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NAT Yy FBSEEA md b L E LT,

PAW VEICHEREfE Sy DA 7> a & BI L E LT (6.4 )
ESM #E% @b LE Lz,

REAEZEELE LT,

PHASE/0 2019.01
2019/04 B4

SFEFE I a2 —Ya RSB LE L,

»  Nose-Hoover chain {E2MEZ 5 L H127e £ L7 (5.235 (3) fi)

> METR AN ERETDHIENTEDHIIITRVELE (5235 (4)
i)

> JFAREEHDEICE CIAD D Z ENTEH L D130 £ L1=(5.2.3.7 (4) £),

BoltzTraP (25t L% L7= (5.1.10 £)

DFTD3 s L L7z (5.3.5 )

A NVAT Y ARERERE R SR U LT,

ASL ® FFTW Z v 3—=dMEZ2 5 K 512720 F LT,

PHASE/0 2019.02
2020/03 f

JEET— 2 %R 7 7 A VTHRETE S L HICLE LT (3.5.8 Hf)

HIRES#SIEZ BN L £ L7z (5.10 £i)

PBESol LBz L& L7- (5.3.8 i)

A X GGAIZHIIGELE L= (5.3.9 fi)

ATV RPBIIEIC X B30 GRS L E Lz (5.3.2.4 F)

Ty IHRA L N T 7 ANPHNTEDL L HIZLE LT (2.3.5 i)

DO EEAR A HRASEEL SR L& L7z (5.8.8 1)

Bader Tzl L7-FBAEREA 5 2 &N TE L L9 LE Lz (5.1.11 Fj)
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N7 7 A NWVAERRT = v 7 —)V BN L E Liz (9.13 #)

PHASE/0 2020.01
2020/12 /B

N RT 74—V T ¢ TR A BN L F L72(5.1.12 )
TNy RREERTRREREZ BN L E L7=(5.1.3 £)

NEB £ L % L7-(5.4.1.3 &)

DFT+U &R L L72(5.3.1 )

Mo b Tk e LT, FIREJEZBINLE L7-(4.4.1.2 F)
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23




2. PHASE/O OEARMZLFIFR X

Z ZTld, PHASEO ORARZFIAAEEZRIALET, sHEOFIEEEICHIT 57012, G700
IFENWTOET, FEZEIA LB/ OW T 8 BRI Z S L T E &0,

Z DFELIEAOWNTIL PHASE/Q A > A h—/L LTV Z & &RHEE LET, PHASEQ A A h—/LIZD
W 8 BEABBIC L TLIEENY,

2.1 PHASE/O Mt EFIEDHEE

PHASE/Q (Z& Fi5 7' 1 77 I phase CTat A #2579 H72ODRKENLRTFINAIZLLTDO L 912> TWET,

O ABF—% DY
@ HEOHET
@ FHEREROMED
@ FHERSROfET, UL
ANT—20EfR
ANISSA—E- TP L DVER - fale (€=
BRTUOYI-IFAIVDRE :
2.28f :
v D ANT—A0BE-BHE
HEDORES |  REHS
2.3ff0 :
v 5
HEREOREZE ... ;
SCFatRE QIR R E
2.A8
HEEROMEN. AR
EEMEEOHE. AL
2.580

X 2-1 PHASE % i\ V= B FIREEHE O FIEOMTE

7177 Iekeal IZ L 5 EHAEIT, phase T SCF 3R Z IR S WEMEEE N T 7 A Va2 LTeOBIATHNET,
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2.2 ANT—3 D¥EliE

221 HEICRIERDELZ I 7ML

PHASE FHRZ 5T D1 OITRKIRBNEE R 7 7 A /U, AJIRTA—H « T A NVERR TV x b 77
AND2OTT, ZNHEDOT7 7 ANERBELTITT 4 L7 FUVIZENTL SN,

T AN EELB LI ERT 7 ANVEFATT 4 L7 MU USMNTEZ T2WGEE. A7 7 A VERET 7
A v file_names.data HHE L T 72V,

ANIT—4

77 A

B

ANIPITA—=BE T 7 A )V

(EDXH7ET N (RAERESRE) LT, EOXIRHEEITOID &
BETDH7 7 AL T,
T 74N RDT 7 A N4IL “nfinp.data” T,
BEEMA I LT-3 o TV ATNTOWTITER 2.2.2 SiCiEn LET, EER
KIS ATRE & 72 DREMIZR ROV TS 8 EABIR T, F7o, BiRr7e
FIRABNZONTIEE 4 T, ISFAEEEIC DWW TIEEE b EASIR IS0,

BRT YL T A BIBDERT Y VDT 7 A /VTT, dFHZOWTIE 2.2.3 HiCiFan LE
7,
FAT AR L THLNUDHE (X rvra— RERIIMER L T4
ENHY F, TIHN DT A NLIT FREOm Y T,
® 13— 51 2020.01 A ¢ pot.01, pot.02....
o —T312020.01 LI : 2.2.34 HiOMAIZIES TR E D 7 7 1 V4
T 73 8T 7 AN TR LRVEEIZIT file names.data 77 A /LTI 7 A
NAZREL T TS,
BT 16 FliE CRRERTRE T,
N7 7 ANGRET 7 A IV

file names.data

77 ANADIREKFIHT D7 7 AV TF, < TH PHASE 2452 &
IIRTRE T, ZOEEITETO 7 7 A NVAPBEEIEE 720 £,

COTFANEFERTHZLICED DT 7 ANVL, DT 7 A VDB E A
—P—PNEHBEICRET D Z EMNAMREE 72 F7,

ZDOT7 7 ANEHRT LRI, BT ZOT AN T (EFARR), 77
L7 MUICESMEDRH D £7, FEMCOWTIT 224 i O LE T,
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222 ANNSA—R T 74 )L : nfinp.data (FSREKR)

NPSTA=E 77 AV (ofinpdata) (£, FHFR Uf7AE) CRHETHE - SHRSRIFORIR T A —4 D%
EEATOES, AT A=Z T 7 A VOFFHIIONTIE, 3 BEBSIZE, ZLDONRTA=XTIT 7+
NV MEDPRESNTOETOT, TNHEFIMT 5 2 LICk Y 2—P—D3EIRIEE L2 AU T 220 oy
HFIDRTEES, T2 THIIRYNROAT) ST A =2 7 7 A U THI L E T,

2221 NJ1RT A—% 7 7 A LA

ANINTGA=E T 7 AIUE Z7 (FF—=U—F) &Rl {} THENZT 7y 7 OFSE#IE L 7e>TOE T,
RHRRT A—=ZITOoNWTE, 7y ZJNTHR—U— NLETHELE T,

Si ZA Y Bt @ J5F) OBREHRZT 5 58 ORI LR 250l LIEA 7 7 A BT,

control{
condition = initial
cpumax = 86400 sec
max iteration = 10000

}

accuracy{
cutoff wf = 25.0 rydberg
cutoff cd 100.0 rydberg
num_bands 8
ksampling{
method = monk
mesh {
nx = 10
ny 10
nz = 10
}
}
initial wavefunctions = atomic_orbitals
initial charge density = atomic_charge density
scf convergence{
delta total energy = le-10
succession = 3
}
force convergence{
max_force = 0.001 hartree/bohr
}
}

structure({
element list{
#ftag 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 element rx ry rz mobile
Si 0.125 0.125 0.125 0
Si  -0.125 -0.125 -0.125 0
}
coordinate system = internal
}
}

wavefunction solver/{

solvers{
#tag sol till n prec cmix submat
pdavidson 1 on 1 on
rmm3 -1 on 1 on
}
rmm{

edelta change to rmm=5e-5
1
}

charge mixing{
mixing methods{
#tag no method rmxs rmxe 1istr prec nbmix
1 pulay 0.40 0.40 3 on 15
}
}

Postprocessing{

dos{
sw_dos = ON
deltakE = 1l.e-4 hartree

}

charge({
sw_charge rspace = ON
filetype = cube !{cube|density only}
title = "This is a title line for the bulk Si"

}
}

IO T Ty 713, PIFOLORH ) £,

control 7' v/ R RS ORRE

accracy 7 17 FHERERE DR E

structure 711 > JRFAEEDRRE
wavefunction_solver 7’2 v 7 KBRS NV S—DFRTE

charge mixing 7'&2 v 7 AR EEIRATE DR E
structure_evolution 7'~ 7 g b, o FEN I FHERTREORRE
postproccesing 7 & v 7 LA E

printlevel 7' &2 v 7 7 7 I ORRE

LITOHIT, %71y DAFINT A—H ZHUTHIA L £7,
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2.2.2.2 Control 71 7

control 7' 1 v 7 T,

RO 537 A =2 ZfaE L ET,

control{

condition =

initial

cpumax = 86400 sec

max iteration =

}

10000

condition

cpumax
max_iteration

BANOFE, Mkt (U AZ— 1) BHE, S EE LR R CoREE— FEHRELET,
initial |TFFIOFHA, continuation |G 720 9,

R GHRZFTHUIARE]) ZEELET,

SCF GtHEAFTBYIDA X L—a UEERELET,

2.2.2.3 Accuracy 7 17 7

accuracy 7 1 7 Tl

FIRREEICRE T 2T A =2 2 RELE T,

accuracy{
cutoff wf =
cutoff cd
num bands =

25.0 rydberg
100.0 rydberg
8

ksaﬁpling{
method = monk
mesh {
nx =
ny
nz =
}
}

10
10
10

initial wavefunctions

= atomic orbitals

initial charge density = atomic charge density

scf convergence{

delta total energy = le-10

succession = 3
}
force convergence{
max force =
}
}

0.001 hartree/bohr

cutoff wf
cutoff_cd
num_bands

ksampling 7'& 7
method

mesh

initial wavefunctions

WENRSE O v b A7 = x X —E2fEEL £,
EBBEDN v hAT7 2RV —5fRE LT,
FHET N R ERELET,

kST TERELET,

k 57 T oEEEELET, monk |X Monkhorst-Pack 1A[11I2 L5
P TTT

WSRO ER AR E LE T,

WS OWIEDOFE LA EE L E T,

atomic_charge_density %, #7872 ¥ /L7 7 A )VOJRA- DB L) BT
EEFELET,
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scf_convergence 7' 11 7/ THNF—IZ LD SCF #HEDIHHESRGZEE L E T,
delta_total_energy TN =D CEOBEAZEELET, =RXT—0OZ(LEN, ZOBELD
INEWEA, SCF HREIFIGRE L= S HEL £ 7,

force_convergence 711 v 7 JEAITf#< S92 X D SCF RO H IR EIEE LE T,

max_force ST < N OBKRMEOBNEZFEE L £, JRAZB< JIOEKIEDS, ZORIHE
FV/NESWGES, SCFEHFIIIOR L7 L HEL £,

2.2.2.4 Structure 7 1 > 7

(1) AJRTA—=F—T 7 A MZBWTREE AR ET 5 5k
structure 7 1 v 7 Tt JREEARELET,

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{
#tag element rx Ty rz mobile
Si 0.125 0.125 0.125 0
Si  -0.125 -0.125 -0.125 0

}
coordinate system = internal
}
}

element list 71 v 7 FHETHROITLEDY A M EfRELET,
ZORITIE, JeRILSE (VU 30) EORTEBSIVILTHDL Z L2 EHR L TWET,

unit_cell 72 v 2=y MDA X FEREREELET,
#units angstrom |3, BN A 7 A hr—AEERLET,
a_vector., b _vector. c_vector |X, ¥1X7 M EIRELFET,

atom_list 72 > 7 TCR L AR E L E T,
ZORITIE, SURETFA2{EEH 0, ZEOPEEEESS 0.125, 0.125,0.125 & LTWET,
coordinate_system JRFEERZfRE LETS

internal IX. == FEAZHAEL LI-NEHBEER THD Z LB L TWVET,
(2) AT A=H—=T 7 ANV EITRIRND T 7 A NV CHRAEE ZHEET 5 R0 S— 3 > 2019.02 LI
PHASE/Q /X—<0 3 2 2019.02 LIED A= 9 AZRWTCEL, AJITGA—=H—T 7 A )L 312 B 7 7 AV
DIRTRLEZRET 2 HESFIACE E7, FELIE3L58HIZZMML T Z&E W,
2.2.2.5 Wavefunction_solver 7 2+ 7/
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wavefunction_solver 7' 7 v 7 Cl, WEIBHKOTEHIALEET /37 A—F EHaELET,

wavefunction solver({

solvers{
#tag sol till n prec cmix submat
pdavidson 1 on 1 on
rmm3 -1 on 1 on
}
rmm {

edelta change to rmm=5e-5
}
}

solvers 7’12 v 7 WEES NR—FEE L ET,
Z OBITIL, FepIDOIENRSEL L/ 3—1X pdavidson 7%, 2 3 H OIEIRIE Y L/ —
IZRMM #£& LTV ET,

rmm 72w
edelta_change to_rmm BEIESE Y W s—% RMMIEICAE R T ABIEEZfRE LET, Z 2 CHETHELD
HZRNX—DIALEINE L 72D & RMIEIBITLET,

2.2.2.6 Charge_mixing 7' & v 7/

charge_mixing 7't v 7 Tld, ERFEEOEHE (RETHE) (BT T A2 EfELET,

charge mixing{
mixing methods{
#tag no method rmxs rmxe 1istr prec nbmix
1 pulay 0.40 0.40 3 on 15
}
}

mixing methods 7' v 7 BEREOTHE (BREIAE) #HEELET, ZoOfITiE pulay LRl 4HEE
L CWET, ZOMIZ broyden2 #4[3], simple mixing {E4F5ET 5 Z &N TE
ij—o

2.2.2.7 Postproccesing 7 11 v 7

Postproccesing 7 7 v 7 Cld, BB BT A—FZZHBELET,

Postprocessing{
dos{
sw_dos = ON
deltakE = l.e-4 hartree

}
charge{
sw_charge rspace = ON
filetype = cube
title = "This is a title line for the bulk Si"
}
}

dos 711 v RREFEEDFIR ST A =2 ZHRE L ET,
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sw_dos ON TIREEEFEDOHE LI TV ET,

deltaE WEEE D= N —MREEfEELET,

charge 7'zt v 7 AR AR DI 13T A =2 ZFaE L E T,

sw_charge_rspace ON THI D EMHE LA DR R ZATVE T

filetype BATEENATD 7 7 A WMERZFEE L ET, cube 1% Gaussian CUBE ZERZFaE L
TLWET,

title H1 710D Gaussian CUBE B D 7 7 A MZEBITF 5% A MVvEfRELET,

2.2.28 NJ1/RT A—H 7 7 A4 NORIKIROREHEH

2 THIT LTBICIEREE AN ENRVITH D I8, KERD D37 A —2 132 < OFtE Tl T
7, 207D, BRDREFHETLHEIC, 2= P —DPbEbIEETH0EIH Y FHA,

Z—P—DNUTFE LRTIUTR B0 DIE, By MA T3 — ki, FARECET23%ETT, A
JIRTA—=B T 57 A ND Accuracy 7 1 7 ZHDH T MAT ZRLX—OFEE cutoff wf, cutoff cd, kK SLOFEE
ksampling, Structure 7' v 7 |Z& 5 IEHRDIEE element_list, ==~ hE/LOFEE unit_cell, JFFIEEOFRE
atom_list D> T,

FFREDATIRT A—=2 T 7 A LOFNZHBNT, 2—P—DOREE D N TR L E 4, 2—I0FHE L0
RIZHOET, ZOFDEEETLHZLICXY, BARROHEET L N TEET, 72120, mol/eatESs
PRZDNWTIR, % D/3F X —& YN RRET DB G Y £,

control{
condition = initial
cpumax = 86400 sec
max iteration = 10000

}

accuracy{
cutoff wf
cutoff cd
num bands
ksampling{
method = monk
mesh {
nx = 10
ny = 10
nz = 10
}
}
initial wavefunctions = atomic orbitals
initial charge density = atomic charge density
scf convergence{
delta total energy = le-10
succession = 3
}
force convergence{
max_force = 0.001 hartree/bohr
}
}

25.0 rydberg
100.0 rydberg
8

structure(
element list{
#tag element atomicnumber
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Si 14
}
unit cell{
#units angstrom
a vector = 0 2.732299538 2.732299538
b vector = 2.732299538 0 2.732299538
c vector = 2.732299538 2.732299538 0
}
unit cell type = bravais
atom list{
atoms{
#tag element rx ry rz mobile
Sl 0.125 0.125 0.125 0
Si -0.125 -0.125 -0.125 0
}
coordinate system = internal
}
}

wavefunction solver{

solvers{

#tag sol till n prec cmix submat
davidson 1 on 1 on
rmm3 -1 on 1 on

}
rmm {

edelta change to rmm=5e-5
}
}

charge mixing{
mixing methods{
#tag no method rmxs rmxe 1istr prec nbmix
1 pulay 0.40 0.40 3 on 15
}
}

Postprocessing{
dos{
sw_dos = ON
deltakE = l.e-4 hartree
}

charge{
sw_charge rspace = ON
filetype = cube !{cube|density only}
title = "This is a title line for the bulk Si"

}

BRI, FRROAIRT A—=2T7 7 A UKL, FlKIROREEE OAZ Gk L, oFRE 28N (77
AV REMEH) LTZBAFD X 97 AT A—2 7 7 A )V Th, FHEIEARETT, RO ATIRT A—% Tl
BT 7 400 N EITRR D05 D12, FRRE TRt AT A =27 7 A )V HWZRHE T, §HE
WK 7,

accuracy{

cutoff wf = 25.0 rydberg
t
structure({

unit cell{

32



#units angstrom
a vector = 0 2.732299538 2.732299538
b vector = 2.732299538 0 2.732299538
c_vector 2.732299538 2.732299538 0
}
atom list{
atoms{
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 0
Si -0.125 -0.125 -0.125 0
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223#RTUIVILTFAIL
BRT oy VT 7 AT, eRIEICHETAVENRDH D £, BilzIE, Kk H0) OFEE T AT
HFTFE O JFTFOERT %V T 7 AINVDBREICRY FT, BRT Y Y LT 7 A IR —Z YA R
(https'//azuma.nims.go.jp/) MHHX 7 v— RTEX 9, B THRT vy Va2 B3 53561213, PHASE @
Bh#E7 1 275 A CIAO TR X4, CIAO IZOWTIEXCIAO OD~=a T L ASH LTI FE0,
2231 HERT e VOREE (PRI N HE) - 7a—X a7l PAW Y

PHASE O¥ERT v IR E LS DT T7a—X a 7Rl L PAW 4]0 2 FE 5 0 £,

Tu—Rray () B WENEE T L5 A A e U CsaRIaiiis SE7REe L LT, BTk
R 2RO INET, ZHUTE SIS VMR T v LBl & L B
T 7 MERT v MBI ETE F 9,

PAW % PAW (Projector Augumented Wave) HIDRT > o v L4, 7]TIL, NxD
HRE R UG REE LET,

Tu—RAay (HEE) e PAW AT UV VEIRES T CGHET 2 Z LT TEEFRADOTERE L TS
v,

2232 AT VT 7 A NVDANFEHE

R—% A | (https//azuma.nims.gojp/) 75, FEHARICH HETOILEOERT VXY VT 7 A NE X T
va— KR35 ENARRETT,

NERLTOWDERT v V7 7 A MK, BLFOMAHANZ L7233 > T7 7 A VA DBFD HIVTOET,

TS AR = R L X —DFE ST (PAW R RT3 VR 5 O%F . pp

B z21% Si_ggapbe paw_nc 0l.pp EWIHEERT v/ T 7 A UL, VU AR D, —R(ERE AR
PUGGANESNZ X » TAHFABI = V¥ — 25 E 35, PAW BT, VAR T > v % /V5] (ne 1E norm
conserving (/ /VAMRAE) OBK) @, 01 7% (IR SNZNER CTESMHTONET) L) Z&xRLE
T, AHFHBI = L X — ORI VB FE AT EE DI I N RFTE BT E(LDANED U | ggapbe
DGy 1dapw9ll9] & 720 £, #EART o VR TV KT Y 7 MRIE]ORAIZIE ne DEGIAS us (ultrasoft
D) L7220 FT,

TTEL vy
AHAHB =L — DR L ggapbe 1%
HRT L VR PAW BT ) )V DRAHEER T 2 2 v
(nc IX norm conserving (/ /VAERTF) D)
RO T—H Dl L&

2233 8T L w VOISE L

T I AN NOBERT X VT 7 A NAE, ANTIRT A—2T 7 A VDH T element_list TXE L7 tHRIAIC
pot.01, pot.02.... T,

file name.data 7 7 A VA WA, BERT v VDT 4 L7 N Ty ANAERRETCEET, LT
DEIITFLRLE TS

&fhames
F_POT(1) = homeluser/phase_pp_paw_2014/Si_ggapbe_paw_nc_01.pp’

F_POT(2) = homeluser/phase_pp_paw_2014/0_ggapbe_paw_us_02m.pp’
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https://azuma.nims.go.jp/cms1/downloads/software
https://azuma.nims.go.jp/cms1/downloads/software

&fnames £ v 3 LV EED, EZTT 7 ANDSREFFELET, F_POTWIC N &HDOTTROERT v x
T 7 ANDONRAERELET, (AL, Yo7 4= 0b LUIF TN +— MOTHCNET, B V=
YOKDVIFAT v a (DTT,

2234 HESHERT v v VORBHEE (13— 3 > 2020.01 LAE)

R—=T 3202001 LIREL D, FERT 2 v VORRENR IR GAITHESHE R T L o v VS TERA AR EID 4 C
DNDE TR F LTz, ZOREDENET H7DI2lE, #R T v /L7 74 /L b phase_pp_paw_2014
NEZMPLLDOT 4 L7 b VU — (7= & 21X /homeluser/phase_pp_paw_2014) IZfF1E L, BREAHK
PHASE_PP_PATH NZDAEEFET L D272 > TOAXENH D 9, BEAHIL, TRtOBEE CGRET D Z
ENTEET,

$ export PHASE PP PATH=/home/user/phase pp paw 2014 (sh, bash 72 EDEH)
$ setenv PHASE PP PATH /home/user/phase pp paw 2014 (csh, tcsh72EDEA)

E72, JEHRAILO, 01, 0272 ETTHRATOHD, b LIITTHRAHIEE WV I TH DN H D £, £RH
SNDT 7 AN MEERT v g, 10122 HPRLTOE Y, V=27 1 L7 kU —O defaultppfiles (ZH 7L
BENTOET,

224 AHH T 74 ILERTE 7 7 A )L file_names.data

A7 7 ANVERIET 7 A )V file_names.data |IATI/XT A—F T 57 A NI EDT 7 A NAZRRET HT-0IC
AL ET, %< TH PHASE 2/ 5 2 LIXAMHETT, ZTOHAITETD T 7 A NINT 74V hDT 7 A )L
AR ET,

ZOT77ANEFERTHZEICEY D77 A VA, W7 7 A VOBEEGE, 22— -0 HRICRET D2
ENAMREIZ 72 £, Mfile_names.data] TDHDODT 7 A NAL, ERAFTT,

ZOT7 7 ANVEHRT DAL T ZOT7 7 ANV TIITT 4 L7 EVICESLERS Y 7,

file names.data @7 4 —~ > NI, ULTOL D20 £,

&fnames
TrANAF—T—F = 1 Ty AN (T 7A/~D/RR) 7

Bz, 7 DB SICEE LTS, Bz, LR X )l LT,

&fnames
F INP = ’./nfinp.data’

F POT(1) = ’./Si ggapbe nc 01l.pp’
F POT(2) = ’./0 ggapbe us 02.pp’
F CHGT = ’./nfchgt.data’

F CHR = ’./nfchr.cube’
/

T 7 A NASDIRAL, FATT 4 V7 B UMNDOMRSATY, Hsp/ SATHHEATEET,

F_POTM)IE, AJ)RT A—2 7 7 A JUZEBWT n HFEITHEE SR RIS T 28R T vy V7 7 A V%
FBELET, ZofTid, 1 FBRICERSNIZIHE Si OFRT ¥ /L 7 71 /L7 Si ggapbenc 01.pp . 2 &
HIZEFR SNTZ0E O DR T > v % /L7 7 A V73 O ggapbe us 02.pp &V 7 7 A /U720 £,
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FHATEL 7 7 ANALF—T—ROT 74V DT 7 A NAESE 21 ITRLET,
# 21 AHA7 7 A NVRKET 7 A )\ file_names.data TEREFIRER 7 7 A V—&

77 AN T | A | T 7N ED R
il 7u 77| OXHl | T4
N
F_INP phase AT nfinp.data ANJPRTG A=K« T7 A )L
ekcal
F POT(n) phase AN pot.01, BRT UL T AN, ORI
ekcal pot.02, B2 BIIARIDT 7 A Wi 2 F
T, BRI 1 DORT VT 7 A
U2 SR
F _STOP phase AN nfstop.data B CHE AE IR &Y A AT 15
ekcal 77 A,
F_KPOINT phase AJ) | kpoint.data WV Tk RERETDHT 74N,
ekcal
F_DYNM phase 77 nfdynm.data EISRFGE, DT E st E R LTk
WTC, JRFOBEIEE N2 57 7 A
o,
F_ENF phase 177 | nfefn.data BT HIF—E ) OFRKERH IS D
77 A,
F CHR phase H nfchr.data ERBRESAOY 17 7 AV, T 7+
M. Gaussiancube 7 7 /UL
F_DOS phase Hh dos.data IRREBEOH 7 7 A,
ekceal
F_ENERG ekcal H7 nfenergy.data ekcal ZHWVZFEAEITH & BEAHED
Hhshbs 7740,
F ZAJ phase A7 | zaj.data WEBHS DM 7 7 AV, FHEZREET
ekcal DENIADN 7 7 ANETRD EF, A
TI—=T77 AL,
F_CHGT phase AH7) | nfchgt.data BMEEDOMN 7 7 AV, FHEERKET
ekcal DEIAN 7 7 ANERD EF, A
FV—T7 AL,
F CNTN phase AH77 | continue.data TCa TN —HET LI, e A0IT
WBIEROWT) 7 7 A v, fea RO
BRI, 277 A NEANTE LT EN
£7,
F CNTN_BIN phase AH77 | continue bin.data Va7 BT LTk, e T 501z
WBIEROWT) 7 7 A v, fea RO
BRI, 277 ANEANTE LT EN
£, AT IV—T7 AL,
F_CNTN_BIN_PAW | phase AHI77 | contine_bin_paw.data | ¥ a 77— HIK T L7214, kT s DIz
ekcal VBRGSO 17 7 A v, PAW %R
L TWAH4A, F CNTN_BIN (212 T
WE, WG R OB, o077 AL
EANE LTHENET, EEEEMD
FHEOGABATIE LTHEWET, o
FV—T77 AL,
F_STATUS phase H7 jobstatus00x HERMOH 17 7 AV,
ekcal
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23 ETEDEST
2.3.1 7045 L phase DET

NIRRT RA=RT 7 )V, BERT vy VT 7 ANEFATT 4 L7 MUIZEE 7, file_names.data Z1#H
THLEEIE. FNBREICT 4 L7 FUIZEWTLZENY,

17ty (1a7) ORKRFEEITHO LA, KO XS 7 227 F A phase #EITLE
97, 7././phase0_2020.01/bin/’I%, PHASE /31 F U —NEDNTNDT 4 L7 b TT,

$ ../../phase0 2020.01/bin/phase

72771, BEWOBERREICL>TUIMPL 74 75 ) OFEfta~y ReFEHTA20ERH A0 LILER AL
2.3.2 WFEFTEIZDLNT

PHASE/O %, MPI 4 7Z V2V 7 LTCar A e 52 LI > CIFRMEETTH Z EMATRETT,
PHASE/O (2% T2 oty & T3 VRTTtFI] 2580 £97735, BiEid Ny RE kSIS DA TH, %
FIIN R, Kk SO Z BB D BEUREN 9 2 W HIFA TANRTRE T, 3 RIS IR I —HRFSRERIR A &
0 ETN, %< O CPU a7 MFIFTE AGAIIIERICERR R ZIATTH Z LML 7eo TOVET,

WHFEHRZAT 5 BElZid, BEWOFHEREOFIHTL MPL 74 77V O3 7a~y FEHLET, 3
EOVOFHFES AT LD~ =2 T VSR TZS 0, Y72 =~ 2 Rl mpirun T,

2.3.2.1 FAHZ 2 A
2 TG, HRIZIILLTO L H7pa~<r Rigkbh £9,

% mpirun -np NP PHASE INSTALL DIR/phase0 2020.01/bin/phase ne=NE nk=NK |

ZZT, NP I MPI 7rut2¥, NE |33 R, NK I3k mf5%cCd, £7- PHASE INSTALL DIR
% PHASE/Q A A M=V L7274 L2 R U L LELTZ, NP=ENEXNK &9 BRI ST DL
BV FET, kK RWFNIOTHHRIIRWGERZNOT, KAREFIIEND7ETES 2 AR ENET,

3KTTROEFA, WRIMIZIZLITO L S lpa~wr RERD £7,

% mpirun -np NP PHASE INSTALL DIR/phase(0 2020.01/bin/phase.3d ng=NG ne=NE nk=NK |

Z 2T NG 2 EEhBsSoREEEE (G <27 b)) OlfF#Ecd, NP=ENGXNEXNK &9 BRANiGi7= &
WHMERH Y 9, < OEA NG % NE O 2 f(FREEICT D & BRIFRT7 p—<  ANELNET,

23225 4 L7 MUWHNZ X HEHE

F£7o, 2 Wothi, 3 WothRIEET 7 ¢ L7 M UWH) HEeAFIHT 5 2 L B rRETY, Z4UL, FRNCAT 7
7 A NDENPNIZT 4 V7 NG DGAIZEDT 4 L7 N T EINEGR AT OMEET T, ZOHIET
FEETH120I2lE, ETERMERATIOEDNIAOT + V7 ) EERLET, XL, ERLEHET
4 V7 RUOHET 4 V7 bV dirlist 8V D 77 ANVEDT 7 A NVELER L, DEDL D eNEETTR LET,

ND
dirl
dir2

ZZTND T o« L7 R VWEIOWSE (71 L7 ) ORY, dird, div2, ... 8N 7 7 A VOEDNIT 1 LY
N Y OARTCY, ULEOUEfZT-7- 1T, WHIEY PHASE 234TLEY, 721, 2 YOhO54 NP=ND
XNEXNK, 3 JIthfios 13 NP=ND X NG X NE X NK A/ S11% & 21\ WF A TREES 2 083 b ) £,
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F Lo N WFWEREE AT Y RIS Perl 22 U7 M5 = & 28 LTI S - phe
TR, YIRS T b DA TR 5 - ESTRETY, 722 L, WEHLAhRE IR
R EFHETETT 2, RbBOANET 4 L7 b ) BHBRIC 725 AT DR 728U

2323 L7 Y WA L BHEE
NEB /:38 J OV S S R#Et, A Z XA F I 7 ZEZBWTE V7Y BitF)) 2RI L35 T
) ZEMHRETY, ZORREAFIT 511E, LT L 912 PHASEQ ZiE#h L £,

2 RTLhRDY &

% mpirun -np NP PHASE INSTALL DIR/phase(0 2020.01/bin/phase nr=NR ne=NE nk=NK |

3 WIThRDEFA -

% mpirun -np NP PHASE INSTALL DIR/phase0 2020.01/bin/phase.3d nr=NR ng=NG ne=NE nk=NK |

ZZTNR IV AAFEETT, NP=NRXNGXNEXNK 237 S5 L 9 ICWF 2 i3 5 MB35 Y
F9.7 4 L7 b UAFIOEA L RERRETHEER A AR Em TR TS, b IGROEBEN L 7Y
DRI Z 72 D I THEE L&,

2324k REDOH~TT
FIFATEE, & L <3/ k mOEF UL Kk OB F LET DS, SHZERICHIA S5 k SO IFEC L - T
WAGEDNHHDT, FANIIHDNY E-A, TNERRDITE, FT AT A—XT 7410 condition %
preparation & L %97,

control{
condition = preparation

}

ZDOEHIZLTPHASEND 234795 L, WHHOHE D 3 BROETIERO A TR, FHEMETLET, &
biviea 77 7 A M output000 7 7 A /WD K ROBEFRDHIZIE, LFOXH7a~y RERTLET,

% grep kv3 output000
'kp kv3 = 70 nspin = 2

kv3/mspin 25FIHIRTREZ K SOEAIERD ERR & 720 £, 23 ZOFIOYE kvd =70, nspin=2 &S TOET
DT, kJWHED ERE 35 L7a0 £9, £/, ZOEROEEET Y52t LIz aityiesh=idin
LET, 7ok, FEFHEAIATT DT condition /37 A —Z Z@EIZMEICHRE LIET 2 L 2 K720 29I LT
<TZEVY,

2.325FRT A= —DHBEE (N— = > 2020.01 L)

IN—0 5 L 2020.01 LI, 17411285 A—%— (NE, NK, NG)DIEEN LA DIEL B IWVEE S E LT-, KR

DX 7RfREHZ K-> TR ED I D7D F LT,

® 2 UThi @ KFEAREE L- ECHRLND kS E IS NP 351 0 Bl Dok 0#dinns NK, NE 1%
NP/NK.

® 3 RIThR @ XIFMEEBRE Lz ETHE LD k s &kl FI NP 2358 0 Ui 2 e ROFEHED NK, NG &
NE |Z NE*NG=NP/NK %i#7= L, 7>> NENG 7 1:2 [ZRbir< 72 580 5
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2.3.3 SRR R DRESR

SCF FHEO@EFREEIT, v 277 7 A /L output000 (23T, TR XP—DEEL HL5 2 LI X - Thigdd
HTEMTEET,

177 7 4 L output000 |23\ T, TOTAL ENERGY FOR Tha£ 254312 SCF A # L— g v T neT
FNAF =D EET,

LUFD grep =~ REFHTHZ LK ZOGOAREHT S ENTEET,

[o)

% grep TH output000

TOTAL ENERGY FOR 1 -TH ITER= -30.856896066222 edel = -0.308569D+02 : SOLVER = MATDIAGON
TOTAL ENERGY FOR 2 -TH ITER= -31.552303846339 edel = -0.695408D+00 : SOLVER = PDAVIDSON
TOTAL ENERGY FOR 3 -TH ITER= -31.585336745971 edel = -0.330329D-01 : SOLVER = PDAVIDSON
TOTAL ENERGY FOR 4 -TH ITER= -31.587689791426 edel = -0.235305D-02 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 5 -TH ITER= -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 -TH ITER= -31.587937115320 edel = -0.372756D-06 : SOLVER = SUBMAT + RMM3

TOTAL ENERGY FOR ### —-TH ITER= O¥pic### [HIHD SCF A Z L—3 3 AR AT RLF—N)
~N— KU —H{7 (Ha) CHASNET (EREofITIL $-31Ha), edel=DdH &121E, BIfED SCF A % L—
g b1 \RIOA X L— 3 VO RN N N —HNTHAOINET, ZOEN, AT A—=4%7
7 AV TRE LT-BE (delta_total_energy) LV t/h&< 725 & SCFEHENPER LI- & R SihvET,

SOLVER =D& S IFFIH LTz Y =D SivE T, Lol 1 [B1H 23 MATDIAGON, 2 [5]
H & 3 [r1HIZ P-Davidson, 4 [r]H LIRS Z2%ta{t. (SUBMAT) #A7hZ L7z RMM3 YW N—Th5 2
EDNERECEFE T, ZOXIITBREFNG, SCF #HEDURARD > TWDNE I NEHERTH Z &R
TEET,

2.34 fHatE

e U CHEAZ ST 2 Z e £9, MatFia 379 D12E, AJ1NT A—H 7 7 A )LD control 7 1
v 7 @D condition #FRELFT,

control{
condition = continuation

}

condition |Z continuation ZEET 5 Efkia A 21TV ET, automatic ZFEET D &, Mt HAS ATREZ 25
VG TE, & 9 TRUWGEIIRIIN DL DOFEZI TV E T, condition DT 7 #/b Ml automatic T3, ke
AR CIXERIOME COHI 7 7 A NVDO—HE AN 17 7 ANVE UTHERLET, RIUETT « L2 b Cithx
FATT DA IRATAE T 5 Z L137e< . MBS Z2 AT 5 2 L ASAMBETY,

235 F Ty ORA U T F7AIIZDNT (A—2 32 2019.02 LK)

PHASE/Q /~—222019.02 £V, #HEFIZ [Fov IR b7 740 BHDEND L ST E LT,
ZOMREIC L~ C, =V —DIEIIR U TR E R 7 7 A L &hEd, BT a 24
7%, SCF AN, Mdhoi(bomd, FHERE, HOWNITNOHOMAEDOENLBRAI ENTEET,
Fiz, BHAESOT = VRA L N7 7 ANVERAGET DIMEET D EHTEET, (DO HEA THEAE R
T LCLESTAL, T2 ZRA LV N7 7 ANEIERT S Z LI X > TERIORAED Bk L Tt s
BT Z LN TEET,
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2351 F = I iRA v N7 7 ANV IIORE
AT A—=H—T 7 L JUZLLFD X H1Z control 712 7 128U T checkpoint_file 7' 1 v 7 24 AT 5 Z LI
Lo TTF = IR N7 7 ANEHNSELZ ENTEET,

control{
checkpoint file{
iteration = 100
iteration ionic = 10
cputime = 5 hour
nhistory = 5
}
}

iteration 72 EOEHITIE, MENZ 1EIF = 7 HRA > N7 7 A NG TN SETZODERELET, 0LLTOfE%E
FBELIEGAEOFMECIIT = v 7 ARA » b7 7 A VI SvER A, F72 nhistory (2 2 VA EDOEAEET S
EHWERENT 4 L7 YR ESND KO0 3, RFT 4 L7 Y —OBUEEN chkpntxx TF, xx
ZISEIBIHOFEEAENA A 97, xx DB WIEEHWEREDMAR ST 4 L7 N —&R 0 ET,

checkpoint_file 7'& > 7 O FCIILL FOEEAFIHTH Z ENTEET,

X L]

iteration SCF HEDRE T = v IV RA LV N7 7 A N1 S E D
BIGRET D, BEIZ0

iteration_ionic %ﬁﬁ@k@ SFENIFS S 2 b— g VOERTCTF = v VR
AL T 7 AN SEHEEIERET D, BUEEIE 10

iteration_unitcell BN b OWEIS, BT OEEE CF = v 7781 > b
77 ANE ) SELEEITEET D, BUEMRIZ0

iteration_neb NEB i£0O85412. NEB SHEOEH RS CF = v 7 RA o b7
7 A NEH S HGEICEET S, BUEMIE 0

iteration_reac OGRS 2 B b SEDEHROGAEIC, MOSEEEO R el ¢
:/7T4/b774w%mﬁéﬁé%Aumﬁ¢6 FEAE
10

cputime WEREINCF = v I RA v N7 7 A NE NI S DEAITR
Eﬁ”éo BANIZFERFEC, s, min, hour, day 2SI CT& 5,
I 0.

nhistory F v I BA 2 8T 7 A NOBIEEARE LT WRAICRET

Bo ZOMEN 2 U EOSECTF = v 7 IRA b T 7 A NVOERE
IMFEND, BFOF = I RA L N7 7 A ML b
4 L7 P —ITRESH, BWTF =y I BA 2 BT 7 A M
chkpntxx 7 ¢ L7 b U =T/ fFEND, xxId, BHOHHN
JEIR KI5,

BT D5 chkpntxx 7« L7 b U —IRFSNET DS, $EECTHIT file_names.data DRtz & -
TEFTHZ EHTEET, 77 AVRA % —F_CHKPNT %#HVWE9, 72& 213, foobarxxx (2 L7V A
file_names.data ZLL T X 9 IZFLik LET,

&fnames

F CHKPNT = ‘foobar’
/

2352 )
MBS LR T 7 A —H S & LTRBNET, BEARIICIILITO Y 7 A AWRETTS
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continue.data, continue_bin.data, zaj.data, nfchgt.data : ffis I VB2 FAN /27 7 A L
continue_bin_paw.data : PAW FHROEEIZMER 7 7 A )L

occmat.data : DFT+U FHRDEANINER 7 7 A )L

neb_continue.data : NEB RO ST LE R T 7 1 )L

Fe, F=vIFRAY N7 7 ANMVHIRHILL T DO XTI RA o N7 7 AN ISd=Z & & 20k
73 output000 7 7 A /UTFiER S IVE T,

I** dumped checkpoint files because
I** iteration ionic
!** met the criterion

236 EEEHHE (RESEHE, /> FEEHE)
IREERRHEZ L, S REMEICEHO T, k AORY 2585 0 SCF 34 L 85F L CEHE LW AR H Y £4, =
Dk 5 73E. PHASE & U< |3 ekeal 712275 AEFIALTHD W TEET, 20k 5 AEHEOEA,
SCF #SLOR I ROBREEE AN L LCRM L, FSIEET 20T, (REBTHN LIHShET,

2.3.6.1 JREEE L DFH

SCF #HHEOEREROERFEE 7 7 A /b nfchgt.data ZF4T57 4 L7 MUicat— L9, F/2d, AHA7 7
A IVRET 7 A /L file_names.data (23T, F CHG |2 SCF HEDEEREROEMBEE T 7 A MEELET,

SCF #HEFEROEMEE 2 W= E AT O, AJIT A—H 7 7 A )LD control 77 7 @ condition %
fixed_charge & LE7,

control{
condition = fixed charge

}

F72. Accuracy 7 1 v 7 NICEAEIZBIT DNCREAE A fRE L £ 7,

accuracy{
ek convergence{
delta eigenvalue = le-5
}
}

WD LT 7T b ekeal #F4TLET, "phase0_2020.01/bin/’1x, PHASE 731 > A h—/LENTCNHT
4 V7 FNUTT,

o°

../../phase0 2020.01/bin/ekcal

2.3.6.2 N\ FigEE

SCF #HHE O EAEFOBMIEE 7 7 A /L nfchgt.data #5477 4 L7 hUIZae—L&d, £2id A7
7 A IVIRET 7 A L file_names.data (23T F_CHG |2 SCF RO EREEOEMBE Y 7 A MEELET,

W7V T k RORET 7 AV kpoint.data ZHELET, k HOKET 7 A /L kpoint.data |%, >¥—/L
band_kpoint.pl ZHWTIERKLET, UIFO XS 7227 7 k OXRRD T 7 A /b bandkpt.in ZHE L
7
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0.04 k SOMIE
-0.8333333 0.8333333 0.8333333

0.8333333 -0.8333333 0.8333333 WA RV
0.8333333 0.8333333 -0.8333333
321 44#W k SOXFRAE nl n2 n3 nd # Symbol
1112 4#L
0001 # {/Symbol G}
1102#X
3214 4#W
5308 #K
@\k)ﬁ@ KGUROFREIZI T, nl/nd, n2/nd, n3/md 73 k R ORGLROMHREZHOMEIZR D £7°, Filx

X3 2 1 4 # wTE 2O 3/4 2/4, 1/4 DAIBIZWREEEL TOET,
LUFD & 912 —/V band_kpoint.pl #3473 5 &, o7V 7 k SOFRET 74 /v kpoint.data 2MER S IVE
R

% ../../phase0 2020.01/tools/bin/band kpoint.pl bandkpt.in

SCF FHEMEROBEMEE 2 W FEEZIT 21X, AJ1XT A—H 7 7 A L0 control 7 1 v 7 @ condition
% fixed_charge & L £,

control{
condition = fixed charge

}

Accuracy 71 7 WNIZ, k 7Y ol EREICEIT DGR EfRE LET, (LT k RORE Y 7
A NEERTA5A121E. ksampling @ method % 7 7 1 /WMTHRE L £7,

accuracy{
ksampling{
method = file
}
ek convergence {
delta eigenvalue = le-5
num extra bands = 10
}
}

k> num_extra_bands /3T A —& —|IFTEDO/N L REIZ S BITBINT 530 ROETT, DERL3HWEE
(2 DIEA GRS & BRSO M BT 256030 0 £7,

WD LT 7T I ekeal #F4TLET, "phase0_2020.01/bin/’1E, PHASE 7314 > A h—/LENTCNDT 4
L7 YT

o

../../phase0 2020.01/bin/ekcal

2.3.6.3 fikFiatRlc OV T
[E R R NRF TR T L7254, TR EHE T condition 2442 fixed_charge_continuation &) fE% 5%
FUTHEBER A AIT O 2 &N TEET,

control{
condition = fixed charge continuation

Mkfea AT, SCF FHADE A L RRRIERHE T LI 8 DA FRE T,

2.3.6.4 WHIFHEIZOWT
B EERE RN, FEARICIT@EE O SCF 35 & FiE N R, kA, 3D FOEETE G a B Uy R E 21T
HTENTEET, 72720, N —(AHEHRIL kSIS L TR0 T, X ~{ﬁap+ﬁ%ﬁ5%ik
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KBNS D LI L TIESNY,

2.3.6.5 PHASE & ekcal OfE 2 Z O DFENZOWNT
EEE M54 PHASE TIT9 &, 774/ FORETIZTRNTO k S5 5 TUERT 25— R CEIEL £,
ekcal DX Tk HAE ST ONFLT D8, AT A—H—T 7 A )UZLLFD X 9 eitid 2470V F7,

control{
condition = fixed charge
fixed charge option{
kparallel = one by one
1
}

WTNOE— RTHENRU R, k&, GRIBIZHAGHOETCHIAT L Z ENTEET, 7L, XU (A
DOEATE FIRO kparallel % one_by_one & L, F£72k sllFIA2EH/2NE HIZL TSV,

72383, 8D hRIZiZ ekcal 7’1 7T AIfHE L EH A, BEEMED PHASE 7077 ATITTHLHI12LT
<TEEVY,

2.4 SHERERDHER
241 STEHRTORR - ER - Xths

FIRRT ORI « A« MISELUUTICE LD ET,

R HRLRDL 7u 7T DEATOR T DR X
AT SCF FHEDOIHHIES il LTt FHERE T
SCF &R s BT FLFXAYERDBIEL VN E e TG E I R )

(REEREFIRHRAMET) | WEISRERG A OICICHE SR AT L= 3ra
RSB S N DOIKNEDRIE L D /N & Te o7 e

BT SCF #HEDERA Z L—3 3 VT LIS et R AT O
SCF FHED R «SCF HHE DA XL — 3 8D, control 71 v 7 ®

max_iteration DEZEZ -5
7 7 A )V nfstop.data THE L7oA ¥ L— a U EBEB2T-56
T FIVEORETIL, 144 L— 3 B2, nfstop.data
T 7 A NEGHRARET, ZOHEEED Z LK, HERLA
%TH, [LEOXA IV T THAEK TSEHZ LN TEET,
AR OB E LTS
« Control 7’77 ® cpumax % st RN Z 7255

BT SEENZ T T — 2 & E
ANTIRT A—=H T 7 A )LOFEIR I A B UCHEFE
BT Uy VT 7 A VDMFLE L2
(F'u 77 LNERORTE)

242 SHERT (EERT. EBRT) OE 1\ —2322019.02 UTF)
PHASE OFEITHIERISK T 5 E, nZ 77 AL (output000 7 7 A /L) OFEALIZLNTFD X 9 7ZalFas i f
ShET,

<<Total elapsed CPU Time until now = 81.69520 (sec.)>>
closed filenumber = 31
closed filenumber = 52
closed filenumber = 53
closed filenumber = 55
closed filenumber = 42
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43
44
75
65
66

closed filenumber
closed filenumber
closed filenumber
closed filenumber
closed filenumber

Total elapsed CPU Time until now =D& LIZFHERENHDENE T, v/ 7 7 A NVOBREBENRI DX
N2> TV AUT PHASE [ZIEFH T L CWERA, A DDOEROIZOEER T LCWET, 205G
3. AT 7 ANIR ERER L THIR LT ESVY,

2A3FERT (EERT. BERT) OFR 1\ —3>2020.01 L)

/XN—72 2 2020.01 LA, B THELC output000 7 7 A /My Nv—7 GHRIE T 2330751 s
NHEITRVFE L, = Rv—27 DBIZLL IR LET,

2.4.3.1 max_iteration (ZEIZE L7-35HE

M M A X X IIT TITTTIT EEEEEEE RRRRRR
M M AA X X 1 T E R R

MMMM A A XX I T E R R
MMMA A X I T EEEEE  RRRRRR
M M AAMMAAAA X X I T E R R

M M A A X X 1 T E R R
M M A A X X III T EEEEEEE R R

2.4.3.2 cpumax (ZEIEE L7-8555

CCCCC  PPPPPP U UM M A X X
C C P P U UM M AA X X
C P P U UMMMM A A XX
C PPPPPP U UMMMA A X
C P u Uuwm M AAAAAAA X X
C C P u uwm M A A X X

ccccc P Ul M M A A X X

2.4.3.3 nfstop.data 7 7 1 /MZELSCF A 7 L— 3 > X0 b/ S 72 BfED GEsk S5

FFFFFFF SSSSS  TTTTTTIT 0000000 PPPPPP
F S S T 0 0P P
F S T 0 0P P
FFFFF SSSSS T 0 0 PPPPPP
F S T 0 0P

F S S T 0 0P

F _ SSSSS T 0000000 P

2.4.3.4 max_mdstep (ZEE L7-55

M M A X X M M DDDDDD  SSSSS  TTTTTTT PPPPPP

M MM AA X X MW MM D D S S T P P
MMMM A A XX MMMM D D S T P P
M MMA A X M MMD D SSSSS T PPPPPP
M M AMAAMA XX M M D D S T P

M M A A X X M M D D S S T P

M M A A X X M M DDDDDD  SSSSS T P
2.4.35 MR Lic5

FFFFFFF 0000000 RRRRRR  CCCCC CCCCC 0000000 N NV v
F 0 0 R R C C ©C Co0 ON NV v




F 0 0 R R C C 0 O NN NV vV
FFFFF 0 0 RRRRRR C c 0 ONNNYV ]
F 0 OR R G C 0 ON NN V V
F 0 OR R © C ©C CoO ON NN VV
F 0000000 R R CCCCC CCCCC 0000000 N N v
2436 Itz T, A R L AT U YILBIGR LT25E
SSSSS  TTTTTTT RRRRRR  SSSSS CCCCC 0000000 N NV v
S S T R R S S © Co0 ON NV v
S T R R S C 0 O NN NV vV
$SSSS T RRRRRR  SSSSS C 0 ONNNV v
) T R R S C 0 ON NN V V
S S T R R S S C coOo ON NN VYV
$SSSS T R R SSSSS CCCCC 0000000 N N v

2.43.7 REMIHTIZRB W CITREENT X TE T LT=5E

M M A X X PPPPPP H H SSSSS TTTTTIT PPPPPP
M M AA X X P P H H S S T P P
MMMM A A XX P P H H S T P P
MMMA A X PPPPPP  HHHHHHH  SSSSS T PPPPPP
M M AAMAAAA X X P H H S T P

M M A A X X P H H S S T P

M M A A X X P H H SSSSS T P

2.4.3.8 [EEBMFHRIUR L7256

W W FFFFFFF  CCCCC 0000000 N NV v

WWWEF H (] 0 NN NV vV

NWWEF C 0 O NN NV vV

N W W FFFFF C 0 ONNNYYV v

WWWEF C 0 ON NN V V

NWWEF C CoO0 ON NN VYV

WW F CCCCC 0000000 N N v

2439 & THF—E Y SCF 2353530 TRV RIEDIGAIC ) S o8

W W A RRRRRR N N III N N GGGGG

WWW AA R R NN N I NN N G G

WWW A AR R NN N I NN NG

NWWA A RRRRRR N NN I NNN G GGGG

W W W AMAMAAR R N NN I N NNG G

NWWA AR R N N I N NG G

Ww A AR RN N IIl N N GGGGG

CCCCC  H H G6GGG U U CCCCC 0000000 N NV v
C CH H G G U UG C O 0 NN N V v
C H H G ] Uc 0 O NN NV v
C HHHHHHH G GGGG U UG 0 O NNNYV v
C H H G G U UGC 0 ON NN V V
C C H H G G U Uc CoO ON NN VYV
CCCCC  H H GGGGG Uuuwu CCCCC 0000000 N N vV
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244 SCF 58, HBERMETEOICRIKTORHES

PHASE OHENIEFITK T LIEGETH, 22—V —RNUNELTHHENE T L2 Z &3 84,
PHASE N ED X 9 7R TR T Lz, A& TRICHT1S40D Teontinuedatal &VND 7 7 A JVOEALD
5 81TH (MEENTES) @ Teonvergence] D FIZHII SILTWAEUT K- THERIKAEZ 1D Z L3k ET, 2
DAL, SCF RHRDIERIBR L7=t4, JIORVREITV, ZDSIORE INATINTA—=E T 7 AV THE L
72 71OBHE (delta_total_energy) L VW/NSL<7poTNWAHIEEERLET, 0, BEEGENSK T L
ZEEBRLET, 2 UANOAITIIEERRRIREE T L QRN filiatE 2 LT 7280,

iteration, iteration ionic, iteration electronic
11 1 11
Tonic 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 0.0000000000000000D+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
forcmx constraint quench
0.1000000000000000D+03
Total Energy
-0.7878566524513241D+01 -0.7878566524513241D+01
isolver
5
convergence
2
edelta ontheway
0.1000000000000000D-09
corecharge cntnbin
0
neg

245 HERRDOER (34 774 JLoutputd00 # & U jobstatus000 )

SHEILTOT T T 7 A UT output000 &VH 77 A AL THASHET, 000 DEMNIFLT L7 RV
BOCEHR A L2 [EEI IS T 001, 002, ... 2 TWEET,

ZDT 7 AT, Bx el BB SN E S, T THLEIRT 5 2 LOZWMERICOWTRRIA L £
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2451 Y7V T kS
k SR EEBE L CODEARIIATIOREN L THELSLWEERH Y £, T2 T, HEFEEITRIHT5
k ROBEFRTVGERH Y £, ZiUuL, v 7 7 A NWHETkvd W) SCFHNERET D ERONET,

'kp kv3 = 8 nspin = 1

kv3 =0HED 8 Nk HOETY, nspin =DHED 1 X, AV UHHEZEZEL CWVRNWI LIS LET,
AV HHEEZZE L TWDEE, ZOHHTI2 (2720 £7,

2452 BT R/LX—

BTN XT, a T A MILLTO X ST ENnET,

TOTAL ENERGY FOR 3 -TH ITER= -687.253021587082 edel = -0.215950D+02 : SOLVER =P DAVIDSO
N

KI= 294.118626755617 HA= 4820.263454482710 XC= -686.596385560733 LO= -8452.905431759591
NL= -349.620400894588 EW= 3182.022578317359 PC= 505.464805336868 EN= -0.000268264724
PHYSICALLY CORRECT ENERGY = -687.252887454720

TOTAL ENERGY FOR ... {223 /LX—N, edel =D& L1121 FRIOA Z L—3 a3 o EDOENHHSNET,
WOAT & ZDRDIFNTETRNX =% T DK HO TR —DfE Gk SN £ 7, Kl 1 5EE) - LX—,
HA |3 Hartree —=3/L%—, XC 3BT R/ ¥ — LO IFRT=/L¥—, NL (3ERFT=r/L¥—, EW
X Ewald =x/L%—, PC IZa7fE= /¥ —EN I bt —%2KLET, ZNOLORMNETRILE
—Z7e £,

PHYSICALLY CORRECT ENERGY D& &121E, AAT U 7 &4ToTOHEAIC “OK ~igh Lz x
X" N ENE T,

2453 A fRHE
AV EBB LUIGREEZFATLCODEEA, Tt X 9124 SCF A # L— 3 BT 2R A B L RTE
BILOYWEIRA B RBEOHD Fesk S E T,

'OLD total charge (UP, DOWN, SUM)
INEW total charge (UP, DOWN, SUM)

4.53623488 (+) 3.46376512 (
4.64907433 (+) 3.35092567 (

) 8.00000000
) 8.00000000

IOLD 7B E A1TICE 1 [BIRIOA Z L—3 3 AR AEMOTEHRD., INEW OibE 21 HIIEEDA Z
L— a COEMOERSIH ) S ET

2454 FAER L OEHEE
£k RUCBT D7 2V =RV —FEOBAER, FHEEE TERIZL T L 2 IcHhShvET,

EFermi = 0.10922262

====== Energy Eigen Values in the vicinity of the Fermi energy level (Range= 1: 12) =====
ik = 1 -0.198857 0.025583 0.025583 0.025583 0.073053 0.073053
1.213861 1.213861 1.299925 1.299925 1.299925 1.636396
ik = 2 -0.196917 0.104776 0.104776 0.104776 0.174253 0.174253
1.217079 1.217079 1.325796 1.325796 1.325796 1.689134
ik = 3 -0.191252 0.025548 0.025548 0.027605 0.069739 0.074378
0.983941 1.019452 1.019452 1.095653 1.131322 1.131322
ik = 4 -0.189306 0.104412 0.104412 0.107058 0.169882 0.175940
0.977036 1.012673 1.012673 1.124796 1.174308 1.174308
ik = 5 -0.169140 0.025903 0.025903 0.033499 0.060085 0.078167
0.910397 0.964244 0.964244 1.009529 1.125585 1.125585
ik = 6 -0.167035 0.103921 0.103921 0.113720 0.157186 0.180510
0.910306 0.977222 0.977222 1.034555 1.149955 1.149955

====== QOccupations in the vicinity of the Fermi energy level (Range= 1: 12) =====
.000000

ik = 1 1.000000 1.000000 1.000000 1.000000 1.000000 1
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

ik = 2 1.000000 0.884668 0.884668 0.884668 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

ik = 3 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
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0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
ik = 4 1.000000 1.000000 1.000000 0.261115 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
ik = 5 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
ik = 6 1.000000 1.000000 1.000000 0.000995 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

EEEIT—IITIZ 0~1 OBEOEE L ADT, HilziE, AU EZEZVEHEOSEE, 1.0 ITET2 FloS5E S
NHZ ExEFLET, [MFMECEY k SOMEKINH DHA1E. SABITENILCTEDY 90T, TDA
ICHEETAMENH Y £ VLT OHED L )TN EWR Tk EBESHIRA A DL Y7 L
DED),

2455 SCF FHEH7= 0 OFHHEIHE
FHEREENY, printoutlevel @ base 231 LLEDEA, SCF A Z L—y 3 > ZEIZUFO X S IcHisivET,

<< CPU Time Consumption —-- TOP 9 Subroutines ( 2) >>

no id subroutine name time (sec) r (%) count no (2)
1 20 evolve WFs in subspace (davidson 115.74820 71.17 8 1
2 13 m ES Vnonlocal W 10.78620 6.63 8 2
3 8 betar dot WFs 7.33490 4.51 14 3
4 16 m CD softpart 2.53880 1.56 1 4
5 7 m XC cal potential 0.97520 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 / 221.651 (sec.)

Lo L olz, FN—F BT HFERENH I SNET, ZOFRIE, 1 DRIOA X L— 3 > & ORFED
=215 % LLTFOLGEILH N SN ERA,

2.45.6 FHHEOERDL (jobstatus000)
jobstatus000 7 7 A /W, FHEOESE ELDT-T7 74/ TT, 000 OF53IE, output000 & [RIERIZFHH % f
DIKLATS £ 001,002,.. £720DFET, TONEL, UUTOLHTRDET,

status = FINISHED
iteration = 674
iter ionic = 21
iter elec = 23
elapsed time = 51648.7582
status FINISHED Gt5#4 T7), ITERATIVE (0 i L5 ), START (W)
iteration B IRIEDRR Y K LR RS E T,
iter_ionic SRR DO BRI TR SIVET,
iter_elec BEDFFACEICRT DB FRIEOM Y IR LR RSN ET,

elapsed_time SRS N TR RSNVE T,
2.5 StEFERDOENT, ARk
251 &I RILF—, [RFICE HORKE (TRILX—ERET 74 /L nfefn.data)

7 7 A /L nfefn.data (F£7-13 file names.data 7 7 A /UZIBWTF ENF (2 Lo THRESND 7 7 A /V) 121,
ROET AT —RFA# < NORKE, SO0 FEIFY R 2 b—3 g VEITSTIER13A 4 v OEH)~
FNF—fR TR btk SN E T

SRR AT T8 E T ENIF Y R 2 L— a Y E(To 16 & CHINERNRRR 50T, T2 ius>
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WCRRBI L £,

2.5.1.1 A

HRIA) 7 S N 21T - 7214 D nfefn.data DB 2~ L E7,

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

BHNIA 2 IRD XD R BETHE L ETS

iter_ion A F L DEHAETT,

iter_total SCF W—7 0¥ 1. ZofpdEomriit ShEd,

etotal BTNV F—%, N— N —B I CHLET,

foremx JFA 12l < TR BT (hartree/bohr3) Trtik LE9. ZDOEMNATTT 7 A M TH
Z TSRO ACAE 2 -9 % CREAITE TSN E T,

25.1.2 Sy B kR R

DY EN IR OGS, T X 212700 £7,

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

SNSRI T3, FicppiinBmsh i,

ekina SROEE T R L —

econst ROBRATFE:, T HTZ RN ——TEDODTENF I 2 b— 3 VOGERODETRILE
—, WEEDOHFEIIFY R 2 b— 3 VOBAROBT R —CEVR DT L —Z
2T BETY,

2.5.1.3 ¥ batHE

T OIRELEAT TG, FRED L 912720 £,

iter unitcell, iter ion, iter total, etotal, forcmx, stressmx

1 1 47 -108.4707677506 0.0000000000 0.0001005608
2 1 63 -108.4709554009 0.0000000000 0.0002931296
3 1 79 -108.4710086729 0.0000000000 0.0002875926
4 1 95 -108.4712228279 0.0000000000 0.0002809388
5 1 110 -108.4746445482 0.0000000000 0.0000341462
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W OREERE LD — TR, LFOFIRINA bET,

iter_unitcell K- DR
stressmx A R VAT Y VO KE

252 [RFEER (RFEEARRERE D 7 A JL nfdynm.data)

7 74 /L nfdynm.data (F7-17 file_ names.data 7 7 /UZIBWT F_ DYNM (2L > THRESND 7 71 /L)
213, FRFOEEE L U@ DGR SN ET. SRS TV I 2 b—a VAT T /1EA
ZL COFFORE 72T T — 2 REXIAE N ET. #HIAR nfdynm.data OFHEZLINICEER L ET, 7ok, =
DT 7 A B TR S D BALRIT T TR AR T

#
# a_vector = 9.2863024980 0.0000000000 0.0000000000
# b vector = -4.6431512490 8.0421738710 0.0000000000 (a)
# c_vector = 0.0000000000 0.0000000000 10.2158587136
# ntyp = 2 natm = 9 (b)
# (natm->type) 1 1 1 1 1 1 2 2 2 (c)
# (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 (f)
2 6.693102525 2.152889944 4.620258315 0.006945 -0.001028 -0.004994
3 4.075293851 4.719951845 8.025544553 -0.002872 0.00639%94 -0.004796
4 -1.482093879 6.872841789 5.595600399 -0.004362 0.005502 0.004993
5 -0.567857398 3.322222026 9.000886637 -0.002792 -0.006296 0.004965
6 2.049951276 5.889283925 2.190314161 0.006974 0.000708 0.004795
7 4.921740324 0.000000000 3.405282833 0.001436 0.000122 0.000068
8 -2.460870162 4.262352150 6.810569070 -0.000612 0.001305 -0.000066
9 2.182281087 3.779821719 10.215855308 -0.000660 -0.001143 0.000001
cps and forc at (iter ion, iter total = 2 40 )
1 3.156999743 1.163767576 1.210005993 -0.002904 -0.005755 -0.003892
2 6.700048015 2.151861938 4.615264365 0.006567 0.000186 -0.003832
3 4.072421499 4.726345880 8.020748072 -0.003503 0.005487 -0.003829
4 -1.486455954 6.878343743 5.600593135 -0.003122 0.005780 0.003831
5 -0.570648922 3.315925959 9.005851266 -0.003532 -0.005392 0.003892
6 2.056925355 5.889992076 2.195109289 0.006503 -0.000290 0.003828
7 4.923176344 0.000121757 3.405351146 0.000397 -0.000013 0.000018
8 -2.461482612 4.263656762 6.810503226 -0.000210 0.000337 -0.000017
9 2.181621403 3.778679157 10.215856638 -0.000197 -0.000341 0.000000

(a) TR RV EDILTUVET, a_vector, b_vector, ¢_vector (2L E L a Bill, b #il, ¢ #iO~7 FLin
PR SITVET,

(b) ntyp DORINHEHA SN CO DR RO LR SN TWET, ZofITiE2 T, 7, natm= @

ZIHRTFHDELCOET, ZofITIE9 T,

© (nabometype) DI, BT LR TREDO~ v L IREPNTCOET, ZofI728, 1 FEHMS 6 FH
DOIFRFOIRTFRIT L, 7 FHENO 9 FRHORFRIL2 L) RIS LET,

(d) (speciesname) O#%IZIE, JFFFEL ID O~ v B ZRENNTWET, ZOFITIE, 1 &) 5
O(F), 2 LW )R SIEER) TN TS, L) Zidkh £,

(e) BAT T TOERPTLRENTOET, ZOBITIE, A A OFEHRES 1 8], SCF OFHaE 24
720 F9,

® FRROJ - DT & Z DA T D IPFER SN TOET, 1 FHOFIIF O ID, 2 FHMS 4
B OYNDEA- DGO x,y,z R, 5 FHD 6 & BOVIBF @< 1D xyz FHEE RV ET,
L, AJI17 7AW printlevel 7 1 7 O velocity %% 2 1TERE L CWEEE, 7 HED 9
& HOFNEED R A T S E TS
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253 BEMEE (BRIEE T 7 4 )L nfchr.cube)

7 7 A )L nfchr.cube (F 7713 file_names.data 7 7 4 /UZEBWTF_ CHR (k> THRESNS 7 7 1 V) 1213,
Gaussian CUBE JEXO&EREE A1 S E T,

PHASE Viewer <°, Gaussian CUBE T AIHRAKIZKS L CW B RIIE Y 7 b o =7 2RI LT, JR7Ai,
EAEEZ AL L T2,

254 KREFE (KREFEE T 7 1 L dos.data)

7 74V dos.data (F7-1Z file_names.data 7 7 A /UZEBWT F DOS (2L > THRESNAS 7 7 A /L) 121,
REEEEESH I SN ET,

WL D 7T 7 Z AR A IZIE R D K 512 —L dos.pl %34T L £ 7, "phase0_2020.01/bin/" 1%, PHASE
MBA AR EZINTNDT 4 L7 UTY, Y—bdosplid, Perl 27 U7 N C9, FUTHE, REEEED ST
7O EPS D%~ 7 A /L density_of_states.eps 2MERKSAVET,

o

../../phase0 2020.01/tools/bin/dos.pl dos.data —erange=-15,10 -with fermi -color |

dos.data WREEEEDH 17 7 A )L
-erange FRT AT F—OEHZETE L £, -15,10 13-15eV 725 10eV OFiHZFEE L TV ET,
-with_fermi Tz IR —EFRLET,
-color BT —HHETVET,
3
25) I

DOS (states/eV)
P
T

05| SN \ /

L L L
-15 -10 5 0 5 10
Enerqy (eV)

22 JRBEE "IHRLB] (Si 51 vEY MEEDV MG
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255/ 2 FiEE (EHIET—4 7 7 1 )L nfenergy.data)

7 7 A )V nfenergy.data (£ 721 file_names.data 7 7 - /LB T F_ENERG (2L > THRESND 7 71 L)
2, o7V o kISR DEETESAH D SET,

Ny FEED 75 7 AR H1TiE, RO K 912 —)L band.pl #F4TL £, “phase0_2020.01/bin/’1%.
PHASE 231 VA b=/ &N TNWDT 4 L7 MU TY, Y—/bdosplid, Perl 27 U7 NC¥, 74, IRIEE
FED 75 7 D EPS JERX D% 7 7 A /L band_structure.eps 2MERK SV E T,

% ../../phase0 2020.01/tools/bin/band.pl nfenergy.data bandkpt.in -erange=-15,10 -w
ith fermi -color

nfenergy.data V27V 7 ksIZBIT HEAEOHT7 7 A v
bandkpt.in PN T kRICET AT A

-erange FRT DR —OFEHZETE L £, -15,10 13-15eV 725 10eV OFiPHZFEE L TV ET,
-with_fermi TV I TR —E IR LET,
-color K17 —HHEITNET,

10
S ~
/ \ /
/ \ \\\ /
5 [ \ \ B
L\ N
> /\\ \\
L \ \
0 ; -
3 ~ /
B [
@ / \ ™~
c / \ ~
T} / \\ ]
S / \ E
/ \
|/ B
-10 | N \ B
-15
W L T X W K

2-3 N\ MiEE WIHYEB] (S F A TEL PEED/ N M)
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3 ANNTGA—=R T 74 )L : nfinp.data (E¥HERR)

BLANNG A= T7A4ILORHKF_INP T 74)L)

ANJPRT A—=577 A L nfinpdata (%, EDXI72ET /L (REERE) (SkL, ED XD 7edfhTiET
DINE VD TEREFLRT 57 7 A /L TT,

T 74NV DT 7 A )VAiEnfinp.data TI3, file_names.data (28T, F_INP F—7U— R&{fi>THHIZ
AHTETRECE ET, FlzIE, FHET 2RICERHE LI2ART2 D15 2 & B ARETT,

311/ A—FRERRK

ZOT7AME, Z 74 EHEIMTHEEN T 7y 7 OFERE CRUR LE T, R/ 37 A—Z ORGED.
Z IR -TRY, HF VIS, MfEE, FHRAEE, SHROGIEZ Eoffmzei ALEd, LIS, AR
T A =27 7 A NVORLETIEARICHA L £7,

BEDH DA T—HTF L HT—o0 [Tuv 7| NIGERLET, 7uv 2L, 7avr4ai. ) EnorEX
TSR LET, 728 2L, IFO X 12720 9, HARMIZHE T A—X L, ¥ V=D TIRE L £
T, 7272 L, RTA—F T EIREANER Y £, KRR ST A— X OIREFEOBAE R 720,

Upper block{
Lower block{

tag keyword = value
}
}

ATVNT A—=5T 7 A JVONERK » BR8N T, LT ORICEE S IZE0Y,

® [FIUBEIZRICARIOT vy 7 itk 5 Z SIX TEERA,

® Ty IHDORILT - INLTFEXBITHI EITH Y FHAL

® Ty I ANREEES TWAIEAITIE, TOT 1y 7 BENTER SN TN ED E LR ENET EERSh
F9), TOHEIL. T 740 MEPBHEINET, =7 —RX vb—UIdFERENETA,

® I, UUTTRUIAIEN I ~() TRUILZ L TEXET,
® SUFHOEEICZE A LT A S DI VEES, A 2 EE I ASGC ) CHEAET,
® EACHIHMEA LN TEENY,

IO T Ty 713, PIFOLO0RH ) £,

control 7'& w7 AR E RSO E

accracy 7 17 FHERERE O E

structure 7’11 > JRFAEE DR E

wavefunction_solver 7’2 v 7 KBRS NV S—DFRTE

charge mixing 7'&2 v 7 AR EEIRATEDRE
structure_evolution 7' v 7 Mg b, 53 TE AL R ORE
postproccesing 7 & v 7 FRABRDFE

printlevel 7' & > 7 = 7 ) ORRE
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3.1.2 BHIDIETE

PHASE DAN7 7 A VDT 7 /b S ORMIIEFHRACIA, BAE e 2 2 L balie T, £
3.1 DML EFIT 2 Z ENTEET (G 7 4L hOBMIIRTTERRSNLTOETD),

3% 3.1 PHASE THIFFRE/RBT

kX bohr, angstrom, nm
TARILF— hartree, eV, rydberg
ST au_time, fs, ps, ns, s, sec, min, hour, day
T bohr/au_time, bohr/fs, angstrom/fs, angstrom/au_time, nm/fs, nm/au_time
Va; hartree/bohr, hartree/angstrom, hartree/nm, eV/angstrom, eV/bohr, evinm,
rydberg/bohr, rydberg/angstrom, rydbergmm
=7 hartree/bohr3, hartree/angstrom3, hartree/nm3, eV/angstrom3, eV/bohr3,
eVmm3, rydberg/angstrom3, rydberg/bohr3, rydberg/mma3,
gy au_mass, atomic_mass,

BN, SN OT — X\ TESHEET D HIEET TR, 7Tay 7 BT 74V Mi&EfRET HZ L H T
F4, Ty 7 BALTT 7 4V FOBNERREET AL, RO X HISEIR L ET,

block{
#units angstrom

}

ZOBITIE, block OREDHALOT 7 4V MR ABNAZ/e Y £F, #EdEET 256 (B, =x1¥—72L)
ZEH T > THRE L TS 7EEVY,

313342k

VETINTIICEDATIE, A MWL D £,

block{

! comment

! tag keyword = valuel AL b
// tag keyword = value?2 I A

tag keyword = value3

}

72770, e, \OHLIHNGES AT T AL B EIFARENRNDTEE L TLEEN,

314 TIEEHEFERAVEREEE (/\—2 32 2020.01 LIFE)

N— = 2202001 IR, IR AMOWTIBAIRET 2 2N T LI £ L, ZOREELTEH
THILIZEST, & 213033333, & 13 L322 LN TEET, + -/, % (b LIUXDDOWT
DILFHNEEL L9 R BliE Ml LI aicenehe LR, sI&%E, BE, SR E2ITWET, 2720, + -
X FREOFI D 0 E77,

® EEARHY L ITOHATHE X0

® e d ZETHEHRE(: & 20T 1e3, 1d+DIITRIFTE 20

Fio, —OOFEHFEE O “HERE AT 5 Z LIETEERAL
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315 AHINSA—E2 T 74 U5

Si ZA Y Bt @ J5F) OBFREHRZT 5 58 ORI LR 250l LIEA 7 7 A BT,

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
1
}
initial wavefunctions = atomic orbitals
initial charge density = atomic_charge density
scf convergence{
delta total energy = le-10
succession = 3
}
force convergence{
max force = 0.001 hartree/bohr
}
}

structure{
element list{
ftag element atomicnumber
Si 14
}
unit cell{
#units angstrom
a vector = 0 2.732299538 2.732299538
b vector = 2.732299538 0 2.732299538
c vector 2.732299538 2.732299538 0
}
unit cell type = bravais
atom list{
atoms {
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 0
Si  -0.125 -0.125 -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
rmm3 -1 on 1 on
}
rmm/{
edelta change to rmm=5e-5
}
}

charge mixing{
mixing methods{
#tag no method rmxs rmxe istr prec nbmix
1 pulay 0.40 0.40 3 on 15
}
}

Postprocessing{

dos{
sw_dos = ON
deltakE = 1l.e-4 hartree

}

charge({
sw_charge rspace = ON
filetype = cube !{cube|density only}
title = "This is a title line for the bulk Si"
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32 ANNSA—R T 7 A )L nfinp.data DB Y (F—T—K) O—&

ANIIRT A—=H T 7 AL nfinp.data DX 7 (F—U—FK) O—&%, £ 32\ T-LFET,

# 32 AJ1/%5 A—& 774 )\ nfinp.data DF 7 (F—T—R) O—&

w7 a s

2,3 Tuvy

27 (F—=U—F)

i

control

SRR R E T e > 7

condition

preparation, -2 : ASEEEDOLRIR, ciFREEED
ARk ROAERETTKT LET,

automatic, -1 : #EEATRE CHIUL, FHENKGHC
0 ET, T TRIIUL FHEBIAICRY £
T

initial, 0 : FH5HBHAA

continuation, 1 : FEAKGE

CLTFD 2 i ekeal 1 & DEHFECER)
fixed_charge, 2 : &z [EHE L CitE
fixed_charge_continuation, 3 : [EEEm+715
7 7 #/V Ml automatic T,

cpumax

CPU WD EBR (7741 k : 86400 sec)
HAAZ : {sec, min, hour, day}

max_iteration
max_total_scf iter
ation

WSCFEHL (A & L—3 =) OFIRRME
(7 #/L k : 10000)

max_mdstep

& MD FHREOHIME (7 4L NI HEHBR)

max_scf iteration

1MD =7~ 7D SCF [F D #IFME
(F 7 4 /v MTEEHIR)

nfstopcheck

7 7 A )L nfstop.data (ZEHIEET, WL
HAZIET D ARE T RIE (77 4V R i 1)

sw_ekzaj

phase T, ekcal DAJ] & 722 DUERH T 7 A
Vv F_ZAJ ~DH %175 L& ON IZ7 %,
EKCAL TZD7 7 A NVaiikiiel 2 H ON
25, 72720, THOHETLIMERTEE
A

7 7 #/V Ml OFF TT,

accuracy

FIRASEE ORI 7 2 > 7 50

cutoff wf

KB DO N v b AT TR F—

cutoff cd

EATEIEDT » MAT TR F—

num_bands

AV

ksampling

method

k SOV T Tk,

monk : Monkhorst-Pack 2,
mesh : A v a4 LET,
file : 7 7 A VDB AT

direct_in : [EHECER

gamma : SO

7 7 %V ;X Monkhorst-Pack 2%

mesh

A2 DAYERL

nx, ny, nz

XY,z SR~ D5yEEL
F7 )V Mii= (4,4,4), FMiE=(20,20,20)
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kshift

Monkhorst-Pack £ COHREN/2HZ T

k1, k2, k3

Ay aOTOFEE (ANEIZ0.0,0.5] O
)

F7 4L Ml

hexgonal ®E : k1=k2=0,k3=0.5
FNLISDOHA + k1=k2=k3=0.5
772105 134 v ¥ = OB DEE S
.3—

kpoints

k ROELDS

kx ky kz denom
weight

k= (kx/denom, ky/denom, kz/denom)
k SOFEEEL, ZOEADT

smearing

k SH 7Y > F D smearing

method

parabolic : Parabolic % (77 #4/V 1)

cold : Cold smearing 7A(& % CH%)
tetrahedron : Tetrahedron £
improved_tetrahedron : ¢ E tetrahedron %
tetrahedron F7-i%improved_tetrahedron &
L7cexlld k oYV T A yia
JEZ LRITAUTR 0 FH- A,

width

smearing & (77 4/ MHE : 0.001 hartree)
method = parabolic & cold DR ZfEH

(Z77:10)

xctype

AEHAARI =L F—(LDA, GGA)
LDA : LDAPWOI1, PZ
GGA : GGAPBE, REVPBE

scf_convergence

H SRS S OPURCHIE

delta_total_energy

JFF-d7 0 DA RV X —OFEHEAED R
AE
(7 4/ M : 107° hartree)

succession

RAZEDSAE A ZAATlmhdte L CUL F - 72 RS
AR S0 RET DM
(F7 4L Ml : 2)

force_convergence

DI OUHHIE

max_force

PIFAB < T OFKIEN ZOfEL V/h&< 7
FUTFHE 24 1E
(7 #/V ME : 0.001 hartree/bohr)

ek_convergence

FEATEOIHHIE, ekeal 12X 5 FHREH O
Bl

num_extra_bands

R T HNEDRVBIND AR RO
(F7 4V M : 2)

num_max_iteratio
n

k SN 7- ) O KO FHEEL
(7 4L MH : 300)

sw_eval_eig diff

EATERHIAAA T
{1,on,yes} : #HliHY (T 74/ H)
10, off, no | : FHf72 L

delta_eigenvalue

EAEOFRRR A
(7 #/V MH : 1075 hartree)

suceession

FHROME K LIEN (77 4V M : 2)

(Z77:10)

initial wavefunctio
ns

IENBEEL DA i

EERIE ¢ {frandom_numbers, matrix_diagon
,atomic_orbitals, file}
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random_numbers:ELEC THIH L
matrix_diagony/ M THI%I AL CHINE
atomic_orbitals:F-7#uE CHIHHE
file:”7 7 A )V F_ZAJ 7> N 7)

matrix_diagon

ENEEROYIINEZ /M TSR AE T 2 %

cutoff_wf WEES DT~ "4
(Z7721)
initial_charge_dens | B OFHE
ity R : {Gauss, atomic_charge_density, file}
Gauss: U A MO ERE Y TYITE
atomic_charge_density: JFl{- D& 1K E D E
el
ey ey
file:”7 7 A /L F_CHGT 75 A0)
precalculation
nel Ylm FOFE L TAE Y — FIREF L TR < Bkl
FIBSE DR (77 4V ML 9)
structure &R EM 7 1 > 7355
unit_cell_type HNTAORL, J8RE : {primitive, Bravais }
unit_cell unit cell BAZAOFEE, LU RO ImD 5k
ThHZ25
a_vector BREA-T FILD (x,y,2) Y
b_vector F7 /1 SO Bohr
c_vector
a,b,c WFiEH a,b,c
alpha, bciil, c-afil, ab 7T S
o (FEEDT 7 4 )L NI degree)
gamma
symmetry
method ER 7 imanual, automatic}
automatic Z RT3 5 & BEIIIT IR 2 R
ELET,
crystal_structure SN
{diamond, hexagonal, fcc, bee, simple cubic)
tspace Wi (2=t~ 1 77 5 TSPACE) (G

7 3L, ABCAP O~=aT7 55K

lattice_system

{rhombohedral,trigonal,r,t,-1}
thexagonal,h,0}, {primitive,simple,p,s,1}
{facecentered,f 2}, {bodycentered,b,3}

{bottomcentered,basecentered,onefacecentere
d,bot,ba,0,4}

num_generators HERTTOE( ~ 3DHE)
generators Rt
af_generator WEPEZE IO A RlOoT

&3 #77:U)

Sw_linversion

FCmse Bt DA 1

G2 #77%10)

magnetic_state

AJME . {para, antiferro, ferrof 75
antiferro |3 af &4MEE ]

atom_list JRFAERK
coordinate_system | UL : {cartesian, internal}
atoms
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IX, T, IZ JEEREE

element T4

mobile BIE s
AJVEIHL0}, {on,offf, {yes;nof @ ENTHA]

weight HADT
weight = 2 % sw_inversion = on DFRFOHE
%h
ZOLE, SUSHFRONEIC bR & AR

element list

element Jt#4 (atoms @ element D AJIHE & —E &+
%)

atomic_number R

mass B

zeta A0 (= (ny—ny)/(ny +ny)

deviation WL 2 7 AR ORI CH 2 5 & & DFH
¥ ABHE DR,
p(r) =Aexp (—1%/20%) IZBITDHRFDE
THEEFARDIEI Y Zfb D /3T A—H g,
2 724121% dev X° standard_deviation HfiE
i

wavefunction_so | solver WEBSE > x— GELL 1T 3.6 & 3.8 &5
Ivers

sol Vs R—DFEE
MatrixDiagon : 1751k ik
Im+MSD : Im(—%IefEE+ MSDEKEAR2
[ SR
RMMZ2P, RMM3 : RMM {%
MSD : &gk Pk
pdavidson: 43| Davidson £
pkosugi: 77| Kosugi £

till_n fAEIDFHE T, sol THE ST KEIRS D
ST AT D0 EFEE

dts FHRBHAARFORFIZI 28

dte itr THIE SV RO OBHIZ 31T 5 RFHIZ 2
&, dts OIEDOHIANT] SITGEITIE dte 1Z
b [A A A 3w

itr IRFHIAN AR A 22 b S DR DR E

var MO, B : linear, tanh}

prec AER DA, 3R : {on,off}

cmix AR ETEORREMZEL, charge_mixing % 7
® mixing_methods THEIIN TS, K Hik
[CHID IR DN F S 2> THRET 5,

submat on M & = subspace_rotation DIFEIZHEST

subspace rotation %179, R : fon,off}

line_ minimization

—URoTHRERIZ BAGR L 7= il

dt_lower_critical
dt_upper_critical

—WRITCRER 2 33 772 D FDORFZ D TR & E
53
(7 /v MEIZZEh, 0.005 & 2.0)

delta_lmdenom

rmm

B/ MEik

ImGSrmm

RMM 7% CTHE#H LB I % L T,
Gram—Schmidt DEAALIEA T 248
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(T 7 4V M, #HRIZE 70 imGSrmm = 1)

rr_Critical_Value

XY NFEOPCAESRM, R OED /
VIS Z T CHRE SWELL R etud, £ o
AN SN TS AN

edelta_change_to_r
mm

RS Y v s—% RMM {EICE X 5 & &
D, BETRVFNHHESRML, 22 THRET
HEE D BT AN —DIFNENE &1L, %
DRED Y NS—FAGE T THED . T 7 4/ Ml
le-3/matm hartree ; Z Z C natm |35 14K

subspace_rotation

subspace *IA{IZBET % il

subspace_matrix_s
1ze

F 74N RO ANNEIZANY ROK
(num_bands)

num_bands XV b RERENSANTISHIGE
121, 58HIAIC num_bands DfEZE AJMEIZER
e,

damping factor FERMATER DX B 717, (0.0, 1.0] OFiHH
SO AT SIVIEITIE, AT Z 5
12 1.0 1ZREE,

period solver % 7' submat 73 ON | 272> TV DA,

period (Z 1 [B] subspace_rotation 21TV E T,
il 21X period=3 D & X iteration@) D 9 b,
i=1,4,7,10,...7° subspace rotation %17 9 %I
R0 ET, T 740 ME L,

critical ratio

FEXHAEDOEROMQ HEFEHT-V) & XHAHED
EROMA BERZHT-V)DOEBR V-T2 A
critical_ratio & /N < Zp o7 RISk LT,
Z LIt subspace rotation 21TV EH A,

7 7 /v MEIF10715,

charge_mixing

ERATE GELLIZ3.7 L 38 2B0R)

mixing methods AT DIRETE,
method EERI - { simple, broyden2, pulay }
7 7 #/V MZ pulay
rmxs FHRBAAIRF O B A IR D ES
7 7 4/V MElE 04
rmxe itr [BIO B OMZIZ B 2 A DA,
7 7 /b MElX 0.4, rmxs DEOAHNPAT]E
NIEEITIE, rmxe (26 [R] U w6,
itr T DOIRA Hmx) 229 bS5 [RHL
var rmx 2L EE 50 E  {linear, tanh}
prec AEROAEE, &I : {on, off
istr method 7% simple USADEEIZ, istr [BIOH
gz, 88 LT E CEMEIRED
nbmix T A TR S EMBET — X O EfaE
update nbmix [A53 FHE S LTV 5 B B ORLS | %

i\ P2 RO MR DFIRGE,

T - {anew, renew}

anew [IZIE CTOT —4 22 THA LTI
\ZBHAR,

renew [T b E\WT — X B EREOT—X & A
Lz %,

charge_preconditi
oning
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amix AT S a
bmix ATALERZEEL b
structure_evolut SRR 7 v » 7 5851
ion
method EEIRAY : {sd, quench, gdiis, bfgs, cg, cg2, fire,
velocity_verlet, temperature_control}
dt IR 225
stress A AR
SW_stress A MU AGHEOATE, SR : {on,off }
gdiis (GDIIS B L O'BFGS &R 285604 7)
initial_method GDIIS (BFGS) ~#AT9 2RI % it
7T X, 3R { quench, cg, sd }7 7
4/ MElX cg
gdiis_box_size I TIHRET A 4 LRy DT — H
% gdiis(bfgs) HES N ZE 2 %
gdiis_hownew gdiis_box_size TIEE L7z[BHLIy DA 7 2 JFEFE
DT —H FEF ZAF o 7o RO AR E DRI
A ¢ {anew, renew}
c_forc2gdiis GDIIS (BFGS) ~Dulikz O¥HESAE
77 )V MiiX 0.05 (hartree/bohr)
postprocessing
dos KRR EEDH )
sw_dos WREEE ) O, UK : {on,off }
method ERY : { tetrahedral, Gaussian }
deltaE_dos AEE ) DAL —FEE
variance mehtod 7% Gaussian DEEDH 7 AR DSy
i
nwd_dos window_ | HBEFO= 2L X—IEAE 2T TIEE :
width AE = nwd_window width X deltaE_dos
charge A O
sw_charge rspace | EHHAIOAHE, FIRAL : {on,off }
filetype B )7 7 A VO
EAT : { cube, density_only }
title B OH 7 7 ANVDORHL
filetype = cube DIFDOLFZ)
printoutlevel FEEH I~ H ) L~ L Dl
0: AL
1: fHilE
2 7\ THONEHRA )
base DB ATMEDFEE SAVTVZRVERE, 2
DOAEDT 7 4V K
pulay Pulay EiRETE
timing IRF[E R E T
solver i IRREARE
evdff =R —E
rmm By Mk
snl FERTART ¥ v
odiis GDIIS
eigenvalue A
spg ZefiIiE
kp k i
matdiagon 1THIxHa 1L
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vlhxeq T—JVIRT VL

totalcharge R

submat Bl RES

strcfetr SR

parallel AFFU DT O DORIILEROFER D H il
input_file AS17 740 F INP OO N

parallel_debug

1 ICRET D LErE /) — NSO 7 1 & 27
5t outputOOx_xxx LV 727 7 A /WZHIS
179,

jobstatus

FHEOMEITIRILZ jobstatus00x (ZHI)

jobstatus_option

I 7 A VD T TIE

jobstatus_format

tag, tag line, table 2%&RA[RE, BEEEIT tag
ISEP

jobstatus_series

ON 723 OFF
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3.3 £ABEFESMELE (Control)

FHRZIICONSIATT 20N MG HRZET 2070y, Sk ENL BV ORRRIR AT 207, 72&, &t
BAKICBED L RIORIEZ control 71y 7 TITWET, 72L& xiE, BITORITGDELE T,

control{
condition = initial
cpumax = 1 day
max iteration = 1000000
}

control 7' 1w ZIZRBWTIE, IROEEERRET DI LN TEET,

condition WG DSR2 EOFFETT, "itial" &35 L FEITAEO M DITON,
"continuation" &35 &, JWEIBHEL, FEAHEELAR E DOFRAER A 5| Sk Tk
FHEDMThE T, £z, "automatic" &35 SRRV EREE O T 7 AL (2
NHIL, BIDOY a TIRNEFE T LTEAIIEB RN SND) DM ET H5A1X
"continuation", F(E L 72V A X initial" & FRE L7-D LR CEIEEZ L £,
"preparation" ZIEET D &, BIER (BEAESIOREZ SOFHME, kS4AKRE) O
FHATNET, T 74/ MEIT automatic" T,
ENZ, R LT-) B 2 atdaA i C, ZNEEE LT F FIRERS O 4%
WRHEHDL (N ROoBEZFET 25670 E) 21X, "fixed_charge",
"fixed_charge_continuation", "fixed_charge_automatic"®\ >IN ERELET, <
IWEN, B ORIET 22y, Mkt RS 570y, BEHIET 200 E T,
Z L5 nitial", "continuation”, "automatic", "preparation", "fixed charge" ,
"fixed_charge_continuation”, "fixed_charge automatic"l%, =1 Fh, O, 1,
-1, 2, 2, 3, 3TRATHZLBTEES,

cpumax PHASE FHREZ T3 DR 2, SEHHN, O THRELEY, 2 THEEL
TR ZEZ D &, PORIZEL W T, Mmoo 7 7 A Ve ERH &R,
FEEMEIELET, T 740 ML 86400s 1 A) TF, HANIMETT, iz HH
A, "sec", "s" (ZAUT"sec"E[FIL), "min", "hour", }LOVday" T, MkkintE
(2D REMED O D EITIE, ¥ a T ORERTH LV /N SZfEIZRRE LTI < O
FWTL XY WzIL, ¥ a 7ORIBRMED 6 KT, [UHREOIRREEEGHF 2 & D%
RS2 U, 5.8 hour FREEICRRET D).,

max_iteration SCF #HROMRA # L— 3 VBORKNEZEE L £9, SCF fHREORA X L— 3

max_total_scf iteration A= 2 CHEE L7IEUCET 5 EikREHE O 7 7 A Ve ERHI S, FHEDME
IELES, 774/ MiEiZ 10000 TS

max_scf_iteration REEEAIRH R0 TR FEERICIT 5% MD A7 7N TOE FRAED B L

(SCF A ¥ L—y a3 80 ORKNEZEELET, FliE, MEERRTRORIIC

WEEDANELIET, BRI DNCHESI AN E THEBIZ RS K 97K
E72EPED SCF A # L—a USRI D Z L bV £7, £0O%A1ClE, SCF
AR Z BT TH BT, HEFHE L TRV LERFEHEEIZTR L THh5H, RO
SCF 3R ATTOIHIPAFNZD £, LinL, HEV/NIZfE (1 OFEE) 1Z8%
ETDHE, FHINDNOBENKREL Y, HICREH LT ERHHDT
EEALETT, IEMERIORRENEELAIIIER Lan T 7230y,

34 FTEFEEDIEE (Accuracy)
341Dy M AT IRILF—

B b AT LR R EEE 2 L3RI B O CIEEHE OS2 BT A—2—TF,
By "ATZFNXT—ILUTFOLHIIFRE L E T,

accuracy{
cutoff wf = 25 Rydberg

65




cutoff cd = 225 Rydberg
}

cutoff wf WEBIE D v P AT 2R X —% TRV —DHEN CTIREL 7,
cutoff cd EBBEDT » M7 2R —% T F—OHEN THRE LT,

Ty NAT TR IF D TS EEDMG DIV DIEZ FANCIZE T2 2 B T9723, LA L 9 7efaét b f

AT,

® cutoff wf (XI5 K< 25 rydberg

® cutoff cd L, /NVARIFAIDERT v VO&HZEFIA L TV AE5EIE cutoff wf D 444, VTV 7k
WEART o VERIHA L TOD5ETE 9%, 73— 3 2 2020.01 LIRRIEZ O KL 5 72fl5037 7 4 /b MELZ 72
DNEL,

342/ 2 R
NV REUE, LA X 912 accuracy 7' 2 v 7 O FO num_bands BRI > THREL T,

accuracy{
num bands = 12

}

num_bands VAV iy

il

NV R, BARBRMEE AN+ (BT, Gl R D 2 BRSO O AR L E T, RE
EAMIEE EONNTE LW EAIZIE, BEIWICRESERC SN E T, F-IOMERT L CWOZRWEAITE
HERN N REDSRE SIVETS,

343Kk EYUTY UG ERAT) VY

3.4.3.1 HARDRIE

Ty AT XX —LERRIE, k BV 7 U BEVRDEFMEARD D I NT A—2—TF, k mth
7V 7%, accuracy 71w 7 D FIZ ksampling 7' v 7 ZAERE L, ksampling 7' v 7 O FCRRIEETTVVE
T, T2 2T FRED X D72 F9,

accuracy{
ksampling{
method = monk
mesh {
nx=4
ny=4
nz=4
}
}
}

ksampling 7w v 7 ClX, TR0/ T 0y 7 ZERTHIENTEET,

method k 5iY 7Y T D FEEEOE T, monk, mesh, file, gamma, directin DVNTINTT,
monk & Monkhorst-Pack {5Z L5007 ) 7T, @EHER SN HFIETHY ., T 7+
JV METY, mesh [T/ 2 > o 2 CHZERIAZAFIL £, WmRAIEIC X EREEL
AR T 28 OB O AIT O LI I NERRE L E T, file 137 7 A VDt
FRAIET, 7N Ry 2D T2 DI ZIN > T L Dk SEAITTDVEN S 5
A7 VI HOFHBEIZBWOTRKED k i BETIXLERS D557 SICHALET,
gamma ZHEET D ETHDOHEY TV 7 LET, FEORE RN~ TN, T
DB THISIFEEIMNMEON DAL, ZHARE L X1, directin IXEHE k SO/
(M ) e E LET, WInoFEThH, o7 o7k SIS E T
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T, RIS RT U GRESIVCWZRTAUT), THEOREIRSEN B 55HE

L, ZORORFEEFIH LT k S0 HDIZHAT SEFREESERICFE TSINET (4

WwOLEY, ZNEHHIT S, DF VMO k A& UEEEAZETT 2 FELH Y 7)),
mesh RO EE A TRE LET, LFOEEDFHTEET,

nx 1&HDOWHEA7 M OSERETRTE L ET,

ny 2%&HDHWHETXT MOSERERELET,

nz 3 FEHDWKEAXT M OZERERRELET,

AAT VT, 7oV IHHEORIER TR0 BMETT, ZhuT ko T, T e v IR CRiEE
Fro@BRICBWT B0k s CRVIEE CHEN TE D LRI GENDH Y ET, AXT VT, L
T X 91T accuracy 71 7 D FD smearing 7 1 v ZIZBWTHRELET,

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

smearing 7 1 v 7 TIILLFOEEEFIHT 2 Z LR TEET,

method ARAT VT OJEEFRE L E T, parabolic, tetrahedron, cold, improved_tetrahedron
DOWTINNEFRE L E T, @EFIHT 5D parabolic T, AV ARMIZE>T7 /13
UENFHIT 21F°) L F 7, tetrahedron & improved._tetrahedron [ ZPUEIAE T, F=120M
HATEIZ K DIREE A 21T O AR L E T, cold 1% Cold A ATV 7 C, &g
WZBWTARIE SIVTWAHETT,

width ARAT Y 7 Dl TR NF—DBACTHRE LE T, 7 7 4/ Ml 0.001 hartree T,
Z DX 7L parabolic D & I THZNTT, tetrahedron DA, “fMEBEL T\b & R7eZi
DU DT RN F—EORBE” 12720 7,

3.4.32 /3— = 2 2020.01 LIBEDRIE

(1) kmHr 7V o7k “GE THRETLHE (03— a1 2020.01 L)

N—T5 2202001 £V, kYUY TR R v aiTiEe BE CIRET DI ENTEDLLHITRY
FL, UFOXIITRELET,

accuracyt
ksampling?
density = 4 bohr
h
J

density (TR S OB TIRE L E9, mesh 71 v 7 2B B A v v aDIFENHIUIZE L LML SNET, 7
7 4V MiElZ 4bohr TH Y, ZIULSIFESEDOBANTAXAXA DA v aZETHZ LIS LET, Z0F
7 4V METRIEZ2WOTHIUE, ksampling 711 v 7 #37 EA< 2 & HARETT,

(2) KRY TV THREDT 7 /v FORDENOET (X— 3 1 2020.01 LUKF)
Z M FE TIX ksampling @ method DT 7 4 /L MEIXHIZ monk TL7223%, 73— =32 2020.01 LI smearing
7117 @ method 7 tetrahedral D¥FEITREY T 7 4/ MEZS mesh L7225 X HICEFENFE L, Zhud,
AAT Vo TFEE LT tetrahedral {EA2FIHT 254 k i 7'V o 7 FED mesh Th o 2 & RLEE72 7280
TY, ZOHEREEDT-8, lsmearing ® method 73 tetrahedral ¢ ksampling @ method & L T mesh Z
FNZHRE L Qe ELIRID/ S— 3 o &Sl R 72 B 72 IR B E T,

3.4.4 THEAER T R ILF—
AHFERE =L —(%, LDA & GGA @ 2 FE)3% 1V £97, LDA 1% LDAPW91, PZ. GGA 1% GGAPBE, RPBE,

REVPBE 73 T& £,
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accuracy{
xctype = ggapbe
}

xctype ZHHERI =L F—(LDA, GGA)
LDA : LDAPWO91, PZ
GGA : GGAPBE, RPBE, REVPBE

3.4.5 UNEHIE
INHRHIEY, BRREHE O HCHE & i LR DR @ < OIRHIED 2 FEEN H Y 9, LLFD
IoldEELET,

accuracy{
scf convergence{
delta total energy = 1.0E-8 Hartree
succession = 3
}
force convergence{
max force = 2.0E-4 Hartree/Bohr
}
}

IHCHIEICBED D 7 e » 7 1R BIILL R o@ v ¢,

scf_convergence SCF HEDINHHIEEIRET D7 1 v 7 TY,

delta_total_energy AT HR/NLF—DEDBHELZ =RV —DBEN THRELET, BEOET LT —L 1 AT
 TRIDOTRNF—DZN T ZTHRE LTEEX U &/ SWIGEIECHIE A7 LTz & 7
MEINET, T 74V ML 1e9 TT,

succession delta_total_energy % {al[EhEGE CA T TEAEANPIR LTz & RedhvadiE L £9, 2
ZCHE LI EO ke CUGCHIE 2w /- XS b EHESNET, T 7+
b MEE 2 T,

force_convergence  JFU MBI JIORKNMEICEET 2B AZ R ET H 70 v 7 T,
max_force JEAZf# < SIDRIRMEDORIE A JIOBAT TIRE L £, 7 7 4/V MElL 1e-3 T,

3.4.6 #IEREENRESN & M R A E
W BRI & AR E OREZWUNATH &, BAREHEZ DV TR S8 D Z RN TE £,
FHRERSS S L OVWIHERTE L, LT IICRETDH I ENTEET,

accuracy{
initial wavefunctions
intial charge density
matrix diagon{
cutoff wf = 5 rydberg
}
}

atomic orbitals
atomic_charge density

PR ENBEECE L OB E O EICRI b 5 7 v v 7 180T Fitdi@ v T,

initial_wavefunctions ~ #JHEAI BHRIE DX E H LA FEE L £9°, random_numbers, matrix_diagon, file,
atomic_orbitals Zi%{R9" 5 Z &N CTX £9, random_numbers | TELEUZ K 5L T
97, matrix_diagon [ THIRIHGICE > TH D FET, ZOEE, FIHIEEIESEERIRFC
DOHFNHT D7y NATZXNNX—%2HAT 52 L b TEET, ZOREHETHED
matrix_diagon 7' 2 v Z\ZEBWTITWET, file 13X, EIBHLT 7 A L bEtAuARLE
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T, T T HRRENUR LT BIRI T — 5 7 7 A Vo QOB GRIEZ 047> 3
VERREL, ptRAERDHZ ENTEXET, atomic_orbitals |E, AT T ¥ LT 7
AR EINTZRFHUET — % 26 LIk 2T wE T, 7 7 40 MET
random_numbers T9°,

initial_charge_density #IHARERIEE DR EHFIEEFRE L ET, Gauss, file, atomic_charge_density DV YT 4L
MBS 5 Z LN TEET, Gauss (TR AL E LICHMZAR T v ABEIZ K 54
UL T, file 137 7 A WD BEtAARET, T CICH DRI LT Bhi T — 4
T ANERES CODEARIIZ O T Y a VEBRL, SimAEEDL 2 LN TEET,
atomic_charge_density 3R T > v VT 7 A MG SN R OEMEEEZ
NI EI T ET, 7 7 AL MElE Gauss T3,

matrix_diagon initial_wavefunctions |Z matrix_diagon Z5E L CWAEAIZ, ZOHRHH 2 il
THIHDT Ty 7T,
cutoff_wf IR R RIS 2 > MA 7 =¥ —DEEIEELE T, 77 4L Ml

1%, BEON Y M7 TR —DHSTT,

347 hy M B FEBDELG HETEI LA SN EBBSERZEEEHAMALAZE (1\— 3> 2020.01
LARE)

initial_wavefunctions, initial_charge_density C file Z$5E7T % & 7 7 A /L) BRSSO B B 2 i AT
TEMNTEETH, 2020.01 KD/ —2 2 o ClEH » AT =1 —3 LU ERDEE LA DA
AT Z EMTEE LT, /=3 02020.01 LISRIE, By NATREIR DS ERDER D (ThbbAy v
MEIRD) GEIFEH LA v v o BIEZME L CRiaAte Z ENTEDL LRV E LI, Iy M7= xL
F—b U <VFHEFELD 70 DB BT — 2 AR T — & Z it AL A LA T O X 2 e Ea i L E T,

accuracy!
sw_read_pwbs_info =on
initial_wavefunctions = file
initial_charge_density = file
J

DX HTTBH L, nfpwbs.data 7 71 /Ufile_names.data (23 TikBl+ F_PWBS 25/ L CEERED D
W IERNGEAA I, TEERIESOB AR DM 2 L72) Dt/ A E 405 KO IZEWEL £9°, nfpwbs.data
77 A IR TRICHBIICEX S E TS, ZOEWEEZHH] LW Sl RO EEI T E T,

accuracyt
sw_write_pwbs_info = off

}

sw_read_pwbs_info D7 7 /1 Ml off, sw_write_pwbs_info D7 7 4 /v MEif on T,

3.4.8 EZERIE
PHASE (%, HRIAT v o VOBREA R TRITLETD, ThaEEMTThbEs 2 e breTd, =
DHRERFIRT 57201008, UFO LI ICRE L £ T,

accuracy{
nonlocal potential{
Sw_rspace = on
r0 factor = 1.9

}
}

e, SR L ORIDETIIR SN TOET, WZERIAIRE OBFEA O(N %) Th 2 DITR} L F22EMH]
IEIZON 272D T, REASRITIBWTUIEZERFED T AR & 720 97, 72720, WiZEfiE TG b
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HOIx L, FEZERIEITT PR LS SR U TFEE A SECTY, nonlocal_potential 7' v 7 TIELLFD
KD TR E AN Z L SATRETTY

SW_rspace FZENEAFIRT DM E I DERRELET, 7 7 4/V MalL off TYS
projector_optimization REMNEATET 5702370y = 7 Z—OfaifbaAT 5 MENRH D F

T, TOFEERELET, ZD/RT A—4—(Z prefitting Z#+5ET 5
LD FFE T, mask_function ZF5ET 5 & SUERI2] DL T Z OfiE b
1ThivEd, 7 74/ M#lX mask_function T9,

r0_factor S ni-7ay=r ¥ —| OBLSEHE, bioTay =y F—
DAFHCT D0 EFRET D9, 7 7 A4/L MElE 1.9,

[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, “Mask-function real-space implementations of nonlocal pseudopotentials”, Physical
Review B 64 201107 (2001).

35 FFIEE (Structure)

HEIFIAT 2 ETLOIEEIL structure 72 v 7D FTITWET, 72 x0E LT Xk o270 £,

structure(
unit cell type = Bravais
unit cell{
#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 -0.000000000072 0.529999999857 0.666666333333
Si 0.469999999954 0.469999999908 0.999999666667
}
}
element list{
#tag element atomicnumber mass zeta deviation
O 8 29164.9435 * *
Si 14 51196.4212 * *
}
symmetry{
method = automatic
sw_inversion = off

3511=vw ktJL
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unit_cell_type BN RIOFETE J7iEZ 7% E L CUWET, prmitive 7> bravais Z48ETH 2 N TEET, 7
7 4V MElX bravais T7, %925 X912, Bz F-ER CRRET 2RI 0%
¥ bravais &I HMENRH Y £, F72, bravais ZFEE L TV DHEA, symmetry 7
7 O RO tspace 7 1 v 7 IZBWTER TE 5 lattice_system 28U K> TR A2
HaxH2 Z EMNAHETT, lattice_system 24U 2O\ Cidd & OB HSIR L T 72 &0,

unit_cell B EfRET 571y 7 T, BT MVERRET D515 LB ERETRET D 5L
N0 ET, BHERICEK > TIRET 5 574E, unit_cell_type 73 bravais D5EDHA
HTT,

® LAY MNEFRTET DL
ZOHEEFRATAEE, X7 MV —2 2RI LT FDO X ICRER L ET

unit cell{
#units angstrom
a vector = al a2 a3
b vector = bl b2 b3
c vector = cl c2 c3

}

a_vector, b_vector, c_vector |Z > CTEIVE N alh, b, ciliz~7 NVTHELET, ZOREHEDSLS,
SOWANTT vy 7 BALTHRES D IHEOAFIATE 502 HERELTLIZE, ZOBITIE, unit_cell 70 v
7 DYEHIC#units angstrom &35 2 LIC Lo TR EOEAIE A BATICAE LTWET,

® KT EHIC K> TIRET 2L
COHEENT 256, UFOL ISR LET,

unit cell{

a = a0
b = b0
c = c0

alpha = alphal
beta = betal
gamma = gammal

}

a, b, ¢, alpha, beta, gamma &9 25 AFIHT 5 Z LIC K> TENEIUWE T ERa, b, ¢, a, B,y ZHELET, &
DHETIHET DL, BART MUTEHEBIGERACLI T O L 5 2 T =l TERSIND LIV £7,

a vector = al 0.0 0.0

b vector = bl b2 0.0
cl c2 c3

c _vector

3.5.2 [RFEEE

atom_list B DEFEDFRE/ R EXATO 70 v 7 T, LTFTOER 7 v v 7 28R
THZENTEET,
coordinate_system JR TR A VT ST VR LS TCERT AN T TV a FVREREIC &
STERTHINEREELET, internal £ 35E 777 2 a - /VEEC L -
T, cartesian &I HEINT T UEMEZ L THRELE T, T 74 B
&l internal T4,
atoms TR DI AR ET AR T — 2 25tk LE7, RENeEE
fEFLL T osi@ v T,
element TCRAERELET, EAIE, Bl element listIZBWTEFRSILT
DHVENRH Y FT,
rx xR AFEE LET,
ry YRR FRE LE T,
rz 2 EfRE L E TS
mobile Mt hom LoD FEI1FY 2 2 L—3 3 ACBWT Z O A[ @G h Y
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ZIRET DA CT, FENC L2V A on & LET, 7 7 4/L MEIT off
<7,
mobilex s Lo By 2 2 L—3 3 LBV T ZOFAFOD x, y, 2%
mobiley BN “FIEIDNEDY ZHRET DEME TS, AENC L7256 on & LE
mobilez -, F7 /L ML, mobile [THEE SHUETT,
weight “EAERELET, ZORMEIZ 2 WO EEZEXT5E, Rzl s
L7 Ss OB 2 B — i A EE L E T, 7740 MEL 1 T3, 2
w52 D556, RICKIEFEDR H Y, %R0 sw_inversion /37 A—4& —
23on E7R o TWAMERSH Y £7,

353 [RFEDIEE
element_list TCHREREIRET HT2OOREXT — 2 25tk 570 v 7T, &E
M7 EEI LA T oo v
element TCRAEEELET, EEIINETT,
atomicnumber JETESEIEE L ET, FREITRHETT,
mass HEAEELET,
zeta AV EBEL TODGED, YA U OB ERE L ET,
gex EAZBVET 2855I E LET,

BRT vy 7 7 A U3, file_namesdata 7 7 A /UIEBWTC, 77 A /LKA % —F POTM) (Z&->THRE
LET, ZITn FANNCBT LR EEDNAFICRST 285 T, =& 20, UFTOEFET O & St O
FHRENATTT 74 BN TREN TN,

structure({

element list({
#tag element atomicnumber mass zeta deviation
O 8 29164.9435 * =
Si 14 51196.4212 * *
}
}

T DR T YT 7 AAD O 25 O_ggapbe us_01.pp, Si »% Si_ggapbe_nc_01.pp, 7= > 7=%4,
file_names.data ZLL FD X 9 IZFLik LET,

&fnames

F INP='./nfinp.data’

F POT(1)='./0 ggapbe us 0l.pp’
F POT(2)='./Si ggapbe nc 0l.pp’
/

BT e VT 7 ANVORREE, SSHFRBART V2 v VORRFEDIEICHRIG L TWET, AL TV
BERT o VT 7 A NVOLZEFHBART o v VOFHRTIEIL ggapbe 72 1dapw9l DWW THNTTNR, EH 572
DOMNIT7 7 A NEPBHET HZ ENTEET, 77205, ggapbe HDH\ NI Idapw9l &9 CFFIDMEEART
XNT FANDT 7 ANVLIZEEINTNET, 7238, ggapbe & ldapw9l ZiRAESW-fHRAITH 2 LI TS
FHADTIERELS S, £, FIHTE D)7 16 fHE TTT,

B BIEIER LIZWGEORED Z 2 TITWET, qex /37 A—H|TBIM L7V VEIBR L7-WE T AR E L E
T, 72ExE UToL dfeeELE7,
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structure(

element list{
#ftag element atomicnumber mass zeta deviation gex
O 8 29164.9435 * * +1
Si 14 51196.4212 * * O

EILTWDDITEA2OT, 1085 &Efire LT 1A AIEENNETT, R LT
ITOETN, EETRARCE L S5RE T, SCF RN T it » TR0l SN A REIERITEL L
F4, BARIITRERSEO O EAEE A O D L FICARE T 1 280 L2017 =L L-UL AR £
7, F72, Ewald =X —3X 2 ORFIEM 2T HIET L 2 I RIS —RRERT M 2 BV TR L CHEE L &
7

354 RFHEDIEE (/\— 32 2020.01 L&)

X—3 32 2020.01 LIRS, structure 7' v 7 1Z81F 5 element_list OFFEIIFEME E 720 F LT, JRAECETR
TEIZHT DICEADEE OIeFE4A b L ITtBA+HHE L W ) SCFFI0EA(C, C1, 02 72 L), element_list 737
EL72< b T 7 40 NOBREDRH SN ET, qex X° zeta 72 EOFEN VI 2541 element list 2 1Erk L T
TEEWY,

35.5 REKADEROMN
R B ERACOVTIE, gqex LISMI . additional_charge (& X A5 S AfRE T, additional charge T
FRET DEEFED, EOSAIRIEEN, AOSGAEITAER (B 27N Ed, 7ok, Ewald =¥ —IZ
DAFIERZFTOHIET L DT RIS —RRER O 2B WRBIC U CGHRE L ET,

TREOBITIE, RIC -1.0 T, 7005 1 HOEFZ(HT MR ET,

5] . additional_charge fE

structure{
charged_statet
additional_charge =-1.0d0
¥

}

35.6 WS E—* > FOWIEAEDEE
JFRAFROYIIERTE—A > b i) (ZOW L, 8.5.8. JRTFEDIRETD zeta LISMIH . moment (2K 5
EHARETY, HAIR—THRA [usl T, 728, moment (IZLDFREEITH &, 70 /T ANECHENIZ
zeta MEIZEHIINLET,

TREOHITIL, Crl LN Cr2 OISR TE— A MZ, ZEi 3us XN -8us PREIINET,

il : moment |Z X AR TE— A FOFEE

structure{
element,_list {
#tag element atomicnumber moment

Crl 24 3.0
Cr2 24 -3.0
08
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3.5.7 AFMEDIETE
symmetry

method

Sw_Inversion

tspace
lattice_system

generators

35.8 [RFECE %!

ROMPMEEARET D7 0y 7 TF, MFEEFIAT 52 &2k - T, HEEE RIS
TZENTEDEENHY £, LLFOT 0w 718 AT HZ EMTE £,
RIFEFRE D FEERE L £ 9, manual & automatic 252 EATEX 9, manual %
BT 5 &, ARG EAEBEANTLZ LIk s TRFMEZRET A Z LN TE ET,
automatic #ER92% &, PHASE MWMEEDOET /NS HEHNHFEZREI L, FHEITK
MeXtHEd, 7 74/ MEIX manual T3,

RISHERIFEDFAET D561, ENEERA L GHREZR G T E ) D EHEET 255
ETT . on OFAERIFIEAFIH L ET, RSO IR A0,0,0 T, 204~
V3 ANISHESRIFRED & D R DRVEEAT O GBI TANCT D Z EPHER S N E T2, Sliskt
PEDIRNETHNT 2 LRI TRAIL, #&TT 2D TIEESZIN,

TSPACE ZFIH L CABGTA BEBFRET 572007 v v 7 T, LLFOREEITWET,
unit_cell_type 73 bravais O¥EI, “BTFORPZHE L £9, 2T facecentered,
bodycentered, basecentered, rhombohedral T4, ZOEHKEIEET D &, FETIIHTE T
FIEHENET, ZOZTNTNUNED L I K F AT DOV TITE S 2B LT
&V, ZOEBEFRTHZ L2k ->T, A7 7ANVTIHEED LLT W T T4
S CHAIZFEE Lo, EEEOHEITAMODIRWEEARK A TEITTH Z ENAMREL 72D
%7, lattice_system ZEAFIH L THE 2 A S 55056, ZHASND DITHENIAOAT
T, LIEDo T, FAEEDER EI3EAR - OEEOEROH T EHRA L T EEN,
7o & 20X, HOSNIITHEADOFEELT O A LB DR IHRER T, JFUSOFEFOIEE
THENTL TR, Fz, ko7 U FI IR O EDE TREL TS
U,

R TTERARET DT —7 T, ARotlE, 3 DETLMERTEARNEWIFKINGH Y £
To ZOT—TNTEDLIAERTTEIRET 2N TT 42 2B L TIES0Y,

T7AIVTEET SAE \—2 32 2019.02 LIF%)

JFAidE%, FINP 77 ANV Tl <Blo7 7 A MZE > TRETHZ L L TE L LT TVET,
FEET— 5 7 7 A VBRI T 7 A T D7D, structure 7 12 v 7 B LW structure 7' 2 v 7 O FIZEFET S
file 7' 7 IZBWCEIET AR E & i BN H Y £97, BT 2887 0~ 71X Fidd#Eh,

A7 vy 74

ZHA Wi

method

JEREF— K 7 7 A VOFREDH T &t
ET DHIFH, directin &35 & F_INP
T ANNG, file LT HERIT7 7 AL
MOFEAIAT e, T 7 4V ML directin.

file

SN 7 7 A IV RIAFR DR EEIT D T
=8

method D7 file 72 - 72355 AT
—Z it AT 7 7 A VDTG IR
95, LLFPFIHTE 5,
phase0_input : F_INP JZ=X
phase0_output : F DYNM =

7 7 4 /v MElX phase0_input

filetype

F DYNM EXOGED 7 L—1F 5
frame 25, 0 L FOEOBERHD 7 L—
LR END, T 7 /L MEIE-1.

filetype 73 phase0_output 7= >7=35E, N7 7 A WVINOEUG CTE HIERITFR B (L5 k> IR E
) OHTT, TOMOFETELEIZS -2 His B (mobile 72 E)i35i& F_INP X007 7 A Vinbiiiiite
VERHY FT, UL, T 74 FOIRDENTIE FINP 206012720 £9, b X H1L, 77 A VR
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A % —F_COORD_ATTR |2 X > THID F_INP DT 7 A NV ZfRET D Z & b ARETT,

SHENFY R 2 b—a DO F DYNM 7 7 A /WIS RA OGRS TRBY, Zha2uEE S LT
BT ZEBAHETY, ZOBA, UTFTOX I RREE T Z LIk > THIEIEEZ 7 0 7T A3E) 24T 5
Z LB A VERH Y £,

structure evolution{

temperature control{
set initial velocity = off

}

file names.data 7 7 A /U TR A i aAT e 7 7 A WVOFREEITWVET, BT L7 7 A VRA 2 —%

TREOIEY
Ty ANIKRA A — B
F_POS JERET— 2 Tt At 7 7 A )V, T 7 4/V MEl, filetype 73

phaseO_input 72> 728345 F_INP 23ME31HE, phase0_output 72>
=355 F_ DYNM a9,

F_COORD_ATTR filetype 7% phase0_output 72> 7=3AN AT — & O JE M % 55t
FAL T 7 A NVEARET D, T 7 AV ML F_INP 2R3
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3.6 ;XEIREE )L/ \— (Wavefunction_Solver)
3.6.1PHASE IZHI155tE 70—

PHASE I2BIT53H 7 0—%X 3-1 1TRLET,

J??EE% Qn : #WIHAE
BREE o, DHIE
REIBS% v - DIHAE

&
<

v
BB DER
'
BIEZE ro DIERK BIETE o, ODEL
No -
‘pin _pout‘<5 %ﬁ%gwﬁsé
Yes

HOHE
No
@ BFERE Q. DEL
Yes

X 3-1 PHASE (ZBi}58tR7 02—

TEIBIE O FH OEEE T, Kohn-Sham HHEA

(Hs(Pinp) — €)¥; = 0,
BN TUNVET,
& LFATOWENRRE 52 b,

A - (HKS(pmp) l)ll)l
DEFEFEEMEDIR AT Z L £, ORXOMPMEOLNDLZ L) £, ZOE, A IZ=RX—e ORH)
BRIk D ABLEfRING 25 N TXH0DT, ZOABN 0 1IZir5< L9 qﬁ%ﬁ%‘%&ﬂﬁ%ﬁéﬂi@“ 7
=T % — X 1 POEMFEEOIFROMEETIE, B8 LIZEBS G, B LWEMEE p 75, LLTO~R;
THZXAOLNET,

Pout = ZZ |lpi|2'

occ.

