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1. │∂╘⌐ 

 

1.1 PHASE◦☻♥ⱶ─  

 

PHASE ◦☻♥ⱶ│⁸ ⱪ꜡◓ꜝⱶ ⱪ꜡◓ꜝⱶ PHASE⁸

ⱪ꜡◓ꜝⱶUVSOR⁸ ⱪ꜡◓ꜝⱶASCOT⁸ ה ⱳ♥fi◦ꜗꜟ ⱪ

꜡◓ꜝⱶCIAO ⌂≥─♫ⱡ◦Ⱶꜙ꜠כ◦ꜛfi─ⱪ꜡◓ꜝⱶהⱤ♇◔כ☺ ⅛╠ ↕╣╢◦☻♥ⱶ≢∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1.1  PHASE ◦☻♥ⱶ─ ⌂ⱪ꜡◓ꜝⱶהⱤ♇◔כ☺ 

 1.1 PHASE ◦☻♥ⱶ─ ⌂ⱪ꜡◓ꜝⱶהⱤ♇◔כ☺ 

ⱪ꜡◓ꜝⱶהⱤ♇◔כ☺  

PHASE  

ⱪ꜡◓ꜝⱶ  

 

PHASE │⁸ ⌐ ≠ↄ ⱳ♥fi◦ꜗꜟ ⌐╟╢

─ ⱪ꜡◓ꜝⱶ≢∆⁹ ◄Ⱡꜟ◑⁸כ

⁸ ─ ⁸Ᵽfi♪ ⁸ ⌂ ⌂≥─ ⅜≢⅝╕

∆⁹ 

UVSOR 

ⱪ꜡◓ꜝⱶ  

 

UVSOR│⁸ ⱳ♥fi◦ꜗꜟ ⌐ ≠⅝ ─ ╩

∆╢ⱪ꜡◓ꜝⱶ≢∆⁹ ─ │⁸ ┘

⅛╠⌂╡╕∆⁹UVSOR│⁸ ─ ┘ ─ ╩ ≢

♩כ◕⁸⅝ ─ ╩╒╓ ⌐ ∆╢↓≤⅜≢⅝╕

∆⁹ ⅜ ⅝™high -k ─ ┘ ⌐ ≢∆⁹ 

CIAO 

ה ⱳ♥fi◦ꜗꜟ

ⱪ꜡◓ꜝⱶ  

CIAO │⁸ ⌐ ≠⅝⁸ ─ ╩

⇔⁸ ╠╣√ ⱳ♥fi◦ꜗꜟ⅛╠ ⱳ♥fi◦ꜗꜟ╩ ∆╢ⱪ꜡◓

ꜝⱶ≢∆⁹ 

ASCOT 

ⱪ꜡◓ꜝⱶ  

ASCOT│⁸ fiכꜞ◓ ╩ ™≡⁸ ⅔╟┘

╩ ∆╢ⱪ꜡◓ꜝⱶ≢∆⁹ 

PHASE Viewer  

◓ꜝⱨ▫◌ꜟהכ◙כꜚה▬fi♃כ

ⱨ▼כ☻  

PHASE ─ ♃כ♦ ה ⁸ ⁸ ─ ╩ ℮

◓ꜝⱨ▫◌ꜟהכ◙כꜚה▬fi♃כⱨ▼כ☻ GUI ≢∆⁹ 

 

ⱴ♬ꜙ▪ꜟ≢│⁸ ⱪ꜡◓ꜝⱶ ⱪ꜡◓ꜝⱶ PHASE ≤ ∆

ꜟכ♠╢ ╩ ≤⇔≡™╕∆⁹ 

  

CIAO

ASCOTPHASE UVSOR

GUI

PHASE Viewer

CIAO

ASCOTPHASE UVSOR

GUI

PHASE Viewer
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1.2 PHASE≤│  

 

1.2.1 PHASE─ ⌂ ⁸ PHASE≢ ⅜ ≢⅝╢⅛  

 

PHASE │ ⁸ ⱳ♥fi◦ꜗꜟ ⌐ ≠ↄ ⱪ꜡◓ꜝⱶ≢∆⁹ ⌐ⱨ

▫♇♥▫fi◓∆╢Ɽꜝⱷ⁸╘√™⌂⅜כ♃כ ─ ⌐ ∆╢ ╩ ─ ≢ ↄ ∆

╢↓≤⅜ ╕∆⁹ ↕╣√ ╩ ™≡ ₁⌂ ─ ⅜ ≢∆⁹ ⌐ ⇔

≡│⁸ ⁸ ⁸ ⌂≥ ₁⌂ ⅜ ≢∆⁹PHASE ─ ⌂ ╩

─ ⌐╕≤╘╕∆⁹ 

 

⌂  ╠╣╢ ⌂≥ 

ה ⁸ ⌂≥  

 DOS  

Ᵽfi♪  

 

◄Ⱡꜟ◑⁸כ  ◄Ⱡꜟ◑⁸כ ⌐ ↄ  

⁸ Ɽꜝⱷכ♃כ 

♥fi♁  ꜟ

 

 

⌂  

─  

ה   ♪כ⸗

  

STM  STM  

 ⁸◄Ⱡꜟ◑כ  

 

PHASE ─ ⌂ ╩ ⌐╕≤╘╕∆⁹ 

 

 

  ⌐╟╢Ɽꜝⱷכ♃ⱨ▫♇♩⅜⌂™√╘⁸ ─ ╛ ─ ⌂ ⌐

∆╢ ⅜  

Ɫ▬Ⱪꜞ♇♪ ⌂≥─ ⌂  

  ≢─ ⌐ ↄ ↕╣≡™╢ LDA ╛ GGA ⌂≥─

⌐╟╢ ─ ™ ⅜  

 ⱳ♥fi◦ꜗ  ꜟ ▬○fi◖▪─ ╩ ⱳ♥fi◦ꜗꜟ⌐╟∫≡ ╡ ℮↓≤⌐╟╡⁸ ⌂

⅜  

 

  ⌂ ╩ ∆╢↓≤⌐╟╡⁸ ₁⌂ ≤─ ⅜  

 

 

⁸ ⌐╟╢ ⁸ ⌂≥─ ⌐

∆╢ ⅜  

 MPI⁸OpenMP ╩ ⇔√ ⌐╟╡⁸ ◖▪ ─

╕≢  

♪ⱨ꜠fiכ◙כꜚ  ꜞ

◓♃╩ꜟ▬□ⱨ ♃כ♦  ⌐⇔≡, ╘≡ Ɽꜝⱷ ,╙≢כ◙כꜚ╢∆

─♃כ ⅜ ⇔ ™╟℮⌐ ⁹ 

₁⌂ ⅜ ≢№╢≤ ⌐⁸╒≤╪≥─Ɽꜝⱷכ♃⌐ ⅜ ↕

╣≡™╢√╘⁸ ⌐◦fiⱪꜟ⌂ ≢╙ ∆╢↓≤⅜ ⁹ 

כ♠   ꜟ

 

Ᵽfi♪ , , ⌂≥─ ╩◓ꜝⱨ ꜟכ♠╢∆

⌂≥⁸ ─ ⌐ ⅜ꜟכ♠⌂  

Ɽ♁◖fi─☻כꜚ   WindowsPC ⅛╠ ─☻Ɽ◖fi╕≢ 

GUI ☻כ▼ⱨכ♃fi▬◙כꜚ  PHASE -Viewer ⌐╟╢ ⅜  
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1.2.2 PHASE─ⱪ꜡◓ꜝⱶ  

 

ⱪ꜡◓ꜝⱶⱤ♇◔כ☺PHASE ⌐│⁸ ─ⱪ꜡◓ꜝⱶ⁸♠כꜟ⌂≥⅜ ╕╣≡™╕∆⁹ 

 

ⱪ꜡◓ꜝⱶⱤ♇◔כ☺ PHASE   

ⱪ꜡◓ꜝⱶ phase 

 

PHASE │SCF ⁸ ╩ ™╕∆⁹╕√ ⇔√

⅛╠ ╛Ᵽfi♪ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

ekcal 

 

 

⁸Ᵽfi♪ ⌐⅔™ k ─ ⅜ ™ ⌐ ℮ ⱪ꜡◓ꜝ

ⱶ≤⇔≡ ekcal ⅜№╡╕∆⁹↓╣╠─ ╩ ⌐ ℮√╘─ ☻◒ꜞⱪ

♩ⱨ□▬ꜟ⅜™ↄ≈⅛ ↕╣≡™╕∆⁹ 

כ♠  ꜟ band_kpoint.pl  Ᵽfi♪ ─k ─ꜞ☻♩╩ ∆╢Perl ☻◒ꜞⱪ♩ 

dos.pl ─◓ꜝⱨ EPS ╩ ∆╢Perl ☻◒ꜞⱪ♩ 

band.pl  Ᵽfi♪ ─◓ꜝⱨ EPS ╩ ∆╢Perl ☻◒ꜞⱪ♩ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1.2  PHASE⁸UVSOR─ⱪ꜡◓ꜝⱶ  

 

1.2.3 ⌂  

 

PHASE ⱪ꜡◓ꜝⱶ│ fortran90 ≤C≢ ↕╣≡™╕∆⁹↓╣╠─◖fiⱤ▬ꜝ⅜ ⅎ╢ ◦☻♥ⱶ⅜

≢∆⁹ ─ ☿fi♃כ⌂≥─ ⌂◦☻♥ⱶ≢│ ∆╢↓≤⅜ ≢∆⁹ ╩∆

╢ ⌐│MPI ꜝ▬Ⱪꜝꜞ⅜▬fi☻♩כꜟ↕╣≡™╢ ⅜№╡╕∆⁹ 

 

⌂♁ⱨ♩►▼▪⁸ꜝ▬Ⱪꜝ  ꜞ

 ̧ Fortran90 ◖fiⱤ▬ꜝ⁸C◖fiⱤ▬ꜝ  

 ̧ MPI ꜝ▬Ⱪꜝꜞ ⌐  

 ̧ ꜝ▬ⱩꜝꜞLAPACK, BLAS ○ⱪ◦ꜛfi  

 ̧ FFT ꜝ▬ⱩꜝꜞFFTW ○ⱪ◦ꜛfi  

 ̧ Perl ○ⱪ◦ꜛfi PHASEהההה ≢ꜟכ♠  

 ̧ Gnuplot ○ⱪ◦ꜛfi PHASEהההה ≢ꜟכ♠  

 

PHASE ⅜ ⌐ ╢╟℮⌐⁸Windows ─ ⱨ□▬ꜟ╙ ⇔≡™╕∆⁹ ⇔⁸ ─√╘⁸

─ ⅝⌂ ⌐│ ⅜№╡╕∆ ⌂™⁸ ⅜ ⌐⅛⅛╢⁸⌂≥ ⁹ 

 

PHASE

UVSOR

phase

ekcal
epsmain

tdlrmain

band_kpoint.pl

band.pldos.pl

K
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ⱴ♬ꜙ▪ꜟ≢ ∆╢ ⌐≈™≡│Linux Unix ╩ ⇔≡™╢╙─≤⇔≡™╕∆⁹⅔ ™─◦☻♥ⱶ

⅜ ⌂╢ ⌐│⁸ ╖ ⅎ≡ↄ∞↕™⁹ 

 

1.2.4 PHASE─ 2D ≤3D ─  

 

PHASE ⌐│⁸2D ≤3D ─ ≈─ ⱪ꜡◓ꜝⱶ⅜№╡╕∆⁹ 

 ⱪ꜡◓ꜝⱶ☻כ♁  

2D  k   ◄Ⱡꜟ◑כ Ᵽfi♪  src_phase 

3D  k   ◄Ⱡꜟ◑כ Ᵽfi♪   G  src_phase_3d 

 

 

 2D  3D  

 ᾜ ᾜ 

 ᾜ  

 ᾜ ᾜ 

 ᾜ ᾜ 

 ᾜ  

 ᾜ ᾜ 

 ᾜ ᾜ 

꞉♬▪  ᾜ  

Ᵽfi♪  ᾜ ᾜ 

 ᾜ  

☻♩꜠☻♥fi♁  ꜟ ᾜ  

 ᾜ ᾜ 

XPS  ᾜ ᾜ 

ⱨ◊ⱡfiⱣfi♪ ᾜ ᾜ 

 ᾜ ᾜ 

DFT+U  ᾜ ᾜ 

Ɫ▬Ⱪꜞ♇♪  ᾜ  

ESM  ᾜ  

DFT-D2  ᾜ ᾜ 

 ᾜ ᾜ 

 ᾜ  

NEB  ᾜ ᾜ 

blue moon  ᾜ ᾜ 

ⱷ♃♄▬♫Ⱶ◒☻  ᾜ ᾜ 

RTP-TDDFT  ᾜ ᾜ 

LR-TDDFT  ᾜ  

ⱡfi◖ꜞ♬▪  ᾜ  

☻Ⱨfi  ᾜ  

 ᾜ  

PAW  ᾜ ᾜ 

 ᾜ ᾜ 

Ⱳꜟfi  ᾜ  

 ᾜ  

 ᾜ  
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1.3 ⱴ♬ꜙ▪ꜟ─  

 

ⱴ♬ꜙ▪ꜟ│⁸ ─╟℮⌂ ⌐⌂∫≡™╕∆⁹ 

 

  │∂╘⌐ 

 PHASE ◦☻♥ⱶ⁸ⱪ꜡◓ꜝⱶⱤ♇◔כ☺PHASE ─ ⌐≈™≡ ⇔≡™╕∆⁹ 

 

 PHASE ─ ⌂  

 PHASE ─ ⌂≥─ ╙ ⌂ ╩ ⇔≡™╕∆⁹PHASE ─ ─ ╣⅜ ≢⅝

╕∆⁹ 

 Ɽꜝⱷכ♃ⱨ□▬  ꜟ nfinp.data  

 Ɽꜝⱷכ♃ⱨ□▬ꜟ─ꜞⱨ□꜠fi☻ⱴ♬ꜙ▪ꜟ≤⇔≡ ≢⅝╕∆⁹ ↄ─Ɽꜝⱷכ♃⌐≈™≡│

╠⌂ↄ≡╙PHASE │ ≢∆⁹ ⌂ ╩∆╢ ⌂≥⌐ ∆╢≤ ™≤ ╦╣╕∆⁹ 

 ╩ ⇔√  

 PHASE ─ ⌂ ╩ ⇔√ ╩ ≈⅛ ≡⇔≥ꜟ▪ꜞ♩כꜙ♅⁹∆╕™≡⇔ ≢⅝╕∆⁹

↓↓╩ ╖⌂⅜╠3 ─ ⌂ ╩ ∆╢≤ ™⅛╙ ╣╕∑╪⁹ 

  

 ╩ ⇔≡™╕∆⁹ ╩ ∆╢ ⌐ ≢∆⁹ 

 

 PAW ⌐╟╢  

 PHASE ≢│PAW ╩ ∆╢↓≤⅜ ╕∆⁹PAW ─ ⁸ ⌐≈™≡ ⇔╕∆⁹ 

 

  

 ─ ╩ ∆╢ ₁⌂ ⅜№╡╕∆⁹ ⌐ ∂≡ ↄ∞↕™⁹ 

 

 

╘≡ ⱴ♬ꜙ▪ꜟ╩ ╗ │⁸2 ⌐ ↑≡ 4 ╩ ╗↓≤╩ ⇔╕∆⁹4 ╩ ╗ ⌐ ≡⅝√ Ɽꜝ

ⱷ3│≡™≈⌐♃כ ╩ ⇔≡ↄ∞↕™⁹∕─ ⁸5 ⌐≈™≡│ ⌐ ∂≡ ╗↓≤╩ ⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1.3 ⱴ♬ꜙ▪ꜟ─  

 

 

 

PHASE

PHASE

PHASE

PHASE

PHASE

PHASEPHASE

PHASE

PHASE

PHASE

PHASE

PHASE
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1.4 PHASE─  

 

Ᵽכ☺ꜛfi 8.00 

2009/06  

ה ⅝─ ╩ ∆╢ ⅜ ↕╣╕⇔√⁹  

DFT+Uה ⌐╟╢ / ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔╕⇔√⁹  

Ᵽכ☺ꜛfi 8.01 

2010/03  

BLASה ╩ ⇔√ ⌐ ⇔╕⇔√⁹ 

Ᵽכ☺ꜛfi 9.00 

2010/06  

fi◓⁸BLAS♬כꜙ♅ꜙ◦♇ꜗ◐ה ╩↕╠⌐ ╘⁸ ╩ ™╕⇔√⁹  

☻ꜟכⱨ□fi♦ꜟ꞉ה ╩ ∆╢↓≤⅜≢⅝╢╟℮⌐⌂╡╕⇔√⁹  

ה ◄Ⱡꜟ◑כ ⅜ ⅎ╢╟℮⌐⌂╡╕⇔√⁹  

DFT+Uה ╩ ⇔≡⁸Ᵽfi♪ ─ ⅜≢⅝╢╟℮⌐⌂╡╕⇔√⁹  

♪♇ꜞⱢ▬Ⱪה ⅜ ≢⅝╢╟℮⌐⌂╡╕⇔√⁹  

Ᵽכ☺ꜛfi 10.00 

2011/06  

ה ─ ⅜ ⇔╕⇔√⁹  

PAWה ⌐ ⇔╕⇔√⁹  

⌐☻◒ⱷ♃♄▬♫Ⱶה ⇔╕⇔√⁹  

van der Waalsה ─☿ꜟⱨ◖fi◦☻♥fi♩⌂ ╩ ™╕⇔√⁹  

ה ⌐BFGS ⅜ ≢⅝╢╟℮⌐⌂╡╕⇔√⁹  

PHASE TOOLSה ⌐ √⌂☻◒ꜞⱪ♩╩ ⅎ╕⇔√⁹  

ה ⱳ♥fi◦ꜗꜟ─ ╖ ╖⌐ ∆╢ ╩ ⇔╕⇔√⁹  

 

↓─ ⌐╟∫≡ ─Ᵽכ☺ꜛfi≤ ◄Ⱡꜟ◑כ─ │ ⇔⌂ↄ⌂╡╕∆⁹  

 

Ᵽכ☺ꜛfi 10.01 

2011/08  

╩Ⱨfi☻ה ⇔≡™╢ ─ ⅜ ⇔╕⇔√⁹  

⌐GGAה ∆╢ ╩ ⇔╕⇔√⁹  

 

↓─ ⌐╟∫≡ ─Ᵽכ☺ꜛfi≤ ◄Ⱡꜟ◑כ─ │ ⇔⌂ↄ⌂╡╕∆⁹ 

 

Ᵽכ☺ꜛfi 11.00 

2012/06  

ה ⇔™ ♁ꜟⱣכ╩ ⇔╕⇔√⁹ 

♪♇ꜞⱢ▬Ⱪה ─ ╩ ⇔╕⇔√⁹ 

  ►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ ⁸k ╩ ™√ ⌂≥ 

ה ─GDIIS⁸BFGS ─ ⌐ ⇔╕⇔√⁹ 

♩ⱨ♁ꜝ♩ꜟ►ה ⱳ♥fi◦ꜗꜟ╩ ™√ ╩ ⇔╕⇔√⁹ 

ה ⁸ ─ ⌐⅔↑╢ ⁸ ─ ⌐ ⇔╕

⇔√⁹ 

ה ↄ─ ╩ ⇔╕⇔√⁹ 

3ה G ╩ ⇔╕⇔√⁹ 
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PHASE/0 2014.01  

2014/04  

ה ♁ꜟⱣ⁸כ ─ ╩ ⇔╕⇔√⁹ 

ה ─ ⁸ ─ ╩ ⇔╕⇔√⁹ 

ה ╩ ⇔╕⇔√⁹ 

ה ESM ─ ─▬fi♃כⱨ▼כ☻╩ ⇔╕⇔√⁹ 

ꜟ☿♩♇♬ꜚה ╩ ⇔╕⇔√⁹ 

ה ─ ╩ ⇔╕⇔√⁹ 

ה ♁ꜟⱣכ Davidson ╩ ⇔╕⇔√⁹ 

♪♇ꜞⱢ▬Ⱪה ─ ╩ ⇔╕⇔√⁹ 

☻ꜟכⱨ□fi♦ꜟ꞉ה ─ ╩ ⇔╕⇔√⁹ 

▪♬ꜞ◖ⱡfiה ─ ⁸☻Ⱨfi ╩ ⇔╕⇔√⁹ 

ה ─♅▼♇◒ ╩ ⇔╕⇔√⁹ 

ה ⌐CG ─ ╩ ⇔╕⇔√⁹ 

ⱨ◊ⱡfiה ╩ ⇔╕⇔√⁹ 

ה ⱳ♥fi◦ꜗꜟ╛ ─ ╩ ≢ ℮↓≤⅜≢⅝╢╟℮⌐⇔╕⇔√⁹ 

ה ⱪ꜡◓ꜝⱶUVSOR╩ ⇔╕⇔√⁹ 

3ה G ─ ╩ ⇔╕⇔√⁹ 

ה ╩ ⇔╕⇔√⁹ 

PHASE/0 2014.02  

2014/07  

ESMה ╩3 G ⌐ ⇔╕⇔√⁹ 

♪♇ꜞⱢ▬Ⱪה ─ ╩ ⇔╕⇔√⁹ 

♪♇ꜞⱢ▬Ⱪה ─ ╩ ⇔╕⇔√⁹Ɫ▬Ⱪꜞ♇♪ ─ ⌐⅔™≡⁸   

 ♁ꜟⱣכ pdavidson ≤pkosugi ╩ ⌐⇔╕⇔√⁹ 

ה ╩ ⇔╕⇔√⁹ 

╩ꜟ▪ꜙ♬ⱴה ⇔╕⇔√⁹ 

 

 

 

  



 

2. PHASE─ ⌂  

 

↓↓≢│⁸PHASE ─ ⌂ ╩ ⇔╕∆⁹ ─ ╩ ⌐ ∆╢√╘⌐⁸ ⌂ │

™≡™╕∆⁹ ⌂ ⅜ ⌂ ⌐≈™≡│3 ╩ ⇔≡ↄ∞↕™⁹ 

↓─ ≈™≡│PHASE ╩▬fi☻♩כꜟ⇔≡™╢↓≤╩ ≤⇔╕∆⁹PHASE ─▬fi☻♩כꜟ⌐≈™≡

│ 8 ╩ ⌐⇔≡ↄ∞↕™⁹ 

 

2.1 PHASE─ ─  

 

PHASE ≢ ╩ ∆╢√╘─ ╕⅛⌂ │ ─╟℮⌐⌂∫≡™╕∆⁹ 

 

 ŋ ─♃כ♦  

 o ─  

 ɔ ─  

 ᴖ ─ ⁸  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2.1 PHASE ╩ ™√ ─ ─  

 

 

 

  

SCF

2.2

2.3

2.4

2.5

SCF

2.2

2.3

2.4

2.5
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─♃כ♦ 2.2  

 

2.2.1 ⌐ ⌂ⱨ□▬  ꜟ

 

PHASE ╩ ∆╢√╘⌐ ⌂ⱨ□▬ꜟ│ Ɽꜝⱷה♃כⱨ□▬ꜟ≤ ⱳ♥fi◦ꜗꜟהⱨ□

▬ꜟ─ ≈≢∆⁹↓╣╠─ⱨ□▬ꜟ╩ ⇔≡ ♦▫꜠◒♩ꜞ⌐ ™≡ↄ∞↕™⁹ 

ⱨ□▬ꜟ ╩ ⇔√™ ╛ⱨ□▬ꜟ╩ ♦▫꜠◒♩ꜞ ⌐ ⅝√™ │⁸ ⱨ□▬ꜟ ⱨ□

▬ꜟ file_names.data ╙ ⇔≡ↄ∞↕™⁹ 

 

 ♃כ♦

ⱨ□▬  ꜟ  

Ɽꜝⱷכ♃ⱨ□▬  ꜟ ₈≥─╟℮⌂⸗♦ꜟ ⌂≥ ⌐ ⇔≡ ≥─╟℮⌂ ╩ ℮⅛₉╩

∆╢ⱨ□▬ꜟ≢∆⁹ 

♦ⱨ◊ꜟ♩─ⱨ□▬ꜟ │Γnfinp.data Δ≢∆⁹ 

╩ ⇔√◦fiⱪꜟ⌂ ⌐≈™≡│ 2.2.2 ≢ ⇔╕∆⁹ ⌂

⅜ ≤⌂╢ ⌂ ⌐≈™≡│ 3 ╩ ↄ∞↕™⁹╕√⁸ ⌂

⌐≈™≡│ 4 ⁸ ⌐≈™≡│ 5 ╩ ↄ∞↕™⁹ 

ⱳ♥fi◦ꜗꜟⱨ□▬  ꜟ ─ ⱳ♥fi◦ꜗꜟ─ⱨ□▬ꜟ≢∆⁹ ⌐≈™≡│ 2.2.3 ≢ ⇔╕

∆⁹ 

∆╢ ⌐ ∂≡№╠⅛∂╘ ♄►fi꜡כ♪╕√│ ⇔≡⅔ↄ

⅜№╡╕∆⁹♦ⱨ◊ꜟ♩─ⱨ□▬ꜟ │ pot.01, pot.02é.≢∆⁹♄►fi꜡כ♪

⇔√ⱨ□▬ꜟ╩ ∆╢ ⌐│ⱨ□▬ꜟ ╩ ⇔≡ↄ∞↕™⁹♦ⱨ◊ꜟ♩ⱨ□

▬ꜟ ╩ ⇔⌂™ ⌐│ file_names.data ⱨ□▬ꜟ≢ⱨ□▬ꜟ ╩ ⇔≡

ↄ∞↕™⁹ 

≢16 ╕≢ ≢∆⁹ 

 

ⱨ□▬ꜟ ⱨ□▬  ꜟ

file_names.data  ⱨ□▬ꜟ ─ ⌐ ∆╢ⱨ□▬ꜟ≢∆⁹ ↄ≡╙PHASE ╩ ∆╢↓≤

│ ≢∆⁹∕─ │ ≡─ⱨ□▬ꜟ ⅜ ≤⌂╡╕∆⁹ 

↓─ⱨ□▬ꜟ╩ ∆╢↓≤⌐╟╡⁸i)ⱨ□▬ꜟ ⁸ii)ⱨ□▬ꜟ─ ⅝ ╩ꜚ

⅜כ◙כ ⌐ ∆╢↓≤⅜ ≤⌂╡╕∆⁹ 

↓─ⱨ□▬ꜟ╩ ∆╢ │⁸ ∏↓─ⱨ□▬ꜟ ≢ ♦▫

꜠◒♩ꜞ⌐ ↄ ⅜№╡╕∆⁹ ⌐≈™≡│2.2.4 ≢ ⇔╕∆⁹ 
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2.2.2 Ɽꜝⱷכ♃ⱨ□▬ꜟ nfinp.data  

 

Ɽꜝⱷכ♃ⱨ□▬ꜟ nfinp.data │⁸ ╛ ה ─ Ɽꜝⱷכ♃─

╩ ™╕∆⁹ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ ⌐≈™≡│⁸3 ╩ ↄ∞↕™⁹ ↄ─Ɽꜝⱷכ♃⌐│♦ⱨ◊

