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ZDEIEIZ LS T, JERD/ =V g v LT RV X —Offfii I B L 22 < 22D F,

N— = 10.01
2011/08 ZABH

c AV U EER L QWSROI N ELE LT,
- GGA IZBET D REAZBIELE LT,

ZOEIEIZ LS T, kD= g v 2T VX —OMs T —8 L R0 4,

X— 3> 11.00
2012/06 Z\BH

< B LGB LS —ZE A L LT,
ATy RBR ORI FRSRE R R L E Lz,
TV RT YT NMEERT X VR, kR E S W RS R &
- WSRO L FERED GDIIS, BFGS EOMKeEIEICR R LE LT,
c VT VT MERT Y v VO RTRRER R R A i L L E LT,
- WS RoE b, Sy T IHERTEORE RSB DIREEE, BREEOH SIS L E
L7,
c L DREAEBELE L,
- 3HE (G A0FF) AR L E Lz,
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PHASE/0 2014.01
2014/04 Z\BH

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

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

- REHR R R RS R 2B U LT,

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

- B O ERERE A BN L E LTz,

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

s ATy RPBIRORFRSRER R (Fadifk) LE Lz

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

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

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

- SRR VREREIC CGIEDU BIRA BN L £ L,

- Tk ) RHEMRER B LE Lz,

 FERFTART v KRR O & SHZE T/ TH T EMTE DL IO LE L
ISR 1 75 5 UVSOR &#48 LE L=,

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

s NHAEBEIELE L,

PHASE/0 2014.02
2014/07 ZA\BH

- ESM i£% 3 831 (G mfF) MUZ3sE& Lk L,
ATV NSO TR UGE L E L,
ATy FIBHROGERREZ SR LE LTz, A~ 7V v BB OERIZIUN T,

FEhREL >/ /L 3— pdavidson 1 & pkosugi ZfEH AIEEIZ L E L7,

 REAZEELE L,
v ma T RYETUE LT,
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2. PHASE OEAMLFIAAGE

Z ZClX. PHASE OXRARLFIAFEZHAL 3, FHROFIEZESANGIT 272012, S50
BNTWET, B SIARVEL AN DO TIE 3 BLIG A S L T &V,

ZOELIEDSWTIZIPHASE 24 A h—/L L TWAZ E&FiHEE LET, PHASE DA A h—/LUZDUT
I35 8 EASEIZ L TLIZEVY,

2.1 PHASE OEtEFIEDHIE

PHASE G A2 F T A27200DOKENRFIAILLFDO X 512725 TET,

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

X 2.1 PHASE % Fi\ - EFIREERHE DO FIEOHE



2.2 ANT—3 D¥EliE

221 HEICRIERDELZ I 7ML

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

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

ANIT—4

77 A

B

ANIPITA—=BE T 7 A )V

(EDXH7ET N (RAERESRE) LT, EOXIRHEEITOID &
BETDH7 7 AL T,
T 74N RDT 7 A N4IL “nfinp.data” T,
BEEMA I L= o IR AINTOWTITER 2.2.2 SiCan LET, EEZR
RIS ATRE & 72 DREMIZR ROV TS 8 EABIR 2 &, F7o, BfRn7e
FIRABNZONTIEE 4 T, ISFAEEEIC DWW TIEEE b EASIR IS0,

BART ¥y LT 7 AL

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

BT 16 fliE CRRIEFRETT,

N7 7 ANGRET 7 A IV

file names.data

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

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

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

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

2221 NJ1RT A—% 7 7 A LA

ANINTGA=E T 7 AIUE Z7 (FF—=U—F) &Rl {} THENZT 7y 7 OFSE#IE L 7e>TOE T,
BRI A—=ZITONWTE, 7y VN THR—U— NLETHRELE T,

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

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

}

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

25.0 rydberg
100.0 rydberg
8

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

wavefunction solver{

solvers{

#tag sol till n prec cmix submat
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 = 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, PIFOLO0RH ) £,

control 71 AR E RSO E

accracy 7 17 FHEREE DR E

structure 7’11 > JRFAEE DR E
wavefunction_solver 7’2 v 7 KBRS NV S —DFRTE
charge_mixing 7'&2 v 7 T R ATEDRE
structure_evolution 7' v 7 g . o FEN I FHER A O E
postproccesing 7' &1 v 7 PABEDREE

printlevel 7' & > 7 = 7 ) ORE

LITOHIT, %70y DAFNT A—H ZHITHIA L £7,
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2.2.2.2 Control 71 7

control 7' 1 v 7 T,

RO 537 A =2 ZfaE L ET,

control{
condition

initial

cpumax = 86400 sec

max iteration =

}

10000

condition

cpumax
max_iteration

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

R GHRZFTHUIARE]) ZEELET,

SCF GtHEAFTBYIDA X L—a UEERELET,

2.2.2.3 Accuracy 7 17 v 7

accuracy 7 1 7 Tl

FIRREEICRE T 2T A =2 2 RELE T,

accuracy{
cutoff wf
cutoff cd
num bands

= 25.0 rydberg

100.0 rydberg
8

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

10
10
10

initial wavefunctions

= atomic orbitals

initial charge density = atomic charge density

scf convergence{

delta total energy = le-10

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

0.001 hartree/bohr

cutoff wf
cutoff _cd
num_bands

ksampling 7'& 7
method

mesh

initial wavefunctions

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

kS 7)o TRRELET,

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

WSRO ER AR E LE T,

WS OWIEDOFE LA EE L E T,

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

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

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

2.2.2.4 Structure 7 1 > 7

structure 7 7 v 7 Tk, JRREEHRELET,

structure(
element list({
#tag element atomicnumber
Si 14
}
unit cell{
#units angstrom

a vector = 0 2.732299538 2.732299538
b vector = 2.732299538 0 2.732299538
c vector = 2.732299538 2.732299538 0

}
unit cell type = bravais
atom list{
atoms{
#tag element rx Ty rz mobile
Si 0.125 0.125 0.125 0
Si  -0.125 -0.125 -0.125 0
}
coordinate system = internal
}
}

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

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

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

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

2.2.2.5 Wavefunction_solver 7' & v 7/

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

wavefunction solver{
solvers{
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#tag sol  till n prec cmix submat
davidson 1 on 1 on
rmm3 -1 on 1 on

}
rmm {
edelta change to rmm=5e-5
}
}

solvers 712 v 7 BENREE ) WN—Z R E L E T,
ZOBITIE. P0IBT Y Vv X—1T davidson 1%, 2 % H OREhEEE Y Lo x—
IZRMM & LTWET,

rmm 72

edelta_change_to_rmm  JWEIEE Y /L 3—% RMM IEICEFE 5 =0 L X —DVEZFE L E7,

2.2.2.6 Charge_mixing 7' & v 7/

charge mixing 7’2 v 7 Cl, SBWEEORHHE (BEHE) ([T TA—FZfELET,

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

mixing methods 7’7 v 7 EBAEEORHHE (BEHE) ZHELET, ZoFITiT pulay ER2] 2 45E
LT, Z0fini broyden (8], simple mixing A fiET % = LAV CX
S N

2.2.2.7 Postproccesing 7 71 v 7

Postproccesing 7' 2 v 7 Cl, BB 53T A—X ZHEELET,

Postprocessing{
dos/{
sw_dos = ON
deltakE = 1l.e-4 hartree
}
charge({
sw_charge rspace = ON
filetype = cube

title = "This is a title line for the bulk Si"
}
}
dos 72 v 7 REEEE DRYR T A—H EfEELET,
sw_dos ON TIREEEEDOHAEZI TV ET,
deltaE RREEE O L —REIEE L £,
charge 7’11 v 7 T AR DH 137 A =2 HRELET,

sw_charge_rspace ON CHITHOBEMFEE AT O A EITOET,
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filetype BRIBENATD 7 7 A WERERTE L £, cube I% Gaussian CUBE ZERAFEE L
TLWET,
title H710 Gaussian CUBE RZERXD 7 7 A WZEITFH XA MLEFEELET,

2.2.28 NJJ/RT A—H 7 7 A4 NORIKIROREHEH

Z TR LIeBITIEREE AR N2 VITH Y ETH, KD/ T7 A—2 3% OFt R Th@Ecf s
FI, TOld, BRLREFHET LA, 2P bIbIER T LI TH Y THA,

Z—PF=DVTRE LRTIUTRORODIE, Ty bATZHF— N B ki, RSB o%
TETT,ATINT A =5 T 7 A VD Accuracy 7 2 7 ZH DT > M7 TRV F—DFEE cutoff_wf, cutoff_cd.
N REOFRE num_bands, k SOFEE ksampling, Structure 7 7 v 71285 5 LHEDFEE element_list, ==
v hE/LOFEE unit_cell, JFFEIEOFEE atom_list D45 T9,

FFEDANTIRT A—2 T 7 A VOPNZBNT, 22— —DORER N TR LET, 22— HE L=
RICHOET, ZOHPEEFTHIEICLY, BRARROFEEZTHZ LN TEET, 7272 L, ai/eitHsk
DN, g DT A—F ZEUNCRET D NENH D £,

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
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c vector = 2.732299538 2.732299538 0
}
unit cell type = bravais
atom list{
atoms{
#tag element rx ry rz mobile
Shi 0.125 0.125 0.125 0
Si -0.125 -0.125 -0.125 0
1
coordinate system = internal
}
}

wavefunction solver{

solvers{

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

}
rmm{

edelta change to rmm=5e-5
1
}

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

Postprocessing{

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

}

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

}
}

BRI, EREDATINT A—=2T 7A UTH L, RIEIROBZEHA OZaFel L, thoFtHEEFzEm (77
AV EER) LIELLF DX S AT NG A—=2T7 7 AV ThH, FEITETT, FRROAT) T A—2TiLEt
BRENT 7 40 b EITRIR DN o572, FFLe FREDATINT A—=8T7 7 A )V FHWFHR T, GHE
WROIRDNIER2 Y £,

accuracy{
cutoff wf = 25.0 rydberg
cutoff cd = 100.0 rydberg
num bands = 8
ksampling{
mesh {
nx = 10
ny = 10
nz = 10

}
}
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}
structure(
element list({
#tag element atomicnumber
Si 14
}
unit 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
HEA & OJFADEERT X VT 7 ANV 720 £, AT Y V7 7 A JUEIRISS 7y =7 b
A==V E AT o n— R 52 EMHekET, BOTRT VU YV EERT 55581203, PHASE ORSH
175 A CIAO TERTXET, CIAO IZOWTIECIAO D~== 7 LEBR LTI 7F X,
2231 HERT e VOREE (PRI N HE) - 7a—X a7l PAW Y

PHASE O¥ERT v IR E LS DT T7a—R0 a 7Rl e PAW Bl4]o 2 FE 5 Y £,

Ta—Xray () B WX - KA A e U CRBITHE SRR L LT, i ik
BT AR E T, ZAUTE BIZ 2 VMR EERT v LBl E L b
T 7 MERT v MBI ETE £,

PAW 7 PAW (Projector Augumented Wave) BDRT 23 v L[4, 7] Cld, WN&od
EAEEPEE LAY LET,

Tr—Arar (@) e PAW N7 R VRIRESE L TRIHET L Z LI TE ERAOTERLTE
SN

2232 AT VT 7 A NVDANFEHE

WHRS: EREEANIZERT $ofiis 2 2 b—ra o X —D 7 =7 %A b http'//lwww.ciss.iis.u-tokyo.ac.jp/dl/
o, AMRICHLETOTLEDERRT Y VT 7 A N AT m— N5 Z LNAHETT,

AL TWAEERT v VT 7 A UL, LTFOMARENZ U3 > TF 7 A VADERD STV ET,

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

iz 1¥ Si_ggapbe paw_nc 0l.pp EWIEART v VT 7 AU, VU 3 ATKINT D, (U E ARG
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, AHFHBI = L X — ORI VB B AT EE DI I N R BT E(LDANEN U | ggapbe
DGy 1dapw9Il[9] & 722 0 F I R T LT v VR TV T Y 7 N6l DAIZIE ne O¥E37)8 us (ultrasofut
D) L7220 FT,

TTEL vy
AHAHB =L — DR L ggapbe 1%
HRT L VR PAW BT ) )V DRAHEER T 2 2 v
(nc 1% norm conserving (/ /L AMEA(T) D)
RO T—X Dl LE S

2233 8T L w VOISE L
T 7 3V NOBERT oL s T ANEGIE, ATIRT A—2T 7 A )VDH J element_list TixE L= tRlE

(Z pot.01, pot.02....TJ,
file_name.data 7 7 A WV ZHWTIGEIL, BERT UL DT 4 VI U T ANAEIEETE £,
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224 ABAT 74 ILEEE T 7 1 )L file_names.data

A7 7 A NVGRET 7 A )V file_names.data (FATINT A—H T 7 A NI EDT 7 A N ERET DD
A LET, #<TH PHASE 292 Z LITARETY, ZOHETE T@774W#T7jwh®774w
A2 £,

D77 ANEERTLZEICL0, D77 A VA, DT 7 A VOBEE, Ao— =R H Rk
LINFETREIC 72 £97, [file names.datal ZDOHLDOD T 7 A NAE, BEARTY,

ZDOT7 7 ANEHHTHEAE. BT ZOT7 7 A NAHTEITT 4 L7 B UIES BERH Y T,

ETDHZ

file names.data D7 +—~ ME, LLFOI 720 £,

&fnames

T ANLFT—T—K = " T2 AL (T 7AIL~D/A) 7

~_

BRI, 7 PR RITER LT EE, Bz, IO X HISFmh 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 U—BOFR/RATY, fMct/SATHEHTcE £,

F_POTM)IE, AJ)RT A= 7 7 A MIFNT n FFIHE SRR D8R T oy V7 7 A NV
FEELET, 2ot 1 FEIZERINI-J6E Si OEART v vV 7 7 A /L) Siggapbenc Ol.pp . 2 &
HIZERSNT-568 O DEERT v /L7 74 V3 O ggapbe us 02.pp &V 7 7 A /WD £9,

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

T AN MY % AW | T7xN D |
F—U—F a7 h | OKF | AN
F INP phase NTJ nfinp.data NIRRT A=K « Ty o)L
ekcal
F_POT(n) phase AT pot.01, BRT Y T AN, ZORIINZEZ B
ekcal pot.02, TeARIDT 7 A Napih ZHET, HILHRIT1 O
e DIRT LY NVT 7 ANDENIIR 0 FF,
F_STOP phase ANTJ nfstop.data BHRCHEZE LS REETIRT ST 74
ekcal A
F_KPOINT phase AT kpoint.data P TN Tk RERETDT AV,
ekcal
F DYNM phase i nfdynm.data | MEEEFIGHE, 0 FEIFEH R ST T R
FOPEE N EHITT 57 7 Ak,
F_ENF phase Hi 77 nfefn.data BTANF— L IOFRKERHIEND T 74
A
F_CHR phase H 77 nfchr.data BRBESAOEI 7 7 AV, T 7V M
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Gaussian cube 7 7 1 VERL

F DOS phase Hi 77 dos.data REEEEDOH17 7 A L,
ekcal
F_ENERG ekcal H5 nfenergy.data | ekcal #HW\eFEAITH &, BHEMENIHIS
L7 7 AV,
F_7ZAJ phase AHT) | zaj.data WEBHROM )7 7 A v, R ZkGET BRI
ekcal ANNZ77ANETRVES, AT V=T 71,
F CHGT phase A7) | nfchgt.data WIEREOH )7 7 AV, FHREET HERTIX
ekcal ANNZ77ANERVES, AT V—=T7 A1),
F_CNTN phase AHT) | continuedata | ¥ a 73 —HIET L7tk Mkked D OICMEfE
WO 7 7 AN, MGGETROBRZIE, o7 7
ANEANTTE LTRWET,
F_CNTN_BIN | phase A7 | continue a7 B —HRET LI, T 2 DICEER N
bin.data WOHN S5\ D, MEEETROBRZIE, 2077
AN NI UTHRNET, A FU—T 57 1)L,
F_STATUS phase Hi jobstatus00x FHEROH 17 7 AL,
ekceal
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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_2014.01/bin/’I%, PHASE /31 > A h—/LEZNTCWDT 4 L7 U T,

% ../../phase0 2014.01/bin/phase

2L, BEWOESUZ L > TEIMPL 74 77 U —03Ta~ » R O280ERH 500 LIVER A,
WHFRHEZAT 5 a3, BIECOFFEHORIITS MPL 7477 Y O3 Ta~y FEMALET, T
BHVOFFHE S AT LD~ =27 VEBLIES0, —Riy7e =~ Fid mpirun T,

| % mpirun -np NP ../../phase0 2014.01/bin/phase ne=NE nk=NK

ZZT, NP IZMPI 7rt2%, NE (330 FiFEL, NK i3k m5#cd,
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2.3.2 SRR R DRESR

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

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

LUFD grep =~ REFHTHZ LK ZOGOAREHT S ENTEET,

[0}

% grep TH output000

TOTAL ENERGY FOR 1 -TH ITER= -30.856896066222 edel = -0.308569D+02 : SOLVER = MATDIAGON
TOTAL ENERGY FOR 2 -TH ITER= -31.552303846339 edel = -0.695408D+00 : SOLVER = DAVIDSON
TOTAL ENERGY FOR 3 -TH ITER= -31.585336745971 edel = -0.330329D-01 : SOLVER = DAVIDSON
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—hU—H{7 (Ha) CTHASHET (EFLofITIE, 9 31Ha), edel=D&H &12i%, BIfED SCF A # L—v
g b1 \RIOA X L— 3 Y OTR—EN N N —HNCTHAOINET, ZOfN, AT A—4%7
7 AV TRE LT-BE (delta_total_energy) LV t/h&< 725 & SCFEHENPER LI- & R SihvET,

SOLVER =D& & IFFIH LTz Y =D S vE T, EFLoflTid 1 [B1H 23 MATDIAGON, 2 [5]
H & 3 [B1HIX Davidson, 4 [F1H LA Z2x4{t (SUBMAT) #HZhZ L7 RMM3 YW —ThohH I L
DEMRCEET, ZOXIEEER~223 5, SCF FHEBIHA1D > TNWDINE I DEfERTHZ LT
=F7,

2.3.3 ket E

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 Z5ET % LGt A A1 TV ET, automatic ZHEET D &, Mkeiat B ATRE S
VG TE, & 9 TRUWGEIIRIIN DL DOFEZI TV E T, condition DT 7 #/b Ml automatic T3, ke
AR CIIEMOHBE O 7 7 ANO—HE A7 7 A VE UTHERLET, RIULFE T 4L 2 N Tt
FATT DRI T2 = L i37e <, MkGeat R a2 ST 5 2 L AVAMHETT,

2.3.4 ekcal DESIT (KEEFEFTE. /\> MEEETE)

IRIEBEEEFHEL, 0 FEHRIZIRW T, k SDEY i@ 0 SCF A L AR LI-WGAIE ) 7n 7o AL L
Tekecal NH VY £9,
SCF #HEOFHEMEROEMEELZ AL L GEHRETE T,

2.3.4.1 IRIEEEOFE

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

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

control{
condition = fixed charge

}

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

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

WD X HNTT 17T I ekeal 5T E£7, "phase0_2014.01/bin/’IE, PHASE /3 A A h—/L S TNDT
A VASE

o°

../../phase0 2014.01/bin/ekcal

2342 N FREEEE

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

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

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

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

% ../../phase0 2014.01/tools/bin/band kpoint.pl bandkpt.in

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

control{
condition = fixed charge

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

}
ek convergence {
delta eigenvalue = le-5

}
}

WD X HNTT 7T I ekeal 5T L F£7, "phase0_2014.01/bin/’tE, PHASE 231 > A h—/L S TWDT 1
L7 RUTY,

o\

../../phase0 2014.01/bin/ekcal
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2.4 FHEIEROTERR

241 STESLRTORR - ER - Xt

FHRRET ORI « A« JISEUTICE LD ET,

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

(REERRAIR RS 1)

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

IEFHET

SCF FHAANLH

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

it 5 21T 5

Bl

R

ANTIRT A—=H T 7 A )LOFEIR I A

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

AT =5 %,
B L CHFHE

242 FERT (EERT. EEIRT) DR

PHASE OFEITNEFICKTT5 L, nZ 7741 (output000 7 7 A V) DERAEIZLLTFD K 9 7l

SNET,

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

Total elapsed CPU Time until now =D& CIIFHERHENHENEINET, v/ 7 7 A NVOFRENPZ D L
D725 CUVRITIUT PHASE [ HIEFHE T L COVER AL 22ABDDEIRDIZORERE T L TCNET, Z0%E
I A7 7 A NI EREE LU THFR L TLIEENY,
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243 SCF 58, BERMFTEOICRIKTORHER

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

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

244 HHERROMESE (04774 )L output000 § & T jobstatus000 )

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

ZDT 7 AT, Bx el BB SN E S, T THLEIRT 5 2 LOZWMERICOWTRRIA L £
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2. 44 17 T ks
MUTRFEE ZE L CODERIIATIOREN L TR LIBWEERH Y £9, £2C, REMIIFIHTS
“\\0)%-(75_’11}}]’\7:_1/ MEERHY T, UL, vl 7 7 A NPTk EWV) TR AR D SO ET,

'kp kv3 = 8 nspin = 1

kv3 =DHED 8 Nk HOHTT, nspin =DHED 1 1L, AVUHHBEZZEL QRN EITHY LET,
A CHHBEZEE L CODEE, ZOHEIL2 12720 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 = DAVIDSON
KI= 294.118626755617 HA= 4820.263454482710 XC= -686.596385560733 LO= -8452.905431759591
NL= -349.620400894588 EW= 3182.022578317359 PC= 505.464805336868 EN= -0.000268264724
PHYSTICALLY CORRECT ENERGY = -687.252887454720

TOTAL ENERGY FOR ... [Z2T=/LF =, edel =Dd L 1Z 1 [AIFIOA X L— 3 o EDOZEPHIISIVET,

ROAT & ZDWOATIZIT BT RNV T — 2T HEHDO = R/LF—DOEN GRS E T, Kl (HEE =R /L¥—,
HA (¥ Hartree =3/L%—, XC [FFERH= /L —, LO 1FRpr=x/v*¥—, NL [F3FFRpr—r/L¥— EW
1 Ewald =x¢/1%—, PC [Fa7fE=x/L¥—EN (I bt —2KLFET, LRI RLY
—IZ7R0 £

PHYSICALLY CORRECT ENERGY ®&% L 12iE, AAT Y T 5#1ToTWAEAIZ “OK ~ifigh LT x
LT DR S IVE TS,

2443 A REE
A BB LUGGHREZFATL TG, TRRO L 914 SCF A # L— 2 BT D ZHIRA E KR
B LODEIRA B ARREOEA Gk S E T

!OLD total charge (UP, DOWN, SUM) = 4.53623488 (+) 3.46376512 (=) 8.00000000
!NEW total charge (UP, DOWN, SUM) = 4.64907433 (+) 3.35092567 (=) 8.00000000

IOLD »5B0EF A17I21E 1 BIRIOA Z L—1 3 AT DERMOIERD., INEW MOhEE 21T EDA #
L— g COEMOERBHE ) SET

2444 EAERS SO AR
kAR DEAMNT, FHERE TERICUUTO X S I EnE T,
EFermi = 0.24579615
====== Energy Eigen Values ======
1 0.00000000 0.00000000 0.00000000
-0.19655861 -0.04839227 -0.04839227 -0.04839227 -0.04839227
-0.04839227 -0.04839227 0.12584623 0.12584623 0.12584623
0.12584623 0.12584623 0.12584623 0.23389619 0.23389619
0.23389619 0.26196708 0.26196708 0.26196708 0.26196708
2 0.25000000 0.00000000 0.00000000
-0.18998394 -0.11270106 -0.04555873 -0.04555873 -0.04555873
-0.04555873 0.02675145 0.10512408 0.10512408 0.10512408
0.10512408 0.13505063 0.13505063 0.18575457 0.20251681
0.20251681 0.25769611 0.29275976 0.30811466 0.30811466
3 0.50000000 0.00000000 0.00000000
-0.16102016 -0.16102016 -0.04095243 -0.04095243 -0.04095243
-0.04095243 0.08874423 0.08874423 0.08874423 0.08874423
0.10781439 0.10781439 0.16184290 0.16184290 0.16184290
0.16184290 0.27543069 0.27543069 0.35154734 0.35154734
4 0.75000000 0.00000000 0.00000000
-0.18998394 -0.11270106 -0.04555873 -0.04555873 -0.04555873
-0.04555873 0.02675145 0.10512408 0.10512408 0.10512408
0.10512408 0.13505063 0.13505063 0.18575457 0.20251681
0.20251681 0.25769611 0.29275976 0.30811466 0.30811466
5 0.00000000 0.25000000 0.00000000
-0.18998394 -0.11270106 -0.04555873 -0.04555873 -0.04555873
-0.04555873 0.02675145 0.10512408 0.10512408 0.10512408
0.10512408 0.13505063 0.13505063 0.18575457 0.20251681
0.20251681 0.25769611 0.29275976 0.30811466 0.30811466
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feld T EABSRO L SIS E T,

====== (Qccupations ======

1 0.00000000 0.00000000 0.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 0.00000000 0.00000000 0.00000000 0.00000000

2 0.25000000 0.00000000 0.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 0.00000000 0.00000000 0.00000000 0.00000000
3 0.50000000 0.00000000 0.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000
1.00000000 0.00000000 0.00000000 0.00000000 0.00000000

EEEIT—ITIZ 0~1 OBDEE L ADT, iz, AV UEEZRVEHEOEE, 1.0 ITET2 FloS5E S
NAHZ ExEFLET, MFECIY k SORRINGL551T. SAEITENILCTEDY 90T, D8
ICHIEETAMERH Y £ OV T OHED L )N EWE Tk A SBID IO L H R 2 LD
D iﬁ‘)o

2445 SCF FHHEH7= V) OFHRIFH]
FHERFEIL, printoutlevel M base 731 LI EDEE, SCF A X L—ya L TR FO X S hEn 7,

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

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

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

Lo L 9lz, FN—F BT HFHERENHE I SNET, ZOFRIE, 1 ORIDA X L— 3 > & ORFEOD
72135 % LA T OWAIEH I SVER A,

2.4.4.6 FHHEOERDL (jobstatus000)
jobstatus000 7 7 A /W, FHEOESE ELDT-7 74/ TT, 000 OF5IE, output000 & [RIERIZFHR % f
DIRLATS £ 001,002,.. L7020 FT, TONFE, UUTOLIITRDET,

status = FINISHED

iteration = 674

iter ionic = 21

iter elec = 23

elapsed time = 51648.7582
status FINISHED G5 # 1), ITERATIVE (i1 3% L+, START (WIS LA
iteration B IRREORE Y IR LRI TR S ET,
iter_ionic R R DR TR SV E T,
iter_elec BEDFRAENE IV D EIRAEDMEV I LEHE R T RSV E T,
elapsed_time TR SV CFRR SIVE T,
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2.5 FTEHER O, w81k

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

7 7 A L nfefndata (FE7-1% file names.data 7 7 A /MZBWT FENF IC k> THRESNDL 7 7 A/V) 121,
RDOETHRIF—CRA#H < TIOEKE, OB FENIFY I 2 b— 3 U EITH 26134 4 ofEE)—
FNF— R Em e E bR SVET

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

WL E,

2.5.1.1 iR G A

AR 7R ERER N 21 T > T2 D nfefn.data DB Z R L E T,

iter ion, iter

~total, etotal, forcmx

1 24 -108.4397629733 0.0086160410

2 40 -108.4401764388 0.0076051917

3 56 -108.4405310817 0.0068758156

4 73 -108.4410640011 0.0065717365

5 94 -108.4414256084 0.0099533097

6 113 -108.4414317178 0.0094159378
BHNIS 2 RD X 9 72 BT L ET,
iter ion A F L DOFEHFIEETY,
iter_total SCF N—7OFFHEFTT. — OB TREOEN R < E T,
etotal BT RNF—%, N— K —HCHIILET,
foremx JFFZM8 < J1 DRl % JFF- BT (hartree/bohr3) Ttk LE4. ZOENATI T 7 A /U TH

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

2.5.1.2 3 T EN )RR A

SFEAEREOEE, TROL 51T £,

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

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

SRS G SRR T3, FicepiBmshEd,

ekina A DEB) TR —,

econst RORMFE, THROLZRNLX——EDOH TN FY I 2 b—ra VOGEROET XL
—, BE—EDOSFEIIFEY I 2 b— a VOGS ROBT X — TR O TR L X —2 )
228 T,
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2.5.1.3 ¥& 7 Lt E

BT ORE(LEAT TG, TREDL IR £,

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

1 1 25 -181.4043211381 0.0019960638
1 2 33 -181.4043560304 0.0004826299
1 3 40 -181.4043582176 0.0000016495 0.0002327496
2 1 49 -181.4044223602 0.0000572790 0.0002273231
3 1 58 -181.4044833189 0.0001158383 0.0002220365

W OWERE(LO 7 —ATA, LRI BIVET,

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

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

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

#
# a vector = 9.2863024980 0.0000000000 0.0000000000
# b vector = -4.6431512490 8.0421738710 0.0000000000 (a)
# c_vector = 0.0000000000 0.0000000000 10.2158587136
# ntyp = 2 natm = 9 (b)
# (natm->type) 1 1 1 1 1 1 2 2 2 (c)
# (speciesname) 1 : 0 (d)
# (speciesname) 2 Si
#
cps and forc at (iter ion, iter total = 1 24 ) (e)
1 3.161057370 1.169332082 1.214972077 -0.004058 -0.005565 -0.0049%966 (f)
2 6.693102525 2.152889944 4.620258315 0.006945 -0.001028 -0.004994
3 4.075293851 4.719951845 8.025544553 -0.002872 0.00639%94 -0.004796
4 -1.482093879 6.872841789 5.595600399 -0.004362 0.005502 0.004993
5 -0.567857398 3.322222026 9.000886637 -0.002792 -0.006296 0.004965
6 2.049951276 5.889283925 2.190314161 0.006974 0.000708 0.004795
7 4.921740324 0.000000000 3.405282833 0.001436 0.000122 0.000068
8 -2.460870162 4.262352150 6.810569070 -0.000612 0.001305 -0.000066
9 2.182281087 3.779821719 10.215855308 -0.000660 -0.001143 0.000001
cps and forc at (iter ion, iter total = 2 40 )
1 3.156999743 1.163767576 1.210005993 -0.002904 -0.005755 -0.003892
2 6.700048015 2.151861938 4.615264365 0.006567 0.000186 -0.003832
3 4.072421499 4.726345880 8.020748072 -0.003503 0.005487 -0.003829
4 -1.486455954 6.878343743 5.600593135 -0.003122 0.005780 0.003831
5 -0.570648922 3.315925959 9.005851266 -0.003532 -0.005392 0.003892
6 2.056925355 5.889992076 2.195109289 0.006503 -0.000290 0.003828
7 4.923176344 0.000121757 3.405351146 0.000397 -0.000013 0.000018
8 -2.461482612 4.263656762 6.810503226 -0.000210 0.000337 -0.000017
9 2.181621403 3.778679157 10.215856638 -0.000197 -0.000341 0.000000




(@)
(b)
©
(d)
(@
®

TR ML EDILTWET, a_vector, b_vector, c_vector (ZZI 41 a Bill, b #il, ¢ fHO~XT RN
LR ENTOET,

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

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

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

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

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

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

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

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

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

REEBED 7T 7 BT DITIE RO K H 12—V dos.pl 2347 L %7, "phase0_2014.01/bin/"i%, PHASE
WA LVA =L EINTWET 4 L7 U TH, Y—/bdosplid, Perl 27 U7 N T3, FTth, WREEED ST
7 ® EPS D%~ 7 A /L density_of_states.eps 2MERK SAVET,

o°

../../phase0 2014.01/tools/bin/dos.pl dos.data -erange=-15,10 -with fermi -color |

dos.data KR OH )7 7 A v

-erange FORT DT RNF—OFPHERE L E T, 115,10 1F-15eV 72>5 10eV OFPFAZFEE L TV E T,
-with_fermi TV I TR —EFRLET,

-color 717 —HIEITOET,

3 T T T

251 | 1

DOS (states/eV)
Py
T

05 /o N \ \ / i

-15 -10 -5 [1} 5 10
Eneray (eV)

X 2.2 WREEEEE FIHMLB] (Si &A1 VeV FEEDNV FiED)
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255/ 2 FiEE (EHIET—4 7 7 1 )L nfenergy.data)

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

Ny FEED 75 7 AT H1iE, RO K 912 —)L band.pl #F4TL £, “phase0_2014.01/bin/’1%.
PHASE 231 VA b=/ &N TNWDT 4 L7 MU TY, Y—/bdosplid, Perl 27 U7 NC¥, 74, IRIEE
FED 75 7 D EPS JERX D% 7 7 A /L band_structure.eps 2MERK SV E T,

% ../../phase0 2014.01/tools/bin/band.pl nfenergy.data bandkpt.in -erange=-15,10 -w
ith fermi -color

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

-erange FRT H TR —DEFZIEE L ET, -15,10 13-15eV 75 10eV D& ZfE L TWVE T,
-with_fermi TV I TR —E IR LET,
-color K17 —HHEITNET,

10
S~
% \ :
5\ \ .
NIV |
> \ \
0 . -

S /

() //

5 SN

2 // \\ \ _

w / \ ]
5 // \ —
oF \ .
-15

w L r X W K

2.3 N\ FEE RSB (Si ¥ A e MiEGED NV RER)
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3. ANIRSA—=R T 74 )L : nfinp.data (FEHERR)

BLANNG A= T7A4ILORHKF_INP T 74)L)

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

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

311/ A—FRERRK

ZOT7AME, Z 74 EHEIMTHEEN T 7y 7 OFERE CRUR LE T, R/ 37 A—Z ORGED.
Z U2 ->TRY, FF 71T, Mhidbis, SHEEE, SHREOREZR EOfHREiALET, LIFIS, AN
T A=Z 7 7 A NORLE LA RICHA L7,

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

Upper block{
Lower block{

tag keyword = value
}
}

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

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

® Ty I ADORIF  NFEKRITH I LEH Y FH A,

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

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

IO T Ty 713, PIFOLO0RH ) £,

control 71 AR E RSO E

accracy 71w/ FHEREE O E

structure 72> SR AEE DR E

wavefunction_solver 7'z v 7 TEENREEL ) )V R—DRRE

charge mixing 7' v 7 AT EERATE DR IE
structure_evolution 7' v 7 g . o TEN I FHER A ORE
postproccesing 7 & v 7 FRABRDFE

printlevel 7' & > 7 = 7 ) ORRE




3.1.2 BHIDIETE

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

3% 3.1 PHASE THIHFRE/R BT

kX bohr, angstrom, nm
TARILF— hartree, eV, rydberg
ST au_time, fs, ps, ns, s, sec, min, hour, day
T bohr/au_time, bohr/fs, angstrom/fs, angstrom/au_time, nm/fs, nm/au_time
Va; hartree/bohr, hartree/angstrom, hartree/nm, eV/angstrom, eV/bohr, evinm,
rydberg/bohr, rydberg/angstrom, rydbergmm
=7 hartree/bohr3, hartree/angstrom3, hartree/nm3, eV/angstrom3, eV/bohr3,
eV/mma3, rydberg/angstrom3, rydberg/bohr3, rydbergmma3,
iy au_mass, atomic_mass,

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

block{
#units angstrom

}

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

31342k

VETINTIICEDATIE, A MWL D £,

block{

! comment

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

tag keyword = value3
}

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

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

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

}

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

structure{

element list{

ftag element atomicnumber
Si 14

}

unit cell{
#units angstrom
a vector = 0 2.732299538 2.732299538
b vector = 2.732299538 0 2.732299538
c vector = 2.732299538 2.732299538 0

}

unit cell type = bravais

atom list{
atoms{

#tag element rx ry rz mobile
Si 0.125 0.125 0.125 0
Si  -0.125 -0.125 -0.125 0

}
coordinate system = internal

}

}

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

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

Postprocessing{

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

}

charge({
sw_charge rspace = ON
filetype = cube !{cube|density only}
title = "This is a title line for the bulk Si"
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32 AHNSA—R T 7 A )L nfinp.data DB 5 (F—T—K) O—&

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

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

w7 a s

2,3 Tuvy

27 (F—=U—F)

i

control

SRR R E T e > 7

condition

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

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

initial, 0 : FHHEBHAA

continuation, 1 : FHHKGE

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

cpumax

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

max_iteration
max_total_scf iter
ation

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

max_mdstep

& MD FHREOHIME (7 4L NI HEHBR)

max_scf iteration

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

nfstopcheck

7 7 A /L nfstop.data (ZE) IV EfET, LR
HAZIET D ARE T RIE (77 4V R i 1)

sw_ekzaj

phase T, ekcal DAJ] & 722 DUERH T 7 A
Vv F_ZAJ ~DH %175 L& ON IZ7 %,
EKCAL TZDO7 7 A NVaikiiel 2 H ON
25, 72720, THOHETLIMERTEE
A

7 7 #/V Ml OFF TT,

accuracy

FIRASEE ORI 7 2 > 7 50

cutoff wf

KB DO N v b AT TR F—

cutoff cd

BATAEDT) A7 T4/ F—

num_bands

AV §

ksampling

method

k SOV T Tk,

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

direct_in : [EHECER

gamma : SO

7 7 %V ;X Monkhorst-Pack 2%

mesh

A2 DAYERL

nx, ny, nz

X,y,z JI~D5YERL
F 740 Mili= (4,4,4), FFRHiE=(20,20,20)
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kshift

Monkhorst-Pack £ COHREN/2HZ T

k1, k2, k3

Ay aOTOFEE (ANEIZ0.0,0.5] O
)

F7 4L Ml

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

kpoints

k ROELDS

kx ky kz denom
weight

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

smearing

k SH 7Y > F D smearing

method

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

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

width

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

(Z77:10)

xctype

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

scf_convergence

H SRS S OPURCHIE

delta_total_energy

FHFH7-0 O3 )L F—0EHEED LB
AE
(7 4/L MH : 10710 hartree)

succession

RRZEDSAE AR ZTEhEfE LTI & - 72 RS R
FAAFIE ST L EARET DL
(F7 4V Ml : 3)

force_convergence

DI OUHHIE

max_force

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

ek_convergence

FEATEOIHHIE, ekeal 12X 5 FHREH O
Bl

num_extra_bands

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

num_max_iteratio
n

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

sw_eval_eig diff

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

delta_eigenvalue

EAEOFRRR A
(7 #/V MHA : 1071% hartree)

suceession

FHROME K LIESL (77 4V M : 3)

(Z77:10)

initial wavefunctio
ns

IENBEEL DA i

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

matrix_diagon

ENEEROYIINEZ /M TSR AE T 2 %

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

7 3L, ABCAP O~=aT7 55K

lattice_system

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

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

num_generators ARt ~ 3DOEEK )
generators ARt
af_generator WEZE O ROT

&3 #77:U)

Sw_linversion

FCmse Bt DA 1

G2 #77%10)

magnetic_state

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

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

element T4

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

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

element list

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

atomic_number R

mass B

zeta A0 (= (ny—n)/(ny +ny)

deviation W 2 77 AR OFNICH- 2 5 & EDEH
0 ABHE DR,
p(r) =Aexp (—1%/20%) IZBITDHRFDE
THEEFARDIEI Y Zfb D /3T A—H g,
2 724121% dev X° standard_deviation HfiE
i

wavefunction_so | solver IENRSE YV LR —
Ivers

sol Vs R—DFEE
MatrixDiagon : 1751k ik
Im+MSD : Im(—%IefEE+ MSDEKEAR2
[ SR
RMM2P, RMM3 : RMM %
MSD : & FfosifE Mk
submat : subspace rotation (517322 ML)
Davidson: Davidson £

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

dts FHRBAAAIRF ORI A8

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

itr IRFHIAN AR A 22 b S DR DR E

var MO, B : linear, tanh}

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

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

submat on M & % subspace_rotation DFFEIZHEST

subspace rotation #4179, R : fon,off}

line_ minimization

—URoTHRERIZ BAGR L 7= il

dt_lower_critical
dt_upper_critical

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

delta_lmdenom

rmm

B/ MEik

ImGSrmm

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

rr_Critical_Value

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

edelta_change_to_r
mm

BENRIE D v vi—% RMM JEICER D & &
D, BTV —HHIESRE, 22 THEET
HIE LY B /L — DI AN G XL, £
DHID Y s X—ZAGE T TE D

subspace_rotation

subspace XIATKIZETT Dili#

subspace_matrix_s
1ze

FT AN RDANNEE AL ROK
(num_bands)

num_bands XV b RERENANTISHIGE
W21, 5RHIFOIC num_bands Ofiiz AJIEIZER
TEo

damping_factor IERHAESRD X v 71HL 0.0, 1.0] OFiPH
SN AT SIVTEITIE, AT Z 5
IZ 1.0 [ZE%E,

period solver % 7 D submat 73 ON |Z72 > TV DA,

period {Z 1 [F] subspace_rotation Z1TV E T,
il 21X period=3 D & X iteration@) D 9 b,
i=1,4,7,10,...7 subspace rotation 1T 9 XIHIZ
R0 ET, T 740 MEE L

critical ratio

FERHAHOEROMA BEREHT=0) & RHAHED
EROMAQ BEH-V)OENR V-7 A
critical_ratio X 0/ < Zeo 7= iUk LTI,
Z LI subspace rotation 1TV EH A,
77 /v MiEl¥10715,

charge_mixing

EFRAL

mixing methods

T DRAT,

method EERU : { simple, broyden2, pulay }
7 7 4/ M simple_mixing

rmxs SR BHARIRF DR 2R D HIE
7 7 4/ MEZ 05

rmxe itr [BIO BT OMZIZ B 2 A DA,
77 /v MEX 0.5, rmxs OEDHN AT &
NIEAITE, rmxe (26 R UAE 258,

itr BB OIRA T mx) 22 &85 [EHk

var rmx ZZ2 LS55, B : linear, tanh}

prec RILERDOAHE, YU : {on, off}

istr method 7% simple USADEEIZ, istr [BIOH
kI, FEE LT ECEmAIRE S

nbmix BACTBLAREEMBET — X OBEEEE

update nbmix [F]53 R S AL T2 B ORI %
5V M) o T RO AR RIS,
R ¢ {anew, renew}
anew |[FENFE TCOT—X 24 THA LTI
(PR,
renew (IS EV\T —X ZERFTOT—X LA
Tz 5,

charge_preconditi
oning
amix AAEZES a
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bmix A2 b
structure_evolut HEREFGH R 7 2 > 2 38051
ion
method HERUY @ {sd, quench, gdiis, bfgs, cg, velocity
verlet}
dt IR 708
stress A N AFE
SW_stress A M UAFEOFE, B {on,off }
odiis (GDIIS % L 0'BFGS A %T 55504 /)
initial_method GDIIS (BFGS) ~#AT9 2RI % it
73 X4, B : { quench, cg, sd }7 7
4/ MElT cg
gdiis_box_size I TTHRET A A A EE RSy DT — &
% gdiis(bfgs) HES N ZE 2 %
gdiis_hownew gdiis_box_size THE LT[0y DA AL JHEFE
DT — 2 BB 2 ) 7o IRF O IBREDEER
A ¢ {anew, renew}
c_forc2gdiis GDIIS BFGS) ~DUFR 2 DHIESL
77 /v MiiX 0.05 (hartree/bohr)
postprocessing
dos KRB DH )
sw_dos REEEEH O, U : {on,off }
method ERUY : { tetrahedral, Gaussian }
deltaE_dos AEE ) D A5
variance mehtod 73 Gaussian D¥A DA 7 ZBRLD Sy
i
nwd_dos window | HAEFO L X—IEAE 2% TIEE -
width AE = nwd_window _width X deltaE_dos
charge O
sw_charge_rspace | FEfiHH/IOAHE, FRI : {on,off |
filetype B )7 7 A VO
AT« { cube, density_only }
title EBROB 7 7 ANLDORHEL
filetype = cube DIFDOLFZ)
printoutlevel FEHE I~ D) L~ il
0: AL
1: fHRAE
2 7\ TROEHRA )
base MOEENZ AT HEDFEE SIU TRV, =
DOAEDT 7 47V K
pulay Pulay FEfilEGTE
timing IRFFE e T
solver i IRREARE
evdff A TR —7E
rmm By Mk
snl FERTART ¥ v
odiis GDIIS 7
eigenvalue A fE
spg ZEfHiE
kp k i
matdiagon 1THIxHfa 15
vlhxceq a—JVRT L

56




totalcharge R

submat IR Bl RER

strcfetr SR

parallel AEHUV.D 7= D DRTERDRE RO H Tl
input_file AS17 740 F INP OfsERoOHN

parallel_debug

1 ICRET D LErE /) — NSO 7 1 & 27
5% outputOOx_xxx EVNo>77 7 A /WZHIS
Z1T9,

jobstatus

FHEOMEITIRILZ jobstatus00x (ZHI)

jobstatus_option

I 7 A VD H T IE

jobstatus_format

tag, tag line, table 2NEIRFIRE, BEEMEIX tag
ISER

jobstatus_series

ON F£72{3 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 A )G R )2 EOFRE T, "itial" &35 LEHRITAGO BTN,
"continuation" &35 &, JWEIBHEL, FEAHEELAR E DOFRAER A 5| Sk Tk
FHEDMThIE T, £z, "automatic" &35 SRRV O T 7 AL (2
NHIL, BIDOY a TINEFE T LTEAIIEBERN AR SND) DMHET H5A1X
"continuation", F(E L 72V A X initial" & FRE L7-D LR CEIEEZ L £,
"preparation" Z{EETH &, BIUER (BEAESIOKREZ SOFHME, kS4AKRE) O
FHATNET, T 74/ MEIT automatic" T,
ENZ, BURLT-) B A 2 wtdaA T, ZNEEE LT F FIRERS O 4%
WRHEHDL (N ROoBEZFET 25670 E) 21X, "fixed_charge",
"fixed_charge_continuation", "fixed_charge_continuation"d\ 33 &5%E L £,
TIVER, BAPORET D, kRS20, BEMHEET 50 DETT,
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 FtRZIATT DI %, FEHHAL, OMARTIEEL LT, ZZTHEEL
TR EEZ D &, WHRIZE L TR T, Mt HO 7 7 A Ve ERHIIE,
FERAMEIELE T, 7740 MEIL86400s (1 H) TF, HANIMETY, 2 5H
A, "sec", "s" (ZAUT"sec"E[FIL), "min", "hour", }LOVday" T, MkkintE
(2D REMED O D EITIE, ¥ a T ORERTH LV /N SZfEIZRRE LTI < O
FWTLXY BzIE, ¥a 7ORIBME 6 KT, IREOIRREEEFFH 2 L Dtk
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, HlE, MEERRHRORIEIC

WEEDANELIET, BRI DNCHESI AN E THEBIZ RS K 97K
D SCF A # L—3a UGN 72 Z L3 ) £, £DHEITIE, SCF
HEEBETTHBY - T, NEFHE L TRV LZERFETHESEICERT L THD, RO
SCF #tHEZ T T O F0EFIC/2D £9, oL, bEV/NIME (1 OFE) (T
ETDE, AR ISNDNOBENKREL Y, HIPCREHLS T2 ERHHDT
EEALETT, IEMERIORRENEELAIIIER Lan T 7230y,

34 FTEFEEDIEE (Accuracy)
341Dy M AT IRILF—

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

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

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

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

® cutoff wf (XI5 K< 25 rydberg

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

e

3428V R
N2 RN, BLFO X 912 accuracy 7' v 7 O FD num_bands 25U k> THREL T,

accuracy{
num bands = 12

}

num_bands VAV iy

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

BABKRY U TYLTERATY VYT

Ty N TR NX—L RIS, k A7) 7 EHROERNE 2RO 2 HE R/ NT A—2—TF, k mthv
7'V 713, accuracy 7 &7 O FZ ksampling 72 v 7 ZAERK L, ksampling 7 H v 7 O FCREETTVE
T, T2 2T FRD LI £,

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

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

method k SY 7 7 DN EROYE T, monk, mesh, file, gamma, directin OV NTHNTT,
monk % Monkhorst-Pack {52 K237V o7 C, @EHERRSND HIETHY ., 774+
Jb METY, mesh [FHfli7e A o = CAZEfil &8I L E 9, PmAIEIC K 0 EREESy
AT AU AOIRIEEE OHRE T O WAIZIX I NEIEE LET, file 137 7 A 405
MARABFE T, /N B3R 2D T OISR > T < D k Sa ANJTT 208038 %
a7 EITFIA L ET, gamma ZFEET D ETRDOAEY TV 7 LUET, TR
IRBNRZ S TN T, TROKATHIROBENMFONO5GEITE, ZNERELET,
divectin [ZEHE k O (B L L) ZHEELET, WTNOHFETYH, o7y s
k AUZTEDNE EAN TN, RICKEERFRFLA 2T UL GRES N CWRITIUD), TA
OWEEIEBIF 2 FHRIL, Z OmRORFREEFIH LTI k S0 OIZHAT 3 (5
EIRICIATSNET kD L0, AT 5, OF Vo k [ &R UEETEZ6E
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HT52FELH £,
mesh WZEROEEETEE LET, LTOEEDFIHTE £,
nx 1&FHOWHE 7 M OSERERELET,
ny 2&EHOWKEFXT M OSERERRELET,
nz 3&EHDWKEAT MOSEEEEELET,

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

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

smearing 7 2 7 TIILATFOEEEFHTHZ LN TEET,

method AAT V) T OFHEEFRE LT, parabolic, tetrahedron, cold, improved_tetrahedron
DOWTIEFRE L E T, BFHHT 5D parabolic T, 7 ABIC K> T7 =/
YENIAIT Z21F0) L £, tetrahedron & improved_tetrahedron [ ZPUEANET, 2P
HEAEIC X DREE A Z1T O LAITRIFA L E T, cold I Cold AAT V7T, &J&
IZBWTAEME SIVTWDHETT,

width ARAT N T O TRV —DHENTHRE L7, 7 7 4 /v MEIZ 0.001 hartree T,
Z D& ZiZparabolic D & EZNZHANTY, ENLSNDOFEOLGEITEESET,

3.4.4 BT R ILF—

SRR/ F—13, LDA & GGA ® 2 fiifH738 V) %97, LDA (I LDAPW91, PZ, GGA |3 GGAPBE, REVPBE
DHHTEETS

accuracy{
xctype = ggapbe
}

xctype AR = L —(LDA, GGA)
LDA : LDAPW91, PZ
GGA : GGAPBE, REVPBE

3.4.5 INEHE
IHRHIER, B HIRIEFHEOINGCHE & i LOBROIR @ < DONGRAED 2 FE H Y £9, LLFD
IoEELET,

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

WHCHIEIZ RS D2 7 v 7 EEIILL T DI ) T,
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scf_convergence SCF #HHEDIGRHAEZRET D7 e v 7 TT,

delta_total_energy AT R/LF—DEDEEEZ =RV F—DOEN TIRELE T, BEOET XX —L 1 AT
Y THIDT AR —=DFENZ ZTHIE LT L D b/ SWIEEICRHIE 27z L7 & 2
mENET, T 74N MiT 1e10 T,

succession delta_total_energy Z{allEhEG: CAT-HIXRAKHNIR L= & Rt afsE L £9, =
= CHRE LTS CURHE 2 i IR S b - L HEShE T, 774
)V ML 3 T,

force_convergence  JRZ# < NOBRKAEICET HBIEEZRET D7 2 v 7 TT,
max_force JEAE L IDORNEDOEEZ HO¥BM TIEELE T, 774/ MEl 1e-3 T,

3.4.6 KBRS & MIRAETIEE
FHR BB & IR DRE 2 ENTAT 9 L, A PIRRER R A DR OB TR S B 5 Z LR TE £,
HIREEIREE S L OISR, UTOXLICRET D LA TEET,

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

atomic orbitals
atomic charge density

W ENREECE L ORI OREICR A 7 v v 7 180 FRtoE Y T,

initial_wavefunctions — #JH BRI OFRE HF{EZFEE L £9, random_numbers, matrix_diagon, file,
atomic_orbitals ZE&R§5 = L3 CT& £9, random_numbers (FEEZ L 24U ET
97, matrix_diagon I TFIRIAILIC L > TH L HF T, ZOES, WIHRREIRFE ERRHC
DOHRNHT Dy NATZXNNX =T HZ L b TEET, COIBEHETHZEBD
matrix_diagon 7 17 v 7 ([ZBWTITWE T, file 1, EEETET 7 A Vbt iAdE
T, T CICH DFEENOR LT BRI T — % 7 7 A VR0 T D HEAIXZ DA T v 3
VERRTEL, BtHAERB T LN TEEY, atomic orbitals 1, EERT LIy LT 7
A AZFESR SN FHUET — 2 & b ISV E T, T 7 40 MEl
random_numbers T,

initial_charge_density #JHEMEEORE T EEZFELE T, Gauss, file, atomic_charge_density OV Y741
MRS 5 Z LN TEET, Gauss (TR AL E LICHMZR T w7 ZABHIZ K 59
ETY, file 137 7 A NVINDFAHARET, T TITH DRRENUR LB ET — 2
T A NS TCODEARIEZOA T v a U EBR L, SimAEEDZ ENTEET,
atomic_charge_density |JHERT T vV T 7 A MFEER SN R FOEMBE L G
NN EEATVE T, T 7 40 MElE Gauss T,

matrix_diagon initial_wavefunctions |Z matrix_diagon Z5E L CW DA, ZOHEHHE A Hili#
TA-OOT Ty 7T,
cutoff wf VIR ERESE BRI 2 0 » A7 =) =Dz E L £9, T 7 4/V ME

%, EHEOY Y AT TR —DHTT,

34.7 RZERE
PHASE 13, JHRITIET s 0 L OBEA MR TIHAT L E 37, S B of T 5 2 & biiECT, =
DHHEZFIFIT B0l LT & 5 ICRE L £,

accuracy{
nonlocal potential{
SW_rspace = on
r0 factor = 1.9
}
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[}

T2, SRR L 02 ]@jﬂf“(;‘%@%éﬁ’lf(b VET, WZEREITE OB RS ON ) Th D DIk L F22efH]
/£ iO(N ARDT, RERRICBOTUIEZEMREOF AR L 20 £, 72771, W2k ClsimivEon
WXL, SRR T R Lﬁﬁ%%ﬁ’bfib VIR MWAEETY, nonlocal_potential 712 7 TIZLA D

J: 5 IRRREE T Z L3 ATRE T,

Sw_rspace H**F'ﬁ?f%ﬂ)ﬂ?‘éz) b 5 DEFRELET, T 74/ Ml off T,

projector_optimization JeRNEE T AT DI T e Y = 7 Z—ORib 21T 5 BN H Y F
'Tﬁ‘ EDHEERE Li’ﬂ ZDIRT A—H—|Z prefitting ZFEET D
L[] F51E7C, mask_function Zf5ET 5 & SCHk[2] DL T Z O b
1T ET, 774V ML mask function T17,

r0_factor Rt myor ¥ — OBLS&EHE, beo7aryzy ¥ —
DT HEIEET DI, 7 7 4/ Ml 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 RFIEE (Structure)

HEFIHTHETVOFREL, structure 712 v 7O FHTWET, 72& 2%, LFD X H170 £,

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

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

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

Si 0.530000000000 0.000000000000 0.333333000000
Si -0.000000000072 0.529999999857 0.666666333333
Si 0.469999999954 0.469999999908 0.999999666667
}
}
element list{
#tag element atomicnumber mass zeta deviation
O 8 29164.9435 * *
Si 14 51196.4212 * *
}
symmetry{
method = automatic
sw_inversion = off
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351a=w k)L

unit_cell_type BNIOFEE FEZRE L CWOET, prmitive 2>bravais Zf5E€ 352 &N TEFET, 7
7 4V Ml bravais T3, %925 X912, Bzt F-ER CRET 2HA1EZ 0%
¥ bravais &I HMENRH Y F9, F72, bravais ZFEE L TV DHEA, symmetry 7
27 O RO tspace 7 1 v 7 IZHBWTER TE 5 lattice_system 28U K> TR A2
HaxH2 Z EMNAHETT, lattice_system AU HOWTCiEdh E DB SR L T 7E &0,

unit_cell B EfRET D57 m v 7 T, BT MVERRET D515 LB ERETRET D 5L
N0 ET, BERICE > TIRET 5 574E, unit_cell_type 73 bravais D5 DHAE
NWTT,

® YU MNVEFRTET DL
ZOIFEERRRT A, 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 X > CENLalh, bl cihz <7 MUVCIRELE T, ZOREHEDSS, E
SOHANTIT v v 7 BN TIRET 2 HIEOAFIHTE 5512 FEELTLIEE, ZOFITIE, unit_cell 7o
U DYFRIC#units angstrom &35 2 LT ko TR SOHATE AHAICEE LCWVET,

® KT EEIC L > THRET DA
COHEENNT 258, UTOL ISR LET,

unit cell{

a = a0
b = b0
c =c0

alpha = alphal
beta = betal
gamma = gammal

}

a, b, ¢, alpha, beta, gamma &9 25 AFIHT 5 Z EIC K> TENEIUE T ERa, b, ¢, a, B,y ZHELET, &
DIAETHRET 2 &, 'Y MUIEEBBARIC LT O L 5 22 F =l TERSND L 01T £,

a vector = al 0.0 0.0

b vector = bl b2 0.0

c vector = cl c2 c3

35.2 [RFEER

atom_list FIRTOEEEOFEE/R E&ATH) Ty 7 T, LTOE T v v 7 % EH
THZENTEET,

coordinate_system TR IIVT ST VEEEL LS TCERT AN T TV a FVERE I &
STEHRTHNERELET, internal £ 35E 777 2 a - VEECE-
T, cartesian &9 HENNT T VEEIC L > TRRELET, T 740 b
&l internal T4,

atoms TR KR DI AR ET AR T — 2 25tk LE7, REeEE
EIXLAF oY T,

element TCRAERELET, FEAIE, Bl element list I 2BV TEFR ST

DHRENRH Y FT,
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rx xEHFETRE L ET,

ry yHEREETRE LET,
1z 2B AR E L ET,

mobile FEEEE RS FEN Y 2 2 L—3 3 AZBWT 2 OJRFDREINGHY
HIRETHAEMAETY, I Lz B on & LET, 7 74V MET off
T,

weight CEAERELET, ZOBMEIZ 2 LWOEE 527254, Fmddule
U7z SRR ONEN . a B — i 2 idE L E9, 7 74V MEL 1 T,

353 [RFIEDIETE
element_list TEREMEARET DI2OORERT —F ik 57 v v 7 T, RFEHY
7o B R O,
element TLHEAERELET, FEEIWATT,
tomicnumber JFE S EIEE LE T, FEEITMETT,
mass HEAHEELET,
zeta A HBBE L TWDGED, IR OB ZRE L ET,

BRT v V7 7 A /WT, file_namesdata 7 7 A /UIEBWT, 77 A IVRA X —F POTM) (12X > THRE
LET, 22T n IZANCBT DeFREONEHAIKST 28T, 7& 21E, LLTOEHET S & 0 Ot
FHENANNIT 7 A MZBNTRSAVTNT,

structure(

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

KT DR T v V7 7 A D Si A Si_ggapbe_nc_01.pp, O 73 O_ggapbe_us 0l.pp 7Z->7-%E,
file names.data ZLL FD L 9125tk LET,

&fnames

F INP=’./nfinp.data’

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

BERT o VT 7 AVOFRELL, SHFEREART V2 x VORPEFEDIREIC AL L TOET, AL TS
FERT U VT 7 A NOSHFABEIART o e VORHRTIET ggapbe [?] 72 1dapw9l [?2] OWT T, &
HOROMNIT 7 A NAPBHETHZENTEET, 77205, ggapbe HHU L Idapw9l &9 SCFHIH M
T XNNT 7 ANDT 7 A NAIZEEILTNET, 708, ggapbe & ldapw9l ZIRAES WA EITH 2 &
X CEFHADTIEELZESV, YL hT7 Y7 MY PAW A )V AR TR S ERNZ LA HER L £
T, Fo, FIHTE D7 16 FfHE TTT,

3.5.4 MAFMEDIEE

symmetry RORFNEAFEET D7 0 v 7 T, MFEERATS Z Lk - T, HHEEZ RIEITES
TZEMTEAREANHYET, UTO7 o v 7 IEBEFIATHZ N TEXET,

method SRR E D HEZHE LE7, manual & automatic #1852 LN TX £9, manual %
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Sw_Inversion

tspace
lattice_system

generators

BT DL, ARTEEEANTLZ LI > THERIEE T Z ¢ N TEX £,
automatic Z#®R9 2% &, PHASE 2MEEDET /WD HEIMIIHFREEREI L, FHEICK
MXHFEd, 77 4/b MElE manual T,

RIEEITREDMFET 25510, ZNEIEH L CGHREZOL TN E 2 1 EfRET L2 54
ETT, on OWFAHERIFMEAFIH LET, Sis B0 NI A0,0,0 T, 2037
¥ a ISR ED 8 D RO R AT OB AITAINTT 5 Z E D HEE S IVE TS, skt
FHEDIRNRTHNIT 5 ERPECTRAIL, & TTHDOTIEESIEIVY,

TSPACE #FH L CAMTTA EERET 272007 0y 7 T3, LFOREEITWET,
unit_cell_type 73 bravais O¥EIZ, “BTORPZHE L £9, 2T facecentered,
bodycentered, basecentered, rhombohedral T4, ZOEHAHET H L, FEEITLCTHHE
FHREMINET, ZOFNENNED I )N EHLHT HINTONTITER S 22T
{TEEV, ZOEBEFHATAHZ EIZE-T, A7 7A/VTIHEED LT W T T _—k%
FCHNRAZFEE LoD, FEEOHBEITAMODIWEEAR - CHITTH 2 LN AlREL 72D
%9, lattice_system ZHEAEFIH LTS T2 S T 0555, A INDDIXENIIAOAT
T L7ehio T, JRTFEEDERS TR OHEE OEROEAEHRA L TIZE 0y,
7= 2L, mOSITA-OFRE AT O A I IE DR HIEEE T, FROROHRIEE
THECL TS, Fz, kY7 U TSSO HACEDE GREL T X
U,

RS TEERET D7 — 7V TY, ERotlE, 3 DE TLMERTEXRNEW IR HD £
o ZOT—TNTED I IIERGTERET 2OV TIT 42 2B LT ZENY,
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3.6 ;XEIRE%L )L/ \— (Wavefunction_Solver)
3.6.1PHASE IZHI155tE 70—

PHASE IcBIT 53 7 0—% X 311 RLET,

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

SRR O T
!
RHEE o DR | [ mimmeE o, OFH
No
THREEORS
Yes
NDEE
No
@ RFERE Q, OEH
Yes

X 3.1 PHASE (ZBI}3#E 70—

TEENRSER DO F B O1EFEC, Kohn-Sham HHE

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

A - (HKS(pmp) l)ll)l
DOFEFEAAEV IR UATY Z &I £, OXROMBMEFOND Z &Il £9, ZOB, A IZ=xrX—e OJH)
BRIk D ABLEfRING 25 N TXH0DT, ZOABN 0 1IZir5< L9 qﬁ%ﬁ%@é&fﬁﬁ%ﬁéﬂi# 7
B —Fr— N 1 POOBRTEIEOIERDIBRCIE, T8 LBl s, B LB p 75, RO

THZXAOLNET,
Pout = ZZ |¢i|2;

occ.

BRI N—T7"TIE, ATIDpiy EHT Ly DY —ET 2 E THEDMTONE T, ZOfE¥EE SCFHE
HEFESDFHBE L TN COET, SMUDOL—7TlE, 52 bR FRELIC T L CHDORE I MThi, Z0f)
23 0BMELL N2 K 5 78 JRRCEICRET A £ T, AN TS ET,

3.6.2 ;ENREE L/ N —

SCF FHRIZHT, KBRS Lo3—) I X o CREIRSE O 24 0 I LATVE T,
WEhEE Y L3 —|L, wavefunction_solver 7' 2~ 7 TIREL £7,

wavefunction solver{

solvers{
#tag sol till n prec cmix submat
msd 1 on 1 on
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2
-1

davidson
rmm3

}

davidson{
max subspace size
ndavid = 4

}

rmm {

off
on

off
on

12

edelta change to rmm = le-3

}
}

wavefunction_solver 7 & v 7 TR TE A7 v v 7/EIILL T O®@Y T3,

solvers
sol
till n
prec
cmix
submat
davidson

max_subspace_size

ndavid

rmm
edelta_change_to_rmm

EDOWERE Y NR—%, EOXA IV TR D0 a e ET HEER
TNV TY, UTORMHEEEAFIHTLZ &N TEET,

FHT DI NR—=DT7 VTV X LEZFEELET, msd, Im+tmsd, cg,
davidson, rmm3 2>HER L £9, msd 1L, EEFE AT, 1SCF
7=V OFRAMITR BIERWFETTN, ZOFEDOHTUHEIFLHDIT
IREECT, EIHEERSE o L <RI LE 9, Im+msd iE msd 1512
—IRTERR M 2 - TETY, 1 [BldH 72 0 OFHRART XA FA
T, msd {£& G U TPCROENFETT, eg BT ARNETT, FF
FAMIY Imtmsd £ H2WVTTR, PORMEZERWGER LN TT,
davidson 413, 1 [lH7= Y OFFEAKITENTIAMERMEDOEHWFET
7, rmm3 iEE 1 ElH 72 OFFRART 1% Davidson 5L 0 H#R<, 548
P4 Davidson EIZH HIRWVGEDZNFETT, 127510, 70X L7k
IR AT D & IE LUVIEANICR LZRWGERH S DT, rmms E%
FIAT 25ATE o Y N —Th HFEEERERSE A SR ST B BAT
TOHRECT HUERH £,

SCF FHEOM AT 7 HE T sol T 20 &EELET, LOFIT
1%, msd I tilln 231720 T1[EH, davidson (L2 72D T 2 [A]H F Cff
HTDREL > TWET (7272 LI D edelta_change_to_rmm TfF
ET HEMZmmI SV ERY 2 FIHLFES davidson 23HIH S 4ufelT &
T AOBEIRET D & BORTHETED Y N AR—EHEVGETET, L
7235, rmm3 [T E TR SNDRE L 78> TWET,
ATERO A A EAME CHE L E T, @5 on (2 LE7723, davidson 1AIZ
[RY off DHFREWVEELHY F7,
BT o EMEERAIEEZTEELE T,
BT L E TS,
2RI L EAT ) I E D DR EAETIRE L ET, @iFlLonIZLE
T3, davidson {EDOYATET LAY XA NTHAAEN TNDLDTEL L
THHENEREA,

S

EEEIRAIEICOWTX 3 (T

davidson {EOFEMZRIE D ENERE LT-WEAICFIHT 57 e v 7 C
T NFOZBEEFT 52 LR TEETS

davidson 1L TR 282 MOR KA A8 E LET, 774/ |k
EIX S R 4 5T,

davidson K392 L3802l A ik L7e7s DB & g L £ 9
0, EOREERET HEETT, 7 74/V MElL 5 T7,

rmm EOFE IR D BN ERE LTZW AR 2 7 1 v 7 TF,
rmm (AL, H OB U7 BB @A L e & E L <EEL 220
BANHY T, I T, T THRELAELY b r P —n k{7
STRES T rmm E~SBITLET,
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line_minimization Im+msd V550 eg 1EIE 1 UOtRAATY, foii/2 & SHEE S LD FET,
ZD 1 TR O EEATH 70 v 7 TT,

dt_lower_critical 1 TR D FIROZIAMEZFRE L Ed, 7 74/ MiEIX 0.1 TY,
dt_upper_critical 1 PR D HIROZNIAMEZFRE L Ed, 7 74/ MiElX 2.0 T,

3.7 ETRFERSGZE (Charge_Mixing)
71 EWEERAE
SCF EHEIZEWT, FilElD SCF AT v 7 T bV B E 4 —EREIRGT 5 Z LI Lo G R A TS

F9, ZIZTE, 20 “BREEORATE ICHOWTCHIALE T, BAEBERAEOREIL, ok
charge mixing 7' & v 7 CIRELE T,

charge mixing{
mixing methods{
#tag method rmxs rmxe prec istr nbmix
pulay 0.4 0.4 on 3 15
}
charge preconditioning{
amix = 0.9
-1

bmix

}

charge mixing 71 v Z{ZBWTIE, LLFOT vy 7 /E5EFIA L CEMEBERAIELZRE L ET,

mixing_methods BB RAIEERET D200 T —7 VT, BREEREETNL
DTHERT DI ENTEET, ERICFHT 2RAEDT, Fifio
solvers 7—7 /L0 emix JBHEIZ L > THE L £77, cmix BYEE T,
FIH Lo WEREEIRAELY 1 E Y OERBTIHRELES, 207 —
T, LT OEMHEEZ S HE T,

method BREEIRADT V) X LZ2EOE T, simple, broyden2, pulay D>

TIVNETIRT D Z LN TEX 97, simple [ THHIE ST, broyden2
IZ Broyden @ 2 % H D15, pulay (3 Pulay (Z X 5 RMM-DIIS /£ T,
broyden2 i£& pulay 151, W b= o— FAEDO—FETT,

rmxs GEAEH OYINEEZEE L E TS

rmxe GEAH OEKEEZEE L E TS

prec AR O IEA BEAMCHRE L ET, @% onlICLET,

istr broyden2 X pulay ZEIR L TWAHEHEAETD, RAIIDEAT »~ 71
simple {EZFIH LET, ZORMET, ZO simple {EZFHTLAT
I BERELET,

nbmix broyden2 35 L (X pulay 38R L TV DA, 8RO BRI E DR ZF)
HALET, TOBEBRORE IZH/ELET,

charge_preconditioning AEROLRE A E L E T, RIERRAEIOEAITIE, IRORXEE-S T,
G DO TEDIRAAZER £,
pnew(G) = (1 - f(G))pold(G) + f(G)pnew(G)'
rmx * amix
f(G) =

2
14 (g_)
Gy = bmix * Gip
Z 2 Clminld, JHRUANDG Dy MEETRE L ET, ZOHD amix 358
W bmix EWHRT A= —%, [FHOEBIL>TZDOTay7OF
THRETDHIENTEET, 72720, W7 74/ MESHERSIET,
amix
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bmix

B72WHEMESE DT =YY
Z 2T, SCF 272 eIk LW C W CERT 2 L D TE ATV = 7 AN LET,
(1) HozefixtAil

O ZERD Y, 77 4L D TIIERORRE T, AT D L 1 BIOFRICA DRI A £33, %<
D ENCRDNLE S E T, M 2R AL AN T 51218, A submat ZEFK L TEDfEZ on & LET,

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
}
}

Hrzemxt A b om M 2, BEEIREA ST HRNOEH T 2 0MZITEH T 57NN Lo THOROIR D ZR 1AL L
F9, AU, FRCRMMEEZFIH L CWDEEICRE B E2 52 F7, 7 74/L ORDER Tl EIRE
BRI 2kt A @A S v E 32, WEIBEBCEHRNIC T 258 1T L T O L 5 I2ZE K
before_renewal % on & LF 9,

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=on
}
}

F7z, EOZERBUI AN RSN E D ANIER LT, S REEISHIZNETRER D 2
FI, ZOMRIZL > TREOFHFERIIE 2556050 £,

(2) SCF itz H A HY) 5 ik
WD AL N2 E /2R RCE D HiE s, SCF R ZIGR S5 DIZE < O IR LRSI L 70 58
ERHVET, ZOXHIRIGANEL, T2 ABFIRENFETPCRL T ve & bt ka3 905 Z LIk
S THRERMNZIE LUMRASL 0 D72 W GHER CRET 5 Z LN TEDHEARHV £9, 22T, AJIDFREDIL
WA LT < EBIBR LT & A7 L, Midiioi bz tEd HiHE7° PHASE (213> TWEd, 2o
HEREZ R 572121, control 7' 17 7 O F T max_scf_iteration 2% 5% E L £,

control{

max scf iteration = 50

}

ZOfITIE, 50 [HlD SCF #H5A4T > CHIBRHE AT/ R0~ 1256, TORRTE > T2 E REEF]
MUTHEFHAZFR L, Gkl baETSEET,

(3) FERTHIEDEDIRAH ALY 2 7k
ACVEEBLCODHE, BIFEIERA TN L A UV BRI (7Y 7 AL OBRIEIE L 5 AL
DETEIEDR) (ML TIRA LET, AR LA L BIORALA TS ICET 5 = LS

69




T, ZOLIBEEEITHITNE, TREDEFE T spin_density_mixfactor 2 & EFe LE T,

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

ZOFIDOYE, spin density mixfactor (34 TH VY, BEMFEDAEOEAHIZ01 X 4=04 LW IHEIEA S
NET, REMEALVEMARETDOTIRL T v A OEREIE & X0 v A OBRIEE # HHAR
BT 5856, LLFOEFH T sw recomposing 28T off ZFEL £,

charge mixing{
Sw_recomposing = off

(4) AV UEMEEORGIFIAT27 VI RAEETET S
AV BERHRFEI R U, SRR MR AIE AT 5 2 L L AEETT, 2O X D ARREI, LT D X 51T spin
density 7' v 7 Z{Ef 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 prec istr nbmix update
1 broyden2 0.1 0.1 on 3 15 renew
}
spin density{
sw_force simple mixing = on

}

(5) AV H[ETET DA
—EDMAY U ZEE LT SCF FHEZITH LIHRMENUGET D5A03H0 £9, ZOREE, FicOEFET
structure 7 1 v 7 O FIZ ferromagnetic_state 7 7 v 7 /B LTV E T

structure(

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

}

ferromagnetic_state 7 = > 7 CIILL FOZEEKAFIHT 5 Z LN TEET,

sw_fix_total_spin | “on” & L7235A, AV ZMEE LA ATV ET,

spin_fix_period A UEED T IEERE L E T, “INITIALLY” L5 L7=354, SCF sHEO#EAITEE L,
T2 L OOMEHEN L CNE ET, “WHOLE” € L7-5A, SRR TETAY U 2[EE
LT, BEAIRELISE, TOREBIETEE Ld LIHEE OFRAI TV ET,

total_spin T YT A XA DOEEEE L ET, BNIIREROEEZFEE L T ZE0,
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(6) X¥BEMZIRGT DH71E
PAW {EZFIH LTV D556, KIBEROIEG DM TOET, DFTHUELZFIH L TW2a5E, (SRTTSIORAD
ITOIETN, THHFE HFXEERORE 2B 178> T\WAH I & LRETT, ZORAITKR L CGEE O
BELRIEOT LIV XAATREI®EDIZIE, LT XL HIT charge mixing 7 &2 v 7 (T
sw_mix_charge hardpart Z8ZE#K L, COEZ on IZLE T,

charge density({
sw mix charge hardpart = on

}

ZOXITRET HZ LITL-T, PAW i£8 LU DFT+U IERIFRF QUMD A T 58556038 0 £,

3.8 WEIRIH VL N\—E KUV EREREESED BEEGE

PHASE (58 S QO L IREIREE Lo —121%, MSD 7, Im+MSD 7%, Davidson %, CG %, RMM 4,
EEEH LR EDFA Y Los— LAl L x— L LT subspace rotation 3% 0 £, X512, BEER
Bk UCHMIRATE, Pulay ¥4, Broyden (255 2/ HOHER EEEH L CWVET, Ziun%z, RIEITLT
THINTEAGOE D Z LI Lo TadRIERAHI T CE £, L, 2O L9 IS Ul E
2 DITFEFICTFMN N DIEETT, £ 2 C, PHASE (213, J@UREIRI Y W —SOBE B R AR %
70 7T LSHEWNEIRT OHEEE D D 9, TOMEREIL. FRA RIS LICREE S 2 ENTEDL L DI
STOETN, b LD S OAVRVWEEIE, T CEhRIE Y LS —omB i i X Y — DR EEAT
STLIEENY,

Y x—ty b E R L72OGHRRREDI S R, /3o R SITR U CHEICED)IZ & D2 S
DA > TND DT, FIFIZH Tz > TRAZRIC T D ERIH B ITH U £ A, O BEIIREERES, JKH)
BEHI 2R L i wavefunction_solver 712 7 O F®D solvers 7 1 v 7 33, A 2B L Cld charge_mixing
717 @O F0 mixing methods 7' v 7 NFELZRWGAIZARN & 72 5 DT, ARREZ R L7 Gad Bk
DOFREEHIET 2ha A b7 L TLZEV, wavefunction_solver 7 1 7 13IfF4E L TV T HiEDZ2D
T, YA —ZBT AR EDSME LG AN T 27 T e v Z IR TWET, 72& 20, AKEEEF)
A L2222 rmm Y/ 3—JHAS 106 hartree 0 & K< 72o724 4 I 7 THH L7EWGAIE, LT X 972
FUREATVET,

wavefunction solver{
rmm {

edelta charnge to rmm = le-6 hartree

Fio, AREREOBREIEEE L LC, R LIWERREIRSIEN 1 BEOADEE, LLTFOfSFRaEyFIATRE L
IR CWET,

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

}

BEBIT, UTOL ) RERERLE T,

method BB ERA DOFEZEIR U E£9, simple, broyden2, pulay OV 417030365, simple | XEHE AT,
broyden2 13 Broyden |2 & % 2 % H D5, pulay i3 Pulay (25 % DIIS T4, 57 4/L ME
IX pulay.
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rmx RAELAFELET, 7740 MET 04 REEZBE L TORVER), 0.1 (AL 2 EEL TS

%)

istr broyden2 {72\ L pulay iE4EH L TV 5512, (X UOfEI% simple V5 TIRGT 20 % 45E L £
T 774/ M 8.

nbxmix broyden2 7572V L pulay {EEEH L TWAIGEIT, BEEOBEZ R L TE B EREELE

T, T 74/ MEl 15.
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3.9 #E&m@E1E (Structure_evolution)
Wt b, SFEIFEHBEICRST 537 A—H [, structure_evolution 7' &2 v 7 TIRELE T,
39.1 #HEmEik

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

structure evolution{
method = quench

dt = 50
}
method RSSO T EERE LE T, MEEMmo4~7 v a2 L LT, quench (quenched MD £), cg
(CG ), gdiis (GDIISA), bfgs (BFGS %) DWW hi&E~<E9, 7 7 4/L Ml bfgs T
j‘o
dt SRR AAT O BROKFHHZIA T, REWADREPERANZD ET0, RETELH LEHEAIE

LSHEITSED 2 ENTERLIBRDEAERDHV T, T 7 4/L MEIFFEAEAT 100 TT,

GDIIS & 2 M3 BFGS {E3FAB < IBREWGELEIFR TERWEENRH DD T, RREVNI
quenched MD 17> CGiEEZFIL, HARRENI/ NS L 725 To b GDISBFGI)EZEIV B2 D, L))
fE4 L £7, GDISBFGS)IZHI Y & A2 DO FIE L T B2 OHESRMEE, ThEnEHK
initial method & ¢ forc2gdiis ZFIHL T ROIHITRELET.

