000400 15s0000000000O00O0O

gooooao

goooooooboooboooobobobbobbboboboooooooobbbobbo000 samples/dielectric/

lattice/AlN/berry OO O OOOAINOODOOprepzeffpl OO OO0 DOO0O0O0OOO0ODOOOOODOOO
gboooooboooooo

prep_zeff.pl 0.1 'I 3" '6 6 15' '6 6 15' '6 6 15

gbdbogolavOOoboOoOoOobOOoOOobOOObOODODODODODODOOOOOOOOOOOOOOOOn
OO0nlxn2xJ 00000000 6x6x150000000000000000 exec_zeffplOOODOODOOO
goooogoo

exec_zeff.pl phase ekcal 1

gobo1ooMpPIDOOO0ODOOOO0OOOOOOOODOOODOOOODOOOOMPIODODOOOODOOODOO
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gooogoo

gdooooooooooooboobobbobobboboooooooobbbbboddd samples/dielectric/

lattice/AlN/phonon 0000000000000 O0OO0ODOOOCOOODOOOOODOOOOOOO

gboooooobooooon

Uo00dboO0OberryDOODOODOOO0DOOODOOODOOOOOOOODOOONO piezo/clamped 00O OO
o0 ooobooooboboooooDooooo 1e000O00O0 AINODODODOOOODDOOOOD

atom_list{
coordinate_system = internal ! {cartesian|internal}
atoms{
l#tag rx ry rz element mobile

0.3333333333 0.6666666666 0.0000000000 Al off
0.6666666666 0.3333333333 0.5000000000 Al off
0.3333333333 0.6666666666 0.3820000000 N on
0.6666666666 0.3333333333 0.8820000000 N on

gobgoobooobooboobooboobobboobooboobooboboboboboobobooboo
gbooooboooobooboooobobooooooboon

strain{
sw_strained_cell = ON
ell = <Ell1>, e22 = <E22>, e33 = <E33>
e23 = <E23>, e32 = <E32>
e3l = <E31>, el3 = <E13>
el2 = <El2>, e2l = <E21>

<Ell>000 prep_piczopl 00D D000 0OO0OD0OOO0O0DOODOODOODODODODODODOOOO
gboooobooobooboboooooboooooboaon

Berry_phase{
sw_berry_phase = on
g_index = <G_INDEX>
mesh{ nl = <MESH_NI>, n2 = <MESH_N2>, J = <MESH_J> 1}

prep_piezopl D DO DD OO0O0O0O0O0O0OO0DOOODOprep_piezopl D0 OOD0OOO0OOODOOO
prep_piezopl 0D DO D ODOODOOOOODOOODOOO

% prep_piezo.pl STRAIN INDEX_LIST  MESH1 MESH2 MESH3

STRAINOODOOOOOOUOUONDEX_LISTOOOUOOOOO0O0O0o0ooOoOoOOOO0000oOoonnOMESHI
000 prep_zeffpl DO OODOAINDOOOODOOOOODOOODODODOOOOODOOOO es1,e33,€15
oboooooogd

% prep_piezo.pl 0.01 '1 3 5' '6 6 15" '6 6 15" '6 6 15'

oboboooboooool0nDOoOoboOoOODOnODOd e,e,es00000000O00O0O0O0QO exec_piezo.pl O
gooooooooboo

% exec_piezo.pl phase ekcal 1

gob1ooMPIDOO0ODOOOO0OOOOOOOODOOODOOOODOOOO4aMPIODODOOOODOODOO
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Wurtzite structure

Wyckoff positions:
Al (2b). (1/3,2/3,0)
N (2b): (1/3,2/3,u)

576 0 11.6: Wurtzite 0 O O AIN
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00000000 berry.data O piezo/clampled D0 00000000000 O000ODO ssefe000000OO
000000000 nfinput.data O

Postprocessing{
polarization{
sw_bp_property = ON
property = piezoelectric_const

O000000OOcondition0 00000 0DOOOODOOOODOOOOODO

Control{
condition = continuation

}

O0outputOO1 OO0 O0O0O00OOO0OO0ODOOOOOOODOOOOODOOOO

=== Piezoelectric constant (C/mr2) ===

1 -0.0000488692 0.0000008508 0.2508631403
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000015381 0.0000020659 -0.3977128777
4 0.0000000000 0.0000000000 0.0000000000
5 0.3321219558 0.0000004282 0.0030073377
6 0.0000000000 0.0000000000 0.0000000000

00000 xyz00O0O0OODODO00000000000000000000 € = 0.251C/m2,
e = —0.398C/m2, €9 =0.332¢/m* 000 00000000000000000000000000
0000000000000000000000

gboooooboobooooon

prep_strfrepl OO OO OO0OOOOODO template_scf 000000 clamped DD 0D O00OO0OODODOO0O
oooooooooon

% cd piezo/internal
% cp -R ../clamped/template_scf

prep_strfrcpl DO OO O O0O0OOOO0O0O0O0O0DOOOOODOOOOOO

’ % prep_strfrc.pl STRAIN INDEX_LIST

000000 prep_piezopl UO OO OODOOOAINODOOODOODOOOOODOODOO

’% prep_strfrc.pl 0.02 '1 3 5'

gboo-obooboboooboobobooboobooboboobaobobobobooooboboa
oooooopooo200ib0dbdibU0bbd execstrfrepl DO O0DOOOOOOODOO

exec_strfrc.pl  phase 1

oD 1ooMPIDOOO0ODOOOOOOOOOOODOOODOOODOOOeMPIDODOOOODOODOO

O00O00O0OO0ODOO0OD0OO0O0ODOO0 piezofinternal O strfrc.data 000000000 O0ODOOODOOO phonon
OO0000000000000 phononOOOOO0ODO nfinputdata 000000000 0COOO
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Phonon{
sw_phonon = on
sw_calc_force = off
displacement = 0.05
sw_vibrational_modes = on
sw_internal_strain_piezoelectric_tensor = on
}
Postprocessing{
Polarization{
sw_bp_property = on
property = effective_charge

sw_calc_force O off 0 O O sw_internal_strain_piezoelectric_tensor 0 on O 00 O sw_bp_property 0 on O O O
O0phase 0000000000 Oouput00l OO0 D0 ODOOO0OOODOODOOOOODOOODOODOODOOOO

tensor  (C/m*2)
-0.0001106316
0.0000000000
0.0000000000
0.0000000000

0.0000000000
0.0000000000

Internal-strain piezoelectric ===

1 0.0000000000
0.0000000000
0.0000000000
0.0000000000

-0.6775051139
0.0000000000

-0.9017585866
0.0000000000
2.0047352963
0.0000000000

0.0000006994
0.0000000000

[<)NRT, I NE UV ]

00000 xyz0000000000000000000000000000 €’ 0 e = -0.9020/m?,
(1)

el =2.005C/m2, elY) = —0.678C/m* 000 00000000000000000000000000
0000000000000000000000

AINODOOOOODOoOooo9ouoboboooooboobooboobooooobobooo

AINOOOOO (C/m?)

o0 (ooboooo |booooo |00 goo
es1 0.251 -0.902 -0.651 | -0.58
€33 -0.398 2.005 1.607 | 1.55
e1s 0.332 -0.678 -0.345 | -0.48

