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L2 EnHkET, RSN EIRE (B & Chkx BB O AN FTRE T, JRTACEICRE L
Tk, W&, o AR A, (LPRUCREESART 72 ki 7efiffr 23 rTRE T, PHASE O F:72k¥6E% L

TORIZELEDFET,

TARHRE RIS &
(55 - 38, e L)

T IRER 5 WIEHIE A (DOS)

S il
WIS

=HLF— T

TR — JRFAE< T
AR BT A —H —

T
Mg b () LRI B
D1 E IR JE-0D3EE)
IRENEAT RE - IREE— R
W 1 I e B 177
STM fikir STM #4
USSR (L RUGKERS, =L —fRRE

PHASE OE72Ri8 &I FICE L O ET,

R

ERTH

EERZ L B/RT A—=H T ¢ "R RENOMESCFEBRD K2 SR 2%
I DWW ETFRIAN ATHE
ATy LB EOEHEE N E IR R A RIHT 5 Z L L AlEE

LB WIS B CORMTIZ A A S7UTU D LDA 50 GGA V572 E OB RIS
VR X DSOS R ATHE

HERT v L AT AT DEBEARRT v ML THROK D Z 212X 0 | EkSEE R
Hratsssare

AR

YIRS RE SRRTRIEREATHSBE AR 92 Z LIC L 0 . B 75EBR & DELEANTRE

MRS AE g ., 7 TE A K ARSI, RUSEEEAAT 70 & O FElE I B
T DTN AT RE

KB MPI, OpenMP ZFIf LIS IRHRIZ L0 | Hoth 2 7 LI EOBAIIT S

BLE TS

AR )

ANIT7—4

A7 7 ANEEZ TTERIZ LT, WO THRT 52— —Tb, AT A—
2 OYERIEMDEMR LA\ X5 ITHERL,

KA SRR EN[RETH D LRI 1T E A ED/RT A —H | TIEEEDSFRE S 1L
TWAT, RIS INRRE TR 5 2 L3 TTHE,

V—

/N R, IRREEE, BT 7R EOFRKERE 7T 7T oY —1 s
& RROBENTIZIER 2 — /LMY

DR

fANZ2—AD/ 2 (WindowsPC) H>SEIERD A/ Na £ T

=W, o H—T A

GUI (PHASE-Viewer) |ZJ AEMATRE
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1.2.2 PHASE/O ® 704 S L&

Ta T boXyr—Y PHASEO IZIE, AFDOT 07T A V=N 7g EREEILTCNVET,

v 7 Xy /r— PHASE/O

B

7'v 77 2 | phase SCF #1&., 18/ iAbft B e T ET, EIOR LI BB D
WRER N RO BA RS 52 LN TEET,
ekcal RAEE R, N REHMRIZEW T k SOREEZWGEITE S flifh 7 m
77 5L LT ekeal 3DV ET, ZNHDOLEREMEIIAT S 72b DA A
I VT R T 7 AN OPHESHTVET,
epsmain Phase OFPEFEFICEE DS E | B RabBBEFR L £ T,
tdlrmain Phase OPRFERICEE D & | BUBIE R EEALEE: (LR-TDDFT)
R VIFERS AR LET,
Y—)L band_kpoint.pl N RHERD kSO A NEAERKT % Perl A7 1) 7

dos.pl WmED 777 (EPS IR ZAFd 2 Perl A7 U 7'k
band.pl Ny FigEED 77 (EPS B ZAFRkd % Perl X7 U 7'k

ARNIRGA—=5-T7L IV

PR ETREHE
ﬁ*T//’V)I/'j?’r)l/ juﬁa.’.\ SFRh2EHE
| " ohase | REEESH
PRase | normesn R
’0 .lllll..... B 1a 77 )[,J
ERBET7I - =
7AT5L | pmrann
3 Y= ""*$ epsmain )
TO4Y 5L |+ | band_kpoint.pl tdlrmain
ekeal RFEEHERD
Lo e, KEEEME KEERY—I
R REAL. 2 -Hip s
» Tt
Y—IJL Y=L
dos.pl band.pl

REFET SR INURBET SR

1-2 PHASE/Q ©7u /5 LHERR

1.2 3 FIARTREGENMEIRIE GIEMIRIEEY)

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

VEE FIRWRE) Y 7 b =T 47T

Fortran90 =234 7, C a1 7 (WZH)

MPI 7477V QEFIFHRIZED)

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

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

- PHASE ' — /LGB

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

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

PHASE (213, 2D iR & 3D IFAIRD 2 SOWSIIRT v 7T K53 ) £9

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

i 2D WFIhR 3D Wk

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

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

1% LI PHASE > 25 A, a5 s34 —2 PHASE/O OBFEZ-HUNT
AL TWET,
2% | PHASE/0 OJEARZ AT | PHASE/O OFEFIE & Ol b AR A E23H L ThE
& 9, PHASE/Q0 ORI T& 7,
3% ARG A= T 7 A1 | ASJIRNTGA—EZT7ANDY 77 Lo Av=aT /e UTERTEE
NFINPDATA GEHIAR) T, %< DT A—=ZZONTIHS 72 < T PHASE/O [ 3FIFH ATEE
T, BERFIAET AR ISR T L LRV E B ET,
478 | FARMEREA R L7-5HER PHASE/0 DRARZHMEREA R LT3R 2 5% D) v LTV ET,
Fa— I TNELTHEHTEET, Z2E2HARND 3 EOMER
HEZZ2WT 5 & BV EINLETA,
5% | o AtEe ISHSREZ R L QD E T, BsE 2RI BRI T
6% | PAWEIC L DEHE PHASE/O Tl PAW EA2f 425 2 EHskE4, PAW ORI
15, AP HOW TR LET,
TE | BRI FRAOBEEMRET DA REEHASH Y £, MEIGC TSR ES
VY,
8% | PHASE/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/Q D A7 7 A 7MW TERB L ET
11 % | FEEfTHERE UVSOR PRI BN T AT O EEBI L E T,

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

M1 3= 7V %5IES
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1.4 PHASE O EFERE

N— =2 8.00

- HIRSAAT & O A B AEERE N BN SN E L7 (5.4.2 )

2009/06 2B - DFT+U HAIC X oidEsai b/ sy 2 2 L—y a ASIS LE L2 (5.3.1 &)
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 « T U TINVT— VA EEREEE T D Z LN TEDL I L2 (5.3.4HD)

s BT L3I TA D L 9IR0 E L2 (5.4.2 1)
« DFT+U E2FH LT, Sy MEEOFENTE 5 X 912720 £ L7=(5.3.1 £i)
ATV RIS TE 2 L 91220 £ L7 (5.3.2 €\)

N—3 2 10.00
2011/06 ZABH

- B IRAERE ORI A E L E LT,

« PAW JEIC LE L2 (6 %)

c ARHEAF I A TRISLUE L (5.4.3 )

- van der Waals BN DOENL 7 a3 2T "edREA T E L (5.8.4 £)
- i bl BEGS IR TCE 5 L 912720 £ LT,

« PHASE TOOLS (Z#17-72 A2 U 7 b &z % L7-(9.11 &)

R T T VDOFEIRAIR T D AREEEEIELE LT,

ZOEFIZEST, JERD A=V 9 v AT R —OfHi T2 L2 < 20 £,

N—3 > 10.01
2011/08 Z3BH

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

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

N— 32 11.00
2012/06 2B

< HTLWEEIRIE Y R — 2B A L E LT,
- AT Yy RBRORERRE A R L E Lz (5.3.2 i)
TV T T NMERT Y vk, k R AR O EHERS e E
- Hxhom VEERED GDIIS. BFGS EDfkket Bl s LE L=,
c IV NT VT MERT Y v VO SRRTRRE R R R A E L L £ LT,
- iR L, > TENSAERHR ORI DIREEERE, EEEOH IS L E
L7,
L OREAEEELE LT,
- 3HRF (G RS WREABLE LT,
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PHASE/0 2014.01
2014/04 Z\BH

- WENREEL VoS —, ERPEFLRATED A ERYEREREZ BN L E L7-(3.8 &)

- FRETHIF OISR, ERPRE O TRIBEEA B L £ L7z (3.9.3 )

- REEMRAARE BN BRSO ER R 2B U & L7 (11.6 )

- FRERA (ESM) {0 EGEDA 2 —7 = — 2 & B LE Lz (5.3.6 H)

s a=y MeUIREEERESE A BN L E L (5.6.1 5

AR O EEA BN L L7z (5.1.7 )

< WEIESE Y L3 — ({EIE Davidson #£%5) #BE (Bs(l) LFE L7

AT RIBB O EMEA R (Fift) LE L7,

- 77 T NI — VAR EAERO ERE R SR (FiEk) LE L,

« Jral) =T ROFE, A UHLEM ARG EMREZ BN L E Lz (5.7 #i)

- JFAELEOT = v VHREE BN L E LTz,

- KO VEEREIC CG IEDMERRZ BN L E LT,

- T4 ) EHERSREE SR L E L,

< FERFTART vy KB EM OERE 2 EE M TITH) 2N TEH LI LELE
(3.4.7 %)

 FHEISAIRNT 7 2 75 5 UVSOR %5 LE LT,

- 3RS (G RAEF) IROBSREZHEFE L E LT,

c REAZEBEELE LT,

PHASE/0 2014.02
2014/07 2B

- ESM 5% 3 #ilnlf%1] (G AS30%) RRICIEELE LT,

ATV RESOER kA SELE L,

ATV FIBBOHFRRER B LE Lz, 7Y v R OREICHBW T,
FEhREEL > /13— pdavidson 1 & pkosugi ZfEH AIREIZ L E L7,

- REGSEEIELE LT,

= T VEYGET LE L,

PHASE/0 2014.03
2014/12 Z\BH

ATy FULBEGHRERSRE A ml L - A AT Y —bLE L, (2 #NEFIRR).
- vdW-DF Ft5ifsRE 2 b L E L7z, (2 i) .

* FERPTART 2 VOSRZERIRESHRRE R 3 Hilnll 1 (G RIEF) Al
- RS T-HIMGRE A 3 S (G RES) RRICSEIEL £ L7,

FELE L,

PHASE/0 2015.01
2015/10 Z\BH

- ELNES / XANES fi#tiépe 292 L L7z (5.8 €0i)
« NV RS BRI ISV TR ET 57 2 77 A band_symm 2B L E L7=,
CFEEFAAZBNMLE L, (REUHEHEERZ L iy SR RS L O

XANES fi#t&15)

- PAW VEORBEAZEELE LT, ZOEEICE> T, RICL > TUILIATE 0 S
M ELE L (sw_PAW=on T DFT+U %25 \\% GGA+U 1E21 > T\ D34, IR
DOITIXZ DL Y b BTN =@ RDEENHY £ L10),

PHASE/0 2016.01
2017/05 /5B

AFRT U DY I 2 b— g LEERFEELE L (5.9 E)
- A7y RBEGEH R RE A md b U E L=, (3 $ili51RR)
- REAZBEIELE L,

PHASE/0 2017.01
2018/02 /B4

JEI O TEIIFY I 2 b—a LIEREELE L (5.2.3.6 1)
- SHIREHIRRIC A N L AT V)L, vdW-DF EHERER N2 £ L7,

- RV EMATRICHRE CE D L2 LE LR (5.1.9 8

o R FAIEREREICRTIE L L (5.3.7 #))

- RV RRFME7 1 7T Alband_symm) & FHT L E L7z,

PHASE/0 2018.01
2018/08 2B

- REAZEELE L,
- LT OBRES VOt TR TE 5 L 912D £ LT,
> U (AR
> PDOS
> [EEEmRHE
3D iRIZ, IRIEFITRIET 258 Omd A7 a L ABINLE L,
Atomic Simulation Environment (ASE)H® Python 27 U 7 &ML £ L7=,
SC-DFT & LE L7z (5.3.3 )
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NAT Yy FBSEEA md b L E LT,

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

REAEZEELE LT,

PHASE/0 2019.01
2019/04 B4

DTS I 2 b— g AW B LE LT,

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

> METR AN ERETDHIENTEDHIIITRVELE (5235 (4)
1)

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

BoltzTraP (25t L% L7= (5.1.10 £)

DFTD3 s L L7z (5.3.5 )

A NVAT Y ARERERE R SR U LT,

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

PHASE/0 2019.02
2020/03 f

JERET — 2 H R 7 7 AV THRETE 5 L 91T LE L (3.5.7 &)

HIRES#SIEZ BN L £ L7z (5.10 £i)

PBESol LB i L E L7- (5.3.8 i)

A X GGAIZHIIGELE L= (5.3.9 fi)

ATV RBIEGEIC L D3 PEEEFHRICRIG L E Lz (5.3.2.4 #)

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

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

Bader Tzl L7-FBAEREA 5 2 &N TE L L9 LE Lz (5.1.11 Fj)
o bR DB EdE L E LTz (5.6.1.4 £

N7 7 ANWVAERRT = v 7 —)V BN L E Liz (9.12 #)
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2. PHASE/O OEARMZLFIFR X

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

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

2.1 PHASE/O Mt EFIEDHEE

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

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

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

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

221 HEICRIERDELZ I 7ML

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

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

ANIT—4

77 A

B

ANIPITA—=BE T 7 A )V

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

BART ¥y LT 7 AL

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

BT 16 fliE CRRIEFRETT,

N7 7 ANGRET 7 A IV

file names.data

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

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

ZDTFANEHERT ARSI, BT IOT AN T (EEARR), T4
L7 N UZELS BERH Y £97, FHICOVWTIE 2.2.4 FiCiFai LET,
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222 ANNSA—R T 74 )L : nfinp.data (FSREKR)

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

2221 NJ1RT A—% 7 7 A LA

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

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

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

}

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

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

wavefunction solver/{

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

edelta change to rmm=5e-5
1
}

charge mixing{
mixing methods{
#tag no method rmxs rmxe 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"

}
}

IO T Ty 713, PIFOLORH ) £,

control 7' v/ R RS ORRE

accracy 7 17 FHERERE DR E

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

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

printlevel 7' &2 v 7 7 7 I ORRE

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

control 7' 1 v 7 T,

RO 537 A =2 ZfaE L ET,

control{

condition =

initial

cpumax = 86400 sec

max iteration =

}

10000

condition

cpumax
max_iteration

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

R GHRZFTHUIARE]) ZEELET,

SCF GtHEAFTBYIDA X L—a UEERELET,

2.2.2.3 Accuracy 7 17 7

accuracy 7 1 7 Tl

FIRREEICRE T 2T A =2 2 RELE T,

accuracy{
cutoff wf =
cutoff cd
num bands =

25.0 rydberg
100.0 rydberg
8

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

10
10
10

initial wavefunctions

= atomic orbitals

initial charge density = atomic charge density

scf convergence{

delta total energy = le-10

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

0.001 hartree/bohr

cutoff wf
cutoff_cd
num_bands

ksampling 7'& 7
method

mesh

initial wavefunctions

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

kST TERELET,

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

WSRO ER AR E LE T,

WS OWIEDOFE LA EE L E T,

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

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

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

2.2.2.4 Structure 7 1 > 7

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

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

}
coordinate system = internal
}
}

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

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

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

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

wavefunction solver({

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

edelta change to rmm=5e-5
}
}

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

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

2.2.2.6 Charge_mixing 7' & v 7/

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

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

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

2.2.2.7 Postproccesing 7 11 v 7

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

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

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

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

deltaE WEEE D= N —MREEfEELET,

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

sw_charge_rspace ON THI D EMHE LA DR R ZATVE T

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

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

2.2.28 NJ1/RT A—H 7 7 A4 NORIKIROREHEH

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

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

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

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

}

accuracy{
cutoff wf
cutoff cd
num bands
ksampling{
method = monk
mesh {
nx
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
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Si 14
}
unit cell{
#units angstrom
a vector = 0 2.732299538 2.732299538
b vector = 2.732299538 0 2.732299538
c vector = 2.732299538 2.732299538 0
}
unit cell type = bravais
atom list{
atoms{
#tag element rx ry rz mobile
Sl 0.125 0.125 0.125 0
Si -0.125 -0.125 -0.125 0
}
coordinate system = internal
}
}

wavefunction solver{

solvers{

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

}
rmm {

edelta change to rmm=5e-5
}
}

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

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

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

}
}

BRI, FRROAIRT A—=2T7 7 A UKL, FlKIROREEE OAZ Gk L, oFRE 28N (77
AV REMEH) LTZBAFD X 97 AT A—2 7 7 A )V Th, FHEIEARETT, RO ATIRT A—% Tl
BT 7 40 N EIZRR DM DD T2, FRLE FRROATIRT A—2 7 7 A Ve HWZRHR T, §HE
WK 7,

accuracy{
cutoff wf = 25.0 rydberg
cutoff_cd =100.0 rydberg
ksampling{
mesh {

31




nx = 10

ny = 10
nz = 10
}
}
}
structure({

element list({
#tag element atomicnumber
Si 14
}
unit cell{
#units angstrom
a vector = 0 2.732299538 2.732299538
b vector = 2.732299538 0 2.732299538
c_vector 2.732299538 2.732299538 0
}
atom list{
atoms{
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 0
Si  -0.125 -0.125 -0.125 0
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223#RTUIVILTFAIL
BRT oy VT 7 AT, eRIEICHETAVENRDH D £, BilzIE, Kk H0) OFEE T AT
HFTFE O JFTFOERT %V T 7 AINVDBREICRY FT, BRT Y Y LT 7 A IR —Z YA R
(https'//azuma.nims.go.jp/) MHHX 7 v— RTEX 9, B THRT vy Va2 B3 53561213, PHASE @
Bh#E7 1 275 A CIAO TR TX 4, CIAO IZOWTIEX CIAO OD~=aT7 L ASH LTI IFE0,
2231 HERT e VOREE (PRI N HE) - 7a—X a7l PAW Y

PHASE O¥ERT v IR E LS DT T7a—X a 7Rl L PAW Bl4]o 2 FE 5 0 £,

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

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

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

2232 AT VT 7 A NVDANFEHE

R—F %A | (https//azuma.nims.gojp/) 76, FEHRICHAETOILEOERT XYV T 7 A NE XD
va— K352 ENARRETT,

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

TR BRI X — 0. PAW B R T V4 VR 3 O pp |

B z21% Si_ggapbe paw_nc 0l.pp EWIHEERT v/ T 7 A UL, VU AR D, —R(ERE AR
PUGGANESNZ X » TAHFABI = V¥ — 25 E 35, PAW BT, VAR T > v % /V5] (ne 1E norm
conserving (/ /VAR(E) DOiE) @, 01 % (—RIAERSNTEE CESDMFToNET) L) ZEE2RLE
T, AHFAB = L B —DOF R FIAIC TR L E AR EIEDIE N JRFTE VT LDA)EN H Y . ggapbe
DOEGID 1dapw9l[9] & 720 £, BERT v VAR L R T V7 MBI OEAIZIE ne D323 us (ultrasoft
DiE) &7 ET,

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

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

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

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

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

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

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

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

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

&fnames

F_INP = ’./nfinp.data’

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

F CHR = './nfchr.cube’

/

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

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

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

77 AN ST 5 | A | T RO g
F—U—F a7 7| OB | T A4
N
F_INP phase NTJ nfinp.data MNIPSTA—=HZ « Ty A )L
ekceal
F_POT(n) phase AT | pot.01, HERT v s T A, ZORSINIZ
ekcal pot.02, B2 BNTZARID 7 7 A W fidr Z I E
T, FTLRIZLODORT XY VT 7 A
U SR
F STOP phase AS nfstop.data R CRFL A I S AR A ST 45
ekcal 77 A,
F_KPOINT phase A7) | kpoint.data P TV Tk RERETDT 74V,
ekcal
F DYNM phase 77 nfdynm.data MHERAIRHR, o rEIFEtRER EIE
WC, JRF-OBEREE 2T 57 7 A
A
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F_ENF phase /) | nfefn.data BT XL ORKENH S D
77 A,
F_CHR phase 77 | nfchrdata BIFEESROHSI 7 7 A v, T 7 )b
3. Gaussian cube 7 7 A VIR,
F DOS phase i dos.data JRREEEEDOH )7 7 AL,
ekcal
F_ENERG ekcal H nfenergy.data ekcal ZHWV=FEEZ1TH &, EAHED
Hhsihbd 77 A0,
F ZAJ phase AH] | zaj.data WEIRSE D17 7 A v, FHEZGET
ekcal HENCIIATI 7 7 AT 0 FF, A
TV =77 AL,
F_CHGT phase AH7) | nfchgt.data AR DM 7 7 A v, FHE ARG
ekcal LERTIIATI 7 7 A&7 £, A
FV—=T7 AL,
F_CNTN phase AHF) | continue.data Ta v —HKT L%, fkeiT 50l
WEIAEROHT )7 7 A v, Wfeat D
BRI, 277 ANEATE LT EN
EXDS
F_CNTN_BIN phase AHi77 | continue bin.data Ta T n—HET L, T 5 DI
WHIAEROHT )7 7 A v, WfeatED
BRI, 277 ANEATIE LT EN
9, ATV —T 7 A,
F_CNTN_BIN_PAW | phase AHI77 | contine_bin_paw.data | 23 77 —HIK T L7-1%, fkked 5Dl
ekcal WEIMEROH 17 7 A v, PAW ZH]H
LCWA4E, F CNTN_BIN 20z T
VR, WRBEGRIROBIZIE, o7 7 A0
EANITE LTEWET, EEEEMO
FHHEOEGE B AT E LTENET,
FTV—T77 AL,
F _STATUS phase Hi jobstatus00x BRI OH ST 7 7 A L,
ekcal
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23 ETEDEST
2.3.1 7045 L phase DET

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

17ty (1a7) ORKRFEEITHO LA, KO XS 7 227 F A phase #EITLE
97, 7././phase0_2019.02/bin/’I%, PHASE O/ 31 F V) —EINTNDT 4 L7 b TT,

$ ../../phase0 2019.02/bin/phase

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

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

WHFHRZAT 5 BalZid, BEWOFHEREOFIHTL MPL 74 77V O3 7a~y FEERLET, FHMds
EOVOFHFES AT LD~ =2 T VSR TZS 0, Y72 =~ 2 Rl mpirun T,

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

% mpirun -np NP PHASE INSTALL DIR/phase0 2019.02/bin/phase ne=NE nk=NK |

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

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

% mpirun -np NP PHASE INSTALL DIR/phase(0 2019.02/bin/phase.3d ng=NG ne=NE nk=NK |

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

23225 4 L7 MUWHNZ X HEHE

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

ND
dirl
dir2

ZZTND T o« L7 R VWEIOWSE (71 L7 ) ORY, dird, div2, ... 8N 7 7 A VOEDNIT 1 LY
N Y OARTCY, ULEOUEfZT-7- 1T, WHIEY PHASE 234TLEY, 721, 2 YOhO54 NP=ND
XNEXNK, 3 JIthfios 13 NP=ND X NG X NE X NK A/ S11% & 21\ WF A TREES 2 083 b ) £,
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F 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
CERWFUETFETT 7S, RebRIONINGT 4 L7 b ) DI 5 RICIE DR 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
) ZEMHRETY, ZORREAFIT 511E, LT L 912 PHASEQ ZiE#h L £,

2 RTLhRDY &

% mpirun -np NP PHASE INSTALL DIR/phase(0 2019.02/bin/phase nr=NR ne=NE nk=NK |

3 WIThRDEFA -

% mpirun -np NP PHASE INSTALL DIR/phase0 2019.02/bin/phase.3d nr=NR ng=NG ne=NE nk=NK |

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

2324k REDOH~TT
FIFATEE, & L <3/ k mOEF UL Kk OB F LET DS, SHZERICHIA S5 k SO IFEC L - T
WAGAEDNBHHDT, FANIINN A, ZNERRDIZE, EFTASIITA—FT 74 LD condition %
preparation & L %97,

control{
condition = preparation

}

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

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

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

37




2.3.3 SRR R DRESR

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

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

LUFD grep =~ REFHTHZ LK ZOGOAREHT S ENTEET,

[o)

% grep TH output000

TOTAL ENERGY FOR 1 -TH ITER= -30.856896066222 edel = -0.308569D+02 : SOLVER = MATDIAGON
TOTAL ENERGY FOR 2 -TH ITER= -31.552303846339 edel = -0.695408D+00 : SOLVER = PDAVIDSON
TOTAL ENERGY FOR 3 -TH ITER= -31.585336745971 edel = -0.330329D-01 : SOLVER = PDAVIDSON
TOTAL ENERGY FOR 4 -TH ITER= -31.587689791426 edel = -0.235305D-02 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 5 -TH ITER= -31.587917474699 edel = -0.227683D-03 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 6 -TH ITER= -31.587936742564 edel = -0.192679D-04 : SOLVER = SUBMAT + RMM3
TOTAL ENERGY FOR 7 -TH ITER= -31.587937115320 edel = -0.372756D-06 : SOLVER = SUBMAT + RMM3

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

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

2.34 fHatE

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

control{
condition = continuation

}

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

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

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

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

iteration 72 EOEHITIE, MENZ 1EIF = 7 HRA > N7 7 A NG TN SETZODERELET, 0LLTOfE%E
FBELIEGAEOFMECIIT = v 7 ARA » b7 7 A VI SvER A, F72 nhistory (2 2 VA EDOEAEET S
EHWERENT 4 L7 YR ESND KO0 3, RFT 4 L7 Y —OBUEEN chkpntxx TF, xx
IR OREAEDS A 797, ex BB WZEHWEREDMR ST o L7 MU —L& 72D E7,

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

X L]

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

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

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

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

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

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

nhistory F I RA U N7 7 A NOIBREERAE LT WNIGEITRET

%o ZOMEN 2L EDOEANZTF = v VWAV 8T 7 A IVORERE
MEESND, BHDF = VRA L N T 7 A UIT L b
S L7 M= fFS, HWTF =y I ARA N7 7 AU
chkpntxx 7 ¢ L7 b U =T/ fFEND, xxId, BHOHHN
JEFRIZ ST 5,

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

&fnames

F CHKPNT = ‘foobar’
/

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

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

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

T, T2 I FRAY N7 7 ANMVHIRHILL T D X NCTF = VRA N7 7 AN ST Z & & D H
73 output000 7 7 A /UTFiER S IVE T,

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

2.36 EEEFEHE (REHEAHE. /\> MEEH)

IREBESFER 1AL, /N REMRICHUW T, k mOH Y H i@ O SCF MR E AT L GHE LIZWEERH Y 7, =
DL 9723801, PHASE % U< T ekeal 727 F 25 FIFILTITH 2 EMTEET, 20k ) eatE@otia,
SCF StROFFERROBEMEELZ AN E LT L, FHRPEET 20T, MEEEMHE] SHInES,

2.3.6.1 JREEE L DFH

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

SCF #HEFEROEMEE 2 HW=HE AT O, AJINT A—H 7 74 )LD control 77 7 @ condition %
fixed_charge & LE7,

control{
condition = fixed charge

}

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

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

WD LT 7T b ekeal #F4TLET, "phase0_2019.02bin/’1x, PHASE 731 > A h—/LENTCNHT
4 V7 FNUTT,

o°

../../phase0 2019.02/bin/ekcal

2.3.6.2 N\ FigEE

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

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

0.8333333 -0.8333333 0.8333333 WA RV
0.8333333 0.8333333 -0.8333333
321 44#W k SOXFRAE nl n2 n3 nd # Symbol
1112 4#L
0001 # {/Symbol G}
1102#X
3214 4#W
5308 #K
@\k)ﬁ@ KGUROFREIZI T, nl/nd, n2/nd, n3md 73 k R ORGLROMHKEZHOMEIZR D £7°, Filx

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

% ../../phase0 2019.02/tools/bin/band kpoint.pl bandkpt.in

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

control{
condition = fixed charge

}

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

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

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

WD LT 7T I ekeal #F4TLET, "phase0_2019.02/bin/’1E, PHASE 731 > A h—/LENTNDET 4
L7 YT

o

../../phase0 2019.02/bin/ekcal

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

control{
condition = fixed charge continuation

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

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

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

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

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

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

2.4 SHERERDHER
241 STEHRTORR - ER - Xths

FIRRT ORI « A« MISELUUTICE LD ET,

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

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

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

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

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

242 ETERRT (EREET. EERT) OE:R

PHASE OFITAIEFISE T35 E, v 77 A1 (output000 7 7 A V) OEMEIZLLTFD X 95 ZetEdast

SIET,

<<Total elapsed CPU Time until now = 81.69520 (sec.)>>
closed filenumber = 31
closed filenumber = 52
closed filenumber = 53

42




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& CICFHREINHSNET, =T 7 7 A NVOFHENRID X
NI > TUWVRITAUL PHASE [ ZEFK T LT ER A, BRALDOERDIZDEFE T L TCWET, 2085
3 A7 7 AN ER AR L THER LTS,
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243 SCF 58, BERMFTEOICRIKTORHER

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

iteration, iteration ionic, iteration electronic
11 1 11
Tonic System
(natm)
2
(pos)
0.1250000000000000D+00 0.1250000000000000D+00 0.1250000000000000D+00
-0.1250000000000000D+00 -0.1250000000000000D+00 -0.1250000000000000D+00
(cps)
0.1290824363824501D+01 0.1290824363824501D+01 0.1290824363824501D+01
-0.1290824363824501D+01 -0.1290824363824501D+01 -0.1290824363824501D+01
(cpd)
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
(cpo( 1))
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
(cpo( 2))
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
(cpo( 3))
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
forcmx constraint quench
0.1000000000000000D+03
Total Energy
-0.7878566524513241D+01 -0.7878566524513241D+01
isolver
5
convergence
2
edelta ontheway
0.1000000000000000D-09
corecharge cntnbin
0
neg

244 FHERRDOER (34 774 )L outputd00 # & U jobstatus000 )

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

ZDT 7 AT, Bx el BB SN E S, T THLEIRT 5 2 LOZWMERICOWTRRIA L £
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2441 Y7V T kS
k SR EEBE L CODEARIIATIOREN L THELSLWEERH Y £, T2 T, HEFEEITRIHT5
k ROBEFRTVGERH Y £, ZiUuL, v 7 7 A NWHETkvd W) SCFHNERET D ERONET,

'kp kv3 = 8 nspin = 1

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

2442 BT X—

BTV XT, a ST A MILLTO X I ENnET,

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

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

TOTAL ENERGY FOR ... {223 /LX—N, edel =D& & 121 FR{OA Z L—3 a3 o EDOENHHESNET,
WOAT & ZDRDIFNTETRNX =% T DK HO TR —DfE Gk SN £ 7, Kl 1 5EE) - LX—,
HA |3 Hartree —=3/L%—, XC 3BT R/ ¥ — LO IFRT=/L¥—, NL (3ERFT=r/L¥—, EW
X Ewald =x/L%—, PC IZa7fE= /¥ —EN I bt —%2KLET, ZNOLORMNETRILE
—Z7e £,

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

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,

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

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

) 8.00000000
) 8.00000000

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

2.4.44 FATER L OSEHEE
£k RUCBT D7 2V =RV —FEOBAER, FHEEE TERIZL T L 2 IcHhShvET,

EFermi = 0.10922262

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

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

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

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

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

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

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

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

no id subroutine name time (sec) r (%) count no (2)
1 20 evolve WFs in subspace (davidson 115.74820 71.17 8 1
2 13 m ES Vnonlocal W 10.78620 6.63 8 2
3 8 betar dot WFs 7.33490 4.51 14 3
4 16 m CD softpart 2.53880 1.56 1 4
5 7 m XC cal potential 0.97520 0.60 2 5
6 17 m CD hardpart 0.28100 0.17 1 6
7 10 m ES Vlocal in Rspace 0.02990 0.02 1 7
8 19 m CD mix pulay 0.00670 0.00 1 8
9 18 m _CD convergence check 0.00230 0.00 1 9

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

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

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

status = FINISHED

iteration = 674

iter ionic = 21

iter elec = 23

elapsed time = 51648.7582
status FINISHED GH##4 T), ITERATIVE (40 i L&), START (#14(LH)
iteration B IRIEDRR Y K LR RS E T,
iter ionic SR EEED FFE TR S IVE T,
iter_elec BAEDJF R BIT A B FIRAEO#R Y IR U EEFEoR SN E T,
elapsed_time OB TR SN ET,
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2.5 SHESER DfENT. |1t
251 2IRILF—, RFIE HORKE (TRILX—EET 74 /L nfefn.data)

7 7 A /L nfefn.data (F7-13 file_names.data 7 7 1 /MIEBWT F_ENF ([C Lo THRESINA T 7 A V) 1203,
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>
WCRIH L ET,
2.5.1.1 SRR 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
EHNIE 2RO LD 7@l LET,
iter ion A A DT,
iter_total SCF W—7OWHE# . Z ocp@soEritt S ET,
etotal BT RNF—%, N— M) —BTHAILET,
foremx JFAZf# < F1DE B A R H T (hartree/bohr3) Ttk LEd. ZOENATT T 7 A /M ThH

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

2.5.1.2 3 T EN )RR A

SFEAEREOEE, TROL 51T £,

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

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

WSS SRR T, B dlhsBmsh i,

ekina R OEE) = R —,

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

BT ORE(LEAT TG, TREDL IR £,

iter unitcell,

iter ion, iter total, etotal, forcmx, stressmx

1 1 47 -108.4707677506 0.0000000000 0.0001005608
2 1 63 -108.4709554009 0.0000000000 0.0002931296
3 1 79 -108.4710086729 0.0000000000 0.0002875926
4 1 95 -108.4712228279 0.0000000000 0.0002809388
5 1 110 -108.4746445482 0.0000000000 0.0000341462

W OSSR LD 7 — A TINZ, LLFOFIBINZ HIVET,

iter_uniteell - DR

stressmx A NV AT U )VOREKIE

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

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

#
# a_vector = 9.2863024980 0.0000000000 0.0000000000
# b vector = -4.6431512490 8.0421738710 0.0000000000 (a)
# Cc_vector = 0.0000000000 0.0000000000 10.2158587136
# ntyp = 2 natm = 9 (b)
# (natm->type) 1 1 1 1 1 1 2 2 2 (c)
# (speciesname) 1: 0 (d)
# (speciesname) 2 Si
#
cps and forc at (iter ion, iter total = 1 24 ) (e)
1 3.161057370 1.169332082 1.214972077 -0.004058 -0.005565 -0.004966 (f)
2 6.693102525 2.152889944 4.620258315 0.006945 -0.001028 -0.004994
3 4.075293851 4.719951845 8.025544553 -0.002872 0.006394 -0.004796
4 -1.482093879 6.872841789 5.595600399 -0.004362 0.005502 0.004993
5 -0.567857398 3.322222026 9.000886637 -0.002792 -0.006296 0.004965
6 2.049951276 5.889283925 2.190314161 0.006974 0.000708 0.004795
7 4.921740324 0.000000000 3.405282833 0.001436 0.000122 0.000068
8 -2.460870162 4.262352150 6.810569070 -0.000612 0.001305 -0.000066
9 2.182281087 3.779821719 10.215855308 -0.000660 -0.001143 0.000001
cps and forc at (iter ion, iter total = 2 40 )
1 3.156999743 1.163767576 1.210005993 -0.002904 -0.005755 -0.003892
2 6.700048015 2.151861938 4.615264365 0.006567 0.000186 -0.003832
3 4.072421499 4.726345880 8.020748072 -0.003503 0.005487 -0.003829
4 -1.486455954 6.878343743 5.600593135 -0.003122 0.005780 0.003831
5 -0.570648922 3.315925959 9.005851266 -0.003532 -0.005392 0.003892
6 2.056925355 5.889992076 2.195109289 0.006503 -0.000290 0.003828
7 4.923176344 0.000121757 3.405351146 0.000397 -0.000013 0.000018
8 -2.461482612 4.263656762 6.810503226 -0.000210 0.000337 -0.000017
9 2.181621403 3.778679157 10.215856638 -0.000197 -0.000341 0.000000




(@)
(b)
©
(d)
(@
®

TR ML 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) D%IIL, Al ID O~ v BV IZREINTCWNET, ZOFITIE 1 &0V ) I
O(5R), 2 &\ )RRl SiESR) 1SN T 5, &) Z &Ry £,

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

FEBRDIFA DT & DJFANTND AT SN TOVET, 1 FHOFNIEFD ID, 2 FHNG 4
% HOFIDEF DD x,y,z FEEE, 5 FZHO 6 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,

WREHERED ST 7 TR HITIE RO L H 12—/ dos.pl %34T L £ 7, "phase0_2019.02/bin/’1%, PHASE
NA VA R—=ILEINTNDT 4 L7 FUTT, V—bdosplif, Perl A7 U7 ~CTd, FT4, IKREEED S
7 D EPS JEAX D 7 7 A /L density_of_states.eps 2MERK SV E T,

../../phase0 2019.02/tools/bin/dos.pl dos.data -erange=-15,10 -with fermi -color

o°

dos.data REEEE O 17 7 A v

-erange FoRT DTN —OFRPAZFEE L £ 77, 15,10 1315V 75 10eV OFPHZFEE L TWET,
-with_fermi TV I TR —EFRLET,

-color T —HNEITNET,

3

25 ‘

DOS (states/eV)
&
T

05 / “‘ [ \\\

-15 -10 5 0 5 10
Eneray (eV)

X 2-2 IR FIHHUEB]  (Si 41 vEL FEED/N FEG)
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255/ 2 FiEE (EHIET—4 7 7 1 )L nfenergy.data)

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

Ny FEED 75 7 AT H1iE, RO K 912 —)L band.pl #F4TL £, “phase0_2019.02/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 2019.02/tools/bin/band.pl nfenergy.data bandkpt.in -erange=-15,10 -w
ith fermi -color

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

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

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

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

BLANNG A= T7A4ILORHKF_INP T 74)L)

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

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

311/ A—FRERRK

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

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

Upper block{
Lower block{

tag keyword = value
}
}

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

® [FIUBEIZRICARIOT vy 7 itk 5 Z SIX TEERA,

® Ty IHDORILT - INLTFEXBITHI EITH Y FHAL

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

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

IO T Ty 713, PIFOLO0RH ) £,

control 7'& w7 AR E RSO E

accracy 7 17 FHERERE O E

structure 7’11 > JRFAEE DR E

wavefunction_solver 7’2 v 7 KBRS NV S—DFRTE

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

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

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

3% 3.1 PHASE THIFFRE/RBT

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

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

block{
#units angstrom

}

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

313342k

VETINTIICEDATIE, A MWL D £,

block{

! comment

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

tag keyword = value3
}

72770, e, \OHLIHNGES AT T AL B EIFARENRNDTEE L TLEEN,
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314 AT A—E2 T 74 )L

