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O00000000D00O0O0Osteepest descent method DO OO OO0O0O0OO00O0ODOOOOO
00000O0oO00oodoD 13000000000 oo0ooooooooooooooa
O0o000o0o0ooooooooog

Od0dbOo0oooooooodooooooooooooooooooooooag
0000dodd0oo0oooooooo0oooooooooooooooooooonn

000000000000 0b0b0D000D hbODOOO x; 00000000000
0000000 g0 0000x,0000000000+«+100000000000 hyy
O

hit1 =gi +vih; (1.37)
gbobooooooooooooooooooooooooobooboonDg
i:gi+1'gi+1 (1.38)
8i - 8i

gooooobooobooboobooboboobboobboobooboo 1.3004d
ubobooobuooboobbooboooboo

OO000o000O00Db0O AODOO0OOO00OOOO0ODOOoUAOOOODOOOxOOO
oboboboboobotbA-xOObooobooooooobobobobooooooo
ubbogobuoaboaooodgd

gobogobooooobobooobooobbooobooobbooobbogoo
ubooboboobooobobooboobobboobooboboobooboboooba
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O00 Kohn-Sham OO OO0ODOOOO0ODOOOODOOOODOOODOOOODOOOODO
cooobbooobooooboooboooooboooobbooooOoooboboooboOOoUbObOkK
vbooboboobooobobooboobobbooboobobobooboboooba
O00000000000000000000000000 Teter, Payne, Allan(TPA) O
00000000 (18,190 000000000 TPAOUOOODDODOOODOOODODOOO

ooooooooboooo kOobOoOoOooooDOoOoOooooOoOoDoboooooDoobooo
0000000000000 00bODOO0o00gooooDobDOO0Kohn-ShamOODODOO
ooobooooooooooboooobobooooo kboooobooooboOoooo
ubooboobobooboobobboboobobobbobooboooobono
ooooooooboooooobooboobboobobooboboobobobo kOoooOoo
gbobooboobooboobood

------ )(TRIAL WAVE FUNCTION FOR BAND )

v

| Calculate steepest-descent vector |

Y

| Orthogonalize to all bands |

Precondition vector

| Orthogonalize to all bands |

Y

| Determine conjugate direction |

v

Orthogonalize to present band and
REPEAT normalize
N TIMES *

or

UNTIL
Calculate Kohn-Sham energy of
CONVERGED trial value of 8

A ¢
Calculate value of 8 that minimizes
Kohn-Sham energy functional

v

(CONSTRUCT NEW TRIAL WAVE FUNCTION)

U114 00000000000000000
goboobobdnbOO0bOO0O0O0OO0OO0ODOD14000000000DO00O0O00OOO
oood

1. 0007200000 {exign}t =Cn, 0000 Kohn-Sham D000 00000 Exs
00000000160 000000000000000 HOOOOOmOOODO
0000000000000 C"00000000

A= CT* L H - C" (1.39)
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0000000000000 00000000000 RMOOOoOooooooon
oooooo
R™ = — (H-C™ — \"C™) (1.40)

oo RrR"ooboOooooooboooboooooo¢gmoboooon

.0000000000R™00k0000000000000000000000
0ooo
R™=R"™-> (C.-R™C, (1.41)
r#n
. 000000000000000000000000 R™O00000000 precon-
ditioningd 00 D0000000000 KOOOOR™ 000000000000
0o0oo0oo
R =R™ K (1.42)

o0 KOODODoOooooooooooooooooooo rR™"ObbOOooooDoo
oooood

. R™MO000000000000O00O0DO0OD0O0UO0ODO0OO0OOOOODO

G"=R"-> (C,-R")C, - (Cy'-R"™)Cy} (1.43)
r#n

.00G™00000000000000000
F" = G™ — ymF"! (1.44)

0000000000000 0bOO00yO0bO0138 00000 G"OOO0O0O
000000000000004°=10000000

.00 rFrgoobobobooboobobooboobooooooLDo D"obUoboDbo

ooooopDpm™ouoobooboboooobooooobooo
C"! = C™cos + D™ sinf (1.45)
0000600000000 DO0O0O0O0O0O0 Exks()ODDOOOOOODOODO

. Fxs()DOOUOODOOODODOOODDOODOO0DOODOO0O0ODUOOODOOODOOOOOD
O00O000OFEks()DDOOUOO0OOODO0O0OOOOUOOODOOO

Exs(0) = const + Acos 20 + Bsin 26 (1.46)

gooooooon

g0l460000000000000DOODOOOOOODODOOOOODODO
0¢=0000 Exg(0)OOOOODODOOOODODOOOODDOOOOOODODOOO
oon

8555 = 2f,Re(D"™* - H-C") (1.47)

0=0
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ODooo0oH-CO0O0O0OO0OCOOOOOO0OO0OO0O0bOO1470O00O0O0O0ODDDOOO
Ooobooobobooobol4e0n0 BOOO14700DOOOOOOD

8. 0000000 Eks(9)0 00000006, 000000000006 =000
Exs(f)00000000000000000000000000000000000
A0 A= (1/4)0%Fs/06>0000000000000001.460000000 Oppin

g
1 9Fks
00
_ -1 6=0
9mm = Q tan 7162T (148)
2 002 =0
gogoooon

1.8 DOUOOOOOOO

O0000000O0DOO0OD0O0000 Kohn-ShamOOOOODOODODOOODOO
googboboooooooboboooooboobooboobooboOoFrFFTOODOO
ubooboogoobooooboboboboobooboboobuooooboooo
gboooboobooboboooboobobooboboobooooboobooobo
N, 000000 (1.22)0000000000000000000C000OO0O0O00OGCOO
0000 ONpw) DODOOODOOD0OOO0OO00000

gbobobooboboboobooboboboobooon O(NgW)DDDEIDDDD
gboboooobobooogoboobgoboooooboobobooobobooooboon
ubbooobooboobboobuooboobooboboobooooboo

1 ; el
Z VL(G - G/)Ck—l—G’,n = Q— / e_lG'rVL(I') Z 61G 'er+G'7nd31' (149)
G’ ¢ G’

001.2001.210 000G 00000000000

ukn(r) = Z eiG,.er+G/’n (1.50)
Gl

00000000000000000000000000001.49000000
1. 000000000000000 ¢gn 000000 we,(r)000000
2. 0000 ue(r) 0 Vi(r) 000000
3. 000000000000000000

obooool4bobooooooooobobobooooooooboboboooo
00000000000 00000000000000000000000 O(Npw) 0O
000000000 FFTOOODOO O(Npwlog(Npyw))OOOOODOOOODOODODO
0 O(Npwlog(Np)) DODOOOODODO0OO0O0DO0O00O00Card Parrinello00O000O00O
000000000oo0oooooooo 2000
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FFrTOOOODODOOOOODOOOO0oOobOoboooooooDbOo 120000000
OkO0000N,OOOOODOOOOOOOO0OO0O0O0O0oooo00000o0o0o000a0
ubogodgbggbooboboboboboobuoboooooboobuooboooo
obooooooobobooooobooboopoboboobooorFFTo0ooonoonDn
oobood 4k 00000000000 0ODO FFTOOOODOODOODOODOOD
oboobooooobooooooool2e000000bD0 FFTOODOODOOO Nppr O

Nrpr & 16Ny (1.51)
oooo

1.9 Hellmann-Faynman 0O 0000

Hellmann-Faynman OO0 0 0000000000000 0OO0O0OOCO0OO0ODOOOO
ood
gobooboobooboooooobobobooo yOogbooboboboboooog

ugboogan
dEtot_ d

TaR, CdR;
0000000000000 0oooo00oooooooooooooooooooon
OO000022000000000000000000000
00000Hellmann-Faynman OO0 00000000 1.52000
OV ({R})

OR[
O00000000000000 HellmannO Faynman OO OO0 00000000000
Faynman[21] 0000000000000 HellmannOOOOOOOOMMOOOOO 1.520
001530 000000000000000000000000000000O0O00O0000
0152000000000 Y 00000 0000000000 0000000O0vooon
00000000000 0000000000001.530000000000 vOoOOO
O000000D0000000000 Schrodinger 0000000000000 OOO0O
000000000000 0000000000000000000000 Schrédinger
O00000ooo0ooooooooogooon

0000000000000 0o0o00ooo00ooooo0ooooooooooOoog
0000000000000 00000000O00O0OoO0O0OOUoOUD 14000
0000 [22,23] 00000000000 [23]00020000000000000OOO
00000 —0ooooooood

0000000 00ooo00oooooooooooooooooooooooooo
00000000 00DoDoooooooo

O000000o00oo0ooooooooooooooDooooooooooooog
Oo0000o000oo0oooooooooooooooooooooooooooon
O00000000oo000oooDoO00ooooooooo0oooDooooooooon
O00000000ooo0ooooooooo0oooooooooooooooooon
ooooooo

F; = U|H|W) (1.52)

Fr=—(Y| ¥) (1.53)
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2.1 OO

O00C0CCOOO0O0O0000000ooO0oooDDOOosaka200200 000000000
obooboobooboobobooooboooooooooooon

JHFHRT > 2 v ILOER fhih T — % OIER
(atom) (cryst)
RO T 2l
(inip)

a
BFERREDOE
| : (pwm)

- SCF&tHE

» JFALiE Dok
- KT O b
cTx ) VR

BB T B A

R IalL—var

CHREES I 2L —Tar

(pwhed)
- N REHR

- DOSEHE

- WENBEEER

0 21: 00000 Osaka200200000

Ubo0b0db0atom 000000000000 0000O00O00O0OerystD 000000
pvm 0000000000 O00SCFODOO0OO0Dmipd ppmOI00O00000DOOO
O0000DOsaka20020 0000 pwm 00000 SCFOOOOOOOOODOOOO
ubooobooboboboboboobooboobobobooboooooboooo
uoboobooboobooboobobobob0pwmOO0DO0OO0O0OODLOODODO
ooooOo0oO00bOo0o0ooDOOoO0oO0DO0000D mdsOD OO pwmdOOOOODOO
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gboobooobooboobbooboooo

0000000000000 O000O00ooooooDoOoboSooOOoOoOooOoooooO
OO0000 pwbedDOODpwbed OO OODODOOODOOOOOODOOODOODOS
gbobooboooboooobooboobobbooboon

atomUJ 0 0000000000000 0D0O0000000000O000Oerystd D00
ugbboobogbooan

0000000000 00000000000 TSPACE24|00000000DOOOO
oooog

22 QO00O0O0O0OO

fsrcs/ —— Makefile

all the sourc codes

N
\
N
N
\

bin/—— pwm
L inip

cryst
input/ pwm.para !
—I: inip.para ... II
\\\‘. l
data/ sidat/ si.xtl
grdat/
ppot/ nom/. sipot  si.pwf
C_.pot
spn/ L
rel/
com/ wycoff generator
mat.d psmap.dat
patomf(—————— atomk.f
atom.dat
= — /atomscript

022 00000 Osaka2002000000000

ooooog

gboboboboboooboobooboobobobobooooboooog 2.2
0000000000000 000000000000000O00Oo0O0O0000O0 /bin
goboboooboobobooobobobooobobooooooobooobooboon
O0/drivers000000000O0OOOOOOOOOOOOOOOOOOOOOOOO
00000 MakefileDOODODOOODOOO

22



0000000000 MakefileDOOOOOODOO0OOO /fsres00000O00OO0O
O0/bin000000000000O0DOOCOO0OODO0O0OO0OOO0OOOOOOOUOO
gbbogobobooobboobbooobooobbbooobbuoooboooboo
000 sidat/ 0000000000000 OOOOO

0000000 /mput0 00000000000 DO0O0O0OO0OOOOO0OOOOOO

00000000 Osaka20020 000000000000 0O000pwmOO0OOOO
ubooobobooboooboboobooooboboobooboboobgoooDo
googbobooooboooboboooobobooooboboooooooboon
OO000O0oOoboOo00oDOoOoobO0o0bDO incvded00OO0O0ODOOOOOOODOOOO
0000000000 00000000000000O00000O0O0000000 /bin0O
vboobooooooooooooooooobooooboooonDo

ooooo

00 /drivers 00000000000 MakefileOdrivs.f900 000000000 fft00
000000000000 00000000 fsresODO00D00O0O0ODO drivsf9000000O0O
00000000000 000000000D00000000Osaka20020000000
O00o00o0ooooooooooon

Makefile D O00OO /bin 00000000000

% make prep
00000000000 0000000000000000000000 binODOOOO
oo0oooooooo

O00oDoooooooo

% make clean
oooo

% make clobber
Oo0oooooooooooooooon

Makefile 000D O0O0O0O0O0O0OO0OO0O0ODOODOOODOODOOOOODOOOOOInipd
ooo

% make inip
pvm g

% make

gooog

ooooooboSObOOouobboOooboouoboboOonl pwbedOODOODO
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% make pwbcd

goog

0000000000000000 patom/00000000000O0OOOOO ppot/
obobooooboobooboboobooooooon

221 0000000

goooooooooooooobobbbobboooooououoooooooooo
fsres/0 drivers/0 0000000000 MakefileO drivs.f900 00000000000
O fsres/00000000O0OOODOOO
000000000 drivs.fOO0000000O000O potdir00000OO00O0O

CHARACTER(LEN=15) :: datadir = ’/home/user/ppot’

ubobooboboobuoobboobooboobbooboobooa

lapack D00 O000ODOO0OOO0OO0O0OOODOOOOOOODODOOOOOOOOOO
00000000000 MakefileDOOOOOOODOOOOOOOOOTSPACECDOO
00000000000 0DO0O0DOD0OO0O0OOsaka2002000000000000000O
goboobobooooooboboooboboobooboooobobooooboon
OO0O000DO00DO000DOO00DO00bOO0O0Osaka200200 0000000
gboobgoooboobooobooobo

TSPACEDODOOODOOODO @

0000000000000 TSPACEQ DO [24)00000000000O0
gboobobobooobobobobooboboboboobobonog
000000000000 0000000 TSPARAMODOODOOODO4.30
OO000D0O0 TSPACEFOOOODOOOOOOOOOOOOOOOOO
gbooopooboobooobpobooobooon

gooobuoooooooboobobobobooooooobooobobooooooobooogoo
O00000Oppot/ 0000000000000 OOOOOOOOOOOOOOO
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30 Uboutdboottud

000000 00ooo0oooooooooooooooooooooooooon
O00000000000000000000000000000000000 0 0O0saka2k
0000000000000 o0ooo00oooooooo0oooooooooooon
0000000000000 00000000000000D00000 Osaka2kd0000O0
0000000000000 0000000000000 atomO 0000000000
O00ooooooooo

0000000 00oDoo0oooooooooooooooooooooooooo
O00D0000D0O000 BarkleyO OO OO Troullierd Martins 00000 0O0O atom O
0000000000000 00ooooo0oooooooooooooooooonon
0000000000000 00000000000000saka2k000000000O0O
atom 00 0000000000000 00DODOO0O0OO00O0O

000000000 0ooooooooDo00 pwmOdO0O0000O0000DOOOOO

0000000 patom 0000000000 atomk.fO OO0 atomk.f O

£f77 atomk.f -o atom

000000000000000000000000000000000?20

3.1 UOOoogng

00000000 atomdat D000 O0OOO0ODOOODOOOODOOODOOOOOO

Table 3.1: atom.dat D 000000

itype ititle

ikerk
nameat icorr + iSpp
zZnuc zsh rsh rmax  aa bb
Ncore Nyal
n l 20| 201 evd
Tes Tep Ted Tef cfac rcfac

0000000000 atomfO000atomkf0000000000000000O0000
00000000000 000D000000000DD00DDO00NDO00DO00DNO00DO00ooOono
goboocooooooooo
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gbooooboobooonboo

000 DO000OD0dype0 000000 ditle 0000000
1type=

ae: 000000

pg: 0000000000

pe: 00000000000000000O000O0000O

ph: 000000000000 O000O000O000O000O0000O
pt: 00000000000

pm: 000000000000 O000O0000O

O00 O00000000000 tkerkO
ikerk=

tm2 Improved Troullier and Martins
bhs Bachelet, Mamann, Schuter

oth generate data file

van Vanderbilt

tbk Troullier and Martins

yes Kerker

no Hamann, Schluter, Chiang

Uo00 O0000OOnameat 000000000 2corr +ispplldnameat 0 0 OO OOO
OOOdcorr+4spp 000 0000OO0ODOO0OODO0OO0OOcorr000oonn
goooobooobooboogn

1COTT=

ca Ceperly-Alder (Perdew-Zunger parameterization)
xa X o method

wi Wigner interporation scheme

hl Hedin-Lundqvist

gl Gunnarson-Lundqvist-Wilkins

bh von Barth-Hedin

ooogd

00000 isppO0O
ispp=

r relativistic calculation

s spin polarization
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LI none
ogooooo