ꜟ♩ ⅜ ↕╣≡™╕∆─≢⁸∕╣╠╩ ⅜כ◙כꜚ╡╟⌐≥↓╢∆ ⇔⌂↑╣┌™↑⌂™ │

⌐ ⌂ↄ≢⅝╕∆⁹↓↓≢│╒╓ ─ Ɽꜝⱷכ♃ⱨ□▬ꜟ⌐≈™≡ ⇔╕∆⁹ 

 

2.2.2.1 Ɽꜝⱷכ♃ⱨ□▬ꜟ  

 

Ɽꜝⱷכ♃ⱨ□▬ꜟ│⁸♃◓ ♪כ꞉כ◐ ≤  ≢ ╕╣√Ⱪ꜡♇◒─ ≤⌂∫≡™╕∆⁹

Ɽꜝⱷ⁸│≡™≈⌐♃כⱩ꜡♇◒ ≥♪כ꞉כ◐≢ ≢ ⇔╕∆⁹ 

 

Si ♄▬ꜘ⸗fi♪ 2 ─ ╩ ℮ ─ ⌂ ╩ ⇔√ ⱨ□▬ꜟ ≢∆⁹ 

 

control{  

  condition = initial  

  cpumax = 86400 sec  

  max_iteration = 10000  

}  

 

accuracy{  

  cutoff_wf = 25.0 rydberg  

  cutoff_cd = 100.0 rydberg  

  num_bands = 8  

ksampling{  

    method = monk  

    mesh{  

      nx = 10  

      ny = 10  

      nz = 10  

    }  

}  

  initial_wavefunctions = atomic_orbitals  

  initial_charge_density = atomic_charge_density  

  scf_convergence{  

    delta_total_energy = 1e - 10 

    successio n = 3  

  }  

  force_convergence{  

    max_force = 0.001 hartree/bohr  

  }  

}  

 

structure{  

  element_list{  

    #tag    element    atomicnumber  

            Si    14  

  }  

  unit_cell{  

    #units angstrom  

    a_vector = 0 2.732299538 2.732299538  

    b_vector = 2.732299538 0 2.732299538  

    c_vector = 2.732299538 2.732299538 0  

  }  

  unit_cell_type = bravais  

  atom_list{  

    atoms{  
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      #tag    el ement    rx    ry    rz    mobile  

              Si    0.125  0.125  0.125      0  

              Si   - 0.125 - 0.125 - 0.125     0  

    }  

    coordinate_system = internal  

  }  

}  

 

wavefunction_solver{  

        solvers{  

            #tag    sol    till_n  prec cmix submat  

                    davidson    1    on   1    on  

                    rmm3       - 1    on   1    on  

        }  

        rmm{ 

             edelta_change_to_rmm=5e - 5 

        }  

}  

 

charge_mixing{  

        mixing_methods{  

        #tag no   method    rmxs   rmxe   istr  prec nbmix  

              1   pulay   0.40   0.40   3     on   15  

        }  

}  

 

Postprocessing{  

dos{  

sw_dos = ON  

deltaE = 1.e - 4 hartree  

}  

charge{  

sw_charge_rspace    = ON  

filetype = cube   !{cube|density_only}  

title  = "This is a title line for the bulk Si"  

}  

}  

 

─Ⱪ꜡♇◒│⁸ ─╙─⅜№╡╕∆⁹ 

control Ⱪ꜡♇◒ ⌂ ─  

accracy Ⱪ꜡♇◒ ─  

structure Ⱪ꜡♇◒ ─  

wavefunction_solver Ⱪ꜡♇◒ ♁ꜟⱣכ─  

charge_mixing Ⱪ꜡♇◒ ─  

structure_evolution Ⱪ꜡♇◒ ⁸ ─  

postproccesingⱩ꜡♇◒ ─  

printlevel Ⱪ꜡♇◒ ꜡◓ ─  

 

─ ≢⁸ Ⱪ꜡♇◒─ Ɽꜝⱷכ♃╩ ⌐ ⇔╕∆⁹ 
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2.2.2.2 Control Ⱪ꜡♇◒ 

 

control Ⱪ꜡♇◒≢│⁸ ─ ⌐ ∆╢Ɽꜝⱷכ♃╩ ⇔╕∆⁹ 

 

control{  

  condition = initial  

  cpumax = 86400 sec  

  max_iteration = 10000  

}  

 

condition  ─ ⁸ ♩כ♃☻ꜞ ⁸ ╩ ⇔√ ⌂≥─ ╩♪כ⸗ ⇔╕∆⁹

initial │ ─ ⁸continuation │ ⌐⌂╡╕∆⁹ 

cpumax ╩ ∟ ╢ ╩ ⇔╕∆⁹ 

max_iteration  SCF ╩ ∟ fiꜛ◦כ꜠♃▬╢ ╩ ⇔╕∆⁹ 

 

2.2.2.3 AccuracyⱩ꜡♇◒ 

 

accuracyⱩ꜡♇◒≢│⁸ ⌐ ∆╢Ɽꜝⱷכ♃╩ ⇔╕∆⁹ 

 

accuracy{  

  cutoff_wf = 25.0 rydberg  

  cutoff_cd = 100.0 rydberg  

  num_bands = 8  

ksampling{  

    method = monk  

    mesh{  

      nx = 10  

      ny = 10  

      nz = 10  

    }  

  }  

  initial_wavefunctions = atomic_orbitals  

  initial_charge_density = atomic_charge_density  

  scf_convergence{  

    delta_total_energy = 1e - 10 

    successio n = 3  

  }  

  force_convergence{  

    max_force = 0.001 hartree/bohr  

  }  

}  

 

cutoff_wf  ─◌♇♩○ⱨ◄Ⱡꜟ◑כ╩ ⇔╕∆⁹ 

cutoff_cd ─◌♇♩○ⱨ◄Ⱡꜟ◑כ╩ ⇔╕∆⁹ 

num_bands ∆╢Ᵽfi♪ ╩ ⇔╕∆⁹ 

  

ksampling Ⱪ꜡♇◒ k ◘fiⱪꜞfi◓╩ ⇔╕∆⁹ 

method k ◘fiⱪꜞfi◓─ ╩ ⇔╕∆⁹monk │ Monkhorst -Pack [1]⌐╟╢

◘fiⱪꜞfi◓≢∆⁹ 

mesh ─ ╩ ⇔╕∆⁹ 

  

initial_wavefunctions  ─ ─ ╩ ⇔╕∆⁹  

atomic_charge_density │⁸ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ─ ─ ⅛╠

╩ ⇔╕∆⁹ 
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scf_convergenceⱩ꜡♇◒ ◄Ⱡꜟ◑כ⌐╟╢SCF ─ ╩ ⇔╕∆⁹ 

delta_total_energy  ◄Ⱡꜟ◑כ─ ─ ╩ ⇔╕∆⁹◄Ⱡꜟ◑כ─ ⅜⁸↓─ ╟╡

↕™ ⁸SCF │ ⇔√≤ ⇔╕∆⁹ 

  

force_convergenceⱩ꜡♇◒ ⌐ ↄ ⌐╟╢SCF ─ ╩ ⇔╕∆⁹ 

max_force ⌐ ↄ ─ ─ ╩ ⇔╕∆⁹ ⌐ ↄ ─ ⅜⁸↓─

╟╡ ↕™ ⁸SCF │ ⇔√≤ ⇔╕∆⁹ 

 

 

 

2.2.2.4 Structure Ⱪ꜡♇◒ 

 

structure Ⱪ꜡♇◒≢│⁸ ╩ ⇔╕∆⁹ 

 

structure{  

  element_list{  

    #tag    element    atomicnumber  

            Si    14  

  }  

  unit_cell{  

    #units angstrom  

    a_vector = 0 2.732299538 2.732299538  

    b_vector = 2.732299538 0 2.732299538  

    c_vector = 2.732299538 2.732299538 0  

  }  

  unit_cell_type = bravais  

  atom_list{  

    atoms{  

      #tag    el ement    rx    ry    rz    mobile  

              Si    0.125  0.125  0.125      0  

              Si   - 0.125 - 0.125 - 0.125     0  

    }  

    coordinate_system = internal  

  }  

}  

 

element_list Ⱪ꜡♇◒ ∆╢ ─ ─ꜞ☻♩╩ ⇔╕∆⁹ 

↓─ ≢│⁸ │Si ◦ꜞ◖fi ⁸∕─ ⅜ó14ó≢№╢↓≤╩ ⇔≡™╕∆⁹ 

  

unit_cell Ⱪ꜡♇◒ ꜚ♬♇♩☿ꜟ─◘▬☼⁸ ╩ ⇔╕∆⁹ 

#units angstrom │⁸ ⅜○fi◓☻♩꜡כⱶ╩ ⇔╕∆⁹ 

a_vector⁸b_vector⁸c_vector│⁸ ⱬ◒♩ꜟ╩ ⇔╕∆⁹ 

  

atom_list Ⱪ꜡♇◒ ≤ ╩ ⇔╕∆⁹ 

↓─ ≢│⁸Si ⅜2 №╡⁸∕─ ⅜0.125, 0.125, 0.125≤⇔≡™╕∆⁹ 

coordinate_system ╩ ⇔╕∆⁹ 

internal │⁸ꜚ♬♇♩☿ꜟ╩ ≤⇔√ ≢№╢↓≤╩ ⇔≡™╕∆⁹ 

 

 

2.2.2.5 Wavefunction_solver Ⱪ꜡♇◒ 

 

wavefunction_solver Ⱪ꜡♇◒≢│⁸ ─ ⌐ ∆╢Ɽꜝⱷכ♃╩ ⇔╕∆⁹ 

 

wavefunction_solver{  

        solvers{  



 26 

            #tag    sol    till_n  prec cmix submat  

                    davidson    1    on   1    on  

                    rmm3       - 1    on   1    on  

        }  

        rmm{ 

             edelta_change_to_rmm=5e - 5 

        }  

}  

 

solversⱩ꜡♇◒ ♁ꜟⱣכ╩ ⇔╕∆⁹ 

↓─ ≢│⁸ ─ ♁ꜟⱣכ│ davidson ⁸ ─ ♁ꜟⱣכ

│RMM ≤⇔≡™╕∆⁹ 

  

rmm Ⱪ꜡♇◒  

edelta_change_to_rmm  ♁ꜟⱣכ╩RMM ⌐ ∆╢◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹ 

 

 

2.2.2.6 Charge_mixing Ⱪ꜡♇◒ 

 

charge_mixing Ⱪ꜡♇◒≢│⁸ ─ ⌐ ∆╢Ɽꜝⱷכ♃╩ ⇔╕∆⁹ 

 

charge_mixing{  

        mixing_methods{  

        #tag no   method    rmxs   rmxe   istr  prec nbmix  

              1   pulay   0.40   0.40   3     on   15  

        }  

}  

 

mixing_methods Ⱪ꜡♇◒ ─ ╩ ⇔╕∆⁹↓─ ≢│ pulay [2]╩

⇔≡™╕∆⁹↓─ ⌐broyden [3]⁸simple mixing ╩ ∆╢↓≤⅜≢⅝

╕∆⁹ 

 

 

2.2.2.7 PostproccesingⱩ꜡♇◒ 

 

PostproccesingⱩ꜡♇◒≢│⁸ ⌐ ∆╢Ɽꜝⱷכ♃╩ ⇔╕∆⁹ 

 

Postprocessing{  

dos{  

sw_dos = ON  

deltaE = 1.e - 4 hartree  

}  

charge{  

sw_charge_rspace  = ON 

filetype = cube  

title  = "This is a title line for the bulk Si"  

}  

}  

 

dosⱩ꜡♇◒ ─ Ɽꜝⱷכ♃╩ ⇔╕∆⁹ 

sw_dos ON≢ ─ ╩ ™╕∆⁹ 

deltaE  ─◄Ⱡꜟ◑כ ╩ ⇔╕∆⁹ 

  

chargeⱩ꜡♇◒ ─ Ɽꜝⱷכ♃╩ ⇔╕∆⁹ 

sw_charge_rspace ON≢ ─ ─ ╩ ™╕∆⁹ 
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filetype  ─ⱨ□▬ꜟ ╩ ⇔╕∆⁹cube│Gaussian CUBE ╩ ⇔

≡⇔™╕∆⁹ 
title  ─Gaussian CUBE ─ⱨ□▬ꜟ⌐⅔↑╢♃▬♩ꜟ╩ ⇔╕∆⁹ 

 

 

2.2.2.8 Ɽꜝⱷכ♃ⱨ□▬ꜟ─ ─  

 

↓↓≢ ⇔√ ≢│ ⅜∕╣⌂╡⌐№╡╕∆⅜⁸ ─Ɽꜝⱷכ♃│ ↄ─ ≢ ⌐ ≢⅝

╕∆⁹∕─√╘⁸ ⌂╢ ╩ ∆╢ ↨╦↨╦⅜כ◙כꜚ⁸⌐ ∆╢ │№╡╕∑╪⁹ 

 

⅜כ◙כꜚ ∏ ⇔⌂↑╣┌⌂╠⌂™─│⁸◌♇♩○ⱨ◄Ⱡꜟ◑⁸כⱣfi♪ ⁸ ⁸ ⌐ ∆╢

≢∆⁹ Ɽꜝⱷכ♃ⱨ□▬ꜟ─AccuracyⱩ꜡♇◒⌐№╢◌♇♩○ⱨ◄Ⱡꜟ◑כ─ cutoff_wf, cutoff_cd

Ᵽfi♪ ─ num_bands k ─ ksampling ⁸Structure Ⱪ꜡♇◒⌐№╢ ─  element_list ⁸ꜚ ♬

♇♩☿ꜟ─  unit_cell⁸ ─ atom_list ─ ≢∆⁹ 

 

─ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ ─כ◙כꜚ⁸≡™⅔⌐ ╩ ↑≢ ⅜◙כꜚ⁹∆╕⇔ ⇔√™

⌐№╦∑≡⁸↓─ ╩ ∆╢↓≤⌐╟╡⁸ ₁⌂ ─ ╩∆╢↓≤⅜≢⅝╕∆⁹√∞⇔⁸ ⌂

⌐≈™≡│⁸ ₁─Ɽꜝⱷכ♃╩ ⌐ ∆╢ ⅜№╡╕∆⁹ 

 

control{  

  condition = initial  

  cpumax = 86400 sec  

  max_iteration = 10000  

}  

 

accuracy{  

  cutoff_wf = 25.0 rydberg  

  cutoff_cd = 100.0 rydberg  

  num_bands = 8  

ksampling{  

    method = monk  

    mesh{  

      nx = 10  

      ny = 10  

      nz = 10  

    }  

}  

  initial_wavefunctions = atomic_orbitals  

  initial_charge_density = atomic_charge_density  

  scf_convergence{  

    delta_total_energy = 1e - 10 

    successio n = 3  

  }  

  force_convergence{  

    max_force = 0.001 hartree/bohr  

  }  

}  

 

structure{  

  element_list{  

    #tag    element    atomicnumber  

            Si    14  

  }  

  unit_cell{  

    #units angstrom  

    a_vector = 0 2.732299538 2.732299538  

    b_vector = 2.732299538 0 2.732299538   
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    c_vector = 2.732299538 2.732299538 0  

  }  

  unit_cell_type = bravais  

  atom_list{  

    atoms{  

      #tag    el ement    rx    ry    rz    mobile  

              Si    0.125  0.125  0.125      0  

              Si   - 0.125 - 0.125 - 0.125     0  

    }  

    coordinate_system = internal  

  }  

}  

 

wavefunction_solver{  

        solvers{  

            #tag    sol    till_n  prec cmix submat  

                    davidson    1    on   1    on  

                    rmm3       - 1    on   1    on  

        }  

        rmm{ 

             edelta_change_to_rmm=5e - 5 

        }  

}  

 

charge_mixing{  

        mixing _methods{  

        #tag no   method    rmxs   rmxe   istr  prec nbmix  

              1   pulay   0.40   0.40   3     on   15  

        }  

}  

 

Postprocessing{  

dos{  

sw_dos = ON  

deltaE = 1.e - 4 hartree  

}  

charge{  

sw_charge_rspace    = ON  

filetype = cube  !{cube|density_only}  

title  = "This is a title line for the bulk Si"  

}  

}  

 

∟⌂╖⌐⁸ ─ Ɽꜝⱷכ♃ⱨ□▬ꜟ⌐ ⇔⁸ ─ ─╖╩ ⇔⁸ ─ ╩ ♦ⱨ

◊ꜟ♩╩ ⇔√ ─╟℮⌂ Ɽꜝⱷכ♃ⱨ□▬ꜟ≢╙⁸ │ ≢∆⁹ ─ Ɽꜝⱷכ♃≢│

⅜♦ⱨ◊ꜟ♩≤│ ⌂╢ ⅜№╢√╘⁸ ≤ ─ Ɽꜝⱷכ♃ⱨ□▬ꜟ╩ ™√ ≢│⁸

─ ⅜ ⌂╡╕∆⁹ 

 

accuracy{  

  cutoff_wf = 25.0 rydberg  

  cutoff_cd = 100.0 rydberg  

  num_bands = 8  

ksampling{  

    mesh{  

      nx = 10  

      ny = 10  

      nz = 10  

    }  

  }  
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}  

structure{  

element_list{  

    #tag    element    atomicnumber  

            Si    14  

  }  

  unit_cell{  

    #units angstrom  

    a_vector = 0 2.732299538 2.732299538  

    b_vector = 2.732299538 0 2.732299538  

    c_vector = 2.732299538 2.732299538 0  

  }  

atom_list{  

    atoms{  

      #tag    el ement    rx    ry    rz    mobile  

              Si    0.125  0.125  0.125       0 

              Si   - 0.125 - 0.125 - 0.125     0  

    }  

  }  

}  
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2.2.3 ⱳ♥fi◦ꜗꜟⱨ□▬  ꜟ

 

ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ│ ↔≤⌐ ∆╢ ⅜№╡╕∆⁹ ⅎ┌⁸ H2O ─ ╩∆╢ ⌐│⁸

H ≤O ─ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ⅜ ⌐⌂╡╕∆⁹ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ│RISSⱪ꜡☺▼◒♩─

ⱱכⱶⱭכ☺⅛╠♄►fi꜡כ♪∆╢↓≤⅜ ╕∆⁹ ≢ⱳ♥fi◦ꜗꜟ╩ ∆╢ ⌐│⁸PHASE ─

ⱪ꜡◓ꜝⱶ CIAO ≢ ≢⅝╕∆⁹CIAO ⌐≈™≡│CIAO ─ⱴ♬ꜙ▪ꜟ╩ ⇔≡ↄ∞↕™⁹ 

 

2.2.3.1 ⱳ♥fi◦ꜗꜟ─ ─ ╡ ™ ⱨ꜡כ☼fi◖▪ ≤PAW  

 

PHASE ─ ⱳ♥fi◦ꜗꜟ│ ⅝ↄ ↑≡ⱨ꜡כ☼fi◖▪ ≤PAW [4]─ ⅜№╡╕∆⁹ 

 

ⱨ꜡כ☼fi◖▪  ≤ ╩▬○fi ≤⇔≡ ⌐ ↕∑√ ≤⇔≡ ™⁸

∞↑╩ ╡ ™╕∆⁹↓╣│↕╠⌐ⱡꜟⱶ ⱳ♥fi◦ꜗ [ꜟ5]≤►ꜟ♩

ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗ [ꜟ6]⌐ ≢⅝╕∆⁹ 

PAW  PAW Projector Augumented Wave ─ⱳ♥fi◦ꜗ [ꜟ4,7]≢│⁸ ─

╩ ⇔√ ╩⇔╕∆⁹ 

 

ⱨ꜡כ☼fi◖▪ ≤ PAW ⱳ♥fi◦ꜗꜟ╩ ↕∑╢≡ ∆╢↓≤│≢⅝╕∑╪─≢ ⇔≡ↄ∞

↕™⁹ 

 

2.2.3.2 ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ─  

 

  ◦Ⱶꜙ꜠כ◦ꜛfi☿fi♃כ─►▼Ⱪ◘▬♩http://www.ciss .iis.u -tokyo.ac.jp/dl/

⅛╠ ⌐№╢ ≡─ ─ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ╩♄►fi꜡כ♪∆╢↓≤⅜ ≢∆⁹ 

 

⇔≡™╢ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ│⁸ ─ ⌐⇔√⅜∫≡ⱨ□▬ꜟ ⅜ ╘╠╣≡™╕∆⁹ 

_ ◄Ⱡꜟ◑כ─ _ PAW _ ⱳ♥fi◦ꜗꜟ _ ─ .pp 

ⅎ┌ Si_ggapbe_paw_nc_01.pp ≤™℮ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ│ ◦ꜞ◖fi⌐ ∆╢

(GGA) [8]⌐╟∫≡ ◄Ⱡꜟ◑כ╩ ∆╢⁸PAW ≢⁸ⱡꜟⱶ ⱳ♥fi◦ꜗ [ꜟ5] nc│ norm 

conserving ⱡꜟⱶ ─ ─ 01 ⌐ ↕╣√ ≢ ⅜ ↑╠╣╕∆ ≤™℮↓≤╩ ⇔╕

∆⁹ ◄Ⱡꜟ◑כ─ ⌐│ ─╒⅛⌐ (LDA) ⅜№╡⁸ggapbe

─ ⅜ ldapw91[ 9]≤⌂╡╕∆⁹ ⱳ♥fi◦ꜗꜟ ⅜►ꜟ♩ꜝ♁ⱨ♩ [6]─ ⌐│nc─ ⅜us ultrasofut

─ ≤⌂╡╕∆⁹ 

 

 ◦ꜞ◖fi 

◄Ⱡꜟ◑כ─  ggapbe  

ⱳ♥fi◦ꜗꜟ  PAW ≢ⱡꜟⱶ ⱳ♥fi◦ꜗ  ꜟ

nc│norm conserving ⱡꜟⱶ ─  

─ ─♃כ♦  ⇔  

 

 

2.2.3.3 ⱳ♥fi◦ꜗꜟ─  

 

♦ⱨ◊ꜟ♩─ ⱳ♥fi◦ꜗꜟהⱨ□▬ꜟ │⁸ Ɽꜝⱷכ♃ⱨ□▬ꜟ─♃◓element_list ≢ ⇔√

⌐pot.01, pot.02é.≢∆⁹ 

file_name.data ⱨ□▬ꜟ╩ ™√ │⁸ ⱳ♥fi◦ꜗꜟ─♦▫꜠◒♩ꜞ⁸ⱨ□▬ꜟ ╩ ≢⅝╕∆⁹ 
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2.2.4 ⱨ□▬ꜟ ⱨ□▬ꜟ file_names.data 

 

ⱨ□▬ꜟ ⱨ□▬ꜟ file_names.data │ Ɽꜝⱷכ♃ⱨ□▬ꜟ⌂≥─ⱨ□▬ꜟ ╩ ∆╢√╘⌐

⇔╕∆⁹ ↄ≡╙PHASE ╩ ∆╢↓≤│ ≢∆⁹∕─ │ ≡─ⱨ□▬ꜟ⅜♦ⱨ◊ꜟ♩─ⱨ□▬ꜟ

⌐⌂╡╕∆⁹ 

↓─ⱨ□▬ꜟ╩ ∆╢↓≤⌐╟╡⁸i)ⱨ□▬ꜟ ⁸ii)ⱨ□▬ꜟ─ ⅝ ⅜כ◙כꜚ╩⁸ ⌐ ∆╢↓

≤⅜ ⌐⌂╡╕∆⁹₈file_name s.data₉∕─╙──ⱨ□▬ꜟ │⁸ ≢∆⁹ 

↓─ⱨ□▬ꜟ╩ ∆╢ │⁸ ∏↓─ⱨ□▬ꜟ ≢ ♦▫꜠◒♩ꜞ⌐ ↄ ⅜№╡╕∆⁹ 

 

file_name s.data─ⱨ◊כⱴ♇♩│⁸ ─╟℮⌐⌂╡╕∆⁹ 

&fnames  

ⱨ□▬ꜟ ꜟ▬□ôⱨ  = ♪כ꞉כ◐ ⱨ□▬ꜟ┼─Ɽ☻ ô 

...  

...  

