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REFET SR INURBET SR

1.2 PHASE/Q O7u /'S5 LR

1.2 3 FIARTREGENMEIRIE GIEMIRIEEY)

PHASE/Q 72 75 A% fortran90 & C Tk SHLTWET, ZHHD a3 I 2 HEFEHES AT L8
VBT, KFEOHEMY 2 —72 EO—RIRTRE R S AT ATl 2 Z LN affe T, IFEHE A
TAHEASIIEIMPL T4 75 UNRA VA ML SHTOANLERSH ) 7,

VEE FIRWRE) Y 7 b =T 47T

Fortran90 =234 7, C a1 7 (WZH)

MPI 7477V QEFIFHRIZED)

113WEE = A 77 ) LAPACK, BLAS (47> =)
FFT 7472V FFTW (47> a>)

Perl (A7 a) - - -
Gnuplot (&7> =)+ + + « PHASE »V—/L CILE

- PHASE ' — /LGB

PHASE/O 23 FHAFIR RS & 912, Windows JHDIFATT 7 A /L bl LT E S, H L, FRIEFIRDTZ9,
BUEOR X R3HRICI3E#E S Y 9 GHATHRRARV, RERDMZRISD D, 728),
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A~ =2 T VTR T HEMEIC OV T Linux (Unix) ZfEH L CWAH0E LTWET, BEWDOT AT L
MDEIL DAL, HEGARZ T TEINY,

1.2.4 PHASE/O Mt4RE (2D iFkRk & 3D HMFIRRDELES)

PHASE (Zi3, 2D iR & 3D IAIRD 2 SOWSIIRT v 7T K53 ) £9,

A HEFE V=R T T A
2D WHIRR k A0S + =R LF— X R) W) src_phase
3D Wk k SFF + = r¥— (N R) WF] + GRS | sre_phase_3d

i 2D WFIhR 3D Wk

liErele v v
XAl v v
INIEZE v v
JRPTIRREE v v
Lo AN v v
AR ) v v
oy AR ) v v
BRRELT =7 B v
VAN G v v
ERCIEEA v v
ARVATUV)V (4 ("4
ERRH v v
XPS fi#tht v v
IRENRtT, 7+ /2R v v
T FEN )T v v
DFT+U £ v 4
AT Y RPLEEE v v
ESM % v v
DFT-D2 £ v v
vdW-DF £ v v
AR T v v
gl il v v
NEB £ v v
blue moon % v v
ARHEAF I AV v v
RTP-TDDFT v (%4
LR-TDDFT v
J a ) =7 RN v
AR HLEH EVER v
Wy IR fibT v
PAW £ v v
H R Fa v v
IV AT v v
K&k R v v
JEREEE v v
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1.3 Y= a7 ILOWER

~=a 7 UL, LD X 5 sk /> e,

1% LI PHASE > 25 A, a5 s34 —2 PHASE/O OBFEZ-HUNT
AL TWET,
2% | PHASE/0 OJEARZ AT | PHASE/O OFEFIE & Ol b AR A E23H L ThE
& 9, PHASE/0 OFHEOHNIE T& £,
3% ARG A= T 7 A1 | ASJIRNTGA—EZT7ANDY 77 Lo Av=aT /e UTERTEE
NFINPDATA GEHIAR) T, %< DT A—=ZZONTIHS 72 < T PHASE/O [ 3FIFH ATEE
T, BERFIAET AR ISR T L LRV E B ET,
478 | FARMEREA R L7-5HER PHASE/0 DRARZHMEREA R LT3R 2 5% D) v LTV ET,
Fa— I TNELTHEHTEET, Z2E2HARND 3 EOMER
HEZZ2WT 5 & BV EINLETA,
5% | o AtEe ISHSREZ R L QD E T, BsE 2RI BRI T
6% | PAWEIC L DEHE PHASE/O Tl PAW EA2f 425 2 EHskE4, PAW ORI
15, AP HOW TR LET,
TE | BRI FRAOBEEMRET DA REEHASH Y £, MEIGC TSR ES
VY,
8# | PHASE/Q DA A h—/L ATV T T T LEED (A NVT D) FIEEZHHI L COVET,
9% | PHASEO 71 2'F A, —/L | PHASE/Q O/ A F ) 71 7' 50— /LD 2B L £,
DFATHIE
1008 | A7 7141 PHASE/QO D AHIS17 7 A MZHOWTHB L E T,
11 % | FEEfTHERE UVSOR PRI BN T AT O EEBI L E T,

WD TAR~ =2 T NGl HlE, 2 ISR C 4 Bajiiel E2HERLET, 4 BamBRICHTEATINT
A—=ZIZOWTL3EASH LU TLIEEN, Z0%, 5 BRI OWTIMNELD S U Chtde Z & 2R L £9,

1% IL®IC
PHASE DI ZE

4

w—p PHASE /OO FFHFREE DI,

=P PHASE/ OO FIRREE NS, BT
ESTRESTREORENHS,

(PHASE/AOMSTEFIE

2% PHASEAODOE AR GFIAA L

y 3E AHSSA—ET 7L O

v

o7l A-==a7Il)

4% FHA#aer AL CETE B

(Fa—rJ7I)
’

\ 5 L

X1

3= TIVEHOIES

18




1.4 PHASE O EFERE

N— =2 8.00

« PUTRERHT & DB B D RERED BN S AU E LT,

2009/06 2B - DFT+U VEIC X Ai&ERai b/ FE 17y I 2 b—a ATRS LE LT,
N— 3 801 - BLAS #HFJH L7zms ki LE L7,

2010/03 2358

N—=3 2 9.00 cFyviaFa—=r7 BLAS{LE S OITED, mba T VE L,
2010/06 2B s Ty TNV VA AEREBET H Z LN TEL IRV E LI,

- ATV —3HRMTRA D K010 £ LT,
- DFT+U EZFIA LT, Sy FEEDFENTE DL LI £ L,
oM7Yy FUBEEOFIHTE D LI F L,

N—3 2 10.00
2011/06 ZABH

- ERREE AR ORI A B L E LT,

« PAW IEIZXS L E LTz,

c AREAF I T AR LE LT,

- van der Waals BB Ov /L7 a0V 2T o MREEZITOE LT,
- MR I BEGS {EOFIHTE 5 K 91272 £ LT,

- PHASE TOOLS (27272 A7 U 7" " & NZ2FE LT,

HERT VU VORBRAIMIET DA RS EEIELE Lz,

ZOEEIZE ST, ERDN—=V g Ve BT L —OfMEI T L2 <R £,

N—3 > 10.01
2011/08 Z3BH

c AV EEF L QDD RO N ELE LT,
* GGA IZEHT A2 REEAELELE Lo,

ZDEIEIZ L ST, JERD/N—V g v LT RV T —Offfi I B L 22 <220 F

N— 32 11.00
2012/06 2B

< HTLWEEIRIE Y R — 2B A L E LT,
- ATV RBIROGERRE A R L E LTz,
TV T T NMERT Y vk, k R AR O EHERS e E
- Hxhom VEERED GDIIS. BFGS EDfkket Bl s LE L=,
c DL RNT YT MERT Y e VR T SRRTIRER R R A ma b L E LT,
- iR L, > TENSAERHR ORI DIREEERE, EEEOH IS L E
L7,
c L OREAEEELE LT,
- 3HRF (G RS WREABLE LT,
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PHASE/0 2014.01
2014/04 Z\BH

- WEIBIE Y VS — B LRAEO AR ERRE A BN L £ Lz,

- RS TEIRFOIEIRIEL, EEE O THIBEREZ BN L E L=,

- REHR R R RS R 2B U LT,

- HEMERHAR (ESM) {EEOHBEMEEDA X —T = — A& Bl E LT,
- =y MU UERESE A BN L & LTz,

- B O ERERE A BN L E LTz,

- WEhESS Y 13— (fEIE Davidson i548) #iB (Endflt) LE L7

s ATy RPBIRORFRSRER R (Fadifk) LE Lz

- 77 TV VAR EER O ERE AR (Eik) LE LT

- Jra =T ROFE, AV UHGEHAERFEAGE BN L E LT,

- R EOT = v 7 HREE BN L E L,

- SRR VREREIC CGIEDU BIRA BN L £ L,

- Tk ) RHEMREEME L E Lz,

- IR T o RO RAR T OB A A 2 T T 2N TEH LT LE L
- SHEISE 7 1 5 5 UVSOR &8 LE L=,

- 3HNTF (G R WROBEREZ LR L E LT,

s NHAEBEIELE L,

PHASE/0 2014.02
2014/07 ZA\BH

- ESM #£% 3 8% (G S35 RICEELE L,

AT REES ORI Gk ESELE L,

s ATV FB O EMRER B LE Lz, ~ 7Y v RO EIZB T,
FEhREL >/ /L 3— pdavidson 1 & pkosugi ZfEH AIEEIZ L E L7,

c REHAZEIELE LT,

= T VEYGEI LE LT,

PHASE/0 2014.03
2014/12 225

ATV NGRS RE A (L - AT Y L LE L, i),

- vdW-DF Ft5ifsRE 2 b L E L7z, (2 Bifii) .

 HRFTART > L VORZERE e R 3 iEA (G RIS RIZIEEL E LT,
- RS- HIMGRE A 3 iS (G RES) RRICSEIE L E L,

PHASE/0 2015.01
2015/10 2ABH

- ELNES / XANES fi#thére #5288 U Lz,

« NV RIS ERERI ISV TR HUET D7 1 77 A band_symm ZBIN L E L7z,

cFHREMIZBIMLE Lz, (AEUHUEHABIERZ & 0 W7oy RIEEEHES L O
XANES fEtTa15)

« PAW EOFREAZEIELE Lz, ZOEBIEIZL ST, RICE > TUILLATL © S
M ELE L (sw_PAW=on T DFT+U & 5\ Nt GGA+U L&l > T 53556, LI
DI TIEZ O E D b ETFNVF =@ RHGEEDRH Y £ L),

PHASE/0 2016.01
2017/05 /B

ALFRT A N—TEDY I 2 b— g EEREELE L,
ATV RABEGHRMEEZ b U E Lie, (3 Bl 1K)
- REAZBIELE LT,

PHASE/0 2017.01
2018/02 /B

JES—EOFES S a2 L— g LEERFEELE LT,

- SHIREHIRIC A N L AT V)L, vdW-DF EHEHRER INZ % L7,
- RV A EICEHR CE A LI LE L,

« WA EARRI S L Lz,

« NV RRFMET 1 7T Aband_symm) % EHT L F Lz,

- REAZBEELE L,

PHASE/0 2018.01
2018/08 2B

LU R OMSEEDS =T CRIFI CE 5 K 91272 £ LT,

> AU (AR RAGE

> PDOS

> [EEEmAR A

3D RIS, ARHICTRIIT 258 0mE(boA 7> 5 &2 BILE L,

Atomic Simulation Environment (ASE)H® Python 22 V7 h &8 L & L7z,
SC-DFT i&loxiis LE Lz,

M7V FBEEEEER b LE L,
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PAW IEIZHEERERE S OA > a v 2B L E L,
ESM E& b LE L=,
REAEZEELE LT,

21




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 % F\ - EFIREERHE DO FIEOHE

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,

BART ¥y LT 7 AL

BICBOBRT v VDT 7 A VTT, FEIIOWNTIE 2.2.3 i CHEL L £
j‘o
FAT 2RI L THONUOAE (Xvra— REZER LTy
ERHY EF, T 74N DT 7 A N4 pot.01, pot.02....TT, ¥rru—FR
L7 7 ANVEFRTOBE 7 7 A NAEEE L CLESV, T 74V 77
A WA EER LRSI file_names.data 7 7 A )V TCT 7 AN ERE LT
<TEEY,

BT 16 fliE CRRIEFRETT,

N7 7 ANGRET 7 A IV

file names.data

77 ANZDIRECHIATH 7 7 AT, #<TH PHASE 2 f+45 2 &
ITRIRE T, FORAITETO 7 7 A NANBEEEE 700 £,

DT FANEBERTHZLICED DT 7 ANVL, DT 7 A IVDOE XA
— P NHHEICGRET DI ENAREE 720 £,

ZDTFANEHERT ARSI, BT IOT AN T (EEARR), T4
L7 N UZELS BERH Y £97, FHICOVWTIE 2.2.4 FiCiFai LET,
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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
HEIDTEES, ST THITRNROAT ST A—=5 7 7 A JUZDNTHRI LT

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,
BRI A—=ZITONWTE, 7y VN THR—U— NLETHRELE 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

structure 7 7 v 7 Tk, JRREEHRELET,

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 70~ 27  FETDHROTHEDY A MEFEELET,
ZOHITIL, TTHRILSE Y ay), EORTHFEZIWILTHLHZ EEERLTOET,

unit_cell 72 v 2=y MDA X FEREREELET,
#units angstrom |, BN A VA ha—LEERLET,
a_vector., b _vector. c_vector IX, ¥1X7 M EIRELFET,

atom_list 71z v 7 TLR E A FRELE T,
ZOFITIL, ST 250, ZOPEREEZEN 0.125, 0.125,0.125 & LTWET,

coordinate_system R RE R E L E T,
internal |, == M EZHAEL LTPNEREBEEATHH Z L EER L CWET,

2.2.2.5 Wavefunction_solver 7' & v 7/

wavefunction_solver 7' 7 v 7 T, WHIESMOTHIARIEET 537 A—2 ZfELET,

wavefunction solver{
solvers{
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#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 7’11 v 7 WEES N R—FEE L ET,
ZOBITIE, FepIOIENESEL ) L2 S—1X pdavidson ¥, 2 3 H OIREIRISE Y L/ —

IZTRMM & LTWET,

rmm 72

edelta_change_to_rmm TEENRE Y VN—% RMMIEICE R T ABIEEZfRE LE T, Z 2 THETHELD
HZ RO LENNE L2 D & RMIETBATLET,

2.2.2.6 Charge_mixing 7' & v 7/

charge_mixing 7' v 7 Tld, ERFEEOEHE (RETHE) (BT T A—FEELET,

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

mixing methods 7' & 7 EREORHTE (REIAE) #HEELET, ZOfITlE pulay L1 4 FEE
LCWET, ZOMIZ broyden2 14[3], simple mixing {E4FRET 5 2 &N TE
ESp8

2.2.2.7 Postproccesing 7 11 v 7

Postproccesing 7 7 v 7 Cld, BB AT A—FZHBELET,

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"
t
}
dos 711w IRREBE DRMR T A—H ERELET,
sw_dos ON THREEBEOZHEAITVET,
deltaE KA O X —lREfE L ET,
charge 7127 TEEENRDMIINT A =2 EfELET,
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sw_charge_rspace ON CTHITHOEMEE AR O A ZITOE T,

filetype BRIBESATD 7 7 A WMERERTE L £, cube I% Gaussian CUBE ZEXAFEE L
TLWET,
title H710 Gaussian CUBE RZERXD 7 7 A WZEIFH XA MLEFEELET,

2.2.28 NJJ/RT A —H 7 7 A4 NORIKIROREHEH

2 THIT LTBITIEREE AN ENRVITH D I8, KERD DT A —2 132 < OFtE Tl T
7, 2O, BRDREFETLHHEIC, 2= P —DPbEbIEETH0EIH Y FHA,

Z—PF=DVTRE LRTIUTRORODIE, Ty bAT7ZHF— kR, JRAEECBET28%0ETT, A
JIRTGA—=ET 7 AND Accuracy 71 7T DH Ty MAT TR —OFEE cutoff_ wf, cutoff_cd, k AOFEE
ksampling, Structure 7’17 v 7 |Z& 5 ILHEDIEE element_list, === hE/LOFEE unit_cell, JFFEEOFRE
atom_list D&Y T

FFEDATIRT A—=2 T 7 A LOFINZHBNT, 2—P—DOREER D N TR L E 4, 2—I0FHE L-n
RIZHOET, ZOFDEEETLHZLICXY, BARROHEET L N TEET, 2170, moi/eatESs
PRZDNTIR, % D/3T A —% ZBUNTRET HMENH Y £,

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
ny
nz
}
}
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
}
}

10
10
10

structure({
element list{
#tag element atomicnumber
Si 14
}
unit cell{
#units angstrom
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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
davidson 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 = 1.e-4 hartree

}

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

}
}

BRI, EREDATINT A—=2T 7A UTH L, RIEIROZEHR OHAFLl L, thoFtREEFzEm (77
/v Rif) LTELUFO X S IRAT)RT A= T 7 A )V CTh| FHEIEATRETT, LREDOATI T A—H& TGt
BRENT 7 40 b EITRIR D5 o572, FFLE FREDATINTG A—=8T 7 A W FHWZFHR T, GHE
PRS2 £,

accuracy{
cutoff wf = 25.0 rydberg
cutoff_cd =100.0 rydberg

ksampling{
mesh {

nx = 10

ny = 10

nz = 10

}
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}
}
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
}
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—R0 a 7Rl e PAW Bl4]o 2 FE 5 Y £,

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, PNxD
HRE R UG REE LET,

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

2232 AT VT 7 A NVDANFEHE

R—F %A | (https//azuma.nims.gojp/) 76, FEHRICHAETOILEOERT XYV T 7 A NE XD
va— KR35 ENARRETT,

WL TCWAERT vV 7 7 A Ud, LFOMARANZ L3> T 7 A VAN HILTVOET,

TR BRI X — 0. PAW B R T V4 VR 3 O 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 (/ /VAR(E) DOiE) @, 01 % (—RIAERSNTEE CESDMFToNET) L) ZEE2RLE
T, AHFAB = L B —DFH R IAIC TR LB E AR PIEDIE N JRFTE T LDA)EN H Y . ggapbe
DOEGID 1dapw9l[9] & 720 £, BERT LU VAR DL R T V7 MBI OEAIZIE ne D323 us (ultrasoft
DiE) &7 ET,

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)
AR T—H Dl L&

2233 8T L w VOISE L
T 7 3V NOBERT o VT 7 A NVEIE ANTIRT A—Z T 7 A VD H T element,_list TRRE L7=tENEIC

pot.01, pot.02.... T3,
file name.data 7 7 A VA FWEEEIE. BART Yy LDOT 4 L7 WY T A NVAEIRETEET,
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224 ABAT 74 ILEEE T 7 1 )L file_names.data

A7 7 AIWVERET 7 A )V file_names.data |ZATI/NT A—2 T 57 A NI2EDT 7 A NAERTET HT-0IC
EFA L, M< T PHASE 272 2 LIFA[EE T, TOHREITETO T 7 ANVINT 74V vDT7 74 )b
AT ET,

ZOT7ANEFERTHZEICEY D77 A4, W7 7 A VOEEGE, 22— —0NHRICRET D2
LINFETREIC 72 £97, [file names.datal ZDOHLDOD T 7 A NAE, BEARTY,

ZOT7 7 ANEFRT LG, T ZOT7 7y ANATEITT 4 L7 FUICELS LERHY £,

file names.data D7 +—~ > ME, LLFOI T2 7,

&fnames
Tr7ANGEF—T— R = 1 77 A% (T7AIV~DI/RA) !

BRI, 7 PREZRRICER L TEEN, B2, BLFO L9 IFil LET,

&fnames

F_INP = ’./nfinp.data’

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

F CHR = './nfchr.cube’

/

T 7 ANASNDIRANL, FATT 4 V7 B UNSOMERRATY, Hod/ XA THEHA T £,

F_POTM)IE AJ)RT A= 7 7 A MIFNT n FFIHE SNR AR T D8R T oy V7 7 A NV
FBELET, 2ot 1 FEIZERIINI-T6E Si OEART v vV 7 7 A /L) Siggapbenc Ol.pp . 2 &
HIZERSNT-568 O DEERT v /L7 74 V3 O ggapbe us 02.pp &V 7 7 A /WD £9,

FHATED 7 7 ANAFT—T— KT 74V DT 7 AN TR 21ITRLET,
# 21 AHA7 7 A NVKET 7 A )\ file_names.data TEREFIRER 7 7 A V—&

77 AN ST 5 | A | T RO g
F—U—F a7 7| OB | T A4
N
F_INP phase NTJ nfinp.data MNIPSTA—=HZ « Ty A )L
ekceal
F_POT(n) phase AT | pot.01, HERT v s T A, ZORSINIZ
ekcal pot.02, B2 BNTZARID 7 7 A W fidr Z I E
T, FTLRIZLODORT XY VT 7 A
U SR
F STOP phase AS nfstop.data R CRFL A I S AR A ST 45
ekcal 77 A,
F_KPOINT phase A7) | kpoint.data P TV Tk RERETDT 74V,
ekcal
F DYNM phase 77 nfdynm.data MHERAIRHR, o rEIFEtRER EIE
WC, JRF-OBEREE 2T 57 7 A
A
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F_ENF phase /) | nfefn.data BT XL ORKENH S D
77 A,
F_CHR phase 77 | nfchrdata BIFEESROHSI 7 7 A v, T 7 )b
3. Gaussian cube 7 7 A VIR,
F DOS phase i dos.data JRREEEEDOH )7 7 AL,
ekcal
F_ENERG ekcal H nfenergy.data ekcal ZHWV=FEEZ1TH &, EAHED
Hhsihbd 77 A0,
F ZAJ phase AH] | zaj.data WEIRSE D17 7 A v, FHEZGET
ekcal HENCIIATI 7 7 AT 0 FF, A
TV =77 AL,
F_CHGT phase AH7) | nfchgt.data AR DM 7 7 A v, FHE ARG
ekcal LERTIIATI 7 7 A&7 £, A
FV—=T7 AL,
F_CNTN phase AHF) | continue.data Ta v —HKT L%, fkeiT 50l
WEIAEROHT )7 7 A v, Wfeat D
BRI, 277 ANEATE LT EN
EXDS
F_CNTN_BIN phase AHi77 | continue bin.data Ta T n—HET L, T 5 DI
WHIAEROHT )7 7 A v, WfeatED
BRI, 277 ANEATIE LT EN
9, ATV —T 7 A,
F_CNTN_BIN_PAW | phase AHI77 | contine_bin_paw.data | 23 77 —HIK T L7-1%, fkked 5Dl
ekcal WEIMEROH 17 7 A v, PAW ZH]H
LCWA4E, F CNTN_BIN 20z T
VR, WRBEGRIROBIZIE, o7 7 A0
EANITE LTEWET, EEEEMO
FHHEOEGE B AT E LTENET,
FTV—T77 AL,
F _STATUS phase Hi jobstatus00x BRI OH ST 7 7 A L,
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
9, 7././phase0_2018.01/bin/"I%, PHASE /31 F U —RNEINTNDT 4 L7 F U TT,

$ ../../phase0 2018.01/bin/phase

72771, BEWOBERREICL>TUIMPL 74 75 ) OFEfta~y ReFEHTA0ERH A0S LILET 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,

WHFHRZAT 5 BalZid, BEWOFHEREOFIHTL MPL 74 77V O3 7a~y FEERLET, FHMds
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 2018.01/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,

3 It E, WICIIUA T DL S pa~r REeh F9,

% mpirun -np NP PHASE INSTALL DIR/phase(0 2018.01/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 NUOHET 4 V7 bV dirlist 8V D 77 ANVEDT 7 A NVELEKRL, DEDL S 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 410 R USRS Y~ EAATD Perl 22 U7 SR = & 2A0E LTI S AU-HEE
TIR, U —RRHUCIRS T b S B TR 5 = LASTRETT, 72721, WHULAREA RIIFEE
CER FUETETT 7S, RbRHIOAIST 1 L7 b Y B A AICIE ST 7280

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
5 ZENHRETY, ZORREAFIT 511E, LLT O & 912 PHASE ZiE#h L £,

2 RTLhRDY &

% mpirun -np NP PHASE INSTALL DIR/phase(0 2018.01/bin/phase nr=NR ne=NE nk=NK |

3 WIThRDEFA -

% mpirun -np NP PHASE INSTALL DIR/phase0 2018.01/bin/phase.3d nr=NR ng=NG ne=NE nk=NK |

ZZTNR IV AUFEETd, NP=NRXNGXNE XNK 235#i7= b L 9 1WA a5 2 0B 03 % 1
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
WAGAEDNBHHDT, FANIINN A, ZNERRDIZE, EFTASIITA—FT 74 LD condition %
preparation & L %97,

control{
condition = preparation

}

ZD X HIZUTPHASEND 2F/74 5 L, BEOHE D DB RWEIRBOL)M T, HENK T LET, 15
ST 77 7 A Moutput000 7 7 A1 /WG K SO TIRHIZIE, AT X H7ra~r REFITLET,

% 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,
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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& & IFFIH LTz Y =D S vE T, EFLoflTid 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 T £9, MatFia3dT9 512E, 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,

2.35ekcal DET KREFEEFE. /\> MEEEH)

RAEEFERIRL, /30 REFRIZRW T, k mOEY 285 O SCF fHE L AT LIZWERITHE Y 7 /I hE L
Tekecal 3HV F9,
SCF #HAROHERROEMEE L AT & UGHRTE £,

2.35.1 RIEEEOFE

SCF FHHE DO EAEROERIEL T 7 A /L nfchgt.data #3477 4 L7 hUIZabe—LET, £k, A7
7 A IVRET 7 A L file_names.data (2B T F_CHG |2 SCF RO ERE R OEMBE T 7 A MEELET,
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SCF FHRFERDOBMEEE 2 - 5HH AT 5 12E, AJ13T A—H 7 7 A )L® control 77 7 @ condition %
fixed_charge & LE 9,

control{
condition = fixed charge

}

F72. Accuracy 7 & v 7 PICFEAEIZBIS HUCREA A fRE L £ T

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

WD X HIZT7 7T hekeal ZFTLFET, "phase0_2018.01/bin/’ 1%, PHASE 731 > A h—/L I TNDHT
4 V7 FNUTT,

o

../../phase0 2018.01/bin/ekcal

2.35.2 N FREEEE

SCF #HHEOERROENBEE 7 7 A /b nfchgt.data ZF4 77 4 L7 MUIcae—Lx9, 2k, AHA7
7 A IVRET 7 A L file_names.data (23T F_CHG IZ SCF B O ER ROEMBE Y 7 A MEELET,

Yo7V T k RORET 7 A /v kpoint.data ZHELET, k ROKET 7 A /L kpoint.data |%, >»—/L
band_kpoint.pl ZFAWTIERR L E T, LAFDOL IR 7V 7 k HORFRED T 7 A /L bandkpt.in ZHAE L
ES5 8

0.04 k MO
-0.8333333 0.8333333 (.8333333
0.8333333 -0.8333333 0.8333333 WA v
0.8333333 0.8333333 -0.8333333
3214 4#W kK SORFFE nl n2 n3 nd # Symbol
1112 4#L
0001 # {/Symbol G}
1102#X
3214 4#W
5308 #K
& k ROKGLROIEEIZIB T, nl/nd, n2/nd, n3/nd 234 k SORGEOMHEFZEFOMEIZ Y 77, #ilx
X3 2 1 4 # wClk k72RO 3/4, 2/4, 1/4 DNEICWRATEE L TWET,

PIFD XL 92—/ band_kpoint.pl ZFEI7d 5 & o7V 7 kSORET 74 /L kpoint.data DMER SV E
7

% ../../phase0 2018.01/tools/bin/band kpoint.pl bandkpt.in

SCF #HESREROEMBE L HWEE 21T 9121, AJI/ST A—F 77 A )LD control 7 12 v 7 @ condition
% fixed_charge & L £7,

control{
condition = fixed charge

}

Accuracy 70 v 7 NIZ, k mF 7Y o7l EATEICET ARG AR E LE T, 1B LTk RORET 7
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A NEERT 55A121E. ksampling @ method % 7 7 A JMTHRE L £ 7,

accuracy{
ksampling{
method = file
}
ek convergence{
delta eigenvalue = le-5
}
}

WD X HIZ7 7T Aekeal #F(TLET, “phase0_2018.01/bin/’ 1%, PHASE 731 > A h—/L I TWNDT 4
L7 FUTT,

o

../../phase0 2018.01/bin/ekcal

2.35.3 3D JfZouT

3D iRICIE, ekcal 7’1 7T MR LETA, 2DV, PHASE 25 L CRICFHRZFATT 2 Z L3 T&
F9, EEEMFHEA PHASE TI79 &, 7740 hORETIITNTOk Ra—fE TS 58— FTEEL
F79% ekeal DX D ITk R — T OB 58556, AT A=L =T 7 A MILLFD &9 75508 24TV 7

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

WTFNOET—RTHAAU R, kS, GAIFIEZHAEDOETHAT L Z ENTEET, 72770, XU (A
DOEFATY EiROD kparallel % one_by_one & L, F7-k smlF&2fEH7/20N K 512 LT EEVY,
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2.4 FHEIEROTERR

241 STESLRTORR - ER - Xt

FHRRET ORI « A« JISEUTICE LD ET,

SHECRIL 7a T NEITOK T OER pSI
ERHRT SCF sHROIHHIESR 2T L= e FHERT
SCF &AM H c BT —HLENBE L VNS L eo 256 TR ZTT O

(REERRAIR RS 1)

R R ONHIE R A LTS5 8
JFAB < D ORKEDBHEL /M S eoT5E

IEFHET

SCF FHAANLH

SCF HEDfRRA # L— g UEIGELTERE
«SCF #E DA Z L —3 a3 ¥, control 712 v 7 D
max_iteration OEZFEZ -5

7 7 A v nfstop.data THRE LA ¥ L— 3 U BEBATGE
T T HIVRORETIX, 14X L— 3 B&(Z, nfstop.data
Ty ANEGRARET, ZOHEEED Z L2k R
H“TH, [LEOXA I VT CHREAK TSEHZ LN TEET,

FHARHR DR AR LG
+ Control 7’2 7 @ cpumax % FHERHENE X 256

it 5 21T 5

Bl

R

ANTIRT A—=H T 7 A )LOFEIR I A

BT U VT 7 A NVHMFAE LR
(7'a 7' LNERORTE)

AT =5 %,
B L CHFHE

242FHEIRT (EEKRT. EERT) OHEER

PHASE OFEITNEFICK T2 L, vl 7744 (output000 7 7 A V) DIRAEIZLLTFD K 9 7l

SNET,

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

Total elapsed CPU Time until now =D& E\IHERHENHNEINET, v/ 7 7 A NVOERENZ D L
72> TWRITHUT PHASE [FIEEHK T L TWER A, RALDDERDZORERT LTWET, 2055
I A7 7 A NI EREE LU THFR L TLIEENY,
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243 SCF 58, BERMFTEOICRIKTORHER

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

244 FHERRDOER (34 774 )L outputd00 # & 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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2441 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,

2442 BT X—

BTV XT, a ST A MILLTO X I 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,
ROAT & ZFDOWROATIITET RNV T —EAERT A EHO =L F—OMEN GRS E T, Kl (LEE =¥ —,
HA ¥ Hartree =3x/L%—, XC [3HHBIH AT VX —, LO (FRFT= /L% —, NL (3R r/L¥—, EW
X Ewald =x/L%—, PC IZa7fE= /¥ —EN I bt —%2KLET, ZNOLORMNETRILE
—Z7e £,

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

2443 A REE
AV EBE LUIFREEZFATLCWDEE, Tt X 9124 SCF A # L— 3 BT 2R A B LR TE
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

2.4.44 FATER L OSEHEE
£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),

2.4.45 SCF FHEH7= 0 OFHHEIHHE
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,

2.4.4.6 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 GH##4 T), ITERATIVE (40 i L&), START (#14(LH)
iteration B IRIEDRR Y K LR RS E T,
iter ionic SR EEED FFE TR S IVE T,
iter_elec BAEDJF R BIT A B FIRAEO#R Y IR U EEFEoR SN E T,
elapsed_time OB TR SN ET,
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2.5 SHESER DfENT. |1t
251 I RILF—, RFIE HORKE (TRILX—EET 74 )L nfefn.data)

7 7 A /L nfefn.data (F7-13 file_names.data 7 7 1 /MIEBWT F_ENF ([C Lo THRESINA T 7 A V) 1203,
FRDOET RN —OF AN TN, &SI FENIFY 2 2 b—y a VBT T2385813 A A4 ojfE#) =
FNF—ORFRER bt S ET.

WERIZAT S TG B L TEFEY L 2 b—ya VBT TG & THAWNER SRR D OT, TNEIUTH
WL E,
2.5.1.1 HE SRR

AR 7R ERER N 21 T > T2 D nfefn.data DB Z R L E 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
6 113 -108.4414317178 0.0094159378
EHNIE 2RO LD 7@l LET,
iter ion A A DT,
iter_total SCF W—7OWHE# . Z ocp@soEritt S ET,
etotal BT RNF—%, N— M) —BTHAILET,
foremx JFAZf# < F1DE B A R H T (hartree/bohr3) Ttk LEd. ZOENATT T 7 A /M ThH

AT REERNONHCHE 2t 7= 9~ F TR TS E T,

2.5.1.2 3 T EN )RR A

SFEAEREOEE, TROL 51T £,

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

WSS SRR T, B dlhsBmsh i,

ekina R OEE) = R —,

econst RORMFE, THROLZRNVLX——EDON TN FY I 2 b—ra VOSEEROET XL
—, BE—EDOSFEIIFEY I 2 b— a VOGS ROBT X — TR O TR L X —2 )
Z T8 TT,
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2.5.1.3 ¥& 7 Lt E

BT ORE(LEAT TG, TREDL IR £,

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 OWERE(LO 7 —ATA, LRI BIVET,

iter_uniteell F&- D BT
stressmx A NV AT U )VOREKIE

252 [RFEEE (RFEEAZERE T 7 1 )L nfdynm.data)

7 74 /L nfdynm.data (F7-1% file_names.data 7 7 1 /LZEBWT F DYNM (2L > THRESND 7 7 A L)
(21X, BIRF O & EAUB < DDFOR SN ET. SR 17 I 2 b—y a VR T 1813 A
A OFEHOBEG T2 T —# nEXAENE T, #WEY7e nfdynm.data OFFEZLIFICRRR L ET, 2k, =
DT 7 A BN THIA S D BACRIET S TR AR T

#
# a_vector = 9.2863024980 0.0000000000 0.0000000000
# b vector = -4.6431512490 8.0421738710 0.0000000000 (a)
# Cc_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




(@)
(b)
©
(d)
(@
®

TR ML EDILTWET, a_vector, b_vector, c_vector (ZZIE41a Bill, b #il, ¢ flO~7 RN
LR ENTOET,

ntyp = ORI SN TODJFFFEOED LR SV TWET, ZofITiE2 T, £/, natm = @
BIZITERTHDEINTOET, ZofITIE9 T,

(natom—type) DEITIL, T EFTFEO~ v BV IREINTCONET, Zofl72E, 1 FEMD 6 FH
DIFF-OJFFFEL 1,7 FHND 9 FHOFEAFL2 &) iR TG LETS

(speciesname) DL, Al ID O~ v BV IZREINTCNET, ZOFITIE, 1 &) JF-fEI
O(5R), 2 &\ )RRl SiESR) 1SN T 5, &) Z &Ry £,

BEAT v T TOEFENFER SN TNET, ZOFITIE, A A OFHaES 1 (8], SCF O HFaES 24
El&720 £,

FEBRDIFA DT & DJFANTND AT SN TOVET, 1 FHOFNIEFD ID, 2 FHNG 4
% HOFIDEF DD x,y,z FEEE, 5 FZHO 6 HFHOFINFEFIT@H< D xyz BEE 72D ET, b
L, A7 74 MZEWT printlevel 7 12 v 7 @ velocity Z250% 2 ([ZiRE L TCW5E, 7 FHMG9
% H OF NN AL T S E TS
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253 EMEE (BRIZEE T 7 4 L nfchr.cube)

7 7 A )L nfchr.cube (721 file names.data 7 7 A /WZEBWTF CHR IZL > THEEEINS 7 74 /L) 11,
Gaussian CUBE O &EREE AN 1 S E T,

PHASE Viewer <°, Gaussian CUBE JZAD A UIZK S L TCWARIIHEY 7 b D7 = 7 ZFIIH LT, 7S,
R A AL LT TEE Y,

254 KREEE (IRREEE D 7 1 )L dos.data)

77 A/ dos.data (F7-13 file names.data 7 7 1 /UIEBWT F DOS IZL>THRESNSD 7 7 A4 /V) 1T,
REEEEESH I SN ET,

REEBRED 7T 7 2R DI IRD K 912V —/b dos.pl 34T L £, "phase0_2018.01/bin/"1%, PHASE
DALV A =L ENTWET 4 L7 FUTT, V—/Lbdosplid, Perl 227 V) 7+ T4, E(7#. WEEED ST
7 D EPS JEAX D 7 7 A /L density_of_states.eps 2MERK SV E T,

../../phase0 2018.01/tools/bin/dos.pl dos.data -erange=-15,10 -with fermi -color

o°

dos.data REEEEDOH 17 74 v
-erange For T DX —OFPAZFRE L £, -15,10 ($-15eV 725 10eV OftiPH&F5E L TV ET,
-with_fermi TV I TR —EFRLET,
-color BT —HNEATNET,
3
"w
25
\
il ‘
2r I
g ﬁ I
H & i
§ 157 U N [
» \ | s
& (IR
1} | “\ \“” \ .
N, J ‘x [
/ \\~ "’ \ " \“ ‘ .
05 /oo \ /
c““ \ \‘\ ,/’
/ \/ \
0 ‘/ I \v/ I \ f// !
-15 -10 -5 0 5 10

Enerav (eV)

B 2.2 IREEFEE FIHULHT  (Si 1 FES FEED/ N MED)
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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 FREED 75 7 AERCT H1iE, RO K 912 —)L band.pl #F4TL £, “phase0_2018.01/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 2018.01/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 FoRT DRI X —DOFEPAZFEE L ET, -15,10 13-15eV 75 10eV OFiHZFE L TOE T,
-with_fermi TV I TR —E IR LET,
-color BT —HIETET,
10
/TN
% \ /
5 | \ \ i
- \\ \
s ° : :
g / \\\ ™~
w / \ —
5| / \ .
10F \ -

-15
w L r X W K

2.3 N FHEE FIRIEE]  Si XA YES MEEDON Y FES)
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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, 72 2L, IFO X H12720 9, HARMIZEHE 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,
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314 AT A—E2 T 74 )L

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 AHNSA—R T 7 A )L nfinp.data DB 5 (F—T—K) O—&

ANINT A =5 T 7 A )L nfnp.data DF 7 (F—TU—F) O—Fz, £ 32ITRLET,

# 32 AJ1/%5 A—& 774 )\ nfinp.data DF 7 (F—TU—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
T 7 )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 AR a
bmix ATALERZEEL b
structure_evolut SRR 7 v » 7 5851
ion
method EIRE ¢ {sd, quench, gdiis, bfgs, cg, cg2,
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
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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 cdiE, /WVARIFROEERT 2 VEFIH L TOD5ATE cutoff wlf D 4 1%, & 5 TRUVEEIT9

e

342\ R
NV REUE, LA X 512 accuracy 7 2 v 7 O FO num_bands BRI L > THREL T,

accuracy{
num bands = 12

}

num_bands VAV iy

NV NEE, FARBRMEEE 720 0+1 (3BT, Sl R 2 BRSO OB A RA L ET, RE
EAMIEE EONNTE LW EAIZIE, BEIWICRESERC SN E T, F-ZOMEERT L CWZRWEEAITE
BB S REDSRE SNVETS,

343k MY TY LT ERAT) VYT

Ty N TR NX—L RIS, k A7) 7 EHROERNE 2RO 2 HE R/ NT A—2—TF, k mthv
7V 713, accuracy 71 7 O FIZ ksampling 7’7 v 7 Z/E L, ksampling 7' v 7 O F CRREEI TV E
T, T ZITFRID L IR0 £,

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

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

method k Y7 T O HEAEEOE T, monk, mesh, file, gamma, directin DV YT FILHNTI,
monk |Z Monkhorst-Pack {52 K587V 7 C, l@EMEIND HIETHY, T 7+
b METY, mesh (ZHHZR A v = THZERASEILET, MUEREC LD EmEEL
AR T 28 0RO A AT O L AIX TN AR E L E T, file 137 7 A VDt
FRAIBFE T, S Ro3EE BB T DI > T < Dk siE AT D 0N H 585
BT 2V I HEOFBEIZBWOTRED k SEBET 20BN 25557 IR LET,
gamma ZfRET 5 LTHRDHRZY T 7 UET, T RE BN IZ#E>TWT, T
OB THIRDTIEEIMGFOND AL, T LE T, directin (FERE k AS0OF
(EEL & ) AFEE L ET, WITHOHETH, o7 7k RICTRRE T
T, RICBHSFRHLA 2T HUE GRHESILTORITIUE), TAROEERI R 255
1%, ZORORFREZFIH LT k S0 HDIZHAT 3FREESHRICIATINE T (&
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WOERY, ZnEIHTS, >EVO kS EFRCHEREEZEHTL2TELH £9),
mesh WZEROEEETEE LET, LTOEEDFIHTE £,

nx 1&FHOWHE 7 M OSERERELET,

ny 2&EHOWKEFXT M OSERERRELET,

nz 3&EHDWKEAT MOSEEEEELET,

AAT VTR, 72V IR OREER “F00 T BMETT, ZAUT ko T T o v IHEGAHT CIRAE R
FFO&ERICBNTHD 70Nk S CEVE CHENTE D X HIZRDEENRHV 7, AAT V71T, L
T X HIZ accuracy 7127 D FD smearing 7 12 v 7 IZBWTHRELE T,

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

smearing 7 2 v 7 CIILATFOEBEFHT 52 LN TEET,

method AAT V) T OFHEEFRE LT, parabolic, tetrahedron, cold, improved_tetrahedron
DOWTIEFRE L E T, BFHHT 5D parabolic T, 7 ABIC K> T7 =/
YENIAHIT Z21F0) L £, tetrahedron & improved_tetrahedron |ZPUE{AET, T2l
HEAEIC X DREE A Z1T O LAITRIFA L E T, cold I Cold AAT V7T, &J&
IZBWTAEME SIVTWDHETT,

width ARAT VY T O E TRV —DHENTHRE L E 7, 7 7 4/V MElZ 0.001 hartree T,
Z DX 7% parabolic D & E(ZHZN T, tetrahedron DA, Mk L C\5 & RirEh
DHHERR DT R —220RE” (2720 £,

3.4.4 TIHHEBE TR ILFX—

ZHAHRE 1L — %, LDA & GGA O 218535 ¥ £9°, LDA |Z LDAPW91, PZ, GGA 13 GGAPBE, RPBE,
REVPBE Ml T& %75

accuracy{
xctype = ggapbe
}

xctype ZHFHB =L —(LDA, GGA)
LDA : LDAPWOI1, PZ
GGA : GGAPBE, RPBE, REVPBE

3.4.5 YNEHIE
IHCHIES, B FIREEFEOICRAIE R LOBE DR Z@ < HONHEHIED 2 FEERH Y 9, LLFO
IollEELET,

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

}
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BB D 7 v 7 103N FO@ ) ¢7,

scf_convergence SCF RO HEERET H7 1 v 7 T,

delta_total energy AT RILF—DEOMEEZ T RLF—DOEN THELET, BIfEO2TRLF—L 1 2T
Y TRIDT AN —DFENZ ZTHE LT L D b/ S WIEEIURHE 27 L7z & A
BRENFET, 774/ Ml 1e9 TT,

succession delta_total_energy % {al[EhEGE CA T HXEAEANTPIR LTz & Red e E L £9, 2
2 CHE LB GG CICRAE 25 /- RS oz L HE S E T, 77+
JV MElE 2 T

force_convergence  JEFZMEI< NORIAEICEET DENEZRRE S ST 0 v 7 TY,
max_force JFF A8 < DO NEORHEZ OB TIREL £ T, 77 4/L MEld 1e-3 TYS

3.4.6 MIHIKENRI% & A REE
YIRENBEE & WA P ORBUE 2 INAT O &, B RIRIERI R A DR VB TR S5 Z N TE £,
AR L OISR S, DIFOLDISRET 5 LA TEET,

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

atomic orbitals
atomic_charge density

W ENREECE K ORI OREICR A 7 v v 7 180 FRtoE by T,

initial_wavefunctions ¥ BRI DR E H1EZFEE L £9°, random_numbers, matrix_diagon, file,
atomic_orbitals Z#i%fR9" 5 Z &N TX £77, random_numbers | XELEUZ XA #HHET
97, matrix_diagon [ THIIHUICE > TH D FET, ZOEE, FIHEEIESEERIRFC
DOHHMT D7y AT ZXNFX—EHHT 52 & TEET, LOIEFEIZILED
matrix_diagon 70 v Z|\ZEBWTITWET, file 1, EIBHL T 7 1 L bEtdAAE
T, T CICH DR LT BRI T — % 7 7 A VAo T DRI DA T > 3
VERTEL, AT EABZ LN TEE T, atomic orbitals 1%, EERT LY LT 7
A RS S NTR FIET — % &2 b S b TV E3, 77 40 ME
random_numbers 77,

initial_charge_density #JHEMEEORE T EEZFRELE T, Gauss, file, atomic_charge_density OV Y74
MBS 5 Z LN TEET, Gauss (TR AL E LICHMAR T ¥ ZABEIZ K 54
LT, file 137 7 A WD BEtAARE T, T CICH DFEENR L= BT — 4
T 7 ANERES CODERIIZ DA T a U EBRL, SiRAEED Z LN TEET,
atomic_charge_density |FHERT vV T 7 A M FTER SN R FOEMBEZ
VWML ZATOE T, 7 7 /0 ML Gauss T,

matrix_diagon initial_wavefunctions |Z matrix_diagon Z5E L CW DA, ZOHEHH & Hili#
THIOOT Y 7T,
cutoff_wf HIHREIRSEA B R 0 » A7 XX —DEEZRELE T, T 7 4/ ME

1, BEOHy N7 LR —DHS T,

3.4.7 EZERE
PHASE (3, FERFRT v v AOBEZ MM TIITUETS, THEEEMTITHES 2L bIETT, =
DHRERFIFIT 2720108, BFOL S IZELET,

accuracy{
nonlocal potential{
SW rspace = on
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r0 factor = 1.9

FZERRE, Stk LORIOFIETEBLS LTV ET, WZEfEEE OE D ON 3) Th 2 DIk} LFEZEH]
ETON 72D T, REZRRITBWNTUTEZRIED ST BER &L 720 £, 72720, WZEiE ClIEM» G S
HOITx L, FEZEMEITTPRE LS SR I FEE A SE T, nonlocal_potential 7' v 7 TIELLFD
LB EHET Z & ANARET,

SW_rspace FZERREARIRAT 2 E I DERELET, 7 7 4/L ML off T,
projector_optimization REMNEATET 5702370y = 7 —OaifbaAT 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 D98, 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 7O FTITWET, 72 x0E LT X o127 £,

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
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sw_inversion = off

}

351a=w k)L

unit_cell_type BNIOFEE HEZRE L CWET, prmitive 2> bravais Zf5C€ 352 &N TEFET, 7
7 4V Ml bravais T3, %925 X912, Bz F-ER CRET 2HAIEZ 0%
¥ bravais &I HMENRH Y F9, F7, 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 2OV Cidd E OB H SR L T 72 &0,

unit_cell B EfRET 571y 7 T, BT MVERRET D515 LB ERETRET D 5L
Do ET, BERICEK > TIRET 5574, unit_cell_type 73 bravais D55 DHA
NWTT,

® LAY MNEFRTET DL
ZOIFEERRTAEE, X7 MVRIT—2ZFIHA L CUATO X )it LET

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,
SOHNITT vy 7 BN CIRET D HEOAFIHTE D512 EE LTSV, ZOFITH, unit_cell 71
U DYEHIC#units angstrom &35 2 LIC Lo TR EOEAI A A BATITAE LTWET,

® KT EHIC K> TIRET 2L
ZOHEENNT 58, UTOL 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 EIC K> TENEIUWE T ERa, b, ¢, a, B,y ZHELET, &
DIFETIRES D &, AT MUSEHRBIGRAZLU T O & 5 2 F = TER SN D L 51T £
a vector = al 0.0 0.0
bl b2 0.0
c vector = cl c2 c3

b vector

3.5.2 [RFEEE

atom_list FIRTOEEAEORE/ R E&ATH) 70y 7 T, LTOE T v v 7 % EH
THLENTEET,
coordinate_system [T A IIVT VT VEEEL LS TCERT AN T TV L a FVERE I &
STEHRTHNEREELET, internal £ 35E 777 2 a - /VEEC -
T, cartesian &9 HENNT T UEEIC L > TRRELET, T 740 b
&l internal T4,
atoms TR KR DI R ET AR T — 2 25tk L E7, REeEE
EXEY SN A
element TCRAERELET, EAE, Bl element list 12V TEFRSFL T
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DB T

rx XEEFRE LE T,
ry yEFEAFRE L E T,
1z 2R AR E L ET,

mobile  FRERIELDFEIIEY L 2 L— 2 BT R S A BT
ERRET HEUMETY, AN L7z A on & LET, 77 4/0 Ml off
<7

mobilex  HEERELROS FEIFY L 2 L— 3 TRV T ZORTO x, y, 2

mobiley ERNC “FTENNEDY ZFEET HEMETY, AIENZ L7cVWGE on & LE

mobilez - F7 /L Mil, mobile [ZHE ST,

weight “ERERELET, ZORMEIC 2 WO EEZ 2 T25E, Fazfiid
U7 s OfrEI 2 E— R AR LE Y, 7740 Ml 1 T, 2
w52 556, RICKEEFMEDRH Y, %D sw_inversion /37 A—4 —
Mon &7 TNDUENRD YD 7,

353 [RFIEDIEE
element,_list TTRIEREFEET DT-OOREAT— 2 it 4570 v 7 T, %
BB XA T OE Y
element LR ERRELET, EEIFMETT,
atomicnumber JRFESEIRELET, fACITMHETT,
mass HEERELET,
zeta AV EBEL TODGED, YA OB ERE L ET,
gex E BNV 55 IR E L E T,

BERT v V7 7 A /W3T, file_namesdata 7 7 A /UUIEBWT, 77 A IVRA X —F POTM) 12X > THRE
LET, 22T n lIANCEBT DILRBEDNEFAIKRNST 28T, 7L 21E, UTOEHETO & Si O
FHENBAI T 7 A MZBON TR SN TNT,

structure({

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

KISTDERT ¥ /v 7 7 A D O A O_ggapbe_us 0l.pp, Si 2% Si_ggapbe_nc_01.pp,7- > 7255,
file names.data ZLL FD L 915tk 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 ANVDRREE, SSHFHBEART VL v VORRFEDIEICHRIE L TWET, A LTV
BERT U VT 7 A NVOSHFHEART o v VOFREITIEL ggapbe 72 1dapw9l OV THTIN, EH 57
DOINXT7 7 A NBDBHET HZENTEET, 77205, ggapbe HH U NEIdapw9l &V CFHIDMEEART
XNT FANDT 7 ANVLIZEEINTNET, 72383, ggapbe & ldapw9l ZIRAESW-5tHRAITH Z LIFTE
FHAOTIEELZS, £, FIATE 1T 16 FHETTY,
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B ZBIHEFR LW EORED 2 2 TITOWET, qex 737 A—H|TBM U7V VEIBR LI-WE T BEfRE L £
9, T2z LFOXIITHEELET,

structure(

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

BIMLTWADIFEF2DOT, 10845 LEME LTE 1D AISTEENME T, HEEIFFREIT LT
ITWVETA, FEENTR A L SRETT, SCF HHEN Tt » THEIFEFHE SN A RRIERI I L L
F9, BRI TEEIRRE O BRI A L B & XIIAREF 1 S E2 B L HIc 7 = LI L-LA R L E
7, F72, Ewald =3/ —(3Z ORFEIEM 2T HIET L 2 I RIS EERT M 2BV TR L CHERE L &
7

354 REEADEROMN
R B ERACHOVNTIE, gqex LISMI . additional_charge (& X A5 S AfRETY, additional charge T
FRET DD, EOYAIXIEENR, AOLAITAER E) 2H7mxEd, 7ok, Ewald =¥ —3Z
DAFIERAFT BT L 9 I Rl RRERT O A BWTRIBIC U GRHR L £ 7,

TREOBITIE, SRIZ -1.0 OFEfT, $70bb 1 HOEFZfHTINA £,

1 : additional_charge fifiHIf]

structure!
charged_statel
additional_charge =-1.0d0
§

}

355 HMRE—4 2 FOWIHAEDIEE
JRFFEOPHIERT— A > b R 122\ CiE, 8.5.3. JTFEDIFEE TP zeta LIFMZE, moment (2L 54F
EHARETT, BEAUIR—THA [usl TF, 728, moment ICEAEEEITH L. 70 s T ANERCHERIIC
zeta fEICEHLEINET,

TROFITIE, Crl KO Cr2 OWMIATE—A > MZ, #NE 3us L 3us MR ESNET,

5] : moment (2 X AW TE— A > FOFEE

structure{
element_list {
#tag element atomicnumber moment

Crl 24 3.0
Cr2 24 -3.0
08
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3.5.6 XFMEDIETE
symmetry

method

Sw_Inversion

tspace
lattice_system

generators

ROREEFRET 571y 7 T, FEEFIHTH Z LIk -, HEEZRKIEIZHS
TZENTEDLEENHY F7T, LUTO7 a7 /B8 E T2 ENTEET,
KRR E D HEAFEE L E T, manual & automatic #3852 23 TEX £, manual %
BN 5 &, ARTEAEEANTLZ LIk o TRFMEZRET D Z LM TE £7,
automatic #3342 &, PHASE DMEEDOTT /LD HEWIHFMEEZREIL, FHEICK
MXHFd, 77 4/b MElE manual T,

RIEETREDMFET 25510, ZNEIEH L CGHREZOL TN E 2 1 EfRET L 54
ETT, on OYFAHERIFEAFIH LET, RissFREO NI A0,0,0 T, 2047
¥ a ISR ED 8 DR DR AT O AT IAINTT 5 Z E D HEE S IVE TS, skt
PHEDIRNRTHNIT 5 ERWPECTREI L, & TTHDOTIEELSIEIN,

TSPACE #FH L CAMITTAZEEHRET 272007 10 v 7 T, LLFOREEITWET,
unit_cell_type 73 bravais O¥AIZ, “bFOAPZEE L £9, ZRIKIT facecentered,
bodycentered, basecentered, rhombohedral T4, ZDOEHAHET H L, FEEITLCTHHE
FHREMINET, ZOZNENDED I )N EHLHT HINTONTITER S 22T
LTEEV, ZOEBEFHTHZ LI2L-T, A7 7A/VTIHEED LT W T T _X—k%
FCHNRAZFRE LoD, FEROFHBEITAMOD WA 7 CHITTH Z L AlEEE 72D
9, lattice_system ZHEFIH L T2 2 S 5056, B IND DITHARDOHAT
T L7ehio T, JRTFEEDER CITEAME - OHE OEROEFEHRA L TIZE 0y,
7= 20, mOSITA-OFREET O A O IE DR HIEEE T, FRORFORIEE
THEITL TS, Fz, kY7 U T3S ORI E CGREL T EE
U,

HERTTEARET D27 —7 VT, Eotld, 3 DETLMERTERNEW I FlIRH Y £
o ZOT—=TNTED I IIERTTERET 2OV TIT 42 2B LT ZENY,
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3.6 ;XEIRE%L )L/ \— (Wavefunction_Solver)
3.6.1PHASE IZHI155tE 70—

PHASE IcBIT 53 7 0—% X 311 RLET,

J? FEE Q. : WIHIE
EREE o, - HIME
RENBS% v - DIHAE

&
<

KBEBOEHR

v
BHEE pu DR | [ @pmmE o, OESH

EEDEA

~

No
@ RFERE Q, OEH

X 3.1 PHASE (ZBI}3#E 70—

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.