OO0 D000000 znuecdO00O0000O0zshMOOOOOrshMOOOOO rmax
goooooooboobognbdaeedbdd M

00D 000000007, 0000000000 n,u0

00000 ODo.0/0000C00O0OCOOOOOOODOOOO0bOzMOOO0DOOOOO
O0000o00Oevdd

000 DO0oOOooOOooOoOooOooOooooodobO- o000 0bO0000D0Onn
O00000dcfacO refacd

ocooooooooooooooboobooooboo0o0nOoooDOoO/ODOOObDO
U0midoOOoOooobOobooboobDooobooboboboobboboboobobono
gbooobooooobobboboooboooobobooboobobobooboboon
bdooooogoooogobooogoaooobood pddOp,dp,dp, 0000
gooooooooooooooobDp, 0000000 OOOOOOOUOOOOPOp,O
p, 00000000 1/3000000000000000DO0O0UOODOOUOODOUD
ubbooobooboobboobuooboomboobooan

O0Sigooooooooooooooooo

Pg Silicon
tm2
n=Si c=ca
0.0 0.0 0.0 0.0 0.0 0.0
3 2
3 0 2.00 0.00
3 1 2.00 0.00
2.13 2.57 1.50 1.50

gooobobooboobooooboboboboboboboobobooboobo
ubogoodg

pg 0000000000

tm2 Improved Troullier and Martins

oooooooo
0000000000000 000

0000000000 -0000000!00000000000000000000
0000Si00000000000000000000 (18)2(25)2(2p)%(35)2(3p)2000
O00000000000000 1s02s02p000000000003s03p00000
000000000000
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ooooOooOoooOoOoooDodOeD/000DbO0O0ODbDDOOOO0ODOOOODbOOO
oooOoooo0o0oOoooooooooOoOObOOOOO0Oooooooo Ssiooooo
3sO00003p000000000000000

000000000000 0DOOo0OOO0OO0O0DOUObODO sbphdo fOOOO
oboooooooooooogono

3.2 OO

gboooobooboobboobooboboobobooboobobooboobobon

0000000 000000000000000000000000 pgO030atomk
goog

goboobooboooobooobooboobboobbodbodbUUatomdatddd
OO0 atomk 000000000000 0atomkd 00O

Uboobobob atomoutd 00 0O00000O0O0O0O0OO0OO0OOOODOOODOODOO
googoboooboboooboboooobobooogoboobobobooobooboon
OO00O0O0DOo0ooO0oOoo0obooOon fert11000D00O0DOOOO0OOODOODOODO
oo

0000 atom.out 00O
radial grid parameters

booobooboooooooooooooooooooooooooogn

n=2 1=0 s= .0
a extr .634 -1.373
r extr .057 .458
r zero .153
r 90/99 % .903 1.348

0000000 2s000000000000000000000000D0O00O0DO0OODO
000000000000 000rzero0000000rextr 000000000000
O00Daextr 0100000000000 0D0O00ODOODOOODOOODOOODOOODO
O00000o0ooooooooooooo

00000000 DOO00O00O00OO0oD00bOO0oDOO0o0bOOoOoOooDooDoOg ».ooag
gboboboboooooooouoobobobobobogoo 1a~16000000
000000000000 0000000000000 100000000000000
O0r 0000000000000 000000O00O00O0O0DO0O0O0OO0O00DO0O0O0OD0
O O transferability 0 0 0 0 O O Troullier-Martins 00 00000 OO0O0OCO0O0O r.O0O
0000000000000 BacheletOOOO [12[0000000000000OOCOO
0000000000000 0000000000000 atomdatDO0O0OO0

00000000 a0000000000pg 0000000000000 0DO0O00ODOO0

28



ubooboobooboboono 0obooood atomouwt000O00000000O00O0 atom U
0000000000000000000000000000O00D0O0O00O00O0 fort.1010
gbboooboobuoobobobobooboobobooobod

fort. 1000000000000 0OOCOOO0ODDOOOOOOODOOOOODOODOOO
000 sO0p000000000r000000O0/00000000DOOODODOOODOO
uboobooboroboobooboobooboobooboobuoobooobo
00000000000000000000000000000o00w(ryODOooooo
oboooooooooooon

/000 lu(r)|?dr =1 (3.1)

DDDDI---rerDDDDDDDDDDDD

uboooodgogob oobobobbobooboobooboboboboobooo
OO00D0O0OO000D0OO00O00 pseudodat01 D0 OO0DODOOODOOODO fort. 130000
0000000000000 000000000U0000 ppot/nom0000000OO0
OO0O0O000oOobooO0bCOdO0O.pet0O0O0O0ODOOOCODOODpwtOOODOOOODO
stipot 000 sipwf 00000000000 ODOOCOO0OOOODOOODOOc..pot
gooo.o0ooon

500000 0O00bOO0O00bOOo0bOo0obO0obO0ObObOobO0O0ObO0O00DbO atom
ubbooobooboobboobuoobbobbooboobboobodo

ggooobod

00000000000 000000000000000000000O0S100000s0
pUl000000o0oooooOoObOooooooooDbooboboboboboobobbbOobobon
gooog

O0ooogoooobo NaOOOOOD sOOOO0ooobobObOoogoooobDboboD
Ubsbgbouooooboboboobobooobooboboboboboooobono
ooooooooboboboodsgboonsdpbbo2s0000d000obDOonDOsOp
vbobooboobooooobooooooooooooooooo

oooooodofOOODOOOOOOODOODOOOODOOODOOOOOODOO
gboooobooboobbooboobbooboobbon
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40 4QOooug

4.1 0O0O0OOOoogg

000000000000 oOooOo0bOO0o0obo0bOobOoobOoooboobOooooon
000000000 0000000primitiveunit cellJOO0D0OO0O0O00O0OO0OOOOOO
0000000000 DO conventional unit cell0 0 000 OO O O O primitive unit cell O
0000000000000 RiOR,OR3 00000 OO O conventional unit cell O O
0000000000 aO0b0cOOOOOO (hEk)ODODODODOODOOODOOOOOOOO
000 hAR1 4+ kR +R30000000 ha+kb+icO000000O00O0O0ODOODOO
000000000 primitive base D OO0 OO conventional base DD O OO0O0O0OOMO
O0000000D0000000O0DOOdprimitive base 0 G0 Go G300 conventional
base 00 a*0b*0c* 0000

000000000000 O0000 conventional base 000D D0DOOO0OOOODODO
000 e«O0b0c00000000 «aO0pO0~000000aO0 0 c00D00000O0O0M
cyst 00 0a0b0c0a0p0~0 000000000000 OO0OOOOOOOO

a = a#
b = b(cosvyZ + sinvyy)
c = c(cosfi+ry+/1—cos?f—r2z) (4.1)

god

r = (cosa — cos B cos7y)/ sinvy

ddddd0dd0oodddododoooooo410b0000bOO000oOooOooOoOoaOoa
;000000000000000000000000D00 000000000000
dodddoooooooobdooooboooo 4100000000 «.O00boooa
ood

O00d0d0oo000oodU0oooo0ooooooooooooooooooogo
godooddouoouooobooboooooooooouoouooouooooao
oddodoboodoooooouooooooooogao

0000 TSPACEOOODOODO conventional base 0 OO0 O0OO0OO0pwm OO0OO
OTSPACEODODODOODOODOODOODO primitive base 00000000 OO0OOOO
000 Osaka2k 000000 DODO0O0O0O0OO0OOO0OOOOOOOOOOOOOODODODOO
Dodooooooooooog

0000000namextl 0000000000000 O00D0O00O0OO0ODO0OGaAsO
00000000 gaas.xtl OO
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U41: 0000000000000 000x000000yO0O0OO0OOOODOO

TITLE GAAS
DIMENSION 3
CELL
5.65315 5.65315 5.65315 90.00000 90.00000  90.00000
SYMMETRY NUMBER 216 QUALIFIER ORIGIN_1

ATOMS

NAME X Y Z POT CHARGE  TEMP 0CCUP SCAT
GA1 0.00000 0.00000 0.00000 ga 3.0000 0.5000 1.0000 GA
AS1 0.25000 0.25000 0.25000 as 5.0000 0.5000 1.0000 AS

OO0O000DOO0OO00ODOMSIOO INSIGHTIIOOOODOOOOOoOooDoooooo
00000000000 INSIGHTIIODOODODOOOoOOOo

O0oO0O0ooooOoOooOOoTITLEODIMENSION 3O O0OO0O0O0OO0OO0ODOOOODOO
uboboobooobooooboooooon

a”b’c’a’/87,y

D000AOODOdeg0 000000000000 DOOD OO conventional 00 OO
ubboobooabodg

000000000000 0C0000O00bO0O00D0OO QUALIFIIEROODOOOO
oooon

OO0O000O00O0D0OO0O0O00DDOO conventional unit cellOO0O0O0OO0O0O0DOOOOO
OO0O0OD00OD0OO0 conventional base U DO D OO ODODOOODUODODOOOODOODOOOOO
googbobooooooobobooobooobobooooboboooboobooboon
0000000 26)000000000000000CODOOCOO0OOODOO0OOOODOO
OO0 QUALIFIER O Rhombohedral 000000000 O0DOO0ODOOODOOODOOODO
0000000000000 D0O0O0000 QUALIFIER O Hexagonal 0000
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000000000000000000000000000000000!
Ny : 00000
Nge: 000000
No.: 0000000000000000000000000000000

Nype O N OOOOOOOOOOOOODOOOOOOOOOOOOOOO0O0O000O0
googbobooobooboboooobooboooobobooooboooboobooobooon
oooon

Nspe =1, Ny =2, Nyy =4

goog
O000*xtl0000000000000000000000O0000O0O0O0OO0OO0
ONOOOOOODOOOooooboooboooobooooobboooooooooo
ubooboobobobobooboobooobobobooboobuoooboobooobo
obooooog
NAMEOOOOOOOOOOOOOOOOOOOOOOoOoOOoOoOoOoooooOooo
ubooboobobobbooboobobooboobobooooboobooobo
gbobobobooboboboboooooboboboobobooobobobo
O00000000000O0D0O SsibbOO0o00si0ggcoooobD cwooooooon
0D000000000000000000000000?

0000 QUALIFIER O 0O O 0O O ”International Tables for Crystallography” 0 ITCO
25|00 0000000000000
ORIGIN_1 0 ORIGIN_2
Oo0oooooo
RHOMBOHEDRAL 0O HEXAGONAL
gooooooooon
UNIQUE_b O UNIQUE_c
O000ooooooooo
UNIQUE_b,CELL_1 or 2 or 3

000000000000 OOoO0bOOOOOOoOooO TSPACECOOODOOOODOOOODn
OO0 Cecenter 0000000 DOOOOOODODOOOOOOODOOODOOOOODODO
OO000O0ITCOOO Ceenter 000000 CELLnOOOOOODO

0000000000000 000D0000000000000000000000000000000
ubobooooboooOoooOoooOooOo0oOoOoO0obOOOobOO0ObOO0ObOOOobOOObOO0ObOOObOOOnon
00000oooooooooooooooooooTSPACEDOODODODODODOOOOOOOOOOOOO

000000000000 00000D0000000D00ND0DDO00NDO00DDO00NO0DOooo
gboboooooooooooooooon
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4.2 crystU @

O000*xtl0000 cryst 0000000000 *prim000000000O0OC0OO
000000000000 0*xtl000000000000O0*prim000000O0OO
gooobobooboooobobooboobobooboobobooboobo
uboboobobooboobuooboboobuoobobobooboobooobo
ogoogn

O0000000000sixtl0000000 sidat/O0000cryst 000000000
uboooboobon

input the crystal name with a period at the end.

> si.
O0oooooooooooooa

000000000 sprim0 0000000000000 O0OOCOOOOCO0O0OO0O0OCcon-
ventional unit celld primitive unit cel0O0 0 0000000000000 O0O0DODODOO
oooooo

TITLE GAAS
date: Fri Jan 5 17:56:20 2001
DIMENSION 3
LATTICE PARAMETERS (A,B,C,CA,CB,CC) in a.u.
10.6829045 10.6829045 10.6829045
0.0000000  0.0000000  0.0000000
Space group

216 Td2 F-43m ORIGIN_1
IL NG NC
2 24 1 ORI
The conventional vectors
10.6829045 0.0000000 0.0000000
0.0000000 10.6829045 0.0000000
0.0000000 0.0000000 10.6829045
The primitive vectors
0.0000000 5.3414522 5.3414522
5.3414522 0.0000000 5.3414522
5.3414522 5.3414522 0.0000000
The primitive reciprocal vectors without 2Pi
-0.0936075 0.0936075 0.0936075
0.0936075 -0.0936075 0.0936075
0.0936075 0.0936075 -0.0936075

ILONGONCO TSPACEODOOOOOOOOOOODOOOOOOOOOODODOOOO
oboooooooogog

O0O0U0O00oDO0OO0OO0O0DDOprimitiveunit cel0O0O0OO00O0OO00ODOOOO
O000o00000000000000000000 NypeOOOOOOOoOooooooo
oboooooooooboo NODOODOoboooobooboboobouooobouobooogo

Number of atom species
2
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No Name Zat Zval
1 ga 31 3
2 as 33 5
KIND OF ATOMS
2
Wycoff Positions

ATM ( X, v, z) Nos Wyct Code
1 ( 0.00000, 0.00000, 0.00000) 1/ 1 4a 0 0/1 0 0/1 0 0/1
2 ( 0.25000, 0.25000, 0.25000) 3/ 1 4c 0 1/4 01/4 0 1/4

NUMBER OF ATOMS
2

L.L. AND U.T. VALENCE ELEMENT
1 1 3.0000 1 ga
2 2 5.0000 2 as
POSITIONS RELATIVE TO A UNIT CONVENTIONAL CELL SPECIES  SYM(IG)
1 0.0000000 0.0000000 0.0000000 1 ga 1
2 0.2500000 0.2500000 0.2500000 2 as 1

oooooooo N OOODOLL.AND UU.OODOOOO0OO0OOCOOO0ODOOO
oooooobobooobooboboooooogo LL.bo vv.obooogooooo
gboooooooobooobogbobobooooogooboboboobobobooon
ugbooboboobogboobo

00 eyst0000000000000000000002300000000000
0000000000000000000000%00000000 eyst0000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000 ITCO0000000000000TSPACE[24 0000000000000
00000000000000000000000000000000000000 00
00000001000000000 20209030 :000000000000000
0000000000000000000000000 {1 0/t 21/4 -2 1/4}0
0000 (z,y+1, —y+1) 000000

4.3 O0O0OOoog

goboboboooooobobooooboobooobooboobooboobooooooDo
OO0OO0OOTSPARAMO xtlineOOOOOOOOO0OOODODOOOOOODOOCODOO
uboooboobooboobooboobobooboooboboobooboooo
oboooooooooooooboooboon

TSPARAMOOOOOQO TSPACEODOOOOOOOOO crystd inipd pwm 0000
U000 inclnde0DOO0O0O0OO0OOODOO0ODODODODODOD

PARAMETER (LMNATM=50,LMNKAT=20)

‘000000000000 0000000000000000000000 0500000000000
00 1/20000000000000 2000000000 050000000000 2300000000
gbobooooooooooooooooo
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PARAMETER (MAXNPW=4854)

LMNATMOOOOOOOOO N OOOOLMNKATOODODOODODDODD N, OODO
gbobooobooboobboobuoobboobbogo

MAXNPWOOOOOOOOOODOOODOOODO TSPACEODOOOOOOOOOOO
bbb pwmUboooooooboOoobooaoonog

4.4 0O0O00O0O0O0O0OOOO0O

gbooboboobooobobooboobobboobooooboboboobooooonon
gooobbobooboobooboboobooboobobooobooboobo
ubooboobobboboboobooboobobobobooboobboboobo
O00000000000000000000000000O000DO00000O0*prim0O
0000 MathematicaOO OO OOO CrsytAnalnb 0000000000000 0O0O0O
00000000 *prim000000000CDOOO0OCODOOO0OODOOOODOOODOO
ubobooobooboobboobooboobbooboobobooobooobooo

0 42: GaAsOOOOOOOOOCOOOO00OO

gbooboboobogbobooboobuooobboboobobooobooo
Oo0o0OOo0o0oO00oDoOO00bDOoOoOoOoDOoOoDOoOO0obObDboOoOobOoObOOoOoDO AO
goooobooo

CrsytAnalnb 00000000000 0O0O0COOCCOOODOOOOOOODOOOOO
000000 420 CrystAnalnb 0O O0O0OOO0ODOOOOO
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sl OUOOUoooodoIld

5.1 inip

000000000000 pwmOO000000D00O000000O0O0OOODODODOO
000000 mipoOoOO!