/  

 

⌐ Γ/Δ ⅜ ⌂ ⌐ ⇔≡ↄ∞↕™⁹ ⅎ┌⁸ ─╟℮⌐ ⇔╕∆⁹ 

 

&fnames  

F_INP = ô./nfinp.dataô 

F_POT(1) = ô./Si_ggapbe_nc_01.ppô 

F_POT(2) = ô./O_ggapbe_us_02.ppô 

F_CHGT = ô./nfchgt.dataô 

F_CHR = ô./nfchr.cubeô 

/  

 

ⱨ□▬ꜟ┼─Ɽ☻│, ♦▫꜠◒♩ꜞכ⅛╠─ Ɽ☻≢╙ Ɽ☻≢╙ ≢⅝╕∆⁹ 

 

F_POT(n)│⁸ Ɽꜝⱷכ♃ⱨ□▬ꜟ⌐⅔™≡n ⌐ ↕╣√ ⌐ ∆╢ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ╩

⇔╕∆⁹↓─ ≢│⁸1 ⌐ ↕╣√ Si ─ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ⅜Si ggapbe nc 01.pp ⁸2 

⌐ ↕╣√ O─ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ⅜O ggapbe us 02.pp ≤™℮ⱨ□▬ꜟ⌐⌂╡╕∆⁹ 

 

≢⅝╢ⱨ□▬ꜟ ꜟ▬□ⱨ◊ꜟ♩─ⱨ♦╛♪כ꞉כ◐ ╩  2.1⌐ ⇔╕∆⁹ 

 2.1 ⱨ□▬ꜟ ⱨ□▬ꜟ file_names.data ≢ ⌂ⱨ□▬ꜟ  

ⱨ□▬ꜟ  

 ♪כ꞉כ◐

∆╢ 

ⱪ꜡◓ꜝⱶ ─  

♦ⱨ◊ꜟ♩─ 

ⱨ□▬ꜟ  

 

F_INP  phase 

ekcal 

 nfinp.data  Ɽꜝⱷה♃כⱨ□▬  ꜟ

F_POT(n) phase  

ekcal 

 pot.01,  

pot.02,  

  

ⱳ♥fi◦ꜗꜟהⱨ□▬ꜟ⁹↓─ ⌐ ⅎ╠╣

√ ─ⱨ□▬ꜟ╩ ╖↓╖╕∆⁹ ⌐ ≈

─ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ⅜ ⌐⌂╡╕∆⁹ 

F_STOP phase  

ekcal 

 nfstop.data  ≢ ╩ ↕∑╢ ╩ ∆╢ⱨ□▬

ꜟ⁹ 

F_KPOINT  phase  

ekcal 

 kpoint.data  ◘fiⱪꜞfi◓ k ╩ ∆╢ⱨ□▬ꜟ⁹ 

F_DYNM  phase  nfdynm.data  ⁸ ⌂≥⌐⅔™≡⁸

─ ≤ ╩ ∆╢ⱨ□▬ꜟ⁹ 

F_ENF  phase  nfefn.data  ◄Ⱡꜟ◑כ≤ ─ ⅜ ↕╣╢ⱨ□▬

ꜟ⁹ 

F_CHR phase  nfchr.data  ─ ⱨ□▬ꜟ⁹♦ⱨ◊ꜟ♩│⁸
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Gaussian cube ⱨ□▬ꜟ ⁹  

F_DOS phase 

ekcal 

 dos.data ─ ⱨ□▬ꜟ⁹ 

F_ENERG  ekcal  nfenergy.data  ekcal ╩ ™√ ╩ ℮≤⁸ ⅜ ↕╣

╢ⱨ□▬ꜟ⁹ 

F_ZAJ phase  

ekcal 

 zaj.data  ─ ⱨ□▬ꜟ⁹ ╩ ∆╢ ⌐│

ⱨ□▬ꜟ≤⌂╡╕∆⁹Ᵽ▬♫ꜞכⱨ□▬ꜟ⁹ 

F_CHGT phase 

ekcal 

 nfchgt.data  ─ ⱨ□▬ꜟ⁹ ╩ ∆╢ ⌐│

ⱨ□▬ꜟ≤⌂╡╕∆⁹Ᵽ▬♫ꜞכⱨ□▬ꜟ⁹ 

F_CNTN  phase  continue.data  ☺ꜛⱩ⅜ ⇔√ ∆╢─⌐ ⌂

─ ⱨ□▬ꜟ⁹ ─ ⌐│ ↓─ⱨ□

▬ꜟ╩ ≤⇔≡ ™╕∆⁹ 

F_CNTN_ BIN  phase  continue  

bin.data  

☺ꜛⱩ⅜ ⇔√ ∆╢─⌐ ⌂

─ ┤ℓ™╢⁹ ─ ⌐│ ↓─ⱨ□

▬ꜟ╩ ≤⇔≡ ™╕∆⁹Ᵽ▬♫ꜞכⱨ□▬ꜟ⁹ 

F_STATUS phase  

ekcal 

 jobstatus00x  ─ ⱨ□▬ꜟ⁹ 
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2.3 ─  

 

2.3.1 ⱪ꜡◓ꜝⱶphase─  

 

Ɽꜝⱷכ♃ⱨ□▬ꜟ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ╩ ♦▫꜠◒♩ꜞ⌐ ⅝╕∆⁹file_names.data ╩

∆╢ ⌐│⁸∕╣╙ ∂♦▫꜠◒♩ꜞ⌐ ™≡ↄ∞↕™⁹ 

ⱪ꜡☿♇◘ ◖▪ ─ ╩ ℮ ⌐│⁸ ─╟℮⌐ⱪ꜡◓ꜝⱶ phase ╩ ⇔╕

∆⁹ó../../phase0_2014.01/bin/ó│⁸PHASE ⅜▬fi☻♩⁹∆≢ꜞ♩◒꜠▫♦╢™≡╣↕ꜟכ 

 

% ../../phase0_2014.01/bin/ phase  

√∞⇔ ⅔ ™─ ⌐╟∫≡│MPI ꜝ▬Ⱪꜝꜞכ─ ◖ⱴfi♪╩ ∆╢ ⅜№╢⅛╙⇔╣╕∑╪⁹ 

╩ ℮ ⌐│⁸⅔ ™─ ─ ∆╢ MPI ꜝ▬Ⱪꜝꜞ─ ◖ⱴfi♪╩ ⇔╕∆⁹ │

⅔ ™─ ◦☻♥ⱶ─ⱴ♬ꜙ▪ꜟ╩ ↄ∞↕™⁹ ⌂◖ⱴfi♪│mpirun ≢∆⁹ 

 

% mpirun - np NP ../../phase0_2014.01/bin/ phase ne=NE nk=NK  

 

↓↓≢ NP │MPI ⱪ꜡☿☻ NE │Ᵽfi♪ NK │k ≢∆⁹ 

 

 

 

 

 

  



 34 

 

2.3.2 ─  

 

SCF ─ │⁸꜡◓ⱨ□▬ꜟ output000 ⌐⅔™≡⁸ ◄Ⱡꜟ◑כ─ ╩ ╢↓≤⌐╟∫≡ ∆

╢↓≤⅜≢⅝╕∆⁹ 

꜡◓ⱨ□▬ꜟoutput000 ⌐⅔™≡⁸TOTAL ENERGY FOR ≢ ╕╢ ⌐SCF▬♃꜠כ◦ꜛfi↔≤─ ◄

Ⱡꜟ◑כ⅜ ↕╣╕∆⁹ 

 

─grep◖ⱴfi♪╩ ∆╢↓≤⌐╟╡⁸↓─ ─╖╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

% grep TH output000  

 
TOTAL ENERGY FOR 1 - TH ITER= - 30.856896066222 edel = - 0.308569D+02 : SOLVER = MATDIAGON  

TOTAL ENERGY FOR 2 - TH ITER= - 31.552303846339 edel = - 0.695408D+00 : SOLVER = DAVIDSON  

TOTAL ENERGY FOR 3 - TH ITER= - 31.585336745971 edel = - 0.330329D - 01 : SOLVER = DAVIDSON  

TOTAL ENERGY FOR 4 - TH ITER= - 31.587689791426 e del = - 0.235305D - 02 : SOLVER = SUBMAT + RMM3  

TOTAL ENERGY FOR 5 - TH ITER= - 31.587917474699 edel = - 0.227683D - 03 : SOLVER = SUBMAT + RMM3  

TOTAL ENERGY FOR 6 - TH ITER= - 31.587936742564 edel = - 0.192679D - 04 : SOLVER = SUBMAT + RMM3  

TOTAL ENERGY FOR 7 - TH ITER = - 31.587937115320 edel = - 0.372756D - 06 : SOLVER = SUBMAT + RMM3  

..............  

..............  

 

TOTAL ENERGY FOR ### - TH ITER= ─ ⌐### ─ SCF ▬♃꜠כ◦ꜛfi⌐⅔↑╢ ◄Ⱡꜟ◑כ⅜

Ɫכꜞ♩כ Ha ≢ ↕╣╕∆ ─ ≢│⁸ 31Ha ⁹edel =─№≤⌐│ ─SCF▬♃꜠כ◦

ꜛfi≤1 ─▬♃꜠כ◦ꜛfi─◄Ⱡꜟ◑כ ⅜Ɫכꜞ♩כ ≢ ↕╣╕∆⁹↓─ ⅜ Ɽꜝⱷכ♃ⱨ

□▬ꜟ≢ ⇔√ delta_total_energy ╟╡╙ ↕ↄ⌂╢≤SCF ⅜ ⇔√≤ ⌂↕╣╕∆⁹ 

SOLVER =─№≤⌐│ ⇔√♁ꜟⱣכ─ ⅜ ↕╣╕∆⁹ ─ ≢│1 ⅜MATDIAGON, 2 

≤3 │Davidson, 4 ⅜ SUBMAT ╩ ⌐⇔√RMM3 ♁ꜟⱣכ≢№╢↓≤

⅜ ≢⅝╕∆⁹↓─╟℮⌐ ╩ ═⌂⅜╠ SCF ⅜ ┼ ⅛∫≡™╢⅛≥℮⅛╩ ∆╢↓≤⅜≢

⅝╕∆⁹ 

 

2.3.3  

 

⇔≡ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ ╩ ∆╢⌐│ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ control Ⱪ꜡

♇◒─ condition ╩ ⇔╕∆⁹ 

 

control{  

condition = continuation  

}  

 

condition ⌐continuation ╩ ∆╢≤ ╩ ™╕∆⁹automatic ╩ ∆╢≤ ⅜ ⌂

│ ∕℮≢⌂™ │ ⅛╠─ ╩ ™╕∆⁹condition ─♦ⱨ◊ꜟ♩ │automatic ≢∆⁹

≢│ ─ ≢─ ⱨ□▬ꜟ─ ╩ ⱨ□▬ꜟ≤⇔≡ ⇔╕∆⁹ ∂ ♦▫꜠◒♩ꜞ≢ ╩

∆╢ ⌐│ ⌐ ∆╢↓≤│⌂ↄ⁸ ╩ ∆╢↓≤⅜ ≢∆⁹ 

 

2.3.4 ekcal─ ⁸Ᵽfi♪  

 

⁸Ᵽfi♪ ⌐⅔™≡⁸k ─ ╡ ╩ ─SCF ≤ ⇔√™ ⌐ ℮ⱪ꜡◓ꜝⱶ≤⇔

≡ekcal⅜№╡╕∆⁹ 

SCF ─ ─ ╩ ≤⇔≡ ≢⅝╕∆⁹ 

 

2.3.4.1 ─  

 

SCF ─ ─ ⱨ□▬ꜟnfchgt.data ╩ ♦▫꜠◒♩ꜞ⌐◖Ⱨ⁸│√╕⁹∆╕⇔כ ⱨ
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□▬ꜟ ⱨ□▬ꜟ file_names.data ⌐⅔™≡⁸F_CHG⌐SCF ─ ─ ⱨ□▬ꜟ ⇔╕∆⁹ 

 

SCF ─ ╩ ™√ ╩ ℮⌐│ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ control Ⱪ꜡♇◒─ condition ╩

fixed_charge ≤⇔╕∆⁹ 

 

control{  

condition = fixed_charge  

}  

 

╕√⁸AccuracyⱩ꜡♇◒ ⌐ ⌐ ∆╢ ╩ ⇔╕∆⁹ 

accuracy{  

ek_convergence{  

delta_eigenvalue = 1e - 5 

}  

}  

 

─╟℮⌐ⱪ꜡◓ꜝⱶekcal ╩ ⇔╕∆⁹óphase0_2014.01/bin/ó│⁸PHASE ⅜▬fi☻♩כꜟ↕╣≡™╢♦

▫꜠◒♩ꜞ≢∆⁹ 

 

% ../../phase0_2014.01/bin/ekcal  

 

 

2.3.4.2 Ᵽfi♪  

 

SCF ─ ─ ⱨ□▬ꜟnfchgt.data ╩ ♦▫꜠◒♩ꜞ⌐◖Ⱨ⁸│√╕⁹∆╕⇔כ ⱨ

□▬ꜟ ⱨ□▬ꜟ file_names.data ⌐⅔™≡⁸F_CHG⌐SCF ─ ─ ⱨ□▬ꜟ ⇔╕∆⁹ 

 

◘fiⱪꜞfi◓ k ─ ⱨ□▬ꜟ kpoint.data ╩ ⇔╕∆⁹k ─ ⱨ□▬ꜟ kpoint.data ꜟכ♠⁸│

band_kpoint.pl ╩ ™≡ ⇔╕∆⁹ ─╟℮⌂◘fiⱪꜞfi◓ k ─ ─ⱨ□▬ꜟ bandkpt.in ╩ ⇔

╕∆⁹ 

0.04                                             k ─  

- 0.8333333  0.8333333  0.8333333  

0.8333333  - 0.833 3333  0.8333333            ⱬ◒♩  ꜟ

0.8333333  0.8333333  - 0.8333333  

3 2 1 4 # W                                     k ─   n1 n2 n3 nd # Symbol  

1 1 1 2 # L  

0 0 0 1 # {/Symbol G}  

1 1 0 2 # X  

3 2 1 4 # W  

5 3 0 8 # K  

k ─ ─ ⌐⅔™≡⁸n1/nd, n2/nd, n3/nd ⅜ k ─ ─ ─ ⌐⌂╡╕∆⁹ ⅎ

┌3 2 1 4 # W ≢│⁸ ─3/4, 2/4, 1/4 ─ ⌐ ╩ ⇔≡™╕∆⁹ 

band_kpoint.plꜟכ♠⌐℮╟─ ╩ ∆╢≤⁸◘fiⱪꜞfi◓ k ─ ⱨ□▬ꜟkpoint.data ⅜ ↕╣╕

∆⁹ 

% ../../phase0_2014.01/tools/bin/band_kpoint.pl  bandkpt.in  

 

 

SCF ─ ╩ ™√ ╩ ℮⌐│ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ control Ⱪ꜡♇◒─ condition 

╩ fixed_charge ≤⇔╕∆⁹ 

control{  

condition = fixed_charge  

}  
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AccuracyⱩ꜡♇◒ ⌐⁸k ◘fiⱪꜞfi◓≤⁸ ⌐ ∆╢ ╩ ⇔╕∆⁹ ⇔√ k ─ ⱨ□

▬ꜟ╩ ∆╢ ⌐│⁸ksampling ─method ╩ⱨ□▬ꜟ⌐ ⇔╕∆⁹ 

accuracy{  

ksampling{  

               method = file  

       }  

ek_convergence{  

delta_eigenvalue = 1e- 5 

}  

}  

 

─╟℮⌐ⱪ꜡◓ꜝⱶekcal ╩ ⇔╕∆⁹óphase0_2014.01/bin/ó│⁸PHASE ⅜▬fi☻♩כꜟ↕╣≡™╢♦▫

꜠◒♩ꜞ≢∆⁹ 

 

% ../../phase0_2014.01/bin/ekcal  
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2.4 ─  

 

2.4.1 ─ ה ה  

 

─ ה ה ╩ ⌐╕≤╘╕∆⁹ 

 

 ⱪ꜡◓ꜝⱶ ─ ─   

 

SCF ⅜  

⅜  

SCF ─ ╩ √⇔√  

ה ◄Ⱡꜟ◑כ ⅜ ╟╡ ↕ↄ⌂∫√  

 

╩ ℮ 

─ ╩ √⇔√  

ה ⌐ ↄ ─ ⅜ ╟╡ ↕ↄ⌂∫√  

 

SCF ⅜  

 

 

 

 

SCF ─ fiꜛ◦כ꜠♃▬ ⌐ ⇔√  

fiꜛ◦כ꜠♃▬─ SCFה ⅜⁸control Ⱪ꜡♇◒─

max_iteration ─ ╩ ⅎ√  

╩ ℮ 

ⱨ□▬ꜟnfstop.data ≢ fiꜛ◦כ꜠♃▬√⇔ ╩ ⅎ√  

─♩ꜟ◊ⱨ♦ה ≢│⁸ fi⅔⅝⌐⁸nfstop.dataꜛ◦כ꜠♃▬

ⱨ□▬ꜟ╩ ╖ ╖╕∆⁹↓─ ╩ ℮↓≤⌐╟╡⁸

≢╙⁸ ─♃▬Ⱶfi◓≢ ╩ ↕∑╢↓≤⅜≢⅝╕∆⁹ 

─ ⌐ ⇔√  

╩ Control Ⱪ꜡♇◒─cpumaxה ⅜ ⅎ√  

 ♩ꜝⱩ  ꜟ

Ɽꜝⱷכ♃ⱨ□▬ꜟ─ Ⱶ☻ 

ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ⅜ ⇔⌂™ 

ⱪ꜡◓ꜝⱶ ─  

╩♃כ♦

⇔≡  

 

 

2.4.2 ⁸ ─  

 

PHASE ─ ⅜ ⌐ ∆╢≤ ꜡◓ⱨ□▬ꜟ output000 ⱨ□▬ꜟ ─ ⌐ ─╟℮⌂ ⅜

↕╣╕∆⁹ 
        ......  
        ......  
 <<Total  elapsed  CPU Time  until  now =    81.69520  (sec.)>>  
  closed  filenumber  =           31 
  closed  filenumber  =           52 
  closed  filenumber  =           53 
  closed  filenumber  =           55 
  closed  filenumber  =           42 
  closed  filenumber  =           43 
  closed  filenumber  =           44 
  closed  filenumber  =           75 
  closed  filenumber  =           65 
  closed  filenumber  =           66 

 

Total elapsed CPU Time until now = ─№≤⌐ ⅜ ↕╣╕∆⁹꜡◓ⱨ□▬ꜟ─ ⅜↓─╟

℮⌐⌂∫≡™⌂↑╣┌PHASE │ ⇔≡™╕∑╪⁹⌂╪╠⅛─ ─√╘ ⇔≡™╕∆⁹∕─

│⁸ ⱨ□▬ꜟ⌂≥╩ ⇔≡ ⇔≡ↄ∞↕™⁹ 
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2.4.3 SCF ⁸ ─ ─  

 

PHASE ─ ⅜ ⌐ ⇔√ ⅜כ◙כꜚ⁸╙≢ ≤∆╢ ⅜ ⇔√↓≤⌐│⌂╡╕∑╪⁹

PHASE ⅜≥─╟℮⌂ ≢ ⇔√⅛│⁸ ⌐ ↕╣╢₈continue.data₉≤™℮ⱨ□▬ꜟ─ ⅛

╠ ↑ ─₈convergence₉─ ⌐ ↕╣≡™╢ ⌐╟∫≡ ╩ ╢↓≤⅜ ╕∆⁹2

─ ⌐│⁸SCF ⅜ ⇔√ ⁸ ─ ╩ ™⁸∕─ ─ ⅝↕⅜ Ɽꜝⱷכ♃ⱨ□▬ꜟ≢ ⇔

√ ─ delta_total_energy ╟╡ ↕ↄ⌂∫≡™╢↓≤╩ ⇔╕∆⁹≈╕╡⁸ ⅜ ⇔√

↓≤╩ ⇔╕∆⁹2 ─ ⌐│ ⅜ ⇔≡™⌂™√╘⁸ ╩⇔≡ↄ∞↕™⁹ 

 
iteration, iteration_ionic, iteration_electronic  

        11         1        11  

 Ionic System  

  (natm)  

         2 

  (pos)  

  0.1250000000000000D+00  0.1250000000000000D+00  0.1250000000000000D+00  

 - 0.1250000000000000D+00 - 0.1250000000000000D+00 - 0.1250000000000000D+00  

  (cps)  

  0.1290824363824501D+01  0.1290824363824501D+01  0.1290824363824501D+01  

 - 0.1290824363824501D+01 - 0.1290824363824501D+01 - 0.1290824363824501D+01  

  (cpd)  

  0.0000000000000000D+00  0.0000000000000000D+00  0.0000000000000000D+00  

  0.0000000000000000D+00  0.0 000000000000000D+00  0.0000000000000000D+00  

  (cpo(  1))  

  0.0000000000000000D+00  0.0000000000000000D+00  0.0000000000000000D+00  

  0.0000000000000000D+00  0.0000000000000000D+00  0.0000000000000000D+00  

  (cpo(  2))  

  0.0000000000000000D+00  0.000000000000 0000D+00  0.0000000000000000D+00  

  0.0000000000000000D+00  0.0000000000000000D+00  0.0000000000000000D+00  

  (cpo(  3))  

  0.0000000000000000D+00  0.0000000000000000D+00  0.0000000000000000D+00  

  0.0000000000000000D+00  0.0000000000000000D+00  0.000000000000 0000D+00 

 forcmx_constraint_quench  

  0.1000000000000000D+03  

 Total Energy  

 - 0.7878566524513241D+01 - 0.7878566524513241D+01  

isolver  

         5 

convergence  

         2 

edelta_ontheway  

  0.1000000000000000D - 09 

corecharge_cntnbin  

       0 

neg 

         8 

 

 

2.4.4 ─ ꜡◓ⱨ□▬ꜟoutput000 ⅔╟┘ jobstatus000 ) 

 

─꜡◓ⱨ□▬ꜟ│ output000 ≤™℮ⱨ□▬ꜟ ≢ ↕╣╕∆⁹000 ─ │ ∂♦▫꜠◒♩ꜞ⌐

⅔™≡ ╩ ⇔√ ⌐ ∂≡001, 002, ... ≤ ⅎ≡™⅝╕∆⁹ 

 

↓─ⱨ□▬ꜟ⌐│ ₁⌂ ⁸ ⅜ ↕╣╕∆⁹ ≢╙ ∆╢↓≤─ ™ ⌐≈™≡ ⇔╕∆⁹ 

  



 39 

2.4.4.1 ◘fiⱪꜞfi◓k  

k │ ╩ ⇔≡™╢ │ ─ ⅛╠ ⇔≠╠™ ⅜№╡╕∆⁹∕↓≢ ⌐ ∆╢

k ─ ╩ ═√™ ⅜№╡╕∆⁹↓╣│ ꜡◓ⱨ□▬ꜟ ≢ kv3 ≤™℮ ╩ ∆╢≤ ═╠╣╕∆⁹ 
 !kp  kv3  =     8 nspin  =     1 

kv3 =─№≤─8 ⅜k ─ ≢∆⁹nspin =─№≤─1 │ ☻Ⱨfi ╩ ⇔≡™⌂™↓≤⌐ ⇔╕∆⁹

☻Ⱨfi ╩ ⇔≡™╢ ↓─ │2 ⌐⌂╡╕∆⁹ 

 

2.4.4.2 ◄Ⱡꜟ◑כ 

◄Ⱡꜟ◑כ│ ꜡◓ⱨ□▬ꜟ⌐ ─╟℮⌐ ↕╣╕∆⁹ 
 TOTAL ENERGY FOR     3 - TH ITER=   - 687.253021587082   edel  =  - 0.215950D+02  :  SOLVER = DAVIDSON 
 KI=     294.118626755617  HA=   4820.263454482710  XC=   - 686.596385560733  LO=  - 8452.905431759591  
 NL=   - 349.620400894588  EW=   3182.022578317359  PC=    505.46 4805336868  EN=     - 0.000268264724  
 PHYSICALLY CORRECT ENERGY =    - 687.252887454720  

 

TOTAL ENERGY FOR ... ⌐ ◄Ⱡꜟ◑כ⅜ edel =─№≤⌐1 ─▬♃꜠כ◦ꜛfi≤─ ⅜ ↕╣╕∆⁹

─ ≤∕─ ─ ⌐│ ◄Ⱡꜟ◑כ╩ ∆╢ ─◄Ⱡꜟ◑כ─ ⅜ ↕╣╕∆⁹KI │ ◄Ⱡꜟ◑כ

HA │Hartree ◄Ⱡꜟ◑כ XC│ ◄Ⱡꜟ◑⁸כLO │ ◄Ⱡꜟ◑כ NL │ ◄Ⱡꜟ◑כ EW 

│Ewald ◄Ⱡꜟ◑כ PC │◖▪ ◄Ⱡꜟ◑כ,EN │◄fi♩꜡Ⱨכ╩ ⇔╕∆⁹↓╣╠─ ⅜ ◄Ⱡꜟ◑

 ⁹∆╕╡⌂⌐כ

PHYSICALLY CORRECT ENERGY ─№≤⌐│ ☻ⱷ▪ꜞfi◓╩ ∫≡™╢ ⌐Γ0 K ┼ ⇔√ ◄Ⱡ

⅜ Δכ◑ꜟ ↕╣╕∆⁹ 

 

2.4.4.3 ☻Ⱨfi  

☻Ⱨfi╩ ⇔√ ╩ ⇔≡™╢ ─╟℮⌐ SCF ▬♃꜠כ◦ꜛfi⌐⅔↑╢ ☻Ⱨfi

⅔╟┘ ☻Ⱨfi ─ ⅜ ↕╣╕∆⁹ 
 !OLD total  charge  (UP,  DOWN,  SUM) =     4.53623488  (+)     3.46376512  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.64907433  (+)     3.35092567  (=)     8.00000000  

 

!OLD ⅛╠ ╕╢ ⌐│ ╢↑⅔⌐fiꜛ◦כ꜠♃▬─ 1 ─ ⅜⁸!NEW ⅛╠ ╕╢ ⌐│ ─▬♃

─fiꜛ◦כ꜠ ─ ⅜ ↕╣╕∆ 

 

2.4.4.4 ⅔╟┘   

k ⌐⅔↑╢ │ ⌐ ─╟℮⌐ ↕╣╕∆⁹ 
 EFermi  =       0.24579615  
 ======  Energy  Eigen  Values  ====== 
     1      0.00000000       0.00000000       0.00000000  
     - 0.19655861      - 0.04839227      - 0.04839227      - 0.04839227      - 0.04839227  
     - 0.04839227      - 0.04839227       0.1258 4623      0.12584623       0.12584623  
      0.12584623       0.12584623       0.12584623       0.23389619       0.23389619  
      0.23389619       0.26196708       0.26196708       0.26196708       0.26196708  
     2      0.25000000       0.00000000       0.00000000  
     - 0.18998394      - 0.11270106      - 0.04555873      - 0.04555873      - 0.04555873  
     - 0.04555873       0.02675145       0.10512408       0.10512408       0.10512408  
      0.10512408       0.13505063       0.13505063       0.18575457       0.20251681  
      0.2025168 1      0.25769611       0.29275976       0.30811466       0.30811466  
     3      0.50000000       0.00000000       0.00000000  
     - 0.16102016      - 0.16102016      - 0.04095243      - 0.04095243      - 0.04095243  
     - 0.04095243       0.08874423       0.08874423       0.08874423       0.08874423  
      0.10781439       0.10781439       0.16184290       0.16184290       0.16184290  
      0.16184290       0.27543069       0.27543069       0.35154734       0.35154734  
     4      0.75000000       0.00000000       0.00000000  
     - 0.1899 8394     - 0.11270106      - 0.04555873      - 0.04555873      - 0.04555873  
     - 0.04555873       0.02675145       0.10512408       0.10512408       0.10512408  
      0.10512408       0.13505063       0.13505063       0.18575457       0.20251681  
      0.20251681       0.25769611       0.29275976       0.30811466       0.30811466  
     5      0.00000000       0.25000000       0.00000000  
     - 0.18998394      - 0.11270106      - 0.04555873      - 0.04555873      - 0.04555873  
     - 0.04555873       0.02675145       0.10512408       0.10512408       0.10512408  
      0.10512408       0.13505063       0.13505063       0.18575457       0.20251681  
      0.20251681       0.25769611       0.29275976       0.30811466       0.30811466  
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      .............................................. ............................  
      ..........................................................................  
      ..........................................................................  