1144 D000GaAs-000O0OOO0O

goboogood

00000000 ekcalOOODODOOODO

O000GaAsO O O0DO0OD00D0O0OD0O0ODO0ODO0ODOO0ODO0ODO0DO0D00D0000000000000Osamples/
dielectric/lattice/GaAs/berry 0000 0000O0O0OOOO0O

cd  PATH_TO_PHASE®/samples/dielectric/lattice/GaAs/berry

00o00o0ooo0ooo0oob0o0oDo0o0oDbOo00Dbo00n template berry DO OO OOOODOOOO
0000000000000 0 SCcFO00D0O0O000nDOD templatescf 100DO0O0O00ODOOO
U0bOo0oob0obOoOooboooonboOoOon perlO0000O0O prep_zeff.pl 00000 OO 0O O Otemplate_scf
U000 nfinputdata 00000 SCFOOOOOOOODODO X,Y,ZO0OOoOoooooooooooboo
gboob0dbD0Oaoms UO0O0O0O0O0O0O0O0OCODOOOO
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displacement{
sw_displace_atom = on
displaced_atom = <ATOM_ID>
ux <Ux>
uy <Uy>
uz <Uz>

displaced_atom U0 00000000 0O0ODOOO0O0O0O0O0OODOOO0OOO00O0ODOODOOO (ux,uy,uz)d
00000000 uwxuy,uzOODOOO0OMOIODO OO coordinate_system [ cartesian 0D 0 00000000
0 O ™ displaced_atom,ux,uy,uz 0 0 <ATOM_ID>,<Ux>,<Uy>,<Uz>00000000000000O0O
calc zeffsh OO OOODOODOO0DODODOODOOODOOODOOODOOODOODOODOOODOOODOOO

template_berry OO0 DO OD OO nfinputdata 0000000000000 0DOOOOODOOOOODOO
goooog

Berry_phase{
sw_berry_phase = on
g_index = <G_INDEX>
mesh{ nl = <MESH_NI1>, n2 = <MESH_N2>, J = <MESH_J> }

gindexOODOOOOODOOO0OOODOOOO (1020000 3)00000000000 meshODOOkODO
0o00odod0Dnl,m2JO0000000nl,n20 sef 000000 0OO0O0OODOOJOODO0OOD 300050
00000000 g_index,nl,n2,J 00 <G_INDEX>,<MESH_NI1>,<MESH_N2> ,<MESH_J>00000
obooooooognprepzeffpl OO0 O0OO0O0OO0DOOO0ODOOOOOOOOOOOOOOOOOOOO
goobogooaoo

0000000 PATH_TO_PHASEO/bin O O prep_zeffpl DO OO O0OO0OO0O0DOOO

$ PATH_TO_PHASEQ®/bin/prep_zeff.pl 0.05 '1 2" '4 4 20 '4 4 20" '4 4 20"

ooboooooOoooooooooboboooo0oooooobOooboOoobOoOoooOooooDoDooDOboooDO
O000O00DO0O00D0 nln2)y OOOOODODOOODOO m,n2))yOOOODOOOODOOODOO
goooooOooooooOooboooOopooOoOoooo0OooooooDooOoooooDOoobooboog
oooboobOobobobooooOoobooooboooOooOoOoosborOOOIDODODO (GayO
000000 (As)0D000ooO0O00oooOobO00oooOoo0ooooObo0o0o0D 44200000000
U0b0000obo0o0obOoOonog PerlOD0OOOO template_scf O template_ berry DO O OOOOOOO0O
oooo0oooooobobobooboOOgd scfa0,..berry_a0_gl,. 000000000 0O0DOODOOO
O000000000000 phase00O0 ekcal OO OO0 O0O0O00OO0O0DOOOODOOO PerlDOO
OO execzeffpl OO0 DOOOO0O0DODOOO0OODOOOOODOOOOODOOOOO

$ ./exec_zeff.pl " PATH_TO_PHASEQ/bin/phase" " PATH_TO_PHASE®/bin/ekcal™ "1"

000000000000 000OOberrydata 000000000 ODOOODOOODOOODOOODOO
oboobooboobooboooooooobooooboooooooobood phonon00000O0O0O0OOO
ooo

$ «cp Dberry.data ../phonon
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gobobooboooboogn

O0000O000D0O0O000D00 phonon0OO0OOO

$ «cd ../phonon

000000000 PHASEODODO nfinputdata D0 D O0OO00D0O0OO PhononODOOODODOOOODO

Phonon{
sw_phonon = on
sw_calc_force = on
displacement = 0.1
sw_vibrational_modes = on
point_group = Td
sw_lattice_dielectric_tensor = off
}

GaAs D O0UOD0ODOO0O T, 00000 Opoint_group DODODOOODODOOOADO Osw_calc_force O
sw_vibrational modes O O 00O ONOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
0000000000 00000o000o0O

SCFOUOO0O0O0O00000O00DO0O00PHASEOODOOOOOOODO

% mpirun -np 1 PATH_TO_PHASE®/bin/phase

000000000 forcedata000O0O00ODOO

00000 sw_calc_force 0 OFF O O O sw_lattice_dielectric_tensor  ONO O OOOOOOOOOOOO
O0berrydata 0000000000000 O0ODOOOODOCOODO sw_effective_charge 0 ONOOODOOO
gooooo

Postprocessing{
Polarization{
sw_bp_property = on
property = effective_charge

obOoo0ooo0O PHASEOOOOODOO

% mpirun -np 1 PATH_TO_PHASE®/bin/phase

000b00ob0oO0o0oob0OobOdb0O modedata0 0000000000000 OOODOODOOOODOOO
oood

n= 6 T2 IR&R

hbarW = 0.12314123E-02 Ha = 0.33508432E-01 ev; nu= 0.27026376E+03 cmA -1

1 0.7197015024 0. 0.

2 -0.6942836217 0.0000000000 0.0000000000

Mode effective charge and its norm:
Z= 0.3438767680 0. 0.00 Norm= 0.3438767680

--- Lattice and static dielectric tensors ---
[ 1.8176 0.0000 0.0000 ] [ 1.8176 0.0000 0.0000 ]
[ 0.0000 1.8176 0.0000 ] [ 0.0000 1.8176 0.0000 ]
[ 0.0000 0.0000 1.8176 ] [ 0.0000 0.0000 1.8176 ]

goboboobooboooboobooboobobbobooboobooboobobooobooboo
ubdb0o z= bOo0o0oooooooooooooooooboobOobobOobobobOnd Norm=
obooooboobooboooobooooboOoooobOobooboOoboooOoboOoono 3x3000
ggboboobbogboooaobooobbooobbooobooobbooobboobbooboboa
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obooboooooooooboboboooooooooboobobobooobooobooobo 1.8bobon
googno

gbooooobDOouput0Ol DOOOOOODOOO

--- Corrected effective charges ---
[ 2.06653 0.00000 0.00000 ]
Zeff( D = [ 0.00000 2.06653 0.00000 ]
[ 0.00000 0.00000 2.06653 ]
[ -2.06653 0.00000 0.00000 ]
Zeff( 2) = [ 0.00000 -2.06653 0.00000 ]
[ 0.00000 0.00000 -2.06653 ]