G —

inip.para

/ppot/ data
s.pot inip_si.out
generator ... [ inip_si.kpt

inip_si.inp

r
! i
! 1
! 1
! 1
! 1 -pwm.para
: v {
i

1
1
1
1
1
1
1
1
inip_si.rmesh !
1
1
1
1
1
1
)

pwm_si.inp

Usl:pwvm0000000D0O0OOOOO

nip0000000000O0O00DOOOODOO0OOLOOOD k.OODOOODOODO
Ooooooooodooooon Ny Ooooooooooo Frroooooodn
kLOFFTOOOOODOO NGDIMO NG3OOOOOOO 120000000FFTOO
0000 2*NGDIM+1 0000000 NADIM=2*NGDIM O O OO

nipO0O0000O0O0O0COOkODOOOODOOOOOODOOOODOOODOOODOO

'D0000000 mip000000000000000000D00000000O0Oinclude00000
ooooOoO0ODOO0O000000oo0oO0O0000oC0OOD0000000 inclvdedOO0OOOODOOOOO
Omip0000000000O0CO00O000 mipOO000C0O0O0C0O00O0O0pwmO00000O0O0DOOODO
gbobooooooobooooooobooob pwvmOOO0OO0OO0OO0ODOOOOOOOO
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gooooo

00000 mmipparald 000000000

Input file name (priod is needed at the end)

si.

Parameters about k points

Cutoff k radius (AMAX) given by lattice index without 2Pi
3.1

way to give sampling points (0O:given manually, 1l:calc)
1

number of k-sampling points

2

potential type (spin, NLCC, relativistic)

0 0 0

obooboooobooooooooooooogoono
goooooooogooooboooboobobobgobobobobobob

e JO0DOUIDOODDO (AMAX)
ooboobO0ooooo kD000 g0 O0O0O0OO

e J kOODOODODODLODO
100000o0ooooooboboon

e JkOODDODOOODIOOO (NKDIV)
gbooobobogoooan

e IO DOODLDDOODLODO
gbbodgbbgobobooobuooboboooobboooboboaoobooooo
gobobooobooobobooboibobobooboboobobooboobonbo
U000 atom 0 0000000000000 O0OO0OO0O0O0O0

gooo

5.1.1 kOOOOODOO

kOoooooooooooooooooogoog

()000000000000000000000 O0000O000001.6000000
0000 Monkhorst-Park 00 00000000000000000 160000000
0D0000000000MOOOO00000(-M+1)/2M00 (M—1)/2M00 MO
00002r/e00m

000M=10T0O000M =20 (1/4,1/4,1/4)00000000000000
0D000000000000000000000000000000000000000
000
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gs200000000000000000000000O0O00DOOO0DODOOOOODOO
googoogbobooogobobooooooooboooboboobooboboon
OO00O0O0000Monkhorst-Park O OO OOOO00OOO0ODOOODOOOOOOOOOODO
ubobooobooboobboobooboobboobooobooo

MODOOODOOM=1000000D0O000O0O0ODOOOOOO

Ngy  amateure? Monkhorst-Pack mesh
1 4 | | ¢ |
172 0 12 12 0 12
2 . ¥ R
Iz
8
: bLLyiily b
1/16

O 5.2 Monkhorst-Park 000D O0OOUOOODOODOODODO0ODLODOOODOOODOO
O0OMonkhorst-Park 0 000000000 0DOO0O00O0O0O0OD0O0O0ODOOOO0O0OODO
gbooaoo

U0b00 MOOONKDIVOOOUODOOOODOODOOOOO0OOoO0DOOODOinip
0000000 mip*inp0000000000O0OOOO

nkpts
2

Sampling point in p
LD -1 -1 -1/ 4 WTK= 0.250000
XY 1 -1 -1/ 4 WTK= 0.750000

00000000000000M =200000000000000000 ngp 0000
0000000000000 0primitive based (—1/4, —1/4,—1/4) 0 (1/4,—1/4,—1/4)
0000000000 1/403/40000000000

(i) 000000000000 0O000 ODO0O0OOoOOOoOoO0oOooOOOoOoOoboOoOoDoO
uboooboboooboooboboboobooboboooboooboboooobooooo
UobobDoo0obDboO0o0bDDmippparal 00000000000 DOOOODODODOO
oo

OPTION BEGIN
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anisotrop_ksample=
1 1 4 4
OPTION END

OO00000OO0O0000D0OOOanisotropksample=000000000000000O0O
ooooNKDIVOOODOOoooooooobooooooooooobooooobooo
UgiUglg: 00000000 DOOODODOODODOODODOODOOODOODOOO0
UO0mip0 0000000000000 0DO0DO0DOO0DOOODODODOODbOODbOOO0O0OO
ugbooboooobooboooboooo

(ii) 000 0O00O0O0O0O0OO0OO0OO0O0OO0OO0OOOOOOOOOOOOOOOOOOOO
ubooboboobobboboobooobobobboboooobuoobooobo
ocooooob k0OO00ODbOoOobObO00ODOoOobObOOoODOOoDbOOOo

way to give sampling points (0:given manually, 1:calc)
0

number of k-sampling points

4

KB(3), ICB
-1 -1 -1 4
1 0 0 4
0 1 0 4
0 0 1 4
0000000000000 primitive base O (1/4,1/4,1/4) 0 (1/4,1/4,-1/4)000

googn
000000000 Chadi-CohenO0 00000 [30]000000000OOO0OOOO
ubbogobuodgbooobuooboan
kOooooboboboooooooobobobobooooobooboboboboooo
ooboooboogoogoooboooboboboboobooboobooboboobooobo
000000 SiCOooooooooon 310

OOobDO00OCoOoDOO0bobOO0 kbOoOoOoODOoObOOoDOOobobOOoboOoDbDooooo??rO
00000000000 inip-*.outO

gbooaboban

Quality of sampling by 2-points...
list only nonzero shells up to 41 shells

Sh No shell sum
8 ( -1.00000, 0.00000)
15 ( 1.00000, 0.00000)
23 ( -1.00000, 0.00000)
26 ( -1.00000, 0.00000)
28 ( 1.00000, 0.00000)
32 ( -1.00000, 0.00000)
36 ( 1.00000, 0.00000)
(

38 1.00000, 0.00000)

gboboobobooooooooo??pb0oibobobobobobobobo
gboobooooooooooybobobobobobobbOobOOobDOoOOn
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5.1.2 0000000000

000000000000000000000 (AMAX)DOOOOOOOO0 AMAXO
000000000 kOO
ke = AMAX * gmin (5.1)

oboboooboooobU E00b00b0ooob1200000000gmin 00000

gbooobogbobooobooboooboooboo

Oo0DOoO0bOoO00obDo kg, 00000012400 00000D0 GUODOOOOOOO
Oo0o000000000000N,,00000000000000000000000
0000000000 mipXfowtOOODO

For cutoff energy in Ry = 4.959185

NHDIM = 59

NGDIM = 4

nkpts= 2

Name: LD -1 -1 -1/ 4 NSTR= 8 WTK= 0.250000 NPW= 55 INV= 6
Name: XY 1 -1 -1/ 4 NSTR= 24 WTK= 0.750000 NPW= 50 INV=18

Sum over WTK 1.000000

000000000000000 (—1/4,-1/4,—-1/4)0 (1/4,-1/4,—-1/4) 000000
N, 0550 50000000000000000000000000000000000
000000 inip*kpt 000000 0inip0000000000000N,, 00000
000 NHDIMO 59000000000000000 NHDIMOO OO OpwmO OO0
0000000 mip*owtODOD0O0O0O00O0O00000000O

Passed parameters

NEPC 8 NEDIM 4
NKPTS 2 NHDIM 59
NGDIM 4

Then,

LIN SEG NGLIN 9 NADIM 8

VOL SEG  NG3 729 NA3 512

O0000mip0000000000000000000O0 inip*rmeshO0000O0O0O
oooooooooooooooooobooobooo pPiDDDOOOOOODOOOObOODDD

40



5.2 pwmUU0l

OOSAKA20000 0 C 000 pwmOO0O00O0O0O00O0DOCOOOOODOOOOOOO
oboooooooooobooboboboooooogoobo 1rygbobobOobOoDbO
goooobooboobboobdooboboobobooboobbooboobboooo

OO0b00U0D0D0pwvmOmake O OOOOODOOODOOODOOODOOODOOODOO
gboobooooboogn

5.2.1 UO000OO0OOOOOoOO

pwvm 0000000000000 pwmparal 0000000000 O0O00O0O0OO
ubbooboobobooobooooboobboobuoo pwmdboooooonooOg
goooboobooboobobboob pwvmparald 0000000 OOOOOOODOO
vboobobooboogbobooboobobboobooboboboobooobo
ubooobooobooboooboboobobobooboobooobooooboooobooooo
gboooobooboobbooboobooboo

00000 pwmpara0O00O0O0O0O0O0DOODOODOOODOOO

Input file name

si.prim

Job (0:SCF Calc. 1:Atom optimize 2:Cell optimize 3:Phonon 4:MDS)
0

atom movement (0: OFF, 1: ON valid only when cell optimization)
0

number of iteration for electrons (maxIterOwfn)
15

conjugate-gradient paths (npath)

5

witol

1.0D-11

ftol

8.0D-5

etol

1.0D-12

iread (previous WFs)

0

imoni,irhout,iwfout

0 1 1

Resume atom relaxation

0

max number of iterations for atoms (maxIterOatom)
4

Resume cell relaxation

0

max number of iterations for cell (maxIterOcell)
2

OPTION BEGIN
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pressure_GPa=
0.0
OPTION END

gboobooboobobooboobboooboooo
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xtl.name

goo

Job gooboooood
gooosCcroooOopDOOmIooOObObOOOOn
oo2000000003300000000 40MDS

atomMoveOctrl gobooboobobooboobboomonbooo

maxIterOwfn gboboboboboboboobooboboobo
gbobooboooboooo

npathOwfn goboobooobobooboobobon

witol 0000000000000 00Ry?000

ftol HFOODODOOOOOO OORy/eg?000

etol ooobobobuobo ooRyboO

iread-win gbobobobobobobobooboboobo

imoniQOctrl gboboobooobooobbooboooboo

irhout goboobooboooboboobooobooon
iwfout gbobobobobobobobooboboobo

atomMove_resume

maxIterQatom

uboboobooob oobooboobobon
gobooboooooboooo

gbobobobo obobobobobob
oboboboboboboob

cellMove_resume

maxIterOcell

0000d00O0o0O0bOO0O0oO0oOoO0bOO0booOooO0ooOOobOOo0obOoooOogrog
0000000 000o00oo0ooooooooooooooooooooooooon
O0000000000000000 k000000000000 0000000000
000000 npathOwtn O OO0 D000 0OO0OO0OOO0ODOODODODOOOOOODOODOOODOO
000000000000 000000 k0000000000000 00 maxlterOwfn
oo0oooood

000000000 00DO0O000D0O00O maxlterOwfn O O 0 OO npathOwfn O O
0000500000000 00000000000D00D0O00D0O0O0O maxIterOwfn O
0000000000000 witelOODODOODOO0ODODOODOO0OO0O0ODODOO etol
O00oooooooooooooog

O0o0oooooboouooboooooooobooooooooooooobooonn
O000000 atomMoveresumeO OOOOOOOOOOOOOO

OoobOo0oobOo0ooooooboo0bireadwin=0000000D00O0O0ODOOOO
uboboooboooooooog

0000000000000 00imoniOctrllO0OOOOirhout 00O O O iwfoutO
O0Oo0ooooobOob imoniOctrl=0000000000000000DO0OO0OOOO
gbooonbo1boobooboobooboobuooboobbobobuooboobboooboobo
gbbooboobuoobboobuooboobo
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oooon
gbobooboboboboobuoobobooboobobobooooboooobonoo

uboooboobooboooboobobobboobobbobooboboooboooo

gbooooooooooooooobooobooboobobobobobobobob

00000000000 00000000 case sensitive 0 00O 0O
00000obDoooooobooon
000 OPTION BEGIN
oood
000 OPTION END
0o0ooobOooboobooobooboooooda

obooooooooooooooooDog

1. 00000
00 fermi_broadening ON
0000000000000 000O0O0ON/OFFOOOD

2. 000

0 0O pressure=

go 1.5
goboooobboobobbo=0b0b000bobooobboobobboooboboo
O0o0oobooobooobooooboooboooooobooobooooo
gboogobs3obbooboobobooobogsce.obon

gbogboboboboboboooobobooboboobobmbooooboon
O0 auxinp.fOO DOO00OODOOO0OO0DOO0OOOOODOOODOO0 optsdistDOODO
ood

oot pvm 00000000 0O0O0O0OOOOO
% pwm

gboooboboboboobooboooboboobooboboboboooobooobo
obooooooooooooooobono

% pwm>stdout &

pwvmU0 0000000000000 O0O0OO0O00OO0O00O000O00O00O000O00000
goobooobooboboobboobboobboobboooboooboooboo
uboobboobuogboobo

gboobobooooboobobbobooboobobbooboobobooo
0000000000000 beemrk/000000000O00O 8OO SiDOOOOODOO
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uboooboobooboooboboobooobobboobooooboobooobooobo
ooooooog

5.2.2 00

pvm 0000000001 0000000000000000O0O
O pwm_*.out: 00000
O pwm_*.eks: 0 KSOOOOOOOO
0 pwm_*.frc: 00 Hellman-Feynman [J
O pwm_ *etot: 00000000000 DOOOOOOODOO
O pwm_*sum: 000000
O pwm_*.rho: 0000000

Opwm *win: 0000000000000 OOOO
00000000000 pwm *etot DO00O0O0O0OO0O0O0OOODOODO

CALCULATION PARAMETERS

JOB Type:
Self-consistent Electronic Calculation
Potential Type:
spin = 0 nlcc = 0 relativ = 0
KLEINMANN-BYLANDER TYPE FULLY SEPARABLE FORM
Ceperly-Alder type electron-correlation functional
maximum 1 = 1

gboboobboobbooboboobboobboooobooobooobooo
gbooaoo

goon
Selfconsistent Calculation
iter Eel deE Xsi nst/bk aglmax
(Ry/cell) (Ry/cell) (Ry~2/cell)

1 1.1167068599 =7.3979E+00 2.4698E-02 5/ 0 0.637356581
2 0.9919043641 -1.2480E-01 4.3798E-05 5/ 0 0.128972346
3 0.9916634496 -2.4091E-04 5.6158E-08 5/ 5 0.003105065
4 0.9916631217 -3.2783E-07 3.6162E-10 4/ 11 0.000173636
5 0.9916633948 2.7304E-07 2.3709E-11 2/ 6 0.000009096

CG process is stopped because increase in Eel 2.7304E-07
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Etot Eel delta E resid iter

-15.8051160963 0.9916633948 2.730E-07 2.371E-11 5

gbooboooboobboobooboboooobd
gbooooooan

o iter:0OOOOOO

E, 000000000000

e ARD00DD0ODOOOOODODODDDDDDOOODODODODOO
e &O00U0DDOUDODDOO (140)00Mm

000: 0000000000 00000/O0000O0000O000O0D0OOOODOOUn
OO0 npathOO000000O000DOO00D0O0O0 npathO000000DOOOO0OOODOO
goooobooooooooooobooobooboboobooboooboboboboobobooon
obooooooboooobooobooooboooboobooobooboobobo0oobobooboboon
obooooboooooobOooobOoobOoooOobOoobO0oobOOoobOooboooboon
gboboooooooooobooboobobooboobooboobooboooboon
goooo

:000000000000000000DO00O00O0 IO (14500000000 00O
gboooabooooo

0000000E.0000000000 AEOOO0DODEOA0D0OO000000000
O00OO00|AE|<etol0000005000000000000000000000
00000 Eq00000 EwaldO0O OO0 Eeyeg 0000000000000 Eyy O
00oo00ooooo

ooooooooooooooooog

component of Etot

kin 5.97858894
hart 1.08391474
exc -4.78172988
loc -1.80253465
nonloc 0.51342418
ewald -16.79677949
total -15.80511616

ubooboobodobooboobooboobl222nboooooboobooong
gooobobobooboobooboobooboboobooboboobooobo
googbobooooooboboobooooboboooobobbobooboon
ubboobooboobboobuoobboobooboobobooboooboo
ooboooboobooboboooooobobooboboboooobbo0oogD Ewald
0000123 000000000000000000OO0O00OO0 [23J000si0
OOo0o0oDOoOO0O000oboOo0o0o0oOoOoOoooDOoOo00bDOEwaldOOOoOoOooOO
O00000O0sicobo000o0oobooo+4000000000O0000COOOOO
googbobooogoboboooobobooobooboboboooboobobobooooo

46



OEwaldOOOD0OOO0ODO1220000000000000000000000D0O0ODOO
000000000oooooooooo 270

goooogog

total stress (Ry/Bohr~3)