 

↑≡⁸ ⅜ ─╟℮⌐ ↕╣╕∆⁹ 
 ======  Occupations  ====== 
     1      0.00000000       0.00000000       0.00000000  
      1.00000000       1.00000000       1.00000000       1.00000000       1.00000000  
      1.00000000       1.00000000       1.00000000       1.00000000       1.00000000  
      1.00000000       1.00000000       1.00000000       1.00000000       1.00000000  
      1.00000000       0.00000000       0.00000000       0.00000000       0.00000000  
     2      0.25000000       0.00000000       0.00000000  
      1.00000000       1.00000000       1.00000000       1.00000000       1.000000 00 
      1.00000000       1.00000000       1.00000000       1.00000000       1.00000000  
      1.00000000       1.00000000       1.00000000       1.00000000       1.00000000  
      1.00000000       0.00000000       0.00000000       0.00000000       0.00000000  
     3      0.50000000       0.00000000       0.00000000  
      1.00000000       1.00000000       1.00000000       1.00000000       1.00000000  
      1.00000000       1.00000000       1.00000000       1.00000000       1.00000000  
      1.00000000       1.00000000       1.00000000       1.00000000       1.00000000  
      1.00000000       0.00000000       0.00000000       0.00000000       0.00000000  

 

│ ⌐│0 1 ─ ─ ╩≤╢─≢ ⅎ┌ ☻Ⱨfi╩ ⅎ⌂™ ─ 1.0 │ 2 ⌐ ↕

╣╢↓≤╩ ⇔╕∆⁹ ⌐╟╡ ─ ⅜№╢ ⌐│⁸ │ ⌐ ∂≡ ╦╡╕∆─≢⁸∕─

⌐╙ ∆╢ ⅜№╡╕∆ Ᵽꜟ◒─ ─╟℮⌐ ↕™ ≢ ╩ ╢ ⌐↓─╟℮⌂↓≤⅜ ↓

╡╕∆ ⁹ 

 

2.4.4.5 SCF №√╡─  

│ printoutlevel ─base ⅜1 ─ ⁸SCF▬♃꜠כ◦ꜛfi↔≤⌐ ─╟℮⌐ ↕╣╕∆⁹ 
 << CPU Time Consumption  --  TOP   9 Subroutines  (     2)  >> 
  no  id            subroutine  name          time(sec)   r(%)     count    no(2)  
   1  20  evolve_WFs_in_subspace  (davidson   115.74820  71.17        8       1 
   2  13                 m_ES_Vnonlocal_W     10.78620   6.63        8       2 
   3   8                    betar_dot_WFs      7.33490   4.51       14       3 
   4  16                    m_CD_softpart      2.53880   1.56        1       4 
   5   7               m_XC_cal_potential      0.97520   0.60        2       5 
   6  17                    m_CD_hardpart      0.28100   0.17        1       6 
   7  10            m_ES_Vlocal_in_Rspace      0.02990   0.02        1       7 
   8  19                   m_CD_mix_pulay      0.00670   0.00        1       8 
   9  18           m_CD_convergence_check      0.00230   0.00        1       9 
 Total  cputime  of  (     2 ) - th  iteration      162.64080  /    221.651  (sec.)  

 

─╟℮⌐ ╢↑⅔⌐fi♅כꜟ ⅜ ↕╣╕∆⁹↓─ │ 1 ≈ ─≥fiꜛ◦כ꜠♃▬─ ─

⅜5 % ─ │ ↕╣╕∑╪⁹ 

 

2.4.4.6 ─ jobstatus000  

jobstatus000 ⱨ□▬ꜟ│ ─ ╩╕≤╘√ⱨ□▬ꜟ≢∆⁹000 ─ │ output000 ≤ ⌐ ╩

╡ ⇔ ℮≤001, 002, ... ≤⌂╡╕∆⁹∕─ │ ─╟℮⌐⌂╡╕∆⁹ 
 status        =      FINISHED 
 iteration     =            674 
 iter_ionic    =             21 
 iter_elec     =             23 
 elapsed_time  =     51648.7582  

 

status  FINISHED ( ), ITERATIVE ( ╡ ⇔ ), START ( ) 

iteration  ─ ╡ ⇔ ⅜ ↕╣╕∆⁹ 

iter_ionic  ─ ⅜ ↕╣╕∆⁹ 

iter_elec ─ ⌐⅔↑╢ ─ ╡ ⇔ ⅜ ↕╣╕∆⁹ 

elapsed_time ⅜ ≢ ↕╣╕∆⁹ 
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2.5 ─ ⁸  

 

2.5.1 ◄Ⱡꜟ◑⁸כ ⌐ ↄ ─ ◄Ⱡꜟ◑כ ⱨ□▬  ꜟ nfefn.data) 

 

ⱨ□▬ꜟnfefn.data ╕√│ file_names.data ⱨ□▬ꜟ⌐⅔™≡F ENF ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ ⌐│, 

─ ◄Ⱡꜟ◑כ╛ ⌐ ↄ ─ , ↕╠⌐ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√ │▬○fi─ ◄

Ⱡꜟ◑כ╛ ⌂≥╙ ↕╣╕∆.  

╩ ∫√ ≤ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√ ≤≢ ⅜ ⌂╢─≢, ∕╣∙╣⌐≈

™≡ ⇔╕∆⁹ 

 

2.5.1.1  

 

⌂ ╩ ∫√ ─nfefn.data ─ ╩ ⇔╕∆⁹ 
 iter_ion,  iter_total,  etotal,  forcmx  
     1      24     - 108.4397629733         0.0086160410  
     2      40     - 108.4401764388         0.0076051917  
     3      56     - 108.4405310817         0.0068758156  
     4      73     - 108.4410640011         0.0065717365  
     5      94     - 108.4414256084         0.0099533097  
     6     113     - 108.4414317178         0.0094159378  
                  ........  
                  ........  
                  ........  

 

│ ₁ ─╟℮⌂ ⌐ ⇔╕∆⁹ 

 

iter_ion  ▬○fi─ ≢∆⁹ 

iter_total  SCF ꜟכⱪ─ ≢∆. ↓─ │ ─ ⅜ ↕╣╕∆⁹ 

etotal  ◄Ⱡꜟ◑כ╩, Ɫכꜞ♩כ ≢ ⇔╕∆⁹ 

forcmx ⌐ ↄ ─ ╩ (hartree/bohr3) ≢ ⇔╕∆. ↓─ ⅜ ⱨ□▬ꜟ⌐≡

ⅎ√ ─ ╩ √∆╕≢ │ ↕╣╕∆⁹ 

 

 

2.5.1.2  

 

─ , ─╟℮⌐⌂╡╕∆⁹ 
      iter_ion,  iter_total,  etotal,  ekina,  econst,  forcmx  
     1      18    - 7.8953179624      0.0000000000     - 7.8953179624      0.0186964345  
     2      30    - 7.8953851218      0.0000665502     - 7.8953185716      0.01835754 25 
     3      43    - 7.8955768901      0.0002565396     - 7.8953203505      0.0173392067  
                          ........  
                          ........  
                          ........  

 

─ ≤╒╓ ≢∆⅜, √⌂ ⅜ ↕╣╕∆⁹ 

 

ekina  ─ ◄Ⱡꜟ◑כ, 

econst ─ , ∆⌂╦∟◄Ⱡꜟ◑כ ─ ◦Ⱶꜙ꜠כ◦ꜛfi─ ─ ◄Ⱡꜟ◑

─ ,כ ◦Ⱶꜙ꜠כ◦ꜛfi─ ─ ◄Ⱡꜟ◑כ⌐ ─◄Ⱡꜟ◑כ╩

ⅎ√ ≢∆⁹ 
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2.5.1.3  

 

─ ╩ ∫√ ─╟℮⌐⌂╡╕∆⁹ 

 

iter_unitcell, iter_ion, iter_total, etotal, forcmx, stressmx  

1    1      25     - 181.4043211381        0.0019960638  

1    2      33     - 181.4043560304        0.0004826299  

1    3      40     - 181.4043582176        0.0000016495        0.0002327496  

2    1      49     - 181.4044223602        0.0000572790        0.0002273231  

3    1      58     - 181.4044833189        0.0001158383        0 .0002220365  
                            ........  
                            ........  
                            ........  

 

─ ⌐☻כ◔─ ⅎ ─ ⅜ ⅎ╠╣╕∆⁹ 

 

iter_unitcell  ─  

stressmx ☻♩꜠☻♥fi♁ꜟ─  

 

 

2.5.2 ⱨ□▬ꜟnfdynm.data) 

 

ⱨ□▬ꜟ nfdynm.data ╕√│ file_names.data ⱨ□▬ꜟ⌐⅔™≡ F_DYNM ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ

⌐│, ─ ≤∕╣⌐ ↄ ⅜ ↕╣╕∆. ╛ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√ │▬

○fi─ ─ ⅜♃כ♦↑∞ ⅝ ╕╣╕∆. ⌂ nfdynm.data ─ ╩ ⌐ ⇔╕∆⁹⌂⅔, ↓

─ⱨ□▬ꜟ⌐⅔™≡ ↕╣╢ │∆═≡ ≢∆. 
# 
#   a_vector  =         9.2863024980         0.0000000000         0.000000 0000  
#   b_vector  =        - 4.6431512490         8.0421738710         0.0000000000                 (a)  
#   c_vector  =         0.0000000000         0.0000000000        10.2158587136  
#   ntyp  =        2 natm =        9                                                        (b)  
# (natm - >type)      1    1    1    1    1    1    2    2    2                               (c)  
# (speciesname)      1 :    O                                                                (d)  
# (speciesname)      2 :    Si    
# 
 cps  and forc  at  ( iter_ion,  iter_total  =     1      24 )                                    (e)  
    1    3.161057370     1.169332082     1.214972077    - 0.004058    - 0.005565    - 0.004966      (f)  
    2    6.693102525     2.152889944     4.620258315     0.006945    - 0.001028    - 0.0049 94 
    3    4.075293851     4.719951845     8.025544553    - 0.002872     0.006394    - 0.004796  
    4   - 1.482093879     6.872841789     5.595600399    - 0.004362     0.005502     0.004993  
    5   - 0.567857398     3.322222026     9.000886637    - 0.002792    - 0.006296     0.004965  
    6    2.049951276     5.889283925     2.190314161     0.006974     0.000708     0.004795  
    7    4.921740324     0.000000000     3.405282833     0.001436     0.000122     0.00 0068  
    8   - 2.460870162     4.262352150     6.810569070    - 0.000612     0.001305    - 0.000066  
    9    2.182281087     3.779821719    10.215855308    - 0.000660    - 0.001143     0.000001  
 cps  and forc  at  (iter_ion,  iter_total  =     2      40 )  
    1    3.156999743     1.163767576     1.210005993    - 0.002904    - 0.005755    - 0.003892  
    2    6.700048015     2.151861938     4.615264365     0.006567     0.000186    - 0.003832  
    3    4.072421499     4.726345880     8.020748072    - 0.003503     0.005487    - 0.003829  
    4   - 1.4864 55954     6.878343743     5.600593135    - 0.003122     0.005780     0.003831  
    5   - 0.570648922     3.315925959     9.005851266    - 0.003532    - 0.005392     0.003892  
    6    2.056925355     5.889992076     2.195109289     0.006503    - 0.000290     0.003828  
    7    4.923176344     0.000121757     3.405351146     0.000397    - 0.000013     0.000018  
    8   - 2.461482612     4.263656762     6.810503226    - 0.000210     0.000337    - 0.000017  
    9    2.181621403     3.778679157    10.215856638    - 0.000197    - 0.000341     0.000000  

 
                                        ........  
                                        ........  
                                        ........  
                                        ........  
                                        ........  
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(a) ☿ꜟⱬ◒♩ꜟ⅜ ⅛╣≡™╕∆⁹a_vector, b_vector, c_vector ⌐∕╣∙╣a , b , c ─ⱬ◒♩ꜟ⅜

↕╣≡™╕∆⁹ 

(b) ntyp = ─ ⌐│ ↕╣≡™╢ ─ ⅜ ↕╣≡™╕∆⁹↓─ ≢│2 ≢∆⁹╕√, natm = ─

⌐│ ⅜ ⅛╣≡™╕∆⁹↓─ ≢│9 ≢∆⁹ 

(c) (natomќtype) ─ ⌐│, ≤ ─ⱴ♇Ⱨfi◓⅜ ⅛╣≡™╕∆⁹↓─ ∞≤, 1 ⅛╠6 

─ ─ │1, 7 ⅛╠9 ─ │2 ≤™℮ ⌐ ⇔╕∆⁹ 

(d) (speciesname) ─ ⌐│, ≤ ID ─ⱴ♇Ⱨfi◓⅜ ⅛╣≡™╕∆⁹↓─ ≢│, 1 ≤™℮ │

O( ), 2 ≤™℮ │Si( ) ⌐ ∆╢, ≤™℮↓≤⌐⌂╡╕∆⁹ 

(e) ☻♥♇ⱪ≢─ ⅜ ↕╣≡™╕∆⁹↓─ ≢│, ▬○fi─ ⅜1 , SCF ─ ⅜24 

≤⌂╡╕∆⁹ 

(f) ─ ─ ≤∕─ ⌐ ™≡™╢ ⅜ ↕╣≡™╕∆⁹1 ─ │ ─ ID, 2 ⅛╠4 

─ ⅜ ─ ─x,y,z , 5 ⅛╠6 ─ ⅜ ⌐ ↄ ─ x,y,z ≤⌂╡╕∆⁹╙

⇔ ⱨ□▬ꜟ⌐⅔™≡printlevel Ⱪ꜡♇◒─velocity ╩2 ⌐ ⇔≡™√ 7 ⅛╠9 

─ ⌐ ⅜ ≢ ↕╣╕∆⁹ 
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2.5.3 ⱨ□▬ꜟnfchr.cube) 

 

ⱨ□▬ꜟnfchr.cube ╕√│ file_names.data ⱨ□▬ꜟ⌐⅔™≡F_CHR ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ ⌐│⁸

Gaussian CUBE ─ ⅜ ↕╣╕∆⁹ 

 

PHASE Viewer ╛⁸Gaussian CUBE ─ ⌐ ⇔≡™╢ ♁ⱨ♩►▼▪╩ ⇔≡⁸ ⁸

╩ ⇔≡ↄ∞↕™⁹ 

 

2.5.4 ⱨ□▬ꜟdos.data) 

 

ⱨ□▬ꜟ dos.data ╕√│ file_names.data ⱨ□▬ꜟ⌐⅔™≡ F_DOS ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ ⌐│⁸

⅜ ↕╣╕∆⁹ 

 

─◓ꜝⱨ╩ ∆╢⌐│⁸ ╩ dos.plꜟכ♠⌐℮╟─ ⇔╕∆⁹óphase0_2014.01/bin/ó│⁸PHASE

⅜▬fi☻♩כ♠⁹∆≢ꜞ♩◒꜠▫♦╢™≡╣↕ꜟכꜟdos.pl│⁸Perl ☻◒ꜞⱪ♩≢∆⁹ ⁸ ─◓ꜝ

ⱨ─EPS ─ ⱨ□▬ꜟdensity_of_states.eps ⅜ ↕╣╕∆⁹ 

 

% ../../phase0_2014.01/tools/ bin/dos.pl dos.data - erange= - 15,10 - with_fermi - color  

 

dos.data ─ ⱨ□▬  ꜟ

-erange ∆╢◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹-15,10│-15eV⅛╠10eV─ ╩ ⇔≡™╕∆⁹ 

-with_fermi  ⱨ▼ꜟⱵ◄Ⱡꜟ◑כ╩ ⇔╕∆⁹ 

-color ◌ꜝכ ╩ ™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2.2   Si ♄▬ꜘ⸗fi♪ ─Ᵽfi♪  
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2.5.5 Ᵽfi♪  (ⱨ□▬ꜟnfenergy.data♃כ♦

 

ⱨ□▬ꜟnfenergy.data ╕√│ file_names.data ⱨ□▬ꜟ⌐⅔™≡F_ENERG ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ

⌐│⁸◘fiⱪꜞfi◓k ⌐⅔↑╢ ⅜ ↕╣╕∆⁹ 

 

Ᵽfi♪ ─◓ꜝⱨ╩ ∆╢⌐│⁸ ꜟכ♠⌐℮╟─ band.pl  ╩ ⇔╕∆⁹óphase0_2014.01/bin/ó│⁸

PHASE ⅜▬fi☻♩כ♠⁹∆≢ꜞ♩◒꜠▫♦╢™≡╣↕ꜟכꜟdos.pl│⁸Perl ☻◒ꜞⱪ♩≢∆⁹ ⁸

─◓ꜝⱨ─EPS ─ ⱨ□▬ꜟband_structure.eps ⅜ ↕╣╕∆⁹ 

 

% ../../phase0_2014.01/tools/ bin/  band.pl nfenerg y.data bandkpt.in - erange= - 15,10 - w 

ith_fermi - color  

 

nfenergy.data  ◘fiⱪꜞfi◓k ⌐⅔↑╢ ─ ⱨ□▬  ꜟ

bandkpt.in  ◘fiⱪꜞfi◓k ⌐ ∆╢ⱨ□▬  ꜟ

-erange ∆╢◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹-15,10│-15eV⅛╠10eV─ ╩ ⇔≡™╕∆⁹ 

-with_fermi  ⱨ▼ꜟⱵ◄Ⱡꜟ◑כ╩ ⇔╕∆⁹ 

-color ◌ꜝכ ╩ ™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2.3 Ᵽfi♪   Si ♄▬ꜘ⸗fi♪ ─Ᵽfi♪  
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3. Ɽꜝⱷכ♃ⱨ□▬ꜟ nfinp.data  

 

3.1 Ɽꜝⱷכ♃ⱨ□▬ꜟ─ (F_INP ⱨ□▬ )ꜟ 

 

Ɽꜝⱷכ♃ⱨ□▬ꜟnfinp.data │⁸≥─╟℮⌂⸗♦ꜟ ⌂≥ ⌐ ⇔⁸≥─╟℮⌂ ≢ ∆

╢⅛≤™℮ ╩ ∆╢ⱨ□▬ꜟ≢∆⁹ 

♦ⱨ◊ꜟ♩─ⱨ□▬ꜟ │nfinp.data ≢∆⅜⁸file_names.data ⌐⅔™≡⁸F_INP ╩♪כ꞉כ◐ ∫≡ ⌐

╩ ≢⅝╕∆⁹ ⅎ┌⁸ ∆╢ ⌐ ⇔√ ╩≈↑╢↓≤╙ ≢∆⁹ 

 

3.1.1 Ɽꜝⱷכ♃  

 

↓─ⱨ□▬ꜟ│⁸♃◓ ≤ {}≢ ╕╣√Ⱪ꜡♇◒─ ≢ ⇔╕∆⁹ Ɽꜝⱷכ♃─ │⁸

♃◓ ⌐⌂∫≡⅔╡ ♃◓⌐ ─ ⌂≥─ ╩ ⇔╕∆⁹ ⌐, Ɽ

ꜝⱷכ♃ⱨ□▬ꜟ─ ╩ ⌐ ⇔╕∆⁹ 

 

─№╢ ≡╘≥╕│♃כ♦ ≈─₈Ⱪ꜡♇◒₉ ⌐ ⇔╕∆⁹Ⱪ꜡♇◒│, Ⱪ꜡♇◒ { ... } ≤™℮

≢ ⌐ ⇔╕∆⁹√≤ⅎ┌, ─╟℮⌐⌂╡╕∆⁹ ⌐ Ɽꜝⱷ⁸│♃כ♃◓= ─ ≢ ⇔╕

∆⁹√∞⇔⁸Ɽꜝⱷכ♃↔≤⌐ ⅜ ⌂╡╕∆⁹ Ɽꜝⱷכ♃─ ─ ╩ ↄ∞↕™⁹ 

Upper_ block {  

Lower_ block {  

...  

tag_keyword = value  

}  

}  

 

Ɽꜝⱷכ♃ⱨ□▬ꜟ─ ה ⌐⅔™≡⁸ ─ ⌐ ↄ∞↕™⁹ 

 ̧ ∂ ⌐ ∂ ─Ⱪ꜡♇◒╩ ∆╢↓≤│≢⅝╕∑╪⁹ 

 ̧ Ⱪ꜡♇◒ ─ ה ╩ ∆╢↓≤│№╡╕∑╪⁹ 

 ̧ Ⱪ꜡♇◒ ⅜ ∫≡™╢ ⌐│⁸∕─Ⱪ꜡♇◒ ⅜ ↕╣≡™⌂™╙─≤╖⌂↕╣╕∆ ↕╣

╕∆ ⁹∕─ │⁸♦ⱨ◊ꜟ♩ ⅜ │☺כ☿♇ⱷכꜝ◄⁹∆╕╣↕ ↕╣╕∑╪⁹ 

 

 ̧ │ ≢ ╢╒⅛◌fiⱴ(,) ≢ ╢↓≤╙≢⅝╕∆⁹ 

 ̧ ─ ⌐ ╩ ╘√™ ─2 (Δ) ≢ ╖╕∆⁹ 

 ̧ │ ⇔⌂™≢ↄ∞↕™⁹ 

 

─Ⱪ꜡♇◒│⁸ ─╙─⅜№╡╕∆⁹ 

control Ⱪ꜡♇◒ ⌂ ─  

accracy Ⱪ꜡♇◒ ─  

structure Ⱪ꜡♇◒ ─  

wavefunction_solver Ⱪ꜡♇◒ ♁ꜟⱣכ─  

charge_mixing Ⱪ꜡♇◒ ─  

structure_evolution Ⱪ꜡♇◒ ⁸ ─  

postproccesingⱩ꜡♇◒ ─  

printlevel Ⱪ꜡♇◒ ꜡◓ ─  
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3.1.2 ─  

 

PHASE ─ ⱨ□▬ꜟ─♦ⱨ◊ꜟ♩─ │ ≢∆⅜, ╩ ⌐ ∆╢↓≤╙ ≢∆⁹  

3.1─ ╩ ∆╢↓≤⅜≢⅝╕∆(♦ⱨ◊ꜟ♩─ │ ≢ ↕╣≡™╕∆)⁹ 

 3.1 PHASE ≢ ⌂  

↕  bohr, angstrom, nm   

◄Ⱡꜟ◑כ  hartree , eV, rydberg   

  au_time , fs, ps, ns, s, sec, min, hour, day   

  bohr/au_time , bohr/fs, angstrom/fs, angstrom/au_time, nm/fs, nm/au_time   

  hartree/bohr , hartree/angstrom, hartree/nm, eV/angstrom, eV/bohr, ev/nm,   

rydberg/bohr, rydberg/angstrom, rydberg/nm   

  hartree/bohr3 , hartree/angstrom3, hartree/nm3, eV/angstrom3, eV/bohr3,   

eV/nm3, rydberg/angstrom3, rydberg/bohr3, rydberg/nm3,   

  au_mass, atomic_mass,   

 

⌐♃כ♦─ ,│ ∆╢ ∞↑≢⌂ↄ, Ⱪ꜡♇◒ ─♦ⱨ◊ꜟ♩ ╩ ∆╢↓≤╙≢⅝

╕∆⁹Ⱪ꜡♇◒ ≢♦ⱨ◊ꜟ♩─ ╩ ∆╢⌐│, ─╟℮⌐ ⇔╕∆⁹ 

block{  

#units angstrom  

...  

...  

}  

 

↓─ ≢│, block ─ ↕─ ─♦ⱨ◊ꜟ♩⅜М ⌐⌂╡╕∆⁹ ∆╢ ↕⁸◄Ⱡꜟ◑כ⌂≥ , 

≢ ∫≡ ⇔≡ↄ∞↕™⁹ 

 

3.1.3 ◖ⱷfi♩ 

 

!╕√│//≢│∂╕╢ │, ◖ⱷfi♩ ™≤⌂╡╕∆⁹ 

block {  

!  comment  

! tag_keyword  = value1         ◖ⱷfi♩ 

// tag_keyword  = value2        ◖ⱷfi♩ 

tag_keyword  = value3  

}  

√∞⇔ !#≤ !─№≤⌐#⅜ ↄ │◖ⱷfi♩≤│╖⌂↕╣⌂™─≢ ⇔≡ↄ∞↕™⁹ 
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3.1.4 Ɽꜝⱷכ♃ⱨ□▬ꜟ  

 

Si ♄▬ꜘ⸗fi♪ 2 ─ ╩ ℮ ─ ⌂ ╩ ⇔√ ⱨ□▬ꜟ ≢∆⁹ 

 

control{  

  condition = initial  

  cpumax = 86400 sec  

  max_iteration = 10000  

}  

 

accuracy{  

  cutoff_wf = 25.0 rydberg  

  cutoff_cd = 100.0 rydberg  

  num_bands = 8  

ksampling{  

    method = monk  

    mesh{  

      nx = 10  

      ny = 10  

      nz = 10  

    }  

}  

  initial_wavefunctions = atomic_orbitals  

  initial_charge_density = atomic_charge_density  

  scf_convergence{  

    delta_total_energy = 1e - 10 

    successio n = 3  

  }  

  force_convergence{  

    max_force = 0.001 hartree/bohr  

  }  

}  

 

structure{  

  element_list{  

    #tag    element    atomicnumber  

            Si    14  

  }  

  unit_cell{  

    #units angstrom  

    a_vector = 0 2.732299538 2.732299538  

    b_vector = 2.732299538 0 2.732299538  

    c_vector = 2.732299538 2.732299538 0  

  }  

  unit_cell_type = bravais  

  atom_list{  

    atoms{  

      #tag    el ement    rx    ry    rz   mobile  

              Si    0.125  0.125  0.125      0  

              Si   - 0.125 - 0.125 - 0.125     0  

    }  

    coordinate_system = internal  

  }  

}  

 

wavefunction_solver{  

        solvers{  

            #tag    sol    till_n  prec cmix submat  
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                    davidson    1    on   1    on  

                    rmm3       - 1    on   1    on  

        }  

        rmm{ 

             edelta_change_to_rmm=5e - 5 

        }  

}  

 

charge_mixing{  

        mixing_methods{  

        #tag no   method    rmxs   rmxe   istr  prec nbmix  

              1   pulay   0.40   0.40   3     on   15  

        }  

}  

 

Postprocessing{  

dos{  

sw_dos = ON  

deltaE = 1.e - 4 hartree  

}  

charge{  

sw_charge_rspace    = ON  

filetype = cube  !{cube|density_only}  

title  = "This is a title line for the bulk Si"  

}  

}  
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3.2 Ɽꜝⱷכ♃ⱨ□▬  ꜟ nfinp.data─♃◓ ♪כ꞉כ◐ ─  

 

Ɽꜝⱷכ♃ⱨ□▬  ꜟ nfinp.data ─♃◓ ♪כ꞉כ◐ ─ ╩⁸  3.2⌐ ⇔╕∆⁹ 

 

 3.2 Ɽꜝⱷכ♃ⱨ□▬  ꜟ nfinp.data ─♃◓ ♪כ꞉כ◐ ─  

Ⱪ꜡♇◒ 2, 3 Ⱪ꜡♇◒ ♃◓ ♪כ꞉כ◐   

control    ⌂ Ⱪ꜡♇◒ 

  condition  preparation, -2 ─ , ─

,k ─ ╕≢≢ ⇔╕∆⁹ 

automatic, -1 ≢№╣┌ ⌐

⌂╡╕∆⁹∕℮≢⌂↑╣┌ ⌐⌂╡╕

∆⁹ 

initial, 0  

continuation, 1  

( ─2 ≈│ekcal ⌐╟╢ ≢ ) 

fixed_charge, 2 ╩ ⇔≡  

fixed_charge_continuation, 3 +

 