" Corrected effectivecharges’ D00 0000000000000 3x30000000000000O0O00OO
00 Zeff OO0000O0ODO0OO00ODOODOOO00D0Ga000O00O00ODODODOD207000000As0O
oooooooo-207000000000O

11.5 UVSOR-Berry-PhononO 0 0O O O

11.5.1 00O

prep_zeff.pl, prep_piezo.pl OO Perl OO O OO ODOO0OODO0OOODOODODOOODOODOOODOODODOO
OO0O0OO0ODOPHASEOOOOOCOOO PerlOD0CO0O000O0DOOOOODOCOOOOOODDODOO
OOberrypl 00D OOO000DOOO0O0O0D0ODOberryplD00000O0000DODOOOODODOOOO
00000000000 prep_zeff.pl, prep_piezopl OO0 Perl OO OO OOOOOOOODOODOODOOO
ooo

11.5.2 0000

berrypl OO DOOOO0O0OO0O0OO0O00OO0O0DODOODOOOOOOODOOODOODOOODOOOODODOO
gbooooboobooooobobooobooboboboooobooooobooon

oo

berrypl UODOODOODOOOO0DMMOOOODOODOOOOODOOOOOOODOOOOODOODOOOOODO
go
obooooboooooooooboooooboobooboooboobbooboobooooooboooon
gobooboooboooboobooboobobbo

gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
obooooobooobooobooobbooboooboxyzO0300000000000000000O00O 30
gooooboooooboobooooooobooobooobooooooooobooobooDbooboboooo
O00x 3x 30300000000000000000DO0O0O0

« SCFOODOOOOOOODOOODOOO
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000000 PHASEO SCFOODOOODOOODODOODODOODOOODOODODOOOOODOODOO
0000000000000 00000D0D0o0o00o00D0DO00O0DOD00D0oo0O0oo00ooOooOooOon
0000000000000 00O0ODO0O0O0DO0 template_sef0 0 00 0O OO file_names.dataO0 00 00O
00000000000 ooUooooDoUooooDOoooooooDooo

structure{
atom_list{
sw_displace_atom = on
displaced_atom = <ATOM_ID>
ux = <Ux>
uy = <Uy>
uz = <Uz>

<ATOM_ID>, <Ux>, <Uy>,<Uz>0 berry.pl O OO0 0O000O0O00O0OO0DOO0ODO0OOO0OOOOOOO
gbooboobooooboboooobobooobooboooboonboobo

- 00000000 O0DOO0DOOOODbOOnOn

oooobooboooogooobo0oboo0ooo0obboUDD template_berryD O OSCFOODOOOO
O000o0DoO0O00000oooO0O0o000oDOObO0O0000o0OD0O0O00OOekcal0ODDOOOOO
oboooobodOekcalOOOOOOOOODOOO

structureq{
atom_list{
sw_displace_atom = on
displaced_atom = <ATOM_ID>
ux = <Ux>
uy = <Uy>
uz = <Uz>

Berry_phase{
sw_berry_phase = on
g_index = <G_INDEX>
mesh{
nl = <MESH_N1>
n2 = <MESH_N2>
J = <MESH_J>

}

<ATOM_ID>, <Ux>, <Uy>, <Uz>0 SCFOOUO0O000D000 O <G_INDEX>, <MESH_N1>, <MESH_N2>,
<MESH_Jl>0000000000000000000000000O0000000O0000000000a0
ooo

gbooooboooooboobooooboboooooboooon

OO00Ofile namesdata OO0 000000000 0OOOO0OCOODOO

&fnames
F_INP = * ./nfinp.data

F_CHGT = ' ../<SCF_DIR>/nfchgt.data
/

<SCE. DIR>000000000000 SCFOO0boonooooboooooooooooooooonoon
gboobooboooboooooboboooboobooooobooboo

g3pooooooon

U0000000Oekcal D000 phase 00000000 OODOOO0OOOOODOOO" kOODOOO
gboooo” boboooooooobo
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control{
fixed_charge_option{
kparallel = one_by_one
}
}

obooooboobooooobobooooboobooocoooboon

goooooobooobooboboooobooooobobboobDoboooboobobboooDobo oo o
oooooooooooooooooooobo0oos3spoooobooooooooooobobooOooooboog
gboooboobooobooboooooboooboooobooobobooobooboooobno oon
0o0o00b000Ox 3+3" 00o00ooooooobooboooboobooooo ScrPOob0boboOoooboOon
goboboooboobooboobooboboon

- SCFOOOO0ODOO0OO0OOODOODOOODOO

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
oboooooboobooboooooobooooobooooooSCcFoboogobooboobobooogoboo
gbooooboooobobooooboboooboobooooono

structureq{
strain{
sw_strained_cell = on
ell = <E11>
e22 <E22>
e33 <E33>
e23 <E23>
e32 <E32>
e3l <E31>
el3 = <E13>
el2 <E12>
e2l <E21>

<Ell>,.. 0000000000000 O0O0O0O0O0OO0O0O0O0O00O0OO0O0OO0O0O0O0O00b0000AO0
goboooooboooboobobooogo

- J000D0O00O0ODOO0ODOODOODOOn

obooooooboooboboobodbekcal DO OODOOODOOODOOODOOODOOODOOOOOODOOO
goboboobooboobooboobobobobooboo

structure{
strain{
sw_strained_cell = on
ell = <E11>
e22 <E22>
e33 <E33>
e23 <E23>
e32 <E32>
e31 = <E31>
el3 <E13>
el2 <E12>
e2l <E21>
}
}

Berry_phase{
sw_berry_phase = on
g_index = <G_INDEX>
mesh{

nl = <MESH_N1>
n2 <MESH_N2>
J = <MESH_J>
}
}

<Ell>,...0 SCFOOOO0O0O0O0O000O0000O0<MESH N1>, <MESH N2>, <MESH J>00000000
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goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
0000000 filenamesdata D0 00000000 0ODOOOOODOODO

&fnames

F_INP = * ./nfinp.data

F_CHGT = ‘ ../<SCF_DIR>/nfchgt.data
/

gboooobooooooboooobobooooboboooooboooooboan

obooobooboooooooooo SCcrObouoboobooboooobooobooobooobooooaon
oboooboooboobooooobo scrOb00b0O0OOOO0bDOODO0ODO filenamesdatad OO OO
ooooOoSCcFOOO0OO0oO0OoDOoOoOooDooOooooooooDoooooDon

structure{
strain{
sw_strained_cell = on
ell = <E11>
e22 = <E22>
e33 = <E33>
e23 = <E23>
e32 = <E32>
e3l = <E31>
el3 = <E13>
el2 = <E12>
e2l = <E21>
}
}

gobooboobooboobod

berrypl UOOOO0O0OOO0O0O0DO0O0O0O0O0O0DOO0O0DOOO0OO0O0OO0OOOOOOOOOOOOOOOO0O0
oo#0 00000000000

#overall control

property = zeff

cpumax = 1000

#directories under which the template files reside
template_scf = scf

template_berry = berry

#parameters for the berry-phase calculation
atom_list =1 3

strain_list =13 5

displacement = 0.1

strain = 0.01

meshl = 6 6 15
mesh2 = 6 6 15
mesh3 = 6 6 15
#execution control
np = 4

ndir = 2

ne =1

nk = 2

ne_b = 2

scf_command = mpiexec -np NP phase ne=NE nk=NK
berry_command = mpiexec -np NP ekcal ne=NE_B