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

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

}

accuracy{
cutoff wf = 25.0 rydberg
cutoff cd 100.0 rydberg
num_ bands 8
ksampling{
method = monk
mesh{
nx = 10
ny 10
nz 10
1
}
initial wavefunctions = atomic orbitals
initial charge density = atomic_charge density
scf convergence{
delta total energy = le-10
succession = 3
}
force convergence{
max force = 0.001 hartree/bohr
}
}

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

}
coordinate system = internal
}
}

wavefunction solver{
solvers{
#tag sol till n prec cmix submat
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davidson 1 on 1 on
rmm3 -1 on 1 on
}
rmm/{
edelta change to rmm=5e-5
}
}

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

Postprocessing{

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

}

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

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

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

w7 a s

2,3 Tuvy

27 (F—=U—F)

i

control

SRR R E T e > 7

condition

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

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

initial, 0 : FH5HBHAA

continuation, 1 : FEAKGE

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

cpumax

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

max_iteration
max_total_scf iter
ation

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

max_mdstep

& MD FHREOHIME (7 4L NI HEHBR)

max_scf iteration

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

nfstopcheck

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

sw_ekzaj

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

7 7 #/V Ml OFF TT,

accuracy

FIRASEE ORI 7 2 > 7 50

cutoff wf

KB DO N v b AT TR F—

cutoff cd

EATEIEDT » MAT TR F—

num_bands

AV

ksampling

method

k SOV T Tk,

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

direct_in : [EHECER

gamma : SO

7 7 %V ;X Monkhorst-Pack 2%

mesh

A2 DAYERL

nx, ny, nz

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

Monkhorst-Pack £ COHREN/2HZ T

k1, k2, k3

Ay aOTOFEE (ANEIZ0.0,0.5] O
)

F7 4L Ml

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

kpoints

k ROELDS

kx ky kz denom
weight

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

smearing

k SH 7Y > F D smearing

method

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

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

width

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

(Z77:10)

xctype

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

scf_convergence

H SRS S OPURCHIE

delta_total_energy

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

succession

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

force_convergence

DI OUHHIE

max_force

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

ek_convergence

FEATEOIHHIE, ekeal 12X 5 FHREH O
Bl

num_extra_bands

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

num_max_iteratio
n

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

sw_eval_eig diff

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

delta_eigenvalue

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

suceession

FHROME K LIEN (77 4V M : 2)

(Z77:10)

initial wavefunctio
ns

IENBEEL DA i

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

matrix_diagon

ENEEROYIINEZ /M TSR AE T 2 %

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

7 3L, ABCAP O~=aT7 55K

lattice_system

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

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

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

&3 #77:U)

Sw_linversion

FCmse Bt DA 1

G2 #77%10)

magnetic_state

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

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

element T4

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

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

element list

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

atomic_number R

mass B

zeta A0 (= (ny—ny)/(ny +ny)

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

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

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

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

dts FHRBHAARFORFIZI 28

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

itr IRFHIAN AR A 22 b S DR DR E

var MO, B : linear, tanh}

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

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

submat on M & = subspace_rotation DIFEIZHEST

subspace rotation %179, R : fon,off}

line_ minimization

—URoTHRERIZ BAGR L 7= il

dt_lower_critical
dt_upper_critical

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

delta_lmdenom

rmm

B/ MEik

ImGSrmm

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

rr_Critical_Value

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

edelta_change_to_r
mm

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

subspace_rotation

subspace *IA{IZBET % il

subspace_matrix_s
1ze

F 74N RO ANNEIZANY ROK
(num_bands)

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

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

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

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

critical ratio

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

7 7 /v MEIF10715,

charge_mixing

ERATE GELLIZ3.7 L 38 2B0R)

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

i\ P2 RO MR DFIRGE,

T - {anew, renew}

anew [IZIE CTOT —4 22 THA LTI
\ZBHAR,

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

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

totalcharge R

submat Bl RES

strcfetr SR

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

parallel_debug

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

jobstatus

FHEOMEITIRILZ jobstatus00x (ZHI)

jobstatus_option

I 7 A VD T TIE

jobstatus_format

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

jobstatus_series

ON 723 OFF
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3.3 £ABEFESMELE (Control)

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

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

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

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

cpumax PHASE FHREZ T3 DR 2, SEHHN, O THRELEY, 2 THEEL
TR ZEZ D &, PORIZEL W T, Mmoo 7 7 A Ve ERH &R,
FEEAMEILLE T, 7740 ML 86400s (1 H) TF, HANIMETY, X 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
E72EPED SCF A # L—a USRI D Z L bV £7, £0O%A1ClE, SCF
AR EFTH BT, DEFHEL TR LERFEEEICTH L ThD, RO
SCF 3R ATTOIHIPAFNZD £, LinL, HEV/NIZfE (1 OFEE) 1Z8%
ETDHE, FHINDNOBENKREL Y, HICREH LT ERHHDT
EEALETT, IEMERIORRENEELAIIIER Lan T 7230y,

34 FTEFEEDIEE (Accuracy)
341Dy M AT IRILF—

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

accuracy{
cutoff wf = 25 Rydberg
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cutoff cd = 225 Rydberg
}

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

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

® cutoff wf (XI5 K< 25 rydberg

® cutoff cdiE, /WVARIFROEERT 2 VEFIH L TOD5ATE cutoff wlf D 4 1%, & 5 TRUVEEIT9

e

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

accuracy{
num bands = 12

}

num_bands VAV iy

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

343k MY TYLGTERAT) VYT

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

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

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

method k Y7 T O HEAEEOE T, monk, mesh, file, gamma, directin DV YT FILHNTI,
monk % Monkhorst-Pack {52 K237V U7 C, @EHERESND HIETHY ., 774+
b METY, mesh (ZHHZR A v = THZERASEILET, MUEREC LD EmEEL
AR T 28 0RO A AT O L AIX TN AR E L E T, file 137 7 A VDt
FRAIBFE T, S Ro3EE BB T DI > T < Dk siE AT D 0N H 585
BT VI HOFHEIZBWTCKED k REBET HMENRH LA EITHIALET,
gamma ZfRET 5 LTHRDHRZY T 7 UET, T RE BN IZ#E>TWT, T
OB THIRDTIEEIMGFOND AL, T LE T, directin (FERE k AS0OF
(EEL & ) ZFEE L ET, WITHNOHFETH, o7V o7k U E 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 3EFHDWKEAT MONEEEEELET,

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

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

smearing 7 2 v 7 CIILATFOEBEFHT 52 LN TEET,

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

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

3.4.4 TIHHEBE TR ILFX—

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

accuracy{
xctype = ggapbe
}

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

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

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

}

66




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  JR < NORKEIZET 2BIEEZ R ET D57 v v 7 TT,
max_force JEAf# < IO KREORIEZ JIOBAI CIRE L £, T 7 4/V MElE 1e-3 T,

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

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

atomic orbitals
atomic_charge density

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

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

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

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

1, BEOHy N7 LR —DHS T,

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

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

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

SW_rspace FZENEARFIRT DM E I ERRELET, 7 74/ MalL off TYS
projector_optimization REMNEATET 5702370y = 7 —OaifbaAT 5 MENRH D F

T, TOFEERELET, ZD/RT A—4—(Z prefitting Z#+5ET 5
LD F5EC, mask_function ZF5ET 5 & ST DL T Z OfiE b
1ThivEd, 7 74/ M#lX mask_function T9,

r0_factor s ni-7ay=r ¥ —| OBLSEHE, bioTay=y F—
DAFHCT D0 EFRET D98, 7 7 A4/L MElE 1.9,

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

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

35 FFIEE (Structure)

HEIFIAT 2 ETLOIEEIL structure 72 v 7O FTITWET, 72 x0E LT X o127 £,

structure(
unit cell type = Bravais
unit cell{
#units angstrom
a vector = 4.914100000 0.000000000 0.000000000
b vector = -2.457050000 4.255735437 0.000000000
c_vector 0.000000000 0.000000000 5.406000000

}
atom list{
coordinate system = Internal
atoms{
#units angstrom
#tag element rx ry rz

O 0.413100000054 0.145400000108 0.118930000000
O 0.854599999943 0.267699999886 0.452263333333
O 0.732300000003 0.586900000006 0.785596666667
O 0.267699999946 0.854599999892 0.547736666667
O 0.145399999997 0.413099999994 0.881070000000
O 0.586899999939 0.732299999879 0.214403333333

Si 0.530000000000 0.000000000000 0.333333000000
Si -0.000000000072 0.529999999857 0.666666333333
Si 0.469999999954 0.469999999908 0.999999666667
}
}

element list{
#tag element atomicnumber mass zeta deviation
O 8 29164.9435 * *
Si 14 51196.4212 * *
}
symmetry{
method = automatic
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sw_inversion = off

}

351a=w k)L

unit_cell_type BNIOFEE HEZRE L CWET, prmitive 2> bravais Zf5C€ 352 &N TEFET, 7
7 4V Ml bravais T3, %925 X912, Bz F-ER CRET 2HAIEZ 0%
¥ bravais &I HMENRH Y F9, F7, bravais ZFEE L TV DHEA, symmetry 7
7 O RO tspace 7 1 v 7 IZBWTER TE 5 lattice_system 28U K> TR A2
HaxH2 Z EMNAHETY, lattice_system U ZHOWCidd & OB H SR L T 72 &0,

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

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

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

}

a_vector, b_vector, c_vector |Z > CTEIVE N alh, b, ciliz~7 NVTHELET, ZOREHEDSLS,
SOHNITT vy 7 BN CIRET 2 HEOAFIHTE D812 EE LTSV, ZOFITH, unit_cell 71
7 DYEHIC#units angstrom &35 2 LIC Lo TR IOMAIE A BATITAE LTWET,

® KT EHIC K> TIRET 2L
ZOHEENNT 58, UTOL ISR LET,

unit cell{

a = a0
b = b0
c =c0

alpha = alphal
beta = betal
gamma = gammal

}

a, b, ¢, alpha, beta, gamma &9 25 AFIHT 5 Z LIC K> TENEIUE T ERa, b, ¢, a, B,y ZHELET, &
DIFETIRES D &, AT MUSEHRBIGRAZLU T O & 5 2 F = TER SN D L 51T £
a vector = al 0.0 0.0
bl b2 0.0
c vector = cl c2 c3

b vector

3.5.2 [RFEEE

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

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

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

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

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

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

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

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

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

structure({

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

KISTDERT ¥ /v 7 7 A D O A O_ggapbe_us 0l.pp, Si 2% Si_ggapbe_nc_01.pp,7- > 7255,
file names.data ZLL FD L 915tk LET,

&fnames

F INP=’./nfinp.data’

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

BT e VT 7 ANVDRREE, SSHFHBEART VL v VORRFEDIEICHRIE L TWET, A LTV
BERT U VT 7 A NVOSHFHEART o v VOFREITIEL ggapbe 72 1dapw9l OV THTIN, EH 57
DOINXT7 7 A NBDBHET HZENTEET, 77205, ggapbe HH U NEIdapw9l &V CFHIDMEEART
XNT FANDT 7 ANVLIZEEINTNET, 72383, ggapbe & ldapw9l ZIRAESW-5tHRAITH Z LIFTE
FHAOTIEELZS, £, FIATE 1T 16 FHETTY,
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B ZBIHEFR LW EORED 2 2 TITOWET, qex 737 A—H|TBM U7V VEIBR LI-WE T BEfRE L £
9, T2z LFOXIITHEELET,

structure(

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

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

354 REEADEROMN
R B ERACHOVTIE, 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 HOEFZfHTINAET,

1 : additional_charge fifiHIf]

structure!
charged_statel
additional_charge =-1.0d0
§

}

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

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

5] : moment (2 X AW TE— A > FOFEE

structure{
element_list {
#tag element atomicnumber moment

Crl 24 3.0
Cr2 24 -3.0
08
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3.5.6 XAFMEDFEE

symmetry RO EFEEST D7 1 v 7 TT, MFEEFIHTD Z L2k - T, FHEEEKIEIZES
TN TEAEERHVET, U ToT a7 /ERERHT A LN TEXET,
method SIFRHRED FEZTEE L E 9, manual & automatic Z1E 52 ENTE £ 9, manual %

BN 5 &, ARTEAEEANTLZ LIk o TRFMEZRET D Z LM TE £7,
automatic Z#®R92% &, PHASE 2MEEDET /AN D BRI EEZREI L, FHEICK
MXHFd, 77 4/b MElE manual T,

sw_inversion RISHESRIFREDNFAET D561, TNEIER L GHREZEO T8 D aaEdT 2845
ETT, on OYFAHERIFEAFIH LET, RissFREO NI A0,0,0 T, 2047
¥ a ISR ED 8 DR DR AT O AT IAINTT 5 Z E D HEE S IVE TS, skt
PHEDIRNRTHNIT 5 ERWPECTREI L, & TTHDOTIEELSIEIN,

tspace TSPACE ZFH L CARM A BEHHEET D200 7 0 v 7 T3, UFOREEZITWVET,

lattice_system  unit_cell_type 7’ bravais O¥FAIZ, “BFORVEAfEE L £, EIRAL facecentered,
bodycentered, basecentered, rhombohedral T4, ZDOEHAHET H L, FEEITLCTHHE
FHREMINET, ZOZNENDED I )N EHLHT HINTONTITER S 22T
LTS, ZOEBEFIRTHZLI2L>T, A7 7ANVTIHEED LT WT T_—F
FCHNRAZFRE LoD, FEROFHBEITAMOD WA 7 CHITTH Z L AlEEE 72D
9, lattice_system ZHEFIH L T2 2 S 5056, B IND DITHAIRDOHAT
T L7ehio T, JRTFEEDER CITEAME - OHE OEROEFEHRA L TIZE 0y,
7= 20, mOSITA-OFREET O A O IE DR HIEEE T, FRORFORIEE
THEITL TS, Fz, kY7 U T3S ORI E CGREL T EE
U,

generators EROTAERET 27 —7 VT, ARUtE, 3 DETLIERTERVEWSHlIAH Y F
o ZOT—TNTED I IIAERTTERET 2OV TIT 42 2B LT ZENY,

35.7 RFEEZAN I 7AILTHEET 5AiF (/\— 3> 2019.02 LK)

JFAidE%, FINP 77 ANV Tl <lo7 7 A MZE > TRETHZ L L TE L LT TVET,
S — K 7 7 A VR T 7 A T BT8O0, structure 7' & 7 B L W structure 7 2 v 7 O FIZEFHRTH
file 711 v 7 IZBWCEBE ARRE L T LB H VD £3, BhEd 2270y 71X Fre@h,

BRI 72y 74 B A

JEAE S — 2 7 7 A VDR EDH T 25
ET D ILFH, directin &35 & F INP

method T AN, file LB ERT 7 A
S FEAIAT e, T 7 /b MiElT directin.
e BT 7 A N h DR T D 7

27

method DA file 72 - 72855 AR T
— B L iirrte 7 7 A VOB A BN
9%, LLFHHTE 5,
phaseO_input : F_INP =
phase0_output : F DYNM =

7 7 4 /v MElX phase0_input

filetype

F DYNM EXOBED 7 L —LFK5
frame PES, O U TOMEDBEAEEH%RD 7 L—
AERAEND, T 7 A4/V MEIEL

filetype 73 phase0_output 72> 7=3554, IMB7 7 A W HEUGTE DIEHITFEAEE (LA X > I -E
FE) OHTYT, ZOMOF{HEIEIZE 2 B b B E(mobile 72 )RR F_INP XD 7 7 A W HanAiAie
VENH Y 9, ZiUL, T 740 FORDIENTIE FINP ZOH0127:0 £9, %k X918, 77 AR
A 4 —F_COORD_ATTR |Z L > THlD F_INP JEXD 7 7 A VEFRET S Z & HARETT,
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SFENNFY R 2 b—a O F DYNM 7 7 A MR OFENGER SN TRY, T aghEE s LT
BHTDZEHRRETT, Z0BEA, UTOX ) REL T Z LIk > THUIWEREL 7 0 77 AH)EID ¥ TH
Z LA AMENRSH Y £,

structure evolution{

temperature control{
set initial velocity = off

}

file names.data 7 7 A /U TR A Hi AT e 7 7 A WOFREEITWET, BT 57 7 A ViAo 2 —%

TREOEY
T 7 AIVKRA L H— B
F_POS JERET — B Bt At e 7 7 A )V, T 7 4V M, filetype 73

phase0_input 72> 72334 F_INP 235 91#, phase0_output 72>

-85 F_DYNM 723591E,
F_COORD_ATTR filetype 7% phase0_output 72> 7-35E1EEFET — & O @M EE At
FA T 7 A NVEARET D, T 7 AV ML F_INP 2R3
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3.6 ;XEIREE )L/ \— (Wavefunction_Solver)
3.6.1PHASE IZHI155tE 70—

PHASE I2BIT53H 7 0—%X 3-1 1TRLET,

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

&
<

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

HOHE
No
@ BFERE Q. DEL
Yes

X 3-1 PHASE (ZBi}58tR7 02—

TEIBIE O FH OEEE T, Kohn-Sham HHEA

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

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

Pout = ZZ |lpi|2'

occ.

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

3.6.2 ;ENREE L/ N —

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

wavefunction solver{

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

rmm {

edelta change to rmm = le-3

}
}

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

solvers
sol
till n
prec
cmix
submat
davidson

max_subspace_size
ndavid
rmm

edelta_change_to_rmm

line_ minimization

dt_lower critical

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

FHAT DI NR—=DT7 VTV X LEZFEELET, msd, Im+tmsd, cg,
pkosugi, pdavidson, rmm3 72>53&ER L ET, msd 1L, EIEREE NET
¥ 1SCF &7z V) OptEAMM IR BIENFETTA, ZOFHEDA TN
WEAF2 DIFNEECY, TR ERRIE e LRI L £ 9, Im+msd
1L msd IR —UOTRR R A - FETT, 186720 OFEALRI TR
ARV THE T, msd {5 & Hl U CCROMWHETT, cg IEITIARAR
ETT, HEAMT Imtmsd L0 20T, BTRMEIZRVWEE 13
VT, davidson (£, 1 Bl 72D OFFEARAIE T OMEHEMED
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 WHTHETEDY N AR=ZAE T £T, L7e2i> T, rmm3 I
wEE THIHSNORE L 72> TVET,

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

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

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

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

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

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

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

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

3.7 EFRIZERSEE (Charge_Mixing)

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

charge mixing{

mixing methods{

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

}

charge preconditioning{
amix 0.9
bmix -1

}

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

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

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

TINEIRT D Z LN TE E£77, simple [ THHIESYE T, broyden2
Id Broyden @ 2 % H D415, pulay (3 Pulay (2 & 5 RMM-DIIS /£ T,
broyden2 i£& pulay 151, W b= 2— FAEDO—FETT,

rmxs GEAH OYIINEEZEE L E TS

rmxe GEAH OEMEEZEE L E TS

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

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

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

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

2
14 (g_)
Gy = bmix * Gip
T2 TCminld, T HEER) CGOR/MEAIEL £, Z0X0 amix
BLO bmix EWHRTA—F% [RLOERIZL->TZOTay 70
TTHRETHZENTEET, 72770, BT 74V ME ERS U E
7,
amix
bmix
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BT2YREMRSEDTI =V Y
Z 2T, SCF #7207 LW IE N TERT D L O CE BT 7 = V5N LET,

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

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

}

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

wavefunction solver{

solvers{

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

}

submat {

before renewal=off

}

}

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

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

control{

max scf iteration = 50

}

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

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

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

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

charge mixing{
Sw_recomposing = off

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

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

}

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

structure({

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

}

ferromagnetic_state 7 17 v 7 CTIZLL FOEEAFIHT 5 Z EmnTEET,

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

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

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

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

charge density{
sw _mix charge hardpart = on

}

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

3.8 WEIRH VL N\—E KUV EREREERED BEEGE

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

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

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

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

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

}

BEBIT, UTOL ) RERERLE T,

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

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

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

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

structure evolution{
method = quench

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

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

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

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

}

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

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

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

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

structure evolution{
method = velocity verlet

dt = 100

}

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

dt A A AR ET D,

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

393 BERHRFDOERZE. KIBEBHOFHEH UERMEDMEL)

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

Z OREA R 51214, structure_evolution 7 7 v 7 |Z predictor 7 72 v 7 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
T on
sw_wf_predictor WEBH DO THEAT O 02 E D DEFEET DAL v T, T 7 4 /v MElT off

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

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

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

structure evolution{
stress{
sw_stress=1
}
}

stress A U AEE
Sw_stress A RV AREOAEE, BRI : {on,off}

84



3.10 %402 (Postproccesing)
3.10.1 HKREFE (DOS)

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

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

}

dos 71w 7 TIILAFOREZAT) ZLENTETET,

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

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

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

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

accuracy{
ksampling{
method = mesh
}
}

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

accuracy{
smearing{
method = tetrahedral
}
}

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

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

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

}

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

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

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

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

&fnames

F CHR = './nfchr.cube'
/

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

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

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

postprocessing{

frequency = 5

}

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

311 85 LAJL (PrintLevel)

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

printoutlevel {
base =1
}

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

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

input AN a 7 L~V LU ET,

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

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

4. BEAHLAEZFIA L5t EH

41 &I RIILX—EE

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

411 AHIRS A—4

U agEs (XA ey i) O —EEEE LET, U ET 8% SIS Axfsl LE
T, VU asgERs (XA vEr M) OfELZK 41 1R LET

X 4-1 VY 2 VRTFBMERT D51 ¥EY N

FHENAFHO AN T 7 A UL, 77 A )\ file_names.data DT THE L £,
file_names.data (ZLL T X 9 IZFLik LET,

&fnames

F _INP = './input scf Si8.data’

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

&end

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

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

Accuracy 7 17 T, HERBEZRELET,

accuracy{
cutoff wf = 9.00 «rydberg
cutoff cd = 36.00 rydberg
num bands = 20
ksampling{
method = mesh ! {mesh|file|directin|gamma}
mesh{ nx =4, ny = 4, nz = 4 }

}

xctype = ldapw9l

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

}

cutoff wf & cutoff_cd 1%, JEIBHEL L EREEDAADT v NAT « =3 VX—03, ZHZ1 9.0Ry & 36.0Ry
EWVWIHETHDHZ LR LTNET,

num_bands [TV —MENEEFR L FT, ZOFETIE, SiFET SEERNETH, KT 4 EOE
ZHOlw, A INDUEEIT, A E°V@%{§iﬁf£%%ﬁ%ﬁ‘é & 8x4/2=16 L7320 £9, ZM7=® num bands
1, 17T EICRE L TESMENDHY £, F7-, ksampling WD X 7L, kDY 7V T OREE 5
ETHOIONET, ZOBITHE, 4X4X4DA v 28Rk S 7V o7l 4,

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

scf_convergence T, FHEDIRSAZEE L £, ZOBIDEE, 21 /LX—0FHEEZA)310712 Hartree
A 1IN E D &V RERANERE LT 3 [Elfe e b, FHREEZK T IHL I ITEESNTOET,

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

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

}
atom list{

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

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

ftag rx ry rz

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




}

element list{ #tag element atomicnumber
Si 14

}

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

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

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

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

4.1.2 SHEDET

PHASE #L T X HIZFETLET,

| % mpirun -np NP ../../bin/phase ne=NE nk=NK |
ZZT, NP, NE, NK i¥Zneh, #HEIEAT 7 ety h—0k, =3 UX—YENOSEREOE, B
KO, kmONEFHROEER LET, ZhbDNTA—ZOEOMITIE, NP = NEXNK &9 BRAHY
SO TWRITFAIUTZ2 D £/ A,

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

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

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

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

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

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

SCF FIHRICHNT, B F—OMEMABR L T <ERTF2V00 0 £7,
413 HEHEROLN

SNz F—1, F_ENF 77 A /M ShET,
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Si8 DHIETIL, F_ENF 77 A /U7 7 A V4 : nfefndata) (ZLATFDO L D178 >TWET,

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

AN T T D L. BAEE T 7 A /L nfchr.cube MER SN E T, BEBESAEZX 42 108 LFET, 5%
P70, cube file [TIEEZNZ TOVET,

X 4-2 TV 3 AEROENBESAR
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42 JFEEEB LI-ETE

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

(1) ez AR+ CHEE

unit cell type = primitive
unit cell{
#units bohr

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

}

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

(2) HALZAsFERCCHRE

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

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

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

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

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

#F 4.1 IR LR

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

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

al b cHi3AHEROEARLESY FT, aR, bR, cRIZEEREROREALERY FLTT

F 4.2 TITR—EFOEAINHESY L.

7T _X—fE a b c

BT J5(cP) ax ay az

/L7 S5 (cF) g ¥+ 2) g X +2) g X+

WL | S(—R+3+2) | S@-y+2) 2E+9-2)

HUMLIE 5 (tP) ax ay cz

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

HfiE 5 (oP) ax by c2

JELNE 5 (0C) %(ay — by) i(ai + bY) cz

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

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

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

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

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

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

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

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

}

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

AERGTDIRE DTz L E 7S
ARGEDEEREE, IFOa— FTHELET. $171E, T —DORERRMESHS L ES. —FIHOK
93




T BB DRt 5 AR L C generators 7—7 /L rotation ¥\ IR EAFRE L 7. “FIEMNSHIIBET
DRSS AEHEEEEZR LE T 7ok, =i, ANHTROGEIZEN TS WwiEx-y #RLET. =— R, 5l
HOTTHL _HHOLTFIITHIRET D Z EMNAfRETT.

— 3, ANITEROSE.

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

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

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

atom list{

coordinate system = internal ! {cartesian|internal}

atoms {

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

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

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

structure(
symmetry{

SwW_inversion = on

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

atom list{

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

sw_inversion = on

}

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

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

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

4-4 Si DFTHEE, HBRIIET 2HE2A0EMETE2RT

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

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

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

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

accuracy{
cutoff wf
cutoff cd
num bands

9.00 rydberg
36.00 rydberg
8

}

structure({

unit cell type = Bravais

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

}

symmetry{
crystal structure = diamond

}
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atom list{

atoms{
#tag rx ry rz element
0.125 0.125 0.125 Si
-0.125 -0.125 -0.125 Si

}

}

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

PHASE Z34TL %75

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

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

(2) REEFEEDOS) D

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

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

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

F INP = './input dos Si.data’

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

F ENERG = './nfenergy.data'

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

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

Control{
condition = fixed charge

}

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

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

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

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

nwd window width = 10

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

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

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

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

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

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

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

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

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

Sio DIRFEEE &, 45 TR LET,

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

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

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

F INP = './input band Si.data’

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

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

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

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

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

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

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

[}

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

Si2 DX RS, 46 T~ LET,

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

N

12 + T |

4-6 Si2 Dy FiEE
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43 REUMBEEE LI-FE

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

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

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

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

}

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

method = tetrahedral

}

xctype = ggapbe

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

}

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

symmetry{
crystal structure = bcc

}
magnetic state = ferro

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

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

}

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

}

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

}

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

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

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

}

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

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

}

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

43.1.2 HEREFE O

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

% grep charge output000 | grep NEW | more

I*——— input-file style = NEW

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

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

PATD X234 73 5 & BHORIE COEMIADOEALDHER TE E T,

| % grep charge output000 | more

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

!** sw charge rspace = 0

I** charge filetype = 1

I** charge title =

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

F CHGT = ./nfcharge.data

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

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

4.3.2 R&MMEDFTE

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

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

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

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

atom list{

atoms{

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

}
}

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

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

magnetic state = ferro !{paral ferro}

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

&fnames

F_INP = './nfinp.data’'

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

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

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

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

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

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

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

}

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

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

structure(

atom list{

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

}

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

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

structure{

atom list{

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

}

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

structure evolution{
method = quench

dt = 50
}
method WOEEFNO T EZFRE LE T, #EEmMo4 7> a8 L, quench (quenched MD %), cg
(CG), cg2 i (KE CGH) gdiis (GDIIS ), bfgs (BFGS 15 DU A hE~Ed,
7 7 AV Mild bfgs T,
dt WSR2 T O BEORHEZIATT, REWEFDRREPORANZ0 23, RETXD LEHEEZE

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

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

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

}

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

442 STEREROH S

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

443 EEH . ) UEROEBEREE

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

(1) AN77A4n

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

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

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

structure({

atom list{

atoms{
#tag rx ry rz element mobile
0.130 0.130 0.130 Si yes
-0.130 -0.130 -0.130 Si yes
}
}
}
accuracy 7 = v 7 CIRAf#) < IOWHRSA 2458 LET,
accuracy{
force convergence{
max force = 1.0e-3
}
}
(2) FHEMR
FHEREROH )17 7 4 /L nfdynm.data (ZLAFO@EY T,
#
# a vector = 0.0000000000 5.1300000000 5.1300000000
# b vector = 5.1300000000 0.0000000000 5.1300000000
# ¢ vector = 5.1300000000 5.1300000000 0.0000000000
# ntyp = 1 natm = 2
# (natm->type) 1 1
# (speciesname) 1 : Si
#
cps and forc at (iter ion, iter total = 1 34 )
1 1.333800000 1.333800000 1.333800000 -0.010794 -0.010794 -0.010794
2 -1.333800000 -1.333800000 -1.333800000 0.010794 0.010794 0.010794
cps and forc at (iter ion, iter total = 2 53 )
1 1.331707297 1.331707297 1.331707297 -0.010402 -0.010402 -0.010402
2 -1.331707297 -1.331707297 -1.331707297 0.010402 0.010402 0.010402
cps and forc at (iter ion, iter total = 3 75 )
1 1.327597870 1.327597870 1.327597870 -0.009614 -0.009614 -0.009614
2 -1.327597870 -1.327597870 -1.327597870 0.009614 0.009614 0.009614
cps and forc at (iter ion, iter total = 4 100 )
1 1.321624355 1.321624355 1.321624355 -0.008433  -0.008433 -0.008433
2 -1.321624355 -1.321624355 -1.321624355 0.008433 0.008433 0.008433
cps and forc at (iter ion, iter total = 5 127 )
1 1.314015753 1.314015753 1.314015753 -0.006865 -0.006865 -0.006865
2 -1.314015753 -1.314015753 -1.314015753 0.006865 0.006865 0.006865
cps and forc at (iter ion, iter total = 6 155 )
1 1.305076108 1.305076108 1.305076108 -0.004930 -0.004930 -0.004930
2 -1.305076108 -1.305076108 -1.305076108 0.004930 0.004930 0.004930
cps and forc at (iter ion, iter total = 7 184 )
1 1.295180554 1.295180554 1.295180554 -0.002671 -0.002671 -0.002671
2 -1.295180554 -1.295180554 -1.295180554 0.002671 0.002671 0.002671
cps and forc at (iter ion, iter total = 8 213 )
1 1.284767108 1.284767108 1.284767108 -0.000159 -0.000159 -0.000159
2 -1.284767108 -1.284767108 -1.284767108 0.000159 0.000159 0.000159

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

el Z AR LTWET,  BEBERO I DPOREIHE, 5 3 BiBil#E & [k,
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LTSN TWET,

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

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

& Si

P
e "
AN

f
y
T

N
//
\
.

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

Z OFICHA 5 file names.data T9,

&fnames

F_INP = './input SiH2x1l.data'

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

&end

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

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

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

structure({
unit cell type = primitive
unit cell{

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

}

symmetry{}

magnetic state = para !{paralaf|ferro}

atom list{
coordinate system = internal

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

sw_charge rspace = ON

filetype = cube !{cube|density only}

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

}

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

% grep TOTAL output000

ELT, &R —0OIRIRRZHES T D &, UTOL D liRGonET,

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

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

atoms{

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

#tag rx ry rz element mobile
0.26177 0.50000 0.65651 H
0.73823 0.50000 0.65643 H
0.34138 0.50000 0.56971
0.65858 0.50000 0.56966
0.26229 0.00000 0.49388
0.73763 0.00000 0.49385
0.00000 0.00000 0.414¢9°8
0.50000 0.00000 0.40298
0.00000 0.50000 0.32769
0.50000 0.50000 0.32150
0.25000 0.50000 0.24167 * 0
0.75000 0.50000 0.24167 * 0
0.25000 0.20000 0.18269 H 0
0.25000 0.80000 0.18269 H 0
0.75000 0.20000 0.18269 H 0
0.75000 0.80000 0.18269 H 0

Si(001) KD/ Ny 7 )V LT-Z A ~—DLERET p(2 x 1) TR c¢(4x2) TR, ZoEEHEHRT5
IZiE, Si XA ~—%H ) DT R E LT, &EBINETS Si 44 ~—OREE I L iudrs
DEHEA,

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

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

structure({
element list{
#tag element atomicnumber mass zeta deviation
Pt 78 355606.909 0.0 1.83
}
atom list{
coordinate system = cartesian
atoms {
#units angstrom
#tag element rx ry rz mobile weight
Pt 0.00 0.00 0.00
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Pt 1.4142135624 2.4494897428 0.00

Pt 2.8284271248 0.00 0.00

Pt 4.2426406871 2.4494897428 0.00

Pt 5.6568542497 3.2659863239 2.30940111
Pt 4.2426406874 0.8164965811 2.30940111
Pt 2.828427125 3.2659863239 2.30940111

Pt 1.4142135626 0.8164965811 2.30940111
Pt 2.8284271245 1.6329931617 4.618802187
Pt 4.2426406868 4.0824829045 4.618802187
Pt 5.6568542492 1.6329931617 4.618802187
Pt 7.0710678116 4.0824829045 4.618802187
Pt 5.6568543525 0.0000002214 6.928203264
Pt 1.4142137683 2.4494897428 6.928203264
Pt 2.8284271248 0.00 6.928203264

Pt 4.2426406871 2.4494897428 6.928203264
Pt 5.6568542497 3.2659863239 9.237604341
Pt 4.2426406874 0.8164965811 9.237604341
Pt 2.828427125 3.2659863239 9.237604341
Pt 1.4142135626 0.8164965811 9.237604341
Pt 2.8284271245 1.6329931617 -2.30940111
Pt 4.2426406868 4.0824829045 -2.30940111
Pt 5.6568542492 1.6329931617 -2.30940111
Pt 7.0710678116 4.0824829045 -2.30940111
Pt 5.6568542497 3.2659863239 -4.618802187
Pt 4.2426406874 0.8164965811 -4.618802187
Pt 2.828427125 3.2659863239 -4.618802187
Pt 1.4142135626 0.8164965811 -4.618802187
Pt 2.8284270217 4.8989792642 -6.928203264
Pt 7.0710676059 2.4494897428 -6.928203264
Pt 2.8284271248 0.00 -6.928203264

Pt 4.2426406871 2.4494897428 -6.928203264
Pt 2.8284271245 1.6329931617 -9.237604341
Pt 4.2426406868 4.0824829045 -9.237604341
Pt 5.6568542492 1.6329931617 -9.237604341
Pt 7.0710678116 4.0824829045 -9.237604341

}
}
unit cell{
#units angstrom
a vector = 5.6568542495 0.00 0.00
b vector = 2.8284271247 4.8989794856 0.00

c vector = 0.00 0.00 30.00
}
symmetry{

method = automatic

tspace(

lattice system = primitive
}

Sw_inversion = on

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

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

¥ 2
X 4-8 Pt(111) HOFRTEE, REETNOHRREZFRITT S Z L1ZXK o TREEFRERH 5,

453 5tE| . ERFRADER T RILTY—

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

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

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

Pt(111) 9 EDQ1DHE, 736 JF+-

80, a=b=5.657A,c=30Aa =L =90y =120°

4-8 DET )V

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

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

4-10 DTN (ZOTIE, A— 35—/ TERLTND),

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

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

49 DEFIL (ZOFTIE, A—S—BLTERLTND),

I - - - -
1.”:' 7 s s

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

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

FARERSENTT,

®  \INDET VG AR ZBE

® 1y M7 x/L¥—|% 25 Rydberg

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

o EERE(LIE BFGS 1EIZ X~ T ; J1DINACHIEIF2 x 10™* hartree/bohr

® fEERELOXG L e DAY, REmD 4§

ZO XU TE LRI RO R Z, £ 43 1CEEOFE Lin, (MDEOAERTR/LEF—
hEL, WA MR, i HAERTRLF—03RKEWOA10)H & WV ) FERIELE LT,

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

(111) (1100 MR (110)

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

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

461 NSRS A—4

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

unit cell{

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

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

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

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

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

initial charge density = Gauss

structure(
unit cell type = primitive
unit cell{

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

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

atom list{
coordinate system = cartesian

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

}
}

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

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

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

}

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

PHASE (% SCF G5 - Lt 2] CREMRIE 2R E 33, IOR U7 B i & S22l o 7 — U =48 L, )
SHLHZEBLAHETY, 29952 &1L ->T PHASE-Viewer 72 E&FH U CEATEBEDO AL ETITH) Z &0
FHECT, B A FEZE RN ) S/ B 72 0OIlE, AJ17 7 A VO AT postprocessing 7 7 v 7 ZERK L,
EBIZFD FIZ charge 7' v v 7 ZER LED FCRREEITWVET,

postprocessing{
charge{
sw_charge rspace = on
filetype = cube

}

charge 7' 7 7 O FCIILL FOEE OB EEITVET,

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

filetype BB T — 2 DOT—H 74—~ hAEE L E T, density_only & cube 23E~FE T,
density_only DA EMEEDAHNBHIISIVET, 7 7 4/V Ml density_only T,
cube D55, Gaussian Cube X CEMEENHNIESNET, ZO/NTA—F—(3F,
cube |[ZRXET H Z L AHEREL £9,

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

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

&fnames

F CHR = './nfchr.cube'
/

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

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

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

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

postprocessing{
dos{
sw_dos = on
method = gaussian

deltaE dos = le-4 hartree

}

dos 70w 7 CIILAFOREEITHI ZENTEET,

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

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

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

H I TES N,

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

deltaE_dos

le-4 hartree T,

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

® ki V7Y FEL L Tmesh EEHIL TS

accuracy{
ksampling{
method = mesh
}
}

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

accuracy{
smearing{
method = tetrahedral
}
}

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

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

TR ERYG WVWW I L il

DOS (states/eV)
o

4
-10 -5 0 5 10
Energy (eV)