S(1,1)= -2.24759E-05 S(2,3)= 3.17724E-10
S(2,2)= -2.24759E-05 S(3,1)= 2.52820E-10
S(3,3)= -2.24756E-05 S(1,2)= -1.10795E-10

ubooboobobobooobooboboobooboboboooboooboooo
gbooboooboobobooboobooboobobboboobooboooboobo
0000 pwm *fre000000000000O0O0O0OODO0OO0O0OOO0O0OOOOOO

ugooooboboobbbododoooooooboboobooboobooooouoooon
gbobooobooooooool220ooboobooobooboobooooobooooboobon
000000000 (23000200000

> e +alP (ki + Galk + G)g (5.2)
1,G

gbobooOoobooboooooobbooobooobobooooos2nbobooooboboboaon
gbooooooboobl220b000000000000000000O000O00O0O00DbO000
g000000o00Do0ooO00DOdHelmann-Faynman OO0 0000000000000
gboooobooooboomuoboobobooboobooooboobooobOoboobOoooag
gboooooobooobooooooboobbooboooobooooooobooboooooobooo
gbobooooooooooboboooobooooooooboooo

00000000000 Hellmann-Feynman 0000 O pwm *fre0 000000

HELLMANN-FEYNMAN FORCE (RY/BOHR)

ATOM X Y Z

ITER= 1
1 1 -0.230775E-08 -0.154249E-07 -0.573629E-07
1 2 0.637597E-07  0.428339E-07  0.299777E-07

googboobboboooobobooobooobobooboooobobobooobooboon
oboooooooooooogonog

gogoooobooo O
goobo0o00obooD Eqg00000000 1200000000000 000DO0O0O0ODAO
goooooboooooobobooooboooboobooogoobDoobooobDooboboooDboo
gboooobooooobooobooboobbog Eg0000bo0obboobbooobooooobooo
oboooobooboobOdobEgO0O0O0DO0bOOooboobooon
E,000000000DO0DOOOO0O00O0OOODOOOOO00O0ODOODOO0OOO0ODDODOD
00000 Eg00000000ooooooboooooooooooobooooooooooD
gbooboooobooboooooboboobooboooboooo

oboooooooboboooboobDpwmd0OOO0OO0O0OO0O0OD0OO0OD0OOO0O0DOO0O0EqOOOOO
gboboboocooobooboboooooobooboboboooooooboobOoboOobioo
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gbooooooboooboooooboobipooooooboboooooomiusgooooooooon
0000000000Odiscretization errorD0 0000000000000 O0DOOOOOODODOO
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Table 5.1: SiDO0O0O00O00O0O0 E,00000

Amax Ecwt  Npw NADIM Eq AFE CPU time
2.1 4.959 59 8 1.171122727 Oe+0 2
2.6 7.601 113 12 1.043273992 Oe+0 10
3.1 10.806 169 16 0.991663345 -8.8e-16 35
4.1 18903 377 20 0.979594976 Oe+0 53
5.1 29.249 725 24 0.974301525 -1.7e-15 106
6.1 41.843 1243 28 0.973366347 Oe+0 200
7.1  56.687 1949 32 0.973159222  1.7e-15 365
8.1 73.780 2896 40 0.973127119 Oe+0 658

O000OO0ONADIM=1600 E,000000000O0ONADIM=4000 E,0000000O
O00000000000000ORy/cell00MOUOUOO0OOoOoOo0ooooooooooon
00000000000000000005300000000000 A200000000NADIM
oobo0o0oooo0o0o0oooo0o0o0o0oooO0o0ooooo0o0o0noooN,, 00000000
00000000000000000000000020

goooooooos3ggbooooooboboooboobooobooboobooooDboDo
goooobooooboooooboooboobobooobooooooooobobobooobooDboo
obobooobooooooobooooboobooooobon

000000000000000000000000000 Ew=10Ry|]O00O00O0OOO
goooooboboboboboooobooooooooooboboboboboobobo

D0000000000000000000000000 Simplon 000000000000 O0D0O0
goboooooooobooooooobooobOOoOoOoOOoobOboOoOobObOOobOoOoobboOoOooo

48



gboooobooobooboooooobooooboooboobooooboooboobobobooobooog
gbooooboooboobooooooobooobbooboooooboboobooooobooobobooooboo
gboooboooboobooooobooboobooooooooobooobooboooboOoooboog
gbooboobooboooooboobooooboooobooooboob0obouwooooon
gboooooooooooboooooboboooooboooobDobbooooboboooo

00 29000000 0@MO00000000i000o@on 200000000 y0Oy=9e(x)
obooooboob 0000000000000 000000DO000000 ¢, 000000
ooooooe 00

= o) or Ex (5.4)

0000005400 (z/p(x))0p(x)/0x 0000000000000 0O0O condition numberd 0 O
gbooooooboooboooboooobooobooobbooooOooobooobbboobooOoooboooo

104
10 5 L
106
10 -7 L
10 8
10 9 L
w
w 10 10
10 111
10 -121
1013
m|
104§ m| /
O
o 7
1015 o
[r-l /
10 -16 L a i

| 4 o 'l o o 'l o
1071270-1110-10109 108 107 1076 10 104 103 102 1071

€u

U053 000000000000, 0D0000D0D0ODODOODONO eg

gbobooobooboooboobooot «.00000O0DbO0O0OO0ODOO0ODLObO0ODOODbyYy=Eq00
00000Sis00000(0,0,0)000000 x00000000O000OOO Eq000000O
O0F. =13.94 [Ry]O N, =9580000000000 530000000000000000
gbbod0«wOO0obOoooboobooooobboboobo1ooboobooboobooooaon
0000000000000 e,01077000000000000000D0O00000 eg000
O0000eg~e2000000000000000000000000O0O0OOOOOOOOOO
gbooooboooobooooo
oboo00pwmO0OO000O0O0O0O0O0DO0O0O0OCOOODOOODOOOOOOODOOODOODOO
gooo0o0oQoQooQoo 20000000000 OoOoOoOoOoOoOoOoOoOoOoOoogog sioo
gbooooboobobooooboooboooooboooboobboobooboooboboOoobOooboag
gboooooobooooobobooobooboooooobooo

gbooooOoboooobobootel3boooobooon

49



5.2.3 000

gooobobooobooboboooboobobooboooboobobooobooo
000000000000000 pwm_*winO inip_*wih OO 0000 O pwm.para 0 O
Oiread0 100000000DOOOODOOKOOOO

ogoooooo 0O
goobotodoobobototooobobotooboobobooooooboooobooubooooon
gl2z20d000oocoooooocoboooobooooooobonooonoooooooon
ooo0000o0ooooooooooooooooooooooooooooooooog
gootodooobootoooobouoooboo oo oo oooooa
goo0ooooooboboooooobooooobooooooooooooooooood
oooooo0ooooooooooooo

000000000 b000LO00oODLO00LOb0 000 00obooO0OD AoDOooOooo
00 Eeon(A4) O

Eoon(A) = E(AE)) — B(ALY) (5.5)

0000000 ApB, 00000000 Eggm(AmBn) O
Eform(AmBy) = mE(AGY) 4 nE(BY) — E(A,By) (5.6)

uggobobbbooooobbboooooobbouoooooobbobobboogo
ubooooobooobobobooboobooboobobbobooboouooobooobo
gboobooboobooboooobobooboobobobobooboobobo
000000000000 000O0OO0 8000000000 ooO0oUoooooooo
O000O000U0ooooooLbACODOOOOOOODOO

5.24 0O000DOODO

gboboobobobootbpwmOO0O00o0ooooooooOOooOoooboonooooan
gbooboobobobooboobooboboobooboboboboboobooobo
ugbbodbobooobboobbooobooobooobooobooobooooboo
uobobooboooobboboooooboboooooboooobooooboobooboooonooo
gooobooboobooooboobobobooboobooboobooboobo
ugbbgobuodgoobuogbooobooboobobooboobobooon

O0000000000000 pwvm *rhoO0OOOOOOODOOODODOODOOODODOO
0000000000000 O0NADIMOOOOODODDODOODOOOOOOOOOOO

pwvm *rho 00000000000 OOOOOO0ODOO0OODOODOOOOOOOOO
NADIMOOOOOOOOOOO p(r)=p(i,7,k)00i000000kO0O0OOOOOO
goooobogn

O0000D0O0OO000D0O0OMathematicaOOOODOOO ChgDnst.nbOOO0OOOOO
O00000000*prim0000000000 pwm *rhoOODOOOOOOOOOO
gboooooooooooooobooboobgn s40000

20



N
==
R
AN X\‘t/ll

N

N
N
2]

0s4 0000000000000

0000000000000 00000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000055000000000000000000z=1/400000 COOO
0000000000000 000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000
000000000000000000000000000Mathematicad 00000
0 ChghnstnbO0O0DOODO0OO0O0 AODODOOO
0000000000000 00000000000000000000000000
0000000MO0000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
oooooooooooos

0000000000000 000O0000000000000000D00DU00D00o0DOoOog

o1



055 000000000000 2=1/4000000000

gbooobooboobobooboboboboobobboboobobooboon
0000000000 ~10200000000000000000000000000
000000000000 CallawayDOOODOOOOOOODOOOODOOOOODOO
0000000000000 [32]0 p. 1060

gboooboooooooboooobooboobooboobooooobooon
oboobooobooobobooooobooobooboooooooobooooobooon
gbooooooooooboooooo

5.25 0OUOO0OO0OOOOO0OO0OO0O

gbooboboobooboboobooobobooboobobooboboooobonon
gbooboooboobooboboobooooboooobooboboobooobo
googboobooooboobobooooooobobooogboboooobobobooon
ubooboboobooobobobooboobobooboobobooboooo
gboooooboooboogn

gobobooooboboooobooobobooboooobobooobobooonoog
oooooooooOooDook0bOO0O0ODbO0O0ODbDOO0ODOOODOOODOOOD
goooobooboogn

goboboooobobooobobooooboboooboobooboboooDog
ubooobooobooboboooboobobooboobobobboooboooobooooo
gbooobobooboobobooboboobobooboobobooboobo
oood

gboobobooboobooobboboobooboboboobooobooon

gbobooooooobooooooobooooooon

52



ubooobobooboobooobooboobooboobobbobooooooboboooo
googobooooboboobooboooooboobooboooobobooooboon
vbooboboobouoboobobuoobuooboboobooboboobooobo
ogbooooog

0000000000000 0000000 KSooooooooooooooooo
ugbbooboobobooboboobbdd pwm.para

allow_posE ON

gbooooobgoobbobobooboobobooboobobooobooboooDo
0000000oooooooooooot
gboooobooboooboboobooobbooboobobooobooonoo

l. Jboboobobobobobooboobooboobooooboooboooobobon
gboooobooobobooboooobuoobbooboooooboobobooooo
goooboooobooboooo

2. 000 k0000CO0O0DODOOCOOOODOO KODOOOODODOOO
gbooooboobbooboooboobbooboooboobboooboo
good

goooobtdpwmdoooobooboboooboooboobbooboobo
vboobobobooboobobuoobuoobobooboobobooboooba
ubooboobooboooboobooboooobooboboobooooobooooo
gobooboobbooboobbooboobobon

ugboobobgoobodg o
gobooboooooobooooobobooboooboogber40dbboboobOoOon
goooboopooboobooboobooboobooboobooboo 1.voboobo
oooboooboboooi4booooooooooooobboooooooo eoooO
0014600000020 0000000000000000DOOOODOOOOODO
000000000000 00000O00O0O0000 [WUooooooooooooo
gboobodobobobobobobobobobobobobobobobobOobobo
uboooboobooboooboobobboboobooobboboboboobooobo
goobgoobooboobobooboobboboobbooboobboooboon

‘0000000000000 00000000D00000000000000000000000000
goboooooooboooooooa

93



el OUOOUOOOOOOIID

pwvm 0000000000000 0pwm 000000000000 O0O00OO0OO

6.1 UUOOOgogdg

oboobobobl B 00D0O00 000 obobobooobobuo NOO
000000 Ew({R;})D3NODOOO0ODOO0DODOOOOOODOOOODOOOODOO
ubooobobooboooboboboobooboboobooboboobgooobo
googbooooboboooboboooooooboooobobooooboon
ubooboboobuogbooboo

gboobobobooboooboobobbobooboobooooboboooooon
gobogbooooboboobooboooooboboooboobbobooooboon
0000000000000 000000000000'0000000000pwm OO
Hellmann-Feynman OO0 000000000 O0O0O0ODOOOOOOOOODOOOOODO
ooooooo

gboobooboobobdobooboboboboobooboobuoboooobonoo
gboboobooboboooboo pvm 00000000 DO0ODLOOO0ODOODODOO
gboooboboooobobboboboooooboboooooooboobooboon
DOZD SibOoOOooooooooooooOoooboooOoooooooboooooboon
000000000 0bO0o00O00OOo0DbDOoOoDOoO Sicobooooooooooo
ubooooooooooon

6.1.1 00000

523000000000000000000000000O0O000O0 pwm_*winOO
00200000 pwvmpara0 00000

Job (0:SCF Calc. 1:Atom optimize 2:Cell optimize 3:Phonon 4:MDS)

0000000000000 000000000000000000000000oooooon

‘00000000000 000000000000000000000000000000000000
ooooboooooooobooboobooOoOoooooooooooboobooobOooobOOoOooOoOoOooOoonn
good

54



Resume atom relaxation

0

max number of iterations for atoms (maxIterOatom)
4

OJob TypeDDODOO 100000000000 DODOO0ODOODOOO0OODOOO0O max-
IterQatom 000 0000000000000 OOOOODOOODOOO0OOOOOOOO
00000 maxlterOWin OO0 000000 OCOO0OO0OODOOOODOODOODOODOO
0o00do0dddboooodooooooooOooooOdoDoooDoooooooooa
O00000OO0iread0 10000000000000D0O00O000 inip*whOOOO
00000DOO0o0oooo0bDO0pwmdO0Ooon

000000000000000000 maxIterOatomO 0000000000003 ftol
(Ry/ep) D0ODOOOODOODODO

000000000000 000O0000DO0O00 Resume atom relaxation 0 1000
0000000000 ooooOo0ooodooo0ooooooDoOooooooooa
D000oooodooD pwm *varJOO0O0OO00O0O00O0O0O0OO0ODOOOO* prim
0000000000000 dooooooooon pwvm_*winO inip *whOOO0O
oood

6.1.2 0OO00O0O0OO

OO0000O0OO000oOoooooOOOoO0o0Oo Ssikoooooooooooooo
obooboobooooo

POSITIONS RELATIVE TO A UNIT CONVENTIONAL CELL TYPE SYM(IG)
1 0.0200000 0.0000000 0.0000000 1 si 1
2 0.0000000 0.5000000 0.5000000 1 si 1
3 0.5000000 0.0000000 0.4900000 1 si 1
4 0.5200000 0.4800000 0.0000000 1 si 1
5 0.2500000 0.2500000 0.2500000 1 si 1
6 0.7500000 0.7500000 0.2500000 1 si 1
7 0.7400000 0.2500000 0.7100000 1 si 1
8 0.2500000 0.7700000 0.7500000 1 si 1

gbbooobogboobboobuobbobobooboobobod

goooobooboonobooboon

STEP Etot delE resid rsf frgr dx/at
1 -63.22541398 0.0000E+00 0.2255E-08 0.2446E-01  -0.1957E+00 0.0000E+00
2 -63.27071131 -0.4530E-01 0.7378E-09 0.5797E-02  -0.4506E-01 0.5911E-01
3 -63.27328165 -0.2570E-02 0.1119E-10 0.2139E-02  -0.1607E-01 0.1425E-01
4 -63.27383294 -0.5513E-03 0.1495E-10 0.1819E-02  -0.1077E-01 0.8547E-02
5 -63.27454325 -0.7103E-03 0.1223E-10 0.1662E-02  -0.8373E-02 0.1648E-01
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O0000000000000000000000000DO00000 (Etet)DOOOOOO
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gooooogd
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Relative coordinates in a conventional cell

1 0.0034588 0.0012806 -0.0060836 1 si 1
2 0.0033400 0.5016982 0.4951692 1 si 1
3 0.5013677 -0.0003884 0.4929211 1 si 1
4 0.5052825 0.4977746 -0.0068789 1 si 1
5 0.2536370 0.2497403 0.2445048 1 si 1
6 0.7548898 0.7498467 0.2436450 1 si 1
7 0.7533980 0.2489169 0.7411160 1 si 1
8 0.2546224 0.7511310 0.7456130 1 si 1

ubboobooboooobooboobbooboobbooboooonoo
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Hellmann-Feynman OO0 0000000