P DRI N —T7"TlE, A1Dpiy EHT Ly DS —ET 2 ETHEMTONE T, ZOfE¥ET SCFHE
EFEFA LI TOET, SMAIDL—TTIE, 52 AR AREIT L ThOREMM TN, 207
23 OBEMELA TN 722 &5 72 RFRLEICEIET 5 £ C, RHAEMI TS E T,

3.6.2 ;ENREE L/ N —

SCF Iz T, NREIRGE Y L 3—] 12 K> CIREIRES O T 24 0 I LA TV E T,
WEhEE Y L3 —|L, wavefunction_solver 7' 2~ 7 TIREL £7,

wavefunction solver{

solvers{
#tag sol till n prec cmix submat
pdavidson 2 on 1 on
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rmm3 -1
}

rmm {

edelta change to rmm = le-3

}
}

wavefunction_solver 7 v 7 TR TX 327 1 v 7 /Z8IILL FTO@EY T,

solvers
sol
till n
prec
cmix
submat
davidson

max_subspace_size
ndavid
rmm

edelta_change_to_rmm

line_ minimization

dt_lower critical

EOWERE Y Nx—%, EOXA I U TR D0 a ek ET HEER
T—=7NTY, LFOBMHEEFIFT 2 Z &N TEET,

FHAT DI NR—=DT7 VTV X LEZFEELET, msd, Im+tmsd, cg,
pkosugi, pdavidson, rmm3 72>53&ER L ET, msd 1L, EIEREE NET
¥ 1SCF &7z V) OptEAMM IR BIENFETTA, ZOFHEDA TN
WEAF2 DIFNEECY, TR ERRIE e LRI L £ 9, Im+msd
1L msd IR —UOTRR R A - FETT, 186720 OFEALRI TR
AOIRTHE T, msd {5 & Hil U CCROMWHETT, cg IEITIARAR
ETT, HEAMT Imtmsd L0 20T, BTRMEIZRVWEE 13
VT, davidson (£, 1 Bl 72D OFFEARAIE T OMEHEMED 5
VWA TT, pkosugi, pdavidson (3 davidson 52 W8 IHE L 7= FHETH Y,

R IE davidson &V HHEE S NVE T, rmm3 (KT 1 [BlH7Z 0D OFHEEA
fif 1% Davidson {£4& Y Hi8<, F#EMES Davidson VA H72WGED
ZNFETT, 12721, 704 LEBEUSE 5 & 1E L MiE~IOR
LRWGERHHOT, rmm3 EEFIHT2551% tho v vws—Th 5
FREEREIEIS A TOR ST OB T DREICT DMENH Y 7,

SCF HEDMAT v 7 HET sol ZMHT 20548 LET, LoflT
1%, tillnfElE, pdavidson (%2 72D T 2HIH FTHEHTIREL 2> T
WET (7272 LR edelta_change to rmm CTHEET 5 5t A7~ &
72VBRY 2 [E1H LI pdavidson 235 Sl £9) ., AOEBEIEET
DL WHTHETEDY N AR=ZAE T £T, L7e2i> T, rmm3 I
wEE THIHSNORE L 72> TVET,

AR OA A EAECIRE L E T, 7 7 4/L Mildon T, HHEAERT
HVETH Y FH A,

AT D EMEERAEERE LE T, EEERAIEIOVTL 3 I
BT L E TS,

RO 2RI AL EAT S I E D NEEAETIEE LET, 7 7 4/L ME
on C, HHAETHVLEITH Y FHA,

davidson VEDFEBRIR D BENERRE LW EICRIFT 271y 7 C
T, UUNOEREFIHTHZ ENTEET,

davidson {ETHRIHT 22O KA A&8ELET, 7 74/ b
B3I R 4 5T

davidson {EIT9 2 L0 22MiZ LK L7 HIREIBIS A g L 3
0, FOEEEIEET HEHCY, 7 7 4/V MAEIXS5 T,

rmm EOFEHRIRD BN ERE LTV AR 57 1 v 7 TF,
rmm (AL, H OB U7 REBEI @A L & E L <EEL 220
SanbET, £2C, ZZTHELAELY b= —nE ]
ST Crmm E~SATLET, T 7 4/0 MElL, le-3Mmatm hartree ;
Z ZC natm 3T

Im+msd 7550 cg 51T 1 IRTTIRREAT, Iel/p & SHEE S O FE T,
ZD 1 IRTRR DR EEITH) 71 v 7 T,
1 RITHER D FIROAMEZFEE L £ T, T 74/ MEIZ 0.1 T,
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dt_upper_critical 1 RotRR D _FIROZNAEZFEE L E T, 7 74/ MiElX 2.0 TT,

3.7 EFRIZERSEE (Charge_Mixing)

SCF FRIZEBWT, filald SCF AT > 7 RO EREE E —ERERGT 5 Z LI Lo GHREEE TS
FT, 2T, IO “BRMEBEOREE IZOWTHA LET, BEERAGEOREL, Tiokiic
charge mixing 7' 2 v 7 CIRELET,

charge mixing{

mixing methods{

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

}

charge preconditioning{
amix 0.9
bmix -1

}

charge mixing 71 v ZZBWTIE, LLFOT vy 7 /E5EFIA L CEMEBERAIELZRE L ET,

mixing_methods BRI ERET D200 T —7 VT, BREEREETNL
DOTHERTHIENTEET, EBRICHMT2IRAGEIL, Ao
solvers 7—7 /L0 emix JBHEIZ L > THEL £77, cmix BYEE T,
FIH Lo WEREERAEE 1 EY OERIATIHRELES, 207 —
TME, LT ORMHEEZ B HE T,

method BEARE DT VT Y X LEIEROE T, simple, broyden2, pulay D>

TINEIRT D Z LN TE 97, simple [ THHESYE T, broyden2
Id Broyden @ 2 % H D415, pulay (3 Pulay (2 & 5 RMM-DIIS /£ T,
broyden2 i£& pulay 151, W b= 2— FAEDO—FETT,

rmxs GEAH OYIINEEZEE L E TS

rmxe GEAH OEMEEZEE L E TS

prec AR O A A BEAMCTRE L ET, @F onlCLET,

istr broyden2 3 XN pulay Z#i8R L CWDILETYH, RYIOEAT v 71X
simple {EZFIH LET, ZORMET, ZO simple {EZFHTLAT
I BERE LET,

nbmix broyden2 35 & (X pulay 38R L TV DA, 8RO BRI E DR ZF)
HALET, ZOBEBORE ZEEELET,

charge_preconditioning AR OLRE A E L E T, RIERREIOEAITIE, IRORXEE-S T,
G OGITHDIRAHEIEZ FT,
Prew (G) <= (1 - f(G))pold (G) + f(G)pnew(G):
rmx * amix
fG) =——5—

2
14 (g_)
Gy = bmix * Gip
T2 TCminld, T HEER) CGOR/MEAIEL £, Z0X0 amix
BLO bmix EWHRTA—F% [RLOERIZL->TZOTay 70
TTHRETHZENTEET, 72770, BT 74V ME ERS U E
7,
amix
bmix

78




BT2YREMRSEDTI =V Y
Z 2T, SCF #7207 LW IE N TERT D L O CE BT 7 = V5N LET,

(1) #poyzeflxfat
B 22 E DA ORENS, A submat (Z& - THIEHY 2 Z LTS ET,

wavefunction solver{
solvers{
#tag sol till n dts dte itr var prec cmix submat
1mMSD -1 0.2 1.0 40 linear on 1 on
}

}

oy ZERb A b O 22, IEIREECA BORT S SR T 2 2RI ST 2 N2 K o TUCROIR 58 32k L
F7,  ZiUuL FHIRMMEZFIH L CWAGARICKRE B E2 52 £3, 7 744 FOIRD BN CIRIEIR
BRGNS = A S ET A, WERAEER®ZICT 25 EICIE TO X DA
before_renewal % off & LE£7 (FBRAIZIE, before_renewal=on M5 AMIUANMDS LV MEENRZNTT),

wavefunction solver{

solvers{

#tag sol till n dts dte itr vwvar prec cmix submat
1mMSD -1 0.2 1.0 40 linear on 1 on

}

submat {

before renewal=off

}

}

FTz, BTG ASY FERZWER LD AMIER L ET, A FEREoH I 2R ERE b A
FID, ZOPRIZL > TEEOFHFERHIIE 22556 bH 0 £7,

(2) SCF 5% &5 EECCH B 5%
WD BLE DN E 72T BLE D Himl rhy, SCF FHEZ PRS2 DIZE < O IR LEHENSNEE L 72 55
BRHYET, ZOLIREAIE, L AEFRENTEMIOR L TR & bifERE ka4 905 Z Lick
S THERANZIE LU MRS L D72 VR CRIEET 5 Z LN CTE AR HV 9, 22T, ATIDFREDIL
WA LT e EBIBR LI & A7 L, i bz D HiHE70° PHASE (213 it > TWEd, 2o
HéREAZFIFHT 5729121, control 7' &2 w7 O C max_scf _iteration 24 &% E L £,

control{

max scf iteration = 50

}

ZOfFITIE, 50 [ElD SCF #H5A4T > CHIBRHE A2~ 156, ZORRTES> T E REZF]
MUTHEAHENZFRE L, MEhkE e TSEET,

(3) EMEEOEDIRE AT T 5L
AV EEEB L TCWDIGE, EMEERSIIEE M AL VEWEE (7 TAE OBEMEBE LA A
DOEMEEDZE) \THBEL TRALE T, &FME AV EMORE A ZNZIGE I EICRET 5 2 AN ATHE
TY, ZOXIBRREEITOITL, TREOESH T spin_density_mixfactor 54 EF«R L £ T,

|charge_mixing{
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spin density mixfactor = 4
mixing methods{
#tag no method rmxs rmxe prec 1istr nbmix update
1 broyden2 0.1 0.1 on 3 15 renew
}
}

ZORFIDYFE, spin density mixfactor (X4 TH Y, EREEDZEDRGHIZ0.1 X 4=04 LW HEDEAS
NET, REMEAEVEMEREGTHOTIIRL T v T A OBRHEIE L H 7 v A L O & EER
ET 556, LUTOEFE T sw recomposing 242 off #i%E L £,

charge mixing{
Sw_recomposing = off

(4) AV VEMBEORAIFIRT 57V REEELT S
AV BEHRFE R U, SRR MR AR AT D 2 L L RETT, 2O X 5 AiRiElL, LLTFD X 912 spin
density 7' v 7 Z1E L, sw force simple mixing & E# LT DfEA on & LET,

charge mixing{
SW_recomposing=on
spin density mixfactor = 4
mixing methods{
#tag no method rmxs rmxe Pprec istr nbmix update
1 broyden2 0.1 0.1 on 3 15 renew
}
spin density{
sw_force simple mixing = on

}

(5) AV UEMEET S HE
—TEDMAY U ZEE LT SCF 3HEAZ1TH LINHMENUGETAERH Y £1, ZOREIL, FicOEET
structure 7 1 v 7 O FIZ ferromagnetic_state 7 17 v 7 ZAER LITVWE T

structure({

ferromagnetic state{
sw_fix total spin = on
spin fix period = INITIALLY
total spin = 1.0

}

ferromagnetic_state 7 17 v 7 CTIZLL FOEEAFIHT 5 Z EmnTEET,

sw_fix_total spin | “on”& L7c35a, AV EEE LIFHEZITOET,

spin_fix_period AV UEED T EEFEE LE T, “INITIALLY” S $57€ L7234, SCF FHEOWIIIEE L,
T2 LT oME AL COEFT, “WHOLE? LISE LT-E, R TETAY U 2HE
LE9, BEARTE LIS, TORBSTETE L & i3@s OHFE 21T O E T,

total_spin T TARE L EF YA OEEAFELE T, BIRAROEEEE L T EENY,

(6) XEFEMEIREGT DL
PAW {EZFIH LTV D556, KEEMROIEG DM THOIET, DFTHUELZFIH L T2 56, (SARTTSIDRAD
ITOETN, TN HFE HIKEEROREZEB I 78> TWAZ & LRETT, ZORAITKR L GEE O
BEELFERIHEOT VI XA ATRAEIEHICE, LD X 91T charge mixing 7 17 v 7 |
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sw_mix_charge_hardpart 254 E# L, €OfEZ on IZLET,

charge density{
sw _mix charge hardpart = on

}

TOEINTERET A LICE T, PAW EB L DFTHU R HRFOUEMED M T 28036 0 £, PAW
& DFTHU IEEFIHT A5E81E, 2035 A—2DOF 7 +/L MiilZ on T7,

3.8 WEIRH VL N\—E KUV EREREERED BEEGE

PHASE [ ZHE# STV DRSS L 3—12iE, MSD %, Im+MSD 7%, Davidson 75, CG %, RMM 4,
EEE LR EOHA Y Lox— L 4B )L 3— & LT D subspace rotation 230 £97, S5, BRBHER
AiEe UCHAERYE, Pulay %, Broyden (2K 2 2 FHOHEREAHEH L TWET, Znbax, MEIIST
THEUNAAG DD Z LI L > TR  C&E £9, LavL, 20X D IREIS U CEINTHEAE
D DIIIEFICTFRDDINDIEETT, =2 C, PHASE (20, #0772 EhEEE Y N —C R R S %
7a 77 ASHEICEIRT HEEE N B D £, ZOMEEIE. R RIS LIRSS Z LN TEH L)
STWETHR, & LRDVeDIUR S HAVRWGATE, FEI BRI L —CB R L X X — DR EE T
STLIEENY,

(Y s—ty boid, R L72OGHEREREDI S, /S R S1TE CCHBIRIIIEENZR & DM S 4L
DA > TND DT, FIFIZH - > TRACRIC T D ERIH B ITH U £/ A, O BEIEIEERES, JKH)
BE%%IZBE LTI wavefunction_solver 7' 12 7 O F O solvers 7 1 v 7 33, BEHHEEIZB LTI charge_mixing
71w 7 O RO mixing methods 7' 1 v 7 MFE LIQWEEITAN & 12 D DT, AREREZFIA LoV AT B
OREZHIET Hva A F 77 h L TL 72E0V, wavefunction_solver 7 7 v 7 [3fF/E L TV T HAFEDZRVD
T, YA DR EDNVE R AT 2 7 T a v 71RO TWE T, 72E 2UE, AEREE R
L2 rmm VA S—[FHFD 106 hartree LV & K< Ro7c 44 I THHLIZWSEEIR, IO X 97
RLR A TVET,

wavefunction solver{
rmm {
edelta change to rmm = le-6 hartree

Fio, ABEHEORHEMREL LC, FIF L7oWERPEEHRAIED 1 O ALDY S, LN OfS 3R HIH FTRE &
TR o TUVWET,

charge mixing{
method = pulay
rmx = 0.2
istr = 4
nbxmix = 10

}

BEBIT, UTOL ) RERERLE T,

method TP EERA DFEEEIR U £, simple, broyden2, pulay DV Y4173 %%, simple [ ZHRR AT,
broyden2 713 Broyden (2 & % 2 % H D5, pulay %3 Pulay (24 % DIIS T4, 5 7 4/L M#
X pulay.

rmx REHERELET, 7740 MEZ04 (A ZBEL TORVER), 0.1 (AU ZEE L T0D
5ty

istr broyden2 7£72\ L pulay LA L T AIGAIZ, X UHfME% simple (L TIRAT 20 EHEE L £
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T, T4 MEE 3 (RE L EEE L TORNER), 5 (AL #EE LT A5E)
nbxmix broyden2 7572\ L pulay EEEH L TWDEHEIT, EMEEOBRREEZREF L T B EHRTE L E
T, T4 MEZ 15 (AL EEE L TORWER), 5 (AU 2ZE L TWAED).
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3.9 #E&m@E1E (Structure_evolution)
Wt b, SFEIFEHBEICRST 537 A—H [, structure_evolution 7' &2 v 7 TIRELE T,
39.1 #HEmEik

structure_evolution 7' v 7|2, gkt OREE LE T,

structure evolution{
method = quench

dt = 50
}
method RSO EAfRE LE T, fdEEmo4~7Y a2 L LT, quench (quenched MD 1), cg
(CG 1), cg2iE (LB CGIE), gdiis (GDIIS i), bfgs BFGS 1£) DU HNaDNE~E T,
774 M bgs T,
dt MEERRFNZAT O BRORFHIZIA T, REWHRRRANZ D 973, RETED LEEAIE

LTS HD Z ENTERL DA MRHY £, quench I LW gdiis DEAICERA RS
F7. 7 7 A/V MEFE AT 100 T, #EERELOSETE, Z0/3T A —2 | 3L
HETHEALTWDHDOTHY, WEHLERILIH D A,

GDIIS & 2 M3 BFGS {E3FAAB < IBREWGELEIZR TERWEENRH DD T, RREVNI
quenched MD £ CGIEZFIMIL,  HOREDVNE 725> THH GDISBFGNAIHIN A D, LW HHE)
84 L £3, GDISBFGS) 2]V & A2 5ETOfEBALFIE LT A DOHERMIL, Th AR
initial method & ¢ forc2gdiis ZFH LT KDL HITHRELET.

structure evolution{
method = gdiis
dt = 50
gdiis{
initial method = cg
c_forc2gdiis = 0.0025 hartree/bohr

}

7y 7413, GDIIS, BFGS $:i T gdiis T7, 7 74/ MElT initial method 7% cg, ¢ forc2gdiis 23
0.05 hartree/bohr T,

gdiis GDIIS BLUBFGS #&IRT 255045 7
initial_method GDIIS (BFGS) ~#AT7 2Bl R % i
7T X b, ERE ;A quench, cg, cg2, sd §, T 7 4 /v MililX cg2
gdiis_box_size ZZTHRET DA A U EERE By DT — 2 % gdiis(bfgs) ARSI E 2 5
gdiis_hownew gdiis_box_size THE LTZ[FE DA A U HEEEDT — X BB 2%\ ) 72 RED
AP DR
B : {lanew, renew}, 7 7 4/ MilX renew
c_forc2gdiis GDIIS (BFGS) ~DYJEk 2 D¥|ESRM:

5 7 /v MElZ 0.05 (hartree/bohr)
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392 R FEHFEE

BN IFEEICES T AT A—Z X, structure_evolution 7 2 v 7 CIREL £,

structure evolution{
method = velocity verlet

dt = 100

}

method R DR HIEAEET D, T 2 b—a vV O8E,
velocity_verlet (Z=RAX——EDODTENIFT Ial—Ta))
temperature_control (Nosé-Hoover ZNAIZ L HIRE—EDyFEI/1F I = L—
vay)
velocity_scaling GHE A7 — 1V 7 K HEE DN B I al—va))
DUNTID

dt A A AR ET D,

77 /v MEIE 100 au (8 2.4 fs)
DFENIFOSE, SR bOYr S & e 0 BRI B DB H BT D,
thermostat BnaERTH7u v,
temp IBEZEET D,
gmass  BWROEEEIRET D,
tdamp  BUR. BNp0 “EHEY ZIEET D, I 2 CHEE S EIN LR L CRNROE &)
H L ED, qmass & tdamp NEET DA qmass DIEEMELE SIS,

393 BERHRFDOERZE. KIBEBHOFHEH UERMEDMEL)

PHASE T3, &5 o0 FEEs I 2 b—32 3 U T TV AR, IREIRESSO S 2 R T D
PAIZE TR T “GIN 45 Z L1 Lo T2 F S DHEM M- CvEd, fighE. STkl &
NTWDHEZ L > T T2 TWET,

Z OREA R 51214, structure_evolution 7 7 v 7 |Z predictor 7 72 v 7 ZER L, & Z CAMEREIZRET 5
REEATVET,

structure evolution{
predictor/{
sw_charge predictor = on
sw_extrapolate charge = on
sw wf predictor = on

}

predictor 7 11 v 7 CTIEF T DEHTT,

predictor
sw_charge_predictor BATDO TRNEAT I INE I DEFRET DAL vF, 7 74/L MElXon
sw_extrapolate_charge THIOBRCEREELDWINEAT O NE I MEIRET DAL v F, T 74V b
T on
sw_wf_predictor WEBH DO THEAT O 02 E D DEFEET DAL v T, T 7 4 /v MElT off

F7-, printoutlevel (2284 ipripredictor ZEFE L, ZTDfE% 2 LI EIZT 2 Eid a3 DR THCE ORI
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K EOES 2 77 7 A M EnE T,

[1] T Arias, M. C. Payne and J. D. Joannopoulos, “Ab initio molecular-dynamics techniques extended to
large-length-scale systems”, Physical Review B 45, 1538 (1992).
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394X MLARTUYVILETE

A NV RAT U VEEEZFT 911, structure_evolution 72~ 7 D stress 7 12 v 7 THRELET,

structure evolution{
stress{
sw_stress=1
}
}

stress A U AEE
Sw_stress A RV AREOAEE, BRI : {on,off}
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3.10 %402 (Postproccesing)
3.10.1 HKREFE (DOS)

SCF HHEBR L7 h, IREBEEOFFEEZIT) Z LN TEE Y, BMEEOFRAIT O 121E, postprocessing
Ty 7O FDdos 7y TRELET,

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

}

dos 71w 7 TIILAFOREZAT) ZLENTETET,

sw_dos WHEE A AT O M E DD EIEET A EMBIE T, REEEEOHELZITH>%A on & LE
7
method REEBRFE DR FIEZTEE L E T, gaussian & tetrahedral DV ARG 5 Z LN T

X F 9, gaussian ZEIN L72GE, =V X—YEN %2 0 AR K-> TlEZFF-7- T
FHE LTIRREB S B IVE T, tetrahedral OBATURIAIES K 5 kS 2 RRER 3R 4
1752 EMTEET, 72751 tetrahedral ZFIHT 2855 %EOMEAREDFIH T H5:04F
HITZHLTES VY,

deltaE_dos RREFE IR SN =V —DlEZ2 — N —H CIRELET, 7 74/L MAlZ
le-4 hartree T,

REEEFEDRHE 1L L LT tetrahedral #8324, LA FOSRENZ ST DXLENRSH D 7,
® kYU IFEELE L Tmesh EEEHAL TS

accuracy{
ksampling{
method = mesh
}
}

® smearing DO H{kE LT tetrahedral {EZEH LT 5

accuracy{
smearing{
method = tetrahedral
}
}

PLEDN7- SHUCUieu & gaussian {EIZ L DRIEEEF R TONTLE D O TIERELIZENY,
3.10.2 EFHE
SCF sHRANLHZEM CEMBE 2N E T, IR L7 BEE 2 R 7 — ) oA L, W SEbZ &

HARETY, 2995 Z &2k - T PHASE-Viewer 72 E2FIH U CEMELEORMULETIT S Z EAVAIRETT,
TR & FEZE RN ) S8 B 7-2DIT1, postprocessing D D charge 7 1 v 7 TRRIEZITWE T,

postprocessing({
charge({
sw_charge rspace = on
filetype = cube

}

charge 7' 7 7 O FCIILL FOEE DR EEITVET,
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sw_charge_rspace B2 FZEM TS 2728 5 I EtRET 2 BLME T, on (292 & SZEfM o0 R

filetype BT —2 DT —2 74—~ MARE LT, density_only & cube 2N~ ET,
density_only DA EMEEOLHNHIISIVET, T 7 4/L MiElX density_only T3,
cube D5, Gaussian Cube FERCTEMELENH I SNET, ZD/37 A—F(F, cube
WCERET D EafEE L E 9,

title Gaussian Cube 7 7 A VOB U EEE L ET, ZAXT 22O L50, &FREYA
D 2 B TIFFCHAET

F7-, filetype & LT cube &R L7-55, file_names.data 7 7 A /UIEBWCEMEE T 7 A VDT 7 A V4
EEFL TR ZEaHEEL £,

&fnames

F CHR = './nfchr.cube'
/

IR L7V E0DT 7 /L Ml nfchr.data T,

AV U EERE L TV DAY, file names.data THE L7727 71 V47D nfchrecube Tholzl 35 &,
nfchr.up.cube & nfchr.down.cube VD 2 DD 7 7 A MIEFNENAE LT w7 « X2 (it DEMEE
T BHIIENET,

3103 WERBF /N FIHHEY I 2 L—Y a v ORPIRIEETS AL
T TR LB, FREBREDE STV A IR LTI TSV E T, Wi b0y 18
TR 2 b— 3 VORTUITELBREI TGS, LR O X5 etk 2170 ET,

postprocessing{

frequency = 5

}

ZH frequency (ZIEDEZFEE LG, f8E LIZEEIC 1 BIOSE CRIBEIM THOND X 512720 £, 4
RiFIREEEEOYATE dos_iterxx.data 7 7 A /b, BEEEIL nfchr iterxx.data 7 7 A /MRS IVE T (xx
VR TRLE O RIS - D EUEI G AR 2 TLTEEWY), 728, ZOREEEIZ K> T TE 20103, (RpeE
& L BRI DA TT,

311 85 LAJL (PrintLevel)

PHASE T output000 &9 7 7 A /L (000 13FHH AT =N 1 o1 F9) Icn %25k LET, £on
T DFEHE DR ET printoutlevel 7' v v 7 TITWET,

printoutlevel {
base =1
}

fx AL printoutlevel 7 v 7 2B L, ZDOTIZR 7 LoL il 5285 a EFR L ET, v 7 Loyl
THIZOOEET 0,1,2 DWTHDOEE LV, BTRREWVIE LV B MEONET, T 74V ME
ITT_T1 T, mI7 LNV EHET 5858 LTERBDOIILLTOEY T,

base FHRARO T 7L~ IVERE LET, FACHEDRVERIZZ Z COREITENET,
timing R D 1 7 LV A L E

input AN a 7 L~V LU ET,

solver WENRSE VR —IZB b b e 7 L~V il L £,
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spg e B 2 1 7 L~V A E L £,

base=2 |ZFRET D LFRLBOHNBMGON, v/ 7 7 ANVPROL 2> TLEVWET, HoNLHERDIZ
ENETT Ay TIERIRODT, FlZes G720 R Y base=2 IJHEE LW Z & A HEEL £,
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4. BAHLAEZE A L5t EH

41 &I RIIX—EHE

O EARLGTRE L LT, B F—0itENH Y £9, RO ER TRET RN X — 23 H LIS FE
BOMRER 2GR 2 2 &0, #dFEICR Dftsa DL ENATHIT 2 Z N TE £,

411 AHIRS A—4

VU asgEih (FA ey M) O X —3EEGE LET, U a EA 8 HDR Si8 xSl LE
T, VU algEih (XA vEr M) OEEK 41 1ORLET,

X 4-1 VY 2 VRTFBMERT D51 ¥EY N

FEUSES AN T 7 A UL, 7 7 A /L file_names.data DFTIRE L E T,
file_names.data (ZLL T X 9 IZFLik LET,

&fnames

F INP = './input scf Si8.data’

F POT(1) = '../pp/Si ldapw9l nc 0l.pp’
F CHR = './nfchr.cube'’

&end

PHASE %3473 572121, BRT v x5 —% F POTQ) &, A7 7 AV F_INP BMEESITWDH
ERHV EF,  Sildapw9l_nc Ol.pp IV AL DEERT V¥ /L« T—HTT,

ANJJRF A—% 774 )L input_scf_Si8.data ([T OV TR L7,
Control 7'v v 7 Tlt, &GRS ZEELE£7, cpumax [IFHRIFHORNEZFE L TWET,

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

}

Accuracy 71> 7 Tl, BHEREELAfEELET,
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accuracy{

cutoff wf = 9.00 «rydberg

cutoff cd = 36.00 rydberg

num bands = 20

ksampling{
method = mesh ! {mesh|file|directin|gamma}
mesh{ nx =4, ny = 4, nz = 4 }

}

xctype = ldapw9l

scf convergence {
delta total energy = l.e-12 hartree
succession = 3

}

cutoff wf & cutoff cd 1%, BB L BAEEDAONT >~ MAT « =3 LX—03, ZHEI 9.0Ry & 36.0Ry

EVWHETHHZ L EERELTOET,

num_bands [TV —UENEEFR LET, ZOFETIE, SiFTSEERNETH, KFT1 4 EOfE

ZHOlw, A INDUEEIT, A t“‘/@f'rﬁi@;%%ﬁﬂ“é & 8x4/2=16 L7320 £9, ZM7=® num bands
1, 17T EICRE L TEMENDHY £, F7-, ksampling WD X 7L, kDY 7V T OREE 5

/m“é@ EDIET, ZOBITHE, 4X4X4ADA Y v a fBlk R\ TV TR0 ET,

xctype = ldapw91 “C&i LDA BIA AR = L F— A48 E L CWVET,

scf_convergence T, FHEDIRSAZEE L £, ZOBIDEE, 21 /LX—0FHEEA)310712 Hartree

il UL E D &I RERANEHGE L T 3 Bl e b, FIHRAT é’@é FoEESNTOET,

Structure 7'& v 7 TlL, fEdtEEAIEELE9, BM\ITIT 740 FOVFEFHNLE 2o TONET (REOENIE
Bohr),

structure(
unit cell type = primitive
unit cell{
a vector = 10.26 0.00 0.00
b vector 0.00 10.26 0.00
Cc _vector = 0.00 0.00 10.26

}

atom list{

coordinate system = internal ! {cartesian|internal}
atoms {

#default weight = 1, element = Si, mobile = 1

ftag rx ry rz

0.125 0.125 0.125
-0.125 -0.125 -0.125
0.125 0.625 0.625
-0.125 -0.625 -0.625
0.625 0.125 0.625
-0.625 -0.125 -0.625
0.625 0.625 0.125
-0.625 -0.625 -0.125

}
element list{ #tag element atomicnumber
Si 14
}
}

atom_list TIE, JR7FE, HAAIN CONEEEENE, FILENDRONIEZ [EET D ENEEELE T,
element list Ti¥, 7TF4 EFDORIEFEHRELET,
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Postprocessing 7' 1 » 7 Cld, BUEOD/NRT A =2 ZHBELET,

postprocessing{
charge{
sw_charge rspace = ON
filetype = cube !{cube|density only}
title = "This is a title line for the bulk Si"
}
}

charge 7't v 7 Tld, BEEOHINIHOWTIRE L E T, BB, file names.data |28\ C F_CHR T
FBELIE 7 7 AU ISiVET, filetype=cube & T 5FIZL Y, Gaussian cube A THIISNES, =
DL x, F CHR HEEEIND 7 7 A V4L, *cube DIFRTHAVEDNH Y £, Gaussian cube 7 71 /L
I&. PHASE Viewer 72 EOFIFEY 7 b T =7 Zffio CrIHbFRRT 5 Z L 3A[RETT,

412 SHEDET

PHASE #L T L 9IZFEITLET,

| % mpirun -np NP ../../bin/phase ne=NE nk=NK |
ZZT, NP, NE, NK i¥Zneh, #EIEAT 7 ety h—0k, =xUX—YENOSEREOE, B
KO, kmONEFHEOEER LET, DT A—ZOEOMITIE, NP = NEXNK &9 BHRAHY
SO TWRITFIUTZR D R/ A,
%7, 1CPU OatFEHEZEH AL, IFOXIIFATLET,

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

FHEOBTEER MR T DI, FHEOr 77 7 A L output000 (ZHIF E TN DT R —DILHIR
WMEFRET, UTOX T TTDHE, BTyt c& £,
% grep TOTAL output000 |
Si8 DY T EAHi > THEBIZ output000 Tk, RO X D AR FrEnE T,

TOTAL ENERGY FOR 1 -TH ITER= -30.829890224786 edel = -0.308299D+02 : SOLVER = MATDIAGON

TOTAL ENERGY FOR 2 -TH ITER= -31.552279425330 edel = -0.722389D+00 : SOLVER = DAVIDSON

TOTAL ENERGY FOR 3 -TH ITER= -31.585338309210 edel = -0.330589D-01 : SOLVER = DAVIDSON

TOTAL ENERGY FOR 4 -TH ITER= -31.587690531430 edel = -0.235222D-02 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 5 -TH ITER= -31.587917448876 edel = -0.226917D-03 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 6 -TH ITER= -31.587936739174 edel = -0.192903D-04 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 7 -TH ITER= -31.587937104439 edel = -0.365265D-06 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 8 -TH ITER= -31.587937141798 edel = -0.373598D-07 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 9 -TH ITER= -31.587937146347 edel = -0.454873D-08 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 10 -TH ITER= -31.587937147067 edel = -0.720142D-09 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 11 -TH ITER= -31.587937147180 edel = -0.112617D-09 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 12 -TH ITER= -31.587937147235 edel = -0.548042D-10 : SOLVER = SUBMAT + RMM3

SCF #HEIZHWT, 2= p/LF—DEDIHR L T < AEF2000 £37,
413 EHEHRDE A
HEIN-LTx¥—%, F ENF 77 A /Ut hEnEd,

Si8 OHFIETIL, F_ENF 77 A /U7 7 A V4 : nfefn.data) (ZLLFD X HIZ72>TNET,
iter ion, iter total, etotal, forcmx
1 12 -31.5879371472 0.0000003022

SRR T 5 &, BRI 7 7 A /L nfchr.cube DMERR SV E T, BIEE M EX 42 (ORLET, RT5E
o972 Y, cube file ([TIEIEZINZ TVVET,

92



X 4-2 Vo AEROERBESA
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42 JFEEEB LI-ETE

PHASE (213, #EsaOXMFEEZBET 5 Z LI L > CGHHREZIRNT 286E13 H 0 37, ks, A#Endic
HESHEDLZEHARETT L, A2 EFEET T2 Z Lo THRICIRTET A 2 & b AfRETY, R
EAET D HEL, A EIRET D HIELE 7 T2 fBETHHENHY £7, BRI, 25
unit_cell_type D AJIMEZ primitive 7> Bravais O EHOANLIERTHZ & T fRETEET,
421 AFNT A —4
4.2.1.1 BATROFEE

(1) ez AR+ CHEE

unit cell type = primitive
unit cell{
#units bohr

a vector = 0.00000 5.13000 5.13000
b vector = 5.13000 0.00000 5.13000
c vector = 5.13000 5.13000 0.00000

}

Z OFEIE, unit_cell_type 73 primitive T% Bravais THEHTE £,

(2) HALZAsFERCCHRE

unit cell type = Bravais
unit cell({
#units bohr
a =10.26, b = 10.26, ¢ = 10.26
alpha = 90, beta = 90, gamma = 90
}

Z DA, unit_cell_type 73 Bravais OEFOIMFHTEET, 7T X1 E2FEE LA LTI5AE, st
DIFEIZLY, 7077 ANTEAKFEZRELET, 5HRIL 71T ARE LT AR -2t Thiv s
DT, JFETEHEDORRE, k mmERee, /N> REFRFFOXIF k SOFER L1, 2 ORAKRE & ITIAT 5 EEN
HDHRITEEL TSN,

unit_cell_type & LT Bravais ZFHT 254, BREAUNET DR AIEE LWL SIZLTLEEN, 72
& AT 2 ST OY A, 0, 0, 0) DIEAHIFREL, 0.5, 0.5, 0.5) DEHIFEELRNEIIZLTLE
S, Bravais ZFHT ABIHRES LB/ AEROTT, lattice system & WO B TIREL 7. #* 4.1 221
LTLEENY,

ZE R Rhombohedral) OEAITIE, *HGT 5 /S5 dhR(hexagonal) O ESE AT LET, RNk &2
I REROIEANENR 7 FVOBSHREX] 4-3 1R LET .,

VR 2 NS C AT D380, Sl Z B C, BN O~ CE A OB & fbdmfii <27 (8
BANTRROD 8 30T X7 V) 1T DAREE(T A 2 7ALE O S CTAJILET, TV MNEETAT
T A, R 42 ITRINTWDEERIERY ML EHESET D L HITATI LT 7EENY,

#F 4.1 IR LR

TEED KT e unit_cell (250451l 7 OMSE | lattic_system (245
ETDHHEE
N5 (e) a a=a, b=a, c=a HiHE(P) primitive
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alpha=90, beta=90, gamma=90 [ LN(F) facecentered
D bodycentered
EJ7®) a,c a=a, b=a, c=c Ef(P) primitive
alpha=90, beta=90, gamma=90 D) bodycentered
=516 a,b,c a=a, b=b, c=c HH(P) primitive
alpha=90, beta=90, gamma=90 ELNC) basecentered
LNF) facecentered
A eND) bodycentered
(M) a,c a=a, b=a, c=c BAH(P) hexagonal
alpha=90, beta=90, gamma=120
=75 (h) ZEmiAdh a,c a=a, b=a, c=c #HR) rhombohedral
VAVt ] alpha=90, beta=90, gamma=120 | Hifi(P) hexagonal
Hi2H(m) a,b,c a=a, b=b, c=c HAH(P) primitive
B alpha=90, beta=F, gamma=90 JELCNC) basecentered
—#Ha) ab,c a=a, b=b, c=c Hifd(P) primitive
a, By alpha=a, beta=f8, gamma=y
y
l"" = {Iy l
' :-g\-\;1 ) J_‘)
2 2 bH
C =Ca
aR
b
— )

X 4-3 AR & ZEHAESLRDOBR. ANHEIOF D BRI TR L BEARTER Y MISRENLTWET.

al b cHi3AHEROEARLESY FT, aR, bR, cRIZEEREROREALERY FLTT

F 4.2 TITR—EFOEAINHESY L.

7T _X—fE a b c

BT J5(cP) ax ay az

/L7 S5 (cF) g ¥+ 2) g X +2) g X+

WL | S(—R+3+2) | S@-y+2) 2E+9-2)

HUMLIE 5 (tP) ax ay cz

ACEJF (D) %(—aic‘ +ay + %(a? —ay +c2) %((ﬁ + ay — c2)
cz)

HfiE 5 (oP) ax by c2

JELNE 5 (0C) %(ay — by) i(ai + bY) cz

/N7 (0F) ~(by + c2) ~(a + c2) ~(aX + cy)
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a7 (ol S(—aR+by+ | (ak—by+c2) ~(a& + by — c2)
cz)
\";/\ L. = 1. \/§A ~
Hifli/ 7 (hP) ax a(-12+29) cz
HifilizE Cer 51l | x4 L5415 _ 5415
HZEmAOR) X+ o=y +c2 | — o+ gy +icR sy t3cz
B HAR(mP) ax by c(cos Bx + sin B 2)
JE L EAKmMC) %(ay — bp) %(a’j + by) c(cos BX +sin B 2)
Hiffi =& aP) ax b(cos yX + c (cos B R + L5 acos B cos "y
sin yy) siny
C(Z)sa+0(2)sﬁ —2cos acos Bcosy
+[1- .
siny
4.2.1.2 XFHEDIRE

KFREDFRE DY 23, FdEZ A9 550k, XM EEZ BERNRET 2515, ERoce A4 %75
ERDHY £

(1) HEetsEE A9 2551k
2 erystal_structure |2, fEEFEDORIAZ AT LET. ZOHE, &RKIZIE diamond, hexagonal, fec, bec,
simple_cubic @5 223% 0 £7, SifEEmOGEIIRET HitiutEiElE diamond T

(2) xPNEEAE BEIRIICHET 5 4L
method 22442 automatic ZF5ET 5 Z & T, SFREZHERNIIRE SFE T, tspace 7 1 v 7 D lattice_system
DIEENL, primitive DEFALSNTEET 5 Z AR SN E T,

symmetry{
method = automatic
tspace(
lattice system = facecentered
! {rhombohedral |hexagonal |primitive | facecentered|bodycentered|basecentered}
}
}

(3) ARoaE ANIT 551k
AEROTIE, tspace 7By 7 TIRELE T, SifEEmO%A, tspace DAIUEITLLTO L 512720 £

tspace(
lattice system = facecentered
! {rhombohedral |hexagonal |primitive | facecentered|bodycentered|basecentered}
num generators = 3
generators({
#tag rotation tx ty @tz

IE 0 0 0
C31+ 0 0 0
CAX+ 1/4 1/2 3/4

}

Fb, HIME % 9 Z &% lattice_system = facecentered T, 7=, AN 3 THHZ L%
num_generators =3 CTHS L7214 T, #7 generators OH T, IE, C31+, C4X+ 73, BRI 3 FFEDERT
ERRELTWET,

AERGTDIRE DTz L E 7S
ARGEDEEREE, IFOa— FTHELET. $171E, T —DORERRMESHS L ES. —FIHOK
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T BB DRt 5 AR L C generators 7—7 /L rotation ¥\ IR EAFRE L 7. “FIEMNSHIIBET
DRSS AEHEEEEZR LE T 7ok, =i, ANHTROGEIZEN TS WwiEx-y #RLET. =— R, 5l
HOTTHL _HHOLTFIITHIRET D Z EMNAfRETT.

— 3, ANITEROSE.

1 E X Y 2z 13 IE -X =Y -2
2 ce+ W X 2z 14 IC6+ -W -X -2
3 C3+ -Y W Z 15 IC3+ Y -W -Z
4 C2 -X =Y Z l6 IC2 X Y -2
5 C3- -W -X Z 17 IC3- w X -Z
6 cé- Y -W 2 18 IC6- -Y W -Z
7 C211 -W Y -Z 19 IC211 wW -Y Z
8 C221 X W -Z 20 IC221 -X -W Z
9 C231 -Y -X -Z 21 IC231 Y X Z
10 C212 W -Y -Z 22 IC212 -W Y Z
11 C222 -X -W -Z 23 IC222 X W Z
12 C232 Y X -Z 24 IC232 -Y -X Z
—Jikh, NIGRUSNOSE
1 E X Y 2z 25 1IE -X =Y -Z
2 C2X X =Y -2 26 IC2X -X Y Z
3 C2Y -X Y -Z 27 IC2Y X -Y Z
4 C2Z -X -Y Z 28 IC2%Z X Y -z
5 C3l+ Zz X Y 29 IC31+ -Z -X -Y
6 C32+ -2 X -Y 30 IC32+ 7z -X Y
7 C33+ -2 X Y 31 IC33+ 72 X -Y
8 C34+ Z -X -Y 32 IC34+ -7 X Y
9 C3l- Y 7z X 33 IC31- -Y -7z X
10 C32- Y -7z X 34 IC32- -Y 7 X
11 C33- -Y 7z -X 35 IC33- Y -Z X
12 C34- -Y -7z X 36 IC34- Y 7 X
13 C2A Y X -2 37 IC2A -Y -X Z
14 C2B -Y -X -Z 38 IC2B Y X 2
15 cz2c Z -Y X 39 1IC2C -Z Y X
16 C2D -X Z Y 40 IC2D X -z -Y
17 C2E -Z -Y -X 41 IC2E Zz Y X
18 C2F -X -Z -Y 42 IC2F X z Y
19 CiX+ X -Z2 Y 43 IC4X+ -X 7 -Y
20 c4Y+ Z Y -X 44 IC4Y+ -7 =Y X
21 C4z+ -Y X Z 45 IC4Z+ Y -X -Z
22 C4X- X Z -Y 46 IC4X- -X -7 Y
23 Cc4Yy- -2 Y X 47 IC4Y- 7 -Y -X
24 Cd4z- Y -X Z 48 IC4zZ- -Y X -Z

M5, [FHRICEE S WHEEYEI X generators 7—7 /LD tx, ty, tz SN ZFNEIUEE L ET. B 7 MLaFEEZ Sy
BCANILTLEE0,

4.2.1.3 HEHRRIED N B D555
SRR D DY, ZNEERTHHICLY, HEEZHOTZENTEET, & 20E, U FORET —
RS E L E LTSRN H 2 DT, TNEBET D L HOIGRET D LFHEELHO T N TEET,

atom list{

coordinate system = internal ! {cartesian|internal}

atoms {

#units !{angstrom(cartesian) | bohr (cartesian)}

#tag rx ry rz weight element mobile
0.125 0.125 0.125 1 Si 1
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-0.125 -0.125 -0.125 1 Si 1
}
}

S FRE 2 BB T DR EIL, symmetry 7 17 27 O FCsw_inversion =on &35 Z LK > TITWET,

structure(
symmetry{

SwW_inversion = on

F7o, KB ET 256, FELED weight BIMEAFIFAT S Z &2k - TEEET —2 A &5 71k
THZEHLAHETT, =& x0E, LA FOFEEIE sw_inversion=on DA FRCOFEFER] & Z41T9,

atom list{

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

sw_inversion = on

}

weight JEMHEN 2 DJF1E, FHESIFMIEICHBE O 2 B —BER S vET,
55 2 i CHRE L7 R SRSk PR BN B £ D56, 2D option A8 ET 2 Z LA HEELE4, 72388, i1

JERE 2 NS T DA AR EO TN, S TH D Z LI TEELTFE, £, SO NWRICE
W sw_inversion =on Zf5ETH LT —A vt —U N L GHEEK T LET,
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422 5tEH - 1) aEER(S2)

D) aVFEADRERLT DA TS PMEEOEAKHIEF 2 A2 EHAET, 22 TE, YU IV EF 205
725 Sig EWVIREFIE LET, K 44 1% Sie OJFHEE T,
FHEFIEIL, sample/Si2/TY,

4-4 Si DFTHEE, HBRIIET 2HE2A0EMETE2RT

(1) SCF&t&E
SCF FHRAAITV, EREEEFHHE L ET, FHHEFEIL sample/Si2/scf T,

7 7 A/ file_ names.data (2T, AJISTA—H T 7 A )V EHEERT v VateELET,

F_INP './input scf Si.data’
F POT (1) "../../pp/S1i ldapw9l nc 0l.pp'
F_CHGT '../scf/nfchgt.data’

ANIPNT A—=B T 7 A UTEWT, crystal structure % diamond & LT, XIFREEFRE L £ 7,

accuracy{
cutoff wf
cutoff cd
num bands

9.00 rydberg
36.00 rydberg
8

}

structure({

unit cell type = Bravais

unit cell{
a =10.26, b = 10.26, c = 10.26
alpha = 90, beta = 90, gamma = 90

}

symmetry{
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

}

}

TR —YEN I AT num bands OfElY, BAEN 22D T8 L LTWET,

PHASE Z34TL %75

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

HENKTTHE, file namesdata E W) 77 A AOHFTC, ZEH FCHGT THEL-H 774V
nfchgt.data 12, FHREIZL > THOLNEROERNPH I SNET,

(2) REEFEEDOS) D

KAEEE (DOS) ZEHMA L £ 7, FHAMGIEIZ, sample/Si2/dos T,

AEFEROM) 7 7 A VP EEEX SNDOERET 5720, SCF#tH AT T>727 4 L7 MU &FBOT 4 L7 Y
TIITLET,

SCF sHEHRERDOFBEMEEE 7 7 A onfechgt.data ZfEWE T, 8ART o v /UESCREIE LR U b D&l ET,
file names.data Ci%, AHJI7 7 A NEZLTO L HIHEFEL TNET,

F INP = './input dos Si.data’

F POT(1) = '../../pp/Si ldapw9l nc 0l.pp'
F CHGT = '../scf/nfchgt.data’

F ENERG = './nfenergy.data'

F_CHGT THE L TV O EMEEDT—213, SCFEE TR 7 7 A LT,

ANJ17 7 A Vi input_dos_Si.data & nfchgt.data @ 25T,
ANJ17 74 /v input_dos_Si.data {ZoW\C, SCF FHHEMDATIZ 71 /v input_scf Sidata &F/QR5E 0% LLT
WORLET,

Control{
condition = fixed charge

}

accuracy{
cutoff wf = 9.00 «rydberg
cutoff cd = 36.00 rydberg
num bands = 8
ksampling{
method = mesh
mesh{ nx =4, ny = 4, nz = 4 }
}
smearing{

method = tetrahedral
}
xctype = ldapw9l
initial wavefunctions = matrix diagon
matrix diagon({
cutoff wf = 9.00 rydberg
}

ek convergence{
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num max iteration = 200
sw _eval eig diff = on
delta eigenvalue = l.e-8 hartree

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

nwd window width = 10

BHID X 7T 5 Control OF3C, SCF FHATHEOLNIZEM OO EE L TERATL 2 L2 ELET,
ksampling TldkRY 7Y VD34 x 4 X 4, smearing TIFUMEIALELZHNS Z &, ek convergence T
WIS A FRE L TV ET, Postprocessing 7B w7 T, sHEKTHROBUELL LT, MEAEZLD
REEEE DFHED/RT A—F RNEESNTOET,

ZIHDANTZ 7 ANEM ST, 70T hekeal ZHWT, IREEEEOFHHEAITOET,

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

FHEAFATT D & nfenergydata & WO T 7 AVBERENE T, ZiUuL, FhEIEDOTRLF %,
TRNF—DIRNGBIEIZ HALTZE DT, TORFIOENILLTD X 51272 ThET,

num_kpoints = 141
num_bands = 8
nspin = 1
Valence band max = 0.233846
=== energy eigen values ===
ik = 1 ( 0.000000 0.500000 0.500000 )
-0.0484324491 -0.0484324491 0.1258095002 0.1258095002
0.2619554320 0.2619554320 0.6015285289 0.6015285289
=== energy eigen values ===
ik = 2 ( 0.000000 0.490000 0.490000 )
-0.0540717117 -0.0427149546 0.1258687813 0.1258687813
0.2607026827 0.26338299%46 0.6006244013 0.6006244013
=== energy eigen values ===
ik = 3 ( 0.000000 0.480000 0.480000 )
-0.0596299923 -0.0369220783 0.1260465996 0.1260465996
0.2596226501 0.2649874134 0.5980547648 0.5980547648
=== energy eigen values ===
ik = 4 ( 0.000000 0.470000 0.470000 )
-0.0651046420 -0.0310567694 0.1263428799 0.1263428799
0.2587131916 0.2667706685 0.5941566835 0.5941566835
=== energy eigen values ===
ik = 5 ( 0.000000 0.460000 0.460000 )
-0.0704931128 -0.0251220735 0.1267574962 0.1267574962
0.2579721226 0.2687346642 0.5892968047 0.5892968047

BHID 21T1E, FNERN, kSN RoBERLET, 31TEIL, ZOETAE U OMIIEBE ST
Zr%, E7, ATRIMEE R HRCBI AT LT —DOEAR L OO ET,

V—/bdospl ZfE~T, BWREEEOX AR LET, Ml 2= —FloRME E1 &HEKE E2
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ZRDT,

| % dos.pl dos.data —erange=El,E2 -color |
L35 L, Postscript TERDIRFEEEX density_of states.eps WMEGHLET, F7-, -with_fermi &\ H A4
arEOT, ZOMEAFETTSE, AlShD REEERICT =L - LVLRERTCHI N E S, 72
2L, ¥y 7 OHLRTE, AMiEFHFOTRAF—KED & ZAITR#RG DN ET,
ZOBETIE UTFOLITFATLET,

| % dos.pl dos.data -erange=-13,5 -with fermi -color |

Sio DIRFEEE &, 45 TR LET,

3.5 T
3L -
|
|
|
L] -
|
< e‘ I
I
3 2 AT
a i
) A A
8 15 | ) \\ f’h\ | “ | \ -
B : AN R
i v Y
L] A | Co -
R | T
»’/\/\ } \ / ‘ { \| |
/N . / \ ! L
05 \ / / / -
N/ |
\ / [ N\
\“ / \
O | ,’/ | | | | | \ | |
12 10 8 -6 4 2 0 2 4

Energy (eV)
X 4-5 Si2 DIREEFREE
(3) N FiEEX
W (DOS) ##tHE LE 7, ML, sample/Si2/band T,

file names.data T, AHIT7 7 ANVZLL RO L IITFREL TWVET,

F INP = './input band Si.data’

F POT(1) = '../../pp/Si ldapw9l nc O0l.pp'
F KPOINT = '../tools/kpoint.data'

F CHGT = '../scf/nfchgt.data'

A7 74 M T input_band_Sidata %, k D7 —41% kpoint.data THDH Z L #fHEL TWET,

ANJ17 7 A v kpoint.data {%, —/L band_kpoint.pl ZHW\TAK L ET, £kT2 k S&x77A/L
bandkpt_fec_xgluxin THELET,
| % band kpoint.pl bandkpt fcc xglux.in |

INHDANT 7 ANEM ST, 70T hekeal Z#FTLET,
| % mpirun ../../../bin/ekcal |

H717 7 A /v nfenergydata 7>5, /L band.pl ZHW\T, /3 MEEXZ/ER L E7
Y —)L band.pl ZLL FD X H 2579 % &, Postscript XD 7 74 /L band_structure.eps 2MERKSILET,
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|% band.pl nfenergy.data bandkpt fcc xglux.in -erange=El,E2 -with fermi -color

ZOBETIE, H#ET 5= —EHORIME E1 SHRKAME E2 %, LEiERE E1=-13 & E2=5 £ L,
DTDXHIZFTLET,

[}

% band.pl nfenergy.data bandkpt fcc xglux.in -erange=-13,5 -with fermi -color

Si2 DX RS, 46 T~ LET,

\
\\ V\\
L / \ N i
R 2 / \ \ \
> / \ \ ~—
o / \ \
= 4 L / \\ \ 4
3 / \
=
i} \
6 // \ -
/ \
—

N

12 + T |

4-6 Si2 Dy FiEE
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43 REUMBEEE LI-FE

SRRV OBBEN AR AR © B I IIA B U i e BT 20N H Y 3, A BOERE LIZFHHRIZ oW
THAL £,

2T, SEREEOE] & UCTIROST R E, RORREEDH] & LTSI 7 1 A FI LT AT TOET,
431 8D E
4311 ANJ)RT A—H

SRIGEIEDB] & U TSI 82 BIEA L £97, #HEFIEIL, sample/bec_Fe T9,

Control{
condition = initial
cpumax = 3 hour
max iteration = 250

}

accuracy{
cutoff wf = 25 rydberg
cutoff cd = 225.00 rydberg
num bands = 20
ksampling{
method = mesh
mesh{ nx = 10, ny = 10, nz = 10 }
}
smearing{

method = tetrahedral

}

xctype = ggapbe

scf convergence {
delta total energy = l.e-10 hartree
succession = 3

}

structure({
unit cell type = Bravais
unit cell{
#units angstrom
a = 2.845, b = 2.845, ¢ = 2.845
alpha = 90, beta = 90, gamma = 90
}

symmetry{
crystal structure = bcc

}
magnetic state = ferro

atom list{
atoms{
'#tag rx ry rz element
0.000 0.000 0.000 Fe
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}

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

}

Postprocessing{
dos{
sw_dos = ON
method = tetrahedral
deltakE = 1l.e-4 hartree
nwd dos_window width = 10

}

charge({
sw_charge rspace = OFF
filetype = cube
title = "This is a title line for FM bcc Fe"
}
}
printlevel({
base =1

}

(1) fbddtEEDOEE
585 erystal_structure T, (A7 GO Ebee & W THD ZEEBELTCWET. Lo T, 2=y I
JNTT T ARAEGFAZE S THREL TWDDT, JF1E 1 DOBFER L TOET. RONEICH DR HTFEE LT
WRUNVEIC ZTEE K 72 &0, erystal_structure (2 bee & WIOEEZFRET D L, 70 0T LNEE DA% FAK
TR D DT, ROLEDFRA-DIEIIARE L 720 £,

(2) ARV UAHEDOHERE
SRR IR O Br 1213, magnetic_state % ferro SFEEL £,

structure({
magnetic_state = ferro !{paralantiferro|ferro}

}

SbIS, FHF DAL BOYINEZASES DBERDH Y £9. AT 7A/UTHD,

element list{ #tag element atomicnumber zeta dev
Fe 26 0.275 1.5

}

D zeta=0275 LVIEEOMRS, T 7+ AELEX YL AL D FEOFEERT, AEU5HE { = (-
n)/(ny +ny) OYEEZRL TOET

43.1.2 HEREFE O

A B OEAIL, v 77 7 AV output000 ([ZHITENFET, UUTOE L THEET HZ LR TEX £

% grep charge output000 | grep NEW | more

I*——— input-file style = NEW

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

ZIT, AVUHBOERE (= (n —ny)/(ny+ny) ZfES L, ZThs (=0.2782 EWOEIZIBRL TS Z
DI ET

PATD X234 73 5 & BHORIE COEMIADOEALDHER TE E T,

| % grep charge output000 | more

F CHGT = ./nfcharge.data opened = false
!*% ——— charge preconditioning ---

!** sw charge rspace = 0

I** charge filetype = 1

I** charge title =

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

F CHGT = ./nfcharge.data

!l total charge = 8.000000 (m CD initial CD by Gauss func)

!0LD total charge (UP, DOWN, SUM) 5.10000000 (+) 2.90000000 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 4.91749982 (+) 3.08250018 (=) 8.00000000
'!0LD total charge (UP, DOWN, SUM) = 4.91749982 (+) 3.08250018 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 4.75677803 (+) 3.24322197 (=) 8.00000000
'!0LD total charge (UP, DOWN, SUM) = 4.75677803 (+) 3.24322197 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 4.64472738 (+) 3.35527262 (=) 8.00000000

4.3.2 R&MMEDFTE

SRR DA S, SREAEOFHE L BARIIIR U T, 72720, DO a 3889 5 2ol I A v o fid
B2 SORBEEAN ST D MERHY £, £ LRNE, @&y \ﬁﬁ@fﬁ%ﬁéﬁﬁéf&;é%ﬁﬁ% fi@ﬁﬁpmllﬂﬁﬁ LETS
SEREMEDIRIZRW T O L7 L 918, YA B MR LI LERT D 2N TEEEA, £IT,
PHASE T3[R TR T > v v VR D ik e R L, S ICA U mERET 25 2 LIS K-> TR
BEEZ2IAA B R E AR E T 5 2 E N TEET,

4321 NJ)RTA—=H
Bt & UTROSIT 7 v Az filé LT L £

Z Z Tl ORI 2 A © RN 7 DR A B DR S L CH D (BB magnetic_state 13 ferro
CHEET D) HEERNLET, Cr OREEEIL UUFDL212Crl & Cr2 E LTHRELET,

element list({
#tag element atomicnumber zeta
Crl 24 0.3
Cr2 24 -0.3
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Crl & Cr2 &9 2 FEOTHELTEEL, PR L HHE LTENENO0.S, 0.3 LW EZHEL TWET,
JRAEE IR D X OICRE L E T, ZHUIHIEME T, BAIREEHEISE IO A B U K& 132 O E
ENDZAT 5 Z IR L TR EY,

atom list{

atoms{

#ftag rx ry rz element
0.000 0.000 0.000 Crl
0.500 0.500 0.500 Cr2

}
}

JFRAIE DS Crl 12, BRI IEDFEA% Cr2 I L TWVEd

AL HHEOREE LT, magnetic_state % ferro EfEE L £ T,

magnetic state = ferro !{paral ferro}

file names.data 7 7 A /L ClL, RT3V ¥ L EROLIITHEELET,

&fnames

F_INP = './nfinp.data’'

F POT(1) = '../../Cr pawl.pp'
F POT(2) = '../../Cr paw2.pp'’
/

Cr_pawl.pp & Cr_paw2.pp I%, WEE LCIRICEART ¥ V7 7 AV TT, ZHUZE- T, Crl,Cr2 &1
A U T v WAMER &G Z L1272 0 £,

ZOHEERRT D2 LICd o T, K EHEMERIRE 2R OROFEEZTT ) 2 L BATRETT,
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4.4 HEiERE L

JFAB < DRI LT, Mgt 21T 2 LN TEE T, s sEOR T FEZ B L £,
441 AN A—H

WERE AT 212E, AT 7 A NVERO L ) ISRER LT,

accuracy 7 12 v Z\ZBWTRAZE < DHORKIEDIEEZLL FO L HIATWET, ZO/T A—2)3 Hikkk

B EOPHHE £ 720 £,
accuracy{
max_force = 1.0e-3 hartree/bohr

}

max_force OF 7 #/L MEil%, 1073 hartree/bohr T3,

Structure 7 12 v 77 D1 DFETE atom_list (Z mobile BMEZEE L, FE(LORRERDFEFIT1 LW O EETR
ELET, bkt e LIRVWEFIT0HAVEE LET,

structure(

atom list{

'#tag element rx ry rz mobile
Ba 0.0000 0.5000 0.05 0
o) 0.5000 0.0000 0.05 1
Ba 0.5000 0.0000 0.15 1
o) 0.0000 0.5000 0.15 1

}

ZOFITIL, 1HFHO Ba i AIsaiboxtg e84, 2% B E 4FHD O 1L 33FKHD Ba 5055w bo
SR ELTNET,

X, Y, 7 JEREZERIZHa bDORIGE L T2 E D NERET H I L HARETT, ZOEIL, mobilex, mobile,
mobilez JEMAEIZ K-> TITV E 97, mobilex, mobile, mobilez JEMAEIE, mobile JEMAE & [7] UEANT 7 /v ME
T,

structure{

atom list{

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

}

ZoBITlE, 1% O Ba Jf 3 x FEEO LR, 2F/BBL N4 EFDO O Gy FEE L 7 FEEEOH), 3FHD
Ba [ 3 x, y, 2 JEEED S B bDXISR & 70 0 £,
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structure_evolution 7' v 72, & b OREE LET,

structure_evolution {
method = quench
dt = 50

method WOEEFNO T EZFRE LE T, #EEmMo4 7> a8 L, quench (quenched MD %), cg
(CG1), cg2it B CGIE) gdiis (GDIIS#5), bfgs (BFGS 15 , fire (FIRE 15 /X—Y'=3
> 2020.01 IOV DNERE T, T 7 4L ML bfgs T,

dt SRR ZAT O BRORFRIZIA T, REWIDEIPORA~N D £, RETED LEHEEZE
LTS HD ZEMTERLRDGERHV ET, 774 /L MEIFEFHALT 100 TY,

4.4.1.1 GDIIS, BFGS {EDREHIRR &

GDIIS & 5\ T BFGS AR @< IR RZWVGELEIHATERWGERHH DT, JIHKE VNI

quenched MD 2> CG IEEFIA L, HHRENIVNES L 72> Thh GDISBFGSAIZYIV X 5, W)

E% L£7 ., GDISBFGS) 28]V & 2 2 Al i b Fik LU0 B2 OHESMEIL, ThENER

initial method & ¢ _forc2gdiis ZFIH LT ROIIITRELET.

structure evolution{
method = gdiis
dt = 50
gdiis{
initial method = cg
c_forc2gdiis = 0.0025 hartree/bohr

}

7ry 74403, GDIIS, BFGS 45T gdiis T3, 774/ MilT initial method 7% cg2, ¢ forc2gdiis
75 0.05 hartree/bohr T,

4.4.1.2 FIRE {EOFEHEE (/13— 3 & 2020.01 LARF)

method |Z fire Z+5E 3 % & FIRE % (E. Bitzek F. G dhleret, M. Moseler, and P. Gumbsch, Physical Review
Letters, 97 (2006) 170201) 2MEx %97, FIRE {£i% quench JEIZEI7Z THE TR, BERZIAMAZE L 72> TN D
FUTFHEDR DY £, UTO XTI TLET,

1. JErRNF v & ONFE PARHHET 5,

2. vi&(l-a)v+a- —|v| L5,

3. PROXVKEL, WO PWATHSIEAT Y TInbN, - AT v 7LLERGE LT D O ThiuTRHZI A
ERELST D, At-f,, Lat, OWNSWHZEMTL, & 37775 —+1, 2T TUhs<T%,
4. PIROLUTORG, IADART v T 277 7 8—f, &EhTHZEildsTUha<lT%, £z, HWEZ 0

LU, O %hlEla,, CRET S,

EMANCIRIT 5 &, TIELWTAP > WA TODIRY RFEZIZ 2880 L, ARdk D AT %) 71

FYALTY, FIREIEDNT A—=F =1, a Ny Fioes Atoas Ty faee CTo AT A—H =T 7 A MZ

start ? min? Yinc? max '’ "« "dec
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BT, UTOEHTRETE £,

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

incre_factor 7% f, , decre_factor 7% f,__, decre_factor_alpha 7% f_, nmin 23N __ , dtmax 73 At__ , alpha_start

Do NG LE T, F72, initial dt (ZFBAORTEZIZ T, invmass_factor [ ZIFEEOWHEITANY 5 8dE
ERELET, 7740 MY, FROFITHEEL TQNOAETT,

4.4.1.3 mobile JEMfEE “RFEDRTALED L < IHMEEDOLLED D OEFEUN DR WH B TRET S5
B ("— 3202001 L)

/X— 3 2 2020.01 LI, “B DALEDNS & 5 FREELIN D% mobile 78l & 35 " FREN AIREE 720 £ L7z,
ZOX I TIEERIEL, T2 ZIERMEDD xx A PINOEF% mobile 12 L72Vy, WS BAITERITE, Z0%
HANVOHREL, LAFOEE T T NET,

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

structure 7' 7 MO F® sw_mobility_by_distance % on &35 & ZOREFEVDFIHATEET, ZOHAEIT
atoms 7 — 7 /VIZEB T A EFTEDICR L SAICEFFERL TLILEI W, ZOXEHFIEOFEMIZ
mobility_by_distance 7' & v 7 ([ZBWTRE LE T, target_atom ([ZHWMNZL7ZWETO ID 2 8ELET, 2
DEMEDRE SN TWDIHETRTALED, ST RWES T —F—REDMENFLERY 7,
target_posx, target_posy, target_posz |Z & > TR FHULTRUVGEEDNLED X, Y, 2 FEEEAFRE L ET, T 74V
MEIROT G 0 TF, distance T, UL HOFREAIEE L E T, ZOBIOEETILAD 5 A LINICIEET S
JE+#1% mobile = on, D DJF+13 mobile = off & FREINE T,

442 SHEHEROEH

MidEhaibafid &, FENF 7 7 A MEEED T 7 A V4 nfefn. datall TR/ F—R B < T OEKIE
DIERED, F DYNM 7 7 A WMBEED 7 7 A V4 - nfdynm. datalZ A FBLEOBREA ) SivET,
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443 EER : o) EROBEREIE

U a AR OREERE L OFREFI T, ZERFEERENDIFRALEEZ T O LT, £ I0D ORI FHHE
THHECTY, FHEGIEIL. sample/Si2/relax TT,

(1) Ah77A40

7 7 AV file_names.data OHTiL, AJJ7 74 /L input_relax_Sidata &, JFFONEHEEE L KR < )
O FHEFEFROH )7 7 A /v nfdynm.data DMEESILTVET,

F INP = './input relax Si.data'

F DYNM = './nfdynm.data'

A7 74V input_relax_Sidata (%, BFEFEE 0.125 TiE7e< 0.130 & L. LERIGEAEEDSFA(E %
THLTWET, F7o, mobile ZEDEE yes ([ZL T, JRAEEAZIZLTONET,

structure(

atom list{

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

accuracy 7 1 27 CIRA B < IOWRSEFAFEE LET,

accuracy{
force convergence{
max force = 1.0e-3

}

(2) RHRERER

FHEAEROH )17 7 4 L nfdynm.data (ZLAFO@EY T,

#

# a vector = 0.0000000000 5.1300000000 5.1300000000
# b vector = 5.1300000000 0.0000000000 5.1300000000
# c vector = 5.1300000000 5.1300000000 0.0000000000
# ntyp = 1 natm = 2

# (natm->type) 1 1

# (speciesname) 1 : Si

#

cps and forc at (iter ion, iter total
1 1.333800000 1.333800000
2 -1.333800000 -1.333800000 -
cps and forc at (iter ion, iter total
1 1.331707297 1.331707297
2 -1.331707297 -1.331707297 -
cps and forc at (iter ion, iter total
1 1.327597870 1.327597870
2 -1.327597870 -1.327597870 -
cps and forc at (iter ion, iter total
1 1.321624355  1.321624355
2 -1.321624355 -1.321624355 -
cps and forc at (iter ion, iter total

1 34 )
.333800000 -0.010794 -0.010794 -0.010794
.333800000 0.010794 0.010794 0.010794
2 53 )
.331707297 -0.010402 -0.010402 -0.010402
.331707297 0.010402 0.010402 0.010402
3 75 )
.327597870 -0.009614 -0.009614 -0.009614
.327597870 0.009614 0.009614 0.009614
4 100 )
.321624355 -0.008433 -0.008433 -0.008433
.321624355 0.008433 0.008433 0.008433
5 127 )

L e e I e I e B i |

111




1 1.314015753 1.314015753

2 -1.314015753  -1.314015753
cps and forc at (iter ion, iter total

1 1.305076108 1.305076108

1.314015753 -0.006865 -0.006865 -0.006865

-1.314015753 0.006865 0.006865 0.006865
= 6 155 )

1.305076108 -0.004930 -0.004930 -0.004930

2 -1.305076108 -1.305076108 -1.305076108 0.004930 0.004930 0.004930
cps and forc at (iter ion, iter total = 7 184 )

1 1.295180554 1.295180554 1.295180554 -0.002671 -0.002671 -0.002671

2 -1.295180554 -1.295180554 -1.295180554 0.002671 0.002671 0.002671
cps and forc at (iter ion, iter total = 8 213 )

1 1.284767108 1.284767108 1.284767108 -0.000159 -0.000159 -0.000159

2 -1.284767108 -1.284767108 -1.284767108 0.000159 0.000159 0.000159

ZDHL, # ETHEDLHNIANT—ZO—EER L TCNETR, TORDITL, A4 Thbbar i
F OO EFHE A —RIEHT DRI, SR 34 B Th-o7-2 L, $7bb, ZORISIRERTE) 33 A8
Br&nfeZ L Z2RLTOET,  BEBIRO I DGR, 8 3 HiOBIE FfkS,  Brp/LF—IC
RLTHRENTOET,

F72, TOWRD 21T1E, FEADOEFS, JFAALERy,z, bohr HAD, BIONDRSY (xy,z, hartree/bohr HADD
FHEREREZR L CNET, ZHUCKD, #ERE FE Tl T &, FHEMSEDICOIT, JRH2@< 71032
2O LT ZEDRZDDET, REOEHT, OB OFERERD, BHNIEE SN IHEALLT
(27T DIT,  ARFMERROFHEIE T L TCNET,
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45 REDEHE
451 REDFEZETT HICIE

PHASE | RIZJEHBERSA AR LEEN 5 5 O C, R/ BR CIIRm R EORRREH S Z LT T A,
LML, OB AR THILICEY, FREERmEEDLRWREH D Z LITMeTT, BEZEEIE, K
i & R EVER LAV VREE O R & &) £37, 389, 10A LLEOBEZ@A A LET, AEKESh-
DU A REOHEEHE LET, ZOEOHEIIL, K 47 IOREND &I RA T THRAEHNET, X
7O MUD St JiORY R, ARABRI KRR T L TOVETS

& Si

P
e "
AN

f
y
T

N
//
\
.

X 4-7 A L7 Si(00D-p@ X 1) FREDHEEX

Z OFICHA 5 file names.data T9,

&fnames

F_INP = './input SiH2x1l.data'

F POT(1) = '../pp/Si ldapw9l nc 0l.pp'
F POT(2) = '../pp/H 1ldapw9l nc 0l.pp’

&end

F POT(1) & F POT@®) (2, Si Jit& H RTFOEART v VEREL TOET,

ANSIRT A—=ZFITT,
k ST T DERETT,
accuracy{
cutoff wf = 15.00 rydberg
cutoff cd = 60.00 rydberg
num bands = 25
ksampling{
method = monk ! {mesh|file|directin|gamma}
mesh{ nx =2, ny = 4, nz = 1 }

kshift{ k1 = 0.5, k2 = 0.5, k3 = 0.0 }
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ZOBITIE, AT TREREZFNTNSTD, kSO N, k, FANE L ST RS TOET,

structure({
unit cell type = primitive
unit cell{

a vector = 14.512 0.000 0.000
b vector = 0.000 7.256 0.000
c vector =  0.000 0.000 30.784

}

symmetry{}

magnetic state = para !{paralaf|ferro}

atom list{
coordinate system = internal

atoms{
#default weight = 1, element = Si, mobile = 0
ftag rx ry rz element
0.26177 0.50000 0.65651 H
0.73823 0.50000 0.65643 H
0.34138 0.50000 0.56971
0.65858 0.50000 0.56966
0.26229 0.00000 0.49388
0.73763 0.00000 0.49385
0.00000 0.00000 0.41498
0.50000 0.00000 0.40298
0.00000 0.50000 0.32769
0.50000 0.50000 0.32150
0.25000 0.50000 0.24167
0.75000 0.50000 0.24167
0.25000 0.20000 0.18269 H
0.25000 0.80000 0.18269 H
0.75000 0.20000 0.18269 H
0.75000 0.80000 0.18269 H
}
}
}
postprocessing{
charge{

sw_charge rspace = ON

filetype = cube !{cube|density only}

title = "Si(001) p(2xl) surface terminated by H atoms"

atoms OFT, T 74/ ML L ToiEL % SLICRELTNDLDT, 24 element (2 H EATJLTWWALL
SDJFEF-DILFELIT Si 1TV ET, Fo, DIV TF 740 MEE LT mobile=0 & LTWADT, 2T
T DN IEE SIVTWET,

% grep TOTAL output000

ELT, &I EHES T D &, UTO LS RGN ET,

TOTAL ENERGY FOR 1 -TH ITER= -41.206501960258 edel = -0.412065D+02 : SOLVER = MATDIAGON
TOTAL ENERGY FOR 2 -TH ITER= -42.928541839902 edel = -0.172204D+01 : SOLVER = DAVIDSON
TOTAL ENERGY FOR 3 -TH ITER= -42.956734520103 edel = -0.281927D-01 : SOLVER = DAVIDSON
TOTAL ENERGY FOR 4 -TH ITER= -42.960659333525 edel = -0.392481D-02 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 5 -TH ITER= -42.961623666220 edel = -0.964333D-03 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 6 -TH ITER= -42.962559338199 edel = -0.935672D-03 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 7 -TH ITER= -42.964136746929 edel = -0.157741D-02 : SOLVER = SUBMAT + RMM3
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TOTAL ENERGY FOR 8 -TH ITER= -42.964791285123 edel = -0.654538D-03 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 9 -TH ITER= -42.964953052183 edel = -0.161767D-03 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 10 -TH ITER= -42.965045860995 edel = -0.928088D-04 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 11 -TH ITER= -42.965076083146 edel = -0.302222D-04 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 12 -TH ITER= -42.965088896548 edel = -0.128134D-04 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 13 -TH ITER= -42.965091550789 edel = -0.265424D-05 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 14 -TH ITER= -42.965092402734 edel = -0.851945D-06 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 15 -TH ITER= -42.965092972980 edel = -0.570245D-06 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 16 -TH ITER= -42.965093291397 edel = -0.318417D-06 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 17 -TH ITER= -42.965093454357 edel = -0.162961D-06 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 18 -TH ITER= -42.965093580068 edel = -0.125710D-06 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 19 -TH ITER= -42.965093601039 edel = -0.209711D-07 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 20 -TH ITER= -42.965093604435 edel = -0.339656D-08 : SOLVER = SUBMAT + RMM3

ZOBIET, BERERERBECNT 2 LR —HEE T A HANC L TOETR, b LR EOREFmERROHHE
ZITO%ETR. LT L9112, PmOAEKEE NS A LT S FEFEFERE L. FILH LI OF % mldE)
(mobile=1) T2z TRHMLENH Y £,

atoms{

fdefault weight = 1, element = Si, mobile =1

#tag rx ry rz element mobile
0.26177 0.50000 0.65651 H
0.73823 0.50000 0.65643 H
0.34138 0.50000 0.56971
0.65858 0.50000 0.56966
0.26229 0.00000 0.49388
0.73763 0.00000 0.49385
0.00000 0.00000 0.414¢9°8
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) KD/ Ny 7 )V LT-Z A ~—DLERET p(2 x 1) TR (4% 2) TR, ZoEEHEHRT5
IZiE, Si XA ~—%H ) DT R E LT, &EBINETS Si 44 ~—OREE I L iudrs
DEHEA,

452 RESMEEEE L-KREADTE
FNE, NEFMERH AR H Y £, KEsFEEFIHT S Z LI L - T, 1 EREOHFEAR T 2 %

DIESOREET NVEZRVHFH Z EMFHRETT, Pt RiEO11D) maFle LET, ZOBFEDOATIZ 7 A LD
structure 71 v 7 [ZLLFDO L DT> TWET,

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
#tag 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 0.00

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
Pt 5.6568542492 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
Pt 7.0710676059 2.4494897428 -6.928203264
Pt 2.8284271248 0.00 -6.928203264

Pt 4.2426406871 2.4494897428 -6.928203264
Pt 2.8284271245 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 cell{
#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
}
symmetry{

method = automatic

tspace(

lattice system = primitive
}

Sw_inversion = on

ZOBETIE, FURE OISR EER B Y £9, ZOREIEHT 572012, symmetry 712 v 7 DD
sw_inversion 8% on & L CWET, ZOEET —X Z AT 5 &, 4-8 720 F,

ZOBID XN, FHEITES HROFREZFE LT 5 2 L2 L > TERFREDRH D X5 I3 55605H 0 £,
ZDO XS EEIY, swoinversion /X7 A—& % on L5 LIC Lo CHREAZHIRT A Z LN TEET, Kl
IZE BRI 70 EaWiag SWT-3HE 21T 9 S5A0E, MO SR E I CANE T 5 2 12 L - TRE 0 )
M E 2R 5 2 LS AHETT,
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s " -

¥ 2
X 4-8 Pt(111) HEORTEE, REETNOHRREFRIZT S Z &I X o TXIBERFHER D B,

453 5tE| . ERFRADER T RILTY—

0K |ZBIT 2 REDAERRTRNF—L, LITFOL D ICHHEd 2 Z LA aRETTS

y = (Es —Ep)/24
Z Iy BIREER TR F—, EDNRAOET I —, B ASIET HiEmOETRF—, ANKRETT,
2A TEI>TWADIE, FHRTIEEREN 2 SBNL06TT, F7o, EIERmET AV ERTEHNEG D LHICAy
—NUTch & TREEZTHIL £,

PP B R LT REOFHREAFNL, A@RE DA TR F—DFHHR T,

Pt(111) 9 EDQ1DHE, 736 JF+-

80, a=b=5.657A,c=30Aa =L =90y =120°

4-8 DET )V

Pt(110)i MR | 15 JE? missingrow (MR) (110)i, 7128 i+

MR i &1, REODPZE 7L L TCODE D 1B EITRIT TOHREDET /L,
BT tkida = 4A,b = 2.828427125A,c = 30A,a = =y = 90°

4-10 DTN (ZOTIE, A— 35—/ TERLTND),

Pt(110) 15 J8@D10)iH, 7t 15 it

BsFE$kiTa = 8A, b = 2.8284271248A,c = 30A,a = g =y = 90°

49 DEFIL (ZOFTIE, A—S—BLTERLTND),

I - - - -
1.”:' 7 s s

4-9 Pt(110) BARRE(R——/VFER)
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X 4-10 Pt(110) T missing-row HE(R— S—&/LFR)

HeFmEE, QDERLZEET, 110)HEIZ OV T missingrow FESZI KR SILD &S TnET, 2ok
VIR EN, REART ANV —OFHRENOHHTEL Z L 2R LET,

FARERSENTT,

®  \INDET VG AR ZBE

® 1y M7 x/L¥—|% 25 Rydberg

® k SV rTULIE, (111) 1Tk LT 6x6x1, (110) (2% LTl 6x8x1, (110) MR (Zxf L Tl 3x8x1

o FEERE(LIE BFGS 1512 X~ T ; J1DINACHIEIF2 x 10™* hartree/bohr

® fEERELOXG L e DAY, REmD 4§

ZO X UTE LRI T R —O R, & 431CEEOFE Lz, (MDEOAERTR/LF—
hEL, WA MR, i HAERTRLF—03RKEWOA10)H & WV ) FERIELE LT,

# 4.3 BPEFRREOERTINLF—, (111), 110MR, 110) DIETERTRILFE—DIV/NELY,

(111) (1100 MR (110)

AR L — (eV/A2) 0.089 0.099 0.108
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46 [RF - N FDEE

[T« SO, BEZEERITAZ LI o TUTOET, 00 FO8%A1E. RIS R D3 /e
WE T, TRTOBNARY MLOHAETEZEE AR 2MLERH Y £3, 8%, k7)o 73T mDH%E
FIHLET,

461 NSRS A—4

J7F « S FORHRIL, BZEEARRT 5 K 512 unit_cell #F5E L £,

unit cell{

a vector = 15.0 0.0 0.0
b vector = 0.0 15.0 0.0
c vector = 0.0 0.0 15.0

KFFORNBEDATI ST A=ZTE, JFFERIH L, Mol RkEhha=y b ELTOET,

Control{
condition = initial
cpumax = 1 day ! maximum cpu time
max iteration = 6000

accuracy{
cutoff wf = 25.00 rydberg
cutoff cd = 225.00 rydberg
num bands = 8

xctype = ggapbe
initial wavefunctions = matrix diagon
matrix diagon {
cutoff wf = 5.0 rydberg
}
ksampling{
method = gamma
}
scf convergence {
delta total energy = 1l.e-10
succession = 3
num max iteration = 300
}
force convergence({
max force = l.e-4
}

initial charge density = Gauss

structure(
unit cell type = primitive
unit cell{

a vector = 15.0 0.0 0.0
b vector = 0.0 15.0 0.0
c vector = 0.0 0.0 15.0
}
symmetry{
tspace({

lattice system = primitive
generators({
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#tag rotation tx ty tz
C2z 0O 0 O
IC2x 0 0 O

atom list{
coordinate system = cartesian

atoms {
'#default mobile=on
'#tag rx ry rz element
-1.45 0.000 1.123 H
1.45 0.000 1.123 H
0.0 0.0 0.0 0

}
}

element list{ #units atomic mass
#tag element atomicnumber zeta dev

H 1 1.00 0.5
0 8 0.17 1.0 }
}
wf solver{
solvers {
l#tag sol till n dts dte itr wvar prec cmix submat
msd 5 0.1 0.1 1 tanh on 1 on
Im+msd 10 0.1 0.4 50 tanh on 1 on
rmm2p -1 0.4 0.4 1 tanh on 2 on

}
rmm {
edelta change to rmm = 1.d-6

}

lineminimization {
dt lower critical = 0.1
dt upper critical = 3.0
}
}
charge mixing{
mixing methods ({
'#tag id method rmxs rmxe itr var prec istr nbxmix update
1 broyden2 0.3 0.3 1 linear on 5 10 RENEW
2 simple 0.2 0.5 100 linear on * * *
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4.7 EREEDH N

PHASE (% SCF G5 - Lt 2] CREMBRIE 2R E 373, IR U7 B B & S22l o 7 — U 48 L, i)
SHLHZEBLAHETY, 29952 &1L ->T PHASE-Viewer 72 E&FH U CEATEBEDO AL ETITH) Z &0
FHECT, B A FEZE RN ) S/ B 72 0OIlE, AJ17 7 A VO AT postprocessing 7 7 v 7 ZERK L,
EBIZFD FIZ charge 7' v v 7 ZER LED FCRREEITWVET,

postprocessing{
charge{
sw_charge rspace = on
filetype = cube

}

charge 7' 7 7 O FCIILL FOEE OB EEITVET,

sw_charge_rspace RS 2 2B CHIIT 5008 9 D ERRET D EAIETT, on (295 & EZE DT
BEESHSNETS,

filetype BB T — 2 DOT—H 74—~ hAEE L E T, density_only & cube 23E~FE T,
density_only DA EMEEDAHNBHIISIVET, 7 7 4/V Ml density_only T,
cube D55, Gaussian Cube A CEMEENHNIESNET, ZO/NT A—F—(F,
cube |[ZRXET H Z L AHEREL £9,

title Gaussian Cube 7 7 A VORI U ZEE L E T, ZAXTEEHO LA, 2R A
D 2 HG | FIFFCHAE TS

F7-, filetype & LT cube &R L7-84, file_names.data 7 7 A /UIEBWCENBE T 7 A VDT 7 A V4
EEFL TR ZEaHEEL £,

&fnames

F CHR = './nfchr.cube'
/

I L7507 7 4 /L Ml nfchr.data T,

AV AR EE L T DA, file_names.data THE L7=7 7 A1 /L4473 nfchrecube THo72ET5 L&,
nfchr.up.cube & nfchrdown.cube £V9 2 5D 7 7 A JMIZFIENAE LT w7« X0 (RS 2 B
TR SNET, BZEOTYD, K 411 ITEROLEIRA ©' 2 LADEIRA & L O 2 PHASE-Viewer
TAHUL LTk F2 R LET,

S BIZ, FFEOT RV —HIPHOEMEE 2 E ML THI S AHEED PHASE [Zidfii> CWET, Z Ok
REIZ DUV CIE, I AERBIZ IS W TR L 97,
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4-11 Fe OBEFBENMX. FR LIV VROEIY, BRERLIZE VAT, ZHEIRA LV E/NEURA
NCX B BREBENAAOEEREZRT.
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4.8 KEZEDFE

SCF AR LI=0b, IREEEEOFREAITOE D 2 L3 TEET, BMEEOFHEEITO 2oL, A7
7 A VD FALIZ postprocessing 7 & > 7 ZAERK L, S HIZED FIZdos 71 v 7 ZERLZD FCREZET TV
EX

postprocessing{
dos{
sw_dos = on
method = gaussian

deltaE dos = le-4 hartree

}

dos 70w 7 CIILAFOREEITHI ZENTEET,

sw dos :%Aé%ﬂ‘&f%ﬁ%ﬁ IMEIMERRET HDEBETT, IEEEDOFRAITOYA on & LE
REEEE DR FTEAFRE L E7, gaussian & tetrahedral OV EEERT 5 2 L3 T
X F7, gaussian FEIR L7255, =X 2N U ARSI L > CRER-87- T

method FHR LIRREB B MS HIVE T, tetrahedral DA TURIAIAIC X 2 ks 7 RRE% B 4

1752 EMMTEET, 727210 tetrahedral ZFIHT 2552 B OMEAIEDFIH T 5540+

H I TES N,

KA EIRH SN D =X —DlFEZ/— N —HALCRRELET, 7 740 MAlX

deltaE_dos

le-4 hartree T,

IRAEEE DA T L LT tetrahedral ZFIH3 2855, LLNOSENIZ SIVTWDMERSH Y £,

® ki V7Y FEL L Tmesh EEHIL TS

accuracy{
ksampling{
method = mesh
}
}

® smearing D 5{EE LT tetrahedral {EZ2E8H LT %

accuracy{
smearing{
method = tetrahedral
}
}

PLEANR72 STV & gaussian TEIC L DREREFHRIMTOILCTLE ) DT, THEEIEIVY,
BEDT-0, gaussian 15 & tetraheral 15 TEHEE L72ARONI B OIRREEE 2~ 2 27UX 2.10 & 211 ([TRLE

T k mA Y2 FENEN 10 X 10 X 10 25 LE L, X 412 BL0K 413 £V, Tetrahedral i
THREMRREBE DS L v — 7 THED LN b OPELTND Z LD 7,
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[
L 1 H
1 WH\ MM U‘ m“ UM 1
M U W N ‘ ‘H V‘“ I | \ |
. m I R ) | N 0
TR T A el Al

TR ERYG WVWW I L il

DOS (states/eV)
o

4
-10 -5 0 5 10
Energy (eV)

4-12 Gaussian ETHE LTINS FEROIRIBRE

DOS (states/eV)
- o
T
1

-5
-10 -5 0 5 10
Energy (eV)

4-13 Tetrahedral {ETRHE LoD SDRER E

PHASE [ZI3F R8I Lo THE LT R 2 3R D B8RE bl > TV ET, ORI W T,
I HBSREIZ ISV TR L £,
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49 1\ FIEEDFTE
491k mDT—FDIERL
NV RREEEORHEIZIE, N ROBEET 2 k SOT —2 B ETT,

k mOT—4E, Y —/V band_kpoint.pl ZF]H L CIEK LET, £7 band_kpoint.pl FHDO AT 7 7 A /L EAERK
LET, 2oL, UTOLH%RbDTT,

dkv

blx b2x b3x

bly b2y b3y

blz b2z b3z

nl n2 n3 nd # Symbol

dkv 3k ASOERE, b1x,blyblz [FiHH&E~~2 bbby D xy2 Koy T, WHEA7 N lby b lZ W THFERTY,
FATH BRI R Rk e 2DV RVOIRER LET, VRV OIREFVETIEID D FEAN, IHEND LY
A, N\ PEERERROBICRHIH S E T, B, ny, ng, ng AW Tk MLk
ny n, ns
k = abl +Tl—db2 +ab3

DENHAFEL LT, U AUIHDRITENTIZSV [JOSTEF-DEEDOF 2R L ET.

0.02 <-——— k RO

<mmmm WHKFRT BV

<----nl n2 n3 nd # Symbol

D77 ANEVER LTS, LLFO X 912 band_kpoint.pl 2373 4UEL~7 7 1 /L kpoint.data 2MERR S VE T,

% band kpoint.pl bandkpt.in

kpoint.data (FLA T D X 9 225t 272 > TWVET,

141 141 (a)
0 50 50 100 (b)
49 49 100
48 48 100
47 47 100
46 46 100

cooocooo
e e

BB IIRD L 5 78R T,

(@  k SOEEERELET. ZOFICIE, 141 8T,

(b) 4 SOEEHNE, FNE Nk S Z2RAD XD ITEFR L2500, ny,n3, ng, w2720 £9°
(Z ZChy, by, by (TWHE 72 R T,
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k:wxc—m+—@+—mg
Ng Ng Ng

492 BIEBRDFAEETS

NV RS, BIEBMARICE > GHATE E7, BEEMHE L 1L, SCF #HEIC L > TR LI BREET
—2% MELW H0E LTEEL, FLuvvSr R, k Aty STl A ME 2B iR FE T, BEE
TR OV TIX 2.8.6 iDFA B L T 123V, [EEERRIHIL, SCF DR A ITo727 4 L7 MY TH
ITUTHRIEITS 0 TN, WEIBEL E DT — 2 N EEE SN0 1T B 7208 - B EER HOFE T
T4V I N EERT D EEBED LET

4921 NJpRT A =4

(1) file names.data
file_names.data [ZEAANZIE SCF FHREOEE L [FEETT 23, F_CHGT #5/+C SCF FHEIC L » ThHbhn-&
TRIE T 7 A N T VEN B D RN D £ 2D 7 7 A /W SCF FHE TR L7= file_names.data o
F_CHGT #3BI - CHRESND 7 7 AV TH Y, BEED4HNE nfchgt.data T7, 7= & 2%, SCF A ZIT-727
4 L7 N UE FZBWCREEEMHADOAT —X 25k L T 5854, file_names.data (LA F &Rl LET.
N R ERDTZVW Kk SOT—4 kpoint.data (3 file names.data CHRETE £,

&fnames

F_CHGT = '../nfchgt.data'
F KPOINT = 'kpoint.data'

H L PAW HEIC L D3HEEIT > T D07 51, F_CHGT ®D1E)NZ F_CNTN_BIN_PAW & W\ 5552 k- T
BESND77ANVE SCFRED T 7 A NVEFETVENRHY £3, £72, DFTHU EIZL D HEEZIT- TS
e, SA1TH7 7 A4 V% SCF sHED 7 7 A V& F_ OCCMAT #5312 K> THRET 20 ER H D F9, B4k
ANZIE, AT O L1220 £,

&fnames

F CHGT = '../nfchgt.data'

F OCCMAT = '../occmat.data' <—-—- DEFT+U DIFATI0EE
F_CNTN BIN PAW = '../continue bin paw.data' <-—— PAW {EDGATILEE
/

(2) AJIRTA=HT 7 A )L
B E BRI DAS 7 7 A W EAERL L3, FARRCIE SCF FHE TR LA 7 7 A VA TTIAERR T 5 &
FWTLXE Y, P UROEIZIEEWETESVERH D £

® T DHEEDIERK
OGN ZAT > T35 6, EEEROA TIEE OB S NG Z AT 2 0 EZ N8 H Y 3. 16> T, Witk
AT AIT F_DYNM 7 7 A JUTEDN TO D IREOIEIE 2 S B R OEZ730E LTS 720y,

FHRA DR
[EEEM TRHAT D, LW OIREER FRROZEHETITVE T,

Control{

condition = fixed charge

126




B E B AT OF R BAKSEHRL I G L CWET, Akt HE 21T 5 %54, condition % fixed_charge_continuation & L
TLIEELY,

® k SV TOHE
YER% L7= kpoint.data ZHi AT L 512, kS 7Y T EEDTFO X OITHRELET,

accuracy{
ksampling{
method = file
}

}

® ¢k _convergence 7 11 DFRTE
EA M HEOFHES 7 P2 5RET 5, accuracy.ek_convergence 7 11 7 OFREEAT I LENH Y £9, LLF,
ek_convergence 7 2 v 7 DRtk DA~ L ET,

accuracy{

ek convergence{
num max iteration = 500
delta eigenvalue = l.e-5
succession = 2
num extra bands = 10

}

ek_convergence 7' 1 v 7 DFEFIOEMIL FRLo@ ) T

num_max_iteration VIR LUFHED FRAfEE L £

delta_eigenvalue WHHEZRELET, ZOMEDT 74V MElX 1e5 T, £ DEEZDOT 74/L k
ECREZ W E B ET 2, BZLE LTL, #M&E, HEROEATL 1.e4 rydberg
R, B&JRO%ATE 1e6 rydberg FEEN XWTL X 9,

succession BITARINVF—DRHIAT v 7 L D7) delta_eigenvalue LL T succession [BhEE CUNE - 7=
FESCIR L7 & R L $£9,

num_extra_bands BT 5/ FOETT, ZOREMEDT 7 40 MEIT 2 THA, HiIFTZ L2k > TR
WP ETA25E0NH 0 £9, NV REO—FIRENEZ L0 £7,
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493 1\ FIEERIDIERK

AT UTRER, Bk ADOK /S ROBEA TR LF—)NT 7 A L nfenergy.data [ZH /) SHvET,

num kpoints = 117 (a)
num bands = 8 (b)
nspin = 1 (c)
Valence band max = 0.233846 (d)
nk converged = 117 (e)
ik = 1 ( 0.500000 0.500000 0.000000 )
ik = 2 ( 0.487805 0.487805 0.000000 )
ik = 3 ( 0.475610 0.475610 0.000000 )
ik = 4 ( 0.463415 0.463415 0.000000 )
ik = 5 ( 0.451220 0.451220 0.000000 )
ik = 6 ( 0.439024 0.439024 0.000000 )
=== energy eigen values ===
ik = 1 ( 0.000000 0.500000 0.500000 ) (f)
-0.0484324576 -0.0484324576 0.1258094928 0.1258094928 (9)

0.2619554301
energy eigen values

0.2619554301

0.6015285208 0.6015285208

ik = 2 ( 0.000000 0.490000 0.490000 )
-0.0540717201 -0.0427149632 0.1258687739 0.1258687739

0.2607026807 0.2633829927 0.6006243932 0.6006243932

FKHEBZHALET,

(@  k S¥ ZofTiT141 T,

b AU ZofITIE8 TY,

© ZE BB, 1202 OEEZEVET, ZoFITIE1 THY, AL UHHAER LV EHEICHR L E
7

G 7 )V TRV —DfE, PEERKERR DG AME RO o r B =gk SvES, BALE
— hU—T7,

(e HEL-k A

® BEEOERIZLRENET, ETZOTT, ED k AT AEGET—Z 0035900 £4, 20
FITIE 1 FEHDOKk T, TOMEELHE X7 MVEFEEE LT0,05,05) &7 ET,

(@ EAEOT—2 ), v RO snEd, Bid— U —T7,

A EREBR LUIZFEOSEE(FREDE) 252 OBE) bIEIEREED 7 7 A VEX T, Figd(e) DRk “UP”
7 “DOWN”  LitiR&Ensd, LW IEVAHY 7, TNENZEIRA LV EDHIRA B ATKGT DEAHE
NEIHINET,

ik =

ik =

energy eigen values

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 ===

2 ( 0.000000 0.000000 0.000000) DOWN

-0.1960420390 0.1062941746 0.1062941746 0.1062941746

128




0.1799862148
1.0183970612
1.2192701193
1.3289165100

0.1799862148
1.2174266166
1.2192701193
1.6910264603

1.0183970612
1.2174266166
1.3289165100
2.2876818717

1.0183970612
1.2192701193
1.3289165100
2.2876818717

ZDX DT —E DB MREERZERT 2 OITF/3 020 £33, PHASE ITIXZ OFERD B3 RS
2 BRI D band.pl” &9 Perl 227 U 7 FAMYJE L CWE, bandpl 13, LFO X SIZFATLET,

% band.pl nfenergy.data bandkpt.in -erange=-10,10 -color -with fermi |

BlE LT, ONLFERO/R PSR 2K 4-14 (IR LET,

Energy (eV)

-10

X 4-14 0T FgkD S X,
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4.10 1EFEH
4101 5t&EAE

I ERIY, RO ERIZRONTRT R —25tHT 5 ZEIC > TR T 2 ZEMNRETY, RS,
TR DOGEIITRO~—T N OIRIEGREIC T ¢ v b5 2 &I L > T HFERIZT Tldve IR S b
LD T ENFRETTS

BV , AN AN
Bon) = ————— B (1=31) +(32) = 1|+ B
B (B —1)

T 2 CE ot (VIFHAAOHEY 1231 B e 3 —, BITARRMIEER, B IZARRMIERORTEIRSY, VoldZeE

BT ERIC I D EAOURE T, BB Vo, Ext(Vo) D 4 D17 4 T 4V JI3T A—4TT,

4.10.2 5tES - Si #E5&

Si fETR O EEOFER T, ZOFEIL, samples/Si_lat T9, Silat ® Fi2lE, S HIT volxxx V)
TT4 V7 NIDMHELET, 2DV 7T 4 L7 R, xxx &V BARIOEF kG LT A7 — 2 0354
WS TOET, =&, vol1200 WD T ¢ L7 R UIZEIT AFEET VOREFU FO X H 127> TnE
7,

structure({
element list{
#tag element atomicnumber
Si 14
}

atom list{

atoms{
#units angstrom
#tag element rx Ty rz

Si 0.125 0.125 0.125
Si  -0.125 -0.125 -0.125
}
coordinate system = internal

}

unit cell{

a vector = 10.62658569182611066038 0 0
b vector = 0 10.62658569182611066038 0
c vector = 0 0 10.62658569182611066038
}
symmetry{
method = automatic
tspace(

lattice system = facecentered
}
Sw_1nversion = on
}
unit cell type = bravais

}

FEEF— 21, 7T 7 a FVREESEF— 2 THRELTCWET, IALTI T THL RO TTD, BEREE
Z D T= N H IS 2 D DIZTFRMNIIND DT, $TEROFEIZIZT T 7 v a TVEENE L WD EE AL
E3
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unit_cell_type & L C bravais #£¢H L, & 5(Z lattice_system (T facecentered ZH5E L TV ET, ZD LT
THZEILE ST, BTEHEOEREN LT WT TR L > TATIOE T A2RE L, FEEROHEITI VA
T DD IRNHARE A TITO T EDFREE 72 D £,

FEROFFILT T X ClIe A TITHONDH DT, KfEL LT7 7 FOEERAT 20 Thh
IVENDR U CREREEHT D BNV £9, 7ol 2T, ZOFIOGEREHMERIT 4 5L ET (@oNLh
BT DT T XA DB IEAREFD 4 f5D728)

FHEEITV, ~—F N ORBEEFERIC 7 ¢ v b UTAERZX 415 &3 4.4 (R LET, BEEHE LR TO

BTG, BEETRLF—HRLTOVET, FHTH ) OBET L, JHTOETRLEF—N5
RKETE DS ERBUZIT DAEERD BT RN X —Z A THI S TfiZ 5 < ZEIZE > TR Z LN TEET,

-1271 T T T T T T T T

127102 /o

A1271.04 | O /o
127106 b\ ) -
427108 O / ]

-12711 \ / 4

energy (ev)

127112 | / -
127114 | X -

A271.16 | S \ 1
1271.18 | % 1

-1271.2 1 1 S 1 1 1
145 150 165 160 165 170 175 180 185 190
volume (A%)

X 4-15 'V 22> ? Energy-Volume i, HIITFHEME, FIT7 1 v b LIHER

R 4470 NTHETER L AR

PHASE ST —H
a(A) 5.48 5.43
B (GPa) 87.5 98.8
Ecoh (eV/atom) 4.60 4.63
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5. it FRtsEE

5.1 fgtfTikse
511 R RLRTUYIL
5.1.1.1 BEAEDHEE

PHASE (121X, A RV AT U Y NVEHETHRERH Y £3, ANV AT U VIVERHRETHZ LICk Y, LEk
A TERCOMMEE A R T D Z LM TE £,

5112 AJI/"T A—%
A RNVAT Y NVEFRT DI, AJ73T A—4% 7 7 A /L nfinp.data (23U T, structure_evolution 7 =

J D FDstress 7w 7T, ANLVAT U Y NVERERNZT HHEEEY LET
Si (IFHEH) DASIRTA—=2T7 7 ANOFELL IR LET, FHEAFIEEIL, samples/stress/ TT,

Control{
condition = initial
cpumax = 24 hour
}
accuracy{
cutoff wf = 20.25 rydberg
cutoff cd = 81.00 rydberg
num bands = 20
ksampling{
mesh{ nx = 8§, ny = 8, nz = 8 }
}
}
structure({
unit cell type = primitive
unit cell({
#units angstrom

a vector = 0.000000 2.729685 2.729685
b vector = 2.729685 0.000000 2.729685
c vector = 2.729685 2.729685 0.000000

}
symmetry{
method = automatic
}
atom list{
coordinate system = internal

atoms { #tag rx ry rz element mobile weight
0.125 0.125 0.125 Si yes 1
-0.125 -0.125 -0.125 Si yes 1

}
}
element list{
#tag element atomicnumber
Si 14
}
}
structure evolution{
stress{
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Sw_stress=on

}

SCF FIH L[k PHASE 27U £,

% mpirun ~/phase0 2020.01/bin/phase |

RIRD T LI OREREMER L E TS

$ grep -A3 'Total STRESS TENSOR' output000 |

STRESS TENSOR
0.0000004032 0.0000000000 0.0000000000
0.0000000000 0.0000004032 0.0000000000
0.0000000000 0.0000000000 0.0000004032

A NVAT VU

X, X, X,
Y, Y, Y,
Zy Z, Z,

DOFATHASIITOET, HASHTOSEOENIE [Hartree/Bohr3] T, EOFRSRTIIANT—Z L L
THOTNIEFERE NES WM TH D, ED X,,Y,,Z, DS THET,
Fio, FIVBVDREDND DISFETE e). AT 4 TARATEHE o)EHWD & RO X D727 v 7 OIERIIARY
SVHET

Xy = Cr18xx T C12€yy T C12€5;

Yy = C12€6xx T C11€yy T C12€5,

Zy = Crplxx + C12€yy T C11€5;

Xy(z Yy) = Ca4€xy

Y,(= Zy) = C44€y;

Zy(= X)) = C4a€sx

5.1.1.3 BMEEEL

A NVRAT Y VORBEFERDG, HEEROFEEAT O FIER LET, HEERIL, BADRWE R EE
HDHDIERDA VAT U I NVERIAT D L, BT v 7 OFERIL 0FHET D Z LnTcaEd, 22T
Si (IJdh) BN LES, ZoOfED AT 7 71 /W, samples/elastic/Si D s0 LV sxx D FlZH Y F
T, SO DELDIRVFETED AT TT—H | sxx I8 xx OB 52 D5 D N7 —% TF,

HEER AT DG A RVAT U VOMRHEN 2 D XIS R EBEFIFTH Z ENREEL
WTT, ZOFEEIE. A L AT U IVOERG ORHEDS 109 [Hartree/Bohrs] LA & 725, LLFD X 5 72k
FERETRH L CWET,

unit cell{
#units angstrom
a vector = 0.000000 2.723515 2.723515
b vector 2.723515 0.000000 2.723515
c vector 2.723515 2.723515 0.000000

7 4 L7 kU —samples/elastic/Si/sO (ZHBWVTA L AT Y VERRT D ELIFO XL 5 kRS 1S E T,

% grep -A3 'Total STRESS TENSOR' output000 |

Total STRESS TENSOR
0.0000000006 0.0000000000 0.0000000000
0.0000000000 0.0000000006 0.0000000000
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0.0000000000 0.0000000000 0.0000000006

OF, T4 L7 M) sxx D FT,

[o)

2 cd ../sxx |

ZOT4 LT RU—TEIPNTOAAS 7 7 A UTs0 DO EIEE U TN LLFOREICL - T 11 Flhlxx
JFEDIZ 0.001 & WA EHEEZ 23R Z1TH Z L1720 £,

structure(

strain{
sw_strained cell = on
ell = 0.001

structure 707 O R strain 71w 7 2ERR L. B8 sw_strained_cell 7 on &9 5 SRR ELEE 2 TE
BAATH ZENTEET, I8 ell, el2, e13, €22, €23, e33 THT 1 LT AHEARSEIEELET, 2D
T4 L7 NUTREZEITY & IFDX DR A RNV AT I ANMELNET,

$ grep -A3 'Total STRESS TENSOR' output000 |

Total STRESS TENSOR

-0.0000052984 0.0000000000 0.0000000000
0.0000000000 -0.0000019980 0.0000000000
0.0000000000 0.0000000000 -0.0000019980

Z OBEOBETEROFEIZIEL. A VAT Y VORGSO E T, ZOFHEFETIE, [FEECEIRTOS
B x5z TOER-ADT, #ﬁ%%ﬁ 0o TWVET,

BONFA RLAT LD, AT 4 TR R e, e AN DR L £

Xx = C11€xx + Clzeyy + C12€22

Yy = C12€6xx T C11€yy T C12€5,

Z; = Crplxx T C12€yy T C11€z,

Xy(z Y,) = Ca4€yxy

Y,(= Zy) = C44€y7

Zy(= Xz) = C44€zx
LD —ATlIe, IINT 0 72D T, BHDIRNRE B DRDX,, Y, DEEESE (0.001) T tuuTe; Lo %
AR D 2 EATEERT, R TROM®Y T,

¢,, =5.30x10°° Hartree/Bohr®=156 GPa
¢, = 2.00x107° Hartree/Bohr®=58.7 GPa

—J7, WEEHR(Y L VHREY) - ATV UH(E P) - REHMERE B AT 4 TR AERE W TRO L 5 72
AN TEERINET, AMERIT Y/(2+2P) EETET,

2 2
Ci1 + €162 — 2¢13

€11+ 12
C12
€11 T €12
c11 + 2¢45
3
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ZIUTAT 4 T H A ey, ¢ 2 RATHUT ST OBMEEEA T O & 5 I1RE Y £,

Y =124 GPa

P=0.274

B=91GPa
K O OEROHMEEROHEZITIN WA, cutoff wf, cutoff cd ZRKEDIZE Y| EFIREEE T/
IR EELMERHY | RO DI £7,

5114 A KL AT Y LOFIE
PHASE/Q IZ LD A R LAT Y LOREIL, FEEMEOEERH D 9, FIRIL, WSRO0 Lok b
I OZACDNFI R E DIV TN RVING T, ZOMREID AD Z 2L - T, HAREMIEETT
9 Z EMNARETT,
(1) Hik1.
I R L —DFBRIZBIT 5 G XY MVOEEERGEAA T 3252 I8 8o 7C, SEmpd— & ORIz
v NA T 2R ——TE ORPUIITST D Z LN TX EF, SCHRA. Phys. Chem. Solids 56 501 (1995)) ClZ, i#
X —DOE R Z L FO LD ICEEHZ 5 2 EPMERINTNET,
2

GZ—>G?+AP+eﬁ[£E§L:E%H.

O

PHASEO TiE, EXREFFALIZA MLVAT UV AOHEEIT) ZENTEET, UFDX I BRREEZ ANTIRT
A= —T 7 A NFER LET,

structure evolution{
lattice{
sw _optimize lattice = on
}
stress{
sw_smear KE = on
a = 15 rydberg
sigma = 0.1 rydberg
e0 = 35 rydberg

}

structure evolution @D FiT stress 71 v 7 ZAF L, SEZTTVVET, sw_smear KE=on &7 2% & Z Dk
BEDSEZNZ/2 D £97, a, sigma, 0 ZIFXNT D37 A—X—%FFELET,
7 7 4V MiElX a=0.375, ecut, sigma = 0.1 Rydberg, e0=ecut-1 Rydberg T9,

(2) FHiE2. (x—v=22019.01 LU L)
BHEDT) > AT TN F L DFRENORREZ AL D Z N TEET, 40y My M7= 3% —
% E, Zfbfich AE, 23N X —0ZLRA AE, L92 L, A ML AD#EES, FATOL S ICREL 2 LR
TEET,
o, =—(2E, 13V )x(AE,/ AE,).

Z OffIEZ PHASE/O IZHHR S 5120, LAFDO X 91T stress 7 1w 7128V T sw_stress_correction % on &
L%,

structure evolution{
stress{
Sw_stress = on
sw_stress correction = on
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}
}

A NVAT Y VOMIEDR, Ty M T7ZRNANX—E2BMEETANAT VYN ERDD ZEIZL S TR L
F9, EFORED v "7 X =22 S50 delta_ecut (IZL > THRELET, Iy A 7=RrLF—
% ecut-delta_ecut & L7z —A & ecuttdelta_ecut & L7z —R, ZLTecut TDOHLDODIr—ADA L AT
VIOVEEMMTION, EORMENFHESNET, 7ok, MEOEINIHENE T LIGae cE /0o T
EEDMETT, MIEMITLLTO X 912 output000 7 7 A /MIFHERSE T,

| %% pulay stress : -0.000194696412156

%@Erjiﬁ SN &, AT A—=E—T 7 A KA LORRED T T DG EHE A A A /TR

RECTH I LETED G E D 77, £ 95 ThWGE, UITOEGE CHIEDEZ AT 7 7 A MIEZIAR, ik
W72 ERATOREIZ LI ) Z THEREZIEIT LT 7Z3W (IENME 2 DIIRAER DL, Fimidr=ms—
0.0001lau 7Z-7=& L0),

structure evolution{
lattice(
sw optimize lattice = on
external stress({
sll = -0.0001
s22 = -0.0001
s33 = -0.0001

}

X A= 3 2019.01 R OSEMIETFE TR 20 E R H Y £

(3) HRRE
INHOMIEEZFIM L, TO DT ERAFR LISERELTORITELOE L, HEL. ONTA—F—

T 740 M, k2. OAE, 135Rydoery & LE L7z,

a (bohr) ¢ (bohr)
71 A7 36Rydoerg, EV i 8.8017 56355
71 + 747 36Rydberg, fHIE/: L 8.6825 55862
71~ kA7 36Rydoerg, 1% 1. 8.7593 5.6072
71~ kA7 36Rydoerg, 1% 2. 8.8052 5.6200
71~ + 47 80Rydberg, fHIE/: L 8.7918 5.6158

TEL. 2. EBUELTWET, FHT, k2. Zff) & BV i b & DT ER & IRTR Uk E5
PO TOET,
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5.1.2 BATKEEE & N EWEE
5.1.2.1 e

FHE LT B IR AT 2 T2 DR BB EOmE T AR & 3708, M2\ 27 D & fRATISIRER 272 0 9,
JRFREIRODIRAEFE L 2RO D Z LIT R0, FESIRREOMATANFTRE L 72 V) £3, FEE RGOS & Za s
OWREE AR 5 &, FHEICL 28 FHIRIEOZLOT-C IR EEDOREN TE 7, BT —21H
BV —HH (I E DEFRED DR D B AR T 5 &, T b OB FIRIED AR DR 57D
DET,  JRFEIE B RIPRIERE Loy B EOF R O 7% BaO/SI00) i 2 Bl Zii] L E 5,
LD 7=, BaO O T- XU Si &7 UM 7 E4(6.43A) 2 FiVWE3, 2 LT, ¥ 5-1 12753 L 912, BaO/Si(001)
FUHOFAAEEIL B @b n v ) a @l 6 J@hnn72% Bal Ea 0 TIPS LET, 2o Ba0/Si(001)
FEOFHFEBI-EIL samples/BaO_Si001 T,

A28 A—=F OB DE13IRD L 51278 > T E T,

structure({

unit cell type=bravais

unit cell{
'l a 8i=5.43 A, c-axis=5%*a Si
'l (c.f. a Ba0=5.52 A)
'#units angstrom degree
a = 3.83958982184, b= 3.83958982184, c= 27.15
alpha=90.0, beta=90.0, gamma=90.0

}

symmetry{
tspace(
system = primitive
generators {
'#tag rotation tx ty tz
E 0 0 0
C2z 0 0 0
}
}
sw_inversion = off
}
magnetic state = para !{paralafl|ferro}

atom list{

coordinate system = internal ! {cartesian|internal}
atoms{
'#default mobile=no
'#tag element rx Ty rz num layer

Ba 0.0000 0.5000 0.05 1

0 0.5000 0.0000 0.05 1

Ba 0.5000 0.0000 0.15 2

0 0.0000 0.5000 0.15 2

Ba 0.0000 0.5000 0.25 3

0 0.5000 0.0000 0.25 3

0 0.0000 0.5000 0.35 4

Si 0.0000 0.0000 0.40 5

Si 0.5000 0.0000 0.45 6

Si 0.5000 0.5000 0.50 7

Si 0.0000 0.5000 0.55 8

Si 0.0000 0.0000 0.60 9

0 0.5000 0.0000 0.65 10

Ba 0.5000 0.0000 0.75 11

137




@) 0.0000 0.5000 0.75 11
Ba 0.0000 0.5000 0.85 12
@) 0.5000 0.0000 0.85 12
Ba 0.5000 0.0000 0.95 13
@) 0.0000 0.5000 0.95 13

element list{ !#tag element atomicnumber zeta dev
Si 14 0.00 1.5
Ba 56 0.00 1.5
0 8 0.00 1.5

}

SRS OREFN IREA303)35 D C, mobile % no IZFRE L THEEEEIII Th/eWnWZ Sl LET,
5.1.2.2 i B Rprik e

JEA53END JBFTIRIERE S 234 D 12132 7 Postprocessing DI 7 dos & % 7' 1dos #EEE£9, LT,
47" dos D DL sw_dos 2 ON (ZL, # 7 1dos DHFDOZS sw_aldos 2 ON IZLEJ (phase/l0 71 7T A
DOBIEE TORR (phase/0 2015.01 £ TOR) TiE, sw_dos=OFF T sw_aldos=ON (Z3%E L7=¥a. BE&T
LETOTIEETIVY,

Postprocessing{
dos{

sw_dos

method

ON

1
ldos{
sw_aldos = ON
aldos{
crtdst = 6.0 bohr
naldos from = 1
naldos to = 19
}

}

4 7" aldos D DOZEL crtdst ITHNAAE 2 JF A Z SR e J A ZEiRpEd 5 & & OERIEEECT, EDF)»
5 b Z OEEFRBELL_EBEN QU D REII IE 2SR & A7 SVE T, BEAEEIROREEEY, (Rrofii+l) &
H DR JRFTIRIERE & L CF SN ET, naldos_form & naldos_to |25y ERTIRAERE FE & A3 D ) D
A EEREDIRTEHEELET, THERE LW E ROV R OEIRFTIRIEEENFHE S ET, £
7=, # 7 atoms O TEEL aldos % off |2 L7 ORFTREEREEITHESNETA, % aldos LV b
naldos_from & naldos_to D5 AME SN E T,

FHARERIE dos.data (CHI/ SAVET, REEFERKZERL T 2121E, HED Perl 22 U 7'k dos.pl ZfEVET,
PIFD XL 91234UE, dos_a001l.eps,dos_a002.eps,...,dos_axxx.eps &\ \o72RA NAYZ U N7 7 A )LVDMER S

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

BaO/Si(001) i DS -y ENRPHRIEE B 2 1R L7312 X 5-1 1R LET,  Si,Ba,0 O ERPrkRes
FEIZENENDR T ORI E D Z ENRTEET,
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12

. 10} Si

2

g |

T 6}

)

g 4 |

(]

L | '
i il M\ A
0 ; ’r{l}l.lyl,’iﬂl‘vl.
5s Ba op

10}

2

g

T 6}

)

@ 4 |

()
2.

| L ol

0 — - — - L;,f

10} O zzp

2 2s

F |

T 6} ‘

)

g |
| |
0 '*K PR | 8 1 'ﬂ“j

30 -25 -20 -15 -10 -5 0 5
Energy (eV)

5-1 Ba0/Si (001) FEABE DR TR EIDOEPTIRBIE, £/ Si J@HERD Si OHFTIRBRE, FRo
73RV : Ba0 9D Ba DJFFTIREERE, T D/ 3RV : Bal BHRD 0 DFFTREEE,

5.1.2.3 @4/ EI R PmkaE s

&Y E| D JRFTIRAER E % #1959 512134 2 Postprocessing DHIZH 7 dos & 4% 7' ldos #E&E 4, £ LT, #
7" dos DHFDEH sw_dos % ON (2L, # 7 ldos DT D24 sw_layerdos Z2 ON (2 LET (i ElmATiRGE
BEOHEDOLGA LK. phase/l0 7' 17T AOBEE TORR (phase/0 2015.01 £ TOhR) Ti¥, sw_dos=OFF
T sw_layer=ON |ZG%E Lo, BERK T LETOTIEE TSV,

dos/{
sw_dos
method

ON
g

}
ldos{
sw_layerdos = ON
layerdos{
slicing way = by atomic positions !{regular intervals|by atomic positions

deltaz = 1.0 angstrom

139




normal axis = 3

crtdst = 3.5 bohr

}

% 7" layerdos OHDZEH normal_axis CTIFEDET 2 & X OBOERGMZRRELE T, 128atliT, 223b
T, 3 clifinzFR L ET, £¥ slicing way (2 by_atomic_positions Z45ET 5 &, JFAALEIZ X - CTRFTIREER
EEAHETDEEEDDH LN TEET, ZOHEA, atoms 7—7/L® num_layer (2L ->C, FENEEND

JEOFSZEFEELET, IR L, BEOANES T 13 HORICHRF2E 0 4 TThET, £

slicing way | regular_intervals Z45ET 5 &, & 2 AR E] L TR L 72 @2 CRpmiRrER:
EZRFR L ET, ZORIRIIZEE deltaz (I AT) L ET, 2 ertdst 1B 2AFRCT D HEZ D 2 B EERECT T,

URDJFEA-H D Z OGS E T ek L £ 7,

JEOFHIZBET 5 TR K 9 2250828 output000 (ZH) SvET,

!'!1dos no, min,

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

max

5.
10.
15.
19.
21.

24

32

13060607
26121214
39181821
23977276
80507579

.37037883
26.
29.
.06628793
35.
41.
46.
51.

0.

93568186
50098489

91424248
04484855
17545462
30606069
00000000

no [FEDEZTY, min & max (TFD FIRONIE L MIRONEZR L £, K

R

DJEIIHEE LI LIS OFEIR T

AT dos.data IZHI SIVET, REEFEX 2AET 51218, (TED Perl 227 Y 7' | dos.pl ZfVVET,

PIFDOENIFATTHE, RA RAZ U K774 /1 dos_1001.eps,dos_1002.eps,...,dos_lxxx.eps MER SV E T,

o)

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

BaO/Si(001) i D& /3 ENRFTIR

BRI AR LR 52 IR LE T
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5-2 Ba0/Si (001) SEAEE D8 L B RPTRERREE,

5.1.2.4 )y A E

Oy AR A B9 BI2IEZ 7 Postprocessing D14 7 charge Tff
sw_charge_rspace & % 7 partial_charge OHDZLL sw_partial_charge % On

Bulk Si

0.8 eV

DOS (states/eV)
)

h“s

'lb l\'\ 1“.".. M' wq(

Intérface Si

DOS (states/eV)
)

o o b .Mﬂb“J

Interface O

|

e [ l| ‘|

DOS (states/eV)
>

R (Mnll i,
Interfac? BaO

N H
M =

DOS (states/eV)

- Bulk BaO
g 2.2eV
£ 10 I
§ 5 ll ” }‘m
!l ;“ HI |L{‘
o A
-20 -15 -10 -5 0 5
Energy (eV)

REVHD TR L,

IEFANTIE, sw_charge_rspace H On |2 L CHESMERH Y 7,
Postprocessing{
charge({
sw_charge rspace = on
partial charge ({
sw_partial charge = on
Erange min = -0.45 eV
Erange max = 0.45 eV
Erange delta = 0.05 eV

partial charge filetype=separate !{individual, separate| integrated}

141

—& LDV : Si BORILEROFFTHREEE, b
B _FH DRV 2 Ba0/Si (001) FE D Si BIDRPTHREBEE, HROD/IR/V : Ba0/Si (001) REDESRH=V D
JAPTIRRBBBEE, TA>H & B D 3%V : Ba0/Si (001) FE D Ba0 I JFFTIREEREE, —& T D 3R/L : Ba0 BDH

ELFET, ¥ charge DFDOLEEL
WCLET, £ ZOHEET




7585 Erange_min & Erange_max |[CT /L —HKORKIE L FyMEZ AT LET, = LF—3BE0%E
7 2L LAULBIINY, RO SIS ERO TR L= B0 £, Z%% Erange_delta (AT
L7 EORRRD =X — B2 D=L —fEll Bk L £ 7,

717 7 A IV output000 (ZIFLA FORRIC =R X —RICET 2HAMSH Y £ Clpd THE 517).

!pc nEwindows = 20, nvb windows = 10, ncb windows = 10 <<m ESoc set nEwindows pc>>

'pc iw 1if elec state erange (hartree) erange (eV)

'pc (asis) (shifted) (shifted)

'pc 1 1 ( 0.094537 0.096374 ) ( -0.018375 -0.016537 ) ( -0.500000 -0.450000 )
'pc 2 1 ( 0.096374 0.098211 ) ( -0.016537 -0.014700 ) ( -0.450000 -0.400000 )
'pc 3 1 ( 0.098211 0.100049 ) ( -0.014700 -0.012862 ) ( -0.400000 -0.350000 )
'pc 4 1 ( 0.100049 0.101886 ) ( -0.012862 -0.011025 ) ( -0.350000 -0.300000 )
'pc 5 0 ( 0.101886 0.103724 ) ( -0.011025 -0.009187 ) ( -0.300000 -0.250000 )
'pc 6 1 ( 0.103724 0.105561 ) ( -0.009187 -0.007350 ) ( -0.250000 -0.200000 )
'pc 7 1 ( 0.105561 0.107399 ) ( -0.007350 -0.005512 ) ( -0.200000 -0.150000 )
'pc 8 0 ( 0.107399 0.109236 ) ( -0.005512 -0.003675 ) ( -0.150000 -0.100000 )
'pc 9 0 ( 0.109236 0.111074 ) ( -0.003675 -0.001837 ) ( -0.100000 -0.050000 )
'pc 10 1 ( 0.111074 0.112911 ) ( -0.001837 0.000000 ) ( -0.050000 0.000000 )
'pc 11 1 ( 0.112911 0.114749 ) ( 0.000000 0.001837 ) ( 0.000000 0.050000 )
'pc 12 0 ( 0.114749 0.116586 ) ( 0.001837 0.003675 ) ( 0.050000 0.100000 )
'pc 13 0 ( 0.116586 0.118424 ) ( 0.003675 0.005512 ) ( 0.100000 0.150000 )
'pc 14 0 ( 0.118424 0.120261 ) ( 0.005512 0.007350 ) ( 0.150000 0.200000 )
'pc 15 0 ( 0.120261 0.122099 ) ( 0.007350 0.009187 ) ( 0.200000 0.250000 )
'pc 16 1 ( 0.122099 0.123936 ) ( 0.009187 0.011025 ) ( 0.250000 0.300000 )
'pc 17 1 ( 0.123936 0.125773 ) ( 0.011025 0.012862 ) ( 0.300000 0.350000 )
'pc 18 0 ( 0.125773 0.127611 ) ( 0.012862 0.014700 ) ( 0.350000 0.400000 )
'pc 19 0 ( 0.127611 0.129448 ) ( 0.014700 0.016537 ) ( 0.400000 0.450000 )
'pc 20 0 ( 0.129448 0.131286 ) ( 0.016537 0.018375 ) ( 0.450000 0.500000 )

nEwindows |Z TR/ ¥ —ED#HTT, nvb_windows & neb_windows [ ZZ3LEAUMNE IREE L {588 7R
ZETe T RN —EBOETT, ZORERI T, Erange min=-0.45 eV, Erange max =0.45 eV, Erange_delta
=0.05eV 2D T, TRVF—EOEIT 18 M IZ72 5139 T3, RIS iﬁi%»%~%kiomixw#~m
\_%j’b%ﬂ Erange_delta TEO#IE A 7% 1T CTHII 92 DO TRV XF—EOMEN 20 #ic7e>TnA Z &g, Z
HEE TV, iw [T RLF—EDOEFTT, if_elec_: state i%@iZ/DﬁF— RIZEIREERH DN E D IERL
’Cb\iﬁ‘o ZDfED 0 ORFIE FIRAED 2 <, 1 ORASITE FIRIENFIEL £, 5 asis (I TR B T L
F—BOFHIVRIITNET, —oDF| shifted (T} i:f—?\ll/ﬂ?\b‘@%z/@ﬁ\%?ﬁﬂo 72 & & ORI —ZEOHIPH
DFFHALE eV BAL TRSIVTWVET,
Z5%% partial_charge_filetype |Z individual 7213 separate Zf5E T 5 &, FTRLXF—RI LIGRHRINE
WEENE ST SN 7 AWM SN ET, ZOBEOARIOMNIT I, AE e nGa Thiiug,
F _CHR = nfchr.cube (2% LT nfchr.00xx.cube (xx (Z{Z FDOFRD iw DfENAD) EW0H Loty 4, A
VOGS HEEAIZIE, F_CHR = nfchr.cube (2% L C, nfchrup.00xx.cube, nfchr.down.00xx.cube ¢ —fHfH
D7 7 AIVPERINET, EOFTIf elec_state 23 0 272> TWD DI, FOFFICEATED B HIREED 72
NI EERLTWET, £O8A, cube 7 7 A /MR SHERE A,
integrated ZEIRT 2 L BFBHBENODLEODT 7 A /MBS, FEMBEET — X OLIHEICIT
PARTIALCHARGE 23iii 41, #&0V IZIX END 2SFilsvE T,
BaO/Si(001) S ODERy i B 2 FHH LT R A X 53 IR LET,
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“ 3
Si /"-_ ‘r ‘F ﬁﬁ
| e ®

P2l

Ba
TN

¢g®oe

5-3 Ba0/Si (001) FEMEE DY BRTEEE, (a)Ba0/Si(001) AEAEEDET VK, (b) 7 =/ I L-YVET (&

AT RNAF—53-0. 05eV 0>5 0. 06V F T) DEFIREBOWHEFRE, (¢) 7 =/ I L-YVE E(BRF R

0. 0eV 53 0. 05eV F T) DETIRRBOH D ERRBE, ETHEIXL X 10750351 X 10 3EF THWRINTVET,
FUVEHMNATBEFID2RL, RODEICIXETREL o TVET,
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® LM - STM Gofighr

ROy BRI MSRE R 5 &, STM BaHHET 5 Z ERAMHETT, T L7cVW VS, T RART v v UL
RIS LT p =17 ¢ o R OSBRI %, R & DR IS8 L7 HE Lo STM
%9, DLF, ¥ 77 —%(samples/stm_by_pcharge UL F) ZFIH L CEHE A B4R L £,
P, Si d001) AL T 5T —4% T, O PHASE ANNZ, LATFD X DIy BRI S D%
EEMZTNET,

postprocessing{
charge({
sw_charge rspace = on
filetype = cube
partial charge{
sw _partial charge = on
partial charge filetype = individual
Erange min = 0 eV
Erange max = 0 eV

Erange delta = 1 eV

}

COEITRETDHZ EILE ST, 72 I Zf AT =004 T1eV 5H0eV FTOT—X L 0eV nh1eV
DERNFX—T 4 v RUDEHSEMRBENHSIET, ZhEh, -1V (HREE) 8LV GELAREE
DINA T ART v U LTz STM B3 onEd, ZOANT—Z ZFH L CGHREZET 5 &,
nfchr.0001.cube (-1 eV 7°5 0eV OFEMEET—H 7 74 /L) & nfchr.0002.cube (0 eV 725 1 eV OEMEE
F—R T 7 A0 MERSNET, ThEN, REHD 5 A FUEHEn - S oo L ¥ —[X% HAREEIC SN T
54z, FELSERIEICHOWT 54bIRLET,

X 5-4Si (100)ED STM 1, (@) SAREDE, ©FELAREDH,

5125 7L 5 V7 MUEBERT L v VAR L TWOAIEEOEEL
TV T VT NMERT v VEFIR U CRFTIRIERE R T 258, FEFICE L OFFERE D> TLE D
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ZENRHYFET, TIUIKIEEROFRIZRHHID D> TLE I NBROTTN, ZOFREFEMTITHI 2 L
(Lo TEdb 2T T 5 2 L8 TE E4, KRBM ORI R A FZARTIT O 12E, LR DO X 5 iR E ATV E T,

Postprocessing{

dos{
sw_dos = on

}

ldos{
SW_rspace = on
sw_aldos = on
sw_layerdos = on
aldos{

}

layerdos{

ldos 7't v 7 TAS sw_rspace ZEF L, TDfl% on & $HULKIBEMOHA L FZEH/TITHhES Z LN TE
ESr

5.1.3 5I2KREZE

PHASE (213, #UEZ &IZH LI 2R OMEL H Y £, 2203, FRREgEELsitidss
BT LETS

5131 AT A =4

SEORIBREE 23R D103, FE LIEVWEOREZLLFO L O ITHEL ET,

accuraccy{

projector list({
projectors{
#tag no group radius 1 t

111.001
211.011
321.502
4 21.512
521.522

}
}
}

no (ZHEDAE S ARE LE T, EHETRETY, group (2iF, “GE/L—7" ZIEELET, O LT 0
FNTZWEITEICIEIE U group (EZFETE L £, radius ([ SIFHIEDBAR—T AL CHEE LT, SRRk
DFHFREL D S/INSIMEN L L 720 £9°,7 7 4/L MElE 1 bohr T3, 1 113, Wb fEEh &4 fE L E7
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0 2%s Wi, 1 28p W, 2 2Nd #uE, 3 Nf JuEICHHc LET, RIS, t ICERTRERTELET, 7272
L, ZOGAEDOFEETEEITRT oY Vb RIEGEOTEETETHY, IFEAEOEAE1 L0 £7, #
T U Ko TUIAEENEDF CHUED 2 DERINTWDEADRH Y 97,2 20 5 HZR/LF—DE
WHZEIRELT-WVEAICt DA 2 & LTSN,

WIC, EFHUTHHEAEFZEACE L TET, 2, BLTFO X S IEFAECEDERITBWCTEMEE proj
_group ZiBML THRELE T,

structure({
atom list{
atoms{
#tag element rx ry rz mobile proj group
Fel 0.0 0.0 0.14783 on 1
Fe2 0.0 0.0 0.35217 on 2
Fel 0.0 0.0 0.85217 on 1
Fe2 0.0 0.0 0.64783 on 2

—

R E R L WUBE DM ORI

HATTHNDIRA T =0 l=1 l= =3
1 s X 3z2 —r? z(5z% — 3r?)
2 y x% — y? x(5z% —1?)
3 z xy y(5z2 —r?)
4 yz z(x? — y?)
5 zZx xyz
6 x(x? — 3y?)
7 y(3x* —y?)