RIFDNRIDN—TTIE, AT Dpiy EFT LN g B —ET D ETHEM TONET, ZOfFE¥IE SCREC
BEERARE LIHINTOE T, AMIOL—T T, 52 SNFTFRREICH L CHOREIM TN, 207
23 OBRMELA NS 72D K 5 7 JRFECIEICEET D £ C, ST TINET,

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

70




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 WHRTHETEDY N AR=ZAE T £T, L7e23> T, rmm3 1
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 Z L300 22 AR L7 HIREIBIES A g L 9
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
f(G)=——F7—

2
14 (g_)
Gy = bmix * Gip
T2 TCminld, T HEERVE) GOR/MEAIELET, Z0X0 amix
BLO bmix EWHRTA—F% [RLOERIZL->TZOTay 70
TTHRETHZENTEET, 72770, BT 74V ME ERS U E
7,
amix
bmix
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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 Wi hy, SCF FHEZ IR EH 2 DIZE < O I LEHENVEE L 72 585
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 < EBIUR LT & A7 L, i bz D HiHE7° 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 HEEEB L TCWDIGA, EMEERSIIEE M AL VEWEE (7 TAE L OBEMEE 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
NWET, SEMEALVERMERET DHOTIIRLT v A OBFFEEL XY A L OB & HHR
B3 555, LATOEFET sw recomposing 282 off Z3%E L E T,

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 L3 oMl A L & £, “WHOLE” L6578 LIZA, FHKTETAE V2 EE
LEd, BEEEE LG, ZORBGETERE L & 13EH OFE I TVET,

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 XAALATRAEIEDHIZE, LTFTO X 9T 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 UCHMERYE, Pulay %5, Broyden (2K 2 2FHOHER EAHEHL TWET, Zhbad, MEDGT
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,

[ 3= b iE R L7 UOSHEREERI AL, 3y R S0 U C HEIISEE2 b O S
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
OREZHIFET Hva A h 77 h L TL 72EV, wavefunction_solver 7' 7 v 7 [ 3fF/E L TV T HiEDRND
T, YA DR ED VBRSNS T 2 T T a v Z 1B TUTOET, T2 xUE AREE A
L2222 rmm VL= FHS 106 hartree KV & L <o/ A I 7 TR LI2WGATEL, LFO X 572
RO AATVET,

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 %13 Broyden |2 & % 2 % H D5, pulay #i3 Pulay (25 % DIIS T4, 57 4/L ME
I3 pulay.

rmx REWEEELET, 7740 MiElZ04 (REZZBEL TORVIES), 0.1 (AE L ZBEL TV D
5rey)

istr broyden2 7£72\ L pulay LA L T AIGAIZ, X UHfME% simple (L TIRAT 20 EHEE L £
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T, T7AN MELZS(REVEEZE L TRV, 5(REUE2EE L TVAEE)
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 57> CGIEZFIMIL,  HOREDVNE 725> THH GDISBFGNAITIN A D, LW o)
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 ZERL 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
% on
sw_wf_predictor WEBH DO TR EAT O 02 E D DEIRET DAL v F, 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 REEEFE DR FEZTEE L E T, gaussian & tetrahedral DV AT 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 WERBEL/NFIHNEL I 2 L— 3 VORPICHRIBEZITIHE
T TRt L7, FRSRRIEDSE S LT ZRWEFE HIDMUR LTZRRIZSE T SVE T, MR o518
N 2 b= a CORTITEREEATOZ0YrE, LFO X9 il 2110 E T,

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 |IFRET D EFRZEDHEIINELN, vl 77 ANBERAOLL > TLEVET, H6NDHEHRDOIF
LA ETT Ny TIERIDT, RSS2 RY base=2 IFFEE LW Z L AHER L £,

4. BEAHLAEZFIA L5t EH

41 &I RIILX—EE

O EARLGTRE L LT, B X —0itERH Y £9, RO ER TRET RN X — 23 H LIS FE
BOMRER 2GR 2 2 &0, M FEICRT Dftsa DL EN AT Ml 2 Z N TE £,

411 AHIRS A—4

U agEs (XA ey i) O —EEEE LET, U ET 8% SIS Axfsl LE
T, VU alfEih (XA ey FEE ofEEX 4.1 1 ORLET,

X 4.1 vV aVEFIERT DX A PEL FEE

FHENAFHO AN T 7 A UL, 77 A )\ file_names.data DT THE L £,
file_names.data (ZLL T X D IZFLik LET,

&fnames

F _INP = './input scf Si8.data’

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

&end

PHASE # #7195 7-0I121%, #RT v v/L7—% F POTQ) &, AN177 A4V F INP BMEESHTHS4
FNHY 9, Sildapw9l nc Olpp IV I DEERT U ¥ /L « T—X TT,
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ANJ)/3T A—%T7 7 A ) input_scf_Si8.data (T OV Tt L E 7,
Control 7' 2 v 7 Clid, &AM ZIEELE T, cpumax [TRHHRFORKELAIFE L TOET,

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

Accuracy 7 17 T, HERBEZRELET,

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%, JEIBHEL L EREEDAADT v NAT « =3 VX—03, ZHZ1 9.0Ry & 36.0Ry
EWVWIHETHDHZ LR LTNET,

num_bands [TV —MENEEFR L FT, ZOFETIE, SiFET SEERNETH, KT 4 EOE
ZHOlw, A INDUEEIT, A t“‘/@ﬁ'ﬁiﬁgzé%r%“é & 8x4/2=16 L7320 £9, ZM7=® num bands
1, 17T EICRE L TESMENDHY £, F7-, ksampling WD X 7L, kDY 7V T OREE 5
ETHOIONET, ZOBITHE, 4X4X4DA v 28Rk S 7V o7l 4,

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

scf_convergence T, FHEDIRSAZEE L £, ZOBIDEE, 21 /LX—0FHEEZA)310712 Hartree
A 1IN E D &V FERANERE LT 3 [Elfe e b, FHREZK T I®HL LI ESNTOET,

Structure 7'© v 7 TlL, fEdEEAIEE LT, BMITIT 740 "OVEAFEALE 2o TET (REOBNIE
Bohr),

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

}
atom list{

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

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

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 TiZ, JATHE, BEAHIN CTONEREENE, TNENDRAONELZBEEST 2 G0 ERELET,
element_list Cl¥, J7t#4 & ZDRFEFEIRELET,

Postprocessing 7' 12 v 7 Tld, BUEHED/ T A—ZZ{E L E T,

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

charge 7 7 v 7 Tld, BWEEDOHIINTOWTHRE LE T, BEEIL file_names.data (23T F_CHR T
FREL7 7 A UciianEd, filetype=cube & T 5FIZL Y, Gaussiancube A THAISNET, =
DL x, F CHR THREIND 7 7 A V4L, *cube DI THANENH Y F£9, Gaussian cube 7 71 /L
I&. PHASE Viewer 72 EOFRGHEY 7 b0 =7 ZAffio CrIHEFRRT 5 Z L 3A[RE T,

4.1.2 SHEDET

PHASE #L T X HIZFETLET,

| % mpirun -np NP ../../bin/phase ne=NE nk=NK |
ZZT, NP, NE, NK i¥Zneh, #EIERAT 7 ety h—0kt, = UX—YENOSEREOE, B
KO, kmONEFHROEER LET, ZhbDNTA—ZOEOMITIE, NP = NEXNK &9 BRAHY
SO TWRITFAIUTZ2 D £/ A,

F72, 1CPU ORtR#EME S HEITE, UTFDOXIITETLES,
| % mpirun ../../bin/phase |

FHR ORGSR ARSI 2121, FHEOr 717 7 A L output000 [ ZHI) S TN DR R —DILHIR
WERHNET, UTOXIIZFETTHE, BN —IT A5 a2 T& £ 7,
% grep TOTAL output000 |
Si8 DY LTIt TSI output000 Tk, RO L D IfEnF RSN E 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 FIHRICHNT, B F—OMEMABR L T <ERTF2V00 0 £7,
413 HEHEROLN

SNz F—1, F_ENF 77 A /M ShET,
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Si8 OHETIL. F_ENF 77 A /U7 7 A N4 : nfefndata) IZLLFDO X H 1T >T0ET,

iter ion, iter total, etotal, forcmx
1 12 -31.5879371472 0.0000003022

AN T T D L. BREE 7 7 A /L nfchreube 2MER SN E T, BREEMMGEK 4.2 108 LFET, JF148%
o972 Y, cube file ([EIEAINZ TWET,

42 ) aAEROEREBES R
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42 JFEEEB LI-ETE

PHASE (213, #EsaOXMFEEZBET 5 Z LI L > CGHHREZIRNT 28813 H 0 37, ks, AEndic
HESHEDLZEHARETT L, A2 EFEET TS Z Lo THRIICIRET A 2 L 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) HALZASFERCCRE

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

Z OJFIEE, unit_cell_type 73 Bravais OFFOIMEHTE £4, 7 I 1 EHEE L TAS LIBA, Mk
DIEICLY, 7 a 7T AN TEARTZIGELET, L. 7107 DONE LIZHAN 72Tl i s
DT, JFAEREDOFRE, k S0ERS, N REEROMFR k mOFRER X, Z ORAMK A% 0TI T 5 N
HHRITTEELSTZENY,

unit_cell_type & LT Bravais ZFHT 254, BREAUNET DR AIEE LWL SIZLTLEEN, 72
& Z TR E BT fsimaD%E, O, 0, 0) DIFE-HIFEEL, (0.5, 0.5, 0.5) DJFEFIHFEELRNEIIZ LT E
S, Bravais ZFHT ABIHRESLE/ A AEROTT, lattice system & WO B TIREL 7. #* 4.1 221
LTLIEENY,

ZE R Rhombohedral) OEAITIE, *HGT 5 /S5 dhR(hexagonal) O ESE AT LET, RNk &2
HRSESRDFAN MRS ML ORREZ 4.3 1 TRLET,

TR A PN R C AT T B8, Sl A TR T, AN O TR TR - OA B A il 7 R LR
BRI 3 12T FV) (TR DAREEE(D o 2 (W E DO FEE) CAJILE T, THhV MNEETAS)
THHEIE, £ 42 ITRSNTCODHAIERY ML EREET DL HICAN LT &N,

#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
A1) bodycentered
1EF () a,c a=a, b=a, c=c BAAHE(P) primitive
alpha=90, beta=90, gamma=90 D) bodycentered
B 5(0) a,b,c a=a, b=b, c=c HH(P) primitive
alpha=90, beta=90, gamma=90 ELNC) basecentered
TAReD) facecentered
A eND) bodycentered
<77 (h) a,c a=a, b=a, c=c HH(P) hexagonal
alpha=90, beta=90, gamma=120
=) ZEmE A a,c a=a, b=a, c=c ZfR) rhombohedral
N7 e alpha=90, beta=90, gamma=120 | H#h(P) hexagonal
HiHm) a,b,c a=a, b=b, c=c BAHE(P) primitive
B alpha=90, beta=F, gamma=90 JELNC) basecentered
—£Ha) a,b,c a=a, b=b, c=c BAAHE(P) primitive
a, B,y alpha=a, beta=f8, gamma=y
};
a’ =av
b =— g_; +
CH =cZ
X
a” =a®-p”
S
¢ =a®+p* +cf
X 4.3 N5 8RR L EEASROBR. ANHEOFH O RIAG TR EBEARWHESRY MINRINTOET.

al b cHi3AHEROEARLESY FLT, af, bR, cRIZEFEREROEALERY FLTT

F 4.2 TITR—EFOEAINHESY L.

7T a b c

Hiffing /5(cP) ax ay az

/L7 S5 (cF) g 7+ 2) g (X +2) g X+

T J7(cl) S(-X+9+2) c@-9+2) ~R+y-2)

HUMLIE 5 (tP) ax ay cz

ACEJF (D) %(—a’i +ay + %(a? —ay +c2) %(ai + ay — c2)
cz)

Hifdiig )5 (oP) ax by cz

JELNEL S (0C) %(a’j — by) i(af + bY) cZ

11D 7 (0F) ~(b + c2) ~(aX + c2) ~(aX + cy)
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a7 (ol S(—aR+by+ | (ak—by+c2) ~(ak + by — c2)
cz)
\";/\ L. =~ 1. \/§A ~
Hifli/ 7 (hP) ax a(-12+29) cz
HifilizE fer 54l | %21+ L5415 _ 5415
HZEmAOR) X+ o=y +oc2 | — o+ gy +icR 5y t3cz
B HAR(mP) ax by c(cos Bx + sin B 2)
JE L EAKmMC) %(ax — bp) %(ax + by) c(cos BX +sin B 2)
Hiffi =& aP) ax b(cos yX + c (cos B3 + 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 SFLE 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 FFEDERTT
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
—J5kh, NITRUSNOSE
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 E T 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 UCRESIRNENH 2 DT, TNEBET D L OIGRET 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 AT DA AR EOT N, TR TH D Z LI TEELTFE, £, RSO NWRICE
W sw_inversion =on Zf5ETH LT —A vt —U N L GHEEK T LET,
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422 58| - 1) O A4ERSI2)

U I UFARERRL T D Z A VB MEEOEAKR A IFEF 2 A2 EAET, 22T U aVFA 205
7% Sz LW OFREFE LET, K 4413 S DJFEAHEETT,
FHEFIEIL, sample/Si2/TY,

44 S DFTHEE, FRIIRT 2EZE0EART2+RT

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

7 7 AV file names.data (2T, AJIRTA—Z T 7 A )V EFBRT v VEFRELET,

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

ANIPRTA—=BT 7 A BT, crystal structure % diamond & LC, ®FRAEZFEE L ET,

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 |

HENKTT 5L, file namesdata E W) 77 A NADOHFTC, 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 Ti%, AHJI7 7 A NVELTO 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, sHEKTHROBUELE 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, TN, 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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DT,

| % dos.pl dos.data -erange=El,E2 |
L35 L, Postscript TERDIRFEEEX density_of states.eps WMEGHLET, F7-, -with_fermi &\ H A4
TaraEOT, TOWBAETTLL, ARSI REEERICT =L LoV ERTHIIE T, T
2L, ¥rv v 7T Do5HETIE, AEFHROTARVF—RKED & ZAIERRGDET,
ZOBETIE UTFOLITFATLET,

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

Sie DIRREF L, X 4.5 1TRLET

4.5 Si2 DIRFER B

(3) N FHEEEX
RAEEE (DOS) ZHA L9, #HHEHIEIL, sample/Si2band T3,

file names.data Ti¥, AHI17 7 ANVEZLUTOLIIFREL TONET,

F_INP = './input band Si.data’

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

F CHGT = '../scf/nfchgt.data’

A7 74 MT input_band_Sidata %. k 5D 7—#1% kpoint.data THH Z L 2fEEL TWET,
A7 74 v kpoint.data 1%, ”—/L band_kpoint.pl #HW\TAK L FT, £kT25 k S&27 71/

bandkpt_fec_xglux.in THELE7,
| % band kpoint.pl bandkpt fcc xglux.in |

INBDANT 7 ANEM ST, 707 hekeal #FATLET,
| % mpirun ../../../bin/ekcal |

717 7 4 /v nfenergydata 7°5, >—/L band.pl ZH\T, /0 FEEXIZER L ET,
Y —)L band.pl ZLL FD KL 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

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

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

Si2 D/ i, 4.6 1TRLET,

4.6 Si2 DR FEEE
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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, SEREMEOE] & LTSI SRR, RORREEDH] & LTSI 7 1 AR LTI 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 ARAEFAZE S THREL TWDDT, JFE 1 DOBFER L TOET. RONEICH DR HTFEE LT
W2V RIZ ZHERE L 72 &0, erystal_structure (2 bee & WOMEZEFRET D &, 707 T ADMEE DA% HAK
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 BOYIINEZASES DBERH 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 OEAIE, v 7 7 AV output000 ([ZHITENFET, UUTOI L THEET HZ AT £

% 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

RO, TRBEHEORE L HAMIIIFR U T, 72720, MOtz 32895 7Ol A v Uil
B % SR EINC T DR H Y 3, £ LAnE, EVHERT E%”@%ﬁéf&;é%ﬁm ﬁ@ﬁﬁwuﬁﬁ LET,
SERAEDOEIZBWT OB L7 L 918, A It T EIC LVERT D Z ENTEERA, £ T,
PHASE T3[R U T v VAT 20 R 2 BEE L, B2 ICAE U ORAsET 2 2 S1T k> TR
A7 AA BB AR ET D Z ENTEET,

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

Z Z Ol ORI T 2 A © RN B 7 DR A I DR S LT D (BERHERT magnetic_state 13 ferro
CHEET D) HEERNLET, Cr OFEHEEIL 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,
JRAEEIRO X HICRELE T, ZIUTOINEC, B HIREFHRNET I WA B O R & T2 0% 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 Ef5E L E 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 2 v 7 DJF{-DFETE atom_list (Z mobile BMEZEE L, FE(LORRERDFFAIT1 LW O EETE
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-> TITVW E97, mobilex, mobile, mobilez JEMAEIE, mobile JEMAE & [7] CEAYT 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
(CG), cg2 i (KE CGH) gdiis (GDIIS ), bfgs (BFGS 15 DU A hE~Ed,
7 7 AV Mild bfgs T,
dt WSR2 T O BEORHEZIATT, REWEFDRREPORANZ0 23, RETXD LEHEEZE

LSEITSED ZEMTERLIBRDEANDY £, T 74/ MEIIFAEA T 100 TT,

GDIIS £ 2\ M3 BFGS EIEAIBI DR EWGELEITEIR TERWEENRHLDT, BRIV
quenched MD #7> CG iEEFIHI L. &2RENIVINS 72> Tib GDISBFGSEICHIV R S, L))
84 L £3, GDISBFGS) 2]V & A 5 OfELFIE LT A OHERMIL, Th AR
initial method & ¢ forc2gdiis ZFIH LT KDL HITHRELET.

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

}

7y 7 40%, GDIS, BFGS $4iC gdiis T9, 7 74/V MElX initial method 2% cg, ¢ forc2gdiis A
0.05 hartree/bohr T3,

442 STEREROH S

R LA fid L, F ENF 7 7 A VEEED T 7 A V4 : nfefn.datall T F—F 28 < SIDHKAE
DIEEN, F DYNM 7 7 A MBEED T 7 A V4 : nfdynm. data)lR FELEOBESH S E T,

443 EEH . ) UEROEBEREE

UV a RO SRR L ORI T, ERFEAEENDEANIEEZTH LT, £ IO 35
THHEETY, FHREBIEEIL. sample/Si2/relax T,

(1) AN77A4n

7 74V file_names.data O TIL, AJJ7 7 A/ input_relax Sidata &, JFFONEHEEE - &A@ < 7
D FEFEREOHS 7 7 4 /1 nfdynm.data 2HEE SN TWVET,

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

F DYNM = './nfdynm.data'
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A7 74V input_relax_Sidata (%, BFREEE 0.125 TiE7e< 0.130 & L. LERIGEAEEDOFA(E %
THLTWET, F72, mobile BHEDEE yes ICL T, FAAEZAIZICLTOET,

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 = v 7 CIRAf#) < IOWHRSA 2458 LET,
accuracy{
force convergence{
max force = 1.0e-3
}
}
(2) FHEMR
FHEREROH )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
# ¢ vector = 5.1300000000 5.1300000000 0.0000000000
# ntyp = 1 natm = 2
# (natm->type) 1 1
# (speciesname) 1 : Si
#
cps and forc at (iter ion, iter total = 1 34 )
1 1.333800000 1.333800000 1.333800000 -0.010794 -0.010794 -0.010794
2 -1.333800000 -1.333800000 -1.333800000 0.010794 0.010794 0.010794
cps and forc at (iter ion, iter total = 2 53 )
1 1.331707297 1.331707297 1.331707297 -0.010402 -0.010402 -0.010402
2 -1.331707297 -1.331707297 -1.331707297 0.010402 0.010402 0.010402
cps and forc at (iter ion, iter total = 3 75 )
1 1.327597870 1.327597870 1.327597870 -0.009614 -0.009614 -0.009614
2 -1.327597870 -1.327597870 -1.327597870 0.009614 0.009614 0.009614
cps and forc at (iter ion, iter total = 4 100 )
1 1.321624355 1.321624355 1.321624355 -0.008433  -0.008433 -0.008433
2 -1.321624355 -1.321624355 -1.321624355 0.008433 0.008433 0.008433
cps and forc at (iter ion, iter total = 5 127 )
1 1.314015753 1.314015753 1.314015753 -0.006865 -0.006865 -0.006865
2 -1.314015753 -1.314015753 -1.314015753 0.006865 0.006865 0.006865
cps and forc at (iter ion, iter total = 6 155 )
1 1.305076108 1.305076108 1.305076108 -0.004930 -0.004930 -0.004930
2 -1.305076108 -1.305076108 -1.305076108 0.004930 0.004930 0.004930
cps and forc at (iter ion, iter total = 7 184 )
1 1.295180554 1.295180554 1.295180554 -0.002671 -0.002671 -0.002671
2 -1.295180554 -1.295180554 -1.295180554 0.002671 0.002671 0.002671
cps and forc at (iter ion, iter total = 8 213 )
1 1.284767108 1.284767108 1.284767108 -0.000159 -0.000159 -0.000159
2 -1.284767108 -1.284767108 -1.284767108 0.000159 0.000159 0.000159

Db, # RWETHEDEDNIANT —FO—aRK L TWETR, TORDITE, A A 3ebbari
F-ONEEERZ — R T DI, EEHEES 34 [MITh-o7=2 &, 720b, ZORIEEEIED 33 [BIHE

el Z AR LTWET,  BEBERO NI DPOREHE, 5 3 BiBil#E & AR,
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XL TRRSILTWVETS,

F72, TOWRD 21T1E, A OFS, JFAALERy,z, bohr HAD, BIONDRSY (xy,z, hartree/bohr HADD
FHEREREZR L CNET, ZHUCKD, #ERE FE Tl T &, FHENEDICOIT, JRH2@< J10v2i%
2 RO LT ZENGN0 ET,  BHEOERT, OB OFERERD, BANFEE SIVDOREAELL T
(ZIR o722, FEFMEFROFEINE T L TVET,
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45 REDEHE
451 REDFEZETT DI

PHASE | TRIZJEHIER S 23 3 6 5 O T, R e B CldRim/ie EOARRER S Z LITTEEHAL

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-
VU arREOHEEGIE LET, ZOEEOHEIIL, K 47 [OREND L )RR T TR ENES, R
T 7O MO Si DR R, ARAERIZKERF TR L TOETS

4.7 /KFE#IR LT~ Si(001)-p(2 X 1) FREDOHEX

Z OFICHA 5 file names.data T9,

&fnames

F_INP = './input SiH2x1l.data'

F POT(1) = '../pp/Si ldapw9l nc Ol.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—=Z T,
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 T 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) IZE X TRAHVENRH Y F3,

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 #A~—%H ) DT Rl LT, &EBINETS Si 44 ~—OEE 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 &, 48 L72D FET,

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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X 4.8 Pt(111) HOFRTEE, REET NOFREFRIZT S Z LIZ K> TREBRFERS 2,

453 5tE| . ERFRADER T RILTY—

OK 12 HERMmMDER =X —IL, LLFOL I ICFHET 5 Z LA ATRETT,

y = (Es — Ep)/24
Z 2Oy MEREAERT AN T —, EgPREDBTRIVF—, Ep SRS T DD ET VX —, ANKEETT,
2A TElS>TWDDIE, FEETIIERN 2 2BENLI0G T, F/, EEIEEETVEFRTENE D LA
—V LT & CEZFHLET,

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

Pt(111) 9 @1, 36 i1
T EHIE, a=b =5.657A,c =304 a=p =90y =120°
4.8 DET IV

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

MR &1L, REOD %72 L TWDET2Y 1 FIBEIRIT T D REDET L,
K7 Ta = 4A, b = 2.828427125A,c = 30A,a = B =y = 90°

410 DEFIL (ZOETIE, A—S—BILTERLTNS),

Pt(110) 15 J8@D10)iH, 7t 15 it
FsTiEs3a = 8A, b = 2.8284271248A,¢c = 30A,a = B =y = 90°
49 DEFI (ZOKTIE, A—S—BLTERRELTND),

4.9 Pt(110) BHARRE (R —/*—&/LFR)
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X 4.10 Pt(110) [ missing-row #&E(R— *—k&/LFR)

H4FmEE, (DEMRSHZET, Q10)HEIZOVWTIE missingrow AR IND & ST ET, 2K
VIR EN, REART ANV —OFHRENOHHTEL Z L 2R LET,

FARERSENTT,

WTINDET IV SEEFE A B E

7w B AT TRV —1L 25 Rydberg

k S o 70E, (111 12k L TIE 6x6x1, (110) 12%F L Tid 6x8x1, (110) MR 2%t LTl 3x8x1
ko tix BEGS 1EI2 &> T ; OUHEIF2 x 10™* hartree/bohr

SR L OXIR & 72 DR, EmND 4 &5

ZO XU TE LRI T RO R Z, & 431CF O FE L, (MDEOAERTR/LEF—)
INEL, WIZA10) MR, fbARTRLF—=RNREVONAL0)E E WV ) FERME SN E L,

# 4.3 BPEFRREOERTINLF—, (111), 110MR, (110) DIETERTRILFE—DI/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 NG A=ZTE, JFFERIH L, Mol kEhha=y ML ELTO0ET,

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/ D72 OI2iE, A7 7 A VO AT postprocessing 7 7 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, BEDRD, K 411 ITBROLEIRA L' LAEIRA ©° 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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411 Fe OEFBEHMAN. HFRLALUDADEIY, BREBALICEI VAL, ZEIRA LV &/NIRA Y
XD ERBESAOEELZRT.
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4.8 KEZEDFE

SCF #HREAUR L7, REEBEOFE A TS Z LN TEET, BREEDFHEEZITH 20, A7
7 A VD FALIZ postprocessing 7 & > 7 ZAERK L, S HIZZED FIZdos 71 v 7 ZERLZD FCREZETTV
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 TE L LT tetrahedral 2RI 2855, LLFOSENHIZ SNV TWDMERSH D £7,

® 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,
SEDT, gaussian £ & tetraheral 15 Trl L7-ARONT FERORREBE 2 2 21UX 2.10 & 211 (TRLE

T,k HAYY2ITENFR 10 X 10 X 10 ZEHLE L 412 BXOK 4.13 LV, Tetrahedral %=
CHIFLIRREBEEE D3 L v — 7 THED LN b OPMEHITND Z L300 £7,
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4.12 Gaussian ¥ TCTRE LI T EODIRREREEE

413 Tetrahedral ¥ TRE Lo FSRDIRIERE

PHASE [ZI3F R8I Lo THE LT R 2 3R D B8RE bl > TV ET, ORI W T,
JEFREREIC IV 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,
TATH BRI R Rk e 2DV RVOIRER LET, VRV OIREFVETIEID D FEAN, IHENRD 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°
(2 ZCby, by, s 1 THE 77 FLTH).
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k:wxc—m+—@+—mg
Ng Ng Ng

492 BIEBRDFAEETS

EEEMOHEIY, v/ T bekeal 71T LEHEHLET,
SCF OFtE & T~72T 4 L7 b VICETEEMEEZFLT L CHRETH 0 AN, a7 —4 0k
EEXEINLNWEDNTT HI0F I EEBMHDOITT 4 L7 MU BERT D2 L aBEd LET.

4921 NJ)NTA—=H

(1) file names.data
file names.data IZHARNCIE SCF FHEOEE L IERETT A, F_CHGT #55!+C SCF #HElc k> T b =&
THERE 7 7 A W T BN G D MR 0 9. 207 7 A /ME SCF A CHIH L7 file_names.data
F_CHGT #HI+CHRESNDL 7 7 A LV TH Y, BEEDA T nfchgt.data T97, 72& 2%, SCF i HE21T-7-7
4 L7 N UE FZBWCREEEMHADOAT —X 25k L T 5854, file_names.data (LA F &Rl LET.
Ny RoHAERDIZW Kk 50T —4 kpoint.data 13 file_names.data THRE T %7,

&fnames

F CHGT = '../nfchgt.data’'
F KPOINT = 'kpoint.data'

L PAW IEIC L 23HE AT T DD 5H1E, F_ CHGT ?1FE7:2 F_CNTN_BIN_PAW &\ 9351 F-C k> T
FBESND 77410 SCF RO 7 7 A VAR THENRH Y 7, £z, DFTHUEIILD HHEEZT->T0D
e, SAE1TH7 7 A V% SCF #HE D7 7 A Vi F_OCCMAT i3I K-> THRETHMENH D £9°, HIK
ANZIE, LLFO L1220 £,

&fnames

F CHGT = '../nfchgt.data'

F OCCMAT = '../occmat.data' <-—— DET+U O HITEE
F_CNTN BIN PAW = '../continue bin paw.data' <-—- PAW {EDSAT LT
/

(2) AIRFGA=ZT7A0
EEBMFIEHI DA 7 7 A VAR L E T, FHARITIE SCF FHAR TR LIEAT 7 7 A NV JUlABRT 2% &
XNWTL L9, HEULRORICTERNZES LERH Y F9°

® FT-DOEEDIER
RSB AT S T23548, BEEBMOAII TIEE OB S NS ZFIHT A 0ERNH D 3. 16T, HsEm
AT 13513 F_DYNM 7 7 A JUUZED N T D i OIS % 55 | R OFEE A 7%E L TL 7280,

BEESLiorLY
EEREA CRES 5, LW S HEEE FRIOEHHTITVE

Control{

condition = fixed charge
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I E A D7 L BARSEE TR L CUVE T, ke
TLIEENY,

Tl

R 41T 9854, condition% fixed_charge continuation & L

® k SVUTVUTORE
YER L 7= kpoint.data ZFtiATe K 912, kS 7V o TIEEDITFO XS ITHREL £,

accuracy{
ksampling{
method = file
}

}

EAN=rd

® ck_convergence 7 1 7 DFXTE
EA RO RS 7 AR ET D, accuracy.ek_convergence 7 17 7 OFXEEAT I LENH Y £9, LLT,
ek_convergence 7 2 v 7 Dtk D& R L ET,

accuracy{

ek convergence{
num max iteration = 500
delta eigenvalue = l.e-5
succession = 2

}

ek_convergence 7' v 7 DFAHOEWIL FREo@ ) T3

num_max_iteration VIR LHED HEA¥EELFT

delta_eigenvalue WHHEEZRELET, ZOMEDOT 74V MElE 1leb T, £ DEEZDOT 744k
TR W E b E TN, BZEE LT, #sis, 18K D5A1E 1.e4 rydberg
R, &JEO%ATE 1.e6 rydberg FEEN LW TL & 9,

succession BITARINVF—DRHIAT v 7 L D7) delta_eigenvalue LL T succession [BhEHgE CUNE > 7=
FRERCICR L7z & AL $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 3, 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
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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

ZDE DT AN FEEER BT D DOIETFRID D0 £, PHASE 121X Z OF5RN B8 RigE
X & U/ T % “band.pl” £ W5 Perl A2 U 7 R2MFE L CUWET, band.plld, AFD X HIZFATLET,

% band.pl nfenergy.data bandkpt.in -erange=-10,10 -color -with fermi |

FlE LT, IRONIHERO/ N FREGEXZX] 4.14 (TR LET,

B 4.14 ALSIFERD/S PR,
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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 , Vo\  (Vo\E
Bon() = ————— B (1=31) +(32) = 1|+ B
B (B —1)

T 2 CE ot (V) IFHAAO Y 1251 B e 3 X —, BITARRMIEER, B IZARRMIERORTEIRSY, Vol3ZeE

fﬁﬁ%ﬁiﬁdik’ﬁéﬁﬁﬁ@@f@’cﬁo B, B/ , Vo, Etot(Vo)O) 4 O75§7/|' ‘751/]) \/7\‘/\0? A—H "Cjﬂo

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)

FREAITV, ~—TF A ORREFERIZ T 0 N LTEREREK 415 L3R 44 1R LET, BEHE LIZE 0
BTG, BEETR X —HRLTOET, FHTH ) OBET LT, JHTOETRLEF—N5
LB ERIZ BT DO RN X —% A CHI S TEZ T Z LI Ko THRAZ LM TEET,

X 4.15 U =2 ® Energy-Volume i, BAFUIFHEE, FIT7 1+ v b UIHER

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 2018.01/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 Clzezz\

Y& = C12€6xx T C11€yy +'Clzezzi

Zy = Crplxx + C12€yy T C11€5;

Xy(z Yy) = Ca4€xy T

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, ZofED AT 7 71 /Wi, samples/elastic/Si D s0 LW 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 + Clzezz\

Yy = C12€6xx T C11€yy T C12€5, i

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,

¢,, =5.30x107° Hartree/Bohr®=156 GPa
¢, = 2.00x10° Hartree/Bohr®=58.7 GPa

—J7, WEER(Y L VFRE Y) - ATV U HUE P) - (REEEER(E VL AT TR AEEE HOTRO LS 7e
TEEIRINET, BRI Y/ +2P) EETET,

2 2
y = S + €11C12 — 2¢55

)
€11+ C12 |
C12
€11t C12 t
Gt 2¢qp
= 3 }
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ZHUTART 4 TR REH ey, c12RANTIUT St OFEERDLUT DO X 91TKE D 97

Y =124 GPa
P=0.274
V =91GPa

K U KEE OB EER O E A TRWTZWEEE.  cutoff wi, cutoff ed ZRKEWDIZE D | EIRBELZ TSI
RS0 ERH Y | FHEFFROD L FHREIZR Y 7,

5114 A KL AT Y LOFIE
PHASE/Q IZ LB A R LAT » I VOEIE, RBEMEONGAERH Y £, FIAL, “BR007Te s Lok b
R OZACDNFI R E DL LIV TN RVING T, ZOERERD AND Z LI2L -~ T, HORRERMEEZTT
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
G2 >G%+ A{1+ erf (—1/ 26 -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) HiE2.

DT NAT RN LDHEANOREREEZ AL Z N TEET, ¥—F v My 7= ¥—
% E, Z{tE% AE, BT RNF—OB(LRE AE, LT5L, A ML AOEEC, IFUFOL S ICHAL 5 2 LA
TX X,

o, =—(2E, /13V)x(AE, / AE,).

AE TETHATHMNETAD, FERANIIMAGFIR L, P2 L DL IVHIERTED L5 T, ZokD

I LG aRDT=6, LFOEE CHIEARE LET @ESVLEL2OITRAERZ DA, F1-i875)3-0.0001au
2ol L0,

structure evolution({
lattice(
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sw_optimize lattice = on
external stress({

sll = -0.0001

s22 = -0.0001

s33 = -0.0001

}

ZNHORIEAFIAL, TiO, DI FEBAFHRE LIERELUTORICELOE LI, HiEL. ONNTA—F—(X
T 74V ME, HlE2. OAE, 1345Rydberg & LE L7s,

a (bohr) ¢ (bohr)
71~ + 747 36Rydoerg, EV i 8.8017 5.6355
71+ A7 36 Rydoerg, #iiE7: L 8.6825 55862
71~ + A7 36Rydberg, 551k 1. 8.7593 5.6072
71~ + A7 36Rydberg, 551k 2. 8.8052 5.6200
71 + 47 80Rydberg, fHIE/: L 87918 5.6158

TiEL. 2. EBUELTWET, FHI, k2. Zff) & BV i 6 b & DT ER & IRTF ChFE
PO TVET,
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5.1.2 BATKEEE & N EWEE
5.1.2.1 e

FHE L= B IRRE A RT3 5 T2 OIRIB BRSO TR A & 308, M 272 % & TSRS 22 0 $97,
JRF AR OIRBEE AR D Z LI XD, FEAIRIEOMTANIREL 72 0 7, FfEidEC R miE O At
DIRREEE AR5 &, BRI X DB HRIEOZ LD REIRREDREN TE £, BEHZRLT—2H
% TRV 1TINE DEFIRRED O 72 D B 25 R T 5 &, TN O OB HIRREO /A S /37>
DET,  JRFEIE B RIPRIERE Loy B EOF R O 7% BaO/SI00) i 2 Bl Zii] L E 5,
iD=, BaO OTERIC S & UK FERG43DEZAVET, 2L T, K 511 ITRTEIIS,
BaO/Si(00D) St D &L 5 @ Db U a @l 6 E@hnh725 Ba0 g% 0 TEIFMEZLET, 20
BaO/Si(001) i D HFFIEI % 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
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@) 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

}

JEFAEEOREFN IREA303)35 D C, mobile % no IZFRE L THEEEEII Th7enWZ 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
DOBHEE TORR (phase/0 2015.01 £ TO) TiE, sw_dos=OFF T sw_aldos=ON (Z3%E L7=Ha. 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 IFHNAE 2 F 1 Z SR v ) A ZHiiRyEH 5 & & OFEREEECT, EDFFH
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 TEE aldos % off |2 L7 ORFTREEREEITHESINETA, 2% aldos LV b
naldos_from & naldos_to D5 AME SN E T,

FHARERIE dos.data (CHI/ SHVET, IREEFERKZERL 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) F O - ENRPTHRIEE 2 518 L7312 X 5.1-1 1R LET,  Si,Ba,0 O E|FHTREE
BEICENENDIT- ORI E 75D Z LN TEET,
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5.1-1 Ba0/Si (001) REABEDRTHEIDO/HETIRIBERE, LD/ SRV : Si J@HRo Si OJFETIRBERE, Hi
D3RIV : BaO JEHRD Ba DJFFTIREEEE, TD/3%/V : Bal BHRD 0 DFFTIREHRE,

5.1.2.3 @B RPTIRAEE

JEYE|D JRFTIRIERE E & 515512134 7 Postprocessing DOHIZ A 7 dos & 4 7' 1dos #EXxF9, L C, #
7" dos DFDES sw_dos 2 ON (2L, ¥ 77 ldos DF D sw_layerdos 2 ON I LE7 (F-0ERPETIREE
BEDRFEDOLA L [AEE, phase/0 7’1 7T AOBUEE TO (phase/0 2015.01 £ TO) Ti¥, sw_dos=OFF
T sw_layer=ON |Z3E L7250, BEETLETOTIEE TV,

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
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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 (ZHI ) 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 Lo .12 (TR LET,
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5.1-2 Ba0/Si (001) REAEEDEHEIRFTIREERE, —& LD/ RV : Si BOHRIERO FRFTRERE, Lk

236 ZFHE D73V : Ba0/Si (001) FED Si fIDRFTRIBEEE, HHD/%/L 1 Ba0/Si(001) FEDOER HT- Y

DEFIREBEE, T & B DRV : Ba0/Si (001) FE D Ba0 D /FFTIREEREE, —& F D RV : Ba0 BD
HRRGEIR D RFTIRR R EE,

5.1.2.4 {yET

s

SRR A BRI DIZIE X 7 Postprocessing DD X 7 charge THEELE T, ¥ charge OHFDOZEEL

CEALTE
sw_charge_rspace & % 7 partial_charge O DZ4L sw_partial_charge % On (ZLE 9, F£/=. ZORMREELT
I EAITIE. sw_charge_rspace b On (2 L CREBLSMENRH Y 9,
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}
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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 | R/L ¥ —ED#HCTT, nvb_windows & ncb_windows [ ZZiLEAUMNE IREE L {588 7-IRRE
ZETe T RN —EBOETT, ZORERI T, Erange min=-0.45 eV, Erange max =0.45 eV, Erange_delta
=0.05eV 2D T, T=RLF—EOEIL I8 EIZ 72 D1ET TN, FERIITRT L F—lks otom:m’\/vﬂ%~1ﬁu
\_%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\i?"o Z DfED 0 DRFIE FIRAED 2 <, 1 ORASITE FIRIENFIEL £ 97, 4 asis (I TR B T L
F—BOFHHFIVRIINTNET, —oDF| shifted (T} i:f—?\ll/ﬂ?\b‘@%z/@ﬁ‘%?ﬁ”o 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 FOFRD iw DfENAD) EW0) 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 25 L BBHBEENODLEODT 7 A VITBEL SN, FEBMEET —F OLHEICIT
PARTIALCHARGE 23iii &4, #&0V IZIX END 2SS ivET,
BaO/Si(001) Sy dfaris 2 M LI R & M 5.1-3 1R LT
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5.1-3 Ba0/Si (001) REAEE DS ERHE, (a)Ba0/Si (001) FEiEENET /UK, (b) 7 =/VIL~YVET

(BB RILE—030. 05eV 235 0. 0eV FT) DB TFIREBOHNEMBE, (¢) 7=/ L-YUE E(BER=RLY

—430. 0eV 2> 0. 05eV & T) DETIRBOHYERRE, ETHEIXL X 10750351 X 10 3FTHRINATY
7, BOEDICIXETID L, ROGEIITETHEL oo 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
5.1-4@)z, FEEARREIZHOWTE 514 LET,

B 5.1-4 Si (100D STM 12, (@) SHREDE, GFESHEREDS,

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
(S X TR b2 I 5 2 LA TE £, KIABMOMEZEZER/TIT 2 12E, BIFTO X O i@ 21T 0 £7

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
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5.1.3 5Is2KRE=E

PHASE (213, #ulZ &I LIDKBRE 2R OEL H Y 3, 2T, MREEELiET 57
B LETS

5131 AT A—=4

TR 251 2103, SR LEVIEOBREEZ U FO L) ITHREL £,

accuraccy{

projector list({
projectors({
#tag no group radius 1 t
111.001

U W N
NN N
N e
C oo
N = O

1
2
2
2

}
}
}

no |[ZHEDFEARE S AEE LT, BMEARETY, group (2L, “GEs/N—7" ZHEELET, 0L LI
PNTVELEIZIIR C group fEAFEE L E T, radius ([ZIFHUEDL 2 R—T BN CHRE LE 3, JRHEREE
DR LD b/ NSIMEN B R E 720 9,7 7 4 /L MElX 1 bohr T3] 1213, BuEfAiEEEAETC L £,
0 7s 8, 1 Ap #ul, 2 Ad #ul, 3 A BEICHELET, &EIC, t ICEETHERELET, 272
L, ZOGEOFEEFEEITRART Y Wb RIEGEOTETHTHY, IFEAEOEE1 L0 £7, #
RT3 S Ko TIAEEIED R CHUEN 2 DERSNVTWDEARH Y 3,2 2D ) HLZRLF—0DE
WHERELIZWESIZt DR 2 L LT EEVY,

WIZ, EFRLUEHEEAETZR IS Y CTET, ZiuL, BLFO X IJRFEIEDEFRITBCRME proj
_group ZiIBMLTHEELET,

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

}
}
}

T TR E BB DM DX hFe

HATTHNDIRZ T =0 =1 l= l=
1 s x 3z2 —r? z(5z% — 3r?)
2 y x* — y* x(5z% —r?)
3 z xy y(5z% —1r?)
4 yz z(x* —y?)
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5 zZx xyz

»

x(x? —3y?)

7 y(3x% —y?)