Check translational invariance
0.4647E-05 -0.2650E-05 0.5672E-05

gbbooboobuoobboobuooboobo
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uboobooboobooboobuoobobooobobobobooboobooobo
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gboooooooooooooooooooooobooboobobobobono
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goooboboobooboboboobooboboobooboboobooobo
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googbobooooboobobooobooooboobooboboboobboobooboon
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OO0000 Atom Optimize OO0 0DOO0O0OOO0ODOOOOOOODOODOOOODO

LOGICAL :: step_flag=.FALSE. !step-by-step process

U0D000D00000 stepflag  TRUE.OOOUODOOUODpwmUOOOOOOOOO0O
goooboobobobooboobooboboboooboboobooboobo
O000o0000ooooooooooO0o00ooooonDD Atom-_Line Step 00O O
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uboogooboobooboboboboobooboboobobibO0nbdnd unitdisl

uitmax 00000000000 0O0O0ODODODODODOOO0O000O0O0O0O0O0O0OO
000 pwm_*.sum [J

STEP Etot delE resid rsf frgr dx/at
1 -63.21392591 0.0000E+00 0.7951E-07 0.2444E-01 -0.1955E+00 0.0000E+00

aooo

0 0.000000 -0.63213926E+02 -0.19549217E+00

1 0.080000 -0.63228246E+02 -0.16235414E+00

2 0.160000 -0.63239896E+02 -0.12886472E+00

3 0.240000 -0.63248852E+02 -0.94986127E-01

4 0.320000 -0.63255078E+02 -0.60610679E-01

5 0.400000 -0.63258530E+02 -0.25618189E-01

oboobooooboooooboooobobobbw000onooD B 0obonbo
O Hellnamm-Feynman 000 fO0000000uw—-E 0000000 f,00000
ubobooboooboooooobooan

gbobooboboboobobobooboobobobooobobobUlbiOmax-
IterCatomO OO0 00000000 O0DOO0DODODODODOO

6.2 UOOOOOOO

gbboooobbooobbooobbtbpvmdbbooonooooooobogoanbon
gbobooobooboboobboobbooobboobooobboobbooboo
ogoboodooooooooooooodooooooooob e;00000000
goboddouod ;0000

6.2.1 00000

O00000000000000000000000000 inip*win0 00O Opwm.para
gbooaoo

Job (0:SCF Calc. 1:Atom optimize 2:Cell optimize 3:Phonon 4:MDS)
2
atom movement (O: OFF, 1: ON valid only when cell optimization)

Resume cell relaxation

0

max number of iterations for cell (maxIterOcell)
2

OO0 Job TypeUO 2000000000000 ODO0ODOODLOODODODOODOOOODOO
ugbbogobuodgboobboobuoobbodo

O00D0O000O00DOO00O0O00DOO0O00O00DDO maxlterOcelDOOODOOO

O00000000O0o0boDODDODDODO maxlterOcelOODOOOOODOODOODODO stress_tol
00000002x107° (an)000000000000000
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O00000000O000000000000000Resume cell relaxationd 1000
O00000000o0o0o0oo000o0000000000oddd0dodg pwm_*.var
D00dUdoo0ooo00UoooooUoUooooooo0*prim0 00000000
oogd

6.2.2 0O0O0OOOO

O000O0Onontriviall DO DOOO0O0OUODO «ODOOOOODO ngDDDDDDDDDD
gooooo

LATTICE PARAMETERS in a.u.
9.5563443  9.5563443  9.5563443
0.5290309  0.5290309  0.5290309

gboooooooooo

gooooooooon

total stress (Ry/Bohr~3)

S(1,1)= -3.88638E-04 S(2,3)= 2.30327E-10
S(2,2)= -3.88636E-04 S(3,1)= -3.87469E-18
S(3,3)= -9.38125E-04 S(1,2)= -3.37167E-18

ubooboooboooooon

000000000000 pwm *sumOO0O0O0000000O0OO

===== LATTICE MODIFICATION =

uboooooooooooooooobooobooboboboobobobob

use Conjugate-Gradient Method
convergence criterion for stress  2.000E-05
Max iteration 3
Symmetry constraints on the cell 3
0: triclinic, 1: monoclinic, 2: orthorombic, 3: tetragomnal, 4: cubic
under pressure = 0.00000 (GPa) =  0.000E+00 (Ry/Bohr~3)

gboobboobuoobobooobooboobbooboaoo

IC EtotO Etot del_E epmin res stress its sea comp
0 -68.47157622 -68.47157622 0.000E+00 0.000E+00 0.109E-02 0.641E+00

1 -68.47157622 -68.47982412 -0.825E-02 0.248E-01 0.328E-04 0.132E-01

2 -68.47982412 -68.47983356 -0.944E-05 0.781E-03 0.244E-05 -0.643E-03

3 -68.47983356 -68.47983356 0.000E+00 0.781E-03 0.244E-05 0.138E-02

iteration stop
because the change in E  0.00E+00
became less than that allowed by RSstress 2.00000E-05

<<<<<K<K<k< final results <<<K<KLKLLLLLLLLLLLLLLLLLLLLKL KKK
STEP Etot delE resid rsf rfm
100 -68.47983356 -0.8715E-08 0.7725E-10 0.5726E-04 0.2039E-03
Etot= -6.84798336E+01 (Ry/cell)

-9.31717578E+02 (eV/cell)
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0000000oO0oOoOoogoo ICcob0oboooooooobooIcognoooooo
oooouobbooooogonooooboobobbbboooobbobo0oU0UUUU Etetod
O00000000EetO00000000del EMMOODOO0O0O0ODOOepmin[dOO0
0000000 Oresstresst 0000000 0OOOOOseacompd 00
gbboobobooboobobobooboboooobobooboboboooooo

ooooooooooogoog

The final lattice parameters

9.38527485 9.38527485 9.38527485
0.52019576 0.52019576 0.52019576
ggoon

gboogoobooboobboobooboon

total stress (Ry/Bohr~3)

S(1,1)= 1.33098E-06 5(2,3)= 1.39142E-10
S(2,2)= 1.33137E-06 S(3,1)= 2.91728E-18
S(3,3)= 1.69774E-06 S(1,2)= -1.92993E-18

oboboobooboobooooooooooooooooooo

6.2.3 UO00O0OO0OOOO

gboobooboooboboooboobobobuoobobobooboobobOoobO
0o e6.1306.1400000000000000000DO00OODO0OOOODOOODOODO

ubboobooboobboobuoobboobuoobboobooboobobon
OO00D000 pweellrelaxf OO0 O00OO0DO0 Cell. Optimize OO ODOOOOOOO

LOGICAL :: step_flag=.FALSE. !step-by-step process

0000000000000 stepflagd. TRUE.OOOOOOODOOOOOOOOOO
O00O0000OC0O0D0O0O00DOOO0ODOOn0 CellStepByStepO D ODOOODOO
Uoooboboboobooboobo0obdoobOODl unitosteplnstep 0000

0o0odooooooooooad
000 pwm_*.sum OO 00

===== LATTICE MODIFICATION

ugboboooooan

e= 0.00000000 Etot= -15.80512513 ssdl= 0.00153912
e= 0.00200000 Etot= -15.80511615 ssdl= -0.01048361
e= 0.00400000 Etot= -15.80508321 ssdl= -0.02244878
e= 0.00600000 Etot= -15.80502655 ssdi= -0.03430808
e= 0.00800000 Etot= -15.80494640 ssdl= -0.04610712
e= 0.01000000 Etot= -15.80484299 ssdil= -0.05779727

Ubobobde00D00000O0OD0O0OODEtDODOO0DO0DOO0DOO0O0DOO0DO0
OssdlDOD0OO0O0OOCOOOOOeEtot 000000 0ODOOODOOODOODOODOOD
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O000ssdlOeEtot D000 0O0O0OO0OOODOOOODOOOODOOOOOOOOOO

O000000000000000000 ;00000000000000 Cyyrbo
gooodooooooon g 0

oij = Cijri€r (6.5)

00000000000000000000000000000000Bulk modulusdO
0000000000

00000000 «000000000000000000000000000000
0 Ao~ 1079 [Ry/Bohr¥| 000000000 BOOO SiDOOOODO B =100 [GPa]O
000 6.8x1072 [Ry/Bohr’|00000000000000000 Ae~1.5x107100
00 0.01%000000000000

ubooobdob bOoobobooboboboobobooboboboboobooono
obooooooboboboooobobooobooboboooooooD k. Ob0OoO
gboboobooobobooboboooogbobooooboooooooboboon
00000000000 000O0000bO0OODOO0OOOOO BsDooUooooo
uoboobooobooobbooobbooobobooobboobbodpwvmdOnOgd
oobooobooooboooboogDb kcODOODOOOOOOODODODOODOOD
uboobobobboboobobobobooboobobbobooboooobono
ubooboobobobooboobooobboboobooboboobooboobooobo
ooooooog
gbooouoooboobobgoboboboobobobobobooobooooogon
uboooboobobobobooboobooboboobooboboobooboooboDoo
gooobobooooboobooobobooboooboboooooobobooooboon
ubooboobobobobobooboobobooboobooboboboboooo
0000000000000000 10%0000000000000

6.24 0JU00OOOOOOO
pwvm 0000000000000 DOO0O0O00DODO pwm.para

pressure_GPa=
10.0

OOooOoOo0oo0oooOooo0ooboo GpabOODOODOODOODOODOOD
goooobogn

pwvm 0000000000000 00O00O0000O0O0O000O00000O00000
googobooboobboobooboobobooobon
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070 OO0O00Ooododg

0o0ooOoooooooSsrCOnDooooooooDooooooDbDoSOooooood
0dod0oodooodooooooooooooooooooooooooonooon
000oooorCcCOObDOODOOOOOO10bO0ObOO0ODOOoDOoOooOOoboOobDOoonoa
00000000000 [24)000000000000000000O0OO0OOO0O0OO
0000000 MathematicaOOOOO OO MakeBZnbO OO OO

O 71 rpCCOOO0ODOOOOOO

O00OO0OO0O0ODOSO000000OOOO pwbedDDODODOOOpwbedDODOOOOOODO
goboobooobr2000b0booooobooobooooobobooobooo0oobooooDo
0000000000 pwm *rhoOODOOOODAODODODOOOODODOO inip-*kpt O
00000000000000000000000 imip*inp00000000O0OOOO
DOSUOO0ODOOOOOO0OO0OOD bediparal0OODOOO0DOOOOODOOO band.parall
dos.paral 00000000 COODOO bedparaDOO0DOOOOOOODOOODOOO

7.1 DOSOO

7.1.1 OO
DOSOODOOO0OD0O00OO bed.parald

JobType
dos
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[ inip_s.inp | |si.prim |

bnd_si.out
or

dos_si.out

pwbcd

fot2  -4-r--=| ayband

«__=]| pdosdr

O 72 pwbed0O0O0OOODOOODO

Input file name

si.prim

number of division (nkdiv)

8

number of levels you want to draw (NBUP) usually NEPC
12

scan zone only (iscan)

1

print control (ilp)

1

use symmetry (isymm)

1

energy unit (ienun=0 for Ry, 1 for eV)
0

oood
oboooooooooooboobobgobob

JobType Oo0obO00 =dos

xtl.name ooo

nkdiv kOOO0O0OO

NBUP oooooo

iscan goo0oo0oooooooooooooog
ilp ooo0oooooooooooooon

isymm 000000oooo1oooooogoonoon
ienun Oooooooo oo RyO10O eV

00000000000 DOSOO00D0O00DDOO0DODO0O0OO0O00O0O0DNO nkdiv
obobooboooooooooooooooNBUPODODOODOOOONHDIMODODO
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uboooboobooboooobooboboobooboboboooboobooobo

gboogobooooboobobooobobooobooboooobobooooboon

ubboooboobuoobboobuoboobbooboobbooboobooonon
gbooopobooboobbooboobbooboobboood

pwbedD DOSOOOODO dos *.thlODO OO fort.20 000000000000 0O0OOOO
O000000000000000 dos_*.tbl O Mathematica 0 0000 OO DOSshow.nb
booboooooboobooobobbooboboobooboobboobobOon
O fort.20 pdosD DO OO0 0000 pdosdrd 00 OO tetrahedron 0 [36] 0000000
DOSODOOOOOO0ODDOODOOOpdosOOOOODOODOOOODDOODO

DOSOO0OO0O0O0 kOO0OO0O0O0O0OO0ODOOD GiOGUGsOOOOOoOoOoODODOOO
OO0 nkdivOOOODOOOD nkdiv=400000G, 0000 G;0000

1 2 3
O 1 1 1
0400000000000 Monkhorst-PackD kOO O0O0OOO0OOOOOOOOOO
godgooooogooooooooogooooboooboboooooooooouoog
oo0000ooooooooooooooooooooooooooooooooooog
000000 o0ooooooUoooUoo0 koooooooooooooo
dosclOOOO0O kOOOOOOOOO0OOODODOODOOOOOOOOOOOOOOO
00ooooooooooooooonissymm=100000000000000000
goopood

goboooooooobooooooooogooooooonD ppdbogonogg

[SGI|D pwhed 00D SGIOOOODOONONOOOOOONDONONONOOOOO
00000000000000000-000000000000000000
TSPACEDDODDOOOOOOONONOOODO-static00000000000

7.1.2 DOSOOOOO

DOSUDODDOD0OOOOO des *thlOODOO fort.20 0000000000000 0OO
00000000000 des*owt0 000000 OOOOOOOODODODOOOOODOO

The calculation parameters

gboooobooboobboobooboobbon

K space segmentation

ooobgfd0bOo0ooobObO0oobOo0ooobbobOooobobOooooDbboobooD
obobobobooboboboobobooooo

Number of sampling points (NKPTS) 3
No NM c P DK Nstr WTK in/out
1 GM 0 0 0/ 2 0 0 0/ 4 0.0000 1 0.12500 1
2 L -1 1 1/ 2 2 0 0/ 4 0.1688 4 0.50000 2
3 X 0 0 2/ 2 2 2 0/ 4 0.1949 3 0.37500 2
= 1

sum check over wtk .000000
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000000000k ODODOO-conventional primitive base 0 00000000000
OO0000DKMOOOONstrOOOWTKOOOOOOOOOO00O00 TSPACED
goboobogn

gobodsk0b0bb0O00OO0O00bU0bUObOobObOobODUbUobUOobobbOobooDO
000000000000 0000000pwmO000000OSAKA2000000000
0000000 primitive base 000 OO OOOOOODODODOOO conventional base U
0000 TSPACEDDOOODOODOOODOODODOOOOOODODOOOO0O0OO0ODO
goo00dbOobOOo0bO0o0ooOOoboobOgoOoboooOobOOoboooDOobOobObooo
000000000 OooOooooon

oooo0oooobd ppO0D00ODbD0ODODbDOD

determin Ef
Determine the Fermi level

energy —--- (eV)
Fermi energy = 6.2896
at 1 th-kpoint 0 0 0/ 4
Total piled up number = 8.000000
Number of electrons = 8
Sorting of HOMO
Valence Top: 6.2896 at 1 2 2 0/ 4
Sorting of LUMO
Conduction Bottom: 7.1785 at 3 0 0 0/ 4
Gap= 0.8889 from 0 O 0/ 4 to 2 2 0/ 4
final distribution of the valence bands
kn IP2 - IP3 E2 - E3 Occ2 - Occ3
1 3 3- 4 3.17028 - 3.17028 2.00000 -  2.00000
2 3 - 4 4.91918 - 4.91918 2.00000 -  2.00000
3 1 2 - 4 6.28963 - 6.28963 2.00000 - 2.00000
Ef=  6.28963 nv= 3 kf= 1 del_n=  0.00000
Nel= 8.0000
Ef= 6.2896

0D0000000000000000000000000000000000000 0.8889
[eV]O0DODOOO(000)0000000000(220)/400000000000000000
0000

000000000000000000000Si00000000000000000
0000000000000 000000000000000000000000000
0000000000000 0000000000000000000IP200 IP300
D0000000000D000000E20E30000000000000000000
0000000000000 000000000000000000000000000
0D0000000000000000 ERESODDDDOOOOOOOODOOOOOO
00 IP200IP3000000000000O0O0O0O00000

00000000000 AO0IP300000000000000000000000
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U0 NelDOOODOOOOOOOOOOOOoDOooooDooooooboo

71.3 OO

DOSOOCOOO0OO0O0OoDOOOOOOOOO

(i) DooooO
0000000000000 dos*thlD0000000000000000000000
00

1 -5.885658 0.125000
1 6.289627 0.125000
2 -3.384971 0.500000

O0oooork0oooooobobOoOO0O0OrkOO0ooOoooooonoDbMathematica
O DOSshownbOOOODOOOOOOOOODOCOOODO GawssianOOOOOOOODOO
00000000 DOSOODDOOO0OO0OO 730ad0dnOO
gbooo0obooboboobooboboobboobobd0van HoveDOOOODOODOO
O000A0000000000000D000O0O0D000O0O0O000OD0O0O0O00!