#unit cell info, optional

a_vector = 5.01 0.0 0.0
b_vector = 0.0 5.01 0.0
c_vector = 0.0 0.0 5.01

gboooboobooboobobooboo1l1ooob 100000l oooob=0" 00oboooooboo
gbooooboooobOoobooooboboooooboooooonbn
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goooo

ao

property

OOOOO0O0O0ODODODODDODODODDAO zeff, piezo,
stfrce 00000000 zef 0000000000
Uob0o0bbo0oooOgOOpiezoO0O0D0OODODO
ubobooboboboboboboooooboon
O00000O0strfrc00000O0O00O0ODOODO
obobooboboboboobooooooooon
gbooboboboobogoooooooooooon
000 zeffD

cpumax

uboboboboboobooobooooboooon
bobooboboboboooooooooon
oobooooobooooobOOoOobOOoOoOOoDbn
oboobobobobogoooooooooooon
0-10

stopcheck

uboboboboboboboboooooon
uboboobobobobooooogooooon
g 100

length_unit

Jddddddddd0odooooooooad
0000000 bohr, angstrom,nm 0 000000
000000000000 bohrO

template_scf

SCFOOOO0O0O0O0O00O0O0O0bOO0O00oO0oono
0000000000 O000000000 tem-
plate_scfld

template_berry

dddd000000o0o0o0oOoOooOoOooooa
0000000000oO00ob0oo0o0oo0oonoag tem-
plate_berry[]

atom_list

00000000 IDO00D0000O00000o0oo0
property=zeff OO0 DO OO0OOD0OOO0O

strain_list

ooboDOOO0000oooooooDbDoDoODOOo
oooooo
1—-1100
2—2200
3—=3300
4—-2300
5—=1300
6—1200
property=piezo 0 O 0O stuefre OO0 OO OOOOOODO

displacement

0000000000 0Ddproperty =zef f 00O
O0000ooo0oOoOooooooogooooooa
bohr[]

strain

000000000000 property = piezo U 0O O
stfrc 00000000000 0O0OODO0OODOOO
0ooo o.010

gbooabooan
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0O 11e6-00000000O0OO

oooon oo

mesh1 lgooobooooboooooboboooooon
oobooobooobo0oobooobOnln2)O
O00OO0DO0O0O0OOproperty =zeff 00 O piezo O
oooobooogon

mesh2 2000000000000DOC0OODOO0OO0
ooboo0obO0ooboo0oooobOnln2)O
O000D00O00Odproperty =zeff 0 00O piezo U
oooobooogo

mesh3 jgjboooboooboooooboboooboooo
ooboooboobooobooobndnln2)O
O0000000Oproperty =zeff 0 O O piezo O
oooobooogo

np MpPIOOOOOOOOOOOOOODOOOOO 10

ndir oo0oo0o0oDoOooo0oooooobooooDo
00 10

ne Ooo0ooooOoooooooooogoooD o

nk kO0O00OOOoOoOoooooooooooo o

ng (Cooooo)eeUoooooooooooooo
oooo 1o

ne_b oo00o0o0oooOo0oooUoooOobobooooDo
oooooboooooo 1o

ng_b OoooooooooooboooooDbD GO
O0ooo0oDOooooooooooo 1o

scf_command SCFOO000DOOOODOOOOODOOOO
scf_command = mpirun —np NP phase ne=NE nk=NK
2b0)
scf_command = mpirun -np NP phase ne=NE nk=NK
ng=NG (3D 0O)

OO0000OO0O0O0OONPNE,NK,NGOOOODOO
00000 np,ne, nk, ng0 0000 0OOO0OONO
ooooooooobooooboooo* ooo” o
O00000000000000 ne=NE nk=NK
nge=NGOOO0O0O00000000000000n
U000 mpirunphase DO OO0 OOO0OODOOODO
goooboboooobooboooobooboo
ooooooogd
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0O 11e6-00000000O0OO

ooooo od

berry_command Ooo0ooooooooooooooooooo
od
berry_command = mpirun —np NP ekcal ne=NE_B
2b0)

berry_command=mpirun -np NP phase ne=NE_B
ng=NG_B 3D [0)

O0DD00O0O0O0OO0OONE_ BOOOO ne_bOONG_B
Ong bOOODOOOOODOOOODOOO mpirun
ekcal U0 OODOO0OD0O0OODOOODOOODOOOO
OooOopoooooooo

a_vector al00O0000D0OO0DOOOODOODODOO
Oo00o0o0oDbOo0o0ooO0o0oobOoboO0oobo0oooDo
OooooOooooDboOoooobooooooo
b_vector pO0000000DO0OO0OOODOODOODOOO
Oo0oo0o0oDbDoOoooOOoOoDboOoobooooDo
Ooo0ooooOoOoDooOoooooooooog
c_vector cooooooooooooboooooooboooo
oooooobOo0oooooboboOoobooooDo
Oo0oo0oDOoO0o0oooobooOooooooooDo

O3000000D0ooboobodDphase 00 O0DOOO0OOODODOO

gobgbooon

Oo0O00O00O000O0O0OoooooOooOO0OObverrypld 00000000000 OOKODOOOOO
goooooooooOoOoOoOoOoOOOOOOOOOOO" OOO0O0OO0OO00O0" DO0OoOoOoOoooood
0000000000000 0000D0000ndir0 200000000SCFOO0OOODO np=nex nk
0000 np=ndirx nex nkOODOOOOOOOOODOOOOOOQO np=ne_bd0O OO np=ne_bx ndir 0
oooO00oU0O0oooOoOoOooOOoooooOOSCcFOdOOoOOOOUOOoOODOOOOOoODOOO
oooooooo kOOoOODODODOOOOOOO

gboooooogd

berrypl UODODODOODOOOOOOODOODOOODOODOOOOODOODOO

% berry.pl
Usage : berry.pl control [OPTIONS]

goboboboobooobooboobobobobbobooboobooboboboboboobobooboo
gbooooboooboooo

gboooobooboooooboooobooboooooboboooooboooooan
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% berry.pl control --mode=analyze

gobgboboaoboabuoobuogbooobobbobooaoboobouobooboboooboaboa
googooood

% berry.pl control --mode=gendir

oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
oboooooooboooooobobo

% berry.pl control --mode=exec

-mode 0O00O00000O0O0O00DO gendirOOO

ooooooo/mooooo

gobobooboobooboobooboobobbooboo
- 00000000000
0000000000 cpumaxO0 000000000 ODOODOOOO
s 00000000 stopOODOODOODOODODODOO

gbooooboooobooboooobobooooobooooobooboooooboobooooooboon
gbooooobobooooboobooooboboooonog

% berry.pl --clean

gbooooboooobooboooobobooooobooooobooboooobOobooooooboon
oboooobooooboobooooboboooooboooooboOobobooobobooooooboon
goooooobooooboobooogoboboooooboobooobobobooobobobooobooDboo
gboooooogooboo