ZOBITIE, Fel (Zgroup 1 OHLEY L—7%, Fe2 |Z group 72 OPLIEI N—T%fFELTWET, H
FEICHEM ClIR e 28uE 7 N—T %R ET DM ENH Y F7,

postprocessing 7 1 7 IZEBWTHEHA 4 AT 572D DAL v F /N LET,

postprocessing{
pdos {
sw_pdos = on

}
}

FEORREEE DOF R 1L, postprocessing D dos 7 1 v 7 12T DFREIHENE T,

5.1.3.2 FHEAEROH T

PDOS: ija= 2 1= 1 m=1 t=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
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PDOS: &) SCFFMNHIEE D11, FEARERET — X O£V #H bbb LET, 1ia=0%ITkIne T 2 J5FD
ID 28, 1=0& & kST 2HuEAEEEDS, m=Db & (kST DR ETED, (=0 & kST 5 FE 145
NHAENET, FNLEOITL, @EOREERET—4% LE LT, WREFEEHEOMREOIGIE, i
RLUTWET,

FELRRER T — H & & AT2 dos.data DAFERIZIE, dos.pl (Z-mode=projected 47 3 &I CIATLET,

o

dos.pl dos.data -mode=projected -color -with fermi

745 L. EPS TEAD 7 7 A /L dos_ aAAAILmMtT.eps 2SN ET, AAA 13510 ID, L (3l
B, M & E T, T I3EE SIS LG T3, £z, -data=yes A7 v a  ZfHTH &, Wl
T EIBISNIIREBE T — 2 7 7 ANEGDLZEINTEET, FOT7 7 A N4IE, EPS 7 7 A VOiE1-
% data [ZEELI=HO L0 9,

5

5.1.3.3 #4551 : BaTiOs fidbOHELIRAER: T

BaTiOs #EsaDOREIRIEEEE AR L2 CT9, ZOREIY, samples/pdos/BaTiO3 LN iZéd v £7,
BaTiOs 137 Ah 1 Mz & DFEsa T, BEBIZIXEFSTT, SOFMICIERIGn ST, =
OBITIE, FEAFEEZLLTOLIIHEEL, e L GREL TWET,

structure(
atom list{
atoms{
#units angstrom
#tag element rx ry rz proj group
Ba 0.00 0.00 0.00
O 0.50 0.50 0.00 2
O 0.50 0.00 0.50 2
O 0.00 0.50 0.50 2
Ti 0.50 0.50 0.50 1
}
}
unit cell{
#units angstrom

a vector = 4 0.00 0.00
b vector = 0.00 4 0.00
c vector = 0.00 0.00 4

}
}

T 2H0EL, UTFOLSIHRELET,

accuracy{
projector list({
projectors{
#tag no group radius 1
111.02
221.01
}
}

}

JN—7"1 %1 A 2d §uE), ZA—7"2 131 2 1p #ul) THY, FNERTL & O [ZHV Y TTVET,
412, postprocessing 7 1 v 7 1TV THEARREHE 2 A DHREZ AN L TV E T,

postprocessing{
dos{
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sw_dos = on

method = tetrahedral
}
pdos{

sw_pdos = on
}

REEE AT tetrahedral EZ2FIH L CWET, LEER- T, k s 7V 271X mesh 15, smearing |3
tetrahedral {EZfE L CTWET,

BaTiO3 faaDRRERE A 5512, Ti O d PuBICHE L7REEEEZ X 56 ITRLET,

12 T T T T T
10 | 7]
°r 1 T
s o ﬂ
% h“‘ \ \‘N f“‘\
§ of il i 1
;; “U‘ ‘ ||
o Y ||
a \ [ i
T 0| |
J“ | ‘Uﬂ / \ \ /“ ‘
\ VR /| [~
\ Vol \ s \ /
2+ | | | J \ Pad 1
| - AT
0 /"‘ L L ‘ /‘/u I L
-4 2 0 2 4 6 8
Energy (eV)
55 BaTiO3 fEsaD&IRERE
30 T T T T T T
m=0(eg) —
m=3 (t2g)
25 7
20 b
3
[}
9
8 15+ 7
@
()
3
10 \ ]
5 | ‘ \ / \‘\,\ -
| \VAN
N,
\ “W ‘5\\‘
/ . \ \\)
0 1 B B 1 1 1 ==
-4 -2 0 2 4 6 8 10

energy (eV)

56 Ti ®d HEOHFIRERRE
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5.14 1%/ > Fig&E (/\—2 3> 2020.01 LK)
5.1.4.1 H¥REOHEZE

SRORREEE (PDOS) %3ked 5 & & SCF IZ361T 5B 3t L C projector CHRE L7z F i ~DH5
EATWET, [ARROAERZ R FHETHE LN BRERISICRT L TITY 28Ik, EOSERGE 175
ZEMNTEET, WA FEE TR, SEEEIUCK U TR HE~ORE T, ZO@ENDE 7
TAMIMALET, o0& &, JRFHuEOBKEIMFBIEE M IZERICEE S b DT, (LFREEOHMICIE
K0 FHA, (LFREEOHMEZET DI, Wl GaTT8 e L L, ZOBHENT MVEREE L2l
HEOBIGRES A WET, 7277 L, 80l 5ATTHIE0 FEFE TS SN =8, Rl SCF 282475 C
BMENH Y FF,

*HAL L TR DR FHE 2T 2 0G0, 2— P EEDAA v FIZL VYV BRX 5 2 ENTEET,

AAKIZ DOV TIE band.pl & [FEERIC, gnuplot OffiERREZ D perl 227 V7 "AMPBLES, ZDA27Y
7 hERAWD & FHE LEEEOR S E, AR LI 0 Ry Rl kic~ey 75 2 LR TEE T,

5.1.4.2 ffiv v
(1) ANJpRFA—H—

1) SCF &

HAETTHN R L, 7 7 A M T4 51213, orbital_population 7’12 7 NC, sw_write_orb_dens_mat_file
=on & LFET, TNLBMNZIE, PDOS E[RERZ, HET DHEDIREZITWET,

# 51 SETFIZT 7 AMIHITTB720DAS @B RORTFE

accuracy!
projector_listt
projectorst
#tag group radius 1
1 25 2

§
h
structuret
atom_list{
atomst
#tagelement rx ry 1z proj_group
Nil 0.000 0.000 0.000 1

§
h
postprocessingt
orbital_populationt
sw_write_orb_dens mat_file =on
¥

}

2) N REE

HUESR N RORRITEEERE— N TTWET, FEEESSOER A %2 7 7 A M3 51T,
wf_orb_projection 7' 7 > 7 NC sw_cale_wf orb_projection =on & LF4, ZOW: HETHIERAL L TE
LA ZM AT DI, S 5T orbital_population 7 7 7 NC sw_diagonalize_population = on Zf5E
LET,
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# 52 BERE Y FEHEDAS

accuracyt
projector_list{
projectorst
#tag group radius 1
1 25 2

}
j
structuret
atom_list{
atoms{
#tagelement rx ry 1z proj_group key
Nil 0.000 0.000 0.000 1 1

§
J
postprocessingt
orbital_populationt
sw_diagonalize_population = on
}
wf_orb_projectiont
sw_calc_wf_orb_projection = on
}

}

(2) HAhH
1) SCF &%

F_PORB_DENS_MAT TeEL=7 7 AV (T 74V b, : porb_density_matrix.data ) (2. SHHITHIAA
ATV TH S ET,

2) N REHR

F WFK_ORB_PROJ THEL=77 A/ (FT7#/V 4 win_orb_proj.data) (2. SIS OEER
RNT XA MERTHADENE T, key 1%, £ 52 D key T %, F72. score_bond (%, BUEANAA
BN FA-DAFHAET DG HE LTETT, 22T, m&EHDHLED score_bond I3,

1 neighbor 2

1
score_bond(m
(m) = 4 2141 Z

21+1

Zcmm

m=

TEFRLET, HlzIE. 8 AV A hOF I+ d #uE T, score_bond & 73 0 DHLEDS t2g (TR L E
‘3—‘0

# 53 PBAND EHEDH A

# Orbital Projection for bands

num_kpoints = 88
num bands = 40
nspin = 2
num of orbitals = 16
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population_diag mode= 1

# Orbital Info.
iorb ia 1 m' tau element key score_bond

1 121 1 Nil 1 3.00000

2 12 2 1 Nil 1 3.00000
(FR%)
ik = 1( -0.00000000 0.50000000 0.50000000 )

1 1 2 1 1:iorb,ia, 1 m', tau

0.0000000000 0.0291274666 0.0000000292 0.6901602135

(1%)

(3) AZ VT FOFHIZXL DAl

band-orbital-proj.pl %\ % &, gnuplot ZHAWVCRFHE L= 71 ll/fﬁﬁﬁﬁ éﬂi?‘ PIMIZEOEREE
LT, 7rAn
WA UET, ARRC AR S LD plot_band_orbprOJ.gnu ﬂi gnuplot D7 7 A /LT,

RLET, ZOAZ VT ME, 22—V —2NHE L7 SM 20T #E 5
plot_band_orbproj.dat

# 54 band-orbital-proj.pl D5 ¥

/\75_,

band-orbital-proj.pl EnergyDataFile KpointFile OrbProjFile
-erange=Emin,Emax -einc=dE -with_fermi
-atom_range=amin,amax -11=L -im=M -tau=TAU

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

EnergyDataFile [3/3 REAME 7 7 A /L. KpomntFile 1% k S &4k T 5720
OrbProjFile |% FROBGESHR Y EHAN L7 7 A LTS, TIHD 3 7 7 A VOFREITNIETT,

%t 5-5 band-orbital-proj.pl DA F 3>

FTa v U 77 4/ M
-erange=Emin,Emax vy N ARV —GEE A TEET D, L
-einc=dE X OED increment ZFEET D, L
-with_fermi 72T RF— (0.0 eV )DNEIHRE | 7Rl
51<,
-atom_range=amin,amax PHLESERSD O B, J{A-DOA T v 7 A | AR
7% amin 75 © amax £ CORIZHY 17,
-1=L BHGEFER YD 5 b, Wl 7Y L Opk | 2l e 74k
a0 T
-im=M /}ﬁ SR D D B BEKEAEDY M ORL | iR
a0 Y
-tau=TAU PHLUESHZR D O B, FRTFEDY TAU O | 2EETH
For A B 1,
-element=X - BHLERERID I B, XA 74N X T | 2RTZA7
DRG] T,
key=I PHNERERD OB, key HS T DR % | 2 key
iy ﬁﬁ—
-score_range=scmin,scmax ESCIRER S 77D 5 5B score_bond fEAS | HillR7e L

scmin 7> % scmax F CTORSy & HY 7,
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-cbrange=Cbmin,Cbmax Tay NTHENT— L VERET D, L

-circle_radius=SIZE 7y N LT X DONVREFRET D, 0.02
-window_width=SIZE 71w 95 Window OY A A&EFRET D, | 0.50
-color BT —HNE1T 9, NO
-print_format={eps,png} eps HDHWIE png HIIDWTINEIT O )48 | eps

ET D,
-outfile=AAA "L LT 7 7 A A4 B AAA IZESET 5, eps 7 7 A JLDER T

orbital_projected_band.eps,
png 7 7 A VOB
orbital_projected_band.png

PLUFIZ, band-orbital-proj.pl O FIZR L E T, ZOFITIL, key fif 1, i1=2 (d #5E). score_bond fEins 0 7>
5 1 OEN RS 2 &7 L. plot_band_orbproj.dat (ZH ) LE 9, &5HIZ, gnuplot ZEL T png 7 71 /L
orbital_projected_band.png Z#ZEf% L £, 7235, nfenergydata (373 REAE 7 1 /L. bandkptin Tk &
AT DO L=~ 7 A /v, win_orb_proj.data IZuESE 2 H I Liz7 7 AV TT,

# 56 band-orbital-proj.pl DfEFHH]

band-orbital-proj.pl nfenergy.data bandkpt.in win_orb_proj.data
-key=1 -11=2 -score_range=0,1 -color -print_format=png

5.1.4.3 i
SN FREDRIEBI AR LET, AN (EHI0—E) 1% samples/PBAND LA FIZ&H 0 £77,
(1) MoSz2/WSe
5-7(/c) 12, MoS2/ WSz Offi&Ea~RLET, £/o, HWEREFEE 5-TIORLET, K Eiit, #
ANl L Tl bNha=3232 A, c=12417 AZRALE L7,
F 72, PBAND HED7-0IZ, MoSe KMOIWS D= MIZhZirkey H 1,2 #5%2, §HEHEEF 58
DEIHRE L E L7, # 592, postprocessing 7 11 v 7 W T L7127 — Ra/RrLET, &K&IZ X 5-70H)
WZT INT = RO R E R LET,

# 57 MoSyWSz PBAND D&

WEESE » F 47 [Ryl 25
EMEED » A7 [Ryl 225
kST SCF #% : Monk (6X6X1)
MBI A EH GGAPBE
BTy Mo_ggapbe_paw_02.pp,
W_ggapbe_paw_01.pp,

S_ggapbe_paw_03.pp

% 5-8 MoS2/ WSz PBAND & O U= SEaE

JiT-HA T T LI-HE (Fay =7 X DAy b A7)
Mo s #E (2.0 bohr), p fliE (2.0 bohr), d fijE (2.4bohr)

w s #iE (2.0 bohr), p #li& (2.0 bohr), d #liE (2.4bohr)

S s #l;E (1.6 bohr), p #i& (1.8 bohr)

# 59 MoSz2/ WSz PBAND #HEIZI31T 5 postprocessing 7 1 7 DIEE
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SCF A
L
SR
wf_orb_projection{
sw_calc_wf_orb_projection = on

}

X 57 () MoSz/WS: #iE, () TIAT ' —r RO,

5-81Z MoS2 &KUY WSe=v MIk}4 5 PBAND Z/rLFET, ZIZ T s,p,d BuEepksa&i LT
FoRLTCWET, £ 51012, K 5-8ENfEH LI-a~r RaRrLET,

| Keyl MoSz = ) | Key2 (WSp == }) |
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Energy (eV)

0.01

0.008

0.006

0.004

0.002

Energy (eV)
>

0.01

0.008

0.006

0.004

0.002

5-8 MoS2/WS2 #i&?D PBAND

# 510 X 5-8EMERICERA Liza~<> F

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

-key=1 -with_fermi -erange=-5,5 -einc=1
-cbrange=0.00,0.01 -color -print_format=png -outfile=Key1.png

(2

F 511 \THWRHES R LE T, 7ok, JRARESOE FER. k R FOY 7 WSRO %
WA LE LIz, % 5-12 |2, postprocessing 7 1 v 7 INTHEH L72 7V — RARLET, K 5912, Ni3d #uED t2g

) NiO

KON eg iy 7 vy N LET,
# 511 NiO PBAND DFtE%t
WEESE T » F 47 [Ryl 25
EAPEEN v 47 [Ryl 225
kST s SCF #% : Monk (4X4x4)
AHAFHRSFH AR GGAPBE+U
( Uetr = 5.0eV on Ni 3d,
a7 X%y b4 2.5bohr)
N ANV Ni_ggapbe_paw_01.pp,
O_ggapbe_paw_02.pp
# 512 NiO PBAND #&IZ31F % postprocessing 7 1 7 DFETE
SCF &t
orbital_population{
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sw_write_orb_dens_mat file = on

}

N> REtE

orbital_population{
sw_diagonalize_population = on

}

wf_orb_projection{
sw_calc_wf_orb_projection = on

}
t2g
6 mv 0.025 6 v 0.025
W W
o | oW A o | o .
a2 I HU N Y S H 002
L 2K J L L 2K J ®
¥ 4 ¥ k|
s 2t H .05 5 2 +H 0.015
2 )
> >
(@] [@)]
@ @
£
i’ 0.01 W 0 0.01
4 0.005 -2 B 0.005
-4 e 0 -4 — 0
F{/SymbolMlG} K L{/Symbol G} F{/SymbolMlG} K L{/Symbol G}
eg
[ — — 6 [ R
LIRS Y 0.018 LIRS Y 0.018
¥ ¥
a0 Hoems a4 °{% *1H e.01
LK J [ ] L 2K J L]
¥ H 0.014 ¥ H o0.014
s 2f AH e.on2 5 2 HH 0.012
) )
> H 001 3 H 0.01
@ ]
£ £
i 0.008 W 0.008
0.006 0.006
0.004 0.004
0.002 0.002
0 0

F{/SymbollG}

K {/Symbol G}

F{/SymbollG}

K L{/Symbol G}

59 NiO ® PBAND, (E)Nid#iE t2g fo, (F)Nid 86l eg By, ERIIENTI, Ty TREF D

Y AEVBTIRT B,
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# 513 X 591ERifERA LI=a~ F

t2g

band-orbital-proj.pl nfenergy.data bandkpt.in win_orb_proj.data
-atom_range=1,2 -11=2 -score_range=0,1
-erange=-4,6 -color -print_format=png -outfile=band_t2g.png

eg

band-orbital-proj.pl nfenergy.data bandkpt.in win_orb_proj.data
-atom_range=1,2 -11=2 -score_range=2,4
-erange=-4,6 -color -print_format=png -outfile=band_eg.png

5.1.5 7= TR8%k
5.1.5.1 HEREDOHEEE

BRI EREN 77 a R I A E L CRENE T, T u viRlEE k ZZEIcRL T —Y
TIHES D LIC IV EDLND R LT BE U =B L FFONE T, U =B OB X AR O
DB ZEFT T2, TOFNOREROOE R D Z N TEET, £, V=i 2 BITEFOHHE
FT 720, (EFRERICET AN ONET, TV =BT —BICEE Y FHA, V=xBEORNY
DENTIRD K OITERT 52 LIV ELR 5, —RICEE BB ERKREY == W ET,

RRJRED =BV = =B IRN 0 2 Z B A3 0 HLBEY) 2R NcT 2 L2 17 m vz a =
KL TORDET, LD B T =4 U —Z WU THI OB T, RN VIR A =4 U —ZE #4751 (2
B LTy LT LNATTANEY = BBEDIAN Y ZPed B =2 ) —HAD A 72> COVET, 2O 1S
PN =Z L TN Z & T, V=B HOIENY R/ NCTH 2 LR TEET,

5.1.5.2 211 : Si OEKRJFHEY =B

BRFEY = % 359 5121%, Postprocessing ¢ Wannier P #HHETHZ L 25 LE T,

Postprocessing{
wannier{
sw_wannier = ON
eps grad = 1.d-
dt = 1.d-4
max iteration = 1000
filetype = cube

3

}

B ARLDO R Z I8 eps_grad PAFIZR o2 HRHRITK T LET, dt 13520 MEDABRI 2R AT,
#20IK L2S max_iteration ZHx 72 HRHRIZZIELET, V=B~ 7 A /ME Gauusian cube JERUC
HELET, V=B 7 7 A VOPEETFDS cube (2725 K918, LLFD X H |2 file names.data (27 71 /L
A 4% F WANNIER ZitaR LET,

&fnames

F INP = './nfinput.data’'

F POT(1) = './Si ldapw9l nc O0l.pp'
F WANNIER = './nfwannier.cube’
&end

Z OFSREIIT D AHDFHR T LM TE /A,

ksampling{
method = gamma

}
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Fo, WRHEIIHE L T ER A, WHRHR TR LR ZSTO D581, FRIEFIO E LTY
=B E LTS 7ZEN,

Si OU =B OFEREIL. sample/wannier/Si8 TI, stEAFE(TTHE, V=o)L LT,
nfwannier.00001.cube &V o727 7 AL 16 A S ET, D DO— 2% afk L7ofER %X 510 (TR

LET, mRY =BT SI-SI FATICREL TWD Z e £, Ziud, SifEsaofsanIthifia T
HHZLARLTOET,

(a)SifE S (b)GaAsiz &

Si

IRl =Tl
5-10 Si #&dh (a) & GaAs 7k (b) DEKFHEY =B

W LW RV NIICGRL T LE D 2 £23H Y £973, sw_random_wannier % ON [ZL T & L72KAE
MOFEEZMRD D Z L CZORENRR TCE D2 Enb 0 7,

Postprocessing{
wannier{

sw_randomize = ON

}

F77, RN R/ RBE CTHEDIMNE T L TCWVWAD K9 TLZD, sw_continue % ON & U CEHRLZ#MKGE LT <
t=1AN

Postprocessing{
wannier{

sw_continue = ON
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5.1.5.3 Wannier90 % i\ /= U == BEEfEtT
(1) HEREOWEEL

Wannier90 7= 77 A(http//www.wannier.org/) & #5355 Z ElZ K> TV == A T 5 2 & HAHRETT,
Wannier90 7't 77 L L5 Z L1285 C, PHASE (HAGA E 72 U = B THERE C13 3842 = &
DTER, LLFOREZEITH Z ERAMEETT,

® T 2T, —MDOKEY 7Y 7 TY =A% 2 L AYATRE

® U—_mffificky,

Ry PREERAD = & ST

U= fMC LY, 7 b I ERCHIZERI IS T D S R L [ ORI AT HE

ZZTiE, PHASE % Wannier90 &St C ERO & 5 23HRATT S HIEAHH LET, AMREAFIAT 2
e, o w =7 A RHb Wannierd0 7' m 7T AEATFL, 3L UEEETT> TR T IE S0,

(2)

AR

Wannier90 &3EHE U CHEATZAT 91213, LA FD L 9 220W 417\ vE 97, Wannier90 D AT 7 7 A MERFIEL,
Wannier90 Ot—H—<=2 7 LEBR LTI 7ZE0,

1.

Wannier90 O A7 —X 2B LE 9, 771 V41T seednamewin & LE7, seedname | IEE DT
BT, ROLHITREERELET,
Wannier90 %z, UL TFDO L H|ZF) T ak 2AE— R CTETLET,

 wannier90.x -pp seedname |

ZOEEIZ X - T, Wannier90 AL 55— DIERA TSR L2 7 7 A VIMERRENE T, D77
A NDIEHRE S £V PHASE DA 7 7 A VE{ERR L E T,

PHASE ODAJ)RT A—=5T 7 A VEAFRK L £ T, #EFEE kAY 7Y 7% Wannier90 O ASNTE
POETHRELE T, ZOEMKFIIFEICRBO TR LET, X561, postprocessing 7' &~ 7 IZLL F&1BRD
L%,

postprocessing{
wannier {
seedname = “seedname”
sw_wannier90 on
nb wan90 = wannier90 THIHT 530 R
}
}

72545 seedname | RO seedname Z " EH | CHEE L £, sw_wannier90 Z on £ 952 LI12L 5T
Wannier90 23357 7 A Va7 52 LN TEE£9, nb_wan90 (21, Wannier90 THIFF 53
v REERE L E T, PHASE O/ RELLTFOEEICT 28R H D £,

PHASE Z @m0 £ L E 4, ZOF5E, Wannier90 23543 L4~ 21 TAIEEHET — & ClEAET — & DOickk
NI TANANELNET, 72721, Wannier90 235FIf9 57 —% OHINIFELFIFHE TIT 5 LB H
AHOT, WHIEFHEZ LI2WESESITO0E 9 sw wannier90 % off & L CEEZINRIEZH LT
sw_wannier90 % on & L, FEWFIOMKGEHE T Wannier90 FHOH 121 TV ET,

Wannier90 #5347 L £,

% wannier90.x seedname |

ZOFER, Wannier90 v 70U =BT —H DIF7>, Wannier FEHED X A ~3A T 4 TS
IV R=T T =R NSO E T, seednamewin DFREIZ L > TiL, FOIFHVIL FEERS T = /LI H
EREGET DO\ 0T — 4, 1 IR BT OfEFR /e E B SN ET,
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http://www.wannier.org/

(3) U ==l

wan_interp 7177 AL, Ui E T TN RS Y 2 VL HEOHEEZT) T /I LT, DY
— A 2— K3, src_wan_interp A FIZH D T, aL A N30T DT 4 L7 B —~B0, 231V
DY x)VAZ Y7, makesh H® Fortran90 =731 7—& LAPACK 74 77V —OiREEToT2dH &
make.sh ZF{TLTLZE, 728, V=2fifiic L5130 REES Y = /L I HEOFHRIL, Wannierd0 AAKIC
Lo TSI 5 Z & AMRE T, DY, Wannier90 O—H—~ =27 V%S L T 72 &0, Wannier90
(2 &> TIT 5 EIE, band.pl (12 K 5/3 0 G O/ERS> PHASE-Viewer (21 % 7 = /L X EHOHEI72 E13T 2
FHA,

wan_interp 70277 AL, LLFO7 7 ANV LET,

® secedname hrdat 7 7 A/ : Wannier90 711 7' J MM L > CTHAEND, V= EKDOZ A "X, T 4
VINIV =T T — R TT,

® seednamennkp 7 7 A /L : Wannier90 2B & 957 — X ZAERT 5 7o OICE /R IR sk SN 7 7
A VTY, Wannierd0 2“7V 7'rt 2AE— R"TCHTTDH EELND 7 7 AV TT,

® kpointdata 7 7 A /L : GEE L7V K SOTFHRD g SNTZ7 7 AV, T—H 74—~ ML, PHASE O
BEYED kpoint.data 7 7 A VD7 +—~ v N TT, EOMERFIETL, v MEEXOEEII N REHEOHE
Z, 7 2L EOEETL PHASE-Viewer 2 —H—~ = 2 7 )LOMZE E 2 — 7 —OHEAZSR L T 72 &0,

® nfefermidata 77 A /V : 7 =L I =RV X—DENFER SN T 7 A /LT, PHASE »oH I EET
DT, wan_interp 70/ T LEFITTDHT ALY P —IZab =L TN TLEEN,

® fsdata 77 AV (7L IEDYA) : PHASE-Viewer 287 = /L X w43 2B T 2487 —#
DR SN 7 7 AV TF, PHASE-Viewer DT X K> TT7 =V IEHD K ST —4% 7 7 A )V EAER
L7=8ra BB/ ER L S IVE T,

UEDT7 7 A NVERIZ T2, DEDEHETIATLET,

% wan_interp seedname

(4) Ft5EplE

BRI E LT, GaAs D7 —AZilLE T, ZOBEDATIZ7 74 /U7, samples/iwan90/GaAs UL NZdH
@ ij‘o

o U=xBHKOH)

$9°, Wannier90 ZLL FO L HIZETLET,

% wannier90.x —pp gaas |

ZOBMEIZ Lo T, MERIEEN gaas.nnkp EWO T A MIHIIENET, ZOT A NLDitikE S &I
PHASE ODAJ17 7 A NVEVER L ET,
F7, gaas.nnkp 7 7 A /UITRD X 9 2 EAXCTHAREOERN A AL TRl S ET,

begin real lattice
0.0000000 2.8265001 2.8265001
2.8265001 0.0000000 2.8265001
2.8265001 2.8265001 0.0000000
end real lattice

ZOFREIZHE, PHASE D AJ)RT A—4—7 7 A VOBNIRIOFEEIILL FD X 91272 > TWET,

structure({
unit cell{
#units angstrom
a=5.653, b=5.653, c=5.653

159



alpha=90, beta=90, gamma=90
}
symmetry{
tspace(
lattice system = facecentered

}

ZORFITH, 77— 2RI U CHARBOIEEZ1T-> TV E T, GaAs [T 172D T, lattice_system
3T A —%—|Z facecentered 7MEE SV TCWVET,

77, gaas.nnkp (ZBWTIKES 7Y T OFERRD X ITHEESNTOET,

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 0.00000000
0.00000000 0.25000000 0.25000000
0.00000000 0.25000000 0.50000000

end kpoints

ZOEY IFEET A28, PHASE D AN 7 7 A MZBWTIILL TFO X S I2 kS 7 ) o 72 EiEsEe— R
ZRALTIREL TWET,

accuracy{
ksampling{
method = directin
kpoints{
#tag kx ky kz denom weight
0 0 0 4 1
0 0 1 4 1
0 0 2 4 1
0 0 3 4 1
0 1 0 4 1
0 1 1 4 1
0 1 2 4 1

}

“method=directin”|Z &> CTH > 7 N3 25 kKA EHHRET 5 Z L3 A[EE T, kpoints 7— 7 /MZEWC, kx, ky,
kz, denom,weight |Z L > Tk AHEE L £ 97, KO X (kx/denom, ky/denom, kz/denom), & D EAH3 weight
T

Postprocessing 7 7 v 7 Cl%, Wannier90 HOH 12T 9 EME I AV TONET

postprocessing({
wannier {




seedname = "gaas"
sw_wannier90 = ON
nb wan90 = 8

}

Wannier90 FADHNIFENHIEIETIT O MENRH HDOT, WHEKEZ LIZWEAIT0E £9° sw_wannier90 %
off & U CHEAINKR SE 725 & 12 sw_wannier90 % on & L, #kgiatE CIEIIF|DOFHEZ1T Y, Wannier90
DOHDEATNET,

PHASE #3471, Wannier90 HO7—% 73551725, Wannier90 % -pp O 14T LET,

[0}

% wannier90.x gaas |

Wannier90 (= X 5EHEETI 5 &, gaas_00001.xsf, gaas 00002.xsf... 72 EDT 7 A MBS ETN,
ZiuZ XCrysDen 7’1 77 & (http/iwww.xcrysden.org/) #FIH L TR 52 LD TE LU =BT —
%9, XCrysDen 7177 LAZFMATIURXY ==BA ridifkd 2 2 &£ 3 CE £ 9775, PHASE-Viewer |2 X
S TAfEETT 9 A 1% Gaussian cube JTERUZEHET DM ENH Y £, ZOVE¥EIY, PHASE /v 7 —AZE
Fi45 convpy £VV9 Python A2 U7 NaFIHTHZ EICK > THERTHZ ENTEET, K 51112, AfilE
IZ Lo THRLND Y =% XCrysDen CTrIfiL L7=X &R LET,

K 5-11 GaAs DV =Bk

® U =it

Wannier90 (213, 515 L72V =B A JURIZ X A NSA T 4 U TNV =T U ST DIERED Mo~ T
BY, ZOWREEZFIHT S Z LICX o TEEOHIELY bDROGEE T MEESY /LI H, FTrL¥x
—[H7R EOREEZR Y 2ATH Z ENATRETTY, 2O, wan_interp 707 T AEFIH L TITOVE T, O

TlE, GaAs DIEREIR M HEDOHF =L —m a2 ﬁ?‘éﬁ EEFRIT LET,

S L —H OB M 0T — X ZEH RS D72 0121E, PHASE-Viewer O“HZEf € o —7 "% FH L £7°,
ZDJ51E1L PHASE-Viewer t——~ == 7’/1/’%73% LTLIEE, “UzEft =2 —7 |2 L - T kpoint.data
T 7 ANDERLENDDT, ZO7 7 A&, U= BHGEHRIZ X - T b7z gaasnnkp 7 7 A /1, gaas_hr.dat
7 7 ANVDIEDS, PHASE 12X > THE LN nfefermidata 7 7 A VE—2DFT 4 L7 ) —ZE L, £DF
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http://www.xcrysden.org/

4 L7 RN —IZBWT wan_interp 71277 A&FATLET,

% wan_interp gaas ‘

T5 &, U=tz £ o C kpoint.data 7 7 A JUIREER S Iz K ROEAIET —# 2353 H 41, nfenergy.data
LW T A UTFERSNE T, BONI T 7 A VE, “GYPZERIE 2—7 128 > T kpoint.data 7 7 1 /L %&AE
LicT 4 L2 F—lca—LET, YEOEETHET LT —m AR 572 DOUEIIE T, HFbh
TAGEAR PR T D&% 2 )L X —( % PHASE-Viewer Crlfi{k L7=X AKX 5-11 1R LET,

X 5-12 GaAs FEROEEA TROZET RV —H

(5) A FOEE

o UxHINE, IRIFIRHRCITO MERH Y 7, WHFEHEEZITOHAIT0E £ sw_wannier90 %
off & L CHEZINH S -5 & IZ sw_wannier90 % on & L, FEIFFIOAKEHETE T Wannier90 o H /)%
1T TLIEEN,

o  AHETHRIHTX 2HRT v UE, VMM ERIORTT,
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5.1.6 XPS fi#4fr
5.1.6.1 F¥REDRTEE

X #7157 t(X-ray Photoemission Spectroscopy, XPSYHEHNTORERT > o v WIEIZ L D5 RGN, N
1EFL(Core Hole) Z & T el -8R T > v L& VT, PNRHERL L7 (Core Level Shift, CLS) Z#H5H L £7°,

(1) PNBHENLY 7 b
WERHERL & (3R OIRWVETEALO Z & THh Y, (EFHREEITITE S L2 HUVRTHZ B RELTZ O T,

BZIET ) I UFEFOBA, 14 HOEFI(15)%(25)%(2p)°(35)2(3p)? DX I 5 DN % HA L £33,
ZOHTls, 2s, 2pDSPERIEN T, KRR Y ) R0 UERT A CIAO € GGA 3t 5 &

Energy levels [All-electron]

Element ---> Si
Symm 3 Energy (Ha) Energy (eV) nocc focc
1ls 1/2 -65.6258330748 -1785.7697073691 2 2.00000
2s 1/2 -5.1250077353 -139.4585506190 2 2.00000
2p 1/2 -3.5260321902 -95.9482139488 2 2.00000
2p 3/2 -3.5022484901 -95.3010265676 4 4.00000
3s 1/2 -0.3967820153 -10.7969875601 2 2.00000
3p 1/2 -0.1503011244 -4.0899015276 2 2.00000
3p 3/2 -0.1491437813 -4.0584086215 4 0.00000
Total number of electrons 14.00000

L7200 | WAL EFREE DO B R TH D5 eV L 0 EFEINIHRNZ 03000 £F,  ZO7T=OPNRREN DOz E)
BESUIBERE LT R L R 0 2R, =X OB 2 A L E T,

U a VR OWNRRUEN 2B 5 FE L LT 100~130 eV OfR X SRiEO HE A BT L, i EnstE
FOEB T RN —ZWET HERFENRD Y 91, BRI, =X —rEOHREIIIHEZDT v
a2 L—Znbgt sl o7 m ha UEGDtERGWET,  FREO SiRFOEFENASEICTIUE, Z0F
ETIRpHEN DB SNAHE T ITEH LTS Z e £97, 2pHEIIA U HEMHEER D=0

2D3/2 £2p1/2120.64 eV RSN ET,

KB HHHOER D LMD TS K91, BIPEO= R —%hy &3 HUThH S5 YE 7 oiESE)—
?‘/l/i'\:b‘Ekin 01

Eyin = hv —WwW — (EF - c) (1)
LRV FET, T IT, WIHMEFEBL, EpiE Fermi (7, E IIWNEBHEN T, —ICHiaaRmm CIIE 70 LA
HUICKDER EHENERSND 120, WkE O DT 2 v MR HIMNZ 7Zeiud7e 513 E<
ROEY, FOWD, PEEEEORM TR RV £, ZOBREEAAITRLIZONK 513 T, £D
fth, (LFRERICE BRWRTORT oy VN E 50T,  WEENITZ USHER L=k b2 5, 20
2 DONMRDT=OWRR TNV —ENE TR AL B D% & 0 £5, PREBER T 7 OSBRI, FKmh
SHPERIC A T2/ L7 (LE DIFFAZ K 2% PNERUENL & FEUE L CRIART O LS A A B 72 2 S5 D PR UE
MDD =R NF—OZZFRETHZ LI2L Y, REHEOFR DR IRIEOE ZHEE L E T
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surface

Ec' core levels

bulk core levels

513 KETHHEROTRNX—T7 17 7 A )V : ROAIERERR, 2237 Th 5, Fermi #E ¢
IE—ETHEDITH LT, PWRENE JIFRTCL Y By, REFMI T ILZIZ HRTNRIENIERL 72
Do

ST, WAL 7 N & fi— R R T 5 720121E, RO KU flx OJFFOWNBRENE Z3tR LET, =
DEFNVF—HE N INERE T B D Aﬂ:ﬂ%ﬁﬁ%ﬁz FELIEONETD, liEFORER AT
JENGIFELNETA, ZOHMEND, #RT Y/ VETIIRHE TRVt B E 95, Zol#Es 73
(AR U 7= DHS Scheffler D7 /L —7[2] 97,  Scheffler H13X 5-14 (TR L7k 91T,  1AikAE(nitial state) &
felRE(final state) DIEWNIEH L TOET,

initial state final state
fhv ¢",_Ekin()
s o s
W & SN
hv ® v Ekin(Il)
o \
() < . e

5-14 HETFHHIEFRDIEIRER L HREE : D1 VI MBOFEFIZ XL A HEFHH, IXEREMEDEFIZ
X ANEFHHER LTS, IRREEGnitial state) TiX, ASHEY) EFRERBFET B DH2DTO L MIEFE

CRETH 2, #iRfE(final state) TIE, HH SN HEFOEBITRNVF—E ;, L FEREAGRIVL HZ b o7
%E‘Eﬁo)é‘j:*jl/gf\:b_Etot 01(1) k (ID"G‘ﬁfié zﬁ, %nEk[n + Etot b\i% l/l/ %

514 T, JEEFPHHEENDETFORERRR D 2 5088 2R L TWET, ORIV 7 (rEc

D86, INIETOIREMIICHHHETT, WBIRETIE, B2 TWHRIC iﬂ%f;’u(hv)&n‘*aab:ﬁf?%@
AHIpOTOEADITFECIRIE T, 0, FIRRETIE, Rk S 7B - (EB L F—Ep) & PARIE
FLERAD DR ST (BT RNV —E )MFE L E T, NEAEFLE N, SEE T S AR A LT
T-NRENL R SN B ORI N5 TT, (D EAD TIEE iy EEroe (TTNENIIR DS, SRIRAEDR— LD
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ZEDD, KIREEOROETRLF—H[FE UEIZR B2 UL 72570 S RO EZREIHRAD G E T,
Exin(I) + Etor(I) = Exin(II) + E¢or (1) @

BENL S 7 NAE i IR TCER LET,
AEyin = Epin(1) — Ein (1) ®3)
DIz, R@EAWIUL
AEyin = Etot(I) — Eror(I1) = —AE¢o; 4)
WEONET, RQOALHERT v/ WETHRET S LN TEET, Scheffler H21ZZDE 123
S& SI100)KHDRENBAERL S 7 N RT3 v /WE TR L, Landemark ©D3E5RAERI1] 2 BERAIIC
AL COVET,  PRRERE, SO 2TV —E,,, L OBIRIE, KDIcky

AEy;, = AE, 5)
DY SEHDOT, Ri4) L LT
AEC - _AEtOt (6)
DENET,
A
bulk
= core level
[72]
c
Qo
£ surface
S core level
B
K]
S
]
> Ekin
Ekin(l)  Ekin(Il)
Ebind <

515 PBEETHRHO A v

FERANAS SN DM EFARENCET LK 5-15 IR LI D AT b T, 22T, Bz —a o AH
HERIC L DAY midfiEE 2 £ A,  BillIOEE OB R VX —Ey,, HEMOEE G T,
7o, R INEBEN OGN —Epipg E D T EHTE T, ZOHEIIEMNFEEEN TR 7o TWET,
Tl L7 IND ONFEF AT FUIRE TR LTIZ L D Eiy (DITHE—DE—2 2 b bE T, ZIUIKLT,
FERTAHIN S OHEA AT MUTEB TRLIZE DIV 90D B —T B (IDISNET,  KE—
7 DIEEITZ DO E—7 [ZBR LIRS D EE W £, B EEOROT- B — 7 (s L@ A
THET, EEATRERPEOIFERGEL TR X —2 ) DT, /L7 D=7 1TFEmERI D EHOEND
Honm BEOREZDFAZEILBDTHDLZ EEEELTER, FHETELLDOE, LI ENS E—
IRBEDOTIE & B —7 OFI78RE T,

(2) PRREALZ G TO#ERT > v v L

FJFEEEER T v bR REFRECIE, PARE HIRREZ RS S, i kA8 % B O REICHE LET,
ZDI=R REHBEDOBRPETIIPRRICIELZE U SED Z LN TE A, TOND Y NERIEALE SR T
X NVEVERRT S Z EIEFTRETY,  Scheffler 52111, i FHHRHZ AR SN NFRIELULE DY OE I
&0 T BN i (screening) SND LD EIRE L E LTz, UL, BTE2ABIEDL7200 FHEiFRnE L
TWET, £, B F—F SN A7) 5 BRI ARG S5, 972005 Fermi HlIARMEN I =
VTEND, LEZTESHITHTEME- N TODEEDE LTWET, ZHUODIREICL Y FHE SN AT K
JUTSERRER L L~ LTWET,

VD& Z FIHEZT, PREEALZ ST FOEART oy VRO X DN LE T, B IE2pHERIC AR
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IEfLZE T ) aVET-OBA,

1. 14fHOE NS5 (15)%(25)%(2p)°(35)2(B3p)2 DETEIED HHEL Y a U F BT, 2pUELOE
1% 3p UERLITREEN LT (15)2(25)%(2p)°(35)%(3p)3 & LI-hitikiED S ) oV JH 25 2 5

2. FORFOLEFIEEYHOEREIZBIR)

3. MlETE LTBs)2Bp)3 D 5 OB A #IINLTA A 1T 5

4. ZOXEIZLT, WEHELZA L 5MHCA AL LTz U 2V RFORRT vy VIR TE D

CLET, ZHUIK 516 D 2 >Of&REE(fnal state) D 9 B 1R screened holeGERZFFNTGS LET,

2T 5 — AR CORART o v VEHE I, WEMERL D A B a2 33281 FEfEEE o3t L ClRAEY %
EolmbOENFEUENIE LET, PRREN.OY 7 MEOHE T, ZOREICLVFERIIEDY £H¥A,

S n final state

I initial state unscreened hole screened hole
—4e -4e -5e

: N AN

nucleus
o
(
[ ]

5-16 Si FFOETEIE : ERIFHERRBOETERE, ARIINEELIAE CBEDOMIREOETEE Th 5.,

5.1.6.2 FHROFEATHIE
WK IEAL A ST i DR T v v Va2 AW TINRUEN S 7 h & N RER L E T,

AN REBEIFRO X2 IATOETS,

1. VU a RKAOBEZER L, BEOV) 2 R T oy v AW T SRS IMEN 2 e b Tt
DA TR S D

2. TOPHEEZRANT, F U EZNFRIELZET0HERT vy WCEE 2 T R —%515H 75

FTRTCOJFAT L UEFICE S TEm X —2HET 5

4., IVINEOFRTERDT, TaERE L TIOREOET R —DEL L V), EHETRLXF—DT 7
NEEFHET D

5. WMEAGDIZAT MLELTFRTD

@

5.1.6.3 #4541 : Si(100)FiH
(1) Sioo)FEmEDET L

FTIELHIZ, Si(100) p(2 X 2) FHEk R OTT V2R LET, Si1000FEITS 7Y v 7R REE
OIS~ HEEE LY, TNOLDOXA ~—[FFNHNRHIMHLS Z 0Ny 7 U o ) TEELTHZ LR
HMOENTWET, ZOEE, Ny 27 Vo ZCHEE L THA ~—DIRNENOEWHICE BB LET, TR
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1Z1E Si(100) c(4 X FEENLE L 7220, FHAETIINy 7 U o TOMWEN Lif->7p(2 x 2)fEa R ET,
ZOFEDEHREAE S TS5 T, ZOHJENT Scheffler 5[2] & [FEETT,

X 5-17 SiQ00)REDET /N : BEHATHEDOEHII2 X 2(ER), TEFHANL 8 BERDEFN AT 5,
8@ L 9 A DHFRICKEEF.LEEZLTVDDT, FEEOHETIIEN T I6 B4 JFRTDRATFTET L LT
#5, BAROBETRWEREFZ1u, 1d, 2, 3u, 3d, REDF~ L EDiT 3B,

HFEROREET MILERHIE L o> TRITIUIR BT, oA EmMLUET, R HE< oiKEs
5 x 107 AL FIZHZ D2 DICRRMAZE L E L, X 517 13 S SNICBROLERIEZFR LT
WET, FHREHIRFELD, RT3 /L Siggapbe ne 0l.pp, ASHAFABEIART v+ /L : GGA-PBE,

Ty AT TFNAX =k (wf) =35, ko(chg) =70, =2 bt/ :a =14.6816015290, a, =
14.6816015290, a; = 60.0000000000, ki :4x4x1, T, ZOFME, BEMSNIEELE FNFLLTFO X

T ET,
b4 y b4 fx fy fz

1 11.654665468 7.340800747 19.731672033 -0.000108 .000000 0.000136
2 10.943522273 0.000000002 18.308554343 -0.000156 .000000 -0.000260
3 7.408260709 7.340800738 18.308043049 0.000156 .000000 -0.000288
4 6.696493833 -0.000000008 19.730653256 0.000095 .000000 0.000136
5 12.644826676 10.798805752 16.929970763 -0.000186 -0.000125 -0.000051
6 12.644826664 3.882795799 16.929970692 -0.000187 .000125 -0.000052
7 5.707073513 11.223532172 16.928492210 0.000184 .000135 -0.000066
8 .707073576 3.458069376 16.928492250 0.000184 -0.000135 -0.000066
9 .176755229 11.011875138 14.003484695 0.000002 -0.000042 -0.000291
10 .176755074 3.669726457 14.003484706 0.000002 .000042 -0.000291
11 .834472402 11.011012299 14.542706201 -0.000005 -0.000002 0.000195
12 .834472400 3.670589245 14.542706195 -0.000005 .000002 0.000196
.235196168 7.340800802 11.460786586 0.000018 .000000 -0.000178

=
w
NNNRE PO ORFRRFR OO,

[eNeoNeoBoNeoNoNoNoNoNoloNoNoBoNeoNoloNoNoloNoNoloNoNoNoNoNolNe ol

14 .118076207 0.000000001 11.459447663 -0.000002 .000000 -0.000198
15 .882358440 7.340800774 11.863174990 0.000085 .000000 0.000607
16 .785205792 -0.000000009 11.863763387 -0.000075 .000000 0.000566
17 12.980433730 7.340800764 9.066215802 0.000364 .000000 -0.000060
18 12.895937822 0.000000005 9.076888750 0.000103 .000000 -0.000067
19 5.455961640 7.340800779 9.081857152 -0.000145 .000000 -0.000096
20 5.370066620 -0.000000012 9.069872950 -0.000307 .000000 0.000025
21 12.895952884 11.013570694 6.478028955 0.000077 -0.000071 0.000099
22 12.895952919 3.668030852 6.478029019 0.000078 .000071 0.000099
23 5.455699091 11.008682705 6.484530647 -0.000072 .000047 0.000112
24 5.455699061 3.672918843 6.484530696 -0.000072 -0.000047 0.000112
25 9.172291984 11.011379982 3.920759253 -0.000013 -0.000002 0.000122
26 9.172291976 3.670221565 3.920759374 -0.000013 .000002 0.000122
27 1.838705787 11.010982242 3.857185244 0.000014 .000000 -0.000054
28 1.838705789 3.670619311 3.857185195 0.000014 .000000 -0.000053
29 9.176000956 7.340800765 1.297682500 -0.000017 .000000 0.002104
30 9.176000956 0.0 1.297682500 0.000472 .000000 0.002118

167




31 1.835200191 7.340800765 1.297682500 -0.000774 0.000000 -0.002772
32 1.835200191 0.0 1.297682500 0.000325 0.000000 -0.002761

T, SR EE 2 TS 32 A OfERA TR L TWET, 8 JED 4 HDJF1(29 H~32 F)Lfkdn
BOSNRNE D IEE LD THIRAE L QET,

(2) FENFHRENT 7 FOFHE

WIZ, FRENFRUETS 7 (Surface Core Level Shift, SCLS)DEFHEAZITOET, KB SNI-FHEHET /LD
JFRANELZEE LT-F F, vV a VR FEIRC PNRIELE SR T vy VMBS T RV —%3HE
L%,

ZOREREK 518 1R LET,  #ElIDEE T OEET R L X — (AL eV)O/ LI INEOTIVTT, 08
B, P B3 NEDOFFAIZE STOET,  HE ISR CHEMERELS D DT, HFE VIR MLE DR
FHO FEEFIERIICB S ETA, BHISHADIIETE O nm EWVbILTNET, Z07H, A
NI &3 NEE LT EITESTHL LB ONET, EOM, 3, L3,OHRICE D HELB X HDHN,
517 ZZECTIUIBNEIF A ~—FIDIMAL, 34135 A ~—FIONANZ & D DT 3,75 DR TR
A ONDZENEZLNDHDT, ZZTE3,% V7 e LELE,

5-18 12 L AUZ screened & unscreened DOUWERIZEVNT 25 1 JED O down DE— I (ETY, MADHMN
U0 unscreened D573 screened L0 /D 72 & T, D72 unscreened Tl down (\LED T Y
O VEFNEAZIDERRESNEY A,  screened TIHERSNLDDT, ZOHNRNDT=HIZ down D E—7 i
BN ST EZBNET,

10 T T T T T T T T
e Screened
< osl O Unscreened (ion) |
z | @
>
= @ down
2 o0
:
S osl ¢ ® . .

1.0 ! ! ! ! ! ! ! !
1 2 3 4 5 6 7 8

Layer number

5-18 SCLS OEBh—R/LF¥F— : TN ENF T unscreened, FRALIL screened DPREHEERT v L%
FAWTERTH D, FRILX Scheffler LRI UHETH D, MEMINEEFOEI- RN —EHLX eVID/ VLT P>
LOTNTHD, ZOBEE, W7 E23 NMNEBEDRFHIE TN,

Scheffler & D 21128 HFER L e 57212, 5-19 |[ZFMEN D 3 EE TOF 2k 5 SCLS #Fo~ L
9, HEMIRETHY, FIREIIE O EE > TOET,  E2BJIEIZ, unscreened, screened DF5E!
Pl FEREEZ L C0ET,  FREIE Landemark S[1I2 85 H DT,
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| Unscreened core hole (ion) _

Intensity (arb. units)

-1.0 05 0.0 0.5 1.0
Kinetic energy (eV)

5-19 SCLS DR : il X SCLS M3EE Th v , FMMEIIRFEDLE & 2T, DB, unscreened,
screened D&FHEIE, EREEZFIFR LI, EBREIX Landemark H[201i2 X3 bDTh D, FEBRIZE D DiX
screened Téh 5, XPS FADOWENEAIERT v % /Ui screened TYERR L7 iuTZe & 720,

5-19 ORI R 2 L < HEL L, %7, Scheffler & tfER2IIC—B L TWET, FEBRC
A9 DiZ screened THAHZ EbnD£4, ZDO7=H, XPS HONEEFERT > ¥ /Ui screened THERY
L7l Fiud7e v £8 A,

5.1.6.4 &k

[1] “Core-level spectroscopy of the clean Si(001) surface: Charge transfer within asymmetric dimers of the
2% 1 and c(4 X 2) reconstructions’, E. Landemark, C.J. Karlsson, Y.-C. Chao, and R.I.G. Uhrberg, Phys.
Rev. Lett. 69, 1588 (1992).

[2] “Evidence for site-sensitive screening of core holes at the Si and Ge (001) surface”, E. Pehlke and M.
Scheffler, Phys. Rev. Lett. 71, 2338 (1993).
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5.1.7 =%

5.1.7.1 HEREDOHE L

PHASE #FII LT, HEERA TS5 2 L AMHETY, 22Tl A s BT 5 EAT3i LEd,
B FPRHE OSSN RBIT DA & 1, BEZEr L 7 = L T p X — L 0T, B2, R
® SCF #HEZEM L, FE)»D BN EIT CORPTRT v VAR L CRIHT A Z L T& £ 7,
51.7.2 NS5 A—4

HEFEBRAHET 72010, REDOETTNVEUEFTHIVENH Y £, fRELIEWROD, 65E LiZVE

e b ORBETNVERABELET, IBIZ, AJIT—H D postprocessing 7 2 v 72 workfune 7' v 7 %
B L, BREEITWET,

postprocessingt
workfunct
sw_workfunc =on
sw_add_xc_to_vloc = off

}
}
BEBILUTOERE L HET,
sw_workfunc HFEREBOFHE VT 2T — 2 T D720 AL »F T, HHSEWE
AlZon ELET,
sw_add_xc_to_vloc JRPTART e VaE T AR, ZHUEBIR BERZZ 50 E 2 hEFREL

F9, AHAREI AAERIEER M) OB INT 0 12785 &2 b
HDOT, RFTART v MZEDH7R THIE LWMEERED S LD Z & 03
TEET, T74/0 MlZon TTD, off ICLTEHL ZLIZL-oTLDNE
72k CIUR LA B3 1525 2 L DS A[RETT,

DL BREEAT- b, EHIEY PHASE #3947 LET, FHRADOR LIRS, BERRFIART v yv
T=H IR ERHASIET, IR L7-F R Dfleert i L LTHRITT D 2 & b ARETT,

5.1.7.3 FHROFETHIE

FHRDNME T LTZBETIL, BT T oy VOT— 23Sl —4 L UCRfFENE T, 5EEES5 7
DIZIE, W2 DOT — X S8~ 7 — ) oA L, RIEN TEZFE L2 OREEZ T2 0813 H 0 F
T, ZOL NI ETTH a7 T A workfune T, T 17T AD Y —A a— Kt sre_workfune T A
L7 RU—ZH D 3, 2230 T 5720120, Fortran90 =231 5 —23AB T4, workfune 2 =21 73A
IVTBHINE, T2 2ITUTFO L ) o~y REFITLET,

o°

cd src workfunc

o°

export F90=ifort

o°

make

BRI FI0 |2 Fortran90 = >3 T —%48E L E 3, BRERAIFI0 OF 7 4+ /v MilL gfortran T3,

UTOXITHHALETS,

% workfunc -z ZAXIS

ZAXIS |2, RIENZHEE L ALTHEN ZHEL£T, alioGa 1,bEiOSE 2, cliogA13 3 2FE LE T,
FEELRWEEOT 7 40 MElX 3 T,
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5.1.7.4 #HEHREROH T

workfunc OUFEEAE 795 &, nfvler.cube & nfvler_avdata @ 2 FEEED 7 7 A VHVER S #UE 3, nfvler.cube
77 AL, BEBORFIART v v VT —H %FD Gaussian Cube WRDOT —X 7 7 A4 L TT,
nfvler_avdata (ZIZFREICTEERHEE S NS U2 RN T v o vy VDT —Z DNetdr SN CQnvEd, LLTFD
Kol —aploTnET,

Fermi energy (eV) -0.37838

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

.208333 -0.250195E+01

.312500 -0.331223E+01

.416667 -0.427665E+01

.520833 -0.495695E+01

.625000 -0.496651E+01

.729167 -0.425552E+01

O O O O O O O = =H#HF

T7AND 1 ATEIZT =/ I =X =0 eV BALCRlfkS I CVET, 3 1THUENEREOT —% T3, 1 4
Bz A BT CHREICTEEAIEED, 2 FIFICHIST 2 RFTRT v o v L OHENTY eV BALCidRSNET, B
FIART 3% U, RS 6 AFRERE - S IZ BT T—EME 20 £, ZOROfiE 7=/ I x
L — L OENMIFRSITHY LET,

nfvler_avdata 7 7 A VNS RFTART Vv VIR T T M7 DA HEEL, 7=/ IR ¥ —LD
EEHETHZLICEk o THEFRE A L LD Perl 227 U A workfune.pl T3, AFD X HITFIHLET,

% workfunc.pl nfvlcr av.data OPTIONS

FATT D &, R SNIATEREROESEE DI SihvET, $£72, workfunceps V9, JRFTRT v
YL & RECHRE R ORRE 77 7L LI EPS 7 7 A VbR S E T,

5.1.7.5 & : 7L =7 ADOHERK

TN =0 AOHFEEEBOEF R LET, 7T —HE, samples/workfunc/Al T,
551, Al(111) 7 BORBET A TY, REICEEEE o ik LEY, o fioRSiE, 50A

ELE LR, 7TAI=0A(111) mEEE A EEHER LRVWOT, s I L A TL, Rzl

(2, SESHFEDFAET D L OICET A EER L E Uiz, 72, SBHERIMR BE/ERIIRATRT v v U&7
WVERETCTRHEZITWE L2, 7T = AOREET MIK 520 (R LET,
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5-20 Al(111)&E 7 BTV

PHASE (2 X% SCF FEMNET L7=DOHBIZ workfune 7' 77 AT X - T nfvler avdata 7 7 1V &21ER% L,

S B2 workfune.pl A7 V7 N &R L TEOIZRFTART > v L L RmIZEEREEEORR A X 5-21 (TR
LEJ, HSEEE, 4.05eV LEESNE L, ZOMITIFEETH S 4.08 eV LTV VER L 722> TUWVET,
5

0=4.05eV

energy (eV)

-20 L

0 5 10 15 20
distance along the z—axis (A)

5-21 FENZTEE/R & FTRT v v VDR R

25
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5.1.8 [ZEFHanfET

5.1.8.1 F¥REDHEEE

EADRRIATHAHGEAIX, B FUEEEZRD, EOEMERFDET, BEFIXE SR L., yire
HHUET, ZOBEAEROBREEFIH LT, fiaDERe, KMEOMFZENRETYT, I 2T, BEHRE
BRSO ERAE S & HT oI, B FEEEICESWTHRE A2 T L, RS E T2 Z LN E
9, PHASE (213, 28fmcB) 2 5E 1 ma THIT 286603 H 0 77,

boeE AT, DL FOFIRCHAEEAITOET,

A) | IEUDICEFEOEHREHE O FEHR) 2%(T7L 9, PHASE (23, #8722 vb « ik
MIBESNTNDDT, ZOFTHEIEDSWCEIEEITOE T, N\ RRHEIC XY | liE T OEMEEp, 1
BohET, EEFOEMEEIIRATELDIET,

Pe = Py + Pc
ZIT, plE. AT EFOEMEETY, CIAO TER LA SN TWDERT oy VDT —H 7 7
AL, HHEARFEFZRT 5 a7 & FOEMBEOERPEENTOET, ZOT —F ZHikiAax (1)
XAFHE L9,

B) | BEFEERESY, TR TE b ET (RFHND),

(o))
—EA—fdr

—
/ |

+ Hc(P(F)) Y () = ey (cr)

-

r—r

ZIT ope 1 BT BETFHEICHET ART Ly LR —THY | p,lE. JFFEED S EN A
#LFET, WE, BEFTEERPIZ 1 E LW EIRETHDT, xOEERBERIREO A ZRDIUT
Wz bz 3, Lieddo T, BETOEFRRETX T Y LT oy —Hor g LEd, ZojE)
BEA S L > TR L E 9,

Y, = Z Cgzexp (1@ -7)

G
T OCL TR MLG OREATRICINZ B0, E OSB3 R —0 FRA SR E L E T,

©) | BETEEERDET,
pp(@) = 1412

D) | EFROYEFOBEMEEL T, FreoXad il BErFmaitfiLEd,

= migc [ drpo ey (1IN (pe)
T o 1 BTOWER, cEEER LET, TE AR THY ., BT - BEROMBIC
HkT 5609, PHASE Tid, FEXOFHMmIZIBWT, FReDurElz Vv CunEd,

pel'(pe) = p,T(py) + pcT(pc)
Z OIFEAE Y SEOT=OIZIE, & a7 B ODARDELR D DVNSWZ ERFEEE 72D F97,

Al

AFHETIX, BT - BB FEOMBICR LT, RFTREREZ T ET, 37ebb, fHERT vl
HARIKF 1%, Y72 B ARG E T L EADLGAIGGHR SN REZ b LIC, ETEEOBKE L THX
LIFET, HWARHBIL L, AR E S QO FE 3 [Puska9sl,

I'=1+1.23r, + 0.9889r>/% — 1.482r2 + 0.3956./* + 13 /6

2T TR =1/p T Fl ¥y o TODBF, TARDLHFEHFICEN TR, SRL BETFOR Y —
=2 TIMEDV NS, IROMIEZEAT 9 FaH#EE L £ 3 [Puska9ll,[ Nakamoto07],

=1+ 1.237; +0.9889r>/% — 1.48212 + 0.3956>"% + (1 — 1/£4,.)73 /6

N

T T, &l TETRFERTT, TOMMNERIZ IV HIE S TORWEAIZIE, UVSOR 12X, HELES
BEEGIZEASWCGHET 5 Z N TE T, sHRTHEOFHMZ WL, Sk [Nakamoto07] &M< 7230,
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5.1.82 AJ)/XT A—%

Sifsnrc B DB EMOFHELE L LET, FHEAIEIL. sample/positron/Si T,
Si fEnTNC I DB HMGEEDATIRT A—2 7 7 A4 JUTBW T, BB eBIc T A5y Oz LET,

(1) Control % 7 Ty 1-Famat A 2 AN E

Control{
positron = BULK
}

Control # 7' HZ positron=BULK tEST 5L, B@HOEFRIEFEON REH) 21To72%I2, B
Fma B TOET,

(2) accuracy %7 CHyE fHEmatAOAT > a U EHRE

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=>50.00rydberg  ZAUZ. BB OEEIRIE RHT HBEOIQRASH L v M7 =31 —T
75

positron_convergence {} ZDOX T OHT, BB BRI A IERTEIC L > TR D, T7hb b QA%
iR B, EOXINAIREIGL D LT D00, TOREEITNET,

num_extra_bands =8 By OEAIRREIL, JCIREE 1 HoAzFEIT USRS T, UL, K&
RTINS HITIE, ZNLBNT, EERRIEL D =L —D @ ki
OWEBERCG T 2 0ENDH Y . TOFKERE LET, 2k, KD 1)
BIIETT YT ) = oS B LET,

delta_eigenvalue = 1.d-8 5.0ASIA

rydberg

succession = 6 KIERHEIZIBW T, iRl EARloyEE (7.20) N 4.CH 2 bN-#FENT
—E L., 5. THE I - hlke L C. ZOFM2Nm- R, FHEIRGRL
T B LET,

num_max_iteration = 32000 FFEIL. ZOHEEV KT L, PR L Ve THE T LET,

dtim =0.01 0 IR LEHRICEW T, ROEEIREZ EN T RE B SE5ORET

HY | dtim BAREVNFEEPCENEL R0 9, Lo, HFE Y RE W ETRAE
PFONZRL D ZOENNIWIEE, BEICIHIE S HIVE T, hE
T HIFLUCHANEL 720 3, LER->T, ZOMETFETHRICED, =
— =Dl A RS Z L A HEE L E T,

epsilon_ele =12 epsilon_ele |Z, ¥ v 7 D&H HRITk LT, LDA O 1 RifmFmMiEA1T ) B
IZHWS tag T, =0®%ITIL, FFEFE S 055 12) ZHWET, L. #F
EROMIEZATORVOTHIUL (-& 21E. BBEOFEEITH>HE) . 8.01T
ITHIFRLET,
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5.1.83 FtREEROHS
BB PIIEEATTH L. output000 7 /L& 3{H®D cube file BTSN E T,
(1) mZH17 74/ output000

DT 7 A NDERNOE L, SIOEF/ N ROFRIZET 2 DT, B0\ FEHEREDY | E10E
DG DI, BT ORFEMTOIE T,

HzBIFA“-- initial positron energy eigen values e B IR B b DT
R LT L | OB RE S ET. TR A 0 Lo LIt T,
B8, 1463796V) T B = & &R LTV ET, extra bands HZHLED bR L¥—0 fVEAE
(14.9628460558-15.0292289699) %% L £, VX LaHHEO 2 mIH T, EANEAS,  0.0021898139EV) &
7o CVET,

--— 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

T 7 ANVDTFOFIE, ROL I DR HY £,

LR R R R i R b I e B B I I B I e I e e S b e I R S I S S I S S I b S S S b b S S S 4

positron lifetime (ps) 220.184723312044
core rate 3.79328791767622 %

R R e e e R b e I S e S S S R b S e i b S e S b S b S S b S S b b o 4

ZAUE, R OEAEA RO DFEDOR L, B OFmDS 220ps LRI E 2R L TUWET, core
rate [, EHEREEIZXT 2 2 7B OHEREE ORI 2R L E T,

(2) Cube 77 AL

SRS T D & BAOEMN, BEFOEM, B - B ST D53, 7 7 A /L electron.cube,
positron.cube, ep_pair.cube (ZHH)ENET, ZiIHDT 7 A /LX Gaussian cube FEATHY | AL TE
R 5-22 |2 Si gl BEFEARZ R LET, MiEHEEE LT, SAEBICFEL, BE A%, BiE
FEBITAFAET 2 2 &2V 0 F5, B+ OREhBSEN AD 0 I~ L —ME T L2 A= —ic
FICToHHZEnn, —BUACHE XS A ET D235 9, BT - B 0% 522 (IR
LET, ZOMMPENE AT, BETIRE AR THIRT 5 2 L2 &7,
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B 5-22 Si k@ OMETH@). BEFHMO). ET - BETFIIMRC)

5.1.84 ff ] EOFE

Py F-FmOHEIC BT AIEE ST,

® EARTLIYILOER

FTERICE-TL, B arvREEZFFSLORHY 9, 22T, BEIaRELIL. a7ETON, HuE)ZEH
BNTIEDNY | T EA DA LAEF- DA & DER Y PNMERTERWEEOZ LT, 04, ¥Ia7E
FAAMES L U CTHRO I R T v VBT D 2 ENEENF T, A SN CWDAHEERT o v Ui,
TERIZE-TUEL, ZOEICLTERESNT=bonH Y . TOBIZNERATIZ L2883, bL, *
D& BN T v WHMER SOVl iuE, CIAO Z W TR T 5 Z L TE £,

® v AT —DEIR

Si flER DN FRHRIZIOW T, BRI, B, B B 5 v M7 =3 F— 2L T
DEIHREL £,

accuracy{
cutoff wf = 50.00 rydberg ! cke wf
cutoff cd = 200.00 rydberg ! cke cd
cutoff pwf = 50.00 rydberg

INLDEERZALSET, RSN TOPOR L TWD 2 & 2/ DENH Y £
o [
e O ERAEUT. B OB L FRE, VIR LFRICE > TROLAET, KD IELIZIBWT

output000 7 7 A /UL, IROLXH 72 Nh03H 0 £ (22 TIE, BV IRLOFRZICBITHHhEFRRLT0OE
).

=== 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

ZIT, R TIES T BT OEATE (positron eigen value) 23 H3URL TS Z & ARENDE T,
7 TOHT) (output000) Tl

-0.5674635596

-0.5674635638

RELoTEY, +HOMGELTWA Z ENgn0 3, Fio, Lo )T 220.180365487100
220.179503204077 & W78l H Y 9723, ZAUuL, VIR LERIZEBWT, RillERHME Sz, &4l
SN FMERLTEY, MOIELFHEICLY | FaOENICRIGE SN TWAHFARE L TWET,

BHEOEADON REHENFSIGRLTEY . 2o FoEEOFHEA MR UL, HEITHoEEsniz
HEDTHHEEZTENTLL I,
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10947.

[2] M. J. Puska, ““Ab-initio Calculations of Positron Annihilation Rates in Solids", J. Phys. Condens. Matter
3(1991) p. 3455.
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2213.

5.1.9 RILBMER

5.1.9.1 #f2

RIS A BT 05— FEERICRV T, OB A BRSO S Z LIFfHARZ L TEH Y A, R
IV ATNERTAR Y —ARBEERI ISV CGRHRESND L OTH Y, EMERDOLT-DOREDOHTEEEZ HE
T, TOHANRE 251, P DU INTENL LT B AT 2 0 2 AN CE D 2 S K> Tl
WHEMTED, LI HDOTT, LA 3 HMbHVIFHDT, AV ARERIL2BEOT L&
DET, BB, PLCANEMOHEIT v~ T DOH DR TORGHET D LA AREARIC ZEEL 2 &0,
5.1.9.2 RV BREROFEOFN

PV ANERNL, ROK D 72K L > THALETS

7" _QoR, f %, (uﬂ)_ o))

= =Z 0,+) —a -
aff qe auﬁ ion~af - 272_ i auﬂ

2Tz, A A OB, a HIBEOKTRS MO aiEy, ¢ 12 BROWK TR MU TR —

NEAH, Ug 132020 B oy T, YU —(AHDIFA AU DML, ALt LES, 2ol &

D, 31D OEALUTK LT 3 DOWHE X7 MO —(FHEFHETH2MERH Y, RV EREiHRT 57
DIITEBET DIF D 9 (5O (ARG V25 2 E Vo £ GEBRTITENL LW —A b
IR T, MBI —(FEFHEITEFE>9 + 3 TY), £z, U —(AHOFRIX ekeal DEEEMFHAIZ L
STITHDT, S OIZHEEEMFEAOEMZ/ERT S SCF FHHEZ Y —(AHRHRIZ S > T T HRERH Y
£, ZO—HOFFEEIT O 729DIZ, PHASENO IZfET % berrypl &9 Perl 227 U7 MR LET,

1L, PHASE/O (ZFHET 5 berrypl £ Perl 227 V7 &R L TITWET, berrypl 1%, bin 74 L7
N =D TFIZH Y £, RV HGNEMOEE, berry.pl IZLLFO X 5 72§tV CRERZI TV E T,
1. XBRET DT TD SCF #HHE AT,
. RBET BRI RTE 3 HAAN S HEETT ),
3. 1, 2. CHELIVCEMBEA A& LTEEEBRFIRICEL T, XY —(HEEHEE 3 DOMig~7 M UTxt
LTIT9,
4. 3. THELNERY (T — 2 2fEE L, OXEFIH L TRV AhERZ 7T 5,

A& LTEE72 DI, SCF #HRIBS KON — (il ROAI O L 782D T 7 L— NASI 7 7 A )V & berry.pl
OEWEEHET 22 ha—L 7 7 A LT,

5193 AJj7—%

(1) A

RV ARNERT OFFENE, #5500l PHASE |2 X 5 SCF#H5 &, ekeal (2 & B —(IAHFHRASLE L 720 £,
PHASE/O (121, ZHAHOFFEEZE LWFIATETT S berrypl &9 Perl 227 U7 MAMFEL TOET,
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berry.pl %5479 572121, SCF #HHIS KON —(HEHEHDOT 7 L— N B A1 7 7 A v &, berrypl

DIRDBENEHET D a2 ba— 7 7 A VEVERT 2050350 9,

(2) SCF&#HEIB IO~ HEH T 7' L— F AT )T — 2 DIFRL

RNV AARNEMDFAREAT D T2, “T T L— NN T =2 %R L ET, BT 27 7 L— b AN, SCF

FHRH &RV (RO T 7 L— EAJITT, ENEIUIDOWT berrypl #5735 57 4 L7 U —DF

ZT 4 L7 B —ZAEK L, D T SCF SHREMDOAN T —# LEEERFEHADA 7T —5 ZFl L £ 7,

SCF #t#IX PHASE, [EE&EMATAIL 2 IRTThRDOYE1E PHASE § L < 1% ekeal, 3 RIthiDFE 1L PHASE 7'

77 LEFAUET, BT 2ANT =2 ITEFEOFHALFECTTR, UTFDOL S Z2RIclE L AN ZER L

TLIZENY,

o JBIET—HIT, MRERE LR b R SIC b DEER LT IZENY,

o HEEROEIR EDMTONRVREIC LT ZENY,

o FHEIL, ETT 4L MO BV U ThnE Y, bbb, T L— MAIREINDT 4
L7 FU—LEUBEE b Ed, 20828 E LT file_names.data (2B DHERT o v LV OfEE SR
IToTLIEENY,

o Y, [EEEMEIHEHDOATO file names.data 7 7 A /UZIBWTILT 7 A VARA % —F_CHGT %M
LT SCF #HEIC L > THLNT- F_.CHGT 77 AV (BREBET 7 A V) ZRELET, RV HLNER
FHRIZEBWTIISEEZS IR % SCF I berry.pl ZSEHNIROH DT, ZOEZIE L FEET HLEE
EH FHA FEERH-TH, berrypl ICL > TEXHZONTLENET),

o [HEEMFIACPHASE ZFIHT 256 (T72bb=IthiO%E) LLTFO L 5 7e5Ea LT TEENY,
control{

condition = fixed charge
fixed charge option{
kparallel = one by one
}
}
ZOREEMT Z Lo T, BEEMIAIX kAR T OS5 B— R TEEL£9, XY —r
MFHEIZZOF— R TARVWEE L FHETE EHAL

o  ARY—(HARFHED kST 703, berrypl D hr—/L T 7 A JUIEHIT D meshl, mesh2, mesh3
NG AR =L L5 TREDDT, ekcal DASIRT A—H—7T 7 A )WZET % ksampling 7 7 v 7 DF%E
RS NE TS

(3) berrypl HD=> Fa—7 7 A VDR
berrypl DIEHENE, 22 ha— 77 A NVEN L THRELE T, SV AIEMEEOSE, #RIZIELL
TOXIBRARIZRY T #THELUTIT AL D), Ay ba—T7 7 A IDT 7 A VAT berry.pl FATHF
(HEET DAL o TND DT, EEDHDEERA LTI 7EENY,

#overall control
property = zeff
cpumax = 1000

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

#parameters for the berry-phase calculation
atom list =1 3
displacement = 0.1

meshl 6 6 15
mesh?2 = 6 6 15
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mesh3 = 6 6 15

#execution control
np = 4

ndir = 2

ne = 1

nk = 2

ne b

2
scf command = mpiexec —np NP phase ne=NE nk=NK

berry command = mpiexec —np NP ekcal ne=NE B

#unit cell info, optional
a vector = 5.01 0.0 0.0
b vector = 0.0 5.01 0.0
c vector = 0.0 0.0 5.01

ZOBINSIOND L DT, NTA—=Z 1DIZOX 11TERL, “F—U— R=fE" L WH TR T/RT A—F 2458
LE9, R ANERRIEOEAICEE T ANEDOSH HF—T— R EZOmAE L FIZiE LET,

F—U—F i
property DX I RFEEIT O EIRE L E T, zeff, piezo, strfrc DVWYT T
T zeff ZHET D RN ARNEMADONY —(AHFHEAM THOivE
Ty T 7 F IV MllE zeff 720D7C, BV EARIEOBERIEE T BN
E.
cpumax HEORKEFR 2O CRELE T, 22 TRELERL Y B
WA RVES, SR TN T LET, 0L FOEEREET
5&, ZORTITEHRITHKT LEEA, 774/ MElE-1
stopcheck FRIE LG22 L T DN E I ETF = v 7 DR E R OHAL
THEELET, 774/ M 10,
length_unit ay ha—nNT7 7 ANRIFIHINDEIOBENEZHRE L E T, bohr,

angstrom, nm OV INEFEE L ET, 7 74/ Mild bohr,

template_scf

SCF #tHEHOT 7 L— T4 L7 RN —DOFT 4 L7 NUAEFREL
F9, 7 7 4/V MET template_scf,

template_berry

NY—(HFHFEAOT T L— T4 LY NI OT 4 Lo MY AR
ELET, 774/ MHlE template_berry,

atom_list PN ERBFFOID &, ZZARYIY TRELET,
displacement JFA-OEN EAEFRE LET, property = zeff DGAIHEELET, 77
4 /V MEIZ 0.1 bohr,
mesh1 1% HOMREART MU 7o) —(HHFRDO A v v a T A—X
—ZZEAXYIY T nln2d OXIITHELET, property = zeff 351
O piezo DYFEVHADIRE T,
mesh?2 2% H DM FXT IR S T2 —(FAFHED A v 23T A—H
—%ZEHXY)Y T nln2d OLIIHEELET, property = zeff J5X
W piezo OEEVZEDIRETT,
mesh3 3% H DWWk FT SIUTIR S TR —( AR D A v 3 23T A—H
—&ZEAXY]Y T nln2d OLHIHEELET, property = zeff 35X
O piezo DEEVEDIRETT,
np MPI Va2 EHBELET, 7 74V MEX 1,
ndir TALV7 M)W ELET, 7 740 Ml 1,
ne Ny RIS ERE LET, 7 74V MEX 1,
nk k sFEfRELET, T 740 Ml 1,
ng CUTERDORG G ERE L ET, 774/ MElT 1,
ne_b ARY NGRS 30 RIS A FRE L E T, 7 7 4V Ml
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L

ng b (CERITTRDF) R —(ARFHERIIBIT 5 G W EEE L £7,
77 4V MElx 1,
sef command SCF stHEDOIATHIEERE LE T, =& xid,

scf_ command = mpirun —np NP phase ne=NE nk=NK (2D i)
scf_command = mpirun np NP phase ne=NE nk=NK ng=NG (3D
h0)

RELEELET, NP, NE, NK, NG i3, FHRIATHEHZ RO np, ne,
nk, ng IZE XD F3, 72751, 7 4 L7 B U WHIOEIZ X > TUED
FEVDRETHZENRDHY, ZDYETEne=NE nk=NK ng=NG |34
I SN CHENMRA SN E T, T 7 4/ MEIE mpirun phase T373,
FIF L QO AR O GEEIZRIEEE T 50 ERH D £,

berry_command AU (AR OFATHIEAEE L ET, 2L 21T,

berry_command = mpirun —np NP ekcal ne=NE_B (2D /if)
berry_command = mpirun -np NP phase ne=NE_B ng=NG_B (3D
hi)

RELfEELEY, NE BliI RO ne biZ, NG_Biing b (Z@E&#
Y ET, T 74/L MilEld mpirun ekeal T3, FH L TWLERERICA
PDECHUREEEL T DUERDH Y £,

a_vector afhdO =S A ZEAXYY CHRELE T, WETIEIH Y TEAN, 15E
LTHL ERY —(HAEEDO A v 235 A—2—DORELZ BT L
iﬁ‘o

b_vector b #lD =222 X0 CHE LT, SWETIEH Y FHANR, HE
LTHL ERY —(HHEEDO A v 235 A—2—DSRELZ BT L
iﬁ‘o

¢_vector c D = ZZeXEY THRELET, YWETIIHY THAD, H5E
LTEL ERY —(HHFHED R v a/35 A—X—DRIEEZEH L
i‘é‘o

(4) HFER

meshl, mesh2, mesh3 /X7 A —& —{Z DO\ T

R =IO T, el LWk -~ bV, icmE A momRSy &, 0 icno o
ITENET, ZOFESDA v 2L, a2 hr—/L7 7 A /L@ meshl, mesh2, mesh3 /X7 A —%—%F|H LT
ITWET, | BHOWE 7 FUTKTL, meshi=nln2d EZEHXEIY TRA vy aZH5ELET, 22 CHEifd
SDA v adinln2, FFESDA v alnd T,

b.
b pste> 2 oot s prab; e L b &by imEAEICHE Ly P, b - |coso, E
MER DA v L 2D RS O OREL R DOT, ZORINLIDET, BHNOA T A—21F, b nEx
EHEIRELET, v hr—/L7 7 A /LT a_vector, b_vector, ¢_vector DFEEEITH TR &, TOEID

A5 (bohr! Bifi7) &ZZMBRMS HILLBEDA v 237 A—=F—=NUTFO X ITAFHER I ShvE
T (B ETERETHY, HBONDIREROZANERIET D2 HOTIEH Y FHA),

|b parall, |b paraz| and |b perp| (in bohr”-1 units)

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

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

for reciprocal vector no. 3 : 9, 9, 10

WHFEIZOVWT

WHFHEOREITADWTIEE T R&E SEETE T, berrypl (L HEEIT, WHO/N R, k A X DAFF3D ki
DA S HIZ G RIBININZ, BEDOT 4 V7 b VICETN> CIFFEHREEITH“T 4 L7 M UIFPIC L > T
PIET, LIZno>TC, T4 L7 B UL ORF A—%—ndir) % 2 LI BT 53858, SCFEHEDEA1E np=nexnk
TIE72 < np=ndirxnexnk (3D hZDHHE np=ne x nkx ng TIE72 < np=ndirxnexnkxng) & 722 X 512, XU —(FHF1E
DA 1T np=ne_b TI72 < np=ne_bxndir(3D DA np=ne_bxng_b TiZ72< np=ne_bxng_bxndir) L7225 L 9T
AFFE A REE L C <7280, SCR R &Y —(AHFHR & TN RIS R/2 2 D1, U —(AHFHRIE k AR
WHNCASTHEDT=D T, £z, T4 L7 MU —FAE 2 LLCT 2556, BLUFOZEHT ScalAPACK 4 HERIZ
LTLEENY,

wavefunction solver{
submat {
scalapack({
sw_scalapack = off

}

3D fRIZ oW T

IN— 32 2019.02 35, 3D BRCTHRY —(AHRHRAFATTE D L 91270 F Lz, 3D TRV —(ifHitHE %
179121%, ekecal TId72< phase 2\ Fd, F72, UFOX I RELNT LI LTI IEEY,

control{
fixed charge option{
kparallel = one by one

}

5.1.9.4 berry.pl DFE[T
berrypl Z5 872 LCIITTHE, TDOX IR A ve—UnGonET,

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

FoBzay =T 7 ANDT 7 ANAEREL, SOITBEIISETHT Y a afiE U CHlEd oL
FAZH I > TOETS

UTDXoka~vwy REETTLHE, av ha—IL7 7 A )LOFEIR & AT O TET,

% berry.pl control —-mode=analyze

LFDX Slpa=r FedT95 L, ar ha—AT 7 A VOREFTTOH L, SIRAOT « L7 b 2Bk
L/ij—o

% berry.pl control --mode=gendir

LFDXSpa=y RedT95 L, ary ha—AT 7 A VOREFTTOH L, SIRMAOT « L7 MU 2Bk
L, SHOIGGHREZFTLET,
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% berry.pl control --mode=exec

--mode A7V a DT 7 4V Miltgendir T, £,

% berry.pl --clean

&35 &, berrypl MERLIZT 4 L7 MU =72 E2—EHRT 2 Z LN TEET,

FTT5HE, UTFOLH%n 7% 1) Liase, PHASE & U< i ekeal |2 & B EHEAMET L £,

berry.pl : script to calculate the berry phase for the PHASE System
Copyright (c) 2012-2013, IIS, The University of Tokyo
script start time : Tue Mar 21 18:12:13 2017

-— parsing the control file -

-— generating directories --
number of SCF directories : 7
number of berry directories : 21

—-— doing SCF calculations --

running [mpiexec -n 4 S$HOME/phase0/binN/phase ne=2 nk=2] under the following
directories

scf a0

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

FFar hu—n7 7 A NOFENRHHRAEN, TONERHNINET, DWT, fHRICKERT L7 R
—IMERSIET, TD% SCF FHEENUEREEE T Tho0, & BT —(AHFED IR B2 T
T, Frhoa~r REFEFDOT 2 L7 MU=, DT L) 72t anE7,

running [mpiexec -n 4 SHOME/phase0/bin/phase ne=2 nk=2] under the following directories
scf al

RS DRIEMT 4 L7 R U =L, PIFDX 57260 TH,

FA4LT NU—4 A
ZHHOD, JFA2EMN S22 0 SCF HEMTHONDT (L
scf a0 5y —

ald T B DT %, wid DIFANZESL S87-F%D SCF 20T
NH7T4 V7 FU—, aidlZ 14F 0 THY, 77 L—FAJ)
TR0 U7 E DN SRS 5, widlE 1,2,3 DU
THPOMEE LY, ZEIUX Y, 2 HTACAHS T 5,

scf_aaid vwuid

ZWHO, JFTZ2EMSERORIZEIT D, gid JFROMHE T~
berry._a0_ggid 7 MO —(MHREIMTONDST 4 V7 N —, gidl3 1,2,

- 3OWTIODIEZ LV, ZNEI1EH, 2% H, 3FHOW#S 1
7 MUTHEYST 5,

aid F B OJR 1%, uid DTN SBTRITHT D, gid J71A)
D&Y MNORY —(fHFHREMTONDT 4 L7 R —,
aldlX 1 EE Y THY, T 7 L— MNANF—ZIZER LR
BLE DI T 5, wdlE 1,2, 3 DUWTDEE &0, &

berry_aard vwuid geid
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WEIX Y, 2 HANHS T 5, gidlE 1, 2, 3 DWTHOfEE &
D, FNEN1ER,2%EE,3FHDOWHE T MUY T 2,

R ATIEREOSE, ) —(HEHED B & AL AR PHASE 2 THRET, Z0
B, zeff 7 L2 b U —ISBOTITDIVET, ZORFIEIRESICITOR, S ¥R e T
Livﬁ«o

5.1.9.5 FHEHER
FHEPRELETIITEIND E, UTFDOX Y 7eu 7 EonET,

-—-— Calculated effective charges —---
[ 2.98266 0.00512 -0.00454
Zeff( 2) = [ 0.00001 3.6260664 -0.32666
[ -0.00010 0.27925 3.42264

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

A

-—— Effective charges of all atoms --—-
[ 3.46565 -0.27885 -0.28289
Zeff( 1) = [ -0.27885 3.14366 0.16333
[ 0.24184 -0.13963 3.42264

—

-—- Averaged effective charges ---
[ 0.00151 -0.00000 0.00000 1
Zave = [ 0.00000 0.00151 -0.00000 ]
[ 0.00000 0.00000 -0.00587 ]

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

—

--- Calculated effective charges -—- LAFIZ, FHRSNIZAEDORNVERIT VAN, GRS L
IRolJ 8 & ET, RIZE, --- Symmetrized effective charges —--- LA FICXFMb AL
TR HNENT v Y VB ENE T, FDRIZ, --- Effective charges of all atoms —--- PA
T, BODITER Lo TR ORI G RER b EOTRERBH I SN ET, HOHOIEHR LRd T i
FORNAANERT VY, RPEEFIF L GHRE S ET,  --- Averaged effective charges -—-
R T LTe ARV AT o Y VS SVET, BT LIeARL A RERITT T
EZREIZR2 DT TR0 T, ORI ZRT-T K O \THIIE LI AV o BRNERT Y V)3-—— Corrected
effective charges ——-LLFIZHIIENET,

HAWIZIY, -—- Corrected effective charges —--- DATORERED LUVERLE 2D F9, 72721,
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RIFRED G- 2 J ) TG E,  F7213H B OICEHA LT R 7 OB im0 T HOIZHE ey
STIRF- ORIV AN E M E, MHEEZFIH L CGHET D) ZENTE RS> TLEIZERHV ET, ZD
X 97085 A1%, ——- Calculated effective charges --- LAFORERZFHTDH IO LTI ZINY,
5.1.9.6 {51l
AIN ORI ER A RS D0 AR LET,

(1) ANh7—%
ASTT7T—#1%, 51.9.3 8iCatBA L= X 912 PHASE 12X A SCF #HEHADT 71— FAS), ekecal 12X 5BV
—ARFHEIC L DT T L—FAS), £ L Therrypl Dz ha—/L7 7 A LIBRED £7,

PHASE (2 X5 SCF#EHDT 7 L— h AJIZE, AlNborn/template_scf D FZH Y F9, ZDATNHFH R
RIEED U FHAD, EERE LD SRV K 9 JF-0 mobile BMHEIZ T X T off ERXESNTWET, F2,
SR A HEIRI AR DREEZ BN L CWVET,

ekeal (2L D~ —{fHFHHOT 7 L— FAL, AlN/born/template_berry O FiZdh Y 9, ZOAND,
EHOBEEBEMAHEOAT L2 RLTT,

berrypl ®= > fhr—/L7 7 A /U, AlN/born/control TJ~, EDOWNEIILLFDEY

property=zeff

atom list =1 3
meshl = 6 6 15
mesh?2 = 6 6 15
mesh3 = 6 6 15

scf command = mpiexec -n NP $HOME/phase(O/bin/phase ne=NE nk=NK
berry command = mpiexec -n NP SHOME/phase0O/bin/ekcal ne=NE B
np =1

ndir = 1

ne =
nk =
ne b =1

1
1

property = zeff £ 95 Z LIZEk T, RVANEMEFHRT DI L AfREL TWVET, atom listi213 &3
L2 IR TREET DR EEL TOET, 1FHORAIAL 3FHDREFIEIN TT, AINIIFH4 5D
JFEA-NBREAHEEETTD, 2 FH & 4 FHOFEFORINL U AARNERAIFRED SR E DD TEEDOXRIZIZ LT
WEH A, meshl mesh2, mesh3 12 L > TRE~7 MDA v 2ZE L TWET, ZOBITIE, 3T
W7 FUZRLTnl=n2=6,J =15 & L C\ET, scf command, berry_command (Z X > T PHASE
BIWekeal DFATHEEFFEL TCWET, 2%, FHRICHAT 28RO CGEEEET 20 ER’H Y F
97, np, ndir, ne, nk, ne_b (Z X > TIFNOIHHZFEET H I LN TEXET, ZOFITIE, 7T 1, T7bbIE
WHICHEZEATHFRE L 72> TNVET,

(2) FHEOIAT
PITOEFET, berrypl #5735 Z LN TEET,

% berry.pl control --mode=exec

FHRIFHITRIAT 2 CPU Rz T —72 BICRKE {{KfF L £ 7, Intel Core 17-2600@3.40 GHz ® CPU %+4
WL~ THEITLIEE A, RV HNEMIMELILD E T 1,760 000 £ LTz,

(3) FHEHER
ZOREIZ K > TR OLNTKR ORIV GRNEMT > Y UE, TRedi@y T,
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[ 2.50916
Zeff( 1) = [ 0.00000

(@)

.00000 -0.00000 ]
.50916 0.00000 ]

N

[ 0.00000 0.00000 2.64124 ]
[ 2.50916 0.00000 -0.00000 1
Zeff( 2) = [ 0.00000 2.50916 -0.00000 ]
[ 0.00000 0.00000 2.64124 ]

[ -2.50916 -0.00000 0.00000 1
Zeff( 3) = [ -0.00000 -2.50916 -0.00000 ]
[ 0.00000 -0.00000 -2.64124 ]

[ -2.50916 -0.00000 0.00000 1]
Zeff( 4) = [ -0.00000 -2.50916 -0.00000 ]
[ 0.00000 -0.00000 -2.64124 ]

1%H & 2/ADIEFAAL 3%HH & 4 FHDI TN TT,

5.1.9.7 berry.pl Z {3 AR A R RS D A
IV ANEROFENL, berrypl ZFIFETE 172 2 &ITTEET, ZOFwEEHPILET,

(1) SCF &
PV ANERAFRT D72OIE, x5 LIcWRF A S W7 SCF FHRAFETTH2MERHY 7, £
7o, JRAZZNL ST SCF R D AT L TR MENRH Y 77, 1IN SH720 SCF FHE 28 H @
DIATWET, DWT, Gl THRT-Z LICEDMEZ X, Y, z Frhg (72& 213£0.1 bohr) 27 SH7-
FHRZATWET, BALSELFHREIT O 720, AT A—=2—T 7 A LD atom_list 7= > 7 LU FIZER
T& % displacement 7' v 7 ZF|H T 5 LAFEFTT,

structure(
atom list{

displacement {
sw_displace atom = on
displaced atom = 1

ux = 0.1
uy = 0
uz = 0

sw_displace_atom = on &9 % LA E T, displaced_atom |ZXK > TR S AR FAHfELET,
ux, uy, uz (2 Lo TEMD xyz DEZEESDRELET,

VLD CTE /26, @@ Y PHASE 2272 mEAT L £,

(2) Y —(AHFFE
SCF &HHDH Lz, NY—(iHFHEEZI TN ET, (1) HiTiTo72 X CO SCF #tH % b &2, FEEEM RO
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ANZEAERR L E T, &% D SCF FHHIZONT, 3 HROWHE 17 MDY (A F A ZER L £ 7,
AU AR EZFATT DI, AJIRT A—2—T 7 A JUZLLTF O X 912 BATIZ berry_phase 7 7 v 7 Z4E
L, BREEZTTWVET,

berry phase({
sw_berry phase = on
g index =1
mesh{ nl = 3, n2 =3, J =51}

sw_berry_phase = on &% &Y —(AHFEDANC/2 Y £77, g index [ZX > TR LT 21~ ML
HHRELET, mesh 7 v 7 Z1E% L, nl,n2, JICL -2 TA YT a/"TFGA—X—%FRELET, ZDIFE), SCF
FHEIZRHNT S displacement 7' 7 2B L T Z & &, file_names.data |28 THT 5 SCF FHED
TA LT N —DOTOEMEET =2 2T LI T D27 2 EN2NnE I LTI EEN,

LLEDATI DR TE 72, @HIEY ekeal ZMERRHESEIT L X,

(3) AN AARNEROR

BRI A EM AR LET, DFOFRE 2 HAET,
1. AV HEERHEROT L7 M) —%EkLET (& 20, zeff),
2. RU—NAHT—H 7 7 A )V berrydata X CHFEL, 77 A NVOIEEAICEORERELET, 20T,
21 O —(HHFHREAT o722 DIE T 7 A VOIS 21 LRtk L E T,
3. MV AEMEHDT L7 U —IZ, SCFFHEHDOATI 7 7 A /L 2.CHE7= berrydata 7 7 A /L%

ar—LET,
4., abt—L7= AN 7 7 A 5 displacement 71 v 7 ZHIERL, LAFAFEALET,
control{
condition = initial
max iteration = 0
}
postprocessing({
polarization/{
Sw_bp property = on
property = effective charge
}
}
RV AHNEMOFRIZINT SCF #HEZAT 5 MBI/ DT, control 7'+ 7 |23V VT max_iteration =
0 & LE7, postprocessing L FORREN, RV AREMZFHET D200 R TT,
5. PHASE %R TIAITL E 9, #5543, outputxxx 7 7 A /WZ, 5.1.9.5 Hi Crill T 2 CHi &g,

5.1.10 BoltzTraP Z#I|F L f=f##f(/\—3 > 2019.01 LLE)

BoltzTraP[1],[2] & %, Boltzman FlimaFIH L, /30 FEENSEMRE/ EAHATH 70 /T AT, S
PRSI TSSO RNE & 3 R L ¥ —TF, BoltzTraP ZFIfH4 5 &, IRER L OEFERT o v LR
ELTUTFDOE I RBEERODDHZENTEET,

o VP—_u R

® [REFE (FEFRECEl--ENH IS D)

® R—/URH

® EMREER (B NDDAGHDI ; FEFIRHHECHI > 7@ ) S b)
® i IHEN

® k=
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T ZClE, PHASE/Q 23384530 FiEED S BoltzTraP ZFH4 2 5E4 3 LE ., BoltZTraP I1ZIXZ D
NP RE S BB NR—=T g0 1.2 3= 3 0 208380 £9708, PHASEQ (ZEH LD A=V g ATHxn L
VCI/ \iﬁo

51101 A7 7 A v
BoltzTraP NV EE T 57 7 A NE T HI20E, AJ1/NT A—4—7 7 A )LD Postprocessin 7 1 v 7 [ZE\
Tboltztrap 7w v 7 2k L, REZMLET,

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

boltztrap TEFK TEX 54 7L FriDi# v,

274 A

sw_boltztrap BoltzTraP THIHTE L7 =4 7 7 A NEHITT 50 E D EFRE
THAAL T, on £ TDHET—X T 7 A NEHITS,

version BoltzTraP O/3—2 = U ZAFRET 285, 16 LIL2 25 ET 5,
T 7 AV MEE 1.

prefix BoltzTraP H7—4 7 7 A VORZERE A FEE S 5 LT, T 7 4V
MEIEFATT 4 L7 R —4,

header BoltzTraP H7—% 7 7 A VD~ X —%8ET DT, T 7+
JV M prefix & [/ A,

5.1.10.2 PHASE/Q D34 T

PHASE/Q0 OSATITEFEVITOET, FHHREREOHIIR: I3RS 0 1A, fdhaifl, i b R
9% & BoltzTraP TUE/R2T—4 7 7 A V1 SivET, SCF #HHE CHEEEM A T BoltzTraP (255
FHRIZPTRETI Y, BoltzTyaP ORI k STk 2UCHEMESEMGANH Y, Kk S8 A2 2 T80 DU A e
MDD, EWVD T AT e IENH D £, D=0, EEEMEATEHTH 2 EaHEEL £,

5.1.10.3 BoltzTraP MOFEAT

Z 2T, BoltzTraP | X DT 2 52095 HiEA IS L £ 9, 55 BoltzTraP O~==7/L, F=a—
MU TILETEL TS, 28, 2 2 TOFAIZ BoltzTraP A A h—/UTE T L TWAD Z & ZHigRE LT
3

(1) ~"—Ya1.
IN— 9 LEFATTHT-DICNE R 7 7 A /M prefixintrans, prefix.struct, prefixenergy 3 ->T9, 2D 3
ODT7 7 A /I T IS PHASE/O 72HHU) S3E 9728, prefixintrans 7 7 A /WiE BoltzTraP OEMEE HilfE3
B N7 7 AN ToDTIAT LT U C—P = SRET D0 ENRH Y £9°, prefixintrans DNE
(3, BAREGZIITREO L 91272 > T, ks, ATEROEAEIEAM 22D T, FERIIFDE LN TS0y,

1: GENE # Format of DOS

2 0000.0 # iskip idebug setgap shiftgap

3: 0.17267 0.0005 0.4 58 # Fermilevel (Ry), energygrid, ..

4: CALC # CALC (calculate expansion coeff), NOCALC
5: 5 # 1lpfac, number of latt-points per k-point
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6: BOLTZ # run mode (only BOLTZ is supported)

7. .15 # (efcut) energy range of chemical potential
8: 800. 50. # Tmax, temperature grid

9: -1. # energyrange of bands

10: TETRA

11: 00000 # For scattering model undocumented

12: 2 # number of

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

ZDOANNOHLIBEITZa A R ElpoTNET, T2, 77 AVTEETERZ2D T, Sl S 5B SCT5 2 4l
FRLTCLED =TT 7,

B DD (EETAEENRIZ ) BREEEZ R ORLTWET, 2/TA%RY: 2 >0¥dElE, v
R¥ Y v 7DV T NEATHINE IMNEIEELET, 3 DDOEIEIC 1 248ET 5 L3 FX v v 7ORMIEIMTH
NWET, 4 DDOEEIZT 7 MEZ Rydberg BALCIRELET, 7 17HIL, BETHLFART v v L OlE%
Rydberg AL CHREL £, 81THIX, BETHREEZFELET, FTREREEZIEEL, RO CREDZ]A
MEEZFEE LT, 0K D OiREREE T, BEOZNAECHEILHREICOWGHEN e &ET, 1217H, 13
ITHCIIEZES 5 R—E 7L ZEELET, £T 12 TH T R—E 7LV OERREL, EHIT131T
HTR—EUZREZ cm3 HA T F—E 2 7 L-UUGIEE LE T, 0B, R—E U7 2EETDH L 0> ThEF
B E RS TN A DT TIEH Y FHA, R—E L ZL-YUIIS UTAEERT o v U L > TF—Z &1l
R, REREEALTIND &V ) HEREE T,

prefixintrans 7 7 A NV ELHDOLDIZEFT L= H, L FOEMET BoltzlraP % E4T7 L £7°,
PATH_TO_BOLTZTRAP (% BoltzTraP %A > A h—L Li=T 4 L7 KU —ITHAEZ T TS0,

$PATH TO BOLTZTRAP/src/x trans BoltzTraP (AE HLEZBE L CURWEE)
$PATH TO BOLTZTRAP/src/x trans BoltzTraP -so (AEVHUHEZERL CVH5E)

723%5, BoltzTraP DOFHHEFERIE k mfE HOFEL S LN EIBR L EE A, RPN L TWDE 970y k
NEBEEATGRETOHGS T 2 Z 3 RS L E T, BoltzZTraP O~==7 W2k 5 &, ALLELT

16 X 10%/V (VIZHNIADOMFE) FEED K mAED Z & AHER S TOET,

BoltzTraP (2 L DFHENKE T T 5L, TRt L 2 7NANAR T 7 A ADGERE LTS E T,

7 7 ANV Bk

prefix.outtrace oy 77 AL

prefixtrace BFET >V VD trace B SLD
prefixcondtens (R8T 2 VOEBERPH ) S5
prefixhalltens R— IR Y NDOEEZEN I EnS
prefixtrace_fixdoping, R—¥ 7 %EB L CWDIGEIT, prefixxx
prefixcondtens_fixdoping, O EREIZGDOETUNT LT —2 2R3
prefixhalltens_fixdoping h?

INHDOT7 7 ANDIERIZHOWTIE, BoltzTraP O~== 7 /LEZSMM L T 7Z&0,

(2) R—=Tz32
BoltzTraP 73— 3 > 2 |d Python DE Y 2 — B ETHY, Python A2 U7 RO THIFTEX 5 K ) ITREHS L
TWETHR, btp2 EWH7ry by RERDa<wy FEHESNTWET, btp2 o~ Rk 2RI~
oA 7 g L EETZ LI L5 T BoltzZTraP /N—2 3 2T L DEHEAITH Z &N TE X, 22T, 2o
gy ROENHIZOWTHALET,
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btp2 & FATT DT OITME2 7 7 A /U prefixenergy & prefixstructure 7 7 A /L CY, TILHDT 7 A LM
BT 4 V7 M) —% prefix LT 5L, prefix DBT 4 L7 b —IZBWTLULTOEGET “7— Y Afift]”
EATOVET,

% btp2 interpolate -m 5 prefix

interpolate 1% “7— U =HH#A1TH” Z L& btp2 ITEZ DFIa~2 R, -mb5 i3k A1 85720 5 SOk &1T

9, LWIHATL g T, ZHUT Ko Tinterpolationbt2 &9 7 7 A AAMER S E T, ZOMBORE RN
RSN T 7 ANV B AT E UTRER IR AM T2 D K 9127 CnET, 7k UL, B DIRERPH Clis R
DFFEEATN-WRAELLTDO L S e a~r REFIFHLET,

% btp2 integrate interpolation.bt2 300:500:1

integrate 13 “BCHMREOFREEZITH” Z L & btp2 |UBZ HREIa~ 2 R T, Z0H &Ik Ll oks R~
7 A /L interpolation.bt2 AL, = bR 2 AR iR OZIAE & ) ) TEUCHRE L CUVVE
T, BN 5 7 7 A N7 Sl TE, BoltZTraP O/ 3—2 5 > 1.EEWTIH Y FH AL

5.1.10.4 &5

{075 CoSbs fERaDE— AR DR EH 2 #E L £ 3, CoSbs DJFFHEIEITX 523 (27T L0,
wsh
wC /’

J—I

X 5-23 CoShs DfffidEIE (L 5D
0, ZOHEDANT)T 7 A /Wid samples/boltztrap LA FIZED ML TWNET,

F9SCF7 4 L7 N —IZHDAII7 74 NEHANTEED SCF §HHEEZTWET, 20 SCFiHHEIZHE W TT k
W7 74X 4 X4 D Monkhorst-Pack A v 228 L CWWET, oW, fe 5x5x5, fo 10x10x10,
fc_20x20x20, fc_30x30x30 7« L7 b U —|{ZBWT kR A v 2 &880 L EEEMOFHEEZI T ET, EEE
PFHRDOATT7 7 A4 ML, LLFO L H1Z BoltTraP 235iAiA 0 HFEXDEAET —# e Entiisnbd L o7
BEDME SV TNET,

postprocessing{
boltztrap{
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sw boltztrap =
version = 1
header = "CoSb3 ksamp 10x10x10 bands 96"

ekcal L <|% phase
L7 R —DEE)

CRDREEBMFIREITO &, LLFD 3207 7 A MHEHIHITTTY (fe_bx5x5 7 +

fc 5x5x5.energy fc 5x5x5.struct, fc 5x5x5.intrans

* energy, *.struct 7 7 A JWIEA TR F— L JEIET — X DRIV TND 7 7 AV TTN, RERET H4E
1XH Y FHA, *intrans i3 BoltTraP DAJI 7 7 A V72D THINZ K- UIRET A2 VERH 5008 LIvEHA
7, FtEE 3L b BoltzTraP (2 K D EEARREHRIATO TN TEDL LT >TVET,

BoltzTraP (3LL FOEFHTHEITTE £F (BoltzTraP OFEIT7 7 A L Th5H x_trans I/ SANE
E),

Ao TS &

$ x_trans BoltzTraP

ZHUCEST, T V7 N —AEHERREE L TH O D7 7 AR EINET, B—y 7557 E Ol
PRI D RHEFER N SN D DD trace 7 7 A VT, 72L& 2IE, fe bxbxb DFATONEIL FitdD XL H 1T
72 ET,

# Ef[Ry] T [K] N DOS (Ef) S s/t R H kappa0

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

L, RIUEFERT oy VDT —2 32y NCHAENET, B—_o 76803 5 # 7 LHOT—XTT,

300K (21T HB—_y V{5 %, kit 7)) o T EECSERP LA LR EK 524 IZBRLET, &

DFERMND, BXEXE D —AIXZEDIIN DA & Holt LB BN B 72 DA Z R L TN D728, Rto37e K

W TV ThHHENZET, 10X10X 10, 20X20%X 20, 30X 30X 30 I LF—H L TWETAS, 10X10

Xw®?HXTiKEZiM%TT//¥WﬂO%b%03&&mg@ﬁﬁfﬁ@ofhéi9Lﬁzif

%X%X%imX%X% HERST DX ERA, LIER-T, ZORITIL20X20X20 DY 7Y 7T
TIFH L7 AR %%hﬂ VHEBEZLINET,
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500

5X5x5
400 - 10x10x10 i
00 | 20x20x20 ——
300 + 30x30x30 ——— |
200 - :
100 - —
£ of 1
>
2
o 100 - :
-200 - —
-300 - :
-400 1
-500 - :
-600 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
chemical potential (Ryd)
5-24 CoSbs @ 300K (Z81F AP — v 7485
5.1.10.5 &3k

[1] Georg K.H.Madsen and David J.Singh, “BoltzTraP. A code for calculating band-structure dependent
quantities”, Computer Physics Communications 175, 67, (2006).
URL:https'//www.imc.tuwien.ac.at/forschungsbereich theoretische chemie/forschungsgruppen/prof dr
gkh madsen theoretical materials chemistry/boltztrap/

[2] Georg K.H.Madsen, JestusCarrete, and Matthieu J.Verstraete, “BoltzTraP2, a program for interpolating
band structures and calculating semi-classical transport coefficients”, Computer Physics
Communications 231, 140, (2018).

URL: https//www.imc.tuwien.ac.at/index.php?1d=21094

5111 R—4—ERITEREE 7 74 ILOEA (13— 32 2019.02 LLE)

5.1.11.1 HfsE

PHASE/0 (273317 5 S22 2361 A BT MERE T, EFE 10 OANH I S E T, ~—F—iF
e, Wk O bBET 22 LIk, ML 1T 2 LastikEd, £2C, CUBE BT 7 A
INOHADBIC, WERE TOFGEINZ DRESfi S CnE T,

5.1.11.2 N—Z—iRHFIZ- O T

=it £1%, CUBE XD T 7 A A BEFRZEN Y THE 1RO DT 5 T3, PHASEO (Z
R—T RN AT OREREZ D L DI - COFERAD, _X—F—iErd bader 711 77 A
http://theory.cm.utexas.edu/henkelman/code/bader/

AU a—RL, T THZ EICL o THBICATY 2N TEET, fEL<idbader 7’277 LD ¥
2 AV MREESZRLTITEEN,

5.1.11.3 ALPRNZ
M PR R OV TR, whahp, (M) kO p, (1) & LET, CUBE 774 Mo 54%

wEE, WEOATTT. ST, o, (M) ¥4 FLIch 2RO o s ol (r-R,) 22 Lab
HebDTHD,
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:Zpg(r_Rl) &1

2T P (r)=pf (1) BEREFRTH Y | BRT L v LT 7 A VRIS STV ET, TREFA A, B

TONFEEZ L ET,

1 k2R TS D 5 E
=> p(G)exp(-iG-R)) (5-2)
|

el T4 p, (G) 1z po (G) ZFHE L. 7— U =Bz L v py, (1) k02,

2)  EZERICHET A
=90, (G)ler—v =gzt L p, (1) 2455, WIT, FZMOA v = )T

Pe (rj):pr(rj -R,) &3

ERFL. p, (1) 1IRT o (1)) 285, ZhESTOA Y v 2ok LTTRIER, 725,

PNEVE THEFEI IR TREIEACRIEL COADT, Ay =i j id, FnER, 705884 7288 reut

PINIZ®H D b D &3S,
51114 AS)

filetype = cube M (*sw_add_corecharge rspace=on &9 5& . BEERT L Uy LB atRAAT) NikE 1
B INZ - 2E 5 E54)S, CUBE 77 A /v LCTHI IS VET, F7-. eval_corecharge_on_Gspace =on

(off) D& &, Wik (3222 CNEGEFRE A B RN A £,

*x 514 WBETEELNZ7 CUBE 77 A /MIHSIT57-DDAS

postprocessingt
charge{
sw_charge_rspace = on
filetype = cube
sw_add_corecharge_rspace = on (F7x/V 1 :off)
eval_corecharge_on_Gspace=off (5 74/L b : off)
H
J

5.1.115 17
W7 7 A VAT ATEFHEED CUBE 7 7 A W4 % JTIC € ae” A TR CT, Bl 203 & 1
77 ANED “nfchrdata” OG5, 28 1K CUBE 7 7 4 /Ui "nfchr_aedata” 720 F7,

5.1.11.6 ZHE5
(1) GaN Oz
GaN OB RN LET, AJ17 7 A Vi samples/Bader/GaN LA FIZdH v £9,
P& TEESRANIEIL D S Uit L= b O&aEH LE L=,
bader 7’17 LaEHWDHEE, LUFORHME 1-3 ZiAL £ L7, fiRER 515 177,

% 10 bader nfchr.data (ETEEZFIH, 6k )
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M4 20 bader nfchr ae.data ( EFEMERE ZFI)
ZHy% 31 bader nchrdata -ref nfchr ae.data
UIWrd DALE IR E AR E CIRE, Bl 5 2 F ] H)

# 515 GaN O_—F—&fiT

Ga | N Al
Elk

plot3d ® 2 v = : 160X 160 X 250
P 1.34, 1.59 -1.55
PHASE/O eval_corecharge on_Gspace = off
cutoff cd = 270Ry (CD_FFT £ v = : 32X 32X108)

P 1 1.51 -1.51 O

%2 3.15 -1.44 X

3 1.47 -1.47 O
cutoff cd = 2700Ry (CD_FFT # 3 = : 108X 108X 180)

P 1 1.58 -1.58 O

%2 0.78 -1.51 X

3 1.51 -1.51 O
cutoff cd = 6150Ry (CD_FFT # v = : 160X 160X 250)

P 1 1.58 -1.58 O

%2 1.58 -1.52 O

3 1.51 -1.51 O
PHASE/0 eval_corecharge_on_Gspace = on
cutoff cd = 270Ry (CD_FFT £ v = : 32X 32X108)

S 1 1.51 -1.51 O

2 1.35, 1.36 -1.36, -1.35 X

3 1.28 -1.28 X
cutoff_cd = 2700Ry (CD_FFT % v < = : 108X 108X 180)

S 1 1.58 -1.58 O

2 1.22 -1.22 X

3 1.22 -1.22 X
cutoff_cd = 6150Ry (CD_FFT % v < = : 160X 160 X 250)

S 1 1.58 -1.58 O

2 1.21 -1.21 X

3 1.21 -1.21 X

ST FE DR B 2 AR

o A DAY S ey =

eval_corecharge_on_Gspace = on D55, 2 THEEDOREIMEN A w3 2 A XL STHEAEIZ /2D H DD,
S D 7B ( CIDBA T LV, bader 78 ZNARETT 572 OREAEN L 5 TF,
—J., eval_corecharge_on_Gspace = off D35, 720 cutoff_cd 7 EiF 720 b 2EREORMEL, 2%
far&—E LERA, LL, fHlE S 25 Z & T, Z0 0 OFEETR—F—ERPROHID Z Eh3bm
DWELL
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(2) 4H-SiC OFEpH)
4H-SiC DR LET, AJ17 74 T samples/Bader/4H-SiC LA FiZd 0 £9,
KA EESREIL D O Ut LTz b DA LE LT,

GaN 05 L [Flkk bader 7’1 27T LA HWHEE, LU N ORHIE 1-8 23 L E Lo, fiiR AR 516 IR LET,
FHlii% 10 bader nfchr.data ( MEHEEZRIF, WE-kE)
M= 20 bader nfchr ae.data ( MR 2 F ﬁﬁ )

% 30 bader nchrdata -ref nfchr ae.data
G DALEN IR EAEE CHRE, OIS FEE2F]H)

# 516 4H-SiC O~_—F—Efif

Si | C A
Elk

plot3d D A > = : 150X 150X 480
P 2.66 -2.70, -2.69
PHASE/0 eval_corecharge_on_Gspace = off
cutoff cd = 270Ry (CD_FFT £ >3 = : 32X 32X 108)

M 1 4.00 -4.00 X

%2 -4.27, 2.88 -2.66, -2.55 X

3 2.56, 2.58 -2.58, -2.56 O
cutoff cd = 2700Ry (CD_FFT # 3 = : 100X 100 X 320)

M 1 4.00 -4.00 X

%2 2.59, 2.67 -2.68, -2.67 O

3 2.65, 2.66 -2.66, -2.65 O
cutoff cd = 6150Ry (CD_FFT # 3 = : 150X 150X 480)

S 1 4.00 -4.00 X

%2 2.66, 2.68 -2.69, -2.68 O

3 2.66, 2.67 -2.67, -2.66 O
PHASE/0 eval_corecharge_on_Gspace = on
cutoff cd = 270Ry (CD_FFT # v = : 32X32X108)

P 1 4.00 -4.00 X

2 0.94, 1.03 -0.92, -1.03 X

3 0.89, 1.06 -0.94, -1.01 X
cutoff_cd = 2700Ry (CD_FFT 2 3 = : 100X 100 X 320)

P 1 4.00 -4.00 X

2 1.18, 1.24 -1.22, -1.19 X

3 1.18, 1.24 -1.22, -1.19 X
cutoff_cd = 6150Ry (CD_FFT # 3 = : 150X 150X 480)

FHmE 1 4.00 -4.00 X

2 1.20, 1.24 1.21, 1.23 X

3 1.20, 1.24 1.21, 1.23 X

PR FE ORI S 2 88 & — B LW I STER,
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GaN D4 L [ABEIZ, eval_corecharge_on_Gspace = on DA, EEAFBEORDEN A v ¥ WA Rk
STREEIC 22 OO, A 7B (ZA) 3BT LE VY, bader 23 Z VA FREIT 5 72 OFEREANE
Wk HTT
—J., eval_corecharge_on_Gspace = off DA 7720 cutoff_ cd Z EiF7pn b 2EEEORMNMEL. 275
e —ELEFA, UL, FHlE3 VD Z LT 2D ORETX—2—E RO HIVTONET, £
7z, GaN DG LB | ANEAFBEDORZ MV D5HIE 1 I3RS R EZ I L TR LT, EESEL
T

5.1.12 band-unfolding 58 #%#E (2020.01 LA%)
5.1.12.1 #f3

Band-unfolding FHRMERE L 1%, [EEAMKA-DOWEA2 b BZ NOMFREAFES k ST, A—S—k/LD
R RFHEEFTV, S R T, SRR G X7 MRS D 9 b, BT O ~=7 M LofEH]
T YOG ER T 7 o V=N, 2D @EREGE T 7 A M5 ) #e T, Ikl oV TR
band.pl &[FERIZ, gnuplot OfERERELZ VD K 572 perl 227 U 7 RAMTIE L ET,

K ATy, O3 Fn, AEY o)L, A NV
2
A1ko‘ = Z ‘<G|l//nk0'>‘

GeGpr
(51)

EHEL, 77 AMIHEAILET, Z 2T, Gprid, AR AOWHEAXT MIMED G MLTT, 725,
I N IMFLHRERT 2 v VOB,

AWka' = z KG |l/7nka> 2 +zz Z qulm,r'l'm' fr:m* frl‘l'm' !

