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PHASE System
COPYRIGHT of the program codes

Copyright (C) of the original version: Hideki Katagiri, Koichi Kato, Tsuyoshi Miyazaki, Yoshitada Morikawa,
Hideaki Sawada, Toshihiro Uchiyama, Tsuyoshi Uda, Takahiro Yamasak 1.

Copyright (C) of the developed version by the national projects FSIS, RSS21, and RISS has been managed
by the Inst itute of Industrial Science (11S), the University of Tokyo
The Institu te of Industrial Science (IIS) has aright to distr ibute the program set developed from the original
version as a free software.

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, K. Kato, T. Miyazaki, Y.
Morikawa, H. Sawada, T. Uchiyama, T. Uda and T. Yamasaki. = These contributors has agreed with that the
Institute of Industrial Science (I1S), 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 project s
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 20 08. "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 centeringon P HASE System Consortium.

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

CONTACT ADDRESS

PHASE System Consortium
E-mail: phase_system@nims.go.jp URL http s://azuma.nims.go.jp

*When distributing  the software "PHASE" duplications, the user must attach the full text in this file.
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222 R'0dahOw=d nfinpdata

R' 02 4ahDwd nfinpdata | ® d n — R'oda-—
L mopae R'O)ANOmd — rx™=|83 4L gep™ 5 _R'@da-|eho
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2221 R' 0290 e

R' 0) ahDwmd |83~ «2:2) < 2 VK pe— <af=™Ae
R' 0Dar=™=|8K., Pe #¢D:22< #  o3A°

Si boum = fi) 2 — L e - 0 L oV hOwd #A°

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 = 1e -10
successio n=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
}
unit_cell_type = bravais
atom_list{
atoms{
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#tag el ement rx ry rz mobile
Si 0.1250.1250.125 0O
Si -0125 -0125 -0125 0

}
coordinate_system = internal
}
}
wavefunction_solver{
solvers{

#tag sol till_n prec cmix submat
davidson 1 on 1 on
rmm3 -1 onlon

}
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"
}
}
—K. e |8 —L_—3%Nef 509
control K. P« A —

accracy K. P« —
structure K. E - -

wavefunction_solver K. P « si PO —
charge mixing K. ¢« —
structure_evoluton K. ¢ « 8
postproccesing K. ¢ - —
printlevel K. ¢« - —

— #£8 K. fe— R'odad - o340
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2222Control K. P«

control K. e« # | 8

- A R' 02 i

QZIAQ

control
condition = initial
cpumax = 86400 sec
max_iteration = 10000

}

condition
initial |
cpumax

max_iteration 4L

SCF
2223 Accuracy K. P =

accuracy K. t« # | @

— 8 i

®2D | 8
& continuation |
_ +
L ™ 20 " i

L

- A R' 0>k

AL

L @v

~odq4°
c»:'Ag
a»:‘Ag

<:>=|A9

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 = 1e
successio n=3

}

force_convergence{

-10

max_force = 0.001 hartree/bohr

}
}

cutoff_wf
cutoff cd
num_bands

ksampling K. © -

method
mesh

initial_wavefunctions

o PJoh 4k
»PJoh «4£i
A Pfiy 4 o5

k afik' fi-4
k afik’ fi=—
afik' fi~#Ao°

- AL

i

atomic_charge_density | @
L c>=| A 9
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scf_convergenceK. ¢ - <« i o | scF - L “3 A°

delta_total_energy <« »D— — L L5A° «idDd-— %e L — |4
t ™ 8 SCF | =V g =3 A9
force_convergenceK. ¢ - -~ 9 ~ | scF - IR
max_force - 9 - e - 2 - % | —
4 ¢™ =escF | Vs @ o3Ac

2224 Structure K. B -

structure K. e« % | 8 4 o7 A°

structure{
element_list{
#tag element atomicnumber
Si 14

unit_celf
#units angstrom
a_vector =0 2.732299538 2.732299538
b_vector =2.732299538 0 2.732299538
C_vector = 2.732299538 2.732299538 0

hnit_cell_type = bravais
atom_list{
atoms{
#ag el ement rx ry rz mobile
Si 0.1250.1250.125 0
Si  -0125 -0.125 -0125 0
ioordinate_system =internal
}
}
element list K. ¢ - A — - esd  agAv
L= #]8 | Sief afi 8/ — YolAGE Nof| | <& o=™g A0
unit cell K. e« T AP ¥ Ot L <30
#units angstrom | 8 Yofi=@ . Drd <3A0
a_vector® b_vector® ¢ vector | 8 z-,id 3 A°
atom_list K. ¢« < 4 oq A°
L— #|8Si %2 Nes/ — % 0.125,0.125,0.125< == ™3 A °
coordinate_system L e3Ac0
internal | 8 ses i d <oy 2Nef| 1t <& =™y A0

2.2.2.5 Wavefunction_solver K. P «

wavefunction_solver K. e« # | 8 — - AR' 00 ad oA

wavefunction_solver{
solvers{
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#tag sol till_n prec cmix submat
davidson 1 on 1 on

rmma3 -1 onlon
}
rmm{
edelta_change_to rmm=5e -5
}
}
solvers K. b« s1 Py oq A9
L— 2|8 = 51 P2 | davidson ® - s PO
| RMM < ==™qA°
rmm K. P«
edelta_change_to_rmm s1 Pod RMM - A <1 v>— AL eq A0

2.2.2.6 Charge_mixing K. b «

charge_mixing K. &« # | 8 — - A R' 0y ad  oqAv

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

}
}
mixing_methods K. P « — L o3A° 1 — #| puay [2&
-=™3 A9 | — ~ broyden [3]® simple mixing & A{ ! <%Z %
3 A°
2.2.2.7 Postproccesing K. ¢ -
Postproccesing K. e« # | 8 - AR' 00 aL oA
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"
}
}
dosK. b« - R' 03 «d =g A°
sw_dos ON # — 4 ™0
deltaE —<ti»d L o5
charge K. ¢« — R' 00 ad o3 A°
sw_charge_rspace ON # — — & myAe
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filetype —h O & <3 A° cube | Gaussian CUBE L o
T A9
title — Gaussian CUBE MO -2 ] e T eq A0

2228 R' 0D ANDm — —

I T ¥ 4 o4 - Ne| 5 A% —R' 02| o— # -~ #£%
185/ =i ke of & A cecomav%rigi  af | Nedq3ds
"2@d% [ =otd oo™ |scesoh«i»dsPfiy 8 8 - A
#A° R' 02 a4hOme —AccuracyK. e« Nof|ceJsoh «£i »2— cutoff_wf, cutoff_cd
Pfisy — num bands k — ksampling & Structure K. e < ~ Nef| — element list 8~ 7
PJ gl — unit_cell 8 — atom_list — FAO

— R'O0JDANDww — r2™=8" 3@) — L 12 oglh9" d@% V™
FNepy=se 11— L Afuis-Hde 10 — LA isHmEHAILO Vo 0

,_::TME|8 l—R!(D:) o dL - A-” 378N‘}|=|A9

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 = 1e -10
successio n=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
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C_vector = 2.732299538 2.732299538 0
}
unit_cell_type = bravais
atom_list{
atoms{
#tag el enent rx ry rz mobile
Si 0.1250.1250.125 0
Si  -0125 -0125 -0.125 0
}
coordinate_system = internal
}
}

wavefunction_solver{
solvers{

#tag sol till_n prec cmix submat
davidson 1 on 1 on
rmms3 -1 onlon

}
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 Kcube|density_only}
title = "This is a title line for the bulk Si*
}
}
Loqr® — R 0)ANDmd - 8 - —qL s AL s h
oy =V —|feo R'odahDmd zls | zA> R' 02 a#|
%o hoi s<| o %NvEs < — R'od)AROwd ™/ £ |8
— % o0q34°
accuracy{

cutoff wf = 25.0 rydberg
cutoff_cd =100.0 rydberg
num_bands =8
ksampling{
mesh{
nx =10
ny =10
nz=10
}
}
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}

structure{
element_list{
#tag element atomicnumber
Si 14

unit_celf
#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 el ement rx ry rz
Si 0.1250.125 0.125
Si -0125 -0125 -0125 0
}
}

mobile
0
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<% 0434009 fle_namesdatas / —L——N 0wl 8 _#A
I —hDwd & A [ Mi—hDwd 2 ¢27 <0’ 0  %NggA®
fle_namesdata—hodwv ey |8 —ferondgA0
&fnames
MOwd €2:23) = hOl e hOwd +—R® 0
- [IAN % AT =D o0 ™9 4 |_8 _”_e,_ ‘:’=1A9
&fnames
F_INP = 6./ nfinp.databdo
F_POT(1) = 6./Si _ggapbe_nc _01.pp6b
F_POT(2) = 6./ 0_ggapbe_us_02.ppbo
F_CHGT = 6./ nfchgt.databéb
FCHR=6./nfchr.cubeb
/
hOwd +—R®|, ¢27 < D%k— Rezl Rezl #z%gAc
FPOT()| ¢ R' @) 4ahOmd ~2™=n - o1d v - A wefic' i hDwd &

g A0 L — #|81 - v v Si— wefio' i hDmd ¥% SiggapbencOlpp & 2
- 4 v O— wefio' I NOwd ¥%Oggapbeus02pp < ™Me hDwd ~ 045 A°

2% hOmd «2:23d0¢h01 | —NDwd & 21~ <3A9
21 h O e hO=d file_names.data 2 OO e
h O A ¢hoi J—
«2:0) ke =" ¢F | — h O et
F_INP phase nfinp.data R' 0 4N hDm
ekcal
F_POT(n) phase pot.01, wefio' T NhDwed 90— ~ 4 [t
ekcal pot.02, Vv —hDwa & 31340 - =
—wefio' i NOwd % r~0d3A09
F_STOP phase nfstop.data z L 15 £ A{NDwm
ekcal io
F_KPOINT phase kpoint.data ofik' fiak £ A{hDwd ®
ekcal
F DYNM phase nfdynm.data 8 = ™M=8
— < & A{hDwd ®
F_ENF phase nfefn.data <«ti D — % 14 {N0
i 9
F CHR phase nfchr.data — hDwai 9 ¢ 01 4|38
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Gaussian cube h O we o

F DOS phase dos.data - O
ekcal
F_ENERG ekcal nfenergydata | ekcal & ™y L e<s % ot
TENE
F_ZAJ phase zaj.data — hOwd ¢ &£ A |
ekcal hD e <0409 Pl DN 9
F_CHGT phase nfchgt.data —  hOw ® LA |
ekcal hDwd <0509 Pumt' DN Dud ©
F_CNTN phase continuedata | ©' K % -V A - 0
— h [ o © — | ! _h O
- At < o= TM=| A9
F_CNTN_BIN | phase continue o' K% =V A —- 0
bin.data — e ™o — | 1—=hDO
- AL < o= TM=|A9P_ﬂi3h,D—19
F_STATUS phase jobstatus00x — RO i ©
ekcal
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23 —

231k. ~' ¢ phase—

R' ©2 ah 0w wefic' i hOmd &£ 57 <) ' - %3 A file_namesdata 4

A-" ,_|8/%||.|_ 0ec™ <V ™= op ™™

k. ¥e0 «n - L e |—|8 —”—en—KE_-!kphaseL =13
A ° G..Iphase0_2014.01bin/ |68 PHASE Ymaii ®) D1 14 =™] ¢ <! A0
| % ../..Jphase0_2014.01/bin/ phase |
Voo 25 M— =] MPI' =K' ' 20— cv'fiﬁi"_ A %Ne| vl =d 5 T

L e |82 ™ — A MPI ' K= cwfizd g A0

2% M o @t —v a° i d 9oy ™™ o «yfiy | mpirun #£A°
| % mpirun  -np NP ././phase0_2014.01/bin/ phase ne=NE nk=NK |

11# NP | MPl k. ¥ @ NE | Pfis NK | k 2N
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232 —

SCF  — | 8. ~hOwsd outputOO0 ~3%™=8 <«ti»d— L Ji<-|ff= A
| <%z %00

« *NOwd oUPUOOO ~ % ™= 8 TOTALENERGYFOR # 54 ~ SCFumd” D¢ 'fi ox— <
Eid%  1dgA0

—gepevfird Adis-de1— —qd A{isHmEHIAC
| % grep TH output000

TOTAL ENERGY FOR 1 - THITER= - 30.856896066222 edel = - 0.308569D+02 : SOLVER = MATDIAGON

TOTAL ENERGY FOR 2 - THITER= - 31.552303846339 edel = - 0.695408D+00 : SOLVER = DAVIDSON

TOTAL ENERGY FOR 3 - THITER= - 31.585336745971 edel = - 0.330329D - 01: SOLVER = DAVIDSON

TOTAL ENERGY FOR 4 - THITER= -31.587689791426e del= -0.235305D -02:SOLVER = SUBMAT + RMM3

TOTAL ENERGY FOR5 - THITER= - 31.587917474699 edel = -0.227683D - 03: SOLVER = SUBMAT + RMM3

TOTAL ENERGY FOR 6 - TH ITER= - 31.587936742564 edel = -0.192679D - 04 : SOLVER = SUBMAT + RMM3

TOTAL ENERGY FOR 7 - THITER = - 31.587937115320 edel = -0.372756D - 06 : SOLVER = SUBMAT + RMM3
TOTALENERGY FOR### -THITER= —  ~##  — SCF mma” 2o 'fir%t{ <ti »2%

£>1'0 Ha # 14934 — #|8 31Ha ° edel=—Nx ~ | — SCFumm”™ D ©

Tficl —wmm 2 Tfi—«kiaDd %wO1TD 2 tdga01— % R' ©d ah

I defta_total energy |4 L too0f<SCF % <v< oa1dgAc
SOLVER =—Ne< ~ | «Vsi Pd>— % 1d3A° — #| 1 % MATDIAGON,2
<3 | Davidson, 4 s SUBMAT & - <V RMM3 &1 P2 #Nef ¢ <

% #%30°1—|fe~r L =a%f SCF % + W =™ %ze%nl Al <w?
Yeq A°

233

ez L Al <%EHAC L A~ R' ©2 2 h O — control K.
P «— condion & <5 A°

control{
condition = continuation
}
condiion ~ continuaton & A< ™3 A9automatc £ A < %0
| /eta™ | Yolk— 4 ™3 A9 condiion —e KO i s | automatic #A°
2] — #£— NDww — &£ HOwd o= <389 9 e=7 o3tz &
A | - Afis]|oos L A{is%  #£4c°
2.3.4 ekcal — 8 Pfiy
sPfiy r2%™M=sk — 4 L —SCF < V™ -~ ek. a'brsgo
= ekcal %Nef 3 A ©
SCF — — AL < o= £ %=| A°
2341 —
SCF  — - hOwd nfchgtdata & o7 <! - «HD o3 A9V |8 h
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O hO=d file_names.data - 23™= 8F CHG -~ SCF - - N O =3 A°

SCF — L oy Lo | R' ©D ah Dww — control K. e« — conditon 4
fixed_charge < <3 A°

control

condition = fixed_charge
}
3V ® Accuracy K. B« ~ - A L -340
accuracy{

ek _convergence{

delta_eigenvalue = 1le -5

}

}

—erk. '+ ekcal & =5 A° ¢phase0_2014.01/bin/ |68 PHASE Yemadi @1 3 i 14 = ™] ¢
o ey EAS

% ../..Iphase0_2014.01/bin/ekcal

2342Pfi )

SCF  — — hOws nfchgtdata & ¢o” < ' - ¢ HD w3 A9V |5 h
0 hOwe file_names.data - 25™= 8F_CHG ~ SCF — — O e AN
ofik' fi~ &k — hOwms kpointdata 4L =3A° k — hO=ed kpoint.data | 8 4D
band_kpointpl 4 ™= “3A° —|eocnfik' fi~ k — —h O bandkptin & <

3A4°
0.04 k —
- 0.8333333 0.8333333 0.8333333
0.8333333 - 0.833 3333 0.8333333 Z )i
0.8333333 0.8333333 - 0.8333333
3214#W k — nl n2 n3 nd # Symbol
1112#L
0001 #{/Symbol G}
1102#X
3214#W
5308#K
k — —  ~2™=38nlnd,n2/nd,n3/nd ¥% k — - — rod3b° 4
r3214#W #| s — 3/4,2/4,1/4 - - 4 =g
—|er-a5i band kpointpl &  A{ <snfik' fi~ k — hO-d kpointdata % 193
N9

% ..I../[phase0_2014.01/tools/bin/band_kpoint.pl bandkpt.in

SCF — Loy doer | R' 0 shOww — control K. £« — condition
AL fixed_charge < =5 A °
control

condition = fixed_charge

}
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Accuracy K. e« r~8k afik' fia<s - A L o3A9 <vk — hO

- Lt A{ |8 ksampling — method £h O wai =g A9
accuracy{
ksampling{
method = file
}
ek_convergence{
delta_eigenvalue = le-5
}
}

—erk. '+ ekcal & =5 A° ¢phase0_2014.01/bin/ |68 PHASE Yomaii @) D i 13 =™ ¢ =
T el #EA

| % ../..Jphase0_2014.01/bin/ekcal
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24

24.1 — n n
—  n 0 & ~5<EjAc0
ke = ¢ — -
SCF  — L vy
SCF % n_<id %o q ool L oe
in - 23 — Vs ||-=| toonfV
SCF —  wmd” Jo ' fi - oV L e
SCF % N SCF —mma” Do " fi %8 control K. P - —
_max_fteraon — & 4v
hOws nfstop.data # oVamid” Do Tfi A gy
Nehoi s — #|8 wwd”™ 2o fi2%s%- ¢ nfstop.data
hOwd £ 1 g308°1— & er<-|qs
gls —aadfiez L 15 isHERAS
— - =V
N Control K. P« — cpumax 4 Y% 4V
J UK ¢d ad
R' 0 4NDww — F @ o=
wefio' I hDwdd ¥ =0 ™
ke =" ¢ —
24.2 —
PHASE — % A< « ~hDwe  ouputl00 hOwd — ~ —|feo %
|
19940
<<Total mélépsed CPU Time untl  now = 81.69520 (sec.)>>
closed filenumber = 31
closed filenumber = 52
closed filenumber = 53
closed filenumber = 55
closed filenumber = 42
closed filenumber = 43
closed filenumber = 44
closed filenumber = 75
closed filenumber = 65
closed filenumber = 66
Total elapsed CPU Time until now = —Ne< -~ Y% 1dq30°% ~hDwd — %1 —|
erof =™at4d - PHASE | o= Y9 aFF—  —V E =™y A9/ —
|8 hOwd 024 o= “=0 001 ™9
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24.3 SCF 8 — —

PHASE — % - v gls”>mo>%n <A % oVis<re|odgYFe
PHASE %> —feo # V%] ® ~ 14 {s continuedatas < ™Me h D — %
s t —g convergences — ~ 14 =™ ~ | = L 1<% 34°2
— - |8SCF % v 8 — A e, 513 R ODANDe # -
vo— delta_total_energy |4 toof =™ 1 <sd cqA9=74s % eV
L sd =3 A° 2 — .—| Y8 o= ™y ™ ks =90y ™
iteration, iteration_ionic, iteration_electronic

11 1 11
lonic 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 0.0000000000000000D-+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0 000000000000000D+00 0.0000000000000000D+00
(cpo( 1))
0.0000000000000000D+00 0.0000000000000000D-+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D-+00 0.0000000000000000D+00
(cpo(2))
0.0000000000000000D+00 0.000000000000 0000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
(cpo(3))
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D-+00 0.000000000000 0000D+00
forcmx_constraint_gquench
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
244 — « ~h D= oUtPUtO00 % |- jobstatus000)
— ~hDwsd | OUPUOOD < ™Me h e # 143A°000— | 94" <1 ' -
™= A oy~ 9=001002.. < 4=™%gAS
l—h,D—ir—| 10 8 ¥ IJ||=|A9 2 L A-”lS— ™ - = ™M=z e AN
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24410fik ' fi~ k

k| L = | = %l ez ™ %N A0/ L2 - A
k — & =v™  %Ne{3A°1d| v ~hDwd # k3 <™e L A< =|d7a°
slN39 3 i - = = £l 3
[ kp k3 = 8 nspin = 1
kv3 =—Ne< — 8 %k — #A°nspn=—Nex— 1| @Hfi L e=™My™M<e oqA
®H fi AL =™ 1l— | 2-0d34°
2442 <t 1D
i )| . chDwdi - —fe~ 143740
TOTAL ENERGYFOR 3 -TH ITER=  -687.253021587082 edel = -0.215950D+02 SOLVER= DAVIDSON
Kl= 294.118626755617 HA=  4820.263454482710 XC= -686.596385560733 LO= -8452.905431759591
NL=  -349.620400894588 EW= 3182.022578317359 PC= 505.46 4805336868 EN= - 0.000268264724
PHYSICALLY CORRECTENERGY= - 687.252887454720
TOTALENERGYFOR.. ~ <ti »D% edel=—N<xr 1 —wwd” Do "fis— % 1d3A°
— </ — — | «i»dd A —<«ird— % td30°K | < i)
HA | Hartree <t i »2 XC | <t i 12810 | <t i D> NL | <« i D EW
| Ewald «ti »> PC | «= <«£i DD EN | «fis. Hod o5a9 1 f— % <«ti
dr N =| 3A°
PHYSICALLY CORRECTENERGY —Nx~ | @0+ 'fi=d f=™| ~roK4+ oV <t
i 90 A % 1500
2443 ®Hfi
oHfidL v &L o= — e~ SCF mma™ 2o " fi -2t 4 oH fi
2% | eHfi — % 1d3A°
IOLD total charge (UP, DOWN SUM) = 453623488 (+) 3.46376512 (3) 8.00000000
INEW total  charge (UP, DOWN,SUM) = 464907433 (+) 3.35092567 (3) 8.00000000
IOLD % 3 | 1 —wm” 2 Tfirzar]  — %S INEW W%l 3 - | — -l
"oe i — % 1434
2444 2% |
d
K cmi] | - —lfer id5ac
EFermi = 0.24579615
====== Energy Eigen Values ======
1 0.00000000 0.00000000 0.00000000
- 0.19655861 - 0.04839227 - 0.04839227 - 0.04839227 - 0.04839227
- 0.04839227 - 0.04839227 0.1258 4623 0.12584623 0.12584623
0.12584623 0.12584623 0.12584623 0.23389619 0.23389619
0.23389619 0.26196708 0.26196708 0.26196708 0.26196708
2 0.25000000 0.00000000 0.00000000
- 0.18998394 - 0.11270106 - 0.04555873 - 0.04555873 - 0.04555873
- 0.04555873 0.02675145 0.10512408 0.10512408 0.10512408
0.10512408 0.13505063 0.13505063 0.18575457 0.20251681
0.2025168 1 0.25769611 0.29275976 0.30811466 0.30811466
3 0.50000000 0.00000000 0.00000000
- 0.16102016 - 0.16102016 - 0.04095243 - 0.04095243 - 0.04095243
- 0.04095243 0.08874423 0.08874423 0.08874423 0.08874423
0.10781439 0.10781439 0.16184290 0.16184290 0.16184290
0.16184290 0.27543069 0.27543069 0.35154734 0.35154734
4 0.75000000 0.00000000 0.00000000
-0.1899 8394 - 0.11270106 - 0.04555873 - 0.04555873 - 0.04555873
- 0.04555873 0.02675145 0.10512408 0.10512408 0.10512408
0.10512408 0.13505063 0.13505063 0.18575457 0.20251681
0.20251681 0.25769611 0.29275976 0.30811466 0.30811466
5 0.00000000 0.25000000 0.00000000
- 0.18998394 - 0.11270106 - 0.04555873 - 0.04555873 - 0.04555873
- 0.04555873 0.02675145 0.10512408 0.10512408 0.10512408
0.10512408 0.13505063 0.13505063 0.18575457 0.20251681
0.20251681 0.25769611 0.29275976 0.30811466 0.30811466
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1=t % —fe-  i{qac

—===== Occupations —=====
1 0.00000000 0.00000000 0.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 0.00000000 0.00000000 0.00000000 0.00000000
2 0.25000000 0.00000000 0.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.000000 00
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 0.00000000 0.00000000 0.00000000 0.00000000
3 0.50000000 0.00000000 0.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 0.00000000 0.00000000 0.00000000 0.00000000
| -]l 01— — d<{—2 1 eHfid 1o0™ — 1.0 | 2 -
d L = == — —
J{est wqa0 = wN| o | - 0= piqa-ze/
LA %Nd3A Pio— —fer 1™ # Ak {1 r~i—feoi<s%n 1
134 ¢
2445SCF  Neo/q —
| printoutlevel —base %61 < — 8@ SCFmm2” J° 'fi os- —fer 1dg5A09
<< CPUTime Consumption - TOP 9 Subroutines  ( 2) >>
no id subroutine name time(sec) r(%) count no(2)
1 20 evolve WFs_in_subspace (davidson 11574820 71.17 8 1
2 13 m_ES_Vnonlocal W 10.78620 6.63 8 2
3 8 betar_dot_ WFs 733490 451 14 3
4 16 m_CD_softpart 253880 156 1 4
5 7 m_XC_cal_potential 097520 0.60 2 5
6 17 m_CD_hardpart 0.28100 0.17 1 6
7 10 m_ES_Vlocal_in_Rspace 0.02990 0.02 1 7
8 19 m_CD_mix_pulay 0.00670  0.00 1 8
9 18 m_CD_convergence_check 0.00230 0.00 1 9
Total cputime of ( 2 )-th iteration 162.64080 / 221651 (sec.)
i 1 2 3, J 9 - - 1t g
—|Fe~ T wmfir3st e td30°91— | 1= —wwd” Do fis— —
%5% - | iz
2446 — jobstatus000
jobstatus000 h O wei | — A< EVhOwd £A° 000 — | output000 < -~ 4
4 < e<001,002.. <0434/ — | —|e~adga-s
status = FINISHED
iteration = 674
iter_ionic = 21
iter_elec = 23
elapsed time = 51648.7582
status FINISHED ( ), ITERATIVE ( =| = ), START ( )
iteration -4 = % 193400
iter_ionic — R EW.
iter_elec - - %1 | -4 = % 1dgA0
elapsed_time % 193400
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25 — 8

251 <41 »D 8 - 2 - <t 1 D hOwe nfefn.data)
hOws nfefndata 3V | fle_namesdata h Dwe ~%™= FENF - |[f = 1 {hCwi |,
— <«tidd - o — Ltk o b oo Tfid [V | mmofim <
£i 04 ozl 1d5a4.
L[y < cF T e ThA Y g % of—2./4 4-=
T™M= ©=I A 9
2511
0 L [V —nfeindata— & o3A°
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
| . —leo - oqa0
iter_ion O fi — FAS®
iter_total SCFi 2k— AL — | — % 14340
etotal «iod oy > 2 =3 A°
forcmx - 2 - 4 (hartree/bohr3) # sqA. 1l — %  hOwd -=
JL d
2512
— ., —Jecoqsac
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 0.01835754 25
3 43 - 7.8955768901 0.0002565396 - 7.8953203505 0.0173392067

— <Er EAW, Vo % tdgAce

ekina — <t 1 D,

econst — Aol el ) — o b T e Tfi— — <t
d, — S R I (R — <4ti D>~ —atipod
1V Z£A°
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2513

- Ay —ferod5a°
iter_unitcell, iter_ion, iter_total, etotal, forcmx, stressmx
1125 -181.4043211381 0.0019960638
12 33 - 181.4043560304 0.0004826299
13 40 -181.4043582176 0.0000016495 0.0002327496
21 49 -181.4044223602 0.0000572790 0.0002273231
31 58 -181.4044833189 0.0001158383 0 .0002220365
- —*D o — % 4 340
iter_unitcell —
stressmx ®)" eoviisi —

252 h O = nfdynm.data)

hOwsd nfdynmdata 5V | fle_namesdata h D ~%™= FDYNM ~ |[f = td{hDw

-, - </4d- 92 % 14354. d o b "0 THAL [V |
ofi— — w1 ¢ A% % 343A4. o nfdynmdata — &£~ <3A° 0%,
—hDwd ~26™= 144 | A== £A.
#
# a.vector = 9.2863024980 0.0000000000 0.000000 0000
# b_vector = - 4.6431512490 8.0421738710 0.0000000000 @
# c.vector = 0.0000000000 0.0000000000 10.2158587136
# nyp = 2 natm = 9 (9)]
# (natm - >type) 1 1 1 1 1 1 2 2 2 (©)
# (speciesname) 1: (0] (d)
# (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 ®
2 6.693102525 2.152889944 4.620258315 0.006945 - 0.001028 -0.0049 94
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 0.00 0068
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 2151861938 4.615264365 0.006567 0.000186 - 0.003832
3 4.072421499 4.726345880 8.020748072 - 0.003503 0.005487 - 0.003829
4  -1.4864 55954 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
7 4923176344 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
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@ ¥1zeJi % Y% =™ A° a vector,b_vector,c vector -/ 4 -4 a b ,c —z-Ji %

YET
) nyp=— ~| tdl=m™ — % td=™gA°c i — #| 22A°3V,nam= —
- | % Ye =™ A9 L — 2| 9#A°
©  (natomk type) — ~ |, < —veHfi=% %i=™ A9 — o<,1  %|6
- - | L7 w9 - | 2<s™e -~ o5A0
(d)  (speciesname) — - |, <ID—veHfi~% %il=™Aa°s1— #|,1<™e |
o( )2<™e | Siic ) A, s™ei<s-0qd5A°
e ev e — 8 t 9 = o1 — , O fI — 8 , - 8
(e) k # % 4=™54 # fi %1 ,SCF % 24
SO=|=|A9
@ - - /= - ™= 3% sd=™mA91 — | —1ID2 Yalk 4
- % - —xyz ,5 %6 — % -~ o2 —xyz <odgacl
- hOwd ~2%™s= printlevel K. t«—velocty 2~  o=™Y 7 w9
e 2 1d3A0
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253

h O = nfchr.cube)

h Ows nfchrcube 5 vV | file_names.data h Dwe ~2™= F CHR ~ |}f =

Gaussian CUBE

PHASE Viewer 4 8 Gaussian CUBE

L

254

hOwsd dosdata 5V | file_namesdata h D ~2%™= F_DOS ~ |}f =
J
19740

38

Vomndi ®) D1 19 =™ 40"

% t1q94°

== 001 T™9

h Ows dos.data)

h 4

A -]® —|e-adi dospl &
<) ' #A%4D1 dospl| e Perl @' kKJ £A®

shi »ws

P RO

L

P RO

8

- e

=3 A 9(pl 1ase0 2014.01/bin/ |68 PHASE
3
i !

h—EPS — RO density of stateseps¥% ¢4 5A°
| % ../..Jphase0_2014.01/tools/ bin/dos.pl dos.data - erange= - 15,10 -with_fermi - color |
dos.data — h O '
-erange A «ti vo— L o5A01510] -15eVielk 10ev— L o=g A
-with_fermi hvil«<tio»dd o3 A°
-color o' L g A0
3
25
.l
L
£ | |
g sy M ‘“‘ I
(-
I Lol ]
/0 [\ |
/N ‘ \
05 // “‘ \\\\ ‘ \\ B
0 [ ! \ w \J ‘
-5 -10 -5 0 5 10
Eneray (eV)
22 Si bum =z fi ) —Pfi)
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255Pfi ) ¢ D 2 h O=ed nfenergy.data)

hOws nfenergydata 3 v | file_namesdata h D wed ~2%™= F ENERG ~ [ = 1 {0 m
~leafik' fi~ k ~2%1 % 14740

Pfis —=-'"hL Afr|e —|leradi bandpl L =3 A° ¢phase0_2014.01/bin/ |6°
PHASE Yomali ® 20 t4=™] 6" <) ' 2A9401 dospl| 8 Pell @« k) £A° 8

—='h—EPS — hOws band_stuctureeps % 14 3 A°
%../..Iphase0_2014.01/tools/ bin/ band.plnfenerg y.databandkpt.in -erange= - 15,10 -w
ith_fermi - color
nfenergydata  afik' fi~ k -2t - O
bandkpt.in afik' fi=k - A{NDwd
-erange A «£i »>— &L -5A9.1510| -15eV¥s |- 10ev— 4L =g A0
-with_fermi hvilFati»dd oqA0
-color sl L g

10
/T \\

o
N

Energy (eV)

)
a
T
~
-
1

-15
w L r X W K

23 Pfi» Si bem =z fi ) —Pfi s
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3. R'o0JahOws nfinpdata

31 R'0J)3hTmd — (FINPhOwd )
R' 00 ahOwd nfinpdata | 82— e ¢ 02 - <t2—|ea £ A
{7 ™e L A{RDwd #A°
¢hoi J —N0Owd | nfinp.data # A %8 file_namesdata ~24™=8F INP « D: D » & [ = -

L #gwmyAe a8 A - v o d=gr i<l zAv

311R' 0> =

L —hOmad |82 < 02 394 VKe ee— 2 -3A° R'o0da— |3
dqa 0 f =% o - - - ox2— 4L 5> -, R
Do) Dmd — L~ o340

—No| ¢2a|g<sks =—5K. Pey =  ogA°K. Be|,Ko Be {.}<™e
# - '<:>=|A9\/S:I rn —|eroqdgac - R'0da|8aa= — 2 o3
A° Vo=t R 0)aosr % od34° R' ©2a— — &L 5oy ™

Upper_ block {
Lower_ block {

'.t;s'lg_keyword =value

}
}
R' 02 ahDwm — n ~ 3T™M= 8 - - D oo ™
, d r 0 —Koeed Adis|zHgIFe
L oKeee — a0 L afis|nqzee
Ke Be % [=™] ~|8/ —Kobe % td=™Mml_<ia14d34 t 4
30 °/ — |8eRh0is % td54° < Doe¥d o] td g Y
| 2 pwofiv(z {isl#gwngace
, - - L by -2 L)z q3A°
. | =0 ™% 5 01 ™9
—K. E:_|8 —u-—%N9=|=|A9
control K. P« A —

accracy K. P« —
structure K. E » —

wavefunction_solver K. P « si PO —
charge_mixing K. ¢« —
structure_evoluton K. P« 8 —

postproccesing K. ¢ - -
printlevel K. ¢ - . - —




312 —

PHASE — RO ww —¢hoi s — | 0%, 4 - ALl #ao
31— &£ A i <HEHIA@ROT S — | 2 td=™3A)
3.1PHASE # a]
! bohr, angstrom, nm
<t i »D hartree , eV, rydberg

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

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

hartree/bohr , hartree/angstrom, hartree/nm, eV/angstrom, eV/bohr, ev/inm,
rydberg/bohr, rydberg/angstrom, rydberg/nm

hartree/bohr3 , hartree/angstrom3, hartree/nm3, eV/angstrom3, eV/bohr3,
eV/nm3, rydberg/angstrom3, rydberg/bohr3, rydberg/nm3,

au_mass, atomic_mass,

|, —¢Dar A wtZzoo,K. e« —ehois & Aficlzs
3A° K. b« #Fehoius— L Af-], —fer =3Ac°
block{
#units angstrom
}
l— #|,bock — 11— —eh0oiJ%M r~od35A° A teaki D02
$ J'E mEOOOiTMg
313 cofi
!=|\/|//$|0=|-|| |,1(0fiJ TMSO=|=|A9
block {
I comment
I tag_keyword =valuel «ofi
/I tag keyword =value2 cofil

tag_keyword =value3

Voo s —N<-#46 0 | cofiss|qotdo™# =00y ™
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314 R' 0dahDm

Si boum = fi) 2 — L e - 0 L oV hOwd #A®

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_convergencef{
delta_total_energy = 1e -10
successio n=3
}
force_convergence{
max_force = 0.001 hartree/bohr

}
}
structuref{
element_list{
#tag element atomicnumber
Si 14
unit_cel
#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 el ement rx ry rz mobile
Si 0.125 0.1250.125 0O
Si -0125 -0125 -0.125 0
}
coordinate_system = internal
}
}
wavefunction_solver{
solvers{

#tag sol till_n prec cmix submat
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davidson 1 on 1 on

rmma3 -1 onlon
}
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*
}
}

50




32 R'0Ja4nOm nfnpdata—a~ «2: 25 —
R!(DD dahOwsd nfinpdata —2~ «D>: D25 — ds 32 =3 A°
32 R'0dahOwd nfinpdata —ae ©2:23) —
Ke B~ 2,3 K. B A=~ «D:D2)
control 0 Ke B
condition preparation, -2 — , —
k- 3E# =3 A°
automatic, -1 £ Ne| -
od3b°/eztord -0d3
N9
initial, O
continuation, 1
( —2=| ekcal | # )
fixed_charge, 2 L o=
fixed_charge_continuation, 3 +
¢+hoiJ | automatic #A°
cpumax CPU - ¢+ hoi ) 86400 sec
{sec, min, hour, day}
max_iteration SCF - Do i —
max_total_scf_iter ¢ hoi J 10000
ation
max_mdstep MD — ehoi |
max_scf _iteration IMD ev ek — SCF —
ehoi |
nfstopcheck hOwsd nfstopdata - %4V %
L A{=% Ak ehoi s 1
sw_ekzaj phase # & ekcal — <o N O
i F_zZA4— L e<% ON~AA:®
EKCAL 2/ —hDwa &£ 1 5<%l ON
FA{ Vo @ —  #F <Y # %I
34
¢+hoi s | OFF £A0
accuracy — Ko P
cutoff_wf —oPJoh <4l D
cutoff_cd —xPJoh 4«1 »)D
num_bands Pfis
ksampling
method k —ofik' fi~ ¢
monk Monkhorst -Pack  °©
mesh oe-* &  o3A09
fle hOwd Y%l
direct_in
gamma 3 —q
¢ hoi J | Monkhorst -Pack
mesh ©Po" —
nx, ny, Nz X.YiZ +—
shoi 1 =444 =(20,20,20)
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kshift Monkhorst -Pack ~ # —q O A -
k1, k2, k3 oe- —[4— | [0.0,0.5] —
¢hoi
hexgonal — k1=k2=0,k3=05
/4 = kl1=k2=k3=05
Vowe05|o0e-" — 5 — — 4
A
kpoints K — q#1
kx ky kz denom |'® (kx/denom, ky/denom, kz/denom)
weight k — < /= q#!
smearing k ofik'fi=— smearing
method parabolic  Parabolic ¢hoiy
cold Coldsmearing ( E3
tetrahedron  Tetrahedron
improved_ tetrahedron tetrahedron
tetrahedron 5 Vv | improved_tetrahedron <
cn/s%.—| k —ofik'fiaLoeo-
w014 rodq34
width smearing ¢hoiy 0.001 hartree
method = parabolic < cold — ~
(320 <)
xctype <t i »D (LDA, GGA)
LDA LDAPWO91, PZ
GGA GGAPBE, REVPBE
scf_convergence —
delta_total _energy Nev 4 — «t£i »d— —
30
¢hoi prt  hartree
succession %30 r «= [V
Loyt o
¢hoi 3
force_convergence —
max_force - 0 - %i— |4 1900
fr &
¢hoi 0.001 hartree/bohr
ek_convergence — o ekcal ~ |H| —
num_extra_bands gl o™  —Pfisy—
¢hoi 2
num_max_iteratio | k v - =
n ¢hoi 300
sw_eval_eig_diff Omml i
{1,0n,yes} Nel ehoi
{0, off, no } O =
delta_eigenvalue —
¢hoi pTt  hartree
succession -4 - +hoiy 3

(=0 )

initial_wavefunctio
ns

{random_numbers, matrix_ diagon
,atomic_orbitals, file}
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random_numbers: 3
matrix_ diagon: #
atomic_orbitals: #
file:h Dwad F ZAJ Y5

I

matrix_diagon £ 44
cutoff_wf —oPJ oh
(3=0 <)
initial_charge_dens -
ity {Gauss, atomic_charge_density, file}
Gauss: ® > ® - | 3
atomic_charge_density: - —
J
TI#
fle:h Dwe F_CHGT %t
precalculation
nel_YIm E czo0:-'> -~ ~= 249
- ehoiy |9
structure Ko P
unit_cell_type — 9 {primitive, Bravais }
unit_cell unit cell - 9 =™ %—
£ 4
a_vector z - i — oo
b_vector ehoiJ— | Bohr
C_vector
a,b,c ab,c
Egga’ bsc o ath —oA
gamma ( —ehoi | degree)
symmetry
method {manual, automatic}
automatic & A < - AL
=3 A
crystal_structure
{diamond, hexagonal, fcc, bce, simple cubic}
tspace 8 —K. =’ F TSPACE, (
) %4 ABCAP —¢ 5 i 4
lattice_system {rhombohedral,trigonal,rt, -1}
{hexagonal,h,0} {primitive,simple,p,s,1}
{facecentered,f,2} {bodycentered,b,3}
{bottomcentered,basecentered,onefacecentere
d,bot,ba,0,4}
num_generators — (PDo- )
generators
af_generator —
( 3a=n0-)
Sw_inversion —
( 2920 s)
magnetic_state {para, antiferro, ferro} Y& |
antiferro | af < L
atom_list
coordinate_system {cartesian, internal}
atoms

53




X, 1y, 1z

element
mobile
| {1,0 {onofff {yesno}—=>4 # L
weight R
weight =2 | sw_inversion=on — —q
| —< % — -~ L L
element list
element (atoms — element — < Y
D
atomic_number
mass
zeta ®H fi — &n Es TE&u &
deviation Lepo — # 1<% o
> — o
"1 dA@ePiI, %t -
— %L LYR' 0D =,0
o~ ~ | devd standard deviaton L
wavefunction_ so | solver si PO
Ivers
sol s1 PO —
MatrixDiagon
Im+MSD  Im( )+ MSD(
)
RMM2P, RMM3 RMM
MSD
submat subspace rotation ( )
Davidson: Davidson
till_n — 3% so# 14V —
L Ak
dts — 1
dte ir 2 14V = 2%t T
sdts— —q% 14V | de -~
L 5 4 9
itr I
var — ° {linear, tanh}
prec — ° {on,off}
cmix — 9 charge_mixing = =
— mixing_methods # 14 =™
-4 Hy 4= af
submat on—< % subspace_rotation — - [ =
subspace rotation &&= e © {on,off}
line_minimization - =V
dt_lower_critical Loy ne — 71— <
dt_upper_critical
(¢hois |/4-4 0005< 20)
delta_Imdenom
rmm
imMGSrmm RMM  # = - o=
Gram dSchmidt — L A
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(ehoi s | — imGSrmm = 1)
rr_Critical_Value Pfiy — ° — —1
P r %Ll 14V Fodlp /-
Pfis|/ 4 tdom™
edelta_change_to_r —si PO RMM - a<%
mm — <1 D ol # A
{1 HH <i»r»o— % ™M<w%| /
— —sipPod 1= e
subspace_rotation subspace - A
subspace matrix s | ¢ h ¢ i J — | P fi » —

ize

(num_bands)
num_bands |4 L %0 % ¢4V

- | ~ num_bands — < -
9
damping_factor — b fi Hfi = 9[0.0,1.0] —
— % tdlV - | 4
- 10 ~ 9
period solver = = — submat % ON~ o [ = ™|
period - 1  subspace_rotation && ™5 A ©
4  period=3 —< % iteration(i) —e L
i=1,4,7,10,...% subspacerotation & e -
ndgAo2ehoi s | 10
critical_ratio e ¢! Nev § )< —
- Q@ Nev 4 )— %™[ v £
ciical_rato |4 toof Vv ~ <=
/4 subspace rotation &= ™3 ¥ o
ehoi s |pm 9
charge_mixing 9
mixing_methods — 9
method { simple, broyden2, pulay }
¢hoi s | simple_mixing
mxs — L —
¢+hoi s | 05
rmxe ir — = - L -4 o
ehoi s | 059mxs — —q% ¢
4v -] mxe-~L g & o
itr — mx) £ 15
var mx &£ ¢ 5 o {linear, tanh}
prec — ° {on, off}
istr method % simple — - istr  —
- =V z 4L -
nbmix 1=2%40 =% ¢da— 4
update nbmix td =™ - 4
™ I SV — — 9
{anew, renew}
anew |/ Jqz—¢dad = o=
- 9
renew | L ™5 ad e ag
IR
charge_preconditi
oning
amix a
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bmix

structure _evolut
ion

Ko P~

method {sd, quench, gdiis, bfgs, cg, velocity
verlet}
stress e, o
SwW_stress LY — 9 {on,off }
gdiis (GDIS %4 BFGS & A —a-)
initial_method GDIS(BFGS) + a4 -~ &
L {quench, cg,sd } h
011 | cg
gdiis_box_size LiE A wmofi —¢D =
L gdiis(bfgs) - 44
gdiis_hownew gdiis_box_size # =V — O fi
—¢D 9 A4 ™ [V - —
{anew, renew}
c_forc2gdiis GDIS(BFGS) +— 14—
¢hoi s | 005 (hartree/bohr)
postprocessing
dos —
sw_dos — 9 {on,off }
method { tetrahedral, Gaussian }
deltaE_dos — <41 D
variance mehtod ¥s Gaussian — —o b —
nwd_dos_window_ —<ti D> KEL 2
width 30 nwd window width deltaE_dos
charge -
sw_charge_rspace - ° {on,off }
filetype NO o —
{ cube, density_only }
title — O — =
fletype =cube — —q
printoutlevel +— " zi-—
0 O e
1 AL
2 ePp- — &
base - - % 1d=™Mp™ !
— Y%ehoOi |
pulay Pulay
timing
solver
evdff <t i D
rmm
snl we fio" i
gdiis GDIIS
eigenvalue
Spg
kp k
matdiagon
vihxcq w Dol owefio i
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totalcharge

submat

strefetr

parallel —V E— -

input_file hOwed F INP — —

parallel_debug 1  Adse. t2)  —Kk. ¥ 0%
LI ™ i
J_[ eo:xtputOOx_m S ™ VRO

jobstatus L jobstatus00x

jobstatus_option O el —

jobstatus_format tag, tag_line, table ¥ 9 | tag
£A°

jobstatus_series ON 5 Vv | OFF
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33 o) Control

Lo kw| a{-% L A|-% >4 0 ™ L A|-% o=
- 54 — Lcontrol K. <% ™3A°V<d —|fer <340
control
conditon = initial
cpumax = 1 day
max_iteration = 1000000
}
control K. eer2s™=| — & AL <%ERyA
condition Y Yeoz—  #£A° "inial " <A< | k%l 4
"continuation " < A | < 02— 55 ™o
% 43 A°3V “automatic" <A < -0 —hOe L
e N T Y
"continuation" o™ | "infia" < =V —< 0 dogAe
"preparation " & A < — Y1 — 6z —
7 ™5 A°ehoi s | "automatic" #A°
For® =V Lo F% /q43+ =Vi3 —n*
tyq Pfio Ak A o 2 - | & “fixed_charge",
"fixed_charge_continuation", "fixed_charge_continuation" — ™[4 %4 <5 A®
/44 Bl A% A v A %—  #A0
14 [F—"initial"  “"continuation" ‘“automatic" ‘“preparation" "fixed_charge"
"fixed_charge_continuation”  "fixed_charge_automatic' | / 4| - 4| 01
1 223 3% Ai<s¥%mEHgAC
cpumax PHASE 4L A £ - YE .3l lE -
v oo g < - ~=T™ao=1L —hDwd 02% 11
Y% ~3A0°eh0i s | 86400s(1 )EA° | #0° 4
"'sec’ "s" 14 |"secs 9 'min" “hour %[ "day'#A°
-0 %Ne| ~]8 0" K— 4L ta ~ <=%0-%
™ -ke 4 o K- % # — 02—
Yeo 14 r 58hour ~ A 0
max_iteration SCF — wmd” 2o 'fi — L o3 A9SCF — wwd” Do
max_total scf_iteration  fi Yy | # -V - As —NOwd 02% ¢4 Ys

-3 A°eRhOi s | 10000 #A°
d

max_scf_iteration ~%1{ MD evek #-— —

SCFume™ 2o T fi  — AL e3A° 4 — -
% # - A L vag# - Tleco
%0 — SCFwma” Do "fi%s r~o{i<%Ndg4°/ — | SCF
Loz L= 4 =4 o e
SCF  EAAEY % ~od3A° o%e Nyqd 1o -
A < td] — % %wood - L coAq <N -2
% £A° o — % oo | =0 ™% 9 oo M9
34 — Accuracy
341z ) oh 4«1 »D
cesoh <l 2D | L oy s - L k| oR'o0dad%A0
o PJoh 4k |3| —||-en— =3 A°

accuracy{
cutoff wf = 25 Rydberg
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cutoff_cd =225 Rydberg

}
cutoff_wf —opJjoh4atidddai »d— S =3 A°
cutoff_cd —oeloh«idddaivdo—  #  o3A°
ceJoh <kl 2D | a) % 4] £ - A <% EAYs — e L.
ZA°
cutoff_ wf | 2524}/ 25 rydberg
cutoff cd |+ 0k — wefio* id o= | cutoff wf—4 /ezo™ |9
342Pfi )
Pfiy | —|fe - accuracyK. & <— —numbands - |Hf = ~3A°
accuracy{
num_bands =12
}
num_bands Pfi)
Pfis | —  #1| #Av o —2 L— L qac
% — - o™ | - % dtdgacgvi— & =™y

-Pfiy 3 IJ||=|A9

343k ofik' fi~< ®@o= ' fi~

celoh«i»ds ~ k ofik' fiaLl — L k| oR'o0d2d#A°k Of
k' fi~|,accuracy K. ¢« — r ksampling K. ¢ <&  « ksampling K. e«— # 4 ™y
A°V<ap —|eroadgAcs
accuracy{
ksampling{
method = monk
mesh{
nx=4
ny=4
nz=4
}
}
}
ksampling K. &« # | — K. bed A{i<HEAHgAO
method k afik'fi~— & J3 A9monk mesh, file,gamma directin — ™[4 %% A °
monk | Monkhorst -Pack ~ |F{ofik ' fi - # t 4 ZNg 2o ho
iy #A° mesh | bOEo # L o340 -
LA A4 — L e |idd  egacdle | D %[
1 APl gV ke - J= o— L A %N
0= ~3A°gammad A{<s —qlofik' fiaoga° 7
0 Lof=m= 3 —qzl o % fq{ ] 1qE  =qac
directin | - < L ogae™ad—  #leofik! fi-
fa o qf=me - woidr d=moidr s
e T BT E B
- fas s 4E af = - s 0 A
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mesh — L o3A°  — % #FH%gA°

nx 1 - z-li— L egAv

ny 2 — Z el — L o340

nz 3 —— Z-li— L o530
®o- ' fi~| hvilF —  Ar dwan z2A° 19| =shviF z 4
= Fm= Lo amp 2 w2 wzwdllero]  %NelgA° @0s ! fia|
—|fe - accuracy K. e« — — smeaing K. B er2™= o3 A9
accuracy{
smearing{

method = parabolic
width = 0.001 hartree

}
}
smearing K. e-z| — L Afi<HzRgAC
method o0+ ' fi ~— 4 =3 A ° parabolic, tetrahedron, cold, improved_tetrahedron
—™d %k eg A0 A —| parabolic # ew»® ~|f =hviF
L 4 % -3 A9 tetrahedron < improved_tetrahedron | # -
- |H d e -~ o3A°cold| Cod @o=' fi~%
F%™= <tql=™ #A
width o0+ ' fi~— Lati»d— # <3A°h0i ., | 000lhartree #A®
| —a = | parabolic —< %~ #A°/ 4 - — | RV
344 <t i D
<t 1 1D | 8LDA < GGA— %Ne| 3 A °LDA | LDAPWO9L, PZ 8GGA | GGAPBE, REVPBE
% EHqA°
accuracy{
Xctype = ggapbe
xctype <t i » D (LDA GGA)

LDA LDAPWO1, PZ
GGA  GGAPBE, REVPBE

345
-2  %Nelgae -

IA
I
I

1

o
I

fe- -3a4°

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

}
}
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scf_convergence  SCF  — L A{K. eezA®°
delta_total _energy tird— — LEird— oz =3A9 — <4tid< lev
ek —<«bi »d— %l L Z -V |H ™ L Vv evsy
ntdgA°eh0oi s | 1lel0zA®
succession delta_total_energy 4t FqVYr - V< oAV sg A0 |
LE =V - # L vy F4vs<s 1d3Aa°en0
iy | 3240
force_convergence - 9 - - A &£ A{K. e-zA®
max_force - 9 - — & — 2 -5A°eh0i s | 1le3ZA°
34.6 <
< - 4 - ex L o™ g o3I <HEHRTAO
2% | | —ffer A{is%mEHAC
accuracy{
initial_wavefunctions = atomic_orbitals
intial_charge_density = atomic_charge_density
matrix_diagon{
cutoff_wf =5 rydberg
}
}
2% — - ke eer | = 4zao
initial_wavefunctions — 4 =3 A ° random_numbers, matrix_diagon, file,

atomic_orbitals & A{ | < %# %3 A ° random_numbers |
= bs kyas i~

iaod A{islgywgay —
hOwd %lF 7 77
FR
wefio! i hol

A ° matrix_diagon |

=7 Adcesoh <t
matrix_diagon K. ? -~ 2%
A°A# - Nef =V

— -

rand om_numbers # A °
initial_charge_density - 4L

Yok A1 < %2 % A

™= M3 A9 file |

¢D ANDm & [ =™

¢D adtler

o 7 331! <%# % A° atomic_orbitals |
n

= [H

H

-

™3 A e RhOT |

-3 A° Gauss, file, atomic_charge_density — ™[]

9 Gauss | A

< oV

zA°fle | NDwd % 1 73A° A% N

hOwd L [ =

atomic_charge_density | wefic ' i hDmi
<r- AL ™ A9 eh0T ) | Gauss#A°®
matrix_diagon initial_wavefunctions ~ matrix_diagon 2t

AV E—K. e«zA®

| 1 —oko Tfid

7 33

nere

=V

Al Vv

= TM_”

< %BE Y7 A
— AL

= |H

4D

IL

cutoff_wf - A-||-:::::::-EJoh<i=_i 4L =3 A°e¢hOi
| —oPJoh <l »D—  #A®
347
PHASE | wefio' i — L& F  -30% 14L& 2 Yyl zae.
Looafvie|  —fer  wqac
accuracy{

nonlocal_potential{
SW_rspace =on
r0_factor =19
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| W RelI- 2 t1d=™gaAa0 |/ — % ON)Z Nof| — - =
| ON?o—2 %o ~%™= | — % <0d3A°Voo # | % |4
|- - | oY% o™ ~| %  #A° nonlocal_potential K. e <% |  —

feo & Av<%n  zA°

SwW._rspace L A|%ze%ndt <gA°eh0i s | off#A0
projector_optimization L A{VE-|Kk. ©Veaad— L e %Noj
A% / — &£ ~3A° 1 —R' 0220~ prefiing & A
<[]— # mask funcon &£ A< 2— #.-— %
593 A°ehoi s | mask function # A °
r0_factor 8 tdVke ©Ve a2y =%+ £ L<—k. ovead
— rA{vwdt A cenois | 19

[1] R.D.King -Smith, M. C. Payne, and J. S. Lin, {Real-space implementation of nonlocal pseudopotentials
for first -principles total -energy calculations § Physical Review B 44 13063 (1991).