(ii) tetrahedron O

tetrahedron 0 [36)] 0000000000000 O0OOOO DOSOOOOOODOOOO
pdosO dosclDOOOOODO fort.2000000000000000Ofort.200000
0000000 722000000000pdes0000000OO0O0CODOOOCOOOOGODOO
pdos0000000O0DOCOOOOODOOOOOOODOSODOODOOODOOOOODO
UO0O0000ob0bOoboOoobOdn pwbed O primitive base k0000000000
O00O0O00OOpdosO conventional base D0 D 00000000 DOOOOOOOOOO
D000O0OFCCODODOODODOODOOOONONONONOOOOOOoOoooooo?

OO0 Si0000OpwbeddDO £O0O0O0OODOOO primitive based 200000 GO
Go0G; 000000000 Oconventional base 0 0 (000) 0 (001)000(111)/2000
00000000027 /a00MM0O00pdos O conventional base 000000000 a*d
b*Oc*0000000000000O0000DO0O000O0DO0DOO0O0O0O0OO(100)/20
(110)/20000000000000000O0 pwbedOOOOOOOOOOOOOOOO
ugbooooog

OO0 pdosODODOO0OOO0ODOOOOODOOLOOOODOO pdosOOODODOODOO
00000(000)/10(100)/10(110)/10(111)/100000000000000(111)/10
(000)/1 00 (110)/10 (100)/100000000000000000 pwbed 00000
00o0000oo0ooooOo@1)y/20000000000000D0O00ODOO0OOOO
ubboobuodaboaood

lDooooo0O0O000O000000000000
0000000000000 00000000000000000000000000000000000
gobobocooooooboooooobobooobOOoOobOOoOoUobOboOoOobOOooboboOoobOboOooooo
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15 nkdiv=4
0=0.2

nkpts=¢ nkdivi4

/\IMM/N WA /\ M M

nkdiv=8 2 nkdiv=8

nkpts=3C }\,\ nkpts=3C

k

nkpts=149 / \ nkpts=149
1

I/\ I\ K(Iw) ::::;::3 \ /\ A/\ nkdiv=32
| / }\ / nkpts=913
\W AR \\

710“‘ ’ -10 0 10

@) (b)

0 7.3:Si0DOSMa00000000 GaussianOO OO O0O DO M bO tetrahedron O O
0o0ooooooo

O00D0O0O0O0O0O0ODOd pdespara000D0O0OOOCOODOO

NONMSPIN-ORBIT

1 1 1
0
-10.0 20.0 0.2
8

ocooooobOooooboOoobooboooboOoooDOobDboOoooDOoDO kOoOoboOoo
OONXONYONZOODODOOODOOOOOO pwbhedDODOODOODODODODOODO
OooOooooOoOoODbDOSOOOOODOOOOOODOOOOOOOOOOOOODOD
0000000000000 000D0OCO0000D0O0OESTARTOOOOENEND
0000000000 O0DENOODOOODDOOOOUODODOOOOUDOD (ENEND-
ESTART)/DE+10000000000000O0O0O0OO0OOOOOOO

OooDOod fort.120

SPIN 1
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1 -10.0000 0.000 0.0000
2 -9.8000 0.000 0.0000

150 19.8000 1.689 27.1343
151 20.0000 1.438 27.4481
electron number= 8 EF= 6.80000000000000

000000000 0oo0odoooo0ooooooooooooooooooooon
00000000000 o00ooooooboSsO00dooooodoodg bosoo
oooooooooood

000000000 MathematicaOO OO OOO PDOSshow.nbO OO OO O O Ofort.12
000000000000 000 PDOSshownbOOODOODOOO 7.30b0000OO0OO
000000000 DbOO0OOO0DoOoOo DoSOb000D0ODbODOO0ODOO0O0OOb0OODnd van
HoveOOOOOOOOOOOOOOOOODOODODDODOODOOODOODOOODOODOOODOO

714 00000

O0oOoddOb0OpwbedOODODOOODOOOOOOODODOOOOD7TIDOOOOOO
pwbed D0 D0 0000 dos *sum 00000000000 00O0 fort.20000000
Ooboooboo (000000000 0DO0O00DO0O0DO0 MathematicadDODOODODO
MakeFEnb O OO OOOOOO dos ot 0000000000000 OOOOOOOO
uboobbobooboboboobooobooboobobooobooobooobonooo
googboooboobobbooooboboooobooobooboboobooboboon
gbobooobooboobobon

(a) (b)

D \

Ve \\

074 Al00000CDCa00000ObBOOOOOO

074000Al00000000000000000000O0O0O0OOOCOODOODOO
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ubooboboobooboboboboobooboobbooobooboboooooobooo
gboooooobobobobooooo rviobobobooooboboboobo
OOo0oooooboOoOOOMathematicaD OO OOODOOOOOODOOOOODOOO
oooooorigbooooobooboboobooboobboooboooobooooobo
ubooooooooooooooon

7.2 QJUoon

band DO OOO0O k00O O0ODOOOOOOOOOOOOODOOODOOODOODO
oo0oOo0o0ooO0oOoDoOoooOoboOo0oOoooooDo bosuboOooboOoboOoboboooo
gbooooooobobuobbokbbbobobobbob0obDobDobobobobo
00000 band *thlOOOOOODOOOOOOO XYDODOODOOOOOOOOOODOO
0000000000000 bOO00DO aypbandOOODOOOODOOODOOODO
O0000D00000000QaybandO0D00O0OO PostScript0000000O0O0OODO
OO0 HMustrator OO0 O0OO0D0OOOOOO

OO0 aypand DO O OOODOOCOOOCOODOOOO

721 OO
OO0O0D0O000 bed.parad

JobType
bnd
Input file name

si.prim

number of k points specifying symmetry lines (NKPTS)
7
KB(3),
0

CB  (in prim)
0 1

I
0
3
1
2
1
0

O KB KRk W
O = WN O

0 1 1
number of division
5

number of levels you want to draw (NBUP) usually NEPC
12

scan zone only (iscan)

1

print control (ilp)

1

use symmetry (isymm)

1

YOO = NN
H XX QP =X Xa

er line (NDIV)

googood
gooooooooobooobogoboobogobon
Oo0O000oDOoOoO0O00DooCoOoOoooDOoOoOooDOOpwbeddOODOOOOO
gbooboobooboobboobuooboboobooboooboobon

A-B-C -
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JobType 000000 =bnd

xtl.name 0ooo

NKPTS oo0obooooooooooo

KB, ICB oo0oooog kd

NDIV oooooooono

NBUP goooon

iscan do0oboobOodboooobooooooo
ilp do0ooooboOooooooobooooo

isymm 0oooooooo10o0bbooooodoon

0000000000 NKPTSOOOOOOOO k00O KB(3)/ICBO primitive base O
oooooobooogooogoooL-Ior—- XX -wow-KoK -rogog
000000000000003NDIVOODOODODDDD000000oooooo
NBUPOOOOODODOOOOOOOOODOSODOOOOOOOOoOoOoOoDOCoOOoOo
gooobooboobooboboobobooboobobobobooboboobo
O00ooOooooooooooboboooooocbooboSObononbobDDDOOuse symmetry
00000000000 k0000000000/em 0000000 NBUPOOOOOO
obooboooooobo NBUPOODODOODOODODODOODODODODODOOOO
gbobooooooooooooooooooooooo NBUPODOODDO
gbooooboobooboboobooobboobooon

722 0O0000O0ODOOO

pwbed 00D 00000000000 DODOOOOOOOD bnd*tblOODO fort.200
oOo0oOooO0ooOOooboOoboooooboSsObOoUobooUoboboOoboboOoooooo

O00000OO0bnd *owtOODO0OOOOOOOOO
O00000000000000000bnd *tblD00000000O0O0O0OOOOOO
ubobooobooobooobooooo

1 -0.248790244660327
1 -6.646822029304370E-002

2 -0.289100855937076

obooooookbOob0obobooboobobobobobooboboobubobobLo
ocooooooovvsO00DOO0O0OODOL-T-X-W-K-TOOUOOOOSb500
ubooboboobooboobooboooboobobbobooobuoobonooo
ubooobobooboooboboobooobobbooboobobooobobogoooo
bobobobobooooooooboboboobooboooboobobobooboon

‘00000000000000000000000000000 K —»X(1,1,00W »L—T —
X(1,0,00000000000

71



ubooobooobooboooboobobboboboboobobooboobooobo
gooooo

15

pYELE o ——o—RE_
[w]

0.0 g n o

-0.5
0 10 20 30

O75: Si000000band0000000O0O0COCOOOOOOODOO

goboboooooooboboooboooboboooboobooooboboooDog
OO0000DO0O0O00O00000 aypbandOO0Dayband0O0O0DOOOOOOOODOO
Ospline0 0000000000 0ODOODODOODOOOOOOOODODODOODOO Kk
gboogolobgbobo200000b00b0bo0o0oo0oboboboboooboobobn
ugboogn

000000000000 000O0000b0000b0000000000000000M@MO00O00 ayband
gooooooooooboooooooooooOobOOoOOoOoOoOooOooooooboboobooobooooDOo
goooooooooooOOoO0OO0OO000000ooooooooooOoooOoOOODODODOOODbOOO00200
goooooooooooooooooobobooooooooooooooooooooooooooo
goooo 3booooooooooboobobobob0OOoDOODOODODOOODOODODOOODOOOOOOOO
00000000ooooooooooooO00@m@Oob0o0oo0oo00oooooooooooooooo
000000 HerringOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOGCOOOO
00000 (3700000000000 0o00000o0o00o000o00o000oo0oo0oooooooo
0000000000 aypand OO0 O00O0OOOOO0OOOOOOOCOOOOO

ayband 00 00O0O0ODOODO kDOO00ODOOODOODOOOOOOOOOODOOODO
0000000 fort.20000
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0000 k000DDOO kKDOOOODOOOOODOOOODOOOODDODOOO
ugbboobooboboooboobooboboboobooon

1 5 5 5 10 1 L 2 1 1 5
2.793676 5.247479 6.851224 7.409376 8.271489

000000000O00O0o0b0oo0oook0DoOoooooUooooog (5,5,5)/100
OO0 LO0O0000DO0O0ODDO conventional base 100 OO0DOOODOOOOOOODO
OOoO0ooOoIubobOokOOOO0ODOOO
goooboooobooogoooob0OMRNMOOOODODOOMWETM kODOOO
ONSTOOOOOOOOODOOOOOOODOONEIGOODOOOODO
OO00DOOO00OO00DOoO0O0O0O0DOO NEIGOOODOODOO

OO0 fort.20 000 ayband DO O OO0D0OOO
ayband D00 OO0 O00OOOODOOODOOODOODOOODOOD
000000000000 00000 fort. 3000000000000

oooooooao
0
NONMSPIN-ORBIT
0 0 50 NLCOMP NSPIN IFILE
01 12 JPR JMARK IPOINT(character)
-1.0 1.2 100.0 150.0
5
8 LD
8 DT
8 W
8 K
8 SM
Fermi level

01O 0 0 O
o O O
O O O O
0 00 00 0
O O 0 0 O
O O OO
O O O O O

0.
Si PseudoPotential

ubobooobogoaoo
MAGNET O00000Opwm OO NONMSPIN-ORBITOOOODO

NLCOMP, NSPINLIFILE 0000000000 ODO0bOOooooboooboooogoon
00 obO0O0OOIFILEODODODODOD

IPR, JMARK,IPOINT OO0 0O000O00OD0O0OO0O0OO0DOO0O0ODOOOODOODO
IPOINTOOOOODOOOOOOODOODOOOODOO

Eo, EM, YM, XM 00000000000 DOOOO0OO0O0ODOOOOOyOOxOO
0000000 0mmO0 M

NAXM OO00D0OOOOOO kOODOOOO

oooo 0oobbo KUk, 0D00000kOODOOOOOOODOOOOOOOOODD
OO00D0OO0NAXMOOODOODOOODOODOOODOODOOODOOD

EF 00000000

TITLE 0000000
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U0000 aypand DO OO 0OOpwbedO O OODOODODOOOOOOOOODOO

gredbobobO0bO0ODbODbODObDODODD

Energy (Ry)
[
I I I I I I I I

L A p & yiyig I T

O 76:aybandd 000 SiODODO0O0OOkOOOOO0O0OODODOOOOOOOOOOODOD

gboooobooboobbooboobbooboobbooboobbooba

0000000000000 0O0000ooDoO TSPACEODDOOOOOOOOODOO
gooobobobobooboobuooboobobooboobuoooobooobo
ubogoodg

ayband 00 O00000O00OO0O0DOOOO0ODOOOODOOOOOOOODOOODDOO
000000000000 GaAsODDOOOOT?20ADDOOOOD 3000400
O0000oODO0o00000ooDDOb0b0ayband0 000000 30000000
obooooOoboooobobooooobooooobooboonoo

gbooobdbobobooobodooboooobobobobogooooboooobooo
O00D000000D0DO OO ray, projective, or multiplier representationd O 0 0O 0O 0 0O O
ggobbooooooobboboooooobDbobbbboooobbbbbboooo
000000000004 TSPACEDDDOOOODOODOOOONDODOOOOODDOO
00o0ob0oooooooboooobooobobooobooobooDoooooooDbo

‘000000000 Koster[38) 000230 000000000000 DO0DO0DO0ODOODOO
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Koster 000 [38]0 0000000000000 O0OOO0ODMOOOOOOOODOOO
oooog

TSPACEOOOO0OOODODDOOOOOOOOOO0OOOODDODOODOO TSIRDS
000000000 TSPACEDUDDOUOUO0OUOODOOU D(ey)DO0OOOOOOUOOKDO
00000000000 I(e)DODOOODOOODOOOO

D(a) = exp(ik - 7o )I'(a) (7.1)

ooooooooob 000 000000000000 00000nonprimitive trans-
lation0 000000 Dy DOODDOOODOOODOODDOOD nonprimitive translation O
oooooooooboooOooooooboOobobbbOOOO0ObODOOUOUUbObbbOoo

oboooooooogog
O0000nonsymmorphicD 0000000 SiDOO0DO0O0DAOOOOQOOOOCOOOO
TSIRDS O

IMR NO 1 DIMENSION= 1
1 2192227284042

11+ +++++ + +

IMR NO 2 DIMENSION= 1
1 2192227284042

11 +++4+----

IMR NO 3 DIMENSION= 1
1 2192227284042
11 ++--4++--
IMR NO 4 DIMENSION= 1
1 2192227284042
11 ++----++
IMR NO 5 DIMENSION= 2
1 2192227284042
11+-1IJ0000O0
22+-JI1I0000O0
0000000000 fort. 150 0000000000O0C0O0O0O0O0O0O0OOOOOOO
ooboodoooobooooooboobobooooooooomooooooooon
00000000 TSPACE[24]000000000000O00O00O0O00OOOO0ODOO
oooodorioooooon
00000000000 D(e)00000 Cep 000DO0ODO0ODODODODOODODO
O000IlN(e)DO0DO0O0O0OO0O0OO0pO0O00D000O0Kk—-0000000000DO0 100
00000 Cep, OO00000000000000O0000000000O0000O0B00OO
oooooobobooooooooooon
gogooboodgoobodoooodooooguooooogoboogooodn
odooooooooooooooodooooooooooooooogoooooon

goooobooboobbooboooo
oo gbobooooobobobogoooobo xXoo
RN

OO

000000000000 000Kovalev[39]0 Bradley Cracknell[40] D 0000000000000 OOO
gooooooooboooooooboobooboOobO0oooooboOoboooooDoboooooDboOoboooooDo
0000000000000 00O0O00000000 TSPACEODOOOOODOOOOODODOOOOOOOO
000000000 MullikenO BSWOOOOOOOOOOO
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Table 7.1: ADQOOOODOOOOOOOOOOOO DOOOOOOOOOTrOoOooOOO
O00000000oooooooooOdO r=(1/4,1/4,1/49) 00000000000
TSPACEDOOOOOOODOOO

D |E Cy 20y 20, 204 ' | E Cy 204y 20, 204
T T T T
1 A7 |1 1 1 1 1 A1 1 n n 1
! !
2 A1 1 1 -1 -1 Al |1 1 n -n -1
3 Ag |1 1 -1 1 -1 Ay | 1 1 - n -1
/ /
4 A5 |1 1 -1 -1 1 A1 1 -n  —-n 1
5 Ag | 2 -2 0 0 0 As | 2 -2 0 0 0
n = exp[—ik - 7]
IMR NO 1 DIMENSION= 2
1 2 3 4161819222526272840424346
11++++00000000-- - -
22++--00000000--++
IMR NO 2 DIMENSION= 2
1 2 3 4161819222526272840424346
11++++00000000+ + + +
22++--00000000++ - -
IMR NO 3 DIMENSION= 2
1 2 3 4161819222526272840424346
11+-+-JIJI00000000
22+--+JIIJO0O0O0O0O0OO
IMR NO 4 DIMENSION= 2
1 2 3 4161819222526272840424346
11+-+-IJIJ000000O00O
22+--+I1JJI000000O00O
ooon

gooooobooooboooooooooooor2o0p0booboobOooDo

Table 7.2: X ODOUODODOOODODDOODUODODOOO poooboooooroooooo
000o0000000000D000O00O00000 TSPACEDODOOODOOOOOO