GeGpr I zlm ' I'm'

fr:m = Z <ﬁf||m G><G|‘/7nka>

GeGpr

(52)
LR0ET, TIT Pl BT L ERTE . FROETHR . BERTE m Ce 57 n Y= 4T,
ESE qulm,r'l'm' IEERTCT,

51122 AJij7 7 A v

band-unfolding FHEMEREZFI T 21213, reference _cell 7' 17 v 7 T, AR X7 M EfRELET, F7-,
band_unfolding 7' 7 27 NC sw_band_unfolding = on & LE7, 728, k SUEEL, A——t/LTid7e<
FHAKEAD BZ OXFRSAAESHR EIZAER L TR MERH Y 7,

% 5-17 band-unfolding F& D AS 15

controlt
condition = fixed_charge
}

accuracyt
ksampling!
method = file
§

}
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structuret
reference_cell{
#units angstrom
a_vector = 0.0000 2.1798 2.1798
b_vector=2.1798 0.0000 2.1798
c_vector = 2.1798 2.1798 0.0000
}
¥
postprocessingt
band_unfolding?
sw_band_unfolding = on
}

}

51123 N7 71w
AT bV E A, A FBAND_SPECTR WGHT TH E L7 7 A4V (F 7+ b

nfband_spectr_wght.data) (ZH1Z5, A, PRI« BRRIEIZ 0 KON 1 Th D,

# 518 band-unfolding FEDH I

num_kpoints = 141
num_bands = 32
nspin = 1
ik = 1( 0.00000000 0.50000000 0.50000000)

0.0000000000 0.3333333226 0.6331196968 0.0335469806
0.2340754547 0.3217382137 0.4441863316 0.1846990206

(%)

5.1.12.4 band-unfold.pl A7 U 7"~ ®OFI|H

band-unfold.pl %\ % &, gnuplot ZHWTHEMET D700 7 7 A VsERkSvET, LLFICAZ U7 R
EREERLET, ZORZ VT NI, A7 MVRE (p lot_band_energydat ) &2\ T ARY LB
( plot_band_energymap ) ZH/)Ed, FRFHIAKEH15 plot_band_unfolding.gnu (% gnuplot D7 71 /L
T, 22T A7 bggiEd, K (5-1) g (5-2) TERSNE T, A7 MBI

Ako‘ (W) = z A1ko’5(w_ 8nka)
THELBDELET,

% 5-19 band-unfold.pl D5 I1¥

(A7 MLIEE % plot T 554)

band-unfold.pl EnergyDataFile KpointFile SpectralWeightFile
-erange=Emin,Emax -einc=dE -window_width=SIZE
-with_dispersion -with_fermi -circle_radius=SIZE

-color -print_format={eps,png} -outfile=AAA

(A7 MBS plot §2558)
band-unfold.pl EnergyDataFile KpointFile SpectralWeightFile
-spectral_func
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-erange=Emin,Emax -einc=dE -window_width=SIZE
ndiv=VAL -sigma=VAL -line_width=VAL-cbrange=Cbmin,Cbmax
-color -print_format={eps,png} -outfile=AAA

EnergyDataFile 3/3 REAME 7 7 A /L. KpointFile (% k S &aAEKTH7-DIHERA L7 71 4,
SpectralWeightFile | FiRoD> A7 MUBEEEZAEIN LT=7 7 A /L TH, ZIHD 3 7 7 A VOFREITVEATT,

% 520 band-unfold.pl D# F<a>

T2 I4EET %,

FTa v Bk 57 /v MA
-erange=Emin,Emax ay NTAHZRX A RE | 2L

T2
-einc=dE - OGO increment ZFEET 5, | 72 L
-window_width=SIZE 7'v v b3 2% Window OV X%&F5 | 0.50

ET Do
-color N7 —Wh%ET S, NO
-print_format=teps,png} eps HDHWE png HITOWTIE | eps

-outfile=

AL LT 7 7 A V4 E AAALTEEE
T5,

eps 7 7 A VDOREE
unfolded_band.eps,
png 7 7 A /LVORHT
unfolded_band.png

ARG R JLIREE DI

E)o

-with_dispersion AT NBREDORIZ BT FHRE L | 2L
FRCONY FET By b5,

-with_fermi 7 2LV — (0.0eV)DNE | 7L
WZRRAR <,

-circle_radius=SIZE ARG N VHREE 1.0 R ed | 0.2
57 =5 m( TR DAL

AR VB D A

-spectral_func AT MVEREA 1T 5, L

-ndiv=VAL FORT DT FILF—HAHN T, A7 | 400
M BEA R T D=1 F—D
B (HEED,

-sigma=VAL AT ’VEIEAE Gaussian TYEDS | 0.05
T DERO A

-line_width=VAL 2R MV ATy hTABD | 4
ROK S

-cbrange=Cbmin,Cbmax Tay NTAD TV VEIRET | 2L

PAFIZ, band-unfold.pl DERGIZ R LET, ZOBITIE, A7 MUEEEZHTIL, gnuplot Zi# LU T eps
7 74 /L unfolded_band.eps %4k L £7, 7235, nfenergydata (33 REAIET 7 /L, bandkptin % k
BT DO L7727 74 /v, nfband_spectr wght.data [T A7 MREAZH I LT-7 7 A /L TT,

# 521 band-unfolding FFFERORIILR S ) 7 MERFI

| band-unfold.pl nfenergy.data bandkpt.in nfband_spectr_wght.data -with_fermi -color
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5.1.12.5 fij#d
Band-unfolding B§EOFIRGI 2R LET, A1 (&—5H7)) 1% samples/Unfold LA FIZdH Y £77,
(1) Te F—7 2H-MoS2

5-25 (/2 )2 2H-MoSe DEAMEA-Z R LE T, ZDFH% ab HIZ 25 LS (M 5-25) <2, E5H122
D S 1% Te JR-IZ@E# L7-#E (X 526) 252 %9, AW EHESHILITO LY T,

% 522 2H-MoS: DEAIEFR IR ——v /L DHEIZKIT 55

BB >~ R4 7[Ryl 25
EAREEEN v A7 [Ryl 225
k Sy T SCF 25 : Monk (4X4X 1) &5\ NE(2X2X1)
SEHFABIAH A EH PBE+D2

N ANV I Mo_ggapbe_paw_02.pp,
S_ggapbe_paw_03.pp,

Te_ggapbe_paw_02.pp

5-25 (72 INZ 2H-MoSs HAMEG DT VLT 2/ —0 FOSHIE, NSy Foaota R LET, X 526
2, HHRA ab N AN FIVERN 2 (5 LT A—_—B Ukt T 5, T 74—V LAY ROEERLE
T, IREODHRU IR ROGEITHIG L, FARALDERIT ALY MRS LET, K 52712, 2D S
A% Te JRIZES LTAEEIHT D, 7o 74—V KUY Rika R LET, HRORLR DRI E ~
RonbDiE, Te OB X BEIOENZ ML TOET,
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Energy (eV)

Y < WA X
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=
H

X 525 (Z£1) 2H-MoS: AT DR, ET)TINT V=V RUSENE, (RN FEG

199



. P
@ @ @

- -
o ‘n“' -
- S
/ K
J >
LX - - - o))
§
@
£
L

526 (2 DI 525 REAHTIC 2 EILT e x—~—Fk, () BARKTFOT YT v~ BORFs
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200



¢

t Tk

8
¢ \G’ﬁ

¢

¢

Energy (eV)

X 527 (FX 526020 S FF4% Te lcBHLI-2A——E 0N, (ETF) ERARFOTIALT -0k
USRFrE, (BT v 74—V FLIEASY R

201



5-28 12, 527 LRI CRICKT DAY MBS ZRLET, 7ok, A7 MV

Ako‘ (W) = z A1ka§(w_ gnka)
TEZRLTNET, n

4 : , 0.7
0.6
7 = -
0.5
Sa bl 4
20 0.4
S
o
8-2 = :— 0.3
L
- - 0.2
-4 i
= 0.1
-6 — H e
G M K G

X 528 [X 527 £ FICRICKS DAY MLVEKDOT T |,

BRI, XS L7ca~ 2y FEaRLET,

# 523 [X 526, X 527, X 528 DAFIERHLI-a< K

ARG NVREDT Ty B

band-unfold.pl nfenergy.data bandkpt.in nfband_spectr_wght.data
-with_fermi -color -erange=-6,4 -print_format=png -with_dispersion

27 MVEES D7 e

band-unfold.pl -spectral_func nfenergy.data bandkpt.in nfband_spectr_wght.data
-with_fermi -color -erange=-6,4 -print_format=png
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(2) Ge F—7'Si
529 (FENZ, Si 7T N—HEFND 8T D5 6, 2T % Ge JATATEME L7 A&EZ /R LET, ZOMIEC

KL T, Si2FF NSO EAME DT VT oS =T i ST D30 Rtz sEa U Ed, B8
LIFTDLBY T, 2B, BE (a=5.543 A)ROFECEIL. FRlcm(ba To 7ol L £ L,

# 524 Ge F—7Si OFEIBITH5AE

WEIRSSC ~ b4~ [Ryl 25
BEES » 847 [Ryl 225
kSY 7Y SCF #% : Monk (4X4 X 4)
SEHFARIAH AAEH PAW-PBE
BTy r Si_ggapbe_paw_02.pp,
Ge_ggapbe_paw_02.pp

529 (AN, 7o 74—V R LT\ Rtz s LET, IKREORRTE N ROSEUT R L, FIRALD
PARIFTAARY NVEEE SRS L ET,

# 525 [ 529(R) fEBRIERLIza~<r K

band-unfold.pl nfenergy.data bandkpt,_fcc_xglux.in nfband_spectr_wght.data
-with_fermi -print_format=png -color

203



Ve o

-
i /-

N

- @/W
&

\.)b

-

Energy (eV)

-15

X  {/Symbol G} L u X

529 (f5) Ge F—7 Si DG, ()7 > 74—V RLIZAU R,
52[RFHEAFTIVR

5.2.1 #RENRAT

5.2.1.1 BEREDAEE

PHASE (ZI3#FRBIOIEHEE — R AR DIRBIFTRAES H Y £3 £9 B2 FHEAIED T
I SETIRIREATOE T, ZONNOIERATA R L, Tha DB AT ZRR LET, 854751
DOEAEREZMES Z 212X, SMERBORIS L EA~7 PV EFRE L ET,

i A ORFOLENEN I 2w & LET, By INT IR EOIENERE T D &=, MK ROEH;

FeUd
My, = — Z Dioip Ujp
JB
LEFET, B gl FNOTHT, FFINIBIT 5RO F—E (g, uy, .. ) DB & L CER ST
E
o 0’E
b ou, 0ujp

NOFEET~S~ T 7 A o~ NERTFEMN T THZ LI XD, ROLHZENTEET,
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J0F,,

q)ia'jﬂ - auﬁ
i)

KT 7T LTE, ZOWGETRESTLTITohE T, B ATA T —ZalTHL

0F i, _ Fi“'“m:a B Fi“'“jﬁ:—a

6ujﬁ 2a
LEFET, WOERIIEROMBEC L AHEKIH Y, ZhETT X O IO AMIET H0ENR S Y
EF, B R TDEEEOSFMEERITY T j RS & &, HERT v YN0 3T v v

%a‘:lﬁlsﬁiﬁﬁﬂ R CREEREHE/-HDIZHELWTY, DF Y,
Rr;+T= L

Rr]-+T=r./
]

251,

_ pT
q)i,j — R q)i’ J,’ R

TRUFIUTRY FXA, BT, NERT Y10 ORG ez i O 54 TUThlzh RLADED L,

2720 F9, OF D,
z @i ip =0
j
TY, HUS, NEEITINIFRCRTUIR D FA, oF0,

O O

iajB = *jpia

T Tﬁ%‘%’é’fiwm = ui(x\/;ik @Jﬁpﬁfﬁlﬂ)mljﬁ = ¢ia,jﬁ/1/mimj ZHWT,  k&RoEE) FRE(10) &
ﬁ/ioc = z DLajB JjB
jB
LRI ET, CONEREM DI, wy, = 08, e LS RAEL £,
wzfia = z ia,jB S(
jB
SRS WP, T WVBE, & 72, (THID 4 DRV ETRECY, SRBWRYTHERE 1% = O
EERE, K RBIORET— RE RO ET,
5212 ANJpRT A4

PRENT 21T 0120, FIIRTINEALEIZSH D Z EDLETY, SEHERRIEIZ 720 LB A A DEA YA

(2720, IREEOSIEL D Y 7 ME— RNBVE T, SHERE O Y, Mo bR VTR L E
'?"o R L FEDME T L2 B, nfdynm.data OFAZIZFER S CW D EGEE COATINT A—H T 7 A )V
AR L ET,

PRENARNT OREIZ. Phonon 7' 12w 7 THE LT,
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Phonon {
sw_phonon = on
sw_calc force = on
sw_vibrational modes = on
displacement = 0.05

}

REATO AN AL Z LU FIOR LTS

IREMENTICBIFR D 28k D]

B F T35 74 77 )V MA i

sw_phonon OFF AR E T 2 > 7 AN T DI E D DAL v T TT,

sw._calc_force OFF WRET DT O DI FVEEAT O E D DD AL v F T,
ON : K THREWINT O 7= DI TFRE ATV E T, GHE L2 0i%
force.datalcHi /1 S ivET,)
OFF : sw_vibrational modes=ON72 5 7 7 1 /V'F_FORCE"7)>% 77
DT — B heFir A E T,

displacement 0.1 JRANL /T A—H—,

sw_vibrational modes | OFF KAARENNT 21T O N E D DD AL »FTT,
ON : BRFEENET2M T2, modedata™ 7 A JUITHERDZH I &
7,
OFF : #&FiREfITI AT £ A,

norder 1 VI RS DT A2 —"TF,

sw_polynomial_fit OFF ON : 257 1 v NChHOMG RO ET,
OFF : 25 ChOMsr % RO ET,

® I HEEE & XIFRMED AT

SRR IRHERFRD > CTH TN TANTLHLERH Y 3, 372005, JFRTEED weight JBMHAEIZ L5
WIIFIHCE £HA, £72, sw_inversion (3 OFF L35 0E N H Y £9, IREFE— RO AT EEEEOXFR
T = v ZIROZEMRE AT 2 O T, fEiAEE £ 72132 OZE it 2 symmetry 7 2 v 7 TIELFEEL T,
72720, xRk HEEERE AR5 2 & B AMEETT

® LEROEEDIEE
JEREDE FIT element_list 7 1 v 7 OZH mass THRET D, R H(aw) TlER<, FEPEER I (amu) TA
J135121E, #units atomic_mass Z#tag 17D _EIFAT B,

® I TALODEER

JRTZ071 % Phonon 7 7 7 @ displacement TiXiE L9, %, FTEMIX0.1 awll FIcE 5 ERBWTT,

IREHR DA ZNARAFE LT, ET DIREEODRD MG DL DR FAMIZEE LE T, norder % 2 [Z58E
THIET, ZaOREE 31D 5 T2 5 Z LN TXxE7, diplacement TERE L7-EE u & 37U, JHTE
ArFu,w2,0/2,u 1272V £9°, sw_polynamial_fit 2 ON {2 L CTEHEA T v MIT UL, norder % 2 LV K&
SRETEFET, 20 L ZDFAZNIFunorder,-u/(norder-1),...,u/(norder-1),u/norder T3, norder % K& <

T EWOPREIEEIL L < 220 908, JIRHEOEHDME 2 5 DT, FHREEHEX norder 7% 1 DA D 2*norder (2
RODTEELTIEENY,

5.2.1.3 FHHEAER D)
IEERTHE R . IEETHE SR~ 7 1 /L mode.data, 11T —# force.data |ZH I EvE,

mode.data (ZITARBET ORI GRS ET, ETRANEAWERY Mla; = (ay, ayy, a;,) BHIROTEATHE

wENET,
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—-—- primitive lattice vectors ---
alx alyalz
a 2x a 2y a 2z
a 3x a 3y a 3z

WA FO% natm & A5 TR (x, y;, 2;) & Elim, & 591 name@) W AOIFAGHE S ET,

—-—— Equilibrium position and mass of each atom---
Natom = natm
do i=1,natm
i x(i) vy(i) z(i) m(i) name (i)
end do

RIARBWT ORERDNROIZATROR S E TS

—-—— Vibrational modes ---
Nmode= nmode Natom= natm
do m = 1,nmode
n= m representation(m) acvtive (m)
hbarW= omega ha(m) Ha = omega ev(m) eV; nu= omega nu(m) cm"-1
do i=1,natm
i wvec(m,i,1l) vec(m,i,2) vec(m,i,3)
end do
end do

representation [FEEKIFHIORS T, active(m)iL T ~ AFEZRE— FHIUL R IZ720, NG/ E—RT
HIULIR &720 77, MiEMETHIUL IR&R &2V £7, A L2 ME— ROLGEIHTHERRINETE A,
vec [Z[EAZ NLOBSIT, omega_ha |X Hartree B\ COIREELT, omega_ev (L8 /L N AL COHRHE)
$C, omega_nu (FEETT,

F157—% 7 7 A L force.data | VI D EREHEST L - 00D DOTF =2tk SNET, FOHTF—Z I TROIE
KCHhEhET,

num force data, norder, sw ploynomial fit
do i = 1, num force data
displaced atom, displacement (1:3)
do ia = 1, natm
i, force data(ia,1:3,1)
end do
end do

num_force_data |3/ % #HHE T DI FECE DT, displaced_atom (32507 L7-JR1-DF 5 C, Bdl displacement
IR F DAL SV (uy, uy,u,) T, norder (T AT THIE L7 norder OEAFLIE S 4L E T,
sw_ploynomial_fit {3 AJ)® sw_ploynomial_fit 73 ON ® & Z(Z, ON #FK 3 1 itk S E T, OFF DA
1%, 03RS NET,

sw_calc_force & OFF (Z3XET 5 Z & C, M3 h&fimAA, IR A0V ES Z &N TEET, ik
DEEZERTHZ LIS Y AN, JIFHRICERET 2B EIIZEE LTI A,

5.2.1.4 —HBOR - OIEEATOX G L35 51k (03— 3 2 2020.01 LIFE)

W= 2202001 BEL Y, O OHRERBFITORMNR T HZENTEDL LI F LT, AFHHE
HEREZ WD &, T2 & 23R LT T ORI 217 5 B9 1 L RSB OAHE BT H Z L2k - T
VBT R AT 592 L ANATREIC 72 0 £,

HARWNZ X0 OHREWT & [FREORRE 2 it L = OFVERERELZ WD Z R TE F 9, 1D mobile EME
{EZ, BAOXTRIZLIZVWES on 12, L=< 2204 off | LEQ'ELETO
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structure{
atom_list{
atomst

#default mobile = on

#tag element rx ry rz  weight mobile
Cu 0 0 O 1 off
Cu 0  0.250000000015  0.090375000005 1 off
Cu  0.250000000015 0  0.090375000005 1 off
Cu  0.250000000015  0.250000000015 O 1 off
Cu  -0.00133991609598 -6.13618712873e-06 0.183172868018  on
Cu  0.00243063003687  0.247502210432  0.274544823036  on
Cu  0.248598303756  0.999991722423  0.274874965184  on
Cu  0.249918873555  0.250806431959  0.18373526966  on
Cu 0 0.500000000029 O 1 off

}
}
}

1% mobile BIEEDT 7 4 /L MElT off TI 23, IREMATOLAE L on 237 7 4L MEE 720 £97, 7233, mobile
JEMED off DJRF-DMFAET DIRENRIT O AT FEE BB L RN K I L T &L

5215 1% 7 7 A W Diikiate ik (03— 3 > 2020.01 LK)

JFF- DRSO (force.data 7 7 A WDMFEL, JRFRIIT — 2 DR Rddk ST 5855), FHREBIGRIIC
T 7 A NS EEIAT, DR ENIOHEEZ A v T EEH T ENAREL 20 £ L2 (2020.01 LUK Z o@hE
PHEOIRDEY) B2 RN EFTIGE LE LTWEAE, UITOREEELET,

phonon{
sw_read_force_pre = off

}

phonon 712 7 O F? sw_read_force_pre (25 - TABERIGAILT 7 A WSR2 FtRATeE D e
RELET, ZONRTA—=F—DOFT 7 4/)L MElZon 72D T, off &5 LI > TZDRDERNZIHIL, J5
T EFE LUET Z LN TEET,

5.2.1.6 M : KRS DOHRENENT
(1) #dhomit
PRENNT 21T 9 1IN ERRR BRI 22 AU 0 - ADT, IR 2179 & X L[ U oo b s

1TVWVET, HERRREIZ 22U B A THIDEAEN I 72 Y, IREMEOSEES D Y 7 hE— FRENE T, KD
T OREERE LD AT Z LN FIOR LET,

control{
condition = initial
cpumax = 1 day ! maximum cpu time
max iteration = 6000

}

accuracy{
cutoff wf = 25.00 rydberg
cutoff cd = 225.00 rydberg

num bands = 8
xctype = ggapbe
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initial wavefunctions = matrix diagon
matrix diagon {
cutoff wf = 5.0 rydberg
}
ksampling{
method = gamma
}
scf convergence {
delta total energy = 1l.e-10
succession = 3
num max iteration = 300
}
force convergence{
max force = 1l.e-4
}

initial charge density = Gauss

structure({
unit cell type = primitive
unit cell{

a vector = 15.0 0.0 0
b vector = 0.0 15.0 0
c vector = 0.0 0.0 15
}
symmetry{
tspace(
lattice system = primitive
generators({
#tag rotation tx ty tz
C2z 0 0 0
IC2x 0 0 O
}
}
sw_inversion = off
}
magnetic state = para
atom list{
coordinate system = cartesian
atoms{
!#default mobile=on
'#tag rx ry rz element
-1.45 0.000 1.123 H
1.45 0.000 1.123 H
0.0 0.0 0.0 0
}
}
element list{ #units atomic mass
ftag element atomicnumber zeta dev
H 1 1.00 0.5
0 8 0.17 1.0 }
}
wf solver{
solvers {
'#tag sol till n dts dte itr wvar prec cmix submat
msd 5 0.1 0.1 1 tanh on 1 on

Im+msd 10 0.1 0.4 50 tanh on 1 on

O O O
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rmm2p -1 0.4 0.4 1 tanh on 2 on
}

rmm {
edelta change to rmm = 1.d-6
}

lineminimization {

dt lower critical = 0.1
dt upper critical = 3.0
}
}
charge mixing{
mixing methods ({
'#tag id method rmxs rmxe itr var prec istr nbxmix update
1 broydenz 0.3 0.3 1 linear on 5 10 RENEW

* *

2 simple 0.2 0.5 100 linear on *

}

structure evolution{
method = cg
}

file_names.data (Z1% element list & [F] CJEFE TAHR 7 > ¥ ¥ /L7 7 A /L H_ggapbe nc Ol.pp &
O_ggapbe_us_02.pp ZHHELET, ZOANEMHH L THI K FOMEZX 530 (IR LET,

5-30 KOG

(2) iRENENT

W o LA THRENRAT 21T 912X, AR RS A ol U= EEIC# %2 C, Phonon 71 v 7 Z0NZ, 4R
BT O E 2 U3, Sl bR 7R S am L R O ) 7 7 A /b nfdynm.data (ZF0R QO DD
AT T DI HEIETT,

atom list{
coordinate system = cartesian
atoms{
'#tag rx Ty rz element
-1.446816228 0.000 1.123327795 H
1.446816228 0.000 1.123327795 H
0.0 0.0 0.0 0
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}

PRENENT OREIZ- & ZIZLA T L2 LET, FRAEAMIX0.05 & LET,

Phonon {
SW_phonon = on
sw_calc force = on
sw_vibrational modes = on
displacement = 0.05

}

PHASE #5347 L £,
% mpirun ../../../bin/phase

PHASE #5479 5% &, IREWENTHE RO 7 7 1 /L mode.data 23 ) SivE T,

PREEL L~ LY —L freq.pl 2 L CTHERKL £97, 0 FOSAIZIFELFO L 1 mol W o AT v a %
fHFT freqpl Z54TLET,

% freg.pl -mol mode.data

Z OFREDK G FOFRAEE— FOIREEA M 5-31 ITRLET,

Vibrational Analysis

4000 | A1IR&R B1IR&R ]
3500 | 2————3589 ] 3703 |

3000 -
2500 |

2000
1500 | 1— 1580

Frequency (cm'1)

1000 -
500

X 5-31 KoyFOIREFE— FORER

HIERENDOEA T MV OR ZAERT 2 72O DYEHE trajectory 20D 7 7 A /LI, > —/L animate.pl TIEK L &
7, JFUROBENAFEE L7277 A /L controlinp Z & L E£J, controlinp (ILL FO X DTtk L E T,

| origin 7.5 7.5 7.5

Y —/L animate.pl LN FO X IIZFEITLET,

| ¢ animate.pl mode.data control.inp

FHAEPREHDEA X7 N IVOPLHE trajectory XD 7 7 A /L mode_* tr2 2R SIVET,
Z OBy T OHMEET— ROEHF XY MVEH 532 1R LET, AR SIVIREFE— ROJLE trajectory
D7 7 4 /v mode_7.tr2,mode_8.tr2,mode_9.tr2 Z n[fi{t. L7t D TY,
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1A, bending 2A; sym. stretching 1B;asym. stretching

4 — 7 X
/ X ho ~ -

X 5-32 K& FOIREIE— FOBEAY hv

5.2.1.7 #EH - 2V 2 45 R(Si2)
(1) AT A=%
U 3 U fEEROIRE ST OFIE T, FHAEMIEIY, sample/phonon/Si2 T,

ANS1%T A—% 7 7 A )L nfinput.data TIL, element_list (Z3V =2 2 JF{DEE: 28.0855 amu AMEE STV
F9, BEOBEN AR FEEENLE T 5720, #units DF%IZ atomic_mass ZF5E L TWOET

element list({ #units atomic mass
#tag element atomicnumber mass
Si 14 28.0855
}

HREWFENT D/ 3T A —H % Phonon 7' & v 7 THE L £

Phonon {
sw_phonon = on
sw_calc force = on
displacement = 0.1
sw_vibrational modes = on

}

sw_calc_force & sw_vibrational _modes 73 & $1Z ON 72D, HREMTOT- DD FFHEZITV, JREET M Th
nEJ,

PHASE #34T7L %7,

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

FHESE T D &, )7 74 /v mode.data [ ZHEEMIFTOFER A H ) S31E T, mode.data DFAIDOEIHILLT
DI TVET,

-—- 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
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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

BHID_ATHNOG ZATHITEARIHESRY Mrah bbb L TWET, SNMTHITFREEZR L QWET, TOWRDIT
Mo, RAOFS, TV NEEE, B&, ToUVRTIZH O I TWET, Vibrational modes &9 &
A MUTORDATFITE— R LR FED S S SN TWET, TGO IBIREIE— ROREKEER A4 5588 T
E LT, TR O Db S, EORDITNLEGFRY MBRHLDLINTWET, B~ MUIET
DFEZDBRIZEDFAIRET DT MAD 3D H HHOIITNET,

(2) REE L~V

HREET OIS 7 7 4 /L mode.data DIREHEOT — 4 N BIRE L~V UK 2B L £3, UTFDLoic, v—
U freq.pl #3479 % & Postscript JERDIRERL L~V freq.eps 2SI SHVET,

% freqg.pl mode.data

V) 3 AESEOYRENEMT OIREN L~V UK A2 X 5-33 IR LET, ZOXN SR 517 cm! THHE— K23H
DHZENGMNY FT, 20— ROBEKIZEHIT Tee THHDOT, [A CIREMLOT— RO ZEICHE L TWOET,
Tog E— RN T ARETH H5E, MHOHRKIFROAAN R 3FRmENF T, FRINEETHLIHEITIIIR &
FoRENET,

Vibrational Analysis

700

500 | 1 5
400 |

300

Frequency (cm'1)

200 r

100 |

5-33 /YL Si OfEHL T /) B— ROIEBEEL

(3) R#E— RO

IREYEHT O 7 7 A /L mode.data >33 Trajectory XD 7 7 A VaARRT 2 Z L12 kY, BH~Z bL
EREFGRLEZY, FENEETL7=A— gt LTESE— FE2Hb L2 T E4, v—iL
animate.pl ZfEH L C, #REMENTOHT) 7 7 1 /L mode.data 7> HIFEEOME#RZ B H L, $E3E Trajectory 72
KDO7 7 A NWABE T2 Rk L £ 7,

FROBE &Ly W VOETAARIE L2 7 7 A /1 controlinp %KL £ ¥, controlinp 131 Fo & 5 127z
WwLET,

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

> —/L animate.pl ZLL FO X 925795 &, 5k Trajectory TED 7 7 A WH3E— ROETEF I SIVET,

| % animate.pl mode.data control.inp |
ZOFETIFEIY (B E T TR A ORI E Y, EADJFEIZT Y 2 VR D R ITERE LT
F9, &2, W ESTEE Trajectory T2=U0D 7 7 1 /L mode_6.tr2 Z A3 5 &, 5-34 @ X HIZ[E
AR MADPKREITORSNET, K 534 [TRSITWDHE/ME, TSz gridmol2 7 7 A VA GiAAZ &
TERRTEET, £/, HIISHTHEE Trajectory RN G, R OIRENZ AT 5 Z LN TEET,

X 5-3¢ V7 Si OfERHLT 3/ B— ROBEART ML

5.2.1.8 #5 : # (100)if WA Li=F L oy F-OHRBIfEHT

Cu I00)HIZZ=F Loy T2 E LEZROEBMIT2EMLELLE, Y77 — XX
samples/phonon/Cul00_C2H4 @ FiZ&H Y £9°, £97% Cu Q00)HIZ=TF L o2l S, @ ORSE R
L& L E Lz, RSO NIRRT 5-35 (" 3@ 0,

5-35 Cu (100)fC CoHa ) 72 Wi S B 7=,

DT DIEEEST D r—AS T NT = PNEDNTZT 4 L7 b U—IZ molonly), 731 &EiHHF JEE TEE
T A TN T A BNEINTZT 4 L7 N U—Ephl), HFEFEE JEE TEETHr—AF TV
T—EBNEINTZT 4 L7 B —F ph2), T LTI _XCORTFEZETHH L TINT—EBNEINT-T 4 L

kU —T phalDIEEWi#HT 2 5266 U E Uiz, D7, N5 OREENT H1 70 E LTz, D7 iRkko -
N5 DEF 526 ITHELET,
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* 5-26 iRE top 5 (BT : cm™)

5T 5 +11E 5 F+2 BIRT YT
3041.4 3039.7 3039.4 3039.4 3057.8
3014.0 3012.2 3012.0 3012.0 3028.5
2946.3 2944.3 2944.1 2944.1 2973.7
2942.2 2940.1 2939.8 2939.8 2957.6
1475.9 1478.4 1478.7 1478.9 1618.1

DA DIHEET DA TR D 3 em LU TFORBE TR FHE TE TWA Z Mo £97, 18 iATe
LI 05emILLFERD IFHFR L TWD EEZ TEIWTL L 9, 2 EERV AR TE 0.2 cm?
DAL 7> TRY, ZIUIRIUERMNMEON TS EWVoTH LUVEETY,

522 74/ iI\> Kit&E

5.2.2.1 HEREDHE

PHASE (213, T 720 T < —fRD k RIS DR IRBMENT 21TV 7 4/ & OIRREEE RS S FHEIE AT
B OBERED DV £7,

5.2.2.2 FIH 1k
(1) FEARIRATIRT A—H

Z OBSREA RIS A 720121%, T S0A LEEE phonon 711w 7 ZER L, REEITVET, BURENIZE, DL
TOXH12720 £7,

phonon{
SwW_phonon = on
sw_vibrational modes = on
sw_calc force = on
displacement = 0.1
method = dos

lattice{
11 =2
12 =2
13 =2
}
dos{
mesh {
nx = 10
ny = 10
nz = 10

}

EANYp AT )T A—=F =% L FIORLET,

W1 Tuy iRy | H2, %3 Tuvs | ZIENT B!
ol -
phonon T ) RIEDREEAT O 2D T 1
7
sw_phonon PHASE DOizEWETHSEE ZFIH 35 7>
EIMERELET, T ROALDEE
EIEERTT,
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sw_vibrational_modes | #EENIENT 21T 2> 0 E O EfREL £
T, T BOHZDYE LREETT,

sw_calc_force TEBOHEZATONE I DEREL
£, TEOBOEE EFRETT,
displacement TEBOAEEAT OB, % ED

REBIH S50 2EELET, T A
DHDEFE LFRETY, T 74/V MA
1% 0.1 bohr T,

method TR ERRE LE 3 IRIEEE S E O,
A1 dos, N> RiEEFEOLAIX
band Z#F5E L £7,

lattice —W% k RIS, A——'L
DNEBHEVELE LET, TDA—N
—BAVORESERETH7ry /T
.a—

nx afz 5 g 20 afaE L ETS

ny bz s 20 afaE LE T,

nz CbaAfE I 2 atEELE T,

dos IR E DR FL AR ET 570 >
aSE

mesh B FERTRICRIN T2 k RDA v
2 ZEET D7 v v 7 TY,

nx 1 DODOWREF-XT "IV ER A
ELET,

ny 2 DODREA-T "IV OIyEE A
E l—/\i‘ﬁ_‘()

nz 3 DD T NV DLyER AT
Ebiﬁ‘o

method % band EFRXETDHE, T4/ L3 ROGRIZARD 5, N0 MEEORFEIL, B3 R & (A
£k band_kpoint.pl ZF|H L CHEAET 5 kROIERIFEE S 72 kpoint.data 7 7 A VEAERK L7z EIZFAT L F
‘a"o

(2) N FEBIOKADEE

TF ) Ny REHAEITOYG, A—S—BLOERDMThIET, S0 RS kamEL, ElkshizAa—

IN—R/UZAHE T PHASE BREMICEL LET, LLFOFEESMETT,

® X —tUY, TIRAETK U THERR S IVE T, 1@ D PHASE |2 X 5RO unit cell type 723
Bravais OS5 138EAME I LTk REER LETHR, 74/ 230 ROGEIXT 73—k LTT
D EINTLTLERZN,

® NURNHIY, EERLIEEAILIEN > TEEOHAEEFE L IITREL T TESNY,

(3) A A MRESROBEDOFRIEST1E
A FAMEFEROBE, T MIZBWTA T T VE— RORER LR B2 - IR AR D £ 47, Z OB,

LO-TO HyHEMATNE T, ZOZREEY ANDSE, AT 7 A /MIBNTS DIZLLFOIREEAT 5 MEH
&) D i‘é—o

phonon{
sw_lo to splitting = on
electronic dielectric constant{
exx = 2.6
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eyy = 2.6
ezz = 2.6
exy = 0.0
exz = 0.0
eyz = 0.0

¥ sw_lo_to_splitting % on & 952 &2k > T LOTO HEAEEBELI-HEZITH) ZENTEET,
electronic_dielectric constant 7 v v 7 |2, B F R OFZET v VYV vV EHEEL £ 3,

electronic_dielectric_constant 7 1 v 7 D T D exx, eyy, ezz, exy, exz, eyz (Zxind Dihm s o Y VOIS wR7E
LET, BET MU, FEED L <X UVSOR-Epsilon (2 X555 A ZRHL 7280, JRFOA%EM

FETHVENHY £, ZhuL, 1EET L2 MU —IT effchgdata 7 7 A V&R L, IFOX I ITHREEL

-1.12 0.0 0.0
0.0 -1.12 0.0
0.0 0.0 -1.12

T AND 1 ATRIZRFEETR LET, 2 {TRURCAREROELZEE LET, ETHRESGOEFO ID
ZREL, S OICAMEMT v Y NVETRELET, AiEmT v Y I, IREREFIAT 52 & b TEETH,
UVSOR-Berry (2L > THRLNIZRV o ARER 25 2 ENEE LW TT,

(4) FHOFHT

AT =2 PN CE =5, i@y PHASE 237 L¥d, £91% PHASE (ZAJIOFEEIZ LIZ03>TA
— = NVEER LET, v 7 7 AU T O LD ISRE SN ET,

natm super,natm2 super= 64 64

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

1 1.27189 1.27189 1.27189 0.06250 0.06250 0.06250 1
8.90323 8.90323 8.90323 0.43750 0.43750 0.43750 1
1.27189 6.35945 6.35945 0.06250 0.31250 0.31250 1
8.90323 13.99079 13.99079 0.43750 0.68750 0.68750 1
6.35945 1.27189 6.35945 0.31250 0.06250 0.31250 1
13.99079 8.90323 13.99079 0.68750 0.43750 0.68750 1
6.35945 6.35945 1.27189 0.31250 0.31250 0.06250 1
13.99079 13.99079 8.90323 0.68750 0.68750 0.43750 1
9 11.44701 1.27189 1.27189 0.56250 0.06250 0.06250 1
10 19.07835 8.90323 8.90323 0.93750 0.43750 0.43750 1
11 11.44701 6.35945 6.35945 0.56250 0.31250 0.31250 1
12 19.07835 13.99079 13.99079 0.93750 0.68750 0.68750 1
13 16.53457 1.27189 6.35945 0.81250 0.06250 0.31250 1

O J oy Uk W

natm_super 73 A —/N—E/LDJFFETT, cps 1R FDOANT T VP, pos (X7 T 7 2 a F/VHEETT,
ityp 1R OREA T AF ST, £/2, A—S—/UTEDE T LTI Ry FEE KIED A v 23k
DEITHESNET,
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num bands will be changed.
neg,meg= 192 192

k-point mesh will be changed.
mesh=1 1 1

neg 23H LUV RE, mesh 238 LUVVK BA 3 =T,

(5) HAh77A41

mode.data 7 7 1V

BT OFE RN modedata 7 7 A JWICEMRESNE T, 74/ 23 ROEE® modedata 7 7 AV, 72&
ZIFLUTO X 212720 9, T ROGA LR LT, RET— ROFERO G380 9,

-—- Vibrational modes ---

Nmode= 6 Natom= 2 Ngvec 120

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

n= 1 Tlu IR

hbarW= 0.00000000E+00 Ha = 0.00000000E+00 eV; nu= 0.00000000E+00 cm”™-1
1 0.0000000000 0.7071067812 0.0000000000

2 0.0000000000 0.7071067812 0.0000000000

1 0.0000000000 0.0000000000 0.0000000000

2 0.0000000000 0.0000000000 0.0000000000

n= 2 Tlu IR

ig= 2 g=( 0.01875, 0.01875, 0.03750) ( 0.02316, 0.02316, 0.00000)

n= 1 B2 IR&R

hbarW= 0.63506708E-04 Ha = 0.17281054E-02 eV; nu= 0.13938112E+02 cm"-1
1 0.4999599615 -0.4999599615 0.0000000000

2 0.4999599615 -0.4999599615 0.0000000000

1 0.0063274755 -0.0063274755 0.0000000000

2 0.0063274755 -0.0063274755 0.0000000000

n= 2 Bl IR&R

T RO L FAIDOHBIZ, KRDOEDVRENET, & K SOIREETE— ROTROBN, K DR S5
ENNT VT VPHEOREINET, IREFE— FOBEFRT MU BRIIFERE L 25D T, EFAX7 Lo
OB, G SNET, 7ok, T AO%E & [FERICHRBIOX IR L OWRIN T ~ o OFEMANEIEOH]E
DD ENETHR, ZOBERIIT SN TIEERD 2V RIC TR TE S0,

phdos.data 7 7 1V
7 4 ) o OIREEEET phdos.data 7 7 A WMCHI D ENET, FONEIT, BREIZITI FEO L 5 b D TT,

# Index Omega(mHa) Omega(eV) Omega(cm-1) DOS (States/Ha) DOS (States/eV) DOS (States/cm-1)
IntDOS (States)
0 -0.00050000 -0.00001361 -0.10973732 0.00000000 0.00000000 0.00000000 0.00000000

1 0.00950000 0.00025851 2.08500903 0.00473815 0.17412390 0.00002159 0.00001500

2 0.01950000 0.00053062 4.27975539 0.01996324 0.73363561 0.00009096 0.00012976

3 0.02950000 0.00080274 6.47450174 0.04568839 1.67901746 0.00020817 0.00044927

4 0.03950000 0.00107485 8.66924810 0.08191360 3.01026946 0.00037323 0.00107853

5 0.04950000 0.00134696 10.86399446 0.24722290 9.08527497 0.00112643 0.00286860
6 0.05950000 0.00161908 13.05874081 0.37130693 13.64527929 0.00169180 0.00591423
7 0.06950000 0.00189119 15.25348717 0.49343689 18.13347292 0.00224826 0.01020273
8 0.07950000 0.00216331 17.44823352 0.67844022 24.93222060 0.00309120 0.01602478
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1 FIBIDRAEBE DA T v 7 A, 2,8,4 FBNZENZ1 mHa, eV, cm-1 BIOTR/LX—, 5,6,7 FIHNE
MEI states/Ha, states/eV, statesicm-1 HAZ CTOIRREHELE, 8 FIH BERIRREHEL T, MEIRREEAIY, &
HET R —DOIRBEIC BV CIIREFEX3 12720 £1,

(6) fEHTH Perl 227 ) 7 1
T )N REFEOFERMATO Perl 227 1) 7 23 PHASE 23> CWEd, LAFD 3 FRIED Perl A
7 )7 MR LU TREROBT AT Z 8N TEET,

phonon_dos.pl

Tk ) DWRBEEE T — 2D, [ 74 ) RBEEEX]) 2RSS Perl A2 U R TY, ATOLHIEHL
9,

% phonon dos.pl phdos.data OPTIONS

phdos.data 7%, PHASE /1§57 4 2 ARKEEEE T —4 CTF. 91795 &, phonon dos.eps &9
EPS WADHEIE 7 7 A VMERESIET, T4 7Y a VAFINT L2 LN TEET,

--units=UNITS or -u UNITS TRAF—OHMNZHEE L E7, mHa, meV, THz, cm-1 @
WTHNTT, T 740 MiElZem-l T,

--width=WIDTH or -w WIDTH TERR SN D RDIEZFRE L E T, T 74/V MElZ1 TY,

--erange=[emin:emax] or -e [emin:emax] R/ X—OHPFEEPIFELET,

--drange=DRANGE or -d DRANGE KA OHEIPAATEE L E T,

--title=TITLE or -t TITLE KDOHA ’IVEFRELET,

--font=FONT or -f FONT TINRIHT D7+ MAREEELET, T 740 b
EIX 18 T,

--keep or -k WEOT =57 7 A NVERFTT 286, ZOF TV a v w2H
e UET,

--mono or -m )l T 7 EHELIVESIC O T g U EETE
LET,

--dinc=DINC REEEEDHEKEZRELET,

--einc=EINC TNV X—DHEERELET,

phonon_band.pl
T A )N ROT =G [T ) N R Z2E%T 5 Perl A2V 7 T, LFO XS IHEHLET,

% phonon band.pl mode.data OPTIONS

mode.data 23, REMEHTORER RS2 7 7 AL TF, F4T77 5 &, phonon band.eps &9 EPS JE
ROEE 7 7 A VPMERESNE T, A7V a 12, FreDX 2R bonsH 1 £97,

--control=CONTROL or -c CONTROL band kpoint.pl 77 A /LDANT 7 A NVERRELET,
77 #/)V M#lE bandkpt . in TY,
--ptype=PTYPE or -p PTYPE 77 7HECHAT A7 m y MEZFREL £ T, 1ine %18

ETDHEFRR, circle ZIRETDHENTT 4/ UK
B LET, 7 74V MElX 1ine TY,

--units=UNITS or -u UNITS TRNF—OHEAZHEE LET, mHa, meV, THz, cm-1
DWTINITT, 774/ MElZ cm-1 T,

--width=WIDTH or -w WIDTH e SN ARIOEEATEELET, 7 74/ MaL1 T3,

--erange=[emin:emax] or -e [emin:emax] T R/ X—OWPHELIFELET,

--title=TITLE or -t TITLE HDHEA MIVEFEELET,

-—-font=FONT or -f FONT TIHHT D74 MARERELET, 7 741 b
fElL 18 T,
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--mono or -m E)ul T 7 EBE LU VESIC IO a UEEE

L\i—g—o

--keep or -k HEOT—4% 7 7 A VT 2858, 2047 v a v a2
M LET,

--einc=EINC TRNX—DHKERELET,

phonon_energy.pl

7/ ORI D, IRENCHET DN R — L VL ATV O | B R L R R R 5 A
7 V7 T, IRENCHSET B L ALY OH TR VX —Z@E O DFT TR LN 2T —%
2R, AR DEROA BT LF—Z5HT 5 2 LB TE, IREREOMEB T2 2 L7 8
HARETTS

ﬁﬁk@?ﬁ/ymi*w¥~@,%@%@@mﬁ%%ﬁ;dwé+@m%k%ﬁﬁé:kﬁfﬁi¢oﬁm%

_Ukn
H3Q, = Spe kT LELRESIBOT, T4 ) L DT IRAR—EAA UIERF 5 L LU F ORI ET

ALY OHBETEFRVX—IF i, = Yk —kgTlog Q EFb TEX 50T, LIFO L I ISGEdRESnET,
_ hwk fl(l)k
Fvib = Z [T + kBTlOg(l — exp [— kB—T]>]

BRI 3 5 PEIOPHEE L F T, = o= T Upen exp (= 122) £ IR TE HOT, LUIFOL S ity 5 = &
MTEET,

h h
Uyip = Z (;k + h(:)k
3 exp [kB_T -1
T brEE, FoipBE Wi 26 Uyip — Fuip) /T LFHRT 22 ENTEET, EFELEEVINT =R F—D
BT DRI THABNLDT, UFOX GRS L LN TEET,
fl(l)k h(l)k 2
zmmkgﬁﬂmﬂ

Cv oT ~ B

phonon_energy.pl #FIfH7 % &, LLEDOX S et HE2IAT95 2 EMMARETT, LFO LI ITHIALET,

| $ phonon energy.pl mode.data

ZOBMEIZ 5T, LLFD 3507 7 A ADBMERR S ET,

phonon_energydata 7 7 £ /v W= f/L¥—, ~LARLY HRHTRLE—, T habt—, HEAOFFEREE
DU FORATRIRS N TS 7 7 A VTS

|# T (K) Internal Energy (eV) Free energy (eV) Entropy (eV/K) Cv (kB/atom)
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0 0.125434126153072 0.125434126153072 0 O

30 0.12552700746085 0.125409486111375 3.91737831580881e-06 0.0820122071540538
60 0.126828216477476 0.124936822438767 3.15232339784872e-05 0.435633166874193
90 0.130001095247047 0.123379006005857 7.35787693465625e-05 0.787404251770626
120 0.134948880737123 0.120473935403623 0.000120624544445835 1.12444793146534

1 FNEIZIREEDS, 2 81 B LD DIFPER =R L — L~ L ALY BT RV F—R eV B T, =2 ha B—0
eVIK BT C, JFFd7- 1 OHES ke L Calak S E,

phonon_energyeps 7 7 A /v WEI=R/L¥—, ~LARLVY HHTZRLX—, =2 ho b —%2RE0ORE L
T7mv hLIZEPS 77 A /LT,

phonon_Cveps 77 A /v HEALIREDRGREZ 7 1> s L= EPS 7 7 A LT,

Si FERRDEAIT S B % phonon_energy.eps 35 L O phonon_Cv.eps D% 7~ L £J, phonon_energypl A7 1
7 M, T IREEEE R R A T T LTRSS B 5 mode.data 7 7 A VEFIFT DMEN S D AU TR L
2R, T4 oy REHEZIAT LIS 5% mode.data 7 7 A VEFIHT D &, LFDO X H7eT—in
FHELBPTHRTLTLEVET, ok, HBoids= ¥ —id, ANTHE LRGSR £,

% phonon energy.pl mode.data
weight undefined for g-point no. 1 at /home/user/phase/bin/phonon energy.pl line 131, <MD> line 4450.

2 T T - T 0.0016 3 T
nternal Energy
15 + Free Energy
Entrapy 4 0.0014
1 25
05 0.0012
2}
_ 0 0.001
= E
e 05 #
& {1 00008 & 15
g aF e
B
15k 1 00008 © ‘
2f 0.0004
25 05
1 0.0002
L |
35 . . . v 0 0
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
temperature (K) tomperature (K)

5-36 phonon_energyeps (2£X)) & phonon_Cveps (GR)DH]

phonon_energypl 27 U7 ~OA T 3 0%, FRedi#@ Y T,

--width=WIDTH or -w WIDTH TER SN DO EEE LET, 774V MiEld 1 T,

--trange=[tmin:tmax] or -t [tmin:tmax] HEOHIALIEELET, 7 74/ MEIX0K 25 3000K
T,

--nT=NT or -n NT REOROBAEEE LET, 774V MalX 100 TY,

--font=FONT or -f FONT TR T D74 MARERELET, T 740 b
fliiX 18 T9,

--mono or -m E) 7l 7R LW IO T g L ERE
LET,

--tinc=TINC REOHREZRELET,
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-—einc=EINC TR FX—DHEEAEELET,
-—cinc=EINC RO EREEfEELET,

5.2.2.3 {5l
(1) >V asfkdh

BHEHRAEIO 1 DL LT, U a gD 74 ) 2Ny R 7 4 ) I RBEBEEEOFHE 2 FAT LT HIEEN L E

T, ZOBED AT T 7 A /Wi, samples/phband/Si LA FIZH Y £57,

FPNIN REHEAZITVOE T, samples/phband/Siband LA FOATT 7 7 A L EZFIH L E7,
band kpoint.pl DA77 AV, bandkpt.in ONEL, LAFDO X I IZeo>THET,

0.02

-0.8333333 0.8333333 0.8333333
.8333333 -0.8333333 0.8333333
.8333333 0.8333333 -0.8333333
001 # {/Symbol G}

# X

#U

# {/Symbol G}

# L

R O Ul O OO
O O Wk
O O O o
N~ DN

Z®bandkpt.in 77 ANEFIFALT, LFDO XL ST kpoint.data 7 7 A VEVER L ET,

% band kpoint.pl bandkpt.in

MDD, JFAEEDOFEEIZLA T DL 912> TWET,

structure({
unit cell type = bravis
unit cell{
a = 10.17512
b 10.17512
c 10.17512
alpha = 90.0
beta = 90.0
gamma = 90.0

}
symmetry{
tspace(
lattice system = facecentered
}
method = automatic
}
atom list{
coordinate system = internal
atoms{
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 0
Si 0.875 0.875 0.875 0
}
}
element list{
#units atomic mass
#tag element atomicnumber mass
Si 14 28.0855
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unit cell type % bravais &L, lattice system /37 A—XZIZL > TIZDRI facecentered, J72
OHELTHS Z EEFEELTOET, L7k 51T, @H O PHASE ORI TIEZ O L 9 ZRFFEN RSN T
WO E R A A AT L T8, 74 ) U RRERTIIZEO L S R Z LiThiEE A, RIT,
phonon 78 v 7 ZRO L INTFLR L TWET,

Phonon{
SW_phonon = on
sw_calc force = on
sw_vibrational modes = on

lattice{
11 =2
12 =2
13 =2

}
method = band

}

A—"—1/UT, abc FENENE 2 (FETHRTEELEHRH L TET, LLEORED L & PHASE Z#i@7i@EY
FEITLET, EFENRTTH L, FOED mode . data T8RSN E T, mode.data 77 ANV T/ v
NV R ERSDT2DI2IE, UFOBYEZITVET,

% phonon band.pl mode.data --control=bandkpt.in

-—control A7 =3 Thand kpoint.pl HIDATI 7 7 A VERREL TWETH, ZOREDRVEEIIN
¥ RERUCHRER R A R HER R S 13m SN2 < 720 97, MRITRICRIRO L 12720 £7,

1

500 | S
400 | :

300 | .

Frequency (cm")

200 .

100 | v d e

r X U r L
X 587 vValERDT+ ) N R

T F ) OIRREEE OFRIIMIZIL AT 1T — 41, samples/phband/Si/dos PLFIZH Y £ (15 IFHFHE

72DT, band 7 4 L7 U —DFiZdHD force.data 7 7 AV abt — L HIHT 2 L TEEGHEEZ AX v 7

THZEBRETT DY, ZOHEIL sw _calc force NT A —H % of £ ITRELTLZEVY) ZOH T LD
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NIRRT A—=B T 7 A UL, LLFOX D itk 37 S g,

Phonon{
SW_phonon = on
sw_vibrational modes = on

lattice{

11 =2

12 = 2

13 =2

}

dos{

mesh{

nx = 10
ny = 10
nz = 10

}
}
method = dos

}

method = dos LHRET D Z EIC K> THRAEBBEFHREAITH) Z &2 ELTCWET, dos 72 v 7 D FD mesh 7' &
o 7PN, WEEBEHETHHTAA v 2% 10X10X10 & LTWET, ANEZDO X5 IThE LK T-

5 PHASE #3TLE T, 74/ REEEEOFHEREART phdosdata 7 7 A /WIS NET, ZOT7—F % b
&l phonondospl A7 U7 REFIF LT + / W IRREEEX 2 AERL L £77,

|% phonon dos.pl phdos.data

ZORRIGOND T F / ARREEEIRIOR @Y T,
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0.09 . . . .
0.08 ]
0.07 l, ]
0.06 ]

0.05 | J

0.04 1

DOS (states/cm'1)

0.03 | | ]

0.02 J \ || i
/A

0.01 | / N :
/ N h I

-100 0 100 200 300 400 500 600
Frequency (cm™)
5-38 LV I AERD T + ) L REEBREE,

(2) avibhV s
g4k Y 7 AE NaCl BofbitEiEz o, A A MO T, 5-39 |[ZZDOfEIEEEZ RLET, 22
T, ZOfEEEZBIC LOTO A EE L1774 /) oy RHEERN LET, ZOFIBEOAS 7 74 M7,
samples/phband/KI LA FIZH Y £7°,

S

5-39 3 UL U v LOREREE
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LOTO n&%EEE LT-FHHEEITH 12DI2lL, BI-ROFET v VIV EHNEMBILETT, ZOIFTFO X

NTLTHEFE L

® BETV YN : UVSOR-Epsilon ZFH L CRHAELE L7z, ZOB, 2.2 eV OX v v 7 HiEa)tiLE L7~
AR, xx,yy, 2z HAIDEINEN26 720 F LT,

® G3hEMT : UVSOR-Berry ZFIH L C, RV ARERT VY VOFREEITOE Lic, 3L, 1) U LD
FARNERTS 11262, I UROANEMD—1.1262 L7200 F LT,

INHEREL, sw_lo_to_splitting # on &3 2HLAMNIT Y a4ERmOLGEERIUTT, I, Honz7+ /v
Ny RERLET, D=8, LOTO SR E2ZEETTICHE LR L EhETFRR L TWET, RN
LO-TO HHAEFBETIHA LIFR, HHNEE L CHA LIRSS LET, ZoRMLALN LS

12, T RfHETIELO-TO 52U L » TERE LW AT IR L CODIREEN SR L TOE TS

5
LO-TO s litting not taken info account
LO-TO splitting taken info account
4 F )
M = o /‘ V
N G e __“:_:T\ S e
= |
c
[«}]
=1
© 27
(T
1 -
V4
£
:"‘/
0
I X U r L
B 5-40 KI FEdaD 7+ /) 280 K, 3383403 LOTO 3% BEEFIEHE LR, H0 LOTO »%%%

BLUTHAELER

(3) ARXDIEEFEAEAR
&S, 74/ CABEERVE T O ERE ] & L CAXDOIREFEMESS OB LET, Z ok
DAII7 74 Wi, samples/phband/Sn/a-Sn (a A X) ¥ LN samples/phband/Sn/b-Sn (B 2 X) IZH Y £7,

ARE, a ARE B AXLMHINDFRAAEDRD Y £F, o ARXTFA YT MEE, B AXIZ04D@EY B
ARG L) £, ZEOfEEELE, X 541ITRLET,

226



, fe

541a AX (EK) & BAX (BX) OftdtEE

B A XHESEIIZ A YL MEEZE c BTN OIR LS L- L ) AfiiiaETh v, IOEFmERY £3, &
BT B AXNLETTN, [NEFTlLa ARXNRLEZRY T, Ziud, ERTOLOOETIRILX—Fa A
ROFTHIMENNDS, 1R FFITEED 74 /) OB RLF =D FIEB A RO HRREWZHH HIRETHHT
FNF—LB AXDHENMEL 720, MHEET 500 THHEEZLNET, ZOLHI7BI%%E, 74/ OHH
TRNF—FHE RO RN —HREMAG DT TR LTI ET,

FPUL, B TERORELEITOE LT, 72771, B ARREED dalbi 054614 LEE L TRt LE L,
FEFRE, ROFRTIED T,

Witk a@ Ktk e 2T /LF— (haleell)
a AX 6.6555 6.6555 -136.147884
B AX 5.9184 3.2323 -136.144694

ZORERNBIALIR L DL, B —Ta ARXDTMENDT, HFEETILa ARXANLETHD EEZ
DIVET,

TN, BONTELERIE T ERO S & TIREWT 21 TVVE Lz, ATV —2 Ml 2551 B 705t
B, WREEBEOHLTT, a AR, B ARIZK LT ar 084 LIRERORE% Phonon 71 v 7 TITW, 1R
fEHT A I U FE Uiz, & THRICE O mode .data 7 7 A /L%, phonon energy.pl A7 U7 h Tl
HLET,

% phonon energy.pl mode.data

FERAF D415 phonon_energy.data 7 7 A /LD 3FNEIZT 4/  OEHBT X =508k SIVET, TAUTHAL
fad7= 0 D7D T, FEROSTRAF—DHNH T ) DT RNFX—EZ, HEORE L TFey 5
& ¥ 542 DI RERIMG HIET
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free energy (eV)

0.2 I I !

i o~
1 N e N
0 0 - Rl v Y n
. [

1.0 F

1.2 1 1 L L
0 200 400 600 800 1000

temperature (K)
542q AXE B RAXDHBHTXVE—LIBEORSR, N o RX, N B AXIZHRT 5,

542 12BN C a ARDHE ORED & B AXDOHRRR () M T DIRENIRHEE LS 2 bhEd, =
DOFETITBHBLESI0K L2420 F L, FEENTIE 290 K 720 THEBIREED S < M ST LEVWE L7223,
ZD XD IRFHEIC K > TREFEORSEMISE 25 TE 5 2 L1300 0 Wi=2 7= L B ET,

5224 M EOEE

KD K AT DRI A2 FAT T A 720121, A=/ =R UK DR 21T O LENRH D F7,
LIzi3o T, T ROBDYE L s % L IEFITE < OFHRRRAMETT,
T ) N RRERIZBW TR b EHREN SO DR A— "=t /UK 2 HORE T, Zo7—213, 1
FEROLNIEOEAAT A ENTEET, 274/ VOREREZHRE LI-bLIZT7+ /) L\ R
SR DHA, TR ZE o774 /Ny REFRT 25472 81%, LLFD X 51T sw_cale_
force NTA—H % off LT HZLIZL S TFRIEEZRCVET L2 I THZENTEET,
phonon {

sw_phonon = on

sw_calc force = off
}
728, TR ORERMMESNTND 7 7 A U forcedata &N D 7 7 A LV TE, /30 REFR LRIEB G
BEBRRDT AL N TITHOHAIT sw_cale force = off LT HHERIIZDT 7 A NEYHET 4 LY
FIIZae— L TR LTS ZE0Y,
R OFADYE, LLFOREEITHY &, AJJTHES - Bravais 71X Primitive #1228 X3 T
FEMTONET,
structure(

unit cell type = bravais
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tspace
lattice system = facecentered

}

}
L AN, T Ny REROSAITIZ OB TFEN ST, Bravais MDD FE £ A—S—B )MER S

n, FEIMTONET, k S 7Y T Ay o falt A ICEENVETT,
A= U D/RT A—4 11,12,13 13D & DOXFRER RS L D 7B EDH 2 L TLIZ&, #ied

SFRIEDYFE, BROH HEIRIThEE A,
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523 nFEAhFEEZaL—ay
5.2.3.1 HEREDHE L

PHASE 1%, JRFAZ@< WEaFIH L TOFEIIFES I 2 b—a UE(TO ZENARETT, TRLVF—1,
RE—E, EN—EDRFIFIIalb—a  RENRFATTEET,

5232 NJp"T A—4
DFEIIFHEY I 2 b— 2 UL BESH D 7 7 DO RARITRLET,

DFHAEY T2 b—Ya UBEREICRRE DS 5 ¥ 7 D

W1 7wy 7w | B2 B8 Ty 7wl | 2 s Bl

%
structure_evolution JRA T — 2 DEF A fRET D57 1
v
method SRR DB LA TR ES D, 7 T8
R al—i g LOBE,
velocity_verlet (= R/LF——EDS){H)
TFEIal—3))
temperature_control ~(RE—ED 1)
HFEYIal—a))
pressure_control (T R/L¥— « [£)]—ED
SFEIFYIal—ral)
temperature_pressure_control (& « J£
N—EDGFENF Iab—vay)
dt R R E T 2.
7 7 /v MiElE 100 au () 2.4 fs)
temperature_control BEEREOREEITY) 7w 7,
method IREEHIEI D Sk A F87E T %, nose_hoover

2> velocity_scaling @ U 7 iU D
nose_hoover M3;513 Nose-Hoover 21T
K DIREERES, velocity_scaling DAL
IBERr— U > 72 X BIRERIE T
5. T 7 /L M nose_hoover.

sw_read_velocities JEADOHHERE %2, PHASE/O (2 HEVAERK
SHAHDOTIIRL FRICAIIT D5/
DIRFTA—=H% on & LFET, T 74/ F

IS off T,

set_initial_velocity JEA- ORI 2 7 1 77 A EHEIIZER
ETDHNEIDERRET DAL vF, T7
/L MElE on

sw_shift velocities EEFEN YA LD, MD A7 v

TLITHER YT Mo E ) DEtEET
HAA v F T, 774/ Ml off T,

thermostat BNRDRERATH 7 1 v /. RIGART— 4,

temp REAFEET D,

gmass BnOEExfRET D,

tdamp BROEBX HEHEET 2D TIERL, £
O JEHA A B OB CTHEE S 5, qmass (2
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LOEDHIME SIS, 708, qmass
H tdamp b 5 E B WA
tdamp=50xdt |ZHHY 3 2 JEHOEENT

74/ MEE LTRSS,
pressure_control JESOREEATO 7> 7,
pressure HEIDJE ) & FRET D,
mass_baro N—a A%y NOEEZRET D,
m11,m12,m13 R OFIFENZHIRAI 2N A D, T2 & ZUT,
m21,m22,m23 m1l=off &35 & 11 pdya il - a i) A2
m31,m32,m33 L2 725,
structure atom_list
atoms FoEEAfEET D7y, FAT—

2

mobile

JEADNFE 2 E D AFRET D, ATENC
T 5%6 on ZfRET D,

thermo group

JRAZERZEIV M TS, EFR LA,
B THRET %,

T 74V MEIX 0 GUAIZEID ¥ ToHnT
AN )]

VX,VY,VZ

OB EZ FA T 256
(sw_read_velocities=on DA HF
DIRED x,y,z B2 R LA CAST 5, A
NIPVEMEENDYE, 0 LR/eEn5,

element list

TRERETRE S %, FIEAT—4,

mass

ST DR DB EEAGES D, T 74V
MEIFRFRALTH D Z LITHER,

5233 R ROHS

JiEFES— 417 file_names.data 7 7 A /LD F_DYNM (2 Lk > TIRE SN D 7 7 A UK AT v 7 COREFEEAM
NENEY, TORNT, WERELOSE LRRRTTS

® LT
JE AR, SRR A T 728555 L [AEE, file names.data F F_ DYNM B2 K-> THRESNDS 7 7 A
v BEED T 7 A V441X nfdynm.data)l 25l SHvE T, AICIT printoutlevel 7 7 » 7 O R iprivelocity
THDNEZ 2 DL EIC L QWS OOFESEY 2 2 L—2 a VOBAIET 7 4V MB), BFFOMEDT— 4
L ENET, HEOT—XL, DT —Z20H IR FEN THASET,

@ HKAT TS THOTRILF—

HKAT > T TOZRALF—T, file_names.data 7' F_ENF

R ko THREEND 77 AN BEEDT 7 A4

VAT nfefndata) i) SVET, o 7SR TR OO RERE LI FIZRE LT,

iter ion, iter total, etotal, ekina, econst, forcmx

1

H O WwWwow-Jo U b wiN

o

18
30
43
56
69
83
97
111
125
139
153

=7.
=7.
=7.
.8958649874
.8962052587
=7.
=7.
=7.
=7.
.8968352058
.8965440599

-7
-7

-7
-7

8953179624
8953851218
8955768901

8965425397
8968179539
8969784478
8969875377

.0000042358

O OO OO0 OO oOo

.0000665502
.0002565396
.0005418445
.0008785990
.0012120826
.0014840140
.0016420281
.0016502900
.0014992046
.0012113794

=7.
=7.
=7.

-7
-7

=7.
=7.

8953179624 0.0186964345
8953185716 0.0183575424
8953203505 0.0173392067
.8953231430 0.0156398790
.8953266596 0.0132645441
8953304571 0.0102355854
8953339398 0.0066063151
.8953364197 0.0024736141
.8953372478 0.0020111576
.8953360011 0.0066379641
.8953326806 0.0111430822




—HI IR EEEO E I, —#IHI13E 7O SCF #HEOEE T, =FIHIE, RONE—xLX— UFIH
IIROEF 2L —Td, IHHITRONH =L F— LB —Z2 R LIETHY, TRLF——F
DS TEN Y S 2 b— 3 VBT AR FETT,

5234 G  TXNVX——TEDONFEIIF I 2l —T g

TRNF——TEDOSFEN)F L I 2 b— 3 VD ATINT A—Z T,
FHEAIEIL, samples/molecular_dynamics/NVE T3,

accuracy{
cutoff wf = 9.00 rydberg
cutoff cd = 36.00 rydberg
num bands = 8
xctype = ldapw9l
force convergence{
max force = 1.0e-8 Hartree/Bohr
}

initial wavefunctions = matrix diagon

ksampling{
mesh {

nx = 4

ny = 4

nz = 4

}

}

scf convergence{
delta total energy = le-12 Hartree
succession = 3

structure({
unit cell type = primitive
unit cell{

a vector = 0.0000000000 5.1300000000 5.1300000000
b vector = 5.1300000000 0.0000000000 5.1300000000
c_vector = 5.1300000000 5.1300000000 0.0000000000

}
atom list{
atoms{
#tag element rx ry rz mobile
Si 0.130 0.130 0.130 yes
Si -0.130 -0.130 -0.130 yes
}
}
element list({
#tag element atomicnumber
Si 14

structure evolution{
method = velocity verlet
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dt = 100

ZOANNNE, U alAEROAN D UERLELD LS TOVET,  atoms Tl, KJEFD“mobile” %%
“Yes"ERRTEL TWET, ZZZ2D"HONNTOCERTETHE, ZORAL N FEI2lb—ra&fTo
THEK ZLIED 0 FA, SOITBEEZ b2 TLEETRUVMEIZLTWET,  BEARNIZE, St fEmo >0
2D FANCES AV HEEND LI L7236 LTnET,

(1) FHEDOFR

structure_evolution 7' 7 v 7 Cl¥, “method”Z %% “velocity verlet” & L C\VET, ZOBIRIZ L~ T /INEHEE
BORTEIF I ab—2a B (TH ZENTEET, Fio, £AT v 7/ COEHFEGEE dO)%, FFHEAT
“100°E LCWET, ETORRZX91E, ZOfEIE 2.418%x10-15s [TAS L £,

(2) WHLIEEDE 2T
ZZETHMALIEY P TAOANZFNT S &, FF-OPERITET 0 LRESHET, ALz
G2 556, TROL I RAN &M iE L TIIZEN,

structure evolution{
method = velocity verlet
dt = 100
temperature control{
thermostat{
#tag temp
300

}

ZIZT, “temp ZECHMIOIRE L 7/ © U HALTRE LT, AT OPIIRELL, ZOREICRD LIS, 2
DIEHEENNE ST, REEEN 012725 L O)ITRESNET,
A2 IR D WRNEE AR ET D Z L b ARETT, ZOBE, I NEO X2 AN BB L ET,

structure evolution{

method = velocity verlet

dt = 100

temperature control{

thermostat{!#tag temp

300
500
700

}

KIZ atoms DFJFTIZ, “thermo_group” &) B ARE L £,

structure(

atom list{

atoms {
'#tag rx ry rz element mobile weight thermo group
0.1159672611 0.1235205209 0.1215156388 Si 1 1 1
-0.1329067626 -0.1264216714 -0.1225370484 Si 1 1 2
0.1273740089 0.6305999369 0.6247606249 Si 1 1 3
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}

ZOBITIE—F A ORA 300K 12, “FADKF 500K (2, =FH DS T00K (2725 & 5 WA
EShET,

(3) FHEREF DA
Z OFEFIORERE RO L X —, EEIT R —, AT —H K] 543 IR LET,

-7.8950 0.0020
Eot
Exin
Eqot*Exi
\ A e‘/ A\ A /!
78055 - | || {00015
3 | \‘“ “‘ “‘ \
5 | | . | 3
£ ‘ A | ‘ [ [ 3
< | | | | | | | | | | | =
F 78060 | [ | \ [ | \ | | Hoo010 8
% /N A R e B %
2 | | ( [ | | | \ =
ur | \ c { w \ ; \ uf
3 [ [I— I
ur 3 | ;‘ \ | \
| | | | | \
‘ | \ | \ | \ ‘ \ | \
78985 | \ l | | | 4 0.0005
\ | | | | | | | | | \
\‘\‘/ \‘\ w‘“‘“ \ J““‘ \‘\ r"“‘ \\ /““ \“\ |
-7.8970 LV v - = 0.0000
0.00 0.05 0.10 0.15 0.20

time (ps)

5-43 NERTR/LF¥—, EET XL ¥ —, BRI —LEFOEHR,

5235 ik  RE EDO FIIFEY I ab—va s
BE—EDONTEHY R 2 L—2 3 VD AT T A—2 T,
FHEAIEIL, sample/molecular_dynamics/NVT T3,

(1) ZNRORRE
structure_evolution 7 7 »» 7 |Z temperature_control 7' &2 v 7 Z48E L £7,

structure evolution{
method = temperature control

dt = 50.0
temperature control{
thermostat {

#tag temp gmass tdamp
300 5000 10000

}

EFEDOATIHITIE, F9“method”Z2 45 % temperature_control & L CVWET, T O K-> TREFIEZ1T 5
EOHFELE T, DWT, “d"EEasE LCWET, Ziud, FZIAORRE T, AR CA LET,
PICTRSITND 50.0 WO LY, K9 L2fs (TS L,
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EBIZ, temperature_control 7' 1 v 7 CENADREZIT> TWET,
ZERELET, “emp”/ 3T A XIZL > TEOENRD AR LT HIRE( LV E L HAD,
> TR OEE(R M ZRE L E T, “‘gmass”/ 37 A—HZX > CHEEZEHFRTET 5O TIEe<,
& LM CENR O EEZFET 5 Z & B AHETT, “gmass”
“qmass” MEESNE T, Eol WTNOREE B RVE 50xdt DJE
RE SIVETS

T A K — (B DO HAT) |
& “tdamp” N TRXE STV DA,
MWEBT D L9 TN O E &N

(2) BNBOE|D YT

structure 7' 7 ®, atoms 7 1Y EERET HMNENRH Y FT,

ZE o TR Oz

BEPIZ AT ICRELET,

“thermostat’ 7 & v 7 THENRD/XT A
“gqmass”/ N7 A HF—|Z
“tdamp7,

structure(

atom list{
num atoms = 8

cooordinate system = internal

atoms{
'#tag rx ry rz element mobile weight thermo group
0.1159672611 0.1235205209 0.1215156388 Si 1 1 1
-0.1329067626 -0.1264216714 -0.1225370484 Si 1 1 1
0.1273740089 0.6305999369 0.6247606249 Si 1 1 1
-0.1152089939 -0.6164829779 -0.6221565128 Si 1 1 1
0.6299472943 0.1341313888 0.6253193197 Si 1 1 1
-0.6305720382 -0.1290073650 -0.6187967685 Si 1 1 1
0.6151271805 0.6206113965 0.1333834419 Si 1 1 1
-0.6276524003 -0.6268549639 -0.1175099372 Si 1 1 1
}
}
}
HJEAI1Zhermo_group”/ N7 A —Z ZEIN e > TWET, ZO/RT7 A—XIZ BWROFRIEFEZRELET, 72

B, BNROFR RS 3ENEDIE

FAECHIRONET, £, ﬂﬁ@%‘@fﬁ& [k, “fdefault” ¥ 7 ZFIH+ 252

LS TT 74V MEZRET D Z L bARETY, 22T
WETS,

2 TCOJFFIZF U thermo_group Z#%E LT
KIFFDEI2 BRI BRET S T T RS U it“/uo

(3) Bupo “BEC ofE (N—v'=12019.01 L1 1)
W OBIRE S DIZENRTHIEIT 2, &9 5HRTEN Nosé-Hoover chain 75 C9(Glenn J. Martyna and
Michael L. Klein, and Mark Tuckerman, “Nosé-Hoover chains: The canonical ensemble via continuous
dynamics”, Journal of Chemical Physics 97 15 (1992)) {24 7= > CRYRIICHEHT 5 = E HAREL 72>
TWE T, Nosé-Hoover chain {EZ WA Z EIZL - T, KOADRNWRT » 7B TEVA THRRIEICE D Z &7
ERIRFCE £, AT A0, LD X 91T temperature_control 72 v 7 [ 230N T num_chaln EH
ENET,

structure evolution{
method = temperature control
dt = 50.0
temperature control{
num chain = 5
thermostat{
#tag temp gmass tdamp
300 5000 10000

}

HERAI IS BT BB OB B ADIERE T D Z & b ARETI 75,
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WRBZHZ 720D, DY OBYROE R L L TIX PHASE/O 235 OENROE &)~ H BRI U7 5
HEhD LT >TVET,

num_chain @7 7 4/V ML 1, 372 Hid% O Nosé-Hoover 5T,

(4) “RETvT77A0" OFE (N—T=22019.01 LLE)

Val—varOlTE L BICATINNT A—2—T7 7 A VOIREIS U TH—7y MREZZE LS 55 18)
NFIalb—ar &) 2 ENTEET, BlhoSEH%E BETvT7 740" LNFORET, BET07 7
A IHEREZFIFHT H7-90121%, F£7 temperature_control 7' 1 v 7 |23V YT sw_temperature_profile = on & L
£7, IHIT, thermostat 7 1 v 7 IZBWURE T 0 7 7 A VORELZAITVET, IWET 17 7 A UsEEZFIH
L TCUWRWEA thermostat 7' v 7 ICBWTERT D7 —7 VO HIT—o0BWn 2R LET25, FIHLTWD
BANIT—TNDITIE—oD T 0 7 7 A N d I EEENNETYT, BET 0 7 7 A MUEREEZRIA LT D
BRI S BITHEE OB & 6T 57211, B no (d, thermo_group & FDIZ K> THI D 43 F97, B4R
Wi, 72 X TFRUORT L DT £,

structure evolution{

temperature control/{
sw_temperature profile = on
thermostat{
#tag no tempi tempf till n tdamp
1 8000 8000 3000 5000
1 8000 300 7000 5000
2 400 500 1000 5000

iR K 9B no I k> TR 248 E L E T, tempi, tempf |3 ZNZHVHIHREEE R X OMKEEIZR G35
BMETT, tllni, ZORETa 77 A VERHATHHEKMD A7 v 750Cd, JBHE tdamp (28 - TENR
DRI 257 U £ 97, tdamp D730 W ([ EMEHE gmass 2> CENROERZEHHRET 5 2 & L AJRETT,
PLEXY, ZoOFITIE thermostat 7 — 7 L OEFTIIIRD L 5 THIR SV ET,

® 117H : 1 >HOEROIRE% 8000K T 3000 A7 v 7T 5,

® 277H : 1 SDHDOENARDIRE% 8000K 75 300K £ T 3001 A7 75 7000 A7 v 7 £ T4 5,

® 317H : 2 OHDOBRDIREA 400K 725 500K £ T 1000 A7 v 7 £ T4 5,

ek, BEOTa T 7 ANO L n LY, 0707 7 A0 tempf OIRFEDME LT S HERIZ /2> T
ESc

5.2.3.6 (AL W « JE—EDS TEN Iy I 2 b—Ta
PHASE/0 %, Ivo Souza and JoséLuuis Martins, Phys. Rev. B 55 (1997) pp. 8733-8742, E. Hernandez, Journal
of Chemical Physics, 115 (2001) pp. 10282-10290 72 & DSCERIZISUN TR STV D THEIZ L > TES—ED
DFENIF I 2 b—a A7) ZENTEET,

(1) ARG A—F—T 7 A VDEXT
FT, RE—EOHTFEIFI I 2 b—a U ERRROFREE CAINT A—F =T 7 A VEER L E T, @
DIRE—EDFE L DENT, ENL—ETHDH I E, ETRORENLEILZ LD 2 T, LLITICHZ
~LET,

structure_evolution{
method = temperature_pressure_control
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}

dt=50.0
temperature_control{
num_thermostat =1
set_initial_velocity = on
'method = velocity_scaling
thermostat{
#tag temp qmass
300 4000
§
J

pressure_control{
pressure =0.0
mass_baro =1
mll=on
m22 =on
m33 =on
ml2=on
ml3=on
m23 =on

BESHEDFANT, TRLomEY,

® MD FEDERWVS

method |Z temperature_pressure_control & L < 3 pressure_temperature_control Z+5E 3 5 & IRE—/E
N—EDFFINFLIab—ay, 705 NPT 5 fi e I ab—ra VA TTHZENTE
F£77, pressure_control &5 EESN—EDFFEN)FL I 2 b—a, 7005 NPH 478150
2 b=y a U EFTTHZENTEET,
IRFEHIEIORRE
IEEEHEN L, NVT O8%4 & [FkE temperature_control 7' & v 7 {ZRBWTATWET, 72721, NVT 2 =L
—3a IR OBRE EFT H 2 ENFHETHHDIZR L, NPT ¥R a2 b— 3 VOBAITER TE
HEWRII—DDHTHDHAICHERE L TLIEEY, Fo, EREOFITIEa AL T T hERTHETR,
method = velocity_scaling &fET 5D Z L2 L - THER S — Y U7 L HIREREZFHT 26T
& F£79°, Nosé-Poincaré OENA TIRAERIEIZIT O 2 LN EARTI N, ZEITEI APPSR X2
WIGAETTEE R —1 o Z 2RI L T2V, FEED 21T 4UL Nosé-Poincaré BUA B v ET,
=S ORE
JESIHIfENE, pressure_control 7' v 7 ZAERL L, D FCRE LE T, pressure |2 DL ZF8E L E
I, JFENDOEALOT 7 40 MEFFEFEA T2, GPa 22 2RI+ 5 Z L T& £9, mass baro (21
BROEREZELET, 7740 MEIZ1 THY, B ORETITEERA, HRE LTUL, 2YR0JEH
(HAAROAFEZLDJEH]) 73100 MD A7 RS RREDORHRIC /2 D L O IRDDH L LW TL X 9,
FHET Y TS DRSO E
mxy/ 7 A—Z =255 T, FHET VY NVOETH U THRGF AR T 2 e TEET, 72E 2T mll =
off &35 & 11 aisy@ il -adi) 232k L72< 720, m12=on 72 H1F 12 pisr@ il - b #il) s L 0821 5 (b il -
At L L7 ) 4, 20T A—F—DFT 7 /)L MElZ T on 72D T, FHIFREN 2T IUTF
BT I NOTXTORDBEL L E T,

NPT o2 = b—v a3 URERTHEOND ERH17 7 A WS, =X —72 KO A sk L= nfefn.data 7 7
AV, JERET— X OJEREZitd% L7~ nfdynm.data 7 7 1/, FHET vV VORI % FLEk L 7= nfmetric.data 7 7
AV, ZF LT -ERDIERE 2508k UT- nflatconst.data 7 7 A /L T D, TNFIUTDOW T 5,

(2) nfefn.data 771 /L

TRNF TR EDJFERZFUR LTZ7 7 AV THY, MEREE NVT O MD @2 2 L—3a Y ORE bGLH
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F9, NPT V22— arDOifs, LFOX S 2MaGonEd, 2o, MIEOHEG T 1 172807 L TF
RLUTWET,

iter_ion, iter_total, etotal, ekina, econst, pressure

1 13 -31.8045273788 300.0000000000 0.0000000000 0.0209863336 -0.0000504658
2 25 -31.8045248143 301.4440100456 0.0000586853 0.0211839341 -0.0000573770
3 37 -31.8043935680 299.1271868912 0.0001085792 0.0214781523 -0.0000574428
4 49 -31.8041402859 293.2700519011 0.0001476826 0.0218951630 -0.0000570036
5 61 -31.8037768714 284.3267516440 0.0001733906 0.0224437768 -0.0000560637
6 73 -31.8033194235 272.9264725662 0.0001832795 0.0231125156 -0.0000546420
7 85 -31.8027870051 259.8057152864 0.0001752150 0.0238698884 -0.0000527691
8 97 -31.8022003504 245.7426304561 0.0001475268 0.0246685850 -0.0000504870
9 109 -31.8015806171 231.5028071591 0.0000992076 0.0270606007 -0.0000478460
10 121 -31.8008921515 217.8018629938 0.0000862100 0.0294678421 -0.0000449028
11 133 -31.8002640917 205.3149756742 0.0000004873 0.0315593847 -0.0000420615

AT A LDAT T OT=LARE LET, 15IHRES (RO OB, 2 51H7%5 SCF #HEOMRE
Fiakg, 3 FIEDROTANF— (FFHD), 4518 2BHHRIARE (Ve BAD, 5FIHA NIV h=T

(R, 6 SIRADEAHAMB D ORKME (FFHAD), 7 HIRDBHIZRET T (S TRFHAD .
IV R =T ASEMERICI RS D13 TCTY, SRR RIS N TR RS DB HRT Y VDT
Wz n 2 LITRERT 0, PRAFD K AROEIICH 2 RICIER L TS IEEN,

(3) nfdynm.data 7 71 /v
JRHIR T 7 A VT —< v M, TBEO nfdynm.data 77 A AL FALTE, 770, NPT 3al—ay
DGFEFEAT » TRATEBDECT DD T, AERR ENFLR SND A~y X —ENGEAT v T EXIAEND A
\IEDDH Y F7,

(4) nfmetric.data 7 7 A/
HEAT o BT DRHET VDS S D 7 7 A VT, BRI NI FRRo@E v,

2
105.8775163849 0.0064685429 -0.0017420207
0.0064685429 105.8774556260 0.0027757249
-0.0017420207 0.0027757249 105.8776712432

3
105.8648537936 0.0196786348 -0.0055233812
0.0196786348 105.8644796107 0.0091955626
-0.0055233812 0.0091955626 105.8652454083

4
105.8462013539 0.0389223098 -0.0123434716
0.0389223098 105.8452005929 0.0190717120
-0.0123434716 0.0190717120 105.8468474757

FPRT v THE RO TEIEN GRS, DT 3X3 DT v VLR SNE T, 2B, AT v 7=k
EfEEEZ R L QWA T2, I 2 AT v 7HMS 720 4,
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(5) nflatconst.data 7 71 /L
BAT v AN DI EBD Gk SID 7 7 A VT, AR NI TRLOE Y, 728, MIEOES T 11T

ZUATLTFARL TV
2 10.2896800915 10.2896771391 10.2896876164 89.9984979129 90.0009426965 89.9964995371 1089.4462540511
3 10.2890647677 10.2890465841 10.2890837983 89.9950232125 90.0029893382 89.9893495841 1089.2504025643
4 10.2881583072 10.2881096705 10.2881897084 89.9896762432 90.0066816443 89.9789308011 1088.9605527024
5 10.2869678503 10.2868710406 10.2870094050 89.9825817981 90.0125180935 89.9656805224 1088.5783846407
6 10.2855038285 10.2853392827 10.2855504459 89.9738915620 90.0209385359 89.9500901373 1088.1067192172
7 10.2837804786 10.2835276570 10.2838245727 89.9637869404 90.0323061920 89.9327006608 1087.5497224800
8 10.2818163114 10.2814547573 10.2818483397 89.9524812878 90.0468878988 89.9140944258 1086.9130916478
9 10.2796344063 10.2791449593 10.2796435437 89.9402204612 90.0648344761 89.8948814720 1086.2041781879

TN 1 XA BDAT v T OT—Z ARG LET, 1 FI BTN IO FHESE, 2 FIHE»S 75BN EIUEF
EHa,b,c,a, By, HhED8FIEHNHEAHIOUFETT, £ IOHAIE Bohr HZ, AEORAIIE, AFEOHAL
1% Bohr® T,

5237 0 1EIIFY R a L— a3 NIEDDLEDOMODERE

(1) BERT—Y T L DREREOS 8 )P I alb—va
Nosé-Hoover DA TIE7e <, JRFOMEARENE 9 L OICAr—/V UET Z LIZ K> GREZGET 52 &
HARETT, 2D X 9 72EHEIY, temperature_control 7' 17 v~ @ R method 245 % velocity_scaling &35 =
VWL TERTHENTEET,

structure evolution{

temperature control{
method = velocity scaling

WY, HROEEIZE Y Lo MD A7 v 7S A 7r—)L SNFET,

(2) AEEENERIed LHOdEEL Y7 M2k
FFEFY I 2 b—3 a3 AR TR EAEE RIS LT (Briced) 23, FEENIEERREC L B
7 L3 bT, RBEENIHEL TLE AR S £, ZhaP<IalE, LUFD XL 5122581 sw_shift_velocities
DfEiZz on & L, MD itHEfPEEHENEa L7eb L2 LET,

structure evolution{
temperature control{

sw_shift velocities = on

(3) TR 2 FE) CfaEd 2 51k
SR OYIREEE @ 7 > & LI IEBAR MG DA, RS DIREAGRE LT T, AEfhEN 01272589
WCHBNORE SN ETD, FEICERFICHIVIRD Z L ABETT, 2O X9 RBEL, FAALED vx, vy, vz
JEMHEIC L > TITWET, Fe, RELTHEEZ FEX L TLEDARV L H temperature_control 7 1 v 7 DT
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IZ3BUT sw_read_velocities =on ZFRETDMLERH Y 9, 2L 20F, UTOIIIEHRELET,

structure({

atom list{
atoms{
!#tag rx ry rz element mobile thermo group vx vy vz
0.11 0.12 0.11 Si 11 0.001 0.0014 0.0008
-0.13 -0.13 -0.14 Si 11 -0.001 -0.002 0.0001
0.12 0.63 0.62 Si 11 0.0003 -0.0005 -0.00028

}
structure evolution{

temperature control{
sw_read velocities = on

}

8, WEOBNOT 7 4L MEI IR T,

F77, ZOHETHEELZIEE LI-5AThH, T 74V FOBRETIHREICS S L9, E-2EFEN 01272
DHEVHEETT T N s A= ENET, ZOEWEERIH L72WES, DU OERH TASK set_initial_velocity @
filiz off & LET,

structure evolution{

temperature control{
sw_read velocities = on
set initial velocity = off

(4) JRTZMEIZEA CiAd 2 51k (03— 2 22019.01 LLE)
RIS X OMEEEIC CiAD D Z LN TEET, 20X ) 23HREREE, P EICEA CiIAD H =R D
IEDENZFR~-1, ESM %0 dipole fHIEH: R BT LAY X LOEE FEZE13W Td HHREIC IV T L%
BIZFRFBASTI o2 THEHMTHHTAZ LN TEET,

AN D7k

FEIE, structure 7' w7 O regionx 71 v ZIZRBWTERT H I ENTEET, I 2T x 1 IMEOHS RG>
<7,

structure

regionl {
region group = 1
type = cylinder
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radius = 3.5 angstrom !4%
cylx = 5 angstrom

cyly = 5 angstrom ! FEOHALE
orientation = 3 ! HfFEDm
cylzmin = -1000 ! FHfED T
cylzmax = 1000 ! HfE kY
sw_tally = on | TRLF—%MZ 5
eps = 0.001 !'"RT Ty LOES
sigma = 1.5 !'HEEDRr—

xIT1DBIEVET, x%2,3,...8 T2 2 LICL o THEEDROMESE EFHTH 2 ENTE XY, regionx 7
1y Z\ZRW T FOZRER ”Eﬁ‘é S X T ERLETS

A Wt

region_group CRIRD I N—T7 EEELCRRE L ET, ZOMENFE CHEBIIONE DT E D
D “7‘/1/“*7”’ ELTHbNET, BBDOREFERET —7 /LD RIEE
reglon_group ZORMEEIRET D Z LIC K> TR V—7" & i E kil

SITET, 7721‘11/ Ml regionx 7 &2 v 7 O x OFE T,

type FEROFEATRE L £ 7, cylinder (MEE) & L<Iidbox (BEHAE)E L
7, 7 74/ MElZI box T,

radius MfEO AR E L E T, 7 7 4/L Mild 6.5 bohr T9°, type=cylinder ®
e DIHERD B HEXETT,

cylx MEOHLALED x FEEZFRELE T, 77 4/0 MElZ 'L OER T,
type=cylinder DA DHEMRD B HF%ETT,

cyly MfEOFIALED y EEEAFRELET, 7 7 4/L METELOSRTT,
type=cylinder D5 DAHERD B HFXETT,

orientation MEomE ZfELET, 1 OEA X A, 204y W, 3 D5z 50
IZEET, 7740 MiElX 3 T7, type=cylinder D5 DAEHDEH 5
BRIETT,

cylzmin MEORSFMOTREBELET, 77 4/L MEIZ— 100 TY,
type—cy]mder DY EDIEIRD B HETE T,

cylzmax fRORSHmO EREEELET, 7740 MEIE 100 T,
type=cylinder DYFEDHERD B HFRETT,

xmin E RO x JF10D FIRAEZRE L3, 7 7 4 /b MiElE—1010 T9, type=box
DYFEDIHEIRD B HEXETT,

xmax EH RO x a0 FRMEZRE L ET, 7 7 40 MEl 1010 T7, type=box
DA DIHERD B HFXTETT,

ymin BEFRO Yy D FIREZFEE LET, 7 7 4/L MEIZ—1010 T, type=box
DYFEDHERDH HHIETTS

ymax E ROy o FREZFEE LE S, 7 7 4/0 MElE 1010 TY, type=box
DYFEDIHERD B HFXTETT,

zmin BERD 2 a0 FIMEEFEE LE T, 7 7 4/L MEIX—1010 T, type=box
DYFE DIHEIRD B HEXTETT,

zmax BFRD z o ERMEZFEE L E7, 7 74/ MEIX 1010 TF, type=box
DYFEDIHEIRD B HEXETT,

sw_tally PRI CHR T2 =R L F— A2 R RLX—ITNZ D86 ZOfE% on |\ ZEEE
LET,

s K7 srne (D) Denliik T I F—DRRITRELET, 7740 b
il X 1e-3 hartree T3,
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3 12
stgma ﬂ—f—?‘/\‘/«ws(g) DoDEEESOWTCIEELET, 7740 Mt 1
bohr T,

EFe LTfEEIE, D region_id ZH-DF 72V VET-O region_id (ZFEET D Z EICE - TEID Y THZ LA TX
F7, 22T, FTOLOITHRELET,

structure(

atom list{
coordinate system = cartesian
atoms{
#default mobile=on, thermo group=1
funits angstrom

#tag element rx ry Iz region group

H 4.231707 4.904619 6.374683 1
H 5.716594 4.994127 6.011627 1
O 5.118193 4.883964 6.766158 1
H 4.167342 5.876768 8.210465 2
H 5.481543 5.259672 8.697061 2
O 4.627457 5.590603 9.014168 2

ZOBITIE, 13%H, 2%&H, 3% HDF X region_group=1 O COMEBIIMOT i, 4% H, 5%&H, 6
% H OJFA1T region_group=2 D¢~ COREITHESIT S E T,

HEDOFRIT
HENL, WEONTENNFL I 2l —ra v ERILE I TT D LN TEET, AT A—H—T 7 ()L
INFEHAEND LLLTF D L 5 ICHEhAA RO A s S h 1,

I** region statistics

I** num regions = 1
I** status for region no 1
1** region type : CYLINDER
I ** orientation : 3 (1->x, 2->y, 3->z)
!** radius : 6.6140409725
I*% cylx,cyly : 9.4486299607 9.4486299607
I**cylzmin, cylzmax: -1.797693134862316E+308 1.797693134862316E+308
I** gsigma, epsilon : 1.0000000000 0.0010000000
I** tally : F
I** n target atoms : 36
2 3 4 5 6 7 8
10 11 12 13 14 15 16
17 18 19 20 21 22 23 24
25 26 27 28 29 30 31 32
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33 37 38 39

¥FlZ, n target atoms VFREIZEID Y THNTWBRET-D Y A RIS DHDOT, AEEE Y fEEN

E

Ko

TECNDMNE DN EMERT D ENTEET,

5238 fMICBIT DR

IFENIFY R 2 b— 3 URERRICRI RIS D E A, UV T Y T MBI OPAW AR T v v L,

FIFHR, MGt L CnEd, 72720, O FEiEs I = b— 2 AW TR ONLE B
FEOZNCE o THLLIERT 50D T, ROEELER TORMNPTMEEZRFSZ L13H 0 A, LIEN-T, %t
FRMEBRE O E NI S 72V TL 72 &Y,

RO EN, Sl ORERE I BWCEEROWE 2 /AT 5 b OTIEH W RN, HFEEs
a2l — g OERITEROHHETT, LR T, AMEREAFITIT 25813 0HE0OE LWVEEAIRE
THMENGH Y £9, PHASE ISR AEEREOEEOHAMIY, FAHEAL T, & 21E B roEEITR T+
HA7T T 1822.877333 T,

HEB)= L —E A Y WA CRBRSAUE TS, BB L — LR L ORI E Gy = & X Nagom X

kgT EWOBMERRH Y £9, Z 2 CEEI= RV —%ELn, T EENyom, DVY~ BB E kg,  WHE
HIZRIRE AT L3R UE LT-, (o CEEI= L X — 5RO I-WEE, FPHEf— ¥ —%

JFEAECED, 3.1578 x 105 LW A EAENT TON— b U —HND B kg THAT~DZEH), & %azgf%uof

TEuy

JECF PR D ST X AT T CHRE L 72 Rii%I 7D fiE(structure_evolution 7' 7 v 7 NG dt &5 24T
TE)ENT 5 2 & I & - TEHEIFECORGEA G0 5, FEHOBALIIAT THRET 5 Z LB AIEETT,
JRF AR AR LA GT 7 40 B) 2418 x 107V L0 S A HNTIUE TR ) 128y 5 2 L 23 alRET
T, 72 Z20F 100 aw &S L 2.418 fs (TS L £,

BE—EDORFENIFY I 2 b—r a3 AZBIT 5, BNROEEQ DIEIC DWW TIEERAZETE T, /hETE
LQEBMTDE, RDXA T I v 7 ATBWRTERT 5 ABHIRE— RPETTLEY, 758108k -
TVIRHRDHE L CLEWET, M RETEDQEHMT 2L, RMBVHHNHET 2D Z<DAT v
BavBLd DL >TLEVET,

QDM SROFHELIREN D) & BYROIREN D3 I3 K2R, BIROT R 725 KO ITES
e siiTnxd, BUROIREIOEM & ROIRENDOE ORI DOBIRIE, FHEHEITITIROATRHITE
F9 (S.Nosé, Progress of Theoretical Physics Supplement No 103, 1991, pp.1-46),

2T 1/2

T 277:( Y )
T w 2gkgT

2T, wlIENEICROSEM L JEREL, 9135RD B HEGX Z OB BEIE T S TO DR 0R), kg

X B~ T, TNEOBROIRETY, HlziE, t4 0.05ps, 0% 8, iEE% 300K & LTE
KTQOEZEHIEL 5 &, FHAI Tl L% 4600 F2E L 72 £9°, PHASE/O Tid, QDEAEHEEES
52 &G, A U CREEITIRET 2 2 E B REL 2o CVE T, BREOFRE BJEMIOIRE L 72\ W 54,
JEADIEE & K2 dt DI LE 50 15 L 22 5Q DIEDMRH S kT,
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53 BRELEFKEDETE
5.3.1 DFT+U %
5.3.1.1 #pEDOHEE

PHASE (T, #ENBHEEMIESE, 13L A EOWEOE FIREA SRR T2 2 LN TEETH, A
FHRSEE 7-R12% LTI RIEMERE TIRIEZ 52 5 Z LRV £9, ZOFNE LT, EENREEAZEM T D5
(ZEN U7 R ORI SV CWVET, ZOXRMEM 9 FE:E LT, PHASE (3 LDAU £ F 7215 DFT+U
EEFEELCOET, Ziuk EEFEOFRIMEEREZA A N7 —a A EEH & LTIV IATLTFET
‘a—o

DRTHU B ZIIN K D00 5E0H Y 9778, PHASE CIEEMY L S ZmBEEARAET VAR L CWET, &
DET/VTIE, DFTHU O F =B (Eppryp) 1. RFFE IO =2 F— B (Eppr) & 7 U7 12X

DAHETFNANX—HDOE LTRINET, (REOMMERIL, /= FHEHEE bFEILET, ) o, /vi—
RAHEEIL, YA MTTHESWZEH1T8 p BT,

Ueff I I
Eppreu = Eppr + > Z p::,m_zpr:,m/ pr:’ m

Im,o m

ZZT L mm), KO o 13, FFYA b BRETR ROACASRTHELET, Ugld, A% —n
AHASFRORE STTS

SRFBI, R (RTH00 (TR E4T 5 C LI E VRS LET,

Io _ o o I I o
o= ) fi < WLl >< ol 19, >
kn

DIT kRO niE, BN BV MIEETT, £, f0 B PRk DS AT,
S TN, RHE LT BEORRE U LR D B e b LET, B, Bl 5 OF

Ue

EEOEE, TOTINF—WNIL ZHE TR LET, 4B, UgDIfEiL, FBRIC—5T5 L 515

2

My BENESTEMEZ b L ITROET

e+U_ /2

Empty level
Ueff

Occupied level

e=U, /2

544 ~\3— FHIEIC X BEGET RILEF—DEYL
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== 2 2020.01 LI :
Around Mean Field (AMF) & L <, 3Tk A. G. Petukhov, I. I. Mazin, L. Chioncel, and A. I. Lichtenstein, Phys.

Rev. B 65, 153106 (2003)OFENSFIFTE 4, ZowEybid, #uEfiEihE| oz DFT+U Z#M4 %
PE . ~S— R gL X —(T

Eis =— Uze“ ;iTr (Ap” -Ap? )
DG = Pl == T1(P7 )G

(5_3) 21 +1

TREINET, 2T, P o (EDFTHU IECHHITT 2 HATTHITT, 72, /v 3= RRT U,

VmG,m' =-U eff Aprg,m'
(54)

<.
5312 AJpRT A—=4

DFT+U 2T 5121, DLFOFIERLETT, 45DIT, accuracy 7 7 7 NIZ hubbard 712 v 7 &
projector_list 7w w7 ZEZNZET, ARG CITARZ —v AAHA/EH= R —DOfEef) 2 H5E L £ 7
728, sw_hubbard =on (%, /3= RHIEZ(T) Z L2 ESTHOICRER LET, %E T HSHEITPIOHE
AT R HEOANRZFEELET, nold7ny =/ #—&=, group 370 =7 X —D I N—T%
77, radius IZAE L, 1 THMETFETT, hubbard 7'y 7 TRELZ T 0V = 7 ¥ —F 5T,
projector_list 72 v 7 THE L7 B Y=/ X —F ST 5 Z EICTHELTE S,

accuracy{
hubbard{
sw_hubbard = on
projectors{
#units ev
#tag no ueff
1 10.0
}
}
projector list{
projectors{
#tag no group radius 1
1 1 2.75 2

}

WIZ, structure 71w 72T, »3— MEZEAT DR FE2EE L E7, proj_group THET HE L
accuracy 70 v 7 CEELLET BV 27 X —FFIZHIG L TWET, ~"— REHIEZITDO7RWRFIZIE,
proj_group & LTOZEIDYTEF, ks, BHEICEIIK LT, [Fl—0 proj_group EZEIY HT2HZ LidHik
FH A,
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structure{

atom list{
coordinate system = internal ! {cartesian|internal}
atoms {
'#default mobile=no
!#tag rx ry rz element proj group
0. 0. 0.0 Sr 0
i

o o oo
oo o oo
[eNeoNeoNe]
[ NN NG Ne
o o oo
o oo O
cooH
o oo

}

DFT+U LI X A5H5E. LIZ LI M~ IREECGR L C LR WEd, B DIEREE Y L —=oE T
BRI XY —IC K DRHE AN TV, 2D X9 2R Zhfa> TN Z L 2 RERT 5 2 L AR L £,

WD EHTTHNORREN RO 258, TR L3503 72 0 R NOEIREE~E > TLE I AR H Y 77,

ZDXRIRT L ER/T DT, HAITHIT—5 7 7 A (RO ocemat.data 7 7 A /L) 4 L CHIEATTS
FEICIRET 5 Z & L AMFETY, occmat.data 7 7 A VEHEL, AT A—=2T7 A )UILLFD X 7250
WEITNET,

accuracy{
hubbard{
initial occmat = file

}

}

occmat.data 7 7 A /VOEX JFIZTHOWTIL, KRETCIALE9,

R—0 52 2020.01 LI -
DFT+U (AMP) #Eaea R4 %121%, hubbard 7w > 7 C, dftu_type =AMF Lf5E L £,

# 527 AMF X% DFT+U #HED AT

accuracyt
hubbard!
sw_hubbard = on
dftu_type = AMF
}

}

5.3.1.3 FHARER D)
phase ZF{TLE T,

BT RN —DH T EFDRGOETIDH L2 = R ¥ —HE) &/ N— KRT oy L)L F—
(HP) 25BncH I EnE4,
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TOTAL ENERGY FOR 2 -TH ITER= -79.756461901287 edel = 0.482992D+01

KI= 45.2522902 HA= 125.6089055 XC= -43.2979227 LO= -147.0597534
NL= 19.3280980 EwW= -92.0686823 PC= 12.2272681 EN= 0.0000000
HE= 0.2533348 HP= 0.6709743

o, = FHIEEA T TR O SATIOFBEENE I SN ET, is 1ZAE L OEFS, ia IFRTFOES,
VAR EER LT, 728, HA10%otiE @+ x @+1) T, 0D (mm) oML, s
FH m &0 (1<=mm’ <=2l+1) OFFHGERICIT D SATTHIOBERICHG LET, 7ok, FiuEof:
X, 5.1 1IZF£FE L CWWET, Printout 7 7 7 Tiprihubbard % 2 VI EIZERE L CWB A, HSATTHIEZ %
AT LIV ELRD, FRTHEO SEESH I SNET, SEEIXOLMNC, fISTHEENRY R
JUTHRNC TR RSIE T,

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

Occmat.data &£V 9 7 7 A /W, FHENE TT5ERTD SCF iteration (238115 5E1T8I0ER BT S
F9,

16 : num om

1 3 1 3 1 : is, ia, iproj; it, 1

0.17441054E+01 -0.20464246E-02 -0.99899010E-03
-0.20464246E-02 0.17539484E+01 -0.39442624E-02

-0.99899010E-03 -0.39442624E-02 0.17529809E+01
1 4 1 3 1 : is, ia, iproj; it, 1

0.17365161E+01 -0.12145064E-01 -0.11970673E-01
-0.12145064E-01 0.17903944E+01 -0.85524320E-02
-0.11970673E-01 -0.85524320E-02 0.17856965E+01

117H® num_om (%, ERINZHEITHOEEZERLET, 21THURRL, /~S— RIEZ T 2R 28T
HEHITFNOERZENH I SNE T, is IFAE L DOF S, ia lFFFOF S, iproj (I7 0y =y ¥ —FKF, it 1T+
FEOF S, NI E R EERLET, HNENs 5E1TFI0HE. num_om (2L TWET,

EATTEMO P32 + 14721 + 150 F R Crik L £97,

o,i,p o,Lp o,Lp
Nyq Ny, o Ny o141
o,i,p o,Lp o,ip
Ny Ny, o141

o,i,p o,i,p o,Lp
Nyiv11 Motz 7 Mori2i41

TIHNDORZ AR ETHEZFE LET, FHVE T TORZI T LHEOMRE L OXnE$E 528 IR LET,
occmat. data [ IRFE AT DA, AT OV L 52 2855805 L 7p ) 3
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# 528 HETTHIDEZ T L HuE DM ORIGE

HHITHINOIRZ T =0

=1 [=2

[=3

1 S

372 —r?

z(5z% — 3r?)

X% — 32

x(5z% — 3r?)

N[ |R

Xy

y(5z% — 3r?)

yz

z(x* —y?)

zX

xXyz

x(x? — 3y?)

|| O || D

y(3x% —y?)

5.3.1.4 Z15]
(1) 3¢ SrTios

N5 SrTIO8 OFRBITT,

® DFT+U/SrTiO8/cubictu (U gld, Ti3d #uEiZx LT 10eV)

® DFT+U/SrTiO3/cubic UeglX0eV)
TN ORERERAK 545 1R LET,

16 1
NIRFuT (eV)
GGA
14 + GGA GGA+U(U=10eV) Exp. —— GGA+U (U=10eV)
1.8 3.1 3.2
12 1
10 | Empty d-bands
3
2
2 87
2
o 6|
)
4 5
2 -
0 L L 1
-8 -6 -4 =2 0 2 4 6
Energy (eV)

X 5-45 SrTi03 DIREERRE

(2) S Lavos

S e LaVO3 OB T,

® DFT+U/LaVO3/cubictu (U.qid La 4f #uEIZxF LT 20eV )

® DFT+U/LaVO3/cubic ~ (Ul 0eV)
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U3 0eV D & X 1F, 4fEICL D30 RIZ7 =02 LoULd b 1.5eV _EICHNETH, Uy 20eV 235 &
8eV FIZHILET,

(3) #J7% LavO3

#78 LavVO3 OFHEHITY,
® DFT+U/LaVO3/orthrombictu  (UuglE, V3d #ElE 56V, La4f #LE1Z206V)

® DFT+U/LaVO3/orthrombic  (U¢% 0 eV)

DFT+U HETIL VR EORERT— A o S OSSCREERIIZES L £ 77,

(4) 3iJ5kh FeO

SR FeO OREMFITT, ZOEEHIL. occmat.data 7 7 A WNOEFEZ SALTHIOHNE L L CRIHT5
HOTT,

® DFT+U/FeOl/ggatu U 4l Fe 3d WUEIZKI L T5eV )
® DFT+U/FeOlgga (U 4lT0eV)
T v FAEATK LTI EAITHIOMBESRN 1, X0 28T LT3z -1 gustoxiBEsE1 0 12

BESITOET, U 0eV TH327 =18 $EOM RS d /80 FRT7 20 3 LyL L0 HZBE T8,
A= FRFETIE FIZBLE T, E72, = FHEC L DAY Ry v TDBHE £

(5) DFT+UAMPF)DOFER] (/13— 3 > 2020.01 LIk
NiO
# 529 [THWEEHESM, 3 530 123 RE v v 7 RONNL R FORTE—A > FO U KFEE R LET,

IS EER ONALE L, BHFEOY 7NV OfEZEH L E Lz, AMF (3, fulllocalized limit (FLL) D551k
NT, AN RFY v T ROWRE—A 2 O UKFHEDTEL)NTH D Z L23on0 £7,

# 529 NiO (AMF) DOFtEZH

WEhESS ) » b4~ [Ryl 30
TR~ b4 7[Ryl 270
kST Monk (4X4x4)
RHAFHRSFE AR PAW-PBE+U

( DFT+U on Ni 3d,
a7 47 2.5 bohr )

BRT v Ni_ggapbe_paw_01.pp,
O_ggapbe_paw_02.pp
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# 530 NiO OV F¥ ¥ v FRONiL FFOBKE— A b U &

Gap [eV] AV URERTE—A Y b

Ueff [eV] FLL AMF FLL AMF
0.0 0.962 0.962 1.355 1.355

1.0 1.561 1.478 1.457 1.444

2.0 2.033 1.881 1.527 1.514

3.0 2.470 2.247 1.581 1.571

4.0 2.852 2.610 1.626 1.618

5.0 3.221 2.978 1.666 1.659

6.0 3.584 3.351 1.703 1.693

FeAl

FeAl (%, #7E% a=2.91 A cubic #Efh (BEAFENIZ Fe LONAL N 15172) T9(S. A. Makhlouf, T.
Nakamura, and M. Shiga, J. Magn. Magn. Mater. 135, 257 (1994)) % 5-31 |[ZHV =3HESM £ 5-32 123
Ry v 7RO Fe [ F-ORKE— A > hO UKFFEEZ R LE T, FLL TlIEKE— A > MSEFRICIENTT 575,
AMF T3 U=5.0 eV B E TR LET,

% 5-31 FeAl DFELAE

WENESE ~ b4 [Ry] 25
RS > b4 7[Ryl 225
k STy s Monk (8X8X8)
AHFARAFE AR PAW-PBE+U

( DFT+U on Fe 3d,

TaVx ¥y AT 2.3 bohr )

BRT v Fe_ggapbe_paw_02.pp,

Al_ggapbe_paw_01.pp

% 532 FeAl OV F¥ % v 7R Fe FFOBKE—A L bD U f&fEHE

Gap [eV] AEUERTE—A LB

Ueff [eV] FLL AMF FLL AMF
0.0 0.0 0.0 1.043 1.043

1.0 0.0 0.0 1.092 1.034

2.0 0.0 0.0 1.145 1.023

3.0 0.0 0.0 1.206 1.008

4.0 0.0 0.0 2.745 0.459

5.0 0.0 0.0 2.817 0.456

6.0 0.0 0.0 2.865 0.486
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532\ J1) v FiAE%L
5.3.2.1 BEREOMEEE
JR T FE UL (local density approximation=LDA) % #9325 FIEICIT K AEITEL (generalized

gradientapproxiation=GGA) DIF)Z, Hartree-Fock AHLNEIHZ—EEI Y AILDH A 7V v RILBIEEN
&V 9, PHASEO Tix., PBEO[1-4] & HSE06[5-8] > “FEEADILBIE A ME X £,

AL X — (Hartree-Fock 22 /L¥—) ESNE, k. v, ol THESNAH TV 7 kia, AN

¥R, AEARRBORBRS, (1) ZHNT

Eexact

= _—z Z fdrlfdrz l’bkva 1)1'0](1/gl(:l)_wf':la(rz)lpkvg(rz)
1

T kvkv (1)
Qij(rl - rZ)(lpkva'lﬁL) <ﬁj|lpk,v'o'>
3
— |ry — 1|
19
THEZBNET, ZZT, v, (ZBET DT EARIBICIRO N ET, £7o. 24THDQ;; 23T H I KR T

WCHRE L, UV T 7 MEERT v AR RV E T,

PBEO NI TZa % /XT A—4 & LT
EPBEO Eexact + (1 _ a)E)l:(’BE + EEBE (2)

LiEgEnET-4, 22T, EPPid PBE AT, EPPRIE PBE MIBIABIE T, @ = 0Nk fitbh

HIETT, AT v FFBEICIE. — OEN AN BIKES % 2 7 I —=2 7 L THN% % HSE HESKENSE
N ET, iUk
EMSE = qE®RctSR () + (1 — @) EPPESR(w) + EPPEIR(w) + ESBE ®

DR TRINET 58], wl TR AN ME < FFH 2 HIET 2337 A —2 T, w = 0TER IZFFE L

<. w— coTHRTHNZERBE|ZUT-3 % £9°, HSE06 EARIIT S L. D TFORAITRLYA X, Fifho%

A3k SEE T AR, PBEO LB AR 285412 L C L <0 £3, »F 0 [FECIMEE
D12 OFEAM IR NS 720 F3, FHERBEZR LN DFHEAMNZHIKITEAHEE LT, o (2
0.1(Bohr DEEEEDEA L < flibivE T,

5322 ANJJ/RXT A—X
(1) FAReiE
Hybrid LB CHE HIREEFFE 21T ) 121k, LT X S I EL £,

accuracy{
ksampling{
method = gamma
base reduction for GAMMA = OFF
base symmetrization for GAMMA = OFF
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}
xctype = ggapbe
hybrid functional/{
sw_hybrid functional = ON

functional type = HSEO6 ! {PBEO | HSEO6 | HF}
alpha = 0.25
omega = 0.106

}
}

ZOFID%EIE. HSE06 INBHAFRE L2 Z L1272 £, HSE06 Di37>, PBEO, HF Z#f5E4 2 Z LAvn]
AETY, BITIE, sampling k A% T' A (method=gamma) Z+5E L TWEITN, 1ENITKE IR sampling

(method=mesh) & %V % Monkhorst-Pack (ZJ % A~ ¥ /L k s sampling (method=monk) Zf5ET 25 Z
EHTEET, /T A—F alpha 13©2). QRUTBIND LB EIENDIREGH a T, 77 4/V FOfEIT 0.25
T7, Omega (F@)RUITHN DR T A —H 0T, T 7 /L MElX 0.106 bohr! T,

R BAER A ELY RN C, Hartree-Fock FHE AT O AT TO L HITGRELE T,

accuracy{
hybrid functional{
sw_hybrid functional = ON
functional type = HF

}

7272 L. Hartee-Fock HADIUAIZ PBEO & HARTHE L ELS 2D £,

PBE IRE# 2 fef - TR S W7 BB & BB ) b 56, 2z hybrid INBIEGHE O WIHTRENRE L )
WEM T D ENTEET, ZOTODANPIZERITRLET, VAETIEH O AN, 7V v R
HEITIEH O GGA £V HIED ML DRIAERIE DD DT, 2O X D IZHE LD L THIREEZ ST 2
EEHERL £,

accuracy{
initial wavefunctions = file
initial charge density = file

}

ZOXINGHEERTT D%A. RIS - T PBE ILBGHR OFENRIEL 7 7 A /\(zaj.data) & FBREE 7 7
A Mnfchgt.data) #EET « L7 MU T e —LET,

AT Yy FBEEIEL, N RBLIN Kk GO 2 EA—7ORERHY £3, Z056, WO k RIS
BN —TIEGREE SIZEEER WA H Y £, T T ZOWAID k g—7 251K 2 &z k-
CRHARRZE S IHGEDY PHASE ([Zidiiio> T ET, ZOBREZFINT 13, T X ) ISRk L £,

accuracy{
ksampling{
method = mesh
mesh {
nx = 4
ny = 4
nz = 4

}

}
hybrid functional{
reduction factor{

fl =2
f2 =2
f3 =2
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2 £1,12, 13 12X 5T nx, ny,nz ZZNEIUTGO—ZTH0ERELET, ZOHFITIHEH. FNE0Hmo
WIRL—T"D A v 28008 112 12720 £79,

(2) 3HEREFIRRIZISTIF Nl A AFVR 2 2 51k

3 WFFIRC A 7Y FULBESGEERINT 256, BE O & 22 W WA R4 2 2 L1k~ TKiR
IR ENER TE 9, ZOWREEFIIT 256, UTOXSICRELET,

accuracy{
hybrid functionalf{
sw_change axis = on
}
}

ZOREL, I A Ed bORRES 3 #iEF IR CRHIFT 258 Ah T 208N H D £77,
(3) Ay =i X Dmdlb
% LUFOREREIT 2 G AR & 3 HlEF I C 3V v C sw_change_axis =on & L7Z5AIZHBWCOLFHATHE T

TNV ET YT MERT oy VERIIT 256, M 7 U v FBSGHROERERHOIE LA ER TV T Y T
NEERT o v MR OB IR (REBEMEE, (DRP0Q;) ICHRT 2SS nET, 7
U v FRBEGHRIZRW TR, KAREMOREEES (GORIVEG)) 28 < ZEicd-> T, FHRRHEICR
TR RF S PIT @ T 5 2 L AYATRE TS, PHASE/O TZ OREAFIHIT 51213, 244 charge_mesh %
L

accuracy{
hybrid functionalf{
charge mesh = fine
}
}

754 charge_mesh (213, exact, fine, moderate, coarse DV T IUNEFEE LE T, exact ZfEET D & KIBEwT
DT _TOREG %58 L £, fine, moderate, coarse DNEIZE[ET Horhv D72 < 72 77, charge_mesh
DT 7 /v MElL fine T,

3¢ LU OREREIL 3 Ml HIRIZH8V v C sw_change_axis =on & L7251V TOAFHATHE TS
WENBHE D FFT A v aZliBd 22 L HrRETT, BEICH IV 0, 20X vy a2 b3 HORET
B L C ORI RE B2 RIF LA, ZOMREZFIAT2I12E, DITOL > ik E@xla L £9,

accuracy{
hybrid functionalf{

sw_change axis = on
cutoff wf for exx = 9 rydberg

}

accuracy 7 27 @ F® hybrid_functional 7' & > 7T cutoff_wf _for_exx ZE&KL, ZIIEBRMA LW v B

FT7TXNF—ZELET, T TRETEDDITBEFDON v AT =X NVF—LITDOETHY, FhaEx

HIEEFRE LT AlmE DN v A7 23 L —TCE &b U £7°, cutoff wf for_exx DT 7 /L Ml LEH D

v hAT R NX— LR UMETT, WEIERD FFT 13, FHZ VARGRIOER T oy VR LTS
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BAIEEAR D02 0 OFIG 2 ED D Z L2720 £ 0T, ZOREIZL > TEREZHOTZ SITEHA T,
BEDT-W, YT ND SifEROBAIT cutoff wi for_exx Z DA v h A7 TR ILF—DH5yDEIC L=
BT XN — L ERMAZHRE LET L, @E0h y A7 23X —05% 1 L LTWET),

cutoff wf for exx = cutoff wf cutoff wf for exx = cutoff wf/2

Ax /¥ — (ha) -7.8457557283 -7.8457499896
B US| 1 0.34

(4) SEZERREIC L ZE#E b
¥ LU T OREREIT 2 HilNE A & 3 HiEF I C 35V v C sw_change_axis =on & L7235A1ZHBWCOLFFHATHE T

DIV T VT MERT X VERMII L CWD5E, KRR R DA 3222 TT 9 Z LIS » Tl
k352 EbAieTd, FAUTE, ROXIITHRELET,

accuracy{
hybrid functional{
SW_rspace = on
}
}

WE, ™7y RPBIEGEIZIT 2 KAFEM OB T ONYDREEN DN F97, FEMEEFIATZ &
IZEH->TZORE ONIINZTHZENTEDLDT, HOHRERE/ATIIMNAEDIRE L 720 £3, Fiko
charge_mesh /X7 A—2 %, W2EH O & R CARIHIT 5 Z L5 [RE T,

sw_rspace = on DIFAIZ, WRZATH—ATHREDIATE L, Leveld BLAS IZ K> CAUBREEH Z LN TEE
T, ZOREE, LTOBSETHIALE T,

accuracy{
hybrid functionalf{
SW_rspace = on
sw_rspace dgemm = on

5.3.2.3 FHEL
(1) K&EDT
K853+ PBE #44., PBEO #%., Hartree-Fock A DFHEHEIL, sampleshybrid/H2 LLTFDT 1 L7 R

PBE. PBEO, HF T9, go_h2.sh #3479 5% &, ZNOHOFRANERFIZFITLET, ZNHORH L Gausian03
DfEF & DHAR A 546 IR LE TS
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0.1 T T T
8
0 A :
A
0.1 .
02t :
3
£ HOMO (G03) @
£ oal LUMO (G03) |
> HOMO (PHASE) /\
g LUMO (PHASE) A
T ®
04 :
e
05| :
06 ® .
0.7 l l l
PBE PBEO HF

IX| 5-46 PBE JA.ES%GE, PRBEO ILBENGE, Hartree—Fock 151 & B K843 F-0D HOMO #ERT & LIMO #ERL DT R/ —78
Gaussian03 (G03) DFER L XL TRENL TS,

(2) Kot

/K430 PBE #1%., PBEO 2541 %, samples/hybrid/H20 L FF 1 L2 kU @ PBE,PBEO T, go_h20.sh
EFETTDE, INOLORARAZIEFICIATLET, ZhHORRLE Gausian03 Ot R & DL A 547 (TR L
ESr

0 ®
® 1 umo
0.2 -
/\
® HOMO
® ®
04| ® .
6 o
=
s ®
L 06} |
B
2
w
Go3 @
-0.8 - —
PHASE A
AL |
®
1.2 - L
PBE PBEO

5-47 PBE JA.BEEq, PBEO JLEEEEIC & B F- DT RNV E—HER Gaussian03 (G03) DRERE KL TR
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ShTnag,

(3) U afhsh

U AR OIRER E O A PBE, PBEO, HSE06 CT%474 A7\ samplesthybrid/Si LLFIZH D £,
AHRA ST D LA LN OB Z X 54812565/ 0 R¥y v 7 %K 5-331TR LET, X 5.3712,
BONDH N Ry v TRl TORLET, K 53512, BHONHNY Ry v 7 2IORLET, K 53712, HBbi
LN Ry v T HIORLET, ) 53512, FoNDN 0 FXY v 7 2IORLET, K 53712, BHbhbd v
R¥ v v 7E2IORLET, K 53512, oD RX Y v 7 HIORLET, K 53712, bbb/ 3 R¥y
T EHIORLET,

3.0

25

20 -

15

DOS (states/eV)

10 +

05 -

energy (eV)

X 5-48 PBE, PBEO, HSE06 {LEE#IZ & o THR G- Si fEsaDIRBREEE

# 533 FNEIC L > TEDNB Y R¥ Yy v FDOHER

VLB Ny FEx v 7 (V)
PBE 0.7

PBEO 1.9

HSEO06 1.3

samplesthybrid/Si_k10 1%, k #A v =% 10X10X10 & L7=fFIETY, FEFICHHHON DD EE T, &
DRI MG HIVE T,

5324 A7V v RILBHEGEIC L 580 R (03— 3 1 2019.02 LIKE)

R—=T522019.02 K0, ATy RBEEFIHE Lo~y REEREMMTZ D X910/ £ Lz, S REHAE
IZBWTCIEiER SCF #HRIC L > TR DN BEET — % 2 [EEEM & LA LS T ICEAEHREA T E
T ATV RIBEREOSES, BEEEMIMZ “EERBBREE OF—2E& ATV v REBEE o7
—ZPWBECT, BIEIEEFE O SCF #HEIC L > TRONDEEIRST —4% T3, BEIIASITA—4—T 7
A ML FOREE T Z LIk o THASED Z EMTEET,

accuracyt
hybrid_functional{
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sw_output_hybrid_info =on
¥
¥

sw_output_hybrid_info % on &4 % L % E /2§, F_HYBRIDINFO 7 7 A A ICH N S E T,
sw_output_hybrid_info ®™7 7 4 /L MilE hybrid_functional 7' & v 7 2MFET H5E1% on, £ 9 TRWEGATE
off ¢4, F HYBRIDINFO /% file namesdata 7 7 A VDR A X —THVO ., FOF 7 4/ MA
1% /nfhybridinfo.data ¢,

SCF #5137V » FEERTH@HE D PBE 1A TH KW TF, A2 REHEZITH 72didid, @FE o REf
BOANIANA TV v RIBEEGHEORELX L, & 512 file names.data 7 7 A VELLFDO X H 25t LE
(SCF 5HEMTONIZT 4 V7 M=% 1B LD sef W HT 4 L7 U —T25722 L0,

&fnames

F_CHGT =°./sctinfchgt.data’

F_SCF _ZAJ =" /scfizaj.data’
F_HYBRIDINFO =", /scf/nthybridinfo.data’
/

TRFORLIZT Y U —DNEHE O/ FRHE L B D85 TY, 7 7 A VR4 % —F_SCF_ZAJ (&> T SCF
FRICE > THRONIEEBI T 7 A VD7 7 A NVAEFREL TWET, Ziud TEERERSE) & L Tiibh
%60 TH, F_ HYBRIDINFO (213 A 7Y v NBEEORR 2 722G HSsk S CVE T, W E b3 ReF
BHITMPMAT & UCTRIF S, ZOWNEDR S REFREORHE TE LT 5 Z 813H 0 £ A, SiBEIUC O
A7V FILBEGEIC X D23 FIEEHBEDO AT 7 7 4 V) samples/hybrid/Si/band_hse06 35 L OY
samples/hybrid/C/band_hse06 (28 Y £,

5.3.25 Iz AIEE S
® ATV RHESEGE ISHERIFRE: 2RI 32 ms bERe M 2 A, SFrEEZH T 52 TH-TH
sw_inversion /X7 A—H & on &5 EHEMGEL T O T, ZOREILILARNTLIZENY,

5.3.2.6 & ik

[1] J. P. Perdew, M. Emzerhof, and K. Burke, J. Chem. Phys. 105 (1996) 9982.

[2] M. Emzerhof, J. P. Perdew, and K. Burke, Int J. Quantum Chem. 64 (1997) 285.
[3] M. Emzerhof and G. E. Scuseria, J. Chem. Phys. 110 (1999) 5029.

[4] C. Adamo and V. Barone, J. Chem. Phys. 110 (1999) 6158.

[5] J. Heyd, G. E. Scuseria, and M. Ernzerhof, J. Chem. Phys. 118 (2003) 8207.

[6] J. Heyd and G. E. Scuseria, J. Chem. Phys. 120 (2004) 7274.

[7] J. Heyd and G. E. Scuseria, J. Chem. Phys. 121 (2004) 1187.

[8] J. Heyd, G. E. Scuseria and M. Ernzerhof, J. Chem. Phys. 124 (2006) 219906.
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533 SC-DFT %

5.3.3.1 #pEOHE
ATy RPBSEGE & 13 EEAL RSO R O A HAFH B R AV E I C s A B ER 2R A 9 AR TFE T,
ZDIREDHFIZHONW TR A I FEDMRER STV E T, e b #FMeFEIT PBEO & FETN S FHETY, PBEO
ETIE, —EDMHE o THEAM AR ARE LET, BHEHSND o DI 0.25 T2, ThaRIdsCk
Fow 72BN A % IR 238 < T3 SC-DFT % C9 (Jonathan H. Skone, 1 Marco Govoni, and Giulia Galli,
“Self-consistent hybrid functional for condensed systems”, Phys. Rev. B 89 (2014) 195112). SC-DFT %1%, #
RS IAFEOMNT, BONDFER LIRS H OIS/ 5 £ T IR LEHEZITH LWV ) 5HATE
272 o TVET,

5.3.3.2
A47)/%ﬂ%ﬁﬁgkwfi i b HifliZe PBEO {AOSELL T O X OIS EA R 25 L £ T,

ErTybnd (1 0[) EF)’(BE + aEX (5'2)

‘exact *

= 2 TEe 13 GGA-PBE OAcHB HAE, Ef o 1IREEZHAREIEN T, G2DRD/ T A—2— 0 OFZ477

EIXEBATIERL, ErRICE>TRAS EZZ LNET, TS5 X—2—%, UTFOX 3 ISEET 200
SC-DFT G,
. (5-3)
&

E IFFERTY, SC-DFT I£TIE, HOEREERA L € 6 L ODTOITHY IR LEIRZITWET, 7720
b, YA ZREL, FEREZFELET, HOIVCFERNLGEIREZFH L T 2R, KO A L[
CAERZR BIFNOR L7z L AR UGN & Zhgii/e b D & LES, BORL TUWVRWEEIIELNI- A > T

FEFFREHFETLET, ZOXIRFhiEE, O PIORTHETHRIRLET,

5.3.33 7
SC-DFT 254 57-0I121%, LLTFD X 512 control 7 2 v 7 |28 TZEEL driver Ofii% sc_dft & L9,

control{
driver = sc_dft

}

SC-DFT DIHHIESRMHT, IO X IITREL £,

accuracy{
sc_dft{
delta epsilon = 0.01
}
}

delta_epsilon ®7 7 4/ MiEIE 0.01 TY,

SC-DFT #HEIIHEFHBEZITOETH, 7 74/ FORE THERO O THIUIZE DT DO EIINE D V) &
Hhe T 74NV NOREEERT DAL epsilon 712 v 7 ZFFAL, £ 2 TREEAITVWET, 72721, SC-DFT
EOSE photon 7 1w 71280V T polar, Poynting X7 MVOEIZ B2 IZT 2 0ERH Y £3, 370bb, LIF
DEDNTEET DEN B Y £,
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epsilon{
photon{
poynting{
ux = 0.0,uy = 0.0, uz = 0.0
}
polar{

px = 0.0, py = 0.0, pz = 0.0
}

PEREGIRIY, WENEC > TiThnE T, 2072, UIFOX Ik Jr 7Y o7& MmEiRESFIA T
ELIITRET HRENDH Y £,

accuracy{
ksampling{
method = mesh

}
smearing{
method = tetrahedral
}
}

ZDXINTGRE LW ERIEZRFERPMEONTLENET,

F72, ™A TV FRBIESGEAZ L DR ZATOETD, ZAUTRTEI CRHBI L7z X 2GR E L TLIEEW, 72721
functional type (21 HFEE L7220y, PBEO Zf5ET 2 L 2L TLZENY,

FHROZFATIE, WEEVTVET, B O LIEOITR D BT LW TOhE T, IREHEIe 77 7
AMTFERSNET, UUITOEHTEDEZHHND Z LN TE £,

$ grep alpha exx output000
I** alpha exx = 0.1425

I1** alpha exx = 0.1208
I1** alpha exx = 0.1113
II** alpha exx = 0.1081
I1** alpha exx = 0.1080

%7z, nfefn.data 7 7 A /UZIFLL FD L 9124 SC-DFT A7 » AZHIT 5 =R/ X —DJEEN Gk S E T,

iter scdft, iter ion, iter total, etotal, forcmx

1 1 9 -7.8461877466 0.0000000000
2 1 12 -7.8443931212 0.0000000000
3 1 15 -7.8437399027 0.0000000000
4 1 18 -7.8434571365 0.0000000000
5 1 21 -7.8433616238 0.0000000000

ATV FIBEBGAE IR HEREIERIZ /R D 2. DT, fkatmi 2T o 0EN T T 5580 HH5TL L 9,
WG R AT O IZHDT= - C, Bl Z & 2B ETHMETH ) A, WY control 7' 1 v 7 @ condition %
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continuation % L < X automatic & L7z " CPHASE/Q ZH3TL T 72&VY,

5.3.3.4 153
Si fEEhZ SC-DFT &M L7l a4 LET, SifEshiE, @% 0 PBE sHEDLE/ N RX vy v 7771 0.6 eV

FRPE Ll NI SIS Z VB CWET, F£72, PBEO(a =0.25)% M5 & 1.94 eV R Ll RGHm <4
i—j—o

F9°, X 549 IZEE O LFEROBEREHRE LET, K62 L 912, SC-DFT iteration 4 [1]1H Tl

LK BPE LTWET, SifEEEIZIR 57, SC-DFT IEOYGRITER FE 232 L 9 T, 55107z O DOfEI0.108,
ST D ER :t 9.26 T,

0.15 T T 95

o DfE

0.13

alpha
o

0.12 -

0.11

0.10

. . .
0 1 2 3 4
iteration iteration

5-49 Si #EERCxt U C SC-DFT (5% 8/ L=, £ : & DEDRBRRE, AKX : SFEROBRE,

OXIL, B0 #FIF LT, REBEOHR AT CAE Lz, fRE2X 550 ICHELEd, Higon=wH

PBE TRD7-56E a =0.25 TROZGEOME L FERIC 72 v FLE LS,
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3 I
PBE ——
a=0.108
o 0=0.25 ———
‘ i
I
‘ |
‘\
— 27 H ‘\ 7
> I
Q | i ‘
o . [ |
g | N N
o I | AR
0 I VAN uy
o I \ "l
o 1 mn
1+ ‘\‘ \‘ |
™ I I
M\ \ |
an N \ [
/ \\\ | \ \ |
/ \ AN | \ |
//, \ f,/ \\\ | \‘L\ /‘
/ \/ \| )
/ \/ ”s
0 )i ‘ v ‘ /
-15 -10 5 0 15

energy (eV)

5-50 Si FEERDIRIEREE

ZOREEBE L VELNDL N REy v 713123 eV TF, Ziud, EHHED 1.17 eV IO TRVMETH 5 &
W2 FET,

534 77 UTILI—)LAEE/ER (GERFTHEREE)

5.3.4.1 HEREOHEEL

FEFPITFAREIE 2 55— JFFIYON 3R 5 T4 (van der Waals density functional WdW-DF)) Z#I U 7= 5%
BEIZOW T L £9. PHASE THEHIN TV D (L SN 7= EARUTEL : Generalized Gradient
Approximation (GGA) CIIFERFTFHBIENZE S 3L TUWRW=DIZ, BIZIEREE ST 7 7 A4 hOgREE~x /1
XTI E R IEMICHAT 5 Z E N TEERA. AHITIY BT 25FHEIL GGA O Z DK EEH O T-OICHE
SNIZHDOT, Zha Mg Z & T van der Waals FHASFHNKE < FHF 5RO BT RNV F—E FIRED &

DIFFECHHETE D XL 0w £9. £/, 20 vdWDF 1355 JFENN e AR L QO TRERT 23T A —
2EEHNTORWND T, [EEOIRORIC U CRBIZET 5 Z &N TEET.

5.3.4.2 HERPHHEIE 2= & T 2T RV —FA
(1) P

o JLAB
7177 5 vdW.F90 ClIJERFMEBIEEN 23R L 9. ZDEMZ, GGA THOLNDAMIEESGA L LDA 7>

SIFHIDHIAEPA 2 L LG5 2 & T IFERFHERES B8 L7 Auilfis) 28 L Ed. 37bb,

SRR L —Ey 13
Eye = EZOA + EPA + EY ey

LRV ET. 20D BATILE STEDFRN R b NEET, vdW Cid Dion 51N & THA%E S /- Blm A E -
CHIHEISET. oM CHIIT
1
B =3 [ drmepoetr ropmy @
L UCHI LSS BRI 25 (r, £r,) &% 2 ORTH, GOASLDA &5, ML
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B BRI () Ep(ry) ) OHREFERLEELTOET. 225 (ry, ) 1
¢@mrg)=£éﬁwdadmﬂbhvr ©®

DENEFET. 22T,
W(a,b) = pETe [(3—a?)bcos bsin a+ (3 —b3)acos asin b

+(a? — b%? — 3) sin asin b — 3ab cos acos b]

4)

<9 7,
1

Tx; (@), x;(b), x;. (@), x (B)] = . 1 1

N ] 5)
xi(@) + (D) " xe(@) + 1, (b)

1
thm+n@xmm+m@)
1

* (x:(@) + x, (0)) (x: (b) + xk(a))]
LERSNET. SHITHLHE

a? 1 6
%) = 2 X 4mra?
1—exp (— 9d]-2>
dj=1r; - rquo(rj)' 27;
_ 41 Zab Vp(rj) 8
90(rj) = =5 exp(r)) - T{m} ke (7)),
ki(r;) =3n%p(r;) (=i ork) ©)

Lo TRY, Zhunbbnd X O IZEREESAZME—DOATIEFRE L2 L 720 K OIERGE I S QnE
. 22 CRODEEL Zap=-0.8491 |35 —FEUIIRTE SATARHT, vdwdf version 1 TERA S CUVVET,
vdwdf version 2 TiX, ZOffi% 2.2 {5 LIAES AW DAVE T, JRFTE LTI X 23S HHER = /L ¥ — e LDA
1% O. Gunnarsson et al2liZ X% LD HNTWET. 2 H—HORI T plasmon-pole model % %, & IZF%FH X4
72HDOTHY, D=8 van der Waals FHASERIZFEE S D IERFTHEIRZ ST v L X — 03 ARG A
I A M CIERBRANAS DD K 912> TOVET.