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

}

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

gdiis GDIIS BLU'BFGS #&ERI 255042 7

initial_method GDIIS (BFGS) ~#AT7 2 HIRIMT 2 i
7= XA, FRE : { quench, cg, sd |7 7 4 /v Ml cg

gdiis_box_size T THRET DA A VR sy 0T — 4 % gdiis(bfgs) HESIINZE 2D

gdiis_hownew gdiis_box_size THRE L7 [FH DA A JEREDT— 4 BeF | 2 ) - 72 ED
VUBEITRUSE TN
HRAY : {anew, renew}

c_forc2gdiis GDIIS (BFGS) ~DUFR 2 eSS

7 /L Ml 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 GEEA—V » 72X DRE—EDSTEIIFY I alb—a))
DUNTHD

dt A A AR ET D,
77 /v MEIE 100 au (8 2.4 fs)

thermostat BnaERTHTa v,

temp IBEZEET D,
gmass  FNROEEZETET D, —EIREDLGAVA,

393 BEEHFOENZE. FKERIHMOFRES UERHEDML)

PHASE (213, Wm0 FEIIEY S 2 b—3 3 U5 To COARRIC, BRI OE A B 4 B D
TAUITEIET “@iFN 15 Z LI ko T2 0 F S8 AHEEM > TWVET, fighE., ST T &
NTWDHEZ L > T T2 TWET,

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

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

}

predictor 7 12 v 7 TEFR TX HEHCTT,

predictor
sw_charge_predictor BATOTRNEIT O NE INERET DAL vF, T 7 4/ MET off
sw_extrapolate_charge THIDOBRZERBEEOHINEIT I NE I NEFRET DAL vF, T 74/ b
I off
sw_wi_predictor WENBIE D TZAT 2 D E I MERET DAL v F, T 74/ MElL off

F7-, printoutlevel (2284 ipripredictor ZEFE L, D% 2 LI EIZT 2 L a3 DETR THCE ORI
FEEESTR O 0 77 7 A M SN ET,

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

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

structure evolution{
stress{
sw_stress=1
}
}

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

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

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

}

dos 727 CIZLLFOREEATH Z EMTEET,

sw_dos WREB A AT O M E DD EIEET D EMBIE T, REEBEEOHELZITH>%A on & LE
j«
method REEEFE DR FEZTEE L E T, gaussian & tetrahedral DV AT 5 Z LN T

X F 9, gaussian ZEIN L72GE, =V X—YEN %2 0 AR K-> TlEZFF-7- T
FHE LT2IRBEE EEDME DV E T, tetrahedral OSATUHEIATEZ L D EkEEE 2 RAEE TR &
1752 EMTEET, 72751 tetrahedral ZFIHT 2855 %EOMEAREDFIH T H5:04F
H IR TEZNY,

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

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 BRIZE
SCF FHH i WS CRAPRE AR E T2, IR L7 s A2 RS 7 — ) B L, iS5 2 &

HARETY, 2995ZLICE-T PHASE -Viewer 7¢ & ZFIH L CEAFEEDOAIYLETTS 2 L3 TRETT
%ﬁ%ﬁ%iﬁfﬁ CHII & B 7=DI2IE, postprocessing D T charge 7' 1 v 7 TRREEITWE T,

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

}

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

filetype EEEE T — 2 DT —H 74—~ MfEE LEJ, density_only & cube 238~ FE T,
density_only DEEFEMEELEDHNHIISIVET, 7 7 4/L MHlZ density_only T,
cube DA, Gaussian Cube PR CEMEEN I SNET, ZOT A—F—[F,
cube |[ZEXET H Z L AHELREL £9,

title Gaussian Cube 7 7 A VS U ZRE L E T, EHXFEEHOL56, BR% YA
D 2 B TIFFCHAET

F7-, filetype & LT cube ZiIR L7-44A, file_names.data 7 7 A /WMIBWCTEMBE Y 7 A VDT 7 A V4
EEFL TR ZEaHEEL £,

&fnames

F CHR = './nfchr.cube'
/

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

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

3103 WERBEL/NFIHNEL I 2 L— 3 VORPICHRIBEZITIHE
T TRt L7, FRSRRIEDSE S LT ZRWEFE HIDMUR LTZRRIZSE T SVE T, MR o518
N 2 b= a CORTITEREEATOZ0YrE, LFO X9 il 2110 E T,

postprocessing({

frequency = 5

}

ZH frequency (ZIEDEZFEE LG, f8E LIZEEIC 1 BIOSE CRIBEIM THOND X 512720 £, 4
RiFIREEEEOYATE dos_iterxx.data 7 7 A /b, BEEEIL nfchr iterxx.data 7 7 A /MR SIVE T (xx
VR ECRE D B A T D BB R AR 2. T T2 &)

311 a4 LAl (PrintLevel)

PHASE [T output000 &5 7 7 A /L (000 13FHRAIT O 72N 1 08X F£9) ICn V%258 LET, £on
T DFEHME DR ET printoutlevel 71 v 7 TITWET,

printoutlevel {
base =1

}

B H{ZIZ printoutlevel 7 7 > 7 2B L, ZD Flon 7 LV Akl 248 ER L ET, 27 Lozl
THIZOOEET 0,1,2 DWTNDOEE LV, BTDRREWVIE LV FERH SO NET, T 74/ ME
TT_TL T, vl bV Zfififlid 228508 LTERBOIFLTO@Y T,

base FHRARDO T 7L~V ERE L ST, FHTHREDRVERIZZ Z COREINENE T,
timing AR 7 LA fE L E T,

input AN L a 7 L~V E L £,

solver BEESE Y WS —ZBb b v 7 L~V L £,

spg ZERIBHC R D v 7 L~V EIE L £,
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base=2 |ZFXTET D LR EBEOH I, 0/ 77 ANVBRRSLL 2> TLENVWET, BHONIEHROIE
ENEFT ANy TIERIRDT, KRl EN 2R Y base=2 (TFEE LW LA HERE L £9,
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4. BAAEZEFIA L =555

41 &I R)IFX—EE

O IEARRERREL LT, B RX—0ENDH Y T, EEOBFERTET LT — 25 LS FE
BOMRER 2GR 2 2 &0, M FEICR Dt DL ENETHIT 2 Z N TE £,

411 AFNTA—4

v aviEl (XA YEy M) O X —3EEHE LET, VU a2 i 8HD% Si8 Axlgit LE
T, v asglilh (XA ey MEE) OEZXK 41 10RLET,

41 V) aVETFINERT 551 YE MEE

SEIES AT 7 A ML, 7 7 A )L file_names.data DT TIRE L ET,
file names.data IZLA DO L H TGk LET,

&fnames

F_INP = './input scf Si8.data’

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

&end

PHASE #2794 57-0I21%, RT3 vL5—4% F POTQ) &, AJ17 7 A /VF INP BEESH TS A
FNHY F9, Sildapw9l_nc Ol.pp IV I DEERT v ¥ /b « T—X TT,

ANS1RT A—% 77 A )L input_scf_Si8.data TV TR L £,
Control 7' & 7 Tl&, &FARHAESZFE L ET, cpumax [IFHERHEORKMEETEE L TWOET,

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




Accuracy 7 1 v 7 T, #HEMBEEZHELET,

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%, WEEEHL & EMEEDAADOD v NAT « TRLX—0, ZIZ1 9.0Ry & 36.0Ry
EWHMETHDZEERLTVET,

num_bands |I= VX —EGE AR L ET, ZORE T, SiET 8MEERET D, KETIE 4 [HOfME 1
L7, A SNDENENL, AV OMEREEZBET D L 8x4/2=16 L7720 £9, ZD7-% num_bands
1L, 17TV RCGREL TS MLERH Y £9, F7=, ksampling &) X 7L, kSOY 7V 7 DORHER e
ETHOIEPNET, ZOMITIE, 4X4X4DA v 2 AWk w7 ) o7l 4,

xctype = ldapw91 “C&i LDA BIZZHAB = L — 2 F5E L COVET,

scf_convergence Tl, FHAEDINHEMNZIEE LET, ZOFIOSE, BT F/LF—0OFHRAZ)31071? Hartree
At \ZE D E VR NENE L C 3 ale b, FHRAK T SEL Lo IHEESITWET,

Structure 7' v 7 T, fEREEIEELET, BAIIT 7 40 FOEFENLE 7> TOVET (BEIOHIX
Bohv),

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

}
atom list{
coordinate system = internal ! {cartesian]|internal}

atoms {
#default weight = 1, element = Si, mobile =1
#tag 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 I, JEAE, BN CTONERIEE, N ENORAOMNEZEET 20602 fREL £,
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element list Ti¥, 7tF4 EFDOFRFESEZHRELET,

Postprocessing 7' & v 7 Tl&, HBUELD/ T

A—H %f|

ﬁ_i’l_/\ij«(]

postprocessing{
charge({
sw_charge rspace

filetype
title

= "This is a

= ON
= cube !{cube|density only}
title line for the bulk Si"

charge 7 & 7 Cld, &fnf

BN OWTHRE LE T, i

X, file_names.data (238 C F_CHR T

e Lt774wuﬁﬁéﬂiﬁ)mmwwm%e&?5%Ki@,&m®mw%e%ﬁ?ﬁﬁéhfﬁ Z
DL x, FCHR HEESND 7 7 A V4L, *cube DIFRTHAVEDNH Y £, Gaussian cube 7 71 /L
1Z. PHASE Viewer 72 EO RV 7 N7 = 7 Zffi > TRl FR~T 5 Z L 3 A[HETT,

412 SHEDEST

PHASE %#LLFD X HIZFATLET,
mpirun -np NP ../../bin/phase ne=NE nk=NK |

o
B

2T, NP, NE, NK [3ZnZ2h, HEIHERT 7T neyh—0%k, =X —HiOSEREOL, B
ctU\ kS OGEGFTREOEERR LET, ZNH0RT A—2—DEDOIZIE, NP = NEXNK 09 BRI
DL TUWRITAIUTR D /AL
F£72, 1CPU OFEMAM S 5A101E, UIFOXHICFATLET,

| $ mpirun ../../bin/phase |

AR OBRPRERZMES T D123, FHROR 7T 74 /L output000 (ZHIT) ST DR R /LF—DIHRIR
WERHNET, UTOEIIZFETTHE, BN —IZHT A5 a2 TE £ 7,
| $ grep TOTAL output000 |

Si8 DY L TN Ao TR B output000 TlE, RO K S kB FrINE T,

TOTAL ENERGY FOR 1 -TH ITER= -30.851502112276 edel = -0.308515D+02
TOTAL ENERGY FOR 2 -TH ITER= -31.428857832957 edel = -0.577356D+00
TOTAL ENERGY FOR 3 -TH ITER= -31.547875271353 edel = -0.119017D+00
TOTAL ENERGY FOR 4 -TH ITER= -31.575313743308 edel = -0.274385D-01
TOTAL ENERGY FOR 5 -TH ITER= -31.582591031973 edel = -0.727729D-02
TOTAL ENERGY FOR 6 —-TH ITER= -31.585296287695 edel = -0.270526D-02
TOTAL ENERGY FOR 7 -TH ITER= -31.586566551584 edel = -0.127026D-02
TOTAL ENERGY FOR 8 -TH ITER= -31.587203940144 edel = -0.637389D-03
TOTAL ENERGY FOR 9 -TH ITER= -31.587536187844 edel = -0.332248D-03
TOTAL ENERGY FOR 10 -TH ITER= -31.587714367315 edel = -0.178179D-03
TOTAL ENERGY FOR 11 -TH ITER= -31.587811775875 edel = -0.974086D-04
TOTAL ENERGY FOR 12 -TH ITER= -31.587865777306 edel = -0.540014D-04
TOTAL ENERGY FOR 13 -TH ITER= -31.587896135394 edel = -0.303581D-04
TOTAL ENERGY FOR 14 -TH ITER= -31.587913347827 edel = -0.172124D-04
TOTAL ENERGY FOR 15 -TH ITER= -31.587923218322 edel = -0.987050D-05
TOTAL ENERGY FOR 16 -TH ITER= -31.587928921902 edel = -0.570358D-05
TOTAL ENERGY FOR 17 -TH ITER= -31.587932250599 edel = -0.332870D-05
TOTAL ENERGY FOR 18 -TH ITER= -31.587934208228 edel = -0.195763D-05
TOTAL ENERGY FOR 19 -TH ITER= -31.587935369846 edel = -0.116162D-05
TOTAL ENERGY FOR 20 -TH ITER= -31.587936064369 edel = -0.694523D-06
TOTAL ENERGY FOR 21 -TH ITER= -31.587937128483 edel = -0.106411D-05
TOTAL ENERGY FOR 22 -TH ITER= -31.587937146269 edel = -0.177857D-07
TOTAL ENERGY FOR 23 -TH ITER= -31.587937147223 edel = -0.953783D-09
TOTAL ENERGY FOR 24 -TH ITER= -31.587937147361 edel = -0.138854D-09
TOTAL ENERGY FOR 25 -TH ITER= -31.587937147369 edel = -0.733991D-11
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TOTAL ENERGY FOR 26 -TH ITER= -31.587937147369 edel
TOTAL ENERGY FOR 27 -TH ITER= -31.587937147369 edel

-0.358824D-12
-0.117240D-12

SCF FEIZHWT, 2R/ F—DENIR LT ARV £,
413 EHROEA
FHEINF-2x X —E, FENF 77 A /U hEnET,

Si8 DEETIL, F_ENF 77 A /U7 7 A4 : nfefndata) IZLLFDO X H 127> T0ET,

iter ion, iter total, etotal, forcmx
1 12 -31.587937147369 0.0000004495

FHRENE T T 5 &, EBREE T 7 A /b nfchreube 2DMER SV E T, BMEEOMIZK 42 1 0ORLET, F48%
o972 Y, cube file I[IEIEZINZ TUVVET,

X 4.2 'V aAEROEREBES
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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 TS Z Lo THRIICIRET A 2 L b AfRETY, R+
EAHET D HEL, AT E2RET D HIELE T I ERET 2 HERH Y £9,  BARIIE, B
unit_cell_type D AJIMEZ primitive 7> Bravais O EHOANLIERTHZ & T fRETEET,
421 AFNT A —4
4.2.1.1 BATROFEE

(1) B A HARK T CHRE

unit cell type = primitive

unit cell{
#units bohr
a vector = 0.00000 5.13000 5.13000
b vector 5.13000 0.00000 5.13000
c_vector 5.13000 5.13000 0.00000

}

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

(2) Bzt e cfaE

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

Z 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, JFETEHEORRE, k mmnERee, /N2 REFRFFOXIF k SOFER E1, 2 ORAKE & ITIAT 9 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 ZFIHT ABIHRES LB/ AESROTT, lattice system & WO EHTIREL 7. #* 4.1 221
LTLEENY,

ZEHiAArhombohedral) OEFAIZIE, i %) R(hexagonal) O EHE AT LET, SR L%
AR DA ER Y SV ORNREK 4.3 1R LET .,

JE TR A NEREERE C AT D551, Sl 2B ¢, AN O 3R ONE 2kl <2 ~ L IER
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 TIR—IKF LR

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

H R R
a’ =a —b
b7 =p*—cf

¢ =a® +p* +c*

X 4.3 NFHiR & SRR OBYR. ASHFEIDT D R FR L BATHERY MNRENTOET.
al, bY cHizAHEROEAIESRY FT, aR, bR, cRIZEGREROEALERY FLTT

F 4.2 TITR—EFOEAINHESY L.

75~ T a b c

WA 7(cP) pe P s

HnT 7 (cF) SH+2) @+2) ~(®@+9)

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

HUMLIE 5 (tP) ax ay c2

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

Hifdiig )5 (oP) ax by cz

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

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

%%@ﬁji(hl)) ai a(—li + ﬁ") cZ

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

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

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

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

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

(1) #hdtEEE A9 2771k

¥ crystal_structure

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

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

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

DOFFENE, primitive DEFELIINIFEET 5 Z EAMERE SV ET,

symmetry{

method =

tspace

automatic

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

}
}

(3) ZEroca A1+ 5051k
AEROTIE, tspace 7By 7 TIRELE T, SifEEmO%A, tspace DAIUEITLLTO L 512720 £

tspace(

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

num generators = 3

generators({

#tag rotation tx

}

IE 0
C31+ 0
C4X+ 1/4

ty tz
0
0
1/2 3/4

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

HFREL TCOET,

AERGTDIRE DTz L E 7S

EROTOREEEAEE, Lo — R T

ELET. FT1E, ENEN—2DEREE RIS LET. —FIH 0%
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T BB DRt 5 AR L C generators 7—7 /L rotation ¥\ IR EAFRE L 7. “FIEMNSHIIBET
DRSS AEHEEEEZR LE T 7ok, =i, ANHTROGEIZEN TS WwiEx-y #RLET. =— R, 5l
HOTTHL _HHOLTFIITHIRET D Z EMNAfRETT.

=5, NAROYE.

1 E X Y Z 13 1IE -X =Y -Z
2 Co+ w X 2z 14 IC6+ -W -X -Z
3 C3+ -Y W Z 15 IC3+ Y -W -Z
4 cz2 -X =Y Z le 1IC2 X Y -Z
5 C3- -W -X Z 17 IC3- W X -2
6 C6- Y -W Z 18 IC6- -Y W -Z
7 C211 -W Y -Z 19 IC211 W -Y Z
8 C221 X W -2 20 IC221 -X -W 2
9 C231 -Y -X -Z 21 IC231 Y X Z
10 C212 W -Y -Z 22 IC212 -W Y Z
11 C222 -X -W -2 23 IC222 X W 2
12 C232 Y X -Z 24 IC232 -Y -X Z
=i, ABRIADEE
1 E X Y Z 25 IE -X =Y -Z
2 C2X X =Y -2 26 IC2X -X Y Z
3 C2Yy -X Y -Z 27 ICzY X =Y Z
4 C2z -X =Y Z 28 IC2Z X Y -z
5 C3l+ Zz X Y 29 IC31+ -Z -X -Y
6 C32+ -2 X -Y 30 IC32+ Z -X Y
7 C33+ -2 X Y 31 IC33+ Z X -Y
8 C34+ Z -X -Y 32 IC34+ -z X Y
9 C3l- Y 7z X 33 IC31- -Y -7 -X
10 C32- Y -Z X 34 IC32- -Y 7Z X
11 C33- =¥ 7z X 35 IC33- Y -7 X
12 C34- -Y -Z X 36 IC34- Y 7 -X
13 C2A Y X -2 37 IC2A -Y -X Z
14 C2B -Y -X -Z 38 1IC2B Y X 2
15 c2c Z -Y X 39 1IC2C -Z2 Y X
16 C2D -X Z Y 40 IC2D X -7 -Y
17 C2E -Z -Y -X 41 IC2E Zz Y X
18 C2F -X -Z -Y 42 IC2F X 7z Y
19 CiX+ X -2 Y 43 IC4X+ -X 7 -Y
20 C4y+ Z Y -X 44 IC4Y+ -Z -Y X
21 C4z+ -Y X Z 45 IC4zZ+ Y -X -Z
22 C4X- X Z -Y 46 IC4X- -X -7Z Y
23 c4y- -2 Y X 47 IC4Y- Z -Y -X
24 C4z- Y -X Z 48 IC4z- -Y X -Z

5, [EHRICEE S Witk EIX generators T — 7 /LD tx, ty, tz SN TN FIUEE L ET. B MLAIHE TSy
BCASLTLIEE.

4.2.1.3 SUlis s o 28555
RN D8, TNEEBETHHFCLY, SHEEAELT N TEET,

(1) FUsxFthEadaE Ly igs
2 sw_inversion IZ off Z AL FET. ZDE X, SiFEEEDHEAED atom list 1, LFTO X HITHEELET,

atom list{
atoms{
'$tag rx ry rz element
0.125 0.125 0.125 Si
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-0.125 -0.125 -0.125 Si

}

(2) Nkttt ataed 256
¥ sw_inversion (Zon Z AJILET

7= 20, AT O — 2 1 3FS 2y & U CERIFRED 85 D C, sw_inversion % on (275 L EHRE
WHTZENTEET,

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
-0.125 -0.125 -0.125 1 Si 1

}
}

ZOEY, sw. inversion Zon & LT, UUTOLHIHETEFT,

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

}

ESHRRC LY, BoEEDI T — L2 Bi-NH D202, weight DIETREND KR FOEADFIL 2 &
725> TWET, weight B 2 DL, SESKFMIEIZH S BE O 2 B =0 5 R — 2 B SE T,
55 2 HICHE LT3 SOk PR BN & £ D355, 2D option ZH8ETH Z E&HEE L £, 7ok, i1
JEFE 2 ANT9 D5 A S R EO N, FSTHDH Z LICTEELZE, £, KESFMED N RIZE
VN C sw_inversion = on ZFEET 5 ERERLFHRENEI TSN TLE 9 MITEE L T ZE0Y,
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422 58| - 1) O A4ERSI2)

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

44 S DFRTHEE, FRIIRT 2EZS0EART2RT

(1) SCF &5
SCF #HHAZATV, EMEEAFIR L ET, FHAMIEIT sample/Si2/scef T,

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

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

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

accuracy{
cutoff wf = 9.00 rydberg
cutoff cd = 36.00 rydberg

num_ bands 8

}

structure(

unit cell type = Bravais

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

}

symmetry{
crystal structure = diamond

}
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atom list{

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

}

}

T RN I AT num bands OfElY, BAEN 22D T8 L LTWET,

PHASE Z34TL %75

[}

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

HENKTT 5L, file namesdata E\WH 77 A NLOHFT, ZE#H F CHGT THELEZHA7 7 A4V
nfchgt.data 12, FHREIZL > THOLNEROERNPH I SNET,

(2) REEEEDOS)DFHH

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

FHEREROH ) 7 7 A Win EEEZ INDOERHT 572, SCF 5 Z T2 T 4 L7 MU —&33oT 4 L7 b
J—THITLET,

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

F INP = './input dos Si.data’

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

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

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

Control{
condition = fixed charge

}

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

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

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

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

nwd window width = 10

5% 7 TéhD Control D5y C, SCF A TR OLN-ERM OO EEE L THEHTZ L 2fHELET,
ksampling TldkRY 7Y D4 x 4 X 4, smearing TIFUmEIALELZHND Z &, ek convergence T
WIS A FRE L TV ET, Postprocessing 70 w7 T, sHEKTHROBUELL LT, MEAECZLD
REEBEEDFHAD/NT A= PFRE SN TNET,

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

[o)

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

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

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

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

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

| % dos.pl dos.data —erange=El,E2 |
L35 L, Postscript TERDIRFEEEX density_of states.eps WMEGHLET, F7-, -with_fermi &\ H A4
YarvEOT, ZOMBRERTILL, ARESND REEERICT =L« LYV ERRCHiAINE S, 7o
2L, XXy TOHHHRTHE,  MMETHOTRLF—RKED & Z AR5 ET,
ZOBIETIE, DL IICFETLET,

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

Sie DIRREF L, X 4.5 1TRLET

3-5 T T T T T T T T

15 - b

DOS (states/eV)

05 _

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

Eneray (eV)

4.5 Si2 DIRFEREE

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

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

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

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

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

INBDANTZ 7 ANENM ST, 70T hekeal ZFATLET,
| $ mpirun ../../../bin/ekcal

717 7 4 /v nfenergydata 7°5, >—/L band.pl ZH\T, /0 FEEXIZER L ET,
Y —)L band.pl ZLL FD KL H 2579 % &, Postscript XD 7 74 /L band_structure.eps 2MERKSILET,
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|% band.pl nfenergy.data bandkpt fcc xglux.in -erange=El,E2 -with fermi

ZOBETIE, H#ET =R —EHORIME E1 SHRKE E2 %, LEiERE E1=-13 & E2=5 £ L,
PITFDXHIZ3ATLET,

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

Si2 D/ i, 4.6 1TRLET,

Energy (eV)
IS

]

8 -
-10 / i
-12 1

X r L u X

4.6 Si2 DNy PGS
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43 REUMBEEE LI-FE

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

2T, SEREEOE] & LTRSS SRR, RORREEDH] & LTSI 7 v AR LB AT TOET,
431 8D E
4311 ANJ)RT A—H

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

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

}

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

method = tetrahedral

}

xctype = ggapbe

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

}

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

symmetry{
crystal structure = bcc

}
magnetic state = ferro

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

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

}

Postprocessing{
dos{
sw_dos = ON
method = tetrahedral
deltakE = 1l.e-4 hartree
nwd dos_window width = 10
}
charge({
sw_charge rspace = OFF
filetype = cube
title = "This is a title line for FM bcc Fe"
}
}
printlevel({
base = 1

}

(1) HhseEDREE
585 erystal_structure T, (A7 GO Ebee & W THD ZEEBELTCWET. Lo T, 2=y I
JNTT T ARAEFAZE S THREL TWDDT, JFE 1 DOBFER L TOET. RONEICH DR HTFEE LT
W2V RIZ ZHERE L 72 &0, erystal_structure (2 bee & WOMEZEFRET D &, 707 T ADMEE DA% HAK
TR D DT, ROLEDFRA-DIEIIARE L 720 £,

(2) AV UAHEDEENE
SRR IR O Br 1213, magnetic_state % ferro SFEEL £,

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

}

SbIS, FHF DAL BOYIINEZASES DBERH Y £9. AT 7A/UTHD,

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

}

D zeta = 0275 EVIEROMENR, 7o 7« AL X T « AV D BEOEELRT, AV U5k
¢ =0 —n)/(n +ny) OPIEZRL TOES

43.1.2 HERF O

A B OEAIE, v 7 7 AV output000 ([ZHITENFET, UUTOI L THEET HZ AT £

% grep charge output000 | grep NEW | more

!*——— input-file style = NEW

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

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

LITDOEOZFATY S & BHORIE TOBEMMIOZDHEETE 75

| % grep charge output000 | more

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

!** sw charge rspace = 0

I** charge filetype = 1

I** charge title =

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

F_CHGT = ./nfcharge.data

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

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

4.3.2 R&MMEDFTE

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

4321 NJ)RTA—=4
BosspgatE o & U CTROSIT 7 v bzl e LT L £

Z Z Ol ORI T 2 A © RN B 7 DR A I DR S LT D (BERHERT magnetic_state 13 ferro
CHEET D) HEERNLET, Cr OFEHEEIL UUFDL212Crl & Cr2 E LTHRELET,

element list{
#tag element atomicnumber zeta
Crl 24 0.3
Cr2 24 -0.3
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Crl & Cr2 &9 2 FEOTHELTEEL, PR L HHE LTENENO0.S, 0.3 LW EZHEL TWET,
JRAEEIRO X HICRELE T, ZIUTOINEC, B HIREFHRNET I WA B O R & T2 0% E
ENDZAT 5 Z IR L TR EY,

atom list{

atoms{

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

}
}

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

AL HHEOREE LT, magnetic_state % ferro Ef5E L E T,

magnetic state = ferro !{paral ferro}

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

&fnames

F_INP = './nfinp.data’'

F POT(1) = '../../Cr ggapbe paw 002.gncpp2'
F POT(2) = '../../Cr ggapbe paw 002.gncpp2'
/

ZHUZE T, Crl, Cr2 BRI UHERT oYy V7 7 A NNDMEESND Z &7 0 97,

ZOFEEFIT 2 Z LI2E o T, KOEMEEARIIE 2R OROFIRZITH 2 L b HRETT,
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4.4 HEiERE L

JFAB < DRI LT, Mgt 21T 2 LN TEE T, s sEOR T FEZ B L £,
441 AJNSA—4

REERE(EZAT O, A7 7 A NVEZRO X OITRLR LET,

accuracy 7 1 v Z\ZBWTRAZ@ < IOREKREDOIEEZLL TO L HIATWET, ZO/RT7 A—2—0 fd
FoE LOPCREIE L 700 £,

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 AIsamboktg e84, 2% B E 4FHD O 1L 33FKHD Ba 505w ko
SR ELTNET,

structure_evolution 7' v 712, G kO EE LE T,

structure evolution{
method = quench

dt = 50
t
method o AR E LE T, #EEmo4 7 a4 LT, quench (quenched MD 1£), cg
(CG ), gdiis (GDIIS{5), bfgs BFGS 15 DUV TN NERE T, T 7 4/b MElE quench
*@—g—o
dt SRR ZAT 9 BRORFEIZIA T, REWITDREPORA~N D £, KETED LEHEEE

LLHEITSEDLZ EMTERLIBRDEANDY £, T 74/ MElIFEFHEAT 100 TT,
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GDIIS £ %\ N3 BFGS I HU# < K EWGEZEIGIRTE QWA H LD T, NHBKREVAIT
quenched MD 752> CG EZFIA L, HDFENIVINES L 72> Thh GDOSBFGSAIZYIV X 5, W)
fE%& L¥ ¥, GDISBFGS)IZHI Y 2 2RO fmELTFIEL T B ADHESRMIT, ThEhERK
initial method & c_forc2gdiis ZFIHL T ROIIITRELET.

structure evolution{
method = gdiis
dt = 50
gdiis{
initial method
c forc2gdiis =

= Cg
0.0025 hartree/bohr

}

7y 7 401%, GDIS, BFGS #L#lTC gdiis 7, 7 74/ Ml initial method 28 cg, ¢ forc2gdiis A
0.05 hartree/bohr T3,

442 STEFEROH S

WG b AT &, F ENF 7 7 A MBEED T 7 A V4 nfefn.data)lZm /X —0R 28 < J10HRKAE
DIEIEDS, F DYNM 7 7 A MBEED 7 7 A V4 - nfdynm. datall i FEE DB SHvET,
4A3EER - o) O EEROEEREIL

V) a A OREERE LOFHEB T, BERRFEEN SR EEZT O LT, & IhbOFEFmEREE 515
THHEETY, FHEBIEEIL. sample/Si2/relax T,

(1) Ah77A41

7 7 A ) file_names.data O TIL, AJJ7 7 A /L input_relax Sidata &, JFFDONEFEE - K JEAf#H< 7
O FHEFEROH )7 7 A v nfdynm.data PEE S TWOET,

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

F DYNM = './nfdynm.data’

ANF17 7 A )V input_relax_Si.data I%. ¥FHE% 0.125 TIE72< 0.130 & L, ZERFAEED S IFEA (T E %
THLTWET, F72, mobile BEOMEE yes IZL T, FRAALEZEZAIZIZLTOET,

structure(

atom list{

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

}

accuracy 7 1 27 Tl {18 < JIOWRSEFAEE LET,

accuracy{
force convergence({
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max force =

1.0e-3

}
(2) FHHERER
FHEMEROH 17 7 4 v nfdynm.data (ZLATFO@EY TH,
#
# a vector = 0.0000000000 5.1300000000 .1300000000
# b vector = 5.1300000000 0.0000000000 .1300000000
# c vector = 5.1300000000 5.1300000000 .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 = 9 155 )
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

DL, # R THEDLIDNIANT —FO—ER L TWETR, ZORDITL, A Fr3ebbar
FONEESEZ —RIEHT LIS, EFEHERDS 34 BITH-722 8, 372pbh, ZORICEKEREE: 33 [AHF
BENTZZ L AR L TR, BRI O BN DRSS, 5 3 HiofE L Rk, BT rLF—|Z
KL THRSNTWET,

£72, TOWRD 21T1L, FAOEFS, FAALEREyz, bohr HAD), BIONDRSY (x,y,z, hartree/bohr HADD

HEMRAZRLQOET, ZHUCLY, #RETETI->THL &, HENET ICONT, FAIE< S04
I W LT Z W0 9, BEOFHT, OB OHFRERN, BANFEE SNIINHSLLT
(272 o 1272018, FEFMBFEEDFEINE T L CWET,
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45 REDEHE
451 REDFEZETT DI

PHASE (3SR ISR 2 D 0 5 DT, W2 ER TR E R EOARREH O Z LITTE £ A,
UL, FENRRZEE e o 2 EICh D, ERERMELDLRNRER D Z LITRETY, BAEIE, K

& REAFANEH L2WEEORE SAEY £, 8%, 10MF LB 8L ET, AEKEShzy
Vo EKEOHEAFIE LET, ZOEOHEICL, X 4.7 ITREND LI RAT TR ZHNET, 2T
T OO Si A DR R, ABAER7 KRR Tk L T ET,

oS

/r""“\
/’\ /’\ N

”\r A
)\

X 4.7 ki L7z Si(001)-p@2 X 1) FKEmDOHEER

Z OFITHEMT % file names.data T,

&fnames

F_INP = './input SiH2x1l.data'

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

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

NIRRT A=B BT,

k ST T ORETT,

accuracy{
cutoff wf = 15.00 rydberg
cutoff cd = 60.00 rydberg
num bands = 25
ksampling{
method = monk ! {mesh]|file|directin|gamma}
mesh{ nx =2, ny = 4, nz = 1 }

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

structure({
unit cell type = primitive
unit cell{
a vector = 14.512 0.000 0.000
b vector = 0.000 7.256 0.000
c vector =  0.000 0.000 30.784
}
symmetry{}
magnetic state = para !{paralaf|ferro}
atom list{
coordinate system = internal
atoms{
#default weight = 1, element = Si, mobile = 0
#tag rx ry rz element
0.26177 0.50000 0.65651 H
0.73823 0.50000 0.65643 H
0.34138 0.50000 0.56971
0.65858 0.50000 0.56966
0.26229 0.00000 0.49388
0.73763 0.00000 0.49385
0.00000 0.00000 0.41498
0.50000 0.00000 0.40298
0.00000 0.50000 0.32769
0.50000 0.50000 0.32150
0.25000 0.50000 0.24167
0.75000 0.50000 0.24167
0.25000 0.20000 0.18269 H
0.25000 0.80000 0.18269 H
0.75000 0.20000 0.18269 H
0.75000 0.80000 0.18269 H
}
}
}
postprocessing{
charge{
sw_charge rspace = ON
filetype = cube !{cube|density only}
title = "Si(001) p(2xl) surface terminated by H atoms"
}
}

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

| ¢ grep TOTAL output000

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

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

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

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

0.26177 0.50000 0.65651 H

0.73823 0.50000 0.65643 H

0.34138 0.50000 0.56971

0.65858 0.50000 0.56966

0.26229 0.00000 0.49388

0.73763 0.00000 0.49385

0.00000 0.00000 0.414098

0.50000 0.00000 0.40298

0.00000 0.50000 0.32769

0.50000 0.50000 0.32150

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

}

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

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

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

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

Pt 2.8284271248 0.00 0.00

Pt 4.2426406871 2.4494897428 0.00

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

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

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

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

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

c vector = 0.00 0.00 30.00
}
symmetry{

method = automatic

tspace(

lattice system = primitive
}

sw_inversion = on

ZOBETIE, FURE OISR EER B Y £9, ZOREIEHT 572012, symmetry 712 v 7 DD
sw_inversion 8% on & L CWET, ZOEET —X Z AT 5 &, 48 L72D FET,

ZOBID XN, FHEITES HROFREZFE LT 5 2 L2 L > TERFREDRH D X5 I3 55605H 0 £,
ZDX DAL, swoinversion /X7 A—HX—% on T 5 LICE o GHHREERAFIEDICTE 9, FmicE
DITor RO 7 EaWaE SETRE AT O 5A1E, MO SESFMIEZEE T2 2 &1 Lo TR0 Saisk)
AR5 2 E N ATHETT,
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WPt

X 4.8 Pt(111) FORTEIE, REET NOFREFRIZT S Z LI X o TREBFRER D B,

453 5tE| . ERFRADER T RILTY—

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

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

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

Pt(111) A 9 EDQ1DHE, 736 JF+-

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

4.8 DET IV

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

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

410 DEFIL (ZOMKTIE, A— =L TFRLTND),

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

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

49 DEFI (ZOKTIE, A—S—BLTERRELTND),

o Pt

REe

- -

4.9 Pt(110) BHARRE (R —/ 2 —&/LFR)
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o Pt

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

4.10 Pt(110) T missing-row #&E(R—/S—NLFR)

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

FARERSENTT,

WTINDET IV SEEFE A B E

71 M A7 = 2F—(% 25 Rydberg

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

MR LOX G L IR DIRFT, REmND 4 JE5D

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

D

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

i 111 (110) MR (110)
PERT AL X — (eVIA?) 0.089 0.099 0.108
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46 [RF - N FDEE

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

461 NSRS A—4

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

unit cell{

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

KFFORNBEDATI NG A=ZTE, JFFERIH L, Mol kEhha=y ML ELTO0ET,

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

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

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

initial charge density = Gauss

structure({

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

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

atom list{
coordinate system = cartesian

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

}
}

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

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

}
rmm {

edelta change to rmm = 1.d-6
}

lineminimization {

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

PHASE (% SCF G5 - Lt 2] CREMBRIE 2R E 373, IR U7 B B & S22l o 7 — U 48 L, i)
SHLHZEBLAHETY, 29952 &1L ->T PHASE-Viewer 72 E&FH U CEATEBEDO AL ETITH) Z &0
FHECT, B A FEZE RN ) S/ D72 OI2iE, A7 7 A VO AT postprocessing 7 7 7 ZERK L,
S LIZZED TFIZ charge 71 v 7 Z#ERR LZED T CRREEITWVET L,

postprocessing{
charge{
sw_charge rspace = on
filetype = cube

}

charge 7'v 7 O FTIILL FOZEHOREZITOET,

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

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

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

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

&fnames

F CHR = './nfchr.cube'
/

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

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

S BIT, FFEDT RN —HIPHOEMERE 2k S H L T S E2HEES PHASE ([2i3 o> TWVES, ZoOk
REIZ DU CI, I AERBIC IS W TR L 97,
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411 Fe OEFBEHMAN. HFRLALDVADEIY, BREBLICI VAL, ZEIRA YV &/NIRA Y
NZE D ERBESHROEERZRT.
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4.8 KEZEDFE

SCF HREMIR LI=0b, REREONE A TR D Z LN CTEET, ERFEEOHEEITH I2DITE, A7
7 A VDEe EALIZ postprocessing 7 2 v 7 ZEK L, S HIZZED T dos 70 w7 ZE LED FCRREE{ TV
£

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

}

dos 727 CIILATOREEATH Z EMMTEET,

sw_dos BRI R AAT O I E ) MEARET HEUMETT, REEEORAEZTO%E on L LE
7%
method REEEE DRMREFIEAFRE L E£7, gaussian & tetrahedral OV EEERT 5 2 L3 T

X F7, gaussian FEIR L7255, =X 2N U ARSI L > CRER-87- T
FHE LTIRIEB DS D IVE T, tetrahedral DA TS K D eSS L5 R &
1752 EMMTEET, 727210 tetrahedral ZFIHT 2552 B OMEAIEDFIH T 5540+
HISHLTZS N,

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

IRIERFE DFHE 1A S LC tetrahedral 289 2558, UL FOSRENETZSINVTODXLENH D 7,
® kWL TV T FEE L Tmesh BEBHHL TN

accuracy{
ksampling{
method = mesh
}
}

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

accuracy{
smearing{
method = tetrahedral
}
}

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

Tk BAYTATFENFN10 X 10 X 10 ZEHLE LA, 412 BXOK 4.13 LV, Tetrahedral %=
THEFRIEBEE D SN v —T THRED LW EDOPELILTND Z L3000 £9,
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I L A ) N
e VoW T

e VWW\F S LT e

T T

DOS (states/eV)
o

2 —
3+ 1
4 . .

-10 -5 0 5 10

Energy (eV)
4.12 Gaussian ¥ CHE UL EROIRRER B
4 T T
3F ]

DOS (states/eV)
- o
T
1

2+ 4
3| i
4 | i
-5 1 1
-10 -5 0 5 10
Energy (eV)

413 Tetrahedral ¥ TEHE LIS OIRIER B

PHASE [ZI35 I Ko T LT RFTRREE D 2 3R D B8RE bl > TV ET, 2B W T,
JEFREREIC IV TR L £,
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49 1\ FIEEDFTE

491k BOT—3DERK

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

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

LET, £OENL, UTOLHRbDTT,

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

dkv 23k sLOMEIE, blx,blyblz 1Lk ~X7 hlb, D xy,z F/3 T, W& Fbb, by lIZ W T HREEETT,
FATHLBRIR SR R EE DV ANV DIEEZ LET, VRV OIEEIIMNATIIS D EEAN, HENH 55

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

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

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

<——-= kO
<——-= WK B

<----nl n2 n3 nd # Symbol

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

% band kpoint.pl bandkpt.in

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

141 141 (a)

0

OO O OO oo

50
49
48
47
46

50 100
49 100
48 100
47 100
46 100

()

e e

BIEBITRD X 9 BT,

(@
(b)

k SOEEAfEE L ET. ZopTiE, 141 HTT
4 SOEEHNE, FNE Nk S Z2RAD XD ITEFR L2500, ny,n3, ng, w2720 £9°
(Z ZCby, by, by 1Tk 7= F LT,
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k:wxc—m+—@+—mg
Ng Ng Ng

492 BIEBRDFAEETS

EEEMOHEIY, v/ T bekeal 71T LEHEHLET,
SCF Ot HEEAT>TeT 4 V7 MU —IZEEEMIRE ST L COREITH U A0, BEEBEE L o7 —4n
EEEXEINLNE DT A OF I EEEBMAOFTT A L7 M) —2{ERT 52 L2 BEd LET.

4921 NJ)NTA—=H

(1) file_names.data
file names.data IZHARNCIE SCF FHEOEE L IERETT A, F_CHGT #55!+C SCF #HElc k> T b =&
TIEE T 7 A WG TIN5 JN R 0 9. 207 7 A4 /Ui SCF #HHE CTHIF L7 file_names.data
F_CHGT #3BI - CHRESND 7 7 AV TH Y, BEED4H T nfchgt.data T7, 7= & 2%, SCF A ZIT-727
4 L7 Y —E FIZBWCEERER FHOAT) T — 4 ZE L T 5354, file_names.data (ZULF AR LET
Ny RoHAERDIZW Kk 50T —4 kpoint.data 13 file_names.data THRE T %7,

&fnames

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

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

&fnames

F CHGT = '../nfchgt.data’'

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

(2) ANJPRFGA=HT7A )L
EEBREHADAS 7 7 A V2R U E . FeARIZIE SCF #HE TR L7I2AT 7 7 A V& i d 5 &
FWTL LY, FEULROBIZTEERENETEL MLERNH Y F9,

® FT-DOEEDIER
RSB 21T > 2358, [EEBM O AT TIEZF OB SN - BE 2RI 2 %8358 0 97, 1o T, HEEm
AT 18813 F_DYNM 7 7 A JUZED N T Dtk DR % 28 | 1 OFEE AR E L TL 2 E U,

o AL
RS, LV O iEE FROEE T

Control{

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

Tl

R A1T 9854, condition% fixed_charge_continuation& L

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

accuracy{
ksampling{
method = file
}

}

® ck_convergence 7 17 v 7 DRIE
EA RO ES 7 P A5RET 5, accuracy.ek_convergence 7 11 v 7 DRREEAT I LENH Y £9, LLF,
ek_convergence 7 2 v 7 DRtk D&~ L ET,

accuracy{

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

}

ek_convergence 7' 11 v 7 DA OERIT FRED@ v T

num_max_iteration VIR LEFED FREZEE L £

delta_eigenvalue WORHIEZRRE LET, ZOMEDOT 7 4/ Mi(l.e-15 hartree) |3V NS T E2HDC, M4
FLCL &V IR, 8RO AT Le-d rydberg B2, &JBDOEA1E 1.e-6 rydberg
BRENRLNTLL I,

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

® JNN—DHRE

ekcal DT 7 4/ b Y N—[FHiflI7: steepest descent £ TT, ZDOHIEDGEICREEIEKIZ/2 5 DT,
Im+msd, davidson, rmm3 /L 3—72 8% ZRIHL 7230,
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493 1\ FIEERIDIERK

AT UTRER, Bk ADOK /S ROBEA TR LF—)NT 7 A L nfenergy.data [ZH /) SHvET,

num kpoints = 117 (a)
num bands = 8 )
nspin = 1 (c)
Valence band max = 0.233846 (d)
nk converged = 117 (e)
ik = 1 ( 0.500000 0.500000 0.000000 )
ik = 2 ( 0.487805 0.487805 0.000000 )
ik = 3 ( 0.475610 0.475610 0.000000 )
ik = 4 ( 0.463415 0.463415 0.000000 )
ik = 5 ( 0.451220 0.451220 0.000000 )
ik = 6 ( 0.439024 0.439024 0.000000 )
=== energy eigen values ===
ik = 1 ( 0.000000 0.500000 0.500000 ) (£)
-0.0484324576 -0.0484324576 0.1258094928 0.1258094928 (9)
0.2619554301 0.2619554301 0.6015285208 0.6015285208

energy eigen values ===

ik = 2 ( 0.000000 0.490000 0.490000 )
-0.0540717201 -0.0427149632 0.1258687739 0.1258687739

0.2607026807 0.2633829927 0.6006243932 0.6006243932

FKHEBZHALET,

(@  k S¥ ZofTik 141 T,

(b) Ny R oL 8 T

© AECHBE, 1 02 OEEEVET, ZOFITIE1 THY, AL U0MmEER LRVWEEICHSE L E
7

G 7 )V TRV —DfE, PEERKERR DG AME RO o r B =gk SvES, BALE
— hU—T7,

(e HEL-k A

® BEEOERIZLRENET, ETZOTT, ED k AT AEGET—Z 0035900 £4, 20
FITIE 1 FEHDOKk T, TOMEELHE X7 MVEFEEE LT0,05,05) &7 ET,

@ EAEOT—2 ), v RO snEd, Bid— U —T7,

A EREBR LUIZFEOSEE(FREDE) 252 OBE) bIEIEREED 7 7 A VEX T, Figd(e) DRk “UP”
7 “DOWN” LRtk Eid, EWVVIEWLRSH Y £9, TNENEEIRA B L EDEIRA B AT D [EAE
NEXHEINFET,

ik

ik

energy eigen values ===

= 1 ( 0.000000 0.000000 0.000000) UpP
-0.1998699758 0.0267639589 0.0267639589 0.0267639589
0.0725171077 0.0725171077 1.0289118953 1.0289118953
1.0289118953 1.1650173104 1.1650173104 1.1650173104
1.2129026022 1.2129026022 1.2994754011 1.2994754011
1.2994754011 1.6365336765 2.2629596795 2.2629596795

energy eigen values ===
= 2 ( 0.000000 0.000000 0.000000) DOWN
-0.1960420390 0.1062941746 0.1062941746 0.1062941746
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0.1799862148
1.0183970612
1.2192701193

0.1799862148
1.2174266166
1.2192701193
1.6910264603

1.0183970612
1.2174266166
1.3289165100
2.2876818717

1.0183970612
1.2192701193
1.3289165100
2.2876818717

1.3289165100

ZDX D IRT—EE N RREER ZAERCT D DITFEMD D20 £978, PHASE (21X 2 OfEEN B/ M
X & U AR T2 “band.pl” £ WD Perl A2 U7 R2MHE L CWET, bandplid, AFOLIIZETLET

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

BlE LT, OISO/ iGN Z X 4.14 1R LET

Energy (eV)

-10

X 4.14 AOSIHEEON FiEEX],
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4.10 1EFEH
4101 5t&EAE

KT ERY, O ERICBW T RN —55ETH 2 LIC Ko GHRT 5 Z ENARETT, KRS, 2
FeaDGEIIIR D~ —F N DIRBEHFFERIZ 7 4 v b5 Z L2k o T BHEE- T Cldie < IRKFEHMER S §
LB ENERETT,

BV , Vo\  V\E
FoV) = ————— B (1-31) + () = 1|+ B
B (B —1)

T 2 CE o (VITHATHIOMFEY (2 351F 22 3L —, BIIARIEMER, B TR OMEIMLY, Vol 3L

TR RIS D EADOUEE T, BB Vo, Ext(Vo) D 4 DINT A v T 4 L I 78T A= —TF,

4.10.2 5tES - Si #E5&

Si ROk TEEOFHAGITT, OB, sample/Si lat TF,  Silat DT, S HIC volxxx L1194
TTA4VI P =MHELET, FxOVTT 4 L7 MY =i, xxx L0 BAIROEEIMIE LI AT 17— 4
PRRENTONET, 72EXUE, vol1200 £V 57 o L2 kU —IZB HFEET VOISEFLL T DO L 917
TWET,

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

atom list{

atoms {
#units angstrom
#tag element rx Ty rz

Si 0.125 0.125 0.125
Si  -0.125 -0.125 -0.125
}
coordinate system = internal

}

unit cell{

a vector = 10.62658569182611066038 0 0
b vector = 0 10.62658569182611066038 0
c vector = 0 0 10.62658569182611066038
}
symmetry{
method = automatic
tspace

lattice system = facecentered

}

sw_inversion

}
unit cell type
}

on

bravais

S — 21, 7T 7 a PR ERET — 2 CHRE L CWVET, ﬁW?VTVT%im@TTﬁ KA ER AR
2D T-ONZEEE S 2 D DIF TN D DT, T EROREIZIZT 77 > a FIOVEEERE L TWDH EE X
\ij—o
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unit_cell_type & L C bravais #£¢H L, & 5(Z lattice_system (T facecentered ZH5E L TV ET, ZD LT
THZEILE ST, BTEHEOEREN LT WT TR L > TATIOE T A2RE L, FEEROHEITI VA
T DD IRNHARE A TITO T EDFREE 72 D £,

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

FHEEITV, ~—F A ORREEFERIC T ¢ v b UTAERZX 415 L3 4.4 (ORLET, 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

-1271.02 /o

127104 | O -
127106 |\ o 1
127108 O

-12711 \

27112

energy (ev)

-1271.14 |

-1271.16 |

-1271.18

1271.2 - . oo o
145 150 155 160 165 170 175 180 185 190
volume (A3%)

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

R 44BN HETER L AR

PHASE ST —H
a(A) 5.48 5.43
B (GPa) 87.5 98.8
Ecoh (eV/atom) 4.60 4.63
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5. it FRtssEE

5.1 fgtfTikse
511 R RLRTUYIL.
5.1.1.1 BEAEDHEE

PHASE (1%, A VAT U VI IVEHETHHEENH D £, A MLV AT UV NVERETHZ L2k, wrEE
BAETH LN TEET,

5112 AT A—%
AR VAT U YNVEFRETHIZE, AT A—H 7 7 4L nfinp.data (23T, structure_evolution 7' v

T D FD stress 71 w7 T, ANVAT VY VEEEZANIT HEEE LET,
Si (IFHEH) DASIRTA—=2 7 7 ANOFELL IR UET, HEAIEIL, sample/stress/ TT,

Control{
cpumax = 24 hour

}

accuracy{
cutoff wf = 20.25 rydberg
cutoff cd = 81.00 rydberg
num bands = 20
xctype = ggapbe
ksampling{
method = mesh
mesh{ nx = 8, ny = 8, nz = 8 }

}
smearing{
method = tetrahedral
}
scf convergence{
delta total energy = 1.0e-10
succession = 3
}
force convergence{
delta force = 1.0e-4
}
initial wavefunctions =
matrix diagon{
cutoff wf = 5.00
}

initial charge density = Gauss

hartree

matrix diagon

rydberg

}

structure({
unit cell type = primitive
unit cell{

funits angstrom

! Unit of LENGTH changes to Angstrom.

a vector = 0.0000000000 2.7296850000 2.7296850000
b vector = 2.7296850000 0.0000000000 2.7296850000
c vector = 2.7296850000 2.7296850000 0.0000000000
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}

symmetry{

}
}

structure evolution{
stress{
sw_stress=1
}
}

crystal structure = diamond
}
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 dev
Si 14 1.2

SCF

A LRI PHASE #54TL £,

| $ mpirun PATH TO PHASE

RIED T LI OREREMER L E TS

|% grep -A3

'STRESS TENSORS' OUTPUT FILE

STRESS TENSOR
0.0000003475
0.0000000000
0.0000000000

0.0000000000
0.0000003475
0.0000000000

0.0000000000
0.0000000000
0.0000003475

A RNVAT YL

X, X, X,
Y, Y, Y,
Zy Z, Z,

OFATHASITOET, HAHSHTODAEOENIE [Hartree/Bohr3] T3, EOFRSRTIIANT—Z &L
TOTNETER NS B TH DD, ED X,,Y,,Z, BDEHSHTOET, Mt L1280,
JRFHIRRDEI D GVDALEIZ D HDIRFTA b L AT Y VOERGNE 0 12720 £,
Fio, FIVBVDREDD OIS TEE e). AT 4 TARATEHE o)EHWDE RO X D727 7 OIERIRLY
MHET,

Xy = C1€xx + C12€yy t C12€5;

Yy = C12€6xx T C11€yy t C12€5;

Zy = Cip€xyx T C12€yy T C11€4;

Xy(z Yy) = Ca4€xy |

Y, (= Zy) = C44€y; J

Zx (= X;) = C4a€5x

5.1.1.3 TR

A VAT Y NVOREREN S, BHERAFRLET, 22T S G2 2B LET,
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ARVAT UV 0 LD TEREZRLET, IEL A RNV ART U VVEET DI, BT
FERAHET A 2 LAMETT, ZOFBEIL. A RLATUYANIRD 0 LR TERLE 72> TOVET,

a vector = 0.0000000000 2.7297895000 2.7297895000
b vector = 2.7297895000 0.0000000000 2.7297895000
c vector = 2.7297895000 2.7297895000 0.0000000000

A NVAT UV NVEGHETD E T X ) 7efERkn i shE 7,

% grep -A3 'STRESS TENSOR$' OUTPUT FILE

STRESS TENSOR

0.0000000000 0.0000000000 0.0000000000
0.0000000000 0.0000000000 0.0000000000
0.0000000000 0.0000000000 0.0000000000

BRGNS 720 TND Z E(BH DV 0 12725 TS Z ) EMERLET, WIT, x BRI 2 E)NC
(Z ZTIZ 0.005 angstrom) 35 LE9, unitcell |E x5 TIC 0.01 angstrom KX <720 F9,

AR RBED KO lCET L ET,

symmetry # 71 T HIRFZIFT AL ML TLESNY,

a vector = 0.0000000000 2.7296850000 2.7296850000
b vector = 2.7296850000 0.0000000000 2.7296850000
Cc vector = 2.7296850000 2.7296850000 0.0000000000

Pt A f& 2 72 ECRPR LIRS SUILL T O L 912700 £,
% grep -A3 'STRESS TENSOR$' OUTPUT FILE

STRESS TENSOR

-0.0000093954 0.0000000063 0.0000000016
0.0000000063 -0.0000033142 0.0000000000
0.0000000016 0.0000000000 -0.0000033163

Z OBEOFEERORFEITIE, A S VAT VDM EHNET, MPECLY . Y, v e Z, By
T—ET 2bDRDT, Y, Z, 1TENEIOFEIE-0.00000331525 2 A2 Z LI LET, ZOFHRHIE T,
FHACEIHTONT A 5.2 COERADOT,  FEMATIIERGIIC 0 L7220 97, ZOREROIE A IEERR =
IZEDbDEEZLNET,
FHRTCHWRS FEEL L 890 BV DNLEDN DO xiili 5~ 0.01 angstrom), 55172 A L AT Y Ly
b, AT A4 TRAREHCy, €1 BIRADPBERLET,

Xy = Cr18xx T C12€yy T C12€5;

Yy = C12€6xx T C11€yy t C12€5,

Zy = Crplxx T C12€yy T C11€5;

Xy(z Yy) = Ca4€xy |

Y, (= Zy) = C44€y; J

Zy(= X)) = C4a€zx

AT 4 T FRAERC 1, Crp LT O X HICER SN ETEAIE [10%2dyn/cm?]),
C12 = 05325178

— 05, TR THRE Y) - BT Y U= P) - ARERERE VI AT 4 T R AT E FAWTRO XD 75
TEIRINET, AR Y/(2+2P) EETET,
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2 2
_Ci1tc1a6ip — 2¢y

Y
€11+ Cq2
C12
P =
C11 T+ C12 !
C11 + 2¢4,
3

Y ~ 1.231[10'2dyn/cm2] = 123.1[GPa]
P ~ 0.261(16)
V ~ 0.858[102dyn/cm2] = 85.8[GPa] }

K OREE DB EERORR AT WS, cutoff wl, cutoff cd ZREDIZE Y| EREE T
WORSELBEN DY | FHRIFRON DRI Y £,
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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, JRFEIL B RIPRIERE Loy B EOF R O % BaO/SI00) i 2 Bl Zii] L E 5,
IO 7=, BaO OFT- 8T Si & 7] Uk 7 E55(5.43A ) & AV E3, 2 LC, [ 5.115759 & 912, BaO/Si(001)
FUHOFAAEEIL B @b n v ) a @l 6 J@hnn72% Bal Ea 0 TIPS LET, 2o Ba0/Si(001)
S OF BT sample/BaO_Si001 T3,

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

structure(

unit cell type=bravais

unit cell{
'l a 8i=5.43 A, c-axis=5%*a Si
'l (c.f. a Ba0=5.52 A)
'#units angstrom degree
a = 3.83958982184, b= 3.83958982184, c= 27.15
alpha=90.0, beta=90.0, gamma=90.0

}

symmetry{
tspace(
system = primitive
generators {
'#tag rotation tx ty tz
E 0 0 0
C2z 0 0 0
}
}
sw_inversion = off
}

magnetic state = para !({paralafl|ferro}

atom list{
coordinate system = internal ! {cartesian|internal}
atoms{
'#default mobile=no

l#tag element rx ry rz num layer
Ba 0.0000 0.5000 0.05 1
o) 0.5000 0.0000 0.05 1
Ba 0.5000 0.0000 0.15 2
o) 0.0000 0.5000 0.15 2
Ba 0.0000 0.5000 0.25 3
0 0.5000 0.0000 0.25 3
o) 0.0000 0.5000 0.35 4
Si 0.0000 0.0000 0.40 5
Si 0.5000 0.0000 0.45 6
Si 0.5000 0.5000 0.50 7
Si 0.0000 0.5000 0.55 8
Si 0.0000 0.0000 0.60 9
o) 0.5000 0.0000 0.65 10
Ba 0.5000 0.0000 0.75 11
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@) 0.0000 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 A

JEA53END JBFTIRIERE S 234 D 12132 7 Postprocessing DI 7 dos & % 7' 1dos #EEE£9, LT,
4 7 dos D OEH sw_dos Z ONIZL, #Z 1dos DT DLEH sw_aldos % ON IZ L E T,

Postprocessing{
dos{

sw_dos

method

@)
=

Q

1
ldos{
sw_aldos = ON
aldos{
crtdst = 6.0 bohr
naldos from = 1
naldos to 19

}

}

4 7" aldos D OZEL ertdst ITHNAE 2 JF A Z SR e J A ZEiiRpEd 5 & & OFRIEEECT, EDF)»
O b Z OEFSHRBELL FBEN QO Dk IR e & Al SivE T, BZEREIRORIEE Y, RO+ &
HOJFEFRFTIRIEEE & L (R I £7, naldos_form & naldos_to (2SR ERFTIKER E 2 51583 2 gD
A RO EHEELET, THERE LW E ROV R OEIRFTRIEEESFHE S ET, £
7=, #7 atoms O TEE aldos % off |2 L7 ORFTREEREEITHE SN ETA, 2% aldos LV b
naldos_from & naldos to D AME SN E T,

FHRAERIY dos.data ICHI I SIVET, REEBEEXZERT 51213, (HED Perl A2 U 7 | dos.pl ZfEVET,
PIFD X 91234UE, dos_a001l.eps,dos_a002.eps,...,dos_axxx.eps &\ \o72RA MAYZ U N7 7 A )LDMER S
nET,

| % ../../../tools/bin/dos.pl dos.data -erange=-30,5 -dosrange=0,12 -mode=atom

BaO/Si(001) it O -y B RPHRIE B B 2 1R L7312 X 5.1 1R LET,  Si,Ba,0 OFE 0 ERPrkRes
FEZENENDR A DRHEE D Z ENTEET,
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12
10t Si
2
% 8
Qo
8 6t
2
wn ! 4
2 4 |
= 2 ' [ | ; ‘l
I
0 ; lu‘gl!l. ‘:M,thr: )
ol 9% Ba 9P
3
% 8
2
T 6
7 |
n .
o 4 |
= ”
0 1 k L L*V': .lj‘lll
__ 10} o 2p
2 2s
% 8
2
Y |
°
n !
2
(m)] 5l
) I | f
0 L 1 Ll Mb‘x 1 'kﬂ‘l.&ljl
30 25 20 -15 10 -5 0 5
Energy (eV)

5.1 Ba0/Si(001) FE#EEDRET-HEIDRPTRBHRE, Lo/ 3/ : Si J@HRo Si OFFTIRBEE, Fho

73RV : Ba0 JEHHJD Ba DJFFTIREEEE, T D/ 3RV : Bal BHRD 0 DFFTREEE,

5.1.2.3 @B RPTIRAEE

J&5YE|D JRFTIRBER EE A 3159512134 7 Postprocessing DHINZZ 7 dos &% 7 ldos #EE £9, =L, #
7" dos DFDOZEE sw_dos 7= ON (2L, # 7 1dos DHDZELL sw_layerdos % ON [Z L FE T,

dos{
sw_dos = ON
method = g
}
ldos{

sw_layerdos = ON
layerdos{

slicing way = by atomic positions !{regular intervals|by atomic positions

deltaz = 1.0 angstrom
normal axis = 3crtdst
crtdst = 3.5 bohr
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}

4 77 layerdos DHDZSL normal_axis TIIENET 5 & EDOBOPERSZFEE LET, 123afiliT, 225 il
T, 3McliinzFR L ET, £¥ slicing way (2 by_atomic_positions Z45ET 5 &, JFANALEIZ X - CTRFTIREER
EAHAETAEEEDD Z LN TEET, ZOWE, ¥ 7 atoms Tnum_layer (ZX -~ T, NG ENLED
TR ELET, TR LE, #ED AT T 13 HOBIZAIRF2E D B TTWET, 24 slicing way
\Z regular_intervals Z5E T 5 &, & HHEEA FHIEICHE L CTYER LA BIC W CRpTREEEE 2R L E
9, TOMBRIIEE deltaz [T AT U ET, £ crtdst 13E 2 VBT 2 iE A b 2 BEAUREE T3, SO0 D
Z ORFS RS CREAER L £,

JEOFHIZBIT 5 TR K 9 2250828 output000 (ZH ) SvET,

!'!1dos no, min, max

!'11dos 1 0.00000000 5.13060607
!'11dos 2 5.13060607 10.26121214
!'11dos 3 10.26121214 15.39181821
!'11dos 4 15.39181821 19.23977276
!'11dos 5 19.23977276 21.80507579
!'11dos 6 21.80507579 24.37037883
!'11dos 7 24.37037883 26.93568186
!'11dos 8 26.93568186 29.50098489
!'11dos 9 29.50098489 32.06628793
!'11dos 10 32.06628793 35.91424248
!'11dos 11 35.91424248 41.04484855
!'11dos 12 41.04484855 46.17545462
!'11dos 13 46.17545462 51.30606069
!'11dos 14 0.00000000 0.00000000

no [FBOEHE ST, min & max ITED FuRONE & FOMEEZ R LET, &EROBIIEE LI-LISNoOfEE T
7,

FHRRERIY dos.data (CHI /I SIVET, REEBEER 2B T 51213, FHED Perl A2 U 7' | dos.pl ZfE7,
PIFDOENIFATTHE, RA RAZ U R 7741 dos_1001.eps,dos_1002.eps,...,dos_lxxx.eps MERR SV E T,

o)

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

BaO/Si(001) i D B RFTIRAEE E A 5 1R LI R 2 X 5.2 1R LET,
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= Bulk Si
E 15
5 10
g 0.8 eV
Q = i ' .
9 L L0 !’ "?ll'ni‘.l.“.ii,»‘!xlhl"u i
- Interface Si
= 15
8
I 10
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Qe 5
0 4 s I\j | l‘I’I )i ‘4.."1\}.“. .1,1]"”“1',1 J
Interface O

|

DOS (states/eV)
>

5 | ‘;
by
o Ll -:Vl!"m]lghhll Lk o

Interfac? BaO |

/ '
|
. J‘A”””””” ’ | ?[ J& l .

X

DOS (states/eV)
=

S 15
: 226V
f!"i 10 ' | l
2. ) | W
L 0 L
: : b L
-20 -15 10 5 0 )
Energy (eV)

5.2 Ba0/51(001) REAGEDEAEIRFIREHEE, —F LD/ SRV : Si @OTREBROFFIRBRE, o>

B E D/ SRV Ba0/S1(001) FED Si IDFFHREEREE, 50D/ SRL : Ba0/Si (001) RE DK D=V D

JRETRRREEEE, T>5 23 H O/3F/L : Ba0/Si (001) FRED BaO MIDOFETRIEEE, —F T D/ 3K/ : Ba0 FOH
FARIRO RBTRRBE L,

5.1.2.4 T/ THIELE

Ey AR 2 # R DT A 7 Postprocessing DD 7 charge TIHREEL £9, # 7 charge DHDOESE
sw_charge_rspace & % 7 partial_charge O D4 sw_partial_charge % On (ZL £,

Postprocessing{
charge

sw_charge rspace = on

partial charge {
sw_partial charge = on
Erange_min =0 eV
Erange max = 0 eV
Erange delta = 1 eV
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2% Erange_min & Erange_max (2= RV —EOR KB & B/ MEAZ AT LE T, =R —138E0%5E
7 2L Lo BIY, MERRIROGATIIE 7 RO X =B HI0 £9, 24K Erange_delta (ZAT)
LTAEDMRD = RN F—BEFDOT I NF—HIAFR L ES, 20L&, KO F—HEIIOHEE T 2 &
912, 2% Erange_delta DfEIIAE SVET,

717 7 A4 7L output000 {ZIFLA FORRIZ =V —ERIZBET D H 1038 0 £7,

!pc nEwindows = 20, nvb windows = 10, ncb windows = 10 <<m ESoc_ set nEwindows pc>>

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

'pc (asis) (shifted) (shifted)

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

nEwindows |ZT3R/L X —ED#HCTT, nvb_windows & neb_windows [ ZZ3LEAUMNE IREE L {588 IR
EELT IR —EBOBTT, iw T RF—BOEFSTT, if_elec_state |ZTELDTFILX—ITE IRIEN H
HINEIWDERLTCONET, ZOMED 0 ORFTE FIRIEN/2 L, 1 ORFZIEE FHIREENFE L ET, Flasis 121X
ST HA, T LR —EOFPFIVR SN TOET, —oDF shifted |ZITTRAF—DEHENSLH-7- & X DT
FILF—ZEOFRPHDNRTHNL & eV BN TREINTWVET,

Z5%% partial_charge_filetype |Z individual 7213 separate Zf5ET 5 &, FTRLXF—RI LIGFHRINE
FHEENE ST SN2 7 7 AU SIVET,  ZOBEOARIONITHIL, AV HNR2WGAETHIUS,
F _CHR = nfchr.cube (Z5%f L T nfchr.00xx.cube (xx (ZiX FOFRD iw DfERAD) &) LoD £4, A
VOGS HEEAIZIE, F_CHR = nfchr.cube (2% L C, nfchrup.00xx.cube, nfchr.down.00xx.cube ¢ —fHfH
D7 7 AIVPERINET, EOFRTIf elec_state 23 0 1T/ > TWD DI, FOFFICEATED B HIREED 72
W2 EERLTWET, EO8A, cube 7 7 A /UTARINVER AL,

integrated ZiEINT 25 EKEMEBEENOE DD T 7 A4 JVITEBRE S, KEMELET — X O EHICIE
PARTIALCHARGE 72355t &, #&0 121Z END 25tk &ivET,

BaO/Si(00D) S Doy Efia B 2 it LI fE R A M 5.3 1R LET,
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5.3 Ba0/Si (001) SREMEEDE S BMEE, (a)Ba0/Si (001) FEEENETT /UK, (b) 7 =/LI L~YVE T (B

BHIRNAXE—13-0. 05eV 535 0. 0eV F T) DETFIREBOE S ERIEE, () 7 =4I L-YUE E(BHT AR

0. 0eV 525 0. 05eV & C) DB IR D ERRBE, EFHEIXL X 10750251 X 10 3E TR RSN TVET,
HBOVEDITITETFID7L, ROGEIITETHEL o TVET,
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® LM - STM Gofighr

Y R AR5 &, STM QA R#ET 2 2 EANRRE T, T L7V VA T AKRT v Uz
xﬂ; L7cmp VX —7 ¢ v RO OEYEREEZ, K5 & HFEEEHEL 7 LT @05EH Fo STM
B3, LUF, Y77 —H (samples/stm_by_pcharge UL ) ZFIH L CEHEHEE BRI L £,

F 7L, Si D001 HIARN T 5T —F TY, O PHASE ANIZ, LLFO L5 ICER BRI 0%
EEMZTOET,

postprocessing({
charge({
sw_charge rspace = on
filetype = cube
partial charge{
sw_partial charge = on
partial charge filetype = individual
Erange min = 0 eV
Erange max = 0 eV

Erange delta = 1 eV

CDOEITRETDHZ EIZE ST, 72 I Zf T =004 T1eV 5H0eV FTOT—X L 0eV inH1eV
DIZFNF—1T ¢ > RUOEHSERBEENHISNET, 2N, -1V (HARE) 8L 1V GELHAIRE)
DA T ART v VIS LTz STM 823G onEd, ZOANT—# =25 L CGHREASE-T 5 &,
nfchr.0001.cube (-1 eV 75 0eV OEFIEET—H 7 74 /L) & nfchr.0002.cube (0 eV 725 1 eV DOFEMEE
F—R 77 A0 MERSNET, ThEN, REHD 5 A FUEHE- S oo L ¥ —[X% HAREEICONT
X 5.4@INZ, FEESHRECOWTH 540TRLET,

X 5.4 8i 100&E D STM 4, (@) SFREDR, GFESHEREDE,

5125 7L 5 V7 MUEBERT L v VAR L TWOAIEEOEEL
JRFTIREEE SR A DLV N T V7 MERT v Uy VERIA L GHRET 2356, FEFICE < OFERTD D> T
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Li 5 %75§3?) D \i—g—o :ﬂpiﬁ—\’?ﬁ%ﬁ@%{-ﬁézﬁﬁﬁﬁﬁﬁi‘z))z))o"C L‘i 5 7\7))% f&@'@—a‘zﬁ" :@% %%%?Fﬁﬁ???
5 LI Lo TEdb A TR 5 LS TEET, KIAERN

% \ivﬁ«o

DEFEZEZERTITHITE, UTD L I RBREETT

Postprocessing?
dost
sw_dos =on

}

1dost
SW_rspace =on
sw_aldos =on
sw_layerdos = on
aldost

}
layerdos{

= Sy m

Idos 7' &2 v 7 CT&¥L sw_rspace & EFe L, TODfE% on & 3 HUXKIE &R

75
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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

g w N

N NN
N e

1
2
2
2

o o o1 O
N~ O

}
}
}

no |ZHUEOHAIESZHE L ET, BIKARETY, group 101%, “BuEZ/N—7" ZIBELET, O& Lo
(N2 EILEZ IR C group 248 L9, radius (ZIFHUEORE R—T BN ClRE L £, FAREE
BEDMFRE L0 b/ NS ARMENR B Z2 L 720 £97, 57 40 MilEld 1bohr T, 1 1213, #EAEHELZfEE L £
T, 0 2%s #{iE, 1 2 p #uE, 2 N d #uE, 38 f BuElchs LET, BRI, t ICERTREEELET,
72720, ZOGEDOTFETHEITER T o VY VL RIZGEOTEETETH Y, IFEALDEE 1 L7220 £7,
BT VU M Lo TIAEENEDR CHLUED 2 DERSILTWDEENH Y £3,2 209 LR /LFXF—0
EWHEFEELIWDEAICt DfEEZ 2 L LTLIEEY,

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

»

x(x% —3y?)

7 y(3x% —y?)

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

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

postprocessing{
pdos{
sw_pdos = on

}
}

HELIRREEE DOFE 7L, postprocessing D dos 7 1 v 7 12T HHREIHENE T,

5.1.3.2 ftEMERDOH T

PDOS: da= 2 1= 1 m=1 t=1

No. E(hr.) dos(hr.) E(eV) dos(eV) sum

6 -1.95781 0.0000000000 -56.762838 0.0000000000 0.0000000000
16 -1.95681 0.0000000000 -56.735626 0.0000000000 0.0000000000
26 -1.95581 0.0000000000 -56.708415 0.0000000000 0.0000000000
36 -1.95481 0.0000000000 -56.681204 0.0000000000 0.0000000000
46 -1.95381 0.0085366260 -56.653992 0.0003137151 0.0000002437
56 -1.95281 0.0176460501 -56.626781 0.0006484801 0.0000254127

PDOS: &) SCFHNINBAEE DTS, HEARIERET — X DIEE 0 2H 50 LET, 1a=DB%ITkInT 2570
ID 28, 1=0& & kST AHuEAEEEDS, m=0Dbh & kST DR E TR, t=0dH & kST 5 FE 15
NHEAENFET, FRLEOITIY, 1@F ORERET — X LA LT, WEE T EHUEDOMREOXIRE, i
RLUTUWET,

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

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

F(135 L. EPS B 7 7 4 /L dos aAAAILmMtTeps AHISIET, AAA 13510 ID, L (3#uEfi5E
B, M IR E T, T IdEE RS Licdercd, £/, -data=yes A7 v a U EFHTS L, #uE
LB SNIIRREBET — 2 T 7 A NEH/DHZENTEET, TOT7 7 A NV4E, EPS 7 7 A VOHEE
% data [ZEAHE LD ERD FT,

4

5.1.3.3 51545 : BaTiO3 fhdhD4Takaess i

BaTiO3 ik RARRER I & 3t LB T,
BaTiO3 |3 ~m 7 20 A Mgz & DR TT, BEITITE ST, S7dIEREII s T, 2
DOFITIE, MEEZ I TO L IITHEL, e LTRIEL TVET,

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 flftDOBREFE LK 5512, Ti O d $LEITHE LIORIEEFRELZK 5.6 IR LET,
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5.1.4 7 —TRg%k
5.1.4.1 BRI

BRI IR BT o T 7 1y AR LRI D & LTERSNET, 7o v REE k 2B L T7—Y
TR D Z LIS I VIO ND R LB E U = B L FFONE T, U =B OEI I E AT O
WEZRT T, TOFNOREEEDIBE RGN D ZENTEET, £, V= 2 RIETOH%
720, EFREAITETOMANMEONET, —RICV =BT —BITEE Y THA, V=2 OIRNY
DSEINTIR D KOS 5 Z LIk Ebh 5, —BICEE 2BERRIFEY =B L VNET,

BNFET =BT =B DI 0 23RS (A3 VIR 2o N5 L0 i7m vz =
2 ) —ZSHL L TRO ET, SN DRI =4 U —ZE B THIDORIEL T, JAH VI A =& U —EHTHI 1
B LTy L TEBNDITHNEY =B DIEN Y Zed D=4 ) —Z D T 72 > TV ET, ZOH1H 12
Iz ) =L TN Z & T, V= BHoLN 0 2/ NIT 22 ENTEET,

5.1.4.2 14 - Si OEKRFHEY =B

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

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

}

B D AFLDO R E S3 eps_grad LU N2/ 7= HRFRIFHKE T LET, dt (3520 MEOIAR) L 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 OFSREIAT DA DFHRE T LM T XA,

ksampling{
method = gamma

}

F7z, WHRHRIZIINIE L T ER AL, WEHRTIOR LSRR EFTO DA, FRISIOMKLEL L LTV
=B OFRE LTS 7ZEN,

Si ®U =B OFEBIEIL, sample/wannier/Si8 T9, ftREZFETTH L, V=KoL LT,
nfwannier.00001.cube &\ o727 7 A /LD 16 fEH/ISIVET, ZNHDO—>Z AL LT-RERZ X 5.7 TR
L7, KV =xf0T Si-Si FEARISREL TWAD Z ERbn £97, Ziud, Si fsmofiardeamiiaT
BHHZ L ERLTVET,
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(b)GaAsis &

5.751 i (a) & GaAs #Edh (b) DERASFFEY = BHK

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

wannier{

sw_randomize = ON

}

F77, IR/ RBE CTHEDIMNE T L TCWVWAD K9 TLZD, sw_continue % ON & U CEHRLZ#MKGE LT <
7280,

Postprocessing{
wannier{

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

(1) HEREOHEE

Wannier90 ~7'©2 7' A(http://www.wannier.org/) & #HET 5 Z LI K> TV == BA 135 Z L L ARETT,
Wannier90 7’11 75 I LS % Z 212 L > T, PHASE ISHAAENT- U = T BETISRE CI3Eid 5 = &
DTER, LLFOREZEITH 2 ERNATEETT,

L2 TRL, ROk S 7)) U= a 95 2 L3 alge
U=l LY, Ny RREERFRS 2 L ANATRE
U= R Y, 7 b S EROZE I ST A R L ORETEIAS ATRE

ZZTiE, PHASE % Wannier90 &St C ERO & 5 23HRATT S HIEAHH LET, AMREAFIAT 2
e, o w =7 A RHb Wannierd0 7' m 7T AEATFL, 3L UEEETT> TR T IE S0,

(2) ®tEFE

Wannier90 &3EHE U CHEATZAT 91213, LA FD L 9 220W 417\ vE 97, Wannier90 D AT 7 7 A MERFIEL,
Wannier90 Ot—H—<=2 7 LEBR LTI 7ZE0,

1.

2.

Wannier90 O A7 —X 2B LE 9, 771 V41T seednamewin & LE7, seedname | IEE DT
BT, ROLHITREERELET,
Wannier90 %z, UL FDO L9z “FV Fakvre— R CTETLET,

o

% 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—=F—T 7 A VEERLET, HTFEES k 57" 7% Wannier90 DA
B TRELE T, TOEMBIIHIEIZIWCTRITLET, 5612, postprocessing 7 1 v 7 2L F 48
LET,

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

72545 seedname | RO seedname Z " EH | CHE L £, sw_wannier90 Z on £ 952 LI2L->T
Wannier90 23357 7 A Va7 52 LN TEE£9, nb_wan90 (21, Wannier90 THIFF 53
> FEEFEE LE9, PHASE O30 REUL FOBIEIZ T 208 R H Y £,

PHASE %@ 0 347 L E4, TOfE5%E, Wannier90 73458 & 4 21 THIEE T — & C[EAET — & Dtk
ENFZT7FANPELNET, 72721, Wannier90 254257 —% OHINFIETFIFE TIT 5 LWERH
HDT, WHIFHEZ LI2WIEEIT0E £ sw_wannier90 % off & L CRFAEZINR I H7-H LT
sw_wannier90 % on & L, FEIFIOMKGEEHH T Wannier90 O 1 TNET,

Wannier90 #5347 L £,

% wannier90.x seedname |

ZORER, Wannier90 O v 7 1710V = 37— DiEHy, Wannier KD X A " T 4 TN
IV NET TR EBEONET, seednamewin DFXEIZ L - TE, EDIFHVY REES T = /L T
GRS DIZOITME 2T —4, 1 POUREfTORER I E b EOIE T,
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http://www.wannier.org/

(3) U=

wan_interp 7177 AL, Ui E T TN RS Y 2 VL HEOHEEZT) T /I LT, DY
— A 2— K3, src_wan_interp A FIZH D T, aL A N30T DT 4 L7 B —~B0, 231V
DY x)VAZ Y7, makesh H® Fortran90 =731 7—& LAPACK 74 77V —OREE{ToT2dH &
make.sh ZF{TLTLZE, 728, V=2fifiic L5130 REES Y = /L I HEOFHRIL, Wannierd0 AAKIC
Lo TSI 5 Z & AMRE T, DY, Wannier90 O—H—~ =27 V%S L T 72 &0, Wannier90
(2 &> TIT 5 EIE, band.pl (12 K 5/3 0 G O/ERS> PHASE-Viewer (21 % 7 = /L X EHOHEI72 E13T 2
FHA,

wan_interp 70277 AL, LLFO7 7 ANV LET,

® 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 733 & 957 — X BT D 1o OITE R A Fiek S = 7 7
A /LG9, Wannier90 = “7’U 7t AE— R THETIDEELND T 7 AL TT,

® kpointdata 7 7 A /L : FE L7V k ROERSFHERS N7 7 AN, T—F 7+ —~ > ML, PHASE ©
FEHED kpoint.data 7 7 A VDT 4 —~ v b T, TOIEMGIEL, /v FEEXI OSSN REHEDIR
Z, 7 2L EOEETL PHASE-Viewer 21— —~ =2 7 /LOMZEH E 2 — 7 —OHEEZSR L TLEE VY,

® nfefermidata 77 A /V : 7 =L I ZRLX—DENFER SN T 7 A /LT, PHASE o HEET
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 —#
DRk SN 7 7 A /v TY, PHASE-Viewer DT IZ K> TT7 /W IHHAD K 557 —4% 7 7 A )VEAER
L7356 BB/ ERR SV E T,

UEDT7 7 A NVERIZ T2, DEDEHETIATLET,

% wan_interp seedname

(4) F5piE

BRI E LT, GaAs D7 —AZilLE T, ZOBEDATIZ7 74 /U7, samples/iwan90/GaAs UL N ZdH
@ ij‘o

o U=xBHKOH)

$9°, Wannier90 ZLL FO L HIZETLET,

% wannier90.x —pp gaas |

ZOBMEIZ Lo T, MERIEEN gaas.nnkp EWO T A MIHIIENET, ZOT A NLDitikE S &I
PHASE ODA)7 7 A VEAERR L ET,
%7, gaas.nnkp 7 7 A /UIITIROD K 9 70 EATHARIOEHRDS A BT CRlab SIVETS,

begin real lattice
0.0000000 2.8265001 2.8265001
2.8265001 0.0000000 2.8265001
2.8265001 2.8265001 0.0000000
end real lattice

ZOFREIZHE, PHASE D AJ)RT A—4—7 7 A VOBNIRIOFEEIILL FD X 91272 > TWET,

structure({
unit cell{
#units angstrom
a=5.653, b=5.653, c=5.653
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alpha=90, beta=90, gamma=90
}
symmetry{
tspace(
lattice system = facecentered

}

}

ZORFITH, 77— I L CHABOIEEZ1T-> TV E T, GaAs [T 172D T, lattice_system
3T A —%—|Z facecentered 7MEE SV TCWVET,

F77, gaas.nnkp (IZBWTII Kk SH 7V T OFENRD X HITHESILTWNET,

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

Z O\ IZHEET A%, PHASE DA 7 7 A VB TIEU TFO L H Ik S 7Y v 7% “HESEE—
R” 2RI L THRELTOET,

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 7T % K REZEHFHEET 5 Z &M ARE T, kpoints 7— 7 /UZEHEW T, kx, ky,
kz, denom,weight |25~ T k SEFEELET, k SOEE X(kx/denom, ky/denom, kz/denom), ZDEA)
weight T97,

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

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

}
Wannier90 HOH IS FHE CTIT O MERZHDHDOT, WIEHEZ L7-WIEEIT0E 7 sw_wannier90 %
off & U CEHE AR EE7-5H & 1T sw_wannier90 % on & L, #kEEEHE T Wannier90 FHOH 247 1,

PHASE %5571, Wannier90 HHO7 —# 033511725, Wannier90 % -pp Z 21T LET,

[}

% wannier90.x gaas |
Wannier90 (& L DEEAK T35 L, gaas_00001.xsf, gaas_00002.xsf... 7REDT 7 A WHMERK S E T,
ZiUZ XCrysDen 7'v2 77 2 (http//www.xerysden.org/) ZFIH L Crf{bT 52 LD TEX 5V =T —
49, XCrysDen 7177 AZFMATIURXY ==BZ ridifd % 2 &3 CE £ 975, PHASE-Viewer |2 X
S TAfEETT 9 A 1% Gaussian cube JTERUZEHET DM ENH Y £, ZOVE¥EIY, PHASE /v 7 —UAZE
FN%5 convpy &9 Python A7 U7 FAAIHT 22 SICEoTEBRTHZ ENTEET, 5.81Z, AflE
IZ Lo THELND Y =% XCrysDen CTrIfL L7-X &R LET,

X 5.8 GaAs DU =TEi¥

® U=t

Wannier90 |21, 318 L7- U =BA ILRICZ A b, U F 4 L TN =T L ST ARERE) M- C
BY, ZOBEEEEZFIAT A Z LIZL o THEOHEL Y DROGHRE TV MEEESY = /LI, Fop/LX
—[H7R EOREEZR Y 2ATH Z ENATRETY, ZOfEEIY, waninterp 77T AEFIH L TITOVE T, O

TlE, GaAs @4&%14§Tiﬁ‘ﬁffﬁ@£i3\/b5?‘—ﬁ%Tﬁﬁﬁ‘éjﬂi’i’*fn)[ LET,

H VX OB VT 2T — & 3RS 5729121, PHASE-Viewer @ 93 2 —7—" ZFIHLE
T, D J1ET PHASE-Viewer :L—‘H‘—'?V‘JT/I/%??R"E\ LTL7Ea, “WZERE 2 —T7 =" [2L-T
kpoint.data 7 7 A WIMERSINDDT, ZOT77 A&, U=mBGHAIZ L > T 5z gaasnnkp 7 7 A
JV, gaas_hrdat 7 7 A /LDIE7y, PHASE 12 L - THELIVE nfefermidata 7 7 A V& —D>D7T 4 L7 kU —IC
F L, TOT 4 L7 MU —ZBWT wan_interp 7' 7T AEFELTLET,
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http://www.xcrysden.org/

% wan_interp gaas ‘

T 5 &, UV=xffiilic Lo T kpoint.data 7 7 A /UZFER S AV K SDBEAET — & D35 S 4, nfenergy.data
LWV T AR ESNET, O T 7 A NV, W E 2 —7—" [ZX 5T kpoint.data 7 7 A /L EAE
L7714 v M) —lZabt—LET, U EOVEETET X —m AR 27O OWEHIIE T T, 56
TARER M%)V X —H % PHASE-Viewer Crlff{L L7=X %X 5.8 T~ LET,

X 5.9 GaAs FEFROEEA FIROFET RV —H

(5) MM LOER

=

o UL, FRMFRIRTIT O MENRH Y 3, WHREAIT O HAIL0E £ sw_wannierd0 %
off & L CHHEZIUR S 728 & 12 sw_wannier90 % on & L, FEIFHOfKGHTH T Wannier90 FDH /1%
1T TLIEENY,

o  KHEETHIHTX 2HRT o vUg, IV AMMFRIDLTT,
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5.1.6 XPS 4
5.1.6.1 HEREDOHEEL

X M 47X ray Photoemission Spectroscopy, XPSYEATORERT > o WEIC L 25— FBEGHRIL, Pk
1EFL(Core Hole) & & i -4 T > 3 % )V VLT, PkUERL S~ F(Core Level Shift, CLS)Z#HE L £,

(1) PHRERLS 7 b
PUBHENL & 3R F-OTROVETHEND Z L TH Y, (LFREEIIRTE LW BUVRFIZ SRSRE LI H DT,

BIZIE V) 2V FFOBA, 14 OB FIT(15)2(25)2(2p)°(3s)2(3p)? DL H1T 5 HDUEN Z A LET7,
ZOHTls, 2s, 2pWSPERIER T, MRS ) R0 1 UER A CIAO € GGA Rt 5 &

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

LY PERENIH LS A DO HZE T D5 eV LV ERIFNTRNZ L300 97, Z 07T NERUEN OB E)
BEEUIBERE LT R L R 0 2R, L0 OB OB 24 U E T,

U a U FA-DWNREN 2B 5 T & LT 100~130 eV Ok X #En Bt 2B L, it Snd6E
FOEB T RN —ZWET HEFENRDH D £ 1], BRI, =X —rEOHREIINEHERDT v
2 L= NSt SN Yoo a e gt EAVET, RO SiETOBEFENESEICTIUE, Zo)F
ETCIIRpHERI S SN A YEEF ITEH LTWAD Z 2030 £9, 2pYEAIT A B #EM A/EFR D=0

2p3/2 912p1/2 120.64 eV FRESZILF1,

HFEAHHOEGR O L HDILTND K91, B EDOT RV —%hv &3 HUTHH S 5 B 1 OiEE)—
Z“/I/ﬁ?’—Ekin X

Exin = hv =W — (Ep — E¢) )
RV ET, T, WIHMEEFEREL, E-iX Fermi #8(7, E (IPNGREN T, —fRICHERER CIXEFO LA
HUIZE 2ER EHENEREIND 20, WRETOREC DR T v MIRED HAMANZ 22U 72 513 E <
R0 FET, FOD, WHREN ORI CIIER RV ET, ZoBREEAITRLIZO2K 510 T, £
i, (LFFEAIZE BRWRT-ORT oy VB E 50T, WBENIIZIUWSEE L7-2EE b5, 20
2 DONREDT= O T RV —HENVE TR AL 0 B Dz &0 £5, PREENT 7 FOFERTIE, K
S5HWEBIC A T2 IV (L DIFRFAT K 2 PNERUENL & FRUEI L L CRIEARI O LA A A 872 2 JF - D Nk UE
MO TR NF—DZEZRETH 2 L2k, REMEOFRFOLFERESIRIEEEZHEE L E T,
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surface

Ec' core levels

bulk core levels

5.10 HEFHHBEOTINF—T 17 7 A /v : ROARSEREE, 2032 T, Fermi ¥E pi3—ETHHOIZ
LT, PWSEENE GIRFACE W ERY, REBLCIE 7L b THBEEIIERL 725,

SC, PR 7 M EF—FEEEE T 5 720121E, R LUT [ OFFONBENE. Z3HR LET, 2
DTNV HENIPHE T b ) EEFHEEAITZAXELIZELNE T, MEFORERIERT v
JVENGIIELNERA, ZORENG, FRT7T Uy VETIIEHR CE W BbnET72, ZoiEz RE
(i U 7= D75 Scheffler D27 L—712] ¢4,  Scheffler H13X 5.11 IR LK 912,  fERAREGnitial state) &
HotkRB(final state) DIEVNIEH L TWET,

initial state final state

fh" ®",_Ekin)
o

0 L SN

hv €v_ Ekin(ll)
o \

o e

(I

X 5.11 JEFHRHEEFROIGREE L ARREE : DI 7 MBOFRFC LD REFHH, IIREBIORFC L INEFRHEE
LT3, fhiRREGnitial state) Tik, ASEMY) & RERATET 5 DA7RDTD & (DiEFE TRIETH S, #iRIEENal state) T,
B SN ABFOEB T RNE—E 1), L WREAGA)L % b S T DET RN —E 1030 L M TR 5203, fn
Ekin + Etot HEELY

5.11 Cl, HEBFDHENARFOMENE RS 2 SO 2L CWET, IR L7 (@b
LA, IDIFEAAERMTCHE5ATT, BRIRETIE, B2 TOARIIIAIHE ) SRS MFET DD
HIpOTOEADITFE CREE TS, —J7, FIRRETIE, R S 7B - (EB L —Ep) & PARIE
LRI AR SIS (BT RV —E IOMFE L 9, PEREFLE N, SEE A S D Rma 54 LT
T-NRENL R SN ORI N5 TT, (D EAD TIEE iy EEroe (TTNENIIR D0, SRIREEDF— LD
ZEMD, KREEDOROET L F—H[E UHEIZ /2 ST 72 b0 E W 9 RO EEREHRAINE L E T,

Ekin(l) + Etot(l) = Ekin(”) + Etot(”) (2)
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BN 7 NAE i IR TEZR LE T,
AEkin = Ekin(”) - Ekin(l) (3)
Wwziz, @& UE
AEkin = Etor(I) — Etor (1) = —AE¢o; )
MEONET, RQOADHERT v/ VETHRET S Z LN TEET, Scheffler B[22 DE 12
& SiI100)KHDRENBAERL L 7 N R T v v /WE TR L, Landemark HDIE5RAERI1] 2 BERAIIC
ML COET,  EIENE, LSO ET RV X—E,,, L OBRIE, RI2Ey

AEy;, = AE, 5)
DY SEHDOT, Ri4) L LT
AEC - _AEtOt (6)
DENET,
A
bulk
= core level
[72]
c
Q
£ surface
S core level
B
k2
S
]
> Ekin
Ekin(l)  Ekin(Il)
Ebind <

5.12 WESEETHHDAY My

ERANAE LN D RARAANR S LK 512ITRLIC L S AT bATY, 22T, EFHZ —rAd
BAEFIC L A=Y =3B X F A, B IOLE T OEI= X —Eyp, AEIOCEFHRERED T, *
T2, BN IPBAEN DR AT RN X —Eying £ AD ZE B TET, ZOGRAIIEMIEERERDRL RoTOET,
Tt L2 I D OB AT BMUIFREA TR LIE L Iy (DITHE D E =T Z2 b BET,  ZHUKI LT,
FERREDHI D ONETF AT MUIFETRLIEE S0 D00 E—2 Egn IDIZHIET,  FE—
7 DSFEIFZ O E— 7 IZBIR LIRFEOUNDEE Y £, BX_HEOBROT D &7 (B @A
THET, EEFTRERAHOIFEBE TR F—2 K5 OT, /I OE—7 [ FTHEEREND N
Honm BEOIREDFAAZL DD THL ZLEER LTS, R TELbOE, 77 (LENS E—
JRHEOTIE A — 7 ORI T,

(2) PBREALZ G- OERT v YV

BRI T U bR REFRECIE, PARE HIRREZ RS S, E IRiE% B O REICHAE LET,
Z DI REHEDOBRPETIIMRCIEFLZAE U S Z LM TE A, TOND Y NEIEALE GTRT
X NVEVERRT D Z EIEFTRETY,  Scheffler 52111, i FHHHRHZ AR SN NFRIEALUZE DY OE I
X0 F B (screening) SNA LD ERE L E Lz, UL, BFE2ESED72T0 Fifidizne L
TWET, £, B F—F SN A7) 5 BRI ARG S5, 97005 Fermi HlIARMEN I =
VIEND, LEZ TEKHNCTHIME N TWAEDE LTWET, ZRODIREICKL VEFE SNz AT K
JUTSERRER L L<—HLTWET,

VUEDEZ FIHEZIE, PREEAZEIRTFOERT 2y VRO X OB UES, B2 IE2p ¥EATIC %
EfLEETe U a VEO5E,
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1. 14 EOEFIH725(15)2(25)2(2p)°(35)?(3p) 2 DETALED HPEL Y 2 U HFZRBNT, 2pHEN.OET
1A 3pHERITBEN LT (15)2(25)%(2p)°%(35)%(3p)® & LIzfhttikfenhts V) oV f+ 452 5

2. FORFOREIEEY B CEREICB IR

3. AiET-& LT(3s)?Bp)3 D5 HDEFZITN L TA A ALT D

4, ZOXIZLT, WEALEZ A L 5o A AL LTz U a Vg ORRT oy VI TED

LLET, ZHUIHE 5.13 @ 2 oO#IRTE(final state)D 9 B A screened hole R IEFN T LE T,

AN T —FARIFR COBEART o S ¥ VR TIL, PRBEN. O A B U iE 2 3E B MRS L TR A
Lol b OENHUENIE LET, WRENOT 7 MEOHE T, ZOREICLVFERIIEDY £8A,

s n final state
I initial state unscreened hole screened hole
—4de —4e —5e
o tt— M M
= \%
: AN AN

nucleus
o
(
o

X 5.13 Si T OETEE : ZRISEEREOETAE, ARIIPRELIVE CBAORRBOETEE Th 3,

5.1.6.2 FHROFEATHIE
TREL A B O T o v WA W TINERER S 7 N A S REMRLLE7,

AN RRBEIFRO X2 IATOET,

1. VU o RKEOEZER L, @O AR T v )V HWT B IMEH 2 I b £ T
NGRS ED

2. ZOMEEEZRWT, BT 1 EZPNEELEZ SRR T Uy UCEE 2 T 2oL —%35HET5

FTRTOFAKR L EFICE 2 TR X —5iRT 5

4. INVINBEOFEAZRDT, ZHEREI L TOREDO ST XL —D7EL L 0, HEijr L —n 7
NEEFET S

5. MEEGHIAN ML LTRRTS

w

5.1.6.3 #5151 : Si(100)FH
(1) SiQooFEHEHDET L

FTIEUDIZ, Si(100) p(2 X 2) FEEREREOETT VAER LET,  SIQ00FMEIXS 7Y v VAR REZE
LTI A ~v—HEEE LY, TNODXA~—IFIHANRBIMELS Z LRy 7 U U2 TRERT DT LM
HHITWET, ZOR, Ny 7 U ZGEE L THA ~—DRN N LEWHIZEOBEI L ET,  ERY
IZ1F Si(100) c(4 x 2EENLZE L 72 D0, sHETIINy 7 U ZTOMED Lhili>7p(2 x 2)fEEE RO ET,
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ZOHBHEAREEOE LD TT,  ZOMUEN Scheffler (2] & [FEETT,

5.14 Si100=HDET/V : KEHTHAORERII2 X 2(ER), EEHANL 8 BERDEF LA, 8EHL 9BED

HRNC IR DA Z 2 TOB DT, EREDFHETIIREE T 16 /8 64 RF DR T TEF/NE LT 5 , B0 S M2 v RFizlu,
1d, 2, 3u, 3d, REro5~1%EiF3,

HFEROREET WILERIE L 2o TRITITR DT, +ol& M L3, R 2@ < TokKEs
5 X 10™2ELIFICIZ 2 DICERMAZZE L E L, 5.14 | THFEAHEAN SV SN AR DLEMIGE 2 FR LT
WET, FHREHIIRFELD, RT3 /L Siggapbe nc 0l.pp, ASHAFABEIART 3+ /L : GGA-PBE,

Ny NATZFNAVX— k. (wf) =35, k(chg) =70, ==v bt/ :a =14.6816015290, a, =
14.6816015290, a; = 60.0000000000, k5 :4x4x1, TT, TORE, HBRMSNIZFEELE HFLLFOX

Pl VS
x y b4 fx fy fz
1 11.654665468 7.340800747 19.731672033 -0.000108 0.000000 0.000136
2 10.943522273 0.000000002 18.308554343 -0.000156 0.000000 -0.000260
3 7.408260709 7.340800738 18.308043049 0.000156 0.000000 -0.000288
4 6.696493833 -0.000000008 19.730653256 0.000095 0.000000 0.000136
5 12.644826676 10.798805752 16.929970763 -0.000186 -0.000125 -0.000051
6 12.644826664 3.882795799 16.929970692 -0.000187 0.000125 -0.000052
7 5.707073513 11.223532172 16.928492210 0.000184 0.000135 -0.000066
8 5.707073576 3.458069376 16.928492250 0.000184 -0.000135 -0.000066
9 9.176755229 11.011875138 14.003484695 0.000002 -0.000042 -0.000291
10 9.176755074 3.669726457 14.003484706 0.000002 0.000042 -0.000291
11 1.834472402 11.011012299 14.542706201 -0.000005 -0.000002 0.000195
12 1.834472400 3.670589245 14.542706195 -0.000005 0.000002 0.000196
13 9.235196168 7.340800802 11.460786586 0.000018 0.000000 -0.000178
14 9.118076207 0.000000001 11.459447663 -0.000002 0.000000 -0.000198
15 1.882358440 7.340800774 11.863174990 0.000085 0.000000 0.000607
16 1.785205792 -0.000000009 11.863763387 -0.000075 0.000000 0.000566
17 12.980433730 7.340800764 9.066215802 0.000364 0.000000 -0.000060
18 12.895937822 0.000000005 9.076888750 0.000103 0.000000 -0.000067
19 5.455961640 7.340800779 9.081857152 -0.000145 0.000000 -0.000096
20 5.370066620 -0.000000012 9.069872950 -0.000307 0.000000 0.000025
21 12.895952884 11.013570694 6.478028955 0.000077 -0.000071 0.000099
22 12.895952919 3.668030852 6.478029019 0.000078 0.000071 0.000099
23 5.455699091 11.008682705 6.484530647 -0.000072 0.000047 0.000112
24 5.455699061 3.672918843 6.484530696 -0.000072 -0.000047 0.000112
25 9.172291984 11.011379982 3.920759253 -0.000013 -0.000002 0.000122
26 9.172291976 3.670221565 3.920759374 -0.000013 0.000002 0.000122
27 1.838705787 11.010982242 3.857185244 0.000014 0.000000 -0.000054
28 1.838705789 3.670619311 3.857185195 0.000014 0.000000 -0.000053
29 9.176000956 7.340800765 1.297682500 -0.000017 0.000000 0.002104
30 9.176000956 0.0 1.297682500 0.000472 0.000000 0.002118
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
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S :,C\\Li) }iiﬁ;{m%%if‘:ﬁ%@ 32 ﬁ%@%%;"fﬁ—\‘ LTV \j{"g“o % 8 E@ 4 ﬂlﬂ@)ﬁi?(gg %N32 %)5iff%ﬁ%
DOSNRNE D IZEE LIeDTHARAEL TOET,

(2) RAEPERUEN T 7 FOFHEAE

WIZ, FEWNFRUETS 7 (Surface Core Level Shift, SCLS)DEFHEAZITOET, KB SNI-FHEHET /LD
JFANELZEE L-F F, vV a VR FEIRC NRELE SR T v vy VMBS 2 T RV —%3HE
LET,

ZOREREM 515 \TRLET, Ml DCE ORI L AL VIO UL InbDOTITT, 20
B, 2SIV B3 NEDFRFICE > TWET, Nl I3RS CIEMMERELSND DT, HFE DI OIE DR
FNHO HEAAIFERANBRIS N ET A, BRSNS DOIEFEER O nm EWDILTWVET, Z07H, AN
NI &I NEE LTI EITES THDL EZEX DIVET, EOfth, 3, L3,0FMICE DHELEZ HDLD,
5.14 ZZB\ZTHUT3 NI XA ~—FIDIMA, 3135 A ~—FIOPENZH D DT 34705 ORI IEERIOIZIX
MZBNDZENEZLNDHDT, ZZTE3,% V7 LELE,

5.15 12 LU screened & unscreened OWERIZLEVNT 2 1 BH® down DE— 7 (\ETY, MEDHN
W EEEFH0)N unscreened D573 screened K0 /D722 & T, FD7= unscreened Tl down (\ED Y
A URADEACR D IERSIET A, screened TIHEHRS DD T, ZOHANDIZHIZ down DE—7fif
ENRI ST EEZONET,

1.0 I I I I I I I I

e Screened
O Unscreened (ion)

g 0.5 Q up -

>

= @ down

()]

- 0.0

; 5 8 @

:

g s ¢ S S §

Layer number

5.15 SCLS ME#— RN X— : ZNENEAIT unscreened, FRAUT screened DPREFERRT ¥ VERAWERERTH S,
AT Scheffler &7 UHHETH B, M LB T OB L —EAE VIO UL b DT T B, ZDBE, /I &30
BORFIZE STV,

Scheffler & D212 HFEF: & s 5 7=01Z, 5.16 |ZE D 3J@F CTOFFI2 X5 SCLS #3FR L
9, HEMIRETHY, FIREIE O EE > TOET,  EBJIEIZ, unscreened, screened DF5E
B, FEEEAZ R L CWVET,  FEBREIE Landemark Sk 5 H 0T,
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| Unscreened core hole (ion) _

@ | Screened core hole ]
5 | :-. i
£ :
8 | | ]
2 Ty
[7] _ -
& 34 I
g
E r I -
I :
- Experiment ; i
1u
| I
1.0 05 0.0 05 10

Kinetic energy (eV)

5.16 SCLS 5 : #i&dhix SCLS MifETH Y, FMEIIRTEDLE Lo T3, EMBIEIZ, unscreened, screened M4
HHEME, ERELFT LT, FBREIX Landemark 520112k 3 H0DTHD, FBRZA D DI screened THD, XPS FADPRETL
BERT V% /Uid screened TYERR LR U R B vy,

5.16 DOFESRER TERAER[1]4 X< EFL, F7-, Scheffler D TOfERLRNC—E L TWET, FEBRIC
A9 DiZ screened THAHZ EbnD 3, ZDO7=H, XPS FHONEEFERT > ¥ /Ui screened THERY
L7l Fiud7e v £ A,

5.1.6.4 &k

[1] “Core-level spectroscopy of the clean Si(001) surface: Charge transfer within asymmetric dimers of the
2% 1 and c(4 X 2) reconstructions’, E. Landemark, C.J. Karlsson, Y.-C. Chao, and R.I.G. Uhrberg, Phys.
Rev. Lett. 69, 1588 (1992).