D | E Cy 20, 204 ' | E Cy 2C5 204
T
2 Xq| 2 2 0 2 X1 | 2 0 2
1 Xo| 2 2 0 -2 Xo | 2 0 -2
4 X3 | 2 -2 21 0 X3 | 2 -2 2 0
3 Xy | 2 -2 -21 0 X4 ] 2 -2 -2 0

O000000OKoster[38) DO OO0 ODODOOOODOOOOODOOOOODOOO 7.2
000007100 0000000 () 0000000 pwbedO0ODOOOOO fort.18
uboboooboobuoobboobooboobboobooobooo

11 1 th point = 40 0 0/ 40 X 2 1.0000 0.0000 0.0000
Characters
#IR= 1 ND= 2 MG= 16
JG= 1 2 3 4 16 18 19 22 25 26 27 28

Re= 2.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Im= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
JG= 40 42 43 46
Re= -2.00 -2.00 0.00 0.00
Im= 0.00 0.00 0.00 0.00

uboooboboobooobobooboobobbooboobobooobooooobo
gooobooboobooboobobbobooboooobobobobooboobo
ubooboobobobooboobobobooboobobooboobooobo
ood

73 OOooogd
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U84 oguod

0000000000000 ob0ooooboooogn NewtonOOOOOOOOOoQ
O0db0o0obo0boobD0o00bo0booboobOoboboOooUDbOog Hellman-
Feynman 0000000000 DOOO0OOO0DOODOODOODOOOOOODOODOOODO
O0000000000000Car Parrinello0 000000000000 OOCOOO0O
000000oO0oooooo 200

00 Car Parrinello0 000000 ¢, 00000 v, 0000000 OOOOODOO
00000000000 0000000 «0000 Car Parrinello0000000O0O0O
000000000000 Euler-Lagrangian O 0O O

i _ —Hpy, + § Apmt) (8.1a)
1% dt2 = n - nm%m :
d*u
M,—" =1, 8.1b
dQOé 8Et0t
o'z = " ga (8.1c)

obooooooooobobooboooogboD pd ooy, 0cdbOnO
00000004\, 0000000000D0OCO000O0DODOO0O0000ODOOOO0O00O0
ocoooooobooooobooooboooobooobooobooobbooooD v, 00000
gooooobooboobooooooooooby, 00000000 bboogn
goooboobobooboobuooboboboobobboobobooboobo
ubooboboboobobboooobuoobobooboobobobooboooboooo
ogbobooboognbooo
Oo00O0O00000000oocoooooMDbSOOCOOOOODOOOOOODOOOODOO
oooooooooooobooOoobOoOoooOoOooDoooooOooo MDSODOOOOO
Toooboooobooobobooobooooboobooboobooooboon

1 , 3
= kT 2
Nat — 2 K 2 (8 )

Orooopooodboooos2nboboboooooobboooooooobooo MDSODO
uboboooboobooboboooboboog2n00boooobooboooooonooboono
goooboboobooboobobooboobobooboobobooboobo
gobooooboobooooobooobooos20gboobooboooooboooboobn
gooog
gboboobobrobobooboobobooboboobobobobooo
ubogbobggbobbobooboobobuooboboobuoobobooobo
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uboobooboboboobooobobobobooboobobooboboooboobooobo
googoogoboooobobooooboboooobobboboboobooboon
uboobuooboogobobobobobooboobuooboobobooboboboobo
uboboobooboobooooboobooon

gboobboobooboobboobuooboobbon

A 2
5= m;B =242 %1077 (sec) (8.3)

Ubob0ob0ob0ob0ob0ob0ob0ob0ob0obUbO HartreesecOODOOOOO0O M
oobooobobodbooboobboo Ry oo oooooooboobooooos.sy
0200000000 RydburgsecOODODOOODOO

0000000000000 NewtonOODOOOODOO

F 2m

at u

AP X = (At)? (8.4)

0000M,000000001.6605402%x 1073 [¢] D0 M, 0000000000000
Ooo00m=1/2000000M,/2m=M,0000000000000COC0O0DOO0O0OO
googooo

Newton DO ODOODOOO0OOODOODOOOOOODOO2000000008400000
000000000000 00000OVerletOOOODOOO 41]O000000O0OOO
oooog

z(t + At) = 2x(t) — z(t — At) + f]\(;)AtQ (8.5)
o(t) = x(t+ At)2;f(t — At) (8.6)

gooooobooboooobooboobobobbobboobobooboobo
ugbbogobogbuoobboobuooboobbod

81 U0OODOOOOOOONO

gbooboboooboooooboboobooboboboboboooooooonoon
gbobooboboooboooboooboobboobboobboobooomoo
obobooobpemUO00000D00OD000DODOOOOODO PIODOODOOOO
googn

gooobobooooooooobbbooooooobbooooooooooboobo
OO00D0o0bOo00o0bOo0bOoobo0oOoDOon0n Job Type=0O pwvm OO0 OO0
uboboobbooboboobboobbooobobooboooboooooooboo
gbooobooboobooboooobobooboobobboobobooboobo
ubbodbbdpvmddbooobobooobboobobbooobboobbodgbod
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inip_si.kpt
inip_si.inp

po
l [

mds_si.out
mds_si.sum
mds_si.etot
mds_si.eks
mds_si.frc
mds_si.rho
mds s.wfn  —|- —— — -

mds svar —|-—-——————- -
mds_si.atps
mds_si.vel
mds_si.eng

0 81: MDSOOOOOOODOO

O0mdsOOO00OOO0DOODOCOSK10000

U 00O pwm.para [

Job (0:SCF Calc. 1:Atom optimize 2:Cell optimize 3:Phonon 4:MDS)
4

O Job TypeD 400000 MDSODOOODOOOOOOOOOOOOOOOODOOO
uboooboboobooboooboobooboobobooboobobooobooobo

000 maxlIterOWtn OO0 0000000000 DOM
OO0 MDSOODODOOODOOODOOOODOOO mds.parad000O

time step (TMDL) in Ry sec

25.

number of iterations for atom move (MaxIterOmds)

4

mds_Resume

0

way of giving velocity (0:zero, l:random, 2:given) (ignored in case mds_Resume=1)
1

Initial kinetic energy of atoms in K (valid only for ivcond=1)

1200.

Temperature program (0: OFF, 1: velocity scaling, 2: Nose-T, 3: Nose-TP)
0

ubooobooboboooboobooobooboooo
000000 (TMDL)O RyseeUOOODUOOO0OOOOOOOOOOOODOOUOODOO
ubooobooobobobobobobbobboboobooobooboobobooboonoo
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TMDL U0000000RysecODOODOO

MaxIterOmds oooooooooon

mds_resume Jooooooboooobobobobooood

wayOfGiveV doooooooon
do0oOooDOO0o0oooooOoooooooan

Tat_inp 00o0O0o0ooooooooDog K

tpOctrl ooooooo

gbobooboobobooboobobooooboo
OO0ONeseODOOODOODOOOODOODOOODO

OO00O0O00Od TspanU
Tspan = MaxIterOmds * TMDL (8.7)

UO000Tspan DO O0O0OO0D0OOOOOOOOOOOOOOOOOOOOOOO

000000000000 000000000D000D0000 wayOfGiveVODOODOOODO
ooboboobooonO

1 000000000000 00000b0000b0000 Tat_inpUOOOOooooan
gooooboooboobobooboonobo

2000000000000 0DO00O0O0O0O00 vatom_inpOOOOOOO0OOODO 300
oooooon

gboooobogn

goooooooooooooooonooonoooooooonooonoooooon
O000000000000000000 mds_*.wind pwm_*.winO OO0 Omds_Resume
01 000000000000000000000O0000O000000b0O0000oO
Omds*var00OOOO0O0 pwvm *var 000000000 mds.parad 0000000
dooooooooooooo

82 HUOOLOUOODLOODOO

trivial D00 000OSi000000000O0O0000OO000O0oo0ooooooOoo
rhsitDO 0000000000000 0000000000ODO000D000O0ON, =200
00kOO0OO0OOO0ODO0O (£1,+1,41)/400000000 Eeye = 10.80 [Ry]O Npyw = 169
goog

0000000000000000000 600 K]OOOOODODOOOOOooOoO 100
[Ry-sec] 0000500 0000000000000O000O0000OOOUmds_rhsi.sum

ugbbgooboooboobbooboobbooboobbooboobbon
gboobboobugoboobboobd
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Ion temp = 600.0 (K) = 0.00380 (Ry)
initial velocities in a.u.

No v (au) mag
1 -0.1280E-03 0.5663E-03 -0.3293E-03 0.6675E-03
2 0.1280E-03 -0.5663E-03 0.3293E-03 0.6675E-03
Ion energy= 0.011405 (Ry) = 600.000 (K)

000O0IontempO0 000000 ATO00000mdsO000000000000000O0O
0000000000000000000000000MO0000000 000000
000000000 Ionenergy 000 (1/2)My?000000000000082000
00 (3/2kT00000000000000

goog

===== MOLECULAR DYNAMICL SIMULATION

Maximum iterations (IHF)= 50

TIME STEP 100.000 (Ry sec)
corresponding freq. = 206.70 (THz)

D0000000MaxIterOmds OO0 OO00O0O0 AtO00O0OO0O0O O corresponding freq.

0000000000 At0 1000000000 [THZ/OOOOOOOOO
googooobooobooboooo

STEP ETTL Etot Ekion => T (K) resid rsfs dx/at
0 -15.24045955 -15.25186451 0.1140E-01 600.00 0.303E-10 0.303E-06 0.000E+00
1 -15.24025576 -15.24943273 0.9177E-02 482.79 0.265E-10 0.249E-01 0.183E+00
2 -15.24000484 -15.24447379 0.4469E-02 235.11 0.318E-10 0.409E-01 0.245E+00
3 -15.23986732 -15.24067524 0.8079E-03 42.50 0.241E-10 0.483E-01 0.274E+00
4 -15.23986373 -15.24019961 0.3359E-03 17.67 0.365E-10 0.485E-01 0.278E+00
5 -15.23996980 -15.24313559 0.3166E-02 166.55 0.192E-10 0.426E-01 0.257E+00
6 -15.24016456 -15.24780201 0.7637E-02 401.80 0.258E-10 0.307E-01 0.210E+00
7 -15.24037874 -15.25122632 0.1085E-01 570.68 0.475E-10 0.135E-01 0.129E+00
8 -15.24042165 -15.25043339 0.1001E-01 526.70 0.397E-10 0.205E-01 0.157E+00
9 -15.24013282 -15.24528059 0.5148E-02 270.82 0.366E-10 0.470E-01 0.227E+00

10 -15.23976098 -15.24035866 0.5977E-03 31.44 0.219E-10 0.646E-01 0.258E+00

48 -15.24044369 -15.25111029 0.1067E-01 561.16 0.392E-10 0.147E-01 0.134E+00

49 -15.24025722 -15.24710186 0.6845E-02 360.09 0.444E-10 0.398E-01 0.209E+00

50 -15.23984274 -15.24150023 0.1657E-02 87.20 0.222E-10 0.618E-01 0.251E+00

00000000

00000000000000000 Etet00000000000 EkiendOO0OOD0DO
00000000 ETTLOOO0O0O0O0O00RyO00MEkionD [K]0OD0DO000000DO
00000000000 resid0 000 1sfs0000000000 dx/at00000000
0000000000000 000000000000000Ekiond 0.011 [Ry]000
000000000000000000000000000Etet0000000000
00000000000000000000000000 0.011 [Ry]00000 180° 0
D000000000000000000ETTLOOO0000 300000000000
000000000000000000000000000000000000000

00000000000000000000 Ekion [K|0OOOOODODO00OO0O0OO0O00O
000600 [K|0000000000000600[K]000[K|000D000000000
00000000000000000000000300[K|0000000000000
0000000000000 000000000000000000000000000
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ubooobobooboobooobobbobooboboobooooboobooobo
gbooooooooooogoooobogoboobobobobob

0. 0075
0. 005

0. 0025

-0.0025

-0.005

-0.0075

082 00000000000 T=600K|D0O00O00OOSIODO10 2000000
000000 100 [Rysec]

O00o0oooooooooooo
gdoodooodooooouoooa
mdsrhsiatps 00000000

Jdooooooooooooooooboobon
goboooooobobobbooooboboboob
===== MOLECULAR DYNAMICL SIMULATION ==

POSITIONS OF ATOMS ( A,B,C, AS UNIT )

ATOM A B C

ugoooon
ITER : 1

1 -0.0044176 0.0108640 -0.0055570

2 0.2544176 0.2391360 0.2555571
ITER : 2

1 -0.0079128 0.0195239 -0.0098936

2 0.2579129 0.2304761 0.2598936

uboobbooboobooboobbobboobobbobbuobb.0b00004d
gboobooboobooboobos20b0b00ooooboboooobobonoboono
uboooooo B33b0bobobobooooboboooooog

206.70 [THz]
13.3

OO00O0Si0co0oooooooooogoood
gboooooooooooooboooooooroobobob w0D

= 15.5 [THz] = 512 [em ] (8.8)

1
Miu?w? =3 (n + 2) hw (8.9)

~ 3LT (8.9a)
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ubooboobboboRO0bO00bO0b0Oonoob0ob0o0bOoDoOoggYabnog
O0000000TO K]OUODOUOOO 70000000 [Rysec)J000000OOOOS8.9a0
ubgbogbe0boaoo

T

x 2.30 x 107°VT 8.10
T (8.10)

u =

gboogood

OOO0DrxhsiDODOOOODOODOOOODOODOOOODOOODOO 300000 8.2
0000000000000 00000000000000000u%=0.0933783 [Bohr]
000000 70 13.3x 100 [Rysec] DO OOT =300 K|]OODOOOOO8.100000
u=10.099 Bohr| 0O OOOOOOOOOOODO

8.2.1 UU0O0OO0OOLOOLOOOOODODO

0000000000000 0OD0O0O0O00DOCOO000 mds_rhsi.wfn O pwm_rhsi.wfn O
goooboobobobooobobooooooooobooooobobooboon
ugbooobbon

00000000000 mds.parald Omds_ Resumed 10000000000000O

ubobogoobooan
OO00D000 MaxIterOmds O 500 00000000000 DOOOOOO0ODOO

Temperature program (1: ON, 0: OFF)

1

keep period (itkeep), Tstart, Tend, itend
5, 300.0, 150.0, 45

000000000000 S00000000300[K|OO000OO0OO0OO4500
000 150 [K]OOODOOOOOOO0O0O000O00O00 4000000 150 KJjOOO
ubbogoboabod

gbobgooooboboos2n0boooooooboooobobobbooDb ik
U000 I OOOOOOOoOOOODOO

Tref
T

Vi — V. (8.11)
ugoooooooon

O00mdsrhsisum OO0 00O0O0O0OOO0OOOODOO

Temperature Control: ON

hold T = 300.0 (K) until step 5
change
from T = 300.0 (K) at 6
to T = 150.0 (K) at 45
rate -3.8BE+00 (K/step)
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oboboooooboogn

gboobobooboobooan

STEP ETTL Etot Ekion => T (K) resid rsfs dx/at
2 -15.23926026 -15.24496274 0.5702E-02 300.00 0.312E-10 0.499E-01 0.217E+00
3 -15.23390437 -15.23960685 0.5702E-02 300.00 0.133E-10 0.680E-01 0.253E+00
4 -15.22448951 -15.23019199 0.5702E-02 300.00 0.297E-10 0.888E-01 0.301E+00
5 -15.22528774 -15.23099022 0.5702E-02 300.00 0.283E-10 0.794E-01 0.310E+00
6 -15.23201130 -15.23771378 0.5702E-02 300.00 0.431E-10 0.553E-01 0.296E+00
7 -15.23587092 -15.24150029 0.5629E-02 296.15 0.180E-10 0.460E-01 0.278E+00
8 -15.24066198 -15.24621824 0.5556E-02 292.31 0.255E-10 0.366E-01 0.243E+00
9 -15.24310791 -15.24859107 0.5483E-02 288.46 0.295E-10 0.297E-01 0.216E+00
40 -15.24771892 -15.25093570 0.3217E-02 169.23 0.324E-10 0.163E-01 0.170E+00
41 -15.24846891 -15.25161258 0.3144E-02 165.38 0.188E-10 0.838E-02 0.132E+00
42 -15.24797924 -15.25104981 0.3071E-02 161.54 0.262E-10 0.158E-01 0.109E+00
43 -15.24680696 -15.24980442 0.2997E-02 157.69 0.208E-10 0.248E-01 0.146E+00
44 -15.24338337 -15.24630772 0.2924E-02 153.85 0.232E-10 0.398E-01 0.200E+00
45 -15.24093444 -15.24378568 0.2851E-02 150.00 0.187E-10 0.479E-01 0.224E+00
46 -15.23717009 -15.24002133 0.2851E-02 150.00 0.201E-10 0.616E-01 0.249E+00

gboobgoobooboobobooboooobooboooboooboooon

gbooboboboboobooboobobuoobobboob 83a0bonooan
0.015

(a) ,

0.01

0.005] .+ .