S BITEIRINTEMER A AT 5 72018, Q@)D 2 5B p (ry, 7 ) Z3HET 27 VT Y AAPERIE L.
Z D 2R (ry, r ) ITEHAL d & A UMERIELZRWZY,  d=DA+0), d=D1-0) & Fi-IER ST
2D, §EHNCP@r;, r) (D, 8) & LTTORA S HaEEy MEHETHE 2 LELE. 2Tk
STHELREZ Y v FREBITIE U TRE)D 2 BRI 2E T O MEED 2 < 72 5 T OER R R IR H IR S
NTHET

® RRELSUERNOEERS Sy
RO ThHa = 0CTHor; = 1 DHETIHUEFFIC & > Cx; (@) ZUET 2 OIREECT. Zo7-dR@) D

AR DR AZELZ LT D, L2V ET. £ Tlr; — ry| K 1OMEK CITEMEEZp(r;) =

p(r) EUE LT B ONTHTZ LI LET. ZHUCE > TRQD O 6, 1 Ul LTeb 4580, DERN

Tmrk%ffj\%

4mn? (10)

3

! 1
Efmd rp(r)o(r, r)plry) = 5

1 4mn} ”"

- ETlpz(ri) x4m | drygp(d;,dy)
0

1 47tn3 Nido D?

— 5_7;771 p?(ry) x 47Tf dDp(D)—
0 0

CHMUCT 22 LN TEET. 2L, my=Iri—m ] L LTWES. Z2T2TEPL 3{THNL, D =

qora (= d; = di) & L CEREA T COE T 3ATHOBRIBIEI IR G £, Zh el

ERZRATT 5 LI TEET

p2(ry) f drp(r;,riht)
m;

® ERREBLRA~DILR
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ATFECITERRESIER A2 FZEMETL TANL, TOFFEHREZED QL DI ZOFE E TIIARY A
AOFRERIGUC AN FE L 720 TOVET. WA A T D13 0o L BTG F TX(©)
DOEAEFE S ZATH72 < T BT, FIEFIEHERNELS 720 £9. KA van der Waals fH A/ERIEIRHEEC 3
WCHZEDHGITRIZ O ULNEE LEEA. £ 2 ClnEBEE VW5 2 & T, RFEE ZOERERICE
RIS TE DL LE L. RQOBFE B S 5 2 BEBIELD (ry, 1) 13 DB 5512

41\ 3 (11
12(5)

T )
1

C
TR GG + 43 0)
=—;EX¢M&JMWH

ik
D& D 7eWRIBIEU I T 5 Z ENFDOEFRN DO 3. 7272LC = 12(4n/9)3. ZOMBIBREEIIF(G)
D £ D R TEEDE N TORWZOIEFIRBUTEAER R TR 2 LW ORI H Y £, 20D 31TH

D 5 BXOETOSEK T, ORI U CHMITEEE L OO BREET, ZAUSE L TXOB%A09[p(r), p(ro)]
1T B 07D LD I CEBENZIIERE L UOVEE A R 720720, AR EI B\ QB m & 7o
TWET. ZOZEaEETLE, KQDH DL, 1 br B8 (g > PIZITIRO X9 TRy % Hifl
fbcxEd. I742bb

1 1 12)
> dridrp(r)o(r,r)p(r,) = Edv p (r)pr,r)pry)
Tik>1 i€ TRE
unitcell  (ry>n)
1
= Edvz Z Z p (ri)¢(ri:rk + txyz)p(rk + txyz)
TirK€ txyz€
unitcell (lrk+txyz_ri|>n)
tryz€
c., 1
=—Zdv* > pa)Rlp@E),p(rlp(ro) >
ri:rke [Pr+tyyz—Ti[>n xyz
unitcell

EBA DT D LN TEET. T I CAviTEERIAZAT OBRD 7 ) v FAICHHEN DR NEFIRAFET, tyy,
[T BRI L E RS2 MV T, 2o 3ITH ORI 5 BT, Lr, OFFHA= v ME/VNIZIRE
ENTWHOT, FEa MIRENTY. —J5, AIE1/nS, WEEMETE 513 LN &< 72 b £ CILFFHIC
WS TRFIT 2 Z &2 0 9. LaL, & b2 HEETNSIER ICHRZR B, B hp (r) & 13RI T,
70 REOZEHEUE DA L > TREDERDOTTORO THBIFITINEDTT.

VLR L5 Icni Al TS Iz 0 L 5 ITHRIEFA TRT5 2 LIck - T, FHEERRO% 5%
THREILKEBRETHZENTE, ZIUTE > TARFEZEIRENRICOEATE S LI L TnET.

® 3IRAT T A A & BIHALFE R LT miE b
Dion HiI2L2b &b EDFETE, 2D 2 BRI EEHIT O IO KRREERPVEL SNET, £IT,
Roman-Pérez & Soler |25 - T, 277 A Al & BAALFE S ZFIH Uiz L 0 mdiZe 7L 3 U XA BFE S 4
F L72(Guillermo Roman-Pérez and José M. Soler, Phys. Rev. Lett. 103 096102 (2009)), PHASE/O (%= ®J51k
IZ Lo THEBEOMHAEZITWET,
ZOFETHE, ETH—RNBEEE SIRDAT T A AL > TR L ET,
#(d.d)=¢(alr—r].q[r-r])

-Zo(alr-rlar-r]e. @, (4)

6,(r)=p, () p(r) #8AT2 L, 2 ERGHILLFO L S ICBRARRNATGT 5 2 LT ET,
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QEEZﬂWW%UWAW%ﬂ“ﬂ)
=—zze 4.0 (1G)),

:jdre (r)exp[-iG r],

. (IG]) = Jrqﬁaﬁ )sin[|G|r]dr

ZDOEINETDHE, s ﬂéiDhmﬁ7—9i%@%ﬂﬁbfﬂﬁﬁééi5Kﬁ@,k@ﬁ%ﬁ
fbNERk & £9,

SCF FHEITHZNATGE, @R Y =)L — 2B CIBEM Y L £7S

@UFZuJWﬁE} )22lr) 2lvelr)

+2u,(r)

z dp(r) % «ﬂVp )| de(r)
=250 (1) (-]

U, (r) bEHABRN 2> TOBHDT, WEMTEHL, ¥ FFT 2179 2 810X TR 5 = Lvnfie
7

® 7 )LIU XA

FERPFTFHBEIE (van der Waals TH) %&b 7- 2T R/ X—3tHEIT, B'ET@FHET/EH% L GGA, RPmI7FEBIFE AR
AIEXLDA, & U CGERPZARESH AE/EAIX Z Z £ Tl L7z vdWDF BaaFIH U TiThivE 4, fHE kL
LTI, ZOoELET_XTeELT7ar ATy MYTH ke, ﬁ?ﬁ*ﬁfﬂ/ﬁﬂq ¥ GGA, FHBIFEA/EMIZ LDA %
B U= ZRIF 2B A R U USRI Z 17 > & 1T AR A MIERA)IZ vdWDF 2134 B0 AT, &9 HIER
& %9, PHASE/O TIFRFE Z“SCF i, H%EZ“T v ay MIOEFATHET, v a v MUTREIC 1
JE vdW ORERZEAT 5 DA77 T, SCF I E Hld 5 L i T, =R —%KRDDH Z & DOHNHPIDOEET
vvay MRCTHEL DA RRBENMEONET, 72721, vdW =V X —HROF T HEHHE L7z

A% SCF AT 2 0ENH Y £,

728, FREOZHFHANEH & LT < 003D GGA BTSN E 2 DAL TV ET, I HIT, ZiL e Za DfE (vdwdf
DR— 3 ) OMBAAEDEIZL Y, #H5D vdWDF LB RR ST vE9, PHASE/O CfEH AlaE7s
vdWDF O—& 2L IR LE T,

A FR vdwdf O/X—T 3 HFEEAEH
vdwdf 1 revpbe
vdwdf2 2 pw86r
vdwdf-c09x 1 c09x
vdwdf2-c09x 2 c09x
vdwdf-optpbe 1 optpbe
vdwdf2-b86r 2 b86r
vdwdf-cx 1 Ivpw86r

(2) AL

FIHORHZEE L“C GGAPBE BT LT8R T ¥ V7 7 A NV HET HVERH Y £ (AR
T UL, IEHETRTGGAPBE IS L TCWET), FD ET, LFDO X S eiREZ TV ET,
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accuracy{
xctype = vdwdf2 ! vdwdf, vdwdf2, .. ,vdwdf-cx 2NERATRE,
vdwdf {
mode = scf

accuracy 712 v 7 D FD xctype 28U, FEHT5 vdWDF LB 28 E L E T, 61T, vdwdf 72w
7 DO mode & SCF WiZFIHT55E1L scf &, Vv ay MEEFIFAT 285513 oneshot ZFEL
F9, E¥mode DT 7 +/V MEIE oneshot TT, 7272 L. xctype =vdwdf LIZMNIT > v = v FEHREICITIER
T,

(3)

FERIT, EEOE LDV £ AL, nfefndata 7 7 A /UIE TR LF—DERED, nfdynm.data 7 7 A /T
JRF DB R SIVET, Yiva vy MREFIFA L T AE5A1E, output000 7 7 A /UZFEER S 5@
DT /LF—& nfefndata 7 7 A /L THE SIVHTHVF—03 12 5 JITITEEPSLETT, Vv a y MRo
B, BPICGEHRS D =L — 3B A ERIC GGA, FHESFEAERIC LDA 251/ L7=ZHIR 7B
LDFERIENHTT, Tovay MROSE, FHEICRL, vdWDF OFFRED M &bhoT-db &, LITDO L D ITHER
73 output000 7 7 A /WZTHE SNE T,

vdW energy : 0.0668443126 hartree
-—-> total energy : -22.8808219651 hartree

nfefn.data 7 7 1 /MGHR SN A =RV F—EHE, vdWDF O R —4E ATV F—EHTT,
5343341 87774 FOSTRLX—FE

(1) 1FLwic

I 2 CHEESEBICAN—F > (vdW) Z W vdW-DF SHE ORI 22607 £ 97 FHRxE4E GGA <° LDA TIiHiE
W CRPE CE Wl CH 5, F8E 7T 7 74 b (A-B stacking) OETFRAX—DEMIEEHAFEEE LEL
7o, @O GGA OFIPFHINTZ DFRDOET VX —Hif 251 R T 5 & =L X —MCZE I i s I8 T,
RN 7T 7 7 A MBITAENZEERR R F TS 2 E W O EIRIZZ > T LEWE T, Ak 2 it
TRV BN ZETERDMTAET D720, GGA 12X 2 Z OfERITEMERICEE>TWVET. 21U, R
FTAO7e A8 HAEA T % van der Waals AEAAEf%Z GCGA 2L BB TE CWWRWZ SICERBERNH Y, AZHHE
BEREAFIT 2 2 L CIOME IMEESND Z L 2HER L E T

(2) BHHRSAE

ARFHETIL, RO RRE R OWEHINE 128 D A-B stacking BIOFEE 7T 7 7 A4 R LE L
7o, 2=y MVNIZ 8l (2 8%)) DIRFRFE=EAET. 77774 NOREHANZ z iz &> TeaAA
R 4.3x2.5xA=xxyxAAN & L, z% 575 12[Al F LSRN HK 2 CORT RN R —5FHEEEL
7=. ZotEZETE D GGA & vdW-DF #5 ( xctype=vdwdf, mode=oneshot ) ™ 238V TITV), FHEhH
HFHLND LT RV —HR A e U E 9. vdW-DF FHERICIIA TG R & U TR 4Tp COAX (r) AL B 72
DEITN, 07V v MEEIT GGA FHRIFIZEE L7z cutoff [EIZIEAF L CERY, Z I TiX 32x18x40(to 961
D7V RERALTOET. 7B, 7V y KRBT CH D720, z SOt TREHIZ b5 2
LRV FET. 0F Y, FBROTFAF IR RARIE T D551 2 OREGENFRA TH D72, M
(2 UC PHASE @ inputfile @ cutoff iz FiF5 Z & TROLMNIR0 F9. Fiz, vdW IIFERFTOZREHEIC
725728 GGA LV IFRE 2R A MM L 720 £
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(3) FHRAER
TR ERRSCHE LT-RE 2 7 7 714 b (A-B stacking) DT /L —DBRIEHHAIFEZ R LTI=b O

TY. FREHTEE O GGA I X A5EHRE, T vdW (2 XL 5 vdW-DF i HOEREINFIURLTCQONET. £
71, FHITERRI3 AN L D s & 2D & DEET L — (FRTES) %, RSSO EGHFE ]
LD HDTYT. GOA FHETITEL SR TE 2V DT LT, vdW-DF ZHE Tl 0 EREDT <

T@/Jvﬁ%‘f@sz VO DNHESTE E T

0.8
Experiment

? 06 +(.\1urgin of error£0.08¢V) 7
=
o ;
= 04 & Another calculation
00
Z ]
D, 0.2
oot wﬂw o
()
2 02 . \ W
=) + G
~ -04 )

06— . . . : :

6 7 8 9 10 1

Inter layer distance [A]

551 FEES 7774 NOETXNX—DORBREEEEHKTME. GGA ) & GGA+vdW (R 12k 5tk
B
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5.3.4.4 31545 2 : f8E 2H-MoSe DT R/LX—EHE

JEIRWE T2 2H-MoSe (BAZHY 6 i) OETINX—31H %, ¢ BRI -EE2 /37 A—2—{Z LTIV
$7, a. b TREIX 3.1612 A TEELET, £7-. mode=scf 12k Y SCF ZFEEZIT, HeEhim b 21T
WET, FERIE UUFIORT X 91C, xctype = vdwdf £V b vdwdf2-c09x DFA, FEEROMKT-E 12.2985 A
W2 ¢ BilE T X —03 /e 7o TV ET,

0.20 v . r T
' m— vdwdf2-c09x

s vdwdf
— 010F | —@&— ggapbe
(O] : P
o - | ,l"'.- aai
S~ : r__:“
> \\‘ i _—.__'__a 5
@ 000F > ..,_1_;_..4_4-4-—'
>'o - \\‘
g B
c -0.10 b j
L

exp: 12.2985 A

-0.20 2 I N A s
1.5 12.0 12.5 13.0 135 14.0

o]
Lattice constantc (A )
5.3-7 filfE@ 2H-MoS2 DAETRL¥—0 ¢ iRk
5.3.4.5 filpR=H

HOYEMATIED B R0, PAW OFFRICITEE LT IEE VY, P I K D MIESEY vdwDF (25840t
JELTWRWNZD T, 7272 L, EMRNIIRE B35 2 8 A,

5.3.4.6 & ik

[1] M. Dion, H. Rydberg, E. Schroder, D. C. Langreth, and B. I. Lundqvist: Phys. Rev. Lett. 92 (2004) 246401:
Erratum, ibid, 95 (2005) 109902.

[2]0. Gunnarsson and B. I. Lundqvist: Phys. Rev. B 13 (1976) 4274.

[3] L. X. Benedict, N. G. Chopra, M. L. Cohen, A. Zettl, S. G. Louie, and V. H. Crespi: Chem. Phys. Lett. 286
(1998) 490.

[4] Y. Baskin and L. Mayer: Phys. Rev. 100, (1955) 544.

[5] H. Rydberg, M. Dion, N. Jacobson, E. Schroder, P. Hyldgaard, S. I. Simak, D. C. Langreth, and B. I.
Lundqvist: Phys. Rev. Lett. 91 (2003) 126402.

[6] T. Thonhauser, Valentino R. Cooper, Shen Li, Aaron Puzder, Per Hyldgaard, and David C. Langreth: Phys.
Rev. B 76, 125112 (2007).
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535 77 U TILI)— L AREEFRfHIEfLAE
5.3.5.1 HEREOHEEL

® Williams @5
R.W. Williams, et al.: Chemical Physics 327 (2006) 54-62

C,
Evdw = ZR_eef (Rij)
1

ij
4

R 7

f(R) =|1—exp| —d| —

S
) 2C,Clpip; .

cg:_scxz"_;p'zp’_, RV =S, x
piCé—I_ijGJ

INT A—H
vdw radius 20.0 bohr

scaling factor S¢ 0.8095 (PHASE), s_ 0.80

damping factor d 3.0

Sk PBE S¢ 085 S 0.80

polarizabilities | vde coef C6 vdw radius polarizabilities | vde coef C6 vdw radius
Al Hartree*bohr® Al Hartree*bohr®
H 0.387 2.831179918 1.17 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
1 5.415 309.0603852 OTE 0.637 11.86370812 1.40
CTE 1.061 22.67403316 1.70 OTR4 | 0.569 10.01566303 1.40
CTR 1.352 32.61525204 1.70 OPI2 0.274 3.346856941 1.40
CAR | 1.352 49.790/Sc 1.70 STE 3.000 121.2531939 1.80
CBR | 1.896 54.16430826 1.70 STR4 | 3.729 168.0350502 1.80
CDI 1.283 30.15058105 1.70 SPI2 2.700 103.5277919 1.80
PTE 1.538 42.11289383 1.80

® Grimme (DFT-D2)D ik
S. Grimme, J. Comp. Chem. 27, 1787 (2006).

Co
Edisp = _SGZFf (Rij)

ij ij

1

1+ex —d(R” —1J
0

f(R) =
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ci=ycicl. R =

INT A—H
vdw radius 30.0A

scaling factor Sg 0.75, damping factor d 20.0

Ry +R

C6 RO C6 RO
Jnmé/mol A Jnmémol A
H 0.14 1.001 K 10.80 1.485
He 0.08 1.012 Ca 10.80 1.474
Li 1.61 0.825 Sc-Zn 10.80 1.562
Be 1.61 1.408 Ga 16.99 1.650
B 3.13 1.485 Ge 17.10 1.727
C 1.75 1.452 As 16.37 1.760
N 1.23 1.397 Se 12.64 1.771
O 0.70 1.342 Br 12.47 1.749
F 0.75 1.287 Kr 12.01 1.727
Ne 0.63 1.243 Rb 24.67 1.628
Na 5.71 1.144 Sr 24.67 1.606
Mg 5.71 1.364 Y-Cd 24.67 1.639
Al 10.79 1.716 In 37.32 1.672
Si 9.23 1.716 Sn 38.71 1.804
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 1 31.50 1.892
Ar 4.61 1.595 Xe 29.99 1.881

1 J/mol = 3.8088e-7 hartree,

1 bohr =0.5291772480 A

® Grimme (DFT'D3)? 51k (3— 3 2 2019.01 LL 1)

DFT-D2 D15y, DFTD3 iELFIHTE £7° (Stefan Grimme, Jens Antony, Stephan Ehrlich, and Helge
Krieg, “A consistent and accurate ab initio parametrization of density functional dispersion correction
(DFTD) for the 94 elements H-Pu” The Journal of Chemical Physics, 132, 154104 (2010))

DFT-D3 4, DFT-D2 DUERTY, 1/ glcffild 23800 5 2 & X035 A—4 — AN HAF S B il LAY
DFT'D2 L #7258 TCHY, FHIBA DY L > TRT ORFHEEDEN AR AIFRICKR S EH Z e TE
HED o TVET,

DFT'D3 {459 27-Di21%, DFTD2 #EE L [F L X 5 12F 3 control 7' &2 v 7128V T sw_vdw_correction
Dfiz on IZLET,

Control{

sw_vdw_correction = on

S 51T, accuracy 7 1 v 7 2BV T vdw_method & LC dftd3 ZF5EdAuT kv,

accuracy{
vdw _method = dftd3
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DFTD2 {£5° Williams OELE, 77 T AU — VA EER O DI tHE % EFR T DUEITH D F
B

F72, NTA=EZ—T 7 A VBENTH L5514 file names.data ® F DFTD3PAR CHeEL £,

&fnames
F INP = ‘./nfinp.data’

F DFTD3PAR = ‘./dftd3par.data’
/

F_DFTDSPAR ®7 7 4 /v MilL./dftd3par.data T3, dftd3par.data 7 7 /L%, PHASE/Q A A h—/LT 4
L7 B U—OTFDOLLFOSAIZH ) £97,
samples/vdw_correction/dftd3

5352 AN/ A—=4

vdW i ERERER D # 7 —

A fiE g
Control sw_vdw_correction
Accuracy vdw_method williams F 74 b
grimme or dft-d2
vdw_radius 20 bohr

30 A (Grimme DFT-D2)
vdw_scaling _factor 0.805 (Williams)

0.75 (Grimme DFT-D2)
vdw_scaling factor r 0.8 (Williams)
vdw_damping_factor 3.0 (Williams)

20.0 (Grimme DFT-D2)

Structure atom_list
atoms ttag vdw C vdw i 1EIZF
(B ICHED type ZHRE
vdw_list vdw FHIEIZI1T A& 0 | Wiliams
BT BT A—H #agtype c6 0 p
Grimme
#tagtype c6 r0

L, vDW i EHREZ D358 OWZED AN TEH

vdW HIEDOHTED/ X7 A —F DIFE

Williams %, Grimme(DFT-D2/EDKTTRD/ T A—H 7 a7 ANTRL, 774/ ML LT\,
vdw_list @ type %, atom_list THE L7= vdw O type & X L CWAUENRH D,

Williams 7%

vaw_list{
#agtype c6 0 p
H 2831179918 1.17 0.387
CTE 2267403316 1.70 1.061

}

Grimme(DFT-D2)i%

vdw list{
#tag type c6 r0
H 0.14 1.001
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c 1.75 1.452

ANF1RF A—H 3]
vdW #IEBSH#ED A 17— 2 il % DL F I,

Methane Dimer Williams 7%

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
f#tag element rx ry rz vdw

0 0 0 CTE
0 1093 0 H
1.030490282  -0.364333333 0 H
-0515245141  -0.364333333  0.892430763 H
0515245141  -0.364333333  -0.892430763 H
0 37 0 CTE
0 -4793 0 H
-1.030490282  -3.335666667 O H
0515245141  -3.335666667  -0.892430763
0515245141  -3.335666667  0.892430763

IITITIITOIITITITO

I T

}
}
vaw_list{
#tagtype c6 0 p

H 2831179918 117 0.387
CTE 2267403316 1.70 1.061

Methane Dimer Grimme(DFT-D2)1:

Control{
sw_vdw correction = ON
}
accuracy{
vdw method = grimme
vdw_radius = 30.0
vdw scaling factor = 0.75
vdw_damping factor = 20.0
}
structure(
atom list({
coordinate system = cartesian ! {cartesian|internal}
atoms {
#units angstrom
#default mobile=on
#tag element rx ry rz vdw
C 0 0 0 C
0 1.093 O H
1.030490282 -0.364333333 0 H
-0.515245141 -0.364333333 0.892430763
-0.515245141 -0.364333333 -0.892430763

ja=ia=iiasias]

H
H

271




C 0 -3.7 0 C
H 0 -4.793 0 H
H -1.030490282 -3.335666667 0 H
H 0.515245141 -3.335666667 -0.892430763
H 0.515245141 -3.335666667 0.892430763
}
}
vdw list{

#tag type c6 r0
H 0.14 1.001
C 1.75 1.452

H
H

5.3.5.3 Z1 5]

Water_Dimer (Williams, Grimme(DFT-D2))
Methane_Dimer (Williams, Grimme(DFT-D2))
Ethane Dimer (Williams, Grimme(DFT-D2))
ATstack (Williams)
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5.3.6 AxhERAE (ESM %)
5.3.6.1 F¥REDOHEEE

ESM (Effective Screening Medium)A[1][2] & 1%, RifET VARG L <D 720 OFETIETY, PHASE (X
FEERH L U AR 527 0 7T K7D T, BEIITEEROAIOE S Z LAFRETY, KiEET /L
RO VG, RMICEE/L AN BTG A25%0T 5 Z LI Lo TRmAREE LI ROFHAEEZITNET, Z0XD
IRIREDEEE, T2 & 21T Ui=36H 78 E1HIE U < X720 O TR RAIE A i 30 B3 5 0 £97, ESM &I,
FEIHILIER ) (effective screening medium) Z EZEEIZRRET D Z L IZ L o CHEIERIC IS K SFKmiER L
HIROBEZSES TR S Z L 2 wREE 5 HETY, 22 Tlk. PHASE ([ZHZmA £7- ESM EOFH I EE
HL £,

5362 NJ)"T A =4

FP%. @HF O PHASE & L [FREDATIRTG A—Z T 7 A L EWEH LET, ZOBS. FAEREOEzROHHFIC
EENAMETT, ESM 7177 Aid, ZRLLTFORO X HICERIN TNWD I EERELTWET,

_Zl
-
T

N

vacuum vacuum

i i

o2 0 /2

& 5-52 ESMRIZEWTURE L T2 R T EDER FIEOERIK

Zix. 2 10 (@ BXODb sigFm) (B, 1 J5m (el ISHER TH L Z L A RE L TVWET, cifif
DB 0 1272 DN ROPLIMNIE T 5 KO ICHEIN U TREY T F Ly 77 A~ A F AN 228 % 5%
TET, E6IC, ROFEDBIEE 21 (NIRRT A—2T7 7 A UL > THRET ) B3NS ESM A3E D>
nET,

accuracy 7 H 7 Zesm 71y 7 ZAFRK L, ESM HOELHE L £, #RIZIE, IFoLB0,

accuracy {
esm{
Sw_esm = on
bc = pel
electric field = 0.001
}

esm 7y 7 DR T, PLTOZEEZERT 5 Z LASARETT,

SW_esm ESM EZFIFAT 2008 9 ataEd HAA vF, on ZHEETH & ESM EAFIFA L £,
77 %)V MEl off

z1 ESM OrEZFEE LET, FHENRVSGE, BAMEOERZ ESM NEMLET (T70b
5, zl=c/2) .

be B4 (boundary condition) #4857 L ¥4, BARE, PE1, PE2 O\ )z feE LE£7,
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BARE (Iifilloo ESM A352¢ GF&E+ 1) . PE1L IEWiilo ESM 23@)8 F5Ew) PE2
X ESM O RIAEZE, 9 ARG E WO BERSMTd, 7 7 4/v MilX BARE

electric_field HIREGEZIEE LI-WEAIS, COEEFFHEACIRELET, ZOHEEIR be 8 PEL T
BTG EDRTERE LB ET, TNLSDEE., FETFSRINETA, BHOEN
i1, hartree/bohr T3 (¥51.4 V/A) .

add_elec B 2BV L 72Ol BIVEIER L7 WE TR E S THRE L £, HIFRL72WGE
FROHEERELE£T,

z_wall JRFREZEREDH LN BITATRNE DI “BE 23T 55812, €D “H o
DIREEFITITOET, ZONTA—=FDIRENRH S TIHEIZ ZOWREN AR L 720 %
R

bar_width BE KT R NEBAT DA, ROREE R SOBLTIEE LET,

bar_height BE RT R NERT DAL, TOMmS e TRIF ORI TIRE L £7,

5.3.6.3 FIEDOIAT

FIHRDOIATIE 8 O PHASE OFHELIE D AT E T, WFNDTEREAR T 2 2 x A OfilR7: EITFHZH D A,
T & 2EHERREIC BRACHIIE D VD EH AL

5.3.6.4 F155]
(1) KD+

ESM (&M & LT, BfliZeko O EMEREFEN LET, ZOFED AT 7 7 A /WX, samples/esm/H20
PIFIZH 0 F9, AKoHE BIRTHIBRTE—A 2 b boTWDHDT, Ky HHEEOEHAROREOGES
TR CAIROBZEN A LUET, ESM . 1 SO HAZAOWCLIEROHEA4T9 = L1250 T, IE
LWETRAR—=NEOND EEZBNET,

ZDXI T L EMERT DI, LFOX S et EEF ML ET,

1. Ko FHED, JHHRIZBT e 3L X —F1HE

2. KOTHIED, ESM AL e/ —3tH

3. KO FEHUVENWICEE L7220, FAFRRICKET 52T L —3tHE

H *

@0

i,

X 5-53 HeO 43+ % H\ WEV NIAE L2k,

3. DL IS FEREUVENNIRE L-REHETAHZ LI Lo T B -E— A > NFTHIET 2 ENATRET
4, LI TL 8.0FEIZ L5 TELNE AT R —DESOHIE, 2. OFE L ERN BT 51397,
ZITE. ZOLIBRERPELNDENE I D EHERLET,
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I AT LT —DRERIE, LTNIORLET,

2T FRVFX— (hartree/ H20) SR L D= (hartree/H20)
1.3 -17.1855148193 —1.8927504%103
2.DFE -17.1836307637 8.6948x10
3.DFHE -17.1836220689 0

EPLWHLAR LI, ESMIKIC L D55 & 8. ORFAORFIIIEFITLL, “MIROROFHF"2S ESM A2 &
STHEHTETND Z LD £,

(2) EHZHEIN LT
ESMIEZFIIT 2 & clitF A CEBS AN UG R AT 2 Z L3rRe T, 22Tl iRl k>T

ZORMAFEEZBRALET, ZOFED A7 7 A Vi samples/fesm/Al111 LLFIZH D £97,
B U= R AR OFER T H R L2 A1) D2 T, LA FO L 9 258 EIC L > TESM 25 L £,

accuracy{
esm{
SW_esm=on
bc = pel
electric_field = 0.001

¥
}

BHEHIIT 51213, NT A—=H be & LT pel ZHEET DUENH L RUTERE L TIIZSY, Fo, EHOX
BaH DDA T oy Ve 50T, AHBEEICETIREL AN L THY £,

postprocessing{
workfunc{
sw_workfunc = on

}

ESHORE &3, -0.001, 0,+0.001 (HALIFFHAT) LZ(LSETRRZITOE LIz (0 D7 —A L@ OFf
HEIHZIFR U T, HfZIS, ZORITIISHEFER D 0 953, EHAFNIT 5 & Rz 382 b s
DT sw_inversion /37 A —H | IFHFE L TWEF A,

U EoOREDS &, @@ PHASE #F(TLET, &7 —AFEIMET LI2H, workfune 7’1 7' F A %F|
AU TRA MUBZ T L ET, ZOWRORERSE LD RFTART v v O, Ea T 656 & LRy
Bram7e & R EETMOEEORRZ X 554 (R LET, ZORIZBWTL, oD X 9 &0
DOHLSINFROBE, 37205 5-54 DR DHSIZ /2> TOET,
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16 ‘

N
12 + ;“ \ 1
10 + “ \ i

—————— ‘

0.6 |- |

potential difference (eV)
o
[e¢]
T
‘/
{
i
|
é
\
{ |

04 - | |
V \ “

0.0 :
0 5 10 15 20 25 30

distance along the c-axis (A)
554 B —HIVIRT V¥ NDZESy & RN 2 EERE L DEHR,

B SR K91, BRI 2 Z LI &> TR DJRHFTART > 2% M Le E AL TV E
o Fel @RIV TIET 7y beRoTHET, Zhud, BHITEZHTRAEL, SRPTIELT

WRNWZ EERDLTWET,

5.3.65 fFHIZHIT HHEEMA

ESM L&A 2558, a2 A VOB T — Y 28T A 75 ) —& LT FFTW ZFIM9 2080386 1

ES5 S
® JFFEIEDHEICRW T, RESIHOAEDIFFTERHEET D & 91 L, weight /37 A—Z32>RIZ 1

L LTLEENY,
® FLZHIINT 556 cimOxIPEIH 72 L LTHIERRDONLDOT, ZD X 5 Ik TN 5 &

T LTLIEEY, F£77, sw_ inversion /37 A —XZ % on [TIX LRV TL 7ZE W,

5.3.6.6 & ik

[1] M. Otani and O. Sugino, “First-principles calculations of charged surfaces and interfaces: A plane-wave

nonrepeated slab approach”, Physical Review B 73, 115407 (2006).
[2] Hamada, M. Otani, O. Sugino and Y. Morikawa, “Green’s function method for elimination of the
spurious multipole interaction in the surface/interface slab model”, Physical Review B 80, 165411

(2009).

5367 74L&

PHASE @ ESM ##Ei%. EsmPack 714 77V —%i@ L CHEH I TWET, EsmPack 71 77 U—%, FE¥E
B AWIEin D MIT 74 2 A TR STV D, ESMEEFEHT 700D T A4 77 UV —T7, L
TDOTA o AR & TR T2V ECTRIAL &V, F o ARER I L GRsUCE R EE1T O A
WSUERL, (212 55 SURICE DTS TEE 0,

Copyright (c) 2012, Minoru Otani <minoru.otani@aist.go.jp>
Permission is hereby granted, free of charge, to any person
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obtaining a copy of this software and associated documentation
files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge,
publish, distribute, sublicense, and/or sell copies of the Software,
and to permit persons to whom the Software is furnished to do so,
subject to the following

conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES
OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

5.3.7 Dipole f#1E

Dipole filiIFF#ERE & 1L, SROMAFARIRIEDEF AT Z DA FTHINT dipole ZHLE 35 Z LICX > THIEL, TELW
BT RNF—EROTZY, BEEEINUIZFEEZITY 2 LN TE HHHETY, Dipole DRE ST 7ar v A
7 MIREDHDOT, 22— —ibl72 dipole DR E SABET A0 IH D FHA, £z, JRHEIFEFEICE
WTHEBBINDDOT, WEREICRHAT2 2 E B REE 2> TOVET,

53.71 AJPRTG A=K —T 7 A NLDEZXT

Dipole i iFMREZ AT HITIE, AJI/XT A—H—7 7 A )LD control 7' 1 7 ZHEWTLLFD X 5 725tib %
FTVET,

control{
sw_dipole correction = on

ZOFREIZE ST, dipole fEMEENAZNC/2Y £9, IHIZ, accuracy @ dipole 7 7 > 7128V, dipole
HIERERE DRI E AT TV E TS

accuracy

dipole correction{

direction = 3
amix = 1
vacuum {

rz = -0.5
}
elec field({

ez = 0.0

dipole_correction ™ @ vacuum 7 2 > 7 C dipole ZALE T HE %, elec_field 7 7 v 7 CHNTELG AR ET
HZENTEET, dipole_correction 7' v 7 IZBWTCHIHTE /37 A—Z —3RkOFI T8 TT,
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INTRA—=H =4 Wil

direction MHGFDME ZHE L ET, 128atdlGm, 28
b BT, 3 23 cHlH IR LET,

amix BRGA- DI TRG A= =TT, 050
KL, 1UTOEEEELET, 7 74/ ME
X1 T,

vacuum BRGANE ZFRET D7 10 v 7 T, PGRAD
PriElL, BpRoES%2 1 L9358 CIREL
7,

BUBA-D, a G HONE T, direction=1 D
rx | AICRE LE T, MY, BEZEIChE L E
‘a—

KRA-D, b iR OME TY, direction=2 D
ry | AICERELE T, Bm L, B2 CEE L E
vé—‘

g1, ¢ HiFmOMETY, direction=3 D
rz | BEICHRELE T, P11, BEZEEE L
j—

elec_field HInL7zv N &S a2 feEd 57 1 v 7 T7,

0, afliiMOfE T, direction =1 D5
ICRRELET,

ex

EHOD, bHEIFRIOME TY, direction =2 D&
Y iBELET,

0, CHlFMOfETY, direction =3 DFH
ICRRELE T,

ez

Dipole ONLEDFRE FEITHIIRNH DO T, EE L THEETDLERH Y 3, WX % 2z 535
&, Trz+0.5 OFIEICROFUINIE TS L 912), £ LT EYBERASMHIZEETIC FEELET, 7-& 203
5-55 D L ) ICHAIRIDO TN R EZEBLSIEA, r2=0 L LET, AUBERSE T =1 LTHEEZE)
TN, ZOLIBIBEFAEERD T,

Rz S Rz

z=0 z=0.5 z=1.0

X 5-55 Dipole fIEZ AN T 2 REROERK

77, dipole FIFFERE L EHATINED W FHAN, FROX D AREEITH 2 LICL > TURIFFRT o v
NTHZ N TEET, ZORELHM LI LR A RO DEROFRE A Z LI k5T, EZIEOHA
EIRFTART 2 v VOBIRESRNTS 2 Z L A3 RIRET T,

postprocessing{
workfunc{
sw_workfunc = on

}
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53720777 A NDRIF
Dipole fiiEZ AN LIRRE CRIE A2 AT D &, outputxxx 7 7 A /MIZLL T D X 512 dipole DJEFEN SCF A
Tyl IEnET,

-0.50000000

-0.22795296 =
-38.10003241
-37.87207945

0.50000000 3
-0.5795 Debye = -1.9326x107-30 Cm

Dipole: rmin,rmax,idir =
Dipole: Total =
Dipole: Ion =
Dipole: Elec =

Dipole: mix dipole and field with amix dip= 1.00000000
Dipole: (NOW) dipole, field = -0.00776990 0.00000000

Dipole: (OLD) dipole, field = -0.00776992 0.00000000

Dipole: (NEW) dipole, field = -0.00776990 0.00000000

Dipole: Edip(ion),Eext (ion)= 0.01230 0.00000

Dipole: potential jump (dip and ext)= -0.09764 0.00000

Dipole: Total TR STV AfiElE dipole DK & X2 1 DT, Dipole: NOW), Dipole (OLD), Dipole NEW)
THE STV BT ZENENBLAT » 70 dipole Dfi, 1 A7 v 7Hii® dipole Dfii, X7 L 7 DFERSELN
7= dipole fEIZFEYS LE973, SCF TR L Z0HDRT v /U5 L 5 (7 E TR L S & L e > T
5 1-0fEOKE &3 Dipole: Total DFiL & Hp v £,

5.3.7.3 FHEH
Dipole i (EZFIH L7zit5HE & LT, ESM &[REKF O] & B4 FIN L 7-5HEFI 22 £,
(1) K5+
ESM 0ff] (5.3.6.4 (1) )&RUE T 42T, Dipole fEAFIH L7- S X —3HH21T> ThE LIz,
ZOBFNZIEWT, Dipole IFEATFD L S ITEREL TWE T,

control{
sw_dipole = on
}

accuracy{

dipole correction{
amix = 1
direction = 3
vacuum {
rz = -0.5

}

HATO—F IR F2EE L CWADT, vacuum 7 2 v 7 OB vz DfEIZ-0.5 & 72> TVvET,
FEFIIROFITORTIAY T UKD TOldm 2D LEZ 7-0T, ESM OfE 2RI TIEH Y FHA),

R 534 K FORRDLEL

IETL HEHY esm ref
I*)b:\f—(ha) -17.201981 -17.201719 -17.2017015 -17.201773
= (ha) -0.000208 0.000054 0.000072 —

ESM DA & [EkE, fEL7RVEA & il L C L W BIREIOIW RV X—52B5 2 e N TEE LT
5-56 12, cHilh & RFTRT v v VOBREMIE R L, fiEHY, ESMEOEASIZONT Ty LEL
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770 ZORNZEWTIE, clils 0 3 L0 16A IBHONIET AL THEE S CWET, fiER Lo

ey, B

2

IZCBWTH RFTRT v LIMEE 28> T ET, Zhu, JEEIRICIE AT K F03 7 —a AREAERIC L -
THAMEHLTWD Z L 2EHR L TWET, i), Dipole fiEDYA & ESM IEDOBAITEZEDL 1 9 EHuiic
BOWTRATRT 2 v UTIRODEIIN TV E T, WFREOEE K FIB AN B 283, Z0s%

HZEEDOHLGHT- 0 TR L TWA Z & AER L TOVET,

0.5

potential (eV)

T X T
~no correction
dipole correction

(2) BHAEUNLIZEE
130 ESM 0ffi (5.3.6.4 (1) )EFR U YT 42T, Dipole filEAREZFIH L CES AN LI-FHA1T-
THE L, ZOREE, LFOL T8> THET,

4 6

8

10 12 14

distance along the c-axis (A)

X 5-56 EZEE & FPTART v v ¥ VORM%

16

control{

sw_dipole = on

}

accuracy{

dipole correction{

amix = 1
direction = 3
vacuum{
rz = -0.5
}
electric field{
ez = 0.001
}

280




postprocessing{
workfunc{

sw_workfunc = on

}

UL EORRET, WmEimY PHASE #3F(TL, & T workfunc 7’227 AZFIH L CRA MBRAEEE L FE T,
Z DUFRDFERIS SN D JRFTRT X VD, EEENIT DA L LRV A 07 & R TEE i/ o
HEDBHR A X 557 |ITRLET,

0.4 \

03 - f\*‘”\‘“\ i

0.2 - s ‘ .

0.1 - / ‘ a

-01 - ‘ Ng 4

potential diff (eV)

02 L i |

03 - ‘ /} |

-04 | | Y I |
0 5 10 15 20 25 30

distance along the c-axis (A)

557 T —HIVRT Ly MDFESY & FE TR 22 IR & OEHR,

ESM DA Lk, AT v /LDFESY, BZEBICBWCHEEZH Y, ST TIT7 T > MY
F Lz, ZHUTESBT CITBNENREL TN L 2R LTEY, EAWRER SO EE I ERE
S>TNET,

5.3.8 PBEsol A% (/\—2 3> 2019.02 LAK%)
5.3.8.1 1z

PBE ILBHU 3K T EE ARG 2R D | N REES T + / ARBE O FEERFER & OTefifs F4a<
WAV £3, PBEsol LE%L (J.P. Perdew et al, Phys. Rev. Lett. 100 (2008) 136406) |3, PBE JLEk A&
frlal I homf b U7IBEC T, BB BRI U< 720 . Ry RREENSET D Z EAmb Q0 E T,

PBEsol LB ClE, AT 3/ — R ONHBE =R L —L, ENZi
E)I(’BESOI [n] _ J’dr e)l(mif (n(r)) FXPBEsoI (S(I’)),

s 1 faen s
E
FXPBESO| (S) -1+ /ISZ

a0
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EZ®* [n] = [dr n(r){e!" (n(r))+ pt*},
_vn) ke
- 2K.=n

THEABNET, ZIZT. (=10/81 KU B=0.046 TT,

(5-5)
t

’kTF =

53.82 A7)
xctype & LC pbesol Z48ELE7, #RT v v/ UTiEHEDO PBE ObLOEEHTLHZ ENTEET,

accuracyt
xctype = “pbesol”
j

BT v Ui O PBE O OZFIF LT &V,
5383 H/

AR ) (output000) (2, LAFD L 5 formmnSivEd,

PP xctype = pbesol ps_xctype0 = ggapbe |

ZOBITIE, BiRAATZBERT v v /U PBE TH DM, §HE1T PBEsol TITH Z A EMRLTWET, Th
LNz, PBEsol ¥ OHIIEZH Y FH AL,

5.3.8.4 FHf
samples/TMDC 7 4 L7 ks U—LLFIZ, transition metal dichalcogenide (TMDC)DEHED AT 7 7 A JVHNED
NTWET, ZOHIZiE, PBE DIE7>PBEsol 2 2 1738 0 £, BIETHE LI DA EE AR DI HEH# L

F9, BAOLA TT,

Table 5-1 TMDC D#&FEL, BT A

MoSe MoSes WSs WSe2
PBE 3.196 (+0.035) 3.374 (+0.089) 3.189 (+0.036) 3.339 (+0.051)
PBEsol 3.149 (-0.012) 3.293 (+0.008) 3.146 (-0.007) 3.289 (+0.001)
FEANE 3.161 3.285 3.153 3.288

FIteia PBEsol D ANERANEIZIT FERAMGHND Z L HER TE £ LI,

5.3.9 meta-gga (/\— 3> 2019.02 LIF%)

5.3.9.1 #E

modified Becke Johnson AR T > v /Wid, L TFTORTE 2 HE(1][2],
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mBJ _ ~yBR _ l E t,(r)
v (r)=cvg (r)+(3c—2) ~ \/; o)
c=a+p49, (56)
:il dr’ ‘Vp¢(rl)‘ N ‘Vp¢(rl)‘
Vear 2 g P (r) p(r)

cell

s p (1) ROt (1) 1, 2 Z RS (235 T T, R ONEY LSRG

0cC

£, (0)=> W (O,

(5-7)
1 occ
(1) =2 Vv (0
nk
IZEVERINET, 2. & =0.012, B=1.023 TEHKTT,
7, FRCEEE LI Vs I,
ver (r)=- 1 [1— e _1 x_(r)e® } ,
b, (r) 2 (-8
x. () \¥3
X (r)le-
b, (1) =20 €
277\ p,(r)
TEZINET, 22T, X 1T OB T,
2,13 5/3
Xo€ = g 3 'OL’
X,—2 3 Q,
1 (5-9)
Q, :E(Apa -2D,),
2
\Y
p =2t - LVPl
4 p,

7235, (5-O) DA X, FIBAEAIN RN T G DI E T3 FIFLEE DB D Proynov b [BlOITfEZA M L £7,
5392 A7)

(1) SCF #tH&

Tl

modified Becke Johnson AZHiRT L ¥ /L ZFIFT 5121,

accuracyt
xctype = "tb09"
}

ERALET, 728, (6-6) D cfElL SCF A THIE LETA, S DEICEE L2V EEITIE. RO X SITL
i‘é—o
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accuracyt
xctype = "tb09"
metaggal
val_c_tb09 =1.20d0
H

AT &) L X E A [FIRI IR ST 51213, sw_mix_charge_with_ekindens=on & LE3, 77+
)V M off T,

Charge_mixing{
sw_mix_charge with_ekindens = on
mixing methods{
Wtagno method rmxs rmxe itr var  precistr nbmix update
1 pulay 040  0.40 40 * on 3 20 RENEW

(2) N REHE

W OFE L FKEIZ, condition = fixed_charge Z+5E L £,

control{
condition = fixed_charge
}

Z 2T, EWEEROEER T RV —EEIL, T A NADDHAADMERNSH DD T, W7 AN
file_ names.data IZfRELET,

&fhames

F CHGT ='./scfinfchgt.data'

F EKINDENS ="./scf/ekindens_bin.data’
&end

k 2. xctype. UNHSFOFEEIL SCF #HE & [REETT,

539317

N KA, @O DFT 35 L F UL, F_ ENERG (7 4V b7 7 A V4 : nfenergydata ) [ZH 1S
7, ok, TEEIT LY R, EAEE F_CHGT &R, 7 J—¥CT F_EKINDENS ( &7+
JV N7 7 A V4 ekindens bin.data IS ET,

5.3.9.4 FHif

Meta-gga #1iEH L7=#5517)8 samples/meta-gga L FIZEAMUTCWET, T 2T, Si & Ge OFEBIZFEN L
7

(1) SiDFRFER

# 535 mBJ AHAHE/EROFERER (Si, diamond )

xctype a[Al gap [eV]
PBEsol 5.445 0.582
TB09 [7 F 1.149

cf. FHRAE 5.431a 1.17b

a) ref. [4], D) ref. [1]
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=
B

5
Kt

TBO9

A
O
|| |"-. |‘ 4‘ Ir’

N W)
| PBEsol

o e

density of states ( arb. unit)

\ u |
:I‘q r" A
; vll‘l \ H"I I‘I'II‘ f
LRIRAAYI
" v II.‘II

-

|
\ ANV%W& HNQ

4 3 2 4 4
energy (eV)
NUR
6 —7
4 —L ;,fff../
2 T SN
P~ =
> I TN
S, L ]
)]
g
c
O 4l
( PBEsol —
-8 R TB09 '
-10
12 i
X r L U X

5-58 mBJ ZHUHANERIC K 2 IRAEBFE K OV R4k (Si, diamond )

(2) Ge DEFHEAER

# 5-36 mBJ ZHAREEROHERSE (Ge, diamond )
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xctype

a [A]

gap [eV]

PBEsol

5.733

0.000

TB09

[

0.496

TB09 (BT EHK : SERfiE)

5.6512

0.638

cf. SEBRfE

5.65122

0.74b

a) ref. [5], b) ref. [1]

energy (eV)

PBEsol
8 TBO9

f
-10 |

-12
X I

559 mBJ AZBAEEAERIC X B3 R438L (Ge, diamond )

L
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5.3.9.5 &k

(1] F. Tran and P. Blaha, Phys. Rev. Lett. 102 (2009) 226401, and references therein.

[2] D. Koller, F. Tran, and P. Blaha, Phys. Rev. B 85 (2012) 155109, and references therein.
[3] E. Proynov, Z. Gan, and J. Kong, Chem. Phys. Lett. 455 (2008) 103.

[4] B. S. Atdaev, V. F. Grin, E. A. Salkov, and V. G. Chalaya, Inorg. Mater. 23 (1987) 1835.
(5] S. B. Oadri, E. F. Skelton, A. W. Webb, J. Appl. Phys. 64 (1983) 3609.

5.3.10 Open core i% (43— 3 > 2020.01 LA%)

5.3.10.1 HZE

B, BT VY WETIIERER THAPRRE DAY il 3E B L £ A, Opencore ¥E[11 T, PFRKE
FHHBERDEGEIZZ DAY Ui A ) ANTZGHRAITOET, 72720, MiE - Cldray \t@%@%ﬁ%f’?
A USRTEE LET, ZORIE, PCC 136 5856 ORMHFHEIERRC, PAW OZZ#ufH A/EREAE U CH
DNBNET, fE T2 S OBEMEIORE T UIUTAW OIS THETT,

5.3.10.2 FHRFG
. PCC NEEA A Y 3003 8 5 52 ORI EAER AT v o v i

Vie (0. 95)
DI, Ty TROF T o A OffidE 15 (%ﬂ%ﬂpv &Upv) DL LTibilE S, £7-. PCC
B HHFEITIE

Ve (20 + Prcs Py + Prc )
DEHIZ, REATLBR)Parital Core DEE %, MifET A L EEICNA TUEISA TOET, Zh

(ZXF L. opencore iK1 p, MAEUAMKAF L THRWIETT N, A UK T > 2 v VAAED BN
0 ET, TOFEMIZOWTIE CIAO D~ == 7 /L& ZE7EE,
53103 AT A—H—

opencore FEREZ T 51T

accuracyt
SW_opencore = on

LEALET, FEAMRTET O PHASEO OFE L FERECFITLTLE SN,
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5.3.10.4 {5l

Nd (2a) Fe (8j)

95’@‘%
@@@49@

8 Fe (8i)

X 60 5k NdFew OfESERE

N7k NdFeiz ZfilZ opencore OIRAEZT TV NE L7z, A& EEL OWVEREARE ISR 2 L& L7, #H5
FHILLTD LI T, *sT D A7 7 A /WE samples/opencore UL FIZ&H Y £77,

# 537 NdFei D&/ 37 2 —4#( STER2])

¥ (Al
a 8.533
(¢ 4.681

PR
Nd (2a) ( 0.0000, 0.0000, 0.0000 )
Fe (8f) ( 0.2500, 0.2500, 0.2500 )
Fe (8) ( 0.3594, 0.0000, 0.0000 )
Fe (8) ( 0.2676, 0.5000, 0.0000 )

#* 538 NdFewz DFtESM

WEBE T~ b4~ [Ry] 25
B > N4 7[Ryl 225
k STy s Monk (6X6X6)
ZHFHRIFE AR paw = on
BART v (4 U 7 /V)Nd_ggapbe_paw_01.pp,
(1) Nd_ggapbe_paw_015_4f core.gncpp2,
Fe_ggapbe_paw_02.pp

IV DT NDEERT L ME Nd4f aﬁﬂ%zﬁ:ﬂﬁa‘?%é: LCEBRET, FERT o v LA FECER T 554,

Af BEFROIRNY — o R EEET 72012, DFTHU EEZ WS Z NNy, 220, UsDfid L
“C 0 & 6eVD27r—Azo\T SCF nir%%m E L7,

—J7. FLWEERT v L TlE, A 27 & LTHR->TWET, opencore HY + 72 LD 2 7 —R[ZD
WT SCF #HRAEITVVE LTz,

7 53985 A FOMSKTE—A L MR LET, AU VT VO#ERT % /LT U =6 eV & L7zfER L
B LUWEER T > Uy VORHEREFRDGINZ L3070 £97, BRI, opencore EDYFAIZIE, Uei=6 eV & fiisdT
IFERPE DI TOET,

7% 540 (Z SCF £ T? iteration #a r LET, HLWVEERT o v VA2 HWEETIL, B 2S5 E20
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gy FSRT % Z &30 £

#F 539 NdFei DEERT—A b

AR O FVF, FV o, i, o,
KOS Uer= 0 eV Uer=6eV opencore 72 L opencore & Y

Nd (2a) -0.243 -3.502 3%-3.391 3%-3.499

Fe (8f) 1.898 1.905 1.888 1.903

Fe (8) 2.603 2.599 2.595 2.602

Fe (8) 2.381 2.405 2.386 2.396

XA EA DALY -3y HINZ T

% 540 NdFei» DEEIZHITH SCF £ TIZET S iteration 3

BRT T x v AU I, FV VT, T, T,

KOS Uer= 0 eV Ut=6eV opencore 7£ L opencore & V)

iteration %% 223 69 33 34
5.3.10.5 Z& 3k

[1] T Miyake, K. Terakura, Y. Harashima, H. Kino, and S. Ishibashi, J. Phys. Soc. Jpn. 83 (2014) 043702.
[2] T Fukazawa, H. Akai, Y. Harashima, and T. Miyake, J. Appl. Phys. 12 (2017) 053901.

5.4 L= RIS DERMT
5.4.1 NEB %
5.4.1.1 FEREDOHEE

Nudged Elastic Band NEB)?%35 £ Of Climbing Image (CI) NEB 7413, SUSEEEIZIT DIRIREE & $IRAEDR]
D/ NV X &S A RO B LT,

NEB %45 L O CI-NEB V4 FU V=SOSR FELZ 80 I, BRREDIF TR R )35 L ORI IED L Tt (Ry)
DT D L LT, HEREE L SRREDRI O FRIREER,, | = 2 ~ N — DO HECT 3L F—7p 8%, Wi

T HRRE A — ) RATRUT L > THETI TN D &S RGO FORERoE( LR B 21T Ed, = 2 TR,
L, KA A—UIZB1T 5 SMKRTTM TR D OFEE G, NEB #38 X O CI-NEB EO HRHRAEI 23S 1T 2 4R
FHECEITABRIRAE L FRIRBED DATEIIET D Z L NATRETTS, IRIRRE L HRIREEZ A A — T B Lk 5 )5
EREL OEERASNET,
e NEBI:
HE DO NEBEICBWTL, BA A—OFEANIRO L9152 bvET,
ﬁi == ﬁislll - VE(ﬁL)lj_

TIT, FR RS DA A — VRO K AER OB RO TH Y, UTFD L STk bnET,

Ffly = k(|Risr — Ri| — |R; — Risa]) - 2.
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Z ZCRITTRER T, SR MOBALARY MLV THY, ROKXIIEHELET,
Ri—-Riy Ri—R
|Ri —Ri_1|  |Riz1 —Ri

T=

AVRDOVE(R,)| 1%, HFEEE R LI X > TELND, R NOBRUNITE 2 TH Y, LIFOL
IR HIET,

® CI-NEBi

CI-NEB 41, @7 NEB {23 LT b =V — D@ A A— BT IER IO EHEE SR L7
{£T¥, CINEB R T, @O NEB 52 W TRUGREE R 2 & SR ED - 1 T b i\ /b —

DA A =R mad ZE L, Ry max (B VEFIA 2RO L 5 1ZHH L E T,

ﬁi,max = _VE(ﬁi,max) + ZVE(ﬁi,max)

-

5
i,male. - Fi,maxlll

® [ TREHORRITIL

BB L — %3RO D U RIC IO T, Bl hEOHFEREZE< T EMFELNEEZ XD
NET, ZOZ b, BafhITA A—VOBEZEL L, HEROBEEX ZEVBE TROLZMERSH D £77,
T, BUSTRRIBAIR L HR U CRT v VBBRE DRI RD TR AT, T v v BRI EDA A —
VEERELS THILICEI D EREOMHEEZREL AT ZENAREE 72 £, DL F—REKIZ RN T
¥R A A=V BB ST L EE LT, SafhaoidhaEStkk # K& < T2 HERBZ DN TWET,
NEB 75 X O CINEB {ECBT 2 ERNL, 13 X A1ERT & =X —3HEIC K> TELNER O
TEAE A CROIENDDT, A A—UHOITIERI IR/ DIEEEIRT 5 2 E A ATRETT, 1XERDRRE H1E
E LT, UFOZ RN —DFIEREEMEE I N T ET,

E —E;
k = kmax — A (L) (Ei 2 Eref @%)'
Emax - Eref
k = kmax — Ak (Ei < Eref @%)

ZZTC, kpax FTREBDEKE, AkITTIERDOEKIE L e/ MEDZETT, ElidHOIXRTHITNZ 25
DA A—=TD ) HEWNWTERLE—DA A=V DTFRNVX—, Epo JIBA A=V TR EWTRIT—, Bl 3hh
WRBLHRED S B, @MW OTINLF =TT, ZOEDEOREICL T, FUSREKITIST DARIRRE( T &
HARBEAHI DA A—VBENELL 720 £,

5412 NJjR7 A—H

(1) NI A—ZDfsE

NEBEICRES S, ANT—2 DX 7B LOZOMAEZ LI FIORLET,

NEB (Zd3 5 A7 —~

Floays H2,H37m vy Lk s L]

Control
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multiple_replica_mode NEB R DI T
ON,OFF
multiple_replica_max_iteration | NEB iteration %%
multiple_replica
method BOGHRER AT
nudged_elastic_band_method
accuracy
dt NEB FHRIZIS T 2 51 FEAZ 5
HTDAL
neb_time_integral RERIRE 015
quench, steepest_descent, cg,
fire 7> DR CT& S (cg, fire I X
N— 3202001 LK) 77
/v ML, 2020.01 BARiI
steepest_descent, 2020.01 LA
P13 fire.
penalty_function ~FVT 1 B ON,OFF
neb_convergence_condition NEB [ HEFE D)
neb_convergence_threshold NEB [ Ef
constraint
ci_neb CI-NEB ON, OFF
sp_k_init IFHEE R )
sp_k_min I XE S (e M)
sp_k_max I EIREH R AR)
sp_k_variable ITREROREE, A
OFF [&E, ON %)
structur
number_of replicas V7 1K
replica L7 TR
endpoint_images MHDA A — OFRE L
directin, file
atom_list_end0 RO A A— DA U A R
atom_list_end1 MDA A—2 DA U A K
structure
symmetry
method SO E- 2

NEB IEDAS)73F A—F DFSEIZHOW T LE T,

NEB EOFEL, LFOHREEITOET,

NEBIEDHREL AN %
NEBHOIAHIE DR EEAT 9
RO A RRIET %

L) BHGERD V) T DS — 2 235
LU B OFE LT T OFEEF— 2 23 ET 5

B2\ZOWT, BANCEAEZ LET,

PHASE (Z NEB {EIC K DRIHRZFETT LI L2 D20,
multiple_replica_mode Z£%t% on & L ¥ 7,

NEB FREZ AT D,

UFDX 91T control 712> 7 D FT

| control {
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multiple replica mode = on

}

® IHCHIE
INHCHIESFE, multiple_replica 7' 2 7 D N D accuracy 7 1 v 7 D% neb convergence condition
TRELET,

multiple replica{
accuracy{
neb convergence condition = energy e
}
}

neb convergence condition (ZlF, BUEE/IILFINEFET 2 ENTEET, K121, RETEDHSR
{q:;gfﬂ——\‘ L/\i—a—o

WOARHESRMRIED/ N T A=

Bl el il
1 energy_e dE <threshold
2 phase_force PHASE &) Kfiti<threshold
3 neb_force NEB FH CHiLE L 7= 11D K< threshold
4 force_at_transition_state | fxRKTR/LF—A A— D PHASE D /1D KFi<threshold
5 phase_force normal PHASE 0, FRIRICHEE RS D S0 K E<threshold

® AL OXITREZFRET D

IN— 32 2020.01 A RFMEIC BEMESR (structurelsymmetry{method = automatic}}) ZF&ETHE, Wi
SO L) I DOWT I DUWEHTFIZ, FEO L7 1 X0 b @O BIER o0 o T35S, IERICEHRD
HFER< RV ET, =27 VREICLT, RERLIFAERTE 52D LICk-T (4212 ), 217V
71 DORFFEZAI R TF IV,

IN— 3 22020.01 UL BRI BEMESR  (structurelsymmetry{method = automaticl}) ZF%Ed 5 &, 4h
RAE, KREZZLT_XTO LT Y BWNTHGET DRFEDOA D@ SD LS ICEWEL £,

® [WiD LY I OFETE « AN CEAERE T 5 5k
M L 7Y T DJFAA A ANCBWTEBFEE T D121E, PIFO X 5 itk T )£,

multiple replica{
structure(

endpoint images = directin
atom list endO{
coordinate system = cartesian ! {internal|cartesian}
atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000

}
}
atom list endl{
coordinate system = cartesian ! {internal|cartesian}
atoms {
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funits angstrom

#tag element rx ry rz

Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000

ZH¥endpoint_imagesiZdirectin &) FFIAFREL, SHIT atom list_end0 7 Wy 7 [ZARIKAED,
atom list endl IZHIRRED L") I DFEEE A 5 O PHASE @ atom list 70 v ZIZHITAHHEEELFT
FOTREELET.

® [WiiD LY I OFRTE « Wik LY ) DR A T 7 A VINDERET D 51k

WERDA A —L DIFAEEZ 7 7 A VTHRET 2%61E, AJJ7T—4 @ endpoint images Dffi% file & L,
file names.data IZA A=V D77 ANAERELET, FOE, file names.data 7 7 A /VHTIL
F IMAGE (-1) B XV F IMAGE(0) LW H 7 7 A LRA v HZ—%FAL LT, UTFix, ANhT—FL
file names.data OFLRHITT,

A7 —H Dtk

multiple replicaf{

structure({
endpoint images = file

}

file names.data 7 7 A /L O3]

&fnames

/

&nebfiles

F IMAGE (0) = './endpointO.data'
F IMAGE (-1) './endpointl.data’

F7o, FAEET—42 7 7 A W EFEOFI Tl endpoint0.data X° endpointl.data &) 7 7 A LA,
RO LS A TIOR LE T,

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
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Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 1.644706293661 1.095414892118 11.000000000000
H 1.095414929519 1.644706317263 11.000000000000

® LT YU ADIEE : VT A DI A WO R R ORIARE] CHRE 35 ik
(proportional)

B LU O R R A W O SR AR OB A TR E T 5% A 1%, replica ¥ JIND

howtogive coordinates % proportinal & LET, A7 —F Oitibfila Ll MR LET,

multiple replicaf{
structure(
number of replicas = 6
replicas({

#tag replica number howtogive coordinates end0 endl
1 proportional 0 -1 ! 0: end0, -l:endl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1

o TRILTYIDIRE : PRILVTY I DIFFEEE 7 7 A MIDIRET 2 )71(f11e)

A A—2% 7 7 AV THRIET 25613, replica # 7D howtogive coordinates % file & L, X
T HIRAEET 7 A /M file names.data 77 AV THRELET, AJj7—HF & file names.data 77
A N LU IR LET,

NI 17— 5 Ol

multiple replica{

structure({

number of replicas = 3
replicas{
#tag replica number howtogive coordinates end0 endl
1 file 0 -1 ! 0: end0, -l:endl
2 file 0 -1
3 file 0 -1

file names.data DOECIRF

&fnames
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&nebfiles
F IMAGE (0) = './endpoint0O.data'

F IMAGE(-1) = './endpointl.data'
F IMAGE(1) = './imagel.data'

F IMAGE(2) = './image2.data'

F IMAGE(3) = './image3.data'

/

JRAPEET — 2 ZARET D7 7 A NVDOENL, Wi f A —2Y 085 LR LT,

AT A=F ORI IR LE T,

Control{
condition = initial ! {initial|continuation|automatic}
cpumax = 1 day ! {sec|min|hour|day}
max iteration = 10000000
multiple replica mode = ON
multiple replica max iteration = 2000

}

accuracy{
cutoff wf = 10.00 rydberg

cutoff cd = 40.00 rydberg

num bands = 28

ksampling{
method = monk ! {mesh|file|directin|gamma}
mesh{ nx =2, ny = 2, nz = 1 }

}

smearing{

method = parabolic ! {parabolic|tetrahedral}
width 0.001 hartree

}
xctype = ggapbe
scf convergence{
delta total energy = 0.5e-7 hartree
succession = 2 !default value = 3
}
initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagonf{
cutoff wf = 3.00 hartree
}
}
structure(
unit cell type = primitive
unit cell{

a vector = 10.400 0.000 0.000
b vector = 0.000 10.400 0.000
c vector = 0.000 0.000 30.200
}
symmetry{

method = manual

sw_inversion = off
}
atom list{

coordinate system = cartesian ! {cartesian|internal}

atoms {

#units angstrom

#tag element rx ry rz mobile

Si 0.000000000000 0.000000000000 0.000000000000 0
Si 2.751721694800 2.751721694800 0.000000000000 0
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Si 1.375860847400 1.375860847400 1.375860847400 0
Si 4.127582542200 4.127582542200 1.375860847400 0
Si 0.000000000000 2.751721694800 2.751721694800 0
Si 2.751721694800 0.000000000000 2.751721694800 0
Si 1.375860847400 4.127582542200 4.127582542200 0
Si 4.127582542200 1.375860847400 4.127582542200 0
Si 0.000000000000 0.000000000000 5.503443389600 0
Si 2.751721694800 2.751721694800 5.503443389600 0
Si 1.375860847400 1.375860847400 6.879304237000 0
H 1.644706293661 1.095414892118 11.000000000000 1
H 1.095414929519 1.644706317263 11.000000000000 1
}
}
element list{
#tag element atomicnumber mass zeta dev
#units atomic mass
Si 14 28.085
H 1 1.008
}
}
multiple replicaf{
method = nudged elastic band method
accuracy{
dt = 40 au time
neb time integral = quench
penalty function = off
neb convergence condition = 3
neb convergence threshold = 5.0e-04
}
constraint{
ci neb = OFF
sp k init = 0.03
sp k min = 0.03
sp k max = 0.03
sp_k variable = OFF
}
structure{
number of replicas = 6
replicas{
#tag replica number howtogive coordinates end0 endl
1 proportional 0 -1 ! 0: endoO,
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1
}
endpoint images = directin ! {no or nothing | file | directin}
howtogive coordinates = from endpoint images
atom list endO{
coordinate system = cartesian ! {internal|cartesian}
atoms {
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800

-1l:endl
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Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 1.644706293661 1.095414892118 11.000000000000
H 1.095414929519 1.644706317263 11.000000000000

}
}
atom list endl{
coordinate system = cartesian ! {internal|cartesian}
atoms{
#units angstrom
#tag element rx ry rz

Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 2.22686927 0.48813212 7.65400988

H 0.48813224 2.22686933 7.65400957

}

}
}
}
wavefunction solver{
solvers{
#tag sol till n dts dte itr vwvar prec cmix submat
1mMSD -1 0.2 0.2 1 linear on 1 on

}
charge mixing{
mixing methods{
#tag no method rmxs rmxe itr wvar prec istr nbmix update
1 broyden2 0.10 0.10 1 linear on 1 O RENEW
}
}
printoutlevel{
base=1

}

(2) NEBBhHET 7 A LOFEE

NEB B#D~7 7 A /WY, file names.data TaxELET, IROXIITGLRL £ T,

&fnames
F _INP='./nfinp.data’
F POT(1)='./Si ggapbe nc 0l.pp'
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&nebfiles

F IMAGE (0) = './endpoint(O.data'
F IMAGE(-1) = './endpointl.data'
F NEB OUT = './output neb'

F NEB ENF = './nfnebenf.data’
F NEB DYNM = './nfnebdynm.data'
/

7 7 A JVEHRAHD namelist & LT, snebfiles ZFJHL TWAERICIEELTZENY,
snebfiles TR TE A7 7 A NVRA X —%, F13ITRLET,

NEB CHHTCEZ 27 7 A Vi A X —

7 7 ANVAEIL Unit %% 774/ Ml {like)
F IMAGE (-1:99) 201 ./endpoint0.data (F_IMAGE (0)) A A= DR
./endpointl.data (F IMAGE (1))
F NEB STOP 202 ./nfnebstop.data NEB X7 v 7 THZ 7 A
v
F NEB OUT 203 ./output neb NEBEE v 7/ HhH
F NEB CNTN 204 ./neb continue.data NEB izt B8H 7 7 AL
F NEB ENF 205 ./nfnebenf.data TRNVX— WEJIT7 AN
F NEB DYNM 206 . /nfnebdynm.data JEAEER T 17 7 A L

5413 ANJ)37 A—Z—fE (3—T23-2020.01 LLE)

NEB 41, 2020.01 UL ED/S—2 2 AZBOT AT b EEREIENIZ E Z S QnET (—Va v

2020.01 AHOFEEHFEBIKARLE LRI E9), BEARMIZIZELFO@ED,

® b THEDILTE (kR DRI T 7B F1AE quench {EITINZ, fire (kL cg EDMEZ D X 912720
F L7, HTLWT 740 Ot A fire 15T,

® CI-NEBUIV#x% : CI-NEB 7£3 NEB O FIHIOBE Tl T2 LHE L CLE SN H LD T, W
DONEB{EAE LIEH <33 L THH CINEBIZER T 5, LW O EWER—I T, 2O & 5 220V HIE,
INFETIINST=AGHEEE T L, GatEmDX A I 7 TTH LWV IR FTULMERTEFHATLL
N—T = 202001 LI, B HRHEET- LTGEICEBE T L0 ) FIEBFIHTES L0122 LT,
NEB Tl /L% —=° NEB 7)72 EEEONHHIESRFZFIHTE D L 51272 >TnE T3, CI-NEB
DY R Z DHESME NEB BROHIES:LRIC T, BET2— =285 2 ENTEET,
7 7 4/V MElda@E o NEB OUWHCHIESE B E D £77,

®  IFRM: : ARIREE, HRIRFBICIIAFEE L THHM L7 BIIIFE LARWSFER H D 5547038 1, 2020.01 &
D/ N—2 2 IRV Y BASET = v 7 o, BEE T L TLEVWET, 2T, 2020.01
VIBEITARIRAE « FARFES K DT _RTO LT Y MZIGET DRFMEDAHEET 2 LWV O BRI B ShE LT,
PRIV U DA Z RO Z L 13 £ D 22T, REET /USEIT D a2 SI13EFO5A 01 B
N3t

® nfdynm.data 7 7 A /LB OFEEFAEDGEAAR. - GEIRRE « #RIRREZ nfdynm.data 7 7 A /LD BEEARAD D
X917V F Lz, £72, nfdynm.data 7 7 A /VOJEEEERE 2 KOS RAL T TRt ATs Z & B RIRETT,

® VIEREDHIR : 2020.01 KD/ A= g AW, BAAEEZ ST CERTANENH Y £ L,
2020.01 LLED/ =7 2 AZBNW TS, HRIREE - SARREDIF T EEFED T 7 A /L Ml 8 OFEFEFEE DZ 4
W25 TCWET, Z07®, 1@ O FALETEEITAGIRIED & b DITHE STV D 72 HITIIREEIZ, KR
REDN D B IOITHRE STV TN D 72 DITAIRREICRIET 2 L 912> Tk T, £, LRI/ S— 3 > Tlf)
AR L7 ) B VR T HEOFR EITAERE T L7273, 2020.01 LI “AAIRAE & HRRBED R ORIARRET
ko THRIV Y B AVERRT AA%T 740 MEE L, ZO8AOEEIIIENE LD F LT,

(1) NEBEORSE R EOf%E
NEB D7 £ OF%E % multiple_replica 7 1 7 @D accuracy 7 2 v 7 \ZBWTITH T ERTEXET,

multiple_replicat
accuracyt
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neb_time_integral = fire
neb_convergence_condition = 3
neb_convergence_threshold = 1.0e-3

neb_time_integral |2 &> C NEB {E2FIH 3 2 fei{ b THEZ SR L £ 97, steepest_descent, quench, cg, fire 7>
DIEIRCTEEJ, 774/ MEX fire TT, fire 289 £ ATHRWEA, cg X° quench 1EHERSILE T,
neb_convergence_condition ¢ NEB OUWWHCHIESRHFAFRE LET, 1 BN=RfX—2£, 2 085RDFFHI, 37
NEB /), 4 25ERBRIEDIF 171, 5 DSROFEICHE /R R T, 774/ MiEld 1 TF,

neb_convergence_threshold CHIEZFXE L E T, ZIUTHNIZIRET 52 EIXTEXR2VOT, B CHEE
LE9, £D7 74/ MElE neb_convergence_condition 7% 1 M¥A1E 106 hartree, LIS DOLEIL 103
hartree/bohr T,

FIRE EZHMMT 556, "NTA—F—OiFMaRET LI L bAREL Ko TWET, TOREIT,
multiple_replica 7' 7 7 CTl372< structure_evolution 7' 2 v 7 D RO fire 7 1 v 7 2B T TWET, ZD5f
AREG4.4.1.2 B ZBIRL TS 2S00,

(2) LBIKAE « KOIRBE L LC nfdynm.data 7 7 1 /L &FIF3 5 J51k
%9, multiple_replica 7 7 7 @ structure 7 12 v 7 [ZBWCLA T D XL 5 i@ & i L F 97,

multiple_replica{
structure!
number_of_replicas =6
endpoint_images = file
frame _end0=0
frame endl1 =1

}
}

number_of replias (2L > THE LY DOEEFEE L £, 4AIREE L HIRREIY, endpoint_images = file &7
% & nfdynm.data 7 7 A Vi BHiARATe Z LN TE E£9, frame_end0, frame_endl C nfdynm.data +~7 L
—LFGERELET, 7L—2FFTLEED THY, 0 LLFTOBEEARET 5 EHEDO7 L—L BT 5
X 912720 £, frame end0, frame_endl ®F 7 4/ M1 TY,

OE|Z, file_names.data 7 7 A /UUIBWTLLFD L 9 IZBID nfdynm.data 7 7 A VEFEE L E T,

&Mmames

/

&nebfiles

F_IMAGE(Q) = ‘endO/nfdynm.data’
F_IMAGE(-1) = ‘end1/nfdynm.data’
/

nebfiles &7 2 a3 AZBWTCT7 7 A NWLAERELET, B+ F IMAGEQO)IZ L - ThhikieD, F IMAGE(-1)
\Z Lo THRIRRED nfdynm.data 7 7 A LV EFRE L £,

(3) CI-NEB o)y #x
CI-NEB {EIILL FOEETRELET,

multiple_replicat
constraint{
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cL_neb=on
cl_thres=1e-2
cl index=0
J
J

multiple_replica 7 & 7 @ F® constraint 7' & »» 7 (23 T CI'NEB O EZETTVE T, ci_neb=on &5 &
CI-NEB 23202720 £77, ci_thres THE L7EEL D SPCRHESA & U THRA L T2 EDV NS WEAIZE
#HDONEB 75 CI-NEB(ZH) 0 B ) £97, ZOfEDT 7 4V ME, s OPHCHIESHD 2 %5C7, CI'NEB
(210 oo TN EEE OPGRAEIIES S A DT, CI-NEB IZY) D B A RIZEAS> TWUR L7z & A72
INAHZEIEH D EFEA, clindex IZ20HHL T Y hE COEEIEETDH L, RV EHLEWLT
U 71 ClF72< clindex (Zxind % LY 53 CINEB 0% —7 s kL7210 77,

(4) nfdynm.data 7 7 A V% SOGEIZ RALCTTHII L) AFNS 5 51k
nfdynm.data 7 7 A /L& SOGCERRIZ RN CTTHIEIL 7Y e UTERAT 5 Z &M TEET, ZoMEEIZIE,
nfnebdynm.data &\ 9 7 7 A /WZ NEB #HEH O nfdynm.data 7 7 A L OIRREN RSN D DT, (EBEORIG
TR A L, NEB ORI 5, LW o7affinEREZ G ET, BHLOIFEL TLE 23 HHE
F L ATo COZBPEE TR TRAIMBEFE LICWIGAER, MHOFETY 24— FNHRIZHERT — 2 D3
T SN2 T EITRAZR D BUGERIE 2 I L 7Y FNTEHRH LT WS SR TE £

ZOBEREAAIMI T D 720i2ls, £ TN TOREZATINT A—F =T 7 A )V THTVET,

multiple_replicat
structuref
sw_path_from_dynm =on

}
}

X517, file_names.data [ZBWTLL FOIREEITVET,

&Mmames

/
&nebfiles

F_PATH = ‘foomfdynm.data’
/

nebfiles £ 7 > = > ® F PATH #% 5l CTX % ® nfdynmdata 7 7 A L ZfEL T, B,
number_of replicas+2 (+2 [TAARIRTE « FIRAEDSY) & nfdynm.data 7 7 A VD7 L—LFN—F L T DTN
3}) ZD 1'}'%'1&‘\7—- &i?jzﬁﬁ§ﬁz‘gf@‘o

(5) MRIRREL FARIED = RN F—Z4RET D kA

IEIRAE & ARIRIED = RNV —3HFIL, 7 7 4V FOIRDEANE L TINEB A7 > 7 1R ISR Y TSN ET,
LN LEL DA Z O — TR DT, ANNTBWTHEET S Z LI L > TZOZFX—FHHE & [AhEE
THZLENTED LIRS TWET, BT X o IGERLE T,

multiple_replicat
structure{
endO_energy = -120.1 hartree
endl_energy = -120.3 hartree
}
H

end0_energy |[ZARIRHEED, endl_energy |[ZHREEO =L F—AfFE L E T,
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5.4.1.4 FHROFATHIE

NEB (& V7)) BiAA) (TS L TWES, LFO X5 IiE) L £,

[o)

% mpirun -n NP phase ne=NE nk=NK nr=NR |

ZZC, NPIIMPI 7t 20%, NRIFIWHITEHETLHL U B0, NE, NKIZPHASE LFEEEN R X
Ok AEWFNOETT, 72771, NP = NR x NE x NK &9 BRSO L CWAMENSH Y 4,

54.15 5HEEROHS

NEB ¥ 2 L—a #3795 L, 5 0 PHASE OFHE LI L TEZL D7 7 A ANEONET, T
1 77 7 A U output000)-<CHksE H IR 415 7 7 A /Ucontinue.data 7 7 A V72 E)NE T-_XTL7' U I
HhSET, B, ZNENDOT 7 A NVOKRRBIZE rxxx’ LWV ) XFFINT-SnEd, S5 NEB
HOLLTFDZ7 7 A NDBFHIVET,

® output_neb_pxxx
NEB 20 77 7 A L TF, xxx 121E MPL 7ot 20FZNEVIESNET, NEB FEICET 52 723 H
NEanEd,

® nfnhebenf.data
NEB #HEOZ L F—LNEB /172 E0Gegk SN 7 7 A VT, LT L) I cHhEnEd,

#step image image distance energy force org force neb force normal
1 1 .0000000000E+00 -0.4399458479E+02 0.1112676571E-01
.1323772380E+01 -0.4397221867E+02 .5212041989E-01
.2640972887E+01 -0.4393533860E+02 .5368141337E-01
.3958252743E+01 -0.4389613534E+02 .4830449879E-01
.5277489255E+01 -0.4389237657E+02 .4486782793E-01
.6594794555E+01 -0.4396965451E+02 .8881334200E-01
.7911999993E+01 -0.4404244254E+02 .5849229655E-01
.9229437211E+01 -0.4405831588E+02 .2414216682E-01
.0000000000E+00 -0.4399458479E+02 .1112676571E-01
.1356841287E+01 -0.4398451885E+02 .4270600251E-01
.2677587331E+01 -0.4394948430E+02 .5479419750E-01
.4004269114E+01 -0.4390739111E+02 .5004508819E-01
.5328036512E+01 -0.4389409127E+02 .4291037894E-01
.6642907129E+01 -0.4397034020E+02 .8879366098E-01
.7959713712E+01 -0.4404290631E+02 .5713917408E-01
.9278358213E+01 -0.4405831588E+02 .2414216682E-01
.0000000000E+00 -0.4399458479E+02 .1112676571E-01
.1356624500E+01 -0.4399408010E+02 .1114085905E-01
.2730952540E+01 -0.4397302719E+02 .5096325231E-01
.4090362450E+01 -0.4392669466E+02 .5272530274E-01
.5418808773E+01 -0.4389735067E+02 .3886543373E-01
.6726370673E+01 -0.4397144829E+02 .8809362538E-01
.8041492838E+01 -0.4404354368E+02 .5543086596E-01

.1112676571E-01
.4899393390E-01
.5023308254E-01
.4474348402E-01
.4486782793E-01
.8881334200E-01
.5849229655E-01
.2414216682E-01
.1112676571E-01
.4018848625E-01
.5096369018E-01
.4463448973E-01
.4291037894E-01
.8879366098E-01
.5713917408E-01
.2414216682E-01
.1112676571E-01
.1114085905E-01
.4680553493E-01
.4351975945E-01
.3886543373E-01
.8809362538E-01
.5543086596E-01

.0000000000E+00
.4899393390E-01
.5023308254E-01
.4474348402E-01
.4486782793E-01
.8881334200E-01
.5849229655E-01
.0000000000E+00
.0000000000E+00
.4018734489E-01
.5096445426E-01
.4464878761E-01
.4291037894E-01
.8879366098E-01
.5713917408E-01
.0000000000E+00
.0000000000E+00
.1114085905E-01
.4683808222E-01
.4355359239E-01
.3886543373E-01
.8809362538E-01
.5543086596E-01

WWWWwwwwNhNNNDNDNDNDNNNRERRRERERE R
NSO U WNEFE OJOUU s WNE OJOYyU b WN
O OO OO ODODODODODODOODODODODOOOOOOoOo
O OO OO OO ODODODODOODODODODOOOOOoOOo
O OO OO OO ODODODODODODODOODOOOOOOoOo
O OO OO OO ODODODODODODIODOODODOOOOooOo

BATIZ 1 SO L) BT B =g R —hOERAH A SN ET, 151823 NEB 27 v 7%, 2 5ARL
'V ADID, 3FIHNOFZHDOL Y b OGRER, 4 5IHN L7 O3 X—, 5FHNL Y HTf#<
FIDBKRE, 6 FIH NEB HOKAE, 7HIRB3 L7 ) BB HORKEZRIIEEE L=/ (NEB it
BRI END ) OBHKEIHGELET,

® nfnebdynm.data
JERET — 2 DI FEER S v E T, 8O PHASE OFHHE TELIL5 nfdynm.data 7 7 1 /L & Hlkd~2 &g
fbsnizEcHhsnEd, BRI T X o 2 cHhshnE 1,

#step image atom cps
0 1 1 0.0000000000 0.0000000000 0.0000000000
0 1 2 5.2000000098 5.2000000098 0.0000000000
0 1 3 2.6000000049 2.6000000049 2.6000000049
0 1 4 7.8000000147 7.8000000147 2.6000000049
0 1 5 0.0000000000 5.2000000098 5.2000000098
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0 1 6 5.2000000098 0.0000000000 5.2000000098
0 1 7 2.6000000049 7.8000000147 7.8000000147
0 1 8 7.8000000147 2.6000000049 7.8000000147
0 1 9 0.0000000000 0.0000000000 10.4000000197
0 1 10 5.2000000098 5.2000000098 10.4000000197
0 1 11 2.6000000049 2.6000000049 13.0000000246
0 1 12 3.1080442326 2.0700339938 20.7869859136
0 1 13 2.0700340645 3.1080442772 20.7869859136
0 2 1 0.0000000000 0.0000000000 0.0000000000
0 2 2 5.2000000098 5.2000000098 0.0000000000
0 2 3 2.6000000049 2.6000000049 2.6000000049
0 2 4 7.8000000147 7.8000000147 2.6000000049
0 2 5 0.0000000000 5.2000000098 5.2000000098
0 2 6 5.2000000098 0.0000000000 5.2000000098
0 2 7 2.6000000049 7.8000000147 7.8000000147
0 2 8 7.8000000147 2.6000000049 7.8000000147
0 2 9 0.0000000000 0.0000000000 10.4000000197
0 2 10 5.2000000098 5.2000000098 10.4000000197
0 2 11 2.6000000049 2.6000000049 13.0000000246
0 2 12 3.2652054480 1.9060914168 19.8836995566
0 2 13 1.9060915098 3.2652055024 19.8836994729

BATN, HAHNEB AT v 7 - HHL TV« AR ORFET — 2 1kt LES, 15HANEB 27 v, 2
FIEN LY D ID, 3FNEHN V7Y INICET BIEFD 1D, 4, 5, 6 5 H RS T, S, A~—7 B,
INT T ERECH I SIVET,

nfefn.data 7 7 1 /L& nfdynm.data 7 7 A /W@ D PHASE OFEIZBWLCIEENE N RV —1 KOV
PHEOIRIFED GRS ND 7 7 A /L TTAS,  NEB FROGEIIEH O LY IFNDT R F—3 LOEET — ¥
MRtk SN2 7 7 A /L TY, nfefndata 7 7 A /WZIE nfnebenf (ZFtEk S 727 — X Dtk NEB A7 7D
T —H iR S EJ, nfdynm.data 7 7 1 /WL, PHASE OifE O Trogk SN E T, @i OFE Tl
EEGE N TE R  R ab—v a0 BREE DL ZANLVT Y BFNTe 0 £,

5.4.1.6 35 : U 2 U FRANTIKFEFDMEEEN A9 2 SO

U 3 RIS 1 DMEBER AT D SOSOBIED AN T) 7 7 A /W%, samplesmeb LA FNIZH Y £77,

Z TR T AEREE, Y 3 U RIENKE S ORI AE T D6 E Y 2 b— M LET, MeRIEIEERm &R
DD HEN TSNS o D KB T DD %, IRRBITERE O T U 2 VRIS TOMREEL, Was LT
RTT, RREEEHIRIEOIEZ Z LN 561, [ 562 LITRLES, 72ZL, HETHETIOT,
EFIIFATT HRHE, FREOREERE I I T L W ER A,

.
oS
L H
-
. 2
T C | v
- | ”
Z NS
P \"'- =,
(e
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X 5-61 ABIREDIRIKEE

e —
o S
«w H
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| & -
T | v
. § N
a5 22 o
=" - =
|

562 ABIEDIIRIR

(1) Nh77A4n
control 71 v Z|\ZBWT, ERNHESMEORREERITWET,

Control{
condition = initial ! {initial|continuation|automatic}
cpumax = 1 day ! {sec|min|hour|day}
max iteration = 10000000
multiple replica mode = ON
multiple replica max iteration = 2000

multiple replica mode |ZON Z¥EET S Z LI2L Y, NEB OFENIATINET, £72, NEB Offth ik
LEHARD FIREHIA multiple replica max iteration ZUZE-7T 2000 & LTWET,

multiple replica 7B v 7D FD structure 7 1 ZIZBWT LY IDFRELZIATLTWET, BLFD
21720 7,

multiple replicaf{

structure({

number of replicas = 6
replicas{
#tag replica number howtogive coordinates end0 endl
1 proportional 0 -1 ! 0: end0, -l:endl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1

}
endpoint images = directin ! {no or nothing | file | directin}
howtogive coordinates = from endpoint images
atom list endO{
coordinate system = cartesian ! {internal|cartesian}
atoms {
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
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}
}
atom list endl{
coordinate system = cartesian ! {internal|cartesian}
atoms{
funits angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000

}

number of replicas IZ 6 LIRELTWETR, ZOHEICL->TLT U IEEEE 6 &L TWET,
replicas 7Ry ZIZBWTHEBRZ LD X IV ) W OBREIED N EfREL TOE S, ZofITiE,
THaIRHE - HIRBOBMEMZIC L > TESD, LWIRFEICZRY £7, atom list endd BEL T
atom list endl 7'H v ZIZITARIRAE « MIRIEOIEIEEAFRE L CWES,  ZOfRES, FiRioM Y @ o
PHASE DOPEFEHEE &L £ D% & ZAHITH Y A,

multiple replica{
accuracy{
dt = 40 au time
neb time integral = quench
penalty function = off

neb convergence condition
neb convergence threshold

5.0e-04

(2) RHRERER

KBIEAZFETS D LIFONDREREFFIT L ET,

563 |2, ABIEEFATTH L0615, NEB DY i LEF L NEB IORKEOBIRERLET, 1300
DD BITKRER I TOETD, FHEIETT IO TNS R TNE, 41 [0 Y IR LAHE ORI
HHIE AT L CGHERD T LCVET,

564 12, ABIAFATT D EBONDIEA A -V EZFUVFX—DORERLET, ZOXLY, EBREEL
AFHDOLT Y HTHY, MERRIEND LD L BERET S LX) 1.08 eV T D Z EVh 0 £,
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1.0e+00 ¢

1.0e-01

1.0e-02 |

NEB force (hartree/bohr)

PN . )
1.06-03 | —/ N\ \\ PN

0 5 10 15 20 25 30 35 40
NEB iteration

5-63 NEB J1DJ@fE

1.0e-04

1-5 T T T T T T T T

05

o
00—~ 4
\

energy (eV)

image ID

X 5-64 BN D RIEREIE & &LV Y WD RAX—DRER

56512, IEBIRREICBIT AR AEEZ R LET, TOXNLHLNRE DI, ABIETIE TKES 0N,
ZF LU UWAET D] EHETORESE) ERRE T,
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X 5-65 BRIREBIZIIT BETFELE

54.1.7 /"— 5 2 2020.01 UL FORSRE AR L 7= 155
5.4.1.3 HilZBWCGRAZE@Y, =T 3 > 2020.01 LABEET7- I THERED N> - TOVE T, AREICIEE401DmIC
B DEERF O EFINZ, 2 S OEERTER L TR L7 AT LEHEBIZHEN L E T,

(1) [

Pt(11D)if @ fec hollow 1 k75 hep hollow A M ~JE#k T 2ifE % NEB & Tt L 97, o 77—
samples/meb/Pt111 LA FOV 75 4 L7 M) —ZH 0 9, MmN HTHEFOA1DED hollow Y1 MIlE, —J&E
MR ADHAET DV A SCEFR fee BA D) EAFE LR A RGEF hep V1 DBMFEEL, WL ZEEIFR T
DE CTE DY A M T, ABETIE, BRFEH PtQ1D D fec hollow H ~7>5 hep hollow 1 b~k
T 5iEfE A NEB {5 CHENT L £ 97, fee 23AIRAE(fee 1 MIFERIF 7035 LIRS O bt 21T o727 «
L2+ U —, hep 23&IRTEMep VA MIBEERF1E LTI oLt i 217 -7-7 4 L7 b U —, fec_hep
M fee YA RS hep VA bAEEEIFADMERCT 2 NEB SHEDOAT 7 7 A AR EINTZT 4 L7 b —T7,

hetkiE s LOYWRRABIEIX 5-66 |9 i@ Y T9, NEB fai{b AL, Higko79 FIRE i5, CG ik, quench 15
EBRALE L, WINOFEEES> THORERITIIFR CHOMELNDS Z LR cE ThET, IeRHES
%, K NEB /) 1X103 hartree/bohr & LE L7z, F£72, CINEBEZAZNCL, Y10 EX OBIEITT 7 +
v MEZERFHLE LT,

Initial state okt 1) final state

X 5-66 APREDOIRREE (EX) L#&REE B)

(2) N77A4n
control 71 v 7 |\ZBWT, BNNRHESMORREEZITWET,

| Control {
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condition = initial ! {initial|continuation|automatic}
cpumax = 1 day ! {sec|min|hour|day}

max iteration = 10000000

multiple replica mode = ON

}

multiple replica mode |2 ON ZFEET S Z L2k Y, NEB OFENFITINET, £/, NEB DD
LEMARD FIREHIA multiple replica max iteration ZHUZE-T2000 & LTWET,

multiple replica” ™7 @ Fdaccuracy 7 1 v 7128 T NEB O kO ECICREIES A FEE L
£

multiple replicaf{

accuracy{
neb time integral = fire
neb convergence condition = 3
neb convergence threshold = 1.0e-03

}

}

multiple replica 7B v 7D D structure 7 1 ZIZBWC LY IDOFRELZIATLTWET, BLFD
E oI £,

multiple replicaf{
structure(
number of replicas = 5
endpoint images = file
end0 _energy = -1308.2190366480
endl energy -1308.2355763153

}

number of replicas {25 LIFELTWETA, ZOWECL>THHLVTY DEAEEHFH 5 & LTHET,
endpoint_images = file & L, nfdynm.data 7 7 A /L) DARIREE & fRIRAEZFi AT Z L 2 fRE L CVVET,
frame (ZBT DIEHRITRE L TN, T 740 FORDLEE (REO 7 L—2L) BPERAINET,
end0_energy & endl_energy (ZZAVEFURIRIE L FRBED =X L F—NFE SN TWET, ZOREICLY,
NEB iteration @ 1 [A]HIZFR Y F2hiE S AL 40IRAE & HRIRIED = VX —F R ABNET H 2 LN TEET,

multiple_replica 7 & > 77 O F® constraint 7 72 » 7 |ZHWT, CI-NEB 2G0T 52 LN TEET,

multiple replica{
constraint{
ci neb = on
}
}

cineb 2 on EREINTWTH, FFIHEFO NEB BNFETINET, INHCHESESBUELL R/~ 7=
ST CINEB ENC/20 £9, BIEOT 7 40 MEL, IGRHESREOMED 2 5T,

%12, file names.data 7 7 A /TN TERIREE L HARBED nfdynm.data 7 7 A VO EEFEE L ET,

&nebfiles
F_IMAGE (0) = '../fcc/nfdynm.data'
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F IMAGE (-1) = '../hcp/nfdynm.data’'

/

&nebfiles 7 2 2 123\ T NEB {E TR 2 450R08 & HARRBOHEAAZSED nfdynm.data 7 7 A /LA FRE
LET, 77 AR A % —F_IMAGEQ) CiEIREED, F_IMAGE(1) THARREDIMET — X 7 7 A NV FEE L E
T, ZOFITE, 18 ED fec LWVHT 4 L7 N U—DO FD nfdynm.data 7 7 A /L ZAEIREE, 1 BEE LD hep
EWVWST 4 L7 MY —@OFO nfdynm.data 7 7 A LERIREE LCRIFT 5 Z &8 £,

(3) FHEAER
NEB 7 OEIER LG DI USRI O= ¥ — 2K 567 IRLE LT, CG ik FIRE IEIZhEh 20
FlFLUN32 [FID NEB A7 v 7 CUARRE 155 Z L3 TE £ L72AS, quench 7413100 [FILL | NEB 2175 TH
WACHIE S 2l D Z L IT CE FHATL,

10 :

0.2

quenbh
fire

Ci So—
9 01} T

. NEB A0 A~
3 A

0.0¢

.
)
o

01 -

energy (eV)

02

.

5
4
T

03 |

max. NEB force (hartree/bohr)
|
i

04 b

4

I I I I I .05 I I I I I I I I I
0 20 40 60 80 100 120 00 02 04 06 08 1.0 12 14 16 18 20

NEB iteration reaction coordinate (&)

X 567 NEB HDBRE () LLUSEEREL XX —DBHR (F)

10°

5.4.1.8 FEHICHITAREN

o LU B

NEB #Ei% (VAU B ICxtis L TWE T, L7 U BUFIRERE A+ 5 7-90121%, B13c@m s
@ ne=NE nk=NK 2Nz, WHIL7-WL 7Y A NR &T5E nr=NR #zFd, MPI 7ot
NE x NK x NR EFLWVKERDHY £7, &z, PToLHha~xr Rk £,

% mpirun -n N phase ne=NE nk=NK nr=NR |

® IR IE &k
NEB /AT OIE 1L & HlGEE RIS L CUVET 23, @HE OFHE L1380 2 T & AT,

® FHEOALyT

AT —# D multi replica max iteration, F72ld nfnebstop.data (Zitik &7z NEB O iteration
#C NEB FHREITE T LET, £, KA A—TVOEBAREFHRIZBNT, AJ)7—Z D max iteration,
cpumax, nfstop.data 7 7 A VOREC L > THHEITK T LET, WIThOLETYH, 51k LZEF S Y
AB— T HZ ENARETT,

FHRA Ry 7HACIT 218 O PHASE L OffiER %225 %4, PHASE T3, nfstop.data 774 /ML
THT L7258, nfstop.data 77 A /WVFZET7 7 A0 L7200 £9, 5 NEB #ETIE, HHAA—T%
nfstop.data (ZL> T T L7eA, nfstop.data l37272DITIFET7 7 A VTR 5T, 1F0DA A—TD
HEZITOET, NEB HEK THHERICBWCIU® T nfstop.data 77 A VE2E7 7 A L& LET,

® FHEDYARZ—
PHASE AR, A)7—#IZ8\ T, condition OfEi% continuation &35 2 &Ik »>TU A — MatR
EITWET,

| Control{ |
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condition = continuation

Y 25— MRATFIS 27 7 A METRO 7 7 A L TT,
- NEBGl#H:neb continue.data
- EPIREERE: 4 LY JOPHASER Y 24— R 7 7 A )L,

neb continue.data,continue.data r*,continue bin.data r*,zaj.data r*,nfchgt.data r*

5.4.1.9 Z& 3k

[1] G. Mills and H. Jénsson, ““Quantum and Thermal Effects in H2 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. Jénsson, 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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5.4.2 HEREHfTES A4+ 324 X & Blue Moon 3EIZ & BBEBEIRILE—EET

5.4.2.1 HEREODHEEL

(CFROSIS B RGRT D FEE LT, Ry RESORY AR EDIVEFERISERARST D TROGERE] 28 AL,
TOE LT SO T2 DA BRI S /23 5 SOGEERIE 2 H il LT oi ko 8 ey R 2 b—y
a VEFET D, V) THER HY FT, BeERE bOS AR TR B SO ME B, ATRE
BED SFEFEy S a2 b—ya v aFERTH EHHT A28 EbNFET, 22Tk, PHASE ZFfHL
TS = 2 A F 3 7 A58 B 5 IEESR LT

5422 NS85 A—4

AR L B % & 7V D— A F 14 1R LET,

WA X XA F 2 7 RZERED BB X 7 D—

17y 7k 2, #3377 ay i 2 TR ]
control
driver KA F I AOFRELEIRT DL,
WS & 24 F 2 7 ADEA constraints ZHRET 5,
structure ST — 2 DFEEATH 7T v 7
constrainablexx WG ERT DTy 7,
XX ARG AT D700 E 113U E 0 CHaE
type FIREGAFOFEER DFEE.
bond_length, bond_angle, dihedral_angle
bond_length_diff, bond_angle_diff, distance_from_pos,
plane, center_of _mass, coordination_number
atomx WHGD B DA 48ET 5, x 13T, 7z xiE
type =bond_length DA 2 JF{-2MAHIZBIH 5 DT
atoml & atom2 THET 5,
mobile FRGDYFIEN L)Y EARET D, on &35 LAl
off L5 EAE, 77 4/L MillX off
monitor FEEDHFRGA A BT 208 D I ERET D ElAfH,
77 4/ M#E L off
reaction_coordinate FREOPREAF DO ERZ & LTV AT 5 7 e
V7,
sw_reaction_coordinate on DA L B 7e S,
init_value SOCHREE DM 2 i s 2 HL CHEE,
final value SRS D Bl % bt g™ 2 BN CHRTE,
increment final_value,init_value DZ|ZMEZFETE,
plane PRI HEOERRYY MVERET DT Ry 7
NOrmXx,NOrmy,normz AT MVD xy,z ]Gy
distance_from_pos GoYeEaATo 7y 7
POSX,pOSY,POSzZ FRE LTV GFTD x,y,2 Al
coordination_number BNEAEEEATO 7 7
kappa_inv BT R NOK OWii% & S OHLLCHE
kappa BPHGERE DK % 1bohr BT CHRE
reut FehruEzEoor, Ol R SOENLCHE
center_of_mass TLEELSEDHMEEETH 7y 7
directionx FEE L7z HRIOD x )Gy
directiony FE LTV HIRD y 5y
directionz FEE LT2WHTHOD 2 [iRkGy
structure_evolution JFAHAF I ADREEATO T v
method JEA-HAF 27 ADIFEEARTET D,
PRSI & Z A T 7 ADE
quench,damp,velocity_verlet,temperature_contro
DOHFIHATHE,
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PRSI & S A T X7 AZFTT 0123, £TLUFOZRET condition 71 7 O F T driver 28 &H5E L %
—a—o

condition{
driver=constraints

}

Iz, LAFD X 91T structure 7' 7 7 @ FIZ constrainablexx 7 &2 v 7 Z{ER LEd, Z 2 T xx 13T,

structure(

constrainablel{

type=bond length

atoml=1

atom2=2

mobile = off

monitor = off

reaction coordinate{
sw_reaction coordinate=on
init value = 2.4 angstrom
increment = 0.1 angstrom
final value = 8.0 angstrom

}

plane{
normx=1
normy=0
normz=0

}

coordination number {
kappa = 5.0
rc = 2.0 angstrom

}

RTINS D THIRERRE TS, 7= & 213 constrainablel, constrainable2, constrainabled &\ Y9 32D
constrainablexx 71 v 7 NMFET HE5A, constrainabled 7w 7 I AJFRIRORGIZI1T72 0 A, FT-,

AW MU WG A B L C LE 9 &, #RGSFA R T OIHGEHRD M2 AV L CLE 2 AR H Y
FTOTHEENNLETT, constrainablexx 71 v 7 O FCIL, LLFNOER 7 v v 7 B ETH I LN TEXET,

type 2584 PRSI O R 25 E LET, LLFOWT I Ofiz &b
£7
bond._length 2 R REIDMBE AR L E T,
bond_angl 3FEFORRT Ry RAEEHRLET,
dihedral_angle 4 J7FD 2 HAERR L E T,
bond_length_diff 2 [P ORBED =2 R L E T,
bond_angle_diff 3R FAEDZAEZ R L £,
distance_from_pos FEEDYHT O ORREEZ R L E T,
plane PR E DI AR LET,
center_of mass BEDRFREDOE AR L ET,

coordination number  AiECEHIE L ET, 22T, 0FHORTFOEY O Hf
B 13U TR > GHl L £,
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atomx 254

mobile 2%

monitor 5%k

reaction_coordinate
Tayy

plane 71 7

distance_from_pos 7
=074

sw_reaction_coordinate
nit_value

final value
increment

type 7 plane D&

type 73 center_of mass

DY

normsx
normy
normz

posx
posy

o= Sr =7,

i#0
1

S(r)=———.
exp[r(r — )]

K, 7.13/37 A—%—Th Y, first coordination shell TlE &
< 0ITES KOITRELET,
FEEDOWMRSHD D AR E2EE LET, x 3FTH
v, To& ZF 2 RO OSEIE 2 SOJEF-HHIHRIC
25 DT, atoml & atom2 (ZxT DIRF-DOF 5 a5
LE9, type 2% coordination_number DA, Bz it
BT 5P LOFRFOFFERELET,
FRE DR FEND B HRET DTODAA v F
TY, off £ 325 LM EIMN, on &35 LHEITSINEREA,
7T 7 4V MHElE off T,
FEEDHMHSG A (BER L, v 77 7 A UTHT))
THDEDERET DAL v FTT, 7 74/L ML off T
7%
FREDWRSGMED, “FONRECEIME A 2L S B D)T
HHGEINERT D70y 7 T, LFOERERETH =
EINTEET,
on O, SUGEEE L 72 SIVE T,
SOCHESE O, <t DA CRE LET, fREN72
WS, ATIDFRABLED RO LA ENERA SN E T,
ZDfEE, ANTIDOJFTAELED BRSO LA R D5E,
ANDFEAEIEIMEIE SNT= D BIZFHENE TSN ET, =
D7D, —EH OIS H BT B < TIDFAMEA
FLHNT BIEFICREIMELE 2D Z L3H 0 £, ZHUTIE
WIIRDINTT,
SO DOtz e DAL CHRE L E T,
final value & init_value DREIOH|AIEZEE LE T,
SOGEERE 2 BIREA S D555, LD — AR TH
DO THEIMETT.
ZO%E, T AOITEOFA T, BSOS, 15
TEDUAERT RV & - OB EN S 7' 1 77T 553 HEIRY
ZRDETN, SIEEOZE L UL, IERY Mo
FHZJR R AT D, EWIOIRDIBENITRY £,
init value, final_value, increment 1%, = DS OEEI &%
FRELTLIEER, 28, ZOHAD init_value DT 7 4
L MEIE 0 T, WFIRICEEET 2 0BT TS
<7,
O, BLE, FEEOHACEEISEET, init_value,
final value, increment (%, Z DBENEZFEE L T ZEVY,
728, ZOHAD init_value DT 7 4 /V ML 0 TI,
B RINHEET DM EFRNTT T,

R NV OX RS,
BT NV Dy RS,
IR LDz,
type & LC distance_from_pos ZH:HT 255D, Hiid
BEEITO 7T ry 7 T IROEBEFRET H LN TEE
R
FRE LTV, xR 2 R S OB THE LET,
FRE LTEWGATD, A R SOBACHRE L £,
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posz FEE LTEWGRTO, 22 & SOBMLTHRE LE T,

coordination_number BN IR O EFRUCBIT DK, . DIEEfRET D570 v 7
A= TY, ROEBERETHI LN TEET,

kappa_inv kD%, RIOBEMTHEELET,

kappa Kk DfEZ D%, 1/bohr BA CHRE L £, kappa_inv LV

HESESET,

reut . OE%, RSOBMTHEELET,
center of mass 7 2 type & LT center_of mass Z£¢H L, 2O GEFE#ZAl
v SHLE, b EsHm) #Z ZTHELET,

directionx A S5 H O R fRE L ET,

directiony LS H MOy EEEEAFRE LET,

directionz B S5 H MmOz AR E LE T,

W EOWwIT, BHTAXAFIZ ZAOT LAY RAEEELET, @F o PHASE O AT L[FEE,
structure_evolution 7 7 w7 O F C{TWVET,

structure evolution{
method=quench
dt=40

}

Z ZC, method & L Ci% quench, damp, velocity_verlet, temperature_control ZF|f4 25 Z L3 CTx %4, #)
FERMFER L QDTS gdils, cg 72 SITITEBN—T 3 U TR/ D TIER L 728V, £/, damp
damped molecular dynamics 142 & A &g b2 Ehii T 253 1ZBE LE T, ZOFETL, £ < OgE M
quenched MD X 0 {3 R & 220 EZIZ(AD 2B T2 Z L3 T&, BKPORSED Z EDOTE HTETT,

WIZ, FUSEEDZEACDIREIAE DOV TR L £77,
®  EHDRUSIEE 2 BRI S5 T51E

RO BRI SEL5E0T 0 7T AORLINEZHIALET, 728 TLITFOL AT THE
LI AIC OV TRHA L £,

structure({

constrainablel{
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
}
}
constrainable?2{
type=bond length
monitor=on
atoml=3
atom2=4
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reaction coordinate(
sw_reaction coordinate=on
init value = 1.2 angstrom
final value = 1.6 angstrom
increment = 0.05 angstrom

}

$9°, constrainablel 712 v ZIZBWT 2 HAZ-179°035-1°F T 5°4A T ETA L HITFREL CWE
¥, &BIT, constrainable? 71 v ZIZBWTITRY REZ 1.2A 725 1.6 A £7T0.05 A D4 C8(LEE5
EOTEERZ LTOVET, ZOXIRANFR LSS, TRy FEX 1.2 A ICEE L-IRET 2 mif %
-179°H5-1°F TAL S CRMEMFEATINET, -1°OFEINE T LI=5, WITRy FEZ 1.25 A lo8ra+,

AFEF 11T E T 2 HAZZLIELHELZTLET, ZOXIBRBIOIEHFEHEHATLZ EICLk -
T, MRV A O SOGHEEEOFAO R CRELE DS Mml 2 b3 5 Z & 2V TnET,

PLED X 9 720578 CpTT A MOGEEENR £ 0 £40DT, GitT 2 LHETT 2 SO EEAEDOEU IS S | 2380
TR T DEUEEREDE an, £ 55 Ellgng E720 9, 2LV & Z O UNEFE D/ A FRET D12,
WIS 5 [SOSEERED LD % 7 7 A WV a i U CHRRET 5 EEEFIFA L £7°,

® U7 ANIPBRUNEEOZA LD AR D 5k

WSO D ¥ J713 FaRD reaction_coordinate 72 v Z IZBWTHRE LE 97, ZOHEOEETTEEN
WEOFRE T, RRIRRRD, HEERDOSUGEE A M S HFHEICBW T, SOGEE (2B T 5 )G
FEDOH AN, & T 5 L[]y nEDOSUNEFEZ G925 Z L1720, HEREPERICRD Z EndD 7, 2Dk
O IRHIRRASHIE & 72 D55 AS, [OSBEE (D) | 27 7 A NADBIEET 2 Z L AlRe L 72> TV E TS

F9, WET L2 WS % constrainablexx 7 1w 7 IZBWGEEB VIEE LET, KIS, structure 7' v 7
D MLL TOER & EFR LET,

structure(

reac coord generation = via file

—

BRI, F¥T 1 L2 MU —IT reac coords.data &9 77 A NVADT 7 A IVEAFRLL, IRD X 5 eNE %
LR LET,
1 -1.9373154697 2.2676711906
2 -1.7627825445 2.2676711906
3 -1.5882496193 2.2676711906
4 -1.4137166941 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 -1.4137166941 2.3621574902
14 -1.5882496193 2.3621574902
15 -1.7627825445 2.3621574902
16 -1.9373154697 2.3621574902
17 -1.9373154697 2.4566437898
18 -1.7627825445 2.4566437898
19 -1.5882496193 2.4566437898

314




20 -1.4137166941 2.4566437898
21 -1.2391837689 2.4566437898
22 -1.0646508437 2.4566437898
23 -0.8901179185 2.4566437898
24 -0.7155849933 2.4566437898

FATHN 1 DORUSEEOHUTARY L £, 170 1 FBEIIFZ ORISR DM 25515 12 b D& 5 A FE T AT
LET, 25HURE, E3 LT ONRE CRIGEIEDEE AN LET, ZOBITIE 2 FEEO S E
BatLCWnA 2 L1270 97, 1 DHOKIGEEOTIE 1 % H ORsRSt & 1L T“1.9373154697 £ W\ H i, 2
T HOMHRSE & L T2.26711906” L W H % fRET D Z L2720 97, Bfnd, PHASE OF 7 4 /L hOHAL
ZRIALTEET 2 LI LTLEE, E&7ebiE bohr B, A7 radian HAL T,

5.4.2.3 FHEDOFATHIE

PRGT E XA T2 7 AT, [OOSR 2 B S CRET 2 | o — ARV TR EN 0 20681
BUSELTWET, PHASE 2L FO L) IEEN L TS 230y,

o)

% mpirun -np NP phase ne=NE nk=NK nr=NR

ZZC, NP 2 MPI 7utvx%, NE BNV RS, NK DkAEFIEL NR BEFEENSEECTH D,
NP = NE x NK x NR &) BRMBHNL L CWDHENRH Y 7, ZOHREAFIFT 254, kit
NI T T ANTETEETHDT, #HatERIT nr ZF8E L0 Loz 35T — L5 Ml
BELIEEY, nridl THEDRWOT, FEGEISIZkEGEROH D 2 A 0 7T 2854, NR%E 1
ETIUZHROBWERZ 5 Z LN TEE T,

54.24 EREROMS

7 7 A S, TROGPER 2B RZA L S8 2% JHRe 2 A L T ZRWGEI0E T O PHASE O & [FERTTS
I 72, file names.data 7 7 A UV T F ENF i Lo THRESND 77 A VK AT v BT
BTN AAE < IORKMED, F_DYNM il 2k > T FREEND 7 7 A MK AT v IZBIT 5
R EESCEIR @< it isivET, =1L, R DOEKIE] 13, RS ZRT 7= DI
72 THIFDD) bETeRIC EEDSLEETT,

5, [RUOSPEEZ BRI S5 | HEZETL CWDAEE, ROX IR 7 7 A NN SN EI(Z 2T,
F_ENF i AZ > THESND 7 7 A VDT 7 A V4 % nfefn.data, F DYNM #5Z L-> THRESND 7
7 ANDT 7 A V4% nfdynm.data & LET),

nfefn.data.reacxx xx FHHOINEED, AT v 1B 523X —8B LU
TAZB < JIDIFHKEDT— X 3 SivE T,

nfefn.data.converged BSOSEFEZIN T, FUNEEDOEZED D &, R LIz x/L

(1SR LA DI F—IB LOEAE < ORKENSHS T SET, SOSHBE L =

FIF—DREZ Ty hTAHZ LIk o T, TRUsik) & T
FINFK—| OEREMNTT 5 Z LN TEET,

nfdynm.data.reacxx xx ZHDOFUSEIED, 527 v AT DI FARE S - )
OB sinEd,

nfdynm.data.converged BSOS Z 3N T, Ao kAMOR L7 DR AL ED )

(SR L DA DR SNET

nfbluemoon.data.reacxx xx & B OIGEFED, HET R —2E BT 5720103

Gr I R 2 b— a Y OB DRH) 187 77 2 2 OREFEOEN TR SNET,

EDIT, MR T 7 A VBB - BRI Y 7 A Ve EBBUSESE S LI SN ET
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5.4.2.5 Blue Moon 72 £ 5 H T R /LF—DFHE
(1) HEREOWEEL

FIRSEAT & O F 1 S 2 b—3 3 VR4 B #5HEA (blue moon ensemble) DT —# ZFIH45 &,
Rt U7= BOSFEE ORI FIZBI 5 H = v —0Z b2 H T 5 Z L3 cE 971,
FOGEEREME DN BE, NI T DA O BT RV —2E, RO X IIFHET D Z EA[RETT,

é1 ow

W) —W(&)) = :, dé af'

Z 2 CHHT R —DRUGEES5Y, @—Vg I3 mean force LFHINLWPLETH Y, NIV =T L DRIGE
3
oy EIRD X 5 2B H D £7,
ow B oH cond
{5,
T T yeond by TR EFGEREE)) T, FSREMA E ST EIEY R 2 b— 3 VORI & ST
SHFHENTHMUTITRE OO EHAN, WG & ST PA 2T AR T 57 77 0 P a ORE
FEAEFH L TUTOLIZHAET L ENTEET,
a_W _ (|5|_1/Zl)
& (|E[1/?)
=) 1 %58
- m; 0171 a?l

1

ERINE, BRI L M MIEES S & 90, B LS O E SN TnET,

PHASE 2 L AHIREAATE S FE 17 I 2 L— 3 COFEEN D B =2/ F—2E4 5151 51213, PHASE
2R i — A FIE LTS bluemoon 71 7T AR LET,
Bl/x— 2 2 Cld, bluemoon 7' 1 77 AISUSEEEEN 1 - OOEE DI L TWET,

(2) bluemoon &2 275 ADa L7531 )L

bluemoon 71 7 LDV —ZAza— K%, PHASE A > A =T 4L 27 b —®D src bm 7 4 L7 N U—ITHA
W HILTWET, bluemoon 7' 77 Al Fortran90 =73 7—& C 2 F—& /3 E LE 7, Fortran90
A T —HREARFI0 T, Car /M T —aREAE CCITREL, make =~ REF(TTIUI= LR
ANTHZENTEET, LUFEBHENO AT A3 bash T, Fortran 2273 7 —D =z~ k23190, C =2
IA T —D 3= RO cc DEFEDOHITT,

cd phase0 2020.01
cd src bm

export F90=£90
export CC=cc
make

make install

o° A0 o° o oo

o°

BREEAHLFI0 & CC DIFEN2VEA, gfortran & gee 737 74/ MEE L CRIHESNE T, a7 Lhk
T34 5E, bluemoon & WO AFID/NE72 7 a7 T ABMEMRSIVE T, % make install &7 5
& phase0_2020.01/bin 7 L7 b U —@ T bluemoon 7 Z L3 TE £,
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(3) bluemoon 7' 7' F ADAIJ/NT A —4

bluemoon ' v 7 LD AN 7 7 A4 /%, PHASE ® % i & A% T3, nfinpdata 7 7 1 /L I|Z
thermodynamic_integration 7 & v 7 ZAEpk L, #HHESIFEZATILET, 72T TO LI/ £,

thermodynamic_ integration{
nsteps=2000
nequib=1000
istart reac coords=l
nreac coords=14
nsample=10
smooth=off
basedir=.