[2] “Evidence for site-sensitive screening of core holes at the Si and Ge (001) surface”, E. Pehlke and M.
Scheffler, Phys. Rev. Lett. 71, 2338 (1993).
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5.1.7 =%

5.1.7.1 HEREDOHE L

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

51.7.2 NS5 A—4

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

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

postprocessingt
workfunct
sw_workfunc =on
sw_add_xc_to_vloc = off

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

F9, TR O HOEET ST WO IS EBIFE EAERIZ 0 (2725 252 6
NDHDT, RFIART v UIEH72< THIE LWMEFEBEED G55 2 L3
HCTEET, ZOAAS vTF % on IZLTEL &L VDRWEZERE CIE L5
BEEA155 Z E N ATRETT,

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

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, ZOXIRNILEITH 7 1T L) workfune T, DT 0T LDV —A3— KX sre_workfunc 7 1
L7 RU—IZH D FT, a0 357201201, Fortran90 =273 7 —2MABECY, workfune % =273
VTBHINE, T2 ZITUTOLH o~y REFATLET,

o

cd src workfunc

o°

export F90=ifort

o

make

BRI FI0 |2 Fortran90 = >3 T —%48E L E 3, BRERAIFI0 OF 7 4+ /v MilL gfortran T3,

UTOXIHIALES,

% workfunc -z ZAXIS

ZAXIS |2, RIENZHEE L ALTHEN ZFEL£T, a #0541 b #0545 2, ¢ #ioHa1E3 el £,
FEELRWEEOT 7 40 MElX 3 T,
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5.1.7.4 #HEHREROH T

workfunc OUFEEAE 795 &, nfvlercube & nfvler_avdata @ 2 FEEED 7 7 A VHVER S0 E 3, nfvler.cube
77 AL, BEBORFIART v v VT —H %FD Gaussian Cube WRDOT —X 7 7 A4 L TT,
nfvler_avdata (ZIZFREICTEEREE S NS LR T v o v VDT — 2 DNetdr SN CQnvEd, LLTFD
Kol —aploTnET,

Fermi energy (eV) -0.37838

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

.208333 -0.250195E+01

.312500 -0.331223E+01

.416667 -0.427665E+01

.520833 -0.495695E+01

.625000 -0.496651E+01

.729167 -0.425552E+01

O O O O O O O = =H

T7AND 1 ATEIZT =/ I =X =0 eV BALCRlfkS I CVET, 3 1THUENEREOT —% T3, 1 4
Bz A BAr CHREICTEEAIEED, 2 FIEICKHIST 2 RFTRT o v LOHENTY eV BALCidRSNET,
FIART 3% U, RS 6 AFRERE - S IZ BT T—EME 20 £, ZOROfiE 7=/ I x
L — L OENMIFRSITHY LET,

nfvler avdata 7 7 A VIS RFTRT v VT Ty MR AEEEHEEL, 72 I L —L 0
FEERHEATDHZ LI > TS E S L5 Perl 227 V7 83 workfune.pl T4, LFD X IR LET,

% workfunc.pl nfvlcr av.data OPTIONS

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

5.1.7.5 & : 7L =7 ADOHERK

T = AOHFEEEBOREF R LET, 7T —41F, samplesiworkfunc/Al T3,

FAT5%E, A1) 7 BOREET N TT, REICEEREE c @ik LET, c #oESIE, 50A
ELELE 7T =v A1) HIHITE A SR LW T, it i L EEATLZ, Busadul
2, EERITFRERET D L OICET A EERR L E Ui, £77, ASHFEEE A ERIZRITART o v U&7
WVERECHAZITOE Lz, TA =0 AOREET /MIX 517 1R LET,
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5.17 AI11DE 7 J@ET /v

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

S B2 workfune.pl A7 V7 N EFIH L TRELNRFTRT /L L RmCEE/RIEBEORR Z X 5.18 (TR
LEJ, (SHEBE, 4.05eV LEEESNE L, ZOMITFEETH 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 FEIZEE/REFME L FFTRT v VORRR

25

154



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, 28R 25 1 ma THIT 2868E03 H 0 97,

boeE AT, DL FOFIRCHAEEAITOET,

A) | FUDISEFOEIRIEE (S FiHE) 254703, PHASE (2iE, BERT v « SPmpk
NIESNTODOT, ZOFREESOTHAETOET, /> FFEICL Y | il T OB, 1
BohET, EEFOEMEEIIRATELDIET,

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

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

) el)

_EA_ dr =
r—r

+ e (p@®) |+ @ = e (cr)

ZIT, ope 1 BT BETFHECHRT ART Ly LR —THY | p,lE. JFTFEED S EN A
#LFET, WE, BEFTEERPIZ 1 E LW EIRETHDT, xOEERBERIREO A ZRDIUT
Wz bz 3, Lieddo T, BETOEFRRETX T Y LT oy —Hor g LEd, ZojE)
BEA S L > TR L E 9,

Y, = Z Cgzexp (15 -7)

G
Z2T, RSN MG ORIEATRICIA D70, VR OEE T R L ¥ —0 FIRARE LET,

© | B TREERDET,
pp(™) = . |?

D) | EFROYEFOBEMEEL T, FreoXad il BErFmaitfiLEd,

= wiZc [ drpopy (T (po)
ZIT, 1, & EIOWER, cdEEERLET, TE AR CThHY, BT - BE Ao
k% b0 CF,  PHASE T [Stosfiilciou ., Frmiibla i v E T,

pel'(pe) = ppT'(py) + pcT(pc)
Z OIFEHDE Y LT OIZIE, & a7 B ODARDER D DVNIWNWZ RS 720 F5,

Qe

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

=1+ 1.237 + 0.9889>/% — 1.482r2 + 0.3956>/% + 3 /6

2T TR =1/p T Fl ¥y o TODBF, TARDLHFEHFICEN TR, SRL BETFOR Y —
=2 TIMEDV NS, IROMIEZEAT 9 FaH#EE L £ 3 [Puska9ll,[ Nakamoto07],

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

N

T T, &l TETRFERTT, TOMMNERIZ IV HIE S TORWEAIZIE, UVSOR 12X, HELES
BEERIZEASWGHET 5 Z N TE T, fHRTHEOFHMZ W CIE, SCHk[Nakamoto07] &< 720,

155




5.1.82 AJ)/XT A—%

Sifsarc B A E T EMOFHELF L LET, FHEFIREIT. sample/positron/Si T,
Si BT ABEHMEED AT RT A—2 7 7 A BT, BB eBIc BT A5y Oz LET,

(1) Control % 7 CHE-FHmatH s ANIEEE

Control{
positron = BULK
}

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

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

accuracy{
cutoff pwf = 50.00 rydberg
positron convergence{
num extra bands = 8
delta eigenvalue = 1.d-8 rydberg
succession = 6
num max iteration = 32000
dtim = 0.01
epsilon ele = 12}
}

cutoff pwf=>50.00rydberg  ZAUZ. BB OEEIRIE RHT HBEOIQRASH L v M7 =31 —T
75

positron_convergence {} ZDOX T OHT, BrE BRI AE SIAERTEIC L > TR D, T7b b QA%
iR B, EOXNAIREFGL D LT D00, TOREEITNET,

num_extra_bands =8 By OEAIRREIL, JCIREE 1 HoAzFEIT USRS T, UL, K&
RTINS HITIE, ZNLBNT, EERRIEL D =L —D @ ki
OWEBERCG T 2 0ENDH Y . TOFKERE LET, 2k, KD 1)
BIIETT YT ) = oS B LET,

delta_eigenvalue = 1.d-8 5.0ASIA

rydberg

succession = 6 KIERHEIZIBW T, iRl EARloyEE (7.20) N 4.CH 2 bN-#FENT
—E L., 5. THE I - hlke L C. ZOFM2Nm- R, FHEIRGRL
T B LET,

num_max_iteration = 32000 FFEIL. ZOHEEV KT L, PR L Ve THE T LET,

dtim =0.01 0 K URHRIZRW T, IROBEIRISE EN 7T RE B LS H DO RET

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

epsilon_ele =12 epsilon_ele |Z, ¥ v 7 D&H HRITk LT, LDA O 1 RifmFmMiEA1T ) B
IZHWS tag T, =0®%ITIL, FFEFE S 055 12) ZHWET, L. #F
EROMIEZATORVOTHIUL (-& 21E. BBEOFEEITH>HE) . 8.01T
ITHIFR L ET,
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5.1.8.3 MO
FE i TR 21T 9 &, output000 7 ¢ /L& 3 {E D cube file 23 ) SivE T,
(1) vz 17744 output000

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

HZEBIT5“~- initial positron energy eigen values —-—--"/OAMFEFRHREICEETHH DT,
MR LFRICE Y | BETORBESOSRESNE T, TR HE, #0RLEHREOIZUDIZEWT, BE
23, 14.6379€eV) ThH5H Z & 2R L TWET, extra bands IZFN LY b= XL XF—D HWEAM
(14.9628460558-15.0292289699) %2 L £, MV IKLFHED 2 [H T, BEAMEA. 0.0021898139(V) &
IR o TWET,

-—- initial positron energy eigen values —---

=== positron eigen values ===
14.6378982055

-- extra bands --
14.9628460558 14.6842242625 14.9879179620 15.2755174303
14.8070539395 14.6061318397 14.8086346971 15.0292289699

=== positron eigen values ===
0.0021898139

-- extra bands --
0.0892687578 0.1056325893 0.2037689630 0.2140559068
0.3115605599 0.3359746459 0.3540270556 0.4738130045

T 7 ANVDTFOFIE, ROL I DR HY £,

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

positron lifetime (ps) 220.184723312044
core rate 3.79328791767622 %

R R I e e b b e I b S S e R b S e b S dh S b b S b S S i S S b b S 4

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

(2) Cube 77 AL

SRS T D & BAOEMN., BEFOEM, B - B ST D5, 7 7 A b electron.cube,
positron.cube, ep_pair.cube (ZHH)ENET, ZiIHD T 7 A /LiE Gaussian cube FEATHY | AL TE
R 5.19 12 Si fEfalclT 2RHFEARZ R LET, MEHIEE LT, HAERICFEL, BE AL BiE
FEBITAFAET 2 2 &2V 0 F5, B+ OREhBSEN AD 0 I~ L —ME T L2 A= —ic
FICToHDZEnn, UK XS ET 2N 5 9, BT - B 0% 519 (IR
LET, ZOHMBREWE ZAT, BETFDRERMERTHET 52 21220 7,

157




B 5.19 Si fERPOME TS, BETFLHb), BT - BETHHE)

5.1.84 ff ] EOFE

Py F-FmOHEIC BT AIEE ST,

® EARTLIYILOER

FTERICE-TL, B arvREEZFFSLORHY 9, 22T, BEIaRELIL. a7ETON, HuE)ZEH
BNTIEDNY | T EA DA LAEF- DA & DER Y PNMERTERWEEOZ LT, 04, ¥Ia7E
FAAMES L U CTHRO I R T v VBT D 2 ENEENF T, A SN CWDAHEERT o v Ui,
TERIZE-TUEL, ZOEICLTERESNT=bonH Y . TOBIZNERATIZ L2883, bL, *
D& BN T v WHMER SOVl iuE, CIAO Z W TR T 5 Z L TE £,

® v A TTRALX—DEIN

Si fgdRD N FRHFIZIOW T, BRI, B, BRI T 50 v M7 =3 F—2 U T
DEIHREL £,

accuracy{
cutoff wf = 50.00 rydberg ! cke wf
cutoff cd = 200.00 rydberg ! cke cd
cutoff pwf = 50.00 rydberg

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

output000 7 7 A /UL, RO LD R H Y £9° (22T Y IELORRZICHKIT 22T R L TWE
T

=== positron eigen values ===
-0.5674635596
-—- extra bands --

-0.0490686179 -0.0460091253 -0.0446118499 -0.0275856742
-0.0102856694 0.0069403602 0.0274419414 0.2284487012
lifetime: 220.180365487100 220.179503204077

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

BHEOEADON REHENFSIGRLTEY . 2o FoEEOFHEA MR UL, HEITHoEEsniz
HEDTHHEEZTENTLL I,
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5.1.8.5 2% 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.
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52[RFHEAFTIVR
5.2.1 {RBNFFAT
5.2.1.1 BEREDHEE
PHASE (Z|3#& RN OBIEE — RAFHET DIREITHRE N DV £, F9. A2 VHEE) DTN

BN SETHRIREITVET, TONPLIIERATIEER L, Tha DB HATHIERR LET, 85751
DEAREZAES Z &2k Y, BUEREOIREE & EA~7 MV aFELET,

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

Faix
mily, = — Z Dy jp Ujg
iB

EETET, By jpl TNOEET, JHAANAZEIT DRD TRV F—E (g, Uy, .. ) D PET & L TER ST
38

o 9°E
lwjp — O, 0ujp
NOERIT~ N~ ~T 7 A4 o~ NERABA T T 52 812k, ROHZENTEET,
® aFia
iajp — — aujﬁ
KT 7T LT, ZOWGIFTRE NP CIThhET, BT A X —kalTDHE
aFl'a _ ialujl;:a - ialuj/;=—a
au}.ﬁ 2a

EETET, NOEBITEROMFEC LDHFINH Y, ZNE T X I OEREMIET HHERH Y
EF, B, R TDERIEOMFMRERITY T ,j RS & &, HERT v YN0 3T T v v
@, Z R THIR CERS 72 DIZELWTT, %D,

Rri +T= Ti/

Rrj +T= Tj/
2B,

_ pT
(Di,j — R ch_’ ,j/ R

TRRFIUTRY FX A, B, ERT YN0 OiGrap & it O3 TUThlz ELAEDED L,
Bz 4, 2%,
Z cbia,jﬁ =0

)
T, BEIS, DEEATINTRFR TR uTia ) £ A, DOEDY,
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Qi ip = Pipia

TY,  #EENw,, = uim/;ik BATHID g jp = Pigjp/J mim; ZNT, K- ROMEEGEA(10) Z2
Wig = — Z DijpWip
jB
EEXMZFT, ZOFEREMEI DL, wy, = inaei“’t+5 EWVFREGE LET,
(A)Zfia = Z iajf f
jB
ZHUTEEE W T, BERY NVIE, L7022, ATHID, ;s PIEATERIE T, IREWFITRERE CI3 Z O ER
HERE, HBAREORET— RE2RDFET,

5212 NJpsg A—=4

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

(272, RIS D Y 7 he— RN E S, HEAEOI TR, WERE e IO GHR L&
ﬁ‘o SR CETRAME T L7256, nfdynm.data Of(&IZFLE SHTWDIRIBHIE COANTINT A—Z T 7 A )L
ZER L £,

IRENENT ORREIL, Phonon 71> 7 THELET,

Phonon {
SW_phonon = on
sw_calc force = on
sw vibrational modes = on
displacement = 0.05
}

REATO AN AL Z L FIOR L ETS

TREVRATICBERR T DA H D

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

OFF : sw_vibrational modes=ON735 7 7 A /L'"F FORCE")>5 /)
DT —H FedtrirFrE T,

displacement 0.1 JRABNLINT A—H—,
sw_vibrational modes | OFF F& AR 24T 9 2 & D DAL v FTT,

ON : #&IEENENT M T4, modes.datalZhEFEAH T S E T,
OFF : #& TRENENTI A ThivE /A,

norder 1 VB ERS HXF A X —TT,
sw_polynomial_fit OFF ON : 27 1 v N CTHOM RO ET,

OFF : =5 CHOWR RO ETS

® TR L D AT

JRAVERE ISR > T H TR T AT HIMERH D 97, D78, sw_inversion % OFF (Zi%E L £ 77,

EEIE— FOSHE L AR DO SFET = » 7 1RO T A DT, fhimidE F 7-13F ozt s
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symmetry 7 2> CIELHEELET,

® JLEDEEDIE
JEROE LT element_list 7’1 v 7 O H mass THRET 5, F-E(aw) Tld7e<, K& (amu) TA
713 5121E, #units atomic_mass Z#tag 170 _EIZFAT 5,

® JFZE(TOEER

JEFZ071% Phonon 7 2 v 7 @ displacement TikiE L9, %, ETFEMIX0.1 awll FIicE 5 ERBWTT,

IREEDIFAENAEA AN EZ T, HET DIREFR O G G DR FENUZERE LE T, norder & 2 |ZEXE
THI LT, ZoOUEE 36 51Tz 5 Z LN TEET, diplacement TRXE L7fE% u &94uUs, A
AEu,w/2,u/2,u 12720 97, sw_polynamial_fit 2 ON (2 L CHIHEA7 ¢~ MZT UL, norder 2 2 LV K&
ERETEET, 0L XxDOFEFENIT-wnorder,-u/(norder-1),...,u/(norder-1),u/norder 9, norder Z KX <
TD WXL < 720 903, JIRHRE OB 2 5D, FHERHEIL norder 73 1 DA 2*norder {512
RHDTERELTLIZENY,

5.2.1.3 FHHEAER DT
PEENRMTARE . IEETRE R~ 7 1 /L mode.data, /17 —4# force.data \[ZH IS E,

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

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

WIZJFA- D8 natm &SR DOEEE(x;, y;, 2;) & B EEm; & 791 name@) 3R OFAGRk ShvE 3,

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

IR OFRERDIROIEATROR SN E TS

—-—-— Vibrational modes ---
Nmode= nmode Natom= natm
do m = 1,nmode
n= m representation (m) acvtive (m)
hbarW= omega ha(m) Ha = omega ev(m) eV; nu= omega nu(m) cm”™-1
do i=1,natm
i wvec(m,i,1l) vec(m,i,2) wvec(m,i,3)
end do
end do

representation |FEFKIFREOEYTY, activem)T T~ AEE/AET— RHIUE R ISRV, FRINEERET—RT
HIUTLIR L7200 7, MiEMETHIUL, IR&R &7V £7, A L2 ME— ROGAIHTHERRSNETE A,
vec [IEAZ MLOEFIT, omega_ha I% Hartree AL COIREELT, omega_ev L7 774/L N HL TOHRE)
$C, omega_nu IFECTT,

S5 —% 7 7 A )L force.data \ZIT I DEZERT D000 I OTFT =23k ENET, FDSHT—HXITIROFE
A CcHAIEnET,
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num force data, norder, sw ploynomial fit
do i = 1, num force data
displaced atom, displacement (1:3)
do ia = 1, natm
i, force data(ia,1:3,1)
end do
end do

num_force_data 13 7]% 7R DR FHCE O T, displaced_atom 132807 L7= 7 OF 5T, Bicd! displacement
WIRF DI Z BV (U, uy,u,) T, norder (T AT THIE L7 norder OEAFLIE S 4L E T,
sw_ploynomial_fit {3 A/)® sw_ploynomial_fit 73 ON ® & &2, ON #FK 3 1 itk SiE 3, OFF DA
1%L, 0 R SNET,

sw_calc_force & OFF (ZRXET 5 Z & C, 1SN h&fikdd, IREITAO0 BT 2 &N TEET, ik
DERZEES 2D Z LIIREDH Y EEAN, TRMEICEET 52 80IEHE LT £ A,

5.2.1.4 FHEH : AKG3FOYREMRAT
(1) HErEhomil
PREWENT 24T O VIR DS ERRBEI 72 AUTR © R ADT, EEfET 2179 & & LA S Ccigdmai b %

1TVWVET, HERIRREIZ 22\ B A THI DB NI 72 Y, IREMEOSE S D Y 7 h— R BN E T, Ky
T OREERE LD AT Z L FIOoR 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
num max iteration = 300
}
force convergence({
delta force = l.e-4
}
initial charge density = Gauss

}

structure({
unit cell type = primitive
unit cell{

163




a vector = 15.0 0.0 0.0
b vector = 0.0 15.0 0.0
c vector = 0.0 0.0 15.0
}
symmetry{
tspace(
lattice system = primitive
generators{
#tag rotation tx ty tz
C2z 0 0 O
IC2x 0 0 O
}
}
sw_inversion = off

}

magnetic state = para

atom list{

coordinate system = cartesian
atoms{
'#default mobile=on
'#tag rx ry rz element
-1.45 0.000 1.123 H
1.45 0.000 1.123 H
0.0 0.0 0.0 0
}
}
element list{ #units atomic mass
#tag element atomicnumber zeta dev
H 1 1.00 0.5
0 8 0.17 1.0 }
}
wf solver{

solvers {

!#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
}
}
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{
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method = cg
}

file names.data (2 1% element list & R UCNEZ®F TAHR T > v ¥ /v 7 7 A /b H_ggapbe_nc Olpp &
O_ggapbe_us_02.pp ZHEELET, ZOATEFEH L TEAKGFOEEEX 520 I~ LET,

5.20 KorFOHEE

(2) IRENRYT

Fd o LA THREMRAT 21T 5 12X, AT DR RS A fawf b U= EEICH# %2 C, Phonon 71 w7 ZiNZ, 4R
BT O E 2 L 37, faif bR s S am LE TR O ) 7 7 A /L nfdynm.data [ 2R STV D& D
AT T DIFA T,

atom list{
coordinate system = cartesian
atoms{
'#tag rx ry rz element
-1.446816228 0.000 1.123327795 H
1.446816228 0.000 1.123327795 H
0.0 0.0 0.0 0]

}

IREWTORGETT- & ZTLLFO L DI LET, AT 0.05 & LET,

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

}

PHASE #3947L %7,

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

PHASE %5479 5% &, IREfEITHERD 7 7 1 /L mode.data 23 ) SdvE T,
PREEL L~ LY —)L freq.pl ZH U CTHERCL £97, 0 FOSAIZIFELFO L S 1Z-mol W o A7 v a %
fHFT freqpl 54T LET,
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% freg.pl -mol mode.data
Z DOBREDK G F-ORNEE— FOREE A 5.21 ITRLET,

Vibrational Analysis

4000 | A1IR8R B1IR&R

3500 | 2———3589 1 3703 |

3000
2500 |

2000 +
1500 } 1——1580

Frequency (cm'1)

1000
500

X 5.21 AK3FDHREFE— FOMREHK

FRUERBNOEAG XY N VOR ZERRT 5 T2 DL trajectory XD 7 7 A /UL, > —/L animate.pl TIEK L £
T, JRROBENZFEE L2 7 A /L controlinp #HE L £ 7, controlinp |ZLLFD XL 5 IZFLl LE T,
[ origin 7.5 7.5 7.5 |
Y —/L animate.pl ZLL FO X HIZFITLET,
% animate.pl mode.data control.inp |
HIVEIRENDEAA T R LVOPLE trajectory 0D 7 7 A /L mode_*.tr2 DVER S ILE T,
Z OBEDKG T ORAET— ROBEH 7 MLaX 522 (RLET, ARSI IVIREIT— ROJRE trajectory
D7 74 /L mode_7.tr2,mode_8.tr2,mode_9.tr2 % n[fi{t, L7=H DT,

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

)L ‘ N %
/ AY h o ~ A

X 522 K43+ OIEEFE— FOBEBFRT ML
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5.2.1.5 5 : 2V = 5k (Si2)
(1) ANIpRFA—=%
U 3 AR OIEESTOFRE T, FHABIEIY, 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
9, BEOHEMNZFEFEEHNT S 95729, #Hunits D%|C atomic_mass ZFEE L TWET

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

}

IRENFENT /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 FFHEZITV, JREET M T
ﬂij‘o

PHASE #394T7L %7,

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

FENE T 5 L, )7 7 4 /L mode.data [ ZHEEM#EHTORERSH) S4UE T, mode.data DFEAIDEIHNILLT
DXl >TWET,

-—- primitive lattice vectors ---
0.0000000000 5.0875600000 5.0875600000
5.0875600000 0.0000000000 5.0875600000
5.0875600000 5.0875600000 0.0000000000
-—- Equilibrium position and mass of each atom---
Natom= 2
1 1.2718900000 1.2718900000 1.2718900000 51196.42133 Si
2 -1.2718900000 -1.2718900000 -1.2718900000 51196.42133 Si
-—- Vibrational modes ---
Nmode= 6 Natom= 2
n= 1 Tlu
hbarWw= 0.00000000E+00 Ha = 0.00000000E+00 eV; nu= 0.00000000E+00 cm"-1
1 0.0000000000 0.0000000000 0.7071067812
2 0.0000000000 0.0000000000 0.7071067812

BAID ATENS ZATHITHANHESRY Ma2b bbb L TWET, SNMTEIFRTEER L TOET, FOWRDIT
MBIL, ROFE, THV NEE, B&E, T-URATICH LI TCWET, Vibrational modes &) 4
A FIUATORDAHTT— FEE R R H b ENTWET, LB IIIEIREIT— FOBEKRL A JeiEf 7
& LT, WATIRIED S B S, EORDITINBERNY MR bHhSTHET, EA~Y MUET
DFEHDRIZE DR IIRET DT MDD HHOSIVTNET,

(2) #REEL~L
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IREENTOH )17 7 A /v mode.data DIFENEDT — 4 I HHREEL L~ UK ZAF% L £77,
)V freq.pl #5795 & Postscript TR L~V UK freq.eps NI SV ET,

LIFD X512,

\‘/_

% freqg.pl mode.data

U 3 UGS OIEENERT OWRE) L~ A X 523 1R LET, ZORNHIEEEY 517 cem! T 5HE— R3H
B ENSM0 ET, ZOF— FOBEKIZFEEIL T THHDT, A UIREREOET— RN ZHEISHEE L TWOE T,
TogB— RR TV AFETHLHEE, RITOBKIFRIOARIZ R RS ET, RINEETHAGAIZIZIR &

FoRSNFET,

Frequency (cm'1)

(3) E#E— Fordik

700 |
600 r
500
400 |
300
200

100 |

523 YL Si DFERTFLNT £/ B — FOIEER

Vibrational Analysis

1

T2g R

IREfENT O )17 7 A /L mode.data 7>5453E Trajectory TEAXD 7 7 A WEERTH 2 L2 LY, BH~Z ML
ERAFRLEZY, BN E#HTL7 = A—a & LUREIT— K2k L=y T& ¥4, V—i
animate.pl ZfEH LT, #REMENTOH )7 7 A /L mode.data 7> HIEEEOME#RZ B H L, §E5E Trajectory 72

RO 7 7 A NPEE -2 ZERR L £ 7,

JFUSOBENE BT MVOEREFRE LT=7 7 A /L controlinp % HE L 9, controlinp IZLA FD X 5127

WwLUET,

origin 1.27189 1.27189 1.27189

vectorl 10.17512 0 O
vector2 0 10.17512 O
vector3 0 0 10.17512

> —/V animate.pl ZLL FD X 9 IZFTH % &, #55% Trajectory TEAD 7 7 A WH3E— FOEZIT A SNET,

% animate.pl mode.data control.inp

>l

ZOFETIIEN B E T T AR—HE OB E Y, BADFSICY Y a VR D XD ITERE
£, 7oL 2T, ) ESTPEE Trajectory TEUD 7 7 A /L mode_6.tr2 Z Alfb3 5 &, [X 524 DX HIZ[H
BT MV RAITORESNET, 5.24 |[TRSIIVTWDA /MY, ISz gridmol2 7 7 A LV EFIAAZ &
TR CTEET, £, HENTI0E Trajectory JERD 6, BT ORENZ altf{b 35 2 LN TEET,
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X 524 V7 SiOFESFILT 3 ) E— ROEAFRT b
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522 74/ N\ REHE

5.2.2.1 HEREODHEEL

PHASE (213, T'si72 T < —fRD K RICEBT DI IRERIT 21TV 7 4/ & OIRBBFRE N MRS & &1

FT DHRED D ) £
5.2.2.2 Mk

(1) HARYRAT I NG A =L —

ZOMREAFIAT 2720121%, T HROBA LAk phonon 7w v 7 ZER L, SBREZATWVET, HAANICIE, U

TOXHT720 F,

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

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

}

FARYp NI )3T A—=F =% L FIORLET,

Bl Tay it | B2, 3 Tuyy
A1

5 A

Wi

phonon

Tx ) CRYEOBREEITH 2D T |
v

sw_phonon

PHASE ORBAFITRAEZ AT 27>
EODEIRELET, DROBROE
LT

sw_vibrational _modes

REVMHT 21T O N E D AR ELE
T, DHEOBDOSGE & [FRETT,

sw_calc_force

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

displacement

TEBROFHFEEAT IR, FHiaLlo
REEIhSE L0 ERELET, A
DIHDOEE EREETT, 7 74/ ME
1% 0.1 bohr T9,

method

‘T ERELET, RREEEE
DA dos, /N FHEEHE OGS
/X band ZFEE L E 7,

lattice

—f% kK SRR, A—r—&L
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DHEBEVEL LET, £DA—N
—BENANDORESERESTH7ny /T
.é—

nx aizRE T 20 2fELE T,

ny b iz 5 g 2 ateE L £,

nz c Hl AT 2 atEE LE TS

dos R DR F A TRET 57 3 >
hss

mesh REEEEHEIRIHT D k DA v
2 FFRETHT 0 v 7T,

nx 1 OODOWREF-XT "Ly ER At
ELET,

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

nz 3 DD T NV DLyER AT
ELET,

method % band EFRTETHE, T4/ 30 ROFRITAY £, /S0 REBEORFENY, B 0 MG L [F
£kband_kpoint.pl ZFIH L CEHHET % kROEH GRS 72 kpoint.data 7 7 A VAR LTcd LIZFEITLE
j‘o

(2) N2 FEB LUk RaEH

T )N REREAT O GG, A—S—R IV DIERIMTONE T, v PRk mEs, Ak 2—

HN—/UZEHE T PHASE 2 HBIRNCAE LES, LUFOEEISETT,

® A——t/MIE, TINHEAT L THERSNET, @D PHASE (T X 2FHEO%E unit cell type 73
Bravais OUFATIHEAME IR L T k REERLETD, 74/ 20 ROGHITT 7426 LT
7o koL TZEny,

® UM, ERUIEAILIZ > TEFEOFR LR L LS ITREL T 7EENY,

(3) A A AEESROEE OBGESTTE
A A MRER DGR, T RIZBWTAE T T 1 J/vE— RORER & RS2 > TR R H £, 20883,

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

phonon{
sw_lo to splitting = on
electronic dielectric constant{

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

}

2% sw_ lo_to_splitting % on &9 52 &2k ->T LOTO HEAEZE LI-FHFEEZITH) Z N TEET,
electronic_dielectric constant 7 @ v 7 (X, BEF R OB ET v Y V2 FEEL £ T,
electronic_dielectric_constant 7' 7 D F D exx, eyy, ezz, exy, exz, eyz (ks Dk T v Y VORG H 48 E
LET, BET U, FHED L <X UVSOR-Epsilon & X 5#E A ZRHL 7280, FRAOA%EM
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FRETLD2MNENRDHY £, Ziudk, 1BET 1 L7 FU—IC effchgdata 7 7 A VEERRL, ATO X ITHTEL

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

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

(4) FEHOFHT

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

natm super,natm2 super= 64 64

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

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

O J oy O W

natm_super 73 A—/N—E /LD FETT, cps (TR T-DINT T EEE, pos 13777 2 2 F/VEEETT,
ityp | F-ORBEEZ AT 5 &5 T, £/, A= S—UIEE T LIS FEE K ED A v 23k
DX ITHESNET,

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

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

neg MLV VI FEL mesh 23HT LUK S5 A v = TF,

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

PEEAT ORI mode.data 7 7 A WTEEERSIVE T, 74/ /30 ROSED modedata 7 71 /WS, 72&
ZIFUTO L2172 £9, TROGE LR LT, REFE— FOFLROHT 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 JFAHDORIZ, K MOBIVRENET, % Kk SOEEEE— ROFERORNT, K AOEEEAER Y E
BEEINT T VEEECRENET, REE— ROBENY MU IITEFE L 7250 T, BHZ Lo
FEROK%IZ, S FiR ShET, 7ok, TAO%E L RER J}J@J@xﬁ’r s L ORI T = o ORI ARTE D]
ENHAISINETD, ZOFBII T RPN CIIERN 2V ZEE LS E S0,

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

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

1 0.00950000 0.00025851 2.08500903 0.00473815 0.17412390 0.00002159 0.00001500

2 0.01950000 0.00053062 4.27975539 0.01996324 0.73363561 0.00009096 0.00012976

3 0.02950000 0.00080274 6.47450174 0.04568839 1.67901746 0.00020817 0.00044927

4 0.03950000 0.00107485 8.66924810 0.08191360 3.01026946 0.00037323 0.00107853

5 0.04950000 0.00134696 10.86399446 0.24722290 9.08527497 0.00112643 0.00286860

6 0.05950000 0.00161908 13.05874081 0.37130693 13.64527929 0.00169180 0.00591423

7 0.06950000 0.00189119 15.25348717 0.49343689 18.13347292 0.00224826 0.01020273

8 0.07950000 0.00216331 17.44823352 0.67844022 24.93222060 0.00309120 0.01602478

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

EH states/Ha, states/eV, states/cm-1 HNLCOIRREEE, 8 FI|HPEAIREERAE I, FEAIRREEEY, i
b E TR F—DREEIZBW TR K3 12720 £,

(6) fEHTH Perl 227 )7 1

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

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

% phonon dos.pl phdos.data OPTIONS

phdos.data 7%, PHASE 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 TN —DBENEZFRE L E9, mHa, meV, THz, cm-1 @
WFNNTY, T 740 MilElZeml T,

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

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

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

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

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

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

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

--dinc=DINC RREBEOBEKBAEELET,

--einc=EINC TRV —DBEEEEELET,

phonon_band.pl
T ) N ROT =I5 174 ) 3 R 25T % Perl 227 U7 M T, LTOX S ITHEHLET,

% phonon band.pl mode.data OPTIONS

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

--control=CONTROL or -c CONTROL band kpoint.pl 77 ANVDANT 7 A NVEREELET,
77 4 )V Ml bandkpt . in T,
--ptype=PTYPE or -p PTYPE 77 7#ECHAT 57 m y MEZTEELE T, line %18

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

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

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

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

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

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

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

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

--einc=EINC TRNAX—DHEERELET,
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phonon_energy.pl

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

Bt kDT x ) o DTFVX—E, ZTOHRE K w, ZFIH Lf(l/2 + n)hwy LR 5 Z ENTEET, Sk

H1Q, = Te kT LERENBOT, T ) DT IILE— A LR 5 & L F O E B E T
hw

exp |~ 7]

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

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

TRENC L 2 O R F 13U, = — Zﬂ%ﬁw( B) R TEBHOT, T L cimbkd s b
NTEET,

Qx =

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

K exp [kB_T -1

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

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

phonon_energy.pl ZFIH7 5 &, LLED L 272t REF T 52 ENFRETT, AFO X IICHHALET,

% phonon energy.pl mode.data

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

phonon_energydata 7 7 A )V PRETR/LF—, ~LARLY HHIZRLE— T habt—, HEOHEREE
UL RO TRk STV D 7 7 A LT

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

0 0.125434126153072 0.125434126153072 0 0

30 0.12552700746085 0.125409486111375 3.91737831580881e-06 0.0820122071540538
60 0.126828216477476 0.124936822438767 3.15232339784872e-05 0.435633166874193
90 0.130001095247047 0.123379006005857 7.35787693465625e-05 0.787404251770626
120 0.134948880737123 0.120473935403623 0.000120624544445835 1.12444793146534
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LFIEIZIREEDS, 2 5IH LED BITPHB =L — L~V L ALY AR LF—3 eV BIAL T, =2 b e B =3
eVIK i C, JiT-&72 1) DB ke AL TRlb SVE TS

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

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

Si fEEROEFEIZIS 5415 phonon_energy.eps 35 & U phonon_Cv.eps D% 7~ L %9, phonon_energy.pl A7 U
7 NE, T S ARRER R R A AT LT BRI VD mode.data 7 7 A VAR AN 8 D AU TR
728V, T ) Ny KR Z T UIEBICS S5 modedata 7 7 A VAR D &, LFO XL H 72T —M»N
FELBPTKRTLTLENWET, ok, BoNd=ux—iE, ANTHRELIR L7007

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

2 T T 0.0016 3
Internal Energy
15 F Free Energy —
Entropy— 1 0.0014
’ - 25
" i
05 | - 0.0012
- ,// 2+
. or {0001 _
s £
2 .05 2
3 1 0.0008 & 15
g / <
o O
45} / 4 0.0006
5 / 1t
2r/ 1 0.0004
25 .‘«"J 05 |
1 0.0002
_3 -
35 . . . . . 0 0 . . . ) \
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
temperature (K) temperature (K)

X 5.25 phonon_energyeps (£X) & phonon_Cveps (HX)DF

phonon_energy.pl 227 U7 ~OA T a3 08, TR TT,

--width=WIDTH or -w WIDTH TERLENARIOMEEIEE LET, 7 74/V MalL1 T,

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

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

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

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

--tinc=TINC REOHRATEELET,

--einc=EINC THNX—DHEERELET,

--cinc=EINC O BREARELET,

5.2.2.3 iR

(1) U=z Ak
ROHAREID 1 DL LT, YV Ao T4 ) o=y Re 7 ) ARBEBRE O & 34T LT a /i LE
T, ZOBED AT T 7 A /W, samples/phband/Si LLFIZH D F97,
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FPNI REHE ATV E T, samples/phband/Siband L FD AT 7 7 A L ZFIH LEF, band kpoint.pl
FDOAI 7 74V, bandkpt.in ORNEE, LLFDX 928> TWET,

0.02
-0.8333333 0.8333333 0.8333333

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

5308 ¢#U

0001 # {/Symbol G}

1002 #L

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

o)

% band kpoint.pl bandkpt.in

AND, JFAEEDOFETEIILLTFD X 91278 >TWET,

structure(
unit cell type = bravis
unit cell({
a = 10.17512
b 10.17512
c = 10.17512
alpha = 90.0
beta = 90.0
gamma = 90.0

}
symmetry{
tspace(
lattice system = facecentered
}
method = automatic
}
atom list{
coordinate system = internal
atoms {
#tag element rx ry rz mobile
Si 0.125 0.125 0.125 O
Si 0.875 0.875 0.875 0
}
}
element list{
#units atomic mass
#tag element atomicnumber mass
Si 14 28.0855
}
}

unit cell type % bravais &L, lattice system /37 A =X —|ZX>TIZDRI facecentered, T
bbb THDZ EERELTCWET, Lz 21g, @D PHASE OHFE TILIZ DL 5 RfFEN 2 &
TWDEAHENNAZ EAMEATER LU ETD, T4/ oA FRRETIIZO LS 2 2 LM ThhvERA, KIS,
phonon 7' & w7 ZRO K HITEER L TWET,

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

lattice{
11 =2
12 =2
13 =2

}
method = band

}

A—3—&/MT, a b, ¢ WIENENE 2 [HETOREZEHAL COET, D EOREDE & PHASE %@ i#
DIITLET, EENKTT DL, FOREN mode.data IZit8ENE T, mode.data 77 AN T+ ./
Ry RRESD T2, LUFOEMEERITOE T,

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

-—control A7 3 Thand kpoint.pl FDOATIZ 7 A NVERE L CTWETN, ZORERLWGETIAN
¥ RERUCHRERR A R HER R S 1Hm SN2 < 720 97, MRITRICRIRO L 12720 £77,

500

400

300

200

Frequency (cm'1)

100

r X U
X 526 VI AEROTEr ) NUR

7 & J v DIRBEEE DI EL 2 AT —# 14, samples/phband/Si/dos LA FIZdH 0 9 @B IFHHE
DT, band T 4 L7 ) —DTFIZHD force.data 7 7 A NVE b — L RIS & HESGHEEZ A v
THILBARETI N, ZOHEIE sw_cale force NI A—F—% of £ ITRELTLZEY) ZoH 7L
DAIPRT A—=H—=T 7 AL, LLTOX D 705t e S CnET,

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

12 = 2

13 =2

}

dos{

mesh {

nx = 10
ny = 10
nz = 10

}

}
method = dos

method = dos EFEET DI LICL > CIRIEEEGEA1TO Z L AREL CWET, dos 7B Y7 D FD mesh
70y 72BN, REEBEHRETHHAT A A v 2% 10X10X10 & LTWET, ANEZDO L I ITHE LK
2725 PHASE Z#3ATLET, 74/ VIREEEE OFERISIE phdos . data 7 7 A MG ESNET, ZOT
—X %% & phonon dos.pl A7 U REFH LTI 4 /) IRREEEKZER L ET,

% phonon dos.pl phdos.data

ZORERIFOND 7+ / AR EIIRITR @Y T,

TIL, ZOfEELZ2BIe LOTO HEEE- L1774 ) /3 R

0.09

0.08

0.07

0.06

0.05 |

0.04

DOS (states/cm'1)

0.03 |

0.02 |

0.01

0
-100

(2) FUeh VoA

0

100 200

300 400 500 600

Frequency (cm'1)
527 'V alFkEFD T + ) IRIBEEE,

3 b U 7 A% NaCl BofEqEEE D, A A MO TY, X 5.28 2O/ EEZRLET, 22

samples/phband/KI LA FIZ&H Y £97,
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X 5.28 = 7{bh U U LOREEMEE

LO-TO & EZBE LTEIEEIT O 1oDIllL, EROFET YV EARERDBMETT, ZALITLATO X

L THELE,

® #FET Y : UVSOR-Epsilon ZFIL TR LE L7z, ZOB, 22 eV OF v v FHIEAH L £ L7z,
FERTL, xx,yy, zz HANENZEIN2.6 720 F Lz,

® G%hEM : UVSOR-Berry ZFIH LC, BV ARERNT Y VOB EITOE Uiz, L, 1) 7LD
ANERIAN 1.1262, 3 UROARNERN—1.1262 &2 LT,

B EREL, sw_lo_to_splitting 2 on &4 ALSMNIT Y o FEROEE LREIL T, &, b7+ /v
Ny RERLET, Wlo=), LOTO N2 BEEFIGHE LM ELADE TERLTQOE T, REA
LO-TO 53 aZEEFIGER LR, HAEBE L GHRE LISERSHELE T, ZORMNOHLR LD
(2, TALHTITIZLOTO 75242 L » TERE LRWEGATIRER L WO DIRIENS SR L TOVET,
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LQ-TO splitting not taken info account
LO-TO splitting taken info account

N
I
=
%)
-
QO
=
e 2t .
(N
| P
0
r X §] r L
X 520Kl #ESD7 4/ 30 B, 783808 LO-TO 3 ZRETIEHE LR, HHBLOTO 43EE

BLUCHEAELIRER,

(3) ARDIREEFHEAIEE
B, 74 7 v EHTIL XM OMBHEZE RG] & LT A XOREFHEMEB OB ZFENT L ET, ol
DASI7 74 WZ, samples/phband/Sn/a-Sn (« A X) 5T samples/phband/Sn/b-Sn (f A X) IZH Y F7,

ARE, o ARE BAXLMHINDFRA RN Y £, o ARIZA YL FEE, BARTZTDADEY B
ARG L) Y, TOfEEEEE, X 5.30 ITRLET,

®s @& sn
@\
. . AL ’ -
® | ®
& S | 8 |
5 O\

, @ .

a L'V,X

B 530 o AX (EX) &BARX (AK) DibHEE

B ARKEIEIH A ¥ E L FifiED c DTN DIM L OS5 LI L O 2fetiE Ch v, IRLIEMERY £3,
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IETIX B ARVLZETTD, MR T TlXa ARXNZEIRY T, Ziud, BRTObOoOLET LT —Ta A
AOFTHMENND, R EFIHED 74 ) VOBV T—DK T ARDERREW-HH HIRETHRT
FNF—T B AROFMEL 220, FEET D00 ThHEEZLNET, ZOLHRBG%E, 74/ OHHH
TRNF—HE LR OET RN — AL TR L TWVEET,

FPE, BEERORELEITOE LT, 72771, B AREED ofa Hit 0.54614 L EE L Tt LE L7,
FEFE, ROFITRTIED TT,

WriEtka@ T @ Zr /¥ — (halcell)
a AR 6.6555 6.6555 -136.147884
AR 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, WREEBEDOLTT, a AR, BARIIXL T arOfs LREEEDREZ Phonon 7' 1 v 7 TITW, R
T A I U Uiz, A TR Bz mode .data 7 7 A /L%, phonon energy.pl A7 U7 kTl
HLFET,

% phonon _energy.pl mode.data

FEFAS 5415 phonon_energydata 7 7 A /LD 3FIHIZT7 4/ OB HTZRILF—05tdk S IVET, ZAUTHAL
Jad7=0 OfE7Z2 DT, RO RLF—DENIIHT- ) O3 —%NNz, BREOREE LTy v5
& X 531 DX REERMEONET,

0.2 I I |
o-Sn
-Sn
Ay B
A S SIS 1
00 \_.a"-f.___;\?__._:-\ S
- ’l"f'_'-:?l =
02} s ) A
. \> >I"w~ ~)
_ S
: -0 . 4 B A \:1 n
D
g \._B\\:\,\;;
=)
% I\J\F:\}
0.6 | S |
g A, <
D =
“— 'x.?:-'\f_\
1)
>
'0-8 B b i:;\ -
~ \lf:\:;l\
'\.\_\,s'\}ti}
-1.0 | S
1.2 1 1 1 1
0 200 400 600 800 1000

temperature (K)
X 581 o ARE BARARDEHHTRNVF—ELEEDORR, RN a AX, R B AXITHIRT D,

X 5.31 IZBWTa ARDOHIFR R & B AXDOIIFR D) DRZET HIRENIOEE EE2X onET, =
OHETIIBB I ZE510K 720 £ L7, EBICIE 290 K 72O CHESBIRE N B M SN T LEWE L2,
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 D120, A— = Uk DIRET 21T 5 LB H Y £,
LIzhio T, TEOHOEE & s 2 LIEFITE < OFERHDLETT,
T ) N REEIZBO TR BRTEEN SV ONA——UIKT L NOFETT, Zo7—4#1%, 1
EERONTZORAHT A ENTEET, 72X 7+ ) VOREEELZFIE LI LIl T+ ) V30 R
SRS D5A, EIIRRDIRFE ST T+ ) L\ REFRT 25672 81%, LLFD X 512 sw_cale_
force NT A—H—% off LT HZLIZKSTUBRIREARCVET ZEEITHIENTEET,
phonon {

sw_phonon = on

sw_calc force = off
}
728, TRHEOFERIMAESN TS 7 7 A Ut forcedata &N H 7 7 A VT, /30 REHE LIRIEE S
BEBRRDT ALY N —TITH5BI sw_calc force = off ETDGARIIIDOT 7 A NVEYSHET 1 L
7 M) —lzae— L THAL TS ZEE0,
WHOFEDY G, LTOREZITH &, A THES U Bravais #-1% Primitive #2241 T
FHEMTONET,
structure{

unit cell type = bravais

tspace(
lattice system = facecentered

}

}

AW, T ) N REVEDEIIZ OZHUTER ST, Bravais 1O F £ A——R/AIMERS
N, FEMTONET, kK STV T Ry v a it D EIOEE ST,

A= ) UWERD/RT A—4—, 11,12,13 13 & OHEE RO K D 7R BEDMH 2 LT 728w, B
DRFEDYE, BWOH DI TN EE A,
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523 nFEAhFEEZaL—ay
5.2.3.1 HEREDHEEL

PHASE I%, B0 R L TOTFEIIFEY S 2 Lb—3 3 U3 T9H 2 EWAMRETT, =¥ ——iFlL
B —EOSTEF S 2 L— g UEHE X T,

5232 NJp"T A—4
DFEIIFHEY I 2 b— 2 UL BESH D 7 7 DO RARITRLET,

DFHAE T2 b—Ya UBEEICRREDH 5 ¥ 7 D

1 Tmy s $2, B3 Tuyr | 2T Wi
L ClEn

structure_evolution JRA BT — 5 DR LR ET D7 1
> 7

method SRR D BT IEAEET 5. 53 FEL)
FUIalb—va VOBE,
velocity_verlet (=F/L¥——ED51H)
J1F I al—al)
temperature_control ~(RE—ED 5 1)
T 2 b—g0) OV

dt WA Z R E T D,
7 /L MilZ 100 au (8 2.4 fs)

thermostat B T BT 0w . FRT—4

temp REATEET Do

gmass B OEEEIEET D, —EREOS AV

Ao

structure atom_list

atoms AR AT 57 1 7, kT —
v

thermo group | JAFIZENRAZEID 4TS, EF LIZIE,
HEAETHRET 5.

T 7 4V MEIZEEFEE/2 DT, 231 O
DA THLMTERT D,

element_list TTREREEET D, FEAT—4,

mass ST DILBRDEEEFEET D, i FHT
THDHZ EITEE,

printlevel

iprivelocity F DYNM 7 7 A MZHEE S H ) S0
Y ZDRT A—H T 2 EBHEET Do

5.2.3.3 fHEAERDOH 7

JEFET— 413 file_names.data 7 7 A /LD F_DYNM IZ L > THRESND 7 7 A MK AT » 7 COEFEN
NENET, ZOWRIE. HEBEEORA L AT,
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® TR

JAEE Y, HEEmATT 7254 L[, file_names.data 1> F_ DYNM B2 k> THRESND 7 7 A
N BEED T 7 A 44T nfdynm.data)lICFR SvET, 2D 7 7 A /UIHED perl A7 U~ K, animate.pl 72
EEFIF LT, PHASE Viewer 72 ER3at/riAb HIERICEST 5 Z L b a[EL 7> TET, AT T
printoutlevel 7' & 7 O F® iprivelocity ZEDfEZ 2 UL EIZ L CWE, KRTF-OEEOT —4 &
FT, HEOT—HL, HOT—F O L IJFTHACHDINET,

@ KAT v THOTRILF—
BT T TOTHNLFX—T, file names.data 7O F_ ENF 5 k> THRESNL 77 A4V (BEDT 7 A
AT nfefn.data)lcH I SNET, o7k o TELNAREREA LI ISR LE T,

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

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

—HIBIRTERO L, —FIRIIFET-0O SCF #HAOEE T, =FIRIE, ROWNEH=RLF—, UHIH
FROEBT I X —CF, FHIBIEROWNIT 3L F— Ll 3L —% B LI Th Y, TRLF—E
D TEITFY R 2 b— 3 BT HIFRTT,

5234 G TRV ——TEDONFEIIF I 2 —T g

TR ——TEDHFINIFL S 2L —2a LV DASIRT A—Z T,
FHEAIEIL, sample/molecular_dynamics/NVE T,

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
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structure(

unit cell type = primitive

unit cell{
a_vector = 0.0000000000 5.1300000000 5.1300000000
b vector = 5.1300000000 0.0000000000 5.1300000000
c_vector = 5.1300000000 5.1300000000 0.0000000000

}
atom list{
atoms{
#tag element rx ry rz mobile
Si 0.130 0.130 0.130 yes
Si -0.130 -0.130 -0.130 yes
}
}
element list({
#tag element atomicnumber
Si 14

structure evolution{
method = velocity verlet
dt = 100

ZOANNL, V) AR OANN D UEFE LD E > TOET,  atoms TiE,  FHEF0DO“mobile”Z 4 %
“Yes"EERELTCWET, ZIE5NHOWVTOEHRTET D E, TORT D 1EIFE I 2 b— a3 U ETHo
THEK ZLIEb 0 FHA, SOIEBEHELZ b4 TEETRVMEIZLTOET,  BEARNIZE, S fERo >0
A A2 QD HANZBEVDBEEND X5 LT 5 LTnET,

structure_evolution 7 7 7 Tl¥, “method”Z 4% “velocity verlet’: L CUWVET, ZDIRIZ L - T /NEHEE
BORTEIF I ab—2a B (TH ZENTEET, Fio, EAT v 7 COEFEEE dO) %, FTHEAT
“100°E LCWET, ETRAZX 91T, ZOfEIE 2.418%x10-15s [THHS LT,

ZZETHHA LY TVOATERAT D L, JRF-OWIREITST 0 EREINET, R HICyhsEz
B2 556, TOE 97 AR L T IZE0,

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

}

Z 2T, “temp ZBECCHIADIRE & 7LV B VBN CRRE L3, R OPIBREREL, ZOEEIZRD LI,
OIEHESICHE- T, AEIE 010725 L OIRESNET,
JRA-Z IR DUERE AR ET D2 E L AEETY, ZO%A, £ e 2 BRATI B LET .,

structure evolution{
method = velocity verlet
dt = 100
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temperature control{
thermostat{!#tag temp
300
500
700

WIZ atoms DFEFFIZ, “thermo_group” &) BHAERE LT,

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
}

ZOBITIE—EF B OJFF23 300K 12, & H O 500K 12, =FHDJFF75 T00K 12725 & 5 FIHHHREEA R
ESNET,

ZOFABIOHFFEROPEE TR L F—, FEET R LF—, ETILF—%K 532 1TRLET,

-7.8950 0.0020
Bt ——
Exin
Eot*Exi
7.8055 - | 1 0.0015
T | [ | ‘J‘ |
2 I | || [ [
s [ e [ | \ [ _
< \ | | I | . 8
< \ I * \ fo | \ fo £
F 70 | [ [ I [ || Hooo0 &
3 [ A A R A A E
up A I T w
5 \ | \ | \ | \ | ‘\ | \
ul | | | | | \
| \ | | | ‘\
78965 | | | | | | | - 0.0005
| | | \ | ‘
-7.8970 / L v L I 0.0000
0.00 0.05 0.10 0.15 0.20

time (ps)

B 5.32 NERT AL F—, BEITRLF—, ETRLX—LRHDBR,
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5.2.35 G IHEEDOSTINF I aL—va

BE—EOS IS I 2 L— 3 VD ASINT A—ZFTT,
FHEAIEIL, sample/molecular_dynamics/NVT T,

® FRDERTE
structure_evolution 7 7 7 |Z temperature_control 7 7 v 7 45 E L E T,

structure evolution{
method = temperature control
dt = 50.0
temperature control{
thermostat{
#tag temp gmass
300 5000

EFEDOATIFITIE, F 7 “method”Z %1% temperature_control & L CWVET, ZOEEIZ K > CRARIEZTT 5
EHFRELET, DWT, “AdUEHEHE L TWET, Ziud, REZIBOIEE T, AHATCASILET,
PITRENTNS 50.0 LW O, K9 1.2fs (TS LTS

S 52, temperature_control 7' & 7 T?Nﬁ*@ ﬁ?&ﬁo TV \i?”
Z—ZRELET, “temp”/ 3T AKX —
2K > TR DO E 2 HA) 25 ELET

“thermostat”7 0 7 TEEIRD/ T R
“qmass’/ T A X —

® FnoEIn 4T

structure 717 @, atoms VR v EHET DMERH Y T, HEFIEZLLTIRELET,

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

HJET1Z“hermo_group”/ 3T A X —

B, BNRORMI RS IR O E

CIZESTT 74V MEZRET D Z L bARETY, ZZOfIT
FIRAINET 2 DB

WETTS,

188

ZEIVIES>TWET, ZORT7A—HZ(T
FATEHIVIRONET, £, WAO)ET%@& kR, “#default” ¥ 7 Z#FIHT 5 =
A TOJRTIZF U thermo_group Z7%E LT
ZREREMHT BTV T H D @ i‘b_“/uo

BB RS E LET, 7




5.2.3.6 (FHIZHBIT AEE A

SFENFY R 2 b— 3 VEERRICEI IS 0 FH A, LR T YT RBIOPAW #ERT v L, Wl
FIGE, MGt RICE L CWET, LAFOMAICEESLE T,

o JFFOEEY, EEOMEREICBOCITESSROME 2 AT 5O TIEH W AN, HFEFs
a2l — g OERITEROHLETT, LR T, AMEREAFITIT 2530 HE0OE LWVEEAIEE
T HMENH Y £7, PHASE 2T HEEEOEEOBANY, BT, =&z, BrroEEiFRT
HA7 T 1822.877333 T,

® ERITHRAF T b Y B CRRE S E TS, TR LR LR & DRIy = X Nytom X

kpT LWOBMRRH Y ¥, Z 2 CEBIT=RAF—%Ey, T FEENyom, VY~ & aky, W]
HIZRIREEZT LRtk L E LTe, o CHEEI=RLF— O ROBEZD I20GE, FTEE X —%

JFEcCEID,  3.1578 X 105 & W O EAENT TON— N U —H() Dkg T BALA~DZH), X %L:%T“%'JOT

Tauy,

® F{EEDEHIREII AT THE LIz R A O fE(structure_evolution 7' 7 IND dt &) AT
TEVEHNT 5 2 & 12K - TERFETORSEN 30 F3, FFEOBEAIIAT CHRET 5 Z E23AHETI 2,
JFABALCREFIRA LIZ5A(G 7 40 ) 2418 x 10717 LW fEAENTIUL TRY) (T892 = L3 AfRET
T, 72 z1E 100 au &) L 2.418 fs ITARS L £,

® [RE—TEDHTENIFIIalb—r a3 ilbild, BUROEEQ DIEIZHOWTIEEREZETE T, /hETE
DQETMTD &, RDFAT I v 7 ATEBMTERT 5 ABRRE— FPVECTLEY, £5AICE-
TIFFHEPFEL CLEWET, ARETELQETMT DL, RDEHHNET 2D Z<DAT v
BEVBEETHE TS TLENET,
QDM SROFHE LRI DA & BYR ORI D8 I3 K2R, BIROT R 725 KO ITES
LRWE SN TWET, BunoiREIOfES] & ROIRENOEIIOMOBIFRIE, IHETITITR O TRHAIE T &
%9 (S.Nosé, Progress of Theoretical Physics Supplement No 103, 1991, pp.1-46),

_am_ Y

1/2
T T 2"(2ng7")

Z 2T, wlITENEICROEM & RS, gl3R0 B HEQGX ZOEVRIZEREAHT S TWBIRT-0H), kg

% R~ B, THEDOBNEOIRE T, BilziE, 1% 0.05 ps, FiF0%% 8, iHEA 300K & LT (10)
KTCQOEARFEL D L, FFEATRBBLZ 4600 FUE L7220 £,
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53 BRELEFKEDETE
5.3.1 DFT+U %
5.3.1.1 #pEDOHEE

PHASE 1%, FHEMACTRIC IS | 18 A EOMTIOB FRIBEBRIECHSET S - L ACE £, 3
MR 0 Lo 2.5 2 L1500 £, = ORI LT, SRR LA 50
(CHA LT RSB I COE T, ZORAEHD FEL LT, PHASE (3 LDAYU #5713
DFT+U #4385 L COE T, ZAUL, REEGFRORNMARLIER & Ao b7 —a AR & LT
ROFECT,

DFT+U JEZI3 < Shdsifidy ) £375, PHASE THMHHE S EHEREE 7 A5 LTV,
ZOFF VUL, DFTHU O FF— B Eppryo) 1, RIS 3L 6 Eppy) & "7IC

KOMET LT —IHOf L LTRSNE T, GEOFHEHIT, /~— FIEHRE bIFEINET, ) £, A
— FREEL, &Y A MCTEHRESIIZEATTS] p OBIETT,

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

Im,o m

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

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

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

e+U. /2
— Empty level
G
Ueff
b Occupied level
&-U, /2

5.33 " N— RFHIEIZ L A8 L F—DELL
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5312 AJ)/RT A—%

DFT+U {EAEHAT 2121, DLFOFIEDRMEETT, 412, accuracy 7 2 v 7 NIZ hubbard 71> 7 &
projector_list 7' v 7 ZEX NN ET, AIE CIEARY —v U HAEH= X —DfEuef) #F5E L ET, 72
. sw_hubbard =on %, /" N—F#IEZITH) Z L2 EESTH7-0OICGMR LET, %EClL. HGATTPIOFET
T 2 EAEOAE R AR E LE T no 137 1 V=7 ¥ —F 5, group lI7 0T =7 X—D I N—T%K",
radius [ZAZNETHEE, LI &4 TT, hubbard 7' &2 v 7 TIRE L= 70 v= 7 X —&514. projector_list
Ty THRELLZT R Y 27 X5 TINT D Z I THELSTEENY,

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

#tag no group radius 1
1 1 2.75 2

}

WIZ, structure 71> 72T, »~S— MHIEZEAT 2R 28 E L9, proj_group THET HE I,
accuracy 7B v 7 CEHR LT R Y =7 X —F SRS LET, 7~ 3— RFIEE{ TV FIZIE, proj_group
ELTOZFN Y TEY, b, BFLRITKH LT, [Fl—0D proj_group HZEV U THZ LIFHRER AL,

structure({

atom list{
coordinate system = internal ! {cartesian|internal}
atoms {
!#default mobile=no
'#tag rx ry rz element proj group
0. 0. 0.0 Sr 0

1

o o oo
oo o oo
[cNeNeoNe)
oo v U o
o o oo
o o U o
O oOooHd
o oo

}

DFT+U {EIC L DML, LI UIERAHY B IREENINR L C L EWE T, FARDERTE ) v\ —0F ]
B T —IC L AHBEAEEITH T, DK D ZRBUTHa> CUVRWE & 2R T 5 2 E 2 HER L 47,

5.3.1.3 fHEAE RO 7

phase ZFATLET,
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BT RNX—DOH I EZDORGT O I D% L1/ 3— R=R X —HE) & vS— RRT v LR/ X—
(HP) puBcHiisnE 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 EW= -92.0686823 PC= 12.2272681 EN= 0.0000000
HE= 0.2533348 HP= 0.6709743

o, V= FIEEA T TR O SATPIOFBEENE I SN ET, is 1ZAE L OEFS, ia IFRTOES,
VAR EER LT, 728, HA10%otix @+ x Q+1) T, 0D (mm) oL, s
FH m &0 (1<=mm’ <=2l+1) OFFHGERICIT D SATTHIOERICHG LET, 7ok, FiuEor:
I, 5.1 1KLL TWET, I, BATHIExAT 2 Z L0 E6ns, &RFHED SAED )
SNFET, HEELTOLMND, ST HEENY MUTAICERSET,

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 &9 7 7 A Ui, FHEIE TT5ERTD SCF iteration (2815 5EIHIOELZENH SN
F7,

16 : num om

1 3 1 3 1 : is, ia, iproj; it, 1

0.17441054E+01 -0.20464246E-02 -0.99899010E-03
-0.20464246E-02 0.17539484E+01 -0.39442624E-02

-0.99899010E-03 -0.39442624E-02 0.17529809E+01
1 4 1 3 1 : is, ia, iproj; it, 1

0.17365161E+01 -0.12145064E-01 -0.11970673E-01
-0.12145064E-01 0.17903944E+01 -0.85524320E-02
-0.11970673E-01 -0.85524320E-02 0.17856965E+01

11TH® num_om 1%, ARSIV HAETTHIOEAE®R L £7, 21THLRRT, /S FIEZ T o 7T
D EEITHNOBEZ BN SNET, is (FAE L OFS, 1ald7FOFS, iproj (I72y =7 X —FK 5, it 1T
FEOFG, NI EFREE®RLET, B3 EATHI0E. num om [Z—E L TWVET,

EHTTSINT P32 + 14721 + WO 5 TRtk L £4,

o,Lp o,iL,p o,i,p
Nyq Ny, o Ny o141
o,L,p a,i,p a,i,p
Ny Ny, o141
o,i,p o,i,p o,ip
Nyiv1r Moz 7 Moiri2i41

ITANDIRZ FATEE B A e R U E T, SR TOWRZ T EPuaOMRE & OXREF 5.1 (IORLET,
occmat. data [ IR ZAKSEIG A, HATTHIOYIMNEE 52 HIGAVE L 720 7
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# 5.1 H5HEITFIDOEZ T L HEOMERE DXL

HAETTIINDOUZ T =0 =1 =2 [=3
1 s x 3z2 —r? z(5z% — 3r?)
2 y x% — y? x(5z% —3r?%)
3 z xy y(5z% — 3r?)
4 yz z(x* =y
5 zx xXyz
6 x(x? = 3y?)
7 yBx*—y?)
5.3.1.4 FH5HI : N5 SrTiO3
N5 SrTi03 OFHHEAEITCT,
® DFT+U/SrTiO3/cubictu  (Uygld, Ti3d #uEiZ%f LT 10eV)
® DFT+U/SrTiO3/cubic UeglT 0eV)
D OREREREN 5.34 (TRLETS
16 _
NORFruT (eV)
I = GGA
14 GGA GGA+U(U=10eV) Exp. —— GGA+U (U=10e\)
1.8 3.1 3.2
12 1
S0t Empty d-bands
3
s gt
&
S 6 f
(]
4 t
2 -
0 L 1 L
-8 -6 -4 -2 0 4 6 8
Energy (e\)

5.34 SrTi03 DIREEFREE

5.3.1.5 &4 : S5 Lavo3s

N7 LavO3 ORI,

® DFT+U/LaVO3/cubictu (Ul La 4f #iEIZxf L C20eV )
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® DFT+U/LaVO3/cubic (U 41%0eV)

Uee3 0eV D & &1L, A FUEICL D3 NIET 2L Lok d | 1.5eV RICBUVE T, Uggd 20eV 975 &
8eV TIZHUET,

5.3.1.6 #1541 : &7 LavO3

#: LavOos OaEEICT,
® DFT+U/LaVO3/orthrombictu  (UyglE, V3d #iEl% 56V, La4f #5120 V)

® DFT+U/LaVO3/orthrombic  (Ul% 0 eV)

DFT+U FHARTIE V R LOREE— A & b SSORBEERNTES I L E T,

5.3.1.7 7.5k FeO

SEHEh FeO ORFEMICT, ZOEEFNL, occmat.data 7 7 A WNOEFZ SAELTHIONE L LRIFAT5
HLOTT,

® DFT+U/FeOl/ggat+u U 4l Fe 3d WUEIZKI L T5eV )
® DFT+U/FeOlgga (U 4l30eV)
Ty AR AR U T ATTHIORM AR 1, XU A UKL TUE322 —r? BuELSOXHEESED 0

ICRRESIVTWVET, U 0 eV TiE3z? —r? HBOMEEFF O d N R 7 =L I Lb k) RIZBInET
D oVI= FHIETIEMSENE S, £2, ~VS= FRIEICL D Y Ry v TDPRE £7
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5321\ J1) v RNk
5.3.2.1 Hne O
J T FE UL (local density approximation=LDA) % i#9 5 FIEICIT K AEITEL (generalized

gradientapproxiation=GGA) DIFZ, Hartree-Fock AHUNEIHZ —EEI Y ANVDH A 7V » RILBSEIEN
&V 9, PHASEO Ti., PBEO[1-4] & HSE06[5-8] > —FEEADILBIEAME X £,

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

¥R, AEARBORER, ) 20T

pesact _ Z Z fdr fd r, I/ka(ﬁ)l/)kVG(Tl)l/’kVU(Tz)I/)kW(Tz)

|7'1_7'2|

a kvkv

o (= 1)y, 8 8 | 410)

|ry — 15|

i

THEABNET, ZTIT v, (ZBIT D FNTEAREBICIR O N ET, £z, 21THDQ;; & BT T RIAFE M
WZHZRL, DV RT YT MERT v ARIIRHZEI L T,
PBEO B daz/"T A—2 L LT

EPBEO Eexact + (1 (X)E)IZBE + EEBE (2)

1
LiEgsnEdl1-4l, =2, EPBEIZ PBE MBS, EPBEIX PBE FIEIABIA TS, a = Zﬁii <fEHR

HETT, M7V FIRBKICIE, Z OIEMNAHBRESA % 2 7 ) —=> 7" L THZ % HSE JLBKE!SE

N ET, T
EUSE — qESRCSR(4)) 4 (1 — a)EPPBSR () + EFBEIR (o) + E )

DA TRINETI58]. wlIAHBER AL ME < H#FH 2 HIH 25537 A —2 T, w = 0TERPOIZTFHEL

<. w - coTHBIMNZEL P ICIT- D& £9°, HSE06 LBSAFIHT 2 & T ORAITEAY A X ko
ATk HOEBITT 200D, PBEO INBEAFIHT 655512 L C L <7220 7, 2 Y [A CIHEZ
5T OFRAMPRIIN NS <72 £7°, FHRMREL RGN OERAMZEHI TE AHE LT, o 1T
0.1(Bohr DEREDAEA L < i E T,
5322 A1/ A—4

Hybrid LB CEFIRIERAZ1T 913 UTFO X ITHRELET,

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

ZOFIDSETE. HSE06 INBHAFRE L2 Z L1272 £, HSE06 Di37>, PBEO, HF Z#f5E4 2 Z LAvn]
BETY, I TlE, sampling k AUX T A (method=gamma) ZF5E L TWETN, 1FITHETIR sampling

(method=mesh) & %V % Monkhorst-Pack |ZJ % A~ ¥ /L k s sampling (method=monk) Zf5ET 25 Z
EHTEET, AEFE LIZSE. base_reduction_for GAMMA 3 W' base_symmetrization_for GAMMA
% off IZRELTBNWTTRFIW (ZOYG, T ROXFREZE - 7-FHEOESR I ThL T, —k S0%5E L
R CHNZZ2 0 £9), ZOREDRVEE, HEHET 52 & 75‘3?) 0 %9, /X7 A—% alpha (£(2), )z
BN D BRI EAEADIRA R a T, 7 7 4/V FOfEIL 0.25 T, Omega IZQ@)=UHN Al ST A —&—
w™C, 7 7 4/V ML 0.106 bohr! T,

YRR BEAER A ELY R T, Hartree-Fock AR 21T O AT TO L HITGRELE T,

accuracy{
hybrid functional{
sw_hybrid functional = ON
functional type = HF

}

7272 L. Hartee-Fock HADIUAILZ PBEO & HARTHE L ELS 2D £,

PBE IRE# 2 fef - TR S W7 BB & B LD 6 D56, iz hybrid INBIEGHE O WIHTRENRE L )
WEMETHIENTEET, TORDDODANBIERITRLET, MWHTIIH Y FEANR, N7V v FULEK
IEITIEH O GGA £V HIED ML ORIAERIRN 2D DT, 2O X S IZHE LD L THIREEZ ST
EEHERL £,

accuracy{
initial wavefunctions = file
initial charge density = file

}

ZDOEHRHREEZFTT DA, FHEICIETE > C PBE HESGHR O EIRSS T 7 1 /zaj.data) & BRHEE 7 7
A Mufechgt.data) Z#1E¥ET 4 L7 b U =23 2 B —1L %9, Sampling k #Z IS &8 A TODEAITIEL, RO
ZEICHEE LTI £ A, TbH, N7 U » FHEIZKEZ > TITH PBE LBEEGHRETL.
base_reduction_for GAMMA I3 & O base_symmetrization_for GAMMA % off |[ZF%E L TR & E 7,

ATV WFLEQ%TE?I /*“/ FBLO k KO 2 EL—T7ORENHY £3, 2055, WD k Al ’E@@‘

HN—T VIR SENIVEERDH Y ET, 22T ZORMID k sub—7% “fHEI<7 2
iofﬁ%é%ﬁ%ﬁ 75> PHASE (i3> TWET, ZOMEELFIHT2I12iE, LTD LD Luﬂibi
7
accuracy{
ksampling{
method = mesh
mesh {
nx = 4
ny = 4
nz = 4

}
}
hybrid functional({
reduction factor{
fl1 =2
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£2
£3

}

A1, 2, 3 1I2E-5T nx, ny, nz ZENEIUNGO—ZTH0ERRELET, ZORITIEL ENENDS
BIONRL—T"D X 3 280 1/2 12720 £,

TV T VT NERT U VERIRT BD5A. M 7 Uy RIBEGHEDOHEREOIZ A LR T Y7
NEERT o ¥ VR OB (REBEMEE, (DXP0Q;) ICHKT DB SnE T, 7
Uy FRBEGHRIZIRW TR, KABEMOEERERG (GOREVEG)) 28 < 2 LIk T, FEBEICK
TR T S PICEE LT 5 2 E N ATRETY, PHASE/O TZ OMEREAFI 2121%. 2%k charge_mesh %
FIFHLET,

accuracy{
hybrid functionalf{
charge mesh = fine
}
}

2247 charge_mesh (213, exact, fine, moderate, coarse DVW\TINEFEE L E T, exact ZFEET D & KAEE
DT _COWHESy % E R L £7, fine, moderate, coarse DNEIZEE T 25072 < 720 £, charge_mesh
DT 7 # /v Mt fine TY,

TV T T NMERT UV VEFIRA L CWAEA, KRB HET DA A SR TTH Z LI Lo Tk
b5 LB AEETY, FAUTlE, ROLIICHEELET,

accuracy{
hybrid functionalf{
SW_rspace = on

}

—

W, ™7V v FHBIEC BT 2 KIBEMOLER T ONYOEHIN)N 9783, FZEMBERAT 2 &
IZE - TZORHHZ ONIINZTHZENTEXDHDT, HOARERZIRTIIVADIEE LR £7, 2B 0%
EZITHIYE, Eld charge_mesh /X7 A —X [ TEMAEFFDL EH A,
5.3.2.3 FH5H

(1) KEDT
K531 PBE #t%, PBEO &%, Hartree-Fock &R OFRFI-EIL, samples/hybrid/H2 L FOT 1 L7 KU

PBE, PBEO, HF T, go_h2.sh #5479 % &, ZNHORHEZIERIZSFHATLET, 2N HOREE L Gausian03
DfEF & DA 5.35 (TR LE T,
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0.1 T

T T
Y
0 A
A
01|
02
]
£ HOMO (G03) @
£ sl LUMO (G03)
> HOMO (PHASE) /\
g LUMO (PHASE) /A
T ®
04|
]
05|
06 ®
0.7 l l l
PBE PBEO HF

X 5.35 PBE iA.ES80E, PBEO IRBEI8GE, Hartree—Fock EEIZ K B7K3845-F 0D HOMO #EAL & LIMO ¥R (DR /L —28
Gaussian03 (G03) DFER L XL TRENL TS,

(2) KO+

/K430 PBE #1%., PBEO 2541 %, samples/hybrid/H20 L FF 1 L2 kU @ PBE,PBEO T, go_h20.sh
EIEITTHE, TNOOREZIERIZFATLET, TNHORHE Gausian03 OFER:& DLk Z[X] 5.36 IR L

4,
0 ®
® 1 umo
0.2
/\
® HOMO
® ®
0.4 | ®
6 o
=
[
L 06} o
B
2
w
nal Gos @ |
0.8 PHASE A
1
®
-1.2 - L
PBE PBEO

5.36 PBE JLES%: PBEO LEBEOEIC & B/ F DT R —HENTAS Gaussian03 (G03) DFEE L gL TR
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ShTnag,

(3) Uz fkhsh

U 3 UaEsROIRREE EE O R A PBE, PBEO, HSE06 TFE(T9 547 samples/hybrid/Si LA FIZH D £77,
FHRZFATT D DN DIREEEXZM 53712, N5/ ¥y v 7 %K 52ITRLET,
3.0

|

PBE ——
PBEO
HSEO6 ——

20

15 +

DOS (states/eV)

1.0 +

05

0.0

energy (eV)

5.37 PBE, PBEO, HSE06 JLBIC & > TR b7z Si fbdRODIRIEFREE

# 52 FNBEBIZL > THOND N F¥ ¥y v T DL

PLEEEK NV FXx v 7 (eV)
PBE 0.7

PBEO 1.9

HSEO06 1.3

samples/hybrid/Si_k10 1%, k sS4 v =% 10X10X10 & L=l T, FEFITHHEIOD MDD FHE TR, X
O AGE T IRRER EEX M3 DAVE T,

5324 fiHICBIT AIEE S
o ATV NNBEGEI IS 2R T2 md RSEE M 2 £/ A, MEERFMEZ AT 52 TH-TH
sw_inversion /X7 A —H % on &5 CEEPHGHELETOT, ZORELLRNTLIZE N,

5.3.2.5 & ik

[1] J. P. Perdew, M. Emzerhof, and K. Burke, J. Chem. Phys. 105 (1996) 9982.

