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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 5EHE PHASE/O TI% PAW &4 25 2 L3k E 9, PAW ORI )7
1. AR HOW TR LET,
TE | BRI FRAOBEEMRET DA REEHASH Y £, MEIGC TSR ES
VY,
8% | PHASE/O DA v % 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—=ZIZONWTL3EEASHR LU TLIEEN, 20, 5 BRI OWTIMELD S U Chtde Z & AR L £97,

1% IL®IC
PHASE DI ZE

4

w—p PHASE /OO FFHFREE DI,

=¥ PHASE/ OO FIRREE NS, BT
ESTRESTREORENHS,

(PHASE/AOMSTEFIE

2% PHASEAODOE AR GFIAA L

y 3%E AHSSA—ET7 L O

v

o7l A-==a7Il)

4% FHA#aer AL CETE B

(Fa—rJ7I)
:

\ 5 L

X1

3= TIVEHOIES
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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 BE OB 7 a0 VAT o MREERITONE LT,
- g RaE I BEGS I EPFIHCE S L9120 £ LT,

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

T U VOBRAMI BT D AREEAEE L E 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,

ZDEIEIZE ST, JERD/N—V g v L L -0kl d —E L 22 < 22D

N— 32 11.00
2012/06 2B

T LUNREIBIES Y W= A B AL E LTS,
ATV RO EREZ B LE LT,
UV NT YT NMERT Y Wk, kR A G W EHRR SR
- i  bAkReD GDIIS, BFGS EOfeea Bl i LE Lz,
c IV NT VT MERT Y v VO SRRTRRE R R R A E L L £ LT,
- Mo b, 0 TRV IAERHEORE T DIRIEEE, EEE ORI LE
L7z,
c L OREAEEELE LT,
- 3RS (G RIS IRAEABLE LT,
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PHASE/0 2014.01
2014/04 Z\BH

- WENREEL Y VoS —, ERPEFLRATED AR ERREA BN L E LT,

- M HCHRR O BRI, B O THIBEREZ BN L E LT,

- IR EEN B AR R A B L LT,

- FhlliiA (ESM) HEEOREREED A L H—T7 = —A&BIMLE LTz,
s 2=y MU IR A BN L E LT,

B ORERRE A BIN L E LT,

- WEIRE L 8 — ({E1E Davidson #5%) 2B (@) L L7,

s ATy RBI O ERSRE A R (Edk) L L

- 77 T NVT— )V AFHESER O ERRE A SR (Fidfk) LE Lz,

- ) ral) =T ROFE, A UEGEREVERGHERSRES BN L E L,
 JAAEEDT v ZHEER BN L E LT,

- KO VEEREIC CG IEDMERRZ BN L E LT,

- T4 ) EHERSREE SR L E L,

 FERFTART v KRR O & SHZE T/ TH T EMTE DL IO LE L
- IS 1 75 A UVSOR e LE LT,

- 3HEEH (G ARIEF) RROBSREZ ST L E LT,

- REAZEETELELE,

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 B .

 HRFTART > L VORZERE e R 3 iEA (G RIS RIZIEEL E LT,
- BT HIMRE A 3 EiES (G RES) RRICSEE L E L7,

PHASE/0 2015.01
2015/10 28

+ ELNES / XANES fitfiie 2 3286 L £ L7,
< N MEEZ TR ESW TR 27 1 77 A band_symm ZiBIL £ L7z,
CFEFEH BN E Lz, (AEUHBEREERZ & D Wife Ny FEERHRRS LU

XANES fi#t&15)

« PAW I EOREAZEIELE Lz, ZOEBIEICE - T, RICE > TUILIATL © b
M ELE L (sw_PAW=on T DFT+U %25 \\% GGA+U 1E&21 > T\ A4, IR
DOITIXZ O E Y b 2TV —0NEmL RDBENH Y EL10),

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,
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2. PHASE/O OEARMLFIFR 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
@ #HHEOFET
@ FHEREROMED
@ FHERSROfET, UL
ANT—20 R
ANISSA—E- TP L DVER - e (€=
HBRTUUY I IFAIVDRE :
2.28f :
v D ANT—A0BE -EHE
HEDORES |  REHS
2.3ff0 :
v 5
HEREOREZE ... ;
SCFatE QIR R E
248
HEREROMEN. ARk
EEMEEOHE. AL
2.580

X 2.1-1 PHASE % FV /- EFIREEHE DOFIEOME

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 L= o IR AINTOWTITER 2.2.2 SiCan LET, EEZR
RIS ATRE & 72 DREMIZR ROV TS 8 EABIR 2 &, F7o, BfRn7e
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

T 7 ANADIREHHT D7 7 AV CTd, < TH PHASE 2452 &
IXATRE T, FOEAITETOT7 7 A NABEEEMlE 700 F1,

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,

21




222 ANNSA—R T 74 )L : nfinp.data (FSREKR)

NPSTA=ET7 AV (ofinpdata) £, FH5R UfARE) CRHETFE - SHRSRIFORIT AT A =2 Of%
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
cutoff cd
num bands
ksampling{
method = monk
mesh {
nx = 10
ny = 10
nz = 10
}
}
initial wavefunctions = atomic_orbitals
initial charge density = atomic_charge density
scf convergence{
delta total energy = le-10
succession = 3
}
force convergence{
max_force = 0.001 hartree/bohr
}
}

25.0 rydberg
100.0 rydberg
8

structure({
element list{
#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 !{cubel|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' v 7 Wdai b, 53 TE AL R ORE
postproccesing 7 & v 7 FRABRDFE

printlevel 7' & > 7 = 7 ORE

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 v 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

WERS DD v b7 =X F—2fRE L E T,
EBITBEDN v hAT7 2N —54RE LT,
HFET DN REEfRELET,

kS 7)o TRRELET,

k 57 T OEEEE LET, 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 71 v 7 LR A FRE LET,
ZORITIE, SURT 2{HH 0 . EOPREEESS 0.125, 0.125,0.125 & LTWET,
coordinate_system R R AR E LE T,

internal IX. == b ZHAEL LI-NEHEER THDL Z LB L TWVET,

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 BEREOTHE (REIAE) #HEELET, ZoOfITiE pulay LRl 4 HEE
LCWET, ZOMIZ broyden2 (3], simple mixing {E4F5ET 5 2 &N TE
ij—o

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 = 1.e-4 hartree

}

charge{
sw_charge rspace = ON
filetype = cube

title = "This is a title line for the bulk Si"
t
}
dos 7 v RREBBEE DGR NT A= B RELET,
sw_dos ON THREEBEOZHEAITVET,
deltaE RpEEE D=L —MREfEE L E7,
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=DUTRE LRTIUTRORODIE, Ty bA TR X — 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> 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
PRZDNWTIR, % D/3T X —& YN RRET DB G Y £,

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

}

accuracy{
cutoff wf
cutoff cd
num bands
ksampling{
method = monk
mesh {
nx
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
}
}

25.0 rydberg
100.0 rydberg
8

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"

}
}

BT, FREDANTINTG A—H T 7 A4 MR L, FASBOREE B DA% Gt L, O RS 2AN (77
FIVREEH) LIELLTOX 97 ASI/8TF A—Z 77 ()L T, BHEIERETT, FRDOASI 8T A—Z TiTE

BRNT 7 40 b EITRIR DN o572, FFLE FREDATINT A—=8T7 7 A )V FHWZFHR T, GHE
WROIRDN T2 £,

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 O
}
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 Uy VT 7 AT, TR EICHETZHERH Y 77, HlE, K H0) OFtHEEZT H5AITIL
HJFFE O HroBRT oYV 7 7 ANDRECR 0 F3, RT3 YT 7 A WIHR—Z YA b
(https//azuma.nims.go.jp/) NHH U va— R TCEXET, B TH7T v VBT 53551213, PHASE @
BhE~7 1 75 A CIAO TIERRTE £4, CIAO IZOWTILCIAO D~==2T7 /L EZHBH L T &V,

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

WEYEE T L A A e U oI Ths S Rae & LT, i TR
BT AR E T, ZAUTE BIZ 2 VMR EERT v LBl E L b
T 7 MERT v MBI ETE F 9,

PAW 5!

PAW (Projector Augumented Wave) BUDRT > o v U4, 71 Cld, kD
B RELEE LT FEE L ET,

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

Uy,

2232 AT VT 7 A NVDANFEHE

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

Y= 52 ENHRETT,

AL TWAEERT v VT 7 A UL, LTFOMAHIENZ U3 > T7 7 A VA DERD STV ET,

TR SR DR (PAW AL $8RT v L VR GBI O%CT-.pp

iz 1¥ Si_ggapbe paw_nc 0l.pp EWIEART v VT 7 AU, VU 3 ATHINT D, — (U EARLT
PUGGANESNZ X » TAHFABI = V¥ — 25 E 35, PAW BT, VAR T > v % /V5] (ne 1E norm
conserving (/ /VAMRAF) OIF) O, 013F (HIAERSNNEETESDMHTbNET) L) ZLaRLE
T, AHFHBI = L X — ORI VB B AT EE DI I N R BT E(LDANEN U | ggapbe
DSy 1dapw9ll9] & 720 £97, HERT v VRN DL T V7 MRIBlOEAIZIE ne DERSY7)Y us (ultrasoft

DHE) L7209 F9,

JLHA

AR = L — DR 15
VN ARVl

R DOEE:

2233 8T L w VOISE L

vay
ggapbe £
PAW BT ) )V DRAHEER T 2 2 v
(nc 1% norm conserving (/ /L AMEA(T) D)
T—HX O LEE

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 L& HANEESIT. BT LDOTF A LT N T ANAEIBETEXET,
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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
T ANLFT—T—K = " T2 AL (T 7AIL~D/A) 7

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 SRR D8R T oy V7 7 A NV
FEELET, 2ot 1 FEIZERINI-J6E 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 )V file_names.data TEREFIRER 7 7 A V—&

77 AN ST 5 | A | T RO g
F—U—F Fa s 7| O | 77y AN4
N
F_INP phase ATJ nfinp.data MNIPSTA—=HZ « Ty A )L
ekceal
F POT() phase AN pot.01, BRT v T AN, ZOBSINT
ekcal pot.02, B2 bINIARIDT 7 A Vi Z I E
e T, BRI 1 OORT v VT 7 A
IVDLENZ 720 F 9,
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,
ekceal
F DYNM phase 77 nfdynm.data MHERAIRHR, o rEIFEtRER EIE
W, JRTFOREEE a3 257 74
b,
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F_ENF phase ) nfefn.data BT F— L ) OFRKNER I S5
77 A,
F_CHR phase Hh nfchr.data BRI SO 7 7 A, T 7 4V
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 HETIIASI 7 7 A &2 0 £, 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 AH77 | continue.data Ta T N—HET L, T 5 DI
WEBIRIEFROM )7 7 A )V, ks D
BRI, 277 ANEATE LT EN
EXR
F_CNTN_BIN phase AHi77 | continue bin.data Ta T n—HET L, T 5 DI
WEBIRIEFROM )7 7 A )V, ks D
BRI, 277 ANEATIE LT EN
9, ATV —T 7 A,
F_CNTN_BIN_PAW | phase A7) | contine_bin_paw.data | 3 70— HK T Lzt kT 5DIc
ekcal WETIRFHROM )7 7 A /v, PAW ZFH
LCWA4E, F CNTN_BIN 20z T
VR, WRBEGRIROBIZIE, o7 7 A0
EANITE LTEWET, EEEEMO
HHEOEEB A E LTENET,
FTV—T7 714,
F_STATUS phase Hi77 | jobstatus00x HERoOH 17 7 A0,
ekcal
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23 ETEDEST
2.3.1 7045 L phase DET

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

17ty (1a7) ORKRFEEITHO LA, KO XS 7 227 F A phase #EITLE
97, 7././phase0_2016.01/bin/’I%, PHASE /31 F U —RNEINTNDT 4 L7 F U TT,

% ../../phase0 2016.01/bin/phase

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

PHASE/O %, MPI 74 7 Z V2V 7 LCar 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/phase(0 2016.01/bin/phase ne=NE nk=NK |

ZZT, NP ZMPI 7rut2¥, NE |33 FIFHE, NK I3k mf5cCd, £7- PHASE INSTALL DIR
% PHASE/Q ZA A b= L7e7 4 L7 b U & LE LT, NPENEXNK &9 BIEANT - SAU T D63
B0 FET, kK RWFNOTHERROVGERZNOT, KAEFIIEND TS 2 & AR ENET,

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

% mpirun -np NP PHASE INSTALL DIR/phase(0 2016.01/bin/phase.3d ng=NG ne=NE nk=NK |

Z 2T NG 2 EEhBsoREEEE (G <27 b)) OlfF#cd, NP=ENGXNEXNK &9 BRANifGi7= &
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 ANDEDNTZT 4 V7 N PEESDGANCEOT 4 Lo b ZEIHERE AT HOME TS, ZOHET
FEAEATO 12O, ETNIMER AT OENNTAELOT 4+ Lo MU EERLET, OXIS, (ERLHET
4 V7 NUDHET 4 L7 MU dirlist £V D 7 7 A NLDT 7 ANVELERR L, DEDL D NEETR LT,

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
R FUETETT 7S, RbRHIONNST 4 L7 b Y B L 5 AT 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 2016.01/bin/phase nr=NR ng=NG ne=NE nk=NK|

3 WIThRDEFA -

% mpirun —np NP PHASE INSTALL DIR/phase0 2016.01/bin/phase.3d nr=NR ng=NG ne=NE nk=NK |

ZZTNR IV BT T, NP=ENRXNGXNEXNK 723587~ 315 L 9 12 A T A B3 5 0
F9,7 4 L7 N UAWFIOEA L RRRIEFIEEhER B AR ZIEFIZmOIEFHETHE T, TR bR L7 77
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

}

ZDEHIZUTPHASEN #3479 5 L, KHEOHE D DG ROEIREROA DM T, FHEMET LET, &
L= 77 7 A Moutput000 7 7 A /WG K SO ZTIRHIZ1E, AT X H7ra~r RERITLET,

% 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,

[0}

% 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) CTHASNET (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,

234 #ratE

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 Z5ET % LGt A A1 TV ET, automatic ZHEET D &, Mkeiat B ATRE S
VG TE, & 9 TRUWGEIIRIIN DL DOFEZI TV E T, condition DT 7 #/b Ml automatic T3, ke
AR CITEROHBE O 7 7 ANO—HEANTT7 7 AVELUTERLET, RIUFETT 4 L2 N Titi%x
FATT DRI T2 = L i37e <, MkGeat R a2 ST 5 2 L AVAMHETT,

2.35ekcal DT CREEBEHE. /\> FMEEETE)

REEFEEEG AL, /N REMAIZIUWT, k ROERY A8 O SCF 3R L AR LIZWGAITHE S 7 77 h s L
Tekeal 3®H D £7°,
SCF FHADFHRMROEMEE LN & LRI TE £,

2.3 5.1 IRIEEEOFE

SCF &R DG RS ROERIEEE 7 7 A /L nfchgt.data #3477 ¢ L7 MICae—LEd, E£id. AT
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7 A IVERTET 7 A VL file_names.data |28V T . F_CHG |2 SCF SHEOHEMROERZE 7 7 A VIREELET,

SCF FHEAMEROEMEIE 2 V=R 1T O 1T, AT A—H 7 7 A )LD control 71 7 ® condition %
fixed_charge & LE7,

control{
condition = fixed charge

}

F72, Accuracy 7 1 v 7 NICEAEIZBIT HNCREAEZFRE L £ 7,

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

WD X HNTT 7T I ekeal 5T E£7, "phase0_2016.01/bin/’IE, PHASE /31 A h—/L S TNDT
A VASE

o°

../../phase0 2016.01/bin/ekcal

2.35.2 N FREEEE

SCF FHEOFERERDOEMEE 7 7 A /L nfchgt.data #5477 4 L7 FUICae—LFT, T, A7
7 A IVERET 7 A /L file_names.data (28T . F_CHG |Z SCF 3HE DO EFEROERERE 7 7 A VBELE T,

Yo7V T k ROBRET 7 AV kpoint.data ZHE LE T, k HOKET 7 A /L kpoint.data 1%, >V—/L
band_kpoint.pl ZHWTIERR L E9, AFDX D77 7 k HOXFMED 7 74 /L bandkpt.in 2 HE L
EXR

0.04 k sEOME
-0.8333333 0.8333333 0.8333333
0.8333333 -0.8333333 0.8333333 WA v
0.8333333 0.8333333 -0.8333333
3214 4#W kK SSORFFA nl n2 n3 nd # Symbol
1112 #°L
0001# {/Symbol G}
1102#X
3214 4#W
5308 #K
2 k ROXGUROFFEIZI T, nl/nd, n2/nd, n3/nd 735 k OGO F2EHOMEIZ 2 D £5, iz
X3 2 1 4 # wlL, WkKFZEMOD 3/4, 2/4, 1/4 OAEICWEATEE L TWET,

LLFD X 912 —/ band_kpoint.pl 234745 L. Yo7V 0 kSOFRTET 74 /L kpoint.data 7ML S E
7

% ../../phase0 2016.01/tools/bin/band kpoint.pl bandkpt.in

SCF GRS ROEMEE 2 WG HRAIT 212lE, AJIRT A—H 7 74 )L® control 7 & 7 @ condition
% fixed_charge & L £,

control{
condition = fixed charge

}
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Accuracy 71 ZNIZ, k S vl ERTEICEIT DGR A fRE LET, (LT k AORE T 7
A NEERT 55A121E. ksampling @ method % 7 7 A /WMTHRE L £7,
accuracy{
ksampling{
method = file

}
ek convergence {
delta eigenvalue = le-5

}
}

WD X HNZT 17T I ekeal 5T L F£7, "phase0_2016.01/bin/’tE, PHASE 231 > A h—/L S TWDT 1
L7 RUTY,

o\

../../phase0 2016.01/bin/ekcal
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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 #EHEOERA ¥ L— 2 VI LA
«SCF #HHEDOA XL — 3 VM., control 71 v 7 D
_max iteration OffEMAT Yy
7 7 A )V nfstop.data THE LTzA ¥ L— a U BEBATGE
T 7NV RORETIE, 14X L— 3 U BE|Z, nfstop.data
Ty ANEGRARET, ZOHEEED Z L2k R
BT, EEOXA T THBAM T SEH LTI ET,
BRI ORI LT A
« Control 7’77 ® cpumax % gtHEERHEINEBEZ 756

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

242 FERT (EERT. EEIRT) DR

PHASE OFEITNEFICKTT5 L, nZ 7741 (output000 7 7 A V) DERAEIZLLTFD 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& CIIFHERHENHENEINET, v/ 7 7 A NVOFRENPZ D L
D725 CUVRITIUT PHASE [ HIEFHE T L COVER AL 22ABDDEIRDIZORERE T L TCNET, Z0%E
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<72oTWAHI EEERLET, OF 0, MEENGENKT L
ZEEBRLET, 2 UANOAITIIEERRRIREE T L QRN filiatE 2 LT 7280,

iteration, iteration ionic, iteration electronic
11 1 11
Ionic System
(natm)
2
(pos)
0.1250000000000000D+00 0.1250000000000000D+00 0.1250000000000000D+00
-0.1250000000000000D+00 -0.1250000000000000D+00 -0.1250000000000000D+00
(cps)
0.1290824363824501D+01 0.1290824363824501D+01 0.1290824363824501D+01
-0.1290824363824501D+01 -0.1290824363824501D+01 -0.1290824363824501D+01
(cpd)
0.0000000000000000D+00 ©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 HHERROMEE (04774 )L output000 § & T jobstatus000 )

HEEITOT Z T 7 A UE output000 V) 7 7 AL THAISET, 000 DEMIIFECT 4 L7 FUIC
B CEE A I L= [FH TS U C 001, 002, ... EHIZ Ch& Ed,

ZDT 7 AT, Bx el BB SN E S, T THLEIRT 5 2 LOZWMERICOWTRRIA L £
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2441 Y7V T kS
k SRR EBE L CODEARIIATIOREN L THELSLWEERH Y £, T2 TC, EFEEITRIHT5
k MOBEFHT-VGERH Y £, ZiUuL, a7 77 A NWHTkvd W) SCFHNEREET D ETRONET,

'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
PHYSTCALLY CORRECT ENERGY = -687.252887454720

TOTAL ENERGY FOR ... [Z2T3/LX—0, edel =D d & 12 1 [HIRTOA X L—a » EDENH TS ET,
ROAT & FEDWROATIN IR —Z T DAHO =X —DfEN G S AVE T, KL I HE#) =R L%—,
HA |3 Hartree —=3/L%—, XC 3BT R/ ¥ — LO IFRT=/L¥—, NL (3ERFT=r/L¥—, EW
X Ewald =x/L%—, PC IZa7fE= /¥ —EN I bt —%2KLET, ZNOLORMNETRILE
—Z7e £,

PHYSICALLY CORRECT ENERGY D& & 121%, AAT U 7 %475 TWAEAIZ “OK ~figh LizeTx
X R SIVET,

2443 A fRHE
AV EBB LUIGREEZFATLCODEEA, Tt X 9124 SCF A # L— 3 BT 2R A B L RTE
BILOYWEIRA B RBEOHD Fesk S E T,

'0LD total charge (UP, DOWN, SUM)
'NEW total charge (UP, DOWN, SUM)

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

) 8.00000000
) 8.00000000

IOLD MBAEEA1ATIE 1 [BIRGDA Z L—3 3 AT D EMOER),. INEW 22BibE 2173 REDA #
L— g Y OEM ORI 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

====== (Occupations 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),

2445 SCF F1HEH -V OFHEEHH
FHREFHIY, printoutlevel M base 731 LA EOEE, SCF A X L— a0 ZEICLLFO L I SVET,

<< 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 9lz, FN—F BT HFHERENHE I SNET, ZOFRIL, 1 ORIDA X L— 3 > & ORFED
=N 5% LLFOLGEIIH ) 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 G5 #% 1), ITERATIVE (i1 3% U+, START (W11
iteration B IRIEDRR Y K LR RS E T,
iter_ionic R R DB TR SV E T,
iter_elec BEDFRFEEEI BT DB FARREDME Y I LEHREE TR SN E T,
elapsed_time TR SV CFRR SIVE T,
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2.5 FTEHER O, w81k

251 I RILF—, RFIE HORKE (TRILX—EET 74 )L nfefn.data)

7 7 A /L nfefn.data (F£7-13 file names.data 7 7 A /UZIBWT F_ENF ([Z k> THRESNDL 7 7 A /V) 121,
RDOETHRIF—CRA#H < TIOEKE, OB FENIFY I 2 b— 3 U EITH 26134 4 ofEE)—
FNF— R Em e E bR SVET

SR E T T2 1y S 2 L— g U E T T2A L CHIINER R D DT, FiFiul>

WL E,

2.5.1.1 iR G A

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
BHNIS 2 RD X 9 72 BT L ET,
iter ion A F L DOFEHFIEETY,
iter_total SCF N—7OFFHEFTT. — OB TREOEN R < E T,
etotal BT RNF—%, N— K —HCHIILET,
foremx JFFZM8 < J1 DRl % JFF- BT (hartree/bohr3) Ttk LE4. ZOENATI T 7 A /U TH

Z TR O AIE 2T /=9 % CHEIIII TSN 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

SRS G SRR T3, FicepiBmshEd,

ekina A DEB) TR —,

econst RORMFE, THROLZRNLX——EDOH TN FY I 2 b—ra VOGEROET XL
—, BE—EDOSFEIIFEY I 2 b— a VOGS ROBT X — TR O TR L X —2 )
228 T,

42




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)
# 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 -0.0049%966 (f)
2 6.693102525 2.152889944 4.620258315 0.006945 -0.001028 -0.004994
3 4.075293851 4.719951845 8.025544553 -0.002872 0.00639%94 -0.004796
4 -1.482093879 6.872841789 5.595600399 -0.004362 0.005502 0.004993
5 -0.567857398 3.322222026 9.000886637 -0.002792 -0.006296 0.004965
6 2.049951276 5.889283925 2.190314161 0.006974 0.000708 0.004795
7 4.921740324 0.000000000 3.405282833 0.001436 0.000122 0.000068
8 -2.460870162 4.262352150 6.810569070 -0.000612 0.001305 -0.000066
9 2.182281087 3.779821719 10.215855308 -0.000660 -0.001143 0.000001
cps and forc at (iter ion, iter total = 2 40 )
1 3.156999743 1.163767576 1.210005993 -0.002904 -0.005755 -0.003892
2 6.700048015 2.151861938 4.615264365 0.006567 0.000186 -0.003832
3 4.072421499 4.726345880 8.020748072 -0.003503 0.005487 -0.003829
4 -1.486455954 6.878343743 5.600593135 -0.003122 0.005780 0.003831
5 -0.570648922 3.315925959 9.005851266 -0.003532 -0.005392 0.003892
6 2.056925355 5.889992076 2.195109289 0.006503 -0.000290 0.003828
7 4.923176344 0.000121757 3.405351146 0.000397 -0.000013 0.000018
8 -2.461482612 4.263656762 6.810503226 -0.000210 0.000337 -0.000017
9 2.181621403 3.778679157 10.215856638 -0.000197 -0.000341 0.000000




(@)
(b)
©
(d)
(@
®

TR ML EIILTWET, a_vector, b_vector, c_vector (ZZIE41a §ill, b #il, ¢ fHO~XT LN
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 £,

EAT v T TOEFNFER SN TNET, ZOFITIE, A A OFHaES 1 (8], SCF OEHRE)S 24
El&720 £,

FEBRDIFA DT & DJFABNTND NGRS TWVET, 1 FHOFNIEFDID, 2 FHNS 4
% HOFIDEF DD x,y,z FEEE, 5 FZHO 6 HFHOFINFEFITEH< 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 LIZx S L TCWA RIS EY 7 v D7 = 7 ZFIH LT, 7S,
R A AL LT TEE Y,

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

77 AV dos.data (F7-iZ file names.data 7 7 14 /UZEBWT F DOS IZL->THRESINS 7 74 /V) 12,
REEEEESH I SN ET,

REEBFED 7T 7 BT DITIE RO K H 12—V dos.pl 2347 L %7, "phase0_2016.01/bin/"i%, PHASE
DA A=V ENTNET 4 L7 FU T, V—/Lbdosplid, Perl 27 V) 7 ~TF, E(7H., IEEED S
7 ® EPS D%~ 7 A /L density_of_states.eps 2MERK SAVET,

o°

../../phase0 2016.01/tools/bin/dos.pl dos.data -erange=-15,10 -with fermi -color |

dos.data REEEEDOH 17 74 v

-erange For T DX —DOFPAZFRE L £, -15,10 13-15eV 225 10eV OftiFHZFE L TV E T,
-with_fermi T2V I TN F—EFRRLET,

-color BT —HNEATNET,

3

DOS (states/eV)
-
T

. \ .
-15 -10 -5 0 5 10
Energy (eV)

X 2.5-1 JREEZEE AL (Si #1 YEL RGOV )
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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 DEETESH D SET,

Ny FREED 75 7 AT HIIE, RO K 912 —)L band.pl #F4TL £, “phase0_2016.01/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 2016.01/tools/bin/band.pl nfenergy.data bandkpt.in -erange=-15,10 -w
ith fermi -color

nfenergy.data V> 7'V 7 kBT HEAEOHT 7 7 A v
bandkpt.in PN T kRICET AT AL

-erange FRT AT —OEPHZETE L £, -15,10 13-15eV 225 10eV O#FiHAFEE L TWE T,
-with_fermi TV I TR —E IR LET,
-color K17 —HHEITNET,
10
2
AR |
5 \ i
L \ il
0 ; o

Energy (eV)
- ~_

)
a
T
~
-
1

w L r X W K

252 N FEEE FIHYEB]  (Si &1 PEY FEED/ Y FEE)
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3. ANIRSA—=R T 74 )L : nfinp.data (FEHERR)

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 U2 ->TRY, FF 71T, Mhidbis, SHEEE, SHREOREZR EOfHREiALET, LIFIS, AN
T A=Z 7 7 A NORLE LA RICHA L7,

BEDH DA T—HTF L HT—o0 [Tuv 7| NIGERLET, 7uv 2L, 7avr4ai. ) EnorEX
TSR LET, 72 2L, IR0 X 12720 9, HARMIZHE T A—X L, ¥ V=D TIRE L £
T, 7272 L, RTA—F T EIREANER Y £, KRR ST A— X OIREFEOBAE R 720,

Upper block{
Lower block{

tag keyword = value
}
}

NIRRT A=E T 7 A VOFEK « BRERICBN T, BIFOAITERES EE0Y,

® [F L&A CARTIDT vy 7 &5t e % Z LT TE AL,

® Ty I ADORIF  NFEKRITH I LEH Y FH A,

® Ty JANHESTWDLAIZIE. £07 8y 7 BEBNDRESN TV WS D LA SET BRI
£9), TOHEAIE T 740 MENEHESNE T, =7 =R vt —IEFFRRESNEEA,

® I, UUTTRUIBIEIN I ~() TRUILZ L TEXET,
® USRI LT A G DI VEES, A 2 EE | ASGC ) CHEAET,
® EACHIHMEA LN TEENY,

IO T Ty 713, PIFOLO0RH ) £,

control 7'& w7 AR E RSO E

accracy 71w/ FHEREE O E

structure 7’117 JFRAAEEDRRE

wavefunction_solver 7'z v 7 WENEE Y L/ S—DRRTE

charge mixing 7' v 7 AT EERATE DR IE
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 THIHFRE/R BT

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,
eV/mma3, rydberg/angstrom3, rydberg/bohr3, rydbergmma3,
iy 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

}

ZOBITIL, block DFEEDHENOTFT 7 /L "R ABIZR D 4, EEGEET 258 (BES, mxLX¥—rrb) ,
ZEHTCTRYI> THREL T ZE0Y,

31342k

VETINTIICEDATIE, A MWL D £,

block{

! comment

! tag keyword = valuel aRX b
// tag_keyword = value2 A b

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
}
}
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—&

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

# 32 AJ1/%5 A—& 774 )\ nfinp.data DF 7 (F—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 : FHHEBHAA

continuation, 1 : FHHKGE

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

1IMD 27 v 7o SCF [ERDHIFE
(F 7 /v MTEERIRR)

nfstopcheck

7 7 A /L nfstop.data (ZE) IV EfET, LR
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 TZDO7 7 A NVaikiiel 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

BATAEDT) A7 T4/ 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

X,y,z JI~D5YERL
F 740 Mili= (4,4,4), FFRHiE=(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

FHFH7-0 O3 )L F—0EHEED LB
AE
(T 74/ M : 1072 hartree)

succession

RRZEDSAE AR ZTEhEfE LTI & - 72 RS R
FAAFIE ST L EARET DL
(F7 4V 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 4L M : 2)

num_max_iteratio
n

k {472 D ORKRO T IRRL
(77 #/V M : 300)

sw_eval_eig diff

EATERHIAEAA ~F
{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 TOFHE L TAE Y — EIREF LTI < Bk
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 A 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 ARt ~ 3DOEEK )
generators ARt
af_generator WEZE O ROT

&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 & —Er &+
%)

atomic_number R

mass B

zeta A0 (= (ny—n)/(ny +ny)

deviation W 2 77 AR OFNICH- 2 5 & EDEH
0 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 WENRH Y v s— GEL 1L 3.6 & 3.8 22/
Ivers

sol Vs R—DFEE
MatrixDiagon : 1751k ik
Im+MSD : Im(—%IefEE+ MSDEKEAR2
[ SR
RMM2P, RMM3 : RMM %
MSD : & FfosifE Mk
pdavidson: 43| Davidson 7%
pkosugi: 77%| Kosugi 1%

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

dts FHRBAAAIRF ORI A8

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 BANREATEOFRERZSL, charge_mixing % 7
@ mixing_methods THE I TV D, K HiE
(ZHID IR DN T T2 > THRET 5,

submat on M & % subspace_rotation DFFEIZHEST

subspace rotation #4179, 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 ' 717, (0.0, 1.0] OFbHH
SO AT SIVIEITIE, AT Z 5
12 1.0 IZRRE,

period solver % 77D 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

EhEATE GELLIE3.T & 3.8 22

mixing methods AL DIRATE,
method EERI - { simple, broyden2, pulay }
7 7 #/V MZ pulay
rmxs FHRBHAARF O B A TR D EIG
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 25, B : linear, tanh}
prec BEROAEE, 53 © {on, off
istr method 7% simple USADEEIZ, istr [BIOH
&I, F8E LT E CEamAZIRED
nbmix HZ TR A_REEWMEET — 2 ORBERE
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 b U AFHEOHEE, B - {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) AES N ZE 2 %
gdiis_hownew gdiis_box_size THEE LT[0y DA A L LS
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_ | OO L —IEAE 2% THEE !
width AE = nwd_window_width x deltak_dos
charge 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 MOEENI AT NEDFEE S TUORVERRE, =
OEDT 7 )V K
pulay Pulay fEffiRAoE
timing IRFFE e T
solver i IRREARE
evdff B =R —2E
rmm By Mk
snl FERFTRT L
odiis GDIIS
eigenvalue A
spg ZEfiE
kp k A
matdiagon 1THIxHa 15

57




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
FHEDMThIE T, £z, "automatic" &35 SRRV O T 7 AL (2
oI, JIDY a 7EFEK T LIS HERICA R END) IMEET D581
"continuation", F(E L 72V A X initial" & FRE L7-D LR CEIEEZ L £,
"preparation" Z{EETH &, BIUER (BEAESIOKREZ SOFHME, kS4AKRE) O
FHATNET, T 74/ MEIT automatic" T,
ENZ, BURLT-) B A 2 wtdaA T, ZNEEE LT F FIRERS O 4%
WRHEHDL (N ROoBEZFET 25670 E) 21X, "fixed_charge",
"fixed_charge_continuation", "fixed_charge_automatic"®\§ NN 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 FHRZ25T9 DR 2, SE+HHN, O THRELEY, 2 THEEL
TR EEZ D &, WHRIZE L TR T, Mt HO 7 7 A Ve ERHIIE,
FERAMEIELE T, 7740 MEIL86400s (1 H) TF, HANIMETY, 2 5H
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
D SCF A # L—3a UGN 72 Z L3 ) £, £DHEITIE, SCF
HEEBETTHBY - T, NEFHE L TRV LZERFETHESEICERT L THD, RO
SCF #tHEZ T T O F0EFIC/2D £9, oL, bEV/NIME (1 OFE) (T
ETDHE, AR ISNDNOBENKEL Y, HREZH 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

3428V R
N2 RN, BLFO X 912 accuracy 7' v 7 O FD num_bands 25U k> 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,

BABKRY U TYLTERATY VYT

Ty N TR NX—L RIS, k A7) 7 EHROERNE 2RO 2 HE R/ NT A—2—TF, k mthv
7'V 713, accuracy 7 &7 O FZ ksampling 72 v 7 ZAERK L, ksampling 7 H v 7 O FCREETTVE
T, T RIETFRED LT £,

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

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

method k SY 7 7 DN EROYE T, monk, mesh, file, gamma, directin OV NTHNTT,
monk % Monkhorst-Pack {52 K237V o7 C, @EHERRSND HIETHY ., 774+
Jb METY, mesh [FHfli7e A~ o = CAZEfi] &2 B L E 9, WmEAIEIC L 0 EREE L
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 VI HOFHEIZBWTCKED k REBET HMENRH LA EITHIALET,
gamma ZfRET 5 LTHRDHRZY T 7 UET, T RE BN IZ#E>TWT, T
OB THIRDTIEEIMFOND 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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WOLERY, ZnENHTS, >E0O kS EFRUHEEEZEHTL2TELHY £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 7 TIILATFOEEEFHTHZ 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 =/
YENIAIT Z21F0) L £, tetrahedron & improved_tetrahedron [ ZPUEANET, 2P
HEAEIC X DREE A Z1T O LAITRIFA L E T, cold I Cold AAT V7T, &J&
IZBWTAEME SIVTWDHETT,

width ARAT VN T O TRV —DHENCTHRE L7, 7 7 4/V MEZ 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—

AR/ F—13, LDA & GGA @ 2fif5736 V) %97, LDA | LDAPW91, PZ, GGA 13 GGAPBE, RPBE,
REVPBE M TE £

accuracy{
xctype = ggapbe
}

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

3.4.5 INEHIE
INHRHIENY, BREEHE OICHE & MhE i LOBS DR @ < HOIHRHIED 2 FBE H Y £1, LLTD
KO ELET,

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
FIIREBI B & IR AR ORE 2 WNTAT 9 L, R R A2 DR OB CIOR S5 Z L TE £,
A L OIS, DIFOLISRET 2 LA TEET,

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

atomic orbitals
atomic_charge density

W ENBEECE 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
DOHHAT BTy AT ZXNFX—EHHT L2 & TEET, TOIREFEIZIED
matrix_diagon 72 v Z\ZEBWTITWET, file 1E, EEIBHLT 7 A )b EtAARLE
T T T HRRENCR LT RERI T — 5 7 7 A Vo QOB ERIEZ 047> 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 LINTEET, Gauss (TR AL E LICHMZAR T 7 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
VWL ZATVET, 7 7 4/ MiElE Gauss T,

matrix_diagon initial_wavefunctions |Z matrix_diagon Zf5E L CWAEAIZ, ZOIR D TR ZHilfE
THZDDT Y 7T,
cutoff_wf VIR E RS B R 2 0 » A7 =) =Dz E L £ 9, 7 7 4/V ME

1L, WEOD Y FAT TRAR—DHLTT,

3.4.7 EZERE
PHASE (3, FERFRT v v AOBEZ MM TIITUETS, THEEEMTITHES 2L bIETT, =
DHREAFIFIT 2720108, BFO LS IZELE T,

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

}

FZeEE, Sk L ORIOFETER SN TWET, WZEREIZZ OBEED ON %) Th 5 DITK} LF222H]
T ON 7D T, KERRICBOTIIEZEMREOHTNERIE 20 4, 7721, Wi IS b
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—
AR D0 EFRET D98, 7 7 4/L MAlE 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 AU DWW TCIEdh E DB SR L T 7ZE0Y,

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,

® LU MNVEFRET DA
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,

o KT EBICL > TIHETAHIE
ZOHEERIAT %G, LFOX Gk 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, &
DIFETIRET D &, 'Y MUSERBERHZLL T O &5 2 F = TER SN D K12 £
a vector = al 0.0 0.0
bl b2 0.0
c vector = cl c2 c3

b vector

35.2 [RFEEZ

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 L7 7 A /W3, file_namesdata 7 7 A /UUIEBWT, 77 A IVRA X —F POTM) 12X - THRE
LET, 22T n IIANCEBT DILREEDNEFAIKRST 28T, 7L 21E, LTOEHETO & Si Ot
FIREDBASITZ 7 A TR TURENTNT,

structure({

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

KISTDEERT X /7 7 A4 D O Y O_ggapbe us_0l.pp, Si 7% Si_ggapbe nc_01.pp, 72> 7=5H,
file_names.data ZLAFD X D IZFR 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 HOEFZHTINAET,

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
EHAETT, BEAIR—THA [uel T, 228, moment [ZLAIEEEZITH &, 70T AN CHERIZ
zeta fEICEHLESNET,

TROFITIE, Crl KON Cr2 OISR TE— A MZ, N2 3us K -3us PRESNET,

5] : moment (Z L DHIHBKTE— A > FNOFEE

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 OWFAHERIFMEEFIH LET, SisFREOFINIEA0,0,0 T, 2037
¥ a ISR ED 8 DR DR AT O AT IAINTT 5 Z E D HEE S IVE TS, skt
PEDIRNRTHNIT 5 ERMPECRAIL, T3 TIEESIEINY,

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, ZDOEHAEET H L, FEEITL L THHE
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, F2, kY7 U T3S O AR E CGREL T X
U,

RS TEERET D7 — 7V TY, ERotlE, 3 DE TLMERTERNEW IR HD £
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 (2B17 538 7 0—%X 3.6-1 1~ LET,

J??EEES Qn : #WIHAE
BREE o, DHE
REEH v. : DHE

v
RENEAMDER
'
Eﬁﬁr Pout 0)1’EE‘Z %ﬁ?—%“ E Pin @E%ﬁ
No -
‘pin_pout‘<5 %ﬁ%_"g@;ﬁé
Yes

NOHE
No
@ RFERE Q. OEH
Yes

X 8.6-1 PHASE IZBIT23E 70—

TEENRSER DO F B O1EFEC, Kohn-Sham HHE

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

A - (HKS(pmp) l)ll)l
DOFEFEAAEV IR UATY Z &I £, OXROMBMEFOND Z &Il £9, ZOB, A IZ=xrX—e OJH)
BRIk D ABLEfRING 25 N TXH0DT, ZOABN 0 1IZir5< L9 qﬁ%ﬁ%@é&fﬁﬁ%ﬁéﬂi# 7
Ty — NE 1 h ORI OIEROBRECIY, S8 LB B, LTI p 45, LUFoL

TEZ6NFET,

Pout = ZZ |¢i|2;
FIHONBIO L —T T, AIDpiy EH L e B —5 B E CREATONE T,  Z O SCRE D
HEFESDFHBE L TN COET, SMUDOL—7TlE, 52 bR FRELIC T L CHDORE I MThi, Z0f)
23 0BMELL N2 K 5 78 JRRCEICRET A £ T, AN TS ET,

3.6.2 ;ENREE L/ N —

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

wavefunction solver{

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

rmm {

edelta change to rmm = le-3

}
}

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

solvers
sol
till n
prec
cmix
submat
davidson

max_subspace_size
ndavid
rmm

edelta_change_to_rmm

line_ minimization

dt_lower critical

EOWENRSH NVR—%, EOX A I 7 TTEMAT A0 ERET HEE
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
AR TE T, msd {5 & Hl U CCROMWHETT, cg BT AR
ETT, HEAMT Imtmsd K0 0TI, BTREIZRVWEE RS
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, 74 LEBEUSE 5 & 1E L MiE~IUR
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 WA= e £9, L7e23> T, rmm3 1%
R E CHIHSNORE L 72> TWET,

AR OA A EAECHIRE LE 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 {EDFEMZRIR D ENERE LTDWESEAICFIT 572 v 7 C
T, UUNOEREFIHTHZ ENTEET,

davidson 1L TR 202 MORE R A A& E LET, 774/ b
B3I R 4 5T

davidson {EIT9 Z L3080 22 M AR L7 HIREIBIESA S L 3
0, EOREERET HEETT, 7 74/V MElL 5 T7,

rmm JEOFE IR DN EFRE LT WEARITRIFT 27 e 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>

TIVNETIRT D Z LN TEX 97, simple [ THHIR ST, broyden2
Id Broyden @ 2 7 H D515, pulay (3 Pulay (Z & 5 RMM-DIIS 75T,
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 D TEDIRAAZEZ £,
pnew(G) = (1 - f(G))pold(G) + f(G)pnew(G)'
rmx * amix
f(G)=——F5—

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

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
}

}

oy ZERb A b O 22, IEIREECA BORT S SR T 2 2RI ST 2 N2 K o TUCROIR 58 32k L
7, 2L, FRACRMMEZFIH L T DG EBICRE g8 E 5253, 77 4/0 FOIRDER N CIEER
BRGNS = A wE i S E T2, WERABERZICT 25 EICIE TO X 2 ICEEK
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, EOZERBAGIT S RISV R LD ANIEH L ET, S FREEOHIET 2R R E DI A
FI0, ZOMRIZL > TEREOHHFERHITE 2556 bH 0 £7,

(2) SCF itz H A cHIHY) 5 ik
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

}

ZOfITIE, 50 [HlD SCF #H5A4T > CHIBRHE AT/~ 156, TORRTE > T2 E REEF]
MUTHEAHENZFRE L, MEhkE e TSEET,

(3) EMEEOEDIRAELET S 555
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
}
}

ZOHFIDYFE, spin density mixfactor (X4 TH Y, EREEDZEDRGHIZ0.1 X 4=04 LW HEDEFAS
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 VEMBEORAIFIAT 7 VT RLEELTT S
AV BERHRFEI R U, SRR MR AR AT 5 2 L L AEETT, 2O X H ARREI, LT D X 51T 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 UH[ETET LA
—EDMAY U ZEE LT SCF FHEZITH LIHRMENUGET DHA03H0 £9, ZOREE, FicOEFET
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 TIZLL FOEEAFIHT 5 Z LN TE E T,

sw_fix_total_spin | “on” & L7236, AE U ZEE LR AEITWVET,

spin_fix_period AV UEED N EEFEE LE T, “INITIALLY” & $57€ L7234, SCF FHEOWIIIEE L,
T LA L COE E9, “WHOLE? LH5E LT-3E, BB TETAY U2 FEE
L9, BHERTE LSS, TORBTTEE L & illsE OstE A2 TV E T,

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

(6) X¥EEMEIRGT DHE
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 | Z#5# S U TW AIENESE L —{21d,. MSD #. Im+MSD £, Davidson i, CG %=, RMM i,
EEE LR EOHA Y Lox— L 4B )L 3— & LT D subspace rotation 230 £97, S5, BRBHER
Bk UCHMIRATE, Pulay ¥4, Broyden (255 2/ HDOHER EEEH L CWVET, Ziub%z, REITST
THINTEAGOED Z LI Lo Tad RIS CE £, L, 20X 9IRS Ul E
BB DI ICFRIND M DIEETT, 2 C, PHASE (T3, @U@ VA — OB B IR A TE
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, AT DR ED VBRSNS T 2 T T e v Z 1B T ET, T2l U AREE A
LoD rmm V= FHS 106 hartree KV & L <o/ A I 7 TR LI2WGATEL, LFO X 572
RO EATVVET,

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 MEIZ 15 (AU EREEB L TOARVER), 5 (AU 2EEB L TWHER).
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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 RSSO T EERE LE T, MEEMmo4~7 v a2 L LT, quench (quenched MD £), cg
(CGH), cg2: 4B CGIE), gdiis (GDIS{A), bfgs (BFGS 15 DWW Hhi@~ET,
7541 M bfgs 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 #d 2\ M3 BFGS HEIFHIE < DR EWGELEIGIR TERWEAENHLDT, HHBREWHIE
quenched MD 575> CGIEZFIAIL, & OREDVNS < 72> TH b GDISBFGINAICEIV B2 D, LW H8)
fEa L% 9., GDISBFGS) 2]V & 2 2O b Fik L U0 B A DHESRMIL, TRENER
initial method & ¢ forc2gdiis ZFIHL T ROIIITRELET.

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 BLU'BFGS #&RI 285504 7
initial_method GDIIS (BFGS) ~#473 HailFIH T2 i
L7 X, BRI : { quench, cg, cg2, sd ), T 7 4 /L MElE cg2
gdiis_box_size Z ZCHRET DA A HHERHIE Sy 0T — 4 % gdiis(bfgs) RSN 2.5
gdiis_hownew gdiis_box_size THE LTZ[FE DA A U HEEEDT — X BB 2%\ ) 72 RED
AP ER
U : lanew, renew}, 7 7 /L MElT 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 BIROE EETEET 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—3 3 VT TOARRIC, BRSSO S 2 TR D
PAIZETET “GIN 45 Z L1 L > T2 F S DHEM M- TR, flighE. 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 727 CIZLLFOREEATH Z EMTEET,

sw_dos WREB A AT O M E DD EIEET D EMBIE T, REEBEEOHELZITH>%A on & LE
j«
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 LT2IRBEE EEDME DV E T, tetrahedral OSATUHEIATEZ L D EkEEE 2 RAEE TR &
1752 EMTEET, 72751 tetrahedral ZFIHT 2855 %EOMEAREDFIH T H5:04F
H IR TEZNY,

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

IREEEFEDRHE L L LT tetrahedral ZFHT 256, LA TOSMENHET- SIVCWOALERH D F97,
® 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 BRIZE
SCF FHH i WS CRAPRE AR E T2, IR L7 s A2 RS 7 — ) B L, iS5 2 &

HARETY, 2995ZLICE-T PHASE -Viewer 7¢ & ZFIH L CEAFEEDOAIYLETTS 2 L3 TRETT
%ﬁ%ﬁ%iﬁfﬁ CHII & B 7=DITIE, postprocessing D T charge 7' 1 v 7 TRREEITWE T,

postprocessing(
charge{
sw_charge rspace = on
filetype = cube

}

charge 71 7 O FCIELL FOEROREEZATVET,
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sw_charge_rspace B2 FZEM TS 2728 5 I EtRET 2 BLME T, on (292 & SZEfM o0 R

filetype BREET —Z DT —F 74—~ v FHELET, density_only & cube 2NE~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 /MR SIVE 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 DOFEMEE OREIL printoutlevel 7 12 > 7 TITUWVE T,

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 R 7L~V ERE LET, FACHEDRVERIZZ Z COREIENE T,
timing R D 1 7 LV A L E

input AN a 7 L~V LU ET,

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

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

41 &I RIIX—EHE

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

411 AHIRS A—4

v asiEl (XA YEy M) O L X—3EERE LET, VU a2 i 8HD% Si8 Axlgit LE
T, VU alfEl (XA vEr M) OEEK 411 1 ORLET,

X 4.1-1 >V 2 VEFERT 5 5 A YE Mg

FEUSES AN 7 7 A UL, 7 7 A/ file_names.data DFTIRE L E T,
file_names.data [ZLL PO X H TRk 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/ 7—% F POTQ) &, AN177 A4V F INP BMEESIHTNS4
FNHY 9, Sildapw9l nc Olpp IV I DEERT U ¥ /L « T—X TT,

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

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

}

Accuracy 71> 7 Cl, BHEREELAEELET,
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accuracy{
cutoff wf = 9.00 «rydberg

cutoff cd = 36.00 rydberg

num bands = 20

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

}

xctype = ldapw9l

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

}

cutoff wf & cutoff_cd 1%, JEIBHEL L BRI IAADN v NAT « =3V X—03, Z1Eh 9.0Ry & 36.0Ry

EWHMETHDZEERLTVET,

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

bl A SIAHEREN, XEDV@%M%%FE?"ZD L 8x4/2=16 L7207, ZD7-% num_bands
1, 17T EICRE L TEMENDHY £, F7-, ksampling WD X 7L, kDY 7V T OREE 5

/m“é@ UENFET, ZOFITHE, 4Xx4XADA Y agBk mFr 7Y 78720 £,

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

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

AR AN ED &V O FERDERE L T 3 [Elgev o b, FHREZRT é’@é FoEESNTOET,

Structure 7' v 7 T, fiEEEEELET, BAIIT 7 40 FRNEFENLE 7> TOET (REIOHENI
Bohr),

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

atom list{

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

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

ftag rx ry rz

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

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

atom_list TI, JifE, BN CONETEENE, FIVENDRAONEZ [EET DG EfEE L £,
element list Ti¥, 7TF4 EFDORIEFEHRELET,
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Postprocessing 7' 1 » 7 Cld, BUEOD/NRT A =2 ZHBELET,

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

charge 7't v 7 Tld, BEEOHINIHOWTIRE L E T, BB, file names.data |28\ C F_CHR T
FBELIE 7 7 AU ISiVET, filetype=cube & T 5FIZL Y, Gaussian cube A THIISNES, =
DL x, FCHR HEESND 7 7 A V4T, *cube DIFRTHAVEDNH Y £, Gaussian cube 7 71 /L
I&. PHASE Viewer 72 EOFIFEY 7 b T =7 Zffio CrIHbFRRT 5 Z L 3A[RETT,

4.1.2 SHEDET

PHASE ZLITFO L HIZFATLET,

| $ mpirun -np NP ../../bin/phase ne=NE nk=NK |
ZZ7T, NP, NE, NK (IZhnzh, sEENT 27 vty h—0k, X8 oSERREOE,
KO, kmONEFHEOEER LET, DT A—ZOEOMITIE, NP = NEXNK &9 BHRAHY
NSO TWRITFAIUTZ2 D £/ AL
¥72, 1CPU OitRHA M D581, UIFOXIITFETLETS,

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

FHEOBTEER MR T DI, FHEOr 77 7 A L output000 (ZHIF E TN DT R —DILHIR
WAERRET, TFTOLIFTT DL, BT 28 2t cE £,
$ grep TOTAL output000 |
Si8 DY TN EfES TIHEBLZ output000 Tik, KD X 5 kRN FRrENET,

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

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

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

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

SCF #HEIZHWT, 2= p/LF—DEDIH LT <ARFD0 0 £97,
413 EHROER
HEIN-LTx¥—%, F ENF 77 A /Ut hEnEd,

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

SRS T D L. EBREE T 7 A /b nfchreube 2MERRSIVE T, BEBEIAAZX 4.1-2 1\~ LET, BT
FHER9 72 Y, cubefile ITIEEAINZ TOET,
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X 4.1-2 V3 AEROERBRESS A

85



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+
EAHET D HEL, AT E2RET D HIELE T I ERET 2 HERH Y £9,  BARIIE, B
unit_cell_type D AJIMEZ primitive 7> Bravais O EHOANLIERTHZ & T fRETEET,
421 AFNT A —4
4.2.1.1 BATROFEE

(1) B A HARK T CHRE

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) Bzt e cfaE

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
DIEEICLY, 7 a 7T ANTHAKTEZRELET, L. 7077 20 LA T2 uicithn 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 ABIHRES LB/ AEROTT, lattice system & WO B TIREL 7. #* 4.1 221
LTLIEENY,

ZEHiAArhombohedral) OEFAIZIE, i %) R(hexagonal) O EHE AT LET, SR L%
TR R DA 7 MVOBSEFIK 4.2-1 1R LET .

TR 2 INEREERE C AT D55, SR BR 0 C, BN TR O E & finii <2~ VER
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 TIR—IKF LR

tEE F1EEL unit_cell |Z50RT A E FFOMEE | lattic_system (2 45
T HHEE
N H7(ce) a a=a, b=a, c=a HH(P) primitive
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alpha=90, beta=90, gamma=90 [ LN(F) facecentered
D bodycentered
EHG) a,c a=a, b=a, c=c BAAHE(P) primitive
alpha=90, beta=90, gamma=90 D) bodycentered
EW10) ab,c a=a, b=b, c=c EHi(P) primitive
alpha=90, beta=90, gamma=90 ELNC) basecentered
LNF) facecentered
A eND) bodycentered
77 (h) a,c a=a, b=a, c=c BAHE(P) hexagonal
alpha=90, beta=90, gamma=120
=H(h) Zmifdh a,c a=a, b=a, c=c ZmE(R) rhombohedral
VAVt ] alpha=90, beta=90, gamma=120 | Hifi(P) hexagonal
B8 m) a,b,c a=a, b=b, c=c EHi(P) primitive
B alpha=90, beta=F, gamma=90 ELNO) basecentered
“4Ka) a,b,c a=a, b=b, c=c BAAH(P) primitive
a, By alpha=a, beta=f, gamma=y

H R R
a’ =a —b
b7 =p*—cf

¢ =a® +p* +c*

K 4.2-1 AH 5% L EHEEREROBIE. AFTMOFD b Bl TFA L EAWESY MRS TOET
al, bY cHizAHEROEAIESRY FT, aR, bR, cRIZEGREROEALERY FLTT

F 4.2 TITR—EFOEAINHESY L.