[2] Lin-Wang Wang, dMask-function real -space implementations of nonlocal pseudopotentials ¢ Physical
Review B 64 201107 (2001).

35 Structure
- A6l — stucture K. Pe— # ™3 A° V<4 —|ffe-odgAc°
structure{
unit_cell_type = Bravais
unit_celf
#units  angstrom
a vector = 4.914100000 0.000000000 0.000000000
b vector = -2.457050000 4.255735437 (0.000000000
c_vector = 0.000000000 0.000000000 5.406000000
atom_list{
coordinate_system = Internal
atoms{

#units  angstrom

#tag element rx ry rz
O 0.413100000054  0.145400000108 0.118930000000
O 0.854599999943  0.267699999886  0.452263333333
O 0.732300000003  0.586900000006  0.785596666667
O 0.267699999946  0.854599999892 0.547736666667
O 0.145399999997  0.413099999994  0.881070000000
O 0.586899999939  0.732299999879  0.214403333333
Si 0.530000000000 0.000000000000  0.333333000000
Si - 0.00 0000000072 0.529999999857 0.666666333333
Si 0.469999999954  0.469999999908  0.999999666667

}

element_list{
#itag element atomicnumber mass zeta deviation
O 8 291649435 * *
Si 14 511964212 * *

symmetry{
method = automatic
SW_inversion = off
}
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351" aAepJ ¥i
unit_cell_type — 4L == ™5 A9 prmitive Ys bravais &£ A 1 < %# Y%7 A9 ¢
hoi s | bravaiszA° A |fer A z A | 1 —
L pravais < A %Ny 3493V bravais £ o= ™| symmetry K
« Pe— —tspaceK. B-r2™=  #9%] latice system Sl R
t Y4 1<%  #Aclttice system @ ~=™= | Nc— L o=5wg ™
unit_cell L A{K. e-zAovizo i L A < LA
%Ne| 7 A ° - = A | unit_cell_type % bravais —  —q
FA°
¢izesid A
1— 4 A z-,1 e29dL = —fer o34
unit_celf
#units  angstrom
a vector = al a2 a3
b vector = bl b2 b3
c vector =cl c2 c3
}
a vector, b_vector,c vector~ |[f =/ 4 -4 & , 0,0 Lz i 2 <3001 — -
t— | Keee #  A  —q 2% - “=00¢ ™0 | — #| unitcel K. P
«— c#units angstom <A{{i<-|ff= 11— LA, - o= A0
b= oo
| — 4L A - ||—e - =3 A°
unit_celf
a = a0
b = b0
c=c0
alpha = alpha0
beta = betal
gamma= gamma0
}
a,b,c,apha, beta,gamma < ™e L A{ i<~ |f=/4 - 4 ahadh i id <3400
— %2 A= iz | - —|eco 6 # t4|ferodqac
a vector = al 00 00
b_vector = bl b2 0.0
cvector =cl c2 c3
352
atom_list - — o2 eK. pezA°®  — K. ped
AL <%# % A0
coordinate_system L ciwenfi = a{%mh' -cT qi - |
J= Avwt  ogacintenal <A{<h' <o T gi - S
= catesian <A{<ciwesfi ~|f= =3 A9 ¢hOT
| internal # A ©
atoms - - LA eda4d o5 A0 0
| = q=#ae
element L ~5A0 | —del emema™d i sitdeE ™

| wnelqac
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rx o 4 =3 A°
y @ £ ~34°
rz a 4L =3 A9
mobile 4 o b " 2o Tfirs™= L — %0 Y %0
LA 2A° - oV™  on< o3 A°ehoi s | off
FA°
weight R R WA -2<s™e 44y L <
=y — r~«H>D &£ o5Ac°en0is | 12A0
353 —
element list L AV E- edad  A{K. pezA0
0 | =4
element L o3A0 | FA°
tomicnumber L o3A0 | £A°
mass L o340
zeta eHfiL =™ — eHfi — 4L <340
wefic' I hDwd | file_namesdata h Dwe ~2%™= N Dwd Wasdi 23 F_POT(N) ~ |}f =
3 A9 11 #n | - %1 - = A zA° V<4 — #£Si<0-—
%  hOwd ~%™= 1d=m™=
structure{
element_list{
#tag element atomicnumber mass zeta deviation
0 829164.9435 * *
Si1451196.4212 **
}
}
A{ wefi-' i hOwai % Si % Si_ggapbe nc_01l.pp, O % O_ggapbe_us 0l.pp e[ V
fle_namesdata & —[fe~ <3 A°
&fnames
F_INP=6./nfinp. datab
F POT(1)=6./Si _ggapbe_nc_01.pp6b
F_POT(2)=6./0_ggapbe_us_01.pp6b
/
wefio' i NDwd — | we fio i — - L a=mgAs o= ™
wWefio' i NOwai — we fio' i — | ggapbe [?] ¥ ldapw9l [?] — ™4 %z A % >
LEo—%| hOwd %[ A4 1 <%# %3 A°A05L ggapbe Nef| ™| Idapwol < ™e %
Wefico' I NDwed —NDwwd = 34 =™5A°0% ggapbe < ldapwol £ ¢yv 4 ey <
| 2%3 SF—2- o1 ™0 pi ;' sh PAW i ¢ | tyo™ s g
A° 5V # %] | 16 gzzA°
354 —
symmetry — L A K. e-zA® L Afis-|f= L~
AL <%z %NelgA° —Koee/ L A{i<%nzHyga°
method — & <3 A9 manual < automatic &&= 1 < %# %5 A ° manual 4

64




SW_inversion

tspace
lattice_system

generators

A < AL A vs- S = L AL <%EHTA

automatic &= A4 < PHASE % —: ¢i %t - L - -

tY3A°e¢h0i s | manual £A°

- % A - /4L e= L Ltavezewnd A
£A° on— 4L =g A9 — | 000z A° | —ok
o i | — Ne| L e | A i td3A0%

—a™ 2 ~A]< 2 - A —% o 2oog ™
TSPACE o= i AV E=K. eezAe — A& gAs
unit cell type % bravas — ~ o — 6L =3 A9 | facecentered,
bodycentered, basecentered, rhombohedral #A° 1 — & A< - 0=
% tdgael— 4 d%2—|fer L A{%-=™=| 54L& o=
goop ™o — L A<= hOwd 2] —odA™K' 2>
# L == - | = om g A% <o
3 A ° lattice_system L = 4L 1y td4 -] —q #
Ao <V %[ = - oz - - = & =50y ™
V<a - & e - > - -
A fer s=001 ™3y Qafik' fi-] — - FY=  e=0wi
™9

L A{edKi #A® | 3=3#<% #%o™<™e %Ny g

A° L —9dKi z>—|er L A vr=m™=| 424 o=9500g ™9
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36 51 PO
3.6.1 PHASE ~ %1 |

PHASE - 241

Wavefunction Solver

ho 2
he 24 31~ <3A°
Q
rin
yin:

Yes

Qin
Yes
31 PHASE ~%t4 h. >
— — £ Kohn-Sham
0 o mh
L TMETM=IA9
N - % s
3 O T T
- £ 4 < etz 4 @O - % [F{isrod3a° /- 3 | «ti 127 —
e A = A %EH|-%# 11— %0~ #£o|er td34° n
LOH' 2y 1 — - = #| =V el o™
¢ aqa
¢ ¢ sh
8
—  —iok#| — < e™ % Adg# % wdgac -
) s r=rear —iokz| s Y = -
% 0( o] feo - A% % tdgnc
36.2 si PO
SCF  r2™=s, 5T PYor | = — Ly v Ao
si P2 | wavefunction solver K. P«# o3 A°
wavefunction_solver{
solvers{
#tag sol til_n prec cmix submat
msd 1 on 1 on
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davidson 2 off 1 off

rmma3 -1 on 1 on
Ejavidson{
max_subspace size = 12
ndavid = 4
}
rmm{
edelta_change_to_rmm = le-3
}
}
wavefunction_solver K. e«#  #%]K. e</ | — d=#A°
solvers > — s1 Pod >—ojud-fiaz A%t A o
vOKi #A0  — L A1 <s%EHgA
sol A si Po—=in’ mpd o5 A° msd, Imtmsd, cg,
davidson,rmm3 Y|k <3 A°msd | #A° 1SCF
Nev 4 — | L ™ 2A%1-— —qz L |-—]
A - - <= ~3A°Imtmsd | msd -~
L 4v  #A91 No/qd-— | ™
£ msd < = — ™ #Ao9cg | FA°
| Im+msd |f4 L ™z A% | ™ % ™A
davidson | 1 Ne/dq— ™ A % - ™ 2
A°rmm3 | 1 No/d— | Davidson |4 L o
L Davidson ~ [fo™ — ™ #£A9Voeo 'fibko
- Afs o™ 0™  %Ne| —# mm3 &
A |  —si P2# N L 1 y=%f
A ~aq %NejqAc
till_n SCF — evek 3# sod A%t o3a° — #
| msd| tln %1o—2% 1 davidson | 20 —% 2 5%
A <0f=™3A Voo — edeltachange_to_rmm #
A L Via™ {2 L davidson % 14 17
A — & As< Ag#/ —si P2 ™ 1 3A9 -
V%[ = mm3| 3% 144 <of=™gAc
prec - & £ =3A° on- =3 A% davidson -~
{off— % ™ LNefgA°
cmix A L o3A0 -=™=| 3~
2/3TME ©=I A 9
submat L ev>e Yl R | onr -3
A% davidson — L =™ -z=L
z L ™ z=|=9
davidson davidson — o { ™L& v ™ A K. B-#
Ao — L A1 <%ES A
max_subspace_size davidson # A — DOz o5 A° 6ROy
| Pfis —4 #A9
ndavid davidson | Al <%= L counl L o34
% /— & A  #A9enois | 5ZA®
rmm mm — o { ™ oy A K. ez
edelta_change_to_rmm mm | N eV - 0 ™M &) ™

Y%Nef g A/ 12 112 =V
[v #2mm 4+  <5A°
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line_minimization Im+msd 4 cg | 1 L o%tq Llhl<kgae
eK. E<#A°

/ —1 - 4
dt_lower_critical 1 - — 93 &£  ~3A°eh0i s | 012A°
dt_upper_critical 1 — — 93 &£  ~3A°eh0i s | 20%A°
3.7 Charge_Mixing
371
SCF 2= — SCF ev ek |4V 4L AMisebr=s &£ 1y
3A° L L] 1T — A -=™= o3 A0 - — e~
charge mixing K. t < # AN
charge_mixing{
mixing_methods{
#tag method rmxs rmxe prec istr  nbmix
puay 04 04 on 3 15
charge_preconditioning{
amix = 0.9
bmix = -1
}
}
charge mixing K. e« r~2%™s= | —K. pe/ &£ o= L o3A0
mixing_methods L AV E-wdKi #A° | ™o
=zL  AfrsnERnyac - A | —
solvers ¥ 3 K i — cmix -Ff = <3 A° cmix # |
=y ™ d 1 =|=|— # =3 A° | —vD
K i | — L L3 A°
method —« i g dt 15 A9 simple, broyden2, pulay — ™
Ml % A L < %# %5 A° simple | # A © broyden2
Broyden — 2  — pulay | Pulay - | RMMDIIS #A°®
broyden2 < pulay | ™04 L s 2ufi —  #A°
rmxs 0 6— L ~340
rmxe 0 6— L o3A0
prec - 4 2 o3l onr 3 A°
istr broyden2 % |4 pulay &£ =™ #L — evek|
simple & w3 A° | — 2 L—smpe &£ A ev
pk 4t =3 A°
nbmix broyden2 25|} pulay & <= ™| — - &
g A°/ —  — %td  o5A0
charge_preconditioning — & .50 % - | =4 5=
G — — 4L 5 3A°
" "Oth p 'QO” O Q0" Oh
. i dddaQw
Q0 — 0
P o
0 Al BE®
110 | -6~ L —3A° | — —amix %l
1 bmix < ™Me R' ©d aod — ==K pe—
2 A1 <%EHRyAO Voo ehoi s % 14340

amix
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bmix

372 & 13y{v-ae-
L1#2| SCF  %hoY%o¥% o™ r=™= Al<—2%|v-ae-d —35A0
| enhoi s z]| — #A° A1 — %% | 434%, o
— % 14340 L -a]-] submat & o=/ — dons< egAv
wavefunction_solver{
solvers{
#tag sol till_n dts dte itr var prec  cmix submat
ImMMSD -1 02 10 40 linear on 1 on
}
}
- SIS S EE S R VR IR
3A° 14| ~RMM & =™~ 5n A g3 A0 enoi i — | ™|
- % 1dqa% S I N T
before_renewal & on< <3 A ®
wavefunction_solver{
solvers{
#tag sol till_n dts dte itr var prec  cmix submat
ImMMSD -1 02 10 40 linear on 1 on
}
submat{
before_renewal=on
}
}
3V | Pfiv % ™ %|f{ ~ oga°Pfiy L 43y /ot L4
1a% 1 — chr= - | ood  Lngqac
SCF AN £ L
— % 0 Yalb ™ sck &£ i3{- o— 4 < % <o
%N 53 A° 1 —|feo | v<4 % - e=™ag < L Laa ks |
[ = - o™ L4 o™ 2 A1 <%E%| BN qA°/ 1 2 - -
L Ve=m™mosl  ovV<qo0- L k| %PHASE-| Ff=™3A°1 —
L AV E-| control K. e«— # maxscfiteration 4 o3 A°
controk
.r}.]ax_scf_iteration = 50
}
l— #| 50 —SCF L =1 L VyoavfV /— % f=m i
o= 4L o AL 1 YqA°
- -4
oHfidL  ~=m] | < @Hfi » Pk ®Hfi — < b pfi @Hfi
— - o= =3 A9 < oHfi — L7 -4 e - A{i<s%
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#2001 —feo L er|

—  # spin_density_mixfactor I i

charge_mixing{
spin_density _mixfactor
mixing_methods{
#tag no method
1  broyden2
}

rMxs rmxe prec istr nbmix

0.1 0.1 on 3 15 renew

update

l_ J—
4540 < oHfi &

A -

spin density mixfactor
A—%| o00= ek ®Hfi —
# sw recomposing

| 4 # N - - | 01 x 4=04<™e % 1
< b »fi ®Hfi — 4

~ off & =3 A°

charge_mixing{
Sw_recomposing = off

oH fi -
oH fi .-
density K. 4

-

sw force simple mixing

v Poard A
L Ak zaor—ffea |
L o/ — don< g

—|Fe ~ spin

Pe= -
charge_mixing{
SW_recomposing=on
spin_ density_mixfactor
mixing_methods{
#tag no method
1  broyden2
}

spin_density{

=4

rMxXs rmxe prec istr nbmix

0.1 0.1 on 3 15 renew

update

sw_force_simple_mixing = on

}

eHfid A
— eHfid o=
structure K.

SCF

P w—

L ec< % A
— ferromagnetic_state K.

structuref{

ferromagnetic_state{
sw_fix_total_spin
spin_fix_period
total_spin =10

}

= on
= INITIALLY

ferromagnetic_state K. ¢« # |

— L A{isnEHgA°

sw_fix_total spin | 0 o< &V oHfidt v &L ™A

spin_fix_period eHfi — & <3 A901I NI TIALL¥Y SCF  — | o
Al o#= ~= ™%3 A9O WHOLE G =V 3 # eHfi L
-gAe L oy / — =i e . -

total_spin ek ®Hfi< b pfi @Hfi— &£ 3 A° — & =50 ™
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d

-

A

PAW & o= — % sdlgaeDFTeU 4L o= 2
Fid348% 14L | — dymiaf=m™m|ics #FAYI— - o= —
< —e i o 2 t Y] - | — | e = charge_mixing K. ¢ « -~
sw_mix_charge_hardpart 4L - / — donr og A0
charge_densit  y{
sw_mix_charge_hardpart = on
}
1—fe~ a{i<s-|f= pPAw 2|{ DFT+U - % A %N gAc
38 s1 P2l —
PHASE - 14 =™ si P> |8 MSD 8 Im+MSD @ Davidson & CG & RMM &
oz— 51 PD< sl PD< ~=— subspace rotation ¥%Ne 3 A° ¢ [~
< o= ¢ Puay ®Broyden~ {2 — ozd o=™gAc djtds -~ 9
= 9 s25{tisHH= o % #£HIA Wt l—|fer - d= - 4
w34 —| - Y%Y%Y%]| #A°/ 1 #£8 PHASE ~ | 8 0 51 PO Ak
ko ' F % - A #%wNggAa°c1— |8 10 - o 13{i<%ER| |fero
=™ A% Lantats 13 fo™ |8 £ s1 P> Feoo— &
[ =000t ™0
g 51 PD¥esg |8 oy ™ 4 s Pfi)y a2r- 0= - ol-% 14
| prer=m—#r  cnipe ool oo | Nejqzt- g
- <= | wavefunction_solver K. e -— — solversK. - %3 ~ <= | charge_mixing
Ke Be— —mixing_methods K. e«%_ o™ ~ <oq—%¢ L aym™ |
L A %eofis = »J ==2 o1 ™ wavefunction_solver K. © - | == L o ™Mo
£8 s1 PO A % o |  DA{oKK. Per3%™s ™Mg A9V <y 8 4k
ex=mm si PY| %106 hatree |4 Lfoof vV oimkfiaz ov™ |8  —|eo
L ™3 A O
wavefunction_solver{
rmnmy
edelta_charnge_to_rmm=1e - 6 hartree
}
}
=|\/8 — < <=8 sy ™ %1 - 8 — EZ) <
0f =™ A0
charge_mixing{
method = pulay
rmx =0.2
istr =4
nbxmix = 10
}
v —feo L iqa
method — & <3 Asimple, broyden2, pulay — ™[4 %%  °simple | 8
broyden2 | Broyden~ |{ 2 — s pulay | Pulay~ |[{ DIS #A°ehoi .
| pulay.
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rmx L ogA°en0i s | 04(eHfiL c=™Ma™ ) 0l(eHfid o=

)
istr broyden2 o ™epulay &£ =™ ~8s|9k dLsmpe # A%l -5
Aoenhois | 3
nbxmix broyden2 o ™o pulay 4L =™ s — 4L =z 4L g

Ao ehoi s | 15
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39 (Structure_evolution)
8 ~ A R' ©2 | & structure_evolution K. <% <3 A9
391

structure_evolution K. P -~ 8 — AL =3 A9

structure_evolution{
method = quench

dt = 50
}
method — & o340 —okeo "fi< o= quench (quenched MD ) cg
(CG ) gdis (GDIS ), bfgs (BFGS )—"™4 %% =3A°enh0i J | bigs#
N9
dt L e — 1LY %™ % o +™{3A% %A%|s L
0 1Y 1 <s%EHO0  HNJqA° ehoi s | # 100#A°
GDIS Ne| ™| BFGS | - 0 Y %™ - %™ %N —% % %™ |
quenchedMD % CG &  « Nef % too0f =%|FGDISBFGS) ~ 4 4 <™e
L o5 A9 GDISBFGS) - { a4 - < 4 a1- | 744
initial_method < c forcogdis &L o= —|ler <35A.
éiructure_evolution{
method = gdiis
dt = 50
gdiis{
initial_method = cg
c_forc2gdiis = 0.0025 hartree/bohr
}
}
K. B - | GDIIS, BFGS £ gdisZA° ¢ hOT | initial_method ¥ cg, c_forc2gdiis Vs
0.05 hartreefbohr # A °
gdiis GDIIS #s|fd BFGS &L A —a-
initial_method GDISBFGS) + A ~ 4
i oo {quench,cg,sd# h¢oi s | cg
gdiis_box_size L1E A o fi — ¢ 2 a4k gdiis(bfgs) - 4
gdiis_hownew gdiis_box_size # =V — mmO fi —¢D 9 L I

{anew, renew}
c_forc2gdiis GDIS(BFGS) +— 41—
¢hoi s | 005 (hartree/bohr)
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392

~ A R' ©d | ® structure_evolution K. e <% <3 A°®

structure_evolution{
method = velocity_verlet

dt = 100
}
method — L Ao e T
velocity verlet <t i »D>  — o b 2o T
temperature_control ~ Nosé-Hoover — ~ |H — S
1+ .
o fi
velocity_scaling > fi~r|H — S A I
— TM|—H| VA
dt T AL A ." 9
ehoi s | 100au( 24fs)
thermostat L A{K. e-0
temp L Ao
gmass s - o
393 — 8 — —
PHASE ~ | & J o b " oo Tfid =™ -~ d AL —
- =l AA s~ = L e5d % Ff=™gAc e [z
J=rq " rhr= gemeac
1 — & A~ | ® structure_evolution K. e -~ predictor K. e« o /|2 - A
AL T|v|=I A9
structure_evolution{
predictor{
sw_charge_predictor = on
sw_extrapolate_charge =on
sw_wf_predictor = on
}
}
predictor K. e«#  #£%{ #A®
predict or
sw_charge_predictor — & ewze¥%d A ommcuoehoi s | off
sw_extrapolate_charge - - — 4 evze%hld A Ommeuoehoi
| off
sw_wf_predictor — 4L evzedd A ommeuoehois | off
3V printoutlevel ipripredictor &« s — L2 ~A{<s La{ -~ R —
do2— % cNRDed - 193A4°

] T. Arias, M. C. Payne Aami nmbleculab-dynathicsdenhniques @dehdedstq
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394 @) ovfisi

®)" ovfisi L e r | & structure_evolution K. ¢« — stressK. P« # =3 A°

structure_evolution{
stress{
Sw_stress=1
}
}

stress e.” ®
SwW_stress ©,." & — 0 {on,off }
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3.10 Postproccesing

3.10.1 DOS
SCF % <V—L — L el <%EAJAO — & er | postprocessing
Ko Pe— —dosK. P« # =3 A°
postprocessing{
dos{

sw_dos = on
method = gaussian

deltaE dos = le-4 hartree
}
}
dosK. ee2| — & el <%z%yA°
sw_dos L evzewnd A FA° - 4 e on < =3
N9
method — & <3 A° gaussian < tetrahedral — ™[4 % A 1 < %2
% A° gaussian &~V «i»d dLepe = L vyv #
=V % |4 3 A ° tetrahedral — ~ |H| 0 Ak
el <%%%qA° Voo tetrahedral &£ A — % 2 9%
L 3 01 ™9
deltaE_dos - ot eivo— Loy Ty 2 agpAvenois |
le-4 hartree # A °
— < -= tetrahedral & A — % Viq=™] %Ny gA°
, k ofik' fi= <o=mesh & o=
accuracy{
ksampling{
method = mesh
}
}
smearing — < o= tetrahedral & o= ™|
accuracy{
smearing{
method = tetrahedral
}
}
% V14 =™ ™< gaussian -~ |H| % Fi=e3e—#%o Doy ™
3.10.2
SCF | # L ™Ay =V AL -~ hdo' €« = 13 <
L #zAs 1 el <~ |f = PHASE-Viewer o 2 o= — L el<% #A°
AL t Y]V E-| postprocessing— — chargeK. -2 & ™5 A0
postprocessing{
charge{
sw_charge_rspace = on
filetype = cube
}
}
chargeK. ev— #| — — 4L ™A
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sw_charge_rspace i 2 A¥%zevwd A #A°0n- A < —

s 0 =|l| 3A°

filetype ¢D23—edahodye,d <3 A° density_only < cube¥%s =3 A°
density_only — —q1% td3A° eh0i s | densityonly A°
cube — Gaussian Cube ~ # % 1d34°1—R'0d )|
cuber A{i<d  o5Ac0

title GaussianCube h Dwwd —0 6L <3 A0 S i
—2 E3 T3 A°

3V filetype < <= cubedt = fle_ names.data h O wa ~ 253™= N — N O

4L e=2%0 L <d o3 A0

&fnames

E_CHR = "/nfchr.cube’
/

~o™ —ehoiJ | nfchrdata #A°
eHfi L o= | file_names.data # oV N DOws % nfchrcube #Ng v <A<
nfchrup.cube < nfchrdown.cube < ™e 2= —h Dwad =/ 4 - 9 ®Hfis ek b pfi - A
¢24% td3A¢°

3.103 / I L e
L1LE =Y |e = % tq=™o™ ¥ =V - 19340 4
cF T 2e Tfim . AL omym s _fles L o
postprocessingf{
é
frequency =5
}
frequency - — & v 8 -V -1 = % % 744 fe-od74°
| & — | dos_iterxx.data h O mei © | nfchr_iter xx.data h Cwsd ~  $4 34 xx
Y IR L T
311. -7 z i PrintLevel
PHASE | output000 < ™e h Cwsi 000 | L evdr-1M= 134 ~. -4 g A9/ —
-— — | printoutlevel K. <% ™5 A°
printoutlevel{
base =1
}
~ printoutlevel K. e<d o/ — . 2" zid A L ogpe a7 zid
AV E= | 012—"[d %— L< % %™ez|ld o % |[3Acenoi
| a==12p° . ~"zid A <e= ol — q4=#4a0
base — =" zid o5Ae -~ —a™ |1 1#E— - ™A
timing - 5. 2" zi & o7 A9
|nput — ?-"u_ a” Zi L 4:»=| Ag
solver siPodr g =" zid o3A0
SPg -~ owle 2Tz E eqae
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base=2 ~

A

<$>|ePc-

<

A
0—%

&)

¥

.

Y0 ™ { base=2 |

e *NOwd % #[Foof

=0 TMl
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41 <«£i »D

L. 0 <= «ki»d—  HNefgA° — # <«tiood o

d L Afuisds -3 — L A <%EHTAO
411 R' 02 =
o b i b 2z fi D — «iad L <coqpa90 T (i 8 — sSigd <3
Ao o' i b 2 fi ) — & 21~ <34v

417 «fi % A bz fi)
- € hOwd | hOws fle_namesdata— # “q A°

file_names.dat a | —|fe- <3A°
&fnames

F_INP = "Jfinput_scf_Si8.data’

F POT(1) = "./pp/Si_ldapw9l_nc_01.pp'

F:CHR = "Infchr.cube'
&end
PHASEZL A{ Vv E-| wefic' i #3224 FPOT1) <8 hOwd FINP% ¢4 =™

%Ned 5 A° Sildapw9l nc Olpp | o' «fi— wefic’ i nedazA®

R' ©D ahDww input scf SiBdata ~ = ™= o3 A9
Control K. e<# |8 0 L <3 A° cpumax | — L =™ Al
ControK
condition = initial
cpumax = 3600 sec I {sec|min]hour|day}




Accuracy K. e« # | L g0

accuracy{

cutoff wf = 9.00 rydberg

cutoff _cd = 36.00 rydberg

num_bands = 20

ksampling{
method = mesh ! {mesh(file|directinjgamma}
mesh{ nx =4, ny = 4, nz = 4 }

}

;é:type = |dapw9l
scf_convergence{

delta_total_energy = l.e -12 hartree
succession = 3
}
}
cutoff wf < cutoff_cd | < —oelohn<4ki »2% /4 -4 90Ry < 36.0Ry
<™e #Nef 1<k =g
num_bands | <t i »> L wqpae1— £ si 8 L ™A | 4 —
Ll=y ks ¢4 | eHfi— L A< 8 42=16<s0943A° 1 —V E num_bands
17 -~  <=%95  %Ne3A° 3V ksampling < ™e a4~ | Q —ofik' fi~— &
A - Fd38°1— #| 1 1 1—0re* %k ofik'fi~<od{gAce
xctype =ldapw9l # | LDA «idd =g A
scf_convergence# | — AL og A0 | — — <« i D> — Y%pm  Hartree
- qfs™e % o=3 L igffe- td=mqac
Structure K. ¢« # | L o340 | ¢ hoi J % <sof=™A 1 —
Bohr) °
structure{
unit_cell_type = primitive
unit_cel
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 I {cartesian|internal}
atoms{
#default  weight = 1, element = Si; mobile =1
#tag X 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  atomicnu mber
Si 14
}
}
atom_list # | 8 % — s/d - — L Afw wd N
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AL

element_list # | </ — L o3A0
Postprocessing K. e« # | @ —R' 024k o3 A>s
postprocessing{
charge{
sw_charge_rspace = ON
filetype = cube Hcube|density only}
title = "This is a ftitle line for the buk Si'
}
}
charge K. e« # | 8 — =M= =3 A9 | & file_names.data -~ %3™= F_CHR #
“VhOwi - td34A° fletype=cube <A{ ~ |4 Gaussiancube # 1454° |
—<% FCHR# td{hCmd | *cube— #No|  %Nef3A° Gaussian cubeh O e
| ® PHASE Viewer o = — shywpwed [ = A% #A°
41.2 —
PHASEL —|Jfe-r <3 A°
| % mpirun -np NP .././bin/phase ne=NE nk=NK |
11# NP NE NK |/ 44 - A k. ¥eod— <«i D> - - %
F @ - — L 3p9 19 F-R'0d243— — | NP=NExNK <™e %
1 J=™orq rodg 3
3V 1CPU — L e | —ffer =340
| % mpirun  .././bin/phase |
- LA | — =~  hOwd output000 -~ 19 =™ <ti »d—
L =5A° —|e-r A<z «tird- A L  #wngAc
| % grep  TOTAL output000
Sig —ofikid = [V ouputooo #| ¢ —Jfeo % 1d3Ac°
TOTAL ENERGYFOR 1 -TH ITER= - 30.851502112276 edel = -0.308515D+02
TOTAL ENERGYFOR 2 -TH ITER= - 31.428857832957 edel = -0.577356D+00
TOTAL ENERGYFOR 3 -TH ITER= - 31.547875271353 edel = -0.119017D+00
TOTAL ENERGYFOR 4 -TH ITER= - 31.575313743308 edel = -0.274385D -01
TOTAL ENERGYFOR 5 -TH ITER= - 31.582591031973 edel = -0.727729D - 02
TOTAL ENERGYFOR 6 -TH ITER= - 31.585296287695 edel = -0.270526D -02
TOTAL ENERGYFOR 7 -TH ITER= - 31.586566551584 edel = -0.127026D - 02
TOTAL ENERGYFOR 8 -TH ITER= - 31.587203940144 edel = -0.637389D -03
TOTAL ENERGYFOR 9 -TH ITER= - 31.587536187844 edel = -0.332248D - 03
TOTAL ENERGYFOR 10 -TH ITER= - 31.587714367315 edel = -0.178179D -03
TOTAL ENERGYFOR 11 -TH ITER= - 31.587811775875 edel = -0.974086D -04
TOTAL ENERGYFOR 12 -TH ITER= - 31.587865777306 edel = -0.540014D -04
TOTAL ENERGYFOR 13 -TH ITER= - 31.587896135394 edel = -0.303581D -04
TOTAL ENERGYFOR 14 -TH ITER= - 31.587913347827 edel = -0.172124D -04
TOTAL ENERGYFOR 15 -TH ITER= - 31.587923218322 edel = -0.987050D -05
TOTAL ENERGYFOR 16 -TH ITER= - 31.587928921902 edel = -0.570358D - 05
TOTAL ENERGYFOR 17 -TH ITER= - 31.587932250599 edel = -0.332870D -05
TOTAL ENERGYFOR 18 -TH ITER= - 31.587934208228 edel = -0.195763D - 05
TOTAL ENERGYFOR 19 -TH ITER= - 31.587935369846 edel = -0.116162D - 05
TOTAL ENERGYFOR 20 -TH ITER= - 31.587936064369 edel = -0.694523D -06
TOTAL ENERGYFOR 21 -TH ITER= - 31.587937128483 edel = -0.106411D - 05
TOTAL ENERGYFOR 22 -TH ITER= - 31.587 937146269 edel = -0.177857D -07
TOTAL ENERGYFOR 23 -TH ITER= - 31.587937147223 edel = -0.953783D -09
TOTAL ENERGYFOR 24 -TH ITER= - 31.587937147361 edel = -0.138854D -09
TOTAL ENERGYFOR 25 -TH ITER= - 31.587937147369 edel = -0.733991D -11
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TOTAL ENERGYFOR 26 -TH ITER= - 31.587937147369 edel = -0.358824D - 12
TOTAL ENERGYFOR 27 -TH ITER= - 31.587937147369 edel = -0.117240D -12
SCF r2™=  «tid— % o=do % %{gA°

413 —

td Vv <«£ivd| FENF hOwd - 13340

S8— #|8® FENF hOwad (0w nfefn.data) | —|ferof=™gA0
iter_ion, iter_total, etotal, forcmx
112 -31.587937147369  0.0000004495
% As<e hOws nfchrcube % ¢4 4A° L 420 <340 4k

dA02 cubefle - L a=™mgA0
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4.2 4L =

PHASE - | — L aA{is-|S= L A %NggAc | -
tyislh zA- AL A v b = - Al oA
L LA =Kk'zo L A %NeqAc -,

unit_cell_type — A primive % Bravais —> L [F¥%¥% [ A1 <2 £ %3 A°

421 R' 02 =

4211 -
AL Z
unit_cell_type = primitive
unit_ cell  {
#units  bohr
a_vector = 0.00000 5.13000 5.13000
b vector = 513000 0.00000 5.13000
c_vector = 513000 5.13000 0.00000
}
| — | ,unit_cell_type % primitve # L Bravais # L # %3 A©
AL #
unit_cel | type = Bravais
unit_cel
#units  bohr
a =1026, b = 1026, c = 10.26
alpha = 90, beta = 90, gamma= 90
}
L — |, unitcell type ¥%Bravais — —q #%3A°K'z> L o= -V 8
e R R K A .0,
—#s - 8Kk 48 Pfi - k — oz|®1-— L - e %
NQ-" — D o] ™9
unit_cell_type < <= Bravais &£ A - A | o0 ™le - «=0 00t ™Y
<4r L 5 - ,000-— | -, (05,0505 — | o ™ler «=9 o
t ™Bravais £ A{ ~ % o — | laticesystem <™e # ~3A. 41d
=0 001l ™9
(hombohedral) — ~ |, A (hexagonal) — L o340 <
— zesi— 4L 43~ <37
Loy |, Ame,—am= = kgl
-3 4 Az <) )r A-” (¢ wme h — ) .:.:IAQQ{jj;iJ #
a . 42e sd=m 0 zeiis affer  czow:ms
41K'z> <
unit_cell - A - latiic_system
.. o]
© (@) a=w b=& c=® P) primitive
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alpha=90, beta=90, gamma=90 (3] facecentered
0] bodycentered
() Ae a=@y b=¢} c=0 P) primitive
alpha=90, beta=90, gamma=90 0] bodycentered
() cfudto a=@) b=y c=0 P) primitive
alpha=90, beta=90, gamma=90 © basecentered
F facecentered
0 bodycentered
(h) ¢ho a=@ b= c=0 P) hexagonal
_ alpha=90, beta=90, gamma=120
(h) aw a=Q b= c=w R) rhombohedral
alpha=90, beta=90, gamma=120 P) hexagonal
(m) cfudto a=@) b=y c=0 P) primitive
! alpha=90, beta=1 , gamma=90 © basecentered
@) Ra a=@ b=a) c=0 P) primitive
| N alpha=| , beta=] , gamma=
¥
a¥ =ax
b =—§.\
CH =cz
¥
a” =a®-p”
b* =p*-c"
¢ =at+pF 4"
43 < - . — % v < Zeli % t4=™A
FHERE ] =z iz, HARE] — zesiza.
4.2 K! zZD — Zzell
e + 1 I
(cP) e o o
(cF) -« - - o
(ch - e « - o « - «
(tP) (o o o»
(th - G - x o » X G»
o
(oP) (o 2] o
©C) | - im & -~ G G
(oF) - o - o - @




(ol) - O Gx - O - (® G o
o
(hP) () o - __. w»
hR) | —e —« =C» —e —« —(» —¢ —-(»
n ] _ l/lr _

(MP) (e o OATIOe OB

(mC) - (» Cx (e Cx WAT10e OET)

(@P) e wAT G ODATTOF ———————— ¢

OFEl«
WEl Q& COE METI MET
i Q&
4212 —
e C e PR S [ Y Y
%Ne| 5 A.
Lo
crystal_structure -, — 4 3 A 1= ~ | diamond, hexagonal, fcc, bce,
simple_cubic — 5= %Nef 3 A° Si — - A | diamond #A .
AL - A
method  ~ automatic & A{ 1 <#, | t 4 3 AotspaceK. ¢ - — lattice_system
— | , primitve — | a{i1<s% 13A°
symmetry{
method = automatic
tspace{
lattice_system = facecentered

Krhombohedrallhexagonal|primitive|facecentered|bodycentered|basecentered}

}
}
L
| 8 tspace K. E«# g A°Si —  tspace — | —|fe-od3A.
tspace{
lattice_system = facecentered
rhombohedrallhexagonal|primitive|facecentered|bodycentered|basecentered}
num_generators = 3
generators{
#tag rotation tx ty tz
IE 0 0 0
C31+ 0 0 0
CAX+ 14 12 3/4
}
}

E, 4 e <4 latice_system =facecentered #, 3V, — %3N 1 <4
num_generators =3 # =V #, 2= generators — #,IE, C31+ C4X+ ¥, - 3 —
AL ez TMg A9

ﬂ
— — AL =g A
— |, —«ou¢2 s3 A, [,74-4 =- - -3 4. -
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Y — & <= generators v > Ki — rotation L <34, e |k 3%
% A d <34, 0%, : — A=W XYL o3A. 2],
- gzl — gL Ai<s%m  #£4.
1 E XY Z 13 IE -X-Y -Z
2 C6+ W X Z 14 I1IC6+ -W-X-Z
3 C3+ -Y W Z 15 IC3+ Y -W-Z
4 C2 -X-Y Z 16 IC2 X Y-Z
5 C3 -W-X Z 17 IC3- w X-Z
6 C6 Y-W Z 18 IC6- -Y W-Z
7 C211 -W Y -Z 19 I1IC211 W-Y Z
8 C221 X W-Z 20 1C221 -X -W Z
9 C231 -Y-X-Z 21 1C231 Y X Z
10 C212 W-Y -Z 22 1IC212 -W Y Z
11 C222 -X -W-Z 23 1C222 X W Z
12 C232 Y X-Z 24 1C232 -Y -X Z
1 E XY Z 25 IE -X-Y -Z
2 C2X X-Y-Z 26 I1IC2X -X Y Z
3 C2y -X Y -Z 27 1C2y X-Y Z
4 C2Z -X-Y Z 28 1C2z X Y-Z
5 C31+ z X Y 29 IC31+ -Z -X-Y
6 C32+-Z X-Y 30 IC32+ Z-X Y
7 C33+-Z2-X'Y 31 IC33+ Z X-Y
8 C34+ Z-X-Y 32 IC34+ -Z X Y
9 C31- Y Z X 33 IC31- -Y -Z -X
10 C32- Y -Z-X 34 1C32- -Y Z X
11 C33 -Y Z-X 35 IC33- Y -Z X
12 C34 -Y-Z X 36 1IC34- 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 C2Db -X ZY 40 IC2Db X -Z-Y
17 C2E -Z-Y -X 41 IC2ZE Z Y X
18 C2F -X-Z-Y 42 IC2F X ZY
19 CaX+ X-Z2 Y 43 IC4X+ -X Z -Y
20 C4y+ Z Y -X 44 IC4Y+ -Z -Y X
21 C4z+ -Y X Z 45 IC4z+ Y -X-Z
2 C4x X Z-Y 46 IC4X- -X-Z2 Y
23 Ca4Y- -Z Y X 47 1IC4AY- Z -Y -X
24 C4z Y -X Z 48 I1C4z- -Y X -Z
, - e | generators v > Ki —tx,tytz ~/ 4 - 4 oA,  zesid -
# =001 ™,
4213 ¥%sNe]|
%Nef| ,vdE A -, L kAL <%#E % A0
AL e ™™
sw_inversion ~ off & -3 A. 1 —-<%,S — — aomlist |, —|er egA°
atom_list{
atoms{
I#tag rx ry rz element
0.125 0.125 0.125 Si
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-0.125 -0.125 -0.125 Si

sw_inversion ~ ond  ~5A.

V<4 — e L <= %Ne| —# sw_inversion & on~ A < AL
Fa < %% %q A0
atom_list{
coordinate_system = internal I {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
}
}
1 — | swinversion £ ong w=8 —fer  #%qA°
atom_list{
coordinate_system = inter nal ! {cartesian|internal}
atoms{
#units {angstrom(cartesian) | bohr(cartesian)}
#tag rx ry rz weight element mobile
0.125 0.125 0.125 2 Si 1
}
}
symmetng
SW_inversion = on
}

- . —F'2<0q %NV E-,weight — # 14 — q#1|,2¢<
of =™3 A9 weight  %2— | - —«HD%Ne| eD 2% tdgA0
2 ¢ =V - % 34] tv—opond AL <549 0%,

LA — |, #Nisro oo™ gy —o™ 2%
™= sw_inversion=on & A{s<s o % td=e3e - ==0 c0f ™™
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422 o fi (Si2)
ol fi % A b s fiy — | 2 & q3ac 10| ol dfi 2 Yl
o Sies™e L <egA° 44| Si— £A°

| & sample/Si2/ A °

44 Si— ° | 2 4 5 oL

SCF
SCF & s L o3Av | sample/Si2/scf # A ©
hOws file_names.data ~ 25™= 8 R' 00 4h e < wefio' id o370
F_INP = "finput_scf_Si.data'
F POT(Q) = '..Jpp/Si Idapw9l nc_Ol.pp'
F CHGT = './scfinfchgt.data’

R! 0D AdhOmsd ~23™= 8 crystal structure AL diamond < ~=8 AL =3 A°

accuracy{

}

structure{

cutoff_wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg
num_bands = 8
unit_cell_type = Bravais
unit_cell
a = 1026, b = 1026, c = 10.26
apha = 90, beta = 90, gamma= 90
}
symmetny{
crystal_structure = diamond
}
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atom_list{
atoms{
#tag rx ry rz element
0.125 0.125 0.125 Si
-0.125 -0.125 -0.125 Si

}

<ti D & A num_bands — | %2 0—%# 8 o= ™3 A0

PHASEL  —5 A0

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

% A< flenamesdata £ ™Me h 0w — % F CHGT # =V h O i
nfchgt.data ~ - = Y — % 1dqac

(DOS)—

DOS 4L  ~3A¢ | & sample/Si2/dos # A °
— hOwd % %td{—%L t1{vEsSCF L [ves" cufdg]| —ea" oy
"o egAe
SCF - hOwsd nfchgtdata & ™3 A9 wefic' i | SCF < o L—d m™gAo
file_names.data # | hDwd & —Jfe- w=™5A0

F_INP "finput_dos_Si.data’
F_POT(Q) ".[L.Ipp/Si_ldapw9l nc_01.pp’

F CHGT = 'Jscf  /Infchgtdata

F_ENERG './nfene.r.éy.data‘

FCHGT # =™ —+¢2a| SCF  # [V hOw #A°

hOwsd | input dos Sidata < nfchgtdata — 2=# A
hOws input dos Sidata —= ™= SCF  — ROwew inputscf Sidata < o4 &
r 4::' A 9

ControK

}

accuracy{
cutoff wf
cutoff_cd
num_bands
ksampling{
method = mesh
mesh{ nx =4, ny = 4 nz = 4 }

condition = fixed_charge

9.00 rydberg
36.00 rydberg
8

}

smearing{
method = tetrahedral

}
xctype = Ildapw9l
initial_wavefunctions = matrix_diagon
matrix_diagon{
cutoff wf = 9.00 rydberg
}

ek _convergence{
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num_max_iteration
sw_eval_eig_diff

200
on

delta_eigenvalue l.e -8 hartree
succession =2
}
}
postprocessing{
dos{
sw_dos = ON
method = tetrahed ral { tetrahedral | Gaussian }
deltaE_dos =le-3 eV
nwd_window width = 10
}
}
—a=#Ng Control — # SCF # [4v — &£ <= aAfisd <540

ksamplng # | Q afik' fi~%t 1 1° smearing # | & ™ | <8 ek _convergence  #
| d  ~=™3 A9 Postprocess ing K. - # | - < ==8 ~ |H
— —R'022a% 1q=™Ac
LA = ROwd & [=8Kk. ~'+ ekcald ™=s — 4 m™myps
| % mpirun  ./././bin/ekcal
& Aq<enfenergydata < ™e  hDwd % td434° 19| Q os—«tird &
«tid— ™ 5k - oV ll—g /- — —lferof=m™gAc
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
0.26 19554320 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 0.600 6244013 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 ( 0.0000 00 0.460000 0.460000 )
- 0.0704931128 - 0.0251220735 0.1267574962 0.1267574962
0.2579721226 0.2687346642 0.5892968047 0.5892968047
—2 | 744 QszPfir— L =3A° 3 | 11— 2 eHf | td =™y ™
1< 3v o4 | %t ki v — & =g A0
421 dospld | = — 4 30 A «£i D> — El < E2
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i k=

| %dospl dosdata - erange=E1,E2 |
<A{ < Postscript — density_of_stateseps % |Fd3A° 3V -with_fermi < ™e o K
o Tid=1= 1 — L A{cx 4 FhvikERT z1 % % YgAc ¥
0o EK—NQ“ $| —<«£ 1 D —< | Fr s 1/sJ||=|A9
1— £ — e - =3 A°
| %dos.pl dosdata -erange= - 135 - with fermi |
Siz— 4L 45~ o3 A0
3-5 T T T T T T T T
3 - -
25 1
£
B
§ 15 -
[a]
1 - -
05 _
0 1 1 1 1 1 1 1
-12 -10 -8 -6 -4 -2 0 2 4
Eneray (eV)
45Si2—
Pfi
DOS 4L  ~34A¢ | & sample/Si2/band # A °
file_names.data # | hDws & —Jfe- =™ A0

F_INP = "finput_band_Si.data’

F _POT(1) = "./.Jpp/Si_Idapw9l nc_01.pp'
F_KPOINT = ‘.fools/kpoint.data’

F CHGT = './scfinfchgt.data’

hOws | input band Sidata 48 k —e > = | kpointdata # Nef| 1 <4 =™ A
h Owmsi kpointdata | &2 i band kpointpl & ™= o3 Ae A kK LD wi
bandkpt fcc_xglux.in # =3 A°
| % band_kpoint.pl bandkpt_fcc_xglux.in
L = ROw & [ = K. ='F ekcald g0
| % mpirun  ../.J./oin/ekcal
hOwsd nfenergydata Y| #27 bandpl & ™= Pfiy L o340
421 pandpld —|fe~ A4 < Postscript —h Dws band_structureeps %  td34°

92




| % band.pl  nfenergy.data bandkpt_fcc xglux.in -erange=E1,E2 - with fermi

1— #£]® A <ird - El < E2 4 El=-13< E2=5< o=3
—fe- -3a° . _ _
| % band.pl  nfenergy.data bandkpt fcc_xglux.in - erange= - 13,5 - with_fermi

Si2—pPfiy & 46~ o3 A°

Energy (eV)
IS

-10 / i
12 b
r

46Si2—Pfi )

x
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4.3 ®Hfi 4L oV

d L e ~|eHfi & A{ %Ng35A° eHfi

1]
0
.}
>
©

AL

w. F = <

-
™
I
IA
8
i
I=
I
IA
I}
i

— < o= L~ o340 | # sample/bcc_Fe# A °

Control
condition = initial
cpumax = 3 hour
max_iteration = 250

}

accuracy{
cutoff_wf
cutoff_cd
num_bands
ksampling{
method = mesh
mesh{ nx = 10, ny = 10, nz = 10 }

25 rydberg
225.00 rydberg
20

}

smearing{
method = tetrahedral
}

Xctype = ggapbe

scf_convergence{
delta_total energy = 1le-10 hartree
succession = 3

}

structure{
unit_cell_type = Bravais
unit_celf
#units  angstrom
a = 2845 b = 2845 ¢ = 2845
alpha = 90, beta = 90, gamma= 90
}

symmetny{
crystal_structure = bcc
}

magnetic_state = ferro

atom_list{
atoms{
l#tag rx ry rz element
0.000 0.000 0.000 Fe
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element _list{ Htag element  atomicnumber zeta dev
Fe 26 0275 15 }
}
Postprocessing{
dos{
sw_dos = ON
method = tetrahedral
deltaE = l.e -4 hartree
nwd_dos_window_width = 10
}
charge{
sw_charge_rspace = OFF
filetype = cube
title = "This is a tile line for FMbcc Fe"
}
}
printlevel{
base =1
}
crystal_structure  # © —  (bccs ™e )ENY 1 <L =™y AL = aey ¥
R 1
iK'z m = =™z, | 1x—q o=T™RA, ~ Nef ~=
™A™~ 2ot ™ crystal_structure ~ becs ™e & A< k. -~ r%  — L&
- A-z, - = <oqdgA°
oHfi -
L e  ~ |, magnetic_state < ferro < oq A9
structure{
magnetic_state = ferro {paralantiferro|ferro}
}
t k-, — oHfi L A %N 3A. ROwd - N,
element _list{ #itag element  atomicnumber zeta dev
Fe 26 0275 15
}
— zeta = 0275 < ™e — %,= ek ®Hfi< s »fin eHfi — — 4 A, oHfi
- En &s T &n & L o= TM=| A.
4312 —
oHfi — | ,. ~hOws output000 - 1d34° —ffero=  A{1<%EHRYA.
| % grep charge output0O0 | grep NEW| more
P input -file style = NEW
INEW total  charge (UP, DOWN,SUM) = 491749982 (4 3.08250018 () 8.00000000
INEW total  charge (UP, DOWN,SUM) = 475677803 (+) 324322197 () 8.00000000
INEW total  charge (UP, DOWN,SUM) = 464472738 (4 335527262 () 8.00000000
INEW total  charge (UP, DOWN,SUM) = 455104317 (+) 344895683 (<) 8.0 0000000
INEW total  charge (UP, DOWN,SUM) = 447221206 (4 352778794 () 8.00000000
INEW total  charge (UP, DOWN,SUM) = 446057861 (+) 353942139  (9) 8.00000000

95




INEW total  charge (UP,
INEW total  charge (UP,
INEW total  charge (UP,
INEW total  charge (UP,

DOWN, SUM) =
DOWN, SUM) =
DOWN, SUM) =
DOWN, SUM) =

448476557  (+) 351523443 (=) _ 8.00000000
452141098  (+) 3.47858902 (=) 8.00000000
456555794 (+) 343444206 (=) 8.00000000
461364243  (+) 3.386 35757 (=) 8.00000000