ZOBFITIE, Fel (Zgroup 31 O#UE Y/ /L—7%, Fe2 |Zgroup M2 O#LUESZ N—TZFE L TWES, B
TR TR IR DH0E 7 NV — T 2 e ET DNERH Y £,

postprocessing 7 1 v 7 IZBWTHEHA 23R T 2720 DAL v F 2/ LET,

postprocessing{
pdos{
sw_pdos = on

}
}

FEOIRAERE S DR TIAIL, postprocessing D dos 7' 1 v 71T HFEEITHENE T,

5.1.3.2 ftEMERDOH T

PDOS: da= 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

PDOS: &) SCFHNINBAEE DTS, HEARIERET — X DIEF 0 2H 50 LET, 1a=DB%ITkIT 2570
ID 3, 1=0& LTk DB AEEED, m=0Dd & kT AR EFED, t=0H & T b a5
NHEAENFET, FNLEOITIE, 1@F ORERET — X LA U T, WEREFEEHUEDOMREOXIRE, i
RLTHET,

SRORREE T — X &5 /U772 dos.data DIEEIZIT, dos.pl {Z-mode=projected 47 3 & DIF TFEITLET,

% dos.pl dos.data -mode=projected -color -with fermi

F(135 L. EPS B 7 7 4L dos aAAAILmMtTeps AHISIET, AAA 1350 ID, L (3#udfiiE
B, M IR E T, T IdEE RS Licdercd, £/, -data=yes A7 v a U EFHTS L, #uE
LB SNIIRREBET — 2 T 7 A NEH/DHZENTEET, TOT7 7 A NV4E, EPS 7 7 A VOHEE
% data [ZEAHE LD ERD FT,

5.1.3.3 1A : BaTiOs fldhDOS ks
BaTiOs Sk OHFARIERE AL LI TF, OB, samples/pdos/BaTiO3 LI T I v £,

BaTiOs 1207 A A1 Ml & DT, MEIEEARTIR, SRR s e, =
DI, ERHEEL FOL > ITHEL, Shfe LTRELTOET,

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
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0 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
}
}

T3 28uEIE, UTOXIITRELET,

accuracy{
projector list({
projectors({
#tag no group radius 1
111.02
221.01
}
}
}

TN—71 131 A 2d #uB), Z—72 131 2 1p #uE) THY, ZNENTL & O IZHIV B TTVET,
&2, postprocessing 7 1 v 7 |ZIUNTHBLIRRER L 2 3R D2 A L TV E T,

postprocessing{
dos{
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 {EA4FEE L TWVET,

BaTiO3 fhfh e A X 5.1-512, Ti O d BREICEE LI REEE A X 5.1-6 IR LET,
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5.1.4 7 —TRg%k
5.1.4.1 BRI

BRI IR BT o To 7 vy AR RTINS & L TERSNE T, 7o v REa k 2B LTr—Y
TR D Z LIS I VIO ND R LB E U = B L FFONE T, U =B OEI I E AT O
WEZRT T, TOFNOREEEDIBE RGN D ZENTEET, £, V= 2 RIETOH%
720, EFREAITETOMANMEONET, —RICV =BT —BITEE Y THA, V=2 OIRNY
DSEINTIR D KOS 5 Z LIk Ebh 5, —BICEE 2BERRIFEY =B L VNET,

BNFET =BT =B DI 0 23RS (A3 VIR 2o N5 L0 i7m vz =
2 ) —Z L TROE T, SN DRI =% U —ZE L THIORIEC T, JAD VIS A =& U —EHTH] 1
B LT L TELNATTANEY =B DIEN Y Z2Ped D=2 ) —ZHAD A 72> TR, 2O IS
PPN =Z ) —ZTHL TN 2 & T, VB BOENY /NI T 52 N TEET,

5.1.4.2 14 - Si OEKRFHEY =B

BRJFED = Ba 31559 5121%, Postprocessing ¢ Wannier Bz FHETHZ LA ELET,

Postprocessing{
wannier
sw_wannier = ON
eps grad = 1.d-3
dt = 1.d-4
max iteration = 1000
filetype = cube

}

MBSO AR DR E I8 eps_grad LA IR 72 HRFRITE T L ET, dt 1320 MEOABRZ R AT,
#0 IR U) max_iteration ZHZ 72 HEHRIIEIE LET, Y=ol 7 7 A L Gauusian cube TERUC
WBELET, V=B 7 7 A VOPEETFDS cube (2725 K918, LLTD X 5 |2 file names.data (27 71 /L
AA 4 F WANNIER Zitik LFE,

&fnames

F INP = './nfinput.data’

F POT(1) = './Si ldapw9l nc Ol.pp'
F WANNIER = './nfwannier.cube’
&end

Z OFSREIAT DA DFHRE T LM T XA,

ksampling{
method = gamma

}

F7-, WHERHRIZITIRN LT ER A, WEHR TR L7 RA2S TV D 5A1E, FRSI0MKEEEE LTV
=B OFEE LT TIEENY,

Si ®U =B OFEBIEIL, sample/wannier/Si8 T9, ftREZFETTH L, V=KoL LT,
nfwannier.00001.cube &W\o727 7 A A 16 ISV ET, ENHO—2% vt LR Z K 5.1-7 12
RLUFET, HRT =BT Si-Si fEEEINRTEL TWA Z Evbny 97, Ziud, SifdmofaramiEse
ThHHIEARLTNET,
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5.1-7S1 #4fh(a) & GaAs i (b) DEARAEY == B8k

W LW RV NICRL T LE D 2 £23H Y £973, sw_random_wannier % ON [ZL T & L72KAE

MLEIA D S 2 LT OREIMBRTE 52 L0 Y £,

Postprocessing{
wannier

sw_randomize = ON

}

F7, PORAARHD7RRE CHEMNE T LT A LD TLZD, sw_continue & ON 12 L Cat& Ak L T<
7230,
Postprocessing{

wannier{

sw_continue =

ON
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5.1.4.3 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' 1 77 A Li#ifd~% = L2k - C, PHASE [SHAGAE T2 U = BEISARITHSRE CIaEli+ 2 = &
DTER, LLFOREEITH 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
ENTT TANANELNET, 72721, Wannier90 235FIf9 57 —% OHINIFELFHIFHE TIT 5 L1 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 |

ZORER, Wannier90 O v 7 1710V = 37— DiEHy, Wannier KD X A " T 4 TN
IV NET TR EBEONET, seednamewin DFXEIZ L - TE, EDIFHVY REES T = /L T
GRS DIZOITME 2T — 4, 1 YOUREfT ORI E b EOIE T,
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(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 —OREE{ToT2dH &
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,

® seedname hrdat 77 A /L : Wannierd0 717 7 NI Lo THIAIESND, T=xfEOX A M3 T ¢
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
FEHED kpoint.data 7 7 A VDT 4 —~ v b T, TOIEMGIEL, /v FEEXI OSSN REHEDIR
%, 7 =)V HOBEATE PHASE-Viewer t——~ =2 7 )LOWZEH B 2 — 7 —DIHZ SR L T E &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,

UELDT7 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
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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 D $1ATLET,

[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 —
29, XCrysDen 7177 LEFIHTIURXY =B8E A b5 Z £ 3 Cx £77%, PHASE-Viewer 12X
S TAfEETT 9 A 1% Gaussian cube JTERUZEHET DM ENH Y £, ZOVE¥EIY, PHASE /v 7 —AZE
Fi45 convpy £VV9 Python 227 U7 NEFIHTHZ LICK > THFEHRTHZENTEET, 5.1-8 12, Al
BIZ L > THELID Y = A XCrysDen TrIfL L7z K& RLET,

X 5.1-8 GaAs DV =ik

® 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 IT D& 2 )V X —(f % PHASE-Viewer Crlfi{l L7=X %X 5.1-8 [TRLET,

X 5.1-9 GaAs fEHDEEA FROZE T XL —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 4
5.1.6.1 HEREDOHEEL

X M 747X ray Photoemission Spectroscopy, XPSRATORERT > 3 MR K 25— FEIEHRIL, Pk
1EF(Core Hole) & & i -4 T > 3 % L VLT, PRRUERL S~ (Core Level Shift, CLS)Z#HE L £,

(1) PBHENLS 7 b
WERHENL & (R OIRWVETHNLO Z & TH Y, (EFREEITITES LWL HUVERTZ M RELTZHOTT,

BIZIE U 2V FFOBA, 14 OEFIL(15)2(25)2(2p)°(3s)2(3p)? DX H1T 5 EDUEN Z 5H L ET73,
ZOPTLs, 25, 2pAPRIERLTY, ARXERIIZR S Y 2 RO/ YA CIAO T GGA FHHT % &

Energy levels [All-electron]

Element ---> Si
Symm 7 Energy (Ha) Energy (eV) nocc focc
1s 1/2 -65.6258330748 -1785.7697073691 2 2.00000
2s 1/2 -5.1250077353 -139.4585506190 2 2.00000
2p 1/2 -3.5260321902 -95.9482139488 2 2.00000
2p 3/2 -3.5022484901 -95.3010265676 4 4.00000
3s 1/2 -0.3967820153 -10.7969875601 2 2.00000
3p 1/2 -0.1503011244 -4.0899015276 2 2.00000
3p 3/2 -0.1491437813 -4.0584086215 4 0.00000
Total number of electrons 14.00000

L0 WNEENIH LS A DO HZETH D5 eV L0 ERIFNTIRNZ L3 £, ZO7T=0NEUEN OB E)
BEBUIERE LT R L R 0 AR5, L0l O OEEIEN 24 U T,

U 3 U FA-DNEREN 2B 5T & LT 100~130 eV Ok X #En et 2B L, S tE
FOEB T RN —ZWET HEFENRDH D £ 1], BRI, =X —rEOHREIINEHERDT
a2 L—aZNbt SN Yo a e EbtEAGCET, RO SiFETOBEFENESEICTIUE, Zo)F
ETCIIRpHER S SN A IEEF ITEH LTWD Z 230 £9, 2pYEAIT A B #EM A/EFR D=0

2p3/2 912p1/2 120.64 eV FRESZILF7,

HFE OB L MBbTnD L 91, BEFPEO= R LT —%hy & AUt SV D E T OiEE =
Z“/I/ﬁ?’—Ekin X

Exin=hv—-W — (Er — E;) ey
ERRVET, T, WIHMEEFEEEL, E-iX Fermi 87, E (IPNGREN T, —fRICHERER CIXEFO LA
HUIZE 2ER EHENEREIND 20, WRETOREC DR T v MIRED HAMANZ 22U 72 513 E <
R0 FET, ZORD, WEBIEM LRI TIRE RV 7, ZOMREFRITRLIZONK 5.1-10 T, #
DA, fLFREAIZE SRV T-ORT ¥ VN ETFT50TC,  WEEMILZIUSET L7k b= 5, 2
D 2 DOORRDIZDOWNFRT IRV —HENE TR L 0 BB EE L0 £3,  PREY 7 hoOFEBRTIE, &£
I D PBIC A Tor IV I AEE. DJFAAZ K 2 AL 2 R U CRIBHEO LS A D R D DN
BENLD RN —DZEZRETH 2 L2k, REIOFFOLFRESIRIEEEZHEE L E T,
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surface

Ec' core levels
bulk core levels

5.1-10 BB FHHHBROTRLF—Ta 7 7 A )V . IOAHMBERRR, 2R3 IVv7 Téhb, Fermi #EHL
Epl3—ETHADITR LT, WEENE IR FICEVBERY, REFMETIZ 212 HRTHNEREN A3 <
25,

DEFNFEE N INGRE T bl ) BB HEATATEDIEONE T, MEFORERIERT vy
JENLIIELNEY A, ZOHEBMND, #RT Uy VETITERE T W E B E 32y, Zoli#Ez i
(ZfiE U 7=DhS Scheffler D7 —712] ¢4,  Scheffler H13 5.1-11 l\RL7ZX 912,  hAikAEGnitial state)
& KRAE(final state) DIEVNZEH L TOET,

ST, BN 7 M FRRHE T A 72 0iziE, R XU lx O ONBHENE, 23R LET, =

initial state final state

fh" ", Ekin)
] o ]
0 L Lo

hv €« Ekin(Il)
o \

o e

(In

5.1-11 YEEFHHIBRREOIBIREE & HIREE : (DIZ V7 MNBEDRTFZ X AHE KR, IEFEFHEDORFIC
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/ %

5.1-11 TlE, NEFDHH SNDFEADONENRR D 2 SOBE 2R L TWET, OIFFEF23 L7 A&

Ho%E, DR BAREMIICH DA TT, BIREETIE, B2 TODRIIIAIHE ) ERERDFET D

DI TOD EADIFF CIREE T,  —F, RRIREETIE, R SN EEF(ER = L —E,) & Pk

IEFLORIDE SN T (BT RN —E o ) DMAELE T, PRRESLE 1L, HE T SNDRNER LT

W= NFRENL R SN2 B T ORT N HTT, D EAD TIEEyip & Eroe TTNENIRI2 50, WRIRIEM R — L
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) 2 &0, KARIED R DT R/ F— bR EIZ 72 B 72T UL 72 6720 8 S IROBEE BRSNS E T,
Exin(I) + Etor(I) = Exin(II) + E¢or (1) @

PIBRIENL S 7 NAE i Z IR TER L E T,
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
Q
= surface
S core level
@
@
S
]
> Ekin
Ekin()  Ekin(Il)
Ebind <

5.1-12 PBOLEFHHD A v

FERNAG LN DIEREFAINCERT L 5112 1R LI H A7 bV T, ZZ T, Bz —ar
FHAEERIZE 24— = ilFRITE 2 E8 A, Bl OB =R VX —Ey,, il 3ERE HGRE) T
F 72, B INENL OFE A = AN X —Epying £ 5D 2 HTEX T, ZOHEIIMNE EFEEDELS 7o TOVET,
ftem SV B DNFEA AT MUTRE TR LT L D IEy (DICHE—DE—2 26 B Ed,  ZIUIx LT,
FERIEAHIN D ONE AT MUIEG TRLIZE DN 20D B~ B (IDIZ N ET,  FE—
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 BEOREZDFAZEILBDOTHDLZ EEEEL TR, FHETELLDOE, ZILIENS E—
IRBEDOTIE & B —7 OFI78RE T,

(2) PREALZ G TO#EERT > v v L

SRR T L LNy REMRIETIE, Wk HIRB 2o S, i HIRRE%2 A CIEmE AR LS
D7 RHREOBME CIINFICIEILZE L SH D Z N TEERA, ZO0D Y NIELE STl T v
T VEAERLT D Z EIXATRETCY Y, Scheffler H[2101F, B FiHRHI AR SAVENEIEFLIZ E DY DFETIZ
KO F BN (screening) SND D LITEL E LTz, LAL, HFE2ARIELETO Ffidene L
TWET, F, BEL F—7 SN0 b BRI SD, 370D Fermi il IAHIHERIC B =
YI7END, LEXTERICHHEMRI- N TODHOE LTHNET, ZUHOIEIZL VR S AT |
INIFERRER & K< —BLTWET,

P EDEZFHEZNE, PEEAZGTIR T OEART vy VERO L OB L E T, B IZ2pHERIZ PN
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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

LLET, ZHUFEH 5.1-13 D 2 oof&IkAE(fnal state) D 9 B IO screened hole G IEFN e LE T,

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. final state

I initial state unscreened hole screened hole
—4e —4e -5e

< hv

nucleus
®
®
®

5.1-13 Si RFOEFEE : ERIIHENBOBETEE, ARIIAREAIE CIHEOKRIKBOETEE 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 RFHRITIRO LD ITATVET,

1. VU arREDEFEEER L, @EDOV Y 2 ARRT v vV AWT SRAShMEN < 725 Tt
INHAE TR SED

2. ZOMEEEZRAWT, BT 1V EZPRELEZ SRR T VY UCES X T 2oL —%#HET5

FTARTOFATKR U OEFRICE SR TR X —%5HRT 5

4. IVINLEOFRAEPRDT, TERREC L UOBIEOET XL —0%EE L 0, B LF—nr 7
MRAFHRT D

5. FREAZEDIANT hLELTHERRTD

@

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 5.1-14 Si100)REDET /L : RETATHHOFERIIZ X 2(ER), & FHHiE 8 BER)DET LV E BT,
8 g & 9 @A DHRICKEETLEE X T2 DT, FROFHE TR T 16 JB 64 [ HFDAT T ET N L LT
#5, BAROBETRVERAIY, 1d, 2, 3u, 3d, REDTFIVEDTD,

HFEROREET MILERHIE L o> TRITIUIR BT, oA EmMLUET, R HE< oiKEs
5 X 10 *F2ELL Iz 2 DICERZZE L E L, 5.1-14 IR ST ST B DO LZERIE R TR L
TWET, ARSI, #ER7 23+ /L :Si_ggapbe nc 0l.pp, AHHHREART 2+ /1 :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
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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, FAPNHEN S 7 M(Surface Core Level Shift, SCLS)DFEZITWET, KAEMSNI-RKATT /LD
JFRANELZEE LT-F F, vV a VR FEIRC PNRIELE SR T vy VMBS T RV —%3HE
LET,

ZOfEREK 5.1-15 IR LET, Ml DEEF OEB =L —HALT V)DL NEOTITT, IO
BA, VI B3 NEDFRACE > TOET, KB FITERNET CIEEBELEI N DT, HF VIR MLED
JFADHO FEATFERIICBII S ETA, BIISNA2DIFFEmI O nm LWbILTWET, Z07ed,
IV EZNEE LI EITIES THL EEZDNVET, ZOft, 3, E3,OHMICE 2 HEBB X HILHN,
5.1-14 #ZZ|\ZTHUIBLNIZ A ~—FIDIMA, 34135 A ~—FNOWNBINZEH S DT 3,70 ORI X5
PNz HND 2 ENBZOLNHDT, ZITHEH3, % "7 L LELT,

5.1-15 |Z L AU screened & unscreened OIRERIZLE VT 5 1 DO down DE—IAETT, WEDOH
NTE TS unscreened D578 screened L VW /D722 & TF,  FD7=% unscreened Tl down (\ZED T
V a AN EACEL VRSN EE A, screened TIHERR SND DT, ZOHRWDTZHIZ down DE—7
NENRp ST B2 LNET,

1.0 | | | | | | | |
e Screened
O Unscreened (ion)
g 0.5 Q up -
>
= @ down
2 o0
.
'E 051 Q Q g 8 O -

-1.0 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8

Layer number

5.1-15 SCLS OFEF— /L ¥ — : ZNENEHE L unscreened, 7RI screened DINFRIEABRRT v ¥ /L
EHWAERTH D, FHT Scheffler &R CHETHD, MEMIEEFOE T RLVX—ENIT V)DL
DHEDTNTH D, ZORE, 77 E3 MEDOFEFIZE > TVS,

Scheffler & D C211285 DGR & kT 572012, 5.1-16 (2K HN S 3 B E TOFFI2 XD SCLS 23R
LET, HEhIREThY, FMEIIEIHROE L >TWWET,  EBJEIZ, unscreened, screened D4
M, FERMEA R L CVEYT,  FEBREIL Landemark H[11I2 k5 DT,
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| Unscreened core hole (ion) _

Intensity (arb. units)

-1.0 0.5 0.0 0.5 1.0
Kinetic energy (eV)

5.1-16 SCLS DIREE : %X SCLS DIRE TH v , FIREIIRTFE DL E & > T3, EDBJEIZ, unscreened,
screened D&FHEIE, EREEZFIFR LI, EBREIX Landemark H[201i2 X3 bDTh D, FEBRIZE D DiX
screened Téh 5, XPS FADOWEMEAIERT v % /Ui screened TYERR L7 iU e & 720,

5.1-16 OFEFERIIFERE R 2 L <HHR L, F7=, Scheffler 5D LOFERRIC—E L TWET, Fhr
IZE 9 DI screened THH Z ERHONY F9, ZDi=d, XPS HONZIEF#EERT o >+ /U screened TfE
i L7l udre v £ 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

F97, KHDOHDEEN N B O QISR AEERIZ 0 1272 b &2 5
NHDT, RFTART v UZEDR THIE LWMESEREESG LD 2 & A3
FCExET, T4 Ml on T2, off ICLTEL Z &Ik T
22 CIUR L 7oA A 152 2 L AVATRE T,

DL BREEAT- b, EHIEY PHASE #3947 LET, FHRADOR LIRS, BERRFIART v yv
T=H IR ERHASIET, CITOR L7-F R it L LTHEITT 5 2 & b rEETT,

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
VTBHINE, T2 2ITUTFTOLH o~ REFATLET,

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, RIENZHEELALTHEN ZHEL£T, alioGa 1,bEOSE 2, clliogA13 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 (ZIZFREICTEE QRS NS LR T v o vy v OT —Z it S CnvEd, LITo
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 V2w VIR T T MO DB EHEEL, 7=/ I ¥ —LD
EEHETHZLICK o THFRE A L L DD Perl 227 U A workfune.pl T3, AFD X IIFIHLET,

% 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

TV =0 AOHERB ORGP L ET, 7T —HL, 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
WRECTHEZITOE LT, TA =0 AOREET/MIK 5.1-17T ITRLET,
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X 5.1-17 Al11D)&E 7 BE5 /v

PHASE (2 X% SCF FEMNET L7=DOHBIZ workfune 7' 77 AT X - T nfvler avdata 7 7 1V &21ER% L,

X 5|2 workfunc.pl A7 U7 R EFIH L CTEONTZRFTRT v v L & R EE R R ORFR A X 5.1-18 12
RUET, AFBHT, 4056V ERHRINE Uiz, ZOMIISEIETH D 4.08eV EiTWFEREZR>TNET,
5

0=4.05eV

energy (eV)

-20 L

0 5 10 15 20
distance along the z—axis (A)

X 5.1-18 KIEICHEE/RERE L FERT > v v /VORE%

25
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5.1.8 [ZEFHanfET

5.1.8.1 F¥REDHEEE

EADORRIATHAHGEAIL, B F UEEEZRFD, EOEMERDET, BEFITE 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
PEESNTOHOT, ZOFRESVTHIEAT ET, /S0 FIIZ L0 | B T 0% LD, 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, (F) = 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 (15 -7)

G
T O TR MLG OREATRICINZ B0, E OSB3 R —0 FRASRE LT,

© | B TREERDET,
pp(™) = . |?

D) | EFROYEFOBEMEEL T, FreoXad il BErFmaitfiLEd,

= wize [ drpopy(IT(po)
DT, 3 BTONICER, dReEAE LET, Tk BAERTTHY, BT - BE TR
Hk3 565D TY, PHASE TiE, FXOFHMIICIWT, TReodrfPla VTV ET,

pel'(pe) = ppT(py) + pcT ()
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
BEERIZEASWCGHET 5 Z N TE T, sHRTHEOFFMIZ WL, Sk [Nakamoto07] &M< 7230,

160




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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5.1.8.3 AL RO 7
BB PIIEEATTH L. output000 7 /L& 3{H®D cube file BTSN E T,
(1) 71774/ output000

DT 7 A NDERDOEGE, St OFE AN ROFEIZEIT 2 O TT, B REHENKDYD | E10E
TS O, BB T ORMEM T ET,

HOZEBIT5“~- initial positron energy eigen values —-—--"/OAMEFRHREICEETHH DT,
R LEHEICE Y | BT OREIBERE SVET, Tt 7% #0ik LEEOIZUHIZENT, B
EA, 14.6379eV) THH Z L A2 L TWET, extra bands (ZFN LV bR LF—D & EAHE
(14.9628460558-15.0292289699) %2 L £, MV IKLFHED 2 [H T, BEAMEA. 0.0021898139(V) &
o TWET,

--— 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 7ANDFEOHITE, RO K S HAINHY £,

LR R R R S i B B i I I e I I e R e e S b i S S I I S S I S S b b S S b o

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, BFEFOEAEA RO DFEDOR L, B OFmDS 220ps LRI E 2R L TWET, core
rate [, EHEREEIZXT 2 2 7B OHEREE ORI 2R L E T,

(2) Cube 771V

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
T X 5.1-19 (T Si fdZBIT R R AR LE T, MBS LT, WA EL, BE AL K
FREIEI AT 2 2 L3000 £97, BEFOREhEE A 0 EBi— L X — MK T L2 AL —iC
FRITH D Z E0b, —WICHE IR AAET 2R3 H 0 £9°, &1 - s %X 5.1-19 (©
(ORLET, ZOSMAENE AT, BEFARES LR THERT 5 2 L1720 £,
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X 5.1-19 Si fERFDffiE 77, BETHb), EF - BETFHLC)

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, +HOBBRLTWAZ ERN g 3, Fio, ERRoOH )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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5.1.9 RILBMER

5.1.9.1 #EE

RIS 2B T2 RIS TC, B OERE RISk D Z LIIfHRZ ETiEH Y F/A, R
IV NERN TR (ARG SV TGRS A LD TH Y, BRERODLT-ODREDEEEZ HiLE
T, TOFEARNLEZ I, SRAD NN LI AR AT D0 & BN B CE D Z L2 K-> Clfirask
WHZENTED, LWIHHOTT, HDMHLENMD 3 HFRbHVIELDT, AV ANERIL2BEDOT e
DET, B, RLARNEMONEIIX v v T DOH DR TOHET D Z ENFTREL I TR L &V,

5.1.9.2 7NV RNERF O E O
RV NERIL, ROX D BRFERICL > THHELET,

o¢ (U
Z;ﬁ:_gaizzioné‘aﬁ-l_ iaia. ¢'( ﬂ)_ o))
g, OU, 2 ou,

ZZ Tz 3 DOEN, a (XiTHOKTT MO afksr, 41303 EHOWKTX7 MUTihoTeY —
mion ala ¢I

R, Ug (ZZENLOD B pRGT T, AU —RAHDIA AN DT, Zmr 6t LEd, 202 kb,

3 Y OEANTH LT 3 DOWHE T MO —(BEFET 2MENRH Y, AV dEaa iR 7201
ITEET DIRTED 9O —(AHFES VI 72D Z ER30 0 £ GERRITIIENL LWV — A S8
DT, MBI —(FHRHRIIRT4x9 + 3 T9), Tz, XU —(AHOFHEIT ekeal DREEBMFHHRIZ L - T
1795 DT, & OIZEEEM R AOER ZVERT 2 SCF 52~ —(AHFHRIZIGNL > T T H MERH Y £7,
ZO—HOFEEIT O 7212, PHASEO (& T % berrypl &9 Perl 27 U7 M &FIHLET,

AL, PHASE/ (2fHE9 5 berrypl &9 Perl A7 V7 M &FH L TATWET, berrypl 1%, bin 71 L7
N —DOTFIZH Y £F, R AREROEA, berrypl IZLLFO X 9 225t CRHEEI TV E T,
1. XGLd D17 TD SCF FHHEIT I,
. RRETDHRATNTER 3 HIMENL S BT FHHEEITH,
3. 1, 2. CHEOLIVEMEE A AT & LTEBEEBMRIAICL T, XU (R E 3 DO~ M UZxf
LTIT9,
4. 3. THELNENRY (T — 2 2fEE L, OXEFH L TRV AhER 27T 5,

AJ1E U C#i 72D, SCF #HHFB KON —(iHHFRDO AT IO & 7257 7 V— M A7 7 A /v &, berry.pl
OEWEEHIET 22 ha—L 7 7 A LT,

5193 Ai7—%

(1) =
POV A RNERT ORI, #3570 PHASE 12 L % SCF#HE &, ekeal (2 X 2 —(ARFHESMEE L 720 F9,
PHASE/O (121, ZHAHOFFEEZE LWFIATETT S berrypl &9 Perl 227 U7 "R L TOET,

164



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 AARNEMDRNAEAT D T2, “T v 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 X, MG LR b R SITC b D EERM 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 OIEDENE, 22 ha— T 7 A NVEN L THRELET, 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 ]
property EDOX )Gt EEITHIDERE L E7, zeff, piezo, strfrc DVWT T
T, zeff ZFRET D LRV ARERMADORY —(AHFHR DM TV E
T, T 7 4V ML zeff 72DC, RV ERAHROBAAREE THREW
FH A,
cpumax RO K Z OB THRELET, 22 THRE LML D ik
BEEARVES, HREITT 0K T LET, 0 LU FOfEEfREY
&, ZOFRTITEEITHK T LEYA, 774/ MEE-L
stopcheck FRIE LG22 L T DN E I ETF = v 7 DR E R OHAL
THRELET, 774V MElx 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 MEX template_scf,

template_berry

NY—(HFHFEAOT T L— T4 LY NI OT 4 Lo MY AR
ELET, 774/ MilE template_berry,

atom_list PN ERBFFOID &, ZZARYIY TRELET,
displacement JRA-OEN EAERE LET, property = zeff DGAIEE LET, 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 355
O piezo DYFEVHADIRE T,
mesh?2 2% H DM FXT IR S T2 —(FAFHED A v 23T A—H
—%ZEHXY)Y T n1ln2d OLIIHEELET, property = zeff J5K&
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 53X
O piezo DEAEVEDIRETT,
np MPI 7 uv A& HmELET, 7 740 MEX 1,
ndir T4V M) —WEEERRELET, 7 740 Ml 1,
ne Ny RIS ERE LET, 7 74V MEX 1,
nk k sFEfRELET, T 740 Ml 1,
ng CIRITTBRORG mlF S EEE L ET, 77 4/V MElX 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 #tEDFATHIEERE 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
i)

RELEELET, NP, NE, NK, NG i3, FHRIATHEHZ RO np, ne,
nk, ng IZE XD F3, 72751, 7 4 L7 B U WHIOEIZ X > TUED
FEVVRETHZENRDHY, DAL ne=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 /i)
berry_command = mpirun -np NP phase ne=NE_B ng=NG_B (3D
)

P LfEELEY, NE BliI RO ne biZ, NG_Biing b (Z@E&#
Y ET, 77 4/L MiEld 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 = A 22 XY CHE LT, SETIEH Y FHANR, HHE
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

Y —fHOFFICBO T, fE Lk~ bVb icms e momiisy &, D) 1o nE
TEShET, ZOBRGDA v 2lE, 22 ba—/L7 7 A /L? meshl, mesh2, mesh3 /37 A —X—%FIH LT
1TOET, | BHOWHE A7 MUK L, meshi=nln2d EZZAXYIY TA vy 2 Z2458ELET, 2 2 Cliifd
YDAy aiinln2, BEDOA 2B’ T,

b.
b; List> 2 Soiiitt <7 brab;edzneh, 2D, (A CEY LT B, b, _‘bj‘coseji m
WERLYDA v 2 2 DRFES ) DIHEL 72 BDT, ZORSNOIROET, BEO T A—21E, b, oEs%
HEIRELET, 2 hr—/LT 7 A /UT a_vector, b_vector, ¢_vector DIFEZ{T> T &, ZORIDE

B (bohr! BT EF DR DNABEDA v 237 A—2—RLTFO L H ITEEH I ShvE T
(B ETERETHY, HFONADEROZUMZFIET A2 HOTIEH D THA),

|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) & 7225 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 EE L C <7280, SCF 3R &Y —(AHFHR & TN RIS 72 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

/N— =3 2 2018.01 7D, 3D FRCTHRY —(AHRHRAFATTE D L H12720 £ Lz, 3D TR —(ifHFtHE %
179121%, ekecal TIE72< phase W\ FEd, F72, UTFTOX I RELH T L HIZL T EENY,

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/phase(O/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 ARSI, ) —(HHED B & AL AR PHASE 2 THRET, —0
B zeff 74 L b U —SBOTITDRET, COMERIRESICITI, B DR RIS O T
L&,

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 3.62664 -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
ol f 8 & ET, RIZ, --- Symmetrized effective charges --- LA FICXIFMb AL
TR HNENT v Y VB ENE T, FDWRIZ, --- 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 -—-
IR T LAV o BRERTT > VR SvET, BT TP Lic ALV o BREmiI T CTOHL
EZREIZR2 DT TR0 T, ORI AT K O \THIIE LAV BRNERT Y Vh3-—— 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 BN, SHEEFIH L GHET D) ZENTE R R>TLEIZERHV ET, ZD
X 97285 A1%, —-—- Calculated effective charges --- LAFORERZFHT DI HIC LTI ZENY,
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— F AJIZE, AlN/born/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~V —{fHFHHDOT 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~, EDOWNEIILLFDHED,

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
JFA-HREAHEEETTN, 2 FH & 4 F B OFEFORNL U AARNERAIFED SR E DD TEEDOXLRIZIZIL T
WEH A, meshl mesh2, mesh3 12 L > TRE~7 MDA v 2ZE L TWET, ZOBITIE, 3T
W7 FUZXLTnl=n2=6,J =15 & L C\E7, 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 > TWIFNOIHHZFEET H I LN TEXET, ZOFITIE, 73T 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) SCFiH&E
PV ANERAFRT D72OIE, x5 LIcWRF A S W7 SCF FHRAFETTH2MERHY 7, £
7o, B EZEMESH TN SCF AL IATL Tl MERH Y 97, 13N S0 SCF 31 4@ F @
DIATWET, DWT, Gl THRT-Z LICEDMEZ X, Y, z Frhg (72& 213£0.1 bohr) 27 SH7-
FRAITOVET, B SELFREIT O O, AT A—2—T 74 VD atom_list 7' v 7 LIFIZER
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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ANEAER L E T, %K% D SCF FHEIZOWT, 3 HHOwiE -7 MO —(AHFHEAA N 2R L E 9,
AR ZFATT DL, AT A—H—T 7 A JUZLLTFD & 5 128 HLIZ berry_phase 7' v 7 %#1E
L, BREEITOET,

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
ZHELET, mesh 7 v 7 2k L, n1,n2, JICE > TA v aXTA—F—ZRELET, ZDITH, SCF
FHEIZRHNT S displacement 7' 7 2B L T Z & &, file_names.data |28 THT 5 SCF FHED
T4 VT M) =D FOEMEET —F 25T X0 2 2 e R LN L I LT IEENY,

LLEDATI DR TE 72, @HIEY ekeal ZMERRHESEIT L X,

(3) I ATRNER DR

BRIV AR AR LET, ULFOTRE 2 E T,

1. AV HEERHEROT L7 M) —%EkLET (& 20, zeff),

2. NY—(iAHT =47 7 A/ berrydata TR L, 77 A NVOFEATEOBEIEELET, LT
21 O —(FHFEEIT 7272 DIX T 7 A L OJEEAIC 21 EFtak L ET,

P HERREROT 4 V7 U —IZ, SCF #BEHDAII 7 7 A /v & 2. TH7= berrydata 7 7 A /L%
ar—LET,

4., abt—L7= AN 7 7 A 5 displacement 71 v 7 ZHIERL, LAFAFEALET,

control{

w

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 TIATL E 9, #5313, outputxxx 7 7 A /WZ, 5.1.9.5 Hi Crll T 2 CHi I &g+,
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52 FFAAFIVR
5.2.1 IRENFRAT

5.2.1.1 HHE O

PHASE (ZI3HsFRENOBIEE— R 23R DIRBIMTEREN BV 3, F9 A2 FHEE DTN
BN SETHRIREITVET, TONPLIIERATIEER L, Tha DB HATHIERR LET, 85751
DEAREZAES Z &2k Y, BUEREOIREE & EA~7 MV aFELET,

% B ORA-DOREMEN DI 2w, & LET, A NT KU EOTENEETE 5 & &, H-ROEE;

StV
mily, = — Z Dy jp Ujg
jB
EFETET, O jpl TNOERT, FAEAIET DRDTINF—E (U, uy, ... ) DS & LTER ST
7,
o 9’E
ajp Ju dug
NOFERI~N~ =T 7 A o~V EFAEN T2 LICh D, KRDDZENTEET,
oF,,

WP dug
K70 7T NTE, ZOWNIPREDSERITTDNET, B AT AS—halTDHE

oF

dujg B 2a
EETET, DHOEBIIIRERORMFMEC K DHHIRH Y, i EiT L I OERERIET 5 0ERH Y
EF, H A 1RO ERITY T L j RS L&, IEMT v Yo i3 iEkT v

o

ia ialuw:a - Fialuﬂ;:—a

@, Z AR TH| R TR SE 72 bDIZELWTY, D%,
Rr;+T = L

Rr]- +T= rjf
2B,

_ pT
q)i,j — R cbl_’ J,’ R

TRITIUFRY XA, B, EET VYN, O ap %R OESTUThI) R LADED &,
el Ed, OF0,
Z Qg =0

)
T, BEIS, DEEATINTRFR TR uTia ) £ A, DOEDY,
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Dipjp = Pjpia

.(\‘,91«0 jﬁ%‘:%ﬁzwm = umﬁ& @Jﬁ?‘“ﬁﬁwialm = q)ia,jﬁ/w/ m;m; Z v VG, *’%‘%%@@jﬁ*ﬂ%ﬂ(ﬂ» %
Wig = = Z DiajpWjp
iB
LEXLET, COFEREM DL, Wy = QF, ¢ LUNRRESELET,
wzfia = Z ia,jpB E
iB
CIREAE A, B0 B, L1025, 1T9IDqp OEAIRRIECT, SBWBTHAECr = DR
BEIRE, WIREIOBEE— 2RO ET,

5212 NJpsg A—=4

WRENENT 24T O 121E, F IR ENIEICSH D Z L AT, FHERRRBIC AW LB TR DEA &

(2720, REESOSIER D Y 7 bE— ROEBIE S, LR Ol i, 1‘%:5@_1' bEREZ VTR L &
@‘o SR CETRAME T L7256, nfdynm.data Of(&IZFLE SHTWDIRIBHIE COANTINT A—Z T 7 A )L
ZER L £,

IRENENT ORREIL, Phonon 71> 7 THELET,

Phonon {
SW_phonon = on
sw_calc force = on
sw_vibrational modes = on
displacement = 0.05

}

REATO AN AL Z L FIOR L ETS

TREVRATICBERR T DA H D

ERLFT3 5 74 77 )V MA A
sw_phonon OFF e FRETERE T 1 > 7 ZHNCT 2 E I DDAA v F T,
sw_calc_force OFF TREWT DT O DI TFHEEIT O E D ID AL »TFTT,
ON : #&HREWIIT OT- O DO IR ATV ET, GHR L IE
force.datalZHi ) SLET,)

OFF : sw_vibrational modes=ON73%5 7 7 A /L'"F_ FORCE")>5 7]
DT —H edtrirArE T,

displacement 0.1 JRABN /T A—H—,

sw_vibrational modes | OFF MAIREIAT AT 5 I3 E D DD AL v F T,
ON : ¥HEEIENTAM T4, mode.data™ 7 A /MTFERNH I SN
£7
OFF : #&FREfITI A Thh E8 A,

norder 1 ZE R HNT A —TF,

sw_polynomial_fit OFF ON : 27 1 v N THOM RO ET,

OFF : &5 ChHOW 2RO ET,

® JETJREEEAFMED AT
SRR ISR o> TH TN TATT oL EN D D 3, J70bb, JAFIEED weight JBEEIZ L 54
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IR CE A, £/, sw_inversion [T OFF &3 2483 H V) £9°, IREIT— ROFEE AT IHEFEDIFR
YT = v ZIROZEMREAF T2 O T, fEidEsE £ 72132 02t % symmetry 7 2 v 7 TIELIEE L E T,
72720, ®IFREEEMHEEREEA RIS Z & L ATRE T,

® SLEOHEDETE
JLROEELT element_list 7’12 v 7 O mass THRET 5, FE(aw) TliZe<, FEEE A (amu) TA
19 5121%, #units atomic_mass Z#tag 70 _FIZHEAT D,

® AL DIER

251X Phonon 7' 7 v 7 @ displacement Tk L £, 1%, JFFEM0E0.1 awll FiZe b EBWTT,
IREE DI AN E AT, FLT DIREOICR G BV DR ZAATERE LE T, norder % 2 |ZEXE
THIET, ZOUEE 30D 5 I 5 Z LN TEET, diplacement THHE L7ZEA u &3 Husf, FHAE
PrEu,w/2,0/2,u 12720 £97, sw_polynamial_fit 2 ON (2L CEIHEAXT7 ¢ v MZT4UE, norder # 2 LV K&
CRETEET, 20 L X DFAZENIF-unorder,-w/(norder-1),...,u/(norder-1),u/norder T9-, norder % K <
TD EWOMREIEEIL L < 220 908, JIEHE OB 2 A DT, FEIHEI norder 2% 1 DFE D 2*norder {12
RHDTERELTLIZENY,

5.2.1.3 FHREAEROHT)
PEENRATRE TR, IEETRE R~ 7 1 /L mode.data, 17 —4# force.data \[CH I S E,

mode.data (Z{TAREENT ORRDGLR S ET, ETRANEAWERY Mla; = (ay, ayy, a;,) PHIROTEATHE
WEET,

-—- primitive lattice vectors ---
a lx a ly a 1z
a 2x a 2y a 2z
a 3x a 3y a 3z

WIS D¥ natm & A DOPEE(x;, y;, 2;) & B M, & 791 name@SROEZAGER SAVE T,

—-—— Equilibrium position and mass of each atom---
Natom = natm
do i=1,natm
i x(i) y(i) z(i) m(i) name (i)
end do

RITARBT ORERDROIZA TR 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) wvec(m,i,3)
end do
end do

representation |FEEKFRIROBS T, active(m)iL T ~ &M — RHiUuL R IZ2Y, FINEME/T—RT
HIULIR L7200 7, MiEMETHIUL, IR&R &2V £7, A L2 ME— ROGAIHTHERRSNETE A,
vec [IEAZ MLOEFIT, omega_ha I% Hartree AL COIREELT, omega_ev L7 774/L M HL TOHRE)
#C, omega_nu I TIETT,
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J157—% 7 7 A )L force.data | ZITSIDER A EE T B0 I OT—F Ngoh SN FE T, FDST—HIFIROE
ACHhESNnET,

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 I3 71% #HE T DR FECE OECT, displaced_atom (32507 L7251 DF 5 C, Bddl displacement
WIRF DI Z BV (U, Uy, u,) T, norder (T AT THIE L7 norder OEAFLIE S 4L E T,
sw_ploynomial_fit [ZA7J? sw_ploynomial_fit 73 ON O & (2, ON 23 1 255tk & FE 9, OFF OHAIC
1%, 0 RS NET,

sw_calc_force & OFF (Z3XET 5 Z & C, 1SN h&fikddr, IREEITAO0 BT 2 &N TEET, ik
DEEHEERTHZ EIIMES Y FRAD, TIFEICERET 2T LTI 1A,

5.2.1.4 FHEH : AKG3FOYREMRAT
(1) &SRl
IRERNT 21T 9 | IR TN EHERRBEIZ 22 A UT7e 0 S8 AT, IRERIT 21T 9 & X L6 U4 Ol b 4

TOET, THRIREEIC 220 E B T D EAEAN ISR Y, IR SRS D Y 7 hE— R38R E T, Koy
FOEERE LD A2 LU IR L ET,

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

}

accuracy{
cutoff wf = 25.00 rydberg
cutoff cd = 225.00 rydberg

num bands 8
xctype = ggapbe
initial wavefunctions = matrix diagon
matrix diagon {
cutoff wf = 5.0 rydberg
}
ksampling{
method = gamma
}
scf convergence {
delta total energy = 1l.e-10
succession = 3
num max iteration = 300
}
force convergence{
max force = 1l.e-4
}
initial charge density = Gauss

}

structure({
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unit cell type = primitive
unit cell{
a vector = 15.0 0.0 0.0
b vector = 0.0 15.0 0.0
c vector = 0.0 0.0 15.0
}
symmetry{
tspace({
lattice system = primitive
generators({
#tag rotation tx ty tz
C2z 0 0 O
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
#tag element atomicnumber zeta dev
H 1 1.00 0.5
0 8 0.17 1.0 }
}
wf solver{
solvers {
l#tag sol till n dts dte itr var prec cmix submat
msd 5 0.1 0.1 1 tanh on 1 on
lm+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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structure evolution{
method = cg
}

file_names.data (2 1% element list & R UNE®FE TAHR T > v ¥ /v 7 7 A4 /L H_ggapbe_nc Ol.pp &
O_ggapbe_us 02.pp Z45ELET, ZOANZMH L THBIKSFOMELH 5.2-1 1TRLET,

X 5.2-1 K4 FOHEE

(2) iRENENT

REE R LRV IREIIRAT 217 1213, A DIFF R & fif b LTI CH 2. C, Phonon 70 v 7 2%, 4R
BT ORE A L %9, S bR ISR LR R O 7 7 A /1 nfdynm.data (ZFER S 7T D %D
AT T DA HETT,

atom list{
coordinate system = cartesian
atoms{
'#tag rx ry rz element
-1.446816228 0.000 1.123327795 H
1.446816228 0.000 1.123327795 H
0.0 0.0 0.0 @)

}

IR O EITT2 & TN T O L DI LE T, RT3 0.05 & LETS

Phonon{
SW_phonon = on
sw_calc force = on
sw_vibrational modes = on
displacement = 0.05

}

PHASE #947L %7,

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

PHASE #2795 & RS R D 7 7 1 /L mode.data NI SVET,
PREEL L~V —)L freq.pl Z6EH L TERCL £97, 0 FOLEAITIFLL IO L 912 mol EWH AT a %
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1T T freq.pl 34T L E T,
% freg.pl -mol mode.data
Z OBEDK Gy ORIUEE— FOREE A 5.2-2 1R LET,

Vibrational Analysis

4000 |  A1IR&R B1IR&R ]
3500 2—————3589 ] 3703 |

3000 -
2500

2000
1500 | 1————1580

Frequency (cm'1)

1000 -
500

5.2-2 KT DIRENE— FOIRERL

FRUERBNOEAG XY N VOR ZERRT 5 72O DRE trajectory XD 7 7 A /U, > —/L animate.pl TIEK L £
7, JRROBENAZHEE L7 7 7 4 /L controlinp ZHE L E£7, controlinp (LA FD X 9 IZFR L £ T,

| origin 7.5 7.5 7.5

Y —/L animate.pl ZLL FO X HIZFITLET,

% animate.pl mode.data control.inp

HIVEIRBIOFEA 7 N VOPEE trajectory JER D 7 7 A /L mode_* tr2 2VERLSIVE T,

Z OBEDKFORNET— ROBA XY b &K 52-3 IR LE T, ARESN-IEET— ROILE trajectory

D7 7 4 /L mode_7.tr2,mode_8.tr2,mode_9.tr2 & A[fi{t. L7=HDTT,

1A1 bending 2A1sym. stretching 1B1asvm. stretching

P ol ‘\ AN el -

5.2-3 KHFDIEEfE— ROBERFRY hv

180



5.2.1.5 5 : + VU = 4R (Si2)
(1) AJpRFA=%
U 3 AR OIEESTOFIRE T, FHEBIEIY. sample/phonon/Si2 T,

ANJ1/3T A—% 7 7 A )L nfinput.data Ti, element_list {23V 2 i & 28.0855 amu MMEE AL TV
£, RO ZFFERE L9572, #units DT atomic_mass ZFEE L TVVET

element list{ #units atomic mass
#tag element atomicnumber mass
Si 14 28.0855

PRENFENT D /3T A —4 % 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 7% & $1Z ON 72D, #REMTOT- DD FFHEEITV, JREEST M T
ﬂij‘o

PHASE #394T7L %7,

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

FENE T B L, 17 7 4 /L mode.data [ ZHREMIFTORE R T) S4UE T, mode.data DFEAIDEIHILLT
DXl >TWET,

-—- primitive lattice vectors ---
0.0000000000 5.0875600000 5.0875600000
5.0875600000 0.0000000000 5.0875600000
5.0875600000 5.0875600000 0.0000000000
-—- Equilibrium position and mass of each atom---
Natom= 2
1 1.2718900000 1.2718900000 1.2718900000 51196.42133 Si
2 -1.2718900000 -1.2718900000 -1.2718900000 51196.42133 Si
-—- Vibrational modes ---
Nmode= 6 Natom= 2
n= 1 Tlu
hbarWw= 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

BAID ATENS ZATHITHANHESRY Ma2b bbb L TWET, SNMTEIFRTEER L TOET, FOWRDIT
MBIL, ROFE, THV NEE, B&E, T-URATICH LI TCWET, Vibrational modes &) 4
A FIUATORDAHTT— FEE R R H b ENTWET, LB IIIEIREIT— FOBEKRL A JeiEf 7
& LT, TR H B S, LORDITINBERNY MR LHOESTWES, EHA~T MUY
DFFDRIZFEDIFRFIRET D7 MDD 3HBHHLHOINTNET,

(2) IREL L~V
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IREhENT D)) 7 7 A /L mode.data DIRENGLDT — X D HIRESE L ~UZ1ER L E9, UUFOLoilc, V—
)V freq.pl #5795 & Postscript TR L~V UK freq.eps NI S ET,

[}

% freg.pl mode.data

DU A SRR OREN L~ X &Y 5.2-4 \TR L ET, ZORBIREHEDS 517 cm! TH L E— F3d
LZENDMDET, ZOF— FORKIEIIT T THDHDOT, A CIREHEOE— FA=EITHE L TWET,
Tog ©— FRT < AFETHL5E, PORKIZEROARIC R BFRRSNET, MNEETHLEAITTIR &
FoRSNETS

X 52-4 sV Si OFEETLT ) T — FOEEHE

(3) R#E— RO

IRERNT D17 7 4 /L mode.data 7> DAE3E Trajectory D7 7 A W aAET 2 Z LIk Y, BT ML
EREVFR LY, PSRBT 57 =A—v 2y & LURBIE— FEARIL LY T EF, Y—1
animate.pl 2 LC, EEEITOH17 7 A /L mode.data 7> HIEBOESA KLY L, #53E Trajectory &
KO7 7 A NPLE - tr2) ZER L E T,

JFUSOBENE BT MVOEREFRE LT=7 7 A /L controlinp % HE L 9, controlinp IZLA FD X 5125
WLET,

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

Y —/L animate.pl ZLL O X 51234735 &, Y55k Trajectory FEXD 7 7 A WAE— ROTZTF I S E T,

[o)

% animate.pl mode.data control.inp |

ZOFRETIIEIY e %7 T X OB &V, BADFHRIZT Y 2 VT3 A L ITEEL T
T3, 72T, SRR Trajectory FERD 7 7 A /L mode_6.tr2 Z Alfi{bd 5 &, 5.2-5 O L 9 Z[H
HART MR FEITTORINET, 5.2°5 ITRSIIVTW DML, &7 gridmol2 7 7 A IV aEGiAHRAZ &
TFERTEET, F7o, HJISNIAEE Trajectory TS, R ORENE FISHET 5 Z LR TEET,
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X 525 VL7 SiO@EETILT 4 e— FOBEBRY b

183



522 74/ N\ REHE

5.2.2.1 HEREODHEEL

PHASE (213, TR720 T2 < RO kRISBIT DI FAREMEIT 21TV 7 4/ OPRREE R/ S PG & 51

FT DHRED D ) £
5.2.2.2 Mk

(1) BAHIRANT )T A =4

ZOMReAFIT 5720121, T D% LRk phonon 71 v 7 ZFR L, BREAITVET, HAWRITIE, LA

TOXHT720 F,

phonon {
SW_phonon = on
sw_vibrational modes = on
sw_calc force = on
displacement = 0.1
method = dos

lattice{
11 =2
12 =2
13 =2
}
dos{
mesh {
nx = 10
ny = 10
nz = 10

}

FARYp NI )3T A—=F =% L FIORLET,

Bl Tay it | B2, 3 Tuyy
A1

L liea

Wi

phonon

Tx ) CRYEOBREEITH 2D T |
v

sw_phonon

PHASE OiREWEITIEREZ FIHTT 27
EOMERELEY, T mOLDEE
EFRERTY,

sw_vibrational modes

REET 24T O N E I EIEELE
T, [ RDOHDEE LRRETT,

sw_calc_force

TIEBORNREAT O NE D IneiaE L
F7. DRDOBOEE LERETT,

displacement

TEBROFHFEEAT IR, FHiaLlo
FEEBE S B 0EEELET, T A
DIHDOEE EREETT, 7 74/ ME
1% 0.1 bohr T9,

method

PR EFRE L E T, IWEEEHR OY
AL dos, NV RIEEFFE OLAIE
band Zf5E L £,

lattice

—fi% K SOEITIE, A—r—&L
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DHEBEVEL LET, £DA—N
—BENANDORESERESTH7ny /T
.é—

nx amhza T 20 EfRELE TS

ny bz s 20 afE LE T,

nz CHbZAfE I 2 EtEEL £,

dos W DR S A TRET 57 3 >
hss

mesh REEEEHEI T D K DA v
2 FFRETHT 0 v 7T,

nx 1 OODOWREF-XT "Ly ER At
ELET,

ny 2 DODOHREAT ML DLERE R
ﬂ’_._i’ l—/\i‘gqo

nz 3 DODMET-RT MO ER TR
ELETS

method % band EFRTETHE, T4/ 30 ROFRITAY £, /S0 REBEORFENY, B 0 MG L [F
£k band_kpoint.pl ZF | L CHHET 5 kROIERN GRS 472 kpoint.data 7 7 A /VEAERK LTcd EIZFAT L
j‘o

(2) N2 FEB LUk R ER

T )N RHREEIT OGS, A= OERDMTOIET, v RS kK amEn Y, ElSieA—

N—UZHHEC PHASE 28 HEIIICAE LE T, LU FOEESMLETT,

® X —tUY, TIRAETK U THERR S IVE T, 1@ D PHASE |2 X 2EHEOHE unit cell type 23
Bravais O E13HAMS K LTK REERLETN, 74/ 230 ROYGEITT 74Tk LTI T
I EICTLTLIEEY,

® NV RHUE, EBUIFEAC LN TEFOHE LR L L OITREL T IEE,

(3) A AL MhESRbOSEDORE S
A A MRS OBE, T MIZBWTA T T o VE— ROMER LR B2 > IR AR D £ 47, Z 0BT,

LO-TO HyREMATNET, ZOZREEY AND%E, AT 7 A /MIBNTS DIZLLFOIREEAT 5 ME)
b ET,

phonon{
sw_lo to splitting = on
electronic dielectric constant{

exx = 2.6
eyy = 2.6
ezz = 2.6
exy = 0.0
exz = 0.0
eyz = 0.0

}

2% sw_lo_to_splitting % on &9 52 &2k > T LOTO HEAEZE LI-FHFEEZIT) Z LN TEET,
electronic_dielectric constant 7 @ v 7 (X, BEF R OB ET v Y Vv E2FEEL £ T,
electronic_dielectric_constant 7’7 7 D F D exx, eyy, ezz, exy, exz, eyz (ks Dk T v Y VDORG H4aE
LET, BET U, FHED L <X UVSOR-Epsilon & X 5#E A ZRHL 7280, FRAOA%EM
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FRETLD2MNENRDHY £, Ziudk, 1BET 1 L7 FU—IC effchgdata 7 7 A VEERRL, ATO X ITHTEL