75~ T a b c

WA 7(cP) pe P s

HnT 7 (cF) SH+2) @+2) ~(®@+9)

WO | S(-x+5+2) @-y+2) ;@+y-2)

HUMLIE 5 (tP) ax ay c2

PROIE D %(—a’f +ay+ %(a’i —ay +c2) %(ai +ay — c2)
cZ)

Hifdiig )5 (oP) ax by cz

JELAE /7 (0C) ~(a% — by) ~(aX + bY) cz

Hi D (OF) L6y +c2) 2 (ak + c2) ~(a% + c¥)
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A IE T (ol) ~(—aR+by+ | (ak—by+c2) ~(aR + by — c2)
cZ)

%%@ﬁji(hl)) ai a(—li + ﬁ") cZ

B HAR(mP) ax by c(cos BX + sin B 2)

JE L HAHmC) %(ax — by) %(ay + bYy) c(cos BX +sin 2)

Hifli =4 aP) ax b(cos yX + c (cos B+ Loz amcos B cos Yy

sin yy) sty
ccz)sa+ccz)s,8 —2cos acos Bcosy
- 2
siny

4.2.1.2 XFREDFRE
RIFMEDFREDR Y J71213, fhsetE 2 A4 2515, bz BERIIRIE T 2 51E, Aot e AT 577
ERNSHY £

(1) #hdtEEE A9 2771k

¥ crystal_structure

\Z, fEamEOMZ AN LET. ZoE, #RIKkIZIE diamond, hexagonal, fee, bee,

simple_cubic @5 223% 0 £7, SifEEmOGEIIRET HitiutEiElE diamond T

(2) XIPREEZ AERIICIES 5 51E
method 24412 automatic ZF5E T 5 Z & T, IFRIEILEBRZIE SHUE T, tspace 7 B 7 D lattice_system

DOFFENE, primitive DEFAELIINIFEET 5 Z EAMERE SV ET,

symmetry{

method =

tspace

automatic

lattice system = facecentered
! {rhombohedral |hexagonal |primitive | facecentered|bodycentered|basecentered}

}
}

(3) ZEroca A1+ 5051k
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

}

IE 0
C31+ 0
C4X+ 1/4

ty tz
0
0
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

HFREL TCOET,

AERGTDIRE DTz L E 7S

EROTOREEEAEE, Lo — R T

ELET. FT1E, ENEN—2DEREE RIS LET. —FIH 0%
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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 Z 13 1IE -X =Y -Z
2 Co+ w X 2z 14 IC6+ -W -X -Z
3 C3+ -Y W Z 15 IC3+ Y -W -Z
4 cz2 -X =Y Z le 1IC2 X Y -Z
5 C3- -W -X Z 17 IC3- W X -2
6 C6- Y -W Z 18 IC6- -Y W -Z
7 C211 -W Y -Z 19 IC211 W -Y Z
8 C221 X W -2 20 IC221 -X -W 2
9 C231 -Y -X -Z 21 IC231 Y X Z
10 C212 W -Y -Z 22 IC212 -W Y Z
11 C222 -X -W -2 23 IC222 X W 2
12 C232 Y X -Z 24 IC232 -Y -X Z
=i, ABRIADEE
1 E X Y Z 25 IE -X =Y -Z
2 C2X X =Y -2 26 IC2X -X Y Z
3 C2Yy -X Y -Z 27 ICzY X =Y Z
4 C2z -X =Y Z 28 IC2Z X Y -z
5 C3l+ Zz X Y 29 IC31+ -Z -X -Y
6 C32+ -2 X -Y 30 IC32+ Z -X Y
7 C33+ -2 X Y 31 IC33+ Z X -Y
8 C34+ Z -X -Y 32 IC34+ -z X Y
9 C3l- Y 7z X 33 IC31- -Y -7 -X
10 C32- Y -Z X 34 IC32- -Y 7Z X
11 C33- =¥ 7z X 35 IC33- Y -7 X
12 C34- -Y -Z X 36 IC34- Y 7 -X
13 C2A Y X -2 37 IC2A -Y -X Z
14 C2B -Y -X -Z 38 1IC2B Y X 2
15 c2c Z -Y X 39 1IC2C -Z Y X
16 C2D -X Z Y 40 IC2D X -7 -Y
17 C2E -Z -Y -X 41 IC2E Zz Y X
18 C2F -X -Z -Y 42 IC2F X 7z Y
19 CiX+ X -2 Y 43 IC4X+ -X 7 -Y
20 C4y+ Z Y -X 44 IC4Y+ -Z -Y X
21 C4z+ -Y X Z 45 IC47z+ Y -X -Z
22 C4X- X Z -Y 46 IC4X- -X -7Z Y
23 c4y- -2 Y X 47 IC4Y- Z -Y -X
24 C4z- Y -X Z 48 IC4z- -Y X -Z

5, [EHRIZAE O MR EIX generators 7 —7 /LD tx, ty, tz SN ENEIUERE L ET. #1X7 MLEHHUET )y
BCATILTL &0,

4.2.1.3 SUlis s o 28555
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, WP EEET 256, FRALED weight EBMEAFIAT S Z &2k - TEEET —2 A &5 )1k
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 JBIHEN 2 DJF71E, SHSIFMIEICHBE O 2 B —R R SvET,
55 2 i CHRE L7 R SRSk PR BN B £ D56, 2D option A8 ET 2 Z LA HEELE4, 72388, i1

JERE 2 NS T DA AR EO TN, S TH D Z LI TEELTFE, £, SO NWRICE
W sw_inversion =on Zf5ETH LT —A vt —U N L GHEEK T LET,
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422 58| - 1) O A4ERSI2)

D) aVFEADRERLT DA TS PMEEOEAKHIEF 2 A2 EHAET, 22 TE, YU IV EF 205
72% Si2 &I REHIE LET, K 4.2-21F Sie DIEFAHIE T,
FHEFIEIL, sample/Si2/TY,

4.2-2 Sie DRTHEE, FBRIIRT 22 TeEMRT2RT

(1) SCF &5
SCF #HHAZATV, EMEEAFIR L ET, FHAMIEIT sample/Si2/scef 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 = 9.00 rydberg
cutoff cd = 36.00 rydberg

num_ bands 8

}

structure(

unit cell type = Bravais

unit cell{
a =10.26, b = 10.26, c = 10.26
alpha = 90, beta = 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\WH 77 A NLOHFT, ZE#H F CHGT THELEZHA7 7 A4V
nfchgt.data 12, FHREIZL > THOLNEROERNPH I SNET,

(2) REEEEDOS)DFHH

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 G ROEMEL 7 7 A /unfchgt.data ZHNET AT o v/ UEISCFHE LRI L H DA ET,
file names.data Ti%, AHJI7 7 A NVEZLTOLHIHEFEL THNET,

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 }
}
smearingf{

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

5% 7 TéhD Control D5y C, SCF A TR OLN-ERM OO EEE L THEHTZ L 2fHELET,
ksampling TldkRY 7Y D4 x 4 X 4, smearing TIFUmEIALELZHND Z &, ek convergence T
WIS A FRE L TV ET, Postprocessing 7B w7 T, sHEKTHROBUELE LT, MEAEZLD
REEBEEDFHAD/NT A= PFRE SN TNET,

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

[o)

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

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

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

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

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

| % dos.pl dos.data —erange=El,E2 |
L35 L, Postscript TERDIRFEEEX density_of states.eps WMEGHLET, F7-, -with_fermi &\ H A4
VarvEOT, ZOMRERTILL, ARSND REEERICT =L« LYV ERRCHiINE S, T2
2L, XXy TOHHHRTHE,  MMETHOTRLF—RKED & Z AR5 ET,
ZOBIETIE, DL IICFETLET,

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

Sio DIRFEEE &, 4.2-3 1TRLET,

3-5 T T T T T T T T

15 - b

DOS (states/eV)

05 _

0 1 1 1 1 1 1 1
-12 -10 -8 -6 -4 -2 0 2 4

Eneray (eV)

4.2-3 Si2 DIRFEHEE

(3) S FEEEX
RAEEE (DOS) ZHA L9, #HHEHIEIL, sample/Si2band T3,

file names.data Ti¥X, A7 7 ANVEZLUTO XL HITFEEL TWET,
F_INP = './input band Si.data’

F POT(1) = '../../pp/Si ldapw91l nc 01.pp'
F KPOINT = '../tools/kpoint.data'’
F CHGT = '../scf/nfchgt.data’

A7 74 MZTinput_band_Sidata %, k 57— 1% kpoint.data THDZ EEZFREL TWET,
N7 74 v kpoint.data 1%, —/L band_kpoint.pl Z#HW\TAK L FT, £EkT25 k S&27 71/

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

INBDANTZ 7 ANEM ST, 70T hekeal ZFATLET,
| $ 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 =R —EHORIME E1 SHRKE E2 %, LEiERE E1=-13 & E2=5 £ L,
PITFDXHIZ3ATLET,

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

Si2 D/ R, 4.2-4 \TRLET,

Energy (eV)
IS

-10 / i
12 b
r

L u X

x

4.9-4 Si2 DN FHEE
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43 REUMBEEE LI-FE

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

2T, SEREEOE] & LTRSS SRR, RORREEDH] & LTSI 7 v AR LB 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) HhseEDREE
585 erystal_structure T, (A7 GO Ebee & W THD ZEEBELTCWET. Lo T, 2=y I
JNTT T ARAEGFAZE S THREL TWDDT, JF1E 1 DOBFER L TOET. RONEICH DR HTFEE LT
WRUNVEIC ZTEE K 72 &0, erystal_structure (2 bee & WIOEEZFRET D L, 70 0T LNEE DA% FAK
TR D DT, ROLEDFRA-DIEIIARE L 720 £,

(2) AV UAHEDEENE
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 EVIEROMENR, 7o 7« AL X T « AV D BEOEELRT, AV U5k
¢ =0 —n)/(n +ny) OPIEZRL TOES

43.1.2 HERF O

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

% grep charge output000 | grep NEW | more

!*——— input-file style = NEW

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

ZIT, AVUHIBOERE (= (m —ny)/(ny+ny) ZfES L, ZThs (=0.2782 LWOEIZIBRL TS Z
DI ET

LITDOEOZFATY S & BHORIE TOBEMMIOZDHEETE 75

| % grep charge output000 | more

F CHGT = ./nfcharge.data opened = false
I*% ——— 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)

'OLD 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—=4
BosspgatE o & U CTROSIT 7 v bzl e 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 £,

ZOHEERIT D 2 LICd o T, KM ERIRE 2R OROFEEZTT ) 2 L HATRETT,
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4.4 HEiERE L

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

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

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

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

}

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

Structure 7 12 v 77 D1 DFETE atom_list (Z mobile BMEZEE L, FE(LORRERDFEFIT1 LW O EETR
ELET, Rkt e LIRVWEFIT0HAWEE 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 AIsamboktg e84, 2% B E 4FHD O 1L 33FKHD Ba 505w ko
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

<
structure({

atom list{

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

}

ZOBITIE, 1A Ba JA 3 x BEEORA, 2FHABLO4KH D O A3y FER L 2 FEEED L3, 3 #FHD
Ba T3 X, Y, 2 BEEEDSRB LOXRR & 700 £
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structure_evolution 7' v 72, & b OREE LET,

structure evolution{
method = quench

dt = 50

}

method SRR O EEZFEE LE T, #EEMmoA4 7> 2L LT, quench (quenched MD %), cg
(CG 1), cg2i: B CGHE) gdiis (GDIIS i), bfgs (BFGS ) OV NahhE~ET,
7 7 AV Mild bfgs T,

dt MG EAT O BERORAIA T, REWHPREIPOA~NZ0 T2, KETED LFHEEE

LTS ENTERLSRDBEENH Y £, T 74/ MEIZFFHEANT 100 T,

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,
AA3ETER| ) O AERDOEEREL

U a AR OE SRR L O EB T, BEREAEIENDFEANEEZ T H LT, T IbOFEmEfLs A
THHEETY, FHREBIEEIL. sample/Si2/relax T,

(1) ANh77An

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 CIRA B < IOWHRSA 2458 LET,
accuracy{
force convergence{
max force = 1.0e-3
}
}
(2) FHERER
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
# c_vector = 5.1300000000 5.1300000000 0.0000000000
# ntyp = 1 natm = 2
# (natm->type) 1 1
# (speciesname) 1 : Si
#
cps and forc at (iter ion, iter total = 1 34 )
1 1.333800000 1.333800000 1.333800000 -0.010794 -0.010794 -0.010794
2 -1.333800000 -1.333800000 -1.333800000 0.010794 0.010794 0.010794
cps and forc at (iter ion, iter total = 2 53 )
1 1.331707297 1.331707297 1.331707297 -0.010402 -0.010402 -0.010402
2 -1.331707297 -1.331707297 -1.331707297 0.010402 0.010402 0.010402
cps and forc at (iter ion, iter total = 3 75 )
1 1.327597870 1.327597870 1.327597870 -0.009614 -0.009614 -0.009614
2 -1.327597870 -1.327597870 -1.327597870 0.009614 0.009614 0.009614
cps and forc at (iter ion, iter total = 4 100 )
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 = [ 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 21TE, A OFS, JFFALEEy,z, bohr HAD, BIOSNDRSY (xy,z, hartree/bohr HADD
FHEMEREZRLCONET, UL, #ERE TE T TP &, FHEMEDICOILT, 2@ < 71032
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 (3SR ISR 2 D 0 5 DT, W2 ER TR E R EOARREH O Z LITTE £ A,
UL, FENRRZEE e o 2 EICh D, ERERMELDLRWRER D Z LITRETY, BAEIE, K

M & FEAFHAVER LARVEEO RS S8R0 £9°, 85, 10A U EoBEZgg4EH L Ed, AFKmsnr-
Y a EKEOREAFE LET, ZoORSEOHEIZIL l 451 \OREND KD AT TRAL N E T,
AT T O TRID Si JFADR Y R, RAER7/KRR TRl LT ET,

oS

/r""“\
/’\ /’\ N

”\r A
)\

4.5-1 KFEHIR UT- Si(001)-p@ X 1) FEDHEER]

Z OFITHEMT % file names.data T,

&fnames

F_INP = './input SiH2x1l.data'

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

&end
F POT(1) & F_POT®) 2, Si Jité H FEFOBRT oy VERELTHET,

NIRRT A=B BT,

k S S ORRETT,

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
#tag rx ry rz element
0.26177 0.50000 0.65651 H
0.73823 0.50000 0.65643 H
0.34138 0.50000 0.56971
0.65858 0.50000 0.56966
0.26229 0.00000 0.49388
0.73763 0.00000 0.49385
0.00000 0.00000 0.41498
0.50000 0.00000 0.40298
0.00000 0.50000 0.32769
0.50000 0.50000 0.32150
0.25000 0.50000 0.24167
0.75000 0.50000 0.24167
0.25000 0.20000 0.18269 H
0.25000 0.80000 0.18269 H
0.75000 0.20000 0.18269 H
0.75000 0.80000 0.18269 H
}
}
}
postprocessing{
charge{

sw_charge rspace = ON

filetype = cube !{cube|density only}

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

atoms OFT, T 74/ ML L TEEL % SLITRELTCNDLDT, 24 element (2 H EATJLTWALL
SNDOFFDOIEHFEAIT S IRV FET, Fo, RNIVTFT 74V MEE LT mobile=0 & LTWADT, &2 TOJ
T DOPEFENTEIEE AV TOET,

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

0.26177 0.50000 0.65651 H

0.73823 0.50000 0.65643 H

0.34138 0.50000 0.56971

0.65858 0.50000 0.56966

0.26229 0.00000 0.49388

0.73763 0.00000 0.49385

0.00000 0.00000 0.414098

0.50000 0.00000 0.40298

0.00000 0.50000 0.32769

0.50000 0.50000 0.32150

0.25000 0.50000 0.24167 * 0
0.75000 0.50000 0.24167 * 0
0.25000 0.20000 0.18269 H 0
0.25000 0.80000 0.18269 H 0
0.75000 0.20000 0.18269 H 0
0.75000 0.80000 0.18269 H 0

}

Si(001) KD/ Ny 7 )V LT-Z A ~—DLERET p(2 x 1) TR (4% 2) TR, ZoEEHEHRT5
IZiE, Si XA ~—%H ) DT R E LT, &EBINETS Si 44 ~—OREE I L iudrs
DEHEA,

452 RESMEEEE L-KREADTE
FNE, NEFMERH AR H Y £, KsFEEFIHT S Z LIk - T, (EREOHFEAR T 2 %

DIEXORMEET VAV H Z EMNAJFETT, Pt Kimo011) mafle LET, ZOBBEDOATI T 74 LD
structure 7 12 v Z[ZLLFDO L H 122> TOET,

structure({
element list{
#tag element atomicnumber mass zeta deviation
Pt 78 355606.909 0.0 1.83
}
atom list{
coordinate system = cartesian
atoms {
funits 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 &, 452 L72) FT,

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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WPt

X 4.5-2 Pt(111) EOFRTEE, REET/NVOHRREZFRICT D Z LI K> TREBENFRERSH D,

453 5tE| . ERFRADER T RILTY—

OK TR ZRMEMDAERT R F—IE, UTFO L IIEHIET 5 Z LATRETT,

y = (Es — Ep)/24
Z I CYyMERAER TRV, EPREDETIIVX—, Ey RS DiEmOET 3L —, ANKEETT,
2A TElS>TWDDIE, FEETIIERN 2 2BENLI0G T, F/, EEIEEETVEFRTENE D LA
—N LTz & CEEHILET,

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

Pt(111) 9 @1, 36 i1

FFERIY, a=b=5657A,c=30Aa=p8=90°y =120°

452 DET)L

Pt(110) MR | 15 J&? missing-row (MR) (110)i, 7128 JF+

MR i & 1E, REODP %72 L TODETD 1 FIFBE IR WD EREDET /L,
B1iE$kiTa = 4A,b = 2.828427125A,c = 30A,a = f =y = 90°

454 DETIL (ZOMTIE, A——ELTFRLTND),

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

BF-iE8Ta = 8A, b = 2.8284271248A,c = 30A,a = p =y = 90°

453 DETIL (ZOXTIE, A—3—BLTFRRLTND),

o Pt
e oan SR N E N
1 SRR
- - A
- C = e N
o i > N
- - - -
& & - -
V4 > b -
T’ e R e -
»

- - S .

4.5-3 Pt(110) FARRE (A — S—/VFER)
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o Pt

7
s N
v W - «-l
e
- - - D
TN - -,
- - e -
z
* y - R - -
3 - & -
ZeX -

4.5-4 Pt(110) T missing-row #EiE(R— *—/FER)

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

FARERSENTT,

WTINDET IV SEEFE A B E

71 M A7 = 2F—(% 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

MR LOX G L IR DIRFT, REmND 4 JE5D

ZO XU TE LRI T RO R Z, & 431CF O FE L, (MDEOAERTR/LEF—)
IEL, WIZA10 MR, B bAERT R —03REOO2A10)H &V ) FERMEHNE LT,

D

# 43 BEFREROAFTRLF—, (111), 110MR, 110) DIETERTR/LF—I/NEVY,

i 111 (110) MR (110)
ERlT AL ¥ — (eVIA2) 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 = l.e-10
succession = 3
num max iteration = 300
}
force convergence({
max force = l.e-4
}

initial charge density = Gauss

structure({

unit cell type = primitive
unit cell{
a vector = 15.0 0.0 0.0
b vector = 0.0 15.0 0.0
c vector = 0.0 0.0 15.0
}
symmetry{
tspace{

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

atom list{
coordinate system = cartesian

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

}
}

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

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

}
rmm {

edelta change to rmm = 1.d-6
}

lineminimization {

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

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

postprocessing{
charge{
sw_charge rspace = on
filetype = cube

}

charge 7'v 7 O FTIILL FOZEHOREZITOET,

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, BZEDOID, M 471 ITBROLEIRA ©' 2 LDEIRA & L O 2 PHASE-Viewer
TAHUL LTk F2 R LET,

S BIT, FFEOT RV —HHOEMEE 2 E ML T S AH6ED PHASE ([Zidfii> TWET, 2Ok
REIZ DU CI, I AERBIC IS W TR L 97,
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471 Fe DEMBELSAAN. HFEL AL OADEIY, BREBILIZE VAU, ZEIRA Y L/NEIRA L
NZE D ERBESHROEERZRT.
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4.8 KEZEDFE

SCF HREMIR LI=0b, REREONE A TR D Z LN CTEET, ERFEEOHEEITH I2DITE, A7
7 A VD EALIZ postprocessing 7 12 v 7 ZEK L, S HIZZED T2 dos 70 w7 ZER LED F CRREEI TV
£

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

}

dos 70w 7 TIILLFDRREEATH Z LM TEET,

BRI R AAT O I E ) MEARET HEUMETT, REEEORAEZTO%E on L LE
7%

REEEE DRMREFIEAFRE L E£7, 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+
HISHLTZS N,

BRI SN b= F—DiEE/— N —H THREL £, 7 74/L MElX
le-4 hartree T,

sw_dos

deltaE_dos

IRIERFEDFHE T1E S L tetrahedral 289 2558, UL FOSRENTZ SV TODLENH D 7,
® kWL TV T FEE L Tmesh BEBHHL TN

accuracy{
ksampling{
method = mesh
}
}

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

accuracy{
smearing{
method = tetrahedral
}
}

PLEDNE7- ST & gaussian I L DREEE R TONTLE D DT, THELTEIW,
BEDT-8, gaussian 5 & tetraheral 1ETHEAE LTZMSINIFERORIERE 4 22X 2.10 & 211 1[TRLE

T, k BAYT2TFNFNI0 X 10 X 10 ZEHALE L, 481 BLOK 4.82 LV, Tetrahedral %
THEIRIEBEE D N v — T THRED LWL DOPELIL TN D Z ER00 0D 7,
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4 T T
st | ]
|
|
2 /\J‘ w‘”\‘\ | B
| ‘\
i |
1+ 1\ ) \‘ H il i
3 O “”* I, |
8 t ‘M d” W o T
s o I I\ 4 VW) NV JUUV AUV TV VAT
e WW\IW WWV V\J\J VW\]W\{U VW\/ e W\NW
]
Ry E
-2+ -1
3+ -1
-10 -I5 0 I5 10
Energy (eV)
4.8-1 Gaussian ¥ETEHE L7 DSIFEROIRERE
4 T T
3r h i
f
2+ f i .
.
S
d INRAR RN .
% / M\\J / p —
0 — ——
% | w |
g
-2 1
3+ -1
4 ]
-10 -I5 0 :5 10
Energy (eV)
4.8-2 Tetrahedral ¥5THE L7cHuUSLTEBRORIERBE
PHASE |ZI35 R8I Ko T LT RT3 HR T DR bl > Tk, Zofksel
SRR W TR L &5,
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49 1\ FIEEDFTE

491k BOT—3DERK

Ny FREEOFIEITIE, AN FOBEFET 5 k AO7—2 BLETT,

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, £OENL, UTOLHRbDTT,

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

dkv 23k sLOMEIE, blx,blyblz 1Lk ~X7 hlb, D xy,z F/3 T, W& Fbb, by lIZ W T HREEETT,
TATHUBR Rk s & DY o RVOFRTE R LET, VU RLVOREIINETIESH D TN, FHELRH D

&, S FHEEERR OB R SN ET, By, ny, ng, ng MW Tk~7 FLva

ny ny n3
k :_bl +_b2 +_b3
Ng Nng Ng

DENHAFEL LT, U AUIHDRITENTIZSV [JOSTEF-DEEDOF 2R L ET.

<——-= kO
<——-= WK B

<----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

OO O OO oo

50
49
48
47
46

50 100
49 100
48 100
47 100
46 100

()

e e

BIEBITRD X 9 BT,

(@
(b)

k SOEEAfEE L ET. ZopTiE, 141 HTT
4 SOEEHNE, FNE Nk S Z2RAD XD ITEFR L2500, ny,n3, ng, w2720 £9°
(Z ZCby, by, by 1Tk 7= F LT,
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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 =&
TIEE T 7 A WG TIN5 JN R 0 9. 207 7 A4 /Ui SCF #HHE CTHIF L7 file_names.data
F_CHGT #3BI - CHRESND 7 7 AV TH Y, BEED4H T nfchgt.data T7, 7= & 2%, SCF A ZIT-727
4 L7 N UE FZBWCREEEMHADOAT —X 25k L T 5854, file_names.data (LA F &Rl LET.
Ny RoHAERDIZW Kk 50T —4 kpoint.data 13 file_names.data THRE T %7,

&fnames

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

H L PAW HEIC L DHEETT> T D07 51, F_CHGT ®D1E)NZ F_CNTN_BIN_PAW & W\ 5552 k- T
BEESND77A0E SCF#AD 7 7 A NVEFETVENRSH Y £9, £z, DFTHULIZL D HEEZIT-o T D
e, SE1TH7 7 A V% SCF #HE D7 7 A V% F_ OCCMAT i3I K-> THRET AV ENH Y £9°, HIK
ANZIE, PIFO L1220 £,

&fnames

F CHGT = '../nfchgt.data’'

F OCCMAT = '../occmat.data' <—-—- DEFT+U DIFATI0EE
F CNTN BIN PAW = '../continue bin paw.data' <--- PAW IEDOEAITNLEL
/

(2) ANJPRFGA=HT7A )L
EEBREHADAS 7 7 A V2R U E . FeARIZIE SCF #HE TR L7I2AT 7 7 A V& i d 5 &
FWTL LY, FEUROAICTERNEELMERH Y 4

® FT-DOEEDIER
RSB 21T > 2358, [EEBM O AT TIEZF OB SN - BE 2RI 2 %8358 0 97, 1o T, HEEm
AT 13513 F_DYNM 7 7 A JUUZED N T D i OIS % 55 | R OFEE A 7%E L TL 7280,

o AL
RS, LV O iEE FROEE T

Control{

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

Tl

R AT 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
}

}

® ck_convergence 7 17 v 7 DRIE
EA RO ES 7 P2 5RET 5, accuracy.ek_convergence 7 11 v 7 DRREEAT I LENH Y £9, LLF,
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 VY IRKLFHED HRA¥EELET

delta_eigenvalue WHCHIEARE LET, ZOMEOT 74V MElX 1e5 TT, ZLOEAZOT 741 b
TR W E D ETN, BZE L TR, MR, REAROEEIT 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 )
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 ) (£)
-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

FKHEBZHALET,

(@  k S¥ ZofTik 141 T,

(b) Ny R oL 8 T

© AECHBE, 1 02 OEEEVET, ZOFITIE1 THY, AL U0MmEER LRVWEEICHSE 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” LRtk Eid, EWVVIEWLRSH Y £9, TNENEEIRA B L EDEIRA B AT D [EAE
NEXHEINFET,

ik

ik

energy eigen values ===

= 1 ( 0.000000 0.000000 0.000000) UpP
-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

0.1799862148
1.2174266166
1.2192701193
1.6910264603

1.0183970612
1.2174266166
1.3289165100
2.2876818717

1.0183970612
1.2192701193
1.3289165100
2.2876818717

1.3289165100

ZDX DI T—E BN MREERZERT 2 OITF/3 020 £33, PHASE T3 2 OFERD B3 RS
2 BRI D band.pl” &9 Perl 227 U 7 FAMYJE L CWE, bandpl 13, LFO X SIZFATLET,

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

FlE LT, OO FiEER 2K 4.9-1 1 ORLET,

Energy (eV)

-10

X 4.9-1 LS HEEDN FigEX],
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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\  V\E
FoV) = ————— B (1-31) + () = 1|+ B
B (B —1)

T 2 CE o (VIZHNHAD Y 1251 2T RV F—, BITAFEHER, B AR OIS, Vol 32T

TR TR I D EAOUEE T, BB Vo, Exot(Vo) D 4 DINT A T 4 V3T A—4 T,

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_inversion

}
unit cell type
}

on

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 £,

FRRORRILT TR A TR S EARE - TITONL DT, KL LTT I FDEESRIT 20O ThHIL
IVENDR U CREREEHT D BNV £9, 7ol 2T, ZOFIOGEREHMERIT 4 5L ET (@oNLh
BT DT T XA DB IEAREFD 4 f5D728)

FHEEITV, ~—F A ORBEEFERIC 7 ¢ v b UTERERZX 4.10°1 &3 4.4 \ORLET, BEEHRE L7ET

DETFXNX =0, FETRLF—HRLTWET, JRFdo OEETRLX—T, JFFOETRLF—)
DECEE DI TERNC T DAERD BT RN X —Z G A CEI S TEAR I 2L TI/RD Z LN TEET,

-1271 T T T T T T T T

1271.02 | /]
1271.04 1 /o
27108 | 4
27108 O S -

-12711

energy (ev)

-1271.12 |

-1271.14 |

-1271.16 |

-1271.18

C

-1271.2 1 1 1 \S*L%{//\/ . 1 1 1
145 150 156 160 165 170 175 180 185 190

volume (A%)

X 4.10-1 ¥V =2>® Energy-Volume B, EFUIFEIE, 358437 ¢ > b LIER

R 44BN HETER 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 FRtssEE

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 NVERFRT DI, AJ73T A—% 7 7 AL 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 2016.01/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 MVAT U

R

X, X, X,
Y, Y, VY,
Ze Z, Z,

DI THAEINTOET, BN TWAIEOEAE [Hartree/Bohr3] T9, EORERTIIATIT—HZEL
THOT NI EHE NS B TH DD, ED X,,Y,,Z, PSS THET,
Fo. BV EVDORENDDIETEE e). AT 4 TRAEE )EANDE DX H 727 v 7 OIERIHEY
MHBET,
Xy = Cr18xx T C12€yy T C12€7,
Yy = crplxx + Cr18yy + €128z,
Z; = Crplxx T C12€yy + €116z,
Xy(z Y,) = Ca4€yxy
Y,(= Zy) = C44€y;
Zyx(= X;) = Caalyx

N

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{
funits 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/s0 (ZBWTA R AT NVEFRET D ELITO X S kRN EnEz 7,

% 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

DO, TALT MY sxx ~ED FET,

[}

% cd ../sxx |

ZOT4 LT NU—TEIPNTOAAS 7 7 A UTs0 DO EIEEE U TN LLFOREICL - T 11 Flhlxx
FFENZ 0.001 LW IS ELZ G2 123352175 Z L1220 £,

structure({

strain{
sw_strained cell = on
ell = 0.001

P54 sw_strained_cell % on &5 LS ELAE 52 TE
HEITH N TEET, I8 ell, el2, e18, €22, €23, €33 THP LT HELRSEIEELET, 2D
T4 L7 NUTRHEZEITY & UTDE I RBRA RNV AT I NARELNET,

structure a7 ORI strain 7 2w 7 ZERL L

% 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 OFFEOBMEEROEIZIL, A VAT VORI S ZOET, ZOEHE
L.z TOERADT, ;Llixj‘ﬁaiﬁ 02> TWET,

RHRETIE, [FHECEIr O

BONIZA B LAT U YNG, AT 4 TR AERC,, ¢ B REANLEHBELET,

Xy = Cr1€xx T C12€yy t C12€5;

Yy = C12€6xx T C11€yy t C12€5;

Zy = Crplxx T C12€yy T C11€5;

Xy(z Yy) = Ca4€xy |

Y,(= Zy) = C44€y; J

Zx (= X;) = C4a€5x
EHDIRNFRE D RDX,, Y, DFEZETERE (0.001) THRIHue, Lo &
iT‘a@@ VT

c,, =5.30x10°° Hartree/Bohr®
c, = 2.00x10° Hartree/Bohr®

AT S TR R, MR
=156 GPa

=58.7GPa

—J7, BWEER(Y L VFRE Y) - ATV U HUE P) - (REEEER(E VN AT T R AERE HOTRO LS 7ex
TEEIRINET, BRI Y/ +2P) EETET,
¢ty +c11612 —
€11+ C12
C12
€11+ €12
Gt 2¢qp
B 3
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ZHUCAT 4 TR RERCy1, €12 B RATHUTE S OBMEERA FO L 5 1kE D £,
Y =124GPa
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,
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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 Si & UK FERG43ZAVET, 2L T, K 511 [TRT LT,
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,

NPT A=F OB DENFRD L 5 IZ72 > TVET,

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 A

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

}
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 OHTEE aldos % off |2 L7 ORFTRIEEREITHHE SN ETA, 2% aldos LV b
naldos_from & naldos_to ®JFHMERE S ET,

FHAAERIT dos.data (ZHT S VET, IRIEBREER AT 2121, B Perl 22 ) 7' 1 dos.pl & VET,
PIFD X 91234UE, dos_a001l.eps,dos_a002.eps,...,dos_axxx.eps &\ \o72RA MAYZ U N7 7 A )LIMER 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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Y
N

Si

—r
@ o

DOS (states/eV)

DOS (states/eV)

— — b, T - IW': ud!i-

—

DOS (states/eV)

M Y
30 -25 -20 -15 -10 -5 0 5
Energy (eV)

6
4
2
0
0
8
6
4
27 ”
0
0
8
6
4
2
0

5.1-1 Ba0/Si (001) REABE DR TR EIDO/HETIRIBEE, LD/ SRV : Si J@HRo Si OSETIRBERE, Hi
D3RIV : BaO JEHRD Ba DJFFTIREEEE, TD/3%/V : Bal EHRD 0 DFFTIREHREE,

5.1.2.3 @4/ EI R PmkaE s

&Y E|D JRFTIRAERR E % #9559 51213~ 2 Postprocessing DHIZH 7 dos &4 7' ldos #EE 4, £ LT, #
7" dos DFDESL sw_dos 2 ON (2L, # 77 ldos DF DS sw_layerdos 2 ON I L E7 (F-0ERPETIREE
BEDRFEDOLA LA, phase/0 7’1 7T AOBUEE TOM (phase/0 2015.01 £ TO) Ti¥, sw_dos=OFF
T sw_layer=ON |Z3E L7256, BEE T LETOTIEE TSIV,

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 =
crtdst = 3.5 b

3
ohr

% 77 layerdos DHOZHL normal_axis TIFEHET 5 & XOBOWEHRHAEZFRELET, 13 atliT, 223b il
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
JEDFSERELET, KR LEE, #EDATESS TIT 13 HOBICHRFZ2E D B TTWET, 25
slicing way | regular_intervals Z45ET 5 &, & 2 AR E] L TR L 72 @2 CRpmiRrER:
EAFELET, ZOMMREIIZEH deltaz (AT LE T, B8 ertdst ITEAAFRLT 2 HEE AR D EE S EERECT T,

URDJFEA-H D Z OGS E T ek L £ 7,

JEOFHIZBET 5 TR K 9 2250828 output000 (ZHI ) SvET,

!'!1dos
!''1dos
!'!'1dos
!''1dos
!'!'1dos
!'!'1dos
!''1dos
!'!'1dos
!''1dos
!'!'1dos
!''1dos
!'!'1dos
!''1dos
!''1dos
!'!'1dos

no,
1

2

3 10.
4 15.
5 19.
6 21.
7 24
8 26.
9 29.
10 32.
11 35.
12 471.
13 46.
14

0.
5.

0.

min,

00000000
13060607
26121214
39181821
23977276
80507579
.37037883
93568186
50098489
06628793
91424248
04484855
17545462
00000000

max

5.
10.
15.
19.
.80507579
.37037883
26.
29.
.06628793

21
24

32

35.
.04484855
46.
51.

0.

41

13060607
26121214
39181821
23977276

93568186

50098489

91424248

17545462

30606069
00000000

no [IBOF ST, min & max IFED FiOiE L FROMNEZRLUET, K%

R

DJEIFHEE LIZLISOFEE T

AT dos.data IZHI SIVET, REEFEX 2AET 51218, (TED Perl 227 Y 7' | dos.pl ZfVVET,

UUTFDE S

s

CHAT

T5H &, RARARYZ VT N7 7 AL dos_1001.eps,dos_l002.eps,...,dos_lxxx.eps DMER I E T,

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

BaO/Si(001) i D ERFTIRAEE A 51 L2 X 5121~ LET,
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Bulk Si
15
0.8eV
5
| ' U Il
|1 -5|3’|’ﬁhk“ M
Interface Si
4 ) \\,; | "Ill Ji '!.:‘,l'l!n‘. I;L!ih_dd ‘I
Interface O
5 'J
[
g ol

Interfac? BaO
|

Y
AT

e

g

DOS (states/eV)
)
—
‘_

DOS (states/eV)
)

DOS (states/eV) DOS (states/eV) DOS (states/eV)
S & © &« o @ o )

-10 -5
Energy (eV)

5.1-2 Ba0/Si (001) REAEEDEHEIRFTIREEE, —& Lo/ SR/ @ Si BOHIIERO FFTIREEE, E

D6 "FH D%V : Ba0/Si (001) FED Si D FFTIRBRE, Hdod/%/L : Ba0/Si(001) FEDOEREH- D

DFFIREBEE, T & B D/ RV : Ba0/Si (001) FE D Ba0 D /FFTIREEREE, —& F D /%)L : Ba0 BD
HRAEIRO RFTIREB R B,

N
N
R,
(=]
X
(4,
o
(4]

5.1.2.4 535y AT

Ey AR 2 # R DT A 7 Postprocessing DD 7 charge TIHREEL £9, # 7 charge DHDOESE
sw_charge_rspace & % 7 partial_charge O D2 sw_partial_charge Z On ([ZLFEd, £z, ZOFHEEIT
I EAITIE. sw_charge_rspace b On (2 L CRBLS MERH 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>>

[§ele] iw 1if elec state erange (hartree) erange (eV)

'pc (asis) (shifted) (shifted)

'pc 1 1 ( 0.094537 0.096374 ) ( -0.018375 -0.016537 ) ( -0.500000 -0.450000 )
'pc 2 1 ( 0.096374 0.098211 ) ( -0.016537 -0.014700 ) ( -0.450000 -0.400000 )
'pc 3 1 ( 0.098211 0.100049 ) ( -0.014700 -0.012862 ) ( -0.400000 -0.350000 )
'pc 4 1 ( 0.100049 0.101886 ) ( -0.012862 -0.011025 ) ( -0.350000 -0.300000 )
'pc 5 0 ( 0.101886 0.103724 ) ( -0.011025 -0.009187 ) ( -0.300000 -0.250000 )
'pc 6 1 ( 0.103724 0.105561 ) ( -0.009187 -0.007350 ) ( -0.250000 -0.200000 )
'pc 7 1 ( 0.105561 0.107399 ) ( -0.007350 -0.005512 ) ( -0.200000 -0.150000 )
'pc 8 0 ( 0.107399 0.109236 ) ( -0.005512 -0.003675 ) ( -0.150000 -0.100000 )
'pc 9 0 ( 0.109236 0.111074 ) ( -0.003675 -0.001837 ) ( -0.100000 -0.050000 )
'pc 10 1 ( 0.111074 0.112911 ) ( -0.001837 0.000000 ) ( -0.050000 0.000000 )
'pc 11 1 ( 0.112911 0.114749 ) ( 0.000000 0.001837 ) ( 0.000000 0.050000 )
'pc 12 0 ( 0.114749 0.116586 ) ( 0.001837 0.003675 ) ( 0.050000 0.100000 )
'pc 13 0 ( 0.116586 0.118424 ) ( 0.003675 0.005512 ) ( 0.100000 0.150000 )
'pc 14 0 ( 0.118424 0.120261 ) ( 0.005512 0.007350 ) ( 0.150000 0.200000 )
'pc 15 0 ( 0.120261 0.122099 ) ( 0.007350 0.009187 ) ( 0.200000 0.250000 )
'pc 16 1 ( 0.122099 0.123936 ) ( 0.009187 0.011025 ) ( 0.250000 0.300000 )
'pc 17 1 ( 0.123936 0.125773 ) ( 0.011025 0.012862 ) ( 0.300000 0.350000 )
'pc 18 0 ( 0.125773 0.127611 ) ( 0.012862 0.014700 ) ( 0.350000 0.400000 )
'pc 19 0 ( 0.127611 0.129448 ) ( 0.014700 0.016537 ) ( 0.400000 0.450000 )
'pc 20 0 ( 0.129448 0.131286 ) ( 0.016537 0.018375 ) ( 0.450000 0.500000 )

nEwindows |Z TR/ ¥ —ED#HTT, nvb_windows & neb_windows [ ZZ3LEAUMNE IREE L {588 7R
ZETe T RNV —EWOETT, ZORERITIY, Erange min=-0.45 eV, Erange max = 0.45 eV, Erange delta
=0.05eV 2D T, TRVF—EOEIT 18 MIZ72 5139 T3, FHERIC iﬁizw#—MkiUmizw#—M
\_%ﬁ”b%ﬁ Erange_delta TEOAFEEA R T CTHII T2 DO TR —ROEDN 20 FlZ/2>TnH Z I, &
HEE TV, iw [T RLF—EDOEFTT, if_elec_: state i%@iZ/DﬁF— RIZEIREERH DN E D IERL
’Cb\iﬁ‘o ZDOfED 0 ORFIE FIRAED 72 <, 1 ORASITE FIRIENFAEL £ 97, 5 asis (I TR B T L
F—BOFHHFIVRIINTNET, —oDF| shifted (T} i:f—?\ll/ﬂ?\b‘@%z/@ﬁ‘%?ﬁﬂo 72 & & ORI —ZEOHIPH
DFFHALE eV BAL TRSIVTWVET,
Z5%% partial_charge_filetype |Z individual 7213 separate Zf5E T 5 &, FTRLXF—RI LIGRHRINE
WEENE ST SN 7 AWM SN ET, ZOBEOARIOMNIT I, AE e nGa Thiiug,
F _CHR = nfchr.cube (25} L T nfchr.00xx.cube (xx (ZiZ FOFRD iw DfERAD) &) Lo £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
W2 EERLTWET, EO5E, cube 7 7 A /UTAERIIVER AL,
integrated ZEIRT 2 L BBHBENDLODT 7 A VBRI, FEMBET — X OEIHEICIE
PARTIALCHARGE 23k &4, #&0V IZIX END 2l SvET,
BaO/Si(00D) S D&y i 2 3 M LT R & M 5.1-3 IR LE TS
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5.1-8 Ba0/Si (001) FEHEEDE DY EREE, (a)Ba0/Si (001) AEEEHET /MUK, (b) 7=/ IL~YVET

(BB RAF—2050. 05eV 2>5 0. 0eV FT) DETFIREBOHDEREE, (¢) 723 L-YVHE E(FEFZRLVF

—7%30. 0eV 235 0. 056V F C) DETIREBOWHEFBE, BEFHEITL X 1075051 x 103 THIREIN TV
9, BOEDITITETIDRL, RODEIITETHEL o TVET,
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® LM - STM Gofighr

YRR RSIEZ R T 5 &, STM @& 3T 25 2 E M AIGETT, T L7-V VA T ART > v /Ul
xﬂ; L7cmp VX —7 ¢ v RO OEYEREEZ, K5 & HFEEEHEL 7 LT @05EH Fo STM
B3, LUF, Y77 —H (samples/stm_by_pcharge LLT) ZFIH L CEHEH1EE BRI L £,

P 7UE, St 00D [EITARYS T 57 —% T, O PHASE AN, LLIFD L 5 ICEY BB sk
EEMZTOET,

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

CDOEITRETDHZ EIZE ST, 72 I Zf T =004 T1eV 5H0eV FTOT—X L 0eV inH1eV
DIZFNF—1T ¢ > RUOEHSERBEENHISNET, 2N, -1V (HARE) 8L 1V GELHAIRE)
DA T ART v VIS LTz STM 823G onEd, ZOANT—# =25 L CGHREASE-T 5 &,
nfchr.0001.cube (-1 eV 75 0eV OEFIEET—H 7 74 /L) & nfchr.0002.cube (0 eV 725 1 eV DOFEMEE
F—R T 7 A0 MERSNET, ThEN, REH1D 5 AFBEHE - S oo L ¥ —[X% HAREEICONT
X 5.1-4@i2, FELHAIRREICOWVT 5.1-40ITRLET,

B 5.1-4 Si (100D STM 18, (@) SHREDE, GFESHEREDL,

5125 7L 5 V7 MUEBERT L v VAR L TWOAIEEOEEL
TV T VT NMERT v VEFIR U CRFTIRIERE R T 258, FEFICE L OFFERE D> TLE D
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ZENRHYFET, TIUIKIEEROFRIZRHHID D> TLE I NBROTTN, ZOFREFEMTITHI 2 L
(Lo TEd b2 T T 5 2 8 TE E4, KRBM ORI R A FZZRITIT O 12E, LR DO X 5 iR EZATVE T,

Postprocessing{

dos{
sw_dos = on

}

ldos{
SW_rspace = on
sw_aldos = on
sw_layerdos = on
aldos{

}
layerdos{

ldos 7't v 7 TAS sw_rspace ZEF L, TDfl% on & $HULKIBEMOHA L FZEH/TITHhES Z LN TE
ESr
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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
N NN
N e
ERURTRS

1
2
2
2

N~ O

}
}
}

no (ZHLEDHAIE ZZ2FEE L £, AMEAMEETY, group (2, “DUEI/N—7" Z4EELET, OEFLHI
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 2%s Wi, 1 2p W, 2 Nd #uE, 3 N f FuEICHc LET, &I, t ICERTSREREELET, 7272
L, ZOGEOTEEFEENTRRT oY Wb RIEGEOTETHTHY, FEAEDEE1 L0 £7, #
T T S Ko TIAEEIEDR CHUEN 2 DERSNVTWDEARH Y 9,2 2D ) HLZRLF—DE
WHEFEELIZVIEAIZt OfEx 2 L LTLEEVY,

WIZ, EFRLUEHEEAETZR I Y TET, 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= =3
1 s x 3z2 —r? z(5z% — 3r?)
2 y x* — y* x(5z% —1?)
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

}
}

HELIRREEE DOFE 7L, postprocessing D dos 7 1 v 7 12T HHREIHENE 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 DIEE 0 2H 50 LET, 1a=DB%ITkInT 2570
ID 28, 1=0& & kST AHuEAEEEDS, m=0Dbh & kST DR E TR, t=0dH & kST 5 FE 15
NHEAENFET, FRLEOITIY, 1@F ORERET — X LA LT, WEE T EHUEDOMREOXIRE, i
RLUTUWET,

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 4 /L dos aAAAILmMtTeps AHISIET, AAA 13510 ID, L (3#uEfi5E
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 #liib ORI 235 LT3, ZOfIfEE, samples/pdos/BaTiO3 LI Rz v £,

BaTiOs |3 m 7 A0 A MéEx & DT, BESICITE M TI23, STRICIERITR REamE T, 2
DOEITIE, FEAEEZ L TO L IITHREL, e L TRELTWET,

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,

138




DOS (states/eV)

DOS (states/eV)
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energy (eV)
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5.1.4 7 —TRg%k
5.1.4.1 BRI

BRI IR BT o T 7 1y AR LRI D & LTERSNET, 7o v REE k 2B L T7—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 LTy L TR LAY == DR Y b B =4 ) —ZHAD TN 7p > CTWVET, 2O 12
Iz ) =L TN Z & T, V= BHoLN 0 2/ NIT 22 ENTEET,

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 ABLDOR X I3 eps_grad LA FIZ7eo72 HEFRIFHE T LE T, dt 13S0 MEOBREZ A4 T,
#0 IR U) max_iteration ZHZ 72 HEHRIIEIE LET, Y=o 7 7 A4 Ui 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

}

Fo, WRHRIIHE L T ER A, WHRIR TIOR LIRS TODIEEE, FRIESIORkLEL L LTy
=B OFRE LTS 7ZEN,

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
RLUET, HRT =BT Si-Si AEAIZREL TWAD Z by £97, Ziud, SifEdmofe s agitse
ThHHIEARLTNET,
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(b)GaAsiE aa

5.1-7S1 #4fh(a) & GaAs ik (b) DEARAEY == B8k

SIS L7 R NI L C L 5 Z & 4550 975, sw_random_wannier % ON (2 LTF >4 L7aikiE
MEEFE RIS = LT OREMERTE 5 2 LB Y £,
Postprocessing{

wannier{

sw_randomize = ON

}

Fr, WA R4 CREEAME T LTV £ 9 TLZ6, sw_continue & ON (2 L CRHELZ#kGEL T <
EE,

Postprocessing{
wannier {

sw_continue = ON
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5.1.4.3 Wannier90 % i\ /= U == BEEfEtT

(1) HEREOHEE

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 2 ERAMEETT,

® T 2T, —MDOKEY 7Y 7 TY =A% 2 L AYATRE

U=l LY, Ny RREERFRS 2 L ANATRE
U= R Y, 7 b S EROZE I ST A R L ORETEIAS ATRE

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) ®tEFE

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.

2.

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,

o

% wannier90.x -pp seedname |

ZOEEIZ X - T, Wannier90 2SN T 57— DIERA TSR L2 7 7 A AIMERRENE T, 077
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
OETRELET, TOEMKENIFIBICIBNTHIT LET, 51T, postprocessing 7 7~ 7 (ZLL F&BRD
LT,

postprocessing{
wannier {
seedname = “seedname”
sw_wannier90 = on
nb wan90 = wannier90 THIHT %/ 0 ML
}
}

7245 seedname | RO seedname Z " EH | CHE L £ 7, sw_wannier90 Z on £ 952 &I2L 5T
Wannier90 23357 7 A Va7 52 LN TEE£9, nb_wan90 (21, Wannier90 THIFF 53
> FEEFEE LE9, PHASE O30 REUL FOBIEIZ T 208 R H Y £,

PHASE %@ 0 347 L E4, TOfE5%E, Wannier90 73458 & 4 21 THIEE T — & C[EAET — & Dtk
ENZT 7 ANPELNET, 727210, Wannier90 25425 —% OHINIIETFIFE TIT 5 MWERH
HDT, WHRHEZ LIZ2WIEEIT0E £7° sw_wannier90 % off & L CRFREZINR I H7-H L1T
sw_wannier90 % on & L, FEIFIOMKGEEHH T Wannier90 O 1 TNET,

Wannier90 #5347 L £,

% wannier90.x seedname |

ZORER, Wannier90 O v 7 1710V = 37— DiEHy, Wannier KD X A " T 4 TN
IV NET T =R EBEONET, seednamewin DFXEIZ L - TE, EDIFHVNY FEES T = /L I TH
GRS DIZOITME 2T — 4, 1 YOUREfT ORI E b EOIE T,
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(3) U=

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 733 & 957 — X BT D 1o OITE R A Fiek S = 7 7
A /LG9, Wannier90 2“7 Y 7t 28— R CI T 5 LGN 7 7 AL 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
Z, 7 2L EOEETL PHASE-Viewer 21— —~ =2 7 /LOMZEH E 2 — 7 —OHEEZSR L TL7EEVY,

® 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) F5piE

BRI E LT, GaAs D7 —AZilLE T, ZOBEDATIZ7 74 /U7, samples/iwan90/GaAs UL N ZdH
@ 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 ODA)7 7 A VEAERR L ET,
%7, gaas.nnkp 7 7 A /UIITIROD K 9 70 EATHARIOEHRDS A BT CRlab SIVETS,

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— I L CHABOIEEZ1T-> TV E T, GaAs [T 172D T, lattice_system
3T A —%—|Z facecentered 7MEE SV TCWVET,

F77, gaas.nnkp (IZBWTIIKk ST 7 U T OFENRD X HIHESILTWET,

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 7 EissEe— R
ZRHALTHRELTWET,

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 L > TH L 7/VT % K S ABEFFEET 5 Z LAV ATRE T, kpoints 7 — 7 /UZE W T, kx, ky,
kz, denom,weight |2 . > Tk ZF5E L £ 77, kO F(kx/denom, ky/denom, kz/denom), & D EA7)S weight
<7,

Postprocessing 7' 2 7 CliE, Wannier90 HDOH 1517 9 BED i SV TOET,

postprocessing{
wannier {
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seedname = "gaas"
sw_wannier90 = ON
nb wan90 = 8

}

Wannier90 HOH IS FHE CTIT O MERZHDHDOT, WIEHEZ L7-WIEEIT0E 7 sw_wannier90 %
off & U TEHEAINK I H7-8 & 12 sw_wannier90 % on & L, fkEeatE CIRGEAIOFHE ATV, Wannier90
O EATNET,

PHASE #3471, Wannier90 HO7 —% 23453541725, Wannier90 % -pp 227 14T LE T,

[o)

% wannier90.x gaas |

Wannier90 (= X 5EHEETI 5 &, gaas_00001.xsf, gaas 00002.xsf... 72 EDT 7 A PMER SN ETN,
ZiuZ XCrysDen 7’1 77 & (http//www.xcrysden.org/) #FIH L CrfHbT 52 LD TE LU =BT —
2T, XCrysDen 7’177 LZZFMTIULY == rififtd 2 2 £ A3 T& £ 975, PHASE-Viewer |2 X
> TR EZAT 9 Y5513 Gaussian cube JERUIZ 2T D00 H W £7°, ZOFEEIE, PHASE Ny 7 —II0E
Fi415 convpy £V 9 Python 227 U7 NEFIIHTHZ LICK > THFEHRTHZENTEET, 5.1-8 12, A3l
BIZ L > THELID Y = f#a XCrysDen TrIf{L L7z X &R LET,

5.1-8 GaAs DV =K

® U=t

Wannier90 (213, FHE L2V =B SERICZ A b~ 0T 4 U IV S =T U a G DRERED M - T

BY, ZOEREEZFINT L Z LICk o THEOHIEL Y DROGHRET/ N PEESY = /L IH, FTpLX

—fi7e EOREE7E EEATO 2 ENARETT, TOMEEY, wan_interp 'R 7T AEFIH L TITWET, T

TlE, GaAs DIRER P r OF = VX — 2l 2 AR LET,

S LRI ORI B2 T — 2 235 5 7-0121%, PHASE-Viewer O“HZEH B o — 7 —"%FH L £,
ZDJ7ET PHASE-Viewer =——~ =2 7 V2SI L T E S0, “UZEH E 2 —7 12 X 5T kpoint.data

T 7 ANDERLENDDT, ZO7 7 A )&, U =xBHGEHRIZ K > T DL/ gaasnnkp 7 7 A /L, gaas_hr.dat

7 7 ANVDIEDS, PHASE 12X > THE LN nfefermidata 7 7 A VE—2DFT 4 L7 ) —ZE L, £DFT
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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, BONIT 7 A VE, “GYPZERIE 2—7 128 > T kpoint.data 7 7 A /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 fEfRDEEA FIROEZ T XL X —H

(5) M EDIER

o U—xHINE, IRIFIRHRCITO MERH Y 7, WHFEHEEZITOHAIT0E £ sw_wannier90 %
off & L CHEZINH S 25 & 12 sw_wannier90 % on & L, FEIFFIOAKEHETHE T Wannier90 o H /1%
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, XPSEATORERT > o MBI K 25— FEIEHRIL, Pk
1EF(Core Hole) & & i -4 T > 3 % L VLT, PRRUERL S~ (Core Level Shift, CLS)Z#HE L £,

(1) PR~ b
PEBENT L IR T-OIROCETHEDO Z & TH Y, ALFEHERITITFE LRV SWIRTAZ S RELIZ O T,

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

LD RN LS A DA ZE T D eV LV ERIFITRNZ L300 £, ZO7T=0NERUEN OB E)
BEBUIBERE LT R L B 0 2R, L0 OB OB 24 U E T,

U a U FA-DWNREN 2B 5 T & LT 100~130 eV Ok X #En Bt 2B L, it Snd6E
FOEB T RN —ZWET HEFENRDH D £ 1], BRI, =X —rEOHREIINEHERDT
a2 L—aZNbt SN Yo a e EbtEAGCET, RO SiFETOBEFENESEICTIUE, Zo)F
ETCIIRpHERI S SN A YEEF ITEH LTWAD Z L3 £97, 2pYEAIT A L #iEM 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 — (Ep — E¢) )
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 <
RV ET, OO, BB HRETITE R £, ZOBREFEAITRLIcONK 5.1-10 T, %
DA, ALFREAIZE BRWRT-ORT o VR ETFT50T,  WEEMILZIUSER L7k b= 5, 2
D 2 DOIRDOTZOWRRT RN —IENE TR AL B Dfl5x2 L 0 F5, WS 7 FOFEBRTIE, &
2B P A S T2 SV 7 (L8 D K D NN 2 B U CRImHE O LS A D 72 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 ABEBFHHEROTRNVF -7 T 7 A )V : ROARGERRE, ERB Vs Thd, Fermi HEL
Epi3—ETHHDITH LT, PBRIERE (IR LVRRY, REFETII 212 bR TR
722,

DEFNFEE N INGRE T bl ) BB HEATATEDIEONE T, MEFORERIERT vy
JENLIIELNEY A, ZOHEEMND, #RT Uy VETITEE T W E B E 428, Zol#Es S
(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 :
() @
hv € v Ekin(Il)
o \
() < . e

5.1-11 JEFHHIBRDIGRE & HIREE : ()i W7 B DR L AR EFiE, IEREHEDFRFZ
X ANEFHHEZR LTS, thiREEGnitial state) T, AFHERY) &REEIFET B DHZ2OTO) & ADiTFE

CRETH 2, #iRfE(inal state) TIE, HH SN HEFOEBITRNVF—E ; L FERXEAGRIVL HE 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= NERENL R SN2 BT ORT N HTT, D EAD TIEEiy & Erod TZNENIRI2 50, WRIREEM R — LW
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) T EMD, FIREED RO 2T RV — B [E TEIZ2 B 72T UL 72570 &0 9 RO EE 72 BR3E ) v E T,
Ekm(l) + Etot(l) Ekin(”) + Etot(”) (2)

PIBRIENL S 7 NAE i Z IR TER L E T,
AEkin = Ekin(”) - Ekin(l) (3)
z1Z, R@zEHVuUE
AEkin = Etor(I) — Etor (1) = —AE¢o; )
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)
EIET,
A
bulk
= core level
[72]
c
Q
= surface
S core level
B
@
S
]
> Ekin
Ekin()  Ekin(Il)
Ebind <

5.1-12 PBEETHHD A~ ML

FERNAG LN DIEREFAINCERT L 5112 1R LI H A7 bV T, ZZ T, Bz —ar
FHAAERC L DA —Y milfIIE 2 A, B IOEE 7 OB =L X—Eyy,, MO IEE T GRE) T,
F 7, BRI OFE B = RNV —Eping EHH Z & HTE T, ZOLAIILEMNE EREEDIELS 7eoTVET,
Fait LY S DONBEF ALY MUIRE TR LT L ) B (DITE—DE—2 2 b b Ed,  ZhUx LT,
FEAERI I D OKE T AT MUIFE TRLIZE TN OO B g AN ET,  KE—
7 OFREITZE D — 7 \ZER LTZR T DEN D EE D £7°, ER _EEOROTd B — 7 i Ll E A
THET, HEAITERNEOIEEEEEL T L% ) DT, 7IL7 OE—7 | THEREmE S B
Honm BEOREOFAZEILHDOTHDLZ EEEELTER, FETELILDOE, 7L NENS E—
INBEOTIE KB —7 OFIB8RE T,

(2) PBREALZ G OERT v YV

FJFEEEER T v bR REFRECIE, PARE HIRREZ RS S, i kA8 % B O REICHE LET,
DTN REFROBIETIINRICEALEZAE L SEDL Z EMTEERA, TDOD Y NGX E?L%’*\m‘%ﬁ"—?/
X NVEVERRT D Z EIEARETY,  Scheffler 5[2111%, &l FHHRHZ AR SN -NEIELIZE DY OFE

F O FHM LLﬁTﬁ(screenjng)éﬂ%) HLOEELE LT, L, B TraEEI3E57200 Ffidane L
TWET, iz, L R—=7" &N A 5 BRI ARG S5, 77205 Fermi mlIAMMMENIZE Y =
YIEND, E%ZT?‘E’%\E’J MR- TS HDE LTNWET, ZRODIREICL VEFE SN AT |k
JUTSERRER L L~ LTWET,

LUEDEZ FHETE, PR EAE ST FOERT oY VRO L IR LET, Bl IZ2pHERIT
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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 H 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 TS 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 n final state

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

: N N

nucleus
o
o
®

5.1-13 Si R FOEFEE : ARIIHERBOBTEE, ARIIFTREALIE CIGEORIREBOETEIE Th 5.

5.1.6.2 FHROFEATHIE
WK IEAL A ST i DR T v v Va2 AW TINRUEN S 7 h & N RER L E T,

AN REBEIFRO X2 IATOETS,

1. VU a RKAOBEZER L, BEOV) 2 R T oy v AW T SRS IMEN 2 e b Tt
DA TR S D

2. TOPHEEZRANT, F U EZNFRIELZET0HERT vy WCEE 2 T R —%515H 75

TRTCOJFAT L UEFICE S TEm R X —2HET 5

4. INIVINEOFAZRDT, ZHERE L TOREO ST XL —DEL L 1, EiogLX—nT 7
MEEFHFETD

5. MEAEZDI-ANT MLELTHFRRT S

@

5.1.6.3 #4541 : Si(100)FiH
(1) SiQooFEHEDET L

FTIELHIZ, Si(100) p(2 X 2) FHEk R OTT V2R LET, Si1000FEITS 7Y v 7R REE
OITOA A ~v—iEE LY, ETNOLDOXA~—FFNHANAZEIMELS Oy 7 U U ) TREIRT 5 Z &)
HHITWET, ZOR, N7 U ZGEE L THA ~—DIRN N LEWHICEOBEI L ET,  ER
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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 ERAT S,
8 g L 9 @A DHRICKIETLEE X TN DT, FROFHEATIIEH T 16 B 64 JHTFDAT T ET N L LT
#5, BROBETRVERAIY, 1d, 2, 3u, 3d, REDTFIVEDTD,

HFEROREET MILERHIE L o> TRITIUIR BT, oA EmMLUET, R HE< oiKEs
5 X 10™*2ELI FICIZ 2 DICERMAZZELE L, 5.1-14 |JHE RN ST ST H D RTEREZ T L
TWET, FHESHIORFEND), #ERT 23+ /L :Si_ggapbe nc 0l.pp, AHAHREART 2 v/ :GGA-PBE,

Ty AT ETFNAX =k (wf) =35, ko(chg) =70, =L=v b/l :a =14.6816015290, a, =
14.6816015290, a; = 60.0000000000, kii:4x4x1, T, ZFORME, BERMSNIEELE INFLITFO X

T ET,
x vy Z fx fy fz
1 11.654665468 7.340800747 19.731672033 -0.000108 0.000000 0.000136
2 10.943522273 0.000000002 18.308554343 -0.000156 0.000000 -0.000260
3 7.408260709 7.340800738 18.308043049 0.000156 0.000000 -0.000288
4 6.696493833 -0.000000008 19.730653256 0.000095 0.000000 0.000136
5 12.644826676 10.798805752 16.929970763 -0.000186 -0.000125 -0.000051
6 12.644826664 3.882795799 16.929970692 -0.000187 0.000125 -0.000052
7 5.707073513 11.223532172 16.928492210 0.000184 0.000135 -0.000066
8 5.707073576 3.458069376 16.928492250 0.000184 -0.000135 -0.000066
9 9.176755229 11.011875138 14.003484695 0.000002 -0.000042 -0.000291
10 9.176755074 3.669726457 14.003484706 0.000002 0.000042 -0.000291
11 1.834472402 11.011012299 14.542706201 -0.000005 -0.000002 0.000195
12 1.834472400 3.670589245 14.542706195 -0.000005 0.000002 0.000196
13 9.235196168 7.340800802 11.460786586 0.000018 0.000000 -0.000178
14 9.118076207 0.000000001 11.459447663 -0.000002 0.000000 -0.000198
15 1.882358440 7.340800774 11.863174990 0.000085 0.000000 0.000607
16 1.785205792 -0.000000009 11.863763387 -0.000075 0.000000 0.000566
17 12.980433730 7.340800764 9.066215802 0.000364 0.000000 -0.000060
18 12.895937822 0.000000005 9.076888750 0.000103 0.000000 -0.000067
19 5.455961640 7.340800779 9.081857152 -0.000145 0.000000 -0.000096
20 5.370066620 -0.000000012 9.069872950 -0.000307 0.000000 0.000025
21 12.895952884 11.013570694 6.478028955 0.000077 -0.000071 0.000099
22 12.895952919 3.668030852 6.478029019 0.000078 0.000071 0.000099
23 5.455699091 11.008682705 6.484530647 -0.000072 0.000047 0.000112
24 5.455699061 3.672918843 6.484530696 -0.000072 -0.000047 0.000112
25 9.172291984 11.011379982 3.920759253 -0.000013 -0.000002 0.000122
26 9.172291976 3.670221565 3.920759374 -0.000013 0.000002 0.000122
271 1.838705787 11.010982242 3.857185244 0.000014 0.000000 -0.000054
28 1.838705789 3.670619311 3.857185195 0.000014 0.000000 -0.000053
29 9.176000956 7.340800765 1.297682500 -0.000017 0.000000 0.002104
30 9.176000956 0.0 1.297682500 0.000472 0.000000 0.002118
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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) REWERIERLS 7 FORIH

WIZ, FRENFRUETS 7 (Surface Core Level Shift, SCLS)DEFHEAZITOET, KB SNI-FHEHET /LD
JFANELZEE L-F F, vV a VR 2R NRRIELLE SR T v vy MBS 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
JFAHO FEATFERIICBI S ETA, BIISNA2DIFFEmHE nm LWbILTWET, Z07ed,
ISV EZNEE LT EITES THDL EEZDNET, ZOft, 3, E3,OHMICE 2 HEDB X HILHN,
5.1-14 ZZBE\TTIUE3 NI Z A ~—FIDIMA, 34135 A ~—FIONIINZIH D DT 3,705 ORI 55
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 T T T T

e Screened
O Unscreened (ion) |

05 Q up

@® down
0.0
5 @ ® =

QQQQQG_

Kinetic energy (eV)

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

Layer number

5.1-15 SCLS OEFEF— R /LF— : ZNENEHIX unscreened, 7RI screened DINFRIEABRRT v ¥ /L
EHWAERTH D, HFHT Scheffler &R CHETHD, MEMIEEFOEB T RLVX—ENIT eV)DIYL T
HHEDTNTH D, ZORE, IV %3 MBEOFFIZE > TS,

Scheffler D X21I2dH HFER L LT 57201, 5.1-16 |2 M1 D 3 BE TOEFIZ L5 SCLS %R
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 DR : %X SCLS DIRE TH v , FIREIIRTFE DS & > T3, EDBJEIZ, unscreened,
screened D&FHEIE, EREEZIFFR LI, EBREIX Landemark H[201i2 k23 bDTh b, FEBRIZE D DiX
screened Téh 5, XPS FHOPNEMEFIERT > v /Ui screened TYERR LZ2IT U2 S 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).