INEW total  charge (UP, DOWN,SUM) = 511286684 (+) 2.88713316 () 8.00000000
INEW total  charge (UP, DOWN,SUM) = 5.11285665 (+) 2.88714335 (3) 8.00000000
INEW total  charge (UP, DOWN,SUM) = 5.11284790 (+) 2.88715210 (3) 8.00000000
INEW total  char ge (UP, DOWN,SUM) = 511284030 (+) 2.88715970 (9 8.00000000
INEW total  charge (UP, DOWN,SUM) = 5.11283035 (+) 2.88716965 (=) 8.00000000
INEW total  charge (UP, DOWN,SUM) = 5.11282059 (4) 2.88717941 (9) 8.00000000
L1 #, eHfi — — &n & T & L oe<,1d%B- MxYs™e - o=
<% Y%d3A.
—fe- aA{se - #£-— — B EFAO
% grep charge output0O0 | more
F_CHGT = .Infcharge.data opened = false
P* . charge precondi tioning -
P+ sw_charge_rspace = 0
P charge_filetype = 1
= charge_title =
P deviation( 1) of the Gauss. distrib. func. for the initial charge construction = 1.50000
F_CHGT = /nfcharge.data
F_CHGT = .Infcharge.data
I total charge = 8.000000 (m_CD_initial_CD_by Gauss_func)
IOLD total charge (UP, DOWN,SUM) = 5.10000000 (+) 2.90000000 (=) 8.00000000
INEW to tal charge (UP, DOWN,SUM) = 491749982 (+) 3.08250018 (=) 8.00000000
IOLD total charge (UP, DOWN,SUM) = 491749982 (+) 3.08250018 (=) 8.00000000
INEW total  charge (UP, DOWN,SUM) = 475677803 (+) 3.24322197 (5) 8.00000000
IOLD total charge (UP, DOWN,SUM) = 475677803 (+) 3.24322197 (3) 8.00000000
INEW total  charge (UP, DOWN,SUM) = 464472738 (+) 3.35527262 (9) 8.00000000
432 —
-t - < | AV L AV E-| oH fi
4k ~A{ %N A S eeco™M ™M 2 # Ne| — 4+ 340
— ™=l oy er ®H fi | oS oY A1 <s%EKIFEI/ L 2
PHASE 2| o0 wefi-" id A & o« areHfi L Afis-|=
0 oHfi & A1 <%EHAC
4321 R' o2
_ < o= w. F J—L < o= @:I A 9
L1 e LeHfi % of L o <e= e magnetic_state | ferro
< A L o3A°Cr— |2 —|ferCrlsCrR< o= <3A°
element_list{
#itag element  atomicnumber zeta
Crl 24 0.3
Cr2 24 -0.3
}
}
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Crl < Cr2 < ™e 2 L . eHfi <o=/4.40303<™ &L o=™As
| —fer  egac ] 28 % g~ ™MeHfi  — %1 |-
Bl Ais- o= g™
atom_list{
atoms{
fitag X ry rz element
0.000 0.000 0.000 Crl
0.500 0.500 0.500 Cr2
}
}
—  Crl~ L Cr2r o=™3 A
oHfi — < —= 8 magnetic_state 2 ferro < =3 A°
magnetic_state = ferro Hpara| ferro}
fle_namesdata h Dwed # |8 wefio' id —Jle- <3A0
&fnames
F_INP = "/nfinp.data’
F POT(1) = '././Cr_ggapbe _paw_002.gncpp2'
F _POT(2) = './.ICr_ggapbe_paw_002.gncpp2'
/
A= ccr2sl 0 wefio' i NDwad % t9{ 104740
L = — 4L e <l gp0

l_

Looafischss

H o
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44

- o 4 = L el <%% %A - L ~3A0

4L en—| h,D—iL —||-€‘l- =3 A°
accuracy K. B -r2%™= - o — — L —fer ™ga° 1 —R' 0343 %
— <0 =| 3A°
accuracy{
max_force = 1.0e -3 hartree/bohr
}
max_force—e h 01 J | pm  hartree/lbohr # A
Structure K. e« — —  atom_list - mobile & o - <o ~1s™e 4
cqA°  — oo™ [ ONg ™| *s o7 A0
structuref{
atom_list{
Htag 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
}
}
1— #] 1 —Ba | — <M 2 <4 -0 <3 —Ba % —
< e=Tq A
structure_evolution K. P« r 8 — dogAs
structure_evolution{
method = quench
d =50
}
method — 4L 3 A° —oko "fi< o= quench (quenched MD ) cg
(CG ) gdis (GDIS ) bfgs (BFGS )—"[4 %% =3A°ehoi s | quench
FA°
dt L e — 1LY %™ % o 4+™{3A% %A%|s L
<0 131 <s%HEBOO A HNJ3A° ehoi s | # 100#A°
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GDIIS Ne| ™| BFGS | - 0 Y5 %™ - #2%O™  %Ne|l—% % %™ |

quenched MD % CG &  ~8 Ngf % to0f =%|-GDISBFGS) ~ 4 44 <™e
L o3 A° GDISBFGS) - 4 44 - < 4 4- | 744
initial_method < ¢ forcgdis &L o= —Jler =3 A.
structure_evolution{
method = gdiis
dt = 50
gdiis{
initial_method = cg
c_forc2gdiis = 0.0025 hartree/bohr
}
}
Ko P o | GDIIS, BFGS £ gdisZA° ¢ hOT | initial_method ¥ cg, c_forc2gdiis Vs
0.05 hartreefbohr # A °
442 —
L A< FENFhOww ( —h 0w nfendata ) <« i »>4 - 9 -
— % FDYNM{Owed ( —hOw nfdynm.data )~ - % 1d340
443 ol fi =
SRLE. - #a0 o wpb Anhe= sump- 4
A #Av | & sample/Si2/relax # A ©
h O
hOwd file_namesdata — # | hO=ad input_relax_Sidata < — < - 2
- — NDOwd nfdynmdata % 1 =™A°
F_INP = "finput_relax_Si.data’
F:DYNM = '/nfdynm.data’
hOwd input_relax_Sidata | ® L 0125% | 60 0130 < =8 0 s |k 4
ME<=™5A° 37V mobie — & yes - o= L - e=™ Al
structuref{
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
}
}
}
accuracyK. P <% ~ 0 — L o3A0
accu racy{

force_convergence{
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max_force = 1.0e -3
}
}
—  hOwd nfdynmdata |  — 4 #A°
#
# a.vector = 0.0000000000 5.1300000000 5.1300000000
# b.ovector = 5.1300000000 0.0000000000 5.1300000000
# c.vector = 5.1300000000 5.1300000000 0.0000000000
# nyp = 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 1.33170729 7 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 -0.009 614  -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 )
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 -1.28 4767108 -1.284767108 -1.284767108 0.000159 0.000159 0.000159
l—eL # % 34 | ¢da— L L=maAy /- — -0 fi AL«
— Ak A - %34 #NJ Vi< AogL t— r % 33
tdvisd a=m™gAv - = A0 | 3 — = - <t i D
o= 1 =™ A0
Vv /= =2 | — (x,y,z, bohr ) %l - (x,y,z, hartree/bohr —
L oc=mqas ifcod & g% J=dos % qe=d= - o %
- o=do 1<% %{gA° - - — % -tV
er\/\/I:r - Vs == T3 A°

100




451 — 4L A~
PHASE | ~ L A %N -2 o # 02— L el<|#%g Y+
Yoo 00 1=~ |4 < slo™ L el < 200 |
< % co™  — %rdh {gA9 19 p2— L o340 1 Ve
Pafi = A <380 1= = ] 47~ 1d{lfece Kk L ™Ac @
K— — Si —Wfi » | o) % o= TM=I A°

wH

oS

/L AN\
¥ |
Uy
/ %%“ /
s g
47 =V Si(001)-p(2x 1) -
I — # A flenamesdata # A®°
&fnames
F_INP = "finput_SiH2x1.data'
F _POT(1) = "./pp/Si_ldapw9l_nc_01.pp'
F POT(2) = "./ppM_ldapw9l nc_Ol.pp'
&e.r-{(.j ............................
F POT(1) < F_POT(2) r~ 8 Si < H — wefiet id =M A

R! 0D #EA®

k ofik' fi=— #A°
accuracy{
cutoff wf

15.00 rydberg

cutoff cd = 60.00 rydberg
num_bands = 25
ksampling{

method = monk ! {mesh[file|directinjgamma}
mesh{ nx =2, ny = 4 nz = 1 }
kshift{ ki =05 k2 =05 k3 =00 }
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I = $| Q!K AL TMETM_“\/l: k _Dflklf|-| 0 "ll OOTLJ'ETM=IA9

structure{
unit_cell_type = primitive
unit_celf
a vector = 14512 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|afiferro}
atom_list{
coordinate_system = internal
atoms{
#default  weight = 1, ele ment = Si; mobile =0
#tag X ry rz element
0.26177 050000 0.65651 H
0.73823  0.50000 0.65643 H
0.34138 050000 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 0.2 4167
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 Ycube|density only}
title = "Si(001) p(@2x1) surface terminated by H atoms"
}
}
atoms — % ehoiJ < o= LSier =™z element - H< o= ™
- - | Sirod3A° 3v 4 |deh0oi s < o= mobile=0 < o=™|—2 =-—
-1 =
| %grep TOTAL output000
< o= <« D — L Ax< —feo % g4
TOTAL ENERGYFOR 1 -TH MER=  -41206501960258  edel = -0412065D+02 : SOLVER= MATDIAGON
TOTAL ENERGYFOR 2 -THITER=  -42.928541839902  edel = -0.172204D+01 : SOLVER= DAVIDSON
TOTAL ENERGYFOR 3 -TH ITER=  -42.956734520103  edel = -0.281927D -0l : SOLVER= DAVIDSON
TOTAL ENERGYFOR 4 -TH ITER=  -42960659333525  edel = -0.392481D -02 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 5 -TH ITER=  -42961623666220  edel = -0.964333D -03 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 6 -TH ITER=  -42.962559338199  edel = -0.935672D -03 : SOLVER= SUBMAT+ RMM3
TOTALENERGYFOR 7 -THITER=  -42.964136746929  edel = -0.57741D -02 : SOLVER= SUBMAT+ RMM3
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TOTAL ENERGYFOR 8 -TH ITER= - 42.964791285123 edel = -0.654538D -03 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 9 -TH ITER= - 42.964953052183 edel = -0.161767D -03 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 10 -TH ITER= - 42.965045860995 edel = -0.928088D -04 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 11 -TH ITER= - 42.965076083146 edel = -0.302222D -04 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 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 ENERGYFOR 14 -TH ITER= - 42.965092402734 edel = -0.851945D -06 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 15 -TH ITER= - 42.965092972980 edel = -0570245D -06 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 16 -TH ITER= - 42.965093291397 edel = -0.318417D -06 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 17 -TH ITER= - 42.965093454357 edel = -0.162961D -06 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGY FOR 18 -TH ITER= - 42.965093580068 edel = -0125710D -06 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 19 -TH ITER= - 42.965093601039 edel = -0209711D -07 : SOLVER= SUBMAT+ RMM3
TOTAL ENERGYFOR 20 -TH ITER= - 42.965093604435 edel = -0.339656D -08 : SOLVER= SUBMAT+ RMM3

L= - A «i D> ord  ~a=™mgay Lo —
Loe s —fere = =/ ks ovs L oo/ -

I= |

(mobile=1) - 1=4{  %NggA°
atoms{
#default  weight = 1, element = Si; mobile =1
#tag rx ry rz element  mobile
0.26177 050000 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
}
Si(001) —PPei oV bt/ D— | p¢ p 2|00 ct ¢ 2Aa% 11— & A
| Sitewddle = dAn> = - A Si bward>— & -eotd ro
193+
452 e
- | %oNe|  %Ne| 7 L afiscb= pp - 22
— 11— zeid 4 e <% ZzAOPt —(111) &£ <5891 — — hOwd —
structure K. &« | —fferaf=™3A°
structure{
element_list{

#tag element atomicnumber mass zeta deviation
Pt 78 355606.909 0.0 1.83

}
atom_list{
coordinate_system = cartesian
atoms{
#units  angstrom
#itag element rx ry rz mobile weight
Pt 0.00 0.00 0.00
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Pt 1.4142135624 2.4494897428 0.00

Pt 2.8284271248 0.00 0.00

Pt 4.2426406871 2.4494897428 0.0 0

Pt 5.6568542497 3.2659863239 2.30940111

Pt 4.2426406874 0.8164965811 2.30940111

Pt 2.828427125 3.2659863239 2.30940111

Pt 1.4142135626 0.8164965811 2.30940111

Pt 2.8284271245 1.6329931617 4.618802187

Pt 4.2426406868 4.0824829045 4.618802187
Pt5.65685424 92 1.6329931617 4.618802187
Pt 7.0710678116 4.0824829045 4.618802187

Pt 5.6568543525 0.0000002214 6.928203264

Pt 1.4142137683 2.4494897428 6.928203264

Pt 2.8284271248 0.00 6.928203264

Pt 4.2426406871 2.4494897428 6.928203264

Pt 5.6568542497 3.2659863239 9. 237604341
Pt 4.2426406874 0.8164965811 9.237604341

Pt 2.828427125 3.2659863239 9.237604341

Pt 1.4142135626 0.8164965811 9.237604341

Pt 2.8284271245 1.6329931617 - 2.30940111
Pt 4.2426406868 4.0824829045 - 2.30940111
Pt 5.6568542492 1.6329931617 - 2.30940111
Pt 7.0710678116 4.0824829045 - 2.30940111
Pt 5.6568542497 3.2659863239 - 4.618802187
Pt 4.2426406874 0.8164965811 - 4.618802187
Pt 2.828427125 3.2659863239 - 4.618802187
Pt 1.4142135626 0.8164965811 - 4.618802187
Pt 2.8284270217 4.8989792642 - 6.928203264
Pt7.0 710676059 2.4494897428 - 6.928203264
Pt 2.8284271248 0.00 - 6.928203264
Pt 4.2426406871 2.4494897428 - 6.928203264
Pt2.8284271245 1.6329931617 - 9.237604341
Pt 4.2426406868 4.0824829045 - 9.237604341
Pt 5.6568542492 1.6329931617 - 9.237604341
Pt 7.0710678116 4. 0824829045 -9.237604341
}
unit_celf
#units  angstrom
a vector = 5.6568542495 0.00 0.00
b vector = 2.8284271247 4.8989794856 0.00
c vector = 0.00 0.00 30.00
}
symmetny{
method = automatic
tspace{
lattice_system = primitive
}
SW_inversion = on
}
}
L= # | L - %Nef 3 A9 1 — & AV E- symmetry K. ee— —
sw_inversion  dons =™ A9 | —  #Dad A < 48<0q3A¢°
1— —fer | s - L <afis-|r= %Ne|| fero{  %NegA°
L—lFeo | swinversion R' @3> adLonsAqi s |ff = L FERF A
L 4 nx2d  t3yv L e | - - Ais-r =4
L A% #Av
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WPt

A8PH111) — °o sei— L ~A{isr|f= %Ne]
453 - <t i »)D
OK-2314 —  «£i »d| —fe- A{is%  #£Ac
r O 'O Tco
LL# % <«ti D) 0% — <«ti»d) 0% A — <ti»d 0% FA°
28 [ =™ —| Z | %2= J{wlzae 5V O] :eic< % el|er @
dDi eV Nz 4 og5A0
AL V- | & —  <ki»D— #EA?
Pt(111) 9 —(u) , 36 °
W ® vpouw ohrh 1 wth  p o
48—z ¢ i
Pt(110) MR |15 — missing-row (MR)(110) , 28
MR < | —0 Gt e=™| %1 %% 1=™  —-eie

|d U ¢yt gkidcanh 1 1wt
410—- ¢i | — #| @RJ¥iF =™ o
Pt(110) 15 —(110) , 15 9
G Yho ccqytgxpwg owh [ 1 o
49—: ¢i | — #| @RI ¥iE =™ 9

Pt ‘ '
oy 7o N ‘7
b NP ~AA
Y, - -T
s A
" e >
YN B 1
o -’- -~ ~&
. Pt
- - -
G gl iAgraig
- e - -
z
T’yx T e S
> ~

4.9 P(110) (RO ¥ )




oA .
, QL el I8 e
410Pt(110)  missing -row (O RD #i )
| @) % L # (110) ~="™= | missing-row % tq{<std=™001—|
ecl <% i d— Y #zw|isd <340
0 EAN
TM|—H| —. i L AL
, ©ePJoh «ti »2 | 25Rydberg
, k ofik'fi=] @1)~ o=]| 6x6x1,(110) - <=| 6x8xL, (110)MR ~ == | 3x8xl
| BFGS ~ |}f = - | ¢ pmt  hartree/bohr
, - sof | wha =
1 —|er o= v <« i d-— A 43r3<s k3 Vo) —  «i2%
to  ~(OMR, L <47 12% %™-%(110) <™e % |43 <V
43 - <t 1 0D 9 (111), MOMR, (110) — # <4E i1 0D3% ¢ ™
(111) (110) MR (110)
<1 »D (eVIAY 0.089 0.099 0.108

106




I
@:I A 9
46.1

R' 02 =

L

| 8

i

TM||_e,_8A=E_§i Z - i —

1

ks

TM:I Ao

]

<r-
#

= I

{ |Fe - unit_cell &

%Ne 5 A ©

4

mfik' fi=]3

Y8\

4L
1=

| 8

©=IA9

unit_celf
a_vector
b _vector
C_vector

150
0.0
0.0

0.0
150
0.0

0.0
0.0
150

R' 0> a#A°

-

Yo0” APJ FT < o= Mg A

ControK

condition initial
cpumax = 1 day !
max_iteration

}

accuracy{
cutoff_wf
cutoff_cd
num_bands 8
xctype = ggapbe
initial_wavefunctions
matrix_diagon {
cutoff wf =50
}
ksampling{
method
}
scf_convergence{
delta_total energy
succession = 3
num_max_iteration
}
force_convergence{
delta_force

= gamma

initial_charge_density

}

structuref{
unit_cell_type
unit_cell
a_vector
b_vector
C_vector

}
symmetny{

tspace{

lattice_system

generators{

25.00
225.00

maximum cpu time

= 6000

rydberg
rydberg

matrix_diagon

rydberg

=1e-10

= 300

=le-4

= Gauss

prim itive

150
0.0
0.0

0.0
15.0
0.0

= primitive

0.0
0.0
150
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#itag rotation x ty tz
C2z 0 0O
IC2x 0 0O
}
}

}

atom_list{
coordinate_system = cartesian
atoms{

Hdefault 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 0O
}
element _list{ #units  atomic_mass
#tag element  atomicnumber zeta dev
H 1 1.00 05
O 8 017 10 }
}
wif_solver{

solvers  {

#tag sol till_n dts dte itr var prec cmix submat
msd 5 01 01 1 tanh on 1 on
Im+msd 10 01 04 50 tanh on 1 on
mm2p -1 04 04 1 tanh on 2 on

}

rmm {

edelta_change to_rmm =1d-6

}

lineminimization {

dt_lower_critical =01
dt_upper_critical =30

}

}
charge_mixing{

mixing_methods  {

Hag id method rmxs rmxe itr var prec istr  nbxmix update
1 broyden2 03 03 1 lnear on 5 10
2 simple 02 05 100 linear on * *

}
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47 —

PHASE | SCF | # L ™y AY =V A - ho! « =

Y=kl #zA° 1 eAq 1<~ |ff = PHASE-Viewer o & o= — L el <%
£A° 4L - t v E-| NO o — ~ postprocessing K. -4 o

t k-/ — -~ chargeK. e« o/ — 7 &L ™M A0e

postprocessing{
charge{
sw_charge_rspace = on
filetype = cube
}
}
charge K. b« — # | - — &L mps
sw_charge_rspace 4k 2 Awzewd 4 #A°0on- A < —
s 0 J|| 3A°
filetype ¢Da—edahodyve,d =3 A ° density_only < cube¥% =3 A°
density_only — —1% td34°enh0i s | density_only # A ®
cube — Gaussian Cube ~ # Y t93A°1—R" 02D |
cuber A{irsd =50
title GaussianCube h Dwai —0 <6k =g A® 4 H 4k
—2 E3 T =| A°
3V filetype < == cubed =V fle_ names.data h 0w ~ 23™= N — N O o
L o=z 1<d oqA0

&fnames

E_CHR = "Infchr.cube'
/

~o™ —ehoiJ | nfchrdata #A°
oHfi &L <= | file_namesdata # <V hOws % nfchrcube # Nd V<A<
nfchrup.cube < nfchrdown.cube < ™e 2= —h Dwd ~/ 4 - 4 ®@Hfi= ek b »fi - A
¢24% 1934 —V 411~ — oH fi < oHfi — AL PHASE -Viewer
2 =V 4 =3 A°
t ke —<ti > — L % = 13 L PHASE - | ff =™qA° 1 —
,_:TME| 8 — 24 T™M= ':’:IAQ
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4.8 —

SCF %  =V—L — & vy s%ERTAC — &L evE-| h
Do — - postprocessing K. -4  « 1 |kr/ — ~ doskK. Bed o/ — z AL
4°
postprocessing{
dos{
sw_dos = on
method = gaussian
deltaE _dos = le-4 hartree
}
}
dos K. % | — L el <% ERAAC
sw_dos L evzewnd A 200 - 4 e on < -3
JANE
method - & <3 A° gaussian < tetrahedral — ™[4 % A1 < %2
%3 A° gaussiand v «ird) dLepeo = L& vyv #
- % |- 5 A ¢ tetrahedral — - |H 0 A
el <%% %] A° Voo tetrahedral &£ A — % % %
L, 3 oo f TM9
deltaE_dos - A ivo— Lo, P> 2 o3Acehoi |
le-4 hartree # A °
- < <= tetrahedral &£ A — % Vid=™ %NgzA
, k ofik'fi= <o=mesh &£ o=
accuracy{
ksampling{
method = mesh
}
}
, sSmearing — < o= tetrahedral & o=
accuracy{
smearing{
method = tetrahedral
}
}
% vV td =™ ™< gaussian  ~ |H| % F=-3e—% o Dot ™
—V E gaussian < tetraheral # = <V - dyd- 4 210< 211~ <3
Aok oee* |74 -4 10x 10x 104 o5 <ve 4122%|d 413 |l{ Tetrahedral
# — Yo' dk#z  —|fml_3p k=™ 1<% %{gA°
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&
L
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o
PHASE ~ |
- %TM_
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\
h | MU VUH |

AT H H

‘c
U\H\

A}

‘Mvvw T vu“v VWV W\r

412 Gaussian #

0
Energy (eV)

=V

413 Tetrahedral

0
Energy (eV)

# =V

A
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49P fi » —

49.1k

Pfi) —

k —e22|8adi band kpointpl 4

sqA°/ —

—¢Da—

-lePfiy &

| —feol_zas

Ak —e2 4%
=3 A ° 5 [] band_kpointpl —

ZA°

O w4

dkv

blx b2x b3x
bly b2y b3y
blz b2z b3z
nl n2 n3 nd #

Symbol

dkv %Q — ,

,Pfi)

—lre-

<3

blx,blyblz |
N </ — fiw —
ralgae
S I
Q —w —w
¢ &

TM= D oo TM.

Z-li O—xyz

- [

Ao o fiWl | #= -

Loqpe ofiwi — |
PR R L ™. d

ZA°

m

—

m

Z'J i (I),(I)l—:TMEI'L

2| Nefq 5 4%

200
%Ne|

0.02
-10
10
1.0

1.0
-10
1.0

10
-1.0

x

RPUORLROO
ONRFROPR
PO ROPR
NONRFRN
o
XCcrr=

'Symbol

< k -

1.0

<eeee Z )i

P
G}

nl n2 n3 nd # Symbol

I —hD w4

<V | — |Fe - band_kpoint.pl 4

Adl fhO = kpointdata ¥

i

% band_kpoint.pl

bandkpt.in

kpoint.data |

—feo Fof=m™A0

141 141
50 50
49 49
48 48
47 47
46 46
45 45

100
100
100
100
100
100
100
100

lcNoNoNeoNoNoNo¥e
PR RRRRRR

(@)
(b)

| —le
@ k -
(0) 4=-

(L L # PGP

o #AO

L o3A. 01— #£],141
| /4 At —fe-
Z-lJli ZA)

FA®
=V
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9
C
™ | ™
%z
(YV| ™
%z
™ | ™
%1

492 — 4 e

I=
8

>
©

— | ke ='r ekcal k. ="k
SCF— AL [Ves™ <t or AL QE”-_ |N9=|=|z=*=%, N=—4D 2%
%t 9 o ™Mfera{vE V- — ¢o” oyt od A1 st EegA.

4921 R' 0D

file_names.data
file_names.data | ~| SCF — < #A%, F_CHGT 2 SCF  r~|f= |V
hOwd &£ A %Ne| % 0d43A.1 —NDOwd | SCF  # <V file_namesdata —
F_CHGT # 14 hCes #Nf, — | nichgtdata #A°V<d4  SCF & [Ve
A —  edad L= fle namesdata - & o5 A
Pfiy 4 kv ™k —e> - kpointdata | file_namesdata #  # %3 A°

&fnames

E_CHGT: "..Infchgt.data’
F_KPOINT =" kpoint.data’

Lopaw -~ &£ f=™] -0 | FCHGT — %~ F_CNTN_BIN_PAW < ™e - o=
14 hOmi LSCF  —hOmd & A %NefqA57Y DFT+U ~ | & =
hOws 4 SCF —h Owsd 4 F_ OCCMAT = A %NdgAc
-|___—lecoqsac
&fames

E_CHGT: "..Infchgt.data’
F_OCCMAT= '.Joccmat.data’ <— DFT+U— |
F_CNTN_BIN_PAWE= "./continue_bin_paw.data’ <-- PAW — |

R! 0D 4h 0=

— hOwd & =34, ~| SCF  # <V howd L - A<
||-TM$=>|=e9\/oo=. - o ™/ 009 ?/8N9=|=|A.
Loy, - #|/ = tdv L aA{  %wN]34a. [=
L v | FDYNM hDwad - %d=™| — & -~ — &L =50 ™o
z A s™e L — g ™A
Control{
&mdition = fixed_charge
}
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- L - o= Mg A9 L e , condition 4= fixed_charge_continuation < «
=9 o003 ™9
k ofik' fi=—
-V kpointdata & 3 g lfe- Qaofik'fi~ & —fer o340
accuracy{
i<"sampling{
method = file
}
}
ek_convergenceK. P« —
- o>4d A, accuracyek convergence K. e«— 4 e  %NefgAc ,
ek convergenceK. te— — & o3 A0

accuracy{

ek_convergence{

num_max_iteration = 500
delta_eigenvalue =1le-5
succession = 2
}
}
ek_convergenceK. P« — — | — 4=zA.
num_max_iteration {4 - = & <37,
delta_eigenvalue L o3A°1— —eh0i ) (LelShatree)| A7 —2, I
“=0 o0y ™9 , — | 1.e-4rydberg , — | 1.e6rydberg
Y% ™2 - Fe o
succession <41 »D)— @v ek <— 3 delta _eigenvalue succession £ 3]V
# =V < =3 A°
si PO —
ekcal —¢ hoi J &1 PO | o steepest descent #A°® | — @ — % r~od-—#s

Im+msd, davidson,rmm3 si P> a>d ., 9o ™
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493Pfi ) —

L oy Q— Pfi)— <41 »>%hOwd nfenergydata -  t454A°9
num_kpoints = 117 @
num_bands = 8 (b)
nspin = 1 (©
Valence band max = 0.233846 d)
nk_converged = 117 (e)
k = 1 ( 0500000 0.500000 0.000000 )
ik = 2 ( 0487805 0487805  0.000000 )
k = 3 ( 0475610 0475610 0.000000 )
ik = 4 ( 0463415 0.463415 0.000000 )
k = 5 ( 0451220 0451220 0.000000 )
ik = 6 ( 0439024 0439024 0.000000 )
=== energy_eigen_values ===
ik = 1 ( 0.000000 0.500000 0.500000 ) ®
- 0.0484324576 - 0.0484324576 0.1258094928 0.1258094928 (o))
0.2619554301 0.2619554301 0.6015285208 0.6015285208
=== energy_eigen_values ===
ik = 2 ( 0.000000 0.490000 0.4 90000 )
- 0.0540717201 -0.0427149632 0.1258687739 0.1258687739
0.2607026807 0.2633829927 0.6006243932 0.6006243932
AL sq A9
(a) k oy — #£| 141 #A°
() Pfiy 91— #| 82A°
©  eHfi °91%2— d<d3A°1— #£| 1#No, oHfi co™ - o3
A °
d hvikFaio»d— o / — —<ti 2%  td34° | £
>J'D#A®
(e =V k
@ — % td3AcqMi— #,2—k -~ A ¢D A%% Yedg A0 1L —
2,1 —k#,/— z-sid  <<=(00505<0d35A°
©) —¢D 2%, Pfiy— o1 I EWN |tos oz
eHfiL v — ( —@©%2— HLlrpr —hOw £A%, —()— T UPA
%I DOWNA < td{,s™e ™%NH 5A°/ 4 4 oHfi < oHfir A
% % t9qA°0
=== energy_eigen_values —
ik = 1 ( 0.000000 0.000000 0.000000) uprP
- 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
=== energy_eigen_values ===
k = 2 ( 0.000000 0.000000 0.000000) DOWN
- 0.1960420390 0.1062941746 0.1062941746 0.1062941746
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0.1799862148 0.1799862148 1.0183970612 1.0183970612
1.0183970612 1.21742 66166 1.2174266166 1.2192701193
1.2192701193 1.2192701193 1.3289165100 1.3289165100
1.3289165100 1.6910264603 2.2876818717 2.2876818717

L—|eoced a%lPfi L aA{—| YeY%¥%ed 3 A% PHASE - | 1 —  %|-Pfi
L -~ A{oband™plPél @-' k)% ~=™3 A° pandpl | —ffer <34

| % band.pl  nfenergy.data bandkpt.in - erange= - 10,10 -color -with_fermi |
< o= —Pfi» L 414~ -5A0

Energy (eV)
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4.10

410.1
| — ~%™= 400k A{is-f=s A{is%m  #zAe -
— | —vdatfi— ~hees A1 = ot #| a0 LL
<skE|lis%n  zAe
. , 6w . 0 (&) o . ,
0O w — 0% p = = pP O w
82 62 p (&) (&)
1120 o] — w%r] <«id 9| 69 | — ® |
0 - %1 —  #£A° 8MOROAO & —4=%heo eve fiaR' 0D A0
4.10.2 Si
S - — #A° 1 — | & sample/SiJat #A° Silat— ~| 1 [~ volxx < ™en
Kee™ <« ' 2% <3A° ; —OKe=" <" | xx<™e - r =V Do
Y 194 =™3A° V<a [ vol1200s ™ee=" <yt Dr2st el — | —|erof
= TMg A O
structuref{
element_list{
#tag element atomicnumber
Si 14
b
atom_list{
atoms{
#units  angstrom
#tag element rx ry rz

Si 0125 0125 0.125
Si -0.125 -0.125 -0.125

}
coordinate_system = internal
unit_cel
a vector = 10.62658569182611066038 0 O
b vector = 0 10.6265856918 2611066038 O
c_vector = 0 0 10.62658569182611066038
}
symmetry{
method = automatic
tspace{
lattice_system = facecentered
}
SW_inversion = on
}
unit_cell_type = bravais
}
29| h'eeToin 0z  c=MAcoiwesfizlfmozay 4L
a{vd- Lo g —| %] —2 — ~lhteetai % e=™< 4
J4°
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unit_cell type < <= bravais &  « 1 |t~ latice_system ~ facecenteredd <= ™5 A9 | — e~
A‘" | <r ”—I = —_ ?VS@J ATMK! 4 D - ”‘I = - 4 ind - | ||-=i
— o™  el<% <od3A°
- |K'z3> #]|oo £ g —# se=K'zd = L A{ 2N
ror- 0= L A %NH5A° V<4 L— — | 4 =34
-K'z> - —4 =V ko
L ™ ¢ gt fi— ~he ey oV L 415< 44~ oqA°0 YA
<1 D %l «id Ll =g Nevd — <1 »D | — <ti D%
— -t — «kiaod 2 [V L ol {is%EHTA
-1271 T T T T T T T T
1271.02 | /A
1271.04 | /o
127106 | 4
< 27108} O / ]
> 12711 / T
E \ y
S 127112 | -
\
-1271.14 | Y |
1271.16 | -
-1271.18 | -
-1271.2 I I |V \T\S;"”%\t””{}/ I I I I
145 150 155 160 165 170 175 180 185 190
volume (A%)
415 - ' «fi — Energy-Volume  °© | | ho s oV 0
44 | v <
PHASE 4D A
a (M) 5.48 543
B (GPa) 875 98.8
Ecoh (eV/atom) 4.60 4.63
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51
511 e)" evfisi
5111 —

PHASE - | 8 @ evfisid A{ %NjqA° @" @vfisid Afi<-|qs
L A1 <s%EHRgAC

5112 R' 0«

©" oviisid A-|s R' ©D ahDwsd nfinp.data ~25™= 8 structure_evolution K. e
-— —stressK. E-#8 @7 @vfisi L A Leogav
Si — R'0)4hDmd — &£ - <340 | & sample/stress/# A ©
Control
cpumax = 24 hour
}
accuracy{
cutoff wf = 2025 rydberg
cutoff_cd = 8100 rydberg
num_bands = 20
xctype = ggapbe
ksampling{
method = mesh
mesh{ nx =8, ny =8, nz =8}
}
smearing{

method = tetrahedral

scf_convergencef{

delta_total_energy = 1.0e -10 hartree
succession = 3
}
force_convergence{
delta_force = 10e -4
}
initial_wavefunctions = matrix_diagon
matrix_diagon{
cutoff wf = 5.00 rydberg
initial_charge_density = Gauss
}
structuref{
unit_cell_type = primitive
unit_cell
#units angstrom ! Unit of LENGTHchanges to Angstrom.
a vector = 0.0000000000 2.7296850000 2.7296850000
b vector = 27296850000 0.0000000000 2.7296850000
c vector = 27296850000 2.7296850000 0.0000000000
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}

symmetry{
crystal_structure = diamond
}
atom_list{
coord inate_system = internal
atoms{
#tag rX ry rz element  mobile  weight
0.125 0.125 0.125 Si yes 1
-0125 -0125 -0.125 Si yes 1
}
element_list{ #tag element atomichumber dev
Si 14 1.2
}
}
structure_evolution{
stress{
Sw_stress=1
}
}

SCF <~ PHASE &L 540

| % mpirun  PATH_TO_PHASE

%o o p L oqa

[%grep - A3 'STRESS TENSOR$ OUTPUT_FILE

STRESS TENSDR
0.0000003475 0.0000000000 0.0000000000
0.0000000000 0.0000003475 0.0000000000
0.0000000000 0.0000000000 0.0000003475
®© " eovfisi |
O O ®
w O O
O O
— # td=™3A¢0 td=™| — | [Hartree/Bohr 3 #A° — #| #Dda< -
= 3 [1%er L 19 [=NfvEs — QR % td=™3A0 ozr |48
% 4 ™= N | e" evifisi— | 0-0d34°
ave 4 ™—  1pf— ke evehte (ko ™| —|eche-— % A
L A®
O O O ©Q.,
© 6Q 6Q b0
O 0Q w?Q 0 Q
O ® w0 Q v
O O ®Q I’'p
O O 00 v
5113
" ovifisi — Yalke AL oqA° 11| eSi L~ <340



® " evfisi % 0<o] L oqn9 <oe” eviisid Af-|e o
L A% #£A° 11— |8 @i” evifisi H(Fr)0<o <of=™3A0
a_vector = 0.0000000000 2.7297895000 2.7297895000
b vector = 27297895000 0.0000000000 2.7297895000
c vector = 27297895000 2.7297895000 0.0000000000

" eviisid A< —ffeo % 1d3Ac
[%agrep - A3 'STRESS TENSOR$ OUTPUT FILE
STRESS TENSOR
0.0000000000 0.0000000000 0.0000000000
0.0000000000 0.0000000000 0.0000000000
0.0000000000 0.0000000000 0.0000000000
% toof =™ <N ™ Oroaf=™| 1<y <5489 ~8x ot d 1
(1 1 #| 0.005angstrom) [1[F <3 A9 unitcell | x ~ 00langstrom %9 a4 3 A°
L fer g
symmetry 2| [ 3V | «ofiJ- =201 ™
a_vector = 0.0000000000 2.7296850000 2.7296850000
b vector = 27296850000 0.0000000000 2.7296850000
c vector = 2.7296850000 2.7296850000 0.0000000000
L av # <V | —|ferodgac°
[%agrep - A3 'STRESS TENSOR$ OUTPUT FILE
STRESS TENSOR
- 0.0000093954 0.0000000063 0.0000000016
0.0000000063 - 0.0000033142 0.0000000000
0.0000000016 0.0000000000 - 0.0000033163

l— = — | e evfisi— L [ < ®

| a{l—o—28d,0 |74 9- -0.000003315254& ™| | <~ <3 A0l — #| @
4 LAqd a=™3 yf—#s | - 0<sodgA°1—  — |

Ht-s s Mo
™ < 4 ™ Y- (@ 4 00langstrom)e ||V @7 evfi si ¥

2 ev-hte o,0d % -34° i

O Q0 0wQ wQ,
© 6o 6Q e
O ©®©Q 0Q o0
) A ®»Q v
O ® ®Q v
O O ©Q G
ev-hte &,0| —Jer td3a( | [pm AURI]°
® PAMWPUCU
W TWoqUPXUY
8 ¢ fi~ kOnw= sfi (kKON ko) evahte L ™= _—Jeqn
£ % t43A° | ¢ ¢0 < t3A°
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LD 00 .
w G :
RN p
- W
0 - - -
w W (4
., W W r'p
) 5 o
o,0L A si— % —|er

g cie

_ d 5 ™™y ™
—1/81/8-”

p& opt AUMRRIC pce' 0A
™ op @ ~
mpoupt AUMAIC ya&' 0A

& cutoff wf, cutoff cd 4t
~odq4°
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IN

5121 —
=V L AqvE 4 L %30% o o< % rod3A°
— L b1~ |H — % <oqdgA° 4 -
— L A=< ~ H| - - 4 —  %EAJAC <t i D %Ne
feis> - 5 Velro L A=/ 4 - - %k o %
4340 < - < — & Bao/si(001) £~ o3 A0
—V kE BaO— - Si< 0 (G43AVEE ™3 Ay -= 51~ A l|fer~ BaO/Si(001)
— | 5 %o «fi =6 %o BaO Lot -V - -5A° 1 — BaO/Si001)
— | sample/BaO_Si001 # A ©
R'oda— ~ A | —feraf=m™n0
structure{
unit_cell type=bravais
unit_celf
I a Si=543 A, c-axis=5*a Si
I (ct. a BaO=552 A)
Hunits  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  {
l#tag  rotation x ty tz
E 0O 0 O
C2z 0O 0 oO
}
}
sw_invers ion = off
}
magnetic_state = para Yparajafiferro}
atom_list{
coordinate_system = internal I {cartesian|internal}
atoms{
I#default mobile=no
Htag element  rx ry rz num_layer
Ba 0.0000 0.5000 0.05 1
O 0.5000 0.0000 0.05 1
Ba 0.5000 0.0000 0.15 2
O 0.0000 0.5000 0.15 2
Ba 0.0000 0.5000 0.25 3
O 0.5000 0.0000 0.25 3
O 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
O 0.5000 0.0000 0.65 10
Ba 0.5000 0.0000 0.75 11
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0] 0.0000 05000 075 11
Ba 0.0000 0.5000 085 12
O 05000 0.0000 085 12
Ba 0.5000 0.0000 095 13
O 0.0000 0.5000 095 13
}
element _list{ H#tag element  atomicnumber zeta  dev
Si 14 000 15
Ba 56 000 15
@) 8 000 15
}
}
— - | 3/81/81/8-" —%# mobiled nor~ == FO™ S~ =3 A°
5122
— L Aqr~| =~ Postprocessing— r == dos< == ldos % A9/ o=
o = dos— — sw dosd ONr~ < 2= [dos— — sw_aldosdt ON~ =3 A ©
Postprocessing{
dos{
sw_dos = ON
method = g
}
Idos{
sw_aldos = ON
aldos{
cridst = 6.0 bohr
naldos from =1
naldos_to =19
}
}
}
o= ados— —  cridst L o W - A < %— FAO2— Y
b - f=m4 | =qoidaar - | - oa
— < «= 14 3A° naldos_form < naldos_to ~ LA -
< - & o5a0 L o™ = M= % 1434095
vV ae atoms — # ados & off - v = — | S T aldos |Fq L

naldos_from < naldos_to— % t935A°
| dosdata- td7A° LA~ — Perl @' kJ dospld ™qA°

—|Fe~Ad - dos a001.epsdos_a002.eps,...dos_axxxepss ™ Vw @) @«' K hDwad % ¢
J| A9
13

| % ..l.J..ltools/bin/dos.pl dos.data -erange= -30,5 -dosrange=0,12 - mode=atom
BaO/Si(001) — 4L -v & Blr <35A° SiBa0O—
/4= = L {is%nEHmgac
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12
10t Si
°
% 8
)]
8 6}
)
7} I ]
g | ,
l
: 1) |||lhl, il
0 ; lu‘gl!l. ‘:M,thr: ‘
58 Ba Op
= AOF
?
% 8
Q
5 6
& |
(7} !
s 4 |
(@] 2| ”
0 Il k X L*V'g ljt,!:{l.
__ 10} o 2p
2 2s
% 8
)
T 6} ‘
<
(7} L
3 4
(]
“l |
ol o N
-30 25 -20 -15 -10 -5 0 5
Energy (eV)
5.1 BaOI/Si(001) - - 9 —REi Si — Si— 9 —
REi BaO — Ba— 8 —R&i BaO — 0O 9
5123
- & A{~| =~ Postprocessing— ~ == dos< = =~ Idosd %3 A/ <= o
- dos— — sw dosd ONr~ < 2= [dos— — sw_layerdos &£ ON - =5 A ®
dos{
sw_dos = ON
method = ¢
}
Idos{
sw_layerdos = ON
layerdos{
slicing_way = by_atomic_positions {regular_intervals|by_atomic_positions
}
deltaz = 1.0 angstrom
normal_axis = 3crtdst

crtdst = 3.5 bohr
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}

}
o = layerdos— —  normal_axis # | A < %— — L <3A°1%a # 2%b
2 3%c & ~3A° slicing_way ~ by_atomic_positions &£ A < - | =
LA £ E{is%mEwnyoel— o = atoms# num_layer ~ |}f = % 344 -
g A0 - =V - 13 — -~ L 4 ==m™m3A0 slicing_way
~ regular_intervals & A{ < N o= eV = TMs L o5
Ao/ — | deltaz - =3 A° LA 4L H A0 — Wl
I = 3 # 4 =3 A°
— ~ A{ —|eo  ouputoo0- 143540
' dos no, min, max
llldos 1 0.00000000 5.13060607
llldos 2 5.13060607 10.26121214
llldos 3 10.26121214 15.39181821
llldos 4 15.39181821 19.23977276
ldo s 5 10.23977276 21.80507579
llldos 6 21.80507579 24.37037883
llldos 7 24.37037883 26.93568186
llldos 8 26.93568186 29.50098489
llldos 9 29.50098489 32.066287 93
llldos 10 32.06628793 35.91424248
llldos 11 35.91424248 41.04484855
llldos 12 41.04484855 46.17545462
llldos 13 46.17545462 51.30606069
llldos 14 0.00000000 0.00000000
no| — #A°mn< max| -— - 4 <38 - | - = %
A9
| dosdatar  tdgA°0 A - | — Perl @< k. dospld ™5 A
—ffer A{< wes ®-' k) hOwd dos |001.eps,dos_l002.eps,....dos_Ixxx.eps¥s 43 A°
| % /... .tools/bin/dos.pl dos.data -erange= -20,5 -dosrange=0,20 - mode=layer |
BaO/Si(001) — AL L 520 <3A0
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DOS (states/eV)
)

DOS (states/eV) DOS (states/eV)
) )

DOS (states/eV)
=)

Bulk Si
0.8eV
| t il l« "!1:'.!mllhl!“ d
Interface Si
A s l\!I 1 ]‘I‘I I ié.,lﬁ\}u.. ‘,|’!|”“11,’ I!
Interface O

| |
'
L I H]I{M\‘A“b'l Lih o

Interfac? BaO

- Bulk BaO
% 15
2 2.2¢eV
g 0 | ;
I .
J | |
. !] ”“ ‘JJ"JI |L“|,
-20 -15 -10 -5 0 5
Energy (eV)
5.2 BaO/Si(001) - —RET S — - S Y%
F —REti BaOMSi(001) —Si — ° —R&i BaO/Si(001) — No/d—
o Kl —RE 1 BaO/Si(001) — BaO — ° —REi BaO —
—_ 9
5124
L Aqr~| 2~ Postprocessing — —= = charge # =3 A9 o~ charge — —
sw_charge_rspaces< = =~ partial charge — — sw_partial_charge 4t On r =3 A°
Postprocessing{
charge{

sw_charge_rspace =on

partial_charge {
sw_partial_charge =on
Erange_min=0eV
Erange_max=0eV
Erange_delta=1eV
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Erange min < Erange max — <k i »D - < 4L =g A° <1 »D | -

hvib™ zi %l - —<ti 0%t 4340 Erange_delta ~
oV — —«atid L —@id - ogA° 1 —<% —<«tiod - A}
er Erange_delta — | tdga0
h O wsd  0Utput000 ~ | — ~<4ti»d> - A{  %NggA°
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 ( 0094537 0096374 ) ( -0.018375 -0.016537 ) ( -0.500000 -0.450000 )
Ipc 2 1 ( 0096374 0098211 ) ( -0.016537 -0.014700 ) ( -0.450000 -0.400000 )
Ipc 3 1 ( 0098211 0100049 ) ( -0.014700 -0.012862 ) ( -0.400000 -0.350000 )
Ipc 4 1 (0100049 0101886 ) ( -0.012862 -0.011025 ) ( -0.350000 -0.300000 )
Ipc 5 0 ( 0101886 0103724 ) ( -0.011025 -0.009187 ) ( -0.300000 -0.250000 )
Ipc 6 1 ( 0103724 0105561 ) ( -0.009187 -0.007350 ) ( -0.250000 -0.200000 )
Ipc 7 1 ( 0105561 0107399 ) ( -0.007350 -0.005512 ) ( -0.200000 -0.150000 )
Ipc 8 0 ( 0107399 0109236 ) ( -0.005512 -0.003675 ) ( -0.150000 -0.100000 )
Ipc 9 0 ( 0109236 0111074 ) ( -0.003675 -0.0018 37 ) ( -0.100000 -0.050000 )
Ipc 10 1 ( 0111074 0112911 ) ( -0.001837  0.00000 ) ( -0.050000  0.000000 )
Ipc 11 1 ( 0112911 0114749 ) ( 0000000 0001837 ) ( 0.00000  0.050000 )
Ipc 12 0 ( 0114 749 0116586 ) ( 0001837 0003675 ) ( 0.050000  0.100000 )
Ipc 13 0 ( 0116586 0118424 ) ( 0003675 0005512 ) ( 0.100000  0.150000 )
Ipc 14 0 ( 0118424 0120261 ) ( 0005512 0007350 ) ( 0.150000  0.200000 )
Ipc 15 0 ( 0120261 0122099 ) ( 0007350 0009187 ) ( 0.200000  0.250000 )
Ipc 16 1 ( 0122099 0123936 ) ( 0009187 0011025 ) ( 0250000  0.300000 )
Ipc 17 1 ( 0123936 0125773 ) ( 0011025 0012862 ) ( 0.300000  0.350000 )
Ipc 18 0 ( 0125773 0127611 ) ( 0012862 0014700 ) ( 0350000  0.400000 )
Ipc 19 0 ( 0127611 0129448 ) ( 0014700 0016537 ) ( 0400000  0.450000 )
Ipc 20 0 (0129448 0131286 ) (0.016537 0.018375 ) ( 0450000  0.500000 )
nEwindows | «t i »> —  #A° nvb_windows < nch_windows | / 4 - 4| <
L «ti 2D — #A9w | «ti 2D —  #Aoifelecstate |/ —«ti 2D - %8N
{v%=e vl ~=™g3A° ) — %0— | Yoo 1— - | % -3 A° asis- |
F4ki 0D — % ¢J||EM=|A =— shited - | 4«1 »2>— %l [ V<%«

Eid — % <evV # td=™gA°

partial_charge_filetype ~ individual 5 v | separate Al < «i ) o< 4V

Z Pt VA D ~ ¢|=|A9/—— — 1t | eHfi %™ #N
F_CHR=nfchrcube - <= nfchr0Oxxcube xx - | — —iw— % 4 <™el|ferad3A° eH
fi. %N ~| F_.CHR=nfchrcube -~ <= nfchrup.00xx.cube nfchr.down.00xx.cube —
—hDwe % td34° — # ifelecstte¥0-af=™| —| /- -~ %Ne| %o
™pgd o= A0/ — cube O wed | B L
integrated & A < Bls=—NOwmi - t 4 ¢Dda—
PARTIALCHARGE % td1 4~ | END% 14 34°
BaO/Si(001) — L oy 4L 53~ o540
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¢g®e
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" ﬁ' ‘4’ ‘v
& L=
o
¢ -
Sl/'(' i G ¢
o ¥
= 4
O<
lg® @
Ba
<‘C o %0
¢ g%
5.3 BaO/Si(001) - ° (a)BaO/Si(001) —z 41 9h)h Vi k" zi (
<t 1 03 %-0.05eV¥% |- 0.0eVs #)— — s h vi " zi ( <tiod%
0.0eV¥% |- 0.05eVg # )— - ° | Yo |k 3% t9=™A0
™ | % oo ™ ~| % 20f=™A®
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STM —

L A stiv £ Afis%n  #Ae oV VP e @WYfio ! -

oV 4t i 2D pafi) p— 4k Ye |E Nef| v = =V % — ST™
£A° afi ki &2 = (samples/stm_by pcharge y ~= AL - eq A
nofiki | si—@©01) -~ A{edazA°® —PHASE ~8 —|er -
AL 4 = TM=| A °
postprocessing{
charge{
sw_charge_rspace =on
filetype = cube
partial_charge{

sw_partial_charge =on
partial_charge_filetype = individual
Erange_min=0eV
Erange_max=0eV

Erange delta=1eV

}

}
}
l—fe- a{is-|lf= hvik<ir»d%[qg=-1eV%[t0evyg#—eDd < 0eV %|lev
— <k 2D pefi) p— % td34a°e/4-4 -1v %l 1v
P OWYfio i~ =V STM % [|g54a°1— e2ad = L& A<
nfchr.0001.cube (-1 eV %k 0eV — ¢ o N Dww )< nfchr.0002.cube (0eV ¥k 1eV —
¢dAhDwd )% 14509744 Vel 5 A v #—«fiad & - = ™S

5.4(a)- = ™= 54(h) o3 A9

54Si(100) —STM ()

5125»i ' shy  wefie' i d o=
Lpistshy wefier il o= A - 29— A e
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<:»=|e
ets- | = 4k
TM=|A9

%Nej g A2 1 | -

A 1 < %# % A0

%Yl = «3 eYollo—20% | —

AL

#

er |

AL

H

~fec 2

Postprocessing{
dos{
sw_dos =on

}

Idos{
Sw_rspace =on
sw_aldos =on
sw_layerdos = on

aldos{
e.
é.
}
layerdos{
é.
é.
}
}
é
é
}
ldos K. e« # sw_rspacedt - / — don<ad - 4 3o < %ER%
34°
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513

PHASE - | o<m oV LA LNef g9 11 #] LA
AL =g A9
5131 R' 0>«
L oafr] oym - L —fer -qac
accuraccy{
projector_list{
projectors{
#tag no group radius | t
111001
211011
321502
421512
521522
}
}
}
nor~ - L o3A0 zA9goup - | T =~idkAd —5A° L<gck
- ™y ™ | 9 goup L <3A9 radius - | Aws - 2 =3l
— 4L t0 % <odgA°eh0i s | Llbohr A1 - | L o3
A°0%s 1%p 2%d 3%f - e3A° - tr L o340
Voo | — — <| wefie' 1%t Vv — #No ps$2— 1<o0q3A°
wefio' i~ |f = | % 0  %2= 1d=™| %NfgA°2=—eLati »d—
™ JL ey ™ ~t— d2< =901 ™
- Lo 4 =qand ] —fer - cmm= o
_group o= oq A9
structuref{
atom_list{
atoms{
#tag element rx ry rz mobile proj_group
Fe10.00.0 0.147830n 1
Fe20.00.00.352170n 2
Fe10.00.00.852170n1
Fe20.00.00.647830n 2
}
}
}
S f— J—
- 4 a 7 a a g a o
1 i W oo i aGud ol
2 W o o woua i
3 o W W woua i
4 W a G
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5 R YA