-1.12 0.0 0.0
0.0 -1.12 0.0
0.0 0.0 -1.12

T 7 AND 1ATHIIR A TOR LET, 2 1TTHLUBRCAREMOEAEE LET, ETRENGROR T ID
ZHREL, S OICAMEMT v Y NVETRE L ET, AEmTT Y, IRERERIT 52 & b TEET,
UVSOR-Berry (Z& > CTELNARLAREmEFIAT L2 ENEE LWTT,

(4) FHOFHT

ANITTF =AU cE =6, @@y PHASE #347L %4, £99%, PHASE IZANDOIEEIC LIz ->TA
— =NV EERLET, 27 7 A UIILLTO L) (TGS ET,

natm super,natm2 super= 64 64

ia,cps(3),pos(3),1ityp

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 1.2718%9 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 O W

natm_super 73 A—/N—E /LD FETT, cps (TR T-DINT T VEEE, pos 13777 2 3 F/VEEETT,
ityp 1R FOREART A E ST, £77, A—S—B/UTEDE TSI LTI Ry RS KED A v 203k
DETHESNET,

num bands will be changed.
neg,meg= 192 192

k-point mesh will be changed.
mesh= 1 1 1

neg LV VI R mesh 238 LUK A o =TI,

(5) Hh7rzA4n
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mode.data 7 7 1 /v

PEEAT ORI mode.data 7 7 A WTEEERSIVE T, 74/ /30 ROSED modedata 7 71 /WS, 72&
ZIFUTO X 212720 £9, T HOGE LR LT, IREFE— FOFLROHF R 5,

—-—— 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 JRTEDORIZ, KBOEDIRENET, KK RORECTE— ROFLRORBINZ, K A0 EERE DNy B
EANT VT VPHMECTOREINET, REFE— FOBEHERT MU BICITER - f;é@f , BHENZ ML
EBOZIT, PR ENET, 7ok, T A0%a LRk :}f)fz%b@iﬁ’r MRS L ORI T = o OTEEANEE DS E
DHADSNETDR, ZOEEITIT SLSNTILERS 2V RIS ZERE S TE3 0,

phdos.data 7 7 1\
74 ) CORAEEE Y phdos.data 7 7 A /UZHII SN E T, TOARE, AT RO L 572 b0 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

1 FIRIXRIERE DA 7 v 7 A, 2,8, 4 FIERNENEIL mHa, eV, cm-1 BT D= R/LF—, 56, ﬁlJEﬁx%

nZEh states/Ha states/eV, states/cm-1 B\ CORIERE, 8 FI|HMFEELRAERE T, MEINIEREIL, i
HE TR —OREEI IO TR 7483 12720 £9,

(6) fiRhrH Perl 227 1) 7"k

T F ) Ny REHEOFRERMATH O Perl 27 1V 7 23 PHASE (213t » TV Ed, LLFD 3 FRFED Perl A
7 V)7 N EFH U GERONTZ21TH Z L TEET,
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phonon_dos.pl

T ) ORREEET =2 0D, 74 7 ARREREN) 2B D Perl 227 V7 F T, LUFOXHITHMAL
=75

% phonon dos.pl phdos.data OPTIONS

phdos.data 7%, PHASE 3§57 4/ ARKEEEET—4 CF. 1795 &, phonon dos.eps &9
EPS JEDBIE 7 7 A NWOMERSNE T, DA 7T a U aFIT 52 LN TEET,

--units=UNITS or -u UNITS TRF—DOHN ZFEE L £9, mHa, meV, THz, cm-1 @
WTINTT, 7740 MiEldeml T,

--width=WIDTH or -w WIDTH RSN AROIBZEELET, 7740 MEZ1 T

--erange=[emin:emax] or -e [emin:emax] = /X —OFHHEEZIETELET,

~-drange=DRANGE or -d DRANGE KRB ORI AARE L £

--title=TITLE or -t TITLE MDA M EsELET,

-—-font=FONT or -f FONT T 7VRIHT D7+ MARERELET, 7 74/ B
&1L 18 T,

--keep or -k DT =87 7 A VERFTT 256, ZOF T a w2 H
M LET,

--mono or -m F 0l T T EHE LIWGRIZ IO T Y a VERRE
LET,

--dinc=DINC WEBEDOHEEIRELET,

--einc=EINC THNF—DHEERELET,

phonon_band.pl
T ) N ROT =20 174 ) 3 R 25T % Perl 227 U7 T, LFO X S ITHEHLET,

% phonon band.pl mode.data OPTIONS

mode.data 23, REMEHTORERN RS2 7 7 AL TF, F4T77 5 &, phonon band.eps &9 EPS JE
ROWg 7 7 A MMERSNET, A7V 21008, TRk 2 bond £,

—--control=CONTROL or -c CONTROL band kpoint.pl 77 ANDANT 7 A NVatEE LET,
77 #/)V M#lE bandkpt . in TY,
--ptype=PTYPE or -p PTYPE 7T 7RIS ey MEZFEEL T, 1ine %45

ETDHEFRR, circle ZIEETHENTTIH /UK
B L E9, T 74V MElL 1ine TY,

--units=UNITS or -u UNITS TN —DHNZHEE L EJ, mHa, meV, THz, cm-1
DOWTITT, 774/ MElZ cm-1 T,

--width=WIDTH or -w WIDTH ERR SN DXIDIEZFRELET, 7 74/L MEX1 TF,

--erange=[emin:emax] or -e [emin:emax] T /L X—DFHEIEELET,

--title=TITLE or -t TITLE MDA MIVEFRELET,

--font=FONT or -f FONT TINRIHTH 74> MARERRELET, 7740 b
fEiX 18 T,

--mono or -m T/l T 7 EHELIVESIC 04T g VERE
L%,

--keep or -k HHOT—2 7 7 A VT D86, 2047 a v ER
M LET,

--einc=EINC TRNAF—DHEEARELET,
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phonon_energy.pl

T ) L OIRREBEEN D, IRENZHET DI RV F— L~V ALY O H T RV F R EE G R D A
7 U7 N, EENCHSRET AL ALY O H BT L —CEE O DET A TE LA L —5 1
ZIUZE, ABREECBT DEROH BV —%25 0T 5 Z LN TE, REHLOMIB A5 2 L/ L
HARETT,

W kDT 4 ) L DTINR—, ORI 2RI LC(L/, + n)hoy LF0ET 5 2 L8R £, S
—Ukn
B3Q, = e kT AR ENADT, T ) L DTRAR AN U5 & DL FORS RS S ET
hw
exp |~ g7

IV DHHER NI i, = Y —kpTlog Qi EFHRTE DT, UUTOX S ICiikEhE T,

fl h(l)k
Foip = Z [— + kBTlog(l — exp [ ])]
- 2 kgT

PRENC L2 B ONER =R F—[ Ty, = zn Uy, €XP ( ) LFLRTELDT, LFD L DIZEl T 52 &
MTEET,

Qx =

h(l)k fl(l)k
Uyip = Z 2 + )

K exp [kB_T -1

T2 b, FipnBE Ui 25Uy — Foin)/T tﬁ%ﬂ%’éﬁbi‘f%i# TEFEHEN INER =L F—D
IREEZRET DR CTH2 DD T, LFOL I ICHET L Z LN TEET,

¢, = Wi _ Z(:k exp (zhka;k)
' oT exp (%) -1

phonon_energy.pl ZFIH7 5 &, LLED X 272t REF T 5 Z ENFRETT, AFO X IITHHLET,

% phonon energy.pl mode.data

TOBEIZ L ST, LLFD 3 >DO7 7 A ADMERSILET,

phonon_energydata 7 7 1 /L NEi= 1L ¥ —, ~ILAFRLVY HHTRLY—, T2 habt—, HEOFERER
N T O TRtk S TWA 7 7 A /LT,

# T (K) Internal Energy (eV) Free energy (eV) Entropy (eV/K) Cv (kB/atom)

0 0.125434126153072 0.125434126153072 0 0

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
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1HIEIREEDS, 25BN BITNE =L F— L ~VL LAY BT R LF—78 eV B C, = hr E—7)3
eVIK i C, JiT-&72 V) DHEDS ke AL TRl SV ET,

phonon_energyeps 7 7 AV WEBTR/LF—, ~JLLFRLY HHTRLVE—, T2 ho b —Z2REORK S L
T7mv hLIZEPS 77 A4 /LT,

phonon_Cv.eps 7 7 A )V WAL IREEDRREZ 72> N L2 EPS 7 7 A VT,

Si fEEROEFEIZIS 5415 phonon_energy.eps 35 & U phonon_Cv.eps D% 7~ L %9, phonon_energy.pl A7 U
7 NE, T S ARRER R R A AT LT BRI VD mode.data 7 7 A VAR AN 8 D AU TR
728V, T Ny KR Z T UIEBICE S5 modedata 7 7 A VAR D &, LFO X H 72T —MN
FELBPTKRTLTLENET, ok, Bond=p X —i3, ANTIRE LRI E7 £,

% phonon energy.pl mode.data
weight undefined for g-point no. 1 at /home/user/phase/bin/phonon energy.pl line 131, <MD> line 4450.

2 T T 0.0016 3
Internal Energy
15 F Free Energy —
Entropy— 1 0.0014
1 _— 25
" i
05 | g 0.0012
- // 2+
. or / {0001 _
s E
2 .05 2
3 1 00008 & 15
g / <
o O
45} / 4 0.0006
5 / 1t
2r/ 1 0.0004
25 .‘«"J 05 |
1 0.0002
_3 -
35 . . . . . 0 0 . . . ) \
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
temperature (K) temperature (K)

X 5.2-6 phonon_energyeps (£X) & phonon_Cv.eps (HR)DHF]

phonon_energypl 227 U7 ~OA T g 0%, TREOEY TT,

--width=WIDTH or -w WIDTH TERR SN DRDMEAFEE LET, T 74/V ML 1 T,

--trange=[tmin:tmax] or -t [tmin:tmax] HEOHPAZIEELET, 7 74/ MEIX0K 25 3000K
<7,

--nT=NT or -n NT BEOROEERELET, 7744 MElEL 100 TT,

—--font=FONT or -f FONT TINRHT D742 A REfgELET, T 74/ b
fEli% 18 T,

--mono or -m E 70l T 7 ERE LIEWEEIC IO T Y a U ERE
LET,

--tinc=TINC REOHRATEELET,

--einc=EINC THNX—DHEERELET,

--cinc=EINC RO HEARELET,

5.2.2.3 iR

(1) ¥V AmERs
RBOEHEAFO 1 D& LT, U asEmD T+ 2 RNy Re 74 ) U RIEBE DR E A FAT UI-HEFE L
T, ZOBED AT T 7 A /W, samples/phband/Si LLFIZH D F97,
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F PN FEHE ATV E T, samples/phband/Siband LA FDOAT 7 7 A VEFIFH L ET,
band kpoint.pl HDANZ 7 AV, bandkpt.in ONEL, LLFDO X ST THET,

0.02
-0.8333333 0.8333333 0.8333333

0.8333333 -0.8333333 0.8333333
0.8333333 0.8333333 -0.8333333
0001 # {/Symbol G}
1102#X

5308 ¢#U

0001 # {/Symbol G}
1002#L

Z®bandkpt.in 77 ANERHLT, LFOX 92 kpoint.data 77 A /VEVERR L ET,

[}

% band kpoint.pl bandkpt.in

AND, JFAEEDOFETEIILLTFD X 91278 >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
}
}

unit cell type #*bravais &L, lattice system /37 A—Z|ZL>TI DR facecentered, §72
DHELTHD Z EEHELTWET, BRLL 512, @F 0 PHASE O CIEZO L S RfFEr e s T
WO BN BAE I L 905, 74/ VRN REHETIZZED L S e Z &l ThVER A, RIZ,
phonon 7' & w7 ZRO K HITEER L TWET,

Phonon {
sw phonon = on
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sw_calc force = on
sw_vibrational modes = on

lattice{
11 =2
12 =2
13 =2

}
method = band

}

A—"—1/UT, abc EFNENE 2 (G THRELEHRH L TET, LLEORED L & PHASE Zi@7i@EY
FITLUET, EEPKRTTAH L, ZOED mode.data TSN E T, mode.data 77 AN TH+ /v
N R ZSEAT-0120%, LT OBEZITVET,

% phonon band.pl mode.data --control=bandkpt.in |

-—control A7 =3 Thand kpoint.pl HDATIZ 7 A NWEFREL TOETR, ZORENRVGETIN
¥ RENZRFR R 2R Il S22 < 720 9, ERITRIORTRO L 9127220 £7,

500
400

Té

S 300

%)

[

)

S

5

L 200
100

0l

r X U
X 527 vValsERmOT+ ) NV R

7 & ) ORREFEE OFEIEEIR N7 — 414, samples/phband/Si/dos LA FIZH 0 F3 1EHUIFHHHE A~
720D, band 7T 4 L7 U —DFiZdHD force.data 7 7 ANV abt — L RIHT 2 L TEEGHEEZ AX v 7
THILEBHRETI N, ZOHEIE sw_cale force /N7 A—F & of £ ITRELTLZEY) 2OV TND
NIRRT A=Z T 7 AMUIE, BIFO X D it 72 S TnE T,

Phonon {
sw_phonon = on
sw_vibrational modes = on
lattice(
11 =2
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12 = 2

13 =2

}

dos{

mesh {

nx = 10
ny = 10
nz = 10

}

}
method = dos

}

method = dos L FEET D Z LI Lo TRREBEHHEA1TO Z L 2T L CWET, dos 727D FD mesh 7 1
Y I IZBWTC, REEBREECRHTAA v 2% 10X10X10 L LCWET, ANE 20X HITHE LKL T

5 PHASE #5H4TLE T, 74/ VIKEEEEOREMETIL phdosdata 7 7 A /USRS SNE T, 20T —X %4
&2 phonondospl A7 V7 &R LTCT 4 / REEBEX 2R L £77,

|% phonon dos.pl phdos.data

ZORERIFOND T & ) ARREE LK IRITRTIE@ Y TS
0.09 T T | |

0.08 4
007 B It -
0.06 |

0.05 r _

0.04 1

DOS (states/cm'1)

0.03 | | .

0.02 | | | -

0.01 ( 1\ / 1 N \

-100 0 100 200 300 400 500 600

Frequency (cm™)
X 5.2-8 U A AERDT x ) IREETREE,
(2) FfEh VA

3 4k U v AE NaCl BossitsEz o, A A PEORE T, X 5.2-9 [CFDOfEiEE2 R LEd, 22
T, ZOfEEEEFINC LOTO H3aBE LI=7 4 ) o3y REHEEF LET, ZOBBEDO AT 7 74 /W3,
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samples/phband/KI LA FIZH Y £97,

"N

X 52-9 =ikl v LOREESE

LO-TO & EZBE LTEIEAIT O 1oDIllL, EROFEET VIV EANERBLETT, ZALIFELTOXL

NI THE L,

® HE7 VN : UVSOREpsilon ZFIH L CHELE LTz, ZOK, 22 eV OFXy v 7HEAN L E LT,
AR, xx,yy, zz HIADEINEIN26 E700 F LT,

® HZhE&EfT : UVSOR-Berry ZFIH L C, AV HRNERT Y NVOREETOE Lo, f5RE, Y 7 A0
AREMDS 11262, 3 7HEOANEMN—1.1262 L7220 E LT,

INBHEREL, sw_lo_to_splitting & on £ 2LMNIT U a U FEROEAELRICTT, I8, Bohi=7+ /v
Ny RZERLUET, Bz, LOTO 5544 EEEPICHRE LR LADETERLTWET, i
LO-TO 53z EEEICHE LR, SN EE L CGHE LERISHSELET, ZOMNLHLRE D
12, T AfHITIELOTO AT X » TEE L7V AR L COBIREEN DL TET
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LQ-TO splitting not taken info account ———
LO-TO splitting taken info account ———
N
T
=
)
=
(6]
=
g 2 -
L
| W
0
r X u r L
X 52-10KI D7 4/ V30 K, F/#03 LO-TO 4y3aBEENCEAE LIER, B80S LOTO 45%
BRUTGHR LIRS

(3) AXDIREFEAAR
&S, 74/ ARV RT O REA] & L CAXDOIREFEMISE OB EE LET, Zofid
DAII7 74 /Wi, samples/phband/Sn/a-Sn (a A X) ¥ LN samples/phband/Sn/b-Sn (B 2 X) IZH Y £7,

AR, a AAE B AREMHINDFARAEDRH Y £, a ARIS A YEY MEE, B ARTZ04OMEY B
ARG &) FT, TOfEEE, K 5211 IRLES,

@s @sn
Q\ s
LA T
@ ‘ @
. a ,
i 2

K 52-11a AR (EX) &BRAX (AX) OfsiEs

B A AMEEIL S A YE L FEIEZL c O L OS5 LI L O RfiE TH Y, ROEHREIRY £, W
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JETIEB AXNZETTN, KEFTlEa AANLEICZ2Y £9, 2, ERTOboOLET R LF—Ta A
ROSFTIMEND, IRE EFIPED 74 ) OBHTFRLE—DETILB AXDHNKEWDHHIRETHET
FNAF—EB AXDHMEL 720, BT INETHLEBEZONET, ZOXHBi&%, 74/ OHHA
TRNAF—FHE LD 2T RN —HR A GO TR LTI ET,

FPNE, EEBROEEAITVE LT, 72771, B A RHSED cakild 054614 L [EE L Chamb LE L=,
FEFE, ROFITRTIED TT,

WriEtka@ T @ Zr /¥ — (halcell)
a AX 6.6555 6.6555 -136.147884
B AX 5.9184 3.2323 -136.144694

ZOFRERMNBIHS 2 LD, BRI —Fa AXDHIMENDT, HHSFEECTlXa AANLETHDLEEZ
HIET,

BNT, FONTZLEIFETERD S & TIREWHT 21T 0 F Lz, A= VX —2 3 T 5355 2B 05t
BIL, WREEBEOHLTT, a AX, B AXIZK LT arOA LIREEORE% Phonon 71 v 7 TITW, 1R
T A I U Uiz, A TR Bz mode .data 7 7 A /L%, phonon energy.pl A7 U7 kTl
HLET,

% phonon _energy.pl mode.data

FEFAS 5415 phonon_energydata 7 7 A /LD 3FIHIZT7 4/ OB HTZRILF—05tdk S IVET, ZAUTHAL
Jad7=0 OfE7Z2 DT, RO RLF—DENIIHT- ) O3 —%NNz, BREOREE LTy v5
& ¥ 5.2-12 DX kRS L NET,

0 . 2 I 1 |
o-Sn
. B-Sn
oot
0.0 F OGS 3= .
R
)l"f'_':l =
__/‘-... j{:}

0.2 S S i
_
= S
q) '.‘_“_\_.)I N
: -0 . 4 B ~ \:1 - n
o ISUN
D 'C‘;v'\lq:.\_l
o EAN
o 06 AN .

TNy

()] S
= S

-0.8 N ) ]

\_P\\Iﬂ\;l
R
\__A\K?.I
_1 0 = \_'\X\'—*
1.2 1 1 1 1
0 200 400 600 800 1000

temperature (K)

52120 AXE B AXDEHTRANNF—LIREDBHR, RS a AKX, RSB X RIZHHET B,
5.2-12 12T a AXDHIFR R & B AR (D) 2382 DIRENRIRE - Z 2 bhvET,
ZORETIIBBLESI0OK &0 £ Li-, EFCIE 290 K 72O CHEBIRED E < Bl ST LEWE L7223,
Z DX D RFRIC X o GREFBEOHEMIEE 25 CTE 5 Z LIIB0 0 WiziZig 7= 0 E T,
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5224 M EOIEE

WD K SIS DIRET & FATT DT, A— S~ Uk DIRET 21T 5 LB H Y £,
L7237, T ROBOE & s 2 LIFITEL < OFHRRHMLETT,
TF ) o FRBEIZBO TR bEHREN LV DR A==/ UIKHT 2 NWOFHE T, Zo7—213, 1
EERONTZORAHT A ENTEET, 72X 7+ ) VOREEELZFIE LI LIl T+ ) V30 R
SRS D5A, EITRRDIRIFCE ST T+ ) L\ REFRT 25672 81%, LIFD X 512 sw_cale_
force RTA =B Z off LT HZLICLSTIREASCVEST ZLE2IITHTENTEET,
phonon {

sw_phonon = on

sw_calc force = off
}
728, TRHEOFERMAMESN TS 7 7 A Ut forcedata &\ND 77 A VT, /N0 REHE LIRAEE S
BEBRRDT AL T MY TITHOEAIT sw_cale force = off LT HGEBRIIZDOT 7 A NEYET 4 LY
FUIZa =L TR LTS 720y,
WHEOFREOGE, LITOWREZIT &, AJITHES - Bravais #1% Primitive 48 ZZ#E T
FHEMTONET,
structure{

unit cell type = bravais

tspace(
lattice system = facecentered

}

}
ETAD, T ) Ny REEOEEITZ O BUIFHE ST, Bravais 70D FE £ A—S—ELAWERE
, BHEMTONET, k BV 7 U7 A v a wigatd 28 EITERSLE T,

A=) UWEFODO/RT A—4 11,12,13 136 & ORFMEL RO L D IEEDH 2 L TLIE3W, £ied
XEOS G, BHROS LA TOETA,
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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
VRV NIREE)

VX,VY,VZ

A OYMEE LA FEIA DT 256
(sw_read_velocities=on DA HF
DRFED x,y,z BEZJFFBLLCTATITH, A
TIPEE S DS, 0 LA/eSnD,

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—XE, NOT =20 IR R CHAOSNET,

@ 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 FRNCE BV BEEND LI L2375 LTnET,

structure_evolution 7' v 7 T, “method”Z 4% % “velocity_verlet” & L CWVET, ZOERIZL > T /NEHEE
BOGTEIIFI I 21— a b BTH) TENTEET, e, FRAT v 7 TCOFHFEGES A%, FFHALT
“100°E LCWET, ETRRZX91E, ZOfEIE 2.418%x10-15s8 [TAS LT,

ZZETHALIEH L TIADANZRIAT 5 L, RFOPMEEEIIST 0 ERESNET, FRAVEEL
B2 25%6, TieD L 27 A& L T IE30y,

structure evolution{
method = velocity verlet
dt = 100
temperature control{
thermostat{
#tag temp
300

}

Z T, “temp”BHCCHIADIEEE & 7 L © AL TRRE LE T, RFOEEEE, ZolEizesXk 21, »
DOIEHEENNE ST, REEEN 012725 L O)ITRESNET,
AT L IR AR EARETH 2 E b ARETT, ZOHE, £ 0L R ANZ R L E T,

structure evolution{

method = velocity verlet

dt = 100

temperature control{

thermostat{!#tag temp

300
500
700

}

KIZ atoms DFJFAIZ, “thermo_group” &) A RTE 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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B

ZOBITIT—F B OFEFH 300K 12, “FHHOFEAHMN 500K 12, =FKHDFF)N T00K (2725 X O FIHhEE )35
ESNET,

Z DFSIHIOFHEROWI T R X —, HBIT X —, ST HLX—%K 5213 IR LET,
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X 5.2-13 PR RALF—, EEI-RLF—, ETRLX— LREOBHR,

5235 5k  REEDOSFEIFEY I ab—va s
BE—EDONFENFY I 2 b—2 a VD ASIT A—=Z T,
FHEGEIY. sample/molecular dynamics/NVT T,

® BNRORRE
structure_evolution 7 7 7 |Z temperature_control 7 7 v 7 Z45E L E T,
structure evolution{
method = temperature control
dt = 50.0
temperature control{
thermostat{
#tag temp gmass tdamp
300 5000 10000

}

EFRDOATIFITIE, F 7 “method”Z45% temperature_control & L CUWVET, ZOEEI X > CREEMIEAZTT 9
EOHELE T, DWT, “AdEEasE L CWET, Ziud, FZIAORE T, B AN LET,
FlICRSILTND 50.0 SV HfElE, K126 (Y LET,

X 51, temperature_control 7 1 v 7 TENRORREZTT-> CVET,  “thermostat’> 17 v 7 THEWRD/ 1T A
BEFELET, “temp”/ T A Z L > TEOHRO AL T HIRE L E B,  “qmass™/ 3T A Z—IT X
S TEROEE(R B ZRE L E T, “gmass™/ N7 A—X L > CHEEXEHIRET 50T, “tdamp”
T A—H— (FHEOHAL) 12 L > TV OB 258 LIRHERICBNS OB AR ET 5 2 & b AfRE T, “gmass”
Ebdamp” NSEFERE SV TWODEA, “qgmass’ MBS NET, £o. WTHIOIEE D WA 50xdt DJEH]
MHEELT D LB EEDRESINE T,

® EyndE|n YT
structure 71 v 7D, atoms 71w EZERET HMLENRH Y T, REFIEZLLFIZEELET,

| structure(
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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

KJF T hermo_group”/ "7 A —Z ZEF|DR>TWET, ZODO/RT A—HF|Z
B, BB RS IENE D IE,
LILESTT 74V MEZRET D2 & HAEETT, T ZDfIT

WETD, KRR BRI BREA T SO T S -ED D i@/w
5.2.3.6 AL IR « JE—EDyfE Y I 2 b—Ta v

B ORI s E LET, 72
FECHIVIRONET, £, ﬂﬁ@@; PR & [k, “#default” % 7 ZFHT 5 =
2 TCOJFAIZF U thermo_group Z#%E LT

PHASE/0 2, Ivo Souza and JoséLuis Martins, Phys. Rev. B 55 (1997) pp. 8733-8742, E. Hernandez, Journal
of Chemical Physics, 115 (2001) pp. 10282-10290 72 & DITHRIZISUW TR STV D THEIZ L > TESJ—ED
STENF R 2 Lb—2 g U B(TH ZENTEET,

(1) ARG A—H—T 7 A NDEET;
FT, WEEORTENFY I 2 b—ra U ERROTRE TAIIIT A= —T 7 A VEAFRR L E T, BHF
DIRE—EDOLE EDEWNT, [ENS—ETHH I L, EIEIRORENNERZ LD 2 JTY, LUNCHz
RLET,

structure_evolution{
method = temperature_pressure_control
dt=50.0
temperature_control{
num_thermostat=1
set_initial_velocity = on
!'method = velocity_scaling
thermostat{
#tag temp qmass
300 4000
§
¥

pressure_control{
pressure = 0.0
mass_baro=1
mll=on
m22 =on
m33 =on
ml2=on
ml3=on
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}

m23 =on

RETEOFEE, Tty

MD FHEDRERVS
method (Z temperature_pressure_control L < IJ pressure_temperature_control Zf5E 3 2 LiEE—E
DB F I ab—ray, $7bE NPT g )#s I 2 b—a VEFTTH LN TE
F9, pressure_control &5 & ESTEDHFENSIHFL I 2 L— g, 7205 NPH 4F8177%3
alb—2arEFHTTHIENTEET,
IR ORR E
IRFEHIEN T, NVT OB4 & A% temperature_control 7' 7~ 7 IZBWTITWE T, 7272, NVT 2 =L
— g VOB OBMREERT D ENARETHHDIZK L, NPT I alb—ra v OgRICERTE
HEIRIE—DDHTHDHRIIERE L TLEIN, £, ERROfITIEa AL FT7 U FSNTHETD,
method = velocity_scaling &fEET 5 Z LIZL > THERS—Y U7 L HIREREZFAT 26T
X ¥£79, Nosé-Poincaré OENA TIRALHIEIZIT O Z LB TT N, ZEISEIH A RPER X 22
WIGATTREAR 7 — Y 7 EFIF L TLIZE0, FEED 721 UT Nosé-Poincaré ZUWAHEEH SvET,
JEITHIREI DR E
JElEN Y, pressure_control 7 7 > 7 ZERK L, £ DT TRIE LE T, pressure ([CHPIDENZHEE L F
I, JESDELI DT 7 /v MEIFR AL T2, GPa 72 E2FIFd 52 L 6, C& £, mass_baro (Zi%
BVROEEHRELET, 7 74/ MEL 1 THY, BAIOFREXTEEFA, BHLE L UL, 2Ya0EH
AT AR LDJEH) 23 100 MD A7 ZHIRMFRE ORI /2 2 K 512D D & KW TL X 9,
FHET Y TR D FFRGRAORRE
mxy /N7 A =X =X oT, FET VY NVOZUTK U THRG AT 2 N TEET, 728 2dmll =
off L35 & 11 fidr@tih-a i) 2L L72< 720, m12=on 725X 12 F5y(a gl - b #i)ds O 21 sy (b i -
At L L7 220 9, ZORTA—F—DF 7 /)L MEIF$~T on 72D T, KAREN2TIUTF
BT VY NDTRTORGPELLET,

NPT ¥ 2 =2 b—y g UERTHOND RN T 7 A4 UE, =3 AF—72 EOJEIEA 58k L7z nfefn.data 7 7
AV, JEET— 2 OJEEAFi#k L7z nfdynm.data 7 7 A /L, FHET > VI VOJEREAFEL L 7= nfmetric.data 7 7
AV, = U TS ERONERE %708k L7- nflatconst.data 7 7 A/ /L TH D, EHNEIUIDWTHT 5,

(2) nfefndata 771 /v
TANF—IR EDFEATER LT 7 7 AV THY, MERE°NVT OMD 22 =2 L—3a Y OREBELIL
F9, NPT V2= b—yarOifh, LFOL 2 HhnmonEd, 72k, MIEOHE T 1 /T728dTL T3
RLTWET,

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
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4 49

0.0218951630

5 61

0.0224437768

6 73

0.0231125156

7 85

0.0238698884

8 97

0.0246685850

9 109

0.0270606007

10 121

0.0294678421

11 133

0.0315593847

-31.8041402859

-0.0000570036

-31.8037768714

-0.0000560637

-31.8033194235

-0.0000546420

-31.8027870051

-0.0000527691

-31.8022003504

-0.0000504870

-31.8015806171

-0.0000478460

-31.8008921515

-0.0000449028

-31.8002640917

-0.0000420615

293.2700519011

284.3267516440

272.9264725662

259.8057152864

245.7426304561

231.5028071591

217.8018629938

205.3149756742

0.0001476826

0.0001733906

0.0001832795

0.0001752150

0.0001475268

0.0000992076

0.0000862100

0.0000004873

AT ZA DAT T OT =G LET, 15BN ) OFEFaEL, 2 %182 SCF FHEORE
B, 3FIENFZOT RN — (FAHAD), 458 0BHER7RIEE (FVEVHAD, 5HIABANIL =T
JFEFHAL), 6 FIHFEFZE< DORKME (R840, 75837 CF (T TRTHAD ,, 3
SV R=T ATEERIZIERATT AT T, R ERICRBNO TR T T D AT VDR TR

WS ERD D Z TR 2726, RN L < ZRVMEANCH D IR LT E &V,

(3) nfdynm.data 7 71 /L
HAW 27 7 A NVT r—~< ML, #FO nfdynm.data 77 A /L ERICTT, 72720, NPT v Ialb—v g
DYFEHAT > TRHATEEDENT HDT, $FERR ERFLR SND~y X —HIAT v T EEIAEND R

REATRYIRY: Y= 3 8

(4) nfmetric.data 7 7 A/

HAT y FNBT DHFET NS ND T 7 A VT, WRBYRPNAII FREOE Y,




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

FTRT v TR RO TREEE LR S, DWT 33 DT Y Sk SE T, ks, AT v T
EfEEZ R L TS 720, FUkE 2 A7 v 7HENG &700 7,

(5) nflatconst.data 7 7 A /L
BAT o TR DR EED G SND 7 7 A VT, HRIRRPNRIL FREO® Y, 7ok, MMEORYE T 117
ZUATL CEFRL TS

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

—ATR 1 ZA DAT T OT—ZFE LET, 1FIEIFENROFEFHBEL, 2 5IH D 7 5H RS ZNETUE 1
Eta,b,c,a, By, Bk 8 5IHINHENHIOEFECTT, £ XOHENIE Bohr BN, MAEEDOHALITE, AEEOHT
1% Bohr® T,

5237 3 FEIFY R a2 Lb— 3 UNIE DD DT DMORRE

® HEAS—V VI EDIREREO S FENIFY I ab—a

Nosé-Hoover DEYR TIF72 <, JRT-OEEAIRENS O L OIZAT—/V UES Z LI L > TUREZGET 2 &
HARETYT, 2D X 9 72EHEIE, temperature_control 7 7 v~ @ R method Z45% velocity_scaling &35 Z
LIZESTERTHZENTEET,

structure evolution{

temperature control{
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method = velocity scaling

WL, HAIOREIZE Y Lo MD A7 v 7 A r—LSET,

® SEEIENE oI LML T MDA

DFEFY R 2 b— g AR TR EAEEIEIIRE L ET (Briced) 28, FEERITBERRAIC L v 8
2 LI 6T, REENIEL TLE SGAEDRH Y £, Zhabi<iald BLTFO X 912244 sw_shift_velocities
DOf% on & L, MD FHEHEEEIENE L/2D LI LET,

structure evolution{
temperature control{

sw _shift velocities = on

® R OWIHHE A FE CHEE T 5 ik

JEA- ORI TEE T &7 DIRERSAAMG O, ST HIREDRE LTCIRE T, AEEEN 01272589
(CHEIZRE SIVET 2, FERICHRHICEIVIRS Z L HAEETT, ZO L 2 €, FEECED vx, vy, vz
B Lo TITWET, F7, BRELT#HEZ FEX L TLEDRN L H temperature_control 717 D F
1238V T sw_read_velocities =on ZET DM ENH Y F9, 72201, UTOXIITHELET,

structure(

atom list{
atoms{
'#tag rx ry rz element mobile thermo group v 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

}

72k, WEDHNOT 7 4 /v MEFFE AT,

£, ZOFETHMIEEZFEE LIZHATH, 7740 FORETIHEEICE Y L), £-EHEN 01272
LROMEITT T b e 27— ESET, ZOEWEEZII L 7oWGE, LT OB TR set_initial velocity O
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fifi% off & LE7,

structure evolution{

temperature control{
sw_read velocities = on
set initial velocity = off

5.2.3.8 fEHIZHIT HIEFEMA

DTENFEY R 2 b— 3 VAR S 0 FH A, UV T V7 FBIOVPAW R T v L,
WAIEHR, GRS L TWET, 7271, 787 I 2 b—3 3 AZBW IR - ORI
O ENCL > THLIEET2DT, RBRELRERTOMMMELRFOZ Liddb 0 A, LEER-T, %t
FRYERSHEORE I I S 72 T 720,

JRF OB, EE ORISR IO CIESEROWE 2 /AT 5 bDOTIEH D FHAD, HFEiEs
a2 b—a rOERITEROHLIETT, Lizino T, AEREAFITT25AI3cHB0OE LWVEEARE
THOMENH Y £9, PHASE 2T HEEEOEEOBANY, BT, =&z, BrroBEEidqRT
HA7 T 1822.877333 T,

HEB)= L —E A b Y WA CRBRSAUE T, BB L — LR L ORI E Gy = & X Nagom X

kgT EWVOHBMERH Y £, 2 CEIT= RN —%En, B ENyom, DY~ Tk,  BE]
HIZRIRE AT L3R UE LT, (o CGEEI= L X — 5RO I-WEE, FPHEf— ¥ —%

JEFHCCHID, 31578 x 105 L1 S AT TON— b Y — B kg THIREA~OZEH), & B THIS T
Taw,

JEAPEFE D TR I AT THRE L= HHEZI A O ffE(structure_evolution 7' &2 Z7IND dt &5 B CHa
TE)EANT 5 2 & 12X > CEIFTOREN G0 3, FHOBAIIAT THRET 5 Z ERAMGETIN,
JRFHALR AR LIZGE(T 7 40 B) 2418 X 10717 LW S fEAHNTIUR T8 (ST 5 2 L A3ATRET
T, 2L 20F 100 au &S L 2.418 fs ITHES L £ 7,

BE—EDRFENIFY I 2 b—r a3 BT, BNROEEQ DIEIZOWTIEEREZETE T, /hETE
LQERHT D E, ROXA T I v 7 ATBWRITERT D ANABRE— RBPELTLENY, £58108-
TUTFRDMHE L CLEWET, i RETEDQE2BMT DL, FPEIHIGET HDIZ L DAT v
BEVBEETHE TS TLENET,

QDIEIE, SROFHERIZLIREN D & BVR ORI O B L2 R%ED, BVROT AR 0d K HIT&Es
LRWE SN TWET, BunofiREIOEL] & ROIREND IO OBIFRIE, IHEITITR O TRHAIE T &
%9 (S.Nosé, Progress of Theoretical Physics Supplement No 103, 1991, pp.1-46),

o 0\
t=, T (ngBT)

ZZTr, olFENENROES LR, g3k B HREGX Z OBMRICBRERHT DIV T D IET-DR), kg

X RV~ U, THEOBMROEE T, FlziE, 14 0.05ps, F0%E 8, HEAZ 300K & LTk
XCQDOfEE RAEL 5 &, JRTHN TR I 4600 F2E & 72 Y 9, PHASE/O Tlt, QDEAERHEET
HZEh, FHEZN L CHREENTIRTET A Z & b AREL 7o TR T, BEOFRTE b EMOIEE L 7RVWEE

209




SRR & S dt DB LZ 50 5L 72 5Q DA S NET,
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53 BRELEFKEDETE
5.3.1 DFT+U %
5.3.1.1 #pEDOHEE

PHASE (%, #ENBHEEMIESE, 13E A EOWEOE FIREA SRR T 2 2 LN TEETH, &
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 EZIIN K D00 5E0H Y 9778, PHASE CIEEMY L SR AET VAR L CWET, =
DET/VTIE, DFTHU O F =B (Eppryp) 1. RFFE IO =2 F— B (Eppr) & 7 U7 12X

HHETFLF—HOME LTERSNET, EEOMIEHEL, /~S— MEEE bFRINE S, ) £/, 3 —
RAHEEIL, YA MTTHESWZEH1T8 p BT,

Ueff I I
Eppreu = Eppr + > Z pirf,m _zpnj,m’ pr:’ m

Im,o m

ZZT L mm), KO o 13, FFYA b BRETR ROACASRTHELET, Ugld, A% —n
AHASFRORE STTS

SATTANE, RIEIE (RS (ST AT 0 S LIC KRR L ET,

Io _ o o I I o
o= ) Fi < WLl >< ol 1, >
kn

DIT kRO niE, BN BV MIEETT, £, £ 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

A BNIIRMEE S LICRDE T,

531 /S— MHIEIZE 2HETRAF—DZYL
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5312 AJ)/RT A—%

DFT+U YEAMER T 2121%, AN OFIARMETY, 4ADIZ, accuracy 7 7 v 27 NIZ hubbard 71w 7 &
projector_list 7R w7 ZEXMLET, AEE TIFERZ —v AHEEAT= L —ff(uefd) Z5E L £ 7
728, sw_hubbard =on I%, /3= FEZITH Z LA ESTH-0OIG0R LET, HBE T, SATTHIOFE
CHEAT AR FHEOE N ERETEE LET, no i/ vy ey ¥ —FE, group lI7 0y =y Z—D 7 N—7%
5, radius IFENEALEE, 1 ITHVEFEHTT, hubbard 72 v 7 THRELZ 0 V= 7 X —F 513,
projector_list 7' 12 v/ THRE L7 B Y =7 X —F LT 5 2 EICT-ELTE S0,

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

}

RIZ, structure 71> 72T, »~S— MHIEZEAT 2R 48 E L 9, proj_group THET HE L.
accuracy 7R v /7 CEE LT BV 27 X —F S5 LTWET, = FHIEZITHORWREFITE,
proj_group & LCO ZEV Y TET, 728, BEILRITH LT, [F—>0 proj_group HZEIV Y4 T5HZ LidHik
FHA,

structure(

atom list{
coordinate system = internal ! {cartesian|internal}
atoms {
'#default mobile=no
!#tag rx ry rz element proj group

0.0 0.0 0.0 sr 0
0.5 0.5 0.5 Ti 1
0.0 0.5 0.50 0
0.5 0.0 0.50 0
0.5 0.5 0.00 0

}

DFT+U I X 235, UIE IR M~EIREEDMR L C L EWET, B2 DIREhREE L —=omE T
B XY —IC KD RHR AT TV, D X9 ZRPU e TN Z L 2 RER T 5 Z LA HER L £,

A SATTFIORRE DAY 25, IR L3507 0 R OB RE~E T LE S BABH Y £,
ORI BRI EERT DI, HEITHIT—4 7 7 A (%R occmat.data 7 7 A V) AL CHIEATTS
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EFBCIRET 52 L bIRECT, ocematdata 77 A VEMFEL, AJSTA—4T 7 A MIBTFO LS A7
BEFTNET,

accuracy{
hubbard{
initial occmat = file

}

occmat.data 7 7 A LOEX FIZOWTIE, WKECHA L ET,
5.3.1.3 ;R RO
phase Z3FATLET,

BTN =DM EZDOGOM I DS L2/ N— R ¥ —(HE) &/ vS— RART ¥y Lo 3L F—
(HP) pnBEhicHhsnE 7,

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

Fiz, = RHIEE TS T2 1T O SHEITHIORER NI SNET, is IZAE L OFE, ia (TR TFOEFS,
VAN EHEER LT, 728, HA1ovotid @+ x @I+1) T, 0D (mm) ForE, sk
FH m &0 (1<=mm’ <=2+1) OFFHERICIT 2 5HITHIOERISHG LET, 728, FiuEom:
F&I%, #5.1 12 L TWET, Printout 7 & v 7 Tiprihubbard % 2 PLEICERE L TWAEE. SATT81% %t
AT LIV ELND, FRTHEO SEESH I SNET, SEEIXOLMNC, RIS THEENRY R
JUTHNCFERENET,

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 V9 7 7 A /Wi, FHENE TTDERITD SCF iteration (2315 5E1THI0ELRENH T &S
7,

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
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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

147TH® num_om 1%, ARSI EHI IO EZEW L Ed, 21THLIEIL, /3= FHEZI T T2 28T
D EFITHOBEZBNH D EINFET, is (FAE L OFS, 1a IR FOES, iproj (37 0y =7 X —F&K 5, it 1TF T
FOFE, VNI ErEEEwRLET, HSns H5EII0OHE. num_om (Z—E L TWET,

EATTEIMO 1321 + 14721 + 15101 F IR Crik L £97,

o,i,p o,Lp o,ip
N4 Ny, Ny o141
o,i,p o,Lp a,ip
Ny Ny, N3214+1
o,i,p o,Lp o,i,p
N1 Mot No141,20+1

TTHNDIRZ FATER E AR L E T, EIEFEI TOWRZFEPuEOMRE & OXIEEF 5.1 IRLET,
occmat. data [ IRHE AT DA, AT OWIENELZ 5.2 25808 L 72D $9°

# 5.1 SEITFIDOEZ T L BBEDOMEREOXHLE

HEITSIORZ T 1=0 =1 1=2 1=3
1 s x 3z%2 —1r? z(5z% — 3r?)
2 y x? — y? x(5z% — 3r?)
3 z xy y(5z% — 3r?)
4 yz z(x? — y?)
5 zZx xyz
6 x(x? —3y?)
7 y(3x* —y?)

5.3.1.4 E15 : ST 75 SrTiO3

N7 S7 SrTiO8 OFFHEBITY,
® DFT+U/SrTiO8/cubictu (U gld, Ti3d #uEiZx LT 10eV)

® DFT+U/SrTiO3/cubic UeglX0eV)
ZNHORRFRAN 5.32 1R LET,
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X 5.3-2 SrTi03 OIREERREE

5.3.1.5 5] : 7744 LavO3s

S5l LaVO3 ORI TT,

® DFT+U/LaVO3/cubictu (U3 La 4f #iEI6 LT 20eV )
® DFT+U/LaVO3/cubic ~ (U.gl%0eV)

U230V D & X1, 4fBIEICL D30 RIZ7 =02 LoLd | 1.5eV EICHNE T, Uy 20eV 235 &
8eV TIZHINE T,

5.3.1.6 #1541 : 75 LavO3

A5 LavOs ORI,
® DFT+U/LaVO3/orthrombictu (U gld. V 3d #uEl% 5eV, La 4f $iE1E 20 eV)

® DFT+U/LaVO3/orthrombic (U 4i3 0eV)

DFT+U HETIL VR EORERTE— A o M OSSR ERIIZRS L £ 97,

5.3.1.7 37.J7% FeO

e FeO OFBEHITT, Zo#HEHIL, occmat.data 7 7 A LNOE T % SATTHIOFEE S LRI 5
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HOTY,
® DFT+U/FeOl/gga+u U 4l Fe 3d #iEICK L T5eV )

® DFT+U/FeOlgga (U lT0eV)

T o T A AT LTULEATFIOMATREN 1, X7 A AR TiE3z? —r? #Ebish oA 0

ICERESIVCOVET, U3 0 eV Tld3z? —r? #EOMEZRF O d N KRBT 2L LoyL D RICBIET
D3, A= FHIECIX FIZBIET, £7o, 3= FHIEIZ K VN R v o 70HE £
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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

v R AR OBy, (1) ZHNT

Eexact

= ——z Z fdrlfdrz lpkvo’ 1)1'0](vgl(:l)_lp:.:lo.(rZ)lpkvg(rz)
1

T kvkv (1)
Qij(r1 - rZ)(l/)kvo'lﬂi) <ﬁj|lpk'v'0>
2
— |ry — 12|
t
ThHxbhEd, 22T v, (CBET DTN EARRBICIRO N E T, E7o, 29TH DQy; &3 Lol IR AFF AT

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 FRBEITIE. — OEN AN BIKES % 2 7 I —=2 7 L THN% % HSE HEsKENSE
N ET, iUk
EMSE = gE®RtSR () + (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

217




}
xctype = ggapbe
hybrid functional/{
sw_hybrid functional = ON

functional type = HSEO6 ! {PBEO | HSEO6 | HF}
alpha = 0.25
omega = 0.106

}
}

ZOFIDSETE. HSE06 INBHAFRE L2 Z L1272 £, HSE06 Di37>, PBEO, HF Z#f5Ed 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 072 < 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

1y NATEZRF— LR CETY, BRI FFT 13, FHZ VAMEFRIOBERT 2 v VAR L Q0D
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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—DH5yOEIC 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 L% — (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 & DA X 5.3-3 TR LETS
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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

X 5.3-3 PBE JA.E8%E, PRBEO FLEEEGE, Hartree—Fock EEIZ X A 7KSE4FD HOMO YT & LUMO #ERL DR /LF—78
Gaussian03 (G03) DFER L XL TRENL TS,

(2) KHT
/K430 PBE #1%., PBEO 2541 %, samples/hybrid/H20 L FF 1 L2 kU @ PBE,PBEO T, go_h20.sh

EFEITTDE, ZNOLOFRZIEFICIATLET, bR E Gausian03 OffR & DHIGZM 5.3-4 [ TR
L\iﬁ_‘o

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

5.3-4 PBE JFLESNE: PBEO JLEBEREIC & A/ F DT RILE—HENAS Gaussian03 (G03) DFER L Bl L TR
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ShTnag,

(3) U afhsh

U a AR OIREERE DR A PBE, PBEO, HSE06 CT%474 A7\ samplesthybrid/Si LLFI2H 0 £,
FHREEIATT D LA ONHRIEEEXNZK 5.3-5 12, 505/ KXY v 74K 52 1R LET, X 5.37 12,
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 -

DOS (states/eV)
[E=Y
(&)
T

10 +

05 -

energy (eV)

X 5.3-5 PBE, PBEO, HSE06 ILESIZ & » THE: b7z Si bR DIRIERE

&K 5.2 FNBEEIZ L > THROND Y Ry v FOHEE

HEEEL 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 EHIZIIT HIEER
o ATV RUBIEGE IS 2R T2 md URSEE M 2 £/ A, EFRMEEZET 52 THH-TH
sw_inversion /X7 A—H & on &5 EHEDPFEL ETOT, ZOREIZLARNTL &V,

5.3.2.5 & 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.
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[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
Foti7 e B G 25— BRI CE < F952Y SC-DFT #£CJ (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 O IS EA R 25 L £,

hybnd (1 24 ) Epee +aE; (5-2)

‘exact *

= 2 CEpge 13 GGA-PBE OSSHUEHEM, B, 13RS AIER T, G-2RD/ 8T A—&—a D47

EFAATIIRLS, FERICESTRRDLEZAONE T, ZONTA—=F—%, UITOL T 5008
SC-DFT {£T9.

g=1 (5-3)

&

EIFEFRTT, SCDFTIETIHE, HEeM S o L e 2 b EDDT-OIC IR LFEEZI TWET, 378bb,
Wla ZEL, FEFREHRELET, BoFEmRNL63)REFH L Ca 2K, &0 a LR UEER
@Eiﬂﬁbtkﬁ&bﬁ%hﬁa%mﬁ@%@kbiﬁoWﬁbfw@w%Ai%BMKa%ﬁofﬁ%4
HREERIATLES, ZOX9THiExs, a PIURTHETHYIKLET,

5.3.3.3 7
SC-DFT I E2FAT27-0121%, LLFDX 912 control 7' & v 7 128V TEH driver DfEiZ sc dft & LET,

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 #HEIIHERHBEZITOETH, 7 74/ FORE THRERO O THIUTZE DT D OEIINED V) &
Hhe T 74NV NOREEERT DAL epsilon 712 v 7 ZFFAL, £ 2 TREEAITVWET, 7272L, SC-DFT
LA photon 7 1w 71280 T polar, Poynting X2 MVOEIZ B2 IZT 2 0ERH Y £3, 370bb, DIF
DI INTERET HVENRH Y T,

epsilon{
photon{
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poynting{

ux = 0.0,uy = 0.0, uz = 0.0
}
polar{

px = 0.0, py = 0.0, pz = 0.0
}

HEBHGETREIY, WEREZ > TIThivET, 20729, UTDO X Ik 8F 7 o 7% UmEAEIFIF T
EOEIITRET HRENDH Y £,

accuracy{
ksampling{
method = mesh

}
smearingf{
method = tetrahedral
}
}

ZDOEINTGRE LW E RIERFERMEON T LENET,

o, ™A TV REBHUEIZ X DFHEAATOETA, TAUTRIEITCI L7 L 2 IZRE L T IEEW, 72721
functional_type (I HFEE L2V )y, PBEO #45E 92 L 212 LTLZEVY,

RIROIHATIE, WEEVITOET, BHEOFE LIEORT SIS0 LVSRMTONE T, REHEIn 77 7
ARSI E T, UUTOEHTEDEEZFHAND Z LB TE T,

$ grep alpha exx output000

I1** alpha exx = 0.1425
II** alpha exx = 0.1208
I1** alpha exx = 0.1113
I1** alpha exx = 0.1081
II** alpha exx = 0.1080

F7-, nfefn.data 7 7 A4 /UIFTLL T D X 9124 SC-DFT 27 v F1ZBIT A= gL X—DERE RSN FE 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 RIBEGEIE RIS/ 0 2 2D T, MR ATANENTT 258055 TL L 9,
WK AL AT O IZdT= - T, BipliaZ & %%Fiﬂ‘ézg IHV AL, BEIEY control 7 1 v 7 D condition %
continuation L < |% automatic & L7~ I CPHASE ZFHE(TL T ZEW,

5.3.3.4 F1E]
Si ftdmlc SC-DFT vE& 3w L7=flZ2#7r L7, SifbdlE, @O PBE GHEOSGA/ N R¥y v 773 0.6 eV
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FREE LA/ NI SIS Z LA BINTWET, F72, PBEO (a=0.25)% V5 & 1.94 eV F2E LRGN <41
=75

F7, X 5.6 ITREa EFEROBEREZHRE LET, KHHL072 L 912, SC-DFT iteration 4 [F1H Tl
LK BULH L TOET, SUAESRIZIE ST, SC-DFT {EDOIHRITIE MEE LN K 5 T, 55z a DfEIF0.108,

PSR AT RS i 9.26 “Ca“
0.15 T 95 T
oA
) = i -
0.14 - E 1 L Eﬂ& S8
a DIE 0l AP R
0.13 - 85
£
s &
0.12 8.0
011 | \S 1 75t
0.10 o ]‘- 2‘ 3" 4 7.0 o ‘1 ‘2 ‘3 4
iteration iteration

X 5.6 SifEmaicxt L C SC-DFT #E&@M L7zfl, 2K : o DEDERE, AN : FEROBE,

OFIL, GBbica ZFLT, REEEOHEZIT> THE L, MREX 5.7 ITHELET, koo
PBE TRDIZ5E L a =0.25 TROTGAEORE BRI 77y FLE LT,

3 T
PBE —
} 2=0.108
| a=0.25 ——
[

) 2 [ i
S
@ \
) f\
% I\ ‘ﬂ
& Ly
% A AN
o) (I A
a I / |

1} A — 1

f‘/\‘\ “\ ‘\‘ “J “
[ L) \
/ \\ "/e N \ \
/ \
0 S— :
-15 -10 5 0 15
energy (eV)
5.7 Si FEROIRRER B
OIRBEIEFE L DB LN A3 REY v 713 1.23 eV TF, ZHut, FERKED 1.17 eV I2HD TV METH 5 &

v \zi@“ o
534 77 UTILI—)LAHEER GERFTEREE)
5.3.4.1 HEREDHEEL
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FESFTARBETE & 5 — IRFRAO 345 T4 (van der Waals density functional (vdW-DF)) ZFIf U 7= 315
REICOW T L £ 9. PHASE THEA SN TV D — i b SN 728 E AR : Generalized Gradient
Approximation (GGA) CIIFERFTHEENBIE S TWORW DI, BIZITFEE S T 7 74 FOBEEHE= %L
X—Tp Ch EMIZRIRT 5 2 e TEERA. AREITHIY R 23R GGA O ZOREEA O 1ol HE
SNEHOT, ZaE MWD Z & T van der Waals fHA/EHINRE < F 5T 5RO R/LX—EFIRED &
@ EEE CHETEL L0 ET. Fi2, 20O vdWDF 35— FEA 72 TEZFIH L QO TGRRBRIYZR X T A —

F2HNTWRWDT, ERDIPIROFRITHS L TRBIOENT 5 Z L8 TE £

5.3.4.2 FERFHAEIE A & T L —F A
(1) FHimiEs

o LA
7177 5 vdW.F0 CIIFERAERIEEN 255 L 9. ZOEMZ, GGA TEHOLNAAHIEESGA L LDA 7)»
SR SIDAHIEELPA 2 L L2 2 & C [FERITHBIE S 18 L7 schuiBiE) 28 LE. I77bb,
AR =RV —E, 1T
Eyc = ESCA + ELPA 4+ EDI @
LAY ET. Z0) b STHOFHEN R HIREET, vdW Tl Dion HNIC & - TER Sh - B TREICE -
TR SN ET. Z OB TS CIIERATRIE S

1

B =3 [ drmepoer ropmy

k prir%ﬁbia“ BRI TEEE 2 (r k1) % T ORTIE, GGA P LDA &ioT, -
WD EMEER T (p(r) Ep(ry) ) OMHAERALBE L TOET. 228508 e (r;, ) 1

2 [ee)
o(r;,ry) = Ff d adba?b*WT
0

@)

)

DENEFES. 22T,
2
W(a,b) = e [(3—a?)bcos bsin a+ (3 —b3)acos asin b

+(a? — b? — 3)sin asin b — 3ab cos acos b]

@)

EGE =
(5)

T[x;(a), x;(b), xi (a), x, (D)] = > [xl(a) + x;(b) xk(a) + xk(b)]

1
* [(xi(a) +x.(@)) (i (b) + x, (b))
1

@ + @) (k0 + (a))]
L E. S BICAZEY

(@ = az2 y 1 — ®)
——
d; = |r; - rk|CIo(rj‘7),( 2 g
(o)== otn) 2 o TR )
ki(r;) =3n%p(r;) (j=i or k) )

Lo TEY, Zhbbhd X ICERBEE AR EME—DATIER E LT E 705 X ) ICRE S TnE
T Z 2 TRODER Zap=-0.8491 135F—JFPRANIIRGE SRS T, vdwdf version 1 TEA S TNET,
vdwdf version 2 TiZ, ZOfEi% 2.2 {5 LIAES AW DIVE T, JRATE LTI X 258 HER = /L X — e LDA
1% O. Gunnarsson et all2liZ X 2 LD EHWCOET. Zh6H—HOR T plasmon-pole model % % & IZi%EF S+
72bDTHY, ZD7= van der Waals fHA/ERIZAGE S A FERFTHHBIEZ ST 0L 573 Ui G4
A M CIHRBRANIAG HALD L DI >THET.