154



5.1.7 =%

5.1.7.1 HEREDOHE L

PHASE #FII LT, HEERA TS5 2 L AMHETY, 22Tl A s BT 5 EAT3i LEd,
B FPRHE OSSN RBIT DA & 1, BEZEr L 7 = L T p X — L 0T, B2, R
® SCF #HEZEM L, FE)»D BN EIT CORPTRT v VAR L CRIHT A Z L T& £ 7,

51.7.2 NS5 A—4

HEFEBRAHET 72010, REDOETTNVEUEFTHIVENH Y £, fRELIEWROD, 65E LiZVE

e b ORBETNVERABELET, IBIZ, AJIT—H D postprocessing 7 2 v 72 workfune 7' v 7 %
B L, BREEITWET,

postprocessingt
workfunct
sw_workfunc =on
sw_add_xc_to_vloc = off

}
¥
BEBILUTOERE L HET,
sw_workfunc HFEREBOFHE VT 2T — 2 T D720 AL »F T, HHSEWE
AlZon ELET,
sw_add_xc_to_vloc JRPTART e VaE T AR, ZHUEBIR BERZZ 50 E 2 hEFREL

F9, T DB EINCRBOCSSHFHBIF A ERIZ 0 1272 525
NLOT, FFRT vy MTEDRLTHIE LWMEFEEAME LS Z L3
FFCEET, 7740 MElZon TR, off ICLTRL Z&IZE-oTE DN
FLZEE CIOR LTAEF R 2155 Z L ANATRE 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, 2O NI EFTH a7 T A workfune T, 2071 7T AO Y —Aa2— K sre_workfune T+
L7 RU—IZH D FT, a0 35721201, Fortran90 =273 7 —2MABECY, workfune % =273
VTHITNE, T2 ITUTOLH 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,

UTOXIHIALES,

% workfunc -z ZAXIS

ZAXIS |2, RIENZHEE L ALTHEN ZHEL£T, alioSGa 1,bEDSE 2, cliogA13 3 2FE LE T,
FEELRWEEOT 7 40 MElX 3 T,
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5.1.7.4 #HEHREROH T

workfunc OUFEEAE 795 &, nfvler.cube & nfvler_avdata @ 2 FEEED 7 7 A VHVER S #UE 3, nfvler.cube
77 AL, BEBORFIART v v VT —H %FD Gaussian Cube WRDOT —X 7 7 A4 L TT,
nfvler_avdata (ZIZFREICTEERHEE S NS U2 RN T v o vy VDT —Z DNetdr SN CQnvEd, LLTFD
Kol —aploTnET,

Fermi energy (eV) -0.37838

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

.208333 -0.250195E+01

.312500 -0.331223E+01

.416667 -0.427665E+01

.520833 -0.495695E+01

.625000 -0.496651E+01

.729167 -0.425552E+01

O O O O O O O = =H

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 VIS RFTRT v VT Ty MR AEEEHEEL, 72 I L —L 0
FEERHEATDHZ LI > TS E S L5 Perl 227 V7 83 workfune.pl T4, LFD X IR LET,

% workfunc.pl nfvlcr av.data OPTIONS

FATT D &, R SNIATEREROESEE DI SihvET, $£72, workfunceps V9, JRFTRT v
YL & RECHRE R ORRE 77 7L LI EPS 7 7 A VbR S E T,

5.1.7.5 & : 7L =7 ADOHERK

TN =0 AOHFEBEBOEF R LET, VT —HE, samples/workfunc/Al T,
R 2%%, A(111) 7 JEORIEGET /L TY, REICEEE0E ¢ ik LET, c iR EE, 50A

ELFELE, TAI=0A(11) mIHEE A EEER L7200 T, fEosbidht L EEATLZ, FRZ T

(2, SHERIFRERFET D L ICET AR L E Lis, 72, SRERHBHEAEERIIREITART v MZE DR
WVERETRHEZITWE L2, T =Y AOREET /MIK 5.1-1TIRLET,
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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,

S BIZ workfune.pl 27 U7 &R L TRLIIZRFTART v /L & RmZEE LB ORRZ X 5.1-18 (2
RUET, RN, 4.05eV EREREINE Lo, ZOMIFSEIMETH S 4.08 eV LTV ER E 22> TOET,
5

0=4.05eV

energy (eV)

-20 L

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

X 5.1-18 KEICHEE /2R L RBERT > v v /VORE%

25
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5.1.8 [ZEFHanfET

5.1.8.1 F¥REDHEEE

EADRRIATHAHGEAIL, B F UEEEZRFD, EOEMEREDET, BEFITE SR, yie
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) | FUDISEFOEIRIEE (S FiHE) 254703, PHASE (2iE, BERT v « SPmpk
NIESNTODOT, ZOFREESOTHAETOET, /> FFEICL Y | il T OB, 1
BohET, EEFOEMEEIIRATELDIET,

Pe =Pyt Pc
ZIT, plE. AT EFOEREETT, CIAO TIER LA SIVCWDERT vy VDT —X 7 7
AMZIE, BHRBRRE BT 5 a7 EFOEMEBEDERNPEENTOET, ZOT7 —F EHiAaAR (1)
KA L £,

B) | BEFEERESY, TR TEL b ET (FFHD),

) el)

_EA_ dr =
r—r

+ e (p@®) |+ @ = e (cr)

ZIT, ope 1 BT BETFHECHRT ART Ly LR —THY | p,lE. JFTFEED 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
Z2T, RSN MG ORIEATRICIA D70, VR OEE T R L ¥ —0 FIRARE LET,

© | B TREERDET,
pp(™) = . |?

D) | EFROYEFOBEMEEL T, FreoXad il BErFmaitfiLEd,

= wiZc [ drpopy (T (po)
T o 1 BTOWER, cEEER LET, TE AR THY ., BT - BEROMBIC
BT 5509, PHASE Tt EXOFHEHICIBWT, FicDirtla VW CnEd,

pel'(pe) = ppT'(py) + pcT(pc)
Z OIFEHE Y SEOT=OZIE, EEF & a7 B ODARDER D DVNIWNWZ R 720 F5,

Qe

AFHETIE, & - B AEOMBIOS LT, R O TWET, J7ebb, MERT oy e
HRRAE, P70 ANTE DY 1D DAl CE R SRR A b &I, RO E LT
BIVET, BREAHBILTE kADMRE S TVE T [Puska9sl,

=1+ 1.237 + 0.9889>/% — 1.482r2 + 0.3956>/% + 3 /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+ 1237, +0.98897>% — 1.482r2 + 0.39562/% + (1 — 1/e40)13/6

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,
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5.1.82 AJ)/XT A—%

Sifsnrc B DB EMOFHELE L LET, FHEAIEIL. sample/positron/Si T,
Si fEELTC BT DBEHMEEDAS)8T A—F T 7 A4 BT, BB BB T 28 DA% #A L £,

(1) Control % 7 CHE-FHmatH s ANIEEE

Control{
positron = BULK
}

Control # 7' HZ positron=BULK tEST 5L, B@HOEFRIEFEON REH) 21To72%I2, B
Fma B TOET,

(2) accuracy %7 CHrE rFHFmatBOA 7> a U EHE

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, BrE BRI AE SIAERTEIC L > TR D, T7b b QA%
iR B, EOXNAIREFGL 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 K URHRIZRW T, IROBEIRISE EN 7T RE B LS H DO RET

HY ., dtim BREWVZEPCENRFEL 20 3, LoL, HE D KRSV EHSE
PFHLNRL D . ZOMEPNNIWEE, BRSNS DIVETN, hE
STDHIZENHRNELS 720 £, LEEA->T, ZOMEITHETIRICEY, =
— =Dl A RS Z L A HEE L E T,

epsilon_ele =12 epsilon_ele |Z, ¥ v 7 D&H HRITk LT, LDA O 1 RifmFmMiEA1T ) B
IZHWS tag T, =0®%ITIL, FFEFE S 055 12) ZHWET, L. #F
EROMIEZATORVOTHIUL (-& 21E. BBEOFEEITH>HE) . 8.01T
ITHIFRLET,
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5.1.83 FtREEROHS
BB PIIEEATTH L. output000 7 /L& 3{H®D cube file BTSN E T,
(1) vz 17744 output000

DT 7 A NDOERRDOF I, Si OFE AN ROFEICET 2 HOTY, B REHEM&DY | BT0E
WIEEF DI %, B T OREMThIET,

HOZEBIT5“~- initial positron energy eigen values —-—--"/OAMEFRHREICEETHH DT,
MR LFRICE Y | BETORBESOSRESNE T, TR HE, #0RLEHREOIZUDIZEWT, BE
23, 14.6379€eV) ThH5H Z & 2R L TWET, extra bands IZFN LY b= XL XF—D HWEAM
(14.9628460558-15.0292289699) %2 L £, MV IKLFHED 2 [H T, BEAMEA. 0.0021898139(V) &
IR 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 7 ANVDTFOFIE, ROL I DR HY £,

LR R R S R S S S I S S S I I R i i I I S I i S i I S S b b S S b o

positron lifetime (ps) 220.184723312044
core rate 3.79328791767622 %

R R I e e b b e I b S S e R b S e b S dh S b b S b S S i S S b b S 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 77 AL

SRS T D & BAOEMN, BEFOEM, B - B ST D53, 7 7 A /L electron.cube,
positron.cube, ep_pair.cube [ZHH)ENET, ZiIHDT 7 A /LX Gaussian cube FEATHY | AL TE
R 5.1-19 |Z Si fEflCBIT DR R AL R LET, il H3de LT, MEERIAHEL. BEHL. R
FREIEI AT 2 2 L3000 £97, BEFOREhEE A 0 EBi— L X — MK T L2 AL —iC
FRITH D Z E0b, —WICHE IR A ET 28R H 0 £9°, &1 - s i x X 5.1-19 (©
WORLET, ZOGMANREWNE AT, BRI RE MR TIHRT 52 212700 1,
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X 5.1-19 Si fERFOffiEF7@). 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 A TTRALX—DEIN

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

CNEHDIEEEC S BT, 2SBS0 LT = & 2D BUENRG ) £,
o i
BE T OWBIERIT. BT OWBIEIH L R, YK LEEICE > TROBIET, 480K LIZB\T

output000 7 7 A /UZiE, RO LD eHNnH Y £ (22T BV IELORZICKIT 22T R L Q0 E
).

=== 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

I, R TIEL T BE T OEAE (positron eigen value) AU L TV Z & AR OE T, Yo
7 TOHT) (output000) Tl
-0.5674635596
-0.5674635638
Lo TEBY, FHONEKELTWDZ ERMnD £9, o, ERROHIIT 220.180365487100
220.179503204077 &\ \>7-Hdil3 & 0 £9728, Ziud, M0 LEHEICRWT,  BilEREHE Sz, B &4
ARSI FEMmERLTEY, R LHFEIZEY . FEMOEPICRIGE SN TN HERNE L TWOET,

BHEOEADON REHENFSIGRLTEY . 2o FoEEOFHEA MR UL, HEITHoEEsniz
HEDTHHEEZTENTLL I,
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5.1.8.5 & ik

[1] M. J. Puska, A. P. Seitsonen, and R. M. Nieminen, “Electron-positron Car-Parrinello Methods:
Self-consistent Treatment of Charge Densities and Ionic Rel axations", Phys. Rev. B 52 (1995) p.
10947.

[2] M. J. Puska, ““Ab-initio Calculations of Positron Annihilation Rates in Solids", J. Phys. Condens. Matter
3(1991) p. 3455.

[3] A.Nakamoto, M. Saito, T. Yamasaki, M. Okamoto, T. Hamada, and T. Ohno, *Two-Component Density
Functional Calculations on Positron Lifetimes for Band-Gap Crystals", Jpn. J. Appl. Phys. 47 (2008) p.
2213.

52RFFAFIUR
5.2.1 ¥RENAEAT
5.2.1.1 HEREOHEEL

PHASE (= FRBIOBIEE — & 3HT DIRBMRITIIED 50 £, F9° B2 Tl & b9
IRl SECHRARATOET, CONMEIERATBIEIRL, TAD DB HIERS L ET, B
DEAERBAARS 2 LI k), BUERBORIM L B~ M a7 LET,

i B OB OLENBEN I 2w & LET, B INT IR EOIENEHTE D & X, M1-ROEHT;

BAUx
Mty = — Z q)ia,jﬁ Ujp
jB
EETET, O jpl TNOEET, AL DD TRV F—E (uy, Uy, ... ) D P & L TER ST
£7
9°E
wjp — aumaujﬁ
NOERFT~IN~ T 7 A o~ NERAEN T T8Ik, RKoprZEenTEEzd,
doF,,
au]ﬁ
KT 77 LT, ZOWNIHRZESTI I ThONES, BT A X —%alTHE

O]

q)ia,jﬁ =

oF,, Fialu]ﬂ:a - ialuj/;:—a

dug B 2a
LEFET, NOERITITERORIE L DHRDH Y, TR £ DI OEREHIET 2 L85 Y
ET, FAS, LIRTOERRORBHRMERITI T ,j R & &, IERT v Y e 13T v /L
®, o EIEETHIR TEERS 72 bOIE LT, DY,

er- +T= Ti/
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251,

TR FXA, BT, NERT YN0 ORGrap & it O 53~ TUThlzh RLADED L,

2720 9, DXV,
z Qg =0
j
TY, B, IEEATANIRA TR TR Y A, OFED,

O =

ia,jf JjBia

T, WAENW, = wemi & B TIID, i = i jp/[mum ZIINT, - ROMEFER (10) %
Wig = = Z Diajpwip
B
LEXBAET, TOFRREM IO, wy, = Q€ e LI MREITE LET,
=Y Dy
B
ZHUTEATED WP T, EENY MK, LD, ATHID,, s DEATERE TS, IRBARITHAE 1T 2 OFEA
AR, K RBORIET— Rk ET,

5212 NI A—=4

PRENT 21T 0120, IR INEEAEIZSH D Z ELETT, SEHRIEIZ 72 LB IS A DER E YA

2720, IREESIEED Y 7 ME— RNBVE T, SHERE O Y, Mo R VTR L E
T, HEERAEVEIEANE T L2 5, nfdynm.data DEZISGHR EN TV D REREE TOATIINTG A—F 77 A )L
ZERRLET,

PRENARNT OREIZ. Phonon 7' vt v 7 THE LT,

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

}

REATO NS 2 L FIOR LTS

IREWATICBRR T DAL DR

RS F 11T 5 T4 F7 3V ME 23R
sw_phonon OFF AT E 7 1 > 7 NS DINE D DDAA v F T,
sw_calc_force OFF WREET DT DITFEEAT O D E D DD AL v FTT,

ON : & HRERNT OO DI EHRE TN E T, GHR LI
force.datalZHi ) S Ed,)
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OFF : sw_vibrational modes=ON73 5~ 7 A /L'"F_ FORCE")>5 /)
DT —H Tt AT+ F T,

displacement 0.1 JRABNLINT A—H—,

sw_vibrational modes | OFF KEAAREMEAT 21T O DN E D DD AA »FTI,

ON : BRFRENEAT2M T2, modedata™ 7 A /WTHERDZIH I &
i‘g‘o

OFF : #& FHRENENTI A ThivE /A,

norder 1 PRI RS B /8T A X —TT,

sw_polynomial_fit OFF ON : ZI7 1 v M THOMG RO ET,
OFF : &5 ChHOWG & ROET,

®  JFHAEE & RIFRED AT

SRR SRR > CTH TN TANTLHLERH Y 3, 372005, JFRTFEED weight BMHAEIZ L 5%
IR CE ¥ A, £72, sw_inversion | OFF &2 080 H 0 3, IKEIT— RONFEE ATIEEEEOXFR
T = v VIR OZEMRE T2 O T, fEiEE £ 72132 OZE it 2 symmetry 7 2 v 7 TIELFEEL T,
72720, PR ErH e R 5 Z & L ARETT,

® JLEDEEDIEE
JEEDE HEIT element_list 7 1 v 7 OZ# mass THRET 5, JRH-H(aw) TlEe<, FEAEER ) (amu) TA
795121, #units atomic_mass Z#tag 7O _EIZHAT 5,

® A DIER

JFFZ5(71% Phonon 7' 17 v 7 @ displacement CTiRiE L £, 7, JAFAMNE0.1 awll FiZE b EBWTT,
IREEDIFAENARA A EZ T, LT DIREEOICR )G BV DR AR E LE T, norder % 2 |ZFXE
THZET, EOWREE 35 5 1Tz 5 2 L TEET, diplacement THXE LM% u &3 7uf, HTE
AEu,w2,u/2,u 12720 97, sw_polynamial_fit 2 ON (2 L CEIEAT ¢~ MZT UL, norder 2 2 LV K&
SRETEFET, 20 L ZDFAZNIFunorder,-u/(horder-1),...,u/(norder-1),u/norder T3, norder % K& <
T2 EEOMEEIL L 20 90, JIRHEDREED M 2 50T, FHERFEIX norder 73 1 DA 2*norder {12
RODTHEE LTI EENY,

5.2.1.3 FHREAEROH)
IEEATHE R, BTSSR~ 7 £ /L mode.data, 11D —# force.data |ZH I SHvE,

mode.data (ZITAREMENT OFRERDGLR S ET, EFIRANIEAWERY 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

WA OF natm & BT DR (x;, vy, 2;) & B m; & 791 name@ R OEAGHR ShET,

—-—- 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

WRIHRENAT OFERDIR O CRoidh SvE T,

| —-—— Vibrational modes ---
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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,l) vec(m,i,2) vec(m,i,3)
end do
end do

representation |FEEKZFIOBS T, activem)L T ~ &M E— RHIUuL R IZ2720, FNEE/T— T
HIUTIR &700 7, BEMETHIUL, IR&R &7V £7, A L2 ME— ROLAITHTHERRINVERE A,
vec [XEHZ FLVORSIT, omega_ha I3 Hartree B\, COREELT, omega_ev [TE /L M HAL COHRE)
T, omega_nu IZETT,

J157—% 7 7 A )L force.data | ZITSIDEE A E T HT-0D I DOT—F BNieh ENFE T, FDOHT—HIFROIE
AcCHhENET,

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 1371 %5 D FFECEO T, displaced_atom 13207 L7-JF+ D& ST, BiF displacement
IR F DAL SV (uy, uy,u,) T, norder (T AT THIE L7 norder OEA G S 4L E T,
sw_ploynomial_fit |ZA/)? sw_ploynomial_fit 78 ON ®D & |2, ON ##£9 1 stk &N Ed, OFF DA
1%, 0GRS ET,

sw_calc_force & OFF |ZXET 5 Z & T, M/ hzapidr AR, REFTZ200ET 2 N TEET, IR
DEEZERTHZ LITES Y AN, TIFHRICEET 22 5IIER LT3R X8 A,

5.2.1.4 FHEH : KRGS DOHRENENT
(1) #t&ERaEik
PRENNT 24T 9 1 TIFR FONERRR BRI 22 AU 0 - ADT, IR 21T 9 & X LR U oo b s

1TVWVET, SEHRIRREIC 200 E B I THIDEAEAN AR D, IREEOSMIES D Y 7 b e— RSB E9, Koy
T OREERE LD A% LN IR LET,

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

}

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

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

initial charge density = Gauss

structure({
unit cell type = primitive
unit cell{
a vector = 15.0 0.0 0
b vector = 0.0 15.0 0
c vector = 0.0 0.0 15
}
symmetry{
tspace({
lattice system = primitive
generators({
#tag rotation tx ty tz
C2z 0 0 0
IC2x 0 0 O
}
}
sw_inversion = off
}
magnetic state = para
atom list{
coordinate system = cartesian
atoms{
'#default mobile=on
'#tag rx ry rz element
-1.45 0.000 1.123 H
1.45 0.000 1.123 H
0.0 0.0 0.0 0
}
}
element list{ #units atomic_mass
#tag element atomicnumber zeta dev
H 1 1.00 0.5
O 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

[oNeoN]
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}

lineminimization {

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

}

structure evolution{
method = cg
}

file_names.data (Z 1% element list & [F] CJEFE CTAHR 7 > ¥ ¥ /L7 7 A /L H_ggapbe nc Ol.pp &
O_ggapbe_us_02.pp ZHHELET, ZOANEMHH L THIKS FOMEZX 52-1 1TRLET,

5.2-1 K3 FOHEE

(2) fREHEYT

W o LA THREIMRAT 21T 9 121X, AR RS A ol U= JEEIC# %2 C, Phonon 71 v 7 2%, 4R
BT ORE 2 L3, Sl bR 7B S am L R O ) 7 7 A /b nfdynm.data (ZF0R QO DD
AT T DR AT,

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 0
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RN OREITTZ & AT T O L I LET, JRFARIT0.05 & LET,

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

}

PHASE Z594TL %7,

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

PHASE #5795 &, IREEITHE RO 7 7 1 /L mode.data 23 ) SivE T,

IREH L~ T —) freq.pl 2 L TELL 37, 0 FO%AITIZEL FO L 5 1Z-mol EWH A7 e %
T T freqpl Z54TLET,

% freqg.pl -mol mode.data

Z OBIEDKS T ORNEET— FOREA X 5.2-2 1R LET,

Vibrational Analysis

4000 | A1IR&R B1IR&R ]
ss00 . 2———3589 1 3703 |

3000
2500

2000
1500 | 1——1580

Frequency (cm'1)

1000
500

5.2-2 KT DHRENE— FOHRERL

FYEIRENDEA XY MV O ZAERT 2 72O DYEE trajectory 20D 7 7 A /LI, 7 —/V animate.pl TIER L &
9, JFROBENZHEE L= 7 A /L controlinp ZHE L £ 9, controlinp [ZLLFD L HIZFEE L E T,

| origin 7.5 7.5 7.5

¥ —/L animate.pl ZLL FO X HIZFATLET,

% animate.pl mode.data control.inp

FMEIRBOEAA 7 N VOPLGE trajectory JERD 7 7 A /L mode_* tr2 2V ERLSIVE T,

Z OBIEDKG T OIRAET— ROEAF T MVEIK 52-3 | TRLET, AERSIIEEIT— ROJLE trajectory

B D7 74 /L mode_7.tr2,mode_8.tr2,mode_9.tr2 Z [fL.L7=H DT,

1A1 bending 2A1 sym. stretching 1B1asvm. stretching

| v B ~
/ \ AN Pl -



X 5.2-3 KT OIREFE— FOEHE~RZ hv
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5.2.1.5 5 : 2V = 5k (Si2)
(1) ANIpRFA—=%
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

}

HREWFENT /3T A —4 % Phonon 7' & v 7 THE L £7.

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 |

FHENE T 5 &, 17 7 4 /v mode.data [ ZHEEMFTORERSH) S4UE T, mode.data DFEAIDEIHNILLT
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, WATIRIED S B S, EORDITINBERNY MR bHhSTHET, EA~Y MUET
DFEHDRIZE DR IIRET DT MDD HHOSIVTNET,

(2) #REEL~L
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IREENTOH )17 7 A /v mode.data DIFEEODT — 4 I HIREEL L~ UK ZAER L £77,
)V freq.pl #5795 & Postscript TR L~V UK freq.eps NI S ET,

LIFD X512,

W

% freqg.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®— RN TV ARETH 556, MTORKFEOANIC R BDFERSNET, MNEETHLEEITITIR &

FoRSNFET,

Frequency (cm'1)

52-4 /L7 Si OFEETLT /) B — FOIEEHEL

(3) E#E— Fordik

700 |

600 r

500

400 |

300

200

100 |

Vibrational Analysis

1

T2g R

IREfENT O )17 7 A /L mode.data 7>5455E Trajectory TEAD 7 7 A VEERTH Z L2 Ly, BEH~Z ML
ERAFRLEZY, BFNE#HTL7 = A~ a & LUREIT— K2k L=y T& ¥4, V—i
animate.pl ZfEH LT, #REMENTOH )7 7 1 /L mode.data 7> HIEEEOME#RZ B H L, §E5E Trajectory 72

RO 7 7 A NEE 2 B L £ 7,

JFUSOBE & BT FVOEEZFEE LT~ 7 4 /L controlinp #HE L %7, controlinp IZLA DX HIZ5E

WwLUET,

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 9 IZFITT 5 &, Lk Trajectory IEXD 7 7 A W3E— ROEZTF I SIVET,

% animate.pl mode.data control.inp

2L

ZOFRETIIEI LA T TG ORM NI E Y, BADFRRIZT Y 2 VR D KD ITERE
T3, 72T, SRR Trajectory FERD 7 7 A /L mode_6.tr2 Z Alfi{bd 5 &, 5.2-5 D L H ([
B MAPKREITRENET, K 52-5 [IRENTWDBME, HA Sz gridmol2 7 7 A NV EFIHAZ &
TFRRCEET, £, I SHTIEE Trajectory FEE o, R FOFRENVZ AL T 5 2 LN TEET,
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X 525 VL7 SiO@EETILT 4 e— FOBEBRRZ b
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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) HARYIRATINT A—=H

Z OMREAFIAT 27201213, T A6 L[AER phonon 7w v 7 ZERk L, BREZATWET, HRANICIE, U

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

5 A

Wi

phonon

Tx ) CRYEOBREEITH 2D T |
v

sw_phonon

PHASE OIRBAFITRAEZ AT 27>
L5 DEIRELET, T KOBO5E
L BT

sw_vibrational _modes

REVMHT 21T O N E D AR ELE
T, [ IRDOHDEE L FRETT,

sw_calc_force

TNEBORNREAT O NE D InetaE L
£9, [ROHOEE LFERRTT,

displacement

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

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 DD T NV DLyER AT
ELET,

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 RaERL

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 OATIEAME AT LTK SETEFR LETN, 74/ /30 ROLGAIET T _— Ik LT T
I ETLTLIEENY,

® NURHIY, ERLEFEAZLIER> TEFEORHREEFRI LS IMEL T ESNY,

(3) A A NERESROSEDORRE T
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 AND 1 ATRIRFHAETDR L ET, 2 1THURCAREMOEZEE LET, ETHESRORE O ID
ZHREL, S OICAMEMT v Y NVETRE L ET, AEmTT Y, IRERERIT 52 & b TEET,
UVSOR-Berry (2L > THELNIZRV o ARER 25 2 ENEE LW TT,

(4) FEHOFHT

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),ityp

1 1.27189 1.27189 1.27189 0.06250 0.06250 0.06250 1
8.90323 8.90323 8.90323 0.43750 0.43750 0.43750 1
1.27189 6.35945 6.35945 0.06250 0.31250 0.31250 1
8.90323 13.99079 13.99079 0.43750 0.68750 0.68750 1
6.35945 1.27189 6.35945 0.31250 0.06250 0.31250 1
13.99079 8.90323 13.99079 0.68750 0.43750 0.68750 1
6.35945 6.35945 1.27189 0.31250 0.31250 0.06250 1
13.99079 13.99079 8.90323 0.68750 0.68750 0.43750 1
9 11.44701 1.27189 1.27189 0.56250 0.06250 0.06250 1
10 19.07835 8.90323 8.90323 0.93750 0.43750 0.43750 1
11 11.44701 6.35945 6.35945 0.56250 0.31250 0.31250 1
12 19.07835 13.99079 13.99079 0.93750 0.68750 0.68750 1
13 16.53457 1.27189 6.35945 0.81250 0.06250 0.31250 1

O J oy O W

natm_super 73 A—/N—E /LD FETT, cps (TR T-DINT T VEEE, pos 13777 2 3 F/VEEETT,
ityp 1R FOREA AT 5 E ST, £7n, 2—S—B/UTAEDE T LTI Ry RS KED A v 203k
DX ITHESNET,

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

k-point mesh will be changed.
mesh=1 11

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

(5) HWhzrAn
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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, B2 LD
OB, Gk SNET, 7ok, T mO%E LR :}f)fz%b@iﬁ’r M3 L ORI T ~ o OTEMEATEEDHIE
DHASNETA, ZOFEIEL T RUSACIEEERS RV RIC ZHEES EENY,

phdos.data 7 7 1 V-
74 ) COWRAEEE Y phdos.data 7 7 A /UZHII SN E T, TORARE, AT RO L 572 b D TT,

# Index Omega (mHa) Omega (eV) Omega (cm-1) DOS (States/Ha) DOS (States/eV) DOS (States/cm-1)
IntDOS (States)
0 -0.00050000 -0.00001361 -0.10973732 0.00000000 0.00000000 0.00000000 0.00000000

1 0.00950000 0.00025851 2.08500903 0.00473815 0.17412390 0.00002159 0.00001500

2 0.01950000 0.00053062 4.27975539 0.01996324 0.73363561 0.00009096 0.00012976

3 0.02950000 0.00080274 6.47450174 0.04568839 1.67901746 0.00020817 0.00044927

4 0.03950000 0.00107485 8.66924810 0.08191360 3.01026946 0.00037323 0.00107853

5 0.04950000 0.00134696 10.86399446 0.24722290 9.08527497 0.00112643 0.00286860

6 0.05950000 0.00161908 13.05874081 0.37130693 13.64527929 0.00169180 0.00591423

7 0.06950000 0.00189119 15.25348717 0.49343689 18.13347292 0.00224826 0.01020273

8 0.07950000 0.00216331 17.44823352 0.67844022 24.93222060 0.00309120 0.01602478

1 FNEIXIREBREDOA T v 7 A, 2,8,4 FENZFNFI mHa, eV, cm-1 BA\LOTR/L¥— 5 6, ﬁUEﬁx%

ZH states/Ha, states/eV, states/em-1 HNZCOIRREEE, 8 FI|HPEAIREERAE I, FEAIRREEEY, i
HE TR —OREEI IO TR 7483 12720 £9,

(6) fEHTH Perl 227 )7 1

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 457 4 2 AKEEEE T —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 TN —DBENEZFRE L E9, mHa, meV, THz, cm-1 @
WFNNTY, T 740 MilElZeml T,

--width=WIDTH or -w WIDTH TERk SN AKDIEEZEE L ET, 7 74V MElZ1 T,

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

--drange=DRANGE or -d DRANGE KRB ORIPHEZFEE L E T,

--title=TITLE or -t TITLE DX A ’VEFRELET,

--font=FONT or -f FONT TR TH 74 A XERELET, 7T 740 b
EIX 18 T,

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

--mono or -m T TT 7 Rl LI WIS OA T a L EIRE
LT,

--dinc=DINC RREBEOBEKBAEELET,

--einc=EINC TRV —DBEEEEELET,

phonon_band.pl
T ) N ROT =I5 174 ) 3 R 25T % Perl 227 U7 M T, LTOX 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 ANVDANT 7 A NVEREELET,
77 4 )V Ml bandkpt . in T,
--ptype=PTYPE or -p PTYPE 77 7#ECHAT 57 m y MEZTEELE T, line %18

ETDHEFRR, circle ZIRETDHENTTH /UK
PREELET, 774V MilE 1ine T,

--units=UNITS or -u UNITS TRV X—DENMNAZFREELE T, mHa, meV, THz, cm-1
DWTNITT, 774/ MElZ cm-1 T,

--width=WIDTH or -w WIDTH ER SN AKIDOIEZEIEE LET, 7 74/V MalL1 T,

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

--title=TITLE or -t TITLE KDOHA "VEFRELET,

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

--mono or -m T a s 7 ERE LI WGAIC O T Y a U ERE
LET,

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

--einc=EINC TRNAX—DHEERELET,
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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,

Wt kDT 4 ) L DTFAR—IE, ZORE o AR LT(Y, +n)ho, G585 2 L RTEET, S
_U n
IQ, =Y, e “"/icgT LRRENDDT, 74/ DTN —ERA VT 5 LU TORENMGFONE T,
hw
e

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

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

RENC K 2 SO R F—13U, = — ZnUkneXp( ) R TEBHOT, T L cimbkd s b
INTEET,

Qx =

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

k exp [kB_T -1

Ty bR B, FVlbj:SC]:U{UVIbi) E(Umb Ulb)/T k§+%‘a‘5’&ﬁ3f%i'ﬁ‘ /”Eﬁklﬁ?&!‘i?\?%ﬁi?\ﬂ/ﬂvum
REICT DR TEABNLDT, UUTOLIIEHETH LA TEET,

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

phonon_energy.pl ZFIH73 % &, LLEDL S R3HEATFLTTHZ EMNARETT, UTOX IR LET,

% phonon energy.pl mode.data

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

phonon_energydata 7 7 A )V PRETR/LF—, ~LARLY HHIZRLE— T habt—, HEOHEREE
UL RO TRk STV D 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 HHTRLX—, T ho b —Z2REORK S L
T7mv hLIZEPS 77 A4 /LT,

phonon_Cv.eps 7 7 AV 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
EEN, T LNy RERZSAT LB D5 modedata 7 7 A VEFIIT A L, LFD L 5 72T —N0
FELBPTKRTLTLENWET, ok, Bod=uX—it, ANTHRELRIE 700 £,

% 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
’ - 25
" i
05 | - 0.0012
- ,// 2+
. or {0001 _
s £
2 .05 2
3 1 0.0008 & 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 TERLENARIOMEEIEE LET, 7 74/V MalL1 T,

--trange=[tmin:tmax] or -t [tmin:tmax] EEOFHHZEELE T, T 74/ MEIZ 0K 71D 3000K
<7,

--nT=NT or -n NT BEOROEEEELET, 774/ MElL 100 T,

—--font=FONT or -f FONT TR T D74 b A XEfRELET. T 740 b
fliiX 18 T9,

-—-mono or -m %/7137\‘?7%?%@;1/71’_1/\%@::@%70“/3 V%?EE
LET,

--tinc=TINC REOHRATEELET,

--einc=EINC THNX—DHEERELET,

--cinc=EINC O BREARELET,

5.2.2.3 iR

(1) U=z Ak
ROHAREID 1 DL LT, YV Ao T4 ) o=y Re 7 ) ARBEBRE O & 34T LT a /i LE
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,

o)

% 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 O
Si 0.875 0.875 0.875 0
}
}
element list{
#units atomic mass
ftag 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 FDOATIZ 7 A NVERE L CTWETN, ZORERLWGETIAN
¥ RERUCHRERR A R HER R S 1Hm SN2 < 720 97, MRITRICRIRO L 12720 £77,

500
400

Té

S 300

%)

[

)

S

5

L 200
100
0l

r X U
X 527 vValsEROTE ) N R

7 & J v DIRBEEE DI EL 2 AT —# 14, samples/phband/Si/dos LA FIZdH 0 9 @B IFHHE
72DT, band T4 L7 b —D FIZHD force.data 7 7 A VE A — L HIHT D & EEEAFEE Ax v
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
o TN, WREEBEEHE TRTTH A v 2% 10X10X10 & LTWET, ANEZDOLIITHRE LKA T-

b PHASE Z34TLE T, 74/ REEEEORREERIL phdosdata 7 7 A MG ESNE T, ZOT7—F %1
&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 ) IREEFE,
(2) FEH U DL

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,
$K

"N

X 52-9 = (bl v LOREEESE

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 7 HEAN L E LT,
AR, xx,yy, zz HIADEINEIN26 E700 F LT,

® HZhE&EfT : UVSOR-Berry ZFIH L C, AV HRNERT Y NVOREETOE Lz, f5RE, Y 7 AD
AREMDS 11262, 3 VHEOANEMN—1.1262 L7220 F LT,

INHEFEL, sw_lo_to_splitting 2 on & T ALIANIT U a2 EROHE LRI T, I, o7+ />
Ny RZERLUET, Bz, LOTO 5544 EEEPICHRE LR LADETERLTWET, i
LO-TO 53z EEEICHE LR, SN EE L CGHE LERISHSELET, ZOMNLHLRE D
12, TASAHECIELO-TO 75242 X - TEE LW AR L CWODIRIEN DR L QT
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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 #0747 V30 K, F/#03 LO-TO 4y3aBEE MR LIER, H#03 LOTO 45%
BRU TR LIS

(3) ARDIREEFHEAIEE
&S, 74/ CABEEROVE T O RE ] & L CAXDOIREFEMESS OB LET, Z ok
DAI7 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 L) FT, TOfEEE, K 5211 IRLES,

®s @& sn
-
¢ - D ’@
@ ® | & |
, & z
a Ly'x

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

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 AXNZETTA, KE T Tlda AXNLZECRY £, 2, fRtobooer X —da
ROITHIMED, IBE EFIED 74/ COBEHZ LT —DEFIEB A XD S AREW2bdH HEETHRT
FNF—IB ARXDHTIMEL 720, FHET 00 THhHEEZLNET, ZOXHIRB%%E, 74/ DHK
TRNAF—FHE LD 2T RN —HR A GO TR LTI ET,

FPNL, ETEROREEEITOE LT, 72771, B A RRSED dalbi 054614 L [EE L TRt LE L7z,
FERIT, ROFITRTED T,

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
HLFET,

% 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 AXDEHTRAAF—LIREDBHR, RS a A X, GRS B 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,
TH ) N FRBEICBO TR bEHREN LV DR A—"—/UIKHT 2 WOFHE TS, Zo7—213, 1
EERONTZORAHT A ENTEET, 72X 7+ ) VOREEELZFIE LI LIl T+ ) V30 R
SRS D5A, EIIRRDIRFE ST T+ ) L\ REFRT 25672 81%, LLFD X 512 sw_cale_
force NTA =B Z off LT HZLICLSTIREASRVEST ZL2IITHTENTEET,
phonon {

sw_phonon = on

sw_calc force = off
}
728, TRHEOFERMMESN TS 7 7 A Ut forcedata &\NH 77 A VT, /30 REHE LIRAEE S
BEBRRDT AL T MY TITHOEAIT sw_cale force = off LT HGEBRIIZDOT 7 A NEYET 4 LY
FUIZaE—= L TR LTS 230,
WHEOFEOGE, LITOWREZIT &, AJITHESN- Bravais #1% Primitive 4 ZZHE T
FHEMTONET,
structure{

unit cell type = bravais

tspace(
lattice system = facecentered

}

}
AW, T ) N REVEDEIIZ OZHUTER ST, Bravais 1O F £ A——R/AIMERS
N, FEMTOIET, kK 87V T Ay a R A SRR T,

A=) UWEFODO/RT A—% 11,12,13 136 & ORPMEL RO L D IEEDH 2 L TLIE3W, £ied
KIFHEDYA, BEWOH DA I TN E YA,
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523 FBNFEVIaL—ay

5.2.3.1 HEREDHEEL

PHASE i3, JFHZ@< AZRMM L ToFE Ay L 2 b—3a V2T ) 2 LNATRETT,

B —EOSTEF S 2 L— g VNEHETx T,

5232 NJpsg A—=4

TARNF——GEL

SFENFE R a2 b=y a USRELBEDH D ¥ T DO HARITRLE T,

DFHAEY T2 b—Ya UBEREICRRE DS 5 ¥ 7 D

1 Ty iR

H2, B3 T ay i
%

L lea

Bl

structure_evolution

SRR T — 2 DRHT AR ET A7 e
v

method

RO ERNEARES D, 53 FE)
LI alb—i g VOBS,
velocity_verlet (= R/LF——EDS){H)
FEEL R al—a )
temperature_control (REE—E D5y 1-H)
FE I alb—ay) OVLTRHN

dt

FFZ A EFRET D,
77 /L MiElE 100 au (8 2.4 fs)

temperature_control

— =

IR OREEATO 7T v 7,

method

IRFERIEID 71k 2 FRET 5, nose_hoover
2> velocity_scaling @ U 7 iU D
nose_hoover D343 Nose-Hoover 21T
K DIREERES, velocity_scaling DAL
IBER 7 — 1 > 72 X BIREHIE T
5. T 7 /L M nose_hoover.

sw_read_velocities

JEA- O 2, PHASE/Q (2 HEARL
SELOTIIRLS FETAIT 5412
DOINTG A=K on ELFET, 7401
il off T,

set_initial_velocity

JEFDHHIEE 2~ 1 7T L) HEIOIZER
ETOINEIDERET DAL vF, T7
/v MElE on

sw_shift velocities

PEFENE IR L), MD A7 v
TEITHEE T NTANE D EFRET
DHAA T T, T 7 A/V Ml off TI,

thermostat

BIRDRTEFATH T a v, KT —4,

temp

IR ZHEES D,

gqmass

BIROEREIIET 5,

tdamp

BROEBRXHEHEET 2D TIERL, £
DJEZ RO BN THRET 5, gmass (T
LD EOH M EE NS, 7238, qmass
b tdamp b fFE N 2 WG A,
tdamp=50xdt (ZFHY4T 2 EHAOE &EA3T
74V ML LTSN,

structure

atom_list
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atoms

JR B ARET D7 e v, FEAT—
v

mobile

DA 70 & 5 D ERET B, BT
T 555 on EEET 5.

thermo group

JEAICBRZE 0 T 5, EF LTZIES,
BHAETHRTE T D

T 7 4V MElE 0 GUBIZEID ¥ ToHnT
UNRUVREE

VX,VY,VZ

JR - DR E A FEA ST 255
(sw_read_velocities=on DFENEHR T
DFED x,y,z BEZFABLLTATITH, A
NIHVERE SN DG, 0 EA7eEn5b,

element list

TRERERE S D, FAT—4,

mass

XS D ILROEREIRET D, 774/
MEIRE AL TH D Z LIRS

5.2.3.3 itHEEREDOH T

FEfE— %13 file names.data 7 7 A /LD F DYNM (2L > TIRESND 7 7 A MK AT v P TORREEDH

HEnEY, TORNT, WERE oS E LRRRTT,

® /T

JRFEE Y, WREEfATT > 72808 L AR, file_names.data 1 F_DYNM i#Bl k> THRESNDL 7 7 A
v BEED T 7 A V4L nfdynm.data) | 2Rl S ET, ATIZIBW T printoutlevel 7 7 27 O T iprivelocity
EEOMEE 2 L EIC LTRSS GFEFy 2 2 b—3a VOBEIET 7 4V Mb), HEAFOHEDT—4
b ENET, BEOT—XIL, SIOT—ZDd IR FHEATHI SN ET,

® KAT v TOTRILF—

K AT T TOTHRALF—T, file names.data 7D F ENF Al AL > THREESNA 774V BEED T 74

W4T nfefndata iz 1 Sk, Yo7 U L > TS ONARER AU FICEE LE T,

iter ion, iter total, etotal, ekina, econst, forcmx

1 18 -7.8953179624 0.0000042358 -7.8953179624 0.0186964345
2 30 -7.8953851218 0.0000665502 -7.8953185716 0.0183575424
3 43 -7.8955768901 0.0002565396 -7.8953203505 0.0173392067
4 56 -7.8958649874 0.0005418445 -7.8953231430 0.0156398790
5 69 -7.8962052587 0.0008785990 -7.8953266596 0.0132645441
6 83 -7.8965425397 0.0012120826 -7.8953304571 0.0102355854
7 97 -7.8968179539 0.0014840140 -7.8953339398 0.0066063151
8 111 -7.8969784478 0.0016420281 -7.8953364197 0.0024736141
9 125 -7.8969875377 0.0016502900 -7.8953372478 0.0020111576
10 139 -7.8968352058 0.0014992046 -7.8953360011 0.0066379641
11 153 -7.8965440599 0.0012113794 -7.8953326806 0.0111430822

— I E AR RO EHIE, 51 H I3 70 SCF #H50mMecd, “HIHE, ROPERZRLF—,
ERDEBT R F—CF, TSI RO R F— L EB %L —% L LT Ch Y, TRAF—

DY FENS Y I a2 b— 3 AR AR T,

5234 G : TRV ——EDONTEIIF I 2l —T 3

TR ——FEDSTEITHE I 2 L—2 3 VD ASIRT A—HFHTT,
FHEBIEIY, samples/molecular_dynamics/NVE T,
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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
dt = 100

ZONINE, V) U AEROANED LER LD Lo TWET,  atoms TiE,  KJFFD“mobile”£%i %
Ve’ ERXEL CWET, ZZ&“NHOWNIOVERETDHE, ORI 1EiEs Iab—r 3 &217o
THEK 2 &IEH Y FXA, S OITEBEEL 2 TEE TRUVMEIZLTOVET, BRI, Si ko >0
2D FRICE AV BEED LI L2356 LTnET,

structure_evolution 7 7 v 7 Cl¥, “method”Z %% “velocity verlet”: L CW\FE9, ZORRIZ I - T /INEHEE
BORFENFL I 2 b—2a &7 LN TEET, £, FAT v 7 TOFFEER d) %z, FFHLT
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“100°E LTWET, TR X91C, ZOMEIE2.418%x10-15s ITHS L ¥,
ZZETHMHALIEY VO AN EFIT S L, RTOPMEEITET 0 EERESNET, FAICHHhEEEZ
B2 25856, Tt X 9 AN 1a#EH L T EE0,

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

}

Z 2T, “temp B CHIMIDIRE L 7L B U HACCRE LET, FFOPIHREE, ORISR L9, 2
OIEBEENCAES T, AEEEN 010700 KO ICRESNET,
A2 LR DUNRE AR ET H Z E B AEETT, ZOHA, T MO X I RANEER L ET,

structure evolution{

method = velocity verlet

dt = 100

temperature control{

thermostat{!#tag temp

300
500
700

}

RIZ atoms DFJFTZ, “thermo_group” &) B8 ARE L FI7,

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

}

ZOWITIE—F B O 300K 12, —FHHDOBFEFH 500K 12, =&FHDFF)N T00K (2725 X o FIHhEE )%
ESNET,

Z ORFREBIOFHERERONER =L F—, JEHTR/LF—, BT XT—%K 52-13 ITRLET,
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-7.8950 0.0020
E1ol

Exin

EpottExin ——

7.8955 - | [l /{00015
3 \ | |
| | | | | |
t [ [ w @
£ ‘ [ . [ 8
£ | w \ e \ c ‘ S
F 7eee0 [ | [ [ ‘ || Hoo010 8
* | . . [ T . e
L | \ | \ | | | | 2
w | A | | A | A | | w
) \ J \ ‘ \ J \ | w c ‘
uf” \ | \ w \ | \ | ‘ | \
| \ | | | \
| | | | | \
78965 | | | | | | | | - 0.0005

-7.8970 - — S - L — 0.0000
0.00 0.05 0.10 0.15 0.20
time (ps)

X 5.2-13 PR RALF—, EEI-RLF—, £TRLX— LREOBHR,

5235 ik  RE—EDOSFENFEY I ab—va v
BE—EDONFENFY I 2 b—2 a VD ASIT A—=Z T,
FHEGEIY. sample/molecular dynamics/NVT T,

® FRDRE
structure_evolution 7 7 v 7 |Z temperature_control 7 7 v 7 45 E L E T,
structure evolution{

method = temperature control

dt = 50.0
temperature control{
thermostat {

#tag temp gmass tdamp
300 5000 10000

}

EFRRDOATIHITIE, F 7 “method”Z45% temperature_control & L CWVET, ZOEEI X » CREEMIEHZTT 9
EOHELE T, DUWT, “AEEAsE L CWET, 2L, FZIAORE T, B CAILET,
FICTRSILTND 50.0 SV HfElE, K126 (Y LET,

51T, temperature_control 7' v 7 TENRORREZTITH> CWVET,  “thermostat”” & v 7 THENRD/ 3T 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”
INT A=K — (B D) 12 K- TR O JEHA 2 +aE LB BV O B AR ET 5 2 & b HETT, “gmass”
Ebdamp” SEFERE SALVTWDEE, “qgmass” MBS NET, £o. WTHIOIEE D WA 50xdt DJEH]
MEELT D LB O EEDRESNNE 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

}

AR A2 hermo_group”/ N7 A —Z ZEID e > TNET, ZO/RT A—XF (2 BUROFHRIE ST LET, 72
B, BUROHHIEZIBEOERIACH RSN ES, Fio, ﬂﬁ@@‘ PG & AR, “fdefault” % 7 &R+ 5 2
WL TT 74NV MEZRET D Z EHAHETT, Z ZOHITIIETOEFIZF U thermo_group Z#E LT
WETD,  BIRFOELR HENRICEREf T 5 T T H S @ iﬂi‘/w

5.2.3.6 T DOMOFRTE

® WHRT—V I K HIREREOSFEN ) I ab—a s

Nosé-Hoover DGR TI372 <, JRFOFEAIRENE O L OIZAT—/V UES Z LI K> UREZGET 2 2 &
HARETT, 2D X 9 72EHEIY, temperature_control 7' 17 v~ 0 R method 245 % velocity_scaling &35 =
WL TERTHENTEET,

structure evolution{

temperature control{
method = velocity scaling

B, BRIOIEEIZE D Lo MD A7 v 72—V EhET,

o AEEIENTrIeD X IEEEY T MDA

DTEN YR 2 b— 3 TRV TR EAER IR LET (Bridked) 28, FEENIERREIC I B
1 L3 b, REENIHEL TLE S LGADRH Y £, Zhali<idld, BLFD X 51224 sw_shift,_velocities
Dfiz on & L, MD itRpeE#SE e b Kol LET,

structure evolution{
temperature control{

sw_shift velocities = on
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® HT-OWIHhEE A FEI CHeE T 5 ik

SR OYEEEE 0@ 7 o & LIRERAR MG DA, SIS HIREDGRE LTRE T, AEihEN 01272589
WCHBIORE SNE TS, FEICEFEFICHIVIRA Z L AEETT, 20X 9 EEL FAALED vx, vy, vz
JEMEEIZ L > TITWET, F77, RELEERZ FEX L TLEDZRV L D temperature_control 712 7 D F
23U T sw_read_velocities = on ZXET HMERH Y £, 72&20E, LFOLIZEELET,

structure(

atom list{
atoms {
'#tag rx ry rz element mobile thermo group vx vy vz
0.11 0.12 0.11 Si 11 0.001 0.0014 0.0008
-0.13 -0.13 -0.14 Si 11 -0.001 -0.002 0.0001
0.12 0.63 0.62 Si 11 0.0003 -0.0005 -0.00028

}
structure evolution{

temperature control/{
sw_read velocities = on

}

72k, HEDHN DT 7 4 /v MEFFEFHBAL T,

£, ZOFETHMIEEZIEE LIATYH, T 740 FORETIHEEICE Y L9, £-2EHEN 01272
HEOBET T b A — v SiET, ZOEMWEEIIH LoV, BUTF OBGE CAHL set_initial_velocity O
filiz off & LEd,

structure evolution{

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

5.2.3.7 fEHIZHIT DR

® T ENIFEY R o b— g URSRRICERI AT H 0 E A, ULV T Y T REBIOPAW R T VL,
WHEHR, MERtRICE L TOVET, 72720, O FEiFEy S = b— 3 AR TUIR - ONE 2L
L ENCL > THLIEENT25DT, RBRELERCTOXMMMEEZRFOZ Liddb 0 A, LEEB-TC, %t
FRAEBRE O EIINE S 72T 7E S0,

® iTOEED, WEOWMERE IO CUHEESROHEAEZ AT 5 bOTIHES ) £EAD, orEiFEs

a2 b= a v ORRIETEROSHHETT, Lizii>T, ARREZFIAT 258130t ROIE LV VEEZ FRE

TOMENDH Y £9, PHASE ([CHIT DEEEOEROBEANT, JR BT, 728 203, BToERIRT
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BT 1822.877333 T,
EER= L — 3 — b B CRol S FE T2, EHEIm R L — LR & ORI ZE, = % X Nagom X

kgT LWOBMRRH Y ¥, Z 2 CTEBIT=RAF—%Ey, T FEZNyom, VY~ E ks, W]
BOZRIREE AT LR U LTz, > CEEI= R F—00ROIREZ D 72V E, £3TEE— ¥ —%

JEAECED, 3.1578 x 105 LW A EAENT TON— b U —HND B kg THAT~DZH), %ﬁlgf“%ﬂof
TEW,

JFAERE D IR AT T THRE L 7= D ff(structure_evolution 7'&2 w7 ND dt &\ B CHg
TE)EANT 5 2 & 1T &> THEIFICOREN G0 3, FHOBAIIAT THRET 5 Z ERAMEETIN,
AR EZFA LTZAEG 7 40 ) 2418 x 10717 WO EAENTIUE 7)) 1IC8Had 5 2 L 3ARET
I, 72 21T 100 aw &) FREIE 2.418 fs ITARY L%,

IBE—EDORFENIFY I 2 b—r 3 AATBIT 5, BYROEEQ DIEIZOWTIEERAETET, /hETE
HQEBRHTHE, ROXA T I v 7 RTBWRITERT D A&7t — ROVEUTLEY, £725/8108-
TIFFHEDIFE L CLEWET, T RETELQEHMTH L, RDEVHNGET DI Z<DAT v
BavEETHI I TLENET,

QDIEIY, SRORHER7LIRENDE & BNROIRBIOE Fok L EEED, BNROFNEL 785 £ 95108 R
ELWEESNTWET, ZYROIRENDEM & ROIREIOEIORIORIRIE, REEHUZITIR O THHM ¢
F9 (S.Nosé, Progress of Theoretical Physics Supplement No 103, 1991, pp.1-46),

21 Q \Y?
=—:2
LA n(ngBT)

Z T, olIENENROEM L ERL, gm0 BHEGX EOBRICBSEMT TV DT, kg

I RV~ U R, THEOBRORE T, BlziE, 1% 0.05ps, FF0%E 8, HHEAZ 300K & LTk
K TQOEZRFEL D &, FTHAITRIBLZ 4600 F2EE L 720 £9°, PHASE/O Tid, QOfEA EHEEET
52 Eh, A U CREIIRET 2 Z E b REL 2o CVE T, BREOE LEMORE b 72\ WG4,
JEHNE & K7 dt DFBBLF 50 5L R 50 DIEI S SN ET,
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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 7RI L TiEA Hﬁr‘oﬁ EREZ 5252 LMHY T, ZOFKE LT, BENEETEZENT DR
(DB LT JRFTE BT ORI DAL TOVET, ZOREEH 5 FE L LT, PHASE (3 LDA+U {5 E 7213 DFT+U
EEFEELCOET, Ziuk EEFEOFRIMEEREZA A N7 —a A EEH & LTIV IATLTFET
‘a—o

DFT+U JAIZIZW S 20 7ER B W 97728, PHASE TIIHEM(b SNz AEET V2 BA L TWET, =
DETIVCHE, DFTH O F =B (Epproy) (E. RFTEESI PO =3 VX =B (Eppp) & 7 U7 12X

DAHETFNANX—HDOE LTRINET, (REOMMERIL, /= FHEHEE bFEILET, ) o, /vi—
RAHEEIL, YA MTTHESWZEH1T8 p BT,

Ueff I 1
Eppryu = Eppr + —/— > Z pig,m _anim’ pr:' m

Im,o m

2T, I mm). KO o & A b BERE R ROAEABRESHE L ET, Ugld, A7 —R
HHAEAEFORE ST,

SATTRIE, JRERGE  (RTIE) | TIBIB 2T 5 T LISk ORI
pfff,m’ = Zfin < WElgh >< ¢l |¥E, >
kn

ZT, kRO nid, EREIBE MVROYSS MERERCTT, iz fr 13E FREBkno O HHECTT
/8= FHTIE, JRTE LTZHREDHRR L7z =L =Dy R 2 7o b LET, FHT, WuE2SseRib s OF
HA)DEA . T DT FILF—UER T eff PHE TR LET, 7B, UgDfElE, EBRIC—E9 5 L 9 ICHD
P BONISTEEA & ST E T,

e+U_ /2
Empty level
G
Ueff
Occupied level
e-U, /2

531 ,— MHIEIZ L 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 ITENEALEE, 1 I3V EFHTT, hubbard 72 v 7 THRELZ 0 V= 7 X —F 51,
projector_list 7' 12 v/ THRE L7 B Y =/ X —F T 5 2 SICTHELTES0Y,

accuracy{
hubbard{
sw_hubbard = on
projectors{
#units ev
#tag no ueff
1 10.0
}
}
projector list{
projectors({

#tag no group radius 1
1 1 2.75 2

}

WIZ, structure 71> 72T, »~S— MHIEZEAT 2R 28 E L9, proj_group THET HE I,
accuracy 7R v /7 CTEELIZT B Y 27 X —F S5 LTWET, = RHIEZITHRWER I,
proj_group & LCO ZHID Y TET, 7ok, BfECRITK LT, [Fl—® proj_group fEZHIY X4 TAHZ 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 Sr 0

1

[cNoNeoNe)
oo oo
[cNeoNeNe)
[ NN NG, Ne)
[cNoNeoNe)
[@NC NG NE
oOooHd
o oo

}

DFT+U LI X 235, UIZ UM B IREEDR L C LEWET, B/ DIEREH Y 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 £,

HIAOD AT ORRE DAEY 25, PR L3507 0 R N\O B REE~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 1ZF50 L CWE9, Printout 7 7 2 T iprihubbard % 2 UL FIZEEE L CWAE. (SATTHE %t
LT LIl ELND, BRTFIEO SEESH D ESNET, SEEIL O, *ISTBHEAERT b
JUTHENZFERENET,

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 /W, FHENE TT5ERITD SCF iteration (23815 5E1THI0ELRENRH 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 EFITHOBEZNH D EINFET, is (FAE L OFS, 1a IR FOFS, iproj (37 0y =7 X —FK 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 Mat12 No141,21+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 SEITFIDOUEZ T L BBEOMEREOXHLE

SEITHIOWRZ T =0 =1 =2 =3
1 s X 3z2 —r? z(5z% — 3r?)
2 y x% — yz 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)
ZIHDOFHFERREM 5.3-2 1R LET
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NIRFyT (eV)