6 WO 0w
7 Wow
Il— #| Felr-group %1— =~idkd Fe2r-group %2— =~idkd ~=m™gAo
#| of ~iokd A{ %N gAc
postprocessing K. B« r— %™= L AV E— Gmme L - og A0
postprocessing{
pdos{
sw_pdos =on
}
}
- | postprocessing — dos K. e-r2%t1{ - ™5A0
5132 -
PDOS:ia=2lF1m=1t=1
No. E(hr.) dos(hr.) E(eV) dos(eV) sum
6 -1.95781 0.0000000000 - 56.762838 0.0000000000 0.0000000000
16 -1.95681 0.0000000000 - 56.735626 0.0000000000 0.0000000000
26 -1.95581 0.0000000000 - 56.708415 0.0000000000 0.0000000000
36 -1.95481 0.0000000000 - 56.681204 0.0000000000 0.0000000000
46 -1.95381 0.0085366260 - 56.653992 0.0003137151 0.0000002437
56 -1.95281 0.0176460501 - 56.626781 0.0006484801 0.0000254127
PDOS: < ™e Bl 3] % ¢da— gddNeftsrega°ia=— - 2o -
ID %, =—Ne< = A % m=—N=r A % t=—N=r~ A
% tdlgae/s4d — | — ¢D < GEA? < - = -
= TM=I A9
¢ 2d o dosdata — | dospl - -mode=projected o k o ' fid=1 = oq A°
| % dos .pl dos.data - mode=projected - color - with_fermi |
A{<® EPS —NROwsd dos aAAALMMiTeps % td43A°AAA | —ID L |
M | T | - =Y  #A°3V datasyes ok Tfid A{<
N T R ¢ ) ANDmad &£ |1 <%2%7A0°9/ —NDw | EPSHOmwi —
i data oV bl—<ndgA0
5133 BaTiO3 —
BaTiO3 - L oV #A0
BaTiO3 | 0. K @oww  L<{ #£4° | 0% - e ™ £A° |
— $| £ —||—el— < < o= aETMﬂAg
structuref{
atom_list{
atoms{
#units angstrom
#tag element rx ry rz proj_group
Ba 0.00 0.00 0.00
00.500.500.00 2
0 0.500.000.50 2
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00.000.500.502
Ti0.500.500.50 1

}

unit_celf
#units angstrom
a_vector =4 0.000.00

b_vector =0.00 4 0.00
c_vector =0.000.004

}
}
A | —fe- -qa4c°
accuracy{
projector_list{
projectors{
#tag no group radius |
11102
22101
}
}
}
~idk 1| 1%2d ) ~idk 2| 1%1p )#Nd /4 -JTi<0- 4 ==™mA>
~ postprocessing K. P e~ %= LA L - e=™g A0
postprocessing{
dos{
sw_dos =on
method = tetrahedral
}
pdos{
sw_pdos =on
}
}
| tetrahedral & o= ™3A° oV %[ = k ofik' fi=| mesh  smearng |

tetrahedral 4 o= Mg A
BaTiO3 - L 55~ Ti—d - L 56~ <qA°
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DOS (states/eV)

DOS (states/eV)

12

10

30

25

20

15

10

Energy (eV)

55 BaTiO3

' ' m=0(eg) ——
m=3 (t2g)
a
c‘/\
— T i
\ \‘\ A
L\ V\J ‘\\
P AN 1 1 ) —

56 Ti —d

energy (eV)
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5141 -
| - %[ VK. ev £ dq se= t1d308°K. v Lk - <=hd'
<« AMused v e < d380r se - | -
L AvE/— % — L - {is%ERIAOGY s —2 4k
Av L - A % fgAc  mrae |- 33 3F0 Ae - %
%ocofber ofiscb H A - qd & iae smmeas
cn4 |4 — 4L A Yed L ~A{lfferK. v & g
a4ty o= kg A ¥ “ pald — % % L gal s
o= o= ] s« — %{L K| aat>d - c~of=™As — -
FMN%-" aald =™y <% : s4 — %L A1 <%ERAS
5142 Si— a4
: n«4 &£ A{~]| Postprocessing# Wannier L Afisd <340
Postprocessing{
wannier{
sw_wannier = ON
eps grad = 1d-3
d = 1d-4
max_iteration = 1000
filetype = cube
}
}
—  — %t ¥%epsgrad ~of V[ | 3 A°dt | — 0 TEA®
4 <% max_ iteraion & v [ | ~30°: A4 — NOwd | Gauusian cube -

g A% A4 —hOwd — Ycube - o |fe —|Fe ~ file_names.data ~ h O i
Wesdi 2 F WANNIER &£ o5 A©
&fnames
F_INP = ‘/nfinput.data’
F_POT(1) = '/Si_ldapw9l_nc 01.pp'
F_WANNIER= "/nfwannier.cube'
&end
l— |38 —q— #o%  #%3 Y+
ksampling{
method = gamma
}
1Y R L A - T
5 < do=9wg ™
Si—: n4 — | & samplewannier/Sis #a° 4 A< 4 - <=5
nfwannier.00001.cube < ™ vV h Dwe % 16 tdgae/d - =4 v 4 57~

o3 A0
Nef 1 < L

: n4 | SiSi -
<:>ETM=|A9

e s s B 301 |
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(b)GaAsiE aa

5.7 Si @< GaAs (b)— R
eq ™ - o= o3el<%Nd3A% swrandom wannier &£ ON - «=' fi v+ o
vl L Ei<szi— % #2%{i1<%Nf3A°
Postprocessing{
wannier{
sw_randomize = ON
}
}
3V % o # % =™ |le# <V | swcontnue L ON -~ = &L o=
00 1 T™9
Postprocessing{
wannier{
sw_continue = ON
}
}
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51.43Wannierd0 &£ ™V : 5 <

Wannierd0 k. = ' + (htp/awwwannierorg/ )< A i<~ |f=: s« £ Afisl  #As
Wannierd0 k. =' r<  A{i <= PHASE- 4 34 V: 5« 2| o<
—# %0 ™ - L erswm  zav
P w1 £00 —k ofik' fi=2: s« £ A%
e | Pfiv L {i<%
cnea 4 nvip 4 -t i D — %
1 1#| PHASE & Wamnierd0 < 1y= —feo & e & ogA0 LA
| — > VKO wma Y5|- Wannierd0 k. =' + & o (fi R &L [ =2™M=5c0g ™0
Wannier0 < o= L er| —feo &L ™3 AWannierdd — N 0w |
Wannierd0 — D@2 v 5° =i d =500 ™
1. Wannierd0 —  #Dd ad o3 A9 hDwd | seednamewin < =3 A° seedname| — —
# — o= =3 A°
2. Wannier90 & —|ferrk' k. v @ 22A%  ogAS
| Y%owannier90.x - pp seedname |
L— = Wanier®0 % <A{eda— L VhDwd % 14349110
- — Ll<- PHASE— hOwd &£ <540
3. PHASE— R' 0) a0 hOm &£ o3AS 4 k ofik' fi =& Wannierd0 — -
FY=  e3bo/ — | ~%™=  <3A°:t |k~ postprocessingK. p -~ &L
=3 N9
postprocessing{
wannier{
s e e d n a meeedramé@o
sw_wannier90 = on
nb_wan90 =wannierdd ~ # A Pfi
}
}
seedname -  — seednamed: £ o3 A°swwannierd0 LonsAq i< |ff =
Wannierd0 % < A{ hOwd & A4 1 <%# %3 A° nb_wan90 ~ |  Wannierd0 # AP
fis &  <3A° PHASE —Pfi» — 0| %N gAc
4. PHASE & q =g A9/ — Wannierd0 % < A ¢D =4 D a—
A VR Dmdt % 3489 Voo Wamierdd % A eda— | e %No
|- Lovm™ | L<sg swwannier90 4 off < = & 1 TV Nes -
sw_wannier90 & on< - — # Wannierdd — & ™g A0
5. Wannierd0 &  —3 A°
[ % wannierd0.x  seedname |
/ - Wannierd0 —. =~ 4 : s« ¢D=— g% Wannier — ) Pudi ¢ 0 fi 2t F
iy opefiedao2% |k g A0 seednamewin — - | =| / —g%Pfiy  dhvik
L A{VvE- oceda 1 — o=zl J5a°
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waninterp k. ~'+ | : p<4 L [=Pfiy dhvik — L ek. a'rzAo/ —5
D @D | src_wan_interp ~Nef 3 A9 fi Rud A r |t =457 «s 72+ 4 «fi Red
—o vi @' kJ makesh — Forran90 « fi Rmm D < LAPACK ' wmK' '3 — & [ v Nx
makesh & =0 wi ™ 25 : g4 ~|{Pfiy dhviF — | Wannier90 -
Ff= af:<slt #ay — | Wamier90 — d>@dwv 5~ =i d <=9 et ™ Wanniero0
= e | bandpl~ | Pfi — 4 PHASE-Viewer - {hviF — ox]| 4
PR
wan_interp k. ="' ¢ | —hOmd £ < oqA°

seedname hrdat h O me  Wannierd0 k. ' b= = 1d{ : 74 — e Puudi ¢

fiatFi ) pefiedazA°
seednamennkp h Cwe  Wannierd0 % <A{¢d2 2L A{vE- o % 14VvhOo
- ZA9 Wannier®0 LTk ' k. ¥ @ 20 A2 A< [ {hO=-d 249

kpoint.data h O wed V™K — % 1 VhOwd ©¢22h0d%veJ | PHASE —
— kpointdata h Dwe —hOJv PJZEA9/ — | Pfis — | Pfi —
L hvilb — | PHASE-Viewer” >®m2 v #° = i — o232 — &£ c=50wp ™

nfefermidat a N Owed h Vi - «£ 1 92— % 14 VhOwd 2409 PHASE %[t 54
—# waninterp k. =’ r&L  A{ec" <) D (H) «=2%™=5 g ™0

fsdata h Dwe h Vi b — PHASE -Viewer %sh vi + & A ~ A{ ¢34
% 1 VhOwd #A° PHASE-Viewer — %~ |Ff =shviF —k ¢DdahDmd &
=V RS EF'S

—hOwd £ 3V [ =% # <370

% wan_interp seed name

<e= GaAs —:d el <qA°I— — NOwd | sampleswan90/GaAs - No
134°

IR R
31 Wamierd0 £ —ffe~ <340
| % wannier90.x 8pp gaas
L= - = a) ¥% gaasnnkp < ™e h Dwa 1 308° L —h D — Lle -
PHASE — hOwd &  <g5A°
31 gaasnnkp hDww - | —[eo # - BA oz tdgA0

begin real_lattice
0.0000000 2.8265001 2.8265001
2.8265001 0.0000000 2.8265001
2.8265001 2.8265001 0.0000000
end real_lattice

Il— = ™ PHASE— R' 0D a0 h Dwd — — | —|eraf=™3A>s

structuref{
unit_cell
#units angstrom
a=5.653, b=5.653, c=5.653
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alpha=90, beta=90, gamma=90

}
symmetry{
tspace{
lattice_system =f acecentered
}
}
}
v— 2| K'zo 4L o= — 4 [ =m™3 A%GaAs | o —# lattice_system

R' ©2 2>~ facecentered% 14 =™ A9

5V gaasnnkp ~%™=| k ofik' fi~—

% —fer  if=mqac

begin kpoints
64
0.00000000 0.00000000 0.00000000
0.00000000 0.00000000 0.25000000
0.00000000 0.00000000 0.50000000
0.00000000 0.00000000 0.75000000

0.00000000 0.25000000 0.000 00000

0.00000000 0.25000000 0.25000000
0.00000000 0.25000000 0.50000000
é
é

end kpoints

1— 4~ A{VE PHASE— hOw r3%™= |

ﬁA£ == == TM=| AQ

— e~k ofik' fi-dr
IF

w
U

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

> DO OO OO0 OO
PP, ERP OOOO

N R O WNRO

A A DM DD
PR R R R

}
}

dmethod=directin 6- |f =afiki A4 k &
kz, denomweight - |[f = k & <3 A°k
weight # A °

Postprocessing K. ¢ « # | Wannierd0 —

A1 <%  #A°kpoints O Ki ~2™= kx, ky,

i e

| (kwdenom, ky/denom, kz/denom) / — 3 %

Vs iJ||ETM=|A9

postprocessing{
wannier{
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seedname = "gaas"
sw_wannier90 = ON

nb_wan90 =8
}
}
Wannierdd — | 2 e YN —z2 doyvm™ | L<g 1 sw_wannier9o 4
off< = 4 1 TV N~ sw_wannierd0 & on< - £ Wannierdd — & ™3 A0

PHASEL - Wamnierd0 —¢2 2% [k v |f Wannierdo &-ppd=1 - <340

| % wannier90.x gaas

Wannier90 ~ | % A{ < gaas_00001.xsf, gaas 00002xsfé¢ 02 —hDwd % 19 3A0%
14| XCrysDen k. =' + htp/mwwxcrysdenorg/ & o= A is—2%]: s« ¢>
4#A° XCrysDen k. =' rd A [ sa L A 1 < %# %3 A% PHASE-Viewer ~ |
[ = L e | Gaussiancube ~ A{ %N gA°1— | PHASER® *D> or
544 convpy< ™e Python @- " ki L  A{is- |l = A{i1<%EHRA°  58-

- S |4l {: # « 2 XCrysDen # oV & agAe

58GaAs—: 1 «

, i n<
Wannier90 ~ | V: pd A o Paadi¢cfiatbiyaefid A % [ =
%l 1— L Afis-ffr=s - 4L om™ #Pfiy dnhvitk <t
> o2— o024 e1<%  zA9 11— | waninterp k. ~' rd o= ™A —
#| GaAs— — <> &£ A L o340

i) — -  opedad AV E-]| PHASE-Viewer —T 2 W WA R
Ae/ — | PHASE-Viewer ~ D@2 v 5° « i d  o=9 01 ™ = 2=2AF | =
kpointdata h Cwe % 194 {—% | —NDwd < : 7« S = |Fd v gaasnnkp R O me
i gaas hrdat h Owe — % PHASE - |Ff = |- V nfefermidata h Dwi &£ =—¢ " <) 7 3~
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| % wan_interp  gaas ‘

A s : s<4 ~|f = kpointdata hDww -  tdV k — ¢2 2% 14 nfenergydata
S™MeNDwd - 1434° [ VRADmi LT f* 2= 2 A |f = kpointdata h 0wt 4

Ve P oreH) egA? — £ «ind L A{vE- | za9 |
Vv — <t i »> & PHASE -Viewer # oV & 58~ o340

5.9 GaAs — — «4kti 0D
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. 2 #2%]| wefie' i | iy —q#A°

143



515ST™M

144



5.1.6 XPS

516.1 —
X (X-ray Photoemission Spectroscopy, XPS)  — wwfio ' i~ | | &
(CoreHole)d: 5 — wefio"' i d m™=s o h s (Core Level Shift, CLS) & <3 A9
o hJ
<| - ™ — 1 <#Nd] | eamo M~ 5 oy L_gps
4 e fi — 14 — | pi ¢i ¢y of o —fer5 — L 34%
L — #pi ¢ cn% £A° e i — L ClaOz GGA A<
Energy levels [All - electron]
Element - > Si
symm i 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 32 - 3.5022484901 - 95.3010265676 4  4.00000
3s 12 - 0.3967820153 - 10.7969875601 2 2.00000
3p 1/2 - 0.1503011244 - 40899015276 2 2.00000
3p 32 - 0.1491437813 - 4.058408621 5 4 0.00000
Total number of electrons 14.00000
<ods | —  #Ne| eV - ™M < %E¥%d gA0 / =V E —
N =V = odd V[ «tid — ™ L 9540
ol dfi = L A <= 100 130ev— X — L . t 4
— «iodd Ay %Ne| 5 A[1° Loq- <ti»d  — | —=fi ©
oAl o Voo fiew S i L g A0 —-Si - L ad L -
zley w14 - e=™| < %Y A0y | eHfi —V k-
Ny < QN y - T 1€V =3 A°
- wbho =" fe- —atiodosadr ] - <
£ »D0
(0] N O ©O Q)
<sodgh° 11E 0 O | Fermi O | FA° - # | — =7
o H %o 44V E — ofwetiot i | wk o rofE2 o
odgae / -V E L 2| o2o0d34a° 1— & - «V—% 510ZA° / —
Fslo™m —wefiot 1% A -2 |14 v L o1 1=
2=— —VvE «i»d> O] - o E£=45Aac° o hy— ]| Y
I - [VPI - - H L o= — % o -
- «tio— L afisc | - - 44 g
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surface

Ec' core levels

bulk core levels
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' = L R e o S
—<ti > O] L e L oyr e [Hia% —qL e wefior
Cowk| At - wE wefiet 2| zwmom™s pdqa% - L
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initial state final state

hv € Ekin(l

Mf,d v_Ekin(l)

() . +—e

hv €v_ Ekin(ll)
o \

o :
0 i@

5.11 - = oleie - -H o - -H L
-=™] o (initial state) # | (Ib\,s % A—-qo—#0s<sW)]| 8 #Ng° (final state) # |
td v — «tiod s (0 Lhfv  — «iod f|PHsM2z o %

ME - Fala=m

511# | % 144 - % of2=— L c=m™gAac(Q)| HPIi . N
1wl % el ozac 2| a=m o] (2 % Af-

q70—2M0s)| o  #A© 2| | t 4V ( «£i»d>0 Xx

( ) tdv (41 »20 P  =3A° < | % 14 - o=
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1. 14 —  Y%l|od pi ci ¢n o of — — ol dfi ~™= oy —

1 don o= pi ¢ ¢y of on <<V — o i SR
2. / — - 4k %l oe
3 <<= 0o of —5 L] o=mofi A
4. 1 —|er == L o5 rwofi Ve «fi  — wefio' 1 %z# %]
<e3A° 14| b513—2=-— (final state) —e L — screened hole( ) 3 A°
oc' D F— wyfio! Z | — oHfi | = - .= g &
SfVi-L  <oqa e VR ) R
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gw M
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R S el o
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513si - | — | % 0V — - # Nef| ©
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T — wefio i d = o hJd Pfis =3 A°
Pfis | —fer ™g4c _
Lo fi - L o —o T fi owefier i AL s - % Y%000d3#
- 23
2./ — 4L ms 1 4 L 3 wefie' i~ % 1= <«ti»dd A
3 ==— - o= - % 4= <kiodd A
4. Pi. — & k= Jd& o= — - «ird— < <t i »d—o h
b A
5. L Eved-sise= A
5.16.3 Si(100)
Si(100) —=z ¢ i
3 M| o k- Si(100) ¢ ¢ —zeid 5 A9 S((100) | wfieal fiawfiy L
FAV Ebm D L<qd /o k=t mw D | - - ol1s(Pes!fia) AL <%
Fd=™30° 11— Pe<!fiar S= bwt/D— ™ gt ™ ~ % oq A
-] Si(100) @t ¢ % <o % zZlPes'fi=— % [VYng ¢ L ™ As
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3
4
5
6
7
8
5145Si(100) —: ¢ - ] ( ) ¢ | 8 ( y-eid A{°8 k<9 —
- L g=m—2 — #| £16 64 —@ Kreis<= e® - #o™ - 90
- O M, s tgiday]o
— oz <of=otd ron - eq A - 9 - 1L
L pm R L o5 ove  514| A ViV o— L o=
™3 A O | ( ) wefio' i Siggapbe nc_01.pp we fio' i  GGA-PBE
celoh<4ti»d) QOQ o® QA& x8t " sel ¥l O pWYPENPULE W
PRYPOTP WS WEIBIMTNTMMNNRTT T p 2A® / — tdv o< | —
ern =i 3A°
X y z x fy fz
1 11654665468 7.340800747  19.731672033 - 0.000108 0.000000 0.000136
2 10.943522273 0000000002 18308554343 - 0.000156 0.000000 - 0.000260
3 7.408260709 7.340800738  18.308043049 0.000156 0000000 - 0.000288
4 6696493833  -0.00000008  19.730653256 0.000095 0.000000 0.000136
5 12644826676 10798805752 16929970763  -0.000186  -0.000125 - 0.000051
6  12.644826664 3.882795799 16929970692 - 0.000187 0000125 - 0.000052
7 5707073513  11.223532172  16.928492210 0.000184 0000135 - 0.000066
8 5707073576 3458069376  16.928492250 0000 184 -0.000135  -0.000066
9 0176755229 11011875138  14.003484695 0000002  -0.000042  -0.000291
10 9176755074 3669726457  14.003484706 0.000002 0000042  -0.000291
11 1834472402 11011012299 14542706201  -0.000005 - 0.000002 0.000195
12 1.834472400 3670589245 14542706195 - 0.000005 0.000002 0.000196
13 9235196168 7.340800802  11.460786586 0.000018 0000000 - 0.000178
14 9118076207 0000000001 11459447663 - 0.000002 0.000000  -0.000198
15 1.882358440 7.340800774  11.863174990 0.000085 0.000000 0.000607
16 1785205792  -0.000000009  11.863763387 - 0.000075 0.000000 0.000566
17 12980433730  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 9081857152  -0.000145 0.000000 - 0.000096
20 53700 66620 - 0.000000012 9.069872950 - 0.000307 0.000000 0.000025
21 12895952884  11.013570694 6.478028955 0.000077 - 0.000071 0.000099
22 12895952919 3.668030852 6.478029019 0.000078 0.000071 0.000099
23 545569909 1  11.008682705 6484530647 - 0.000072 0.000047 0.000112
24 5455699061 3.672918843 6484530696  -0.000072 - 0.000047 0.000112
25 9172291984  11.011379982 3920759253  -0.000013 - 0.000002 0.000122
26 9.172291976 3.670221565 3920759374  -0.000013 0.000002 0.000122
27 1838705787  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 7.3 40800765  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 1297682500 - 0.000774 0.000000  -0.002772
32 1.835200191 0.0 1.297682500 0.000325 0000000 - 0.002761
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51.7

5171 -
PHASE & o= L A% #A0 L L #| LA &£ <540
— g % < | <hvik<4idd<s— #A9
—scF & - vk - v 2= wefiet id o= A{ I <%EHAC
5172 R' 0>«
L AV E-| —z¢id A{  %NefgAc < eV™ — < oy ™
dl= - eid o5A97 |k ¢ D 2 — postprocessing K. ¢ <~ workfunc K. ¢«
- L TM=|A9
postprocessing{
workfunc{
sw_workfunc =on
sw_add_xc_to_vloc = off
}
}
| — Lligas
sw_workfunc — = oe2ad AV E- ommrHZEA® tyV™
- ons -3A°
sw_add_xc_to_vioc wefio' id A - L b %2 eyl -
A° Wt v 2™ | | 0rod<s 2 f
% wefiotic koosl o om % fis%
£%90° | —@mmt Hd ON - o=250< |4 o™ # =V
L Ji<s%  #A9
1 —fee L v 4 PHASE &  «3A° % <V - o0 wefio
#da402% td38°0%¢- <V~ A <e= Al g0
51.7.3 —
% eV # wefio' i —eDa% —4D 3< o= tdgA0 L v
L | —eD o + ho' « = z L o — L A{  %Nj5

A° L —feo L ek. ~'r%workiunc 2A° 1 —k. ' r =52 ®¢2 ) | src_workfunc ¢ -
" el 2N 5A° «fi R AV E-| Fortran90 «fi Rum 2% #A° workfunc 2 « fi R mm
i A -] V=ap —|ecwwiisd  ogAce

% cd src_workfunc
% export F90=ifort
% make

FOO ~ Fortran90 ¢ fi Rum D it sq A0 FOO—e hoi s | gfotran £A®

—fe- -3a°

| % workfunc -z ZAXIS

ZAXIS - - sqoA "L oqaca — 1b - 2c — |34 gAc
o™ —ehoiy | 3ZA
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5174 —

workfunc — %  A{ < nfvicrcube < nfvicr_avdata —2 @ —RDOwew % ¢ 9 5 A °nifvicr.cube
hO i | - wefio' i ¢ ad = Gaussian Cube — 4D A Dmm ZA®
nfvicr _avdata ~ | -6 < 2 =V wefiet i —eda%  td=™MA0 —
feoeda <af=m™gA0

# Fermi energy (eV) -0.37838

# distance along the z - axis(Angstrom) aver aged local potential (eV)

0.104167 -0.218799E+01
0.208333 - 0.250195E+01
0.312500 -0.331223E+01
0.416667 - 0.427665E+01
0.520833 - 0.495695E+01
0.625000 - 0.496651E+01
0.729167 - 0.425552E+01

hOwsd —1 ~hVik<bi»d%ey 2 14=™3A°3 % —edaAEA°]

~A 2 - o %2 -~ A wefieri— ev #1434

we fio ' 1| Ye |- Nef| 1v  ~™=| g <od3A°1— — <shvilk«t
i »)<s— ¥ - =3 A°

nfvicr_avdata h e Ys|-  wefic’ i %h' psrod & < hviF<ti»ds—

L Afis- = Ll< by Pel ®-' ki %workfuncpl 2A° —Jfer  =3A®

% workfunc.pl nfvicr_av.data OPTIONS

A < t 4V - % - t43A°3V workfunceps < ™e we fi o
i - o — La'h oVEPShDOws L 140
5175 i FAapr—
I — & o3A°afiki 3| samplesiworkiunc/Al # A °

A | A@)y7 — cei A - o | ¢ ge3A°c — t| 50A
SegeVosibapr @) | psE2 - ™M—g | g yF#-ve 4L

Vs A-” ”—e-—sOiL o3 =V o3V | wefio' i~ kEnp

™oz oMy Ve eibapr— el | 517~ =3A°®
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PHASE ~ | SCF %

5ATAI1) 7 - ¢

oV —Lr- workfunc k. ="' Fr~ |Hf

. = nivicr avdata h Owsd 4t -
t |- workiuncpl @« kL o= v wefier i< - L s51g-
eq A0 | 405evs  1d3evoeui— | # Neo|| 4.08eV< <of=™As
5 . , ,
0=4.05eV
S i
2
S
(]
c
m -
-20 L L I I
0 5 10 15 20 25

distance along the z—axis (A)
5.18 - 0 < wefioe® I —
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518

5181 —
— # Nef| e < a8 &£ 18 — & | 5A9 | < o8 AL
eq A9 | — - & =8 - ds — % FA9 g8
el o L % A—-s - # M= L s < A%
#0° PHASE ~ | ® - %t | L A %wNg A0

8 — # AL ™2 A9
@ ||ok- - P fi ) L o3 A9 PHASE ~ |8 wefi-' in
% td=™ -1 — - zm= L ™MaAepfiy - |ds - %
Haae = ] # alqae
Li1#8e” |8« — 2A9CIAO 2 = tdl=™| wefic' i —ed2hDO
e I — % oqq=m™Aaci—edad 4 ()
AL oz A9
ﬂ
(B) N ARE °
" ® | P
p '~ P w3 . Ty
-3 Qi P [ B - ol
C v 1®
N - A wefio' i «ki »2ENef8” |8 — 4k
sq A° ™y 8 -1 %™ A{-ze L o —qd EHr
™ <-ad309 oV =2 — | K' i afiodfi —3 - o3A91—
L = eqa
r 6,A 0B
b
EL z-.iw &~ 4V ks — «indd— & g0
©) AL |==1A9
b § S
(D) d — d T™M=8 — 4 -8 4L e3A°
$ GH QT it s
LL#Esi |8 — s & ogAe3|s #Ned e N -
A L—2A° PHASEZ |8 — r~2%™=s ATz TMg A9
"3 e” 3"’ "3
l— % 4 =vE-|s <S¢ — — 0% 1™ <% <odz40
2| n — - =8 A M= MG A A aeL8 wefio' i<
| 8 6 e ® r %1 N ~ v Ll<e-s — o= A
Haas - e=c % tf =7y aPuskads];
s p pg o TUYPH p8 Yic ™ wp’ i Tp
L1 —1  pPzA°3Ve ' ek—No sAogL - 2™ | 8 4L —eo-'>
afia % ™/ ks — A& e AL 3 A[Puska9l],[ NakamotoO7 ]°
s p p&o TRYPH p8 gic Mwp’ p pr- i T

Lr#Es - | 2A°/ — % - |4 td=™a™ ~ |8 UVSOR ~ || 8

- 2™= AL < YeE %q A° — =M= |8 [Nakamoto07] & 9 oot ™9
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5182 R' 0>«
Si - %t | — & <30 | & sample/positron/Si # A °
Si - %1 | — R'O)ANDmd ~2™=s - A —qf oA
Control = = # L -
Contro{
positron = BULK
}
Control =~ ~ posiron=BULK <  A{<s - ®fi L 1y rs8
L TM=1 A°
accuracy o - # —oko Tfid
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 14 e — L A —[@) Joeioh «£i »D 2
A 9
positron_convergence | —aa— g8 AL = E{raogLE 4+
08 rex>—|er 4 |}e<A4|—1/88/— b ™™g A
num_extra_bands =8 — 8 1 L Adr 2A0 e
S Y I
- L a{ %N/ — L wqn0nzs LY
| =K' i«ficdfi —3 - ogA°
delta_eigenvalue = 1d-8 5—
rydberg
succession = 6 -¥%™MEE < — 7. % 47 4 |HV #
=8 5 # I%l\/ 0o 1 =8| — AL VY 8 | -
Vv < 710 =9 A°
num_max_iteration = 32000 81— 4 A<s e=™ao=Ll g Av
dtim = 0.01 { - rF%M™M=s L>dwr % Y% 2
Ned & diim % %™F2 % 0043549 %<8 Nygd %™<
% [ooodei— % 1 ™ME2e - %olrqlg0%e
oA Fz2 % o0d3A° «V¥H[ =81 — | A e
>@y% o £ Arsd o5Ac0
epsilon_ele =12 epsion_ele | 8 »* ek —No| ~ ~=38LDA— L e
- ™| taggA° =— |8 Si — 12 4 T'V'=|A9”-:»8
4L fOTM—iNf_ﬂr Vv <4 rs — 4L e 8 8—
| =g4c0
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5183 —

4 e<s®outputo00 h= i <3 —cubefle¥s 14 5A°
. ® hD=ei  outputOO0
| —hDwd — — | 8Si— Pfi)— A Ll—zas  —Pfiyv % 48 —
%odvoe = % g0
- %1 4 6~ initial positron  energy eigen values - O%|-% - A L—zAo
I & % oaqgac = e q o —]9 kosmes
¥%® 14.6379€V)#E Nef| 1 <& <= ™3 A9 extrabands |/ 4| {4 L« i »>— ™
(14.9628460558-15.0292289699 & ~3A° {4 - —2 #|s %8 0.0021898139(eV) <
af =™ A9
- 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
hOwd — — |8 —|lea %N gA°
positron lifetime(ps) 220.184723312044
core rate 3.79328791767622 %
R — L b % s —  %220pss 19 Visd <=™5 A9 core
rate | © - A - - — 4L 340
Cubeh O wd
% Ase - 8 — &N d= — % hOw electron.cube®
positron.cube 8 ep_paircube - 145 A° 14 f—hOws | Gaussian cube  # Ny @ # Y9
A° 519~ Si  ~%1 d <340 < -=¢ - 8 | @
- A 1<% %dqA0 — % % i 2% oV Yaki D -
#No | < %2 - | -~ A %N za° N L 519 (o
=g AL — Y TM< | ES % % # Afis-odgAc
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519 Si — @® G N ©

5.1.84 —

— %t £A°

we fio' i —

I ERT T L = L_%Ne|qA°11#8 ¢F ¢ AERE — s Y,
- %d e — < — <— 0% #%ho™ —1<EA°L— B8 ¥l
4L < o= ™8 wefio' id  Ai<% 34340 td=™ wefic-'ir|s
b=l i—fer o= odviownd e/ — [idk sk qantos
—feo wefic* i 3% td=™ard reciaod ™M= Afislzwngas

o PJoh 4« »D—

Si —PfiJ - %3T™M= 8 8 8 - A-”iiiﬁ:eEJ oh «ti »od
—lte- -g4°
accuracy{
cutoff_wf = 50.00 rydberg I cke_wf
cutoff_cd = 200.00 rydberg I cke_cd
cutoff_pwf = 50.00 rydberg
L= 4 ty=e 4V % =™ 1 <d %k %N 7A°
i T T L = RY S M s
outputo00 h Dwed ~ | 8 —Jfe %N g4 11 2]8 4 o= 21 L =™
N 9
=== 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
L1 #® e — positron eigen value % e=™| | <d kg3 A0 Ofi
ki #— output000) # | ©
- 0.5674635596
- 0.5674635638
pz<of =%qs e=™| 1<% %{gA° 3V —  # 220.180365487100
220.179503204077< ™[ Vv ¥%Nel g A% 14 |8 4 - ~2%™M=s tdve <
e e L e BT LYY
- —Pfi) % o=24d 8 Y= - = & z%d e | 4V
L—#Ne|<s a=|™ <Feo
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52 hemilF - @

5.2.1
5211 —
PHASE ~ | — =004 A %Nel 3 A0 g8 L Yo |- == %
1y = AL ™I A/ — 1/8||r AL c,s/JI|1/8||F 4L eq A9
_ L o1 < |H — < zesid =3 A°
Q- = Voo Log o540 % # — % E2%{ <% —
|
A Qg B o O
-
< 13A9Bqnl — % - A —<tid>00 R B — < o= pdl=™
JA4°
B i
QR TO'QTOTQT
— | Zivfi-hDwdivfi 4 2 A= |H Lt < %% %9 A0
TRy
B ofe T Og
ke =" FE| 1 - # §434° R o=adldixaqs
TO*QT Cw
L I o e S ™
3400 - 00 % - Yol 2 8R8 -~ {<% vii 51 Bl viisi
B-grg™ Rg 13V il—r o™zA9 =44
Y 4 ey
Y d e
olrr
s Vg
to1d rodq3te - viisiBag | - B==c-3vq - F3is
P r0dq4° =94
Boy T
ko]
sa0 - | #ordrodze=qd
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B Qi B fQ)

ZN0 Og Og O Ocfr Bofof Qo ™= — o)L
0q Ogi 0y
'rQT
< % 434091 — L ovike 0g 0, P<™e L oqp0
15 Q) Ooroy, o
'rQT
v % ¢ Z w1 %, 0= 0 Ogpor 209 21—
L 5% — o4 |==| A°
5212 R' 0d
L oe-| 3N % -Ne| L% #£A® -0 ™< — %
.—o=| Y5 —shli=z22)% J||=|A9 — | d vz =3
Ao % =V | nfdynmdata — -~ 14 =™ 2— R' 0] AhDmd
AL =3 A9
— |8 PhononK. e  <3A°
Phonon{
sw_phonon = on
sw_calc_force = on
sw_vibrational_modes = on
displacement = 0.05
}
— 4L - o3 A°
- 8 -
V| - ¢hoi |
sw_phonon OFF Ke Bodt  rA{%2e % Quub #ZEA?
sw_calc_force OFF —v E— L el>e Vo Oumt HEAO
ON —v E— Mg A (0 eV
forcedata- 14 3A°
OFF sw_vibrational modes=ON o |kh O e "F_FORCE"% |-
—¢ D 9 4L 1 113 A°
displacement 0.1 R' ®2 a>
sw_vibrational_modes OFF L e¥%>e Yo Qumt HEAO
ON s f4||J modesdata- %  td3A°
oFF | Flazt:
norder 1 L A{R 0ad#A?
sw_polynomial_fit OFF ON he eJ # A kgAe
OFF g — & Lkgao
5 S -
%Ng = Lla==  A{ %N 3A% —V E swinversion | OFF - <3 A°
zdy— < - MVE wr — L A-=2 3V |/ — A
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symmetry K. B« # <2 =3 A°

— | element_list K. &« — massz A ° @u)t| oo (amu)#
A~ | #unitsatomic_mass #ag — ~  Ade
| PhononK. e - — displacement 2 =5 A® | 0.lau. ~<{s ™zA®
— L == A - % [ ~ =3 A°norder 4 2~
A <2 — L 3%5- 141 <%#%qA° diplacement 2 <V Lus<ad
| -u-u2uRu - o045 A° sw_polynamial_fit & ON - == he eJrAd  noderd 2|4 %
b £Y%q A%/ —< Y— | -u/norder, -u/(norder -1),...,u/(norder -1),u/norder # A © norder & 59
Al < | food32a% - % 4z | norder %1—  — 2*norder ~
o —% =001 ™9
5213 —
| @ hOws modedata® —e 2 = forcedatar  t43A°
mode.data ~ | - % tq34°3 - Z el $q Oololnd — %
tq34°
-~ primitive lattice vectors -

alx aly alz
az2x a2y azz
a3 aldy aadlz

-  — natms — ool < a5’ z1 name()% — tdqA0
-~ Equilibrium position and mass of each atom---
Natom = natm
do i=1,natm

i x() y@i) z@) m@) name()
end do

— 3, — d 9

- Yo g 1434
- Vibrational modes ---

Nmode= nmode  Natom= natm
do m = 1,nmode
n= m representatio n(m) acvtive(m)
hbarwW= omega ha(m) Ha = omega ev(m) €eV; nu= omega nhu(m) cm™ 1
do i=1,natm
i vec(m,,l) vec(m,i,2) vec(m,i,3)

end do

end do

representation | —  #A%actvem)|' vfi 0z23Nd r Rrod 0zD)#
Nel| FIRsoqdgA° #No| - IRGRR <0453 A° Omm filz20— | L 1dg5s
vec | z-Ji— # omega ha| Hartree #— £ omega_ev| Wi #—
# omega_nu | 200

¢d ANDwe focedatar | — &  A{VE- —e2a% td34°/ — eda| -—
2 199400
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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,i)

end do
end do
num_force_data | & A — # displaced_atom | =V - % displacement
% - z-Ji OMM #£A° norder | # <~V norder — ¥ td 340
sw_ploynomial fit |  — sw_ploynomial_fit % ON—< %~ ON< A 1% 14 3A°0OFF— -
| 0% 14354°
sw_calc forced OFF - A1 <2 v £ 4 5 ddd AL <%EHAO

L oafis] Neq3E% - o | e=lodszte

5214 —

L oe-| % rotd rodgyE—# L e<%s 0 # Ak
™3 A O -0 ™ — % ~od s —shi=20% 434°
— AL - =3 A0

control{
condition = initial
cpumax = 1 day ! maximum cpu time
max_iteration = 6000
}
accuracy{
cuto ff wf = 25,00 rydberg
cutoff_cd = 22500 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 = le-10
succession = 3
num_max_iteration = 300
}
force_convergence{
delta_force =le-4
initial_charge_density = Gauss
}
structuref{
unit_cell_type = primitive
unit_cell
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a vector = 150 0.0 0.0
b vectorr = 00 15.0 0.0
cvector = 00 0.0 15.0

}

symmetry{
tspace{

lattice_system = primitive
generators{
#tag rotation X ty tz
C2z 0 0O
IC2x 0 0O
}
}
SW_inversion = off

}

magnetic_state = para

atom_list{
coordinate_system = cartesian
atoms{

IHdefault mobile=on
lHtag rx ry rz element
-1.45 0.000 1.123 H
1.45 0.000 1.123 H
0.0 0.0 0.0 0O
}
element _list{ #units  atomic_mass
#tag element  atomicnumber zeta dev
H 1 100 05
O 8 017 10 }
}
wf_solver{

solvers  {

Htag sol till_n dts dte itr var prec cmix submat
msd 5 01 01 1 tanh on 1 on
Im+msd 10 01 04 50 tanh on 1 on
mm2p -1 04 04 1 tanh on 2 on

}

rmm {

edelta_change_to_rmm =1d-6
}
lineminimization {
dt_lower critical =01
dt_upper_critical =30
}
}
charge_mixing{

mixing_methods  {

#t ag id method rmxs rmxe itr var prec istr nbxmix update
1 broyden2 03 03 1 linear on 10 RENEW
2 simple 02 05 100 linear on * *

}

structure_evolution{
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method = cg

}
fle names.data ~ | element list < 0 Zwefio' i hO=ai H_ggapbe nc 0lpp <
O_ggapbe us 02pptt  —gA° 1 — L o= v — & 520~ =340
5.20 -
- L oer | — A -V = 4= Phonon K. e 4
— deoga- | —  hOwsd nfdynmdata - t4=™] —
®v ek — FA°
atom_list{
coordinate_system = cartesian
atoms{
l#tag X ry rz element
- 1.446816228 0.000 1123327795 H
1.446816228 0.000 1123327795 H
0.0 0.0 0.0 @)
}
}
— | Vv=ap —|er=3n0 | 0055 =3 A°
Phonon{
sw_phonon = on
sw_calc_force = on
sw_vibrational_modes = on
displacement = 0.05
}
PHASEL -5 A>»
| % mpirun_ ../././bin/phase
PHASEL  A{<s —hOwsd modedata¥ ¢4 34°
" zi |edi freqpldt o= <3A° — | —|er-mols™eoko Tfid

t = freqpld <3 A9
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| % freqpl  -mol mode.data
1—- = - z2)— L 521~ <~5A°

Vibrational Analysis

4000 I A1IR&R B1IR&R ]
3500 | 2————3589 1 3703 |
‘TE 3000 ]
= 2500 | :
3
& 2000 .
g 1500 } 1——1580 i
'
1000 - :
500 :
0
521 — z D) —
— zelsi— & A{VvE-  taectory —ROwsd | 2421 animate.pl # -3
A — L VR Owd controlinp & <3 A°contolinp | —|fe~ <34
| origin 75 75 75 |
42 animatepl & —Jle-r og5A>°
| % animate.pl mode.data  control.inp |
—  zeli— trajectory —NOwwd mode *tr2 % t4d5A°
1= = — 22»— zesid 52~ <3p° v 2y - trajectory
—h Ows mode_7.r2,mode_8.tr2,mode_9.tr2 4L oV L—#A0
1A1 bending 2A1sym. stretching 1B1asvm. stretchina

\ AN A~ S\

5.22 — zDd)— ZeJi
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52.15 o fi (Si2)
R' 03 =
ol dfi — —  #A° | ® sample/phonon/Si2 ~ # A °
R' ©3 shDw nfinputdata # | & element list o ' «fi ~— 280855 amu¥% 14 =™
3 A AL <A{V ks #units — ~ atomic_massd = o=™ A
element_list{ #units  atomic_mass
#itag element  atomicnumber mass
Si 14 28.0855
}
—R' ©2 44 PhononK. P-# <3 A>®
Phonon{
sw_phonon = on
sw_calc_force = on
displacement = 0.1
sw_vibrational_modes = on
}
sw_calc_force< sw_vibrational modes %< L~ ON o —# —V k- A ™ % T
154°
PHASEL  —5A°
| % mpirun__ ../././bin/phase
% A< hOwsd mode.data - — % td3A°modedata— — |
—lFecof=mac
-~ primitive lattice vectors -
0.0000000000 5.0875600000 5.0875600000
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 cm"-1
1  0.0000000000 0. 0000000000  0.7071067812
2 0.0000000000 0.0000000000 0.7071067812
e R e S T T
Yalk | — eoiy 21 %  ~Neftsrt 4| = ™5 A ° Vibrational modes < ™e =
- i — — - [z2D2) < %NQlFf¢4||ETM=|A9lJ|| -—| z D) — 4
< e= - %eNefkrtdl 7/ — — %l z<ui %Nefgre =™ A0 oz |
- = /= = Az-1i-= Y%Nolksrt 4| = ™5 A ®
g
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— hO=e mode.data —
i freqpl & A < Postscript —

—03341/8|If "

L

z i freq.eps ¥

Z i

I

~34°  —|ersad

1340

% freq.pl mode.data

o i — — " zi 4L 523~ <38°1 - % % 517 cmi# Nef| = 3 » %Ne
{i1<s% %dg0°o1—220— | Tg#zNe|—2 0 —220% -  e=T™gAS
Tagz 20 % vfi 2N — — r~R% 14340 £Ne| | IR<
R RN
Vibrational Analysis
700 | 1
600 | ng R i
=~ 500 | 1 517 ]
£
< 400 | —
)
[ =
S 300 | 1
8
w200 1
100 | 1
0
523 Pi ¢ Si— hot fizD>)—
z2J ) —
—  NROwd modedata %[k Trajectory —hDwsd & A1 <~ [ Z e i
AL -V 4 % A= s0d- Tfi<es= I oV #%hyA 4D
animatepl &  ~=s —  hOwd modedata % |k - 4 - Trajectory
—h O ( :tr2) 4 oq A9
— <¥¢izeyi— A& oyRDwd controlinp & <3 A9 controlinp | — e~
4::' A 9
origin 127189 127189 1.27189
vectorl 1017512 0 O
vector2 0 10.17512 O
vector3 0 0 10.17512
42 anmatepl & —fe~ A{s Trajectory  —hDme %220 — ot 14340
| % animate.pl mode.data _control.inp _ |
v— 2] 4 avidklzo - F<d ¥ — ol dfi %o lfer o=
3A° V< t 4V Trajectory ~ —h O ws mode_6.r2 4 A < 524—|fe -
z-Jsi% # tdg3A° 524~ td =™ i | td vV gidmo2 hDwd & 1 1<
2 £%y 093V tdl v Trajectory  Yks A At < %2 Hq A0
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524 Pi ¢ Si— hot fizDd)»— ZeJi

169



522h 0t fi Pfi)

5221 -
PHASE - | @ ot #0020 —k r2%t L ™ hot fi— 4pPfiy &
A %Ne g A0
5222
o R'o0d=d
1— & A{VE-| o — < phononK. e -4 - A Mg A -
—leroqqa°
phonor{
sw_phonon =on
sw_vibrational_modes = on
sw_calc_force =on
displacement =0.1
method = dos
lattice{
1=2
2=2
3=2
}
dos{
mesh{
nx=10
ny =10
nz=10
}
}
}
0 R' ©d2=22d - o34
1K. B 2 3K. BPw |-
phonon hot fi — 4 ev E—K.
P e
sw_phonon PHASE — L A%
>eld oqA°p —q-—
< FA°
sw_vibrational_modes L e ¥>e K -3
A°@ —q— < #A®
sw_calc_force L el>eld -
1A° @ —q— < #A®
displacement — 4 e >
[ AR
- = < ZFA° ¢hOi
| 0.1bohrzA®
method r AL “3A°
— | dos, Pfi —
| bandd -5 A°
lattice k — | @ RO ¥
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— L <-3A°/ —@R
dD¥i — rd  A{K. Be#
N9
nx a £ A{%mt —5Ac0
ny b &£ A{%dt —5Ac°
nz c £ A{wmt =340
dos — L A{K. ¢
~-EA®
mesh - A k —oce-
* 4L AK. PegA0
nx 1= E— Z_Ji_
@=|A9
ny 2=~ L— Z-Ji— AL
4:>=|A9
nz 3= k- zeli— 4
<:>=IA9
method & band< A< hotfiPfis— r~odga°Pfis — | Pfis <
band_kpointpl &£ <= A{ k — % 14V kpointdata h Dww & <V N~ =3
A °
Pfiy % k
hot fiPrfin &L e @RI ¥ — % FagAcPfiy 4k | 14V e
RO ¢i - =Y = PHASE % - e3lA°®  — % #EAS®
, ®RdY¥I| K'zd -~ <=  1d3A° —PHASE - |{ —  unitcelltype %
Bravais — | - o= k & <3A% hotfiPfiy— | K' z> - o=
eller «=0 001 ™
., Pfiy | oV meV%[ = — < dffer  <=201 ™9
O fi - P ~r¥HB™M=okwe i zD)— < B of V 4 Lg A°l —
LO-TO < rdga°1— &£ 4 4 hOwed ~%™=1t - — L e 3%
Nej A
phonorn{

sw_lo_to_splitting = on
electronic_dielectric_constant{

exx=2.6

eyy=26

ezz=26

exy= 0.0

exz=0.0

eyz=0.0

sw_lo_to_spliting & on <A{ 1 <~ |fJ = LO-TO 4 . L el <%# %A
electronic_dielectric _constant K . © < ~ | — v fi s i 4 -3 A9
electronic_dielectric _constant K. P« — — exx, eyy, €zz, exy, exz, eyz ~ A vfisi — &
=g A0 wfisi | L -5 | UVSOR-Epsion ~ [H| L, oop ™ — L
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A %Nel 3 A° 14 | ¢ <o efchgdata h Dwwd &£ = — e~ o
34°

2

1

1.120.00.0
0011200
0000112

2

-1.120.000
00 -11200
0000 -112

h,l:‘-'—l - dL <:>=|A92 - — A @=|A9=I|_| _ — D
S i viisid  o3A0 vii i | L A{islengan
UVSOR-Berry ~ |Ff = [k v Wi fi L A{i1<s% 5 ™A

+2 4% #%V | { PHASE &£  <3A°35[]| PHASE | - V%[ =e
DRO¥i L  <3A9. ~hDOwd | —fe- 143540

natm_super,natm2_super= 64 64

ia,cps(3),pos(3),ityp

11.271891.27189 1.27189 0.06250 0.06250 0.06250 1

2 8.90323 8.90323 8.90323 0.43750 0.43750 0.43750 1
31.27189 6.35945 6.35945 0.06250 0.31250 0.31250 1
48.90323 13.99079 13.99079 0.43750 0.68750 0.68750 1
56.35945 1.27189 6.3594 50.31250 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
911.44701 1.27189 1.27189 0.56250 0.06250 0.06250 1
1019.078358.9 0323 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 s ®J RD #i — $A9cps| —oi o ufi pos|h,! o T opi EAN

ityp | - & A #A°3V,e@Rd¥i -~ Fy= APfiy <k —0pe" %
“fer  ifq0e

num_bands will be changed.
neg,meg= 192 192

k- point mesh will be changed.
mesh=111

neg¥% <™Pfiy ,mesh3¥% <™k opo" #A?°

R O i
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mode.data h [ wd

— | modedata hOww - td3A°h0t fiPfis— — modedatah Dww | V<
ir —|ferodzgarep — < o= :2)— — % od3Ace

-~ Vibrational modes

Nmode= 6 Natom= 2 Nqvec 120

ig= 1 g=(0.00000, 0.00000, 0.00000) ( 0.00000, 0.00000, 0.00000)

n=1T1lulR

hbar\W= 0.00000000E+00 Ha = 0.00000000E+0 0 eV; nu= 0.00000000E+00 cm” -1
1 0.0000000000 0.7071067812 0.0000000000

2 0.0000000000 0.7071067812 0.0000000000

1 0.0000000000 0.0000000000 0.0000000000

2 0.0000000000 0.0000000000 0.0000000000

n=2T1u IR
iq= 2 g=( 0.01875, 0.01875, 0.03750) ( 0.02316, 0.02316, 0.00000)

n=1B2 IR&R

hbarW= 0.63506708E - 04 Ha=0.17281054E - 02 eV: nu=0.13938112E+02 cm* -1

10.4999599615 - 0.4999599615 0.0000000000
20.4999599615 - 0.4999599615 0.0000000000
10.0063274755 - 0.0063274755 0.0000000000
20.0063274755 - 0.0 063274755 0.0000000000

n=2B1IR&R

zJ)— £ — - k — % IJ||=1A9 k — z Db — — -,k - £
<ol wo ufi £z t43A4° 20— Zesi| - | <od-2%, Zeli—
-, % 1d3b°0% @ — < - - wm  tefi—- —
% td3a%n 11— | o # | %O ™ ~ o Doop ™

phdos.data h [ wed

hot fi— | phdosdata h CDws -  td 340/ — | |  —lfeal—znc

# Index Omega(mHa) OmegaeV) Omega(cm -1) DOS(States/Ha) DOS(States/eV) DOS(States/cm -1)

IntDOS(States)

0 -0.00050000 -0.00001361 - 0.10973732 0.00000000 0.00000000 0.00000000 0.00000000
10.009500000 .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
30.02950000 0.00080274 6.47450174 0.04568839 1.67901746 0.00020817 0.00044927
40.03950000 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 0.49 343689 18.13347292 0.00224826 0.01020273
8 0.07950000 0.00216331 17.44823352 0.67844022 24.93222060 0.00309120 0.01602478

1 | —waii ¢ P« ® 234 % 4.4 mHaeVcem-1 —<«ti»d 567 W
1 - 4| statesHa, states/eV, statesiem-1 % — 8 % 200 |
L i »d>— l—z/sTMEl X3I—Q=|=|A9
Perl @< ' K |
hot fiPfiy — —Perl @' kJ %PHASE ~| [ =™A° —3 —Pel o