[2] M. Emzerhof, J. P. Perdew, and K. Burke, Int J. Quantum Chem. 64 (1997) 285.

[3] M. Emzerhof and G. E. Scuseria, J. Chem. Phys. 110 (1999) 5029.

[4] C. Adamo and V. Barone, J. Chem. Phys. 110 (1999) 6158.

(5] J. Heyd, G. E. Scuseria, and M. Ernzerhof, J. Chem. Phys. 118 (2003) 8207.

[6] J. Heyd and G. E. Scuseria, J. Chem. Phys. 120 (2004) 7274.

[7] J. Heyd and G. E. Scuseria, J. Chem. Phys. 121 (2004) 1187.

[8] J. Heyd, G. E. Scuseria and M. Ernzerhof, J. Chem. Phys. 124 (2006) 219906.
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533 77 UTILI—)LABEER (GERFHERIIE)
5.3.3.1 HEREDOHEEL

FERPITFABETE & 55— R EEI ZFHR9 5 T95  (van der Waals density functional (vdW-DF)) ZF|H L7=7" 0/
FTUIHOWTEA L F9. PHASE CTHEH I TV D%k éﬂf_ﬁr@ﬁﬂﬁf) Generalized Gradient
Approximation (GGA) CIIFERATHEIENBIE S TWORW DI, BIZITFEE ST 7 7 4 FOBEEHE= %L
X—7p R EMICHAET 2 2 ENTEERA. AHTHRY BF20—F 1% GGA O Z DR A 9 T2 DIZHE
SNTEHOT, ZE MWD Z & T van der Waals fHA/EHINRE < HF 5T 5 ROBT /L —E FIRED &
D EEE RHETE D L0100 7. £/, 2O vdWDF 1358 FEMRTHEE2FIH L QO TR R T A —

FEMNTHRWOT, fEREDIRORITHS U THHRICEN T2 Z LN TEET
2!-<7 1277 NIRRT RNX—DHEFHET DBV SRR MEHRHAO T 1 77 A vdWF90 &, /S R
DEFIRIEG HET DBV D LT « a3y 2T RHEAZ 1 25 A ve_nl.FI0 @ 2 o7 b S E
'é_- T TR T B33 H Y F A, PHASE % 2 0 A L dUIAREI ME S E 3,

5.3.3.2 HRHHHEEA & O - AT RLF—EE (R A FEFER)
(1) P

® AP
7177 5 vdW.F90 TIIERATHBIHEN Z51 5 L £ 3. ZOEMI, GGA T D ASIHEIC & LDA />
HEONHIMAEPA 2 R LEDE S Z LT BERATHBEE G SR LI sciipin) 2 8HL 9. J72bn,
BB AL —E 1
Ey. = ESGA + EEPA + EX ey
LRV ET. 20D BAINE SHDFED R bINEET, vdW T3 Dion 51 L~ THA%E S /Bl FAICE -
THfER R S E . ZOBRRTET i#)%)ﬂﬁ&ﬁiﬁ%

N =1 j draepGr)drurdp(T)

<‘: L,Tp BLUET. BB IEEED 2o (ribry,) 2 20T, GGARLLDA i~ T, B
(ZHDEMEERLE (p(r) &p(ry) ) OHAFHLEEL TWEY. 2288 o (r;, i)l

2 [o¢]
o(r;,ry) = Ff d adba?b*WT
0

@)

®)

DOEITESTET. 22T,
2
W(a,b) = 553 [(3—a?)bcos bsin a+ (3 —b*)acos asin b

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

4)

<9, F£75,

T[x;(a), x;(b), x (@), x, (b)] = (5)

2 [x (a) + x; (b) X (@) + x (b)]

1
8 [(xl- @ + 2 (@) (% (B) + %2 (D))
1

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

x;(a) = a_Z X ! ©
/ 2 1— _ 4ma?
exp 3 djz
dj=1r; - rleO(rj)' , 27;
4 Zap( V 8
(o)== eotn) - (o T )
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ki(r;) =3n?p(r;) (=iork) )
Lo TERY, Ziwbbhd XD ITENEE MO AT E LTZEI S 70D X o IZEG STV E
T 22 TRODEHZ,, = —0.849 1T —FEEIIIRE SNAREC T RN X 258 HRI =L
X EelPAITL O. Gunnarsson et a2l L5 b D HAWTWET. 2 bH—#HOR T plasmon-pole model %
H LIRS OTH Y, D78 van der Waals FHASERICZER S A IR A ST 2L ¥ —
DIECHAREHE 2 2 N CIRRANCAE DD K 212> TE T
S BITNRINEAER R AT 5 72012, KD 28K B P (ry, i) ZFtHHET 27 Y XAPERSE Lz,
Z D 2B (r;, T O)VTEREAL di & T UMEIFE LR, d=DX1+), d=IX1-60) & B\l B Sz
27D, §FRAWTH(r;, r)Zd(D,8) & LT TSI iEE Y NMEHETHEIICLELE. ZHuck
STHELEZ U v REEIIE LU TRO)D 2 TR E5—T 5 MBI 725 T2 DI F R 2 KB H g &
NTWET.

® FERSERAOEKERY

R(6) ThHa = 0°TH¥or; = r OEEIIIERRIC &> Ty () ZRET D OIEEETT. 207z 2)0%
EFE Y bRRSEET I L2 b72), HELI RV ET. T Tl — | K 1OEE CIEBMEE Z2p(r) =
p(ry) EIE L Cr 8 OIMNIHTZ EICLET. ZHUTE > TRQDH B, 1 2 HINT LT 88, DERN
VG@TM%%U\%

4m 10

3
Tl.
3 l Pz(ri)f drip(ry, riht)
mi

1 1
3| drepaoerropm =5
ni
14mn} 5 i
=s—5—pi(r) x4m | dryp(d;,di)
0

2 3
3 9o 2
= 21 2 4nfn “angpm 2
2 3 0 qo
LHMICT 2 TR ET. 12720, 1y = | — 1| E LTCOET. 22 T247END 34TEA~L
D = qorix (= d; = dp) % EF U TR WA VT ET. 31TH OIS BB S A2 G /202, 2
TRy A EI T D Z LN TE T

o HE[REMHIA~DILIR

ARFETIIEMBE AR E FZEREFL TAN L, ZOFFHEZED TN T2OIZZOFETIIFIRYA
ZOFRRIZUC AN THE L 725 COVET. WACEYER A 3T D13 ol Er BTG % TX(©)
DR 3 247072 < T B9, FERMITHEIRIEL 720 £9°. KFZ van der Waals fAHAVER IR 235
WCHEDAGIIRTE BN LoYEEE LEFA. £ 2 THREBSE WD Z & C, AFEE ZOMREHRIZH
KISTED LI LE L. K@D B D 2 ZRBE e (ry, 1) 131 S DS ZBEN -5 A0

4m\3 (11

12(5)

PITI B + D
1

c
—— X
T qé (Cn)qé(rk)(qé(n) +q5(n0)
=g XPlprop(ry)]
ik

DX 9 7RI CE D 2 ENEDERN LD T 7272 0LC = 12(41/9)3. ZOWRREIIZAEG)
D & D AN E N TORWZOIEFITRBUTEAER R TR 2 LW OREDH Y £, 2o 31TH
DHH X OFEIOZENTr OEINTIS U CHFICEE L O <HnEET, ZAICH LT X O%AD
Ylp@ry), p(ri) TN H003% K 5 ICHEHEANITEMEE LA AR oo, EHREICIOTIE
H7RIE L 2o TOVET. O EEEBETDHE, RQDIH D, r br BN 5E (ry > DIZITRO X
Ny EHEMETE . T72bb

1 1
Efnpnd rdrp(r)o @, ri)p(ry) = Edvz Z z o ()PP

Ti€ TKE
unitcell  (rix>n)

(12
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1
= Edvz Z Z p (ri)¢(ri: Ty + txyz)p(rk + txyz)
TiTE€ txyz€
unitcell (lrk+txyz_ri|>n)
tryz€

1

C
=~ dv? Z p r)Ylp), p(r)lp(re)

Ty k€ [rg+tyyz—ri|>n
unitcell

EBEE DT D ZENTEET. 2 CAdviBAERIAZAT O B0 2 ) » FRICHEN DR NEIRATET, tyy,
& RR L 2R SN2 MLV T ZORBITHE ORI 9 BAEMITr; Lr, OFHES 2= ME/LNICRE
ENTVDHOT, FHHEIX MIBRENTT. —F, AIEL/rS, NFEEEGRTE 513 L/h& < 725 E CILFPHIC
- TRFIT 5 2 &2 £9. LavL, 262 & BETAIERIC B hIC, B (r) & ITERIR T,
7V v RROZEREEDIHN K> TR E DER DO TTORD TRIFIELNEDTT.

LLED J 910l Bisa il > TS HIcADD L S ITHNIET A TR T 5 Z LIk » T, EHEREOH -
THRLISEBET L2 ENTE, ZIUCK > TARREAZIREHRICOEATE S X2 LTHhET.

6
Txyz

o T/ RXA

FERPTHERTE (van der Waals 1H) 2507 2o /L X—HEITE T O GCGA 2> DAERFEA R L- 5 A4+
VT e AV VAT MTo B0 7% VT, JERAHEBIEERN £ L OVRAHRBIEELPA 2 R A MatHET 5 2
CIZRVRELET. BZRICIND 2 5OMEIEE, FRELoOEBFREZRI Lz GGA BHE (72 BAHIAD 7)
MOBRLN AT FNF—ESSAN N2 5 2 & C BERATHME b B L2 3L X —EYW-PF ) Z23E L&
7. X 538 13AL—F 2 vdW.F90) ZHWFHHE O E R L CWVET. #3 vdW T, HHDASHIAD 72
D GGA NV—TF > TT. DFD, HIEDOHD GCA FHHEEZ /LT « 2L VAT 2 MITY, BHEEpSEAX (r) &
ESSAXZ D ST #00 T vdW I2pSAX () 2 A &, EMB L UEPAZ R A MUELE U CGHR SEE
BRI 2D 3 DD FNVF—IAE R LAED Z & TES PP E LEd

PHASE

GGA (exchange only)

SCF calculation

L [
GGAx GGAx
ID (r) Etoml
(nfchr.cube) (nfefn.data)

LDA correlation

Non-local correlation

nl LDA vdW—DF
E E E

c c total

vdW-DF __ »GGAx LDA nl
E =FE T +E " +E

total total

X 5.38 &/L—F > (vdW.F90) DFEDFN

(2) MEfJE

® PHASE |2 L 2B EDFH

AN—F> vdW) 1T vdW.F90 &) 77 A VNTETHEEL TWET. ZHUTRA MUERIZEGt ST
Y, PHASE OZHIED 7% B8 L GGA FHR D13 DAL D BRIEEE /34Tip C6A% (1) DFHiE ~ 7 A /L nfchr.cube
L BT RNVXAET 7 A )L nfefn.data 2 AL, FHR= R LF—ERN LEWPAZ A L3 H#%IZ GGA #HH (32
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WIRDOHERE) (LD RTINF—CZNOE MR TAEES PP 2 LET. (X 5.38 280 Zof GGA
FHERC nfchr.cube 21774 % X 912 PHASE @ inputfile Z5%E T 248N H D £9. £/, RT3 vb
IZPBE OH0&HHEE LTWET. Zib %2 E 2 C PHASE @ file names.data & inputfile W T vdW %52
ITTHTDIIILLT O K 9 725 EDMER T2 ) £7

file names.data (PHASE) :

F_ENF ‘./nfefn.data’
F CHR ‘./nfchr.cube’

AJ1737 A —% (PHASE) :

accuracy{
xctype = ggapbex
}
postprocessing{
charge({
sw_charge rspace = on
filetype = cube

PHASE S 751213 ggapbe BLO#EER T o L v V& WD OTT0, Z OBFHEIAZ T2 081" H Y £
% Z T, Ixctype=ggapbex] &35 Z & Tggapbe 9 BAMIADAHZEET H L OIHRETEET. HETDH
BERT v v Ui ggapbe DA LRI CIZ LET.

® ulTAhvdWF0 D= /3A v

AK7a 77 L5 vdW.F90) 1% Fortran90 =273 7 —|ZXo>Ta v/ T&Ed. F72, OpenMP (ZL-
TR S TN DT, WFEHRAICH 2 VR TXE . Intel compiler D& TEHIZ-openmp DA
va v EMA LI THFRIFENP CEET.
2 A U

$ ifort -openmp -0 vdW vdW.F90

® KRR NMLEEE L TOvdW DOFAT
T vdW DAINZHWT. vdW 1L, PHASE CTf5 5415 nfchr.cube & nfefn.data 23E5 4 L7 b U NIZAE
ELTCWIUTHBEICFNL L2 AT E LET. 7272 L7 7 A V4id nfchreube, nfefn.data TERE T FHA.

® [z oNT
vdW Z3AT LRI TO L S 7 +—~ v b CH &N ET. Bfnd@dE O PHASE L[F U< Hartree
<.

HOH
(1 & LT phase/samples/ivdW/nput_scf Si.data 7>5DH{/17 7 1 /L nfchr.cube & nfefn.data Z AV TEEE L
TWET)

E total (GGA exchange) = -7.5363221703000

Ec (LDA) = -0.5429739815997

Ec(nl) = 0.0203272639208

Ec (= Ec(LDA) + Ec(nl) ) = -0.5226467176789
E total (vdW-DF) = -8.0589688879789
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Given in Hartree atomic units

# Calculation time 0 : 11 : 33.7280

BEE Y]

E_total(GGA exchange) GGA (exchange) DT R /LF—
Ec(LLDA) LDA | & % JRpriFARIE

Ec(nl) FEJRFIT AR

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

E_total(vdW-DF) vdW-DF FHRAZ & DAL —
Calculation time Ry

E_totalvdW-DF)/AZ D vdW OFEHTH S [FERFHEREHEAZ & 2T rL X —] TT.
5333 FHM: vV 2 XA YEY N
viay XAYEr MEEOHEGEL, phase/samplesvdW T9, vdW/AN D file_names.data & O

input_scf Si.data Z iV TE 973 phase #5{TL, nfchrcube & nfefn.data ZH/SEES. FF4L 27 RV
WIZvdW.F0 BHE L ThDHOTINE AL/ VL, TOEEFETEZLET.

FHAEFIAG]
$ cd phase/samples/vdW/ WBIOHESINTWDET 4 L7 kU IZRE)
$ ../.bin/phase (phase |2 X% GGA FHEDSHAT)
$ ifort -openmp -0 vdW vdW.F90 (FF 4 V27 FURIZH S vdW.FI0 % 22731 L)
$ ~dW (FDOFEFZET)

HIRERDS, IR X 912720 £9,

E total (GGA exchange) = -7.5363221703000

Ec(LDA) = -0.5429739815997
Ec(nl) = 0.0203272639208
Ec (= Ec(LDA) + Ec(nl) ) = -0.5226467176789

E total (vdW-DF) = -8.0589688879789
Given in Hartree atomic units

# Calculation time 0 : 11 : 33.7280

5.3.34 #HEf : BE/ T 774 FOLTRILX—FHE

(1) ILwic

Z I TIEFBIAN—F > (vdW) % A2 vdW-DF FHEOHI 2287 3. FHEREIT GGA <° LDA TlidiE
HEZFIE CE WG CH D, FEES T 7 74 b (A-B stacking) O x/LX—DBEMIREHAFIEE LEL
7o WHEO GGA OHFIPANTZ OROET RV — 2 H T 5 & =L X —1ICLE Rl RIE N T,
BWNE T T 7 74 MEITAWNIHE SR CHET 5 E WO IR > CLEWET. ALY 2 EiiihiE <
TRV E SSDMEAET D720, GGA 12X 25 Z OfFBRITEMERNCEIE > COET. 2k, HFE
A7 AR C& % van der Waals fHA/EHZ GGA N 2L BETE TN SICERERNH Y, A—
FUERATHZ ETIORE IMEESND Z L 2R LE T
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(2) FHREMH

ARFHETIE, FRRIE-COBRHE R OGN EE 25 5 A-B stacking RIOMEE 77 7 7 A FaxBIZLEL
7o 2=y MeAVAIC 8l (2/8%)) DIRFIRTFEEHRET. 77774 NOEEHNIC z #lix & > T A
1% 4.3x2.5%x A=xxyx AR & L, 2% 5735 12[A1F TELE BN LK 2ETORT I X —EFESEE L
72, ZORHEZEE O GGA & vdW-DF 5HEO 23810 TITV, ZNEI BN BT 1L —ihifiz tls L
F9°. vdW-DF FHEIZIIATER E U CTEMEESAipCSAX (r) AU E/2 0 £92%, 207U v REEIT GGA
FHEIHCRRE L7z cutoff EICHAFE L TR Y, 2 2Tl 32x18x40(to 96)EHD 7' » REEHA L CWET. 7ok,
7V REBIIESCo D720, z MO o TRERICZ LT 2 Z LI £7. 2D, fERO=x/L
TR AR LT DA 2 OFSEEHEDFRIR Tl 4 729, MEZE UC PHASE @ inputfile @ cutoff
iz EF 5 Z L ThoOoMNIRY ET. 7o, vdW IBERFIRHREIZ2 5720 GGA XV ITREAFHE A K
DL 72 FF

(3) FIHREAER
T FRRSECERE LB 2T 7 7 A - (A-B stacking) D& R/LF—DERIIRMHA A2 R LT H D
T3, FRERTEE O GGA IZ L AFiR%, R vdW 12 X5 vdW-DF #HEOFR A FNFIVR L TCWET. £
72, BAUTSEBR[S Al K2 Wl & 2D & X DEMET= LY — (HINTRRS %, [FERICEE AR5 5]
IZEDHDOTT. GGA FHE TIIE i ADHER TE /2N DIZR LT, vdW-DF FHE Tl e b SEREDIT<
T NS E 2 TV DOPHERTE F7.

0.8
Experiment

E‘ 06 + (Margin of error+0.08 eV)
% 04 f e Another calculation
0 \
=
o 0.2}
@ ol GGA only
B)
5 | W

0.2} . d
— AN
N RN
= -04}

-0.6 . . . : : :

6 7 8 9 10 1

Inter layer distance [A]

X 539 FEES 7774 hOETRNVX—0RBHFERHKTME. GGA G & GGA+vdW (Bfp 12X 5kt
L34

5.3.35 HRHHHEIE = & O E HIREER R ('L « v AT REHEH)

(1) G
Van der Waals FHAAERZ N2 Iz VX —% 8T 57 DI IO Croik L7 A MNHRHAO 71 75
2 vdWF90 ZMAVUIEWTT 2, S RECEWE M 72 & OB HIRIECI D) b 170 E2 81T 5
7291213 Kohn-Sham FFERICEFHFA L TR T « a3 AT 0 MIEHETAUENH Y 4. 2B
BTN X—H VLT « A VATV MHFIZ L > TRODVENH D £33, vdW TEIZ L B BB E O
BEINTENTH Y, BBRIOCHRE 2 A FOBRWER R "R THIFEAEZE L XA EMERIIL TV E T
6]
DFT CHV % Kohn-Sham FFERGIZE 5152 O THED LD 720 vdW THZ N2 ABRIC S =)L X —TH 2 T
12 & CRLEEEGSSy LT IR T v VA BT AVLENH Y F4. OF Y
w_ OEY (13)
‘U =
° Sp(r)
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SELPA
5p()

UCLDA

D L 9T R VX —TA & 5 CULEEEdS ) L7-1212,

Ve = VIGA + plPA 4 vcnl (14
% Kohn-Sham FFEAPICEEEFA L £ RE@NHHND L 91, EMSRCELPA BRI K (r) Z 2= H
TETeTe OITIEEEIS D ZfRATEN TR DD Z &N “Cé“iﬁ‘ 2FD,

2= d3rkp(rk)z & (r TP, T)
LRV ET. [FElZ 2 Ta P (j=1-4) :ﬁ(z)@ﬂ%ﬁiﬂw ZPBIES I DB TR DT

(15)

(2) FERHE

AN—F T GGA DHIRT L3 My SCA I RFHEBERT o o v PAR L OFERAHHIRAR T > o vl
Z NNz 7= Kohn-Sham izt 7 « 2 v A7 MIEHE LET. PHASE T GGA OFFH & [ABRZF T
7 A /L phase #5379 57205 T, vdW HHAE/ERAZ BB L-EFRENGE CEEJ. £z, KA N
vdW FHESERANERE S TS O 7 7 4 /L nfdynm.data (ZHER EFRRICHE D SLE T, 72720, BRIk
TIEELT - a3 A7 0 MNEHAOLV—F o Tliz=y MUTEFETHLMERH Y £7. (RA MHEH
D71 7T LATZOHIRITH Y FHEAL)

PHASE DAS 7 7 A4 VNT vdW BE G-IV T « a3 AT 2 MEFEICUE R H - 7ok B T D X 9
2720 9

AJp37 A—%4 (PHASE) :

accuracy{
xctype = vdwdf
}

ZOkHEIE. OpenMP Z W TIF b S TUvES

5.3.3.6 & ik

[1] M. Dion, H. Rydberg, E. Schroder, D. C. Langreth, and B. I. Lundqgvist: Phys. Rev. Lett. 92 (2004) 246401:
Erratum, ibid, 95 (2005) 109902.

[2]0. Gunnarsson and B. I. Lundqvist: Phys. Rev. B 13 (1976) 4274.

[3] L. X. Benedict, N. G. Chopra, M. L. Cohen, A. Zettl, S. G. Louie, and V. H. Crespi: Chem. Phys. Lett. 286
(1998) 490.

[4] Y. Baskin and L. Mayer: Phys. Rev. 100, (1955) 544.

[5] H. Rydberg, M. Dion, N. Jacobson, E. Schréder, P. Hyldgaard, S. I. Simak, D. C. Langreth, and B. L.
Lundqvist: Phys. Rev. Lett. 91 (2003) 126402.

[6] T. Thonhauser, Valentino R. Cooper, Shen Li, Aaron Puzder, Per Hyldgaard, and David C. Langreth: Phys.
Rev. B 76, 125112 (2007).
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534 77 T ILI)— )L AREEFRfHIEfLAE
5.3.4.1 HEREOHEEL
® Williams O J7iE

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

Cy
Evdw = Zﬁf (Rij)
ij

ij

R,
f(R)=|1-exp| —d| —

Ry
2CiCip. p. RIV + (RS
Ciog x—22"1"1 " Ri_g x2 g Ry =2xR,
6 C 2~ 2~ i \2 VI
pCs + piCd (RiY +(R)

ST A=

vdw radius 20.0 bohr

scaling factor S. 0.8095 (PHASE), S, 0.80 ik PBE S. 0.85 S; 0.80

damping factor d 3.0

polarizabilities | vde coef C6 vdw radius polarizabilities | vde coef C6 vdw radius
A3 Hartree*bohr® A3 Hartree*bohr®

H 0.387 2.831179918 1.17 NTE 0.964 20.89758657 1.50

F 0.296 3.94987377 NTR2 | 1.030 23.08003267 1.50

Cl 2.315 3.94987377 NPI2 1.090 25.12582491 1.50

Br 3.013 128.2756865 NDI 0.956 20.63799109 1.50

1 5.415 309.0603852 OTE 0.637 11.86370812 1.40

CTE 1.061 22.67403316 1.70 OTR4 | 0.569 10.01566303 1.40

CTR 1.352 32.61525204 1.70 OPI2 0.274 3.346856941 1.40

CAR 1.352 49.790/Sc 1.70 STE 3.000 121.2531939 1.80

CBR 1.896 54.16430826 1.70 STR4 | 3.729 168.0350502 1.80

CDI 1.283 30.15058105 1.70 SPI2 2.700 103.5277919 1.80
PTE 1.538 42.11289383 1.80

®  Grimme (DFT-D2)?J5ik
S. Grimme, J. Comp. Chem. 27, 1787 (2006).

C
Edisp = _SGZFf (Rij)

ij ij

£(R) = L

1+exp|—d Rl'jJ
0
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cl=,cici, RI=R +R/

INT A—H
vdw radius 30.0A

scaling factor S, 0.75, damping factor d 20.0

C6 RO C6 RO
Jnmé/mol A Jnmémol A
H 0.14 1.001 K 10.80 1.485
He 0.08 1.012 Ca 10.80 1.474
Li 1.61 0.825 Sc-Zn 10.80 1.562
Be 1.61 1.408 Ga 16.99 1.650
B 3.13 1.485 Ge 17.10 1.727
C 1.75 1.452 As 16.37 1.760
N 1.23 1.397 Se 12.64 1.771
O 0.70 1.342 Br 12.47 1.749
F 0.75 1.287 Kr 12.01 1.727
Ne 0.63 1.243 Rb 24.67 1.628
Na 5.71 1.144 Sr 24.67 1.606
Mg 5.71 1.364 Y-Cd 24.67 1.639
Al 10.79 1.716 In 37.32 1.672
Si 9.23 1.716 Sn 38.71 1.804
P 7.84 1.705 Sb 38.44 1.881
S 5.57 1.683 Te 31.74 1.892
Cl 5.07 1.639 1 31.50 1.892
Ar 4.61 1.595 Xe 29.99 1.881
1 J/mol = 3.8088e-7 hartree, 1 bohr=0.5291772480A
5342 NJ)/)RXT A—4%
vdW il IEFEREREL D & 7
YA fiE ik
Control sw_vdw_correction
Accuracy vdw_method williams F 7 4I)L
grimme or dft-d2
vdw_radius 20 bohr
30 A (Grimme DFT-D2)
vdw_scaling_factor 0.805 (Williams)
0.75 (Grimme DFT-D2)
vdw_scaling factor r 0.8 (Williams)
vdw_damping_factor 3.0 (Williams)
20.0 (Grimme DFT-D2)
Structure atom_list
atoms ttag vdw Cvdw fl1EIZ3
T BHILHED type ZFEE
vdw_list vdw MIEIZRIT 54550 | Williams

FUTK T DT A—H

#tagtype c6 r0 p
Grimme

#tagtype c6 10

PRFL. vDW HFREREA DA OWZED AT THEH

vdW HIEDRTTED /8T A —Z DIFE
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Williams 5, Grimme(DFT-D2VEDETCERD/NT A—H 27175 ANTRH, T 74/ MEE LT 5,
vdw_list @ type %, atom_list TIEE L7z vdw @ type & %his L CWODMED B D,

Williams 7%

vdw list{
#tag type c6 r0 p
H 2.831179918 1.17 0.387
CTE 22.67403316 1.70 1.061
}

Grimme(DFT-D2)i%

vdw list{
#tag type c6 r0
H 0.14 1.001
C 1.75 1.452

NS178Z A—=5H
vdW HHEBBED A D)7 — 2 il 2 LU TR,

Methane Dimer Williams 5

Control{
sw_vdw correction = ON
}
accuracy{
vdw method = williams
vdw radius = 20.0

vdw_scaling factor = 0.8095
vdw scaling factor r = 0.8
vdw _damping factor = 3.0
}
structure(
atom list{

coordinate system = cartesian ! {cartesian|internal}

atoms{
#units angstrom
#default mobile=on
#tag element rx ry rz vdw
C 0 0 0 CTE
H 0 1.093 0 H
H 1.030490282 -0.364333333 0 H
H -0.515245141 -0.364333333 0.892430763 H
H -0.515245141 -0.364333333 -0.892430763 H
C 0 -3.7 0 CTE
H 0 -4.793 0 H
H -1.030490282 -3.335666667 0 H
H 0.515245141 -3.335666667 -0.892430763 H
H 0.515245141 -3.335666667 0.892430763 H

}

}
vdw list{

#tag type c6 r0 p
H 2.831179918 1.17 0.387
CTE 22.67403316 1.70 1.061

Methane Dimer Grimme(DFT-D2)i%

Control{

sw_vdw correction = ON
}
accuracy{

vdw method = grimme
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vdw radius = 30.0
vdw scaling factor = 0.75
vdw damping factor =

|
N
o
o

}
structure(
atom list({
coordinate system = cartesian ! {cartesian|internal}
atoms{
#units angstrom
#default mobile=on

#tag element rx ry rz vdw

C 0 0 0 C

H 0 1.093 0O H

H 1.030490282 -0.364333333 0 H

H -0.515245141 -0.364333333 0.892430763

H -0.515245141 -0.364333333 -0.892430763
C 0 -3.7 0 C

H 0 -4.793 0 H

H -1.030490282 -3.335666667 0 H

H 0.515245141 -3.335666667 -0.892430763
H 0.515245141 -3.335666667 0.892430763

}
}
vdw list{
#tag type c6 r0
H 0.14 1.001
C 1.75 1.452

5.3.4.3 FH5

Water Dimer (Williams, Grimme(DFT-D2))
Methane_Dimer (Williams, Grimme(DFT-D2))
Ethane Dimer (Williams, Grimme(DFT-D2))
ATstack (Williams)
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5.3.5 AxhERAE (ESM %)
5.3.5.1 F¥REDHEEE

ESM (Effective Screening Medium)A[11[2] & 1%, FRifET VARG L <D 72 OFETIETY, PHASE (X
FEERH L U AR 5270 7T K70 T, BEIITEEROAIOE S Z LAFRETT, KiEET /L
W OYrE, REICHEELG N B2 2T 52 LI o TRmARHE LTROEEZITWET, 20k
D IIEDE A, T2 & 21350 LT-2Km 72 E130E L <R 72V O TRERZAIEZ i T LERH D £9°, ESM 15
&, FERIR7LIERH) (screening medium) % EZEFHIIZERE T 5 2 &IC Ko CORERICIs L SsFmakz AR
DEZHE TN S Z L2 WREL T 5L TY, Z 2Tk, PHASE ([ZHAA - ESM EOHHEZ T L
ESr

5352 ANJ)RT A =4

FIUL, 8D PHASE 3R L FRED AT ) ST A =2 =T 7 A VEHERF L ET, ZOBE, JRFEIEDERD )
(EEDSLETT, ESM 7077 L3, RBLTFORO L )ITERSNTND Z EZ2UELTWET,

_Zl
-
T

N

vacuum vacuum

i i

tc,fg 0 cf::l

X 5.40 ESM HEIZBWTRE L TWO A FHARBE DO ERHEOBERIX

RlE, 2 HFACIIERE, 1 5 THERTH D Z &2 RE L TWET, HRTH LML, ¢ il Th 2 ME)
HYFET, c BN 0 1272 DB ROHOBMLET D L O ICHEIIE U TREY T L, T ASA TRl
lcEZE B AR T ET, IDIT, 0 DDA TASINT A—F—T 7 A JUTEBWTHRE T 2l 2, B 7= 45002
ESM REhiET,

accuracy 7 H 7 Zesm 71y 7 ZAFRK L, ESM HOELHE L £, #RIZIE, IFoLB0,

accuracy{
esm({
Sw_esm = on
bc = pel
electric_field = 0.001
}

esm 7y 7 DR T, PLTOZEEZERT 5 Z LASARETT,

sw_esm ESM iEEFIHT 20 E 9 EIRET DAL vF, on ZHEETH & ESMEEZFIHLET,
57 4V MElT off

z1 ESM OALEZHEELET,

be BRI AEEE LET, BARE, PE1, PE2 DWWz f5E L E 3, BARE [3ifilo> ESM

MEZE GFER 1D . PEL IO ESM 238 %) PE2 (X ESM O HIAE2E,
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b O FIRERE &V O ERREETT, 77 4/L MEIX BARE

electric_field HIREGZEE LI-WEAIC, ZOREFFHEATIEELET, ZOHEER be N PEL T
HoOTIGEEDRTERE LB ET, TNLSDEGE., FETSRINETA, BHOEN
i%. hartree/bohr T3 (¥51.4 V/A)

add_elec BBV L2V BB Lo WEF A B CHRE LET, BB LIZWES
ITADHERELET,

z wall JRFINEZEE D3 DRI HITATRNE D IZ “BE” 2T D5/, 20 “b2iE”
DIEEFELTITVET, ZO/RTA—F—DIENRH ST HAIC 2 OBHREN BRI L 721
ESc

bar_width BE ART U VERT DAL, TOEER SO CIRELET,

bar_height “BE RNT U NVERT DRI, FORIETRNT—ORNTHRELE T,

5.35.3 FtEDOIAT

FIRDOIATIE 8 O PHASE OFHELIE D ATV E T, SFNDTEREAR T 22 x VOfiR7: EITFHZH D A,
AT & 2FHERREIC BRACHIFIE D D EH AL

5.3.5.4 G5 Koy 1
(1) Ko+

ESM (&M & LT, BfliZeko O EMEREFEN LET, ZOFEDO AT 7 7 A /WX, samples/esm/H20
PIFZH 0 9, AKoHE BIRTHIBRTE—A 2 b boTWDHDT, Ky HHEEOFEHAROREDOGES
TR CAIROBZEN A LUET, ESM . 1 SO HAZAOWCIIEROHEA4T9 = L1250 T, IE
LWETRAF—=NEOND EEZHNET,

ZDXI T L EMEET D20, LTOX S tEEFE ML ET,

1. KOTHED, FHRICBIT 22T L —F5E

2. KEOTHIED, ESM AL/ —3tH

3. KT EEVEWICELE L7220, FAFRICKT 52T L —3tH

—_ H ‘\.A'_t

@0

z

t_y'x

X 5.41 HeO 43 F % EV VE ZEE L= FR

3. DEINTKGFEHEVEVIEE LT-R 2 HET 52 L2 ko T M- — A 2 Fa4THINT Z LN ATRET
T, Lo T, 8.0EIZ L > TELNIZETRLXF—DFSDfIL, 2. DR EHEREN BT 513 TT,
ZIZTE ZOXOBIERMEONDMNE I N EMERLET,

HE SN 2T RLF—DFERIT, UTFIORLET,
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2T 3NF— (hartree/ H20) SRME L D (hartree/H20)

1LOHE -17.1855148193 —1.8927504 X107
2.08H -17.1836307637 8.6948 X107
3.DRHE -17.1836220689 0

KPOMGHa L 912, BSMIEZ L DFHE L 3. OFPROMRIIEFILS . “BIROZOFE” 75 ESM AIZ
Lo THETE WL Z LD £,

(2) ESZHINLI=F 5
ESMEZFIIIT 2 & el SNBSS AN UG R A ST 2 Z LA Re T, 22Tl fliHfilic k- T

ZORHFEEZRIRLET, ZOBED AT T 7 A /UL samples/fesm/Al111 LLFIZH Y F97,
P LRI SO ARG T ORI LI AIDOZ T LU T DO L 9 s EIC L > TESM AFIH L £ 7,

accuracy{
esm{
SW_esm = on
= pel
electric field = 0.001

BHAHNIT 51203, /"T A—F—be & LT pel Z45ET 2MENHLHAITTER LTI ZSVY, Fiz, BHOX
BaH B[O JRIRT oy Ve i 20T, AHRBICETORELAMI L THY £,

postprocessing{
workfunc{
sw_workfunc = on
}
}

TEHOKRE XL, -0.001, 0,+0.001 EALIFEF-HLL) E2LSETHEZITWE Lz (0 O —RA L@ DRt
RLIFIRC T, HEI, ZORICIIESFHENH 0 308, B ZHINT S & pandFtiEsbnsd
DT sw_inversion /37 A —X —{|IFHE L T\ EH AL

PLEOBREDS &, @FEiERY PHASE #3417 L E T, &7 —AFEIMNET Lizb, workfune 7’077 L% F|
AL TRA MUBRZSFEE L ET, Z OUEEOFEFG LD RFTRT v v /L b T2l T OO B
&K 542 ITRLET, ZOKIZBWTI, HEEOD 1 5 EE0oaniotk, 372bbX 542 O+
OHSIZ 725> TUWVET,
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15[ —~ E=+0.001 -
[T, =-0.001
10 f — .

05 ~ -

0.0 | Y :

diff of the local potential (eV)
/

-15 L 1 1 1 1 1 ]

0 5 10 15 20 25 30
distance along the c-axis (A)

X 542 T —H)VRT ¥ )V DFESLy & RENCTEHE R - OBR, 7588 1 TEN 0.001 D —X, KBS
25—0.001 DHr—2A,

KBRS K 0c, BHEEHIINT A Z CIC Lo TRPTART o MIDTEe X 038 L TR, 720 »
T EDOREI+OES L —OEL TR > TOET, IbIZ, HEOREXIIIATIHEELZ£0.001 au &
IFHF—ELTCWET, Wy, BRAHIN LA ORRT 3 v VOIELEENE LTho 55 LINg
DENZET,

5.3.5.5 i HIZIIT AR

® ESMiLEEZFHT %A, 22 7 VOB 77— 287 4 77 U —& LT FFTW ZRHT 2081 H
i—g‘o

® A HIEDIEEIZHW T, SASHFROME DR IXERHEET 2 L 912 L. weight /X7 A —X 3>l 1
LLTLIEENY,

o EAHINT A5G, RICKEFMERH-T- L L THERDILH DT, sw_inversion /37 A—4%—% on
IR LN TL7E &0,

5.3.5.6 & ik

[1] M. Otani and O. Sugino, “First-principles calculations of charged surfaces and interfaces: A plane-wave
nonrepeated slab approach”, Physical Review B 78, 115407 (2006).

[2] Hamada, M. Otani, O. Sugino and Y. Morikawa, “Green’s function method for elimination of the
spurious multipole interaction in the surface/interface slab model”, Physical Review B 80, 165411
(2009).

5357 74 A
PHASE @ ESM #6Eld. EsmPack 71 77V —%i@ U CERINTWET, EsmPack 71477 U —i%, ¥
BARBRAEIEHTS MIT 71 2 ATABR STV, ESMIEAFERT 5720 ONHD T A 77 U —T7, LL

TDTA o AGF " TR IZN - ETTTRHK 1280y, o ABEREA RN U G GER 7 E21T 2 56
VPSR, [212 2B SO TS 7230y,
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Copyright (c) 2012, Minoru Otani <minoru.otani@aist.go.jp>
Permission is hereby granted, free of charge, to any person
obtaining a copy of this software and associated documentation
files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge,
publish, distribute, sublicense, and/or sell copies of the Software,
and to permit persons to whom the Software is furnished to do so,
subject to the following

conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES
OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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5.4 {LZE RIS DFEEAT
5.4.1 NEB %
5.4.1.1 FEREDHYEL

Nudged Elastic Band (NEB)#:35 X O Climing Image (CI) NEB 751, SUGEREIZIS 1T 2 ARIRHE & HIRRED ] D
5/ TRV F R LR A RO D HIETT,

NEB 5 L. O CI-NEB {24 i\ = SUSREE R0 T, RIREEDIF AR R )36 K UNRIRBE DI RCE R )
PR THH L LT, HRRIE L RREORIOFRMREER,, @ =2 ~ N — DOFFEERST LR~ %, B

FTHARFE(L A —D)EANTHUC L > TRETN TS &S HIREED FolE R b 41T 3, = ZCR;

i3, A A= / Jo T % 3MUTEMIFFFEIOERE T, NEB 13 LU CI-NEB IEOHEMRREIZI01T 2 115
TFHLEITARIRAE & ACRRE DAEBITIRIET D Z L NRE TS, ARIKRIE L HIRIEA A A — D THRBILIRD 507
E2%< OD%A%K% SHETS

® M NEB i:[7]
WH O NEBIEIZBWTE, &A A—VOERANTRO L 5125200 E T,
F, = Ff|, — VE(R)|..
OGBS\ EMEET B A A — PO L AERN OB ORI THY, UTFOL S IckbbnET,

ESly = k(|Riss — Ri| — |Ri = Ria]) - 22
Z ZCRITTRER T, HEEERAROBALNRY MLV THY, ROXIIHHELET,
Ri—R_1 Rigq—R
|Ri — Ri—1|  |Riz1 — R

T=

ADHROVE(R)| 13, BRI LIk > TEOND, BB HOBHICEE 25 THh Y, FDX
INTROENET,
VE(R;)|. = VE(R,) — VE(R,) - it

® CI-NEB £[?]

CI-NEB 1%, @5 D NEB 2% L TR b = RALX—0DEW A A— BT AER A0 EFiEAZ B L5
T3, CINEB ERHATIE, @% O NEB 1% AW CRUGRRISE R A & DD - 1% 1T b i O L —

DA A=V Ry mad ZITE L, Ry max S VEH I 2RO & S IR L E T,

F_)'i,max = _VE(ﬁi,max) + 2VE(ﬁi,max)

-

S
i,male_ - Fi,maxlll

® [ THEKDFHEIFEP]
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I/ VBRIV X—7 KD D FUGTREH IO T, SO EREZm T2 LM FE LV EEZD
NET, ZOZEnD, BSMETA A—VOBEEZEL L, BROBEE 28 OBETRODLENH Y T,
BT, FOCRRE AR L HlR U CRT v v JUERED SRR SO TR AL, RT3 ¥ UERETEDA A —
VEERFRLTHI LK 0 EREOREE IR L ATY ZENREE 2D £, DRIV IR T
B HICA A=V B S D H5EE LT, BnfhEDITREEk 2 RE L THHENREZ BIVTWET,
NEB 15 L O CINEB EBT 1B, 13X 21EH ) & =3 X —3H5RIC L > TR B IER 0%
A TROIENDLDT, A A= HOITRERIIR 2 HEAEFINT D 2 EAFRE T, 1XERORE H L
ELTL, UTFO= R F—DFIEEDMEE SN TCOVET,

Emax - Ei

k=k —A
max (Emax - Eref

) (Ei = Eref@fﬁg/ﬁ\)r

k = kpax — Ak (E; < Evet 5.

22T, kpax JTIEEROFNE, Akl HTRER DR L FIMEDZETT, EALFEHOIXRTHINZ 2 S
DA A= D) HENTZRLXF—DA A=V DTLRNVF—, Epa JIBA A—THRBEOVTILT—, Eldhh
WREELICRED H B, BWFDOTRNAF—TT, ZOEDEOREICL ST, IS DARIRRE T &
HARRBAT DA A=V RERFELLRD £,
5412 ANJ)/RT A—4

(1) ANJpR7 A—=2DIgE
NEB{EIZRHHET 5, ANT—2 DX 7B XOZOMAELIFIORLET,

NEB (ZB#id 5 N1 77—~

1 7ayy B2 HEITuwy vk vlEe BiE!

Control

multiple_replica_mode NEB #HDFEST
ON,OFF

multiple_replica_max_iteration | NEB iteration %%

multiple_replica

method SO FH A TR
nudged_elastic_band_method
accuracy
dt NEB FHHEIZE1T 2 JF 1A T
DAL
neb_time_integral REEARE T
quench, steepest_descent(7
ZEVIAD)
penalty_function ~F V7 1 B ON,OFF
neb_convergence_condition NEB [HCHIEE )
neb_convergence_threshold NEB [CGRHE(E
constraint
cl_neb CI-NEB ON, OFF
sp_k_init I XEE )
sp_k_min 1T e I M)
sp_k_max EEeh=CToN[)]
sp_k_variable XRERDEE, 2

OFF [EE, ON 255

217




structur
number_of replicas LU K
replica V') TR
endpoint_images RO A A — DFRE L
directin, file
atom_list_endO HmDA A—DJFA U A b
atom_list_end1 WA A= DAY A R

NEB {EDASI/RT A —2 DFEIZHOWTHI LET,
NEB EOEHEIL, DL TFOREZITWET,

® NEBIEOHREZANTT D

® NEBHOIRHIE DR EZETT 9

® LU BFEERDO LT ) I DFEET — 2 R ET D
o LT UVIDOFRILT Y A DEIET — X HFRET D
BxZOWT, LU FCHAZ LET,

® NEBEREZ AT D,
PHASE |2 NEB {EICLDHEEZETTHZ L2 2 D7D, LFTOLHIZ control 71 v 7 D FT
multiple_replica_mode Z%% on & LE T,

control{
multiple replica mode = on

}

o [URHE
INHCHIESAFE, multiple_replica 72 7 D N D accuracy 7 1 v 7 DS neb convergence condition
TRHELET,

multiple replicaf{
accuracy{
neb convergence condition = energy e
}
}

neb convergence condition (ZiE, BUEEIIFINEIRET DI ENTEET, K121, RETEDE
HERLET,

PORCHIESRMHRRE D/ N T A= —

HE SCFS) B
1 energy_e dE <threshold
2 phase_force PHASE & /i KfE<threshold
3 neb_force NEB FH CHILE L 7= 11D K i< threshold
4 force_at_transition_state | fx KT R/LF—A A— 0D PHASE O J)DfKffi<threshold
5 phase_force normal PHASE O, #I&I\CHEE RS D S1DOF I E<threshold

® DL HOIRE - AT CHEBEHEET D A
D L") 1 DI 2 AN W CERHEET DITIEL, LLFDO X 5 it Z2 10 E T,

multiple replica{
structure(

endpoint images = directin
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atom list endO{
coordinate system = cartesian ! {internal|cartesian}
atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000

}
}
atom list endl{
coordinate system = cartesian ! {internal|cartesian}
atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000

¥ endpoint imagesiZdirectin &I ILFFNZIEEL, S HIT atom list end0 7w v 7 IZHRIREED,
atom list endl IZHIRRED L") I DR E %5 O PHASE @ atom list 70 v ZIZHITAHEEELFT
FOTREELEY.

® [N LY I DFRE - WD LY I DR EEE T 7 A VI RRET D A

WRODA A= DIFAEEZ 7 7 A VTHRET 2%61%, AJJ7T—4 @ endpoint images Dffi% file & L,
file names.data ITA A=V DT 7 ANAZHRELET, ZOBE, file names.data 7 7 A /L TiE
F IMAGE (-1) B XY F IMAGE(0) L W) 7 7 A VRA v X4 —ZFALET., UTIF. ADWT—H L
file names.data DFLARHITT,

N7 — % Ot

multiple replica{

structure({
endpoint images = file

}

file names.data 7 7 - /L DFCaR3

&fnames

/

&nebfiles

F_IMAGE (0) = './endpointO.data'
F IMAGE (-1) = './endpointl.data'
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F72, JFAEEST —H 7 7 A M FEEOHITlE endpoint0.data X° endpointl.data &9 7 7 A VAN,

RO I A TROR LE TS

coordinate system=cartesian

funits angstrom

Si 0.000000000000
Si 2.751721694800
Si 1.375860847400
Si 4.127582542200
Si 0.000000000000
Si 2.751721694800
Si 1.375860847400
Si 4.127582542200
Si 0.000000000000
Si 2.751721694800
Si 1.375860847400
H 1.644706293661
H 1.095414929519

.000000000000
.751721694800
.375860847400
.127582542200
.751721694800
.000000000000
.127582542200
.375860847400
.000000000000
. 751721694800
.375860847400
.095414892118
.644706317263

P RPPEPNMNOR MO EDNO

o

PR oOYOO S DdNNNDNRERRERP OO

.000000000000
.000000000000
.375860847400
.375860847400
.751721694800
. 751721694800
.127582542200
.127582542200
.503443389600
.503443389600
.879304237000
.000000000000
.000000000000

® LT YU AOIRE : FEIV T Y 1 DR A i R R ORI CHRET 5 51k
(proportional)

LU O R A AR & W O SR R OB A THRET 5% 81X, replica # 7 IND

howtogive coordinates % proportinal & LE9, AJ)7—4 Otz L MR LET,

multiple replica{
structure{
number of replicas = 6
replicas{

#tag replica number howtogive coordinates end0 endl
1 proportional 0 -1 ! 0: end0, -l:endl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1

o LT U ADIEE  FIV T I DR A 7 7 A VI DIRET 5 Hik(file)

A A—2% 7 7 AV THRIET 2%61Y, replica # 7D howtogive coordinates % file & L, X%
T DR EAEY 7 A /WX file names.data 77 AV THELET, AS)7T—4 L file names.data 77
A NOFEBIZ LA TIOR L ET,

AN 7— 2 st

multiple replica{

structure({
number of replicas = 3
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replicas{
#tag replica number

1 file
2 file
3 file

howtogive coordinates end0 endl
0 -1 ! 0: end0, -l:endl
0 -1
0 -1

file names.data OFCIRHF

&fnames

/

&nebfiles

F IMAGE (0) = './endpoint0.data'
F IMAGE (-1) = './endpointl.data'
F IMAGE (1) = './imagel.data'

F IMAGE(2) = './image2.data'

F IMAGE(3) = './image3.data'

/

JRAPERET — 2 ZARET 27 7 A VDOFNT, Wil d A—YDeE LR T TT,

ANIISTA=Z OB MR LE T,

Control{
condition = initial ! {initia
cpumax = 1 day ! {sec|min|hour|

max iteration = 10000000

multiple replica mode = ON
multiple replica max iteration
}
accuracy{
cutoff wf = 10.00 rydberg
cutoff cd = 40.00 rydberg
num bands = 28
ksampling{
method = monk ! {mesh]|file
mesh{ nx =2, ny = 2, nz
}
smearing{
method = parabolic ! {parab
width = 0.001 hartree
}
xctype = ggapbe

scf convergence {
delta total energy = 0.5e-7
succession =2 !'default

}

initial wavefunctions

matrix diagon{
cutoff wf =

matrix

3.00 hartree
}

}

structure({
unit cell type
unit cell{

primitive

1| continuation|automatic}
day}

2000

|directin]|gamma}
1 1}

olic|tetrahedral}

hartree
value = 3

diagon !{random numbers|matrix diagion}
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a vector = 10.400 0.000 0.000
b vector = 0.000 10.400 0.000
c vector = 0.000 0.000 30.200
}
symmetry{

Sw_inversion = off
}
atom list{
coordinate system = cartesian ! {cartesian|internal}
atoms{
#units angstrom
#tag element rx ry rz mobile

Si 0.000000000000 0.000000000000 0.000000000000 0
Si 2.751721694800 2.751721694800 0.000000000000 0
Si 1.375860847400 1.375860847400 1.375860847400 0
Si 4.127582542200 4.127582542200 1.375860847400 0
Si 0.000000000000 2.751721694800 2.751721694800 0
Si 2.751721694800 0.000000000000 2.751721694800 0
Si 1.375860847400 4.127582542200 4.127582542200 0
Si 4.127582542200 1.375860847400 4.127582542200 0
Si 0.000000000000 0.000000000000 5.503443389600 0
Si 2.751721694800 2.751721694800 5.503443389600 0
Si 1.375860847400 1.375860847400 6.879304237000 0
H 1.644706293661 1.095414892118 11.000000000000 1
H 1.095414929519 1.644706317263 11.000000000000 1
}
}
element list{
#tag element atomicnumber mass zeta dev
#units atomic mass
Si 14 28.085
H 1 1.008
}
}
multiple replica{
method = nudged elastic band method
accuracy{
dt = 40 au time
neb time integral = quench
penalty function = off
neb convergence condition = 3
neb convergence threshold = 5.0e-04
}
constraint{
ci neb = OFF
sp k init = 0.03
sp_k min = 0.03
sp k max = 0.03
sp_k variable = OFF
}
structure{
number of replicas = 6
replicas{
#tag replica number howtogive coordinates end0 endl
1 proportional 0 -1 ! 0: end0, -l:endl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1
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}

endpoint images directin
howtogive coordinates
atom list endO{

coordinate system = cartesian ! {internal|cartesian}
atoms{
funits angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 1.644706293661 1.095414892118 11.000000000000
H 1.095414929519 1.644706317263 11.000000000000
}
}
atom list endl{
coordinate system = cartesian ! {internal|cartesian}
atoms {
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 2.22686927 0.48813212 7.65400988
H 0.48813224 2.22686933 7.65400957
}
}
}
}
wavefunction solver{
solvers{
#tag sol till n dts dte itr var prec cmix submat
1mMSD -1 0.2 0.2 1 1linear on 1 on
}
}
charge mixing{
mixing methods{
#tag no method xS rmxe itr wvar prec istr nbmix update
1 broyden2 0.10 0.10 1 linear on 1 O RENEW

}
}
printoutlevel{
base=1

!

{no or nothing |
from endpoint images

file

| directin}
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[}

(2) NEB# 7 7 A LOFRE

NEB B#D 7 7 1 /U, file names.data TRELET, ROLIITFRLET,

&fnames
F INP='./nfinp.data'
F POT(1)='./Si ggapbe nc 0l.pp'

&nebfiles

F IMAGE (0) = './endpoint0O.data'
F IMAGE (-1) = './endpointl.data'
F NEB OUT = './output neb'

F NEB ENF = './nfnebenf.data'

F NEB DYNM = './nfnebdynm.data’
/

7 7 A IVHEIRALD namelist & LT, snebfiles ZFIH L TWHEICTHEEL IZEV,
snebfiles TR TE A7 7 A NVRA X —%, F13ITRLET,

NEB THJHTED 7 7 A /VARA U H—

7 7 ANEEK Unit &5 77 /L M ik
F IMAGE (-1:99) 201 ./endpoint0O.data (F IMAGE(0)) A A— DR
./endpointl.data (F IMAGE (1))
F NEB STOP 202 ./nfnebstop.data NEB 27 v 7#THZ 7 A
V%
F NEB OUT 203 ./output neb NEB & o771
F NEB CNIN 204 ./neb continue.data NEB {218 R~ 7 A /v
F NEB ENF 205 ./nfnebenf.data TXNVF—, 77 AL
F NEB DYNM 206 ./nfnebdynm.data RS 17 7 A L

5.4.1.3 HEDOFATHIE

NEB (& V70 B30 (S L T0ET, BLFO X 5IZEE L E T,
| % mpirun -n NP phase ne=NE nk=NK nr=NR |
ZZT, NPUEMPIL Frt 2008, NRITIFITEHET D LY WO, NE, NKILPHASE &[FER N Rl X
OkSIBN O TT, 72720, NP = NR x NE x NK &) BRASRSL L QD3 H 0 77,

54.1.4 FHEMEROMS

NEB 2 2 b—3 9 023745 L, @HO PHASE OFE L LR L TEL D7 7 A ARELNET, £
177 7 A /M output000)fkeR H5L LRI <45 7 7 A /WU continue.data 7 7 A V72 ENE T _XTL7 U I
HAOEINET, D=0, TNENDT 7 A VOERRBIZS rxxx” &V ) SCFHIRT-SnET, X512 NEB
HOLLTFDZ7 7 A NBELIVET,

® output_neb_pxxx
NEB H0ou /77 A LT, xxx (21X MPI a0t 20OHE0E W IESNE T, NEB ZHEICETA 2 7N H
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NENET,

® nfnhebenf.data
NEB #HHEOT 3/LF—LNEB /172 EXGER SN 7 7 A LT, UTFO L) R THAShE T,

#step

1

WWWWWWWNNNNONNNDNNR R P

image

1

SO U WNEFE O JO U WNE oIy b W

OO OO OO ODODODODODODODODOOOOOOOo oo

image distance
.0000000000E+00
.1323772380E+01
.2640972887E+01
.3958252743E+01
.5277489255E+01
.6594794555E+01
.7911999993E+01
.9229437211E+01
.0000000000E+00
.1356841287E+01
.2677587331E+01
.4004269114E+01
.5328036512E+01
.6642907129E+01
.7959713712E+01
.9278358213E+01
.0000000000E+00
.1356624500E+01
.2730952540E+01
.4090362450E+01
.5418808773E+01
.6726370673E+01
.8041492838E+01

energy
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

4399458479E+02
4397221867E+02
4393533860E+02
4389613534E+02
4389237657E+02
4396965451E+02
4404244254E+02
4405831588E+02
4399458479E+02
4398451885E+02
4394948430E+02
4390739111E+02
4389409127E+02
4397034020E+02
4404290631E+02
4405831588E+02
4399458479E+02
4399408010E+02
4397302719E+02
4392669466E+02
4389735067E+02
4397144829E+02
4404354368E+02

OO O OO0 ODODOOODODODODODOOO OO oo

force org force neb force normal
0.
.5212041989E-01
.5368141337E-01
.4830449879E-01
.4486782793E-01
.8881334200E-01
.5849229655E-01
.2414216682E-01
.1112676571E-01
.4270600251E-01
.5479419750E-01
.5004508819E-01
.4291037894E-01
-8879366098E-01
.5713917408E-01
.2414216682E-01
.1112676571E-01
.1114085905E-01
.5096325231E-01
.5272530274E-01
.3886543373E-01
.8809362538E-01
.5543086596E-01

1112676571E-01

O OO OO ODODODODODODODODODODOOOOO O OoOo

.1112676571E-01
.4899393390E-01
.5023308254E-01
.4474348402E-01
.4486782793E-01
.8881334200E-01
.5849229655E-01
.2414216682E-01
.1112676571E-01
.4018848625E-01
.5096369018E-01
.4463448973E-01
.4291037894E-01
.8879366098E-01
.5713917408E-01
.2414216682E-01
.1112676571E-01
.1114085905E-01
.4680553493E-01
.4351975945E-01
.3886543373E-01
.8809362538E-01
.5543086596E-01

OO O OO0 ODODOODODODODODODODOOOO O OoOo

.0000000000E+00
.4899393390E-01
.5023308254E-01
.4474348402E-01
.4486782793E-01
.8881334200E-01
.5849229655E-01
.0000000000E+00
.0000000000E+00
.4018734489E-01
.5096445426E-01
.4464878761E-01
.4291037894E-01
.8879366098E-01
.5713917408E-01
.0000000000E+00
.0000000000E+00
.1114085905E-01
.4683808222E-01
.4355359239E-01
.3886543373E-01
.8809362538E-01
.5543086596E-01

FATZ 1 DOV T BB D= X =S OERN D ENET, 1 5H2NEB A7 v 7%, 2 ¥HAL
ZVADID, 3FIER0FERDL Y b0, 4 5IENLV 7Y h DR F—, 5HIHNLT Y BI@<
FIDFKAE, 6 FIHA NEB HOBRKE, THIRN LT BB HOBRKIEZFEEIEHE L=/ (NEB Hogt
HICHAEND ) ORREISHS LUET,

® nfnebdynm.data
JERET— & OIEREDSFUEk S IVE T, @O PHASE OF AR T 55 nfdynm.data 7 7 A /L & s 5 L filig
fbani-EcHiisivEd, BARMICIILL T & 9 72T EnE T,

#step 1image atom cps
0 1 1 0.0000000000 0.0000000000 0.0000000000
0 1 2 5.2000000098 5.2000000098 0.0000000000
0 1 3 2.6000000049 2.6000000049 2.6000000049
0 1 4 7.8000000147 7.8000000147 2.6000000049
0 1 5 0.0000000000 5.2000000098 5.2000000098
0 1 6 5.2000000098 0.0000000000 5.2000000098
0 1 7 2.6000000049 7.8000000147 7.8000000147
0 1 8 7.8000000147 2.6000000049 7.8000000147
0 1 9 0.0000000000 0.0000000000 10.4000000197
0 1 10 5.2000000098 5.2000000098 10.4000000197
0 1 11 2.6000000049 2.6000000049 13.0000000246
0 1 12 3.1080442326 2.0700339938 20.7869859136
0 1 13 2.0700340645 3.1080442772 20.7869859136
0 2 1 0.0000000000 0.0000000000 0.0000000000
0 2 2 5.2000000098 5.2000000098 0.0000000000
0 2 3 2.6000000049 2.6000000049 2.6000000049
0 2 4 7.8000000147 7.8000000147 2.6000000049
0 2 5 0.0000000000 5.2000000098 5.2000000098
0 2 6 5.2000000098 0.0000000000 5.2000000098
0 2 7 2.6000000049 7.8000000147 7.8000000147
0 2 8 7.8000000147 2.6000000049 7.8000000147
0 2 9 0.0000000000 0.0000000000 10.4000000197
0 2 10 5.2000000098 5.2000000098 10.4000000197
0 2 11 2.6000000049 2.6000000049 13.0000000246
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0 2 12 3.2652054480 1.9060914168 19.8836995566
0 2 13 1.9060915098 3.2652055024 19.8836994729

FZATH, HHNEB AT v« HHLV 7V H « HAHFAOFET — 25 LET, 1FIENNEB 27 v, 2
FIENLZ U ADID, 3FHN L7 Y HNICET BIEFD ID, 4, 5, 6 ¥ H HNFAFEEC4, B, R—7 By,
TNT T VR CH I EE T,

nfefn.data 7 7 A /L& nfdynm.data 7 7 /WTiEH O PHASE OFEIZBWUIZNENT R —E LUV
BHEDIBEN GRS D7 7 AV TT D, NEB FHEDOEEIIHH O L7 IFNOT 3/ F—F6 LOWEET —#
MRk S T2 7 7 A /L TT, nfefndata 7 7 A /WZIE nfnebenf (ZFtEk S V72T — X Dt NEB A7 7D
F—H NGRS N ET, nfdynm.data 7 7 /WL, PHASE O O CRidk SVET A, 10 OFHE Tl
BRI LD FEINFY R ab—a v ) BREE D L ZANRLT ) BFNTR0 £,

5.4.1.5 FHEH] : 2V 2 U FKENKE DM AE 5 SO

V) 3 URIENTKE S 1D MEEERAE T D OSOBIED AT 7 7 A Wi, samplesmeb DL FIZH Y £77,
2T ABEE, Y 3 U REIKE S TR AT ARG A Y 2 L— M LET, REEIERE R
DD HEN TSN o D KB T DD %, IRRBITERE O T U 2 VRIS FOMREEL, Was LT
RTT, MRIREE L RIREOIEZ ZNEIUX 543, X 544 LITRLET, 722L, HETHRETITOT,
HFIIIATT AR08, REBOMERIELITSAT L TV ER A,

oS
_H

X 5.43 ABIEDIHRRR

o Si

-~




(1) Ah77A4n

X 5.44 AFREDKIREE

control 71 v ZIZEWT, BFREHRAMFOREEZITVET,

Control{
condition
cpumax = 1 day !
max iteration

multiple replica mode

initial !

{initial|continuation|automatic}
{sec|min|hour|day}
10000000

ON

2000

multiple replica max iteration

multiple replica mode |Z ON ZH4EET 5 Z &I2k Y, NEB OENIFITSNET, £/, NEB O IK
LEMED FRREHZ multiple replica max iteration ZUZL>T 2000 & LTWET,

multiple replica 7R w27 ®D FD structure 71y 7 |IZBWT LT Y IOIREEZFATLTNET, LIFD
KR ET,

multiple replicaf{
structure(
number of replicas
replicas{

6

#tag replica number howtogive coordinates end0 endl
1 proportional 0 -1 ! 0: end0, -l:endl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1
}
endpoint images = directin ! {no or nothing | file | directin}

howtogive coordinates
atom list endO{
coordinate system
atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000

from endpoint images

cartesian ! {internal|cartesian}

0.000000000000 0.000000000000

}
}
atom list endl{
coordinate system
atoms {
funits angstrom
#tag element rx ry
Si 0.000000000000

cartesian !

{internal|cartesian}

rz

0.000000000000 0.000000000000

number of replicas (T 6 LFEELTWETR, ZOREICIS>TLT Y WEEEE 6 & LTVET,
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replicas 7Ry ZIZBWCEBRIZED LS I1ZV TV I OEFEEAELDEFRE L CWET, ZofITlE, 3
THRRAE - BIRBEDOMIEM I L > TED, EWVWOREICRDY £7, atom list end0 BLW
atom list endl 7w Z|ZIFARIREE - BIRREOEBAEEAFEE L CWET, ZOfREIS, AiRLO®E Y @ O
PHASE OEHRE L2505 & ZAITH D £H A,

multiple replica{
accuracy{
dt = 40 au time
neb time integral = quench
penalty function = off

neb convergence condition
neb convergence threshold

5.0e-04

(2) FHERR

ABIEAEFATS D L5 DILDREREAIT L ETS

54512, ABIEEZFATTDH LG5, NEB OV iR LEHHE & NEB JORKIEOBRA TR LET, (ILH
DD HITKRER TIPMBNTHETD, FHRPEITT DI ONTNE L RoTNE, 41 B0V IR LR ORI
FHE AT U CRHRDE T LT ET,

546 |2, AHIEEFITT D LGEONDIBEA ATV LR NF—DREARLET, ZOEY, EBRIET
4FRDOL TV A THY, WERENS D LREECFLF =13 1.08 eV Th D Z L350 £,

1.0e+00 a T T T T T T T T
- 1.0e-01 2 Jf’\\ E
% P / \\\ A
a / //' \
) \ \
o \
s
£ 1.0e-02 | E
(0] [
2 ~\
L \
g \A A
1.0e-03 | - ]
=93 A RAAON
1.0e-04 L 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40

NEB iteration
X 5.45 NEB S10/ERE
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1.5 T T T T T T T T

1.0 | ‘ -
05 | .

00— 00— \\ |

energy (eV)

10| -

15 L ]

_2.0 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8

image ID

5.46 BHHNEDNDFRRRIE LKL T Y DDV —DEEHR

54712, BBRINEEICBIT A FEAEE A TR LET, ZOMNSHLIR X S, AFIRETIL TKES DR,
FLTWET S| ERIORESED ERIREETT,

& Sl iy
JH
N\
. o T -
=,
& ]'\'
s r _.:\I
o, X -\“ W *\
&R

X 5.47 BEIRRIZIIT DFFEUE

5.4.1.6 (FFHIZHBIT AEEA

o LU

NEB 7£ix TV U B4 Ik L CWET, V7Y BFSIERE 29 2 72 D1ciE, g1 s
? ne=NE nk=NK (1%, H| LWL 7Y B#%E NR £95E nr=NR ZMMZFET, MPI 7mt2Hix
NE x NK x NR EFELWWKENRHY 9, 7EzIE, UFOLHha~wr R 9,

[}

% mpirun -n N phase ne=NE nk=NK nr=NR

® GIROFFIL ke
NEB JEIFR R DIF 1L Ll RIS L TWE T3, Il OFME L3RR 5 FHiE LB T,
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® FHEOARRyT

AT —# D multi replica max iteration, F72ld nfnebstop.data (ZFtik &7z NEB O iteration
T NEB R T LET, 7o, HA A—VOEAREFEIZBWT, AJJ7—# D max_iteration,
cpumax, nfstop.data 7 7 A VOREIZ L > THEHEITE T LET, WIThoLETH, FIELZEFS Y
AL — T H T ENAIRETT,

FHEA N v W) D@ O PHASE & OfES 2287 £9, PHASE T, nfstop.data 7 7 A /WX >
THT L7254, nfstop.data 77 A /WVFZET7 7 A0 L7 0 £9, 5 NEB #ETIE, HHAA—T%
nfstop.data IZL > T T L7ZA, nfstop.data (37272 BITITZET7 7 A V&3 5T, 1FDDA A—TD
FHEAITOET, NEBFHEK TAERIZRBWTIZE® T nfstop.data 77 A VEZET7 7 A L LET,

e iHEpnYAZ—|
PHASE !5k, ANJ157—ZIZBWTC, condition DfE% continuation & 952 LIZL->TU AX— FEE
PATWET,

Control{
condition = continuation

}

A& — MRARIFS 27 7 A ML FRED 7 7 A L TT,
- NEB#t&: neb_continue.data
- BB 417" WOPHASE Y 2% — R 7 7 A )L

neb continue.data,continue.data r*,continue bin.data r*, zaj.data r*,nfchgt.data r*

5.4.1.7 2%k

[1] G. Mills and H. Jénsson, “Quantum and Thermal Effects in Hs Dissociative Adsorption: Evaluation of
Free Energy Barriers in Multidimensional Quantum Systems" Phys. Rev. Lett. 72 (1994) p. 1124.

[2] G. Henkelman, B. P. Uberuaga and H. Jénsson, A climbing image nudged elastic band method for
finding saddle points and minimum energy paths" J. Chem. Phys. 113 (2000) p. 9901.
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5.4.2 HEREH(TES A4+ 24 X & Blue Moon iIZ & BBEBEIRILE—EET

5.4.2.1 HEREODHEEL

(CFROSIS B RGRT D FEE LT, Ry RESORY AR EDIVEFERISERARST D TROGERE] 28 AL,
TOE L7 SO T DA BREAL S/ SOGEEIE 2 d il LT om oy FE iy 2 2 L—y
a VEFET D, V) THER HY FT, BeERE bOS AR TR B SO ME B, ATRE
BED SFEFEy S a2 b—ya v aFERTH EHHT A28 EbNFET, 22Tk, PHASE ZFfHL
TS = 2 A F 3 7 A58 B 5 IEESR LT

5422 NS85 A—4

AR L B % & 7V D— A F 14 1R LET,

WA X XA F 7 RCEREO B D X 7 D—

F17ay I 2, H3Tay i 2 TR ]
control
driver KA F I AOFRELEIRT DL,
WS & 24 F 2 7 ADEA constraints ZHRET 5,
structure JRAEET — 2 DFREEITH) T v 7
constrainablexx WG ERT DTy 7,
X ARG AR D708 R 113U F 0 THRE
type FIREGAFO FEER DFEE.
bond_length, bond_angle, dihedral_angle
bond_length_diff, bond_angle_diff, distance_from_pos,
plane, center_of_mass, coordination_number
atomx FIRGHDBED AFAARET D, x 13T, 7o
type =bond_length DA 2 JFF-0MaHIZBEH 5 DT
atoml & atom2 THRTT 5,
mobile FIHGAD PTGV 2 FEET D, on &35 & A]H),
off L5 EAH, T 7 4/L Milld off
monitor FEEDHFGA A AT 208 D I ERET D ElAfH,
77 )V MEl3 off
reaction_coordinate FREOPREAF DT EZ & LTV A BT 5 7 e
V7,
sw_reaction_coordinate on DFETIGHE & I 7 D,
init_value FOSHREEDOHIMME % 5 bt T~ 5 B CHRTE,
final value SRS D Bl % bt g™ 2 BN CHRTE,
increment final_value,init_value DZ|ZMEZFETE,
plane TNTABRIZIST BRI Y MVERET 527y 7
NOrmXx,NOrmy,normz AT P VD Ry Gy
distance_from_pos GiOEEAT> 7y 7
POSX, POSY; POSZ FRE LTGRO sy, Gy
coordination_number BNEFREEITH Ty 7
kappa_inv BONEEERRNOK OWia & S OHLLCHE
kappa BT ESE DK % 1/bohr B THEE
reut BN BGEZE DT, DIl % & EORALTHRE
center_of_mass BELERLSEDHMERTET ST ay s
directionx FEE L7z HRIOD x )Gy
directiony FE LToWHIRD y 55y
directionz FEE LT2WHTHOD 2 [R5y
structure_evolution JHAHFAF I AOREEATHO T w7
method JBTHAF I ADOINEEATET Do
PRSI & Z A T 7 ADE
quench,damp,velocity_verlet,temperature_contro
DOHFIHATHE,
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PRSI & S A T X7 AZFTT 0123, £TLUFOZRET condition 71 7 O F T driver 28 &H5E L %
—a—o

condtion{
driver=constraints

}

Iz, LAFD X 91T structure 7' 7 7 @ FIZ constrainablexx 7 &2 v 7 Z{ER LEd, Z 2 T xx 13T,

structure({

constrainablel{

type=bond length

atoml=1

atom2=2

mobile = off

monitor = off

reaction coordinate{
sw_reaction coordinate=on
init value = 2.4 angstrom
increment = 0.1 angstrom
final value = 8.0 angstrom

}

plane({
normx=1
normy=0
normz=0

}

coordination number {
kappa = 5.0
rc = 2.0 angstrom

}

RTINS D THIRERRE TS, 7= & 213 constrainablel, constrainable2, constrainabled &\ Y9 32D
constrainablexx 71 v 7 NMFET HE5A, constrainabled 7' v 7 I AJFRIRORGIZIT72 0 A, FT7,

AW MU WG A B L C LE 9 &, #RGSFA R T OIHGEHRD M2 AV L CLE 2 AR H Y
FTOTHEENNLETT, constrainablexx 71 v 7 O FCIL, LLFNOER 7 v v 7 B ETH I LN TEXET,

type 2254 PRGSO T 2R E LET, LLFOW T OfEZE & D
£
bond_length 2 OB A AR U E T,
bond_angl SO ARy R EHR L ET,
dihedral_angle 4 J7FD 2 HAERR L E T,
bond_length_diff 2 [P ORBED =2 R L E T,
bond_angle_diff 3R FAEDZAEZ R L £,
distance_from_pos FEEDYHT O ORREEZ R L E T,
plane PR E DI AR LET,
center_of mass BEDRFREDOE AR L ET,

coordination number  AiECEHIE L ET, 22T, 0FHORTFOEY O Hf
B 13U TR > GHl L £,
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atomx 254

mobile 2

monitor 2%k

reaction_coordinate
Tavy

plane 7'& v 7

distance_from_pos 7
=774

sw_reaction_coordinate
1nit_value

final value
increment

type 7° plane D5

type 7% center_of _mass

DYr&

normsx
normy
normz

posx

o= s(ri—1oD),

i#0
o= 5=,
i#0
K, 7.13/X7 A—%—Th Y, first coordination shell T/E &
L 0TES LOITRELET,
FEEDOWMRSHED D AR E2EE LET, x 3FETH

D, 7o& 2T 2 A HOBEOYATE 2 SOJRAFDMHHIC
25 DT, atoml & atom2 (ZxT DIRT-DOF 5 & 487E
LF7, type 7 coordination_number D&, Bk &t
BT LD OFSZEIRELET,

BIE DI AR RIEINGADY HFEET DT DDAA v F
TY, off £ 35 L EIMN, on &35 EHEITEINEREA,
77 4/V Ml off T,

FEEDHMHG 2D (HER L, v 77 7 A MUTHT))
THIPEINERRET DAA v FTT, 7 74/V MilL off T
7

FREOYWIRSEMED, “PUSERECEURAE 2 2L SH HALH) T
HOGEINERT D70y 7 T, LFOERERETH =

ENTEET,
on O, SUGEEE & 72 SIVE T,

SOSREE OWIENEZ, *Hhd D HALCHEE L £ 77, fRENR
WS, ATIDFRABLED RO LILAENERA SN E T,

ZOME, AOFAEEDRD DD ENRR DA,
ANDJFEAEIEIMEIE SNT=DHBIZFHENE TSN ET, =
D7D, —EH OIS bET)RA B < TIDFRAMEA
FLENT BIEFNCRERMELE 2D Z B3 H Y £33, ZHUTIE
WIIRDIENTT,

SOSREE DB RS DA THREL £,
final_value & init_value O OZIAEZEE L £,
SOGERE 2 IR IA L SE D555, LD — A IR TH

DO THEIMETT.

O, AT DDA T, FUSOMEEED, 5
TEDUEART RV & - OIS 7' 1 77T 553 H BN
RO FETN, FUNBEOZ L E LTS, 7 Mvods
FHZJR R A ZEALT D, LWIOIRDIBENITRY £,
init_value, final_value, increment (%, Z DR OFENE%
FRELTLIER, 28, ZOWHAD init_value DT 7 4
VMBI 0 T, IEEIRICHEET 2 BT T
<7,

DA, BLE, FEEOHIMIBEISEE T, init_value,
final value, increment (%, Z DBENEZFEE L T ZEVY,
B, ZOHAD init_value DT 7 4/ ML 0 T3,
B RINHEET DM EIRWNTT T,

R NIV ODXJEIE,

BT NV Dy RS,

TER ML Dz RS,

type & LC distance_from_pos ZHHT 255D, Hiid
FREEITO) 70y 7 TT IROBREAGET H LN TEE
75

FELTEWGRD, xFEEZ RSO THELET,
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posy BB LTZWEFRD, y# Rz R SOBMCHRELET,

posz FEE LTV, 2B E4 R SO THRELET,
coordination_number BN EBFI RO ERICBIT DK, . OEEXfRET D70 v 7
A= TY, ROEREARETHI LN TEET,

kappa_inv kDfE%, BXORACHEELET,

kappa Kk DfEZ D%, 1/bohr BN CHRE L £, kappa_inv LV

HEfEINET,

reut 1, D%, RSO I TCHRELET,
center_of mass 7 1 type & LC center_of_mass Z£H L, D> ORULFEEA 2L,
v SHLE, b EsHM) #Z ZTHELET,

directionx LS L H RO R ZRE L ET,

directiony B S5 H ROy = fRE L ET,

directionz A S5 H Oz R RE L E T,

WIRSAEOIREDOWRIL, T2 A4 F I 7 2073 ALEEELET, @iE® PHASE OAT]E [FEE
structure_evolution 7' 12~ 7 O FT{TW\E 1,

structure evolution{
method=quench
dt=40

}

Z ZC, method & L Ci% quench, damp, velocity_verlet, temperature_control ZF|f4 5 Z L3 CTx %4, #)
WA ZRR L CODEE, gdiis, cg 2R EITITHAN—Y g U TIERSRDOTIEEL 28V, £72, damp 1%
damped molecular dynamics 7512 L DiEGo b2 T A5 E LET, ZOTEL £ < %A BH
quenched MD X VIR E 2B IAIAAY) 2 BAT2 2 ENTE, HNEKRSIELZ EOTEHFETT,

WIZ, FUSEAEDOZACDIEEI AR OV TRRIA L £77,
® EROMISIFEZ BRI ST T51k

BB ORISR 2 BRI ST L5 EDT 0 7T AORLINEZRA LET, 728 TLLFO I IITATTHEE
LAl WG LT,

structure(

constrainablel{
mobile = off
monitor = on
type = dihedral angle

atoml = 2
atom2 = 4
atom3 = 3
atom4 =1

reaction coordinate{
sw_reaction coordinate = on
init value = -179 degree
final value = -1 degree
increment = 5 degree
}
}
constrainable?2{
type=bond length
monitor=on
atoml=3
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atom2=4

reaction coordinate(
sw_reaction coordinate=on
init value = 1.2 angstrom
final value = 1.6 angstrom
increment = 0.05 angstrom

}

F9°, constrainablel 7a v ZIZBWT 2HAZ-179 -1 °E£TH HATEELEIELLHTFEEL
TWET, XBIT, constrainable2 7B v ZIZBWCIARY KEF 1.2 A05 1.6 AF T 0.05 A%l 44k
SHLEITHEEEX LCOET, 20X IRANELR LSS, PRV FEE 12 RICEE LRET 2 H
179 °HbHl CETEESECGEENRIITENET, -1 OFERKT LD, WKy FE% 1.25 A2
LS, ST 6179 £ T 2 MAZELSELHELZETLET, 0L )R bo SE AR
THZELILEST, BV E D UL O CIR{EED Mol 2 b5 Z & 2BV THET,

PLED X 9 72 58 Tt 2 SOGEEFEDNR E D 3D T, Git3 5 EMETT D SO O I B a |\ ZF30
TR D OGO AN, E T D Lo ne &720 9, ZHE D & Z DRSO A FEET HI2I,
WIS D TROSEREDOIA D% 7 7 A VE S U CHRET %) e R L £,

® Ty ANINBRISHEDIALOHTT 2 teE S 5051k

FIRSAEDZ D S H713 RO reaction_coordinate 7 v 7 IZBWTHRE LE T2, Z O EOEEI TR
WROIEE T, BHIRTRD, EEORISEIE L S HEFHBEICBW T, SUSEE e (2360 CTHa 2 KOS
FEOE AN, &5 E[]g na EOSISEFEZfRRtd 5 = 212720, FHERFEERICRD ZER3HY 5, 20k
D 7eIRRASIE & 22 B85S, TROLEEE (D) | 27 7 A VDBIEET D Z LN FREE 70> TVVET,

F9°, Bt L7V ESE % constrainablexx 7 1w 7 IZBWGEFE Y FEE L E 9, KIZ, structure 7' o v 7
D PN FOEREER LET,

structure({

reac _coord generation = via file

—

BRI, BT 1 L2 MU —lZ reac coords.data &2 77 A IVADT 7 A NVEAERLL, IRD X 5 eNE%E
FURLET,
1 -1.9373154697 2.2676711906
2 -1.7627825445 2.2676711906
3 -1.5882496193 2.2676711906
4 -1.4137166941 2.2676711906
5 -1.2391837689 2.2676711906
6 -1.0646508437 2.2676711906
7 -0.8901179185 2.2676711906
8 -0.7155849933 2.2676711906
9 -0.7155849933 2.3621574902
10 -0.8901179185 2.3621574902
11 -1.0646508437 2.3621574902
12 -1.2391837689 2.3621574902
13 -1.4137166941 2.3621574902
14 -1.5882496193 2.3621574902
15 -1.7627825445 2.3621574902
16 -1.9373154697 2.3621574902
17 -1.9373154697 2.4566437898
18 -1.7627825445 2.4566437898
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19 -1.5882496193 2.4566437898
20 -1.4137166941 2.4566437898
21 -1.2391837689 2.4566437898
22 -1.0646508437 2.4566437898
23 -0.8901179185 2.4566437898
24 -0.7155849933 2.4566437898

BAT 1 OORIGEEOFIARYS LE 3, 170 1 FBIIEZ OISR A GRS D 72 o D& 52T AT
L7, 25IHUKRT, 5% LTS ONEE ChOSEEOEZ A LET,  ZOBITik 2 FED S EEE %
R L TND Z L2720 97, 1 -DHORIGEEFEO TIE 1 % H O G & L T*1.9373154697" L W\ O fi, 2
& B ORISR E L T2.26711906” L W H EZE FRET D Z &2 £97, BAE, PHASE OF 7 4 /L kDAL
ERRALTHEET S LI LTLEE, E&2 51X bohr BT, f)E72 5 radian H7 TF,

5423 FHROFATHIE

PRSI & X A T 7 A, TROGEBIE A2 B S CRET 2 | o —RIZB W IR AR E 33 23081
FUSAPE L TWET, PHASE 2L FO K ) ISEEN L TS 2SN,

% mpirun —-np NP phase ne=NE nk=NK nr=NR

ZZ T, NP S MPI e, NE 2332 RIS, NK Dks0E5EL, NR NREFEENYERTH D,
NP = NE x NK x NR &) BURDHOL L CWADMENRH Y F5, ZOEEARIHT 2854, MkiatEoyst
ﬂ7m&7AWTﬁ$ﬁm#é@f,ﬂmdﬁﬁfnré#ibt Lo lo T 5T — LRIk
ELIEEY, nrid 1l THEDRWOT, FEGEIS 2kt ROH 5 2 A I 7 TRHNT 254, NR & 1
ETIUTEIIOENWEZ R T H Z N TEET,

5.4.2.4 #HEREROH T

H7 7 A 7S, [ 2 IR AL S 2 JBEREZ R L QR WA aE R, O PHASE O 1 & AT,
J72b, file names.data 7 7 A JUIEBW T F ENF ik L > THRESNDS 7 7 A VK AT v BT
% AN XA < NJOFKMED, F_ DYNM #l L > T HEIND 7 7 A /IHAT v BT D
JRFRECER B st SivET, 7220, R DOFKIE] 13X, FRSHE2 R 7o DI E
72 THIH)) b ETeRIC TEEDNETT,

)7, [ROSPEHEZ BRI SRS | HEEZETL TS, ROLH>RT7 7 A NN ENE (22T,

F ENF#5RI AL > THRESND 7 7 A VDT 7 A V4 % nfefn.data, F DYNM 5 2 K> THRESND 7
7 A NDT 7 A N4 % nfdynm.data & LET),

nfefn.data.reacxx xx & B OFIGNEFED, FAT v BT 5= 3r ¥ —8 LR
FAEN L TIDBSAEDT — 2 I3 SE T,

nfefn.data.converged EFOSEERE BT, RISEEEEDEZ DB D &, IR L7-=®/L

(&R b DA D) F—B LR NOFEKENH ) S ET, BUNEE S =

FIX—DRRE 7oy T2 LIk o T, IUefdg) & T
FNX—| OREREMRTT D Z LN TEET,

nfdynm.data.reacxx xx 7% H OUGNEFED, FAT AT DR FALE-SCR ()
DB hSnET,

nfdynm.data.converged BTN\ T, Wi b sOR L 7= Dl FACE A )

(RS LD 5 0D 72) SNET,

nfbluemoon.data.reacxx xx % HORINEED, BHT R —EE2 RN 72010 E

G FEIFY R 2 b— 3 Y OEEDRH) IRT 7T Y 2 ORERBOED RS ET,
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DIZ, HKGEEtE T 7 A NI ENBIEK - BB T 7 A V7 CIISOGEE S L lcH i N E T,
5.4.2.5 Blue Moon £(C & 5 BT R/LF—DFHHE
(1) HEREOMEE

FIRSEAT & O BNy R 2 b— 3 UVRAET B HEA (blue moon ensemble) DT —# ZFIHT 5 &,
Rt U7 SO PR OREEE FIZB1) 2 HR = p X —02M ke BT 5 Z Emca 3 2,
FOGEEREME DN HE, NI T DA O BT RV —2E, RO X IIEHET D Z ERA[RETT,

&1 ow

- =| dé—
W) -weE) = | dig

Z 2 CHHZRAX—DRUGEE5Y, @—Vg I¥ mean force LFHINLOWPLETH Y, NIV =T L DRIGFE
3
TGy L IRD K 7RBR B D £
oW B oH cond
=5, -
T 2T yeond by TR EHGEREY)) CF, RS E ST R 2 L— a3 L ORGEREE & S
EHEPFITHATRHEO S & FEAD, QDAL WHSM & FE P2 KT 2BRGHET 27 770y
2 DREFEAZFH LT TFO LD ITHET 22 LN TEET,
ow __(1z17/22)
& (IE]71?)
1 0¢ d¢

-
O —_—
B =

- M 6?1 677[
QUi BEEITIX L VM A EE DX £9778, FEH IR RV E ShuTnET,

PHASE 2 L AHREAATE S FE S 1FS I a2 L— 3 OFEEN D B =0V F—2E4 5151 51213, PHASE
I =B LT A bluemoon 7w 77 LA LET,
Bl/x—2 2 Tld, bluemoon 7' 1 7T AISUGHEEEN 1 DDE DI L TWET,

(2) bluemoon 7’1 7F AP LI A )L

bluemoon 72 7' F LD Y —A=a— K%, PHASE A > A +—LF 417 b —®D src bm T4 L7 = U—ITH
D HIVTWET, bluemoon 7' 77 Ald Fortran90 =273 Z—& C 223 F—% 3 L L E 7, Fortran90
DL TR FO0 1T, C a2 TR CCICRE L, make 2v 2 REFITIAUIT LN
ANTAHZENRTEET, UNIBHEWDO AT A0 bash C, Fortran 2273 I —0 <2 KA 90, C 2
S F—D = RIS ce DFEOFITT,

cd phase0 2014.01
cd src_bm

export F90=£90
export CC=cc
make

make install

0° 0% o o o°

o

BREEASLFI0 & CC DIFENRWES, gfortran & gee 287 74/ MEE LCRIHSIVET, 27 LhMk
T3 5L, bluemoon EWIHARID/NS /27 7T ADMERR SIVE T, % make install &35
& phase0 2014.01/bin 7 1 L7 kU —0 FZ bluemoon #7 Z L N TEET,
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(3) bluemoon 7’11 75 LD AS)/XT A—H

bluemoon ' v 7 LD AN 7 7 A4 /%, PHASE ® % i & A% T3, nfinpdata 7 7 1 /L I|Z
thermodynamic_integration 7 & v 7 ZAEpk L, #HHESIFEZATILET, 72T TO LI/ £,

thermodynamic_ integration{
nsteps=2000
nequib=1000
istart reac coords=l
nreac coords=14
nsample=10
smooth=off
basedir=.