GGA
14 | GGA GGA*UWU=10eV) Exp. | qanmt (Ufoew
1.8 3.1 3.2
12 |
Z10 | Empty d-bands
i
& s
L
S 6
(]
4
2
0 | | |
s -6 -4 -2 0 2 4 6 8

Energy (eV)
X 5.3-2 SrTi03 OIREERREE

5.3.1.5 E1541 : ~7 7855 Lavo3

S LavVO3 O HEEIT,

® DFT+U/LaVO3/cubictu (U4l La 4f #EIZX L T20eV )
® DFT+U/LaVO3/cubic ~ (U.gl%0eV)

U3 0eV D& X1, 4 BEICL D30 RIE7 22 LoULd | 1.5eV EICHNE T, Uy 20eV 235 &
8eV FIZHINE T,

5.3.1.6 #1541 : 75 LavO3

U5 LavO3 OFtFpIc,
® DFT+U/LaVO3/orthrombictu (U gld, V 3d #uEl% 5eV, La 4f fliE1E 20 eV)

® DFT+U/LaVO3/orthrombic (U 4i3 0eV)

DFT+U FHETIL VR EORERTE— A o S OSREREMERICES L £ 7,

5.3.1.7 37.J7% FeO

ST h FeO OFHEGITT, ZORHEHIL. occmatdata 7 7 A VNOETFA SEITHIOYINESE LRI %
199



HOTY,
® DFT+U/FeO/gga+u U 4l Fe 3d #iEIZK L T5eV )

® DFT+U/FeOlgga (U lT0eV)

T TAE AR U TULEAITHNORAEREN 1, X7 A AR LTIz —r? BuELISNAORHEEEN 0

ICERESIVCOVET, U3 0 eV Tld3z? —r? EOMKEZRF O d N KB T7 2L LoyL i D RICBIET
D, A= BAHIETIEFICBNE T, F, /S FEICE D A Ry v 7DBE £,
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5.3.2/\ 1) v K%k
5.3.2.1 HEREDHEEL

Ja P # FE T Bl (local density approximation=LDA) % #7325 FIEICIT—K BB (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 £,

A VX — (Hartree-Fock 22l /L¥—) ESANE, k. v, ol THRESNAH TV 7 kA, A

¥R, AR ORER, ) 20T

Eexact

lpkvo‘ 1)1/)]“/g(rl)lpkva.(rZ)l/)kvg(rZ)
=——Z Z j-drlfdrz I —r|

7 kvkv (1)
Z Qij(rl - rZ)(lpkvalﬂi) <ﬁj|lpk'v'0>
+
g [Ty — 73
ThAbNET, 22T v, (ZBE D N EARRRICIRO NV ET, F7o. 21T HDOQ;; & E Lo I KR

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 + ESBE (2)

LiEggEnET -4, 22T, EPHE PBE OB, ELPRIE PBE MIBIABI T, @ = 0Nk ditbh

BT, 7Yy RIBIICIE, ZOENNSHIABHRES " & 2 7 Y —= 7 L U2 % HSE INBHGEL"
BV ET, iU,
EHSE — aEexactSR(w) +(1- a)E)lzBE,SR(w) + EEBE,LR(w) n ESBE 3)

DR TRINET 58], wlTAHHERH AN ME < FFH 2 HIET 2337 A —2 T, 0 = 0TER IZFHE L

<. w— coTHRTHNZERBE|ZUT-3 % £9°, HSE06 EARIIT S L. D TFORAITRLYA X, Fifho%

Atk SEENRT DURNEDS, PBEO BSR4 25 LT L <20 97, »F 0 R G
G5 T2 OFHFEARPHN NS K 220 97, FHERBEARL RN OHAANZHIN TEAMEE LT, w 121X
0.1(Bohr DEEEDEM L < flibivE T,

5322 ANJJ/RXT A—X
(1) FAMEE
Hybrid LB CHE HIREEFFE 21T ) 121k, LT X S I EL £,

accuracy{
ksampling{
method = gamma
base reduction for GAMMA = OFF
base symmetrization for GAMMA = OFF
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}
xctype = ggapbe
hybrid functional/{
sw_hybrid functional = ON
functional type = HSEO6 ! {PBEO | HSEO6 | HF}
alpha = 0.25
omega = 0.106
}
}

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,

YRR BAER A ELY R T, Hartree-Fock AR 21T 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 %A, RIS - T PBE ILEEGHR O ENRIEL 7 7 A /\(zaj.data) & FBREE 7 7
A Mnfchgt.data) #EET « L7 MU T e —LET,

ATV RBEGEIR, N FBXO k G0 2 EA—T7 DU H Y £, ZoHH, Wl k AUICE
BN —TIEGREE SIZEER WA H Y £, T T ZOWAID k g—7 251K 2 &z k-
CRIAREZROTHREDY PHASE ([ZiHiib- T E S, ZOBREEAIMT 213 IFO X d ik LE T,

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

}

}
hybrid functional{
reduction factor{

fl =2
f2 =2
f3 =2

202




2 £1,12, 13 12X 5T nx, ny,nz ZZNEIUTGO—ZTH0ERELET, ZOHFITIHEH. FNE0Hmo
WIRL—T"D A v 28008 112 12720 £79,

(2)  3HEREFRRIZIS N CIF a2 AFVR 2 2 51k

3 WFFIRC A 7Y FULBESGEERINT 256, BE O & 22 W WA R4 2 2 L1k~ TKiR
IR ENERTTE 9, ZOREERIIT 256, UTOX S ICRELET,

accuracy{
hybrid functionalf{
sw_change axis = on

}
ZORTEL, WICHIAT DB bOBGEZ 3 #lF IR CHIAT 258 AT o 0E R H Y £7,

¥ LU T OREREIT 2 HilPA I & 3 Eil A C 350 v C sw_change_axis =on & L723AIZHBWCOLF I ATHE T

TNV ET YT MERT oy VERIIT 256, M 7 U v FBSGHROERERHOIE LA ER TV T Y T
MEERT >t VR DMK R, (D)) ICHRT DBIIHLSNET, T
U v FRBEGHRIZRW TR, KAREMOREEES (GORIVEG)) 28 < ZEicd-> T, FHRRHEICR
TR RF S PITmE T 5 2 L AVATRE TS, PHASE/O TZ OREAFIHI 51213, 244 charge_mesh %
L

accuracy{
hybrid functional/{
ché}ge_mesh = fine
}
}

754 charge_mesh (213, exact, fine, moderate, coarse DV T IUNEFEE LE T, exact ZfEET D & KIBEwT
DT COWHGSy %548 L £7, fine, moderate, coarse DNEIZEET Dk HV D72 < 72 £9°, charge_mesh
DT 7 /v MElL fine T,

TV T YT NERT U VEFIR L CWDEE, KRB HRT DA AZ L= T Z LIC L - CEk
b2 2 L HAEETYT, FIUllE. RO L HIITFRELET,

accuracy{
hybrid functionalf{
SW_rspace = on
}
}

W, 7Y RIBEEGEIC T A KRB OB T ONYDRHD D0 303, FEMEEAFAT 52 &
X > TZOWZ ON T HZENTEHDT, HOIFRERE /R TIIMADEEE /Y £3, ko
charge_mesh /X7 A—2 %, WZEH OS5 & R CARHIAT 2 2 L3RBT,
5.3.2.3 A5

(1) KF#EHT

/K510 PBE #t%5., PBEO #t#, Hartree-Fock FHH OFHFI#EIL, samples/hybrid/H2 L TFOT 4 L2 KU
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PBE. PBEO, HF T3, go_h2.sh #3479 5 &, ZNOHOFRAIERICFETLET, ZNH0OEHE L Gausian03
DFEFRE DI AN 5.3-3 1R LET,

0.1 T T T
Y
o A :
A
0.1 .
_02f :
3
E HOMO (G03) @
£ oal LUMO (G03) |
g HOMO (PHASE) /.
2 LUMO (PHASE) A
i ®
04 :
e
05 -
06 ® .
0.7 l : :
PBE PBEO HF

5.3-3 PBE IS, PBEO IRLEEEE, Hartree—Fock YEIZ & B 7KFE455F0D HOMO AL & LUMO #ENVL DT R )LF—H3
Gaussian03 (G03) DFER L XL TRENL TS,

(2) Ko+
7K53+® PBE #AL, PBEO #5411 %, samples/hybrid/H20 L FD7 1 L2 kU @ PBE,PBEO T, go_h20.sh

EIATTDH L, TNOOHEZIERICIATLE T, L0 E Gausian03 OFER & O A X 5.3-4 (TR~
L/i‘jﬁo
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0 ®
® |umo
02 -
® HOoMO
® ®
0.4 - ® .
3 ®
=
[}
L 06 0 -
B
2
L
. L G03 O B
0.8 PHASE A
AL i
®
1.2 ! w
PBE PBEO

X 5.3-4 PBE {ALEGHGE, PBEO ILEEEGEIT & AR F DT RIX—HERTAS Gaussian03 (GO3) DFEER L Hik L TR
ShTna,

(3) TV a4k

U a U AERROIRREE E O R % . PBE, PBEO, HSE06 T3179 A4} samples/hybrid/Si LA FIZH W 77,
FHEAZTFATT D LSO NDIREEEN 2K 5.3-5 12, 555 KXy v 7 %K 521RLET, K 5.3712,
BONDHNY XYy v T H R LET,

3.0

25 -

20

15

DOS (states/eV)

10

j 3 c“‘
05 - /\ \ N
/// v/ /
/
0.0 S '
5 -10

-1

energy (eV)

X 5.3-5 PBE, PBEO, HSE06 LESIZ & o T/ BTz SifEaDIRIEEE

# 5.2 FEEIC X o THEOND Y Ry v F DL
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LR NV FXx v 7 (V)

PBE 0.7
PBEO 1.9
HSEO06 1.3

samples/hybrid/Si_k10 1%, k A4 v =% 10X10X10 & LIZBRETY, FEEICHBOD N DEHE TN, &
DS RIRREE EIME HIVE T,

5.3.24 EHIZEHIT HIEER
o ATV NNBEGEI IS 2RI 2% mdi ESRE M X £ A, KEERFMEZ AT 52 Th->ThH
sw_inversion /X7 A —H# % on &35 EFENPHEL T DT, ZOREILLRNTL 7ZE0Y,

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.

(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]1 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 77 UTILI—)LABEER (GERFHERIIE)
5.3.3.1 HEREDOHEEL

FESFTARBETE & 5 — PR 345 T (van der Waals density functional (vdW-DF)) ZFf U 7= 315k
BEIZOW T L E9. PHASE CTHEHIN TV B — (b SN 7= ARUTEL : Generalized Gradient
Approximation (GGA) CIIFERATHEIENBIE S TWORW DI, BIZITFEE ST 7 7 4 FOBEEHE= %L
F—Ip E L EMIZEIRT 5 2 e TEERA. AREITIY RT 23 5HMEREIL GGA O ZOREZA O T2l HE
SNIZHDT, ZNEMHNWD Z LT van der Waals HHAEHNKE < HF 5T 5RO RLF—EFIRED &
D EEE CHETE D LT £, F2, 20 vdWDF 1355 FERAO 2 FEA R L QO CREBRAYZ ST A —

F2HNTWRWD T, ERDIPIROFRITHS L THRERIOENT 5 2 L8 TE £

5.3.3.2 HRPHHEIE 2 & - 2T RV —FHE
(1) P

o LA
v 77 5 vdW.F90 CIIFERFTEBIEEN 5t R LE 3. ZOEMZ, GGA THLNDAIEESCA & LDA />
DIFONDSHIAEPAZ R L a2 2 & C BERITHBIE G B8 L7 ASHHRaH) Z8H L E7. 37ebb,
A Egi%‘/l/?”\:%Exc (BN
Eye = ESGA 4+ ELDA 4 gD §))
LRV ET. 20 ) LD STHORREM R G INEET, vdW Tid Dion & [112 X » THIR S =B TR -
THARHE SNE T, ZoBERFET i;tlf)%)j)ﬂ‘ﬁ B

EM =2 f )P, TP

<‘: L,Tp BLUET. BB EEED 2o (riblry,) 2 20T, GGARLLDA LiE->T, BEhfr
(ZHDEAFEERL (po(r) Ep(ry) ) OHAEHOEEL TOET. 2885 (r;, ri) 13

2 [o¢]
o(r;,ry) = Ff d adba?b*WT
0

)

®)

DEITFETET. 22T
2
W(a,b) = T [(3—=a?)bcos bsin a+ (3 —b3)acos asin b
+(a? — b? — 3)sin asin b — 3ab cos acos b]

)

<9, F£77,
(5)

T[x;(a), x;(b), x; (@), x; (b)] = 2 [x (a) + xl(b) xk(a) + Xk(b)]

1
8 [(xi (@ + 2e@) (0 (B) + 11 (D))
1

¥ (x;(a) + x. (b)) (x:(D) + xk(a))]
CTERSINET. IDICHEET

x;(a) = a_Z X ! ©
j
2 1—exp (— 4;;?)
i

dj =|r;— rquo(r]-), , 27;
v 8

) == Feirot) - 2 (0 k()
ki(r;) =3n?p(r;) (G =iork) ©

Lo TERY, Zibbhd LD ITEMEE S AME—O AT E LTZBH R E 702 L OGS TVE
T ZZTRODEHZ,, = —0.849 LT — BN CHE SIIARECT . RFTEET N & D22 #fHpd =L
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F—EelPA1L 0. Gunnarsson et al2l2 X5 b OZHNTWET. 2 b —#ORAL L plasmon-pole model %
b EITHEIENTZHDTH Y, ZD7 van der Waals FHASEHICAR SN L IFRFTHEREZ ZTr 21—
DGR 2 2 N CIRBRAIICAS DILD K 918725 TVVET

S DITHERANEAEGE TR ZAT 5 TolZ, @D 2B (ry, 1) ZRIRT 27 V3V RAPER SHUE Lz,
Z D 2BEEE D (ri, T O)ITERAZIE di & dIZULMEIE L7V, d=DA+), d=D1-0) & BTl ER SN
22K D, §EHWToH(r,r)Zp(D,6) & LT TR ESNIHEEy hAHET AL IICLE L. ZHuTk
STHELEZ Y » FEEITE U TRE)D 2 EfE 25T 5 MED 72 < 725 T OB R B2 IR HI S
nCnET.

® RrELgEIL OBy

H6) TS a = 0THor; = 1 DEAITEAERHRIC X > Ty (a) ZRET 2 DIIEEETY. Z o720 (2) %k
A bRFRA A G Z 2122572, HLI RV T, £ TClr; — rl| K 1O CITEMELE Zp(r;) =
p(r) EIUE L Cr S OINC T 2 I LET. ZHUC K> TR@D S B, B HUNT L7, DERAN
'(“@Tki%ﬁj\%f

4m 10

3
rl.
202 [ dredtrmiho)
ni

- 21
ELLd rkp(ri)(;b(ri,rk)p(rk) =~ E

L4my] i
=573 P (r) x4m | drgd(d;,di)
0
147mn3 Nido D2
— 3y xan [ dDg(D)
0 0
LESICT B D ENTEET. L, 1y = |y — 1l & LTOET. 22T 24FHAD 3FFH AL
D = qory (= d; = dy) % EF U CEEE A FIVCWET. 31TH ORI B RAZ S E 2020, i
THIERE D AT T D 2 &N TEET

o HE[REHIZR DI

AT CIXEMBR DR E REMFFLTANL, TOFEFHEEZED T DI ZOEE TITATRY A
ZOFRRIZUC AN THE L 725 COVET. WACEYER A T D130l Er BTG % TX(©2)
OFAERE > 2 1T07e < T b7, FEFICFHHEIPENELS 220 97, FRZ van der Waals FHAVER SRRk 23
WTHZDTFHITRIZOLNI LR LEEA. £ 2 THEREEE VWS 2 & T, KAFEL ZOEREHRICE
SIETED XL E L. RQOWFEBIEICH D 2 B8BTS (r;, m4) 13 Er D32 T35/

12 (4_7r)3 (11)
___“\9J)
f(r"r") - dizd,%l(dl? +d?)

——X
A AT HGSICHOEXHGS)
c
=T X Plp(r)p(ri)]

DX 9 IRREBIICITEI CE B 2 EINEDERN LN T 727200 = 12(4n/9)3. Z ORI 13(B)
D &5 e FE AN G ATV W DIEFIFHRICBIEFH R TA D LW O FERH Y £7. 2o 317H
D 9 BXORIOS3Ear, OEINI S U CHRMIOEEE L QO < BIITET, ZHUSK L TXO%A00[p(r;), p(ri)]
F@® M 500D L O ICEHNI LB LB AR 72020, ERRWE B CIIEIN R E L 7o
TWET. ZOZELE2EETDE, RQDI D, r; Lr N HNTEENT A (g > MISITROD X 5 1Ry A Bl
fETEET. T74bb

1 1 12)
> dridrp(r)p(r,r)p(ry) = Edv p ()o@, r)p(ry)
Tig>1 Ti€ TKE
unitcell  (rix>n)
1
= Edvz Z Z p (ri)d)(ri' T, + txyz)p(rk + txyz)
ri,rke txyze

unitcell (lrk+txyz_ri|>7])
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tryz€

C 1
=—Zdv? Y p @Iy Y =

T,
Ty k€ [r+tyyz—ri|>n xyz
unitcell

EBA T D LN TEET. I I CAviTEERIEZAT OBRD 7 ) v FAICHEN DR NEFIERAFET, tyy,
V&R L 2RSS ML TT. ZoR31THORINOD o BAEliEr; Lr OFEFHS = ME/ANICRE
SNTWDOT, FHE A MIRENTT. —75, ARI31/ns, »WREEEE TE 213 L/h& < 725 £ TR
S TRFTT 5 Z L1220 E9. UL, 62 bBEEINIEFI BN BIC, BAIEEMp (r) & 13RS T,
7'V REOZEMBLE DML > TREDEZ2O TTORO THIFIT LN HOTT.

PLED XS TR A > TS HIZA2) D L 5 ITHNIETFA TR T Z LIck > T, FEEREDOFH 5%
THREISKERETHZENTE, ZHUCL > TAFEZIEAHRICOEHTE S LI L T0ET.

® 3IRAT T A UM & BIAIFE ERIR LT mEnid b

Dion HIZ&k2b e b LDFETE, ZEHD 2 BRI AEEAT O O RREEENSVEL SNET, 227,
Romdn-Pérez & Soler |28~ T, 277 A Al & BARALFES ZFIH Lc KL 0 mide 7 v = U X AHEFE S
F L72(Guillermo Romén-Pérez and José M. Soler, Phys. Rev. Lett. 103 096102 (2009)), PHASE/Q |X = D51k
IZ K> CTHEBEOFAEAITNET,

ZORETIE, ETH—NEHE SIROAT T A AN L > TR L E T,
#(d.d)=¢(alr—r.a|r-r)
=§;¢Gu Ir=r)p. (a)p,(a)

0,(r)=p,(9)p(r) BHAT B L, 2 BRGELIFOL 5 ICBABHNAIGT 5 2 LISCE £ T,
EM :EZHdrdrﬁa(r)eﬁ(r')gb& (‘ )

=—229 4.4 (1G1).

jdre )exp[-iG-r],

|G| Ir¢aﬂ (r)sin[|G|r ]dr.

ZOEERTDHE, L %/\75 é FONTEE 7 — ) 2B AR L TR TE 2 K 912720, Kigemns
L3RR TE £

SCF &I THHASAT oS, EE Y TR — % 158 GBS \Liﬁ
50,(r) s[va(r)

v'(n)=3u, +Zu (r ) V,o( ) o) |

r):;ZHZ(r')@ﬁ (‘r—r").

U, (r) bEAABRGNR>TODOT, MZERITHELL, ¥ FFT 2175 2 L2k~ CRd 2 2 L asTlhe

a

R

® TV XL
FERPTAHREE (van der Waals TH) %2 &7 2T /L X —3HIE, A E/ERIL GGA, BETHIZFRESFHANE
AIXLDA, & U CGERPTZARESRAE/ER I Z 2 F Tl L7z vdWDF BEazaFIH LTt E 3, stk L
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LT, ZOEETXCTRLTav v ATy NUTHY LS, R AVERIL GGA, HHEIFHALER X LDA %
B L= ZRIR072 I BRI U QN AR A 15 7= & 1T A MUEYIZ vdWDF 22 B0 iATe, &9 HEEM
H Y %3, PHASE/O TIFATEZ“SCF i, H%EZ2“U Y ay MUEMATHET, Uit ay MuIR#ZIC 1
JE vdW OUEREAT D ORI T, SCF IR E T % L T, =X —%RDDH T L OHNERIOEET
vvay MRTHEL DA TSRRBEMEONET, 72770, vdW =L X —EOFF ) b atR L=
A1 SCF WRABRHT 20BN H Y £,

(2) ML

FIFAOFHEE LT, GGAPBE HEFUIZKHSE LT8R T o oy V7 7 A N EHAETAVENH Y 4 (ABHER
Ty UL, 1FHETRTGGAPBE TS LTWETD), 2O LT, DLTFOX 5 e ELX TV E T,

accuracy{
xctype = vdwdf

vdwdf {
mode = scf

}

accuracy 7 12 w7 D FD xctype BEUZ vdwdf ZfRET 5 &, vdWDF IZ L D5HEMTOIE T, 51,
vdwdf 7B v 7 D TFOEE mode & SCF MRAEFIATHILAIE scf &, Vi vay MREFIATLEAE
oneshot ZFRELET, £ mode OF 7 4 /L Ml oneshot T,

FERIY, WEOEELDY A, nfefndata 7 7 A /UITT R —DJEREN, nfdynm.data 7 7 A /UZIE
JRAFEREDJERED Uk SIVET, Yova v MREFIH L T DAL, output000 7 7 A /UZFEk S L DB
DxLF—& nfefn.data 7 7 A /L THIE SND TRV F—E2 5 SUTIXERDPLETT, Tovay MRO
BA, @RISR SN D TV — A AR GGA, FEBIFRAVERIC LDA ZF|H U= Z M7 LB
LDRERIZMOTT, Tovay MROSE, BHHEICRL, vdWDF OfHE &b &, LITDO L 2 IThER
73 output000 7 7 A /UZTHE SNE T,

vdW energy : 0.0668443126 hartree
--> total energy : -22.8808219651 hartree

nfefn.data 7 7 1 /MZGeER S LD TRV X—(EHIE, vdWDF O 3/LX—4 G A TRV F—ETT,
5333 #HE0: BEr T 774 O RLX—FHE

(1) IELoic

I TIEEBRIAV—F > (vdW) & V2 vdW-DF FHEEOHI 28T F 3. FHEREIT GGA <° LDA CTldiE
HEZFIE CE WG CH D, FEES T 7 74 b (A-B stacking) O x/LX—DBEMIREHFIEE LEL
72, WHEO GGA OFIPHNTZ ORDET RV — R A G 5 & T LTl 38T,
BN T 7 7 A MEITEN N £ TR % & WO BIRICZ > T LEWE T Ak LY 2 a8
TRV AR R S DMAET D728, GCA 12X 5 Z OfFFRITEMIICRIE > TWET. Zhud, &
FIAO72 A EAEA Cd % van der Waals FHA/Ef 2 GGA 38 BETE QW SICTERERNH Y, ASHE
KSREARIT 2 2 & CIOREVIMEEIND Z L AfilEs LE 4.

(2) FHR&%MH

AFHE T, FBRE-COBRGHEOWSHINEEFIZH D A-B stacking MOEE 77 7 7 A M ERBIZLEL
7o, 2=y MeARNIZ8M (2/85)) DIRFERTEGHET. 77774 NOMEEHANC z iz & > Tt A
1% 4.3x2.5x A=xxyx AR & L, 2% 5735 12[A1F TELEHARNR LK 2ETCORTINF—EFHESEFE L
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72, ZORMEZEE O GGA & vdW-DF 5O 2380 TV, TNZN AL BT 1L —hiia g L
F£7°. vdW-DF FHREIZIIATER E U TEMEE G ARpCSAX (r) AU B /20 £972%, 207U v REEIT GGA
SRR E L7z cutof EICAE L THB Y, 2 2Tl 32x18x40(to 96)HD 7'V » FEAEHA L TWET. 7o,
7 KRS CTH D720, z BIOBI - TRERICZ LT 5 2 L 9. 2F 0, ROV
TR AR T DA 2 OASEE NIRRT 5 728, M35 UC PHASE @ inputfile @ cutoff
% HFDZ EThROOLMNIRY 3. £, vdW IZ3ERFIZREHRIZ/R 5720 GGA KV ITREEHHEa A K
PYFEL 72 F7

(3) FHREAER

T EFEAMCEHE LIREE T 7 74 b (A-B stacking) DT RLF—DBMESHAA 2R LTZHD
T, FREUTET D GCA I L HfEH%, BT vdW 12X D vdW-DF HEOFERAZFNFIURLTVET. £
72, FRITERRIBANC LA WE L FD & X DEET LY — (FRUIRAS) %, RSN 0B EB]
IZEDHDOTT. GGA FHHETIZEL AR TE 20 DIZx LT, vdW-DF FHE Tldn e  SEREDIT <
THYNGZEHZ TV OPHERTE ET.

0.8
Experiment

E 0.6 +(Margin of error£0.08eV)
% 0.4 e Another calculation
)
=
o, 0.2
Eﬁ ol GGA only
[5)
5 W
02 L o N1
; b e
= -04}

-0.6

6 7 8 9 10 1
Inter layer distance [A]

536 TEES 7774 MOETRXLX—DBHEEEHEFLE. GGA R & GGA+vdW () ICX 5k
39

5.3.3.4 &k

[1] M. Dion, H. Rydberg, E. Schroder, D. C. Langreth, and B. I. Lundqvist: Phys. Rev. Lett. 92 (2004) 246401:
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534 77 T ILI)— )L AREEFRfHIEfLAE
5.3.4.1 HEREOHEEL

® Williams @5
R.W. Williams, et al.: Chemical Physics 327 (2006) 54-62

CJ
Evdw z R6 f(le)

R,
f(R)=|1—exp|—d| —

R}
0

) 2CCipip; . RI +(RI) .

ij _ ij _ i i
Cl ==Sc x et RY =S, ol RY = 2xR!

P Ce + P;Cs (Ro) +(R0”)
ST At
vdw radius 20.0 bohr
scaling factor S 0.8095 (PHASE), S, 0.80 3¢k 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® A3 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)?J5ik
S. Grimme, J. Comp. Chem. 27, 1787 (2006).

dlsp 62 6 f(R”)
ij IJ
f(R) = :
R.
1+exp| —d| — -1
RY
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cl=cici, RV =Ry +R/

INT A—H
vdw radius 30.0A

scaling factor S, 0.75, damping factor d 20.0

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
5342 NJ)/)RXT A—4%
vdW Hfi IEA&RERSE# D & 71
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

PRFL. vDW HIFRSREZ DA OWZED AT THEH
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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
}
}
vaw_list{
#agtype c6 0 p
H 2831179918 117 0.387
CTE 2267403316 1.70 1.061
}

Methane Dimer Grimme(DFT-D2)#:

Control{
sw_vdw correction = ON

}
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accuracy{
vdw _method = grimme
vdw radius = 30.0
vdw_scaling factor =
vdw damping factor = 20.0

|
O
~
a1

t
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 O 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

5.3.4.3 FHE

Water Dimer (Williams, Grimme(DFT-D2))
Methane_Dimer (Williams, Grimme(DFT-D2))
Ethane_Dimer (Williams, Grimme(DFT-D2))
ATstack (Williams)
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5.3.5 AxhERAE (ESM %)
5.3.5.1 HEREOHEEL

ESM (Effective Screening Medium)A[11[2] & 1%, FRifET VARG L <D 72 OFETIETY, PHASE (X
FEERHI L U AR 527 0 7T K720 T, BHEIITEEROAIOE S Z LAFRETY, RiET /L
RO VG, RMICEE/L G AN ELEE A25%0T 5 2 LIC Lo TRmAREE LI ROFHAEEITNET, Z0X)
IRIREDEEE, T2 & 21T Ui=36H 78 E1HIE U < X720 O TR RAIE A i 30 B3 5 0 £97, ESM &I,
FEIHILIER ) (effective screening medium) Z EZEEIZRRET D Z L IZ L o CHEIERIC IS K SFKmiER L
HIROBEZSHES T/ S Z L 2 wREE 5 HETY, 22 Tlk. PHASE ([ZHZmA £ 7= ESM EOFH T EZ
HL £,

5352 ANJ)RT A =4

F%. #HF O PHASE 23 L [FREDATIRT A—Z 7 7 A VL EWE R LET, 2O, FAREBEOEROHHIC
EENAMETT, ESM 7177 Aid, ZRLLTFORO X HICERIN TNWD I EERELTWET,

_Zl
-
T

N

vacuum vacuum

i i

o2 0 /2

B 5.3-7 ESM I3V Y TE LTV D R FERE DB AR

AlE, 2751 (a B Ob sil5a) (SR, 17510 (i) (SERERTHD Z L2 E L TWET, ciil
DB 0 1272 DHINSROHFUDMLET 2 X ) ITHEITIE U TREY Y L, 77 A~ A T AN FHZEE 2 5%
TET, SHIS, ROPONLHEE 21 (NINTA=F T 7 A M I ->THEET D) BENTZHITNZ ESM 25E7)
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 O\ a2 feE L £ 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 HIRELGEZEE LI-WVEAIS, COREFFHATIEELET, 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 JRFEZEREDH LN BITATRNL DI “BE 2@ 55812, €D “HoE
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,

5.35.3 FHEDOIAT

FIROIATIE W O PHASE OFHELIE D AT E T, IO TEREART 2 v VOfiR7: EITFHZH D A,
AT & 2EHERREIC BRACHIFIE D D EE AL

5.3.5.4 F155]
(1) Ko+

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. KOy THED, FHRIZBT 22T L —FH

2. KOTHIED, ESM AL/ —3tH

3. KT EEVENWICEE L7220, FAFRICKET 52T X —3tH

—_ H ‘\.A'_t

@0

z

t_y'x

X 5.3-8 HoO 23 F & HL VEV NTEE L= %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 FRNVFX— (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

KDL E 91, ESMIAIC L 255 & 3. OFREOFRRIIIEFITI . “HEROZOFE) ESM A &
STIERTETND T LD £7,

(2) EHEHINLI-F 5
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
HEFFRUTY), &ERI. ZORIIIESIFNER S U F328, BEHEEINT 5 & SRR R d
DT sw_inversion /37 A —H | IFHFE L TWEF A,

P EOREDS &, @Y PHASE Z234TLET, &7 —AFENKET LD, workfune 7’127 A% F|
HALUTHRAR MUBEEZE L £, ZOEROFEFAGONDRETRT oY /v D, ESEFINT 53556 & L
BADFE L KRN TEE T M OMEEE ORISR 2K 5.3-9 1R LET, ZOICHWTIEL, oD 1 9 L5y
DOHEAFZOEE, 372 B 5.3-9 D+aR2 DHIC 2> TWOVE T,
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16 ‘

N
12 + ;“ \ 1
10 + “ \ i

0.6 |- |

potential difference (eV)
o
[e¢]
T
‘/
{
i
|
é
\
{ |

04 + \[ \
N ‘

0.0 :
0 5 10 15 20 25 30

distance along the c-axis (A)
5.3-9 o — VRT3 )VDES L REICTEE IR L DOER,

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,

5355 fFHIZHIT DR

ESMIEERIIS 256, 2 A VORI 7 — ) 2T 4 75 ) —& LT FFTW 2RI 248035 D

S
® JFTRLEDIREICIRNTIE, FESHFRONEDFEAIERFRET S L D12 L., weight /37 A—F (3o 1

L LTLEENY,
® ELAFIINT 556 clmOMT LIS -7 & LTHIRRIOND DT, Z0D &9 Z5dFti I 4% &

T LTLIEEY, F£77, sw_ inversion /37 A —XZ % on [TIX LRV TL 7ZE W,

5.3.5.6 & 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).

5357 71k A

PHASE @ ESM ##Ei%. EsmPack 714 77V —%i@ L CHEH I TWET, EsmPack 71 77 U—%, FE¥E
B AWIEin D MIT 74 2 A TR STV D, ESMEEFEHT 700D T A4 77 UV —T7, L
TDOTA o AR & TR T2V ECTRIAL &V, F o ARER I L GRsUCE R EE1T O A
WSUERL, (212 55 SURICE DTS TEE 0,

Copyright (c) 2012, Minoru Otani <minoru.otani@aist.go.jp>
Permission is hereby granted, free of charge, to any person
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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.

5.4 {LZ2 RIS DT
54.1 NEB %
5.4.1.1 F¥REDOHEEE

Nudged Elastic Band (NEB)?£% & Of Climbing Image (CI) NEB 1%, SOGFEHIZISIT D AAIRRE & #ARREDR
D/ NER VX —HEE L i AR 2 75T,

NEB %45 L OV CI-NEB V4 FU V=SOSR FELZ 80 I, BRREDF TR )35 L ONRIRED L Tt (R )
DPEERTH D L LT, IRIRE & HARBEDRI DT RIRER,, | = 2 ~ N — DOJFFRESST X —72 8%, Bk

FTHIRBE(A A — D) RIDNTIUT L o THEITIL TN D &) RGO F oo b E 21T 9, = 2 TR,

13, BA A—=VIZBIT 2 SMUTTM T FEOFERE T, NEB #:36 KO CI-NEB (O PRMRREIZ 31T 24115
FHCEIIARIRRE & ARIED AEBITIRIES D Z LN ATRE T8, SARRE LARIRIE A A A — U THRRILIRO 5 T7
EDZ L ORERHShET,

® NEBiA
EHONEBIEZBW L, &4 A—VOERNIRO L5 1526 ET,
F; = Ffly = VE(R)I ..
ZIT, FR BT A A— VORI K AER A OB EAORS TH Y, UTFOL IRk bivET,

Ffly = k(|Rir — Ri| — |R; — Ria) - 22,
Z 2 TRITFREETY, HIBERITI OB~ ML THY, IROLIFHELET,

-

'—1:3:' L, fii+1—1ii_
R |Ris1 — Ry

<.

1=

=] =

-~

i1
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ADROVE(R) |13, 5 FHEHR LI L > TEOND, < OB 25 Th Y, UTFDL
NTRDOBINET,
VE(R;)|L = VE(R;) — VE(R,) - tt.

® CI-NEBi£

CI-NEB £, @7 NEB A3 L T b =R/ F— D@ A A—ZBIT DIER I OFEHEEZ SR LTc )
{£TY, CINEBEFHRTIE, w#O NEB 154 W CRISHESE R 4 & DD T- %1 T b iy )L —

DA A =R mad ZPE L, Ry max (B VERIA 2RO L 513 L E T,

ﬁi,max = _VE(ﬁi,max) + ZVE(ﬁi,max)

-

5
i,male. - Fi,maxlll

® [ THEHORETIL

BB T RV —% KD D MURHEHERICBO T, BT O EREEZES THZ EMFE LN EEZD
NET, ZOZ D, BEMETA A—VOEEZEL L, SROME 2@ R TROLZMENSH D 7,
BRZ, DU & U CRT > o UBEBE DRI D TR MEEITIE, ART > & v UBERET R DA A —
VEEEEL TAHZ LK EREOHEENRLATI ZENAREL e £, DR F Iz T
ERATICA A=V BB SE D HEE LT, 8rfhIodnEk z K& < T HERBEZ 5N THET,
NEB 73 X OV CI-NEB {EBT 2ERNT, 13z X 21EH N & =3 X —FHEIC K > TR L NER 10
JEREE TRDLIENDDT, A A—VHDIZREEII R/ DEZENT 5 Z LN ARETT, ITREROREHE
L LT, ORI F—ORIEREEMEE SN TV E T,

E —E;
k::kmmg—A<—JEz———L) (E; 2 Eret 55,
Emax - Eref
k = kmax — Ak (Ei < Eref @%)

TIT, kyag HTEROEKE, AkITTIERDOERE & By MEDFETT, ETiFHOITRTHITIE 2 5
DA A—=TD ) HENWZRLXE—DA A= DTFNX—, Ep AT A= b @O T R —, E oA
PREREHRED 5 B, mWITDOTARNF—TT, ZOEDEDREIZL T, SUGHESIZIT DiRkgfhT &
HARBELHI DA A—VEENE LRV £,

5412 NI RT A =%

(1) AJINTA—=ZDIEE

NEBEICERES 5, A7 —2DE 7B LOFEOHAEZ LR LET,

NEB (ZBh#ET 5 A )7 —#

1 7ayy o, 3 Tuy v vl EiE!

Control

multiple_replica_mode NEB FHFEDZEST
ON,OFF

multiple_replica_max_iteration | NEB iteration %%

multiple_replica

method SOt R R T E
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nudged_elastic_band_method
accuracy
dt NEB G281 2 JF 1
DAL
neb_time_integral S T PRt
quench, steepest_descent(7
ZEVIAD)
penalty_function ~FVT 1 B ON,OFF
neb_convergence_condition NEB [HCHEE %)
neb_convergence_threshold NEB [ EfE
constraint
cl_neb CI-NEB ON, OFF
sp_k_init I XEE T
sp_k_min (TFERR G| M)
sp_k_max [EeavE (SoNIEY
sp_k_variable ITREROREE, 2
OFF [EE, ON %)
structur
number_of replicas L) g
replica LU TR
endpoint_images RO A A —OFRETIE
directin, file
atom_list_end0 RO A A— DAY A R
atom_list_end1 RO A A— DAY A R
structure
symmetry
method KD -2 05

NEB {£DAF13T A—H DFEEIZHOW TR L £,
NEB EOERIL, DL TFOREZITWET,

® NEBIEOHEEZ AT D
NEBHOIAHIE DX EEAT
FERROX AT ET D

LU BBERD LY ) DJEET — 2 iR ET D
LU ORIV ) h OJEET — X i ET D

B2IZONWT, LRI E LET,

® NEBHmEAZ AT 2,
PHASE (Z NEB {LIC L 53tHEZFETTH L mx bz, LLFO X 91T control 7127 D FT
multiple_replica_mode Z%% on & L7,

control{
multiple replica mode = on

}

® UHE
INHCHIRESHE, multiple_replica 77 7 D F D accuracy 7 7 7 D74 neb convergence condition
TRELET,

multiple replica{
accuracy{
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neb convergence condition = energy e
}
}

neb convergence condition \ZIE, FUEE/IICFINETRET HZ N TEET, K 1218, RETEDHS
(G D= S

WORHESMRRED ST A—H

HiE SCFH A
1 energy_e dE <threshold
2 phase_force PHASE &) Df Kfiti<threshold
3 neb_force NEB 35 CHiiLE L7- 1D KfiEi<threshold
4 force_at _transition_state | KT R/ILF—A A—T0D PHASE O f10x KE<threshold
5 phase_force normal PHASE @, #&IZHRE 2y D D Kfi<threshold

® R OXIFREZFRET D

SR HENHEZR  (structurelsymmetryimethod = automaticl}) ZFRET 5L, WUROL 7Y BOWTrdD
DUVNIEHIZ, FEO LT 5 L0 HEOKITFRER RO o 735518, IEFIGHRNEE <R FT, v==a
TIREIZ LT, MERDITERTE 5252810k ->T (421288 . &L 7Y HOFEAHIZ TTFEVY,

® DL HOIRE AT CHEBEHERET D 5L
MR L") 1 DJF A 2 ATNZBWTCEBHEET HI121E, LD X 5 ZitiR 2110 E T,

multiple replicaf{
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
Si 2.751721694800 2.751721694800 0.000000000000
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Z4fendpoint imagesiTdirectin &) ICFHIZFREL, SHIZ atom list end0 7 1y 7 ITARIREED,
atom list endl (ZHOIRAED LY 7 DOPEREE A 18H O PHASE O atom list 71 v ZIZEIT H¥EE L F T
FolHRELET.

® [t LY ADIRIE : WiwD L7 ) I DTSR 7 7 A NViNDIRET 271k

MDA A—2 DIRAFEREZ 7 7 A )V THRET %613, AJ)7—F @D endpoint images Df% file & L,
file names.data [CA A—VDT7 7 ANLERELET, LTOE, file names.data 7 7 A /VHTIE
F IMAGE (-1) B XN F IMAGE(0) £\ H 7 7 A ViRA v X —ZFALET, LLFIX, ABTF—%¢
file names.data OFLRHITT,

AN 7— 2 gt

multiple replica{

structure(
endpoint images = file

}

file names.data 7 7 A /LR

&fnames

/

&nebfiles

F IMAGE (0)
F_IMAGE (-1)

'./endpoint0.data’
'./endpointl.data’

F7-, JFAEET —2 7 7 A M EFEOHITlE endpoint0.data X° endpointl.data &9 7 7 A LA,
WD X9 e TRtk 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
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

o TRILTYIDIE : PRIV J OJF- AR & Wit FERR ORI CHE 35 Sk
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(proportional)
R VY O EERE A2 WG O R F R OBIEME TR ET 2% A%, replica # 7D
howtogive coordinates % proportinal & LE9, AJ)7—% Oitibfilz 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

o LT U IOIRE : PRIV T W DFFEERE 7 7 A W BIRES 251 (E1le)

A A—T% 7 7 AV THRET 2556818, replica # Z7WNO howtogive coordinates % file & L, X
T HIRARET 7 A /W file names.data 77 A/VTHELET, ASj7—F & file names.data 77
A NOFERBIZ L IR LTS

A7 —H Dtk

multiple replicaf{

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 OFCIRH

&fnames

/

&nebfiles

F IMAGE (0) = './endpoint0O.data'
F IMAGE (-1) = './endpointl.data'
F IMAGE (1) = './imagel.data'

F IMAGE (2) = './image2.data'

F IMAGE(3) = './image3.data'

/

JRAPERET — 2 ZHRET 27 7 A VOFNT, WA A—YDOEALRTTT,
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ANIISTA=F OB MR LE T,

Control{
condition
cpumax = 1 day !
max iteration = 10000000
multiple replica mode

= initial !

ON

multiple replica max iteration

}

accuracy{
cutoff wf = 10.00 rydberg
cutoff cd = 40.00 rydberg
num bands = 28
ksampling{
method = monk !
mesh{ nx =2, ny = 2,
}
smearing{
method = parabolic !
width = 0.001 hartree
}
xctype = ggapbe

scf convergence{

delta total energy = 0.5e-7
!default value

succession =2

}

initial wavefunctions

matrix diagon{
cutoff wf =

}
}

structure(

matrix diagon

2000

nz = 1 }

3.00 hartree

unit cell type = primitive
unit cell{

a vector = 10.400 0.000

b vector = 0.000 10.400

c vector = 0.000 0.000 3
}
symmetry{

method = manual

sw_inversion = off
}
atom list{

coordinate system = cartesian !

atoms{

#units angstrom

#tag element rx ry rz

Si 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800
Si 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200
Si 0.000000000000 2.751721694800
Si 2.751721694800 0.000000000000
Si 1.375860847400 4.127582542200
Si 4.127582542200 1.375860847400
Si 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800
Si 1.375860847400 1.375860847400
H 1.644706293661 1.095414892118
H 1.095414929519 1.644706317263

}

{mesh|file|directin|gamma}

{parabolic|tetrahedral}

hartree

3

0.000
0.000
0.200

mobile

UL NN OO

{initial|continuation|automatic}
{sec|min|hour|day}

{cartesian|internal}

.000000000000
.000000000000
.375860847400
.375860847400
. 751721694800
. 751721694800
.127582542200
.127582542200
.503443389600
.503443389600
.879304237000

11.000000000000
11.000000000000

1
1

! {random numbers|matrix diagion}

oNoNoNoNoNoNoNoRoRONe]
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}

element list({

ftag element

atomicnumber mass

#units atomic mass

Si
H
}
}

multiple replica{

method = nudged elastic band method

accuracy{

dt = 40 au time

28.085
1.008

neb time integral = quench

penalty function

= off

neb convergence condition = 3

neb convergence threshold =

}

constraint{

ci neb = OFF

sp_k init

sp k min = 0.03
sp k max = 0.03

sp_k variable = OFF

}

structure({

number of replicas = 6

replicas({

#tag replica number

1

oY U b W N

}

endpoint images

atom list endO{

atoms{

#units angstrom

Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si

howtogive coordinates end0 endl
proportional 0 -1 ! 0: endO,
proportional 0 -1
proportional 0 -1
proportional 0 -1
proportional 0 -1
proportional 0 -1
= directin ! {no or nothing | directin}
howtogive coordinates = from endpoint images
coordinate system = cartesian ! {internal|cartesian}
#tag element rx ry rz
.000000000000 0.000000000000 0.000000000000
.751721694800 2.751721694800 0.000000000000
.375860847400 1.375860847400 1.375860847400
.127582542200 4.127582542200 1.375860847400
.000000000000 2.751721694800 2.751721694800
.751721694800 0.000000000000 2.751721694800
.375860847400 4.127582542200 4.127582542200
.127582542200 1.375860847400 4.127582542200
.000000000000 0.000000000000 5.503443389600
.751721694800 2.751721694800 5.503443389600
.375860847400 1.375860847400 6.879304237000

0

R NOM_RERENO_EDN

H 1.644706293661
H 1.095414929519

}
}

atom list endl{

coordinate system =

atoms {

zeta

5.0e-04

1.095414892118
1.644706317263

cartesian !

11.000000000000
11.000000000000

{internal|cartesian}

-1l:endl
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funits angstrom

#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 2.22686927 0.48813212 7.65400988
H 0.48813224 2.22686933 7.65400957
}
}
}
}
wavefunction solver{
solvers{
#tag sol till n dts dte itr vwvar prec cmix submat
1mMSD -1 0.2 0.2 1 1linear on 1 on
}
}
charge mixing{
mixing methods{
#tag no method rmxs rmxe itr wvar prec istr nbmix update
1 broyden2z 0.10 0.10 1 linear on 1 O RENEW

}
}
printoutlevel {
base=1

}

(2) NEBBh#E7 7 A LORE

NEB BED 7 7 A /U, file names.data TRELET, KO X IIFLR L E T,

&fnames
F _INP='./nfinp.data’
F POT(1)='./Si ggapbe nc 0l.pp'

}..

&nebfiles

F IMAGE (0) = './endpoint0O.data'

F IMAGE (-1) = './endpointl.data'

F NEB OUT = './output neb'

F NEB ENF = './nfnebenf.data’

F NEB DYNM = './nfnebdynm.data’

/

7 7 A ViiARAAD namelist & LT, snebfiles ZFIH L TWAAIZZHELZE0,

snebfiles TR TCE A7 7 A NVHRA X —%, F13ITRLET,
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NEB CHHTCEZ 57 7 A Vil A X —

7 7 A WAER Unit &5 F7 4V MA 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 X7 v 7 TH7 7 A
JL
F NEB OUT 203 ./output neb NEBEE o/ H/
F NEB CNTN 204 ./neb _continue.data NEB &= E5H 7 7 A v
F NEB ENF 205 ./nfnebenf.data TRNX— W7 7 AV
F NEB DYNM 206 ./nfnebdynm.data JRAHEREEH 17 7 A v

5.4.1.3 FHEDOFATHIE

NEB (& V70 B3] (S L ThET, LR X ISEE LE T,

Q

% mpirun -n NP phase ne=NE nk=NK nr=NR

Z 2T, NPIIMPIL 7utv A%, NRIFIFHITHET D LY B0#, NE, NKILPHASE LFRER N REBX
NR x NE x NK &)V RHRSERAL L CW AR S V) £,

Ok FNOFTd, 72721, NP

5.4.1.4 FHEEREOH T

NEB ¥R = b—ya U EF(TT5 &, %O PHASE OFHE LI L TEL D7 7 AABELNET, £,
1 77 7 A /W output000)fkGeR HE I R <45 7 7 A /WU continue.data 7 7 A V72 ENE T _TCTL7° U AT

HhsnE7d,

HOLLTFDTZ 7 A VMO ET,

® output_neb_pxxx

AT, EIENDT 7 A IVORBIZ rxxx" &V ) XFFIN TS ET, SHIC NEB

NEB #H0R 27 7 A VT, xxx (3 MPL 7 re 20F B0 R E+, NEB #EICHT 51 772

NEhET,

® nfnebenf.data
NEB #HEOT %L F— NEB /72 EDGtikSni=7 7 A VT, UTFDOXH i cHihEnx7,

#step
1

WWWWWWWRNRNRNRN0NONNN R e e

image

1

NSO U WNEFE O JOUd WNE OJ0yU b WwiN

OO OO OO OO ODODODIODODOOOOOOOOo oo

image distance
.0000000000E+00
.1323772380E+01
.2640972887E+01
.3958252743E+01
.5277489255E+01
.6594794555E+01
.7911999993E+01
.9229437211E+01
.0000000000E+00
.1356841287E+01
.2677587331E+01
.4004269114E+01
.5328036512E+01
.6642907129E+01
.7959713712E+01
.9278358213E+01
.0000000000E+00
.1356624500E+01
.2730952540E+01
.4090362450E+01
.5418808773E+01
.6726370673E+01
.8041492838E+01

energy
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

4399458479E+02
4397221867E+02
4393533860E+02
4389613534E+02
4389237657E+02
4396965451E+02
4404244254E+02
4405831588E+02
4399458479E+02
4398451885E+02
4394948430E+02
4390739111E+02
4389409127E+02
4397034020E+02
4404290631E+02
4405831588E+02
4399458479E+02
4399408010E+02
4397302719E+02
4392669466E+02
4389735067E+02
4397144829E+02
4404354368E+02

OO OO OO OO ODODODOODOODODOOOOOoOOo

force org force neb force normal
0.
.5212041989E-01
.5368141337E-01
.4830449879E-01
.4486782793E-01
.8881334200E-01
.5849229655E-01
.2414216682E-01
.1112676571E-01
.4270600251E-01
.5479419750E-01
.5004508819E-01
.4291037894E-01
.8879366098E-01
.5713917408E-01
.2414216682E-01
.1112676571E-01
.1114085905E-01
.5096325231E-01
.5272530274E-01
.3886543373E-01
.8809362538E-01
.5543086596E-01

1112676571E-01

OO OO OO OO ODODODODODOODODOOOOOo oo

.1112676571E-01
.4899393390E-01
.5023308254E-01
.4474348402E-01
.4486782793E-01
.8881334200E-01
.5849229655E-01
.2414216682E-01
.1112676571E-01
.4018848625E-01
.5096369018E-01
.4463448973E-01
.4291037894E-01
.8879366098E-01
.5713917408E-01
.2414216682E-01
.1112676571E-01
.1114085905E-01
.4680553493E-01
.4351975945E-01
.3886543373E-01
.8809362538E-01
.5543086596E-01

OO OO OO OO ODODODOODOODODODOOOO oo

.0000000000E+00
.4899393390E-01
.5023308254E-01
.4474348402E-01
.4486782793E-01
.8881334200E-01
.5849229655E-01
.0000000000E+00
.0000000000E+00
.4018734489E-01
.5096445426E-01
.4464878761E-01
.4291037894E-01
.8879366098E-01
.5713917408E-01
.0000000000E+00
.0000000000E+00
.1114085905E-01
.4683808222E-01
.4355359239E-01
.3886543373E-01
.8809362538E-01
.5543086596E-01
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FATIZ 1 DO LT Y DT 5= —hDERA &9, 151828 NEB 27 v 7%, 2 5ANL
FUHDID, 3FIHN0FERBDOL TV b0, 4 SIS L 7Y h O3 F— 5HIANLT Y HI#<
HOERKIE, 65H7 NEB DDA, 75BN L7V @< IO KIEZRIGIHE Li=F (NEB HoEt
BITRAEND 1) ORREISHS LET,

® nfnebdynm.data
JERET— 5 OIEIE) Rl S AV E T, @O PHASE OFHHE THEH%5 nfdynm.data 7 7 1 /b & 2 L filig
b cH ) S E 4, BARRIIZIILL o L9 e CHi S g7,

#step image atom cps
0 1 1 0.0000000000 0.0000000000 0.0000000000
0 1 2 5.2000000098 5.2000000098 0.0000000000
0 1 3 2.6000000049 2.6000000049 2.6000000049
0 1 4 7.8000000147 7.8000000147 2.6000000049
0 1 5 0.0000000000 5.2000000098 5.2000000098
0 1 6 5.2000000098 0.0000000000 5.2000000098
0 1 7 2.6000000049 7.8000000147 7.8000000147
0 1 8 7.8000000147 2.6000000049 7.8000000147
0 1 9 0.0000000000 0.0000000000 10.4000000197
0 1 10 5.2000000098 5.2000000098 10.4000000197
0 1 11 2.6000000049 2.6000000049 13.0000000246
0 1 12 3.1080442326 2.0700339938 20.7869859136
0 1 13 2.0700340645 3.1080442772 20.7869859136
0 2 1 0.0000000000 0.0000000000 0.0000000000
0 2 2 5.2000000098 5.2000000098 0.0000000000
0 2 3 2.6000000049 2.6000000049 2.6000000049
0 2 4 7.8000000147 7.8000000147 2.6000000049
0 2 5 0.0000000000 5.2000000098 5.2000000098
0 2 6 5.2000000098 0.0000000000 5.2000000098
0 2 7 2.6000000049 7.8000000147 7.8000000147
0 2 8 7.8000000147 2.6000000049 7.8000000147
0 2 9 0.0000000000 0.0000000000 10.4000000197
0 2 10 5.2000000098 5.2000000098 10.4000000197
0 2 11 2.6000000049 2.6000000049 13.0000000246
0 2 12 3.2652054480 1.9060914168 19.8836995566
0 2 13 1.9060915098 3.2652055024 19.8836994729

FATD, HHNEB AT w7 « DBV TV« HAHFAOMEET — 2 3 LET, 1FHNANEB 27 v, 2
SIENLZU D ID, 3FNEN LU ZNIZET DI ID, 4, 5, 6 ¥ B 2NE{HEFE T, FEEEIE, —7 Hif,
INT T ERECH I SIVET,

nfefn.data 7 7 1 /L& nfdynm.data 7 7 A /ULiEHE O PHASE OFHEICHEWTIEENENT R X —I6 LUV
BAEDIBIEN GRS D7 7 AV TTD,  NEB FHEDOEEIIEH D L7 IFNOT 3 —F6 JOVEET — %
RSN 7 7 A L CT, nfefn.data 7 71 /WZIE nfnebenf (ZREEkSIT2T — X Dtk NEB A7~ 7D
F—H iR SN ET, nfdynm.data 7 7 1 /WL, PHASE O O CiodkSIVET A, 0E OFFE Tl
ERE( O TN S 2 b—a D JBRELE R DL ZANRLT Y BHNTR ) £,

54.1.5 FHEH] . >V o U RENIKE TINS5 SO

UV 3 U RENKE S T DN AT DEOSOBIEDANT) 7 7 A /WX, samplesmeb LLTFIZH Y £,
TR ABRIE, Y a2 U RIEKES TR AT ARG Y R 2 L—  LET, MaiRiEITERm & R
DD HEN TSNS o D KB T DD R, IRBITERE O T U 2 VRIS TOMREEL, WaE LT
RTT, MRIREE L IRBOMEZ T EIUN 5.4-1, X 542 LITRLET, 727EL, S ETHETT DT,
HFIIFATT DR, IREOREERIELITSAT L W ER A,
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X 5.4-1 AFREOLIREE

X 5.4-2 AFIREDOKIREE

(1) ANh77An

control 71w ZIZRBWT, BARNFHESEOREEZITOET,

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 {Z ON ZH45ET 5 Z LIZ& Y, NEB OFENIATINET, £72, NEB Offt0 ik
LEHAD HIRE¥AZ multiple replica max iteration Z$UZE-T 2000 & LTWET,
multiple replica 7Ry 7D F®D structure 7 1 v ZIZBWT LT Y IDEEEZIATLTNET, LLTFD

E2ZhnFET,

multiple replica{
structure(
number of replicas = 6
replicas{
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#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{
funits 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, ZOHEICLS>TLT U IEEEE 6 &L TWET,
replicas 70y ZIZBWTEBZED L S IZV 7Y W OEELAELDEHE L TOET, ZOFTE,
THEIRAE - IRBOBMEMEIZ L > TES, LWIRFEICZRY £7, atom list endd BELW
atom_list endl 7H v ZIZITARIRAE « HIREOIIEEAFRE L CWES,  ZOfES, FiRtoM Y @ o
PHASE OESFFEE L 205 & ZAH3H Y A,

multiple replica{
accuracy{
dt = 40 au time
neb time integral = gquench
penalty function = off

neb convergence condition = 3
neb convergence threshold = 5.0e-04

(2) FHERER

APEZFATT D LG ONDREREFINT LET,

5.4-3 17, ABIEA TS5 L35, NEB OBV & LEHE & NEB HOBKEOMGE T LET, 1E00
DI HITRER DM TOETD, FEEITTDICONTIE Ao TNE, 41 [EO#MED IR LAH ORI
HHIE AT U CGHEE T LTVET,
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5.4-4 |2, ABEAZIATT D EHELNDEA A=V ERNX—DRERLET,

ZOKEY, EBREE

T4FHOL T I THY, SRIRIEND /LD LFEEET XL —231 1.08 eV TH D Z ENnhh £,

1.0e+00 ¢

NEB force (hartree/bohr)

1.0e-03 |

1.0e-04

1.0e-02 |

1.0e01 |

L _ /\=,

AaVANVAVANUNE
\\

10 15 20 25 30 35 40
NEB iteration

5.4-3 NEB J1DJEfE

1.5 —

energy (eV)

-1.0

-1.5

00 FG—— %},,,,,,,,,,,””Tj

image ID

X 5.4-4 BN/ ONDRGREIE LKV T Y I ORIV —DRER

5.4°5 |2, BBRIRREICR 2T IEL R LET, ZOKNLHLARE ST, ABIETIE DRFED T3 FE

LU TWAET D] EHETORESE) ERRE T,
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X 5.4-5 BRIREBIZRKIT B JEFECE

5.4.1.6 fEHIZHIT HHEEMA

e LU

NEB 5% TV U AH]) I8 L CWET, V7Y BFIRRE A9 2 72912iE, slEkicEs
D ne=NE nk=NK (ZI1Z, WHIL7ZWL7Y 4% NR E35& nr=NR 2z Ed, MPI 7m0
NE x NK x NR EZELVWERHY £, 7wLzid, UTOXHska~wr RN £,

o)

% mpirun -n N phase ne=NE nk=NK nr=NR

o FEDMIL LAk
NEB HE3FHOREE SRS L OO E T, RO & 115875 TR RLBETT,

o HEOALYT

AT —# D multi replica max iteration, F72ld nfnebstop.data (Zitik &7z NEB O iteration
T NEB FHEITHE T LET, £, KA A—TPOEAREHEIZIBNT, AT —F D max_iteration,
cpumax, nfstop.data 7 7 A VOREIZ LS THEHAITE T LET, WIThoHETYH, ELzEFns Y
AH— D ENARETT,

FHRLA b v 7RIS 218 0 PHASE & OffiER 22817 %7, PHASE T3, nfstop.data 77 A /UI&->
THT L7234, nfstop.data 77 A /MIZET7 7 AL E70 £9, i NEB #HETIE, HHAA—T%
nfstop.data IZE > T T L72A, nfstop.data 137272 BITIZZET7 7 A VL1372 5T, 1FDDA A—TD
FHEZITOET, NEBFHEK TRUERICB W I C® T nfstop.data 77 A VEZET7 7 AV E LET,

® FHEDYARZ—|
PHASE & [RlEE, AT —HIZ8\ T, condition Dffix continuation &35 Z &2k > TY A — REHA
ZITWET,

Control{
condition = continuation

}

Y AL — MHFIS 27 7 A MITRDT 7 A VT
- NEBiH4: neb continue.data
- BRI ALY AOPHASER Y 22— R 7 7 A )L

neb continue.data, continue.data r*,continue bin.data r*, zaj.data r*,nfchgt.data r*
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5.4.1.7 &k