♦ⱨ◊ꜟ♩ │automatic ≢∆⁹ 

  cpumax CPU ─ ♦ⱨ◊ꜟ♩ 86400 sec  

{sec, min, hour, day}  

  max_iteration  

max_total_scf_iter

ation  

SCF fiꜛ◦כ꜠♃▬ ─  

♦ⱨ◊ꜟ♩ 10000  

  max_mdstep MD ─ ♦ⱨ◊ꜟ♩│  

  max_scf_iteration  1MD ☻♥♇ⱪ ─SCF ─  

♦ⱨ◊ꜟ♩│  

  nfstopcheck ⱨ□▬ꜟ nfstop.data ⌐ ⅛╣√ ≢

╩ ∆╢═⅝ ╩ ♦ⱨ◊ꜟ♩ 1  

  sw_ekzaj phase ≢⁸ekcal ─ ≤⌂╢ ⱨ□▬

ꜟ F_ ZAJ ┼─ ╩ ℮≤⅝ ON ⌐∆╢⁹

EKCAL ≢∕─ⱨ□▬ꜟ╩ ╖ ╗≤⅝╙ ON 

⌐∆╢⁹√∞⇔ ȹ ─ ≢⇔⅛ ≢⅝╕

∑╪⁹ 

♦ⱨ◊ꜟ♩ │OFF ≢∆⁹ 

accuracy   ─ Ⱪ꜡♇◒  

  cutoff_wf ─◌♇♩○ⱨ◄Ⱡꜟ◑כ 

  cutoff_cd ─◌♇♩○ⱨ◄Ⱡꜟ◑כ 

  num_bands Ᵽfi♪  

 ksampling    

  method k ─◘fiⱪꜞfi◓ ⁹ 

monk Monkhorst -Pack ⁹ 

mesh ⱷ♇◦ꜙ╩ ⇔╕∆⁹ 

file ⱨ□▬ꜟ⅛╠  

direct_ in  

gamma ɜ ─╖ 

♦ⱨ◊ꜟ♩│Monkhorst -Pack  

 mesh  ⱷ♇◦ꜙ─  

  nx, ny, nz x,y,z ┼─  

♦ⱨ◊ꜟ♩ = (4,4,4) = (20,20,20) 
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 kshift   Monkhorst -Pack ≢─╖ ⌂♃◓ 

  k1, k2, k3  ⱷ♇◦ꜙ─∏╣─ │[0.0, 0.5] ─

 

♦ⱨ◊ꜟ♩  

hexgonal ─  k1 = k2 = 0, k3 = 0.5  

∕╣ ─  k1 = k2 = k3 = 0.5  

√∞⇔0.5 │ⱷ♇◦ꜙ─ ╖ ─ ─ ╩

∆ 

 kpoints   k ─ ╖≠↑ 

  kx ky kz denom  

weight  
Ὧᴆ  (kx/denom, ky/denom, kz/denom)  

k ─ ≤ ∕─ ╖≠↑ 

 smearing   k ◘fiⱪꜞfi◓─smearing  

  method parabolic Parabolic ♦ⱨ◊ꜟ♩  

cold Cold smearing ( ≢  

tetrahedron Tetrahedron  

improved_tetrahedron tetrahedron  

tetrahedron ╕√│ improved_tetrahedron ≤

⇔√≤⅝⌐│ k ─◘fiⱪꜞfi◓╩ⱷ♇◦ꜙ

⌐⇔⌂↑╣┌⌂╡╕∑╪⁹ 

  width  smearing ♦ⱨ◊ꜟ♩ 0.001 hartree  

method = parabolic ≤cold ─ ⌐  

 (♃◓⌂⇔)   

  xctype ◄Ⱡꜟ◑כ(LDA, GGA)  

LDA  LDAPW91, PZ  

GGA  GGAPBE, REVPBE  

 scf_convergence  ─  

  delta_total_energy  №√╡─ ◄Ⱡꜟ◑כ─ ─  

ɝὉ 

♦ⱨ◊ꜟ♩ ρπ  hartree  

  succession ⅜ɝὉ ⌐ ⇔≡ ╕∫√ ⌐

╩ ↕∑╢⅛╩ ∆╢  

♦ⱨ◊ꜟ♩ 3  

 force_convergence  ─  

  max_force ⌐ ↄ ─ ⅜↓─ ╟╡ ↕ↄ⌂ 

╣┌ ╩  

♦ⱨ◊ꜟ♩ 0.001 hartree/bohr  

 ek_convergence  ─ ⁹ekcal ⌐╟╢ ─

 

  num_extra_bands  ≢╙⅛╕╦⌂™ ─Ᵽfi♪─  

♦ⱨ◊ꜟ♩ 2  

  num_max_iteratio

n 

k √╡─ ─  

♦ⱨ◊ꜟ♩ 300  

  sw_eval_eig_diff  ☻▬♇♅ 

{ 1, on, yes } №╡ ♦ⱨ◊ꜟ♩  

{ 0, off, no } ⌂⇔ 

  delta_eigenvalue  ─  

♦ⱨ◊ꜟ♩ ρπ  hartree  

  succession ─ ╡ ⇔ ♦ⱨ◊ꜟ♩ 3  

 (♃◓⌂⇔)   

  initial_wavefunctio

ns 

─  

{random_numbers, matrix_ diagon 

,atomic_orbitals, file}  
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random_numbers: ≢  

matrix_ diagon: ≢  

atomic_orbitals: ≢  

file:ⱨ□▬ꜟF_ZAJ⅛╠  

 matrix_diagon   ─ ╩ ≢ ⅎ╢ 

  cutoff_wf  ─◌♇♩○ⱨ 

 (♃◓⌂⇔)   

  initial_charge_dens

ity  

─  

{Gauss, atomic_charge_density, file} 

Gauss: ●►☻ ─ ⌡ ╦∑≢  

atomic_charge_density: ─ ─

⌡ 

╦∑≢  

file:ⱨ□▬ꜟF_CHGT ⅛╠  

 precalculation    

  nel_Ylm  ╘ ⇔≡ⱷ⸗ꜞכ ⌐ ⇔≡⅔ↄ  

─ ♦ⱨ◊ꜟ♩ │9  

structure    Ⱪ꜡♇◒  

 unit_cell_type   ─ ⁹  {primitive, Bravais }  

 unit_cell   

 

a_vector 

b_vector 

c_vector 

 

a, b, c 

alpha,  

beta,  

gamma 

unit cell ─ ⁹ ─™∏╣⅛─

≢ ⅎ╢ 

ⱬ◒♩ꜟ─ ὼȟώȟᾀ  

♦ⱨ◊ꜟ♩─ │ Bohr  

 

 

 a, b, c 

bðc cða aðb ─⌂∆  

( ─♦ⱨ◊ꜟ♩ │degree) 

 symmetry    

  method :{manual, automatic}  

automatic ╩ ∆╢≤ ⌐ ╩

⇔╕∆⁹ 

  crystal_structure   

{diamond, hexagonal, fcc, bcc, simple cubic}  

 tspace  ₈ ─ⱪ꜡◓ꜝⱶTSPACE₉(  

) ⅔╟┘ ABCAP ─ⱴ♬ꜙ▪ꜟ╩  

  lattice_system  {rhombohedral,trigonal,r,t, -1} 

{hexagonal,h,0} {primitive,simple,p,s,1}  

{facecentered,f,2} {bodycentered,b,3} 

{bottomcentered,basecentered,onefacecentere

d,bot,ba,o,4} 

  num_generators  ─ (ρḐσ─ ) 

  generators   

  af_generator  ─  

 ( 3 ♃◓⌂⇔)   

  sw_inversion  ─  

 ( 2 ♃◓⌂⇔)   

  magnetic_state   {para, antiferro, ferro} ⅛╠  

antiferro │af ≤ ╙  

 atom_list    

  coordinate_system {cartesian, internal}  

 atoms   
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  rx, ry, rz   

  element  

  mobile  

│{1,0} {on,off} {yes,no} ─≥╣≢╙  

  weight  ╖≠↑ 

weight = 2 │ sw_inversion = on ─ ─╖

 

↓─≤⅝ ─ ⌐╙ ╩  

 element_list    

  element (atoms ─element ─ ≤ ↕∑ 

╢) 

  atomic_number   

  mass  

  zeta ☻Ⱨfi  ‒ ὲᴻ ὲȢ Ⱦὲᴻ ὲȢ  

  deviation  ╩●►☻ ─ ≢ ⅎ╢≤⅝─ ● 

►☻ ─ ⁹ 

”ὶ ὃÅØÐ ὶȾς„  ⌐⅔↑╢ ─

─ ⅜╡╩ ╘╢Ɽꜝⱷ⁹„♃כ 

♃◓ ⌐│ dev ╛ standard_deviation ╙

 

wavefunction_ so

lvers 

solver  ♁ꜟⱣכ 

  sol ♁ꜟⱣכ─  

MatrixDiagon  

lm+MSD lm( )+ MSD(

) 

RMM2P, RMM3 RMM  

MSD  

submat subspace rotation ( ) 

Davidson: Davidson  

  till_n  ─ ╕≢ sol ≢ ↕╣√ ─ 

╩ ∆╢⅛╩  

  dts ─ ╖  

  dte itr ≢ ↕╣√ ─ ⌐⅔↑╢ ╖ 

⁹dts ─ ─╖⅜ ↕╣√ ⌐│ dte ⌐

╙ ∂ ╩ ⁹ 

  itr  ╖ ╩ ↕∑╢ ─  

  var ─ ⁹ {linear, tanh}  

  prec ─ ⁹ {on,off} 

  cmix ─ ⁹charge_mixing ♃◓

─mixing_methods ≢ ↕╣≡™╢

⌐ ╡ ╠╣√ ╩ ∫≡ ∆╢⁹ 

  submat  on─≤⅝subspace_rotation  ─ ⌐ ∫≡ 

subspace rotation ╩ ℮⁹ {on,off} 

 line_minimization   ⌐ ⇔√  

  dt_lower_critical  

dt_upper_critical  

╩⅔↓⌂℮ ─ ╖─ ≤  

 

(♦ⱨ◊ꜟ♩ │∕╣∙╣ 0.005 ≤2.0) 

  delta_lmdenom   

 rmm    

  imGSrmm  RMM ≢ ⇔√ ⌐ ⇔≡

GramðSchmidt ─ ╩ ∆╢  
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(♦ⱨ◊ꜟ♩ │ ─ imGSrmm = 1)  

  rr_Critical_Value  Ᵽfi♪ ─ ⁹ ─ ─ⱡ

ꜟⱶ⅜↓↓≢ ↕╣√ ⌐⌂╣┌ ∕─

Ᵽfi♪│∕╣ ↕╣⌂™ 

  edelta_change_to_r

mm 

─♁ꜟⱣכ╩ RMM ⌐ ⅎ╢≤⅝

─ ◄Ⱡꜟ◑כ ⁹↓↓≢ ∆

╢ ╟╡ ◄Ⱡꜟ◑כ─ ⅜ ™≤⅝│ ∕

─ ─♁ꜟⱣכ╩ ↑≡ ℮ 

 subspace_rotation   subspace ⌐ ∆╢  

  subspace_matrix_s

ize 

♦ ⱨ ◊ ꜟ ♩ ─ │ Ᵽ fi ♪ ─  

(num_bands) 

num_bands ╟╡╙ ⅝⌂ ⅜ ↕╣√

⌐│ ⌐ num_bands ─ ╩ ⌐

⁹ 

  damping_factor  ─♄fiⱧfi◓ ⁹[0.0, 1.0] ─

─ ⅜ ↕╣√ ⌐│ ╩

⌐1.0 ⌐ ⁹ 

  period  solver♃◓─submat⅜ON⌐⌂∫≡™╢  

period ⌐1 subspace_rotation ╩ ™╕∆⁹ 

ⅎ┌ period=3 ─≤⅝ iteration(i) ─℮∟

i=1,4,7,10,...⅜subspace rotation ╩ ℮ ⌐

⌂╡╕∆⁹♦ⱨ◊ꜟ♩ │1⁹ 

  critical_ratio  ─ ─ (1 №√╡)≤ ─

─ (1 №√╡)─ ⅜™∫√╪

critical_ratio ╟╡ ↕ↄ⌂∫√ ⌐ ⇔≡│

∕╣ subspace rotation ╩ ™╕∑╪⁹ 

♦ⱨ◊ꜟ♩ │ρπ ⁹ 

charge_mixing    ⁹ 

 mixing_methods   ─ ⁹ 

  method { simple, broyden2, pulay }  

♦ⱨ◊ꜟ♩│ simple_mixing  

  rmxs  ─ ╩ −╢  

♦ⱨ◊ꜟ♩ │0.5 

  rmxe itr ─ ─ ⌐ ╩ −╢ ⁹ 

♦ⱨ◊ꜟ♩ │ 0.5⁹rmxs ─ ─╖⅜ ↕

╣√ ⌐│ rmxe ⌐╙ ∂ ╩ ⁹ 

  itr  ─ (rmx) ╩ ↕∑╢  

  var rmx ╩ ↕∑╢ ⁹ {linear, tanh}  

  prec ─ ⁹ {on, off}  

  istr  method ⅜ simple ─ ⌐ istr ─

⌐ ⇔√ ≢ ╩ −╢ 

  nbmix  ⅎ≡⅔ↄ═⅝ ─♃כ♦ ╩  

  update nbmix ↕╣≡™╢ ─ ╩

™ ∫√ ─ ─ ⁹ 

{anew, renew}  

anew │∕╣╕≢─♦כ♃╩ ≡ ⇔≡  

⌐ ⁹ 

renew │ ╙ ╩♃כ♦™ ≥♃כ♦─

╣ ⅎ╢⁹ 

 charge_preconditi

oning 

  

  amix  a 
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  bmix  b 

structure _evolut

ion 

  Ⱪ꜡♇◒  

  method {sd, quench, gdiis, bfgs, cg, velocity  

verlet}  

  dt ╖  

 stress  ☻♩꜠☻  

  sw_stress ☻♩꜠☻ ─ ⁹ { on,off }  

 gdiis   (GDIIS ⅔╟┘BFGS ╩ ∆╢ ─♃◓) 

  initial_method  GDIIS (BFGS) ┼ ∆╢ ⌐ ∆╢  

▪ꜟ◗ꜞ☼ⱶ⁹ { quench, cg, sd }♦ⱨ

◊ꜟ♩ │cg 

  gdiis_box_size ↓↓≢ ∆╢▬○fi ♃כ♦─

╩gdiis(bfgs) ⌐ ⅎ╢ 

  gdiis_hownew  gdiis_box_size ≢ ⇔√ ─▬○fi

♃כ♦─ ╩ ™ ∫√ ─ ─  

{anew, renew} 

  c_forc2gdiis GDIIS (BFGS) ┼─ ⅎ─  

♦ⱨ◊ꜟ♩ │0.05 (hartree/bohr)  

postprocessing    

 dos  ─  

  sw_dos ─ ⁹ { on,off } 

  method { tetrahedral, Gaussian }  

  deltaE_dos ─◄Ⱡꜟ◑כ  

  variance  mehtod ⅜Gaussian ─ ─●►☻ ─

 

  nwd_dos_window_

width  

─◄Ⱡꜟ◑כ ȺE ╩ ≢  

ɝὉ  nwd_window_width  deltaE_dos 

 charge  ─  

  sw_charge_rspace ─ ⁹ { on,off } 

  filetype  ⱨ□▬ꜟ─  

{ cube, density_only }   

  title  ─ ⱨ□▬ꜟ─ ⇔ 

filetype = cube ─ ─╖  

printoutlevel    ┼─ ꜠ⱬꜟ─  

0 ⌂⇔ 

1 ╩  

2 ♦Ᵽ♇◓ ─ ╩  

  base ─ ⌐ ⅜ ↕╣≡™⌂™ │ ↓

─ ⅜♦ⱨ◊ꜟ♩ 

  pulay  Pulay  

  timing   

  solver  

  evdff ◄Ⱡꜟ◑כ  

  rmm   

  snl ⱳ♥fi◦ꜗ  ꜟ

  gdiis  GDIIS  

  eigenvalue  

  spg  

  kp k  

  matdiagon   

  vlhxcq ꜡כ◌ꜟⱳ♥fi◦ꜗ  ꜟ
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  totalcharge   

  submat   

  strcfctr   

  parallel  ─√╘─ ─ ─  

  input_file  ⱨ□▬  ꜟ F_INP ─ ─  

  parallel_debug  1 ⌐ ∆╢≤♀꜡ ⱡכ♪ ─ⱪ꜡☿☻⅛

╠╙ output00x_xxx ≤™∫√ⱨ□▬ꜟ⌐

╩ ℮⁹ 

  jobstatus  ─ ╩ jobstatus00x ⌐  

 jobstatus_option   ⱨ□▬ꜟ─  

  jobstatus_format  tag, tag_line, table ⅜ ⁹ │ tag

≢∆⁹ 

  jobstatus_series  ON ╕√│OFF 
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3.3 ⌂ Control  

 

╩│∂╘⅛╠ ∆╢─⅛ ╩ ∆╢─⅛ ≥╣ↄ╠™─ ╩ ∆╢─⅛ ⌂≥

⌐ ╦╢ ─ ╩ control Ⱪ꜡♇◒≢ ™╕∆⁹√≤ⅎ┌ ─╟℮⌐ ⇔╕∆⁹ 

 

control{  
    condition  = initial  
    cpumax = 1 day  
    max_iteration  = 1000000  
}  

 

control Ⱪ꜡♇◒⌐⅔™≡│ ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

condition  ⅛ ⅛⌂≥─ ≢∆⁹"initial " ≤∆╢≤ │ ╘⅛╠ ╦╣

"continuation " ≤∆╢≤ ⌂≥─ ╩ ⅝ ™∞

⅜ ╦╣╕∆⁹╕√ "automatic " ≤∆╢≤ ⌐ ⌂ ─ⱨ□▬ꜟ ↓

╣╠│⁸ ─☺ꜛⱩ⅜ ⇔√ ⌐│ ⌐ ↕╣╢ ⅜ ∆╢ │

"continuation" ⇔⌂™ │"initial" ≤ ⇔√─≤ ∂ ╩⇔╕∆⁹

"preparation " ╩ ∆╢≤ ─ ⅝↕─ ⌂≥ ─

╖ ™╕∆⁹♦ⱨ◊ꜟ♩ │"automatic " ≢∆⁹ 

╒⅛⌐⁸ ⇔√ ╩ ╖ ╪≢ ∕╣╩ ⇔√╕╕ ─╖╩

↕∑╢ Ᵽfi♪ ╩ ∆╢ ⌂≥ ⌐│⁸ "fixed_charge", 

"fixed_charge_continuation", "fixed_charge_continuation" ─™∏╣⅛╩ ⇔╕∆⁹

∕╣∙╣ ⅛╠ ∆╢⅛ ∆╢⅛ ∆╢⅛─ ≢∆⁹ 

↓╣╠─"initial" "continuation" "automatic" "preparation" "fixed_charge" 

"fixed_charge_continuation" "fixed_charge_automatic" │ ∕╣∙╣ 0 1

-1 -2 2 3 -3≢ ∆╢↓≤⅜≢⅝╕∆⁹ 

cpumax PHASE ╩ ∆╢ ╩ ─ ∑≢ ⇔╕∆⁹↓↓≢ ⇔

√ ╩ ⅎ╢≤ ⌐ ⇔≡™⌂ↄ≡╙ ─ⱨ□▬ꜟ⌂≥⅜ ↕╣

⅜ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │86400 s (1 ) ≢∆⁹ │ ≢∆⁹ ⅎ╢

│ "sec" "s" ↓╣│"sec"≤ ∂ "min" "hour" ⅔╟┘"day"≢∆⁹

⌐⌂╢ ⅜№╢ ⌐│⁸☺ꜛⱩ─ ╟╡╙ ↕⌂ ⌐ ⇔≡⅔ↄ─⅜

╟™≢⇔╞℮ ⅎ┌ ☺ꜛⱩ─ ⅜ ≢ ─ ⌂≥─

⅜⌂↑╣┌ 5.8 hour ⌐ ∆╢ ⁹ 

max_iteration  

max_total_scf_iteration  

SCF ─ fiꜛ◦כ꜠♃▬ ─ ╩ ⇔╕∆⁹SCF ─ ꜛ◦כ꜠♃▬

fi ⅜↓↓≢ ⇔√ ⌐ ∆╢≤ ─ⱨ□▬ꜟ⌂≥⅜ ↕╣ ⅜

⇔╕∆⁹♦ⱨ◊ꜟ♩ │10000 ≢∆⁹ 

max_scf_iteration  ╛ ⌐⅔↑╢ MD ☻♥♇ⱪ ≢─ ─

SCF▬♃꜠כ◦ꜛfi ─ ╩ ⇔╕∆⁹ ⅎ┌ ─ ⌐

⅜ ≢ ⌐ ∆╢ ╩ √∆╕≢ ⌐ ┬╟℮⌂

⅝⌂ ─ SCF ⅜fiꜛ◦כ꜠♃▬ ⌐⌂╢↓≤⅜№╡╕∆⁹∕─ ⌐│ SCF

╩ ≢ ∟ ∫≡ ╩ ⇔≡╟╡ ⌂ ⌐ ⇔≡⅛╠ ─

SCF ╩∆∆╘√ ⅜ ⌐⌂╡╕∆⁹⇔⅛⇔ №╕╡ ↕⌂ ⌐

∆╢≤ ↕╣╢ ─ ⅜ ⅝ↄ⌂╡ ⌐ ╩ ⇔ↄ∆╢↓≤⅜№╢─≢

⅜ ≢∆⁹ ⌂ ─ ⅜ ⌂ ⌐│ ⇔⌂™≢ↄ∞↕™⁹ 

 

3.4 ─ Accuracy  

 

3.4.1 ◌♇♩○ⱨ◄Ⱡꜟ◑כ 

◌♇♩○ⱨ◄Ⱡꜟ◑כ│ ╩ ⇔√ ⌐⅔™≡│ ─ ╩ ╘╢ ⌂Ɽꜝⱷ⁹∆≢כ♃כ 

◌♇♩○ⱨ◄Ⱡꜟ◑כ│ ─╟℮⌐ ⇔╕∆⁹ 

accuracy{  

cutoff_wf = 25 Rydberg  
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cutoff_cd = 225 Rydberg  

}  

 

cutoff_wf  ─◌♇♩○ⱨ◄Ⱡꜟ◑כ╩◄Ⱡꜟ◑כ─ ≢ ⇔╕∆⁹ 

cutoff_cd ─◌♇♩○ⱨ◄Ⱡꜟ◑כ╩◄Ⱡꜟ◑כ─ ≢ ⇔╕∆⁹ 

 

◌♇♩○ⱨ◄Ⱡꜟ◑כ│ ⌂ ⅜ ╠╣╢ ╩ ⌐ ∆╢↓≤⅜ ≢∆⅜ ─╟℮⌂ ╙

≢∆⁹ 

 ̧ cutoff_wf │⅔⅔╟∕25 rydberg  

 ̧ cutoff_cd│ ⱡꜟⱶ ─ ⱳ♥fi◦ꜗꜟ╩ ⇔≡™╢ │ cutoff_wf ─4 ∕℮≢⌂™ │9

 

 

 

3.4.2 Ᵽfi♪  

Ᵽfi♪ │ ─╟℮⌐accuracyⱩ꜡♇◒─ ─num_bands ⌐╟∫≡ ⇔╕∆⁹ 

accuracy{  

num_bands = 12  

}  

 

num_bands Ᵽfi♪  

 

Ᵽfi♪ │ ─ +1 │ ≢∆⁹ ⌂ ─ 2 ╘─ ╩ ⇔╕∆⁹

⅜ ─ ⌐ ⇔⌂™ ⌐│⁸ ⌐ ⅜ ╛↕╣╕∆⁹╕√↓─ ╩ ⇔≡™⌂™ ⌐│

⌐Ᵽfi♪ ⅜ ↕╣╕∆⁹ 

 

3.4.3 k ◘fiⱪꜞfi◓≤☻ⱷ▪ꜞfi◓ 

◌♇♩○ⱨ◄Ⱡꜟ◑כ≤ ⌐ k ◘fiⱪꜞfi◓╙ ─ ╩ ╘╢ ⌂Ɽꜝⱷ⁹∆≢כ♃כk ◘fi

ⱪꜞfi◓│, accuracy Ⱪ꜡♇◒─ ⌐ ksampling Ⱪ꜡♇◒╩ ⇔ ksampling Ⱪ꜡♇◒─ ≢ ╩ ™╕

∆⁹√≤ⅎ┌ ─╟℮⌐⌂╡╕∆⁹ 

accuracy{  

ksampling{  

method = monk  

mesh{  

nx=4  

ny=4  

nz=4  

}  

}  

}  

 

ksampling Ⱪ꜡♇◒≢│ ─ /Ⱪ꜡♇◒╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

method k ◘fiⱪꜞfi◓─ ╩ ┘╕∆⁹monk, mesh, file, gamma directin ─™∏╣⅛≢∆⁹

monk │Monkhorst -Pack ⌐╟╢◘fiⱪꜞfi◓≢ ↕╣╢ ≢№╡⁸♦ⱨ◊

ꜟ♩ ≢∆⁹mesh│ ⌂ⱷ♇◦ꜙ≢ ╩ ⇔╕∆⁹ ⌐╟╡

╩ ∆╢ ╛ ─ ╩ ℮ ⌐│↓╣╩ ⇔╕∆⁹file │ⱨ□▬ꜟ⅛╠

╖ ╖╕∆⁹Ᵽfi♪ ╩╖╢√╘⌐ ⌐ ∫≡ ↄ─ ╩ ∆╢ ⅜№╢

⌂≥⌐ ⇔╕∆⁹gamma ╩ ∆╢≤ɜ ─╖╩◘fiⱪꜞfi◓⇔╕∆⁹ ⅝

⌂ ╩ ∫≡™≡ ɜ ─╖≢╙ ⌂ ⅜ ╠╣╢ ⌐│ ↓╣╩ ⇔╕∆⁹

directin │ ─ ≤ ╩ ⇔╕∆⁹™∏╣─ ≢╙⁸◘fiⱪꜞfi◓

⌐ɜ ⅜ ╕╣≡™≡ ⌐ ⅜⌂↑╣┌ ↕╣≡™⌂↑╣┌ ɜ

─ ⌐ ∆╢ │ ↓─ ─ ╩ ⇔≡ ─ ─╙─⌐ ═≡

⌐ ↕╣╕∆ ─≤⅔╡ ↓╣╩ ∆╢ ≈╕╡ ─ ≤ ∂ ╩
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∆╢ ╙№╡╕∆ ⁹ 

mesh ─ ╩ ⇔╕∆⁹ ─ ⅜ ≢⅝╕∆⁹ 

nx  1 ─ ⱬ◒♩ꜟ─ ╩ ⇔╕∆⁹ 

ny  2 ─ ⱬ◒♩ꜟ─ ╩ ⇔╕∆⁹ 

nz  3 ─ ⱬ◒♩ꜟ─ ╩ ⇔╕∆⁹ 

 

☻ⱷ▪ꜞfi◓│ ⱨ▼ꜟⱵ ─ ╩Γ╓╛⅛∆Δ ≢∆⁹↓╣⌐╟∫≡⁸ⱨ▼ꜟⱵ ≢ ╩

≈ ⌐⅔™≡╙ ⌂™ k ≢ ™ ≢ ⅜≢⅝╢╟℮⌐⌂╢ ⅜№╡╕∆⁹☻ⱷ▪ꜞfi◓│

─╟℮⌐accuracy Ⱪ꜡♇◒─ ─ smearing Ⱪ꜡♇◒⌐⅔™≡ ⇔╕∆⁹ 

accuracy{  

smearing{  

method = parabolic  

width = 0.001 hartree  

}  

}  

 

smearing Ⱪ꜡♇◒≢│ ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

method ☻ⱷ▪ꜞfi◓─ ╩ ⇔╕∆⁹parabolic, tetrahedron, cold, improved_tetrahedron

─™∏╣⅛╩ ⇔╕∆⁹ ∆╢─│ parabolic ≢ ●►☻ ⌐╟∫≡ⱨ▼ꜟⱵ

 ╩╓╛⅛⇔╕∆⁹tetrahedron ≤ improved_tetrahedron │ ≢ ⌐

⌐╟╢ ╩ ℮ ⌐ ⇔╕∆⁹cold│Cold☻ⱷ▪ꜞfi◓≢

⌐⅔™≡ ≤↕╣≡™╢ ≢∆⁹ 

width  ☻ⱷ▪ꜞfi◓─ ╩◄Ⱡꜟ◑כ─ ≢ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │0.001 hartree ≢∆⁹ 