-0. 005 K .

-0.01

(b) ", :
0. 005 . :

-0.005]
-0.01 ) .

-0.015 YL o

0 83:rhsid 77=30000 150 K] OOOOOODOOOODODODODODOOOO 20000
OMad000000 100 [Rysec]bOOOOOOO 50 [Rysec]O
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0000000200000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000b00000000000000000000 At0000
50 [Rysec]0 00000 Maxlter0mds 000 100000000000000000000
000000000@M00000000000000000000000000000
0000000000000000000000000000000
000000000000000000000000000000MDSO00000
00000000000000811000000000000000000000000
0000000000000 7T00000000000000000000000000
820000000000000000000000000000O0000000O000
0000000000000000NDOOOOOOOO EO
AE 2
= =\3v (8.12)
0000000000000000000000000000000000000000
000000000000000000000000008.11000000000000
00000000000000000000000000MO00000000000
000000000000000000000000000000000000
00000000000 MDSOO0O0O00000081100000000000000
0000000000000000N00000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
08300a00b0000D00000DNO000DNDN0N0NONDNONONONDNONO0ONONDN0O0O
0000000000000000000000000000000000000000
0000000000
000000000000000000000000000000000000000
00000000000000000000008110000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000 420000000000
000

00000000 O
000000D00000000000D000000000000D0000000000
0D000000000000000000000000000000000000000
00000000000000000000000 Six000000000
kO0OOOD0000000 (£1,+£1,41)/40 00000 00 Eey = 18.90 [Ry]0 Npy =
15030000

Sis 000000 0000000000000 0ooonoo
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gooboooobooooob Tr=e00000000DO0O0O0ODDOOOODOO 8400

uoboobooboobooboboobobooboboobobboboboog 84ald
@ 600
500

400

300 / A /
200 \/\/

100

20 40 60 80 100

(b)

0.01tf

0.01}
0.005} /\

20 40 6 80 100
-0.00tf \
S

084:0a0000T=6000000Sig00000000000000O0OOOODO 50
[Rysec] [ bOOO0O0ODO z000000y0O000OOODOOOO

Oo0ooOOoOooOoo0obDOoOooooobOoOoOopbOO0ODOs,DOOOD0OOODs8O0O
OO0 Si0oo00d0oO0oood0oDooOO000oDooOoO00bOy0O0oDOOoOoOobDoOooOoooo
ooOoOoOoOoooOoOoOOOOOOODOOOODOOOOOOOOO SigOO Ssikoood
Oo0ooooooooo sicgooobooooooooooobooooooobooboooooo
gbobooobooboboobooboooobd

goboobogoboooooooboobooboooooboooboboboobooboo
u=0.0177xap=0.18 [Bohr| 000000000000 rhsiDOOO0 «O0O0O00OO0OO
oobooobobooboobooboobodshsibdbooboobobooobooooDO
gboooobooboooooooo

000000000000000000000000000200000000000
00.967 [ps] 00D 000000000000 1000000000 300([K]000000
000000 1900000050 [K]00000000000000 190000000 50
K]ODOD0DO0O0OO
00000850000000000000000000000OODNNONONDNDNDNDO
000000 850b0000000000000000000ONDNDN0000NNONNDO
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[Ry]

Etot

0 50 100 150 200 0 50 100 150 200
STEP STEP

085 SigIIDOD0DMalE.00000000000000000T0O0OOOOO0O
000000 100 [Rysec]dbOOO0OD0OO0OOO0O0O«w0OO0OOO

gbooboboboobobooobooboboobooboboooobooboobooobonon
OO0000O0OooooTrT000 ATODO00O0OOOODOO0ODOOOTOOD ATOOO
ugbboooboobuoobboobuooboobbod

O0000O0000O0O00bOOO0O0DOOODbDObO cpUOOODnSGIO Origin2000
gobooobooobooobooo soobboobboobboobbooboog
000000000 1[ps|00000O0O0O00O0COOOOOOOOOOOOODODODODOO
O000000o0ODOo0o00ooboooOCOO0O0OoOoobooDObOogdCar-Parrinello
gboobooooboobooboboooobobooobobobooboobooobo
ugbbooobooboobboobuoobbon

gobodbbooobboobboobboobbooboooboooboooobo
ubogboboboobogboobooboobuoobobbobooboboboboobo
ubobooboobbobboobobbobooboobooooobobobooboooo
gooobooboobobobobobboboobooboobbooboboboobo
ubbodbbooboboobboobbooboooboooboooobooooboo
ubooobooobobobooobooboboboobobbobobooboobooobo
ood
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HpN

gboooboobobobooboobooboboobobooboobooboobo
gbooobooooboobobooooobooboobooooooboboooooooobooon
ubooobooboobooboobobobooboobobobobooooooooo
gbooobobooboobobooboobobbooboobobooboobobOooobo
gboboboboooooobobobgoboooobobobobooooooon
gboboooboboobbobobobobooooooboboooooobobono
gboooboobobboboobooboooboboobooboboobooobo
0000000000000 000000000000000000000000?

goboobobooobooboboooboosbobooboooboobooboon
gboobodabgbooboboooobooboobobooboboooaboba
gboobooobooobooooboooooboboobooboobooooooooon
gboobooobooboobooooobooooobooobooboooboooon
gboooboboobooboooboooboooooboooboooboobooboooboooon
gbooobobgooobobobooooboboobobooboboboog
gboboogbooabogboobooboobobbobooboobooong..,

00000000000000000000000000000000D0000000
0000000000000000000000000000000000000000
000000000000000000000000000

000000000000 000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000 00000000000000000000000000O
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 00000000000000000000000000
0000000000000000000000000000000000000000
oooos

googoobooboobbooboobbooboobboobOoobboon

D0000000000000000000000000000000000000000000000
oooooooooooooooooboooooooooooooobooobooooooboooooooon
gooooocoooooboobooooboooooooooboobOoooobooOoboOooooboOobobouobooooDo
goboooooobooooooobooooooon

000D00000000000000000000 Koonin0OOOOODOO 4300000000
goboboooooooboooooooboooobooboOobooooboooooo

goboooooOoooooooooobooobobooomm
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gbooboboobooobobobooboboobobboboboobooooboooon
ggboobobooobooooobooboooboobooooobooobooobobooobon
uboobobgobobboobuoobobboboobooboboouooboooa
uboooboboobooboboobobooboobobooboboobogoooo
goboboooobooboboboooobobobooooobobooooboon
ubboobuoobboobooboaon

gbooobooboobooooobooboboobbobboobooboobooboonon
gbmobooooooooooooooooooobooooobooooboboonDo

O00D0O0O00O0C0O0DO0OD0ODO0O0DDOOsaka20000000000000O0C0O0OO
Oo0o000o0oooOoo0o00oooo0o00dofO00O0OOOOOOOOOOOOOO
ubooboboobuodgbooobo
gbooboboobopoboboobooboobobbobobooooboooobonoon
gboboooboobooboooooo
gbooobobobooboobobbobooboobobobooboooobonoo
gbooobooboobobobooboboboobobbobooboooobooobo
ooooOoOoOoOOOOODODODOODOODODOOOOOOO0OOOO0OoGWOOO0O000Q
uboobooobooboobbooboobobon
gboobooboboboboobobobooboobooboobooooboooboonoo
gobooooboboobobooooobobooboooobobobooobooboon
uboboobooboobboobuoobbooboobooboboobooboo
gbooboooboobooboooobooboobooboooboboboboogoo
googbooboooobogobooogooboboooobobooboooboobooobo
ubobooboooboobboobuoobboobuooboboobooboooboobon
goboooobobboboobooboooobobbobooboobobooo
googbobooogobogobobooooobobooooooobobooooDoobo
uboooboboooboooboboobooboobobooobooboboooboaooo
gooboobogboboooboobboobooboboon
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0 OA [0O0O0O Mathematicall [0 [ [
Oddodon

Al 0JO00OOOODbDOOoOoboDOd

O0D0O0000O0O0SAKA20000000000D000O0OO0OODO Mathematica
OO00OCOCOOOCODOOCOOOOOOODOO0O0OOUOOd ChgbnstbOOOODOOOOO
ubooobooobobooboobuoobooboboooboobooobooboooo
gogooobobbooooooobbboooooboobboooooobbbboogoo
MathematicaO OO DO OO O0O0OO00O00O0OOOOO0O0ODOOOOOOOOODOOOO
ugboooooboooboooboobon

U000 tiviallOODOODOOOODOODOO0ODOD0OD0O0eDODOOOOD0OOOOO
000 C2/mOI000000C-—center0 00000000 AlDaDD0ODOOOOOOO

O0O0O0OOMathematicaOOODODOOOOOOOODOOOOOOOODODOCOOOOO
gooobooboboobobooboobobobobobooboooobooobo
googbobooooooobooboooboooboboobooooboboboobooboon
uboooboobobbobooobooboboobooboboboboonoooobooooo
goooobogboobboobuooboobbooboobbooobooboo

ChgDnst.nbOOOOOOOO
goo

Construct crystal structure 010000000000
ooooooooogood d

2.
00000000 read *.prim 0 O 0O 0O

file = OpenRead["name.prim"]

O0000O0*prim0000000000000O0OO00OOOOOO
DDDDDD{ao,bo,co}DDDDDDDDDDDADDD amaxJ 000000

e J000DUDDDOODUODOOODODOO {t1,t2,t3} 00000 DOOOOOOODODO
{t1, t2, t3}0J

e J00DUODOOUODOOUOOOODN {ter,te2,te3} 0000000 { tel, tc2,
tc3}

e 000 Mathematica 0000000000000 0000000000000000
00000000000000 {gp1,gpe,gps} 0000000000000000

000 { gpt, gp2, gp3}[D

O0000C0C0O0OChegDnst.nbO 0 AlDa0O0OOODODOOOOOOOODODOOOO
uboooboooobooboobooobooboboobobooboboooboooobooooo
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— |
—

(b) gp7
gp4 7 —— [ —0m
gp3 / pi1
pl2
6
fo gp
gp2 gpl
gpo
© pit  pl2
plo pl1

0O ALl 00DO0000D0OOCO000DO000MDa00000D0OOO00O0ODOOOOOOO
ooboobobooooomuooobobooboobooo@myuooobooboboogbplod
plilpl2000000Hc0D0O0D00O000O0OO plopli0ptdDOOODOODOO
gbooaoo

OMmoobooobooobbogoboUdegpU ...0gprO0000O0OOODObPOODODO
obobooboobooboboooboooooooooooooon
ooooog

e J00IDDOUODUODOOUODOODOO NgomHOnatemOODOOOOODODO balil O
gooood

o JUUOODOOLODDOUUOUOUUUUNUlatticel

lattice[l_,m_,n_] := N[1 ti+m t2+n t3]

goboooooboobobooboooboobbooboooboooobooon
gooooo

lattice[0]=lattice[0,0,0];
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lattice[1]=lattice[1,0,0];
lattice[2]=1lattice[0,1,0];
lattice[3]=lattice[0,0,1];
lattice[4]=lattice[1,1,0];
lattice[5]=lattice[0,1,1];
lattice[6]=lattice[1,0,1];
lattice[7]=lattice[1,1,1];
lattice[8]=lattice[-1,1,1];
lattice[9]=lattice[1,-1,1];
lattice[10]=lattice[1,1,-1];
lattice[11]=lattice[1,-1,0];
lattice[12]=lattice[1,0,-1];
lattice[13]=lattice[0,1,-1];
lattice[14]=1lattice[2,0,0];
lattice[15]=1lattice[0,2,0];
lattice[16]=lattice[0,0,2];

0gd
lattice[-#]=-lattice[#];

goog

e 000000 OOOODDODODOD atomPosd OO
atomPos[1_Integer, j_Integer] :=lattice[1]+balj]

goog

ubooooboobooboooboo

oooooooobooodgog gpoU .. .Ogp7r000boboooooooooonog
oooobooooboboodo bbb oboobobobboooooLoDbbooOoD
uboooboboooboooboboobooobobbooboobonoboobooooooo
gbooobobooboobobooobooboooobooboboooboobooobo
uboaoodg

000000000 read data file O

file = OpenRead["pwm_name.rho"]

OO00000CO00000DOOO000DO0ODOOO00D00OODDOdOdChgDnst.nbO density
statistiecsU O OO OO0

{ro3min, atmin}
{0.234258, {1, 1, 35}}

{ro3max, atmax}
{247.381, {12, 58, 56}}

gboobooboobooboboooon

gbooboboooboooooboboboboobooboobobobooooboonoo
gbboooboobuoobobobobooboobobooobod
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Timing[ grf = ContourPlot3D[ fulst[l,m,n],
{1,igxmin,igxmax},{m,igymin,igymax},{n,igzmin, igzmax},
Contours->{80}, PlotPoints->{8,4} 1 1]

0000Contows0000000000000000O00000O0000O0O0O0O0OCO
0000000000000000000540000000000000000000
ep00 ...0gp70000000000000000000O000O00
0000000000000000000000000000bL0000000000
OO0ploOpllOpl200000000000000000 gpod...0gp70 0000000
000000000000000plo000 gpo-gp30 1/40000000000

— —
—  3gp0 + gp3

pl0 = 1 (A1)

oood

gboobooobooobobooobooobobooobboobbocobboonoo
Oplo-plO0D00OD0OD0 pO0OO0OO0OOOOOCOOOOOOOOODODOOODODOD
Chghnstnb OO OOO0O0OOODOOOOCOOODOODOOOODODOOOOOODOO
googooss00b0nDOon

A2 0O00O0OO0OO

OoobDOoO00obOoOobOOdOrodxy0odo0oOoooOoO0O0oDOOODOOOOOoOobOOO
0000000000000 000D000D00000000 {nal, na2, na3} 0OO0O
ubooboobooooooooooooooooboooobooonDo

NA3 1
Ne = Z pi X NA3 (A.2)
=1

ob0ob00ob0O0ONgOO0DbO0DbOobobobobobobo

gboobobboobogbuobooboobobbobobooboobooooo
uboooooboogoo

gboboobobobooboobobbobooboobooooboobooobonoon
ubooboboobouooboboobooboboboobooboboobooobo
ooooobOooOobOoOo0oOooboboo0ooogoobD rCcCco BCcCOOOoOOooDO
goooobooboooo

gboboobobobooboobobbobboobuoobooooboobooobooo
uboooboboooboooboboobooobobobooboooboboooogoooo
O00000O0O0O0DO0O0O0000ODOoO00oOogooD FCCOo BCCOODOOOOOO
ugbogoboobuaaoo

gboobobobooboobobboboobooboboobooboooboonoon
gooobobooboobobobooboobobooboobobooboobo
gbooaoo
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[ S
e
T LSS S S SRS
[ S LSS
[ LSS
[ LSS
[ LSS
[ S
[ LSS

O A2 000000000 0DOOO0ODOOODOOO0ODOOOOOOODOODOOOOD
gboooboobooboobobooogooobobooboooooooooboboon
OO0 A00O0ODOCOOOOO0OOOPOOODOOCOO

gbooboboboooboobobboboobooboobobooboobooo
O000O0000ooooooooOO0oOoOoOooD A200000000
gboooboboobogboboobooboobbooboooboobon

fd[l_,m_,n_]

googoooboboboboooobobooooboboboooboboboooon
0000000000 ADooooo {1, n, n} 00000000000 A20000
{nal, na2, na3} JO0000000O0O0O0OO0O0OOOPOOODOOOOODOOOOO
gboogobobooooboooboooogobooobooboboobooboooobooboon
ubobooobooboobboobooboobboo fa00bn
gboooobooboobbooboobboob fa0boobbooboo
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HpN

gboooboobobobobooobuoobobobooboobooboooboobooboobo
googbooboooobogobobooooboobobobooogbobboboboobooboon
uboooodbogoboboooobobobobboobooobooobooobobbobo
gboooobooboobboobooboboobbooboobbooboobooonoon
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