[1] G.Mills and H. Jénsson, “Quantum and Thermal Effects in Hs 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

(RIS RGRT D FEE LT, Ry RESORY AR EOVERISERISST D TROGERE] 28 AL,
TOE LT SO T2 DA BRI S /23 5 SOGEERIE 2 H il LT oi ko 8 ey R 2 b—y
a VEFET D, V) THER HY FT, BeERE bOS AR TR B SO ME B, ATRE
BED SFEFEy S a2 b—ya v aFERTH EHHT A28 EbNFET, 22Tk, PHASE ZFfHL
TS = 2 A F 3 7 A58 B 5 IEESR LT

5422 NS85 A—4

AR L B % & 7V D— A F 14 1R LET,

FIRSAEAT & A T2 7 RO H 5 % 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 JFF-0MaHIZBEH 5 DT
atoml & atom2 THRTT 5,
mobile FIHGAD PTGV 2 FEET D, on &35 & A]H),
off L5 EAH, T 7 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 SRS D Bl % bt g™ 2 BN CHRTE,
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 FRE LTGRO sy, Gy
coordination_number BNEFREEITH Ty 7
kappa_inv BONEEERRNOK OWia & S OHLLCHE
kappa BT ESE DK % 1/bohr B THEE
reut BN BGEZE DT, DIl % & EORALTHRE
center_of_mass BELERLSEDHMERTET ST ay s
directionx FEE L7z HRIOD x )Gy
directiony FE LToWHIRD y 55y
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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PRSI & S A T X7 AZFTT 0123, £TLUFOZRET condition 71 7 O F T driver 28 &H5E L %
—a—o

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,

AW MU WG A B L C LE 9 &, #RGSFA R T OIHGEHRD M2 AV L CLE 2 AR H Y
FTOTHEENNLETT, constrainablexx 71 v 7 O FCIL, LLFTOER 7 v v 7 B ETH I LN TEXET,

type 2254 PRGSO T 2R E LET, LLFOW T OfEZE & D
£
bond_length 2 OB A AR U E T,
bond_angl SO ARy R EHR L ET,
dihedral_angle 4 J7FD 2 HAERR L E T,
bond_length_diff 2 [P ORBED =2 R L E T,
bond_angle_diff 3R FAEDZAEZ R L £,
distance_from_pos FEEDYHT O ORREEZ R L E T,
plane PR E DI AR LET,
center_of mass BEDRFREDOE AR L ET,

coordination number  AiECEHIE L ET, 22T, 0FHORTFOEY O Hf
B 13U TR > GHl L £,
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atomx 254

mobile 2

monitor 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 7% center_of _mass

DYr&

normsx
normy
normz

posx

o= s(ri—1oD),

i#0
o= 5=,
i#0
K, 7.13/X7 A—%—Th Y, first coordination shell T/E &
L 0TES LOITRELET,
FEEDOWMRSHED D AR E2EE LET, x 3FETH

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 LD OFSZEIRELET,

BIE DI AR RIEINGADY HFEET DT DDAA v F
TY, off £ 35 L EIMN, on &35 EHEITEINEREA,
77 4/V Ml off T,

FEEDHMHG 2D (HER L, v 77 7 A MUTHT))
THIPEINERRET DAA v FTT, 7 74/V MilL 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,

ZOME, AOFAEEDRD DD ENRR DA,
ANDJFEAEIEIMEIE SNT=DHBIZFHENE TSN ET, =
D7D, —EH OIS bET)RA B < TIDFRAMEA
FLENT BIEFNCRERMELE 2D Z B3 H Y £33, ZHUTIE
WIIRDIENTT,

SOSREE DB RS DA THREL £,
final_value & init_value O OZIAEZEE L £,
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, FUNBEOZ L E LTS, 7 Mvods
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,

DA, BLE, FEEOHIMIBEISEE T, init_value,
final value, increment (%, Z DBENEZFEE L T ZEVY,
B, ZOHAD init_value DT 7 4/ ML 0 T3,
B RINHEET DM EIRWNTT 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,

WIRSAEOIREDOWRIL, T2 A4 F I 7 2073 ALEEELET, @iE® PHASE OAT]E [FEE
structure_evolution 7' 12~ 7 O FT{TW\E 1,

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 7512 L DiEGo b2 T A5 E LET, ZOTEL £ < %A BH
quenched MD X VIR E 2B IAIAAY) 2 BAT2 2 ENTE, HNEKRSIELZ EOTEHFETT,

WIZ, FUSEAEDOZACDIEEI AR OV TRRIA L £77,
® EROMISIFEZ BRI ST T51k

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
}
}
constrainable?2{
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
F, XBIZ, constrainable?2 7H v ZIZBWTCIIARY FEE 12A 705 1.6 A £T0.05A A8 LEE5
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+,

SFEE 1M H-1TPE T 2 HAZEALIELHALE T LET, ZOXIBRBOSIEHFEHEATLZ EIcL -
T, BV & O ROGHEEEORAO R CIRFELE DS Aml 2 b3 5 Z & 2N THnET,

VILED X 9 72078 T 2 SOSEEEE N R £ D 90T, ARl 2 M 2 SO S EEE OB IS Ea | 20
TR D OGO AN, E T D Lo ne &720 9, ZHE D & Z DRSO A FEET HI2I,
WIS 2 TRUSEAEDOEA O % 7 7 A Vi U THEET S e fIH L E7,

® Ty ANINBRISHEDIALOHTT 2 teE S 5051k

FIRSAEDZ D S H713 RO reaction_coordinate 7 v 7 IZBWTHRE LE T2, Z O EOEEI TR
WROIEE T, BHIRTRD, EEORISEIE L S HEFHBEICBW T, SUSEE e (2360 CTHa 2 KOS
FEDOE AN, &5 E[]g na EOSISEFEZfRRd 5 Z L1272 0, FHERFEERICRD ZER3HY 5, 20k
D 7eIRRASIE & 22 B85S, TROLEEE (D) | 27 7 A VDBIEET D Z LN FREE 70> TVVET,

F9°, Bt L7V ESE % constrainablexx 7 1w 7 IZBWGEFE Y FEE L E 9, KIZ, structure 7' o v 7
D PN FOEREER LET,

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

BAT 1 OORIGEEOFIARYS LE 3, 170 1 FBIIEZ OISR A GRS D 72 o D& 52T AT
L7, 25IHUKRT, 5% LTS ONEE ChOSEEOEZ A LET,  ZOBITik 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
ERALTHRET S LI LTLEE, E&2 51X bohr BT, f)E72 5 radian L T,

5423 FHROFATHIE

PRSI & X A T 7 A, TROGEBIE A2 B S CRET 2 | o —RIZB W IR AR E 33 23081
FUSAPE L TWET, PHASE 2L FO K ) ISEEN L TS 2SN,

% mpirun —np NP phase ne=NE nk=NK nr=NR

ZZ T, NP S MPI e, NE 2332 RIS, NK Dks0E5EL, NR NREFEENYERTH D,
NP = NE x NK x NR &) BURDHOL L CWADMENRH Y £3, ZOEEARIHT 28554, kit o st
ﬂ7m&7AWTﬁ$ﬁm#é@f,ﬂmdﬁﬁfnré#ibt Lo lo T 5T — LRIk
ELIEEY, nrid 1l THEDRWOT, FEGEIS 2kt ROH 5 2 A I 7 TRHNT 254, NR & 1
ETIUTEIIOENWEZ R T H Z N TEET,

5.4.2.4 #HEREROH T

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
% AN XA < NJOFKMED, F_ DYNM #l L > T HEIND 7 7 A /IHAT v BT D
JRFRECER B st SivET, 7220, R DOFKIE] 13X, FRSHE2 R 7o DI E
72 THIH)) b ETeRIC TEEDNETT,

5, TROEEZ BRI ST D) HEEZFATL CWDBEE, ROXHIBR7 7 A VR ENEI(Z 2,
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 & B OFIGNEFED, FAT v BT 5= 3r ¥ —8 LR
FAEN L TIDBSAEDT — 2 I3 SE T,

nfefn.data.converged EFOSEERE BT, RISEEEEDEZ DB D &, IR L7-=®/L

(&R b DA D) F—B LR NOFEKENH ) S ET, BUNEE S =

FIX—DRRE 7oy T2 LIk o T, IUefdg) & 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) HEREOMEE

FIRSEAT & O BNy R 2 b— 3 UVRAET B HEA (blue moon ensemble) DT —# ZFIHT 5 &,
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

- =| dé—
W) -weE) = | dig

Z 2 CHHZRAX—DRUGEE5Y, @—Vg I3 mean force LFHINLOWELETH Y, NIV =T L DRIGE
3
TGy L IRD K 7RBR B D £
oW B oH cond
=5, -
T 2T yeond by TR EHGEREY)) CF, RS E ST R 2 L— a3 L ORGEREE & S
EHEPFITHATRHEO S & FEAD, QDAL WHSM & FE P2 KT 2BRGHET 27 770y
2 DREFEAZFH LT TFO LD ITHET 22 LN TEET,
ow __(1z17/22)
& (IE]71?)
1 0¢ d¢

-
O —_—
B =

- M 6?1 677[
QUi BEEITIX L VM A EE DX £9778, FEH IR RV E ShuTnET,

PHASE 2 L AHREAATE S FE S 1FS I a2 L— 3 OFEEN D B =0V F—2E4 5151 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 7’17 F AP A )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
S F—D = RIS ce DFEOFITT,

cd phase0 2016.01
cd src_bm

export F90=£90
export CC=cc
make

make install

0° 0% 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 2016.01/bin 7 1 L7 kU —0 FZ bluemoon #7 Z LN TEET,
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(3) bluemoon 7’11 75 LD AS /T A—H

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 D0 FEIF L 2 b—2a VY ORAT v 7 BERRELET, 7741
MEIE 2000 TT 23, FEhi LIFHRICEDETERE LTSNy,
nequib nsteps OW, THHLDOT-DETHAT v 7 HEFRELET, nsteps LV H/hE<L, B0

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' LDFATHIE

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) FHEREROMT)
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 -0.00089537509 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

ZROAT T A B L > THHTZ RV E B LT 584 mean force 215 L7=dH £12(20)
KOS 2T L ET D, ZOWHNI LT mean force DEEERNHNIINE T, For—2ERT,
mean_force raw.data 7 7 A /L0 BFEEERZEOF | Z TR S DIZ2 ) £,

5.4.2.6 #1515 : H2O2 35 X TN HaSe 45 F D[ iRERE DT

RS & SRR LA OF] & LT, HoO2 38 X 10N HoSs 45 DInRERE DN 245 L £, Ha0s, HaS2
I 5.4-6 ORI FAEEZ AT 2 B72 21T, HOOH (HSSH)Z 59 2 fa 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

PESNBINE S DR RERLET,
;u HEDI :9 HZ'SZ
® ©
Lo e

5.4-6 H202 33 J U HaSe 53 F D53 FAEIE

ZOHEDANT) 7 7 A X, samples 7 4 L7 kU —®DF® constraints LL T, H202 3L OVH2S2 7 1 L7 b
D=z £3, £, structure 7117 O FUILLFOFRRH Y £,

structure({
constrainablel {

type = dihedral angle
atoml = 2
atom2 = 4
atom3 = 3
atom4d =1

reaction coordinate{

sw_reaction coordinate = on

init value = 9 degree
final value = 179 degree
increment = 10 degree
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}

constrainablel 77 v 7 Z{ERk L, O F THHEGAFOIREZT> COVET, ZOFRETIIMEREHEL —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 %
TER L, Z OWREMEE2BEREN ST HF8EZITVET,  sw_reaction coordinate % on, init_value &
final_value #1241 9 degree & 179 degree, increment % 10 degree & L CWET 723, 2D L 9 RfFEIC L -
T, °26 17T9°E T, 10°%IAT 2 fh 280 S TSR b2 TV E T,

X 5.4-712, 20 &R bORRELNIZT R LX—DBRERLUET, K 54-7(20%, Rl AHT
FRTERLTWES, —RLUTHLHRESIT, FEMHRLFRFERILIN—BDELNTWET (BkkE
1 keal/mol FEFEEDIEL DY),

HoO2 & HoS: DR X 0EWVNT 2 mib D £77, 1 A B, ZER 2 AT, HoO2 13 4 mIAD A TH S 109.5°
TRV MENZEE CTd D DI L, HaSeld 90N EE e 2 i T4, 2 BT trans [ERET /L — (X 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,

8 T T T T T ! y
— PHASE (H202) ()
\ PHASE (H2S2)
7k O\ experiment (H202) 7
experiment (H2S2)
N\
6 :
AN
3 st \ 1
E O\
m \
£ 4} \ |
5 ‘()\\
o 3} \ i
: \\
© ON
2 | I
O\
1t Cx\ BQQQO
0 | \(\/ Q/Q .

0 20 40 60 80 100 120 140 160 180
dihedral angle (degree)

X 5.4-7 H202 33 & U HeS2 437D 2 A & = R/LX—DBH%

5.4.2.7 FHIZIIT HIEE A

WISt & A ;I 7 AT, BRTOERT > v )L ELE DR THT A Z N TEX £4, fkEMEICH X!
e L CWET, E 72, OGRS O HWH 23 T2 Z LN TEET, SUCFEEICK L CWAREIR AT 2 54,
NEB EOBE LFRLLFD L H oo~ REFIFH L £,

[}

% 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 {EIZEBW T, S,(r) LW O “ERIEECZEALET, T2 TWHEREE SIS, BARIZiTxs
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 {£ T3, FHEDBRRIAKIET 25 7 ART v M (L, s) & b AR GEEEA7550E MD

AT v 7)) TRLIATHWEET, ZOLIRFHERHTLZLI2L-T, BRHT=RAF—2EHICBNT—E

AN RSN B TRV SN E T, ToRVIRHS R 2 b— a3 U&7 LV (E, s) A= RLF
—ZEWEHHORL LTLEY, MONMIERIRZ A Z N TE5L 912780 9, ZORIEICEDV (L, s) (-1

ZENTT-R) NI bbHBAT X —THDH LTI LN TE T,

Meta-dynamics VAIZ K D3I = L—3a CORBERYRERF 2K 54-8 ITRLET, ZOKTIE, £FvIal—

ALl OEFREIO G TONTRPOIED T, 20 M TAZREL, SHIC3DAATRAZRETEHL

WRFTY N (P CRBZERIOR) IZED £3, &5I124,5,6 LA TART Uyl gt bl
F—DENAR T TROLAMOR) ~EDHZENTEET, BRI TOLTAEZREL, 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,

V(is})

5.4-8 Meta-dynamics ¥ = L —¥ 3 OBEAK]

Meta-dynamics {EORHE &L LT, FUGHEEE & BT BB OB 172508 ) 7218884 5 T B
FT, ZOBXGEENT DL LIZL ST, HEOKSEEL G 62 ENRG L7220, FEEIFERE S
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
ONET, A TART Uy VBEAOTFHOENC LY, BRIV —FHZHL, TIEOHERTLHE
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) @
FHEAFEE RV ET (2L, B REEHETHAT203&E 0 ZOAMHNC /D Z E1ZRNTL X D),
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Meta-dynamics D/ IV b =7 1%, BARMICIEL, RO X OISR EET,

1 1
Hyeta = Hup + zz.uaszg + zzka(sa(r) - Sa)z +V(t,s),
a a

V(t,s) = Z w exp [ z (Sa(t)ZA_sS(t D)’

t;<t
Z 2T, alHEMERITE FNOBEE AT DB, U & S | FENEIURIER 70RO i & FEFE, Sq ()i
KRE L TWD VAT LIPBEFRIND IR, kAR ZR - DR & SRS FE OO 5 1
B, V(t, )P, T ART %)V TT, EL:/\/Tb\ot/vfTXTT//WI/%.D%%LT%< L, FZ
MNHHBHTRAF—F2RFEL D 2 EHAEETT, ZOX 27 I NV h=T o b on 8L, IROLH I
FLODHIENTEET,
® AL, EMZEEEE U CAERZeR - OB < PR S D,
® (AEHIIRRI T DL, M T ART % VORRIZE T, T CIEMAIZITmi O b,

SRR 7RI~ D EERE DEERN & SR DOIEBNORHE 2 X A DA — VIS uE (RABRIZRRI T DR Z A LA
r =V ChiuU) , ROEE AR R OEE O A Z U 12T WO TRFIIZITIE L < ROiE#) %
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-THEETHIHELDHY T8, X I FEEEMAT 5 &, AR OB SR
HAAEODIT DITNRTEROERNDIANEL R, LV UISATTHZ EAREE 720 £7,

5432 NJpsg A—=4

AHERE & B 5 7 7 DA K B3 ITRLET,

# 53 AFFATFTI T RAEBEDHDZ 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 AR AAEET D,
F 7 F b MEZ-1ROEBEOSE, = D44
TSI LN & 25T 5).

extensive_output on &9°5 LIEFIIARE L HEHND
output_per_rank on k¥ 5L 1/7UU INFHIRHAA T 7 Tk
IZHIpME 6D
collective_variable LR OIREZRATI TR v 7,
type SEFESE OO TR OFEE, PRSI & 1
FI 7 RERL,

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 PABRL - OITEREEET D
delta_s AT ART L VOWE, ASEHEET S
smin P T ART v MOy Mt aE
smax P T ART 2% MHIDEKRIEZARTE
ds P T ART v MBI OZNTHRAARTE
control_velocity on (2 L7=35E, ARk TR 2 HilfHd 2
mass_thermo ASABRI - DM Al A5 A OENROE
s
target KE ISAERE - O S BY5E D% —
MER =L —
plane PNFRIC AT DI DOUHRS Y MVEARE
SR
NOrmx,NOrmy,normz BT VD xy,2 ]Sy
distance_from_pos GOt EEATO 7y 7
POSX, POSY, POSZ FEE LT x5,z BRGy
coordination_number BN R EZATO T 7
kappa_inv B UEs S K OifsiE R S OHA THEE
kappa BeNERSOK % 1bohr L CHEE
reut BUREHGER DY, D Z R S OB THE
center_of mass LA ST HMERET DT ey 7
directionx FRE L2 HTaOD x By
directiony FRELIWERO y B}y
directionz FRE LI2WHTAIOD 2 flsy
bias_potential P T ART VX NDRRIERATI 7 0y
7
height — RS TART e L DE S B
TRV X— DN THEE
update_frequency INA T ART o Ve BT 2R E
el xiE10 £95E, 10MD A7 v 7121
[B A T ART R VHERT S,
7 /L Ml 20,
output_frequency meta_dynamics_type 73 bias_generation
AN, 7 T ART v MR A RN
180T 5 D EHRET D,
7 7 4V Mill% 10
continuation_strategy LY AR I8 Bitkeea t o J7
BHARET D,
randomize_velocity on &% &R TEE TR E D &
YA
scale_velocity on &35 EikEEF FRCD
velocity_scaling factor
WS U CGEENAr—L S5,
velocity_scaling factor FEIRA PR B A — )V B, 57 4V
M 1
configuration_from_input on &% &, Mk 7 7 A L TIER< AT
T 7 A INSET— 5 Fia AT, T 4
IV Ml off

Meta-dynamics (D AT1/37 A—F OFEICOWV TR LE T,

Meta-dynamics {EDO1H5RIL, LLFOEEEITWET,

® Meta-dynamics {52 HNIFEET 5

® Meta-dynamics DIRDLFNEZFEET D (XA FI 7 ZBEHE— R, AT ART 2w VEHIREL, )
)

HE—EDOMD ¥ 2 L— a3 VOREEITH

BB OEREITH ERIEEITE D 2 SUSEEEED T i 2 A OET T E R

PRA T ART 2 VORERAT) O T ART Y VOES, 18, FHEER L)

L) IHIRHR A AT D56, FORIE,

Meta-dynamics {E4 A NFEET D
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Meta-dynamics EOBERER AN HI21E, control 7' 7 IZHBWTLLFOFREEITVET

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 2244

continuation_strategy 7 &

v

randomize_velocity

scale_velocity
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RIERTT) 2 LATEET,

bias_and_fictitious, bias_only, bias_generation @
W ERE LE Y, bias and fictitious &35
EARARRL - DEN ) FHBE LT AZ XA FTIT 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,

AU ANA T ART o Ve BT D0 EE
LET, ADEEIEET DL, "M TART vy
NOFHEECCIEFRIME L L EE A, 2T 7
F/V FOIRDIENTT,

n &35, VUG
VI T EITRLIVET,

on &35 &, (AR DOIEECFARR 28 < )72
E, EREIIAERH N b ELNET

L) WHIF PR IATRAC I Dk R o 780
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,
LIFOREZATD Z LN TEET,

on &35 L, fkfes RIS TR ke, L
BTRIVIRY £9°, 77 4/1 MElT off,

on tT 5L, MAIATEHEEZSITITHHT S

RIATRACHE DA 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 Zefidaidte, 7 7 44 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 @ FIZ collective_variable 7 71 v 7 Z1ER L £, collective_variable 7'z 7
IR IGRORE ATV E T, BRI 2B R O E LR A3 72 H DA 2 Z TORRTE
RS IVET,

I, EMEHZET LI-WTZ collective variablexx 72w ZIZRBWCEFRLET, 22T xx ITEEMZEH
D ID T, [EREOBOEMNERZEFRT H 2 EMAHETT A, 1 2D LT 28I A HRET DN
BV EF93, =& 21X, collective variablel, collective variable2, collective variable4 @ 3 > @
collective_variablexx 7 1~ 7 23dh > 7734, collective_variablel & collective variable2 OAfHER v E 9,
collective_variable J8 J.UF collective_variablexx 7' @ v 7 1%, ¥HRSHESTE XA F I 7 ZAOREDBRITERET S
RS L FRROER A EFRT H I ENAREE 7o CET, BEARIZIE, UITOEE EFRT DI EAMRET
7

type 25K EHER ORI 2 EE LET, LFOWThnofEz &
nET,

bond_length 2 OB SRS S LE TS
bond_angle 3R F DRI AR RAZENERE LET,
dihedral_angle 4 70 2 A ZENERE LET
bond_length_diff 2 JR OB DA A LS UE T,
plane & % JEF OFEE DEN COMEEREE S LETS
center_of mass FEEDIRFRED B L ZAEEMZEE E LET,
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coordination_number

A B AOEER A L LR

distance_from_pos

B DG D DOHEEZRIAER L LET

atomx 254

BEDEMELD O LR 2fELET, xI13FFTH
v, 7o & 21F 2 JE - OREREDOS 1L 2 SOFF-HMREIC
B H DT, atoml & atom2 (TS DT OF A5
ELET, type 2 coordination_number DA, ENEKL
Tt RS DL DR DOFZEFRE LET,

plane 71 > 7

IR DEE D, FH L 7o\WHEOERAR Y MLV EFRET
BI2ODT 1y 7 T, WOREKEETH I ENTEE
_a—

?%7%/\\\7 }‘/1/0) X F:Eé%o

normx
normy R T SV D y R,
normz R BV 7 JFERE,
coordination_number Bl A2 2o SR o 5 &R 0 @ B AL Fon 1%
Ty n; = Zjii exp [K(|rjiri|—rc)]+1 SHERLTOETE, oK
BT DK, . DIEZFEET A7 0 v 7 T, IROEH T
ETHILENTEET,
kappa_inv “Ofi%, REOBITIRELET,
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 254

23)ADss, D EFEE L £,

smin 25 INA T ART o MO OE M feE L £ 7,
smax 2% INA T ART 2 MO DI KAEAEFRE 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 73on” D550, BNROEE ZHEE L £
75

target KE 24

control_velocity 23‘on” DA D, H &3 DRI DIE.
EEFRET 5,

O NATARTUIUYILVOERE

AT ART ¥ LD

FXENL, meta_dynamics 7 7 v 7 @ FiZ bias_potential 7 7 v 7 Z/ER% LTI TV E 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 IV ET,

output_frequency meta_dynamics_type 73 bias_generation D5 DAERD H HFEE T, (N 1 [Fl/ A

U3 TART o Ve T oD ERRE L £

update_frequency /A T ART U VOEFHEEFEELE T, T 740 MEIL 20 T,

® L7 hIHEEORE

I A2 L S D

BHIFRENIRWGR, WIHEEEIIT X CO L) A CTHET, YHREOSSOARE D, L) SR THEN
PREIET, MARZER] ERAR D BB DO T, JEENFE U THE LT Y IR DA L D X9 IC
ROET, T2, BROZ LN OEAID D HiE (EEEID HIFE R e 720 £,

VI DPEE A Z 7 Z L\ RANCEEET 5

AT 7 AMIEBNT, VTV DT LRI DIEET — X B RET 5 2 & HARETY, ZORKEIL, atomsxx 7
w7 (ZZTxx 1 ZMPI 707 085 21k L, 2 CHEEEZRET D Z LI TITWET, 72L& 20
T ONEYT ALY A ET U 1AM E LT DICENENER D2 52 5121, ROLX 5 7%
RO AATVET,

structure(
atom list{
atomsO{
#units angstrom

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

1

C 5.0157363043 5.6563796505 5.8043454319 1 1
C 4.7499007526 4.2727134018 5.7364572058 1 1
}
atomsl {

#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 TRTHEREDYE NE=NP) T,

252



18 Meta dynamics FATRHIAGF HIVD /A T ART > ¥ v VO BTG LT T ART % /v
DIHTID, AT ART Y Ve RA MBEIGHRL, ThatiisE5 28 b TEET, ZOMREZF]
AT 5121%, AJJ7 7 A /D 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
TR ENETMSL LT 7 7 A M1 ENE T, FDO7 7 A V4L, “blas_potential.dataxx” & 720 £9°, =
T xx WRISTDHEHEELCT, ZOREEITo7-dH &, Meta-dynamics T 217727 4 L7 h U —IZHW
CPHASE #34TLET, 7 7 A NEGRAI A T ART 3 VAT D ORI T, @EWFHITHRITS
HVETH Y AL

5.4.3.4 FEREROMT)

Meta dynamics > = L—3 2 U E{THEA, EHELD L2 07 7 A VR ENET, BIFIE, £&412o0
CRIHICHIAL £,

® 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
B TART vy VORI SVET,

® bias_potential.dataxx 7 7 A /b

INA T ART 22w VBT D DHOFT— REFIF LTSGR 6N5, BERREUIS Cle A 7T ART v
YLDOT—E NSNS T 7 ANTT, T7ANGAD xx DI T ART ¥ VEHIREIHEY LET, £
D7 7 ANERIL, curr_bias_potential.data & [FIEETT,

® nfdynm.data_at_bias 7 7 A /L
I T ART e VEBIRAZI T DT — 2 D31 85 7 7 A VT, PHASE OFEERETET — 4 H
XTH5, FDYNM ZATH)SNE TS

® 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

BATIASA T ART 2y VRO S A L 2R LE T, —BIED M T ART 2 VO EHEEL TH Y,
HIH LA ESNAI S D AR OES E SHETS

® 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

FATDASA T ART e VIO S A I MG L ET, —FIAD A T RART o VR TH Y,
“HIEP@IRITET 2w, 3 FILIENEAERAS D@3 RIS 565, DIETT,

5.4.35 #5441 : RALKFZEDOT R LF—FEH
(1) MW=

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 7 X P U AREIRICITA B, 2 A% 30°0F E O TAEE L E el ¢9(gauche EUER), F5y
FRESEAZH 549 1R LET, =R, BUWIECY a5y, cs 1-3 7 XY, trans 1-3 7 X
YTHY, TOGE LTS, 18 7X PV UnR L GRIMEEW ChH DY 7 a7 T o w4AMT 5, HHN
WA 7 a7 T U msBER L 1-8 72 VU NMERRS VA UG (BETERIRRUE), £, 2fAD 1-3 7 XU
DD cis-trans SUGHE X HIVET, PER « BRERRUGI ML FHRES O 2 295 Z & bR E pfEiEr r L —
NHY, 1 eVEEDA—X—ThdEEZXLNET, ), cs b trans ~OZAWITZE Z F TOREEE 372 <,
100 meV FEDA—F—ThHoH EEZLNET, FHS, BRIRBINZBWTE, 18 74y by rnrsy
ETIE 2 B EOEERY, EIREE LTI ERL LD THH720, Hl7eR7T 2w L TRV 9
DIT—WITHE LW EE 2 F T, ZDs% PHASE TE LR D E I 0EiER L £,
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5.49 CHe 53 F D53 FHEIE

VAR FRCENY, X 5.4-10 TRV 7ur7 7oA LET, ZouditEsEr, PHASE (2L - TRk Lz
HOTT,

5.4-10 CsHs /3 T D53 T

255



(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
atomé=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 A E LET, ZOREL, meta_dynamics 7 1 v 7 @ FiZ bias_potential 7' & v 7 Z1ER% L, height
INTA—=BZ—TRETHZ EIZE>TITWET,

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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RS LEET,
(3) FIFARR

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,

2
-4
-6
-8

-10

-12

14

-16

18

-20

22

-24

-26

-28

-30

-32

-34

-36

-38

-40

rec (A)

dihedral angle (radian)

X 5.4-11 CsHe 53 FD B HT- RNV —FKIH

5411 LV, Z 2 THRLN-=RNF—OHEEIIKIIL 4 DOLERRSH D Z LR T E7, 372bb,
JEF-RIEEEEA SO 1.6 A FREECAEEINET 0 radian 5, I FRIMEAEN 8.3 A FLEECHAEEA 0 radian, 5 7-RFERE
N 3.7 A FREECAEENES radian FEED 2 S DT, “hblE, ThEnsZurTFy, cs 1.3 74 VT,
trans 1-3 7 ¥ VY LET. HERESEEOHEOEA, cs TldZe< gauche BUEEL 720 9773, 300K D
Meta dynamics ' = L—3 = > Tl cis & gauche OIFFEZRXFIIDT LI AFERIFEONEEATL. 15
b= a7 b trans 1-:3 T X VORIV —2ETL, 16 keal/mol F2E, /a7 T b s XYL
VDA —FET 12kecal/mol FREL 2D E LIZ. WL, HodEEOFE LTS & L) K& L
F—ETT.

5.4-12 B XK 5.4-13 121, FRES S T ART oy VOEFH LT ED L HIZBL L Tholank
ARLTOET. AN 26, REFR TN 27 OELENTT. X 5412 BXOK 54-13 kv, o
T ART 2 VAR T00 [BIHCET L2 CR R AR T X VAR S TND I N CE £, 220
5 18,000 [FIFEEDFHT £ TIHRIA < TR F—RMEZTERL TWET. X 549 HH00891, ZI2TH
ZTCWDRIFT 7 a7 &R & Ao U TRIAWEPHOREEZ I 5T, 2070, ZOREZHOR
SFTDIZEL DA T ART 2w VORI L 705> TOET . 18,000 [FFREED SA T ART 2 ¥ /LB HT
DFER, OV 7 a7 X U ~RZoTe Z EMER TE 7MY 5.4-14) CRHEEK TS E Lz,
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dihedral angle (raidan)
o

-2

Jd‘ I I 1 1 L 1 N
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
number of bias potential update

54-12 2 A LA T ART 3 % VB HER D BER

4-5 T T T T T T T T T

40

3.5

3.0

rec A)

1.0 1 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

number of bias potential update

X 5.4-13 REBEFFREIBEEEL A 7 RART v /VEHEEOBEGR

5.4-14 (@)7>5(d) £ TIZ, Meta dynamics ¥ 2 = L—3 g UHNZEBICE DR EED AT~ 7 a v b
ERLE L, T2 ORLTWDEINIL, AT ART X VOMRIZ L » T & 720 TSN B L Q0 D
ZEDIND ET,
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5.4-14 Meta dynamics ¥ I = L—¥ 3 N X > TEONERTFHEED AT v a v b. @ A TAKRT
VL D) (b) A TRARF %L 690 © A TARTF %L 1,500 @ 7=
RT 21 18,070

5.4.3.6 fAICIIT AEE A

Meta dynamics 513, T XCORRT v vV EFIAEDOECRHHT L 2 N TEET, L7 U DIFIEEDT=
WHFHEBITO ZENTEET, 72720, BRODH DFEREFD 1D TR R B BT HLERH D 7,
L7 BAHNEAT OB, WEERIROZ A 2 7 TL 7Y D E L SE DA, ST 5 L7 I ofks:
FHETZ 7 ANVPFELRWVEERH Y 3, ZOEEILEL DT 7 Okt AT — % ZatAird, S HIT
continuation_strategy CaxiE L7 FEEHINES THIMIL 7' 1 ZAERK L £9,

5.4.3.7 =&k

[1] A. Laio and M. Parrinello, Proceedings of the National Academy of Sciences 99, (2002) p. 12562.

[2] M. Iannuzz, A. Laio and M. Parrinello, Physical Review Letters 90, (2003) p. 238302.

[3] A.Laio, A. Rodriguez-Fortea, F. L. Gervasio, Ceccarelli and M. Parrinello, J. Phys. Chem. B 109, (2005)
p. 6714.

259



5.5 BFEREZENBESCEETE (TDDFT)
5.5.1 ERENMER DR AT EENREEEER (RTTDDFT) 2K AHAFARY RLETE
5.5.1.1 #&pEOHEE

S TDDFT RSN T, KO8 7 A g 2 LIC k0, 52 O E e
MK DEFLAFT IV A v alb—va &7,

0
ih= ¢ t) = H{O)pi(r, 1)

WY MV k&N NEG n RIS T 5B REB Ao C. —EBFANININ I =T & ATRT,
IHEIEAF— B TR DR &, — BB ORRPERIZLL T O L) Ic&kSh 5,

i t+At
dk(r,t + At) = exp (— —f dt'H(t’)) ok, 0
h t

AL ORSEPERBRE AT, FERRE R JOYREEIEGI O U Tl A L CRAR R S hn, £ 2ika 722
EPUREDRR SN T D, RN IRFRIFNRAL 23 /D ST HUFIRAD K 5 IZEUTE %,

k@, t + At) = exp <—%AtH(t)) k(rt)

SHIT, FREBIEEN S DU E LTT A 7 —BBHEME S D,

1 1 i N
exp (— 7 AtH (t)) = NZ;) N (— EAtH(t))

Z OUIEDOSRE ., REIENREAt & BEHIRRUEL Nnax DEE/R AT/ ST A= Th ) | KR L 2T O
FRBEWEEE L TRl EBE T 20BN DD,

FORICIL, AIRIZBO T - 77 A Y DERIL, Z OB TR & A+ 7 2%
FATTHZEBARETH D, (L2 L, AT 07T ATFEESN TS, FAEILEE LIRECE 41
TR AR EITO,)

I t=0 DRI —FE TIRBIBA L, ~'m 27 4 PHASE |2 & o TR B 5 IR D — T EhBIk A L
TR 57200, AMREFATANC DFT 1A L A HERIEOG R A X QOB MBS D, KT 17T LTI,
FLECIRAE—FE FIEBERG. S @, t=0) 2 LA T D X DI 7 F SEDH LN TE S,

Px(r,t =07) = e 17 (r,t = 07)

ZHUTHF =01 B OV RAEBRARICE 2 5 2 L ITHY T 5, BREZICBON TR -E—A > hdb) E7-
WTERBEIJOEHE L, BIAAFT IV A alb—T g AL THRIC. 2 DOMEAERR OB SEE%T
N T =) IS5 T LIk 5T TR & BRI PTREA N { R - YR A ALY B ILIR E DS
ROHND,

5512 Ao A—=4

LIRDOAND S 7 OpiE, FIRRIEL LT Ix Fa~KE & 0.01 JFFEALOT VX B OV 2 E ) 2 RICE 2.,
[REHIAN 2 0.1 S - B IR A 7 77C 1,000 R A 7 > 77 (23 X = b—3 = IREH] 100 JREF-HY7IREH)
@ RTTDDFT #HHAEITTHHAETT, 7272 L. DFT JEIC K 2 HERREOFENINE L TV A S DA

RT-TDDFT RN IATSIET,

postprocessing {
rttddft {
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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 MHE B
sw_rttddft OFF ON : RTTDDFT HEAEAE T4 5

OFF : RTTDDFT R Z1THO0

time_step_delta 0.1 (B HF) R T 721 T
2 a2 b— g VR, time_step_deltaxtime_step_max
L7,
TEBRAYICIE 0.06~0.1 JE - HANIIRFRI DfEAMER S0

(1 JFLF- BT I3 1% 0.024 fs)
K& 72 time_step_delta &% 7E L2 GIIZRF A S D
ZENHY | FOESIHEEZ LV /SR TE L CHEAETANE

D,
time_step_max 100 (=0) FHREIBE 248 795 £ CoRFH BRI
[FHRGRTICY a 72 IEFK T S8 5 Z 1T TEZ2 (nfstop 1%
REl3ERANA]) |
WIMRAEA R [TV & BIET S LV AFEIGE (t) = Eped(t) ] ICB8T 5/3\T A —X
INTA—H 77 )V MA B!
ext_pulse_epsilon 0.0d0 DR E SE,
ext_pulse_kx 0.0d0 EHDAXe
ext_pulse ky 0.0d0 ELDRXe
ext_pulse_kz 0.0d0 B DRXe

55.1.3 RIAOFTHIA

F9L, BHF O SCF fHEAZITWET, ZOBKE, sw_rttddft /37 A —H 3 off ITREL THEET, @HD
SCF FHEIHET L7z, sw_rttddft /X7 A—%% on & L, IHICHNEISUT rttddft 70 > 7 OFKFE T
A —HEHRE L, control 717 D F® condition /37 A—# % continuation |ZiXELET, ZDX DK
ExEHE LG, @%@V PHASE OFHHE %5179 %5 & TDDFT fHEN/FETINET, &R TR T L
RTTDDFT #HiL, PIESORTE (ext_pulse_epsilon, ext_pulse kx, ext_pulse_ky, ext pulse kz) %9
T 0 & L. condition=continuation & L72F % C PHASE #3794 iUITo Z &N TXET,

5.5.1.4 FHEAER
HEFERIL, 0T 7 AUSGEERENE T, DLFOX 2, BA-T— A > b L BB Citdk SN
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

P=D&H & D 3 SOBIEPIRRE—A L bD X, y, z (557, J=Dd &0 3 SDOPAENEIREED x,y, z K57
T,
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BRI TR, IRFRIZEIN D JRIBZEI 7 — U 2B 2 2 LI Lo TARY ML AT L —DBH L LTH
HZLEMARETY, D7 — ) 2B WAEFITTH 70T LD —Aa— KR sre_spectrum D FIiZdH 5D
spectrum.fo0 TJ, ZO7' /T ARKE, BEHEN7 Fortran90 2731 77—l o Ta {352 &N
ARETY, ZORIAETL. Ty T (BEET L7 RU—L LT ft LWIHIT L7 R —Z/EkL T
FATTHH) ., FT. UTOXICT 4 L7 N —ft ZAEK L, DT 4 L7~ —O FIZEHEEORBEREAHh
HL7- jdata &) 77 AV EER L £,

o°

mkdir ft
cd ft
% grep ”J=" ../output00l > j.data

o°

jdata 7 7 A /L2, RO L HIZ 1 {THIZ time_step_delta & ext _pulse epsilon =1z, & 52
time_step_max OfE% 2 {THIZINAET,

0.1 0.01

1001

J= -0.2999128661 0.0000002015 -0.0000008972
J= -0.2970981909 -0.0000022160 -0.0000000155

ZO7 7 ANEERR LTZ D, spectrum.f90 Z 2L AL LTe A F U — (72& 20E aout) ZFEITLET, HEE
ELTE, UFDO7 7 AL ET,

A7 7 AN i
jout PRV L IR ORAER, Jx(t) Jy(t) Jz(t)
p.out B SRR - — A v b E R ORISR, Px(t) Py()
Pz(t)
pw.out 7 — U TR ST fE— A > b, Re[Px(w)]
Im[Px(w)]
abs.out RGA-E— A > RERED AT L

5.5.1.5 f3ifH

il LT, N8y F (K 551) @ RITDDFT #HEGIZ#FENLET, ZOBIEOAT 7 74 it
samples/tddft/work_benzene UL FIZ&H V) £97,
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wC

551 BT ORTEIE

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 T T T T

160 7

140 -

120 .

100 | h .

80

60

absorption (arb. units)

40

20

energy (eV)
5.5-2 APIEIZ L > THONDRINARY My

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 EOyEE

® IV ARAFRHERERT e VR LT EEV, WV N T YT MR T L IS L T ERAL,
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FFOELPL=y MEAHNINAET D XD IRFEEARRE L, 0 0 Fe a7 BZedil En 2=
v AV A ZEBRELTFE, (3T BABERE T2V TIHET 29612, Bl -E—A > FANE
LEHESNERA,)

ksamplingt } % 7N TC [base_reduction_for GAMMA = off| & base_symmetrization_for GAMMA = off|
EHPRL TRV,

symmetry{ } % 7T Imethod =manual] & [sw_inversion =off| ZH/RLTFXUL,

IV SRORRICITRIG LW ERAL
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5.6 HiEmE

561 A FLRTUVILEFRAL-OA=Y b/l biEE

PHASE/0 1213, A FVAT Y VEHIH U CHAIEZ B b T 2H6RED M > CUWVET, 22T, ZoiHEe
DFENTT O ZA TN E T,

56.1.1 AJ/RT A—4

I, BFEIATIRNTGA—E T 7 A NVETTR LET, BLEER S5 S BEEOEMZI T WA
EESR Y R EAEE R L DT A — & BT IUTE VO TE— MR LU A 3R EEE DAL,
EWVOENWEERT AL HITR £7, Ibig, s bAo, UIFTOX ) 7sdEa Mz £,

structure evolution{
lattice(
sw_optimize lattice = on
}
}

257 sw_optimize_lattice % on &% EABEREAFIHT 5 Z LA TE E T, lattice 77 > 7121%, DL FOEH%E
EFT D 2 ENARE T,

sw_optimize_lattice R LERE 2 AN T 285G on & LET, 7 74 /L MElL off TF, 7
B, ZOAA vFH on DAL sw_stress (FHEIIZ on (2720 F9,
sw_uniform BN A — R b SB20AICon & LET, T 740 MiEldoff T3, =

DIRF A =23 on DA, A R AT 2V NAORHEEZZOTIIMHEIC L~ TR
EEBSEL X HICEEL £,

sw_rebuild_pws BN A T ST PSR A ED T E 2 EfRELE T, 7 7+
)V M#ElZ on, DF VBT DI EmEAEVELET, Of L9562
LN X > TEFIRIEHEDOIGRME A 10 E S5 Z ENTEEIN, B 0ER
LCHRE R Y Y R2FH LTS, EW) Z SIIEEICIIh Y 47—
FIX—=DPIP L L TG, WD 2 TS T2 sUCEESYE T,
Fo, TONRTA=F % off &5 LHREIEN TERI RS TLEVET,

method B b DOTIEZEEIR L E T, bfgs, quench, sd DWTHEFRELET, 77
/v Ml bfgs T,

delta_stress method 7% quench 7> sd DEEDEFOANAMEZTE L £, 7 7 4/ Ml
1T,

max_stress INFHIEICFIAT 5, A RLVAT U VOB KEZES OB TIRRELET,

7 #)V ML 1.e-6  hartree/bohr3 97, sw_uniform 7% on DIFEITA L
AT VDR EZZ DO DACHE R S E T,

sw_optimize_coordinates_once | JEFHlE OFE i 1 B H O DOFFHEFOS TV on & LET,

8, BRIRTDHLEICANVAT U I NADT y M AT =RV DICRMEITD V2 0 G ERH D 7,
A RVAI =S LERT RN =D I = IR LRVWGE, BEOS Iy NATRAF5ThD Z &ENER
ERbNET, 20X —RTEHRLZS, ARNLVATUYNVED Y MAT 2R AF—DORRE L 5T
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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TENSOR

0.0002326236
0.0000000000
0.0000000000

TENSOR

0.0002272841
0.0000000000
0.0000000000

0.0000000000
.0002326236
0.0000000000

(@}

0.0000000000
.0002272841
0.0000000000

o

(@]

(@]

.0000000000
.0000000000
.0002142790

.0000000000
.0000000000
.0002077216

WHEOHEOEAEA N L AT U YANR T SNDDRTTR, AHEFEZFIH L COAESITIA L AT Y
NOJERENPH T S ET,

nfefn.data 7 7 A /Wi, BFIERY 2T R —OF1 @ < DORKEDIZD, A R LAT Y VO KA
(sw_uniform 7% on OEATIRHAEROFIIE) MNicdkSnEd, 72& 20, UTO XS HhnEonEd,

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

nfdynm.data 7 7 A /L HIEFE O L O EIXEE U TID, @FOFHREOGEIT—E LK1 e v~y Z—),
TART MVDVEESNDEICH ) 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 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 M LVAT Y VORKEDFERSNCWNET, 2[EH L 3EIBOEFRHI L Z2EEIETHIR
FAAB < TIOFRNETBMELL T 72 - 72D TR RO i I X S EE AT LR, 4 FIHEBARZ MLVE
PR ZIEZE 5 TR 72D TRTIEEORR LA THON TWE T, ZDO L 5O b & LBLZG U7 R
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 | 2 ] 3
@ g
£ -181.4050 | = 3 £
5 \ {110° <
2 .181.4052 | ] 2
@ = @
= | o
S -181.4054 | | 1 é
: 1 yn€ £
-181.4056 - 310
.181.4058 - e f}"iﬁ'"{*""fy..gu o
-181.4060 ' ' ' ' ' 107
0 2 4 6 8 10 12

unit cell iteration

X 5.6-1 HNRASEECOBRE, F8R : ETRLX—, 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—
OREHIZ 7y P LE LT,

2.5e-04 T T T T T T —

2.0e-04 yd 8

1.5e-04 | f :

1.0e-04 | | / |

stress (au)

5.0e-05

0.0e+00 & 1

5.0e-05 v .

-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 LFAEITIOLDBRED, A RLARTUIINET Y MFTZRVE—DEHR

KHbohd X912, v bA47 50 Rydberg BREOSAA NV AT Y VOFERHEESTLESTVET,
ZO—ATIE, HOIRENRH LA VAT U IVERDHTZOIZIE, RIETH 80 Rydberg FRELL ED » b
F T ZRNX—PUETH D Z EPTRRINET,
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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,

WnTk (G=0)

{V/nTk] — l//er (G = Gmax)
va) | va(G=0)

vs (G=G

max )

U LA

O){rlva)

DI, AV AR LT 2x2175 700 £, £z, RAFTIRENEE R O TE—A > M,
Nee (F) =Tr[n(r)]=n"(r)+ n# (r)

m, (r)=n“(r)+n”(r)
m, (r)=i[-n"(r)+n"(r)]

m, (r)=n“(r)-n”(r)

n(r)=>"f. (v
nk

LRV ET,

5712 A" A—%

Jral =T ROHE, T/hbb 2 oA ) — IV TOFHEEITHITIL, structure 71 v 7 (2
“magnetic state = noncollinear “ LFELET, F7o, FRFHEDOFFMERE— A FOFIHEZ LT
DUFTHIPOITFETIRE L £7%

1) BKE—A Y PORE S+ HMOMEEEHE

R E— A FOKE % moment T, HlA% "mdx mdy mdz” &5\ NI theta phi” (AT : degree) THE
L¥E9, moment DO VIT, zeta THET DI L BARETT, HMOFREDNRWGEGAITIL, z HmZxm< &
WL £,

il
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structure({
magnetic state = noncollinear
element list{
#tag element atomicnumber moment mdx mdy mdz
0 8 1.0 1.0 1.0 0.0
}
AN
element list{
#tag element atomicnumber moment theta phi
O 8 1.0 90 45

}

9) B TE—A v NOBHAN D ZIEE

GRE— AL O xyz 0% “‘mxmymz’ CHELET,

K
structure(
magnetic_state = noncollinear
element list{
#tag element atomicnumber mx my mz
O 8 0.707 0.707 0.0
}
}
5.7.1.3 FHHFROHS

BEHZIE, UFO &9 KT —A o MBS DIER /I ShvEd, Tot, Mx, My, Mz i3, Eheh, JRET
HIZR BT R OWEE— A v R 2 Bl TR LEDETAETY, ZALWNI@EFORRIZL D) L@ T
‘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 R E VENEHREERGTE
5.7.2.1 HEREODHEEL

2O AE ) —VNEELNZ R D DIE, A VBN A A EE T 256 T, A HuEHAEI,

2
_ hzzlavc(r)l__S
2mccr or

sSoc

TRINET, 22T V(N I3RS 0 OBGIFRRART Y% 0T, 20 Hamiltonian (%, JFEHEI D7

o T RROE T A RSO EAER 28~ 572, 5.8.1 T L= 2 A Y ) —/LSABLC /2 )
—a—o

5.7.22 NI A—=4

AU HEFEVER RIS 51213, accuracy 7' 1~ 7 ND spin orbit 71w 7|2 “mode = pawpot ¢ & FL
270




LET, ZrBNE /o al) =7 ROFELFERETT,

accuracy{

spinorbit{
mode = pawpot

5.7.23 FtEMEROHS

A BRI BRI K D =0 —3, EUEH 71 ESpinOrb_old, new TFoRnSivETd,
B, 2oL, 23/ L CPPFLAG 12 -DUSE _ESPINORB Z ol 7-8&lc DL E SN E1,

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

IXC_PAW AE-XC PAW PS= -10.0619684

ESpinOrb old= -0.0000308 ESpinOrb now= -0.0000293
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5.7.2.4 354 : O255F. Pty +

FHEBIE, sample/SpinOrbit TJ, ZIHDOFITIX, /014 x BlFANCENE L, EXE— A > FD[h1E (theta )
IZ L AR R —DBNEFEE L ET,

Z

X
X 5.7-1 A v B EAEREEOHBEFIDOSFHE

02471
®  SpinOrbit/O2 /Theta_0
®  SpinOrbit/O2 /Theta_90

B DN, 1EFH7=0 0.108 meV ZE T,

Pto 3+
®  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), fHONTZEMEEDOL & 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
}

structure{
magnetic_state = noncollinear
}
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Energy (eV)

0.1 0.1

spin-orbit: on spin-orbit; off
0.0 0.0
heavy
hole -
=
0.1 . .EJ, 0.1 - .
>
(@)
O
-0.2 - . 02 - i
light c
hole L
-0.3 - - 03 + i
split-off
-0.4 0.4
<100> r <111> <100> r <111>

X 5.7-2 SifEfRDONV K, EACVEGEREERDHY, Bl

FERIT AN L O ELNT N BET, AMIZA E B A EH 2B E LRV Iy MEE T, AE

VHEAHAAERIC XV gamma SOMGHEDMRT TND Z ERG0D 97,

5.7.2.6 fEH EOEE

ZEMIRE CIRE SNDRFHRE N D 5 B, G T— A > FIMMES N D RFMEMEO % 28 L Tt
ZITWVET, 2070, MR E T method = automatic % V284, AR E— A > oA K
S CHRFESEDOE R Y 4, £, R FREOYWIRGTE— A hORE ZIN 0 OHAIZIE, NEET
ORI ENEE SN E T, method =manual DAL, [EEEE E OLNEEINET,

® smearing (23 T method = parabolic DAHMEH FIEETT,
®  UKE—RAL FMFEDHINCDOMEL L4537 T HEE, global_quantz_axis #3595 &, L
R DWRE— AL FORGERELET, FiF HREILEL, DORLST < R5601H 0 7,
global_quantz_axis DAL, "sx, sy, sz “®HV M “theta, phi “ (B\] : degree) CFEE L £,
structure{
magnetic_restriction{
sw_{fix_global_quantz_axis =on
global_quantz_axis{
sx=1.0,sy=0.0, sz=0.0
¥
S
global_quantz_axis{
theta=90, phi=0
H
}
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5.8 ELNES / XANES f##T#4RE
581k LC®IZ

EELS I3E a2 @3 DB =2 L X —HJ A1 L, XAFS 13BN X 84 B U 7= BRIz 8 % A
7 MVERNIET HFEERTFETT, 22T, BHROHDOIWVIX BT . NEEFESAIREBIOES T 535
ERBE LET, Fio, MRV RO T, FHT, WIUHETO AR MUESEEFHET 0L L
F4, 2o L F—fEE i, EELS 13 ELNES. XAFS i3 XANES LIEIHCWET,

ELNES & XANES o Sy BaLbmmfs X, B afblo s & T, BLFo X sickEanx7,

6E8Q Zf‘ la-R| )" (ELNES),

aEaQ ;\ le-R|f)" (XANES)

@
= =i}, | £) 1S GEEIRIE) & #OIRIE (o DI OPAEFAROMH L, JEAPRIEICER LTSI . g
RIS 350 DIEOEIE, o AR X MO MThs, LisioT, XANES oftsix
BLNES #5CC a % o L #AE 7, PRMINL| g, ) 4 DR n, K CIRES AR |y, ) ~0isie
SKIE, ST g,

<¢cIraIwnk>=<¢c|fa|v7nk>+2(<¢c|ra|¢> (.

1)) (Bil7w).

@
ThHZohDb0E LET, 22T A5 1L, EEIBHKO soft part OFL-, 5 2 HIHEAT vz
T2 SICESHIERCT, |) (ARG ORT FRBIEL, |4 ) 2RO ORI 5.

Fo, WIROT R, SEIRRE L PE TR REO 2T L F—ETHAON L DL 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

FERLET, 2B, WINoBERT v /HERIZBW T, CIAO DA77 A /U,

| sw_write_core to valence 1

AT AVENDH Y F9, F—U— RKIZHOWTIL CIAO O~==aT /L%,

5.8.3 StEDiIN
HEVILL T ONETI T E T,
O JEREE (A) @ SCF #4&
@ WRREhERRE (B) @ SCF #H&
@  PRKETRhEIREE B) DAY MLVEHE
DE@TELNTA) LB DLETRILF—3E% 2T MLOWIEGT 2L —E L, @OFHEIC ML E3,

e, FTa~r RiE, OFOO? SCF #H51E phase, @D ARY FLVEHHEIL 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

}

7235, file names.data @ F POT (2, 582 TIERL7-BEHRT v V7 7 A NAEELE T, EHEOD,
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 LIFAD 7 7 A /1/ CHALZWESIZIT. file names.data ¢F_CORE_ENERGY OUT iz~
ANGKERRELET,

# 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

1T Li2 T,
structuret
atom_list{
atoms{
#tag element rx ry rz mobile
Li2 0.0000000000 0.0000000000 0.0000000000
F1 0.2500000000 0.0000000000 0.0000000000
(HH%)
Lil 0.7500000000 0.5000000000 0.7500000000
F1 1.0000000000 0.5000000000 0.7500000000
b
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 (20, ks 2l S8R L7 T o o v V& EI D BT H, WNkE FRbRiE (B) @ SCF #HHE D
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,

control{
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 MHREEITOT2ODAAL »F T, on EHELET, probe 7' Z7INOD atom_id 1Z1%, JibitZ
SHLHRFOEFEEELET, FiLoLi2 (F1FEHOR - ThHAH72D  atom_id=1 & LTWET, £7-, orbital
WX, B8R T o v v BRI ZE AL AN HE 2R E L £, ZOFITIE orbital 12 1s ZFEEL TRV, Li
KUilZdiF 5 A7 MVHRHRSIET,

fermi_energy 7' 12 v 7 T read_efermi = on & L. efermi |21, PEREFHHEIRAE B)» SCF #HE D
nfefermi.data FCEOEEFEE L ET,

energy 7 10 721, WA HEC U TR LW =R L3l A FEE T 5, low, high, step 1., i
T, TRVX—FERO Mg, i, RKOWRRICRIST %, BT 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
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atom_1d=1
orbital = 1s
}
fermi_energyt
read_efermi =on
efermi= 0.21930399
J
photont
energyt
low =-0.10, high = 2.0, step = 0.002
§
H
transition_moment{
type =ks ! {l|1n | ks}
symmetry =on
H
BZ_integration 1
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 (8L ¥4, F¥7-. FCHGT KOV
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 MO T 7 A V4T eps.data ThH D, LU NCHFIZRT, 31TH D=L —fElL, Bbdm—= 7
NX—IT e_low ZNNZTAE T, spectrum [XAT MUBEE, § 72 GIFERIOES &, (@) [T LETS,

# 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 #&fho Li T Ko AT kL

FlEE LT LIF 5o Li i Kigoo XANES A7 RLasrR LET, A FHIE. samples/XANES/LiF
<9, FEI
O HJRRAE (A) @ SCF &5 ( 7 4144 : sef_ground )
© WEKETEEIREE (B) @ SCF#H& ( 7 4V 44, : scf_excited )
@  PEEEIREE (B) DAY MVEHE ( 74/ 444 : eps_excited )
DNETITVETS

AR MVEEIT k. SEEEEC L TITHY 2 HERR L9,

D8 D o D
3 > -
[
P2 Dy
o & w @ £
“corehole ..‘5
O L 0’ )
P T N, '\W
‘.—- — ‘- ———a ; : ;
CH H 60 65 70 75 80
b *
L @eL* @F
La Shen e Energy (eV)
5.8-1

5.82 (£) LiF f&fk, (R)A~<2 hv

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 HI&

PHASE/Q (2L 2@HF DY I 2 b—3a T, B —EORREEITOET, ZHUTHL, EFRT v
(Zo NI ZRNF—) L L, MEREECo TPy Iab—val, NEB SHHEREEITINIZ &
N TE DIEHE (constant-mu & 5\ fixed chemical potential %) & PHASE/O ([ZiHfii > TWVET, ZoD
BE, BT I ab—a oL E T,

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 NTBEEATNET,

accuracy{
fepd
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_tep 53T on & LET
22y | LR AR T v o DA T LR — DR CRRE L E
- T, FANTEE OFE CIRIEEEE Z5HFE L T i?%—_r VI ft*/vﬂFHSE
DT —[EA OB T4 & 2T L iE LT
TL X9
comperature | 1EFIT A VERIET 5100 Firin OREERELET, 5T
BT 2 2 L—y 3 VOBRICEROH HRETT,
(LT o oy VT 57200 “RiTw OBERETGELET, 1
dmass B 2 L— 3 L ORISR D HEE T
rass {BFRT o VAT A 7200 “EF0OEE” ZI8ELET, o8

FPEL L 2 b=y 2 L OBAICERO D BRETT,

Mg L OBRONCRHESR AR E L E T 50N R T v v L
DAL & 2 —77 > S OIEDOZEDMHMEN Z Z THRETHE LY /&<
STGAIOR LI & BAaSivE T (ZHALBNT, B OJRFHIIZEET
HICRHIES BB SIVED),

relax crit

tot_charge_first | NEBRIROBHT, ROV T2 DEMARELE T,

tot charge last | NEBEROFRZ, HaDL 7 NH X DEREIEELET,

B, AHBEHREZ - (Pa T 1 ET5) Boniz (TR ERaiNTER & LThimz Gl oRt
Bali1) (Varz2s75) A, a7 1B 0 5xfzmu OESIIRRD 7 I =X —0 (Ve
721260 BoinEd, WL, SNHERE G2 TEFOHAEEIT->T (Va7 3E95) Hohl7 =
THLF—ZmulEEL T (Pa74i2k-o0) mifbz17o &, BondEmLb LD (a7 3I12kiT5)
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
STHERAEBAT-DITIE, INBEM A G2 T-3BEICOWTEL T O & 9 ez, VIIEMOREFEE 6D
HAHLIITLTLIEZNY,
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accuracy{

sw _add gex to initial charge = off

593 A EMNRET
WEOMERELD LI FEIIFY I 2 b—ra VOREITNZ, ALFRT oy V—EDY I alb—g
VORRELNE LTZG, WEEY PHASEO 23T AUTFHEAIT) LR TEET,

FHRPICEMD EO L DIZELTZhE, UFOBEETHAND ZENTEET,

[o)

% grep 'Total Charge' output000

FCP : Total Charge = 31.98942095
FCP : Total Charge = 31.99795170
FCP : Total Charge = 32.01254363
FCP : Total Charge = 32.02605805
FCP : Total Charge = 32.03237025
FCP : Total Charge = 32.02886985
FCP : Total Charge = 32.01742419
FCP : Total Charge = 32.00372842
FCP : Total Charge = 31.99503316

Fiz, ALFART v (T2 I T ) NEDL I LT=MNE, AT OESE TN D Z LN TEFE
R

Q

% grep 'Fermi Energy' output002
FCP : Fermi Energy = 0.24621583

FCP : Fermi Energy = 0.24679898
FCP : Fermi Energy = 0.24700415
FCP : Fermi Energy = 0.24674191
FCP : Fermi Energy = 0.24618985

5.9.4 {5z
FERIZHMZRBIEE LT, > U 2y 8JRFOROSFENIIFY I alb—ra R0 BFEd, ZoflEDAT)
7 7 A /T, samplesT 1 L7 KU —@ FCP/NVT nose_hoover (Z& 1 F7,

ZOBREDAT) T 7 A M, FEARIZIE samples 7« L7 kU —® molecular_dynamics/NVT LA FIZdH 5 6D
ERETTD, LLFD X T “IWFERT v V—EDORTE I I 2 Lb—a V7 2T 9 T2 ORED M S
NTWET,

accuracy{
fcp/{
sw_fcpopt = ON
mu = 9.0e-3
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mass = 1000.0d0
gmass = 4000

}

DA77 ANERIA LT, #@EEY PHASEQ 2 79 U bR T v o v )V—E D5 — 5y -8 /)5

L2l —a BT H ZEMNARE T, FOREE, 77 & 21T 5.9-1 ITRT L OICEMNA Y I 2 b—3 g Uil

Ga LB LET,
32.12

3210 | M .