SCcFrOoOoOooaon

control{
condition = automatic

}

obooboooooobooo

control{
condition = fixed_charge_automatic

}

oboboobooooooobooboobobobooooobooboonboonD PHASEOOOOOOOODOOO
gobooboooboooboooboon
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goo

gbooooboooooo

gobgboboaoboabuoobuogbooobobbobooaoboobouobooboboooboaboa
oooooooobooooonln200b0oboo0oobOoJobOo0ooboboobobo 20000bDOOO
gboooooooboooboobooboobmbooboooboooooboobooboboooboobooooaon
gboooobobooooobobooobOOobooooobobo0oobooboooobOOobooOoOn a_vector,
b_vector,c_vector 0 0000000000000 00O0Obohr! 0000000000000 OOOO
goobgoobooobooboobooboobobbooboobooboobooboboboobobooboo
gboooooboobooooobobom

|b_paral|, |b_para2| and |b_perp| (in bohr”-1 units)

for reciprocal vector no. 1 : 0.172224346323159, 0.107572987734313, 0.198867545420854
for reciprocal vector no. 2 : 0.172224346322494, 0.107572987734313, 0.198867545421622
for reciprocal vector no. 3 : 0.198867545420854, 0.198867545421622, 0.107572987734313
reference value for mesh parameters nl, n2 and ]

for reciprocal vector no. 1 : 8, 5, 19

for reciprocal vector no. 2 : 8, 5, 19

for reciprocal vector no. 3 : 9, 9, 10

gbooooboooobooboooogn

goboboboaoboooboobuoobobobobboboobooboobooboboooboaboa
gboooooobobooooooboboobooooboooobobooomooogoosio, Oon Si
goboobo1o0oooboon

oooooo
ooooooOooooooobooooooooOooooo
SCFOOOOOOnp =ndir x ne x nk
J000000OO000O0Onp=ndirx ne_b

O00ndir0000000000D0OOCO0OO0One,n k00000 SCFOOODOOOOODODOKOOO
OOne bOOOOOOOOOOOOOODOOODOOSCFOOOOOOOOOODOOOOOOOOOOOO
ooooboobookbO0oooO0oooboob0ooboooboooDbboOobDoObDOeerrypl O OO0OOOO
gooooao

1153 JOOOODAINOCOODOOOOOODOO

oboooooANOODOOOODOODOOODOOOOO0O0obO0obOO0oDOO0obOoOobOOobbooobooDboOon
gobooboooboobooboobooobooboilooobooboobobooobooboo
Ubo0000o0ob0O0DbODO samples/dielectric/lattice/AINOODOOOOO0OOOOODOODOOO
obooooobooooobooooooon
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AINOOODOOO

gooood

ooboobooooboooboboodbOphononO0 0000000 O0O0OO0ODOOOODOOOOOOOOOOODOO
Uo00oo0oO0oOobDOoO0O PHASEODOODODOOOOOODOOOO

gbooooood

ooboboooboooobo0oobboobo0ooboboooboooDoooobDogbeerry0d0oDoooO

% cd berry
% 1s
control template_berry template_scf

control O berrypl UO OO D ODOODODODO O template_berry, template_scf 0 00000000000
OSCFOO0O0O00DOO0ODOOOOOOOOOODOO0OODODOOOOOOODODOOOOOOODODOO
<ATOM_ID>,<Ux>000000 PHASEOOODOOOODOOOOOOOODOOOOOOOOOOOOO
OObverrypl OOOODOOOOODOOOODOOOODOODOOOO

control O OOOOOODOOOOODOOOO

property=zeff

cpumax=10000

template_scf = template_scf

template_berry = template_berry

atom_list =1 3

displacement = 0.1

meshl = 6 6 15

mesh2 = 6 6 15

mesh3 = 6 6 15

np = 8

ndir = 2

ne = 2

nk = 2

ne_b = 4

scf_command = mpiexec -n NP $HOME/phase®_2015.01/bin/phase ne=NE nk=NK
berry_command = mpiexec -n NP $HOME/phase®_2015.01/bin/ekcal ne=NE_B

0o0oobbooboboobobo0obOooo0obU0bobOdnp,ndir,ne,nk,ne_ b0 00000 MPIODOODOO
O0000DbO0O00D0O0O00dscef_commandd PHASEO OO O OO Oberry_command 0 ekcal D O OO0
o00d0O0dbO0o0o0O00O0o0O0oO00obO00OOoDO0ODO0DO0DO0ODO0ObD0ObO0O0O0O0O0O00 berryplOO
oooad

% berry.pl control --mode=exec

o0oooooliooo300000bAlONOO0OO0O0OOoOoooooooDO0O0OO0O0O0OooO 70 SCF
oboz21000000000000000A0

obobooobooobboobobooboooobodbeerrydataD 000000 0OO0ODOOODOOOOOODOOOO
O00o0O0o00000o000o00o0000 phonon0O000O0OOODO

% cp berry.data ../phonon

googobooon

gbbooobooobOoobooboobooboboooooboooooooOooobOOoobOOoobOOoOooboOoon
oboooobooocoobooboooon
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% cd ../phonon

00000000000 000oOoo0obo00o0ooooooooOooooo
e phonon OO0 00O sw_calc_force d off 0 0 OO
e sw_lattice dielectric_tensor 0 on O O OO

e postprocessing U 0 [0 0 O O O polarization 0 O 0 O O O O O sw_bp_property [0 on O O O property U
effective_charge 0 0 O O

oboooobooooboobooooon

Phonon{
sw_phonon = on
sw_vibrational_modes = on
sw_calc_force = off
sw_lattice_dielectric_tensor = on

}
postprocessing{
polarization{
sw_bp_property = on
property = effective_charge
}
}

00000 PHASEOOODOOOOOOOOOOOOODOOOOOOOOOOOOO0OO0OO0bOOobOOoon
ooo

O0000OOoutputxxx DO OO0 modedata DO DD OO0 0O0O0ODDoutpuxxx DOODDOOODDOO
000000000000 0D0O0D0O0DOODO---Corrected effective charges---0 0000000000
gooooogoooooooobooooooooooooooooooooDooooobooDgoobooboog
OoooOooooO outputo0l OO 0O 0O T

% grep -Al6 ‘ Corrected effective’ output@01

--- Corrected effective charges ---

[ 2.50954 0.00000 0.00000
0.00000 2.50954 0.00000
0.00000 0.00000 2.64146
2.50954 0.00000 0.00000
0.00000 2.50954 0.00000
0.00000 0.00000 2.64146

Zeff( 1) = [
[
[
L
[
[ -2.50954 0.00000 0.00000
[
[
[
[
C

Zeff( 2) =

[ Y

Zeff( 3) = [ 0.00000 -2.50954 0.00000
0.00000 0.00000 -2.64146
-2.50954 0.00000 0.00000
0.00000 -2.50954 0.00000

0.00000 0.00000 -2.64146

Zeff( 4)

[ R Ry

O00000OO0Omodedata 000000000 OD0OOOOOOODOOOOODOODO

--- Lattice and static dielectric tensors ---

[ 3.7058 0.0000 0.0000 ] [ 3.7058 0.0000 0.0000 ]
[ 0.0000 3.7058 0.60000 ] [ 0.0000 3.7058 0.0000 ]
[ 0.0000 6.0000 4.9314 ] [ 0.0000 0.0000 4.9314 ]

ooo200000000100b0000000O000DOD0O0DOO20D000D00DOODOODOOO
gboboooooooobooooobooboboboboooooooobobobobi1obobooboon
gooooao
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AINOOOOODOODODDOO

gboooood

gobgboboaoboabuoobuogbooobobbobooaoboobouobooboboooboaboa
Uooo00ooD0o0oooobOoboOogn piezo/clamped DO O OODOODO