4-12 Gaussian ETHE LTINS FEROIRIBRE

DOS (states/eV)
- o
T
1

-5
-10 -5 0 5 10
Energy (eV)

4-13 Tetrahedral {ETRHE LoD SDRER E

PHASE [ZI3F R8I Lo THE LT R 2 3R D B8RE bl > TV ET, ORI W T,
I HBSREIZ ISV TR L £,
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49 1\ FIEEDFTE
491k mDT—FDIERL
NV RREEEORHEIZIE, N ROBEET 2 k SOT —2 B ETT,

k mOT—4E, Y —/V band_kpoint.pl ZF]H L CIEK LET, £7 band_kpoint.pl FHDO AT 7 7 A /L EAERK
LET, 2oL, UTOLH%RbDTT,

dkv

blx b2x b3x

bly b2y b3y

blz b2z b3z

nl n2 n3 nd # Symbol

dkv 3k ASOERE, b1x,blyblz [FiHH&E~~2 bbby D xy2 Koy T, WHEA7 N lby b lZ W THFERTY,
FATH BRI R Rk e 2DV RVOIRER LET, VRV OIREFVETIEID D FEAN, IHEND LY
A, N\ PEERERROBICRHIH S E T, B, ny, ng, ng AW Tk MLk
ny n, ns
k = abl +Tl—db2 +ab3

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

0.02 <-——— k RO

<mmmm WHKFRT BV

<----nl n2 n3 nd # Symbol

D77 ANEVER LTS, LLFO X 912 band_kpoint.pl 2373 4UEL~7 7 1 /L kpoint.data 2MERR S VE T,

% band kpoint.pl bandkpt.in

kpoint.data (FLA T D X 9 225t 272 > TWVET,

141 141 (a)
0 50 50 100 (b)
49 49 100
48 48 100
47 47 100
46 46 100

cooocooo
e e

BB IIRD L 5 78R T,

(@  k SOEEERELET. ZOFICIE, 141 8T,

(b) 4 SOEEHNE, FNE Nk S Z2RAD XD ITEFR L2500, ny,n3, ng, w2720 £9°
(Z ZChy, by, by (TWHE 72 R T,
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k:wxc—m+—@+—mg
Ng Ng Ng

492 BIEBRDFAEETS

NV RS, BIEBMARICE > GHATE E7, BEEMHE L 1L, SCF #HEIC L > TR LI BREET
—2% MELW H0E LTEEL, FLuvvSr R, k Aty STl A ME 2B iR FE T, BEE
TR OV TIX 2.8.6 iDFA B L T 123V, [EEERRIHIL, SCF DR A ITo727 4 L7 MY TH
ITUTHRIEITS 0 TR, WEBHEL E DT —2 N EEE SNARN K IS B 7208 I B & B A O FE T
T4V I N EERT D EEBED LET

4921 NJpRT A =4

(1) file names.data
file_names.data [ZEAAN L SCF FHREOEE L [FEETT 23, F_CHGT 5/ C SCF FHEIC L » THb-&E
TRIE T 7 A N T VEN B D RN D £ 2D 7 7 A /W SCF FHE TR L7= file_names.data o
F_CHGT #3BI - CHRESND 7 7 AV TH Y, BEED4HNE nfchgt.data T7, 7= & 2%, SCF A ZIT-727
4 L7 NUE FZBWCREEEMHADOA T —4 25k L T 5354, file_names.data (L F &Rl LET.
N R ERDTZVW Kk SOT—4 kpoint.data (3 file names.data CHRETE £,

&fnames

F_CHGT = '../nfchgt.data'
F KPOINT = 'kpoint.data'

H L PAW HEIC L D3HEEIT > T D07 51, F_CHGT ®D1E)NZ F_CNTN_BIN_PAW & W\ 5552 k- T
BESND77ANVE SCFRED T 7 A NVEFETVENRHY £3, £72, DFTHU EIZL D HEEZIT- TS
Wt SA1TH7 7 A V% SCF sHED 7 7 A V& F_ OCCMAT i3 F-Z L» THRET 20 E R H D F9, Bk
ANZIE, AT O L1220 £,

&fnames

F CHGT = '../nfchgt.data'

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

(2) AJIRTA=HT 7 A )L
B E BRI DAS 7 7 A W EAERL L3, FARRCIE SCF FHE TR LA 7 7 A VA TTIAERR T 5 &
FWTLXE Y, P UROEIZIEEWETESVERH D £

® T DHEEDIERK
OGN ZAT > T35 6, EEEROA TIEE OB S NG Z AT 2 0 EZ N8 H Y 3. 16> T, Witk
AT AIT F_DYNM 7 7 A JUTEDN TO D IREOIEIE 2 S B R OEZ730E LTS 720y,

FHRA DR
[EEEM TRHAT D, LW OIREER FRROZEHETITVE T,

Control{

condition = fixed charge
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B E A OF A BAKSEHRL IS L COVET, Mt R 21T 5 %55, condition % fixed_charge_continuation & L
TLIEELY,

® k SV TOHE
YER% L7= kpoint.data ZHi AT L 512, kS 7Y T EEDTFO X OITHRELET,

accuracy{
ksampling{
method = file
}

}

® ¢k _convergence 7 11 v 7 DRRTE
EA M HEOFHES 7 P2 5RET 5, accuracy.ek_convergence 7 11 7 OFREEAT I LENH Y £9, LLF,
ek_convergence 7 2 v 7 DRtk DA~ L ET,

accuracy{

ek convergence{
num max iteration = 500
delta eigenvalue = l.e-5
succession = 2
num extra bands = 10

}

ek_convergence 7' 1 v 7 DFEFIOEMIL FRLo@ ) T

num_max_iteration 0K LUFHED FRAfEE L £

delta_eigenvalue WHHEZRELET, ZOMEDT 74V MElX 1e5 T, £ DEEZDOT 74/L k
ECREZ W E B ET 2, BZLE LTL, #M&E, HEROEATL 1.e4 rydberg
R, B&JRO%ATE 1e6 rydberg FEEN XWTL X 9,

succession BITARINVF—DRHIAT v 7 L D7) delta_eigenvalue LL T succession [BhEE CUNE - 7=
FESCIR L7 & R L $£9,

num_extra_bands BT 5/ FOETT, ZOREMEDT 7 40 MEIT 2 THA, HiIFTZ L2k > TR
WP ETA25E0NH 0 £9, NV REO—FIRENEZ L0 £7,
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493 1\ FIEERIDIERK

AT UTRER, Bk ADOK /S ROBEA TR LF—)NT 7 A L nfenergy.data [ZH /) SHvET,

num kpoints = 117 (a)
num bands = 8 (b)
nspin = 1 (c)
Valence band max = 0.233846 (d)
nk converged = 117 (e)
ik = 1 ( 0.500000 0.500000 0.000000 )
ik = 2 ( 0.487805 0.487805 0.000000 )
ik = 3 ( 0.475610 0.475610 0.000000 )
ik = 4 ( 0.463415 0.463415 0.000000 )
ik = 5 ( 0.451220 0.451220 0.000000 )
ik = 6 ( 0.439024 0.439024 0.000000 )
=== energy eigen values ===
ik = 1 ( 0.000000 0.500000 0.500000 ) (f)
-0.0484324576 -0.0484324576 0.1258094928 0.1258094928 (9)

0.2619554301
energy eigen values

0.2619554301

0.6015285208 0.6015285208

ik = 2 ( 0.000000 0.490000 0.490000 )
-0.0540717201 -0.0427149632 0.1258687739 0.1258687739

0.2607026807 0.2633829927 0.6006243932 0.6006243932

FKHEBZHALET,

(@  k S¥ ZofTiT141 T,

b AU ZofITIE8 TY,

© ZE BB, 1202 OEEZEVET, ZoFITIE1 THY, AL UHHAER LV EHEICHR L E
7

G 7 )V TRV —DfE, PEERKERR DG AME RO o r B =gk SvES, BALE
— hU—T7,

(e HEL-k A

® BEEOERIZLRENET, ETZOTT, ED k AT AEGET—Z 0035900 £4, 20
FITIE 1 FEHDOKk T, TOMEELHE X7 MVEFEEE LT0,05,05) &7 ET,

(@ EAEOT—2 ), v RO snEd, Bid— U —T7,

A EREBR LUIZFEOSEE(FREDE) 252 OBE) bIEIEREED 7 7 A VEX T, Figd(e) DRk “UP”
7 “DOWN”  LitiR&Ensd, LW IEVAHY 7, TNENZEIRA LV EDHIRA B ATKGT DEAHE
NEIHINET,

ik =

ik =

energy eigen values

1 ( 0.000000 0.000000 0.000000) UP
-0.1998699758 0.0267639589 0.0267639589 0.0267639589
0.0725171077 0.0725171077 1.0289118953 1.0289118953
1.0289118953 1.1650173104 1.1650173104 1.1650173104
1.2129026022 1.2129026022 1.2994754011 1.2994754011
1.2994754011 1.6365336765 2.2629596795 2.2629596795

energy eigen values ===

2 ( 0.000000 0.000000 0.000000) DOWN

-0.1960420390 0.1062941746 0.1062941746 0.1062941746
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0.1799862148
1.0183970612
1.2192701193
1.3289165100

0.1799862148
1.2174266166
1.2192701193
1.6910264603

1.0183970612
1.2174266166
1.3289165100
2.2876818717

1.0183970612
1.2192701193
1.3289165100
2.2876818717

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

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

BlE LT, ONLFERO/R PSR 2K 4-14 (IR LET,

Energy (eV)

-10

X 4-14 0T FgkD S X,
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4.10 1EFEH
4101 5t&EAE

I ERIY, RO ERIZRONTRT R —25tHT 5 ZEIC > TR T 2 ZEMNRETY, RS,
TR DOGEIITRO~—T N OIRIEGREIC T ¢ v b5 2 &I L > T HFERIZT Tldve IR S b
LD T ENFRETTS

BV , AN AN
Bon) = ————— B (1=31) +(32) = 1|+ B
B (B —1)

T 2 CE ot (VIFHAAOHEY 1231 B e 3 —, BITARRMIEER, B IZARRMIERORTEIRSY, VoldZeE

BT ERIC I D EAOURE T, BB Vo, Ext(Vo) D 4 D17 4 T 4V JI3T A—4TT,

4.10.2 5tES - Si #E5&

Si fETR O EEOFER T, ZOFEIL, samples/Si_lat T9, Silat ® Fi2lE, S HIT volxxx V)
TT4 V7 NIDMHELET, 2DV 7T 4 L7 R, xxx &V BARIOEF kG LT A7 — 2 0354
M THET, 2L vol1200 £V 9T ¢ L7 R UICET AHREET VOREIFLLFO L 512725 T E
7,

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

atom list{

atoms{
#units angstrom
#tag element rx Ty rz

Si 0.125 0.125 0.125
Si  -0.125 -0.125 -0.125
}
coordinate system = internal

}

unit cell{

a vector = 10.62658569182611066038 0 0
b vector = 0 10.62658569182611066038 0
c vector = 0 0 10.62658569182611066038
}
symmetry{
method = automatic
tspace(

lattice system = facecentered
}
Sw_1nversion = on
}
unit cell type = bravais

}

FEEF— 21, 7T 7 a FVREESEF— 2 THRELTCWET, IALTI T THL RO TTD, BEREE
Z D T= N H IS 2 D DIZTFRMNIIND DT, $TEROFEIZIZT T 7 v a TVEENE L WD EE AL
E3
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unit_cell_type & L C bravais #£¢H L, & 5(Z lattice_system (T facecentered ZH5E L TV ET, ZD LT
THZEILE ST, BTEHEOEREN LT WT TR L > TATIOE T A2RE L, FEEROHEITI VA
T DD IRNHARE A TITO T EDFREE 72 D £,

FEROFFILT T X ClIe A TITHONDH DT, KfEL LT7 7 FOEERAT 20 Thh
IVENDR U CREREEHT D BNV £9, 7ol 2T, ZOFIOGEREHMERIT 4 5L ET (@oNLh
BT DT T XA DB IEAREFD 4 f5D728)

FHEEITV, ~—F N ORBEEFERIC 7 ¢ v b UTAERZX 415 &3 4.4 (R LET, BEEHE LR TO

BTG, BEETR X —HRLTOET, FHTH ) OBET LT, JHTOETRLEF—N5
RKETE DS ERBUZIT DAEERD BT RN X —Z A THI S TfiZ 5 < ZEIZE > TR Z LN TEET,

-1271 T T T T T T T T

127102 /o

A1271.04 | O /o
127106 b\ ) -
427108 O / ]

-12711 \ / 4

energy (ev)

127112 | / -
127114 | X -

A271.16 | S \ 1
1271.18 | % 1

-1271.2 1 1 S 1 1 1
145 150 165 160 165 170 175 180 185 190
volume (A%)

X 4-15 'V 22> ? Energy-Volume i, HIITFHEME, FIT7 1 v b LIHER

R 4470 NTHETER L AR

PHASE ST —H
a(A) 5.48 5.43
B (GPa) 87.5 98.8
Ecoh (eV/atom) 4.60 4.63
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5. it FRtsEE

5.1 fgtfTikse
511 R RLRTUYIL
5.1.1.1 BEAEDHEE

PHASE (121X, A RV AT U Y NVEHETHRERH Y £3, ANV AT U VIVERHRETHZ LICk Y, LEk
A TERCOMMEE A R T D Z LM TE £,

5112 AJI/"T A—%
A RNVAT Y NVEFRT DI, AJ73T A—4% 7 7 A /L nfinp.data (23U T, structure_evolution 7 =

J D FDstress 7w 7T, ANLVAT U Y NVERERNZT HHEEEY LET
Si (IFHEH) DASIRTA—=2T7 7 ANOFELL IR LET, FHEAFIEEIL, samples/stress/ TT,

Control{
condition = initial
cpumax = 24 hour
}
accuracy{
cutoff wf = 20.25 rydberg
cutoff cd = 81.00 rydberg
num bands = 20
ksampling{
mesh{ nx = 8§, ny = 8, nz = 8 }
}
}
structure({
unit cell type = primitive
unit cell({
#units angstrom

a vector = 0.000000 2.729685 2.729685
b vector = 2.729685 0.000000 2.729685
c vector = 2.729685 2.729685 0.000000

}
symmetry{
method = automatic
}
atom list{
coordinate system = internal

atoms { #tag rx ry rz element mobile weight
0.125 0.125 0.125 Si yes 1
-0.125 -0.125 -0.125 Si yes 1

}
}
element list{
#tag element atomicnumber
Si 14
}
}
structure evolution{
stress{
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Sw_stress=on

}

SCF FIH L[k PHASE 27U £,

$ mpirun ~/phase0 2019.02/bin/phase |

RIRD T LI OREREMER L E TS

$ grep -A3 'Total STRESS TENSOR' output000 |

STRESS TENSOR
0.0000004032 0.0000000000 0.0000000000
0.0000000000 0.0000004032 0.0000000000
0.0000000000 0.0000000000 0.0000004032

A NVAT VU

X, X, X,
Y, Y, Y,
Zy Z, Z,

DOFATHASIITOET, HASHTOSEOENIE [Hartree/Bohr3] T, EOFRSRTIIANT—Z L L
THOTNIEFERE NES WM TH D, ED X,,Y,,Z, DS THET,
Fio, FIVBVDREDND DISFETE e). AT 4 TARATEHE o)EHWD & RO X D727 v 7 OIERIIARY
SVHET

Xy = Cr18xx T C12€yy T C12€5;

Yy = C12€6xx T C11€yy T C12€5,

Zy = Crplxx + C12€yy T C11€5;

Xy(z Yy) = Ca4€xy

Y,(= Zy) = C44€y;

Zy(= X)) = C4a€sx

5.1.1.3 BMEEEL

A NVRAT Y VORBEFERDG, HEEROFEEAT O FIER LET, HEERIL, BADRWE R EE
HDHDIERDA VAT U I NVERIAT D L, BT v 7 OFERIL 0FHET D Z LnTcaEd, 22T
Si (IJdh) BN LES, ZoOfED AT 7 71 /W, samples/elastic/Si D s0 LV sxx D FlZH Y F
T, SO DELDIRVFETED AT TT—H | sxx I8 xx OB 52 D5 D N7 —% TF,

HEER AT DG A RVAT U VOMRHEN 2 D XIS R EBEFIFTH Z ENREEL
WTT, ZOFEEIE. A L AT U IVOERG ORHEDS 109 [Hartree/Bohrs] LA & 725, LLFD X 5 72k
FERETRH L CWET,

unit cell{
#units angstrom
a vector = 0.000000 2.723515 2.723515
b vector 2.723515 0.000000 2.723515
c vector 2.723515 2.723515 0.000000

7 4 L7 kU —samples/elastic/Si/sO (ZHBWVTA L AT Y VERRT D ELIFO XL 5 kRS 1S E T,

% grep -A3 'Total STRESS TENSOR' output000 |

Total STRESS TENSOR
0.0000000006 0.0000000000 0.0000000000
0.0000000000 0.0000000006 0.0000000000
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0.0000000000 0.0000000000 0.0000000006

OF, T4 L7 M) sxx D FT,

[o)

2 cd ../sxx |

ZOT4 LT RU—TEIPNTOAAS 7 7 A UTs0 DO EIEE U TN LLFOREICL - T 11 Flhlxx
JFEDIZ 0.001 & WA EHEEZ 23R Z1TH Z L1720 £,

structure(

strain{
sw_strained cell = on
ell = 0.001

structure 707 O R strain 71w 7 2ERR L. B8 sw_strained_cell 7 on &9 5 SRR ELEE 2 TE
BAATH ZENTEET, I8 ell, el2, e13, €22, €23, e33 THT 1 LT AHEARSEIEELET, 2D
T4 L7 NUTREZEITY & IFDX DR A RNV AT I ANMELNET,

$ grep -A3 'Total STRESS TENSOR' output000 |

Total STRESS TENSOR

-0.0000052984 0.0000000000 0.0000000000
0.0000000000 -0.0000019980 0.0000000000
0.0000000000 0.0000000000 -0.0000019980

Z OBEOBETEROFEIZIEL. A VAT Y VORGSO E T, ZOFHEFETIE, [FEECEIRTOS
B x5z TOER-ADT, #ﬁ%%ﬁ 0o TWVET,

BONFA RLAT LD, AT 4 TR R e, e AN DR L £

Xx = C11€xx + Clzeyy + C12€22

Yy = C12€6xx T C11€yy T C12€5,

Z; = Crplxx T C12€yy T C11€z,

Xy(z Y,) = Ca4€yxy

Y,(= Zy) = C44€y7

Zy(= Xz) = C44€zx
LD —ATlIe, IINT 0 72D T, BHDIRNRE B DRDX,, Y, DEEESE (0.001) T tuuTe; Lo %
AR D 2 EATEERT, R TROM®Y T,

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

—J7, WEEHR(Y L VHREY) - ATV UH(E P) - REHMERE B AT 4 TR AERE W TRO L 5 72
AN TEERINET, AMERIT Y/(2+2P) EETET,

2 2
Ci1 + €162 — 2¢13

€11+ 12
C12
€11 T €12
c11 + 2¢45
3

130

pP=




ZIUTAT 4 T H A ey, ¢ 2 RATHUT ST OBMEEEA T O & 5 I1RE Y £,

Y =124GPa

P=0.274

B =91GPa
K O OEROHMEEROHEZITIN WA, cutoff wf, cutoff cd ZRKEDIZE Y| EFIREEE T/
IR EELMERHY | RO DI £7,

5114 A KL AT Y LOFIE
PHASE/Q IZ LD A R LAT Y LOREIL, FEEMEOEERH D 9, FIRIL, WSRO0 Lok b
I OZACDNFI R E DIV TN RVING T, ZOMREID AD Z 2L - T, HAREMIEETT
9 Z EMNARETT,
(1) Hik1.
I R L —DFBRIZBIT 5 G XY MVOEEERGEAA T 3252 I8 8o 7C, SEmpd— & ORIz
v NA T 2R ——TE ORPUIITST D Z LN TX EF, SCHRA. Phys. Chem. Solids 56 501 (1995)) ClZ, i#
X —DOE R Z L FO LD ICEEHZ 5 2 EPMERINTNET,
2

Gz—aG?+A%+eﬁ(£EEL:E%H.

o)

PHASEO TiE, EXREFFALIZA MLVAT UV AOHEEIT) ZENTEET, UFDX I BRREEZ ANTIRT
A= —T 7 A NFER LET,

structure evolution{
lattice{
sw _optimize lattice = on
}
stress{
sw_smear KE = on
a = 15 rydberg
sigma = 0.1 rydberg
e0 = 35 rydberg

}

structure evolution @D FiT stress 71 v 7 ZAF L, SEZTTVVET, sw_smear KE=on &7 2% & Z Dk
BEDSEZNZ/2 D £97, a, sigma, 0 ZIFXNT D37 A—X—%FFELET,
7 7 4V MiElX a=0.375, ecut, sigma = 0.1 Rydberg, e0=ecut-1 Rydberg T9,

(2) FHiE2. (x—v=22019.01 LU L)
BHEDT) > AT TN F L DFRENORREZ AL D Z N TEET, 40y My M7= 3% —
% E, Bt AE, 23N X—0Z LA AE, L92L, AL AD#EES, FATOL S ICREL S 2 LR
TEET,
o, =—(2E,/3V)x(AE,/ AE,).

Z OffIEZ PHASE/O IZHHR S 5120, LAFDO X 91T stress 7 1w 7128V T sw_stress_correction % on &
L%,

structure evolution{
stress{
Sw_stress = on
sw_stress correction = on
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}
}

A NVAT Y VOMIEDR, Ty M T7ZRNANX—E2BMEETANAT VYN ERDD ZEIZL S TR L
F9, EFORED v "7 X =22 S50 delta_ecut (IZL > THRELET, Iy A 7=RrLF—
% ecut-delta_ecut & L7z —A & ecuttdelta_ecut & L7z —R, ZLTecut TDOHLDODIr—ADA L AT
VIOVEEMMTION, EORMENFHESNET, 7ok, MEOEINIHENE T LIGae cE /0o T
EEDMETT, MIEMITLLTO X 912 output000 7 7 A /MIFHERSE T,

| %% pulay stress : -0.000194696412156

%@Erjiﬁ SN &, AT A—=E—T 7 A KA LORRED T T DG EHE A A A /TR

RECTH I LETED G E D 77, £ 95 ThWGE, UITOEGE CHIEDEZ AT 7 7 A MIEZIAR, ik
W72 ERATOREIZ LI ) Z THEREZIEIT LT 7Z3W (IENME 2 DIIRAER DL, Fimidr=ms—
0.0001lau 7Z-7=& L0),

structure evolution{
lattice(
sw optimize lattice = on
external stress({
sll = -0.0001
s22 = -0.0001
s33 = -0.0001

}

X A= 3 2019.01 R OSEMIETFE TR 20 E R H Y £

(3) HRRE
INHOMIEEZFIM L, TO DT ERAFR LISERELTORITELOE L, HEL. ONTA—F—

T 74V M, Hik2. OAE, 135Rydoery & LE L7z,

a (bohr) ¢ (bohr)
71 A7 36Rydoerg, EV i 8.8017 56355
71 + 747 36Rydberg, fHIE/: L 8.6825 55862
71~ kA7 36Rydoerg, 1% 1. 8.7593 5.6072
71~ kA7 36Rydoerg, 1% 2. 8.8052 5.6200
71~ + 47 80Rydberg, fHIE/: L 8.7918 5.6158

TEL. 2. EBUELTWET, FHT, k2. Zff) & BV i b & DT ER & IRTR Uk E5
PO TOET,
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5.1.2 BATKEEE & N EWEE
5.1.2.1 e

FHE LT B IR AT 2 T2 DR BB EOmE T AR & 3708, M2\ 27 D & fRATISIRER 272 0 9,
JRFREIRODIRAEFE L 2RO D Z LIT R0, FESIRREOMATANFTRE L 72 V) £3, FEE RGOS & Za s
OWREE AR 5 &, FHEICL 28 FHIRIEOZLOT-C IR EEDOREN TE 7, BT —21H
BV —HH (I E DEFRED DR D B AR T 5 &, T b OB FIRIED AR DR 57D
DET,  JRFEIE B RIPRIERE Loy B EOF R O 7% BaO/SI00) i 2 Bl Zii] L E 5,
LD 7=, BaO O T- XU Si &7 UM 7 E4(6.43A) 2 FiVWE3, 2 LT, ¥ 5-1 12753 L 912, BaO/Si(001)
FUHOFAAEEIL B @b n v ) a @l 6 J@hnn72% Bal Ea 0 TIPS LET, 2o Ba0/Si(001)
FEOFHFEBI-EIL samples/BaO_Si001 T,

A28 A—=F OB DE13IRD L 51278 > T E T,

structure({

unit cell type=bravais

unit cell{
'l a 8i=5.43 A, c-axis=5%*a Si
'l (c.f. a Ba0=5.52 A)
'#units angstrom degree
a = 3.83958982184, b= 3.83958982184, c= 27.15
alpha=90.0, beta=90.0, gamma=90.0

}

symmetry{
tspace(
system = primitive
generators {
'#tag rotation tx ty tz
E 0 0 0
C2z 0 0 0
}
}
sw_inversion = off
}
magnetic state = para !{paralafl|ferro}

atom list{

coordinate system = internal ! {cartesian|internal}
atoms{
'#default mobile=no
'#tag element rx Ty rz num layer

Ba 0.0000 0.5000 0.05 1

0 0.5000 0.0000 0.05 1

Ba 0.5000 0.0000 0.15 2

0 0.0000 0.5000 0.15 2

Ba 0.0000 0.5000 0.25 3

0 0.5000 0.0000 0.25 3

0 0.0000 0.5000 0.35 4

Si 0.0000 0.0000 0.40 5

Si 0.5000 0.0000 0.45 6

Si 0.5000 0.5000 0.50 7

Si 0.0000 0.5000 0.55 8

Si 0.0000 0.0000 0.60 9

0 0.5000 0.0000 0.65 10

Ba 0.5000 0.0000 0.75 11
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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

}

SRS OREFN IREA303)35 D C, mobile % no IZFRE L THEEEEIII Th/eWnWZ Sl LET,
5.1.2.2 i B Rprik e

JEA53END JBFTIRIERE S 234 D 12132 7 Postprocessing DI 7 dos & % 7' 1dos #EEE£9, LT,
47" dos D DL sw_dos 2 ON (ZL, # 7 1dos DHFDOZS sw_aldos 2 ON IZLEJ (phase/l0 71 7T A
DOBIEE TORR (phase/0 2015.01 £ TOR) TiE, sw_dos=OFF T sw_aldos=ON (Z3%E L7=¥a. BE&T
LETOTIEETIVY,

Postprocessing{
dos{

sw_dos

method

ON

1
ldos{
sw_aldos = ON
aldos{
crtdst = 6.0 bohr
naldos from = 1
naldos to = 19
}

}

4 7" aldos D DOZEL crtdst ITHNAAE 2 JF A Z SR e J A ZEiRpEd 5 & & OERIEEECT, EDF)»
5 b Z OEEFRBELL_EBEN QU D REII IE 2SR & A7 SVE T, BEAEEIROREEEY, (Rrofii+l) &
H DR JRFTIRIERE & L CF SN ET, naldos_form & naldos_to |25y ERTIRAERE FE & A3 D ) D
A EEREDIRTEHEELET, THERE LW E ROV R OEIRFTIRIEEENFHE S ET, £
7=, # 7 atoms O TEEL aldos % off |2 L7 ORFTREEREEITHESNETA, % aldos LV b
naldos_from & naldos_to D5 AME SN E T,

FHARERIE dos.data (CHI/ SAVET, REEFERKZERL T 2121E, HED Perl 22 U 7'k dos.pl ZfEVET,
PIFD XL 91234UE, dos_a001l.eps,dos_a002.eps,...,dos_axxx.eps &\ \o72RA NAYZ U N7 7 A )LVDMER S

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

BaO/Si(001) i DS -y ENRPHRIEE B 2 1R L7312 X 5-1 1R LET,  Si,Ba,0 O ERPrkRes
FEIZENENDR T ORI E D Z ENRTEET,
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12

. 10} Si

2

g |

T 6}

)

g 4 |

(]

L | '
i il M\ A
0 ; ’r{l}l.lyl,’iﬂl‘vl.
5s Ba op

10}

2

g

T 6}

)

@ 4 |

()
2.

| L ol

0 — - — - L;,f

10} O zzp

2 2s

F |

T 6} ‘

)

g |
| |
0 '*K PR | 8 1 'ﬂ“j

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

5-1 Ba0/Si (001) FEABE DR TR EIDOEPTIRBIE, £/ Si J@HERD Si OHFTIRBRE, FRo
73RV : Ba0 9D Ba DJFFTIREERE, T D/ 3RV : Bal BHRD 0 DFFTREEE,

5.1.2.3 @4/ EI R PmkaE s

&Y E| D JRFTIRAER E % #1959 512134 2 Postprocessing DHIZH 7 dos & 4% 7' ldos #E&E 4, £ LT, #
7" dos DHFDEH sw_dos % ON (2L, # 7 ldos DT D24 sw_layerdos Z2 ON (2 LET (i ElmATiRGE
BEOHEDOLGA LK. phase/l0 7’1 7T AOBEE TORR (phase/0 2015.01 £ TOhR) Ti¥, sw_dos=OFF
T sw_layer=ON |ZG%E Lo, BERK T LETOTIEE TSV,

dos/{
sw_dos
method

ON
g

}
ldos{
sw_layerdos = ON
layerdos{
slicing way = by atomic positions !{regular intervals|by atomic positions

deltaz = 1.0 angstrom
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normal axis = 3

crtdst = 3.5 bohr

}

% 7" layerdos OHDZEH normal_axis CTIFEDET 2 & X OBOERGMZRRELE T, 128atliT, 223b
T, 3 clifinzFR L ET, £¥ slicing way (2 by_atomic_positions Z45ET 5 &, JFAALEIZ X - CTRFTIREER
EEAHETDEEEDDH LN TEET, ZOHEA, atoms 7—7/L® num_layer (2L ->C, BN EEND

JEOFSZEFEELET, IR L, BEOANES T 13 HORICHRF2E 0 4 TThET, £

slicing way | regular_intervals Z45ET 5 &, & 2 AR E] L TR L 72 @2 CRpmiRrER:
EZRFR L ET, ZORIRIIZEE deltaz (I AT) L ET, 2 ertdst 1B 2AFRCT D HEZ D 2 B EERECT T,

URDJFEA-H D Z OGS E T ek L £ 7,

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

!'!1dos no, min,

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

max

5.
10.
15.
19.
21.

24

32

13060607
26121214
39181821
23977276
80507579

.37037883
26.
29.
.06628793
35.
41.
46.
51.

0.

93568186
50098489

91424248
04484855
17545462
30606069
00000000

no [FEDEZTY, min & max (TFD FIRONIE L MIRONEZR L £, K

R

DJEIIHEE LI LIS OFEIR T

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

PIFDOENIFATTHE, RA RAZ U K774 /1 dos_1001.eps,dos_1002.eps,...,dos_lxxx.eps MER SV E T,

o)

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

BaO/Si(001) i D& /3 ENRFTIR

BRI AR LR 52 IR LE T

136



5-2 Ba0/Si (001) SEAEE D8 L B RPTRERREE,

5.1.2.4 )y A E

Oy AR A B9 BI2IEZ 7 Postprocessing D14 7 charge Tff
sw_charge_rspace & % 7 partial_charge OHDZLL sw_partial_charge % On

Bulk Si

0.8 eV

DOS (states/eV)
)

h“s

'lb l\'\ 1“.".. M' wq(

Intérface Si

DOS (states/eV)
)

o o b .Mﬂb“J

Interface O

|

e [ l| ‘|

DOS (states/eV)
>

R (Mnll i,
Interfac? BaO

N H
M =

DOS (states/eV)

- Bulk BaO
g 2.2eV
£ 10 I
§ 5 ll ” }‘m
!l ;“ HI |L{‘
o A
-20 -15 -10 -5 0 5
Energy (eV)

REVHD TR L,

IEFANTIE, sw_charge_rspace H On |2 L CHESMERH Y 7,
Postprocessing{
charge({
sw_charge rspace = on
partial charge ({
sw_partial charge = on
Erange min = -0.45 eV
Erange max = 0.45 eV
Erange delta = 0.05 eV

partial charge filetype=separate !{individual, separate| integrated}
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—& LDV : Si BORILEROFFTHREEE, b
B _FH DRV 2 Ba0/Si (001) FE D Si BIDRPTHREBEE, HROD/IR/V : Ba0/Si (001) REDESRH=V D
JAPTIRRBBBEE, TA>H & B D 3%/V : Ba0/Si (001) FE D Ba0 I fFFTIREEREE, —& T D/3R/L : Ba0 BDH

ELFET, ¥ charge DFDOLEEL
WCLET, £ ZOHEET




7585 Erange_min & Erange_max |[CT /L —HKORKIE L FyMEZ AT LET, = LF—3BE0%E
7 2L LAULBIINY, RO SIS ERO TR L= B0 £, Z%% Erange_delta (AT
L7 EORRRD =X — B2 D=L —fEll Bk L £ 7,

717 7 A IV output000 (ZIFLA FORRIC =R X —RICET 2HAMSH Y £ Clpd THE 517).

!pc nEwindows = 20, nvb windows = 10, ncb windows = 10 <<m ESoc set nEwindows pc>>

'pc iw 1if elec state erange (hartree) erange (eV)

'pc (asis) (shifted) (shifted)

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

nEwindows |Z TR/ ¥ —ED#HTT, nvb_windows & neb_windows [ ZZ3LEAUMNE IREE L {588 7R
ZETe T RN —EBOETT, ZORERI T, Erange min=-0.45 eV, Erange max =0.45 eV, Erange_delta
=0.05eV 2D T, TRVF—EOEIT 18 M IZ72 5139 T3, RIS iﬁi%»%~%kiomixw#~m
\_%j’b%ﬂ Erange_delta TEO#IE A 7% 1T CTHII 92 DO TRV XF—EOMEN 20 #ic7e>TnA Z &g, Z
HEE TV, iw [T RLF—EDOEFTT, if_elec_: state i%@iZ/DﬁF— RIZEIREERH DN E D IERL
’Cb\iﬁ‘o ZDfED 0 ORFIE FIRAED 2 <, 1 ORASITE FIRIENFIEL £, 5 asis (I TR B T L
F—BOFHIVRIITNET, —oDF| shifted (T} i:f—?\ll/ﬂ?\b‘@%z/@ﬁ\%?ﬁﬂo 72 & & ORI —ZEOHIPH
DFFHALE eV BAL TRSIVTWVET,
Z5%% partial_charge_filetype |Z individual 7213 separate Zf5E T 5 &, FTRLXF—RI LIGRHRINE
WEENE ST SN 7 AWM SN ET, ZOBEOARIOMNIT I, AE e nGa Thiiug,
F _CHR = nfchr.cube (2% LT nfchr.00xx.cube (xx (Z{Z FDOFRD iw DfENAD) EW0H Loty 4, A
VOGS HEEAIZIE, F_CHR = nfchr.cube (2% L C, nfchrup.00xx.cube, nfchr.down.00xx.cube ¢ —fHfH
D7 7 AIVPERINET, EOFTIf elec_state 23 0 272> TWD DI, FOFFICEATED B HIREED 72
NI EERLTWET, £O8A, cube 7 7 A /MR SHERE A,
integrated ZEIRT 2 L BFBHBENODLEODT 7 A /MBS, FEMBEET — X OLIHEICIT
PARTIALCHARGE 23iii 41, #&0V IZIX END 2SFilsvE T,
BaO/Si(001) S ODERy i B 2 FHH LT R A X 53 IR LET,
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“ 3
Si /"-_ ‘r ‘F ﬁﬁ
| e ®

P2l

Ba
TN

¢g®oe

5-3 Ba0/Si (001) FEMEE DY BRTEEE, (a)Ba0/Si(001) AEAEEDET VK, (b) 7 =/ I L-YVET (&

AT RNAF—53-0. 05eV 0>5 0. 06V F T) DEFIREBOWHEFRE, (¢) 7 =/ I L-YVE E(BRF R

0. 0eV 53 0. 05eV F T) DETIRRBOH D ERRBE, ETHEIXL X 10750351 X 10 3EF THWRINTVET,
FUVEHMNATBEFID2RL, RODEICIXETREL o TVET,
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® LM - STM Gofighr

ROy BRI MSRE R 5 &, STM BaHHET 5 Z ERAMHETT, T L7cVW VS, T RART v v UL
RIS LT p =17 ¢ o R OSBRI %, R & DR IS8 L7 HE Lo STM
%9, DLF, ¥ 77 —%(samples/stm_by_pcharge UL F) ZFIH L CEHE A B4R L £,
P, Si d001) AL T 5T —4% T, O PHASE ANNZ, LATFD X DIy BRI S D%
EEMZTNET,

postprocessing{
charge({
sw_charge rspace = on
filetype = cube
partial charge{
sw _partial charge = on
partial charge filetype = individual
Erange min = 0 eV
Erange max = 0 eV

Erange delta = 1 eV

}

COEITRETDHZ EILE ST, 72 I Zf AT =004 T1eV 5H0eV FTOT—X L 0eV nh1eV
DERNFX—T 4 v RUDEHSEMRBENHSIET, ZhEh, -1V (HREE) 8LV GELAREE
DINA T ART v U LTz STM B3 onEd, ZOANT—Z ZFH L CGHREZET 5 &,
nfchr.0001.cube (-1 eV 7°5 0eV OFEMEET—H 7 74 /L) & nfchr.0002.cube (0 eV 725 1 eV OEMEE
F—R T 7 A0 MERSNET, ThEN, REHD 5 A FUEHEn - S oo L ¥ —[X% HAREEIC SN T
54z, FELSERIEICHOWT 54bIRLET,

X 5-4Si (100)ED STM 1, (@) SAREDE, ©FELAREDH,

5125 7L 5 V7 MUEBERT L v VAR L TWOAIEEOEEL
TV T VT NMERT v VEFIR U CRFTIRIERE R T 258, FEFICE L OFFERE D> TLE D
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ZENRHYFET, TIUIKIEEROFRIZRHHID D> TLE I NBROTTN, ZOFREFEMTITHI 2 L
(S X TR b2 I 5 2 LA TE £, KIABMOMEZEZER/TIT 2 12E, BIFTO X O i@ 21T 0 £7

Postprocessing{

dos{
sw_dos = on

}

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

}
layerdos{

ldos 7't v 7 TAS sw_rspace ZEF L, TDfl% on & $HULKIBEMOHA L FZEH/TITHhES Z LN TE
ESr
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5.1.3 5Is2KRE=E

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

5131 AT A—=4

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

accuraccy{

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

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

1
2
2
2

}
}
}

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

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

structure({
atom list{
atoms {
#tag element rx ry rz mobile proj group
Fel 0.0 0.0 0.14783 on 1
Fe2 0.0 0.0 0.35217 on 2
Fel 0.0 0.0 0.85217 on 1
Fe2 0.0 0.0 0.64783 on 2

}
}
}

T TR E BB DM DX hFe

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

»

x(x? —3y?)