}

thermodynamic_integration 7 7 v 7 CIILL TOIREEITH Z ENTEET,

nsteps BIOSERE AT D0 FEIF L 2 b—2a VY ORAT v 7 BERRELET, 7741
MEIE 2000 TT 23, FEhi LIFHRICEDETERE LTSNy,
nequib nsteps OW, THHLDOT-DETHAT v 7 HEFRELET, nsteps LV H/hE<L, B0

B ESTEEBZ ONAEERE L TLIEEN,
istart_reac_coords  EAHNHETTANGEEOID Z# A LET, T 740 ML 1 T,

nreac_coords BARN ARG D SO DR RE L E T,

nsample A D AT I a Lb—2 g VA MBI 2028 E LET,

smooth on £ T5E, ZIRODATTA B K- CGHERERZE O LET,

basedir FEREHIITT 07 N —Z2fRELE T, 774V MBI L R T4 LY R —T
7

(4) bluemoon 7' 7' LDOFATHIE

PLED L 97 A1k L= 5, DX 912 bluemoon % 4 HHFE T,

% bluemoon inputfile

S CHET % inputfile (IAT) 7 7 A VDT 7 A VAL TT, FEENROEFA, nfinp.data &9 SCFHIDMERA &
WET,

(5) FHEREROMT)
AEPETTD L, ROT 7 AN ERESNET,

® potential_of_mean_force.data

H =L —0stFEmEDSHAIShE S, UTFo L) it shETd,

#value, potetial of mean force in Hartree, eV, kcal/mol, kJ/mol

2.4566437898 -0.0215821952 0.0003443042 -0.5872816633 0.0093689992 -13.5430301648
.2160541460 -56.6640534911 0.9039707906

.2676711910 -0.0224669448 0.0003796767 -0.6113569350 0.0103315334 -14.0982188431
.2382507016 -58.9869635475 0.9968412043

.0786985910 -0.0226882285 0.0004435350 -0.6173783747 0.0120692073 -14.2370764737
.2783223931 -59.5679440305 1.1645012069

oON O NO

FATHN 1 OORUGFEEED T — 2 AN L E 9, 1FIAPSUGEEONE, 2 51H, 3 FIH 3 ~— MU —Hif7, 4511,
5 S HSEF AL MEAZ, 61TH & 7TATH AN keal/mol B2, 81TH & 91TH AN kd/mol HZ THHHTF/LF—
& LT DRRRRZEDFERITHIS LET,
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® ean force raw.data

Frat U7z SOSEERE S 545 5415 mean force OFFFRERNH I SNET, RO X9 72t ShE T,

2.4566437898 0.0066082098 0.0188118786
2.2676711910 0.0034758686 0.0099291734
2.0786985910 -0.00089537509 0.0028573953
1.8897259920 -0.0074922663 0.0213420952
1.7007533930 -0.0098143395 0.0279585555
1.5117807940 -0.0157974842 0.0449758051
1.3228081950 -0.0161451965 0.0459534340

potential_of mean_force.data 7 7 A /L E[RERIZ, K17 1 DOSIGEEOT—X TS LET, 1 5IBBEIG
JEREOAE, 2 51]H A% mean force OEHAT : hartree/kHisd™ 5 BUSFEED AT, 3 FIH AN REZE AR LE T,

® mean_force smoothed.data

ZROAT T A B L > THHTZ RV EZ B LN 584 mean force 215 L7=dH £12(20)
KOS 2T L ET D, ZOWHNILTZ mean force DEFEFERNHNISINE T, For—2ERT
mean_force raw.data 7 7 A /L0 BFEEERZEOF | Z TR S DIZ2 ) £,

5.4.2.6 #1515 : H2O2 35 X TN HaSe 45 F D[ iRERE DT

RS & SRR LA OF] & LT, HoO2 38 X 10N HoSs 45 DInRERE DN 245 L £, Ha0s, HaS2
13 5.48 RIS FAEGE A AT D EMA 9, HOOH (HSSH)3 A 2 A DEHRRT >3 v uE, HIE
FREOFEER L HIFF L OQ)EFDOINIFEARFE OFAELERNEE L, WHRIRT v Ui b Z L0V
DAVTWET, 2 2R U 7oisE i b 25 2 mAICB W TERT 22 21080, 2085 2RIiR5HN

PESNBINE S DR RERLET,
;u HEDI :9 HZ'SZ
® ©
Lo e

5.48 H202 3 X U HaS2 53 F- Doy FABE

ZOHEDANT) 7 7 A X, samples 7 4 L7 kU —®DF® constraints LL T, H202 3L OVH2S2 7 1 L7 b
D=z £3, £, structure 7117 O FUILLFOFRRH Y £,

structure({
constrainablel {

type = dihedral angle
atoml = 2
atom2 = 4
atom3 = 3
atom4d =1

reaction coordinate{

sw_reaction coordinate = on

init value = 9 degree
final value = 179 degree
increment = 10 degree
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}

constrainablel 77 v 7 Z{ERk L, O F THHEGAFOIREZT> COVET, ZOFRETIIMEREHEL —oD
HIRLUETD, AWV ARG CTHH 72 IRV O THERTH Z ENAHETT, 4lE 2 mADHHR
ZEfT HDT, type L LTI dihedral angle #45E L CWET, F7o, 2HMAZIERT DI-OITNLER
4 SOJFA D% atoml 5 atomd ZEUZ K> THEEL TCWET, X 5HIZ, reaction_coordinate 7 7 v 7 %
TER L, Z OWREMEE2BEREN ST HF8EZITVET,  sw_reaction coordinate % on, init_value &
final_value #1241 9 degree & 179 degree, increment % 10 degree & L CWET 72, 2D L 9 RfFEICL -
T, °26 17T9°E T, 10°%IAT 2 fh 280 S TSR b2 TV E T,

54912, 2 THifh & B bOFERMG DN =L F—DRRZ R LE T, M 5.49121F, FBREERD] &R T3
MTERRLTOWET, —RLUTHLARE I, FIREMRE FHRERIIV—BMENTHET (BBLZ 1
keal/mol FEEEOIELY)

HoO2 & HoS: DR X 0EWVNT 2 mib D £77, 1 A B, ZER 2 AT, HoO2 13 4 mIAD A TH S 109.5°
(ZIRVMEINZZE T D DITx L, HaSe 1% 90N E: 2 4 TF, 2 mEIT trans fEEET R LF— (¥ 5.49
TIX 180°fHEDEEE= /L —) O ETY, HeOz LT 5 &, HaoS2 @ trans BEEA XX H0NIKE L, Eh
FIZIER 6 FEDEBEF O TVET, WTNORBAFFEIZL > THEINTEY, ZYERMELNTND
HLDOLEZOBNET,

— PHASE (H202) ()
\ PHASE (H2S2)
7 IO\ experiment (H202) s
\ experiment (H2S2)

energy (kcal/mol)
H

()
o
/)

D
)
Q@%
®
PN

W

r|:\

0 C 1 1 1 1 \TT\ﬁ} 1 1
0 20 40 60 80 100 120 140 160 180
dihedral angle (degree)

X 5.49 HoO2 35 L OV HeSe 20 FD 2 THA & =RV —DEHR

5.4.2.7 FFIZHBIT AEEA

WIS & A 2 7 AL, BTOERT oy )L EABEDETCRIfT 2 Z T £, fkaEtEIcHx)
e L CWET, E 72, OGRS O HWH 23 T2 Z LN TEET, SUCFEEICK L CWAREIR AT 2 54,
NEB /EOSA EREELA T O L 9 7ga~ 2 REFIHLET,

[}

% mpirun -n NP phase ne=NE nk=NK nr=NR

5.4.2.8 & ik

[1] Michiel Sprik and Giovanni Ciccotti, Journal of Chemical Physics 109 (1998) p. 7737.
[2] G.Pelz, K. Yamada, and G. Winnewisser, Journal of Molecular Spectroscopy 159, (1993) p. 507.
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5.4.3 Meta-dynamics %
5.4.3.1 BEREDHEZE

Meta-dynamics 152,213, (LG EOREEET RV —DFAET HilfE a2 2R K <M D720 DO FHETT,
Meta-dynamics BT, S, (r) WO EREECZEALE T, T2 TWHOEMEE SIS, Bzt
G LT D RO PEFEDN D B ATRE S SEEE (R NERAR V. R 72 EONEEERN 7 &) 2R
72O TT, FEMZHICE, ABRR R RE 0 L ToNDET, 20, ‘AR OEE D Z L %
Meta-dynamics & JO'FE 9, Meta-dynamics D7 /L2 A L% ) FLFEFHTLHZ LI2E-TC, 2RI Bt
L CWAEMEEMESD) BHTZRAX—REEERTHI LN TEXLH B2 HET, 2Tk, PHASE I
FEHE X7 Meta-dynamics {EOFH LA L £9,

Meta-dynamics 1T, FHEDBRRIAKIET 25 7 ART v M (L, s) & b AR GEEEA7550E MD
AT v 7)) TRLIATHWEET, ZOLIRFHERHTLZLI2L-T, BRHT=RAF—2EHICBNT—E
SN RIS B TAMRIVEE I NE T, 0 Ewﬁﬁ/\:V*/a/QHOkWtQ#QEIZW%
—ZE] A MOR LTLEY, NIHBICEZAZENTED L9120 £, ZOREICEDV(L,s) (2
ZENTT-R) NI bbHBAT X —THDH LTI ENTEET,

Meta-dynamics VAIZ K D3I = L—3a CORBERYERF 2K 550 (IRLET, ZOKTIE, £ Ial—
ALl OEFREIO G TONTRPOIED T, 20 M TAZREL, SHIC3DAATRAZRETEHL
WEFTY ) (P CRBZEMIOR) IZED £3, &5124,5,6 LA TART Uy LT tbot bl
F—DENAR T TROLAMOR) ~EDHZENTEET, BRI TONLTAEZREL, BT8O/, T A
W7o VETRT E, RIIEMEROZEMZBRIATERTE DL LIITRV ET, ZORERTO/A T AR
TR I BT D L, FAUIERT= LY — L Afd 2 E N TE D2 £V 7,

V(is})

5.50 Meta-dynamics 3 = L—3 3 DR

Meta-dynamics VEORHE &L LT, SUGHEEE & BT 5B OB 1725808 )72 B89 2 2T i
FT. ZOZRGEEATDZLIZEST, EROBIGEEL T 5 2 ENRS L7020, EB8 A A Y
h oL b B LUYEIMRIE A RR L T VARSI C& £97, F£72, blue moon 1EDGA D S
ZEOP S Z 20T (FEREITRETIESH D £920%) #ELVOIZKI L, meta dynamics HEIZBWCIRHHIAES T
T, LIeido T, SUSERENEE D D550, FUSKEED A TRV AR EICB WA HETh D & 2
DIET, A TART U /VEADFTEHOENZLY, AHZ RV —REEHL, TIOERTHE
b, TOHINL, BEISERTHIZLELAHETY, Meta-dynamics (522 2 L— 3 U103, HHNUHID
BNERIR TS T ART v VR LIRS HEITL TWEET, ZOBRIT S, T ART v Va5
2%, BEZ 0 OBHEE TOT—X 2T~ CHIH L TRz BRADMENRH 5 DT, Meta-dynamics #130(t2) @
FHEAFEE RV ET (2L, B REEHETHAT203&E 0 ZOAMHNC /D Z E1ZRNTL X D),
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Meta-dynamics 5D/ IV b =7 10F, BARRICIE, RO XD ISGERENET,

1 1
Hyeta = Hup + zz.uaszg + zzka(sa(r) - Sa)z +V(t,s),
a a

V(t,s) = Z w exp [ z (Sa(t)ZA_sS(t D)’

t;<t
Z 2T, alHEMERITE FNOBEE AT DB, U & S | FENEIURIER 70RO i & FEFE, Sq ()i
KRE L TWD VAT LIPBEFRIND IR, kAR ZR - DR & SRS FE OO 5 1
B, V(t, )P, T ART %)V TT, EL:/\/Tb\ot/vfTXTT//WI/%.D%%LT%< L, FZ
MNHHBHTRAF—F2RFEL D 2 EHAEETT, ZOX 27 I NV h=T o b on 8L, IROLH I
FLODHIENTEET,
® AL, EMZEEEE U CAERZeR - OB < PR S D,
® (AEHIIRRI T DL, M T ART % VORRIZE T, T CIEMAIZITmi O b,

SRR 7RI~ D EERE DEERN & SR DOIEBNORHE 2 X A DA — VIS uE (RABRIZRRI T DR Z A LA
r =)V Chiu) , ROEEN AR IR OEEN O A ZUT E 132 T W O TRFMICITIE L < ROiES) %
BEFL, 2500 L%lﬂ‘f HOED =R PRET 5 2 ENAREE 220 97, (AEZRki O &Y, RO
JRFR X 0 A OBEAREIT— F2SR L 0 BB D LOIGRELE T,

Meta-dynamics ¥5(3, (FARKIFD8N1F% 18085 D TIER L, RICHESE S T ART Y V&R LZATH
LWL THEETHIHELHV TP, 2L a8MT 5 &, AR O B0 SR
BAAEODIT DITNRTEROERDIAEL D, L0 TS TTHZ ERREE 720 £9,

5432 NJpsg A—=4

AHERE & B 5 7 7 DA K B3 ITRLET,

# 53 AFFATFTI T RAEBEDHDZ T D—E

170 ST 2. 370y ST 5T BIT B

control

driver HAF 7 AOFREE RS DAL,
FRGT&E A 7 ADEE
meta_dynamics Z$5ET D,

meta_dynamics ABEAT I AOREEATO T

meta_dynamics_type ABEA T AOFERFOETE

bias_and_fictitious,bias_only,bias_generatio
n OVT I

57 /v Ml bias_only.

max_bias_update B T AR AAEET D,
F 7 F b MEZ-1ROEBEOSE, = D44
TSI LN & 25T 5).

extensive_output on &9°5 LIEFIIARE L HEHND
output_per_rank on k¥ 5L 1/7UU INFHIRHAA T 7 Tk
IZHIpME 6D
collective_variable LR OIREZRATI TR v 7,
type SEFESE OO TR OFEE, PRSI & 1
FI 7 RERL,

bond_length, bond_angle, dihedral_angl
bond_length_diff, bond_angle_diff,
distance_from_pos,
plane, center_of_mass,
coordination_numbe

atomx PGB D AR A HEET 5, x (33K

T, 72& %13 type =bond_length D5 2

JET MRS 5 DT atom] & atom2 T
HET 5,
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k PABRL - OITEREEET D
delta_s AT ART L VOWE, ASEHEET S
smin P T ART v MOy Mt aE
smax P T ART 2% MHIDEKRIEZARTE
ds P T ART v MBI OZNTHRAARTE
control_velocity on (2 L7=35E, ARk TR 2 HilfHd 2
mass_thermo ASABRI - DM Al A5 A OENROE
s
target KE ISAERE - O S BY5E D% —
MER =L —
plane PNFRIC AT DI DOUHRS Y MVEARE
SR
NOrmx,NOrmy,normz BT VD xy,2 ]Sy
distance_from_pos GOt EEATO 7y 7
POSX, POSY, POSZ FEE LT x5,z BRGy
coordination_number BN R EZATO T 7
kappa_inv B UEs S K OifsiE R S OHA THEE
kappa BeNERSOK % 1bohr L CHEE
reut BUREHGER DY, D Z R S OB THE
center_of mass LA ST HMERET DT ey 7
directionx FRE L2 HTaOD x By
directiony FRELIWERO y B}y
directionz FRE LI2WHTAIOD 2 flsy
bias_potential P T ART VX NDRRIERATI 7 0y
7
height — RS TART e L DE S B
TRV X— DN THEE
update_frequency INA T ART o Ve BT 2R E
el xiE10 £95E, 10MD A7 v 7121
[B A T ART R VHERT S,
7 /L Ml 20,
output_frequency meta_dynamics_type 73 bias_generation
AN, 7 T ART v MR A RN
180T 5 D EHRET D,
7 7 4V Mill% 10
continuation_strategy LY AR I8 Bitkeea t o J7
BHARET D,
randomize_velocity on &% &R TEE TR E D &
YA
scale_velocity on &35 EikEEF FRCD
velocity_scaling factor
WS U CGEENAr—L S5,
velocity_scaling factor FEIRA PR B A — )V B, 57 4V
M 1
configuration_from_input on &% &, Mk 7 7 A L TIER< AT
T 7 A INSET— 5 Fia AT, T 4
IV Ml off

Meta-dynamics {EDAT1/37 A—F OFEICOW TR LE T,

Meta-dynamics {50OFH5RIE, LLFOEEEZITWET,

® Meta-dynamics {52 HNIFEET 5

® Meta-dynamics DIRDFNEIEET D (¥ A7 ZBYE— R, A TAKRT VU /VRFIREL, H)
72 &)

HE—EDOMD ¥ 2 L— a3 VOREEITH

LB OEREITY EREEIE D 5 SOGEFEO - BB O$T T EH

AT ART VY NVOBERITY O TART U VORS, IE, THHEE R L)

L) DR EFATT D50, EDKE,

Meta-dynamics {E4 A NFEET D
243




Meta-dynamics EOBEREAR AN HI21E, control 7' 7 IZHBWTLLFOFREEITET

control{
driver = meta dynamics

}

ZOFEEIZL Y, PHASE OilFOF 2 A F 7 Aa— R T7e<, Meta-dynamics sHEHDAA >« 7 s

7 LMHINE T

® Meta-dynamics DIE D DOFRE

Meta-dynamics ORI IRDB|MNOREFELZRALET, ZOREIL, AT 7 A VOFK BALIZ
meta_dynamics 7 12 > 7 Z1ER L, SGIZLAFOXL SR - Ty 2ERTHZ LICLoTITWET,

meta dynamics{
meta dynamics type =
max bias update = -1
extensive output=on
output per rank=on
output cvar every step=off
continuation strategy{
randomize velocity=on
scale velocity=off
velocity scaling factor=0.7
configuration from input=off

bias only

}

meta_dynamics 7 7 v 7 ClX, ATOER/ 7T v w7 D

meta_dynamics_type Z54%

max_bias_update 2%%

output_per_rank 244
extensive_output 2244

continuation_strategy 7 &

v

randomize_velocity

scale_velocity

244

RIERTT) 2 LATEET,

bias_and_fictitious, bias_only, bias_generation @
W ERE LE Y, bias and fictitious &35
EARARRL - DEN ) FHBE LT AZ XA FTIT R
%, bias only &5 LA T AKRT X VDIE
BN UTZABZEAF I T AEFLTTHIENTE
%7, bias_generation & L7-%;5 Meta dynamics
33ATENT, EET 4L ) —IHET S T 7
A IS INA T ART L% VO L O o
HPFATSINET,

AU ANA T ART o Ve BT D0 EE
LET, ADEEIEET DL, "M TART vy
NOFHEECCIEFRIME L L EE A, 2T 7
F/V FOIRDIENTT,

n &35, VUG
VI T EITRLIVET,

on &35 &, (AR DOIEECFARR 28 < )72
E, EREIIAERH N b ELNET

L) WHIF PR IATRAC I Dk R o 780
WEEITOET, L7 U DWHFEHERRIE, WK
HAE ST A LRI ORI R B S5 2
EIXTERVDOT, 22 TEDX D 77k Citkse s
DONREST HMENRHY £, 2071 v 7 T,
LIFOREZATD Z LN TEET,

on &35 L, fkfes RIS TR ke, L
BTRIVIRY £9°, 77 4/1 MElT off,

on tT 5L, MAIATEHEEZSITITHHT S

RIATRACHE DA Z




velocity_scaling factor OfEIZ)G U CTA—/L L&
I, 77 4V Ml off,

velocity_scaling factor — FiAAATSHEIZ Z 2 CHRE LIEZNTET, 7
7 4V MEIE L

configuration_from_inpu on &35 &, fkatE 7 7 ANV TIIRK AT 7 7 A4
IVINDJERET — 2 Zefidkidte, 7 7 4V MBI off,

® IEMAKOESR

MR LT, PONBR 2 8E L 72 b DT, ZORREIY, meta_dynamics 71 v 7 LUFIZEBW T TV E
¥, BB FELOIEY T,

meta dynamics{

collective variable{
mass=1000
k=100
delta s = 0.08
control velocity=on
mass_thermo = 50
target KE = 0.1
}
collective variablel{
type=bond length
atoml=>5
atom2=4
delta s=0.05 angstrom
smin=1 angstrom
smax=5 angstrom
ds = 0.1 angstrom

}

9%, meta_dynamics 7 12 v 7 @ FIiZ collective_variable 7 11 v 7 Z1E L £ 9, collective_variable 7'z 7
IR IGRORE ATV E T, BRI 2B R O E LR A3 72 H DA 2 Z TORRTE
RS IVET,

I, EMEHZET LI-WTZ collective variablexx 72w ZIZRBWCEFRLET, 22T xx ITEEMZEH
D ID T, [EREOBOEMNERZEFRT H 2 EMAHETT A, 1 2D LT 28I A HRET DN
Y EF93, 7= & 21X, collective variablel, collective variable2, collective variable4 @ 3 > @
collective_variablexx 7 1~ 7 23dh > 7734, collective_variablel & collective variable2 OAfHER v E 9,
collective_variable J8 J.UF collective_variablexx 7' @ v 7 1%, ¥HRSHESTE XA F I 7 ZAOREDBRITERET S
RS L FRROER A EFRT H I ENAREE 7o CET, BEARIZIE, UITOEE EFRT DI EAMRET
7

type 25K EHER ORI 2 EE LET, LFOWThnofEz &
nET,

bond_length 2 OB SRS S LE TS
bond_angle 3R F DRI AR RAZENERE LET,
dihedral_angle 4 70 2 A ZENERE LET
bond_length_diff 2 JR OB DA A LS UE T,
plane & % JEF OFEE DEN COMEEREE S LETS
center_of mass FEEDIRFRED B L ZAEEMZEE E LET,
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coordination_number

A B AOEER A L LR

distance_from_pos

B DG D DOHEEZRIAER L LET

atomx 254

BEDEMELD O LR 2fELET, xI13FFTH
v, 7o & 21F 2 JE - OREREDOS 1L 2 SOFF-HMREIC
B H DT, atoml & atom2 (TS DT OF A5
ELET, type 2 coordination_number DA, ENEKL
Tt RS DL DR DOFZEFRE LET,

plane 71 > 7

AR DEE D, FH L 7o\WHEOERAR Y MV EFRET
BI2ODT 1y 7 T, WOREKEETH I ENTEE
_a—

?%7%/\\\7 }‘/1/0) X F:Eé%o

normx
normy R T SV D y R,
normz R BV 7 JFERE,
coordination_number Bl A2 2o SR o 5 &R 0 @ B AL Fon 1%
Ty n; = Zjii exp [K(|rjiri|—rc)]+1 SHERLTOETE, oK
BT DK, . DIEZFEET A7 0 v 7 T, IROEH T
ETHILENTEET,
kappa_inv “Ofi%, REOBITIRELET,
kappa k DfEiZ, 1/bohr B THEE L £, kappa_inv LV HE
FEINFET,
reut T DffiZ RS OB CHELET,

mass A4 RAER OB EAHE LE T, meta_dynamics_type 73
bias_and_fictitious DIFEDHEHRD & HIEE T,
k 255 IABRE - LA OFE D Z 2RO 5, (XIERETEE

L £, meta_dynamics_type 7° bias_and_fictitious D33
BDHERDD HIEETT,

delta_s 254

23)ADss, D EFEE L £,

smin 25 INA T ART o MO OE M feE L £ 7,
smax 2% INA T ART 2 MO DI KAEAEFRE L £,
ds Z5¥ P T ART 2 MBI DB G e faE L E T

control_velocity 2%t

“on’\Z LT=8rt, (BABRI DX A F I 7 A %82 FRIC
BIR 5452 LIk > CEOBEZHIHE L £,
meta_dynamics_type 73 bias_and_fictitious D5 DAE
OB HIETT,

mass_thermo 254k

control_velocity 73“on” D550, BNROEHE ZHEE L £
75

target KE 24

control_velocity 23‘on” DA D, H &3 DRI DIE.
EEFRET 5,

O NATARTUIUYILVOERE

AT ART ¥ LD

FXENL, meta_dynamics 7 7 v 7 @ FiZ bias_potential 7 7 v 7 Z/ER% LTI TV E T,
PURIC#RI 7o 2R U ET,

bias potential({

height = 0.02 eV
update frequency=20
output frequency=100

}

bias_potential 7' v 7 |2V N TEFE ATRE/R LN T FREi v CT9,
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height 2%k —PERT A T ART X VD@ S T RX—ORALTIRE L T, —EITET
T ART v VORI, BHEMESEA D& CTdh 5D T bias_potential 7' & v 7 Tl7za<
HEEHIEA OFEZLT D collective_variablexx 7 2~ 7 LU R IV ET,

output_frequency meta_dynamics_type 73 bias_generation D5 DAERD H HFEE T, (N 1 [Fl/ A

U3 TART o Ve T oD ERRE L £

update_frequency /A T ART U VOEFHEEFEELE T, T 740 MEIL 20 T,

® L7 hIHEEORE

I A2 L S D

BRIHENIRWGS, WIHEEEIIT_XCO L) B THET, YHREOSSOAE D, L) A THEN
PREIET, MARZER] ERAR D BB DO T, JEENFE U THE LT Y IR DA L D X9 IC
ROET, 2L, BROZ LN OEAID ) ik (D) (JEE CEERE 720 £,

VI DPEE A Z 7 Z L\ RANCEEET 5

AT 7 AMIEBNT, VTV DT LRI DIEET — X B RET 5 2 & HARETY, ZORKEIL, atomsxx 7
w7 (ZZTxx 1 ZMPI 707 085 21k L, 2 CHEEEZRET D Z LI TITWET, 72L& 20
T ONEYT ALY A ET U 1AM E LT DICENENER D2 52 5121, ROLX 5 7%
RO AATVET,

structure(
atom list{
atomsO{
#units angstrom

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

1

C 5.0157363043 5.6563796505 5.8043454319 1 1
C 4.7499007526 4.2727134018 5.7364572058 1 1
}
atomsl {

#units angstrom

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

#tag element rx ry rz mobile weight

C 4.5897384578 5.5998560107 5.7723226564 1 1
C 5.1658344359 4.3217914066 5.6857269157 1 1

5433 FHROIATHIE

Meta-dynamics %% 3479 51213, 0% D PHASE (Z X 25HRE ERRRZLI T O a~ > REFITLET,

| mpirun -n NP phase ne=NE nk=NK nr=NR

ZZT NP T MPI 7ut&2%#, NE (33 R, NK I k 50052, NR V70U DW5ECCT,
NP=NEXNKXNR &\ 9 BRERAE L CWO D433 ) £97, ne, nk, nr (FWVF B EEATRE (57 /L Ml
1 TRTHEREDYE NE=NP) T,
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1 Meta dynamics S TRHIAFHILD/A T ART 2w VO bSO A T ART v
V| DHTED, AT ART ¥ Ve RA MUICEEL, TnatiisE52 8 b TEET, ZoMEE
R 5120, AJJ7 74 /LD meta_dynamics 7 2 »» 7 @ meta_dynamics_type 225X bias_generation &
W) SCFHNEFRE L E T, TOKF, meta_dynamics 7' 2 7 O D bias_potential 7' & v 7 [TV TEFR S
%, bias_output_frequency ZHUTIEE SNZEHIC 1 [MIHAZITVVET, 728 212, bias output_frequency
2510, /A T ADOKEFIEEGS 100 72-723554, 10181H, 20181H, 30[8H, ... 100 [BIH OEHHRD/ A 7 AR
T UV NP ENETMNL LT 7 7 A M SET, £D7 7 A V41, “bias_potential.dataxx” & 720 F
T, T2 Cxx BT A EHIEEL T, ZOREEIToT2db L, Meta-dynamics i 21T o727 4 LY b U —
(ZBW T PHASE 25T LET, 7 7 A NVEGIHAIR S T ART 2 U X VG 2 DHIRDT, WHAHIT
FATTHMENTH D FH A,

5.4.3.4 FEREROMT)

Meta dynamics > = L— 3 UEITHEA, BEHELY L2077 AARHAENET, BLTIE, 41220
TR L £,

® curr bias potential.data 7 7 1 /L
BUED IS T ART VY VISR SN 7 7 A VT, RO XS R cHA S E T,

1.2000000000 -3.1400000000 0.0000000000
1.3000000000 -3.1400000000 0.0000000000
1.4000000000 -3.1400000000 0.0000000000
1.5000000000 -3.1400000000 0.0000000000
1.6000000000 -3.1400000000 0.0000000000
1.7000000000 -3.1400000000 0.0000000000
1.2000000000 -3.0400000000 0.0000000000
1.3000000000 -3.0400000000 0.0000000000
1.4000000000 -3.0400000000 0.0000000000
1.5000000000 -3.0400000000 0.0000000000
1.6000000000 -3.0400000000 0.0000000000
1.7000000000 -3.0400000000 0.0000000000

FATHEMEE OIS LE T, ER L WD ENEE s S N-b b, TOEMEEOM TR
2 TART v VORI SET,

® bias_potential.dataxx 7 7 A /b

INA T ART 22w VBT D DHOFT— REFIF LTSGR 6N5, BERREUIS Cle A 7T ART v
YNVDOT—EPHNEND T 7 AINVTT, T7ANELD xx DN T ART U VEHEHEIHE LES, £
D7 7 ANERIZL, curr_bias_potential.data & [FIEETT,

® nfdynm.data_at_bias 7 7 A /L
I T ART e VEBIRA I T DT — 2 3134005 7 7 A VT, PHASE OFEHEREET — 4 H
X TH5H, FDYNM ZATH ) SNE TS

® nfefn.data_at bias 771/

PN T ART 22 VEFIRHC BT 5 =3 T =DM Sd 7 7 A T, PHASE RT3
—F— 2 Tl D, FENF GG SHET,
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® collective variables.data 7 7 1/
INA T RIRT 22 VRS ZIS 1T D8 OEN I SND 7 7 A VT RO K 5 el S E T,

2 1.6399047278 0.0906233310
3 1.6933783940 0.2327954221
4 1.6487636847 0.0655806009
5 1.7510381463 -0.1403803460
6 1.7880912692 -0.2122517967
7 1.7558411086 -0.2557274737
8 1.7939362867 -0.0296094373
9 1.7595919709 0.1959354384
10 1.7773637731 0.3761827029
11 1.7657919080 0.3998392061
12 1.7604309483 -0.0107912799
13 1.6218441177 -0.3366407543

BATIASA T ART 2y VRO S A L 2R LE T, —BIED M T ART 2 VO EHEEL TH Y,
HIH LA ESNAI S D AR OES E SHETS

® bias_potential parameters.data 7 71 /L

ST AT 2L MDRT A== SNB 7 7 A VT, BGRHED S A S 7 TG A—s—%
A SETE, TOLIRID/RT A—2—DEDGINHIRNE S T ART 2 VOGN TE RN LD
W27 7 A LTT, ROL S T SE T,

2 0.0200000000 0.1000000000 0.1000000000
3 0.0200000000 0.1000000000 0.1000000000
4 0.0200000000 0.1000000000 0.1000000000
5 0.0200000000 0.1000000000 0.1000000000

FATDASA T ART e VIO S A I MG L ET, —FIAD A T RART o VR TH Y,
“HIEP@IRITET 2w, 3 FILIENEAERAS D@3 RIS 565, DIETT,

5.4.35 #5441 : RALKFZEDOT R LF—FEH
(1) MW=

Meta dynamics (E4FIH L7261E LT, IRAWKFEO RN —Fm &~ B 2580 LE T, B0, CaHe
DI OB AEIRSOEZEY BiFEd, CHe/ A%, trans 1-3 7 X Yx), cis 1-8 TX YTy, v rnadTy
D 3FADLERGEN MO TNWET, V7 0 7T AR T, trans 1-83 74 & V= TR D53 1 T3,
cis 1-3 7 X P U AREIRICITA B, 2 A% 30°0F E O TAEE L E el ¢9(gauche EUER), F5y
THEEZX 551 TR LET, ZRAF—IE, @WIEICY 7 a7 Ty, cs1-3 7 XV, trans 1-:8 7 ¥ VT
THY, HFORIEE LTI, 183 7# P iR L CRIMEEw Th D 7 a7 T o 2415, HHWIE
W7 a7 T UPHERL 1-8 74 VU BVERESNA G (BERIRL), £, 2FED 1-:8 TH YD
MO cis-trans KIS03E 2 HIVET, PER - BHERSUN MU FHER DU 2 2925 Z L D R E ZRERET R /L F—/)3
HY, 1eVIEEOA—X—ThHbHEEZLINET, M, cis 5 trans ~DOZMKITF Z F TOREEE 372 <, 100
meV BEDOF—F—ThoHrLExbNET, FHI, BRMGNIZBWTE, 18 77Xy rnar7rreT
1% 2 EREG O R, BEREEL LU B2 b0 TH L0, AT > oy /L TR D DI
RN E E X FET, ZD8H%E PHASE TIELL 2 20 E I aid LET,
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5.51 C:He 50 F D5 FHEE

VIHOFECENE, X 552 TR/ nr7 7oA LEd, ZoyiEEY, PHASE ([2X -~ Tk L7z
HOTT,

5.562 C4He 73 F Doy FHEIE
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(2) AT A—H

Meta dynamics 2 ANAEE L £, ZHUL, control 71 v 7 D FD driver %42 meta_dynamics Z 57
TAHEZ LI TITWET,

condition{
driver = meta dynamics

}

WIERES A ER LET, TOHEHIEA TTD, ZZ I TEEALET,
1. [X 24051 L JFF208HE /37 A —% —ds, delta_slZ#41L2H10.1 XL 0.05 &
2. 240, JF11-4-3-201ED "fif, /3T A—H—ds, delta_siTZNZENI0 L5 °
Z OF%ENY, meta_dynamics 71 v 7 O FTULFO X D IZEBLILE T,

meta dynamics{

collective variablel({
type=bond length
atoml=>5
atom2=4
delta s=0.05 angstrom

!for bpot output
smin=1 angstrom
smax=5 angstrom
ds = 0.1 angstrom
}
collective variableZ2{
type=dihedral angle
atoml=>5
atom2=3
atom3=2
atomé=4
delta s = 5 degree
!for bpot output

smin = -180 degree
smax = +180 degree
ds = 10 degree

}

INA T ART o VO E130.02 eV(0.46 keal/mol) & LET, /3 7T ART > v LOFFHEEL, 20 MD
ATy AN EE LET, ZOXENL, meta_dynamics 7 2 7 @ | bias_potential 7' &2 7 Z1ERk L, height
INFG A= —TIRETHZ EIZE>THTNET,

meta dynamics{

bias potential{
update frequency = 20
height=0.02 eV

}

PN T ART ¥ NV E T HEBIHMER T2, (BITE 5 HHT R F—RE 252 12D O E
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RS LEET,
(3) FIFARR

A2 lb—ya Nl TELNAHEMEZMELLET, £, X 553103 7T ART 3 ¥ /L% 18,140
[EFREERET LA RS O L R — R E OSSR A2~ LET,

2
-4
-6
-8

-10

12

14

-16

18

-20

22

-24

-26

-28

-30

-32

-34

-36

-38

40

rec (A)

dihedral angle (radian)

X 5.58 C4He ¥ B TRV —RH

X 553 LV, ZIZTHLNETRL—DEERXNIIL 4 DORERNHD 2 ENEE T ET, bbb,
JECFRIEERED Y 1.5 AFLEECAEEANET 0 radian 05, JFTHIFEHEN 3.3 AFAEECAEEA 0 radian, 5 7-RHHME
2N 3.7 RFRFEECAEENES radian FAEED 2 DA T, “hbly, FhENs 2 arFy, ds 1-3 74Ty,
trans 1-3 7 ¥ VMY LET. HERESEEOHEOEA, cs TldZe< gauche BUEEL 720 9773, 300K D
Meta dynamics ' = L—3 = > Tl cis & gauche OIFFEZRXFIIDT LI AFERIFEONEEATL. 15
b= a7 b trans 1-:3 T X VORIV —2ETL, 16 keal/mol F2E, /a7 T b s XYL
VORI F—FET 12keal/mol FREEL 20 F LI-. Wiy, MEEEOIFE LT A L L RE QoL
X—7TT.

¥ 5.54 33X OV 5.55 121, BBHEHD A T ART oy VOFEF L ED L ST L Tho 7oL
TWET. THEANX 26, REFEIEREENX 27 OELIENTT. X 554 BIOK 555 LV, /A T AKRT
VU VER) T00 [AIE R LR TR AR CT AV NCES> TS Z ENEECE £3. 220b
18,000 [FIFE DT F TIIMRIA =R VF—KIAHER L TOET. X 551 HH 050 L 918, ZITEXT
WAHRITT 7 a7 s a2k & ZiAlox UTRAWEIPHORIEZ IV 5 E 3. D7), ZORZHHRLT
DIZEL DINA T ART 23 VDTV L 725 TUVET. 18,000 [EFEEED /A T ART L L O
B OO 70T H o NRo T D L DSHERTE T-HS(X 5.56) TRHAAK T SEE LS
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dihedral angle (raidan)
o

-2

Jd‘ I I 1 1 L I N
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
number of bias potential update

554 2 EA L T ART S ¥ /VEHEEDOBER

4-5 T T T T T T T T T

40

35

30

rec (A)

1.0 1 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

number of bias potential update

X 5.55 REFTFREEHEL A T ART ¥ VEHEEROBHE

5.56 (@)72>5(d) F TIZ, Meta dynamics ¥ = L—3 g VHIZEBISG SN EIEO AT v 7Y a v b
RLELE, 22 TTRLTWAL G, AT ART U VORNRIT Lo ThEx 704 TAREENFEHLL T0VA 2
EWNIND E£T,
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5.56 Meta dynamics ¥ = L—¥ 3 NZ K-> THRLNEHTHEEDR Ty 7Y ay b.@: A TART v
V2 [EFER () /S T ART %L 690 © 71 T RART > v /1 1,500 @ A7 RAE
7Y%V 18,070

5.4.3.6 fAICIIT AEE A

Meta dynamics 513, T XCORRT v vV EFIAEDOECRHHT L 2 N TEET, L7 U DIFIEEDT=
WHFHEBITO ZENTEET, 72720, BROH DFEREFH DI TR R B BT HERH D £7,
L7 BAHNEAT OB, WEERIROZ A 2 7 TL 7Y D E L SE DA, ST 5 L7 I ofks:
FHETZ 7 ANPFELRWVGEERH Y 3, ZOEEILEL DT 7 Okt AT — % Zatdird, S HIC
continuation_strategy CaxiE L7 FEEHINES THIMIL 7' 1 ZAERK L £9,

5.4.3.7 2353k
[1] A. Laio and M. Parrinello, Proceedings of the National Academy of Sciences 99, (2002) p. 12562.
[2] M. Iannuzz, A. Laio and M. Parrinello, Physical Review Letters 90, (2003) p. 238302.

[3] A.Laio, A. Rodriguez-Fortea, F. L. Gervasio, Ceccarelli and M. Parrinello, J. Phys. Chem. B 109, (2005)
p. 6714.
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5.5 BFEREZENBESCEETE (TDDFT)
5.5.1 ERENMER DR AT EENREEEER (RTTDDFT) 2K AHAFARY RLETE
5.5.1.1 #&pEOHEE

S TDDFT RSN T, KO8 7 A g 2 LIC k0, 52 O E e
KT DEFHATIAY - v Ialb—va w7,

0
ih= ¢ t) = H{O)pi(r, 1)

BT MV k &8y BEG n Z2HER & T 0 —E R E gk TRIT, —EFAININV =T R H
TS, R B TR S, —EFREBEORRPERIILL T O L 512k Sh D,

i t+At
dk(r,t + At) = exp (— —f dt'H(t’)) ok, 0
h t

AL ORSEPERBRE AT, FERRE R JOYREEIEGI O U Tl A L CRAR R S hn, £ 2ika 722
EPUREDRR SN T D, RN IRFRIFNRAL 23 /D ST HUFIRAD K 5 IZEUTE %,

k@, t + At) = exp <—%AtH(t)) k(rt)

SHIT, FREBIEEN S DU E LTT A 7 —BBHEME S D,

i — 1/ i N
exp (— EAtH(t)) = NZ;) N (— EAtH(t))

Z OUTEIEDSA ., BHRIRRAt & RBIRIL Naax N EERATINT A= ThH Y | FHERERE L TR0
HREWEBE L CUlEARET D0EDNH D,

JFERRIZIE, SRARICIRW T L= s T A v U EFR L. ZOMEITHES TIRALEO X A T 7 A%
FATTHZ L HARETH D, (RIE L, AT 07T MIIFESNTE LT, FAEXEE LIRRECE 4 1
F I RFEEITH,)

B[] t=0- DI — B FIBIEEN L, 71 7' & PHASE (1 L - TR b b FEEeikien—& iz v
THERT 5728, AMREFATRNC DFT IEIZ K A FRIRIEDFHE AKX T D MER DD, K717 T AT,
FUECIRRE—FE TR EIRE Sk (r, t=0)ZLL F O L DI 7 F S5 Z &N TE S,

Px(r,t =07) = e 17 (r,t = 07)

ZHUTHH =01 BN OV RAEBSARICE 2 5 2 LI T 5, BRI BO TR E— XA > hdb) £~
WTERBEIJOEHE L, BIFAFT IV A I alb—T g AL THRIC, 2 DOMEAERR OB SEE%T
N T =) IS5 T LIk 5T TR & BRI PTREA N { R - YR A ALY B ILIR E DS
ROHND,

5512 Ao A—=4

LIRDOAND S 7 OpiE, FIRRIEL LT Ix Fa~KE & 0.01 JFFEALOT VX B OV 2 E ) 2 RICE 2.,
[REHIAN 2 0.1 S - B IR A 7 77C 1,000 R A 7 > 77 (23 X = b—3 = IREH] 100 JREF-HY7IREH)
@ RTTDDFT #HHAFEITT A TT, 72721, DFT JEIC K 2 HERREOFENINE L TV A S D

RT'TDDFT #HENFATEIND FT,

postprocessing({
rttddft{
sw rttddft = on
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time step delta = 0.1
time step max = 1000
ext pulse epsilon = 0.01

ext pulse kx = 1.0
ext:pulse:ky = 0.0
ext pulse kz = 0.0
}
}
T A—H 77 4/V Mi L]
sw_rttddft OFF ON : RTTDDFT #HEWRE ST 5

OFF : RTTDDFT HRAEEE1TO0

time_step_delta 0.1 (FFEATEFLE) R T 721 T
23 2 b— 3 VIREEIL, time_step_delta X time_step_max
L%,
TEBRAYIZIE 0.06~0.1 JE - HANIIRFRI DfEAMER S0

(1 JFLF- BT 30 1% 0.024 fs)
K &7 time_step_delta 23 7E L725ACIEREENH 1305
ZEMBY ., FOHEIHMEE LV /NS <EREL THIET A ME

N5,
time_step_max 100 ([) FHRMUER A T2 E TORHREHIERL
[FHREGRTICY a 72 IEFK T S8 5 2 1T TE 22 (nfstop 1%
REl3ERANA]) |
WIMRAEARR [TV & BIET S LV AFEIGE (t) = Eped(t) ] ICB8T 5/3\T XA —X
INTA—H T 7 4V MA i
ext_pulse_epsilon 0.0d0 HBLORZ SE,
ext,_pulse_kx 0.0d0 EHDAXe
ext_pulse ky 0.0d0 ELDREe
ext_pulse_kz 0.0d0 EGDRXe

55.1.3 RIAOFTHIE

F9L, BHF O SCF fHEAITWET, ZOBRE, swrttddft /X7 A —4%—|% off ITREL TREFET, @
® SCF FHADMET L7z b, sw_rttddft /X7 A—%—% on & L, SHITHETGUT rttddft 77 v 7 O&FfE
INTG A=K —%fE L, control 717 DD condition /37 A—4—% continuation |[ZXELE T, D
LOMREEMLT-6, EF@EY PHASE OHAZS4TH 5 L TDDFT #HAENFITEINET, @FTKR T L
RTTDDFT #&EiL, UIESORTE (ext_pulse_epsilon, ext_pulse kx, ext_pulse_ky, ext pulse kz) %9
T 0 & L. condition=continuation & L7=F % C PHASE #3794 iUITO Z &N TXET,

5.5.1.4 AL
HEFERIL, 0T 7 AUSGERENE T, DLFOX )2, BA-T— A b L BB BN Citdk SN
ij—o

# time step= 991 time= 0.9910E+02 au 0.2397E+01 fs

P= 0.0285381798 0.0002058360 0.0001702915
J= -0.0133497494 0.0000068680 -0.0000030064

P=0&H LD 3 SOBIENIREE—A L FD x,y, z {7, J=DHED 3 SOBAENERELD X, y, z Koy
<7,

FHRAS TR, REZERD D ERERZEMC 7 — ) =BT 5 Z LI K o TARYY ML AL —0RME LT
HZENARETY, ZDO7—) 2B WA EITT L5707 T LDV —Aa— KM sre_spectrum D FiZH D
256




spectrum.fo0 TJ, D71l T ARKIE, EHER7R Fortran90 22731 77—l o Ta A 352 &N
AIRETY, ZOFRIMAEE IOl T8 (BET 4 L7 RU—L LT ft LWH T4 b7 MU —%FkL T
FATT260), FT. LLFOXTT 1 v 7 R —ft ZFk L., £D7T 1 V7 N —0O FIZEIEE Ot %
M L7z jdata W05 7 7 A VEER L ET

o°

mkdir ft
cd ft
grep ”J=" ../output00l > j.data

o°

o°

jdata 7 7 A /L2, RO L HIZ 1 1THIZ time_step_delta & ext pulse epsilon =1z, & 52
time_step_max Ofiz 2 {THIZINZ 9,

0.1 0.01

1001

J= -0.2999128661 0.0000002015 -0.0000008972
J= -0.2970981909 -0.0000022160 -0.0000000155

ZOT7 7 ANEERLTZG, spectrum.f90 %22/ A )L LTc AU — (7z& 2IE aout) #3TLET, fER
ELTE, UTO7 7 ANVBELIET,

7 7 AN i
jout PRV L IRFRIORAER, Jx(b) Jy(t) Jz(t)
p.out L SR — A v b L EFEOBHE, Px(t) Py(t)
Pz(t)
pw.out 77— ) TR ST BT — A > b, Re[Px(w)]
Im[Px(w)]
abs.out KRGA-E— A > NREED AT L

5.5.1.5 f3ifH

Bl LT, "B F (K 557) @ RT'TDDET FHEGIZFENLET, ZOBIEDO AT 7 7 A4 Vi
samples/tddft/work_benzene UL FIZ&H V) £97,
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wC

B 557 ~BUHT-DORTEE

HEIL, ML SCFEHEAFITL, DWW T RTTDDFT ZA%0Z LTkt a2 T L% L7~ RT"TDDFT ®
A7 v 7803 11,000 & L., BiZ1743 0.1 au (87 0.0024 ) & LE L7~ 612, (55N 7-65% 5.5.1.4 THiA
LTIl o TV =B L £ L7, SONDWINAY MUWIK 558 TR35@Y T,

180 T T T T

160 7

140 4

120 7

100 - \‘ | ]

80

60

absorption (arb. units)

40

20

i I 4
(A } f

H \ ‘ | UX \ A/\ (\ '»\ OA‘ /ﬂ‘
0 Jl ,N‘U, | ) v ) v\/\/\ﬂ /\N\/A/\/J\\/V\W‘w

0 10 20 30 40 50
energy (eV)

5.68 AHIEIZ L > THOLNDBNARY by

BHIOE—27 23, 16.8 eV IZENTWET, @i SCF 381z L > T 55 HOMO-LUMO ¥ v 71349
51eV T2, ZOEL Y b REENHE LTELNTEY., bosbb LWEREEZ DNET,

5.5.1.6 i EOEE

® IILIMMEFRRERT L VEFH LTSV, WL T YT MR T Y U Ee L TWER AL
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OB L=y M/VHUINIET D X DI ARE L, 0 TSy 7 B2 Es P E e ==
v MEAYA ZZRELTRE, PR EASERE £V TIEET D5E12E, BR-E— A > FANE
L<EHRINERAL)

ksamplingt } % 7N TC [base_reduction_for GAMMA = off| & [base_symmetrization_for GAMMA = off|
ZHRLTRFEVY,

symmetry{ } % 7T method =manual] & [sw_inversion =off| ZH/RL TR,

PG SADFHRIITRIGE LTV ER AL
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5.6 HEiEmEt

561X FLRATUYIILEFRALIZIZ Y be)LiBEbiiae

5.6.1.1 AJ)/3T A—4

FNE, WEBEOASNNT A= =T 7 A NEFTRLET, BAVEEE ST b & IO EZA T WG

VR HENR Y R E RSV D/ 85 A —2 —Z 3T UL B /L OEIE—HHMUE LT A R TR O
Wk, EWOEMEERTALIIZARY ET, X5IT, HAEE(EHD, ULFOX S 7e3Er iz £,

structure evolution{
lattice{
sw_optimize lattice = on
}
}

255 sw_optimize_lattice % on &% EABEREAFIHT 5 Z LN TE E T, lattice 77 > 7121%, DL FOEH%E
EFET D 2 EOARETY,

sw_optimize_lattice AT IfoE FSREA AN T 2B on & LET, 7 74/ MElL off TF, 72
B, ZOAA vFH on DAL sw_stress (ZHEIIZ on (2720 F9,
sw_uniform Bz R LSV A on & LET, T 74/ Ml off T3, =

DIRT A—H—3 on DEE, A R LART 2 NV ORHEEZOTIHEIZ L~ T
AEEZLSED L0 ICEEL £,

sw_rebuild_pws B2 25 ST ER AR BN E ORI ELE T, 77+
U M on, OF VAR FIEIET DI FREAEV ELET, Off L9252
LK TEFREE AR 2 10 ESE 5 2 ENTEETH, B T0EE
LCHRICFEEE Y MERH LTS, LW ) Z BI3REIZII Y A7
KR L TG, £V 2 TS 35 sUSHERALETT,

Fiz, ZONRTA—H—% off LT 5 LRI RN TE 72 TLENVET,

method T DO TEE N L E7, bfgs, quench, sd DWTHEFRELE T, 77
#+ /v MEIZ bfgs T7,

delta_stress method 7% quench 7> sd DA D EFHOZNAEEFEE L £, T 7 4V Ml
17T7,

max_stress IGRHIEICFIAT S, A NLART 2 Y AORMNEZR EOEA THE LET,

7 #/)V ML 1.e6  hartree/bohr3 T97, sw_uniform 7% on DIFEITA L
AT VDR EFR O DACHEICERH S E T

sw_optimize_coordinates_once | JEFHCE O i 1 B H OADOTFHEFOS TWT-VEEIC on & LET,

B, BT DI ICANVAT UV ANDH v AT ERN R THT DU IR 0 BV ERH D £,
ARNVAI =S AERT L —DI = AR LRWGS, BEL Iy M7+ THDH 2 &R
CHEDbNET, Tk —RIZHEELED, ARLATU Y ED Y NE TR —DRHEE L 5TV
721 EERHERR L E T,

5.6.1.2 FHHEFER DM
FEHIT output000 7 7 1 /b, nfefn.data 7 7 A /L, nfdynm.data 7 7 1 /UZEEERSNVET,

output000 7 7 A /UZIE, A RVAT Y ARGHRSIET, LLFOa~vy RZX>TEOEREMETAZ &
DTEET,

% grep —A3 ‘STRESS TENSORS’ output000

| STRESS TENSOR
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0.0002326236
0.0000000000
0.0000000000

TENSOR

0.0002272841
0.0000000000
0.0000000000

0.0000000000
.0002326236
0.0000000000

(@)

0.0000000000
.0002272841
0.0000000000

o

0.0000000000
.0000000000
0.0002142790

(@)

0.0000000000
.0000000000
0.0002077216

(@]

BHEOHEDOEEA N VAT VR LB IEND OB TN, AEREEZRIH L COAEAIZA RL AT Y
NOERENRH ST S ET,

nfefn.data 7 7 1 /WL, WBFEED 2T RLX—O @ < DORKIEDIZD, AR LAT Y I)VORKAE
(sw_uniform 73 on OLFATIXAELROVIE) itk E T, 72 x0E, UTFOL S R nGEonE7,

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

11 18 -181.4043211413 0.0020128619
1 2 27 -181.4043355689 0.0015666906
1 3 36 -181.4043464493 0.0011267018
1 4 44 -181.4043509953 0.0008837770
1 5 53 -181.4043582176 0.0000137026 0.0002326236
2 1 73 -181.4044226903 0.0000645338 0.0002272841

nfdynm.data 7 7 A /L HIEHEO SO LIRFF U TR, @HOFHEOEEITEE LH) SR~y =75,
TR MDERSNDEICH I SIVET,

#

# a vector = 8.6795114819 0.0000000000 0.0000000000

# b vector = 0.0000000000 8.6795114819 0.0000000000

# c vector = 0.0000000000 0.0000000000 5.5916992108

# ntyp = 2 natm = 6

# (natm->type) 2 2 1 1 1 1

# (speciesname) 1: O

# (speciesname) 2 : Ti

#

cps and forc at (iter ion, iter total = 1 18 )
1 0.000000000 0.000000000 0.000000000 0.000000 0.000000 0.000000
2 4.339755741 4.339755741 2.795849605 0.000000 0.000000 0.000000
3 2.643779197 2.643779197 0.000000000 -0.001423 -0.001423 0.000000
4 6.983534938 1.695976544 2.795849605 -0.001423 0.001423 0.000000

#

# a vector = 8.7672856463 0.0000000000 0.0000000000

# b vector = 0.0000000000 8.7672856463 0.0000000000

# c vector = 0.0000000000 0.0000000000 5.6429940606

# ntyp = 2 natm = 6

# (natm->type) 2 2 1 1 1 1

# (speciesname) 1: O

# (speciesname) 2 ¢ Ti

#

cps and forc at (iter ion, iter total = 1 111 )
1 0.000000000 0.000000000 0.000000000 0.000000 0.000000 0.000000
2 4.383642823 4.383642823 2.821497030 0.000000 0.000000 0.000000
3 2.663907294 2.663907294 0.000000000 0.001773 0.001773 0.000000
4 7.047550117 1.719735530 2.821497030 0.001773 -0.001773 0.000000
5 1.719735530 7.047550117 2.821497030 -0.001773 0.001773 0.000000
6 -2.663907294 -2.663907294 0.000000000 -0.001773 -0.001773 0.000000
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5.6.1.3 Z1&45] : LF LRI TIO:2

ARG A=E =T 7 AT, LFOL D IiEai LE L7

® v AT =3 F—3 80 Rydberg

@ ATy ML CISS V=7 %A MIIZEWTARNXLTWS Ti_ggapbe us_02pp &
O_ggapbe_us_02.pp

® FTHMEOREL AT RRE ; FHEIXBFGS 15, NECHIE & 72 5 NI ORKAEI 264

® IR FECES LU ER Y, MEREENT — 2 ~X—Z AtomWork  (httpi/crystdb.nims.go.jp/) (ZEFRS
VTN LTI TIO DT — 4 ZER

® WENESH Y WN—, B I XY HEEET, T 740 NEERERAL

ALy F A7 =30 % —13 80 Rydberg & HHGHIRE 72t D TT A, %k X 912 TiO: DA ZNL B

VWEITTHD EBZOINET,

nfefn.data 7 7 A /VONEFIL, LATFDOXL T F LI

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

1 1 18 -181.4043211413 0.0020128619

1 2 27 -181.4043355689 0.0015666906

1 3 36 -181.4043464493 0.0011267018

1 4 44 -181.4043509953 0.0008837770

1 5 53 -181.4043582176 0.0000137026 0.0002326236
2 1 73 -181.4044226903 0.0000645338 0.0002272841
3 1 92 -181.4044839579 0.0001241955 0.0002222588
4 1 111 -181.4056948858 0.0025074070 0.0002222588
4 2 120 -181.4057176163 0.0020195652 0.0002222588
4 3 130 -181.4057600852 0.0000156213 0.0000444895
9 1 248 -181.4058191217 0.0001647915 0.0000332105
10 1 268 -181.4058328662 0.0000709369 0.0000119789
11 1 287 -181.4058349707 0.0000268520 0.0000015502
12 1 306 -181.4058351835 0.0000244918 0.0000006790

T, R FEEORGE L 5 [MFEf SN TOET, TOMA VAT Y UIRHEZROT, 6 53132z
7o TWET, 5 [BIH CTHRAE< IOBRKEDNFIEL /NS s 2DT, BRSO BICFHEE
ITLTWET, TR, Bk bo Bk a 23 1 51 OBHEN 2 12785 TnD Z ERbh £77, £
72, 6 FIBIZA ML AT U Y VORKIENFEFRSIVTCNET, 2 HH & 3 FIHOEHMRAIE L2 S THIR
FAE < N OEINETBHELL T 72> T D TIRA RO F{ I ZEMS N EEATLED, 4 BB MLVE
PR ZIEZ 5 TR 72D TR TIEEORR LA THON TWE T, ZDO L 5O b & LB U7 R
FEERED BB M TN O ORI T L, '/VOTHERS 12 [BlE7eo7-L ZATA RV AT VY LORK
TEDBEELL T & 72 o 7= DO CRHAIINBR Lz & A7 STHET L CWET, Bl WICROERE 2, BIZE &9
F L7
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-181.4042 . ; . . 102
total energy
ey max. stress
181.4044 | T 1
-181.4046 |- 1. 4
= 110% —~
= £
g -181.4048 | ] 3
@ g
£ -181.4050 | = 3 £
5 {110° <
2 .181.4052 ] 2
@ = @
= | o
S -181.4054 | 1 ;j'
: 1 yn€ £
-181.4056 - 310
.181.4058 - CTETEe—e o & o—D
-181.4060 ' ' ' ' ' 107
0 2 4 6 8 10 12

unit cell iteration

X 559 BARIRTVOBRE, iR STRLX—, # : R NLRAT U Y LVOBERES.

LETKEFERNT, nfdynm.data 7 7 A /WGBS NV RZED BT MVEHOFENPO S EDDH T ENTE
9, ZOFIDYE, a=8.7934 bohr, c=5.6164 bohr & 155 E L7,

@ AKNLATUYNED Y AT F—

A RVAT Y ME, BT —OF ) E LTl v b A7 R X136 LTI L3 B MEAA B
DET, HilE LT, EHOBRAERTLTFV TiO: DA R LAT LY LE Ty b AT 2L F—DORRA K
7uy hLELE,

2.5e-04 T T T T T T —

2.0e-04 yd 8

1.5e-04 | :

1.0e-04 | | |

stress (au)

5.0e-05

0.0e+00 1

5.0e-05 v .

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

cutoff energy (Ryd)
X 560 LFARITIODBED, A RLVARTFUINER Yy hEAT RN E—DEHRE

KHbohd X912, v bA47 50 Rydberg BREOSAA NV AT Y VOFERHEESTLESTVET,
ZO—ATIE, HOIRENH LA VAT U VERDHTZOIZIE, B TH 80 Rydberg FELL ED » b
F T ZRNX—PUETH D Z EPTRRINET,
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57/ >0 ZT7RDFE. REVEEREERGE

571/ >3 =7R0OHE

5.7.1.1 HEREDOHEEE

W OHE T, IR E— AL FORE ST, Ty 7« A VEFBEOETRES, £0Mn
X |ZOWTIIHESNE A, MEXFTEETA-OITIE,. 1 DOEERIEDT v TR OT T v AR5 b
SEHNTT B, T 2N A Y ) — L TETHVENHY 1,

‘/’er (G=0)

{l//nTkJ — ‘//:k (G = Gmax)
729 Wy (G=0)

Vs (G=G

max)

AU L C R

r)(rlwi)
DL, A AL T 2x2175 720 £F, £/, JRPmIREREE R OWRET—A > ML,
Ne (F)=Tr[n(r)]=n"(r)+n”(r)
m, (r)=n"(r)+n”(r)

m, (r)=i[-n“ (r)+n*(r)]

m, (r)=n“(r)—n”(r)

N ()= f, (v
nk

ERFET,
5712 AT A—H

JraY =T RORE, Thbb 2 ALY ) — /L TOFREEITHIZIE, structure 71 v 7|2
“magnetic state = noncollinear “ &FRELET, F7o, FETFHEDFFHERE— A > FOTFROYHHE
Z, "mxmy mz’ \THELET, FHEE LRVWEAIE, z Hmzm < SR L £, Rmse—A > hods
MOYBMEIL, “theta phi” (AL : degree) THIFEFRETT,

structure(
magnetic_state = noncollinear

element list{
#units atomic mass
#tag element atomicnumber zeta deviation mx my mz
0 8 0.166666 1.5 0.0 0.0 1.0
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5.7.1.3 ftEME RO

BHERAICIE, BUFO L) e —A 2 M2t s Ed, Tot, Mx, My, Mz 1%, £hZh,
PR PRI R OBECE— A o b & BN TR LEDETETY, ZALBNIEFE ORI L ) &3kl
Tj«o

!OLD Chg ** Tot: 40.00000000 Mx: 0.00073742 My: 0.00000000 Mz: 16.17742289
!NEW Chg ** Tot: 40.00000000 Mx: 0.00075559 My: 0.00000000 Mz: 16.17739619

5.7.2 AE VEEMRBEERETE
5.7.2.1 H¥aEOME

2 AE ) —/VNEEITRHDIE, A UHEREERZEZET 556 T, AU HuEHAERIL,
__ M1V

omicir or
THRINET, 22T, V() 13ETEE Y OBRKFR2AT 2%/ CF, 2 Hamiltonian (%, JEEEHDT

o T RROE T A S ORI EAER 2878 57-0, 5.8.1 T L= 2 B A Y ) —/LNABELZ/2 ) £
—ﬁ_o

L-S

5.7.22 NIy A—=4

A B EVER 2R3 51214, accuracy 7' & 7 N spin_orbit 7 1 v 712 “mode = pawpot ¢ EFC L E
T, ZHNLSME, a3l =T ROFHE EFERRTT,

accuracy{

spinorbit{
mode = pawpot
}

5.7.2.3 FHHEERDOH T

A HGEA A/ERNC L D=L —3, fEHEH /12 ESpinOrb_old, new TFRSIVET,
B, ZNODOfEIL. 2231 JUERZ CPPFLAG |2 -DUSE_ESPINORB %Ol 7-8:&lcoBatEasnE+,

TOTAL ENERGY FOR 53 -TH ITER= -41.454944288742 edel = -0.170628D-08 : SOLVER = SU

BMAT + RMM3

KI= 13.204535394898 HA= 32.283599969986 XC= -6.801519951682 LO= -83.580054495015
NL= 7.597059454569 EW= 5.402894293900 PC= 0.000000000000 EN= 0.000000000000
PHYSICALLY CORRECT ENERGY = -41.454944288742

EOHXC PAW= -0.4786729 HA PAW= 0.0218350

XC PAW AE= -15.6619733 XC PAW PS= -5.6000049

IXC_PAW AE-XC PAW PS=  -10.0619684

ESpinOrb old= -0.0000308 ESpinOrb now= -0.0000293
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5.7.2.4 354 : O255F. Pty +

FHEBIE, sample/SpinOrbit TJ, ZHIHDOFITIX, /014 x BlSANIENE L, KT — A > FDh1E (theta )
IZ L AR R —DBNEFEE L ET,

Z

X
X 5.61 A BBt EERHREOHESIDOSFEE

02471

®  SpinOrbit/O2 /Theta_0

®  SpinOrbit/O2 /Theta_90

AIEOHEMR, 1REFH720 0.108 meV ZETT,
Pto 3+

®  SpinOrbit/Pt2 /Theta_0

®  SpinOrbit/Pt2 /Theta_90

BEOHN, 1FETFHZ0 17215 meV BETT,

5725 i EOEE

® AU LEMHANEHZHWTT R AT 255G, ML E DINZENDL Z L 2B LET,
® smearing (23U T method = parabolic DZAAMEFHAHETT,
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6. PAW (RIZ L BETHE

6.1 #EEDEIE

PAW £ &13, projector-augmented wave {EDIEFRTY, UV KT V7 MERT v WELTROBIRO & 55T
BRETTR, UVEI VT MERT v /VMEEHIRT 5 &, FRIMMAZBET 256 CEm B O R X 7055%
ICRBWCERERFHEIMTZA D & STV AEHETIETYT, 22Tk, PAWIRC X %345 % PHASE 379
LFEEG LET,

6.2 AT A—4 SHEDORTAE

PAW JEZ2FIHT 57291218, PAW AT v VEFIRAT2H0ERH D £9, PAW A7 vy Ud, BR7T
X IENT 4 L7 R —IT

JU#4 ggapbe paw XxXx.pp ‘

EWVD T AN TIHELE T, @ED ) VIMFRB LNV T V7 MRT vy L LA, file_names.data
7 7 A MZEBNT F_POT 5l CRINT 20 R4 D7 7 A VERRELET, SHIZ, LFO X HIT paw &F]
HT 2L B8 EE N7 7 A MZFER L E T,

PAW RT LY VEFRELCYH, 7 7 4/L hOIRRETIL PAW OFHEII ThilE A, PAW EORHEEITH I
I3, AJ17 7 A VD accuracy 7 1 v 7 T paw #EFRL, TOMEZ on [ZTHHLENH Y 77,

accuracy{
paw = on

}

PAW D56, KIBEMOWNTEEET D Z LI K> T EZ A ESE L 2 LR TE 2560860 £,
UToREE iy ZEickh, Z<OGEIEImESNET,

charge mixing{

sw mix charge hardpart = on

}

ekcal |Z L A EEEMOFHEEIT O A, X 5l file names.data (ZF_CNTN_BIN_PAW #5514 FfH L T PAW
HEHOT—2%EEL, HARAEEIXLERLVET, ZOT77ANVDOEED T 7 A4 V41X
continue_bin_paw.data T3, 72 XX SCFitEE2T 4 L7 N —%fTo7cT 4 L7 NU—N 1 BEE EOT ¢
L7 MU —2o7t, FRid & 9 et BT,

&fnames

F CNTN BIN PAW='../continue bin paw.data'
/

6.3 5tEH : RDIIAEES OL

PAW JEAFI L3185 L LT, ROSIREE 7 0 MO FEBOHEB AR LET, 7anlE, 7L hT
V7 MERT v VTHEET D LA FERDNERGHIL S, ET AR R NI S E T, SRR E
DI ITHESNDDHEE L E T

FHRICRIH L7 —#14, samples/Cr (28 0 £9°, samples/Cr (21%, LAFDOT7 7 A Vind 0 9,

Cr _ggapbe paw 002.gncppZ2

Cr ggapbe us 02.pp

paw/
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us/

Cr ggapbe paw 002.gncpp2 »° PAW HIORT 2% /L 7 7 AV, Cr ggapbe us 02.pp BN/ TV T
MERT X VDT 7 ANVTT, T4 L7 KU —paw ([ PAW FIOATIT =4, us lCU/V b7 Y7 NHOA
T =2 DR ESINTWET, paw,us DET 4 L7 MU —ITXFREDT 4 L7 ) —DMHELE T,
catenergy.sh

vol20/

vol21/

catenergy.sh 1%, T XTOUFEIZOWTCOFHENK T LD LIC R NF—T—H T 7 A NEFEET D /LA
707 R T, vol20, vol21, . (T ZAVEAEE 2043, 2143, . DA T —Z TG LET, TR_TOF 4 L7 R
—TCRIEZFAT LI L, catenergysh 2F(T9 5 & paw(us)7 « L7 b U —IC&EFEDO TR —EFofk LTz
77 A\, energydata MERENET,

paw 7 4 L7 N —TFDANT—Z DS T 4 L7 MY —? file_names.data 7 7 1 /WZIE, LLFD LD
IRRLRN B 0 FT,

F POT(1) = '../../Cr ggapbe paw 002.gncpp2'
F POT(2) = '../../Cr ggapbe paw 002.gncpp2'

ZDWRENRDHDHDT, PAW FHORT Y AnFISET, RILE I, us 74 V27 NU—TFDOASIT—4

DS IIZT 4 L7 b Y —0Dfile names.data 7 7 1 /MZIECr ggapbe us 02.pp ZFRETHIT03H Y £,
FHROERGONIZEVIEREN 6.1 1R LET, —RLTHLARE 91T, PAW kL USEE Tl 2 &

IRDEVHEAMELNET, IBIZ, ZOEVHERE b LK TES, RIS, BHET LY —% b LTt

REFEEE & HITR 6.1ICFLDFE LT, USIEE K LT PAW IEIC &L > TN & O—BE Gz L Tnd

TG0 ET,

0.035 T T T

PAW —
us
0.030 - -

0.025 | 1
0.020 .
0.015 | \ 1

0010 F -

energy (hartree/cell)

0.005 / b

0.000 | — -

-0.005 - - - -
20 22 24 26 28 30 32

volume (A%)

6.1 7B LD EV Bk, HHAPAW ORSR, KB US ORR, AFHTRLNRbE =L ¥—%
IRAX—DFRE LT3,
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# 6.1 PAW IR XUUS RIC Lo Th L DTSR, ABHIER, WET I X —

Us PAW FEHI
a(A) 2.994 2.886 2.88
B (GPa) 89.2 150.5 190.1
Ecoh (eV/atom) 4.01 3.065 4.10

6.4 PAW ETHMGETEEE—E
PAW 7 CHIH FIREZ2HEHE T,

BT RLF—
KRR
QAT
3G el |e
REEMHEE - 5
BARIRAER LD %Jrk”
VAN 30

A NLVAT Y VO
=R

PENRAT

S E)F

DFT+U

ESM %

PRGMHfTE X AT I T A
ABEALFIT A

NEB

B ResarE

Jral) =T

A BB AAER]
UVSOR-Epsilon O4&HkE

/\

ELP

EBH

SR D T

UVSOR-Berry-Phonon OFH4HE
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7. 8%

71 EHERE. PERM

711 hy M I7IRILE—LEAERE

SEHPAEZ A L CWAFIED 12 LT, By M7 X —dkE U210 ¥—
NS L0, BETESEESR OB O, W) BT o E T, BARGIE LT, miSLHFE DT

LS =0 MR ERIFR LT A "MlE#IT LET, 71y " TN =L R —DRE R L
F7,

_56-30 T T T T T T T T T T

-56.32

O

-56.34 | ]
-56.36 | ]

-56.38 | ]

total energy (eV)

56.40 | ]

-56.42 | ®\ -
-56.44 | < ]
_56.46 1 1 1 1 1 1 1 1 1 1

0O 10 20 30 40 50 60 70 80 90 100

Ecut (Ryd)

71 T = MERDOEED, Iy bAT7ZRNF— L2 VX —DRE%

BB BR K9, Iy M7 NF =% RESTHERTRINF—IVNEL D, —EDMEINERL T
WET,  ZOEDIIENIFIH L CODHERT Uy UK LET, ZOBITIE, 36 Rydberg 1% & T8 7=
D 1meVEEE TR L TWET, EOREDOIHRE BIFT X )3 8EkS 2 IS L > Tl > TEET23,
BE 10 meV FEOINHENME LN TCWIUT O Th D B2 ovET, Fo, 2TRF—0fite ¥ —
Tl A= RNF—DEEIT L VNS 720 AT 23V —CIORT 5 Z EIfFcE £,

712k YT U LA ERE
PHASE 13RS A EHA L T A DT, iz 2REIIEIRICRSNET, Lizn>T, X COYHEIL

BANNIEE—7 V) 27 =T BT o0 ERH Y £3, ZOH—7 ) 27 0 — U NOREG OIS %
FRET 20Dk TV 7T, kYo7 o 7B e F—0BRE, M T2 1T0RLET,
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_56.38 ; T T T T T

-66.39 | 8

-56.40 || §

-56.41 | .