% cd piezo/clamped
% 1s
control template_berry template_scf

control O berrypl DO OO ODOOODOO DO Otemplate_berry O template_scf U0 O O0O00OOO0OOOOO
OO0 SCFOO0OO0O0DOO0O0ODOOO0OOO0O0O0O0OO0O0OO0O0OO00OO0O0OO00ooDOOoOooOoOoOooOoOooonDg
O<Ell>,<E22>000000 PHASEOOOOOOOOOOOOOOOODOOOODOOOO0OO0O0O00O0
berrypl UOOODOODOOO0OO0OO0OODOOOOODOOOOOOO

control O O0OD0O0OODO 11.53.100000000000000000000 strain_list 0 strain 0 00O
Ub0o0o0Oob0o0oboOoboO0OodgDatom listO displacement 000000000000 OO0O0OOOO
gooooooboooom

property=zeff
cpumax=10000

strain_list =1 3 5
strain = 0.01
meshl 6 6 15
mesh2 6 6 15
mesh3 6 6 15

oboooobooooboolns3iooooooooooooon

obooobooboooboobobooooboboboobobooooobDOog verryplDODOODOO

% berry.pl control --mode=exec

oboooon3,soobooboboooboobooboboooooobooboooooooooboobon
040 SCFOOO 120000000000000D00OO

0000000000000 000D0000O berrydataDO0DODD0OOO0OO0O0O0O0DODODOOO scf_e0
gboooooo GerryplO0O0O0O0O00O0OO0O0OODOOOCO 10)OO00O0O0OOO

% cp berry.data scf_e®/

gboobooboooooboo

000000000000 O0sefe00000DOOOODOOOOO

% cd scf_e®

0000000000 0000O0000000O0O000000O0000000n
¢ condition [0 continuation O (0 00 [

e postprocessing [ 0 0 0 0 0O O polarization 1 0 0 0 00 0O 0O OO O sw_bp_property O on O O Oproperty
O piezoelectric_const 0 0 00 OO

oboooobooooobOobobooobobooobooboobooobobooooOon
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Control{
condition = continuation

}

postprocessing{
polarization{
sw_bp_property = on
property = piezoelectric_const
}
}

00000 PHASEODODOOOOOOOOODODODODODODODOOOOOOOOODOODOODOObOODbOO
goo

00O O outputxxx 0 0 0 O O O Piezoelectric constant 0 D 000000000 OU/m? 0000000000
ooooooOoooooooboooooooooog

% grep -A6 ' Piezoelectric’ output001
=== Piezoelectric constant (a.u.) ===

1 -0. 8823 0. 60 0.0043842675
2 0. 0. 0.

3 -0. 34 0. 49 -0.0069512745
4 0. 0. 0.

5 0.0058046970 -0.0000000097 0.0000525809
6 0. 0 0

=== Piezoelectric constant (C/m*2) ===

1 -0.0000504820 0.0000003433 0.2508448251
2 0. 0. 0.

3 -0.0000001971 0.0000002824 -0.3977155187
4 0. 0. 0.

5 0.3321143610 -0.0000005530 0.0030084060
6 0. 0. 0.

ooOooOobOOobOobOOObOObOOOOObOObOOObOObOOOnOO

AINOOOOOOODOODDOO

gobogoooboooboood

oooooooooooooobooooDbOooOoooooOooobooOoOooDbOooOooobooOooooboog
00000 piezo/finternal D OO0 O OO0OO

% cd piezo/internal
% ls
control template_scf

obboobooobooboooooooooobobooooooooboobono ScrOOnooooon
googoobooon

template_scf 0 00 0011.5320000000000000000000000000O0000O00O00ODOO
ob0b0o0ooOoooobo0ooobooobOobooobooboobobodbeontrolDOO0O0OOOOOOOO
O00OOproperty OO0 srfre 0000000 DO0O0O0O0OO0OO0ODOOODOOOOOOOOOOOOOOO
gbooboobooooboooo

obOooooooboooOodOberryplO000OO0O00O0O

% berry.pl control --mode=exec

3j000000o0o0o000oooo0oO0ooobooOooooObooOoooooO 60O SCFODOOOOO
gbooooood
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obooooboOdO0Ob0sufredata 0000000000 DOOODOOOOCOODOOOOOOOOOOOOOOO
oooooooooooboooobooooboogoolssiooooooooooboobooobooooooo
0000000000000 0 sufredata 00000000 0O0O0ODO

% cp strfrc.data ../../phonon

gboooooboooooboo

oboooooboobooooobob phononO0O0O0O0O0O00ODOOOOODOO

% cd ../.../phonon

obobobOobobobobobob sufredata0 0000000 0ODOOOODOODOODOODOOOOO
ooooooOooooogoo1s31000booooobooooooo0ooooDon

phonon 0000000000000 O0CO0OOO0OO0OOODOOOO0ODOOOOOOOOOO11.53.100
goooooo

e phonon 00 000 sw_calc_force d off 0 0 OO
* sw_internal_strain_piezoelectric_tensor I on O O O O
o sw_lattice_dielectric_tensor O off O 0 O O

» postprocessing [0 0 O O 0O O O polarization 0 O 0O O O O O O sw_bp_property [ on O O O property [
effective_charge U 0 00 O

gboooboobooobooboboooobooooboobooooboboooobooon

Phonon{
sw_phonon = on
sw_vibrational_modes = on
sw_calc_force = off
sw_internal_strain_piezoelectric_tensor = on
sw_lattice_dielectric_tensor = off
}
postprocessing{
polarization{
sw_bp_property = on
property = effective_charge
}
}

00000 PHASEOOODOOOOOOOOOOOOODODODOOOOOOOOOOOOOOObOOobOOoOn
goo

0 0O O outputxxx 0 O 0 O O O Internal-strain piezoelectric tensor D0 000000000 C/m> 0000
goooooOooooooobooOoooboooOooooboOooo

% grep -A6 ‘' Internal-strain’ outputxxx
=== Internal-strain piezoelectric tensor (a.u.) ===

10. 0. -0.0157392802
2 0. 0. 0.

30 0. 0.0348231759
40. 0. 0.

5 -0.0118073889 0. 0.

6 0. 0. 0.

=== Internal-strain piezoelectric tensor (C/m*2) ===
10. 0. -0.9005191764
2 0. 0. 0.

3 0. 0. 1.9923997401
4 0. 0. 0.

5 -0.6755569503 0. 0.

6 0. 0. 0.

gobgoob1.70o0boobooboooboobooon
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0117 ANOOOOOOOOO Cm?