}

thermodynamic_integration 7 7 v 7 CIZLL FOIREEITH Z ENTEET,

nsteps BIOSERE AT D F B 2 b—2a LV ORAT v 7 BERELET, 7 741
MEIX 2000 TI 723, il L7FHRICEDETERE LTI ZSNY,
nequib nsteps O, FEEHALOT=DIETHAT v 7 HAERE L £ T, nsteps L0 /&<, BOE

B ESTEEBZ ONAEERE L TLIEEN,
istart_reac_coords  EAHNHETTANGEEOID Z# A LET, T 740 ML 1 T,

nreac_coords ARG D SO EREOBAARE L E T,

nsample A D AT I a Lb—2 g VA MBI 2028 E LET,

smooth on £ T5E, ZIRODATTA B K- CGHERERZE O LET,

basedir FEREHIITT 07 N —Z2fRELE T, 774V MBI L R T4 LY R —T
7

(4) bluemoon 7' 7'Z LD FELTIE

PLED L 97 A1k L= 5, DX 912 bluemoon %4 HHFE T,

% bluemoon inputfile

S CHET % inputfile (IAT) 7 7 A VDT 7 A VAL TT, FEENROEFA, nfinp.data &9 SCFHIDMERA &
WET,

(5) FHEHREROHT)
AEPETTD L, ROT 7 AN ERESNET,

® potential_of_mean_force.data

H =L —0stFEmEDSHAIShE S, UTFo L) it shETd,

#value, potetial of mean force in Hartree, eV, kcal/mol, kJ/mol

2.4566437898 -0.0215821952 0.0003443042 -0.5872816633 0.0093689992 -13.5430301648
.2160541460 -56.6640534911 0.9039707906

.2676711910 -0.0224669448 0.0003796767 -0.6113569350 0.0103315334 -14.0982188431
.2382507016 -58.9869635475 0.9968412043

.0786985910 -0.0226882285 0.0004435350 -0.6173783747 0.0120692073 -14.2370764737
.2783223931 -59.5679440305 1.1645012069

oON O NO

FATHN 1 OORUGFEEED T — 2 AN L E 9, 1FIAPSUGEEONE, 2 51H, 3 FIH 3 ~— MU —Hif7, 4511,
5 S HSEF AL MEAZ, 61TH & 7TATH AN keal/mol B2, 81TH & 91TH AN kd/mol HZ THHHTF/LF—
& LT DRRRRZEDFERITHIS LET,
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® ean force raw.data

Frat U7z SOSEERE S 545 5415 mean force OFFFRERNH I SNET, RO X9 72t ShE T,

2.4566437898 0.0066082098 0.0188118786
2.2676711910 0.0034758686 0.0099291734
2.0786985910 -0.0009537509 0.0028573953
1.8897259920 -0.0074922663 0.0213420952
1.7007533930 -0.0098143395 0.0279585555
1.5117807940 -0.0157974842 0.0449758051
1.3228081950 -0.0161451965 0.0459534340

potential_of mean_force.data 7 7 A /L E[RERIZ, K17 1 DOSIGEEOT—X TS LET, 1 5IBBEIG
FEFEME, 2 F1H S mean force DEHAT : hartree/Sciind™ 2 SUCEEFEDEAT), 3 HH DERaAAHY LEd,

® mean_force smoothed.data

ZIROAT T A B Lo THHEZ L3R A O NI T 5855 mean force 25N LT2H &12(20)
KOS 2T L ET D, ZOWHNI LT mean force DEEERNHNIINE T, For—2ERT,
mean_force raw.data 7 7 A /L0 BFEEERZEOF | Z TR S DIZ2 ) £,

5.4.2.6 #1515 : H2O2 35 X TN HaSe 45 F D[ HiRERE DT

PRSI & o LR OB & LT, HaO2 38 KOV HaSe 43 DI MRfsBED RN 248/ L £ 97, H202, HaS2
13 5-68 Trnd G2 A4 5 BliZs 34, HOOH (HSSH)2 4 2 M4 DIEEART > o % /U, H I
FEEOMEIER & H & OQ)FFDINIEF5t & DR BE/ERNEA L, WARLRT 3 v /U2 D Z & A3
DAVTWET, 2 2R U 7oisE i b 25 2 mAICB W TERT 22 21080, 2085 2RIiR5HN

DEELIANE D EHER L F T,
o H0, L OHS,
8 @ R
40 o

568 H202 35 L UV HeSe 20 F D55 FAEIE

ZOBIEDANTIT 7 A Wi, samples 7 4 L7 K U—D F® constraints LA, H202 3L OVH282 7 1 L7 k
V—ZHV F9, £, structure 77 > 7 O FIZIFLL FORLRAH Y £7,

structure(
constrainablel{
type = dihedral angle

atoml = 2
atom2 = 4
atom3 = 3
atom4d =1

reaction coordinate{
sw_reaction coordinate =
init value = 9 degree
final value = 179 degree
increment = 10 degree

on
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}

constrainablel 7= 7 Z{ERk L, ZO F THREHOIREZIT> COET, ZOBETIIHRSIFL —oD
FIRUETD, AWV ARG THH 72 IRV O THERTH Z ENAHETT, 4% 2 mADHHR
ZEfT HDT, type L LTI dihedral angle #45E L CWET, F7o, 2HMAZIERT DI-OITNLER
4 SOJFA D% atoml 5 atomd ZEUZ K> THEEL TCWET, X 5HIZ, reaction_coordinate 7 7 v 7 %
ER L, Z OWREMEE2BEREN ST HF8EZITVET,  sw_reaction coordinate % on, init_value &
final_value #1241 9 degree & 179 degree, increment % 10 degree & L CWET 723, 2D L 9 RfFEICL -
T, °26 17T9°E T, 10°%IAT 2 fh 280 S TSR b2 TV E T,

5-69 |2, 2 i & Fai b ORERG DNz =X —DRRZ R L E T, 569 (21, FEERAER2] B ORET
FRTERLTWES, —RLUTHLHRESIT, FEMHRLFRFERILIN—BDELNTWET (BkkE
1 keal/mol F2EEDE ),

HoO2 & HoS: DR E0EWVNT 2 s D £77, 1 A B, ZER 2 AT, HoO2 13 4 mIAD AR TH 2 109.5°
IRV MEDNYZEE T A DITxF L, HaS2 1% 90°FHINLE e 2 AT, 2 B trans fEEET /L — (X 5-69
TIX 180°fHEDEEE= /L —) O ETY, HeOz LT 5 &, HaoS2 @ trans BEEA XX H0NIKE L, Eh
FINZIER 6 FEDEBEF O TVET, WTNORBAFFREIZL > THEINTEY, ZYERMELNTND
HLDOLEZOBNET,

—~ PHASE (H202) ()
\ PHASE (H2S2)
[AOR experiment (H202) .
~ experiment (H2S2)

O

S 5 \ -
E )
= W\
[+ \
5 Q\\
[ 3 - \\\ .
® O\

2 | -

oY
1+ O Ne =i
| o<
(g 1 1 1 I \?< ?I\j@/ V| I ]

0 20 40 60 80 100 120 140 160 180
dihedral angle (degree)

X 5-69 H2023 LU HaSe 45 FD 2 THA & RN X—DEHR

5427 fFEHIZHT DR

WIS & A 2 7 AL, BTOERT oy )L EABEDETCRIfT 2 Z T £, fkaEtEIcHx)
e L CWET, E 72, OGRS O HWH 23 T2 Z LN TEET, SUCFEEICK L CWAREIR AT 2 54,
NEB /EOSA EREELA T O L 9 7ga~< 2 REFIHLET,

[}

% mpirun -n NP phase ne=NE nk=NK nr=NR

5.4.2.8 & ik

[1] Michiel Sprik and Giovanni Ciccotti, Journal of Chemical 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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5.4.3 Meta-dynamics %
5.4.3.1 BEREDHEZE

Meta-dynamics 7£[1], [211Z, {bFS0G78 & OREEET RV —DIFAET DR E IR L T D720 DOTETT,
Meta-dynamics {EIZEBWTIE, S,(r) WO SERIEECZEALET, T2 TWOHEMEEE 1S, BRIt
G LT D RO PEFEDN D B ATRE S SEEE (R NERAR V. R 72 EONEEERN 7 &) 2R
72O TT, FEMZHICE, ABRIR R RE 0 L ToNDET, 20, ARk OEE D Z L %
Meta-dynamics & XUV 9, Meta-dynamics D7 /L3 A bk 9 £ ReFTH I LICE-T, BRI (gt
L CWAEMEEMESD) BHTZRAX—REEERTHI LN TEXLH B2 HET, 2Tk, PHASE I
FEHE X7 Meta-dynamics {EOFH LA L £9,

Meta-dynamics {£Tl3, FHEDBRRIAKIET 25 7 ART v M (8, s) & b AR GEEEA75%50E MD
AT v 7)) TRLIATHWEET, ZOLIRFHEZHEHATHZ LI2L-> T, BRI 2BV T—E
AN RIS B TR INE T, ToRVIEHS R 2 b—a U&7 LV (E, s) A= R/LF
—ZEMEHHORL LTLEY, MONMIERIRZ 2 Z N TE5X 912780 9, ZOREICEDV (L, s) (21

ZENTT-R) NI bbHBAT X —THDH LTI LN TE T,

Meta-dynamics VAIZ K D3I = L—3a D ORBERYRERF# X 570 lIRLET, ZORTHE, £y Ial—
ALl OEFREIO G TONTRPOIED T, 20 M TAZREL, SHIC3DAATRAZRETEHL
WRFTY N (P CRBZERIOR) IZED £3, &5I124,5,6 LA TART Uyl gt bl
F—DENAR T TROLAMOR) ~EDHZENTEET, BRI TONLTAEZREL, BT8O/, T A

T e VETRT &, RITEMEROZEREZ BRIATERTE DL LRV ET, ZORERTONA T AR
T UL BT A L, FAUTHBRT R —L BT 2 LN TE D Z L0900 7,

V{{sy)

5-70 Meta-dynamics ¥ = L—3 a3 OER[K]

Meta-dynamics JEORHE E LT, SUSFEEEE & BREAH T & OBN 15255 O 15 2B 5 sy T b
FT, ZOBXHEEATDHZLICEST, BRORIGEEARGT 52 ENRS L7200, FI-8/7 28 5A Y
h oL b B LUYEIMRIE A RR L T ARSI C& £97, F£72, blue moon 1EDGEHEID S
ZEOP S Z 20T (FEREITRETIESH D £920%) #ELVOIZKI L, meta dynamics HEIZBWCIRHHIAES T
T, LIeido T, SUSERENEE D D550, FUSKEED A TRV AR EICB WA HETh D & 2
OIET, A TART Uy VEADOTFHOENZ LY, ARV —FHZHL, TIEOERTLH L
b, TOHINL, BEISERTHIZLELAHETY, Meta-dynamics (522 2 L— 3 U103, HHNUHID
ONERIR TS TART oy VR LB HEITL TWEET, ZOBRT S, T ART v Va5
2%, BEZ 0 OBUEE TOT—X 2T~ CHH L TRz IRAMENRH 5 DT, Meta-dynamics #130(t2) @
FHEAFEE RV ET (2L, B REEHETHAT203&E 0 ZOAMHNC /D Z E1ZRNTL X D),
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Meta-dynamics 5D/ IV b =7 10F, BARRICIE, RO XD ISGERENET,

1 1
Hyeta = Hup + Zzﬂasé + sza(sa(r) - Sa)z +V(t,s),
a a

V(t,s) = Z W exp [ Z (Sa(t)ZA—Ss(t ))

t;i<t
Z 2T, alHEMERITE FNOBEE AT DB, U & So | FENEIURIER 70RO i & R, Sq ()i
KRE L TWD VAT LIPBEFRIND IR, kAR ZR - DR & SRS FE OO 5 1
B, V(t, )P, T ART %)V TT, EL:/\/Tb\ot/vfTXTT//WI/%.D%%LT%< L, FZ
MNHHBHTRAF—F2RFEL D 2 EHAEETT, ZOX 27 I NV h=T o b on 8L, IROLH I
FLOHIENTEET,
® AL, EMZEEEE U CAERZeR - OB < PR S D,
® (AEHIIRRI T DL, M T ART % VORRIZE T, T CIEMAIZITmi O b,

(AR 7RI DR D EE) & SR DIEBNORHE 2 X A DA T — V3B uE (RABRIZRRI F- DR Z A LA
r =)V CEhiud) , SROEE AR 7R OIEEN DR A ZUT E VT2 T 72 WV O TRIFTMINCIEIE L < ROi#HE) %
BEFL, 230N EMEOIED 2 M AR T 5 Z LR leL 7e 0 £3, (KABR7phi O R, FRio
JRFR X 0 A OBEAREIT— F2SR L 0 BB D LOIGRELE T,

Meta-dynamics ¥5(3, (FARKIFD8N1F% 18085 D TIER L, RICHESE S T ART Y V&R LZATH
LZEZE-TEETHIRELDHY T8l X I FEEEMAT 5 &, AR OB SR
HAAEODIT DITNRTEROERNDIANEL R, LV UISATTHZ EAREE 720 £7,

5432 NJpsg A—=4

AHERE L B B % 7 D—E a3 541 1 TRLET,

% 541 AZEAFI T RAEEDH D F T D&

H 170y I 2, 5370y ST 5T BIT B

control

driver HAF 7 AOFREE RS DAL,
FRGT&E A 7 ADEE
meta_dynamics Z¥5ET D,

meta_dynamics ABEAT I AOREEATO T

meta_dynamics_type ABEAF T AOFERE OWETE

bias_and_fictitious,bias_only,bias_generatio
n OVTHH

77 /v Ml bias_only.

max_bias_update B T A FE T 5,
T7 4V MEWE 1@ OHIEDS S, o4
CIHELE LN Z & AT ).

extensive_output on &5 LIEFIIAE A HELID
output_per_rank on L T5L VLY BWFIRHIAET 7 Tk
I HND
collective_variable HEHEEDIREEITHY T r v 7,
type SEFESE O TR OFRE, PR E 1
FI T ALFL,

bond_length, bond_angle, dihedral_angl
bond_length_diff, bond_angle_diff,
distance_from_pos,
plane, center_of_mass,
coordination_numbe

atomx PGB D AR A HEET 5, x (33K

T, 72& %13 type=bond_length D5 2

JET MRS 5 DT atom] & atom2 T
HET 5,
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k RABRE T OIFRERERET 5
delta_s R T ARTF v VOIE, ASHIEET S
smin P T ART 2 MBI O MR E
smax P T ART 2% MHIDEKRIEZARTE

ds AT ART 2% MUIOZN AR E

control_velocity

on (2 LT5E, AR OB 2l %

mass_thermo

RAEREF- DI E AT D8 OB OH

&=
target, KE ISAERE - O S BY5E D% —
Mg L —
plane HPHAIRIZIST DIOEERS MVEFEE
SR
Normx,normy,normz R MO x,y,2 5y
distance_from_pos GOt EEATO 7y 7
POSX,pOSY,POSzZ FEE LI xy2 Gy
coordination_number BNEdEEAATY T r s
kappa_inv e DA S OV TR
kappa BlhriiEsE oK % Ubohr Hifir CHEE
reut BUREGER DY, D Z & S ORI THE
center_of_mass BLEI ST HMEEET o7y s
directionx FEE LT\ x oy
directiony FRELIWERO y B}y
directionz FBE LTZWHIRD z [R5y
bias_potential IS T ART Y VORRERTH 71y
7
height — RS TART e L DE S B

R R ORI IR

update_frequency

AT ART v Ve T A TEE
2L xE10 &35 L, 10MD A7 v A2 1
[BISA T ART v VISEHT S NS,

57 b Ml 20,

output_frequency

meta_dynamics_type 7° bias_generation @
AN, 7 T ART v MR A RN
1[EHT I D EFRET D,
7 7V M#i£ 10

continuation_strategy

L7 ) BB RGHR T BB )7
ST,

randomize_velocity

on &35 L HEI kRS EE CIkE A &
INTIRD

scale_velocity

on &35 LHGERE N
velocity_scaling factor
WS U CEENR A r—L SN 5,

velocity_scaling_factor

FEARAPTRIE T A — )V B, T 7 v
Ml 1

configuration_from_input

on &35 &, MGERTH 7 7 A VTR AT
T 7 A INSET— 5 Fia AT, T 4
IV Ml off

Meta-dynamics (5D AJ1/3T A—H OFFEICOWTA L E T,

Meta-dynamics {50O1H5RIL, LLFOEEEITWET,
Meta-dynamics 5% HNIFEET S
Meta-dynamics DIRDIFFNEIEET D (XA T 7 ZREPE— R, AT ART v /VEHERL, H)

IBEE—EDOMD ¥ 2 b—3 3 VOREEITH

BB OTEFREL T CENEENTE D 2 SO EREO A S ORI €55

AT ART VX VOREEIT) O TART Uy VOE S, 8, FHHEER L)
L) DR EFATT D50, EDKE,

Meta-dynamics {E4 A NFEET D
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Meta-dynamics $EOBERER AN HI21E, control 7' 7 IZHBWTLLFOEEITVET

control{
driver = meta dynamics

}

ZOFEEIZL Y, PHASE OilFDOJF 2 A F 7 Aa— R TE7e<, Meta-dynamics sHEHDAA >« 7 s

7 LMHINE T

® Meta-dynamics DIE D DOFRE

Meta-dynamics ORI IRDB|MNOREFELZRALET, ZOREIL, AT 7 A VOFK BALIZ
meta_dynamics 7 12 > 7 Z1ER L, SGIZLAFOXL SR - Ty 2ERTHZ LICLoTITWET,

meta dynamics{
meta dynamics type =
max bias update = -1
extensive output=on
output per rank=on
output cvar every step=off
continuation strategy{
randomize velocity=on
scale velocity=off
velocity scaling factor=0.7
configuration from input=off

bias only

}

meta_dynamics 7 17 v 7 ClX, ATOER/ 7T v w7 O

meta_dynamics_type Z54%

max_bias_update 2%%

output_per_rank 244
extensive_output Z2%%

continuation_strategy 7 &

v

randomize_velocity

scale_velocity
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RIERTT) 2 LATEET,

bias_and_fictitious, bias_only, bias_generation @
W EHRE LE 7, bias_and._fictitious &9°%
EARARRLF-DEN ) FHBE LA Z A FIT R
%, bias only &5 LA T AKRT X VDIE
BN LT AR TA T IV AEFATTH I LN TE
%7, bias_generation & L7-#;5 Meta dynamics
3EATENT, EET AL ) —HET S T 7
A IS INA T ART L% VO L O o
HPFATSINET,

AU ANA T ART o Ve BT D0 EE
LET, ADEEIEET DL, "M TART vy
NOFHEECCIEFRIME L L EE A, 2T 7
F/V FOIRDIENTT,

n L95E, LU LIS
Y ZEITRELIET,

on &35 &, (ABKI - OREEECBARR -1 2l < )7
E, WEIIARE M bELNET

U7 IBIFHRSATIRIZ 31T DilkEes R O 78D
WEEITOET, L7 U DWHFEHERRIE, WK
HAE ST A LRI ORI R B S5 2
EIXTERVDOT, 22 TEDX D 77k Citkse s
DONREST HMENRHY £, 2071 v 7 T,
LI OREZATH ZENTEET,

on &35 L, fkfes RIS TR ke, L
BCEIVIRY £, 77 4/ MElT off,

on tT 5L, MAIATEHEEZSITITHHT S

RIATRHCH 1D Z




velocity_scaling factor OfEIZ)G U CTA—/L L&
I, 77 4V Ml off,

velocity_scaling factor — FiAAATSHEIZ Z 2 CHRE LIEZNTET, 7
7 4V MEIE L

configuration_from_inpu on &35 &, fkatE 7 7 ANV TIIRK AT 7 7 A4
IVINDJERET — 2 Zefidkidte, 7 7 4V MBI off,

® IEMAKOESR

MR LT, PONBR 2 8E L 72 b DT, ZORREIY, meta_dynamics 71 v 7 LUFIZEBW T TV E
¥, BB FELOIEY T,

meta dynamics{

collective variable{
mass=1000
k=100
delta s = 0.08
control velocity=on
mass_thermo = 50
target KE = 0.1
}
collective variablel{
type=bond length
atoml=>5
atom2=4
delta s=0.05 angstrom
smin=1 angstrom
smax=5 angstrom
ds = 0.1 angstrom

}

F9°, meta_dynamics 7 12 v 7 @ FIiZ collective_variable 7 71 v 7 Z1E% L £, collective_variable 7'z 7
IR IGRORE ATV E T, BRI 2B R O E LR A3 72 H DA 2 Z TORRTE
RS IVET,

I, EMEHZET LI-WTZ collective variablexx 72w ZIZRBWCEFRLET, 22T xx ITEEMZEH
D ID T, [EREOBOEMNERZEFRT H 2 EMAHETT A, 1 2D LT 28I A HRET DN
BV EF93, =& 21X, collective variablel, collective variable2, collective variable4 @ 3 > @
collective_variablexx 7 1 v 7 3% > 7-357A, collective_variablel & collective variable2 OAFFER SivE T,
collective_variable 38 JUF collective_variablexx 7@ v 7 1%, #HRSAESTE XA F I 7 AOREDBRITERET S
RS L FRROER A EFRT H T ENAREE 7o CET, BEARMIZIE, ITOEEEERT DI EANA[RET
7

type 25K EHER ORI 2 EE LET, LFOWThnofEz &
nET,

bond_length 2 OB SRS S LE TS
bond_angle 3R F DRI AR RAZENERE LET,
dihedral_angle 4 70 2 A ZENERE LET
bond_length_diff 2 JR OB DA A LS UE T,
plane & % JEF OFEE DEN COMEEREE S LETS
center_of mass FEEDIRFRED B L ZAEEMZEE E LET,
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coordination_number

A B AOEER A L LR

distance_from_pos

B DG D DOHEEZRIAER L LET

atomx 254

BEDEMELD O LR 2fELET, xI13FFTH
v, 7o & 21F 2 JE - OREREDOS 1L 2 SOFF-HMREIC
B H DT, atoml & atom2 (TS DT OF A5
ELET, type 2 coordination_number DA, ENEKL
Tt RS DL DR DOFZEFRE LET,

plane 71 > 7

IR DEE D, FH L 7o\WHEOERAR Y MLV EFRET
BI2ODT 1y 7 T, WOREKEETH I ENTEE
_a—

?%7%/\\\7 }‘/1/0) X F:Eé%o

normx
normy R T SV D y R,
normz R BV 7 JFERE,
coordination_number BB M RO E R 70 O BN En In; =
Tayy i [K(|r,._1r,-|-rc)]+1 LKL TOETH, ZoRUTHT
LK, . DEEREST H7 vy 7 T, IROEEERET D
ZENTEET,
kappa_inv %@ﬂﬁ%, EXOBICRELET,
kappa k DfEiZ, 1/bohr B THEE L £, kappa_inv LV HE
FEINFET,
reut T DffiZ RS OB CHELET,

mass A4 RAER OB EAHE LE T, meta_dynamics_type 73
bias_and_fictitious DIFEDHEHRD & HIEE T,
k 255 IABRE - LA OFE D Z 2RO 5, (XIERETEE

L £, meta_dynamics_type 7° bias_and_fictitious D33
BDHERDD HIEETT,

delta_s %4

(23):\D8s, DIEZEFEE L £,

smin 2% AT ART 2 M OB MEZEE L E T,
smax 2% AT ART 2 M OB DI KREARE L £,
ds Z5¥ P T ART 2 MBI DB G e faE L E T

control_velocity 2%t

“on’\Z LT=8rt, (BABRI DX A F I 7 A %82 FRIC
BIR 5452 LIk > CEOBEZHIHE L £,
meta_dynamics_type 73 bias_and_fictitious D5 DAE
OB HIETT,

mass_thermo 254k

control_velocity 73“on” D550, BNROEHE ZHEE L £
75

target KE 24

control_velocity 23‘on” DA D, H &3 DRI DIE.
EEFRET 5,

@ NATART V¥ LDORE

INA T ART ¥ VORRENL, meta_dynamics 7 7 2 O R bias_potential 7' 2 v 7 ZAEK L TITWE T,
PURIC#RI 7o 2R U ET,

bias potential{

height = 0.02 eV
update frequency=20
output frequency=100

}

bias_potential 7' v 7 |2V N TEFE ATRE/R LN T FREi v CT9,
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height 2%k —ERT A T ART Y VDS TR —DORLCIRE L T, —EIZEd 31
T ART v VORI, BHEMESEA D& CTdh 5D T bias_potential 7' & v 7 Tl7za<
HEEHIEA OFEZLT D collective_variablexx 7 2~ 7 LU R IV ET,

output_frequency meta_dynamics_type 73 bias_generation D5 DAERD H HFEE T, (N 1 [Fl/ A

U3 TART o Ve T oD ERRE L £

update_frequency /A T ART U VOEFHEEFEELE T, T 740 MEIL 20 T,

® L7 hIHEEORE

I A2 L S D

BHIFRENIRWGR, WIHEEEIIT X CO L) A CTHET, YHREOSSOARE D, L) SR THEN
PREIET, MARZER] ERAR D BB DO T, JEENFE U THE LT Y IR DA L D X9 IC
ROET, 2L, BROZ LN OEAID ) ik (D) (JEE CEERE 720 £,

WIOPEE A Z 7 Z LI RANCEEET S

AT 7 AMIBNT, VT U BT LR DIEET — 2 4R ET 5 2 L L AMBETY, ZOKES, atomsxx 7
w7 (ZZTxx 1 ZMPI 707 085 21k L, 2 CHEEEZRET D Z LI TITWET, 72L& 20
T ONEYT ALY A ET U 1AM E LT DICENENER D2 52 5121, ROLX 5 7%
RO AATVET,

structure(
atom list{
atomsO{
#units angstrom

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

1

C 5.0157363043 5.6563796505 5.8043454319 1 1
C 4.7499007526 4.2727134018 5.7364572058 1 1
}
atoms] {

#units angstrom

#default weight = 1, element = Si, mobile = 1

#tag element rx ry rz mobile weight

C 4.5897384578 5.5998560107 5.7723226564 1 1
C 5.1658344359 4.3217914066 5.6857269157 1 1

5433 FHROIATHIE

Meta-dynamics %% 3479 51213, 0% D PHASE (Z X 25HRE L RRRZLL T O a~ > REFITLET,

| mpirun -n NP phase ne=NE nk=NK nr=NR

ZZT NP T MPI 7ut&2%#, NE (33 R, NK I k 50052, NR V70U DW5ECCT,
NP=NEXNKXNR &\ 9 BRERAE L CWO D433 ) £97, ne, nk, nr (FWVF B EEATRE (57 /L Ml
1 TRTHEEEDYE NE=NP) T,
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1% Meta dynamics F THREZAG D53 T ART L3 v VOHINIENH S LTS T ART 2 v
DIHTID, AT ART Y Ve RA MUBIGIRL, Tha i isE5 286 TEET, ZOMRELF|
AT 5121, AJJ7 74 /0 meta_dynamics 7 12 v 7 @ meta_dynamics_type Z2%XZ bias_generation &\ Y9
XFFNEFRELET, ZORE, meta_dynamics 72 v 7 O F®D bias_potential 7 & » 7 2B\ TERIILD,
bias_output_frequency ZXFEE SHZEEIC 1 [FIH A1 TV ET, 72& 213, bias_output_frequency 73 10,
AT AT 100 72572354, 10181H, 20[E1H, 30[EIH, ... 100 [EIH OEHRFD A T ART v
KR ENEITMSL L7 7 A M ENE T, D7 7 A V4L, “blas_potential.dataxx” & 720 £9°, =
T xx WRISTDHEHEELCT, ZOREEITo7-dH &, Meta-dynamics T 217727 4 L7 h U —IZHW
CTPHASE Z34TLET, 7 7 A NEGAHAIINASA T ART 22 VAR HDOHIRDT, WS TEITY
DHEITIH Y /A,

5.4.3.4 FEREROMT)

Meta dynamics ¥ X = L— 3 Y EATOSA, BHELD 07 7 AR EnET, LLFIZ, 41250
TR LET,

® curr bias potential.data 7 7 1 /L
BUED IS T ART VY VISR SN 7 7 A VT, RO XS R cHA S E T,

1.2000000000 -3.1400000000 0.0000000000
1.3000000000 -3.1400000000 0.0000000000
1.4000000000 -3.1400000000 0.0000000000
1.5000000000 -3.1400000000 0.0000000000
1.6000000000 -3.1400000000 0.0000000000
1.7000000000 -3.1400000000 0.0000000000
1.2000000000 -3.0400000000 0.0000000000
1.3000000000 -3.0400000000 0.0000000000
1.4000000000 -3.0400000000 0.0000000000
1.5000000000 -3.0400000000 0.0000000000
1.6000000000 -3.0400000000 0.0000000000
1.7000000000 -3.0400000000 0.0000000000

FATHEMEE OIS LE T, ER L WD ENEE s S N-b b, TOEMEEOM TR
2 TART v VORI SET,

® bias_potential.dataxx 7 7 A /b

AT ART e VAR 2 DHOF— FERI LIZEAITAOND, FHIREIIIE Uo7 ART
XYNDT—=ENHIENDT 7 ANVTT, T7ANGD xx DA T ART U3 ) VEHIREICAS LE T, £
D7 7 ANERIZL, curr_bias_potential.data & [FEETT,

® nfdynm.data_at _bias 7 71 /L
INA T ART 2 VEHIRH IR B ST — 2 s ) S b 7 7 4 VT3, PHASE OREEAEEEST— % H
X TH5, FDYNMEXCTHIISnET,

® nfefn.data_at bias 771/

PN T ART 2 VEFIRHC BT 5 =3 T =DM b 7 7 A 4T3, PHASE RT3 L%
—F— s W T, FENFRATHASNET,
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® collective variables.data 7 7 1/
INA T RIRT 22 VRS ZIS 1T D8 OEN I SND 7 7 A VT RO K 5 el S E T,

2 1.6399047278 0.0906233310
3 1.6933783940 0.2327954221
4 1.6487636847 0.0655806009
5 1.7510381463 -0.1403803460
6 1.7880912692 -0.2122517967
7 1.7558411086 -0.2557274737
8 1.7939362867 -0.0296094373
9 1.7595919709 0.1959354384
10 1.7773637731 0.3761827029
11 1.7657919080 0.3998392061
12 1.7604309483 -0.0107912799
13 1.6218441177 -0.3366407543

BATHISA T ART o VHEFFDO X A X 7 LET, —FNE DS, T ART v VOEFEETH Y,
“HB LR EFNA R ST 2B OEN ) SN E T,

® bias_potential parameters.data 7 71 /L

I T ART 2 NDIRT A== END T 7 A VTY, Mt B DS A I T TIONTA—F—%
IS ET S, ENLIRID/ ST A= =D GO IRNE S, T ART 2 VOGN TE RN &N D
W27 7 A LTT, ROL S T SE T,

2 0.0200000000 0.1000000000 0.1000000000
3 0.0200000000 0.1000000000 0.1000000000
4 0.0200000000 0.1000000000 0.1000000000
5 0.0200000000 0.1000000000 0.1000000000

BATIAA T ART oy VDL A L IR LET, —FIHN S T ART o VEHERTH Y,
ZHIENEI)RIIIT Hw D, 3 FILABENEAERIZEE D@ RIZIIT 585, DIETT,

5.4.35 #HEp] : pALKFEOT R —FKH
(1) =

Meta dynamics {E2FIH L7261 & LT, RAWKEO= RNV —FHm AR H 260 LET, BARIZIE, CHs
O OEFERIRNONEERY EIFEd, CHsr 1%, trans 1-3 74T, cs 113 7X VT, v rardry
D 3 FHOZEREDNH DIVCWNET, 7 077 3BT trans 1-83 7 % 0 V= AREEIR D531 T3,
cis 1-3 7 X P U ARFEIRICIT BT, 2 A% 30°0F E O TAEE L E el ¢9(gauche EUER), FD5y
THEEE K 5TLIORLET, TRAF—E, BWVIEC 7 a T T, sl 837X VxTy, trans 1:3 7 X VT
THY, HTOEE LT, 18 77XV DMER L TRIMEEY Th LY 7 a7 T U EERT D, HDHWIE
W27 a7 T VBB L 1-8 74 VU WVERESNAS (EBTERIRS), Fiz, 28D 1-3 74V D
D cistrans SOGE 2 HIVET, BHER - BIREOSNIMEFRE S O 2 3925 Z &) B R X 7efiREr 2L —N3
HV, 1eVIEEOA—X—ThHsH LEZLNET, M7, cs b trans ~DOZMWITZE Z F TOREEE L7 <, 100
meV BEOH—F—ThHoHLEZONET, Fil, BRBUNIRNTE, 18 74y rnrs T
X2 RS OED TR, EREE L TUIESRRDbDOTH L2, HMRART v /L TR 5 DI
—SRIZEHE LN EE 2 F T, Z08% PHASE TELLBEZ D E I D afER LET,
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571 C{He 53 F D53 TS

VIHOFEAECENE, X 572 ORIV Zur7 7oA LET, ZowiihEs, PHASE (2L - Tk L7-
HOTT,

5-72 CaHe 3 F D53 THEIE
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(2) AT A—H

Meta dynamics {EZ2HINFEE L £, ZAUZL, control 712 7 D FD driver %41 meta_dynamics Z+57E
TAHZ LK > TTWOET,

condition{
driver = meta dynamics

}

WIERES A ER LET, TOHEHIEA TTD, ZZ I TEEALET,
1. [X 24051 L JFF208HE /37 A —%—ds, delta_slZ#4LEH0.1 A L0.05 A
2. 24D, JFF1-4-3201E5 A, /T A —HF—ds, delta_siTEIEI10° L 5°
DEXFENL, meta_dynamics 727 O FTLLFO L HIZEB L ET,

meta dynamics{

collective variablel({
type=bond length
atoml=5
atom2=4
delta s=0.05 angstrom

!for bpot output
smin=1 angstrom
smax=5 angstrom
ds = 0.1 angstrom
}
collective variableZ2{
type=dihedral angle
atoml=5
atom2=3
atom3=2
atom4=4
delta s = 5 degree
!for bpot output

smin = -180 degree
smax = +180 degree
ds = 10 degree

}

PN T ART 2% VDS 13 0.02 eV(0.46 keal/moD) & LET, /3 7 ART v VO FHHEET, 20 MD
ATy AN EE LET, ZOXENL, meta_dynamics 7 2 7 @ | bias_potential 7' &2 7 Z1ERk L, height
INTA—=Z—TRETDHZ EIZE>TUITWET,

meta dynamics{

bias potential{
update frequency = 20
height=0.02 eV

}

P T RRT X Ve EH DEBIHMER TS, B TE 5 AT —REZGF5 OISO T
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AT,
(3) AtpHR

A alb—ya Nl TELNAHEMEZMELLET, £, X 57310 T ART 3 ¥ /L% 18,140
[EFREERET LA RS O L R — R E OSSR A2~ LET,

2
-4
-6
-8

-10

-12

14

-16

18

-20

22

-24

-26

-28

-30

-32

-34

-36

-38

-40

rec (A)

dihedral angle (radian)

& 5-73 CsHe 53+ D H BT RNVX—KE

573 KV, ZZTELNI-=RNX—DZEIXIIE 4 SDORESNH D ENEFECTEET, T7bb,
JEF-RIEEEEA SO 1.6 A FREECAEEINET 0 radian 5, I FRIMEAEN 8.3 A FLEECHAEEA 0 radian, 5 7-RFERE
N 3.7 A FREECAEENES radian FEED 2 S DT, “hblE, ThEnsZurTFy, cs 1.3 74 VT,
trans 1-3 7 ¥ VY LET. HERESEEOHEOEA, cs TldZe< gauche BUEEL 720 9773, 300K D
Meta dynamics ' = L—3 = > Tl cis & gauche OIFFEZRXFIIDT LI AFERIFEONEEATL. 15
b= a7 b trans 1-:3 T X VORIV —2ETL, 16 keal/mol F2E, /a7 T b s XYL
VDA —FET 12kecal/mol FREL 2D E LIZ. WL, HodEEOFE LTS & L) K& L
F—ETT.

574 BLUM 575 121%, FEHLED A T ART o VO LI ED LS I L T o ToiEoR
LCWET. A28 26, KB THIERESX 27 OELINTT. X 574 BLOW 575 LV, AT A
AT X VEK T00 [BIFH LR C A A CT X VA E - TWH Z ENERCE E3. 2Ihb
18,000 [MFREEDHEH £ TIIME/A =R F—FKEETR L TOET. X 571 b b0 891, TITERT
WHRIFT 7 v 7 Z R & AR UTIRIAWEHOREZ IR GE 7. 207, ZoREHORT
DI DI T ART 2 VD FHDNEE L o> TS, 18,000 [BIFEED A T ART L L VEH O
B, HOV 7 a7 Y o nRmolzZ L HER TET-HS(X 576) CRIRAK TS E L,
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dihedral angle (raidan)
o

-2

Jd‘ I 1 1 1 I 1
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
number of bias potential update

5-74 2 THA &3 T ART 3 v )VEEEEOER

4-5 T T T T T T T T T

4.0

3.0

rCC (A)

1.5 ff .

1.0 1 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

number of bias potential update

X 575 REFEFREEEREL A 7 ART v VEHTEROBEHR

576 (@)72>5(d)ETIZ, Meta dynamics 33 = L—3 3 UHNZEBICE DN EED AT v 7 a v b
ZRLEL, 22 TORLTND X ING, A T ART Y VORI Lo Thix I FARRENFEHL L Q0D
NG ET,
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5-76 Meta dynamics ' = L —¥ 3 VX > TEDNERFEED ATy 7V a v b, @ A TART
Y2 () AT ART L %L 690 © A TARF % 1,500 @ M7=
RT 241 18,070

5.4.3.6 fAICIIT AEE A

Meta dynamics 513, T XCORRT ¥ v LV EFIAEDECRHIHT 2 2 ENTEET, L7 DI EHT-
WHFEBITO ZENTEET, 72720, BROD DFER A H - DIVt B EL BT HLERH D 77,
L7 BAHNEAT OB, WEERIROZ A 2 7 TL 7Y D E L SE DA, ST 5 L7 I ofks:
FHETZ 7 ANPFELRWVGEERH Y 3, ZOEEILEL DT 7 Okt AT — % Zatdird, S HIC
continuation_strategy CaxiE L7 FEEHINES THIMIL 7' 1 ZAERK L £9,

5.4.3.7 &k

[1] A. Laio and M. Parrinello, Proceedings of the National Academy of Sciences 99, (2002) p. 12562.
[2] M. Iannuzz, A. Laio and M. Parrinello, Physical Review Letters 90, (2003) p. 238302.

[3] A.Laio, A. Rodriguez-Fortea, F. L. Gervasio, Ceccarelli and M. Parrinello, J. Phys. Chem. B 109, (2005)
p. 6714.
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5.5 BFfEREZENBESCEETE (TDDFT)
5.5.1 ERENMER DR AT EENREEEER (RTTDDFT) 2K AHAFARY RLETE
5.5.1.1 #&pEOHEE

S TDDFT RSN T, KO8 7 A g 2 LIC k0, 52 O E e
MK DEFLAFT IV A v alb—va &7,

0
ih= ¢ t) = H{O)pi(r, 1)

WY PV k&N REES n AR L T 5B FIRBBIH A OF T oNARINIV N =T R HTHRT, B
EEAF— B TREAOTEARF D, —EANEBERORRPERIILI TO L S Icksh b, o

i t+At ,
k(r,t + At) = exp (— 7 dt H(t')) dk(r,t)
t
AN ORISR, R 3 KL OFEEBIEEI ot U Gl & i U CRUBR R S 4L, Zieiviie 72
IEURED R SN TN D, R IRRIERRA L 2353 NS T AU D L ORI TE 5,

k(r,t + At) = exp (—%AtH(t)) k(r,t)

SBIZ, BB D e LTT A 7 —BREMER S D,

LAt —w ! LatH '
exp( — - ACH() ‘;M — = AtH(6)

Z OINTREOSA, WRIFEREAt & BEBRER AR Naax NEER AT NT A—2TH Y | FHRREE & I TR
HRAEWEBE L CREfE a3 ET 20BN H D,

JFEEZIE, SRV T Ly s T A U R L, EOMEIHES TRAIED Y A 7 7 A%
FTTHIEBFRETH D, (Rl A7 07T MNATFEESH TR LT, A LEIIEE LR TE 21
T RREEITH,)

I t=0- DY — BRI L. 7' 275 5 PHASE (2 X - TRed S5 FEECIRRE D — B Tl BhEcA
THERCT 27280, ABEREIA TRIC DFT VAIC X 2 BIRIRIBOF R A CW O MER B D, K71 7T LTI,
FUECIRRE—E IR BRSSO, (e, t=0)Z LA T DO X SIS 7 R EED 2 LN TE D,

br(r,t =0%) = e TPk (r,t =07)

ZHUFIR =0T BN T VLA A RICE 2D Z SIS T 5, FRZICRBW TR -E—A > b db) F7z

IXEFREEJOZE L, ETXATIVA I alb—a U THRIC, 2 SDEEREOBK HIEEEK

~NET =V IEHT D Z LI Lo, IR L EE S PTRE A MR {HREE « YR A T R VTg EONEFYAE DS
ROBINBD,

5512 ANJ)/%F A—%
LLITFDOAFE 7 OFIE, WIERRAEE LT Ix HFli~KkE & 0.01 R FHAOT L2 BRSOV 2B #RICE %
[RFEIA A 0.1 SR HEALRFRRIRER A 7~ 7°°C 1,000 REfE] A 7 77 (23 R = L—37 3 IRH] 100 JRU-HAZRFR) |

® RTTDDFT &% E(T7T A5 CF, 7277 L. DFT JEIC L B HEREDFENIE L TV A A DA
RT'TDDFT FHREMNSATINET,
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postprocessing {
rttddft{
sw_rttddft = on
time_step_delta = 0.1
time_step_max = 1000
ext_pulse_epsilon = 0.01

ext_pulse_kx = 1.0
ext_pulse_ky = 0.0
ext_pulse kz = 0.0
}
}
IXT A—H 7 74V ME B
sw_rttddft OFF ON RTTDDFT FHRAERA S4T4 %
OFF : RTTDDFT sHHEAEEAITH720
time_step_delta 0.1 (F-E7RFR) R BT A

Y3 2 b—y g U, time_step_deltaxtime_step_max
LD,
REBRANITIE 0.05~0.1 JEF- BRI OMED s HERE S 415

(1 JFREARITS K2 0.024 fs)
KZ72 time_step_delta Z5¢7E L7-5A 3B A H 1 S5
ZERBHY, FOEAIHEE LV /NS SRE L CHRE T ALE
N b,

time_step_max

100 (=)

FHEMER A4 T 95 F CORHEEEHTREL
GHERHICY a 72 IEFKE T SH5H 2 L13TE 720 (nfstop 1
REIAE A ]

WIMRREA R [V & BIETRL SV AEEGE (t) = Eped(t) 1 R8T 5/37 2A—X

INTA—H 7 7 4/ MA it
ext_pulse_epsilon 0.0d0 EIHDRE SE,
ext_pulse_kx 0.0d0 EDIRXe
ext_pulse_ky 0.0d0 EDIRXe
ext_pulse_kz 0.0d0 EmDAZe

5.5.1.3 BHEDIFEIT A

FPUE, @HF O SCF #HEAZITWET, ZORKE, sw_rttddft /37 A—X 3 off ITRREL TRBEFET, @HD
SCF FHEIMET LI=5, sw_rttddft /37 A—%% on & L, SHICHEIEUT rttddft 7' v 7 OFFE T
A—H % L, control 717 O TF® condition /N7 A—# % continuation |ZiXELET, TDX D AREK
ExEL7-5, BEEY PHASE OFHEZ3(T9 5 L TDDFT ftEMSEITINET, P TR T L
RTTDDFT #tHIL, FHIESORE (ext_pulse_epsilon, ext_pulse kx, ext_pulse_ky, ext_pulse kz) %9
T 0 & L. condition=continuation & L7=F % T PHASE #3793 iUTo Z &N TEXET,

5.5.1.4 FHREHER
HESERT, v T A MTEERESNE T, UTDL ST, FHRT-E— A > b & BIEENR AL Calgk S
9,

# time step= 991 time= 0.9910E+02 au = 0.2397E+01 fs
p= 0.0285381798 0.0002058360 0.0001702915
J= -0.0133497494 0.0000068680 -0.0000030064

P=0b LD 3 SOBIEPINRFE—A L D X,y, z J57. J=0H LD 3 DOLAENERELED X, y, z o7
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‘G—g—O

FHRAE TR, IREEZER D D AR 7 — ) =BT 5 T LI K o TARY MLAEZ R —0R L LTHE
HZENARETY, 27— 2B EEITTEHT 0T T LD —AT— KM sre_spectrum D FiZdH 5
spectrum.fo0 T9, ZDO7' 1 /T LB, EHEN7 Fortran90 2273 T—IZL o Ta v " v 5 2 &0
AT, TORMAAEL. UTFO@EY TF (EETF A L7 R —& LT ft LWOF oLy MU —ZEkL T
FATTo0), FT. UFOXITT V7 R —ft 2L, 207 1 L7 N —0O FICEIEEDIERE A fh
HL7- jdata &) 77 A LV EER L £ T,

% grep ”J=" ../output001l > j.data

jdata 7 7 A M2, RO X HIZ 1 THIZ time step_delta & ext pulse_epsilon % 2. & 5IZ
time_step_max OfE% 2 {THIZINAET,

0.1 0.01

1001

J= -0.2999128661 0.0000002015 -0.0000008972
J= -0.2970981909 -0.0000022160 -0.0000000155

ZO7 7 ANEERR LTZ D, spectrum.f90 Z 2L AL LTe A F U — (& 20E aout) ZFEITLET, HEE
ELTE LFO7 7 ABELNET,

A7 7 AN ]
jout EEPTEE L IR OB, Ix(b) Jy(t) Jz(t)
p.out R SRR - — A v b LR OBIFR, Px(t) Py(®)
Pz(t)
pw.out 7 — U T ST PR E— A > b, Re[Px(w)]
Im[Px(w)]
abs.out RGA-E— A > RERED AT L

5.5.1.5 fJilRH

Bl LT, Ry hry (K 577) @ RTTDDFT EHREGIZFNLET, ZOBEDOANT 7 A ik
samples/tddft/work_benzene L FiZ&H Y £7,
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®C

—

577 BT DR TFELE

HEIL, ML SCFEHEAFITL, DWW T RTTDDFT ZA%0Z LTkt a2 T L% L7~ RT"TDDFT ®
A7 v 7803 11,000 & L., BiZ1743 0.1 au (87 0.0024 ) & LE L7~ 612, (55N 7-65% 5.5.1.4 THiA
L7-FpxlCloT7— VBB LUE L, BONAWIN AT hi(abs.out OFEFNIX 5-78 TR9EY TT,

180 T T T T

160 n

140 - 4
120 b
100 f‘ 4

s | ]

absorption (arb. units)

60 - L

il
40 + “ ““W\ I .

M
»\ H\/ u\“ U“\‘\ A ﬁ\ N ]
| ‘L/ Vi \;”M L / \f 0
v : N VA A~

20 | | MWMv

0 10 20 30 40 50
energy (eV)

5-78 ABIEIZ L > THLNBRINALY kv
BHIOE—27 23, 16.8 eV IZENTWET, @i SCF 381z L > T 55 HOMO-LUMO ¥ v 71349
51eV T2, ZOEL Y b REENHE LTELNTEY., bosbb LWEREEZ DNET,

5.5.1.6 i EOEE

® IV ARAFRHERERT e VR LT EEV, WV N T YT MR T L IS L T ERAL,
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FFOELPL=y MEAHNINAET D XD IRFEEARRE L, 0 0 Fe a7 BZedil En 2=
v AV A ZEBRELTFE, (3T BABERE T2V TIHET 29612, Bl -E—A > FANE
LEHESNERA,)

ksamplingt } % 7N TC [base_reduction_for GAMMA = off| & [base_symmetrization_for GAMMA = off|
EHPRL TRV,

symmetry{ } % 7T Imethod =manual] & [sw_inversion =off| ZH/RLTFXUL,

IV SRORRICITRIG LW ERAL
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5.6 HiEmE

561 A FLRTUVILEFRAL-OA=Y b/l biEE

PHASE/0 1213, A FVAT Y VEHIH U CHAIEZ B b T 2H6RED M > CUWVET, 22T, ZoiHEe
DFENTT O ZA TN E T,

56.1.1 AJ/RT A—4

I, BFEIATIRNTGA—E T 7 A NVETTR LET, BLEER S5 S BEEOEMZI T WA
EESR Y R EAEE R L DT A — & BT IUTE VO TE— MR LU A 3R EEE DAL,
EWVOENWEERT AL HITR £7, Ibig, s bAo, UIFTOX ) 7sdEa Mz £,

structure evolution{
lattice(
sw_optimize lattice = on
}
}

257 sw_optimize_lattice % on &% EABEREAFIHT 5 Z LA TE E T, lattice 77 > 7121%, DL FOEH%E
EFT D 2 ENARE T,

sw_optimize_lattice R LERE 2 AN T 285G on & LET, 7 74 /L MElL off TF, 7
B, ZOAA vFH on DAL sw_stress (FHEIIZ on (2720 F9,
sw_uniform BN A — R b SB20AICon & LET, T 740 MiEldoff T3, =

DIRF A =23 on DA, A R AT 2V NAORHEEZZOTIIMHEIC L~ TR
EEBSEL X HICEEL £,

sw_rebuild_pws BN A T ST PSR A ED T E 2 EfRELE T, 7 7+
)V M#ElZ on, DF VBT DI EmEAEVELET, Of L9562
LI X > CEFIIEHREOICRMEZ M ESE D Z LN TEETR, KFIER
LCHECERERE Y v FE2RA LT\, &) 2 LIIREICIIhy A7
AKX =PSB L TN D, &) 2 RS T 2 SUSTEEDSNE T,
Fo, TONRTA=F % off &5 LHREIEN TERI RS TLEVET,

method B b DOTIEZEEIR L E T, bfgs, quench, sd DWTHEFRELE T, 77
/v Ml bfgs T,

delta_stress method 7% quench 7> sd DEEDEFOANAMEZTE L £, 7 7 4/ Ml
1T,

max_stress INFHIEICFIAT 5, A RLVAT U VOB KEZES OB TIRRELET,

7 #)V ML 1.e-6  hartree/bohr3 97, sw_uniform 7% on DIFEITA L
AT Y VDR ESZ DO DACHE R S vE T,

sw_optimize_coordinates_once | JEFHlE OFE i 1 B H OADOTFHEFOS TV A on & LET,

sw_fix_length_a on &5 & afiDES&ZETE L K a2imb LET,
sw_fix_length_b on & T5 & bflDOESZETE L K Fa2imb LET,
sw_fix_length_c on &5 & cliDR S Z[EE LT a2kt LET,
sw_fix_angle_alpha on &% LR ER A EE LTS ook LET,
sw_fix_angle_beta on &35 ERTESBEEE LT Fa s b LET,
sw_fix_angle_gamma on &% LA ERy ZEE LTS F etk LETS

56.1.2 73— 3 > 2019.01 RiOHEADOTEE S

A RNVAT Y NDT y NAT T —ITRT DINENE I D BEVGERH D £, AL AI=vAES
TRAF—DI = AR B LWGS, BEL Dy MR Thh Z ENEREEDNET, 20X
IR —RATER LD, ARLVAT U VED Y MA T —0ORE L5 TN S EAAEEL F
7
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56.1.3 A L AT VUMHIE (03— 3 2 2019.01 L)
5.1.1.4 f#iCik 7= X912, A NLAT UV IVORFERBEIHROGEN SO T, 5.1.1.4 HiDOIETHIET 2%
EXfETZ L HERSNET,

structure evolution{
stress{
sw_stress correction = on

}

5.6.1.4 BRI JONERSHOBAH (S— 3 2 2019.02 L)

AR b 2T Y%, BB D IcNTEMEEEPFBEIRIE D A v ¥ 2 3B L ET, £D7=H, 2019.02
KD/ S—2 3 AT T LIEEN BB I VBT 2 T ONHED BT IR DEE DT 7 4L FOIRD
FENT LD, /=3 22019.02 LIBEL VT LD A o = IS LTl VIR LTS K OVREIBE T — & 2|
VU THENMENT 7 4L FOIRDERNE 20 F LT, ZOZEHEICL Y, SCF FHE DIV C B4 2 [ A RiE i
DT ZENTEDLEIITRY E LTz, ZOEWEEZIIHI LIWGEITLL IO X 5 R EEITVET,

structure_evolution 1
lattice {
sw_optimize_lattice = on
sw_interpolate_charge = off
sw_interpolate_wfs = off

}

5.6.1.5 FHEMEROHS

FERIT output000 7 7 1 /L, nfefn.data 7 7 /b, nfdynm.data 7 7 A /Mt SN ET,
output000 7 7 A /UTIE, A ML AT Y ADGHRSNE T, LLFDa~y RZL > TEDEHRET 52 &
NTEET,

% grep —A3 ‘STRESS TENSORS$’ output000

STRESS TENSOR

0.0002326236 0.0000000000 0.0000000000
0.0000000000 0.0002326236 0.0000000000
0.0000000000 0.0000000000 0.0002142790

STRESS TENSOR

0.0002272841 0.0000000000 0.0000000000
0.0000000000 0.0002272841 0.0000000000
0.0000000000 0.0000000000 0.0002077216

WHEOFROGEA N VAT YR TSNS DHTT N, AERELFIM L TOLHEARITA FLAT Y
NVOIEREN A SNET

nfefn.data 7 7 A /Wi, WY TR F =1 @8 < DORKEDIED, A R LAT Y VO KA
(sw_uniform 73 on OGATIRAEREOFE) itk FE T, 72 x0E, UTOL S B IinGEsnE7,

iter unitcell, iter ion, iter total, etotal, forcmx, stressmx
1 1 18 -181.4043211413 0.0020128619
1 2 27 -181.4043355689 0.00156669006
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1 3 36 -181.4043464493 0.0011267018
1 4 44 -181.4043509953 0.0008837770
1 5 53 -181.4043582176 0.0000137026 0.0002326236
2 1 73 -181.4044226903 0.0000645338 0.0002272841

nfdynm.data 7 7 A /L HIEFEOHO LR CTTD, @ OHEOEETE—E LT S~y 2 =3,
BART MDVERSNAEICH I SIVET,

#

# a vector = 8.6795114819 0.0000000000 0.0000000000

# b vector = 0.0000000000 8.6795114819 0.0000000000

# c_vector = 0.0000000000 0.0000000000 5.5916992108

# ntyp = 2 natm = 6

# (natm—>type) 2 2 1 1 1 1

# (speciesname) 1: O

# (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 4.339755741 4.339755741 2.795849605 0.000000 0.000000 0.000000
3 2.643779197 2.643779197 0.000000000 -0.001423 -0.001423 0.000000
4 6.983534938 1.695976544 2.795849605 -0.001423 0.001423 0.000000

#

# a vector = 8.7672856463 0.0000000000 .0000000000

# b vector = 0.0000000000 8.7672856463 .0000000000

# c vector = 0.0000000000 0.0000000000 .6429940606

# ntyp = 2 natm = 6

# (natm->type) 2 2 1 1 1

# (speciesname) 1: O

# (speciesname) 2 : Ti

#

cps and forc at (iter ion, iter total = 1 111 )
1 0.000000000 0.000000000 0.000000000 0.000000 0.000000 0.000000
2 4.383642823 4.383642823 2.821497030 0.000000 0.000000 0.000000
3 2.663907294 2.663907294 0.000000000 0.001773 0.001773 0.000000
4 7.047550117 1.719735530 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

5.6.1.6 #1541 : LT AT TIO2 (A kL ARHIER L)

ARG A=E T 7 A MUZ, LIFOX S IeiEa i LE Lz,

® 1y M4 7T 3/L¥—|% 80 Rydberg

® HURT VX /UIR—HZ YA MZEBWTA STV D Ti_ggapbe_us_02.pp & O_ggapbe_us_02.pp

o A EMEOR LA T ; THEIX BFGS 15, URHIE & 725 J1DRKAEIL 2e-4

® MFFRLES LOM TR, MR — 2 _—2Z AtomWork (http/crystdb.nims.gojp/) |ZHEGRE
TV TF IR TIO2 DT — 4 Z 7

® JEEIBEE Y VN—, ERERE I —IMEEET, T 7L MEREEERAL

AL > M A7 =30 %—(3 80 Rydberg & HHGHIRE 726 DT, Hikd X 912 TiO: DIFAITIZNL B

VWEITH D EBZLNET,

nfefn.data 7 7 A /VORNEFIL, ATOL TR0 F L

iter unitcell, iter ion, iter total, etotal, forcmx, stressmx

101 18 -181.4043211413 0.0020128619
1 2 27 -181.4043355689 0.0015666906
1 3 36 -181.4043464493 0.0011267018
1 4 44 -181.4043509953 0.0008837770
1 5 53 -181.4043582176 0.0000137026 0.0002326236
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2 1 73 -181.4044226903 0.0000645338 0.0002272841
3 1 92 -181.4044839579 0.0001241955 0.0002222588
4 1 111 -181.4056948858 0.0025074070 0.0002222588
4 2 120 -181.4057176163 0.0020195652 0.0002222588
4 3 130 -181.4057600852 0.0000156213 0.0000444895
9 1 248 -181.4058191217 0.0001647915 0.0000332105
10 1 268 -181.4058328662 0.0000709369 0.0000119789
11 1 287 -181.4058349707 0.0000268520 0.0000015502
12 1 306 -181.4058351835 0.0000244918 0.0000006790

FNE, JREEOEE LAY 5 [FISEHE SIVCWET, TOMIA MLV AT Y UIKRHE DT, 6 FIHITZEMIC
7o TCWET, 5 [EIH TRAE< DORKENBEL VNS 72o720T, BB IO bIZFHENE
ITLTCWET, ZOBNZ, HAakE ko FFinlaR3 1 51B OEN 2 1272 > TD Z E3bin £, &
77, 6 FIHIZA DLV AT Y VDR KIEN RSV TCONET, 2 HH & 3 [BHOEHRAIE L2 SETHIR
FAB < FIOBKENIRIELL 725 7= DO CIRAEE ORI KX IE SN EFATLEED, 4 [BIHELRY MUE
BRHIEE 5 Tl > 12O CRTIEEORE LA THhNn T E T, 2O X 5TV ok & HEITE U
FPEEDFOEA LM TN O OFHENEIT L, B/LVORFHEEGN 12 [BlE o7 ZATA MLV AT VY IVDEK
EABIELL R & 72> T= DO THEAIIR Uiz L A7 SHUE T L O E T, Bfiaka bR OEREZ, KicE &
F L7

-181.4042 : . : ; 10°°
total energy
. max. stress
1814044 | T 1
-181.4046 | 1. 4
| 110 0~
- =
g 1814048 | 1 g
@ | i
£ -181.4050 | \ 1 =
5 {10° =
2 .181.4052 | ] @
® = o
= | o
S -181.4054 | ' <
: 6 E
-181.4056 |- 10
-181.4058 | EE e O S
-181.4060 ' : ' : : 107
0 2 4 6 8 10 12

unit cell iteration

579 BNREELOBRE, Fit : T RLF—, #E : X L ATV Y ILVDERES.

LETIFEERNY, nfdynm.data 7 7 A /GRS NI HAE DALY MVEEFOEENO G EHH T LN TE
F9, ZOHIOEA, a=87934bohr,c=56164hohr LS HiVE Lz,

@ ARNLATUYILET Y AT RLF—

A NVAT YT, BRI & LTy AT =10 L TR L3 6V MEAD B
0DET, FlE LT, AT TiO2 O, FEHANEOK FEER CHAE LA NV ATV H Y hA T =3LF—
ORFEZHIZ 7y FLE LT,
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2.5e-04 T T T T T
2.0e-04
1.5e-04 |

1.00-04 | |

stress (au)

5.0e-05

0.0e+00 |

-5.0e-05

-1.0e-04

20 40 60 80 100 120 140 160 180
cutoff energy (Ryd)
X 580 AFAETIODPED, A RLVATUINAE DY T RAXT—DRR

KB K91, 1y 847 50 Rydberg FREEDIGE A N U AT Y VD5 ESTLE S TWVET,
ZDr—ATIE, HARENRLUIZA NLVAT I NVERLT-DIZNE, &K TH 80 Rydberg F2EELL EDH v k
F T ZRNX =PRI TH D Z EPTRRINET,

5.6.1.7 5 : LF AT TIOL (A ML AFHIESH D, /S— 32 2019.01 LK)

AIPRTG A—B T 7 A T, LFDO X ) eikEa L E L7, 5.6.1.6 HiT{To7-faifb%, A ML AMELH
ML THATLTAET, FHESMFIT FREo@my,

71 b A7 TRV F—(3 36 Rydberg

2 MU AFHIEIZAS) (structure_evolution 7 &2 7 DD stress 7 &2 v 7 128 TC sw_stress_correction =
on &EXE)

BERT v IR —F A MZBWTABI STV % Ti_ggapbe_us_02.pp & O_ggapbe_us_02.pp
SRR DR b A7 E ; TR BFGS 15, IWHCHIE & 72 5 1D KIENT. 2e-4

PR L OSSR — 2 —2 AtomWork  (httpi/erystdb.nims.gojp/) (2B
QN VTV TIO D7 — 4 Z4RH

WENRES Y VoS —, PR L Y —HEER T, 7 74 /V MREE R,

FERAS 5 N5 BN e VIR OB 2 R ORI~ LE T, RV D » -4 7(36 Rydberg) Z£-H LT\ %
WZHRED BT A L— R bAMT A E LTz, fERELINHM 7 EHIE, a=8.805 bohr, c=5.621 bohr & 721
F L7
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-181.3082 , | | e
—C— energy —&— 1
-181.3084 - T max. stress ]
-181.3086 |- ]
410"
-181.3088 | ;
© ] 5
©  -181.3090 |- ] B
3 -
< .181.3092 - 1105 8
> ; g
$  .181.3004 - I
® 1 E
-181.3096 ]
410"
-181.3098 ;
-181.3100 N
-181.3102 « ! ‘ ‘ : ‘ 107
1 2 3 4 5 6 - 8

unit cell iteration

581 B{TIASE(LOBRE, 8 2T R —, 58 . A L ATV NVOBKRES.

5.7/ »al) ZT7ROiHE. AEVHEHEEEREE

571/ Y =7ROHE

5.7.1.1 FEREDHEE

WHEOHETIL, RFRHRE— A FORESIL, Ty 7 - XUV AE B REEDETRBLSI, ZODIH

FZOWTIHESNER A, X ETEHETH-0IT. 1 DOWERT T v TR OE T A VRS E S
DEINTT D, THRDOL 2D AY ) — LV TRIVENRDHD £7,

. (G =0)

[l//erJ — l//er (G = Gmax)
Wnk l//r;Lk (G = 0)

V(G =Gy)
ZAUTKEIE U CRE R FE T

r)(rlwi)
DI, AV AR LT 2x2174 & 700 9, £z, JRFTHIREMEE R OWRE—A > M,
Ne (F)=Tr[n(r)]=n"(r)+n”(r)

m, (r)=n?(r)+n”(r)

N ()= f, (v
nk
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R0 ET,
5712 AJJ/RT A—H

Jral) =T ROHE, Thbb 2 HAY ) — A TOREEIT S IZIE, structure 7 1 v 7 (T
“magnetic state = noncollinear “ LFLLET, F7o, FREFHEDFIHMERE— A MO HOFHIE
Z, "mdx mdy mdz” (ZHELET, FHAHRELRWGAIL. 2z Amzm< LWL E7, RpmxeE—A v k
OIFOFEIL, “theta phi” (B4 : degree) CHIREFIRE T,

structure(
magnetic state = noncollinear
element list{
#units atomic mass

#tag element atomicnumber zeta deviation mdx mdy mdz
0 8 0.166666 1.5 0.0 0.0 1.0

}

5.7.13 FHEREROHS

FEAEHIZIE, BAF O L 9 2T — A > MIBET ARSI SE S, Tot, Mx, My, Mz 13, =i, JeT
BB R ORISR TE— A v RN TR LD ET-ETT, ZhBNIEFOREIC L A e aEmT
—?_O

!OLD Chg ** Tot: 40.00000000 Mx: 0.00073742 My: 0.00000000 Mz: 16.17742289
!NEW Chg ** Tot: 40.00000000 Mx: 0.00075559 My: 0.00000000 Mz: 16.17739619

5.7.2 RE VEEMRE/ERGE
5.7.2.1 F¥REDOHEEE

QA ) —VBEETR DO, A VHEMH AR EET 254 T, AL BB ALERIL,
W1V (r) L

= S
omictr or

cganET, oo V(1) mErE » OB RT e AT, 20> Hamiltonian 1, BT

v T ROF T o A G ORI A ER Z @) 5728, 5.8.1 Tt L7z 2 il AE ) — A BII ) F
‘a—o

5.7.22 NIy A—4

2 EAGEFAAERZFIFT 5I21%, accuracy 7’1 v 7 D spin orbit 7’1 v 7| “mode = pawpot ¢ &7
LET, ZhEWNE, /oal =7 ROFE L FRFECT,

|accuracy{
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spinorbit{
mode = pawpot

5.7.23 FtEMEROHS

A HIEF BRI KD = u 0 —3, EUEH 1 ESpinOrb_old, new TFoRnSivEd,
R, 2oL, a3, UREZ CPPFLAG 12 -DUSE_ESPINORB Z ol =855 1cOAHE SN E T,

TOTAL ENERGY FOR 53 -TH ITER= -41.4549044288742 edel = -0.170628D-08 : SOLVER = SU

BMAT + RMM3

KI= 13.204535394898 HA= 32.283599969986 XC= -6.801519951682 LO=  -83.580054495015
NL= 7.597059454569 EW= 5.402894293900 PC= 0.000000000000 EN= 0.000000000000
PHYSICALLY CORRECT ENERGY = -41.454944288742

EOHXC PAW= -0.4786729 HA PAW= 0.0218350

XC_PAW AE=  -15.6619733 XC_PAW PS= -5.6000049

!XC PAW AE-XC PAW PS=  -10.0619684

ESpinOrb old= -0.0000308 ESpinOrb now= -0.0000293
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5.7.2.4 354 : O255F. Pty +

FHEBIE, sample/SpinOrbit TJ, ZIHDOFITIX, /014 x BlFANCENE L, EXE— A > FD[h1E (theta )
IZ L AR R —DBNEFEE L ET,

Z

X
X 5-82 R v EGEHE/ERFEOFEFIDTELE

02471
®  SpinOrbit/O2 /Theta_0
®  SpinOrbit/O2 /Theta_90

B DN, 1EFH7=0 0.108 meV ZE T,

Pt 53+
®  SpinOrbit/Pt2 /Theta_0
®  SpinOrbit/Pt2 /Theta_90

BEOHN, 1FETFHZ0 17215 meV BETT,

5.7.258i fEfhD/ S R

A UEMAERZBIE LT3y REHREIE, @02 ) =T 3R LR CFIETITWET, £7. scf #H%
17\ (phase), fHONTZEMEEDO L & TRV REHE (ekeal) 21TV ET,

il LC, Sidiamond f&ShD/ S REHRAZ/RLET, sef XOband 5 & b2, LLFOF—U— REHNE
4 (Si-band/soc-on 7 AV FHHE ),

accuracyt
paw =on
spinorbit{
mode = pawpot
H
J

structure{
magnetic_state = noncollinear
}
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spin-orbit: on
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<i11>

Energy (eV)
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/ |
[
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'
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<100>

spin-orbit: off

1

r

<111>

RN EFEATNC K VS LTy FREE T, ARITA B UEFA/ERAZEE Ly vy RIETT, A
BB ASERC LY gamma SOMEERDMET TD Z &2V 0 £,

5.7.2.6 fH EOIEE

® AU UHLEMHALEHZ AW TR —HIRAT O rh . S EL E DRI ENDLZ L2 BRI LET,
smearing (23 C method = parabolic D&AMEH AIHETY,
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5.8 ELNES / XANES fiZfT#4ge
5811FXL&HIZ

EMSiﬁ%ﬂﬁﬂééL?5%®I*W¥—ﬁ%%@ﬁbXME TEEHT X fRA RRET L 7= 5 A
7 MVEET AFERFETT, 22T BEHRHLI W XIS R DIE A IRIEI B T 584
ERRELET, T2, AET RV —GERO R T, BRT, I 1ﬁ@x«ahwﬁL%u%¢5%®&L
4, 2o oL X—4EEClE, EELS (X ELNES, XAFS % XANES IR CVVET,

ELNES & XANES O _Eor s L, A -mod & T UFO X 9IRS E T,

OEOQ Z‘ la-R| ) (ELNES),

6E8§20CZ:‘ le-R| ) (XANES)

(10)
= 2|i),| ) ianhikne GRRRED) LR (b2 T OPIIE TATROM L, FEEATRIEIER LoD | q
TR IO, e IS X MOIE~Z Py Ths, Lini>T, XANES 05T
ELNES #HicCq% e L3 B[4, ) e IRIE K THE SNAEEAY By, ) ~OEBH
g, ST e,

(gl ) = () (0 )=

>)< p| |l//nk >
v
THABNAbOL LET, T ALH AL, BB softpart 0%, H 2 HHERT v %
FAVE T ST L DT, |¢h) R TR 0SB TIBIL |4 ) R TR0E | OSBRI T 5,
H7o, BIUROTILF =T, KRR L P I RREO 2= LF—2THEX bND bDE LET,
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5.8.2 #fig : I RTIvIL

NBASITODHEERT 2 v /U, PRBEICBIT 2y E EN TV ER AL, 20720, ELNES - XANES
DFFEZAT O 72D, BERT oY Ve b BT TR DB B 0 £, MR _EHRT > v /U,

o JLURRREOEART v IL
° T ZE Lo ANVTARBED AR T 2 v L

T, HlZIE, LiF f55ao Li o K o A7 MLV EEETA8E103.

® LiFTOIEIREEDEART v v /L
® LiJi+? 1s WuBEIZZ=Z LA AR T v o v L
® TR OIEIRAEDER T v L

HERLET, 2B, WIhOERRT V¥ v UERIZEBW T, CIAO DA 7 7 A MZ,

| sw_write_core to valence 1 |
EROIATDHXLENRSH Y £9, 728, Eidid’sw_with_dipole_cor2val 1" CHAEETT, F—U— RIZHoOWTIE
CIAO O~=aT7/VaBMRL TLIZEVY,

583 StHEDFN
FHEIILLFONE T TVWET,
O JIRRE (A) @ SCF 14
@ PkETRERRE (B) @ SCF &4
@  PXETHDRIE B) OA~T MLEHE
DL@OTEHLNZQA) EBDOET LT —7% AT MLOWINIRT LT —E L, @OFHREICKM L £,

B, FEfra~r KL, OFO@? SCF #45i1E phase, @D AT FVEHFIL epsmain ZfH L £,
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5.8.4 EEIREE (A) O SCF &
5841 A/

PIUHRDTINF—ZFHET D720, AIRFA=ZIUTOF—TU— FERELE T,

accuracyt
paw =on
j

Postprocessing!
CoreLevelst
sw_calc_core_energy = on
J

}

728, file names.data @ F POT (2, 5.82 TIERLIZEeRT vV 7 7 AN EZIRELET, WED,
WBEETE 2 & E 72V R T Uy VEFRE LTEBAITIE, iU R OWNRE DR 542 BEE I L%

—EHEMTONET,
&Mmames
F INP ='/nfinpl.data’

F_POT(1) ="../pp/Li_ggapbe_paw_02_no_corehole.pp'
F_POT(2) ="../pp/F_ggapbe_paw_02_no_corehole.pp'
&end

5842 71

core_energy.data DEAEATIZ, Wil T LEFOFLHEZEDLE AT R LX—ER NS ﬂ’biﬁ“
core_energy.data LSO T 7 A /1/ ZHTI L72WEEIZIE, file_names.data TF_CORE_ENERGY_OUT (2~
AN EFEE LET,

# Etotal (Core+Valence)
-3437.92292869603

5.8.5 NEREFHFCIKRE (B) M SCF i&E
5851 A7)

FIRRBOFHF LR U —U— REHWET, ZOMOIERFHEE LT, WkE AT 5, Blo
JRFREZEID B THMERH Y £, Eio, BER AR 1 JJToAe$ 2, LIFoITR Bhikir

1% Li2 T,
structuret
atom_list{
atomst
#tag element rx ry rz mobile
Li2 0.0000000000 0.0000000000 0.0000000000
F1 0.2500000000 (0.0000000000 0.0000000000
(%)
Lil 0.7500000000 0.5000000000 0.7500000000
F1 1.0000000000 0.5000000000 0.7500000000
H
¥

element, list{
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#units atomic_mass
#tag element atomicnumber zeta deviation

Li1 3 0.00 1.5
Li2 3 0.00 1.5
F1 9 0.00 1.5

}

Li2 2%, W E A i ST LT3R T o v L 2BV T4, PEkEibEkie (B) @ SCF #HEoD
file names.data OFCIRFI T,

&fnames
F INP ='/nfinpl.data’
F_POT(1) ="../pp/Li_ggapbe_paw_02_no_corehole.pp'
F_POT(2) ="../pp/Li_ggapbe_paw_02_1s_corehole.pp'
F_POT(3) ="../pp/F_ggapbe_paw_02_no_corehole.pp'
&end

5.85.2 7]

FEEIRAEDFH R L [FIERIZ, core_energy.data DFMITIC, WlE T LB DA 54 G o BT XL X —fEN
HAsnEd,

5.8.6 NFEREFHHTIREE (B) DAY MILETE
58.6.1 A7

ARY MVEHED AT TIE, control 7'v2 72T condition = fixed_charge Z+8EL 7,

controlt
condition = fixed_charge
use_additional_projector=on

}

F7-. structure Vv v 71, FRIERIRIEOFHE L FRRICGER LT,

epsilon 711 v 7 Cld, AT MUIEET 537 A—XF8EZ1T 9, sw_corelevel spectrum [, PERLED>
SOFEARY MFHEEITOT2ODAA »F T, on EHELET, probe 7' Z7IND atom_id 1Z1%, bt
SHLHRFOEFEEELET, FitoLi2 (F1FEHOR - THAH72D  atom_id=1 & L TV&E T, £72, orbital
WX, B8R T o v v BRI ZE AL AN HE 2R E L £, ZOFITIE orbital 12 1s ZFEEL TRV, Li
KUilZdiF 5 A7 MVHRHRSIET,

fermi_energy 7' 12 v 7 T read_efermi = on & L. efermi |21, P#RE b IRAE B)» SCF #HE D
nfefermi.data FCEOEEZFEE L ET,

energy 7 1w 721X, WA HEIC LTI LW =)L —iH A f5E T 5, low, high, step 1X, #iU
i, mRVX—EEO Mg, B, KOS 5, B hartree T9,

XANES OFEDAS)23T A —41%, EELS OFSL photon % eels & EXH#ax T3, 7285, RO I3t
BCTHDHZD, EHEL0F—U— REHNTHRERIIEDYD £HA,

epsilon 1
sw_epsilon =on
sw_corelevel_spectrum = on
probet
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atom_1d=1
orbital = 1s
}
fermi_energyt
read_efermi =on
efermi= 0.21930399
J
photont
energyt
low =-0.10, high = 2.0, step = 0.002
§
H
transition_moment{
type =ks ! {l|1n | ks}
symmetry =on
H
BZ_integration {
method = g !{parabolic(p) | gaussian(g) | tetrahedron(t)}
width =1.0 eV

B2, file_names.data Tl JFLERIE (A) L UWRRE FEEIRE B) O RNV —lH 17 7 A V4%
F CORE_ENERGY INITIAL & " F CORE _ENERGY FINAL s EL ¥4, F£7/7~. F CHGT KWV
F_CNTN_BIN_PAW |2, WikEilitiRie B)OEMEE T 7 A N EFREE T,

&fnames
F INP ='/nfinpl.data'
F_POT(1) ="../pp/Li_ggapbe_paw_02_no_corehole.pp'
F_POT(2) ="../pp/Li_ggapbe_paw_02_1s_corehole.pp'
F_POT(3) ="../pp/F_ggapbe_paw_02_no_corehole.pp'

F_ CHGT ="./scf excited/nfchgt.data'
F CNTN_BIN_PAW =" /scf_excited/continue_bin_paw.data'

F_CORE_ENERGY_INITIAL ="../scf_ground/core_energy.data'
F_CORE_ENERGY_FINAL ="./scf_excited/core_energy.data’
&end

5.8.6.2 7]

AT MVO) 7 7 A Vhid epsdata Th D, BLFICHIIBERT, 31THDOT AL —fEIE, WIUHTT
NF—IZ e dow ZNATAETY, spectrum [TART MVREE, T7ROBLFEEOET £, (0) (HELET,

# Spectrum data

# EnergyleV] Spectrum
0.6018296869E+02 0.7167942086E-06
0.6023739146E+02 0.1031555487E-05
0.6029181423E+02 0.1478755242E-05
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5.8.7 StE=|

58.7.1 LiF #ifad Li i1 KD A~RT v

FlEE LT LIF 5o Li i Kigoo XANES A7 RLasrR LET, A FHIE. samples/XANES/LiF

<9, FEI
O HJRRAE (A) @ SCF &5 ( 7 4144 : sef_ground )
© WEKETEEIREE (B) @ SCF#H& ( 7 4V 44, : scf_excited )
@  PEEEIREE (B) DAY MVEHE ( 74/ 444 : eps_excited )

DNETITVVET,

AR MVEEIT k. SEEEEC L TITHY 2 HERR L9,

\

| = /\

\

r" 4 \'\
o

60 65 70 75 80

b v
[4‘3 i S T Energy (eV)

5-83 () LiF f&fk, (B)A~Z b

spectrum ( arb. unit)

5.8.8 MEMBFRLS (/13— 3 > 2019.02 LIE)

5.8.8.1 %
XANES DAY MG T, ARIREE 1 LHRRE £ ORIOEBBE—A v PAFIFHLET, I, TOBRTAL

SIFFINZ ENBNTIN, AR EE DL SN T D L F—fIC A B — 2 2E U5 Z &%
VET, ZOWEMRS O R Z PHASE THEITT 5 H1EZHA L £,

5.8.8.2 FHHFLR
(1) BRET—AL FORE

WEMRE TEDIZ, IREL & HARRE f O OEBE—X > M
M, = (v, D), D:é-r+%(é-r)(k-r) (612)

TRENET2, W KOV, 1, ZHZHIARAE | ROWRIRGE f OB, & KOK IZASBEOFIERY kL
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KO~ bt D o 1 EARERT-. 4 2 TEO U EM RN e LU ET,

7272 L, PAW AU, WIS A b SNR=d, M BUIFo L S icEs Bz onEd,

M :<{:&f |D|‘/7|>

DIWA(Z

R I'm'z' nim

PIWXA(Z

R I'm'z' nim

D|¢Fce,nlm><ﬂlg,nlm |‘:&|> (5'13)
D| &I;,nlm > <ﬁl§,nlm |l/7| >

Bt} (B
Bt} (B e

22T Prime BO P g 13 FNVEIUIEF R OPREEEFHE~OT 0 Y2 7 2 TF, F72, @ pmee KO

Boe e T VR IO TSI TS, R, @5 o KOS i . TN
FHGHO T R OB T

7235, XANES OFtHIT, afkiEL & LT, JAfE Ro) KOWEFHUE ) 2fELTT0ET, &5
(2. ZOWUEIFFEBHREL TWD 2 & aB2 D &, fiF.

M, = ZZ@/ B e ) (B e (DI ) (B i 71) (65149
ZERETIUZ IO 3o 521,
(2) A~ MBREOFE
A8 MVBREELE,
&, (@)= 4nZZ\MHf 5(E, ~E ~ho)
(5-15)

= 47[22{‘(% |é-l’|l//i >‘2 +%Kt//f ‘(é-r)(k-r)‘y/i >‘2}5(Ef -E, —ha))

ThzbnETBL = 2T B ROE; i3 iER O%IRED S R LR — ho IEANFEOT= A F—TF,
(5-1)% VUL, B R OVIERR Ao, e

2

D ()

ey ® (w)= 47? Z

f

pIPACZ o ) B a7

x5(E, - E —ho),

% (0)= #2| T 3
x5(E, —E —ho),

D =¢.r, D®=(&-r)(k-r)

B e ) (B e

D® (5-16)

By smse ){ B i ¢;o,n.m><ﬂ;0,n.mlu7i>‘

L7V FY, 7. E1 KO E2 I FEERAMRT-, WUEMARGY & D BERTTS
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5.8.83 A7)

Wik bk ait% > SCF #HEIZEATHND D L LET, MEMFHEMEZFIFT 512, T L2 72A
NEAVERR U ET, AT &S, ARERFA OIEH CJ, sw_local_approx_trans_moment=on &35 &,
KA~ N 2 C I Ry 2 #HE L £97, wave_vector Tld, AFHDEOEEA~RY MO FRERE LET,

7% 542 EMTRDZFIE T B 7D AT

epsilont

sw_epsilon =on
sw_corelevel_spectrum = on
sw_local_approx_trans_moment = on
probet

atom_1d =2

orbital = 1s
}
photont

polarization{
ux=1,uy=0,uz=0
}

Wave_vector{
kx=0,ky=0,kz=1
}

energy_rangel
e_low=-0.10, e_high=2.0, e_step=0.002
H

}
BZ_integration 1
method = g !{parabolic(p) | gaussian(g)}
width=0.2 eV
}
fermi_energyt
read_efermi =on
efermi= 0.17409189

}

Tl
ra
i

728, fermi__energy 71 v 73S THMENERHAN, ZDL XL, K7, RRE TERIREED SCF 3
RS- 7 =)V IYET 7 7 A V4 % file names.data WIZBAFE T A MR H Y £97,

% 543 fermi_energy 71 v 7 ZRVVRWESD file names.data DF]

&fhames

(FFH)

F EFERMI ="../scf-final/nfefermi.data’
(FFH)

&end

5.8.84 Hi7
RRRA- R OVU B {57 D AT S UL, EZ i, eps_E1_El.data & (Neps E2_E2.data (ZH /1 &vET,

# 544 eps E1_El.data OHH]

| # Core level spectrum ( dipole-dipole )
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# atom: 2,orbitalln= 1,1=0

#

#  Energy [eV] spectrum

#

(1)
0.4968388438E+04 0.8211847200E-07
0.4968442860E+04 0.9903378493E-07
0.4968497283E+04 0.1147357290E-06

(% 1%)

% 545 eps E2 E2.data DHF

# Core level spectrum ( quadrupole-quadrupole )

# atom: 2,orbitalln= 1,1=0

#

#  Energy [eV] spectrum

#

(1)
0.5008878978E+04 0.1286045986E-09
0.5008933400E+04 0.1328488558E-09
0.5008987823E+04 0.1279594782E-09

(1% 1%)

5.8.8.5 #HE
SrTiOs fga D EEI 23T L E T, ATI7 7 A V1T samples/’KANES/SrTiO3 (28 0 £,

F9 B 6 ) ORF %, kS Monk(8X8X8) Thaifk L a=3.923A%15FE Li-7z, et
BRI IANS 8 fi5 LT A— 3—1 /L (135 i+, a=11.769A) ZAFR L. 1 5D Ti JFADERT 3 v /L % 1s 12
WKL RO b DICEE A F LT, RS T o,

cutoff wf 25 Ry
cutoff_cd 225 Ry
kST s SCF: Monk (2X2X2)
XANES: Monk (4x4x4)

VARE S PAW, GGAPBE

BoRT v v Sr_ggapbe_paw_02.pp

Ti_ggapbe_paw_002_nocorehole.gncpp2
Ti_ggapbe_paw_005_1s_corehole.gncpp2
O_ggapbe_paw_02.pp

AT "MLDTa— K= Gaussian, width = 0.5 eV

Fio, T M, BT MLVORMABEDEE LT, LITFD 2 2R LE L7, WEKERERIZBWT, a
1% t2g, b ldeg #uBERYZ T B —T7 LET,

a b
e~z kv E OJ5mh [100] [110]
W7 vk OJ51A) [010] [1-10]

FERZLITIORLET, SrTiOs D d #uEiT, t2g D725 eg #IE LV b gL —MEN 2, DU EHG 125
TERANCE—27 BNENA DT t2g a0 —745% a OEATTT (X 584 M), X 5-85 1, WIHITE
DYLKRK T,
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a) E/[100], k/[010] D4

E //[100], k // [010]

~

=

c

-

0

h -
@©
: ——— dipole

= - quadrupole
)

c

O

-

£

4850 4955 4960 4965 4970 4975 4980 4985

energy (eV)

b) E//[110], k/[1-10] D&

E // [110], k // [110]

~

=

-

ro
o)

—

©
: ——— dipole
— - quadrupole
7

o

O

et
£

A

4950 4955 4960 4965 4970 4975 4980 4985

energy (eV)

BJ 5-84 SrTiOs ™ XANES A7 v
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a) E/[100], k/[010] D4 GEK[X)

__ | Esrro0), k /7 1010]
= |
E || == dipole
= quadrupole
L0 sum
S
= p4
> L ]
=
v
£
()]
—— - -
£
p1
4954 4956 4958 4960 4962 4964 4966 4968 4970

energy (eV)

SpiA (3]

SrTiO; pre-edge
— —

——

(a) expt.
p3_P4
p2
p1
A g-.a. g 1. a-.g g} pe. g g
4965 4970 4975 4980
L A5 ANESENA A S
@ |(b) calk.
T without p4
3 core-hole
-Q P
5
>
g 7 5 10
E L A AR TN | IS/
(c) calﬁ.
wit
core-hole P4
p2
p1 / q
4985 4990 4995
Energy (eV)

5-85 SrTiOs O XANES 227 kUK,

5.8.9 3T#k

[1] S.-P.Gao, C.d. Pickard, M. C. Payne, J. Zhu, and J. Yuan, Phys. Rev. B 77 (2008) 115122.

[2] C. Gougoussis, M. Calandra, A. P. Seitsonen, and F. Mauri, Phys. Rev. B 80 (2009) 075102.

[3] D. Cabaret, A. Bordage, A. Juhin, M. Arfaoui, and E. Gaudry, Phys. Chem. Chem. Phys. 12 (2010)
5619.
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59t RT oI IIL—ENV I aL— 3y

59.1 &

PHASE/Q (2L 5@FEDOY I 2 b—ra T, S EOHEEZITOET, ZIUTktL, LR 7r v v v
(72 IZRVX—) B—EL L, #EktonTE#/Fy Iab—ra, NEB §EREETIH[1] &
INTEAHHEHE (constant-mu 1) & PHASEQ [ZiXii->CWET, ZOEE, B I al—y g g

fLLET,

592 AHNSGA—H2—
{BFRT Y V—TEDY I 2 b—a U EITHITE, accuracy 70 Y7 D FIZ fep 70 v 7 Z/ERL, IRD
FlOX I ITREEATNET,

accuracy{
fepf
sw _fcp = ON

mu = -0.1
relax crit = 1.0d-5

fop 7Ry ZITBWTER AR/ N T A—Z [T FRLom b T,

(CFRT o o LR DREAAT 5 10 D WEFRET B AL v F o 4T

sw_tep IEEIZon & LET,
H—IF s | LI AAVRRT Y VDA A TR — DT THE L E
. ﬁ;%ﬁﬁ@ﬁ®%ﬁ?ﬁ%§§%§%bf@%,7Iwi%*w¥—ﬁ
DT RN —EHEDOARCE e EAPR TR EHEELLTW
TLXx 9,
temperature { l:?nff? Y VR B 7DD “*ﬁ%i%?”_ DOIREEEELET, 01
B)Ey R a Lb—ya VORICTEROH HERETT,
qmass {ESART X VBRI D 728D “*ﬁ%?»’e?’i DEREEELET, 01
BIFEV R 2 b= a VORRICEROH HRETT,
rass {EFRT o VERIET 7200 “BFOEE” 28ELET, 718

HPEL L 2 b=y 2 L OBAICEROD BRETT,

SR L OBRONACHIESRIFAHEE LET, BN EFART v L
DIEE & =7 NOEOZEDRERHEN Z Z THRET HME LD H/ha <7
STAIICR UTZ & R SivEd (TN, @ O RS
HICRHIESAE BB SIVET),

relax crit

tot_charge_first | NEBEIROBRZ, ROV WCER DEMETELE T,

tot_charge last | NEBFHRDEIZ, #mDL 7Y WG DEMEHEELET,

B, AHREHEEA ST (a7 1&15) Bbhiz (TR EasbtEm s LThi-x TEFE O
Hait) (Varz2sd5) HA, a7 1B 0) Gxzmu OESIIRRD 7 2V I ZRLX—0 (Ve
7228\ BonEd, WS, ANERE G2 TEFOREE{T>C (Yar3L35) Honiz7 =
THLF—ZmulFFEL T (Pa 74128 -0) ka7 &, HBoidEmiIb D (a7 312k 5)
SN L TR DEMERVET, DX IO LOEDEDRVERNMESNADIE, FWETA VERA 5
Z DG ATV O 5- 2 DA L Bie DT, RN —DFENELT 5720 TT, 2L2F0A
STHERABL -0, INBEM A G2 T-REICOWTUL T O L 5 BRREL %, WIEHOFETEEGh
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LI TLIEENY,

accuracy{

sw_add gex to initial charge = off

5.9.3 FHHOET
EHEOHERELD LI FINYY L 2 L—y 3 VOBRETNZ, (LFRT o —EDY 2L —ra
L DRGERNE LT 5, WD PHASEIO & 34T USRAAT ) - LA T 2T,

FHRPIZEM EDO L DB LIZhNE, UIFOZETHAND ZENTEET,

[0}

% grep 'Total Charge' output000

FCP : Total Charge = 31.98942095
FCP : Total Charge = 31.99795170
FCP : Total Charge = 32.01254363
FCP : Total Charge = 32.02605805
FCP : Total Charge = 32.03237025
FCP : Total Charge = 32.02886985
FCP : Total Charge = 32.01742419
FCP : Total Charge = 32.00372842
FCP : Total Charge = 31.99503316

o, AEFRT v (T I T =) IRED LT LTENT, DT OEFHTHRHAND Z LR TEE
R

Q

% grep 'Fermi Energy' output002
FCP : Fermi Energy = 0.24621583

FCP : Fermi Energy = 0.24679898
FCP : Fermi Energy = 0.24700415
FCP : Fermi Energy = 0.24674191
FCP : Fermi Energy = 0.24618985

5.9.4 {5l
IEFICHMBEE LT, v ary 8fiTORONTEIIFY I 2 b—ra 0wl EFET, ZofED AT
7 7 A3, samples T 1 L7 ;U —@ FCP/NVT nose_hoover (Z& 1 F7,

ZOBEDANTI 7 7 A ME, HARRIZIE samples 7 ¢ L2 kU —0 molecular_dynamics/NVT LLFiZ&H 5 D
ERIETTN, TFTOL U FERT oy V=D FENIFY I 2 b— 3 V&7 ) T2 D ORREDE S I
TVWET,

accuracy{
fepf
sw_fcpopt = ON
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mu = 9.0e-3
mass = 1000.0d0
gmass = 4000

}

ZOANNT7 7 ANVERH LT, @@y PHASEO 23 73 tUubdR T o o v b—EDH—F By 18 )5
R lb— g BTH T ENARETT, TOREE, 728 2T 5-86 | TRT L O ITEMAY S 2 L— g Ul
Gle EBE L ET,

32.12

32.10 | M g
32.08 | }
”

32.06 | ”q

9047

\‘ H\ | HH
I w “'w \“w il

i m M I \\
woo#n

il
31.96 - J

32.02

‘r H \

‘ n

HM ”ﬁ \ i \ M\ \Wm ‘u‘\
u

‘V\ \\\ "'

| w\\‘\ | ‘u‘
l MH I

instantaneous charge

31.98 -

31.94 - ‘ :

3192 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

MD steps

5-86 Sy FEIHEY I 2 L— g U HROBEHOBIL,

595 A LDFE

ARFHEREREY, TN COMBE LA ETRIHT 2 2 EANATRE TS, AFHERSEEA I 5 & BTl
72\ \ph%%:ﬁ D Z IR D RITITREEDRETY, AahEfars (ESM ik, 5.8.5 ) THEMSEMHE pel (i
o ESM 2 &JE) &35 &, G BAIROMAEMEROMEZRVERS 22 b T ET,

5.9.6 &3k
[1] N. Bonnet, T. Morishita, O. Sugino, and M. Otani, “First-Principles Molecular Dynamics at a Constant
Electrode Potential”, Physical Review Letters 109 266101 (2012).

5.10 AREZETERAE (/1 \—2 3 2 2019.02 LIFF)

5.10.1 1%

BIRES A RMRE L1, —RAIRES FIChWTotiE BO =R LX—ZilE O3 L —TZ 2 “mo ¥
B ERIMET DRIRMSRECT, ZOFFEREREIC Lo C, FIRI L= 2I08 & L COEMRR /3
ZRDDHZENTEET, HBONTOBNOFERLHEST L L0, ARES N CORAB LAy
A w155 Z L bAlREE 2o TVET,

5.10.2 stEHER
—REATRES FORFENL, RN WTHRR SN TV BULFEIHE > T ThinvE 3, —EES MokiF sy
e —%, LTFTOXITERLET,
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F = EKS _meac ’ E (5'17)
By 25EH D a—1 « v AL h=T Vb BENA BT I E—, Q AR, P 2SEGRR7
BN, E BN—AEARES T, P 130 — (R HHET 5 Z v ex Y, E imA8T 2
—H—TF, ZOT L Z N —Zh M BT DIV E AR Pt L S IR & £97,

f o
|gnk>=N_HKS|unk>
K (5.18

ife & E-a Y ) i ) |
B 5 () )

| Uy ) Ao B E C b 5, K, K i3, il 7<2 Prg b &9 L 2 kN kbiN T,

Son (K K") MBI T2 D TV, (Up [Uye) EETZ LB TEET,

ZOX ST LT SR AR L Co s A A —a il 5 b, —REES T ORI P, A5
BIDILWTEET, ZOBRND, SOITHke ST 2 25 2 L bR, T, BN
EITR] LTARRED S5 5552 K > CHAER AR5 2 L WHECY (057285 OB 252 1-BuoR /BT 251

5P#%,%%%@g:h%n%%k%ﬁ?é:kﬁﬁﬁao%5“@,ﬁ@%%??®ﬁ%ﬁ@<ﬁ@6

ezzgg&waﬁ%%mmrﬁwy%ﬁ%%azg%W%@ﬁ

5103 A%

—IRATRES FO#HE %4 PHASE/O TE{T4 5121, control 72 v 7 D FTew fef=on & 95Z2 &1k -T
—FRATRESARREZ T D Z L 2FEEL, I5HIZ accuracy 71 v 7 D FD fef 717 DO FD electric_filed
Tay ZICBWTEEE AT LET, BRI IO L ) ITHELET,

control{
sw_fef = on

}

accuracy{
fef{
electric field{
ex = le-5
ey = le-5
ez = le-5

}

EH ex, ey, ez ([CX > TELEO Xy, 2 ik EfRE LET, o, AREGEEZFART 2583k 57 o 7T
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EZHIBERH Y 9, LLFDO X 512 kshift /3T A—2—%FT_XTO LEELTLZEV (method IFHHEED L
<X monk L9 5%)

ksampling{
kshift{ k1=0, k2=0, k3=0 }
}

5104 5t&VIL/A—IZDUVT
ATREGAR IS TIIRIF ATREZRG R Y M S— TR B £97, iU, ARRESEIEEERZE

(P 'E V&80 27200, WA AL =T OEHIRIE TR 2o TLE I Z LICBRLET, A

HlZa2 =2 VRS2 Z LN TERWD, 7oL 2T st abidf e £t A (L > Tiorzeidxt
FfULWIETH 5 Davidson 52 YV L/ N~ 33~ THIHAR R CT) , BEEORER Ry Ze it Al &2 £ 720 CG
DI BUICHOENTETH S Z L300 -T2 T, AIRESRHERSEERARHLZ O YV V=037 7 )L MY
i_j—o

5.105 HH
PHASE #3473 5 &, u77 7 A /Uoutput000 7 7 A /WNZITLL FOBEFE T SCF A 7 L—3 3 MBI 58
RoOBOEENE S ET,

BP = 0.006502276 0.006502276 0.006502276
Pel = 0.000078647 0.000078647 0.000078647
Pion = 0.000000000 0.000000000 0.000000000
Pmac = 0.000078647 0.000078647 0.000078647

BP = DI Y (A3, Pel DRIHOE 05 D% 5743, Pion Db EIZSMRDA A 75 0% 573, Pmac
(BT LA AL ORBOEF PN SNET, BIOTT S TURTHALTT, BoNins, HagerLy
B AL FOBEECHEAT D Z L TEET,

) oP

. s SF
AL 82 =>F
5.10.6 51&EH|

AP fEEhDOF R A AIRES 5 JOMSRIETITWE Lz, DA T 74 /13 samples/FEF/AIN (2H Y %77, 8
JFFOFRERA L E Lz, SHEFRZUTICELDET,

&K 546 FEMER

PP SR

Bt 0.000050916
FHE CAIRESIE) 740

FEE_ GOl 740

AV (HIRESE) Al:2.25,P:-2.27
RV GERIE) Al:2.227,P:-2.227

PEREL X BT AREEMNMEONE LT, RLVEMOFbIEREL <L TWET, AIRESEDR L
VEMOFINE T2 TN DIE, BIEREEIC LD D EEZONET,

5107 =4
o HIRESHREEZ RIS, 9@ SCF #HHEA2FE L, IR L= i@ s B E 215 k<
364




ZEPHERSNET, Lo, BHROFRIIFLLTOL 1720 £7,

1. X5l L72VWRo SCF #HHR AT,

2. AMRESHEHAOT 4 V7 MU —%EkL, 212 1. TR LIZADT 7 A VS50 T-REREET
— X CEEET 2 At —12% (77 A NAITENEI za).data & nfchgt.data)

3. ANIWRFGA—H—T 7 A ERELFEADOANIOREZIZTEZ L, & OICHIEERE - W RT
BREXT 7 A NDDEARA X O IERET D, BRI TRO L 9 72508 %179,

accuracy{

initial wavefunctions = file
initial charge density = file

}

® AR S 57-0H121% SCF sHEOINHHIE L L GERF LV b LWL OZBRHT 2 XLERSH 5 Z 0N
2\ TT, Pel OIUREG A D720 DB QN ACHESRA T 2O TS Z &R SN E T, ko XL
91 initial_wavefunctions & initial_charge_density % file |Z5%E L CRIHTZEINF TOFHREDOFRERZ 5t/
ATEWET DT, FIVE T To o dRITIERRIZIT /2 0 FHA,

o FTHIADOHEEEN LR EREEDZ LB TEETR, ORI VARIFERERT v 2 VDRt
JSLTVWET, UV T VT MERT VU X VOSEIR LN DR TN REREZR O THIH LianWT< 7
AN

5.10.8 BE3HK
[1] I. Souza,d. fﬁiguez and D. Vanderbilt, “First-Principles Approach to Insulators in Finite Electric Fields”

Physical Review Letters vol. 89 (2002) pp. 117602 1-4.
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6. PAW (RIZ L BETHE

6.1 #EEDEIE

PAW £ &13, projector-augmented wave {EDIEFRTY, UV KT V7 MERT v WELTROBIRO & 55T
BRETTR, UVEI VT MERT v /VMEEHIRT 5 &, FRIMMAZBET 256 CEm B O R X 7055%
ICRBWCERERFHEIMTZA D & STV AEHETIETYT, 22Tk, PAWIRC X %345 % PHASE 379
LFEEG LET,

6.2 AT A—4 SHEDORTAE

PAW JEZ2FIHT 57291218, PAW AT v VEFIRAT2H0ERH D £9, PAW A7 vy Ud, BR7T
X IENT 4 LY R =T

Jt#4 ggapbe paw us.pp
Jt#4 ggapbe paw nc.pp

EWVII T ANGTHELET, BFEDO/VARFBLI UL NT V7 RRT v L AR, file_names.data
7 7 A JUZENT F_POT #5F CxHid 2064 D7 7 A VERELET, 61T, LLFOX T paw ZF]
HAT2X2 B 8EE A7 7 A /UTFER LET,

PAW iRT v VEFEE LT, 7 74V FOIRIETIE PAW OB TONE T A, PAW IEOHEEZITHIZ
X, ANJ17 7A@ accuracy 7 1 v 7 TEM paw ZEFelL, TDEZ on (ZTHHMENH Y £7,

accuracy{
paw = on

}

PAW JEDBA, KIBEMOWMN T EET T2 LI Lo TS Z I E S 2 LR TXAEEARH ) 3,
DITOREE fid Z 212k, < OEAIENIESILET,

charge mixing{

sw mix charge hardpart = on

}

ekeal |Z L A EE BT OFE LT I A, & HliZfile_names.data 2 F_ CNTN_BIN _PAW #5117 ZFf LT PAW
HEBAOT =2 EBEL, AR EELIMLERNDLYVET, ZOT77ANVOBEED T 7 4 VAT
continue_bin_paw.data T3, 7= & 21X SCF #HE A1 T-72T 4 L7 FUNLBEE LOT L7 N Zo7-3854,
TFRED X 9 7Rl BT,

&fnames

F CNTN BIN PAW='../continue bin paw.data'
/

6.3 FT5EHI : RDIIAEEY O L

PAW VEAFIF U7=3HE61 L UTC, RS HHEE Y 0 AOK T EROFEHE2EN LET, Z7ailit, wLRT
V7 NMERT e )V CHAT D ST EBDNEAEHI S, E AR R N S E T, ZORRE
DEINUESNDLD MR L ET,

IR U727 —#1%, samples/Cr (260 £9°, samples/Cr 121, AFOT7 7 AVET 4 L7 N BRHY £
—a—o

Cr ggapbe paw 002.gncpp2
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Cr ggapbe us 02.pp
paw/
us/

Cr ggapbe paw 002.gncpp2 2% PAW JIOART 2% /L7 7 A )b, Cr ggapbe us 02.pp BV T V7
MERT oY VDT 7 ANVTT, T 417 bV paw (2 PAW HHOATT—H A, us lIZ7L 7 Y7 NADA
NT=EDPEHESNTVET, SHITpaw,us DET 4 LY FUIZHIRODTZ 7 A NET L7 FURHY ET,
catenergy.sh

vol20/

vol21l/

catenergysh 1, T X TOBFEHIHOWTOFEDKET LIz LICTHNF—T —F 7 7 A VEFEGT DV = /LA
7 U7 T, vol20, vol2l, .. /3 Z A ERUARE 2043, 2143, . O ANF— 2 TS LET, $RTOF L7 B
TRHEAEIFATLI=d L, catenergysh #3735 & paw(us)T 4 L7 b FIZEEFEO= R —5 508k LT~
7 A\, energydata BMERINET,

paw 74 L7 U FOT 4 L7 R (vol20 72 &) OHIZH 5 file names.data 7 7 A /UL, LAFO X H 750
WwARHY F7,

F POT (1) '../../Cr _ggapbe paw 002.gncpp2’
F POT(2) = '../../Cr ggapbe paw 002.gncpp2'

ZDWRENHDHDT, PAW FHIORT oY AsfisivET, RILE I, us T4 V27 MU TFDOT L2 RY

(vol20 72 &) @ file_names.data 7 7 1 /WL Cr_ggapbe us 02.pp ZARET HITRH Y £7,
FEOEREOLNIZEVHIREZX 61 1ORLET, —RLTHLR L DI, PAW kL USEL TR DEV
MOMEONET, IDIT, ZOEVERE S LI TER, EHMEE, BT LX—% b & O A I
BEEDITE 61ICELDFE LT, PAW RIS FEEL, (RREEMEED USTEL Y bEcEL T\ D GRS O
—ERI) G0 FT,

0.035 T T T

PAW —
us
0.030 -

0.025 | |
0.020 | 1
0.015 | \ 1

0010 | .

energy (hartree/cell)

0.005 7 b

0.000 | N _

_0.005 1 1 1 1 1
20 22 24 26 28 30 32

volume (A%)

¥ 61 7 R ADQEV Hilk, AW PAW ORER, RS US O, £FETABNSRbEN=I ¥ —%
IRAF—DFERE LT3,
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# 6.1 PAW EBXIOUS BIZ Lo Th L OIRFER, AR, B pL¥—

Us PAW el
a(A) 2.994 2.886 2.88
B (GPa) 89.2 150.5 190.1
Ecoh (eV/atom) 401 3.065 4.10

6.4 PAW ZDRBEZRLEIELHE

PAW VECIE SV HEKERR T, 7 7 4/ N ClIEkmaffnBaaFIH Lol L 2 sk 2 sivE 7, 2
D%, A PIGET 547 v a VBHESNTWET, AT A= —7 7 A UZLLFO L 5 785t
BEMZDEZOF TV a v ZRATHZ LN TEET,

paw _one center integral{
element list{
#tag element surface integral method
Fe gl
0 gl

ZOBITIE, Fe & O L) RO ITTRENER SNV TND Z E2UE L E L, AT 256080 e
DMED D T

ZDFEEAE D & AR A E ORI R < oo TLEWNE IS, HED A EL BRI X v EEsic
T % & 512720), SCF FHREOIMEA M LT 258038 ) £7,

6.5 PAW A THM T EMEE—E
PAW £ CRIH RIHE72HERE T,

BT RILF—
KRR

AR

L 3E |
AR - s
BARRAEE L DFHE
VAN 30

A NLAT Y VDR
R

PRENfT

S FEN )T

DFT+U

ESM i

PRSI E X AT I T A
ABREALFIT A

NEB

ETivailsaty (e

Jra) =7

A B AR AER]
UVSOR-Epsilon M4&-HRE

ULF

*ﬁﬂﬁ

D]
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® UVSOR-Berry-Phonon O#5H%RE

369



7 EIEREG EHRERIE

7.1 FERE. IGRME
711 hy M I7IRIILF—LEERE

SEHPAEZ A L CWAFIED 12 LT, By M7 X —dkE U210 ¥—
NS L0, BETESEESR OB O, W) BT o E T, BARGIE LT, miSLHFE DT
VR = DFERERIA U272 MIEREAN LET, X T-11Ch Yy b A7 F— L 2 gL —0FR AR L
i_j—o

_56- 30 T T T T T T T T T T

-56.32

O

5634 | -
-56.36 | |

-56.38 | ]

total energy (eV)

-56.40 | .

-56.42 | \3 ]

-56.44 |- 1

_56.46 1 1 1 1 1 1 1 1 1 1
0O 10 20 30 40 50 60 70 8 90 100

Ecut (Ryd)

71 TAI=ULEROBED, By b7 N — e XX —DE%

BB BR K9, Iy M7 NF =% RESTHERTRINF—IVNEL D, —EDMEINERL T
WET, ZOEDIEENIFIH L CODHERT Uy WK L E T, ZOBITIY, 36 Rydberg 1% & CET-d 7=
D 1meVEEETUHRLTWET, COREOIRE HfET_E0Ixgil TAMEIC L > Tl >TEET
2%, @E 10 meV BEOIGERAME LN TUVIUT A THH B bNnET, Fi, TRl —Eiiom
F—TrHliT 2D T2, (ST OOREEDRTRNF—DZE/2 L) FIf =X —CiHliT25A1E L 0 /h &
727y AT ERNR—TCPORT 5 Z EBNHFCE £,

712k mYoT) U LR ERE
PHASE XA SEZ B L CWADT, iz 2RTEITEHRICRSNET, Lizii> T, T _XCOYFIEIT

BAANNTEFE—7 V) 27 = WNT BT 208N H ) 3, ZOE—T V27 0/ — NORE O/ S %
FRET 20Dk TV 7T, kYo7l o e e F—0RE, M T210RLET,
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-56.38 - T T T

-56.39 |

-56.40 ||

-56.41 |

-56.42

total energy (eV)

|
|
|
|
|
|
|
\L
-56.43 |- Q

56.44 | ©

_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

X 7-2 TAI = MELOBRED, k 5L &RV —0BR

=t bl SRR AR L YN AVAC ISV Sl D G E VA AT RGN F b (N N PR G et 9 P s/ N = <E U 5 7P BV¥ o1 M Q i A
WAL EEDSMETT, 7-2 OBITYH, BPETRLFT—NRE L 720 THLIE~ESTND Z &My
AUESM

BB, 1y AT —OEE L [EREZ 2 TR 2T L —OHGT RL X — L7 <A R LT —D
AT X070k i) TR A 2 IR CE £,

7.1.3 IGRHE LETREAEE

SCF sHRDOINHHIEZ AL T2 &, JRHZ#< J1a L0 RE LSEHET 2 Z EAVafREL 700 £97, il O
B bD¥E1078 hartree FREEOYHCHIEZEHTIUT < OLARERPORLET, 7, o r#iey
L2 b—va VIZBW R EERGFESEDIZIE, OO LWVINHRHIEEZ AT LERH D £7,

7-3 12, SiO2lZxf L CUGRHIEZZL S H2n B O EEI T TR A E LTLO LET, O,
NEWRSE 5720121310710 hartree DA oD,  FHigAEg LV CRHIENEER 40D 2 &30 0 £,
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max. force (hartree/bohr)

0.0125

0.0120

0.0115

0.0110

0.0105

0.0100

0.0095

0.0090

0.0085

0.0080

10* 10° 10® 107 10® 10° 100 10" 10712 107
convergence criteria (hartree)

7-38i02 D, WORHIE & SIDRAEDBHR
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714 RNVFI—Y55EH| CREEEE L/ \—DLLE)

7.1.4.1 FCC-Cu
FCC-Cu (22T, FIREIEE W= EDREED /T 4 —< V ABRTIEND THEL L D, 2B, 22
TN THHEDODANT—21L, UFTOT 4 L7 ROV 75T 4L 7 MIICHD F5,

samples/sol_cmix_test/Cu

(1) Ah7—2%#
T, WERSE Y NN—LISND AT —H T,

Control{
condition = initial
cpumax = 1 day

}

accuracy{
cutoff wf 25.0 rydberg
cutoff cd = 225.0 rydberg
num bands = 10

ksampling{
mesh {

nx = 10

ny = 10

nz = 10

}
}
scf convergence{
delta total energy = 1l.e-10 hartree
succession = 3
}
initial wavefunctions = atomic orbitals
initial charge density = atomic charge density
}
structure(
unit cell type = primitive
unit cell{
'#units bohr
a vector = 0.0000000 3.4704637 3.4704637
b vector 3.4704637 0.0000000 3.4704637
c vector = 3.4704637 3.4704637 0.0000000

}
symmetry{
method = automatic
tspace{
lattice system = fcc
}
sw_inversion = on
}
atom list({
atoms{
'#tag rx ry rz weight  element mobile
0.000 0.000 0.000 1 Cu 0
}
}
element list({
#tag element atomicnumber
Cu 29
}
}
wavefunction solver{
WHBIR
}
charge mixing{
miging_methods{
'#tag method rmxs rmxe itr var prec istr nbmix update
broydenz 0.60 0.60 * * on 3 15 RENEW
}
}

printlevel({
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base =1

LU IR EBER Y WR— D3R B 2R L £,

® 115k

wavefunction solver{
solvers{
'#tag  id sol till n dts dte itr wvar prec cmix submat
1 matrixdiagon -1 * * * * on 1 off

® Im-+msd, FRZERI A TR Ei%

wavefunction_solver{
solvers({
l#tag id sol till n dts dte itr var prec cmix submat
1 Imtmsd 1 * * * * on 1 on
}
submat {
before renewal=off

}

® Im-+msd, FhorZefix Al T EIBEECEHrm

wavefunction_solver{
solvers{
l#tag id sol till n dts dte itr var prec cmix submat
1 Imtmsd 1 * * * * on 1 on
}
submat {
before renewal=on

}

® Im+msd — rmm3, FrZEEx A b REIESE T

wavefunction solver{

solvers({
l#tag id sol till n dts dte itr var prec cmix submat
1 Imtmsd 1 * * * * on 1 on
2 rmm3 -1 * * * * on 1 on
}
rom{

edelta change to rmm = 5.0e-3
}
submat {

before renewal=off

}

® Im+msd — rmm3, F5ZEMIxA{ KB BEE S T

wavefunction solver{

solvers({
l#tag id sol till n dts dte itr var prec cmix submat
1  Imtmsd 1 * * * * on 1 on
2 rmm3 -1 * * * * on 1 on
}
rmm{

edelta change to rmm = 5.0e-3
}
submat {

before renewal=on

}
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® Davidson — rmma3, /72t L EhREECE B

wavefunction solver{

solvers({
l#tag id sol till 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 = 5.0e-3
}
submat {

before renewal=off

}

® Davidson — rmm3, HZEixE A bl BB HTHI

wavefunction solver{

solvers{
'#tag  id sol till n dts dte itr wvar prec cmix submat
1 davidson 1 * * * * off 1 off
2 rmm3 -1 * * * * on 1 on
}
rmm {

edelta change to rmm = 5.0e-3
}
submat {

before renewal=on

}

® Davidson
wavefunction solver{
solvers{
l#tag id sol till n dts dte itr var prec cmix submat
1 davidson -1 * * * * off 1 off

(2) HER
RF—7 T A MOFHEREREK 212, FHREEHZ%E 218U E7, Intel Fortran Compiler 11.1 for Linux
Ta AT, 24GHz @ Opteron280 7't v a## Lizy 7 AKX —< 3 AZBWT k AL 4 WHICE

HWAITWE LT,
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102 . . .

'matrixdiago'n —O0—
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 —S—
4 davidson —<—
107 7
m
e
E 10° | -
w
10° ¢ -
1010 + .
102§ .
10-14 1 1 L L L
0 20 40 60 80 100 120

iteration

7-4 WEERE Y )L N—I2 X AR X D

= T EREE Y VR LA FERE O T, M0 IR LY, EROIREOEECTY, £z, FHEEE
fiiE Opteron 280 2.4GHz D7 T A X —< T, k M4 WHIT T2 HE DR T, HETSREL B
EZ2 L&,

= 7.1 BB VNI X A EHER R DL,

FHE 0 IR UL FHRIRHH]

18X kA 13 [ 19.2 7

Im+msd, FB5322fe 41 RBEEREECTTE 67 [7] 22.2 F)
Im+msd, #8532 410 BRI 105 [7] 32.4 Fb
Im+msd — rmm3, #5521 LB EREESCEHT1% 34 [A] 12.4 ¥
Im+msd — rmm3, #5521 BRI 16 [A] 8.4
Davidson — rmm3, #R52Zeflk bl X EhREESCE #T1% 23 [A] 11.2%
Davidson — rmm3, #0221kl EhBEE oI 15 [A] 9.5 fb
Davidson 17 [H] 11.8 %

R 0 3R UIRIECC, MBI IED S ORI /e = r L% —CF,  SCF . TIL, A0 Y ST2D
T, TRAX—PMENEE, EMEE 720 F9, IT8RMAREE M0 IR LB CRANERITEERNO T3,
1[alB7=0 OFFFERIL IR EL, LI, ROV A ZXNKEL DL, ZOTRTIEE LEHTE <Y
F9, SERNIZE, BF T rmms EAEATT D — ARSI L CWET, F72, rmm3 AT ZEMx
bz Eh RN T2 R K DR IR L TOVET,

FHRETDRIHIELC, DOROES, ZEMIZLLET, £2T, TOHE, ke sHETEEZ®IRT 5%
BEIOWE LET, LHEPULZE TCIEKOENFEE LT, LM+MSD-RMMS %, Davidson 4,
Davidson—»RMMS3 75734 < DEAHER S VET, £72, RMMS3 2RI D 35AE 0 22/ ki JR EhRa SR
FENE A L7 N K OEERZNTY, Davidson 152 FIHT 5554, Bl (precon)iF off & L TR =AY
XwnwcLx o,

7.1.4.2 Fe(100)

WIZ, A aERBLT-EHEORE LT Fe(100)RHEDFHEFI 2N LET, ZORBETIE, RS L3—

FEES L, EMEERMEZAR LT 2 MATOE T, TR 2RHEOANT =213, UTFO7 4 L
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7 N)—DOY 7747 N)—ZdH D ET,
samples/sol_cmix_test/Fel00

(1) ANh7—%#
F9, ERBERSEUSIND NS 1T —H T,

control{
condition = initial
max iteration = 200

}

accuracy{
num bands = 52
ksampling{
method=monk
mesh {
nx = 6
ny = 6
nz = 1

}
}
cutoff wf = 30 rydberg
cutoff cd = 300 rydberg
initial wavefunctions = atomic orbitals

initial charge density = atomic charge density

scf convergence {
delta total energy = le-9
succession = 3

}

force convergence{
max_force = 0.0005 hartree/bohr

}

}

structure(
atom list{
atoms{
#tag element rx ry rz mobile
Fe 0.5 0.5 0 off 1
Fe 0 0 0.0948333333333 off
Fe 0 0 0.2845 off 2
Fe 0.5 0.5 0.189666666667
}
}
ferromagnetic_ state{
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 0.0
c vector = 0.0 0.0 28.3458898822
}
element list({
#tag element atomicnumber mass zeta
Fe 26 101802.230406 0.375 1.83

}
symmetry{
method = automatic
sw_inversion = on
}
magnetic state=ferro
}
structure evolution({
method = gdiis
gdiis{
initial method = cg
c_forc2gdiis = 0.005 hartree/bohr
}

off

weight

2

deviation
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wavefunction solver{

solvers{
#tag sol till n prec cmix submat
davidson 1 off 1 off
rmm3 -1 on 1 on
}
rrm {

edelta change to rmm = 5e-3 hartree
}
submat {
before renewal = on
}
}

charge mixing{

WES M
t
printoutlevel {
base = 1

}

LIRS R ATEOBRGER 2R L £ 7,

R OR & 2 TR DIRAL AT, 1RET /13 Y X Ad Broyden2 (case0)

charge mixing{
spin density mixfactor=4
mixing methods{
#tag no method Tmxs rmxe itr var prec istr nbmix update
1 broyden2 0.1 0.1 40 linear on 3 5 renew

O & TR DIRA AR, RAET /L3 Y X AL Pulay {#(casel)

charge mixing{
spin density mixfactor=4
mixing methods{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 pulay 0.1 0.1 40 linear on 3 15 renew

FEAEEE OFD & 72Ol CIRG A, IRA 7 /v 3 U X A3 Broyden2 i(case2)

charge mixing{
spin density mixfactor=1
mixing methods{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 broyden?2 0.1 0.1 40 linear on 3 15 renew

FE AR OFN & 72 Clal TIRG LA B, 1RA 7 /LY X AT Pulay 1£(case3)

charge mixing{
spin density mixfactor=1l
mixing methods{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 pulay 0.1 0.1 40 linear on 3 15 renew

(2) %
AR TF~v—0 OfER%E, X3 ITEFLDOE LT, RIUETFRENRLTNWASZ LA T D720, BH-
BTRNLFX—HLHOETEFIRLTWET, ZOFITIE, [EREEOR & Z TR UIRATL 28, IRE1AIX Pulay
% | (cased) T DEEL CUINHfRE 1S5 Z LN TE E LIz, < DA cased O REIZ L - TORWGHEREL
TG OAVETD, BIREIZ L 5 TlE Broyden2 {525 H LGB EWGS . H 0 7L, EEEDOZED
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BAHEREXLS LEFBRIWVES L T, I517, AV EZE LEFEOES, THIA /R A e
EEETDNE2 SN L THIGEMEFZ L L ET, IERLOBW (L) Bh, FRRoORER/e L as%
(2, LB IR ATEDOREER T TLTE &Y,

% 7.2 Fe (100) EEDWCRIZE S £ TD SCF AN L BFE L -2 RILF—

SCF [7% 2L ¥— (ha)
case0 36 -153.877775988322
casel 32 -153.877775991437
case2 34 -153.877775825592
case3 29 -153.877775990755

7.1.5 FERI Y IWN\—B LUV EREERSEZDBEERTE

PHASE | Z#5# S v TV AIENESE L —{21d, MSD #. Im+MSD £, Davidson =, CG %=, RMM i,
EEEH LR EDOFA Y Los— LAl L 3i— L LT subspace rotation 23% 0 £97, 51T, BRI
Fh— & L CHMIEAYE. Pulay %, Broyden (255 2 & HDOHER EEHEH L CWEd, Zhbzd, MEON
U CHENHAG D Z LIC L > TR IEIRF C&E £7, LorL, 2O X DI U CRbNHA
A DDITIEFICTFRIDDINAIEETY, 2 C. PHASE (23, Y7 @hRas VS —Cl B R AR
L7 7T NHAERNCEINT DHEE M > TV ET, 22T, OO FIEEZ L3, 2o
R Lo ThRA R DR S L Z LN TETWETD, b LR CRESE o RWEE, FEClER
B NN—SOEEE X Y —DOREEIT O LI L TLEENY,

ZOMREEFIAT D Z LI Ko T, BHRA ISR TREIICRIFNMSF LN TND Z L 2R L TET, file LT,
$RA00)FE DILHMEZ R L2 b DEROBITR L E T,

AFRT A=K —T 7 A JMTIENEIEL Y VR —F L OB RE IR ATEDIREN 72 WA OIURE %2 PHASE
v1100 & PHASE/0 2014 Tz LU E Uiz, sHRITRMEZZE L TITWE Lz, MERIT FIXO#EY T,

10*

dev
, v1100
10%
100 L
10-2 L

10-4 L

dE (hartree/cell)

10-6 L

108 | (*\1
&

10—10 L

10712 : : ‘ : :
0 10 20 30 40 50 60
SCF iteration
X 7-5 WENREE Y NV AN—B L OEREE I Y —DBERRE
FRARAMEREDRE R, #5605 PHASE v1100 28/ L7-f5 58T,

7B 57272 K912, PHASE v1100 ZFIM 2 & @B /13— « BB RHRATEDREE LW AT
ABIEZIRSED Z LN TE RN, AMEEEZFIIT 2 LIRS EL Z LA TETOVET

379




7.2 BEREL
7.2.1 {EEREIEFE
7.2.1.1 F5E

SR LD T VT Y ZALBED LD IHRDEE D D EHHT72, LIS % RO i b A5 ST
WAT T XLZEFH L THERMLUE L,

- =R 1icls MO ooy~

- =R 20 LFRITIOZ

- r—2Z 3:8102

- r—2Z4:8i(001) K

INBEDOANL, LFOT 4 v 7 NU—TFOH 7T 4 L7 R —IZH £,

samples/strevl_test

FIOWHHENE, T_TD7—AT107* hartreelbohr & ULE L7z (ZDOSMHE, sk LV IHREIESET
1), F7o, BAREEHEOIHIEIZT X TO/—AT1071° hartreee 1 [A]& UE L7-, JFFEIEOEHIL,
K 200 [EHTVY, ZAUCTHINER LRV 7 — A TRIGR E R LE LT,

K ORISR (LD T L2 AAL, LFOLIIGRE L E L,

(1) quenched MD ¥

structure evolution{
method = quench

}

(2) cg ik

structure evolution{
method = cg
}

(3) gdiis 7%

structure evolution{
method = gdiis
gdiis{
initial method = cg
c_forc2gdiis = 0.01 hartree/bohr
}
}

COEITEETDHE, TN cg IHEOT NN XAIHES TR b AEIT L E T, R @< DOEKIEN
c_forc2gdiis THRET DMLV &/ E < o725 C gdiis {EICHID b £97, 72721, &l 3 [l L5 f#)
< TIDOBRKIEIZESD ST eg BB SN ET,

(4) bfgs 1k

structure evolution{
method = bfgs
gdiis{
initial method = cg
c_forc2gdiis = 0.01 hartree/bohr
}
}
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ZOXIIHRETHE, FTUE cg EOT TV RAINES Tha{b ST L ET, TR @< O KE
c_forc2gdiis THRTE I DMLV /& < o725 T bfgs IRV B 47, 72721, &l 3 [l IHEF {8
S NDOFKIEZETO B FIZ eg EPRH SIVET, bigs EOFFIRREIT gdils 7w v 7 TITV, E1BLEEHOFK
t, gdiis $EOYE 2L FIL T,
7212 FHRAER
NRUFv— OfERER 13 IZEEDE LT, ZORE, quenched MD {EITNHRDENZ ENVG00 £5, 4
Bl — A TIEREZIAE LTT 740 ME (100au) 28 LE LD, ZOEZFFHET 5 Z Liz k> TR
NUGESILD AHEMEE®H Y 97, GDIIS 1T SiOe D7 — A Tlidd b R L TWETD, Zhldkor—2
i?l?)i DAEMNVEH L CUWVER A, gdiis EOIREDENT, c_forc2gdiis /X7 A—¥—% L V/NE2 DI LT
, BIRRERHEOICREIEZ LV LS 5 Z LIc k> CESNA ATREMEI S W £4, cg IEITEHATZEIC
= 'ﬁﬁft?ﬁ SCETWET, bfgs 1L, TXTO/—ATIGRL, F72 VD7 Chaii{b 2175 2 &3 C
xFE L

& 1.3 BEFRFNEOBEOT X 2IPERICV = 2 ERROHES, 200 EIOEFZETHIDRKED 104 LLT &2
BRI —RIIRICEE LT, 7—R1 BV r7unya~kiy, F—R2 BAFNAETIO2, 7—A3 B3

Si02, 7 —A 4 3 Si(001) FEIIAALT S,

r—2=21 fr—2= 2 r—2A 3 J—2A 4

quenched MD AIH 115 166 AR
cg 195 62 28 124
GDIIS AR 71 13 176
BFGS 87 38 16 67

722 BEEHROEREE. KBBEMOFAES WCREDR[L)

PHASE (Zi3, W bonFE 7 I 2 b—3a UEITo TODBRC, BB M i 2 Rl oD

24kl

2B TH, BRUhamdbSNET,

TEDET 4N +5 2 LI Lo TS Z ) S EAEEE M- COET, fighE. STkl TR &

NTWDTFEZ L > TUTo TVET, WL ODDRIZBWDTAMREZ @ L7 R 2R L ET, Wihosr—2

ERRLA
no prediction charge0 chargel
JEFACE BT 11 11 11
SCF [a¥& 245 185 163
YrunyyanFkY Lo
no prediction charge( chargel
JE AL BT 25 25 25
SCF [a1# 481 330 310
SiO2 #ifiih
no prediction charge0 chargel
JEALIE BT 16 16 16
SCF [FH% 193 144 136
Si (100) #ifi
| | no prediction | charge0 | chargel | chargel+wf |
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iteration_ionic 21 21 21 21

SCF [k 324 200 187 157

EFeFH ., charge0 |3 sw_charge_predictor = on, chargel |3 sw_charge_predictor =on &
sw_extrapolate_charge = on, chargel+wf | sw_charge_predictor =on , sw_extrapolate_charge = on,
sw_wf_predictor = on |ZfH

Si 64 i1 300K MD 50 [H]
no prediction charge0 chargel chargel+wf
SCF [FH& 613 413 387 231

Ft#H, charge0 3 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 (ZfH4

[2] T. Arias, M. C. Payne and J. D. Joannopoulos, “Ab initio molecular-dynamics techniques extended to
large-length-scale systems”, Physical Review B 45, 1538 (1992).
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7.3 PHASE/0 ME{I%

PHASE/0 (ZBWCHIA SN DAL, JFAIE LT — M) —JFFHEARTT, 22T, ~— b —JRFHAr
RINDEDIINOENLAIS DHERD L DR U ET, FROTOBIC ZTEM < 72E0y,

TRLF— 1 hartree = 2 rydberg = 27.21139615 eV = 4.359745836 x 10718 J

E& 1 bohr = 0.5291772480 A= 05291772480 x 10~ °m

B 1 au mass = B OHEE =9.1094x 1073 kg

LS5 1 au volume = 0.1481847426 A3 =1.48184726 x 1072° m3

W 1 au velocity = 2.187691417 x 102 A/s=2.187691417 x 108 m/s

7 1 hartree/bohr = 51.42208259 eV/A= 8.238725025 x 1078 N

= 1 au time = 2.418884327 x 1072 fs=2.418884327 x 10717 s

Z RN R 1 au stress = 2.903628623 x 10° atm =2.942101703 x 1013 Pa

BT 1 au density = 1.23013834 x 10* amwA3 =9.1093897x 10~* g/cm3 =9.1093897 x 1071
kg/m3
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8. PHASE/O DA A b—JL

8.1 BMFIRIR

PHASE/0 1%, PC HBES D A—rS—a L B o —Z Otz 72 3RS CEEL £,

PHASE/0 7’1 7'F Al fortran (fortran90 3 L fortran77) & C Ttk SN TWET, ZinbDa (1 F
DMl Z DR AT AONETT, WHREZT L5/ MPL 74 77 UM, VA h—L &N TN DHHME
NHY FT,

M (RIHARE) 7Y 7 o7, 9477

Fortran90 =>4, C 21T (WZH)

MPIL 7477V (FIFHRIZVE)

1A 74 77 ) LAPACK, BLAS (47> ay)

FFT 2477V FFTW (7> a))

Perl (7> a) + + + « PHASE »V—/L G/

Gnuplot (7> z>) « + + « PHASE V—/L T/ H
Python (47> =.) + + « - PHASE »—/l, ASE T3

PHASE O8WEERZAT > TV DT REEREE 2 L MR LET,

PHASE/O 238h{4 % 5 HRFEERSE

AR AL T — FHFRET A7 F Y
Linux GNU Compiler LAPACK, BLAS, ScaLAPACK
Intel Compiler MKL
FFTW3
Intel it Mac OS X GNU Compiler MKL
Intel Compiler FFTW3
NEC SX Series Fortran90/SX Mathkeisan(LAPACK)
ASL(FFT)
Fujitsu FX10, FX100 Fujitsu Compiler

MPI 71 77 V%, OpenMPI, IntelMPI, SGI MPT 72 2% L CUVET,
GNU Compiler (gfortran, gcc) 1%, /3= a3 > 4.4 AR L T 7ZE0Y,
MKL ® FFTW3 7 > 3—%Jr L C MKL @ FFT ZfJH4 5 2 L 4 T&xF£9,
ASL ® FFTW3 7 v/ 3—%4 L CASL ® FFT 25|H+5 2 LT ET,

8.2 2 RIThRdS & U 3 RIThRI=DULVT

PHASE/0 1%, /v RBX Ok s 28T A b L= 2 kothii e, 730 R, kASISNZ G AoltFlfha Nz
72 3 UTThR 8 VD E£37, ARIIFIRE Tl 2 RoThRO T AN mi IZENET 2 2 & AN TS, milfAiIRe L 3 YothiRi
FERHNY F9, 72770, —HEREIL 2 oThCCT LS5 Z LId T 8 A,
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834 VA LA

Linux Bz fllc L CTA A MV HEZFHA L9, 22 Cld, Linux 52582 Intel Fortran compiler 731 >
APV ENTNDZ EEMELET, Bloa A 2RI LEEITa L~ TOBRO L X2, 2Dz
A TEERLTZESN, £72, MPI 74 77U & LT, OpenMPI Zffif7 25 Z L #{ELTCWET, 71
7T KETIVDOFRD & &2 [Serial ] Z38RIIUIMPL 74 7 F VU 2EH LN TT 0l T LEERTHZ &
HTEET,

%9, PHASE/Q /X /r—” phase0_2020.01.tar.gz %= PHASE/Q %1 > A h—/L9 57 4 L7 FUIZE L TL
7230,

$ tar zxf phase(0 2020.0l.tar.gz

7 4 L7 bV phase0_2020.01 (280, A A b—T7—%FHTLTL 72 &V N2 KIthiild install.sh, 3 YothillE
install_3d.sh ; A FIE 2 RIthiROH1)

$ cd phase0 2020.01
$ ./install.sh

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

A LA FDNEIDPHNTEETOT, TS ANESIT Enter F—2HL T ESVY,

Supported platforms

0) GNU Linux (IA32)

1) GNU Linux (EM64T/AMD64)

2) NEC SX Series

xX) Exit

Enter number of your platform. [0]

ST HEEDO—ENFRENFET O T, [GNU Linux (IA32)] (Zxit~d5 0 2 A LT, Enter F—%4fL T
TEEVY,

Supported compilers

0) GNU compiler collection (gfortran)
1) Intel Fortran compiler

x) Exit

Enter number of a desired compiler. [O0]

g5 a3 g T—O—ERFRENFETO T, Mntel Fortran compiler 9.x) 1Zxfitx3 % 2 2 AJ) L C, Enter
F—Z LT TEEN,

Supported programming-models

0) Serial

1) MPI parallel

xX) Exit

Enter number of a desired programming-model. [0]

SIST D707 T AETNANO—ENFTRSINET DT, [MPIparallel] (2535 12 AL T, Enter ¥—%
LT EENY,

Supported MPI libraries
0) Open MPI

1) SGI MPT
2) Intel(R) MPI
x) Exit

Enter number of a desired MPI library. [0]

KT MPL 74 77 ) O—EGRFoRESNET DT, [Open MPI| (ZxHd 5 0 Z AL T, Enter —%#f
LTL7EEY,

Supported BLAS/LAPACK
0) Netlib BLAS/LAPACK
1) Intel Math Kernel Library (MKL)
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x) Exit

Enter number of a desired library. [0]

%9 % BLAS/LAPACK 74 77 U O—&ERFRINETO T, Netlib BLASLAPACK] (Zxfitxd5 0 &2 A
77U T, Enter F—%HL T 7ZEW,

Supported FFT libraries

0) Built-in FFT subroutnes

1) FFTW3 library

x) Exit
Enter number of a desired library. [0]

g A FFET 74 77 ) O—&ENFRINE T O T, [Built-in FFT subroutnes| (x4 5 0 2 A1 LT,
Enter ¥ —Zf L T 7230,
| Do you want to edit the makefile that has been generated? (yes/no/exit) [no] |
TERR S 417 Makefile Z#REET 5028 2 W TE £97, Makefile DREECHREEEAT O LB TIUR, fTH A
JIETIZ Enter F—%fL T 720y,
| Do you want to make PHASE now? (yes/no) [yes] |
PHASE O a3 L b A VA M—=VEBIET 2728 9 W TE £, (TH ASETIZ Enter F—%41L T,
PHASE O /3 )V A VA M=)V ETRDTL 7280,

PHASE was successfully installed.

Do you want to check the installed programs? (yes/no) [no]
PHASE WEFIZA VA M=V SNl 2 ET DA v B—2 0%, 7077 50T A MNEREZIATT L0089
PENWTL DT, HERHIUT yes ZATIL., Enter F—%H L TV, 7 A FHREEZ L2251 no
Z AJILTCEnter ¥—%4F L T 7EEW, 7 A FaHEZIAT LU CLL RO L 9 S o uiudiilEs » A,
Do you want to check the installed programs? (yes/no) [no]

yes

Checking total-energy calculation.

Total energy : -7.897015156331 Hartree/cell

Reference : —7.897015156332 Hartree/cell
Checking band-energy calculation.