ﬁ

32.08 ‘ ”
I

32.06 - ﬂ ‘ﬁl |
32.04 - q

\H \ \
| “\H‘ i \h \\ I

| I W‘” I H‘
i m\

H U\w
31.96 \

Il

‘ \M [ ( ‘\H H | \' |
" "’ \ il wmm»u»
\

31.94 - ‘ 8

32.02 m h‘

32.00 HUH |
I M

instantaneous charge

31.98 -

3192 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

MD steps

X 591 DFEHFEY I 2 L— a v HOEROEIL,

595 FHLDFE

AREERERE (LFBRT v —EDHE) 1%, T_XTOMEE L HABHE RIS S Z ERATRETT A, A
FHSREA R 2 & BRI CII ARV EHEZIT O 2 L2 2 IR AME T, AohlA: (ESM %,
5.3.5 2MR) THIRSM % pel (Mifllo ESM 2&E) &35 L, BEY A D BAHEOMAEIERORFEE T Fr
EHTEET, b, AGHEMRELZ TN U TETRER A - Canstis /e E 21T 2 5raid. kosaakl) 251 iz
MATFEVY,

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 (RIZ L BETHE

6.1 #EEDEIE

PAW £ &13, projector-augmented wave {EDIEFRTY, UV KT V7 MERT v WELTROBIRO & 55T
BRETTR, UVEI VT MERT v /VMEEHIRT 5 &, FRIMMAZBET 256 CEm B O R X 7055%
ICRBWCERERFHEIMTZA D & STV AEHETIETYT, 22Tk, PAWIRC X %345 % PHASE 379
LFEEG LET,

6.2 AT A—4 SHEDORTAE

PAW JEZ2FIHT 57291218, PAW AT v VEFIRAT2H0ERH D £9, PAW A7 vy Ud, BR7T
X IENT 4 L7 R —IT

Jt#4 ggapbe paw us.pp
Jt#4 ggapbe paw nc.pp

EWVII T ANGTHELET, BEDO/VAMEFBLIONUL NT V7 RRT v L LR, file_names.data
7 7 A JUZENT F_POT #5F CxHid 2064 D7 7 A VERELET, 61T, LLFOX T paw ZF]
AT DX f8EE AT 17 7 A MTFER LE T,

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 1ED5E, KIFEMOWNTEEL ST D Z LI K> T EZ A ESE L 2 LR TE 2560850 £,
UToREzE fid 2 Licky, ZL<O5EImESET,

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
DEINUESNDLD MR L ET,

IR U727 —#1%, samples/Cr (260 £9°, samples/Cr 121, AFOT7 7 AVET 4 L7 N BRHY £
—a—o

Cr ggapbe paw 002.gncpp2
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Cr ggapbe us 02.pp
paw/
us/

Cr ggapbe paw 002.gncpp2 2% PAW JIOART 2% /L7 7 A )b, Cr ggapbe us 02.pp BV T V7
MERT oY VDT 7 ANVTT, T 417 bV paw (2 PAW HHOATT—H A, us lIZ7L 7 Y7 NADA
NT=EDPEHESNTVET, SHITpaw,us DET 4 LY FUIZHIRODTZ 7 A NET L7 FURHY ET,
catenergy.sh

vol20/

vol21l/

catenergysh 1, T X TOBFEHIHOWTOFEDKET LIz LICTHNF—T —F 7 7 A VEFEGT DV = /LA
2 U7 R TF, vol20, vol21, . I E A ERUARRE 2043, 2143, . D AN T —Z TG LET, T_TOF 4 L2 Y
TEHEZIATLI=H &, catenergysh #3479 % & paw(us)7 1 L7 b U FIZEMHFEOT R X —E 58k L7 7
7 A /b, energydata DMERSIVET,

paw 74 L7 U FOT 4 L7 R (vol20 72 &) OHIZH 5 file names.data 7 7 A /UL, LAFO X H 750
BRHY 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,

RO ONEV IR A 6.3- 1 1TRLET, —HLTHLAR K 912, PAW 3£ & US kL TIEER/RHEV

MRS ONET, 61T, ZOEVHEREEZ S S ITHEFER, IEHME, BET RV —%2 b L OTRERE

L & B2 6.1ICFEEOE LT, PAW KIS FER, AFERIERN USTEL D UL T\ D (GERE &

DO—FNEY) TR0 £,

0.035 T T T

PAW —
us
0.030 | 1

0.025 - 4
0.020 |- .
0.015 | \ .

o010 | -

energy (hartree/cell)

0.005 ~ .

0.000 | — > |

_0.005 1 1 1 1 1
20 22 24 26 28 30 32

volume (A%)

X 6.3-1 7 ulDEV HifR RS PAW OFER, s US DR, FFRETHELNER VRN LX—
TRV —DFEE LTS,
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# 6.1 PAW IR XUUS RIC Lo Th L DTSR, ABHIER, WET I X —

Us PAW FEHI
a(A) 2.994 2.886 2.88
B (GPa) 89.2 150.5 190.1
Ecoh (eV/atom) 4.01 3.065 4.10

6.4 PAW ETHMGETEEE—E
PAW 7 CHIH FIREZ2HEHE T,

BT RLF—
KRR
QAT
3G el |e
REEMHEE - 5
BARIRAER LD %Jrk”
VAN 30

A NLVAT Y VO
=R

PENRAT

S E)F

DFT+U

ESM %

PRGMHfTE X AT I T A
ABEALFIT A

NEB

B ResarE

Jral) =T

A BB AAER]
UVSOR-Epsilon O4&HkE

/\

ELP

EBH

SR D T

UVSOR-Berry-Phonon OFH4HE
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7 EIERELG EMERIEA

71 EHERE. PERM

711 hy M I7IRILE—LEAERE

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 =g MESRERIA L2 T A MERFILET, K 7111280y M7 2P — L 2T 3L X —0ERE R
LET,

_56- 30 T T T T T T T T T T

-56.32

O

-56.34 | ]
-56.36 | ]

-56.38 | ]

total energy (eV)

56.40 | ]

-56.42 | ®\3 ]
-56.44 | S ]
_56.46 1 1 1 1 1 1 1 1 1 1

0O 10 20 30 40 50 60 70 8 90 100

Ecut (Ryd)

71-1 TAI =D MEROBRED, By A7 NF— L 2T RV —DRER

BB GRE DN, By N TTFAF—F KX L THLERTIAL—IVNEL 2D, —EEIZIH LT
WET, ZORDELNIFIH L CODHERT oy UE(E L E T, ZOFITIE, 36 Rydberg 1% & Tt 1-&7=
D 1meVEEETIORLTWET, EOREDOIUREZHIETRENINRETHMEICL > TS TEET
25, E 10 meV BEDOICRAME LN CWOUT a0 Tho B2 bET, Fo, ST —Zitm L
F—TCrHliT 2D T2 <, (ST OOREED BT RNF—D7E7: L) Faf =X —CaHliT 25813 L D/ E
Hy NA T ZFN—TINRT D Z ENHIfFcE £,

712k YT U LA ERE
PHASE 12 FEIRSEZ B L CWADT, iz A2RTEITEERICRONET, Liedi> T, T _XCOYFEIT

BAANNTEFE—7 V) 27 = WNT BT 208N H ) 3, ZOE—T V27 0/ — NORE O/ S %
FRET 20Dk TV 7T, kYo7 o 7B e F—0RE, M 71-210RLET,
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-56.38 T T T

-56.39 |

-56.40 ||

-56.41 |

-56.42

total energy (eV)

|
|
|
|
|
|
|
l
-56.43 |- Q

56.44

_56.45 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800

number of k-points in the irreducible BZ

X 7.1-2 TNV I=ULEROBED, k AL 2T RN —0RFR

=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
D FET,

BB, 1y AT —OEE L [EREZ 2 TR 2T L —OHGT RL X — L7 <A R LT —D
At K07k 57 U 7BCINRT S 2 EN IR CE E T,

7.1.3 IGRHE LETEHEE

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,

7.1-3 12, SiO21Zxf L CUHHIE 2 2L SE/2 B B N OFHEE T TR EZ B E LTLD LET, ZOXNG,

NEWRSE 5720121310710 hartree DA oD,  FHigagg LV CRHIENZER 40D 2 &30 0 £,
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max. force (hartree/bohr)

0.0125

0.0120

0.0115

0.0110

0.0105

0.0100

0.0095

0.0090

0.0085

0.0080

10* 10° 10® 107 10® 10° 1070 10
convergence criteria (hartree)

X 7.1-3Si02 @, PERHIE & SIDBAREDBIR
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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{
REBIR
}
charge mixing{
mixing methods{
'#tag method rmxs rmxe itr var prec istr nbmix update
broyden2 0.60 0.60 * * on 3 15 RENEW

}

}
printlevel{
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base =1

PRI IREhRSE Y o N—DE il A s LT,

® 115k

wavefunction solver{
solvers({
l#tag id sol till n dts dte itr var prec cmix submat
1 matrixdiagon -1 * * * * on 1 off

® Im-+msd, FRZERI A TR Ei%

wavefunction_solver{
solvers{
'#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 Ilmtmsd 1 * * * * on 1 on
}
submat {
before renewal=on

}

® Im+msd — rmm3, FrZEx A b REESE 5

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=off

}

® Im+msd — rmm3, FrZEfix A bR EIESE Al

wavefunction solver{

solvers{
'#tag id sol till n dts dte itr var prec cmix submat
1 Imt+msd 1 * * * * on 1 on
2  rmm3 -1 * * * * on 1 on
}
rmm{

edelta change to rmm = 5.0e-3
}
submat {

before renewal=on

}
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® Davidson — rmma3, /72t L EhREECE B

wavefunction solver{

solvers{
'#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=off
}
}
® Davidson — rmm3, HZEixE A bl BB HTHI
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=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) #ER

Ry Fw—I T A NORFERERAEX 212,
Tay (VLT
BEITONE LT

R A2 2 IR L E7, Intel Fortran Compiler 11.1 for Linux

2.4GHz @ Opteron280 7'mt v H&H# LI 7 T AL —< L AZRBWT k A 4 175 Tht
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102 . . .

'matrixdiago'n —O0—
Imm, submat after wf renewal
109 Imm, submat before wf renewal —&— -
- Imm->rmm3, submat after wf renewal —<—
» Imm->rmm3, submat before wf renewal
1072 davidson->rmm3, submat after wf renewal :
davidson->rmm3, submat before wf renewal —S—
4 davidson ———
107 7
m
o
E 10° | -
5
10° ¢ -
1010 | i
10" 5 1
10'14 1 1 1 1 1
0 20 40 60 80 100 120

iteration

7.1-4 FEENEEE Y L N—T L BN X D

= T EREE Y VR LA FERE O T, M0 IR LY, EROIREOEECTY, £z, FHEEE
fiiE Opteron 280 2.4GHz D7 T A X —< T, k M4 WHIT T2 HE DR T, HETSREL B
EZ2 L&,

= 7.1 BB VNI X A EHER R DL,

FHE 0= UL AR

T8 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, {35 Z2fH% A1 bl R Eh B EGE Bl 15 [A] 9.5 fb
Davidson 17 [H] 11.8 %

R 0 3R UIRIECC, MBI IED S ORI /e = r L% —CF,  SCF . TIL, A0 Y ST2D
T, TRAX—PMENEE, EMEE 720 F9, IT8RMAREE M0 IR LB CRANERITEERNO T3,
1[EH7Z0 OFFFEEITIIRE L, E<IE, ROV A ZANKEL 2D L, ORISR BEATE /<720
F9, &FOIE, BT rmm3 IEATT D —ARNES PR L CWET, F£72, rmm3 JEITE 2%
(LA Eh BRI @A T 2 50 L D3 IR L TOET,

FHETHRIUIT LT, BOROES, ZEMIELET, 22T, TOHE, fil sHATHEZBINT 5%
BEIOWE LET, LHEPULZE TCIEKOENFEE LT, LM+MSD-RMMS %, Davidson 4,
Davidson—»RMMS3 1E13% < DFAHER SN FE T, £7=, RMMS iE2F 9 23858580 22 s bi L EhRasscr
FENE A L7 N K OEERZNTY, Davidson 152 FIHT 5554, Bl (precon)iF off & L TR =AY
XwnwcLx o,

7.1.4.2 Fe(100)

WIZ, A aERBLT-EHEORE LT Fe(100)RHEDFHEFI 2N LET, ZORBETIE, RS L3—

FEES L, EMEERMEZAR LT 2 MATOE T, TR 2RHEOANT =213, UTFO7 4 L
293




I N)—=DOYV 7T 47 M) —IZH 0 T,
samples/sol_cmix_test/Fel00

(1) Ah7—#
£, BEAEERSIEBDOAN T4 TT,

control{
condition = initial
max iteration = 200
t
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 off
}
}
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
}

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
}
rmm {

edelta change to rmm = 5e-3 hartree
}
submat {
before renewal = on
}
}
charge mixing{
WS
}
printoutlevel{
base = 1

}

LU RSB R ATEORER 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 rmxs rmxe itr var prec istr nbmix update
1 broyden?2 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 Tmxs 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=1l
mixing methods{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 broyden2 0.1 0.1 40 linear on 3 15 renew

A A OFN & 72 Clal TIRG L AEH, 1RA 7 /L3 Y X AT Pulay 1£(case3)

charge mixing{
spin density mixfactor=1
mixng_methoas{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 pulay 0.1 0.1 40 linear on 3 15 renew

(2) R
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 £ T SCF AN L BFZE 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# STV B8RS L —{21E, 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,

AJRT A=K —T 7 A MBI Y VR —F L OB IR ATEDIREN 72 WA OIURYE %2 PHASE
v1100 & PHASE/0 2014 T Uk Uiz, FHRIIREMEZZE L TITWE Lz, MR FIXO#E Y T,

10° ——
dev —o—

5 1 v1100

107 1

100
10-2,

10-4 L

dE (hartree/cell)

10-6 L

10-8 L

10-10 L

1 0-1 2 ! ! ! | |
0 10 20 30 40 50 60
SCF iteration

B 7.15 WEBE LS~ LOERIEE I 39— 0 HBRGE

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
) F77, BRREHEOWHCHIEIZT X TO/—2T10710 hartreee 1[HE LE LT~ BFAEEOEEIL
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) gdis £

structure evolution{
method = gdiis
gdiis{
initial method = cg
c_forc2gdiis = 0.01 hartree/bohr
}
}

ZDOXITERETDHE, T cg IEOT Y RATHE> Thalb A E T L4, JRA2@ < DomKEN
c_forc2gdiis THRET HIEL D /NI 72 o T2 C gdiis YEIZYI D B £97, 72721, el 3 [ENIF 1218
S NDERMEZED B FIZ cg IEPBFHSIVET,

(4) bfgs 1£

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

R 1.3 BEFRFNEOBEOT X PRIV V= 2 EROHEE, 200 EIOEFZ#ETHIDRKED 104 LLT &2
BRI —RIIRICEE Ui, 7—R1 BV r7unya~kdy, F—R2 BAFARETIO2, 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 BEEHROBEREE. KEBBEROFAER WCEREDR[L)

PHASE (Zi3, #Es(bon FE 7 R 2 b—3a VAT TODBRIT, BB E M 2 Rl oD

24kl

2B TH, BRUhamdbSNET,

TEDET 4N +5 2 LI Lo TS Z ) S EAEEE M- COET, fighE. STkl TR &

NTWDIFEZE > TToTVET, WL ODDRICHWTARREZ EH L7 2 R LET, Wihor—2R

ERRLA
no prediction charge0 chargel
JEFACE BT 11 11 11
SCF [a¥& 245 185 163
A AW e
no prediction charge0 chargel
JEALIE BT 25 25 25
SCF [a¥k 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 10~18 J

EX 1 bohr = 0.5291772480 A= 0.5291772480 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

ST 1 au velocity = 2.187691417 x 102 A/s =2.187691417 x 10® m/s

7 1 hartree/bohr = 51.42208259 eV/A= 8.238725025 x 10~8 N

Rz 1 au time = 2.418884327 x 1072 fs=2.418884327 x 10717 s

Z R LA 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/cm?® =9.1093897 x 1071
kg/m3
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8. PHASE/O DA VA b—JL

8.1 BMFIRIR

PHASE/O X, PC 25 iiltid A—r$—a L ¥ a— X ORE & 2 ke CalfE L £1,

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)

1TPEE 74 77 ) LAPACK, BLAS (47> av)
FFT 7477V FFTW (47> =3Y)

Perl (7> a) + + + « PHASE »V—/L G/
Gnuplot (7> z>) « + + « PHASE V—/L T/ H

PHASE O8WEERZAT > TV DT REEREE 2 L MR LET,

PHASE/0 73@hff4 2% A HRHEERSE

A RPERET LA T — FIHAREZ A 7 Z 1
Linux GNU Compiler LAPACK, BLAS, ScaLAPACK
Intel Compiler MKL, ACML
PGI Compiler FFTW3
Windows XP GNU Compiler MKL, ACML
Intel Compiler FFTW3
PGI Compiler
Intel il Mac OS X GNU Compiler MKL, ACML
Intel Compiler FFTW3
Oracle Solaris GNU Compiler Sun Perf.(LAPACK)
SUN Compiler ACML
FFTW3
SGI Altix Intel Compiler SCSL, MKL
FFTW3
IBM AIX IBM XL ESSL(LAPACK)
FFTW3
Hitachi SR11000 HITACHI MATRIX/MPP(FFT)
IBM XL HITACHI LAPACK
ESSLILAPACK)
NEC SX Series Fortran90/SX Mathkeisan(LAPACK)
ASL(FFT)
Fujitsu FX10 Fujitsu Compiler LAPACK, FFTW
K computer (Ei#ff AICS | Fujitsu Compiler LAPACK, FFTW, Eigen
G

® MPI 77 Vi% (MPICHI1, MPICH2, OpenMPI T35 L CUVVET,

® GNU Compiler (gfortran, gee) (%, /X—Y a3y 44 DBEEFH LT 7ZEV, H&HD GNU Compiler
(Windows hift, MacOS i, Linux fif) I http/gce.gnu.org//>H AFTEET,

®  KEREENIT OicHT AMD Core Math Library (% http:/developer.amd.com/7>H AT TE F9,

® PGIcompiler iZ, /X—Y 362 ZfH LT 72Xy,



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

® Intel compiler iE, /3—3 9.1 LIBEAEH L T 7230,

824 VA FILAE

Linux B2 BN L TA A b=V EZGH L E T, BF AICS ORGEIHEHETO/ 1 T U OfEY TR LT
Hak LFEF, Z 2Tl Linux B5%C Intel Fortran compiler 731 > A h—/L I CNHZ EEMEELET, B
DA A FZERHTHEEITA L A TOERRO L X, ZDOAL A FE2ERLTESN, 72, MPIL 7
A 77V L LT, OpenMPI 2T 5Z L HRELTCWET, 07T LETNOERD L Z(Z [Serial] %
EIRIHIUTMPL 74 77V 2 A LN Tl 7 L 2B%T 52 b TEET,

%9, PHASE/0 /N - —< phase0_2016.01.tar.gz % PHASE/Q # A > A h—v957 1 L7 FUIZER L TL
720,

$ tar zxf phase0 2016.01.tar.gz

7 4 L2 bV phase0_2016.01 {IZBY, A VA h—F—%FTL T EEN,

$ cd phase0 2016.01
$ ./install.sh

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

A LA RAFLNE DN TEETOT, TS ASEFIZ Enter F—2 L TZSWY,

Supported platforms

0) GNU Linux (IA32)

1) GNU Linux (EM64T/AMD64)

2) NEC SX Series

xX) Exit

Enter number of your platform. [0]

X D BEEO RN R RSN ETOT, IGNU Linux ([1A32)] (Zxid % 0 2 A LT, Enter F—44LC
ISV,

Supported compilers

0) GNU compiler collection (gfortran)
1) Intel Fortran compiler

xX) Exit

Enter number of a desired compiler. [0]

ST 5 3L TF—D—ENRFRENFET O T, [ntel Fortran compiler 9.x) (Zxi~3 % 2 2 AJ) LC, Enter
F—Z ML TIESNY,

Supported programming-models

0) Serial

1) MPI parallel

x) Exit

Enter number of a desired programming-model. [0]

RIST DT T T LETTNOENFREINETOT, MPIparallel] (ZxHind 5 1 2 AL T, Enter ¥—%
LT ZENY,

Supported MPI libraries

0) MPICH1/MPICH2/Open MPI

1) Intel(R) MPI

x) Exit

Enter number of a desired MPI library. [0]

KT MPL 74 77 ) O—EGRFRESNET DT, [Open MPI) (ZxHd 5 0 2 A1 LT, Enter +—%#f
LTL7EEY,

Supported BLAS/LAPACK
0) Netlib BLAS/LAPACK
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1) Intel Math Kernel Library (MKL)

x) Exit
Enter number of a desired library. [0]

%35 BLASILAPACK 74 77 U O—ERFoRrSVET DT, [Netlib BLASILAPACK] (231595 0 2 A
71U T, Enter F—%H LTI EE0Y,

Supported FFT libraries

0) Built-in FFT subroutnes

1) FFTW3 library

xX) Exit
Enter number of a desired library. [0]

®IET 5D FFT 74 77 UV O—ERFRRENETOT, [Builtin FFT subroutnes| (k&35 0 2 A1 LT,
Enter ¥ —Z# L T 7230y,
| Do you want to edit the makefile that has been generated? (yes/no/exit) [no]
TERR S 417 Makefile ZHREET 5028 2 DIV TE £97, Makefile 28 L7- O REET 2 MLER2THUR, (T
ATIETIZ Enter F—Zf L TS0,
| Do you want to make PHASE now? (yes/no) [yes] |
PHASE O /3A & A A M=V EBET 2028 9 VT E T, (MH AT Enter F—4L T,
PHASE Oz /3 A )L b A VA M=)V EIEDTL TEEY,

PHASE was successfully installed.
Do you want to check the installed programs? (yes/no) [no]
PHASE WEFIZA VA M=V SNT2Z 2 ET DA v B—2 0%, 7077 50T A MNEREZIATT L0289
MENTL 5OT, KERHIULyes Z AN L. Enter F—%L T 7ZEV, TR FHEE L2722 513, no
Z AL TEnter ¥ —Z ML T 72&0, 7 A FFRAFAT L CLULTF DO L 9 2 D AvUEIES U £ 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 720 77 LAOFATIZHVY S mpirun X° mpiexec 72 EDa~ > REHWTIHITLET,

$HOME/phase0_2016.01/bin ZEEZ4 PATH (BN L CTk< & PHASE/O OV 7T AO/SAEFREET
(ZFATCEERITT,
Bourne shell(R—> 3 =) THiUE . $SHOME/ bashre 72 &2 PATH it LE T,

| export PATH=SHOME/phase0 2016.01/bin:$PATH |
C shell&—> = /V)FZThHiut, $SHOME/ .cshre (2 PATH % it F 9,

| setenv PATH $HOME/phase0 2016.01/bin:S$PATH |

MPL 7477V Dbin7 4 L7 FUIZHLT/SAZET LI LTSV,
Bourne shell(h—> 3 = /L) R& THiuL, $SHOME/ bashre 72 £1Z PATH Z5tik LE7,

|export PATH=SHOME /openmpi /bin: $SPATH |
Cshello—v =/V)ATHIULX, $SHOME/ cshre |2 PATH %5tk F 9,

| setenv PATH SHOME/openmpi/bin:$PATH |

LIFD X 91z L T, PHASE #F{TLE T,
|$ mpirun -np 2 phase ne=1 nk=2 |

FEAF AICS ORHERE (K computer) TiX, IOEHIIZLTA TV EELZ EnT&Ed, £9. PHASEN
73y r—3 phase0_2016.01.tar.gz %2 PHASE/Q %A A h—9%7 4 L7 FUIZE L T EE0,
| $ tar zxf phase0 2016.0l.tar.gz |
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7 4 L2 K~V phase0_2016.01/src_phase 3d & 5 phase0_2016.01/src_phase (20, kDL HIZLT
make ZFTLET,

S make -f Makefile.K

ZNEI, 73TV 7 7 A )L phase & epsmain ZMEREILET, 7+ L7 kU phase0_2016.01/src_phase O
(I Z DIFADN, ekeal, tdlrmain 2MERSHUET, Makefile. K 138E (2017 4 4 H) OFlRHREEOBRET Cffiz
D EEMERLTWETA, BROZMCAEDOE CGHE T A 77 U ERR SIHEELTFIVY,

9.PHASE/O 7O 5 L, W—ILOETHE

9.1 70%'5 L phase
9.1.1 745 L phase MET

PHASE 3 SCF 3158, 2 FEPAER B AT E T, $700R LIRS 7 DI S M5k
TS Z TR ET,

NIRRT A—=BT 7 A ), @RT X VT 7 ANVEFITT 4 L7 MUICEZET, file_names.data %
TAHEGAITE, ZNBFEIUT 4 L7 RBUICENTLSZE0,

17atyY (1237) OBFRFEEZITIHAICIE, KOXH1I27 17T L phase #FEITL E
9, ”../../phase0_2016.01/bin/’tZ, PHASE 734 > A h—/L SN TWET 4 L7 U TT,

o°

../../phase0 2016.01/bin/phase

WHFHRZAT 9 5alZid, BEWOREEORMTT2 MPL 74 77V O3 Ta~y FaALET, FHlE

BHEWOFHEHT 2T 5O~ =2 T VEASRITIZSV, —fk#)72 2~ 2 Ri3 mpirun T,

=111

% mpirun -np NP ../../phase0 2016.01/bin/phase ne=NE nk=NK

ZZT, NP [ZMPI 7t 2¥, NE 330 RIS, NK i3k A5 H8Cd,
9.1.2 7045 L phase DAFIFHELF T a >
9.1.2.1 /3 R, k m3651
WHIFHR (32 RIEFI, k J3781) CTld, 23> RIS NE, k A5 NK 245&E L £9, NP=NEXNK &

W) BEIRERNZ L CW AR H D F97, ne,nk EW) 5 IEIIEIT S Z & LAEETT, FOHAIINE=NP,
NK=1 2HENFET,

% mpirun -np NP ../../phase0 2016.01/bin/phase ne=NE nk=NK

W, S RIFIE Y & k SWHNOSHIRBENTT, LizRn-T, mRERGAT k SE KE<T5
CFRWEEZ SNET, 72771, Brillouin SIS 7LD k SEITRARE K 2 BI1EED 72 THIDIT
720, ZOk mEHBVT LHFHTE 27 0 2 TEI Y Ul b bl Tlidvyy MPL 7at 253y 7Y v
kAEDHBRELSARD) LWV MITHEEARETT, k ALY H NK OEDRENWE TR0 F7, 77,
k SN NK CEID U2 A TR 28 RS DV E R A, £ 2T, SELIG U TRy RIS
AR GHREEZFATLTIEENY,

9.1.2.2 V7V 15|
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NEB V£ G ES AT IV R, AZHAFI7 AR EDERRICE > TUT VLT DY SR TE S
SEnbHY £, VU BWINEFETT LI Toa v 2R LET,

% mpirun -np NP ../../phase0 2016.01/bin/phase nr=NR ne=NE nk=NK

NR (27U DlFETd, NP=NRXNEXNK &9 BURHERAL L CWAMLERH Y £, L7 Y Dil8I0%h
KT k SWHNEY BFEICEWVTT, k S ER CEESMLETT, £/, “bo b bINROEWL Y B
DMEEE 2 50T, FEINTITNT U SR & ITRRY 8 A,

9.1.3 704’5 L phase 3 #ifi5| (G mitiFl) ki

PHASE/Q 1330 K& k A0 2 BFFNT6 e L TWETD, SEEEO G O NNIZ &% L TVOE T,

G SNk LY —Aa—RiL, 74127 MU src_phase 3d (IZHVET, ZDOT 4 L7 NU~ED,
Makefile Z1EKT D72DIZLAFOa~2 REFRITLET,

Q

% sh configure

A VA RN =2 T UTENTH D T X [FRO Tt & T Makefile Z1EK L, 1ESI7- Makefile (ZxF L
TN U CRREZ L £9, DWT, UIFOEETa AL LET,

Q

% make

FITIE. IROFID L HITATNET,

| $ mpirun -np NP ../../phase0 2016.01/bin/phase ng=NG ne=NE nk=NK

ZZTC, NPIFRMPI 728, NG 132G A5, NE (330 RIFFIEL, NKIi$k S5 ER L £,
NG & NE & NK OffiiE, 8 MPI 7'atvXA0EIZZELVWERH Y £9, NG=2 LILETE-TL7Z3v, £
72. NK= 1 CitH T 2 DONE4TY (Subspacerotation F5Cf T 9 X A{kiZ SCALAPACK 7 A 77 U %
flioTWAA, WHNBIIRIENEC D Z ERHHT-0),
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9.2 7045 L ekcal
9.2.1 7045 L ekcal DET

IRREBAEGHRE, U REMRICBW T, kK ASOEENZGAIE ) 7 r 7Tk LCekeal NV 77,
SCF SRS ROBHBEL AN L L CGHHTE £,

SCF FHEOFEFEROBERIEE 7 7 A /b nfchgt.data 23477 L7 U icae—LET, £oidk AHNT
7 A IVIRET 7 A I file_names.data |28\ T, F_ CHG (2 SCF A TEHONI-BREBE 7 7 A M EL £,

NV RREERHFIZBWCL, o) 7 kR ORET 74 /v kpoint.data & L7,

WD X HNTT 17T I ekeal 54T L F£7, "phase0_2016.01/bin/’IE, PHASE /31 A h—/L S TNDT
A VASE

o°

../../phase0 2016.01/bin/ekcal
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9.3 745 L uvsor
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9.4 KEEFEERMERY—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,

ZWT, ZOWRERET —% dosdata ZAfUELTAEL L9, IROEIIZa~vr REATIL TR,
$ dos.pl dos.data -erange

Z995&, EPS 7 7 A /Vdensity_of states.eps VSV E T, UNIXEREET, Zivx R 51213 ghostview
Rgv e EEVEEL LET, $ ghostview

FE s gv

25 T T T T T T T

15 | )

DOS (states/eV)

/// \ | \ | \ /
0.5 - / \‘\ “‘f \ | \ [ i

Energy (eV)

9.4-1 L7 Si DREBEER
dos.pl #3795 & EITIRAEBRET —H dos.data DAL 7z-erange 133~ 5 =R/ —D#HZ il
547 al, ~color (3H 7 —HIEATO TedDF 7> a2 T,
9.4.1dospl 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

TrarERELET,
-erange=Emin, Emax FoRT DT —DHEIHZE eV BALTHRIET Do
7=z, -10 eV Dh 5 eV ETERLIEWVIEGANE,
-erange=-10,5
ELET, REZ LRV, T—XDFrIME - HKE)D HBIFIZIRE S
£7%
-einc=dE B ORRZEES D,
7ol 21T, 2eVRIRICEEKY 250 7o,
-einc=2
ELET,

—dosrange=DOSmin, DOSmax FoRTDIRRERE DT AL 2 D,
72&z21E, 0 states/evb 12 states/eV FTFERLIZWGETT,
-dosrange=0,12
ELET,
~dosinc=dDOS ficih CIRREEEEE) O Bk Y DR ZFRET 2.
7L 21, 2 states/eVHRRICEHED 250 72072 b,
—-dosinc=2
ELET,
-title=STRING TT A MR TN & ETRET D,
e ziE, A % [Total DOS) &3 5720,
-titile="Total DOS"
ELET,
-with fermi F 7 v F TN T 2L 2 LoV E Il E A B R LR —1
VEREL, BB TIX T =V UL EFOR L, MR « HEERCHIUIN
A RO RN F— L~ FRoR L E T,

-width=SIZE KOWEDT 7 /L MEIX 1 THDHD, ZOMEEEE LI-WEGATT
DX T arEES, 2L 0.8 ICEE LIWEAIE
~width=0.8
LLET,
-font=SIZE T4 hOYA RBEF LIV E X2, ZARET 5, el 14 T,
722X, 742 MA X% 28 LTV BT,
-font=28
LLET,
—color 7575 T—FRLET,

-mode={total|layer|atom} total ZFEET DL, EIREEEXIMELINET,
layer ZH8ET 5 &, JEOEIORPTIRIEEE ORBMER S NET,
atom ZFRET D &, RO EIDRFTIRAEEE OKIDMER S E T,
projected ZFEET H L, R FHLESEIDRPTHRIEREEOKDMER SV E
‘a——

BEEMEY total T,
—epsf={yes|no} RARRZ VT N7 7 A NEER L0 E X2, no Zf8E LT, BEEME
¥ yes T
FRENRTFIUL, RANART VT N7 7 A VHPMERRSIVET,
-data={yes|no} JE BRIy BIOIRBEE LT — 2 1D eps 7 7 A WVEVERT 5D TIdAa<

&R 7 7 A M35 & X1l yes ZFRELE T,
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95k R 7 A JLERY—IL  band_kpoint.pl

N RREER A A2VE, RFRRCIR S 7ok S DB & ERL L, DKk R COBA =R L¥—% ekcal TitA 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 S OMIE, blx,blyblz (TW&F X7 Mby D x,y,z K53, WHEFXT Flby b3l OV T HFEERTY, T
ITHLAR Rk R e 2D RNV OIEEE LET, VU RLVOIEEIIVETIIH U EHAN, FEERH H5E,
AN PHEER R OB R SN E T, By, ny, ng, ng ZHIWTk~ bz
ny Ny n3
k = abl +Tl—db2 +ab3

DEINFFELET, o AUTHDRITENTIIZSV, HONIHEF-OSEO6 2R L E T,

0.02 <———— kSO
<———— WEEAT 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, TV FREEHEHORROT7 7 AV TT, ZOkED7 7 AV
ZANNTINAT, ekeal ThARTOEATFLF—2F R L TSV,
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9.6 /\> MEERIERY—IL band.pl
9.6.1 band.pl MEST

band.pl PHASE/0 ® ekcal ® /) nfenergy.data & band_kpoint.pl D AJ1~7 7 A /L73 band.pl > AJNZ72 0 F
9, BIEIOATEICAR L7 kpoint.data Z AL L, ekcal CHEATRAF—FREEIT, FERELNEA
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 (285 nfenergy.data & bandkpt_fec_xgluxin % work (22 —1L, £ H%E A

J1& L Chband.pl 34T L%,
$ cp ../example/nfenergy.data
$ cp

$ band.pl nfenergy.data bandkpt fcc xglux.in -erange

Z9795%&, EPS 77 A /Lband_structure.eps HVERSIVET, ZDOT 7 A NEZEITRHITIE, ghostview
RgvREDY T NT =T PETY, $ ghostview

FE s gv

$ gv band structure.eps

A

‘S
2| / / .
0 /\\\\\
2 / \\\ \\ Y I ,\,,_
dl
\\\
\

Energy (eV)
S

6 |
/
10 +

-12

X r L u X

B 9.6-1 /v Si D3 MHEER
band.pl #9792 & EIZfHIN LTz -erange 133~ 9 5 =X —0FiH % FilfH 5472 a2, -color 1347
—HNETHIAT v a T,
9.6.2 band.pl DA T 3>

7R BTN band.pl & 792 EFIHFIENTR R IINETS
$ band.pl

Usage: band.pl EnergyDataFile KpointFile -erange=Emin, Emax
—einc=dE -ptype={solid circles|lines} -with fermi
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-width=SIZE -color

KpointFile @M R & 547+ 2 ¢,

—-erange=Emin, Emax

TR T DTV —DHIPH % ev BAL THRET 5.
=&z, -10 eV 5 eV EFTERLIZVIGANE,
-erange=-10,5

ELET,

—einc=dE B ORfEEfEET 5,
7ol ziE 2ev HRRICEEED 250 720 e b,
-einc=2
ELET,
-ptype=TYPE HEEfEZ RS 5,
-ptype=solid circles : BBV OSEINIZATERTRT S,
-ptype=lines : HRTORS (T 7HV M),

-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 KOMEDT 7 4V MEIX 0.5 THHD, TOMHEERE LIZVEAILZOA T v a v %
9, 72&x01E, 0.3 ITEE LIZVWEAIT
-width=0.3
ELFET,

-color 757 kN7 —FRT D,
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9.7 [RFHEEDYLGR trajectory FERXADZEHLY—IL  dynm2tr2.pl

Perl 27 U~k dynm2tr2.pl I, &R b, 5B 5 R OT— 2 (nfdym.data) 4555 trajectory FERUZ
L FET,

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 D7V X7 4 7//MI Si A JRF A TR 2 IS & L, Wi b L 7R R A YRR trajectory
ERICE e L, "B L7zBITY,

Step 1 Step 2 Step 3 Step 4

#

Step 9 Step 10 Step 11 Step 12

FH 7

X 9.7-1 /v Si OfEERE LiBFE DRI LB

9.7-1 ODRFNIFEHNEHT /1R L TCOET, IDMKIZZRo72d &1E, TR D BT o 1
VBT 2 J1IdVIN&< 720, FEENRE L STV £97, X 9.7-1 TIE7 Y 1740 7kL
TFRENETD, LATDOL 972 controlinp &5 7 7 A VEVERTIUSE, BUROBERCELVOLETNTE £
—a—o

origin 1.2825 1.2825 1.2825
vectorl 10.26 O 0
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vector?2 O 10.26 O
vector3 O 0 10.26

Z O control.inp Zf#HH L C dynm2tr2.pl T dynm.tr2 Z1EakT % & JH03(1.2825,1.2825,1.2825) bohr (241,

LD Fd10.26,0,0), (0,10.26,0), (0,0,10.26) bohr (2720 £9, LAFOXLHIZLT, dynm.tr2 Z1/Ek
LET,

|$ dynm2tr2.pl nfdynm.data control.inp

7' F_R—t )L RS R LIEFED step 10 Z R L7207, K 9.7-2 T,

Step 10

AL

X 9.7-2 7 5_R—EATHE LI/ VLY Si OEERE ERE (step 10)
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9.8 RENEI 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 U 7 | 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 OIRBIEIHTREROIREE D L~ U2 X 9.8-1 ITRLET,

Vibrational Analysis

700 f
600 | T2gR

500 | 1 517
400 |

300 |

Frequency (cm'1)

200

100

9.8-1 VL7 Si DIEEH L ~VUK

IR L~V 2RI BRI FHL L ITHNCE L O TSN, TORSND_HTIIERIRBOA TR LiE AR
FRS(IR,RIR&RNON)ZS FnSiLET, IRITIINEEZR L, RIZT v AGEZR L ET, IR&R (IHFINE
P& T AGERSH D Z A RLET, NONIFHA LY hE—RTHDZ EERLTWET, 1Bk SRS
L~ VKTE, BROAMTIEREHEOS em? BAZ CFRoRShE S, BEIRELD & ITHREOIRY BIE )
FEN, RO FRRSNET,

9.8.1freq.pl 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 KOIRDOT 7 )V MilZ 1 THDHD, FOMEELERE LI-VEAIXZ 04Ty a0 %
59,
7= 213, 0.3 I8 F L-WEAT
-width=0.3
ELET,

-height=H KOIEDT 7 /L MilZ 1 THHD, FOMEEZEREL-VIEAIIZOF T a0 %
9,
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72E 2%, 2.5 IZE8F LI2WEATT
-height=2.5
ELET,

-nrep=N

—ODRNIFRT HEHIFRROL, REE— FOREIFRRNZ 0L 20 e &
2%, B EPS 7 7 A VMBS NLE 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& ZAIZar<TRY)> T2 F50E— RFIFERENR< R0 7,
7= & zI3,
-ignored modes=1, 2,3

L9 5L 1,2, 3B0F— NIFRInielFET,
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9.9 EAEIRENDENINDILEE trajectory 4= 7 7 4 LEHY—)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 | ZZF 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 OYREETD 6 25 B OFSMEIEEIOEA X2 F/L mode_6.tr2 Z AL L7~ XA X 9.9-1 IR LET,

9.9-1 /v Si DEHEFEDEF Y bv
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10. AHAZ7 74U

101 AAZ77A4IL

1011 AJNSA—=2 T 74 )L nfinp.data

1012 RFoovILT7AIL

BRT LYV T 7 ANDT F—< v MIOWTHHAL £ T,
BilL LT, Si BFOERT v VORIOE 2 LA FIOR L E 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
-0.12575593948213934E+07 -0.12445274254637859E+07 -0.12316305012010917E+07
-0.12188672226148657E+07 -0.12062362047882713E+07 -0.11937360771558125E+07
-0.11813654833546225E+07 -0.11691230810772763E+07 -0.11570075419261454E+07
-0.11450175512692606E+07 -0.11331518080976552E+07 -0.11214090248841981E+07
-0.11097879274438950E+07 -0.10982872547956155E+07 -0.10869057590252746E+07
-0.10756422051504281E+07 -0.10644953709862572E+07 -0.10534640470129563E+07
-0.10425470362444966E+07 -0.10317431540987322E+07 -0.10210512282688706E+07
-0.10104700985962711E+07 -0.99999861694454885E+06 -0.98963564707499891E+06

BERT e VRSN LT T 7 A VORI OB LTATIZNE, # TIHEDL AL MLETRATD 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
1, A FCPIED 41THE O, LLTFO/RT A—H —DENEE SN TN D LERH Y F9,

147H natomn, ival, iloc, itpce, igncpp
INOOEE, FRER, JRAERZ, MEF0Z,, FEED RSl (&1 ZMRTME, =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
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Z
Veore = — ?U{Clerf(\/a_lr) tc erf(\/a—Zr)}

EVORTELILGHRELET, 72720, erf() IV AOBERSS T, F/, 2250688k ¢ & ¢, DI
2L ¢ + ¢, =1 OBHRRH Y £7,

41TH nmesh, xh, rmax
BERSFHDRA v 2%
i = Timax €XP (€ — Npesn)/xn) (0 =1, -+, Nipesn)

DU LI TERLET, 72720, Npesp 3BT HDA v 2 OB ERLET,

fiEE 1 4 HZFFOJ 15 14 @ Si i1, LDAPWIL IEIC K28R T v vy Thsd 2L, ZbofT
MBI £T,

SATH(Z AL MR ®DUEITIE 6 TTANCENML TV D VALL &WH i, PHASE O7'm 27 ANTHR
TR NOF = v 7 IEDN DT T,

ZDWRDATINO DR T 2 Y VOFEEDOT—2 TS, ZOT—FDEAID7T 0 v 713, WS NI BEFRT
> )L (screened All Electron potential, VAZ () 2R3 26D T, TO7—4 AT,

do ir = 1, nmesh
Veer (ir)
end do

EWVIHTRIC > TOVE T,
H207 0y %, WESNIJRIART v L (screened local potential, VE  (r,1) 285 H DT,
VAE (R, 07 —4iEa3,

do ir = 1, nmesh
PP o
Vseru,, (i iloc)
end do

LY ET
B3nTuv iy, METFOENEE (valence charge density, n,(r)) (2, ERKEDEE 4nr? ZNT72H0DT
T, IhE p,(r) £T5E (,(r) =4nrin,(r), TOT—HIT,

do ir = 1, nmesh

pv(T)
end do

EEINTNET,
INHD 37y 7 OFLbkh & TS, WuBRNHEERER LR T vy v T2 B anEd, *
OIAIL, NV IMRFEOSEE TV T Y T NOSETES BRD £79,
21 <1E, CIAO Da—H—v==2T7 /L% THBHLIFE,
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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
kST T OIEE UTREERE LIS A MED 7 7 ANV ER D ET. 12720, 207 7 A /WE @i
band_kpoint.pl A7 U7 FEE2EN 2 ENOIER L E 3. HEETT ¥ —72 8T BT DSI32< 0 E Db
WETN. LLFEEOT- il LET.

F_KPOINT 7 7 A /Ui, BRIAIZIZRO L 912720 £9

141 141

50
49
48
47
46

OO OO OO oo

50
49
48
47
46

(a)
(b)

e e

kSO AAEE 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 ERFTIRREEEE, EAFIRITREBEE AR LI2GG, S6I2C 0)?2% \ZED LD IRIRREE )2 23700
FOFTOBRITHIST 57 =2 MBS ET. 228, AV Z2EB LIZHR L LAV R O@E I REEsE D
Yt L RRRZ2 DO TLBERE LU ET.

® oy EIRRER
JRFENRIBEEDOSS, RO X5 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.

322




10.4.2 TRILX—EFE D 7 1 )L nfefn.data (F_ENF)

F_ENF #3FIc L > THEESND 7 7 A /UL, BROETRILE LM< HORKE, S SIS FE
I alb—a vk [TolBAIA Ay OFEI T 3 L TR C LR S E T SR T
AL TENIFY I 2 L— a3 U ETOTE LT HINERRRDHDOT, FNFIUCHOWTHA L £

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 BTN —%, N— =B CTHIILET,
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 EIIHERR
SFEAEROEE, 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, FricdlhsBmsh i,

ekina FOEE TR L —,
econst RO TR, T7obbT VX ——FEDS TEI )7 I 2 b—a Y OGEROET R

N — RE—EDDFEIFL R 2 b— a3 Y ORAROET LT TEROT X
N —ZNATZBETT,

L T
T OIRELEAT 125G, TREDL IR £7°

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 O ERE LD — AN A, LIFOFIHNIA bvE 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 2.190314161 0.006974 0.000708 0.004795
7 4.921740324 0.000000000 3.405282833 0.001436 0.000122 0.000068
8 -2.460870162 4.262352150 6.810569070 -0.000612 0.001305 -0.000066
9 2.182281087 3.779821719 10.215855308 -0.000660 -0.001143 0.000001
cps and forc at (iter ion, iter total = 2 40 )
1 3.156999743 1.163767576 1.210005993 -0.002904 -0.005755 -0.003892
2 6.700048015 2.151861938 4.615264365 0.006567 0.000186 -0.003832
3 4.072421499 4.726345880 8.020748072 -0.003503 0.005487 -0.003829
4 -1.486455954 6.878343743 5.600593135 -0.003122 0.005780 0.003831
5 -0.570648922 3.315925959 9.005851266 -0.003532 -0.005392 0.003892
6 2.056925355 5.889992076 2.195109289 0.006503 -0.000290 0.003828
7 4.923176344 0.000121757 3.405351146 0.000397 -0.000013 0.000018
8 -2.461482612 4.263656762 6.810503226 -0.000210 0.000337 -0.000017
9 2.181621403 3.778679157 10.215856638 -0.000197 -0.000341 0.000000
(a) TS MIUNEDILTUVVET, a_vector, b_vector, ¢_vector (ZFIFL a il b il ¢ Bifid
7 MHFERSIVTOVET,
(b) ntyp = ORIIFEH SN TSRO GRS TWET, ZofiTtix 2 T, £,
natm = ORITITFFHEDIEINTOET, ZOFITIEI TY,
© (natom—type) DHIZIL, JHT- RO~ » U IREINTNET, ZoflicE, 1 FH
D 6 FHOFTORTELL 7T FENDS 9 FHOFATHL 2 &) TRISKHIELET
(d) (speciesname) D%, JFFFEE ID O~ v B Z0NEDNTOET, 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 £,
® FEEOIRA- DT & Z DIRAMHNTWD DR SN THET, 1 FHOFIIFEFO ID, 2

FHEHND 4 FBOYVIDEF OGO x,y,2 FEAE, 5 FHNH 6 FHOFNFEF@< S0 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
(a) HA MR Ay METT. ATEIIATIZ 7 AN THREWZTE 2 6B TEET
(b) 8 IFFEF-DE#L, “0.0000 0.0000 0.0000”1LFS T JAi, PHASE Tid#i2(0,0,0)C9.
© TADIERIG-Z HVTWET, 728 21E, “20 0.513000 0.000000 0.000000” & & 5854, —>HD
% 20 /3HIL, —FIOHATIE 0.513,0.00,0.00 THDHZ & ZEK L £F. RS OHIE 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
BRIZFEFIRRBOPRHIE 2 28 L7oWEe, 3 CIPOR L7cRHR 2 f ke L CRHR LI2WEE 72 813 2o

T 7 ANERET DMENDH Y T TONAE, TEZFLTO L 512720 £

iteration, iteration ionic, iteration electronic

19 1 19 (a)
Ionic System
(natm)
2 (b)
(pos)
0.1249999999999999D+00 .1250000000000001D+00 .1250000000000001D+00 (c)
0.8749999999999994D+00 .8749999999999994D+00 .8749999999999994D+00
(cps)
0.1282864712563094D+01 .1282864712563093D+01 .1282864712563093D+01 (d)
0.8980052987941646D+01 .8980052987941646D+01 .8980052987941646D+01
(cpd)
0.0000000000000000D+00 .0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 0.0000000000000000D+00
(cpo( 1))
0.0000000000000000D+00 .0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 0.0000000000000000D+00
(cpo( 2))
0.0000000000000000D+00 .0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 0.0000000000000000D+00
(cpo(  3))
0.0000000000000000D+00 .0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 0.0000000000000000D+00
Total Energy
-0.7851066208137508D+01 -0.7851066208137508D+01 (e)
isolver
17
convergence
2 (f)
edelta ontheway
0.1000000000000000D-07 (9)
RFFIRIERICHOWTHA 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 7T EBIEDAT » T OETXVX =N S ET.
® USRI ) S AVE T

0: ARIVH, 1: SCF IFULH L CTWNB MDA A OFHIIARICE, 2 I
ZEBRLUET. FHZ 2 OA TR Z1T O &, FHRBRIG & FIRFZAR A MUBRICA Y 9. [—HiX
IR L= b DD, SEEZEE LTt Tikea R 21 T2V 7 EORBUZEBWTIE, ZofEa 0 &L
TLEEW,

(2 SCFOUHCHIEDfE N I SV E T, FHEEIC TSCFE DI E AT 558, A7 74
NEF 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 o)
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. ZOFITCIE 117l T
(b) N ROEDSFER L THY 7. ZORITIL8 T
© AECHBEENGTR L THY T 10 2DEE LV ET. ZOFITILL THY, AL RESEL
RVEBEITS LE T
GV 7 2V R NF—DERENTH Y . AR RO Sl 1-H#0O_BhikoD =L —7350
WwENET. BT N— M —TT.
(e) FHR LTk SNtk & E T
® PUF, EHEEOERNPTEERSNET. T Z0ITT, EOkFUKNGT DEAIET — X 030330 £
T ZOBITIE, 1 BB Ok T, TORETNHE 7 MRS LT0,05,0.5) 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 &
HahEd.

=== 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 - VB ERA LYV TR DIHEEDORIF T, 2207177 A epsmain & tdlrmain
WaENFT, 727177 A phase B W ekeal |2 G iFEEFREITHERE UVSOR & T ET, UVSOR
%, 7'm 77 L phase T? SCF AR AL & L2, WHEOFHERHZ 0Hz~E NG RO E I CRHE+ 5 2
ENTEET, FHERUL. WEOESKH - LR AET 2 HEYHE T, ZOWEITZ=L Y tr=7
AROATTT HEERETT, FERESII T W TRET 2 Z LN TE E T3, BUEOSEERTH
TEJERREUEA R DAL TN D DT, FHERANSHEERAIE T DIZIE, WAWAZLRTAD /AR Z A VT £,
e ziE, =7 hue=g R CHEBER S S 108 Mega) 109 (Giga)Hz sk COFERIARIET 5121k, £D
SR D RGN 58 &1 5 RFRadio Frequency)3&fRes 2 U 37, £/, ATV TN S DRI,
AR, SRANE RSB HFEERATIET HITIX. ENENORE RO R LET,

L L, Ffkends KOEROFIFEEIIN 2 6T L OARS TlIe . 202 & AHEREORE 2 AEHZ LT
F9, F7o. 1012 (Tera)Hz O E, BIHERIACENET 2 bOMNMFHELER A, ZD72d, ZOWHEETD
i E P E 1 3D TIREECTH 5 @Z)@%ﬁ“(?

UVSOR 122D L 9 R EZ R DB S 2 b— gy « V7 b7 T, T eTRERIE RSN, OHz
~EINE BRI D LD TR, =7 hr =2 A « SEFOSITIBN TS D13 & A LR TORRIC
B 5 EEEEF BRSO GHE T2 2 3 T& %9, UVSOR X, £OAMPRT L HIZ, —FED"

TRefdseaR & LRI L, T« JEPMBIOBIFICTIND Z 3 TE £ TS

11.1-1 1%, WEOFHEER G5 OREREEIAE 2RI OR LT ET,

e BEEE

................. .

B R Es

g&!':
]
14

&R

10N H= 10GH= 10TH= 1DP¥

X 11.1-1 FFEROFED K

WEORERIL, TP, WEOEFREBICERT 2B FAERE | B HREREBICER S 28 - RifEED
ﬁfﬁi%ﬂ/%@&@H&ﬁﬁ%¥ﬁﬁ@ﬂ&ﬁi@%ﬁw%A®1mmthmJF®RF%ij BIKE

IXFE T REOE - RAFEROIICHEX DIVET, —J, BRAEOEED - TRBIOFEEE L » bEWEED
mﬂhuﬁwt%&fi ﬁ%+%*$@ﬁ#é£%$:#5bi?
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FHERHEIIT., B ROINE ZMNT+ % UVSOR-Epsilon DOFHER E ., BFRDISE Z AT 5
UVSOR- Berry Phonon 0)#54%7&75‘3?) 0. ZNHOREMRRIIEZIT, (XENEIVE R IO - Rk ma R
EHETHZENTEET, ZHUTEY, F~er Rk (OHZ’V;ﬁ’)L’Uﬁ) V2 SHRD IR E e s
HER A D N TEET, UVSOR I, PR 3F1"§ﬁ/7'1:%”zx4& QIWER3K), b WNIE T - IE
LOANEREAFES 52 LN TEET, UVSOR IT—FOMAE AL UTER L, SFEMMER 5 O -
U—IRPBIORBREHI WD 2 E N TE £, FESVEMTHERE UVSOR 13, midik - MPLWSIHE STV ET,

11.1.2 UVSOR D438 &~ HRE

UVSOR-Epsilon |£7'7 277 5 PHASE @ SCF #HEAERICHESE, &1 0 MEGEZFIR L, &Rk mbE
DRPEZATO 70 7T L ThDH, TOFHHILLTFO@EY Th D,

UVSOR-Epsilon D% & #88E
1. PHASE/EKCAL & AJ17 7 A /vzadH LT\ %
NI, PHASE/EKCAL DA 7 7 A MIFHEBBGEHRMOATI 2 78 LI o> TR . 55
\CHEAITH Z L3 T 5,
2. PHASE 033 :ﬁﬁ‘tﬁ'ﬁ%ﬂﬂﬂ U CFER e H T 5
PHASE FHRICEVEONLEFHEL D E %/\/ NSt N R AR T D, BN
S N P l\%@’l()\k REEATRITAEZ %@iﬁ%ﬁ%’(% . ** fh DEVHEREGHRZITH) 2N T
x5,
3. BEHEROHEA
BLAMERL ALl (Random Phase Approximation) (IO FHEBIHEOEL A RD, BEE 7 F~—A - /1
=yt /ﬁﬁ‘%ﬁ”é Z LIC R FERSROIE ARE LT\ D, [1]
4, B &ﬁ@ﬁ%%ﬁ%é_&#f%é
T%“J‘T VUXINVHNESE— A L MIRITTENRIL, 8, 4] AHIET HZ LIC kY, 2 1FHE LR Uah Bk
ERGH T EMTE D, BART v Ud, CIAO 2 HVCERR L7z 2 )V 2347 Troullier-Martin(TM) 7R
YU, KOV VEIERAFE OV ST Y T MR T Uy VEWD T ENTED, TR T Vv Ui,
TM BICHE SNBERT v b, BHS, ZHEART oy VE D Z L3 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. HEIK - HERIRDIZD, BJE, @Z@Mﬂ@ﬁ VNP TE D
HEEIR « HEZROIED, AJE. B EHIRS L2 ) =77 T~ K 9E[5] KON gaussian/parabolic
smearing JE& L L TD, BEMAEIOL S, A Y IREOFHEREA~O T 52T X 5, &R0
Ay F—THEEBE LR AITO ZEDBRETH D, V=77 h 7~ RFr gL, UVSOR 1.00 0%
HE bR 2 fFEE ST D,
6. ﬁ‘g%ax/\w M VORHERE
PHEBHL L 0 NP AT ML (R, WIEREL, AT ML) 3R TE D, it XER LR 09
1%7’575:@ DD Z LB TED,
7.2 I RS RO
% 2 A4 (Second Harmonic Generation(SHG)) 20D 2 IIEFIEFRESE =y D (—20; w, w) B
%5 3 E A (Third Harmonic Generation(THG)) @ 3 YRIERME R R (3)( 3w; w, w, W) DI
RO AR 2 ZE LT, 2E R LRI UBE CHETE 5,
8. ARVE RO
B EOEAOFHEEEZHAETX 5, I kp BENEE HNTN D,
9. :L~7)T47t177za
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 & #gk

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 BHFHERE

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— 9341 PHASE ver 10.01 (2%}
2011/08 ZABH TDDFT FHRFkRED 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 ET 2 = MO AT
NiO DFT+U 3:4FI U CahBa s 258 5 i

lattice UVSOR-Berry-Phonon ® A
GaAs GaAs fEaadD A 15

AIN TV =T LD AT
Quartz | ko Al

Ir-tddft TDDFT DA S5
C§H6 CeHe 7y DitiEp
SiBulk | i ftshooz R

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,

BENIIT 1 V7 R AT i[WﬂREmMn@%ﬁ_zgﬁ BT % phase I LV EHET 2720007 ¢
L7 b scf, 3L TN UVSOR-Epsilon (2 & Y FEBEGHR AT 729DDT 4 L7 RV eps, BLOBERT v+
T 7 ANERNT DT 4 L7 b PP AMFEET D, St AT « Lo B Y FOZE, AREERRZTO -
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_tiX., V=77 h I~ Fu {HEHTH S,

samples/uvsor/lattice (Zi%, GaAs #&fmO AT, 27V =7 2 AIN D AT, KiEh Quartz DATIFIRH
Do BEADBIT 4 V7 N PSR, NY—(EZFET 272007 4 L7 RV berry, 38X OYREW#EITI LY
W HERNAE T O 720DT 4 L2 U phonon, BXOEERT > Vv V7 7 A NEKNT DT L7 ~ YU PP
DMEET Do

samples/uvsor/lr-tddft (21, CeHe 3 DatHEM], SifEiLOFEBINRH D,
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11.2 5t&EF%
1121 EF%

11.2.1.1 FETFE0]

STRBERL WEAORT

SRR TS L AR L, AT 747 (B B S5 = & ()
T, BPRIERIL, MRS S ST F OB L DR % = & 17T B, ARITIE, DL F O
A, SRR HEATIT

11.2.1.2 dERMER DOFHR

BRI L AHAAEF L QWA EAESRD 1 7 IV F =7 TR TEH 2 5,
H= ﬁ (p +eA) +V(r) (1)
XEFOER, elTEMFE, plHEEEHE . AITERGE DY MVRT oL, VIIERERORT v
Jv/l/’CZ?)é SR L BRSO AEER%EET 1 /k@??z‘%b/\ L R=T UK E 2B,
Hippe = (e/m)A-p @
WA DN Ch D58 7 MURT v UIRATH 2 bivs
A =Ayuexp [i(k-T — wt)]
ZZT . u

3
TERGE DRI T "V, kRITEEARZ bV, riXiEX7 MV, ol 3RS, tI3ERTH 5,
Tl & OFEAAERIC & W AME - O DRt ORI ARERF OB SER T DR wid, iTh o5,
w(w,t k, k) =

/ ’ ’ / 2 (4)
m2h2 J dt f dr¥,(k,,rt )A(krt ) -pWY.(k,rt )
0 14

ﬁ'ﬂf’

TAEAROAME -7 ORIE, k

ATV, DPELT bV W AHMEETOGE, k 3Y, DA~ NV TH D,
4’/7/7Xc&0\v IZAE A T /7%%/“\%} Y, ROV IFRICAE 2/ T 580E TH D, W, LUV, 3L
TOXITEERTLENTES,

W, (k,, 7t ) = exp [—%E,, (it )] exp (ik, - Py (k) ®)

Welkeor,t ) = exp |~ Bt )| exp (ke (her) ©
GYLEUEXEZ@RITMCA L, ¢ B LTSRS 21T 2 Llick v, k% Es,

2
w(w,t, k szﬁU dt’ exp [ih(Ec(ko) — E, (k) —hw)t |u- M,
cv 0

ZZTC,.E=-04/0t = Equexp [i(k -7 — wt)| xUp = %V@E&ﬁ%fﬁ%ﬁﬁu\m we, O - M, 13, ZNETUS)
KA THAESINLETH D,

1
Wey = E (Ec(kc) - Ev(kv))

®
u-M,, = fdrexp [k, — k) - ] uiu - Vexp (ik, - T)u, ©
VIZA0OX TR EINLIWMOTEFE T Th 5,
roil ikl 10
ax 1oy T %2
i, jRIZZNZI, x, y, zHEOENARYT ML THD

(NAEFT 5 Z LI KW IRAETGD,
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vz |ew i(E, — Eg - hw)t] 1 (1)
w(w,t k,, k) = oL i(E. —E, “ho)t u-M,,
h
QDXL Z T T H 2 2k v, kEHD,
ow  e%E} (12)
Ty oL ———|u- M, |?2rhS(E, — E, — hw)
(1T, B 7= 0 ICE T, 1 SW, ~NBE T DR 2 5.2 5, Eﬂﬁﬁﬁ%ﬁ@ DEE T BEERW, %
KA LV EBND,
2
ch: E0 z lu - MUCI 27hS(E, — E, — hoo) (13)

ZTTOVITEFERORIETHY . i T@k ﬁﬂiﬂ‘? o AEEENE ORI OWTRIE & A 2 & A ET
éo

11.2.1.3 E - R ERDOE
HEIRICAG SNT-EBRERY, BEAROBTFEEZGISEZL, TXLX—%2KH, TOTRLX—HLREIT

W,chw TH D, —7, 7/77“7:/1/0)35!3 HCIX. TOWRKEIICEL L 72D, olIFEROATT 4 Ia i
IJTAET 4TS, E>T,

W,chw = cE2/2 (14)
—Ji. o LETRFERDNE e, DRNZITROBERAD & 2,
€, = 4no/w (15)
(19 KOO L Y e, DFEXZGS,
81re |lu- M| (16)
— Z o 8Bk — £, (k) — ho)
8me?h* Iu M, |?