DITEEHRAN B R AT O 7218, QD 2 8B (ry, 7 ) ZFtRT 27 /0T ) RAPEE I E L.
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Z D 2BHEp (r, TV TEBAZIT di & T UMRIE LIRS,  d=D1+6), d=IX1-0 LTI ez SN
2D, §EHANTH(r;, 1) Ep(D,8) & LTTPOE SN #EYr Y hEHAETHIL ICLE L. 2tk
STHELEZZY v KEESCTRO) D 2 BRI & %—T O MBI L 72 D T2 OB E R B KR HIE
nCnEd.

® FERGJEINORERE Y
A(6) TS a = 0THor; = 1 DEAITEAERHRIC X > Ty (a) ZRET 2 DIIEEETY. Z o720 (2) %k

B bRRSE G L0502, HLL 2D FT. ZITlr — | K 1OEE CIIBMEE Zp(r) =

p(r) EIGE LT i OINC T 2 SIC LET. ZHUC L > TRQD S B, 2 HUNT Lfld14n, DERAN

T@Tkijﬁﬁ?\ii’

4mn? (10)

3

. d 1
ELi rp(r)o(r;,r)p(r,) = >

1 4n77i3 ) i
=-——p°(ry) x4m | dryp(d;, dy)

2 3 o

1 47T71i3 Nido D2

0 0

EHMICTHZENTEET. 72720, rng=Ir—r & LCWES. ZZT2IT7HB 31THENT, D =
qoTix (= d; = dp) & EF LTSSz FHVTWET . 31TH PR B IRRS A2 E £ 72, T T
EFE % FATTHENTEET.

P2(r) f drep(ry reht)
ni

® TERIFHLRA~DLIE

ARFECTIIEMEE MG HREEZERFGL TAN L, ZOEFFHRLZED T IO ZDOE L TITARYA
ADFHRRRIZ NN FEE oo TOET. CEREMR 2 E T 5123010, Er 756 £ T0)
DEAERE 3 247072 TIR BT, FERITEEDFRINELS 720 £, K1 van der Waals FHAMEHIT=EAE
WTHZDFHIIRIZLNI LR LEEA. £ 2 THEREEZ WS 2 & T, KFEE ZOBREGRICE
MISTED LT LE Lz, RQOPFEIBIEICH 2 2 ZHEIED (ry, 7)) 13, & 3HTBEN 581

12 (4_n)3 (11)
___“\9)
f(r"r") - dl?d,il(dl? +d?)

——X
e q2r)ad () (a3 () + g2 ()
C
=- X Ylpa)p(r)]

ik
D X O 7RI IR CE D 2 EMEDEEN LD . 727206 = 12(4n/9)3. Z OWRTREEIIZ(3)
D X9 RS TER NG EA TR OIEFI T BRI T2 D LW O FIEAH Y £ ZoXo 317H
D 9 BXDORIOSH 3oy, OEEINI G U CHRITHEE L OO BIITET, ZAUSKT L TR D% A0 [p(ry), p(r)]
1) 2507035 K 9 ICEBEHNIIBAIEE UOVES 2 F =720 20, AR E I B\ I EMR A TE & 7o
TWET. ZOZLZ2EETLE, KQDHD, 1 Lr W HNTEENTE (ry, > pIZIFTRO X 5 TSy % il
ka9, 37705

1 1 5 12
| drdreEoairopmy=avt Y Y p @bt rde
rl-k>7’ TiE T,€
unitcell (r“f>n)
1
= Edvz Z Z p T)p(r,ry + txyZ)p(rk + txyZ)
riTRE txyze
unitcell (lrk+tx;/z_ri|>n)
txyze
c ., 1
=—Zdvt Y @) pEIlerd Y
e Txyz
TiTk [Frt+teyz—Ti[>n

unitcell

EREE T D ENTEET. I 2 TAdvidBERRZAT O R0 7Y » FRICIREN DI NESTIRATET, tyy,
(I TR L2 RS MV T, 2O B31THORRND 5 BAEMIEr; Lr OFiFID == > M EAPNICIRE
SNTNDHDOT, FHRAA MIBRERTT. —F, HIEL/nd  WREER TE 213 L/ S < 70D ECIRHPHIC
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P TRRAIT S Z &1/ £, LinL, T b2 bESAUHERIC RN RIS, R Mhp (r) LI T,
77Uy RRDOZERBLIEDIH L > TR EDERDO TTORD TEIFIEI NS DT

LILED 35 2B 2 - T S HIc A D LS IR 2 TR 5 Z LItk » T, EEEREOFH S
THREICEBET DI ENTE, ZUCE > TRFEZERAPRICBEA TE 5 LI LTHET.

® 3IRAT T A A & BIRAHFE > R LTz b

Dion HIZE2DbEH EDOFETIE, ZEHD 2 EESZEHT O mOWRRHEEEN NI L ShET, 227,
Roman-Pérez & Soler |28~ T, 277 A LAl & BAALFE ZFIH Lz L 0 Eidize 7 /v = U X AHEFE S
F L72(Guillermo Roman-Pérez and José M. Soler, Phys. Rev. Lett. 103 096102 (2009)). PHASE/O | % = ®J57%
IZ Lo THEBEORE A TVET,

ZOFETE, FTH—NVEEE BIRODAT T A A Z > TRIALE T,
#(d.d)=g(alr-r|.alr-r])

=§¢(qa Ir=r)p. (a)p,(a)
0,(r)=p, () p(r) ZEATHE, 2 BEGHALFOL 5 ICRAARFIN AT 5 = LR CE £,
EM = —Zﬂdrdre ( r‘)
=—ZZH 45 (IG).

'[dre )exp[-iG-r],

|G| |G|-[r¢“ﬂ (r)sin[|G|r ]dr.

ZOINERTDE, Epsnnn K oZmE T — ) =B RH L TR TE 5 & 912720, KiEZamns
L ERTE £,

SCF %1‘%61%&%‘@@%; Y =L — 2 R IRy L E T,

-3l 5 ) 22 D)

z T 5\Vp \ dp(r)
=;Ze;<r'>¢aﬂ<\r—rw>-
U, (r) EHABBNCIR>TOHOT, WZERTHELL, ¥ FFT 179 2 LIS Ko CRkiT 5 2 Lavaree

a

R

® T /LITU XL

FESRIFTFHREIE (van der Waals TH) % &7 2T /L —3HEIY, ZHFHAVERIL GGA, RFTI72FHESFHANE
FIZLDA, Z U CHERFMIZRFERFE AVERI T Z 2 £ TRl L7z vdWDF BsazFIH L TiThivE 4, Btk E
LT, ZOEEZTXCTRLTar v ATy NUTHY LS, ZHFEHAVERIL GGA, HHEIFHALERIX LDA %
B U7 ZSRIE 70 ESE AR U CUORIRE A7 8 L ITR A NMUERA)Z vdWDF 2034 B0 iATe, &9 HIER
& £9, PHASE/O TIIATFEA“SCF i, %EE“U v ay MUEFATHET, Vv a v Mz 1
JE vdW OUEREAT 5 DF72DT, SCF IR E T 25 L Ei T3, =X —%RKD D Z L DOHBAIOEAED
Yvay MRCTHEL DEAETRRBENMEONET, 72721, vdW =L —HROFR 7 HEHE L2V

A1 SCF RABHT 2 0B H Y £,
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7e8. FEROSHAREAER & LT 900 GCA LBIENEZ 2 L CnET, 512
DIX— 3 ) OMBEDLRICL Y, #%D vdWDF LB %
vdWDF O—&%#LL FIORLET,

ZIE Zap DIE (vdwdf
IITWET, PHASE/O CHERHE

A vdwdf DO/ S—T 5 ZHFHHAEN
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) fERE
ﬂ%®%ﬁ&bf GGAPBE IRLBEEUTS LTAREAR T v VT 7 A Ve BT 20 S ) £ (BN
T, 1IEFTRTGGAPBE (TG L TWET), £OET, IFOX I R EEI TV E T,
accuracy{
xctype = vdwdf2 ! vdwdf, vdwdf2, .. ,vdwdf-cx ANERATAE,
vdwdf {

mode = scf

accuracy 7 1 v 7 O FD xctype ZEUZ, FHT 25 vdWDF B ZFEE LT, 61, vdwdf 71 v
7 D FDZEE L mode IZ SCF MRZFIHT 2561 scf 2, Yo vay MREFMT 535A1E oneshot ZFREL
F9, E¥mode DT 7 +/V MEIE oneshot T7, 7272 L. xctype =vdwdf DIFMIT > v = v FEHREIZITIER
T,

(3) 7

FERLL, W ORE L EDY £ A, nfefndata 7 7 A /TR —DEFE), nfdynm.data 7 7 1 /WZ
SRR DN G S E T, Tova v MREFH L TOA5E1E, output000 7 7 A /UZ Eﬁéﬂéﬁaﬁp
DT/ F—E& nfefn.data 7 7 A /L THRE SID =RV 2 JUTITEESMIETT, Vv gy MRO
B, BPISEtekSD =L X — 323 H AAERIC GGA, FHESFHAA/ERIZ LDA ZF|H U 7= ZRIF 7B 2
RDRERIENHTT, Voriay MROSE, #HHEICEL, vdWDF O &bDo72dh &, LITFO X ISR
7% output000 7 7 A /WZTHE SIVETS

vdW energy : 0.0668443126 hartree

--> total energy : -22.8808219651 hartree

nfefn.data 7 7 A /WTGeER SN D =L X —HElE, vdWDF O L —4HE ARV —ETT,
534351 fE 757 74 RO RLF—EHE
(1) IELwic
Z 2 TCIEEBIIANL—F > (vdW) % V= vdW-DF SR OB 22807 £97. #HE50E GGA <° LDA TlidiE
Ml FIE T AW CH 5, 87T 774 b (A-B stacking) D& /X —DfEMERHKIEES LE L
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7o WHEO GGA OFIPANTZ OROET RV — 23T 5 & =L X —1ICLE R RN T,
BWNE T T 7 74 MEITAWNIE R CHERT 5 E W ORI > T L EWE T, ALY 7 EiiiiE ¢
TRIVX AR R ESSDMFAET D728, GGA 1255 Z OfFRITEMIICIE > COET. Zhu, R
T2 HAER T 5 van der Waals fHA/EfZ GGA N2 BFETE QRN SIZELRERRH Y, AFHE
HREZFIHT 5 2 & CZOMBEVIMEIESND Z L 2R L £

(2) BHRESEM

AFHETI, FRE-COBRRFHEOHREFINEEI2H D A-Bstacking RIOFEE V7 7 7 A hawtBizLEL
7o 2=y MV 8l (2845 DIRFRFEEHET. 777 74 NOMEHNNC z #ilix & > T A
A3 4.3%25xA=xxyx AAN & L, 2% 5 7D 12[A1F TEL SRR 2[ETOETINF—2FHSEEL
7=, ZOFEZER D GGA & vdW-DF 515 ( xctype=vdwdf, mode=oneshot ) ™ 2@V TITV, FILh>
LN D BT RN A S U9, vdW-DF FHELZITATIEH & U CRBERIEEE A SOAX (r) BN 2 e
DEITN, ZD7Y v REEIL GGA FHHEEHIERTE L7 cutoff EIIKIEL TR, Z 2 Tl 32x18%x40(to 96){#
D7V RERALTHNET. 72k, 7V vy REBUIEE CH D720, z OBt TRk b5 2
LRV FET. 0F Y, RO IR R AR T D51 2 OREGENFRN TH 572, M
12 UC PHASE O inputfile @ cutoff & L% Z & TROLNIRY E3. £7-, vdW 1IR3 HEIC
725728 GGA LV IZRE A A MRMEL 2D F9

(3) FHREAER
T ERESRMECRE LT-AEE 27 7 714 b (A-Bstacking) OETR/LX—DEMBEHLFAEEZ R LIZHD
T, FEITER O GCA I L A555%, T vdW 12 L % vdW-DF SHE0OfER A2 FNFIVR L TWET. £
7o, FAITFEBR[BANC L B PR L 2D & X OEET R VX — (FHIIRRS) %, RRRCERSIIRIOBERE (5]
IZEDHDOTT. GGA FHATITE PHADHER TR0 DIZX LT, vdW-DF G5 CTlidn 72 b EBMEOUT <
THYNGZEHZ TV OPHERTE ET.

0.8
Experiment

'g' 06 + (Margin of error£0.08eV)
% 0.4 e Another calculation
0
>
o, 0.2 f
9.>5 ol GGA only
B)
5 \ W

-0.2 ) )
— AN
z ¢t GGh
= -041 S

-0.6 . . s - . .

6 7 8 9 10 11

Inter layer distance [A]

538 TEES 7774 MOETRXLX—DBHIEEEHEFE. GGA R & GGA+vdW () ICX Dk
L34
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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, BRI UFIORTE 912, xetype = vdwdf LV % vdwdf2-c09x D7, FROK TR 12.2985 A
W2 ¢ BilE T X —03 /e 7o TV ET,

020 l | T T T
; |
0 |
N ‘l —=— vdwdf2-c09x T
—_ ‘ L vdwdf
— 010 N\ 1 —e— ggapbe T
m |
O |
~ o 7
> | :
p—
> e |
)]
5 o
c -0.10F : -
L I
exp: 12.2985 A
-0.20 ; ! ; . ;
115 12.0 12.5 13.0 13.5 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 O J7iE

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

ci
Evdw = Z?f (Rij)
ij

ij

R,
f(R)=|1-exp| —d| —

R,
ocici (R”)3+(Rjj)3
=5, x 2 2Pl g _g W) W) pi_pyR
2~ 2~ 2 N2
piCe + P;Cs (R(')') +(R0“)

8T Rl

vdw radius 20.0 bohr

scaling factor S. 0.8095 (PHASE), S, 0.80  fit PBE S; 0.85 S, 0.80

damping factor d 3.0

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).

cl
Edisp = _SGZR_(Z‘f (Rij)
i N

f(R) =
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cl - eict R =

INT A—H
vdw radius 30.0A

scaling factor S, 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=0.5291772480A
5352 AJ)RT A—%
vdW FHIERERERSE D & 7T
YA fiE ik
Control sw_vdw_correction
Accuracy vdw_method williams F 7 4I)L
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 #tag vdw C vdw fIEIZE
T BHILHED type ZFEE
vdw_list vdw IEIC3 BHE T | Willams

FUATK T DT A—=H

#tagtype c6 r0 p
Grimme
#tagtype c6 r0

L, vDW flEREREZ T D355 OWZED AN JTEH
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vdW HIEDOHTED/ T A —Z DIFE

Williams 1. Grimme(DFT-D2)IEDKTEED /T A—F 7175 ANTHEL, T 740 MiEE LTW5,
vdw_list @ type I%. atom_list THEE L7= vdw D type &%tz L CWDMENRH S,

Williams £

vaw_list{
#agtype ¢6 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
C 1.75 1.452

ANS18F A—Z {5
vdW HIERSHED A 17— 2 il % LI 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
C 0 0 0 CTE
H 0 1093 0 H
H 1030490282  -0.364333333 0 H
H 0515245141  -0.364333333  0.892430763 H
H 0515245141  -0.364333333  -0.892430763 H
Cc 0 37 0 CTE
H 0 4793 0 H
H -1.030490282  -3.335666667 O H
H 0515245141  -3.335666667 -0.892430763 H
H 0515245141  -3.335666667 0.892430763 H
}
}
vdw_list{
#agtype c6 0 p
H 2831179918 1.17 0.387
CTE 2267403316 1.70 1.061
}

Methane Dimer Grimme(DFT-D2)1:

Control{
sw_vdw correction = ON

}
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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
H 0 1.093 0 H
H 1.030490282 -0.364333333 0 H
H -0.515245141 -0.364333333 0.892430763
H -0.515245141 -0.364333333 -0.892430763
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

5.3.5.3 FH5&]

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 HEREODOHEEL

ESM (Effective Screening Medium)A[11[2] & 1%, RifET VARG L <D 720 OFETIETY, PHASE (X
FEERH L U AR 5270 7T K70 T, BEIITEEROAIOE S Z LAFRETT, KiEET /L
RO VG, RMICEE/L AN BTG A25%0T 5 Z LI Lo TRmAREE LI ROFHAEEZITNET, Z0XD
IRIREOSE . T2 & 21355 U= 278 E1HE L <ARZ WO TRERAEZ fE 3B 5 0 £97, ESM KL,
FEIHILIER ) (effective screening medium) Z EZEEIZRRET D Z L IZ L o CHEIERIC IS K SFKmiER L
HIROBEZSHES T/ S Z L 2 wREE 5 HETY, 22 Tlk. PHASE ([ZHZmA £ 7= ESM EOFH T EZ
HL £,

5362 NJ)"T A =4

FP%. @HF O PHASE & L [FREDATIRTG A—Z T 7 A L EWEH LET, ZOBS. FAEREOEzROHHFIC
EEAVETY, ESM 71277 A, BB TORDO L HITERIN TS Z EAFELTWET,

_Zl
-
T

N

vacuum vacuum

i i

o2 0 /2

B 5.3-9 ESM I3V Y TE L TV D R FERE DB AR

RlE, 2751 (a BXO b $if1m) (ZJEBI, 177w (e #l5m) (SRR TH L Z L2 fE L TWET, il
DAEDS 01272 DB TRDOFLHNLET D X O ITHEIS CTRET T ML, 7T A=A T AW EZ G 2%
TET, 61T, ROFLNOHHE 21 (NIRSTA=2 T 7 A NI L > TRET D) BETSITIS ESM A3E)
nETS

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 iEZFIFT 2008 9 ataEd D AA vF, on ZHEETH & ESM EAFIFA L £,
77 %V MElT off

z1 ESM OrEZFEE LET, FHENRVSGE, BAMEOERZ ESM NEMLET (T7eb
5, zl=c/2) .

be B4 E(boundary condition) #+5% L %4, BARE, PE1, PE2 D\ a2 feE LE£7,
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BARE (il ESM 3EZE GEER 1) . PEL IFifAlo ESM 23488 FERw) PE2
X ESM O RIAEZE, 9 ARG E WO BERSMTd, 7 7 4/v MilX BARE

electric_field HIREGEZEE LI-WEAIC, ZOREFFHEATIEELET, ZOHEER be S PEL T
oG EDHRERE LB ET, O%i’bu%@%/a\ HETBEEINFETA, EHOHEM
. hartree/bohr T7 (¥J51.4 V/IA) .

add_elec B 2B L 72O 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,

ZDOXI T L EMERT D0, LTOX S Rt 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 ‘\.A'_t

@0

z

t_y'x

X 5.3-10 H2O 23+ % BV W& NIAE LT-R,

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 RVFX— (hartree/ H20) SR L D= (hartree/H20)
1.3 -17.1855148193 —1.8927504%103
2.DFE -17.1836307637 8.6948x10
3.DHE -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
BHLIHIRTTT), BRI, ZORICITESFHEN S 0 308, B ZHINT 5 & Rasc B8 bn s
DT sw_inversion /37 A —H | IFHFE L TWEF A,

PLEOREDS &, @iimY) PHASE 2947 E T, & —RFHENME T L726, workfune 70 77 A% F)
AL TRA MUBRZSSE L £7, ZOUBROREFIS SN D RIRT v v v D, B E T 5545 & Ly
BB D7 & FmICHRE /2T A OMREEORR A X 5.3-11 IR LET, ZORIZBWTIL, b - 5 L2
Sy DOHUSINZRODEE, 972 bIX 5.3-11 D+cR DRI 72> TVOVE T,

239




16 ‘

N
12 + ;“ \ 1
10 + J \\ 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)
5.3-11 T —H)VRT ¥ ¥ )V DESy & RENZTEE 7 IRRE & DORBR,

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—l%, pE¥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

240



mailto:minoru.otani@aist.go.jp

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.
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5.3.7 Dipole ##1E

Dipole fHIFMERE & 1, SRAMATERAE DS A DB % FT HIHE T dipole #HciET 5 Z EIZ K> THIIEL, IELW
BTN —HRDIZY, BEAEIN LR 21T 2 &N TE HHAETT, Dipole DRE Sk 7 a3 %
TV MIREDLOT, 22— =)%Y/ dipole DR E SEMRTHMETIH Y THA, T, RARHIIFHEICE
WTHBEINDLDOT, ik tIcFIFT 252 &b AffEL > TNVET,

53.71 AJIRT A—H—T 7 A LDEZXT;

Dipole #IFMEEZAINZT HITIE, AJIST A—H—7 7 A LD control 7 & ZZHBWTLLTFO X 9 7tk %
TWET,

control{
sw_dipole correction = on

}

ZOREIZE ST, dipole MEEEN AN/ £, IHIT, accuracy @ dipole 7 = > 7 1Z8W\T, dipole
FFERSRE DR IR E 21TV E TS

accuracy

dipole correction{

direction = 3
amix = 1
vacuum/{

rz = -0.5
}
elec field{

ez = 0.0
}

dipole_correction ® T ® vacuum 7 = v 7 C dipole ZHciE T HE%, elec_field 7 1 v 7 TIMNBES & ET
BHZENTEET, dipole_correction 7 1w 7 \ZBWTHIHTE 537 A—H —[FROFIRTIEY TT,

INT A =G4 Wi

direction PHGEA-DRIE ZHELET, 12%atdlGm, 228
b #5323 cE MRS LET,

amix BIGA- DI 7 TG A—=H—TF4,0 L0
KL, LUTOEEEELET, 7 74/ ME
IZ1 T,

vacuum BRGANLEZFRET H T 0 v 7 T, PhGEAD
frEY, BAOESEZ 1 358 CTHEL
i—a—o

B0, a BRI OALE TS, direction=1 O
rx | HEICHRELET, PRFIE, BEZERE L E
.a——

KAGA-D, b iR OME TF, direction=2 @
ry | BEICRELE T, B IE, BEZECRE L E
—d—

vz | BUA-D, cfiFHONET9, direction =3 D
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BAICRELET, PR, BEEICHRELE
‘a——
elec_field FUMU7-V NS A teEd A7 1 v 7 CF,
B, afiiFmOETY, direction =1 DA
WCRRELET,
o B, b MO TY, direction =2 OGS
Y el ET
WD, ¢TI TY, direction =3 DFFE
ez | \o—ror
WZERELET,
Dipole ONLEDFREFIEITITHIER H D DT, FHE L THREET H2LENH Y £7°, BGT-DmE % z Hh &7 5
&, Trz+0.5 ONEISROFLOMIET S L 912, £ LT [JEYERSSHIBEETIC) fHELET, & 203,
5.3-12 O X H ITHNADOT NS REZES A, rz=0 & LET, BBERSAE T Clirz=1L1LTbLs%
ITIN, ZOXIBIEEIINEL RV ET,

ex

Bz ES Rz

z=0 z=0.5 z=1.0

5.3-12 Dipole fIEZ AN T BREROERK]

F7-, dipole fHEHRE L EHATRHREH W FHAN, TELO LS BRELITI 2 LI Lo TRFIRT v V&
NTHZENTEET, ZORELHE LT~ ETHEFREEA RO DO TR X 2#ikte = L2k~ T, BEZEEO AT
ERFTRT v WOBWRE SN 5 Z & DY ATRE T,

postprocessing{
workfunc{
sw_workfunc = on

53720777 A NVDR)

Dipole M EZ AN LIZIRBE THFA ZFATI D &, outputxxx 7 71 /MILLFD X 5 12 dipole DJERFE)S SCF A
Tyl EnET,

Dipole: rmin,rmax,idir = -0.50000000 0.50000000 3

Dipole: Total = -0.22795296 = -0.5795 Debye = -1.9326x10"-30 Cm
Dipole: Ion = -38.10003241

Dipole: Elec = -37.87207945

Dipole: mix dipole and field with amix dip= 1.00000000

Dipole: (NOW) dipole, field = -0.00776990 0.00000000

Dipole: (OLD) dipole, field = -0.00776992 0.00000000

Dipole: (NEW) dipole, field = -0.00776990 0.00000000

Dipole: Edip(ion),Eext (ion)= 0.01230 0.00000

Dipole: potential jump (dip and ext)= -0.09764 0.00000

Dipole: Total TS ST Al dipole DK E 2D DT, Dipole: (NOW), Dipole (OLD), Dipole NEW)
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THE SN TV AEIZZENENEAT v 70 dipole DfE, 1 27w 7R dipole D, 7 2 7 OfEREHN
7= dipole fEIZFEYS LE 973, SCF TR L ZHDRT v /U 5D L H G E TR b S - & L e > T
BT DEDORZ X3 Dipole: Total D731 & B0 £9,

5.3.7.3 #HEL
Dipole ffiEZFIH L7z5t55 & LT, ESM &R T-OF & B2 FIn UT-stRp 228 £,
(1) K5+
ESM 03] (56.3.6.4 (1) )E[RIUE T 47T, Dipole fiEAFIH L2 R NX—3HR A T> CTHE LT,
ZORFNZEUNT, Dipole (FLAFD L S ITERE L TVWET,

control{
sw_dipole = on
}

accuracy{

dipole correction{
amix = 1
direction = 3
vacuum/{
rz = -0.5

}

BN O —F FITKSFZ2EE L CWADT, vacuum 7 12 v 7 O vz OfEIF-0.5 & 72> TWVET,
FERIIROFITRTIED T OkOFoldmad LEZ7-0T, ESM OfilE 2R LTIEH Y FEA),

% 3 KOG FORERDOHEE

FELL HWEHY esm ref
I*)l/:\f—(ha) -17.201981 -17.201719 -17.2017015 -17.201773
= (ha) -0.000208 0.000054 0.000072 —

ESM DA L [RIBE, MHIE L7AaWEA &l LT L BB R X —2155 Z LN TEE L,

5.3-13 12, cHliFmERTART oy VOBWRERIE/R L, fiEHY, ESMIEOLEIZOW T T ey FLE
L7 ZORICIWTIE, el 0 38 KON 16A SBRDORBI AL FOMIE STV ET, MiEZs Lo, B2
JBIZRBOTHRFTRT Vv VMEE 25> C0ET, Zhud, ARIRCIEA TR 7237 —a UAREAERIC &
STHEEHLTWA Z L 2B LTOET, i), Dipole MEDEA & ESM EOBAITEZZDE 1 9 Ll
IZBWCRFTRT v v v USROS BN T E T, THEOSAKS FHIB BV EERZ R -8, 2o
ZEZEEOHFLGHT ) TR L TS Z EZERLTOET,
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0.5

potential (eV)

T X T
~ no correction
dipole correction

(2) BHEHINUFHA

4 6 8 10 12 14
distance along the c-axis (A)

5.83-13 BZ=@ L /TR T v ¥ ¥ VOBEf%

16

13 ESM ofif (5.8.6.4 (1) )EA U T 422, Dipole flEASREZFIH L CERAEINL-Z
THFELE, ZOREE, UTOL IR -oTHET,

Hatro

control{
sw_dipole = on
}

accuracy{

dipole correction{
amix = 1
direction = 3
vacuum{
rz = -0.5
}
electric field{
ez = 0.001

postprocessing({
workfunc{
sw_workfunc = on
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PLEORET, mEmy PHASE #3470, #& 71 workfunc 72277 LA%2FH L CTARA MERAZ I L £,
Z ONFRDOFERAS LN D TR T v VD, EHAHINT 2855 & LRWGE 07 L RIm B /2l 5 o
HEDRHRA X 5.3-14 IR LE T,

0.4 \

03 | V\ |
02 7 |

01 - / ‘ il

o0 A,/ ‘

potential diff (eV)

-0.1 + ‘ / B
02 | | | -

03 | / 4

04 | | L | |
0 5 10 15 20 25 30

distance along the c-axis (A)

5.3-14 v —H VRT3 % VDESy & R EE R EEEE L DB,
ESM D54 LFREE, BT vy ADFEMNT, BZEFIIBWCUHMEE NS Y, RPN TIT 7 v MY
F L7z, ZHUTERP CITENZEDEL QRN AR L TR, AR EME SO E S IR E 7
S>TNET,
5.4 {LZ2 RIS DT
5.4.1 NEB %

5.4.1.1 HEREDOHEEL

Nudged Elastic Band NEB)?%35 & Of Climbing Image (CI) NEB 7413, SUSREHIZIT D RIS & $IRAED]
D/ NV X &S A RO B LT,

NEB 1% L O CI-NEB V%4 FAU V= SRS FELZ 380 VT, RRED R 7RI R )35 L ORI IED A Tt Ry
NEEEICIh D L LT, MBREE L (AREEDIOHFEMAEER,, | = 2 ~ N — DOFFEIESST 3L —7 B4, B

T HIRBE(A A — D) RIDNTIUT L > THEITIL TN D &S RGOS b E 21T £ 3, = 2 TR,
1L, HA A—TIZBT2 SMUGTMITR TE0 DOMERECY, NEB 1538 XUV CI-NEB {EOFRMREEIZ I 1 D 0IHR
FHECENTHRIRAE & ARIRAED AT TIIE T D Z E AN ATRE TS, HRIRAE L HIRAE R A A — U TENEI LD D )5
ENRSL OEGEBRAEINET,
® NEBi:
WE O NEB HEICBWTE, A A—2OFERNIRO L9152 bivEd,

F, = Ff|, — VE(R))|..
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DI, BT A A—CRIDIERIC X S ERAOBEHHORS THY, LTFOL SISk bnET,

Fly = k(|Rivs — Ri| — |Ri — Rica) - £2.
I 2 ThIHFE TS, HE3EEARORANY MV THY, RO L IIERLET,
Ris1 — Ri
|Ris1 — Ryl

.
. i~ Ri4
i = _

i — Ri4|

|

ADROVE(R))| L1, HFEHEARLICE > TEONS, A< NOBICRERBY THY, UTFDX
TR BIET,
VE(R;)|L = VE(R;) — VE(R,) - tt.

® CI-NEBi£

CI-NEB £, @7 d NEB B3 L T b =R/ F—DmnA A— BT DIER I OFEHEEZ SR LT- )
1£T7, CINEBEFETIE, @ NEB 1E2 W TRUSREKE R Z & D FREED 721 e b iV T /L —

DA A=VRy ma) ZITEL, Ry max B AERNZRO L S ICEHE L ET,

ﬁi,max = _VE(ﬁi,max) + 2‘7E(1_€i,max)

-

N
i,male_ - Fi,maxlll

® ([TREHOFRITIE

BB R —% KD D URHEHERICBO T, ST O EREEZE THZ EMFE LN EEZD
NET, ZOZ 0D, BEMETA A—VOEEZEL L, SROME 2@ R TROLZMENSH D 7,
FRZ, BUSKERE IR E G U T T o /MERED R SIRD TR AITIE, T o v BB DA A —
VEEEEL THI LK EREOHAEERLATI ZENAREL e £, DRI T
B RHTICA A=V BB S5 05k E LT, BaifhiDIXnE ik Z KRE L THHENREZ LN THET,
NEB 73 X OV CI-NEB {EBT 2ERN, 13z X 21EH N & =3 X —FHIC K > TR L ER 1 0f
FEREG TROIENDHDT, A A—VHDITIERII R/ DEZERT 5 Z LN ATRE T, ITHRERORE 1L
L LT, UTFOT X —ORIEREMEE SN TV E T,

E —E;
k=hm_AGJﬂ;_L>(azEm@%@,
Emax - Eref

k = kmax — Ak (E; < Evet D).
22T, kmax ITREBORKE, AITTRERORNE L HIMEDZETY, EqFiFRHOITRTHITINZ 2>
DA A= D ) HENTZRALX—DA A—DDTHNX—, Ep AT A= b @O T R —, E oA
WRBEHAIRIED 5 D, MW DOTRNF—TT, ZOEDEDREIZE T, USRI T D aaRAE( T &
HARBELHEDA A—VFEENE LRV £,
5412 NSy s7 A —4
(1) AJpR7 A—ZDIE

NEB EICBET S, AJ1T—X2 D4 7B I OF0iAZ L FIoRLET,
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NEB |[ZBES DA T4

Hl7avs F2,HE3ITuvy 2 T A
Control
multiple_replica_mode NEB FHRDFEST
ON,OFF
multiple_replica_max_iteration | NEB iteration %%
multiple_replica
method SO FH A TR
nudged_elastic_band_method
accuracy
dt NEB FHRIZI T 2 51 FEAZ 5
DAL
neb_time_integral REHIRE 0T
quench, steepest_descent(7
7 FV 1)
penalty_function ~FVT 1 B ON,OFF
neb_convergence_condition NEB [HCHIEE% )
neb_convergence_threshold NEB ICHHEE
constraint
cl_neb CI-NEB ON, OFF
sp_k_init I XREE (I
sp_k_min I XES R M)
sp_k_max [EeaviE (SoNIEY
sp_k_variable I LAEROEE, 28
OFF [&EE, ON %)
structur
number_of replicas L) g
replica LU iR
endpoint_images MHDA A — OFeE L
directin, file
atom_list_end0 FROA A—DJFA U A b
atom_list_end1 FROA A—DJFA U A b
structure
symmetry
method KD -2 05

NEB {£DAF173T A—H DFFEIZHOW TR L £,
NEBEORFEIL, LLTOREEITVVET,

® NEBIEOHEEZ AT D

® NEBHOUURHEDREZTTH

® HELORIFREEZRET D

® LU DGO LT B DIEET — X ZiET D
® L7 UBOFMLT I IOEEET — X HiXET D

HRIZHOWT, LLFIZHAHZ LET,

® NEBEREZ AT D,
PHASE (Z NEB {LIC L 23t HE2FEITTH Lz b, LLFO X912 control 7127 O FT
multiple_replica_mode Z%% on & L7,

|control{

249



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

® EEOXIFREATEET S

SIFRMEI BEZER  (structurelsymmetryimethod = automaticl}) ZRET 5L, Mugd L7 Y I OWT DD
DUNTHEHIZ, FREIO LY B X0 HEOCHFRER RO TG AL, ERICHENEE 22 T, v==
TIVREIZLC, MBERDIFERTE G252 LIk ->T (4.21280) 217V B ORBPEERIZ TFE,

® iDL Y ADIRE : A THEEHEET 57515
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 {
funits angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
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Si 2.751721694800 2.751721694800 0.000000000000

Z¥endpoint imagesiZdirectin &\ LFHIEFREL, SHIT atom list end0 7 1 v 7 ZARIREED,
atom list endl IZHREED LY A OFEFE 2185 O PHASE @ atom list 70y ZIZHITDHIEELIFLC
FOIFEELET.

® [WiwD LY I OFRIE : MmUY I DTS A 7 7 A VI DYRES S 051k

MDA A— DIRAFEEZE 7 7 A )V THRET %613, AJ)7—F @D endpoint images Df% file & L,
file names.data IZA A=V D77 ANAERELET, FOE, file names.data 7 7 A /LTI
F IMAGE (-1) B3 L OV F IMAGE(0) EWIH 7 7 A LRA v Z—%FALET, LTI, AT —FL
file names.data DOFCIRHITT,

AT —H Dtk

multiple replica{

structure(
endpoint images = file

}

file names.data 7 7 A /L]

&fnames

/

&nebfiles

F IMAGE (0) = './endpoint0.data'
F IMAGE (-1) = './endpointl.data'

F7o, FRAEET—4 7 7 A W EFEOFI Tl endpoint0.data X° endpointl.data &) 7 7 A LA,
WD LD I CRiRk LET

coordinate system=cartesian

#units angstrom

Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
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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

® LT U ADIRE : FIEIV T U A O 2 WD i PR ORMEAR CHRE S 5 1%
(proportional)

LY T O R R & s O SR AR ORIE A CTHRET 556 1L, replica # 7N

howtogive coordinates % proportinal & LE9, AJ)7—4 Otz Ll MR LET,

multiple replica{
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

® LT U BDRRE : LT Y I DIFFEEE 7 7 A A BIEET 551 (Eile)

HfEA A—2% 7 7 AV THRET 285613, replica # ZWN® howtogive coordinates % file & L, X
THIRARET 7 A /W file names.data 77 A/VTHELET, ASj7—F & file names.data 77
A NORERFIZ L TR L ET,

NI 17— 5 Ot

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 DOFCIRH

&fnames

/

&nebfiles

F IMAGE (0) = './endpoint0O.data'
F IMAGE (-1) = './endpointl.data'
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F IMAGE (1) = './imagel.data'
F IMAGE(2) = './image2.data'
F IMAGE(3) = './image3.data'
/

JRAPEET — 2 ZARET D7 7 A NVDOENT, Wi f A —2 085 LR L TT,

ANNTA=F ORI FIORLE 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 }

}

smearingf{
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 diagon{
cutoff wf = 3.00 hartree
}
}
structure({
unit cell type = primitive
unit cell{

a vector = 10.400 0.000 0.000
b vector = 0.000 10.400 0.000
c vector = 0.000 0.000 30.200
}
symmetry{

method = manual
sw_inversion = off
}
atom list{
coordinate system = cartesian ! {cartesian|internal}
atoms {
#units angstrom
#tag element rx ry rz mobile

Si 0.000000000000 0.000000000000 0.000000000000 0
Si 2.751721694800 2.751721694800 0.000000000000 0
Si 1.375860847400 1.375860847400 1.375860847400 0
Si 4.127582542200 4.127582542200 1.375860847400 0
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Si 0.000000000000 2
Si 2.751721694800 0
Si 1.375860847400 4
Si 4.127582542200 1
Si 0.000000000000 0
Si 2.751721694800 2
Si 1.375860847400 1
H 1.644706293661 1.0
H 1.095414929519 1.6
}

}
element list{

#tag element atomic

}
}

#units atomic mass
Si 14 28.
H 1 1.0

multiple replicaf{
method = nudged elastic band method
accuracy{

}

dt = 40 au time
neb time integral
penalty function

off

neb convergence condition =

neb convergence threshol

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{

. 751721694800
.000000000000
.127582542200
.375860847400
.000000000000
.751721694800
.375860847400

oY U1 O DN DN

95414892118
44706317263

11.0
11.0

number mass zeta

085
08

quench

d 5.0e-04

. 751721694800
.751721694800
.127582542200
.127582542200
.503443389600
.503443389600
.879304237000

OO OO O oo

00000000000 1
00000000000 1

dev

#tag replica number howtogive coordinates end0 endl
1 proportional 0 -1 ! 0: endO,
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
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200

-1l:endl
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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 wvar prec cmix submat
1mMSD -1 0.2 0.2 1 1linear on 1 on
}
}
charge mixing{
mixing methods{
#tag no method rmxs rmxe itr wvar prec istr nbmix update
1 Dbroyden2 0.10 0.10 1 linear on 1 O RENEW

}
}
printoutlevel{
base=1

}

(2) NEBBhHET 7 A LOFEE

NEB B#D~7 7 1 /U, file names.data TRELET, ROL IR LET,

&fnames
F _INP='./nfinp.data’
F POT(1)='./Si ggapbe nc 0l.pp'

/
sgnebfiles
F_IMAGE (0)

'./endpoint0.data’

255




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 TWAHRIZIEELTZEY,
snebfiles CHIHTE A7 7 A NVRA X —%, F13ITRLET,

NEB TR CE L7 7 A )V A U F—

7 7 ANV Unit %5 F7 v Ml fii%
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 257 & THZ 74
v
F NEB OUT 203 ./output neb NEB & w27 HAh
F NEB CNTN 204 ./neb continue.data NEB #kfeztBHE 7 7 AL
F NEB ENF 205 ./nfnebenf.data TRNVX— WHESIT7 AN
F NEB DYNM 206 ./nfnebdynm.data JR TR S 7 7 A v

54.1.3 FHROIATHIE

NEB X V70 B (xS L TWET, LR D IEE LET,

o)

% mpirun -n NP phase ne=NE nk=NK nr=NR |

ZZTC, NPIEIMPI 7t A%, NRITIHITHET D LU D#, NE, NKIEXPHASE E[RkE S R X
Ok SAFNOFETY, 72721, NP = NR x NE x NK &9 BRI L CWALENSH Y F97,

54.1.4 FHEEROHS

NEB ¥ = L—va v &F(7T5 L, O PHASE OFfH LWL T 07 7 A ABMELNET, £,
1 77 7 A /U output000)CfkGER H5L R <45 7 7 A /W(continue.data 7 7 A V72 ENE §_TL7' U A
HAOSNET, #EIDT=0, ZNENDT 7 A NVOERRBIZ rxxx’ &V ) CFHIRT-ShvET, 5612 NEB
HDLLFDZ 7 A NDFHIVET,

® output_neb_pxxx
NEB #H&E0n /774 L CF, xxx |21Z MPI 7 a2t 2AORENEIESET, NEB &R 50 73 H
NanEd,

® nfnebenf.data
NEB HEO= 3 /LF—LNEB /)72 EGiekSN=7 7 AL TY, LLFD X g ciianEJ,

#step image image distance energy force org force neb force normal
1 1 0.0000000000E+00  -0.4399458479E+02 0.1112676571E-01 0.1112676571E-01 0.0000000000E+00
1 2 0.1323772380E+01  -0.4397221867E+02 0.5212041989E-01 0.4899393390E-01 0.4899393390E-01
1 3 0.2640972887E+01  -0.4393533860E+02 0.5368141337E-01 0.5023308254E-01 0.5023308254E-01
1 4 0.3958252743E+01  -0.4389613534E+02 0.4830449879E-01 0.4474348402E-01 0.4474348402E-01
1 5 0.5277489255E+01  -0.4389237657E+02 0.4486782793E-01 0.4486782793E-01 0.4486782793E-01
1 6 0.6594794555E+01  -0.4396965451E+02 0.8881334200E-01 0.8881334200E-01 0.8881334200E-01
1 7 0.7911999993E+01  -0.4404244254E+02 0.5849229655E-01 0.5849229655E-01 0.5849229655E-01
1 8 0.9229437211E+01  -0.4405831588E+02 0.2414216682E-01 0.2414216682E-01 0.0000000000E+00
2 1 0.0000000000E+00  -0.4399458479E+02 0.1112676571E-01 0.1112676571E-01 0.0000000000E+00
2 2 0.1356841287E+01  -0.4398451885E+02 0.4270600251E-01 0.4018848625E-01 0.4018734489E-01
2 3 0.2677587331E+01  -0.4394948430E+02 0.5479419750E-01 0.5096369018E-01 0.5096445426E-01
2 4 0.4004269114E+01  -0.4390739111E+02 0.5004508819E-01 0.4463448973E-01 0.4464878761E-01
2 5 0.5328036512E+01  -0.4389409127E+02 0.4291037894E-01 0.4291037894E-01 0.4291037894E-01
2 6 0.6642907129E+01  -0.4397034020E+02 0.8879366098E-01 0.8879366098E-01 0.8879366098E-01
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2 7 0.7959713712E+01 -0.4404290631E+02 0.5713917408E-01 0.5713917408E-01 0.5713917408E-01
2 8 0.9278358213E+01 -0.4405831588E+02 0.2414216682E-01 0.2414216682E-01 0.0000000000E+00
3 1 0.0000000000E+00 -0.4399458479E+02 0.1112676571E-01 0.1112676571E-01 0.0000000000E+00
3 2 0.1356624500E+01 -0.4399408010E+02 0.1114085905E-01 0.1114085905E-01 0.1114085905E-01
3 3 0.2730952540E+01 -0.4397302719E+02 0.5096325231E-01 0.4680553493E-01 0.4683808222E-01
3 4 0.4090362450E+01 -0.4392669466E+02 0.5272530274E-01 0.4351975945E-01 0.4355359239E-01
3 5 0.5418808773E+01 -0.4389735067E+02 0.3886543373E-01 0.3886543373E-01 0.3886543373E-01
3 6 0.6726370673E+01 -0.4397144829E+02 0.8809362538E-01 0.8809362538E-01 0.8809362538E-01
3 7 0.8041492838E+01 -0.4404354368E+02 0.5543086596E-01 0.5543086596E-01 0.5543086596E-01

FATIZ 1 SOV BT D= X =S IDOERNH D ENET, 1 5H2NEB A7 v 7%, 2 ¥HARL
ZVADID, 3FIEN0FERD LY b0, 4 IR L7 ) HDOT3 X —, 5HIHNL T BT
HOERKIE, 65IH7 NEB DDA, 75BN L7V D@ < IO KRIEZRIGIH U271 (NEB HoEt
BICRAEND 1) OFRREIHS LUET,

® nfnebdynm.data
JERET— 5 OIEIE) Rl S AV E T, @E O PHASE OFHHE TR 5% nfdynm.data 7 7 1 /b & s 2 L filig
fbshicpacH EnE 4, BARRIIZIILL T o L 9 e e S inE 7,

fstep 1image atom cps
0 1 1 0.0000000000 0.0000000000 0.0000000000
0 1 2 5.2000000098 5.2000000098 0.0000000000
0 1 3 2.6000000049 2.6000000049 2.6000000049
0 1 4 7.8000000147 7.8000000147 2.6000000049
0 1 5 0.0000000000 5.2000000098 5.2000000098
0 1 6 5.2000000098 0.0000000000 5.2000000098
0 1 7 2.6000000049 7.8000000147 7.8000000147
0 1 8 7.8000000147 2.6000000049 7.8000000147
0 1 9 0.0000000000 0.0000000000 10.4000000197
0 1 10 5.2000000098 5.2000000098 10.4000000197
0 1 11 2.6000000049 2.6000000049 13.0000000246
0 1 12 3.1080442326 2.0700339938 20.7869859136
0 1 13 2.0700340645 3.1080442772 20.7869859136
0 2 1 0.0000000000 0.0000000000 0.0000000000
0 2 2 5.2000000098 5.2000000098 0.0000000000
0 2 3 2.6000000049 2.6000000049 2.6000000049
0 2 4 7.8000000147 7.8000000147 2.6000000049
0 2 5 0.0000000000 5.2000000098 5.2000000098
0 2 6 5.2000000098 0.0000000000 5.2000000098
0 2 7 2.6000000049 7.8000000147 7.8000000147
0 2 8 7.8000000147 2.6000000049 7.8000000147
0 2 9 0.0000000000 0.0000000000 10.4000000197
0 2 10 5.2000000098 5.2000000098 10.4000000197
0 2 11 2.6000000049 2.6000000049 13.0000000246
0 2 12 3.2652054480 1.9060914168 19.8836995566
0 2 13 1.9060915098 3.2652055024 19.8836994729