7 y(3x% —y?)

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

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

postprocessing{
pdos{
sw_pdos = on

}
}

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

5.1.3.2 ftEMERDOH T

PDOS: da= 2 1= 1 m=1 t=1

No. E(hr.) dos(hr.) E(eV) dos(eV) sum

6 -1.95781 0.0000000000 -56.762838 0.0000000000 0.0000000000
16 -1.95681 0.0000000000 -56.735626 0.0000000000 0.0000000000
26 -1.95581 0.0000000000 -56.708415 0.0000000000 0.0000000000
36 -1.95481 0.0000000000 -56.681204 0.0000000000 0.0000000000
46 -1.95381 0.0085366260 -56.653992 0.0003137151 0.0000002437
56 -1.95281 0.0176460501 -56.626781 0.0006484801 0.0000254127

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

FROARREE S T — & %5 /U772 dos.data DAWERIZIZ, dos.pl (Z-mode=projected A7 3 & DI THFITLET,

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

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

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

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

structure({
atom list{
atoms{

#units angstrom
#tag element rx ry rz proj group
Ba 0.00 0.00 0.00
O 0.50 0.50 0.00 2
O 0.50 0.00 0.50 2
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0 0.00 0.50 0.50 2
Ti 0.50 0.50 0.50 1
}
}
unit cell{
#units angstrom
a vector = 4 0.00 0.00
b vector = 0.00 4 0.00
c vector = 0.00 0.00 4
}
}

T3 28uEIE, UTOXIITRELET,

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

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

postprocessing{
dos{
sw_dos = on
method = tetrahedral
}
pdos{

sw_pdos = on
}
}

REEE AT tetrahedral EZ2FIH L CWET, LEER-T, k s> 7V 271X mesh 15, smearing |3
tetrahedral {EA4FEE L TWVET,

BaTiO3 fftORAEEF LA 5-512, Ti O d PuBIZHE LIREEFE X 56 (IR LET
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5.1.4 7 —TRg%k
5.1.4.1 BRI

BRI IR BT o Te 7 vy AR LRI D & LTERSNE T, 7o v REa k 22 L Tr—Y
TR D Z LIS I VIO ND R LB E U = B L FFONE T, U =B OEI I E AT O
WEZRT T, TOFNOREEEDIBE RGN D ZENTEET, £, V= 2 RIETOH%
720, EFREAITETOMANMEONET, —RICV =BT —BITEE Y THA, V=2 OIRNY
DSEINTIR D KOS 5 Z LIk Ebh 5, —BICEE 2BERRIFEY =B L VNET,

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

5.1.4.2 14 - Si OEKRFHEY =B

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

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

}

LB DAL DR E X8 eps_grad LLFIZ72 72 HRFEIIHE T L E T, dt 13580 FEOBAR 72 %I AT,
0 & L72Y max_iteration Z#X 72 HEMRIHELLLET, V=B H)7 7 A /T Gauusian cube FEAUC
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 OFREIAT DA DFHR T LM T XA,

ksampling{
method = gamma

}

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

Si ®U =B OFEBIEIL, sample/wannier/Si8 T9, ftREZFETTH L, V=KoL LT,
nfwannier.00001.cube &\ o727 7 AL 16 A 1SNET, FNHO— 2% AMMHELTERERZ K] 5-7 IR
L7, KV =xf0T Si-Si FEARISREL TWAD Z ERbn £97, Ziud, Si fsmofiardeamiiaT
BHHZ L ERLTVET,
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(a)Sifs & (b)GaAsiz &

Si

L it u = =
57 Si #&h (a) & GaAs #Eh (b) DENFHEY =Bk

SIS L7 R NI L C L S Z & 4350 975, sw_random_wannier % ON (2 LTF >4 L7aikiE
MEEFE RIS = LT OREMERTE 5 2 LB Y £,
Postprocessing{

wannier{

sw_randomize = ON

}

F7o, RN D7RBE CRHEDNE T LTND LD TLZD, sw_continue 2 ON (2 LU CatHE AR L T<
7ZE0Y,
Postprocessing{

wannier{

sw_continue = ON
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5.1.4.3 Wannier90 % i\ /= U == BEEfEtT
(1) HEREOWEEL

Wannier90 7= 77 A(http//www.wannier.org/) & #5355 Z ElZ K> TV == A T 5 2 & HAHRETT,
Wannier90 7' 1 77 A Li#ifd~% = L2k - C, PHASE [SHAGAE N2 U = BISRITHSRE CIaEli+ 5 = &
DTER, LLFOREZEITH Z ERAMEETT,

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

® U—_mffificky,

Ry PREERAD = & ST

U= fMC LY, 7 b I ERCHIZERI IS T D S R L [ ORI AT HE

ZZTiE, PHASE % Wannier90 &St C ERO & 5 23HRATT S HIEAHH LET, AMREAFIAT 2
et Blhow =7 A b Wannierd0 7' m 7 T AEATFL, 3L UEEEIT-> TR T IES0Y,

(2)

AR

Wannier90 &3EHE U CHEATZAT 91213, LA FD L 9 220W 417\ vE 97, Wannier90 D AT 7 7 A MERFIEL,
Wannier90 Ot—H—<=2 7 LEBR LTI 7ZE0,

1.

Wannier90 O A7 —X 2B LE 9, 771 V41T seednamewin & LE7, seedname | IEE DT
BT, ROLHITREERELET,
Wannier90 %z, UL TFDO L H|ZF) T ak 2AE— R CTETLET,

 wannier90.x -pp seedname |

ZOEEIZ X - T, Wannier90 AL 55— DIERA TSR L2 7 7 A VIMERRENE T, D77
A NDIEHRE S £V PHASE DA 7 7 A VE{ERR L E T,

PHASE ODAJ)RT A—=5T 7 A VEAFRK L £ T, #EFEE kAY 7Y 7% Wannier90 O ASNTE
POETHRELE T, ZOEMKFIIFEICRBO TR LET, X561, postprocessing 7' &~ 7 IZLL F&1BRD
L%,

postprocessing{
wannier {
seedname = “seedname”
sw_wannier90 on
nb wan90 = wannier90 THIHT 530 R
}
}

72545 seedname | RO seedname Z " EH | CHEE L £, sw_wannier90 Z on £ 952 LI12L 5T
Wannier90 23357 7 A Va7 52 LN TEE£9, nb_wan90 (21, Wannier90 THIFF 53
v REERE L E T, PHASE O/ RELLTFOEEICT 28R H D £,

PHASE Z @m0 £ L E 4, ZOF5E, Wannier90 23542 L 4~ 21 TAIEEHET — & ClEA T — & DOickk
NI TANANELNET, 72721, Wannier90 235FIf9 57 —% OHINIFELFIFHE TIT 5 LB H
AHOT, WHIEFHEZ LI2WESESITO0E 9 sw wannier90 % off & L CEEZINRIEZH LT
sw_wannier90 % on & L, FEWFIOMKGEHE T Wannier90 FHOH 121 TV ET,

Wannier90 #5347 L £,

% wannier90.x seedname |

ZORER, Wannier90 O v 7 1710V = 37— DiEHy, Wannier JED X A " T 4 2 TN
IV NET TR EBEONET, seednamewin DFXEIZ L - TE, EDIFHVY REES T = /L T
GRS DIZOITME 2T — 4, 1 YOUREfT ORI E b EOIE T,
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http://www.wannier.org/

(3) U ==l

wan_interp 7177 AL, Ui E T TN RS Y 2 VL HEOHEEZT) T /I LT, DY
— A 2— K3, src_wan_interp A FIZH D T, aL A N30T DT 4 L7 B —~B0, 231V
DY x)VAZ Y7, makesh H® Fortran90 =731 7—& LAPACK 74 77V —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 I K 5/3 0 G O/ERS PHASE-Viewer (21 5 7 = /L X EHOHEI72 S13T 2
FHA,

wan_interp 70277 AL, LLFO7 7 ANV LET,

® secedname hrdat 7 7 A/ : Wannier90 711 7' J MM L > CTHAEND, V= EKDOZ A "X, T 4
VINIV =T T — R TT,

® seednamennkp 7 7 A /L : Wannier90 2B & 957 — X ZAERT 5 7o OICE /R IR sk SN 7 7
A VTY, Wannierd0 2“7V 7'rt 2AE— R"TCHTTDH EELND 7 7 AV TT,

® kpointdata 7 7 A /L : GEE L7 K SOTFHR SR SNTZ 7 7 AV, T—H 74—~ MZE, PHASE O
FEHED kpoint.data 7 7 A VDT 4 —~ v b T, TOIEMGIEL, /v FEEXI OSSN REHEDIR
%, 7 =)V HOBATE PHASE-Viewer L ——~ =2 7 )LOWZEH B 2 — 7 —DIHZ SR L T E &0,

® nfefermidata 77 A /V : 7 =L I =RV X—DENFER SN T 7 A /LT, PHASE »oH I EET
DT, wan_interp 70/ T LEFITTDHT ALY P —IZab =L TN TLEEN,

® fsdata 77 AV (7L IEDYA) : PHASE-Viewer 287 = /L X w43 2B T 2487 —#
DR SN 7 7 AV TF, PHASE-Viewer DT X K> TT7 =V IEHD K ST —4% 7 7 A )V EAER
L7=8ra BB/ ER L S IVE T,

UEDT7 7 A NVERIZ T2, DEDEHETIATLET,

% wan_interp seedname

(4) Ft5EplE

BRI E LT, GaAs D7 —AZilLE T, ZOBEDATIZ7 74 /U7, samples/iwan90/GaAs UL NZdH
@ ij‘o

o U=xBHKOH)

$9°, Wannier90 ZLL FO L HIZETLET,

% wannier90.x —pp gaas |

ZOBMEIZ Lo T, MERIEEN gaas.nnkp EWO T A MIHIIENET, ZOT A NLDitikE S &I
PHASE ODAJ17 7 A NVEVER L ET,
F7, gaas.nnkp 7 7 A /UITRD X 9 2 EAXCTHAREOERN A AL TRl S ET,

begin real lattice
0.0000000 2.8265001 2.8265001
2.8265001 0.0000000 2.8265001
2.8265001 2.8265001 0.0000000
end real lattice

ZOFREIZHE, PHASE D AJ)RT A—4—7 7 A VOBNIRIOFEEIILL FD X 91272 > TWET,

structure({
unit cell{
#units angstrom
a=5.653, b=5.653, c=5.653
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alpha=90, beta=90, gamma=90
}
symmetry{
tspace(
lattice system = facecentered

}

ZORFITH, 77— 2RI U CHARBOIEEZ1T-> TV E T, GaAs [T 172D T, lattice_system
3T A —%—|Z facecentered 7MEE SV TCWVET,

77, gaas.nnkp (ZBWTIKES 7Y T OFERRD X ITHEESNTOET,

begin kpoints

64

0.00000000 0.00000000 0.00000000
0.00000000 0.00000000 0.25000000
0.00000000 0.00000000 0.50000000
0.00000000 0.00000000 0.75000000
0.00000000 0.25000000 0.00000000
0.00000000 0.25000000 0.25000000
0.00000000 0.25000000 0.50000000

end kpoints

ZOEY IFEET A28, PHASE D AN 7 7 A MZBWTIILL TFO X S I2 kS 7 ) o 72 EiEsEe— R
ZRALTIREL TWET,

accuracy{
ksampling{
method = directin
kpoints{
#tag kx ky kz denom weight
0 0 0 4 1
0 0 1 4 1
0 0 2 4 1
0 0 3 4 1
0 1 0 4 1
0 1 1 4 1
0 1 2 4 1

}

“method=directin”|Z &> CTH > 7 N3 25 kKA EHHRET 5 Z L3 A[EE T, kpoints 7— 7 /MZEWC, kx, ky,
kz, denom,weight |Z L > Tk AHEE L £ 97, KO X (kx/denom, ky/denom, kz/denom), & D EAH3 weight
T

Postprocessing 7 7 v 7 Cl%, Wannier90 HOH 12T 9 EME I AV TONET

postprocessing({
wannier {




seedname = "gaas"
sw_wannier90 = ON
nb wan90 = 8

}

Wannier90 FADHNIFENHIEIETIT O MENRH HDOT, WHEKEZ LIZWEAIT0E £9° sw_wannier90 %
off & U CHEAINKR SE 725 & 12 sw_wannier90 % on & L, #kgiatE CIEIIF|DOFHEZ1T Y, Wannier90
DOHDEATNET,

PHASE #3471, Wannier90 HO7—% 73551725, Wannier90 % -pp D $1ATLET,

[0}

% wannier90.x gaas |

Wannier90 (& L 2EEAK T35 L, gaas_00001.xsf, gaas_00002.xsf... 7R EDT 7 A WIMERK S E T,
ZiuZ XCrysDen 7’1 77 & (http/iwww.xcrysden.org/) #FIH L TR 52 LD TE LU =BT —
%9, XCrysDen 7177 AZFMATIURY ==BZ ridifd % Z &3 CTE £ 975, PHASE-Viewer |2 X
> TR EZEAT 9 5813 Gaussian cube JERUZZHET 2 0F03 0 W £, ZOIEEIE, PHASE /Ny 7 —I 05
FN5 convpy £V 9 Python 27 U7 R aFHTHZ LIk TEEHTLZ LN TEET, 5-8 12, AMFiA
IZ Lo THRLND Y =% XCrysDen CrIfiL L7-X &R L ET,

K 5-8 GaAs DV =T

® U =it

Wannier90 (213, 515 L72V =B A JURIZ X A NSA T 4 U TNV =T U ST DIERED Mo~ T
BY, ZOWREEZFIHT S Z LICX o TEEOHIELY bDROGEE T MEESY /LI H, FTrL¥x
—[H7R EOREEZR Y 2ATH Z ENATRETTY, 2O, wan_interp 707 T AEFIH L TITOVE T, O

TlE, GaAs DIEREIR M HEDOHF =L —m a2 ﬁ?‘éﬁ EEFRIT LET,

S L —H OB M 0T — X ZEH RS D72 0121E, PHASE-Viewer O“HZEf € o —7 "% FH L £7°,
ZDJ51E1L PHASE-Viewer t——~ == 7’/1/’%73% LTLIEE, “UzEft =2 —7 |2 L - T kpoint.data
T 7 ANDERLENDDT, ZO7 7 A&, U= BHGEHRIZ X - T b7z gaasnnkp 7 7 A /1, gaas_hr.dat
7 7 ANVDIEDS, PHASE 12X > THE LN nfefermidata 7 7 A VE—2DFT 4 L7 ) —ZE L, £DF
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http://www.xcrysden.org/

4 L7 RN —IZBWT wan_interp 71277 A&FATLET,

% wan_interp gaas ‘

T5 &, U=tz £ o C kpoint.data 7 7 A JUIREER S Iz K ROEAIET —# 2353 H 41, nfenergy.data
LW T A UTFERSNE T, BONI T 7 A VE, “GYPZERIE 2—7 128 > T kpoint.data 7 7 1 /L %&AE
LicT 4 L2 F—lca—LET, YEOEETHET LT —m AR 572 DOUEIIE T, HFbh
TAGEAR PR IT D& 2 )L X —(f % PHASE-Viewer Tk L7=X &K 5-8 (TR L £,

X 59 GaAs fEfEDEEAR THRO%E T RVX—H

(5) A FOEE

o UxHINE, IRIFIRHRCITO MERH Y 7, WHFEHEEZITOHAIT0E £ sw_wannier90 %
off & L CHEZINH S -5 & IZ sw_wannier90 % on & L, FEIFFIOAKEHETE T Wannier90 o H /)%
1T TLIEEN,

o  AHFETHIH T DHART v /UE, VLM FROR T,
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5.1.6 XPS 4
5.1.6.1 HEREDOHEEL

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

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

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

Energy levels [All-electron]

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

L0 WNEENIH LS A DO HZETH D5 eV L0 ERIFNTIRNZ L3 £, ZO7T=0NEUEN OB E)
BRI IBERE LT JR - L B2 0 2R, TR O EEEN A4 U

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

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

HFETHHOEEGNH D L MBI TnD K 91Z,  BEFPEO= R VT —Z%hy & Ut Svo e - OiESh—
Z“/I/ﬁ?’—Ekin X

Eyin = hv —WwW — (EF - c) (1)
ERRVET, T, WIHMEEFEEEL, E-iX Fermi 87, E (IPNGREN T, —fRICHERER CIXEFO LA
HUIC K DELR EEIERSND 20D, WikE DU DT o v MIFE HAMANZ 72U T2 HI1E L <
R0 FET, FO7D, NEHELHRE TIIEL 20 9, ZOBREFERIIORLIZORK 510 T, £D
fth, (LFRERICE BRWRT-ORT oy VN ETFT50T,  PWEENITZ USHER L7=2hR b2 5, 20
2 DONRD IO —ENE TR AL B Dfl5E2 L 0 E3, PREEER T 7 OFERTIE, FKim)»
S5HWEBIC A T2 IV (Ll DIFRTAT K 2 PNERUENL & FRUEI L L CRIEARI O LA A B 72 5 JFR - D Nk UE
MO TR NF—DZEZFRETH 2 L2k, REHIOFFOLFRESIRIEEGE ZHEE L E T,
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surface

Ec' core levels

bulk core levels

510 XETHHBEROTRNX—T7 17 7 A )V : ROAINERERR, 21237 Tk 5, Fermi #7E ¢
IE—ETHEDITH LT, PWRENE JIFRTCL Y By, REFMI T ILZIZ HRTNRIENIERL 72
Do

ST, WAL 7 M FRRHE T A 720123, R Xius lx O ONBRIENE, #3H LES, =
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
VZfiik 7= A3 Scheffler D27 /1—7[2] ¢4,  Scheffler 513X 5-11 1R L= X 912,  EkHAE(Gnitial state) &
f&IRRE(final state) DIEWZHFH L TWVET,

initial state final state

j,hv ¢",_Ekin)
o

o £ >

hv € v Ekin(Il)
o \

o e

(In

5-11 NEFHHIEROIBRIREE & HIREE : DI W MBDOFRAC L 2 EFHE, MIIEREHEORFIC
X ANEFHHER LTS, IRREEGnitial state) TiX, ASHEY) EFRERBFET B DH2DTO L MIEFE

CIREETH B, #&IREE(final state) TIE, B SN EFOEB— RV —E ), & FERELGRIL EZ b o7
FERDETINF—E ;o 13D LMD TR DD, FEkin + ErorlTE LV,

5-11 T, JEETFOH SN BT ORENRRR S 2 S04 2R L TWET, OIFETF L7 (B H

5856, IR ONEEATICH 255 TT,  HIREETIE, B2 TWDRITIIAFHE) ERESEOMFET 5D

7D TO EADIFE TIREETT,  —F, K&IREETIE, SR S e - GEE = RV —Ey ) & PNRRIE

ORI SN TSR (ET N —E DM ELE T, WEKEFLE 1L, HE S brizSEA LT

T-NRENL R SN B ORI N5 TT, (D EAD TIEE iy EEroe (TTNENIIR DS, SRIRAEDR— LD
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ZEDD, KIREBOROETRLF—H[FE UEIZR BT IUT 72570 S RO EZREHRAD G E T,
Exin(I) + Etor(I) = Exin(II) + E¢or (1) @

BENL S 7 NAE i IR TCER LET,
AEyin = Epin(1) — Ein (1) ®3)
DIz, R@EAWIUL
AEyin = Etot(I) — Eror(I1) = —AE¢o; 4)
WEONET, RQOALHERT v/ WETHRET S LN TEET, Scheffler H21ZZDE 123
S& SI100)KHDRENBAERL S 7 N RT3 v /WE TR L, Landemark ©D3E5RAERI1] 2 BERAIIC
AL COVET,  PRRERE, SO 2TV —E,,, L OBIRIE, KDIcky

AEy;, = AE, 5)
DY SEHDOT, Ri4) L LT
AEC - _AEtOt (6)
DENET,
A
bulk
= core level
[72]
c
Qo
£ surface
S core level
B
K]
S
]
> Ekin
Ekin(l)  Ekin(Il)
Ebind <

512 PBEETHRHOAY v

TN LN DR RN TR T LK 512 1R LTIZE D A7 MLV T, 22T, &7 —a 41
HERIC L DAY midfiEE 2 £ A,  BillIOEE OB R VX —Ey,, HEMOEE G T,
7o, R INEBEN OGN —Epipg E D T EHTE T, ZOHEIIEMNFEEEN TR 7o TWET,
Tl L7 I ONFEF AT FUTIRE TR LIZE DI Eiy (DITHE—DE—2 2 b b E T, ZIUIKLT,
FERTAHIN S OHEA AT MUTEB TRLIZE DIV 90D B —T B (IDISNET,  KE—
7 DIEEITZ DO E—7 [ZBR LIRS D EE W £, B EEOROT- B — 7 (s L@ A
THET, EEATRERPEOIFERGEL TR X —2 ) DT, /L7 D=7 1TFEmERI D EHOEND
B} onm BEORSOFAZEIILOTHDLZ L2 FELTLERY, FHETEL LD, 7SV ILEND E—
INLEDOTIE £ E—7 ORI/ CT,

(2) PRREALZ G TO#ERT > v v L

FJFEEEER T v bR REFRECIE, PARE HIRREZ RS S, i kA8 % B O REICHE LET,
ZDI=R REHBEDOBRPETIIPRRICIELZE U SED Z LN TE A, TOND Y NERIEALE SR T
X NVEVERRT S Z EIEFTRETY,  Scheffler 52111, i FHHRHZ AR SN NFRIELULE DY OE I
&0 T BN i (screening) SND LD EIRE L E LTz, UL, BTE2ABIEDL720F0 FHEiFRnwE L
TWET, £, B F—F SN A7) 5 BRI ARG S5, 972005 Fermi HlIARMEN I =
VTEND, LEZTESHITHTEME - TNDE LD E LTWET, ZHUOHDREICLVEE SN AT B
JUTSERRER L L~ LTWET,

VD& Z FIHEZT, PREEALZ ST FOEART oy VRO X DN LE T, B IE2pHERIC AR
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IEfLZE T ) aVET-OBA,

1. 14EOE D H75(15)2(25)2(2p)°(35)?(Bp) 2 DEFALED HHEL Y 2 UHTAZRBWT, 2pHEOE
1% 3p UERLITREEN LT (15)2(25)%(2p)°(35)%(3p)3 & LI-hitikiED S ) oV JH 25 2 5

2. FORFOLEFREH ORI )

3. MlETE LTBs)2Bp)3 D 5 OB A #IINLTA A 1T 5

4, ZOXHITLT, WKELEZAH L 5 Mo A AL L=y U a VR OfRT oy VIR TE D

ELET, ZHUTEK 513 D 2 SOf&IRTE(final state) D 9 B I screened hole GERGIEFIN G LE T,

AT T — KR R CORRT > L VAR T, PN O A & U ENSA T 5B MBI L CEAES %
EoTbDENGREN. E LET, WRENOT 7 MEOFETIE, ZOMEIZL Y FERIIEDY A,

S. final state

I initial state unscreened hole screened hole

—4e -4e -5e

< hv
S 3s % %7 %
2p S| A _
2s —F—— _— _—
18 ——— — — L
E
3 [ [ [
2 +14e +14e +14e

5-13 Si RFOETEIE : ERIFHERRBOETERE, ARIINEELNAE CTBEDOMIREOETEE 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,

ANy REBEIFRO L5 IATVET,

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

2. ZTOMEHEZANT, T 1EZNRIELEZETHRT vy WEE 2 T R —%5HT5

TRTCOJFAT L UEFICE S TEm R X —2HET 5

4. ISVINEOFRAEPRDT, TEREC L UOREOET RLX—0D%EE LV, EET R LX—0DT 7
i

5. WMEAGDIZAT MLELTFRTD

@

5.1.6.3 #4541 : Si(100)FiH
(1) Sioo)FEmEDET L

FTIELHIZ, Si(100) p(2 X 2) FHEk R OTT V2R LET, Si1000FEITS 7Y v 7R REE
LI F A ~v—HgEE LY, FNEDOFA<—IFNHENATHIMEL Z LNy 7 ) U ) TEENTHZ &N
HMBENTWET, ZOEE, No 7 ) o ZOEENL T A ~—DIRWO B EmWHICE BRI L £, 5
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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 5-14 SiQ00)REDET /N : BEHATHEOEHII2 X 2(ER), TEFHANL 8 BERDEFN AT 5,
8@ L 9 A DHFRICKEEF.LEEZLTVDDT, FEEOHETIIEN T I6 B4 JFRTDRATFTET L LT
#5, BAROBETRWEREFZ1u, 1d, 2, 3u, 3d, REDF~LEDiT B,

HFEROREET MILERHIE L o> TRITIUIR BT, oA EmMLUET, R HE< oiKEs
5 x 107 AL FIZHZ D2 DICRRMAZE L E L, X 5-14 13 S SNICBROLERIEZ FR LT
WET, FHREHIRFELD, RT3 /L Siggapbe ne 0l.pp, ASHAFABEIART v+ /L : GGA-PBE,

Ty AT TFNAX =k (wf) =35, ko(chg) =70, =2 bt/ :a =14.6816015290, a, =
14.6816015290, a; = 60.0000000000, ki :4x4x1, T, ZOFME, BEMSNIEELE FNFLLTFO X

T ET,
b4 y b4 fx fy fz

1 11.654665468 7.340800747 19.731672033 -0.000108 .000000 0.000136
2 10.943522273 0.000000002 18.308554343 -0.000156 .000000 -0.000260
3 7.408260709 7.340800738 18.308043049 0.000156 .000000 -0.000288
4 6.696493833 -0.000000008 19.730653256 0.000095 .000000 0.000136
5 12.644826676 10.798805752 16.929970763 -0.000186 -0.000125 -0.000051
6 12.644826664 3.882795799 16.929970692 -0.000187 .000125 -0.000052
7 5.707073513 11.223532172 16.928492210 0.000184 .000135 -0.000066
8 .707073576 3.458069376 16.928492250 0.000184 -0.000135 -0.000066
9 .176755229 11.011875138 14.003484695 0.000002 -0.000042 -0.000291
10 .176755074 3.669726457 14.003484706 0.000002 .000042 -0.000291
11 .834472402 11.011012299 14.542706201 -0.000005 -0.000002 0.000195
12 .834472400 3.670589245 14.542706195 -0.000005 .000002 0.000196
.235196168 7.340800802 11.460786586 0.000018 .000000 -0.000178

=
w
NNNRE PO ORFRRFR OO,

[eNeoNeoBoNeoNoNoNoNoNoloNoNoBoNeoNoloNoNoloNoNoloNoNoNoNoNolNe ol

14 .118076207 0.000000001 11.459447663 -0.000002 .000000 -0.000198
15 .882358440 7.340800774 11.863174990 0.000085 .000000 0.000607
16 .785205792 -0.000000009 11.863763387 -0.000075 .000000 0.000566
17 12.980433730 7.340800764 9.066215802 0.000364 .000000 -0.000060
18 12.895937822 0.000000005 9.076888750 0.000103 .000000 -0.000067
19 5.455961640 7.340800779 9.081857152 -0.000145 .000000 -0.000096
20 5.370066620 -0.000000012 9.069872950 -0.000307 .000000 0.000025
21 12.895952884 11.013570694 6.478028955 0.000077 -0.000071 0.000099
22 12.895952919 3.668030852 6.478029019 0.000078 .000071 0.000099
23 5.455699091 11.008682705 6.484530647 -0.000072 .000047 0.000112
24 5.455699061 3.672918843 6.484530696 -0.000072 -0.000047 0.000112
25 9.172291984 11.011379982 3.920759253 -0.000013 -0.000002 0.000122
26 9.172291976 3.670221565 3.920759374 -0.000013 .000002 0.000122
27 1.838705787 11.010982242 3.857185244 0.000014 .000000 -0.000054
28 1.838705789 3.670619311 3.857185195 0.000014 .000000 -0.000053
29 9.176000956 7.340800765 1.297682500 -0.000017 .000000 0.002104
30 9.176000956 0.0 1.297682500 0.000472 .000000 0.002118
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31 1.835200191 7.340800765 1.297682500 -0.000774 0.000000 -0.002772
32 1.835200191 0.0 1.297682500 0.000325 0.000000 -0.002761

T, SR EE 2 TS 32 A OfERA TR L TWET, 8 JED 4 HDJF1(29 H~32 F)Lfkdn
BOSNRNE D IEE LD THIRAE L QET,

(2) FENFHRENT 7 FOFHE

WIZ, FRENFRUETS 7 (Surface Core Level Shift, SCLS)DEFHEAZITOET, KB SNI-FHEHET /LD
JFANELZEE L F, vV a VR 2R NRRIELLE SR T v v v VMBS 2 T RV —%3HE
L%,

ZOfREREK 515 1R LET,  #ElDCE T OEE T L X — (AL eVIO/ LI INEOTIVTT, 08
B, P B3 NEDOFFAIZE STOET,  HE ISR CHEMERELS D DT, HFE VIR MLE DR
FNHO HEAIFRANBIHIS N EE A, BIISNDDIEFEER O nm EWDILTWET, Z07=H, AN
NI &3 NEE LT EITESTHL LB ONET, EOM, 3, L3,OHRICE D HELB X HDHN,
5-14 ZZBBITTIUI3NIZ A ~—FIDIMA, 34135 A ~—FIOWNNZEH D DT 3476 OFHHIRELI T FEHRIIZ
I ONDZENEZLNDLDT, ZZTE3,% V7 e LELE,

5-15 12 L AUZ screened & unscreened OUERIZEVNT 25 1 JED O down DE— I (ETY, MADHMN
W) unscreened D573 screened K0 /D 72 & T, D72 unscreened Tl down (\ED T Y
O VEFNEAZIDIERRESNEY A,  screened TIHERINDLDT, ZOHNRWDT=HIZ down D E—7 i
BN ST EZBNET,

10 T T T T T T T T
e Screened
< osl O Unscreened (ion) |
z | @
>
= @ down
2 o0
:
S osl ¢ ® . .

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

Layer number

5-15 SCLS OEBh—R/LF— : TN ENF T unscreened, #RALIT screened DPREHIEERT v L%
FAWTERTH D, FRILX Scheffler LRI UHETH D, MEMINEEFOEI- RN —EHLX eVID/ VLT P>
LOTNTHD, ZOBRE, W7 Z23 NMNEBEDRFIE TN,

Scheffler & D 21128 HFER L e 57212, 5-16 [ZFMEN D 3 EE TOFFI2 k5 SCLS #Fo~ L
9, HEMIRETHY, FIREIIE O EE > TOET,  E2BJIEIZ, unscreened, screened DF5E!
Pl FEREEZ L C0ET,  FEBEIE Landemark S[1I2 L5 H DT,
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| Unscreened core hole (ion) _

Intensity (arb. units)

-1.0 05 0.0 0.5 1.0
Kinetic energy (eV)

5-16 SCLS DR : il X SCLS M3EE Th v , FMMEIIRFEDLE & 2T, B BJEIZ, unscreened,
screened D&FHEIE, EREEZFIFR LI, EBREIX Landemark H[201i2 X3 bDTh D, FEBRIZE D DiX
screened Téh 5, XPS FADOWEMEAIERT v % /Ui screened TYERR L7 iU e & 720,

5-16 ORI R 2 L < HEL L, %7z, Scheffler & tfER2IIC—B L TWET, FEBRC
A9 DiZ screened THAHZ EbnD£4, ZDO7=H, XPS HONEEFERT > ¥ /Ui screened THERY
L7l Fiud7e v £8 A,

5.1.6.4 &k

[1] “Core-level spectroscopy of the clean Si(001) surface: Charge transfer within asymmetric dimers of the
2% 1 and c(4 X 2) reconstructions’, E. Landemark, C.J. Karlsson, Y.-C. Chao, and R.I.G. Uhrberg, Phys.
Rev. Lett. 69, 1588 (1992).