-56.42 | .

total energy (eV)

-56.43 dD b

5644 [ o ]

_56-45 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800

number of k-points in the irreducible BZ

X 7.2 TII=ULEEOBEED, k 82T RNV F—DRIR

=t bl SRR AR L YN AVAC ISV Sl D G E VA AT RGN F b (N N PR G et 9 P s/ N = <E U 5 7P BV¥ o1 M Q i A
VVEIZIE TEESVETT, X 30 DFITEH, BT RT RLF—0RKE L BRo THBITRAE S TWND Z &S
D FET,

BB, 1y AT —OEE L [EREZ 2 TR 2T L —OHGT RL X — L7 <A R LT —D
At K07k 57 U 7BCINRT S 2 EN IR CE E T,

7.1.3 IGRHE LETEHEE

SCF sHROINHHIEZ AL T2 &, JRH#< J1% L 0RE L SEHET 2 2 EAVAfRE L 720 £, il O
B bD¥E1078 hartree FREEOYHCHIEZEHTIUT < OLARERPORLET, 7, o r#iey
L2 b—va VIZBW R EERGFESEDIZIE, OO LWVINHRHIEEZ AT LERH D £7,

7.3 12, SiO2 2kt U CHCHIE 2 2L S22 B ORI T TR A2 H e LTCLO LET, ZoXN5,
NEWRSE 5720121310710 hartree DA oD,  FHigagg LV CRHIENZER 40D 2 &30 0 £,
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max. force (hartree/bohr)

0.0125

0.0120

0.0115

0.0110

0.0105

0.0100

0.0095

0.0090

0.0085

0.0080

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

X 7.38i02 D, WOHRHIE & SIDRAEDBHR

272



714 RNVFI—Y55EH| CREEEE L/ \—DLLE)

7.1.4.1 FCC-Cu
FCC-Cu (22T, FIREIEE W= EDREED /T 4 —< V ABRTIEND THEL L D, 2B, 22
TN THHEDODANT—21L, UFTOT 4 L7 N =DV 7547 U —IZdH Y £1,

samples/sol_cmix_test/Cu

(1) Ah7—2%
T, WERSE Y NN—LISND AT —H T,

Control{
condition = initial
cpumax = 1 day

}

accuracy{
cutoff wf = 25.0 rydberg
cutoff cd = 225.0 rydberg

num bands = 10
ksampling{
mesh{

nx = 10

ny = 10

nz = 10

}

}

scf convergence{
delta total energy = 1l.e-10 hartree
succession =3

}

initial wavefunctions atomic_orbitals
initial charge density = atomic charge density

}
structure(
unit cell type = primitive
unit cell{
'#units bohr
a vector = 0.0000000 3.4704637 3.4704637
b vector = 3.4704637 0.0000000 3.4704637
c vector = 3.4704637 3.4704637 0.0000000
}
symmetry{
method = automatic
tspace
lattice system = fcc
}
sw_inversion = on
}
atom list{
atoms{
'#tag rx ry rz weight element mobile
0.000 0.000 0.000 1 Cu 0
}
}
element list({
#tag element atomicnumber
Cu 29
}
}
wavefunction solver{
REBIR
}
charge mixing{
mixing methods{
'#tag method rmxs rmxe itr var prec istr nbmix update
broyden2 0.60 0.60 * * on 3 15 RENEW

}

}
printlevel{
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base =1

LU IR EBER Y WR— D3R B 2R L £,

® 115k

wavefunction solver{
solvers({
l#tag id sol till n dts dte itr var prec cmix submat
1 matrixdiagon -1 * * * * on 1 off

® Im-+msd, FRZERI A TR Ei%

wavefunction_solver{
solvers{
'#tag  id sol till n dts dte itr wvar prec cmix submat
1 Imtmsd 1 * * * * on 1 on
}
submat {
before renewal=off

}

® Im-+msd, FhorZefix Al T EIBEECEHrm

wavefunction_solver{
solvers({
l#tag id sol till n dts dte itr var prec cmix submat
1 Ilmtmsd 1 * * * * on 1 on
}
submat {
before renewal=on

}

® Im+msd — rmm3, FrZEx A b REESE 5

wavefunction solver{

solvers({
l#tag id sol till n dts dte itr var prec cmix submat
1  Imtmsd 1 * * * * on 1 on
2 rmm3 -1 * * * * on 1 on
}
rmm{

edelta change to rmm = 5.0e-3
}
submat {

before renewal=off

}

® Im+msd — rmm3, FrZEfix A bR EIESE Al

wavefunction solver{

solvers{
'#tag id sol till n dts dte itr var prec cmix submat
1 Imt+msd 1 * * * * on 1 on
2  rmm3 -1 * * * * on 1 on
}
rmm{

edelta change to rmm = 5.0e-3
}
submat {

before renewal=on

}
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® Davidson — rmma3, /72t L EhREECE B

wavefunction solver{

solvers{
'#tag  id sol till n dts dte itr wvar prec cmix submat
1 davidson 1 * * * * off 1 off
2 rmm3 -1 * * * * on 1 on
}
rmm{
edelta change to rmm = 5.0e-3
}
submat {
before renewal=off
}
}
® Davidson — rmm3, HZEixE A bl BB HTHI
wavefunction solver{
solvers({
l#tag id sol till n dts dte itr var prec cmix submat
1 davidson 1 * * * * off 1 off
2  rmm3 -1 * * * * on 1 on
}
rmm {
edelta change to rmm = 5.0e-3
}
submat {
before renewal=on
}
}
® Davidson
wavefunction solver{
solvers({
l#tag id sol till n dts dte itr var prec cmix submat
1 davidson -1 * * * off 1 off
}
}
(2) #ER

Ry Fw—I T A NORFERERAEX 212,
Tay (VLT
BEITONE LT

R A2 2 IR L E7, Intel Fortran Compiler 11.1 for Linux

2.4GHz @ Opteron280 7'mt v H&H# LI 7 T AL —< L AZRBWT k A 4 175 Tht
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' ' ' 'matrixdiago'n —6—
Imm, submat after wf renewal
109 Imm, submat before wf renewal ——— -
Imm->rmm3, submat after wf renewal ———
Imm->rmm3, submat before wf renewal
102 davidson->rmm3, submat after wf renewal :
davidson->rmm3, submat before wf renewal —&—
4 davidson ———
107 b
m
o
E 108 t .
5
10° ¢ -
1010 | i
102 1
10-14 1 1 L L L
0 20 40 60 80 100 120

iteration

7.4 FHEIEERE Y )V N2 K BUE DM & D sk

= T EREE Y VR LA FERE O T, M0 IR LY, EROIREOEECTY, £z, FHEEE
fiiE Opteron 280 2.4GHz D7 T A X —< T, k M4 WHIT T2 HE DR T, HETSREL B
EZ2 L&,

= 7.1 BB VNI X A EHER R DL,

FHE 0= UL AR

T8 kA 13 [ 19.2 7

Im+msd, FB5322fe 41 RBEEREECTTE 67 [7] 22.2 F)
Im+msd, #8532 410 BRI 105 [7] 32.4 Fb
Im+msd — rmm3, #5521 LB EREESCEHT1% 34 [A] 12.4 ¥
Im+msd — rmm3, #5521 BRI 16 [A] 8.4
Davidson — rmm3, #R52Zeflk bl X EhREESCE #T1% 23 [A] 11.2%
Davidson — rmm3, {35 Z2fH% A1 bl R Eh B EGE Bl 15 [A] 9.5 fb
Davidson 17 [H] 11.8 %

R 0 3R UIRIECC, MBI IED S ORI /e = r L% —CF,  SCF . TIL, A0 Y ST2D
T, TRAX—PMENEE, EMEE 720 F9, IT8RMAREE M0 IR LB CRANERITEERNO T3,
1[EH7Z0 OFFFEEITIIRE L, E<IE, ROV A ZANKEL 2D L, ORISR BEATE /<720
F9, &FOIE, BT rmm3 IEATT D —ARNES PR L CWET, F£72, rmm3 JEITE 2%
(LA Eh BRI @A T 2 50 L D3 IR L TOET,

FHETHRIUIT LT, BOROES, ZEMIELET, 22T, TOHE, fil sHATHEZBINT 5%
BEIOWE LET, LHEPULZE TCIEKOENFEE LT, LM+MSD-RMMS %, Davidson 4,
Davidson—»RMMS3 1E13% < DFAHER SN FE T, £7=, RMMS iE2F 9 23858580 22 s bi L EhRasscr
FENE A L7 N K OEERZNTY, Davidson 152 FIHT 5554, Bl (precon)iF off & L TR =AY
XwnwcLx o,

7.1.4.2 Fe(100)

WIZ, A aERBLT-EHEORE LT Fe(100)RHEDFHEFI 2N LET, ZORBETIE, RS L3—

FEES L, EMEERMEZAR LT 2 MATOE T, TR 2RHEOANT =213, UTFO7 4 L
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I N)—=DOYV 7T 47 M) —IZH 0 T,
samples/sol_cmix_test/Fel00

(1) Ah7—#
£, BEAEERSIEBDOAN T4 TT,

control{
condition = initial
max iteration = 200
t
accuracy{
num bands = 52
ksampling{
method=monk
mesh {
nx = 6
ny 6
nz =1

}

}

cutoff wf 30 rydberg

cutoff cd 300 rydberg

initial wavefunctions = atomic orbitals

initial charge density = atomic charge density

scf convergence{
delta total energy = le-9
succession = 3

}

force convergence{
max_force = 0.0005 hartree/bohr

}

}

structure(
atom list({
atoms{
#tag element rx ry rz mobile
Fe 0.5 0.5 0 off 1
Fe 0 0 0.0948333333333 off
Fe 0 0 0.2845 off 2
Fe 0.5 0.5 0.189666666667 off
}
}
ferromagnetic state{
sw_fix total spin=off
total spin=14
spin fix period=5
}
unit cell{
a vector = 5.3762704477 0.0 0.0
b vector = 0.0 5.3762704477 0.0
c vector = 0.0 0.0 28.3458898822
}
element list({
#tag element atomicnumber mass zeta
Fe 26 101802.230406 0.375 1.83

}
symmetry{
method = automatic
sw_inversion = on
}
magnetic state=ferro
}
structure evolution({
method = gdiis
gdiis{
initial method = cg
c_forc2gdiis = 0.005 hartree/bohr
}

weight

2

deviation
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wavefunction solver{

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

edelta change to rmm = 5e-3 hartree
}
submat {
before renewal = on
}
}
charge mixing{
WS
}
printoutlevel{
base = 1

}

LU RSB R ATEORER 2R L £ 7,

R OR & 2 TR DIRAL AT, 1RET /13 Y X Ad Broyden2 (case0)

charge mixing{
spin density mixfactor=4
mixing methods{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 broyden?2 0.1 0.1 40 linear on 3 5 renew

O & TR DIRA AR, RAET /L3 Y X AL Pulay {#(casel)

charge mixing{
spin density mixfactor=4
mixing methods{
#tag no method Tmxs rmxe itr var prec istr nbmix update
1 pulay 0.1 0.1 40 linear on 3 15 renew

FEAEEE OFD & 72Ol CIRG A, IRA 7 /v 3 U X A3 Broyden2 i(case2)

charge mixing{
spin density mixfactor=1l
mixing methods{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 broyden2 0.1 0.1 40 linear on 3 15 renew

A A OFN & 72 Clal TIRG L AEH, 1RA 7 /L3 Y X AT Pulay 1£(case3)

charge mixing{
spin density mixfactor=1
mixng_methoas{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 pulay 0.1 0.1 40 linear on 3 15 renew

(2) R
AR TF~v—0 OfER%E, 3 ITELOE LT, RIUETFRENRLTWAZ LA T D720, BH-
BTRNLFX—HLHOETEIRLTWET, ZOFITIE, [EREEO &2 TR UIRATL 28, IRE1AIX Pulay
% | (cased) T DEEL CUINHfRE 1S5 Z LN TE E LIz, < DA cased O REIZ L - TORWGHEREL
TG OAVETD, BIREIZ L 5 TlE Broyden2 {525 H LGB EWGS . H 0 7L, EEEDOZED
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BAHEREXLS LEFBRIWVES L T, I517, AV EZE LEFEOES, THIA /R A e
EEETDDER SN Lo THIHMEFZ L LET, IRLOHW (L) H5E, ERRoRER)s L a5
(2, LB IR ATEDOREER T TLTE &Y,

% 7.2 Fe (100) EEDWCRIZE S £ T SCF AN L BFZE L -2 RILF—

SCF [7% 2L ¥— (ha)
case0 36 -153.877775988322
casel 32 -153.877775991437
case2 34 -153.877775825592
case3 29 -153.877775990755

7.1.5 FERI Y IWN\—B LUV EREERSEZDBEERTE

PHASE | Z#5# STV B8RS L —{21E, MSD #. Im+MSD £, Davidson =, CG =, RMM i,
EEEH LR EDOFA Y Los— LAl L 3i— L LT subspace rotation 23% 0 £97, 51T, BRI
Fh— & L CHMIEAYE. Pulay %, Broyden (255 2 & HDOHER EEHEH L CWEd, Zhbzd, MEON
U CHENHAG D Z LIC L > TR IEIRF C&E £7, LorL, 2O X DI U CRbNHA
A DDITIEFICTFRIDDINAIEETY, 2 C. PHASE (23, Y7 @hRas VS —Cl B R AR
L7 7T NHAERNCEINT DHEE M > TV ET, 22T, OO FIEEZ L3, 2o
R Lo ThRA R DR S L Z LN TETWETD, b LR CRESE o RWEE, FEClER
B NN—SOEEE X Y —DOREEIT O LI L TLEENY,

COMREEFIIS D Z &IC & o T BRA R CREINORIEMG LN TN D Z L 2GR L TWE S, #lE LT,
FRAOO) K DIHNEZ R LT b DEROENR L ET,

ANIRT A—=5 =T 7 A ATBBNEE /17— LU R ATEDIREN 2\ B ORI 2 AP v1100
PR L THMR L E L7, RIFRIIHMEA BB L TITWE L, #ERIT FIXO@EY T,

10*

delv
v1100
10% ()
10° .
102 |

10—4 L

dE (hartree/cell)

10-6 L

108 |

10—10 L

1012 L . . . .
0 10 20 30 40 50 60
SCF iteration

X 7.5 WEEEK Y VS L OBREE I X — DO BBRE

TR AKEREDFER, R ABIN v1200 ZFH L= 5T,
KB B2 X 912, IH PHASE (OX—Y 3> 11.00) 2R3 2 L@ v s— « SRR IR ATEORRE
Z LRWEAIIABTEA IR S5 Z ENTEEEAN, AREZFIHT 2 LIRSS Z LN TETWVET
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7.2 BEREL
7.2.1 {EEREIEFE
7.2.1.1 F5E

SR LD T VT Y ZALBED LD IHRDEE D D EHHT72, LIS % RO i b A5 ST
WAT T XLZEFH L THERMLUE L,

- =R 1icls MO ooy~

- =R 20 LFRITIOZ

- r—2Z 3:8102

- r—2Z4:8i(001) K

INBEDOANL, LFOT 4 v 7 NU—TFOH 7T 4 L7 R —IZH £,

samples/strevl_test

FIOWHHENE, T_TD7—AT107* hartreelbohr & ULE L7z (ZDOSMHE, sk LV IHREIESET
) F77, BRREHEOWHCHIEIZT X TO/—2T10710 hartreee 1[HE LE LT~ BFAEEOEEIL
K 200 [EHTVY, ZAUCTHINER LRV 7 — A TRIGR E R LE LT,

K ORISR (LD T L2 AAL, LFOLIIGRE L E L,

(1) quenched MD ¥

structure evolution{
method = quench

}

(2) cg ik

structure evolution{
method = cg
}

(3) gdis £

structure evolution{
method = gdiis
gdiis{
initial method = cg
c_forc2gdiis = 0.01 hartree/bohr
}
}

ZDOXITERETDHE, T cg IEOT Y RATHE> Thalb A E T L4, JRA2@ < DomKEN
c_forc2gdiis THRET HIEL D /NI 72 o T2 C gdiis YEIZYI D B £97, 72721, el 3 [ENIF 1218
S NDERMEZED B FIZ cg IEPBFHSIVET,

(4) bfgs 1£

structure evolution{
method = bfgs
gdiis{
initial method = cg
c_forc2gdiis = 0.01 hartree/bohr
}
}
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ZOXIIHRETHE, FTUE cg EOT TV RAINES Tha{b ST L ET, TR @< O KE
c_forc2gdiis THRTE I DMLV /& < o725 T bfgs IRV B 47, 72721, &l 3 [l IHEF {8
S NDOFKIEZETO B FIZ eg EPRH SIVET, bigs EOFFIRREIT gdils 7w v 7 TITV, E1BLEEHOFK
t, gdiis $EOYE 2L FIL T,
7212 FHRAER
NRUFv— OfERER 13 IZEEDE LT, ZORE, quenched MD {EITNHRDENZ ENVG00 £5, 4
Bl — A TIEREZIAE LTT 740 ME (100au) 28 LE LD, ZOEZFFHET 5 Z Liz k> TR
NUGESILD AHEMEE®H Y 97, GDIIS 1T SiOe D7 — A Tlidd b R L TWETD, Zhldkor—2
i?l?)i DAEMNVEH L CUWVER A, gdiis EOIREDENT, c_forc2gdiis /X7 A—¥—% L V/NE2 DI LT
, BIRRERHEOICREIEZ LV LS 5 Z LIc k> CESNA ATREMEI S W £4, cg IEITEHATZEIC
= 'ﬁﬁft?ﬁ SCETWET, bfgs 1L, TXTO/—ATIGRL, F72 VD7 Chaii{b 2175 2 &3 C
xFE L

R 1.3 BEFRFNEOBEOT X PRIV V= 2 EROHEE, 200 EIOEFZ#ETHIDRKED 104 LLT &2
BRI —RIIRICEE UTe, 7— A1 BV r7un sy a~kdy, F—22 BAFARETIO2, 7—A3 B3

Si02, 7 —A 4 3 Si(001) FEIIAALT S,

r—2=21 fr—2= 2 r—2A 3 J—2A 4

quenched MD AIH 115 166 AR
cg 195 62 28 124
GDIIS AR 71 13 176
BFGS 87 38 16 67

722 BEEHROBEREE. KEBBEROFAER WCEREDR[L)

PHASE (Zi3, #Es(bon FE 7 R 2 b—3a VAT TODBRIT, BB E M 2 Rl oD

24kl

2B TH, BRUhamdbSNET,

TEDET 4N +5 2 LI Lo TS Z ) S EAEEE M- COET, fighE. STkl TR &

NTWDIFEZE > TToTVET, WL ODDRICHWTARREZ EH L7 2 R LET, Wihor—2R

ERRLA
no prediction charge0 chargel
JEFACE BT 11 11 11
SCF [a¥& 245 185 163
A AW e
no prediction charge0 chargel
JEALIE BT 25 25 25
SCF [a¥k 481 330 310
SiO2 #ifiih
no prediction charge0 chargel
JEALIE BT 16 16 16
SCF [FH% 193 144 136
Si (100) #ifi
| | no prediction | charge0 | chargel | chargel+wf |
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iteration_ionic 21 21 21 21

SCF [k 324 200 187 157

EFeFH ., charge0 |3 sw_charge_predictor = on, chargel |3 sw_charge_predictor =on &
sw_extrapolate_charge = on, chargel+wf | sw_charge_predictor =on , sw_extrapolate_charge = on,
sw_wf_predictor = on |ZfH

Si 64 i1 300K MD 50 [H]
no prediction charge0 chargel chargel+wf
SCF [FH& 613 413 387 231

FFt#H, charge0 3 sw_charge_predictor = on, chargel | sw_charge_predictor=on &
sw_extrapolate_charge = on, chargel+wf | % sw_charge_predictor = on , sw_extrapolate_charge = on,
sw_wf_predictor = on (ZfH4

[2] T. Arias, M. C. Payne and J. D. Joannopoulos, “Ab initio molecular-dynamics techniques extended to
large-length-scale systems”, Physical Review B 45, 1538 (1992).
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7.3 PHASE DEfi%

PHASE (ZBW TR SN D B0, FHIE LT— M) —JFBEACR T, Z2TE, ~— YRR
NDHZDIFD DB IS DERD R A TR UET, #EROMBT OB TIEHES 0y,

TRILF— 1 hartree = 2 rydberg = 27.21139615 eV = 4.359745836 x 10718 J

kX 1 bohr = 0.5291772480 A= 0.5291772480 x 10~1°m

BE 1 au mass = 1822.877333 amu = 9.1093897x 10731 kg

VN 1 au volume = 0.1481847426 A 3 =1.48184726 x 10729 m 3

R 1 au velocity = 2.187691417 x 1072 AJs=2.187691417 x 108 m/s

Va| 1 hartree/bohr = 51.42208259 eV/A= 8.238725025 x 1078 N

H5] 1 au time = 2.418884327 x 1072 fs=2.418884327 x 10717 g

A RLA 1 au stress = 2.903628623 x 10° atm =2.942101703 x 103 Pa

poicy 1 au density = 1.23013834 x 10* amwA 3 = 9.1093897x 10~* glem 3 = 9.1093897
x 107! kg/m 3
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8. PHASE M1 X k—JL

8.1 BMFIRIR

PHASE (3. PC /ORGSO A—r3—a U B o — X Ok e EiRE CalEL £,
PHASE 72 7' A fortran90 & C TRtRENTWET, ZNOHD a3, IIMER HEEHES AT DDA EL
T, WWEHEZTIHARIUIMPL 74 77 VA VA F—=LENTODBLERH Y £,

VB FIFRTRE) 72V 7 b =T T4 75

Fortran90 =2 /3A 7, C 21T (WZH)

MPI 7477V QEFIFHRIZZE)

1TAEE T 4 77 U LAPACK, BLAS (47> =)
FFT 7477V FFTW (47> a))

Perl (47> a) + « + « PHASE »V—/L G/
Gnuplot (A7~ a3y )+ + + « PHASE »V—/L G/

PHASE O#EWEHEGR 21T > T DR HEMEREEA L MR LE T,

PHASE OaHHAEEREE
AR AL T — FHFRET A7 F Y
Linux GNU Compiler LAPACK, BLAS, ScaLAPACK
Intel Compiler MKL, ACML
PGI Compiler FFTW3
Windows XP GNU Compiler MKL, ACML
Intel Compiler FFTW3
PGI Compiler
Intel iz Mac OS X GNU Compiler MKL, ACML
Intel Compiler FFTW3
Oracle Solaris GNU Compiler Sun Perf.(LAPACK)
SUN Compiler ACML
FFTW3
SGI Altix Intel Compiler SCSL, MKL
FFTW3
IBM AIX IBM XL ESSL(LAPACK)
FFTW3
Hitachi SR11000 HITACHI MATRIX/MPP(FFT)
IBM XL HITACHI LAPACK
ESSL(LAPACK)
NEC SX Series Fortran90/SX Mathkeisan(LAPACK)
ASL(FFT)
Fyjitsuu FX10 Fujitsu Compiler

® MPI 777 Vix, (MPICH1, MPICH2, OpenMPI \Z5fi& L CU vk,

® GNU Compiler (gfortran, gee) %, /X—Y a3y 4.1 DIBEEFH LT 7ZEV, H&HD GNU Compiler
(Windows fift, MacOS hit, Linux i} (3 http*/gec.gnu.org//»H AFTEET,

®  KIRBEINIT DEETD AMD Core Math Library (3 httpY/developer.amd.com/7»H AFTEXET,

® PGIcompiler (%, /3= a2 62 ZfHL T 7ZE0,

® Intel compiler [%, /N— =2 9.1 DIEEMHH L T 7EE0,
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824 VA LA

Linux Bz fllc L CTA > A MV HEEZFHA L E9, 22 Cld, Linux 22582 Intel Fortran compiler 731 >
A M=V SNTWAZEEZEELET, Bloar g ZE2FAT 55T TOBRO L X2, 2D
INA TEFRLTLTEEV, 72, MPI 74 77U & LT, OpenMPI #3252 L2 ELTWET, 7'
75 BETIVOFEROD & %|Z [Serial] ZBRTIUTMPL T4 75V 2 LW T 1 s T L5 Eld 5L
HLTEET,

F 7. PHASE /" 7 —phase_v1200.tar.gz % PHASE %1 > A h—/L9 57 4 L7 FUIZEB LTI 7ZE0,

$ tar zxf phase v1200.tar.gz |

7 4 L7 1V phase v1200 (20, A VA b—F—ZF4TL T IEENY,

$ cd phase v1000
$ ./install.sh

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

A LA AT LNE IO TEETOT, MHASESIZ Enter F—2 L TESVY,

Supported platforms

0) GNU Linux (IA32)

1) GNU Linux (EM64T/AMD64)

2) NEC SX Series

xX) Exit

Enter number of your platform. [0]

ST AEEO—ENFRENFET O T, [GNU Linux (AI32)] (2%t 5 0 A1 LT, Enter F¥—44fL T
TEEVY,

Supported compilers

0) GNU compiler collection (gfortran)
1) Intel Fortran compiler

X) Exit

Enter number of a desired compiler. [0]

ST 5 3L TF—D—ENRFRENFET DT, [ntel Fortran compiler 9.x) (2%~ 3 % 2 2 AJ) LT, Enter
F—Z ML TIESNY,

Supported programming-models

0) Serial
1) MPI parallel
x) Exit

Enter number of a desired programming-model. [0]

SIST D707 T AETNANO—ENFTRINET DT, IMPIparallel] (635 12 AL T, Enter ¥—%
LT ZENY,

Supported MPI libraries

0) MPICH1/MPICH2/Open MPI

1) Intel(R) MPI

x) Exit

Enter number of a desired MPI library. [0]

KT MPL 74 77 ) O—EGRFRESNET DT, [Open MPI) (ZxHd 5 0 2 A1 LT, Enter +—%#f
LTL7ZEY,

Supported BLAS/LAPACK

0) Netlib BLAS/LAPACK

1) Intel Math Kernel Library (MKL)

xX) Exit

Enter number of a desired library. [0]

xfh59 %5 BLAS/ILAPACK 71 77 U O—RAFoRSLET DT, [Netlib BLAS/LAPACK] (Zxtind % 0 & A
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77U T, Enter F—%HL T 7ZEW,

Supported FFT libraries

0) Built-in FFT subroutnes

1) FFTW3 library

X) Exit

Enter number of a desired library. [0]

g A FFT 74 77 ) O—&ENFRINE T O T, [Built-in FFT subroutnes| (x5 0 2 A1 LT,
Enter ¥ —Z# L T 7230y,

| Do you want to edit the makefile that has been generated? (yes/no/exit) [no] |
TR S iz Makefile RS 5728 9 W TE £, Makefile 2 L7z D REE T 2503720 7UX, fTH A
FIEFIZ Enter F—Z2f L T 7230,

| Do you want to make PHASE now? (yes/no) [yes] |
PHASE Oz /3f )L b A VA M= )VEBIET D008 9 W TE E9, iH AT Enter S+—%4F L C,
PHASE ®Da /3 )b A VA M=V EIRH T TEE0,

PHASE was successfully installed.

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

PHASE MEFIIA VA M=V ENT=Z L2 EF DA v e—VDth, 7077 LOT A MNEREIATTH0E D
MENTL 5OT, HERHIUL yes Z AN L. Enter F—%ML T 7ZEV, TR FHEE L2072 51E, no
ZANJJLUTEnter X —Z L T 72E0, 7 A FFRA ST L CUL RO L 5 7205 HAuUSES © 54,
Do you want to check the installed programs? (yes/no) [no]

yes

Checking total-energy calculation.

Total energy : -7.897015156331 Hartree/cell

Reference : -7.897015156332 Hartree/cell

Checking band-energy calculation.

Valence band maximum : 0.233846 Hartree

Reference : 0.233846 Hartree

MPI 72 75 AOFATIZH YD mpirun X° mpiexec 72 E D~ REHWTIITLET,

$HOME/phase_v1200/bin % B85 PATH (BN L CTH< &, PHASE O 7'11 7T AD/ XA ZFEERTITFT
TEEMTT,
Bourne shell(h—> > = V)% CThiuE . $SHOME/ bashre 72 X112 PATH 3tk L £,

| export PATH=$HOME/phase v1200/bin:$PATH |
Cshell(Z— = /L)R ThiuX, $HOME/ .cshre (2 PATH % Ftilk E 5,

| setenv PATH $HOME/phase v1200/bin:$PATH |

MPL 7477 VDbinT 4 L7 hUVIZHMTSRAZET L IIZ LTI EEN,
Bourne shell(h—> v = /V)% CThiuE, $SHOME/ bashre 72 £'12 PATH 3tk LE9,

| export PATH=$HOME/openmpi/bin:$PATH |
C shello— = /WA Thiut, $HOME/ . cshre (2 PATH % ftalkE 4,

| setenv PATH $HOME/openmpi/bin:S$SPATH |

UITD X512 LT, PHASE Z347L %7,
| $ mpirun -np 2 phase ne=1 nk=2 |
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83IREZLDIERE
8.3.1 Linux
Intel Math Kernel Library @ FFTW3 A > % —7 =—ZA T A 75 V3A TV CHa 73 T —%Afi> TYER

LTLEENY,
cd /opt/intel/mkl/9.1/interfaces/fftw3xf

make 1ib32
EM64T B Tl FFL 1ib32 % libem64t IZ L TL 723V, T4 77 U 7 7 A )L libfftw3xf_intel.a | %

| /opt/intel/mk1/9.1/1ib/32  (1A32 B3hD) |
EelEs

| /opt/intel/mk1/9.1/1ib/em64t (EM64T 5D |
WA SV ET, Jopthintel 74 L7 RULBSMZIMKL 74 77 U &A VA M= VENGAIE, ZOT 4 L7 b
ULITIZA A b=V ESNET,

8.3.2 Windows XP

Windows B2l Cld Unix AHEREESVE T, MSYS/ MinGW &5 NI Cygwin %A A h—/L L TLZ&
VY, Cygwin A A h—/L T 55813, make A A M—/L 35 LI LTESNY,
MPI WH IR SA TV 2B 5121, Windows [A)l] MPIL 74 75 Y DeinoMPI Z&H 502 U1 A h—/L L
TLESNY,
Intel Math Kernel Library @ FFTW3 A > X% —7 =—A5 4 77 (% nmake 2~ RIZF=ms'™4 7 3
&’MKIL,_SUBVERS=serial 47> = &ML T, A 2781V 7 K CHHa o T—%fioTIER L TS 72X
V", makefile 73
| C:¥Program Files¥Intel¥MKL¥9.l¥interfaces¥fftw3xf |
WZH FT, EFRIVTNTAT T EERT 572012, makefile DL S _ATHOMTA 7> a > %H|
FRLTL 720V, makefile ZfREE L7275, a2~ R/ 7 MEBE, IROLIIZLTIA T T Y Z2{EkL T
<TEENY,
C:¥Program Files¥Intel¥MKL¥9.l¥interfaces¥fftw3xf
nmake 1ib32 F=ms MKL SUBVERS=serial
EM64T 5257 Cld FREo 1ib32 % libem64t ICL T EEVY, A4 77 U 7 7 A )L fitw3xf_mslib I
| C:¥Program Files¥Intel¥MKL¥9.1¥1ib¥ serial¥ia32¥lib  (1a32 BihE) |
EelES
| C:¥Program Files¥Intel¥MKL¥9.1¥1ib¥ serial¥em64t¥lib (EM64T BRb7) ‘
(ZAER S AL E T

8.3.3 Intel ki Mac OS X

Intel Fortran compiler /3—=2 > 10 DL EZEFEHA L T30,

Intel Math Kernel Library ® FFTW3 A >4 —7 =—2 7 A 77 UL Intel C++2 /31 T —%Afi > TR L T

TEENY,

cd /Library/Frameworks/Intel MKL.framework/Version/9.1/interfaces/fftw3xf

make 1ib32 MKL SUBVERS=serial

EM64T Bl Tl FELo 1ib32 % libem64t IZ L T 723V, T4 77 U 7 7 A )L libfftw3xf_intel.a | &

| /Library/Frameworks/Intel MKL.framework/Version/9.1/1ib serial/32 (IA32 BRIR) ‘
EES

| /Library/Frameworks/Intel MKL.framework/Version/9.1/1ib serial/em64t (EM64T Er}i) ‘
(AR SN E T,
MPI W5 SA 7V Z2AEkd 512id, OpenMPL %26 553 CbA A h—L LT 7ZEVY, Fortran THAIH
TELEIZT AN LTLIEEYY,
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http://www.mingw.org/download.shtml
http://sourceforge.net/project/showfiles.php?group_id=2435
http://cygwin.com/
http://mpi.deino.net/index.htm
http://www.open-mpi.org/

9.PHASE 7045 L., Y—ILOETAHE

9.1 70%'5 L phase
9.1.1 745 L phase MET

PHASE 13 SCF #15, 7B/ BT O£ T, EoIUR LIS s RIS, S 195
R e T

NIRRT A=BT 7 A ), @RT X VT 7 ANVEFLITT 4 L7 MUICEEZET, file_names.data %
THHEEITE, FNBFRITT 4 L7 b UIZENWT7ZENY,

17ty (1a7) ORKRFEEZITHOLAICIE, WOXHI127 v T A phase #EITLE
9, ”././phase_v1200/bin/’i%, PHASE /31 > A h—/LEZNTWAHT 4 L7 R U T,

o°

../../phase v1200/bin/phase

WHRIRZAT 5 HEIZid, BHEWOFEEOFIHT S MPI 74 77V D3Ta~ >y R LET,
BEONOFRES AT LD~ =27 VESIRSTZE Y, —iy7e =~ Rid mpirun TY,

FrE

=111

Q

% mpirun -np NP ../../phase v1200/bin/phase ne=NE nk=NK

ZZT, NP [ZMPI 7t 2, NE 1330 RIS, NK i3k A5 HECT,
9.1.2 A% L phase DFIFHEAF T a >
9.1.2.1 /3 R, k m3651
WFIEHE (32 RIEF, k R3651) Cld, 23> RIEFIBNE, k A5 NK 2#f5E LEJ, NP=NEXNK &

W BIRBENZ L TV AREDRH D F97, ne,nk EW) 5 IEIIENT S5 Z & LAEETT, FOHAITINE=NP,
NK=1 2EHENnFET,

[o)

% mpirun -np NP ../../phase v1200/bin/phase ne=NE nk=NK

W, S REAR Y b k SABNOTT PP RNTT,  L7eh-> T, mlaEeialdk millyBa RE< T2
ERWEEBZONET, 121, k AEIIRERROFAETIIDRT DI L &, i k SEDWT L HH
MATEL 7 m 2ETHRID UL DT TN LW D JITEENSETY k. ALY 6 NK DERRENET
T2 E£Y, Fz, kAEDNK THIO GINRWIEEIITE0 s s b Et A, £ZT, LEITSET
R RSB OIAEIE TREAEZFATL T ZS Y,

9.1.22 L7V AitH

NEB 1%, #HEHFEX AT IV R, AZZXAF I 7 R EOBERERIZ L > T “L7U D307 HFIHTE
LHAnHYEY, LU BB EFHTT DI T O~ FERMHLET,

% mpirun -np NP ../../phase v1200/bin/phase nr=NR ne=NE nk=NK

NR 12V 7U BillFCd, NP=NRXNEXNK &9 BRI L TWAMERSH Y F5, L7 U il D
Rk AIH L0 B FICRWLTTR, k AIEYE [F CHEENNETY, £72, “bo & BIROEBENL 7Y 4”7
PR E 72 DHDT, ERIHNITLT LB & 3R £8 A,
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9.1.3 7045 L phase 3 85| (G RikF]) M (BhR)

PHASE (330 FE k /0 2 HREFNHE L TWET D, FEEO G i OWFUIZ bxHE L TWET, 7272
L, ZOWINGITE A=Y 2 U TIERBRIR DO TH Y, FReD & 5 2iilfnd 0 £9

® Lk RS EFERHIFIT S Z I3 TE A,

® RAMUEZAT) ZLNTEEEAL

G RN L2 —Aa— KL, T4 L2 hVU—src_phase 3d IZHVFT, ZDOT 4 L7 hU—~ED,
Makefile Z1ER%T 270U TOa~y REFHITLET,

[}

% sh configure

A VAN =2 T IUTENTH S THeE LU FliE T Makefile Z1ERL, BRI 417z Makefile (23 L
THEIISC TREZ L £, DWVWT, LLFOEETa L/ R( /L LET,

|% make

FATT OB, BEET 4 V7 P —Znmllst EWOARIOT 7 A ValERk L, LUTFD & D eNEEFER L %
R

&decomp3d
ng=NG
ne=NE
nk=1

/

ZZTNG I2G RlF#z, NE (230 R TEE L £9, NG & NE O, MPI 7ot 20802%
L/I/ \‘/Z‘gﬁ§§) D iﬁao

| $ mpirun -np NP ../../phase v1200/bin/phase
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9.2 7045 L ekcal
9.2.1 7045 L ekcal DET

IRREBAEGHRE, U REMRICBW T, kK ASOEENZGAIE ) 7 r 7Tk LCekeal NV 77,
SCF SRS ROBHBEL AN L L CGHHTE £,

SCF FHREOFHEFEROBERIEE 7 7 A /b nfchgt.data 23477 L7 hUica—LET, £k AHNT
7 A IVRET 7 A L file_names.data (23T F_CHG |2 SCF OB R OEMBE Y 7 A MEELET,

NV RREERHFIZBWCL, o) 7 kR ORET 74 /v kpoint.data & L7,

WD X7 7T A ekeal #F4TLET, “phase v1200/bin/’ %, PHASE 731 > A h—/L &N TW5T 1
L7 FUTY,

o°

../../phase v1200/bin/ekcal
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9.3 7O%'5 L uvsol
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9.4 KEEFEERMERY—IL dos.pl

IRRES X DR

PHASE O H CREHET —F 2S5 Z EMHkET, U\ TE PHASE A—¥—v=a27 /1
XF a— M) T N~v=aT Ve TEWTIESV,  TORIEEET—4 dos.data Z #9571 77 A7)3 dos.pl
T9, example @ dos.data % work (Z=Z " —L £,

$ cd PHASE INST DIR/samples/tools/work

$ cp ../example/dos.data .
fihE V2 < dosdata N B —SNTWHZ L& Is THEAL TS 7ZEVY,

$ 1s dos.*
dos.data

dos.pl ZHW\T, ZOIRAEFEET —4 dosdata Z AL L CAHAEL X 9, IROLHICa~vr RE AN LTS
U,

$ dos.pl dos.data -erange=-13,5 -color
Z 99 5&, EPS 77 A /L density_of states.eps 2VER S ET, UNIXEREET, Zivxk 751213 ghostview

Rgv iR EEE L LET,
$ ghostview density of states.eps
EJ s
$ gv density of states.eps
25 T T T T T T T T
1)
2r i
]
I
‘ [
H I | |
g of | M| e
| \_, \ \
% H \ / M | Mo
g | N )N LW
@ M AW \ [ | v
a 1F [ | | / ‘\ | ]
A \ o
/ \g\ \\ ‘ \ " \J
/"/ \\ |\ ‘ Y /
// \M‘\ \1 | “‘\ /
/ f \ \ ¥ i
0.5 |- /// \\\ ““r \\ W‘ /
/ \ ,,,/ \w‘ ‘/\ /
\ / )
\/ AV
0 J I Y I I I \ / I I
12 -10 -8 6 4 2 0 2 4

Eneray (eV)

9.1 VL7 Si DIREEEEEX

dos.pl #3795 & EITIRAEBRET — 4 dos.data DEIZAFINL7=-erange 1335~ 5 =R/ —D#HZ il
547 al, ~color (3H 7 —HIEATO TedDF 7> a2 T,

9.4.1dospl DA T ay

72T HAIETNC dos.pl ZFATT 5 EFHFENFRINET,
$ dos.pl
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Version: 3.00

Usage: dos.pl DosData -erange=Emin,Emax -einc=dE -dosrange=DOSmin, DOSmax -dosinc=dDOS
-title=STRING -with fermi -width=SIZE -font=SIZE -color -mode={total|layer|atom|projected}
—epsf={yes|no} -data={yes|no}

DosData | ZIRBEFEET— & MRtk S/ 7 7 A VOB dos . data) A HRE LET, ZORINERASIET 54

TrarERELET,
-erange=Emin, Emax FoRT DT —DHEIHZE eV BALTHRIET Do
7=z, -10 eV Dh 5 eV ETERLIEWVIEGANE,
-erange=-10,5
ELET, REZ LRV, T—XDFrIME - HKE)D HBIFIZIRE S
£7%
-einc=dE B ORRZEES D,
7ol 21T, 2eVRIRICEEKY 250 7o,
-einc=2
ELET,

—dosrange=DOSmin, DOSmax FoRTDIRRERE DT AL 2 D,
72&z21E, 0 states/evb 12 states/eV FTFERLIZWGETT,
-dosrange=0,12
ELET,
~dosinc=dDOS ficih CIRREEEEE) O Bk Y DR ZFRET 2.
7L 21, 2 states/eVHRRICEHED 250 72072 b,
—-dosinc=2
ELET,
-title=STRING TT A MR TN & ETRET D,
e ziE, A % [Total DOS) &3 5720,
-titile="Total DOS"
ELET,
-with fermi F 7 v F TN T 2L 2 LoV E Il E A B R LR —1
VEREL, BB TIX T =V UL EFOR L, MR « HEERCHIUIN
A RO RN F— L~ FRoR L E T,

-width=SIZE KOWEDT 7 /v MEIX 1 THDHD, ZOMEEEE LI-WEGATT
DX T arEES, 2L 0.8 ICEE LIWEAIE
~width=0.8
LLET,
-font=SIZE T4 hOYA RBEF LIV E X2, ZARET 5, el 14 T,
722X, 742 MA X% 28 LTV BT,
-font=28
LLET,
—color 7575 T—FRLET,

-mode={total|layer|atom} total ZFEET DL, EIREEEXIMELINET,
layer ZH8ET 5 &, JEOEIORPTIRIEEE ORBMER S NET,
atom ZFRET D &, RO EIDRFTIRAEEE OKIDMER S E T,
projected ZFEET H L, R FHLESEIDRPTHRIEREEOKDMER SV E
‘a——

BEEMEY total T,
—epsf={yes|no} RARRZ VT N7 7 A NEER L0 E X2, no Zf8E LT, BEEME
¥ yes T
FRENRTFIUL, RANART VT N7 7 A VHPMERRSIVET,
-data={yes|no} JE BRIy BIOIRBEE LT — 2 1D eps 7 7 A WVEVERT 5D TIdAa<

&R 7 7 A M35 & X1l yes ZFRELE T,
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95k R 7 A JLERY—IL  band_kpoint.pl

N RREER A A2VE, RFRRCIR S 7ok S DB & ERL L, DKk R COBA =R L¥—% ekcal TitA L%
9, ekeal IFkEDT —Z NEXIAENT-7 7 A /L kpoint.data & FiFHALESR S COBA TR F—AEHE L
T, TDRFDT 7 A NOAERE T 571 7 F A7)% band_kpoint.pl T3, band_kpoint.pl DA77 A /L
OFERNERIILL FOBIZ e > TETS,

dkv

blx b2x b3x

bly b2y b3y

blz b2z b3z

nl n2 n3 nd # Symbol

dkv 23k S OMIE, blx,blyblz (TW&F X7 Mby D x,y,z K53, WHEFXT Flby b3l OV T HFEERTY, T
ITHLAR Rk R e 2D RNV OIEEE LET, VU RLVOIEEIIVETIIH U EHAN, FEERH H5E,
AN PHEER R OB R SN E T, By, ny, ng, ng ZHIWTk~ bz
ny Ny n3
k = abl +Tl—db2 +ab3

DEINFFELET, o AUTHDRITENTIIZSV, HONIHEF-OSEO6 2R L E T,

0.02 <———— kSO
<———— WEEAT fL

<----nl n2 n3 nd # Symbol

RO o

ZHERUTBDONT 4 L7 kU example (2 H DT, £iak 2 £ — L Cband_kpoint.pl #5347 L TAHAE L X 9,
$ cd PHASE INST DIR/samples/tools/work
$ cp ../example/bandkpt fcc xglux.in .
$ band kpoint.pl bandkpt fcc xglux.in > output

Z 99 % & kpoint.data 2VERSIVET, TV FREEHEHORROT7 7 AV TT, ZOkED7 7 AV
ZANNTINAT, ekeal ThARTOEATFLF—2F R L TSV,
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9.6 /\> MEERIERY—IL band.pl
9.6.1 band.pl MEST

band.pl T/ REEEXZHi< Z 23 TEx £7, PHASE @ ekcal ®Hi/] nfenergy.data & band_kpoint.pl DA
N7 7 ANH band.pl © AT/ £, BIEIO AT TR L7 kpoint.data # A7) & L, ekeal THEA =T
NA—FEETY, BREONIZER =RV F—7 7 A /L nfenergy.data 73 7 1 L7 + U example (ZH Y £7,
DT 7 ANEM S TAY FEEREZH DN THEL & 9, example |2 % nfenergydata &
bandkpt_fec_xgluxin % work (22 B —L, b2 A& LChand.pl #37LET,
$ cd PHASE INST DIR/samples/tools/work
S cp ../example/nfenergy.data .
$ cp ../example/bandkpt fcc xglux.in .
$ band.pl nfenergy.data bandkpt fcc xglux.in -erange=-13,5 -color

Z 979 5&, EPS 77 A /L band_structure.eps 2VERRSIVET, D7 7 A VA ZEIZRHITIE, ghostview
gy EDY T MU 2 T BMETT,
$ ghostview band structure.eps

EJ s

$ gv band structure.eps

///

4l N
’/
//

2_

-
S
0 /N
2 / \\ NN 4
[ R AR
\ \
/N
\

6 [

Energy (eV)
S

/
-10

-12

X r L U X
V7 S DN RS

band.pl #9792 & EIZfHIN LTz -erange 133~ 9 5 =X —0FiH % FilfH 5472 a2, -color 1347
—HNETHIAT v a T,

9.6.2 band.pl DA T 3>

7R BT band.pl & 792 EFIHFIEDTRRIILET,
$ band.pl

Usage: band.pl EnergyDataFile KpointFile -erange=Emin, Emax
—einc=dE -ptype={solid circles|lines} -with fermi
-width=SIZE -color
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KpointFile D#AWHRZHIHT 547> 2 2 CF,

—-erange=Emin, Emax

TR T DTV —DHIPHE ev BAL THRET 5.
7L 2L, -10 eV 5 eV FTEOR LI-VAL,
-erange=-10,5

ELET

-einc=dE B OfEEfEET 5,
72& 21 2ev MRICEERD 250 T2V b,
-einc=2
ELET,
-ptype=TYPE HEfE A IRT 5,
-ptype=solid circles : BBV OSEINIZATERTT S,
-ptype=lines : HRETOR(TIHVR),

-with fermi

T 7 )V N T2 T 2L 2 LoV F T Ml ESRO = m L — LoV AR
<o BETIIZ 2V I L~V EFIRL, HEREIA - HERCTHIUIMMNE 7 B3
X =L~V EFoR LET,

~width=SIZE OEDT 7 4/ MEIL 0.5 THDHN, TOEEEL LIZWVGRIZIZOAT v a v %
5, 7L Z0E, 0.3 ITEE LVWEATT
—width=0.3
ELET,

-color 757 %N T—FRT D,
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9.7 [RFHEE DGR trajectory FERXADZEHLY—IL  dynm2tr2.pl

Perl 27 U~ dynm2tr2.pl I, &R, 50 B35 RE OT — 2 (nfdym.data) 4555 trajectory FERUZ
ML FET,

Y —/L dynm2tr2.pl ZLLTD X OIZEITLE T,

$ dynm2tr2.pl nfdynm.data |

ZOXITTHE, dynmtr2 LWV ) 7 7 AL gridmol2 VD T 7 A AIVERRSNVE T, BIE IR DOMERE
ENFER SN 7 7 AV THY, HBEITHICT D EAOERR EDFR ST 7 A L TT,

FCC DTV 27 4 7/ Si A JRF A TR 2 IS & U, Wit b L 7R RAHLE trajectory
EICE e L, AL L7zfITds

Step 1 Step 2 Step 3 Step 4

#

Step 9 Step 10 Step 11 Step 12

A H 7

X 9.2 V7 Si OEERSE RO R LA

9.2 DRANIFETANERHT A 2L L TCOET, NMBRIZ o725 13, TR FF e o 211
YERT 2 JnvhN&< 720, JRAAEED SR b SV T BR300 £97, 9.2 TII7 VT4 7L TE
IRSVETA, LAFDX 572 controlinp &9 7 7 A VEAERTIUL, JFUSOBEIRCE/LVOETNTEF T,

origin 1.2825 1.2825 1.2825
vectorl 10.26 O 0
vector2 O 10.26 O
vector3 O 0 10.26
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Z @ control.inp Z{#H L C dynm2tr2.pl T dynm.tr2 Z{Eak7 5 & JF03(1.2825,1.2825,1.2825) bohr (ZF4 1),
TR R LH3(10.26,0,0), (0,10.26,0), (0,0,10.26) bohr (2720 £4, UUFDE LT, dynm.tr2 Z1Ek

LETS
| $ dynm2tr2.pl nfdynm.data control.inp |

7T _R—T )L SRR LIEFED step 10 2R L7273, K 9.3 T,

Step 10

X 9.3 75 _R—bENTE LI VY Si OEEREER(step 10)
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9.8 RENEI L NJLRERLY—IL freq.pl

PHASE OEBNEATHEREA T2 &, SO RMERENT— RO L EAX7 MBS LNET, REE
HrofhEsiL, 7 7 A /L mode.data \ZH /) & E T, Perl 27 VU 7 b freq.pl 1%, mode.data 7> HHREE DT — %
ZED H L R L~ UL L £ 7, freq.pl 347925 &, EPS EXOEIR T 7 A /L freq.eps I S 4L E

R

$ freq.pl [options] mode.data

IV Si OIRBEIEATRER ORI D L~V UK 9.4 1 TR LET,

Vibrational Analysis

700 f

600 |

500 |

400

300 |

Frequency (cm'1)

200

100

1

T2gR

9.4 V7 Si DIREEGL ~UX|

IR L~V 2RI BRI FHL L ITHNCE L O TSN, TORSND_HTIIERIRBOA TR LiE AR
FRS(IR,RIR&RNON)ZS FnSiLET, IRITIINEEZR L, RIZT v AGEZR L ET, IR&R (IHFINE
P& T AGERSH D Z A RLET, NONIFHA LY hE—RTHDZ EERLTWET, 1Bk SRS
L~ VKTE, BROAMTIEREHEOS em? BAZ CFRoRShE S, BEIRELD & ITHREOIRY BIE )

FEH, BROLMICFRISNET,

9.8.1freq.pl AT 3>

IR freq.pl 23479 % LRIMTEDRFRRSNET,

| S freq.pl

mode.data

*** A visualization program for vibrational fregencies ***
Usage: freq.pl [-width=W] [-height=H] [-nrep=N] {-solid|-mol|-ignored modes=LIST}

freq.pl DA 7> 2 L CTT,

-width=W KOIRDOT 7 )V MilZ 1 THDHD, FOMEELERE LI-VEAIXZ 04Ty a0 %
59,
7= 213, 0.3 I8 F L-WEAT
-width=0.3
ELET,

-height=H KOIEDT 7 /L MilZ 1 THHD, FOMEEZEREL-VIEAIIZOF T a0 %
9,
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72E 2%, 2.5 IZE8F LI2WEATT
-height=2.5
ELET,

-nrep=N

—ODRNIFRT HEHIFRROL, REE— FOREIFRRNZ 0L 20 e &
2%, B EPS 7 7 A VMBS NLE T,

-solid

ERDOGEICIEZIEFRCT A AT v a v,
ZHUIT 7 4L P TRESNTOET,

-mol

IO Al S WEAR IEFRRIZT A4 T T a o,

—-ignored modes=LIST

LIST D& ZAIZar<TRY)> T2 F50E— RFIFERENR< R0 7,
7= & zI3,
-ignored modes=1, 2,3

L9 5L 1,2, 3B0F— NIFRInielFET,
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9.9 FEAEIRENDENINDILGE trajectory 4= 7 7 4 JLEHLY—)L animate.pl

Perl A7 U 7"k animate.pl IZ, mode.data (2] SIVTCWDIEEIE— ROBEF XY VDT —H & it iids,
FEHEIREN OB 2 YE5E trajectory BT 7 A A L 9,

controlinp W) 77 A NVEAET D L, FROBE L LT MLVOEENRTEET,
control.inp DFI T,

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

ZOFITIL, TIR—BILVTERT HOIT, FAA(1.27189, 1.27189, 1.27189) bohr 2L, &/~ kL
%(10.17512, 0, 0), (0, 10.17512, 0), (0, 0, 10.17512) bohr | ZZF L £,

animate.pl ZLL O L HIZFATLET,

$ animate.pl mode.data control.inp |

FIREfE— R Z L OYEE trajectory 127 7 1 /L mode_1.tr2, mode_2.tr2, .., mode 6.tr2 £\ H 7 7 ALt
gridmol2 &\ 95 7 7 A AHMERSIVE T, HE5E trajectory TERD 7 7 A WHHRENE— RO ShE T,

23V Si OYREETO 6 25 B OFSMEIEEDOEA X2 FL mode_6.tr2 & Al L7~ XA X 95 1R LET,

9.5 /Y7 Si DEHERENDOEARY FL

301



10. AHAZ7 74U

101 AAZ77A4IL

1011 AJNSA—=2 T 74 )L nfinp.data

1012 RFoovILT7AIL

BRT LYV T 7 ANDT F—< v MIOWTHHAL £ T,
BilL LT, Si BFOERT v VORIOE 2 LA FIOR L E T,

14 4 3 0 2 zatom, ival, iloc, itpcc
ldapw9l : name
2.160000 0.860000 1.605400 -0.605400 alp, cc
1501 96.000000 60.000000 nmesh, xh, rmax
VALL
-0.14250064037552332E+07 -0.14102392478975291E+07 -0.13956251181755565E+07
-0.13811624288404209E+07 -0.13668496105922471E+07 -0.13526851103651347E+07
-0.13386673911985729E+07 -0.13247949320589846E+07 -0.13110662276746516E+07
-0.12974797883723934E+07 -0.12840341399159116E+07 -0.12707278233458301E+07
-0.12575593948213934E+07 -0.12445274254637859E+07 -0.12316305012010917E+07
-0.12188672226148657E+07 -0.12062362047882713E+07 -0.11937360771558125E+07
-0.11813654833546225E+07 -0.11691230810772763E+07 -0.11570075419261454E+07
-0.11450175512692606E+07 -0.11331518080976552E+07 -0.11214090248841981E+07
-0.11097879274438950E+07 -0.10982872547956155E+07 -0.10869057590252746E+07
-0.10756422051504281E+07 -0.10644953709862572E+07 -0.10534640470129563E+07
-0.10425470362444966E+07 -0.10317431540987322E+07 -0.10210512282688706E+07
-0.10104700985962711E+07 -0.99999861694454885E+06 -0.98963564707499891E+06

BERT e VRSN LT T 7 A VORI OB LTATIZNE, # TIHEDL AL MLETRATD 2 &M
TEFET, bLaAy M EEXANSE, PHASE #ELE7-L &I, EHEH T (output000) (2, FD = A
v BRI EsnET,

7'v 7' . PHASE (ZHRT Vv VT — X Bt A E R DI, ZORYID 4 17 (A2 " IRHHEAIT
1, A FCPIED 41THE O, LLTFO/RT A—H —DENEE SN TS LERH Y F97,

147H natomn, ival, iloc, itpce, igncpp
INOOEE, FRER, JRAERZ, MEF0Z,, FEED RSl (&1 ZMRTME, =7F
¥ —UMIEDOAEDEEED), AT vy T —2 D GNCPPL(=1), GNCPP2(=2)DfaiElc i E T,

21TH xctype
RHAHRFH A= R L X —DRAFRE LET, BIRTE 501, LDAPWIL, GGAPBE OfifiL)~T,

317H alpl, alp2, ccl, cc2
ZHNBHDIRT A =R —%a,,a,,cq,c, EEL E, PHASE OHFTIL, a7 EipoerT vyl
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Z
Veore = — ?U{Clerf(\/a_lr) tc erf(\/a—Zr)}

EVORTELILGHRELET, 72720, erf() IV AOBERSS T, F/, 2250688k ¢ & ¢, DI
2L ¢ + ¢, =1 OBHRRH Y £7,

41TH nmesh, xh, rmax
BERSFHDRA v 2%
i = Timax €XP (€ — Npesn)/xn) (0 =1, -+, Nipesn)

DU LI TERLET, 72720, Npesp 3BT HDA v 2 OB ERLET,

fiEE 1 4 HZFFOJ 15 14 @ Si i1, LDAPWIL IEIC K28R T v vy Thsd 2L, ZbofT
MBI £T,

SATH(Z AL M ®DUEITIE 6 TTANCENML TV D VALL &WH i, PHASE O7'm 27 ANTHR
TR NOF =y 7 DN DT T,

ZDWRDATINO DR T 2 Y VOFEEDOT—2 TS, ZOT—FDEAID7T 0 v 713, WS NI BEFRT
> )L (screened All Electron potential, VAZ () 2R3 26D T, TO7—4 AT,

do ir = 1, nmesh
Veer (ir)
end do

EWVIHTRIC > TOVE T,
H207 0y %, WESNIJRIART v L (screened local potential, VE  (r,1) 285 H DT,
VAE (R, 07 —4iEa3,

do ir = 1, nmesh
PP o
Vseru,, (i iloc)
end do

LY ET
B3nTuv iy, METFOENEE (valence charge density, n,(r)) (2, ERKEDEE 4nr? ZNT72H0DT
T, IhE p,(r) £T5E (,(r) =4nrin,(r), TOT—HIT,

do ir = 1, nmesh

pv(T)
end do

EEINTNET,
INHD 37y 7 OFLbkh & TS, WuBRNHEERER LR T vy v T2 B anEd, *
OIAIL, NV IMRFEOSEE TV T Y T NOSETES BRD £79,
21 <1E, CIAO Da—H—v==2T7 /L% THBHLIFE,
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102 AHAT 714 ILERE 7 7 4 )L file_name.data

103 AAT 74 (FO%5 S5 L ekcal)

103142 T T kmI7AIL kpointdata (F_KPOINT)

FE LT, ekeal IZE D REHEEITOBTRIAT A7 7 A VT, ST REEROBEHRI LR L THY 7
kST T OIEE UTREERE LIS A MED 7 7 ANV ER D ET. 12720, 207 7 A /WE @i
band_kpoint.pl A7 U7 FEE2EN 2 ENOIER L E 3. HEETT ¥ —72 8T BT DSI32< 0 E Db
WETN. LLFEEOT- il LET.

F_KPOINT 7 7 A /Ui, BRIAIZIZRO L 912720 £9

141 141

50
49
48
47
46

OO OO OO oo

50
49
48
47
46

(a)
(b)

e e

kSO AEE LET. S04, 141 EE 720 £7
4 SOEEDN A TOETH, BN AEORD L 5 10 LI Dy, ny, ns, ng, w20 %
F(Z ZChy, by, by (727 R LT,

-

k=wx (—bl +—b, +—b3)
Ng ng Ng
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104 HAT 7ML
10.4.1 SREEFEE 7 7 1 JL dos.data (F_DOS)
F DOS #Al I L o THREEND 7 7 A WL, REEEEOHFERENTLASNET. BEEDO 7 7 A V41X

dos.data T9~.
TryANTH—<v b LTUL FT, AVUEZEE L CORWEHE CIIEIRIEREDOT — 2 RO X 5 125tk

SET.
No. E (hr.) dos (hr.) E (eV) dos (eV) sum
6 -0.20528 0.0000000000 -11.949000 0.0000000000 0.0000000000
16 -0.20491 0.0000000000 -11.939000 0.0000000000 0.0000000000
26 -0.20455 0.0000000000 -11.929000 0.0000000000 0.0000000000
END

Z T No.DOFIRRAEIZE Y IR 5 =% 5, Ehr)id — F Y =B O3 L¥— dosthr)id »— b U —H{I T
:sz%~%%bt%%ﬂ>h“*g”E@Wii?ﬁvaﬁL(®IX»¢-&M&Diﬁ%fwbﬁufiz
NX—%FK LI EORMEEE, sum [3FEEIRIEREICENZun LET. iy, A 2EE LI-FEOY;

BLUTFDO LS/ F7.
No. E(hr.) dos up (hr.) dos_down (hr.) E (eV) dos_up (eV) dos_down (eV)
sum up  sum down sum total
1 -1.5451 0.0000000000 0.0000000000 -45.4403 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
11 -1.5441 0.0000000000 0.0000000000 -45.4131 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
21 -1.5431 0.0000000000 0.0000000000 -45.3859 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
31 -1.5421 0.0000000000 0.0000000000 -45.3587 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
41 -1.5411 0.0000000000 0.0000000000 -45.3315 0.0000000000 0.0000000
000 0.0000 0.0000 0.0000
51 -1.5401 0.0000000000 0.0000000000 -45.3043 0.0000000000 0.0000000

000 0.0000 0.0000 0.0000

dos_up, dos_down |ZZIENT v TAE L L X T A OIRFEFE, sum_up & sum_down (ZENENT v
TAE L EX T LAY D FERIRAEEEE Y U 9. sum_total IX sum_up & sum_down OFITTY

SR ERFTIRREEEE, EAFIRITREBEE AR LI2GG, S6I2C 0)%% \ZED &) IRRABR FED 2 2R 5800
HOITTORITRIET 27— Btk SET. 72k, AV EBE UIZFHE & LW GHROE N IIREEEE O
Yt L RERZ2 D TLBERE L ET.

® oy EIRRER
JRFENRIBEEDOSS, RO X5 itk b E T

ALDOS num atom = 1
No. E(hr.) dos (hr.) E(eV) dos (eV) sum
6 -0.84950 0.0000000000 -26.189850 0.0000000000 0.0000000
000
16 -0.84850 0.0000000002 -26.162639 0.0000000000 0.0000000
000
END
ALDOS num atom = 2




JRTYENRREE LI X ALDOS &\ 9 SCFHINBIAE 21 7LD 5 END AT Citik S E 9. ALDOS OWRIZEER
SN TWD, num_atoms = 1 72 EDOIERIY, XSTDIRA-DOA T v I AT, ZOA T v 7 AIAT7 74
JNWCTHRE LR FOIEE R 720 £

® JENHIRITIKREREE
JESEIRFHREREOSARD X 5 75t MG o £ T

LAYERDOS num layer = 1
No. E (hr.) dos (hr.) E(eV) dos (eV) sum

6 -0.84950 0.0000000000 -26.189850 0.0000000000 0.0000000
000

16 -0.84850 0.0000000002 -26.162639 0.0000000000 0.0000000
000
END
LAYERDOS num layer = 2

FHAMN IR A ERPTREEEEE & [F1EE T30, 5 1447° LAYERDOS & 72> T A Z &, num_layer TAJJ
T AMTTHRE LI BEE Dtk ESnbd 2 &, e EoE Imdb ) £7.
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10.4.2 TRILX—EFE D 7 1 )L nfefn.data (F_ENF)

F_ENF #3FIc L > THEESND 7 7 A /UL, BROETRILE LM< HORKE, S SIS FE
I alb—a vk [TolBAIA Ay OFEI T 3 L TR C LR S E T SR T
AL TENIFY I 2 L— a3 U ETOTE LT HINERRRDHDOT, FNFIUCHOWTHA L £

o REEEAIEHE
AR 7R S A T 721% D F_ENF 7 7 A LV OFZ R LET.

iter ion, iter total, etotal, forcmx

1 24 -108.4397629733 0.0086160410
2 40 -108.4401764388 0.0076051917
3 56 -108.4405310817 0.0068758156
4 73 -108.4410640011 0.0065717365
5 94 -108.4414256084 0.0099533097
6 113 -108.4414317178 0.0094159378
BHINIE 2RO K S 7Bl LET,
iter_ion A F L DEHAETT,
iter_total SCF N—70OEFRE . ZoFdEofs it ShEd,
etotal BTN —%, N— =B CTHIILET,
foremx JEA28) < OBl 7 JHFE i/ (hartree/bohr3) Titak LEd. ZDOENASI 7 74

I TE 2 T IEREAN O HCHE 27— 9~ F TR TS E TS

® T EIIHERR
SFEAEROEE, TROL 51T £,

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

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

WSS SRR T, FricdlhsBmsh i,

ekina FOEE TR L —,
econst RO TR, T7obbT VX ——FEDS TEI )7 I 2 b—a Y OGEROET R

N — RE—EDDFEIFL R 2 b— a3 Y ORAROET LT TEROT X
N —ZNATZBETT,

L T
T OIRELEAT 125G, TREDL IR £7°

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

1 1 25 -181.4043211381 0.0019960638
1 2 33 -181.4043560304 0.0004826299
1 3 40 -181.4043582176 0.0000016495 0.0002327496
2 1 49 -181.4044223602 0.0000572790 0.0002273231
3 1 58 -181.4044833189 0.0001158383 0.0002220365
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WE O ERE LD — AN A, LIFOFIHNIA bvE S,

iter_unitcell S RL Al
stressmx A NV AT UV IVORKRIE
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10.4.3 [RFEEAZERERE 7 7 1 JL nfdynm.data (F_DYNM)

F DYNM #BIHZX > THRESND 7 7 A M, KA OREFE & ZhUuf# < ositik SivE 3. HiEE<e
DFENIFY R ab—ra vk [ToT20813A A OEFORES T2 T — 2 NEXIAETNE . IRR7R
F DYNM 7 7 A VOHHZLFICEHR LET. 708, 207 7 A /MIBWTHIHA SN 5 BARIT TR TR-H
NRTT

#
# a vector = 9.2863024980 0.0000000000 0.0000000000
# b vector = -4.6431512490 8.0421738710 0.0000000000 (a)
# c vector = 0.0000000000 0.0000000000 10.2158587136
# ntyp = 2 natm = 9 (b)
# (natm->type) 1 1 1 1 1 1 2 2 2 (c)
# (speciesname) 1 : 0 (d)
# (speciesname) 2 Si
#
cps and forc at (iter ion, iter total = 1 24 ) (e)
1 3.161057370 1.169332082 1.214972077 -0.004058 -0.005565 -0.004966 (f)
2 6.693102525 2.152889944 4.620258315 0.006945 -0.001028 -0.004994
3 4.075293851 4.719951845 8.025544553 -0.002872 0.006394 -0.004796
4 -1.482093879 6.872841789 5.595600399 -0.004362 0.005502 0.004993
5 -0.567857398 3.322222026 9.000886637 -0.002792 -0.006296 0.004965
6 2.049951276 5.889283925 2.190314161 0.006974 0.000708 0.004795
7 4.921740324 0.000000000 3.405282833 0.001436 0.000122 0.000068
8 -2.460870162 4.262352150 6.810569070 -0.000612 0.001305 -0.000066
9 2.182281087 3.779821719 10.215855308 -0.000660 -0.001143 0.000001
cps and forc at (iter ion, iter total = 2 40 )
1 3.156999743 1.163767576 1.210005993 -0.002904 -0.005755 -0.003892
2 6.700048015 2.151861938 4.615264365 0.006567 0.000186 -0.003832
3 4.072421499 4.726345880 8.020748072 -0.003503 0.005487 -0.003829
4 -1.486455954 6.878343743 5.600593135 -0.003122 0.005780 0.003831
5 -0.570648922 3.315925959 9.005851266 -0.003532 -0.005392 0.003892
6 2.056925355 5.889992076 2.195109289 0.006503 -0.000290 0.003828
7 4.923176344 0.000121757 3.405351146 0.000397 -0.000013 0.000018
8 -2.461482612 4.263656762 6.810503226 -0.000210 0.000337 -0.000017
9 2.181621403 3.778679157 10.215856638 -0.000197 -0.000341 0.000000
(@) TR ML EDFLTUWVET, a_vector, b_vector, c_vector |ZFEALE41 a Bl b Bl ¢ HHoO~
7 NVHRER S TOET,
(b) ntyp = ORITITEA S TODFFREOHDSFER SN TWET, ZofiTix 2 TF, F7,
natm = ORI FHENEIINTONET, ZOFITIE9 TT,
(© (natom—type) DHEITIE, JFAEFFRED~ v BV I NEMLTNET, ZOBI72E, 1 FHD
56 HHORTOFRHIL 1,7 FHD 9 FHOR T2 W) eRITHsLET,
(d) (speciesname) DHIZIE, JAHEL ID O~ v BV ZRENNTWET, ZOFITIE 1 &)
JETREE OEH), 2 &\ JF T SIEER) ITHX 35, V) Z 2R £7,
(e) FAT v T TOFREBFTR I TWNET, ZOBITIE, A A OFEFHEEY 1 B, SCF OFH
Ft 24 & 720 T,
® SEEDIFT-OHT & 2 DRI TO S IAEE STV ET, 1 BHOFIAER T D, 2

FHMNS 4 FHOYPFEAOGFIO x,y,z FEE 5 FHMND 6 #HOIDFEA#< D xy,2
JEEEL 720 £, b L, AT 7A/UZEBWT printlevel 71~ 7 D velocity Z8%% 2 1Zi%
EL WS, 7 FEND 9 FHOINSGEENF FHEACHA SN ET,
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10.4.4 EBFREE 7 7 4 )L nfchrcube (F_CHR)

F CHR 7 7 A MIFFZRNBIT HEREEOT —F BNetalk S E T 72721, 22 Tlk PHASE OF 74+ /b

rOHTITIE72 <, file_type & LT cube & ZFHREWVZT2W-5EI25 5415 Gaussian Cube TEA D 7 7 A /WZ
DWW LE 9, PHASE 77 4/ hOH & AIGIET 5 Z 13 TE EHA. 725 3< Gaussian Cube FZX D
T AN TRAWEEL ZEERED LET

This is a title line for the bulk Si (a)
SCF Total Density
8 0.0000 0.0000 0.0000 (b)
20 0.513000 0.000000 0.000000 (c)
20 0.000000 0.513000 0.000000
20 0.000000 0.000000 0.513000
14 4.000000 1.282500 1.282500 1.282500 (d)
14 4.000000 8.977500 8.977500 8.977500
14 4.000000 1.282500 6.412500 6.412500
14 4.000000 8.977500 3.847500 3.847500
14 4.000000 6.412500 1.282500 6.412500
14 4.000000 3.847500 8.977500 3.847500
14 4.000000 6.412500 6.412500 1.282500
14 4.000000 3.847500 3.847500 8.977500
0.87897E-01 0.80457E-01 0.63811E-01 0.47743E-01 0.35993E-01 0.26628E-01 (e)
0.18342E-01 0.12084E-01 0.83725E-02 0.65941E-02 0.60774E-02 0.65941E-02
0.83725E-02 0.12084E-01 0.18342E-01 0.26628E-01 0.35993E-01 0.47743E-01
0.63811E-01 0.80457E-01 0.80457E-01 0.76575E-01 0.63379E-01 0.51118E-01
0.43367E-01 0.35993E-01 0.26413E-01 0.17302E-01 0.11265E-01 0.80672E-02
0.65941E-02 0.62411E-02 0.68963E-02 0.88010E-02 0.12493E-01 0.18342E-01
0.26413E-01 0.37600E-01 0.53180E-01 0.70418E-01 0.63811E-01 0.63379E-01
(a) HA MR Ay METT. ATEIIATIZ 7 AN THREWZTE 2 6B TEET
(b) 8 IFFEF-DE#L, “0.0000 0.0000 0.0000”1LFS T JAi, PHASE Tid#i2(0,0,0)C9.
© TADIERIG-Z HVTWET, 728 21E, “20 0.513000 0.000000 0.000000” & & 5854, —>HD
% 20 /3HIL, —FIOHATIE 0.513,0.00,0.00 THDHZ & ZEK L £F. RS OHIE Bohr T
(d) —OHOEFIIRFESTT. 50FITIEL 14 DT, >V arTHHIZ BN 4. kD
4.00000 &Y T, MEE THCCT. ZOBO = SOMFITET 2510 xyz BT, AT
Bohr T
(e EEROBEMBEOFFRNEXHIN TCOET. 9 2B KICy S, F%Ix BN b4 5 L9
IECH D ENET.
(1,1,1) (1,1,2) ...... (1,1,20) (1,2,1) (1,2,2)

...... (1,20,20) (2,1,1) ......
(20,20,19) (20,20, 20)
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10.4.5 ##5EtE A 7 7 1)L continue.data (F_CNTN)

DT 7 AMITE, RS DAREMEDH Dk HHOT =2 Fld ST T 72 & 2, biatEz1T o
BRIZFEFIRRBOPRHIE 2 28 L7oWEe, 3 CIPOR L7cRHR 2 f ke L CRHR LI2WEE 72 813 2o

T 7 ANERET DMENDH Y T TONAE, TEZFLTO L 512720 £

iteration, iteration ionic, iteration electronic

19 1 19 (a)
Ionic System
(natm)
2 (b)
(pos)
0.1249999999999999D+00 .1250000000000001D+00 .1250000000000001D+00 (c)
0.8749999999999994D+00 .8749999999999994D+00 .8749999999999994D+00
(cps)
0.1282864712563094D+01 .1282864712563093D+01 .1282864712563093D+01 (d)
0.8980052987941646D+01 .8980052987941646D+01 .8980052987941646D+01
(cpd)
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
(cpo( 1))
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
(cpo( 2))
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
(cpo(  3))
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
0.0000000000000000D+00 .0000000000000000D+00 .0000000000000000D+00
Total Energy
-0.7851066208137508D+01 -0.7851066208137508D+01 (e)
isolver
17
convergence
2 (f)
edelta ontheway
0.1000000000000000D-07 (9)
RFFIRIERICHOWTHA L £
(@ FEEL LT BRI, A A OB, SCF RO RFREA ) SHLE T
(b) JEF-OEII ) SHVET
© JRF-DFEEEDR, BT MUK DIETH I SvE T
(G)) JRF-DEEFED, [EAJERESR T, bohr Hf, CHI ) ST
(e) —OHIDAT v T EBUED AT v T DR NF =N SIET.
® USRI ) S AVE T

0: ARIVH, 1: SCF IFULH L CTWNB MDA A OFHIIARICE, 2 I
ZEBRLUET. FHZ 2 OA TR Z1T O &, FHRBRIG & FIRFZAR A MUBRICA Y 9. [—HiX
IR L= b DD, SEEZEE LTt Tikea R 21 T2V 7 EORBUZEBWTIE, ZofEa 0 &L
TLEEW,

(2 SCFOUHCHIEDfE N I SV E T, FHEEIC TSCFE DI E AT 558, A7 74
NPT TR ZHELHER LT &0,
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10.4.6 EH{ET—% 7 7 1 )L nfenergy.data (F_ENERG)

ekeal IZ L DEHERIREORRDEZIAEND 7 7 AT, BURRZREIZ LU FICRELET

num kpoints = 117 (a)
num bands = 8 o)
nspin = 1 (c)
Valence band max = 0.233846 (d)
nk converged = 117 (e)
ik = 1 ( 0.500000 0.500000 0.000000 )
ik = 2 ( 0.487805 0.487805 0.000000 )
ik = 3 ( 0.475610 0.475610 0.000000 )
ik = 4 ( 0.463415 0.463415 0.000000 )
ik = 5 ( 0.451220 0.451220 0.000000 )
ik = 6 ( 0.439024 0.439024 0.000000 )
=== energy eigen values ===
ik = 1 ( 0.000000 0.500000 0.500000 ) (f)
-0.0484324576 -0.0484324576 0.1258094928 0.1258094928 (9)
0.2619554301 0.2619554301 0.6015285208 0.6015285208
=== energy eigen values ===
ik = 2 ( 0.000000 0.490000 0.490000 )
-0.0540717201 -0.0427149632 0.1258687739 0.1258687739
0.2607026807 0.2633829927 0.6006243932 0.6006243932
(a) kOB ENTHY 9. ZOFITIE 117 H T
(b) N ROEDSFER L THY 7. ZORITIL8 T
© AEVHBEASFURL THY £ 102 OfEE L D £F. ZOFITIEL THY, AL plleEEL
IROFHRIIG LET
G 7 2V I TN F—OMERENTH Y 3. FERAERAR DG ATE 7O iD= R/ F—703
WwENET. B N— N —TT.,
(e) FHR LTk SNtk ST
® PUF, BAEEOERNPTERSNET. T Z0OITT, EOkFIKNGT DEAIET — X 030330 &
. ZOBITIE, 1FERB O T, ZOMRE TS~ 7 M AaEEE LT0,05,05) 780 £
@ EHEOT—5 3, /Sv ROEIZF I SET. Bpid — k) —TF

AU EEBE LIEMROGAE (RO 2 O5E) bIRTFEERD 7 7 A WEATTR, Lo DB UP )

“DONW” LELIR END, EWVIECDRDH Y £ TNENZEIRA L LABIRA & AT D EAfE E &
HanEd.

=== energy eigen values ===

ik = 1 ( 0.000000
-0.1998699758
0.0725171077
1.0289118953
1.2129026022
1.2994754011

=== energy eigen values

ik = 2 ( 0.000000
-0.1960420390
0.1799862148
1.0183970612
1.2192701193

0.000000 0.000000
0.0267639589
0.0725171077
1.1650173104
1.2129026022
1.6365336765

S N

0.000000 0.000000)
0.1062941746 0.
0.1799862148 1.
1.2174266166 1.

1.

1.2192701193

Up

.0267639589
.0289118953
.1650173104
.2994754011
.2629596795

DOWN
1062941746
0183970612
2174266166
3289165100

NP o

== o

.0267639589
.0289118953
.1650173104
.2994754011
.2629596795

.1062941746
.0183970612
.2192701193
.3289165100

312




1.3289165100

1.6910264603

2.2876818717

2.2876818717
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11. FEGEEfT 7045 L UVSOR

111 [FC&HIC
11.1.1 UVSOR &l

UVSOR(Universal Virtual Spectroscope for Optoelectronics Research) 345 —FHER T o o v /MWEICHEES

W, WHEDHE - KB ER LIV CHAET 571 77 ATF, UVSOR I, T CIZABSN T 55—
JFEERE IR R Y 7 U =7 PHASE OFFHEFERZ G &1, WEOFERE % OHz~ 45N RO JE ¢
HdnZencaEd, FHERNT. WEOBRW - HFHIEEZRET 2 HEEYBELE T, ZOMET=L Y
b =7 2R OSEACIT 5 FE T, FEREII ROV CHIET 5 Z R TEET, BlFEDS
A FAE RIS R HALTWD DT, SRR BRI A IRE T D12, WAWAZRFREOD /a2 Vo
JET, xR DL s he=2 258 CHENH S 108 Mega) 100 (Giga)Hz 3 COFERIEARET 212
1, F OSSR OERG 2574 ¥ % RFRadio Frequency) 3 fRgs 2 H L £9°, F7-. AT CHIBA
boHIN, A, SN RIEIC T HFFEREAIIET 51213, FNENOEESEH O EREEH L ET,
UL, Z8iRasd SO ERROTHA I 6T L H AL Clde <. O L FHERRONIEZ NEHZ L T VvE
¥ Fi7z. 102 (Tera)Hz HOEEHE, BUERIHTENES 2 b OMMHEL A, ZD7H, ZOERBTOR
FEREGUE IHD CTIREECH 2 ONBLR T,

UVSOR 132D & 5 2REA RIS DB R 2 b— gy« V7 W=7 T, T aTREAI RS, 0Hz
~EINE BRI DR L D TR, L7 hr =7 R « JEFOFIHIIRBWTHIES 5% & A L2 TORERIC
B DA B A R E SV CHET S Z LT E 9, UVSOR 1E, ZO4MVRT LI, —FED"
TReRAB I ER & LT L, B - P MEIOBIIC NS Z LR TEET,

11113, WHEOFHERL G OB RITR L TOET,

1
"
—

10N EH= 10GH= 10TH= mP%/F

B 111 FEROFELHK

WEOFERL, EPRINC, WEOEFREISER S EFFHERE | S TR SRR SRl ERO
FICH -2 b, BREEOFEREA S FHRBIOEBE L Y HIEE40 10T(Tera)Hz LT O RF S CIE, 23578
RITETALORTRFBEROMTHZONET, —J7, BRIEORBEDE TIRBOABIL L Y b G50
10THz DL EONEZARTIL, B RhBERDO LN EHERICH G L E T
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UVSOR (&, &7 ROIE %A% UVSOR-Epsilon & | 41 2D)E A fi#AT4 % UVSOR-Berry-Phonon 7>
bR, ZNbDTu T T NIENENEFRM S RFERAFHT 22N TEET, Znsbo7m
FZLEHHTAZ LR, E~ErR R (OHZN’%@UY) (Z M SO T IR ERR S C R R A =
;%H‘%f) EMNTEET, UVSOR 1L, BB IEELTFREE QIREN8 )., 7 bWNIE T - EfLOAL)
BRAHETHZ N TEET, UVSOR i—$§@fﬁ*ﬁj\fﬁg’%k LTEH L, R E e b N - L—W
Mﬂ@;&? WCHAWAS Z R TEET, UVSOR O Y —2a— Rid, &l - MPLIAIHE S TVvET,

11.1.2 UVSOR D438 &~ HRE

UVSOR-Epsilon i3 PHASE OFtFHEAERICESE, B/ 0 MEEEZRE L, ERfERER O R ZAT
R7 T LTHD, TOFHIILLTOM®Y THD,

UVSOR-Epsilon D% &6k

1. PHASE/EKCAL & AJ17 7 A V2 LTS
AL, PHASE/EKCAL OAT) 7 7 A MIHERBEGHEADO AT 1 Z 72BN LTc L 7o TEY . &S
\CHEAITH Z L3 T 5,

2. PHASE OtHEAERAZFIH L CEERS A HEAE TS
PHASE FHREICEVBONDEEEL Y B\ MEEERD, B RabBlEiHHET 5, S R
EEIL, N REE Ok G TEICA X GEEBI A G T, ﬁr@mb\ﬁaﬁﬁéﬁiﬁ%%ﬁ5 ZENT
x5,

3. HFHERM DA
BLHERT AL, (Random Phase Approximation) (23D EFHEROMEREZ KD, EHE Y F~—AX - /1

=y b BT 5 Z LI K VBRI A E LTS, (1]

AEEFHR TR LFST%%‘:?%%J EINTE D
TﬁTT/ TXNPIEBREE—A L MORITTRRIL, 8, 4] #MET D2 Lk by, 2 i LA UisERk
PHEAHZENTE D, #RT v UE, CIAO Z AW TER LT/ )V 2MEAF Troullier-Martin(TM) H47R5
Y, KOV VAIEFAE TV ST T MIRT Uy VEWD Z ENTE D, TR T VY v Ui,
TM BCEHER SN HUERT v b, BHS, ZHEART v L] H 2 LN TE 5,
BT — A L MilllEEX, Read and Needs(RN) 1£[3] & 5\ i3 Kageshima-Shiraishi(KS) %[4] o4
MEEINTE D, JIVIMRFAHEER T v VOSATE RN EHDHWEKS E%&, WV N7 Y7 MUgERT
VU VOEEITKS EEHOTHIEZTT O,

5. HEIK - MERIARDIZD, BB, BEHEEIOERD | A TE D
HEEIR « HEZIROIED N, BJE. BMEMEHIRSE L2 ) =77 T~ K 9E[5] K Of gaussian/parabolic
smearing {54 FHE L TWD, WMMEIOES, & A B IREBOFERSA~ DTG AT TE 5, SEDY;
Ay B—THEEE LHAEEITO ZEBRETH D, V=77 FT7~RFr EHiE, UVSOR 1.00 DY
A& B2 EEEEE TS,

6. HFEART MLOFHR
BB L 0 NP AT MV (BHER, WIEREL, SR AT ML) ZRHETE D, it SER LR U9k
D Z ENTE D,

7.2 IR IS RO
5 2 miiiR R A (Second Harmonic Generation(SHG)) FED 2 I FREZHR@)(2) 15 ) LY
%65 3 Eai 4 (Third Harmonic Generation(THG)) @ 3 WRFERMENFREZRE) (135 L 1) DFEEL
KOS AR EEEE L T, 2B MR ER URE CRAETE %,

8. ANEREDFIH

B EONELOAEEEZ R TE 5, FHAEICIT kp BENEE HNTW S,

9. =2—T7 VT 47/ r T A
R, IR TR AR R AR D TedDa—T VT 4 T 7T AEFZTND,

10. MEFIFHE
YV —Z a— RiZMPL WAL S T4,
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UVSOR-Ber ry-Phonon (D%4s & #gk

1. PHASE/EKCAL |THAIAFIL TS,
AiZ. PHASE/EKCAL D AJ17 7 A MMZ Berry NARGHRF KON AERGHRHD AT % 7280
T E o TR, RAHIGEHEEITI ZENTE D,

2. RV GRNEMOFE
AU AR IS ERERRO MBROIALEFR LT, BB EME R T H I ENTE S,

3. BT HATEROFHE
IREIRMT OFER & RV AN DA A ER 2 HEINICHEA TE 5,

4. [EEERORHE
AV NG IS E RGO IMBOE LA R L C, [EEEROA AV EEHREZ R T 2 &N T
%o YRENEHTORER & AN AN & O B TR G TERD B IEREE OO AIR A BRI EE T
x5,

11.1.3 BHFHERE

2009 46 HLUBEOHEHIEREIT Faeomy,

R"—93.20 PHASE ver 8.00 (Z%J5t
2009/06 3B

N—Tg 321 PHASE ver 8.01 (2%}t
2010/03 A

"— 52330 PHASE ver 9.00 (2%}t
2010/06 5B DFT+U ZFIH U= oxii
N— 3340 PHASE ver 10.00 (25}t
2011/06 /ABH

N— 9341 PHASE ver 10.01 (2%}
2011/08 ZABH TDDFT FHRFkRED I
RN— 9842 PHASE ver 11.00 (2%
2012/06 Z\BA AEEDEE

NR—T 3 12.00 PHASE ver 12.00 |Z#4&
2013/063 ZABH
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1114 1895 —DRERL
KI7a 77 NE, 7 v rT LNy /r—2 PHASE IZHE STV 5,

T4LT R
phase_v1200 bin epsmain, tdlemain
samples/uvsol/ A=Y A NPy AL
electron UVSOR-Epsilon M A
Si Si fam D AT
Cu YNl

AIN ET 2 = MO AT
NiO DFT+U 3:4FI U CahBR A 2158 5 i

lattice UVSOR-Berry-Phonon ® A
GaAs GaAs fEaadD AT 15

AIN BT = DO AT
Quartz | ko Al

Ir-tddft TDDFT D A5
C6H6 | CeHe 23715l
SiBulk | Sj gk EHEE

util eps_file.f90, nlo_file.fO0

HEGIEIL, samplesuvsor TH 5,
samples/uvsor/electron ({Z1% UVSOR-Epsilon O AZf5, samples/uvsor/lattice (2% UVSOR-Berry-Phonon ™
A3 0 £97, samples/uvsor/lr-tddft |Z1Z TDDFT O AJ151438 5,

samples/uvsor/electron (Z1%, SifEEaDO AT, #i Cu DTG, (LT VI =7 5 AIN DASFRH YD £7,
NiO |, DFT+U E2FH U GRERE A FHET 20 TH 5,

BEAIBIT 1 V7 N Y PALAZIE, UVSOR- Epsﬂon DFEATIC T3 T % phase |2 LV 3T 572007 ¢
L7 b scf, 3L TN UVSOR-Epsilon (2 & Y FEBEGHR AT 729DDT 4 L7 RV eps, BLOBERT v+
T 7 ANERNT DT 4 L7 b PP AMFEET D, St AT « Lo B Y FOZE, AREERRZTO -
DOT 4 L7 MY mass KON 8 IR FRECROFBEZTH T2dDT 4 L7 MU chi8 2MFET %, AIN A
T 4 V7 Y TRLICIE, 2 IR TS SRR AT H T2b DT 4 L7 1Y chi2 p KO chi2 t 2MFAET
%, chi2_p I parabolic smearing Ft5 . chi2_tiX., V=77 h I~ Fu #HEHTH S,

samples/uvsor/lattice (Zi%, GaAs #&fmO AT, 27V =7 2 AIN D AT, KiEh Quartz DATIFIRH
Do BEADBIT 4 V7 N PSR, NY—(EZFET 272007 4 L7 RV berry, 38X OYREW#EITI LY
W HERNAE T O 720DT 4 L2 U phonon, BXOEERT > Vv V7 7 A NEKNT DT L7 ~ YU PP
DMEET Do

samples/uvsor/lr-tddft (21, CeHe 3 DatHEM], SifEiLOFEBINRH D,
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11.2 5t&EF%
1121 EF%

11.2.1.1 FETFE0]

STRBERL WEAORT

SRR TS L AR L, AT 747 (B B S5 = & ()
T, BPRIERIL, MRS S ST F OB L DR % = & 17T B, ARITIE, DL F O
A, SRR HEATIT

11.2.1.2 dERMER DOFHR

BRI L AHAAEF L QWA EAESRD 1 7 IV F =7 TR TEH 2 5,
H= ﬁ (p +eA) +V(r) (1)
XEFOER, elTEMFE, plHEEEHE . AITERGE DY MVRT oL, VIIERERORT v
Jv/l/’CZ?)é SR L BRSO AEER%EET 1 /k@??z‘%b/\ L R=T UK E 2B,
Hippe = (e/m)A-p @
WA DN Ch D58 7 MURT v UIRATH 2 bivs
A =Ayuexp [i(k-T — wt)]
ZZT . u

3
TERGE DRI T "V, kRITEEARZ bV, riXiEX7 MV, ol 3RS, tI3ERTH 5,
T & OFEAAERIC K W AME - O DRt ORI AREARF OB I SEE T DR wid, iTh o5,
w(w,t k, k) =

/ ’ ’ / 2 (4)
m2h2 J dt f dr¥,(k,,rt )A(krt ) -pWY.(k,rt )
0 14

ﬁ'ﬂf’

TAEAROAME -7 ORIE, k

ATV, DPELT bV W AHMEETOGE, k 3Y, DA~ NV TH D,
4’/7/7Xc&0\v IZAE A T /7%%/“\%} Y, ROV IFRICAE 2/ T 580E TH D, W, LUV, 3L
TOXITEERTLENTES,

W, (k,, 7t ) = exp [—%E,, (it )] exp (ik, - Py (k) ®)

Welkeor,t ) = exp |~ Bt )| exp (ke (her) ©
GYLEUEXEZ@RITMCA L, ¢ B LTSRS 21T 2 Llick v, k% Es,

2
w(w,t, k szﬁU dt’ exp [ih(Ec(ko) — E, (k) —hw)t |u- M,
cv 0

ZZTC,.E=-04/0t = Equexp [i(k -7 — wt)| xUp = %V@E&ﬁ%fﬁ%ﬁﬁu\m we, O - M, 13, ZNETUS)
KA THAESINLETH D,

1
Wey = E (Ec(kc) - Ev(kv))

®
u-M,, = fdrexp [k, — k) - ] uiu - Vexp (ik, - T)u, ©
VIZA0OX TR EINLIWMOTEFE T Th 5,
roil ikl 10
ax 1oy T %2
i, jRIZZNZI, x, y, zHEOENARYT ML THD

(NAEFT 5 Z LI KW IRAETGD,
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. 2
vz |ew i(E, — Eg - hw)t] 1 (1)
w(w,t k,, k) = oL i(E. —E, “ho)t u-M,,
h
QDXL Z T T H 2 2k v, kEHD,
ow  e%E} (12)
Ty oL ———|u- M, |?2rhS(E, — E, — hw)
(1T, B 7= 0 ICE T, 1 SW, ~NBE T DR 2 5.2 5, Eﬂﬁﬁﬁ%ﬁ@ DEE T BEERW, %
KA LV EBND,
2
ch: E0 z lu - MUCI 27hS(E, — E, — hoo) (13)

ZTTOVITEFERORIETHY . i T@k ﬁﬂiﬂ‘? o AEEENE ORI OWTRIE & A 2 & A ET
éo

11.2.1.3 E - R ERDOE
HEIRICAG SNT-EBRERY, BEAROBTFEEZGISEZL, TXLX—%2KH, TOTRLX—HLREIT

W,chw TH D, —7, 7/77“7:/1/0)35!3 HCIX. TOWRKEIICEL L 72D, olIFEROATT 4 Ia i
IJTAET 4TS, E>T,

W,chw = cE2/2 (14)
—Ji. o LETRFERDNE e, DRNZITROBERAD & 2,
€, = 4no/w (15)
(19 KOO L Y e, DFEXZGS,
81re |lu- M| (16)
— Z o 8Bk — £, (k) — ho)
8me?h* Iu M, |?

= m2v & (Ec(kc) —_E (kv))2 5(Ec(kc) - Ev(kv) - hw)

16)XDFAAENT L 72D A ENT 25, B ORI, FERERO2=y beLloRESIY HiT
HINZEW, /- T, ko ky, >> kTHHDOT, LLFO XTIl TE 5,

u-M, = Jdrexp (k. - r)uiu-Vexp (ik, 1m)u, (17)
|4
RN R fp A &
w My = £ (W Okl pI¥, (k) 19
(19

i

= ﬁ(l'pc(ka)lu Py (ka))
L7125, ke = ky = kg ThD, (Wo(ke)|u- p|W, (k)OI k, = k, DBEEOHZETIR, 16)2 KO
£ 0., pFTRDe, HHEADEG LD,

8me?h? |< ¥ (k) |u-p|¥,(ky) >|? (20)
€2 = meZV L (E (k ) E (ka)) S(Ec(ka) - Ev(ka) _hw)

HWEHE v =p/mEZRHND L, VE%TODE HA [1AELN5,
8e?h? Z < W.(k,)|u- v|¥,(ky) >|2 1)

vV L (E (ka) _ Ev(ka)) 5(Ec(ka) - Ev(ka) - hw)
BEBE—A L ML IROBEFRADAY 3o, -
< lpc(ka)lplqjv(ka) >= ?(Ec(ka) - Ev(ka)) < lpc(ka)lrllpv(ka) >

QO) KON LY r (LfEHE T r FoROFFAEGD,

2
ore Dl 1Py (ko) >12 8(E.(ka) — Ey (k) — heo) @3

€y =

(22)

€y =

kg,cv
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HFFEARIE, 1551 ce, ZEHZEDFERe, THID Z LIZR VG BILD, B RikERDIE e, 13, DY T~—A -
ru=y e (20R) ICXVEEIND, PlIa—3—0HEERD Z LAE®TS

e(@) = 1+2P f LW 10 @

! T ), 22— w?