00 |(0o0o0ooo |oooopoo | oo ood
€31 0.251 O 0.901 O 0.650 | O 0.58
€33 O 0.398 1.992 1.594 1.55
els 0.332 O 0.676 O 0.344 | -0.48

1154 0O00O0O0DOO

00000000 k00000000000 0DO0O00000 control 0000 ne b(COO0O0D0OO
ne bx ne g) U000 npUOOOO00O0O0O0O0OOOODOOODOO

116 000000000000 DODOLR-TDDFTO

11.6.1 OOO0O0O

oooo
Oo00O0000O000000000CoOO00O0Kom-ShamO0O0O0O0O0O0O0O0O0Q0OOOOOOOOOO
o00000oooOO0O0U0oooOO00d0oOO0oUUOoODO00U0LOU00OoCOOO0OUObDODOOOODOO
00000000000 00000000000O0O0000O0O0000DO000000ODOODOO0OO
00000000 O0O0O000O00O Linear-response Time-dependent density functional theory (LR-TDDFT) O
ooooooooo

goooaoo

00000000000000000000000000 x°0

(11.121)

dk p*’ k(q’ G) Pn’ nk (q’ G,)
e @9 =2 [ 55 (fea — Fnd '
Xga (q,w) - (27r)3 nzn; (fnte—a = Joic) w— (€, — Enk—q) + i

oboooooooobooo

Pr’nk (qa G) = <7’le ei(Q+G)-r

nqu> (11.122)
00000000000000000000000000000000000 xOOx°0 Dyson0 00

x=xX"+ X"V + fre) X (11.123)

dooooooOoOo0o0o00vObOObOoO0ooooono
47

va (q) = m

(11.124)

oooooopooogdf0DOOO0O0O000O0ODOOOODOOODOOO0OODOODODOOUOODDODOO
gobgobooobooobooboobooboboon
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* RPA ( Random Phase Approximation )

* LRC( Long range correction )

«

jk:fﬁ:f? (11.126)

gbooboobooboobobooooboobodb ey 000OoOOOOOO

em (W) =1—-1Xg_g'—o (W) (11.127)

oo0oooooo0ooobox0 xooooobooooooooooooooooooo G=00000
gbooooood

X =Xo+ x0T+ fx)X (11.128)

(11.129)

_Jrve(@) G#0
(@{ 0 G—o

goboogood

oooooooooo f 0000000000000 0000000

* ALDA ( Adiabatic Local Density Approximation )

j@(nf)zé(r—/)awﬁﬁ&» (11.130)

DDjﬁDDDDDDDDDDDDDDDDDDDDDDDDDDj@@LG)DDULH&DDDDD
0000000000000 C000C00000000000000000000000000000000
000000000000 00000000000000000000000000000000000
00000000000000000000 L°O

lim X%/ (¢, w) = —ZZZ.}I@ { /i (@ G) Py e (q, G')}L?mfk(w) (11.131)

q—0

0000000000000 000000000000000000 LO

CII%XGG = 712 Z Z lim [ Z nk qa G) P/ mk’ (q7 G/)}Znn/k,mm/k/ (w) (11132)

nn’ mm' k k'

0000000Z0 L°0 0000 Bethe-Salpeter 0 0 O

Znn/k,m/mkl (w) = L?ln/k (W) 6nm§n/m,6kk/ + i Z Z Ennlkss/klfss/kl,mm/k' (UJ) (11133)

ss’ ki

gboooooooboo

Ennlkss/kl = _Vnn/kss/kl - Knn/kss/kl (11134)
Vnn/kss,kl QN Z Prn’k q O G) 55 "k1 (q O G) V(G) (11135)
G#0
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Knn,kss/k1 = 2//drdr/¢:zk (I‘) ¢n/k (I‘) fXC (I‘,I‘/) (bs’k/ (I‘l> qb:kl (I‘l> (11136)
ooooooQoDoooooN O kOOODODOO0DOO0DOO0

000 f 000 ALDAOODOOOODOOO0ODODOOO0O0O0OO0 (113000000 00000D0O1
oo0oo0o0pooOooookO0OoOoOoroooooooooooOooD a3y -@a1.133)0k0ood
gboooooogooboo

0000000 00obO0o0obOoOobOoobOgn (Photo Adsorption Cross Section, PACS ) O O
Q
o (w) = —wIm[eps (w)] (11.137)
c

00000000000000ey, 000 (11.133)0000000 LO0 (11.127)00 (11.132)0000
0000000000000000
1162 000000000

LR-TDDFTO 00000000000 O00OO00O00000000000

controlD OO

O0OOphase DOOOODOO SCFOOOODOOOOODOODOOOUODOOODOLR-TDDFTOOOOO
000000DO0O0OD0O0OD0O0DOO0O0OOODOCcontrolJO0ODOOO condition =fixed_charge 000 O0ODOOO
gouvSorROOOOOOOOOoOOOOO0ODOOOOO0DOOOOO0OO ™OOODOOOODOOOOOog
use_additional_projector=on 0O OO0 Q000

control{
condition = fixed_charge
cpumax = 1 day
max_iteration = 600
use_additional_projector=on

accuracy 01000

accucuracy DO 00D OOOUVSORODODOOOODOOOODOOOODODOOOODOOOOD

accuracy{

ek_convergence{
num_extra_bands = 0
num_max_iteration = 2000
sw_eval_eig_diff on
delta_eigenvalue l.e-6 rydberg
succession = 3
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structure 0 0 0 O

kOODOoOOoOooooooOo0oooooooooooooooo0o0k00ObODOO0O0O0OOOEDDOD
gbooooooooon

structure{
symmetry{

method = manual

tspace{
lattice_system = primitive
generators{
l#tag rotation tx ty tz

E 0 0 0

spectrum 0 OO0 O

LR-TDDFTOO0OO0DOO00O00O00000O00bO0b000b0b00boooboboobonbDon
gboooobooog[@mljoooobooooooboooobooboooooboon

type O O [OPTICS] OPTICSOPACS 00000000
OPTICSOODOODODOOOODOOODODODn
OO0D0O0OO0O0OPACSOOO0OO0DODOOODOOOOO
gooooooooao

momentum_transfer 0 O O O momentum transfer 0 OO0 0 O00O00O00000O0O
ood

deltaq O O O [1.0E-3] momentum transfer 1000 qUOO0O0OOOOO
OO0oooA-'oO0

nx, ny,nz 0 O 0O [0.0, 0.0, 1.0] momentumtransfer 000 qO O O0000O00O0O0O

LongWaveApprox [0 0 O [ON] ONOOFFOODOOODOOODOO (g—0)00O0O

ooooboooNOOooooono

tddft OO0 OO ddft 0000000000000 b0o0oog
sw_tddft 0 00 O [OFF] ONOOFFOUOUODOOOLR-TDDFTOODOOODO
ooooobooNODOoOOoooD

solver DO O OO gboobooboobooboooo
equation O O [DYSON] DYSONOBSOUOOOOODYSONOOOOODOO
O0O0000 DYSON O OBethe-Salpeter O 0O O O
oooooooooBSOOO0OOOOO0OOOO00OO
ugbogbooboobobooboan

XC_Kernel DO OO0 exchange-correlation kernel D0 OO QOO OOOO
0o0o0oo0ooo

obooooood
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0O 11.8-00000ooooog

type O O [OPTICS]

OPTICSOPACSOOOOOOOO
OPTICSOOODO0OODOOOODUDOOOOOOOO
O00000OPACSOOOOOOOOOOOOO
oooobooogon

kernel_type O O [RPA]

RPAOLRCOALDA-ROOOOOOOORPAOD
exchange-correlation kernel D O OO0 OO0OO0OO
goLrRCOO0O0OO0O0DOOO0O0O0gooooDoDO
OD0O0000000000000000ALDA-R
oooooboooooboooooooboooo