<l ki -

L e <%ENHA®
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phonon_dos.pl

hot fi— D% g hot fi o A Pere-"kizae —fer -
3A4°

% phonon_dos.pl phdos.data OPTIONS

phdosdata % PHASE % A{hot fi ¢DAEA A4 < phonon_doseps < ™e
EPS — hOwd % 1934° —oke "fid A{1<%hzoyA°
-- units=UNITS or -UUNITS <ti»y— A& =5 A ° mHa, meV, THz,cm -1 —
™M %2 A° ¢hOi 4 | cml A0
- width=WIDTHor  -wWIDTH vl — £ ~3A9eh0i ) | 12A°
-- erange=[emin:emaxjor - e[lemin:emax] <1 »D — 4L o3 A
-- drange=DRANGE or - d DRANGE — 4L o3 A9
- tittle=TITLE or -t TITLE — o ) 1AL ~3A°
- font=FONTor - fFONT ~'hre  A{hofi)Dmd <3A° K00
| 18#A°
- keepor -k —¢dahDea & A L —oko Tfid
- =3 N9
- monoor -m 4 e ~' pd eV™ ) —oko Tfid
=3 A°
-- dinc=DINC — AL oq A
-- einc=EINC < i »d — AL =3 A°

phonon_band.pl
hot fiPfis—ed sl hot iPfisv oL A Pel @-' ki 2A° —|fer <340

% phonon_band.pl mode.data OPTIONS

mode.data % — % 14 VhOwd £2A° A{ < phonon_bandeps < ™e EPS
— NOwd % 14 308°90Kke " fir| —|feo L—3%Ned g A0
-- control=CONTROL or - ¢ CONTROL band_ kpoint.pl N o — hOwa 4 “q A0
¢hoi s | bandkptin A
~ ptype=PTYPEor -pPTYPE ~'h - Ak.es L ogAcine 4
A < crce & A< #hot fiPfi
L oqA°eh0i s | line #£A°
-- units=UNITS or -uUNITS <t i »D — AL =3 A° mHa, meV,THz,cm -1
—™Md %#zA°ehOi s | com1#A®°
-- width=WIDTHor -wWIDTH $ J|| .|| — 4 =3 A% O | 1£A°
-- erange=[emin:emax]or - e[lemin:emax] < i »d — 4L o3 A0
-- title=TITLE or -t TITLE — o) @ AL e3A°
- font=FONTor  -fFONT -'hr A-”h(}fiJ O w2t =3 A% ROy
| 18 249
-~ monoor -m ct eo =t oYy™ o —oko Tfid
a:‘ A 9
-~ keepor -k —¢DdahDmd &£ A L —oko Tfid
- @:‘ A 9
-- einc=EINC < i »d— AL =3 A°
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phonon_energy.pl

L bfe
< i 04
A1 <oz

A <% S%q A0

hot fi — s |k - A <«ti »><Zirviae—  «tidd
<l kJs#EA® - A{Zirvie— «i»d- — DFT z |4
14 r -t = «kioadd A <%E% - A
1L EAN
k—hot fi—<ki»d| / — Sgt  -= Pc g9 <
|1 B Q < 1d{-2 hotfi—«ir»dd - Afs -
9]
. A@DC—.Q—"Y
p ABBDTw
Zirviea— «i»d|& B QY I0¢  #%]|-—% — e~
I ey Il
& S oMIig A@Dh—"Y 8
- - «i»> |5 —B Y AGD— <  #%|—#

Yot Foq A °

9]

0 8
© ABg b

% Haa

19340

—fer  af:s

<dij. Hd| & %Y %Y O T A1 s%EHTAC <«+ird—
- A £ 4 | -2 —fer A s%mEAAC
. aJ_ )
Y . oY 2%ay
# ﬁ E ] 8
AGe o
phonon_energypl &£  A{ < —feo L aA{i1<s%m z2ae  —|fer  oqA0
| % phonon_energy.pl mode.data

L= = —3=—NDwd % t45A°
phonon_energy.data h [ wed <t »D Zitrvioae <t »D «fis. HD —
% — %  td =™ hDed A0
# T (K) Internal Energy (eV) Free energy (eV) Entropy (eV/K) Cv (kB/atom)
00.125434126153072 0.12543412615307200
30 0.12552700746085 0.125409486111375 3.91737831580881e - 06 0.0820122071540538
60 0.126828216477476 0.124936822438767 3.15232339784872¢ - 05 0.435633166874193
90 0.130001095247047 0.123379006005857 7.35787693465625e - 05 0.787404251770626

120 0.134948880737123 0.120473935403623 0.000120624544445835 1.12444793146534

175




1 - %2 Yo lk | i »d<Zirviae <idd¥%hey £ i HO%

evVIK % Nvd— %k # 1d34°
phonon_energy.eps h O wad < 2D Zipvioe <i ») «fis. Hoi < =
=k PJ oV EPShOmad ZA°
phonon_Cv.eps h O e < — Ak, P oV EPShOmai £ZA°
Si — = [ { phonon_energyeps: |- phonon_Cveps— < <3 A ° phonon_energypl ®-
ks | hot fi L v - | modedatah Dwi &£ A{ %N ~o o
ot ™M hot fiPfis & oV ~ |k modedatah Dwadi & A< —eo < 2%
= % e=eg™iA°0% |q{ < i »D| 2 =V <aqdqA°
% phonon_energy.pl mode.data
weightundefinedforq - pointno. 1at/home/user/phase/bin/phonon_energy.plline131,<MD>line4450.
2 T T 0.0016 3
Internal Energy
15 F Free Energy —
Entropy— 1 0.0014
’ - 25
05 | P " 1 0.0012
_op ’/ {0001 - 2
3 05 / 2
3 // 1 0.0008 & 15
s - / <
® as| / 1 0.0006 © N
2r 1 0.0004
25F / 05 |
/ 4 0.0002
3F ‘
35 : : : : : 0 0 - ' : : :
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
temperature (K) temperature (K)
5.25 phonon_energy.eps < phonon_Cv.eps )
phonon_energypl ®- ' k s —ok o T fi | — q4#A°
— width=WIDTHor - wWIDTH 1d] — L o3Asenois | 1#As
-- trange =[tmin:tmax]or - itmin:tmax] - 4 =3 A9 e¢hoi s | OK Y%l 3000K
ERAN
- nT=NTor -n NT - — 4 -3 A9 ehoi s | 1002A°
- font=FONT or - fFONT -'hr A hofi) 0w -3 0% hoi
| 18 zA°
- mono or -m 4 e. =t pd ev™  ~ —oko THid
c>=| A 9
- tinc= TINC — AL =g A°
-- einc=EINC <« i »d)— dL o3 A9
-- cinc=EINC — AL =g A°
5223
o ' i
L n —1=<eo= ol (fi —hot fiPfis<hot fi - 4L oy L g
A° 1l — — hOw samples/phband/Si ~Ne 5A°
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3 M| Pfi & ™5 Ao samples/phband/Siband — hDwd & =5 A9 bandkpoint.pl
—  hOwsd bandkptin  — | —ferof=™gA0

0.02

- 0.8333333 0.8333333 0.8333333
0.8333333 - 0.83333330.8333333
0.8333333 0.8333333 - 0.8333333
0001 #{/Symbol G}

1102#X

5308#U

0001 #{/Symbol G}
1002#L

| — bandkptin  h w2 o — |fe - kpointdata ~hOww & =5 A°

| % band_kpoint.pl bandkpt.in

= = | —feror=mas

structure{
unit_cell_type = bravis
unit_cell
a=10.17512
b=10.17512
c=10.17512
alp ha=90.0
beta =90.0
gamma =90.0
}
symmetny{
tspace{
lattice_system = facecentered
}
method = automatic
}
atom_list{
coordinate_system = internal
atoms{
#tag element rx ry rz mobile
Si0.1250.1250.1250
Si0.8750.8750.8750
}
element_list{
#units atomic_mass
#tag element atomicnumber mass
Si 14 28.0855
}
} ]
unit _cell _type < bravais < o lattice_system R* 0> ad>r |[f =1 — %facecentered , A
ol 2N 1sd  o=™gA9 oV fer —PHASE — #|1—|eo %ot
= ™ A - =A% hotfirfiy #|/—|fecis| Fd33Fe -
phonon K. e«d —ffe~ o=™3A°
Phonon{

sw_phonon =on
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sw_calc_force =on
sw_vibrational_modes =on

lattice{
1=2
2=2
13=2
method = band
}
@ RJ¢ | abc /4 -4L2 <o £ o=mgae - —L<pHASE &
-3A° % A< /— Ymodedata ~ 19 3A°modedata hOws YslEh Ot
firfis &L v E-]| — AL mape

| % phonon_band.pl mode.data

-- control=bandkpt.in

- control ok o ' fi 2 bandkpoint.pl — hOwd &L c=™3A% 11— %™ |P
fiy - L A oz tdoooadgac | - & —|feroqdqAc°
- | // ~ N
/ N
. //
400 | /1S -
/ \ I P
—_— // ‘\\\ //
e N
S 300 | Y
g / \ /
£ 200 | / \ \ I
100
ok
r X u
526 o' «fi —hot fiPfis
hot fi— — =~ o  #>2a| samples/phband/Si/dos -~ N 5 A | 1
o—% bande=" < ' Dd— N forcedata hDwsd E£eHI o= A< Lok
Afrsl  #£A% 1— | swecacfoce R'o0daAddoff - e=ow:™ ;| —nfiki

R' 02 40 hOwad |

—|eo

%o td =™ A0

Phonon{
sw_phonon =on
sw_vibrational_modes = on
latticef
1=2
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2= 2

I3=2
}
dos{
mesh{
nx =10
ny =10
nz=10
}
method = dos
}
method=dos < A 1<~ |f = L ey<d =™ A9dos K. Be— — mesh
Ko B wr25™M= 2 AJoees L10x10x100< e=™ A0 L e -
4V [FPHASE & o5 A KOt i — | phdosdata hOw - td34891—¢
> ad L< ~ phonon dos.pl ®-' k4 ==hot fi L =3 A°

| % phonon_dos.pl phdos.data

L= [ Rot NEETY

0.09 T T T T

0.08 4
007 B It -
0.06 ; i

0.05 | J

0.04 .

DOS (states/cm'1)

0.03 | -

0.02 | || 4

0 . L | |
-100 0 100 200 300 400 500 600

Frequency (cm™)
5271 «fi —hotfi °
fae ool e
Y» ol »r | NaCl - Ll= ofi — #A° 528/ — L eqn0y
#| 1— 4L ~ 10710 4L vhotfiPfiy L o3A° - — hDwd |
samples/phband/KI ~Ne 5A°
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528 » ol pr—

oo & v & ey k| —  wfisis %o #Aacuqf] -
er = 3 =V?°
vfis1 UVSOR-Epsion &£ == =3 ovoi— 22ev—s' pk L o5 oye
| xxyywzz % 4 -4 26<0d5 <V
UVSOR-Berry &£ <= Wi fi wiisi — & ™y oy | ol e —
% 11262, * » — % 11262<0d 3 <V o
vd L < sw_lo_to_spliing & on< A ol fi  — < a#zA°~ [ Vhotfi
Pfisd -5A° —vE LOTO £ 3s0O- <V L y=s <=™3A° %

toto &£ s~ v % o= oV - o3l — % %o e
- ®  #[L0T0 = o™ | o= % e=Tmac
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LQ-TO splitting not taken info account ———
LO-TO splitting taken info account ———
4
¥ o3
=
>
[&]
o
@
oy
o 2
L
1
0
r X U r L
520KI —hotfiPfire %LOTO & S~ =V %LO-TO &
o= oy 9
®i—
- hotfi «i > - 0 < == @x— — 4L e3p01 -
—  hOww | samplesiphband/Sn/a-Sn d @3 % | samples/phband/Sn/b-Sn d @ ~ Nef 5 A ©
eur| deusdens 4 Y%Ned 3 A°d @11 | b = fi ) deu|/ — — {4d
ox d<dja0/ - Ak 530 <3 A°
Ws @sn
@ @ @‘ ’@
Y a z
Lyx
e
530 d ®x <d @t -
d @ rem 2z fiy  ALe Wl o=tV |feo # Nef L 4340
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|deu% #40% z|dex¥% r~odgaceid] /—L—— «ird|de
a— Yo ™% - ehot fi— i »d— dex— % %™ ENJ 2 <«
tird|des— % 204 A %|F#Ne| < 2 k5091 —ffea & hotfi—
«ti D = — «id & 4 oFy=s =My A
3 M| L ™ oVoVeoo desx —da | 054614 o= o7 =V o
| — - A qzn0
ad) cR) <t 1 »D (ha/cell)
d ®x 6.6555 6.6555 -136.147884
d @ 5.9184 3.2323 -136.144694
L— Y% [ksholler <t idd|den— % ™2 #ldex¥% #N< 4
a0
rlA
ws LY o —leg L omgove kil A - o
| —p#Ao°d @ deu- ~=-' «fi- < & PhononK. e-# ™
L o5 v ~ |k v modedata h s 4= phonon_energypl ®-' k) #
4:»:' A 9
| % phonon_energy.pl mode.data
|4l { phonon_energydata h Dwwi —3  ~ROt fi— <ti »2% 1d34° 14|
Nevd — o—# — <kiD— No/{ —«ti »Dd 4 — <e=k. el
< 53l—|fes % |54
0.2 I I !
o-Sn
. B-Sn
(RS S v
00 ~THooC .
O ;l..f._.':} S)
0.2 SRy .
— jS SN
> s
: '04 B :’\:\w: n
E} Q;ml 5
% "By
o 06 S i
9 '-\}'\__\
0.8 DISE -
\_’\Iﬂ';l
S
1.0 |
-1.2 1 1 I I
0 200 400 600 800 1000
temperature (K)
531 ex<d @x— <«kiod< — °  3%dex %d @~  A°
531 - %™=( ®x— <d @n— % A % < 45091
—  #| %%/ 510K<oad 3 Vo ~| 290K o —# % 0 td=e3™ V%
L—ee ~|f = — L z29%{1<|% %] ™ot Vs ™3A°

182



5224 —

—k r2%1 L A{VvE-| eRO¥I - A L e  %NegAc
V%[ = o —q— < A - o-— % EA®
hot fiPrfin r~2™= L % ™—%@RI¥i -~ A{ — £A° I —eda| 1
|4 v |- At < %% %y A°V < thot fi— L oVN=rhot fiPfisd
A V| o -/ [Vhotfirfiad A{ o] —|Fe - sw_calc_
foceR' ©d 4adLoff sA{1 < | = Ldd Arsdir i <%mERAC
phonon{

sw_phonon =on
sw_calc_force = off

}
0 % — % 1 =™ RO | forcedata < ™Meh Dwad ZA9Pfi ) <
L ofeam -’02z e ~ sw_calc_force =off <A | | —h O &L 6o”
«J ' 2 «HD == w= 10 o0p T™O
- - 4L ecs # t 4| v Bravais | Primitive - e

—d

¥% F30°
structure{

unit_cell_type = bravais

tspace{

lattice_system = facecentered
}
}
<is% hotfirfis — |1— | t 4| M Bravais —33 @RI i % 1
Sl % Fq30°k afik' fi=oe-*dL A o2 % #A9
@ RO ¥  —R'o0dad L1213 | Ls— L =fleo — Le=ogowr™ g
I - - | w54
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523 S S R
5231 —
PHASE |2~ o 4 o= sb " 20 Tfid e <%  #£A° <1 2D <
— o b " 3o TfiYve #%gA°
5232 R' 0d
o F " 2o Mfi < Nefaa— & - o570
o b " 20 T fi = —No aa—
1K. B« 2 3K. Be | 2=
structure_evolution ¢ o— L AqK.
P e
method — dL A-|| 9
o b7 e T fi—
velocity_verlet <t i D —
S
temperature_control —
o b " 00 Tfi =™l %
dt S
¢hoi 100au( 24fs)
thermostat L A{K. p-o R
temp L Ao
gmass — 4L A-|| 9 —
9
structure atom_list
atoms L A{K. e +D
a| 9
thermo group - 4L = JRVE
g Ao
ehoi s | 0—% %1l=
- #bn aqe
element_list L Ao PEE
mass A L A
ZNef 1 < 0
printlevel
iprivelocity FDYNM h O - L yyym™
L —R' @20 24 Ao
5233 -

¢2 o | file_names.data h D ww — F DYNM ~ |}f =
tdgae s/ — |8 — £ #Ae
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| L v < fle_names.data — F_DYNM - td{hDmm
i ( —RDwd | nfdynmdata) - t43A° 1 —hOwd | —perl @' kJ animatepl o
>d =8 PHASE Viewer 02% q ki - Al <of=™gAce - 23 ™=
printoutlevel K. e < — — iprivelocity — Lo o= —  —edal 44
3 A0 —¢D | —¢ 2 94 —Nx r I B
, @vek#Z#— <t i »D
evck#— «ti »d | file namesdata — F ENF = td{hC=é ( —hOw
i | nfefndata)- 1 gA°afiki-|ff= [ L£ -~ -—5A°
iter _ion iter_total etotal ekina 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 0.000256539 6 - 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 - 7.895337 2478 0.0020111576
10 139 - 7.8968352058 0.0014992046 - 7.8953360011 0.0066379641
11 153 - 7.8965440599 0.0012113794 - 7.8953326806 0.0111430822
| — | —ScF —  #Ao |  — «tid
| — «id#A° | — <«irds  «i»dd oV #£Njd <D
— o k" 2o Tim2st £A°
5234 i) — S SR IR
<«i D — cF* "2 Tfi— R'oda #A°
| ® sample/molecular_dynamics/NVE # A ©
accuracy{
cutoff_wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg
num_bands = 8
xctype = Ildapwol
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
succession 3

= le- 12 Hartree
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structure{

unit_cell_type = primitive
unit_celf
a vector = 0.0000000000 5.1300000000
b vector = 5.1300000000 0.0000000000
c vector = 5.1300000000 5.1300000000
}
atom_list{
atoms{
#itag element rx ry rz mobile
Si 0130 0.130 0.130 vyes
Si -0130 -0.130 -0.130 vyes
}
}
element _list{
#tag element atomicnumber

Si 14

structure_evolution{
method = velocity_verlet

5.1300000000
5.1300000000
0.0000000000

dt = 100
}
L= ] et = & o oV lo<af=™ A atoms# | —omobi ldeo
oOye&s 6 «=™3A° L 1dynmep™ o&xks A< 7/ — | S - TR (I |
=L 91 <|Ndg3%01 |Fr LNy = #o™ - o= AS -l s — =—
Lam) % ek 4] e oot Moz as
structure_evolution K. e«#| omet ho&dvel oci Ey=WMgAdlet 6 ~|ff =
— o b oo THid el <%EHRTAF Y ov ek — (  dod #
01&0E™ A # =V |er 1 — | 2418 10155~ <3 A°®
Lig# -vafiki — AL A-"S — | = 0< ¢JI|=IA9 - [
4 —fee &£ c=owp ™
structure_evolution{
method = velocity verlet
dt = 100
temperature_control
thermostat{
#tag temp
300
}
}
}
11# 0Otemp® Laiyfi 2 o309 — | 1= roflfer %
= s wocof fer 1474
o< o LAl #ae - 3N —fee £ <g5A9e

structure_evolution{
method = velocity_verlet
d = 100
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temperature_control

thermostat{i#tag temp
300
500
700
}
}
}
~ atoms — -~ O0Othermos®eoupd -g5A°
structure{
atom_list{
atoms{
Hag rx ry rz el ement 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
}
}
}
1= #| — % 300K r~ — % 500K r —  %T700K-o e
rqq4c
| — — — <4t D <t D <«tid>d 532~ -39
-7.8950 0.0020
-7.8955 - | 400015
5 \ L 0 \ lo | \ . £
ur -7.8960 - ‘ ‘;‘ \\ \‘ ‘g‘ \\ ‘ ‘ ‘J I 0.0010 g
. . -
-7.8965 |- “\‘ ‘ “\‘ “\“‘ “\‘ ‘c“ ‘\ ‘g“‘ “\‘ - 0.0005
-7.8970 LV Vo A 4 00000
0.00 0.05 0.10 0.15 0.20
time (ps)
5.32 <k i 0D <k i 0D <4k i 0D < — 9
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5235 —

— o kT 20 T

o b5 " 2o T

— R'o0dH

| 8 sample/molecular_dynamics/NVT # A ©

structure_evolution K. P < ~ temperature_control K. P«

ZA°

AL =g A9

structure_evolution{
method = temperature_control

dt = 500
temperature_control
thermostat{
#tag temp gmass
300 5000
}
}
}
— #| 3 M0 met hoédemperature_control < «=™g A1 — ] = L e
e g A° =™¢ odt 6 =™y A0 | 11— # “3 A0
# t4 =™ 500<™e | 12fs- =g A°
¢ |k~ temperature control K. <% — & [=™3 A9 dther mask-at 6 —R' o
43d oz AcotempoaAd-|f=/— — <A (iffi ) O0qgmaR'send
S G TPV
, -4 =
stuctur e K. Be— atoms K. e« A{  3%NefgA0 - =3 A°
structuref{
atom_list{
num_atoms = 8
cooordinate_system = internal
atoms{
Hag rx ry rz element mobile weight thermo_group
0.1159672611 0.1235205209 0.1215156388 Si 1 11
- 0.1329067626 -0.1264216714 - 0.1225370484 Si 1 1 1
0.1273740089 0.6305999369 0.6247606249 Si 1 11
- 0.1152089939 - 0.6164829779 - 0.6221565128 Si 1 1 1
0.6299472943 0.1341313888 0.6253193197 Si 1 11
- 0.6305720382 - 0.1290073650 - 0.6187967685 Si 1 1 1
0.6151271805 0.6206113965 0.1333834419 Si 1 1 1
- 0.6276524003 - 0.6268549639 -0.1175099372 Si 1 11
}
}
}

~0thermoRgoeudh o4 [=™A9 | —R' 0D ar

2/3 —
< |f=enoiy 4L
™3 A % o -

- [

A<

1 [F32°9v

— <

L #zgAas 11— #| =— -

M=t
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5236 %1

sk "o - o [ NdgIFosiut shy % PAW wefio i
- e= TR A — - % #EA°
- - | =L Az | Nl 3% e
F*" 2o Tfi— |  —No #2A9 oV¥%[ = LA | = -m &
A %N 5A°PHASE-~251{ — — | A9 V<4 -
# 1822877333 £ A °
“ird|tosto 2 1d30% “irds <s— ~|O -0
Q'Ys™e %N gA° 11 «tiddDO L W oavfi 470
o A agove = @iadwl — L Jym 31 «£iodd
z 4 opuxgpns™e &£ 1=@ds"> %BEQY - ) 1|2 [=
ITMQ
— | 2 <V 71— (stucture_evolution K. e« — dt<™e  #
B 1< b= 22— % Y%dgA°  — | 2 A|i<s% #£40%
L v (ehois)cgpuwpnt =s™e L td s o AfisHn 2
A° V<4 l00aus ™e | 2418fs-  ~3 A°
— A R A L L 349 1A%
|6—L A-"S —hmwmllF B e @ - A-” 0z2)% 0= <3 TM=1\/ '_”'J
=| % o= o3 ™A %A% 0L A< % - M-~ o—evirk
L <A ferof=eqm™ac
0— — o = = = = %sHly Ya - % 20 |fer T
||_TM<¢J|—TM=IA9 — — < — — - = —- — % % Y%
3A (S NosADzProgress of Theoretical Physics Supplement No 103 1991  pp.1-46)°
ot ¥
(R
T QY
ceEt A - s d - @/- - THEM -
| Wi & fi Yy — —  #A° 31 1 005ps — 43 4 300K < == (10)
#z0— 4L L« #%%|/ 4600 <odgA°
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53 o) —

5.3.1 DFT+U
5311 —
PHASE | @ - £ %® p<F2— — 4 - AL S%ES LK
- o= | 0 L g i1<s%Ndg091— <o=8 LA
- =V — % [=™a°1—- 4 e <-=8PHASE | LDA*U 3V |
DFT+U 4L  c=m™q A9 1| — Lofi Qmm <2 fi < o= 4
3 ZA®
DFT+U ~ | ™o =%—  %Nel 3 A% PHASE # | vV eid o= TMg A0
l—z 01 #| 8DFT+U — <t i »D CYMIE — <t ) (Qgds  +Ur
IH| i ) — <e= td35A°( -— | et PO <L d3a9)3vetrP
o)) | 2 Oww -= 14V " — #EAe
. . TYQ QQ " ' "
Gess Gea e bt é?f%xg é(()&ﬁ'x
@ a9
tirzEslEmme 4, | O ® s JeHfi - <309 ™YViks - .
fi — %t #EAO
K - Loafiscd oqae
" aanx Q %g "‘Qg%’éo %;(;]C)Q Wae
ko3
teg Q dglesq 4 zesi dPfiy zAo3vVeEQ Q¢ FA°
LPO) | 8 oV = <V atind — Llylegpae - % - (
Foe/—aeioy [ (0 aqpcomeime [0 - affer
1/,8 TM| dll< |==|A9
e+U_ /2
— Empty level
(&

Ueff

b Occupied level

&-U, /2

533 £P>» ~ |H <ti0d—
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5312 R' 0>«

DFT+U & A{~|® — % #A° Ersaccuracy K. e+« ~ hubbard K. - <
projector_list K. e -4 % 13A°9 Z | «J. fi < i »d— (uefd =3 A° 0
248 sw_hubbard =on | e+t P2 » &L er<d A{vE-  o5A°  #|s - %

A — L <3A°n0| k. ©Ve 2D goup | K. ©Ve aDd—=i Dk
radius | | | zA%hubbard K. £«#  =Vk. OVe 2D | © projector_list

Ke Be#  oVke OVedd ~  A{i<ro  2cwp ™

accuracy{

hubbard{
sw_hubbard = on
projectors{
#units eV
#tag no ueff
1 100
}
}

projector_list{

projectors{
#tag no group radius |
11 2.75 2

-8 structure K. Per=8+PD) L Ay L&  ~5A°pojgop z A | &
accuracy K. b« # VK. ©OVead - g AL PO & 0™ | 8 proj_group

s-=0d 4 =54°0%s - = —pogoup £ 4 ={i<| 34

structure{

atom_list{
coordinate_system = internal I {cartesian|internal}
atoms{
Hdefault mobile=no
l#tag rx ry rz element proj_group
00 00 00 sr
05 05 05 Ti
00 05 05 O
05 00 05 O
05 05 00 O

[cNoNol e

DFU [t erer  + % emesmqac of  eipod
Feooe | & ws | —fea - fEmamisd  Afisd g0

53.13 —

phased <5 A
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<t »D — </ — — —N<~tPD) «£i »D(HE)<t PO wefioc’ i «£i »)D
(HP)% £  t43A°
TOTAL ENERGYFOR 2 -TH ITER= - 79.756461901287 edel =  0.482992D+01
Kl= 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
svetrPdy L v - — % 1d34°is | eHfi— a | -
I o3 A90%8 - | @+px@EH+pzA° L — — (m, md)| s
m dmé( 1 <= m mb <= 29 ) — - =309 0% —
[® 51- o=mqas oo Lo A< HAe - %
T S IR PR RS FY ¢
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: is,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
Occmatdata < ™Me h Dww ~ | 8 % A{  — SCF iteration ~ %1 - %t
3A4°
16 : num_om
éé.
131 3 1:is,ia,iproj;it, |
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
14 1 3 1:is,ia,iproj;it, |
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
éé
1 —numom|& 14V e N letPoy &L fv 2
] — % 1d3A°is| eHfi — ia| - iproj | ke ©@vead 8t
- & L o340 4 — |8 numom~ <=M AS
&M ca p oca p — 2 =30
Sp@v 8pf§;' E 8p|§;§x o
., i ., = [
Eip  Ec EA Ecla p
€& € E @
€app Ecapt B Ecxpiap
— 4 | L o340 ®— 4 = — <— 4 51~ <340
occmat.data | 4 4 L 4 <od3zA




51 -4 = - -
— 4 a T a p a g a o
1 i W o i aua ol
2 W o o @wua ol
3 & W w wua ol
4 Oa Ao ®
5 aw Wwa
6 0w oW
7 Wow
53.1.4 SITIO 3
SITI03— #£A°
DFT+U/SITiO3/cubictu  ( "Yi A2 Ti3d - <= 10eV)
. DFT+U/SrTiO3/cubic ( ™ As0eV)
v - L 534~ <340
16 :
NURFryT (eV)
4l = GGA
GGA GGA+U(U=10eV) Exp. —— QAU (=1 Ca\d
1.8 3.1 3.2
12
310 f Empty d-bands
»
_'CI_.]
g 8
=
o 6|
(]
4 F
2 o
0 1 1 1
-8 -6 -4 -2 0 2 4 6
Energy (e
5.34 SITIOB—
53.15 LavO3
LavO3— £A°
DFT+U/LavO3/cubic+u ( "Ya A4La 4f - == 20eV )
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DFT+U/LavO3/cubic  ( "™Yi A40€eV)

i 0eV—<%| 4 | Pfir|hvikE zi— 15V - d3A%8 zAa20eVsAd<
8V -~ J||=|A9

5.3.16 LavO3
Lavo3 — 200
DFT+U/LavO3/orthrombic+u (s A£ V3d | 5eVe La4f | 20ev)

DFT+U/LavVO3/orthrombic  ( "Yi L0 eV)

DFT+U  #| V — :zdo0fii% - eg A
5.3.1.7 FeO
FeO — FAO | — | ® occmatdata h Dwed  — 4 — <-= A

L_zA0

DFT+U/FeOlgga+u ("Ya AezFe3d ~ <= 5eV )

DFT+U/FeOlgga (i A40€V)
ek ®Hfir o= | - % 18 b »fi ®@Hfir o= | 3z2—r2 — % 0
- td=™3A i @OeveE | 3z2-r? — L =dPfirsHhviF  zi |4 ~ J34

%eLP2y  #£| - J308°3veiLPdy |4 Pfirr ek¥% HqA°
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532t ma ' B

5321 —
local density approximation=LDA 4 A - | . generalized
gradientapproxiation=GGA  — F Y% & Hartree -Fock Ak 4 d{t=-=K'e) s
Ne 5 A ° PHASE/ # | 8 PBEO[1-4]< HSEO6[5-8]— — Yo 43A0°
<t i »D Hartree -Fock <t i 22> BPAMOE e )2 1 d{fofiki fi~ 8P
fisve @Hfi [ > L ™=
i AA 2 z
‘CéQAAOE O O» o Pl e Bl e Pl o %
S P S S
QfcFe
- @)
Vods X% [ lold @
S
¢ aHqaciieececar af | - Myatqicz -5k g |
- =8 pi J ' shy wefie i - d340
PBEO | LR 02 2< o=
df)d)]% | 'CéQAAOp | C% % (X % )
< 193404 1 v#2 ' 1°PBE zs QR |° PBE ZAO | TE%H:) T
| #A9t K’ 20 | e — Flr GPAAG. T 5 afi~ o= 4 HSE o, 3%
oNef 789 1| ¢
R e AR AL R ®
— £ 143465897 | % o L A R'oedazs) mEE -
98] 0 4% - Rg? % Yeq A9 HSE06 L Ad<s — | ¥ Qum®  —
| k - A Y%® PBEO L Al - o=lfoodgac=34 o A
-"\/ E— s - IOQ=|=|A9 4L I_Q3/8|If AL 'F"%-” < == 8] |—|
0.1(Bohrt)  — 3/8"-3 ?Jllﬂ Ao
5322 R' 0>
Hybrid # L e-|8 —|er <34A°
accuracy{
ksampling{

method = gamma
base reduction _for GAMMA = OFF
base symmetrization_for GAMMA = OFF

}
xctype = ggapbe
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hybrid_functional{

sw_hybrid_functional = ON
functional_type = HSEO06 ! {PBEO | HSEQ6 | HF}
alpha = 0.25
omega=0 . 106
}
}
1 — — | & HSEO6 L ovVis<ro0qd9A9 HSE06 — F%® PBEO® HF & A4 1<%
2A° #|8sampingk | @  method=gamma 4 o= ™3 A %8l sampling

method=mesh Nej| ™| Monkhorst -Pack ~ |F{ ®Q- " i k sampling method=monk &  A{
<lblgsg Ao & -V 8 base_reduction for GAMMA 2%: |} base_symmetrization for GAMMA
J

L off ~ e=24™™M= ¢ TM | 8 — 4L | — | ?ﬁllns — <
d ™-ad3A 01— ¥%Bo™ &8 %  A{1<%Nej3A°R' 0D aphal (2@ -
1 — | £8e¢h0i 1 — | 0252A°Omegal 3) - 44 R' 022>

1 #£8eh0i J | 0.106bohriz A°®

L 4 ™=s8Hatree-Fock L e | —|er =3Ac®
accuracy{
hybrid_functional{
sw_hybrid functional = ON
functional_type = HF
}

}

Vo 8 Hatee-Fock — | PBEOs ==Ll <5 onad35A°

PBE L = 13V < %Ne| & 1 4 < hybrid — <

<A1 <%EAg A/ —V E— L - ogA° 2| No{qYF%s tek' £
| — GGA |4 L|{ %~ o-— %Yele] —28 1 —|fer - ozl L ko
<d AN

accuracy{

initial_wavefunctions = file
initial_charge_density = file

}

L—fe~ &£ A 8 - of = PBE — hDwsi (zaj.data)< h O

= (nfchgtdata)d es” <) ' D [J¢HD <3A°Samplingk ~q L Fzm™| ~|s —

Lsr eotd rodgsdo Aot bk BE) - ©f = e PBE z Ls

base_reduction_for GAMMA 23|} base_symmetrization for GAMMA <& off ~ == %%q A°

LK oE) |ePfivasfd k —2 id2k— %NdgA°1—eL® —k ~ A

{2k | -1 F2 Y%o™ %N gA°/ 1#Es1— —k i0kdr oAIs<-
b= % ks wemssEc| grEmmaci— A afc|r —fer o

Ao

accuracy{
ksampling{

method = mesh

mesh{
nx=4
ny=4
nz=4

}

}
hybrid_functional{
reduction_factor{
fl=2
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f3=2
}
}
}
fleafs B |f= nxenysnzd/ .4 — A%t  gA°0 1 — z|s8/d.d-
— idk—o0ec" %HI2roqdgA0
pio sy owefier i d A s b K B - —F<F2%»i 1" sh
boowefie ' - o@M -0 ~ A - drd30°t =K
be -25™= | 8 — — %™ L 5i<r|ff=s -
%o & i A v<% #A°PHASEWOZzL — L A~ charge_mesh 4
oq A9
accuracy{
hybrid_functional
charge_mesh =fine
}
}

charge_mesh~ | ¢ exact, fine, moderate, coarse — ™[4 %<& <3 A exactd A<
—A==— & <3 Ao fine,moderate, coarse — ~ A4l % 092643 A9 chage_mesh
—ehoiy | fnezAe

pi ! shi wefio i 4L @ETM-" - A-” 4L # elS'—”'IE
it #ac/ o]0 —fer  oqa
accuracy{

hybrid_functional
SW_rspace =on

}
}

b2 - 21 — | Ny HYYed 5 0% L Aqrs<
= Lowvdy-aq i snER]|—#% N %o #| — <od3b°o0%l-—

L e — charge_meshR' ©2 = | L | 5540
5.3.2.3
— PBE 8 PBEO 8 Hartree -Fock — | 8 samples/hybrid/H2 —¢57 oyl

PBE8 PBEO8 HF # A°go_h2shd A{<e1d f— 4L -~  o3A°1df— < Gausian03
— <— 4 535~ o34
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0.1 T T T

A
0r |
~ A
0.1 .
02t .
3
E HOMO (G03) @
£ o5l LUMO (G03) |
= HOMO (PHASE) A\
g LUMO (PHASE) A
@ X
Yooal ® 4
[
05 .
06 - ® .
0.7 l l l
PBE PBEO HF
535 PBE PBEO Hartree -Fock r |H| — HOMO < LUMO —<ti101%
Gaussian03 G03 — < == ¢4 =™s
— PBE 8PBEO | 8samples/hybrid/H20 —¢o" <, — PBE®PBEO % A 2go_h2o.sh
L aAf<ei - L& -  =3A°1d - < Gausian03— <— L 536~ -
JA°
0 ®
® Lumo
0.2 .
A
® HOMO
o N
04 ® .
7 o
h =
£ 0| ¢ ]
)
[4]
&
08 L Go3 @ |
08 PHASE A
Rps 4
e
1.2 1 1
PBE PBEO
536 PBE ,PBEO - |H| —<«ti0)  ¥HGaussian03 GO3 — < ==
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= e

ol dfi o — —  4sPBE,PBEO,HSE06 # A{ % sampleshybrid/Si ~Nef 3 A9
Looafs L s37-e F4{Pfis» kL 520 oqac
3.0
PBE ——
\ PBEO
\ HSEO6 ——
25 | ‘J‘ .
20+t -
>
Q
2
g 15 .
)
[%2)]
8
1.0 + -
0.5 - -
0.0
-15
energy (eV)
5.37 PBE, PBEO, HSE06 k= Hvs -
5.2 - = [ {Pfiror ek—
Pfido* ek (eV)
PBE 0.7
PBEO 19
HSE06 13
samples/hybrid/Si k10 | 8 k @ ee* & 10x 10x 10< =V  #A° - -l A% |}
1 o % 1o
5324  r %1
oK' B | LA Y% 43 Yo L A #Ng =L
sw_inversion R' ©2 2L onsA{s % ogA—#81— | co™Fo o ™
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< 4 or{is%mERyA L1 2QY L e —atey - 34 z <
| L+ zesizA 1 — - —elL | wsw»— % mes¥i -
tdl=™ —2 cel | £A0 | o7 % 2% 2 too0q3%# -
= bisrodg8 %/ Ly L 7S . #
sTes = —qe = qf o—# b L=z pfmloga
— e~ L J=1l- (2-fer L afiscfr= - 1
2 o aAi<s%z%n 14| = 4 Lo 2% fer =™ A
il e
van der Waals & kv «i 2> | — GGA%| L v Ay
i hnofic @vfiirm [V — & ™= 0 2|t 0 dwe. Al
sc4 =92 Fua fFo=— L - L .V GGA  AoTL —
elf kv <«€i»>20 ~ a41<s2, L «v <4i»d>0 ot o3
A 538| i owmfi vdwFoo & ™y — Jd =g A % vdW # % -
— GGAI D fizA =54 —7—GGA  Lyinndfic @vfis -~ ™ " ><
o 4 13y3aA ™= vdw~ L ¢ty 0%fdo Lwes <= 1354
Fldl o =—<«tivd L o Hy{1s20 < -3l
PHASE
GGA (exchange only)
SCF calculation
L fet
GGA x
pONE) B
- (nfchr.cube) (nfefn.data)
. A A ‘.
I |
: LDA correlation :
I 1
: Non-local correlation | |
I
P O T }
n LDA vdW—
E('/ E(‘ Etol:’// o
Byt ™" = BSet"+ B2 4 B
538 1oufi wWF0 — — 4
PHASE ~ |H| —
i ufi vdW | VOWF90 < ™Me h Dwwd % =  ==™3A 14| wes - td=
%54 PHASE — — & <V GGA W%l | ” »—  hOwd nfchrcube
< <1 1) NOwd nfefndata & = «i»>20<0 & o34 ~ GGA
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-1 - <«ioo-id L av O L o34 5.38 | —v k GceA
~ nfchrcube &£  A{ |fe - PHASE — inputfile & A %Nel 384 3V wefio' i
PBE—L—d& < .o=m™3A 4L 31= PHASE — file_namesdata < inputile ~ # vdw 4
AV E- | —feo % ~od34

file_names.data (PHASE)

FENF = 6./ nfefn. databb
F CHR = 6./ nfchr.cubebd

R' 02 = (PHASE)

accuracy{
xctype = ggapbex
}
postprocessing{
charge{
sw_charge_rspace = on
filetype = cube
}
}
PHASE ~ | ggapbe — wefio* id ™| _zAy | — LA %Ng3A
/ L # g xctype=ggapbexs < A4 | < # ggapbe—e L —qL Adffe-r z%H3a A
wefio' i | ggapbe— < dr =3A
. ke ' F VAWF90 — ¢ fi Rumd
ke ="+ VvdWF90 | Forran90 «fi Rem D~ |[f = ¢ fi Ruad # %3 A 3V OpenMP ~ |}f
= td=m™vE ~ Lofi R %% %9 A Intel compiler — | ~ -openmp—o K
o Tfid gt 2 Ya# %q A
i R
| $ ifort -openmp -0 vdW vdW.F90
., wWel < o= — vdW — _
™= ydW— ~=™= vdW | PHASE # [|kd{ nfchrcube < nfefndata % " <u ' -
o= ™ - /4 FL < e3A VoeoohOws | nichrcube nfefndata 2  # %5 Y+
- = ™M=
vawd v |  —Jfech¢dwvesz td3A | — PHASE < 092 Hartree
#A
< = phase/samplesivdW/input_scf Sidata Y% |-— h O nfchrcube < nfefndatad: ™= o
=™ A
E_total(GGA exchange) = - 7.5363221703000
Ec(LDA) = - 0.5429739815997
Ecin) = 0.0203272639208
Ec (= Ec(LDA) + Ec(nl)) = - 0.5226467176789
E totallvdW - DF) = - 8.0589688879789
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Given in Hartree atomic units

# Calculation time 0:11:33.7280

E_total(GGA exchange) GGA (exchange)— <«£1i »D
Ec(LDA) LDA ~ |H

Ec(nl)

Ec (=Ec(LDA) + Ec(nl))

E_total(vdW -DF) vdw-DF &4 Lv «i »>

Calculation time

E_total(vdW -DF)¥%! — vdW — £ Nof| & L 5 <i 15 ZA
5333 ol fi b oz fi)
o i b oz fi ) — | & phase/samplesivdW # A ° vdW/ — file_names.data -
input_scf_Sidata & ™=3 ]| phased < nfchrcube < nfefndata & ¢t Y34  ea7 o
- VAWF90 %  <=Nof| —# 1 4| L« fi R = / —33 L o352
$ cd phase/samplesivdw/ — ot = e st
$ ../.obin/phase phase~ |F{ GGA  —
$ ifort -openmp -0 vdW vdW.F90 ¢s7 <t = Nof| vAWFI0 L ¢ fi R med
$ AW / —3 7
Ys —|feroadgAc°
E total(GGA exchange)= -7.5363221703000
Ec(LDA)= -0.5429739815997
Ec(nl) = 0.0203272639208
Ec (= Ec(LDA) + Ec(nl) )= -0.5226467176789
E total(vdW -DF)= -8.0589688879789
Given in Hartree atomic units
# Calculation tme O : 11 : 33.7280
5.3.34 c  HOmm — <t 3D
| o k-
L1 # | - 1oufi vaw & ™/ vawDF — & 34 | GGA4 LDA # |
- %o ™ # Nef| ' NOwm A-Bstacking — <ti »d— < o3 -
v — GGA — F1— — <i»d & Af<c<aind -~ o | 4N
oA - | ™ 32 Afs™e rFof=e3™A | o #
«“id -~ o % A{VE GGAF |- | - =™ A |
0 # Nof| van der Waals LGGAY% o  #%=™Mo™ <~ o %N 0D
pfid Adi<s#gi— ™ rd{isd <34
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v 11— 4L  —GeA<svdwDF — d4z ™/ . dwlk [ <«i»> L o
3 A vdW-DF - | < o= ” »%  rod3A% L—=' ) | GGA
- oV ooutoff -~  e=2d 11 #| 32x18x40(t0 96) —~' ey =M A 24
-l ey |  #NvE z — ~ = - Ais-od3a =54 — <t
D) % - A | 1 — % #N v E ~ 8 = PHASE — inputfle — cutoff
L Jis#gokf%rodga 3V vaw | o ro{VEGGAI|{| %o el
% <o0d3D
| # oV ' hDwm A-Bstackihg — <ti »d— L
#a | —GGA-H L | wwe | wwDF - /44 e=mma g
Vv | 341~ |H| </ —<%— <ti D | = - | - 5]
- Lt-2a GeA #| o %  #£%0 ™—r- <= VvIWDF  #| %o -9
# L g=™-% #%3A
0.8 T

+ Experiment

06 (Margin of error+0.08eV) 7

04k e Another calculation

02t

Total energy [eV/8 atoms]

ol GGA only
-0.2 © W
+ Goh ™Y
-04
06 : - : : - :
6 7 8 9 10 1
Inter layer distance [A]
5.39 o! NDwm — <ti0d-— GGA < GGA+vdW - [H
5.3.35 4 Ly i hnofic @vfil
Van der Waals L 4v «ivdd A{VE-|] — 2 <Vwe! —K. =
FovawrFoo & ™ k™A% Py 02— 4 %% ozd A
v E- | Kohn-Sham - s=¥i hndfic @vfis - A %N 38 0% |
<« i o Lyipndfic @vfil -br = H %N 3 A% vdw  ~ |H| -
- | Y# Nef - Ccel— ™yel #Fle<d> o ao™m <% 1d=™A
[6]
DFT # ™{ Kohn-Sham | A o= ol v Evdaw 4+ 4 ~Llakioao 4
S =V wefio® id A{  %NJ3A =374
10 (13)

0
<-| n>
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L‘) ”
T
—|fer- «ti »o & # oV -
0 0 0 0 (14)
L Kohn-Sham - 308 Q@Y|3¥%| fe- 040 | mopd vV L
£ 5V E- AL - Eis%ERnya =54
§ § (15)
0 Qg by |2 »og B »hog
<odqn Pl IE A Qp 1] @ @ %t A - A za
i dfi| GGA—  wefie' iy ~ wefio' i 0 2| wefio' i 0
I 4 v Kohn-Sham Lyi hnofio @vfil - -3 A PHASE # GGA— < r h
Owe phased Aotz vdw L oy % £¥%y A 3V -Y%%] L
vdW % t9=™|L-3% NOw nfdynmdata - < ~ 1434 Voo
2| ¥i hndfic @vfil —iomfizg|" mes i | #Ne  %Ne{328 we.
R LR S
PHASE— hOwwd # vdW 4 Ev3¥innafic e@vfiy - o VYo | —|Fe
o454
R' 02 = (PHASE)
accuracy{
xctype = vdwdf
}
1 — | ® Openmp L ™= td=™3A
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5341 —

Williams —

R.W. Williams, et al.: Chemical Physics 327 (2006) 54 -62

.. Cf
Ew=a o5 f(R)
i
& : o)
e o ~
B 2 aR] <0
f(R) = 1- exp& dee—=-0 ux:
¢ @RIO Y
C é ¢ U=
icinn. i i )3 )
Ciogo 0GR o oS RIHRT b
6 Cc 2ci + 2cj ! R ii i 2!
Pite + P;Ls R +\R
1
R° 0D«
vdw radius 20.0 bohr
scaling factor Sc 0.8095 (PHASE), SR 0.80 PBE Sc 0.85 SR 0.80
damping factor d 3.0
polarizabilities vde coef 6 vdw radius polarizabilities vde coef G5 vdw radius
A3 Hartree*bohr 6 A3 Hartree*bohr 6
H 0.387 2.831179918 117 NTE 0.964 20.89758657 1.50
F 0.296 3.94987377 NTR2 | 1.030 23.08003267 1.50
Cl 2.315 3.94987377 NPI2 1.090 25.12582491 1.50
Br 3.013 128.2756865 NDI 0.956 20.63799109 1.50
| 5415 309.0603852 OTE 0.637 11.86370812 140
CTE 1.061 22.67403316 1.70 OTR4 | 0.569 10.01566303 140
CTR 1.352 32.61525204 1.70 OPI2 0.274 3.346856941 140
CAR | 1352 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

Grimme (DFT-D2)—
S. Grimme, J. Comp. Chem. 27, 1787 (2006).