EATH, HHNEB AT v 7« HHVLT VT « BHORFOEFET =X ZRGELET, 15HANEB A7 v, 2
FIHRL U ZDID, 3FHNRN L7 U INIZEIT BIEFDID, 4, 5, 6 51| H DNFE =G, JEIEIL, R—7 BYT,
HNT T ERECH I SIVET,

nfefn.data 7 7 /L& nfdynm.data 7 7 1 /UZLiER O PHASE OFFEIZIHBWTIZ T3/ —1 LU
FMEDIBIEN Gk SND 7 7 A VTR, NEB GFHROGEITEA O L7 ) BHNOT R F—I6 LOBET —F
MRk SN2 7 7 A /VCF, nfefn.data 7 7 1 /UZIE nfnebenf (Z5eEkS V72T — X Dtk D NEB A7 7D
T —H Ntk S E 7, nfdynm.data 7 7 1 /WL, PHASE OO Trodk SNV ETN, W OFHE Tl
BRIy TN S 2 b—a D JBRELE R D L ZANRLT Y BHNTR ) £,
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54.1.5 FH5EH] . >V o U RENIKE T HMEEENGE 25 SO

V) a3 RIS T DMFBERAE T D ROSOBIED N1 7 7 A /WX, samplesmeb DL NZH D £77,

TN BIE, SV A L REKES T OGS T 00 E Y I 2 L— P LET, MRRIBIIERE L &
DD EEN ST o D KB T DD R, MIRIBIIERE O T U 2 VJRHAIKE S FOMREEL, s LT
FRTT, IR L CIRBEOEE L 2N TN 5.4-1, ¥ 542 LITRLET, 7272L, HETHETIOT,

WEIFATT DAL, FRBOMERIE IS T L T ER A,

X 5.4-1 ABREDHEIREE

X 5.4-2 ALFREDKAIRAR

(1) N77An
control 71 v Z|\ZBWT, ERNHESMIOREERITWET,

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 {2 ON ZF5ET 2 Z LIk, NEB OFHENFITINET, £72, NEBD
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LEHRD FIRIEHA multiple replica max iteration ZUZE-7T2000 & LTWET,
multiple replica 7B v 7DD structure 7 1y Z{ZBWC LT Y IOIRELZFIATLTWET, BLTFO
BN tatsq/l: 3 A

multiple replica{
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

}
}
atom list endl{
coordinate system = cartesian ! {internal|cartesian}
atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000

number of replicas IZ 6 LIHFELTWETR, ZOHEICLSTLT U IEEEE 6 &L TVWET,
replicas 7Ry ZIZBWTERIZED L D IZ VT ) DOIEEEL D ERE L TCWET, 2oty 4
THRIRAE « HIRBOBMEM T L > TED, LWIOIREIZZRY £7, atom list endd BL T
atom_list endl 7H v ZIZITARIRAE « MIREOIEIEEAFRE L CWES,  ZOfE, FiRtoM Y @ o
PHASE OJEFHERE L 205 & ZAH13H ) T A,

multiple replica{
accuracy{
dt = 40 au_time
neb time integral = quench
penalty function = off

neb convergence condition
neb convergence threshold =

.0e-04
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B

(2) RHRRER

AR FATT D LD DREREFIT LET,

54312, ABIEZFATT 5 4555, NEB OV i LiH & NEB HORKMEOBSRZRLET, 1ZUH
D) BIIREL IMMENTOE TN, FHRIMEITTHIZON TS 2o TNE, 41 [0 Y - LEHR ORI
HCHIE 272 U CRERDME T L CDET,

5.4-4 12, AEEEFATT D EEOLNDEA AV ETRAX—DBRERLET, ZOIY, EBIRE
T4FHOL TV ITHY, IHIREENG LD LERET RV —03) 1.08 eV ThH Z L3V £79,

X 5.4-3 NEB /1DOERE
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B 5.4-4 BAHNTAR LN DRIGRER &K LT Y B DT RVF—DRER

54512, BRARREICRT DIFFIEZ /R LET, ZONLHLRE DI, ABIETIE DKIETF-15EE,
Z L TAET 5] ERTOMEDS ERIRRE TS

X 5.4-5 BERBRIZRIT DR FECE

5.4.1.6 FEHICHIT ARES

o LU B

NEB E1X TV ) #6%]) (ZxS L TnWET, L7 U D WHIEREA AT 2720121, 51EicE
® ne=NE nk=NK (1%, WH|IL7ZWLT7Y B#%E NR £T5E nr=NR 2 F9T, MPI 7ut 2%t
NE x NK x NR EFELWWKERHY £, 72&x0E, UToXoha~vr N 9,

Q

% mpirun -n N phase ne=NE nk=NK nr=NR

® SIROfFIE Lk
NEB A IO 1L & HlGEE RITRIG L CUVET 23, @ OFHR L1380 2 T & AT,

® FHEOALyT

ADJT—# D multi replica max iteration, 72l nfnebstop.data (Zitik &7z NEB O iteration
#C NEB T T LET, £, KA A—TVOEBAREFHRIZIBNT, AJ)7T—Z D max iteration,
cpumax, nfstop.data 7 7 A VOREC L > THHEITK T LET, WIThoOLETYH, 5k LZEF S Y
AB— R THZ ENARETT,

AR by TIRHZET Ai@E O PHASE & OfMiES 228 £ 9, PHASE T, nfstop.data 77 A /UId&-
THT L1258, nfstop.data 77 A /UIZET 7 AV E720) £, 7 NEB R TIE, HH A A—T%
nfstop.data ([Z& > T T L7zHA, nfstop.data T2 HIZIFET7 7 AL L3726, 1FDDOA A—TD
FHHEZITOET, NEBHERK THRHERICBW I U® T nfstop.data 7 7 A VE2ET7 7 AV E LET,

e PHEpDYARZ—|
PHASE ¢t [RlEE, A17—HIZBW T, condition Dffiz continuation &35 2 &2k ->TY A — FEHHA
PATWET,

Control{
condition = continuation
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Y AL — MEHIT 27 7 A MITRDT 7 A VT
- NEB##: 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*

5.4.1.7 25k

[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 HEREH(TES A4+ 24 X & Blue Moon iIZ & 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 5 & VT O— A F 14 IR LET,

WA X XA F 2 7 RZERED BB X 7 D—

F17ay I 2, H3Tay i 2 TR ]
control
driver KA F I AOFRELEIRT DL,
WS & 24 F 2 7 ADEA constraints ZHRET 5,
structure JRAEET — 2 DFREEITH) T v 7
constrainablexx WG ERT DTy 7,
X ARG AR D708 R 113U F 0 THRE
type FIREGAFO FEER DFEE.
bond_length, bond_angle, dihedral_angle
bond_length_diff, bond_angle_diff, distance_from_pos,
plane, center_of_mass, coordination_number
atomx FIRGHDBED AFAARET D, x 13T, 7o
type =bond_length DA 2 JF{-2MARIZEIH 5 DT
atoml & atom2 THRET 5,
mobile RGN AN L)Y EARET D, on &35 LAl
off L35 EAE, 77 4/L Milld off
monitor FEEDHFGA A AT 208 D I ERET D ElAfH,
77 )V MEl3 off
reaction_coordinate FREOPREAF DT EZ & LTV A BT 5 7 e
V7,
sw_reaction_coordinate on DFETIGHE & I 7 D,
init_value FOSHREEDOHIMME % 5 bt T~ 5 B CHRTE,
final_value USRI DB Z 3T BT CHIE,
increment final_value,init_value DZ|ZMEZFETE,
plane TNTABRIZIST BRI Y MVERET 527y 7
NOrmXx,NOrmy,normz AT P VD Ry Gy
distance_from_pos GiOEEAT> 7y 7
POSX,POSY, POSZ FBE LT2WT 0D xy,2 fRGT
coordination_number BN EGRE A THO 7y s
kappa_inv BehrEUERR K DA & OIS CHEE
kappa BT EZE DK % 1/bohr B THEE
reut FehruEzEoor, Ol R SOENLCHE
center_of_mass BELERLSEDHMERTET ST ay s
directionx FEE L7z HRIOD x )Gy
directiony FE LTV HIRD y 5y
directionz FEE LT2WHTHOD 2 [R5y
structure_evolution JHAHFAF I AOREEATHO T w7
method JBTHAF I ADOINEEATET Do
PRSI & Z A T 7 ADE
quench,damp,velocity_verlet,temperature_contro
DOHFIHATHE,
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PIRGRI T & XA 7 ZAESHT9 5123, T LUTOESRE T condition 7' 2 v 7 O T C driver 28 &+57E L £

R

condtion{
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 7' v 7 I AJFRIRORGIZIT72 0 A, FT7,

ANV WSR2 ER L CLE S &, PRSI ERT 72D OIHEHEDME A L T LE S A3 H Y
FTOTHEENNLETT, constrainablexx 71 v 7 O FCIL, LLFNOER 7 v v 7 B ETH I LN TEXET,

type 24K

bond_length
bond_angl
dihedral_angle
bond_length_diff
bond_angle_diff
distance_from_pos
plane

center_of mass
coordination_number

WHSH ORI R E LET, L FOWThoofiz &0
ESr

2 OB A R U E T,

3R T DR Ry RAZHRL £ T,
470 2 AERR L ET,

2 [P ORBED =2 R L E T,

3R FAEDZEE R L E T,
FRIEDSATN D OHEEE R L E7,

PR EDIRFZ R L ET,

BEDR O E LA ER L ET,

Bz LEd, 22T, 0FZHDFEFOEY O TEATL
B 1IUTORUC L > TEHl L £,
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atomx 254

mobile 2

monitor 2%k

reaction_coordinate
Tavy

plane 7'& v 7

distance_from_pos 7
=774

sw_reaction_coordinate
1nit_value

final value
increment

type 7° plane D5

type 73 center_of mass

DY

normsx
normy
normz

posx

o= s(ri-o)),

10
o= sr =7,
i%0

K, 7.13/X7 A—%—Th Y, first coordination shell T/E &
L 0TES LOITRELET,

BEDRSHED DA R EEE LET, x 3FTH
D, 7o& 2T 2 A HOBEOYATE 2 SOJRAFDMHHIC
25 DT, atoml & atom2 (ZxT DIRT-DOF 5 & 487E
LF7, type 7 coordination_number D&, Bk &t
BT 5P LOFRFOFFERELET,
FEE DA DRI G DY HFEET D T2DDAA v F
TY, off £ 35 LI, on &35 EMEITEINEREA,
77 4/V Ml off T,
FEE DG A (BER ML, v 77 7 A /UTH))
THDEDNERET DAL »FTT, 7744 MilT off T
7
FREOYWIRSEMED, “PUSERECEURAE 2 2L SH HALH) T
HOGEINERT D70y 7 T, LFOERERETH =
ENTEET,
on O, SUGEEE & 72 SIVE T,
SOSREE OWIENEZ, *Hhd D HALCHEE L £ 77, fRENR
WS, ATIDFRABLED RO LILAENERA SN E T,
ZOMEE, ANOFAEEHRD HNDMENERR DA,
ANDJFEAEIEIMEIE SNT=DHBIZFHENE TSN ET, =
D7D, —EH OIS bET)RA B < TIDFRAMEA
FLENT BIEFNCRERMELE 2D Z B3 H Y £33, ZHUTIE
WIIRDINTT,
SOSREE DB A RS DA THREL 7,
final value & init_value DREIOH|AIEZEE LE T,
SOGERE 2 IR IA L SE D555, LD — A IR TH
DO THEIMETT.

O, AT DDA T, FUSOMEEED, 5
TEDUEART RV & - OIS 7' 1 77T 553 H BN
RO FETN, MISFEOEALE LTS, 2 MLvods
FHZJR R A ZEALT D, LWIOIRDIBENITRY £,
init_value, final_value, increment (%, Z DR OFENE%
FRELTLIER, 28, ZOWHAD init_value DT 7 4
VMBI 0 T, IEEIRICHEET 2 BT T
<7,

IO, BLE, FEEOHIMICEEISEE T, init_value,
final value, increment (%, Z DBENEZFEE L T ZEVY,
B, ZOHAD init value DT 7 3V MEL 0 T3,
B RINHEET DM EIRNTT T,

R NIV ODXJEIE,

BT NV Dy RS,

TER ML Dz RS,

type & LC distance_from_pos ZHHT 255D, Hiid
FREEITO) 70y 7 TT IROBREAGET H LN TEE
75

FELTEWGRD, xFEEZ RSO THELET,
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posy BB LTZWEFRD, y# Rz R SOBMCHRELET,

posz FEE LTV, 2B E4 R SO THRELET,
coordination_number BN EBFI RO ERICBIT DK, . OEEXfRET D70 v 7
A= TY, ROEREARETHI LN TEET,

kappa_inv kDfE%, BXORACHEELET,

kappa Kk DfEZ D%, 1/bohr BN CHRE L £, kappa_inv LV

HEfEINET,

reut 1, D%, RSO I TCHRELET,
center_of mass 7 1 type & LC center_of_mass Z£H L, D> ORULFEEA 2L,
v SHLE, b EsHM) #Z ZTHELET,

directionx LS L H RO R ZRE L ET,

directiony B S5 H ROy = fRE L ET,

directionz A S5 H Oz R RE L E T,

WIS OFEEDOWIL, BT AXA F I 7 AT N3 ) A LZIRELET, @F O PHASE O AT L [FEEE,
structure_evolution 7' 7 v 7 O FT{TW\ET,

structure evolution{
method=quench
dt=40

}

Z ZC, method & L Ci% quench, damp, velocity_verlet, temperature_control ZF|f4+ 5 Z L3 CTx %4, #)
WA ZRR L CODEE, gdiis, cg 2R EITITHAN—Y g U TIERSRDOTIEEL 28V, £72, damp 1%
damped molecular dynamics /(2 & DR b a Ehitid 2 5AIHEE LE T, ZOFEDL, < OLE M
quenched MD X VIR E 2B IAIAAY) 2 BAT2 2 ENTE, HNEKRSIELZ EOTEHFETT,

I, PSR ZACDIEEIAR OV TR L £77,
® EROMISFEZ BRI S5k

BB ORISR 2 BRI ST L5 EDT 0 7T AORLINEZRA LET, 728 TLLFO I IITATTHEE
LA WG L E T,

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
}
}
constrainable2{
type=bond length
monitor=on
atoml=3
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atom2=4

reaction coordinate(
sw_reaction coordinate=on
init value = 1.2 angstrom
final value = 1.6 angstrom
increment = 0.05 angstrom

}

F9°, constrainablel 71 v Z|{ZBW\T 2 A E-179°05-1°F T 5°%A TR S EL X HITHREL TV E
4. XB5IZ, constrainable? 70 v ZIZBWCIRY FEA 1.2A 75 1.6 A £T0.05 A HH oL sw5
EOTEER LTOVET, 20X RANEFDR LSS, PR FEX 1.2 A ICEE LIIRET 2 mif %
179973 5-1°F CEYL S CEENETINE T, -1°OFERE T LIS, IRy FEA 1.25 A I08(bs+,

SREF 1M H-1TPE T 2 HAZELIELHAELE T LET, ZOXIBRBOSEHFEHRATLHZ L2k~
T, BV & O ROGHBEEEOFA OB TR FELE DS Aml 2 b3 5 2 & 2N T ET,

VILED X 9 72078 T 2 SOSEEEE N R £ D 90T, ARl 2 M 2 SO S EEE OB IS Ea | 20
TR D USROS A, & T2 Lo ng £720 3, 2LV b XD SUREEEO A FEET 51201,
WIZFHIT % TRONEEDOEA DT % 7 7 AV E UTHRET 5] e FIH LET,

® Ty ANINBRISHEDIALOHTT 2 teE S 5051k

FIRSAEDZ D S H71F RO reaction_coordinate 7' v v 7 IZBWTHRE L LY, ZOIEOE AR
FROIEETT, FHCHDRD, EEORISEE A2 S HEEICBOTIE, RSB Ea |23\ TRt 5 RO
BED AN, &5 Lo ng EORISERE AT 5 Z L1720, FHRRIIERICRD Z R0 7, 20X
D 7R SIRE & 72 DEFANT, TUSEHE (DF) | %7 7 A )VINDIRET 2 Z ERAREE 725 TOET,

F9°, BT L7V sRSE % constrainablexx 7 1 v 7 (2B ClFE D FEE L £ 97, WIS, structure 71> 7

DR T O EERLE T,

structure(

reac _coord generation = via file

BRI, BT 1 L2 MU —lZ reac coords.data &2 77 A IVADT 7 A NVEAERLL, IRD X 5 eNE%E
FURLET,
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
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19 -1.5882496193 2.4566437898
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

BATIN 1 SORISEEAEDOHUTARY L £, 170 1 FIEIITE DSTEEDOF AT 5 -0 OFK 5 AT AT
L7, 2FIHURRT, 5% LIRS ONEE ChOSEEOEZ A LET, T OBITik 2 FED S EEE %
R L TND Z L2720 97, 1 -DHORIGEEFEO TIE 1 % H O G & L T*1.9373154697" L W\ O fi, 2
& B ORISR E L T2.26711906” L W H EZE FRET D Z &2 £97, BAE, PHASE OF 7 4 /L kDAL
ERIFALUTHRET DL 21 LTL7EE, E&72 513 bohr BT, A7 radian BALTY,

5.4.23 FHROFATHIE

HIRET X XA F I 7 A, TROSBE A BRI S CEET 5 | — R ICBW IR AR E 53 A 05
BITHISE L C0ET, PHASE ZLAFO X HICEEI L TS 72&0y,

% mpirun -np NP phase ne=NE nk=NK nr=NR

Z 2T, NP 28 MPI 7mt2¥k, NE 2330 REFEL, NK 23kAAEFEL, NR DREFRCEISETH Y,
NP = NE x NK x NR &9 BRDBEN L CWDMERH Y 7, ZOREZFIFT 254, kiatBE oLt
N0 7T ANTETELTHDT, #RGEHEBIT nr Z¥ELZ0 LoDt — LB 81201
BLEEV, nrid 1l THREDZRWOT, FAAEY 2t OH D2 A 7 TN T 554, NR % 1
ETIUTEIIOENWEZ R T H Z N TEET,

54.24 FHEEROHS

H7 7 A 7S, [ 2 IR AL S 2 JBEREZ R L QR WA aE R, O PHASE O 1 & AT,
J72h, file names.data 7 7 A JUIEBW T F ENF i A L > TIRESNS 7 7 A VK AT v 7B
% TN =A@ < DORKIED, F_ DYNM #3112 L > T FEESND 7 7 A MIKEAT » BT D
JRFRECER B st SivET, 7220, R DOFKIE] 13X, FRSHE2 R 7o DI E
72 THFT) bETeAIC HEEDRNEETT,

7, TRUSPEEZ BRI SE 5] FHEAFITLTCWAEES, ROLIBRT 7 A NN ENEH(Z 2T,
F ENF#5RI AL > THRESND 7 7 A VDT 7 A V4 % nfefn.data, F DYNM 5 2 K> THRESND 7
7 A NDT 7 A N4 % nfdynm.data & LET),

nfefn.data.reacxx xx & HORIGHEED, KAT v 7B 5= F—B XU
FAMBHL HOBRKIEDT — 2 B S ET,

nfefn.data.converged B SOERENZRBNT, SISEEOEZE DS D &, PR LTz x /L

(SR LA DT F—B LOVFE B < IDOEKMEMH) SIET, SUGEE L =

INFX—DOFRE Ty hTHZ LI E 5T, TR & T
FNX—| OREREMRTT D Z LN TEET,

nfdynm.data.reacxx xx 7% H OUGNEFED, FAT AT DR FALE-SCR ()
DB hSnET,

nfdynm.data.converged BTN\ T, Wi b sOR L 7= Dl FACE A )

(RS LD 5 0D 72) SNET,

nfbluemoon.data.reacxx xx % HORINEED, BHT R —EE2 RN 72010 E

G FEIFY R 2 b— 3 Y OEEDRH) IRT 7T Y 2 ORERBOED RS ET,
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DIZ, HKGEEtE T 7 A NI ENBIEK - BB T 7 A V7 CIISOGEE S L lcH i N E T,
5.4.2.5 Blue Moon £IC & 5 HH T R/LF—DFHHE
(1) HEREOHEE

FIRGAT & D ENIFY R 2 L—y 3 US4 B tat A (blue moon ensemble) DT — 4 ZFIf45 &,
Rt U7 SO PR DRSS 21T 2 HR = Rp X —02M b2 B T 5 Z T 91,
FOGEEREME DN HE, NI T DA O BT RV —2E, RO X IIEHET D Z ERA[RETT,

&1 ow

- = d .
W) -weE) = | dig

Z 2 CHHZRAX—DRUGEE5Y, @—Vg I3 mean force LFHINLOWELETH Y, NIV =T L DRIGE
¢
Ty LIRD XD BRI B Y £,
ow _ jaH\ "™
™
TIT(yeond Lyg T R T, FRGAMT E BT L 2 b— a U ORGP & ST
EHEPFTHEMI TR OO & EEAD, QDAL SRR E 0 F B2 T 2GR T 57 7T
2 DOREFHAEFAL LU FOLIGGHRTHZ LN TEET,
ow _ (I817%4)
o5~ (IEI7V?)
1 9% 9¢

-
O —_—
o=

: mi 6?1 677[
@A, BRI L WM MAHEES S E 923, EA IR E SR CnET,

PHASE 2 L AFIREAATE S FE 17 I 2 L— 3 COFEEN D B =2/ F—2E4 51581 51213, PHASE
I =B LT A bluemoon 7w 77 LA LET,
Bl/x—2 2 Tld, bluemoon 7' 1 7T AISUGHEEEN 1 DDE DI L TWET,

(2) bluemoon &2 275 ADaL73A )L

bluemoon 72 7' F LD Y —A=a— K%, PHASE A > A +—LF 417 YU —® src bm T4 L7 ~U—ITHA
D HIVTWET, bluemoon 7' 77 Ald Fortran90 =273 Z—& C 223 F—% 3 L L E 7, Fortran90
DL TR FO0 1T, C a2 TR CCICRE L, make 2v 2 REFITIAUIT LN
ANTAHZENRTEET, UNIBHEWDO AT A0 bash C, Fortran 2273 I —0 <2 KA 90, C 2
A T —Da~v L KD ce DEFEOBITT,

cd phase0 2018.01
cd src bm

export F90=£90
export CC=cc
make

make install

o° A% o° o o°

o

BREEASLFI0 & CC DIFENRWES, gfortran & gee 287 74/ MEE LCRIHSIVET, 27 LhMk
T3 5L, bluemoon EWIHARID/NS /27 7T ADMERR SIVE T, % make install &35
& phase0 2018.01/bin 7 4 L7 kU —® FZ bluemoon #7 Z LN TEET,
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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 CIILL TOIREEITH 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
JEREOAE, 2 51]H A% mean force OEHAT : hartree/kHisd™ 5 BUSFEED AT, 3 FIH AN REZE AR LE T,

® 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, ZOWHNILTZ mean force DEFERERNHNIINE T, For—2ERT,
mean_force raw.data 7 7 A A OREEHRAZEDSZ RO H D278 ) 7,

5.4.2.6 #1515 : H2O2 35 X TN HaSe 45 F D[ HiRERE DT

RS & SRR LA OF] & LT, HoO2 38 X 10N HoSs 45 DInRERE DN 245 L £, Ha0s, HaS2
1 5.4-6 ORI FAEEZ AT 2 Bli7e 514, HOOH (HSSH)Z 59 2 iHfa DElERT v /uZ, HIE
FREOFEER L HIFF L OQ)EFDOINIFEARFE OFAELERNEE L, WHRIRT v Ui b Z L0V
DAVTWET, 2 2R U 7oisE i b 25 2 mAICB W TERT 22 21080, 2085 2RIiR5HN
DEOLNDINE I DEHESLET,

5.4-6 H202 33 U HaSe 53 F D53 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
atom4 =1

reaction coordinate{
sw_reaction coordinate = on
init value = 9 degree
final value = 179 degree
increment = 10 degree
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}

constrainablel 7= 7 Z{ERk L, ZO F THREHOIREZIT> COET, ZOBETIIHRSIFL —oD
HIRLUETD, AWV ARG CTHH 72 IRV O THERTH Z ENAHETT, 4lE 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 72, 2D L D RfFEIC L -
T, °26 17T9°E T, 10°%IAT 2 fh 280 S TSR b2 TV E T,

5.4-712, 21 &R bOMRELNIZ= L —DBRE R LUET, K 54712, kRl AT
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°
IV MBEDNYZEE T A DITxF L, HaS2 1% 90°FHENLER 2 4 Td, 2 R trans fEEEC V¥ — (¥ 5.4-7
TIX 180°fHEDEEE= /L —) O ETY, HeOz LT 5 &, HaoS2 @ trans BEEA XX H0NIKE L, Eh
FIZIER 6 FEDEBEF O TVET, WTNORBAFFEIZL > THEINTEY, ZYERMELNTND
HLDOLEZOBNET,

X 5.4-7 H20233 & U HeSe 43 FD 2 A & RN X—DEH%

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 {EIZEW T, S,(r) EWO“ERIEECZEALET, T2 TWOHOEREE LI, BTt
G LT D RO PEFEDN D B ATRE S SEEE (R NERAR V. R 72 EONEEERN 7 &) 2R

72O TT, FEMZHICE, ABRR R RE 0 L ToNDET, 20, ‘AR 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 (L, s) & b A0 GEFEEA7550E MD

AT v 7)) TRLIATHWEET, ZOLIRFHERHTLZLI2L-T, BRHT=RAF—2EHICBNT—E

AN RIS B TR INE T, ToRVIEHS R 2 b—2a U&7 LV (E, s) A= R/LF

—ZEAMOR L LTLEY, MSFHBICEZ A Z ERTEDL LR £, ZOREBIZEDV (L, s) (-1

ZENTT-R) NI bbHBAT X —THDH LTI LN TE T,

Meta-dynamics VAZ K D3I = L—3a ORI # X 54-8 ITRLET, ZOKTIE, £FFvIal—

T a1 OETFREID Y TOHNTENDIEED £, 20 A TAZRL, EBIC3DOAATAERTEHL

WRFTY N (P CRBZERIOR) IZED £3, &5I124,5,6 LA TART Uyl gt bl
F—DENAR T TROLAMOR) ~EDHZENTEET, HRIZTONLTAEZREL, IHIZ8D/NAT A

T ) VETRT &, RITEMEROZSERZ BRIATERTEDL LRV ET, ZORERTONSA T AR

TR I BT D L, FAUIERT= LY — L Afd 2 E N TE D2 £V 7,

5.4-8 Meta-dynamics ¥ = L —¥ 3 OEA[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 VARSI C& £97, F£72, blue moon 1EDGA D 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
DIET, A TART U VEADFTEHOENZLY, AHZ RV —REEHL, TIOKERTHE
b, TOHINL, BEISERTHIZLELAHETY, Meta-dynamics (522 2 L— 3 U103, HHNUHID
BNERIR TS T ART v VR LIRS HEITL TWEET, ZOBRIT S, T ART v Va5
2%, BEZ 0 OBHEE TOT—X 2T~ CHIH L TRz BRADMENRH 5 DT, Meta-dynamics #130(t2) @
SHEAFEERVET (2L, FFEEHECRHHT20E0 ZOEMHKINC D Z 8RN TL 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 (S“(t)ZA_SS(t ))

t;i<t
Z 2T, alHEMERITE FNOBEE AT DB, U & S | FENEIURIER 70RO i & FEFE, Sq ()i
KRE L TWDLV AT LIPBEFRIND IR, kAR 1 DR & BB FE O 5 1
Eﬁulaagﬁﬂ471ﬁ?7VVWT?oEbzhfwotﬂ47%TT//¥W%£ﬁLT%<k,%_
MNHHBHTRAF—F2RFEL D 2 EHAEETT, ZOX 27 I NV h=T o b on 8L, IROLH I
FLODHIENTEET,
® 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

AR L B 5 % V' D—Eh T 54 ITRLET,

% 54 A FALF I RBEDH DX T D—E

170 ST 2. 370y 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 ABEA T AOFERFOETE

bias_and_fictitious,bias_only,bias_generatio
n OVT I

57 /v Ml bias_only.

max_bias_update B T A FE T 5,
T7 v MEE 1EOHIEDS S, 04
CIHELE LN Z & AT ).

extensive_output on &5 LIEFIIAE A HELILD
output_per_rank on £T5L VLY BWFIRHIET 7 Tk
IZHIIME 65
collective_variable HEHEEDIREEITHY T r v 7,
type SEFESE OO TR OFEE, PRSI & 1
FI T ARLEFEL,

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 LT56E, AR 2l %

mass_thermo

RAEREF- DI E AT D8 OB OH

&=
target, KE ISAERE - O S BY5E D% —
Mg L —
plane HPHAIRIZIST DIOEERS MVEFEE
SR
NOrmMx,NOrmy,normz BT VD xy,2 ]Sy
distance_from_pos GOt EEATO 7y 7
POSX, POSY, POSZ FEE LT x5,z BRGy
coordination_number BNEdEEAATY T r s
kappa_inv e DA S OV TR
kappa BUACEGERSOK % 1bohr A CHE
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 FEE LT2WATRD 2 By
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
72Ez3X10 &35 L, 10MD A7 v /121
[BISA T ART v VISEHT S NS,

57 b Ml 20,

output_frequency

meta_dynamics_type 73 bias_generation
AN, 7 T ART v MR A RN
1[EHT I D EFRET D,
7 7 /v M 10

continuation_strategy

L7 ) BB EGA T B ARG )7
ST 5,

randomize_velocity

on &% &R TEE TR E D &
T B

scale_velocity

on &35 LHGERE Mo
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 &, MGERTHE 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 7 v 7 ClX, ATOER/ 7T v w7 D

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
%9, bias_generation & L7-#;5 Meta dynamics
33ATENT, EET 4L ) —IHET S T 7
A IS INA T ART L% VO L O o
HPFATSINET,

B HATESA T ART 2 Vo BT D RE
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, fkes RIS TRACEE 2k, L
BTRIVIRY £9°, 77 4/1 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
HY F T, /=& 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 o TVET, BEARMIZIE, UITOEEEERT DI ENAMEET
7

type 2% EHERO I ZfRELE T, LLFOoWTofEz &
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 Sjei [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 —PERT A T ART X VD@ S T RX—ORALTIRE L T, —EITET
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 TV 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

ANNT 7 AMIBNT, VTV BT LR DEET — 2 4R ET 5 2 L L AFETT, ZOKEE, atomsxx 7
w7 (ZZTxx 1 ZMPL 707 O8F) 2Bk L, T2 CEEEEZRET D Z &Ik TITWE T, 728 2103,
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 MBEIGHRL, ThatiisE5 28 b TEET, ZOMREZF]
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
TPHASE Z3HTLET, 7 7 A NEFARAINAA T ART 2 VEAEGA D DIIROT, WY TEI TS
DHEITIH Y /A,

5.4.3.4 FEREROMT)

Meta dynamics ¥ X = L— 2 Y EATHOGA, BELD 07 AV ERET, LLIFIZ, £412o0
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

BATHA T ART Y VESRDZ A L ZITRIR U ES, —FIED A T ART ¥ VOEFERTH Y,
XN HLEERNA SIS DA OER I S ET,

® bias_potential parameters.data 7 71 /L

ST AT 2L MDRT A== SNB 7 7 A VT, BGRHED S A S 7 TG A—s—%
A SETE, TOLIRID/RT A—2—DEDGINHIRNE S T ART 2 VOGN TE RN LD
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,
“HIEN@IRICET HwDfH, 3 FILIEENEAEREE D@3 565, DIETT,

5.4.35 #HEp] : pALKFEOT R —FKH
(1) =

Meta dynamics (E4FIH L7261E LT, IRAWKFEO RN —Fm &~ B 2580 LE T, B0, CaHe
DI OEAEIRSOEZEY EFEd, CHeZ A%, trans 1-3 7 X Pxy, cis 1-8 JX YTy, v radTy
D 3FADLERGEN MO TNWET, V7 0 7T AR T, trans 1-83 74 & V= TR D53 1 T3,
cis 1-3 77 P ATFIIRICITZR BT, 2 Hfi % 30°1F & O TG N2 E 7o T3 (gauche AU, D5y
FRESEAZH 549 1R LET, =R, BUWIECY a5y, cs 1-3 7 XY, trans 1-3 7 ZT
YTHY, FORINE LT 1-83 7H# VT URHER L CRIMEEM Th LY 7 a7 T U EARKRT D, HDH
L7 a7 T URBER L 18 7 X D U BERR SN A G (B TERIE), £, 2FEED 1.3 72T
DD cis-trans SUGHE X HIVET, PER - BRERRUGI ML FHRES O 2 292 Z & bR E ke r L —
NHY, 1 eVEEOA—FX—ThHDHEEZLLINET, M, cs b trans ~DOEITZ Z £ TOREEE /<,
100 meV FEOA—F—ThHhiH L Ez bNET, HS, BIRKSICBWTL, 183 74y rnrsry
ETIE 2 B EOEERY, EIREE LTI ERL LD THH720, Hl7eR7T 2w L TRV 9
DIT—WITHE LW EE 2 E T, ZDM% PHASE TELLZ D E I 0ERER L £,
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X 5.49 CiHe 53 F D5 FHEE

FIADFEETY, X 5.4-10 Trd o7 u 77 a2 A LET, ZofiEEY, PHASE (2 L-> CThaiEfb L=
HLOTT,

5.4-10 CiHe /3 F D5 Tt
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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 v 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

A2 lb—ya Nl TELNAHEMEZMELLE T, £1°, X 54-11 1231 T ART 3 ¥ /L% 18,140
[EFREERET LA RS O L R — R E OSSR A2~ LET,

X 5.4-11 CsHe 53 FD B HT- RNV —FKIH

4 5.4-11 £V, ZZTHRLNICTRAF—OFEGIRXIIIT 4 DOLERDN DD Z ENERTEET, 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
DT F—FET 12keal/mol FRE L7V E L. WY, MEIEEEORE LT D & LY K& oL
F—ETT.

X 5.4-12 BELOW 5.4-13 121, BN T ART oy VOEF I ED LB L Qo Tk
ARLTOWET. AN 26, BREFTHIEEEX 27 OIRS N T, X 5412810 5413 L0, /o
T ART 2 V) T00 [T LTl R AR T X VAR > TND ZENBR X 3. 22
5 18,000 [EFEEEDFHTE CIIMRA TRLF—KRE AR L TWET. ¥ 549 bH 05 E 01, Z2TE
ZTCWDRIFT 7 a7 5 &R & Ak UTRIAWEEIHOREZ IRV 5E 3. 20720, ZORZHHR
LTDIZEL DA T ART 2 VOEHDMIEL 725 CTOVET. 18,000 [FIFEED /A 7 ART 23 v L H
DFER, OV 7 a7 X U ~RZoTe Z EMER TE 7MY 5.4-14) CRHEEK TS E Lz,
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54-12 2 A LA T ART 3 % )VBHER D BER

X 5.4-13 REFFEEEEL A 7 RART v /VEHEE OB R

5.4-14 (a)7>5(d) F TIZ, Meta dynamics 32 = L—3 g UHIZSEZERIAE SN R FEEED AT~ 7> a v b
EZRLELL, ZTTORLTWA LG, A TART 2w VORRIT K o T2 7253 FREEDNEBL L T D
TG0 ET,
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5.4-14 Meta dynamics ¥ I = L—3 3 S X > TEONESHEED ATy T a v b. @ A TAKRT
VRV 2EES (b) A T ART VUL 690 [BIFEHT (©) /A T ART L% /b 1,600 BEHT (d) /<1 T R
BT %)L 18,070 EEH

5.4.3.6 FEHICEHITAREN

Meta dynamics 75, T XCOEERT vy /L EAGDETCRIHT A2 Z ENTEET, L7 DIFEEHT-
WHEHRBITH ZEMTEET, 2L, BEHOH DFERESD T2 OIZIIFRG R &L BT VERH D 7,
L) DWHNEATOSE, MRt Z A 2 7T W E LS EA5E, st b L7 B Ok
AR T 7 ANVDPFIE LIV AER D £3, ZOHEIRELS DT > 7 Ot RT — % ZiikiiA, S HIZ
continuation_strategy CTaxiE L7=F5EHIIES THIHAL 7" 2 1FRk L 7,

5.4.3.7 2530k
[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)

WHY WLk NV RES n 2R L+ 5B TIEEE oL T, QSN IV h=T v & HTRT, B
A TR D, — BB ORFPERIILI T O L 912k S5, i

i t+At
dk(r,t + At) = exp (——f dt'H(t’)) ok, 0
h t

D ORHPERER AL, Refl0EIs L OFREBIEEBI L Catlafi L CRdER R S, ThEiuke 72
UEFEDPER ST D, IR ERISIRARIFIRRAL 2353 N ST AUTIRAD K D ITEITE 5,

ok(r,t + At) = exp (— %AtH(t)) okt

SHIZ, BB D e LTT A 7 —BREMER SN D,

exp (— iAtH(t)) = Z l <_ iAtH(t)>N
h LN\ h

ZOFHEOS A, RHEIEIREAL & RIIBAUIL Noax BEBILATI ST A—2Th Y | FHRRSE & FATRAHO
HaWEEE L CREEERET 2 LE DD,

JFERIZIE, SEICRBW T IL~ s T A v~ U EFR L, 2O TRALEO X A7 A%
FATTH L BARECHD, (L, AT BT MUTFESN TR LT, FEIEE LIRIECET 41
T AFHEEAT).)

5] =0 OFI—FE TIERINE, 7227 4 PHASE 12 &> TR 55 FECRREO— 7B TR FlL
TR 7280, ABREFATRNC DFT VAIC X 2 FECRREOF A A CO DR $H D, K71 7T LTI,
FEFCIRAE— B FRBIRRG (@, t=0) 2 LI T L S ITfirils 7 | S5 2 LATE S,

Pr(r,t =0%) = e TPk (r,c = 07)

ZHUTEF =0 BW OV AER A RICH- 2D Z LIS T 5, FREZINCRBOTHIR-E—A 2 hd®) F7-
ITEREEJOAEE L, BIXAT IV A I 2 lb—a VTS, ZIVSOEE R OB S IEE
~NET =V IERT D T LI Lo, IR L EE S PTRE A MR AR « SR AT R VTg EONEFYE D
ROHND,

5512 AJ)/RXT A—H

LIRDOAND S 7 OpiE, FIRRIEL LT Ix Fa~KE & 0.01 JFFEALOT VX BB OV 2 E ) 2 RICE 2.,
[REEIAN A 0.1 Ji-7- BRI A 7 77C 1,000 REE] A 7 > 77 (822 X = b—3 = UREH] 100 JR-7- B
@ RTTDDFT #HHEZFEITT 24T, 7272 L. DFT {EIC X A HERREOFHE NI L TV HIED
RTTDDFT #HENFATESNET,

postprocessing {
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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
}
}
INT A—=H 7 7 4V Ml i)
sw_rttddft OFF ON : RTTDDFT #HEAEAE T4 5

OFF : RTTDDFT HEQIRE TR

time_step_delta 0.1 (R-HfrREH) IRF ] BRI A
23 2 b— g UHFEIE, time_step_deltaxtime_step_max
L2 %,
FEERIIIZIZ 0.05~0.1 - BRI O HERE S v %

(1 JEF-HRE 33 L2 0.024 fs)
K& 72 time_step_delta 25 E LIBT3 A H 1 SN D
ZERHY, FOHAIMEE LV /NS ERE L CTHHET D 4E

D5,
time_step_max 100 (=0) FHREIBE 248 795 £ CoORFH BRI
GHERHICY a 7H2IEFKE T SH5H Z 13T 7220 (nfstop 1
Rel3ERANA]) |
WIMRREARR [0 2 BREOT SV A BBHGE () = Eged(t) 1 (B9 537 A—%
INT A—K 77 4V MHE B
ext_pulse_epsilon 0.0d0 HBLORE SE,
ext_pulse_kx 0.0d0 EDI Xe
ext_pulse_ky 0.0d0 EDIRXe
ext_pulse_kz 0.0d0 EBEDAXe

5.5.1.3 BHEDIFET A

FPE BF O SCF #HEAZITWET, ZORKE. sw_rttddft /37 A—X 3 off ITHEL TREFET, #BED
SCF BFEET L7z b, sw_rttddft /87 A—%% on & L, SHICKEIILUT rttddft 72w 7 OFFE T
A—H EfwE L, control 717 D TF® condition /N7 A—# % continuation |ZiXELET, ZDX D AREK
ExE LD, @%@@ PHASE DFHEZFEITT H L TDDFT FHENIATINE T, @PTHRTLE
RTTDDFT #HIL, PIESORTE (ext_pulse_epsilon, ext_pulse kx, ext_pulse_ky, ext pulse kz) %9
_TO0 &L, condltlon—contmuatlon L L72F £ T PHASE #3797 40UTH 2B TEET,

5.5.1.4 FHREHER
HERERIY, 0T 7 AUSGEERESNE T, UTFDX 2, BAT—A v b L EBIREE)GFA AL Ciodk S
ij—o

# 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

=D& D 3 DOEMENP IR T-E— AL FD x,y, z Koy, J=DHED 3 DOFAENERBELED X, y, z Ky
‘(“j_o
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FHRAE T2, IRHRIZEE) D FERSEENC 7 — U BT 5 2 LI L o TARY MLA =L X —0R S E LT
HZENARETY, ZO7—) 2B EETT LT T T LD —AT— KA sre_spectrum D FiZH 5D
spectrum.fo0 T39I, ZDO7' 1 /T LB, EHERNZ Fortran90 2o/ T—IZL o Ta v " v 5 2 &0
ARETY, ZORIAETL. Ty T (BEET L7 RU—L LT ft LWOT L7 R —Z/EkL T
FATT 500, FT,LUFOIINCT 4 L7 N —ft ZEkL, 207 14 L7 N —O NCETEE ORI
HL7- jdata &V ) 77 A LV EERR L E T,

mkdir ft
cd ft
% grep ”J=" ../output001l > j.data

o

o\

jdata 7 7 A /L2, RO L HIZ 1 1THIZ time_step_delta & ext pulse epsilon Zhlz . & 52
time_step_max Ofiz 2 {THIZINZ 9,

0.1 0.01

1001

J= -0.2999128661 0.0000002015 -0.0000008972
J= -0.2970981909 -0.0000022160 -0.0000000155

ZOT7 7 ANVEERLTZ6, spectrum.f90 %22/ A )L LTc AU — (Fz& 2IE aout) #3TLET, fER
ELTUEL, UTO7 7 ANNBELIET,

7 7 AN i
jout EEPTEE & IR OBIER, Ix(b) Jy(t) Jz(t)
p.out AL SRR 1B — A o b LB OBIR, Px(t) Py(t)
Pz(t)
pw.out 77— ) TR ST T — A > b, Re[Px(w)]
Im[Px(w)]
abs.out RGAE— A > NREED AT L

5.5.1.5 f3ifH

il LT, _eByyt (¥ 551) @ RTTDDFT FEBIZHTLET, ZOFED AT 7 7 A /i
samples/tddft/work_benzene LA FiZ&H Y £7,
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wC

—

B 5.5-1 NBLoTFORTEE

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
LI=Fmx ko T =V o LU LT 50N AN ALYk (abs.out DFEEDITX 5.5-2 TR4EY T,

180

160

140

120

100

80

60

absorption (arb. units)

40

20

eneray (eV)

5.52 APREIZ K > THOLNDPILART b v

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

® IIVARGFIUERT I NV LTS ES Y, UV T YT MUEERT ¥ MIATHIE L T ER A,
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FFOELPT=y MEAHNINLET D XD IZRFEREARRE L, 5 3 Fe /e BZedll CH E oo =
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-A=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+
JV MElX on, DF VATV T IR Z/EVELET, Off L9752
Lo CEFIRREGHE DI M A ) E S5 Z ERTEEIN, K 10ER
LCHRI R Y hERIL TS, W) Z EEEICIIh v b7 =
FNF—=DIPIZTZAEL L CND, &) T LTS T D AITEESVETT,
Flo, TONRTA—F R off LD LHkGEIRENTERS 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 T97, sw_uniform 7% on DIFEITA L
AT VDR EZZ DO DACHE R S E T,

sw_optimize_coordinates_once | JEFHlE OFE i 1 B H OADOTFHEFOS TV A on & LET,

708, %Rk TDHEINCANVAT U IO v M4 T 2 VF T DU IA e D EEOGE R H U £,
A RNVAI =S AERT RV —DI = AR —ELRWGE, BEOL Dy MR+ ThD 2 ENER
LHbNET, 20X —RAZERLED, ARLATUYNED Y bE TR —DRHEE L ST
72712 ZEEHERE L,

5.6.1.2 FHEAEROH)
FEHIT output000 7 7 1 /L, nfefn.data 7 71 /b, nfdynm.data 7 7 A /MIFEERSIVET,

output000 7 7 A /UL, A NV AT YRGS ET, LTOa~y RICL->TEDFREMET5Z &
NTEET,

% grep —A3 ‘STRESS TENSORS’ output000
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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

WHEOHEOEAEA N L AT U YANR T SNDDRTTR, AHEFEZFIH L COAESITIA L AT Y
NOJERENPH T S ET,

nfefn.data 7 7 4 /VIZIE, @FEY 2T VX —CFm A< TIOTKEDITH, A B L AT VO KAE
(sw_uniform 7% on OEATIRHAEROFIIE) MNicdkSnEd, 72& 20, UTO XS HhnEonEd,

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

11 18 -181.4043211413 0.0020128619
1 2 27 -181.4043355689 0.0015666906
1 3 36 -181.4043464493 0.0011267018
1 4 44 -181.4043509953 0.0008837770
1 5 53 -181.4043582176 0.0000137026 0.0002326236
2 1 73 -181.4044226903 0.0000645338 0.0002272841

nfdynm.data 7 7 A /L HIEFE O L O EIXEE U TID, @FOFHREOGEIT—E LK1 e v~y Z—),
TART MVVEESID I EIET,

#

# 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

# (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 0.0000000000

# b vector = 0.0000000000 8.7672856463 0.0000000000

# c vector = 0.0000000000 0.0000000000 5.6429940606

# 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 = 1 111 )
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
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6 —-2.663907294 0.000000000 -0.001773 -0.001773

-2.663907294 0.000000

5.6.1.3 Z1&45] - LF LR TIO:

ARG A=B T 7 A MAZ, LFOX S eiEahi L Lz,

® v AT xx/LF—|3 80 Rydberg

® BURT ¥ UIAR—F YA MIBWTA STV S Ti_ggapbe_us_02.pp & O_ggapbe_us_02.pp

® A EEDRE LA ERE ; AL BFGS 15, BGRCHIE & 72 5 JIDFRKAEIT 2e-4

® IR FECES LU ER Y, MR — 2 ~X—Z AtomWork  (httpi/crystdb.nims.go.jp/) (ZEFRS
VTN LTI TI0 DT — 4 ZER

® WENESE Y WN—, B I XY HEEET, T 740 MEER AL

BH LA > h A7 2313 —% 80 Rydberg & HHHGHIRZ 726D TT A, #2ibkd K 912 TiO: DELAEIXZNL B

VILEETHDH EBX DIVET,

nfefn.data 7 7 A /VONEIL, LATFDXL T F LI

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

1 1 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
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

FUY, R AEEORE LN 5 [BIEE S TCWET, TOMA VAT Y WUIRHFEZRDT, 6 FIHITZEMIZ
7o TCWET, 5 [BIH CTHRAE< IORKEDNFEL /NS s 2DT, AR SE-OBICFHEIE
ITLTOVET, TR, Bk bo Bk a3 1 51 OBHEN 2 1278>TnD Z ERbnh £7°, £
72, 6 FIBIZA ML AT U Y VORKIENFEFRSIVTCNET, 2 HH E 3 FIHOEHMRAIE L2 S THIR
FAAB < TIOFRNETBMELL T 72 - 72D TR RO i I X S EE AT LR, 4 FIHEBARZ MLVE
PR IEZE 5 T2 T2 D TR TEEORIE LA TN T ET, O L ) IO b & MBI UT2R
FEEREDFEA LM TN O ORI T L, '/VOTHERLS 12 [BlE7eo7-L ZATA RNV ATV Y LORK
TEDBEELL T & 72 o 7= DO CRHAIINBR Lz & A7 ST T L OV ET, Bl WICROERE 2, RIZE &9
F L7
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-181.4042 . ; . . 102
total energy
ey max. stress
181.4044 | T 1
-181.4046 |- 1. 4
= 110% —~
= £
g -181.4048 | ] 3
@ g
£ -181.4050 | = 3 £
5 {110° <
2 .181.4052 ] 2
@ = @
= | o
S -181.4054 | 1 ;j'
: 1 yn€ £
-181.4056 - 10
.181.4058 - CTETEe—e o & o—D
-181.4060 ' ' ' ' ' 107
0 2 4 6 8 10 12

unit cell iteration

X 5.6-1 HENRASEEVOBRE, F8R : 2T RLX—, R X NLRT VY LOBERRES.

LETKEFERNT, nfdynm.data 7 7 A /WGBS NV RZED BT MVEHOFENPO S EDDH T ENTE
*9, ZOFIDEE, a=87934bohr,c=56164bohr L5 HIVE Lz,

@ AKNLATUYNED Y AT F—

A RVAT Y ME, BT —OF ) E LTl v b A7 R X136 LTI L3 B MEAA B
DEFT, FlE LT, AT TIO: O, FEIHEORSFEE CHA LA NV AT YV ey M T 2RLF—
DOERZXIZ7T ey FLE L,

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

1.0e-04 | | |

stress (au)

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

5.0e-05 | g .