LRC_alpha O O [1.0]

kernel 000 LRCOOOOOO0OOOOOOOO

Coulomb_Kernel 0 0 O O

coulombkernel 00 OO OO0O0O0OO0OO0O

sw_NLF O 0O [OFF]

ONOOFF O OO OO0 Local field (|G| > 0) 00
oboooboooobooboooNDbOoOoono

Expansion 0 0 O O

obooboooGchOooooboooooboon
oono

NumGVec 0O O [100]

ooooboooooooooon

energy 1 OO 0O

bobooboboboboboooooooon
oood

low, high,step O O

lowOhighOOOOOOOOOOOOODOOAOstep
uboobooboooboobooaoo

BZ_Integration U 0 O O

obobooboboboboobooooooooon
ooo

width 00 O [1.0E-4 hartree]

Lorentzian O 0 0 OO0 O OO0

band_gap_correction 0 00 00 O

ugbboaboobooboboobboabboan
gooopogobuvsorROOoooonOo

scissor_operator [J [0 [0.0]

gbooboobobobobod

gbooooooaoo

spectrum{

type optics

momentum_transfer{
deltag = 1.0E-3
nx 1.1, ny
LongWaveApprox =

= = 1.2,
ON

nz

}
tddft{
sw_tddft
solver{
equation

ON

= DYSON

}

XC_Kernel{
kernel_type

LRC_alpha

LRC
0.2

}
Coulomb_Kernel{
sw_NLF

OFF
}

(oooooon)
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(Cooooooooo)

Expansion
NumGVec = 80
}
}
energy{
low = 0.0 eV
high = 10.0 eV
step = 0.05 eV
}
BZ_integration{
width = 0.15 eV
}
band_gap_correction{
scissor_operator = 0.6d0® eV
}
}

11.63 0000000

phase 1O OO0OO0O SCFOOOOOOODOOOOOOODOOOOO

’ mpirun -np NP phase

LR-TDDFTO 00000000000 0O00O00O0O00000

’ mpirun -np NP tdlrmain

oboooONPO MPIOOOOOODOO

11.6.4 OO0O0OOO

O0000000O0Ospectrumdata 0000000000000 0OOCO00OO0O0O

A type OO0 OPTICSOODOOODOO

# Optical spectrum

# NonInteracting Interacting

# Energy[eV] Real Imaginary Real Imaginary
0.000000 8.626260 0.252860 9.678273 0.327540

0.050000 8.627214 0.252961 9.679507 0.327682

0100b00b00ob00ooobooog20300b0ob0bogoooooooooooooooobooboo
O0OReal 00 Imaginary U0 OO0 0O00O0OO00O0OD0O0O0OOOOODOODODOODO 4050000 Coulomb O
O exchange-correlationkernel D 0 OO0 OO OD0OOODOOO

B. typeOOO OPTICSODOOODOODO

# Photo Absorption Cross Section

# Energy[eV] NonInteracting Interacting
0.000000 0.000000 0.000000
0.050000 0.000034 0.000012

01g0oobooo0ogooooobo20300000oooboooooooooboooooooDooboOog
gooooao
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11.6.5 OO

Sioooooooooo

SiDO0O0O0O0OO00000000D0O00000000 samples/tddft/1r_bulkSi JO00OOD0OOscf00O
gbooooboobooooobobooobo LRCObO0oooooooooooboboooooboooon

exchange-correlation kernel 0 O 0 LRCOOOOOODOOO

35 . . | ,

30r = o
..-l. |I II.

“I' Long Range | |

20} Correction | Non-interacting |

15

10

Dielectric function

Energy [eV]

O11.7:LRCODDO Sidod0ooo0ooooooooooooooobooooooboo

011.70000000000spectrumdata 0000000000000 O0OO0OOOOOOOO0O LRC
oooooooooooooobooooooooooobooooobooOoooDoboOo 1bbooOooooboog
gbocobOoboobooboobOooooTobFTOo0O00nOOooooboooooboobooobooooon
oboooobooooboboooobobooooboobooooobooooooboooonoog
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CHs OODODOODODOODO

CHs OODODODOOODOOO0OOODODDOO0ODODOO0D0OOO samples/tddft/1lr_C6H6 OO OO OO scf
oo0oooo0ooooObo0oOooDooOoooDboALDAOODOOOOODOOOOOODDOOOODODOOO
0O O O exchange-correlation kernel U O 0 ALDAOOOOOODOO

-
= Adiabatic
= | i
; LDA
E . .
S Non-interacting
c
L®)
D L 1
]
W
7))
7 B i
o
O
|
i i FAN . A i I'[ .l'h
0 2 4 8 8 10

Energy [eV]

O 118 ALDAOODO CHe OO ODOODOODOOOOO0O0OOO0000O0O000DODbO0O0o0oDooO0OO

0118000000000 Ospecrumdata 000000000000 COCOO0O0O0O000O00O ALDAOOO
oboooobooooboobol1ooboobobooooboobobooobooboooobooboooooboon
ogbooooobooooooobooog

11.6.6 OO00O0O0OOO
- 0000000 KkOOOO0ODOOODOOODOOODOOO0D0OOOsymmetryDOO0O0OO” E" OOOO0O
ooooooooboo

e solver 0 equation=BS OO0 0000000000 0OOparamagneticC 00000000 OOOOO0O
ooo
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11.7 OO

11.7.1 eps_file

00O file_names.data 0 F_EPSOUT U OO 0O0OO0OOODO0OO0OO0ODOOOOOOOOO
ooooo0 (@UooobooO)oooobDobOoUoOoOobOobOoUobOOoboboboobooboo
goooooog

0000000000 0DO0Ob0O0O000 eps.data

O0000O0DO0O0O0000DOr_eps.data

00000 b0OobooOoboOdndi_eps.data

OO00000O0000 eps_filef0OOO00 Forran OO ODOOO00D0OOOOepsdatal 000000
oboooooogd

11.7.2 nlo _file

O00Ofilenamesdatad FNLOOOOOODOODOOODOOODOOOOODOODOOOOO
gboooooobooooobobooooboboboobooboobooboboooobooo
obooooboooooobo (boO nlo.data)

oooooooooon
obooooOobO0ooooOobob0o0oobO0oboooobOonbnOO nlo_abe.datall
o000 @) D0O00000O0000000DOO

oo0oo0ogoodO nlofile0O000O Forran D 0O O00D0OO00OOO0OOOOnlodatad 00 O0ODOOO
gbooooobooobooboobooooboobooood

000 100000000 nnlofille00002zzzO0DO0DO0OD0O0OODOOODOODOODOOODOO
O0O000O% nlofile (1)

zzz.  (2)

line number of nlo_zzz.data = 1000  (3)
ooooo () booooobono
00000 (2 0O0000DO00000o0DOo0DOooOoooOoooDOoooon
00000 (3 nlozzzdatad 100000000000000O000O0COOOOO
oo00220000000O0nnlofille0000xxyyOOOOODOODOOOOOOODOOOOODOOO
00O00d0O% nlofile (1)

xxyy  (2)

line number of nlo_xxyy.data = 1000  (3)

(1) OOOoOooood

(2) OO0OO0OO0OOOOOO0ObOObDOOOUObDObOOoOobOOobOobooog

(3) nlo_xxyydatad 10000 0000000000000 O0OOO
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