A7 7T MNIQ2INUT L Ve, 2R, QHRUT L Ve ZFHET D,
11.2.1.4 WA N IVOEELE

E R Re = € +ie, LV, LFONHAANRT MV EFHRT D Z LS TE 5,

® HEFITR N=n+ik:N= l/2
o ULURKm: n =22
® A~y L R R = MTLHE

(n+1)2+k?
11.2.1.5 F—JFEEIC L 53R E

B RBERIL, BEBT—A L < W r|¥Y, >SEHFETDHZ LAV ETH S, AT iﬁ%ﬂ?ﬁ%ﬁ“ﬂ‘T//ﬂ?
TR L DB E— A 2 FOFEIEIZOWTHIT 5, 3 1FEHRT > v VAT, PE THMIlE 12 &%
ETRETART Vv MTEE X, T OARER D Z LI KV EFREBEARET D, #RT v/ WET
DFFEBRD 1 EANIN P =T NI TEZ BN 5,
1
H = ﬁp +V(rp)
VITRERORT oV Th D, BRT v vy /VIETIL, B OEEEp | IKFT 5 ) v a— VR T vy v
NS, BRI A EERT 25FEAD 1 EF I =T 1T, kA THEZ6N5,
1
H= ﬁ(p + eA)? +V(r,p + eA)
EE NI L =T VHp (3@ TH D,

(25)

(26)

Hine = (e/m)A - p + ppc @7
@NADHLHF 1L, QRDEBE NIV =7 Th5, H25H (ppc H) FTVICHRT BT NIV =T
YChD, FHoRENECERE—A L METRET 256, ppe HABE L GHRZIT O MENH L., 5 1HITE
K928 T — A > il m—/VIE, ppe BUISEERT D05 % / >0 — B NVIESD DU NE ppe THE RS Z LI
95, ppc AR T 5 Hi1EE LCiE Read and Need D 5ERN 15) [8] & Kageshima and Shiraishi & 575(KS
B s, K70 77 NNIZNHDOHEZFNT ppe HEFHRTE L L9128 >T0 5,

11.2.1.6 Read and Needs %
PG [11,2]

RN VA NV ARAFAREEAR T 3 % M DREIR A RS 2 7 ThH D, G pI BT T RED /NS
EEL T, QO)RDOV(r,p + eA) ZIRD L HITERT 5,

V(ir,p+ed)=V(rp) + g—ZeA @8
TERDBID, VoEPTHIT B, IHEEOBIKTH S,
Ja d¢ (29)
—V(;b —¢ + V%
ordie
W _a 9 (30)

ap Op + ap
ZIT, ith-=r&ERT D, ERSNr TSR [Py, 15] = —ihSep Zi7T= 7, a, BITEEA T v 7 X
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(x,v,2) CThb, ZOEHREHANTEORAZEZET LRAE15,

v _ 2 a1 i 31)
% = %V‘}‘ V% - ih [T,V] - h[V’T]
@8 X UBDAE AW THIER AR S & . IFOREGS,
ppc = % [V,r]eA (62
o T, BEVNIL F =T U3
(33)

Hine = (e/m)A-p + £ [V,7led = (e/m)A- (p + - [V,7])
L7%, MEST HeORENIL. QORITBNTp - p + TV, r] LEERZ S Z LTk BLND,

2 (34)

gre?h? o |< Pk 0+ V. rDIP(ky) >
6(Ec(ka) - Ev (ka) - 1’10))

m2V E. (k) - % 2 (k)

kq,cv

r ZROFEAL, @)Uz,
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1 1 35

< W (k)1 Wy (ko) >= ——— < W (ko) IPI¥y(ka) > +1—— < We(ko)|[V. 7]|¥y (ko) > @)
ETHIEICENEDND, Wl TG TERINDIETH D,

(36)

1
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AK7v 7T 5T, 23)K0GBHRA VT %ﬁzﬁ B9 5, BB)ROHNFE 1 TBA—h)VIE, 218/
‘/El*—jJﬂ/IEﬁ)f)b M3 ppe BH & RS,

HEE
0—H VT, W RO, L0 EREHRTE D,

1 37
< W) [pI¥ (Ieg) >= —— < ¥ (ka)| 71w, (k) >
_ 1 . . (38
W, (ko 7) = JVE Bekorcexp (i(kg + 6) - 1)
(39)

1
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Z 2TV E R =y MR VO, GIRERIIEED G X7 ML, pIHEIRECH D, 31K U384 (36)
WAL, IR OERS 2 VD & a—hVIEOREREZSS (0D, AT 17T MNIGEEROE 3
FEEFHREORERS LAWY, KOV, LV nHﬁME%ﬁﬁ@“é

(40)
< W ey [pI¥, eg) >=- mz B tegr Bukgra(ka + 6)
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KDOITHHLOTIENTED,
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nml

[n, I >KO< m, IIZERT oD ) va—hLray=r Z— DIMF NIFEFOA T v 7 A ThD,
Joa—NVHIRAIZE D HHbEnD, W RO, DIRERT MLk, 3B L TH D,
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nll
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<Y [V, r]|¥, >=
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hwwz <W.|rin 1> DI, < LIW, >
nml

AK7v 77 AE, Pickard and Payne & )51k [12]((44)?@ WZEO<nIr|¥Y >%EFHEL, /ra—hVEEHEA
T Do Wep, < LW SITEFN MEERHEICL VSO EEZ WD,

1
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QUIRT A= THY | N TH S,
11.2.1.7 Kageshima and Siraishi i

B 3]
KSEIZHIT 58T — A v MIUOATHZ b s,

1 1 (46)
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P =< $nlpldn > —< Yilply > 47)
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HEE
KIa 7T ML, BERT ¥ Va7 1 75 A CIAO O 5pl, Z35i77A46) XD ppe HEFHT D,
Wepy < M, 1| @ SIFEAI REHRICK WD EE WS,

11.2.1.8 FE1-RikER
BT RAHEROFFEN (23)20) [FTHAT Mk, (SR DE Gt A7 17T Kk (2B D MZ R E
Hz, e mkinD (U9,
2
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eV Tv—Arsn=y e (Q9X) 5Lk Ve 285, 7 T~v—A  F =y e BT EH
T AW THEAERE 35 Z L2 L kD D,

(48

11.2.1.9 IR R

%) *Jr@ \FJ?%P SNESEF & LIa, —fRICPIIF OZEATH H T Z LT 5490, EF OFEIL
BiL, FIZBET 2 2L EOEREZ B L, PIIFO 1IRESTHD Ll L G T& 5, LvL, L—W)
@J: Y Z%/ﬁ?ﬁ}*ﬁ@ﬁb VEERGE A EHT RS L7230 E, miEOPIZEET 2% 5-0MER T <720 . mfAI

EINT D3 - FBREWE L7025, SIKBICERT 5758 « JEFBEN I8 R (nonlinear optical

effect) TH % [13],

Pi=> xPF+ Y xQFF+ Y xC) FFF (49)

2)(1 ZXUk k ;Xukl Rl ek

T 6,k U XYZ FEREDA Ty 7 A, Wy :tf%fffﬁz KTV AR, EnEh 3 R4
BEDIHIEINFET VIV TH D, yOUTENT 255 % 2 IRFIEREICFhE. yCOIERT 28154 3 IRIERE
SR EWES, MEIOY DOy 1L, FERAERL, B RE OSSR DO NS0 | AFBEOIREEL
DB THRER L D HARWGAIZITE 7R TR0, EIREE S TEEE L U b @S AT E 152D
HHFENECF 5T 5, V““H‘j‘ﬂ@*@iﬁ A TREEL L D bEWED, IR T iﬁ?;fw))((z)&()\x“)
DR TH D,
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Generation(THG)) D435 T 5, SHG I1E, MEHZAST STz 74 hoid 2 fEE L. EREDMED
DRSS 2 ISR T 5, T DREZHEy @ (—2w; omega, w) IFEHETH V (50)N)., FEfaEd
IV R=T D 3 IROEHEIRAEEENEZ VT, [EROFE A MG L D HETE 5,
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11.2 SHG #EfIZBIT D ETF & EFLOBAERNE
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XvE ( 2w; w, w) - ZLZ ( Eg(Ell +E i) G(Eli hw)
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—Eh(ZEll ) 6(E; —hw) + (ZE“ ) 8(Ej; — Zhw))
/ dk [ pi{p¥psy (53)
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1 (55)
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BD-GIXIT LV BENIYD B Tv— s sa=y L BRGOR L, Eiy® ks,
, 2 °0,® _2_(2;_{2,_{2 T (56)
1? (—2w;0,0) = —Pf X (02 ) dQ
0

KT T T AT, FRRIZBIT 5 REOBEBE—A Lk 75:(54)% L VR, FROFEETEE S
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DHIEAATS TR, RE R LR UBRELND,

(52)&()\(53)J2®7/1/5 F%%Z@%%I IETHY, SEHE 0 &720 5D, T X BEROINESAD RN AR D
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b, 2 HBIENL, BhCIRRED X B T T 7 7 XN 0 THDH LI LT DITR X 285 Th b, K7n /o
LT, BB DS BB DM v bATZE) L0 b/hE L 2o t35E, D)@ O~ 54 1D 5\ NS
YEVTTHZEICRY, 2 HMIBOMBEEAEREL TWD, By MATEIX. ANTEX D L1025 T0nD
(4.2.13),

THG 1. MEHZA SN2 7 4 b 2SS L, B 3 (50442 3 IR TR Th 5.,
THG #FX, & H O MG CHEL S AV DR (FE D) 8 O EFLAMITEE -7l CHGEL S AU i
(IEFLEFD, M OV 1 & IEFLA SV E TR A8 M Ol 145 Lﬁﬁﬁtéﬂéﬁ& (3 JIBAEFR) 75725 (21],

RT0TTNE, HEREEENIL F=T T D 4 RORTHIAARENC X0 B3Ry O (=3w; 0, w, 0) Z &
%“‘j‘éo
(57)

7 reh\*
m[)agi)(w)]aﬁy& = _g(a) LZ4 3 l]klRe{ ]k’pkl’pll ) }f( 'jir Eku ]uhw)

ehy* (589
Im [Xl(z?l)(w)]aﬁys _§(m) f ypc z]kl[Re{ | 1 A1 ﬁyg}f(E}'i'Ejl'Ejk'hw)
—RE{P (PSP 6} Eji, Eyi, Exy, how)
—Re {PU (pi?. P50 P ﬁyS} Ej;, l'Ekl:hw)]
3) eh C(ArCC ArCC 22 CV (59)
m[)(ts (w)]apya —g(m) -[324”3 usze{Pu‘ (pijplipli) }f( Eji) Exi» Juhw)
36
X 6(E; — 3hw)
[Eﬁ(3kEj )(3Eu Ey)

+—
E}(Ej + 3Ey)

Eji + Eji
+ S(Eli - h(;))
(Eji — 3Ey;) (Eue + E)

36 (60)
E, —3h
EFGE, — 26)(E, — )1 T3
+ 27(2E1 - Ez)
E;(2E; — E;)(2E3 — 3E;)(2E, + E,)

1 ( ! = )5(5 ha)
EF(E, — 2E5) \E; — 3E, | (B; + E)(E, + 2E5)) 013 ~ 1

ThD, a,p,y,KO8IE, V=T v L, y, 2)DA T v 7 A BRS 2, () pysld. BEE—A L MED
AT I ARy, KOS b d % 2 L BT 2, (657), 68), GORILEILEh, B, IEfLEfE, KO
BIERGIBEAC J 5y O O 52 %, x @ Ol Im 152, 1m [x 5] 2 0Im [y D ofuc iz Hh s, 4@ 0
% F~v—R « yn=y b BT 5 Z LIV YOOI AL (61 F),

2 [o2]
Re[x® (—3w; 0, w,w)] = EPf "
0

f(Ell EZJ E3, hw) =

(61)

Im[y® (=30’ ', o', 'ight)]dw’ (61)
—3 b% wiw, w6 w'lg W
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BN-GAXDT VLT o« ' —FE531E Gaussian/parabolic smearing 52 X W FHET %, 2 EHIBSFMUEE
12, SHG FHEOEATRE, SEBEA MRS 5\ NEL e 7 LTS,

11.2.1.10 A& &E

B L OEFLOARNE EIL, kp EEhEE ORI L W EHE SIS [15],

k k k k (62)
" (L) _ 0%Ejy z @3, dona @y g+ (05, )@ a
a,p ak akﬁ aﬁ m Ek)l —-F

A %A kA

kR OMIENEREE AT DRSOV ROA VT v 7 A A THWOS ROA VT v 7 A a ROB IS

LT A, pg, (330 FAA HIDEBE—A L b, Egl33HE1T I kA TONRY RADZIALF—Th 5,

N RN —THER L T DA, KBRS R REICIRE D &5 720, QR L VfERL T D

N ROENEEAEETH L, ELVERSONRWERH 5, ZORBEIL, KT S COELOARE R
EHET AR L 70D, A0 T A TIEITS COANEEL . fEOMRT AT SR 07 LT

BTCHET LI LT, ZoOMEEEREL QD 7 MEOEREIIANT—X TRET 54.2.9),
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1122 8F%
11.2.2.1 5

KR ERGHR 7 1 77T 2\ Berry-Phonon | 35— JFBHE I 7 0 7T 1 PHASE OfEFRIERE L L TEIEE STV
%o FhrmOF A EROFHEIIIARNER & fdh ORERBIOIRIE I CThH 5, Berry-Phonon TlIfhinod
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N T 7 A o~ G T 5 2 S0 EREER L. 2 BE I THIEREEE L T 20 T8I0
BAERREL R E | BREIREN OB L BA N7 MVERD D, AV AREM & REIE— ROEHFT M)
HE— NAEMAIKRE 5, EERBIOIREIH L ©— NAIERD O FhBE R R SN D, ZOEHED
FERA AR OET TR 5.

Berry-Phonon

X 11.3 Berry-Phonon #&RRkX|

11.2.2.2 #{HER

O H OIFFOINA v & UL, DS 725 BT 5 /0023
AP = ;Z Ziu 63)

LHHHOIND, ZIT, el TERERETHY ., VIEHMOBNNIORETH D, Z]TANV A ARERT VIV
& KiFh, RN ORISR ICEA OB TH D, O AR OIREIE— R COfFT 2 Z Lad

T 5,
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MUz = ) $1ia Q2
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ZIT, &g [IEREREIOEA XY MLV THY . QUIEERECH D, mlLiEH DR OERETH D, ot
DEA % AR CRILT UL
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- 1
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LEFR LT

RS0 DB EY 2 E &3 UL, T— NARIERM I 1 Tavy AAEREIOLERLTQ, 1 1E S

9 2.
eZ~,1 -E
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LRITE D, THz SR EBIEE o p (0) 1345 T AL (w) IS5
4me® O ZaaZap
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11.2.2.3 XY —(rFA5H5R[16, 17, 18]
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FNODFEE Py LnB725,

A F o HOEET

Tbd, MrnDoROZE I
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po = lfqe Jdk<u§f)|a/ak u® >

EHHPED,
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(69)
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TIT wyn = ey T D, THUT - oD & Xk EBDIOR) kL 72D,
M
|Gyl (76)
. A , A A
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e 78
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A
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A —iAk- A
Minn () =< P le 0Ty > (80)

L#FED, 2T, Ak =G /J THD, UNRNT VT MNERT Vv VTG AR KB A D 721
(80) R DFEDMN BB E -

K@) =lr><rl+ Y » Q4 mI8 ><B!] 1)
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11.2.2.7 JEEISE DY —{ifHEER[22]

103)3UZ &L » TER SN DHEEERIIA T =BT ey LTINS, Zh & IREN T B — B
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&l T, ETEEE, = ‘““a L DB, Ot E LTH2 HILd,

. d/; (114)
€kl = PR
€kl
A TN EE e gy & T 7N EREEEE, o DIFNZITIRDOBIRDIAL Y 3L,
ikl = €+ O Py — Suc Py (115)

AV (AR LAUR, EF D ORGSR~ D A 2B A b LICEHET D ZENFRETH D, T

T /kﬁfffz%ﬂéct N, XY —NAEEFRT D,
3
o 8T A3k < | — iby - V|t > (116)
V Py BZ
VTG b DA T v 7 A 1,2,8 #HRDT, Uy TEEBFROBEFT > THY . n 1INV KA T
I ATHY  KITREE7 "V ThD, VITRSmOEETHY . Ot s ORI T BLIZT ) 27 ) —2NT

BT akd, 0L, NU—AAGP | IXADOKRIZHTZZ 5 D,

_ 117
P = ZHVZ¢“ Qa
I, a JIEERERY MV TH D, KR ROA ﬁ/ﬁxgwﬁﬁ}ﬁzirkiﬁ@; HNTHZ 5N,
e
P on = _VZ Zl Rl (118)

Z3A A OEMTHY . RIIA T DALERY F/I/T“a%éo Z 2T, (\ifHplm = —Y, b, - Ry ETEFRT D, 2
ﬂé:/\“U*ﬂi‘ﬁd)él%ﬁﬂié\bﬁfdﬁﬁ%%k?‘éo ZHVERNT, FEdOP 3RO L D ICEHEERED,

(119)
- ‘mz P

= ORGP % EICWOY LIZ bDIEA v 7 0 S EBER A 52 5 2 L vt b, ) —hio i ag ©

BEEOREN RS, Z0720A 7 a X—EEBEERII—BIZEE LR, UL, TuX—EFEESi—F
WCEEAHZ LIRS, Tu—FE i:ﬂz@%z%t((mo)ﬁ) F119)XZ2Q15)FUMRA L TR FE D,
0¢q (120

Cir = —ag,
bkl 27TV afkl

11.2.2. 8 [EEEROFHFE L

FERROPEE T, 2 [EE L CEEESZ Q20 UNEWGHR L & & ZOEEERE 7 T 7 A A7 m
IR—EEEBEMS, D& XN AT —(fHE L TRV, 7T 27 RA A AT v = EEEE IR

DRRIZEH D,
s _ 9P (121)
8r ) =

ikl

afkl uj=u(-0)

J
I, u.(°> ITELOMEN & X PNEEES T, FEREAT & X\ CNEEEEAE L 202 B0 ATl 2IE
PR ST A= =08 L RO ARTERIZ] = L MW B R AL 2 ORE 7 727 A A3
7S —EEER JJM%(L Tk,

oP; ou; (122)
~  _ =(0) el
ei'kl B ei'kl + au] aEkl

PHEOT 337 A= 5 3P = G L OF B I g = G BT S,

& B 0u; 0Fn, (123)
aEkl - aFma aekl

FIERB IR & BT MW TRBITE é@f (122 NOFE " HITRD L D ITRT Z LN TE D,
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EZ Z/lif/l,kl (124)
4 w?
A

Z 2T, EEE— ROUOT AT e s
- 1
Cur = Z Cig ki $2ip (125
ip

Jmi

LEEZ LT,
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11.3 UVSOR-Epsilon

1131 771 LDHTE
Epsilon 1%, PHASE/EKCAL & [REEIZ., 7 7 A ViR E % file_namesdata T{T 5, LL FIZ Epsilon @
file names.data OFIZ T,

&fnames

F_INP = './nfinput.data’

F POT(1) = '../PP/atom 14 Si lda nc bhs.gncpp2'
F ENERG = './nfenerg.data'

F ZAJ = './zaj.data'

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

F CNTN = './continue.data'

F_EPSOUT = './eps.datal’

&end

file names.data OREEIL PHASE/EKCAL O [6] LRI U TH A0, UL FOAICERT 5,

1. AN77AN% F_INPIZHEET 5, Epsilon DA77 A ME EKCAL DA77 7 A MIFHESFHEHD
epsilon % 7B L7=H D TH D, epsilon ¥ 7 DFETEIZHOVWTIL 3 22,

2. PHASE RHEIC LV EONIZEFHET 7 A V& F_CHGT IZHEET %,

3. FERMOREREREN )T 57 7 A VA F_EPSOUT |ZHET 5,

11.32 AWT—E2 DEHE

AI17 74 v (F_INP) 77 A VOiEiEE, EKCAL O AJRRE [6]1Z Epsilon FHOFREZEN L TIT 9, Epsilon
DANTTEEHEIZOW TS 5,

11.3.2.1 Control 7 &2 v 7

control 7' 1 v 72\ T, condition = 2 & % X condition=fixed_charge &3 %, JRFTRT v T v /L0MuER
TV THD TMBERT v v v O B854, use_additional_projector =on & T2 NH 5 GHM
X, 8 #&M), Control 7' v 7 OiRERIZ LI FITRT,

Control{
condition=fixed charge
cpumax = 1 day ! {sec|min|hour|day}

max_ iteration = 60000
use additional projector=on ! {on|off}

}

Z O | TlX use_additional_projector=on & L CW5, N7 ¥ /LOFRMEMN AR L X2
use_additional projector % on {29 5,

11.3.2.2 accuracy 7 2 v 7

accuracy 7 1 v 7 TiXENVLE/REA L, num_bands (32 F#0) . ksampling (k St v FOFEE) KO
ek_convergence (/32 REHEADIHRSGA) THDH, ZHHOHEHE O PHASE O~ == 7 /UZFEH S 0TV
R

—fm e LT, AN FETE572004<, k e T A4 EREE Ly, SIS, 1
B A&7 V) OIREFIREEORTN [7]23 0.7 28z 5 L 912, ANy FER Ok Aty MERETAUT I, #8177k
JEORFNZDONTIE, 7.3 IZBWTHIT 2,

ek_convergence T, delta_eigenvalue X U succession DFXEETT 9, delta_eigenvalue M U succession DHE
THEIZLL FO# Y,
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# 11.1 ek_convergence FEDHESME

FERR delta_eigenvalue(Rydberg) succession
AR le4 3
I - B, Le6 3

11.3.2.3 epsilon 712 7
epsilon 71 v ZZIHNTC, FFEBMROGEFIELFRET D, LLFIZ epsilon % 27 OF e O ORREFIEZ T,
VTVZEDERT .@gﬂﬁj\&iﬂ‘ 7 a AR VAL 7R DEGy . MOE I IEIE ATREIR Y T D,

epsilon {
sw_epsilon = on ! {on|off}
crystal type = single ! {single|poly}
fermi energy({
read efermi = off ! {on|off}

}
photon{
polar {ux=1.00, uy=0.00, uz=0.00}
pointing {px=0.00, py=0.00, pz=0.00}
energy {low=0.000, high=2.000, step=0.002}
}
transition moment {
type = ks ! {1|rn|ks|mks}

symmetry =on ! {on|off}
band i=1
band f=5
}
mass |
sw mass = on ! {on|off}
direction{nx = 0.0, ny = 0.0, nz = 0.0}
point = band edge ! {band edge|input}

shift = 1.0d-4
ik =1
ib =5

}

BZ integration {
method = t ! {parabolic (p)|gaussian (g)|tetrahedron (t) }
spin = both ! {both|major|minor}

}

band gap correction{
scissor operator=0.00d0

}

drude_ term({
drude= off ! {on|off|drude only}
effective mass = 1.0d0 a
damping factor =
conductzvity =
plasma frequency =

}

nonlinear optics {
process = off ! {off|shg|thg}
excitation = all ! {alllelectron|hole|three state}
band = all !{all|inter|intra}
term = all ! {all|omega|2omegal3omega}
double resonance(
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method = damping ! {omit|damping}
cut off = 10.0d-3 hartree
}
}
ipriepsilon=1

}

11.3.2.4 sw_epsilon

BERE : BB DR AL v FTh D,
F 7 a=on : #HEEITH
=off : FHR AT/
hFoff & L7354, EKCAL & L THERET 2 (N2 RIEEDRHEOAITI),

11.3.2.5 crystal_type

PRE « Rah 2 A T OFEE
F7Far = single: Hifhgh
= poly : Zftih
poly ZFHE L7cha ., FEROEIGIHIHESN TN D AR L, HERROFLREER € = (64y + €5y +
€,2)/3 % HET B,

11.3.2.6 fermi_energy

HERE . 7 =L LULEIRET D
INTA—H read fermi
AFvar =on Tz AIVLWERETD
off : 7 VI LILEFRELR GHET5)
efermi = 7 )L UL DIEEEET A (read_fermi = on M
(Hartree HfiL CHIE)
e.g. efermi = 0.124 (0.124 Hatree)
PR read fermi = on &P 5T LIZLY, FRFHAEMTE S
TR RS K UMERIAOS 3 DHAH N,

11.3.2.7 photon

BEHE « EEREEIRIE (RYEREER LU= L —1L ) OfFE
polar : EAMRIED RN T MV EFRET D,
INTA—=H ux = AR MVO x pfGy (EEHAD
uy =: T Moy Gy (EEEYLD
AT MDD z Sy (BB
e.g. polar{ux = 1.0, uy = 0.0, uz = 0.0}& xBHFAIZERRELZE
Wal 2 4aE T %,
pointing: FEFEIHORA T 4 7T MVEFRET D,
IRFGA—H px =: WA LT AL TR_T "LD x Gy (EEHAT)
Py =: ™A LT AL TRT "Dy Gy (TEEEAL)
Pz =: AT AT WD z %5y (TEEHALD
e.g. pointing {px = 1.0, py = 0.0, pz = 0.0}% xEHHFEIETT S
FHRICEERG A HEET 5,
energy: MMANOTRNLFX—ZFRET D,

uz
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RXT A=K high  =FLFX—LRE  (Hartree H7, 7 74/L ME 2.0))
step : TRAX—RT v (Hartree Hf\., T 74/ ME 0.002)
W - FEE SV R BRI LUV ARY ML (JEdrR, WIEREL,
FER) D3R ENLD,
HE 1) W7 MAOWT DO METRWEE, BRI EE S,
i1) WA T 4 T RT FILDOUWTHDDRSTNETRWVES, R EE SN D
1ii) RRT MV ERA T 4 TRy MVERIFHCIRET 5 Z LITTE 70,
iv) BT MVEB L ORA VT 4 TR MVDOETORDNETH LA,
HET Sy (xx, vy, zz, xy, xz, vyz) BDHIEND, HEFEAT FUVEH
I,

11.3.2.8 transition_moment

BERE - BT — AV RERA T Y a L OREE
IRTA—H type : BHE—AL MHEFEOREE
FFar= 1 :local MiEBE—AL N (WHIERL) (F7H1 1K)
= rn :Read and Needs B5Et— A MAIE[2, 3]
() VRSN T Vo % Vb
= ks :Kageshima-Shiraishi (KS)A5&BE— A MiliIE[4]
(VIVIREIER IV R T 7 MERT 3 V)
delg = :Read and Needs (RN) BSEBEE— A 2 MHIED/XT A—4 [3]
(7 4/V ME 0.001)
symmetry :IBBEE—A L NOXMBMEAT T a L OIEE
A7 ar = on XEMEETTO
= off : XFMbEITORN
band i = :AfifEF S FOFEE
band f = {EENY ROREE
E ¢ a) BT — AL FOMIEFEZEUNIRET D 28Ik, 2B R EFCSE
BRI EIGD Z LN TE D,
b) band i = a Uband £ = b & LIZEE. a —> b O FEBISERT 5i5E
RSB S, FHFERIEO/ N RYEIEITH Z LN TE 5,
R 1) KSAEERE— AL MHEEZIT 5%, KS MER T2 E0ERT vy L7 7
AV (gnepp2 ) ZHWAXLENG S, MHIERTFE2E&Te~7 7 A VT, CIAO
DHAR—)VA T a2 (sw with dipole) ZHWTIERTE S, #HMlIL, c120
D~==2T)V[10]1 RO L,
ii) REFTART U VDBGERT Uy VT D IMAHEAR T v LB VLT
KS BT — A MIIEZTTO%A. additional projector A% T 2%
N 5D,
1ii) RNARHIEIR, 2 AV MMREREART v UK L COBEL Th 5, FHIEHE
X Pickard and Payne DHiE[12]IC L VEHE L TW5, delqg EITAEEZREIC
WL PG /RT A—H T D,
iv) AEARIFMEE B L7ZEH R ClE, symmetry=on & T 52 ERDZE LU,
v) FHEED S REIEATHIROEE, band i M band_f I3EMET 2,

11.3.2.9 mass

HEEE . B T-H D WITIEALARE ROFH
RTA—H  sw mass : fHHAL vF
F7ar = on: #HEEITD
= off : FHRZEATORN
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direction : AVEED N EZFRET D
INT A=K nx, ny. nz: HL (74 ME 0.0)
point : ARVEEZFIRT 23 B, kAOHEE
A7 a = band edge :flifE K OMEEE U Cati a7 o
= input : HEETET 5
shift : IEfUEERHERO S 7 b& (T 740 ME0.0)
ik : k AT v 7 A (direction=input fEERF)
ib : NV RA T v 7 A (direction=input fEEHF)
I BT HDHWTIEILOANE &SGR SN,
HE 1) BREFELUIRIA DY a 7 THET S,
i1) BEEEFERNIL, direction{nx=0.0, ny=0.0, nz=0.0} &35,
iii) EFUEEFHHERRIE, direction THMEFEET D,
#l) (100) HIHDOEFEEEFHFT DA, direction{nx=1.0, ny=0.0, nz=0.0} &35,
iv) EAUEEFHERACIE, shifit=/0.0d0 &35, HELRHEIX 10.0d-3~10.0d-4,
v) point=input fEERAZIL, ik KOV ib OFFENMEL,
vi) read fermi=off NHEREIND (4.2.65H),
vii) shift /= 0.0d0 & L7c8ra. FEBIEES LU PR RITGEHERGEDE U D,

11.3.2.10 BZ_integration

HERE BT — AL MEE T VLT ) — U WNE TR 2 TEEFRET 5,
INT A—H method : FELHIEDIEE
A7 a =tetrahedron (EWEIEt) : V=77 7 ~FRa qE[5]1ZHW5
=parabolic (EWEE p) :parabolic smearingiEZHVD

(T 74V F)
=gaussian (BM&H g) :gaussian smearingiE&EVD,
width : gaussian/parabolic smearing {EIZIIT D smearing IEDFEE
(Hartree HT ; 57 4/L ME=0.01837451 Hartree (=0.50 eV))
spin B AEVOEE (magnetic state=ferro/af DEEDHEEN[7]

F7Ta =both :major Xminor AE AREEDE FHERBIZHOUNT
B+ s 73018
=major : major A EREOE FERIZ OV TS T 5
=minor : minor A ERIEDE FEREIZ OV TS T 5
R B EETEE U CGEERMEZHAE CTX 5, spin A7 a U EFRE LICHA,
HERIE D A B BN ATRE,
HE 1) V=77 FI~Fa b8  k SR A v v 2B LV EE SNSRI OHRE%,
ii) @BOHEEITOHLE. V=77 b I~ R AEOFERHPEE Ly,
iii) width T A—ZZIEELRVGE, 7 74/L ME (0.01837451Hartre) AN
b,

11.3.2.11 band_gap_correction
F¥AE : scissors operator {EIZL VN R¥y w7 OHIEEITH
/NT A—2X 1 scissors operator = :scissors operator DIEZEET S (Hartree HY)
(7 4/L ME=0.0 Hartree)
TEM : DET VED R T D3 RE Y v 7Oty Nl A A IE T 5,
HEE RS DTSRRI DA R

11.3.2.12 drude_term
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FSHE :

RI—FIEE DT XA — B ¥8ET 5

INT A—X drude : RV—THEFHEFIEDORETE

A7vay = on: FA—FISY NHBBICRET 5 HERME T

T D,
= off : NV NHEBRBIZOMEIN T 2 FEREZFHHET 5,
(F7H 1)
= drude only : F—FIHHIZOHERY HFFEREAFHE
1%,
effective_mass = : AXEHEORE (FEEERD)

: Fb—7 damping factor OEE (Hartree Hifif)
(F7#/V ME=0.0036749 Hartree (=0.1leV))

damping factor

conductivity = BRIBEEORE m/Q)
plasma frequency = : 77 AIREEOIEE (Hartree i)

R BJIRO BN —T B8 LI EREGH R 21T

HEE

1) @BOGEIZOHETHD
ii) damping factor, conductivity, XU'plasma_ frequency [EW\FHNOE D%
FRETE %,
iii) damping factor /N7 A—ZZFEE LRWGAE, 7 7 4/V ME (0.0036749
Hartree) 2NEH 345,

11.3.2.13 nonlinear_optics

BERE : FERIR IR R DF A
INT A—H process : N FBFRDIRE

IS
HEE

off 1 FEROFEEATOIRN (T 74V 1)
= shq : 5 2 FARSE DRSS EFHREZIT O
= thg : 5 3 MR E DRSS RFH R AT O
excitation : {FAEBNEL 7 & ADFEE
FFar = all i RCORME T 0¥ ADEZREHET D (F7 40 b)
electron : B T B ADBESREFHET D
hole : IFfURhEE 7 0 2D RA2HE TS
—three state : 3 JIBAZibEE 7 =& A DEEZHRAFHE T D
band : /N> REBOIETE
FTav = all : 2V RBBORSZREHET S (T 740 h)
inter : NV NHBEBORSEEHAET S
= intra : /N> RPEBORBS R EFHET S
term : HIBHOFEE
AT var = all  RHBHEEZE (T 74V R
omega : FAJNIKIT D IIBIRABIET D
2omega : i 2 EARE KT A HBEA ZET D
3omega : 5 3 FARE IS A HIBIEEA ZET 5
double resonance : 2 BEHAGORWNCEET H¥5E
/NT A—4 method : 2 EHIIBIHOERY W FEETEET S
F7var = omit : MGHAEGT D (7741 R
= damping : HEIHE X B TT 5
cut off : 2 HIMHIEN v M4 7 (method = omit F&ERT)
X777 72— (method = damping fEERF)
7 4V MHA : 10.0d-3 hatree

FIa v

L RN AR DT S D,

TIUNT v« = FE3EE, Bz _integration (2.10 M) THEET 5, THG
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FHETCIL, linear tetrahedron HEHIHEH TR0,
ii) read efermi = off NHERXEIND (4.2.6 ZH)
iii) REEROERN7LHEIZIL. scissors operator OFRE (7.2.11) HLE
iv) AR ROV RNIEROEMIL, STk 21 25

11.3.2.14 ipriepsilon
HERE . 7V v " AT g LV OFRE
FFar =0 EEL-UL
=1 :fFEL~L (T 74 H)
=2 FEH L~
=3 :F Ry 7 L~YL
R - B LUV EHlfEE D,
EE T\ 7 LYW IH T —H EDFERICRE L R D DO THE,
11.3.3 5TEDZEST

PHASE IC L AEAFEBEOHEZITH, EFEE T 74 Wi%, PHASE #FEi74TA57 4L 27 NUIZh D
file names.data {23\ C, F CNGT TfET 5,

11.3.3.1 EREE DFHE

Epsilon 5HR %1757 4 L7 N —IZEFEE7 7 A VEa—L, [T 4 L7 b —HilZ&H 5 file_names.data
\ZBWT F_CNGT IZfEET 5,

11.3.3.2 FHERS DA

PAFDa~y REFATTHZ LI2L Y, Epsilon 2357345,

o)

% mpirun -np 1 SHOME/uvsor v342/bin/epsmain >& log &

WHRIRAZAT 2 HEIiE, FDa~r REFHTT 5, 7 ut vy —08% nproc THRET %, WHIFHR %A
WZI3H 6N CHMPL A VA =L LTELS ZEDPRETH D,

<l
Y

% mpirun -np nproc S$SHOME/uvsor v342/bin/epsmain >& log &

11.3.3.3 AEEDFHA

Epsilon 5tHZ21T97 4 L7 NIWCETEBE 7 7 A NVeat—L, 7«4 L7 M) HIZH 5 file names.data |2
BWTF CNGT IZHeET 5, A7 7 A /L nfinput.data (23317 5 epsilon ¥ Z1Z86NTC, ARVEEFHRICVE
AT,

ADOBI1 - AlE i COERNEET o VIVOFHAE

mass {
SW_mass = on I {on|off}
direction {nx = 0.0, ny = 0.0, nz = 0.0}
point = band edge ! {band edge|input}
shift = 1.0d-4

}

AT 2 - ARE R COEFLAZNE E((100) ) DFHE

mass {
SW_mass = on ! {on|off}
direction {nx = 1.0, ny = 0.0, nz = 0.0}
point = band edge ! {band edge|input}
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shift = 1.0d-4

LLFDa~y REFATT5Z 128V, Epsilon 235

FATSND,
% mpirun -np 1 SHOME/uvsor v342/bin/epsmain >& log &

11.3.3.4 IR TR R OF A

Epsilon 318217597 4 L7 NIWCETEBEZ 7 A VEear—L, FT 4 L7 M) HIZH 5 file names.data |2
BWTF _CNGT |Z48ET 5, AJ17 74 /L nfinput.data (23517 5 nonlinear_optics (23U T, ME2 AS1%1T
R

IFDa~y REFTTHZ L1k, Epsilon 233735,

[0}

% mpirun -np 1 SHOME/uvsor v342/bin/epsmain >& log &

11.3.4 1EHER DOfEMT

#&#%@Mﬁi DBEET— A2 FORHERPL. QFBTIRE, QIEE F-ifEORFIRIZ MR L . 2
HOEH ORI, BB OMHERERN L THINE I )W d 5 L TEETH D,

11.3.4.1 BRE— A L N OFELR

FEHEH 7173 output000 THHHE, LATDOa~2 REFATTHZ LICL 0, BT — A 2 FOHBERWZHERT
X5, BTOk HIIBWTEBE— AL MREFE I TNENLE 975%&&#5 ENVETH D,

o)

% grep transition output000

!'* transition moment correction = Kageshima and Shiraishi method (1)

!'* transition moment square matrix is symmetrized (2)

! PP transition moment correction data : it = 1 number of data read from PP file = 18
I  ———— transition moment of 1 -th k-point is calculated by UVSOR-Epsilon -----
I transition moment of 2 -th k-point is calculated by UVSOR-Epsilon ----—-—
I transition moment of 3 -th k-point is calculated by UVSOR-Epsilon —-----
I transition moment of 4 -th k-point is calculated by UVSOR-Epsilon ----—-
I transition moment of 5 -th k-point is calculated by UVSOR-Epsilon -----
I transition moment of 6 -th k-point is calculated by UVSOR-Epsilon -----
I  ———— transition moment of 7 -th k-point is calculated by UVSOR-Epsilon -----
I transition moment of 8 -th k-point is calculated by UVSOR-Epsilon -----
I  ———— transition moment of 9 -th k-point is calculated by UVSOR-Epsilon -----
1% - transition moment of 10 -th k-point is calculated by UVSOR-Epsilon --—-—-— (3)
I  ———— transition moment of 11 -th k-point is calculated by UVSOR-Epsilon —-----
I transition moment of 12 -th k-point is calculated by UVSOR-Epsilon ----—-—
I transition moment of 13 -th k-point is calculated by UVSOR-Epsilon -—-----
I* - transition moment of 14 -th k-point is calculated by UVSOR-Epsilon -----
Ix - transition moment of 15 -th k-point is calculated by UVSOR-Epsilon -----
I* - transition moment of 16 -th k-point is calculated by UVSOR-Epsilon -----
Ix - transition moment of 17 -th k-point is calculated by UVSOR-Epsilon -----
I* - transition moment of 18 -th k-point is calculated by UVSOR-Epsilon -----
Ix - transition moment of 19 -th k-point is calculated by UVSOR-Epsilon -----

!'* transition moment of all k-points is calculated (4)

| %

integration of all possible band transitions

!'* tetrahedron integration of transition moment square over Brillouin zone

(5)
(6)

weighted transition moment square of each k-point in irreducible Brillouin zone

FHEHAOERIILL T O Y Th 5,
(1) Kageshima-Shiraishi (KS)BEEREE— A MEHEZHW TS
(

BEE—A LV MIFERORPMEL K LT % (transition moment/symmetry =
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(3) FKATOETFEBE—A > MaIFRI

(4) ETOk FHBPBRL TV D

(5) FIREZR TN COEFEB LRy L CGAER AR5
(6) HRIV =77 F I ~Fu AEZ2HnTing

11.3.4.2 EIRAE

FRATOEBE—A L MGHRS %, EFREBICET RS ShD

————————— list of band type and occupation ----------

ispin band type occupation
1 1 filled 1.00000
1 2 filled 1.00000
1 3 filled 1.00000
1 4 filled 1.00000
1 5 unfilled 0.00000
1 6 unfilled 0.00000
1 7 unfilled 0.00000
1 8 unfilled 0.00000
1 9 unfilled 0.00000 (7)
1 10 unfilled 0.00000
1 11 unfilled 0.00000
1 12 unfilled 0.00000
1 13 unfilled 0.00000
1 14 unfilled 0.00000
1 15 unfilled 0.00000
1 16 unfilled 0.00000
1 17 unfilled 0.00000
1 18 unfilled 0.00000

filled half-filled wunfilled number of electrons
ispin = 1 4 0 14 4.00000 (8)

total number of electron in the system = 4.00000
The system is insulating or semiconducting (9)

(1) H73 RO AT (filled : #5730 B ; half-filled : @@/ K junfilled : 223 F) ROEA5
(E

(8) &2 A T DI FEROSE T

(9) MBRIL, #kxiAd DV NTHEL

11.3.4.3 #REF-RE OFSFRRI[20]

Thomas-Reiche-Kuhn's sum rule I3, {EEOERIZIBUNT, & CORIREZRBHCIZAET A IRE F-iRE L & LEah
wHHE, FTOMT1IETHZ 1 L7252 LaTET D, FEON REE T, AIROS REE W CEHE
ZAToTWDHDT, ZO sum rule 2NFEITT- SN D Z Eid7evy, UL, sum rule [FFHEN EORREHFED
RIE ML T EFRTIRIE L 72 %, Epsilon [HEE FiEORIZFHET OEEL A L. TOMEEHIT
éo

FEHEH 177 7 A V73 output000 ThH DA, ITFD o~ FEFATTH & HREF-IREE ORI EmI - H ) &
5,

% grep oscillator output000

!* sum of weighted oscillator strength of k-points in irreducible Brillouin zone =
0.91165
!* oscillator strength per electron = 0.91165

ZHUT S (qum bands=18 k iy h=2A v ok (4xdxd)) OEEOHEMETH D, HRE-ERE ORFIOE
135909 THY . sumrule 2SI R <72 S3LTCWNAD 2 E3NND, num-bands DEAZHECTZ SIC L VIR
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B TR ORRFIT 1103 < 28, BB, #F28 0.7 282 TUUTEEERE L. 1ZTCR L TV ASED
E2N

11.3.4.4 HEBMEOFFRE R

SHEIC L W ESN-EHER RN, file names.data (28 C EPS OUTPUT (ZHE LT 7 A MCH I &b,
PLITOfERIL, 2V 7 Si BRI OFERICTH 5,

Dielectric Function Optical Properties
(1) (2) (3) (4) (5) (6)
(7)
Photon Energy (eV) Real Part Imaginary Part n k abs(in 10**8 m-1)
R
0.00000 13.90891 0.00000 3.72946 0.00000 0.00000
0.33307
0.05442 13.91137 0.00000 3.72979 0.00000 0.00000
0.33310
0.10885 13.91876 0.00000 3.73079 0.00000 0.00000
0.33320
0.16327 13.93110 0.00000 3.73244 0.00000 0.00000
0.33337
0.21769 13.94843 0.00000 3.73476 0.00000 0.00000
0.33361
0.27211 13.97078 0.00000 3.73775 0.00000 0.00000
0.33392
(LATHS)
KA T LOFHITLL T O Y

1) B O X —  (2) FFHERE (FEE)  (3) FERE (EE)
(4) JEITH (FEM)  (5) TR (EE)  (6) WIUREL (7)) R AAZ RL

BRI OGN SVRORA T 4 T SADRG 22T L LT, #FET v Y vt LIEEEITR
FOHNBMF 6N D,

Dielectric Tensor Component (Imaginary part is in parenthesis)

Photon Energy (eV) XX V2% ZZ 4% XZ
vz
0.00000 13.90838 13.90838 13.90838 0.00000 0.00000
0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
( 0.00000)
0.05442 13.91084 13.91084 13.91084 0.00000 0.00000
0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
( 0.00000)
0.10885 13.91824 13.91824 13.91824 0.00000 0.00000
0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
( 0.00000)
0.16327 13.93058 13.93058 13.93058 0.00000 0.00000
0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
( 0.00000)
0.21769 13.94790 13.94790 13.94790 0.00000 0.00000
0.00000
( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000) ( 0.00000)
( 0.00000)

FNENDA T KL, T2 VG O BRSO ML O 2 H 57, EBIHEINIOR STV 5,

11.3.4.5 AR EEOFHFRES

AREROFRAERT, FEHN 7 7 AU Shd, BT L IELOARNERIIN 2 ZEHET 5 2 LITEET
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Do
PUTFIE, 7V Si OIS COETANEET v Y NVEFE LT-BloH I Th 5,

—————————— effective mass calculation —-——-——-—-—-—--—-

!* effective mass at valence band top: ik = 1
!'* degeneracy = 3
!'* warning : effective mass should be wrong because of the degeneracy. -

!* set direction indices and k-point shift parameter in tag mass.
I* ib = 2

!* ispin = 1
aa = -0.10765 bb = -0.36038 cc = -0.88554
a b c
0.70986 -0.07279 0.70057
0.53349 -0.59385 -0.60227
-0.45987 -0.80128 0.38272
1% ib = 3
!'* ispin = 1
aa = -0.09841 bb = -0.47571 cc = -1.07597 (1)
a b c
-0.55182 0.63785 0.53725
0.52096 0.76670 -0.37519
-0.65123 0.07285 -0.75538
I* ib = 4
!* ispin = 1
aa = -0.1069%6 bb = -0.29293 cc = -2.32353
a b c
0.23175 0.97159 -0.04797
-0.71433 0.13650 -0.68637
-0.66032 0.19333 0.72567
I* effective mass at conduction band bottom: ik = 4
!'* degeneracy = 1
1% ib = 5
!'* ispin = 1
aa = 0.93658 bb = 0.18362 cc = 0.18362
a b c
1.00000 0.00000 0.00000 (2)
0.00000 1.00000 -0.00235
0.00000 0.00235 1.00000

(D & ) CTOIEANERT Vb, TRTIIANY FAHERL T D720, FIFEICIIRENH S
(—DEEZ)

@) EFOANERERT Y /VDFEAE (aa, bb,cc) &ZNHDEM(, b, DAL, FHF A Ixyz B EFR R

PUF, EAATAVE R (1000457 FHEAAT>=BInHIITh D,

—————————— effective mass calculation ----------

!* effective mass at valence band top: ik = 1

!'* degeneracy = 3

I* ip = 2

!* ispin = 1

mass along ( 1.00000 0.00000 0.00000) direction = -0.17130
I* ip = 3

!'* ispin = 1

mass along ( 1.00000 0.00000 0.00000) direction = -0.27190 (3)
I* ip = 4

!'* ispin = 1

mass along ( 1.00000 0.00000 0.00000) direction = -0.27190
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!* effective mass at conduction band bottom: ik = 4

!'* degeneracy = 1

1% ib = 5

!'* ispin = 1

mass along ( 1.00000 0.00000 0.00000) direction = 0.93658 (4)

(3 (100) H D IFFALE &
(4) (100 HMDEFEEE

11.3.4.6 SHG FERUE ARG RO R R

FHESERI, EYEH ST 7 A VKO file_names.data (ZBWT, F NLO IZfELEZ7 7 A UcHH i Ean5, 1=
HEHUNTIE, BRI R T v Ly @ ()i S, HERIIL T O@EY . BUFE, Wurzite 5
AIN OFEFERFICTH D, ZDOHITIL, scissors operator ZfEH L TN Ry » 7N E R CIZ/RD L9
2, Fv v TEMIELTWD, F72, 7T U7 Y —Fl5712 parabolic smearing ?zE%)EHu\ﬂ\éo ZD7=
HREEOMRIL, NV Ry v T EMIE Lo 7258 H5WNE 7 VLT Y — F85712 linear tetrahedron
BTG EOER L B D,

Static SHG Susceptibility Tensor (10-8 esu)
SHG prrocess = all type excitation (1)
SHG term = all terms (2)

XXX = 0.00000 =xxy = 0.00000 =xxz = -0.04514
XYy = 0.00000 xyz = 0.00000 xzz = 0.00000
YXX = 0.00000 yxy = 0.00000 yxz = 0.00000 (3)
yyy = 0.00000 yyz = -0.04514 vyzz = 0.00000
ZXX = 0.08732 zxy = 0.00000 zxz = 0.00000
Zyy = 0.08732 zyz = 0.00000 zzz = -0.92412

(1) & TOSHGI#E (FE 1K ONEFUiNE) 258
(2) &TOIMSEM GEARR RO 5 405) 255K

@) x@) 7N x5y P A BT D)

F NLO IZHE L= 7 7 A /U, IREFOy @D (—2w; w, 0) T > VARG DFEES, M OSERHEA T 2
WA EN D, LTI TIL. Wurzite B AIN OFEFERBICH 5,

SHG susceptibility Tensor (10d-8 esu)

xxx (1) (2) (3) (4) (5)

Photon Energy (eV) real part imaginary part abs
0.00000 0.00000 0.00000 0.00000
0.05442 0.00000 0.00000 0.00000
0.10885 0.00000 0.00000 0.00000

(Feg)

z227

Photon Energy (eV) real part imaginary part abs
0.00000 -0.92412 0.00000 0.92412
0.05442 -0.92432 0.00000 0.92432
0.10885 -0.92494 0.00000 0.92494
0.16327 -0.92597 0.00000 0.92597
0.21769 -0.92741 0.00000 0.92741
0.27211 -0.92926 0.00000 0.92926

Q) TUINDAL T T A
2 HAW DT R —

3 ¥ (—2w; w, w) DI
@ ¥ (—2w; w, w) DIEES
(B) x@ DHferfE
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11.3.4.7 THG FEM AR 3RO ARG S

SEAERIL. SHG RO FRE, file_names.data (ZBW T F NLO IZ¥E L7 7 A Uz Eans, Hh
FERIILL T o@D, LLTFIE, 2V Si O THG s 24 3RS RBICTdh 5, scissor operator & FHNT/ 3 R¥F
Y v T OMIEEIT, T UILT Vv« = F55712 parabolic smearing £ HVO TV 5

Static THG Susceptibility Tensor (10-12 esu)
THG prrocess = all type excitation (1)
excitation = inter + intraband (2)

THG term = all terms (3)

XXXX = 59.19956 XXXy = 0.00000 XXXZ = 0.00000
XXYY = 24.15228 XXYZ = 0.00000 XXZZ = 24.15228
XYYy = 0.00000 Xyyz = 0.00000 Xyzz = 0.00000
X777 = 0.00000 VXXX = 0.00000 YXXY = 24.15228
YXXZ = 0.00000 YXYyy = 0.00000 yxXyz = 0.00000 (4)
yxzz = 0.00000 YYyyy = 59.19956 yyyz = 0.00000
yyzz = 24.15228 yzzz = 0.00000 ZXXX = 0.00000
ZXXY = 0.00000 ZXXZ = 24.15228 ZXYY = 0.00000
ZXYZ = 0.00000 ZXZ7Z = 0.00000 Zyyy = 0.00000
Zyyz = 24.15228 Zyzz = 0.00000 2227 = 59.19956

(D T_TOMAEREERE (B, 1EFL, ) 255
Q) TXTONRY RER (N R+ FNER) 25
) FTNTOMMEAF FAB R ORI D IE) 255

@ x®)DF 2 (exxxdz Sy A BT D)

F NLO IZHE LT=7 7 A MU, EIEIFOy® (-3w; 0, o, w) 7 > Y VARG OIEER, el L ONaxHiins 77 Z
LRICHIEND, LTI, Si oy CFHEERTH D,

THG susceptibility Tensor (10d-12 esu)

Xxxx (1)
(2) (3) (4) (5)
Photon Energy (eV) real part imaginary part abs
0.00000 59.19956 0.00000 59.19956
0.05442 59.33822 0.00000 59.33822
0.10885 59.75834 0.00000 59.75834
0.16327 60.47272 0.00000 60.47272
0.21769 61.50384 0.00000 61.50384

Q) TUINDA T A (2) FEARDTZ R NLF— (3) xO(—3w; w, w, w)EEB @) ¥yO (-3w; w, w, w)EES
(5) x® DifxHE
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11.35 515 : Si2-EFAERHMETE
11.35.1 B EE DA

A VA N=ARTET Lizh, TA MHEEINRT, VU 2 AEROFEREBR O FAY MUAFR L ThE
L X 9, AJJid.uvsor_v342/samples/electron/Si 28 V) F 7, Juvsor_v342/samples/electron/Si @ M2, scf.
eps MONPP LW HOAFRDT 4 L7 =030 £7°, scf Id phase |Z L DEMEBENEHDT 4 L7 RV eps
X UVSOR-Epsilon (Z X 5FEFABEHAOT 4 L7 RV PPIXSURTOBART > v v VT 7 A NWVEKINT DT
4 L7 RUTT,
AN, SifEshOEFEE%Z PHASE CHEAE L E T, scf (TBEIL T 72EVY, sef IIILLFO 7 7 A Vg Fih
TWET,

file names.data

nfinput.data
file_names.data (X PHASE O A7 7 A NV ERETDH 7 7 ANV T, ZOANBITIL, EMEE
% nfchgt.data (ZHTT DR EIT72 > T ET, file_names.data DOt iZBId 556ML, PHASE O~==7

NWESRLU T EIN,
&fnames
F INP ! /nfinput data'

F POT (1) ./PP/atom 14 Si lda nc bhs.gncpp2'
F CHGT = ' /nfchgt data' « FEEIEET 7 AVORRE
&end

nfinput.data |3 PHASE |2 XV Si f#EsaOEMELEZFHET 572007 7 A VT, FHRSHILLTOL 915
ESNTVET,

EHAHRERT >3 /L : LDAPW91

N8

kit b Ay vaikdxdaxd)

SCF S : sef_convergence =10 ~12 Hartree; succession = 3

FERT 2887 v Ud, PPITKIISIU U5 atom_14_Si_lda_nc_bhs.gncpp2 T9, #HFART > v ¥ /LD
XIILLF oY ¢,

HAERAART > > v /L : LDAPWOI1

JOFTART > L« BHS

LIFD=a~> K& AJLTPHASE OFHEEITWET,

Q

$ mpirun -np 1 $HOME/uvsor v342/bin/phase >& log
11.35.2 FFERKORIR

ETEEOENET L2, BRSO EEZITNET, eps T4 L7 MUVITBEIL T ZE, 2071 L
7 FUITIFELF O 7 7 A VDS STV E TS
file names.data
nfinput.data
file names.data (X UVSOR DA 7 7 A VEREEATS 7 7 A /b, nfinput.data |Z UVSOR DAS)7 71 /v
7, file_names.data [ZLLFDO L HITRESHTVET,

&fnames

F INP = './nfinput.data’ —(W) AT —ET7 7 A VOBRGE
F POT(1) = '../PP/atom 14 Si lda nc bhs.gncpp2' « (2)BERT I ¥/IV7 7 A NORE
F CHGT = '../scf/nfchgt.data’ <~ (3)EBIEET 7 A VDORE

F EPSOUT = './eps.data’ < (4) FFEBBI 17 7 A NVORKE
&end
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(1) AJJ7 7 A /UL PHASE/EKCAL &R AT, A7 7 A ABIIRET TR L £,
VR T VX VT 7 A UL, BEEREORAWZLO LR T T,

(3)scf T4 L2 F U CTPHASE ZFATL THEOLNI-EBFEE Y 7 A VERELET,

(4) BB 7 7 A VT, AHEETT,

A7 7 A NORE

nfinput.data (%, LA TR E 72> TWET,

Control{

condition = 2 (1) ! {01112]3}|{initial|continuation|fixed charge|fix
ed charge continuation}

cpumax = 1 day ! {sec|min|hour|day}

max iteration = 6000

}

use additional projector = off
nfstopcheck = 1

accuracy{

cke wavefunctions = 25.0 rydberg ! cke wf

cke chargedensity = 100.0 rydberg ! cke cd

num bands = 18 (2)

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

}

smearingf{
method = tetrahedral ! {parabolic|tetrahedral}

epsilon

width = 0.001 hartree
}
xctype = ldapw9l ! ldapw9l
scf convergence {
delta total energy = l.e-12 hartree
succession =3 'default value = 3
}
force convergence{
delta force = 0.le-3
}
ek convergence {
num extra bands = 0
num max iteration = 300
sw _eval eig diff = on (3)
delta eigenvalue = 1l.e-6 rydberg (4)
succession =3 (5)
}
initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
cke wf = 20.00 rydberg ! cke wf
}

initial charge density = file !{Gauss|Very broad|pseudopotentialfile}

(HHs)

{
sw_epsilon = on a
crystal type = single ! {single|poly} Db
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fermi energy{
read efermi = off ¢
efermi = 0.0000
}
photon{
polar {ux=1.00, uy=0.00, uz=0.00 } d
pointing {px=0.00, py=0.00, pz=0.00}
energy {low=0.000, high=2.000, step=0.002} e
}
transition moment {
type = ks ! {1l|lrnlks} £ (6)
delg = 0.001
symmetry = on g
}
BZ integration {
method = t !{parabolic(p) |gaussian(g) |tetrahedron(t)} h
}
band gap correction{
scissor operator=0.0d0 i
}
drude term {
drude = off ]
}

ipriepsilon = 1 k

(LA TE)

(1) control # 723\ T condition=2 & L £,
(2) num_bands Z#%E L £ 7, num bands (T@# D SCF HEDLA LY b REAMEL LT, 1EFH-0 OIE
B RN 0.7 LLEIZZ2 D K5I LET, FEMIREICRiBl L £,
(3) sw_eval_eig diff=on & L7,
(4) delta_eigenvalue fEZFRT L £, delta_eigenvalue OHEFHEIL, F-8(K « HBEDOLE1L 10 ~° Rydberg
FREE, HutxiRD%EA 10 ~* Rydberg F2E T,
(5) succession=3 & L7,
(6) epsilon% 7 4 3%7E, epsilon% 7 CifmEHOFHEFIEAFRE LE T, epsilon¥ 7 DFHHFUVSORL—H~
Za TNV ZELTEE, ZOAIBINZET Depsilon 7 Da, b, ¢, d, e, f, g, h, 1, kOBEMIILL FO#E Y T,

a HERBOHAEEIT
sw_epsilon=off &35 LFEROHE LI THRVDO THEE L T XV,
b Bk & LCEHEAET S
c 7 LULEFHET D,
d NRERIIERMRE L TRV | F2 M0, 0.0, 0.0)x B O E AV T D,
e NFFEREN D=3/ —1 P13 0~2.0 Hartree Th Y, =/LF—27 » 713 0.002 Hartree TH 5,
fIBBE—A L MHIEZTTV, 2T LR RS HIE 5105, ML Kageshima-Shiraishi(KS)
B2,
g V=77 I~ Fu AEEHWTHEEROER 2Rk 5
h scissors operator fiz 0 &350 R¥ v v T OMIEEF TR,
1 e 9%,
(FEE)Read and Needs(RNVEIL, / WV ARAFAYEERT L 2 VOSGEIZDBAN T, KSIEL/ WV ARIERDY
TV RT YT MERT X UTARITEA, CIAO 12 L 0 sk & 7= KS #iER F-(Dipole #HIERT) & &7 ol
KT VT 7 ANEFERTHZ ENMETT, FEilE. UVSOR-Epsilon & OF CIAO O~ == 7 W EHHE<
EE, B, ZOFHFIHWDERT v MHHER 2 EATHET,

11.3.5.3 FHER O
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eps 7 A4 L7 NUTLLFODa~y REFLTLTHATL 7ZEV, UVSOR-Epsilon 2T ET,

o

% mpirun -np 1 SHOME/uvsor v342/bin/epsmain >& log &

AEDEDS T2, FEFIREOPTRAMEGE L £, TOROMERL, LITOa<> NTITH ZENTEET,

[}

% grep converged output000

Zpa~vr R&EF4TL T, ¥ all k-points are converged & HIICF/R SAUIUL, BRSO L TVvET,
eps.data L CAEL L9, LTDOX I ZHIINELNTHODIET T,

Dielectric Function Optical Properties
(1) (2) (3) (4) (5) (6)
(7)
Photon Energy (eV) Real Part Imaginary Part n k abs(in 10**8 m-1)
R
0.00000 13.90891 0.00000 3.72946 0.00000 0.00000
0.33307
0.05442 13.91137 0.00000 3.72979 0.00000 0.00000
0.33310
0.10885 13.91876 0.00000 3.73079 0.00000 0.00000
0.33320
0.16327 13.93110 0.00000 3.73244 0.00000 0.00000
0.33337
0.21769 13.94843 0.00000 3.73476 0.00000 0.00000
0.33361
0.27211 13.97078 0.00000 3.73775 0.00000 0.00000
0.33392
(LTI

BT1T7 LOEMRIFLL T O®EY T,

1) EREE DT VX —  (2) FHERE(FEE)  (3) FFFERRE ()

(4) BT (35M)  (5) PR 0EE)  (6) WIUREL (7)) R#E

B DT RNX—=0 |ZBIT DB ERDFHIFRER T, I X VLN HEEE=RIT 13.90 T, F41
ALDE Y b REREE 220 £, ZHUX LDA IER Si O R¥y » 72 bifii+2 2 S IER L TVET,

11.35.4 3 R ODREE

FHEOEIML, FHRICHND N FEICRE UKFLE T, [BRMEAHERT2I1TE. 1 EFH72 D OfE) 1R
FEORMEZ L H_E T, IREFREORMIL, LLToa~r REMHLET,
% grep oscillator output000

Zoavr REdTioH L

!'* oscillator strength per electron = 0.91165

&) FORM B CE DN E T
ZOFRIE, ZOFEIZIT 2 1 E & ) OIRE) FIRE ORI 0.91 Th D Z L AR L TWE T, HREF51
FEOBFRI(h—<Z « FA & « 77— ORFEDIE, 1 EF&H7z Y ORBFIREORIN 112722 2 & &2 FRL
F9, N Fum_bands /37 A —#) &9 1204, oscillator strength per electron OfEIE 1 {2373 C
WEFETH, EFEOHAETIE, O 0.7 ##i% 5 X 912 num_bands ZF%E UL, FHEBEIIIFIR L
TG Z EDRBRIINC D> TWET, ZORITIE, 1EFH7- 0 OB FHREORFNAS 0.7 UL EE 72 - TEY |
N RBIIAThHD Z LD £,

11.3.5.5 FHERME DA 2

ZIZ, Read and Needs(RN)HT, #EHE—A L MEEZITV, Si OFERZFHAE L THAEL X ), epsilon
27D f D% type = rn & LT, [FRRICHEETIT> ChET, #HEITH & epsdata 7S EEX SNDHDT,
A —%ZbLoTBEET,
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[}

% cp eps.data eps.data-ks

FRRICEHEZATH &, LLFD X 5 255588 eps.data (CH /1S E T,

Dielectric Function Optical Properties

Photon Energy (eV) Real Part Imaginary Part n k abs (in 10**8 m-1)

R

0.00000 13.97263 0.00000 3.73800 0.00000 0.00000
0.33395

0.05442 13.97510 0.00000 3.73833 0.00000 0.00000
0.33398

0.10885 13.98253 0.00000 3.73932 0.00000 0.00000
0.33408

0.16327 13.99492 0.00000 3.74098 0.00000 0.00000
0.33425

0.21769 14.01231 0.00000 3.74330 0.00000 0.00000
0.33449

0.27211 14.03476 0.00000 3.74630 0.00000 0.00000
0.33480

(CATHS)

ERAEERIT 18.97 T, KSIEIZ X 2 FHEMII MDD CIRVME S 72> T ET, 3.2.3 THELIL- KSHIEIZ X 576
EER L. I CEONIEBERSA LT ey A E, LFDO X 92720 £9, 72BK 212, o
728, JEFARIEIZ L 0 BHISHZFERR LR L THY £,

50 ! B0 I
a - - R0 L _
30 - i
= = M -
HHo =]
TR 1
— — SD | W n
M‘ nE . ’rﬁi'
e 8 on | B
[]]]=] I:I — o
|
-0k _ 10 _
-9 | | | 0 o J/I | 1
I b 11 15 20 I ] 11 15 20
BEGED T 2 )LF — (Y] BEGED T 2 )3 —(eY)
(a) (b)

Si AkER O BRI : () 35 ), KSHIEL RN ffiiE% U CRtH Lah@ERa s~ SEl0sE RS (CRC
Handbook of Chemistry 79-th Ed,CRC Press, New York 1998) % LL#si D 7= 6779,
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11.4 UVSOR-Berry-Phonon

11.4.1 AHHDE5HA

11411 NN 7 7 AL

PHASE & [FERICAT I3 KO 17 7 A Vi file_names.data ([ZF0k U CHRET 5, 72& 2E, AFO X H1Z5E

By R
&fnames
F_INP = './nfinput.data’
F POT (1) = './potential.l'
F POT(2) = './potential.2'
F CHGT = './nfchgt.data'
F BERRY = './berry.data'
F_EFFCHG = './effchg.data'
F FORCE = './force.data'
F MODE = './mode.data'
F_EPSILON= './epsilon.data'
&end

F_INP |3 PHASE ODANT7 7 AV THY . AU —(AHFHELIREETE IR OAT S 207 7 A UG T 2,
1> PHASE (TIFENT 7 A /MZHOWTDORG5H%Z T %, F_BERRY 3NV —(AHFHREOHE I TH S,
F_EFFCHG (Zi@FIHEM Sy, AEMAEATT57 74 Thb, F_FORCE [FHREMENTIZLE L
INDT 7 AN BHIEINDT 7 A VT b, F_ MODE | JHREIETORE eI LUV — NE R & ahE2R)
Ha3ns7 7 ANV Th%, F_EPSILON IFFEERED N1 SD 7 7 AV Th b,
BEADNBILOHS 7 7 A VORAEZR 2 12 LT,

2 9. T ANKRA XD

Ty ANVEA B | BEEE i

F_INP nfinp.data AT 7 AV, it FHRREEE, SO & ofEHn siid
SYNQAYR

F_BERRY berry.data Y (ORI &b 7 7 A L,

F_EFFCHG effchg.data HREm a2 Rl 57 7 A L,

F FORCE force.data PEENEATIC LR & SD DT =2 5tk EN5 7 7 AL,

F_MODE mode.data IRENENT ORI LU — FAZEM LFERNH I SN 7 7 A
Iy

F_EPSILON epsilon.data PSRRI ESNA T 7 AL,

F_STRFRC strfrc.data ANI17 7 A I, WEREERE 2 [ E L Chliih & 78 8 7R R ICER
T L AR T 57 7 AL,

11412 NJ)7 7 A V'F_INP"

"F_INP"CHRESND 7 7 A M, fhidati, FHRSE, FHROGHIE: &2 50d T 5, S afiEsitA
Berry_phase 7'/ v 7 & Phonon 7 & v 7 CEIZHlEI £415, Berry_phase 7 & v 7 [ Z[E A IRFE ﬁﬁTé7D
277 I EKCAL TORARNT, N —(AHFEOif#Z1T 5, Phonon 71 7 X PHASE TOAAZNT, #1-
TRENENT OHRE 21T 9 .

Berry_phase 71 v 7 OFAIFTIRD L 5127825 TD,

Berry phase{

sw_berry phase = <ON_OFEF>

g_index = <G_INDEX>

mesh{ nl = <MESH N1>, n2 = <MESH N2>, J = <MESH J> }
}
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# 3. BerryPhase 71 RICBIR T D255

B F 10T 5 T4 BEEfH B

sw_berry_phase OFF ARY—NFHFREIT O N E I DAL > T,

g index 1 W7 bbg; (i = 1,2,3) 085,

mesh kK2 DA vV 2 ZGET DTy I BT,

nln2 4 R U727 Rl g \ZTEE 2PN Monkhorst-Pack A » 3
2 OFHn1 x n2

J 20 B U7k 7 R lg O5ERY .,

ARY—NHHFFEEAT O 72OV A 2N S DMER D V) | 2D 7= DOREREDS Berry-Phonon (213> T 5,
UL, D L 5T displacement 7 & v 7 Z RS AFRET 5 atom_list NIZFLiR T 5 Z & TTE 5,

atom list{
coordinate system = cartesian
atoms {

#ftag rx ry rz element
0.000 0.000 0.000 Al
2.6561175 2.6561175 2.6561175 As

}

displacement {
sw_displace atom = <ON OFF>
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

A, AT S DLEE DA

L £ 12135 T4 BEEMHE B

sw_displace_atom OFF JEA AL INDNE DD AL T

displaced_atom 0 PN SH DR DOF S,

ux 0.0 X DT ENEE TN, #TX7 Mlallif> T NEEEEEDZA L
%O

uy 0.0 y HIRIDJFRA N BT 7213, #T7 MAVBIZIN - 1= N D ZEA L,
i

uz 0.0 z HRIDJFA BN BT T2, KT M lelZih > T-NEREEEE DAL,
%O

K70 7T MTARNEN & it ET DI O OEREMMi > T D, ENELT 9 121E Postprocessing 7 1 v 7 N
\Z Polarization 7' & v 7 Z N2 CTHfEAT %, ATIERNIL RO L H 178> Tn 5D,

Postprocessing{
Polarization{
Sw_bp property = <ON_OFF>
property = effective charge
}
}

K 5. SR BRT 2B ER R BRI D 2R

B F XS T4 WEEE B

Polarization Flem DI BT DY EHEDOF A A F#T 27 r v 7,

sw_bp_property OFF Berry (AR ZEAER L7-WHEZ FHET D7D DAL v F

property 0 polarization Z45E 75 & berry.data % FiriAA Berry (AR /M54 FH5H
9%, effective_charge #8735 & berry.data Z#tmAARL AR
B A F R D,
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Phonon 7 7 v 7 OFERIIRD X H 272> T B,

Phonon{
SW_phonon
sw_calc force = <ON_OFF>
displacement <U>
sw_vibrational modes
point group = <Point Group>
sw_lo to splitting = <ON OFF>
electronic dielectric_ constant{

= <ON OFF>

<ON_OFF>

exx = 0.0, eyy = 0.0, ezz = 0.0,

exy = 0.0, eyz = 0.0, ezx = 0.0
}
k vector{ kx = 0.0, ky = 0.0, kz = 0.0 }
sw_lattice dielectric tensor = <ON OFF>
sw_dielectric function = <ON OFF>
energy_ range{
min energy = 0.0
max energy = 0.01
division number = 100
}
BERETNTE TOMAEER 6 & TIZHIT 5,
7% 6. IRENHTICBAMR 3 D 2R
B ETIZ 74 BEEE A
sw_phonon OFF KARERITRRE T 1 v 7 B GNCT DI E I DD AL T,
sw_calc_force OFF PRENRATOT- DD IFHREAT O N E DI DD AA »F, ON D&
TR, BRI O 72D D EHE 21T H ., GHE L=
forcedata 12 1 71 &4 5, ) OFF ® & X |Z1%.
sw_vibrational modes=ON 725 7 7 1 /L"F FORCE"7>& 1D
T — 2 e piaAT e,
displacement 0.1 JRARNNT A—H—,
sw_vibrational modes OFF BAIEEFET 21T O M E D DDA A vF, ON D& =1L, #
TAHRENENT M T4, modes.data (TRERNHEISND, OFF
DL EITE, BEHRET I ThR,
point_group C1 V7 U — AL E CORREDLFR,
sw_lo_to_splitting OFF LO-TO &% B[ETHME D DAL v T,
electronic_dielectric_constant BV ERERET DTy I DX T4,
exx 0.0 BB ERDxx ST,
eyy 0.0 B DYyYRIT,
ezz 0.0 B HERDzZ7,
exy 0.0 BB ERDXY KT,
eyz 0.0 B DYZIIT,
ezx 0.0 AR DzX KT
k_vector A IRBNDOWEA Y MV OHEIEEST D7 vy 7O T,
kx 0.0 FEAIRENDOWELA T BV D x 17,
ky 0.0 P& FAREN OB T S Dy 153,
kz 1.0 FEAIRBN DI SV D 7 557,
sw_lattice_dielectric_tensor OFF BB EREHETINE I DPDARAL v F,
sw_dielectric_function OFF HEREEE 7 7 A WV'F_EPSILONZH 1T 2038 9 DD AA
7
energy_range FHEB O ANV —HIALIEET DT ny I DX T,
min_energy 0.0 TRV O/ I ME,
max_energy 0.01 T AL — T O KA,
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| division_number ‘ 100 ‘ TRV —RIFHOSEL,

2548 point_group THREAIRE/ Ry = > 7 U —AGE & LA TIZHIT 5,

Oh, O, Td, Th, T, D4h, D4, D2d, C4v, C4h, S4, C4, D2h, D2, C2v, D6h, D6, D3h, C6v, C6h, C3h, C6, D3d, D3,
C3v, S6, C3, C2h, Cs, C2, C1, C1

11413 ANIB IO 7 74 V" F_BERRY"

Ji- displaced_atom % (uy, uy, u, ) BALSEGHRLIZGEIL, AU —(HR7 =2 BROEATHI S D,

nkprep, 1ig, displaced atom, displacement (1:3)
do i=1,nkprep

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

A7 displacement 0 1,2,3 7 H OEED Uy y U, (CRIET Do phi (0K 17 Vg AT > 7o
U —(FHOES] THY | cphi 1TZ D phi DILE 725 1THIROEDOEOES I Th %, nkprep (THFES \@i' Ird
THY ., ig T~ Mg, OFETHY . wgh Tk ROEALATH S,
NY—NAHDATJERITH ) 7 7 A VAR LT b DTH LD, 7 7 A VD FHATITZ DY —(iAET — % O3
ZER L2 ude bevy, 72720, N7 7 A NVEREET DIEFIIRIDZR

11.41.4 N\J17 7 A4 V'F_EFFCHG"

PV NERT R —(AEN D EEEPICFHMAT e Z LN TE D, AN GER SN DA ORIV AHZR
B DA Rl T AUL R, RO TA S NS,

num zeff

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

end do

num_zeff |3V AREHORTHY | ia W TOBFZTHY . zeff BV ARNEOBS|Td S,
114.15 AJ33 LU/ 7 7 A V'F_FORCE"

"F_FORCE"\ I3 DEFEFHAS 27200 )OTF =2 itk &b, 07 —2 3RO TH ) Shd,

num force data
do i = 1, num force data
displaced atom, displacement (1:3)
do ia = 1, natm
i, force data(ia,1:3,1)
end do
end do

num_force_data 1L /1 & FHE T HEEDE TH Y . displaced_atom LN L7ZH+F OFZTHY ., EF
displacement 731D N (uy, uy, u,) TH D,

11.4.1.6 1117 74 /V'F_MODE"

"F_MODE"\ZIHREEST OFERD DR S0, ETRANIEALLESY bla; = (ay, iy, a;,) DIRDOTEAT
LRI D,

—-——- primitive lattice vectors ---
a lx aly a lz
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a 2x a 2y a 2z
a 3x a 3y a 3z

WITIFEA-OF natm & KA OB (x;, y;, z;) & B Em; & 791 name@) IR OIEAGLR b,

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

I HRENRATOFE RN O TRid S b,

—-—— Vibrational modes ---
Nmode= nmode Natom= natm
do m = 1,nmode
n= m representation(m) acvtive (m)
hbarW= omega ha(m) Ha = omega ev(m) eV; nu= omega nu(m) cm”™-1
do i=1,natm
i wvec(m,i,1l) vec(m,i,2) wvec(m,i,3)
end do
end do

representation | JHEKZRBIOEY I TH 5, activem)T T < AGMER2E— RHIUT R 12720, FRINEH/2E—R
ThHIUuX IR L7025, MiEHETHIUL, IR&R L7025, YA L2 ME— RO HE RSN, vee
WEEANZ MLOEFT, omega_ha X Hartree B\, COIREELTH Y . omega_ev | T&E 1-7/L N AL TOHRE)
HCTHY . omega_nu lLEETH D,

KRR A R LT SEBITIE, B — MEREMMIINSIT, RO THA EhD,

—-—— Vibrational modes ---
Nmode= nmode Natom= natm
do m = 1,nmode
n= m character (m) active (m)
hbarW= omega ha(m) Ha = omega ev(m) eV; nu= omega nu(m) cm”-1
do i=1,natm
i wvec(m,i,1l) vec(m,i,2) vec(m,i,3)

end do

Mode effective charge and its average:

Zz= z(m,1) z (m,2) z (m, 3) Ave.= zave
end do

LT, BRISHFERDPROIZATH ) S D,

-—- Lattice and static dielectric tensors ---

[ elat xx elat xy elat xz ] [ el xx el xy el xz ]
[ elat yx elat yy elat yz ] [ el yx el yy el yz ]
[ elat zx elat zy elat zz ] [ el zx el zy el zz ]

elat PMEFFHERTHY | e0 DEFREERTH D,

11417 £7)7 7 A /V"F_EPSILON"

"F_EPSILON"\ZI3#5 BB OE > X DA ) &b,

Energy (eV) Elxx Elyy Elzz Elyz Elzx Elxy E2xx E2yy E2zz E2yz E2zx E2xy
do i=0,division number
energy (i) elxx (i) elyy(i) elzz (i) elyz (i) elzx (i) elxy(i) e2xx (i) el2yy (i) e2zz(
i) e2yz (i) e2zx (i) e2xy (i)
end do

energy X eV BN\ OT RNV —DIETH D, elxxelyyelzzelyzelzxelxy (XE Lk EEEO I D
XX,VV,22,YZ,2X,Xy K77 Ch D, e2xx,e2yy,e2zz,e2yze2zx,e2xy |FZIVEIEEBOERD xx,yy,22,y2,2x,Xy %
FTHD,
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11.4.1.8 BV HEER OH T

VAR Sutput000"(ZH I S D, T RANS, "F_BERRY" 2B RtmAATENY —AAEBEHE LT
RV AANERDROEATH ) S b,

—-—— Calculated electronic effective charges —--—-
do i=1,num atom inputed

[ zel xx (1) zel xy(i) zel xz (i) ]
zel ( 1) = [ zel yx (1) zel yy(i) zel yz (i) ]
[ zel zx (1) zel zy(i) zel zz (i) ]

end do

num_atom_inputed [IANEMIGHE SN0 TH D, zel_xx(),zel_xy@)72 C1HFET 1 ORIV ARNE
R DEA-NH DG D xxxy,.. 7 TH D,
BANDDFGIA A O E Nz TfER R OETH) S s,

-—- Calculated effective charges —---
do i=1,num atom inputed
[ zeff xx(1) zeff xy(i) zeff xz (i) ]
zeff( 1) = [ zeff yx(i) zeff yy (i) zeff yz (i) ]
[ zeff zx (1) zeff zy(i) zeff zz (i) ]

end do

zeff xx(),zeff xy()72 E13E A1 DRV AAANERD D xxxy,.. K3 TH D,
P A FOKFRERZZRE LT, ML SN RV ANERMDROERTH S b,

-—— Symmetrized effective charges ---
do i=1,num atom inputed
[ zsym xx (1) zsym xy (i) zsym xz (i) ]
Zsym( 1) = [ zsym_yx (i) zsym yy(i) zsym yz(i) ]
[ zsym zx (1) zsym zy (i) zsym zz (i) ]

end do

zsym_xx(1),zsym_xy(d)72 E13F -1 DXL SAT2 RV HNEMD D xx,xy,... i85 ThH D,
SO ST AN ETD DA A DR AR ER A HE Lz iR RO &S5,

-—— Effective charges of all atoms --—-
do i=1,natm
[ zeff xx(1) zeff xy(i) zeff xz (i) ]
Zzeff( 1) = [ zeff yx(i) zeff yy(i) zeff yz (i) ]
[ zeff zx (1) zeff zy(i) zeff zz (i) ]

end do

zeff xx(1),zeff xy()72 E13FT-1 ORI ST BRYEMD xx,xy,.. 7 CTH D,
NIV RN DR DOSEEEPR O TH ) s,

-—- Averaged effective charges ---

[ zave Xx zave Xy zave xz ]
Zave = | zave yx zave yy zave yz ]
[ zave zXx zave zy zave zz |

zave_xx,zave_xy,...’£ E1IRV L HNER D xx,Xy,... KT OFINETH 5,
BRIZ, fHIE STV BRIERM DR O T &b,

—-—-— Corrected effective charges --—-
do i=1,natm
[ zeff xx(i) zeff xy(i) zeff xz (i) ]
Zeff( i) = [ zeff yx(i) zeff yy(i) zeff yz (i) ]
[ zeff zx (i) zeff zy(i) zeff zz (i) ]

end do

zeff xx(1),zeff xy()72 E13FT-1 OFIE SITZARV U FNERD O xx,xy,.. 75 TH D,
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11.41.9 AJ77 7 A WV'F_STRFRC"

AN 7 7 A V'F_STRFRC"(ZIZIR DT CTHEREERE A EE L Thldh 2 B £ R -RR IR SHER 45 A 2 fd
éo

num force data
do i = 1, num force data
index (i) strain (i)
do ia = 1, natm
i, force data(ia,1:3,1)
end do
end do

11.4.2 5tEH - KSR(a-quanz) DI FEEERTE
11.4.2.1 FEFIE

IKERDEAFFEROHFEEH & LT, MFEROHADOH T 20T 5, £\ A ERHEOUEKOTIE

BN,

1. FHE LW FEEICRWT, Wik bz1T9,

2. nfdynm.dataDF4ICED LT D iitEiE COPHASED A ) 2 1ET 5,

3. NU—NHFHFEZITOT 4 L7 b Uberry & IREN#NT 21T 57 « L7 b Uphonon Z1ER%T 5,

4. T4 L7 M VUberrylZix, Perl2 27 U 7 hprep_zeffplnBB+25, ANDOT T L— 274127 KU
template_berry & template_scflZiE <, AS7 7 L— MI2. TYER L7z A& fwEE L TR %,

5. 2. YRR LI A1 %&bk U C RENRHT A2l fara AL & 4 1A B3 R DL B 5l o D A & AERi L
7 4 L2 b UphononiZi&E<

6. T4 L7 hUberry T, prep_zeff.pl& 54T LC, HEIZATOIZHDPerl 27 U 7 hexec_zeff.pl & A
T HATIEAER L, exec_zeff.plZ I T U CHRNEMGHRIZMLE 2 —(fHZ RS2, 7035, prep_zeff.pl
IX$HOME/uvsor_v342/biniZ & 5,

7. T+ L2 &V phonon TIRENHT 21TV, BARITR U —(IfHZFEAA A CIS TR E 5T 5,

8.  1.oO#ERE LD HOWTIL, PHASED~ == 7 V& R X, 2. CIIFFOMEEE T 71V MEECATTd
% DT, coordinate_system % cartesianlZFXET 5, LEDOHI T, 30HTIZOWT, EIZHAT 5,

11.4.2.2 XY —(rFHFHE

AU —NHFHOFHEIL ekeal ZHVNTIT9 DT, ekeal (AT 5 HCMHES2E (HEENVETHLDT, £0D
HEDOANT 7T v— b aerd, K@iEv U arveBERF2G250T, BOBEAESF RO
file names.data (Zi%, 'V 2> DART T v/l potentail. Si & FESEDRT > T ¥ /L potential. O DIFED B 5,
ZIHDRT 2% TP FIZED N TORITIUTR 720,

&fnames

F_INP = './nfinput.data’

F POT(1) = '../../potential.si’
F POT(2) = '../../potential.O’
F CHGT = './nfchgt.data'

&end

ANY—AFHOFETIX, ST Z HEALED S X Y,Z HNChOT N S BT & OB TEEDLETH D,
ZDOAIF_INP"OT 7 L— s &L FIORT,

Control{
condition = 0 ! {0|1]2]3}|{initial|continuation|fixed charge|fixed charge continuation}
cpumax = 24 hour ! {sec|min|hour|day}

max iteration = 60000

}
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accuracy{

cke wavefunctions = 36.00 rydberg ! cke wf

cke chargedensity = 300.00 rydberg ! cke cd

num bands = 32

ksampling{
method = monk ! {monk|mesh|file|directin|gamma}
mesh{ nx=2, ny=2, nz=2}

}

smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree

}

xctype = ldapw9l

scf convergence{
delta total energy = 1l.e-10 hartree
succession =3 'default value = 3

}

force convergence{
delta force = 0.le+3

}

initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
cutoff wf = 10.0 rydberg ! cke wf
}
}

structure(
unit cell type=Bravais
unit cell{
'#units bohr degree
a=9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}

symmetry{
tspace{
system = h
generators {
'#tag rotation tx ty tz
E 0 0 0
}
}
sw_inversion

}

magnetic state = para !{paralaf|ferro}

Il
o

atom list({

coordinate system = cartesian ! {cartesian|internal}
atoms{
'#default mobile=no
l#tag rx ry rz element
-2.136349214 -3.700265381 3.373333567 Si
4.272698428 0.000000000 0.000000000 Si
-2.136349214 3.700265381 6.746667135 Si
2.511045782 2.203258231 1.129569348 0
0.652554710 -3.276258553 4.502902914 ¢}
-3.163600490 1.073000321 7.876236482 0
2.511045781 -2.203258231 -1.129569348 ¢}
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 0

1

displacement {
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}
}

element list{ #units atomic mass
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'#tag element atomicnumber zeta dev mass
Si 14 0.00 3.5 28.0855
o} 8 0.00 2.0 15.9994

}
}

wavefunction solver{

solvers{

'#tag sol till n dts dte itr var prec cmix submat
MSD 5 0.2 0.2 1 % on 2 off
1m+MSD 20 0.2 1.0 100 tanh on 2 on
rmm2p -1 1.0 1.0 * * on 1 on

}

line minimization({

dt lower critical = 0.1
dt upper critical = 3.0
}
rmm {
imGSrmm = 1

rr Critical Value = l.e-15
edelta change to rmm = 1.0e-6 hartree
}
}

charge mixing{
mixing methods{

'#tag no method rmxs rmxe itr wvar prec istr nbmix update
1 simple 0.50 0.90 400 tanh on
2 Dbroyden2 0.30 0.30 100 * on 3 5 RENEW

Berry (AHFHE D & & 121, generators (XN TCOAEFRET 5, atoms 7 1w 7 D%IZH S diplacement
71y CIRAENDOIEER T 5,

displacement {
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

sw_displace_atom 7% ON |ZFRE STV 5 &, displaced_atom THEE L72JR 03N ux,uyuz) T 6rd D,
ZIBOEEIZIF<ATOM_ID>,<Ux>,<Uy>,<Uz>%5E L T<, ZibiX, prep_zeff.pl (2L > TEE )
Z B, FEBIHERT A AIBMEREND, L ET/RLT: file namesdata &"F INP'25 L2 kU
template_scf IZE <,

AU —(AHFHAD file_names.data D7 > 7 L— F &L FIORT,

&fnames

F_INP = './nfinput.data’

F POT(1) = '../../potential.si’

F POT(2) = '../../pontetail.O’

F CHGT = '../<SCF DIR>/nfchgt.data’
&end

H CEMEAS A O file names.data & OV T, F_ CHGT OfeE T, [A] Ui FidiE D H C A R R 0T
4 VI B UMNSEAFBRELZFFAT X 9125, prep_zeffpl 73<SCF_DIR> #5327 4 L7 kU £ITE & #h
Z. FEBEIFEHT 5 file_names.data Z1ERk T 5,
Y —NAHRFREO ASF_INP" ORI % LLF ISR,

Control{
condition = 2 ! {0|1]2]3}|{initial|continuation|fixed charge|fixed charge continuation}
cpumax = 24 hour ! {sec|min|hour|day}

max iteration = 400001

}
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accuracy{
cke wavefunctions = 36.00 rydberg ! cke wf
cke chargedensity = 300.00 rydberg ! cke cd
num bands = 24
ksampling{
}
smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree
}
xctype = ldapw9l
ek convergence{
sw_eval eig diff = on
succession = 3
num max iteration = 200
delta eigenvalue = 1.0e-8
num extra bands = 0

}

initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
cutoff wf = 10.0 rydberg ! cke wf
}
}

structure(
unit cell type=Bravais
unit cell{
'#units bohr degree
a=9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}

symmetry{
tspace{
system = h
generators {
'#tag rotation tx ty tz
C3+ O 0 2/3
Cc212 0 0 0/1
}
}
sw_inversion
}

magnetic state = para !{paralaf|ferro}

I
o

atom list{
coordinate system = cartesian ! {cartesian|internal}
atoms{
lfdefault mobile=no
l#tag rx ry
-2.136349214 -3.700265381
4.272698428 0.000000000
-2.136349214 3.700265381

element
.373333567 Si
.000000000 Si
.746667135 Si

N

N O 9 OO WwWR

2.511045782 2.203258231 .129569348 ¢}
0.652554710 -3.276258553 .502902914 o}
-3.163600490 1.073000321 .876236482 0
2.511045781 -2.203258231 -1.129569348 o}
0.652554708 3.276258553 .617097788 ¢}
-3.163600489 -1.073000321 .243764219 O

}

displacement{
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}
}

element list{ #units atomic mass
l#tag element atomicnumber =zeta dev mass
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Si 14 0.00 3.5 28.0855
2.0 15.9994

wavefunction solver{

solvers {

'#tag sol till n dts dte itr prec submat
MSD 10 1.0 1.01 on on
1m+MSD 20 1.0 1.01 on on
rmm2p -1 1.0 1.0 1 on on

}

line minimization{

dt lower critical = 0.1
dt upper critical = 3.0
}
rmm {
imGSrmm = 1

rr Critical Value = 1l.e-15
edelta change to rmm = 1.0e-4 hartree
}
}

Berry phase({
sw_berry phase = on
g index = <G INDEX>
mesh{ nl = <MESH N1>, n2 = <MESH N2>, J = <MESH J> }

}

Berry (i FHFHHE D & %1213, generators (TR TOAEFEET D,  displacement 7' & v 7 |3 H CEEAY R
HOANNT 7 L—FERIU X DIZRED T 5, Berry MAHFHE 21T 51213, Berry_phase 7' & v 7 T,
sw_berry_phase % ON (Z5%E L C, g index & mesh 727 ®nln2J #&ET D, g index,nl,n2,J (Zi,
<G_INDEX>, <MESH_N1>, <MESH_N2>, <MESH_J> %5 L CB& £7, prep_zeffpl N bH%
WEEICE S HZ | EEEHT 2 A M S LD, L ETYE LT, file names.data &"F INP"#7 ¢ L
27 £V template_berry (Z35<,
BNEM 2RO DT DY —(AHE RS 2 AT, FHEAT HBER Perl 22 U 7 | prep_zeff.pl 128 ->T
RS D, prep_zeffpl Z5 BT TIZFEITIHE, LFTO LI, FHTT 5 & ENT 255DV 2 K
DFRREND,

| prep zeff.pl DISPLACEMENT ATOM LIST MESH1 MESH2 MESH3 |
DISPLACEMENT | ZI 3727 8% Bohr B\ CfEET 5, Z 2Tl 0.05 £ 9%, ATOM_LIST (2134 7 /v
I A —T—a T, BREMEHAE LILWR T ORSZO U A NAEET S, Sl OB NEMIIRFMET
FEMFT B0 T, ZFHOVY aVitL 4 FHOBRRFOFNER AU, ZO%A,
ATOM_LIST %#"2 4"+ 4%, MESH1,MESAH2 MESHS (213, k ZE#] A v 2D/ /3F A—4%—n1n2J %' nln2
SOWNTASITH, 22Tk, "2210"95, ZZ CHIALIBIEOMET, prep_zeffpl #3795,

| $ SHOME/uvsor v342/bin/prep zeff.pl "0.05" "2 4" "2 2 10" "2 2 10" "2 2 10" |

AN —(FIFHFELE BRI DTSN ES 795 Perl A7 U 7k exec_zeff.pl &Y —(AEFHFICSLE 2 AT~

7T ANDERSIND, TDAIIZ7 7AMIT 4 L7 bU berry_ai_ua_gf (berry_a0_gB)X° scf_ai_ua (scf_a0)
(AR E AL, 72720, @, B = 1,2,3Th D, ilFFFOFEFER L, alFiFEMONmEZR LA - x,2 > y,3 -
2). BITSET-_T "L T v 7 Z%FRS, NV —(iHHEHRIET L2 1Y berry_ai_ua_gB (berry_a0_gp)
Tekeal #F(79 5L Tirbiud, Z0 ekcal DIFEFFITHI/REFEEITT 4 L7 MU scf ai_ua (scf a0)T
phase #1795 Z L THLND, NV —fMHHAEOFREZ 70 —F vy — MIT5HE K 114 DL D7D,
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(b) FZBOBRFIaSmIZERLE-
(a) PEPREETDBerry T IRAETDBerry{s A5t &

sof_a0 scf_ai_Uo

berry_a0_g1 berry_ai_uc, g1

berry_a0_g2 berry_ai_uc. g2

berry_a0_g3 berry_ai_Uc, g3

e
E ﬁﬁ

B4 11.4 Berry fHFEDO 7 7 —F % —

Perl 27 U~k exec_zeff.pl X2 OFHpix 2 HEICI T T D, exec_zeff.pl %5 B a(HTFNZIATT D &, LA
TOXITEATTH L XIINTD55D U A SR FIREND,

$ ./exec zeff.pl PHASE EKCAL PARALLEL {-vpp] primepowerl -sr}

'PHASE’(Z PHASE ™31 7 U $HOME/uvsor_v342/bin/phase %#f57E L. "EKCALIZ EKCAL ®/3A U
$HOME/vsor_v342/bin/ekcal #45ET 5, berry 7 4 L7 KV @T@T4' 1/7 kU Cphase & ekcal NFATX
N5 LEBE LT, FTREICA D L OIGRET 5, PARALLELIZIXFISA T35 7 = 77 A(PHASE %72
X EKCAL) OB FEET 5, exec_zeffpl ZLLFD L HIZFATL, XU —(HHFHENTXTE T 5 & berry 7
4 L7k UIZ berrydata 23MERL S LD,

$ ./exec zeff.pl SHOME/uvsor v342/bin/phase ¥
$HOME/uvsor v342/bin/ekcal 1

MPI 7’1 7'Z LFATRECA7Y 2 L -machinefile THHRIEE/2 R A h & ZfET 585 121E. machinefile Z1F
L. BT 4+ L7 R UIZESL,

VPP,PRIMEPOWER,SR8000,SR11000 &\ 7= JHUEFRETIZ MPL 7' 7' F AOFEATIHHEN R THDH DT,
MPI 7’1 /' ADOFATHIEEZEET H A7 a rarch 1365, itHEf L -arch 472 3 LV OEOXGEFE 8 12
RY, ZOF T a L

./exec_zeff.pl SHOME/uvsor v342/bin/phase $SHOME/uvsor v342/bin/ekcal 1 -arch=primp
ower

D X NTHRAZIATIM L THNW D,
# 8. exec_zeffpl DA T a

=ik arch O
VPP5000 vpp
PRIMEPOWER HPC500 primepower
SR11000 sr

PNy TR AT M E > TUE, T %5 CPU U Y —A%ZHilli#lld 5 Z & 0355, exe_zeff.pl I3mp] & 1305

AFHIET mpirun 2347452 E0H5, 2L X2 CPU U Y —REHlEISD & IEFICHATE 20, 20

X O AT B720I1Z, -loadleveler S W5 A7 g RN 5D, 7=& zxiE. SR11000 T 4 WA THEIT4
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57251X, LFTO L 91295,

./exec_zeff.pl SHOME/uvsor v342/bin/phase $SHOME/uvsor v342/bin/ekcal 4 -arch=sr -1
oadleveler

3% CPU U Y —ANWEH 72 > 7= T exec_zeffpl 1IT#& T35,  exec_zeffpl D= A MIfEW, i
4% CPU U V—A%ZW5H LT, -loadleveler 477 a %4 L, ¥a 7 a&AT 5,
SRR TR T Lz & &12ld, B exec_zeffpl #5775 2 LIk, fiatENTE 5,
Perl 23 2 70V BREETIE, X 3 IZIXIR LTAFF CRER A SATT 5, ED%, & berry 7 14 L7 KU @ berrydata
EREA LI T 7 ANENERT D, ZO7 7 A NI TGS L= 7 7 A VOfEE A EX | berrydata &\ )4,
A CRAFET %,

11.4.2.3 XY —(AHFHEOH )

AU —(rFEEEOH"F_ BERRY" 1377 & 2 UL F D L 9170 b,

4 1 2 0.0 0.0 0.50000000000000D-01

1 0.63456226917922D+00 -0.20888574273791D-02 -0.32917965405901D-02 0.25000
000000000D+00

2 0.63432394408679D+00 -0.20934910658866D-02 -0.33003380756268D-02 0.25000
000000000D+00

3 0.63289711025371D+00 -0.19971191896918D-02 -0.31555090531068D-02 0.25000
000000000D+00

4 0.63151794421351D+00 -0.20390845515460D-02 -0.32288511895501D-02 0.25000
000000000D+00

ZHAUT B O S SNHENLED B F NS 0.05 aw 2B (L LIz —(fHDT—X TH 5, berrydata 1LH
NENT"F_BERRY"&HEE L7277 A VT, 77 A NDIFAITEE L2 7 7 A VO TH 5 21 itk ST
W5,

11.4.2.4 ¥ {-RENRAT

phonon 7« L7 U D_EIZT Y 2 T DRT 2% )L potential. Si & BEEIFT-DART > o+ /L potential.O 73
HDHDT, K& IREFRNT 21T 5 D file_names.data (ZEL FO L 912725,

&fnames

F_INP = './nfinput.data’
F POT (1) = '../potential.sSi'
F POT(2) = '../potential.O'
&end

BRIV 24T O RO AT F_INP 2O X TR,

Control{
condition = 0 ! {0]1|2]3}|{initial|continuation|fixed charge|fixed charge continuation}
cpumax = 24 hour ! {sec|min|hour|day}

max iteration = 60000

}

accuracy({
cke wavefunctions
cke chargedensity
num bands = 32
ksampling{
method = monk ! {monk|mesh|file|directin|gamma}
mesh{ nx=2, ny=2, nz=2}

}

36.00 rydberg ! cke wf
300.00 rydberg ! cke cd

smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree

}
xctype = ldapw9l
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scf convergence{
delta total energy = 1l.e-10 hartree
succession =3 ldefault value = 3

}

initial wavefunctions = matrix diagon !{random numbers|matrix diagion}
matrix diagon{
cutoff wf = 10.0 rydberg ! cke wf
}
}

structure(
unit cell type=Bravais
unit cell{
'#units bohr degree
a=9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0

symmetry{
tspace {
system = h
generators {
'#tag rotation tx ty tz
C3+ 0 0 2/3
C212 0 0 0/1
}
}
sw_inversion = 0
}

magnetic state

para !{paral|af|ferro}

atom list{
coordinate system = cartesian ! {cartesian|internal}

atoms{
'#default mobile=no
l#tag rx ry rz element
-2.136349214 -3.700265381 3.373333567 Si
4.272698428 0.000000000 0.000000000 Si
-2.136349214 3.700265381 6.746667135 Si
2.511045782 2.203258231 1.129569348 0
0.652554710 -3.276258553 4.502902914 )
-3.163600490 1.073000321 7.876236482 0
2.511045781 -2.203258231 -1.129569348 )
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 )
}
displacement {
sw_displace atom = off
displaced atom = 0
ux = 0
uy = 0
uz = 0
}
}
element list{ #units atomic mass
#tag element atomicnumber =zeta dev mass
Si 14 0.00 3.5 28.0855
¢} 8 0.00 2.0 15.9994
}
}
wavefunction solver{
solvers{
l#tag sol till n dts dte itr var prec cmix submat
MSD 5 0.2 0.2 1 0* on 2 off
1m+MSD 20 0.2 1.0 100 tanh on 2 on
rmm2p -1 1.0 1.0 * * on 1 on

}

line minimization({

364




dt lower critical
dt upper critical
}

w O
[l

rmm {
imGSrmm = 1
rr Critical Value = l.e-15
edelta change to rmm = 1.0e-6 hartree

}

}

charge mixing{
mixing methods{

'#tag no method rmxs rmxe itr wvar prec istr nbmix update
1 simple 0.50 0.90 400 tanh on
2 broyden2 0.30 0.30 100 * on 3 5 RENEW

}

charge preconditioning{

amix = 0.90
bmix = -1.00
}
}
Phonon {

sw_phonon = on
sw_calc force = on
force calc{
start = 1, end = 0
}
displacement = 0.05
norder = 1
sw_polynomial fit = on
sw _vibrational modes = on
point group = D3
electronic dielectric constant{
exx 2.56011, eyy 2.56011, ezz
exy 0.0, eyz 0.0, ezx
}
k vector{ kx = 0.0, ky = 0.0, kz = 0.0 }
sw_lattice dielectric tensor = off

}

2.57411
0.0

Postprocessing{
Polarization{
sw_bp property = off
property = effective charge
}
}

diplacement 7' 7 v 7 3% 5 & XX, sw_diplace_atom 7% off (272> TWH I & 75’6@%’9"50 PREWETAAT S O
T, element U A MIE&EmassHEENE L <ITHONTND Z & 2MERT 5, 22T, /nLIZAJITIL, Hunits
atomic_mass] % element_list OJCEEICFR L, R E BRI CEEE A LU \%) Phonon 7’1 v 7 |ZEgilk
SNDIREWAT IR B AT107EMIL, PHASE O~ =27 /UZENL T %, sw_phonon & sw_calc_force %
ON IZHFE L., Ji1Z8(diplacement) % 0.05 [ZHET %, KEuOFEGAFHL D 3720 T, point_group |2 D3
ERET D, FHREERIME TFER LB IHEROMRDT, electronic_dielectric_constant 7 12 7 T, /K
PO E T AEEOGle,, = €,y = 2.56011,€,, = 257411 & HEL QT 5, T BEWRTOAE1TH O
T, sw_lattice_dielectric_tensor % off |ZEXET 5, = DASTCHRENEMT 21T > 721412, sw_calc_force % off |2,
sw_lattice_dielectric_tensor & sw_bp_property % on |ZiXET D, R TEIT 72T 4 L7 U TH O —F
PHASE ##E{TLC, M T#HEREFHETD, 29 LTHELI PHASE OO0 RI52RET TR .,
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11.4.2.5 RV AR ER DT

output001 (ZH) SN B A%

it

—-—— Calculated electronic effective charges —--—-

Zel (

Zel (

2)

4)

(
[
(

[
[
[

-1.
-0.
0.