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

cutoff energy (Ryd)
X 5.6-2 NFAREITIODBED, A RLAT U INET Y MFTZRVE—DBEHR

K Ho0b K512, By b4 7 50 Rydberg FREDEAA R L AT U Y VOFFERREEESTLESTWET,
ZDr—ATIE, HABRENRLIZA NLAT I NVERLT-DIZE, H&IKTH 80 Rydberg F2EELL EOT v k
F TN —=PUETH D Z ARSI NET, ZORPUE, 5.1.1.4 TR LIMIEIC K> TedET LD T,
ZORBEE L TEHHATLII Yy M7 NF—2RDDH LI LT EENY,
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57/ >0 ZT7RDFE. REVEEREERGE

571/ >3 =7R0OHE

5.7.1.1 HEREDOHEEE

W OHE T, IR E— A FORESIL, Ty 7« FUAE VETBEOETEE I, 0N
X |ZOWTIIHESNE A, MEXFTEETA-OITIE,. 1 DOEERIEDT v TR OT T v AR5 b
SEHNTT B, T 2N A Y ) — L TETHVENHY 1,

‘//er(G =0)

[Wr?k] — lr//er (G = Gmax)
729 wy (G =0)

ve (G=G

max)

U LA

r)(rlwa)

DI, AV AR LT 2x2178 700 &9, £z, RFHIREMEE L O E—A > M,
Ne (1) =Tr[n(r)]=n" (r)+n” (r)

)=n?(r)+n”(r)

rny(r)::i[—n“ﬂ(r)4-nﬂ“(r)}

m, (r)=n"(r)-n"(r)

N ()=t (v
nk

3
X
—

-

LR FET,
5712 N/ A—%

Jra) =TROFE, $Rbb 2 fHAE ) =V TOREZIT 9123, structure 70 v 7T
“magnetic_state = noncollinear “ LFELET, F72, FEFAEDRFERE—A > hDOIFMRIOYIGE
%, "mdx mdy mdz” (ZFSELET, FAHE LRWEGEAIL, z Amzn WL ET, Rt —A 2 b
OIFOFIEIL, “theta phi” (B4 : degree) CTHIREFIRETT,

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
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5.7.1.3 ftEME RO

BEAEH TR, LR O L 9 72T — A > MR AR S E T, Tot, Mx, My, Mz 1X, ZivEi, RPT
IR BATRE R OWIRTE— A v R HAMINTRE LADLE-ETT, ZhbWNTEE o EIC L A s damT
—a—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 VENEMHRE/ERGTE
5.7.2.1 B¥REDREE

2 A ) —VSEHBIZR D DIE, A BN ZBET 258 T, AU HuBMAEHI,

2
_ h2 2lavc(r) L.S
2mc r or

soc

TREhET, 227 V(N 3EFERRE Y OB AR T v T, 20 Hamiltonian %, IEHEESRD 7

o PR T 2 A RS ORNAREAE 2@ 5726, 5.8.1 Tl L7~ 2 iy A ) —LsLEB T 0 £
—?_O

5.7.22 NIy A—=4

AV EGEF EVERZFIAT 51213, accuracy 7 v 7 INO spin orbit 71 > 71T “mode = pawpot ¢ & Gt
LET, ZHEBNE, /a2l =7 ROE ERERTT,

accuracy{

spinorbit{
mode = pawpot
}

5.7.2.3 FHHEERDOH T

A ANGEA AVERNC L D= v —3, fEHEH /)12 ESpinOrb_old, new TZFRSIVET,
BB, ZNHOfEIL. a2 A UEZ CPPFLAG (2 -DUSE_ESPINORB # DU =35G8 OAFE SN E T,

TOTAL ENERGY FOR 53 -TH ITER= -41.454944288742 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,

y4

X
X 5.7-1 A v B EAEREEOHBEFI DO FHE

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), O EMEEDOL & 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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0.1 0.1

spin-orbit: on spin-orbit: off
0.0 0.0
heavy
N hOle ~
> =
L o NC -
> >
(@) (@)
© O
02 . 02 - .
c light -
LL hole L
-0.3 + - 03 _
split-off
0.4 0.4
<100> r <111> <100> T <111>

T EFRANNC I 0ELNTZN FREE T, AXIIA BB BB Z 5B L7V W RiE T3, A
HUEAHAAERIC XV gamma SOMGHEDMET TS Z ER000 97,

5.7.2.6 ] LOEFE

® AU UHLEMHALEHZ AW TR —HIRAT O rh . S EL E DRI ENDLZ L2 BRI LET,
® smearing (23 T method = parabolic DFAMEFHAJEETT,
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5.8 ELNES / XANES f#fiT#sae
5811FXL&HIZ

EELS 135 -5k 233 DD = 1L X — L2 HIE L, XAFS TEEHC XA RS L= N S A2
7 "VERET AFEBRFETT, 22T BERRHANT X HUC kT NEHAIRREI B T D B
gl LET, F7o. JRER T R —E8RO T T, BT, I 1 ﬁ@x«a MUEEEFRT D B0 L
F4, 2o L F—fEE i, EELS 13 ELNES. XAFS i3 XANES LIEIHCWET,

ELNES & XANES O _Eor s L, A -mod & T UFO X 9IRS E T,

5559 Z\ q- le\ (ELNES),

* (XANES)

GE6Q &

)
= 2|i), | F) 1Ak CLEERED) &HORIE (b DR TOWESET IO L, JE SAIRREICER LRI | q
IR ERGEURA 351 DO, e A X BOIE~s MyThs, Li=ni->T, XANES O
ELNES #5HCTq % e LA 37, P g, ) 2 DRIEn k CIRES DI By, )~
g, SR 1TRE,

AR AT X (CAATIR

a ¢;|>)<F~)| |l/;nk>'
@
THEZBNDHbOL LET, 22T £0H 1L, BB softpart D%, 2 HTERT v v L%
A2 LI L BHIESETY, |¢h) 1R FBGH | ORE I, |4 ) 1R FEGE | ORI CH 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

NRSHTODERT v /W E WEBEICBIT D FME EN T EE A, 2072, 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

PERRLET, 2B, WINoBERT vy HERIZBW TS, CIAO DAT T 7 A /UZ,

| sw_write_core to valence 1

AT AVENDH Y F9, F—U— RKIZHOWTIL CIAO O~==aT /L%,

5.8.3 StEDiIN
HENILL FONETI TVVET,
O FERE (A) @ SCF &5
@ WRREhERRE (B) @ SCF #H&
@  PRKETRhEIREE B) DAY MLVEHE
DL@ThHELNTZA) EBDOETRILF—7E% AT ~MLOWIIGT L —E L, @DFHEIZKMEL £,

e, FTa~r RiE, OFOO? SCF #151E phase, @D ARY FLVEHEIL epsmain ZffH L E 9,
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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%, WE A ST LT8R T o v L2810 T4, PEEibEdikaeE (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
SHLHRTFOEFEEELET, FiLoLi2 (F1FEHOR - ThHAH72D atom_id=1 & LTVE T, £72, orbital
WX, B8R T o v v BRI ZE AL AN HE 2R E L £, ZOFITIE orbital 12 1s ZFEEL TRV, Li
KUilZdlF 5 A7 MVHREHR SIET,

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
Fh, TRVX—MEO Fig, B, KOS5, HALE hartree T,

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

303




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 28 EL ¥4, £/ . FCHGT 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—IT e low ZNNZTAE T, spectrum (TAY MAGREE, T 720 BiFEBHLORER ¢, (0) (TG LE T,

# 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 s1E =
58.7.1 LiF #E5ho Li Bt Ko A~r v

BlgEE LT LF figho Li i Ko XANES A7 hLasrR LET, dHEFHIL, samples’ XANES/LiF
<9, FEI
O FEERRE (A) @ SCF &4 ( 77&/1/§7°% : scf_ground )
@ WEkEEIREE B) @ SCF A ( 741444« scf_excited )
@  WEFETRIE B) DAY T*/l/ﬁ‘ﬁ— ( 7454 : eps_excited )
DNETITNVET,

AR MVEEIT k. SEEEEC L TITHY 2 HERR L9,

St
& .
S
NS fi‘ a =
o —8—0 i =
®©
R L e L -
5 -
e n e
" “corehole ..‘5
A= !‘?_ e e @
2y
B e
O

60 6I5 TI’O I75 80
Energy (eV)
5.8-1

5.82 (&) LiF #&fk, (R)A~<2 bv

5.8.8 3k

[1] S. -P. Gao, C. J. Pickard, M. C. Payne, J. Zhu, and J. Yuan, Phys. Rev. B 77 (2008) 115122.
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5IEFERTUIYIL—FENIIal—Yay

5.9.1 #&

PHASE/Q |2 X 58FEDOY I 2 b—a T, S EOHEZITOET, ZIUktL, LR 7r v v
(7o IZRVX—) 2—EL L, ks FiiFEy I ab—yal, NEB GEREETH[1]Z &

INTEAMERE (constant-mu 1£) & PHASEQ [Cidfib -~ CWEd, ZOEE, Iy Iat—y g g

fLLE,

592 AJWNSA—3—
(VR T oY —TEDY I 2 b—a U &EITHITE, accuracy 712 7 D FIZ fep 70w 7 Z/ER L, IRD
FID X TREEATNET,

accuracy{
fepf
sw_fcp = ON

mu = -0.1
relax crit = 1.0d-5

fecp 78w ZITRBWTERARER/ N T A—Z X FREDE Y T7,

TEFART e = TEDRIREAT D InE D EFRET 2 AL v FTHAT

sw_fep Az on & LET
B— s NI DALFEART v e VO A RV — DB THE L E
.. T, FRNCEFOHAE CREEELZHAE L T, 721 I3 X—ik
NDOTFNX—EHEOSHE IR E AT TR ERELLT N
TL X9,
temperature 1b%$?v@»vw%%%%¢ét&m>%ﬁﬁ@i@ﬁﬁ%ﬁ%ﬁbi@;ﬁﬁl
BFy R 2 L—a VOGRICEROH HERETT,
qmass M%K?VV%w%ﬁﬁﬁétb@“ﬁ%@i@%ﬁ%ﬁﬁbi#@ﬁ%
BIFET I a2 L— 3 VOGRICEROH HRETT,
rass (EFRT X VR 5100 “GT0OER” #HEE LET, H 18

FPEL L 2 b=y 2 L OBAICERO D BRETT,

SR L OBEOWACHIESRFAIEE LE T BN DLFART v L
DAL & 2 —77 > S OMEDOZEDMHMEN Z Z THRETHE LY b/hE <
STEEARITIR LT & e SvET (ZHEBMNS, @ ORIz
HNHCHESAE BB SIVET),

relax crit

tot_charge first | NEBFREOBRZ, MmOV 7 ) BIThHx HEmMEATRE L ET,

tot_charge last | NEBFHEOERZ, #ADOLV ) NZE 2 DEMARELET,

B, AHBEHREZ ST (Pa T 1 T5) Bond (PrETRYY) ERAANER S LThizx @it
Bal1) (Varz2&35) HA, a7 1B 0 Gxzmu OEEITRRD 7 oI =X —n (Ve
721260 BoiET, WL, SNHERE G2 TEFOHREEIT->T (Par3L795) Honi-7 =
THLF—ZmulAFEL T (Pa 741280 ka7 &, HoiLdEmiLb &0 (a7 312k 5)
SR & IR DEM LR £, ZDX IO UOEDEDLRWEERMESND DL, T ThWVERTE 5
2 DY EIIIER O 52 FPNFEDLE L B 5 DT, =X NX—DFRNELT 5729 TT, DL2EDE
STHERAEBLT-DITIE, INBER A G2 T-3EICOWTUL RO X 9 BRRiEL Nz, WIIEM O EHEE2 b
DL TLEENY,
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accuracy{

sw _add gex to initial charge

= off

593 5t&ED

o=

=T

i%?@ff%ifﬁfa_{ L L IEFaiFs Ial—va y@%&ﬁé Nz, ALFRT oy —EDY I 2 b— g
REXHELT- 6, WFEY PHASEO 2T UEHEZITH) Z N TE £,

TEMNED L I LTZDNE, UITOEHTHAND Z LN TEET,

A

% grep 'Total Charge' output000
FCP : Total Charge = 31.
FCP : Total Charge = 31.
FCP : Total Charge = 32.
FCP : Total Charge = 32.
FCP : Total Charge = 32.
FCP : Total Charge = 32
FCP : Total Charge = 32.
FCP : Total Charge = 32.
FCP : Total Charge = 31.

98942095
99795170
01254363
02605805
03237025

.02886985

01742419
00372842
99503316

Fo, AEFRT v (T2 I T —) NEDITEMLTENT, LTOEFE TN Z LN TEE

R

% 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 f5lzE

FEFICHMZ B E LT,

) ay 8 FETFOROSTENTFEY I 2 b—y g 2 BFEd, ZopEDAS
7 7 A3, samples T 1 L7 ;U —@ FCP/NVT nose_hoover (Z& 1 F7,

ZOFREDAS T 7 A g, FEARRIZIE samples 7« L2 kU —0@ molecular_dynamics/NVT LA FiZdH 25 HD

& RTINS,

TWET,

AT DX AR T v v—ED i 1F 2 2 b— 3 U7 EAT O T O DORREDN i S

accuracy{

fepd
sw_fcpopt = ON

mu =

9.0e-3
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mass = 1000.0d0
gmass = 4000

}

ZDOANITT7 7 ANER LT, #@#EiEY PHASEO 254 794uU iﬂﬁ%‘f?‘//ﬂ”ﬂ/—ﬂi@%—ﬁfﬁ S UPAE
S lb—arEB(TH T EINFRETT, ZOREE, 728 2UE 5.9-1 IR TR O ICEMNY R 2 L— g Uik
Ax LI LET,

32.12

32.10 - } 4

32.08 ‘ }
|

Il
\

i i
u“

31.94 - ‘ 4

32.04 - ' l " "
\ \ l r|
uww* Il
\UM MH il \\

woouv

31.98 “

‘ ‘ ‘ | \" (.-
I i | ‘”‘f””“‘u‘\”u/‘f I
U

32.06 - | w

”
‘\

32.02

‘H\
1“\\‘

‘HH

instantaneous charge

31.96 \

31-92 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

MD steps

X 591 FENIFEY I 21— a VHROBROEL,

595 FHLDFE

ARERREREIE, TN C OB L AE D TRIT D Z L ANATRE TS, AFHHEREREZ R 5 L EmrhiE Tk
TROFHRAT 9 2 L2 D RIS HEES LI T, Akt (ESM L 5.3.5 M) CHEASAF % pel (i
o ESM 3 &J8) L9258, B A BAIROMEEROEELZRV RS b Taxd,

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).
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6. PAW (ZIZ L BEHE

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 E2FIHT 572012018, PAW A7 > Vv VERIATZ2RERH Y £9, PAW R7 vy /U, AT
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 DS, KEEMOPNGTEZEFETAHZ LIl o UG A2 EIEAZ LR TEAEAERH Y 17,
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
HEHOT—2%EEL, ARAEEIXLERLVET, ZOT77ANVDOEED T 7 A4 V41X
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
DL NTBGES OB L E T,

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%, TR TOUFHIZHOWTOHEIK T L= EICTRNT—FT —F 7 7 A NEFEET DL =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,
FEOERESOLNIZEVIREZX 6. 11RLET, —RLTHLAYRE 912, PAW EE US¥EE CTldi7/e HEV i
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 GERfEs D
—ERI) G0 FT,

B 6.1 7 n D EV ik, 7825 PAW ORER, R US DR, EFETALIRBE =¥ —%
IRVX—DFERE LTS,
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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 ZORBEZRLESELHE

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 THI G 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]

311




® UVSOR-Berry-Phonon O#5H%RE
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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 =0 LGSR ERIF LI2T A "M LET, X 71128y b A7 =g F— b 2 gL X —DRRER L
i_j—o

71 T = MERDOEED, Iy bAT7ZRNF— L2 VX —DR%

BB BRE DI, Iy M7 NF—%RELTHLELTRNFX—DVNESL 72D, —EDMEIZPERL 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—TCTrHliT 2D T2, (ST OOEEDORTRNF—D7E7R L) FI =X —TCTrHliT 25813 L /&
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, kYo7 o 7B e L F—0R%E, M 72 10RLET,
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X 7.2 TILI=ULEEOBEED, k 8E 2T RV F—DRIR

=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
VVEIZIE TEESVETT, X 30 DFITEH, BT RT RLF—0RKE L BRo THBITRAE S TWND Z &S
nE9,

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, SiO2Zxt U CUHCHIE 2 2L S W72 B O E T TR A HE LTCLO LET, ZoXN5,

NEWRSE 5720121310710 hartree DA oD,  FHigagg LV CRHIENZER 40D 2 &30 0 £,
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X 7.38i02 D, WHRHIE & SIDRAEDB R
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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, /2t I EhREIECE Hif

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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7.4 FEIEERE Y )V NI K BITEDE & D ErEsk

= 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 %

Tl e V3R LIREECT, S8 ICRAE) S B OFE /2= r L —T9,  SCF FHEATIE, Z0FEANR Y SLoD
T, TRAX—PMENEE, EMEE 720 F9, IT8RMAREE M0 IR LB CRANERITEERNO T3,
1[alB7-0 OFFFERIT IR EL, LI, ROV, ZXNKEL DL, ZOTHRIEE LEHTE <Y
F9, SERNIZE, BF T rmms EAEATT 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) Fifi

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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I N)—=DOYV 7T 47 M) —IZH 0 T,
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, 3 ITELOE LT, RIUETFRENRLTWAZ LA T D720, BH-
BTRNLFX—HLHOETEIRLTWET, ZOFITIE, [EREEO &2 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
EEETDDER SN Lo THIHMEFZ L LET, IRLOHW (L) H5E, ERRoRER)s L a5
(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* ;
0 dev —o—
5 1o v1100

10 ‘\j

100 F %
10-2 L

10—4 L

dE (hartree/cell)

10—6 L
10-8 L

10-10 L

10712

SCF iteration
X 7.5 WEEEK Y VS LOBREE I X — O BERE

TRARDSAKEREDFE R, F8)S PHASE v1100 ZF ) L7-fsET1,
X2xBH 528 X 912, PHASE v1100 2535 & EhRSE Y Vvos— « BB EIRATEORRE L LIRWET
ABIEZNRSED Z ENTEEEAN, AERELFIAT D LIRSS Z R TECQNET
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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 PRIV 2 EROHEE, 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 &

NTWDTHAZ L > TToTVET, WL ODDRIZBWTAMREZEH LR 2R LES, Wihosr—=x

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

FFt#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 Vi%., OpenMPI, IntelMPI, SGI MPT 72 2% LTV ET,
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 LETIVDOFRD & &2 [Serial ] Z3ERIIUEMPL 74 77 VU 2EH LN TT 0l T LEERTHZ &
HTEET,

%9, PHASE/0 /X /r—” phase0_2018.01.tar.gz %= PHASE/Q %1 > A h—/L9 57 4 L7 FUIZE L TL
7230,

$ tar zxf phase(0 2018.0l.tar.gz

74 L7 bV phase0_2018.01 (210, A A h—T7—%FHTLTL 72 &V N2 Kothiild install.sh, 3 YothillE
install_3d.sh ; A FIE 2 RIthiROH1)

$ cd phase0 2018.01
$ ./install.sh

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

A LA FDNEIDPHNTEETOT, TS AESIT Enter F—2HL TS 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]

g B a3 g T—O—ERFREINETO T, [ntel 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 MERTIUR, fTHA
JIETIZ Enter F—%fL T 720y,
| Do you want to make PHASE now? (yes/no) [yes] |
PHASE O a3 b A VA M= VEBIET 2728 9 W TE £ T, (TH AT Enter F—241L 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
MENTL DT, RERHIULyes Z AL, Enter F—% L T E3V, 7R MHHEZ L7272 51, no
Z AJJLUTCEnter x—2 L T 7230 7 A FHEAZTAT LU CLLTO L 2 RIS DA UTiES © 8 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 7' &1 7'Z ADOEFFIZHVD mpirun <° mpiexec 72 E D~ R&EHWTETLET,

$HOME/phase0_2018.01/bin % EbaZisk PATH (ZBIN L CH< &, PHASEO O7' 1 7T AO/SAZREET
(ZFATTEERITTS
Bourne shell(h—> > = V)% CThiuE . $SHOME/ bashre 72 X112 PATH 3tk L £,

| export PATH=$HOME/phase0 2018.01/bin:$PATH |
Cshello—v=/V)RTHIUEX, $HOME/.cshre |2 PATH Zitik L £,

| setenv PATH $HOME/phase0 2018.01/bin:$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 |

UUTDE 5L T, PHASE #347L %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
9.1.1 A% 5 L phase MET

PHASE 1 SCF #1555 FEISSR A T 5T, S 700K LI BRaiesin S IRIBEIE, S oy
HETHCLTEET,

NIRRT A—=B T 7 A ), RT X VT 7 ANEFLTT 4 L7 MUICEEZ T, file_names.data ZffiH
THEAITE, FNBFEICT 4 L7 RUICEW TS EE0,

17atyd (1237) OBFRFEEZITIOLAEITIE, KOXH1I27 87T L phase #FEITL E
9, ”../../phase0_2018.01/bin/’}Z. PHASE 734 > A b—/LENTWEF 4 L7 U TF,

o\

../../phase0 2018.01/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 2018.01/bin/phase ne=NE nk=NK (2 XIthi)
% mpirun -np NP ../../phase0 2018.01/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

9.1.2 7045 L phase OFEtEA T a
9.1.2.1 / R, k sl
WHIFHE (N2 R, k A8 Clid, 2Sv RIFIEE NE, kS5 NK 25E L £3, NP=NEXNK &

W) BEIRBERNL L TV AREDRH D F97, ne,nk EW)HIEIIEIKET S Z & LAEETT, FOHATINE=NP,
NK=1 2HENnFET,

$ mpirun -np NP ../../phase0 2018.01/bin/phase ne=NE nk=NK

WE, S0 RIESE YD b k SAPIOFDRRNENTT, Lo T, Atk AliaE Kk&<745
ERWEEZBNET, 72721, Brillouin SEENIZY > 795 k SEITRDIKRE 72 D13 8072 THFIIT
720, 2Ok mEBHBVT LHFHTE 57 0 2 TEIY Ul b bl Tlidvyy MPL a2 5oy 7Y v
kAL BRELRD) LWV RITEEDMETT, k fdk 0 b NK OEPRRKENWE T2 7, £/,
k SN NK CEI BN 22 A TR 28 RS DIV ER A, £ 2T, SIS U TRy RIS
AL GHAEZFATLTIE SN,

9.1.22 L7V 74

NEB V£ G ET AT IV R, AZHAFI7 AR EDERRIC Z > T L7 DY SR TE S
Sanb0 £, VU BWINEETT LI Toa v R LET,

% mpirun -np NP ../../phase0 2018.01/bin/phase nr=NR ne=NE nk=NK

NR (V77U W C9, NP=NRXNEXNK &9 BRI L COWARERH Y £3, L7V BilFFI|D%)
i k HWFE D HEICEWNTT, k SIS E R CEESVLETT, £/, “bo & BUIROEBENL Y 57
PR E 72 DHDT, ERIHNITLT U SR & 3R 8 A,
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9.1.3 7045 L phase 3 Xtz (G &iiFl) kR
PHASE/Q 1330 K& k A0 2 SFFNT6 e L TWETR, SEEED G oWz &% L ThET,

3R G, 2 AR E AL A =T ko Ta A 52 N TEET,

$ ./install 3d.sh

EITEL, ROBID X HIATWET,

$ mpirun -np NP ../../phase0 2018.01/bin/phase.3d ng=NG ne=NE nk=NK

= 2, NP IHAMPI 7ot 2%, NG 113G S35, NE 1330 R, NK 1T k S5 sa 5k U Ed,
NG & NE & NK OffiL, #8MPI 7'mtX0OEIZE LVWAEDRH D £97,

9.1.4 3 RFThRDA T 3 UIZDULNT
SWTTHE, LATDO X 9 e ExRET 2 212k > T, BHIURIFIEHIE RIS 2880350 1,

(1) FFT IR CULEES 5
SYITTIEL FFT 2304 CHBEL L £9°, ZadH 2 THRFSITUERET 5 Z LI Lo TC, G AITFEADIVEALT
ERRICRAE B £, 20T g AT TOEETENCT L LN TEET,

control{
sw_serial fft = on

}

FrZ ng=1 & a1 3md b iR cE 5472 a T

(2) EMBEONWHRICa S 2=/r—2—%BIT5
3 WothilL, EAEEZEHES LR o 2= —2 =T\ E T, LFOREZid = L2 K> CEEBE
WCHHAD I I 2= —H =580 B THZ LN TEET,

control{
sw_communicator for chg = on

}

G AEFEDDI2WNGEIT, B HICASEFHESFH A ER OB Ed b S v E T,
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9.2 7045 L ekeal

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 I HIZ7 7T hekeal #FTLFET, "phase0_2018.01/bin/’ 1%, PHASE 731 > A h—/L I TNDHT
4 V7 FNUTT,

o

../../phase0 2018.01/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

}

332




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

RAEE FE X DERL

PHASE $25W\\% EKCAL IC X > TIREEEE T — 2 2185 2 EHEkET, iUl 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 =X TCWVWAZ 2% 1s THER L TL 7Z&0Y,

ZHWT, ZOWREEET —% 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

9.1 /YL Si DIRHEHEEX]

P

dos.pl #3795 & EITIRAEBRET —H dos.data DEIZAFINL7=-erange 1335~ 5 /L —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 £ TERLIZWVIESNT,
-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 Tth CRAEEE) O HEK Y ORREAETEET 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 F 7 3V BTN T 2L 2 LoV E I ME A BiRO = 2L X — 1
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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96k R 7 A JLERY—IL  band_kpoint.pl

Ny PG AH W2, RPN > Tok SO AR L, £DOEkFR TOEATR/LF—% ekecal TitHE L
9, ekeal IFkEDT —Z NEXIAENT-7 7 A /L kpoint.data & FiFHALESR S COBA TR F—AEHE L
T, TDRFDT 7 A NOAERE T 571 7 F A7)% band_kpoint.pl T3, band_kpoint.pl DA77 A /L
OFERNERIILL FOBIZ e > TETS,

dkv

blx b2x b3x

bly b2y b3y

blz b2z b3z

nl n2 n3 nd # Symbol

dkv 23k ROMIE, b1xblyblz (W7 Flby D xy,z 85T, WHETX7 Fbby, b3 |V T BRERTY, 1
ITHURS R Rk S & E DY ARV OEEEE LET, VU AVOIREIRMAETIEH Y AN, FEENRH L5A,
N PREERWEROBICRI S ET, By, ny, g, ng @MW Thk~T vz
ny Ny n3
k = abl +Tl—db2 +ab3

DEINFFELET, o AUTHDRITENTIIZSV, HONIHEF-OSEO6 2R L E T,

0.02 <———— k JEORNE
<———— WFEFT FL

<----nl n2 n3 nd # Symbol

RO o

ZHERUTBDONT 4 L7 kU example (2 H DT, £iak 2 £ — L Cband_kpoint.pl #5347 L TAHAE L 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 2VERSIVET, T FREEHEHORROT7 7 AV TT, ZOkEDT 7 AV
ZANNTINAT, ekeal ThARTOEATFLF—2F R L TSV,
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9.7 N\ FEERIERY—IL band.pl
9.7.1 band.pl MEST

band.pl PHASE/0 ® ekecal ®H{/) nfenergy.data & band_kpoint.pl D A1~ 7 A /L3 band.pl © AINZ72 0 F
4, HIEIOASMEICHARL L7z kpoint.data Z AJ1 & L, ekcal THEATRLF—FHEZIT, RSO EA
T ALK —T 7 A )L nfenergydata 78 T 4 L7 F VU example (IZH Y £, ZDT 7 A VEfES TR RHEEX
ZHIONTHE L & 9, example |28 5 nfenergy.data & bandkpt_fec_xgluxin % work (22 —1L, ZiILH%E A
J1& LThandpl #3447 L %7,

$ cp ../example/nfenergy.data

$ cp

$ band.pl nfenergy.data bandkpt fcc xglux.in -erange

Z979%5&, EPS 774 /L band_structure.eps HAERSIVET, ZDOT 7 A NE ZEITRDHITIE, ghostview
Ry EOY T N =T HWETY, $ ghostview

FE s gv

$ gv band structure.eps

X 9.2 L7 Si DR REEEX

band.pl #3795 & XTI L --erange (3FR~T A=/ X—0FH % Hilffd 547> 2, -color 347
—HHEATHOA TV 3 T,

9.7.2 band.pl DA T 3>

7R BTN band.pl & 792 EFIHFIENTR R IINETS
$ band.pl

Usage: band.pl EnergyDataFile KpointFile -erange=FEmin, Emax
—einc=dE -ptype={solid circles|lines} -with fermi
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-width=SIZE -color

KpointFile (@M FHR &l 547> 2 ¢,

—erange=Emin, Emax

FRT DA —DEHE ev AL THRET D,
7L %1%, -10 eV 5 eV FTEOR LI-VAE,
-erange=-10,5

ELET,

-einc=dE Y OfRAEET Do
7o b ziE 2ev RRIZHAED 250 7ouvie b,
-einc=2
ELET,
-ptype=TYPE HEEfEZ RS 5,
-ptype=solid circles : BBV OSSNIZHITERT S,
-ptype=lines 2 ERRCOR (T 74V B,

-with fermi

T 7 )V N T2 N T 2L 2 LoV F Tl ESRO = Rm L — LoV A
<o BETILT z/VI L ULEFIRL, MR - HERCHIUIMMNE 7 Bimox
X =L~V EFoR LET,

~width=SIZE XIDWEDT 7 /L MillZ 0.5 TH DD, FOMELEE LI-WERIXZ 0T a 0%
9, 7=&z0E, 0.3 ICEF LIZWEAIT
-width=0.3
ELFET,

-color 757 kN7 —FRT D,
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9.8 [RFHEEDYLGR trajectory FERXADZEHLY—IL  dynm2tr2.pl

Perl 22 V7 bk dynm2tr2.pl I, Hdisai(l, 281 EH R OT — % (nfdym.data) 2455 trajectory FZ2UZ
L ET,

Y —/L dynm2tr2.pl ZLLTFDO X OIZFEITLE T,

$ dynm2tr2.pl nfdynm.data

ZOXITTHE, dynmtr2 LWV ) 7 7 AL gridmol2 VD T 7 A AIVERRSNVE T, BIE IR DOMERE
ENFER SN 7 7 AV THY, HBEITHICT D EAOERR EDFR ST 7 A L TT,

FCC D7 Y S 7 4 74U S 8 5P A T PRI SIS & L, Hhisis(l L R4 1198 trajectory
WAL, YL LT,

X 9.3 »V7 Si DR LiBfEO g LHI

9.3 DRANIFEAANERHT A 2L L TCOET, NIMBRIZ 75 13, T REEO FF e o 211
YERT 2 JnvhN&< 720, JRAAEED SR b SV T BR300 £97, 93 TIXFV I T4 7L TH
INSIVETA, LATD X 572 controlinp &9 7 7 A /VEVERTHIUR, JFUROBEICE/LOEENTEET,

origin 1.2825 1.2825 1.2825

vectorl 10.26 O 0
vector?2 O 10.26 O
vector3 O 0 10.26
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Z @ control.inp Z{#H L C dynm2tr2.pl T dynm.tr2 Z{Eak7 5 & JF43(1.2825,1.2825,1.2825) bohr (241,
TR R LH3(10.26,0,0), (0,10.26,0), (0,0,10.26) bohr (2720 £4, UUFDL LT, dynm.tr2 Z1Ek

LET,
| $ dynm2tr2.pl nfdynm.data control.inp

7' _R—T )L TSR LIEFED step 10 2R L7273, K 9.4 T,

X 94 75_R—ELTHR LI VL7 Si OEEESE iER(step 10)
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9.9 #RENE L NJLRERLY—IL freq.pl

PHASE OEENRNTHSREZ T2 &, SRR ORMERENT— ROIEF L EA~7 MBSO ET, KRR
HrofEsiE, 7 7 A /L mode.data |ZH /1SN ET, Perl 27 V7 | freq.plmode.data 7> SIEEE DT —Z 2 H
DL IREE L~V EER L E T, freqpl 34735 &, EPS IEXDEIE T 7 A /L freq.eps 23 SIVET,
SNET,

|$ freq.pl [options] mode.data

IV Si OYREIEERHTREROIREE D L~V U2 9.5 (TR LET,

9.5 77 Si DIREEG L~

IR L~V AR BRI FH S L ITHNCE L O TSN, TOBSND_RITIIRIRBOL TR L iE AR
FRS(IR,RIR&RNON)ZS FnSiLET, IRITIINEEZR L, RIZT v AGEZR L ET, IR&R (IHFINE
ML T ATERH D Z L E/RLET, NONIHA LY hE—RTHDH I EERLTWET, Bk S7-RE)
L~ VKTE, BROAMTIEREHEOS em? BAZ CFRoRShE S, BEIRELD & ITHREOIRY BIE )
FEh, BROLEMICFRSNET,

9.9.1freqpl AT 3>

IR freq.pl 23479 % LRIMTEDRFRRSNET,

| S freq.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 CTT,

-width=W XOIEDT 7 /L MilZ 1 THHD, FOMEEERE L-VIEAIIZOF T a0 %
59,
71T, 0.3 ITEELI-WESIT
-width=0.3
ELET,

-height=H KOIRDOT 7 )V MilZ 1 THDHD, FOMEELERE LI-VEAIXZ 04Ty a0 %
9,
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7~ 213, 2.5 ITEE L-WEAIT
-height=2.5
ELET,

-nrep=N

—ODRNIFRT HEHIFRROL, REE— FOREIFRRNZ 0L 20 e &
2%, D EPS 7 7 A VIMERR SN E T,

-solid

ERDOGEICIEZIEFRCT A AT v a v,
ZHUIT 7 4L P TRESNTOET,

-mol

IO Al S WEAR IEFRRIZT A4 T T a o,

—-ignored modes=LIST

LIST D& ZAIZa~ TR T ~F5OE— NFER RS2 D £,
=&z,
-ignored modes=1, 2,3

LB E1,2,3BOE— RIFERENZLL D FET,
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9.10 ZEIRENDENBIDILIR trajectory Fe =R 7 7 1 ILEHEY—)L animate.pl

Perl 27 U 7k animate.plmode.data |Z{H/] SV CWAIREIE— ROBEH T "MV DT —X Zjidriidr, FUER
FOFN AL trajectory TR 7 A T HL L F77,

controlinp & \V\) 77 A NVEMET DL RROBE L BT MLVOER R TEET,
control.inp DFI T,

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

ZOFITIL, TIR—BILTERT AT, FEAa(1.27189, 1.27189, 1.27189) bohr 2L, &/~ kL
%(10.17512, 0, 0), (0, 10.17512, 0), (0, 0, 10.17512) bohr | ZZ&H L £,

animate.pl ZLL O L HIZFATLET,

$ animate.pl mode.data control.inp |

FIREfE— R Z L OYEE trajectory 127 7 1 /L mode_1.tr2, mode_2.tr2, .., mode 6.tr2 £\ H 7 7 ALt
gridmol2 &\ 95 7 7 A AHMERSIVE T, HE5E trajectory TERD 7 7 A WHHRENE— RO ShE T,

23V Si OYREETO 6 25 B OFMEIEEOEA X2 F/L mode_6.tr2 & Al L7~ XA X 9.6 IR LET,

9.6 /Y7 Si DEAERBIDOEARY FL
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9.11 FMET—A ZHEY—)L conv.py

conv.py &9 Python A7 U7 N affioTC, JEET—X Z8HT 52 L3 CXET, convpy IIRIFEITFRIFL
F9, =& 20E, nfdynm.data 7 7 A /L% CIF [Z25H9 5 B X X FRomdii v ¢7,

Cale e 2l

Bl

$ 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. XYz

8. cube

9. cif

10. dmol

11. LAMMPS output
x. Exit

Please enter a selection (0/1/2/3/4/5/6/7/8/9/10/11/x) [0]:

BHGLOD T 7 A MEREARET
% ., nfdynm.data @ % &
phase_output 72D T 1 Zf57E
L, Enter

Please enter the name of the input atomic coordinate file,
or type x to exit. [nfdynm.data]:

nfdynm.data 77 A VDT 7
A N4 % FRE, nfdynm.data T
LW e b 2D E E Enter

Please enter the frame no. (enter a negative value in order
to output all frames when possible), or type x to exit. [-1]:

7 L—LEEIRT D, ADHED
BE 27 1—A) B8RT5
Z LTS T D, I~ XEID
TEODEEERET D &I
EoT, 7 L—L4 KT L—
A, MRREHEETHZ LT
5, 7 L—LOEIL 0 4HE D

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

Please enter a selection (0/1/2/3/4/5/6/7/8/9/x) [1]:

WSO EFeET 5, CIF
DA 7 & AJJ L Enter

Please enter the name the output atomic coordinate file, or
type x to exit. [coord.cif]:

MO 7 7 AN ERRET D,
CIF Oi54A, 774 /v Mi
coord.cif

PLEOEMEIZ L - C, nfdynm.data 7 7 A V5 CIF 2185 2 ENTEXET, ZDIFIND T 7 A VERIT D0

THRBRICAEES 5 Z L TEET,

conv.py EENHZ, LATDOA T a v 2HET 52 ENTEET,

EZZ | 3
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--pack BN ORI A LiIAD E 9

——na=NA afifiz NA 2 L7m A—S—B LA ERR L, 2582 £
--nb=NB b i1z NB {7l L7 A— S—B LA AERk L, ZH L F5
——nc=NC cHiliZ NC 2 LTz A—S—B VAERR L, 2 F9
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10. AHAZ7 74U

101 AAZ77A4IL

1011 AJNSA—=2 T 74 )L nfinp.data

1012 RFoovILT7AIL

BRT YN T 7 ANDT —~ > MIOWTHALET,
BilE LT, Si  T-OBRT vy VOROIOE S &L FIORLE T,

14 4 3 0 2 zatom, ival, iloc, itpcc
ldapw9l : name
2.160000 0.860000 1.605400 -0.605400 alp, cc
1501 96.000000 60.000000 nmesh, xh, rmax
VALL
-0.14250064037552332E+07 -0.14102392478975291E+07 -0.13956251181755565E+07
-0.13811624288404209E+07 -0.13668496105922471E+07 -0.13526851103651347E+07
-0.13386673911985729E+07 -0.13247949320589846E+07 -0.13110662276746516E+07
-0.12974797883723934E+07 -0.12840341399159116E+07 -0.12707278233458301E+07

.12575593948213934E+07

.12445274254637859E+07

.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 e VRSN L TZ T 7 A VORI OB LTATIZNE, # TIHEDL AL METRATD 2 &M
TEFET, bLaAy M EEXANSE, PHASE #ELE7-L &I, EHEH T (output000) (2, FD = A
v BRI EsnET,

7'v 7' . PHASE (ZHRT Vv VT — X Bt A E R DI, ZORYID 4 17 (A2 " IRHHEAIT
1L, A MO 41TEHE OIS, LATFO/RT A—H—OEDEE STV D LENH Y £,

14TH mnatomn, ival, iloc, itpce, igncpp
INHOEHIE, EnEN, RFESZ, WMEFOBZ,, FHEED RSl (21 ZMR7AE, =7F
¥ —UMIEDOAEDEEED), AT vy T —2 D GNCPPL(=1), GNCPP2(=2)DfaiElc i E T,

21TH xctype
RHAHRFH A= R L X —DRAFRE LET, BIRTE 501, LDAPWIL, GGAPBE OfifiL)~T,

317H alpl, alp2, ccl, cc2
ZHNBHDIRT A =R —%a,,a,,cq,c, EEL E, PHASE OHFTIL, a7 EipoerT vyl

Z
Veore = =2 {crerf(y/anr) + coerf(y/am))
346




EVIHORTHBILCGGHRLET, 72721, erf() 1IHVADBERHTY, i, 2008 ¢y & ¢, DR
(21X ¢ +cy =1 OBRRH Y £,

44T7H nmesh, xh, rmax
BREHRDA v v 2t
7i = Tinax €XP ((0 = Niesn)/xn) (0 =1,-+, Ninesn)

ORIZ LN TER LET, 72720, Npogp [TEEGIHDA v 2 DEF LUET,

fiiEE 1 4 HZFFOJ 15 14 @ Si i1, LDAPWIL IEIC K28R T v vy Thsd 2L, ZbofT
MBI £T,

S5ATH(E A Y N HHELAITIT 6 ITANZEM N TS VALL EWHDik, PHASE O7'n /' J ANTHER
T NDTF =y 7 DN LRE ST,

ZOWRDATINOIMERT Y VOEBEDOT—4 T, ZOT—XDRGIOT 1 v 71, Mk Sni-2E 1R T
>+ (screened All Electron potential, VAE (r)) (ZBI3 21D T, ZOT—#ENiT,

do ir = 1, nmesh
Vigk (ir)
end do

LWV TVET,
F207 Y 7%, WS JRFTRT > 2+ )L (screened local potential, VEr, (r,1) (ZB$ 5 HDTT,
VAE (k207 =53,

do ir = 1, nmesh
PP P
Vser o (ir,iloc)
end do

LRV ET,
FE3DTuv I, MiEFOEMEE (valence charge density, n,(r)) (2, EKEOEE 4nr? 2T 7-HDT
T, Ik p,(r) ET5E (,(r) = 4nrin,(r)), TOT—XII,

do ir = 1, nmesh

pv(7)
end do

EEINTNET,

INHO 37y 7 ORI &S T, WuBRNEEREIR S LR T vy LD TR ENET, £
ORI, I NVAMEEOREE TN T YT NOBE TR B/ £,

2L <L, CIAQ Da—H—v==2T7 /L% THBHLIFE0,
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102 AHAT 714 ILERE 7 7 4 )L file_name.data

103 AAT 74 (FO%5 S5 L ekcal)

103142 T T kmI7AIL kpointdata (F_KPOINT)

FE LT, ekeal IZE D REHEEITOBTRIAT A7 7 A VT, ST REEROBEHRI LR L THY 7
kS 7V T ORFEE L TR EHRE LT ENED 7 7 A Ve £7. 72720, 207 7 A U il
band_kpoint.pl A7 U7 FEE2EN 2 ENOIER L E 3. HEETT ¥ —72 8T BT DSI32< 0 E Db
WETN. LLTFSEOT-FLlk LET.

F_KPOINT 7 7 A /Wi, BAIRZIIRO L 512720 £

141 141

50
49
48
47
46

OO OO OO oo

50
49
48
47
46

(a)
(b)

e e

kSO AEE LET. S04, 141 EE 720 £7
4 SOEENN A TOETH, BNk SEORD L 5 10 LI Dy, ny, ns, ng, w20 %
F(Z ZChy, by, by (727 R LT,

-

k=wx (—bl +—b, +—b3)
Ng ng Ng
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104 HAT 7ML
10.4.1 SREEFEE 7 7 1 JL dos.data (F_DOS)
F DOS #Al I L o THREEND 7 7 A WL, REEEEOHFERENTLASNET. BEEDO 7 7 A V41X

dos.data T9~.
TryANTH—<v b LTUL FT, AVUEZEE L CORWEHE CIIEIRIEREDOT — 2 RO X 5 125tk

SET.
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 T No.DOFIRRAEIZE Y IR 5 =%, Ehr)idi — F Y =B\ O 32L¥— dosthr)iZ x— b U —H{I T
:sz%~%%bt%%ﬂ>h“*g”E@Wii?ﬁvaﬁL(®IX»¢-&M&Diﬁ%fwbﬁufiz
NX—%FK LI EORMEEE, sum [3FEEIRIEREICENZun LET. iy, A 2EE LI-FEOY;

BLUTFDO LS/ F7.
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 |ZZIENT v TAE L L X T A OIRFEFE, sum_up & sum_down (ZENENT v
TAE L EX T LAY D FERIRAEEEE Y U 9. sum_total IX sum_up & sum_down OFITTY

SR ERFTIRREREE, EARIRITIREBEE AR LI2GG, SbICE 0)%% \ZED &) IRRABR FED 2 2R 5800
HOITTORITRIET 27— Btk SET. 72k, AV EBE UIZFHE & LW GHROE N IIREEEE O
Yt L RRRZ2 DO TLBERE LU ET.

® oy EIRRER
JFFHYENRIEBE EDOSS, RO X 5 itk 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




JRTYENRREE LI X ALDOS &\ 9 SCFHINBIAE 21 7LD 5 END AT Citik S E 9. ALDOS OWRIZEER
SN TWD, num_atoms = 1 72 EDOIERIY, XST DAL T v I AT, ZOA T v 7 AIAT7 74
JNWCTHRE LR FOIEE R 720 £

® JENHIRITIKREREE
JESEIRFHREREOSARD X 5 75t MG o £ T

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

FHAMN IR A ERPTREEEEE & [F1EE T30, 5 1447° LAYERDOS & 72> T A Z &, num_layer TAJJ
T AMTTHRE LI BEE Dtk ESnbd 2 &, e EoE Imdb ) £7.
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10.4.2 TRILX—EFE D 7 1 )L nfefn.data (F_ENF)

F_ENF B L > THRESND 7 7 A ML, BOET LT < DHORKIE, & H20+87
I alb—a vk [TolBAIA Ay OFEI T 3 L TR C LR S E T SR T
BAELSFENNIFEY I 2 L—a b B ToTEAE L T HIINENRR DT, ZNEIUTHOWTEHAL £

o REEEAIEHE
AR 7R S A T 721% D F_ENF 7 7 A LV OFZ R LET.

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
BHINIE 2RO K S 7Bl LET,
iter_ion A F L DEHAETT,
iter_total SCF N—70OEFRE . ZoFdEofs it ShEd,
etotal BT RF—%, N— N —H T LET,
foremx JEA28) < OBl 7 JHFE i/ (hartree/bohr3) Titak LEd. ZDOENASI 7 74

I TE 2 T IEREAN O HCHE 27— 9~ F TR TS E TS

® T EIHERTR
SFEAEREOEE, TROL SR £,

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

WSS SRR T, FricdlhsBmsh i,

ekina ZOEE T R L —,
econst RO TR, T7obbT VX ——FEDS TEI )7 I 2 b—a Y OGEROET R

X —, IREEDNTEIFY R 2 b—y 3 VORERDET R F—|CBIROT T
NX—ZMATETT,

L T
- ORIBLEAT>To56, FiLD L 21T 47

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
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WE OWERE LD — AT, LIFOFIAIA bivE S,

iter_unitcell S RL Al
stressmx A NV AT UV IVORKRIE
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10.4.3 [RFEEAZERERE 7 7 1 JL nfdynm.data (F_DYNM)

F DYNM i3l K> THREESND 7 7 A /W, BIFEAFDORFE L 23Ul < 713iel Sk 4. wEiEfn-<e
ISTENIFL I 2 b—a vk [TolBme3 A A OFEFOEES T T T — 2 RNEXATNE T, SRR
F DYNM 77/(11/0)435’%?:&?&:%55/31/?‘?. 7R, TOT 7 A MIBWTHI SN D BALRITT TR -H
NRTT

#
# 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 2.1903141061 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) TS MIUNEDILTUVVET, a_vector, b_vector, ¢_vector (ZFIFL a il b il ¢ Bifid
7 MHFERSIVTOVET,
(b) ntyp = OHRIIHEH ST LR FREOHN LR SN TWET, ZofITix 2 T, £,
natm = ORITIFIFEFENEFEINNTNET, ZOHITIE9 TY,
© (natom—type) DEITIE, Fif-LHFRO~ v B 7REPLTOET, Zoflzs, 1 3EH
25 6 FHOFTORTFIL 1,7 FED 9 FHOFRFFUL2 &0 ) ERICKIELET,
G)) (speciesname) D%IZIT, JAFEL ID O~ v BV IREDNTONET, ZOFITIEL 1 L)
JRREE O(RR), 2 &) JRFFlI SIEER) ITHMS 35, &) Z&ITe £,
(e) BEAT v T COFRPFER SN TNET, ZOFITHE, A A OFFEHA 1 [, SCF OFHT
[FHEs 24 [\l 72D £,
® FEEOJRA- DT & Z DIFRAMHNTWD DR SN THET, 1 FHOFIIFEFO ID, 2

FHEBHND 4 FBOVIDIEF OGO x,y,z FEEE, 5 FHND 6 FHOFNFEF@< J1D x,y,2
JEEL 720 £, b L, AJI77AMUZEBWT printlevel 7 1w 7 @ velocity 254 2 (2%
ELTWEGEE, 7 ZHEND 9 FHOYNHENR A CHA SN ET,
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10.4.4 EBFREE 7 7 4 )L nfchrcube (F_CHR)

F CHR 7 7 A MIFFZRNBIT HEREEOT —F BNetalk S E T 72721, 22 Tlk PHASE OF 74+ /b

rOHTITIE72 <, file_type & LT cube & ZFHREWVZT2W-5EI25 5415 Gaussian Cube TEA D 7 7 A /WZ
DOWCI LE 7, PHASE 77 4V hOH & AIET 5 Z 13 TE A, 725 3< Gaussian Cube FZ D
T AN TRAWEEL ZEERED LET

This is 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
(@) HA Mo Ay MEKTT., —ATEIFATIZ 7 A VIS THREW-ZE 2 L TEET
(b) 8 1AL T-OfEL, “0.0000 0.0000 0.0000"FFUR T JiLalid, PHASE TIE#12(0,0,00 T~
© TADIERIG-Z HVTWET, 728 21E, “20 0.513000 0.000000 0.000000” & & 5854, —>HD
il 20 43EIL, —4E OB 0.513,0.00,0.00 THDH Z L AEWRLET. £ EOH)7IT Bohr T
(d) —OHOEFIIRFESTT. 50FITIEL 14 DT, >V arTHHIZ BN 4. kD
4.00000 &Y T, MEE THCCT. ZOBO = SOMFITET 2510 xyz BT, AT
Bohr T
(e EEROBEMBEOFFRNEXHIN TCOET. 9 2B KICy S, F%Ix BN b4 5 L9
IECH D ENET.
(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)
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10.4.5 ##5EtE A 7 7 1)L continue.data (F_CNTN)

DT 7 AMITE, RS DAREMEDH Dk HHOT =2 Fld ST T 72 & 2, biatEz1T o
BB RIEODUHIEZ LT L72WEER, 3 CITOR LR R 2 Bk L CGRHER LW a 72 8t 2o

T 7 ANERET DMENDH Y T TONAE, TEZFLTO L 512720 £

iteration, iteration ionic, iteration electronic

19 1 19 (a)
Tonic 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)
RFB7LTERICOW TR L £
(@ FEEL LT BRI, A A OB, SCF RO RFREA ) SHLE T
(b) JEF-OEII ) SHVET
© JRF-DFEEEDR, BT MUK DIETH I SvE T
(G)) JRF-DEEFED, [EAJERESR T, bohr Hf, CHI ) ST
(e) —OHIDAT v T EBUED AT v T DR NF =N SIET.
® USRI ) S AVE T

0: A, 1: SCF U L TWNA A Ao DOFFIIRIE, 28 I3
ZEBRLUET. FHZ 2 O5ATlRTRZ1T O &, FHRBRLG & FIRFZAR A MUBRICA Y £9°. [—HiX
IR L=t DD, SRR LTI Tiea tm 21 T2V 72 EORBUZEBWNTIE, ZofEa 0 &L
TLE&E
(2 SCFOUHCHIEDfE N I SV E T, FHEEIC TSCFE DI E AT 558, A7 74
NPT TR ZHELHER LT &0,
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10.4.6 EH{ET—% 7 7 1 )L nfenergy.data (F_ENERG)

ekeal (2 K DEAMEGHROR RV FEZIAEND 7 7 A VT BB 2 LN FIZRE LET

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 0.2619554301 0.6015285208 0.6015285208
=== energy eigen values ===
ik = 2 ( 0.000000 0.490000 0.490000 )
-0.0540717201 -0.0427149632 0.1258687739 0.1258687739
0.2607026807 0.2633829927 0.6006243932 0.6006243932
(a) kROENENTHY 9. ZOFITIE 117 H T
(b) N ROEDSFER L THY 7. ZORITIL8 T
© AECHBENGR L THY ET. 102 DEE LV ET. ZOFITIELL THY, AL REZEL
RVEBEITS LE T
@ 7 2V TR ORI TH Y £F. PEEAREOS AT 740 o= 3% —850
wENETF. BT — R Y —TF
(e) FHR LTk SNtk & E T
® PIF, EAEOHERIERSNET. T 20T, LORSISHET BEEIT—2 D050 %
T ZOBITIE, 1 BB O T, TORELNHE 7 MRS LT0,0.5,0.5) L 780 £
@ EHEOT—5 3, /Sv ROEIZF I SET. Bpid — k) —TF.