[2] “Evidence for site-sensitive screening of core holes at the Si and Ge (001) surface”, E. Pehlke and M.
Scheffler, Phys. Rev. Lett. 71, 2338 (1993).
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5.1.7 =%

5.1.7.1 HEREDOHE L

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

51.7.2 NS5 A—4

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

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

postprocessingt
workfunct
sw_workfunc =on
sw_add_xc_to_vloc = off

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

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

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

5.1.7.3 FHROFETHIE

FHRDNME T LTZBETIL, BT T oy VOT— 23Sl —4 L UCRfFENE T, 5EEES5 7
DIZIE, W2 DOT — X S8~ 7 — ) oA L, RIEN TEZFE L2 OREEZ T2 0813 H 0 F
T, ZOL NI ETTH a7 T A workfune T, T 17T AD Y —A a— Kt sre_workfune T A
L7 RU—ZH D 3, 2230 T 5720120, Fortran90 =231 5 —23AB T4, workfune 2 =21 73A
VTBHINE, T2 2ITUTFTOLH o~ REFATLET,

o°

cd src workfunc

o°

export F90=ifort

o°

make

BRI FI0 |2 Fortran90 = >3 T —%48E L E 3, BRERAIFI0 OF 7 4+ /v MilL gfortran T3,

UTOXITHHALETS,

% workfunc -z ZAXIS

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

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

Fermi energy (eV) -0.37838

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

.208333 -0.250195E+01

.312500 -0.331223E+01

.416667 -0.427665E+01

.520833 -0.495695E+01

.625000 -0.496651E+01

.729167 -0.425552E+01

O O O O O O O = =H#HF

T7AND 1 ATEIZT =/ I =X =0 eV BALCRlfkS I CVET, 3 1THUENEREOT —% T3, 1 4
Bz A BT CHREICTEEAIEED, 2 FIFICHIST 2 RFTRT v o v L OHENTY eV BALCidRSNET, B
FIART 3% U, RS 6 AFRERE - S IZ BT T—EME 20 £, ZOROfiE 7=/ I x
L — L OENMIFRSITHY LET,

nfvler_avdata 7 7 A VNS RFTART Vv VIR T T M7 DA HEEL, 7=/ IR ¥ —LD
EEHETHZLICK o THFRE A L L DD Perl 227 U A workfune.pl T3, AFD X IIFIHLET,

% workfunc.pl nfvlcr av.data OPTIONS

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

5.1.7.5 & : 7L =7 ADOHERK

TN =0 AOHFEEEBOEF R LET, 7T —HE, samples/workfunc/Al T,
551, Al(111) 7 BORBET A TY, REICEEEE o ik LEY, o fioRSiE, 50A

ELE LR, 7TAI=0A(111) mEEE A EEHER LRVWOT, s I L A TL, Rzl

(2, SESHFEDFAET D L OICET A EER L E Uiz, 72, SBHERIMR BE/ERIIRATRT v v U&7
WVERETRHEZITWE L2, T =0 AOREET MIK 517 (TR LET,
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517 Al(111)E 7 BET )V

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

S BT workfune.pl A7 V7 N &R L TEOIIZRFTART > v L L REICTEEREEEORR A X 5-18 (TR
LEJ, HSEEE, 4.05eV LEESNE L, ZOMITIFEETH S 4.08 eV LTV VER L 722> TUWVET,
5

0=4.05eV

energy (eV)

-20 L

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

5-18 FEZTEE/R I & FTRT v v v /VORMR

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,

Q) | IFUDICEEOBFIRIEHR (N0 FER) 234T7L %9, PHASE (%, BERT %/ « s
NEESNTNDDT, ZOFHETIESWCGHREITWET, Nv REEEICE Y | B FOEMEEp, 2
HBonEd, EETOEWMEEIIKRKATEZAONET,

Pe = Py + Pc
ZIT, plE. AT EFOEMEETY, CIAO TER LA SN TWDERT oy VDT —H 7 7
AMZIE, BHRBRRE BT 5 a7 EFOEMEBEDERNPEENTOET, ZOT7 —F EHiAaAR (1)
XARHE L E9,

B) | BEFEERESY, TR TE b ET (RFHND),

(o))
—EA—fdr

—
/ |

+ Hc(P(F)) Y () = ey (cr)

-

r—r

ZIT ope 1 BT BETFHEICHET ART Ly LR —THY | p,lE. JFFEED S EN A
FLET, VWE, BEAIEERFIC 1 ELIV2WERET DO T, O EERBEAIRED A ZRDIUE
Wz bz 3, Lieddo T, BETOEFRRETX T Y LT oy —Hor g LEd, ZojE)
BEA S L > TR L E 9,

Y, = Z Cgzexp (1@ -7)

G
T OCL TR MLG OREATRICINZ B0, E OSB3 R —0 FRA SR E L E T,

©) | BETEEERDET,
pp(@) = 1412

D) | EFROYEFOBEMEEL T, FreoXad il BErFmaitfiLEd,

= migc [ drpo ey (1IN (pe)
T, 1 BTOWER, cEEER LET, TE AR THY, BT - BEROMBIC
HkT 5609, PHASE Tid, FEXOFHMmIZIBWT, FReDurElz Vv CunEd,

pel'(pe) = p,T(py) + pcT(pc)
Z OIFEHDE Y LT OIZIE, & a7 B ODARDER D DVNIWNWZ RS 720 F5,

Al

AFHETIX, BT - BB FEOMBICR LT, RFTREREZ T ET, 37ebb, fHERT vl
HARIKF 1%, Y72 B ARG E T L EADLGAIGGHR SN REZ b LIC, ETEEOBKE L THX
LIFET, HWARHBIL L, AR E S QO FE 3 [Puska9sl,

I'=1+1.23r, + 0.9889r>/% — 1.482r2 + 0.3956./* + 13 /6

2T TR =1/p T Fl ¥y o TODBF, TARDLHFEHFICEN TR, SRL BETFOR Y —
=2 TMEDV NS N, IROMIEZEAT 9 FaH#EE L £ 3 [Puska9ll,[ Nakamoto07],

=1+ 1.237; +0.9889r>/% — 1.48212 + 0.3956>"% + (1 — 1/£4,.)73 /6

N

T T, &l TETRFERTT, TOMMNERIZ IV HIE S TORWEAIZIE, UVSOR 12X, HELES
BEERIZEASWCGHET 5 Z N TE T, sHRTHEOFFMIZ WL, Sk [Nakamoto07] &M< 7230,
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5.1.82 AJ)/XT A—%

Sifsarc B DB EMOFHELF L LET, FHEAIEITL. sample/positron/Si T,
Si fEnTNC I DB HMGEEDATIRT A—2 7 7 A4 JUTBW T, BB eBIc T A5y Oz LET,

(1) Control % 7 Ty 1-Famat A 2 AN E

Control{
positron = BULK
}

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

(2) accuracy %7 CHyE fHEmatAOAT > a U EHRE

accuracy{
cutoff pwf = 50.00 rydberg
positron convergence{
num extra bands = 8
delta eigenvalue = 1.d-8 rydberg
succession = 6
num max iteration = 32000
dtim = 0.01
epsilon ele = 12}
}

cutoff pwf=>50.00rydberg  ZAUZ. BB OEEIRIE RHT HBEOIQRASH L v M7 =31 —T
75

positron_convergence {} ZDOX T OHT, BB BRI A IERTEIC L > TR D, T7hb b QA%
iR B, EOXINAIREIGL D LT D00, TOREEITNET,

num_extra_bands =8 By OEAIRREIL, JCIREE 1 HoAzFEIT USRS T, UL, K&
RTINS HITIE, ZNLBNT, EERRIEL D =L —D @ ki
OWEBERCG T 2 0ENDH Y . TOFKERE LET, 2k, KD 1)
BIIETT YT ) = oS B LET,

delta_eigenvalue = 1.d-8 5.0ASIA

rydberg

succession = 6 KIERHEIZIBW T, iRl EARloyEE (7.20) N 4.CH 2 bN-#FENT
—E L., 5. THE I - hlke L C. ZOFM2Nm- R, FHEIRGRL
T B LET,

num_max_iteration = 32000 FFEIL. ZOHEEV KT L, PR L Ve THE T LET,

dtim =0.01 0 IR LEHRICEW T, ROEEIREZ EN T RE B SE5ORET

HY | dtim BAREVNFEEPCENEL R0 9, Lo, HFE Y RE W ETRAE
PFONZRL D ZOENNIWIEE, BEICIHIE S HIVE T, hE
T HIFLUCHANEL 720 3, LER->T, ZOMETFETHRICED, =
— =Dl A RS Z L A HEE L E T,

epsilon_ele =12 epsilon_ele |Z, ¥ v 7 D&H HRITk LT, LDA O 1 RifmFmMiEA1T ) B
IZHWS tag T, =0®%ITIL, FFEFE S 055 12) ZHWET, L. #F
EROMIEZATORVOTHIUL (-& 21E. BBEOFEEITH>HE) . 8.01T
ITHIFRLET,
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5.1.83 FtREEROHS
BB PIIEEATTH L. output000 7 /L& 3{H®D cube file BTSN E T,
(1) mZH17 74/ output000

DT 7 A NDERNOE L, SIOEF/ N ROFRIZET 2 DT, B0\ FEHEREDY | E10E
DG DI, BT ORFEMTOIE T,

HzBIFA“-- initial positron energy eigen values e B IR B b DT
R LT L | OB RE S ET. TR A 0 Lo LIt T,
B8, 1463796V) T B = & &R LTV ET, extra bands HZHLED bR L¥—0 fVEAE
(14.9628460558-15.0292289699) %% L £, VX LaHHEO 2 mIH T, EANEAS,  0.0021898139EV) &
7o CVET,

--— initial positron energy eigen values —---

=== positron eigen values ===
14.6378982055

-- extra bands --
14.9628460558 14.6842242625 14.9879179620 15.2755174303
14.8070539395 14.6061318397 14.8086346971 15.0292289699

=== positron eigen values ===
0.0021898139

-- extra bands --
0.0892687578 0.1056325893 0.2037689630 0.2140559068
0.3115605599 0.3359746459 0.3540270556 0.4738130045

T 7 ANVDTFOFIE, ROL I DR HY £,

LR R R R i R b I e B B I I B I e I e e S b e I R S I S S I S S I b S S S b b S S S 4

positron lifetime (ps) 220.184723312044
core rate 3.79328791767622 %

R R e e e R b e I S e S S S R b S e i b S e S b S b S S b S S b b o 4

ZAUE, 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 5-19 |2 Si fEfnlcolT 2RHFERRZ R LET, MEHEEE LT, HAEBIFEL, BE A%, BiE
FEBITAFAET 2 2 &2V 0 F5, B+ OREhBSEN AD 0 I~ L —ME T L2 A= —ic
FIToHHZ b, —BIACHE XS AT ET D235 9, BT« B 0% X 519 (IR
LET, ZOMMPENE AT, BETIRE AR TR T 5 2 L2720 7,
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B 5-19 Si fEF@POME TS TR@). BEFHMO). ET - BETFIIMRC)

5.1.84 ff ] EOFE

Py F-FmOHEIC BT AIEE ST,

® EARTLIYILOER

FTERICE-TL, B arvREEZFFSLORHY 9, 22T, BEIaRELIL. a7ETON, HuE)ZEH
BNTIEDNY | T EA DA LAEF- DA & DER Y PNMERTERWEEOZ LT, 04, ¥Ia7E
FAAMES L U CTHRO I R T v VBT D 2 ENEENF T, A SN CWDAHEERT o v Ui,
TERIZE-TUEL, ZOEICLTERESNT=bonH Y . TOBIZNERATIZ L2883, bL, *
D& BN T v WHMER SOVl iuE, CIAO Z W TR T 5 Z L TE £,

® v AT —DEIR

Si flER DN FRHRIZIOW T, BRI, B, B B 5 v M7 =3 F— 2L T
DEIHREL £,

accuracy{
cutoff wf = 50.00 rydberg ! cke wf
cutoff cd = 200.00 rydberg ! cke cd
cutoff pwf = 50.00 rydberg

INLDEERZALSET, RSN TOPOR L TWD 2 & 2/ DENH Y £
o [
B O ERA ST, OB L FFE, VIR LFRICE > TROLIVET, FDIERLIZIBWLT

output000 7 7 A /UL, IROLXH 72 Nh03H 0 £ (22 TIE, BV IRLOFRZICBITHHhEFRRLT0OE
).

=== positron eigen values ===
-0.5674635596
-—- extra bands --

-0.0490686179 -0.0460091253 -0.0446118499 -0.0275856742
-0.0102856694 0.0069403602 0.0274419414 0.2284487012
lifetime: 220.180365487100 220.179503204077

ZIT, R TIES T BT OEATE (positron eigen value) 23 H3URL TS Z & ARENDE T,
7 TOHT) (output000) Tl

-0.5674635596

-0.5674635638

RELoTEY, +HOMCELTWA Z ER g 3, F7o, ERRoOH 1T 220.180365487100
220.179503204077 & W78l H Y 9723, ZAUuL, VIR LERIZEBWT, RillERHME Sz, &4l
SN FMERLTEY, MOIELFHEICLY | FaOENICRIGE SN TWAHFARE L TWET,

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

5.1.9 RILBMER

5.1.9.1 #f2

RIS A BT 05— FEE I RICRW T, JRTOEM A —EIRO D Z EIFfHEARZ ETEHY A, AR
IV ATNERTAR Y —ARBEERI ISV CGRHRESND L OTH Y, EMERDOLT-DOREDOHTEEEZ HE
T, TOHANRE 251, P DU INTENL LT B AT 2 0 2 AN CE D 2 S K> Tl
WHEMTED, LI HDOTT, LA 3 HMbHVIFHDT, AV ARERIL2BEOT L&
DET, BB, PLCANEMOHEIT v~ T DOH DR TORGHET D LA AREARIC ZEEL 2 &0,
5.1.9.2 RV BREROFEOFN

PV ANERNL, ROK D 72K L > THALETS

z" _QR, f %, (uﬁ)_ o)

= =2,0,+) —a_-
aff qe auﬂ ion~af - 27[ ia auﬂ

Iz, AV O, a XIBERORTAY MO a sy, 4131 BROWHS T MUY —

NEAH, Ug (32020 B 53T, YU —(ARDFA AU DML, bR LET, 2ol &

5, 31 OB LT 3 DO~ MDY —(fHEFHRTL20ERH Y, RV EmErET D7
DITITERE S DIHAEED 9 DR — (IR NEN 72D Z LAV £97 (EBICITENL LWV — A B4k
2D T, MY —(ARF IR T Hx9 + 3 TY), F7o, XU —(HAHOFHRIT ekeal DOFEEEMFHRIZ L
STITHDT, S LICHEEEMMFRAOBEN 2T 5 SCF 5 a2 Y —(AHF RIS > TIT 9 MERDH Y
F9, ZO—HOFEEITO 729012, PHASEO I2f1&ET % berrypl &9 Perl 227 U7 &R LET,

0L, PHASE/ (ZFHET 5 berrypl £ Perl 227 V7 &R L TITWET, berrypl 1%, bin 71 L7
N —DTFIZH Y £T, RV ANERDYE, berrypl IZLLFD X 5 22t CHEAE ATV ET,
1. XMRETDHFEFTXTO SCF FHHEEZIT O,
. RRETDHIRATNTER 3 HIMENL SETFHHEEITH,
3. 1, 2. CHELIVCEMBEA A& LTEBEEBRFIAICL T, XY —(HEEHEE 3 DO~ 7 M UTxt
LTIT9,
4. 3. THELNIRY (T — 2 26 L, OXZFA L TRV ARER 27T 5,

AT1E L TEEZ2 DI, SCF #HAIB KON — (il ROAI O L 72 DT 7 L— NASI 7 7 A )V & berry.pl
DEMEZFT 22 ha—L 7 7 A )V TT,

5193 Ai7—%

(1) M=

RV AGNEROFRY, #5500 PHASE |2 & 5 SCF R &, ekcal 12 & Y —(ARFHRAME L 70D 9,
PHASE/O 121%, ZHAHOFMEAZELWFIATHEITT S berrypl &9 Perl 227 U7 bHAMHEL TWET,
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berry.pl %5479 572121, SCF #HHIS KON —(HEHEHDOT 7 L— N B A1 7 7 A v &, berrypl

DIRDBENEHET D a2 ba— 7 7 A VEVERT 2050350 9,

(2) SCF&#HEIB IO~ HEH T 7' L— F AT )T — 2 DIFRL

RNV AARNEM DR AEAT D T2, “T T L— NN T =2 %R L ET, BT 27 7 L— b AN, SCF

FHRH &RV (RO T 7 L— EAJITT, ENEIUIDOWT berrypl #5735 57 4 L7 U —DF

ZT 4 L7 B —ZAEK L, D T SCF SIRMDOANT =% LEEERFEHADA T —5 ZF L £ 7

SCF #t#IX PHASE, [EE&EMATAIL 2 IRTThRDOYE1E PHASE § L < 1% ekeal, 3 RIthiDFE 1L PHASE 7'

77 LEFAUET, BT 2ANT =2 ITEFEOFHALFECTTR, UTFDOL S Z2RIclE L AN ZER L

TLIZENY,

o JBIET X, MRERE MR K R SIC b D EERM LT IZE Y,

o HEEROEIR EDMTONRVREIC LT ZENY,

o FHEIL, ETT 4L MO BV U ThnE Y, bbb, T L— MAIREINDT 4
L7 FU—LEUBEE b Ed, 20828 E LT file_names.data (2B DHERT o v LV OfEE SR
IToTLIEENY,

o Y, [EEEMEIHEHDOATO file names.data 7 7 A /UZIBWTILT 7 A VARA % —F_CHGT %M
LT SCF #HEIC L > THLNT- F_.CHGT 77 AV (BREBET 7 A V) ZRELET, RV HLNER
FHRIZEBWTIISEEZS IR % SCF I berry.pl ZSEHNIROH DT, ZOEZIE L FEET HLEE
EH FHA FEERH-TH, berrypl ICL > TEXHZONTLENET),

o [HEEMFIACPHASE ZFIHT 256 (T72bb=IthiO%E) LLTFO L 5 7e5Ea LT TEENY,
control{

condition = fixed charge
fixed charge option{
kparallel = one by one
}
}
ZOREEMT Z Lo T, BEEMIAIX kAR T OS5 B— R TEEL£9, XY —r
MFHEIZZOF— R TARVWEE L FHETE EHAL

o  ARY—(HARFHED kST 703, berrypl D hr—/L T 7 A JUIEHIT D meshl, mesh2, mesh3
NG AR =L L5 TREDDT, ekcal DASIRT A—H—7T 7 A )WZET % ksampling 7 7 v 7 DF%E
RS NE TS

(3) berrypl HD=> Fa—7 7 A VDR
berrypl DIEHENE, 22 ha— 77 A NVEN L THRELE T, SV AIEMEEOSE, #RIZIELL
TOXIBRARIZRY T #THELUTIT AL D), Ay ba—T7 7 A IDT 7 A VAT berry.pl FATHF
(HEET DAL o TND DT, EEDHDEERA LTI 7EENY,

#overall control
property = zeff
cpumax = 1000

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

#parameters for the berry-phase calculation
atom list =1 3
displacement = 0.1

meshl 6 6 15
mesh?2 = 6 6 15

169




mesh3 = 6 6 15

#execution control
np = 4

ndir = 2

ne = 1

nk = 2

ne b

2
scf command = mpiexec —np NP phase ne=NE nk=NK

berry command = mpiexec —np NP ekcal ne=NE B

#unit cell info, optional
a vector = 5.01 0.0 0.0
b vector = 0.0 5.01 0.0
c vector = 0.0 0.0 5.01

ZOBINSIOND L DT, NTA—=Z 1DIZOX 11TERL, “F—U— R=fE" L WH TR T/RT A—F 2458
LE9, R ANERRIEOEAICEE T ANEDOSH HF—T— R EZOmAE L FIZiE LET,

F—U—F i
property DX I RFEEIT O EIRE L E T, zeff, piezo, strfrc DVWYT T
T zeff ZHET D RN ARNEMADONY —(AHFHEAM THOivE
Ty T 7 F IV MllE zeff 720D7C, BV EARIEOBERIEE T BN
E.
cpumax HEORKEFR 2O CRELE T, 22 TRELERL Y B
WA RVES, SR TN T LET, 0L FOEERRET
5&, ZORTITEHRITHKT LEEA, 774/ MElE-1
stopcheck FRIE LG22 L T DN E I ETF = v 7 DR E R OHAL
THEELET, 774/ M 10,
length_unit ay ha—nNT7 7 ANRIFIHINDEIOBENEZHRE L E T, bohr,

angstrom, nm OV INEFEE L ET, 7 74/ Mild bohr,

template_scf

SCF #tHEHOT 7 L— T4 L7 RN —DOFT 4 L7 NUAEFREL
F9, 7 7 4/V MET template_scf,

template_berry

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

atom_list PN ERBFFOID &, ZZARYIY TRELET,
displacement JFA-OEN EAEFRE LET, property = zeff DGAIHEELET, 77
4 /V MEIZ 0.1 bohr,
mesh1 1% HOMREART MU 7o) —(HHFRDO A v v a T A—X
—ZZEAXYIY T nln2d OXIITHELET, property = zeff 351
O piezo DYFEVHADIRE T,
mesh?2 2% H DM FXT IR S T2 —(FAFHED A v 23T A—H
—%ZEHXY)Y T nln2d OLIIHEELET, property = zeff J5X
W piezo OEEVZEDIRETT,
mesh3 3% H DWWk FT SIUTIR S TR —( AR D A v 3 23T A—H
—&ZEAXY]Y T nln2d OLHIHEELE T, property = zeff 35X
O piezo DEEVEDIRETT,
np MPI Va2 EHBELET, 7 74V MEX 1,
ndir TALV7 M)W ELET, 7 740 Ml 1,
ne Ny RIS ERE LET, 7 74V MEX 1,
nk k sFEfRELET, T 740 Ml 1,
ng CUTERDORG G ERE L ET, 774/ MElT 1,
ne_b ARY NGRS 30 RIS A FRE L E T, 7 7 4V Ml
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L

ng b (CERITTRDF) R —(ARFHERIIBIT 5 G W EEE L £7,
77 4V MElx 1,
sef command SCF stHEDOIATHIEERE LE T, =& xid,

scf_ command = mpirun —np NP phase ne=NE nk=NK (2D i)
scf_command = mpirun np NP phase ne=NE nk=NK ng=NG (3D
h0)

RELEELET, NP, NE, NK, NG i3, FHRIATHEHZ RO np, ne,
nk, ng IZE XD F3, 72751, 7 4 L7 B U WHIOEIZ X > TUED
FEVDRETHZENRDHY, ZDYETEne=NE nk=NK ng=NG |34
I SN CHENMRA SN E T, T 7 4/ MEIE mpirun phase T373,
FIF L QO AR O GEEIZRIEEE T 50 ERH D £,

berry_command AU (AR OFATHIEAEE L ET, 2L 21T,

berry_command = mpirun —np NP ekcal ne=NE_B (2D /if)
berry_command = mpirun -np NP phase ne=NE_B ng=NG_B (3D
hi)

RELfEELEY, NE BliI RO ne biZ, NG_Biing b (Z@E&#
Y ET, T 74/L MilEld mpirun ekeal T3, FH L TWLERERICA
PDECHUREEEL T DUERDH Y £,

a_vector afhdO =S A ZEAXYY CHRELE T, WETIEIH Y TEAN, 15E
LTHL ERY —(HAEEDO A v 235 A—2—DORELZ BT L
iﬁ‘o

b_vector b #lD =222 X0 CHE LT, SWETIEH Y FHANR, HE
LTHL ERY —(HHEEDO A v 235 A—2—DSRELZ BT L
iﬁ‘o

¢_vector c D = ZZeXEY THRELET, YWETIIHY THAD, H5E
LTEL ERY —(HHFHED R v a/35 A—X—DRIEEZEH L
i‘é‘o

(4) HFER

meshl, mesh2, mesh3 /X7 A —& —{Z DO\ T

Y ORI T, G LI il 752 Dy (T omRGy £, Dy i - s
TEShET, ZOBRGDA v 2lE, 22 ba—/L7 7 A /L? meshl, mesh2, mesh3 /37 A —X—%FIH LT
FTOET, i FA DU 77 MUK L, meshi=nln2d LZEAKEIN TA v akfiE LES, = 2 CHfk
SYDA v apinln, BFEIOA Y2 T,

b.
b, Lt 2 Soiiiks 7~z l\/l/%bj Lol bj %D, ICTmE AT L b, b, _‘bj‘cosgﬁ m
WERS DA v 2 DRFEL Y OREAEL 725D T, ZOESHLIDET, B0 T 2—413, b oEsz
HEIRELET, 2 hr—/L7 7 AT a_vector, b_vector, ¢_vector DIFEZ{T> T &, ZORIDE

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

|b parall, |b paraz| and |b perp| (in bohr”-1 units)

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

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

for reciprocal vector no. 3 : 9, 9, 10

WHFEIZOVWT

WHFHEOREITADWTIEE T R&E SEETE T, berrypl (L HEEIT, WHO/N R, k A X DAFF3D ki
DA S HIZ G RIBININZ, BEDOT 4 V7 b VICETN> CIFFEHREEITH“T 4 L7 M UIFPIC L > T
PIET, LIZno>TC, T4 L7 B UL ORF A—%—ndir) % 2 LI BT 53858, SCFEHEDEA1E np=nexnk
TIE72 < np=ndirxnexnk (3D hZDHHE np=ne x nkx ng TIE72 < np=ndirxnexnkxng) & 7225 X 512, XU —(FHF1E
DA 1T np=ne_b TI72 < np=ne_bxndir(3D DA np=ne_bxng_b TiZ72< np=ne_bxng_bxndir) L7225 L 9T
AFFE A REE L C <7280, SCR R &Y —(AHFHR & TN RIS R/2 2 D1, U —(AHFHRIE k AR
WHNCASTHEDT=D T, £z, T4 L7 MU —UFAE 2 LLCT 2556, LU T OZEHT ScalAPACK 4 HERIZ
LTLEENY,

wavefunction solver{
submat {
scalapack({
sw_scalapack = off

}

3D fRIZ oW T

IN— 32 2019.02 35, 3D BRCTHRY —(AHRHRAFATTE D L 91270 F Lz, 3D TRV —(ifHitHE %
179121%, ekecal TId72< phase 2\ Fd, F72, UFOX I RELNT LI LTI IEEY,

control{
fixed charge option{
kparallel = one by one

}

5.1.9.4 berry.pl DFE[T
berrypl Z5 872 LCIITTHE, TDOX IR A ve—UnGonET,

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

FoBzay =T 7 ANDT 7 ANAEREL, SOITBEIISETHT Y a afiE U CHlEd oL
FAZH I > TOETS

UTDXoka~vwy REETTLHE, av ha—IL7 7 A )LOFEIR & AT O TET,

% berry.pl control —-mode=analyze

LFDX Slpa=r FedT95 L, ar ha—AT 7 A VOREFTTOH L, SIRAOT « L7 b 2Bk
L/ij—o

% berry.pl control --mode=gendir

LFDXSpa=y RedT95 L, ary ha—AT 7 A VOREFTTOH L, SIRMAOT « L7 MU 2Bk
L, SHOIGGHREZFTLET,
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% berry.pl control --mode=exec

--mode A7V a DT 7 4V Miltgendir T, £,

% berry.pl --clean

&35 &, berrypl MERLIZT 4 L7 MU =72 E2—EHRT 2 Z LN TEET,

FTT5HE, UTFOLH%n 7% 1) Liase, PHASE & U< i ekeal |2 & B EHEAMET L £,

berry.pl : script to calculate the berry phase for the PHASE System
Copyright (c) 2012-2013, IIS, The University of Tokyo
script start time : Tue Mar 21 18:12:13 2017

-— parsing the control file -

-— generating directories --
number of SCF directories : 7
number of berry directories : 21

—-— doing SCF calculations --

running [mpiexec -n 4 S$HOME/phase0/binN/phase ne=2 nk=2] under the following
directories

scf a0

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

FFar hu—n7 7 A NOFENRHHRAEN, TONERHNINET, DWT, fHRICKERT L7 R
—IMERSIET, TD% SCF FHEENUEREEE T Tho0, & BT —(AHFED IR B2 T
T, Frhoa~r REFEFDOT 2 L7 MU=, DT L) 72t anE7,

running [mpiexec -n 4 SHOME/phase0/bin/phase ne=2 nk=2] under the following directories
scf al

VERSNDEERT 4 V7 U —IE, LFDOX S 728D TY,

FA4LT NU—4 A
ZHHOD, JFA2EMN S22 0 SCF HEMTHONDT (L
scf a0 5y —

ald T B DT %, wid DIFANZESL S87-F%D SCF 20T
NH7T4 V7 FU—, aidlZ 14F 0 THY, 77 L—FAJ)
TR0 U7 E DN SRS 5, widlE 1,2,3 DU
THPOMEE LY, ZEIUX Y, 2 HTACAHS T 5,

scf_aaid vwuid

ZWHO, JFTZ2EMSERORIZEIT D, gid JFROMHE T~
berry._a0_ggid 7 MO —(MHREIMTONDST 4 V7 N —, gidl3 1,2,

- 3OWTIODIEZ LV, ZNEI1EH, 2% H, 3FHOW#S 1
7 MUTHEYST 5,

aid F B OJR 1%, uid DTN SBTRITHT D, gid J71A)
D&Y MNORY —(fHFHREMTONDT 4 L7 R —,
aldlX 1 EE Y THY, T 7 L— MNANF—ZIZER LR
BLE DI T 5, wdlE 1,2, 3 DUWTDEE &0, &

berry_aard vwuid geid
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WEIX Y, 2 HANHS T 5, gidlE 1, 2, 3 DWTHOfEE &
D, FNEN1ER,2%EE,3FHDOWHE T MUY T 2,

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

5.1.9.5 FHEHER
FHEPRELETIITEIND E, UTFDOX Y 7eu 7 EonET,

-—-— Calculated effective charges —---
[ 2.98266 0.00512 -0.00454
Zeff( 2) = [ 0.00001 3.6260664 -0.32666
[ -0.00010 0.27925 3.42264

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

A

-—— Effective charges of all atoms --—-
[ 3.46565 -0.27885 -0.28289
Zeff( 1) = [ -0.27885 3.14366 0.16333
[ 0.24184 -0.13963 3.42264

— e

-—- Averaged effective charges ---
[ 0.00151 -0.00000 0.00000 1
Zave = [ 0.00000 0.00151 -0.00000 ]
[ 0.00000 0.00000 -0.00587 ]

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

—

--- Calculated effective charges -—- LAFIZ, FHRSNIZAEDORNVERIT VAN, GRS L
ol f 8 & ET, RIZ, --- Symmetrized effective charges --- LA FICXIFMb AL
TR HNENT v Y VB ENE T, FDRIZ, --- Effective charges of all atoms —--- PA
T, BODITER Lo TR ORI G RER b EOTRERBH I SN ET, HOHOIEHR LRd T i
F DRIV AGRNEMT L, MFEERFI L CHE SN E T,  --- Averaged effective charges ——-
IR T LAV o BRERTT > VR SvET, BT TP Lic ALV o BREmiI T CTOHL
EZREIZR2 DT TR0 T, ORI ZRT-T K O \THIIE LI AV o BRNERT Y V)3-—— Corrected
effective charges ——-LLFIZHIIENET,

HAWIZIY, -—- Corrected effective charges --- DATORERD D LUVERLE R0 9, 72721,
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RIFRED G- 2 J ) TG E,  F7213H B OICEHA LT R 7 OB im0 T HOIZHE ey
STIRF- ORIV BN, SHEEFIH L GHET D) ZENTE R R>TLEIZERHV ET, ZD
X 97085 A1%, ——- Calculated effective charges --- LAFORERZFHTDH IO LTI ZINY,
5.1.9.6 {51l
AIN ORI ER A RS D0 AR LET,

(1) ANh7—%
ASTT7T—#1%, 51.9.3 8iCatBA L= X 912 PHASE 12X A SCF #HEHADT 71— FAS), ekecal 12X 5BV
—ARFHEIC L DT T L—FAS), £ L Therrypl Dz ha—/L7 7 A LIBRED £7,

PHASE (2 X5 SCF#EHDT 7 L— h AJIZE, AlNborn/template_scf D FZH Y F9, ZDATNHFH R
REED U FHAD, EERE LAY SRV K 9 JF-0 mobile BMHEIZ T X T off ERXESNTWET, F72,
SR A HEIRI AR DREEZ BN L CWVET,

ekeal (2L D~V —{fHFHHDOT 7 L— FAL, AlN/born/template_berry O FiZdh Y 9, ZOAND,
EHOBEEBEMAHEOAT L2 RLTT,

berrypl ®= > fhr—/L7 7 A /U, AlN/born/control TJ~, EDOWNEIILLFDEY

property=zeff

atom list =1 3
meshl = 6 6 15
mesh?2 = 6 6 15
mesh3 = 6 6 15

scf command = mpiexec -n NP $HOME/phase(O/bin/phase ne=NE nk=NK
berry command = mpiexec -n NP SHOME/phase0O/bin/ekcal ne=NE B
np =1

ndir = 1

ne =
nk =
ne b =1

1
1

property = zeff £ 95 Z LIZEk T, RVANEMEFHRT DI L AfREL TWVET, atom listi213 &3
L2 IR TREET DR EEL TOET, 1FHORAIAL 3FHDREFIEIN TT, AINIIFH4 5D
JFA-HREAHEEETTN, 2 FH & 4 F B OFEFORNL U AARNERAIFED SR E DD TEEDOXLRIZIZIL T
WEH A, meshl mesh2, mesh3 12 L > TRE~7 MDA v 2ZE L TWET, ZOBITIE, 3T
W7 FUZRLTnl=n2=6,J =15 & L C\ET, scf command, berry_command (Z X > T PHASE
BEWekeal DFATHEEFFEL TCWET, 220, HREIHAT28REICA DY GEEEET 208N H D F
97, np, ndir, ne, nk, ne_b {[Z X > TWIFNOIHHZFEET H I LN TEXET, ZOFITIE, 73T 1, T7bbIE
WHICHEZEATHFRE L 72> TNVET,

(2) FHEOIAT
PITOEFET, berrypl #5735 Z LN TEET,

% berry.pl control --mode=exec

FHRIFHITRIAT 2 CPU Rz T —72 BICRKE {{KfF L £ 7, Intel Core 17-2600@3.40 GHz ® CPU %+4
WL~ THEITLIEE A, RV HNEMIMELILD E T 1,760 000 £ LTz,

(3) FHEHER
ZOREIZ K > TR OLNTKR ORIV GRNEMT > Y UE, TRedi@y T,
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[ 2.50916
Zeff( 1) = [ 0.00000

(@)

.00000 -0.00000 ]
.50916 0.00000 ]

N

[ 0.00000 0.00000 2.64124 ]
[ 2.50916 0.00000 -0.00000 1
Zeff( 2) = [ 0.00000 2.50916 -0.00000 ]
[ 0.00000 0.00000 2.64124 ]

[ -2.50916 -0.00000 0.00000 1
Zeff( 3) = [ -0.00000 -2.50916 -0.00000 ]
[ 0.00000 -0.00000 -2.64124 ]

[ -2.50916 -0.00000 0.00000 1]
Zeff( 4) = [ -0.00000 -2.50916 -0.00000 ]
[ 0.00000 -0.00000 -2.64124 ]

1%H & 2/ADIEFAAL 3%HH & 4 FHDI TN TT,

5.1.9.7 berry.pl Z {3 AR A R RS D A
IV ANEROFENL, berrypl ZFIFETE 172 2 &ITTEET, ZOFwEEHPILET,

(1) SCFiH&E
PV ANERAFRT D72OIE, x5 LIcWRF A S W7 SCF FHRAFETTH2MERHY 7, £
7o, B EZEMESH TN SCF AL IATL Tl MERH Y 97, 13N S0 SCF 31 4@ F @
DIATWET, DWT, Gl THRT-Z LICEDMEZ X, Y, z Frhg (72& 213£0.1 bohr) 27 SH7-
FRAITOVET, B SELFREIT O O, AT A—2—T 74 VD atom_list 7' v 7 LIFIZER
T& % displacement 7' v 7 ZF|H T 5 LAFEFTT,

structure(
atom list{

displacement {
sw_displace atom = on
displaced atom = 1

ux = 0.1
uy = 0
uz = 0

sw_displace_atom = on &9 % LA E T, displaced_atom |ZXK > TR S AR FAHfELET,
ux, uy, uz (2 Lo TEMD xyz DEZEESDRELET,

VLD CTE /26, @@ Y PHASE 2272 mEAT L £,

(2) Y —(AHFFE
SCF &HHDH Lz, WY —(HFHEEZI TN ET, (1) HiTiTo72 X CTO SCF #HE % b & 1Z, FEEEM RO
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ANZEAERR L E T, &% D SCF FHHIZONT, 3 HROWHE 17 MDY (A F A ZER L £ 7,
AU AR EZFATT DI, AJIRT A—2—T 7 A JUZLLTF O X 912 BATIZ berry_phase 7 7 v 7 Z4E
L, BREEZTTWVET,

berry phase({
sw_berry phase = on
g index =1
mesh{ nl = 3, n2 =3, J =51}

sw_berry_phase = on &% &Y —(AHFEDANC/2 Y £77, g index [ZX > TR LT 21~ ML
HHRELET, mesh 7 v 7 Z1E% L, nl,n2, JICL -2 TA YT a/"TFGA—X—%FRELET, ZDIFE), SCF
FHEIZRHNT S displacement 7' 7 2B L T Z & &, file_names.data |28 THT 5 SCF FHED
TA LT N =D TOEMEET — 2 &1L 0ICT D2 e E2ENRNE I LTI EENY,

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

(3) AN AARNEROR

BRI A EM AR LET, DFOFRE 2 HAET,
1. AV HEERHEROT L7 M) —%EkLET (& 20, zeff),
2. RU—NAHT—H 7 7 A )V berrydata X CHFEL, 77 A NVOIEEAICEORERELET, 20T,
21 O —(HHFHREAT o722 DIE T 7 A VOIS 21 LRtk L E T,
3. MV AEMEHDT L7 U —IZ, SCFFHEHDOATI 7 7 A /L 2.CHE7= berrydata 7 7 A /L%

ar—LET,
4., abt—L7= AN 7 7 A 5 displacement 71 v 7 ZHIERL, LAFAFEALET,
control{
condition = initial
max iteration = 0
}
postprocessing({
polarization/{
Sw_bp property = on
property = effective charge
}
}
RV AHNEMOFRIZINT SCF #HEZAT 5 MBI/ DT, control 7'+ 7 |23V VT max_iteration =
0 & LE7, postprocessing L FORREN, RV AREMZFHET D200 R TT,
5. PHASE %R TIATL E 9, #5313, outputxxx 7 7 A /WZ, 5.1.9.5 Hi Crll T 2 CHi I &g+,

5.1.10 BoltzTraP Z#I|F L f=f##f(/\—3 > 2019.01 LLE)

BoltzTraP[1],[2] & %, Boltzman FlimaFIH L, /30 FEENSEMRE/ EAHATH 70 /T AT, S
PRSI TSSO RRNE & X R L ¥ —TF, BoltzTraP ZFIfH4 5 &, IRER L OEFERT o v L OB
ELTUTFDOE I RBEERODDHZENTEET,

o VP—_u R

® [REFE (FEFRECEl--ENH IS D)

® R—/URH

® EMREER (B NDDAGHDI ; FEFIRHHECHI > 7@ ) S b)
® i IHEN

® k=
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T ZClE, PHASE/Q 23384530 FiEED S BoltzTraP ZFH4 2 5E4 3 LE ., BoltZTraP I1ZIXZ D
NP RE S BB NR—=T g0 1.2 3= 3 0 208380 £9708, PHASEQ (ZEH LD A=V g ATHxn L
VCI/ \iﬁo

51101 A7 7 A v
BoltzTraP NV EE T 57 7 A NE T HI20E, AJ1/NT A—4—7 7 A )LD Postprocessin 7 1 v 7 [ZE\
Tboltztrap 7w v 7 2k L, REZMLET,

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

boltztrap CTEFK TX 54 7L FrtDi# Y,

274 A

sw_boltztrap BoltzTraP THIHTE L7 =4 7 7 A NEHITT 50 E D EFRE
THAAL T, on £ TDHET—X T 7 A NEHITS,

version BoltzTraP O/3—2 = U ZAFRET 285, 16 LIL2 25 ET 5,
T 7 AV MEE 1.

prefix BoltzTraP H7—4 7 7 A VORZERE A FEE S 5 LT, T 7 4V
MEIEFATT 4 L7 R —4,

header BoltzTraP H7—% 7 7 A VD~ X —%8ET DT, T 7+
JV M prefix & [/ A,

5.1.10.2 PHASE/Q D34 T

PHASE/Q0 OSATITEFEVITOET, FHHREREOHIIR: I3RS 0 1A, fdhaifl, i b R
9% & BoltzTraP TUE/R2T—4 7 7 A V1 SivET, SCF #HHE CHEEEM A T BoltzTraP (255
FHRIZPTRETI Y, BoltzTyaP ORI k STk 2UCHEMESEMGANH Y, Kk S8 A2 2 T80 DU A e
MDD, EWV) T AT e IENH D 9, D0, EEEMEATEHTHZ EAHEREL £,

5.1.10.3 BoltzTraP MOFEAT

Z 2T, BoltzTraP | X DT 2 52095 HiEA IS L £ 9, 55 BoltzTraP O~==7/L, F=a—
MU TILETEL TS, 28, 2 2 TOFAIZ BoltzTraP A A h—/UTE T L TWAD Z & ZHigRE LT
S

(1) ~"—Ya1.
IN— 9 LEFATTHT-DICNE R 7 7 A /M prefixintrans, prefix.struct, prefixenergy 3 ->T9, 2D 3
ODT7 7 A /I T IS PHASE/O 72 HHU) S3E 9728, prefixintrans 7 7 A /WiE BoltzTraP OEMEE il
B N7 7 AN ToDTIAT LT U C—P = SRET D0 ENRH Y £9°, prefixintrans DNE
(3, BREGZIITREO L 91270 > TOET, Zeds, TEHOEAEIFAM 2D T, SEMIIFDE LN T ZE0,

1: GENE # Format of DOS

2 0000.0 # iskip idebug setgap shiftgap

3: 0.17267 0.0005 0.4 58 # Fermilevel (Ry), energygrid, ..