↓─♃◓│parabolic ─≤⅝⌐ ≢∆⁹∕╣ ─ ─ │ ↕╣╕∆⁹ 

 

3.4.4 ◄Ⱡꜟ◑כ 

 

◄Ⱡꜟ◑⁸│כLDA ≤GGA─ ⅜№╡╕∆⁹LDA │LDAPW91, PZ⁸GGA│GGAPBE, REVPBE

⅜ ≢⅝╕∆⁹ 

 

accuracy{  

xctype = ggapbe  

}  
 

 

xctype ◄Ⱡꜟ◑כ(LDA, GGA)  

LDA  LDAPW91, PZ  

GGA  GGAPBE, REVPBE  

 

 

3.4.5  

│ ─ ≤ ─ ─ ⌐ ↄ ─ ─2 ⅜№╡╕∆⁹ ─

╟℮⌐ ⇔╕∆⁹ 

accuracy{  

scf_convergence{  

delta_total_energy = 1.0E - 8 Hartree  

succession = 3  

}  

force_convergence{  

max_force = 2.0E - 4 Hartree/Bohr  

}  

}  

 

⌐ ╦╢Ⱪ꜡♇◒/ │ ─ ╡≢∆⁹ 
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scf_convergence SCF ─ ╩ ∆╢Ⱪ꜡♇◒≢∆⁹ 

delta_total_energy  ◄Ⱡꜟ◑כ─ ─ ╩◄Ⱡꜟ◑כ─ ≢ ⇔╕∆⁹ ─ ◄Ⱡꜟ◑1≥כ☻♥

♇ⱪ ─◄Ⱡꜟ◑כ─ ⅜↓↓≢ ⇔√ ╟╡╙ ↕™ ╩ √⇔√≤╖

⌂↕╣╕∆⁹♦ⱨ◊ꜟ♩ │1e-10≢∆⁹ 

succession delta_total_energy ╩ ≢╖√∑┌ ⌐ ⇔√≤ ⌂∆⅛╩ ⇔╕∆⁹↓

↓≢ ⇔√ ─ ≢ ╩ √∑┌ ⅜ ╠╣√≤ ↕╣╕∆⁹♦ⱨ◊

ꜟ♩ │3≢∆⁹ 

  

force_convergence ⌐ ↄ ─ ⌐ ∆╢ ╩ ∆╢Ⱪ꜡♇◒≢∆⁹ 

max_force ⌐ ↄ ─ ─ ╩ ─ ≢ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │1e-3≢∆⁹ 

 

 

3.4.6 ≤  

≤ ─ ╩ ⌐ ℮≤ ╩ ⌂™ ≢ ↕∑╢↓≤⅜≢⅝╕∆⁹

⅔╟┘ │ ─╟℮⌐ ∆╢↓≤⅜≢⅝╕∆⁹ 

accuracy{  

initial_wavefunctions = atomic_orbitals  

intial_charge_density = atomic_charge_density  

matrix_diagon{  

cutoff_wf = 5 rydberg  

}  

}  

 

⅔╟┘ ─ ⌐ ╦╢Ⱪ꜡♇◒/ │ ─ ╡≢∆⁹ 

initial_wavefunctions  ─ ╩ ⇔╕∆⁹random_numbers, matrix_diagon, file, 

atomic_orbitals ╩ ∆╢↓≤⅜≢⅝╕∆⁹random_numbers │ ⌐╟╢ ≢

∆⁹matrix_diagon │ ⌐╟∫≡╙≤╘╕∆⁹↓─ ⌐

─╖ ∆╢◌♇♩○ⱨ◄Ⱡꜟ◑כ╩ ∆╢↓≤╙≢⅝╕∆⁹∕─ │ ─

matrix_diagon Ⱪ꜡♇◒⌐⅔™≡ ™╕∆⁹file │ ⱨ□▬ꜟ⅛╠ ╖ ╖╕

∆⁹∆≢⌐№╢ ⇔√ ╩ꜟ▬□ⱨ♃כ♦ ∫≡™╢ │↓─○ⱪ◦ꜛ

fi╩ ⇔ ╖ ╕∑╢↓≤⅜≢⅝╕∆⁹atomic_orbitals │ ⱳ♥fi◦ꜗꜟⱨ□

▬ꜟ⌐ ↕╣√ ⌐≥╙╩♃כ♦ ╩ ™╕∆⁹♦ⱨ◊ꜟ♩ │

rand om_numbers ≢∆⁹ 

initial_charge_density  ─ ╩ ⇔╕∆⁹Gauss, file, atomic_charge_density ─™∏╣

⅛╩ ∆╢↓≤⅜≢⅝╕∆⁹Gauss │ ╩ ≤⇔√ ⌂●►☻ ⌐╟╢

≢∆⁹file │ⱨ□▬ꜟ⅛╠ ╖ ╖╕∆⁹∆≢⌐№╢ ⇔√ ♃כ♦

ⱨ□▬ꜟ╩ ∫≡™╢ │↓─○ⱪ◦ꜛfi╩ ⇔ ╖ ╕∑╢↓≤⅜≢⅝╕∆⁹

atomic_charge_density │ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ⌐ ↕╣√ ─ ╩╙

≤⌐ ╩ ™╕∆⁹♦ⱨ◊ꜟ♩ │Gauss≢∆⁹ 

  

matrix_diagon  initial_wavefunctions ⌐matrix_diagon ╩ ⇔≡™╢ ⌐ ∕─ ╢ ™╩

∆╢√╘─Ⱪ꜡♇◒≢∆⁹ 

cutoff_wf  ⌐ ∆╢◌♇♩○ⱨ◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩

│ ─◌♇♩○ⱨ◄Ⱡꜟ◑כ─ ≢∆⁹ 

 

3.4.7  

PHASE │ ⱳ♥fi◦ꜗꜟ─ ╩ ≢ ⇔╕∆⅜ ↓╣╩ ≢ ╦∑╢↓≤╙ ≢∆⁹↓

─ ╩ ∆╢√╘⌐│ ─╟℮⌐ ⇔╕∆⁹ 

 

accuracy{  

    nonlocal_potential{  

        sw_rspace = on  

        r0_factor  = 1.9  

    }  
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}  

 

│ [1]⅔╟┘[2]─ ≢ ↕╣≡™╕∆⁹ │∕─ ⅜O(N 
3
)≢№╢─⌐ ⇔

│O(N 
2
)⌂─≢ ⅝⌂ ⌐⅔™≡│ ─ ⅜ ≤⌂╡╕∆⁹√∞⇔ ≢│ ⅜ ╠╣

╢─⌐ ⇔ │ ⇔⅛ ╠╣⌂™ ⌐│ ⅜ ≢∆⁹nonlocal_potential Ⱪ꜡♇◒≢│ ─

╟℮⌂ ╩ ∆↓≤⅜ ≢∆⁹ 

 

sw_rspace ╩ ∆╢⅛≥℮⅛╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │off≢∆⁹ 

projector_optimization  ╩ ∆╢√╘⌐│ⱪ꜡☺▼◒♃כ─ ╩ ℮ ⅜№╡╕

∆⅜ ∕─ ╩ ⇔╕∆⁹↓─Ɽꜝⱷכ♃כ⌐ prefitting ╩ ∆╢

≤[1]─ ≢ mask_function ╩ ∆╢≤ [2]─ ≢↓─ ⅜

╦╣╕∆⁹♦ⱨ◊ꜟ♩ │mask_function ≢∆⁹ 

r0_factor  ₈ ↕╣√ⱪ꜡☺▼◒♃₉כ─⅔╟┬ ╩ ╙≤─ⱪ꜡☺▼◒♃כ

─ ⌐∆╢⅛╩ ∆╢ ⁹♦ⱨ◊ꜟ♩ │1.9⁹ 

 

[1] R. D. King -Smith, M. C. Payne, and J. S. Lin, òReal-space implementation of nonlocal pseudopotentials 

for first -principles total -energy calculations ó, Physical Review B 44 13063 (1991). 

[2] Lin -Wang Wang, òMask -function real -space implementations of nonlocal pseudopotentials ó, Physical 

Review B 64 201107 (2001). 

 

3.5 Structure  

 

⌐ ∆╢⸗♦ꜟ─ │ structure Ⱪ꜡♇◒─ ≢ ™╕∆⁹√≤ⅎ┌ ─╟℮⌐⌂╡╕∆⁹ 

structure{  
    unit_cell_type  = Bravais  
    unit_cell{  
        #units  angstrom  
        a_vector  = 4.914100000  0.000000000  0.000000000  
        b_vector  = - 2.457050000  4.255735437  0.000000000  
        c_vector  = 0.000000000  0.000000000  5.406000000  
    }  
    atom_list{  
        coordinate_system  = Internal  
        atoms{  
            #units  angstrom  
            #tag  element  rx  ry  rz   
             O 0.413100000054  0.145400000108  0.118930000000  
             O 0.854599999943  0.267699999886  0.452263333333  
             O 0.732300000003  0.586900000006  0.785596666667  
             O 0.267699999946  0.854599999892  0.547736666667  
             O 0.145399999997  0.413099999994  0.881070000000  
             O 0.586899999939  0.732299999879  0.214403333333  
             Si  0.530000000000  0.000000000000  0.333333000000  
             Si  - 0.00 0000000072  0.529999999857  0.666666333333  
             Si  0.469999999954  0.469999999908  0.999999666667  
        }  
    }  
    element_list{  
        #tag  element  atomicnumber  mass zeta  deviation  
         O 8 29164.9435  *  *  
         Si  14 51196.4212  *  *  
    }  
    symmetry{  
          method  = automatic  
          sw_inversion  = off  
    }  
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}  

 

3.5.1 ꜚ ♬♇♩☿  ꜟ

 

unit_cell_type  ─ ╩ ⇔≡™╕∆⁹prmitive ⅛bravais ╩ ∆╢↓≤⅜≢⅝╕∆⁹♦

ⱨ◊ꜟ♩ │bravais ≢∆⁹ ∆╢╟℮⌐ ╩ ≢ ∆╢ │↓─

╩ bravais ≤∆╢ ⅜№╡╕∆⁹╕√ bravais ╩ ⇔≡™╢ symmetry Ⱪ

꜡♇◒─ ─ tspaceⱩ꜡♇◒⌐⅔™≡ ≢⅝╢ lattice_system ⌐╟∫≡ ╩

↕∑╢↓≤⅜ ≢∆⁹lattice_system ⌐≈™≡│№≤─ ╙ ⇔≡ↄ∞↕™⁹ 

unit_cell  ╩ ∆╢Ⱪ꜡♇◒≢∆⁹☿ꜟⱬ◒♩ꜟ╩ ∆╢ ≤ ╩ ∆╢

⅜№╡╕∆⁹ ⌐╟∫≡ ∆╢ │ unit_cell_type ⅜ bravais ─ ─╖

≢∆⁹ 

 

 ̧ ☿ꜟⱬ◒♩ꜟ╩ ∆╢  

↓─ ╩ ∆╢ ⱬ◒♩ꜟ ╩♃כ♦ ⇔≡ ─╟℮⌐ ⇔╕∆ 

        unit_cell{  
            #units  angstrom  
            a_vector  = a1 a2 a3 
            b_vector  = b1 b2 b3 
            c_vector  = c1 c2 c3  
        }  

a_vector, b_vector, c_vector⌐╟∫≡∕╣∙╣ὥ , ὦ , ὧ ╩ⱬ◒♩ꜟ≢ ⇔╕∆⁹↓─ ─

↕─ │Ⱪ꜡♇◒ ≢ ∆╢ ─╖ ≢⅝╢ ⌐ ⇔≡ↄ∞↕™⁹↓─ ≢│ unit_cell Ⱪ꜡♇

◒─ ⌐#units  angstrom ≤∆╢↓≤⌐╟∫≡ ↕─ ╩Å↔ ⌐ ⇔≡™╕∆⁹ 

 

 ̧ ⌐╟∫≡ ∆╢  

↓─ ╩ ∆╢ ─╟℮⌐ ⇔╕∆⁹ 

        unit_cell{  
           a = a0 
           b = b0 
           c = c0  
           alpha  = alpha0  
           beta  = beta0  
           gamma = gamma0 
        }  

a, b, c, alpha, beta, gamma ≤™℮ ╩ ∆╢↓≤⌐╟∫≡∕╣∙╣ ὥȟὦȟὧȟ‌ȟ‍ȟ‎╩ ⇔╕∆⁹↓

─ ≢ ∆╢≤ ☿ꜟⱬ◒♩ꜟ│ ⌐ ─╟℮⌂ò ó ≢ ↕╣╢╟℮⌐⌂╡╕∆⁹ 

      a_vector  = a1 0.0  0.0  

      b_vector  = b1 b2  0.0  

      c_vector  = c1 c2  c3 

 

3.5.2  

 

atom_list   ─ ─ ⌂≥╩ ℮Ⱪ꜡♇◒≢∆⁹ ─ /Ⱪ꜡♇◒╩

∆╢↓≤⅜≢⅝╕∆⁹ 

coordinate_system  ╩ ◌ꜟ♥◦▪fi ⌐╟∫≡ ∆╢⅛ⱨꜝ◒◦ꜛ♫ꜟ ⌐╟

∫≡ ∆╢⅛╩ ⇔╕∆⁹internal ≤∆╢≤ⱨꜝ◒◦ꜛ♫ꜟ ⌐╟∫

≡ cartesian ≤∆╢≤◌ꜟ♥◦▪fi ⌐╟∫≡ ⇔╕∆⁹♦ⱨ◊ꜟ♩

│ internal ≢∆⁹ 

atoms  ⌐ ─ ╩ ∆╢ ╩♃כ♦ ⇔╕∆⁹ ⌂

│ ─ ╡≢∆⁹ 

 element ╩ ⇔╕∆⁹ │ ─õelement_listõ⌐⅔™≡ ↕╣≡™

╢ ⅜№╡╕∆⁹ 
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 rx ὼ ╩ ⇔╕∆⁹ 

 ry ώ ╩ ⇔╕∆⁹ 

 rz ᾀ ╩ ⇔╕∆⁹ 

 mobile ╛ ◦Ⱶꜙ꜠כ◦ꜛfi⌐⅔™≡↓─ ⅜ò ⅛ ⅛ó

╩ ∆╢ ≢∆⁹ ⌐⇔√™ on≤⇔╕∆⁹♦ⱨ◊ꜟ♩ │off

≢∆⁹ 

 weight  ò╖ó╩ ⇔╕∆⁹↓─ ⌐ 2≤™℮ ╩ ⅎ√ ╩ ≤

⇔√ ─ ⌐◖Ⱨכ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │1≢∆⁹ 

 

 

3.5.3 ─  

 

element_list   ╩ ∆╢√╘─ ╩♃כ♦ ∆╢Ⱪ꜡♇◒≢∆⁹

⌂ │ ─ ╡⁹ 

 element ╩ ⇔╕∆⁹ │ ≢∆⁹ 

 tomicnumber  ╩ ⇔╕∆⁹ │ ≢∆⁹ 

 mass ╩ ⇔╕∆⁹ 

 zeta ☻Ⱨfi╩ ⇔≡™╢ ─ ☻Ⱨfi ─ ╩ ⇔╕∆⁹ 

 

 

ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ│ file_names.data ⱨ□▬ꜟ⌐⅔™≡ ⱨ□▬ꜟⱳ▬fi♃כF_POT(n) ⌐╟∫≡

⇔╕∆⁹↓↓≢ n │ ⌐⅔↑╢ ─ ⌐ ∆╢ ≢∆⁹√≤ⅎ┌ ─ ≢ Si ≤ O ─

⅜ ⱨ□▬ꜟ⌐⅔™≡ ↕╣≡™≡  

structure{  

...  

...  

element_list{  

#tag element atomicnumber mass zeta deviation  

O 8 29164.9435 * *  

Si 14 51196.4212 * *  

}  

}  

 

∆╢ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ⅜ Si ⅜ Si_ggapbe_nc_01.pp, O ⅜ O_ggapbe_us_01.pp ∞∫√

file_names.data ╩ ─╟℮⌐ ⇔╕∆⁹ 

&fnames  

F_INP=ô./nfinp.dataô 

F_POT(1)=ô./Si_ggapbe_nc_01.ppô 

F_POT(2)=ô./O_ggapbe_us_01.ppô 

/  

 

ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ─ │ ⱳ♥fi◦ꜗꜟ─ ─ ⌐╙ ⇔≡™╕∆⁹ ⇔≡™╢

ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ─ ⱳ♥fi◦ꜗꜟ─ │ggapbe [?] ⅛ ldapw91 [?] ─™∏╣⅛≢∆⅜ ≥

∟╠⌂─⅛│ⱨ□▬ꜟ ⅛╠ ∆╢↓≤⅜≢⅝╕∆⁹∆⌂╦∟ ggapbe №╢™│ ldapw91 ≤™℮ ⅜

ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ─ⱨ□▬ꜟ ⌐ ╕╣≡™╕∆⁹⌂⅔ ggapbe ≤ ldapw91 ╩ ↕∑√ ╩ ℮↓≤

│≢⅝╕∑╪─≢↔ ↄ∞↕™⁹►ꜟ♩ꜝ♁ⱨ♩ PAW ⱡꜟⱶ │ ↕∑⌂™↓≤╩ ⇔╕

∆⁹╕√ ≢⅝╢ │16 ╕≢≢∆⁹ 

 

3.5.4 ─  

 

symmetry  ─ ╩ ∆╢Ⱪ꜡♇◒≢∆⁹ ╩ ∆╢↓≤⌐╟∫≡ ╩ ⌐ ╠

∆↓≤⅜≢⅝╢ ⅜№╡╕∆⁹ ─Ⱪ꜡♇◒/ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

method ─ ╩ ⇔╕∆⁹manual ≤ automatic ╩ ┬↓≤⅜≢⅝╕∆⁹manual ╩
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∆╢≤ ╩ ∆╢↓≤⌐╟∫≡ ╩ ∆╢↓≤⅜≢⅝╕∆⁹

automatic ╩ ∆╢≤ PHASE ⅜ ─⸗♦ꜟ⅛╠ ⌐ ╩ ⇔ ⌐

↕∑╕∆⁹♦ⱨ◊ꜟ♩ │manual ≢∆⁹ 

sw_inversion  ⌐ ⅜ ∆╢ ⌐ ∕╣╩ ⇔≡ ╩ ╠∆⅛≥℮⅛╩ ∆╢

≢∆⁹on─ ╩ ⇔╕∆⁹ ─ │ (0,0,0)≢∆⁹↓─○ⱪ

◦ꜛfi│ ─№╢ ─ ╩ ℮ │ ⌐∆╢↓≤⅜ ↕╣╕∆⅜

─⌂™ ≢ ⌐∆╢≤ ≢ ⇔ ∆╢─≢↔ ↄ∞↕™⁹ 

  

tspace TSPACE ╩ ⇔≡ ╩ ∆╢√╘─Ⱪ꜡♇◒≢∆⁹ ─ ╩ ™╕∆⁹ 

lattice_system  unit_cell_type ⅜ bravais ─ ⌐ ò ─ ó╩ ⇔╕∆⁹ │ facecentered, 

bodycentered, basecentered, rhombohedral ≢∆⁹↓─ ╩ ∆╢≤ ⌐ ∂≡

⅜ ↕╣╕∆⁹↓─∕╣∙╣⅜≥─╟℮⌐ ╩ ∆╢⅛⌐≈™≡│  5 ╩ ⇔≡

ↄ∞↕™⁹↓─ ╩ ∆╢↓≤⌐╟∫≡ ⱨ□▬ꜟ≢│ ─⇔╛∆™Ⱪꜝⱬכ

≢ ╩ ⇔≈≈ ─ │ ─ ⌂™ ≢ ∆╢↓≤⅜ ≤⌂╡

╕∆⁹lattice_system ╩ ⇔≡ ╩ ↕∑╢ ↕╣╢─│ ─╖≢

∆⁹⇔√⅜∫≡ ─ ⌂≥│ ─ ─ ─ ╩ ⇔≡ↄ∞↕™⁹

√≤ⅎ┌ ─ ╩ ℮ ─ │ ∑∏ ─ ─╖

∆╢╟℮⌐⇔≡ↄ∞↕™⁹╕√ Ὧ ◘fiⱪꜞfi◓│ ─ ⌐ ╦∑≡ ⇔≡ↄ∞↕

™⁹ 

generators  ╩ Ⱪꜟ≢∆⁹כ♥╢∆ │ 3 ≈╕≢⇔⅛ ≢⅝⌂™≤™℮ ⅜№╡╕

⌐℮╟─≤≢ꜟⱩכ♥─↓⁹∆ ╩ ∆╢⅛⌐≈™≡│4.2╩ ⇔≡ↄ∞↕™⁹ 
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3.6 ♁ꜟⱣכ Wavefunction_Solver  

 

3.6.1 PHASE ⌐⅔↑╢ ⱨ꜡כ 

 

PHASE ⌐⅔↑╢ ⱨ꜡כ╩  3.1⌐ ⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3.1  PHASE ⌐⅔↑╢ ⱨ꜡כ 

 

─ ─ ≢ Kohn-Sham  

Ὄ ” ‭‪ πȟ 

╩ ™≡™╕∆⁹  

№╢ ─ ⅜ ⅎ╠╣  

ɝ Ὄ ” ‭‪ 

─ ╩ ╡ ⇔ ℮↓≤⌐ ╟╡ (1) ─ ⅜ ╠╣╢↓≤⌐⌂╡╕∆⁹ ∕─ ɝ │◄Ⱡꜟ◑‭ ─כ

 ‪ ⌐ ∆╢ ≤ ∆╢  ⅜≢⅝╢─≢ ↓─ ⅜ 0⌐ ≠ↄ╟℮⌐ ⅜ ↕╣╕∆⁹ ⱨ

♩כꜗ♅כ꜡  1 ─ ─ ─ ≢│  ⇔√ ⅛╠ ⇔™  ” ⅜ ─

≢ ⅎ╠╣╕∆⁹ 

” ς ȿ

Ȣ

‪ȿȟ 

─ │≢ⱪכꜟ─ ─” ≤ ⇔™” ⅜ ∆╢╕≢ ⅜ ╦╣╕∆⁹ ↓─ │ SCF(

) ≤ │≢ⱪכꜟ─ ⁹∆╕™≡╣┌ ⅎ╠╣√ ⌐ ⇔≡ ─ ⅜ ╦╣ ↓─

⅜0( )⌐⌂╢╟℮⌂ ⌐ ∆╢╕≢ ⅜ ↕╣╕∆⁹ 

 

3.6.2 ♁ꜟⱣכ 

 

SCF ⌐⅔™≡⁸₈ ♁ꜟⱣ₉כ⌐╟∫≡ ─ ╩ ╡ ⇔ ™╕∆⁹ 

♁ꜟⱣכ│ wavefunction_solver Ⱪ꜡♇◒≢ ⇔╕∆⁹ 

wavefunction_solver{  
    solvers{  
    #tag  sol       till_n  prec  cmix  submat  
         msd        1     on   1    on  

: 

: 
: 

inr

inQ

iny

outr
inr

drr <- outin

d<force
inQ

Yes

No

No

Yes
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         davidson    2     off   1    off   
         rmm3      - 1     on   1    on 
    }  
    davidson{  
         max_subspace_size  = 12 
         ndavid  = 4 
    }  
    rmm{ 
        edelta_change_to_rmm  = 1e- 3 
    }  
}  

 

wavefunction_solver Ⱪ꜡♇◒≢ ≢⅝╢Ⱪ꜡♇◒/ │ ─ ╡≢∆⁹ 

solvers  ≥─ ♁ꜟⱣכ╩ ≥─♃▬Ⱶfi◓≢ ∆╢⅛╩ ∆╢ ⌂

Ⱪꜟ≢∆⁹כ♥ ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

 sol ∆╢♁ꜟⱣכ─▪ꜟ◗ꜞ☼ⱶ╩ ⇔╕∆⁹msd, lm+msd, cg, 

davidson, rmm3 ⅛╠ ⇔╕∆⁹msd│ ≢∆⁹ 1SCF

№√╡─ │ ╙ ™ ≢∆⅜ ↓─ ─╖≢ ╩ ╢─│

≢∆⁹ ⌐ ⌐ ⇔≡ ⇔╕∆⁹lm+msd │ msd ⌐

╩ ⅎ√ ≢∆⁹1 №√╡─ │ ™

≢ msd ≤ ⇔≡ ─ ™ ≢∆⁹cg │ ≢∆⁹ 

│ lm+msd ╟╡╙ ™≢∆⅜ │ ™ ⅜ ™≢∆⁹

davidson │ 1 №√╡─ │ ™≢∆⅜ ─ ™ ≢

∆⁹rmm3 │1 №√╡─  │Davidson ╟╡╙ ↄ

╙Davidson ⌐ ╠⌂™ ─ ™ ≢∆⁹√∞⇔ ꜝfi♄ⱶ⌂

⌐ ∆╢≤ ⇔™ ┼ ⇔⌂™ ⅜№╢─≢ rmm3 ╩

∆╢ │ ─♁ꜟⱣכ≢№╢ ╩ ↕∑≡⅛╠

∆╢ ⌐∆╢ ⅜№╡╕∆⁹ 

 till_n  SCF ─ ☻♥♇ⱪ ╕≢ sol ╩ ∆╢⅛╩ ⇔╕∆⁹ ─ ≢

│ msd│ till_n ⅜1⌂─≢1 davidson │2⌂─≢2 ╕≢

∆╢ ≤⌂∫≡™╕∆ √∞⇔ ─ edelta_change_to_rmm ≢

∆╢ ╩ √↕⌂™ ╡ 2 ╙ davidson ⅜ ↕╣ ↑╕

∆ ⁹ ─ ╩ ∆╢≤ ∆╢╕≢∕─♁ꜟⱣכ╩ ™ ↑╕∆⁹⇔

√⅜∫≡ rmm3 │ ╕≢ ↕╣╢ ≤⌂∫≡™╕∆⁹ 

 prec ─ ╩ ≢ ⇔╕∆⁹ on⌐⇔╕∆⅜ davidson ⌐

╡off─ ⅜ ™ ╙№╡╕∆⁹ 

 cmix ∆╢ ╩ ⇔╕∆⁹ ⌐≈™≡│ 3 ⌐

⅔™≡ ⇔╕∆⁹ 

 submat  ╩ ℮⅛≥℮⅛╩ ≢ ⇔╕∆⁹ │on⌐⇔╕

∆⅜ davidson ─ │▪ꜟ◗ꜞ☼ⱶ⌐ ╖ ╕╣≡™╢─≢≥∟╠

≢╙ ™╕∑╪⁹ 

   

davidson  davidson ─ ⌂ ╢ ™╩ ⇔√™ ⌐ ∆╢Ⱪ꜡♇◒≢

∆⁹ ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

max_subspace_size  davidson ≢ ∆╢ ─ ◘▬☼╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩

│Ᵽfi♪ ─4 ≢∆⁹ 

ndavid   davidson │∆↓⇔≠≈ ╩ ⇔⌂⅜╠ ╩ ⇔╕∆

⅜ ∕─ ╩ ∆╢ ≢∆⁹♦ⱨ◊ꜟ♩ │5≢∆⁹ 

   

rmm   rmm ─ ⌂ ╢ ™╩ ⇔√™ ⌐ ∆╢Ⱪ꜡♇◒≢∆⁹ 

edelta_change_to_rmm   rmm │ №╢ ⇔√ ⌐ ⇔⌂™≤ ⇔ↄ ⇔⌂™

⅜№╡╕∆⁹∕↓≢ ↓↓≢ ⇔√ ╟╡╙ ◄Ⱡꜟ◑כ⅜╟ↄ⌂

∫√ ≢ rmm ┼ ⇔╕∆⁹ 
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line_minimization   lm+msd ╛cg │1 ╩ ™ ⌂⅝↨╖ ╩╙≤╘╕∆⁹

∕─1 ─ ╩ ℮Ⱪ꜡♇◒≢∆⁹ 

dt_lower_critical   1 ─ ─ ╖ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │0.1≢∆⁹ 

dt_upper_critical   1 ─ ─ ╖ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │2.0≢∆⁹ 

 

 

3.7 Charge_Mixing  

 

3.7.1  

 

SCF ⌐⅔™≡ ─SCF ☻♥♇ⱪ≢ ╠╣√ ╩ ∆╢↓≤⌐╟∫≡ ╩ ↕∑

╕∆⁹↓↓≢│ ↓─Γ ─ Δ ⌐≈™≡ ⇔╕∆⁹ ─ │ ─╟℮⌐

charge mixing Ⱪ꜡♇◒≢ ⇔╕∆⁹ 

charge_mixing{  
    mixing_methods{  
        #tag  method  rmxs  rmxe  prec  istr  nbmix  
             pulay  0.4  0.4  on 3 15 
    }  
    charge_preconditioning{  
        amix  = 0.9  
        bmix  = - 1 
    }  
}  

 

charge mixing Ⱪ꜡♇◒⌐⅔™≡│ ─Ⱪ꜡♇◒/ ╩ ⇔≡ ╩ ⇔╕∆⁹ 

mixing_methods   ╩ Ⱪꜟ≢∆⁹כ♥─╘√╢∆ │™ↄ

≈≢╙ ∆╢↓≤⅜≢⅝╕∆⁹ ⌐ ∆╢ │ ─

solvers♥כⱩꜟ─cmix ⌐╟∫≡ ⇔╕∆⁹cmix ≢│

⇔√™ ╩ 1 ╕╡─ ≢ כ♥─↓⁹∆╕⇔

Ⱪꜟ│ ─ ╩╙∟╕∆⁹ 

 method ─▪ꜟ◗ꜞ☼ⱶ╩ ┘╕∆⁹simple, broyden2, pulay ─™

∏╣⅛╩ ∆╢↓≤⅜≢⅝╕∆⁹simple │ ≢∆⁹broyden2

│Broyden ─2 ─ pulay │Pulay ⌐╟╢RMM -DIIS ≢∆⁹

broyden2 ≤pulay │ ™∏╣╙ fi♩כꜙ♬ ─ ≢∆⁹ 

 rmxs  ò ó─ ╩ ⇔╕∆⁹ 

 rmx e ò ó─ ╩ ⇔╕∆⁹ 

 prec ─ ╩ ≢ ⇔╕∆⁹ on⌐⇔╕∆⁹ 

 istr  broyden2 ⅔╟┘ pulay ╩ ⇔≡™╢ ≢╙ ─ ☻♥♇ⱪ│

simple ╩ ⇔╕∆⁹↓─ ≢ ↓─ simple ╩ ∆╢☻♥

♇ⱪ ╩ ⇔╕∆⁹ 

 nbmix  broyden2⅔╟┘pulay ╩ ⇔≡™╢ ─ ─ ╩

⇔╕∆⁹∕─ ─ ⅝↕╩ ⇔╕∆⁹ 

   

charge_preconditioning   ─ ╩ ⇔╕∆⁹ ⅜ ─ ⌐│ ─ ╩ ∫≡

G ─ ─ ╩ ⅎ╕∆⁹ 

” Ὃ ᵺ ρ ὪὋ ” Ὃ ὪὋ” Ὃȟ 

ὪὋ
ὶάὼzὥάὭὼ

ρ
Ὃ
Ὃ

 

Ὃ ÂÍÉØzὋ  

↓↓≢Ὃ │ ─Ὃ─ ╩ ⇔╕∆⁹ ↓─ ─amix ⅔╟

┘ bmix ≤™℮Ɽꜝⱷכ♃כ╩ ─ ⌐╟∫≡↓─Ⱪ꜡♇◒─

≢ ∆╢↓≤⅜≢⅝╕∆⁹ √∞⇔ ♦ⱨ◊ꜟ♩ ⅜ ↕╣╕∆⁹ 

 amix   
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 bmix   

 

 

3.7.2 ╩ ↕∑╢♥◒♬♇◒ 

 

↓↓≢│ SCF ⅜⌂⅛⌂⅛ ⇔⌂™ ⌐≈™≡ ∆↓≤─≢⅝╢♥◒♬♇◒╩ ⇔╕∆⁹ 

 

  

│ ♦ⱨ◊ꜟ♩≢│ ─ ≢∆⁹ ⌐∆╢≤1 ─ ⌐⅛⅛╢ │ ⅎ╕∆⅜, ↄ

─ ⅜ ↕╣╕∆⁹ ╩ ⌐∆╢⌐│ submat ╩ ⇔≡∕─ ╩on ≤⇔╕∆⁹ 

wavefunction_solver{  
        solvers{  
        #tag     sol      till_n   dts   dte   itr   var      prec   cmix  submat  
                lmMSD     - 1     0.2   1.0   40   linear   on    1   on 
        }  
}  

 

─ ╩ ╩ ∆╢ ⌐ ∆╢⅛ ⌐ ∆╢⅛⌐╟∫≡ ─ ╢ ™⅜ ⇔

╕∆⁹ ↓╣│ ⌐RMM ╩ ⇔≡™╢ ⌐ ⅝⌂ ╩ ⅎ╕∆⁹ ♦ⱨ◊ꜟ♩─ ╢ ™≢│

⌐ ⅜ ↕╣╕∆⅜  ⌐∆╢ ⌐│ ─╟℮⌐

before_renewal ╩on≤⇔╕∆⁹ 

 

wavefunction_solver{  
        solvers{  
        #tag     sol      till_n   dts   dte   itr   var      prec   cmix  submat  
                lmMSD     - 1     0.2   1.0   40   linear   on    1   on 
        }  
        submat{  
              before_renewal=on  
        }  
}  

 

╕√ │Ᵽfi♪ ⅜ ™ ⅜╟╡ ⌐ ⇔╕∆⁹Ᵽfi♪ ╩ ╛∑┌∕╣∞↑ ╙ ⅎ

╕∆⅜ ↓─ ⌐╟∫≡ ─ │ ↄ⌂╢ ╙№╡╕∆⁹ 

 

 SCF ╩№╢ ≢ ∟ ╢  

─ ⅜ ⌂ ⅛╠ ™ SCF ╩ ↕∑╢─⌐ ↄ─ ╡ ⇔ ⅜ ≤⌂╢

⅜№╡╕∆⁹↓─╟℮⌂ │ √≤ⅎ ⅜ ⌐ ⇔≡™⌂ↄ≤╙ ╩∆∆╘╢↓≤⌐╟

∫≡ ⌐ ⇔™ ┼╟╡ ⌂™ ≢ ∆╢↓≤⅜≢⅝╢ ⅜№╡╕∆⁹∕↓≢ ─ ─

╩ √⇔≡™⌂ↄ≤╙ ⇔√≤╖⌂⇔ ╩ ╘╢ ⅜PHASE ⌐│ ╦∫≡™╕∆⁹↓─

╩ ∆╢√╘⌐│ control Ⱪ꜡♇◒─ ≢max_scf_iterati on ╩ ⇔╕∆⁹ 

 

control{  
   ...  
   max_scf_iteration  = 50 
}  

 

↓─ ≢│ 50 ─SCF ╩ ∫≡╙ ╩ √∑⌂⅛∫√ ∕─ ≢ ∫≡™╢ ╩

⇔≡ ╩ ⇔ ╩ ↕∑╕∆⁹ 

 

 ─ ─ ╩ ∆╢  

☻Ⱨfi╩ ⇔≡™╢ │ ≤☻Ⱨfi ▪♇ⱪ☻Ⱨfi─ ≤♄►fi☻Ⱨfi

─ ─ ⌐ ⇔≡ ⇔╕∆⁹ ≤☻Ⱨfi ─ ╩∕╣∙╣ ℮ ⌐ ∆╢↓≤⅜
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≢∆⁹↓─╟℮⌂ ╩ ℮⌐│ ─ ≢ spin_density_mixfactor ╩ ⇔╕∆⁹ 

 

charge_mixing{  
        spin_density_mixfactor  = 4 
        mixing_methods{  
        #tag    no  method     rmxs   rmxe   prec   istr   nbmix   update  
               1   broyden2   0.1  0.1  on 3 15 renew  
        }  
}  

 

↓─ ─ spin density mixfactor │4 ≢№╡ ─ ─ │0.1 × 4 = 0.4 ≤™℮ ⅜ ↕

╣╕∆⁹ ≤☻Ⱨfi ╩ ∆╢─≢│⌂ↄ▪♇ⱪ☻Ⱨfi─ ≤♄►fi☻Ⱨfi─ ╩

∆╢ ─ ≢ sw recomposing ⌐off ╩ ⇔╕∆⁹ 

charge_mixing{  
    sw_recomposing  = off  
    ...  
}  

 

 ☻Ⱨfi ─ ⌐ ∆╢▪ꜟ◗ꜞ☼ⱶ╩ ∆╢ 

☻Ⱨfi ⌐ ⇔≡ ⌐ ╩ ∆╢↓≤╙ ≢∆⁹↓─╟℮⌂ │ ─╟℮⌐ spin 

density Ⱪ꜡♇◒╩ ⇔ sw force simple mixing ╩ ⇔∕─ ╩on ≤⇔╕∆⁹ 

charge_mixing{  
        sw_recomposing=on  
        spin_ density_mixfactor  = 4 
        mixing_methods{  
        #tag    no  method     rmxs   rmxe   prec   istr   nbmix   update  
               1   broyden2   0.1  0.1  on 3 15 renew  
        }  
        spin_density{  
            sw_force_simple_mixing  = on 
        }  
}  

 

 ☻Ⱨfi╩ ∆╢  

─ ☻Ⱨfi╩ ⇔≡ SCF ╩ ℮≤ ⅜ ∆╢ ⅜№╡╕∆⁹↓─ │ ─ ≢

structure Ⱪ꜡♇◒─ ⌐ ferromagnetic_state Ⱪ꜡♇◒╩ ⇔ ™╕∆ 

structure{  
    ...  
    ferromagnetic_state{  
        sw_fix_total_spin  = on 
        spin_fix_period  = INITIALLY  
        total_spin  = 1.0  
    }  
    .. .  
}  

 

ferromagnetic_state Ⱪ꜡♇◒≢│ ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

sw_fix_total_spin  òonó≤⇔√ ☻Ⱨfi╩ ⇔√ ╩ ™╕∆⁹ 

spin_fix_period  ☻Ⱨfi ─ ╩ ⇔╕∆⁹òINITIALLYó≤ ⇔√ SCF ─ │ ⇔

∆↓⇔≠≈ ╩ ⇔≡™⅝╕∆⁹òWHOLEó≤ ⇔√ ╕≢☻Ⱨfi╩

⇔╕∆⁹ ╩ ⇔√ ∕─ ∞↑ ⇔№≤│ ─ ╩ ™╕∆⁹ 

total_spin  ▪♇ⱪ☻Ⱨfi≤♄►fi☻Ⱨfi─ ╩ ⇔╕∆⁹ ─ ╩ ⇔≡ↄ∞↕™⁹ 
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 ╩ ∆╢  

PAW ╩ ⇔≡™╢ ─ ⅜ ╦╣╕∆⁹DFT+U ╩ ⇔≡™╢ ─ ⅜

╦╣╕∆⅜ ↓╣╙ │ ─ ╩⅔↓⌂∫≡™╢↓≤≤ ≢∆⁹↓─ ⌐ ⇔≡ ─

≤ ─▪ꜟ◗ꜞ☼ⱶ≢ ↕∑╢⌐│ ─╟℮⌐ charge_mixing Ⱪ꜡♇◒⌐

sw_mix_charge_hardpart ╩ ⇔ ∕─ ╩on⌐⇔╕∆⁹ 

charge_densit y{  
    ...  
    sw_mix_charge_hardpart  = on 
    ...  
}  

 

↓─╟℮⌐ ∆╢↓≤⌐╟∫≡ PAW ⅔╟┘DFT+U ─ ⅜ ∆╢ ⅜№╡╕∆⁹ 

 

 

3.8 ♁ꜟⱣכ⅔╟┘ ─  

 

PHASE ⌐ ↕╣≡™╢ ♁ꜟⱣ⁸│⌐כMSD ⁸lm+MSD ⁸Davidson ⁸CG ⁸RMM ⁸

⌂≥─ ♁ꜟⱣכ≤ ♁ꜟⱣכ≤⇔≡─ subspace rotation ⅜№╡╕∆⁹↕╠⌐⁸

≤⇔≡ ⁸Pulay ⁸Broyden ⌐╟╢2 ─ ⌂≥╩ ⇔≡™╕∆⁹↓╣╠╩⁸ ⌐ ∂

≡ ⌐ ╖ ╦∑╢↓≤⌐╟∫≡ ⌂ ⅜ ≢⅝╕∆⁹⇔⅛⇔⁸↓─╟℮⌐ ⌐ ∂≡ ⌐ ╖

╦∑╢─│ ⌐ ⅜⅛⅛╢ ≢∆⁹∕↓≢⁸PHASE ⌐│⁸ ⌂ ♁ꜟⱣכ╛ ╩

ⱪ꜡◓ꜝⱶ⅜ ⌐ ∆╢ ⅜№╡╕∆⁹↓─ │⁸ ₁⌂ ⌐ ⇔ ↕∑╢↓≤⅜≢⅝╢╟℮⌐⌂

∫≡™╕∆⅜⁸╙⇔⌂⅛⌂⅛ ↕∑╠╣⌂™ │⁸ ≢ ♁ꜟⱣכ╛ Ⱶ◐◘כ─ ╩

∫≡ↄ∞↕™⁹ 

 

₈♁ꜟⱣ⁸│₉♩♇☿כ ⇔√™ ╛ ⁸Ᵽfi♪ ⌂≥⌐ ∂≡ ⌐ ⌂╙─⅜ ↕╣

╢ ╖⌐⌂∫≡™╢─≢⁸ ⌐№√∫≡ ⌐ ⌐∆╢ ⌂ │№╡╕∑╪⁹↓─ │, 

⌐ ⇔≡│wavefunction_solver Ⱪ꜡♇◒─ ─ solversⱩ꜡♇◒⅜⁸ ⌐ ⇔≡│ charge_mixing

Ⱪ꜡♇◒─ ─mixing_methods Ⱪ꜡♇◒⅜ ⇔⌂™ ⌐ ≤⌂╢─≢⁸ ╩ ⇔√™ │

─ ╩ ∆╢⅛◖ⱷfi♩▪►♩⇔≡ↄ∞↕™⁹wavefunction_solver Ⱪ꜡♇◒│ ⇔≡™≡╙ ╦⌂™─

≢⁸♁ꜟⱣכ⌐ ∆╢ ⅜ ⌂ │ ∆╢◘ⱩⱩ꜡♇◒⌐⅔™≡ ™╕∆⁹√≤ⅎ┌⁸ ╩

⇔≈≈ rmm ♁ꜟⱣכ│ ⅜ 10-6 hartree ╟╡╙╟ↄ⌂∫√♃▬Ⱶfi◓≢ ⇔√™ │⁸ ─╟℮⌂

╩ ™╕∆⁹ 

wavefunction_solver{  

    rmm{ 

        edelta_charnge_to_rmm = 1e - 6 hartree  

    }  

}  

 

╕√⁸ ─ ≤⇔≡⁸ ⇔√™ ⅜1 ─╖─ ⁸ ─ ⅜ ≤

⌂∫≡™╕∆⁹ 

charge_mixing{  

    method = pulay  

    rmx = 0.2  

    istr = 4  

    nbxmix = 10  

}  

│⁸ ─╟℮⌂ ╩ ∟╕∆⁹ 

method ─ ╩ ⇔╕∆⁹simple, broyden2, pulay ─™∏╣⅛⅜ ⁹simple │ ⁸

broyden2 │Broyden ⌐╟╢ 2 ─ ⁸pulay │Pulay ⌐╟╢DIIS ≢∆⁹♦ⱨ◊ꜟ♩

│pulay.  
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rmx  ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │0.4 (☻Ⱨfi╩ ⇔≡™⌂™ ), 0.1 (☻Ⱨfi╩ ⇔≡™╢

) 

istr  broyden2 ⌂™⇔pulay ╩ ⇔≡™╢ ⌐⁸│∂╘ ╩ simple ≢ ∆╢⅛╩ ⇔╕

∆⁹♦ⱨ◊ꜟ♩ │3. 

nbxmix  broyden2 ⌂™⇔ pulay ╩ ⇔≡™╢ ⌐⁸ ─ ╩ ⇔≡⅔ↄ ╩ ⇔╕

∆⁹♦ⱨ◊ꜟ♩ │15. 
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3.9  (Structure_evolution) 

 

⁸ ⌐ ∆╢Ɽꜝⱷ⁸│♃כstructure_evolution Ⱪ꜡♇◒≢ ⇔╕∆⁹ 

 

3.9.1  

 

structure_evolution Ⱪ꜡♇◒⌐⁸ ─ ╩⇔╕∆⁹ 

...  
structure_evolution{  
    method  = quench  
    dt  = 50 
    ...  
}  
...  

 

method ─ ╩ ⇔╕∆⁹ ─○ⱪ◦ꜛfi≤⇔≡ quench  (quenched MD ) cg  

(CG ) gdiis  (GDIIS ), bfgs  (BFGS ) ─™∏╣⅛⅜ ═╕∆⁹♦ⱨ◊ꜟ♩ │bfgs≢

∆⁹ 

dt ╩ ℮ ─ ╖≢∆⁹ ⅝™ ⅜ ↄ ┼™√╡╕∆⅜ ⅝∆⅞╢≤ ╩

⇔ↄ ↕∑╢↓≤⅜≢⅝⌂ↄ⌂╢ ⅜№╡╕∆⁹ ♦ⱨ◊ꜟ♩ │ ≢100≢∆⁹ 

 

GDIIS №╢™│ BFGS │ ⌐ ↄ ⅜ ⅝™ ⌐ ≢⅝⌂™ ⅜№╢─≢ ⅜ ⅝™ │

quenched MD ⅛CG ╩ ⇔  №╢ ⅜ ↕ↄ⌂∫≡⅛╠GDIIS(BFGS) ⌐ ╡ ⅎ╢ ≤™℮

╩⇔╕∆⁹GDIIS(BFGS) ⌐ ╡ ⅎ╢ ─ ≤ ╡ ⅎ─ │ ∕╣∙╣

initial_method ≤c_forc2gdiis ╩ ⇔≡ ─╟℮⌐ ⇔╕∆. 

...  
structure_evolution{  
    method  = gdiis  
    dt  = 50 

    gdiis{  
        initial_method  = cg  
        c_forc2gdiis  = 0.0025  hartree/bohr  
    }  
}  
...  

Ⱪ꜡♇◒ │ GDIIS, BFGS ≢gdiis ≢∆⁹♦ⱨ◊ꜟ♩ │ initial_method ⅜cg , c_forc2gdiis ⅜

0.05 hartree/bohr ≢∆⁹ 

 

gdiis   GDIIS ⅔╟┘BFGS ╩ ∆╢ ─♃◓ 

 initial_method  GDIIS (BFGS) ┼ ∆╢ ⌐ ∆╢  

▪ꜟ◗ꜞ☼ⱶ⁹ { quench, cg, sd }♦ⱨ◊ꜟ♩ │cg 

 gdiis_box_size ↓↓≢ ∆╢▬○fi gdiis(bfgs)╩♃כ♦─ ⌐ ⅎ╢ 

 gdiis_hownew  gdiis_box_size≢ ⇔√ ─▬○fi ♃כ♦─ ╩ ™ ∫√ ─

─  

{anew, renew} 

 c_forc2gdiis GDIIS (BFGS) ┼─ ⅎ─  

♦ⱨ◊ꜟ♩ │0.05 (hartree/bohr)  
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3.9.2  

 

⌐ ∆╢Ɽꜝⱷ⁸│♃כstructure_evolution Ⱪ꜡♇◒≢ ⇔╕∆⁹ 

 

structure_evolution{  
    method  = velocity_verlet   
    dt  = 100  
}  

 

method  ─ ╩ ∆╢⁹ ◦Ⱶꜙ꜠כ◦ꜛfi─  

velocity_verlet ◄Ⱡꜟ◑כ ─ ◦Ⱶꜙ꜠כ◦ꜛfi  

temperature_control Nosé-Hoover ⌐╟╢ ─ ◦Ⱶꜙ꜠כ

◦ꜛfi  

velocity_scaling ╢╟⌐◓fiꜞכ◔☻ ─ ◦Ⱶꜙ꜠כ◦ꜛfi

─™∏╣⅛ 

dt  ╖╩ ∆╢⁹ 

♦ⱨ◊ꜟ♩ │100 au ( 2.4 fs) 

thermostat   ╩ ∆╢Ⱪ꜡♇◒⁹ 

 temp ╩ ∆╢⁹ 

 qmass ─ ╩ ∆╢⁹ ─ ⁹ 

 

 

3.9.3 ─ ⁸ ─ ─  

 

PHASE ⌐│⁸ ╛ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫≡™╢ ⌐⁸ ╛ ╩ ─

⌐ ╦∑≡Γ Δ∆╢↓≤⌐╟∫≡ ╩ ↕∑╢ ⅜ ╦∫≡™╕∆⁹ │⁸ [1]≢ ↕

╣≡™╢ ⌐╟∫≡ ∫≡™╕∆⁹ 

 

↓─ ╩ ∆╢⌐│⁸structure_evolution Ⱪ꜡♇◒⌐ predictor Ⱪ꜡♇◒╩ ⇔ ∕↓≢ ⌐ ∆╢

╩ ™╕∆⁹ 

 

structure_evolution{  

  predictor{  

    sw_charge_predictor = on  

    sw_extrapolate_charge = on  

    sw_wf_predictor = on  

  }  

}  

 

predictor Ⱪ꜡♇◒≢ ≢⅝╢ ≢∆⁹ 

 

predict or   

 sw_charge_predictor  ─ ╩ ℮⅛≥℮⅛╩ ∆╢☻▬♇♅⁹♦ⱨ◊ꜟ♩ │off 

 sw_extrapolate_charge  ─ ⌐ ─ ╩ ℮⅛≥℮⅛╩ ∆╢☻▬♇♅⁹♦ⱨ◊ꜟ♩

│off 

 sw_wf_predictor  ─ ╩ ℮⅛≥℮⅛╩ ∆╢☻▬♇♅⁹♦ⱨ◊ꜟ♩ │off 

 

╕√ printoutlevel ⌐ ipripredictor ╩ ⇔ ∕─ ╩ 2 ⌐∆╢≤ ╩∆╢ ⌐ ─ ─

╛⌂≥─ ⅜꜡◓ⱨ□▬ꜟ⌐ ↕╣╕∆⁹ 

 

[1] T. Arias, M. C. Payne and J. D. Joannopoulos, òAb initio  molecular -dynamics techniques extended to 



 75 

large-length -scale systemsó, Physical Review B 45, 1538 (1992). 