Valence band maximum : 0.233846 Hartree

Reference : 0.233846 Hartree

MPI 721 77 AOFATIZHVY S mpirun X° mpiexec 72 EDa~ > REHWTEITLET,

$HOME/phase0_2020.01/bin #5284 PATH (ZBI L CH< &, PHASEO O7' 1 7T AO/SRAZREET
(ZFATTEERITTS
Bourne shell(R—> 3 = /LR THIUL . $HOME/ bashre 72 £1Z PATH 308 LE4,
| export PATH=$HOME/phase0 2020.01/bin:$PATH |
Cshello—v=/V)RTHIUEX, $HOME/.cshre |2 PATH Zitik L £,
| setenv PATH $HOME/phase0 2020.01/bin:$PATH |

MPL 7477 VDbinT 4 L7 hUVIZHMTSRAZET L IIZLTIEEN,
Bourne shell(h—> 3 = /1) ThHiux, $HOME/ bashre 72 &2 PATH 5tk L £,

| export PATH=$HOME/openmpi/bin:$PATH |
C shellG—> = /)% ThHiuE, $HOME/ cshre |2 PATH %3tk LE7,

| setenv PATH $HOME/openmpi/bin:$PATH |

UTFDX 512U T, PHASE #54TL %7,
| $ mpirun -np 2 phase ne=1 nk=2 |

9. PHASE/O 7O4' 5 L. W—ILDEITHE
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9.1 7A%5 L phase
< FRA%'S5 L phase DET

PHASE 1 SCF #1555 FEISSR A T 5T, S 700K LI BRaiesin S IRIBEIE, S oy
HETHCLTEET,

NIRRT A=BT 7 A ), BRT o x VT 7 ANEFATT 4 L7 VIZEZ T, file_names.data Z{#H
THEAITE, FNBFEICT 4 L7 RUICEW TS EE0,

17y Y (1237) OFRKRHEEZITHOELEICIE, KO X HI1I27 a2/ 5 A phase #FEITL
9, ”../../phase0_2020.01/bin/"}Z. PHASE 734 > A b—/LENTWEFT 4 L7 U TF,

o\

../../phase0 2020.01/bin/phase

WHEHRZAT S YAzt BEVORFEMOFIHT2 MPL 7477 V03 Ta~y ReMHLET, FHi
BHEOWOFEH S AT LD~ =2 T VESRTEZ, — N2~ R mpirun T9,

o°

mpirun -np NP ../../phase0 2020.01/bin/phase ne=NE nk=NK (2 ¥XIthi0)
% mpirun -np NP ../../phase0 2020.01/bin/phase.3d ne=NE nk=NK ng=NG (3 WRIThR)

ZZT, NP (ZMPI 7mt 2%, NE (3350 R, NK 3k s0ECCT, 3 RothROY%ED NG 12 G
RABETTS

9.1.1 A4S L phase2 RIthRDIFIEEA T3>
9.1.1.1 /3> RIFFI, k 4SS

WHIFHR (X2 RIEFI, kS35 Tl 23> RIS NE, k A5 NK 25E L £9, NP=NEXNK &
) BRSO L CWDED B ) F 77,

| $ mpirun -np NP ../../phase0 2020.01/bin/phase ne=NE nk=NK

W, N2 BFIE Y b k SN DIRPRNTT,  L7ehi-> T, wigealdk sz RE<42%
LRWEEZ HVET, 72721, Brillouin SEHEPIC Y 7045 k EUTRDRE < 2012807 < TH AT
720, TOk FEDLT LHFATE 27 0 2% THIV Y5010 Tldewyy MPL 7a v 253y 70 7
kLD BRELRD) LWV RUITEENSLETT, k mBEL D b NK OERREWE T —(ZR0) £, £,
k 57 NK THI G172 WG EITEMERZE S 25 bV E R A, £ 2T, LEITE UTNY RSB A
BOEGHREAFTLTIZEN,

ne,nk &I FEITENET D Z L BAMRETY, TOEAEDT 7 4L ML Fatod v,
® —31-2020.01 K : NE=NP,NK=1
® —=512020.01 LLE: RIFREABE Lc ETHEOID kSRR NP 23810 G5 ek OFEEL
fiizs NK, NE 13 NP/NK.
9.1.1.2 L7 BiH|

NEB V£, MM ET AT IV R, AZHAFI7 AR EDERRIC Z > TV 7 DY SR TE S
SEnbHY £, VU BWINEETT LI Toa v R LET,

| % mpirun -np NP ../../phase0 2020.01/bin/phase nr=NR ne=NE nk=NK

NR (X7 BAFHET, NP=NRXNEXNK &) BRI L TW DB S ) 4, L7 ) IE8I0%)
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L k RAHNEY BEICRNTTA, k AAAIE R CEEPARETT, £z, “bo b bIUROENLTY 07
DEHE 72 20T, FINIINT L bR & ITBRY £8 A,

9.1.2 7045 L phase 3 Xtiti5] (G mitiFl) ki
PHASE/Q 1330 F& k A0 2 iFFNI S L CWVETDS, SEEIED G B OWFFUIC &%t LT VvET,

3HA i, 2 AR E FEA VA =T Lo Ta M NG5 ENRTEET,

% ./install 3d.sh

EITIE, ROBID X HIATWET,

% mpirun -np NP ../../phase0 2020.01/bin/phase.3d ng=NG ne=NE nk=NK |

ZZT, NPIERMPL 7t 2%, NG (3G i3, NE 1330 R, NK i3k s0fyEz gk L E7,
NG & NE & NK OfflE, # MPL 7ot 208125 LVWERS D 97, 2 IochROSE LAkE, NEB 1,
PIRGHS &E H A T I TR, AZZAF 7 27 EOBREEFIIT 55613 nr=NR (2L > TL 7Y B3 ad
5L HAHECT,

ne, nk, ng WEIE SNIZHEDT 7 /L MEIX FReo#E v,
® \—T0=312020.01 Ajij : NE=NP,NK=1,NG=1
® —T0 =31 2020.01 PAE i FREERBRE LT ETRLILA k mE S HRIEFIE NP 2381V Gl 4 R OFESL
A NK, NG & NE 12 NE*NG=NP/NK %Jii7= L, 7> NENG 7’ 1:2 (2 bir< 725800 J5

9.1.33 RIThRDA T a3 vIZDUVT
S3TThIE, LAFDX H7eiRELHiTZ L2k » T, BHIUKIAIRHCERIC R 5580350 £,

(1) FFT IR CULEES 5
3YTTHIE FFT 245 CAWR L4, Zhadd 2 CIRIFITRERT 5 Z LI2 K- T, G AT D72 A
EHICR AEANH T, ZOF T g AFLFOEETCAENCT A ENTEXET,

control{
sw_serial fft = on

}

FFIZ ng=1 & DRI C& 547 v a T

(2) EEEONHN A 2=/ —F =287 5%
3 Wothiud, BAFEEAEERE LRI 2= —2—TR\E T, IFTORELHT Z L1 X > THEAEE
(DA 2= =2 —%H) M THZENTEET,

control{
sw_communicator for chg = on

}

G WA IRNEENS, B bICSHEBIH A E O S b S E
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9.2 7045 L ekcal

RREERCGHEL, N REHRIZBW T, k SOEENZWGAIE S 7 a /T AL LCekeal 3BV 77,
SCF sHROFHEMROEMEEZ AT E LA TE T,

SCF FHREOFEFEROE ML 7 7 A /L nfchgt.data 23477 L7 hUica—LET, £k AHN7
7 A IVERTET 7 A /V file_names.data (2B T, F CHG |2 SCF #HETEON-EREBE 7 7 A URELET,

NV MEEEFHRIZB WL, o) v kSORRET 7 A L kpoint.data & HE L E T,

WD X HIZ7 7T hekeal #FATLFET, "phase0_2020.01/bin/’ 1%, PHASE 731 > A h—/L I TNDHT
4 V7 FNUTT,

o

../../phase0 2020.01/bin/ekcal

ekcal 7’1 77 AT 2 OthRIZLIMHE SV TCWEREAN, ANIRTA—=Z =T 7 A UZLLFD X 9 723 E 2N
2% Z LlZX o Tphase % ekcal L[RIC LD ICEWESED Z N TEET,

control{
fixed charge option{
kparallel = one by one

}

ONE_BY ONE &— FTHWET 2354, $5 k A iteration (Z351F AR EIRSEIE 1 ORI k A iteration
WEBFE s S E T, TS, LLFDO X 91248 % sw modified kpoint increment DfE% on &35
LIZ STk ROEFAENELSH, Kk SAFIRHZ &0 300 k S OIREIRIE IR EIRSE & L TR S LD
TR ET,

control{
fixed charge option{
kparallel = one by one
sw modified kpoint increment = on

}
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9.3 A4S L epsmain

B ROFHEREOEIRIHT 571 77 L) epsmain TY, FOENET ekeal & IXIEE U T, AJ)RT
A —H —OREIIL U CHERBEGHE A OB THoN 5 S R ) £9, 3 WIthkd /3 A U —41%
epsmain.3d T,

9.4 ZO4%'5 L tdirmain

BB IR PN B GAIC K e A7 ’AEHREIZRIT % 71 7'F 273 tdlrmain T, 3 othii3H
BESNThERAL
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9.5 KEEFEERERLY—IL dos.pl

IRRES X DR

PHASE $25W\\% EKCAL IC K> TIREEEET —2 21385 2 E3HEEET, Ul Wik =& 20
3.10.1 # ZEL IZEV,  FOIRREEET —# dos.data % AR5 7 1 7 478 dos.pl example @ dos.data

% work |2 —L £,
$ cp ../example/dos.data

BhEV V2 < dosdata DB —ZNTCWAZ 2% 1s THER L TL 7Z&0Y,

ZWT, ZOWRERET —% dosdata ZAfUELTAEL L9, IROEIIZa~vr REATIL TR,
$ dos.pl dos.data -erange

Z995&, EPS 7 7 A /Vdensity_of states.eps VSV E T, UNIXEREET, Zivx R 51213 ghostview
Rgv e EEVEEL LET, $ ghostview

FE s gv

25 T T T T T T
|
25 A
|
‘;\J\ | \
H [ \‘ |
A \ w
- A | | .
g ° H I\ A
8 f [\ | \
Tu' \L \ { \/‘\‘ | ‘\ Mo
& /| . | R VA
8 i AW, | [ v
[a 1F | “ | | / ‘\ “ 1
f [ ‘
I\ | ‘ Jr L\ |
/ N\ |\ | \ / ;
/ \\ \ | H\ /
/ “y \ \ “/,
05 - / \\ [ \ ‘ \ I i
// \\ / | | . ,}
\ | ‘\A ‘W
/ WA |
/ \/ N
0 | I I v 1 1 1 \ 1 1
12 10 8 -6 4 2 0 2 4

Energy (eV)

91 V7 Si OREEER

dos.pl #3795 & EITIRAEBRET — 4 dos.data DEIZAFINL7=-erange 1335~ 5 =R/ —D#HZ il
547 al, ~color (3H 7 —HIEATO TedDF 7> a2 T,

95.1dospl DA T ay

722 BTN dos.pl AT 5 LRI ENFRINET,
$ 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 | ZIRBEFEET— & MRtk S/ 7 7 A VOB dos . data) A HRE LET, ZORINERASIET 54

Tva v ERELET,
-erange=Emin, Emax T T DT —DHIPHE ev AL THRET 5.
7-E20E, -10 evinb 5 eV ETERLIZWVIESNT,
-erange=-10,5
ELET, REZ LWE, T—FORyIME - HKRMED D BBIRICHRE S
£,
-einc=dE B OREEET 5,
7ol z20E, 2oV REIRICEHEKY 250 720,
—-einc=2
ELET,

—dosrange=D0OSmin, DOSmax  F;RJ HIREEREOHEIHEZE 2 5,
7L 21, 0 states/ev)y b 12 states/eV £ TERLIZWVIEAIL,
-dosrange=0,12
ELET,
~dosinc=dDOS fitsh CIRREZEES) O HEE Y DR ETRET 5,
72E 21X, 2 states/eVEIRIZEED 250720\ b,
-dosinc=2
ELET,
-title=STRING T NHA MVEMT TN E EITRET D,
7Lz, #A bvE [Total DOS) &3 57eb,
-titile="Total DOS"
ELET,
-with fermi T 7 AV TN T 2L I LoV E MR BRO= R ¥ — L
LERE, BB TIXT =V LUV EFOR L, MR « HEERCHIUTN
TR RO= IR — LV ERFLET,

-width=SIZE DIEDT 7 /v MEIX 1 THDD, ZOMHEZZEE LI-VIEATT
ZOFTvarEES, T2, 0.8 I8 LIWEATT
~width=0.8
LLET,

-font=SIZE TF 2 h DY A REEHE LI E XY, ZNERET S, BEEfEIE 14 T,
72 Z0E, T2 " A X% 28 12 LTV BT,
-font=28
LLET,

-color TI 7k T7—F~LET,

-mode={total |layer|atom} total Zf5ET 5L, DIREEEXPMERSINET,
layer ZH8ET 5 &, JEHFIORPTIREE EOKPMER S VET,
atom ZFEET D &, N EIDRFTIRIERE EOMPMER SIVET,
projected ZIEET D &, FFHLEEIORFTIREREEOXDMER S IVE
R

BEEEN total T

-epsf={yes|no} RARNAT VT N7 7 A NVEERR LI E X2, no Z4EE L E7, BEEH
[Lyes T
FBENRTIUL, RA MR VT N7 7 A VIMERLSIET,

—data={yes|no} JE BRI BIORIERE T — 5 72D eps 7 7 A WEAERLT 2D Tldze<
fEBND 7 7 A M ITT D &£ X1Zid yes ZHEELF T
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9.6 R BIRIRAEZERIERL Y —)L dos.py (/A\— 3 > 2020.01 LI%)

9.6.1 HIE

PHASE/O (ZIZRAEFE AT LA 7 U 7" | dos.pl MFRLET, ZORZ VT MWD &, RIS - JFi
IYEIRFTIREEE « B ERPTRIEEEE « GRS E OIRIEEEX 2 EPS AU TE5 Z R TE £, dos.py
A7 VT MIZOWBERTT, A7 VT NMAOIEEF D H/RESILD K 912, Python 227 U7 M Td, Fid®
£ 9 e S I S N COVET,

®  dos.pl 3o TV D 2H¥EE

® EPS LSO 7 A /LDxfhis

® IREEMEANRE T DHMEE ; 7o & 2T, OB EREEE LIV THRE DR FREOREEE A 2 L 1T
PREBEEX R LT T —2 7 7 AN BT L2 0§52 LN TE HikRE

® JENEIRFTRIEEE Ot — b~ T EREERE

®  HIEE— ROBNN : dos.pl MRS 5Ny FE— FDIFD, XF5E— K& GUIE—F

JEENRIEEE D — M~ Y, xEENEOME, yERENR TRV X—, zBENNREEEEE &\ D ZIRIe T —
Fre— vy 77y MAZLICKoTHELNET, ZOXIRAHUEEITY ZEI2L- T, BI LITkEE
BENED LI T D0 ERREHNIH NI T A ENTED LT 7,

IAEE A IR DHRE e E 2RI 08558, T X TOF 7Y a &5 BCIET OIS E R H 0 2 £7
Z 2T, dos.py lFREEHNC BRI TE D K 918> TUWET, 7o & ZIINEHREZFINT 256, 5L 7
D 2 DIRREFEET — 2NV A NT v 7 SNDHDT, FrEOREBEET — 2 22 ZhBRIRLET,

dospy i Z W7 GUI M LE T, FAIHT S GUI o 7 L — A U — 7 |E tkinter
(https://docs.python.org/ja/3/library/tkinterhtml) ¢T3~ tkinter L% Python |ZIEHEAI > > TWNH DT,
FIHAOERERR 22 M TN B U F A,

RREERE 7 1~ RORE, dos.pl 1 gnuplot & AV E9, ZiUIxt L, dos.py (& matplotlib (https:/matplotlib.org/)
270y FOBITHWDHEEE 725 TS 728, BWEIZIE Python dDIE7)> matplotlib AN L 720 F97, F/z,
numpy 6% C9, Matplotlib <° numpy | pip(https:/www.python.jp/install/windows/pip.html )72 & D
I ANTA VA ML T 5 Z LNERETY, F£77, WL D Anaconda (https//www.anaconda.com/) Dk 9
7¢ Python distribution (217U A > A b= I CWET, F72, Python3 LIEDWZETHY, Python2 35
TIEHEWEL £H A,

9.6.2 ffiLVA

9621 1\yFE—NR

NyFE—RIBWTE, £ LLIEfile 772 3 AT Lo TRREBRET —X 7 7 A VEFREL, SHITHEA
AT a EEELET, FIHMERA T Y a IR, 728, A7 a AFFRIE LT 7 Om—
DOEITZEADHZIT, ™ 7 IN 5 A OII=0%IEAFEE L1, 72 & 21$-m total, --mode=total
&, FTn, BEAEERIEETHEA TOF T a L O FDF T a LB HNE S INTEANNEE SNAT-
O, EFHEELETA, TT7 v aid 1l A7 VT MARORDIRNEHIRET 547> 3, 2. RigEEA A
T ORISR ARG 547> 3, 3. HiECRET 247 a v o =FERH Y 9,

(1) A7 V7 NBROELBNEHIET 5473 v
27 )7 NORKHIRA BN AL O T a AT > THlET 5 Z &N TE £,

Aa v EE
--version N— g LV ERFERT D,
-h, --help VT HFRRT B,
wFE RN = FEA z PN o
-i, --interactive )SDE% R CIATT DG EICRRET 247
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fii%h GUI &— FTIATT D5 BITHRET o4

_g7 __gUi ° N
Jvay,
G Wi ET— 4 7 7 A NVEFRET D, T 7 4V
FFILE -~file=FILE MElT dos.data.
output000 7 7 A VA FEET 5, HEFEE DA,
--output000=0OUTPUTO000 VBT 4 L7 P —IZBWTH A LA T

D bV output000 7 7 1 VAR 415,

IREEE T — X OFEfEAFRE T 5, total, atom,

-m MODE --mode=MODE layer, projected DV YT FUH,

27 VT NOWHIENEIRET D, analyze,
split, sum OV¥T 4170y, analyze OIATRIREE
BET— 2T L, MREHI1T %, split
DGEIIRPREEE 2 E 2 5FIL, BT 7
A NIR EEAFRLT %0 sum DYFET A VH—F
7Y a ORREIDS UCORRESEE 2 N L <
W 7 A NI Exl S B, W ~XKEID T
BEFRE L TH LUy,

-a ACTION --action=ACTION

JEEIRFT R DA, e—hey T %

--heatmap VB LIZWRA Z DA Ty 3 U BHRET D,

HIDIRZ#NEFEET 5, genfig, storedata,
both DV NF 42, genfig DA 7 7 A LM

-0 OUTPUT, H713 %, storedata DEGFETFA N7 74
--output_action=OUTPUT_ACTION JUTIN L L7 RRE T — 2 st s s,
both D& T D, T 7 4 /v MilL
both.

(2) MEXRORREEE T — X B BRT 572D AT > a v
IRREEE A R L BT CEORRAEE T 7 A U LIZD TR A N7 7 A MDA LI035 Z LT £,
Z DRIt b AWREE T — 2 ATy 3 AL S TR LUET, Do~ 7o () E TR
DEFAEZIEIRT 52 LN TEET, B ~KOIY TEE—D2TD, /1 7 XYY Tl T HEZERT 5 2
ENTEET, 2 21E1,34,811 7425 L 1,34,89,10,11 & EEISNET, 7277 L-elemid I33CFHDfg
EIRDT, T~ K0 OLFIHATHETT,

FFa v 2

dosid 1T & = THIE X DIRAER FE 2 38R 4
%, dosid 1%, FHIFHRIREEEEDLAEIIS)>
D SHWDTHEIRD atomid, 1id, mid, tid ZF)
FALTH LU,

--dosid=DOSID

RIS LT 470 ID #88ET 5, FF5D
--atomid=ATOMID LS FTIRBEEE EE RS L OHEIRBE R EE DA D
FEA D,

IExtg L3 20 ID ZH5ET 5. EHER

- id=LAYERID RN .
aver! FRBEIR EE DA DI B A o,

--elemid=ELEMID EXISR LT 5 EEERET D,

NGRS & T 2 AR EARET %, SR

~lid=LAYERID RO DL A O,
D IR & B TR T 5, IR
RERSE DY A D BT A,
I MRS L R TR T 5, HINE

FEDOGEDHEREFO,
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(3) HfiEAT g
PR AT DB ED X TS 2047y a A>Tl 2 2 EnTEE T,

FF g B!

REREMIBE ORRD T3 I)L¥ —DFHFE 15T
9%, eminemax & WO TIEES %, emin
HYTERIE, emax A' EFR{B, emin, emax (73
-e ERANGE, --erange=ERANGE DIEETDHIEHTED, Tabhbemin, B
L <ldemax. COFEIBEINLH >7T=HD
Bl matplotib D7 7 /L MEAEY BT 54

Do
--einc=EINC THILFX —DED BV BEEIEET 2,
-d DRANGE, IRREZ B ORRDIRREE E D& HZIEE S
--drange=DRANGE %, IBEOFEAIE TR ILY—ERIL,
--dinc=DINC IREERE OBhD BBL W [BZTEES 5,
BHEIBAFREZED E — b~y T1ER DS
--Irange=LRANGE A, BOEHEIEET 5, IEEDHAIZTH
ILF—EE L,
) =8 \I'J)%F)ﬂj(ﬁ BEOE— by TERDS
--linc=LINC )
IZ, BOBMOBRERYEEZIETT 5,
_ _ 71»:Ii»¥—%§75ﬁ%%ﬁbtm
--with_fermi
BAICIDA T 3 o EBIC
i KRB EX(IC &4#»%%mttb%ﬁ:
--title
A7 3 v AEEIC
Eﬁ%%%&ﬁff@t—rvvjﬁﬁ@%
B, ho—~y JoEEEIETEd 5
--cmap=CMAP

A BRI A D T = 7 U A MMIEFHIN
TWb, 774 /L MElZ virdis

|

BUR T 7 A )L OIEFEEIETET 5, UTDOLTN
--imgtype=IMGTYPE D%
eps, ps, png, jpg, pdf, svg

¥ https://matplotlib.org/3.1.1/gallery/color/colormap._reference.html

9.6.2.2 xfFHE— N
dos.py Z-1 b L <ld-interactive D1 TIITT D LxfEhE— NCHIHT L Z AT ET, MEhE— N Tl
PUEDRNANA LRERSNDH DT, FFEORD TN L TERLET, *EFHE— N T, BBXEUTOLD
[CEMEL £,
0 REEEREORAA RS, IRAEEEOREE L 1L, total, atom, layer, projected DV YT LA,
o atom layer, projected DA% FL T 5 H & 1.5, atom, projected DA split & L < 13 sum, layer 0
ZAUZ heatmap 233> 5,
° smn@%A,Wﬁﬁ%@HD%@go
® {HiliA 7T 3 L DER : erange, drange, with_fermi 2 A 95,
® [HR 7 7 A /LOFEH : eps, ps, png, jpg, pdf, svg DV T AR5
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96.23GUI&=—F
dos.py (Z-g & L<ITgui 7> a3 L &DTTEITTDH LK 92 TR LD 7 GUL AMELIVET,

10 A

DOS (states/eV)

0 - i

=25 -20 -15 -10 =5 0 5
Energy (eV)

tb] satom] atom (sum)] lqver] layer (sum)] layer (heatmap}] figure options]

@ atom01 © atom02 ¢ atom03  atom04 ( atom05 ( atom06 ( atom07 ( atom08
atom09 " atomi0  atomil  atomi2 © atomi3 ( atomi4 [ atomiS  atoml16
c atoml?  atomi8  atom19

[T T

al€d +a=md

9-2 dos.py 23eftd% GUL

KDOT T 7y NN TZO GUILIZOWTEBA LE T,

a. uv MR

b. CIRREEEE DR C AT 5 X T, total IXIRAEEEE, atom IR T0ERFTIRAEEEE, atom (sum)
R ERATIREEE NI, layer 13E 0 EIRPTIRIEEE, layer (sum) X0 ERFTIRIEEEENE, layer
(heatmap)l I EFFHREEE D £ — h~ 7, projected |FHFARAEREE, projected (sum) T ELRHER
FENNE, figure options |3l 47" a2 LR Ek,

c. CREEEADEIUE, atom ID, layer ID, pdos ID 72 EDF = v ViR v 7 A ZERT 25 & Z AUt U THEBD
HEb, EE— ROGAEHGEIRT 5 Z LNATHET, BEHURAED T X COREE LA S Uil <
Do

d  7uvy MMESR oy FOREO SN SR EEEZ DI ENTED, TRy E—T A ATDT A AL %)
Vo 73577 ANEREA TR TPGON, BT 7 A WITT AR— N5 ENTED,

963HAH

HAE LT, ES L<IIINL LIRIEBE T — 2 DRk ST 3 A b7 7 A VS IREBEXOT — % H35
SNET, “oDT 7 ANDT 7 AINAHIIBEFLAEETH Y, TEEHIIRFED data, & IZ-imgtype Df
EVS U2 dul7e D 97, JHETZRO T IR T X2 ITHEAIC L TR D £,

--action=sum C7£<, -heatmap & DIF TWRWEGS
> IREEEEE © dos_total
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> JRPTIRREEE  dos_atomatomid

> EHEIRPTIRAEEEE  dos_layerlayerid

> SIEOIRRERRE ¢ dos_atomatomid 1lid mmid ttid
® -heatmap 7 TV 255

> JBOBIRPTIRIEEEE | layer_dos_heatmap
® --action=sum DGFH

> JRPTIRAEEEE  dos_summed_atom

> JELEIRPTREEERE © dos_summed_layer

> BHIRREEE © dos_summed_projected

9.6.4 FIFAHI
FERB) & FERAT DN D IRBEE X 2 H U F 3, FIHT D REE T — 2 X PHASE/O O > 7 U2 & 5 BaO-Si
S & BaTiO OIRFEE T — X TF,

9-3 (2) BaO-Si /1 & (b) BaTiO DR TELE,

9.6.4.1 BaO-S1
(1) dos.py f dos.data --imgtype=svg
RIRREFEFEOREEEXGOND, BT 7 A /W svg B
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80 A

701

60

50 A

DOS (states/eV)

o N

-25 -20 -15 -10 -5 0 5
Energy (eV)

X 9-4 ARBEREE,

(2) dos.py f dos.data -m atom --imgtype=svg
JFAAZHEN LICIRREE MG B D, [ DEIG 7 7 A Vidfgbivd, —&HDRET (& FED Ba) &
TRHOFT B MED O) OREEEZXIRT 5,

10 4

Ba| - O

DOS (statesieV)
DOS (states/eV)

| WJM . | ulb

v v " = - v v v v v = v v -
=25 -20 ~-15 -10 -5 o 5 =25 -20 ~-15 -10 -5 o 5
Energy (@V) Energy (@V)

951 BEHDRET L 2 BB DOEFORFHRERE, W bE 9-3 QD& FEDFETT, ;tki%1FHE ) Ba,
2FENP O THD,

(3) dos.py fdos.data -m layer --imgtype=svg
Y| TR RER IR IS, RO DIIET 7 A A AME S5, 5 T8 & PSRRI 4
BIRd %,
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llayer=1 ilayer=65

DOS (statesiaV]
o
w

DOS (statesieV)
e
~

I ] AL

=10 -25 -20 -13 =10 -5 o 3
Erergy (eV) Erergy (eV)

-25 -20

X 96 1)@H (M 93@DETRE &658H (X 9-3@NDHTRML) DIRREBEE

(4) dos.py f dos.data -m atom -a sum --elemid=Si --imgtype=svg
Si - OIRIEEE 29X T L Z ATRIEEEX DS 55,

17.5 A

15.0 A

12.5 4

10.0 A

7.5 1

DOS (states/eV)

5.0

2.5 1

. . - | 00 L
=25 -20 -15 -10 -5 0
Energy (eV)

il

X 9-7 Si JRFDOREEE L TNTRL Z ATDRIREE,

0.0

(5) dos.py f dos.data -m layer --heatmap --imgtype=png --drange=,2
JENEMRREEEE DO — M~ TG00, ADENEZENLTZE 5720, IREEED FRE 2 & LTW5D,
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Energy (eV)

0 5 10 15 20 25
distance along the axis perpendicular to the layers (A)

X 9-8 BREMEREBEDL — kv v, il REEE AL LIZBEDBORSN L OHEEE, MHdhino 1
X—ThHY, REBBEDEDE HHEADEWNZ X > TEIN TV,

9.6.4.2 BaTiO #fifh
(1) dos.py -f dos.data -m projected --imgtype=svg
TRORRERE ORI HLE Z L ICH ) &b, Ti O dBGEORER S 2 XRd 5,

d¥il, m=1 | " d#i¥,m=3

05 (statesdel)

DO (s

.
——

DOS (statesde)

o 0 2
-840 -50 -a0 -30 -20 ~10 0 10 -0 -50 -an -30 -20 ~10 0 10

B 9-9 Ti d BB DHREREE,

(2) dos.py -f dos.data -a sum --lid=2 -m projected --imgtype=svg
Ti ® dEGEDIRREEE 23X T L ST REEEXKS 5 b,
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(o]
o
1

~
o
1

[e)]
o
1

(9]
o
1

IS
o
1

DOS (states/eV)

N w
o o
1 1

=
o
1

o

-60 -50 -40 -30 -20 -10 0 10
Energy (eV)

X 9-10 Ti d BREDHFAIRIEEE,

9.7k R 7 A JLERY—)L  band_kpoint.pl

N MREER AT, RSN - 7ok SOFE AR L, Ok RTORAE =3/ ¥—% ekcal ChlHE L E
9, ekcal 1Tk S DT —HNEZIAENT=ZT 7 A /L kpoint.data & FiAALS kS CTOEH =R —%FHH L E
T, FOkEDT 7 A NDOARKEIET 57 125 A band_kpoint.pl T7, band_kpoint.pl DASJ7 7 A /L
OFERIERITILL FORRIC 22 o> TOVET,

dkv

blx b2x b3x

bly b2y b3y

blz b2z b3z

nl n2 n3 nd # Symbol

dkv 23k DI, b1x,blyblz (THE ST Fbby D xy,z Gy, WHETX7 Fbby bgiZOWTHERKTY, T
1T H LRI Rk 05 & D RV OFREZR LE T, VRV ORREIIETIES O FEAN, FENH HHA,
AN FREEMERR OBRICRIF S E T, By, ny, ns, ng HWTR~Z hLE
ny ny n3
k= Ebl +n—db2 +Eb3
DIINFBRELET, Vo RUTHDOBIZENTL EE, LT OEE O Z R L E7,

0.02 <———— k HOME
<———— WiETRT bV

<----nl n2 n3 nd # Symbol
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ZHNERULBONT 4 L7 bV example (Z&H D DT, Til%a 2 B — L Cband_kpoint.pl ZF/TL THAEL X 9,
$ cd PHASE INST DIR/samples/tools/work
$ cp ../example/bandkpt fcc xglux.in .
$ band kpoint.pl bandkpt fcc xglux.in > output

Z 99 % & kpoint.data 2VERRESIVET, TNy MEEHREHOKSRO7 7 A VT, ZOkRDT 7 AV
EAINTIMAT, ekeal ThATOEATRAF—EFHR LTI ES0Y,

9.8 /\ MEERIERY—IL band.pl

9.8.1 band.pl ME{T

band.pl PHASE/O @ ekcal ®Hi/] nfenergy.data & band_kpoint.pl D AJ17 7 A /L3 band.pl ® ANZ720 &
9, BIEIO AT TARL L7z kpoint.data 2 AJ) & L, ekcal CHEHATR/LXFT—FHEEZIT, ERELIZEA

THILX—T 7 A )L nfenergydata 28 7 4 L7 h VU example (ZH VD FT, ZDT7 7 A NEfES TR REEX
ZHIONTHE L & 5, example (285 nfenergy.data & bandkpt_fec_xgluxin % work (22 —1L, £ H%E A

J1& L CThband.pl 34T LFE T,
$ cp ../example/nfenergy.data
$ cp

$ band.pl nfenergy.data bandkpt fcc xglux.in -erange

Z9%%&, EPS 77 A/ band_structure.eps 2VERKSIVET, DT 7 A VA TEICRHITIE, ghostview
Rgv e EDY 7 Ny =T HMETT, $ ghostview

FE S gv

$ gv band structure.eps

4t / |/ /// A
2 —/ /
0 /\\\
2 / \\\ \\\ N
VA
\ |
N

Energy (eV)
A

/
10

-12

X r L u X

9-11 7L Si DAL FEEER

band.pl #9792 & ZIZfHIN LTz -erange 133~ 9 5 =X —DFiH % filfHl 5472 a2, -color 1307
—NEATO ATV a o TT
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9.8.2 band.pl DA T 3>

IR BAIETIZ band.pl 2579 % LRIIGENF RSN ET,

$ band.pl

Usage: band.pl EnergyDataFile KpointFile -erange=Emin, Emax
—einc=dE -ptype={solid circles|lines} -with fermi
-width=SIZE -color

KpointFile O# A ERA ST 5472 2 2T,

—erange=Emin, Emax | FRJ AT R X—OFHEZ v BN THET A,
=&z, -10 eV 5 eV EFTERLIEVIGANE

-erange=-10,5

ELET,
-einc=dE HEED OFMRAFEET 5,
7o ziE 2ev HRRICEED 250 700 b,
—-einc=2
ELET,
-ptype=TYPE FHE 2 R 5,
-ptype=solid circles : BBV OSSN TERRT D,
-ptype=lines : BHRETORS(TIHVE),
-with fermi T 7 AV T2 T 2L S LoV E Ml BSOSk L — oL

<o BETIIZ 2V I L~ EFIRL, HEREIA - PHERCHIVUIMMNE 7 B3
X =L~V EFoR LET,

~width=SIZE XOWEDT 7 4V MiEl£ 0.5 THED, TOMEEF LIZVEAILZ ATy a v %
o, 72&20F, 0.3 ITEE LI-VEAIT
-width=0.3
ELET,

-color TT 7% HT—FrT D,

9.9 [RFAEEDYLGE trajectory FERXADZEHLY—IL  dynm2tr2.pl

Perl 27 V7 b dynm2tr2.pl I, Hdsat(k, s 8L R O7T — % (nfdym.data) 2455 trajectory 22U
THLUET,

> —L dynm2tr2.pl ZLAFD X HIZFATLE T,

$ dynm2tr2.pl nfdynm.data |

ZOEHTTHE, dynmtr2 EVVH T 7 AL gridmol2 VD T 7 A LDVERR S IVE T, RIS TR OEEE R
EDVFR SN T 7 ANV THY, HHITHET HBAVOERR ENFLR SN 7 7 AV TT,

FCC D7) X7 4 7/ Si 3 IR A TR RE A TN E & U, MRk L 7ot R & HLIE trajectory
RICZA e L, "B L7ZBITd,
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Step 1 Step 2 Step 3 Step 4

v
7775

Step9 Step 10 Step 11 Step 12

HH G #

X 9-12 /7 Si O ERE GBFED IR LA

912 ORANIFRFNMER T2 NEE L TCOET, IPMBKIC/R-72H &1, R EEEEO R o 2R 1
WAERT 2 10 hNEL 0, S i L S OO AR 0 £, X 9-12 TII7 Y 274 78T
FRENFETH, LLTD X 9572 controlinp &9 7 7 A /VEVERTHUR, JFUSOBEICE/LVOE RN T F97,

origin 1.2825 1.2825 1.2825

vectorl 10.26 O 0
vector2 O 10.26 0
vector3 O 0 10.26

Z ® control.inp Zf# L C dynm2tr2.pl T dynm.tr2 Z1EaT 2 & JH03(1.2825,1.2825,1.2825) bohr (241,
YL D7 FL7310.26,0,0), (0,10.26,0), (0,0,10.26) bohr (2720 £47, LAFDOLHIZL T, dynm.tr2 Z1Ek

LE7,
| $ dynm2tr2.pl nfdynm.data control.inp

7' _R—t )L SRR LEFED step 10 ZBUR L7207, X 9-13 TT,
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Step 10

913 75— TR LI/ YLY Si OREEEE LR (step 10)

9.10 #REMK L NILEHERC Y —IL freq.pl

PHASE OIREWEHTISEEZ L5 &, fEihOIERENT — FOIREI L BA~7 MABMELINET, HREE
HrofEdix, 7 74 /L mode.data (ZH 713 E T, Perl A7 U 7 | freq.plmode.data 7> HHRE DT — 4 % HL
DL REEL -~V EER L E T, freq.pl 34735 &, EPS I ODEIE T 7 A /L freq.eps 23 SIVET,
SET,

| $ freq.pl [options] mode.data

7V Si OYREIEERNTRER ORI DO L~V UK 2 X 9-14 (TR L ET,

Vibrational Analysis

700 f

500 | 1 517
400 |

300 |

Frequency (cm'1)

200

100

9-14 /v Si DIRFHL VR

RIS~V AR IR I FE S LIPS E L O TSI, TORSND_LITIIERIRBROL TR LG AR
FRS(IR,RIR&RNON)ZS FnSET, IR ITIINEEEZR L, RIZT v AGEEZR LT, IR&R (THFINHE
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ML T AGERH D 2 %R LET, NONTHA LYy ME—RThDHZ LER L TWET, Bk S 7158
B LAVUXTIE, BEROAINZIHEREEES em B GRS E 7, BEERBL D L ITREB O B 54F
JEN, FROLANIFRESNET,

9.10.1 freq.pl DA T a >

IS BAIESIE freq.pl 25795 LMAGIESFRENET,

| $ freg.pl |
*** A visualization program for vibrational fregencies ***
Usage: freq.pl [-width=W] [-height=H] [-nrep=N] {-solid|-mol|-ignored modes=LIST}
mode.data
freq.pl DA 7> 2 L CTT,
—width=W XOIRDT 7 4V MiEIX 1 THDHD, TOMELEE LIZWERIXZ 0Ty a %
5o,
7= z2iE, 0.3 ITEE LIWEATT
-width=0.3
ELET,
~height=H XOIEDOT 7 4V MilX 1 THDHD, TOMELEE LIEWGRIXZ 0TV a %
9,
7L z0E, 2.5 ICEHE LIZWEAI
-height=2.5
ELET,
-nrep=N —ODOPNIFERT DEHIRBLOE, IREE— FOBKIERBNZOHI D 20 & &
21, B EPs 7 7 A VIMERRSIVE T,
-solid BEHRDS AL IR R T DA T a v,
ZHUTT 74V P TRESHTVET,
—mol GO EICERE L WEA RN T 247 v a v,
—ignored modes=LIST | LIST D& ZAIZa L~ TRY)> THATZHFSFOE— NFERRINR LD £7°
7=z,
—-ignored modes=1, 2,3
ET5L 1,2, 3FDE— NIFRINVR RV ET,

9.11 EERBIDENIDILEE trajectory 4= 7 7 1 LZEHRY—)L animate.pl

Perl 27 U~k animate.plmode.data |ZH/] SV CWDIEEIE— ROREHRT "L DT — X Ziidriidr, HUER
FOFHNEALE trajectory TER7 7 A I HL L £77,

controlinp W\ 77 A NVEMET D &, FROBE LB T MVOEENRTEET,
control.inp DFITY,

origin 1.27189 1.27189 1.27189

vectorl 10.17512 0 O

vector2 0 10.17512 O

vector3 0 0 10.17512

ZOWITIL, TIR—ELTIFRT AT, FUEA(1.27189, 1.27189, 1.27189) bohr (2L, /L7 kL
%(10.17512, 0, 0), (0, 10.17512, 0), (O, 0, 10.17512) bohr I ZZFE L £,

animate.pl ZLL FD L HIZFTLET,

| $ animate.pl mode.data control.inp |
FARET— R Z & OJLE trajectory JE.7 7 1 /L mode_1.tr2, mode_2.tr2, .., mode 6.tr2 &\ 9 77 A /L &
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grid.mol2 £\ ) 7 7 A AAMER SN E T, JHE trajectory I D 7 7 A MIHEEIE— RO T Hh ShvE T,

2L Si OYEENRAT O 6 2 H OFRAEIEBOEA X2 /L mode_6.tr2 Z L L= XA X 9-15 IR LET,

X 9-15 /v Si DEMEREIOEA R b

9.12 EEAZET— 2 ZHY—)L conv.py

convpy &9 Python A7 V7 hafifioTC, JEET—X 2 KT 52 LN TEET, binT 4 L7 hU—DFIZ
HVFEF, convpy ITHEENFIH L E7, 72& 20, nfdynm.data 7 7 1 /L% CIF [ZEH#9 5 Tl =13 Frod
Y TT,

H B D S5 L]

$ conv.py

atomic configuration converter utility.
Copyright (C) the RISS project, The University of Tokyo

select the type of the input atomic coordinate file

0. phase input

1. phase output

2. VASP_ input

3. VASP_output

4. OpenMX input

5. OpenMX output

6. XSF

7. XyzZ

8. cube

9. cif AT SRAEE
S THILD 7 7 A MERESEET
11. LAMMPS output 5 o nfdynmdata © 5 &
e Exit phase_output 72D T 1 Z5iE

Please enter a selection (0/1/2/3/4/5/6/7/8/9/10/11/x) [0]1:| L, Enter

Please enter the name of the input atomic coordinate file, | nfdynm.data 77 A LD 7 7
or type x to exit. [nfdynm.datal: A W4 % F55E, nfdynm.data
X Wi bZ2DE F Enter

Please enter the frame no. (enter a negative value in order | 7 L —AZERT 5, ADOED
to output all frames when possible), or type x to exit. [-1]: PO (27 1L—A] B8R+ 5
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Z LTS T D, M~ XEID
T oD ETEET HZ LI
YoT, thrvL—2, 71—
A, MRRERETHZ ENTE
5, 7L—LhOHEIX0 ALY

select the type of the output atomic coordinate file

0. phase input
1. phase output
2. VASP_input
3. OpenMX input
4. XSF

5. xyz

6. cube

7. cif

8. dmol

9. LAMMPS input
x. Exit

Piease enter a selection (0/1/2/3/4/5/6/7/8/9/x) [1]:

SO EfeET 5, CIF
D& 7T & AL Enter

Please enter the name the output atomic coordinate file, or
type x to exit. [coord.cif]:

HMOh7 7 AN ERRET D,
CIF D&, 7 74/ MElX
coord.cif

PLEOEMEIZ L -, nfdynm.data 7 7 A W6 CIF 2155 2 ENTEET, ZDIENDOT 7 A WERIZT O

THRBKICET D Z 3 TEET,

conv.py EEIFZ, LLFTOAT > a v HETHI EMTEET,

FFa AR

-—pack BARRORI R -2 LiIAD E 3

--na=NA afifiz NA 2 Uiz 2—S—B LA ERR L, 254 £ 4
--nb=NB b 1% NB 22 L= A— S—B /L2 VERR L, Z5Ha £
--nc=NC c iz NC 52 L7- A— S— LAk L, Z5Ha £

PHASE/O D AN %M 53858, m—LT 4 L7 hU—|Zpiou &) 7 7 A VIMFAEL, ZOHE N FRED KL

T2 TWDREERH Y F97,

pp.default pp dir=PATH TO PPDIR

Z ZTCPATH TO PPDIRIMERT Iy /L7 7 A VMO BINIZF 4 L7 R U —T7F,

9.13 AN 7 7 A ILIEERF = v 9 *Y—)L inpcheck.py

inpcheck.py &1, PHASE/O ODAS)DIERET = > 7 %475 —/L T, binT 4 L7 U —DFIZHY £,

ZOAZ VT NERHT A2, 3R —27 417 Y —{Zpiou EWVD 77 A NVEVERL, EOFHEELIT

DENTTDHENRH Y £,

pp.default pp dir=PATH TO PPDIR

Z ZTPATH TO PEDIRIHERT Lo x L7 7 A WDMIDHNIT 4 L7 N U —TT,

UTOEDNTFROFTT 4 L7 U —IZBWTETT 2 L&l Lo, fRREET 7 — it shE

R el dl = Y S YO R RAN s VAR = 1Y g U S a8

$ inpcheck.py
input data validator utility for PHASE
Copyright (C) the RISS project, The University of Tokyo
INFO: —-- running the input validator --
INFO: specfile : phase.spec
INFO: checking directory : /home/jkoga/phase0 2018.01/samples/Si8
INFO: validating input...
INFO:
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INFO: checking if required/recommended entries exist...
INFO:
INFO: found [accuracy.matrix diagon.cutoff wf]

at line 31, a recommended entry when

[accuracy.initial wavefunctions] is 'matrix diagon'

matches the specification.
matches the

in specification.

matches the specification.
matches the specification.
matches the specification.

INFO: checking whether each entires are valid...

INFO:

INFO: line 2: entry [control.cpumax]

INFO: line 3: entry [control.condition]
WARNING:
WARNING: line 95: could not find [postprocessing.dos.nwd window width]
WARNING: candidate entry: [postprocessing.dos.nwd dos window width]
WARNING:

INFO: line 98: entry [postprocessing.charge.sw charge rspace]

INFO: line 99: entry [postprocessing.charge.filetype]

INFO: line 100: entry [postprocessing.charge.title]

INFO:

INFO: input validation done.

INFO:
WARNING: found 2 warnings in /home/jkoga/phase0 2018.01/samples/Si8
WARNING: check the log for details.

inpcheck.py |ZJEED A7 a AL TFREOED,

A a v

Wi

-1 LOGLEVEL, --loglevel=LOGLEVEL

0 7 LYV EFRTET S,
0: HvhHih

1: 774V S
2. Ty TN

——-prop=PROPFILE

TRT f—T 7 A N —P—FRED L DI
T 5, (774 MElZ
piou/data/props.properties)

——ppdir=PPDIR

BERT XY T 4 LY U —%T 7 4
RSO HDIZT B (T 7 40 Ml
$HOME/.piou 7 7 A /MZFtik STV 5)

-s SPECFILE, --specfile=SPECFILE

MNMHEER T 7 A Va2 —P—HREDH DI
9% (77 #/V ML piow/config/phase.spec)

-r, —-recursive

EFLI=T 4 L7 M) =D FOT_RCOY 75
4 V7 N U—RFRMIC 0, PHASEO 314
T F N —LHE ST EIIANS) 7 7 A VIE
Tz 7 EITI,

10. AHAZ 74U

101 ART 74l

10.1.1 AKNSA—ZR T 74 )L nfinp.data

1012 RFoovILT7AIL
10121 74—~ k

BRT YNV T 7 ANDT F—< > MIOW T L7,
Bl LT, SiJRTFOBERT v VDRHIDE 3 2 LA IR L ET,

14 4 3 0 2 zatom, ival, iloc, itpcc
ldapw9l name
2.160000 0.860000 1.605400 -0.605400 alp, cc
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1501 96.000000 60.000000 nmesh, xh, rmax
VALL
-0.14250064037552332E+07 -0.14102392478975291E+07 -0.13956251181755565E+07
-0.13811624288404209E+07 -0.13668496105922471E+07 -0.13526851103651347E+07
-0.13386673911985729E+07 -0.13247949320589846E+07 -0.13110662276746516E+07
-0.12974797883723934E+07 -0.12840341399159116E+07 -0.12707278233458301E+07
-0.12575593948213934E+07 -0.12445274254637859E+07 -0.12316305012010917E+07
-0.12188672226148657E+07 -0.12062362047882713E+07 -0.11937360771558125E+07
-0.11813654833546225E+07 -0.11691230810772763E+07 -0.11570075419261454E+07
-0.11450175512692606E+07 -0.11331518080976552E+07 -0.11214090248841981E+07
-0.11097879274438950E+07 -0.10982872547956155E+07 -0.10869057590252746E+07
-0.10756422051504281E+07 -0.10644953709862572E+07 -0.10534640470129563E+07
-0.10425470362444966E+07 -0.10317431540987322E+07 -0.10210512282688706E+07
-0.10104700985962711E+07 -0.99999861694454885E+06 —0.98963564707499891E+06

BERT LY VRN L T2 7 7 A VOBRAIOBEE OB LTATICI, # THEDL AL MLERRATD &M
TEFET, bLaxy b EEXANSE, PHASE &#ELH7-L &I, EHEH T (output000) (2, FD = A
v R s hET,

7' 77 5 PHASE (TR T oY VT —H iikiA E R H120E, TORMID 4 17 (2 A2 NIRHDHGAIC
1, A RCBED 41THE O, LAFDO/RT A—Z —DENRE STV TWADMENSH D 97,

14TH natomn, ival, iloc, itpce, igncpp
IO, FRER, RFERZ, liETOZ,, FTEEDNE Tl (&1 ZMRTME, =7F
¥ —UHIEOFEDIE0), #ART v v LT —H2 O GNCPP1(=1D), GNCPP2E2)DIEEIfEDILET,

21TH xctype
ARHFAEIH A= RNV —DORAZFFE L E T, BWRTX 5D1E, LDAPWI1, GGAPBE Ofi[iuh T,
31TH alpl, alp2, ccl, cc2

IHNHDNRT A—H—%a,,ay,cq,¢c, EEL E, PHASE OHFTIL, a7 EipolerT vyl

Z
Veore = =22 {ererf(/arr) + coerf(/arm)}

EWVIHKTELILTHELET, 72720, erf() 1 IH U AOBRERMSTT, F7o, 2008 ¢ & ¢, O
W2 ¢ + ¢, =1 OBRARH D £,

41TH nmesh, xh, rmax
BRI DA v v 2%
i = Timax €XP (€ = Npesn)/xn) (0 =1, -+, Nopesn)

ORI LT TAER LET, 72720, Nyoop FEEGHEDORA v 2 0fEFR LET,

&1 4 EEFFOJRTEE 14 O Si JFi10, LDAPWIL IECKDHERT v v /L THD ZER, ZnHDfT
MO T,

51THE A Y M HHEAITIE 6 ITENCEDN T D VALL &) Di, PHASE O7'm 2T AN THEAR
T NVDF =y 7 IS RS T,

Z ORISR T VY VOFEBROT —Z T, ZOT—ZDEHIDOT v v 7%, kS ERT
>+ /L (screened All Electron potential, VAE (r)) (2R3 21D T, ZOT7—#ENT,

do ir = 1, nmesh
VigF (ir)
end do

WS RIT 2o TDET,
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F207 w71, EESNRPTRT 2L (screened local potential, Viy, (r,1) (242 6D T,
VAE (N[l D7 — 203,

do ir = 1, nmesh

PP e
Vseri,. (ir, iloc)
end do

LRV ET,
B30Ty 7Y, MiEFOBEREE (valence charge density, n,(r)) (2, EREOMEME 4nr? Z20F7-H0T
T, IhE p,(r) ET5HE (,(r) = 4nrin,(r), TOT—XII,

do ir = 1, nmesh

pv(T)
end do

EEINTNET,

INHD 3Ty 7 OFLbh &S TS, WuBRNEERERS I LR T v v v D TR EnET, £
DOIERNIL, I NVIMEEOEEE TN T YT FOGATES B 9,
LI, CIAO Oa—W—==a 7 VE TSMHTEE0,

10.1.2.2 AR T o v V7 7w A )V

BR—T a VOREERT U VT 7 A v M phase_pp_2014 TF, IR I > UIEHOEART v L
T ANVDPHELE TN, HEEHERRT v VT 7 A MT FRLOmE Y T, 23— 32 2020.01 LI, f#ERT
X INT 7 A NVDRRENILGEII I ORELEHRR T > Vv VT 7 A DR SN E T,

(1) GGA-PBE

H ggapbe paw nc 0l.pp, He ggapbe paw us 0l.pp, Li ggapbe paw nc 0l.pp,
Be ggapbe paw nc 0l.pp, B ggapbe paw us 0l.pp, C ggapbe paw us 0l.pp,

N ggapbe paw us 0l.pp, O ggapbe paw us 02.pp, F ggapbe paw us 0l.pp,

Ne ggapbe paw us 0l.pp, Na ggapbe paw nc 0l.pp, Mg ggapbe paw nc 0l.pp,
Al ggapbe paw nc 0l.pp, Si ggapbe paw nc 0l.pp, P ggapbe paw us 0l.pp,
S _ggapbe paw us 0l.pp, Cl ggapbe paw us 0l.pp, Al ggapbe paw nc 0l.pp,
K ggapbe paw us 0l.pp, Ca ggapbe paw us 0l.pp, Sc ggapbe paw us 02.pp,
Ti ggapbe paw us 02.pp, V _ggapbe paw us 02.pp, Cr ggapbe paw us 02.pp,
Mn ggapbe paw us 02.pp, Fe ggapbe paw us 02.pp, Co ggapbe paw us 0l.pp,
Ni ggapbe paw us 0l.pp, Cu ggapbe paw us 02.pp, Zn _ggapbe paw us 0l.pp,
Ga_ggapbe paw us 0l.pp, Ge ggapbe paw nc 0l.pp, As ggapbe paw nc 0l.pp,
Se ggapbe paw nc 0l.pp, Br ggapbe paw nc 0l.pp, Kr ggapbe paw nc 0l.pp,
Rb ggapbe paw us 0l.pp, Sr ggapbe paw us 0l.pp, Y ggapbe paw us 02.pp,
Zzr ggapbe paw us 02.pp, Nb ggapbe paw us 02.pp, Mo ggapbe paw us 02.pp,
Tc ggapbe paw us 02.pp, Ru ggapbe paw us 0l.pp, Rh ggapbe paw us 0l.pp,
Pd ggapbe paw us 0l.pp, Ag ggapbe paw us 0l.pp, Cd ggapbe paw us 0l.pp,
In ggapbe paw us 02.pp, Sn ggapbe paw us 02.pp, Sb ggapbe paw us 02.pp,
Te ggapbe paw us 02.pp, I ggapbe paw us 02.pp, Xe ggapbe paw us 0l.pp,
Cs _ggapbe paw us 0l.pp, Ba ggapbe paw us 0l.pp, La ggapbe paw us 02.pp,
Ce ggapbe paw us 02.pp, Pr ggapbe paw us 0l.pp, Nd ggapbe paw us 0l.pp,
Pm ggapbe paw us 0l.pp, Sm ggapbe paw us 0l.pp, Eu ggapbe paw us 0l.pp,
Gd ggapbe paw us O0l.pp, Tb ggapbe paw us 0l.pp, Dy ggapbe paw us 0l.pp,
Ho ggapbe paw us 0l.pp, Er ggapbe paw us 0l.pp, Tm ggapbe paw us 0l.pp,
Yb ggapbe paw us 0l.pp, Lu ggapbe paw us 0l.pp, Hf ggapbe paw us 03.pp,
Ta ggapbe paw us 03.pp, W ggapbe paw us 0l.pp, Re ggapbe paw us 0l.pp,
Os _ggapbe paw us 0l.pp, Ir ggapbe paw us 0l.pp, Pt ggapbe paw us 0l.pp,
Au ggapbe paw us 0l.pp, Hg ggapbe paw us 0l.pp, Tl ggapbe paw us 0l.pp,
Pb ggapbe paw us 0l.pp, Bi ggapbe paw us 02.pp, Po ggapbe paw us 02.pp,
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At ggapbe paw us 02.pp, Rn ggapbe paw us 02.pp, Fr ggapbe paw us 0l.pp,
Ra ggapbe paw us 0l.pp, Ac ggapbe paw us 0l.pp, Th ggapbe paw us 0l.pp,
Pa ggapbe paw us 0l.pp, U ggapbe paw us Ol.pp, Np ggapbe paw us 0l.pp,

Pu ggapbe paw us 0l.pp, Am ggapbe paw us 0l.pp, Cm ggapbe paw us 0l.pp,
Bk ggapbe paw us 0l.pp, Cf ggapbe paw us 0l.pp, Es ggapbe paw us 0l.pp,
Fm ggapbe paw us 0l.pp, Md ggapbe paw us 0l.pp, No ggapbe paw us 0l.pp,
Lr ggapbe paw us 0l.pp, Rf ggapbe paw us 0l.pp, Db ggapbe paw us 0l.pp,
Sg _ggapbe paw us 0l.pp, Bh ggapbe paw us 0l.pp, Hs ggapbe paw us 0l.pp,
Mt ggapbe paw us 0l.pp, Ds ggapbe paw us 0l.pp, Rg ggapbe paw us 0l.pp,

(2) LDA-PW91
Ge ldapw9l paw nc 0l.pp

102 ABAT 7AILEE T 7 1 )L file_name.data

103 ANT7A4IL (FAHT S L ekcal)

103149 >FY T kmI774IL kpointdata (F_KPOINT)

FL LT, ekcal IZE D REEEITHBTFIHT 27 7 A VT, BHETAREEROEHRIFERE L THY 7
kSH 7Y o 7 odEE LCAle 2 RE LIZAVED 7 7 A Ve 0 3. 72721, 207 7 A4 /MT @i
band_kpoint.pl A2 U7 G2 EMDAER LET. BT 4 ¥ —72 8T BT ARITE < e E b
NWETH. LLFBEO-Oitik LET.

F_KPOINT 7 7 A /Ui%, #RIEGZITRO L 912720 £79

141 141 (a)
50 50 100 (b)
49 49 100
48 48 100
47 47 100
46 46 100

cNeNoNeNoNeoNeNe!
e s

(@) kSOFEEERE LET. 5084, 141 {HE 720 £
(b) 4 OOEHD A TWETD, TNENkE QXD X D ITER L5 0N, ny, ng, ng, wil/e 0 £
(2 ZChy, by, b VM -7 ML),
B =wx (2B + 225, + 25)
=W Ng 1 Ng 2 Ng 3
104 AT 74
10.4.1 {KEEZE 7 7 1 )L dos.data (F_DOS)
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F DOS A L > THRESND 7 7 A4 ML, IRREEEEOFHERBENTEASNET. BEED T 7 A4 VAT
dos.data T7.
TrANT p—~v hELTUL £, ALUEZZ/B L COARWEHE TIIRIREERE DT — X NROD X 5 12508

SHET
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
END

Z 2T No.DFNLIRREIZE R S -F 5, Ehr)id—hV —BfrO=3/1F—, dosthr.)id/ »— h J —HN T
TRV —EF LT-HAD RS, EeVITE LRV NEATTOT 1L F— dos€VILEFR/L M Tx
NX—%F LT-GEOIREEE, sum (FRERIREEEICZN e LET. s, A8 258 LI-#E DY

BUTFDE 720 £
No. E(hr.) dos up (hr.) dos down (hr.) E (eV) dos up (eV) dos_down (eV)
sum up  sum down sum total
1 -1.5451 0.0000000000 0.0000000000 -45.4403 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
11 -1.5441 0.0000000000 0.0000000000 -45.4131 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
21 -1.5431 0.0000000000 0.0000000000 -45.3859 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
31 -1.5421 0.0000000000 0.0000000000 -45.3587 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
41 -1.5411 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 0.0000 0.0000 0.0000

dos_up, dos_down (FENZENT v AL L L XD A U OIRRERE, sum_up & sum_down (FENZEINT v
TAE X T A D FEEIRAEE LAY L £ 9. sum_total (% sum_up & sum_down OFITT.

A ERPRRER I, B EIRATINERE 2R LI5S, SHICZORICTED X ) IREERE ) A F3 555
FHOATOBIKIET A7 — 2 Batlk SNET. 7288, A AEE LB L LW B OE N IREEE D
Yrtr L AR D TLSENE L ET.

® i oEMRRER
JRFHENRIEBEEDSS, RO X 5 itk fF b E T

ALDOS num atom = 1
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
END
ALDOS num atom = 2

SR ENRREE R X ALDOS &\ 9 SCFFID B IGE 2175 ENDATE Crtik &40 E 9. ALDOS O¥RIZFLl
ST 5, num_atoms = 1 72 EOERIL, kST DIRTFOA LT v I AT, ZOA T v 7 AFIAITT7 74
JUZTHRE LR TFOIEE L[RIC & 7220 £

® JE I RETRAEE L
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JE R RIRPTRRER OB ERO K 9 stk G b E

LAYERDOS num layer = 1
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
END
LAYERDOS num layer = 2

FEAHN IR A RPTIRIERR E &[5 T2, #4473 LAYERDOS & 72> T4 Z &, num_layer TAJ)
T 7 AMITHEE LTSRS DNtk SNd Z &, 7 EOENRH Y £9

10.4.2 TRILX—EFE D 7 1 )L nfefn.data (F_ENF)

F_ENF #BI AL > THREIND 7 7 A MU, SROETINF—F# < IORKE, S HI25 181
2y al—ark TolAIEA A OFEH TR L X FRR Ebiih SN E T EEm AT o7
LA ESFINEL R 2 b— a U EToTEA L T HANERRZRDDT, TNZHUC OO THA L £

® IR
SRR 7SR 24T > 712 D F_ENF 7 7 A VOFlZ R LE T

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
[ 113 -108.4414317178 0.0094159378
BHNIEARD LD I BTk E L ET,
iter_ion A F L OFEHEELTT,
iter total SCF /—7 ORI, ZordEofy it snEd,
etotal BTNV X—%, ~N— N —BICHIILET,
foremx JEA LB < F)DOF Kl 2 [ - BN (hartree/bohr3) CTitb L4, ZOENATI 7 7 A

P T 2 RO 2 7= % CRIERT S E T

® yTE AL
SFEN IR OGS, TRt X 912720 7,

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

RSN OSE SRR T3, B pdlinBmsh i,
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ekina SDEHh T R F—

econst RORFE, T7obb VX ——FED T )F I 2 b— 3 Y OGEROET R
NF— BE—EDOSTENSFY I 2 b— g VOBRAROET RLF—|ZEVRO TR
NX—ZNZT-&ETT,

® R TRIE(LEHR
A OB AT T E, TRLD L DI £,

iter unitcell, iter ion, iter total, etotal, forcmx, stressmx

1 1 25 -181.4043211381 0.0019960638
1 2 33 -181.4043560304 0.0004826299
1 3 40 -181.4043582176 0.0000016495 0.0002327496
2 1 49 -181.4044223602 0.0000572790 0.0002273231
3 1 58 -181.4044833189 0.0001158383 0.0002220365

W OMERE O —ATNA, LLFOFDINZ HIVET,

iter_unitcell K- DL
stressmx A KL AT Y IVOENE

10.4.3 [RFEEAZERE T 7 1 JL nfdynm.data (F_DYNM)

F_ DYNM #BI A L THRESIND 7 7 A /WL, FRADEFE & Z iUl < 71250l SvE 3. i<
DFENIFL R ab—ra vk (T80 A OEFOREN T2 T — 2 NEXIAETNE T, #RE7
F DYNM 7 7 A ADOHEZLTFICEHR LET. 708, 207 7 A /MIBWTHIA SN D BRI TR TRH
NFHRTT

#
# a vector = 9.2863024980 0.0000000000 0.0000000000
# b vector = -4.6431512490 8.0421738710 0.0000000000 (a)
# c vector = 0.0000000000 0.0000000000 10.2158587136
# ntyp = 2 natm = 9 (b)
# (natm->type) 1 1 1 1 1 1 2 2 2 (c)
# (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 (f)
2 6.693102525 2.152889944 4.620258315 0.006945 -0.001028 -0.004994
3 4.075293851 4.719951845 8.025544553 -0.002872 0.006394 -0.004796
4 -1.482093879 6.872841789 5.595600399 -0.004362 0.005502 0.004993
5 -0.567857398 3.322222026 9.000886637 -0.002792 -0.006296 0.004965
6 2.049951276 5.889283925 2.190314161 0.006974 0.000708 0.004795
7 4.921740324 0.000000000 3.405282833 0.001436 0.000122 0.000068
8 -2.460870162 4.262352150 6.810569070 -0.000612 0.001305 -0.000066
9 2.182281087 3.779821719 10.215855308 -0.000660 -0.001143 0.000001
cps and forc at (iter ion, iter total = 2 40 )
1 3.156999743 1.163767576 1.210005993 -0.002904 -0.005755 -0.003892
2 6.700048015 2.151861938 4.615264365 0.006567 0.000186 -0.003832
3 4.072421499 4.726345880 8.020748072 -0.003503 0.005487 -0.003829
4 -1.486455954 6.878343743 5.600593135 -0.003122 0.005780 0.003831
5 -0.570648922 3.315925959 9.005851266 -0.003532 -0.005392 0.003892
6 2.056925355 5.889992076 2.195109289 0.006503 -0.000290 0.003828
7 4.923176344 0.000121757 3.405351146 0.000397 -0.000013 0.000018
8 -2.461482612 4.263656762 6.810503226 -0.000210 0.000337 -0.000017
9 2.181621403 3.778679157 10.215856638 -0.000197 -0.000341 0.000000




(a)
(b)
©
(@
©)
®

TR T MLREDNTCUVET, a vector, b_vector, c_vector (ZFAVE L a #ill b il ¢ #ifooX
7 MRS TOET,

ntyp = ORIIIEHENTODFEFFEOE FLR SN TCWET, ZOHITIE 2 T, Fiz,
natm = ORITIFFFENENTNET, ZOBITIL9 TT,

(natom—type) D&IZIL, i1 EJRFFEO~ v B IRENTHNET, ZofliZL, 1 &H
NH 6 FHOFETORFFEL L7 FHMG 9 FHOFRFRUL2 W) SeRITHHISLET,
(speciesname) D%IZIL, JTFEL ID O~ v BV IWNENNTONET, ZOFITIEL 1 L)
JFFRE O(53R), 2 &\ )RRl SIEER) (TS5, ) ZEickeh £,

KAT T TOFEPFR SN TNET, ZOFITIE, A A OFFaES 1 8], SCF O RFH
[EIES 24 Bl &720 F9,

FEEOJFA-DGHTE Z ORI TH D Ok s TnET, 1 FEOFNIFETO ID, 2
FHG 4 FHOFIDIRA DD x,y,z R, 5 ZHD 6 FHDOFINRAI@H< 10 x,y,2
JEREEL 720 £, b L, AT 7A/UTEBWT printlevel 71w 7 D velocity Z8%% 2 1Z7%
ELTWESEES, 7 FEND 9 FHOFNHEED R HALCH SN ET,

10.4.4 EFRTEE 7 74 )L nfchrcube (F_CHR)

F_CHR 7 7 A MIITEZEN BT D EMEEOT — 2 BNk S E . 72721, 2 2 Cld PHASE OF 7 41
rOHIIITIEe <, file_type & LT cube & ZHEEV 272V A1 HLD Gaussian Cube TERD 7 7 A /UZ
DWCEHHI L E T, PHASE 77 4/V hOH ) Z vt 325 Z LIXTE EHA. 725 < Gaussian Cube FEXD
T AN ZRRAWEEL ZEERED LET

This i1s a title line for the bulk Si (a)
SCF Total Density
8 0.0000 0.0000 0.0000 (b)
20 0.513000 0.000000 0.000000 (c)
20 0.000000 0.513000 0.000000
20 0.000000 0.000000 0.513000
14 4.000000 1.282500 1.282500 1.282500 (d)
14 4.000000 8.977500 8.977500 8.977500
14 4.000000 1.282500 6.412500 6.412500
14 4.000000 8.977500 3.847500 3.847500
14 4.000000 6.412500 1.282500 6.412500
14 4.000000 3.847500 8.977500 3.847500
14 4.000000 6.412500 6.412500 1.282500
14 4.000000 3.847500 3.847500 8.977500
0.87897E-01 0.80457E-01 0.63811E-01 0.47743E-01 0.35993E-01 0.26628E-01 (e)
0.18342E-01 0.12084E-01 0.83725E-02 0.65941E-02 0.60774E-02 0.65941E-02
0.83725E-02 0.12084E-01 0.18342E-01 0.26628E-01 0.35993E-01 0.47743E-01
0.63811E-01 0.80457E-01 0.80457E-01 0.76575E-01 0.63379E-01 0.51118E-01
0.43367E-01 0.35993E-01 0.26413E-01 0.17302E-01 0.11265E-01 0.80672E-02
0.65941E-02 0.62411E-02 0.68963E-02 0.88010E-02 0.12493E-01 0.18342E-01
0.26413E-01 0.37600E-01 0.53180E-01 0.70418E-01 0.63811E-01 0.63379E-01
(a) HA PRI AL MEKTT. —ATEIZANIZ 7 A VD THREWZIE 28 TEET
(b) 8 IFFET- DL, “0.0000 0.0000 0.0000” 1 XF AT JFisild, PHASE Cid#12(0,0,00C7.

©

BEADIFERN G2 HIVTHET. 72& 21, “20 0.513000 0.000000 0.000000” & & 5455, —2>HD
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il 20 3EIL, —E OB 0.513,0.00,0.00 THDHZ L EZEWRLET. £ EDOH7T Bohr T

(d) —OHOBFIIFEFHFZE ST, 50BITIE 14 2DT, UV arTHHZ ENGND 9. RO
4.00000 &\ ORI, METHTT. FOBO = SOFATNT DIRF0 x,yz FEECY. BT
Bohr 7.

(e) FEOBMEEOIFENEXHIN TOET. 9 2%, RICy BBE, BB xEENELT D LD
7RIECH A S ET
(1,1,1) (1,1,2) ...... (1,1,20) (1,2,1) (1,2,2)
...... (1,20,20) (2,1,1)
(20,20,19) (20,20, 20)

10.4.5 #¥EtE AT 7 € )L continue.data (F_CNTN)

ZDT7 7 A M, ERT D AREMO S ks B HOT — 2 Bt S TWET. 72 & 203, fsEtHE 2179
BRICEIREEDIAHIE A L72WEER, 3 CITIR LR R 2 LG L CRHEE L 7oA 7R 813 2o
T ANVERET DNENRH Y . FONRE, 72 T TOL D120 £

iteration, iteration ionic, iteration electronic

19 1 19 (a)
Ionic System
(natm)
2 (b)
(pos)
0.1249999999999999D+00 .1250000000000001D+00 .1250000000000001D+00 (c)
0.8749999999999994D+00 .8749999999999994D+00 .8749999999999994D+00
(cps)
0.1282864712563094D+01 .1282864712563093D+01 .1282864712563093D+01 (d)
0.8980052987941646D+01 .8980052987941646D+01 .8980052987941646D+01
(cpd)
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
(cpo( 1))
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
(cpo( 2))
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
(cpo( 3))
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
Total Energy
-0.7851066208137508D+01 -0.7851066208137508D+01 (e)
isolver
17
convergence
2 (f)
edelta ontheway
0.1000000000000000D-07 (9)
RFEA7LEHBEIZOW TR L T
(@ FER L7 SO0, A A OFHERL, SCF ORI /) S ET
(b) A OEI I SHVET
© JRF-DHEEEDN, BT MUK DIETH I S ivE T
@ JEL T OOIERE?S, AR C, bohr BT CH) ST,
&) —ORIDAT v 7 EBHED AT v T OETFNF =R S ET.
® RIS ) S AVE T

0: RIR, 1: SCF TR L TW D03 A DFECEIRIUR, 2 I 7
ZERLUET. FRHC 2 OB Tk 1R 21T &, FHRBAMG & FIRHC AR A MU A D 9. T—Hi

IR L= 6 DD, ShZ28 0 LT3 ISR A T2 2R EORBUCRBW T, ZofEzd 0 & L
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TLE&E,
SCFOIHHIEDENH I SN E T, HERTIC CSCFEE DI EAEET 55, AN17 74
AT TR ZHELHER LT EEN,

(2

10.4.6 EHfET—% 7 74 )L nfenergy.data (F_ENERG)

ekeal |2 X DEHEFHAEOREDPESIAEND 7 7 AV T, WWHRZRBIZ LI FIZRE L £

num kpoints = 117 (a)
num bands = 8 )
nspin = 1 (c)
Valence band max = 0.233846 (d)
nk converged = 117 (e)
ik = 1 ( 0.500000 0.500000 0.000000 )
ik = 2 ( 0.487805 0.487805 0.000000 )
ik = 3 ( 0.475610 0.475610 0.000000 )
ik = 4 ( 0.463415 0.463415 0.000000 )
ik = 5 ( 0.451220 0.451220 0.000000 )
ik = 6 ( 0.439024 0.439024 0.000000 )
=== energy eigen values ===
ik = 1 ( 0.000000 0.500000 0.500000 ) (f)
-0.0484324576 -0.0484324576 0.1258094928 0.1258094928 (9)

0.2619554301 0.2619554301
energy eigen values ===
ik = 2 ( 0.000000 0.490000 0.490000 )
-0.0427149632 0.1258687739

-0.0540717201
0.2607026807 0.2633829927 0.6006243932

0.6015285208 0.6015285208

0.1258687739
0.6006243932

(@ kROBEMWRENTHY 3. ZOFTIE 117 ETT.

(b) Ny ROENTERLTHY £9. ZofTlL s T

© AECHBEENGRLTHY FT. 10 2D[EEE D FT. ZOFITIE1 THY, AL DREEEL
PRWEHREITRSE LE T

(G)) 7 2L I R —OENENTH Y 7. PERAERR O AATE 7O FiRD =2V F—0350
wENFET. HALZAN— FY =TT

(e FHRE UizkSsiih S v E 9,

® PUF, EAMEOHERNTGREINE T, T Z0I7TC, EOkSITHHINT DEAET —2 0350130 £
T ZOFITIE, 1 FH DK T, EOMEEILHS 7 MLEFEEE L 7T0,0.5,05) & 720 £

(@ BEEEDOT —2 M, /N RO T EnEd. BALd ~— ) —TT

A HBRE UIEROSGE(ERROQEDY 2 O5E) BIREFERED 7 7 A VEATT A, ERLo(eDBHZUP )
“DONW’ LR &40, LWV IENRH Y £ TNENEEIRA L EDBIRA & AT 2 E A E
HanEd

energy eigen values

ik = 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
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=== energy eigen values =
2 ( 0.000000
-0.1960420390
0.1799862148
1.
1
1

ik =

0183970612

.2192701193
.3289165100

0.

N = NeNe

000000
.1062941746
.1799862148
.2174266166
.2192701193
.6910264603

0.000000

N RO

DOWN

.1062941746
.0183970612
.2174266166
.3289165100
.2876818717

N - RO

.1062941746
.0183970612
.2192701193
.3289165100
.2876818717
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11. FEICEAETHEE UVSOR

111 [FC&HIC
11.1.1 UVSOR &l

UVSOR(Universal Virtual Spectroscope for Optoelectronics Research) 345 —FHER T o o v /MWEICHEES
W, WEOFE - AINE LR LIV TR DHREORIF T, 2507127 F A epsmain & tdlrmain
WEENET, £727 175 L phase 35 50 ekeal |2 b IS EATIEAE UVSOR 754 £ C 7, UVSOR
I, 7'v 27 L phase TO SCF #HRAERA b L12, WEOFHEREZ OHz~5NE RIDOJEE CRHET 5 2
ENTEET, FHERUL. WEOESKH - LR AET 2 HEYHE T, ZOWEITZ=L Y tr=7
AR OIS 2 FHRRET T, FEREII DGR AN THIET 2 Z D TEEI 725, BIED /AT
TEJEEECRANRE DN TND DT, FRANCTHEERIATIET D12, WAWARFERHD /s Z VT £7
fzeziE, L7 hr=s ZA5ECHBA B S 106 (Mega) 100 (Giga)Hz I8 COFERSAIET 21, 0
SR D RGN 58 &1 5 RFRadio Frequency)3&fRes 2 U 37, £/, ATV TN S DRI,
AR, AN ST 2B IIET D101, ENENOREEER O EREERA L £,

UL, F8fRands LU EEROFPE I 6T L B AL Tlde <, 2D & FHEREOWIEZ KEHZ L T
F7. 7o, 1012 (Tera)Hz 0/ tami, BIERIACENWET 2 b ORHEL A, D7, ZORERTO
o5 PR BEARIE 1 34RO CIREE T o D OMNELR T,

UVSOR X =D & 5 2RISR 2B R 2 Lb—ay « VY7 b =7 T, ST TRE R RIS, OHz
~EEANE IO L D TR, =7 hr =7 R « JFOZBHIBWTHIEDH 513 & A L2 TOREIC
B 5 EEEEF BRSO GHE T2 2 3 T& %9, UVSOR X, £OAMPRT L HIZ, —FED"
TReRAB I ER & LTI L, B - EFMEIOBIIC NS Z e TEET,

11-1 13, WEOFERE () OB TR L TOET,

- B ik Ea
e E Sl (R J—— T ]

B R Es

10N H= 10GH= 10TH= 1DP¥

X 11-1 FEROFHEIHK

WEOTERIL, NI, WEOE PRIECERT 2B FAERE | BRI D R0
FIC 2 B, RGBS FHRBIOFRE L Y BIE S00 10T(Tera)Hz L F o> RF S5 CLE, 27
A FRROU S AHERONTEZSNET, 7, BREEOBIEDE HRBOEIHE D b A0
10THz b, LW T, AR BROBDHER T LET,
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FHEEFRICIE, BT ROISE ZNTT 2% UVSOR-Epsilon OFHHRAR & # T RDINE &N 5
UVSOR-Berry-Phonon OFHEASERH Y . O OBEMRRITHEZR, (FENENERELOR Rk BRI
EPRT2ZENTEET, ZAUTED ., F-EFIRE (OHz~45M80) (2K Slsh TRV EEE kT oo
PR G0 Z LS TEE T, UVSOR 1L, FERHL. IFUN SR QIREKN3 K, RbWNIEF - 1
HLOATNE RA 335 = L 28C& £, UVSOR 12— FEO(AEA It s LCHER L. ShBiAh bz &N -
L—PMBIOREHIIND Z LN TE T, FHELEATERE UVSOR 1&, midl - MPLUFIHE STV E TS

11.1.2 UVSOR D438 &~ HRE

UVSOR-Epsilon |£7'7 277 5 PHASE @ SCF #HEAERICHESE, &1 0 MEGEZFIR L, &Rk mbE
DFHEZEATH T T T L ThHhDH, TORKIILLTOMEY Th 5,

UVSOR-Epsilon D% & #38E

1. PHASE/EKCAL & A7 7 A VEILH L TV D
AFJiE, PHASE/EKCAL DA 7 7 A MTGHERBEGIREM O 2 728 LT EE 72> TR Y | &5
\CHEAITH Z L3 T 5,

2. PHASE OFHEFERZFIH L CHERS AR T
PHASE FHRICEVEONDEFEE L VE Y MEEERD, B RhaisestET 5, 7K
M, N MOk BEATLEICE R GRER AR CE, FEDOE\ GHEREGHR AT 2 LT
D,

3. EFHERLDGA
SLHERTARUTEL (Random Phase Approximation) (2R S &AERIEOEEZRD, a7 F7~—A 7/
=y b BT 5 Z LI K O FEREOFE AR L 0D, (1]

4. BEFFHELFEUMEREHBL LN TED
FERT Uy VINEBTE— AV MIIF TR, 8, 4] ZiET 52 Lick v, &FE A LR UHEREL
ERDHZENTED, AT v M, CIAO &RV TR L7z / L 2MEA(F Troullier-Martin(TM) U7
b, ROV NVIIRAFTO N ST YT MURT ooy VaEND ZLINTE D, RFTART v M,
TM BCEAR SNIZHUEART v b, BHS, ZHEART oy Va2 LN TE 5,
BT — A MifilEIAE, Read and Needs(RN) 4[3] & %\ & Kageshima-Shiraishi(KS) {4[4] owdi
MEEIRNTE D, JIVIMRFARERT Vv VOBATIRN 1EHHWVNEIKS {E%&, 7V T Y7 MR T
IR NVOEETTKS ARG THIEZT ),

5. HEIR - MERIAODITN, BJE. WMAPEIOERD s TE 5
HEEIR « HERRDIT, . BHEHIREE L2 ) =77 F Z~ e 9E[5] K Of gaussian/parabolic
smearing {E&FH L TWD, WHHMEIOLS, A IREBOFERBA~OF G LT TE 5, RO
By P —FTHEZBE LIERET) ZENRETHD, V=TT I ~Fr gL, UVSOR 1.00 0%
HE bR 2 fFEE ST D,

6. JEFEAY MLOFHE
B HFART Mv (BT, B, AT b)) ZEHETE 2, Wt HEsRE R OFE
TR Z ENTED,

7.2 PIEIN AR R DOF R
55 2 AR A= (Second Harmonic Generation(SHG)) i8f20 2 RIEFIEIEFES iy D (—2w; w, 0) K}
£ 3 iz %eE  (Third Harmonic Generation(THG)) @ 3 UGS %y O (-3 w; w, 0, 0) DI
K OEE AW R ZERE L C, 2E IR LR URE TR & 2,

8. ARVE RO
BrRNEILOANEREHAE T 5, FHHEICIT kp BENEEZ ATV S,

9. =7 VT4 ur7 AL
PHEERL. IR TSR R A WO 12D Da2—T VT 4 70 7T A2 TD,

10. WFIFHA
V—ZXa— RiZMPI Wi Tn 5,
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UVSOR-Ber ry-Phonon (D%4s & #gE

1. PHASE/EKCAL |THAIAFIL TS,
AiZ. PHASE/EKCAL D AJ17 7 A MMZ Berry NARGHRF KON AERGHRHD AT % 7280
T E o TR, RAHIGEHEEITI ZENTE D,

2. RV GRNEMOFE
AU AR IS ERESRO MBROIALEFR LT, R EEMEHAET D LN TE D,

3. BT HATEROFHE
IREIRMT OFER & RV AN DA A ER 2 HEINICHEA TE 5,

4. [EEERORHE
AV NG IS E RGO IMBOE LA R L C, [EEEROA AV EEHREZ R T 2 &N T
%o VRENEHTORER & BN AN & O B TR G TER D B IEREE ONER O AR A HEIRIZEE T
x5,

11.1.3 BFHERE

2009 46 HLUBEOHEHIEREIT Faeomy,

R"—93.20 PHASE ver 8.00 (Z%J5t
2009/06 3B

N—Tg 321 PHASE ver 8.01 (2%}t
2010/03 A

"— 52330 PHASE ver 9.00 (2%}t
2010/06 5B DFT+U ZFIH U= oxii
N— 3340 PHASE ver 10.00 (25}t
2011/06 /ABH

N—g 341 PHASE ver 10.01 (Zx%fia
2011/08 ZABH TDDFT FHRFERED I
RN— 9842 PHASE ver 11.00 (2%
2012/06 Z\BA AEEDEE

2014/04 B PHASE /0 |25
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1114 1895 —DRERL
K77 NE, 7 rT b3y r—2 PHASEQ [SHEA S T4,

T4LT R
phase0_2015.01 | bin epsmain, tdlrmain
samples/uvsol/ NS A NPy AL
electron UVSOR-Epsilon ® A
Si Si fem D AT
Cu YL

AIN e v B INGY N /]
NiO DFTHU iE4FIf U Caiits s+ 61

lattice UVSOR-Berry-Phonon ® A
GaAs GaAs fEaadD A 15

AIN LTV =T AOATI
Quartz | k500 A7)

lr-tddft TDDFT O A4
C6H6 | CeHs 53 DRt 5
SiBulk | Si f&iooEHE

util eps_file.f90, nlo_file.fO0

HEGIEIL, samplesuvsor TH 5,
samples/uvsor/electron ({Z1% UVSOR-Epsilon O AZf5, samples/uvsor/lattice (2% UVSOR-Berry-Phonon ™
A3 0 £97, samples/uvsor/lr-tddft |Z1Z TDDFT O AJ151438 5,

samples/uvsor/electron (Z1%, SifEEaDO AT, #i Cu DTG, (LT VI =7 5 AIN DASFRH YD £7,
NiO |, DFT+U E2FH U GRERE A FHET 20 TH 5,

BT 4 7 BV FALIZIE, UVSOR-Epsilon DA T MLE /214 % phase IZ X W EHET 572007 1
L7 b scf, 3L TN UVSOR-Epsilon (2 & Y FEBEGHR AT 72907 4 L7 RV eps, BLOBERT v
N7 7 ANVEKIT DT 4 L7 N PP MFEET D, St AT« V27 b FAAZIE, AVEERREEZITO 72
DOT 4 L7 MY mass KON 8 IR FRECROFBZTH T2dDT 4 L7 MU chi8 2MFET %, AIN A
T 4 V7 Y TRLICIE, 2 IR TS SRR AT H T2b DT 4 L7 1Y chi2 p KO chi2 t 2MFAET
%, chi2_p I parabolic smearing Ft5 . chi2_tiX., V=77 h I~ Fu #HEHTH S,

samples/uvsor/lattice (Zi%, GaAs #&fmO AT, 27V =7 2 AIN D AT, KiEh Quartz DATIFIRH
Do BEADBIT 4 V7 N PSR, NY—(EZFET 272007 4 L7 RV berry, 38X OYREW#EITI LY
W HEREZIT O 720DT 4 L2 N U phonon, BXOEEART > Vv V7 7 A NEKNT DT L7 ~ YU PP
DHET Do

samples/uvsor/lr-tddft 121, CeHs o3 T OFHEBI, SiAEROFHERNH 5,
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11.2 5t&EF%

1121 EF%

11.2.1.1 FETFE0]

CoR e %@éﬁmﬁfﬁx BRI O EERy EAREAER U, AlE 50 DASERH BT 5 Z IR
T5, %ﬂéaﬁ% . BRERE | EEZTEFOEBHERL VRO L ZENTE S, AHTIL LFEFOE
Bz R, F %ﬁ’%ﬂ%%ﬁﬁﬁéjﬂfaﬁ%#é

11.2.1.2 dERMER DOFHR

B L FHEAE L QW AFERESED 1 E I h =T N3O)XTHEZ b b,
1 6))
— 2
H——2 e(p+eA) +V(@)

XEFOER, elTEMFE, plHEEEHE . AITERGE DY MVRT oL, VIIERERORT v
’r/VCZbé THEEIR L BRI O EER A 1 /k@??z‘%b/\ IV h=T QAL D,
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LbHbts, b - TR B —(iifize® & Ui
fqe O @i, 1) (79)
@M = L7\ "t
P 0 [0)

i 2m L
EHobis,
TIVRT YT NERT Uy v E WG AT EM KEBMIEEITOLERDH D, (75)RUCHINL HHE<

ul(c)ﬁ’n |u(/1) il/) @) r)=e ik.ru,(j;) (r) %N,

k]'+11’l
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A —iAk- A
M (k) =< 1,0( ) le LA’”II,D,Elek_n > (80)

LEED, 22T, Ak = G,/] THD, DI T YT MERT S L I A L S bl
(80) R DFEDMN BB F -

K@) =r><r|+ Y Y QL ®IB >< )] (81)
A LZ2TIUTZ2 570, 22T 1= (R tHIRHALEEZFRT T~V THD,
M, (k ) — deT. < lp(l) |K(r)e_iAk.r|lplEj-L-)l-Ak,n > (82)
(82 53k & 5 QO)AUTKIFT D HHIEEAEMYS (k) & T 5.
MY (k) = Z Z [ @ ral e <yt >< Bl > (83
- z z f d3 rqF () e BT T (m, k) EF (n, k + Ak) 84
T ij
e DU THBIRI A TR L7865, (1) = = T el e WFONOEHTHY |
Qij(r)zqil-(r—r—R) (85)
Bi(r) = Bf(r—t—R) (86)
1 : G 87
FiT(Tl, k) - d3 r'Bljr(r)el(k+G) TelG rc(il)
m;f kn,G
< Billll',(c’}l) >= e~k R+DFT(n, k) (88

£ BRI TR BT B0 g, = i) BOT, < Bl >=< Bl g, > 130
o, (8)AAMTIUL, FF(n, k + G) LFf (n, k) DREIOBIRANET 2,

Ff(nk+ G) = e™"“7F} (n, k) (89)
LIe$o T, FE(n, by )IEFF (n, ko) (AR Fe~0rt 2 0T 7o OIS LU,
F (n, k]) = e~ TFT(TI ky) (90)
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11.2.2.4 BRIV AR

FEE D& B JFA- ORIV RN ERTT v VY NVZINTF DIFRFDOENu X > THE U T SHROZEVAP & F DAL L D
Eefess E L CERSND,

AP = % 7 (91
(70),(7D),(719) & VD & R ARERE
P 92)
= g, dug

_ f d¢:(uph) (93)
= Ziongaﬁ + zi%aia ' W
LRBICE D, DT, aiHHARIEESY MUTHY L ¢ w)IEIRE T M b DN RARS B AT o T8

DI & 58y T B <Y (OIS £ SNl ki B, IS

firhugc £ 52U —RAROZ AN b5 b X,

0pi(ugh) _ Ad; ©4)
auB N AU,B

DEHTRD B,

FESL DR DA TZEEIREORF EZA T2 O & SN IBEN Dy JFA- 2 S 72 SFRMEMEORN B AR S
4SRN F DR - O ETEE 8 5 o3, BRNERTT v U ESTRNES L7223 B 1 TR DN E 5,
NEESFNEDORFEEER, &3 HUE, RV ARIEMZ X

1
7= Nz Ry Z*R;* (©95)

ZAGTC S7RTUTZR B, 22T, NITRHEMEOETH 5,

AW A-ORIV A RERT Y ATEAE AT TP ER| T 2 EH S TR D Z L3 T 5,
Z; =RZ;R™! (96)
ri=Rr;+T 97

RV T Y ITIEFRFAD S VO . BTN DR - ORIV B NERZ; D% & % LB allZe b70F
T B0, [19]
Z Z:=0 (99

k AR BT AR R AT D & B HEROERFNRIANG - Shie 225, RIVAHR
FEAT DA
Nq
_ 1

R, WV ANEZ; 7> 5 A ARNEONIENEZ 275 L5 < Z & THIE SIZAL o AREWZ " %
KDDHZENTE D,

(99)

" =77 -7 (100)

2

11.2.2.5 ¥ 7-RENRAT
FAARENENT OFEREIIAIL 5.2.1 OIREFHT OfBH A SRS -0,
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11.2.2.6 EEIE

WENRELZ EIZXY . JEIDRAET D, BHBDTNTHIUR, 7 v 7 OIEAINY B b, R X 5 I
Eiicijkl %)EHI/\VCFL;j]O-U k?éy‘/" Eklﬁi\fﬁ_‘;'::'o‘\’)”’ %j/b%)o

Oij = Z Cijkl €ki (101

kl
ZIC L)k UET AV MDA VT 7 Ax, y, 2 12131,2,3 CTlh D, iR DVIE CITEIBE; L 4yip,
DIRNZIROBIRDRL Y 32,

&ij — 0y (102)

b - 41 . Ej
j

ETrer & BHE MR LTz L7255 a3 RA0DIITELC K 25050 0 AN FEIHNT K 2HAIND 5,
JEREER e ) | FOT M L DD bR & L TER S,

o (OPL-) (103)
ikl — aekl
&y, Q0RO L HIEESND,
g;j — 0jj (104)
P, = Z €ikl €kl + %Ej
kl j

BIrey EIET10 DA VT v 7 ARG U T-38811,2,3,4,5,6 TRtk SND Z Enid 5, ZO%GE FRtlord,
ki 11 22 33 23 31 12
EE 1 2 3 4 5 6
PR TY, HHE Z ORBRAZ HV D,
WIZEBHHC L DI B DFRXEBS ) FAELRIC I 0 EL DBOM/NELdP; 2 L D 3L ¥ —28 ki
Y. E; dP; T D, BHOWYINEAd e \Z X DN —ZHUIEY 0k d€j T D, ZAIHLOFIN A HTR/LX—

F(T, epsilon, P) DIt T D,
dF = ZEL dPl +ZO’kl dekl (105)
K

i 1
ZHUTRE S & O B/EAZ RV —W = =Y, P E;OZbdW N2 TV ¥ > RVEBEITO, I5%
G AT RV —F*(T, €, E) DI KR E D,

dF* = dF + dW (106)
= —Z Pi dEL +ZO’kl dekl (107)
i kl
ZnLn,
( oF ) _ 5 (108)
oE;) !
( OF ) _ (109)
aEkl — Ukl
THHID, IROBIRINE) NS,
do\ (0P (110)
(aEi> T (00k1> ~ ik (111)

kv, QoDRIIkD L HIEEESND,

Oij = 2 Cijkl €kl — 2 ex,ij Ex (112)
kl

k

Di = 4”2 ei’kl ekl +ZSU E] (113)

kl j
E7b, ZoXEQDXEHHOETUEERANX LV,

(1042 & AL

11.2.2.7 JEEISE DY —{ifHEER[22]

(103)UZ &> TEFR SN DIEBERITA o 7 m S —EEERe; )y & THTND, ZHLEIHENT v —EEE
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Gl EHHIEE, = ST L BB, O&(FLE LTEABND,

5 9Ji (114)
€ikl = 9e
€kl
A T N—EEE e 1y & 70N EEEHE, iy DN FIROBIRDIL Y 2D,
ikl = €ix1 + OxiPi — 6y Py (115)

AU AR JAUE, FEA 0D ORI~ OFF 52 R L b LIRS D ZEBRARETH D, 2
Z T /k‘tffhi%ﬂéct T, RNY (A EEET D,

el 87T3 3 .
¢== z APk < upg| — iby - Vil >
BZ

alTWHE AT SILb, DA T w7 A 12,3 2T, uyTREBHEOFNFL S THY . n 13 AT
VI ATHY | KITEEAR7 MLV ThD, VITHSROERETH Y , OO T BZIZ7 ) 27— NT
BNTHZEaFT, Zob&, NU— P el IR BHT- 25 5,

P, = -t z b a, 117

Z T, a JIFEARERY MV TH D, Kb 0)/(7]‘/75 SOFEIIRAD L HIEz b5,
_ Z (118
=—=) LR

ZIA A OEMTHY . RIIA A DOLERY M/Ta%éo Z T, g = -, b, - R ETEFET D, =
e Y —(fHpE l%ﬂuz/\bﬁtmﬁ%qbata“éo ZHERNT, FEdOP 3RO L D ICEHERED,

(119)
- %VZ ¢a 2%

Z DREEIIRP 2 B TRy LTe b DIIA o T N—JEBER e 52 % Z L2t D, ~U —hAHs AR i— a, D

BEEOREN RS, Z0720A 7 a R X—EEBEERII—BIZEE LR, UL, TuX—EFEESi—F
ICEED Z EWrRED, 7 u—EEEHOFA(120013119X2Q15)RIRA L TRk E 2,

s, _ 1lex0¢a (120

el'kl - 2nV - aekl Qai

(116)

11.2.2.8 JERBEEHOFE 1

RO, 2 [EE L CEEEE 120 UG Lic L & ZOEEEE 7 77 A Al 7 m
ISR LIS, 20 & EMHHAG IR AL LTI, 7 72T RA AT m S —E B 3k
DERIZFRED,

() _ 0P (121)
€kt =

afkl u ‘=u(‘0)
=7
22T u O REAOENE EPEEEE R T, R EAT & & PRIV LT B RRA T AT

PR NT A — 57 L &T/vﬂﬁxjﬁéﬁzl == _ttfm“é Eap’%ﬁriﬁb FORER T T T FA AT

7\ —EEEE JJM%(L EP AN

5 HOM aP; ou; (122
Lkl = lkl auj aEkl

PO 357 A= SIS E Dy = S LOTF jw*/\ Mt = GRS,

au] O Oy 0B, (123)
afkl - aFma afkl
ma

NEETRES L EA 7 MLEWTERTEA0T, 120XOFNFE IATIRO L HIFRTZENTE D,
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EZ Z/lié/l,kl (124)
4 w?
A

Z 2T, {FEFE— FOOT - Tifa e %
3 1
Crr = — E C; ;
Ak o A iB,kl $AiB

(125)

LEEZ LT,
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11.3 UVSOR-Epsilon

1131 771 LDHTE
Epsilon 1%, PHASE/EKCAL & [REEIZ., 7 7 A ViR E % file_namesdata T{T 5, LL FIZ Epsilon @
file names.data OFIZ T,

&fnames

F_INP = './nfinput.data’

F POT(1) = '../PP/atom 14 Si lda nc bhs.gncpp2'
F ENERG = './nfenerg.data'

F ZAJ = './zaj.data'

F CHGT = '../scf/nfchgt.data

F CNTN = './continue.data'

F_EPSOUT = './eps.datal’

&end

file names.data DR EEIL PHASE/EKCAL O34 6] LRI CTH S0, LATFOAIZHET 5,

1. AN77AN% F_INPIZHEET 5, Epsilon DA77 A ME EKCAL DA77 7 A MIFHESFHEHD
epsilon % 7 ZBM LT D ToH %, epsilon ¥ 7 DFEEIZ OV TIEL 11.8.2.3 Z5HR,

2. PHASE RHEIC LV EONIZEFHET 7 A V& F_CHGT IZHEET %,

3. WHEBMORERRE T 57 7 A VE F_EPSOUT IZHET 5,

11.32 AWT—E2 DEHE

AI17 74 v (F_INP) 77 A VOiEiEE, EKCAL O AJRRE [6]1Z Epsilon FHOFREZEN L TIT 9, Epsilon
DANTTEEHEIZOW TS 5,

11.3.2.1 Control 7' 72 v 7

control 7’1 v 7 |ZF\ T, condition = 2 & 5\ i condition=fixed_charge & 9%, JRFTART > o v /L uER
TUUXINVTHD TM AR T v Va2 WD A use_additional_projector = on & A MENH D,
Control 7' v v 7 OFGERZLL FITRT,

Control{
condition=fixed charge
cpumax = 1 day ! {sec|min|hour|day}

max_iteration = 60000
use additional projector=on ! {on|off}

}

Z O | TlX use_additional_projector=on & L CW5, N7 ¥ /LOFRMEMN AR L X2
use_additional projector % on {29 5,

11.3.2.2 accuracy 7 2 v 7

accuracy 7 H v 7 TiXENVEREE L, num_bands (32 F#0) . ksampling (k it v FOFEE) KO
ek_convergence (/N REHEOWHS) THDH, ZHHOHEA DML 2 Fie SIGEdk 23 H 5,

—fGmE LT, N R TEL7ET%L, k iaTEL1ETLLTHZ EMBE LV, BFEMITIE, 1
EA-d7= 0 OIEE R ORFN [T]123 0.7 282 5 K 912, S0 ROk Sty FEFRETUL L, B850
FEOMFNZONTIE, 11.3.4.3 IZHBW TR 5,

ek_convergence T3, delta_eigenvalue K U succession DFXE%TT 9, delta_eigenvalue M U succession DHE
THEIZLLF O,

# 11.1 ek_convergence X E DHERAE
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MR delta_eigenvalue(Rydberg) succession

EETOQUN le4 3

HEEK - B le6 3

11.3.2.3 epsilon 712 7
epsilon 71 v Z1ZBWT, FHERBBOFHEFELIEET D, LLTIZ epsilon &% 7 O O DR EHEEZ R,
iy, Wi 7 o ARV L 22 5855, OESITEIEATREZR IS T B,

epsilon {
sw_epsilon = on ! {on|off}
crystal type = single ! {single|poly}
fermi energy{
read efermi = off ! {on|off}
efermi = 0.000

}
photon {
polar {ux=1.00, uy=0.00, uz=0.00}
Poynting {px=0.00, py=0.00, pz=0.00}
energy {low=0.000, high=2.000, step=0.002}
}
transition moment {
type = ks ! {1l|rn|ks|mks}

symmetry =on ! {on|off}
band i=1
band f=5

}

mass {
sw mass = on ! {on|off}
direction{nx = 0.0, ny = 0.0, nz = 0.0}
point = band edge ! {band edge|input}
shift = 1.0d-4
ik =1
ib =5

}

BZ integration {
method = t ! {parabolic(p)|gaussian (g)|tetrahedron (t)}
spin = both ! {both|major|minor}

}

band gap correctionf{
sciésof;operator=0.00d0

}

drude term{
drude= off ! {on|off|drude only}
effective mass = 1.0d0 B
damping factor =
conductzvity =
plasma frequency =

}

nonlinear optics ({
process = off ! {off|shg|thg}
excitation = all ! {alllelectron|hole|three state}
band = all !{all|inter|intra}
term = all ! {all]omega|2omegal3omega}
double resonance({

method = damping !{omit|damping}
cut off = 10.0d-3 hartree
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}
}
ipriepsilon=1

}

11.3.2.4 sw_epsilon

BERE : BB DOHHE AL v FTh D,
F 7 ar=on : fEEITH
=off : FHR AT/
hFoff & L7-3A. EKCAL & U THERET 2 (3 REEDRHE DT ),

11.3.2.5 crystal_type

HERE : G2 A T ORE
F7Far = single: HifhSh
= poly : bk
poly ZFEE L7cha ., FEROEGTIEIHESN TN D AR L, HERROFLREER € = (64y + €5y +
€,2)/3 % HET B,

11.3.2.6 fermi_energy

e 7 2V LLERET D
INTA—H read fermi
FTa on : 7x/LILYLEFRET D
= off : 7= /LI L-ULERELRV GHET D)
efermi = : 72V LNLOEEFEET D (read fermi = on )
(Hartree H{\L CHIE)
e.g. efermi = 0.124 (0.124 Hatree)
2R read fermi = on &THZ LICLY, FERHAENTE D
ENE S LU SRRON (L SN re M Y SN

11.3.2.7 photon

BEHE « EEREEIREE (REREER LU= —1 ) OfFE
polar : EAMRIEO MR~ T MVEFRET 5,
INTGA—HF  ux =T MO x kG (EEHAL
uy = : @7 MO y RSy (EEEAL)
ARSERY MVD z )Gy (TEERAT)
e.g. polar{ux = 1.0, uy = 0.0, uz = 0.0}&, xEHIESMFEL-E
Wl 2 4aE T %,
Poynting: FERILDORA LT 4TI MVEFRET D,

uz

IRFGA—H px =: WA LT AL TR_T MLD x Gy (EEHAT)
py =: WA LT 4 U TRT MDD y Gy (TEHEAD)
pz =: RA LT 4 TR MO z ({5 (EEHAD)

e.g. Poynting {px = 1.0, py = 0.0, pz = 0.0}& xEFEITHETT D
FHRICEERA A HEET 5,
energy: MEMAEDTRVF—EIEET D,
NTA—H  high : T=FRVF—EME  (Hartree B\, 7 74/L MH 2.0))
step : THRNF—RAT v (Hartree HfiL, 774/ ME 0.002)
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AR« FRE SV EERERI R BRI KOV AT Mov (s, W
FER) D3R ENLD,
R 1) T ML DOWT DR FETRONGS, ERMRICTEE S5,
ii) RA T 4 TR MVDOWT DD NE TR, FHRCHTEE SND
1ii) MY MVERA T 4 TR MVERIRHIIRET 5 Z 13 TX 70,
iv) BT MVBLORA VT 4 IR MVOETORRGRETH LA,
HET Sy (xx, vy, zz, =xy, xz, vyz) BDHIIEND, HFEAT FUVEH
VARV VAAN

11.3.2.8 transition_moment

BERE : BT AV NtHEA T Y a VOREE
INTA—H type : BBEE—AL MIIEFEDIEE
FFvar= 1 :local MBEBE—AL b (WHIERL) (7411
= rn :Read and Needs BSBT— AL MHIE[2, 3]
() IV RAFRHEEART 2 2 e /LIt
= ks :Kageshima-Shiraishi (KS)A5&BE— A MiliIE[4]
(NIRRT IV ST V7 MEERT V2% Vi)
delg = : Read and Needs (RN) BEEEE— A > MHIED/ 3T A—4 [3]
(7 4V ME 0.001)
symmetry :IiBEE—A L NOXMBMEAT T a L OIEE
A7 ar = on XEMEETTO
= off : XFMEAEATORN
band i AT FOtEE
band £ = &8NV FORE
E ¢ a) BT —A L FOMIEFIEZEUNIEET D 2 81k, 2B R EFRLS
B A SRS Z LN TE D,
b) band i = a ¥Uband £ = b & LIEHE. a —> b O/ FERBICEKT 235E
RRENEHE S, FFEREO/ N FYEIEITH Z LN TE 5,
R 1) KSAEERE— AL MHEEZIT 5%, KSMERTE2E0EAT vy L7 7
AV (gnepp2 FER) &AWLV ENH D, FIERTEETe7 74 /U, CIRO
DHAR—)NA T3 (sw with dipole) ZHWTIERTE %, 6L, c1A0
D~==2TI)V[101 RO L,
ii) REFTART U APGERT Uy VT D MR T v LB VLT
KS BEERE— A MIIEZ1T 9 3%A . additional projector ZfHZT HME
BdH 5,
1ii) RNBURTIEL, VAR T v UK L CORENTH D, FHIEE
X Pickard and Payne DFiE[12]IC K VEHE L TW5, delqg EITAEEZRIC
W2 FES3 /3T A—H T D,
iv) AERRIFMEA SRS L7-FHE ClE. symmetry=on & 952 EHRDZEE LYY,
v) FHEEED NS RRRIEATOIRWES, band i M band_f I3EMET 2,

11.3.2.9 mass

PR - BB D WITE LA ROFHE
RTA—H  sw mass : fHHAL vF
F 7 ar = on: BHEEITO
= off : FRZEITLRV
direction : ANEED HFNZFEET D
INT A —H nx, ny. nz: HAL (T7H/ME 0.0)
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point : ARVEEAZFIHRT 23 B, kAOHEE
A7 a = band edge : flifE M OMSEE I TR EZTT O
= input : [EHEEET D
shift : IEfUEEHERO S 7 & (T 74/ MHE0.0)
ik : k AT v 7 A (direction=input fEERF)
ib : NV RA T v 7 A (direction=input fEEHF)
TR BB D WTEALOFEENFHE SN D,
W 1) EFEELIRIAOY a 7 CHET S,
i1) BEFEEFERNIL, direction{nx=0.0, ny=0.0, nz=0.0} &35,
iii) EFUEEFHERRIE, direction THMEFEET D,
B) (100) HIOIEFUEREAEFHETHHEE. direction{nx=1.0, ny=0.0, nz=0.0} &7 5,
iv) EUEEFHERACIE, shifit=/0.0d0 & 3%, #EHEIL10.0d-3~10.0d-4,
v) point=input fEERAIIE. ik KON ib OFFENME,
vi) read fermi=off ZNHERXEIND (4.2.6 /),
vii) shift /= 0.0d0 & L7234, s LUIERE

W

HREA R HGEVE L B,
11.3.2.10 BZ_integration

REHE BT — AL MaEE T VLT ) — NS TR B TEE R E T 5,
INT A—H method : FEGHIEDRE
A7 a =tetrahedron (EWEIEt) : V=77 FhT7~Ra qE[5]1&ZHWV5
=parabolic (EWEEp) :parabolic smearingiEZHVD

(T 7+ 1)
=gaussian (BMEFE g) :gaussian smearingiE& W5,
width : gaussian/parabolic smearing {EIZIIT 5 smearing MROFEE
(Hartree B\ ; 774/ MH=0.01837451 Hartree (=0.50 eV))
spin DAL OEE (magnetic state=ferro/af DG DHARN[7]

A7 ar =both :major Xminor AE REEDEFERIZHOUNT
T 5 (7411

=major : major A EREDE FERIZ OV T 5

=minor : minor A B RREDE BRI OV TR T 5
R B IERTEE U CGEEEIA R R C& 5, spin A7 a U AHEE LISA,

PO A E L EDIATRE,
t1) V=TT b ISR ART k SR A ¥ 2B KV IRE SNEEIC OB RN,
ii) BBOHEEZITOISA, V=TT b I~ RFuEOMHREE L,
iii) width RTA—HEEELRVGES. 7 74/ MHE (0.01837451Hartre) A3
b,

=7

R

11.3.2.11 band_gap_correction

F¥EE : scissors operator EIZE VRV KXy » 7 OMIEETT D
/NT A—X4 : scissors operator = :scissors operator DEAZTEET S (Hartree HY)
(T 7#/V ME=0.0 Hartree)
YEM : DFT I EDO KR TH D3 RE Y v 7Ol NHli & T 5,
HEE RS DI DA DA R

11.3.2.12 drude_term

B§RE © BA—T RO T A—R EaET 5
/XT A—H :drude : RA—THAHEIAEDOEE
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A=V

on : FA—FLs u FREEBBIREY 2 BRI 3

AR
= off : N\ NHERICOER T HFFEREI AR T D,
(T4 R)
= drude only : F—FIHIZOMERT D EREE LG A
T %,
effective_mass = : AMNEEORE (B FEEHAD)
damping factor = : F/b—7 damping factor OIEE (Hartree HAT)
(77 4/ ME=0.0036749 Hartree (=0.leV))
conductivity = BRIBEEORE m/Q)
plasma_frequency = : 77 AIREHLOIEE (Hartree H7)

W RO NV—T A BE LT FEREG TR AT
HEE 1) ®RROLRIZORANTEHD
ii) damping factor, conductivity, XU'plasma_ frequency [ EW\FINDE D%
RETE 5,
iii) damping factor /N7 A—FZFEELRVGA, 7 7 4+/L ME (0.0036749
Hartree) 2NEH 35,

11.3.2.13 nonlinear_optics

BERE : FERIR IR R DF A
INT A—H  process : N ABRDOIRE
FFvar = off 1 EROFREETORVN(T 74V 1)
shg : 5 2 EAE DRSS FETEZIT O
thg : 3 3 M E DR RFHRZ1T O
excitation : {FAERNEL 7 & ADFRE
FFvar = all : ATORNET e AOEZRENAT D (T 74/ B
= electron : L7 2B ADRESFREHET D
hole : IEFURNE 7 1t 2D R A ET 5
—three state : 3 BB 7 =& A DREEZHRAFHET D
band : /3 REBORE
F7var = all By NEBORSRZHET D (T 740 1)
= inter : NV NHEBORSEEHAET S
= intra : /N> FPEBORBSREFHET S
term : HIBHOFEE
FFvary = all : RHPEEEE (T 748
= omega : FAWITXIT D ILBTRABES D
2omega : 5 2 I DRI A EET 5
3omega : #i 3 MR HIIBHAZET 5
double resonance : 2 BEHAGOWMNNTEIT HHE
/3T A—4 method : 2 EHIIBHOERY W HEETEET S
AT ar = omit : HIGHAMNS D (T 740 1)
= damping : #IPEEZ X LT T5
cut off : 2 EIIBHES v M4 (method = omit FHEN)
X777 7 #— (method = damping fEERF)
74/ MHA : 10.0d-3 hatree
h IR RN R S D,
HEE 1) ZINAT Y ) —FE551EX, Bz integration (2.10 &) THEET 5, THG
FECIL, linear tetrahedron HEIEH TR0,
ii) read efermi = off NHEREREZIND (4.2.6 ZH)
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iii) EEROEEMNZFEICIL, scissors operator OFRE (7.2.11) BAME
iv) ARG KOV RPNIEROEIRIL, Sk 21 22

11.3.2.14 ipriepsilon

FERE - U v F ATV a L OFRE
FTar =0 g LL
=1: L~ (T4 N)
=2 : B~
=3:T 7 L~YL
hE - L~V ElET 2,
R Ty 7 LS UIH T — 2 BOSIERICRE R D DO TR,

11.3.3 51EDELT
11.3.3.1 EREE DOFHE

Epsilon #1513 EKCAL & [FEEEIEBMHOFEETTH DT, BFHET 7 A NDMETHD, BIEET 7L
I3, PHASE [Z L 2B THEORELATS LIHNENSOT, £993 PHASE (2 & 58 OFHH & 94T 5,

Epsilon #1217 9 720OIZIX, EFEET 7 A VERET HETHD, ZOFEIL, file_names.data (23T
F_CHGT #5712 FHLTITY, 7m&zif, BHEET 7 ANAD—EELOT L7 ) —ZBW T T T
W36 file_names.data (3RO K 9 IR AU LV,

&fnames

F POT (1) =

F_CHGT = ‘../nfchgt.data’
/

11.3.3.2 FHERK O

PAFDa~y REFATTHZ LIL Y, Epsilon 2357345,

% mpirun -np 1 PATH TO PHASE(O/bin/epsmain >& log &

WHRIREAT 2 HAIiE, UFDa~<r REFHTT 5, 7 ut vy —08% nproc THRET %, WHIFHR %A
WZIIH 6N CHMPL A VA =L LTELS 2 EDPUBETH D,

<l
Y

% mpirun -np nproc PATH TO PHASEO/bin/epsmain >& log &

11.3.3.3 AEEDFHA

Epsilon 5tH 21797 4 L7 NIWCETEBE 7 7 A NVeat—L, 7«4 L7 M) HIZH 5 file names.data |2
BWTF CNGT IZHaET 5, A7 7 A /L nfinput.data (23317 5 epsilon # Z1Z86TC, ARVEEFHRICVE
AT,

AT Al s COBTAINEET Y NV ORHE

mass {
SW_mass = on I {on|off}
direction {nx = 0.0, ny = 0.0, nz = 0.0}
point = band edge ! {band edge|input}
shift 1.0d-4
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NP2 - A5 COIEFLARE E(Q00) 5T D7

mass {
SW_mass = on ! {on|off}
direction {nx = 1.0, ny = 0.0, nz = 0.0}
point = band edge ! {band edge|input}
shift = 1.0d-4

UTDa~r RaF4TT25Z LIX Y, Epsilon VTS5,

% mpirun -np 1 PATH TO PHASEO/bin/epsmain >& log &

11.3.3.4 I ARG R OFHA

Epsilon #8217 7 4 L7 NIWCETEBE 7 7 A VEear—L, FT 4 L7 M) HIZH 5 file names.data |2
BUWTF _CNGT [ZHET D, AJ17 74 /L nfinput.data (23517 5 nonlinear_optics (2350 T, ME/2 A1 %217
26

PIFOa~y R&EFATT5HZ L8V, Epsilon BN TEL5,

% mpirun -np 1 PATH TO PHASEO/bin/epsmain >& log &

11.3.4 SHELER DOfEMT

At M%*S'EODﬁ% I, DEBE—A L FOFRIRDL, QEFRAE, QIREFREORMAIZHEE L TITI, T
b O H OMERIE, FEBHROR RO ZE TH LN E ) DR T 5 L TEHETH D,

11.3.4.1 B BE— A > FOEIRM,

FRHEHIT)2 output000 T H3a, AFDa~ 2 RAF(TTH I I8 BBE—A L FOFERIAHER T
&%, ETOk FIZBWTEBET— AL PSRRI TN E I MMERT 2 Z PR ETH D,

[o)

% grep transition output000

!'* transition moment correction = Kageshima and Shiraishi method (1)
I'* transition moment square matrix is symmetrized (2)
! PP transition moment correction data : it = 1 number of data read from PP file = 18

I transition moment of 1 -th k-point is calculated by UVSOR-Epsilon -----
I transition moment of 2 -th k-point is calculated by UVSOR-Epsilon ----—-—
I transition moment of 3 -th k-point is calculated by UVSOR-Epsilon -----
I transition moment of 4 -th k-point is calculated by UVSOR-Epsilon -----
I  ———— transition moment of 5 -th k-point is calculated by UVSOR-Epsilon -—-----
I transition moment of 6 -th k-point is calculated by UVSOR-Epsilon --—---
I  ———— transition moment of 7 -th k-point is calculated by UVSOR-Epsilon -----
I transition moment of 8 -th k-point is calculated by UVSOR-Epsilon -----
I transition moment of 9 -th k-point is calculated by UVSOR-Epsilon -----
1% - transition moment of 10 -th k-point is calculated by UVSOR-Epsilon —--——-— (3)
I transition moment of 11 -th k-point is calculated by UVSOR-Epsilon —-----
I transition moment of 12 -th k-point is calculated by UVSOR-Epsilon ----—-—
I  ———— transition moment of 13 -th k-point is calculated by UVSOR-Epsilon —-----
Ix - transition moment of 14 -th k-point is calculated by UVSOR-Epsilon -----
T transition moment of 15 -th k-point is calculated by UVSOR-Epsilon -----
Ix - transition moment of 16 -th k-point is calculated by UVSOR-Epsilon -----
I* - transition moment of 17 -th k-point is calculated by UVSOR-Epsilon -----
Ix - transition moment of 18 -th k-point is calculated by UVSOR-Epsilon -----
Ix - transition moment of 19 -th k-point is calculated by UVSOR-Epsilon -----
!'* transition moment of all k-points is calculated (4)

Ix - weighted transition moment square of each k-point in irreducible Brillouin zone -----

integration of all possible band transitions (5)
!'* tetrahedron integration of transition moment square over Brillouin zone (6)
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FHHHOEWIILL T DY Th 5,
Kageshima-Shiraishi (KS) B5&EEE— A v MEIEZ TV

ETO k GBI L TND
AIREZ T N COEER E Ry U CGEERMEHET S
NIV =77 b I ~Ke Ea T

o U b W N

(1)
(2)
(3) kA TOEEEE— A FEHRRNR
(4)
(5)
(6)

11.3.4.2 EEFIRHE

FRATOEBET—A L MGHRSIZE, ERREICET 2RSS ShD

BT AV MIFERORPMEZ K LT % (transition moment/symmetry = on CTéh5d)

————————— list of band type and occupation —--—-—-—---—-
ispin band type occupation

1 1 filled 1.00000

1 2 filled 1.00000

1 3 filled 1.00000

1 4 filled 1.00000

1 5 unfilled 0.00000

1 6 unfilled 0.00000

1 7 unfilled 0.00000

1 8 unfilled 0.00000

1 9 unfilled 0.00000 (7)

1 10 unfilled 0.00000

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 -——-————--—-

filled 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)

(N BN ROX AT (filled : #5/% K s half-filled : &8/ 0 K ;unfilled : Z23 R) K OYEL 5

HEK
(8) BB A T DI N OEE T
(9) RERIT, MEIED DUNFHEER

11.3.4.3 IREF-RE ORI [20]

Thomas-Reiche-Kuhn’s sum rule (&, fFEEDASRIZIBNT, £ CORREBIEEICATET D IRE F5RE %2 & L&D
BoHE, ZOMEIFTIEFHIZD 1705 La2TET 5D, FEO NV REHER T, ARDO/NY FEE W CEHA
LT CWDHDOT, 2O sum rule ANEERITH- SN D Z & 13780, L L, sum rule [ IFHEN EOFREHRFED
RILAER L TS0 ERTFEE S 705, Epsilon (3RS FREORAIAZ R T M8 A L, ZOEEH7

%

2,

FRHE T 7 A V73 output000 TH D86, LT DA~ REFATT S & IR ORAIE B ) S

| % grep  oscillator output000

| !'* sum of weighted oscillator strength of k-points in irreducible Brillouin zone

0.91165
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| !'* oscillator strength per electron = 0.91165

ZAUESE (hum bands=18 k ity b=X v alh (Axdxd)) OBREOHEETH D, IEEH-RE ORI
1349 0.9 THY . sum-rule IR Jifi7= STV D Z E030035, num-bands DEAHECTZ LI L VIR
T IR ORBFIIL 1 I3 25, FBRAGICIE, FFms 0.7 28z CUUSEAEERIEI . IHEUR L TV DA 0
20N,

11.3.4.4 BRI O ERER

FHBEC L 0 ELN-EEREIT. file_names.data (23T EPS_ OUTPUT ([ZFRE L7 7 A /M Envb,
PLUFOFERIL, 7~V 7 S BB ORI TH 5,

Dielectric Function Optical Properties
(1) (2) (3) (4) (5) (6) (7)
Photon Energy (eV) Real Part Imaginary Part n k abs (in 10**8 m-1) R
0.00000 13.90891 0.00000 3.72946 0.00000 0.00000 0.33307
0.05442 13.91137 0.00000 3.72979 0.00000 0.00000 0.33310
0.10885 13.91876 0.00000 3.73079 0.00000 0.00000 0.33320
0.16327 13.93110 0.00000 3.73244 0.00000 0.00000 0.33337
0.21769 13.94843 0.00000 3.73476 0.00000 0.00000 0.33361
0.27211 13.97078 0.00000 3.737175 0.00000 0.00000 0.33392
(LLTIE)
K17 LOEMITILL T O®EY
1) R DT — (2) FEBE (SERE)  (3) AEERREEL (D)
(4) T (S0 (5) TSR O (6) RIRREL () B A2 bov

BRALDOGGN T SVRORA T 4 T SADRG 22T L LT, #FET v Y v a ) LIEEEITR

LTRGBS,
Dielectric Tensor Component (Imaginary part is in parenthesis)
Photon Energy (eV) XX vy ZZ Xy XZ vz
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 0.00000
( 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)

ENENDOAT D, T2 Y G OFEBO T N OER % o b7, EEIHIITR ST,

11.3.4.5 HREEOFHFREF:

HD
%,
PUFIE, 79V Si OISR COE FANEET v Y NV EFE LTI Th 5,

ORI, B T 7 A M SN D, BT EIELOANE &I IZEHET 5 Z LITEET

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 shift parameter in tag mass.
I'* ib = 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
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I* effective mass at conduction band bottom:

-0.09841

-0.55182

0.52096

-0.65123

4
= 1

-0.10696

a
0.23175

-0.71433
-0.66032

!* degeneracy =

I* ib =
!'* ispin
aa =

5
= 1
0.93658
a
1.00000
0.00000
0.00000

bb

bb

1

bb

-0.47571
b
0.63785
.76670
0.07285

(@)

-0.29293
b
0.97159
0.13650
0.19333

0.18362
b
0.00000
1.00000
0.00235

ccC

ccC

CccC

-1.07597
c
0.53725
-0.37519
-0.75538

-2.32353
c
-0.04797
-0.68637
0.72567

ik = 4

0.18362
c
0.00000
-0.00235
1.00000

(D) i

(—DEE

ZH)

) COFEANEET Vb, TETIIANY RBHHEL TV D720,

FHRMEICIIRED & 5

Q) EFOERERET Y NDOEME (aa, bb,cc) &ZNHDOIH(a, b, OO, TGO Ixyz EEFRT

DI, IEALARE R (100)J510) FHRAIT 7Bl Th %,

effective mass calculation

!* effective mass at valence band top: ik = 1

!* degeneracy = 3

1% ib = 2

!'* ispin = 1

mass along ( .00000 0.00000 0.00000) direction = -0.17130

% ib = 3

!'* ispin = 1

mass along ( .00000 0.00000 0.00000) direction = -0.27190 (3)

% ib = 4

I* ispin = 1

mass along ( .00000 0.00000 0.00000) direction = -0.27190

!* effective mass at conduction band bottom: ik = 4

!'* degeneracy = 1

1% ib = 5

!'* ispin = 1

mass along ( .00000 0.00000 0.00000) direction = 0.93658 (4)
(3) (100) HHRDIEFLALE R

(4) (100) H DB FELNEE

11.3.4.6 SHG FEHYVE RGO HRAE R
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FHERERL. BEUEH 17 7 A VR ON file_names.data (BT, F NLO IZFRELZ 7 7 A U &b, 1
YL, BRI T o Ny D ()t &g, HIERIIBITo@EY, LR, Wurzite 2
AIN OFERERGITHS, ZOFITIE, scissors operator ZfHH LT/ KXy » 703G I L [R T2 5 L9
2, ¥y v TEBMEL TS, o, 7Y AT Y — 85312 parabolic smearing £ IV TW D, 207D
FEBEF ORI, N Ry v FEMIE LT85 HANNIT U AT ) — F5512 linear tetrahedron
AW TSE ORR L8 2,

Static SHG Susceptibility Tensor (10-8 esu)
SHG prrocess = all type excitation (1)
SHG term = all terms (2)

XXX = 0.00000 =xxy = 0.00000 =xxz = -0.04514
XYy = 0.00000 xyz = 0.00000 xzz = 0.00000
YXX = 0.00000 yxy = 0.00000 vyxz = 0.00000 (3)
yyy = 0.00000 yyz = -0.04514 vyzz = 0.00000
ZXX = 0.08732 zxy = 0.00000 zxz = 0.00000
Zyy = 0.08732 zyz = 0.00000 zzz = -0.92412

(1) A& TOSHGEFL (@%&Uﬂzaﬁu;?b@ EHE.
(2 E&TOIMBRM CEARE R ORI 2IWE) 258

@) x@) 7N x5y P A BT D)

F NLO [ZHE L2 7 7 A /UZE, IREFOy @D (—2w; w, 0) T > VARG DS, HEE M ONERHEA D 2
PRI &b, LLFIELA IR, Wurzite 8 AIN OFHEFERSBTH D,

SHG susceptibility Tensor (10d-8 esu)

xxx (1) (2) (3) (4) (5)

Photon Energy (eV) real part imaginary part abs
0.00000 0.00000 0.00000 0.00000
0.05442 0.00000 0.00000 0.00000
0.10885 0.00000 0.00000 0.00000

(Feg)

ZZ27Z

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) ToINDA T T A
@) FEAEDOTRLF—
B ¥ (—2w; w, w) DI
@) ¥ (—2w; w, w) DEEER
(B) x @ D

11.3.4.7 THG FERA RS SR OGRS R
SHEAERLL. SHG RS RIRE, file_names.data (Z3BW T F NLO IZHE L7 7 A Wz ans, Bl

RIS T omY, LITE, 27 Si 0 THG B4 3 HA5EF5ITh 5, scissor operator & U NT 3y RF
Y v T OFMIEEIT, T U ILT 2« = F5#571Z parabolic smearing 154 HUW TV 5

Static THG Susceptibility Tensor (10-12 esu)
THG prrocess = all type excitation (1)
excitation = inter + intraband (2)

THG term = all terms (3)

XXXX = 59.19956 XXXy = 0.00000 XXRZ = 0.00000
XXYY = 24.15228 XXyzZ = 0.00000 XX2Z = 24.15228
XYYy = 0.00000 Xyyz = 0.00000 Xyzz = 0.00000
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X777 = 0.00000 VXXX = 0.00000 YXXY = 24.15228
YXXZ = 0.00000 YXYy = 0.00000 yxyz = 0.00000 (4)
YXZ2Z = 0.00000 VYyyy = 59.19956 yyyz = 0.00000
yyzz = 24.15228 yzzz = 0.00000 ZXXX = 0.00000
ZXXY = 0.00000 ZXXZ = 24.15228 ZXYY = 0.00000
ZXYZ = 0.00000 ZXZ77 = 0.00000 ZYyyy = 0.00000
zZyyz = 24.15228 zyzz = 0.00000 272727 = 59.19956

(1) T _NTOfAEREERE (BB, 1EFL. 3B 24K
2) T_RTONRURER (N R+ RNER) 2558
(3 T_TOHMBLEM: GEAN L ORI IR D IE) 258

@ x® )07 exxxtz LIS w B 2)

F_NLO (TR L1277 7 A AL, BERIKAFOX D) (~3w; 0, 0, 0) 72 Y VA OFE, L ONEsHE75 7 7
LRICHA &S, LU, St oy O FE-ERTH D,

THG susceptibility Tensor (10d-12 esu)

Xxxx (1)
(2) (3) (4) (5)
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) TUINDA T 7 A Q) HARDTZRLF— (3) y®(-3w; w,w, w)FEEE @) ¥ (—3w; w, w, )X
(5) x® Dt
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11.35 5H& I - Si2-EFFEEHGETE
11.35.1 EFEEDOHE

A VA NIRET LIeh, TA MPREZHNT, v 2 AEROFBERERONFEAT MVEFHR L ThE
L X 9, AJIZ samples/uvsor/electron/Si (Z& Y 77, samples/uvsor/electron/Si @ FZIZiL, scf, eps LN
PP L WOAFDOT 4 L7 FUDH Y £9, scf IE phase ([C KD EMBEHEHADT L7 U eps IE
UVSOR-Epsilon (2 X 2FEFRHEHOT 4 L7 N, PPIESURTOBART Vv v V7 7 A NVEKINT DT «
L7 hUTY,
AN, SifEshOEFEE%Z PHASE CHEAE L E T, scf (TBEIL T 72EVY, sef IIILLFO 7 7 A Vg Fih
TWET,

file names.data

nfinput.data
file_names.data 1% PHASE O AN 17 7 A VERET D7 7 AV TT, ZOANPITIL, EMEE
% /nfchgt.data |ZH )T DR EIC2 > TWET,

&fnames

F_INP = './nfinput.data’

F POT(1) = '../PP/atom 14 Si lda nc bhs.gncpp2'

F CHGT = './nfchgt.data' « WEEET 7 A/VORE
&end

nfinput.data 1% PHASE (210 Si f55OB MBI 22T 272007 7 A LT, FHEAMHILIFO & 5103
ESIVTVET,

RHAERAART > 2 /L : LDAPW91

N8

kfty b Ay aiidxdaxd)

SCF UHRZA: « sef_convergence = 10712 Hartree; succession = 3

FEFT 28R T v T, PP KIS LTS atom_14_Si_lda_nc_bhs.gnepp2 T9, HRT ¥ v /LD
I F O T,

KHFHRART > > L LDAPWI1

JAETART % v« BHS 2

LIFDa~y K& AJ) LT PHASE OFFHEAITWET,

$ mpirun -np 1 PATH TO PHASEO/bin/phase >& log

11.35.2 iAEESOFHA

BAEEORENET Lizb, BRSO EZITOET, eps T4 L7 FUIIBEIL T ZEV, 20T 1 L
7 VIR D7 7 A VKRN S L TONE TS
file names.data
nfinput.data
file_names.data i UVSOR DA 7 7 A NVEREELIT S 7 7 A /L, nfinput.data | UVSOR DA 7 71 /v
4, file names.data IZLL DX D ITRREIILTCWET,

&fnames

F_INP = './nfinput.data’ (W) ANTJT—H 7 7 A IVOXE

F POT(1) = '../PP/atom 14 Si lda nc bhs.gncpp2' «(2)BERT v /L7 7 A VORE
F CHGT = '../scf/nfchgt.data’ < (3)ETEET 7 A VORE

F EPSOUT = './eps.data’ —(4) FHEREHS) 7 7 A NOBGE
&end
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1) AJ17 7 A /WL PHASE/EKCAL &R UIEAT, AN7 7 A ABITRET TR L £7,
2)EART e VT 7 AME, BFREAEOAWZ LD LFLTY,

3)scf 7 4 L7 FUTPHASE ZF(TL TELNT-ETEE Y 7 A VERELET,

4) FHBEEAOH S 7 7 A VT, AFNHTETT,

—_~ o~~~

N7 7 A IWVORERTE

nfinput.data (%, LA TR E 72> TWET,

Control{

condition = 2 (1) ! {01112]3}|{initial|continuation|fixed charge|fix
ed charge continuation}

cpumax = 1 day ! {sec|min|hour|day}

max iteration = 6000

use additional projector = off
nfstopcheck = 1
}

accuracy{

cke wavefunctions = 25.0 rydberg ! cke wf

cke chargedensity = 100.0 rydberg ! cke cd

num bands = 18 (2)

ksampling{
method = mesh ! {mesh|file|directin|gamma|monk}
mesh{ nx= 4, ny = 4, nz = 4 }

}

smearing{
method = tetrahedral ! {parabolic|tetrahedral}

width = 0.001 hartree
}
xctype = ldapw9l ! ldapw9l
scf convergence {
delta total energy = l.e-12 hartree
succession = 3 !default value = 3
}
force convergence{
max force = 0.le-3
}
ek convergence{
num extra bands = 0
num max iteration = 300
sw eval eig diff = on (3)
delta eigenvalue = 1l.e-6 rydberg (4)
succession =3 (5)
}
initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
cke wf = 20.00 rydberg ! cke wf
}

initial charge density = file !{Gauss|Very broad|pseudopotentialfile}

(HHs)

epsilon {
sw_epsilon = on a
crystal type = single ! {single|poly} b
fermi energy({
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read efermi = off c
efermi = 0.0000
}
photon{
polar {ux=1.00, uy=0.00, uz=0.00 } d
Poynting {px=0.00, py=0.00, pz=0.00}
energy {low=0.000, high=2.000, step=0.002} e
}
transition moment {
type = ks ! {1l|lrnlks} £ (6)
delg = 0.001
symmetry = on g
}
BZ integration {
method = t !{parabolic(p) |gaussian(g) |tetrahedron(t)} h
}
band gap correction{
scissor operator=0.0d0 i
}
drude term {
drude = off ]
}
ipriepsilon = 1 k

}

(LA TE)

(1) control # 7123\ T condition=2 & L £,

(2) num_bands % E L E7, num_bands 1F1##H O SCF HEOREE LV b REXMEE LT, 1EBEFH-0 OIE
FREMN 0.7 L EIZ D K5I LET, SEMIRE Gl L £,

(3) sw_eval_eig diff=on & L £,

(4) delta_eigenvalue fEZFXEL F 7, delta_eigenvalue DOHESHEIL, Y=EK « &EDOHE1L 10 ~° Rydberg
FREE, MufxiRO%EE 10 —* Rydberg F2EE T,

(5) succession=3 & L7,

(6) epsilon % 7 %% 7E, epsilon¥ 7 CiHEMBOHBEINEZEE L ET, ZOAIBNZIST Hepsilon 7 Da, b,
c,d, e f g h, i, kOERIILLFOMEY TF,

a FEREEOFHEEITH

sw_epsilon=off & 9% LIFBEILOFEZITHORVOTHERE LT Z S0,

b B & LCEHEAETS

c 7V LLEFET D,

d ASEREEIXERMEL LT Y | b2 Fu(.0, 0.0, 0.0 B O 5% M T d,

e NHERGE DT R NLF—1 U1 0~2.0 Hartree THY . =R/LF—27 » 713 0.002 Hartree TH 5.

f BB E—A L MEEZITV, 2B R R CERPMEONE 21275, ML Kageshima-Shiraishi(KS)
EEHW5,

g V=77 FI~Ru A2 W CGHEEROE 2 KD 5

h scissors operator % 0 &350 R¥ v » TOMIEEI T/,

1 e 9%,

(FE)Read and NeedsRN)VEIL, / VWV IRIFARMERT o o X VOGAIZORAFNTT, KS L/ IV ARIFERE DY
L RT YT MERT Vv USAEZ TS, CIAO IZ X Y fER S 7= KS #iER 1-(Dipole #IEK 1) %51 ol
KT VT 7 ANEERT 5 Z N ETT, ##filE, UVSOR-Epsilon & CIAO O~ == 7 /VA2HH<
EE, B, ZOFHFIHWDERT v MHHER 2 EATHET,

11.3.5.3 FFERMEOFHE 1
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eps 7 A4 L7 NU T TFDOa~wy REFITLTHATLEEV, UVSOR-Epsilon NS/ 7ENET,
% mpirun -np 1 PATH TO PHASEO/bin/epsmain >& log &

R DT b, BEREBOIWRZMES L £, POROMERE, LITDa~wy FTIT) ZENTEET,

[}

% grep converged output000

Zpa~vr R&EF4TL T, ¥ all k-points are converged & HIICF/R SAUIUL, BRSO L TVvET,
eps.data L CAEL L9, LTDOX I HINELNTHDIET T,

Dielectric Function Optical Properties

(1) (2) (3) (4) (5) (6) (7)

Photon Energy (eV) Real Part Imaginary Part n k abs (in 10**8 m-1) R
0.00000 13.90891 0.00000 3.72946 0.00000 0.00000 0.33307
0.05442 13.91137 0.00000 3.72979 0.00000 0.00000 0.33310
0.10885 13.91876 0.00000 3.73079 0.00000 0.00000 0.33320
0.16327 13.93110 0.00000 3.73244 0.00000 0.00000 0.33337
0.21769 13.94843 0.00000 3.73476 0.00000 0.00000 0.33361
0.27211 13.97078 0.00000 3.73775 0.00000 0.00000 0.33392

(LA TE)

BT DOEMIILL T D@ T,
R DT FLF— (2) %@é&%& 5'%%[5) (3) FHFERIE (E58)
(4) TR (3E8)  (5) JmrER (] 6) WIUREL (7 }yi%ﬁ
TR DT F—=0 1251 iém%fmx FURAER T, FHRICX VDN FREESRIL 13.90 T, SEH
MDD EY REZfEE 720 F97, ZAUL LDA LA Si O3 K ﬂw v VRIS Z ST LTV ET,

11.35.4 3 REDRREE

AHREOEEMEL, AW NY REICRE KFLET, (BEEEHERT 2123, 1 E O OIEE 194
EORZ L H_E T, IREFREORMIL, LLToa~r REH LET,
% grep oscillator output000
ZOavwy REFTTDE

!'* oscillator strength per electron = 0.91165

LWV FERD BN E T,
ZOFRIT, ZORRICKT D 1 FEbT2 Y OIREFREEORFINHI 091 ThDH Z & 2R LTWVET, #8178
iy @f@\%uﬁu( h~v;< TAE - I ORFIANZ, 1 ET-H7 0 OIRE T IREORFIN 1127052 & &2FRL
F7. 7 Fum_bands /37 A — %) & HI°312D4L, oscillator strength per electron OfElE 1 C‘J?/jb T
WEFETA, EEEORETIE, ZOED 0.7 82 5 & 912 num_bands ZiET UL, FHEBEIIIFIZNSR L

TWA Z EDBRNC D) > TOE T, ZORFITIE, 1E 57 OIREF-iREEOKRFIN 0.7 LLE L 7260 EESUN
N NITA I THD Z L3 7,

11.3.5.5 FHEBE O 2

KIZ, Read and Needs(RN) T, BEE—A L MIEZITV, St OFEREAHAE L TAEL L S, epsilon
27D f DS % type = & LT, FRRICEHREZIT> CAET, #HEEITH & eps.data N EEZINDHDT,
abr—%k Lo TBEET,

o)

% cp eps.data eps.data-ks

FRRIZRHR AT D &L LFDO XL 5 7akE58 eps.data (21 SVET,

Dielectric Function Optical Properties

Photon Energy (eV) Real Part Imaginary Part n k abs (in 10**8 m-1) R
0.00000 13.97263 0.00000 3.73800 0.00000 0.00000 0.33395
0.05442 13.97510 0.00000 3.73833 0.00000 0.00000 0.33398
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0.10885
0.16327
0.21769
0.27211

13.98253
13.99492
14.01231
14.03476

0.00000
0.00000
0.00000
0.00000

3.73932
3.74098
3.74330
3.74630

0.00000
0.00000
0.00000
0.00000

(LA T

0.00000
0.00000
0.00000
0.00000

0.33408
0.33425
0.33449
0.33480

HAERIT 13.97 T, KS 1A L A BRSO TRVME & 72> TWET, 8.2.3 TEOHIL- KS fiEIC

B L. TR LNERER AR L T ey MTHE, IFD L DIZe 7, kXK 21z

7o, JEEAEIC L 0 ER SHIHEREL R L TH Y £,

all
a0 -
. a0 -
% 20
@ 10 F
ook
10k
-20

SiftinORAFERHE: () FHT (), KSHIER O RNAHIEZ L TR L7255

5

10
BHED T 2 ILF— (e
(a)

15

20

( EEER)

it
[

&l

IZ. J:l:ﬁx@

all -
40

a0 “\

20 L

10 -

oot

A

1 ]

ERED T2 ILF —

10

(b)

Handbook of Chemistry 79-th Ed,CRC Press, New York 1998) % LL#i D 7= 6779,
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11.4 UVSOR-Berry-Phonon

11.4.1 AHHDE5HA

11411 NN 7 7 AL

PHASE & [FERICAT I3 KO 17 7 A Vi file_names.data ([ZF0k U CHRET 5, 72& 2E, AFO X H1Z5E

By R
&fnames
F_INP = './nfinput.data’
F POT (1) = './potential.l'
F POT(2) = './potential.2'
F CHGT = './nfchgt.data'
F BERRY = './berry.data'
F EFFCHG = './effchg.data'
F FORCE = './force.data'
F MODE = './mode.data'
F_EPSILON= './epsilon.data'
&end

F_INP |3 PHASE ODANT7 7 AV THY . AU —(AHFHELIREETE IR OAT S 207 7 A UG T 2,
1> PHASE (TIFENT 7 A /MZHOWTDORG5H%Z T %, F_BERRY 3NV —(AHFHREOHE I TH S,
F_EFFCHG (Zi@FIHEM Sy, AEMAEATT57 74 Thb, F_FORCE [FHREMENTIZLE L
INDT 7 AN BHIEINDT 7 A VT b, F_ MODE | JHREIETORE eI LUV — NE R & ahE2R)
Ha3ns7 7 ANV Th%, F_EPSILON IFFEERED N1 SD 7 7 AV Th b,

BEANDNBLOHS 7 7 A VORAER 2 12 LT,

#£ 2. T ANBA L Z D

Ty ANKA L | BEEE ]

F_INP nfinp.data AT 7 AV, Fhdmts, FHRREEE, FHREOSEZR & O HsFil
IHTNWD,

F_BERRY berry.data Y (ORI &b 7 7 A L,

F_EFFCHG effchg.data HREm a2 Rl 57 7 A L,

F FORCE force.data PEENEATIC LR & SD DT =2 5tk EN5 7 7 AL,

F MODE mode.data PRENIRHT OFERT L O — NARbEM EFEREP I ShD 7 7 A
Iy

F_EPSILON epsilon.data FHERES I END T 7 AL,

F STRFRC strfrc.data AT 7 AV, WEEIEZEE L Chbdnz B £ 7 RA i HI2ER
T L AR T 57 7 AL,

11412 AS)7 7 A /V"'F_INP"

"F_INP"CHEE S D 7 7 A M, fhdntii, FHRESE, FHROHIE & 2508 2, HrafEsatax
&myﬂm%?ﬂ/7&PMmm7D/7T£_ﬂﬁéﬂéJ%mﬁm%e7Dy7ﬁEﬁ%m ﬁﬁTé7D
277 I EKCAL TORARNT, N —(AHFEOif#Z1T 5, Phonon 71 7 X PHASE TOAAZNT, #1-
TRENENT OHRE 21T 9 .