. Cl
Edisp__SGa_Gf(Rj)
i R
f(R)=——
1+ expé d%ﬁ 18(1'?
i
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1= Cicl . R =R+

R' ©d o
vdw radius  30.0A
scaling factor s; 0.75, damping factor d 20.0
Co6 RO C6 RO
Jnm §/mol A Jnm 8/mol A
H 0.14 1.001 K 10.80 1.485
He 0.08 1.012 Ca 10.80 1474
Li 161 0.825 ScZn 10.80 1.562
Be 161 1.408 Ga 16.99 1.650
B 3.13 1.485 Ge 17.10 1.727
C 175 1.452 As 16.37 1.760
N 123 1.397 Se 12.64 1771
0 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 571 1.144 Sr 24.67 1.606
Mg 571 1.364 Y-Cd 24.67 1.639
Al 10.79 1.716 In 37.32 1.672
Si 9.23 1716 Sn 38.71 1.804
P 7.84 1.705 Sb 38.44 1.881
S 5.57 1.683 Te 31.74 1.892
Cl 5.07 1.639 I 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
5342 R' 0>«
vdwW —a -
o -
Control Sw_vdw_correction
Accuracy vdw_method williams ¢hoi
grimme or dft -d2
vdw_radius 20 bohr
30A (Grimme DFT -D2)
vdw_scaling_factor 0.805 (Williams)
0.75 (Grimme DFT -D2)
vdw_scaling_factor r 0.8 (Williams)
vdw_damping_factor 3.0 (Williams)
20.0 (Grimme DFT -D2)
Structure atom list
atoms #tag vdw # vdw - %
1] —typed
vdw_list vdw - %1 Williams 5
! #al e Cl
- A -” R 0= Grimmgetyp P
#agtype c6 10
| & vDW R
vdw = — —R' ©2 2—
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Wiliams & Grimme(DFT -D2) — —R' 02 adk. a'r # (8eh0is <o=o
vaw_list — type | & atom_list # <V vdw—type<s =™  %Ne| °
Williams
vdw_list{
#tag type c6 10 p

H 2.831179918 1.17 0.387
CTE 22.67403316 1.70 1.061

}

Grimme(DFT -D2)

vdw_list{
#tag type c6 r0
H 0.14 1.001
C 1751452

}

R' 02 =
vdw — e22a &~ Ao

Methane Dimer Williams

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 = 3.0
structure{
atom_list{
coordinate_system = cartesian ! {cartesian|internal}
atoms{
#units angstrom
#default mobile=on
#tag elementrx ry rz vdw
C 0 0 0 CTE
H O 10930 H
H 1.030490282 -0.364333333 0 H
H - 0515245141 - 0.364333333 0.892430763 H
H - 0515245141 - 0.364333333 -0.892430763 H
co -37 0 CTE
H O -47930 H
H - 1.030490282 - 3.335666667 0 H
H 0515245141 - 3.335666667 -0.892430763 H
H 0515245141 - 3.335666667 0.892430763 H
}
vdw_list{
#tag type c6rO p
H 2.831179918 1.17 0.387
CTE 22.67403316 1.70 1.061
}
}
Methane Dimer Grimme(DFT -D2)
ControK
sw_vdw_correction = ON
}
accuracy{

vdw_method = grimme
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vdw_radius = 30.0
vdw_scaling_factor =0.75
vdw_damping_factor = 20.0

structure{
atom_list{
coordinate_system = cartesian ! {cartesian|internal}
atoms{
#units angstrom
#default mobile=on
#ftag elementrx ry rz vdw
cCo0o0O0C
H 0 1.093 0 H
H 1.030490282 -0.364333333 0 H
H - 0.515245141 - 0.364333333 0.892430763 H
H - 0515245141 - 0.364333333 -0.892430763 H
co -370 C
H O -47930 H
H - 1. 030490282 - 3.335666667 0 H
H 0515245141 - 3.335666667 -0.892430763 H
H 0515245141 - 3.335666667 0.892430763 H
}
vdw_list{
#tag type c6 r0
H 0.14 1.001
C 1751452
}
}
5343

Water_Dimer (Williams, Grimme(DFT -D2))
Methane_Dimer (Williams, Grimme(DFT -D2))
Ethane_Dimer (Williams, Grimme(DFT -D2))
ATstack (Williams)
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535 ESM

5351 -
ESM (Effective Screening Medium)  [1][2]< | & ceid o ev k- £ A° PHASE |
< o= L Afk. ' ro—28 | —7 4 ei<%H  #FA® - e
L e 8 - o T AL t i A v = &L mMgAe |
eo — 8V<ap oV oz e 4oa™—% o & A %N3A° ESM
| e 0 screening medium 4 - Ais-|H = - % 4k
— # el<d <pA{ #£A°11#|®PHASE- q 349V ESM -— L -
74°

5352 R' 0

sM|® —PHASE < — R ' 0J3DhOwd & oqA°1— 8 - -

- % #A°ESMk. ~'r |8 % — —fJer tdl=m™m|isd o=y

_Zl
-
T

Wt

vacuum vacuum
-c/2 0 c/2
540ESM r~ 25™= o= ™ — -
|2 #] 81 %  #Nefisd =™y A9 £ N | & c N %
NefgA°c — %0ro0f ~ — % Affer - 0= Lehs <35k’ evemn®
- L 1 3a9 1 k-8 0%lEgs R' 0020 hOmd %™ 2 %] z v -
ESM%%5%4 5 A ®
accuracy K. £ «r- esmK. e<d <8 ESM — & o3A0 -8 —<%ds
;ccuracy{
esm{
SW_esm=on
bc =pel
electric_field = 0.001
}
=
esmK. ee— #]|8 — & AJi1s%  #£A°
sw_esm ESM &£ A{%2ev%d A{ ommemoondt Af<ESM L o540
ehoi s | off
z1 ESM— & o3¢
bc & <3 A°BARE,PEL,PE2 —™q %L -3 A°BARE| — ESM
% 1 & PE1 | — ESM % a PE2| ESM— %
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Le % <™ £A°eh0iJ | BARE
electric_field L ym™m sy — 4L # o3 A° 1 — | 8bc¥%kPEL#
NV —qr Aligassd - SEPS I
| 8 hartree/oohr # A 514 VIA o
add_elec L7 Y™ ] ey ™ L2 o340 oy ™
| — & 34
z_wall % —Nef| %[ qzo™fe~r AL 1 e~/ —TNj A
— 4L 2 ™A —R'edAd— %NSV 1 — % <o0d
3A4°
bar_width r awefie'id 1+ ~F8/— & - 2 o3 A°
bar_height r awefie' id 1 rF8/— 1datird— 2 o3 A°
5353 —
— |® —PHASE— i1 ™A — 4 wefie'i—  ax| ~Nef3zyFo
2 N IR 2
5354
ESM < e=8 0 — AL =3 A° 1 — — hOwd | & samplesiesm/H20
~Nef g A° |e 2 D ofi s LLf =™ —zs | — - -
«ti >~  — % <3 A°ESM |8l=— =M= | - L eis-aq-—2s
“m a3 % < a0
1 —|fecrsd AfvEs  —Jfes L <30
1. —s %1 <1 0D
2. —8ESM ~ ||| <ti >
3. TR (U (Vi JURY ~%t <kl D
®o
z
o
541H0 &L ™ ™ Ly o
3 —|er L ™ ™ v A |f=s :d0fisd L ALy 2
Ao V%[ =83— r~|f= |4V <«tir»o— — |82 — < % A|nzac
Lizg|si—feo % [d{%zewnd <3Ac°
14V «ivd— |8 - o3A°
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<t i oD (hartree/ H 20) <— (hartree/H 20)

1

1— -17.1855148193 1.8927504% 103
2— -17.1836307637 8.6948x 109
3— -17.1836220689 0
Yl |F%o fe~sESM ~|{ <3- - -~ 28 — — A%BESM
Ff= #2%=™ 1 <%y¥%dgac
L oy

ESM & A{<e¢c - L oy L A is%n #zAcL | o
Nej 5 A°

/ - d  «3A°1— — hOwd | sampleslesm/Allll -
-V | e — gLl ovAm)- #£a° —|feo |y =ESMLE  oqAv
accuracy{
esmy
sw_esm=on
bc =pel
electric_field = 0.001
}
}
4 A-||F|8R!(DDQJDbCS¢E peli A-” %NQ“ - «:EoooiTM9=I\/8 _
Lo v E- wefiet id A —zs - A L - c=Nefqa°0
postprocessing{
workfunc{
sw_workfunc =on
}
}
— 9%t | ®-0.001,0,+0.001 | < 1y= &£ ™oy 0-:De| -
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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 Softwa

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.

re,
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R' ©2 a—
NEB ~ A ¢da—aqazpsfd/ — L~ o5A
NEB- A{ #>2=
1K. b~ 2 3K. B~ of =
Control
multiple_replica_mode NEB —
ON,OFF
multiple_replica_max_iteration NEB iteration
multiple_replica
method
nudged_elastic_band _method
accuracy
dt NEB -3t A
—30
neb_time_integral
guench, steepest_descent(¢
hot J)
penalty_function Ani wo ON,OFF
neb_convergence_condition NEB ( )
neb_convergence_threshold NEB
constraint
ci_neb CI-NEB ON, OFF
sp_k_init | ( )
sp_k_min ] ( )
sp_k_max r ( )
sp_k_variable r —
OFF ON
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structur
number_of replicas " ko
replica "k o
endpoint_images — w0 ) O—
directin, file
atom_list_endO — D) O— Y
atom_list_end1 — D) O— Y
NEB — R'0da— r=™=  o3A?9
NEB — | d g A
NEB — 4 -4
NEB — - 4 e
" Ki o -7 Ki o — ¢D ad A-"
" Ki o — ” Ki o — ¢D o A-”
L - = ™M= - AL o3 A°
, NEB & ~Ad>s
PHASE - NEB ~ | &£ afiv<d a4y L — e~ control K. e« — #

multiple_replica_mode

L ong =3 A9

control{

multiple_replica_mode = on
}
| multiple_replica K. ?«— — accuracy K. ¢« — neb_convergence_condition
# =3 A°
multiple_replica {
accuracy{
neb_convergence  condition =energy_e
}
}
neb_convergence_condition - | RA L Ars%EHRTLY 12- # %]
AL oq A°
—R' 024>
1 energy e dE threshold
2 phase_force PHASE — — threshold
3 neb_force NEB # =V = threshold
4 force_at transition_state <t »D wm0D ©— PHASE — -— threshold
5 phase_force_normal PHASE — - 0 - - threshold
, — K P o— # A -||
— ko= e A= A | — e o L g A
multiple_replicaf
structure{
endpoint_images = directin
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atom_list_end0{
coordinate_system = cartesian I' {internal|cartesian}
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 I' {internal|cartesian}
atoms{

#units  angstrom
#tag element rx ry rz

Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
}
}
}

endpoint_images ~ ~ directin < ™e A < 1 |k~ atom list end0 K. B e r —
atom_list endl - — k' o— I — PHASE —atom list K. eer23t4 < @
e~ =34
. — Kk o— — Kk o— LD wd 1/g|'f A-”

— 0D O— LD 2 A | ¢ D 2 — endpoint_images — < -
fle_names.data Fm®) O—h O 2 ~3A° / — file_names.data hDwat % |
F IMAGE(-1) % |F 4 F_IMAGE(Q) £ ™e h U mmi Wmmfi = 3 -3 A° | ¢ A<
file_names.data — FAS

D a—

multiple_replica{

;fructure{
endpoint_images = file
}
}
file_names.data h O wal —
&fnames
&nebfiles
F IMAGE@) = '/endpoint0.data’
F IMAGE(-1) = '/endpointl.data’
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3V ¢dhDwd ( — #| endpointdata 4 endpointldata < ™ehDws )|
— ||-e o) # =3 A°

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 2751721694800

Si 2.751721694800 0.000000000000 2.751721694800

Si 1.375860847400 4.127582542200 4127582542200

Si 4.127582542200 1.375860847400 4.127582542200

Si 0.00 0000000000 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 1.095414 929519 1.644706317263 11.000000000000

. "kl o — "k o — C S — - # A

(proportional )

"k o — L - # A | & replica = =
howtogive_coordinates 4L proportinal < e AN 4D a— 4L - =3 A°
multiple_replica{

structuref{

number_of_replicas =6

replicas{

#tag replica_number howtogive_coordinates end0 endl
1  proportional 0 -110: endO, - L:endl
2  proportional 0 -1
3 proportional 0 -1
4  proportional 0 -1
5  proportional 0 -1
6  proportional 0 -1

}

}
}

Tk o — Tk o — LN Dwed Yt A (file )

—0) 0N Dwi 2 A | replica == — howtogive_coordinates L file < -
A hOwd | file_names.data hOwd s3A° ¢ D a< file namesdata  hO
- — L - =3 A°

¢ D of—

multiple_replicaf

structure{

number_of replicas

=3
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replicas{

#tag replica_number howtogive_coordinates end0 endl
1 file 0 -1! 0 end0, -Zlendl
2 file 0 -1
3 file 0 -1
}
}
}
file_names.data —
&fnames
/
&nebfiles
F_IMAGE(@©) = '/endpointO.data’
F_IMAGE(-1) = '/endpointl.data’
F_IMAGE(1) = '/imagel.data’
F_ IMAGE(2) = ‘/image2.data’
F_ IMAGE@E) = ‘/image3.data’
/
¢dad  A{RDed — | -0 0— < 0FEA°
R' 0da— & +~ o340
Control
condition = initial I {initial|continuationjautomatic}
cpumax = 1 day ! {sec|min|jhour|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|directinjgamma}
mesh{ nx =2, ny = 2, nz = 1 }
}
smearing{
method = parabolic I {parabolic|tet rahedral}
width = 0.001 hartree
}
xctype = ggapbe
scf_convergence{
delta_total_energy = 05e -7 hartree
succession = 2  ldefault value = 3
initial_wavefunctions = matrix_diagon random_numbers|matrix_dia gion}
matrix_diagon{
cutoff wf = 3.00 hartree
}
}
structure{
unit_cell_type = primitive
unit_cel
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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{
SwW_inversion = off
}
atom_list{
coordinate_system = cartesian I {cartesian|internal}
atoms{
#units  angstrom
#tag element ™x ry 1z mobile
Si 0.00000 0000000 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 4.12 7582542200 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{
#itag element  atomicnumber mass zeta dev
#units  atomic_mass
Si 14 28.085
H 1 1.008
}
multiple_replica{
method = nudged_elastic_band method
accuracy{
dt = 40 au_time
neb_time_integral = guench
penalty_function = off
neb_convergence_condition =3
neb_convergence_threshold = 50e -04
}
constraint{
ci neb = OFF
sp_k_init = 0.03
sp_ k mn = 0.03
sp_k max = 0.03
sp_k variable = OFF
}
structure{
number_of replicas =6
replicas{
#tag replica_number howtogive_coordinates endO
1 proportional 0 -1
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1

[cNooloNoNoloNoNoNoNo)

1
1

endl
0: endo,

-1l.e ndl
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}

endpoint_images
howtogive_coordinates

atom_list_end0{

= directin

{no or nothing

= from_endpoint_images

| file

| directin}

coordinate_system = cartesian I {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 4127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694 800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4127582542200 4127582542200
Si 4127582542200 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 11.00000000000 O
H 1.095414929519 1.644706317263 11.000000000000
}
atom_list_end1{
coordinate_system = cartesian I {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 4127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 412758254220 0 4.127582542200
Si 4127582542200 1.375860847400 4127582542200
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 dis dte itr var prec cmix submat
ImMSD -1 02 02 1 lnear 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 O RENEW
}
printoutlevel
base=1

223




NEB hD e —
NEB —hOwsd | file_namesdata # =3A° —|fer  =3A°
&fnames
F_INP="/nfinp.data’
F POT(1)="/Si_ggapbe nc 01.pp'
/
&nebfiles
F_IMAGE@) = '/endpoint0.data’
F_IMAGE(-1) = '/endpointl.data’
F NEB OUT = ‘'/output neb'
F_NEB_ENF = '/nfnebenf.data’
F_NEB_DYNM = "/nfnebdynm.data’
/
hOwd g 7 — namelist < = &nebfles &L  <=™] ~. 2oy ™
&nebfiles #  # % N Dwd Wi 234 13~ o5 A0
NEB#  # %] NDmed Wadi D
N O Unit ¢hoi |
F_IMAGE(- 1:99) 201 Jendpoint0.data (F_IMAGE(0)) - D) O—
Jendpointl.data (F_IMAGE(1))
F_NEB_STOP 202 nfnebstop.data NEB eov¥ ¢ k -
i
F_NEB_OUT 203 Joutput_neb NEB -
F NEB_CNTN 204 Ineb_continue.data NEB N O
F NEB_ENF 205 Infnebenf.data <t i »D N O
F NEB_DYNM 206 Infnebdynm.data [ -
54.13 —
NEB | & oo o=™gAc  —fer oqAc
| % mpirun - n NP phase ne=NE nk=NK nr=NR |
11# NP| MPIKk. ¥ e NR| £ A{ k'o— NE NK| PHASE<  Pfi» %
. — #A°Vwe NP=NRXx NEx NKs™e % =™  %NegA°
5414 —
NEB - F=" 2. "fid A< —PHASE— < <= o—hOwd % [Fd34° 30
« =N DOwd (oUtput000) ~ 194 hOwi (contnuedata h D 02)] A==" k' o ~
tdlgae —VE /- d-hOwi — ~0_rx®™e6 %VidgA° ¢ [~ NEB
~ —hoei % 14
output_neb_pxxx
NEB — ~NOwd #2A°%xr~| MPlk. Y@ % 4 |34 NEB - A %

224




EER

nfnebenf.data
NEB —<«ti»2d NEB 02% 1dVvhOes #A° —|ea # td34°
#step image image_distance energy force_org force_neb force_normal
1 1 000000000 O0E+00 - 0.4399458479E+02 0.1112676571E -01  0.1112676571E -01  0.0000000000E+00
1 2 0.1323772380E+01 - 0.4397221867E+02 05212041989 -01  0.4899393390E -01  0.4899393390E - 01
1 3  0.2640972887E+01 - 0.4393533860E+02 053 68141337E-01  05023308254E -01  0.5023308254E - 01
1 4  0.3958252743E+01 - 0.4389613534E+02 0.4830449879E -01  0.4474348402E -01  0.4474348402E -01
1 5  05277489255E+01 - 0.4389237657E+02 04486782793 -01  04486782793E -01  0.4486782793E - 01
1 6  06594794555E+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  09220437211E+01 - 0.4405831588E+02 0.2414216682E -01  0.2414216682E -01  0.0000000000E+00
2 1 0.0000000000E+00 - 0.4399458479E+02 0.1112676571E -01  0.1112676571E -01  0.0000000000E+00
2 2 0.1356841287E+01 -0.4398451885E+0 2  0.4270600251E -01  0.4018848625E -01  0.4018734489E -01
2 3 02677587331E+01 - 0.4394948430E+02 05479419750E -01  05096369018E -01  0.5096445426E - 01
2 4 0.4004269114E+01 - 0.4390739111E+02 05004508819E -01 04463448 973E-01  0.4464878761E -01
2 5  05328036512E+01 - 0.4389409127E+02 04291037894E -01  04291037894E -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 05713917408E -01  05713917408E -01  05713917408E -01
2 8  09278358213E+01 - 0.4405831588E+02 0.2414216682E -01  0.2414216682E -01  0.0000000000E+00
3 1  0.0000000000E+00 -0.4399 458479E+02 0.1112676571E -01  0.1112676571E -01  0.0000000000E+00
3 2 0.356624500E+01 - 0.4399408010E+02 0.1114085905E -01  0.1114085905E -01  0.1114085905E - 01
3 3 02730952540E+01 - 0.4397302719E+02 05096325231E -01  0.4680553493E -01  0.4683808222E - 01
3 4 0.4090362450E+01 - 0.4392669466E+02 05272530274 -01  04351975945E -01  0.4355359239E - 01
3 5  05418808773E+01 - 0.4389735067E+02 0.3886543373E -01  0.3886543373E -01  0.3886543373E - 01
3 6  06726370673E+01 - 0.4397144829E+02 0.8809362538E -01  0.8809362538E -01  0.8809362538E - 01
3 7  0.8041492838E+01 - 0.4404354368E+02 05543086596 -01  0.5543086596E -01  0.5543086596E - 01
-1l=— k' or A{<«i»dd — % 1d3A°1 %NEBevek 2 %
k' o—ID,3 %0 — k'o%[—0 6, 4% k'o—<4ti»d 5 % k'oe~ o
— 6 %NEB — 7 % k'or o L - =V NEB —
SEE E Y
nfnebdynm.data
¢d4— % 143089 —PHASE— # |t nfdynmdata hOws < A<
1V tqgAc - —fee #1454
#istep image atom cps
0 1 1 0.000 0000000 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 1 2.6000000049 2.6000000049 13.0000000 246
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0 2 12 3.2652054480 1.9060914168 19.8836995566

0O 2 13 1.9060915098 3.2652055024 19.8836994729
% Nef| NEB @v eknNe|™ k' ocnNeg| — #dar- <g3A°1 %NEB evek 2
% k'o—ID,3 % k'c ~2%1{ —ID456 % A9 | WO
ol 9o mff # ¢J||=|A9
nfefn.data h Owe < nfdynmdata h Owed |  — PHASE —  ~2%™=|/ 4. 4 «i »2 %[
— %  1d{hD-ed A% NEB — | —T k'o —<«tidzfd  ed o
% tdVhOwd 2A9 nfefndata h Oww ~ | nfnebenf - ¢4 Ved2— — NEB e@v ek —
¢24% 19 3A°nfdynmdata hOwe | PHASE— — 2  1934% - #|
J ok T2 i sofsiF¥ k'o rodgA°
54.15 ol fi - ez A
ol dfi - % A — — ROws | samplesineb ~Nef5A°
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544

h O
control K. P~ r~3%™= 0 — &L ™m0
ControK
condition = initial I {initial|continuationjautomatic}
cpumax = 1 day ! {sec|minjhour|day}
max_iteration = 10000000
multiple_replica_mode = ON
multiple_replica_max_iteration = 2000
}
multiple_replica_mode ~ONL A{i1<s-|l{4 NEB— % t1d34°3v NEB— A

=

AL multiple_replica_max_iteration

~ | = 20005 <= ™3 A°

multiple_replica K. Be— —structure K. Ber32™=" k b — 4L == T3 A —
ferodqas
multiple_replica{
structure{
number_of_replicas =6
replicas{
#tag replica_number howtogive_coordinates end0 endl
1 proportional 0 -1 1! 0: end0, -1lendl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1
}
endpoint_images = directin I {no or nothing | file | directin}
howtogive_coordinates = from_endpoint_images
atom_list end0{
coordinate_system = cartesian I {internal|cartesian}
atoms{
#units  angstrom
#itag element X ry rz
Si 0.000000000000 0.000000000000 0.000000000000
}
atom_list_end1{
coordinate_system = cartesian I {internal|cartesian}
atoms{
#units  angstrom
#tag element rx rz
Si 0.000000000000 0.000000000000 0.000000000000
}
}
}
}
number_of replicas - 6< =™ A% L — =" k! 4 6< o=T™g A0
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replicas K. eE-r2™=  r2—fler" k' o— &L {nd a=™mgaAc - 2| A=
= n — -kr = 4 = ™e ~0d3A° atomlistendd % |-
atom_list endl K. -~ | n — L =g - -4 -
PHASE — < st T Ngfq 30

multiple_replica{

accuracy{
dt = 40 au time
neb_time_integral = quench
penalty_function = off
neb_convergence_condition =3
neb_convergence_thresh od = 50e -04
}
}
Loafs MY * g
5.45 - L A< |4 NEB— 4 - <NEB -— — & 5p9]ak
—eL| %o % ™M=™M A% % Ar=q= to0f=™% 41 — 4 - —
L '\/ == :'yg == TM:I A 9
546- L A< ] ewdoes<eid— L qa0 - | |
4 — k' o#Ne Bl < <t D% 108eVEN 1 <% %{qA°
1.0e+00 a T T T T T T T T
- 1.0e-01 2 f‘f\ E
£ VA
(]
g
£ 1.0e-02 | E
g - \\
K]
\
i RNy
“ 10e03 Rl SN ANGAVA
-0e-03 ¢ VN /N g
\
1.0e_04 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40

NEB iteration

545NEB —
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1 2 3 4 5 6 7 8
image ID
5.46 - [ < "klo—<«tiod—
5.47 - - %t | L oqna91— %l %o e 2| %
/o= A — % FA°
o Si iy
JH
o & ] e
\‘ T‘;
K RS
o, X \—’ o =0
—
5.47 - %t
5416 %1
i Ki i
NEB | 8 Ki o 9 == T"f'=| AoT™ Ki o 4L A-"\/ k- | -
— ne=NE nk=NK ~ 4 V™ k' o & NR<A{< n=NRE 15A° MPI K. ¥ @ |
NEx NKx NRE =™ %N 3A° V<4 r —|feoevifir-adgAc
| %ompirun  -n N phase ne=NE nk=NK nr=NR
, - <
NEB | - < - e=™3 A% — | o %% #£Ac
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—®J) bk

¢ D 2 — multi_replica_max_iteration 3 V | nfnebstop.data - t 4| v NEB — iteration
# NEB | =3 M99V  ==dd O— - % ™= ¢ D = — max_iteraton
cpumax, nfstop.data hOww — ~|ff =L | o3 A ™M - 2L oV Yl
®20,A{1<s% #A°
@ tk r21{ —PHASE<-— L 3 A9 PHASE # | nfstopdata h Owsd - |Ff
= <V nfstop.data. N Dww | NOwe <0d3A° NEB 2| Nof mm0d od
nfstopdata -~ |ff = =V nfstopdata | Volr| hOwd <| 0[] pY%—=—0d 0—
& ™3 A9 NEB -%™=| 9 k= nistopdata H D & HOwd < =5 A°
) — ®@a>
PHASE < ¢J9r-3%™= condion — < continuaon <A i<~ |f =" @43
L TM=| Ao
ControK
condition = continuation
}
' @40, - A{hOwdé | —HOwd 24°
N NEB : neb_continue.data
n © " k! o—PHASE " @340 ) hwa ;
neb_continue.data , continue.data_r* , continue_bin.data_r* , Zaj.data_r* , hfchgt .data_r*
5417

[1] G. Millsand H. J 6nsson, ~Quantum and Thermal Effects in H 2 Dissociative Adsorption: Evaluation of
Free Energy Barriers in Multidimensional Quantum Systems” Phys. Rev. Lett. 72 (1994) p. 1124.

[2] G. Henkelman, B. P. Uberuaga and H. J 6énsson, A climbing image nudged elastic band method for
finding saddle points and minimum energy paths" J. Chem. Phys. 113 (2000) p. 9901.
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542 % wmi -« ®< BlueMoon r | <« i)
5421 —
L A o= Wiy dWis 02— Loz o -
<V 2/ — & t Yo%k L oy d S S
Tid A{ =™ % NefgAc — - %t % |
— o b= "2 Tid A< «id % |Hga°11#| PHASEL o
= Yohmmil - @k A{ 4L 3 A°
5422 R' 0>«
< Nefaa— &L 14~ o35A°
Yobmmil v ®  —Nof| 2~ —
1K. B« 2 3K. P = o -
control
driver bemibFe@— L A 9
Ybmmil - @  constraints & A{°
structure ¢da— 4 ek. e~
constrainablexx L AfK. e-o
xxr | L aAfvE- Li1]agq#
type -0 6
bond_length, bond_angle, dihedral_angle
bond_length_diff, bond_angle_diff, distance_from_pos,
plane, center_of_mass, coordination_number
atomx % 3 L aqe x| g V<4
type=bond_lengh — 2 % ~ F{-%
aloml< atom2z A
mobile %0 %ot A onsads
ofsA{s  °ehoi s | of
monitor - Lo a{%zevt A 9
¢hoi s | off
reaction_coordinate - %0 E-V™ - AKe
Peo
sw_reaction_coordinate on— <sqordq°
init_value - L a2 o
final_value - L oA = o
increment final_value,nit value — q 4L o
plane ] - zesid Ak e
normx,normy,normz Z-J1—xyz
distance_from_pos — 4 ek. e~
pOsX,posy,posz V™ —xyz
coordination_number L eK. -
kappa_inv - L ;- =
kappa —IIL 1bohr 2
reut - & ;- 2
center_of mass L oy L A{K e~
directionx Y™ —x
directiony Y™ —y
directionz Y™ — 7
structure_evolution bemdbF - @ L eK. P
method bemibF e ®@— L A
78 b e—mfl }_ - &—

1

guench,damp,velocity_verlet,temperature_contro
9
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Y%hmmilF v @t A{~| 3 —  # condiion K. e~— # driver & o3
JANE:
condtion{
driver=constraints
}
- —|fe - structure K. e« — ~ constrainablexx K. 4 o5 A° | | # xx| £A°
structuref{
constrainable1{
type=bond_length
atoml=1
atom2=2
mobile = off
monitor = off
reaction_coordinate{
sw_reaction_coordinate=on
init_value = 24 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
}
}
}
| ™Mo =z L #A% V<4 [ constrainablel, constrainable2, constrainable4 < ™e 3= —
constrainablexx K. ?«% A constrainable4 K. ¢ < | — rlod3yFeogv
™ ]y ™ L o=cjecx L AV E— % Vo= oge  ¥%NH
3A—# %  #A° constrainablexx K. ©e— # | —  Kee-ed A{isHEHgA
type —o & ogac —mdw— dLcd
3A°
bond_length 2 L
bond_ang| 3 — Awfi» 4 =3 A°
dihedral_angle 4 —2 L 570
bond_length_diff 2 - - & =3 A9
bond_angle_diff 3 % A - 4 o3 A°
distance_from_pos - Y= & o3Av
plane - = & .30
center_of mass - - 4 =3 A9
coordination_number L og3p°11#2 0 — — {—

~ s
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atomx

mobile

monitor

reaction_coordinate
Pe

K.

plane K.

distance_from_pos K

w

P w

P w

Sw_reaction_coordinate
init_value

final_value
increment

type ¥ plane —

type ¥ center_of mass

normx
normy
normz

posX

"Ys» »sh

"Ys» »sh

Ihi | R' ©2 =2 #No| firstcoordination shell # >
Foor #ofer a0

o % T 4 -3 A9 X | # No
=i V<4 r 2 - - 2=— EZ -
+]—#%2 aomi< atom2~- A - &
=3 A ° type ¥ coordination_number — AL
- ¥s0 %) 1/8& A-” v L Ol H
zA°off<sA{<s 14 onsA{s  |:1q33F°

ehoi s | offzAc
— Lo 6 & ol ARDed -

A % %Lt A ommemEASeROT L | Of#
JANE:

- % 0 ( £ 3HA)®
N ~ AfKoe-zae — 4L aq.
S ¥#E Yq A°
on— <qotdgAce

4k A 2 e3A° %o
Mo = b Y % fqa:
s = wmb LHY % o]

— % tdlv—L- % td3A4e
vk — L 5) ~ o - %
t - %0 <ol <%N3A% 14|

o 4 ™zA°
LA 2 “3A°
final_value < init value — — g £ <5 Ae
4k 1y . —r>2 e 2 No
1-2 % =zA
| — M- - A, — |
- zelig — Volke ="' + %
- E3A% - <= zZe)i—
- % A s™e | ™M-oad3Ac
init_value, final_value, increment | 1 — — 4
=001 ™ 825 | — — init_ value —e h ¢
iy | 0#£0% - A |e™n
EAN
| — 4 - - t Y3 A init_value,
final_value, increment | | — I o=9o00p ™
0% L— —intvaue —ehoi s | 0£A%
- o |om neas

ZeJi—0 °

ZelJi—0 °

Zzeli—q °
type < == distance_from_pos & A{ — —

L eK. pezd® — &L A1 < %# %3
JANR:S

Y™ — g - g ogAe
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posy V™ — ALy 2 “3 A°
posz V™o — g L 2 =3 A9
coordination_number — -t i = & A{K. e~
Ko P~ 209 — & A{ 1 <%EAHRAC
kappa_inv I— & - 2 s3A°
kappa I— &£&— & 1pohr 2 =3 A 9 kappa_inv |}
Lo aqgae
reut i— 4+ 11— 2  o3A°
center_of mass K. type < = center of massi = o Y= dL
P t Y 8 t Y4 i1t e3A0
directionx Y] - £ e3av
directiony ty] —o L e3av
directionz Y] —a L 340
- — A bk - @—=i 0! mpdk o5 A° — PHASE — <

structure_evolution K. P« — # ™3 A9

structure_evolution{
method=quench

dt=40
}
I 1 # method < == | quench, damp, velocity_verlet, temperature_control 4= A4 1 < %# %9 A ©
L = gdis, cg 62~ | P2 o' fi#| 6—%# o Dot ™ 3 damp |
damped molecular dynamics  ~ || LA - 3 A — | 92— 0
quenched MD |4 | %o q@E  Ais%nzn o 1 Y{is—2%| Ao
~ 8 _ — - =~ ™M= =3 A °
— L 13
- A ke ste— b cqacvsar —fer ¢
4:\/ - = M= @:I A 9
structuref{
constrainable1{
mobile = off
monitor = on
type = dihedral_angle
atoml = 2
atom2 = 4
atom3 = 3
atom4 =1
reaction_coordinate{
sw_reaction_coordinate = on
init_value = -179 degree
final_value = -1 degree
increment = 5 degree
}
oo
constrainable2{
type=bond_length
monitor=on
atom1=3
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atom2=4
reaction_coordinate{
sw_reaction_coordinate=on

init_value = 1.2 angstrom
final_value = 1.6 angstrom
increment = 0.05 angstrom

}

——

3 constrainablel — K. eer2s™=2 4979 *4lk1 325 * 42 13 |fe-r -
=™3 A9 ¢ |k~ constrainable2 K. B -r2™= | Wi ) L 12A8|-16A§2 00540

t Y fer Ee=™gac i —ffens L oy 3 wii» L 128 v 22
L1379 "1 32 t1y=s % td3Acl - % <V | Wi 412548
ty | 1 *%l-179 322 &£ 13y £ 5891 —fen -1y &

AMis-Hf=s 4 e - — % % - A1 sd ™MgTgA
—eo 2 A % 3430—% A s A - | ~25™
= A] - Srs<afsb tsofqac i lnk du- - L af|
- s - - rhowd s afs L qae
. homiwp - - 4 g
— —tY |  — reaction_coordinate K. Eer2%™= = o3A% 1— — |
— ZA9 -~ — — AL 1 z_" — 24 ™M= | | ~ 24™M= A-”
de¢ <a{<sb & - L Afi<sr-o0d % ro{i<%mNgga0 L —|
eo % <o o — odhDwd % A{is% <of=m™Ac°
3 M AL A constrainablexx K. e r33™s= 9 -3 A9 ~ stucture K. ¢«
— — AL A9
- C’:I
structure{
.r-e.éc_coord_generation = via_file
}
- 2" s ' D reac_coordsdata < ™MehDme —hOwd £ o —Jfen 4L
<:>=| A 9
1 - 1.9373154697 2.2676711906
2 - 1.7627825445 2.2676711906
3 - 1.5882496193 2.2676711906
4 - 14137166941 2.2676711906
5 -1.2391837689 2.2676711906
6 -1.0646508437 2.2676711906
7 - 0.8901179185 2.2676711906
8 - 0.7155849933 2.2676711906
9 - 0.7155849933 2.3621574902
10 - 0.8901179185 2.3621574902
11 - 1.0646508437 2.3621574902
12 -1.2391837689 2.3621574902
13 - 14137166941 2.3621574902
14 - 1.5882496193 2.3621574902
15 -1.7627 825445 2.3621574902
16 - 1.9373154697 2.3621574902
17 - 1.9373154697 2.4566437898
18 - 1.7627825445 2.4566437898
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19 - 15882496193 2.4566437898
20 - 14137166941 2.4566437898
21 - 1.2391837689 2.4566437898
22 - 1.0646508437 2.4566437898
23 -0.8901179185 2.4566437898
24 - 0.7155849933 2.4566437898
% l=— - - 3 A° —1 |/ - - 4L A{vE- L 2
=g A°2 | <V - % — & o5p9 11— |2 - 4k
c=™| 1 <s-0d3A°1= — — #|1 - < ~=0l. 9373 1<5™e6 9 26
— <-=02.2674M9 066 A{i1s<-0d3A4° | PHASE—ehoi J—
L o= A{ffere=0wr ™ s k-bohr , olfradan  #£A®
5423 —
Yob mml b v ®| 5 4k t1y=s Ao D @-h™= | - A
-  <=™3A°PHASEL  —ffer <=0 ™
| %ompirun  -np NP phase ne=NE nk=NK nr=NR |
112 NP% MPl k. ¥ @ NE%Pfi) : NR % £ Nef
NP=NEx NKx NRs ™Me % =™  %Neg4a° 11— &£ A -
Yok =' b 2 A -2 2L ovd cowf VA< o0 -
oot ™0 pr | 1l oMoz 4k —Nof| o fi =% A NRL 1
<A — L A{isHmEHIAC
54.2.4 —
hOwd | & A 13de L e=™e™ | _—PHASE— < ZA°
AosL file_namesdata h Dwe ~2™= F_ENF s tdd hOwd - v ek~ 2%t
| «i»o>d -~ o — % F_DYNM - S = 1 hDmd - @®v k-2t
- 0 Y% td34° Veos - 9 — o | L AV E-
Og 9 L T~ ¥ ZFA°
8 4k 1yde L == —leohDmd % 14348012
F_ENF = td{hDmdi —hOwd 2 nfefndata, F DYNM = t44hn

Omet —h O e
nfefn.data.reacxx
nfefn.data.converged

( - 1)
nfdynm.data.reacxx

nfdynm.data.converged

( - 1)
nfbluemoon.data.reacxx
( - N D

& nfdynm.data < <5 A)°

XX = — evekr#%i] «i »dz%|
- 2 - —¢Dd 4% 193A°

2% ™= — 7/ —Ll—g =V <k
o4 - 0 — % 14740 < <
Eivd—  Lk. esafis-| = 0<s «
Eisdg— & A{i<s%EHyAC
XX — —  evekrt 4 -
2 ¥ i=|]|=|A9

- 23 TM= Vs =V = Vs
R R
XX — — <«id &£ AV E-
o' Al fig — — % 1434
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5425BlueMoon - | <« i -

o— sk " 0. Tfive A (blue moon ensemble)—¢ > =4 A <
=V — -t «wiovd— 4 A is%EHRTA [P
% %k, + o] - <«iovd | —|fer A% #A°
: : -]
W, w , Q, T_8
L1z 4kl D — — | meanforces 4| 2N tFiJasfi—

< —|ec %N gA0

Tw 170

— — 8

r. 1.
LL#EDG < 2 o 2AS % e R <
% | | d=%33F% @) | % L A - af'-'vie
T - A = —fer  A{i<s%EAHgA0

To  ss’_

T, &sTa

prT T,

" &Teie
2) - | - | |H 0 Y%= %3 A Y | o™< =M Al
PHASE ~ |H| % s b " 2. Tfi— Yl  «ti»d & A~ | ,PHASE
Re*> o  o=™ bluemoonk. ' rd <3A0
P> o' fiz| bluemoonk. ' F | Y%l=— —qr o= Mg A0

bluemoon k. ="' F — ¢ fi R

bluemoon K. =' F—¢> ®«2 ) | PHASE wafi ® i ¢5” <) ' D—srcbmes”™ -« ' Dr
L|kd = ™5 Asbluemoonk. =' + | Forran90 « fi Rem 2 < C ¢ fi Rmm 24 < <3 A 9Fortran90

Cfi R 2 FOr~ Co¢fi Rmm D& CC- ~ makeewfird Ad FdfiR
- Al < Ye# Hq AO | 6 ™—c ®vF ¥%bash# Fortran « fi Rem 2 — « ¥ fi » %190 C « fi
Rem D—«vfis¥oc— — #AO

% cd phase0 2014.01
% cd src_bm

% export  F90=f90

% export CC=cc

% make

% make install

F0< CC— %o ™ gfortran < gec¥%e h 01 ) < o= td3A° «fi Red %
A4 < bluemoon < ™e — toke =" b % td34° %make install <A
< phase0_2014.01 /bin ¢=" <, ' >— ~ bluemoond A < %% %q A°
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bluemoonk. ~'+r— R' 02

bluemoon k. ="' r — hOwai | PHASE —/ 4 < £ A ° nfinpdata h O el
thermodynamic_integration K. e-d - L qhA°V<apr —feradgac

-

thermodynamic_integration{
nsteps=2000
nequib=1000
istart_reac_coords=1
nreac_coords=14

nsample=10
smooth=off
basedir=.
}
thermodynamic_integration K. b« # | — L e <% Yeq A°
nsteps -2t | oF* " 20 Tfi— ewek & ogAcehoi
)| 2000# A% v - 3= “=Doc0p MO
nequib nsteps — —VE ={evek &£ —gA°nsteps {4 L 0o
- Vs s L Tesowi e
istart_reac_coords - A — D4 =3 A% eh0i s | 1A
nreac_coords - A — 4 o5
nsample L Ly ~ermoeTfid A vt <340
smooth on< A< —ok' wfi |} = L Lyhr oq A0
basedir L Afeom st od  oqAcen0is o fisea" <yl
JANE
bluemoonk. ="' r —
—feo £ v —J]er bluemoond |EygAc
| % bluemoon _inputfile
£ A inputile | N — WO #2A9 %™ nfinp.data < ™e Y% ot
134
% A< —hDOwd % td34°
. potential_of mean_force.data
<i ) — % 1d34° —|feo £  1dg40
#value, potetial of mean force in Hartree, eV, kcal/mol, kJ/mol
24566437898 -0.0215821952 0.0003443042 -0.5872816633 0.0093689992 - 13.5430301648
0.2160541460 - 56.6640534911 0.9039707906
22676711910 -0.0224669448 0.0003796767 -0.6113569350 0.0103315334 -14.0982188431
0.2382507016 - 58.9869635475 0.9968412043
2.0786985910 -0.0226882285 0.0004435350 -0.61737837 47 0.0120692073 - 14.2370764737
0.2783223931 -59.5679440305 1.1645012069
Yo l=— —¢d2a- o3A°%1 % - 2 3 %tdJs'o 4
5 Vs Wiy 6 <7 ¥ kcal/mol 8 <9 ¥ kd/mol #F— <t i »D
</ — — = e3>
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ean_force_raw.data

<V Vet |Fd| { mean force — % td38° —|fea 2  1d3Av
2.4566437898 0.0066082098 0.0188118 786
2.2676711910 0.0034758686 0.0099291734
2.0786985910 - 0.0009537509 0.0028573953
1.8897259920 - 0.0074922663 0.0213420952
1.7007533930 - 0.0098143395 0.0279585555
15117807940 - 0.0157974842 0.0449758051
1.3228081950 - 0.0161451965 0.0459534340

potential_of mean_force.data h D wa < - ¥ l=— —¢D 4r =3 A°1 s
— 2 %meanforce— ( hartree/ A - )3 % - =3 A®

mean_force_smoothed.data

—ok' wadi = «id L [n%-Aq mean force &  |F%r <V Ne< ~ (20)
L <3A% / — |F%~ <V mean force — ¥ td340° / —eda |
mean_force_rawdata h O wei ¥ | — 4L myl_—ndqA0
5.4.2.6 H20:% | HS: — -
s — < == H20:% ”—J HS,  — — 4L =3 A° H202 H2S,
| 548% A L A o #A°HOOHHSSH) % A2 —  wefie' i | H
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[1] Michiel Sprik and Giovanni Ciccotti, Journal of Chemica | Physics 109 (1998) p. 7737.
[2] G.Pelz, K. Yamada, and G. Winnewisser, Journal of Molecular Spectroscopy 159, (1993) p. 507.
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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

}
}
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sw_rttddft OFF ON RTTDDFT LA
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iter_unitcell, iter_ion, iter_total, etotal, forcmx, stressmx
11 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
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# a_vector =
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# c_vector= 0.0000000000 0.0000000000 5.5916992108

#nyp= 2natm= 6

#(atm ->type) 221111

# (speciesname) 1:0

# (speciesname) 2: Ti

#

cps and forc at (iter_ion, iter_total= 1 18)
1 0.000000000 0.000000000 0.000000000 0.000000 0.000000 0.000000
2 4339755741 4.339755741 2.795849605 0.000000 0.000000 0.000000
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#
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3 2.663907294 2.663907294 0.000000000 0.001773 0.001773 0.000000
4 7.047550117 1.71 9735530 2.821497030 0.001773 - 0.001773 0.000000
5 1.719735530 7.047550117 2.821497030 -0.001773 0.001773 0.000000
6 -2.663907294 - 2.663907294 0.000000000 - 0.001773 -0.001773 0.000000
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42 120 -181.4057176163 0.0020195652 0.0002222588
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il — %5 td=™ A0/ — @7 evfisi | o—% 6 | -
of=™3A95 - 0 — % |4 too0fv—z #id 13IV—Lr- %
=™ A9 | — - — L A1 — #%2-of=™| 1 <%y¥%]{gA°3
vV 6 e evfisi— % td=™3A°2 <3 — | gi &L y=L
- 9 - | wf V—# — | tAl3YFE VB 4 ¥z ey
|/ et | oWl V—2% — % F=™gA° 1 —|er¥i — < - 0V
— % Fi== % o ¥i-— %12 <ofVsl el evfisi —
¥ sof V—¢# | sVsqotd o= Mg A9 L ~3<k
5 =V

262




-181.4042 . ; 102

total energy'

- max. stress
-181.4044 + g i ]

-181.4046 |- |
-181.4048 |- ]
-181.4050 | 1

-181.4052 | 3

total energy (hartree)

-181.4054 | ]

&n
max. stress {harlreefbuhrS}

| 8
-181.4056 - 310

-181.4058 | CTETEe—e o e o

-181.4080 ; : ; ; * 107
0 2 Ll B 8 10 12

unit cell iteration

5.59 — 9 <k i 0D ®) " ovfisi — 9

0 nidynmdata h Dwe -~ t4V  —¥i z <y — Yl |1 <%#%
3A° L — — a=8.7934 bohi=5.6164 bohg || 3 <V °

, ®)" ovfisi<opioh4ki »D

" ovfisi <t i >4 < <soPJoh <4kl »dr o= <z [E™ %N
{34° < -= — gi i TiO:2—e)" evfisi<oerpioh«ti»d— 4L -
Ke BJ g Vo

2.5e-04 . . . . . ; —
2.0e-04 yd 8
1.5e-04 | :

1.0e-04 | | |

stress (au)

5.0e-05 | | ]
0.0e+00 F & | 7

-5.0e-05 4

-1 -09_04 L 1 1 L L 1 1
20 40 60 80 100 120 140 160 180

cutoff energy (Ryd)
560 i Hi  TiO2— — @, evfisi<oprp)oh«4ti o) —

Yo% fe- cesoh S50Rydbery — @7 @vfisi — % [ = o[ =TVgAS0
L—*D> e | N vV e evfisid |V E-]| # L 80 Rydber —oe
oh<«ti »32% #NJ 1<% td34°

263



574 fi « ' ge  — & @Hfi

571t fi « | ge  —

5711 —

- £ o zd0fis— %t |8« eknbpfi @Hfi — % tde/ -
Yor = ™M= | tdlg3yF° %z AV E-|s1=— Yo £k obpfi @Hfi  LL
=|fe-A{eAoFL2  eHE DI #E A %NegA°

éy;k(G:O)
& .
- :
& .
. S
aSVr:k men_l;(G:Gmax)
® e ® —
nk = ynk(G_O)
& :
&
& :
6=
l% = ==
n”(f):a fnk<ymjr><' |ynk>]
nk
—|fe-8 eHfi ~ =22 <odzh°gVe 0 4 oo0fis|e
Mo (1) =Tr[nE)] =7°¢) n°C)
m(r)=rr) n°¢)
m(r)=ig(r) *°F)
m(r)=rf () -n°¢)
so=|=|A9
5712 R' 0>«
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structuref{

magnetic_state = noncollinear

element list{
#units atomic_mass
#tag element atomicnumber zeta deviation mx my mz
O 8 0.166666 1.5 0.00.0 1.0
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e —feo zdo0fis- A % tdlgA° Tot, MMy, Mz |8/ 4. qs
0 4 zdofisd 2 - YV #£A° 14 | - | <
209
IOLD Chg ** Tot: 40.00000000 Mx: 0.00073742 My: 0.00000000 Mz: 16.17742289
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}
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®H fi - <7 o] e ~ ESpinOrb_old,new # 14 3A°
0%8% 14 |f— |® «fi Rmi ~ CPPFLAG - -DUSE ESPINORB =1V ~—3 14340
TOTALENERGY FOR53 - THITER= - 41.454944288742 edel = -0.170628D - 08:SOLVER =SU
BMAT + RMM3
KI= 13.204535394898 HA= 32.283509969986 XC= - 6801519951682 LO= - 83.580054495015
NL= 7597059454569 EW= 5.402894293900 PC= 0.000000000000 EN="0.000000000 000
PHYSICALLY CORRECT ENERGY = - 41.454944288742
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ESpinOrb_old= - 0.0000308 ESpinOrb_now= - 0.0000293
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&fnames

E_CNTN_BIN_PAW:‘../continue_bin_paw.data‘
/

6.3 wo F
PAW & oy < o= - b — — L g0l k| wiy!
sht wefie' i 2 A< % td 3V % td3a9 1 — %2
Fe- t4fu oqa:

~ =V eDa| samples/Cr~ Nef 5 A9 samples/Cr ~ | —NDwai ¥%Nef 3 A0

Cr_ggapbe_paw_002.gncpp2
Cr_ggapbe_us_02.pp
paw/
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us/

Cr_ggapbe_paw_002.gncpp2 % PAW —wefic" i hO=«d Cr_ggapbe us 02pp ¥»i . 'sh

) wefie' I —hDwd 2A°¢°7 <) ' Dpaw- PAW — D2 a% uscwi J' sh, —
¢224% t1d=™gA9pawus— 4°" «<J D] —es” <11 D% oqA0
catenergy.sh

vol20/

vol21/

catenergysh | A==— r=™=— % oVNxXr- <ti »2)¢dahDmi &£ A- vi @
< ks #A° vol20,vol21, ... |/ 4 - 4 20A§21A8.— #Da4- g A9 A==—4o" o
># 4 oVNx catenergyshd A< pawus)e:=" <. o>~ —<tipodL oy
hOws energydata % 14 5A°

pawes" <J ' D —  #d>a% 1d[Vves" < D —file_namesdata h O md - — e

0 %Ne3gAc°

F_POT(1) = './.ICr_ggapbe_paw_002.gncpp2'

F POT(2) = './.Cr_ggapbe paw_002.gncpp2'
Il —  %Nef|—% PAW —wefic' i % 1d34° dffe- usee" <y ' D — 4D
% 14 Ve «u' D>—file_namesdata h Dwd ~ | Cr_ggapbe us 02pp & A4 %N gA°
— Fdvom &£ 61~ <34° o= |%o e~ PAW < US <#| o1x
o-||'Oo'o Y% |H|=|A9 1|'f.— 1 =00 Ll<- <« »odlcg by
4L <<slbl- 61lrg<kg v US < -= PAW -~ |}f = <— % o=
1<% %{3A°0
0.035 . . . :
PAW ——
us
0.030 1
0.025 | .
8 o020} -
E 0.015 | \ -
§ \\\ .
% 0.010 | \\ P / 4
0.005 | \ P ]
0.000 |- — :
-0.005 - - - - -
20 22 24 26 28 30 32
volume (A%)
6le. t—EV 9  %PAW — %US — o 2 v L ™qtiond
<tiod— <e=™o
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61PAW |4 US ~ |If =Ll ky <t i 0D

us PAW
aM) 2.994 2.886 2.88
B (GPa) 89.2 150.5 190.1
Ecoh (eV/atom) 4.01 3.065 4.10

6.4 PAW # 0
PAW # A e AN
<L i » D

oH fi

Pfi)
®)" ovfisi —

DFT+U
ESM
Yobmmiil - ®
O bhmmll e ®
NEB

bfiol ne

O H fi

UVSOR-Epsilon —
UVSOR-Berry -Phonon —

269




7.1 8
711 pJ)oh 41 »D <
L o= ™| —1l=<e= celoh<ti»d| %Ad A F2 1 <i >
| 1004 — r %o s™e % offqa <o —
itapr 4L vees 4L o3A° T7l-oesoh«kids «idd-— L o
3A4°
'56-30 T T T T T T T T T T
5632 F ¢
-56.34 |
S 5636 |
>
[ \
g -56.38 |
8
g 5640
-56.42 |- \
-56.44 - S _
_56.46 1 1 1 1 1 1 1 1 1 1
0O 10 20 30 40 50 60 70 80 90 100
Ecut (Ryd)
71=1 F apr — — oPJoh«4i oD «£i1 0D-—

Vol %o e~ orioh «ti pdd 5%0A{<s «ti »d2% 1204 — = ==
™M AY L — 4 ™| =™ wefie' i~ <3A°1— #| 36Rydoerg px=#  No/
4 1mev 3% e=™A°x— — 4 A=g5 N ~ = of=%340%

10mev  — % =™ #Nj< 154 3V «tird—  «id
oo  «tid-— tooesoh<tipd#E  Af1<%  #FHRyAO
712k aofik! fi=<

PHASE | L=z 4 | - fflg A0 V¥ = A==-—

- | K'* =fiodfi # A %Nefg AL —  K'7osfi oD — Y d
A -%Qaofik' fi~#2A° Quaofik' fi~ < <«ir»d— & 72 =3 A°
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'56.38 ‘ T T T T T T T
‘x
-56.39 \‘ .
|
-56.40 || .
|
S \
\(D’ |
> -56.41 | .
(=] \
o |
5 \
(]
5 -56.42 | | -
: |
-56.43 | -
56.44 | - - © i
_56-45 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
number of k-points in the irreducible BZ
72=1 F apt - — k < <«kEi o0Dd-—
Q - o= % AFrz|o™—2 Q - 0= <id% At 2] o
™ | % #A° 30— z#L i 2% wof=%F + [=™1<% %
17 4°
0% oPJoh4i»d— < 11#qV <i»d—  «i»IE#E|00D <) —

| 4 o™Qaofikifia 2 A{1<% #£%qA°

713 <
SCF  — L opns - o 4|4 o a{i1<s% <od3a8° —
—  pm hatree = — L aAd o-— 09 oq A° o
F=7 20 T fim2sm™s L ey -] t o o™ L A  %NggAc
7.3~ SiO2- o= L syonmf — L v oL <coe=cbkegac i — %l
L 1 y{VvE-|pn hatee — o™ % 14 1<% %dqAac°
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max. force (hartree/bohr)

0.0125 T T T T T T T T T T

0.0120 | 1
0.0115 ]
0.0110 | ]
0.0105 | ]
0.0100 | ]
0.0095 | ]

0.0090 |- \ 1

0.0085 T~ OO —6—6—90-

00080 1 1 1 1 1 1 1 1 1 1
10* 10% 10® 107 10® 10° 10" 10" 1072 107
convergence criteria (hartree)

7.3Si02 —

IA
I
I
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714z fi Hv D - 51 PHY—

7141FCC-Cu
FCC-Cu ~ = ™= 51 P)%2— —RhoDvfiel A% Y%k=q3 ckesazs 11
2 A = eD —¢:" <y ' D—0OKe=" <y DNy gA°

samples/sol_cmix_test/Cu

4D
3 [ s1 PD — ¢D AdFEAS

ControK
condition = initial
cpumax = 1 day

}

accuracy{
cutoff_wf
cutoff_cd
num_bands
ksampling{

mesh{
nx
ny
nz

25.0 rydberg
225.0 rydberg
10

10
10
10

}

scf_convergence{
delta_total_energy
succession =3

1l.e -10 hartree

}

initial_wavefunctions = atomic_orbitals
initial_charge_density = atomic_cha rge_density

structure{
unit_cell_type = primitive
unit_cell
Hunits bohr
a_vector
b_vector
c_vector

0.0000000  3.4704637  3.4704637
3.4704637  0.0000000  3.4704637
34704637  3.4704637  0.0000000

}
symmetry{
method = automatic
tspace{
lattice_system = fcc
}

SwW_inversion = on
}
atom_list{
atoms{
lHtag rx ry rz weight element mobile
0.000 0.000 0.000 1 Cu 0

}

element_list{
#tag element  atomicnumber
Cu 29
}
}

wavefunction_solver{

charge_mixing{
mixing_methods{
lHtag method rmxs rmxe itr var prec istr nbmix  update
broyden2  0.60 0.60 * * on 3 15 RENEW

}

printlevel{
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base =1

- si PO — L ®=|A9

wavefunction_solver{

solvers{
lHtag id sol til_n dts dte itr var prec cmix submat
1 matrixdiagon -1 * * * * on 1 off
}
}
Im+msd,
wavefunction_solver{
solvers{
l#tag id sol til_n dts dte it var prec cmix submat
1 Imtmsd 1 * * * * on 1 on
submat{
before_renewal=off
}
}
Im+msd,
wavefunction_solver{
solvers{
Hag id sol til_n dts dte it r var prec cmix submat
1 Imtmsd 1 * * * * on 1 on
}
submat{
before_renewal=on
}
}
Im+msd K rmm3,
wavefunction_solver{
solvers{
lHtag id sol til_n dts dte itr var prec cmix submat
1 Imtmsd 1 * * * * on 1 on
2 rmm3 -1 * * * * on 1 on
}
rmmy{
edelta_change_to_rmm = 50e -3
}
submat{
before_renewal=off
}
}
Im+msd K rmm3,
wavefunction_solver{
solvers{
l#tag id sol til_n dts dte itr var prec cmix submat
1 Im+msd 1 * * * * on 1 on
2 rmm3 -1 * * * * on 1 on
}
rmmy{
edelta_change_to_rmm = 50e -3
}
submat{
before_renewal=on
}
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., Davidson Kk rmm3,

wavefunction_solver{

solvers{
i#tag id sol til_n dts dte itr var prec cmix submat
1 davidson 1 * * * *  off 1 off
2 rmm3 -1 * * * * on 1 on
}
rmmy{
edelta_change_to_rmm = 50e -3
}
submat{
before_renewal=off
}

Davidson K rmms3,

wavefunction_solver{

solvers{
Hag id sol til_n dts dte itr var prec cmix submat
1 davidson 1 * * * * off 1 off
2 rmm3 -1 * * * * on 1 on
}
rmm{
edelta_change_to_rmm = 50e -3
}
submat{
before_renewal=on
}
}
Davidson
wavefunction_solver{
solvers{
Hag id sol til_n dts dte itr var prec cmix submat
1 davidson -1 * * * * off 1 off
}
}
zfitvdew @ — L 2~ & 2~ =3 A° Intel Fortran Compiler 11.1 for Linux

# «fi R == 24GHz — Opteron280 k. % eaod Ve @Ad Vo firza™= k 4 3
JL TM=I =y 9
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' ' ' 'matrixdiago'n —6—
Imm, submat after wf renewal
109 Imm, submat before wf renewal ——— -
Imm->rmm3, submat after wf renewal ———
Imm->rmm3, submat before wf renewal
1072 davidson->rmm3, submat after wf renewal :
davidson->rmm3, submat before wf renewal —&—
davidson ———
~ 104 -
[}
o
E 10° | -
5
10° ¢ -
100 L) -
w2l 10 ]
10-14 1 1 L L L
0 20 40 60 80 100 120
iteration
74 siPoy~ | — ¢-—
7.1 | si PO |H - #A° { < | - -  #A°3V
| Opteron 280 24GHz —-' ®=d>wv-fiz k 4 # [V — #A9Noq# <%
400073 T™M9
7.1 si P2 |H -
13 19.2
Im+msd, 67 22.2
Im+msd, 105 324
Im+msd © rmm3, 34 124
Im+msd © rmm3, 16 84
Davidson © rmma3, 23 112
Davidson © rmm3, 15 95
Davidson 17 11.8
| 4 - 2 | Yalk— o4t 2D #EA° SCF # | % { =-—
# <1 »2% ™g2 6o <0d340° | 4 <« # v | ™M-zA%
1 No/q— | - %) <0r- —Dmmu¥% %oqs 11— | # %00 09
3A° - | zmm3 + A :>e% o s=™3 A9 3V mm3 |
L - o] % o o=mac
A - = - 1 | gD/ L E /[ — 0 LA £
25 Lmy =3 A° # — ™ < o= L M+ MSDBRMMS3 Davidson ,
Davi dsonbBRMM3- td34°37v RuM3 & A |
- <V %™ % ™zA° Davidson 4L A (precon)| offs «==2s™/ %
”_ ™E o, |=e 9
7.1.4.2 Fe(100)
- eHfid v — <o=Fel00) - L eqn0 1 - 2| 51 PO
| < e L Veesd ™A A —  eDa —¢o"
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< ' >—0OKes" <1 orNefgA0
samples/sol_cmix_test/Fe100

4D 1
3 [ — ¢D AEN°
contro
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_orhitals
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 74 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  _statef
sw_fix_total spin=off
total_spin=14
spin_fix_period=5

unit_cell
a_vector = 5.3762704477 0.0 0.0
b_vector = 0.0 5.3762704477 0.
c_vector = 00 0.0 28.3458898822
element_list{
#itag element atomicnumber mass zeta deviation
Fe 26 101802.230406 0.375 1.83
}
symmetry{
method = automatic
SW_inversion = on
}
magnetic_state=ferro
}
structure_evolutior{
method = gdiis
gdiis{
initial_method = cg
c_forc2gdiis = 0.005 hartree/bohr
}
}
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wavefunction_solver{

solvers{

#tag sol till_n prec cmix submat
davidson 1 off 1 off
rmm3 -1 on 1 on

}
rmmy{
edelta_change_to_rmm = 5e-3 hartree
}
submat{
before_renewal = on
}

}

charge_mixing{

printoutlevel
base =1
}
L
r -_ — <:>=I A 9
— < # 0o AL = i » ' ur | Broyden2 (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 3 5 renew
}
}
— < 2 o L =i ur | Puay (casel)
charge_mixing{
spin_density _mixfactor=4
mixing_me thods{
#itag no method rmxs rmxe itr var prec istr nbmix update
1 pulay 0.1 0.1 40 linear on 3 15 renew
}
}
— < # 0 L « i »! %+ | Broyden2 (case2)
charge_mixing{
spin_density_mixfactor=1
mixing_methods{
#itag no method rmxs rmxe itr var prec istr nbmix update
1 broyden2 0.1 0.1 40 linear on 3 15 renew
}
}
— < # 0 AL « i 0! 5 | Puay (case3)
charge_mixing{
spin_density_mixfactor=1
mixing_methods{
#itag no method rmxs rmxe itr var prec istr nbmix update
1 pulay 0.1 0.1 40 linear on 3 15 renew
}
}
zfityde— & 3r3< kg v 9 + ez <d AV E 4] v
i I LNy o= A0 L — £, — < # 0 = Pulay
o (Cased — % L {1 <%E %y Ve o—  case3— = oo™
# % [320% ~|f =| Broyden2 & v % ™ LNe3A - - —
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L 5% v %™ LNfjsga° ¢ |- eHfid v — oHfi 4 eHfi

L aAfv %oz~ =L | e3h° ez ™ oo™ - nzd
- o) — AL j =9 o0 ™9
72Fe(100) — r~ {3#—SCF < =V <«tiod
SCF <t 1 »D (ha)
case0 36 -153.877775988322
casel 32 -153.877775991437
case2 34 -153.877775825592
case3 29 -153.877775990755
715 si P2 -
PHASE - 14 =™ s1 P> |8 MSD & Im+MSD & Davidson & CG 8 RMM 8
oz— 51 PD< sl PD< ~=— subspace rotation ¥%Ne 3 A° ¢ [~ F
(Qd< o= 8 Puay ®Broydenr~ |f{{ 2 — oxd o=™g A0 fkds
o= ~ g F2is-H= o %  #%HIA° <%t l—|fe- - 0= ~ 4
w>1—1 -  %%¥%| #A°/ 1#8PHASE-~|® o si P>
Lk, ="'+ % - A % oFf=E=™Ac L |8l — — L ogA9 -
s 10 L iy isnER=™A%E Lanae 1Y [do™ | #
s1 Po4 Femd— 4 effer =001 ™
1— £ Afis-|f=e 10 2 - % =™ isd c=™mgA0 < o=s
(100) — d oy L_d4L — — 5A0
R' 00 20 hOwd si PO 2% - Ho™ - AL v1100
< <# o3 =V o | L o= ™3 oV | — =|$A9
10t dev
v1100 |
§ i
8
g ]
4 ]
c“.O 5;0 60
SCF iteration
75 s1 P2 %[ Feod—
2 - 8 % vi200d <V #£AS
Yol k%o fe~28  PHASE (P2 o' fi 11008 A< s PN —
oo™ | L 3L < %# %y Y% L Als 3 sHmEHR=™A
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7.2
721

7211

— m i pi
TM.I i .i {H‘L
| *>@®l:cis —o©O
| D> @®2:i1 Hi
| *> ®3:Si02
I > & 4:Si(001)
val =
AIr
samples/strevl_test

A9 7Y

200 ™ /qzL

1 — —u |

gquenched MD

—’”"— in:)

A==—*D ®F pmt

sk %2 — e

== 4:>=| c>'\/9
ve v © wo ZoOfi

TiO2

—OK+e-

"

- J

— | A==—+> @z pn
< 0 <=3 =V 9
<:>=| <:>'\/9

v sk |

e ™y 0|

—lre-

evl =|v L

hartree/fbohr < <3 <V

- ] -

"o NefgA0

b=
hartreee 1 < <3 <V ?