4: CALC # CALC (calculate expansion coeff), NOCALC
5: 5 # 1lpfac, number of latt-points per k-point
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6: BOLTZ # run mode (only BOLTZ is supported)

7. .15 # (efcut) energy range of chemical potential
8: 800. 50. # Tmax, temperature grid

9: -1. # energyrange of bands

10: TETRA

11: 00000 # For scattering model undocumented

12: 2 # number of

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

ZDOANNOHLIBEITZa A R ElpoTNET, T2, 77 AVTEETERZ2D T, Sl S 5B SCT5 2 4l
FRLTCLED =TT 7,

B DD (EETAEENRIZ ) BREEEZ R ORLTWET, 2/TA%RY: 2 >0¥dElE, v
R¥ Y v 7DV T NEATHINE IMNEIEELET, 3 DDOEIEIC 1 248ET 5 L3 FX v v 7ORMIEIMTH
NWET, 4 DDOEEIZT 7 MEZ Rydberg BALCIRELET, 7 17HIL, BETHLFART v v L OlE%
Rydberg AL CHREL £, 81THIX, BETHREEZFELET, FTREREZIEEL, RO TREDZ] A
MEEZFEE LT, 0K D OiREREE T, BEOZNAECHEILHREICOWGHEN e &ET, 1217H, 13
ITHCIIEZES 5 R—E 7L ZEELET, £T 12 TH T R—E 7LV OERREL, EHIT131T
HTR—EUZREZ cm3 HA T F—E 2 7 L-UUGIEE LE T, 0B, R—E U7 2EETDH L 0> ThEF
BB E SRR TN A DT TIEH Y FHA, R—E L 7 L-YUIS UIALERT v U L > TF—Z &l
R, REREEALTIND &V ) HEREE T,

prefixintrans 7 7 A NV ELHDOLDIZEFT L= H, L FOEMET BoltzlraP % E4T7 L £7°,
PATH_TO_BOLTZTRAP (% BoltzTraP %A > A h—L Li=T 4 L7 KU —ITHAEZ T TS0,

$PATH TO BOLTZTRAP/src/x trans BoltzTraP (AE HLEZBE L CURWEE)
$PATH TO BOLTZTRAP/src/x trans BoltzTraP -so (AEVHUHEZERL CWDH5E)

723%5, BoltzTraP DOFHHEFERIE k mfE HOFEL S LN EIBR L EE A, RPN L TWDE 970y k
NEBEEATGRETOHGS T 2 Z 3 RS L E T, BoltzZTraP O~==7 W2k 5 &, ALLELT

16 X 10%/V (VIZHNIADOMFE) FEED K mAED Z & AHER S TOET,

BoltzTraP (2 L DFHENKE T T 5L, TRt L 2 7NANAR T 7 A ADGERE LTS E T,

7 7 ANV Bk

prefix.outtrace oy 77 AL

prefixtrace BFET >V VD trace B SLD
prefixcondtens (R8T 2 VOEBERPH ) S5
prefixhalltens R— IR Y NDOEEZEN I EnS
prefixtrace_fixdoping, R—¥ 7 %EB L CWDIGEIT, prefixxx
prefixcondtens_fixdoping, O EREIZGDOETUNT LT —2 2R3
prefixhalltens_fixdoping h?

INHDOT7 7 ANDIERIZHOWTIE, BoltzTraP O~== 7 /LEZSMM L T 7Z&0,

(2) R—=Tz32
BoltzTraP 73— 3 > 2 |d Python DE Y 2 — B ETHY, Python A2 U7 RO THIFTEX 5 K ) ITREHS L
TWETHR, btp2 EWH7ry by RERDa<wy FEHESNTWET, btp2 o~ Rk 2RI~
oA 7 g L EETZ LI L5 T BoltzZTraP /N—2 3 2T L DEHEAITH Z &N TE X, 22T, 2o
gy ROENHIZOWTHALET,
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btp2 & FATT DT OITME2 7 7 A /U prefixenergy & prefixstructure 7 7 A /L CY, TILHDT 7 A LM
BT 4 V7 M) —% prefix LT 5L, prefix DBT 4 L7 b —IZBWTLULTOEGET “7— Y Afift]”
EATOVET,

% btp2 interpolate -m 5 prefix

interpolate 1% “7— U =HH#A1TH” Z L& btp2 ITEZ DFIa~2 R, -mb5 i3k A1 85720 5 SOk &1T

9, LWIHATL g T, ZHUT Ko Tinterpolationbt2 &9 7 7 A AAMER S E T, ZOMBORE RN
RSN T 7 ANV B AT E UTRER IR AM T2 D K 9127 CnET, 7k UL, B DIRERPH Clis R
DFFEEATN-WRAELLTDO L S e a~r REFIFHLET,

% btp2 integrate interpolation.bt2 300:500:1

integrate 13 “BCHMREOFREEZITH” Z L & btp2 |UBZ HREIa~ 2 R T, Z0H &Ik Ll oks R~
7 A /V interpolation.bt2 AL, = bR 2 AR i R OZIAE & ) ) TEUCHRE L CUVVE
T, BN 5 7 7 A N7 Sl TE, BoltZTraP O/ 3—2 5 > 1.EEWTIH Y FH AL

5.1.10.4 &5

{075 CoSbs fERaDE— RO EHZ#E L £, CoShs DJFFHEIEITE 5-20 (2T L350,
wsh
wC /’

J—I

X 5-20 CoShs DiffidEE (L5
0, ZOHEDANT)T 7 A /Wid samples/boltztrap LA FIZED ML TWNET,

F9SCF7 4 L7 N —IZHDAII7 74 NEHANTEED SCF §HHEEZTWET, 20 SCFiHHEIZHE W TT k
W7 74X 4 X4 D Monkhorst-Pack A v 228 L CWWET, oW, fe 5x5x5, fo 10x10x10,
fc_20x20x20, fc_30x30x30 7« L7 b U —|{ZBWT kR A v 2 &880 L EEEMOFHEEZI T ET, EEE
PFHRDOATT7 7 A4 ML, LLFO L H1Z BoltTraP 235iAiA 0 HFEXDEAET —# e Entiisnbd L o7
BEDME SV TNET,

postprocessing{
boltztrap{
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sw boltztrap =
version = 1
header = "CoSb3 ksamp 10x10x10 bands 96"

ekcal L <|% phase
L7 KU —DEE)

CRDREEBMFIREITO &, LLFD 3207 7 A MHEHIHITTTY (fe_bx5x5 7 +

fc 5x5x5.energy fc 5x5x5.struct, fc 5x5x5.intrans

* energy, *.struct 7 7 A JWIEA TR F— L JEIET — X DRIV TND 7 7 AV TTN, RERET H4E
1XH Y FHA, *intrans i3 BoltTraP DAJI 7 7 A V72D THINZ K- UIRET A2 VERH 5008 LIvEHA
7, FtEE 3L b BoltzTraP (2 K D EEARREHRIATO TN TEDL LT >TVET,

BoltzTraP (3LL FOEFHTHEITTE £F (BoltzTraP OFEIT7 7 A L Th5H x_trans I/ SANE
E),

Ao TS &

$ x_trans BoltzTraP

ZHUCEST, T4 b7 N —AEHEREE L THL O D7 7 AR SET, B—y 74557 E Dl
PRI D RHEFER N SN D DD trace 7 7 A VT, 72L& 2IE, fe bxbxb DFATONEIL FitdD XL H 1T
72 ET,

# Ef[Ry] T [K] N DOS (Ef) S s/t R H kappa0

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

L, RIUEFERT ooy VOT—2 32y NCHAENET, B—_o 76803 5 # 7 LHOT—XTT,

300K (21T HB—_w 715 %E, k7)) o T EECSERP LA LR EK 521 IR LET, &

DFERMND, BXEXE D —AIXZEDIIN DA & Holt LB BN B 72 DA Z R L TN D728, Rto37e K

W TV ThHHENZET, 10X10X 10, 20X20%X 20, 30X 30X 30 I LF—H L TWETAS, 10X10

Xw®?HXTiKEZiM%TT//¥WﬂO%b%03&&mg@ﬁﬁfﬁ@ofhéi9Lﬁzif

mxmxm:mx%x% HERST DX ERA, LIER-T, ZORITIL20X20X20 DY 7Y 7T
TIFH L7 AR %%mﬂ VHEBEZLINET,
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500

5X5x5
400 - 10x10x10 i
00 | 20x20x20 ——
300 + 30x30x30 ——— |
200 - :
100 - —
£ of 1
>
2
o 100 - :
-200 - —
-300 - :
-400 1
-500 - :
-600 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
chemical potential (Ryd)
5-21 CoSbs @ 300K (Z81F AP — v 7485
5.1.10.5 &3k

[1] Georg K.H.Madsen and David J.Singh, “BoltzTraP. A code for calculating band-structure dependent
quantities”, Computer Physics Communications 175, 67, (2006).
URL:https'//www.imc.tuwien.ac.at/forschungsbereich theoretische chemie/forschungsgruppen/prof dr
gkh madsen theoretical materials chemistry/boltztrap/

[2] Georg K.H.Madsen, JestusCarrete, and Matthieu J.Verstraete, “BoltzTraP2, a program for interpolating
band structures and calculating semi-classical transport coefficients”, Computer Physics
Communications 231, 140, (2018).

URL: https//www.imc.tuwien.ac.at/index.php?1d=21094

5111 R—4—ERITEREE 7 74 ILOEA (13— 32 2019.02 LLE)

5.1.11.1 HfsE

PHASE/0 (273317 5 S22 2361 A BT MERE T, EFE 10 OANH I S E T, ~—F—iF
e, Wk O bBET 22 LIk, ML 1T 2 LastikEd, £2C, CUBE BT 7 A
INOHADBIC, WERE TOFGEINZ DRESfi S CnE T,

5.1.11.2 N—Z—iRHFIZ- O T

=it £1%, CUBE XD T 7 A A BEFRZEN Y THE 1RO DT 5 T3, PHASEO (Z
R—T RN AT OREREZ D L DI - COFERAD, _X—F—iErd bader 711 77 A
http://theory.cm.utexas.edu/henkelman/code/bader/

AU a—RL, T THZ EICL o THBICATY 2N TEET, fEL<idbader 7’277 LD ¥
2 AV MREESZRLTITEEN,

5.1.11.3 JLBRA%E
i TR OB TR, Thehp, (M) RO, (1) & LET, CUBE 77 A M 2 42% T

BT, BEOSHTT, ST, o, (1) 13 ¥4 FLIChaETRA omET#EE ol (r-R,) 22 Lab
HlZHDTHS,
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:Zpg(r_Rl) (6-1)

22T pL(r)=pl(r) BERFRCH Y | 88T s r 7 7 A ARICHD STV ET, ShE#AZ A, L

TONFEEZ L ET,

1 k2R TS D 5 E
=> p(G)exp(-iG-R)) (5-2)
|

A4 p, (G) 1oz 7 g (G) ZFMFL, 77—V 2Rz LY py, (1) Z3ked D,

2) LTI D5
=9 o, (G)ler—V=ZthaliL p, (1) 2135, Kic, FZEMOA v 28 jT

Pe (rj):pr(rj -R,) &3

ZFFL, p, (1) IMAT o (1)) 2185, ZNERTOA Y ¥ = IS LTUTAE R, 728,

NEVE TR TRAEACREL CWADT, Ay =i j L, FPnER, 205884 72858k reut

PINIZ®H D b D &3S,
51114 AS)

filetype = cube M (*sw_add_corecharge rspace=on &9 5& . BEERT L Uy LB atRAAT) NikE 1
B INZ - 2E 5 E54)S, CUBE 77 A /v LCTHI IS VET, F7-. eval_corecharge_on_Gspace =on

(off) D& &, Wik (3222 CNEGEFRE A B RN A £,

® 51 WXETEEZMZT- CUBE 77 A MIHTT5720DAT)

postprocessingt
charge{
sw_charge_rspace = on
filetype = cube
sw_add_corecharge_rspace = on (F7x/V 1 :off)
eval_corecharge_on_Gspace=off (5 74/L b : off)
H
J

5.1.115 17
W7 7 A VAT ATEFHEED CUBE 7 7 A W4 % JTIC € ae” A TR CT, Bl 203 & 1
77 ANED “nfchrdata” OG5, 28 1K CUBE 7 7 4 /Ui "nfchr_aedata” 720 F7,

5.1.11.6 ZHE5
(1) GaN Oz
GaN OB RN LET, AJ17 7 A Vi samples/Bader/GaN LA FIZdH v £9,
P& TEESRANIEIL D S Uit L= b O&aEH LE L=,
bader 7’127 T L& WHER, LN ORHIE 1-3 23 L E Lz, fiRER 521087,

% 10 bader nfchr.data (ETEEZFIH, 6k )
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M4 20 bader nfchr ae.data ( EFEMERE ZFI)
ZHy% 31 bader nchrdata -ref nfchr ae.data
UIWrd DALE IR E AR E CIRE, Bl 5 2 F ] H)

# 52 GaN O~_—F—&Efif

Ga | N Al
Elk

plot3d ® 2 v = : 160X 160 X 250
P 1.34, 1.59 -1.55
PHASE/O eval_corecharge on_Gspace = off
cutoff cd = 270Ry (CD_FFT £ v = : 32X 32X108)

P 1 1.51 -1.51 O

%2 3.15 -1.44 X

3 1.47 -1.47 O
cutoff cd = 2700Ry (CD_FFT # 3 = : 108X 108X 180)

P 1 1.58 -1.58 O

%2 0.78 -1.51 X

3 1.51 -1.51 O
cutoff cd = 6150Ry (CD_FFT # v = : 160X 160X 250)

P 1 1.58 -1.58 O

%2 1.58 -1.52 O

3 1.51 -1.51 O
PHASE/0 eval_corecharge_on_Gspace = on
cutoff cd = 270Ry (CD_FFT £ v = : 32X 32X108)

S 1 1.51 -1.51 O

2 1.35, 1.36 -1.36, -1.35 X

3 1.28 -1.28 X
cutoff_cd = 2700Ry (CD_FFT % v < = : 108X 108X 180)

S 1 1.58 -1.58 O

2 1.22 -1.22 X

3 1.22 -1.22 X
cutoff_cd = 6150Ry (CD_FFT % v < = : 160X 160 X 250)

S 1 1.58 -1.58 O

2 1.21 -1.21 X

3 1.21 -1.21 X

ST FE DR B 2 AR

o A DAY S ey =

eval_corecharge_on_Gspace = on D55, 2 THEEDOREIMEN A w3 2 A XL STHEAEIZ /2D H DD,
S D 7B ( CIDBA T LV, bader 78 ZNARETT 572 OREAEN L 5 TF,
—J., eval_corecharge_on_Gspace = off D35, 720 cutoff_cd 7 EiF 720 b 2EREORMEL, 2%
far&—E LERA, LL, fHlE S 25 Z & T, Z0 0 OFEETR—F—ERPROHID Z Eh3bm
DWELL
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(2) 4H-SiC OFEpH)
4H-SiC DR LE T, AJ17 7 A id samples/Bader/4H-SiC LA FiZd 0 £9,
KA EESREIL D O Ut LTz b DA LE LT,

GaN 05 L [FlkR, bader 71 77 A& FWDHES, LLFOFHIlE 1-83 3L E Lic, fiRA R 53 1TRLET,
FFfi% 10 bader nfchr.data (i EZFIH, HE-E )
FHiliik 20 bader nfchr_ae.data ( 2B ZH ﬁﬁ )

% 30 bader nchrdata -ref nfchr ae.data
G DALEN IR EAEE CHRE, OIS FEE2F]H)

# 53 4H-SiC O~_—F—Efir

Si | C A
Elk

plot3d D A > = : 150X 150X 480
P 2.66 -2.70, -2.69
PHASE/0 eval_corecharge_on_Gspace = off
cutoff cd = 270Ry (CD_FFT £ >3 = : 32X 32X 108)

M 1 4.00 -4.00 X

%2 -4.27, 2.88 -2.66, -2.55 X

3 2.56, 2.58 -2.58, -2.56 O
cutoff cd = 2700Ry (CD_FFT # 3 = : 100X 100 X 320)

M 1 4.00 -4.00 X

%2 2.59, 2.67 -2.68, -2.67 O

3 2.65, 2.66 -2.66, -2.65 O
cutoff cd = 6150Ry (CD_FFT # 3 = : 150X 150X 480)

S 1 4.00 -4.00 X

%2 2.66, 2.68 -2.69, -2.68 O

3 2.66, 2.67 -2.67, -2.66 O
PHASE/0 eval_corecharge_on_Gspace = on
cutoff cd = 270Ry (CD_FFT # v = : 32X32X108)

P 1 4.00 -4.00 X

2 0.94, 1.03 -0.92, -1.03 X

3 0.89, 1.06 -0.94, -1.01 X
cutoff_cd = 2700Ry (CD_FFT 2 3 = : 100X 100 X 320)

P 1 4.00 -4.00 X

2 1.18, 1.24 -1.22, -1.19 X

3 1.18, 1.24 -1.22, -1.19 X
cutoff_cd = 6150Ry (CD_FFT # 3 = : 150X 150X 480)

FHmE 1 4.00 -4.00 X

2 1.20, 1.24 1.21, 1.23 X

3 1.20, 1.24 1.21, 1.23 X

PR FE ORI S 2 88 & — B LW I STER,
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GaN D4 L [ABEIZ, eval_corecharge_on_Gspace = on DA, EEAFBEORDEN A v ¥ WA Rk
BRI 72D b OO, JETIEPA D 2B AT L EVY, bader 73 ZAVEARRETT 5 7o ORGEHE
Wk HTT
—J., eval_corecharge_on_Gspace = off DA 7720 cutoff_ cd Z EiF7pn b 2EEEORMNMEL. 275
e —BLEFA, Lol FHlik3 2N Z & T, Fie ) OFRFE TR—L—ERARD LN TNET, £
7z, GaN DG LB | ANEAFBEDORZ MV D5HIE 1 I3RS R EZ I L TR LT, EESEL
T

52 FRFAAFIVR
5.2.1 IRENFAEAT
5.2.1.1 HEREDOHEE

PHASE (ZI3HsFREND BT — R 2GR DIRBIMTEREN DV 3, £ A2 HEE DT
N SHETHRIREZITVET, ZONPLIIEBATIEER L, Tha DB HATHIERIR LET, 85751
DEFAEREZMES Z 212X, SMEREOREES L EA~7 P 2FtRE L ET,

% H DIFFOLEREN DN Zu, & LET, BN T R EOERERTE 5 & &, B-ROEE 7

el
Mty = — Z Dy jp Ujp
jB
EETET, By jpl TNOTERT, JRAZNAZEET HRDTRVF—E (uy, Uy, ... ) D Py & L TER ST
N
o 9°E
wjp — aumaujﬁ
NOERIT~SN~ =T 7 A = NEJFABN T T 52 L2k, ROHZENTEET,
aFia
K77 T LNTE, ZOWGIEHPRESITE TN ET, BT A X —%aklT5HE

Digjp = —

o0F,, 3 Fialum:a - Fialu/.ﬁ=_a

au}.ﬁ B 2a
EETET, NHOEBIITEROMHIEC L DHHI8H Y, T EmT-T X 2 IS OEBERIET 208N H Y
T, HG, ORI OB ERITY G ,j BB & &, TERT > Y N T TERT Vv
P, ; Z WA THI R CEMASE72 b DIZHELWTY, D%,

er- +T= Ti/

Rrj +T= Tj/

ZNS1ES
®,; =R"®
186
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TRTIIZRY FX A, HUS, TIERT YN, DG af ZIFTFOF 5T~ TUThlh RLADED L,

2720 £9, DXV,
Z cDiOl,jﬁ == O
J
TY, FUS, EBITINIRIFRC/2iuTe 8 A, OF Y,

O O

iajB = *jpia

T, WEBNW, = WM& BFETIID g = g jp/[mum 2T, s - ROMEIFER (10) %
Wig = = Z DiajpWjp
iB
LESHMAET, TOHEREM DI, wy, = 08, e LI fREITE LET,
=Y Dy
iB
CHAUTEATED 0P T, EENY MBS, E70D, FT8ID;, s OEFETERRE TS, IRBIHTHAE I3 - OFEA
BEARE, W PRBIOIEE— Nk T,

5212 NJpsg A—=4

PRENNT 21T 0120, TR INEEAEIZSH D Z EDLETT, SEERIEIZ 70 LB 5 TR DIER D YA

(2720, IREESIEED Y 7 ME— RNBVE T, SHERE O Y, o kR WV CEHR L E
7, s R R T L7z 6, nfdynm.data OFAZIZFHR SV TO D it COANTINT A—F T 7 A )L
AR L ET,

IEEAT O EIL. Phonon 7 1 w7 THE L £,

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

}

REATO AN AL Z L FIOR L ETS

IRENIATIZBAER 2 2D

ERL F T35 74 F7 4V M# B
sw_phonon OFF KAREITERE T 0 v 7 N T DNE I IDAA »FTT,
sw._calc_force OFF WREIEHT OT= O D IJFHEEAT O N E I DD AL » FTH,
ON : ¥ RENIHT OISO D IFHE AT ET, GHE LI
force.datalzHi ) SVET,)

OFF : sw_vibrational modes=ON73 &5~ 7 A /L'"F FORCE")>5 /)
DT —H Tt A E T,

displacement 0.1 JEABNLINT A—H—,
sw_vibrational modes | OFF AR 21T O N E D DD AL v F T,

ON : ¥ THRENIEAT 23 T4o21, mode.data™ 7 A /WTHERDZH IS
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i —gﬂo
OFF : #rREMEITI I TON A,

norder 1 PRI R 58T A X —TT,
sw_polynomial_fit OFF ON : ZIHX 7 ¢ v N THOWM % RO FET,

OFF : 7225 CHOWG 2RO ET,

®  JFHAEE & RIFRED AT

SRR SRR > CTH T X TANTHLERH Y 3, 372005, JFRTFEED weight BMHAEIZ L 5%
IR CE ¥ A, £72, sw_inversion | OFF & T2 080 H 0 3, IKEIT— FONFEE ATIEEEEOXFR
MF = v VIROZERRE T 5 O, fidiiid £ 72132 OZEfit % symmetry 7 12 v 7 CIELHFELE T,
727121, xR e e A RIA 5 Z & HAHETT,

o ITHEOEEDIRTE
JEROE LT element,_list 7' & v 7 O H mass THRET 5, FE(aw) Tld7e<, KRR (amu) TA
713 5121F, #units atomic_mass Z#tag 17D _EIZFAT 5,

® JF{IE(T R

JEFZ71% Phonon 7' 12 v 7 @ displacement TiE L£9, @7, RN 0 1 auwllFlcE b ERWTT,
IREE DA BN EZ T, FLT DIRBEOICR G BV DR FZAATERE L E T, norder % 2 |ZFXE
THZ LT, EOWREE 315 51252 L TEET, diplacement THXE L7z u &3 7uf, HTE
AEu,w/2,u/2,u 12720 97, sw_polynamial_fit 2 ON (2 L CHIHEAT ¢~ MZT UL, norder 2 2 LV K&
SRETEET, 20 L &DFAZNIF-unorder,-w/(norder-1),...,u/(norder-1),u/norder T9, norder % K& <
T EWOPREIEIL L < 720 9208, JIRHEOEDME 2 5 DT, FHEEHEIT norder 7% 1 DA D 2*norder (2
RHDTERELTLIZENY,

5.2.1.3 FHHEAER DT
PEENRMTARE . IEETRE R~ 7 1 /L mode.data, /17 —4# force.data \[CH I S E T,

mode.data (ZITAREMENT OFRERDGLR S ET, EFIRANEAWESY Mla; = (ay, ayy, a;,) PHIROTEATHD
WRSAVET,

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

WIS D8 natm & A OEFE(x;, y;, 2;) & B M, & 791 name@) 3K OIFRGRk SvE T,

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

IRICHREWIEST OFERDIR O TRoh ShvE T,

—--— 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)
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end do
end do

representation |FEBRZEH OB T, activem)iE T ~ AEM/2E— RHIUL R 12720, FINEEE—RT
HIUTIR &7 0 £9, WiEMETHIUS, IR&R 720 7, A Lo ME— ROGEIIITHFRRINETA,
vec [IEH T MLOEFIT, omega_ha I% Hartree AL COIREELT, omega_ev L5 74/L N HL TOHRE)
T, omega_nu T T,

J157—% 7 7 A )L force.data | VTS IDER A E T B0 I DOT—F BNih ENFE T, FDOHT—HIFRDOIE
A cTHHENET,

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 OEAFEIE S 4LE T,
sw_ploynomial_fit X AJJ® sw_ploynomial_fit 73 ON ® & %{Z, ON #%7 1 2itib&vE$, OFF DA
1L, 0GRS ET,

sw_calc_force & OFF |ZXET 5 Z & T, MASic hzapidr i, REfT 200 ET Z LN TEET, IR
DEEZERTHZ LITES Y EEAN, TIFHRICEET 228 IAER LT3R A,

5.2.1.4 55 : KA OYRENEAT
(1) ikt
TREWENT %17 9 I AN EHRRREIC 72 AU e 0 S8 ADT, BB 21T 5 & X L[ U4 Cisi o b %

1TWVET, EERRIBIZ 72 E BV A TR DEA NI 72 0, IR SIS D Y 7 h— KB Ed, 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
}
ksampling{
method = gamma
}
scf convergence {
delta total energy = 1l.e-10
succession = 3
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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
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 O
IC2x 0 0 0
}
}
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 {

!#tag sol till n dts dte itr wvar prec cmix submat
msd 5 0.1 0.1 1 tanh on 1 on
lm+msd 10 0.1 0.4 50 tanh on 1 on
rmm2p -1 0.4 0.4 1 tanh on 2 on

}
rmm {
edelta change to rmm = 1.d-6
}
lineminimization {
dt lower critical = 0.1
dt upper critical = 3.0
}

O O O
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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 * * *

}

structure evolution{
method = cg
}

file_names.data (2 1% element list & [F] UNE®F TAHR T > v ¥ /v 7 7 A4 /L H_ggapbe_nc Ol.pp &
O_ggapbe us 02.pp Z4HELET, ZOANEMH L THIKSFOMEELH 522 ITRLET,

X 5-22 KorFOMEE

(2) {REMfEYT

TR LA | HREIIENT 21T 5 (21T, AT 7S & Feiiif b U 7= BRI CHi 2 C, Phonon 71 v 7 1z, 1R
BT ORE 2 U E 7, famf LR s o LR o 1) 7 7 A L nfdynm.data (250 STV D g D
AT T OJFAEETT,

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 @)

}

PRENAT OB EIXT & 2R T O X 2T LET, AN 0.05 & LET,

Phonon {
sw_phonon = on
sw_calc force = on
sw vibrational modes = on
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displacement = 0.05
}

PHASE Z94TL %7,

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

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

IREH L ~VXITY =)L freq.pl ZEH L THERR L £, 2 FOSAITIFLL T O X 5 1Zmol EWHF 7 va %
fHFT freqpl Z54TLET,

% freg.pl -mol mode.data |
Z DRIEDK G F-DOHMET— ROREE A 5-23 1ITRLETS

Vibrational Analysis

4000 | A1IR&R B1IR&R ]
3500 | 2——————3589 1 3703 |

3000 |
2500 -

2000
1500 | 1— 1580

Frequency (cm'1)

1000 |
500

523 K FOIRBIE— FOWRERL

HAERBNOEAG XY NIVOR ZAERRT 5 728D trajectory XD 7 7 A /UL, > —/L animate.pl TIEK L £
9, JFROBENZHEE L=~ 7 A /L controlinp #HE L %9, controlinp (LA FD X HIZFHE LE T,
[origin 7.5 7.5 7.5 |
¥ —/L animate.pl ZLL FO X HIZFATLET,
% animate.pl mode.data control.inp |
FHAEPREHDEA 7 N IVOPLHE trajectory XD 7 7 A /L mode_* tr2 23R SAIVET,
Z OBIEDKGy - DOHHET— ROEAG R b &K 524 (ORLET, Ak SNZIREFT— FOHE trajectory
D7 7 4 /L mode_7.tr2,mode_8.tr2,mode_9.tr2 & A[fi{k. L7=HDTT,

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

o ‘ ' i
L e ~ .

X 524 KO3TFOREEFE— FOBEBY ML
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5.2.1.5 5 : + VU = 4R (Si2)
(1) AJpRFA=%
U 3 AR OIEESTOFIRE T, FHEBIEIY. sample/phonon/Si2 T,

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

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

}

PRENFENT D /3T A —4 % Phonon 7 & v 7 THE L £,

Phonon{
SW_phonon = on
sw_calc force = on
displacement = 0.1
sw_vibrational modes = on

}

sw_calc_force & sw_vibrational_modes 7% & $1Z ON 72D, #REMTOT- DD FFHEEITV, JREEST M T
j/l-/ i‘j‘o

PHASE #3947L %7,

Q

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

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

-—- primitive lattice vectors ---
0.0000000000 5.0875600000 5.0875600000
5.0875600000 0.0000000000 5.0875600000
5.0875600000 5.0875600000 0.0000000000
-—- Equilibrium position and mass of each atom---
Natom= 2
1 1.2718900000 1.2718900000 1.2718900000 51196.42133 Si
2 -1.2718900000 -1.2718900000 -1.2718900000 51196.42133 Si
-—- Vibrational modes ---
Nmode= 6 Natom= 2
n= 1 Tlu
hbarWw= 0.00000000E+00 Ha = 0.00000000E+00 eV; nu= 0.00000000E+00 cm”-1
1 0.0000000000 0.0000000000 0.7071067812
2 0.0000000000 0.0000000000 0.7071067812

BAID ATENS ZATHITHANHESRY Ma2b bbb L TWET, SNMTEIFRTEER L TOET, FOWRDIT
MBIE, ROFE, THV NEE, BE, TRATICH LI IVTCUWET, Vibrational modes &) 4
A FIUATORDAHTT— FEE R R H b ENTWET, LB IIIEIREIT— FOBEKRL A JeiEf 7
& LT, TR H B S, LORDITINBERNY MR LHOESTWES, EHA~T MUY
DFEHDRIZE DR IIRET DT MDD HHOSIVTNET,

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

% freqg.pl mode.data

U a SR OIREIET OIEEN L~ L 2K 5-25 (R LET, ORI SIEEE)Y 517 cml THHE— F1RH
D ENGNY FT, 20— ROBEKEHIT Tey THHOT, [F CHREHLOT— RO ZEITHE L TWOET,
Tog B— RN T~ AFETH LA, RFOBKIEHOLAAIZ R 3FrSnET, FINEETHLILGAIZIZIR &
FoRENET,

Vibrational Analysis

700 |

500 | 1 517

400 |

300 r

Frequency (cm'1)

200

100

X 5-25 »VV7 Si OFERFILT /) T — ROIEER

(3) R#E— RO

IRERNT D17 7 4 /L mode.data 7> DAE3E Trajectory D7 7 A W aAET 2 Z LIk Y, BT ML
EREFR LY, RESRBT 57 =4 —va v & LURBE— FEMELLEY T ET, Y—1
animate.pl 2 LC, EEEITOH17 7 A /L mode.data 7> HIEBOESA KLY L, #53E Trajectory &
KDO7 7 A WABE 2 R L E T,

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

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

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

% animate.pl mode.data control.inp |

ZOFRETIFEIY B E T TR HEF ORI E Y, DRI Y 2R FA D R ITERE L T
F9, XU, SRR Trajectory TERD 7 7 A /L mode_6.tr2 Z Al d 5 &, 526 O J 9 |Z[H
HART MRFEITTORSNET, ¥ 526 [TRSIVTWDHEMUE, IS gridmol2 7 7 A L EREARAZ &
TFRRCEET, £, I SHTIEE Trajectory FEE o, R FOFRENVZ AL T 5 2 LN TEET,
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X 526 /3V7 Si OfERHLT ./ B— ROBEAERT ML
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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) BAHIRANT )T A =4

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

TOXHT720 F,

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

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

}

FARYp NI )3T A—=F =% L FIORLET,

Bl Tay it | B2, 3 Tuyy
A1

L liea

Wi

phonon

Tx ) CRYEOBREEITH 2D T |
v

sw_phonon

PHASE OiREWEITIEREZ FIHTT 27
EOMERELEY, T mOLDEE
EFRERTY,

sw_vibrational modes

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

sw_calc_force

TIEBORNREAT O NE D IneiaE L
F7. DRDOBOEE LERETT,

displacement

TEBROFHFEEAT IR, FHiaLlo
FEEBE S B 0EEELET, T A
DIHDOEE EREETT, 7 74/ ME
1% 0.1 bohr 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 DODMET-RT MO ER TR
ELETS

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

(2) N2 FEB LUk R ER

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

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

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

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

(3) A AL MhESRbOSEDORES1E
A A MRS OBE, T MIZBWTA T T o VE— ROMER LR B2 > IR AR D £ 47, Z 0BT,

LO-TO HyREMATNE T, ZOZREEY AND5E, AT 7 A /MIBNTS BIZLLFOIREZEAT O M2
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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FRETHMLENDY T3, Ziud, 1BEET 4 L7 BU—IT effchgdata 7 7 A V&1ER L, AIFOXOITHEEL

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

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

(4) FHOFHT

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

natm super,natm2 super= 64 64

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

1 1.27189 1.27189 1.27189 0.06250 0.06250 0.06250 1
8.90323 8.90323 8.90323 0.43750 0.43750 0.43750 1
1.27189 6.35945 6.35945 0.06250 0.31250 0.31250 1
8.90323 13.99079 13.99079 0.43750 0.68750 0.68750 1
6.35945 1.27189 6.35945 0.31250 0.06250 0.31250 1
13.99079 8.90323 13.99079 0.68750 0.43750 0.68750 1
6.35945 6.35945 1.27189 0.31250 0.31250 0.06250 1
13.99079 13.99079 8.90323 0.68750 0.68750 0.43750 1
9 11.44701 1.2718%9 1.27189 0.56250 0.06250 0.06250 1
10 19.07835 8.90323 8.90323 0.93750 0.43750 0.43750 1
11 11.44701 6.35945 6.35945 0.56250 0.31250 0.31250 1
12 19.07835 13.99079 13.99079 0.93750 0.68750 0.68750 1
13 16.53457 1.27189 6.35945 0.81250 0.06250 0.31250 1

O J oy O W

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

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

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

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

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

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

—-—— Vibrational modes ---

Nmode= 6 Natom= 2 Ngvec 120

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

n= 1 Tlu IR

hbarW= 0.00000000E+00 Ha = 0.00000000E+00 eV; nu= 0.00000000E+00 cm”™-1

1 0.0000000000 0.7071067812 0.0000000000
2 0.0000000000 0.7071067812 0.0000000000
1 0.0000000000 0.0000000000 0.0000000000
2 0.0000000000 0.0000000000 0.0000000000

n= 2 Tlu IR

ig= 2 g=( 0.01875, 0.01875, 0.03750) ( 0.02316, 0.02316, 0.00000)

n= 1 B2 IR&R

hbarW= 0.63506708E-04 Ha = 0.17281054E-02 eV; nu= 0.13938112E+02 cm”™-1
1 0.4999599615 -0.4999599615 0.0000000000

2 0.4999599615 -0.4999599615 0.0000000000

1 0.0063274755 -0.0063274755 0.0000000000

2 0.0063274755 -0.0063274755 0.0000000000

n= 2 Bl IR&R

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

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

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

(6) fiRhrH Perl 227 1) 7"k

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

200




phonon_dos.pl

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

% phonon dos.pl phdos.data OPTIONS

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

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

--width=WIDTH or -w WIDTH RSN AROIBEEELET, 7740 M1 T,

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

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

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

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

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

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

--dinc=DINC WEBEDOHEEIRELET,

--einc=EINC THNF—DHEERELET,

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

% phonon band.pl mode.data OPTIONS

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

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

ETDHEFRR, circle ZIEETDHENTTI 4/ UK
B L E9, T 74V MElL 1ine TY,

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

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

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

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

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

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

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

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

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

W kDT 4 ) L DTINR—, ORI 2RI LC(L/, + n)hoy LF0ET 5 2 L8R £, S
—Ukn
B3Q, = Yo kT AR ENADT, T ) L DTIAR— AN UIFET % & DL FOREEAE B ET
hw
exp |~ g7

IV DRI i, = Y —kpTlog Q) EFHRTE LD T, LITOX S ICFilEhET,

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

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

Qx =

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

K exp [kB_T -1

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

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

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

% phonon energy.pl mode.data

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

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

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

0 0.125434126153072 0.125434126153072 0 0

30 0.12552700746085 0.125409486111375 3.91737831580881e-06 0.0820122071540538
60 0.126828216477476 0.124936822438767 3.15232339784872e-05 0.435633166874193
90 0.130001095247047 0.123379006005857 7.35787693465625e-05 0.787404251770626
120 0.134948880737123 0.120473935403623 0.000120624544445835 1.12444793146534
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1HIEIREEDS, 25BN BITNE =L F— L ~VL LAY BT R LF—78 eV B C, = hr E—7)3
eVIK i C, JiT-&72 V) DB ke AL TRl SHLET,

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

phonon_Cveps 7 7 AV AV IREDRREZ 7 1> N L7 EPS 7 7 A /LT,

Si fEEROEFEIZIS 5415 phonon_energy.eps 35 & U phonon_Cv.eps D% 7~ L %9, phonon_energy.pl A7 U
7 NE, T S ARRER R R A AT LT BRI VD mode.data 7 7 A VAR AN 8 D AU TR
728V, T Ny R R A FAT LIRS 505 modedata 7 7 A VEFIT5 L, LFDO X 57T —)
FELBPTKRTLTLENET, ok, Bond=p X —i3, ANTIRE LRI E7 £,

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

2 — . 0.0016 3
nternal Energy {
15 + Free Energy
Entrapy 4 0.0014
1 - 25
05 0.0012
2F
N 0 0001
2 s g
> {00008 5 15
§ Fr =
| { o.0006 © A
2 0.0004
25 05
1 0.0002
L |
35 . . 4 4 0 0
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
temperature (K) temporature (K)

X 5-27 phonon_energyeps (/£X]) & phonon Cveps (HE)DH]

phonon_energy.pl 227 U7 ~OA T a3 08, TR TT,

--width=WIDTH or -w WIDTH TERR SN DHDIEAFEE LEY, T 74/ MElZ1 TY,

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

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

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

--mono or -m Tl 7 EHE LIEWESIC IO T g L ERE
LET,

--tinc=TINC REOHRATEELET,

--einc=EINC TN —DHEERELET,

—--cinc=EINC RO HEARELET,

5.2.2.3 {5l

(1) >V =ik
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,

[}

% band kpoint.pl bandkpt.in

AND, JFAEEDOFETEIILLTFD X 91278 >TWET,

structure(
unit cell type = bravis
unit cell{
a = 10.17512
b 10.17512
c 10.17512
alpha = 90.0
beta = 90.0
gamma = 90.0

}
symmetry{
tspace(
lattice system = facecentered
}
method = automatic
}
atom list{
coordinate system = internal
atoms {
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 0
Si 0.875 0.875 0.875 0
}
}
element list{
#units atomic mass
#tag element atomicnumber mass
Si 14 28.0855
}
}