AV EBRE LIFHROGE(FEOEN 2 OFE) bIRERERD 7 7 A MEATTR, LFEo@EeDBHIUP )
“DONW LR S D, LWV IENDH Y ET. LNENEHIRA LY L ADFIRA B AT 2 A &
HEnET.

=== 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

=== energy eigen values ===

ik = 2 ( 0.000000 0.000000 0.000000) DOWN
-0.1960420390 0.1062941746 0.1062941746 0.1062941746
0.1799862148 0.1799862148 1.0183970612 1.0183970612
1.0183970612 1.2174266166 1.2174266166 1.2192701193
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1.2192701193
1.3289165100

1.2192701193
1.6910264603

1.3289165100
2.2876818717

1.3289165100
2.2876818717
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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
NEFENET, £/27 17T L phase BI D ekeal 12 HFEREIEMHTIEGE UVSOR 23E £ TV &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 5 TND DT, FRANCTHEERIATIET HITIE, WAWARFEHD /a2 VT £ 7
fzlzE, L7 hr=s A5 CHBA B 5 106 (Mega) 100 (Giga)Hz 3 COFBERSAIET 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 £,

LonL, FEIREGRIS L ORI 6 L AL TIIR< . 202 LAHEREONIEZ N#HZ L Tu
F7. 7o, 1012 (Tera)Hz 0 /mtamit, BIERIACENWET 2 b ORGHELEHA, D728, ZOREETO
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,

11113, WHEOFHEREL (&) ORBEURAEZRARITR L TOET,

B 111 FEROFELHK

WEOFHERIT, PN, WEOEFIREISER T 2B AERE S FREMBISERS 28 7 RiFERD
FNCH-2 B, BRAEOSERE - FIRBIOEEE L HAREE D 10T(Tera)Hz LU T RF S8 ClL, 2E
RITEA RO LA EROMTHEZONET, 5. BREEORBEEDMEFARBIOEE L D bEngra o
10THz L EOYEFBTlIE, B RABROANEFERICTFS LE T,
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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
AP A TS Z L3 TEE T, UVSOR 1L, FERHL. IFUPNFREEE QIREKN3K), RbWNIEF - 1
LA A 335 = L 28C& £, UVSOR 12— FEO(ARA It b LCHER L. ShBiAhtbize & ONs s -
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
DFHEZEATHI T 7 L ThDH, TORKIILLTOHEY 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
ML, AN MOk R EATLEICE R CREE AR CE | REDE\ FHEREGHRAIT) 2 L3 T
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
D ENTED, AT v, CIAO &RV TER L7z / L MEA(F Troullier-Martin(TM) AT
b, ROV NVIIRAFTO N ST YT MURT ooy VaEND ZLINTE D, RFTART v M,
TM BCER SNIZHUEART v b, BHS, ZHEART v Va5 2 R 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 RO THIEZT I,

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, BIRE, S AT bV) ZRHETE 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 ek (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 7o TEY, BRAHIGHEEZIT) 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 YRENEHTORER & AN AN & O B TR G TERD B IEREE OO AIR A BRI EE 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 TN E /2144 % phase I 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 FRECROFBEZTH 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 #t5 A, chi2_t X, 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 HERNAE T O 720DT 4 L2 U phonon, BXOEERT > 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 )
— 2
H = v (p +ed)*+V(r)

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,

Hipe = (e/m)A-p @
BRI DSEH T A8a. X7 MRT 3 UIRRTE- 2 Hilb,
A= Ayuexp[i(k - r— wt)] 3)

Z 2T, wWIBEEEORIERY ML, RITEEAY MV, rIIESRY ML olHEEEL, i3 TH S,

FERIN & ORI EAEINC X Al OB -5 ORIARER ORLEI BB § DR wid, JRlThHEZ b5,
2@

2

e
w(w, t k,, k) = ZhZ

t
J dt’ f dr¥,(k,r,t YAkt ) p¥.(k,rt )
0 74

V5B BIAR DA - H - OIIE, ke, 13Y, DEAT bV W AMBEROHGE, k 3V, D27 b TH 5,
4’ /T/ﬂzc&()\v IZAE A T /7%%/“\%} Y, ROV IFRICAE 2/ T 580E TH D, W, LUV, 3L
TOXITEERTLENTES,

W (k, 7t )= exp [—%Ev (Kot )] exp (ik, - Py (ky,7) ®)

W (ko1,t )= exp [—%Ec(kct/ )] exp (kg - yug (ko) ©
BRUORE@RITHRAL, ¢ ITB L TR EIT) 2 Ltk kl%B5,

2

eZEZ t ,
w(w, t ke ko) = ——5 h (B (k) = Ey(ly) —ho)t’ |u- My
cv |Jo

ZZ T, E=-04/0t = Equexp [i(k- T — wt)| 2 Up = %V@Féﬁf%it%ﬂﬂu Voo wep MOU - Myl ZETUS)
FOQATHAINHETH D,

1
Wey = E (Ec(kc) - Ev(kv)) (8)
u-M, = fdrexp [—(k.—k)-rluju-Vexp (ik, - 1r)u, ©
VIZAO)XCRENDBIHERE T TH D,
a0 9 (10)
V=i—+j— 3y +k—

ox 0z
i, jRIZTZNZI, x, y, zHEOBNARY MV THD, (DRAERST 52 Lzl ikiziss,
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i(E. — E, — hw)t 2 (1

) e2E2 |exp h -1 o
w(w,t ky, k) = m2wz, i(E. — E, — hw)t U - My
h

QDXL ZE T2 Z Eick ., klEz155,

ow _ e’Ef (12)
Frimb vy o2, |lu- M,.|?2nh8(E, — E, — hw)

(123U %, NIRRT 0 ITEA DY, 1 DY BB D% 5.2 2, AR D72 ) OB EBHERW, X

KAIZ L EHILD,
2
Woe = E" E Ju- M”Cl 2108 (E, — E, — hav) (13

I CVITFEROEKETHY . SiEe T@k ﬁﬂj BT - ASEENE OSSR OWNTINE & 5 2 & 25T
ZDO

11.21.3 B RFEROFE

BRI AS S ERR T, FEROEBEFERLZGIEEZ L, =L —%KH, FOZRF—HLEIT
W,cho ThHsd, —5H, v 7 7< U = VOB T, EOEKEIICEL L 72D, olIGFEROATT 4 INa s x
ITAET 4 ThHD, T,

W,chw = cE2/2 (14)
—J7. o LETRFERONEH e, DRICITRORAD B 2,
€, =4no/w (15)
(19K OO5)A LV e, DFEXZGS,
_ 8me?h lu- M| (16)
- ,Z o 8B - By ) — ho)
8me?h* |lu- M, |?

= m2v & (Ec(kc) —_E (kv))z 5(Ec(kc) - Ev(kv) - hw)

(16RO EEEANT B 7D A EAT D, BREOWEEIL, FEAEROT=y MELOREI LD HiT
HINZEV, 5T, ko ky, >> kTHHDOT, UIFTO XTI TE 5,

u-M, = fdrexp (k. -r)uiu-Vexp (ik, ru, 17
|4
EE R fpafli D &
i (18)
u- Mvc = E(lpc(kc)lu ' pllpv(kv))
(19

i
= ﬁ(lpc(ka)lu PI¥y (ko))
L7125, ke = ky = kg T D, (Wolke)|u- p|W, (k)OI k, = k, DBEEOHZETI, 16)3 KO
£ 0., pFTRDe, HHEADEG LD,

8me?h? |< W.(k)|u-p|¥,(k,) >|? (20)
€2 = meZV - (E.(ky) — E, (k) 8(Ec(kq) — Ey(ky) — hw)

HWEHE v =p/mEZRHWD L, V?E/TO).:JF A 1B 5,
8me?h? |<1P(ka)|u-v|%(ka)>|25 E k) — E (k) (21)
v Z (E.(kg) — E, (k) (Ec(kq) — Ey(kg) — ho)

BEBE—A L ML IROBEFRADAY 3o, .
< lI'Jc(ka)lpllpv(ka) >= ?(Ec(ka) - Ev(ka)) < q”c(ka)lrlqjv(ka) >

QO) KON LY r (LfEHE T r FoROFFAEGD,

2
ore Dl 1Py (ko) >12 8(E.(ka) — Ey (k) — heo) @3

€y =

(22)

€y =

kg,cv
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LRI, 15D ce, H BZE D THID Z LIT L V1565, B RilEREOFE e, 1de, DV F~—A -
ru=y e (2920 ICkVEEIND, Plia——0HEED Z L2 EWT S
2 2e,(2) (24)
€1(w) = 1+;an a0

A7 7T MNIQ2INUT L Ve, 2R, QHRUT L Ve ZFHET D,

11.2.1.4 WA N IVOEELE

E R Re = € +ie, LV, LFONHAANRT MV EFHRT D Z LS TE 5,

0 WHHEFEIMR N=n+ik:N=¢el/2
o WUFH,: n =22

o . _ (n-1)2+k?
® AN PV R R= s

11.2.1.5 F—JFEEIC L 53R E

B RBERIL, BEBT—A L < W r|¥Y, >SEHFETDHZ LAV ETH S, AT iﬁ%ﬂ?ﬁ%ﬁ“ﬂ‘T//ﬂ?
TR L 5B E— A FNOFBRIRICOWTHIAT S, & 1RBEER T 2 v/ WE TR, PRE Ml
ETRETERT v MCEE X, T ORER D Z LIZ XV EFIRBEFET 2, T&%T//wwz’if
DFFEBRD 1 EANIN P =T NI TEZ BN 5,
1
H = %p +V(r,p)
VITEERDRT v VT D, RT3 v /VETIR, BFOEBIEp [ KFT 5 ) o a—IVRT v Ve
AW, B SRR T 28RO 1B IV h=7 Uik, kR THZ2 b5,
1
H= %(p +eAd)? +V(r,p + ed)
EE NI L =T VHp (3@ TH D,

(25)

(26)

Hine = (e/m)A - p + ppc @7
@NADHLHF 1L, QRDEBE NIV =7 Th5, H25H (ppc H) FTVICHRT BT NIV =T
YChD, FHoRENECERE—A L METRET 256, ppe HABE L GHRZIT O MENH L., 5 1HITE
K928 T — A > il m—/VIE, ppe BUISEERT D05 % / >0 — B NVIESD DU NE ppe THE RS Z LI
95, ppc AR T 5 Hi1EE LCiE Read and Need D 5ERN 15) [8] & Kageshima and Shiraishi & 575(KS
B s, K70 77 NNIZNHDOHEZFNT ppe HEFHRTE L L9128 >T0 5,

11.2.1.6 Read and Needs %
PG [11,2]

RN K3 WV IRGFRIEER T o v M T DRIEEA R T 25 TH 5, BRGDpICRITTRED S
EEL T, @OV (r,p + eA) ZIRD L HITERT 5,

v
Vir,p+ed)=V(r,p)+ %eA @8)
z—Z%‘:ﬂWJéf:&b\ VAP T D, QIHTEEORTH S,
o d¢p (29)
—V(f) —(l) + V%
ordie
v _a 9 (30)

ap Op + ap
T, ih—p =r&ERT D, ERSNIr IR [Py, 5] = —ihSep 2T, a, BIZEREA T v 7 A
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(x,y,2) ThD, ZOEHREHANTEOREEEEST LERAEED,
ov_o, ,0 1 i 31)
- " %_E[r’ 1=¢V.r]
@8 K UBDAE AW THIERZ AR5 &, T ORE S,

ppc = % [V,r]eAd (32)

-, HENIL F =T U5

~ i B im (33)
Hine = (e/m)A-p + [V, r]ed = (e/m)A- (p + V. 7])

L73%, RIET B, ORFIL, QOMITHNTp - p + TV, 1] LEE R 5 2 LICL VDS,

2 (34)

gre?h? o |< Pk 0+ V. rDIP(ky) >
6(Ec(ka) - Ev (ka) - 1’10))

m2V E. (k) - % 2 (k)

kq,cv

r ZROFEAL, @)Uz,

€y, =

1 1
< WP, (k) >= —— < WP (ko) > + 1 < W kIV. I (k) > O
ETHZLIZRVEOND, wo I TERSNLETH D,
(36)

1

=—(E (k ) — Ey(ky))
AK7v 7T 5T, 23)K0GBHRA VT %ﬁzﬁ B9 5, BB)ROHNFE 1 TBA—h)VIE, 218/
‘/El*—jJﬂ/IEﬁ)f)b M3 ppe BH & RS,

HEE
0—H VT, W RO, L0 EREHRTE D,

1 37
< W) [pI¥ (Ieg) >= —— < ¥ (ka)| 71w, (k) >
_ 1 . . (38)
W, (ko 7) = WZ Bekorcexp (i(kg + ) - 1)
(39

Wy (karr) = —= Y B exp (i(ka +6) 1)
T2

Z 2TV E R =y MR LVOERHE, GIRERIIEED G X7 ML, pIREBIRECTH D, (BT KO3 %(36)
WAL, IR OERS 2 VD & a—hVIEOREREZSS (0D, AT 17T MNIGEEROE 3
FEEFHREORERS LAWY, KOV, LV nHﬁME%ﬁﬁ@“é

(40)
< W ey [pI¥, eg) >=- mz B tegr Bukgra(ka + 6)
J a—J VDGR, IRV, 7] RIS 5 2 &I & W SERT L LD ) o a— 71V 313(40)
KDEIZHHLDOTZENRTED,
an=2|n,1>D,’lm<m,I| (41)

nml

[n, I >0 m, Il 3EERT v VD ) a—hnTad=r Z— DIMFK. NIFFDA T w7 ZThD,
Jra—AVRTIRNIC LD HHbEND, P LOW, DIHRT MLk TEKKE L TH D,

<Y [V, r]||¥, >= z:<‘1J I >DL < LIrY, >
hoy AV, r]|Yy, hooy L cln hm ||,

(42)

(43)

Z <W.r|nI>DL <LV, >
nmlil

AK7v 77 AE, Pickard and Payne & )51k [12]((44)?@ WZEO<nIr|¥Y >%EFHEL, /ra—hVEEHEA
TDs Wep, < LIW >ITETI l\%ﬁﬁ‘% DIFONLEE VD,

<nl|ry|¥ = m [< nI|eMeT|¥ > —< n,[|e"MaT|P >

AIN—T YT A LT I (= 2,y,2) Th Y., quFUATERENLS PLTHD,
qx = (q,0,0); qy = (0,4,0);9, = (0,0,9) (45)
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QIIRTA=ZTHY | N TH D,
11.2.1.7 Kageshima and Siraishi i
B [3]
KSEICRT 28BBE— A > MIUe)ATH 2 61,
< @c(k)|r|ey(kg) >= iwl — < 9c(ka)Iploy(ke) > + ihi) nzu: <@cn I >pn <Lllg, >

cv
ADOE—IE I —HVE T D, ATNOH TN ppe M Th 5, pL TS CERS NS B TH S,

P =< ¢nlplbn > —< YilplY] > ‘ (47
NIEESFFI L VEONDIFFTOPE, P IIFIRF OBIE, nliZEA 7 v 7 2 THD,

(46)

cv

FHEE
VN = 0/ N = 2 ‘/\\/ﬂ?/vﬁ%jﬁ:’ 77 I CIAO O 5pl, Zie A 46)D ppe HEFHHRT D,
Wepy < M, 1| @ SITEA REHRICK WL IEEZ WD,

11.2.1.8 FE1-RikER
T RO QDR R bvieg B BRI AT, A0S Ak S RABHONE
Hz, e mkinD (U9,
2
=), [1< Wikl riw k) >1 8B tha) - B, () ~ he)dk,

&%, Linear Tetrahedron Fg‘%ﬁﬁb V479, Linear Tetrahedron OFEHIZ OV NCIISTER [B] 22/ <720,
eV Tv—Arsn=y e (Q9X) 5Lk Ve 285, 7 T~v—A  F =y e BT EH
T AW THEAERE 35 Z L2 L kD D,

(48

11.2.1.9 IR IR R

%) *Jr@ \FJ?%P SNESEF & LIa, —fRICPIIF OZEATH H T Z LT 5490, EF OFEIL
BiL, FIZBET 2 2L EOEREZ B L, PIIFO 1IRESTHD Ll L G T& 5, LvL, L—W)
@J: o) Z%/ﬁ?ﬁ}*ﬁ@ﬁb VBRI A EHT RS L7230 E, miEOPIZEET 2% 50 ER T <720 . mfAI

EINT D3 - FBREWE L7025, SIKBICERT 5758 « JEFBEN I8 R (nonlinear optical

effect) T % [13],

Pi=> xPF+ Y xQFF+ Y xC) FFF (49)

2)(1 ZXUk k ;Xukl Rl ek

ZIZT 0,k UE XYZ BEDA T & Z, x® :tf% KT b, yAROYCL, FnEh 3 KU 4
BEDOIEENFT > VIV Th D, yPITRIRT 285:% 2 IR, y ORI 5815:% 3 KIERE
HEENF PSS, MOy D ROy P13, FERFERL, B RE OIS RN DORIN B0 | AFHEOIREL
DIPBIOREFIREHL L O BAROGAIITE TR LM 1R005, AREE) - FHRE L D %ml/ I TE RO
HDNFEANELCF 5D, VH'UE%@T&@Jﬁ I, BRI L U biEW e, FERIEETC Eﬁ%-f*@)((z)&()\)((g)
DBURDRGTH %,
UVSOR I, %2 mdiii¥é4 (Second Harmonic Generation (SHG)) MU 3 m/&H%4 (Third Harmonic
Generation(THG)) D&% #5795, SHG 1%, MEHIAST S 7 4+ Fods 2 flfsEE L, JEEED SO
DRAET D 2 IR CTH D, TDREZ Ry (—20; w, w) IFEHEHTH V (50)X), EHEEEI NI
=7 &35 3 IROBFREWRIAHEENEZ FAWT, EROEA N MG XL W EHHETE 5,

1@ (—2w; w, w) = )((2) (—2w; w, w) + iX(Z) ' (—2w; w, W) (50)
BEEFR T, i T OEE A RAOEAERIE &S8R — /L LAliEE 73 RAOAEiE 25 2 5, E1Kk
OEALOSZE X 11.2 1THRPr~ T,
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5 n,
XJL
BrRE] |
0} A~
! /
|| EFLEIE
s
@
&
-10 - -
-15
W L r X WK r

11.2 SHG #fBIZRIT 5B T & IEALOARwhE

)((2), / (—2w; w, W) IXFE bz J:Z))((Z) , (—2w; w, w) & IEFLhEIC JZ%))((Z) , (—2w; w, W) PFITHZ B

(GI=wA )((2) / (—2w; w, w) 2:)(‘(,2/ , (—2w; w, IFENZIUG2 KGRI LV FHFE sND [14],

@ (- waw)—)(‘(,? e 205 0,0) + 12 " 200.0) (1)
xé?, ’ (—2w; 0, 0) = —= é Z fB r dk (JE[E(E“ +p1’,i-c)}] 5(Ey — ho) (52)
)a(/ZH) / (—2w; w, w) =3 |2sz:3 (%5(%_%) (53)

[(;Lﬂpl;l)]a(%z — hw) + 16‘5[(2 P, jipi i) ]6(E-i - Zhw)>

IR, el Xl

\ ¢ VIEENEIUBE R O 13 I\OM T DAL Pl FEFFROERBE— A
I\ L0 SN D EIERREEE— A 2 FOITBIRIHGDR), Eyy 33 KBS =R LX—ES — EE T 5,
A & D 2 EAEERT D, B, TR TOREICOWTHRE B O E & 5 2 L 2 FRT 5, iFEEK
%Jr%@f%\kﬁfx I PV NS otovfﬂﬁaa%/v RO S35 2 L ITHER,
py =< Wilp|¥] >= im(Ef — E}) < Wilr|¥] > (54)
PP HNIGRRIC L VFHESNDT VIV THD, akOBITI—T 2T VN (x, y, 2) DA VT v 7 AT D,
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1 (55)
{pabpbc}aﬁ = E (pab,apbc,ﬁ + pab,ﬁpbc,a)

GD-G)IC LV EENDYD  ErTFv—2 -y LIHRGOR) L. Eiy@ Ak b,

, © 0@ (—20: ” (56)
x® (—2w;0,0) = EP J; X (ﬂzzf’a?z’m aQ
K707 T LT BRREIZBIT 58 F"ﬁ@%@fc Ay R EGYRIZE Y RD, FROFEE TS
XA (—2w; w, ) ZRKD D, (52)&()\(53)0)%/ 7%, Gaussian/parabolic smearing £ O linear tetrahedron £
ZMHWTIT9, Read and Needs #£(3.1.6) % 5\ \i% Kageshima and Shiraishi %(3.1.7) % VWV GEBE— A b
DHIEAATS TR, RE R LR UBRELND,

(52)&0(53)T®Tﬂ/5 B'@%Z@Fﬁ%( IETHY, SEHE 0 720 5D, T X BEROINESAD RN AR D
SRR 0 L7 A, (G ROGIROAFLIFET 5, ZDOFHIL, 2 FEIE(double resonance) & LTI DAL
5, 2 EHINL, ERRED X T T 7 I 24— 0 ThDH L LTI E 285 Th D, KAom s
LT, RO R —EDECr v b AZME) LY /S ottt 2OHy @ DO~OFEA TR H DU NTS
VLT A LIck Y, 2 EHIBOMBEERREL Q0D By bR, ANTEZD X125 T0D
(4.2.13),

THG 1. MEHZA SN2 7 4 b 2{EfSE L, B 3 (50442 3 IR LR Th 5,
THG #FX, & H O MG CHEL S AV DR (FE D) 8 O EFLAMITEE -7l CHGEL S AU i
(EALEFR), KO- & IEALOSEAVETURIRE A5 M OIS -l CHGEL S AL Hife (3 NERDEFR) 22572 5 [21],
AT 7T AL, HEHEABT NIV =T v LT 4 IROFHHRIFAEENC X 0 #%Ey 3 (-3w; 0, 0, w) Z§t
"5,

7 rehy* (57)
m [Xéi)(w)]aﬁyé = _g(a) LZ4 3 l]klRe{ ]k! p%!plciv) }f( 'jir Eku ]uhw)
ehy* (589
Im [Xl(z?l)(w)]aﬁys _§(m) f ypc z]kl[Re{ Pl Pkl Pk ﬁyg}f(E}'i'Ejl'Ejk'hw)
—RE{P F(pSi ol PRy 6} Eji, Exi, Epg, how)
—Re{ C(Pu P;k sz)B 5} l'Ekl'hw)]
(59)

eh\?
m [Xt(sg)(w)]aﬁya _g(m) LZ 473 l] klRe {pljc(pili! p?l‘!plciv) }f( i Eku ]uhw)
36
X
[Eﬁ(BkEj — 2E;;)(3E; — Ej)
1

+—
E(Ej + 3Ey)

Eji + Eji
+ S(Eli - h(;))
(Eji — 3Ey;) (Eue + E)

36 5(E, — 3hw) (60)
b w
E}(3E, —2E))(3E; — E;) ~ ©
+ 27(2E1 - Ez)
E3(2E; — E;)(2E; — 3E,)(2E, + E;)

o1 ( ! = )5(5 ha)
EF(E, — 2B3) \E, — 3E, | (B, + E0)(E, + 2E5)) 003 ~ ¢

ThD, a,p,y,RO8IE, V=T 7 LI, y, 2)DA T v 7 A BRT Do () pysld. BEE—A L MED
AT 0 ARy OSBRI 5 = L 2B 5, (B7), 68), GORXITTNZN, BB EAER, KO
BIERAIFAC & 5y O O 5.2 %, x@ O, Im [x2], 1m [x$5) ] B0Im [y D] ofic bz oh 5, 4@
DAY T~—A « Ja=y b BT 5 Z L1280y O OFEHESS(61 ),

Re[x® (—3w; 0, w,w)] = %Pfooo

f(Ey, Ez, E3 how) =

(61)

w
7 Im[y®(-3w’; 0,0, w'ight)]dw’ (61)
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(B7-GIRXDT VLT > - ' —FE531F Gaussian/parabolic smearing A28V EHRT 5, 2 BRSO
. SHG #FHOS ATk SMSFA IS 5\ TS B 7 LTI ),

11.2.1.10 A& &E
B L OEFLOARNE EIL, kp EEhEE ORI L W EHE SIS [15],
1

() - 02E,, L1 5 @ pna®@® g + @ @8 Do €2
m*/a,p @ m .
A #A

Exi—E,
kR OV NE BAVEAAT S RSOV ROA VT w7 AL 2 1O ROA 2Ty 7 AL a OB IFEE

s Okgoks N

A YTy AL pi B FAL HOBBE—A Y b, Egl3diaAT ) kalTo/ 8y FADZRF—Th b,

ISy RIRT LR —HITHER LT BEE, B N RRICIRE DA 9720, BDRIC LV FHEL T\
Ny ROFNEEZFHETH L, IELWVENMESNRVRIERH 5, ZOREIL, TS TOELOANE &
ZHETDEARICE L7 D, AT 07T AT A COANERER, FHEIMIRT CWATE LV #EN 7 LT
BTCHET LI LT, ZoOMEEEREL QD 7 MEOEREIIANT—X TRET 54.2.9),

369



1122 8F%
11.2.2.1 5

KR ERGHR 7 1 77T 2\ Berry-Phonon | 35— JFBHE I 7 0 7T 1 PHASE OfEFRIERE L L TEIEE STV
%o FhrmOF A EROFHEIIIARNER & fdh ORERBIOIRIE I CThH 5, Berry-Phonon TlIfhinod
kAR AR AREERRI IS S EHEAE L, BT ORIV AR kb5, £72, PHASE TiHE S5~
N T 7 A o~ G T 5 2 S0 EREER L. 2 BE I THIEREEE L T 20 T8I0
BAERREA R E | FEIRENOIREE L BA N7 MVERD D, AV AREM & REIE— ROBERST s
HE— NAEMAIKE D, EERBIOIREH L ©— NAIERD OIS ARG R SN D, ZOEFIED
FERA AR OET TR 5.

Berry-Phonon

X 11.3 Berry-Phonon #&RRkX

11.2.2.2 #{HER

fmnDiEs H DJFEF- DAY MViw; &3 7UL, JRFDNHERE 26T BRI AT D02 ki
AP = fz Ziy 63)
V l l

LHbbEND, ZIT, el TEXHERTHY ., VITEROENIDEETH D, Z]FTAN A HRERT VL
& X, AR ORE T (CEROYIERTH D, RO, A REROIRENE— R THfET 5 Z L

TZ5,
_ (64)
MUy = ) $1ia Q2
2

T I T, & [THHEREIOER T ML ThY ., QUITNERETH D, mlitiFHORTOEETH D, ik
DI % FEMEEFE CRBL U

AP = EZ 7,0 (65)

- % 4 AKA

L%, ZITC, IREt— NOAEME
~ 1
AP — E 7* .
Aa \/E a iaf E)‘.lﬁ
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LEFR LT
ET0 DERN R ESAE & U, B— NERERE 1 T FUEIREN0O HUEEEQ , | XEHH T I L TR
95,

eZ, - E 67
W=t
BT EEEe A ()1 X 4TAP = e (W)ETEHRESIND, ZOEFLEBHREGDR 1> DI TAERNT
lat( ) 4e? ZMZM; (68)

V£ wi — w?
LFRBITE %, THz SISO EREe o () 1345 1B () ICE FAERe 3 MA T2 b DO TH 2,

47'[82 ZMZM (69)
1% Wi — w?
A

€ap(W) = €qp +

11.2.2.3 XY —(rFRs4R(16, 17, 18]

PV ATNEREFFDIITE T, Wb OME KD LMEN DD, FEEDIIIA A DFEP o, LAliE
FINEDFE Py N2,

P =Pin+Py (70
A F o NHDOEEIX
lOTl Z Zl Rl (71)
ThbD, FEEROSMOIAIZ
AP PO — p©® (72)
(73)

po = lfqe J dk <uP|0/ok u >

Lbbibts, ZIT kI6G, _ﬁ‘ﬁiﬁﬁﬂyxﬁ FMUClh D, ky &BY . GUZATRES|G) My % I 4yE
THEB =k, + 6 /] =0,..,] - DEEZD, Z0LE, AP (k) EUTFOLSIERET S,
¢ (k) = Im{InM/ =) S (k;, kjp)) (74)
SP(kj, kjyq) = det(<u(” |u“) >) (75)

kjiin
ZIT Uy = 70Ty Th D, ZHUY - oD L Sk ZIEDRGIONY —(kH & 722,

@ il @, 9 @ (76
PdD (k) = 11m qb] (k) = —lZJ dk <u""|6_k||u > 77

% k ATCHSEICIREIBIEA R LT & X123 —m:aw*@@ ORI TSNS, (TR TIE72< (76)
KELHNDZLICE D, ZORETHETHITZ LA TE D, Zhd v, HEORsP D1

fae (79
R = o | dkug i)
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,
mn( ) — J'd3r < lp(l) |K(r)e—iAk-r|lplEjL_)+Akln > (82)
(82 53k & 5 QO)AUTKIFT D HHIEEAEMYS (k) & T 5.
M, (k) = Z Z [ @ rayme e <y@ipt >< v, > &
- z z f d3 rq (e~ BT T (m, k) EF (n, k + Ak) 84
T ij
e DU THBIRI A TR L7865, (1) = = g cng € WFONOEHTH Y |
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)AAMTHUL, FF(n, k + G) LFf (n, k) DIEIOBIRANET 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 ¢ (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 (aPi) (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,
WIZEHHC L DI B DR EBSIFAELIC L 0 EL . DWOBM/NELdP I X DT 3L —2{ki
Y E;dP; Th 5, BAHDIINEbd e (2 & BTN —ZAUUIY 11 03 Ay THD, ZHHOFINH =R/ F—

F(T, epsilon, P) DIt T D,
dF = ZEL dPl +ZO’kl dekl (105)
K

i 1
ZHUZRE S & O B/EAZRV—W = =Y, P E;OZbdW N2 TV ¥ > RVEBEITO, S5%
G AT RV —F*(T, €, E) DI KR E D,

dF* = dF + dwW (106)
= —Z Pi dEL +ZO’kl dekl (107)
i kl
NnEv.,
(a_F) _ 5 (108)
oE;) !
( OF ) B (109)
afkl Tk
ThHHND. IROBIZINEN LD,
do\ _ (O0P\ (110)
(aEi ) T (aakl) ~ 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, FEA0 D ORGSR~ DOFF G2 E b LIRSS 2 LT H D,
T /k‘tfﬁz%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, N = -, b, - R ETEFET D, =
e Y —(fHpE l%ﬂuz/\bﬁtmﬁ%qbata“éo ZHVERNT, RO P IIIRO L D ICEHEERED,

(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

AR AR 2 [EE L CEEESZ 120 UHEVGHR L & & ZOIEEERE 7 T 07 A A ikl m
PR—JEEER LIS, D8 ENHHP ATV — (i E LThV, 7T 07 RA Al 7 v 3= E B e Ik
DERIZFRE D,

() _ 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/lif/l,kl (124)
4 w?
A

Z 2T, {FEFE— FOOT - Tifa e %
. 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 FHEIC LV EONIZEFHET 7 A V% F_CHGT IZHET %,

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 ¥ /LORMEMN 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 T, delta_eigenvalue X U succession DX E%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 =T,
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
EH=NE S LU SRR L N re M NPT S )N

11.3.2.7 photon

HERE « BRALIE (RBRERB IO —L ) OfRE
polar : EAMRIED BT MV EFRET D,
INTGA—H  ux = WY MO x kG (EEHAL)
uy =: 7 Mo y Gy (EEHYTD
AR "D 2 jGy (EEHAT)
e.g. polar{ux = 1.0, uy = 0.0, uz = 0.0}&, xEHIESMFEL-E
W 2 48Ed %,
Poynting: FERIEDORA T 4 T _T MVERET 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 : TZFVF—ERME  (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 DD TRVGS ., ERMRIEEE S5,
ii) RA T 4 TR MVDOWT DD NE TR, FHRCHTEE SND
1ii) T MVERA T 4 TR MVERIRICHEET 5 2 13 TX 70y,
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]
() NVIRAER NIV BT Y 7 MEERT 2 % LR
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 ¥Wband £ = b & LIEHE. a —> b O/ FERBICERT 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 ADPGERT Uy VT D IMAHEAR 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 DHiE[12]IC K VEHE L TW5, delqg EITAEEZRIC
W2 FES3 /3T A—H T D,
iv) AERRIFMEA SRS L7-EHE 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°%, #EHEIX10.04-3~10.0d-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 smearingiEZEHVD

(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 = : AMEEORE (FEFEEHAD)
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 N—T A B UTCHEREGEIR AT O
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)
shq : 5 2 FRSE ORSREHREZIT 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 2 DR 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 DR ABES D
2omega : 5 2 I D IR A EET S
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 FHENF)
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 IlET 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 #1247 9 720OIZIX, EFEET 7 A VERET HETHDH, ZOFEIL, file_names.data (2350 T
F_CHGT #51ZFHLTITY, Tc& X, EBrEET7 7 AND—E EOT 1 L7 U —IZB8WTTHhiLT
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

PAFDa~y REFATTHZ LI2L Y, Epsilon 2357345,

% 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 (23T, ME/2 A 1217
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 FIZBWTEBE— AL FIEIRIN TS E ) DHERT D 2 ENBETH 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 I%, fEEDOERIZIBWT, £ TORREZNERICAET A IREFREZ B LEaD
BoHE, ZOMEIFTIEFHIZD 1705 La2TET 5D, FEO NV REHER T, ARDO/NY FEE W CEHA
Lo CWDHOT, 2O sum rule AEEITHT- SN D Z & 13720, L L, sum rule [ Z5FHEN EOFEEHRFED
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

| I'* 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 7= STV D Z &35, 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
(LLUTIE)
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

BRI OGN SVRORA T 4 T SADRG 22T L LT, 8T Yz LGS,

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) HHRDIEFLALEE:

(4) (100) H DB FELNEE

11.3.4.6 SHG FEHYVE RGO HRAE R
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FHERERL. BEURE 17 7 A VO file_names.data (BT, F NLO IZFRELEZ 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 LI, BERIKAFOX D) (~3w; 0, 0, 0) 72 Y VA OFEH, L Ot E75 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

D) T INDA T v 7 A Q) EARBEOZFLF— 3) yO(=3w; w,w,w)EH @ ¥O(-3w; w, w, ) EEB
(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 (X PHASE O AN 7 7 ANV ERET D7 7 ANV T, ZOANBITIL, EMEE
% /nfchgt.data |ZH )T DR EIT 2 > 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 NWEREELT 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 UELNT-ETEE Y 7 A VEfRELET,

4) FHEREEAOE 17 7 A VT, AFNHMTEE T,

—_~ 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 ASEREIIERMEL L TR0 | b2 MU0, 0.0, 0.0 B O 5% M T D,

e NHERG DT R NLF—1 U1 0~2.0 Hartree THY . =R/ —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 V7 NUTLULTFDa~wy REFITLTHATLZESV, UVSOR-Epsilon NS/ 7SN ET,
% 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 ZHIINELNTHODIET 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 S ITiF 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, ZORRIZRT D 1 FEbT2 Y OIREFIREEOFRFIAH 091 ThDH Z & 2R LTWVET, 8178
iy @f@\%uﬁu( h~v;< TAE - I ORFIANZ, 1 ET-H7 0 OIRE T IREORFIN 1127052 & &2FRL
F7. 3 Fum_bands /37 A —%)ZHI°3712D4L, 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 NIFA S THD Z L3 £,

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

EIERERIT 13.97 ©. KS {EIC L A3

B L. ZZTIRONICHEEREE IR L T ry D&, TOL I £9, kX 21

(RO TITUVME E 72> CVET, 3.2.3 THOLZ KS fIEIZ

T, JEFHEIC &V FF S N-FERE LR L TH Y £,

IZ. J:l:ﬁx@

Si AR ORI (2)
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S (e, KSHIIE L ORN fiE 2 U Catia LBk &~ 3, Sl BRI (CRC
Handbook of Chemistry 79-th Ed,CRC Press, New York 1998) % LL#i D 7= 6779,




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 BHHENDT 7 A VT b, F_ MODE | JHREIETORE I JONE— NE R & ahERn
Ha3ns7 7 ANV Th%, F_EPSILON IFFEERED N1 SD 7 7 AV Th b,
BEADNBILOHS 7 7 A VORAEZR 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_OFE>

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 (TRERNHEISND, 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 BROEATHI 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
WEEANZ MLOEFT, omega_ha X Hartree B\, COIREELTH Y . omega_ev | T&E 1-7/L N AL TOHRE)
HCTHY . omega_nu lLEETH D,

FEAFERA R LSBT, B — NEREMAMIINSIT, RO THAEND,

—-—— 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 PMEFFHERTHY | e0 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,VV,22,YZ,2X,Xy K77 Ch D, e2xx,e2yy,e2zz,e2yze2zx,e2xy |IZIVEIEEBOIERD xx,yy,22,y2,2x,xy i
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 - KSR(a-quanz) 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& fwEE 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. T+« V7 bV phonon CHREMNT A2 TV, RIS —(AHE FiAAA CHFFEREZ R T 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— b aemrd, KTy arfeBERF2G250T, BOBEESF RO
file names.data (Zi%, 'V 2> DHRT 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}

401




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 [ZFZE STV 5 & displaced_atom CTFEE L 725 F2Mux,uyuz) TIN5,
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, Al U CE 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
RS D, prep_zeffpl Z5IEZfHTFITFATT DL, LFDL I, FATT 2 L I3 55 %D ) 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 A MET 4 L2 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 234735 Z L THOND, N —(HEIHEOFRE 27 —F vy — MITDHL K 114 DX HITRD,
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(b) EEOBEFA A EIZERLE
(a) ¥IEPIRETDBerryiitEE T & IRAETDBerry{s A5t &

sof_a0 scf_ai_Uo

berry_a0_g1 berry_ai_uc, g1

berry_a0_g2 berry_ai_uc. g2

berry_a0_g3 berry_ai_Uc, g3

e
E ﬁﬁ

B4 11.4 Berry fHFEDO 7 7 —F % —

Perl 27 U~k exec_zeff.pl X2 OFHpix 2 HEICI T T D, exec_zeff.pl %5 B a(HTFNZIATT D &, LA
TOXITEATTH L XIINTD55D U A SR FIREND,

$ ./exec zeff.pl PHASE EKCAL PARALLEL {-vpp|-primepower|-sr}

'PHASE’|Z PHASE ™31 VU PATH_TO_PHASEO/bin/phase %45 L. 'EKCALIZ EKCAL ®/3A )V
PATH_TO_PHASEO/bin/ekcal 2459 %, berry 74 L' 27 U D FDF 4 L7 + Y Tphase & ekeal BAFHTE
NHZEEEBFE LT, FTREICE D L HITHET 5, PARALLELIZIZFRISH T35 7 v /5 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 A7 Y 2 L -machinefile THHRIEE/2 R A h &2 ZfRET 5851214, machinefile Z1F
L. BT 4+ L7 R UIZESL,

VPP,PRIMEPOWER,SR8000,SR11000 &\ 7= JHUEFRETIZ MPL 7' 7' F AOFEATIHHEN 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

DL INTRBIAMLTHN S,
# 8. exec_zeffpl DA T 3

=ik arch O
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
L7513, LFDO L 91275,
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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, IRETZIT 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
DFtF B €y = €y, = 2.56011,€,, = 257411 245 EL TV D, £ WEBMEH OHZ1TH 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 TEITT-7T 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” MZIZIE, U —(mAEN B EHE LI 10O DA NER~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 42 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 I 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 151D 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 MFiAATe ATIT 7 L— FIMER L7= 5. 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 ONT Bl OFEIFeorofeso ) 2 h ¢T3, 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, ZORMBIERFROA 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 ZH 00212 L TWET,  EENTz exec_strfre.pl ZRD X HIZFETLET,

exec strfrc.pl phase 1

BA%D VI 1 MPLIHITEHEAET 2 Z EAEEL TWET, ZOASTTIIRK 6MPIL I E THRETE T,
HENETTHE T4 L7 MY piezofinternal (T strfre.data 2MERRSNVES, ZHET 4 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,

FIRRERIIFERE — 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, (272 L. coordinate_system | cartesian (272> CWHHDE LET,)
displaced_atom,ux,uy;uz (ZI1Z<ATOM_ID>,<Ux>,<Uy> <Uz>NEE ST ETA, ZiuH i cale_zeff.sh
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,
51 prep_zeff.pl BWEEIEHTHAN ZED L ZTEZHZ FTOT, LT ZDOLIITAT LTI ESNY,
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
=0T, nl n2 SORRIZA v 2237 2—=2 @1 n2)EH5E L ET, BHIDA > 237 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, FENALEHT DA AR L F, FERTEHT LA
FiF sef_a0,...berry_a0_gl,..E\ o727 ¢ L7 R UIZEDNET, ZIHDT L7 kY 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"
ZDAI VT NOETIETT 5 L berrydata &) 7 7 A ADVERRENET, ZHUTIE AL ARNEN 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

IREWRATIZT 24T o 72 & & SITED, 58— FOIRBE L [BAE~7 MLORIZE— FAZVERPEA S TOE
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T, 7= DRI AT D = DDNEINE— RERNER DT 1V NEECO =R T3, 'Norm=DIRDfEILZ D~
7 MLOKE T, BERO AT HERENHD S CET, 2|0 3x8 DI THIDNET#EE=RTY, A
i%@%%m%+_“%£%+%MKtﬁﬂ#Mﬁéhi¢o_wpﬁfi EHEREN 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 (2XBhR)
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 (ZiZ. 216D Perl A7 U7 RaifE L, S OITHEREZ RFESHETHLWATZ U7 K,
berrypl M@ L CWET, ZZTiE 2D berrypl A7 V7 FORFFIEEZFALET, 7B, LRI/ SA—
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

berry.pl IZLDFVEEZATORMNS, 7T L— AT 7 AN R LT-T 4 L7 N %, FYTLIZWEHREIC
I UTHERCT 28R H Y 97, LU, 7F—AZ LT 7 b— M1 7 7 A VYRS EAETB L 7,

(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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PV B OGN IR T N SETFE R TV E TN, [EEEROA A EEHEOGA TN A O EHE7-
HEZTOET, RV AREMOES SR X 918, SCFHEHDASIRFG A—2—T 7 A VT FL— |
T4 L7 MO FIZES, LFOX ) aikExE L ET,

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,

o ~J—(fEEEDT S L— F 4L Y
PV ANEROBEELFU X 91T, ekcal FADATI/RT A—2—T 7 A VA —NiABRHE B Li=7 >
TL—hrT 4 L7 NUDOTFICEE, LFOLITHELET,

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 EEIT I EFEE LE T, zeff, piezo, strfrc DV NANTT, 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
FUXE T LERA, 7740 MEE-1,

stopcheck FHRUE IL SR 2T LT E D T = v 7 T HMRER OB THRE 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 #HEAHADT 71— b T4 L7 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-EVZEDIE
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 33 L strfrc OEFAVAEDIRETT,

displacement SR DB EZFRE LE T, property = zeff DGAIIRET HHERHY 5, 7
7 # /v MElE 0.1 bohr,

strain OTHOEEFRTE L £, property = piezo 3K strfre DFAITFRET 5 LI
HYFET, 774/ MEIX0.01L,

mesh1 17EH OWHEART SR> Te_ Y —(IHEFHRO A v 22 RF A—F —% 72X
P10 T n1ln2d OLHHEELE T, property = zeff 31 piezo DIFAVZED
FRETT,

mesh2 2% H DMk~ MUIR ST —AAHGHRD A > 2 23T A =2 —%Z2 X
B0 T n1ln2d OLHIHEE L E T, property = zeff 3L piezo DIFAVZED
BETT,

mesh3 33FH DWWk AT MU T2 (AR D A > ¥ 23T A—H —HZE [ K
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U1V T n1ln2d OXHIHEELE T, property = zeff 351N piezo DIGFHVED
fRETT,

np MPI 7 e A& RELET, 7 74/ Mild 1,
ndir T4 L7 N)—WHPERAFRE L E T, T 74/ MEIX 1,
ne Ny RIS ERRE LET, 7 74V Ml 1,
nk kSIS ERRELE S, T 740 MET L,
ng (CWRITTRORG mF i EE L £, 774/ MET 1,
ne_b AV —NAHFHRIFC BT 3 RIS fRE L ES, 7 740 MaE 1,
ng b (ERTTRDOA) RV —AHFERHC IS G WA HRELET, 7741 b

fElx 1,

scf_command

SCF MO ETHEAELET, & 23,

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 &
BV, ZOYAETEne=NE nk=NK ng=NG |TEIE IV RHENBRASINET,
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 /)
REEHRELET, NE Bt Eddne biZ, NG_Bidng biZ@EXH#10 £,
7 7 4 /v MElZ mpirun ekcal T7, FIH L CWAEREICA O GlEblRIEEE T

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 cHhD = A=A CIRE 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 NUBEE (8T A—%—ndir) % 2L EIZT 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

UFDXo7pa~wy REFTTLHE, ar ba—nWT7 7 A LVOfRREfTOSH &, SHEHAOT L7 b Z1E%
L, SBICEHEEZFATLET,

% 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,

—77, UAZ— MIFRTREZATOT L bFTSNET, FRERINOVELILVESE, £TUTOa~
Y RZE->TEEMT V7 BY ZHBRLETS

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 TITOHAIE. 77 L— M AJTIDATIRT A—2 T 7 A JMILL FOREZ TR T H0E 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) U —{FERD A v =
Y —RAIORFEUB T, $HRE LIV 72 MLb, (CTE A ORRGS & b, 12l - - S 134T

ENET, WRESDOA Y 2% nl n2 T, HFESOA Y 2% d THRELET, b, LD 2 SOk~ b

/w%m&#%kbj%mmﬁﬁﬁﬁm~%LtN7kw,m—bﬁmu%EL,ﬁﬁ%%®%yy:®ﬁ%%

by
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D ORAEL R DO TEDRINDIRDET, BEIO/NTA—21F, b, OREEZLEIRELET, o br—

JL7 7 A JUZ a_vector, b_vector, c_vector DfFEEIT-TH<L &, ZTORIOFE (bohr Hfi7) &Z 206 H
O ONDEBEDRA v a7 A—F =P TFO L )ITEER I ShET (B ETERRETHY, 55
NOREROZLEMZRFET D HDOTIEH 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 &ychiidstiis L TWOER A

1153 S1EHIRE : AN DRFEEER, EEEH

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 & 9%,

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 ]
[ 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 1]
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 SOIFEFRFEROTLEBAS 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 D=1 ha—/L7 7 A )L, template_berry & template_scf 73ZIZHY —(AHFHEIS 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 ‘
ZOBITI, 1, 8,5 SO ONT HE 52 TRY —(FIOFEEST ) DT, OFTHDRGEE LWL TEFTT4 O
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 E—DER EALTWET, control 7 7 A VOWNEHIFEF U TI3,
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

SRS T L7 D, strfredata &V ) 7 7 A VDMERSILE T, ZOT—X R REERTORERZFIH L TN
HOTHIEZ A L E9, BAREMEITY, 11.5.3.1 TEITUIEREZFEANHT DT, Z O IEEfET%2

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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es3 —0.398 1.992 1.594 1.55
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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

", ,G)p - G
Koo @ =2[ G d (a1, ) _“k((g" 0y (2.6)
nn

kT enk_q) +1in
TERINEY, ZTIT

o (@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

ey(w) =1- VO)_((;:G' =O((U)

ERAWVCTEHLET, 7ok, pldx 7B e, LTFO L2127 —a s h—3VD6 = 0557 #brE LT3
BT,
X=Xo+xo(V+ fic)X

_ . (ve(@) 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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ACORICRE =

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 &

iyt @)=Y, Yl @00, (a6 )], @)
ICEVERLET, R, HAEREGASE 227 ) — L %

ImZe @) ==i) > > lmlp' @&, 0 (4.6 )L o ¢ @

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 *
Vo ks 10 = e D P & @ = 000, (4= 0,61(6)
G+0
Ko o =2 [ arar e, @re(nr Yo ()8 ()
T, 728, QUIROEE, NSy 7)) o 70T,
ST, fue& LTALDA V5 2 Evn, FEREEOFHFE CII43) ORNIFZER A » = ETo 1 EfESIC

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
0(w) = — wim[ey (w)]

FEhET, 22T, HEBKe, L 40 L 0 ELNILE A3 KA AT H Z LIk iFs 2
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, BEHEGHEDIZOHOD/ T XA —2ZEZLATNET,

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 7MEHATRE, Local field ( |G| > 0 ) #4200l 21T 2 3A121
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
O Imaginary 1XEH i, FEBB L OESHICHSLET, /2. & 4, 5 77 AL Coulomb KT
exchange-correlation kernel % H{V Ai7-#FER S CT,

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 NIRRT —ETY, 2. 3T AL TSR ORH AR 2 B D AF U2
T,

11.6.5 f5IRE
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11.6.5.1 Si fEEaDFHFEART ML

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,

11.6 LRC 12L& 2 Si RSB E A7 MO, BEIISTRI TSI & A5,

11.6 OERES LOYREUZ, spectrum.data DOREFZFR LTZH DT, ZNEHUINERE-ITEl3s LOVLRC % H
WA OFEALY VT, RIEEFHE/EROMIEZTTS Z 21280, H 1 B — 27 OMEENIRLS 72 DREFH
DIV ET, 7ok, AR TIE TDDFT IZL > THF v v MMEOUETR ONER A, JIUuL, FfEfaD L 510k
BIBFEN LD > TCWDEEIZIR, £ DD 7 —va AHEAEHDEN - TT,

11.6.5.2 CsHs 431D I BTFIFE
CeHs 751 DI WA R OFEFIE T, FHEMIBEIY, sample/lr-tddft/C6H6 CT9, £9°, sef T4 L7 b

VIZCEMEEDFRZITV, WIZ, ALDA 74 L2 FVIZTBEIL TAXY MGHEEZITWET,
exchange-correlation kernel & LT ALDA ZHH L TV ET,
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X 11.7ALDA 2 X 5 CeHo 43 FDOIRINUWTERE A2 FVDZ b, BRUIISCRIF-EUC X BRER,

11.7 OFERRB LOYRBUE, spectrum.data R L7=H DT, ZNEHMNERFITEE L OV ALDA % vy
BEDFHEARY MV TT, H 16— OxRVF—([EPET=FF—IT T b, §7ebb vy v TN
RKLUTWDERFD00 77,

1166 EALDIFER
®  XIFRMEZR AV k ORI IG L TCWET A, 20728, symmetry 7 12y 7 FIE OBORF M2+
ELTLIEENY,

® solver TCequation =BS ZH5E L7-HEI2IX, FEME (paramagnetic) 722DA%ED 15 Z &3 HEKE
75
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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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