= m2v & (Ec(kc) —_E (kv))2 5(Ec(kc) - Ev(kv) - hw)

16)XDFAAENT L 72D A ENT 25, B ORI, FERERO2=y beLloRESIY HiT
HINZEW, /- T, ko ky, >> kTHHDOT, LLFO XTIl TE 5,

u-M, = Jdrexp (k. - r)uiu-Vexp (ik, 1m)u, (17)
|4
RN R fp A &
w My = £ (W Okl pI¥, (k) 19
(19

i

= ﬁ(l'pc(ka)lu Py (ka))
L7125, ke = ky = kg ThD, (Wo(ke)|u- p|W, (k)OI k, = k, DBEEOHZETIR, 16)2 KO
£ 0., pFTRDe, HHEADEG LD,

8me?h? |< ¥ (k) |u-p|¥,(ky) >|? (20)
€2 = meZV L (E (k ) E (ka)) S(Ec(ka) - Ev(ka) _hw)

HWEHE v =p/mEZRHND L, VE%TODE HA [1AELN5,
8e?h? Z < W.(k,)|u- v|¥,(ky) >|2 1)

vV L (E (ka) _ Ev(ka)) 5(Ec(ka) - Ev(ka) - hw)
BEBE—A L ML IROBEFRADAY 3o, -
< lpc(ka)lplqjv(ka) >= ?(Ec(ka) - Ev(ka)) < lpc(ka)lrllpv(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 =
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HFFEARIE, 1551 ce, ZEHZEDFERe, THID Z LIZR VG BILD, B RikERDIE e, 13, DY T~—A -
ru=y e (20R) ICXVEEIND, PlIa—3—0HEERD Z LAE®TS
e@0=1+3pf LW 10 @
! T ), 22— w?

A7 7T MNIQ2INUT L Ve, 2R, QHRUT L Ve ZFHET D,
11.2.1.4 WA N IVOEELE

BT RFEERe =6 +ie &V LTONFEART MV EFETH L TE D,
HERITHTER N =n+ ik:N= ¢l/?

R 7 = 22

(n-1)%+k?
(n+1)2+k?

SHFARY ")V R R =

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?
JVRIZ X 578 — A v MOFBEIECOWTHIIT 5, 8 1 FEERT > v/ WE T, WEEE FMIIE 112 &
ETRETART Vv MTEE X, T OARER D Z LI KV EFREBEARET D, #RT v/ WET
DFFEERD 1 EF NIV =T AR THEZHID,
1
H = ﬁp +V(rp)
VITRERORT oV Th D, BRT v vy /VIETIL, B OEEEp | IKFT 5 ) v a— VR T vy v
WD, BRI EAHEVERT 23K A0 1 BT IV =T 3, ATHEZ B,
1
H= ﬁ(p + eA)? +V(r,p + eA)
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 {53 VMRS T o M DRIEIRE SRS 2 ETh D, BESGIpIIRIE TR SN
EEL T, QO)RDOV(r,p + eA) ZIRD L HITERT 5,

V(ir,p+ed)=V(rp) + g—ZeA @8
TERDBID, VoEPTHIT B, IHEEOBIKTH S,
Ja d¢ (29)
—V(;b —¢ + V%
ordie
W _a 9 (30)

ap Op + ap
ZIT, ith-=r&ERT D, ERSNr TSR [Py, 15] = —ihSep Zi7T= 7, a, BITEEA T v 7 X
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(x,v,2) CThb, ZOEHREHANTEORAZEZET LRAE15,

v _ 2 a1 i 31)
% = %V‘}‘ V% - ih [T,V] - h[V’T]
@8 X UBDAE AW THIER AR S & . IFOREGS,
ppc = % [V,r]eA (62
o T, BEVNIL F =T U3
(33)

Hine = (e/m)A-p + £ [V,7led = (e/m)A- (p + - [V,7])
L7%, MEST HeORENIL. QORITBNTp - p + TV, r] LEERZ S Z LTk BLND,

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 35

< W (k)1 Wy (ko) >= ——— < W (ko) IPI¥y(ka) > +1—— < We(ko)|[V. 7]|¥y (ko) > @)
ETHIEICENEDND, Wl TG TERINDIETH 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) = JVE Bekorcexp (i(kg + 6) - 1)
(39)

1
W, g, ) = TVZ Bukora &P (iCky + 6) 1)
ug

Z 2TV E R =y MR VO, GIRERIIEED G X7 ML, pIHEIRECH D, 31K U384 (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)
KDOITHHLOTIENTED,
an=2|n,l>D,’lm<m,I| (41)

nml

[n, I >KO< m, IIZERT oD ) va—hLray=r Z— DIMF NIFEFOA T v 7 A ThD,
Joa—NVHIRAIZE D HHbEnD, W RO, DIRERT MLk, 3B L TH D,

Z <Y¥.n,I> DL, <LIr¥,>
nll

(42)

<Y [V, r]|¥, >=
ha)w Cl[ r]l v ha)w

(43)

hwwz <W.|rin 1> DI, < LIW, >
nml

AK7v 77 AE, Pickard and Payne & )51k [12]((44)?@ WZEO<nIr|¥Y >%EFHEL, /ra—hVEEHEA
T Do Wep, < LW SITEFN MEERHEICL VSO EEZ WD,

1
<n1|ra|‘}’_2 9 |[<nl|e‘qa |¥ > —<n,I|e | >] (40
AIN—T ST AT VI A(=2,y,2) Th Y. Qo FRATERSNL N MLThHD,
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QUIRT A= THY | N TH S,
11.2.1.7 Kageshima and Siraishi i

B 3]
KS EIZHIT 5BBE— A~ MIUOKTHEABND,

1 1 (46)
< @c(ka)r|ey(ke) >= - < @c(ka)Iploy(ke) > +- Z <@cln I >py < Lllg, >
iwem ihwe, n”
FOOE—TH T — I NETH D, AAOF TEN ppe THTH D, ph Ikl TERINIETH D,
P =< $nlpldn > —< Yilply > 47)

PNIREFFHRIC I VG LNLIEFIOPE, YHIIHEIRAIOPuE, nllTEA 7 v 7 A TH 2,

HEE
KIa 7T ML, BERT ¥ Va7 1 75 A CIAO O 5pl, Z35i77A46) XD ppe HEFHT D,
Wepy < M, 1| @ SIFEAI REHRICK WD EE WS,

11.2.1.8 B 1Rk
BT RAHEROFFEN (23)20) [FTHAT Mk, (SR DE Gt A7 17T Kk (2B D MZ R E
Hz, e mkinD (U9,
2
=), [1< Wikl TGk >1 (B 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 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) TH % [13],

Pi=) xPE+ Y xR+ Y xGLFRF 49)

2)(1 ZXUk k ;Xukl Rl ek

T 6,k U XYZ FEREDA Ty 7 A, Wy :tf%fffﬁz KTV AR, EnEh 3 R4
BEDIEN T VIV TH D, yOUTENT 255 % 2 IRIEEIEFh R, ORI 2854 3 IRIERE
SR EWES, MEIOY DOy 1L, FERAERL, B RE OSSR DO NS0 | AFBEOIREEL
DB THRER L D HARWGAIZITE 7R TR0, EIREE S TEEE L U b @S AT E 152D
HHFENECF 5T 5, V““H‘j‘ﬂ@*@iﬁ A TREEL L D bEWED, IR T iaﬁ%—w))((z)&()\x@)
DR TH D,
UVSOR I3, %52 &34 (Second Harmonic Generation (SHG)) MOV 3 m=/&@H%4: (Third Harmonic
Generation(THG)) D&% #5795, SHG 1%, MEHIAST S 7 4+ Fods 2 flfsEE L, JEEED SO
DFRATD 2 RIIIEFIRCTH D, TOREZEEY D (—2w; w, 0)IFEEHTH 0 (G0N, BHEER IV
h=7 2 L T% 3 ROEFEHRAAEEREZ -V T, I{ZIK@ N ML D FHRTE S,

1P (—2w; w, w) =)((2) (—2w; w, w) + i)((z) / (—2w; w, w) (50)
FEFHE T, AlE AR RAOARENE & ARER R —/L LAl N F~ORE 2 E 2 5, BT
ONEALDOAEFE 2 X 11.2-1 [T~ T,
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XJL
BrRE] |
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|| EFLEIE
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W L r X WK r

11.2-1 SHG #BRIZBIT B EF & EEFLOEAERNRE

)((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],

7 77 / ’ 51
1 (—2w;w,w) —)(‘(,? (—2w; w, w) +)( (—2w; w, ) 6D

@ o @ dk (3[pSi{pipi}] ~ (52)
XvE ( 2w; w, w) - ZLZ ( Eg(Ell +E i) G(Eli hw)
S[p C{I’ﬂplv}] 163[p C{pﬂpzv}]
—Eh(ZEll ) 6(E; —hw) + (ZE“ ) 8(Ej; — Zhw))
/ dk [ pi{p¥psy (53)
)(I(,ZH) (—2w; w,w) == |Z -LZ4T[3 <[—_|]_Ejll}]5(E]l — ha))
[ C{p]l pll ] 16\5[ C{p]l p ] _

miLE R, eldFEE {ﬂﬁ c, vl ‘i%ﬂ%%dﬁ%&@vfﬂﬁfﬁ%/\/ 1\0)4’ YT T A Pl TEFFIROERBE— A
I\ L0 SN D EIER REEE— A 2 FOITBIRIHGDR), Eyy 33 KBS =LY —ES — EE T D,
TR A & D 2 L2 BT D, FOE TR TORRIIOW TR RO E & 5 2 L 2 EWT 5, ik
%Jr%@i%\kifx UNE = VAV Nl S otUVfﬂﬁai%/\/ NHIOER G5 2 SITIHEE,
py =< Wilp|¥] >= im(Ef — E}) < Wilr|¥] > (54)
PP HIGRRIC L VRSN T VIV THD, akOBITI—T 2T (X, y, 2) DA VT v 7 AT D,
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1 (55)
{pabpbc}aﬁ = E (pab,apbc,ﬁ’ + pab,ﬁpbc,a)
BD-GIXIT LV BENIYD B Tv— s sa=y L BRGOR L, Eiy® ks,
, 2 °0,® _2_(2;_{2,_{2 T (56)
1? (—2w;0,0) = —Pf X (02 ) dQ
0

KT T T AT, FRRIZBIT 5 REOBEBE—A Lk 75:(54)% L VR, FROFEE TS
XD (—2w; w, ) ERD D, (52)&0\(53)0)% I%. Gaussian/parabolic smearing %} (O} linear tetrahedron i
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)&()\(53)J2®7/1/5 F%%Z@%%I IETHY, SEHE 0 &720 5D, T X BEROINESA D AL AR D
R0 LA, (B2 R OG)ROAMIFET 5, ZOFHIT, 2 FHHIE(double resonance) & L THIH AL
b, 2 HBIENL, BhCIRRED X B T T 7 7 XN 0 THDH LI LT DITR X 285 Th b, K7n /o
LT, BB DS BB DM v bATZE) L0 b/hE L 2o t35E, D)@ O~ 54 1D 5\ NS
YEVTTHZEICRY, 2 HMIBOMBEEAEREL TWD, By MATEIX. ANTEX D L1025 T0nD
(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
(IEFLEFD, M OV 1 & IEFLA SV E TR A8 M Ol 145 Lﬁﬁﬁtéﬂéﬁ& (3 JIBAEFR) 75725 (21],

RT0TTNE, HEREEENIL F=T T D 4 RORTHIAARENC X0 B3Ry O (=3w; 0, w, 0) Z &
%“‘j‘éo
(57)

7 reh\*
m[)agi)(w)]aﬁy& = _g(a) LZ4 3 l]klRe{ ]k’pkl’pll ) }f( 'jir Eku ]uhw)

ehy* (589
Im [Xl(z?l)(w)]aﬁys _§(m) f ypc z]kl[Re{ | 1 A1 ﬁyg}f(E}'i'Ejl'Ejk'hw)
—RE{P (PSP 6} Eji, Eyi, Exy, how)
—Re {PU (pi?. P50 P ﬁyS} Ej;, l'Ekl:hw)]
3) eh C(ArCC ArCC 22 CV (59)
m[)(ts (w)]apya —g(m) -[324”3 usze{Pu‘ (pijplipli) }f( Eji) Exi» Juhw)
36
X 6(E; — 3hw)
[Eﬁ(3kEj )(3Eu Ey)

+—
E}(Ej + 3Ey)

Eji + Eji
+ S(Eli - h(;))
(Eji — 3Ey;) (Eue + E)

36 (60)
E, —3h
EFGE, — 26)(E, — )1 T3
+ 27(2E1 - Ez)
E;(2E; — E;)(2E3 — 3E;)(2E, + E,)

1 ( ! = )5(5 ha)
EF(E, — 2E5) \E; — 3E, | (B; + E)(E, + 2E5)) 013 ~ 1

ThD, a,p,y,RO8IE, V=T 7 LI, y, 2)DA T v 7 A BRT Do () pysld. BEE—A L MED
AT I ARy, KOS EXFMET 5 2 L2 BT 5, 6B7), 68), GIIFZN i, E ke, LR, KO
BIERGIBEAC J 5y O O 52 %, x @ Ol Im 152, 1m [x 5] 2 0Im [y D ofuc iz Hh s, 4@ 0
EHE T T~v—R « ya=y b BT 5 2 LI YO DI EHLH(61 F),

2 [o2]
Re[x® (—3w; 0, w,w)] = EPf "
0

f(Ell EZJ E3, hw) =

(61)

Im[y® (=30’ ', o', 'ight)]dw’ (61)
—3 b% wiw, w6 w'lg W
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BN-GAXDT VLT o« ' —FE531E Gaussian/parabolic smearing 52 X W FHET %, 2 EHIBSFMUEE
12, SHG FHEOEATRE, SEBEA MRS 5\ NEL e 7 LTS,

11.2.1.10 A& &E

B L OEFLOARNE EIL, kp EEhEE ORI L W EHE SIS [15],

k k k k (62)
" (L) _ 0%Ejy z @3, dona @y g+ (05, )@ a
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A %A kA
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N ROENEEAEETH L, ELVERSONRWERH 5, ZORBEIL, KT S COELOARE R
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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
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Berry-Phonon

X 11.2-2 Berry-Phonon #A%X

11.2.2.2 #{HER
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AP = ;Z Ziu 63)
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|Gyl (76)
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(80) R DFEDMN BB E -

K@) =lr><rl+ Y » Q4 mI8 ><B!] 1)
ZEALRTIUER B2, 22T, | = (R tHIFAHIEAET T LTHD,
Mo i) = [ @27 <UL K@ 4 > (62)
(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 AT T (m, k) EF (n, k + Ak) (84)
T ij
e DRTBIRI IR L1580 (1) = 256 cons e HONDRIRTH Y |
Qilj(r) = qij(r_T_R) (85)
Bi(r) = Bf(r—t—R) (86)
Wmm=%§]ﬁ%mmﬂ“mﬁ%ﬁ; .
< B! |¢“> = e~ RDET (o 89)

LS TR A IO TR TR D R T B, YY) = Pl RO T, < BHY >=< B, >7Y
o, (8)AAMTIUL, FF(n, k + G) LFf (n, k) DREIOBIRANET 2,

Ff(n,k+ G) = e"'¢TF (n, k) (89)
LIe$o T, FE(n, k) IEFF (n, ko) (AR Fe~6rt 2 03 7o OIS LU,
FE(n,ky) = e 6 TFT (n, k) ©0)
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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'u 20
(70),(7D),(719) & VD & R ARERE
P 92)
ap qe Oug

_ f 9¢; (ugp) (93)
= Zion(saﬁ + Zﬁaia ' W

ERBITE D, ZIT, aqlddERIHERY ML THY | ¢ (WIFTHE T M, OF AN KFES AT 186

@ﬁ%%&ymiéNU~&ﬁT&éoNU—&Wwﬁ%ﬁﬁﬁi6%@ﬁﬁ%%@m%%ﬁwfﬁbéoﬁ%ﬁ

firhugc £ 52U —RAROZ AN b5 b X,

dpi(ugh) A (94)
auﬁ B 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
z= 2 RZR (95)

i ST AUT R By, T2 T, NITHFEMEOCTH 5,
S DRV A ANERTT VY TR AT TR | TY A ER S CTRD D Z &3 TE 5,
Z; =RZ;R™? (96)
rj=Rr;+T 97
RV T Y ITIEFRFAD S VO . BTN DR - ORIV B NERZ; D% & % LB allZe b70F

HE7e 70, [19]
Z 7:=0 (98)

k SECOTEI BT DU A0 Th D & R ANEMOFTRFIIINE = Shie 7o b, R HD
FEATOFAAfE
Ng
- 1

FsRab, A AIERZ 5 RN AT OTEIBZ %7 LI < = & THIE SR 0BT Z %
Kb = LISTE S,

(99)

" =7;-7" (100)

i

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

WENELZ LIZRY | ISIPFRET D, EHDDTTHIUL, 7 v 7 OIERID 0 SEH, D L5 1T
Eiﬁcijkl %‘_’HEJI/ \Tﬁﬁjjaij &%ziy% 6k17ﬁ§?ﬁ'§()“oﬁ %ﬂéo

0ij = z Cijki €kl (101)
kl
ZIT L)k UET NV MDA VT 7 Ax,y, 2 ET24F1,2,3 T D, REEFN e OYVE CIIFESE; & 5yHiP;
DRI DBHEAR Y 37,
&ij — Gij (102)
P= ) s

J
ETrery L FEHE; NRAE LT LT A3, AODITITESC L 20 0 AITITEAMNT L DD 5,
FERRE e 1 [(FOT I L DO LR E L TER SN D,

o (aPi) (103)
ikl — aEkl
&y, Q0RIIRD LS IHEES LD,
&ij — Oy (104)
P; = Z €ik €t + %Ej
kl j

BIrey EIET10 DA VT v 7 ARG U T-38811,2,3,4,5,6 TRtk SND Z Enid 5, ZO%GE FRtlord,
ki 11 22 33 23 31 12
EE 1 2 3 4 5 6
PR TY, HHE Z ORBRAZ HV D,
WIZEBHHC L DI B DERXEBSFAELRIC L 0 EL . DBOM/NELdP; 2 L D 3L ¥ —28 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)
i kl

ZAUTHER & T & O BAEF =R VX —W = =3, P, E; D2 bdW & N2 VY% o RVEBREITO, FM5G%
G HMHT RV —F(T, €, E) DEALIKRE S,

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\ (0P (110)
(aEi ) - (aakl) ~ ik (111)

kv, QoDRIIkD X HIEEESND,

0ij = Z Cijii €kt — Z 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]

(1035 & > TEFR SN D EBEERITA 7 v S —[EEER e iy L THIN D, T ITEN T m —EEER
346



&l T, ETEEE, = ‘““a L DB, Ot E LTH2 HILd,

. d/; (114)
€kl = PR
€kl
A TN EE e gy & T 7N EREEEE, o DIFNZITIRDOBIRDIAL Y 3L,
ikl = €+ O Py — Suc Py (115)

AU —(ARBEERC JAUE, B D ORI BA~OE 5 A RIS E b LGRS D 2 ENFRETH D, o
T /kﬁf’%z%ﬂéct T, NY—NHFREEET D,
3
¢ =N [ @3k < gl — by Tl > 16
|4 Py BZ
VTG b DA T v 7 A 1,2,8 #HRDT, Uy TEEBFROBEFT > THY . n 1INV KA T
VI ATHY | KIXEEAR7 MLV ThD, VITHSROERETH Y , OO T BZIZ7 ) 27— NT

BT akd, 0L, NU—AAGP | IXADOKRIZHTZZ 5 D,

_ 117
P = ZHVZ¢“ Qa
I, a JIEERERY MV TH D, KR ROA ﬁ/ﬁxgwﬁﬁ}ﬁzirkiﬁ@; HNTHZ 5N,
e
P on = _VZ Zl Rl (118)

Z3A A OEMTHY . RIIA T DALERY F/I/T“a%éo Z 2T, (\ifHplm = —Y, b, - Ry ETEFRT D, 2
ﬂé:/\“U*ﬂi‘ﬁd)él%ﬁﬂié\bﬁfdﬁﬁ%%k?‘éo ZHVERNT, FEdOP 3RO L D ICEHEERED,

(119)
- ‘mz P

= ORGP % EICWOY LIZ bDIEA v 7 0 S EBER A 52 5 2 L vt b, ) —hio i ag ©

BHEORENEERD, 207204 7 a "—EEERII—BICEE L, LML, e/ —EEET—E
\ZEEDZ EWRED, T —FE i:ﬂz@%z%t((mo)ﬁ) F119XEA1HNURA L TKRE S,

— 0¢q . (120)

ikl = "oy Oek, Fey @

11.2.2. 8 [EEEROFHFE L

RO, 2 [EE L CEEESZ Q20 UNEWGHR LI & & ZOEEERE 7 T 7 A A ikl 7w
PN EBEREMES, 28 G TR —AFHE L TR, 7T 07 KA Al 7 a S~ EEEH T
DERIZFA D,

() _ 0P (121
€kt =

afkl uj=u(-0)
J
I, u.(°> IIELOEN & X NI A 39, fERAEAT & X SIS L B 3R A B0 SATI T

PESR/ X T A — 5' 2 &T/V/FLJJ%HL = ga—P BT S Eapl%nt%ib TOfEE Y T T KA A ARl

1/ —EREEE JJIVJ(L Thuy,
oP; ou; (122)
~ ~(0) —~
i =€t
Lkl Lkl au] aEkl

PHOT 337 A5 VS Prma ) = Gt L OF BB s = GBI TS,

& B 0u; 0Fn, (123)
aEkl - aFma aekl

FIERBI IR & [~ MW TREITE %)OD“C (122 NOFE " HITRD L D ITRT Z LN TE D,
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EZ Z/lif/l,kl (124)
4 w?
A

Z 2T, EEE— ROUOT AT e s
- 1
Cur = Z Cig ki $2ip (125
ip

Jmi

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 OREEIL PHASE/EKCAL O4 (6] LRI U TH A, LLFOAICERT 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 IZHEET %,

3. WHEBMORERRE T 57 7 A VE F_EPSOUT IZHET 5,

11.32 AWT—E2 DEHE

AI17 74 v (F_INP) 77 A VOiEiEE, EKCAL O AJRRE [6]1Z Epsilon FHOFREZEN L TIT 9, Epsilon
DANTTEEHEIZOW TS 5,

11.3.2.1 Control 7 &2 v 7

control 7' 1 v 72\ T, condition = 2 & % X condition=fixed_charge &3 %, JRFTRT v T v /L0MuER
TUUXNVTHD TM AR T v VWD A use_additional_projector = on & A MENH B,
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 ¥ /L OMBENRNHLR L EITIT
use_additional projector % on {29 5,

11.3.2.2 accuracy 7 2 v 7

accuracy 7 1 v 7 TiXENVLE/REA L, num_bands (32 F#0) . ksampling (k St v FOFEE) KO
ek_convergence (/N REHEOWHS) THDH, ZHHOHEA DML 2 Fie SIGEdk 23 H 5,

—fGmE LT, N R TEL7ET%L, k iaTEL1ETLLTHZ EMBE LV, BFEMITIE, 1
EA-d7= 0 OIEE R ORFN [T]123 0.7 282 5 K 912, S0 ROk Sty FEFRETUL L, B850
FEOMFNZONTIE, 11.3.4.3 IZHBW TR 5,

ek_convergence T3, delta_eigenvalue K U succession DFXE%TT 9, delta_eigenvalue M U succession DHE
THEIZLLF O,

# 11.1 ek_convergence ¥ 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, FHERBOFHEFELIEET D, LLTIZ epsilon % 7 Ok O DR EHEEZ 7T,
rvgoasy. Wowmiat 7y o RO L R D EY. MOESITEN TR E Th 5,

epsilon {
sw_epsilon = on ! {on|off}
crystal type = single ! {single|poly}
fermi energy{
read efermi = off ! {on|off}

}
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

PRRE - flidh & A T OFRE
F7Far = single: HifhSh
= poly : bk
poly ZHEE L7, FEROIITIETFHEESN TN D LR L, HEFROFLREER € = (64y + €5y +
€,2)/3 % HET B,

11.3.2.6 fermi_energy

HEE : 72 LI LULEEET S
INTA—H read fermi
FTav on : 7x/LI LULEIRETD
= off : 7= /LI L-ULERELRV GHET D)
efermi = 7 )L UL EEET A (read_fermi = on M
(Hartree HfiL CHIE)
e.g. efermi = 0.124 (0.124 Hatree)
2R read fermi = on &THZ LICLY, FERHAENTE D
TR RIS K UMERIROS A3 DHEF D,

11.3.2.7 photon

BERE © FERGIIREE (BB LU= ¥ —1 ) OfFE
polar : EAMRIED BT MV EFRET D,
INT A=K ux = AR MLD x ARGy (EEHAL)
uy =: 7 Mo y Gy (EEHYTD
AT MDD z Sy (BB
e.g. polar{ux = 1.0, uy = 0.0, uz = 0.0}& xBHAIZERRELIZE
Wl 2 FaEd %,
Poynting: FERIEDORA T 4 T R_T MVELRET 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 TRWGE ., ERMRETEE S115,
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

FEHE : BT — A U NHRA TV 3 VORRE
INTA—H type : BBEE—AL MIIEFEDIEE
FFvar= 1 :local MBEBE—AL b (WHIERL) (7411
= rn :Read and Needs HEBE— A MHIE[2, 3]
() NV PRAFRMEER T o % V)
= ks :Kageshima-Shiraishi (KS)A5&BE— A MiliIE[4]
(IVIRAER NIV § T Y 7 MEERT 2 X V)
delg = : Read and Needs (RN) BEERE— A > MAIED/XT A —HF [3]
(77 4/V ME0.001)
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 FOMIEFEZEUNIRET D Z 8k, 2B R EFRCSE
BRI AR D Z EINTE D,
b) band i = a ¥Uband £ = b & LIEHE. a —> b O/ FNERBICERT 53E
RSB S, FFEREOD/ N RYEIEITH Z LN TE 5,
R 1) KSAEERE— AL MHEEZIT 5%, KSMERTE2E0EAT vy L7 7
AV (gnepp2 TER) HAWDMERSH D, HIERTEEHT7 74 /UL, CIAO
DEAR—=NAT 2 (sw with dipole) ZHWTIERLTE %, #H/liL, CcIAO
D~==2TI)V[101 RO L,
ii) RFTRT v VRERT Vv LT D TM RN T Y v VA& VLT
KS BEERE— A MIIEZ1T 9 3%A . additional projector ZfHZT HME
BdH 5,
1ii) RNBURTIEL, VAR T v UK L CORENTH D, FHIEE
I¥ Pickard and Payne OHE[121ICX VFHHE LTS, delg EliFHFEFRIC
W23 /3T A—H T D,
iv) AERRFMEAE SRS L7-FHE ClE. symmetry=on &£ 952 EHRDZEE LYY,
v) FHEED S REIEATHIRVEE, band i M band_f I3EMET 2,

11.3.2.9 mass

PR - BB D WITE LA ROFHE
RTA—H  sw mass : fHHAL vF
F 7 ar = on: BHEEITO
= off : FRZEITLRV
direction : ANEED HFNZFEET D
INT A —H nx, ny. nz: HAL (T7H/ME 0.0)
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point : ARVEEAZFIHRT 23 B, kAOHEE
A7 a = band edge : flifE M OMSEE I TR EZTT O
= input : [EHEEET D
shift : IEfUEEHERO S 7 & (T 74/ MHE0.0)
ik : k AT v 7 A (direction=input fEERF)
ib : NV RA T v 7 A (direction=input fEEHF)
TR BB D WTEALOFEENFHE SN D,
W 1) EFEELIRIAOY a 7 CHET S,
i1) BEFEEFERNIL, direction{nx=0.0, ny=0.0, nz=0.0} &35,
iii) EFUEEFHERRIE, direction THMEFEET D,
B) (100) HIOIEFUEREAEFHETHHEE. direction{nx=1.0, ny=0.0, nz=0.0} &7 5,
iv) EUEEFHERACIE, shifit=/0.0d0 & 3%, #EHEIL10.0d-3~10.0d-4,
v) point=input fEERAIIE. ik KON ib OFFENME,
vi) read fermi=off ZNHERXEIND (4.2.6 /),
vii) shift /= 0.0d0 & L7=35E, #FERE JUYERYE

W\

SRR RV U 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 : FEGHIEDRRE
A7 a =tetrahedron (EWEIEt) : V=77 FhT7~Ra qE[5]1&ZHWV5
=parabolic (EWEEp) :parabolic smearingiEZEHVD

(T74/ 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 UOEE (magnetic state=ferro/af OFEDHAEN[T]

A7 a =both :major Xminor AE REEDE FERIZHOUNT
s 710 18)

=major : major A EREDE FERIZ OV T 5

=minor : minor A B RREDE HERIZ 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¥AE : scissors operator {EIZL VNV R¥y v 7 ORIEEITH
/NT A—2X 1 scissors operator = :scissors operator DEZEET S (Hartree HY)
(T 7#/V ME=0.0 Hartree)
YEH : DFT IEORITH S /3 RX v » 7 Oildy NI & IETX 5,
HEE RS DI DA DA R

11.3.2.12 drude_term

B§RE © BA—T RO T A—R EaET 5
/T A—H :drude : RA—THFHEIEDOIEE
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A=V

on : FA—FLs u FREEBBIREY 2 BRI 3

AR
= off : N\ NHERICOER T HFFEREI AR T D,
(T4 R)
= drude only : F—FIHIZOMERT D EREE LG A
T %,
effective_mass = : AMNEEORE (B FEEHAD)
damping factor = : F/b—7 damping factor OIEE (Hartree HAT)
(77 4/ ME=0.0036749 Hartree (=0.leV))
conductivity = BRIBEEORE m/Q)
plasma_frequency = : 77 AIREHLOIEE (Hartree H7)

R BRO N —THEBE LA EREGH R 21T O
HEE 1) ®RROLRIZORANTEHD
ii) damping factor, conductivity, XU'plasma frequency | EW\FINDE D%
fRETE %,
iii) damping factor /N7 A—FZIEE LRVGA, 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
FFar = all : RTORNE T vt RO REFHET D (F 74 R
= electron : BHIE 7 T ¥ AR HEFHHET D
hole : IEfUNEE 7 v ADRE R AFHT D
—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
ATvar = all  RHHAEE (T 74V R
= omega : FAWITXIT D ILBTRABES D
2omega : 5 2 I D IR A EET S
3omega : #5 3 MR A IIBHAZE T 5
double resonance : 2 BEHAGOWNTEIT HH5E
/3T A—4 method : 2 EHIIBHOERY W FEETEET S
FFvar = omit : WRHAELT 5 (T 740 1)
= damping : #IPHEEZ X L TT5
cut off : 2 EIIBHES v M4 (method = omit FHENF)
X777 7 #— (method = damping fEERF)
774V ME : 10.0d-3 hatree
h IR RN R S D,
HEE 1) ZINAT Y ) —FE551EX, Bz integration (2.10 &) THEET 5, THG
FHECIL, linear tetrahedron HEIHEH 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 FBEE DA

Epsilon #1513 EKCAL & [FEEEIEBMHOFEETTH DT, BFHET 7 A NDMETHD, BIEET 7L
I3, PHASE [Z L 2B THEORELATS LIHNENSOT, £993 PHASE (2 & 58 OFHH & 94T 5,

Epsilon #1217 9 720OIZIX, EFEET 7 A VERET HETHD, ZOFEIL, file_names.data (23T
F_CHGT #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 PHASEQO/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 AREEDFA

Epsilon stH 21797 4 L7 NIIWCETEBE 7 7 A Ve a—L, [T« L7 M) HIZH 5 file names.data |2
BT F_CNGT 248845, AJS17 74 /L nfinput.data (2317 5 epsilon # 7128\ T, ARYERARICNE
IRANTIEAT D,

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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IR 2. AN COTALATBTR(L00 5T R

mass {
SW_mass = on ! {on|off}
direction {nx = 1.0, ny = 0.0, nz = 0.0}
point = band edge ! {band edge|input}
shift = 1.0d-4

UTDa~r FaF4TT25Z LIX Y, Epsilon VTS5,

% mpirun -np 1 PATH TO PHASEO/bin/epsmain >& log &

11.3.3.4 IR FRE RO A

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
D

PITDa~y REFATTHZ LD, Epsilon 2357345,

% mpirun -np 1 PATH TO PHASEO/bin/epsmain >& log &

11.3.4 SHELER DOfEMT

At Mﬁéﬁ@ﬁ%i (DEBE—A > FOREIRNL, QERRE, QIRE) FIREORFIAIZMEEA L TITY, Zh

HOEH ORI, BB OMHERRN L THINE I 0T 5 L TEETH D,
11.3.4.1 B BE— A > FOEIRM,

FRUEH)28 output000 THHYE, LIT D=~y REF(TTH 2 LICh Y| BT —A v hORFLRILEZ S T
& %, if@kmkkwf%%%~f/%#ﬁﬁéMTwéﬁkow%mﬁézkﬁﬁgfkéo

[o)

% grep transition output000

I'* transition moment correction = Kageshima and Shiraishi method (1)

!'* 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 -----
Ix - transition moment of 9 -th k-point is calculated by UVSOR-Epsilon -——--
I* - transition moment of 10 -th k-point is calculated by UVSOR-Epsilon ----- (3)
Ix - 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 -----
Ix - transition moment of 13 -th k-point is calculated by UVSOR-Epsilon -----
I* - transition moment of 14 -th k-point is calculated by UVSOR-Epsilon -----
Ix - transition moment of 15 -th k-point is calculated by UVSOR-Epsilon -----
I* - transition moment of 16 -th k-point is calculated by UVSOR-Epsilon -----
Ix - transition moment of 17 -th k-point is calculated by UVSOR-Epsilon -----
T 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)

| %

integration of all possible band transitions
!* tetrahedron integration of transition moment square over Brillouin zone

(5)

(6)

weighted transition moment square of each k-point in irreducible Brillouin zone
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FHAOBEWRILLTO@EY ThH D,

1) Kageshima-Shiraishi (KS)H5&EEE— A v MEIEZHOTW5

) EBE— AL MIFEROFREZ IR L T % (transition moment/symmetry = on T D)
) Kk A TOEEEET— A FEHRRN

) ATOk mBBRL TS

) AIREZL TR TCOEFER Y U CGEEREZ R TS

) BTV =TT R T~ RaAEERNTND

o U1 b W N

(
(
(
(
(
(

11.3.4.2 FE{RHE

% k FUCOEBE— A MSEHR SN, PREIZBI DR I &g

————————— list of band type and occupatlon ———— =
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 FN ROZA T (filled : #5/N R half-filled : &)@/ 32 K ; unfilled : 2230 R) KOS
ﬁ%{
8) HH A T DN R OERE 1L
9) XA, MkRIAD DU NTHER

11.3.4.3 IEE) 7R O FIRI[20]

Thomas-Reiche-Kuhn'’s sum rule %, {EEDEZRICBNT, & T @Tﬁ'éitb?bi&:ﬁ%ﬁ‘ AIEETREL R LED
BHHE, TOMEI1IETHZ 1057 LaFET D, EFEONY REHRERTIE, ARONY REEHWGHAE
AT TCWADT, Z 0 sum rule ASFEEITN - S5 Z & 13720, LU, sum rule [ IFHEN EOFYEHFED
RIZE ML TV D 0 ERTFEIE L 725, Epsilon [ HEEFREORIMZFHET oELXH/ L. ZOEEHI17
b

FEUEH 717 7 A L7008 output000 THAHHE . LA FD o~ REFTT 5 & IR IR ORFE D E 7 S
ns,

| % grep  oscillator output000

| !'* sum of weighted oscillator strength of k-points in irreducible Brillouin zone = 0.91165
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| !'* oscillator strength per electron = 0.91165

ZAUESE (hum bands=18 k ity b=X v alh (Axdxd)) OBREOHEETH D, IEEH-RE ORI
1395 0.9 TH Y . sum-rule 2EHEGAI R <7 S TWD Z E¥onys, num-bands DEZHECTZ SIC L VIR
BFIREEORRFNIT 1125 < 28, BEBRAIICIE. FaF0AY 0.7 iz CUUSEEEEIEI L. 1ZTIH L CWBEEN
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 3.73775 0.00000 0.00000 0.33392

(LLUTIE)

HH T LDOFERIZLL T DY,
1) B O —  (2) FFHERE (FEE)  (3) FERE (EE)
(4) JEITH (F5M)  (5) TR (EE)  (6) WIUREL (7)) R AAZ RL

BRALOGGN T SVRORA T 4 TR SADRG 22T L LT, BT Yz LIZEEITE,

LIPS 6ND,
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:

HNEEOFEMERL, B 7 7 A M 13D, BT & IELOANE IR IZEHET 5 2 L IFET
Do
PIFIL, 79V Si DIRER COBFANEET YNV EFHER LT-BIOH 1 THh 5,

—————————— 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* ip = 5
!* ispin = 1
aa = 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

IR, IEALARE R ((100)J518) AT 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

1% ib = 3

!'* ispin = 1

mass along ( .00000 0.00000 0.00000) direction = -0.27190 (3)

1% ib = 4

I* ispin = 1

mass along ( .00000 0.00000 0.00000) direction = -0.27190

!* effective mass at conduction band bottom: ik = 4

!'* degeneracy = 1

1% ib = 5

!'* ispin = 1

mass along ( .00000 0.00000 0.00000) direction = 0.93658 (4)
(3) (100) HHRDIEFLALE R

(4) (100) H DB FELNEE

11.3.4.6 SHG FEHYVE RGO HRAE R
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FHRARESRI, )7 7 A VKO file_names.data (238 C, F_NLO IZfSE L7 7 AU &g, 12
YEHNZIE, E072 BT o I oy @ ()i &g, HIEIILLTomEy, LT, Wurzite 5
AIN OFERERGITHS, ZOFITIE, scissors operator ZfHH LT/ KXy » 703G I L [R T2 5 L9
2, XX v TEMEL TS, Fio, T UNLT Y — U FE 57T parabolic smearing 52 VTS, ZD7280,
FERPOFETIL, N KRR v v FEMIE Leh T8 5 5N U LT v — #5312 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

(D) &TOSHGIEFE (FEMOMEFUNE) 25
(2) ETOIMESL AW KR ORI 2 30E) 258

B x@ )TN xxidy D A B D)

F NLO [ZHE L7127 7 A M, WRIKFOYy @ (—2w; w, w) 7 > VARG OIEH, R M ONEHED A1 7 2
R &b, LLFIELAFIE, Wurzite 8 AIN OFHEFERSTH 5,

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

GRLEY

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

V) TUINDAL T T A
2 EABEOTFLF—

3 ¥ (—2w; w, w) DI
@ ¥ (—2w; w, w) DEEES
(G) x@ DffHE

11.3.47 THG FERIN SRS SR OGRS R
SHEAERLIL. SHG 24 RkE, file_names.data (Z3BW T F NLO IZHE L= 7 7 A Wz ans, Hh

FERITLL RO Y, LLFIE, 2V Si O THG @ R4 RS RGICTdH D, scissor operator & T/ RF
Y v T OFMIEEIT, T U ILT 2« = F55512 parabolic smearing 154 HUWN TS

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 XXz2Z = 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)
YXZZ = 0.00000 VYyy = 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 zZyzz = 0.00000 2277 = 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 2R L7277 A MU, WRIEAFDOr @ (=3w; 0, w, w) T > Y VARG OFEHS, REH R O 7 7
ST SND, BRI, Sioy@ R ThH S,

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

Q) TUoINDA T v A (2) FEAREDOTZ R NLF— (3) xO(—3w; w, w, w)EEE @) ¥yO(-3w; w, w, w)FES
(BG) x® DHEHE
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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 A7 7 A NV ERETDH 7 7 ANV T, ZOANBITIL, EMEE
% /nfchgt.data |CH )T DX EICe > TWET,

&fnames

F_INP = './nfinput.data’

F POT(1) = '../PP/atom 14 Si lda nc bhs.gncpp2'

F CHGT = './nfchgt.data' « ®EMEET7ANVORE
&end

nfinput.data 13 PHASE (21 0 Si fEOBHsHE A 2T 572007 7 A L TF, #HIAHILIFO & 5103
ESIVTVET,

RHAERAART > 2 /L : LDAPW91

N8

kiity b Ay aifidxaxd)

SCF RS- « sef_convergence = 10712 Hartree; succession = 3

ERT 28887 v /Ud, PPITEHISIU TS atom_14_Si_lda_nc_bhs.gnecpp2 T9, HART T ¥ /LOF
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

B HEORANET LIcb, FHERMOMELITNET, eps 74 L7 MUITBBIL T ZE, 207 (L
7 M UIZIZLAT DT 7 A VSRR S AV TOE T,
file names.data
nfinput.data
file_names.data iZ UVSOR DA )7 7 A NWEREELIT S 7 7 A /L, nfinput.data | UVSOR DA 7 71 /v
<9, file names.data [ZLLTFD X D ITRE SN TVVET,

&fnames

F_INP = './nfinput.data’ (W) ASIT—HT7 7 A IVDORE

F POT(1) = '../PP/atom 14 Si lda nc bhs.gncpp2' «(2)HRT T v L7 7 A NVORTE
F CHGT = '../scf/nfchgt.data’ <~ (3)ETEET 7 A VORE

F EPSOUT = './eps.data’ < (4) FFEBS 17 7 A NVORKIE
&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 }

}

smearingf{
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}

()

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} f (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 TS)

(1) control # 71243 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 fEZFEL F 7, delta_eigenvalue DOHESHEIL, YHEK « &EDOEAIL 10 ~° Rydberg
FREE, AR DYG 10 ~* Rydberg FREET,

(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 FEREEOHEEITH

sw_epsilon=off & 9% LIFBEILOFEZITHORVOTHERE LT Z S0,

b HifkfmE L CEHETD

c 7V LLEFET D,

d AFFERAEIFESMRYE L TRV . W2 FuE1.0, 0.0, 0.0)x O iZ AT D,

e NHERGE DT R NLF—1 U1 0~2.0 Hartree THY . =R/LF—27 » 713 0.002 Hartree TH 5.

f BT —A L MEEZITV, 2B R SR CAERMEONE 51275, MiiEiAlT Kageshima-Shiraishi(KS)
HEE WS,

g V=77 b T~ RFa AEEHWCHEEROEN 2R 5

h scissors operator % 0 &350 R¥ ¥ v TOEEITH72)Y),

1 EEN ) 9%,

(FE)Read and NeedsRN)VEIL, / IV IRIFRMEERT o o X VOGAIZORAFNTT, KSHEL IV ARIFRE 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

(LLFIS)

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

FHROEEML, FHRICHWA Y MR E KFLET, (BEMEAHERT 21218, 1E 5720 OIRE1i#
FEORfngd Lo~ET, IR FREORINEL, UFTDoa~r REEHLET,
% grep oscillator output000
ZOavwy REFTTDE

!'* oscillator strength per electron = 0.91165

&V FRDEE BN E T,
ZOFRIT, ZORRIZRT D 1 FEbT2 Y OIREFIREEOFRFIAH 091 ThDH Z & 2R LTWVET, 8178
B @f@\%uﬁu( h~v;< TAE 7= ORFIADIL, 1 FE 5720 OIRBIFREORFIN 1127852 &2 TEL
F7. 3 Fum_bands /37 A — %) & HI°3712D4L, oscillator strength per electron OfElE 1 C‘J?/jb T
WEFIN, EEOFE T, ZOfE2Y 0.7 Z#i% 2 X 912 num_bands ZF%ET UL, FHEREEIIIIITICREL

TWD Z EDRBRINZ 7> CWVET, ZOBITIL 1 E FH7- 0 OIREL - REORFIAS 0.7 LLE & 7260 EESUN
N RT3 T D Z L £,

11.3.5.5 FHEBME DA 2

KIZ, Read and Needs(RN) T, BHE—A L MEZITV, St OFERLAHA L TAEL L ., epsilon
27D f DS % type = & LT, FRRICEHREZIT> CAET, #HEEITH & eps.data N EEZINDHDT,
ab—% 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

HAEREERIT 18.97 T, KSEIC X AZHEEICD GRVMEE 72> TET, 3.2.3 TELILE KS fiEIC
EWR L, T TCEONIEHEREEEIER L T ey AL, LT X2 £, 2B 21213, J:tﬁx@
7280, WHAEIC L 0 FUESHFER L RLTHY 3,
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(EEER)
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i

G0, ()RR, KSHHEAL O RN #HIEA L CalE Li-i%
Handbook of Chemistry 79-th Ed,CRC Press, New York 1998) % LL#i D 7= 6779,
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11.4 UVSOR-Berry-Phonon

11.4.1 AHHDE5HA

11411 NN 7 7 AL

PHASE & [FERICAT I3 KO 17 7 A Vi file_names.data ([ZF0k U CHRET 5, 72& 2E, AFO X H1Z5E

By R
&fnames
F_INP = './nfinput.data’
F POT (1) = './potential.l'
F POT(2) = './potential.2'
F CHGT = './nfchgt.data'
F BERRY = './berry.data'
F_EFFCHG = './effchg.data'
F FORCE = './force.data'
F MODE = './mode.data'
F_EPSILON= './epsilon.data'
&end

F_INP |3 PHASE ODANT7 7 AV THY . AU —(AHFHELIREETE IR OAT S 207 7 A UG T 2,
1> PHASE (TIFENT 7 A /MZHOWTDORG5H%Z T %, F_BERRY 3NV —(AHFHREOHE I TH S,
F_EFFCHG (Zi@FIHEM Sy, AEMAEATT57 74 Thb, F_FORCE [FHREMENTIZLE L
INDT 7 AN BHIEINDT 7 A VT b, F_ MODE | JHREIETORE eI LUV — NE R & ahE2R)
Ha3ns7 7 ANV Th%, F_EPSILON IFFEERED N1 SD 7 7 AV Th b,
BEADNBILOHS 7 7 A VORAEZR 2 12 LT,

2 9. T ANKRA XD

Ty ANVEA B | BEEE i

F_INP nfinp.data AT 7 AV, it FHRREEE, SO & ofEHn siid
SYNQAYR

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 IRENENT ORI LU — FAZEM LFERNH I SN 7 7 A
Iy

F_EPSILON epsilon.data PSRRI ESNA T 7 AL,

F_STRFRC strfrc.data ANI17 7 A I, WEREERE 2 [ E L Chliih & 78 8 7R R ICER
T L AR T 57 7 AL,

11412 NJ)7 7 A V'F_INP"

"F_INP"CHRESND 7 7 A M, fhidati, FHRSE, FHROGHIE: &2 50d T 5, S afiEsitA
Berry_phase 7'/ v 7 & Phonon 7 & v 7 CEIZHlEI £415, Berry_phase 7 & v 7 [ Z[E A IRFE ﬁﬁTé7D
277 I EKCAL TORARNT, N —(AHFEOif#Z1T 5, Phonon 71 7 X PHASE TOAAZNT, #1-
TRENENT OHRE 21T 9 .