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

Phonon {
sw phonon = on
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sw_calc force = on
SW_ ~ vibrational _modes = on

lattlce{
11 =2
12 =2
13 =2

}
method = band

A—"—1/UT, abc EFNENE 2 (G THRELEHRH L TET, LLEORED L & PHASE Zi@7i@EY
*kbi?oﬁﬁﬁ%Tﬁék ZDFERN mode .data IZFEFkSNET, mode.data 77 A/NINLT 4 /)
N RREEDT-DI2IE, LLFOEEEZITVET,

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

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

1

500 | —~

400 * I

1

300 -

Frequency(cnf1)

200 B

1]

w0t / e

r X U r L
X 528 vValfgmnT+ ) N R

T & /) OIRREBE ORI IR ASIT—H 1L, samples/phband/Si/dos LLFIZH Y £ e IEHH3E A

2OT, band T4 L7 FU—DOTFIZH D force.data 7 7 A /VE ™ — LU CHIATS L HEEGIEEZ Ax v

THZEBRETT DY, ZOHAIL sw_cale force NT A —H % of £ ITRELTL/ZEVY) ZOH L TLD
NIRRT A=B T 7 AU, AFO XD 5l 72 STV E T,

Phonon {
sw_phonon = on
sw_vibrational modes = on
lattlce{
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 2FEL CWET, dos 72 v 7D FD mesh 7 1
O I IZBWTC, REEEREHECRHTA A v 2% 10X10X10 L LCWET, ANEZOX HITHE LKL T

5 PHASE #5H4TLET, 74/ VIREEEEOREMETIL phdosdata 7 7 A /USRS SNE T, ZOT—X %4
&z phonondospl A7 V7 &R LTCT 4 / REEB X 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 529 TV aAERDT + ) IRERE,
(2) FfEh VA

3 74k U 7 L NaCl BofsiiiEE2 b0, A A MOfEE T, X 5-30 IZFOfssEL 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

X 5-30 2Ll VU U LAORERAEE

LOTO B EZE LT-FEEZIT O 720121, B-ROFET v IV EFNERNPMLETT, ZNHIZLLFDO X
L THFE L,

HET VL UVSOR-Epsilon #FIA L TR LE Lz, ZOB 22 eV OX v v 7HIEZMEL E L=
FERLY, xx,yy, zz HADENZEIL2.6 720 £ LT,

HEhERT : UVSOR-Berry Z#F|H LT, R HRERT Y NVOFEEITOE Lz, R, B 720
AREMDS 11262, 3 7HEOANEMN—1.1262 L7220 E LT,

INBHEREL, sw_lo_to_splitting & on £ 2LMNIT U a U FEROEAELRICTT, I8, Bohi=7+ /v
Ny RZERLUET, Bz, LOTO 5544 EEEPICHRE LR LADETERLTWET, i
LO-TO 53z EEEICHE LR, SN EE L CGHE LERISHSELET, ZOMNLHLRE D
12, T AfHITIELOTO AT X » TEE L7V AR L COBIREEN DL TET
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(a)

5
LQ-TO splitting not taken into account
LO-TO splitting taken info account

S
T
L

n
T
1

Frequency (THz)

\/ 1z

0

r X u r L

X 5-81 KI #5074/ 30 K, S LOTO HABSEETEHE LIER, T LOTO 2%%E
BLUCHE LR,

(3) ARXDIREEFHEARR
RIS, 74/ HBET LT OMEEAG] & L CAXDIREFHEMISE O/ LET, ZofE
DA77 A4 /Wi, samples/phband/Sn/a-Sn (a A X) 35 LU samples/phband/Sn/b-Sn (B A X) IZH Y £7,

ARNE, a ARE B AXEMHINDFRFAEDRH Y £, a ARILA VTEL FifE, B AXIZOL4OED B
AR R &) FT, FOREIMEEE, 5-32 ITRLET,

B 5-32a AX (ER) &BARX (HK) OrbmiEE

B A XM IS A YL FiIEE c AL LOS L7k S efiiE Th v, RLIEFRERY 5, &
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JETIEB AXNZETTN, KEFTlEa ARANLEICZ2Y £9, 2, ERTObo0LET ¥ —Ta A
ROSFTIMEND, IRE EFIPED 74 ) OBHTFRLE—DETILB AXDHNKEWDHHIRETHET
FNAF—EB AXDHMEL 720, BT INETHLEBEZONET, ZOXHBi&%, 74/ OHHA
TRNAF—FHE LD 2T RN —HR A GO TR LTI ET,

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

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

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

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

% phonon _energy.pl mode.data

FEFAS 5415 phonon_energydata 7 7 A /LD 3FIHIZT7 4/ OB HTZRILF—05tdk S IVET, ZAUTHAL
Jad7=0 OfE7Z2 DT, RO RLF—DENIIHT- ) O3 —%NNz, BREOREE LTy v5
& ¥ 533 DX RERBMELNET,

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)
583 a AX& B ARXDHMTRVF—LIREDORIR, RS a AX, DB ARITHIET B,
5-33 IZBW\ T a AXDHEE R & B ARXDER (i) M2 T DIRENIHORE - ZE 2 onET, o
OFHETITBRLZF 510K L7220 £ L7, FEEITIE 290 K 72O THEEEBIREN S < PMl 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

D K SIS DIRET & FATT D20, A— =Wk DIREMT 21T 5 B H Y £,
L7237, T ROBOE & s 2 LIFITEL < OFHRRHMLETT,
TF ) o FRBEIZBO TR bEHREN LV DR A==/ UIKHT 2 NWOFHE T, Zo7—213, 1
EERONTZORAHT A ENTEET, 72X 7+ ) VOREEELZFIE LI LIl T+ ) V30 R
SRS D5A, EITRRDIRIFCE ST T+ ) L\ REFRT 25672 81%, LIFD X 512 sw_cale_
force NTA =B Z off LT HZLICLSTIREASRVEST ZL2IITHTENTEET,
phonon {

sw_phonon = on

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

unit cell type = bravais

tspace(
lattice system = facecentered

}

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

A=) UWEFODO/RT A—% 11,12,13 156 & ORPMEL RO L D IEEDH T2 L TLE3W, £ s
XEOS G, BHROS LA TOETA,
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523 nFEAhFEEZaL—ay
5.2.3.1 HEREDHE L

PHASE 1%, JRFAZ@< WEaFIH L TOFEIIFES I 2 b—a UE(TO ZENARETT, TRLVF—1,
RE—E, EN—EDRFIFIIalb—a  RENRFATTEET,

5232 NJp"T A—4
DFEIIFHEY I 2 b— 2 UL BESH D 7 7 DO RARITRLET,

DFHAEY T2 b—Ya UBEREICRRE DS 5 ¥ 7 D

W1 7wy 7w | B2 B8 Ty 7wl | 2 s Bl

%
structure_evolution SRR T — 2 DRHTAEE R ET 57 e
v
method SRR DB LA TR ES D, 7 T8
Fyab—va rORE,
velocity_verlet (= R/LF——EDS){H)
FEE I 2 l—a )
temperature_control ~(RE—ED 1)
j]"_%l".\/ Sa2l—v3 :/)
pressure_control (T R/L¥— « [£)]—ED
SFEIFYIal—ral)
temperature_pressure_control (G « J£
N—EDGFENF Iab—vay)
dt R R E T 2.
7 7 /v MiElE 100 au () 2.4 fs)
temperature_control REHHEOREEITO 7> 7,
method IREEHIEI D Sk A F87E T %, nose_hoover

2> velocity_scaling @ U 7 iU D
nose_hoover M3;513 Nose-Hoover 21T
K DIREERES, velocity_scaling DAL
IBERr— U > 72 X BIRERIE T
5. T 7 /L M nose_hoover.

sw_read_velocities JEADOHHERE %2, PHASE/O (2 HEVAERK
SHAHDOTIIRL FRICAIIT D5/
DIRFTA—=H% on & LFET, T 74/ F

IS off T,

set_initial_velocity JEA- ORI 2 7 1 77 A EHEIIZER
ETDHNEIDERRET DAL vF, T7
/L MElE on

sw_shift velocities EEFEN YA LD, MD A7 v

TLITHER YT Mo E ) DEtEET
HAA v F T, 774/ Ml off T,

thermostat BNRDRERATH 7 1 v /. RIGART— 4,

temp REAFEET D,

gmass BnOEExfRET D,

tdamp BROEBX HEHEET 2D TIERL, £
O JEHA A B OB CTHEE S 5, qmass (2
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LOEDHIME SIS, 708, qmass
H tdamp b 5 E B WA
tdamp=50xdt |ZHHY 3 2 JEHOEENT

74/ MEE LTRSS,
pressure_control JESOREEATO 7> 7,
pressure HEIDJE ) & FRET D,
mass_baro N—a A%y NOEEZRET D,
m11,m12,m13 R OFIFENZHIRAI 2N A D, T2 & ZUT,
m21,m22,m23 m1l=off &35 & 11 pdya il - a i) A2
m31,m32,m33 L2 725,
structure atom_list
atoms FoEEAfEET D7y, FAT—

2

mobile

JEADNFE 2 E D AFRET D, ATENC
T 5%6 on ZfRET D,

thermo group

JRAZERZEIV M TS, EFR LA,
B THRET %,

T 74V MEIX 0 GUAIZEID ¥ ToHnT
AN )]

VX,VY,VZ

OB EZ FA T 256
(sw_read_velocities=on DA HF
DIRED x,y,z B2 R LA CAST 5, A
NIPVEMEENDYE, 0 LR/eEn5,

element list

TRERETRE S %, FIEAT—4,

mass

ST DR DB EEAGES D, T 74V
MEIFRFRALTH D Z LITHER,

5233 R ROHS

JiEFES— 417 file_names.data 7 7 A /LD F_DYNM (2 Lk > TIRE SN D 7 7 A UK AT v 7 COREFEEAM
NENEY, TORNT, WERELOSE LRRRTTS

® LT
JE AR, SRR A T 728555 L [AEE, file names.data F F_ DYNM B2 K-> THRESNDS 7 7 A
v BEED T 7 A V441X nfdynm.data)l 25l SHvE T, AICIT printoutlevel 7 7 » 7 O R iprivelocity
THDNEZ 2 DL EIC L QWS OOFESEY 2 2 L—2 a VOBAIET 7 4V MB), BFFOMEDT— 4
L ENET, HEOT—XL, DT —Z20H IR FEN THASET,

@ HKAT TS THOTRILF—

HKAT > T TOZRALF—T, file_names.data 7' F_ENF

R ko THREEND 77 AN BEEDT 7 A4

VAT nfefndata) i) SVET, o 7SR TR OO RERE LI FIZRE LT,

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

1

H O WwWwow-Jo U b wiN

o

18
30
43
56
69
83
97
111
125
139
153

=7.
=7.
=7.
.8958649874
.8962052587
=7.
=7.
=7.
=7.
.8968352058
.8965440599

-7
-7

-7
-7

8953179624
8953851218
8955768901

8965425397
8968179539
8969784478
8969875377

.0000042358

O OO OO0 OO oOo

.0000665502
.0002565396
.0005418445
.0008785990
.0012120826
.0014840140
.0016420281
.0016502900
.0014992046
.0012113794

=7.
=7.
=7.

-7
-7

=7.
=7.

8953179624 0.0186964345
8953185716 0.0183575424
8953203505 0.0173392067
.8953231430 0.0156398790
.8953266596 0.0132645441
8953304571 0.0102355854
8953339398 0.0066063151
.8953364197 0.0024736141
.8953372478 0.0020111576
.8953360011 0.0066379641
.8953326806 0.0111430822




—HI IR EEEO E I, —#IHI13E 7O SCF #HEOEE T, =FIHIE, RONE—xLX— UFIH
IIROEF 2L —Td, IHHITRONH =L F— LB —Z2 R LIETHY, TRLF——F
DS TEN Y S 2 b— 3 VBT AR FETT,

5234 G  TXNVX——TEDONFEIIF I 2l —T g

TRNF——TEDOSFEN)F L I 2 b— 3 VD ATINT A—Z T,
FHEAIEIL, samples/molecular_dynamics/NVE T3,

accuracy{
cutoff wf = 9.00 rydberg
cutoff cd = 36.00 rydberg
num bands = 8
xctype = ldapw9l
force convergence{
max force = 1.0e-8 Hartree/Bohr
}

initial wavefunctions = matrix diagon

ksampling{
mesh {

nx = 4

ny = 4

nz = 4

}

}

scf convergence{
delta total energy = le-12 Hartree
succession = 3

structure({
unit cell type = primitive
unit cell{

a vector = 0.0000000000 5.1300000000 5.1300000000
b vector = 5.1300000000 0.0000000000 5.1300000000
c_vector = 5.1300000000 5.1300000000 0.0000000000

}
atom list{
atoms{
#tag element rx ry rz mobile
Si 0.130 0.130 0.130 yes
Si -0.130 -0.130 -0.130 yes
}
}
element list({
#tag element atomicnumber
Si 14

structure evolution{
method = velocity verlet
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dt = 100

ZOANNNE, U alAEROAN D UERLELD LS TOVET,  atoms Tl, KJEFD“mobile” %%
“Yes"ERRTEL TWET, ZZZ2D"HONNTOCERTETHE, ZORAL N FEI2lb—ra&fTo
THEK ZLIED 0 FA, SOITBEEZ b2 TLEETRUVMEIZLTWET,  BEARNIZE, St fEmo >0
2D FANCES AV HEEND LI L7236 LTnET,

(1) FHEDOFR

structure_evolution 7' 7 v 7 Cl¥, “method”Z %% “velocity verlet” & L C\VET, ZOBIRIZ L~ T /INEHEE
BORTEIF I ab—2a B (TH ZENTEET, Fio, £AT v 7/ COEHFEGEE dO)%, FFHEAT
“100°E LCWET, ETORRZX91E, ZOfEIE 2.418%x10-15s [TAS L £,

(2) WHLIEEDE 2T
ZZETHMALIEY P TAOANZFNT S &, FF-OPERITET 0 LRESHET, ALz
G2 556, TROL I RAN &M iE L TIIZEN,

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

}

ZIZT, “temp ZECHMIOIRE L 7/ © U HALTRE LT, AT OPIIRELL, ZOREICRD LIS, 2
DIEHEENNE ST, REEEN 012725 L O)ITRESNET,
A2 IR D WRNEE AR ET D Z L b ARETT, ZOBE, I NEO X2 AN BB L ET,

structure evolution{

method = velocity verlet

dt = 100

temperature control{

thermostat{!#tag temp

300
500
700

}

KIZ atoms DFJFTIZ, “thermo_group” &) B ARE L £,

structure(

atom list{

atoms {
'#tag rx ry rz element mobile weight thermo group
0.1159672611 0.1235205209 0.1215156388 Si 1 1 1
-0.1329067626 -0.1264216714 -0.1225370484 Si 1 1 2
0.1273740089 0.6305999369 0.6247606249 Si 1 1 3
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}

ZOBITIE—F A ORA 300K 12, “FADKF 500K (2, =FH DS T00K (2725 & 5 WA
EShET,

(3) FHEREF DA
Z OFHEFIOFFERERONE =R —, EET R L —, 2T RLX—%X 534 (TRLET,

-7.8950 0.0020
Eot
Exin
Eqot*Exi
\ A e‘/ A\ A /!
78055 - | || {00015
3 | \‘“ “‘ “‘ \
5 | | . | 3
£ ‘ A | ‘ [ [ 3
< | | | | | | | | | | | =
F 78060 | [ | \ [ | \ | | Hoo010 8
% /N A R e B %
2 | | ( [ | | | \ =
ur | \ c { w \ ; \ uf
3 [ [I— I
ur 3 | ;‘ \ | \
| | | | | \
‘ | \ | \ | \ ‘ \ | \
78985 | \ l | | | 4 0.0005
\ | | | | | | | | | \
\‘\‘/ \‘\ w‘“‘“ \ J““‘ \‘\ r"“‘ \\ /““ \“\ |
-7.8970 LV v - = 0.0000
0.00 0.05 0.10 0.15 0.20

time (ps)

5-34 NERTR/LF¥—, EET RV ¥ —, BRI —LEFEOEHR,

5235 ik  RE EDO FIIFEY I ab—va s
BE—EDONTEHY R 2 L—2 3 VD AT T A—2 T,
FHEAIEIL, sample/molecular_dynamics/NVT T3,

(1) ZNRORRE
structure_evolution 7 7 »» 7 |Z temperature_control 7' &2 v 7 Z48E L £7,

structure evolution{
method = temperature control

dt = 50.0
temperature control{
thermostat {

#tag temp gmass tdamp
300 5000 10000

}

EFEDOATIHITIE, F9“method”Z2 45 % temperature_control & L CVWET, T O K-> TREFIEZ1T 5
EOHFELE T, DWT, “d"EEasE LCWET, Ziud, FZIAORRE T, AR CA LET,
PICTRSITND 50.0 WO LY, K9 L2fs (TS L,
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EBIZ, temperature_control 7' 1 v 7 CENADREZIT> TWET,
ZERELET, “emp”/ 3T A XIZL > TEOENRD AR LT HIRE( LV E L HAD,
> TR OEE(R M ZRE L E T, “‘gmass”/ 37 A—HZX > CHEEZEHFRTET 5O TIEe<,
& LM CENR O EEZFET 5 Z & B AHETT, “gmass”
“qmass” MEESNE T, Eol WTNOREE B RVE 50xdt DJE
RE SIVETS

T A K — (B DO HAT) |
& “tdamp” N TRXE STV DA,
MWEBT D L9 TN O E &N

(2) BNBOE|D YT

structure 7' 7 ®, atoms 7 1Y EERET HMNENRH Y FT,

ZE o TR Oz

BEPIZ AT ICRELET,

“thermostat’ 7 & v 7 THENRD/XT A
“gqmass”/ N7 A HF—|Z
“tdamp7,

structure(

atom list{
num atoms = 8

cooordinate system = internal

atoms{
'#tag rx ry rz element mobile weight thermo group
0.1159672611 0.1235205209 0.1215156388 Si 1 1 1
-0.1329067626 -0.1264216714 -0.1225370484 Si 1 1 1
0.1273740089 0.6305999369 0.6247606249 Si 1 1 1
-0.1152089939 -0.6164829779 -0.6221565128 Si 1 1 1
0.6299472943 0.1341313888 0.6253193197 Si 1 1 1
-0.6305720382 -0.1290073650 -0.6187967685 Si 1 1 1
0.6151271805 0.6206113965 0.1333834419 Si 1 1 1
-0.6276524003 -0.6268549639 -0.1175099372 Si 1 1 1
}
}
}
HJEAI1Zhermo_group”/ N7 A —Z ZEIN e > TWET, ZO/RT7 A—XIZ BWROFRIEFEZRELET, 72

B, BNROFR RS 3ENEDIE

FAECHIRONET, £, ﬂﬁ@%‘@fﬁ& [k, “fdefault” ¥ 7 ZFIH+ 252

LS TT 74V MEZRET D Z L bARETY, 22T
WETS,

2 TCOJFFIZF U thermo_group Z#%E LT
KIFFDEI2 BRI BRET S T T RS U it“/uo

(3) Bupo “BEC ofE (N—v'=12019.01 L1 1)
W OBIRE S DIZENRTHIEIT 2, &9 5HRTEN Nosé-Hoover chain 75 C9(Glenn J. Martyna and
Michael L. Klein, and Mark Tuckerman, “Nosé-Hoover chains: The canonical ensemble via continuous
dynamics”, Journal of Chemical Physics 97 15 (1992)) {24 7= > CRYRIICHEHT 5 = E HAREL 72>
TWE T, Nosé-Hoover chain {EZ WA Z EIZL - T, KOADRNWAT » 7B TEVAP THRRIEICE D Z &7
ERIRFCE £, AT A0, LD X 91T temperature_control 72 v 7 [ 230N T num_chaln EH
ENET,

structure evolution{
method = temperature control
dt = 50.0
temperature control{
num chain = 5
thermostat{
#tag temp gmass tdamp
300 5000 10000

}

HERAI IS BT BB OB B ADIERE T D Z & b ARETI 75,
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WRBZHZ 720D, DY OBYROE R L L TIX PHASE/O 235 OENROE &)~ H BRI U7 5
HEhD LT >TVET,

num_chain @7 7 4/V ML 1, 372 Hid% O Nosé-Hoover 5T,

(4) “RETmT77A40" OFE (N—T=22019.01 LLE)

Val—varOlTE L BICATINNT A—2—T7 7 A VOIREIS U TH—7y MREZZE LS 55 18)
NFIalb—ar &) 2 ENTEET, BlhoSEH%E BETvT7 740" LNFORET, BET07 7
A IHEREZFIFHT H7-90121%, F£7 temperature_control 7' 1 v 7 |23V YT sw_temperature_profile = on & L
£7, IHIT, thermostat 7 1 v 7 IZBWURE T 0 7 7 A VORELZAITVET, IWET 17 7 A UsEEZFIH
L TCUWRWEA thermostat 7' v 7 ICBWTERT D7 —7 VO HIT—o0BWn 2R LET25, FIHLTWD
BANIT—TNDITIE—oD T 0 7 7 A N d I EEENNETYT, BET 0 7 7 A MUEREEZRIA LT D
BRI S BITHEE OB & 6T 57211, B no (d, thermo_group & FDIZ K> THI D 43 F97, B4R
Wi, 72 X TFRUORT L DT £,

structure evolution{

temperature control/{
sw_temperature profile = on
thermostat{
#tag no tempi tempf till n tdamp
1 8000 8000 3000 5000
1 8000 300 7000 5000
2 400 500 1000 5000

iR K 9B no I k> TR 248 E L E T, tempi, tempf |3 ZNZHVHIHREEE R X OMKEEIZR G35
BMETT, tllni, ZORETa 77 A VERHATHHEKMD A7 v 750Cd, JBHE tdamp (28 - TENR
DRI 257 U £ 97, tdamp D730 W ([ EMEHE gmass 2> CENROERZEHHRET 5 2 & L AJRETT,
PLEXY, ZoOFITIE thermostat 7 — 7 L OEFTIIIRD L 5 THIR SV ET,

® 117H : 1 >HOEROIRE% 8000K T 3000 A7 v 7T 5,

® 277H : 1 SDHDOENARDIRE% 8000K 75 300K £ T 3001 A7 75 7000 A7 v 7 £ T4 5,

® 317H : 2 OHDOBRDIREA 400K 725 500K £ T 1000 A7 v 7 £ T4 5,

ek, BEOTa T 7 ANO L n LY, 0707 7 A0 tempf OIRFEDME LT S HERIZ /2> T
ESc

5.2.3.6 (AL W « JE—EDS TEN Iy I 2 b—Ta
PHASE/0 %, Ivo Souza and JoséLuuis Martins, Phys. Rev. B 55 (1997) pp. 8733-8742, E. Hernandez, Journal
of Chemical Physics, 115 (2001) pp. 10282-10290 72 & DSCERIZISUN TR STV D THEIZ L > TES—ED
DFENIF I 2 b—a A7) ZENTEET,

(1) ARG A—F—T 7 A VDEXT
FT, RE—EOHTFEIFI I 2 b—a U ERRROFREE CAINT A—F =T 7 A VEER L E T, @
DIRE—EDFE L DENT, ENL—ETHDH I E, ETRORENLEILZ LD 2 T, LLITICHZ
~LET,

structure_evolution{
method = temperature_pressure_control
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}

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

pressure_control{
pressure =0.0
mass_baro =1
mll=on
m22 =on
m33 =on
ml2=on
ml3=on
m23 =on

BESHEDFANT, TRLomEY,

® MD FEDERWVS

method |Z temperature_pressure_control & L < 3 pressure_temperature_control Z+5E 3 5 & IRE—/E
N—EDFFINFLIab—ay, 705 NPT 5 fi e I ab—ra VA TTHZENTE
F£77, pressure_control &5 EESN—EDFFEN)FL I 2 b—a, 7005 NPH 478150
2 b=y a U EFTTHZENTEET,
IRFEHIEIORRE
IEEEHEN L, NVT O8%4 & [FkE temperature_control 7' & v 7 {ZRBWTATWET, 72721, NVT 2 =L
—3a IR OBRE EFT H 2 ENFHETHHDIZR L, NPT ¥R a2 b— 3 VOBAITER TE
HEWRII—DDHTHDHAICHERE L TLIEEY, Fo, EREOFITIEa AL T T hERTHETR,
method = velocity_scaling &fET 5D Z L2 L - THER S — Y U7 L HIREREZFHT 26T
& F£79°, Nosé-Poincaré OENA TIRAERIEIZIT O 2 LN EARTI N, ZEITEI APPSR X2
WIGAETTEE R —1 o Z 2RI L T2V, FEED 21T 4UL Nosé-Poincaré BUA B v ET,
=S ORE
JESIHIfENE, pressure_control 7' v 7 ZAERL L, D FCRE LE T, pressure |2 DL ZF8E L E
I, JFENDOEALOT 7 40 MEFFEFEA T2, GPa 22 2RI+ 5 Z L T& £9, mass baro (21
BROEREZELET, 7740 MEIZ1 THY, B ORETITEERA, HRE LTUL, 2YR0JEH
(HAAROAFEZLDJEH]) 73100 MD A7 RS RREDORHRIC /2 D L O IRDDH L LW TL X 9,
FHET Y TS DRSO E
mxy/ 7 A—Z =255 T, FHET VY NVOETH U THRGF AR T 2 e TEET, 72E 2T mll =
off &35 & 11 aisy@ il -adi) 232k L72< 720, m12=on 72 H1F 12 pisr@ il - b #il) s L 0821 5 (b il -
At L L7 ) 4, 20T A—F—DFT 7 /)L MElZ T on 72D T, FHIFREN 2T IUTF
BT I NOTXTORDBEL L E T,

NPT o2 = b—v a3 URERTHEOND ERH17 7 A WS, =X —72 KO A sk L= nfefn.data 7 7
AV, JERET— X OJEREZitd% L7~ nfdynm.data 7 7 1/, FHET vV VORI % FLEk L 7= nfmetric.data 7 7
AV, ZF LT -ERDIERE 2508k UT- nflatconst.data 7 7 A /L T D, TNFIUTDOW T 5,

(2) nfefn.data 771 /L

TRNF TR EDJFERZFUR LTZ7 7 AV THY, MEREE NVT O MD @2 2 L—3a Y ORE bGLH
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$F. NPT ¥ al—va o, MFOLIRIISEORET, /25, MIEOWHAT 1 (74507 L TR

BRLTWET,

iter_ion, iter_total, etotal, ekina, econst, pressure

1 13

0.0209863336

0.0211839341

0.0214781523

4 49

0.0218951630

0.0224437768

6 73

0.0231125156

7 85

0.0238698884

8 97

0.0246685850

9 109

0.0270606007

10 121

0.0294678421

11 133

0.0315593847

-31.8045273788

-0.0000504658

-31.8045248143

-0.0000573770

-31.8043935680

-0.0000574428

-31.8041402859

-0.0000570036

-31.8037768714

-0.0000560637

-31.8033194235

-0.0000546420

-31.8027870051

-0.0000527691

-31.8022003504

-0.0000504870

-31.8015806171

-0.0000478460

-31.8008921515

-0.0000449028

-31.8002640917

-0.0000420615
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300.0000000000

301.4440100456

299.1271868912

293.2700519011

284.3267516440

272.9264725662

259.8057152864

245.7426304561

231.5028071591

217.8018629938

205.3149756742

0.0000000000

0.0000586853

0.0001085792

0.0001476826

0.0001733906

0.0001832795

0.0001752150

0.0001475268

0.0000992076

0.0000862100

0.0000004873




AT XA LAT vy T OFT =X FE LET, 1FIENET GEAE) OFFEEL, 2 51H2% SCF #HHEOKRE
P, 3FIEMNZROT X — (FFHAL), 458 0BHEIRE (7L E VEAD, 5HIENRANI L =T

(JR-BA7), 6 FIIH D28 < T DK O?%ﬁﬂﬂ) 7 HE DBREIR 7R ESTCE (FTATRHAD , N
b b =T ATERE IR T DT, Jﬁi@;ﬁrﬁ- ZBW TR TR B ERBAT VIV DR
Worasked D Z LIFKE T2, TRAED L 70V \{tﬁrﬁ IHDHRITER L TIEENY,

(3) nfdynm.data 7 71 /L

HARW 27 7 A N7 4 —~ v NI, #EHO nfdynm.data 7 7 A /L EELCTY, 727ZL, NPTV I=alb—vay
DEFETAT > TREAATEEDENT 2D T, $FTEER EVFTRIR S D~y X —HREAT v T HEZIAEND R
\TEVRH D £,

(4) nfmetric.data 7 71 /L
BAT o FICBITDHET VDR EIND T 7 AV TH, BRI NRIT FREdE v,

2
105.8775163849 0.0064685429 -0.0017420207
0.0064685429 105.8774556260 0.0027757249
-0.0017420207 0.0027757249 105.8776712432

3
105.8648537936 0.0196786348 -0.0055233812
0.0196786348 105.8644796107 0.0091955626
-0.0055233812 0.0091955626 105.8652454083

4
105.8462013539 0.0389223098 -0.0123434716
0.0389223098 105.8452005929 0.0190717120
-0.0123434716 0.0190717120 105.8468474757

FPRT v T EEFOTEIEN GRS, DOUWT 3X3 OT Y ANRHERSNE T, b, AT v T
EfREEZER L QWD T2, kT2 AT v 7 HMMS 720 4,

(5) nflatconst.data 7 71 /L
BAT v BT DI ERD GRS ND 7 7 AV TT, HRRZ2NRIL TRy, 728, HIROHG T 11T

EUATLCER LTS

2 10.2896800915 10.2896771391 10.2896876164 89.9984979129
90.0009426965 89.9964995371 1089.4462540511

3 10.2890647677 10.2890465841 10.2890837983 89.9950232125
90.0029893382 89.9893495841 1089.2504025643

4 10.2881583072 10.2881096705 10.2881897084 89.9896762432
90.0066816443 89.9789308011 1088.9605527024

5 10.2869678503 10.2868710406 10.2870094050 89.9825817981
90.0125180935 89.9656805224 1088.5783846407

6 10.2855038285 10.2853392827 10.2855504459 89.9738915620
90.0209385359 89.9500901373 1088.1067192172

7 10.2837804786 10.2835276570 10.2838245727 89.9637869404
90.0323061920 89.9327006608 1087.5497224800

8 10.2818163114 10.2814547573 10.2818483397 89.9524812878
90.0468878988 89.9140944258 1086.9130916478

9 10.2796344063 10.2791449593 10.2796435437 89.9402204612
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| 90.0648344761 89.8948814720 1086.2041781879

—ATN L S A LAT vy T OT =2 ARG LET, 15RO RHEREL, 2 5IA26 7 5IA N L ETUE T
Tk, b,c,a, B,y wED 8 HIANHARIOUFETY, £ OHALT Bohr i, FEOHAATE, AFEOHAL
1% Bohr® T,

5.23.7 3 FEIHY R a b— 3 LNIEOD DL DMORRE

(1) WERT—V 7K DIREREHO S FET ) T2 L—a v

Nosé-Hoover DA TIE72 <, JRTF-OBMEEARENE 9 K OICA S —/V UET Z &I L - CREZHIET 5 Z &
HARETT, 2D X 9 72EHEIE, temperature_control 7 17 v~ @ R method 245 % velocity_scaling &35 =
WL TERTHIENTEET,

structure evolution{

temperature control{
method = velocity scaling

WY, BROEEIZE Y Lo MD A7 v 7S A r— )L SNET,

(2) SSEHENTIRD L HEE T 7 MDA

DFENFEY R 2 b—y 3 AR TR EAEREI IR T L E T (Bricd) 28, FEERISdEREc kv ¥
7 35T, RERPELCLEIGAERH Y 3, ZNEITE, BATO X 912288k sw_shift_velocities
DfEiZz on & L, MD itHEPEEHENEa L7eb LI LET,

structure evolution{
temperature control/{

sw_shift velocities = on

(3) TR 2 FE) CfREd 5 51k
SR OYIREEE 0@ 7 > & LIREBAR MG DA, RS IR ERE LT C, AEihEN 01270589
WCHBHNRE SNET2S, FEICERHIZEIVIRS Z L L AEETT, 20X 2 iEEL, FBLED vx, vy, vz
BEMEIC > TITWET, Fe, RELTHEEZ FEX L TLEDARV L H temperature_control 7 12 v 7 DT
IZ3U T sw_read_velocities =on ZEXETDMLERH Y 9, 2L 201F, UTOXLIIHRELET,

structure(

atom list{
atoms {
'#tag rx ry rz element mobile thermo group vx vy vz
0.11 0.12 0.11 Si 110.001 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
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t
structure evolution{
temperature control{

sw_read velocities = on

}

72k, WEDHNLDOT 7 4 /b MEFFEF-BAL T,

*7-, ZOHETOHEEAZIEE LI-5SETYH, T 740 FORETIHREIZE D L5, F/-EHEEhE) 0127
DEVHEETT T N s A= ENET, ZOEWEERIH L2V, DU OERH TASK set_initial_velocity @
iz off & LE,

structure evolution{

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

(4) JRZMEEICEA CiAd 2 51 (03— 2 2-2019.01 LLE)
s L OMEEEICE CiAD 5 Z LN TE £3, 20X 5 2R3 KEREEIY, PRVOGEEICE TiAd b= RO
IRAHERNEFA~Z 0, ESM 150 dipole fi1EHE R ET7 LT Y R ADEE FEZIENVIATEH HIEREICIS N THEZE
IR BASTI oo $THEHMTHHTAZ LN TEET,

AN D7k

FEIY, structure 7' w7 D regionx 70 v ZIZRBWTERT DI ENTEXET, I 2T x 1 IMEOHS G
T

structure
regionl{

region group = 1
type = cylinder
radius = 3.5 angstrom !Y}4£%
cylx = 5 angstrom
cyly = 5 angstrom ! FHROHMIE
orientation = 3 ! MDD
cylzmin = -1000 ! MHfEO T
cylzmax = 1000 ! HfFD Fim
sw tally = on | TRLF—%MZ 5
eps = 0.001 !"RT U Uy /LOES
sigma = 1.5 !HEEDOR7r—1
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B

xIT1DBIEVET, x%2,3,...8 T2 2 LICL o THEEDROMESRE EFHTH I ENTE XY, regionxy 7
1y Z\ZRW T FOZR AR ﬁiﬂﬁ‘é S X T ERLE TS

A B

region group RO N—T7 ERETHRELE Y, ZOMMFE LI E Do E D
D “7“/1/%7”’ ELTHbNET, BBOIFRFELET — 7 L O R MAE
reglon_group ZOEMEETEET D Z LIk o TRk N —7 LR A At

CIVEXD 7‘72“/1/ ML regionx 7' ©2 v 7 D x DIE T,

type TEIROFEEAFRE L £, cylinder (HfEHD & L< X box (EHAA) & LF
9, 7 7 4/V M#ld box T7,

radius MO EfRELET, 7 7 4/L MiElX 6.5 bohr T3, type=cylinder ™
351/‘\0)77&%%0)?9)6 XETT,

cylx ROHRLNLED x FEAEEZEE LET, 774/ MET'EALOERTT,
type—cyhnder0)%%4%09¥1L$E¢X%26 RE T,

cyly MR OHCALED y FERZEE L E T, 77 4/V MEZE L O5ERTT,
type=cylinder DIGEDIHERD B HEXE T,

orientation FRORE ZHEELET. 1 OBEx i, 2056y i, 3058z i
IZEET, 7740 MElX 3 T, type=cylinder D5 DHEKRDE 5
BRIETT,

cylzmin MRS FMO FREHEELET, 7 744 MEIXZ—1010 T,
type=cylinder DIGEDIHERD B HFXETT,

cylzmax Mo Fmo EREFELET, 7 74/ MEIL 1010 TY,
type—cylmder DEFEDHERDE D5 ETT,

xmin RO x 1O FTIMEZFEE L E T, 7 7 4 /L MEIE—1010 T, type=box
DYFEDIHEIRD B HEXETT,

Xmax ELRD x J7 0 EIRMEZFRE L ET, 77 4/0 MEiL 1010 TY, type=box
DEFEDIHEIRD B HEXETT,

ymin E ROy H1a o FRMEZEE L £9, 7 7 4/ MEIEX—1010 T3, type=box
DEFEDIHEIRD D HDFRETTS

ymax ERD y 5o EIRMEZAEE L ET, 77 4/1 MEIX 1010 TY, type=box
DYFEDIHEIRD B HEXETT,

zmin EFRD 2 5100 FIMEEZFEE L £7, 7 7 4 /L MEIX—1010 T3, type=box
DEFEDIHEIRD D HDFRETTS

zmax RO z o FMEZEFRE L E 3, 7 7 4/b MEE 1010 T3, type=box
DYFEDIHEIRD B HEXETT,

sw tally IR T2 =R =2 2T RV —TNZ D5 Z DfE% on ([ZRE
LET,

ops K7 e (2) Defih T R F— D CHE LET, 7740 b
fElZ 1le-3 hartree T9,

sigma NN o\ 12 RS, e
RT3 v )be (;) Do DEEFESORMCRRELET, 774/ MElX 1
bohr T,

EFE L8 E, £ D region_id Z#-S1F 72V ET-O region_id (THRET D LICL - TEID Y THZ ENTE
FT, ExE, UTFOLIICRELET,

structure({

atom list{
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coordinate system = cartesian
atoms{
#default mobile=on, thermo group=1
#units angstrom

#tag element rx ry rz region group

H 4.231707 4.904619 6.374683 1
H 5.716594 4.994127 6.011627 1
0 5.118193 4.883964 6.766158 1
H 4.167342 5.876768 8.210465 2
H 5.481543 5.259672 8.697061 2
0 4.627457 5.590603 9.014168 2

ZoBITIE, 13%H, 2%&H, 3% HDF X region_group=1 O XCOMEBIIOT i, 4% H, 5%&H, 6
FH DA% region_group=2 O3~ TOEBIASIT HivET,