™

<

i | -

structure_evolution{
method = quench
}

cg

structure_evolution{
method = cg
}

gdiis

structure_evolution{
method = gdiis
gdiis{
initial_method
c_forc2gdiis
}
}

= Cg
= 0.01 hartree/bohr

L—|fer aAs
c_forc2gdis 2 A
o] — —

bfgs

3 M| cg

4 L toofV
FlFM- cg %

rag00

HE o
# gdis

-

]

EZ) =3 A°
F130°Vweo

structure_evolution{
method = bfgs
gdiis{
initial_method
c_forc2gdiis
}
}

= Cg
= 0.01 hartree/bohr
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L—er A< qM| cg =i mre [ = % e30b° - o -— Z

c_forcgdisz A |4 L toofVv #bigs - 4 F{3A°Vowe -3 | -
2 — - FlkMN-cg % 14 50°bigs — | gdisK. 2«2 ™ 3V —
Lgdis — < o o0#A°®
7212
zfitvde— & 73-5<kg Vo - quenched MD | % ™1 <% Y%{qA°
— ) of | 1S e=ehoi 100au &£ o3 ovH 11— £ A=
% 14 | N 3A°GDIS | SiOe—+2ez| L o <=™A% /4 —:De
2| Ngqd - o=™yydogdis — { ™| cforcgdisR' 02> A4dL|f{ 1o l—r v
- L confis-fr= 14 | Nejqa°cg | -
Y%# %= ™3 A9bfgs | A==—rD @z - 3V - o™ ¢ L el <%
Y69 =V o
7.3 - ™} ~-™m{ - 902200 - 4L =L _ %1074 <o
Lo v Voo e < V9% ) @1%06.. cc. ZonOfi cd @2% i TO2 o> 3%

Si02, > @4 %Si001]) ~ A°

D el rD @2 D28 3 Do 4
guenched MD 115 166
cg 195 62 28 124
GDIIS 71 13 176
BFGS 87 38 16 67
722 — 8 - —
PHASE ~ | 8 d o b " oo Tfid =™ -~ d 4L -
- Y=l AA{ s~ = L e5d % Ff=™gAc e [z 1
f=rd o= pEmqatmosv- cmme Ly L ocqaemd—ioe
~24™= lLs 2/32/3_|J IJ||=|A9
no prediction charge0 chargel
1 1 1
SCF 245 185 163
Owuw uw © wu Z « Ofi
no prediction charge0 chargel
25 25 25
SCF 481 330 310
SiO2
no prediction charge0 chargel
16 16 16
SCF 193 144 136
Si (100)
| | no prediction | charge0 | chargel | chargel+wf |
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iteration_ionic 21 21 21 21

SCF 324 200 187 157

8 charge0| sw_charge_predictor = on, chargel | sw_charge_predictor=on <
sw_extrapolate_charge = on, chargel+wf | sw_charge_predictor = on, sw_exirapolate_charge = on,
sw_wf predictor=on r~

Si 64 300K MD 50

no prediction chargeO chargel chargel+wf

SCF 613 413 387 231

8 charge0| sw_charge_predictor = on, chargel | sw_charge_predictor=on <
sw_extrapolate_charge = on, chargel+wf | sw_charge predictor = on, sw_extrapolate_charge = on,
sw_wf_predictor=on r

2] T. Ari as, M. C. Payne Aamg mbleculaD-dynadics denhniques @xtehdedstq
large-length-s cal e syst ems o6, 451638¢1b®R)al Revi ew B
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7.3 PHASE —

PHASE ~%™= 14 | <e=t21 10 £2A° L 1| tD1' D
alt/ — p%— -~ A — L o3A° - — o Dy ™
<t i »D 1 hartree =2 rydberg =27.21139615 eV =4.359745836 pmt  J
! 1 bohr = 05291772480 A=0.5291772480 prt m
1 aumass =1822.877333 amu =9.1093897 pmt kg
1auvolume =0.1481847426 A . =1.48184726 pm m
1au velocity =2.187691417 prt  A/s=2.187691417 pm m/s
1 hartree/bohr = 51.42208259 eV/A =8.238725025 prt N
lautime =2418884327 pmnt fs=2.418884327 pmm s
®." © 1 au stress =2.903628623 prt atm=2.942101703 pmt Pa
1 au density = 1.23013834 prt amu/A ~ = 91093897 pmrt  glcm = 9.1093897
prt  kg/m
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8. PHASE —wmfi ®J) D i

8.1
PHASE | & PC%|- — @RI fiH Da— ;0 £ o3A°
PHASE K. =' + | forran90 < C# 14 =™3 A% 14 f—«fi Rmm % 4 © @Yt ¥
00 LA | MPI' K T Youmadi @00 1 =™ %Ne|g A0
oshy pwe s Kl
Fortran90 ¢ fi Rum & C ¢ fi Rumm
MPI ! ! _
" waK' 1 LAPACK,BLAS ok - Tfi
. FFT' wK' T FFTW ok 'fi
Perl okeo "fi NNNNPHASE 4D i #
Gnuplot oke Tfi NNNNPHASE 4D i #
PHASE — d = L~ <340
PHASE —
«fi Rem Tk
Linux GNU Compiler LAPACK, BLAS, ScalLAPACK
Intel Compiler MKL,ACM L
PGI Compiler FFTW3
Windows XP GNU Compiler MKL, ACML
Intel Compiler FFTW3
PGI Compiler
Intel Mac OS X GNU Compiler MKL, ACML
Intel Compiler FFTW3
Oracle Solaris GNU Compiler Sun Perf.(LAPACK)
SUN Compiler ACML
FFTW3
SGI Altix Intel Compiler SCSL, MKL
FFTW3
IBM AIX IBM XL ESSL(LAPACK)
FFTW3
Hitachi SR11000 HITACHI MATRIX/MPP(FFT)
IBM XL HITACHI LAPACK
ESSL(LAPACK)
NEC SX Series Fortran90/SX Mathkeisan(LAPACK)
ASL(FFT)
Fuijitsuu FX10 Fuijitsu Compiler
, MPI' =K'' |8 (MPICHL,MPICH2 ,OpenMPIl ) =T A°®
GNU Compiler gfortran, gcc | 8¢ P2 o' fi 4.1 4 “=D c0p ™O — GNU Compiler
Windows & MacOS @ Linux | http/fgec.anu.org/ Ys - # % A°
t —  — AMD Core Math Library | http:/developeramd.com/ ¥s|F # %3 A ©

PGl compiler | ¢ P> o' fi 6.24
Intel compiler | 8 P> o' fi 91 &

=0 001l ™9

=9 001 T™M9



http://www-unix.mcs.anl.gov/mpi/mpich1/
http://www-unix.mcs.anl.gov/mpi/mpich2/index.htm
http://www.open-mpi.org/

82wl ®) D1

Linux & - o= wdi ® D1 d o3 A° 11 #]| 8 Lnux - Intel Fortran compiler Yomedi
@ 0 tdl=™1 <L 3A9 —(fiRmm L A | ¢fiRum — —<%r8/ —«fi
Rem &£ o=0wi ™ 3vV8MPl' wa' ' <o=380penMPIL A1 <d =™ A9k,
~ b ei—  —<%rgSerialod A fMPI' KT aammzk, Al b A<
L# 9% Ao

5 [1°PHASE R ¢ * D © phase_v1200.targz &£ PHASE L wafi ® 2 i A ¢5" <1 ¥ “=0 00§ ™9

[$ tar zxf phase vl 200.tar.gz

57 <1 ' phase v1200- 8 wafi ® D' D& =5 o0p ™
$ cd phase v1000
$ .finstall.sh

=== PHASE installer ===
Do you want to install PHASE? (yes/no)  [yes]

i @ D1 A %2ze¥% ™=%yA—%°c L S~ Enter«dd <=9y ™

Supported platforms
0) GNU Linux (1A32)
1) GNU Linux (EM64T/AMD64)
2) NEC SX Series
x) Exit
Enter number of your platform. [0]

A — % 1d3A—#8 GNULNUX(AI32) o - A 0L -=sEnteredd o=

9 01 T™M9

Supported compilers
0) GNU compiler collection (gfortran )
1) Intel Fortran compiler
X) Exit
Enter number of a desired compiler. [O]
A «fiRem D= % 143 A—#8 Intel Forrancompiler9x o~  A{ 2L  ~=sEnter
« D 4 = 9 o0 3 ™9
Supported programming - models
0) Serial
1) MPI parallel
X) Exit
Enter number of a desired programming - model. [0]
Afke =" rz0i— % 1d3A—2% MPlparallel o - A{ 1L -
=0 0] T™M9
Supported MPI libraries
0) MPICHL/MPICH2/Open MPI
1) Intel(R) MP
x) Exit
Enter number of a desired MPI library. [0]
A MPI' ' ' — %  t1d3A—#8% OpenMPlo - Aq 0L  ~=s8 Enter « 20L&
=0 001l ™9
Supported BLAS/LAPACK
0) Netlib BLAS/LAPACK
1) Intel Math Kernel Library (MKL)

8 Enter « D 4L

x) Exit
Enter number of a desired library. [0]
A BLASLAPACK ' wK' ' — % 143 A—#8; NetibBLASLAPACK ¢ - A{ 0L
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~=8 Enter ¢ D& =00y ™9
Supported FFT libra ries
0) Built - in FFT subroutnes
1) FFTW3 library

X) Exit
Enter number of a desired library. [0]
A FFT' =K' ' — 3% 14 5A—#8 Built inFFTsubrounes o = A 0L <=3
Enter « D4k ~=5 g ™9
| Do you want to edit the makefle that has been generated? (yes/no/exit) [no] |

t 4V Makefle &£ A{%=e¥% ™=%g A9 Makefle & ~v{ A{ %ord e L
> [1~ Enter « dd =95 o0p ™
| Do you want to make PHASEnow? (yes/no)  [yes] |
PHASE — ¢ fi Rud <wuii ® 21 & A %>e% ™=%3A° L S~ Enter « 2 =5
PHASE — ¢ fi Ruml <mmfil ® D1 & k=5 00y ™

PHASE was successfully installed.

Do you want to check the installed programs? (yes/no)  [no]

PHASE % rwi ® 21 14 Vvis<sd _Joertdo— s8k. ~'+t—ves L& Afue
Yo ™=o—#°8 %N ryesdt e Enter«dd c=owi ™ v @) d oo™ k-8 no
L = Enter « D& <=5 w1 ™My @) L o= —|feo ¥% |4 Nefgyo
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.
Vale nce band maximum : 0.233846 Hartree

Reference : 0.233846 Hartree
MPl k. ~'+— ~ ™| mpirun 4 mpiexeco>—« v fiy L ™= o3 A°
$HOME/phase_v1200/bin 4 PATH - ~=29 < 8PHASE —Kk. ~'+ —ReL  S[I-
# Y8 ENAN

Bourne shell(WD fi = wi ) #Ng|  ® $HOME/bashrc o >~ PATHL  —gA°
| export PATH=$HOME/phase_v1200/bin:$PATH |
Cshel(e D> vi ) #Ne| 8 $HOME/cshrc -~ PATHL 3 A0
| setenv PATH $HOME/phase_v1 200/bin:$PATH |

MPl ' ' ' —bineso” «u ' L MReL Alfer =0y ™

Bourne shell(WD fi o wi ) # Ne| 8 $HOME/bashrc o>~ PATHL <3 Ac
| export  PATH=$HOMHEipen mpi/bin:$PATH |
Cshel(c > > vi ) #Ne| 8 $HOME/cshrc - PATHLL 3 A0
| setenv PATH $HOMEbpen mpi/bin:$PATH |

—|fer =8 PHASEL  ~3A°
[ $ mpirun -np 2 phase ne=1 nk=2 |
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8.3 o< —

8.3.1 Linux

Intel Math Kemel Library ~— FFTW3 wafi 20 h ¥2 @' wak' ' | wafi ¥i CH++¢fi Rum 24 [ =
=D 001 ™9

cd /optfintel/mkl/9.1/interfaces/fftw3xf

make 1ib32

EMBAT 2 | — 1ib32 L libemB4t - ~=0 01 ™9 ' ' | h O wd libfftwdxf_intela |
| /opt/intel/mki/9.1/lib/32 (1A32 |
sl
| /optfintel/mkl/9./liblem64t (EM64T |
~ 143 A joptintel 4" <! - MKL ' ! T L afi @00 14V |8 —6e7 o
L fiesdi1d A0

8.3.2 Windows XP

Windows  # | Unix Y% #0° MSYS/MinGW Nef| ™| Cygwin Lwsfi ® D1 <=0 w1
™S Cygwin - wadi ®J 21 A | @ make Luadi ® D7 A e c=0 01 ™

MPI Pumd' & A{r]|8Wndows 1 MPI' wK' ' DeinoMPl Nofk%0 Emafi ® 30 o
=) 01 T™M9

Intel Math Kernel Library — FFTW3 wafi 23 h ¥v2 ®' weK' ' | nmake ¢ v fi) -6 F=mig 3" fi
<OGMKL_SUBVERSksbtfidtal 6= ¢mme. s/ Cttefi Rum D& [ = e=03 01
™9 makefile ¥s
| C:¥Program Files ¥Intel ¥MKI¥9.1 ¥interfaces  ¥fftw3xf |
FNel5A° oo leil k! Td AV E-s makefle — W —6/ MK& " fi

~=9 001 ™ makefle £ vV ks cvfirk. fikid %8 —fer o= k' T =

D1 T™9

C:¥Program Files ¥Intel ¥MKI¥9.1 ¥interfaces  ¥fftw3xf

nmake lib32 F=ms MKL_SUBVERS=serial

EMBAT % | — ib32 4 libem64t - ==0 001 ™ ' oK' ' H O wad fiw3xf mslib |
| C:¥Program Files ¥Intel ¥MKI¥9.1 ¥lb ¥ serial ¥ia32 ¥lib IA32 ) \
V|
| C:¥Program Files ¥Intel ¥MKI¥9.1 ¥lb ¥ serial ¥em64t ¥lib EM6AT ) \
RS B

8.3.3Intel Mac OS X

Intel Fortran compiler P2 o' fi 10 4L =9 001 ™9

Intel Math Kernel Library — FFTW3 wafi 20 h ¥2 @' ' ' | IntelC++ ¢ fi Rum 24 [ = =
o) OOi T™M9

cd /Library/Frameworks/Intel MKL.framework/Version/9.l/interfaces/fftw3xf

make lib32 MKL_SUBVERS=serial

EM64T Z | — 1ib32 L libemB4t - <=0 01 ™9 ' k' | h O libfftwdxf_intela |
| [Library/Frameworks/Intel_MKL.framework/\Version/9.1/lib_serial/32 (1A32 ‘
sl
| [Library/Frameworks/Intel MKL.framework/\VVersion/9.1/lib_serial/lem64t (EM64T \
- tqsAc

MPI Pumi' & A{ |8 OpenMPI Noft%0 Eumdi ® > <=0 0t ™ Forran # L

2% fer « fi Ruai <=0 00t ™
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http://www.mingw.org/download.shtml
http://sourceforge.net/project/showfiles.php?group_id=2435
http://cygwin.com/
http://mpi.deino.net/index.htm
http://www.open-mpi.org/

9.PHASEK. =' +58adi —

9.1k. ~' F phase
9.11k. ~' ¢ phase—

PHASE | SCF 8 L ™y Aeg Y oy Y |k 4pfiy &
Al 1 < %2 % A0

R' ©2 2 h 0w wefio' i NDOwd £ #57 <1 - %3 A° fle_namesdata &
A-" ,_|8/%||.|_ dec™ <V ™= oop ™™
! L
k. %20 - L e ~|]® —Jerk. ~" ¢ phased =3

A° aJ./phase_v120 0/ b|ie PHASE Yemsii ® 20 t =™ ¢c" <y ' £A0

| % .././Jphase_v1 200/bin/phase

L e |82 ™ — A v KT = cwfiad a0 |
% ™M o @vr—v a- wid 5oy ™ o «vfiy | mpirun £A°
| % mpirun - np NP ././phase_v1 200/bin/phase ne=NE nk=NK
11# NP | MPl k. ¥ @ NE | Pfis NK | k £AO
9.12k. ~' ¢ phase— ok i
9121Pfiy 8k
Pfiy ek #|8Pfi NE® k NKdL o5 A9NP=NEx NK <
™e %  ~=™|  %Nd3A°nenk <™ | A sl #A9/ — | NE=NP,
NK=1 % 193A4°
| % mpirun - np NP ././phase_v1 200/bin/phase ne=NE nk=NK
Pfi» 4 Lk — % % MEAS oV H[ = o |k L %A
< ™ g td3A°Veoe k| %o — #| ocoA{isss ok % M-l
% k. @ # 4 d{Fr#|lo™™e ~ % #AK 4 LNK — % %™< <
'drodgA%3Y k %NKZE 4 o™ | o % [kdgyFes iz - 0=
Pfi) L T _FZE AL o= 9 00 ] ™9
91227 k' o
NEB Vbmmib v ® O bumibe@2— ~|f=|"klc A% #%
] %Nel 3 497 k' o AL A - —cyfiyd =3 A°®

| % mpirun  -np NP ././ phase_v1 200/bin/phase nr=NR ne=NE nk=NK

NR |7 k' o #0°9 NP=NRx NExNK <™e % =™ %NdgA°" k' o —
| k F4 L ~ ™zA% k < 90 % #AgVvIrlp<l — ™ glop
% <od-—-# -] neb <| 43534
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913k. ="+

PHASE | Pfi)» < k
- | — |

phase 3 G

-2
P> o' fi#]|

d
- == ™5 A ¥ —G — ~ L @ETMﬂAQ\/oo
o L—# Ne —|feo %N gA°

K s afis|Ewun s
we, L e <%y yEe
G -~ oVsd)@ed)| ea7 <yl Dscphase3d-Ne|gA° L —ea" <04 o
Makefle & A{v k- —«wfisd ~5A0
| % sh configure
i ® D1 v 7" s~ ™=Nof %< V @ %# Makefle & - 14V Makefle -
= - 9= A g A0 =™ — Z(fi R =35 A°
| % make
A - 27 < P o nmllst £ ™Mo  —hDesd £ - —feo £ o5
N °
&decomp3d
ng=NG
ne=NE
nk=1
/
L1#NG - G L NE ~Pfi) L <3A9NG < NE — MPl k. % @— ~
<™ %N 3A°0
| % mpirun - np NP .././phase_v1 200/bin/phase
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92k. ~' + ekcal

921K. =' ¢ ekcal—

sPfiy ~2%™M=8k — % ™ ~ ek. = < o= ekeal%Nef A0
SCE _ _ AL < o= $%=| A°
SCF  — — hOwd nfchgtdata & o7 <0 ' - «HD o3 A9 5V |8 h
0 hO = file_names.data - 25™= 8F_CHG ~ SCF — — O =3 A°
Pfi ) ~2%™= | snfik' fia k — hOwd kpointdata &£ o5 A®

—ferk. ="+ ekcald ~gA°6phase_vI1ZPOHASE Veauli @ D0 19 =™ ¢
T el #EAS

| % ../.Jphase_v1200/bin/ekcal
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93k. ~' r uvsol
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94 4D i dospl
PHASE — % edad 1 35{i1<% 309 /d-=™=]| PHASE® dD@d v a° =i
sid, gy ™ s — ¢ D 2 dos.data i A k. ="' + % dospl

dw sl aiyaga
2 A9 example — dos.datad: work - « HD =5 A®
$ cd PHASE_INST_DIR/samples/toolsiwork

$ cp ./example/dos.data

™n o dosdataVee HD 14 =™ 1 sdisE =0 o0p ™9

$ Is dos*
dos.data
dospld ™= | — ¢ D 2 dos.data < c=q3 =Fe° —fferawfisd o=
™9
$ dos.pl dos.data -erange= -13,5 - color
leA] < EPShOw density of stateseps¥ 19 34° UNIX  # 144 4~ | ghostview
4 gvazd <340
$ ghostview  density of states.eps
v
$ gv density of states.eps
25 T T T T T T T T
W
2f H ‘\ .
l |
N
I ‘
“ A ‘\
g 1-5 i H J’/“ \“v““‘\ “‘\ i
8 / AN “ \
® [l n\ \ ‘\‘ M)
2 [ \ | [ \f
8 [ \ | | ‘
8 1} | | . .
J‘!\\". |\ ‘ \ | ‘H‘
/N |\ | / v
\\M | \ //
// \\\‘ / \“\‘ \ ‘L\/‘
\\ /"" \\ /H
0 I I Y I I I / I I
12 -10 -8 8 -4 -2 0 2 4
Eneray (eV)
91 Pi ¢ Si—
dospld A< % ¢D o dosdata— ~ <V -erange | A <1 »o— &
Aoke Tfi wcoor|o'> & evEk—okoTfizAe
9.4.1dospl—ok o T fi
oLl Y- dospld A< % td3A0c0
$ dos.pl
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Version: 3.00

Usage: dos.pl DosData -erange=Emin,Emax -einc=dE - dosrange=DOSmin,DOSmax - dosinc=dDOS
- title=STRING - with_fermi -width=SIZE - font=SIZE - color - mode={total|layer|atom|projected}
- epsf={yes|no} - data={yes|no}
DosData ~ ¢324% 19 VhOws ( dosdata B o349/ — ~ & Ao
ke "fid oqA0
- erange=Emin,Emax A .|| <« iy — i gy % A .|| 9
V<d4p -10 eV¥%[E5 evyE V™ |
- erange= - 10,5
< e3A° Leon™s 99— n Ys |k - t 4
A9
- einc=dE 41— & A e
Vsap 2ev - {L{{vme |t
- einc=2
< =3A°
- dosrange=DOSmin,DOSmax A 1| — [ .|| 9
V<4 O statesleV Yk 12 statesleV 5% @ -V ™ |
- dosrange=0,12
< =3A°
- dosinc =dDOS ( )— {— 4L (R
V<d [ 2 statesleV - dd{qdv ™
- dosinc=2
< =3A°
- tile=STRING SR T ALY .S
V<4 mm § Ay Total DO <A o |
- titile="Total DOS"
< =3A°
- with_fermi ¢hoi J$| Yoo ™h i " Zi=|\/| — <4t D"
ZiL ) $|hvi|—"’zi£ P n $N9—J||r
—«4ti»D" zi d =3 A°
- width=SIZE — —ehoi | 1# N(_;“ Y% / — 4L oy ™ |
L —oke Tfid eov<a 08~ V™ |
- width=0.8
< =3A°
- font=SIZE hofi) —Ommudt oV ™Mo | 14 Ao | 14240
V<4 hofi) Qw280 v ™o |k
- fon t=28
< =3A°
- color -t pdst o g Ao
- mode={total|layer|atom} total 4L A-|| < A 1 J|| 3A°
layer & A< - — % 1440
aomdL A< — — % td340
projected & A< — - % t4d7
A 9
| total #A°
- epsf={yes|no} We, ' k) hDwd &£  <co™<%-| nodk  ogA°
| yes # _
%ot1d r wel @' ki hDwd % 1434°
- data={yes|no} | - 02l epshOmi &£ Af—%]00

—NOwd - A <%~ | yesd  =5A°

293




95k hO = 4D i band kpoint.pl

Pfi) L oo | - [ VE L /- B <t i »D L ekecal # -3
Aoekcal | B —¢D> 2% % 34 VhOw kpointdata &£ 4 4 <«idd g
A/ —B —hDwd — & A{k. ~'+ % band_kpointpl #A° band kpointpl —  h 0w
— | — ~O0f =™ Al
dkv
bix b2x b3x
bly b2y b3y
blz b2z b3z
nl n2 n3 nd # Symbol

— blxblyblz | 7z« 4—xyz 0 zelidFr=m=l  gzps

- B </ —ofiw — dogpaeefiw — #| Nef g >+% YsNe||
Pfi ) — -  tdg34° e RRREL ™M=F o, L

3 € 3
éI-H- é--H- é--H—

— e~ oq A9 fiWl | #— ~ ™= o0p ™9 - — 4 o340
0.02 <-- k -
-10 10 10
10 -10 10 <ee rAN
10 10 -10
0112#X <-- nl n2 n3 nd # Symbol
0001# {{Symbol G}
1112#L
5258#U
1012#X

1 s 9Ll—3%es" <. exampler NoJ| —# / 4 & « H> ~= band kpointpl &£  ~=3 <Fe?
$ cd PHASE_INST_DIR/sam ples/toolsiwork

$ cp .Jexample/bandkpt fcc xglux.n :

$ band_kpoint.pl bandkpt_fcc_xglux.in > output

el < kpointdata % 193 A° 14 %Pfi

l
L £ — <t i »od
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96Pfi » 4D 1 pand.pl

9.6.1 band.pl —

band.pl # P fi » L 5| <%z Y9 A ° PHASE — ekcal — nfenergy.data < band_kpoint.pl —
hOwsd ¥% band.pl — ~odgA°9 — # =V kpointdata & < - ekcal # <

iy AL ™ |Fdv <t i »>hOws nfenergydata % ¢ =" «J ' example~ Nef 5 A©

L —hOwi & [ =Pfi) L ™= .3 - ke example ~ N nfenergydata <

bandkpt_fcc_xgluxin & work - « H> = / 4| k& < o= pandpld -5 A°

$ cd PHASE_INST_DIR/samples/toolsiwork

$ cp ./example/nfenergy.data

$ cp ./example/bandkpt fcc xglux.in .

$ band.pl nfenergy.data bandkpt_fcc_xglux.in - erange= - 13,5 - color

leA] < EPShOws band_stuctureeps% 4 3A° | —hOwd £ ~04~| ghostview
d gvaz—shs »pve ¥ #A°

$ ghostview  band_structure.eps

1V |

$ gv band_structure.eps

AN T

S W\

/. \
/,’ N

Energy (eV)
S
T

-10 —\

12

X
Pi <« Si—Pfi)

bandpl & A{<%-  <V-erange| A «ti»d>— 4L A oke "fi -color| o’
p) L eok-Tfizao

9.6.2band.pl—o k o " fi

oL Y[~ bandpld A< % td3A0c0

$ band.pl

Usage: band.pl EnergyDataFile KpointFile - erange=Emin,Emax
-einc=dE - ptype={solid_circles|lines} - with_fermi

- width=SIZE - color
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KpointFile — % & A{ok- TfizAo

- erange=Emin,Emax A <P »o—  dLev 2 Al e
V<4 -10 eV¥%[5evgz v ™ |
- era nge=-10,5
< =3A°
- einc=dE =|_ AL A-|| 9
VEd r2ev - Ay
- einc=2
< =3 A°
- ptype=TYPE 4L Ao
- ptype=solid_circles oo d=11dv o2 A
- ptype=lines : £Z=0 —(¢hoi J)o
- with_fermi Qhoij,i_' Yoy ™h Vi |—"Zi=|\/| —<ti D" zi 4L
99 #Flhviprmzid o n #Ne| — <t
i 227z AL =3 A9
- width=SIZE — —ehois | 05#Nef3% /— & ov™ || -0k "fid
eeVvsa 03~ VY™ |
- width=0.3
< =3A°
- color -Thdot s Ao
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9.7 — trajectory +— 421 dynm2tr2.pl

Perl @< ' k . dynm2tr2pl | @ 8 —¢ D 2 (nfdymdata) &£ trajectory -
@ﬁ A 9
a2i dynm2r2pl £  —ffe~ <3 A0
[$ dynm2w2.pl  nfdynm.data
L —fera{< dynmir2 < ™Meh Dwd < gridmol2 < ™Me h Dwad % 9 54° | - 0
2% 14 VhOw #Ne | A¥i— 02% 1t VRhOwd #A°
FCC—k' Fve K¥i ~ Si% [V 4 < - =V 4L trajectory
- s N EAO
Step 1 Step 2 Step 3 Step 4

' 1
#

Step 9 Step 10 Step 11 Step 12
) ‘
92 Pi ¢ Si— —
92— | = A £ c=™gAa° % ~of VNx | - % o3 -
A % 19004 % td =™ % Y%dgA° 92| Kk'FeaKyi#

td3 0% —|Fe o controlinp < ™Me h D & A4 — 4y %EH%g A0
origin 12825 12825 1.2825
vectorl 1026 O 0
vector2 0 1026 O
vector3 0 0 10.26
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| —controlinp &£ <= dynm2tr2.pl # dynmtr2 & A< %4(1.2825,1.2825,1.2825) bohr -

¥i —z -1 1 %(1026,00) (0,10.26,0) (0,0,10.26) bohr - 64 3 A ® —er o= dynmt2 4L
@:I A 9
[ $ dynm2tr2.pl nfdynm.data  control.inp
K'zoei g —stepl0d oV —3%  93#A°
Step 10

93K'zo¥i g <VPI e Si— (step 10)
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9.8 Tz D1 freq.pl
PHASE — L A= - 25— < zesi% |Hgac
— | ®ROwsd modedatar  td3A°Perl ®-' k. freqpl | mode.data % |- —¢D =
L 4 - mzi & <3A°freqpl A< EPS — RO freqgeps¥% ¢ 43
N9
[$ freqpl  [options] mode.data
Pi <« Si— — —zi & 94 54>
Vibrational Analysis
700 |
‘TA 500 1 517
§
3 400 ¢
S 300
g
200 |
100 |
0
94 Pi ¢ Si— "oz
mzid oA oS r3sks td /- — - =< &
A (RRJIR&RNON) % td34°IR| L o R|'wfi L o5A°IRR |
<'wfi %N i< <3A°9 NON|Owm filz22#Ne1sd w=m™mpae 14y
Tzl #| - %wemt  # tdl3Ac0 o< - - ™ -
vl = - e
9.8.1freqpl—ok o ' fi
or-rLl S~ freqpldL A< % 143400
[$ freq.pl
A visualization program for vibrational fregencies  ***

Usage: freq.pl
mode.data

[ -width =W] [ - height=H]

[-nrep=N] {-sold| -moll -ignored modes=LIST}

freqpl —ok o T fi A

- width=W — —ehoi s | 1#N% /— & ov™ |1 —oke Tfid
eQ
Va4 03+~ oYy ™ |
- width=0.3
< =-3A°
- height=H — —ehoi s | 1#N|% 7/ — &£ v™ |1 —oko "fid
eg
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V<ap 25+~ V™ |

- height=2.5
< =3A°
- nrep=N =— - A — 9 22— el — L ™<%
- | — EPShDwad % 1d3A°
- solid - - 4 A oko Tfio
tqfehoi 2 id=mqaAc
- mol — . < AL .—A-”oko?ﬁQ
-ignored_modes=LIST | LIST —< 1 =~ «fivz [ = =V —:D2) | tdooadgac
V<4 r
- ignored_modes=1,2,3
<A<123 —:2) | tdooadga0

300



9.9 — - trajectory O & D i animate.pl

Perl - ' k. animatepl | ® modedatar 14 =™ :0s— z-si—edad 4
L trajectory (Y m——— oq A°

controlinp < ™Me h Dwwd &= A <8 — <¥izeosi—  %#%A°

controlinp — #A?®

origin 127189 127189 1.27189
vectorl 10.17512 0 O
vector2 0 10.17512 O
vector3 0 0 10.17512

L— #|sK'zoyiz AV E- A (127189 1.27189 1.27189)bohr~ « ¥i z «J i
I (1017512 0 0) (0 1017512 0) (0 O 10.17512)bohr ~ “q A9
animatepl £ —Jle~ <3 A°
[ $ animate.p | mode.data controlinp |
D) o< — trajectory hOws mode 1.tr2 mode 2tr2 .. mode 642 < ™Me h D ww <
grid.mol2 < ™Me h Dwed %t 7A° trajectory —hOws | 22)— ot  1d35A°
Pi <« Si— -6 — —  Ze<li mode 624 -V 4 95~ oA

95 P1 ¢ Si— — zeJi
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10. N O

101 h O e
1011 R' ©d> ah D= nfinp.data
1012 wefie' i h[0wwd
Wefio' i NOwd —hOD% PJ ~= M= <3 A°
< = S — wefio' i — — 4 - =g A°
14 4 3 0 2 zatom, ival, iloc, itpcc
[dapw9l : name
2.160000 0.860000 1.605400 - 0.605400 alp,cc
1501 96.000000 60.000000 nmesh, xh, rmax
VALL

- 0.14250064037552332E+07
- 0.13811624288404209E+07
- 0.13386673911985729E+07
- 0.12974797883723934E+07
- 0.12575593948213934E+07
- 0.12188672226148657E+07
- 0.11813654833546225E+07

- 0.141023924 78975291E+07

- 0.13668496105922471E+07
- 0.13247949320589846E+07
- 0.12840341399159116E+07
- 0.12445274254637859E+07
- 0.12062362047882713E+07
- 0.11691230810772763E+07

- 0.11450175512692 606E+07 -0.11331518080976552E+07

- 0.11097879274438950E+07
- 0.10756422051504281E+07
- 0.10425470362444966E+07
- 0.10104700985962711E+07

- 0.10982872547956155E+07
- 0.10644953709862572E+07
- 0.10317431540987322E+07
- 0.99999861694454885E+06

- 0.13956251181755565E+07
- 0.13526851103651347E+07
- 0.13110662276746516E+07
-0.127072782334 58301E+07
- 0.12316305012010917E+07
- 0.11937360771558125E+07
- 0.11570075419261454E+07
- 0.11214090248841981E+07
- 0.10869057590252746E+07
- 0.10534640470129563E+07
- 0.10210512282688706E+07
- 0.98963564707499891E+06

wefio' Td  cVhDw — — — oV | #% 3{cofis &
%3 0° Lecofis & % {< PHASE &£ |Fy V<% (output000) ~
i, % 1d34°
k. ~' F PHASE - wefic' i edad o 35| /= —4 (cofil
| «ofil —4 3% —R'0240— % =™  %NJ3A°
1 natomn, ival, iloc, itpcc, igncpp
A=A 6 - - 6 -1k 4y
20 — (=1) (=0) wefic' i €3 a—  GNCPPL(=1l) GNCPP2(=2)— ~
2 xctype

«tid— 4 gAs # %] —| LDAPW9L, GGAPBE — 4 %#A°
3 alpl, alp2, ccl, cc2
L F—R' 02> =204 K FOfbs o< PHASE — #| = — wefio' i d
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@ (?—(BAOAE_‘I OA O E

<™e £ o= o3A° Voo Qi Q| ere— A9 3V 2=— < ®—
-l o ® p—  %NegA°

4 nmesh, xh, rmax

—@OPo” AL
i i A@gpPQi 7o  'Q pfE M)
— FreV%[ = 2309 Voo O | —oe-" — &L g0
4 L = 14— Si  — LDAPWOL ~ || wewfie" i #Nef| 1<% 14 |-

Velp edq4c

5 (cofis %N -] 6 ) ¥i=m™] VALL <™e—]| PHASE —k. '+ % w
viio® i —vee ~ 4 249
/— — Y%l|¥% wefic' i — —eDA#£A9 | —eDdaA— —K. P~ | t 4V we
fio " i (screenedAllElectronpotentia, & 1)r- A{L—# / —¢>2 4 |

do ir =1, nmesh

® Qi

end do

< ™a ,_OJ'ETM=IA9

2—K. b | t4v  wefie" i (screened local potentia, & f if) -~ A4 L—zAe
O i / —¢D 4 |

do ir =1, nmesh

® 5 QaE @

end do

so=|=|A9

3—K. E-| — (valence charge density, € i ) - — i e v L—#
A AL i <A (0 tiE i) / —eDdA]

do ir =1, nmesh

"o

end do

< 1/8%|ETM=IA9

LV F—38Ke ee— % [V - - < wefie' i —¢da% 1934A° /
— | tir = <wistsni— 2 29 od3Ac

-0 | CIAO — Dmdowv s =id, 9wy ™
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10.2 h O e hOwsi file_name.data

103 NHOww k. ='F ekcal

103.10fik ' fi~ k hOwsd kpointdata F_KPOINT

<o=,ekcar [{Pfiv L e - A{hOwi 2A. A=%Q — % <=Ng3A.
Qafik! fia— <o=of ikl eéV —hOwd <094 3A0. Voo, | =MD | |
band_kpointpl @< ks ( ? )o=2Y%[ e3A. «¢c aAd0>2% A | oo™
13 2 %. —vE <34
F KPOINT hDwad |, -] —lferod3A.
141 141 @)
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
0 45 45 100 1
0 44 44 100 1
0 43 43 100 1
@) - L& -3A. — 14 <od34A.
(b) 4=— Y% FE™ A%,/ 49 -dQLO —fer oV —tRRREMD-0d3

AL # ORGP Z<li£N) ‘ ‘

D6 P P P
€ € €
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104 h O e
104.1 hOws dos.data(F_DOS)
F_DOS Ff=  td{homdi -], — Y% 134, —RD e
dos.data # A .
hOwd HODves<e=|,q]], oHfid o=™y™ 2| —¢2 4% —|er
J
1334
No. E(hr.) 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
v
L 1 # No— - 4 v LEbr)|td>s 7> —<«ti D, dostr)| LD D %
“irod v — EeV)] Wi | z— <t »D, doseV)| Wi # <t
Paod v — , sum | -/ 4 -4 -3 A. , eHfid v —
—le-oq5a.
No. E(hr.) dos_up(hr.) dos_down(hr.) E(eV) dos_up(eV) dos_down(eV)
sum up  sum_down sum_total
1 -15451 0.0000000000 0.0000000000 - 45.4403 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
11 -15441 0.0000000000 0.0000000000 - 454131 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
21 -15431 0.0000000000 0.0000000000 - 45.3859 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
31 -15421 0.0000000000 0.0000000000 - 45.3587 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
41 -15411 0.0000000000 0.0000000000 - 45.3315 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
51 -1.5401 0.0000000000 0.0000000000 - 45.3043 0.0000000000 0.0000000
000 0.0 000 0.0000 0.0000

dos_up, dos_down |/ 4| - 1

kK ®Hfi < » »fi ®Hfi —

-

L

- ok ®Hfi < b »fi ®Hfi —

, sum_up < sum_down |/ 4| - 4
=3 A .sum_total | sum_up £ sum_down— #A.

: L v Lt i — F2—Jleo Yelt A
— —  Aed2a%  td3b.0%, eHfiL oV <™  — ™| -
< on—# =3 A.
- —feo % Hsa.
ALDOS num_atom =
No. E(hr.) dos(hr.) E(eV) dos(eV) sum
6 -0.84950 0.0000000000 - 26.189850 0.0000000000 0.0000000
000
16 -0.84850 0.0000000002 - 26.162639 0.0000000000 0.0000000
000
o
ALDOS num_atom = 2




| ALDOS < ™e Y- 7 Y%|FEND 3# td3A.ALDOS— -~

t4 =™, numatoms=1 02— |, A —wdietccOZA. | —udit - O] O
i-= <Y — < 0<0q3A.

- —feo % Maa.