Berry_phase 71 v 7 OFAIFTIRD L 5127825 TD,

Berry phase{

sw_berry phase = <ON_OFEF>

g_index = <G_INDEX>

mesh{ nl = <MESH N1>, n2 = <MESH N2>, J = <MESH J> }
}
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# 3. BerryPhase 71 RICBIR T D255

B F 10T 5 T4 BEEfH B

sw_berry_phase OFF ARY—NFHFREIT O N E I DAL > T,

g index 1 W7 bbg; (i = 1,2,3) 085,

mesh kK2 DA vV 2 ZGET DTy I BT,

nln2 4 R U727 Rl g \ZTEE 2PN Monkhorst-Pack A » 3
2 OFHn1 x n2

J 20 B U7k 7 R lg O5ERY .,

ARY—NHHFFEEAT O 72OV A 2N S DMER D V) | 2D 7= DOREREDS Berry-Phonon (213> T 5,
UL, D L 5T displacement 7 & v 7 Z RS AFRET 5 atom_list NIZFLiR T 5 Z & TTE 5,

atom list{
coordinate system = cartesian
atoms {

#ftag rx ry rz element
0.000 0.000 0.000 Al
2.6561175 2.6561175 2.6561175 As

}

displacement {
sw_displace atom = <ON OFF>
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

A, AT S DLEE DA

L £ 12135 T4 BEEMHE B

sw_displace_atom OFF JEA AL INDNE DD AL T

displaced_atom 0 PN SH DR DOF S,

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_OFF>
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
sw_calc force = <ON_OFF>
displacement <U>
sw_vibrational modes
point group = <Point Group>
sw_lo to splitting = <ON_ OFF>
electronic dielectric_ constant{

= <ON OFF>

<ON_OFF>

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 A
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 1 /L"F FORCE"7>& 1D
T — 2 e piaAT e,
displacement 0.1 JRARNNT 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 ERDxx ST,
eyy 0.0 B DYyYRIT,
ezz 0.0 B HERDzZ7,
exy 0.0 BB ERDXY KT,
eyz 0.0 B DYZIIT,
ezx 0.0 AR DzX KT
k_vector A IRBNDOWEA Y MV OHEIEEST D7 vy 7O T,
kx 0.0 FEAIRENDOWELA T BV D x 17,
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

A7 displacement 0 1,2,3 7 H OEED Uy y U, (CRIET Do phi (0K 17 Vg AT > 7o
U —(FHOES] THY | cphi 1TZ D phi DILE 725 1THIROEDOEOES I Th %, nkprep (THFES \@i' Ird
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(3,1:3,1ia)

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 & FHE T HEEDE TH Y . displaced_atom LN L7ZH+F OFZTHY ., EF
displacement 731D N (uy, uy, u,) TH D,

11.4.1.6 1117 74 /V'F_MODE"

"F_MODE"\ZIHREEST OFERD DR S0, ETRANIEALLESY bla; = (ay, iy, a;,) DIRDOTEAT
LRI D,

—-——- primitive lattice vectors ---
a lx aly a lz
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a 2x a 2y a 2z
a 3x a 3y a 3z

WITIFEA-OF natm & KA OB (x;, y;, z;) & B Em; & 791 name@) IR OIEAGLR 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)
H¥TH . omega nu T TH D,

P& RERAFE LIGAICIE, B — FAEMMIINSN T, OB THIIESND,

—-—— 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 ] [ el zx el zy el zz ]

elat PMEFFHERTHY | e0 DEFREERTH D,

11417 £7)7 7 A /V"F_EPSILON"

"F_EPSILON"\ZI3#5 BB OE > X DA ) &b,

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 C D, e2xx,e2yy,e2zz,e2yze2zx,e2xy |FZIVEIEEBOIERD xx,yy,22,y2,2x,Xy Ji%
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-NH DG 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 (1) 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(d)72 E13F -1 DXL SAT2 RV HNEMD D xx,xy,... i85 ThH D,
SO ST AN ETD DA A DR AR ER A HE Lz iR RO &S5,

-—— 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 zXx zave zy zave zz |

zave_xx,zave_xy,...’£ E1IRV L HNER D xx,Xy,... KT OFINETH 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 SITZARV U FNERD O xx,xy,.. 75 TH 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 B £ 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 FEFIE

IKERDEAFFEROHFEEH & LT, MFEROHADOH T 20T 5, £\ A ERHEOUEKOTIE

BN,

1. FHE LW FEEICRWT, Wik bz1T9,

2. nfdynm.dataDF4ICED LT D iitEiE COPHASED A ) 2 1ET 5,

3. NU—NHFHFEZITOT 4 L7 b Uberry & IREN#NT 21T 57 « L7 b Uphonon Z1ER%T 5,

4. T4 L7 M VUberrylZix, Perl2 27 U 7 hprep_zeffplnBB+25, ANDOT T L— 274127 KU
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. T4 L7 hUberry T, prep_zeff.pl& 54T LC, HEIZATOIZHDPerl 27 U 7 hexec_zeff.pl & A
T HATIEAER L, exec_zeff.plZ I T U CHRNEMGHRIZMLE 2 —(fHZ RS2, 7035, prep_zeff.pl
l3binT 4 L7 U —ZH D,

7. T+ L2 &V phonon TIRENHT 21TV, BARITR U —(IfHZFEAA A CIS TR E 5T 5,

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 —NFHOFHRIL ekeal ZHVNTIT9 DT, ekeal IZATTT % H CMEES 72 (RENPLECTHDHDT, %0)
HEDODANNT T —bERT, KEET U a VT EBIBRFNLRH0T, HEEEESESHE
file names.data (21X, U 2 DART ¥ /L potentail.Si EFEEDRT L /L potential. O DFEEDH 'éo
ZIHDRT 2% TP FIZED N TORITIUTR 720,

&fnames

F_INP = './nfinput.data’

F POT(1) = '../../potential.si’
F POT(2) = '../../potential.O’
F CHGT = './nfchgt.data'

&end

ARY—NHFHOFRTIX, FFA 2 FHAEND XY, Z HENZOT NN ST & S OB BENNLETH D,
ZDAIF_INP"OT 7 L— h&LIFIRT, Accuracylt” 1 7 H1D force_convergencel} 7 1 v 7 (Z&
% max_force=0.1e+3 | %, Ji 2 FHAENDNET S LTc & EITAET DN B LBRERE I THEDOEE
S 1% IR TR L T2 D TNRERE Th 5,

Control{
condition = 0 ! {0|1]2]3}|{initial|continuation|fixed charge|fixed charge continuation}
cpumax = 24 hour ! {sec|min|hour|day}
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max iteration = 60000

}

accuracy{

cke wavefunctions 36.00 rydberg ! cke wf

cke chargedensity = 300.00 rydberg ! cke cd

num bands = 32

ksampling{
method = monk ! {monk|mesh|file|directin|gamma}
mesh{ nx=2, ny=2, nz=2}

}

smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree

}

xctype = ldapw9l

scf convergence{
delta total energy = 1l.e-10 hartree
succession =3 'default value = 3

}

force convergence{
max force = 0.le+3

}

initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
cutoff wf = 10.0 rydberg ! cke wf
}
}

structure(
unit cell type=Bravais
unit cell{
'#units bohr degree
a=9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}

symmetry{
tspace {
system = h
generators {
'#tag rotation tx ty tz
E 0 0 0
}
}
sw_inversion =
}

magnetic state = para !{paralaf|ferro}

|
o

atom list({

coordinate system = cartesian ! {cartesian|internal}
atoms{
'#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 ¢}
-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

'#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 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 =

}

rmm{

imGSrmm = 1
rr Critical Value = 1l.e-15
edelta change to rmm = 1.0e-6 hartree
}
}

w O
o

charge mixing{
mixing methods{

l#tag no method rmxs rmxe itr var prec istr nbmix update
1 simple 0.50 0.90 400 tanh on
2 broyden2 0.30 0.30 100 * on 3 5 RENEW

Berry (AHFHHE.D & X|Z1E, generators |ZITHNEOAEFEET D, atoms 7 17 D#%IZH 5 diplacement
7y 7 CIRAENOIREE T D,

displacement {
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

sw_displace_atom 7% ON [ZRZE SV TCW5 & displaced_atom TFEE L7-JE 2N ux,uy,uz) AN 20T 5,
B OEEIZIF<ATOM_ID>,<Ux>,<Uy>,<Uz>#HEE L TR<, TbIiL, prep_zeffpl (ZX > TEEM
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.0’

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}

I
o

atom list{
coordinate system = cartesian ! {cartesian|internal}

atoms{
lfdefault mobile=no
l#tag rx ry rz element
-2.136349214 -3.700265381 3.373333567 Si
4.272698428 0.000000000 0.000000000 Si
-2.136349214 3.700265381 6.746667135 Si
2.511045782 2.203258231 1.129569348 0
0.652554710 -3.276258553 4.502902914 0
-3.163600490 1.073000321 7.876236482 0
2.511045781 -2.203258231 -1.129569348 0
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 0

}

displacement{
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>
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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 dte itr prec submat
MSD 10 1.0 1.01 on on
1Im+MSD 20 1.0 1.01 on on
rmm2p -1 1.0 1.01 on on

}

line minimization{

dt lower critical = 0.1
dt upper critical = 3.0
}
rmm {
imGSrmm = 1

rr Critical Value = 1l.e-15
edelta change to rmm = 1.0e-4 hartree
}
}

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
BOANNT 7T L—FERIU X DICEAT D, Berry MARFHE 1T 5121, Berry_phase 7' 1 v 7 T,
sw_berry_phase % ON [ZF%E L C. g index & mesh 71 v 7 ®nln2d Zi%ET 5, gindex,nln2d (2i3,
<G_INDEX>, <MESH_N1>, <MESH_N2>, <MESH_J>%#5€ L CE&Z£7, prep_zeffpl NZiLH%
EUIMEICEER R . ERIEAT A AMER S NS, UL ETIER L7=. file names.data &"F INP"Z5 1 L
27~V template_berry |Z35<,

N 3RO B T2 D DY —(iARZFHRET D AL, FHRATI BEER Perl 22 U~ | prep_zeff.pl (2L~ T
AR SIS, prep_zeff.pl Z5 AT FICIATTHE, RO LHIT, FTT5 L XM 5550 X |k
DFRIIND,

[ prep zeff.pl DISPLACEMENT ATOM LIST MESHI MESH2 MESH3 |
DISPLACEMENT (Zi3J5 #2875 % Bohr B CHEET 5, Z Z Tl 0.05 &%, ATOM_LIST (Zi3# 7 /v
JA—T—a T, AEMEFELTEWVETFOFESZO U A NfEET D, SRR - OBy 3RFR: T
FEOHT o0 T, ZEFHOV Y aVfiTL 4 FHOBHER T-ORER ZFHETIUIO, ZO5EEE,
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,

[§ SPATH TO PHASEO/bin/prep zeff.pl "0.05" "2 4" "2 2 10" "2 2 10" "2 2 10"

AN —(FIFHFEZBR D DUNTAINZ LTI 5 Perl A7 U7 b exec_zeff.pl &~V —(ARFHEIZSLE 2 AT 7
7 ANINERSND, TDOATIT77AMIT 4 L7 U berry_ai_ua_gf (berry_a0_gB)<° scf ai_ua (scf_a0)
VB SLD, 72720, @, B = 1,2,3ThH D, TR TOFZER L, aldf MO HmER LA - x,2 > 9,3 >
z). BIFWHE T MDA T 7 A%, NV —(fHFHEIET « L2 1Y berry_ai_ua_gB (berry_a0_gfB)
T ekcal #5795 & TITOND, T ekcal DFATITMERE THEEILT « L7 bV scf ai_ua (scf_a0)T
phase #3775 Z L THELND, NV —(HHHEOTHREE 70 —Fv— MIT5H &, 114-1 DX 5272
%<
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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

B 11.4-1 Berry fiAEFEDO 7 2 —F % — b

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 ™/ 1 VU PATH_TO_PHASEO/bin/phase ##5E L. 'EKCAL|Z EKCAL O/ 34 )V
PATH_TO_PHASEO/bin/ekcal Z+5E 3 %, berry 7« L7 RUDTFDT 4 L7 kU Tphase & ekcal 2337
N5 EEEBE LT, FHTREICA O L O ICRET D, PARALLELIZIERFEA T 57 1 77 A(PHASE £7-
X EKCAL) D4R ET 5, exec_zeff.pl ZLLFDO X HIZFATL, NY —(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 PHASE(O/bin/ekcal 1

MPI 7’1 7'Z LFATREC A Y 2 L -machinefile THIHRIEE/2 R A h & ZfET 5851214, machinefile Z1F
L. BT 4+ L7 R UIZESL,

VPP,PRIMEPOWER,SR8000,SR11000 &\ 7= 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
RY, ZOF T a L

| ./exec zeff.pl PATH TO PHASEO/bin/phase PATH TO PHASEO/bin/ekcal 1 —-arch=primpower

DL NTHEZIATNL THW S,
# 8. exec_zeffpl DA T a

=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,
4% CPU U V—A%W5 LT, -loadleveler 47> a a4k L, ¥V a7 a2 &KAT 5,
SRR TR T Lz & &12ld, B exec_zeffpl 2547952 LIk, fiatENTE 5,
Perl 23 2 70V BREETIE, X 3 IZIXIR LTEFF CRER A SATT 5, EDK%, & berry 7 4 L7 KU @ berrydata
EREA LI T 7 ANENERT D, ZO7 7 A NI TGS L= 7 7 A VOfEE A £ berrydata &\ )4,
A CRAFET 2,

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 S HEALE D Bx ST 0.05 aw L LIZREDORY —(f DT —4 T %,  berrydata |%H
SENT"F_BERRY" %456 L1277 7 A VT, 7 7 A NVOFFAIIFES LT 7 7 A VO TH S 21 Mtk & 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 = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree
}
xctype = ldapw9l
scf convergence {
delta total energy = 1l.e-10 hartree
succession =3 ldefault value = 3

}

36.00 rydoerg ! cke wf
300.00 rydberg ! cke cd

initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
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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 = 0
}

magnetic state

para !{paral|af|ferro}

atom list{
coordinate system = cartesian ! {cartesian|internal}

atoms{
'#default mobile=no
l#tag rx ry rz element
-2.136349214 -3.700265381 3.373333567 Si
4.272698428 0.000000000 0.000000000 Si
-2.136349214 3.700265381 6.746667135 Si
2.511045782 2.203258231 1.129569348 0
0.652554710 -3.276258553 4.502902914 0
-3.163600490 1.073000321 7.876236482 0
2.511045781 -2.203258231 -1.129569348 0
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 O
}
displacement {
sw_displace atom = off
displaced atom = 0
ux = 0
uy = 0
uz = 0
}
}
element list{ #units atomic mass
#tag element atomicnumber zeta dev mass
Si 14 0.00 3.5 28.0855
0 8 0.00 2.0 15.9994
}
}
wavefunction solver{
solvers{
l#tag sol till n dts dte itr var prec cmix submat
MSD 5 0.2 0.2 1 x* 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 wvar 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
}
t
Phonon {

sw_phonon = on
sw _calc force = on
force calc{
start = 1, end = 0
}
displacement = 0.05
norder = 1
sw_polynomial fit = on
sw _vibrational modes = on
point group = D3
electronic dielectric constant{
exx 2.56011, eyy 2.56011, ezz
exy 0.0, eyz 0.0, ezx
}
k vector{ kx = 0.0, ky = 0.0, kz = 0.0 }
sw_lattice dielectric tensor = off

}

2.57411
0.0

Postprocessing{
Polarization{
sw_bp property = off
property = effective charge
}
}

diplacement 7' 2 v 7 3% 5 L XX, sw_diplace_atom 7% off (272> CW\D Z L H MR 5, IREATZIT O D
. element J A MIE&Emass)EENEL <ATONTNWD Z L 2R T 5, Z 2T, L2 ASITliL, [#units
atomic_mass| % element_list OJEEHIZFER L, JR B &EHAL CEREE AJ) LT 5, Phonon 7 1 v 7 Z5tik
SN DIREMIEHTIZ B 2 AJIDFEIL, 5.2.1 |ZRg# <41 TV 5, sw_phonon & sw_calc_force 2 ON (ZFFE L,
JiZ5 0 (diplacement) % 0.05 (ZfEET 5, KEOfERARET D3 7200, point_group (2 D3 ZiXET 5, &
BRI G FEER L BEHBROMARD T, electronic_dielectric_constant 7 1 v 7 T, KeaDEFFHER
Dt Fiff ey, = €,, = 2560116, = 257411 2 HEE L TV 5, T, BB OHE1T 5 DT,
sw_lattice_dielectric_tensor % off IZFXET D, Z DA THREWT 29T > 72412, sw_calc_force % off T,
sw_lattice_dielectric_tensor & sw_bp_property % on |ZiXET D, REMHTEIT 7274 L7 U TH O —F
PHASE Z#HE{TLC, M T#hEREFHETD, 29 LTHELI PHASE OO RI5ARETCRAY 2,
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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.
0.

=7.
0.
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 1 )1V’Calculated electronic effective charges” (1%, XU —(FENSFHE U728 17> b DA RNEM~DE
523 3x3 D18l E L THI & s,
HI D% 2% & 4 FHORHHEE L@ 1IZ78> T D,

"Zel DR DFFANDHORFAL, JRF-OFES T D, BV AR % it

-—- Calculated effective charges ---
2.
-0.
0.

Zeff (

Zeff (

2)

4)

[
[
(

[
[
[

-1.
0.
0.

99842
00001
00000

31546
45145
25220

0.
3.
0.

0.
.00477

-2

-0.

00284
64536
28121
50495

73456

-0.00266
-0.32379
3.43971

0.31818
-0.70090
-1.72450

]
]
]

]
]
]

%A kV’Calculated effective charges” D21, A A DEfnf
DHEDFEIND P OETFIE Zel LRI LEKTH D,

Iz, AV AHNER

DS TNWD, Zeff

—-—— Symmetrized effective charges

Zsym(

Zsym(

2)

4)

(
[
[

[
[
[

2.
.00000
.00000

o

99842

.31546
.45145
.25220

0.
3.
0.

0.
.00477
-0.

-2

00000
64536
28121
50495

73456

0.00000
-0.32379
3.43971

0.31818
-0.70090
-1.72450

XA h/V’Symmetrized effective charges” ™ IZI1%, JR 1A l\@xﬁ’T M2 79 K 912 LTz v BN )

-—— 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 O

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 1]

X A k)VAveraged effective charges”™#I21%, NIV ARNEMOTEHENIH T SITND, FEfREAERR T 25
TOFRNV AR ER T R LEDED L BRIl bRiTiudie bievy, RV ARhE O Z & DR
VARNEMNDEIK Z L D FOWE R T L OIMEET S Z ENTE D, BESNIZRL AR ERILS
4 k)V’Corrected effective charges”CA FIZHI ) T4,

—-—— Corrected effective charges ——-

[ 3.48307 -0.28013 -0.28041 ]
[ -0.28013 3.15960 .16190 ]
[ 0.24354 -0.14061 3.44281 ]

(@]

Zeff ( 1)

[ 2.99787 0.00000 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
-4.6000000000 7.9674337148 0.0000000000
0.0000000000 0.0000000000 10.1200000000
—-——- Equilibrium position and mass of each atom—--
Natom= 9

0.0000000000 0.0000000000

1 -2.1363492140 -3.7002653810 3.3733335670 51196.42133 Si
2 4.2726984280 0.0000000000 0.0000000000 51196.42133 Si
3 -2.1363492140 3.7002653810 6.7466671350 51196.42133 Si
4 2.5110457820 2.2032582310 1.1295693480 29164.94360 O
5 0.6525547100 -3.2762585530 4.5029029140 29164.94360 O
6 -3.1636004900 1.0730003210 7.8762364820 29164.94360 O
7 2.5110457810 -2.2032582310 -1.1295693480 29164.94360 O
8 0.6525547080 3.2762585530 5.6170977880 29164.94360 O
9 -3.1636004890 -1.0730003210 2.2437642190 29164.94360 O

—-—— Vibrational modes ---

Nmode= 27 Natom= 9
n= 1 E IR&R
hbarW= 0.00000000E+00 Ha = 0.00000000E+00 eV; nu= 0.00000000E+00 cm”~-1
n= 4 E IR&R
hbarW= 0.58285132E-03 Ha = 0.15860191E-01 eV; nu= 0.12792108E+03 cm"-1
1 -0.1076861591 -0.0492955392 -0.0289969411
2 -0.0000000001 0.1372246738 0.0579965405
3 0.1076861592 -0.0492955391 -0.0289969411
4 -0.0710674524 0.2294802586 -0.2767253313
5 -0.0266667306 -0.2719065772 -0.0591536507
6 0.3853480075 0.0172331774 0.3358772210
7 0.0710674522 0.2294802589 -0.2767253316
8 0.0266667309 -0.2719065770 -0.0591536503
9 -0.3853480076 0.0172331772 0.3358772209
Mode effective charge and its norm:
Z= 0.0000000000 0.0159080661 0.0000020096 Norm= 0.0159080663
n= 5 E IR&R
hbarW= 0.58285208E-03 Ha = 0.15860211E-01 eV; nu= 0.12792125E+03 cm"-1
1 0.0750340743 -0.1076820548 0.0502260531
2 -0.1114922066 -0.0000000001 0.0000000000
3 0.0750340742 0.1076820548 -0.0502260531
4 -0.2462863619 -0.2627994415 0.2280661351
5 0.2551052896 -0.2184164183 -0.3536922309
6 -0.0340512209 0.1936020463 0.1256104976
7 -0.2462863620 0.2627994412 -0.2280661348
8 0.2551052896 0.2184164186 0.3536922309
9 -0.0340512205 -0.1936020463 -0.1256104979
Mode effective charge and its norm:
Z= 0.0159051835 0.0000000000 0.0000000000 Norm= 0.0159051835

-—— Lattice and static dielectric tensors ---

[ 2.1944 0.0000 0.0000 1 [ 4.7545 0.0000 0.0000 1]
[ 0.0000 2.1944 0.0000 1 [ 0.0000 4.7545 0.0000 1
[ 0.0000 0.0000 2.3874 1 [ 0.0000 0.0000 4.9616 ]
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HE— FOIREL & [EH~7 MV OWIZE— NEEMAH ) ST\ D, Z2DIRIZIE ATV D = DDENE
— NERNERDT SV NEETO =5y T 5. Norm=DRDIEILZDRT MVDORE S ThHD, HED=AT
(A FREREE ) ST D, D 3x8 DITHIDME TR Th D, ANZIZE OIS FERICE FfES
EMATATHINHI ST D, ZInb, HFAERITe = eff = 2.2,el8" = 24 LEE SN Z L3V
%, LT, FHEERD e, =€)y = 4.8,€2, = 5.0 72D 2 ENVDD,

1143 5154 : AN DIEEEHDTE
11.4.3.1 FEFIE

AIN OFEEEROFNELZPIL LT, EEEROMAEOHGT 235, £ EEEEGHROEROFIEZ R
‘a—o

1. BRI TS ER A ES D,

2. ST ESICRW T, Mg b E T,

3. nfdynm.data®Dff%IZE) ¥ T D FitiiE COPHASED A & 1ERT %,

4. NU—AAHMFEEAITOT 4 L7 NV berry Z{ERT 5,

5. 74 L7 FUberrylid, Perl2 7 U 7 bprep_zeffplii BT 5, ANDT T 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. 7 4 V7 bk Uberry T, prep_zeffpla 54T L C, HEZFETO=HDPerl 27 U 7 hexec_zeff.pl & FEIZ
FERT D AT EERR L., exec_zeff pl & ST U CHRIEM IR I/ —(FHEZFHRT 5, 725,
prep_zeff.pliZPATH_TO_PHASEO/bin(Z& %,

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 FEBE L 2ERE LD OWTL, 2 B 3 AR K, 3. Tl FOMEEA T /v MEETAT)
9 5HDT, coordinate_system % cartesian (ZEXET D, LEDHIT, 4725 151220 T, NEIZEIT 2,

11.4.3.2 XY —(AHFHE

ANOIEY J7 LRI FFEFF R OGS LT3, 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): (1/3,2/13,0)
N (2b): (1/3,2/3,u)

X 11.4-2 Wurtzite #i&D 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 (ZERK L £77,
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 = <El12>, e2l1 = <E21>
}

<E11>72 £13 prep_piezo.pl (2L > TEEH#HZ BT, EEIEA SN ADMERESNET, U —(FHFE
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 &, SIEDIEFRNPHOLIET,
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 %
FHRETEET,
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 HECHIE LTET, - OMBEEEEROA 4 BEHOMHR e = 0.251C/m?2,

e = —0.398C/m?, e = 0332C/m? THDHILERLTNET, BTHHE L ZANETA->TNED
A, USSR s L 5 b 0T
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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 kU phonon (2
at—L %7, 74 L7 Y phonon (ZFY . AJ)nfinput.data KD L 9 IZEHEHRZ 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 #on & L7,
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?

A, ZIUIBIERI RS L D b DT,

AIN O EEBEROFHEEREZFRIICE LD TORLET,

FIARERIIFIRE — L TWET,

# 11.2 AIN OEER$(C/m?)

e = ~0.678C/m? THHZLEFLTOET, BTHHX L ZARER->THEE

%) 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 —NAHFHET ekeal 2 HWTITWET,
F9°. GaAs FESEORNLV U AREMEERDDDICHE L INDHRY —(AHOFEEIT O 7201,
samples/lattice /GaAs/berry &\ 97 4 L7 R UITED £7,
cd PATH TO PHASEO/samples/GaAs/berry

ZZiE, R —HEFEO AT T 7 L= RN HITU S template_berry & XY —AFERHEDO 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 (Z13@EHF O SCF FHRDOAT LiEW, Ji1% XY, Z HaNIEMSELH7200, sihndby £, £
AU, atoms 7 1 v 7 OIRIZEDITOET,

displacement {
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

displaced_atom (ZIFZENL SH DT ZHEE L, U OEAART MVIRT 7V NEEDORY N U ux,uyuz) & T
HOE LT, uxuyuz AN LET, (7272 L. coordinate_system | cartesian (272> CWHHDE LET,)
displaced_atom,ux,uy;uz (ZI1Z<ATOM_ID>,<Ux>,<Uy> <Uz>NEE SV TOETA, ZiuH i cale_zeffsh
DEBIMERTDANZIEDL LB E R FTOT, LT ZDOI AN LTLLIEEN,

template_berry (24D 53V TS nfinput.data 2 .25 &, U —(AHFRAEITO & ZNTHBE 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 |JITHE A7 "V DA T w7 AA, 2, £ )EEELET, 7127 mesh Tlid, kZEHIDA v~
YaZznln2d THRELET, n1,n2 (X scf FHRDORFE FFEEEIC LET, JITENLY b 351D 5FRE LD
F7, g index,nl,n2,J (Z1F3<G_INDEX>,<MESH_N1>,<MESH_N2> <MESH_J>23MEE STV E T8,
B prep_zeff.pl BNEFIFEHTHATIEED L ZITEZHZFTOT, LT ZOLHITATI LTSN,
7 4 L7 » UIZ PATH_TO_PHASEO/bin % prep_zeff.pl ZLL FDO X HIZFLTLET,
$ PATH TO PHASEO/bin/prep zeff.pl 0.05 'l 2' '4 4 20" '4 4 20' '4 4 20"
—FHHOBEDIFEFENETH Y . ZFHOBIHED RN G RNERZ AT DR DOFSO Y A T, HfED
ZOO5# T, nl n2 SORRIZA » 23T 2= @I n2 ) EARE L ET, BHIDOA v a/37 A—H—F—
FHOWHE T MUK L CEASNE T, D EEFH, ZOWIT=FH L0 9 LSRG bt TunE
T, FREORRCIATT D & RN EIT 0.05 bohr 1272V | 1 FEH DS (Ga) & 23 H DA DAL %)
BMERHELET, O 7 MU L THE,4,20) A v a’T A—2—pEHsnEd, 20 Perl A
27 U7 M template_scf & template_berry 22 LT, FEIMHT LA LA L £3, EERIEHT 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
DEHITLTETLET,
$ ./exec zeff.pl " PATH TO PHASEO/bin/phase" ¥
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" PATH_TO_PHASEO/bll’l/ekcal" "1"
TR VT NOEFTHIET T 5 L berrydata &) 77 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% 1D £,

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 & HIZ ON (272> CWAD T, IRENENTOT=DDIIFHREZ4TV, FHRN T _THET 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 Z OFF (2L, sw_lattice_dielectric_tensor % ON (Z L C., KFibEREHE L £,
berrydata Z#iimAA N EMZFHET D720, FRLOREIZ sw_effective_charge 2 ON [Z L7ZgiF 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
‘a—o

n= 6 T2 IR&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 ---

[ 1.8176 0.0000 0.0000 1 [ 1.8176 0.0000 0.0000 1
[ 0.0000 1.8176 0.0000 1 [ 0.0000 1.8176 0.0000 1
[ 0.0000 0.0000 1.8176 1 [ 0.0000 0.0000 1.8176 1

IRBIEIT 72T AT 72 & & LITED, FT— FOIRBEL L EH~7 MLORICE— MARIERAH) ST E
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T, 7= DRI AT D = DDNEINE— RERNER DT 1V NEECO =R T3, 'Norm=DIRDfEILZ D~
0 MLORE STT, GO ARG FHRBERNEI SN T ET, 0 3x3 DI THIIE TihER T, Al
i%@%%m%+ CEFHEREIMZ AT SNET, ZOETIR, EFFEREAT LR o7ed

. BFHEREOMEITE IR TOWET, BFFERIT 1.8 LR INTWET,
T/l//ﬁfﬁ?éﬁ I output001 |[ZH TSI TWET,

—-—-— Corrected effective charges --—-
[ 2.06653 0.00000 0.00000 ]
Zzeff( 1) = [ 0.00000 2.06653 0.00000 1
[ 0.00000 0.00000 2.06653 ]

[ -2.06653 0.00000 0.00000 1
[ 0.00000 -2.06653 0.00000 1
[ 0.00000 0.00000 -2.06653 ]

Zeff( 2)

‘Corrected effective charges’' &9 %A MLVLL FIZEDL TS 3x3 DITHINA IV HREmT > Y LT
o "Zeff OBRDFEINOFOFFIFFDFEFTT, Ga il FORNVAEMIT 207 LFHE I, As DALY
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 FOFAFEEZFALET, 7B, LRiD/A—
3 V)6 377 prep_zeff.pl, prep_piezo.pl 72 ED Perl 27 U7 v {285 THIHT S Z & HARETT,

1152 ERAE

berrypl 22 V7 FORMGEEZRA L ET, ARG (77— FANT—2 OWiEoHT572 L) 1%
LIRGDA 27 U 7 b EREET S, &0 FaRZaififls rlag & 72> T E T

11.5.2.1 #&fi

berrypl (IZ L DEFHEEATHORNS, [T 7T L—RNANT 7 AV AT 4 L7 b %, AT LTCWERIC
JIEUTHERT 20BN HY £, LUF, r—AZ LT 7 b— AN T7 7 A NVOVERFIEEF L ET,

(1) BN FNEMIMEEIRRY —NFIOFHEZIT 5 A
RV EM R T DT DI B e U — (A, B FAERR LOEEEROWEOT AHDF I/
T, M DEM TRWT N TOET% xy,z D 3 HIIEML S, I HIZEADTr—AT 3 DO
7 MSHIET ) (R D 0ENH D 3, BN SHRNT—A B MEROT, X 3X3+
SFEHDONY —(FH AR D RHE TV E TS

® SCFitHioT 7 L—rF4L 7 MY

F£7, @O PHASE @ SCF HHHOAI7T—2ZHE LET, B BEESL, Mkt S Tnd b
DERELET, £/, BROI IR EZEMIELDT, MFEORREITHhRNE I LET, ZOAT
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>/ berrypl {= &> THEBIAT HIEICE & Hx SN DT L— RIS —T
T ORI, NCEOENLED, O ISR B NERH D £

® ~NU—(HFHEDOT T L— T L7 N

OXL, R —ANHREHAOT 7 L— 7 4 L7 RY (=& 20X template_berry) %, SCF 7> 7'L— k7
4 L7 M) —LRUBEEBIAENLET, 20T FL—hF 4 L7 FUDTFIZ, ekeal HHOANTIT—Z 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 NI1>
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>IFFHEFATIRACAY —(AEF RIS B A > ¥ 2 NT A —F —|ZEE WD LT L — AR NH—TT,
KT INLCFOENSED, ZOmY SRR 2081 H D £,

F7-, file names.data |ZLL D X S IZFdh T 24N H Y £9,

&fnames
F_INP = ‘./nfinp.data’

F CHGT = ‘../<SCF_DIR>/nfchgt.data’
/

<SCF _DIR>IZ, FHEFATHRHIRIST 2 SCF 5HET 4 L7 MU AICEZ WD D7 L—AKRNA—TT, KT
INCFOENEBED, ZO@ I ZFEl T 50N H D £,

(2) EEEEOA A EEEOFHFICME 2R — (AR ZFH R T 556
[EEERDA A VEEHEEFET 256, OT & FTONRY —AAERNE L 720 97, FREND 012725780
OTBHEGEFREL, FOTHEINKT LT 3 DDOWHE (T "NUZE ST (A EFHE L E3, SFa
U —(AHOEN T, BT — 42 & L TOT A TORVDRD Y —(FH S FHET D DT, “0IT78 B 7RV V0% X 3+37
TT, ZOREDEA Y, NIV EROSE LR SCF HEHAB L OWY —(iEEHDT 71— b7 ¢
L7 MU —ZERLE T,

® SCF:HEHDOTTL—FrF4L 7 Y

PV B OL AN IR N SETFHEZITOE T, [EEEROA A BEEHEOLGA TR 2 O3 87
HEZITWET, RAVARNERDOEE LIFC L 912, SCFEHEHDOATI NG A—F—T 7 A V2T T L—h
T4 L7 FUDOTIZESE, LTFOLX ) iEaiELET,

structure(
strain{
sw_strained cell = on
ell = <E11>

e22 = <E22>
e33 = <E33>
e?23 = <E23>
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e32 = <E32>

e3l = <E31>
el3 = <E13>
el2 = <E12>
e2l = <E21>

}

<E1l>, ... ITHEFTRHGRE LIZOTARIIEE D 5 7 L — ARV A —TF, KICFE, /NCFOENBED,
Z D@D IZFER T A MENH Y 1,

o NY—(FEEOTF S L— 1 F 1LY MY
PV ABNEROAE LR X 91T, ekcal FIDASINT A =2 —7 7 A VA —(ARGHE I ER L7=7 >
TL—bT 4 L7 RUDOFZEE, UFOLIITRELET,

structure({
strain{
sw_strained cell = on
ell = <El11>

e22 = <E22>
e33 = <E33>
e23 = <E23>
e32 = <E32>
e3l = <E31>
ell3 = <E13>
el2 = <E12>
e2]l = <E21>

Berry phase{
sw_berry phase = on
g _index = <G _INDEX>
mesh {
nl = <MESH N1>
n2 = <MESH N2>
J = <MESH J>

}

<E11>,..1% SCF #HHE DA L [FRETY, £72, <MESH_N1>, <MESH_N2>, <MESH_J>|37R/L . Bai8E
LIRIRE, EHEEITHRCANY —NAEREDO A v a T A—F —|Z@E WD) £, £7-, RV UBREEOEES
L [FEE file_names.data [ZLL T DO X 5 1B A 8RN H Y F47,

&fnames
F _INP = ‘./nfinp.data’

F CHGT = ‘../<SCF DIR>/nfchgt.data’
/

(3) EEEBONHOTHIEZ EEST A=D1y, OF T ORI &2 &S 58545

ZOBE, ERRT AMENGHADIE SCF 2 EHOT ' L— F 4 LY NI DOHBTT, T L—hFq Ly

Y Z{ERR L, 0 P D SCF HHHEHDAS)/8T A—H—7 7 A )L L file names.data 7 7 1 L &EE £7,
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SCF GHHRMADASIINT A= T 7 A UZFLL FONEZIBINL £,

structure(
strain{
sw_strained cell = on

ell = <E11>
e22 = <E22>
e33 = <E33>
e23 = <E23>
e32 = <E32>
e3l = <E31>
el3 = <E13>
el2 = <E12>
e2l = <E21>

11522 o ha—)L7 7 A JLOFTaR

berrypl DIRDERNTE, 2> har— AT 7 A NVENLUTHRELET, 722, DLFTOXL I AR £3 #
ThAE DT AL N30,

#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

mesh2 = 6 6 15

mesh3 = 6 6 15

fexecution control
np = 4

Il
N

ndir
ne =
nk =
ne b

N -

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
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OB D XD, T A=H 1OIZOX 1TEFIAL, “F—U— =" LW IBATRT A= % F5
ELET, AHATEAF—U—RLZDT 7 4/L MEIL Rty

F—U—F

Wi

property

EDOX D73 EE T EFEE LE T, zeff, piezo, strfrc DVWFNANTY, zeff &
FRET D &R AREMAORY —(FHFE, piezo &S L EEEROA 4
B EHDO I OT I FCORY —(FHFHA,  strfre 2385 & [EEERON
HROT BIHO BB OT T CORF IO RETH Z L2 EETHZ
L0 ET, T 7 40 MET zeff,

cpumax

FHEORKEFZRDORA THRE L E T, 22 THE LR L v HR0ER R
VIS, BRI 0N T LET, OLLTOEAERETD L, Zo&TiEEt
BT TLEYA, 774V MEIE1,

stopcheck

RS LA T L T BN E I ETF = v 7T 5 MRAEROHEA THEE L £
7, T 74V M 10,

length_unit

ay =77 A NVHIRIHSND R SOBLAZTEE L E T, bohr, angstrom,
nm OWTINEEELET, 7 7 4/L Ml bohr,

template_scf

SCF §HEHDOT v T — T4 L7 N —DT 4 L7 NI AERELET, 77
#+/v MEIE template_scf,

template_berry

RY—(AHFHEAOT T L= T 4 L7 NUOT 4 V7 NIAERELET, 7
7 /v ME template_berry.,

atom_list B EBBFTOID %, ZZAKY)Y THEE L $ 7, property=zeff DIFEVIHDTE
ETT,
strain_list O A EZEARG)Y THRELE T, ®SE, RO#EY T,
1 — 11 &4y
2 — 22 5y
3 — 33 oy
4 — 23 {5y
5 — 13 &4y
6 — 12 Aoy
property=piezo 33 L strfrc DEFAVAEDIRETT,
displacement JRA- DN EAFETE LE T, property = zeff DIFAIIEET HLERHY £, 7
7 # /v METE 0.1 bohr,
strain O HOREEFRTE L E 9, property = piezo BTN strfrec DIFEITIEET D MLEEMN
HYFEJ, 774/ MEIE0.01,
mesh1 1FEHOWRE AT MUR ST —(HFERHED A > 237 A—H —%72 X
BT nln2d OEHIHEELET, property = zeff 385" piezo DA VZED
FRETT,
mesh?2 2% HDWETXT MR Te_X U — (RO A v v a/XT A—2 — &8 [ X
Y1V T n1ln2d OLHIHEELET, property = zeff 351N piezo DIFEVIED
FBETT,
mesh3 3% HOWHE T NI TR — (AR D A v 237 A—H —ZZE[H X
BV T n1n2d OLHIHEELET, property = zeff 351N piezo DIGEWIED
FRETT,
np MPI et 2EEELET, 774/ Mt 1,
ndir T4 L7 M)A EELET, T 740 MET L,
ne Ny RIFBERE LET, 774/ MElT 1,
nk k s EFRELET, T 740 ML 1,
ne b Y —NAHFERH IS B30 R E L ET, 7 740 Ml 1,

scf_command

PHASE OFATHEEAfRELE T, 72& i,

scf_command = mpirun —np NP phase ne=NE nk=NK

7RELRELET, NP,NE,NK (3, FHFEIFETRAC 1R np, ne, nk ([ZEE#H b
F9, 72720, T4V NP E ST “DFEV” BPRAETHZ LBHY,
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Z DAL ne=NE nk=NK [T SN TEHENRBAINE T, 7710 MEd
mpirun phase T323, FIH L CWABRICADOE CHEVEEEZ T AMERH Y
EXDS

berry_command

ekcal DIATHIEARE L ET, T2& 2%

berry_command = mpirun —np NP ekcal ne=NE_B

RELIEELEYT, NEB (RO ne b ICEX#HDY £, 774/ MEIX
mpirun ekcal TH 5203, FIHL CWBERICA DO CHEUIEEEZ T2 4R H
nET,

a_vector a®ho iy EZEAXYI) THRELET, YETIEH Y FHAN, HEL TR &
ARY—NHHED A v 2357 A—=F —OBMEEZHEH L £,

b_vector b #iliD> =y A ZEHXY)Y TIREL T, MAETIEOHY THAN, FBEL TR &
ARY—NHHED A v 28T A—=H —OBMREZFEH L £,

¢_vector CHAD =R A ZEAXEID CIRELET, LATIEH Y THAN, fREL T &

ARY—NFREEDA v 2T A—E—DBEREZET LET,

11.5.2.3 WHIFHEIZ ST

WHIEHE DR EIZ AW TERE T & S22 £ 97, berry.pl (2 L 25HEIL, @O/ R,k s K 55Nz,

BT 1 Lo M UIZETZB->THBREEZITD “T 4 L7 MUWH) k> TUThhvET, LEER->T, T4
L7 NURBEE (8T A—%—ndir) % 2L EIZT 584, SCF sHEOSA1E np=ne Xnk Cit72< np=ndir X
nexXnk &£725 3912, NV —(HHFHE DAY np=ne b TiZ72< np=ne_bXndir & 725 X 9% T
LTCLIEEV, F£77, SCF G &Y —(AHRHE & TRy RIS /2 2 DIE, RV —(FEFHE T k SIEF I

FRAEDTZHTT,

11524 27 )7 FDFAT

berrypl Z5 72 LTIITTHE, LFTOX IR A vy E—UNME00ET,

% berry.pl

Usage : berry.pl control

[OPTIONS]

FCa s ba— VT s ANDT 7 ANLBEIREL, SOICKENIRUTA T Y a o atEE LTl 51

HHAM T 72> CUNVET,

UTDXoka~wy REETTLHE, av ha—IL7 7 A )LOFEIR & AT O TNET,

% berry.pl control —-mode=analyze

UTOLSlaa~r FedTT5 L8, ary hn—AT7 7 A VORI OO E, FIHRAOT « L2 MU 21Ek

L/ij‘o

% berry.pl control --mode=gendir

UTOLSlaa~r FedTT5 L8, ary hn—AT7 7 A VORETIOH E, SITHRMAOT « L2 MY Z21Ek

L, SHOIGGHRZIFTLET,

% berry.pl control --mode=exec

--mode A7 a DT 7 /v Mil gendir TY,

11525 HE DA~ 7 ZAZ— K

RIELT, DATOSRMEOWTA DNz ShAUuT T LE T,

o FTORBET LI,

® I Fr—)L7 7 A /LD cpumax THEE L7 FHE & RaER A E 2 72,
® (BT L7 RUlTstop EWVVHARIDT 7 A WDMERR S Tz,

397




—J, VAR — MIFHAGREZITOT L LIATEINET, SHHEERINLLCVE LIZVEGEAY, T Toa~
VRIZE-oTHERT 4 L7 MU RHIRLET,

% berry.pl --clean

YRS — NI, EEOREOEEITT 4 L7 PUVBLTOY ZAZ— R0 Ed, 37205, 274127 MY
IZBWTERFTEIESNEEIL, 207 4 L7 RUIZBWTEIINOITORET, &7 1 L7 M UIZBIT 55
Babitoi L TIT OB 7o 7 L= FANDAIIRTG A—=8T 7 A ML F OBRGE &7l § 20BN Y F
‘a—o

SCF FHEDEE

control{
condition = automatic

NI —AAHEHROES

control{
condition = fixed charge automatic

ZOXHIREEN L TEL Z I o T, FHRDMESErTRENNE D 5vE PHASE 2V L, mlREZ A Iikeia T
HAEETTH X070 £,

115.2.6 7EEA
(1) NU—(EEEADA v
AU —FOFHRICBW T, ®Ge LIWig X7 hLb, ICTRERRIOERSY & b, (ZIh - T8 FE A T

ENET, WRIDOA Y 2% nl n2 T, BEIOA Y 2% J THRELET, b LSO 2 SOMilg <27 h
b.

Neb b5 L b &b, ICERATEICHE LIz by, b, —|b;|cos 6 m, WERGID A 2 DR

D DIHEL 12 B DTEDR S PLUDET, MRID/ST A—41%, b ORSEH LITREL TS, =v br—

L7 7 A JUZ a_vector, b_vector, ¢_vector DIETEZTT->TEL &, ZORIDFHE (bohr Hfr) LB A,
L ONDBEDA v 23T A—2—]NUTO L )EEN IS EzT (b ETERRETHY, 55
NDFERDOZEMEERRGET D HOTIEH D 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
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(2) AN ERMERTET D & EITRET 2T
PV B OHFEEAT I BUITIRT T DA, SFMENDEMCARWRTFOLEZRE LT Gl R 2T
LTHRERITIELL TETD, REARGHEEZFATTHZ L0 E9), 2Ex0E, SiODEA S & 0 =8
N1 oFToENET,

(3) WBPEOFEE
WHNOFEEN, LTSNS K91 To T 7ESNY,

SCF #HEDYE i np=ndir X ne X nk
AU —NAHFHAEOSE  np=ndir X ne_b

Z 2 Cndir [XIFFNARAN 2T 0 L7 R Y O%, ne, nk 1ZENF1 SCF D/ RIS L OVK S5,
ne_b (I~ —(AHFHERFO/ N RWFIECCT, SCF 5H&E &Y —(AHFHE TRy R R DD, U
—(AHFHENT K SN ARG 70T, ZOBIRHANL L72WGA, berrypl IZFOEEZ UK T LET,

(4) BUITARIZAONT
UVSOR-Berry-Phonon (%, 3 %ochiidofii LTV ER A,

11.5.3 FtEHIRE : AN DIRFRER, EETEH

S LC, AIN 200 BFET, BrFESR, JEEEROA 4 U EEE, JEEERONHOT ZIAOFHHE %
W LET, FitBL, R _& TR n2VnoT, 1 A7y 7 Pofifi L TnE £3, 2B, 22 TRIATS
BT T—H 1% samplesfuvsor/lattice/AIN LLFIZH Y £97, LIBEORAIL, ZoT 4L 7 RJIZnWhHot
LTATWET,

11.5.3.1 AIN O FiEESR

(1) K& THRENRET
FIVL, A TIREENT A1 TV E T, phonon O FIZHE FREMNT 21T 2 7DD AT —Z B THET, 2
OFFLL, @H O PHASE OFHFE LR U X HIZFEITLET,

(2) ~U—(AHORHA
ONT, RU—AFHOFHEEZITWET, FATHANT 7 L— T4 L7 bV, berry LLFIZHY 9,

% cd berry
1s
control template berry template scf

o°

control 73 berrypl ®=1> hra—/L7 7 A )L CY, template_berry, template_scf |ZZNZI_Y —(rAHES LN
SCF §HHRMDOANT TV — T4 L7 FUTY, TORNEEHLE, NINTA=ET 7AW
<ATOM_ID>, <Ux> 72 &, i#H 0 PHASE OFHE CIIFIA LW SIFHIERE CTE £7, ZNH0XTHIE,
berry.pl FH TRE Y72 & X b A HHAA T e > TOVET,

control 7 7 A /WL, LLTDOL 5 72NETT,

property=zeff
cpumax=10000

template scf = template scf
template berry = template berry

atom list =1 3
displacement = 0.1
meshl = 6 6 15
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mesh2 = 6 6 15
mesh3 = 6 6 15

np = 8
ndir = 2
ne =

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 $SHOME/phase0O 2015.01/bin/ekcal ne=NE B

ZDH L, BETHVENEG HOIFFATHIER>T9, np, ndir, ne, nk, ne_b ZF|fH L7\ MPI 7'm& 2$i2&
POETHRELET, £77, scf command (Z PHASE O3 757E%, berry_command (Z ekcal DFEATHIEZFEE
LET, av ha—7 7 A VOIS 2 BN HRE L= 5, LLFOEMET berry.pl 23/ TL %7,

o)

% berry.pl control --mode=exec

ZofleiE, 1HEE 3FAOKT (Al & N) BA ST —(HHOFEATT ) OT, £5CT0 SCF #
B 21 ORY —(HOREIMTONET,

SHENF R T2 &, BT 017 RIS berry.data LWV T ANDMERSIVET D, TNEHEIRENRE
Wi#AT 5774 L7 1 U (20T phonon) (23— LET,

Q

% cp berry.data ../phonon

(3) HFFHEROHHA
FEFARENRAT & U —(AROFHEINE TIIUL, HFFERLFET L7200 RIITE TVET, £, &+
RO 4 L7 b )~ £

Q

% cd ../phonon

F&AIREIHT D NS ) RT A =B —T 7 A M, LTOERZELET,

® phonon 7' & v 7 ® sw_calc_force % off &35,

® 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 %,

PUFIZ, BARNZREREZ2 R LUE Lo, IR COR LIS DAL 2 BT 5555 TT,

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

}

ZOWRAETPHASE #34TL £, ZOHEOARIIFEF IR O T, @Y TEITTHLEIH D A,

FHEAREEYT, outputxxx 7 7 /L& mode.data 7 7 A /WZFEERSILE T, outputxxx 7 7 A T, R EFRD
B OFRRERE G SN F T, FERIY, —--- Corrected effective charges ——-D& & IZFEEk ST
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iﬂ“ ASOBIDYE, LD L DT HUSRHR SRV A 275 Z LN CE ET B rifmEsREt
Howv 77 74 V% output001 & LET),

[}

% grep —Al6 ‘Corrected effective’ output001
—-—— Corrected effective charges ---

[ 2.50954 0.00000 0.00000 ]

[ 0.00000 2.50954 0.00000 ]

[ 0.00000 0.00000 2.64146 ]

Zeff( 1)

[ 2.50954 0.00000 0.00000 ]
Zeff( 2) = [ 0.00000 2.50954 0.00000 1]
[ 0.00000 0.00000 2.64146 ]

[ -2.50954 0.00000 0.00000 ]

Zeff( 3) = [ 0.00000 =-2.50954 0.00000 1]
[ 0.00000 0.00000 -2.64146 ]
[ -2.50954 0.00000 0.00000 1
Zeff( 4) = [ 0.00000 =-2.50954 0.00000 1

[ 0.00000 0.00000 -2.64146 ]

KA HE21Y, mode.data 7 7 A NVOERIEIZ, LITDOL S TS nE 7,

-—- Lattice and static dielectric tensors ---—
[ 3.7058 0.0000 0.0000 [ 3.7058 0.0000 0.0000 ]
[ 0.0000 3.7058 0.0000 [ 0.0000 3.7058 0.0000 ]
[ 0.0000 0.0000 4.9314 1 [ 0.0000 0.0000 4.9314 ]

]
]

FERDY 2 MHREERSNE T, 1 DO FHEROHFERLTT D, 2 OOILE - RFEFOGCRNBATINT A —
H—T 7 A Mo T EEN T MATFERNHE N S FET, STl 2GS, 1 SO ERIUERNH S E
—a‘c

11.5.3.2 AIN OIEEEED A A [EEIH
(1) U —(AHORFHA

JEREER DA A U EEHAZFVET H720121F, O3 FTONY —(FENNE T, £DO LD RFHREITI 120
DANDT T L—hrT 4 L7 RN p1ezo/clamped LIFIZHY £,

cd piezo/clamped
1s
control template berry template scf

%
%

control 3 berrypl iD= hu—/L7 7 A )L, template_berry & template_scf 2321 — (ARG RS X
O'SCF #HHHADOAN 7T 7T L— T 4 L7 U TY, ZONEEHRDE, NPT A—277A MII<ELL>,
<E22> 72 &, i@E O PHASE OFHE TITFIA L2WIFHINHER TE E7, ZNoOXFHIE, berrypl F47T
RE BN 7o B X D DA 7> TUOVET,

control 7 7 A VOWEIT 11.5.3.1 DA EIFEFE U T2, LLFIORT X 91T strain_list & strain OFXED 72
SNTWDEMNER Y £47, F£7-, atom_list & displacement IIARERDOTH L TH Y T4 FRELRH->THMA
BIH 0 FHA),

property=zeff
cpumax=10000
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strain list =1 3 5
strain = 0.01

6 6 15
mesh?2 6 6 15
mesh3 = 6 6 15

meshl

FATHIER S O, 11.5.8.1 OFE LRI U L5 IATVET,
ay ha—)L7 7 A )VOFATHTERR 7 2@ USRS L7z &, LUFOERE T berry.pl 23T L ET,

% berry.pl control --mode=exec

ZORFITIE, 1,38,5 RO UTHE G2 TRY —(HIOFHEEIT ) DT, OTHDRNGEELWIVTREFT4 O
SCF G & 12 O —(AHOREI TOILET,

HENT TR TTH L, 1EET 4 L7 FUIC berrydata VD 7 7 A DMERSHETD, T scf e0 T
4 L7 RU (perrypl lIZL > THEREN=T 4 L2 RU D 1DIcae™—LET,

% cp berry.data scf e0/ ‘

(2) JEEEEDOA A EEHEOHE
JEEBEE DA AU EEEL, sef 0T 4 L7 FUICBW T TWET,

% cd scf el ‘

ZOT 4 VY MUIZHDBANIIRTA—BT 7 AT, LFOERE L ET,

® condition % continuation &35,

® postprocessing 7 1 v 7 D RO polarization 7 17 v 7 128 VTC, 24 sw_bp_property % on & L, property
\Z piezoelectric_const ZfEET D,

LIRS, BB & A r LET, REORUICHODER 28 5545 T7,

Control{
condition = continuation

postprocessing{
polarization{
SW_bp property = on
property = piezoelectric const

}

ZOIKAETPHASE 2547 LET, ZOFHROAMIIIERFIZEOO T, @Iy THERITT 0B IS D AL,
FERE, outputxxx 7 7 A /WZ, Piezoelectric constant M &NIFFHALES L O C/m2 BT Cickk S vE
T, UTOEGETIOEFREMET 22 N TEET,

o)

% 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) ===
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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

0 T/ ARXIEMN 0 1272 > TR DL, BUERREIZ LA LD T,
11.5.3.3 AIN DOJEEEEDNERONT ]
(1) OTHFIZBTDEFESI0OHHA

JEEBEONEOT HAZFHET H7-01201%, O H FICBIT AIRFEBNETY, ZOFHEEITO 72006
N piezofinternal LA FIZH Y £,

cd piezo/internal
1s
control template scf

o oo

Z D —ATEARY —(AHOHEIIRER2 DT, T 7 L—bANT 4 L7 UL SCF HEHDO L DODIE 72
STWVWET,

template_scf ONEIL, 11.5.3.2 DREADOT 4 L7 FU L RILNETT, OTHEGXDH5EEITH 1290,
ANIVRT A—=B T 7 A AT L—ARNVZ =GRl SFLTWET, control 7 7 A VONEHIFEFR U TI,
property 2401 strfre MEE SV TWET, F7z, FATHERRS ZREICADOE CTEES L 2 NERH DR
ZHETEFERRTT,

FATHHER A2 BEE A T-5, berrypl Z3ATLET,

% berry.pl control --mode=exec ‘

3 ODOT IHTNIHR LT, IEERADWT 2E G525 REFATTHDT, 51620 SCF A EZFITTHZ LI
720 ET,

FHEDET L725, strfredata &V ) 77 A ADMERSIVE T, ZOT—% ERETREETOR R ZFIH L TN
HOTHIEZFE L E T, BHREMEITY, 11.5.8.1 TEITUIEREZHENHTL2DT, Z O EEfT%2
17o7=7 4 L7 R UIC strfredata 7 7 A VE o — L%,

% cp strfrc.data ../../phonon ‘

(2) EBEEEONEBOTHIEDFHA
JEBEEONEOT AL, il phonon 7« L7 kU IZEBWTITWET,

% cd ../.../phonon ‘

PESONT AIEOFHRICIE Z Z TR LT strfredata DIENIRT- 2B S W2 & EORY (AL MLETH D

S, YU —AAHOFHRIX 11.5.3.1 IZRBW CITEAROTINEFRHA L ET,

phonon 7 1 L7 MU DAITIRT A—=E T 7 A/, FTOERZELET (RIEOEHEL, 11.5.3.1 1238\ T

L72HD),

® phonon 7' v 7 M sw_cale_force % off &%,

® sw_internal_strain_piezoelectric_tensor % on & 9%,

® sw lattice dielectric_tensor % off &9 %,

® postprocessing 7 H 7 D F® polarization 7' &7 DT, sw_bp_property % on & L, property %
effective_charge & 9%,

LI, BRI ERETTZ2 R LET, RFEOR LIS DEL 2B 5555 CT,

Phonon {

sw_phonon = on
sw vibrational modes = on
sw_calc force = off

sw_internal strain piezoelectric_tensor = on
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sw_lattice dielectric tensor = off
}
postprocessing{
polarization/{
SW_bp property = on
property = effective charge

}

ZORRETPHASE 22T L £, ZORREOAMITIEFITREN DT, W@FEWIITEITT L4 IH Y FH A,

FEFE, outputxxx 7 7 A /W, Internal-strainpiezoelectric tensor D& & IZJFEFHNF LN C/m2
BN CRdk SN E T, UFOBEHTZOEREMET 5 2 LN 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

B®RIZ, & 113 IEEEROHFEMR A E LD FET,

# 11.3AIN OFEEFEE ; Bl C/m?

185y A A EEE PHBOS A &7 FRAE
es1 0.251 —0.901 —0.650 —0.58
ess —0.398 1.992 1.594 1.55
ets 0.332 —0.676 —0.344 -0.48
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11.6 R EEHRFZRE ABESCE (LR-TDDFT)
11.6.1 #EEDBIE
116111 Ul

MNTRE N1 Dl 227 FVEHEClE, Kohn-Sham FHREXDME & L CTH ST [EA =R /LX—HENT
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 Ad17= Linear-response Time-dependent density functional theory ( LR-TDDFT )22\ Catd
LET,

11.6.1.2 [E{A~ODEH
SERIAF-ENCINT 5. AMEOZAITRT 5 R DN E Ry O 1%

", ,G)p - G
Koo @ =2[ s 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) = Iq-I-—GIZ
TRINWET, T, [ IBFEEE T —3 N TTD, BRI ERRITEE > TEHL TN ODET /ANREES
NTWET, UM LIZET VEFLLET,
® RPA (Random Phase Approximation )
fxc =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)_(Gzc/ =0(w)

ERAWVCTEHLET, 7ok, pldx 7B e, LTFO L2127 —a s h—3VD6 = 0557 #brE LT3
BT,
xX= Xo t )(0(7 + fxc))_(

_ . (ve(@) G =0(134)
vip = {oa 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 =

T Df BRI A v a2 ETEHMlL, 77— U oA L TR DI fye (G, G ) ZRA3NAAT UL, FHERHK

FOANRT MAPFIRTEET, Linl, ZO7—) =ZMOBT, FBRHEEDY NS WERIR TR 725 2
EVHNBNTWET, €I T, AT ST LTE, UWFORRFHEEZANTHEY, £ AHAEHOZRWE
FZELT ) — B &

lim 0. (q,0) = ~i Z Z lim|pr @ 6p, (a6 )L @
(CXVERLET, MRS, MAEEREEARE TS ) — B %

Li_r,%)_(GG/ (q’ a)) =i z z Z }11-% [pn/ nk(q' G)pm/ mk’ (q’ G )] Lnn/ kmm' K (w)

nn’ mm’ k,k’
TEFLET, LEL® ORRIL. Bethe-Salpeter Jifizt

— 70 ; = T
Lnn/ km' mk’ (w) = Lnn’ k(w) [6nm6n/ m 6kk/ + lzz “nn' kss' ky Lss/ kymm’ K (@)

TERINEY, ZTIT

-

Snn’ kss ky _Vnn/ kss' ky Knn/ kss kq

1 ;
Vo ks 10 = e D P & @ = 000, (4= 0,61(6)
G+0
Ko tor 1= 2| [ @77 90, @fie(rr Yo, (7)o ()
T, 2B, UTROWEEE, Npldksith 70 o 7 O3CT,
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) = —wimfey (w)]

FEhET, 22T, HEBKe, L 40 L 0 ELNILE A3 KA AT H Z LIk iFs 2
EIRHPRET,

11.6.2 AR 7 7 4 LDERR

LR-TDDFT {7 v 7" AR T 5 72DI21%, IROBEDPLETT,

11.6.2.1 control 7' v > 7

%7, phase &AW CHFFNZ SCF fHHEEZITV, ROEMBEE L RO TEEXET, LR-TDDFT |37 DOEREE %
H LIRHR ATV E T, 2072, control 7' v 7 N T condition = fixed_charge & L CFXVY, %£72, UVSOR

IR, BFTART Uy ARERT v v THDH TM R T vy v 2 VD54,
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 T, [ INOMEITT 7 40 MET, EEEOLEIEH ShET,

type 2%t [OPTICS] OPTICS. PACS M AIRETY, OPTICS |[IFFEREGHA A1 TV, & LCHEIR
(R L9, PACSIIVERIMEIRAC, 072 EANCRICHEA LETS

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 % %t ON. OFF 2MEfATRE, B EIEEl (q-0) 2T 28551215, ON ZEE L £
[ON] ER
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tddft 7= > 7 tddft |ZBEd BT A=K ERIETH T v T
sw_tddft 2% [OFF] ON,

solver 7o v/

equation %% [DYSON] DYSON,

XC_Kernel 7wmv7 exchange-correlation kernel D% A 7" & OBGHEEAE AR E L ET,

OFF 7MiEHIlRE,

LR-TDDFT ¥z 4 55812

T2 =% RET LT s
BS 723MERTEE,
Bethe-Salpeter £EFFERAEHT 5541
EISRDGAITHER LET,

kernel_type 2% [RPA] RPA. LRC, ALDA-R 235

Coulomb_Kernel 7= 7  coulomb kernel |

sw_NLF 244 [OFF] ON. OFF 2MEH IHE, Local field ( |G| > 0 ) %879 5Ll %
ON %ZH57E

Expansion 7' &2 v 7 EFNCEEHT 2 G X2 MUZEET 5

NumGVec 2% [100] W MNOBERE LET,

energy 7 17 AR MVEFHET DL i

low, high,step 2%k low, high (ZIZ= /X =D/ N O KB, step (2

£75

IR DA R RELET,

BZ_Integration 71 w27 7T UNT ) — U NOFEDIT
width 72 %t  [1.0E-4 Lorentzian OWEZIETE L ET,

hartree]

band_gap_correction 7 /N2 R¥y v SHIEEZBDICIEET DA
= R
scissor_operator A ¥ v T OEMELTE

[0.0]

LU MIEREABI T,

L/iﬁ_o

spectrum/{
type = optics
momentum transfer{
deltag = 1.0E-3

nx = 1.1, ny = 1.2, nz
LongWaveApprox = ON

}

tddft{
sw_tddft = ON
solver/{

equation = DYSON

}

XC Kernel{
kernel type =
LRC alpha = 0.

}

Coulomb Kernel({
sw NLF = OFF

}
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DYSON #7fela 455512
ZiE BS ZHEELET,

& DYSON %,
wEE o

TERHE T, RPA I3, exchange-correlation kernel %
ZRLRWET VL TY, LRC X, BEF2 EOEHR T, RIEEHAAIEROMIEL
B AW AITAE A L9, ALDA-R 1%, 2572 EINROSEAIEH L E T,
LRC_alpha %%% [1.0] kernel Z#0Z LRC 2 L7-5A IR E L E T,

o7 ay

FHAEIEET D7y
T X —DREE AT L

REEATO Ty

LE7, 76X UVSOR ITHEL F




Expansion{
NumGVec = 80
}
}
energy{
low = 0.0 eV
high = 10.0 eVv
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—H1, spectrum.data (ZHISIVET, ITFTOLHEAA LD 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

F1HT NITRX—ETT, 52, 3 07 AIMSER Ui 5B E ) L CnvEd, 728, Real
KO Imaginary 1L, FEBB L OESICHHS LET, £/, 8 4. 5 77 L1 Coulomb KT
exchange-correlation kernel %80 A 7-#FEREECTT,

B. type 2T OPTICS #457& L7=5its

# 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 #EfEDFEEANT MV

Si FEERDFEEALY ML OREGETT, HEAFEL, sample/lr-tddft/SiBulk T9, £, sof T4 L7 hUIZ
TEMBEOFFREEZITV, WICLRC T4 L7 PVIZTARY MAGREEZITVES, 22 TiE.
exchange-correlation kernel & LC LRC Z£H LT\ ET,

35 :
I
[
C 3ot A 1
O 'l‘ |
'_.3 . 'I" |
€ %[ LongRange N, i
-1 [ ACEN . .
L | ! | -
o 2 Correction | / i‘ Non-interacting
@ “f ". 1
)] ,” '<’
a "t / N 1
5 ot WA\ 1
0 = 1 L¥h~ -
0 2 4 5 8 10

Energy [eV]
11.6-1 LRC |2k % Si fESFE A2 MO L, BRIIIISTRI TSI X AFE R,

11.6-1 OFERRIS LOURENE, spectrum.data DOREHEFR LIZH O T, ZALEHUINERL s KOV LRC %
RWISGEDFEAT MVTT, REEHHAMEROMIELZIT) Z LTk D 1 B —7 OMENTRL 7o D8
0 E3, 2B, ARTIE, TDDFT IZL > THF ¥ v 7 EOSETI RN ETA, ZHUT, oL i
BB > T DA, ZORID 7 —a AHAELEHDEENZD T,

11.6.5.2 CeHe 71Ot KA
CesHe 7D IIKHEFER R OFFEGIE T, FHAEGIEIL. sample/lr-tddft/C6H6 T3, F9| sef T4 L7 b

VIZCEMEEDOFHHEZITVO, KIZ, ALDA 74 L7 MUICTBEIL TAXY MR EZITWET,
exchange-correlation kernel & LT ALDA ZHH L TV ET,
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'E Adiabatic
-
. LDA

O .

S Non-interacting

e,

©

O

n

7))

: ‘

O

| -

O I A 'Il
L j y JEA

0 2 4 6 & 10

Energy [eV]
11.6-2 ALDA 12 X 5 CeHe 3 FDIRIBERE A 27 MV DE(l, BRI & AR,

11.6-2 OFRIS LOYRBRIE, spectrum.data 3R L7126 DT, EIZTUHNERIF-TElF L OV ALDA % Fv
T A OFEANRT MVTT, 81 =27 DT RVF— (BRI RLFT— 7 b T72bbx v v 7N
JER LU TR0 £,

1166 FHLEDIFER
®  IFREZE I k MOREKICKISE L TWER A, 20720, symmetry 7 12 7 BN E DR ORFREZF6
ELTLZEN,

® solver TCequation =BS Z 5 L725G1TIE. FERAE (paramagnetic) 722DAZ TP D Z & AHPRE
j—‘o
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11.7 f48%
11.7.1 eps_file

P¥HE : file names.data D F EPSOUT THESID 7 7 A /M) SN L eAERIEG RS
R (TR EEiAS FEBL RIS OBEL TENENRID T 7 A /TE
S
NT) : HEBEGER 7 7 AV 4T eps.data
H) : FFAEREEEA Y 7 A )V ; r_eps.data
N HEESZ 7 AV ;i eps.data
VL V—Aa—Reps file.f90 ZiX72 Fortran 22/ 7 TaL s /L, eps.data ZHLT A
L7 R THEITT D,

11.7.2 nlo_file

PEHE : file names.data D F NLO THREZILD 7 7 A /WIHI) SN D IR G
RRERATGIRAIR, WBI2T I NG ORERERID T 7 A TEE T
AT BEARFHERER 7 7 A /L (AP 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)
zz7z (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.data (Z 1000 7T —H N &z (A vy&—Y)
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