Berry_phase 71 v 7 OFAIFTIRD L 5127825 TD,

Berry phase{

sw_berry phase = <ON_OFEF>

g_index = <G_INDEX>

mesh{ nl = <MESH N1>, n2 = <MESH N2>, J = <MESH J> }
}
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# 3. BerryPhase 71 RICBIR T D255

B F 10T 5 T4 BEEfH B

sw_berry_phase OFF ARY—NFHFREIT O N E I DAL > T,

g index 1 W7 bbg; (i = 1,2,3) 085,

mesh kK2 DA vV 2 ZGET DTy I BT,

nln2 4 R U727 Rl g \ZTEE 2PN Monkhorst-Pack A » 3
2 OFHn1 x n2

J 20 B U7k 7 R lg O5ERY .,

ARY—NHHFFEEAT O 72OV A 2N S DMER D V) | 2D 7= DOREREDS Berry-Phonon (213> T 5,
UL, D L 5T displacement 7 & v 7 Z RS AFRET 5 atom_list NIZFLiR T 5 Z & TTE 5,

atom list{
coordinate system = cartesian
atoms {

#ftag rx ry rz element
0.000 0.000 0.000 Al
2.6561175 2.6561175 2.6561175 As

}

displacement {
sw displace atom = <ON OFF>
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

A, AT S DLEE DA

B F 2132 T4 BEEfE B!

sw_displace_atom OFF AT INLZSINDINE DD AA T,

displaced_atom 0 PN SH DR DOF

ux 0.0 X DT ENEE TN, #TX7 Mlallif> T NEEEEEDZA L
%O

uy 0.0 y HIRIDJFRA N BT 7213, #T7 MAVBIZIN - 1= N D ZEA L,
i

uz 0.0 z HRIDJFA BN BT T2, KT M lelZih > T-NEREEEE DAL,
%O

K70 7T MTARNEN & it ET DI O OEREMMi > T D, ENELT 9 121E Postprocessing 7 1 v 7 N
\Z Polarization 7' & v 7 Z N2 CTHfEAT %, ATIERNIL RO L H 178> Tn 5D,

Postprocessing{
Polarization({
sw_bp property = <ON OFE>
property = effective charge
}
}

K 5. SR BRT 2B ER R BRI D 2R

B F XS T4 WEEE B

Polarization Flem DI BT DY EHEDOF A A F#T 27 r v 7,

sw_bp_property OFF Berry (AR ZEAER L7-WHEZ FHET D7D DAL v F

property 0 polarization Z45E 75 & berry.data % FiriAA Berry (AR /M54 FH5H
9%, effective_charge #8735 & berry.data Z#tmAARL AR
B A F R D,
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Phonon 7 7 v 7 OFERIIRD X H 272> T B,

Phonon{
sw_phonon = <ON OFF>
sw_calc force
displacement <U>
sw_vibrational modes

<ON_

OFE>

point group = <Point Group>
<ON_OFF>

sw _lo to splitting

<ON_OFF>

electronic dielectric_ constant{
exx = 0.0, eyy = 0.0, ezz = 0.0,
exy = 0.0, eyz = 0.0, ezx = 0.0
}
k vector{ kx = 0.0, ky = 0.0, kz = 0.0 }
sw_lattice dielectric tensor = <ON OFF>
sw_dielectric function = <ON OFF>
energy range{
min energy = 0.0
max energy = 0.01
division number = 100
}
BERETNTE TOMAEER 6 & TIZHIT 5,
7% 6. IRENHTICBAMR 3 D 2R
B ETIZ 74 BEEE ]
sw_phonon OFF KARERITRRE T 1 v 7 B GNCT DI E I DD AL T,
sw_calc_force OFF PRENRATOT- DD IFHREAT O N E DI DD AA »F, ON D&
TR, BRI O 72D D EHE 21T H ., GHE L=
forcedata 12 1 71 &4 5, ) OFF ® & X |Z1%.
sw_vibrational modes=ON 725 7 7 A JV'"F_FORCE"2>6 11D
T — 2 e piaAT e,
displacement 0.1 JRAINNT A—H—,
sw_vibrational modes OFF BAIEEFET 21T O M E D DDA A vF, ON D& =1L, #
TAHRENENT M T4, modes.data (TFERNHEISND, OFF
DL EITE, BEHRET I ThR,
point_group C1 V7 U — AL E CORREDLFR,
sw_lo_to_splitting OFF LO-TO &% B[ETHME D DAL v T,
electronic_dielectric_constant BV ERERET DTy I DX T4,
exx 0.0 BB ERDOXXKT,
eyy 0.0 B DYyYRIT,
ezz 0.0 B HERDzZ7,
exy 0.0 BB ERDXY KT,
eyz 0.0 BRI DYZK5T,
ezx 0.0 B EARDZX KT
k_vector FEANRBN DRI SV DS ERETH T 0y 7 DR,
kx 0.0 F&FARBNDOPIELAT SAD x 153,
ky 0.0 P& FAREN OB T S Dy 153,
kz 1.0 FEAIRBN DI SV D 7 557,
sw_lattice_dielectric_tensor OFF BB EREHETINE I DPDARAL v F,
sw_dielectric_function OFF HEREEE 7 7 A WV'F_EPSILONZH 1T 2038 9 DD AA
7
energy_range FHEB O ANV —HIALIEET DT ny I DX T,
min_energy 0.0 TRV O/ I ME,
max_energy 0.01 T AL — T O KA,
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| division_number ‘ 100 ‘ TRV —RIFHOSEL,

2548 point_group THREAIRE/ Ry = > 7 U —AGE & LA TIZHIT 5,

Oh, O, Td, Th, T, D4h, D4, D2d, C4v, C4h, S4, C4, D2h, D2, C2v, D6h, D6, D3h, C6v, C6h, C3h, C6, D3d, D3,
C3v, S6, C3, C2h, Cs, C2, C1, C1

11413 ANIB IO 7 74 V" F_BERRY"

Ji- displaced_atom % (uy, uy, u, ) BALSEGHRLIZGEIL, AU —(HR7 =2 BROIEATHI S D,

nkprep, 1ig, displaced atom, displacement (1:3)
do i=1,nkprep

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

A% displacement 0 1,2,3 2 H OBEFE Dy uy, U (ST D, phi (TR B bg (T TIRBRTIR > 7o
U —(AHOES TH Y, cphi 1TZD phi DI & 725 (THIXOBEDEDES | TH S, nkprep TR OZN A J
THY ., ig T~ Mg, OFETHY . wgh Tk ROEALATH S,
ANV —(AADATERITH) 7 7 A NVEFEE LT b D TH D, 7 7 A VD FeBITE O —(fiT— & D3
ZER L2 ude bevy, 72720, N7 7 A NVEREET DIEFIIRIDZR

11.41.4 N\J17 7 A4 V'F_EFFCHG"

PV NERT R —(AEN D EEEPICFHMAT e Z LN TE D, AN GER SN DA ORIV AHZR
B DA Rl T AUL R, RO TA S NS,

num zeff

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

end do

num_zeff |3V AREHORTHY | ia W TOBFZTHY . zeff BV ARNEOBS|Td S,
114.15 AJ33 LU/ 7 7 A V'F_FORCE"

"F_FORCE"\ I3 DEFEFHAS 27200 )OTF =2 itk &b, 07 —2 3RO TH ) Shd,

num force data
do i = 1, num force data
displaced atom, displacement (1:3)
do ia = 1, natm
i, force data(ia,1:3,1)
end do
end do

num_force_data 1L /1 ZFHE T HEEDE TH Y | displaced_atom LN L7ZFF OFZTHY ., FEF
displacement 2351 DR bl (Uy, Uy, u,) TH D,

11.4.1.6 1117 74 /V'F_MODE"

"F_MODE"\ZIREMET OFERDPS LR SN D, ETRONEAWERT Mlra; = (i, aiy, a;,) BDIROTEAT
Ll S5,

—-—- primitive lattice vectors ---
a lxaly alz
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a 2x a 2y a 2z
a 3x a 3y a 3z

W T natm & KT OB (x;, y;, z;) & B Em; & 791 name@) IR OIEAGER S b,

—-—— Equilibrium position and mass of each atom—-—--
Natom = natm
do i=1,natm
i x(i) vy(i) z(i) m(i) name (i)
end do

I HRENRATOFE RN O TRid S b,

—-—— Vibrational modes ---
Nmode= nmode Natom= natm
do m = 1,nmode
n= m representation(m) acvtive (m)
hbarW= omega ha(m) Ha = omega ev(m) eV; nu= omega nu(m) cm”™-1
do i=1,natm
i wvec(m,i,1l) vec(m,i,2) wvec(m,i,3)
end do
end do

representation | JHEKZRBIOEY I TH 5, activem)T T < AGMER2E— RHIUT R 12720, FRINEH/2E—R
ThHIUuX IR L7025, MiEHETHIUL, IR&R L7025, YA L2 ME— RO HE RSN, vee
WEEANY MLOBFT, omega_ha X Hartree B\, COIREELTH Y . omega_ev | T&E 1-71/L ML TOHRE)
HCTHY . omega_nu lLEETH D,

FEAFERA R LSBT, B — NEREMAMIINS T, RO TH SN D,

—-—— 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 nu(m) cm”-1
do i=1,natm
i wvec(m,i,1l) vec(m,i,2) vec(m,i,3)

end do

Mode effective charge and its average:

Zz= z(m,1) z (m, 2) z (m, 3) Ave.= zave
end do

LT, BRISHFERDPROIZATH ) S D,

-—-- Lattice and static dielectric tensors ---

[ elat xx elat xy elat xz ] [ el xx el xy el xz ]
[ elat yx elat yy elat yz ] [ el yx el yy el yz ]
[ elat zx elat zy elat zz ] [ e0 zx e0 zy e0 zz ]

elat PMEFHERTHY . 0 DEFREERTH D,

11417 £7)7 7 A /V"F_EPSILON"

"F_EPSILON"(Z(IFEEL OS> DA TH Sh s,

Energy (eV) Elxx Elyy Elzz Elyz Elzx Elxy E2xx E2yy E2zz E2yz E2zx E2xy
do i=0,division number
energy (i) elxx (i) elyy(i) elzz (i) elyz (i) elzx (i) elxy(i) e2xx (i) el2yy (i) e2zz(
i) e2yz (i) e2zx (i) e2xy (i)
end do

energy X eV BN\ OT RNV —DIETH D, elxxelyyelzzelyzelzxelxy (XE Lk EEEO I D
XX,VY,22,YZ,2X,Xy K77 Ch D, e2xx,e2yy,e2zz,e2yze2zx,e2xy |IZIVEIEEBIOIERD xx,yy,22,y2,2x,Xy %
FTHD,
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11.4.1.8 BV HEER OH T

IV ARESNE output000 (ZHSND, £TEANZ, "F_BERRY" 2B RtFRAATEANY —AAHBFHE LT
RV AANERDROEATH ) S b,

—-—— Calculated electronic effective charges —--—-
do i=1,num atom inputed

[ zel xx (1) zel xy(i) zel xz (i) ]
zel ( 1) = [ zel yx (1) zel yy(i) zel yz (i) ]
[ zel zx (1) zel zy(i) zel zz (i) ]

end do

num_atom_inputed [IANEMIGHE SN0 TH D, zel_xx(),zel_xy@)72 C1HFET 1 ORIV ARNE
R DEA-NHDHFE D xxxy,.. 7 TH D,
BANDDFGIA A O E Nz TfER R OETH) S s,

-—-— Calculated effective charges ---
do i=1,num atom inputed
[ zeff xx(1) 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 (i) ]

end do

zeff xx(),zeff xy()72 E13E A1 DRV AAANERD D xxxy,.. K3 TH D,
P A FOKFRERZZRE LT, ML SN RV ANERMDROERTH S b,

-—— Symmetrized effective charges ---
do i=1,num atom inputed
[ zsym xx (1) zsym xy (i) zsym xz (i) ]
Zsym( 1) = [ zsym_yx (i) zsym yy(i) zsym yz(i) ]
[ zsym zx (1) zsym zy (i) zsym zz (i) ]

end do

zsym_xx(1),zsym_xy(1)72 E13F A1 DXL SAT2 RV HNERD O xx,xy,... i85 TH D,
SEDRFME ST A AN EL T SR DORN A NEMZHE LT RSk O TH I &N D,

-—— Effective charges of all atoms --—-
do i=1,natm
[ zeff xx(1) zeff xy(i) zeff xz (i) ]
Zzeff( 1) = [ zeff yx(i) zeff yy(i) zeff yz (i) ]
[ zeff zx (1) zeff zy(i) zeff zz (i) ]

end do

zeff xx(1),zeff xy()72 E13FT-1 ORI ST BRYEMD xx,xy,.. 7 CTH D,
NIV RN DR DOSEEEPR O TH ) s,

-—- 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,...’£ E1IRV AN ER D xx,Xy,... )T O FINETH 5,
BRIZ, fHIE STV BRIERM DR O T &b,

—-—-— Corrected effective charges —--—-
do i=1,natm
[ zeff xx(i) zeff xy(i) zeff xz (i) ]
Zeff( i) = [ zeff yx(i) zeff yy(i) zeff yz (i) ]
[ zeff zx (i) zeff zy(i) zeff zz (i) ]

end do

zeff xx(1),zeff xy()72 E13FT-1 OFIE SITZARL U FNERD D xx,xy,.. 75 T D,
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11.41.9 AJ77 7 A WV'F_STRFRC"

AN 7 7 A V'F_STRFRC"(ZIZIR DT CTHEREERE A EE L Thldh 2 8 £ R -RR IR SHER 45 A 2 fd
éo

num force data
do i = 1, num force data
index (i) strain (i)
do ia = 1, natm
i, force data(ia,1:3,1)
end do
end do

11.4.2 5tEH - KR(a-quarz) DI FEEERTE
11.4.2.1 AETFIE

IKEBDIEAFHERDOFHFEZF L LT, BB ROHBEOH LT ZHT 5, £7.| M FFEFRHHEOHERDOFIA

BNY,

1. FHE LW FEEICRWT, Wik bz1T9,

2. nfdynm.data®DfA£IZED LT D gitiE COPHASED A & 1Bk %,

3. NU—NHFHFEZITOT 4 L7 b Uberry & IREN#NT 21T 57 « L7 b Uphonon Z1ER%T 5,

4. T4 V7 M VUberrylZiZ, Perl 27 U 7 hprep_zeffpl 3325, A7 L—hraT 4127 R
template_berry & template_scflZiE <, AS7 7 L— MI2. TYER L7z A& fREE L TR %,

5. 2. YRR LI A1 %&bk U C RENRHT A2l fara AL & 4 1A B3 R DL B 5l o D A & AERi L
7 4 L2 b UphononiZi&E<

6. T 1 L7 hUberry T, prep_zeffpla 3T L C, HEEATOIZHDPerl 27 U 7 hexec_zeff.pl & FZHEHfEH
THANNZEVERR L, exec_zeff.pla 34T L CHRNEM R IRICMEE R —(AHIZ T 5, 7235, prep_zeff.pl
l3binT 4 L7 U —ZH D,

7. T4 V7 bV phonon CHREMENT 21TV, HREITRY —NAHE FEAAA T B EREFHET D,

8. 1.OMERELOMHFIZONTIL, Av=a 7 N28ER3ER EL R K, 2. ClIFFOMEEEL T v MEET
AJT3 %D T, coordinate_systemZcartesian|Za% &3 5, LEDOHIT, 3MHTIIOWT, JEIZEHHAT 5,

11.4.2.2 XY —(rFHFHE

AU —NHFHOFHEIL ekeal ZHVNTIT9 DT, ekeal (AT 5 HCMHES2E (HEENVETHLDT, £0D
HEDOANT 7T v—  aemrd, KU arvpeBERFP»G250T, B OBEEAELFEO
file names.data (Zi%, 'V 2> DART T v/l potentail. Si & FESEDRT > T ¥ /L potential. O DIFED B 5,
ZIHDRT ¥ TP FIZED N TORITIUTR B0,

&fnames

F_INP = './nfinput.data’

F POT(1) = '../../potential.si’
F POT(2) = '../../potential.O’
F CHGT = './nfchgt.data'

&end

ARY—NHFHOFRTIX, FFA 2 FHAEND XY, Z HENZOT NN ST & S OB BENNLETH D,
ZDAIF_INP"OT 7 L— h&LIFIRT, Accuracylt” 1 7 H1D force_convergencel} 7 1 v 7 (Z&
% max_force=0.1e+3 | %, Ji 2 FHAENDNET S LTc & EITAET DN B LBRERE I THEDOEE
S 1% IR TR L T2 D TNRERE Th 5,

Control{
condition = 0 ! {0]1|2]3}|{initial|continuation|fixed charge|fixed charge continuation}
cpumax = 24 hour ! {sec|min|hour|day}
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max iteration = 60000

}

accuracy{

cke wavefunctions 36.00 rydberg ! cke wf

cke chargedensity = 300.00 rydberg ! cke cd

num bands = 32

ksampling{
method = monk ! {monk|mesh|file|directin|gamma}
mesh{ nx=2, ny=2, nz=2}

}

smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree

}

xctype = ldapw9l

scf convergence{
delta total energy = 1l.e-10 hartree
succession =3 'default value = 3

}

force convergence{
max force = 0.le+3

}

initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
cutoff wf = 10.0 rydberg ! cke wf
}
}

structure(
unit cell type=Bravais
unit cell{
'#units bohr degree
a=9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}

symmetry{
tspace {
system = h
generators {
'#tag rotation tx ty tz
E 0 0 0
}
}
sw_inversion
}

magnetic state = para !{paralaf|ferro}

I
o

atom list{
coordinate system = cartesian ! {cartesian|internal}

atoms{
'#default mobile=no
l#tag rx ry z element

-2.136349214 -3.700265381
4.272698428 0.000000000
-2.136349214 3.700265381
2.511045782 2.203258231

.373333567 Si
.000000000 Si
. 746667135 Si
.129569348 0

N O 9 F OO WR

0.652554710 -3.276258553 .502902914 ¢}
-3.163600490 1.073000321 .876236482 ¢}
2.511045781 -2.203258231 -1.129569348 o}
0.652554708 3.276258553 .617097788 ¢}
-3.163600489 -1.073000321 .243764219 O

}

displacement{
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>
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}
}

element list{ #units atomic mass

'#tag element atomicnumber zeta dev mass
Si 14 0.00 3.5 28.0855
o} 8 0.00 2.0 15.9994

}
}

wavefunction solver{

solvers{

'#tag sol till n dts dte itr var prec cmix submat
MSD 5 0.2 0.2 1 = on 2 off
1m+MSD 20 0.2 1.0 100 tanh on 2 on
rmm2p -1 1.0 1.0 * * on 1 on

}

line minimization({

dt lower critical = 0.1
dt upper critical = 3.0
}
rmm {
imGSrmm = 1

rr Critical Value = l.e-15
edelta change to rmm = 1.0e-6 hartree
}
}

charge mixing{
mixing methods{

'#tag no method rmxs rmxe itr wvar prec istr nbmix update
1 simple 0.50 0.90 400 tanh on
2 Dbroyden2 0.30 0.30 100 * on 3 5 RENEW

Berry (AHFHHE.D & X|Z1E, generators |ZITHNEOAEFEET D, atoms 7 17 D#%IZH 5 diplacement
7y 7 CIRAENOIREE T D,

displacement {
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

sw_displace_atom 7% ON [ZRZE SV TCW5 & displaced_atom TFEE L7-JE 2N ux,uy,uz) AN 20T 5,
I B OEENZIF<ATOM_ID>,<Ux>,<Uy>,<Uz>%5E L TH<, ZivHiX, prep_zeffpl (Z&->TEE )
Z B, EBEIERT D ABERESND, LLET/HRL file_namesdata &"F INP"%25 « L2 R U
template_scf (ZE <,

AU —(AHFHED file_names.data D7 > 7' L— F ZLL FIRT,

&fnames

F_INP = './nfinput.data’

F POT(1) = '../../potential.si’

F POT(2) = '../../pontetail.O’

F_CHGT = '../<SCF_DIR>/nfchgt.data'
&end

H CEEES RO file_names.data & DFEW L, F_ CHGT OFEE T, A UHCE O H CEEES R HOT
4 L7 NUNSEEEZGAAA X 91275, prep_zeffpl 73<SCF_DIR> #1727 « L7 MU £4IZE &
Z. FEBEIFEHT 5 file_names.data Z1ERk T 5,
AN —(FHFHE D AT F_INP" OH % LLFIRT,

Control{
condition = 2 ! {0|1]2]3}|{initial|continuation|fixed charge|fixed charge continuation}

cpumax = 24 hour ! {sec|min|hour|day}
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max iteration = 400001

}

accuracy{
cke wavefunctions 36.00 rydberg ! cke wf
cke chargedensity = 300.00 rydberg ! cke cd
num bands = 24
ksampling{
}
smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree
}
xctype = ldapw9l
ek convergence{
sw_eval eig diff = on
succession = 3
num max iteration = 200
delta eigenvalue = 1.0e-8
num extra bands = 0

}

initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
cutoff wf = 10.0 rydberg ! cke wf
}
}

structure(
unit cell type=Bravais
unit cell{
'#units bohr degree
a=9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}

symmetry{
tspace {
system = h
generators {
'#tag rotation tx ty tz
C3+ 0 0 2/3
C212 0 0 0/1
}
}
sw_inversion

}

magnetic state = para !{paralaf|ferro}

Il
o

atom list{

coordinate system = cartesian ! {cartesian|internal}
atoms{
l#default mobile=no
l#tag rx ry rz element
-2.136349214 -3.700265381 3.373333567 Si
4.272698428 0.000000000 0.000000000 Si
-2.136349214 3.700265381 6.746667135 Si
2.511045782 2.203258231 1.129569348 0
0.652554710 -3.276258553 4.502902914 0
-3.163600490 1.073000321 7.876236482 0
2.511045781 -2.203258231 -1.129569348 ¢}
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 0

1

displacement {
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>
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}

element list{ #units atomic mass

l#tag element atomicnumber zeta dev mass
Si 14 0.00 3.5 28.0855
o} 8 0.00 2.0 15.999%4

}
}

wavefunction solver{
solvers {
!#tag sol till n dts
MSD 10 1.0
Im+MSD 20 1.0 01
rmm2p -1 1.0 .01

dte itr prec submat
1.0 1 on on
1. on on
1 on on

}
line minimization{
dt lower critical
dt upper critical
}
rmm{
imGSrmm = 1
rr Critical Value = 1l.e-15
edelta change to rmm = 1.0e-4 hartree
}
}

w O
o

Berry phase({
sw_berry phase = on
g index = <G INDEX>
mesh{ nl = <MESH N1>, n2 = <MESH N2>, J = <MESH J> }

}

Berry (VAHFHE D & X213, generators (/TN TOAEFRET D,  displacement 7' & v 7 |3 H CEEAY R

HOANNT 7T L—F LRI X DICEAT D, Berry (MARFHE %

27~V template_berry (Z35<,

S =

17 9 121%. Berry_phase 7' 1 v 7 T,

sw_berry_phase % ON [ZF%E L C. g index & mesh 71 v 7 D nln2d Zi%ET 5, gindex,nln2d (Zi,
<G_INDEX>, <MESH_N1>, <MESH_N2>, <MESH_J>%f5E€ L Tl X £7, prep_zeffpl NI b%
WO7EICE &L EERERT 2 A10MERR S LD, UL ETIER L7z, file_names.data &"F_INP"%7 1 L

F5heE 2 3RO D72 D DY —RiA A FHE S5 AT, FHEAT) BBl Perl 22V 7 | prep_zeff.pl (25~ T
R SND, prep_zeffpl Z5EZfTHTFICFATT DL, LTI T, U775 L &I 2580 2 +

DITREND,

|prep_zeff.pl DISPLACEMENT ATOM LIST MESH1 MESH2 MESH3

DISPLACEMENT (Zi3J5 #2875 % Bohr B CHEET 5, Z Z Tl 0.05 &%, ATOM_LIST (Zi3# 7 /v
I HA—T—va T, ANEMEHAE LTZWET-OFESDOY A NEfRET D, Sl OF R IR T
FEMFT HNDDT, ZFHOVY aifL 4 FHOBRIRTOANEN
ATOM_LIST #"2 4"+ 3%, MESH1,MESAH2 MESH3 (213, k ZEfE] A v 2 =D /3T A—4—n1n2,J %'nl n2
JOWNTANTH, ZZTE "2210"E95, ZZ Tt L7253 T, prep_zeff.pl #3479 5,

FEET IR, T OEA.

$ SPATH TO PHASEO/bin/prep zeff.pl "0.05" "2 4" "2 2 10" "2 2 10" "2 2 10"

ARY —NAHFHF A BRI DUNTIFNCFELTT D Perl 227 U7 b exec_zeff.pl &~V —(AHFHRICSEL R AT~
7 ANINERRESND, TDAST7 7 AMET 4 L7 U berry_ai_ua_gf (berry_a0_gB)<° scf ai_ua (scf_a0)
VB SLD, 72720, @, B = 1,2,3ThH D, TR TOFZER L, alI MO SMER LA - x,2 > 9,3 >

2), BIESHE T MDA T v 7 ZAkFed, RXU—NHEEEILT 4 V27 MU berry_ai_ua_gf (berry_a0_gB)
Tekcal ZF(T79 52 L TIrbonbd, Z0 ekecal DIFEITITMNERFEFEEITT 427 bV scf ai_ua (sef a0)T

phase #3479 %5 2 & THOLND, N —(fHEOTHixEZ7n—F ¥ — MITHE K 11-4D KI5,
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(L) FBORFHaARIZERLT-
(a) MRPRETDBerryFEEHH PIETDBeryi#8E1 5L

'scf_aO i

berry_a0_g1

berry_ai_uw_g1

‘ berry_ai_uc_g2

berry_a0_g3 berry_ai_uc_g3

L
]

11-4 Berry fifHRHED 7 0 —F ¥ — |k

Perl 22 U7 k exec_zeff.pl 3= DFFix %2 BENTIT-> TN D, exec_zeffpl 5 AT FICIATTH L., LU
TOXTIIATTH L XIMT 551D ) 2 b aFoREND,

$ ./exec zeff.pl PHASE EKCAL PARALLEL {-vpp|-primepower|-sr}

'PHASE’(Z PHASE ®/31 U PATH_TO_PHASEObin/phase %##57F L. 'TEKCALIZ EKCAL ®/ A F U
PATH_TO_PHASEO/bin/ekcal Z+5E 35, berry 7« L7 RV D TFDT L7 kY Tphase & ekeal 23EfTE
N5 EEEBE LT, FHTREICA O L O ICRET D, PARALLELIZIERFEA T 57 1 77 A(PHASE £7-
X EKCAL) D4R ET %, exec_zeff.pl ZLL FDO X HIZFATL, N —(AHFHEN TR TR TI 5 L berry 7
4 L7k UIZ berrydata 23MERL S LD,

$ ./exec zeff.pl PATH TO PHASE(O/bin/phase ¥
PATH TO PHASEO/bin/ekcal 1

MPI 7’1 7'Z LFATREC A Y 2 L -machinefile THIHRIEE/2 R A h & ZfET 5851214, machinefile Z1F
L. BT 4+ L7 R UIZESL,

VPP,PRIMEPOWER,SR8000,SR11000 &\ 7= JHEFRETIZ MPL 7' 7' F AOFEATIHAEN R THDH DT,
MPI 7’1 /' ADOFATHIEEZEET H A7 a rarch 1365, itHEf L -arch 472 3 LV OEOXGEFE 8 12
KT, ZOAT v a ik

| ./exec zeff.pl PATH TO PHASEO/bin/phase PATH TO PHASEO/bin/ekcal 1 -arch=primpower

D I NIRRT THW S,
# 8. exec_zeffpl DA T 3

S arch OfE
VPP5000 vpp
PRIMEPOWER HPC500 primepower
SR11000 sr

PN TR AT ML ->TE, T 25 CPU U Y —R%Hilfd 5 2 L0385, exe_zeffpl 354 & 1XE/2 5
AFIEEC mpirun 2347352 E083H5, ZDE X2 CPU Y VY —A%lHISD L IEFICFHAETE 2, 0
X OGBS T A 72002, loadleveler &) A7V a v bbb, 7o ziE, SR11000 T 4 WFAITHIT9
L7261E, LFO X517 5%,
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| ./exec zeff.pl PATH TO PHASEO/bin/phase PATH TO PHASEO/bin/ekcal 4 -arch=sr -loadleveler |
i35 CPU U V—ANNEH| 72 > 1= T exec_zeff.pl 1T T35,  exec_zeff.pl D= A MIHEW,
3% CPU U Y—R%&WH LT, -loadleveler 77" v = &8 L, Va7 a2 RATD,
HEMERT TR T LIz & &2t FE exec_zeffpl #FT4 252 L2k, kRN TE 2,
Perl 73 2 70 BREECIE, X 8 IZBUR LTI TR A FHTT D, DK, 45 berry 71 L2 kU O berrydata
GG LIZT 7 AN Do ZDOT 7 A NVOIEHTICHES LIZ7 7 A MOz HX .| berrydata L1954
AT CIRATS 0

11.4.2.3 XY —(AHRHHEOH )

AR —(rFEEEOH"F_ BERRY" 1377 & 2 IZLLF D L 9170 b,

4 1 2 0.0 0.0 0.50000000000000D-01
1 0.63456226917922D+00 -0.20888574273791D-02 -0.32917965405901D-02 0.25000000000000D+00
2 0.63432394408679D+00 -0.20934910658866D-02 -0.33003380756268D-02 0.25000000000000D+00
3 0.63289711025371D+00 -0.19971191896918D-02 -0.31555090531068D-02 0.25000000000000D+00
4 0.63151794421351D+00 -0.20390845515460D-02 -0.32288511895501D-02 0.25000000000000D+00

AU FH O St SHEALE D Bx F AN 0.05 aw L LIZREDORY —(f DT —4 T %,  berrydata I%H
S ENT"F_BERRY" %456 L1277 7 A VT, 7 7 A VOSSN IFES LT 7 7 A VO TH S 21 Hitib & T
W2,

11.4.2.4 ¥ 7-RENRAT

phonon 7« L7 b U D BTV 2 U FA-DRT 3 % /L potential Si & FEsEIF - DART > 3+ /L potential.O 73
HDHDT, KAIREENT 21T 5 FED file_names.data (FLL FO L 512725,

&fnames

F_INP = './nfinput.data’
F POT(1) = '../potential.Si'
F POT(2) = '../potential.O'
&end

FEA IR 24T O BF D A" F_INP" 2O E TR,

Control{
condition = 0 ! {0]1|2]3}|{initial|continuation|fixed charge|fixed charge continuation}
cpumax = 24 hour ! {sec|min|hour|day}

max iteration = 60000

}

accuracy{

cke wavefunctions

cke chargedensity

num bands = 32

ksampling{
method = monk ! {monk|mesh|file|directin|gamma}
mesh{ nx=2, ny=2, nz=2}

}

smearing{
method
width

}

xctype = ldapw9l

scf convergence{
delta total energy = 1l.e-10 hartree
succession =3 'default value = 3

}

36.00 rydberg ! cke wf
300.00 rydberg ! cke cd

parabolic ! {parabolic|tetrahedral}
0.002 hartree

initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
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cutoff wf = 10.0 rydberg ! cke wf
}
1

structure(
unit cell type=Bravais
unit cell{
'#units bohr degree
a=9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}

symmetry{
tspace{
system = h
generators {
'#tag rotation tx ty tz
C3+ 0 0 2/3
C212 0 0 0/1
}
}
sw_inversion = 0
}

magnetic state = para !{paralaf|ferro}

atom list({

coordinate system = cartesian ! {cartesian|internal}
atoms{
'#default mobile=no
'#tag rx ry rz element
-2.136349214 -3.700265381 3.373333567 Si
4.272698428 0.000000000 0.000000000 Si
-2.136349214 3.700265381 6.746667135 Si
2.511045782 2.203258231 1.129569348 0
0.652554710 -3.276258553 4.502902914 0
-3.163600490 1.073000321 7.876236482 0
2.511045781 -2.203258231 -1.129569348 0
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 0
}
displacement {
sw_displace atom = off
displaced atom = 0
ux = 0
uy = 0
uz = 0
}
}
element list{ #units atomic mass
#tag element atomicnumber zeta dev mass
Si 14 0.00 3.5 28.0855
O 8 0.00 2.0 15.9994
}
}
wavefunction solver{
solvers{
l#tag sol till n dts dte itr var prec cmix submat
MSD 5 0.2 0.2 1 * on 2 off
1m+MSD 20 0.2 1.0 100 tanh on 2 on
rmm2p -1 1.0 1.0 * * on 1 on

}

line minimization{
dt lower critical
dt upper critical =

}

|
w o
o

rmm {
imGSrmm = 1
rr Critical Value = 1.e-15
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edelta change to rmm = 1.0e-6 hartree

}
}

charge mixing{
mixing methods{

'#tag no method rmxs rmxe itr var prec istr nbmix update
1 simple 0.50 0.90 400 tanh on
2 broyden2 0.30 0.30 100 * on 3 5 RENEW

}
charge preconditioning{
amix = 0.90
bmix = -1.00
}
}

Phonon{
sw_phonon = on
sw_calc force = on
force calc{
start = 1, end = 0
}
displacement = 0.05
norder = 1
sw_polynomial fit = on
sw_vibrational modes = on
point group = D3
electronic dielectric constant{
exx 2.56011, eyy 2.56011, ezz
exy 0.0, eyz 0.0, ezx
}
k vector{ kx = 0.0, ky = 0.0, kz = 0.0 }
sw_lattice dielectric tensor = off

}

2.57411
0.0

Postprocessing{
Polarization{
sw _bp property = off
property = effective charge
}
}

diplacement 7' 2 v 7 3% 5 L XX, sw_diplace_atom 7% off (272> CW\D Z L H MR 5, IREATZIT O D
. element J A MIE&Emass)EENEL <ATONTNWD Z L 2R T 5, Z 2T, L2 ASITliL, [#units
atomic_mass| % element_list OJEEHIZFER L, JR B EHAL CEREE AJ) LT 5, Phonon 7 1 v 7 |Z5tik
SN DIREMIEHTIZ B 2 AJIDFEIL, 5.2.1 |ZRg# <41 TV 5, sw_phonon & sw_calc_force 2 ON (ZFFE L,
JiZ5 0 (diplacement) % 0.05 (ZfEET 5, KEOfERARET D3 7200, point_group (2 D3 ZiXET 5, &
BRI G FFER L BELHBROMAL DT, electronic_dielectric_constant 7 1 v 7 T, KeaDEFFHER
D FtFAE €y = €y, = 2.56011,€,, = 257411 Z4FE L TW D, £ WEBMEHFT OHLZ1TH DT,
sw_lattice_dielectric_tensor % off (ZFXET D, T DASI TR 21T > 72112, sw_calc_force % off (2,
sw_lattice_dielectric_tensor & sw_bp_property % on |ZiXET D, R TEIT 72T 4 L7 R TH O —F
PHASE #3547 LC, K 1iFEREET D, 29 L TELNZ PHASE OH 1D R G%2KE T4 5,
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11.4.2.5 RV AR ER DT

output001 (ZH) SN A ARG RO R Z L TFIORT,

—-—— Calculated electronic effective charges —--—-

Zel (

Zel (

2)

4)

(
[
(

[
[
[

-1.
-0.

00158
00001

.00000

.31546
.45145
.25220

0.
-0.
0.

0.
-8.
-0.

00284
35464
28121

50495
00477
73456

-0.00266
-0.32379
-0.56029

0.31818
-0.70090
-7.72450

]
]
]

]
]
]

% A ~V’Calculated electronic effective charges” ML, U —(AEN B EHE L= 1-0> B DAY ER~DE
H3 8x3 D78 & LTINS TN D, Zel D% DIFINDOHOEFIX, DT 5 Thd, A AghEmaat
B D4 23 & 4 FHOFFHE LITED IZ72 5T\ D,

-—-— Calculated effective charges ---

Zeff (

Zeff (

2)

4)

[
[
(

[
[
[

2.
-0.
0.

-1.
0.
0.

99842
00001
00000

31546
45145
25220

0.
3.
0.

0.
-2
-0.

00284
64536
28121

50495

.00477

73456

-0.00266
-0.32379
3.43971

0.31818
-0.70090
-1.72450

]
]
]

]
]
]

4 A k)V’Calculated effective charges”Df%(Z1%, A 4> D]
DHEDFEFNOHOHFIL Zel L[RILEWRTH D,

EIMZ., BV AT

NHASITND, Zeff

—-—— Symmetrized effective charges

Zsym(

Zsym(

2)

4)

(
[
[

[
(
[

2.
0.
0.

-1.
0.
0.

99842
00000
00000

31546
45145
25220

0.
3.
0.

0.
-2
-0.

00000
64536
28121

50495

.00477

73456

0.00000
-0.32379
3.43971

0.31818
-0.70090
-1.72450

]
]
]

Z A ~V’Symmetrized effective charges”D2IZI3, JRFYA FORFRIEAT T X 512 LIcAL A ANER DS

-—— Effective charges of all atoms —---

HA S Tng,
zeff( 1)
Zeff( 2)
Zeff( 3)
zeff( 4)
Zeff( 5)

[
[
[

[

3.
-0.
0.

o

48362
28013
24354

.99842
.00000
.00000

.48362
.28013
.24354

.31546
.45145
.25220

.24657
.03263
.76225

.41830

-0.
3.
-0.

w

-0.

0.
-2
-0.

0.
-1.

0.

-0.

28013
16016
14061

.00000
.64536
.28121

.28013
.16016

14061

50495

.00477

73456
08613
07365
14887

51083

-0.28041
0.16190
3.43971

0.00000
-0.32379
3.43971

0.28041
0.16190
3.43971

0.31818
-0.70090
-1.72450

-0.76609
0.07490
-1.72450

0.44791
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Zzeff( 06)

Il
—
|
o

.56433 -1.90192 0.62600 1
[ 0.51005 0.58569 -1.72450 ]

[ -1.31546 -0.50495 -0.31818 ]

Zeff( 7) = [ -0.45145 -2.00477 -0.70090 ]
[ -0.25220 -0.73456 -1.72450 ]
[ -2.24657 -0.08613 0.76609 1
Zeff( 8) = [ -0.03263 -1.07365 0.07490 ]
[ 0.76225 0.14887 -1.72450 ]
[ -1.41830 0.51083 -0.44791 ]
Zeff( 9) = [ 0.56433 -1.90192 0.62600 ]

[ -0.51005 0.58569 -1.72450 ]

% A )V Effective charges of all atoms” DL, FHE L7227 722 MR- D ARV AR ER DFERnORIFRMEZ
FAWTHERR S, TRCORF- ORIV ARSI ST D,

—-—— Averaged effective charges ---
[ 0.00055 0.00000 0.00000 ]
Zave = | 0.00000 0.00055 0.00000 ]
[ 0.00000 0.00000 -0.00310 ]

X A k)VAveraged effective charges”™#I21%, NIV ARNEMOTEHENIH T SITND, FEfREAERR T 25
TOFRNV AR ER T R LEDED L BRIl bRiTiudie bievy, RV ARhE O Z & DR
VARNEMNDEIK Z L D FOWE R T L OIMEET S Z ENTE D, BESNIZRL AR ERILS
4 k)V’Corrected effective charges”CA FIZHI ) T4,

—-—— Corrected effective charges ——-
[ 3.48307 -0.28013 -0.28041 1]
Zeff( 1) = [ -0.28013 3.15960 .16190 ]
[ 0.24354 -0.14061 3.44281 ]

o

[ 2.99787 .00000 0.00000 1
Zeff( 2) = [ .00000 . 64480 -0.32379 ]
[ 0.00000 0.28121 3.44281 ]

o

(@)
w

[ 3.48307 0.28013 0.28041 ]
Zeff( 3) = [ 0.28013 3.15960 0.16190 ]
[ -0.24354 -0.14061 3.44281 ]

[ -1.31602 0.50495 0.31818 ]
Zeff( 4) = [ 0.45145 -2.00532 -0.70090 ]
[ 0.25220 -0.73456 -1.72141 ]

[ -2.24713 0.08613 -0.76609 ]
Zeff( 5) = [ 0.03263 -1.07421 0.07490 ]
[ -0.76225 0.14887 -1.72141 ]

[ -1.41886 -0.51083 0.44791 ]
Zeff( 6) = [ -0.56433 -1.90248 0.62600 ]
[ 0.51005 0.58569 -1.72141 ]

[ -1.31602 -0.50495 -0.31818 ]
Zeff( 7)) = [ -0.45145 -2.00532 -0.70090 ]
[ -0.25220 -0.73456 -1.72141 ]

[ -2.24713 -0.08613 0.76609 ]
Zeff( 8) = [ -0.03263 -1.07421 0.07490 1
[ 0.76225 0.14887 -1.72141 ]

[ -1.41886 0.51083 -0.44791 ]
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Zeff( 9) = [ 0.56433

[ -0.51005

-1.90248
0.58569

0.62600 1
-1.72141 ]

11.4.2.6 ¥ HRENINT & BB O )

717 7 4 W"F_MODE"Z KI5~

—-—— primitive lattice vectors ---
9.2000000000 0.0000000000 0.0000000000
-4.6000000000 7.9674337148 0.0000000000
0.0000000000 0.0000000000 10.1200000000
—-——- Equilibrium position and mass of each atom---
Natom= 9
1 -2.1363492140
4.2726984280 0.0000000000
-2.1363492140 3.7002653810
2.5110457820 2.2032582310
.6525547100 .2762585530
.1636004900 1.0730003210
2.5110457810 .2032582310
0.6525547080 3.2762585530
9 -3.1636004890 .0730003210
—-—-— Vibrational modes ---
Nmode= 27 Natom= 9
n= 1 E IR&R
hbarWw= 0.00000000E+00 Ha = 0.

.7002653810 .3733335670
.0000000000
. 7466671350
.1295693480
.5029029140
.8762364820
.1295693480
.6170977880

.2437642190

51196.42133
51196.42133
51196.42133
29164.94360
29164.94360
29164.94360
29164.94360
29164.94360
29164.94360

Si
Si
Si

O

O J oy U W
o
NORFR Jd9dbd P OO W

O O OO0OOo

00000000E+00 eV; nu= 0.00000000E+00 cm”™-1

4 E IR&R
hbarW= 0.58285132E-03 Ha = 0.15860191E-01 eV; nu=
-0.1076861591 -0.0492955392 -0.0289969411
-0.0000000001 0.1372246738 0.0579965405
0.1076861592 -0.0492955391 -0.0289969411
-0.0710674524 0.2294802586 -0.2767253313
-0.0266667306 -0.2719065772 -0.0591536507
0.3853480075 0.0172331774 0.3358772210
0.0710674522 0.2294802589 -0.2767253316
0.0266667309 -0.2719065770 -0.0591536503
9 -0.3853480076 0.0172331772 0.3358772209
Mode effective charge and its norm:
Z= 0.0000000000 0.0159080661 0.
n= 5 E IR&R
hbarW= 0.58285208E-03 Ha = 0.

n:
0.12792108E+03 cm”™-1

O Joy U0k W N

0000020096 Norm= 0.0159080663

15860211E-01 eV; nu= 0.12792125E+03 cm”™-1

O J oy U W

NeJ

Mode
7=

.0750340743
.1114922066
.0750340742
.2462863619
.2551052896
.0340512209
.2462863620
.2551052896
.0340512205

-0

effective charge
0.0159051835

0.0

.1076820548
.0000000001
.1076820548
.2627994415
.2184164183
.1936020463
.2627994412
.2184164186
.1936020463

and its norm:
0.

000000000

.0502260531
.0000000000
.0502260531
.2280661351
.3536922309
.1256104976
.2280661348
.3536922309
.1256104979

0000000000 Norm=

-—— Lattice and static dielectric tensors ---

[
[
[

2.1944 0.0000
0.0000 2.1944
0.0000 0.0000

0.0000
0.0000
2.3874

]
]
]

[
[
[

4.7545
0.0000
0.0000

0.0159051835

0.0000
4.7545
0.0000

0.0000 1]
0.0000 1
4.9616 ]
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AE— FOIREHL L [BEG N7 MVOWRIZE— REIERPH) SN TWD, Z2DOWIZIEA TV D = DOfEDE
— RERNEROT 1V NEETO =Gy T b, Norm=DIRDEILZ D7 MLDOKE S THD, BED=AT
(KT RHEERDH) ST D, D 3x3 OATHIDNEFFHER TH D, LMNITZ O FiEERICE FES
EIMATATFIBHAI ST D, b, HTFERITeS = ellf = 2.2,68" = 24 LEIR SN Z L35
Do LT, HHEETRD ), = €5y = 48,0, = 50700 2 L0350 %,

1143 5154 : AN DIEEEHDTE
11.4.3.1 FEFIE

AIN OFEEEROFNELZPIL LT, EEEROMAEOHGT 235, £ EEEEGHROEROFIEZ R
‘a—o

1. PEERANZ TS FEBAEET Do

2. ST ESICRW T, Mg b E T,

3. nfdynm.data®DHf4IZE) LT D kg COPHASED AT Z1ERT 5,

4. RXY—(EFEZTOT 4 L7 b Uberry ZERT 2,

5. 74 L7 FUberrylid, Perl2 7 U 7 bprep_zeffplii BT 5, ANDT 2T L—bETF (L7 b
template_berry & template_scfiZi&# <, AS17T 7 L— MI3. TR Lo A1 &R L TG 5,

6. RENITAZ1TO T 4 L2 bV phononZz{Erd %,

7. 3T LA ZREE L C, IREIRNT, A 2hdfara A & R RSB DL B 2250 3 b D N %Rk

L. 7+ V7 K UphononiZf&E< ,
8. J[EEINEMHTEATHIT 4 V7 b VUplezoZAFk L, ZDFIZT « L7 b Vclamped & internal 2 {Ei% 9%,
9. 74 L7 kVclampedlZiE, Perl2” U~ hprep_piezo.pl 345, AOT T L— a7 14 L7
VU template_berry & template_scflZi&E<, AJ17 > 7 L— MES. TR L 72 AT) & fde L CTHERK 9%,

10. 7 4 L7 b UinternaliZid. Perl 27 U 7 hprep_strfrepl BB %5, ANOF 71— R %
template_scflZi&<, A7 27 L— NI TIER LT A1 & fRdE L CUER T 5,

11. 74 L7 k UberryC, prep_zeff.plZ 547 L C, BEIFITO=DDPerl 27 V7 hexec_zeff.pl & FERIC
T2 A ZERR L, exec_zeff.pla AT L CHANEMFRICHERARY —(HBZFHE T 5, 720,
prep_zeffpliZPATH_TO_PHASEO/binic %,

12. 7+ L7 U phonon CHEENENT O 7= D IIFHEE1T 5,

13. 7 « L 7 KV piezo/lclamped T, prep_piezo.pl Z# E1T L T, HEFEITDZDDPerl A7 U 7 |
exec_piezo.pl & EBKMNT DA ZAERL L. exec_piezo.plZ FAT L CTA A v EEHEEEH DG
Y —(HZFRT 5, 7235, prep_piezo.pllZPATH_TO_PHASEO/biniZ& 5,

14. 7 « L 7 | V piezofinternal C, prep_strfre.pl #3217 L C, HENFEITDOLHDPerl 2 7 U 7 K
exec_strfre.pl & FEB AT D AT 2B L. exec_strfre.pl 23T L CONT - JIfE A O FHRI V3L
R INET B %55 T 5, 728, prep_strfre.pliZPATH_TO_PHASEO/biniZ# %,

15. 7 ¢ L7 | VU phonon CHRENMEHT 21 TV A2 T Y —(7FH & O B i S S A iAo CHEBES
FHRT 2,

LIS FEBIE L 2ERE LD HOWTIL, 2 B 3 AR K, 3. Tl FOMEREA T v MEETAT)
9 5DT, coordinate_system % cartesian [ZiXET D, LAEDHIT, 4725 151220 T, NAIZEHITT %,

11.4.3.2 XY —(rAHFHE

ANOIEY J7 L FPRFIEIIRE FFEFFR OGS LIF—CF, AT + L7 kU samples/lattice/AlN/berry
WZHYDET, AN DS, prep_zeffpl (ZKRO X 5 1ZFATIIUL, ELWVFEERDELN A ATIDMERR TE £7,

|prep_zeff.pl 0.1 '1 3" '6 6 15" '6 6 15" '6 6 15"

RN 01 aw& L, 1%&H & 3FADFFORL A AREMEZEBRIFRT 2 &5 IHEL TV ET,
nlxn2xd [T XTOHFT6x6x15 & LTWET, HEIE, MERSIITz exec_zeffpl ZRD L HIZFATLTL7E
YA

| exec zeff.pl phase ekcal 1
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BBD 11 1 MPLIH TR Z L 2HEE L TWET, ZOASTIEEK TMPL Y £ TfEETE £ 1,
11.4.3.3 ¥ -HRENIFHT

ANOEY FEHEFEEIBEFFFERHEOEALR —~TT, ANBIRT L7 Y
samples/lattice/AIN/phonon (28 V) F7°, ZOFHENTE T LB CHRFFEREET LN TEET,

Wurtzite structure

Wyckoff positions:
Al (2b): (1/3,2/3,0)
N (2b): (1/3,2/3,u)

X 11-5 Wurtzite #15D AIN

11.4.3.4 [FEERDOA A HEHEO 5

T4 V27 M berry (VB LT ATI7T 7 L— MBI L= b D% T 4 L2 U piezolclamped (2B L £,
JEA-OFEIINEPEHECA LET, K4 1R THED AIN O, RO L1320 E7,

atom list{

coordinate system = internal ! {cartesian|internal}

atoms{

'$tag rx ry rz element mobile
0.3333333333 0.6666666666 0.0000000000 Al off
0.6666666666 0.3333333333 0.5000000000 Al off
0.3333333333 0.6666666666 0.3820000000 N on
0.6666666666 0.3333333333 0.8820000000 N on

}

PV HNEROHFTIIRND T, FAZEBMSEDATNINED Y T8 A, EEERZHETIHAL.
LA EFH AT ODOLL FIRT AL /) F9,

strain{
sw strained cell = ON
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ell = <Ell>, e22 = <E22>, e33 = <E33>
e23 = <E23>, e32 = <E32>
e3l = <E31>, el3 = <E13>
el2 = <E12>, e2l = <E21>

}

<E11>7¢ &3 prep_piezo.pl I &> TEEH#Z 5T, EERICHH SN AIDMERSLET, U —(fHHE
DATNIHBIN A HNER OFHRDOYGE LR U T,

Berry phase{

sw_berry phase = on

g index = <G_INDEX>

mesh{ nl = <MESH N1>, n2 = <MESH N2>, J = <MESH J> }
}

prep_piezo.pl Mt ATe AT T 7 L— FIMER L7265, prep_piezopl ZFEITLET, BIEEFITTIC
prep_piezo.pl ZFATT 5 &, SIEDIEFRNPHEOLIET,
prep piezo.pl STRAIN INDEX LIST MESH1 MESH2 MESH3

STRAIN (FOTADRKZ X T, INDEX_LIST |33 TV O Bl OfEf e rofeso ) A2 h ¢34, MESH1
72 Eld prep_zeff.pl L[FIC T, AIN OE, RO X D IZTHUTEEEEDOE TRV X TOR Tesq, €33, €15 %
AR CEET,
prep piezo.pl 0.01 '1 3 5' '6 6 15' '6 6 15' '6 6 15

OTHDOKREE%E 001 £ LT, BECRWVOTADZE,, €5,6s &£ LTWET, AR S7z exec_piezo.pl 2K
DIEITFHATLET,
exec piezo.pl phase ekcal 1

BED VT 1TMPLWSITHAT D Z L2 BEL TCWET, ZOATTIIRK AMPLIFE THRETEET,
SHEMTE T 95 & berrydata 23 piezo/clampled 7 « L7 ks VIZ/ERSIET, FNE sefe0 T 4 L7 RV
v —L T, AJinfinput.data (Z

Postprocessing{
polarization{
sw_bp property = ON
property = piezoelectric const
}
}

ZAEZMMAET, condition ZLLTD L HITEEEZ T, M HAZITVET,

Control{
condition = continuation

}

/) output001 (ZIRD L 9 72 EFBEEDA 7 EEHOMEANH ) SivE TS,

=== Piezoelectric constant (C/m"2) ===

1 -0.0000488692 0.0000008508 0.2508631403
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000015381 0.0000020659 -0.3977128777
4 0.0000000000 0.0000000000 0.0000000000
5 0.3321219558 0.0000004282 0.0030073377
6 0.0000000000 0.0000000000 0.0000000000

SIS xyz HIENSHE LTET, ZORMBIEREROA A HEEOEN o) = 0.251C/m?, e =

—0.398C/m?, e? = 0.332C/m? ThsZ LERLTVET, BTHHNE L ZAREIT/ > TOEHAN,
ZIVIBIER R L D b DT,
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11.4.3.5 JFEEB O OTHIEDE

prep_strfre.pl 235tAATe A)7 7 L— K template_scf 137 1 L7 b clamped (2B L7z b D% a2 2 — L TE
LTS 7EENY,

cd piezo/internal

cp -R ../clamped/template scf .

prep_strfre.pl 25 BAHFFIETT L L. SIEOERIRONET,

prep strfrc.pl STRAIN INDEX LIST

SIEDERIL prep_piezo.pl D5 LRI U T, AIN DA, RO L HIIFATLET,

prep strfrc.pl 0.02 '1 3 5'

OB IR BTER & 720 CRtET 5 L X2, RESDFRIUELAOUTAT, fimzHstEd, 2007
FORE Z%H 00212 L TWET,  EESNT- exec_strfre.pl ZRD X HIZFEATLET,

exec strfrc.pl phase 1

BA%D VI 1 MPLIHITEHEAET 2 Z EAEEL TWET, ZOASTTIIRK 6MPIL I E THRETE T,
HENFETTDHE, T4 L7 bV piezofinternal | strfre.data 2MER SN ET, ZHET 1 L7 kY phonon (2
at™—LFEF, 7+ L7 KV phonon (Y, AJjnfinput.data ZIRD L D IZEEHZ F7,

Phonon {
SW_phonon = on
sw_calc force = off
displacement = 0.05
sw_vibrational modes = on
sw_internal strain piezoelectric tensor = on
}
Postprocessing{
Polarization{
Sw_bp property = on
property = effective charge
}
}

sw_calc_force % off & L.sw_internal_strain_piezoelectric_tensor % on & L.sw_bp_property Zon & L £,
phase 2347 L T 5105 H 7] output001 [ ZIRD X 5 2R EFEEE OO BIEOEN ) S E T,

=== Internal-strain piezoelectric tensor (C/m"2) ===
1 0.0000000000 -0.0001106316 -0.9017585866
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000000000 0.0000000000 2.0047352963
4 0.0000000000 0.0000000000 0.0000000000
5 -0.6775051139 0.0000000000 0.0000006994
6 0.0000000000 0.0000000000 0.0000000000

FIALEDS xyz HINSHELTES, ZOMRIERELONIOTZHEOMHe 2t ef)) = —0.902¢/m?,

ell) = 2.005¢/m?

AR, ERUTEMEARRGEIC LD b 0T,

AIN OEEBEROFHEM-EREZFRIICE LD TURLET,

FIARERIIFERE — B L TWET,

# 11.2 AIN OEER$(C/m?)

e = —0678C/m? ThHBHLERLTOET, BTHEAE L ZARE > THOEY

%) A A PO A X ES A
es 0.251 -0.902 -0.651 -0.58
ess -0.398 2.005 1.607 1.55
ess 0.332 -0.678 -0.345 -0.48
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11.4.4 5HEH| - GaAs-HFEEEHE
11.4.4.1 Y —(\rFEEE

AV —(FHFHENT ekeal & HWTITVWET,
F9. GalAs FEORNL U HNEMIFEEZRDDDICHLE L SNHRY —(LHOFHEEIT S 7291
samples/lattice /GaAs/berry &\ 97 4 L7 R UITED £7,
cd PATH TO PHASEO/samples/GaAs/berry

Z 2T NYAFHRED AT T T L— D 51T D template_berry &N —(ARFHEDO AT E L
THZ2 DEAFBEELZHE TS SCF HEDASIT 7 L— b template_scf (IZIH BN TWVET, ZnbD7 7
A MIFEBIAERT D AT 2B 2 Perl 227 V7 | prep_zeff.pl &ML ET, F9. template_scf IZH D
nfinput.data (ZIXEF D SCF HEDO AT LiE, JF1% XY, Z HIZEM S L7200, fdnsd £7, %
AU, atoms 7 1 v 7 OIRIZEDITOET,

displacement {
sw_displace atom = on
displaced atom = <ATOM ID>
ux <Ux>
uy <Uy>
uz <Uz>

}

displaced_atom (ZIFZENL SH DT ZHEE L, U OEAART MVIRT 7V NEEDORY N U ux,uyuz) & T
HOE LT, uxuyuz AN LET, (7272 L. coordinate_system | cartesian (272> CWHHDE LET,)
displaced_atom,ux,uy;uz {ZI1Z<ATOM_ID>,<Ux>,<Uy> <Uz>MNEE SV TOETA, ZiuH i cale_zeffsh
DEBIMERTDANZIEDL LB E R FTOT, LT ZDOI AN LTLLIEEN,

template_berry (200D 53TV S nfinput.data Z .25 &, XU —(HHFRAEITO & TN BE L 725X 73RS
MY ET,

Berry phase{

sw_berry phase = on

g _index = <G_INDEX>

mesh{ nl = <MESH N1>, n2 = <MESH N2>, J = <MESH J> }
}

g index [TITHE X7 "LDA T w7 AQ, 2, FT21E3)EELE T, 722 mesh T, k ZEf#D A
YaZznln2d THRELET, n1,n2 (X scf FHRDORFE FFEEEIC LET, JITENLY b 351D 5FRE LD
F7, gindex,nl,n2,J (Z1F3<G_INDEX>,<MESH_N1>,<MESH_N2> <MESH_J> 1 EE SV TUWET S,
B prep_zeff.pl BWEEIEHT DA ZED L ZTEZHZ FTOT, LT ZOLITAT LTSN,
7 4 L7 K UIZ PATH_TO_PHASEO/bin & % prep_zeff.pl ZLL FD X HIZFATLET,
S PATH_TO_PHASEO/bln/prep_zeff pl 0.05 "1 2" "4 4 20" '4 4 20" '4 4 20!
—HHOSEDIFEFENETH Y . ZFHOBIED RN G RNERZ AT DIRA-DOFSDY A T, LD
ZOORHCIE, nl n2 SORRIZA v 2237 2—=2 @1 n2)EHEE L ET, BHIDA > 2/37 A—5—F—
FHOWHE T MUK L CEASNE T, D EEFH, ZOWIT=FH L0 9 LSRG bt TunE
9, FRLORRCIATT D & RTENEIL 0.05 bohr (2720 1% H D 1(Ga) & 27 H DI (As) DRV %)
EMARELET, EOMHKET7 MU LTHE,4,20) A v 23T A—2—EHSET, 20 Perl A
27U 7" M template_scf & template berry ZZH L T, FENALET DA AR L F7, FERTEHT LA
FiF sef_ao0,...berry_a0_gl,..E\W\ o727 ¢ L7 R UVIZEDNET, ZIHDT L7 bV T phase £7213 ekeal
AT LTI 0 FHAN, ZEITH Perl A2 U7 | exec_zeff.pl VERSIVTWETOT, ZNELLT
DEINTLTEITLET,
$ ./exec zeff.pl " PATH TO PHASEO/bin/phase" ¥
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" PATH_TO_PHASEO/bll’l/ekcal" "1"
ZDAZ T NOEITINET T 5 L berrydata &9 77 A ADVERRENET, ZHUTIE AL BRNEN A
%1‘%-9%6 f:&)O)/{U _{jj:ﬁo)i‘:”—& 73“{&&) Ej/[/"cl/ \i'é‘o :h%\: phonon 5:“/], 1/7 }\ U L:: ]:o_ Li_ﬁ_o
$ cp berry.data ../phonon

11.4.4.2 JRENIENTIS L ONE T B sRa A
W, IREMENT 21797 4 L2 R Y phonon I £,

$ cd ../phonon
ZO7 4 V7 ~ Y@ PHASE O AJ] nfinput.data | ZIZHRENEMT 2 Hf#5-% Phonon 7 & v 7 3% 1 £,

Phonon {
SW_phonon = on
sw_calc force = on
displacement = 0.1
sw_vibrational modes = on
point group = Td
sw_lattice dielectric tensor = off

}

GaAs DOHEE D SEILT, T 5 D T, point_group ([ZZ N EHE L TWEJ, sw.cale force &
sw_vibrational_modes 73 & H1Z ON (272> CWAD T, IRENENTO7= DD TIFHEZITV, FHNT_TET L
e bz, IR TIOIE TS,
SCF #5772 & & LR UARIC LT, PHASE Z#3TL TL72&0,
$ mpirun -np 1 PATH TO PHASE(O/bin/phase

ZDRMEDNEI D & force.data I SHUET
HeD AT sw_cale_force 7 OFF (2L, sw_lattice_dielectric_tensor # ON |2 L C, KFihEREHA L £,
berrydata Z#iimAANEM 2R T 72012, FRLOREIZ sw_effective_charge 2 ON |Z L7Zgi AU g%
A,

Postprocessing{
Polarization({
sw_bp property = on
property = effective charge
}
}

FElF & LIFERIC PHASE 2547 L £,
% mpirun -np 1 PATH TO PHASEO/bin/phase

ZORED DD & 17 7 A /1 mode.data I THRBIMENT ORGSR, T— NARNER, HFERSH S E
‘aﬁo

6 T2 1IR&R
hbarW= 0.12314123E-02 Ha = 0.33508432E-01 eV; nu= 0.27026376E+03 cm”™-1
1 0.7197015024 0.0000000000 0.0000000000
2 -0.60942836217 0.0000000000 0.0000000000
Mode effective charge and its norm:
Z= 0.3438767680 0.0000000000 0.0000000000 Norm= 0.3438767680
—--— Lattice and static dielectric tensors ---

n

[ 1.8176 0.0000 0.0000 1 [ 1.8176 0.0000 0.0000 1
[ 0.0000 1.8176 0.0000 1 [ 0.0000 1.8176 0.0000 1
[ 0.0000 0.0000 1.8176 1 [ 0.0000 0.0000 1.8176 1

IRBIEIT 72T AT 72 & & LITED, FT— FOIRBEL L EH~7 MLORICE— MARIERAH) ST E
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T, 7= DRI AT D = DDNEINE— RERNER DT 1V NEECO =R T3, 'Norm=DIRDfEILZ D~
0 MLORE ST, GO AT FHBERNEI SN T ET, 0 3x3 DI AN TihER T, Al
i%@%%m%+_“%£%+%MKtﬁﬂ#Mﬁéhi¢o_wpﬁfi EHEREANT LI oT=0

. EFFEROMITIE 2o TWET, FAERIT L8 LRI THET,
T/l//ﬁfﬁ?éﬁ I output001 |[ZH TSI TWET,

—-—-— Corrected effective charges —--—-
[ 2.06653 0.00000 0.00000 ]
zeff( 1) = [ 0.00000 2.06653 0.00000 1
[ 0.00000 0.00000 2.06653 ]

[ -2.06653 0.00000 0.00000 1
Zeff( 2) = [ 0.00000 -2.06653 0.00000 1
[ 0.00000 0.00000 -2.06653 ]

‘Corrected effective charges’ &9 %A MLVLL FIZEDU TS 3x3 DITHINAIV U HREmT Y LT
T, Zeff D% DFFENOH OFFAIFDOFFTT, Ga OBV ARERNL 2.07 LRI, As DRV
BREmNE-2.07 EEHEINTWET,
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11.5 UVSOR-Berry-Phonon (2X k)
115.1 #iE

prep_zeff.pl, prep_piezo.pl 72 D Perl 227 V7 haFIH LT, ¥ Fihm O EEROR R AT 5 kA
LF L7z, PHASEO (Zi%, 216D Perl A7 V7 REfE L, S OITHEREZ RFESET-HLWATZ U7 K
berrypl M@ L CWET, ZZTiE 2D berrypl A7 V7 FOFAFEEZFALET, 7B, LRiD/A—
3 V)6 377 prep_zeff.pl, prep_piezo.pl 72 ED Perl 27 U7 v {285 THIHT S Z & HARETT,

1152 ERAE

berrypl 22 V7 FORMGEEZRA L ET, ARG (77— FANT—2 OWiEoHT572 L) 1%
LIRGDA 27 U 7 b EREET S, &0 FaRZaififls rlag & 72> T E T

11.5.2.1 #&fi

berrypl IZ L DFVEZATORMNS, [T L—RNANT 7 AV BREMALIZT 0 V7 MU %, FHTLIZVEIREIC
JE UTHERRT 2 0 ERH Y 97, LUT, r—AZLIZT o7 L— AN T 7 A VOVER G EZ I L £,

(1) ALY —(HIDR AT 5 e

R ATIRERT R BT LB —RIAE, AR SOV R OMHOT HRDR I T
T, RBED ST TS CORTE xyz 0 8 HTNCERLSHE, & BICAADIr—AT 3 SOUH T
7 WIS 50 —EiRE RIS DUEN D Y T, Bk SHANF—A LUEROT, FFHX3x3+
BRI Y —RAR& TR B TS T,

® SCFiEnT T L—FF4L 2 MY

£7, WO PHASE @ SCF O AI7T—2Z2HE LET, RABEYL, kst IS Tnd b
DERELET, £/, BROIINIRFEZEMIELDT, MFHEOFRREIHTHORNE I LET, ZOAN
T—H ke, fFEDOT 4 L7 M) (Fz& 21X template_scf) 1Z(E X £, file names.data 7 7 A /L b idEEE Y &
TFET, ZOANIRTA=F—=T 74T, LLFEMAET,

structure{
atom list{
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

<ATOM_ID>, <Ux>, <Uy>, <Uz>|Z berrypl (Z& > TEBIFIFATHEICEZ#Z 5D T L—ARNLE—T
T, KOCFE, /INCEOENSE D, ZOH Y IZELib T 20 ER H D £7,

® ~NU—(HFHEDOT T L— T L7 N

OXL, RY—ANHERHEAOT T L— 7 4 L7 hY (72 & 20X template_berry) %, SCF 7> 7'L— k7
4 L7 M) —LRUBEBIAENLET, DT FL—bhF 4 L7 FUDTFIZ, ekeal HHOATIT—F 2B L
F9, WEED ekcal AT, LATEMAET,

structure(

atom list{
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sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

Berry phase{
sw_berry phase = on
g_index = <G_INDEX>

mesh {
nl = <MESH N1>
n2 = <MESH N2>

J = <MESH_J>

}

<ATOM_ID>, <Ux>, <Uy>, <Uz>/Z SCF R DA L[ CTY, <G_INDEX>, <MESH_N1>, <MESH_N2>,
<MESH_J>| I3RS TRA AR Y — (AR E /R A > 3 2 XT A—F —|CE & MDD T L — AR N F—TT,
KIF, INCFEORENSED, 2O ICERl T 50508035 0 £,

F7-, file names.data [ZLL DX S IZFdh T 24BN H Y £9,

&fnames
F_INP = ‘./nfinp.data’

F CHGT = ‘../<SCF DIR>/nfchgt.data’
/

<SCF _DIR>Z, FHEFATHRHIRIST 2 SCF 5HET 4 L7 MU AICEZ WD D7 L—AKRNA—TT, KT
INCFOENBED, ZO@ I ZFEl T 50N H D 9,

% 3D RO DIEE A
AU —(FHFHFELE, ekeal TIE72< phase ZHWT T TLEE, ZORE, LIFTOEFET “k iz —md DL
95" E—RIZLTLEENY,

control{
fixed charge option{
kparallel = one by one

}

(2) JEBEEOA A U EEHOHFN M2 —(FHEFH R 855
[EEEEDOA A EEEE AT DA, OTH FTORY —(BRSEE 720 £4, {FMND 012725720
OTBHAEGEFEEL, FOT AN LT 3 DOWHE T NUZE ST —(FHEFHR L ET, SEa
U —(AROET, BT —% & L TOT A TUORUVSRORY (A ST D DT, “0I272 B2V Iy DO < 3+3”
TT, ZOREOEA Y, RV EROYE L RIS SCF HEHB IO —(iEHEHDT 71— b7 ¢
L7 MU —ZERLE T

® SCFiHEROTFL— T4 L7 RU
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P EBR O AT T2 BN ST FHE I T E TR, EEEROA 4 U EEHOS AT E O E87-
HEZITWET, AV ARIEROSE LR T L 91, SCFHEHDAIIINTG A= —T 7 A )V&T T L— b
T4 L7 FUDOTCES, LFOX ) ik Exhi LET,

structure(
strain{
sw_strained cell = on
ell = <E11>

e22 = <E22>
e33 = <E33>
e23 = <E23>
e32 = <E32>
e3l = <E31>
el3 = <E13>

el2 = <E12>
e?2l = <E21>

}

<E11>, ... ITEHEFEITHHCGRE LI OTRCEEZ D L T L — AR VA —TF, KT, INCFEOENSE D,
ZOBEY IR T AMNENRSH D T,

® ~NUAUAERHOT T L= T L7 R
RN ABREMOYE ERC K D1, ekeal FIDATIST A= —T 7 A VARY) —AFHRAICERR L 727 v
TL— 74 L7 PO FICESE, UTFDOXIITHELET,

structure(
strain{
sw_strained cell = on
ell = <E11>

e22 = <E22>
e33 = <E33>
e23 = <E23>
e32 = <E32>
e3l = <E31>
el3 = <E13>
el2 = <E12>
e2l = <E21>

Berry phase{
sw_berry phase = on
g _index = <G_INDEX>

mesh {
nl = <MESH N1>
n2 = <MESH N2>

J = <MESH_J>

}

<E11>,..1% SCF #HHEDEA L AEETT, F7=, <MESH_N1>, <MESH_N2>, <MESH_J>|37H/V D55
ClAkE, FHREITHRACANRY A AHFED A v 32 /3T A= —|ZEE b0 £, £72, RV BMRIEOSS
L [AlEE file_names.data [ZLL D X S IZERR T 2081 H Y F97,
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&fnames
F_INP = ‘./nfinp.data’

F CHGT = ‘../<SCF DIR>/nfchgt.data’
/

(3) FEEEBEOWNHOTHIEZHET D205, O3 F COFEFBNZ#ET 554

ZOWE, {ERTAMENRSSDIL SCF HEHDT S L— 4 LY NVDOKRTE, TS L—h L2
MU ZERL L, 2D TFI@a D SCFEERADATIRT A—%—T7 7 ()L L file names.data 7 7 A LA EX FT,
SCF FHHRHD AT NT A—5T 7 A MTLL FONEZ B L £,

structure({
strain{
sw_strained cell = on

ell = <E11>
e22 = <E22>
e33 = <E33>
e23 = <E23>
e32 = <E32>
e3l = <E31>
el3 = <E13>
el2 = <El12>
e2l = <E21>

11522 @ ba—/L7 7 A JLOFtah

berrypl DIRDEENL, I ha— L7 7 ANV L THRELET, 72820 FOX IR0 5 #
THREDL I AL ),

#overall control
property = zeff
cpumax = 1000

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

#parameters for the berry-phase calculation
atom list =1 3

strain list =1 3 5

displacement = 0.1

strain = 0.01

meshl = 6 6 15
mesh?2 = 6 6 15
mesh3 = 6 6 15

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

scf command = mpiexec —np NP phase ne=NE nk=NK
berry command = mpiexec —-np NP ekcal ne=NE B

#unit cell info, optional
a vector = 5.01 0.0 0.0
b vector = 0.0 5.01 0.0
c vector = 0.0 0.0 5.01

ZOFIINSOND X DI, INTA=H 1OIZOX LTERIAL, “F—TU— =" LW ORI A =X %45
ELET, AHATEAF—U—RFLZDT 7 4/L MEIL Tty

F—U—F i

property EDOX D73 E AT I EFEE LE T, zeff, piezo, strfrc DV NANTY, zeff &
FBET D RN FHIERAORY —AARFHE, plezo #2385 L EEEROA A4
B EHDOFH RN OT I FCORY —(FHFHR,  strfre 2385 & [EEEEON
HROT BIHOHFIMLBE R OT AT CORTRIORREETH L 2EETH 2
LT FT, T 74 MV zeff,

cpumax FHEORKEZRDOBAM THRELE T, 22 THE LR L Y HRER R
WA, BHEITT 00N T LET, O FOMEAIRET S L, ZO5MTixEr
BT LERA, 7 740 MEF-1,

stopcheck ARSI 2G T2 LT E D e T = v 7 T HMRER OB THEE L £
7T, T 74V M# 10,
length_unit ay hr—nA7 7 A NVHIRIHSND R SOBLAZTEE L E T, bohr, angstrom,
nm OWTIEFRELET, 7 74/ ML bohr,
template_scf SCF #HHEHADT 7L — b T4 7 M) —DFT 4 L7 NIZAERELET, 77
#+/v MEIE template_scf,
template_berry Y —(ABHEAOT o L— T4 L7 R DT 4L NI RERELET, T
7 /b MiE template_berry.
atom_list EALSEDFEAOID %, ZZHXEIY CHE L £, property=zeff DE-EVZHDIE
ETT,
strain_list O A EZEARGIY THRELE T, ®SE, ROmEY T,
1 — 11 4y
2 — 22 5y
3 — 33 oy
4 — 23 5y
5 — 13 &4y
6 — 12 A5y

property=piezo 335 strfrc DEFAVAEDIRETT,

displacement SO FRE LE T, property = zeff DA ET HMERH Y 7, 7
7 # /v MElE 0.1 bohr,

strain OTHOEEFRTE L7, property = piezo 35K strfre DFAITFRET 5 LI
HYFET, 774/ MEIX0.01,

mesh1 13FEH OWHEART SR> Te_ Y —(IERHRO A v 22 RF A—F —% 72K
P10 T n1ln2d OLHIHEELE T, property = zeff 3L piezo DIFAVZED
FRETT,

mesh2 2% H DMk~ MUR ST —AAHFHRD A > 2 23T A =2 —%Z2 X
B0 T n1ln2d DL HIHEE L E T, property = zeff 3L piezo DIFAVZED
BETT,

mesh3 3FH DWREAXT MU T2 (AR D A > V23T A—H—HZE[ K
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U1V T n1ln2d OXHIHEELE T, property = zeff 351N piezo DIGFHVED
fRETT,

np MPI e A& RELET, 7 74/ Mild 1,
ndir T4 L7 N)—WHPERAFRE L ET, 7 74/ MEIX 1,
ne Ny RIS ERRE LET, 7 74V Ml 1,
nk kSIS ERRELE S, T 740 MET L,
ng CUTTRORG B EE L E9, 77 4/ M 1,
ne_b AV —NAHFHRIFC BT 3 RIS fRE L ES, 7 740 MaE 1,
ng b (CERTThRDOA) RV —AHFERIC TS G WA HRELET, 7741 b

fElx 1,

scf_command

SCF HROFATHIEZRELET, LT,

scf_command = mpirun —np NP phase ne=NE nk=NK (@D %)

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

R EERELET, NP, NE, NK, NG 1%, sHEFITRIZ RO np, ne, nk, ng [Z&
bV ET, 2L, T4 L7 MIABIOEIZ L > TUEDE V" 8ETH &
BHY, ZOYETEne=NE nk=NK ng=NG [TEIE IV EHENRASINET,
7 7 4 /v MElZ mpirun phase T3, FH L TS ERBEC ATt /2 fiE %
THMENRHY £,

AU —AHFROIATHEEARRELET, 7t& i,

berry_command = mpirun —np NP ekcal ne=NE_B (2D }i})
berry_command=mpirun -np NP phase ne=NE_B ng=NG_B (3D )
RELETELET, NE BidEiRdne biZ, NG_Bling blZEE#IHY £7,
7 7 #/V MElE mpirun ekcal T3, FIfH L CWAEREEICEOE CEbfEEE 7

berry_command

BERHD FT,

a_vector afDO =N EZEARYIY THREL T, MHETEIHD FHAN, HELTEL &
Y —(FHRERD A v 2237 A—=2 —OBFEEFH L7,

b_vector b 8D =gk A ZE ARG CIREL T, SHETIESH D FHAN, FHELTEL &
ARY—(FHFERD A v 2237 A—2 —OBFEEZFH LT,

¢_vector c HHD = A ZE AR CHRE L 9, WHTIES Y FHAN, FHELTEBL &

NY—AHHRRDA v v aRFG A= —DBREEZ R LET,

¢ 8D RS, U —(FHFHEIZIE phase 29 L H I LT 7ZE0,

11.5.2.3 WHIFHRIZOUNT

WHFHEAORR BNV THEE T RE S AT £, berrypl (2 X BFFL, W@H O/ R, kS X 205020z,
DT 4 V7 NUICEDR>TQSEEZITY “To L7 MW iIck->TThihvEd, Lo, T+«
L7 NUBIEE (O8F A—%—ndir) % 22T 584, SCF sHHEOSA1E np=ne Xnk Cit72< np=ndir X
nexXnk &£725 X912, N —(HHFHE DAY np=ne b TiZ72< np=ne_bXndir & 725 X 2% T
LTLIEEV, F77, SCF &Y —(AHRHE & TRy RIS /2 2 DIE, U —(FEFE R k SIEF N
KD T=D T,

11524 27 )7 S DFAT

berrypl Z5 B2 L CHITI DL, UTDL YA vb—UMGoET,

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

Bgllcary ba— T s A NDT 7 ANLERREL, SOICHEINCTEH Y a v afaE LTl 511
FAIMT 72> TUVET,

UTDEdlpa~r REFTILHE, 2 bu—nT 7 A VORREFFTOHITNET,

% berry.pl control —-mode=analyze
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LTDXSpa=r FedT9 5L, ary ha—AT7 7 A VOFREFTTOH L, SIHRMAOT « L7 MU 2Bk
LET,

% berry.pl control --mode=gendir ‘

LTFDX S pa~r RedT95 L, ary han—AT 7 A VORI OO E, SIREMAOT « L2 MU Z21Ek
L, SOIGHREZFTLET,

% berry.pl control --mode=exec ‘

--mode A7 a DT 7 4V Ml gendir T,
11525 3HDA by 71 AH— |

FELY, LR OSFEOWT I DNE T STUSE T LET,

® T RTORHEMNKET LI,

® = Fr—/L7 7 A /LD cpumax THEE L7 HHE & BRI E 2 72,
® (EET L7 FUITstop EWVNILETDT 7 A WIMERR ST,

—7, UARHF— MIFAREZITOT L LITEINET, HAEZRINOLCVE LIZVWEATY, 3 TFoa~
VRIZK S TGHERT L7 R ZHBRLET,

o)

% berry.pl --clean ‘

U 2H— ML, WEHOREBOEASIIT A L7 FUVBENTOY R —RE0E4, $hbb, 57 4L 27 K~V
ICBWCORTCEIESNHEIL, 20T 4 L7 BUIZBW TR BIThILET, &7 4 L7 FUICRBIT 55
HELMEL TITOEAIE. 7o 7 b—FAJTIDATIRT A—2 T 7 A JZLL FORRE LT T 2 LE R H Y F
—?_O

SCF #lHRDLE -

control{
condition = automatic

AN —(FHFHE OGS

control{
condition = fixed charge automatic

O REEM L TR Z&IT&~ T, FIRDHEGERTREN & © 7% PHASE 75T L, IR 551 3k
RBaFTT0E 01220 E 9,

1152.6 1EEA

(1) RY—{AHREHD A v =

N —fAADREITIBOTIE, ® L Ui~ h b, o emomiisy & D, i s T

SNET, WHDOA Y24l n2 T, BHHOA Y=k I TRELET, D st 2 o1~ 1

nab; b2 2 by cEEaE A LI~y by, b -], \cose DRSO A v = DRFED Y

"o

488



DIAEL IR DD TEORESINLIOET, WSO T A—421%, D oEsz b LicELEd, av ha—

7 7 A JUZ a_vector, b_vector, c_vector DIFEZIT-THL &, TORIOFE (bohr! 1) &2 205 Rk
HOINDBEDA v a/’T A= =P FO LS ITEEEN I SnET (b ETSRETHY, Hoh
DFEROZEBHEIET HHOTIEH Y FHA),

|b parall, |b para2| and |b perp| (in bohr”-1 units)

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

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

(2) ANV EmMEHET D EXIRET AT
AV BAFDOFHBEEAT I BRIRET DEAL, AHEN DM CARVWFFOALZRE LET G52 e
LTCHRERITELL TEID, REAGEEZFIT T L0 E1), 72E20E, SiODHA S & 0 28N
N1 OTORNET,

(3) WHEEDFEE
WHNOFEEN, AN ShD KO To TS 7EENY,

SCF #HEDE :np=ndir X ne X nk
AV (A OYFE c np=ndir X ne_b

Z 20 ndir (JWFNARNZNT ¢ L7 R U O, ne, nk [FE4VEFL SCF FHED/S L RIEFIFS LUK AAFFIHE,
ne_b {3 —(ZAHRIRERO S FISPETY, SCF FHR &Y —(REHR T/ PO RR 501, ~V
—NAHRIRE K RSN ARKRIEDTZ DT, ZOBHRDHAL LRV, berrypl (ZEDFZE M LK T LET,

(4) 3 WIThRIZDUNT
UVSOR-Berry-Phonon %, 3 &ochiidstii: L T ER Al

1153 S1EHIRE : AN DRFEEE, ETEEH

L LT, AIN ZH0 BIFET, BFER, EEEROA A UEEHE, EEERONTOT BIADF RG] %
A LET, FEHFEIE, BT RETHENZVDOT, 1 AT v 7P L ThE T, ek, ZZCHRTS
7 NT—H1L samplesfuvsor/lattice/AIN LLFIZH Y £9°, LEOHIL, ZOF L7 RJIZWnbH oL
LTV ET,

1153.1 AIN O R

(1) H&TH=EhfiEtT
FTNE, K TIRENT 21T E 9, phonon O NS THRENENTA1T 2 ToODAIIT — 2 BREINTVET, =
ORI, @O PHASE OFREERIC X 51237 £,

(2) U —{HHDOFIHE
DN, R —NFIDOHEEITNET, FHTAIANT T L—bF 4 L7 FUIE, berry LFIZH Y £,

% cd berry
1s

o
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| control template berry template scf ‘

control 7% berrypl @2 fu—/L' 77 A /L"CT, template_berry, template_scf (ZZIZIY —(iAHB LY
SCF #tEMDOANT T — T4 V7 b TT, ZONEEHRD L, ANINRTA—=ZT 74 MIZiE
<ATOM_ID>, <Ux> 72 &, @4 PHASE DR TR L7\ SUFFIBNHER CE £, ZhH03FHI,
berry.pl S THRE i BB X #o DA 22 > TOVET,

control 7 7 A /WL, LIFDOL S 72NETT,
property=zeff

cpumax=10000

template scf = template scf
template berry = template berry

atom list =1 3
displacement = 0.1
meshl = 6 6 15
mesh2 = 6 6 15
mesh3 = 6 6 15

np =8
ndir = 2
ne =2
nk =2
ne b =4

scf command = mpiexec -n NP $HOME/phase0 2015.01/bin/phase ne=NE nk=NK
berry command = mpiexec —-n NP $HOME/phase0 2015.01/bin/ekcal ne=NE B

ZDH L, BETHMENG HOIFFATHIER/>T9, np, ndir, ne, nk, ne_b ZF|fH L7=\> MPI 7' m& 2$2&
PR CHRELET, F£72, scf_command (& PHASE 037471k %, berry_command (Z ekcal DFATHIEZTEE
LET, v he—7 7 A VOFATHIER 2 mUNHREE L7 B, LT OZREAT berry.pl #F4TL £ 7S

% berry.pl control --mode=exec ‘

ZOFITE, 1EFA L 3FHORT (Al & N) 2AAL ST —(HOF5HEZ1TH O T, AT 7O SCF &t
FiL 21 DAY —(HOF A TN ET,

ARRTSTRT T D &, BT 1 V7 R Ul berrydata &0 7 7 A VMBS IVET, Za s 1iRBfiE
WrafTo727 1 L2 b YU (ZOFITiE phonon) (ZE—LET,

Q

% cp berry.data ../phonon ‘

(3) HeFIHBHO
FTARBIRRYT &) (ORI T T, TR ST B IO CE VT, £, 7
EBFBITOT A L7 MY ~BY £

o)

% cd ../phonon ‘

FEAREITDONT )3T A =2 —T 7 AT, LLFOELZN L ET,

® phonon 7' v 7 M sw_cale_force % off &%,

® sw lattice dielectric_tensor % on &35,

® postprocessing 7 1 7 O FD polarization 7' 17 D F T, sw_bp_property % on & L, property %
effective_charge &35,

LIRS, BAIREEERZR LE Lic, R OR LICE D E R &2 24 555 T,
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Phonon/{

sw_phonon = on
sw_vibrational modes = on
sw_calc force = off
sw_lattice dielectric tensor = on
}
postprocessing{
polarization{
SW_bp property = on
property = effective charge

ZOIRIETPHASE 234 TL£7, ZOFHBEOAMIZERIZENDOT, @FEIYICIITTH20ETIH Y FHA,

FHELRERIE, outputxxx 7 7 A /L& mode.data 7 7 A JUTEERSAVET, outputxxx 7 7 A /Tl RAUER

B OFRRERE G SN FE T, REERIY, —--- Corrected effective charges ——-D& & IZFEERSI

iﬁ‘ SOBOYE, LLFO X 91234 ﬁ%éﬁ’wiﬂ‘/l//ﬁfﬁ%??%iﬁﬂjﬁ‘é ZENTEET WETFERE
Howv 77 A V% output001 & LET),

o)

% grep —Al6 ‘Corrected effective’ output001
—-—- Corrected effective charges ---
[ 2.50954 0.00000 0.00000 ]

Zeff( 1) = [ 0.00000 2.50954 0.00000 1
[ 0.00000 0.00000 2.64146 ]
[ 2.50954 0.00000 0.00000 ]
Zeff( 2) = [ 0.00000 2.50954 0.00000 ]

[ 0.00000 0.00000 2.64146 ]

[ -2.50954 0.00000 0.00000 ]
Zeff( 3) = [ 0.00000 =-2.50954 0.00000 1]
[ 0.00000 0.00000 -2.64146 ]

[ -2.50954 0.00000 0.00000 1]
0.00000 -2.50954 0.00000 1
[ 0.00000 0.00000 -2.64146 ]

Zeff ( 4)

Il
—

BAAHERIY, mode.data 7 7 A NVOEREIZ, LLTO L S 72 ATt vE T,

-—— Lattice and static dielectric tensors ---

[ 3.7058 0.0000 0.0000 1 [ 3.7058 0.0000 0.0000 ]
[ 0.0000 3.7058 0.0000 1 [ 0.0000 3.7058 0.0000 ]
[ 0.0000 0.0000 4.9314 ] [ 0.0000 0.0000 4.9314 ]

fERS 2 MFtdR SN ET, 1 DOPMETFEROFHFARR TN, 2 SOIFETRFEROTLEBAT T A —
B =T 7 A Mo T A TN MATFERPHEN SNET, FRENRVGE, 1 SO LRICHERBHA S E
‘é_‘o

11.5.3.2 AIN DOJEEFEEDA 4 [EEH
(1) U —(AHDOFHH

JERERDA A EER AT RS 272012F, OFTH T TONY —(A1BARNETT, 2089 REHEZT 5720
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DA77 L— T 4 L7 kU2 piezolclamped LLFIZH Y £,

% cd piezo/clamped

% 1s

control template berry template scf

control 23 berry.pl iD= ha—/L'7 7 A )L, template_berry & template_scf 73ZIE4~Y —(AHFHE RS X
O'SCF HEHDOAN T T L— T4 L7 U TE, TONREHDLE, NITA=2T 74 MII<E1L>,
<E22> 72 &, @E O PHASE OFHE TITFIA L2WIFHINHER TE £7, ZNHOXFHIE, berry.pl 34T
IRFl SR B 22BN B E o DA 2R > TV E TS,

control 7 7 A VOWZIT 11.5.3.1 DIGE LIXFEFR T T, LUFITRT XK 91T strain_list & strain ORRED 72
SNTNDEMERD F9, F7-, atom_list & displacement [IAEL2OTIHL THY 7T FEELRH > THH
MIIH Y FHA),

property=zeff
cpumax=10000

strain list =1 3 5

strain = 0.01

meshl = 6 6 15
mesh?2 = 6 6 15
mesh3 = 6 6 15

FATHIERE > DA HE, 11.5.3.1 DA LRI L I IATOET

A a7 7 A NVOFATHREE > A BN RS L2 D, BL N OZEE T berrypl 34T L £,

% berry.pl control --mode=exec ‘
ZOBITIE, 1, 8,5 O OT HE 52 TRY —(FIOFHEEST ) DT, OFTHDRGEE LW TEFTT4 D
SCF #H. & 12 DY —(HAHDF R T E T,

FHENT TR T T 5L, 1B 0 L7 FUIC berrydata V) 7 7 A ADMERRSIVETN, Zivx scf e0 7
4V Z7 R~ (errypl IZE > TERENTZT 4 L7 R D 1 ONZa—LE T,

Q

% cp berry.data scf e0/

(2) EEEDA A EEHEDFF
JEBER DA A EEHEIL, sf e0 T 4 L7 B UICBWTITWET,

Q

% cd scf e0

ZOT 4 V7 NIIZHDAIIRTG A—HE T 7 A M, LLFOETL ] LET,

® condition % continuation &9 5,

® postprocessing 7 1 v 7 D O polarization 7 1 v 7 |23 VT, 2544 sw_bp_property % on & L, property
\Z piezoelectric_const Zf&ET D,

LIRS, B EEEZ R LET, REORULICHODNER 2 555 TT

Control{

condition = continuation

postprocessing({

polarization/{
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Sw_bp property = on

property = piezoelectric const

}

ZOIAECPHASE #5447 LET, ZOFHAEOARIIBEF IO O T, @iFIFITHEITT 0B IS D A,
FEFE, outputxxx 7 7 A /W, Piezoelectric constant M &NIJFFHALES O C/m2 BT Cickk S vE
9, LTOERE T OFREMET 5 Z ENRTEET,

% grep —A6 ‘Piezoelectric’ output001

=== Piezoelectric constant (a.u.) ===
1 -0.0000008823 0.0000000060 0.0043842675
2 0.0000000000 0.0000000000 0.0000000000
3 -0.0000000034 0.0000000049 -0.0069512745
4 0.0000000000 0.0000000000 0.0000000000
5 0.0058046970 -0.0000000097 0.0000525809
6 0.0000000000 0.0000000000 0.0000000000

=== Piezoelectric constant (C/m"2) ===
1 -0.0000504820 0.0000003433 0.2508448251
2 0.0000000000 0.0000000000 0.0000000000
3 -0.0000001971 0.0000002824 -0.3977155187
4 0.0000000000 0.0000000000 0.0000000000
5 0.3321143610 -0.0000005530 0.0030084060
6 0.0000000000 0.0000000000 0.0000000000

0272 B _REIEN 0 12722 CORNVDNE, FEREIZ L 5 H DT,

11.5.3.3 AIN DOJEEEE DR HIH

(1) OFH TR DD DOFH
JEEEROWNETOT HIHAFHET 57201003, OF% PR DR ENBMETT, ZOFHEETT S 1200

REMS piezofinternal LA FIZdH 0 £,

% cd piezo/internal
% 1s
control template scf

Z DI —ATIEINY —(FEOEFEIIAE DT, TS L— AT 4 L2 FUiE SCF

STVWET,

HEFADOLDODIRE T

template_scf ODINEIL, 11.5.32 DELDT 4 L7 FU L &L RICNETY, O THAEH5ZH5E 1T 1290,
NIRRT A—=BT 7 A U T L— AR Z =R STV ET, control 7 7 A VOWEHIFIEF U TIR,
property 22013 strfre MEESIVTCWE T, F7z, FATHERR S 2 REEICADOE CTEEHX D VNERH DS

ZNETLRERTTS

FATHIB Y 2B S R0, berrypl 2T LET,

% berry.pl control --mode=exec

3 ODOTHIFIK LT, IEEADOT A G2 T51HEZIATTHDT,

0 FET,

#6250 SCF#HRAFITTHZ LIz

RIRDET LT, strfredata &9 7 7 A VDMERSVE T, ZO7—F LA FAREWTORRAZFIA L TH
HOTHIHAFR U ET, S AIREMITIE, 11.5.3.1 TEITLIREREAHERNMT 20T, O FHREf#TZ

172727 4 V7 FUIZ strfredata 7 7 A VE o —LFET,

% cp strfrc.data ../../phonon

(2) JEBEEEONEOT DG

JEBEERONEROT AIANL, ik phonon 7« L7 kU IZEBWTITWET,
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o°

cd ../.../phonon ‘

WHEONT AEDOFH R Z Z TR L7- strfre.data DI T2 BN ST & & ORY (L LETH D

23, Y —(AHOFHEIT 11.5.3.1 [ZBWCEATEAROTINEFAH LET,

phonon 7+ L7 b UDATIRT A—=8T7 7 AT, DLFOERAf L ET KIROZERE, 11.5.3.1 123\ T

L72HD),

® phonon 7' 7 @D sw_calc_force % off 9%,

® sw_internal_strain_piezoelectric_tensor % on & 9%,

® sw_lattice_dielectric_tensor % off &35,

® postprocessing 7 1 7 O T D polarization 71227 D T, sw_bp_property % on & L, property %
effective_charge & 9%,

LIFIZ, BARRERENZ R LUET, RFEOR UL DE R ZE T 55455 TT,

Phonon{
sw_phonon = on
sw_vibrational modes = on
sw_calc force = off
sw_internal strain piezoelectric tensor = on
sw_lattice dielectric tensor = off
}
postprocessing{
polarization{
Sw_bp property = on
property = effective charge

}

ZORAETPHASE 25T L £, ZORBEOAMITIEFITRNOT, W@FEISITEITT 24 IH Y A,

FERY, outputxxx 7 7 A /WZ, Internal-strainpiezoelectric tensor D& & IZJFFHALIS LN C/m2
HATCEgRENEd, UUTOEETCIOEREMETAZ 0N TEET,

[}

% grep —-A6 ‘Internal-strain’ outputxxx

=== Internal-strain piezoelectric tensor (a.u.) ===

1 0.0000000000 0.0000000000 -0.0157392802
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000000000 0.0000000000 0.0348231759
4 0.0000000000 0.0000000000 0.0000000000
5 -0.0118073889 0.0000000000 0.0000000000
6 0.0000000000 0.0000000000 0.0000000000
=== Internal-strain piezoelectric tensor (C/m"2) ===
1 0.0000000000 0.0000000000 -0.9005191764
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000000000 0.0000000000 1.9923997401
4 0.0000000000 0.0000000000 0.0000000000
5 -0.6755569503 0.0000000000 0.0000000000
6 0.0000000000 0.0000000000 0.0000000000

Bz, £ 113 IEEEROFERRE E LDFET,

# 11.3 AIN OJEERE ; BfY C/m?

&y A L EEH PEROT A H ot e[
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e31 0.251 —0.901 —0.650 —0.58

es3 —0.398 1.992 1.594 1.55
e 0.332 —0.676 —0.344 -0.48
1154 FALEDFESR

AU —(AHFHEIT k AFNIT S L COER A, L2235 T, control 7 7 A /L® ne b(ZRITThiDE4E ne b
Xne_@MDfElEnp EFE LD EHTEREL T ZSNY,
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11.6 R EEHRFZRE ABESCE (LR-TDDFT)
11.6.1 #EEDBIE
116111 Ul

ISR IS D A7 R VEHECIE, Kohn-Sham HFEROME L L CTHE Lz EA =R/ —YE(L
OB ORI EEZITOET, FRBI S AL ART MU, R FRIOHASERIME 72012, BBV
X — 7D, MSPRATEUCIT A T 3R D560 00 £, 22 TR ZOMAEERZRIEIS
B OFPHTHLY Ad7= Linear-response Time-dependent density functional theory ( LR-TDDFT )22\ Catd
LET,

11.6.1.2 [E{A~ODEH
STRI TN RIT D AMGOZAITR T 2 R DA RS 01X

. @6p, . (46
ng’ (@) =2 Lz% Z (fnk—q —fy k) p(Z _nk(gq Pn’nk (q )
nn

kT enk_q) +1in
TERINEY, ZTIT

p (6= <n/ k| @67 |k — q>

T, —H, W07 —a U RO BERZ I ANT-556 OIERy 1L, x° & Dyson FHEx
x=x"+x°0+ fdx

OERIZHY £9, 22T vidZ/—r s I—FL T,

4r

ve(q) = |¢I+—G|2
TRINWET, — ., [ IBFEEE T — N TTD, BEEARERITEE > TEHL TN DODDET /ANREES
NWCWET, UNMEALZET VAR LET,
® RPA (Random Phase Approximation )
fxe =0

® LRC(Long range correction )

a

fxe = — 1+ G2
ST, FER L TR R L CIEARN A B ey BV F9, UL

en(@) = 1= vT,_o _ (@)

ERAWVCTEHLET, 7ok, pldx 7B e, LTFO L2127 —a s h—3VD6 = 0557 #brE LT3
BT,
X=Xo+xo(V+ fx)X

_ . (vel@) G =0(134)
vig) = {OG G = 0(135)

11.6.1.3 N2~ A

DFRENIR T, fueE LTUTOE Y RET VAR LE LT,
® ALDA (Adiabatic Local Density Approximation )
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ACORICE =

ZOf A v ECHHIL, 7 — ) SR L TR A (6,6 ) ERABIICRATIUE, HEBIK

FBDARY PPFETEET, L, ZO7—U OB, SRRV NSV CREDE 70D 2
EVHNBNTWET, €I T, AT ST LTE, UWFORRFHEEZANTHEY, £ AHAEHOZRWE
FZELT ) — B &

},i_rf(l)x(a)a’ (qw) =—i Z Z},i_r% [pn nk(q' G)pn’ nk (q, ¢ )] L(:m’ k(w)
L VERLET, RS, MAEEREZEATEZELS ) — B %

}Iigg))?“f (qw)= —iz Z Z }Iigr(l) [pn/ L@@p (q,G )] Lo kmm & (@)

nn’ mm’ k,k/
TEFLET, LEL® ORIRIL. Bethe-Salpeter Jifizt

— 70 ; = T
Lnn/ km' mk’ (w) = Lnn’ k(w) [6nm6n/ m 6kk/ + lzz “nn' kss' ky Lss/ kymm’ K (@)

TERINEY, ZTIT

-

= / = — / / —-K /
nn kss kq Vnn kss k4 nn kss kq

1 *
Vnn’ kss' kq = -Q_Nkz pnn/ k (q = 0’ G)pss’ kl(q = 0’ G)V(G)
G#0
Ko o =2 [ arar e, Ore(nr Yo ()8 ()
T, 728, QUIROEE, NSy 7)) o 70T,
ST, fye& LTALDA 25 Z e, FEORRTIIA43) O IFZEM A v o= B Co 1 B S22

DET, £ kEELTTROREMHAT S Z b, R138)-(140) Dk AU BT D FNIAE L 72 £,
ST, INR T U LSRR S5 e #rfs ( Photo Adsorption Cross Section, PACS) 14,

0
o(w) = — wim[ey (w)]

FEhET, 22T, HEBe, L 40 L 0 EONLE A3 KA AT H Z LIk 552
EIRHPRET,

11.6.2 AHQ 77 1 ILDEih

LR-TDDFT {&f#t 7" 0 7 LaFIAT 5720121, IROBEDMETT,

11.6.2.1 control 7' v > 7

%7, phase &AW CHFFNZ SCF fHHEEZITV, ROEMBEE L RO TEEXET, LR-TDDFT |37 DOEREE %
b LIRHR ATV E T, 272, control 7' v 7 N T condition = fixed_charge & L CFXVY, %72, UVSOR

ERERIZ, RATAT Y VR HERT vy v THD T MEgERT vy V2 WD 54,
use_additional_projector=on & L TFXUVY,

control{
condition = fixed charge
cpumax = 1 day
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max iteration = 600
use additional projector=on

}

11.6.2.2 accuracy 7 2 v 7

accucuracy 7 1 Z7NTIX, UVSOR &EERIC, BEHEGHEDIZOHD/ T XA —2ZELATWET,

accuracy{

ek convergence{
num extra bands = 0
num max iteration =
sw_eval eig diff
delta eigenvalue
succession = 3

2000
on
l.e-6 rydberg

11.6.2.3 structure 7 12 > 7

k SIS AIE, TIUAT =0 ND, BEKHE SN TWOZRNWETO k A2 FWTITH 7280, E LIS O FRE
AF 7 LUET,

structure(

symmetry{
method = manual
tspace(
lattice system = primitive
generators{
'#tag rotation tx ty tz
E 0 0 0

11.6.2.4 spectrum 7' 11 v 7/

LR-TDDFT (2 J 2% A7 MAGHRICET 237 A= BEZRATVET, LR, 7oy 7 TR rlREZ2 2802
OWTHHLE S, [ INOMEITT 7 40 MET, BEEOSEIEH ShET,

type 2%t [OPTICS] OPTICS, PACS M AIRETY, OPTICS [ IFFEREGHA A1 TV, & LCHEIR
(R L %9, PACS IS C, 2072 CANLRICHEA L £

momentum_transfer 72 momentum transfer X7 ~UIRST 2R AELTH T v o

4

deltaqg %4 [1.0E-3] momentum transfer X2 L q OREX SEEELET, BAZA -1 T,

nx, ny, nz 2% (0.0, 0.0, momentum transfer X7 bl q OHFEEELET,

1.0

LongWaveApprox 4 %t ON. OFF 2MEAAlRE, EIEREl (q»0) 2T 28551215, ON Z5E L £
[ON] ER
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tddft 7' v tddft IZRF9 B/ T A—H ERETDH T v T
sw_tddft 2% [OFF] ON. OFF 7M#fnT6E, LR-TDDFT #fEA# 4 2854121% ON 24T LET,

solver 7o v/ ERTD NN ETDH Ty
equation %% [DYSON] DYSON, BS »MEHARE, DYSON #HFEAAZEH T 5854121 DYSON %

Bethe-Salpeter £ FeA T 254121% BS #fFE LET, %&IX o172
EISRDGAITHER LET,

XC Kernel 7w exchange-correlation kernel ® % 1 7" Kk OB A3 E L £7,
kernel_type 24 [RPA]  RPA. LRC, ALDA-R 2MEEA[HE T, RPA . exchange-correlation kernel %

ZEL2NET LV TT, LRC (13, B EOMBRT, REEHAAMEROMIES
B ATZWGEITE ] UE 7, ALDA-R 13, 70 772 EANLROGEIET L E TS

LRC_alpha %%% [1.0] kernel Z#0Z LRC 2 L7-5A IR E L E T,

Coulomb_Kernel 7727 coulomb kernel (2R3 AL ARE L E T,

sw_NLF Z# [OFF] ON. OFF 7M&EHATRE, Local field ( |G| > 0 ) #4200l 21T 2 35A121%
ON ZfeE L £ T,

Expansion 7' 72 v 7 BT 2 G~ MUCBET AREEITO 7 r v 7

NumGVec 2% [100] BT SNV ERELET,

energy 7 1 7 AR MVEHRET DRV —HHAEET S 7 a v 7

low, high,step 2% low, high |ZIZ=R/LF—DFKy N OBRKAE, step ([ZIF=r/LFX—DflEE AT L
ESr

BZ Integration 711> 27 T UNT = NOREGICBETAREEITH) Ty
width 2 # [1.0E-4 Lorentzian DIEZFEE L £,
hartree]

band_gap_correction 7 /N2 R¥y v FHEEZBOICIEE T AHAICERE LE T, 7l UVSOR IZHEL &
= R
scissor_operator & # Fx v OMSEEZTEELET,

[0.0]

LU MIEREABI T,

spectrum{

type = optics
momentum transfer{
deltag = 1.0E-3
nx = 1.1, ny =1.2, nz = 0.9
LongWaveApprox = ON
}
tddft{
sw_tddft = ON
solver{
equation = DYSON
}
XC Kernel{
kernel type =
LRC alpha = 0.
}
Coulomb Kernel({
sw NLF = OFF
}

RC
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Expansion{
NumGVec = 80
}
}

energy({
low = 0.0 eV
high = 10.0 ev

step = 0.05 eV
}
BZ integration{
width = 0.15 eV
}
band gap correction{
scissor operator = 0.6d0 eV

}

11.6.3 StEDEITHE

phase & FVWVTEHANZ SCF #HEHEZTTV, ROEMELEAFHE L ET,

mpirun -np NP phase

LR-TDDFT OtHEZAT 9 12iE, UFoa~wr R LET,

mpirun -np NP tdlrmain

ZZ T, NPIZMPI 7 at& 27,

1164 HAT 7ML

AT MVT—H1T, spectrum.data (ZH/ISIVET, ITFTOX 5 ELE L0 ET,
A. type 24T OPTICS Z+5€ L7=%&

# Optical spectrum

# NonInteracting Interacting

# Energy[eV] Real Imaginary Real Imaginary
0.000000 8.626260 0.252860 9.678273 0.327540
0.050000 8.627214 0.252961 9.679507 0.327682

BT NIV AETT, 52, 30T AFMSCR Pl DaF BRI = 1 L CnE T, 7235, Real
KO Imaginary 1L, FEBB L OESICHHS LET, £/, 8 4. 5 77 L1 Coulomb KT
exchange-correlation kernel % H{V Ai7-iFEEE T,

B. type T OPTICS Z45/E L2t

# Photo Absorption Cross Section

# Energy[eV] NonInteracting Interacting
0.000000 0.000000 0.000000
0.050000 0.000034 0.000012

H 10T MITRAF—ETY, 2. 3T LI TSR ORH AR 2 B0 AG V2T
T,

11.6.5 f5IRE
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11.6.5.1 Si #EfEDFEEANT MV

Si FEERDFEEALY ML OREGETT, HEAFEL, sample/lr-tddft/SiBulk T9, £, sof T4 L7 hUIZ
TEMBEOFFREEZITV, WICLRC T4 L7 PVIZTARY MAGREEZITVES, 22 TiE.
exchange-correlation kernel & LC LRC Z£H LT\ ET,

35 :

B}

lI ]
C 30t {1
O fi |
€ [ LongRange | | ll
3 - ! £\ i . .
e s | { I 4 -
o 20t  Correction - | Non-interacting
= f |

! 1
..(3 } ;"' ’
Q 151 I ‘i 1
E)- :" I"‘
5 10+ f Ix’ | “\\
5 \u_/"f"s, g
, =
0 ] a2 4 .\lﬁ——-F—ﬂ-___
0 2 4 6 8 10
Energy [eV]

11-6 LRC I2 X 5 Si #&@FEA 7 MV OB L, BERUIMSCRIFERIC & BHER,

11-6 OFHEREIS LOSREIE, spectrum.data DREHZZoR L7-b DT, ENEIVMNERI I L OV LRC %
RWISGEDFEAT MTT, REEHHAEROMIELZIT) Z L0k D 1 B —7 OMENITRL e D8
0 E3, 2B, ARTIE, TDDFT IZL > THF ¥ v 7 EOSETI RN ETA, ZHUT, oL i
BB > T DA, ZORID 7 —a AHAELEHDEENZD T,

11.6.5.2 CeHs 751 Dt BT
CesHe 7D IIKHEFER R OFFEGIE T, FHAEGIEIL. sample/lr-tddft/C6H6 T3, F9| sef T4 L7 b

VIZCEMEEDOFHHEZITVO, KIZ, ALDA 74 L7 MUICTBEIL TAXY MR EZITWET,
exchange-correlation kernel & LT ALDA ZHH L TV ET,
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=

= Adiabatic

=

i LDA

0 . ‘

6 Non-interacting

c

O

b

Q

[¢)]

w

(7))

w

O

| .

O ]' ’, 'l
: . A

0 2 4 B 8 10

Energy [eV]
X 11-7 ALDA (2 & 5 CeHe 23 FDIRIBTERE AT MVDEAL, FRIISLRFNT & DFER,

11-7 DEBRB LOFREIT, spectrum.data Z#FR L7-H DT, ZNEHMNERIF I L OV ALDA % fvh-
BEOFBEAT MVTT, 1 E—7 O —(EPEHTRLX—ANIT T b, §7205HE Y v ZEIE
RUTWDEF D00 £,

1166 FHLEDIFER
®  IFREZ I k MOREKICKSE L TV ER A, 20729, symmetry 7 1w 7 BN E ORHORFREZ 6
ELTLIEENY,

® solver TCequation =BS Z 5 L725G1TIE. FERAE (paramagnetic) 722DAZ TP D Z & AHPRE
j—‘o
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11.7 f48%
11.7.1 eps_file

P¥HE : file names.data D F EPSOUT THESID 7 7 A /M) SN L eAERIEG RS
R (TR EEiAS FEBL RIS OBEL TENENRID T 7 A /TE
S
NT) : HEBEGER 7 7 AV 4T eps.data
H) : FFAEREEEA Y 7 A )V ; r_eps.data
N HEESZ 7 AV ;i eps.data
VL V—Aa—Reps file.f90 ZiX72 Fortran 22/ 7 TaL s /L, eps.data ZHLT A
L7 R THEITT D,

11.7.2 nlo_file

PEHE : file names.data D F NLO THREZILD 7 7 A /WIHI) SN D IR G
RRERATGIRAIR, WBI2T I NG ORERERID T 7 A TEE T
NTJ « BEEREHRRER T 7 A )V (AP T nlo. data)
TV ISy
H « AJJTHRE SN ORGEFRGHRAER 7 7 A /b ; 4 FRT nlo_abe.datas
(abc) IFANTIRESND T YV ILAGS,
YL V—A3a—NRnlo file.f90 ZiX47¢ Fortran 2>/ 7 TaL 3L, nlo.data ZZLT A«
L7 MU TETT %, FATRAS, iz —AR— FATT %,

G 1 : FATROLFD nlofile THY ., zzz KODOHEHBEER DT 7 A MIEXHTHA,
% nlofile (1)
zzz (2)
line number of nlo zzz.data = 1000 (3)
(1) 7arZ hOFT
(2) F—R—RAIFLLRDDT, T YV E/INIFTCAIITS
(3) nlo_zzz.datalZ 1000 {77 —ZnH Sz (X vtE—)
BRG] 2 FATROLFD nlofile THY | xxyy B OREMRAERNDO 7 7 A MIEEHTHEE,
% nlofile (1)
xxyy (2)
line number of nlo xxyy.data = 1000 (3)
(1) 7mrTLDFT
(2) F—AR—RFAIFHLLERDHDT, TN a/ NCFTATT %
(3) nlo xxyy.datalZ 1000707 —Z MRSz (A v&—)
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