LAYERDOS num_layer

No. E(hr.) dos(hr.) E(eV) dos(eV) sum
6 -0.84950 0.0000000000 - 26.189850 0.0000000000 0.0000000
000
16 -0.84850 0.0000000002 - 26.162639 0.0000000000 0.0000000
000
o
LAYERDOS num_layer = 2
- | < #EA%, % LAYERDOS < o f = ™| | <, num_layer #
Y % 144 1<,02— ™%N]3A.
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1042 «£ i » D hD=i nfefn.data (F_ENF)

F_ENF = td{hOmd |, — «i»dd - o — TS
ok T o Tfid [ | mmo fi—  «£i 2> o>l 1d5a4. Loy
< O S TR (I VAR < % o —#,/74 d-=™= <34,
o L [V —FENFhOwd — & -3A.
iter_ion, iter_total, etotal, forecmx
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
| 2 —lfeo - eqac
iter_ion w0 fi — EAN
iter_total SCFi >k — z2A. L — | — % td340
etotal “irdd 5,75 30
foremx - 2 - 4 (hartree/bohr3) # 3 A 1 — % DO
i-= 3 — L VA2 | RN
- . —feroqqac
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
— <Er EAW%, Vo % tdgAce
ekina — <«E i »D,
econst — Aol 4kl 0D — S S R (- - <t
i 9D, — o b " 0o Tfi— — <ti D - — <t
i a0d v o #A
- Ay —feroqqa
iter_unitcell, iter_ion, iter_total, etotal, forcmx, stressmx
11 25 -181.4043211381 0.0019960638
12 33 -181.4043560304 0.0004826299
13 40 -181.4043582176 0.0000016495 0.0002327496
21 49 - 181.4044223602 0.0000572790 0.0002273231
31 58 -181.4044833189 0.0001158383 0.0002220365
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- —*D o~ — % 4 340

iter_unitcell -
stressmx ®)" ovfisi —
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104.3 hOws nfdynm.data F_DYNM
F_DYNM e td{hO- -, - </~ o % 1434, 4
ok m oo Tid [y | wmo fi—  — 0t #d4% % 393A. 0
FDYNM hOwd — & - o5A0.0%, | —NDwd ~%™= 14 | A==
#FA.
#
# avector = 9.2863024980 0.0000000000 0.0000000000
# b_vector = - 4,6431512490 8.0421738710 0.0000000000 @
# c_vector = 0.0000000000 0.0000000000 10.2158587136
# nyp = 2 natm = 9 (b)
# (natm - >type) 1 1 1 1 1 1 2 2 2 (©)
# (speciesname) 1: (0] (d)
# (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 U]
2 6.69 3102525 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 4921740324 0.000000000 3.405282833 0.001436 0.000122 0.000068
8 -2460870162 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 1.16 3767576 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
7 49231763 44  0.000121757 3.405351146 0.000397  -0.000013 0.000018
8 -2461482612 4.263656762 6.810503226 - 0.000210 0.000337 - 0.000017
9 2181621403 3.778679157 10.215856638 -0.000197  -0.000341 0.000000
@) $1 7<) 1 % Y =™ A°a vector,b_vector,c_vector -/ 4| - 4 a b ,c —z
«J i % tdl=™gAs
(b) nyp = — ~ | t =™ — % td=™gA L — #£| 2£A° 3V,
natm= — -~ % Yel=™q A9 L — #£| 9#A®
(©) (natomk type) — |, < —v EHfi~% % =™ A% — o<1 Yo
ke — - | 1,7 w9 — 2<™e - e A°
(d) (speciesname) — - | , <D —veHfi~% Y%j=™A°l— #]|,1<™e
| o( )2<™e | Siic ) A, s™e1<s-0d3A°9
) evekz— % 1d=™3A9) — # |, mmofi— %1 ,SCF—
%24 <odgA°
) - - /= - m=m™ %  gd=™mA01l  — | — D, 2
Blkda — % —  —xyz 5 w6 — %~ 2 —xyz
<odgaele hOws ~2™= printlevel K. ¢ < — velocity L2~
o= ™/ 7 %9 — - % #  1934°
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10.4.4 h Owsi nfchrcube F _CHR
FCHR h O - | - %1

J— #£]| o009, file_type < == cubed .
=™= o3 A9PHASEehoi y— &

—4D

™y 0o T™y/ -

4% t1d3A.Veoo, 11 #| PHASE —e Qo
4 { Gaussian Cube ~ —h O -

A v < | #%3Y+. 0] =0 GaussianCube  —

hOwd £ ™/ 0o | <dzs Eogp,
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 4000000 1.282500 1.282500  1.282500 d)
14 4.000000 8977500 8977500  8.977500
14 4000000 1.282500 6.4 12500 6.412500
14 4000000 8977500 3.847500  3.847500
14 4.000000 6.412500 1.282500  6.412500
14 4000000 3.847500 8.977500  3.847500
14 4000000 6.412500 6.412500  1.282500
14 4000000 3.847500 3.847500  8.977500
0.8 7897E-01 0.80457E -01 0.63811E -01 047743E -01 0.35993E -01 0.26628E - 01 (©)]
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 05318 OE-01 0.70418E -01 0.63811E -01 0.63379E -01
@) S 3 COfi) £A. | hOwed sl ™/ w0l <lzy%gA.
(b) 8 | — , 00.0000 O].00:0 O] (PRASEE | ~ (000}ZA.
© ¢i— % 4 fd=™gA.Vv<a, 020 0.513000 &NJOO0OPOD —0
L20 -, — | 0513000000% Nef + <& <3A. t+— | BohrzA.
(d) = — | 2A. — 2| do—2,°" «fizNf1 <% %dgAa. —
400000 < ™e |, A/ — — =— | o —xyz #A. |
Bohr # A .
©) - - % % td=™A. 3Nz , ~y , ~x % Ad|e
o # 0 J|| 34.
1,1,2) 112 (1,1,20) 1,2,2) 122
...... (1,20,20) 21.1)
(20,20,19) (20,20,20)
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1045

hOw=s continuedata F CNTN

Il —hDwsi - |, A — Nef| —¢d24% =™ A V<4, L e
- _ [ ov™ d A ey AL == oy ™ O L=
hOwsd & A %N 308./ - | ,Vv<ap —|eradga.
iteration, iteration_ionic, iteration_electronic
19 1 19 (@
lonic  System
(natm)
2 (b)
(pos)
0.1249999 999999999D+00  0.1250000000000001D+00 0.1250000000000001D+00 (©
0.8749999999999994D+00  0.8749999999999994D+00  0.8749999999999994D+00
(cps)
0.1282864712563094D+01  0.1282864712563093D+01  0.1282864712563093D+01 (d)
0.898005 2987941646D+01  0.8980052987941646D+01 0.8980052987941646D+01
(cpd)
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
(cpo( 1)
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
(cpo(  2)
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
(cpo(  3)
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 ()
N - = ™M= <:>=| A
@) =V , o fi — ,SCF  — % 1434,
(b) - % 1934
© - ¥, ¥izesie- A #1434
) - %, #,bohr  # t434.
) ~ —eveks —eovek— <«ti»d%  1dgA
d
0) % 1dga
o: , 1: SCF | o= ™| Youmo fi — | ,2: 1
L e3A. ~2- % L ex<, < rwel - 4340 |
oV Lee L oy - L oy ™ a>— ~zsm= | — Log o
ER e I ™
) SCF— - % td34. -=SCF — L A . ROwm
fot#z|ool LIFL  o=owy™
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10.4.6 ¢ D o h O nfenergy.data F _ENERG
ekeal ~ |H — % % 39{hC--d £A. o L - <37,
num_kpoints = 117 @
num_bands = 8 (b)
nspin = 1 ©
Valence band max = 0.233846 d)
nk_converged = 117 (e)
k = 1 ( 0.500000 0.500000 0.000000 )
ik = 2 ( 0.487805 0.487805 0.000000 )
k = 3 ( 0475610 0.475610 0.000000 )
ik = 4 ( 0463415 0.463415 0.000000 )
ik = 5 ( 0451220 0451220 0.000000 )
k = 6 (0439024 0.439024 0.000000 )
=== energy_eigen_values ===
ik = 1 ( 0000000 0500000 0500000 ) )
-0.0484324576 -0.0484324576 0.1258094928 0.1258094928 )
0.2619554301 0.2619554301 0.6015285208 0.6015285208
=== energy_eigen_va lues ===
ik = 2 ( 0.000000 0.490000  0.490000 )
-0.0540717201 -0.0427149632 0.1258687739 0.1258687739
0.2607026807 0.2633829927 0.6006243932 0.6006243932
@) V- % ™=NfqA.1— #| 17 #A.
(b) Pfir— % <=Nf3A.1— #| 8#A.
© ®H fi % -=NegA.1%2— L<dga. 01— #| 12N, @Hfi L <
a™ - =3 A
(d) hvil<ti pd— % ™=NgfgA. — — —<4ti 0%
td3A4. |t ozA.
©) VQ % 1434.
( ; - % _1q3A.qMm- #.z2-0- A ¢ A %% Y3
AL— #]|,1 =@,/ — z-sid < -=00505<0974.
(©) —42 A%, Pfiy— o1 t43A. |tos ' ozA.
eHfiL v — ( —@%2— Hlepr —hOw A%, —(@€ ~ouUP®H
(‘)DJONWé td4,s™e ™%Nd3A./4- 4 oHfi < eHfi- A % Y
1954,
=== energy_eigen_values =
k = 1 ( 0.000000 0.000000 0.000000) 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
=== energy_eigen_values ===
k = 2 ( 0.000000 0.000000 0.000000) DOWN
-0.1960420390 0.1062941746 0.1062941746 0.1062941746
0.1799862148 0.17998621 48 1.0183970612 1.0183970612
1.0183970612 1.2174266166 1.2174266166 1.2192701193
1.2192701193 1.2192701193 1.3289165100 1.3289165100
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1.3289165100

1.6910264603

2.2876818717

2.2876818717
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11, k. ~' F UVSOR
111] 0 Er
11.1.1 UVSOR< |
UVSOR(Universal Virtual Spectroscope for Optoelectronics Research) | we fio' i Z
™=s  — L " ziz  AJk.~'+r#A9UVSOR| 8 A%~ J|-TM1|
shJ »vs PHASE — Llc-s 4L OHz
A L < %# %7 A° | - n LA o 28/ — |4*-
J. ne@® 4w o #AC d ™= AL <%ER%y AW —
| % H=r—ge ok afcfememen oL
t3A°V<d 8 € <. A-@® % %Ne| 106 (Mega) 10° (Giga)Hz  # — L A~
| 8/ — & 1 ¥4 RF(Radio Frequency) AL ogA0gVs k™M= 3
N e e L Ao - A g
Vg8 Zy = — | %o n-Ll #|cos1—15% - &L a=my
A° 5 Ve 102 (TeraHz — | @ - A Ll-% egy$eL—vEksy— £ —
| k= #£Ne|—-% #A°
UVSOR | 1 —|fea &£ A k"2 Tfinshs pve A0 0 %® OHz
— < k= o8 4 <. s-@n — ~%™= Ny ps$=z =-— -
%1 4k - £#™= A1 <%E%7A°UVSOR |8/ — % Alfers  —
g o= -8 n — - T""—” LS %#E Yq A°
11]s - — L N T
A B RaEEE
u —'— ----------------------- T-------------------- L]
ST REEE .
JELEE
1 1 ! -
10MHz  10GHz 10THz IGP%{F
1.1 -
— 8 ~ 8 — - A-” < 8 - A-" —
£ 4 [t — % - 4 L ™ —10T(TeraHz @~ — RF  #| 8
| - % aqae 0 - w o - L -
10THz  — % | s —1 % - =3 A



UVSOR | & — & A4 UVSOR-Epsion <@ L A4 UVSOR-Berry -Phonon %

Fode i d ke =" v /4 ) Lo afisuEsmac g b—k. -
Ll A is- e OHz - o k= - I
A4l 1 <%# %3 A° UVSOR | 8 8 2 43 sl -
L A{1<%#zE%yA°UVSOR| — < o= o8 o4~ D" om
— = ™1 <%#F%3A° UVSOR—¢D @«D» |8 n MPI td =™ A0
11.1.2 UVSOR — <
UVSOR-Epsilon | PHASE — - % %8 Pfi L s - 4 ek
w2 b #EN| o/ = | = d#Ngo
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fle namesdata — & Ae®

&fnames

F_INP "/nfinput.data’

F_POT(1) "../PP/atom_14 Si |da_nc_bhs.gncpp2'

F_ENERG = '/nfenerg.data’

F_ZAJ = '/zaj.data’

F CHGT = './scfinfchgt.data

F CNTN = 'Jcontinue.data'

F_EPSOUT = '/eps.datal'

&end

file_names.data — | PHASE/EKCAL —  [6]s 9 #Ne| %8  — ~  A{°

1. hOwd £ FINP -  A{9 Epsion — HOws | EKCAL = hOwd - —
epsion o ~d <y L—% Nof ¢ epsilon 4« — ~=™=| 3L o

2. PHASE ~|I{ [V hOwsd & F CHGT - A ®

3. — L A{hOwsd £ FEPSOUT - AA®

11.3.2 D o —

MO wed FINP h O — | 8 EKCAL — [6]- Epsion — & <= e 9Epsion
— ~=m= A

11.3.2.1Control K. P <

control K. < ~%™s= 8 conditon =2 Ne| ™| conditon=fixed_charge <A{°  wefioc' i % w
vfio" T #Ng TM  wefio* i d ™) s yse additional_projector=on <A{  ¥%Nef
| & gd o Control K. P« — L~ Ao
ControK
condi tion=fixed_charge
cpumax = 1 day I {sec|min]hour|day}
max_iteration = 60000
use_additional_projector=on I {on|off}
}
| — # | use_addiional_projector=on < = ™{ o we fi o ' i — A 0 < Yr

use_additional_projector &= on~ A ©

11.3.2.2 accuracy K. ©

accuracy K. B <« # ¥ & | 8 num_bands P fi » 8 ksampling k ¥eJ — 4
ek_convergence P fi » - £Neffovq F— - | PHASE —v 5 = i ~ p =™
i
<e=|8Pfiy Lzswor o8k Lot o0A{1<H 5 ™S - |8
Ne/ 4 — —  [M%07L s fersPfiv 4 wesd  Ad |p™
— ,_:TME| 8 7.3~ 24T™M= A.”Q

AL

ek_convergence # | 8 delta_eigenvalue - succession— e 9 delta_eigenvalue < succession—

-9
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111 ek convergence  —

delta_eigenvalue(Rydberg) succession
led 3
N le6 3
11.3.2.3epsilon K. b «
epsilon K. P« r~24™=38 — L Ao - epsilon 21~— 4/ — L Ao
| — s  |ok- " - <o & — | o #Nd o
epsilon {
sw_epsilon =on ! {on ff}
crystal_type = single ! {single ooly}
fermi_energy{
read_efermi = off ! {on ff}
efermi=0000
}
photorn{

polar  {ux=1.00, uy=0.00, uz=0.00}

pointing {px=0.00, py=0.00, pz=0.00}

energy {low=0.000, high=2.000, step=0.002}
}

transition_moment{
type =ks '{l gn ks gnks}
delg =0.001

symmetry =on ! {on ff}

band_i=1
band f=5
}
mass {

sw_mass =on!{on ff}
direction{nx = 0.0, ny = 0.0, nz = 0.0}
point =band_edge ! {band_edge snput}
shift =1.0d -4
k=1
ib=5
}
BZ_integration {
method =t ! {parabolic(p) gjaussian(g)  detrahedron(t)}
spin = both ! {both gmajor gminor}
}
band_gap_correction{
scissor_operator=0.00d0
}
drude_term{
drude= off ! {on <ff drude_only}
effective_mass = 1.0d0
damping_factor =
conductivity =
plasma_frequency =

nonlinear_optics {

process = off ! {off sshg ghg}

excitation = all ! {all slectron  dole ghree state}
band = all Yall dnter dntra}

term =all ! {all LmegagZomegasdomega}

double_resonance{
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method = damping {omit

gamping}

cut_off =10.0d - 3 hartree
}
}
ipriepsilon=1
}
11.3.2.4 sw_epsilon
— @mmt HZ N °
oko "fi =on L e
= off d —a™
offs =¥ 8 EKCAL< o= A{ Pfiv — —q e?
11.3.2.5 crystal_type
)k —
oke Tfi = single
= poly
poy &£ v s — td=™|<q0 -8 — f
i Tok Ao
11.3.2.6 fermi_energy
hvibm zid A
R' ©2 = read fermi
oke "fi =on hvwik"zid A
=off hvib"zid oo™ A
efermi = hvib™zi— 4L A readfermi = on
(Hartree # )
e.g. efermi = 0.124 0.124 Hatree
read fermi = on<AH 1<~ |f{e L 2%
wH o~ e
11.3.2.7 photon
2% «£i 223" fio —
polar — ze)id A.”g
R!(o:):u ux = Z-Ji—X
uy = z-Ji—y
uz = Zelli —7z7
eg. polafux =10, uy =00, uz =00} |8x - -V
AL A-” 9
pointing: —Wai ¥ fiaz esid Ao
R! 0D pX = Wi ¥o fiaz )1 —X
Py = Wefi ¥o fiaz e i —y
PZ = Wefi o fiaz )i — 2
eg. poinng {px = 10, py =00, pz = 00} |8 x A

energy: — <t

4L A.”Q
NPT




R' ©d>a high <«£i »> (Hartree sehoi s 20

step <t 1 »D @v p k (Hartree 8 ehoOi 0.002)
tdl v - A % | Yol 8 8
»ooiqde
i) Zeli—=™T{%— % o™ = % 14
i) Wi ¥ofiazesi =™ %— % o™ % ot
if) Zel i SwWadi o fiazesid = A< | 2% ™
iv) Zeli B Wadi o fiazesi — =— % #£Nof 8
vii si X* Y, zz, xy, xz yz % t4° od-. i |
1JI|QTM9

11.3.2.8 transition_moment

D 0fi) oko Tfi—
R' 02 = type : D ofil —
oko Tfi= | local zdofi) 0~ ehoi
= m Read and Needs zDofil) [2,3]
bk we fio ' i
= ks Kageshima - Shiraishi(KS) zDofi) [4]
bk iyt shy wefio i
dely = Read and Needs(RN) D ofi —R' 02 a[3]
¢+hoi s 0001
symmetry :d0fi ) — oko Tfi—
okeTfi =on 1L e
= off L Fo™
band i = Pfiy—
band f = Pfiy—

a =d20fi)— L - Ars- e < 0
L <%z %0

b) bandi =a < bandf =bs< <V 8 a->b—Pfi - A
% 1qe —Pfiy L el <%
) KS :d20fis & e 8KS L 9 wefie' i hDO
- gncpp2 o™ %Ne| o L g hOwd | 8 CIAO
—bmmVd i ok T fi sw with_dipole A = g g o | & cla0
—v A =1 [10] —1 <9
i) wefio' i % wefio' i 2N TM wefie’ i & =
KS :d0fi) i e s additional_projector & ALy
%Ne] ©
i) RN | et i+ wefio' I~ w=—q  #Neo
| Pickard and Payne — [12] ~ |} o=™] 9 delg | -
o R'®D %N
iv) L oV #| 8 symmetry=on <Al <%— 5 =™
V) —Pfiy L o™ sbpandi < bandf | Al e
11.3.2.9 mass
NQ“ TM| —
R' ©2 2 sw_mass Ommb i
oke Tfi =on L e
= off L o™
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direction - 4 A

R' ©2 2 nx® ny® nz ¢hoi | 0.0

point L A{Pfire —

ok ' fi = band_edge 4 ¢ 4L e
= input A

shift — <hJ ehOi L 00

ik k =ufi ¢ P« & direction=input
b Pfi)-ufi ¢ e« & direction=input

Nef ™[ — %ootqde

i) < | 1—0"Kz A

i) ~ | & direction{nx=0.0, ny=0.0, nz=0.0} <A °

i ~ | & direcion # & A

(100) — LA 8 direction{nx=1.0, ny=0.0 , nz=0.0} <A ®
iv) ~ | 8 shifit=/0.0d0 <A | 100d -3 10.0d -4°
v) point=input ek dib— % o

vi) read_fermi=off ¥ t 44 @26 )°
vi)  shit /= 00d0 < -V @ % | - % 0°

11.3.2.10 BZ_integration

' :d0fis Lk'i«fiedfi 2 A L Ao
R ©> 2 method —

oke'fi  tetrahedron t Taswsldolfi Bl ™
parabolic p parabolic ~ smearing & ™|
¢hoi
gaussian g gaussian smearing 4 ™ °
width gaussian/parabolic smearing - %41 -|| smearing —
Hartree ¢hoi 0.01837451 Hartree(=0.50 eV)
spin oHfi — magnetic_state=ferro/af — = [7]
oko " fi both . major < minor @H/fi - - = ™M=
A ehoi
major major ®H fi — == A
minor minor @Hfi  — =M= A
L = L #%{ospin oke Tfid v 8
— ®Hfi Vs o
) Teewst 4ol fi |k Boeer |l 1V ~—q @
i) — L e slgewstdoifi = % g o™
i) widh R' @32l <A™ 8ehoi ., (0.01837451Hartre) %
val e

11.3.2.11 band _gap_correction

scissors  operator  ~ |f[{ Pfiy»' ek— 4 e
R' ©> = scissors_operator = scissors operator — & A Hartree
¢hoi 0.0 Hartree
DFT —  #Ng|Pfi)»" ek— SR E
R -

11.3.2.12 drude_term
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>ide —R' 02 ad A
R' ©d>a dude »1 D —
oke "fi = on »ide +Pfi) - A A
Ay
= off Pfis -—q A L A
¢hoi |
= drude_only »ide ~—3 A AL
Al
effective mass = —
damping_factor = > 1 D e damping factor — Hartree
¢hoiy 0.0036749 Hartree (=0.1eV)
conductivity = - m/ q
plasma frequency = k' =y - Hartree
—»iode &L oy L e
) = o 2w
i) damping_factor & conductivity & < plasma frequency | ™[4 %l<=4
# %] °
i) damping_factor R! 0D ad =0 ™ 8 ¢hoi s (0.0036749
Hartree) % 14 °
11.3.2.13 nonlinear_optics
R' ©> a process —
oko Tfi = off — L o™enoiy)
= shg 2 — i e
= thg 3 — L e
excitation ke ¢ ®—
oke Tfi zal =— k. %e— L Af(ehoi )
= electron K. % ®— LA
= hole K. ¥ @— LA
=three_state 3 K. ¢ ®— LA
band Pfi ) —
oko Tfi =al Pfiy — L Af(ehoi )
= inter  Pfi) - LA
= intra  Pfi) — LAy
term —
oko Tfi = all L (ehoi )
= omega - A LAy
= 2omega 2 - A LA
= 3omega 3 - A LA
double_resonance 2 — ™ A
R' ©> 2 method 2 -4 ™ 4L
ok Tfi = omi L Af(enoi)
= damping b fi Hfi = A
cut_off 2 = P J oh (method = omit )
bfi Hfi «~h O« 22 (method = damping )
¢hoi 10.0d - 3 hatree
%ot
) KUi=finodfi | ® Bz_integration (2.10 )2 A ° THG
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# | 8 linear  tetrahedron | # Yoo ™0

i) read _efermi = off ¥% td44 426
i) — ) - | 8 scissors ~ operator — (7211) %
iv) 1 Pfi - s 214

11.3.2.14 ipriepsilon

ki fisokeo "fi—

ok o " fi 0 Tz
1 " zi ehoiy
2 Tz
3 ePpr<” zi
"'Zi£ A.”Q
OPE-"Zi| ¢Dd 3 ¥ - %00-"—55 °
1133 —
PHASE ~ |} e hOwai | 8 PHASE £  Af 6" <07  Nef

fle_names.data ~ %s™=8 F_ CNGT # A4 ®

11331 —

L i

Epsilon e’ ol
-2%™= F CNGT~  AA>®

L 5~ hOwd ¢HD <8 #a" <y 1> ~No file_names.data

11.33.2 —

—«vfird A1 <-|q4° Epsion¥ t4¢°

| %ompirun  -np 1 $HOME/uvsor_v342/bin/epsmain >& log &

L e -8 —«vfizd A{ok. ¥eod— Lnpocz A{° L e
~ | Nop%60 E MPl L udi ®) 21 ==230 1 <%  #Ng °
| %mpirun  -np nproc  $HOME/uvsor_v342/bin/epsmain >& log &
11.3.33 —
Epsilon L ees” oyt~ hOwd £¢HD =8 ¢07 <" ~Nof| fle_namesdata -
%™= F CNGT - A >® hOws nfinputdata ~ %1 | epsilon = = ~ 25™= 8 -
o &£ eo
#F— vfi gl —
mass{
SW_mass = on I {on|off}

direction {hx =00, ny =00, nz = 0.0}

point = band _edge ! {band_edge|input}
shit = 1.0d -4
}
% — (100) )=
mass{
SW_mass = on I {on|off}

direction {rx =10, ny =00, nz =00}
poi nt = band edge ! {band edge|input}
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shit = 1.0d -4

—«vfird A1 <~ |48 Epsions% t4°

% mpirun -np 1 $HOME/uvsor_v342/bin/epsmain >& log &

11.3.34 —
Epsilon L e oy~ hOwd LeHD =8 6357 <y ' ~No| fie_names.data -
2™= F CNGT - A °® h Ows nfinputdata ~ %1 4 nonlinear_optics ~ 25™= 8 n 4
e 9

—evfisd A{ir<-|d° Epsion % td°

% mpirun -np 1 $HOME/uvsor_v342/bin/epsmain >& log &

11.34 —
— e @ :20fis— 8 (2) 8 (3) — L o= eo9 1
F— - = — % ENef|%2e¥% A #  #Neo
11.34.1 z:dofil—
% output000 # Nef s —evfird Adis-|l{e  :D0fis— Lz
%o =—k ~%™=  :Do0fis% td=™|%2ze¥% A{i1<%  #ENe
| % grep transition output000
I transition moment correction = Kageshima and Shiraishi method (1)
I transition moment square matrix is sy mmetrized (2)
I PP transition moment correction data : it = 1 number of data read from PP fle = 18
P transition moment of 1 -th k-point is calculated by UVSOREpsilon -
P transition moment of 2 -th k-point is calculated by UVSOR Epsilon -
P transition moment of 3 -th k-point is calculated by UVSOREpsilon -
P transition moment of 4 -th k-point is calculated by UVSOREpsilon  ---
P transition moment of 5 -th k-point is calculated by UVS® Epsilon -
P transition moment of 6 -th k-point is calculated by UVSOREpsilon  ---
P transition moment of 7 -th k-point is calculated by UVSOREpsilon -
P transition moment of 8 -th k-point is calculated by UVSOREpsilon  ---
P transition moment of 9 -th k-point is calculated by UVSOREpsilon -
P transition moment of 10 -th k-point is calculated by UVSOREpsilon  --- 3)
P transition moment of 11 -th k-point is calculated by UVSOREpsilon -
P transition moment of 12 -th k-point is calculated by UVSOREpsilon  ---
P transition moment of 13 -th k-point is calculated by UVSOREpsilon -
o transition moment of 14 -th k-point is calculated by UVSOR Epsilon -
P transition moment of 15 -th k-point is calculated by UVSOREpsilon  ----
o transition moment of 16 -th k-point is calculated by UVSOREpsilon -
P transition moment of 17 -th k-point is calculated by UVS® Epsilon  ----
o transition moment of 18 -th k-point is calculated by UVSOREpsilon -
P transition moment of 19 -th k-point is calculated by UVSOREpsilon  ----
I transition moment of all k-points is calculated (€]
P weigh ted transition moment square of each k-point in irreducible Brillouin zone -
integration of all possible band transitions (5)
I*  tetrahedron integration of transition moment square over Brillouin zone (6)
- | = d#Ne
(1) Kageshima - Shiraishi(KS) zdofi) A =
@) :do0fi | - 4 ~=™ transiion_moment/symmetry = on # Ne|
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©)) ER zDofil
@ =—k % o=
(5) NA==— AL = AL A -”
(6) | " sews !t fol fi AL vz
11.34.2
k 2— :20fii% 14V s - A % 14
--------- list of band type and occupation — -------—--
ispin band type occupation
1 1 filed 1.00000
1 2 filled 1.00000
1 3 filed 1.00000
1 4 filed 1.00000
1 5 unfilled 0.00000
1 6 unfiled 0.00000
1 7 unfilled 0.00000
1 8 unfilled 0.00000
1 9 unfilled 0.00000 @)
1 10 unfilled 0.000 00
1 11 unfilled 0.00000
1 12 unfilled 0.00000
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 = -—---—--
filed half - filled unfilled number of electrons
ispin = 1 4 0 14 4.00000 (8)
total number of electron in the system = 4.00000
The system is insulating or semiconducting 9)
(7 Pfi ) — =k (filled Pfiy haf -filed Pfi» unfiled Pfir) 4
(8) mmk —Pfi) 4
©) | @ Noj| ™|
11.34.3 — [20]
Thomas-ReicheKu hnés sluem Ful e%s™=8 =— o - A L - 5
<&/ — | N <odvsd A —pPfiv | —Pfiy L& ™=
L f=m™|—28, —summle% ~ Vid{i<s|o™ <8 summle |  %=-— —
L =™l A <o Epsion | — L A L ey LA
i
i 3 8 — iy 4L 8 — 3
h O wsi % 0UtpUtO00 # Ne| cvfird A< Yo - 1
14
1
| % grep oscillator outputO00
* sum of weighted oscillator strength  of k-points in irreducible Brillouin zone =
0.91165
I* oscillator strength  per electron = 0.91165
14| Si num bands=18;k ¥eJs o©ce-- axdxd  — - # Ne| © - -
| 09% Ne & sum-rule ¥% o Vid=™1<%y¥%]° num-bands— L dA <~ |
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- - %0 %8 e %07 4=l o e rr ==™ %
T™M9
11344 —
=R | & fle_namesdata - %™= EPS_OUTPUT = oV hOwd - 14°
— |ePi<si - # Nef| °
Dielectr ic Function Optical  Properties
- @ @ ©) Q) ©) ©)
7
Photon  Energy(eV) Real Part Imaginary  Part n k abs(in 108 m1)
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
( )
o ! F— | — =| 9
@ —<ti D (2 «C ) @e « )
4) C )G C ) © @ od- i
— zeti dwedivsfiazesi— L = <=8 viisid v |8
Ld
- % |44
Dielectric Tensor Component(Imaginary part is in parenthesis)
Photon Energy(eV) XX yy 7z 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) ( 0.00000)
( 0.00000)
0.10885 13.91824 13.91824 13.91824 0.00000 0.00000
0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
( 0.00000)
0.16327 13.93058 13.93058 13.93058 0.00000 0.00000
0.00 000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
( 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)
( 0.00000)
J J oy ! s L L d =
2 B BRI A Y - - 4 ENefrace | -org =™
11345 —
— 8 Ol ~ IJ||-||9 < — 1 A'”lSl—
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| e Pi <« Si— £ — viigid v —  #Ng o
---------- effective mass calculation
*  effective mass at valence band top: ik = 1
* degeneracy = 3
* warning effective mass should be wrong because of the degeneracy. \%
* set direction indices and k-point shit parameter in ta g _mass.
* b = 2
* 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
* b = 3
* ispin = 1
aa = -0.09841 bb = -047571 cc = -1.07597 @
a b c
- 0.55182 0.63785 0.53725
0.52096 0.76670 - 0.37519
- 0.65123 0.07285 - 0.75538
* b = 4
* ispin = 1
aa = -0.10696 bb = -0.29293 cc = -2.32353
a b c
0.23175 0.97159 -0.04797
-0.71433 0.13650 - 0.68637
- 0.66032 0.19333 0.72567
*  effective mass at conduction band bottom: ik = 4
* degeneracy = 1
* b = 5
* ispin = 1
aa = 0.93658 bb = 0.18362 cc = 0.18362
a b c
1.00000 0.00000 0.00000 2
0.00000 1.00000 - 0.00235
0.00000 0.00235 1.00000
@) I viisi 93 #|Pfis¥h =™V ks - | AN
b —
@) - vii 61 — aa,bb,cc </ 4 F— (abc— © | xyz
8 (100) L Jv % Nef
---------- effective mass calculation
*  effective mass at valence band top: ik = 1
* degeneracy = 3
kb = 2
* ispin = 1
mass along ( 1.00000 0.00000 0.00000) direction = -0.17130
¥ b = 3
* ispin = 1
mass along ( 1.00000 0.00000 0.00000) direction = -0.27190 (3)
¥ b = 4
* ispin = 1
mass along ( 1.00000 0.00000 0.00000) direction = -0.27190
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>

effective mass at conduction band bottom: ik = 4

* degeneracy = 1
* b = 5
* ispin = 1
mass along ( 1.00000 0.00000 0.00000) direction = 0.93658 4
@) (100) —
(4) (100) —
11.3.4.6 SHG —
| @ hOwsd - fle_namesdata ~24™=8 FNLO -  «VRDwd - t44°
-le o viisi .. % 14° | = 4q° | & Wurzite
AN — #Nef ° 1 — #| @ scissors operator &£ ~=Pfiy 2’ tk% < drodlte
e pkd o= 3veK!iafiedfi - parabolicsmearing A ™= o, —v ks
—  |ePfis ekd  co¥[ vV N ™| K' P «figdfi ~ linear tetrahedron
A ™y _ < N ." 9
Static  SHG Susce pitibility Tensor (10 - 8 esu)
SHGprrocess = all type excitation 1)
SHGterm = all terms (2)
XXX = 0.00000 xxy = 0.00000 xxz = -0.04514
Xyy = 0.00000 xyz = 0.00000 xzz = 0.00000
yxXx = 0.00000 yxy = 0.00000 yxz = 0.00000 ©))
vy = 0.00000 vyyz = -0.04514 yzz = 0.00000
XX = 0.08732 zxy = 0.00000 zxz = 0.00000
zyy = 0.08732 zyz = 0.00000 zzz = -0.92412
() =-—SHG 4 A
@ =- S "
@) .. mefisi xx | .. & A
F NLO ~ VR D~ | 8 —.. gnh efisi — 8 4 %o !k
- 1dqe | | 8 Wurzite AN — # Nef ¢
SHG susceptibility Tensor (10d - 8 esu)
o) () ® @ ©)
Photon Energy(eV) real part imag inary  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
77z
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

Q) vfi 61 —mfi ¢ 2= ®

2 — <t i D
@ .. gnh -
@ .. qgnh —
G) ... —
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11.34.7THG

G) ... —

345

| e SHG  — ¢ fle_namesdata ~%™= FNLO~  oVhOwd - t9°
| = d° | & Pi < Si—THG AL # Ne| © scissor operator &= ™= P fi » »
tpk— &L ™sK!'ia«finodfi  ~ parabolicsmearing 4 ™= ™]
Static  THG Susceptibility Tensor (10 - 12 esu)
THG prrocess = all type excitation Q)
excitation = inter  + intraband 2
THGterm = all terms (3)
xxXx = 59.19956 XXXy = 0.00000 XXXz = 0.00000
xxyy = 24.15228 XXyz = 0.00000 Xxzz =  24.15228
Xyyy = 0.00000 Xyyz = 0.00000 Xyzz = 0.00000
Xzzz = 0.00000 YXXX = 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 XXX = 0.00000
ZXXYy = 0.00000 ZXxz = 24.15228 ZxXyy = 0.00000
xyz = 0.00000 X2z = 0.00000 Zyyy = 0.00000
zyyz = 2415228 zyzz = 0.00000 zzzz =  59.19956
1) A==— 8 8 3 4
(2 A==—Pfi Pfi Pfi L
() A==— 4 - A AL
@ .. nm—vfisi oovosd|.. L 2
F NLO - VN Dwd | 8 —.. aNhHh wfi si — 8 4 Yoo
b o4 [esi—. % Nej °
THG susceptibility Tensor (10d - 12 esu)
Xxxx(1)
) ©) 4) ©)
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
(1) ¢fi 531 —mmii ¢ £« ® (2) —<£i > (3)... anhah @) .. anhh




11.35 Si2-

11351 —
- ® 01 % oV|fzewe AL =8l (ff - 4 ed-. i d o=q75
~Fe9 | .Juvsor_v342/samplesielectron/Si ~ Ne 5 A °.Juvsor_v342/samples/electron/Si —  ~ | 8scf
eps 4 PP<™e  —eo" <u " > %Ne|g A scf| phaser | —¢0o7 <11 8 eps
UVSOR-Epsilon ~ || —¢o" < P EPP| S — wefio' i hDwd &£ A
R
-8Si = L PHASE # =3 A9scfr  ==0owt ™ scfr | —NDwd % 59
= TM=| A9
file_names.data
nfinput.data
fle_names.data | PHASE — hOwai & A{hOwi 2A° 1 — 2| s
&L /nfchgtdata - A{  ~of =™3A° fle_namesdata — -~ A | 8 PHASE —v 5~ =
i dL =D o0l TM9
&fnames
F_INP = '/nfinp  utdata’
F POT(1) = './PPlatom_14 Si Ida_nc_bhs.gncpp2'
F_CHGT = ‘/nfchgt.data’ Y RO i —
&end
nfinputdata | PHASE ~ |4 si  — L AV E-hOwd £0°9 |  —ler
Y= a
we fio* i LDAPWOIL
Pfi) 8
k %$eJs o©po” (4x4x4)
SCF scf_convergence =10 Har tree; succession = 3
A wefio"' i | 8PP~ t 4 = ™ atom_14_Si lda_nc_bhsgncpp2zA°  wefio ' i —
|- 4zac
wefio" i LDAPWI1
wefio* i BHS
—eyfiyd o= PHASE— 4L ™gA0

% mpirun  -np 1 $HOME/uvsor_v342/bin/phase >& log

11.35.2 —
- % =V — &L ™iAsepsecT oy - o=0wp ™| —go”

-Jiv—| —hDwd ¥ IJ||ETM=|A9

file_names.data

nfinput.data

fle_names.data | UVSOR — N O L ehODwd 8 nfinputdata | UVSOR — 0 wed
# A ¢ file_names.data | —Fe~  td=™gaA0
&fnames
F_INP = '/nfinput.data’ Y(1) DD —
F POT(1) = './PPlatom_14 Si Ida nc_bhs.gncpp2' Y(2WwWefio' I N wd —
F CHGT = ./scfinfchgt.data’ Y(3) O - —
F_EPSOUT= '/eps.data’ Y(4) RO - —
&end
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(1) hOws | PHASE/EKCALS 0 £A° hO | # o3 A°
@ wyfic' i RDwd |5 - ™myLl_< gzA°
@)scf o7 <y ' # PHASEE o= |4V hOws L oqAc®
@) — hDwd ZA° | £A°

WO - —
nfinputdata | © <af=T™gAS
ControK

condition =2 1 ! {0]1)2]3}{initialjcontinuation|fixed_chargefix

ed_charge_continuation}
cpumax = 1 day !
max_iteration 6000
use_additional_projector
nfstopcheck =1

}

accuracy{
cke_wavefunctions
cke_chargedensity
num_bands = 18
ksampling{
method
mesh{

@

mesh
nx= 4,

}

smearing{
method
width

0.001

}

xctype = ldapw9l !

scf_convergence{
delta_total _energy
succession =

}

force_conv ergence{
delta_force
}

ek _convergence{
num_extra_bands
num_max_iteration
sw_eval_eig_diff
delta_eigenvalue
succession

}

initial_wavefunctions
matrix_diagon{
cke_wf
}

initial_charge_density

20.00

epsilon  {

sw_epsilon
crystal_type

=on a
= single

250
100.0

tetrahedral

{sec|min]hour|day}

off

rydberg

rydber g

I cke_wf
I cke_cd

I {mesh(file|directinjgammalmonk}

4, nz

ny =

hartree

Idapw9l

4

I {parabolic|te

trahedral}

= le-12 hartree

3 Idefault

0.1e -3

=0

= 300

on (3)

l.e -6 rydberg
3

= matrix_diagon
rydberg !

= file

I {single|poly}

value

3

@)

{random_numbers|matrix_diagion}

cke_wf

{Gau ss|Very_broad|pseudopotentialfile}

b
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fermi_energy{
read_efermi =off ¢
efermi = 0.0000

}
photor{
polar {ux=1.00, uy=0.00, uz=0.00 } d
pointing {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|m|ks} f (6)
delg = 0.001
symmetry = on ¢
}
BZ_integration {
method = t Kparabolic(p)|gaussian(g)|tetrahedron(t)} h
}
band_gap_correction{
scissor_operator=0.0 do i

drude_term  {
drude = off |
}

ipriepsilon =1 Kk

}
( )

(1) control = = ~ 253™= condition=2 < <3 A°

(num bands& <3 A°num_bands | —SCF — |4 L %n <eo=s Nov 4 —
%07 rofffer 34" | £ =3A°
(3) sw_eval_eig_diff=on < <3 A ®
(4) delta_eigenvalue 4 <5 A° delta_eigenvalue — | 8 n - | 10 Rydberg
8 — 10 Rydberg ZA°
(5) succession=3< <3 A °
(6) epsilon= =~ 4L © epsilon = = # — & <3 A° epsilona - — | UVSOR* > @mw
proeidl gop ™ — ~ %1 epsion= -~ —a,b,c,d,e,f,ghik— | — A
a - 4 e
sw_epsilon=off < A{| < - & o™z  c=5cwp ™
b <= A
chwvib™ zid A e
d | o= 8 7)1 ](00000)(x )y & ™=mo
e — <47 227 fi ©| O 20Hartree #Nof ¢ «t i »D @v ek | 0.002Hartree # Nef| ¢
f o z2o0fis 4 ™ < 0 % [dfe-aq- | Kageshima -Shiraishi(KS)
L TM_” 9
g' eyt zy fi AL s N
hscissorsoperator &£ 0<A{ Pfi» »' ek— & 0 ™0
i <AA>e
( )ReadandNeeds(RN) | &8+ i ¢ wefio' i — ~—q £2A9KS |t 1+ 4
»i 0" shy wefic' i~ #A% CIAO - |H 14V KS (Dipole B 5
wefie' i hDwd & A 1<% #2409 | ® UVSOR-Epsilon 4 CIAO —v #* =i d o
wi ™I N2E8 | — o~ M| wefiet i b £y A0
11.35.3 — 1
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epse=" «s 'z —«yfird o= =0wi ™ UVSOR-Epsion % 14 3A°
% mpirun -np 1 $HOME/uvsor_v342/bin/epsmain >& log &

Y% 5/ V |re — 4L o3a0 - e —«wfirE el<%EATAC
% grep converged  outputO00

L —eyfidd  ~=s8 ralk-pointsareconverged <~ 144 8 | o= Mg A9
epsdata =535 =Fe°® —|eo % = | nzAac
Dielectric Function Optical  Properties
o @ @ @) @) ©) (6)
Photon Energy(eV) Real Part Imaginary  Part n k abs(in 108 m1)
R

0.00000 13.90891 0.00000 3.72946 0.00000 0.00000
0.33307

0.05442 1391137 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

( )
SR — | — =|$A9
@) —<ti D (2 « ) Q « )
4) C ) 06 ( ) ©® @)

— <t 2> 0r%t % FA° -4V | 1390 # @
@74 L %o <od3a° ]| sLDA %Si—Pfis»' ek A i e=™gA0
11.354Pfi » —

- | 8 - ™|Pfiy ~ %D sq A0 L A~ Nev 4 —

Lol=g4° - | —eyfird  oqA0
% grep  oscillator output000
L—ewfiad A<

*  oscillator strength  per electron = 0.91165

S™e % - gy 340
L= |s1— 2% Nev 4 — — % 091#Nef 1 <& o=m™As

- (Ov en' wdine-dfi— g1 N d-— - Hlrofisd o
3 A°Pfiy (um bands R' ©2 a4t 4 A~ =4 s oscillator strength per electron — | -~ # ™=
™% A% —  #|81— %074 a4 |fe~ num_bandsd Ad e | Fr =
=™1<%  cgWfE=TgAc - #[° Ne/q— — %07 <of =%ds
Pfiy | N | < %p¥d g A0
11355 — 2

~ ¢ Read and Needs(RN) #8  :Dofi, & ™s g — L <=q3 = e epsion
da—f— dype=ms<ess - L [=q35489 L e<epsdaarn %rq{-%°

«HO <[ =25%5 A9




% cp eps.data eps.data -ks
- 4 e<s —|leo  Y%epsdata- 19 3A°
Dielectric Function Optical ~ Properties
Photon Energy(eV) Real Part Imaginary  Part n k abs(in 108 m1)
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
| 1397#8KS ~ |H - k= ™ <af=™3A°323% [HdvKS
soirz v Lo ozkoeinfse  —ferodgacon 2-|c -
v ke o SIS B Lo==Nefqac
A0 | i |
a - - R0 L _
2. _
= = M n
o -HI?
20 - 4 |
s I —
g F 18
i e 20 |
[]]]=] I:I — o
-0k | 10 -
-20 | I I 0 L J/I | il
h 10 15 20 1 ] 10 15 20
BEGED T )L —(eY) BEED T 3 )LF—(eY)
(a) (b)
S - @ () °KS RN L= =V L A — (CRC
Handbook of Chemistry 79 -th Ed,CRC Press, New York 1998) &£  —v £ A9
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11.4 UVSOR-Berry-Phonon

1141 —

11411 O

PHASE< ~  %|f!  hOwd | fle namesdata - == Aq° V<48 —|er
S

&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 = 'fforce.data'

F_MODE = '/mode.data’
F_EPSILON= "/epsilon.data’

&end
FINP | PHASE — hOwd £Nef8z' > d — Ly —ROwi - Af°
— PHASE - | ™hHOws r=™=—3  &A{° FBERRY | z'> —  #Nef|°
F_EFFCHG | | t 4 o ™% L A{RDw=d #Nef ¢ F_ FORCE | - <
td{hDmd % td{hO=di #Nef °F_MODE | - #%d:=00 < s
t 4 hOw #Noj © F_EPSILON | %  taA{hOmd #No°
% hDwd — & 2-5<kve

2. N0 med Wi 21 —

MO - Wi 2

F_INP nfinp.data O © 8 8 — 62— Vs
1 JI| = TM_I 9

F_BERRY berry.data z'o - Yo 1Al {R D O

F_EFFCHG effchg.data L A RO ©

F_FORCE force.data - <14 —¢224% 14 {hOmi®

F_MODE mode.data - o0 < % 14RO
i 9

F_EPSILON epsilon.data % td{hDed

F_STRFRC strfrc.data h O © L o= L 55V - -
0 £ A{hO-dc

11412 hOwad "F_INP"

"FINP'Z 1RO - |8 8 8 — o2d Ao |
Berry_phase K. ©-< PhononK. e-# ~ 144 °Bemy phase K. ¢« | LAk
-+ EKCAL £2—q  #£8z') — 4 e9sPhononK. e« | PHASEZ—7  #38

— _L eg
Berry phase K. e«— | —|ferof=™>

Berry_phase{
sw_berry phase = <ON_OFF>
g_index = <G_INDEX>
mesh{ nl = <MESH_N1> n2 = <MESH_N2>, J = <MESH_J>}

}
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3.BemyPhase -~ A -
V[ -
sw_berry_phase OFF z' o L el>e Yo OmmP H 9
g_index 1 z-,i ] Q pwm— @
mesh k —oe-"d A{K. pcaa0
nl,n2 4 =V z-si]~- o  — Monkhorst -Packo e -
"~ &p &G
J 20 =V Z el I — (33
z'o L ev kr 154  %Nel ¥ —v E— % Bemy-Phonon~ | fff =™ o
/4|8 —|er displacement K. e <4 L A aomlist - Afis#E#Ew°
atom_list{
coordinate_system = cartesian
atoms{
fitag X ry rz element
0.000 0.000 0.000 Al
2.6561175 2.6561175 2.6561175 As
élisplacement{
sw_displace_atom = <ON_OFF>
displaced_atom = <ATOM_ID>
ux = <Ux>
uy = <Uy>
uz = <Uz>
}
}
a L 5 -
V[ -
sw_displace_atom OFF L 1] %=e Y Oumt
displaced_atom 0 1y -
ux 0.0 X - V| e zesid [V —
9
uy 0.0 y - :1\/|8 Z'Ji'H"_I\/ _
9
uz 0.0 z - aV]e  zeside [V —
9
Ko =' k- | L A{vE- % f =™/ 4L e~ | Postprocessing K. ¢ -
~ Polarization K. e«d 4= A{> | —lerof=m™s
Postprocessing{
Polarization{
sw_bp_property = <ON_OFF>
property = effective_charge
}
}
5. - A - A -
V[ -
Polarization - - A — & A{K. e-o
sw_bp_property OFF Berry - -V L AV E— oumr i
property 0 polarization & A4 < berrydata &£ ¢ Beny 4
A © effective_charged A4 < berrydata &£ § W fi
4L A-" 9
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PhononK. e«— | —|feroaf=m™>
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
electronic_dielectric_constant{

<ON_OFF>

exx = 0.0, ey =00, ezz = 0.0,
exy = 00, eyz =00, ezx =00
1{<_vector{ kx =00, ky =00, kz =00 }
sw_lattice_dielectric_tensor = <ON_OFF>
sw_dielectric_function = <ON_OFF>
energy_range{
min_energy = 0.0
max_ener gy = 0.01
division_number = 100
}
V| aa— & 6< 7 Node
6. - A -
V[ -
sw_phonon OFF Ke o A %> % Qub ii®
sw_calc_force OFF —v E— L e¥>eY%— Omab #9 ON —<
Yor | ® —VE— L s oy |
force.data t 44 ° OFF —< %~ | 8
sw_vibrational_modes=ON o |Fh O wwi "F_FORCE"% |- —
¢ ad 5 g0
displacement 01 R’ ©d>ad°
sw_vibrational_modes OFF L elY>e Yo Omml H9 ON —< Fr | 8
% 49 ® modesdata - % 14 {° OFF
—< % | 8 | plo™e
point_group C1 - viih'>e #— — o
sw_lo_to_splitting OFF LO-TO &£ A %>e Y%— Gump H°
electronic_dielectric_constant L A{K. pe—aa 9
exx 0.0 —0w °
eyy 0.0 —Ww 9
ezz 0.0 —aa °
exy 0.0 —0w °
eyz 0.0 —wa °
ezx 0.0 —Qdw °
k_vector — zeli— & A{K. pe—oa0
kx 0.0 — Zeli—X °
ky 0.0 — Zeli—y o
kz 1.0 — Zeli—17z o
sw_lattice_dielectric_tensor OFF L A %> e Yo Gumb H O
sw_dielectric_function OFF LR Dw "F EPSILON' - A %2> € Yo— @umt
H 9
energy_range — <t < D L A{K. pe—aac0
min_energy 0.0 <t D — S
max_energy 0.01 <t i » D — °
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| division_number \ 100 \ <«ti ) - °

point_group # oo viih' D@ L N
Oh, O, Td, Th, T, D4h, D4, D2d, C4v, C4h, S4, C4, D2h, D2, C2v, D6h, D6, D3h, C6v, Céh, C3h, C6, D3d, D3,
C3v, S6,C3,C2h,Cs,C2,Ci, C1

11413  #]H hOws "F BERRY"

displaced_atom & 6 f 1y = oV 8 z'D  eda¥% — £ 4o
nkprep, ig, displaced_at om, displacement(1:3)
do i=1,nkprep

i, cphi(), phi(i), wgh(i)
end do

displacement — 123 — %6 ,0 06~ A4° phi| Z-J1°0- o - [Vz
'y — #Ne 8 cphi |/ —phi— <o — — —  #Ng|° nkprep | - qJ
# Ny ® ig | ZeJi Q-  #Ne® wgh| k — q#Ng°
z'o - | hDwd & oV L—#No||%8h Dud — ~ |/ =22  #D32—
Lo corfrofem Ve o=k oaf | g

11414 h O =i "F_EFFCHG"

Wi i Lzt % SO g gl <%EN% O Vol 14 Qmm —WI i
=Y B SN RN T

num_zeff

do i=1,num_zeff
ia
zeff(1,1:3,ia)
zeff(2,1:3,ia)
zeff(3,1  :3,ia)

end do

num_zeff | Wi fi — #Ng cia¥% —  #No & zeff%W fi —  #N°

11415 2%l hOws "F_FORCE"

"FFORCE'-| — & AfvE- —ed5a% 4o/ — eda] = 2 144
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 | & A — # Ne & displaced_atom | =V —  #Nes
displacement % — z-J i 6 M #Ne°

11416 hOw=d "F_MODE"

"F_MODE" ~ | - % tq
i

RN Zelif O % — 2

- prim itive lattice vectors -
alx aly alz
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azx a2y azz
a3 aldy a3z

- — nams — ol s a<'zi name()% — EEE
-~ Equilibrium position and mass of each atom---
Natom = natm
do i=1,natm
i x() yi) z@) m@) name()
end do
- - % - ]
-~ Vibrational modes ---

Nmode= nmode  Natom= natm
do m = 1,nmode
n=  m representation(m) acvtive(m)
hbarwW= omega ha(m) Ha = omega ev(m) €eV; nu= omega nu(m) cm™ 1
do i=1,natm
i vec(m,,l) vec(m,i,2) vec (m,i,3)

end do
end do
representation | —  #No° activem)| ' vfi 0:2»Ne f Rrods 0zD)
#Ne| r R<o° ZNe| F8 IRGR <04° Owm fis 20— ~| L tdam™ vec
z-li— #8omega ha| Hartree #— # Ne| & omega ev | Wi £ —
#Nof ® omega nu|  #Ngf°
4L =V .—|8z3» Vs IJ||58 — # IJ||-”9
-~ Vibrational modes ---
Nmode= nmode  Natom= natm
do m = 1,nmode
n= m character(m) active(m)
hbarW= omega_ha(m) Ha = omega_ev(m) eV, nu= omega_nhu(m) cm™1
do i=1,natm
i vec(m,,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
/ ==8 - % — £  14de
-~ Lattice  and static  dielectric tensors -
[ elat_xx elat_xy elat xz ] | el xx e0 xy el xz ]
[ elat_yx elat_yy elatyz ] | e0_yx el yy el yz ]
[ elat_zx elat_zy elat zz 1 | e0 zx el zy el zz ]
elat % #Nef ¢ e0% # Nef| °

11417 h O =i "F_EPSILON"

"F_EPSILON" ~ | - %=7%— £ 14

Energy(eV) Elxx Elyy Elzz Elyz Elzx Elxy E2xx E2yy E2zz E2yz E2zx E2xy
do i=0,division_number

energy(i) elxx() elyy() elzz() elyz() elzx() elxy() e2x(i) e2yy() e2zz(
i) e2yz() e2zx()  e2xy()

end do

energy | eV — <k i »D — % Nef ° elxxelyyelzzelyzelzxelxy |/ 4 - 4 - =

XXYY,ZZ,YZ,ZX, Xy # Nof| © e2xx,e2yye2zz,e2yz.e2zxe2xy | / 4 - 4| — = XXYY,ZZYZ,ZXXY
e
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11.41.8Wi fi

Wi fi | 6utput000"~ 14 {°3 M - "FBERRY'W|F  Fwz'd W <V
Wi fi % — #  14d°
-  Calculated electronic effective charges ---
do i=1,num_atom_inputed
[ zel xx(i) zel xy(i) zel xz(i) ]
Zel (1) =] zel yx(i) zel _yy() zel_yz(i) ]
[ zel_zx(i) zel_zy(i) zel zz(j) ]
end do
num_atom_inputed | % 14V — #Nef o zel_xx()zel_xy()o = | i —WI i
- Y- — XXXy, % Nef| ®
Vb=  cemofic L o4y % — oz g4
-~ Calculated effective charges ---
do i=1,num_atom_inputed
[ zeff_xx(i) zeff_xy(i) zeff_xz(i) ]
Zeff( ) =] zeff_yx(i) zeff_yy(i) zeff_yz(j) ]
[ zeff_zx(i) zeff_zy(i) zeff_zz(j) ]
end do
zeff_xx(i),zeff_xy() o = | i—WI i — — XXXV  ZNef ©
0 -t — L .=s 1A VWi % — %  14q°
-~ Symmetrized effective charges --
do i=1,num_atom_inputed
[ zsym_xx(@)  zsym_xy(i)  zsym_xz() ]
Zsym( 1) = zsym yx(i ) zsym_yy()  zsym yz() ]
[ zsym_zx(@)  zsym_zy(i)  zsym_zz() ]
end do
zsym_xx(i),zsym_xy(i) 6 = | i— tdl VWi — — XXXY,..  ZNef °
— 14 VWi Vs |- —WI i L oy % — # 14
-~ Effective charges of al atoms --
do i=1,natm
[ zeff_xx(i) zeff_xy(i) zeff_xz(i) ]
Zeff( ) =] zeff_yx(i) zeff_yy(i) zeff_yz(j) ]
[ zeff_zx(i) zeff_zy(i) zeff_zz(i) ]
end do
zeff_xx(i),zeff_xy() o = | i—W1 i t4l v — XXXY,.. % Nef| °
Wi i - - % — #  14-
-~ Averaged effective charges ---
[ zave XX zave_xy zave xz ]
Zave = | zave_yX zave_yy zave yz |
[ zave_zx zave_zy zave 7z |
zave_xx,zave_xy,.0 = | W1 fi — XX XYy — £ Nof| ©
s i dvwi % — 2 1dq°
- Corrected effective charges ---
do i=1,natm
[ zeff_xx(i) zeff_xy(i) zeff_xz(i) ]
Zeff( ) =1 zeff_yx(i) zeff_yy(i) zeff_yz(i) ]
[ zeff_zx(i) zeff_zy(i) zeff_zz(j) ]
end do
zeff_xx(i),zeff_xy() o = | i—  rdvwi i — —XXXy,... #Nef|°
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hOws "F_STRFRC'~| — # L o L g5v - ~ oA £ a

]

num_force data
do i =1, num force data
index(i) strain(i)
do ia =1, natm
i, force data(ia,l1:3,i)

end do

end do

11.4.2 (d -quartz)—

114.2.1
— — d < =38 — — AL A-" ° 3 []® — —

d Ao

1, oy ™ ALK L eo

2. nfdynmdata — - i =™ #—PHASE— 4 Ao

3. z'o L ees” <! benys L ee=" oy phonond A

4. ¢ < ' pery~ | 8 Perl@-' Kk J prep_zefipl3%s A @ —wfikm 21 deom oyt
template_berry < template_scf~ 9 ° viik™ 2J | 22 - L o= Ao

5. 2$ ‘:\/ L =8 8 < - A 378N9‘” L -8
¢=" <) ' phonon- 9o°

]
[ee]

6. ¢c°" <. berry#s prep zeffpld o —V k—pPerl®- ' ki exec zeffpk -

A 4 sexec zeffpt o= - 0z o A Al 00 %8 prep_zef.pl
| $HOME/uvsor_v 342/bin~ Nef ©
7. #s" < phonon = 2 B S
8. 1— — r=T™= | 8PHASE—v #° =« i &L |fo2z | — Leoiy 2 A
| —# © coordinate_system< cartesian~  A{° @ — #°& 3%k[7T-=™m=s -~ Ae
11422z " >
z'> — | ekcald ™= e—#sekcal- A 0 Y%  #Nof|—z8/ —
—  wfikm2us &L A o Ui < Yoo —#8 —
fle namesdata ~ | 8 o ' «fi—wwfio* i potentailSi <  —wwfic' i potentialO —  ¥%Nej °
A fwetiot ] e wf=meid po o™
&fnames
F INP = '/nfinput.data’
F POT(1) = '.l./potential.Si'
F_POT(2) = ././potential.O'
F CHGT = '/nfchgt.data
&end
z'> — %= A Yel- XYZ % ¢ 3V <% Y% %N °
/ — "FINP'—efik™ 2,4 ~ Ae
Control{
condition = 0 ! {0|1]2|3}{initiallcontinuation|fixed_chargelfixed_charge_continuation}
cpumax = 24 hour ' {sec|min|hour|day}
max_iteration = 60000

}
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