HEDOEST

RERE, WEOSTENFEY 2= a VERULIICETIHI LN TEES, AT A—F—T7 AL
DSFARAEND & LUTF D I D I\ ZHEAHA AT T S it SV ET

I** region statistics

!** num regions = 1
I** status for region no 1
I** region type : CYLINDER
1** orientation : 3 (1->x, 2->y, 3->z)
I** radius : 6.6140409725
1**% cylx,cyly : 9.4486299607 9.4486299607
I**cylzmin,cylzmax: -1.797693134862316E+308 1.797693134862316E+308
I** sigma, epsilon : 1.0000000000 0.0010000000
I** tally : F
I** n target atoms : 36

1 2 3 4 5 6 7 8

10 11 12 13 14 15 16

17 18 19 20 21 22 23 24

25 26 27 28 29 30 31 32

33 37 38 39

FHZ, n target atoms DAREREHEICEID U THNTWDRFDY X "S5 0T, ABEER Y SEED G E

TECWDIMEIDEMGRT HZ EMTEET,
5.2.3.8 i HIZIIT H1EE A

® TENIFY R 2 L—y g UREREICRIRNZ RIS D A, UV T VT B IONPAW B R T Vv L,
WHIGHE, MEEtEICIS L COET, 72720, 7y R 2 b—y 3 B TUIR - ONLE 3
O L > T LLIEEIT 20T, BB RER COMPMEZRFOZ L1130 A, LEN-T, %t
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FRAERREOBE I S 72 VT 2SN,

JR- O RN, lE ORESERIE B W CIEREROWE 2 /AT 2 b O TiEd » THAD, o TEiEs
a2 l—ya Y ORBITEROBLETT, LN~ T, AEREEZFITT 258130 OIE LWEEZIRE
THMENH Y £9, PHASE ([T DEEOEEOHAY, JRFHBAL T, &1L, BroEETRT
HAT T 1822.877333 T,

HEB)= L X —E A b Y WA CRBR S AUE TS, BB L — LR L ORI E Gy = & X Naom X

keT EVOBUEN DY £, &2 CHBITINR—FEyn, FIH AN pom, TV~ kg, B
FOZRIRIE AT &3k LE L, o CHBIT 3L 2—0 HROBEZ ) 2V 8, £95E8 L% —%

JEFHCEIY,  3.1578 X 105 & W fEEHNT TON— U —H(I S kg THATA~DZEH), & %ﬁlgf“%ﬂo“(

Tavy

JRTERED BRI IS THRE L 7= FRFEZ A DO (structure_evolution 71 Z7IND dt &9 5 TR
EVEHNT 5 2 & 2L - TEIFEITORGEN 30 £3, FHEOHEAIIAT) CHET 5 Z L3 HETI 2,
JRFEASRERA LIZBAG 740 ) 2418 x 1077 LW O fEEENTIUS TRD) (C48Hd5 2 L ASATRE T
T, 72 zE 100 au &0 D EEE 2.418 fs (ARG L £,

RE—EDDFINIFY I 2 b—r a3 BT D, BWROEEQ DEICDWTIEERZZHTET, hET&
DQEGRHTHE, ROXA T I v 7 ATBWRTERT D ANABIRE— R ELTLEND, F5AI1CL-
TIFFHEDFE L CLEWET, T RETELQEHMTH L, RDEVHNGET DI Z<DAT v
BamBmETHL o TLENVET,

QDAL SRORHASAIZHREND JEH & BNROIRENDOJEIIN B L Z[F%ED, BWROFNEL 25 X H1TEsS
ERWESNTWET, Z2YROIRENDEN] & ZOIRENOEMIORIORRIE, KRHHEIZITR O TR ¢ =
F9 (S.Nosé, Progress of Theoretical Physics Supplement No 103, 1991, pp.1-46),

2T 1/2

T 27r( Y )
T w 2gkgT

Z 2T, wlITENEIROEM & RS, glidRn B HEGX 2 OEVAIZ B EAHT STV B IR0, kg

X RV~ T, TNEOBROIRETY, HlzlE, t4 0.05ps, FT0¥% 8, iEE%Z 300K & LTE
X TCQOEZRED S &, JRTHAL TR L% 4600 F2EE L 720 £9°, PHASE/O Tlid, QDEZ EHAFEET
D2 &G, JEE U CREEITIRET 2 2 E b REL 2o CVE T, BREOFE BJEMOIRE L 72\ W 54,
JEHNE & K7 dt DB L 50 5L AR50 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 7-R12% LTI RIEMERE TIRIEZ B2 5 Z L0 £9, ZOFNE LT, EEINREEEZE AT 25
(ZEN U7 R ORI SV CWVET, ZOXRMEM 9 FE:E LT, PHASE (3 LDAU £ F 7215 DFT+U
EEFEELCOET, Ziuk EEFEOFRIMEEREZA A N7 —a A EEH & LTIV IATLTFET
‘a—o

DRTHU B ZIIN K D00 5E0H Y 9778, PHASE CIEEMY L S ZmBEEARAET VAR L CWET, &
DET/VTIE, DFTHU O F =B (Eppryp) 1. RFFE IO =2 F— B (Eppr) & 7 U7 12X

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

Ueff I I
Eppreu = Eppr + > Z p::,m_zpr:,m/ pr:’ m

Im,o m

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

EATFTRIE, RERGE  (RPRGE) | E TR AT S LI A LET

Io _ o o I I o
o= ) fi < WLl >< ol 19, >
kn

DIT kRO niE, BN BV MIEETT, £, f0 B PRk DS AT,
S TN, RHE LT BEORRE L LR B e b LE T, BHC, BRI 5 OF

Ue

EEOEE, TOTINF—WNIL ZHE TR LET, 4B, UgDIfEiL, FBRIC—5T5 L 515

2

My BENESTEMEZ b L ITROET

e+U_ /2

Empty level
Ueff

Occupied level

e=U, /2

5-85 \3— FHIEIZ X BEET RILEF—DEYL
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5312 AJ)/RT A—%

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

}

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

structure(

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

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

}

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

IAD SATTRNOREE D2, IR L3 57372 0 By NOE FRIE~E > TLE 2 BADBH Y 1,
ORI BRI EERT DI, HEITHIT—4 7 7 A (%R occmat.data 7 7 A V) AL CHIEATTS
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EFBCIRET 52 L bIRECT, ocematdata 77 A VEMFEL, AJSTA—4T 7 A MIBTFO LS A7
BEFTNET,

accuracy{
hubbard{
initial occmat = file

}

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

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

TOTAL ENERGY FOR 2 -TH ITER= -79.756461901287 edel = 0.482992D+01
KI= 45.2522902 HA= 125.6089055 XC= -43.2979227 LO= -147.0597534
NL= 19.3280980 EwW= -92.0686823 PC= 12.2272681 EN= 0.0000000
HE= 0.2533348 HP= 0.6709743

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

Occupation Mattrix: is,ia,l= 1 2 2
0.583 0.000 0.000 0.000 0.000
0.000 0.583 0.000 0.000 0.000
0.000 0.000 0.529 0.000 0.000
0.000 0.000 0.000 0.529 0.000
0.000 0.000 0.000 0.000 0.529
Diagonalizing Occupation Mattrix: is,ia,l= 1 2 2
0.529: 0.000 0.000 0.000 -1.000 0.000
0.529: 0.000 0.000 1.000 0.000 0.000
0.529: 0.000 0.000 0.000 0.000 1.000
0.583: 0.000 1.000 0.000 0.000 0.000
0.583: -1.000 0.000 0.000 0.000 0.000

Occmat.data V9 7 7 A /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

228




0.17365161E+01 -0.12145064E-01 -0.11970673E-01
-0.12145064E-01 0.17903944E+01 -0.85524320E-02
-0.11970673E-01 -0.85524320E-02 0.17856965E+01

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

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

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

TTHNDIRZ FATER E AR L E T, EIEFEI TOWRZFEPuEOMRE & OXIEEF 5.4 (TRLET,
occmat. data [ IRHE AT DA, AT OWIENELZ 5.2 25808 L 72D $9°

# 54 SHEITHIOERZ T L BB OXLE

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

5.3.1.4 E15 : ST 75 SrTiO3

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

® DFT+U/SrTiO3/cubic UeglX0eV)
ZIHDOFFERREM 5-36 IR LE T,
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=
(o]
1

NREX T (eV)

GGA
GGA GGA+U(U=10eV) Exp. GGA+U (U=10eV)
1.8 3.1 3.2

FN

=
N
T

Empty d-bands

o

DO S (States/eV)
0

Energy (eV)
X 5-36 SrTi03 OIRAEREEE

5.3.1.5 ] : 3758 LavOs

)5 LavO3 DEHRBITT,

® DFT+U/LaVO3/cubictu (U3 La 4f #iEiZx LT 20eV )
® 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

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

® DFT+U/LaVO3/orthrombic (U 4i3 0eV)

DFT+U &IV T FORKT— A > NSRRI RS L E T,

5.3.1.7 37.J7% FeO

e FeO OFBEHITT, Zo#HEHIL, occmat.data 7 7 A LNOE T % SATTHIOFEE S LRI 5
230



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

® DFT+U/FeOlgga (U lT0eV)

T o FAEAK UL EAFTHIORAEEN 1, X 72 AACK L33z —r? $lss s EER 0 12

BESITOET, U 06V TEIZ2 =17 SHEOMESEZFF© d N FART 2L 2 Loy K0 HcEE T8,
A= RHETE FCBNET, F/2, S FHIEIC KO AN Ry v 7DBRE £7,
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532\ J1) v FiAE%L
5.3.2.1 BEREOMEEE
JR T FE UL (local density approximation=LDA) % #9325 FIEICIT K AEITEL (generalized

gradientapproxiation=GGA) DIF)Z, Hartree-Fock AHLNEIHZ—EEI Y AILDH A 7V v RILBIEEN
&V 9, PHASEO Tix., PBEO[1-4] & HSE06[5-8] > “FEEADILBIE A ME X £,

AL X — (Hartree-Fock 22 /L¥—) ESNE, k. v, ol THESNAH TV 7 kia, AN

¥R, AEARRBORBRS, (1) ZHNT

Eexact

= _—z Z fdrlfdrz l’bkva 1)1'0](1/gl(:l)_wf':la(rz)lpkvg(rz)
1

T kvkv (1)
Qij(rl - rZ)(lpkva'lﬁL) <ﬁj|lpk,v'o'>
3
— |ry — 1|
19
THEZBNET, ZZT, v, (ZBET DT EARIBICIRO N ET, £7o. 24THDQ;; 23T H I KR T

WCHRE L, UV T 7 MEERT v AR RV E T,

PBEO NI TZa % /XT A—4 & LT
EPBEO Eexact + (1 _ a)E)l:(’BE + EEBE (2)

LiEgEnET-4, 22T, EPPid PBE AT, EPPRIE PBE MIBIABIE T, @ = 0Nk fitbh

HIETT, AT v FFBEICIE. — OEN AN BIKES % 2 7 I —=2 7 L THN% % HSE HESKENSE
N ET, iUk
EMSE = qE®RctSR () + (1 — @) EPPESR(w) + EPPEIR(w) + ESBE ®

DR TRINET 58], wl TR AN ME < FFH 2 HIET 2337 A —2 T, w = 0TER IZFFE L

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

A3k SEE T AR, PBEO LB AR 285412 L C L <0 £3, »F 0 [FECIMEE
D12 OFEAM IR NS 720 F3, FHERBEZR LN DFHEAMNZHIKITEAHEE LT, o (2
0.1(Bohr DEEEEDEA L < flibivE T,

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

accuracy{
ksampling{
method = gamma
base reduction for GAMMA = OFF
base symmetrization for GAMMA = OFF
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}
xctype = ggapbe
hybrid functional/{
sw_hybrid functional = ON

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

}
}

ZOFIDSETE. HSE06 INBHAFRE L2 Z L1272 £, HSE06 Di37>, PBEO, HF Z#f5Ed 2 Z LAvn]
AETY, BITIE, sampling k A% T' A (method=gamma) Z+5E L TWEITN, 1ENITKE IR sampling

(method=mesh) & %V % Monkhorst-Pack (ZJ % A~ ¥ /L k s sampling (method=monk) Zf5ET 25 Z
EHTEET, /T A—F alpha 13©2). QRUTBIND LB EIENDIREGH a T, 77 4/V FOfEIT 0.25
T7, Omega (F@)RUITHN DR T A —H 0T, T 7 /L MElX 0.106 bohr! T,

R BAER A ELY RN C, Hartree-Fock FHE AT O AT TO L HITGRELE T,

accuracy{
hybrid functional{
sw_hybrid functional = ON
functional type = HF

}

7272 L. Hartee-Fock HADIUAIZ PBEO & HARTHE L ELS 2D £,

PBE IRE# 2 fef - TR S W7 BB & BB ) b 56, 2z hybrid INBIEGHE O WIHTRENRE L )
WEM T D ENTEET, ZOTODANPIZERITRLET, VAETIEH O AN, 7V v R
HEITIEH O GGA £V HIED ML DRIAERIE DD DT, 2O X D IZHE LD L THIREEZ ST 2
EEHERL £,

accuracy{
initial wavefunctions = file
initial charge density = file

}

ZOXINGHEERTT %A, RIS - T PBE ILEGHR O ENRIEL 7 7 1 /\(zaj.data) & FBREE 7 7
A Mnfchgt.data) #EET « L7 MU T e —LET,

AT Yy FBEEIEL, N RBLIN Kk GO 2 EA—7ORERHY £3, Z056, WO k RIS
DN —TIEGREEC SIZEER WA H Y £, T T ZOWAID k g—7 251K 2 &z k-
CRHARRZE S IHGEDY PHASE ([Zidiiio> T ET, ZOBREZFINT 13, T X ) ISRk L £,

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

}

}
hybrid functional{
reduction factor{

fl =2
f2 =2
f3 =2
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2 £1,12, 13 12X 5T nx, ny,nz ZZNEIUTGO—ZTH0ERELET, ZOHFITIHEH. FNE0Hmo
WIRL—T"D A v 28008 112 12720 £79,

(2) 3HEREFIRRIZISTIF Nl A AFVR 2 2 51k

3 WFFIRC A 7Y FULBESGEERINT 256, BE O & 22 W WA R4 2 2 L1k~ TKiR
IR ENER TE 9, ZOWREEFIIT 256, UTOXSICRELET,

accuracy{
hybrid functionalf{
sw_change axis = on
}
}

ZOREL, I A Ed bORRES 3 #iEF IR CRHIFT 258 Ah T 208N H D £77,
(3) Ay =i X Dmdlb
% LUFOREREIT 2 G AR & 3 HlEF I C 3V v C sw_change_axis =on & L7Z5AIZHBWCOLFHATHE T

TNV ET YT MERT oy VERIIT 256, M 7 U v FBSGHROERERHOIE LA ER TV T Y T
NEERT o v MR OB IR (REBEMEE, (DRP0Q;) ICHRT 2SS nET, 7
U v FRBEGHRIZRW TR, KAREMOREEES (GORIVEG)) 28 < ZEicd-> T, FHRRHEICR
TR RF S PIT @ T 5 2 L AYATRE TS, PHASE/O TZ OREAFIHIT 51213, 244 charge_mesh %
L

accuracy{
hybrid functionalf{
charge mesh = fine
}
}

754 charge_mesh (213, exact, fine, moderate, coarse DV T IUNEFEE LE T, exact ZfEET D & KIBEwT
DT _TOREG %58 L F 79, fine, moderate, coarse DNEIZE[ET HorhV 72 < 72 77, charge_mesh
DT 7 /v MElL fine T,

3¢ LU OREREIL 3 HilnllF HIRIZH8V v C sw_change_axis =on & L7235V TOAFHATHE TS
WENBHE D FFT A v aZliBd 22 L HrRETT, BEICH IV 0, 20X vy a2 b3 HORET
B L C ORI RE B2 RIF LA, ZOMREZFIAT2I12E, DITOL > ik E@xla L £9,

accuracy{
hybrid functionalf{

sw_change axis = on
cutoff wf for exx = 9 rydberg

}

accuracy 7 27 @ F® hybrid_functional 7' & > 7T cutoff_wf _for_exx ZE&KL, ZIIEBRMA LW v B

FT7TXNF—ZELET, T TRETEDDITBEFDON v AT =X NVF—LITDOETHY, FhaEx

HIEEFRE LT AlmE DN v A7 23 L —TCE &b U £7°, cutoff wf for_exx DT 7 /L Ml LEH D

1y NATEZRF— LR CETY, BRI FFT 13, FHZ VAMEFRIOBERT 2 v VAR L Q0D
234




BAIEEAR D02 0 OFIG 2 ED D Z L2720 £ 0T, ZOREIZL > TEREZHOTZ SITEHA T,
BEDT-W, YT ND SifEROBAIT cutoff wi for_exx Z DA v h A7 TR ILF—DH5yOEIC L=
BT XN — L ERMAZHRE LET L, @E0h y A7 23X —05% 1 L LTWET),

cutoff wf for exx = cutoff wf cutoff wf for exx = cutoff wf/2

Ax L% — (ha) -7.8457557283 -7.8457499896
B US| 1 0.34

(4) SEZERREIC L ZE#E b
¥ LU T OREREIT 2 HilNE A & 3 HiEF I C 35V v C sw_change_axis =on & L7235A1ZHBWCOLFFHATHE T

DIV T VT MERT X VERMII L CWD5E, KRR R DA 3222 TT 9 Z LIS » Tl
k352 EbAieTd, FAUTE, ROXIITHRELET,

accuracy{
hybrid functional{
SW_rspace = on
}
}

WE, ™7y RPBIEGEIZIT 2 KAFEM OB T ONYDREEN DN F97, FEMEEFIATZ &
IZEH->TZORE ONIINZTHZENTEDLDT, HOHRERE/ATIIMNAEDIRE L 720 £3, Fiko
charge_mesh /X7 A—2 %, W2EH O & R CARIHIT 5 Z L5 [RE T,

sw_rspace = on DIFAIZ, WRZATH—ATHREDIATE L, Leveld BLAS IZ K> CAUBREEH Z LN TEE
T, ZOREE, LTOBSETHIALE T,

accuracy{
hybrid functionalf{
SW_rspace = on
sw_rspace dgemm = on

5.3.2.3 FHEL
(1) K&EDT
K853+ PBE #44., PBEO #%., Hartree-Fock A DFHEHEIL, sampleshybrid/H2 LLTFDT 1 L7 R

PBE. PBEO, HF T9, go_h2.sh #3479 5% &, ZNOHOFRANERFIZFITLET, ZNHORH L Gausian03
DfEF & DH# A 5-3T IR LETS
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0.1 T T T
8
0 A :
A
0.1 .
02t :
3
£ HOMO (G03) @
£ oal LUMO (G03) |
> HOMO (PHASE) /\
g LUMO (PHASE) A
T ®
04 :
e
05| :
06 ® .
0.7 l l l
PBE PBEO HF

%] 5-37 PBE JA.ES%GE, PRBEO (LBESGE, Hartree—Fock 1517 & B 7K3843F-0D HOMO #ERT & LIMO #ERL DR/ —78
Gaussian03 (G03) DFER L XL TRENL TS,

(2) Kot

/K430 PBE #1%., PBEO 2541 %, samples/hybrid/H20 L FF 1 L2 kU @ PBE,PBEO T, go_h20.sh
EFETTDE, INOLORIARZIEFICIATLET, ZhHORR L Gausian03 Ot R & DL Z X 5-38 (7R L
ESr

0 ®
® 1 umo
0.2 -
/\
® HOMO
® ®
04| ® .
6 o
=
s ®
L 06} |
B
2
w
Go3 @
-0.8 - —
PHASE A
AL |
®
1.2 - L
PBE PBEO

5-38 PBE JA.BEEq:, PBEO JLEEEEIC & B F- DT RNV E—HER Gaussian03 (G03) DRERE KL TR
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ShTnag,

(3) U afhsh

U AR OIRER E O A PBE, PBEO, HSE06 CT%474 A7\ samplesthybrid/Si LLFIZH D £,
FHREEZIATT D LN DRIEEEXZK 53912, f50iLH 1\ RE v v 7% 55 1R LET, ¥ 5.37 12,
BONDH N Ry v TRl TORLET, K 53512, BHONHNY Ry v 7 2IORLET, K 53712, HBbi
LN Ry v T HIORLET, ) 53512, FoNDN 0 FXY v 7 2IORLET, K 53712, BHbhbd v
R¥ v v 7E2IORLET, K 53512, oD RX Y v 7 HIORLET, K 53712, bbb/ 3 R¥y
T EHIORLET,

3.0

25

20 -

15

DOS (states/eV)

10 +

05 -

energy (eV)

X 5-39 PBE, PBEO, HSE06 LB & » TE LI~ Si iESRODIREEEREE

# 5.5 FNEEIC X o THONA Y FXy v 7 DLHE

VLB Ny FEx v 7 (V)
PBE 0.7

PBEO 1.9

HSEO06 1.3

samplesthybrid/Si_k10 1%, k #A v =% 10X10X10 & L7=fFIETY, FEFICHHHON DD EE T, &
DRI MG HIVE T,

5324 A7V v RILBHEGEIC L 580 R (03— 3 1 2019.02 LIKE)

R—=T522019.02 K0, ATy RBEEFIHE Lo~y REEREMMTZ D X910/ £ Lz, S REHAE
IZBWTCIEiER SCF #HRIC L > TR DN BEET — % 2 [EEEM & LA LS T ICEAEHREA T E
T ATV RIBEREOSES, BEEEMIMZ “EERBBREE OF—2E& ATV v REBEE o7
—ZPWBECT, BIEIEEFE O SCF #HEIC L > TRONDEEIRST —4% T3, BEIIASITA—4—T 7
A ML FOREE T Z LIk o THASED Z EMTEET,

accuracyt
hybrid_functional{
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sw_output_hybrid_info = on
¥
¥

sw_output_hybrid_info % on &4 % L % E /2§, F_HYBRIDINFO 7 7 A A ICH N S E T,
sw_output_hybrid_info ®™7 7 4 /L MilE hybrid_functional 7' & v 7 2MFET H5E1% on, £ 9 TRWEGATE
off ¢4, F HYBRIDINFO /% file namesdata 7 7 A VDR A X —THVO ., FOF 7 4/ MA
1% /nfhybridinfo.data ¢,

SCF #HEIINA 7V v REHETHLIEE DO PBE A TH LWTT, AN\ REHEAIT O 720I12id, @E o> ReF
BOANIANA TV v RIBEEGHEORELX L, & 512 file names.data 7 7 A VELLFDO X H 25t LE
(SCF 5HEMTONIZT 4 V7 M=% 1B LD sef W HT 4 L7 U —T25722 L0,

&fnames

F_CHGT =°./sctinfchgt.data’

F_SCF _ZAJ =" /scfizaj.data’
F_HYBRIDINFO =", /scf/nthybridinfo.data’
/

TRFORLIZT Y U —DNEHE O/ FRHE L B D85 TY, 7 7 A VR4 % —F_SCF_ZAJ (&> T SCF
FRICE > THRONIEEBI T 7 A VD7 7 A NVAEFREL TWET, Ziud TEERERSE) & L Tiibh
%60 TH, F_ HYBRIDINFO (213 A 7Y v NBEEORR 2 722G HSsk S CVE T, W E b3 ReF
BHITMPMAT & UCTRIF S, ZOWNEDR S REFREORHE TE LT 5 Z 813H 0 £ A, SiBEIUC O
A7V FILBAEGEIC L 23 FHEEFIE DO AT 7 7 4 L3 samples/hybrid/Si/band_hse06 35 L OY
samples/hybrid/C/band_hse06 (28 Y £,

5.3.25 Iz AIEE S
® ATV RHESEGE ISHERIFRE: 2RI 32 ms bERe M 2 A, SFrEEZH T 52 TH-TH
sw_inversion /X7 A—H & on &5 EHEMGEL T O T, ZOREILILARNTLIZENY,

5.3.2.6 & ik

[1] J. P. Perdew, M. Emzerhof, and K. Burke, J. Chem. Phys. 105 (1996) 9982.

[2] M. Emzerhof, J. P. Perdew, and K. Burke, Int J. Quantum Chem. 64 (1997) 285.
[3] M. Emzerhof and G. E. Scuseria, J. Chem. Phys. 110 (1999) 5029.

[4] C. Adamo and V. Barone, J. Chem. Phys. 110 (1999) 6158.

[5] J. Heyd, G. E. Scuseria, and M. Ernzerhof, J. Chem. Phys. 118 (2003) 8207.

[6] J. Heyd and G. E. Scuseria, J. Chem. Phys. 120 (2004) 7274.

[7] J. Heyd and G. E. Scuseria, J. Chem. Phys. 121 (2004) 1187.

[8] J. Heyd, G. E. Scuseria and M. Ernzerhof, J. Chem. Phys. 124 (2006) 219906.
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533 SC-DFT %

5.3.3.1 #pEOHE
ATy RPBSEGE & 13 EEAL RSO R O A HAFH B R AV E I C s A B ER 2R A 9 AR TFE T,
ZDIREDHFIZHONW TR A I FEDMRER STV E T, e b #FMeFEIT PBEO & FETN S FHETY, PBEO
ETIE, —EDMHE o THEAM AR ARE LET, BHEHSND o DI 0.25 T2, ThaRIdsCk
Fow 72BN A % IR 238 < T3 SC-DFT % C9 (Jonathan H. Skone, 1 Marco Govoni, and Giulia Galli,
“Self-consistent hybrid functional for condensed systems”, Phys. Rev. B 89 (2014) 195112). SC-DFT %1%, #
RS IAFEOMNT, BONDFER LIRS H OIS/ 5 £ T IR LEHEZITH LWV ) 5HATE
272 o TVET,

5332

AT ) % HFLB'E%C& ZRWTE, feb HfZe PBEO LA LI T O X 5 I A/ ER A G LE TS
Er)1(ybr|d (1 0!) EF)’(BE + aEeanct (5-2)

= 2B 13 GGA-PBE Ol AR, Bl IZREEZHAE AN T, (DR 8T A—F— 0 D472

EIXEATIERLS, FERCESTRRDEBXONET, ZONRTA—F—%, LIFOLSITEET 20N

SC-DFT i,
o=l -3
&
E IFTFEHRTT, SC-DFT £TlE, HOEEE2A L & 2L DDV LARAITWET, 77720
b, PHIA #REL, FEREZHELET, BOoNFEENLGIRZFA L TA 2R, IO A LA

CAERAR BTN LTz & A7 USEDNT- O /s b D& LET, IORL CWOARWESITEON- A i~ T

U

ﬁ%‘

st
A

HREAFFITLET, ZOXIRFRiEE, O PIORTLETHRIIELET,

EH

5.3.33 7
SC-DFT 254 57-0I121%, LLTFD X 512 control 7 2 v 7 |28 TZEEL driver Ofii% sc_dft & L9,

control{
driver = sc_dft

}

SC-DFT DIHHIESRMHT, IO X IITREL £,

accuracy{
sc_dft{
delta epsilon = 0.01
}
}

delta_epsilon ®7 7 4/ MiEIE 0.01 TY,

SC-DFT #HEIIHEFHBEZITOETH, 7 74/ FORE THERO O THIUIZE DT DO EIINE D V) &
Hhe T 74NV NOREEERT DAL epsilon 712 v 7 ZFFAL, £ 2 TREEAITVWET, 72721, SC-DFT
EOSE photon 7 1w 71280V T polar, Poynting X7 MVOEIZ B2 IZT 2 0ERH Y £3, 370bb, LIF
DEDNTEET DEN B Y £,
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epsilon{
photon{
poynting{
ux = 0.0,uy = 0.0, uz = 0.0
}
polar{

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

PEREGIRIY, WENEC > TiThnE T, 2072, UIFOX Ik Jr 7Y o7& MmEiRESFIA T
ELIITRET HRENDH Y £,

accuracy{
ksampling{
method = mesh

}
smearing{
method = tetrahedral
}
}

ZDXINTGRE LW ERIEZRFERPMEONTLENET,

F72, ™A TV FRBIESGEAZ L DR ZATOETD, ZAUTRTEI CRHBI L7z X 2GR E L TLIEEW, 72721
functional type (21 HFEE L7220y, PBEO Zf5ET 2 L 2L TLZENY,

FHROZFATIE, WEEVTVET, B O LIEOITR D BT LW TOhE T, IREHEIe 77 7
AMTFERSNET, UUITOEHTEDEZHHND Z LN TE £,

$ grep alpha exx output000
I** alpha exx = 0.1425

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

%7z, nfefn.data 7 7 A /UZIFLL FD L 9124 SC-DFT A7 » AZHIT 5 =R/ X —DJEEN Gk S E T,

iter scdft, iter ion, iter total, etotal, forcmx

1 1 9 -7.8461877466 0.0000000000
2 1 12 -7.8443931212 0.0000000000
3 1 15 -7.8437399027 0.0000000000
4 1 18 -7.8434571365 0.0000000000
5 1 21 -7.8433616238 0.0000000000

ATV FIBEBGAE IR HEREIERIZ /R D 2. DT, fkatmi 2T o 0EN T T 5580 HH5TL L 9,
WG R AT O IZHDT= - C, Bl Z & 2B ETHMETH ) A, WY control 7' 1 v 7 @ condition %
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continuation % L < X automatic & L7z " CPHASE/Q ZH3TL T 72&VY,

5.3.3.4 153
Si fEEhZ SC-DFT &M L7l a4 LET, SifEshiE, @% 0 PBE sHEDLE/ N RX vy v 7771 0.6 eV
R L/ NS5 Z LML TCET, £72, PBEO(a =0.25)%2 % & 1.94 eV F2E L@ KEEHT S 4

=75

7 540 [JRE O LFEROEREZHRE LT, KL L 912, SC-DFT iteration 4 [A1H Tl

LK BPTR LT E T, SifEERIZER 5T, SC-DFT VEDOIRIFER A ZN L 9 T, 55407 O DfEI0.108,
ST D ER :t 9.26 T,

0.15 T T 95

o DfE

0.13

S

alpha
o

0.12 -

0.11

0.10

. . .
0 1 2 3 4
iteration iteration

X 5-40 Si f&dbiTxt LT SC-DFT &8 L7cfl, £X . O DIEDOBE, AX : FHEROBE,

O, Ho- A 2RI LT, IREEEDOHFE AT CAHE L, FiRER 541 1ITHELET, HlRO70H

PBE TRD7-3546 & o =0.25 TROF-EEOME LR 72 » b LE Lo,
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3 I
PBE ——
a=0.108
o 0=0.25 ———
‘ i
I
‘ |
‘\
— 27 H ‘\ 7
> I
Q | i ‘
o . [ |
g | N N
o I | AR
0 I VAN uy
o I \ "l
o 1 mn
1+ ‘\‘ \‘ |
™ I I
M\ \ |
an N \ [
/ \\\ | \ \ |
/ \ AN | \ |
//, \ f,/ \\\ | \‘L\ /‘
/ \/ \| )
/ \/ ”s
0 )i ‘ v ‘ /
-15 -10 5 0 15

energy (eV)

5-41 Si &SRB EE

ZOREEBE L VELNDL N REy v 713123 eV TF, Ziud, EHHED 1.17 eV IO TRVMETH 5 &
W2 FET,

534 77 UTILI—)LAEE/ER (GERFTHEREE)

5.3.4.1 HEREOHEEL

FEFPITFAREIE 2 55— JFFIYON 3R 5 T4 (van der Waals density functional WdW-DF)) Z#I U 7= 5%
BEIZOW T L £9. PHASE THEHIN TV D (L SN 7= EARUTEL : Generalized Gradient
Approximation (GGA) CIIFERFTFHBIENZE S 3L TUWRW=DIZ, BIZIEREE ST 7 7 A4 hOgREE~x /1
XTI E R IEMICHAT 5 Z E N TEERA. AHITIY BT 25FHEIL GGA O Z DK EEH O T-OICHE
SNIZHDOT, Zha Mg Z & T van der Waals FHASFHNKE < FHF 5RO BT RNV F—E FIRED &

DIFFECHHETE D XL 0w £9. £/, 20 vdWDF 1355 JFENN e AR L QO TRERT 23T A —
2EEHNTORWND T, [EEOIRORIC U CRBIZET 5 Z &N TEET.

5.3.4.2 HERPHHEIE 2= & T 2T RV —FA
(1) P

o JLAB
7177 5 vdW.F90 ClIJERFMEBIEEN 23R L 9. ZDEMZ, GGA THOLNDAMIEESGA L LDA 7>

SIFHIDHIAEPA 2 L LG5 2 & T IFERFHERES B8 L7 Auilfis) 28 L Ed. 37bb,

SRR L —Ey 13
Eye = EZOA + EPA + EY ey

LRV ET. 20D BATILE STEDFRN R b NEET, vdW Cid Dion 51N & THA%E S /- Blm A E -
CHIHEISET. oM CHIIT
1
B =3 [ drmepoetr ropmy @
L UCHI LSS BRI 25 (r, £r,) &% 2 ORTH, GOASLDA &5, ML
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B BRI () Ep(ry) ) OHREFERLEELTOET. 225 (ry, ) 1
¢@mrg)=£éﬁwdadmﬂbhvr ©®

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

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

4)

<9 7,
1

Tx; (@), x;(b), x;. (@), x (B)] = . 1 1

N ] 5)
xi(@) + (D) " xe(@) + 1, (b)

1
thm+n@xmm+m@)
1

* (x:(@) + x, (0)) (x: (b) + xk(a))]
LERSNET. SHITHLHE

a? 1 6
%) = 2 X 4mra?
1—exp (— 9d]-2>
dj=1r; - rquo(rj)' 27;
_ 41 Zab Vp(rj) 8
90(rj) = =5 exp(r)) - T{m} ke (7)),
ki(r;) =3n%p(r;) (=i ork) ©)

Lo TRY, Zhunbbnd X O IZEREESAZME—DOATIEFRE L2 L 720 K OIERGE I S QnE
. 22 CRODEEL Zap=-0.8491 |35 —FEUIIRTE SATARHT, vdwdf version 1 TERA S CUVVET,
vdwdf version 2 TiX, ZOffi% 2.2 {5 LIAES AW DAVE T, JRFTE LTI X 23S HHER = /L ¥ — e LDA
1% O. Gunnarsson et al2liZ X% LD HNTWET. 2 H—HORI T plasmon-pole model % %, & IZF%FH X4
72HDOTHY, D=8 van der Waals FHASERIZFEE S D IERFTHEIRZ ST v L X — 03 ARG A
I A M CIERBRANAS DD K 912> TOVET.

S BITEIRINTEMER A AT 5 72018, Q@)D 2 5B p (ry, 7 ) Z3HET 27 VT Y AAPERIE L.
Z D 2R (ry, r ) ITEHAL d & A UMERIELZRWZY,  d=DA+0), d=D1-0) & Fi-IER ST
2D, §EHNCP@r;, r) (D, 8) & LTTORA S HaEEy MEHETHE 2 LELE. 2Tk
STHELREZ Y v FREBITIE U TRE)D 2 BRI 2E T O MEED 2 < 72 5 T OER R R IR H IR S
NTHET

® RRELSUERNOEERS Sy
RO ThHa = 0CTHor; = 1 DHETIHUEFFIC & > Cx; (@) ZUET 2 OIREECT. Zo7-dR@) D

AR DR AZELZ LT D, L2V ET. £ Tlr; — ry| K 1OMEK CITEMEEZp(r;) =

p(r) EUE LT B OIMNTHTZ LI LET. ZHUTE > TRQD O 6, 1 Ul LT eb 4580, DERN

Tmrk%ffj\%

4mn? (10)

3

! 1
Efmd rp(r)o(r, r)plry) = 5

1 4mn} ”"

- ETlpz(ri) x4m | drygp(d;,dy)
0

1 47tn3 Nido D?

— 5_7;771 p?(ry) x 47Tf dDp(D)—
0 0

CHMUCT 22 LN TEET. 2L, my=Iri—m ] L LTWES. Z2T2TEPL 3{THNL, D =

qora (= d; = di) & L CEREA T COE T 3ATHOBRIBIEI IR G £, Zh el

ERZRATT 5 LI TEET

p2(ry) f drp(r;,riht)
m;

® ERREBLRA~DILR
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ATFECITERRESIER A2 FZEMETL TANL, TOFFEHREZED QL DI ZOFE E TIIARY A
AOFRERIGUC AN FE L 720 TOVET. WA A T D13 0o L BTG F TX(©)
DOEAEFE S ZATH72 < T BT, FIEFIEHERNELS 720 £9. KA van der Waals fH A/ERIEIRHEEC 3
WCHZEDHGITRIZ O ULNEE LEEA. £ 2 ClnEBEE VW5 2 & T, RFEE ZOERERICE
RIS TE DL LE L. RQOBFE B S 5 2 BEBIELD (ry, 1) 13 DB 5512

41\ 3 (11
12(5)

T )
1

C
TR GG + 43 0)
=—;EX¢M&JMWH

ik
D& D 7eWRIBIEU I T 5 Z ENFDOEFRN DO 3. 7272LC = 12(4n/9)3. ZOMBIBREEIIF(G)
D £ D R TEEDE N TORWZOIEFIRBUTEAER R TR 2 LW ORI H Y £, 20D 31TH

D 5 BXOETOSEK T, ORI U CHMITEEE L OO BREET, ZAUSE L TXOB%A09[p(r), p(ro)]
1T B 07D LD I CEBENZIIERE L UOVEE A R 720720, AR EI B\ QB m & 7o
TWET. ZOZEaEETLE, KQDH DL, 1 br B8 (g > PIZITIRO X9 TRy % Hifl
fbcxEd. I742bb

1 1 12)
> dridrp(r)o(r,r)p(r,) = Edv p (r)pr,r)pry)
Tik>1 i€ TRE
unitcell  (ry>n)
1
= Edvz Z Z p (ri)(;b(ri:rk + txyz)p(rk + txyz)
TirK€ txyz€
unitcell (lrk+txyz_ri|>n)
tryz€
c., 1
=—Zdv* > pa)Rlp@E),p(rlp(ro) >
ri:rke [Pr+tyyz—Ti[>n xyz
unitcell

EBA DT D LN TEET. T I CAviTEERIAZAT OBRD 7 ) v FAICHHEN DR NEFIRAFET, tyy,
[T BRI L E RS2 MV T, 2o 3ITH ORI 5 BT, Lr, OFFHA= v ME/VNIZIRE
ENTWHOT, FEa MIRENTY. —J5, AIE1/nS, WEEMETE 513 LN &< 72 b 