=7.
0.
0.

00158
00001
00000

31546
45145
25220

HOMRELLTIORT,
0.00284  -0.00266 ]
-0.35464  -0.32379 ]
0.28121  -0.56029 ]
0.50495 0.31818 ]
-8.00477  -0.70090 ]
-0.73456  -7.72450 ]

% A 1 )1V’Calculated electronic effective charges” (1%, XU —(FENSFHE U728 17> b DA RNEM~DE
523 3x3 D18l E L THI & s,
HI D% 2% & 4 FHORHHEE L@ 1IZ78> T D,

"Zel DR DFFANDHORFAL, JRF-OFES T D, BV AR % it

-—- Calculated effective charges ---
2.
-0.
0.

Zeff (

Zeff (

2)

4)

[
[
(

[
[
[

-1.
0.
0.

99842
00001
00000

31546
45145
25220

0.
3.
0.

0.
.00477

-2

-0.

00284
64536
28121
50495

73456

-0.00266 ]
-0.32379 ]
3.43971 ]

0.31818 ]
-0.70090 ]
-1.72450 ]

4 A k)V’Calculated effective charges’dZIZI%, A AL DEMODENMZ., VA RNER
Zeff D% OFENDOF OETIL Zel LRI CERTH S,

NS Tna,

—-—— Symmetrized effective charges ---

Zsym(

Zsym(

2)

4)

(
[
[

[
[
[

2.
.00000
.00000

o

99842

.31546
.45145
.25220

0.
3.
0.

0.
.00477
-0.

-2

00000
64536
28121
50495

73456

0.00000 1]
-0.32379 ]
3.43971 ]

0.31818 ]
-0.70090 ]
-1.72450

%A kV’Symmetrized effective charges”™#%1ZiE, VA I\@Xﬁ’T it Y ks R NS N A B aba VARV S B =i paR

-—— Effective charges of all atoms —---

HA S Tng,
zeff( 1)
Zeff( 2)
Zeff( 3)
zeff( 4)
Zeff( 5)

[
[
[

3.
-0.
0.

o

48362
28013
24354

.99842
.00000
.00000

.48362
.28013
.24354

.31546
.45145
.25220

.24657
.03263
.76225

.41830

-0.
3.
-0.

w O

28013
16016
14061

.00000
.64536
.28121

.28013
.16016
.14061

.50495
.00477
. 73456

.08613
.07365
.14887

.51083

-0.28041 ]
0.16190 ]
3.43971 ]

0.00000 1]
-0.32379 ]
3.43971 ]

0.28041 ]
0.16190 1
3.43971 ]

0.31818 1]
-0.70090 ]
-1.72450 ]

-0.76609 ]
0.07490 ]
-1.72450 ]

0.44791 ]
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Zzeff( 06)

Il
—

|
o

.56433 -1.90192 0.62600 1
[ 0.51005 0.58569 -1.72450 ]

[ -1.31546 -0.50495 -0.31818 ]

Zeff( 7) = [ -0.45145 -2.00477 -0.70090 ]
[ -0.25220 -0.73456 -1.72450 ]
[ -2.24657 -0.08613 0.76609 1
Zeff( 8) = [ -0.03263 -1.07365 0.07490 ]
[ 0.76225 0.14887 -1.72450 ]
[ -1.41830 0.51083 -0.44791 ]
Zeff( 9) = [ 0.56433 -1.90192 0.62600 ]

[ -0.51005 0.58569 -1.72450 ]

% A )V Effective charges of all atoms” DL, FHE L7227 722 MR- D ARV AR ER DFERnORIFRMEZ
FAWTHERR S, T R_RCOFRF ORIV ARERIE T ST D,

—-—— Averaged effective charges ---
[ 0.00055 0.00000 0.00000 ]
Zave = | 0.00000 0.00055 0.00000 ]
[ 0.00000 0.00000 -0.00310 1]

X A k)VAveraged effective charges”™#I21%, NIV ARNEMOTEHENIH T SITND, FEfREAERR T 25
FORNAAERE R LEIED L, BRI bRTI R BAev, AV AR ER O Z KRR
VARNEMNDEIK Z L D FOWE R T L OIMEET S Z ENTE D, BESNIZRL AR ERILS
4 k)V’Corrected effective charges”CA FIZHI I T4,

—-—— Corrected effective charges ——-

[ 3.48307 -0.28013 -0.28041 ]
[ -0.28013 3.15960 .16190 ]
[ 0.24354 -0.14061 3.44281 ]

(@]

Zeff ( 1)

[ 2.99787 0.00000 0.00000 1
Zeff( 2) = [ .00000 .64480 -0.32379 ]
[ 0.00000 0.28121 3.44281 ]

o
w

[ 3.48307 0.28013 0.28041 ]
Zeff( 3) = [ 0.28013 3.15960 0.16190 ]
[ -0.24354 -0.14061 3.44281 ]

[ -1.31602 0.50495 0.31818 ]
Zeff( 4) = [ 0.45145 -2.00532 -0.70090 ]
[ 0.25220 -0.73456 -1.72141 ]

[ -2.24713 0.08613 -0.76609 ]
Zeff( 5) = [ 0.03263 -1.07421 0.07490 ]
[ -0.76225 0.14887 -1.72141 ]

[ -1.41886 -0.51083 0.44791 ]
Zeff( 6) = [ -0.56433 -1.90248 0.62600 ]
[ 0.51005 0.58569 -1.72141 ]

[ -1.31602 -0.50495 -0.31818 ]
Zeff( 7)) = [ -0.45145 -2.00532 -0.70090 ]
[ -0.25220 -0.73456 -1.72141 ]

[ -2.24713 -0.08613 0.76609 ]
Zeff( 8) = [ -0.03263 -1.07421 0.07490 1
[ 0.76225 0.14887 -1.72141 ]

[ -1.41886 0.51083 -0.44791 ]
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Zeff (

9)

[ 0.56433
[ -0.51005

-1.90248
0.58569

0.62600 1
1.72141 ]

11.4.2.6 ¥ HRENINT & BB O )

717 7 4 W"F_MODE"Z &I~

—-—— primitive lattice vectors ---

9.2000000000
-4.6000000000 7.9674337148 0.0000000000
0.0000000000 0.0000000000 10.1200000000
—-——- Equilibrium position and mass of each atom—--
Natom= 9

0.0000000000 0.0000000000

1 -2.1363492140 -3.7002653810 3.3733335670 51196.42133 Si
2 4.2726984280 0.0000000000 0.0000000000 51196.42133 Si
3 -2.1363492140 3.7002653810 6.7466671350 51196.42133 Si
4 2.5110457820 2.2032582310 1.1295693480 29164.94360 O
5 0.6525547100 -3.2762585530 4.5029029140 29164.94360 O
6 -3.1636004900 1.0730003210 7.8762364820 29164.94360 O
7 2.5110457810 -2.2032582310 -1.1295693480 29164.94360 O
8 0.6525547080 3.2762585530 5.6170977880 29164.94360 O
9 -3.1636004890 -1.0730003210 2.2437642190 29164.94360 O

—-—— Vibrational modes ---

Nmode= 27 Natom= 9
n= 1 E IR&R
hbarW= 0.00000000E+00 Ha = 0.00000000E+00 eV; nu= 0.00000000E+00 cm”~-1
n= 4 E IR&R
hbarW= 0.58285132E-03 Ha = 0.15860191E-01 eV; nu= 0.12792108E+03 cm"-1
1 -0.1076861591 -0.0492955392 -0.0289969411
2 -0.0000000001 0.1372246738 0.0579965405
3 0.1076861592 -0.0492955391 -0.0289969411
4 -0.0710674524 0.2294802586 -0.2767253313
5 -0.0266667306 -0.2719065772 -0.0591536507
6 0.3853480075 0.0172331774 0.3358772210
7 0.0710674522 0.2294802589 -0.2767253316
8 0.0266667309 -0.2719065770 -0.0591536503
9 -0.3853480076 0.0172331772 0.3358772209
Mode effective charge and its norm:
Z= 0.0000000000 0.0159080661 0.0000020096 Norm= 0.0159080663
n= 5 E IR&R
hbarW= 0.58285208E-03 Ha = 0.15860211E-01 eV; nu= 0.12792125E+03 cm"-1
1 0.0750340743 -0.1076820548 0.0502260531
2 -0.1114922066 -0.0000000001 0.0000000000
3 0.0750340742 0.1076820548 -0.0502260531
4 -0.2462863619 -0.2627994415 0.2280661351
5 0.2551052896 -0.2184164183 -0.3536922309
6 -0.0340512209 0.1936020463 0.1256104976
7 -0.2462863620 0.2627994412 -0.2280661348
8 0.2551052896 0.2184164186 0.3536922309
9 -0.0340512205 -0.1936020463 -0.1256104979
Mode effective charge and its norm:
Z= 0.0159051835 0.0000000000 0.0000000000 Norm= 0.0159051835

-—— Lattice and static dielectric tensors ---

[ 2.1944 0.0000 0.0000 1 [ 4.7545 0.0000 0.0000 1]
[ 0.0000 2.1944 0.0000 1 [ 0.0000 4.7545 0.0000 1
[ 0.0000 0.0000 2.3874 1 [ 0.0000 0.0000 4.9616 ]
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HE— FOIREL & [EH~7 MV OWIZE— NEEMAH ) ST\ D, Z2DIRIZIE ATV D = DDENE
— NERNERDT SV NEETO =5y T 5. Norm=DRDIEILZDRT MVDORE S ThHD, HED=AT
(A FREREE ) ST D, D 3x8 DITHIDME TR Th D, ANZIZE OIS FERICE FfES
EMATATHINHI ST D, Zinb, BFAERITeY = efff = 2.2,el8" = 24 LEEINIZZ L3V
%, LT, FHEERD e, =€)y = 4.8,€2, = 5.0 72D 2 ENVDD,

1143 5154 : AN DIEEEHDTE
11.4.3.1 FEFIE

AIN OFEEEROFNELZPIL LT, EEEROMAEOHGT 235, £ EEEEGHROEROFIEZ R
‘a—o

1. BRI TS ER A ES D,

2. ST ESICRW T, Mg b E T,

3. nfdynm.data®Dff%IZE) ¥ T D FitiiE COPHASED A & 1ERT %,

4. NU—AAHMFEEAITOT 4 L7 NV berry Z{ERT 5,

5. 74 L7 FUberrylid, Perl2 7 U 7 bprep_zeffplii BT 5, ANDT T L—bETF (L7 b
template_berry & template_scfiZi&# <, AS17T 7 L— MI3. TR Lo A1 &R L TG 5,

6. RENITAZ1TO T 4 L2 bV phononZz{Erd %,

7. 3T LA ZREE L C, IREIRNT, A 2hdfara A & R RSB DL B 2250 3 b D N %Rk

L. 7+ V7 K UphononiZfE< ,
8. J[EEINEMHTEATHIT 4 V7 b VUplezoZAFk L, ZDFIZT « L7 b Vclamped & internal 2 {Ei% 9%,
9. 74 L7 kVclampedlZiE, Perl2” U~ hprep_piezo.pl 345, AOT T L— a7 14 L7
VU template_berry & template_scflZi&E<, AJ17 > 7 L— MES. TR L 72 AT) & fde L CTHERK 9%,

10. 7 4 L7 b UinternaliZid. Perl 27 U 7 hprep_strfrepl BB %5, ANOF 71— R %
template_scflZiE <, AJS)7 7 L— NI TR Lo A& ifRdE L CIERRT %,

11. 7 4 V7 bk Uberry T, prep_zeffpla 54T L C, HEZFETO=HDPerl 27 U 7 hexec_zeff.pl & FEIZ
FERT D AT EERR L., exec_zeff pl & ST U CHRIEM IR I/ —(FHEZFHRT 5, 725,
prep_zeff.pliZ$HOME/uvsor_v342/biniZd %,

12. 7+ L7 U phonon CHEENENT O 7= D IIFHEE1T 5,

13. 7 4 L 7 KV piezo/clamped T, prep_piezo.pl Z# E1T L T, HEFEITDOZDDPerl A7 U 7 |
exec_piezo.pl & ERKMNT DA ZAERL L. exec_piezo.plZ FAT L CTA A v EEEEEHOFHFI
oY (B EFHET 5, 7235, prep_piezo.pliX$HOME/uvsor_v342/biniZd 5,

14. 7 « L 7 | V piezofinternal C, prep_strfre.pl #3217 L C, HENFEITDOLHDPerl 2 7 U 7 K
exec_strfre.pl & FEB AT D AT 2B L. exec_strfre.pl 23T L CONT - JIfE A O FHRI V3L
RIRNET D %3RS 5, 7285, prep_strfre.pliZ$HOMEvsor_v342/biniZ& 5,

15. 7 ¢ L7 | VU phonon CHRENMEHT 21 TV A2 T Y —(7FH & O B i S S A iAo CHEBES
FHRT 2,

LA TERRE L 2SR LI DWTE, PHASE O~ == 7 V& RLE, 3. CIIF - DEEEET 1L k
JEFEC A9 %D T, coordinate_system % cartesian (ZRXET 5, LBEOHIT, 4 225 151250C, NAIZERA
T %,

11.4.3.2 NV —(ifHE

ANOIEY J7 L FRFIEIIRE FFEF R OGS LT3, AT + L7 kU samples/lattice/AlN/berry
[ZHV £7, AN DY, prep_zeffpl IFIRO L HIZFETI UL, IELWEERDGHND ATIDMERLTE £,

[prep zeff.pl 0.1 'l 3' '6 6 15' '6 6 15' '6 6 15'

RN 01 aw& L, 1%&H & 3FADF ORIV AREMEZEBRIFHRT 2 &5 IHELTHET,
nlxn2xd [FTXTOHRT6x6x15 & LTWET, HEiE 1Bz exec_zeffpl ZRO L HIZFATLTLE
éb \O
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|exec zeff.pl phase ekcal 1

BBD 11E 1 MPLIH TR Z L 2HEE L TWET, ZOASTIdEK TMPL 5 £ TfEETE £1,
11.4.3.3 K& -IREMIRHT

ANOEY FEHEFEEIBEFFFERHEOEALFR T, ANDBIRT L2 Y
samples/lattice/AlN/phonon (28 ) F7°, ZOFHENTE T LB CHRFFEREFET LI ENTEET,

Wurtzite structure

Wyckoff positions:
Al (2b): (1/3,2/3,0)
N (2b): (1/3,2/3,u)

X 11.5 Wurtzite #1&D AIN

11.4.3.4 [FEER DA A HEHEO 5

T4 V7 M berry IAFRL LT AT o7 L— M LT b D% T 4 L7 1V piezolclamped (ZER% L £,
JEF-DOFFE INEEEE AT LE T, K4 1TRTHED AIN OB, RO L DI/ 0 £7,

atom list{
coordinate system = internal ! {cartesian|internal}

atoms{

'#tag rx ry rz element mobile
0.3333333333 0.6666666666 0.0000000000 Al off
0.6666666666 0.3333333333 0.5000000000 Al off
0.3333333333 0.6666666666 0.3820000000 N on
0.6666666666 0.3333333333 0.8820000000 N on

}

RV AARNEFIORRETIIRND T, 22N S EDANNINED Y E¥ A, EEERATET 25613,
pua B EWDTZODLL FITRT AT/ ) £,

| strain{
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sw_strained cell = ON
ell = <E1l1>, e22 = <E22>, e33 = <E33>
e23 = <E23>, e32 = <E32>
e3l = <E31>, el3 = <E13>
el2 = <E12>, e2l = <E21>
}

<E11>7¢ &1 prep_piezo.pl IZ L > TEX X HIVT, EEEIEH SN ATIBMERSVET, NV —(HFE
DAINFAN G OFHE DA L [F U T,

Berry phase{

sw_berry phase = on

g_index = <G_INDEX>

mesh{ nl = <MESH N1>, n2 = <MESH N2>, J = <MESH J> }
}

prep_piezo.pl MFiAIATeANSIT > 7 L— RMER L7256, prep_piezopl Z3ATLET, SIEETITTIC
prep_piezo.pl ZFHTT % &, FIEDERIELNET,
prep_piezo .pl STRAIN INDEX LIST MESH1 MESH2 MESH3

STRAIN |ZOTHOK X ST, INDEX_LIST 1355 T/ O A OfgIzonofetio U A ~¢9, MESH1
72 813 prep_zeffpl LR UTT, AN OEA, RO L 9T IUTEBREROFTRNTXTORS e, €33, €15 %
AETEET
prep piezo.pl 0.01 'l1 3 5' '6 6 15' '6 6 15' '6 6 15"

OTHORESE 001 & LT, FECROVOT A Fe, €3,65 & LTWET, ARSI H7- exec_piezo.pl 2K
DEINTFATLETS
exec piezo.pl phase ekcal 1

B%O 1IX 1 MPLIHICHEAET S Z EAEEL TWET, ZOAITTIIHRK AMPIL I E THRETE T,
FEGE T35 & berry.data 78 piezo/clampled 7 L7 b UIT/ERRENE T, ZNE scf 0 T4 L7 KU IC=
v — LT, AJJnfinput.data |

Postprocessing{
polarization{
sw_bp property = ON
property = piezoelectric const
}
}

HEXIMZF7, condition ZLL FO L HITEEEZ T, MeiatE2ITWET,

Control{
condition = continuation

}

/) output001 (ZIRD K 5 I FEFEEE DA L EEHEOMEANH ) SHVE TS,

=== Piezoelectric constant (C/m"2) ===

1 -0.0000488692 0.0000008508 0.2508631403
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000015381 0.0000020659 -0.3977128777
4 0.0000000000 0.0000000000 0.0000000000
5 0.3321219558 0.0000004282 0.0030073377
6 0.0000000000 0.0000000000 0.0000000000

FNTEND xyz HEICHIE L TET, ZOMBEBEROA 4L EEEOMM P = 0.251C/m?,

el = —0.398C/m?, efY = 0.332C/m? THHZ LEFRLTNET, BThHHINX L IAREITR>TNEY
A, FAUTEERHRREEIZ LD DT,
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11.4.3.5 JFEEB O OTHIEDE

prep_strfre.pl 235tAATe A)7 7 L— K template_scf 137 1 L7 b clamped (2B L7z b D% a2 2 — L TE
LTS 7EENY,

cd piezo/internal

cp -R ../clamped/template scf .

prep_strfre.pl 25 BAHFFIETT L L. SIEOERIRONET,

prep strfrc.pl STRAIN INDEX LIST

SIEDERIL prep_piezo.pl D5 LRI U T, AIN DA, RO L HIIFATLET,

prep strfrc.pl 0.02 '1 3 5'

OB IR BTER & 720 CRtET 5 L X2, RESDFRIUELAOUTAT, fimzHstEd, 2007
FORE ZH 00212 L TWET,  EENTz exec_strfre.pl ZRD X HIZFETLET,

exec strfrc.pl phase 1

BA%D VI 1 MPLIHITEHEAET 2 Z EAEEL TWET, ZOASTTIIRK 6MPIL I E THRETE T,
HENETTHE, T4 L7 MY piezofinternal (T strfre.data 2MERRSNVET, ZHET 4 L7 kY phonon (2
at—L%J, 74 L7 Y phonon (ZFY . AJ)nfinput.data KD L 9 IZEHEHZ F7,

Phonon {
SW_phonon = on
sw_calc force = off
displacement = 0.05
sw_vibrational modes = on
sw_internal strain piezoelectric tensor = on
}
Postprocessing{
Polarization{
Sw_bp property = on
property = effective charge
}
}

sw_calc_force % off & L.sw_internal_strain_piezoelectric_tensor % on & L.sw_bp_property #on & L7,
phase 2347 L T 5105 H 7] output001 [ ZIRD X 5 2R EFEEE OO BIEOEN ) S E T,

=== Internal-strain piezoelectric tensor (C/m"2) ===
1 0.0000000000 -0.0001106316 -0.9017585866
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000000000 0.0000000000 2.0047352963
4 0.0000000000 0.0000000000 0.0000000000
5 -0.6775051139 0.0000000000 0.0000006994
6 0.0000000000 0.0000000000 0.0000000000

FIALEDS xyz HINSHELTES, ZOMRIERELONIOTZHEOMHe 2t ef)) = —0.902¢/m?,

ell) = 2.005¢/m?

A, ZIUIBIERI RS L D b DT,

AIN O EEBEROFHEEREZFRIICE LD TORLET,

FIARERIIFIRE — L TWET,

# 11.2 AIN OEER$(C/m?)

e = ~0.678C/m? THHZLEFLTOET, BTHHX L ZARER->THEE

%) A A PO A X ES A
es 0.251 -0.902 -0.651 -0.58
ess -0.398 2.005 1.607 1.55
ess 0.332 -0.678 -0.345 -0.48
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11.4.4 5HEH| - GaAs-HFEEEHE
11.4.4.1 Y —(\rFEEE

AV —NAHFHET ekeal 2 HWTITWET,
F9°. GaAs FESEORNLV U AREMEERDDDICHE L INDHRY —(AHOFEEIT O 7201,
samples/lattice /GaAs/berry &\ 97 4 L7 R UITED £7,
cd uvsor v342/samples/GaAs/berry

ZZiE, R —HEFEO AT T 7 L= RN HITU S template_berry & XY —AFERHEDO AT E L
THZ2 DEAFBEELZHE TS SCF HEDASIT 7 L— b template_scf (IZIH BN TWVET, ZnbD7 7
A MIFEBIAERT D AT 2B 2 Perl 227 V7 | prep_zeff.pl &ML ET, F9. template_scf IZH D
nfinput.data (Z13@EHF O SCF FHRDOAT LiEW, Ji1% XY, Z HaNIEMSELH7200, sihndby £, £
AU, atoms 7 1 v 7 OIRIZEDITOET,

displacement {
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

displaced_atom (ZIFZENL SH DT ZHEE L, U OEAART MVIRT 7V NEEDORY N U ux,uyuz) & T
HOE LT, uxuyuz AN LET, (7272 L. coordinate_system | cartesian (272> CWHHDE LET,)
displaced_atom,ux,uy;uz (ZI1Z<ATOM_ID>,<Ux>,<Uy> <Uz>NEE SV TOETA, ZiuH i cale_zeffsh
DEBIMERTDANZIEDL LB E R FTOT, LT ZDOI AN LTLLIEEN,

template_berry (24D 53V TS nfinput.data 2 .25 &, U —(AHFRAEITO & ZNTHBE L 725X 73RS
MY ET,

Berry phase{

sw_berry phase = on

g _index = <G_INDEX>

mesh{ nl = <MESH N1>, n2 = <MESH N2>, J = <MESH J> }
}

g index |JITHE A7 "V DA T w7 AA, 2, £ )EEELET, 7127 mesh Tlid, kZEHIDA v~
YaZznln2d THRELET, n1,n2 (X scf FHRDORFE FFEEEIC LET, JITENLY b 351D 5FRE LD
F7, g index,nl,n2,J (Z1F3<G_INDEX>,<MESH_N1>,<MESH_N2> <MESH_J>23MEE STV E T8,
B prep_zeff.pl BNEFIFEHTHATIEED L ZITEZHZFTOT, LT ZOLHITATI LTSN,
7 4 L7k UIZ$SHOME/Mvsor_v342/bin & % prep_zeffpl ZLLFD X H1ZFATLET,
$ SHOME/uvsor v342/bin/prep zeff.pl 0.05 '1 2' '4 4 20" '4 4 20" '4 4 20

—HH OB EDIFEFENETH Y . ZFHOBIHED RN A RNERZ AT DR DOFSD Y A T, LD
ZOO5# T, nl n2 SORRIZA » 23T 2= @I n2 ) EARE L ET, BHIDOA v a/37 A—H—F—
FHOWE 7 MUK L CHEHSNET, OXE3FH, ZORIE=EH &0 LTI b CnE
T, FEEORRICIATT D & AR 0.05 bohr (2721 | 1 & HDF{(Ga) & 2% H DI (As) DAL H%h
BMERHELET, O 7 MU L THE,4,20) A v a’T A—2—pEHsnEd, 20 Perl A
27 U7 M template_scf & template_berry 22 LT, FEIHEHT LA LA L £3, EERICEHT LA
FiF sef_a0,...berry_a0_gl,..E\ o727 ¢ L7 R UIZEDNET, ZIHDT L7 kY T phase £7213 ekeal
AT LTI 0 FHAN, ZEITH Perl A2 U7 | exec_zeff.pl VERSIVTWETOT, ZNELLT
DEHITLTETLET,
$ ./exec_zeff.pl "SHOME/uvsor v342/bin/phase" ¥
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"SHOME/uvsor v342/bin/ekcal™ "1"
ZDAY VT NOFATHINETT 5 & berrydata &9 7 7 A WDVERRSIVET, AU, AV A RS R A
HEFTHI2DDRY —(HOT —Z DD HALTWET, 4% phonon 7 1 L7 hIZa—LET,
$ cp berry.data ../phonon

11.4.4.2 JRENIENTIS L ONE T B sRa A
W, IREMENT 21797 4 L2 R Y phonon I £,

$ cd ../phonon
ZO7 4 V7 ~ Y@ PHASE O AJ] nfinput.data | ZIZHRENEMT 2 Hf#5-% Phonon 7 & v 7 3% 1 £,

Phonon {
SW_phonon = on
sw_calc force = on
displacement = 0.1
sw_vibrational modes = on
point group = Td
sw_lattice dielectric tensor = off

}

GaAs DOHEE D SEILT, T 5 D T, point_group ([ZZ N EHE L TWEJ, sw.cale force &
sw_vibrational_modes 73 & HIZ ON (272> CWAD T, IRENENTOT= DD IIFHEZ4TV, FHN T _THET L
e bz, IR TIOIE TS,
SCF #HAT o7& & LRI UARIC LT, PHASE #34TL T 72 &Y,
% mpirun -np 1 SHOME/uvsor v342/bin/phase

ZDRMEDNEI D & force.data I SHUET
HeD AT sw_cale_force Z OFF (2L, sw_lattice_dielectric_tensor % ON (Z L C., KFibEREHE L £,
berry.data Z#iimAANEMZFHET 72012, FRLOREIZ sw_effective_charge 2 ON [Z L7Zgi AU g%
A

Postprocessing{
Polarization({
sw_bp property = on
property = effective charge
}
}

JelFE E L RRRIC PHASE 237 LE 9,
% mpirun -np 1 SHOME/uvsor v342/bin/phase

ZORED DD & 17 7 A /1 mode.data I THRBIMENT ORGSR, T— NARNER, HFERSH S E
‘a—o

n= 6 T2 IR&R
hbarW= 0.12314123E-02 Ha = 0.33508432E-01 eV; nu= 0.27026376E+03 cm”™-1
1 0.7197015024 0.0000000000 0.0000000000
2 -0.60942836217 0.0000000000 0.0000000000
Mode effective charge and its norm:
Z= 0.3438767680 0.0000000000 0.0000000000 Norm= 0.3438767680
--— Lattice and static dielectric tensors ---

[ 1.8176 0.0000 0.0000 1 [ 1.8176 0.0000 0.0000 1
[ 0.0000 1.8176 0.0000 1 [ 0.0000 1.8176 0.0000 1
[ 0.0000 0.0000 1.8176 1 [ 0.0000 0.0000 1.8176 1

IRBIEIT 72T AT 72 & & LITED, FT— FOIRBEL L EH~7 MLORICE— MARIERAH) ST E
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T, 7= DRI AT D = DDNEINE— RERNER DT 1V NEECO =R T3, 'Norm=DIRDfEILZ D~
0 MLORE STT, GO ARG FHRBERNEI SN T ET, 0 3x3 DI THIIE TihER T, Al
i%@%%m%+ CEFHEREIMZ AT SNET, ZOETIR, EFFEREAT LR o7ed

. BFHEREOMEITE IR TOWET, BFFERIT 1.8 LR INTWET,
T/l//ﬁfﬁ?éﬁ I output001 |[ZH TSI TWET,

—-—-— Corrected effective charges --—-
[ 2.06653 0.00000 0.00000 ]
Zzeff( 1) = [ 0.00000 2.06653 0.00000 1
[ 0.00000 0.00000 2.06653 ]

[ -2.06653 0.00000 0.00000 1
[ 0.00000 -2.06653 0.00000 1
[ 0.00000 0.00000 -2.06653 ]

Zeff( 2)

‘Corrected effective charges’' &9 %A MLVLL FIZEDL TS 3x3 DITHINA IV HREmT > Y LT
o "Zeff OBRDFEINOFOFFIFFDFEFTT, Ga il FORNVAEMIT 207 LFHE I, As DALY
BREmNE-2.07 EEHEINTWET,
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11.5 UVSOR-Berry-Phonon (2XBhR)

11.5.1 #=

prep_zeff.pl, prep_piezo.pl 72 D Perl 227 V7 haFIH LT, ¥ Fihm O EEROR R AT 5 kA
LE L7, PHASE N—T 3 12 0000F, ZHD Perl 227 U7 hafta L, SOITHIEEZ ERSEH LW
A7 V7B, berrypl 2MPELTWET, 22T, 2D berrypl A7 U7 ORI GEAZRALET, 728,

PIRIOD/S— 5 b 8- 72 prep_zeff.pl, prep_piezo.pl 72 £ D Perl 227 V7 MO LTHIFATHZ & & AHE
<7,

1152 ERAAE

berrypl A7 V7 sOFHFEEZALET, EAWRENS (T 7 L— NATIT—% OFEOH 72 ) 1%
LI A7 U7 b ERRETTAS, X0 FERAHIEINATRE & 72> TOET,

11.5.2.1 %
berrypl (Z X DEFRAATHRNG, [T T L—bMANT 7 AN M LTeT 4 V7 N —%, FHTLIEWEHEIC
WU THERRT DENRH Y £, LA, 7F—AZT LT 7 v— AT 7 A NVOVERFIEATIA L E T,

(1) AV BIERIMEEI2RY —NFIOREZIT O 56
NIV AR A FERT DT DI I e Y — (A, 8RR L EEER O OT ZIHDF R EE
TT, M BEMCRNT N TORT% xy,z D 3 HEIIEM S, I LKA D —AT 3 DOifikg 1
7 MSHIET ) —(FHE R D 0ENH D 9, B2 SHRNT— A B MEROT, X 3X3+
SFEFADANY —(FEA R D5 A Z TV E TS,

® SCFitHDT v 7TL—hT L7 RY—

%7, %D PHASE @ SCF fHRHADANI 7T =2 HE LET, R, St isiitnsd b
DERELET, £, BEROXIIIRTFAEZASELDT, MO EIXThRWE I LEST, ZOAT
T—H %, fEEDOT 4 L7 M) — (J=& 21T template_scf) (ZiEE £, file names.data 7 7 A /L& lFEE D
EEET, ZOANNRTA—=H—T 7 A M, LLFZEMAET,

structure({
atom list{
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

1
}

<ATOM _ID>, <Ux>, <Uy>, <Uz>13 berry,pl (= & > CEBFIIT DB S Mz 5D T L—AAL & —T
T, KR, INCFOEN b ED, 2O ISR S 0ERH Y £,

& U—NHHEOT T L— T L7 Y —

O, RU—AHEREHAOT 7 L— 7 4 L7 FY— (72 & 213 template_berry) %, SCF 7> 7L —h
FA4L7 MU —LRUBBIERLET, 20T L— T4 L7 FU—DTFIZ, ekcal FADASIT—H %AE
R LET, WEHD ekcal A, LAFEINZET,

‘ structure({
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atom list{
sw_displace atom = on
displaced atom = <ATOM ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

Berry phase{

sw_berry phase = on
g_index = <G_INDEX>

mesh {
nl = <MESH N1>
n2 = <MESH N2>

J = <MESH_J>

}

<ATOM_ID>, <Ux>, <Uy>, <Uz>/Z SCF R DA L[ CTY, <G_INDEX>, <MESH_N1>, <MESH_N2>,
<MESH_J>IFFHEFATIRACAY —(AHF RIS B A > ¥ 2 NT A —F —|ZEE WD LT L — AR NVH—TT,
KIF, INCFEORENSED, 2O ICERlR T 50508035 0 £,

F7-, file names.data [ZLL D X S IZFlh T 24BN H Y £9,

&fnames
F _INP = ‘./nfinp.data’

F CHGT = ‘../<SCF DIR>/nfchgt.data’

/ |

<SCF_DIR>3, FHFEITRATKIGT D SCFRIAT 4 L7 R —RITEEHD 57 L —AdL 2 — T4, KIUF,
INEFOEN S ZO, O YRR D MERH D T,

(2) JEBEEOA A U EEHOFHFIINE /2R —(ABZ AT 255
JEBEBRDA A EEEA AT DA, OTh FTORY —(HARSEL 720 £9, SFRMD 012725780
OFT BB EFREL, FOT AN LT 3 DDOWHE AT NUZE ST —(FHEFR L ET, SEaN
V(AR T, BT —42 & L TOT A TORUVSERDRY (A G FET D DT, “01272 B2V Iy DO < 3+37
T, ZOREOEA Y, RILUEHMOYA L FEREC SCF #HEMB LW —(fHEHE DT 7 L— b o
L7 MU —ZERR L ET,

® SCFEHERDOTFL—hF 4L FU—

VB OG AR 2N STTFHEZITOE TN, [EEEEOA A U EEEOY A TN Z O3 E872
HREITOET, RALERNEMDOES LIFC L 912, SCFHEHDAI NG A—=F—T 7 A VT T L—h
TA4L7 N)—OTFICEE, UFOX I RRELLE T,

structure(
strain{

sw_strained cell = on

ell = <E11>
e22 = <E22>
e33 = <E33>
e23 = <E23>
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e32 = <E32>

e3l = <E31>
el3 = <E13>
el2 = <E12>
e2l = <E21>

}

<E1l>, ... ITHEFTRHGRE LIZOTARIIEE D 5 7 L — ARV A —TF, KICFE, /NCFOENBED,
Z D@D IZFER T A MENH Y 1,

o ~V—(HEEDOT S L— 4Ly N —
PV ABNEROAE LR X 91T, ekcal FIDASINT A =2 —7 7 A VA —(ARGHE I ER L7=7 >
TL—bF 4 L7 N —DFICEE, UFOXIFRELET,

structure({
strain{
sw_strained cell = on
ell = <El11>

e22 = <E22>
e33 = <E33>
e23 = <E23>
e32 = <E32>
e3l = <E31>
ell3 = <E13>
el2 = <E12>
e2]l = <E21>

Berry phase{

sw_berry phase = on
g _index = <G INDEX>
mesh {
nl = <MESH N1>
n2 = <MESH N2>
J = <MESH J>

}

<E11>,..1% SCF #HHE LA L AT, £72, <MESH_N1>, <MESH_N2>, <MESH_J>|37R/L B4
ARk, FHREFATRHCARY —(MFED A v v 2T A= — @& b 3, F72, RV BRRIEOSS
L Ak file_names.data [ZLL D X S IZERR T AR H 0 £,

&fnames
F INP = ‘./nfinp.data’

F CHGT = ‘../<SCF DIR>/nfchgt.data’

/

(3) HEEEEONEHOT HIALFHE T H7-DIlongily, O FCORANEFHET 256
ZO%E, VERT D BN B HDIL SCF RO T 7 v— o L7 N —DORTT, 77— 74 L
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7 MU —Z1ERk L, DO FIZi@s D SCF fHEHDAS )/ RT A—4—7 7 A )L L file names.data 7 7 A /L& (& &
*9, SCFHEHDAS)IRT A—=H—7 7 A JUIILL FONKEZ BN L £17,

structure(
strain{
sw_strained cell = on
ell = <E11>

e22 = <E22>
e33 = <E33>
e23 = <E23>
e32 = <E32>
e31l = <E31>
el3 = <E13>
el2 = <E12>

e?2l = <E21>

11522 @ ba—)L7 7 A JLOFCR

berrypl DIRAENL, 2 ha— LT 7 ANV L THRELET, 72820, UFOX IR0 5 #
THREDL I AL ),

#overall control
property = zeff
cpumax = 1000

#directories under which the template files reside
template scf = scf
template berry = berry

#parameters for the berry-phase calculation
atom list =1 3

strain list =1 3 5

displacement = 0.1

strain = 0.01

meshl = 6 6 15

mesh?2 = 6 6 15

mesh3 = 6 6 15

#execution control
np = 4

ndir = 2

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
0.0 5.01 0.0

b vector
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| c vector = 0.0 0.0 5.01

ZOBINEDND LIS, NTA=F=1DIHO& ITZHML, “F—U—F=l" LW HBNT/RTA—=F—
ZHELE T, FIHTELF—U—FEZDOT 7 4+/L MEX TNREDEY,

F—U—FK

Wi

property

EDX I BFREEITODERELE T, zeff, piezo, strfrc DUWNTIUNTT, zeff &
RET 2 RN AREFMAONY —(AHEHR, plezo &5 & OSEEEEDA A
VEEEOFHEIIBLELROT I FTORY —AHEHE, strfrec 2785 & [EEEHD
WO T AIHOFHRIZML IR OT B F COJRFSIOFFEEIT O Z L 2ET S
LT ET, T 7 4V MElE zeff,

cpumax

FHEORKEFZRDORA THRE L E T, 22 THE LR L Y HR0ERH R
WA, BRI A0 T LET, 0 UUTOMEAIEET S L, ZO&MTIEEr
BT T LUEYA, 77 4/0 M1,

stopcheck

RS IR AT T2 L QDI E I e T = v 7 T DR E P OBAL CHE L £
3. T 7/ Ml 10,

length_unit

ay hr—nA7 7 A NVHIRIHSND R SOBLAZTEE L E T, bohr, angstrom,
nm OWTINEFEELET, 7 7 4/L MEld bohr,

template_scf

SCF #tHEHOT T L= T4 L7 M) —DT 4 V7 N —REEELET, 7
7 4V MElZ template_scf,

template_berry

NY —(flFHEROT o L— F 4 LY N —DF 4 LY b —&EEELE
7, 7 74 /v MElX template_berry,

atom_list B EBBFTOID %, ZZAKY)Y THEE L $£ 7, property=zeff DIFEVIHDTE
ETT,
strain_list O A EZEARG)Y THRELE T, ®SE, ®O#EY T,
1 — 11 &4y
2 — 22 5y
3 — 33 Aoy
4 — 23 Ff5Y
5 — 13 ko
6 — 12 By
property=piezo 335 strfrc DEFAVAEDIRETT,
displacement JRA DN EAFETE LE T, property = zeff DIFAIIEET HHLERHY £, 7
7 # /v MElE 0.1 bohr,
strain O HDEZHEE L £, property = piezo 38X strfre DA THGET HE)
HYFEF, 774/ MEIZ0.0L,
mesh1 1FEHOWRE AT MUTR ST —(HFERHED A > 3 237 A—H —% 72X
BT nln2d OEHIHEELET, property = zeff 385" piezo DA VZED
FRETT,
mesh?2 2% HOWHEFT NI ST — (R D A v 323G A—F —%Z2 X
Y10 T n1ln2d OLHIHEE L E T, property = zeff 3L piezo DIFAVZED
FRETT,
mesh3 3EHDWHE 1T MR Te XU — (R D A v v a/XT A—2 —&78H X
P10V T n1n2d OLHIHEELET, property = zeff 351N piezo DIGEWIED
FRETT,
np MPI 7't 2 & e LET, 7 74/V MElT 1,
ndir T4 L7 M)A EELET, T 740 MET L,
ne N RWHEERRE LE Y, T 740 MEIT 1,
nk k s EfRELET, T 740 ML 1,
ne b A —(AHFERHNC I D30 RIS EFRE L3, 7 740 MEld 1,

scf_command

PHASE O3FATHEEAfRELE T, 72& i,
scf_command = mpirun —np NP phase ne=NE nk=NK
e LEREL £, NP, NE, NK (3, FHRIATRHC B3RO np, ne, nk (ZE S H#iHY
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F9, 270, T4 L7 U —IHIOEIZ L > TUT “BED” BRETDHZLEND
D, ZOEAETIne=NE nk=NK [3EIE SN CTHEIRAINET, T 74V ME
IZ mpirun phase T7 723, FJH L T ABREECE LY CHEIRTEEZ T 20BN H
nET,

berry_command ekcal DFIATHIELAFRE L E T, 72& 2,

berry_command = mpirun —np NP ekcal ne=NE_B

MEELELET, NE B (IO ne b [c@E&#b0 £9, 77 40 MElX
mpirun ekcal TH 523, FIHL CWBEREICA DO CHEYIEEEZ T2 01 H

nET,

a_vector a o =y EZEAXYI) THRELET, YETIIH Y FHAN, HEL TR &
ARY—NHHED A v 28T A—=H —OBMREZFEH L £,

b_vector b #liD> =y A ZEHX)Y TIREL T, MAETIEOHY THAN, FBEL TR &
ARY—NHHED A v 2857 A—=F —OBMREZEZFHH L £,

¢_vector CHAD =R A ZEAXEIY CHRE L £T, LATIEH Y THAN, fREL T &

ARY—(FREEDRA v 2T A—F—DBEREZET LET,

11523 27 V7 FDFAT

berrypl Z5 72 LTIITTHE, LFTOX IR A v E—U0NME00ET,

% berry.pl
Usage : berry.pl control [OPTIONS]

FHAC o b= T s ANDT AN ERREL, EOICKEIISUTAHT Y a o248 L CHIEd 511
FHANZ I > TNVET,

UTDXokha~vwy REETTLHE, av ha—IL7 7 A )LOFEIR & AT DO TVET,

% berry.pl control —--mode=analyze

PIFOL 7o~y REEITTHE, av ha—nLT7 7 A VOFREfTOS &, FEHAOT 4 L7 N —DfE
A EhE L £,

% berry.pl control --mode=gendir

PIFOL 7o~y REEITTHE, av ha—nLT7 7 A VOREfTOS &, FEHAOT L7 N —%A1E
L, SOIGRHREEFATLET,

% berry.pl control --mode=exec

--mode A7 a DT 7 /v M#lX gendir TY,
11524 HHEDA b 71) AZ— k

FENEL, BLFOSREOWT DN STUTE T LETS

® T TORENMNET LT,

® /L7 7 A /)LD cpumax CTHE L7-RHH A2 RO 2 72,
® (EET L7 RU—|Tstop EWVVHIAHIDT 7 A VIMERRL ST,

—%, UAF— MIFAGREZITOT ELIATEINE T, FHEERINLLDE LIZWEEAY, F3 U Foa~
VRICESTEERT L7 Y —RHIBRLET,

% berry.pl --clean

U 2H— NI, Wl OREOLESITT 4 L7 N —HALTOU ZAZ— kR0 ET, Thbb, 574417 k
U —ZBWORT TR SN ERIL, TDOT 4 L7 b =B TR BIThIET, &7 4L 7 U —IC
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BIFOEHEZ b L TTHO5AIE. 7o 7' b= RATIDATI NG A—=F—7 7 A ML FORGEZ el § % s
Y £,

SCF #IHRO%E -

control{
condition = automatic

ARY—NHHFHEOEA

control{
condition = fixed charge autotmatic

ZOEIRRELEM LTI Z IR T, BB RTRED & 9 7% PHASE 24T L, WIREZ85A 1 3kgR
BEFATT DIV ET,

11525 FEEA
(1) ~NU—[ARERADOA v 2
AU —(FHOFRIZBNTIE, ®5 e Lo iig 17 MLb, ICHREZRE O & b, i T4 035 T

SNET, EESDOA Yy 2% nl n2 T, FEOOA v =2k THRELET, b LS 2 SOifilk7~7 b
b.

N b5 k) % b ICERAECE Ly ML, by —|b;|cos W . ISTERO A ¥ 2 DR

D OIHEL 2 BOTEDREDOIDET, BHND/TA—5—F, b ORS% S LISWELET, 2 ba

—/L7 7 A JUZ a_vector, b_vector, ¢_vector DFFEZTT->THL &, ZORIDHE (bohrl Bifir) &ZZnb
AL DNDBBEDA v 2T A—F—nLUTO XY IEERIICH N ESNET (b ETRRETHY, 15
DIDREROZMEERFET HHOTIEH Y £HA),

|b parall, |b para2| and |b _perp| (in bohr”-1 units)

for reciprocal vector no. 1 : 0.172224346323159, 0.107572987734313, 0.198867545420854
for reciprocal vector no. 2 : 0.172224346322494, 0.107572987734313, 0.198867545421622
for reciprocal vector no. 3 : 0.198867545420854, 0.198867545421622, 0.107572987734313

reference value for mesh parameters nl, n2 and J
for reciprocal vector no. 1 : 8, 5, 19
for reciprocal vector no. 2 : 8, 5, 19

for reciprocal vector no. 3 : 9, 9, 10

(2) AN UEMERET D & EITRET 2T
PV B OFHFEEAT I BITIRE T 2 EA1E, SFMENDEM CRWRFOLEZRE LT EHliR 2 feE
LCHREFITIEL L THN, RERHFAEZETTHZ L0 £9), 72E 20E, SiO DA S & O 2 Ehnnl
DT OBUET,

(3) W HEDOIEE
AEHIDFEENL, LLAFANMZ S5 L9 I1ATo T ESNY,
SCF 5D s np=ndir X ne X nk
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AU (IR OGS : np=ndir X ne_b
Z ORI L72WEA, berrypl 1IZZFOEEH UK T LET,

1153 51EHIRE : AN DIFAEER, EEEH

BlEE LT, AIN 200 BP9, AER, JEETEOA 4V EEHE, EEEEOWNEOT BIEDHER] %
T LET, KA, T REFRENLVDT, 1 A7 v 7Tl L D& ET,

11.5.3.1 AIN O FiEER

(1) F&THRENFT
TN, B THEERT 21TV F 37, AIN/phonon O NI THEENEIT AT 5 T2OD AT 1T —Z BB TNET,
Z OFFEY, @O PHASE OFtHE ERIC X HIZSATLET,

(2) ~VU—(AHOFHA
DN, XY —(FIDOHEEITNET, FFATAIANT 7 L—FF 4 L7 FU—i%, AlNberry LA FIZH Y %

o

~al

% cd AlN/berry
% 1s

control template berry template scf

control 7% berrypl ®=1> fa—/L 7 7 A /)L"CY, template_berry, template_scf |ZZNZI_Y —(AHEB LN
SCF #HEHDOANT 7L —brT 4 b7 M) —TF, TONEEHLD L, ANINTA—=F—T 7 A4 I
<ATOM_ID>, <Ux> 7 &, @k D PHASE OFE TIIRH LW SCTFAI R TE £, 60T,
berry.pl S THFHZIEY)ZREIZE S HD DA A2 > TOET,

control 7 7 A /U, LAFDL 9 72NETT,

property=zeff
cpumax=10000

template scf = template scf

template berry = template berry

atom list =1 3
displacement = 0.1
meshl = 6 6 15
mesh2 = 6 6 15
mesh3 = 6 6 15

np =8
ndir = 2

ne 2
nk =2
ne b =4
scf command = mpijob /home/jkoga/phase/noncol/src2d OPEN/phase ne=NE nk=NK

berry command = mpijob /home/jkoga/phase/noncol/src2d OPEN/ekcal ne=NE B

ZDH L, BETDHMEENG HOIFIFATHIER>T9, np, ndir, ne, nk, ne_b ZFf L72\ > MPI 7't 2$12&
POETHRELET, £/, scf command (Z PHASE O3 7/57E%, berry_command (Z ekcal DFEATHIEZRE
L%,

% berry.pl control --mode=exec
Ay ba— 7 7 A VOFATHIEE T 2w YN L2 5, LUTORE T berry.pl Z2347L £7
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oI, 1FBE 3HFHOFET (Al & N) 2B S TR —(AHOHEZITH> DT, 55T 7D SCF

FE 21 OV —(AHOFHEIM T ET,

i

FHENT TR T2 &, 1BET 4 L7 b U —IZberrydata &) 7 7 A /VDMERSAVET DS, A48 FiRE)

it aAT o727 4 L7 b U — (ZOFITIE AlN/phonon) (Zat™—LET,

o

% cp berry.data ../phonon

(3) M THEFROFA

WEAFIRENRT & U —(AROFHEDHE T30UL, BFAEREA R D7D DOHHITE TOET, £, K1

RIS DT 4 L7 B U —~ B0 £,

[0}

% cd ../phonon

FFARENFHT DOANTINT A—H =T 7 A, LATOEE LT,

® phonon 77 7 @D sw_calc_force % off 9%,
® sw lattice_dielectric_tensor % on &9 %,

® postprocessing 7 &7 O F® polarization 71227 D T, sw_bp_property % on & L, property %

effective_charge &35,

LIS, BB R aRs UE Lic, JRFEORLIZEER 2T 5855 T

Phonon{

sw_phonon = on
sw_vibrational modes = on
sw_calc force = off
sw_lattice dielectric tensor = on
}
postprocessing{
polarization{
Sw_bp property = on
property = effective charge

}

ZORAETPHASE 25T L £9, ZORAEDOAMIIIEFITROOT, W@FEISITHEITT 24EIH Y A,

FHEAEHYT, outputxxx 7 7 /L & mode.data 7 7 A /WTECERSILE T, outputxxx 7 7 A /UL, BRI AR)
AT ORHRARE R TR SN E T, R&RERE, ——- Corrected effective charges ——-MD&H LIZFEES I
T3, SOFIDEE, LLFOX )T UTHE SRV G3hER 22 Z L TEFT BB

Honv 777 A V% output001 & LET),

[o)

% grep —-Al6 ‘Corrected effective’ output001l
—-—— Corrected effective charges ---

[ 2.50954 0.00000 0.00000

[ 0.00000 2.50954 0.00000

[ 0.00000 0.00000 2.64146

Zeff( 1)

[ 2.50954 0.00000 0.00000
Zeff( 2) = [ 0.00000 2.50954 0.00000
[ 0.00000 0.00000 2.64146

[ -2.50954 0.00000 0.00000
0.00000 -2.50954 0.00000
[ 0.00000 0.00000 -2.64146

zeff( 3)

I
—

[ -2.50954 0.00000 0.00000

]
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Zeff( 4) = [ 0.00000 -2.50954 0.00000 1]
[ 0.00000 0.00000 -2.64146 ]

KA ERIY, mode.data 7 7 A /VOEIKZIZ, LT L 9 7ol Trddk S ET,

-—- Lattice and static dielectric tensors ---—
[ 3.7058 0.0000 0.0000 [ 3.7058 0.0000 0.0000
[ 0.0000 3.7058 0.0000 [ 0.0000 3.7058 0.0000
[ 0.0000 0.0000 4.9314 1 [ 0.0000 0.0000 4.9314 ]

] ]
] ]

FERDS 2 MFiR SN ET, 1 DOPMETFHEROFHFERR TN, 2 SOIFEFRFEROGLEDBAT T A —
B =T 7 A Mo T TNV MATRERPH N SHET, SRRNRGE, 1 SO LRICHERBSHASE
—a—o

11.5.3.2 AIN OJEEFEEDA A [EEH
(1) Y —(AHDOFE

JEEBEB DA A UV EEHEE AT H7201201%, OFTH FTORY —(AHDBMNETYT, TOL I 7255 E21TH 7=
DA77 L— b7 4 L7 U —i3 AlN/piezo/clamped L FiZdH 0 F9,

% cd AlN/piezo/clamped
1s
control template berry template scf

o

control 73 berry.pl =1 ha—/L7 71 )L, template_berry & template_scf 23ZIZHY —(AHFHERS X
O SCF SHEMDANT T — T4 v P —=TF, TOWNKEHRDL L, NIRRT A=Z—=T 7 A M
<E11>,<E22> 7¢ &, i@% 0 PHASE OFE CIIFH LW SCFFIMMER TE £ 3, ZILHOXFHIIE, berry.pl
SATRAZE T2 B E o HAFAIH I > TV E TS

control 7 7 A VONEIL 11.5.3.1 DFAE L IFFE U T, LU FIORT X 91T strain_list & strain OREEDL
SNTNDEMERD F9°, F7-, atom_list & displacement [IAELOTIHL THY £ (FEELRH > THH
BEH D FHA),

property=zeff
cpumax=10000

strain list =1 3 5

strain = 0.01

meshl 6 6 15
mesh2 = 6 6 15

mesh3 = 6 6 15

FATHRERR > OA Y, 11.5.3.1 DA LRI L S IATWET,

Ay hr—VT 7 A VOFATHRER > 2 N TR L7 &, LT OEHET berry.pl 2T L £,

% berry.pl control --mode=exec

ZOBITIE, 1, 38,5 KOO THE G2 TR —(iHOHEZITI DT, OTHDORVGEBUVIVTEFF T4 D
SCF 5L 12 DY —(AHDF R T E T,

FHRNT TR T T 58, 1EET + L2 b U —ICberrydata &\ ) 7 7 A AAMERRSAVE TS, Tk scf e0 7
4 L7 hU— (Qerrypl (k> TR ST 4 L7 N —D 1O)Za™—LET,

[o)

% cp berry.data scf e0/
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(2) JEEEEOA A EEHEOFHE
JEEBEE DA AU EEHEL, sef 0T 4 L7 U —IZBWT TV ET,
| cd scf el
ZOT 4 VI NI—ZHDHNIIRT A= =T 7 AT, LLFOEE LN L £,
® condition % continuation & 72,
® postprocessin 7 1 v 7 D FD polarization 7 7 > 7 (ZIVT, 2% sw_bp_property % on & L, property
\Z piezoelectric_const Zf5ET D,
PIFIZ, BARRERENZ2 R LUET, RFECOR UL REZET 55575 TT,
Control{

condition = continuation

postprocessing{
polarization/{
Sw_bp property = on
property = piezoelectric const

}

ZOWRRETPHASE #34TLEd, ZORROAMMIFERITBRNOT, @FIFITHFITT 2 MEITH Y HA,
R outputxxx 7 7 A VT, Piezoelectric constant D@ &IZJFFEHNLES LN C/m2 B, Ciog I E 7,
U FOEGE T Z OIFMER T 5 2 L TE £,

% grep —-A6 ‘Piezoelectric’ output001

=== Piezoelectric constant (a.u.) ===
1 -0.0000008823 0.0000000060 0.0043842675
2 0.0000000000 0.0000000000 0.0000000000
3 -0.0000000034 0.0000000049 -0.0069512745
4 0.0000000000 0.0000000000 0.0000000000
5 0.0058046970 0.0000000097 0.0000525809
6 0.0000000000 0.0000000000 0.0000000000

=== Piezoelectric constant (C/m"*2) ===
1 -0.0000504820 0.0000003433 0.2508448251
2 0.0000000000 0.0000000000 0.0000000000
3 -0.0000001971 0.0000002824 -0.3977155187
4 0.0000000000 0.0000000000 0.0000000000
5 0.3321143610 -0.0000005530 0.0030084060
6 0.0000000000 0.0000000000 0.0000000000

0272 BR_RETEMN 0 1272 > TR DLE, BiEaElc LA 5D TF,
11.5.3.3 AIN OIEEEEDONETOT AIH
(1) OTHFICBT AR DR E

JEREER DO OT A A FHET H720121F, O B FIZBT DR FRINGET T, ZOFHREIT S 12O DH]
)Y AlN/piezofinternal LA FIZH Y F9°,

% cd AIN/piezo/internal

% 1s

control template scf

O —ATENRY —(HFHOFRIIARER DT, T 7' L— AT 4 L7 b —iX SCF FHEHAD D04 L
2o TWVET,
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template_scf ODNZIT, 11.5.32 DR DT 4 L7 F U — L2 R UHNFTT, 0T AE 52 D5HEITH 1290,
ANIVNT A—=B =T 7 A U T L —ATRNA—DFR SFVTWVET, control 7 7 A VOWNEBIZIZEF U T2,
property 21T strfre MEE SNVTWET, £, FATHIE D ZREICEOE CEEMZ DEDRHHAD
INFETLREETT,

FATHIER oy % B & W2 -5, berrypl ZF(TLET,

% berry.pl control --mode=exec ‘

3 ODOWT BN LT, EEROOT G2 -5HE 25T 5D T, 5620 SCF A EZFATIHZ LIT
R0 ET,

FEINET LD, strfredata &9 7 7 A DMERRSNVE T, DT — X LIEFIRETORS R AR LT
HOTHIAZ A L ET, KRR, 11.5.3.1 TETLIERZHENHTL0T, ZOKFIEEftr %
1To7=7 4 V7 FY—IZstrfredata 7 7 A V2 ae—LE T,

% cp strfrc.data ../../phonon ‘

(2) JEEEEOWEROT AHEOE
JEEEONEOT AL, ik phonon 7 4 L7 b U —IZBWTITWET,
% cd ../.../phonon
WETOTAIEDOFEIZILZ Z CEHE LT- strfre.data DIENTR T2 AL S W& EORY —(FHHMETH D
3, U —NABOFEIT 11.5.3.1 IZBW TCITEAROTINE B L ET,
phonon 7« L7 N U—DAIINT A—H—T 7 A )UZ, LLFTOEREZELET IROEEE, 11.5.3.1 1280
ThiL7=Hd),
® phonon 7' v 7 @ sw_calc_force % off £ 3%,
® sw_internal strain_piezoelectric_tensor % on &9 %,
® sw_lattice_dielectric_tensor % off &35,
® postprocessing 7 &7 O F® polarization 71227 D T, sw_bp_property % on & L, property %
effective_charge &9 %,
PATIZ, BB smE@ma s LET, RECOR LI DVER 2B 5855 T,

Phonon{

sw_phonon = on
sw vibrational modes = on
sw_calc force = off
sw_internal strain piezoelectric tensor = on
sw_lattice dielectric tensor = off
}
postprocessing{
polarization{
Sw_bp property = on
property = effective charge

}

ZORRETPHASE 25T L £, ZORREOAMITIIEFITRENOT, W@EISITEITT 242 IH Y A,

FEFY, outputxxx 7 7 A /WZ, Internal-strain piezoelectric tensor D& &SR T-HALFS KLY C/m2 HfL T
FUEkESNFE T, UUTFTOBRECZOFREMHT 2 Z En & E7,

% grep —A6 ‘Internal-strain’ outputxxx

=== Internal-strain piezoelectric tensor (a.u.) ===
1 0.0000000000 0.0000000000 -0.0157392802
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000000000 0.0000000000 0.0348231759
4 0.0000000000 0.0000000000 0.0000000000
5 -0.0118073889 0.0000000000 0.0000000000
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6 0.0000000000 0.0000000000 0.0000000000
=== Internal-strain piezoelectric tensor (C/m"2) ===
1 0.0000000000 0.0000000000 -0.9005191764

2 0.0000000000 0.0000000000 0.0000000000
3 0.0000000000 0.0000000000 1.9923997401
4 0.0000000000 0.0000000000 0.0000000000
5 -0.6755569503 0.0000000000 0.0000000000
6 0.0000000000 0.0000000000 0.0000000000

B®RIZ, & 113 IEECROHEMREE E LD FET,

# 11.3 AIN OJEEFEE ; Bfid C/m?

b A A JEEE NEBOS I8 X S
es1 0.251 —0.901 —0.650 —0.58
ess —0.398 1.992 1.594 1.55
et 0.332 —0.676 —0.344 -0.48
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11.6 R EEHRFZRE ABESCE (LR-TDDFT)
11.6.1 #EEDBIE
116111 Ul

MNTRE N1 Dl 227 FVEHEClE, Kohn-Sham FHREXDME & L CTH ST [EA =R /LX—HENT
OB ORI EEZITOET, FRBI S AL ART MU, R FRIOHASERIME 72012, BBV
X — 7D, MSPRATEUCIT A T 3R D560 00 £, 22 TR ZOMAEERZRIEIS
B OFPHTHLY Ad17= Linear-response Time-dependent density functional theory ( LR-TDDFT )22\ Catd
LET,

11.6.1.2 [E{A~ODEH
SERIAF-ENCINT 5. AMEOZAITRT 5 R DN E Ry O 1%

", ,G)p - G
Koo @ =2[ s d (a1, ) _“k((g" 0y (2.6)
nn

kT enk_q) +1in
TERINEY, ZTIT

o (@6 = <n/ k| @67 |k — q>

T, —H, W07 —a U RO BERZ I ANT-556 OIERy 1L, x° & Dyson FHEx
x=x"+x°0+ fdx

OERIZHY £9, 22T vidZ/—r s I—FL T,

4r

ve(q) = Iq-I-—GIZ
TRINWET, T, [ IBFEEE T —3 N TTD, BRI ERRITEE > TEHL TN ODET /ANREES
NTWET, UM LIZET VEFLLET,
® RPA (Random Phase Approximation )
fxc =0

® LRC(Long range correction )

a

fxe = — 1+ G2
ST, FER L TR R L CIEARN A B ey BV F9, UL

ey(w)=1- Vo)_(Gzc/ =0(w)

ERAWVCTEHLET, 7ok, pldx 7B e, LTFO L2127 —a s h—3VD6 = 0557 #brE LT3
BT,
xX= Xo t )(0(7 + fxc))_(

_ . (ve(@) G =0(134)
vip = {oa G = 0(135)

11.6.1.3 N2~ A

DFRENIR T, fueE LTUTOE Y RET VAR LE LT,
® ALDA (Adiabatic Local Density Approximation )
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ACORICRE =

ZOf BRI A Y2 BT, 7 ) AL TR f (6,6 ) ZRASHITRATHUE, FHEBIL

FOANRT MAPFIRTEET, Linl, ZO7—) =ZMOBT, FBRHEEDY NS WERIR TR 725 2
EVHNBNTWET, €I T, AT ST LTE, UWFORRFHEEZANTHEY, £ AHAEHOZRWE
FZELT ) — B &

it @ =10, D mler (@0, (06 ], o
ICEVERLET, R, HAEREGASE 227 ) — L %

Li_r,%)_(GG/ (q’ a)) =i z z Z }11-% [pn/ nk(q' G)pm/ mk’ (q’ G )] Lnn/ kmm' K (w)

nn’ mm’ k,k’
TEFLET, LEL® ORRIL. Bethe-Salpeter Jifizt

— 70 ; = T
Lnn/ km' mk’ (w) = Lnn’ k(w) [6nm6n/ m 6kk/ + lzz “nn' kss' ky Lss/ kymm’ K (@)

TERINEY, ZTIT

-

Snn’ kss ky _Vnn/ kss' ky Knn/ kss kq

1 ;
Vo ks 10 = e D P & @ = 000, (4= 0,61(6)
G+0
Ko tor 1= 2| [ @77 90, @fie(rr Yo, (7)o ()
T, 2B, UTROWEEE, Npldksith 70 o 7 O3CT,
ST, fue& LTALDA V5 2 Evn, FEREEOFHFE CII43) ORNIFZER A » = ETo 1 EfESIC

DET, £ kEELTTROREMHAT S Z b, R138)-(140) Dk AU BT D FNIAE L 72 £,
ST, INR T U LSRR S5 e #rfs ( Photo Adsorption Cross Section, PACS) 14,

0
0(w) = —wimfey (w)]

FEhET, 22T, HEBKe, L 40 L 0 ELNILE A3 KA AT H Z LIk iFs 2
EIRHPRET,

11.6.2 AR 7 7 4 LDERR

LR-TDDFT {7 v 7" AR T 5 72DI21%, IROBEDPLETT,

11.6.2.1 control 7' v > 7

%7, phase &AW CHFFNZ SCF fHHEEZITV, ROEMBEE L RO TEEXET, LR-TDDFT |37 DOEREE %
H LIRHR ATV E T, 2072, control 7' v 7 N T condition = fixed_charge & L CFXVY, %£72, UVSOR

IR, BFTART Uy ARERT v v THDH TM R T vy v 2 VD54,
use_additional_projector=on & L TFXUVY,

control{
condition = fixed charge
cpumax = 1 day
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max iteration = 600
use additional projector=on

}

11.6.2.2 accuracy 7 2 v 7

accucuracy 7 1 Z7NTIX, UVSOR &EERIC, BEHEGHEDIZOHOD/ T XA —2ZEZLATNET,

accuracy{

ek convergence{
num extra bands = 0
num max iteration =
sw_eval eig diff
delta eigenvalue
succession = 3

2000
on
l.e-6 rydberg

11.6.2.3 structure 7 12 > 7

k SIS AIE, TIUAT =0 ND, BEKHE SN TWOZRNWETO k A2 FWTITH 7280, E LIS O FRE
AF 7 LUET,

structure(

symmetry{
method = manual
tspace(
lattice system = primitive
generators{
'#tag rotation tx ty tz
E 0 0 0

11.6.2.4 spectrum 7' 11 v 7/

LR-TDDFT (2 J 2% A7 MAGHRICET 237 A= BEZRATVET, LR, 7oy 7 TR rlREZ2 2802
OWTHHLE T, [ INOMEITT 7 40 MET, EEEOLEIEH ShET,

type 2%t [OPTICS] OPTICS. PACS M AIRETY, OPTICS |[IFFEREGHA A1 TV, & LCHEIR
(R L9, PACSIIVERIMEIRAC, 072 EANCRICHEA LETS

momentum_transfer 72 momentum transfer X7 ~UIRST 2R AELTH T v o

4

deltaqg %4 [1.0E-3] momentum transfer X2 L q OREX SEEELET, BAIIA -1 °F,

nx, ny, nz 2% (0.0, 0.0, momentum transfer X7 bl q OHFEEELET,

1.0

LongWaveApprox % %t ON. OFF 2MEfATRE, B EIEEl (q-0) 2T 28551215, ON ZEE L £
[ON] ER
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tddft 7= > 7 tddft |ZBEd BT A=K ERIETH T v T
sw_tddft 2% [OFF] ON,

solver 7o v/

equation %% [DYSON] DYSON,

XC_Kernel 7wmv7 exchange-correlation kernel D% A 7" & OBGHEEAE AR E L ET,

OFF 7MiEHIlRE,

LR-TDDFT ¥z 4 55812

T2 =% RET LT s
BS 723MERTEE,
Bethe-Salpeter £EFFERAEHT 5541
EISRDGAITHER LET,

kernel_type 2% [RPA] RPA. LRC, ALDA-R 235

Coulomb_Kernel 7= 7  coulomb kernel |

sw_NLF %% [OFF] ON. OFF »M#EH ATRE, Local field ( |G| > 0 ) ZEAR3 Hurlbl%
ON %57

Expansion 7' &2 v 7 EFNCEEHT 2 G X2 MUZEET 5

NumGVec 2% [100] WA SO ERELET,

energy 7 1w/ AT MVEFET TRV

low, high,step 2% low, high (ZIZ= /X =D/ N O KB, step (2

£75

IR DA R RELET,

BZ_Integration 7w v 27 T UNLT L — U NOFEGIC

width 72 %t  [1.0E-4 Lorentzian OWEZIETE L ET,

hartree]

band_gap_correction 7 /N2 R¥y v SHIEEZBDICIEET DA
= R
scissor_operator A ¥ v T OEMELTE

[0.0]

LU MIEREABI T,

Liﬁ‘o

spectrum/{
type = optics
momentum transfer{
deltag = 1.0E-3

nx = 1.1, ny = 1.2, nz
LongWaveApprox = ON

}

tddft{
sw_tddft = ON
solver/{

equation = DYSON

}

XC Kernel{
kernel type =
LRC alpha = 0.

}

Coulomb Kernel({
sw NLF = OFF

}
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DYSON #7fela 455512
ZiE BS ZHEELET,

& DYSON %,
wEE o

TERHE T, RPA I3, exchange-correlation kernel %
ZRLRWET VL TY, LRC X, BEF2 EOEHR T, RIEEHAAIEROMIEL
B AW AITAE A L9, ALDA-R 1%, 2572 EINROSEAIEH L E T,
LRC_alpha %%% [1.0] kernel Z#0Z LRC 2 L7-5A IR E L E T,

o7 ay

FHAEIEET D7y
T X —DREE AT L

REEATO Ty

LE7, 76X UVSOR ITHEL F




Expansion{
NumGVec = 80
}
}
energy{
low = 0.0 eV
high = 10.0 eVv
step = 0.05 eV
}
BZ integration{
width = 0.15 eV
}
band gap correction{
scissor operator = 0.6d0 eV

}

11.6.3 StEDEITHE

phase & FVWVTEHANZ SCF #HEHEZTTV, ROEMELEAFHE L ET,

mpirun -np NP phase

LR-TDDFT OtHEZAT 9 12iE, UFoa~wr R LET,

mpirun -np NP tdlrmain

ZZ T, NPIZMPI 7 ut& 27,

1164 HAT 7ML

AT MVT—H1, spectrum.data (ZHISIVET, ITFTOLHEAA LD ET,
A. type 24T OPTICS Z+5€ L7=%&

# Optical spectrum

# NonInteracting Interacting

# Energy[eV] Real Imaginary Real Imaginary
0.000000 8.626260 0.252860 9.678273 0.327540
0.050000 8.627214 0.252961 9.679507 0.327682

F1HT NITRX—ETT, 52, 3 07 AIMSER Ui 5B E ) L CnvEd, 728, Real
KO Imaginary 1L, FEBB L OESICHHS LET, £/, 8 4. 5 77 L1 Coulomb KT
exchange-correlation kernel %80 A 7-#FEREECTT,

B. type 2T OPTICS #457& L7=5its

# Photo Absorption Cross Section

# Energy[eV] NonInteracting Interacting
0.000000 0.000000 0.000000
0.050000 0.000034 0.000012

H 10T NIRRT —ETY, 2. 3T AL TSR ORH AR 2 B D AF U2
T,

11.6.5 f5IRE
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11.6.5.1 Si #EfEDFEEANT MV

Si FEERDFEEALY ML OREGETT, HEAFEL, sample/lr-tddft/SiBulk T9, £, sof T4 L7 hUIZ
TEMBEOFFREEZITV, WICLRC T4 L7 PVIZTARY MAGREEZITVES, 22 TiE.
exchange-correlation kernel & LC LRC Z£H LT\ ET,

35 :
I
[
C 3ot A 1
O 'l‘ |
'_.3 . 'I" |
€ %[ LongRange N, i
-1 [ ACEN . .
L | ! | -
o 2 Correction | / i‘ Non-interacting
@ “f / E 1
)] ,” '<’
a "t / N 1
5 ot WA\ 1
0 = 1 L¥h~ -
0 2 4 5 8 10

Energy [eV]
11.6LRC Ik % SiERBEA~ ML OB, BRI TSI & B,

11.6 OF#FS LOUREIE, spectrum.data DOREHREZFR L2 6O T, ENETUINERL P LOVLRC % H
WA OFEALY VT, RIEIHE/EROMIEATTS Z L1280, H 1 B — 7 OMEENIRLS 72 DREF-H
DM ET, Jeks, ARTIE, TDDFT IZXL>THF v v MMEOBGE IR OGN ET A, ZHUT, fEmo X 512
BIBFENED > TCWDEEIZIR, £ DD 7 —ua AAHAEASEHDEI D TT,

11.6.5.2 CeHs 751 Dt BT
CesHe 7D IIKHEFER R OFFEGIE T, FHAEGIEIL. sample/lr-tddft/C6H6 T3, F9| sef T4 L7 b

VIZCEMEEDOFHHEZITVO, KIZ, ALDA 74 L7 MUICTBEIL TAXY MR EZITWET,
exchange-correlation kernel & LT ALDA ZHH L TV ET,
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'E Adiabatic
-
. LDA

O .

S Non-interacting

e,

©

O

n

7))

: ‘

O

| -

O I A 'Il
L j y JEA

0 2 4 6 & 10

Energy [eV]
11.7ALDA 12 X 5 CeHo 53 FDOIRINUWTERE A2 FIVDZ b, FRRIIISCREF-EUC X BREE,

11.7 OFERRB LOYRBUE, spectrum.data R L7=H DT, ZNEHMNERFITEE L OV ALDA % vy
BBOHBEAT MLVTT, 51— O (EPEZFAXTIZT T b, T72D5X v v FESME
RKLUTWDERFDG00 F7,

1166 EALEDFESR
®  IFRMEZ IV k SEOFEKITIE L TWER A, 207280, symmetry 7 1 v 7 B E OB OB A+
ELTLIEENY,

® solver TCequation =BS Z 5 L725G1TIE. FERAE (paramagnetic) 722DAZ TP D Z & AHPRE
j—‘o
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11.7 f18%

11.7.1 eps_file

P¥HE : file names.data D F EPSOUT THESID 7 7 A /M) SN L eAERIEG RS

B (T U NVER ) BEiRAA, TR E IO CENENBID T 7 A MTE
=7,

NT)  EEREGER T 7 A /v 5 2L eps . data
7 FFEBEE Y 7 ()L ; r_eps.data
N HEEZ 7 AV ;i eps.data

VL V—Aa—Reps file.f90 ZiX72 Fortran 22/ 7 TaL s /L, eps.data ZHLT A
%874

U TTHEATT D,
11.7.2 nlo_file

BERE : file names.data D F NLO THREIND 7 7 A MIH) S DI HIREE 5T
BHER A RDIATL, BT T Y VRS DRERE R D 7 7 A M EX T,
AT SR ERER T 7 AV (4FRiEnlo. data)
T IVESY
77« AJTCHRE SNy DRSS G ERER 7 7 AV 4FREnlo abc.data,
(@ab) IFATTTHRESIND T Y IVAST,
fERE -

Y—Z=a—Rnlo file.f90 %i#M47¢ Fortran 2273 7 CaLs3A/LL, nlo.data G317 4
P4

U TEITY D, FATRAC, & —H— NATIT 2,
ERIGI 1 - SATROLFRD nlofile THY | zzz O DRFMRERERND T 7 A MIEE HIHA,

o)

% nlofile (1)
zz7z (2)

line number of nlo zzz.data = 1000 (3)

(1) Tm7T7L0FT
(2) F—AR—RAIRFHLERDDT, T VNG &/NCFCATTT5
(3) nlo_zzz.datalZ 1000 {TOTF—ZnHI S (X vtE—)
R 2 © FATROLFD nlofile THY | xxyy O OFFAERERO T 7 A M EX HTHE,
% nlofile (1)

xxyy (2)

line number of nlo xxyy.data = 1000 (3)

(1) 7arZ hOFT

(2) F—R—RAIFEL LRDDOT, T2 Vo E/INCTFTAITTS
(3) nlo xxyy.data (21000 fTOT—FMBHAh Iz (A vE—)
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