 

  



 76 

 

3.9.4 ☻♩꜠☻♥fi♁ꜟ  

 

☻♩꜠☻♥fi♁ꜟ ╩ ℮⌐│⁸structure_evolution Ⱪ꜡♇◒─ stressⱩ꜡♇◒≢ ⇔╕∆⁹ 

 

structure_evolution{  
  stress{  
    sw_stress=1  
  }  
}  

 

stress  ☻♩꜠☻  

 sw_stress ☻♩꜠☻ ─ ⁹ { on,off } 
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3.10 Postproccesing  

 

3.10.1 DOS  

 

SCF ⅜ ⇔√─∟ ─ ╩ ℮↓≤⅜≢⅝╕∆⁹ ─ ╩ ℮⌐│ postprocessing

Ⱪ꜡♇◒─ ─dosⱩ꜡♇◒≢ ⇔╕∆⁹ 

  postprocessing{  
      dos{  
          sw_dos  = on 
          method  = gaussian  
          deltaE_dos  = 1e- 4 hartree  
      }  
  }  

 

dos Ⱪ꜡♇◒≢│ ─ ╩ ℮↓≤⅜≢⅝╕∆⁹ 

sw_dos ╩ ℮⅛≥℮⅛╩ ∆╢ ≢∆⁹ ─ ╩ ℮ on ≤⇔╕

∆⁹ 

method ─ ╩ ⇔╕∆⁹gaussian ≤ tetrahedral ─™∏╣⅛╩ ∆╢↓≤⅜≢

⅝╕∆⁹gaussian╩ ⇔√ ◄Ⱡꜟ◑כ ╩●►☻ ⌐╟∫≡ ╩ √∑√ ≢

⇔√ ⅜ ╠╣╕∆⁹tetrahedral ─ ⌐╟╢ ⌂ ╩

℮↓≤⅜≢⅝╕∆⁹√∞⇔ tetrahedral ╩ ∆╢ ─ ⅜ ≢⅝╢

╙↔ ↄ∞↕™⁹ 

deltaE_dos ⌐ ↕╣╢◄Ⱡꜟ◑כ─ ╩Ɫכꜞ♩כ ≢ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │

1e-4 hartree ≢∆⁹ 

 

─ ≤⇔≡ tetrahedral ╩ ∆╢ ─ ⅜ √↕╣≡™╢ ⅜№╡╕∆⁹ 

 ̧ k ◘fiⱪꜞfi◓ ≤⇔≡mesh ╩ ⇔≡™╢ 

        accuracy{  
            ksampling{  
                method  = mesh 
            }  
        }  

 ̧ smearing ─ ≤⇔≡ tetrahedral ╩ ⇔≡™╢ 

        accuracy{  
            smearing{  
                method  = tetrahedral  
            }  
        }  

⅜ √↕╣≡™⌂™≤gaussian ⌐╟╢ ⅜ ╦╣≡⇔╕℮─≢↔ ↄ∞↕™⁹ 

 

3.10.2  

 

SCF │ ≢ ╩ ™╕∆⅜ ⇔√ ╩ ⌐ ⱨכꜞ◄ ⇔ ↕∑╢↓≤

╙ ≢∆⁹↓℮∆╢↓≤⌐╟∫≡ PHASE -Viewer ⌂≥╩ ⇔≡ ─ ╩ ℮↓≤⅜ ≢∆⁹

╩ ⌐ ↕∑╢√╘⌐│ postprocessing─ ─chargeⱩ꜡♇◒≢ ╩ ™╕∆⁹ 

 

  postprocessing{  
      charge{  
          sw_charge_rspace  = on 
          filetype  = cube  
      }  
  }  

 

chargeⱩ꜡♇◒─ ≢│ ─ ─ ╩ ™╕∆⁹ 
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sw_charge_rspace ╩ ≢ ∆╢⅛≥℮⅛╩ ∆╢ ≢∆⁹on⌐∆╢≤ ─

⅜ ↕╣╕∆⁹ 

filetype ╩♩♇ⱴכ◊ⱨ♃כ♦─♃כ♦  ⇔╕∆⁹density_only ≤cube⅜ ═╕∆⁹

density_only ─ ─╖⅜ ↕╣╕∆⁹ ♦ⱨ◊ꜟ♩ │density_only ≢∆⁹

cube─ Gaussian Cube ≢ ⅜ ↕╣╕∆⁹↓─Ɽꜝⱷכ♃כ│

cube⌐ ∆╢↓≤╩ ⇔╕∆⁹ 

title  Gaussian Cube ⱨ□▬ꜟ─ò ⇔ó╩ ⇔╕∆⁹ ╩ ╘╢ ╩

─2 ≢ ╖╕∆⁹ 

 

╕√ filetype ≤⇔≡ cube╩ ⇔√ file_names.data ⱨ□▬ꜟ⌐⅔™≡ ⱨ□▬ꜟ─ⱨ□▬ꜟ

╩ ⇔≡⅔ↄ↓≤╩ ⇔╕∆⁹ 

 

  &fnames  
  ...  
  F_CHR = './nfchr.cube'  
  /  

 

⇔⌂™ ─♦ⱨ◊ꜟ♩ │nfchr.data ≢∆⁹  

☻Ⱨfi ╩ ⇔≡™╢ │ file_names.data ≢ ⇔√ⱨ□▬ꜟ ⅜ nfchr.cube ≢№∫√≤∆╢≤

nfchr.up.cube ≤nfchr.down.cube ≤™℮2≈─ⱨ□▬ꜟ⌐∕╣∙╣☻Ⱨfi▪♇ⱪה♄►fi ⌐ ∆╢

⅜♃כ♦ ↕╣╕∆⁹ 

 

3.10.3 / ◦Ⱶꜙ꜠כ◦ꜛfi─ ⌐ ╩ ℮  

↓↓≢ ⇔√ │⁸ ⌐ ⅜ ↕╣≡™⌂™ ⅜ ⇔√ ⌐ ↕╣╕∆⁹ ╛

◦Ⱶꜙ꜠כ◦ꜛfi─ ⌐ ╩ ™√™ ⁸ ─╟℮⌂ ╩ ™╕∆⁹ 

 

postprocessing{  

é 

frequency = 5  

}  

 frequency ⌐ ─ ╩ ⇔√ ⁸ ⇔√ ⌐ 1 ─ ≢ ⅜ ╦╣╢╟℮⌐⌂╡╕∆⁹

│⁸ ─ │ dos_iterxx.data ⱨ□▬ꜟ⁸ │ nfchr_iter xx.data ⱨ□▬ꜟ⌐ ↕╣╕∆ xx

│ ─ ⌐ ∆╢ ⌐ ╖ ⅎ≡ↄ∞↕™  

 

3.11 ꜡◓꜠ⱬꜟ PrintLevel  

 

PHASE │output000 ≤™℮ⱨ□▬ꜟ 000│ ╩ ℮√┘⌐1∏≈ ⅎ╕∆ ⌐꜡◓╩ ⇔╕∆⁹∕─꜡

◓─ ─ │printoutlevel Ⱪ꜡♇◒≢ ™╕∆⁹ 

    printoutlevel{  
        base  = 1 
    }  

 

⌐printoutlevel Ⱪ꜡♇◒╩ ⇔ ∕─ ⌐꜡◓꜠ⱬꜟ╩ ∆╢ ╩ ⇔╕∆⁹꜡ ◓꜠ⱬꜟ╩

∆╢√╘─ │ 0,1,2─™∏╣⅛─ ╩≤╡ ⅜ ⅝™╒≥╟╡ ⌂ ⅜ ╠╣╕∆⁹♦ⱨ◊ꜟ♩

│∆═≡1≢∆⁹ ꜡◓꜠ⱬꜟ╩ ∆╢ ≤⇔≡ ⌂╙─│ ─ ╡≢∆⁹ 

 

base ─꜡◓꜠ⱬꜟ╩ ⇔╕∆⁹ ⌐ ─⌂™ │↓↓≢─ ⌐ ™╕∆⁹ 

timing  ⌐ ╦╢꜡◓꜠ⱬꜟ╩ ⇔╕∆⁹ 

input  ⌐ ╦╢꜡◓꜠ⱬꜟ╩ ⇔╕∆⁹ 

solver ♁ꜟⱣכ⌐ ╦╢꜡◓꜠ⱬꜟ╩ ⇔╕∆⁹ 

spg ⌐ ╦╢꜡◓꜠ⱬꜟ╩ ⇔╕∆⁹ 
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base=2 ⌐ ∆╢≤ ⌂ ─ ⅜ ╠╣ ꜡◓ⱨ□▬ꜟ⅜ ≠╠ↄ⌂∫≡⇔╕™╕∆⁹ ╠╣╢ ─╒

≤╪≥│♦Ᵽ♇◓ ⌂─≢ ⌂ ⅜⌂™ ╡base=2│ ⇔⌂™↓≤╩ ⇔╕∆⁹ 

 

 

  



 

 

 

4. ╩ ⇔√  

 

4.1 ◄Ⱡꜟ◑כ  

 

╙ ⌂ ≤⇔≡ ◄Ⱡꜟ◑כ─ ⅜№╡╕∆⁹ ─ ≢ ◄Ⱡꜟ◑כ╩ ⇔

╛ ╩ ∆╢↓≤╛⁸ ⌐⅔↑╢ ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

4.1.1 Ɽꜝⱷכ♃ 

 

◦ꜞ◖fi ♄▬ꜘ⸗fi♪ ─ ◄Ⱡꜟ◑כ ╩ ≤⇔╕∆⁹◦ꜞ◖fi 8 ─ Si8╩ ≤⇔╕

∆⁹◦ꜞ◖fi ♄▬ꜘ⸗fi♪ ─ ╩  4.1⌐ ⇔╕∆⁹ 

 

 4.1◦ꜞ◖fi ⅜ ∆╢♄▬ꜘ⸗fi♪  

 

⌐ ℮ ⱨ□▬ꜟ│ ⱨ□▬ꜟ file_names.dat a─ ≢ ⇔╕∆⁹ 

file_names.dat a│ ─╟℮⌐ ⇔╕∆⁹ 

&fnames   
 F_INP    = './input_scf_Si8.data'  
 F_POT(1)  = '../pp/Si_ldapw91_nc_01.pp'  
  ...  
 F_CHR    = './nfchr.cube'  
&end 

PHASE ╩ ∆╢√╘⌐│ ⱳ♥fi◦ꜗꜟ♦כ♃ F_POT(1) ≤⁸ ⱨ□▬ꜟF_INP ⅜ ↕╣≡™╢

⅜№╡╕∆⁹ Si_ldapw91_nc_01.pp │◦ꜞ◖fi─ ⱳ♥fi◦ꜗꜟ⁹∆≢♃כ♦ה 

 

Ɽꜝⱷכ♃ⱨ□▬ꜟ input_scf_Si8.data ⌐≈™≡ ⇔╕∆⁹  

Control Ⱪ꜡♇◒≢│⁸ ⌂ ╩ ⇔╕∆⁹cpumax│ ─ ╩ ⇔≡™╕∆⁹ 

Control{  

condition = initial  
        cpumax = 3600  sec      !  {sec|min|hour|day}  
}  
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AccuracyⱩ꜡♇◒≢│ ╩ ⇔╕∆⁹ 

accuracy{  
        cutoff_wf  =   9.00   rydberg  
        cutoff _cd  =  36.00   rydberg  
        num_bands  = 20 
        ksampling{  
                method  = mesh !  {mesh|file|directin|gamma}  
                mesh{   nx = 4,  ny =  4,  nz =  4  }  
        }  
        ...  
        xctype  = ldapw91  
        scf_convergence{  
             delta_total_energy  = 1.e - 12 hartree  
             succession  = 3 
        }  
        ...  
}  

cutoff_wf ≤ cutoff_cd │  ≤ ─◌♇♩○ⱨה◄Ⱡꜟ◑כ⅜  ∕╣∙╣ 9.0Ry ≤36.0Ry 

≤™℮ ≢№╢↓≤╩ ⇔≡™╕∆⁹  

num_bands │◄Ⱡꜟ◑כ ╩ ⇔╕∆⁹↓─ ≢│ Si 8 ╩ ™╕∆⅜ │4 ─

╩╙≈√╘⁸ ↕╣╢ │ ☻Ⱨfi─ ╩ ∆╢≤8 4/2=16≤⌂╡╕∆⁹ ↓─√╘ num_bands 

│ 17 ⌐ ⇔≡⅔ↄ ⅜№╡╕∆⁹ ╕√ ksampling ≤™℮♃◓│ Ὧ ─◘fiⱪꜞfi◓─ ╩ 

∆╢─⌐ ╦╣╕∆⁹↓─ ≢│ τ τ τ─ⱷ♇◦ꜙ ⅜k ◘fiⱪꜞfi◓≤⌂╡╕∆⁹  

xctype = ldapw91 ≢│ LDA ◄Ⱡꜟ◑כ╩ ⇔≡™╕∆⁹  

scf_convergence≢│ ─ ╩ ⇔╕∆⁹ ↓─ ─ ◄Ⱡꜟ◑כ─ ⅜ρπ  Hartree 

 ⌐ ╕╢≤™℮ ⅜ ⇔≡3 ™√╠ ╩ ↕∑╢╟℮⌐ ↕╣≡™╕∆⁹  

 

Structure Ⱪ꜡♇◒≢│ ╩ ⇔╕∆⁹ │♦ⱨ◊ꜟ♩⅜ ≤⌂∫≡™╕∆ ↕─ │ 

Bohr)⁹ 

structure{  
        unit_cell_type  = primitive  
        unit_cell{  
                a_vector  =  10.26     0.00     0.00  
                b_vector  =   0.00    10.26     0.00  
                c_vector  =   0.00     0.00    10.26  
        }  
        atom_list{  
                coordinate_system  = internal  !  {cartesian|internal}  
                atoms{  
                #default  weight  = 1,  element  = Si,  mobile  = 1 
                #tag    rx        ry        rz    
                      0.125     0.125     0.125  
                     - 0.125    - 0.125    - 0.125  
                      0.125     0.625     0.625  
                     - 0.125    - 0.625    - 0.625  
                      0.625     0.125     0.625  
                     - 0.625    - 0.125    - 0.625  
                      0.625     0.625     0.125  
                     - 0.625    - 0.625    - 0.125  
                }  
        }  
        element_list{  #tag  element   atomicnu mber 
                              Si        14 
        }  
}  

 

atom_list ≢│ ⁸ ≢─ ⁸∕╣∙╣─ ─ ╩ ∆╢⅛ ⅛╩ ⇔╕∆⁹ 
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element_list ≢│ ≤∕─ ╩ ⇔╕∆⁹  

 

PostprocessingⱩ꜡♇◒≢│⁸ ─Ɽꜝⱷכ♃╩ ⇔╕∆⁹ 

postprocessing{  
        ...  
        charge{  
                sw_charge_rspace     = ON 
                filetype             = cube   !{cube|density_only}  
                title   = "This  is  a title  line  for  the  bulk  Si"  
        }  
}  

 

chargeⱩ꜡♇◒≢│⁸ ─ ⌐≈™≡ ⇔╕∆⁹ │⁸file_names.data ⌐⅔™≡ F_CHR ≢

⇔√ⱨ□▬ꜟ⌐ ↕╣╕∆⁹ filetype = cube ≤∆╢ ⌐╟╡ Gaussian cube ≢ ↕╣╕∆⁹ ↓

─≤⅝ F_CHR ≢ ↕╣╢ⱨ□▬ꜟ │ *.cube ─ ≢№╢ ⅜№╡╕∆⁹ Gaussian cubeⱨ□▬ꜟ

│⁸PHASE  Viewer ⌂≥─ ♁ⱨ♩►▼▪╩ ∫≡ ∆╢↓≤⅜ ≢∆⁹ 

 

4.1.2 ─  

 

PHASE ╩ ─╟℮⌐ ⇔╕∆⁹ 

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

↓↓≢ NP NE NK  │∕╣∙╣ ⌐ ∆╢ⱪ꜡☿♇◘כ─  ◄Ⱡꜟ◑כ ─ ─ ⅔

╟┘ Ὧ ─ ─ ╩ ⇔╕∆⁹↓╣╠─Ɽꜝⱷכ♃כ─ ─ ⌐│ NP = NE×NK  ≤™℮ ⅜

╡ ∫≡™⌂↑╣┌⌂╡╕∑╪⁹  

╕√ 1 CPU ─ ╩ ℮ ⌐│  ─╟℮⌐ ⇔╕∆⁹ 

 % mpirun   ../../bin/phase  

 

─ ╩ ∆╢⌐│ ─꜡◓ ⱨ□▬ꜟ output000 ⌐ ↕╣≡™╢ ◄Ⱡꜟ◑כ─

╩ ═╕∆⁹ ─╟℮⌐ ∆╢≤⁸ ◄Ⱡꜟ◑כ⌐ ∆╢ ╩ ≢⅝╕∆⁹ 

% grep  TOTAL output000  

Si8 ─◘fiⱪꜟ╩ ∫≡ ╠╣√ output000 ≢│⁸ ─╟℮⌂ ⅜ ↕╣╕∆⁹ 

 TOTAL ENERGY FOR     1 - TH ITER=    - 30.851502112276    edel  =  - 0.308515D+02  
 TOTAL ENERGY FOR     2 - TH ITER=    - 31.428857832957    edel  =  - 0.577356D+00  
 TOTAL ENERGY FOR     3 - TH ITER=    - 31.547875271353    edel  =  - 0.119017D+00  
 TOTAL ENERGY FOR     4 - TH ITER=    - 31.575313743308    edel  =  - 0.274385D - 01 
 TOTAL ENERGY FOR     5 - TH ITER=    - 31.582591031973    edel  =  - 0.727729D - 02 
 TOTAL ENERGY FOR     6 - TH ITER=    - 31.585296287695    edel  =  - 0.270526D - 02 
 TOTAL ENERGY FOR     7 - TH ITER=    - 31.586566551584    edel  =  - 0.127026D - 02 
 TOTAL ENERGY FOR     8 - TH ITER=    - 31.587203940144    edel  =  - 0.637389D - 03 
 TOTAL ENERGY FOR     9 - TH ITER=    - 31.587536187844    edel  =  - 0.332248D - 03 
 TOTAL ENERGY FOR    10 - TH ITER=    - 31.587714367315    edel  =  - 0.178179D - 03 
 TOTAL ENERGY FOR    11 - TH ITER=    - 31.587811775875    edel  =  - 0.974086D - 04 
 TOTAL ENERGY FOR    12 - TH ITER=    - 31.587865777306    edel  =  - 0.540014D - 04 
 TOTAL ENERGY FOR    13 - TH ITER=    - 31.587896135394    edel  =  - 0.303581D - 04 
 TOTAL ENERGY FOR    14 - TH ITER=    - 31.587913347827    edel  =  - 0.172124D - 04 
 TOTAL ENERGY FOR    15 - TH ITER=    - 31.587923218322    edel  =  - 0.987050D - 05 
 TOTAL ENERGY FOR    16 - TH ITER=    - 31.587928921902    edel  =  - 0.570358D - 05 
 TOTAL ENERGY FOR    17 - TH ITER=    - 31.587932250599    edel  =  - 0.332870D - 05 
 TOTAL ENERGY FOR    18 - TH ITER=    - 31.587934208228    edel  =  - 0.195763D - 05 
 TOTAL ENERGY FOR    19 - TH ITER=    - 31.587935369846    edel  =  - 0.116162D - 05 
 TOTAL ENERGY FOR    20 - TH ITER=    - 31.587936064369    edel  =  - 0.694523D - 06 
 TOTAL ENERGY FOR    21 - TH ITER=    - 31.587937128483    edel  =  - 0.106411D - 05 
 TOTAL ENERGY FOR    22 - TH ITER=    - 31.587 937146269    edel  =  - 0.177857D - 07 
 TOTAL ENERGY FOR    23 - TH ITER=    - 31.587937147223    edel  =  - 0.953783D - 09 
 TOTAL ENERGY FOR    24 - TH ITER=    - 31.587937147361    edel  =  - 0.138854D - 09 
 TOTAL ENERGY FOR    25 - TH ITER=    - 31.587937147369    edel  =  - 0.733991D - 11 
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 TOTAL ENERGY FOR    26 - TH ITER=    - 31.587937147369    edel  =  - 0.358824D - 12 
 TOTAL ENERGY FOR    27 - TH ITER=    - 31.587937147369    edel  =  - 0.117240D - 12 

 

SCF ⌐⅔™≡ ◄Ⱡꜟ◑כ─ ⅜ ⇔≡╝ↄ ⅜ ⅛╡╕∆⁹ 

 

4.1.3 ─  

 

↕╣√ ◄Ⱡꜟ◑כ│ F_ENF ⱨ□▬ꜟ⌐ ↕╣╕∆⁹ 

 

Si8─ ≢│⁸ F_ENF ⱨ□▬ (ꜟⱨ□▬ꜟ nfefn.data) │ ─╟℮⌐⌂∫≡™╕∆⁹ 

iter_ion, iter_total, etotal, forcmx  

1 12 - 31.587937147369  0.0000004495  

 

⅜ ∆╢≤⁸ ⱨ□▬ꜟnfchr.cube ⅜ ↕╣╕∆⁹ ╩  4.2⌐ ⇔╕∆⁹ ╩

╛∆⌂≥ cube file ⌐ ╩ ⅎ≡™╕∆⁹ 

 

 4.2 ◦ꜞ◖fi ─  
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4.2 ╩ ⇔√  

 

PHASE ⌐│ ─ ╩ ∆╢↓≤⌐╟∫≡ ╩ ∆╢ ⅜№╡╕∆⁹ │ ⌐

↕∑╢↓≤╙ ≢∆⇔ ╩ ∆╢ ↓≤⌐╟∫≡ ⌐ ∆╢↓≤╙ ≢∆⁹ 

╩ ∆╢ ⌐│, ╩ ∆╢ ≤Ⱪꜝⱬכ ╩ ∆╢ ⅜№╡╕∆⁹ ⌐│,  

unit_cell_type ─ ╩ primitive ⅛ Bravais ─≥∟╠⅛⅛╠ ∆╢↓≤≢ ≢⅝╕∆⁹ 

 

4.2.1 Ɽꜝⱷכ♃ 

 

4.2.1.1 ─  

 

 ╩ ≢  

 

     unit_cell_type  = primitive  
     unit_cell {  
          #units  bohr   
          a_vector  =  0.00000   5.13000   5.13000  
          b_vector  =  5.13000   0.00000   5.13000  
          c_vector  =  5.13000   5.13000   0.00000  
     }  

 

↓─ │, unit_cell_type ⅜primitive ≢╙Bravais ≢╙ ≢⅝╕∆⁹ 

 

 ╩ ≢  

 

   unit_cel l_type  = Bravais  
   unit_cell{  
        #units  bohr  
        a = 10.26,  b = 10.26,  c = 10.26  
        alpha  = 90,  beta  = 90,  gamma = 90  
   }  

 

↓─ │, unit_cell_type ⅜Bravais ─ ─╖ ≢⅝╕∆⁹Ⱪꜝⱬכ ╩ ⇔≡ ⇔√ ⁸

─ ⌐╟╡, ⱪ꜡◓ꜝⱶ ≢ ╩ ⇔╕∆⁹ │⁸ⱪ꜡◓ꜝⱶ⅜ ⇔√ ╩ ⌐ ╦╣╢

─≢⁸ ─ ⁸k ╛⁸Ᵽfi♪ ─ k ─ ⌂≥│⁸↓─ ╩ ⌐ ℮ ⅜

№╢ ⌐ ↄ∞↕™⁹ 

unit_cell_type ≤⇔≡Bravais ╩ ∆╢ ⌐ ∆╢ │ ⇔⌂™╟℮⌐⇔≡ↄ∞↕™⁹√

≤ⅎ┌ ╩ ╗ ─ , (0, 0, 0) ─ │ ⇔, (0.5, 0.5, 0.5) ─ │ ⇔⌂™╟℮⌐⇔≡ↄ∞

↕™⁹Bravais ╩ ∆╢ ⌐ ⅜ ⌂ ─ │, lattice system ≤™℮ ≢ ⇔╕∆.  4.1╩

⇔≡ↄ∞↕™⁹ 

(rhombohedral) ─ ⌐│, ∆╢ (hexagonal) ─ ╩ ⇔╕∆⁹ ≤

─ ⱬ◒♩ꜟ─ ╩  4.3⌐ ⇔╕∆.⁹ 

╩ ≢ ∆╢ │, ╩ ™≡, ─∆═≡ ─ ╩ ⱬ◒♩ (ꜟ

─3 ╩ ∆ⱬ◒♩ )ꜟ ⌐ ∆╢ (꞉ ▬◖ⱨ ─ ) ≢ ⇔╕∆⁹♦◌ꜟ♩ ≢

∆╢ │,  4.2⌐ ↕╣≡™╢ ⱬ◒♩ꜟ≤ ∆╢╟℮⌐ ⇔≡ↄ∞↕™⁹ 

 

 4.1 Ⱪꜝⱬכ ≤  

    unit_cell ⌐ ∆╢   ─   lattic_system ⌐

∆╢    

(c)  ὥ  a=ὥ, b=ὥ, c=ὥ  (P)  primitive   
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alpha=90, beta=90, gamma=90  (F) 

(I) 

facecentered 

bodycentered 

(t) ὥȟὧ  a=ὥ, b=ὥ, c=ὧ  

alpha=90, beta=90, gamma=90  

(P) 

(I) 

primitive  

bodycentered 

(o) ὥȟὦȟὧ  a=ὥ, b=ὦ, c=ὧ  

alpha=90, beta=90, gamma=90  

(P)  

(C) 

(F) 

(I) 

primitive   

basecentered 

facecentered 

bodycentered 

(h) ὥȟὧ  a=ὥ, b=ὥ, c=ὧ  

alpha=90, beta=90, gamma=120  

(P)  hexagonal   

(h)  

 

ὥȟὧ  a=ὥ, b=ὥ, c=ὧ  

alpha=90, beta=90, gamma=120  

(R)  

(P) 

rhombohedral   

hexagonal 

(m) ὥȟὦȟὧ  

‍ 
a=ὥ, b=ὦ, c=ὧ  

alpha=90, beta=‍, gamma=90 

(P) 

(C) 

primitive  

basecentered 

(a) ὥȟὦȟὧ 
 ‌ȟ‍ȟ‎ 

a=ὥ, b=ὦ, c=ὧ  

alpha=‌, beta=‍, gamma=‎ 
(P) primitive  

 

 

 

 4.3 ≤ ─ . ─ ⅛╠ √ ≤ ⱬ◒♩ꜟ⅜ ↕╣≡™╕∆. 

╪╗ȟ╫
╗
ȟ╬╗│ ─ ⱬ◒♩ꜟ≢, ╪╡ȟ╫

╡
ȟ╬╡│ ─ ⱬ◒♩ꜟ≢∆. 

 4.2 Ⱪꜝⱬכ ─ ⱬ◒♩ .ꜟ 

Ⱪꜝⱬכ   ╪  ╫  ╬   

(cP)  ὥ● ὥ◐ ὥ◑   

(cF)  ◐ ◑  ● ◑  ● ◐   

(cI)  ● ◐ ◑  ● ◐ ◑  ● ◐ ◑   

(tP)  ὥ● ὥ◐ ὧ◑   

(tI)  ὥ● ὥ◐

ὧ◑  

ὥ● ὥ◐ ὧ◑  ὥ● ὥ◐ ὧ◑   

(oP)  ὥ● ὦ◐ ὧ◑   

(oC)  ὥ● ὦ◐  ὥ● ὦ◐  ὧ◑   

(oF)  ὦ◐ ὧ◑  ὥ● ὧ◑  ὥ● ὧ◐   
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(oI)  ὥ● ὦ◐

ὧ◑  

ὥ● ὦ◐ ὧ◑  ὥ● ὦ◐ ὧ◑   

(hP)  ὥ●  ὥ ●
Ѝ
◐  ὧ◑   

(hR)  ●
Ѝ
◐ ὧ◑  ●

Ѝ
◐ ὧ◑  

Ѝ
◐ ὧ◑   

(mP)  ὥ● ὦ◐ ὧÃÏÓ ‍● ÓÉÎ ‍◑   

(mC)  ὥ● ὦ◐  ὥ● ὦ◐  ὧÃÏÓ ‍● ÓÉÎ ‍◑   

(aP)  ὥ●  ὦÃÏÓ ‎●
ÓÉÎ ‎◐  

ὧÃÏÓ ‍●
   

 
◐   

ρ
ὧέί‌ ὧέί‍ ςὧέί ‌ὧέί ‍ὧέί ‎

ίὭὲ‎
◑ 

 

4.2.1.2 ─  

 

─ ─╛╡ ⌐│, ╩ ∆╢ ⁸ ╩ ⌐ ∆╢ ⁸ ╩ ∆╢

⅜№╡╕∆. 

 

 ╩ ∆╢  

 crystal_structure ⌐, ─ ╩ ⇔╕∆. ↓─ , ⌐│ diamond, hexagonal, fcc, bcc, 

simple_cubic ─5≈⅜№╡╕∆⁹ Si ─ ⌐ ∆╢ │ diamond ≢∆.  

 

 ╩ ⌐ ∆╢  

method ⌐automatic ╩ ∆╢↓≤≢, │ ⌐ ↕╣╕∆⁹tspaceⱩ꜡♇◒─ lattice_system

─ │, primitive ─ │ ∆╢↓≤⅜ ↕╣╕∆⁹ 

  symmetry{  
      method  = automatic  
      tspace{  
         lattice_system  = facecentered  
     !{rhombohedral|hexagonal|primitive|facecentered|bodycentered|basecentered}  
      }  
  }  

 

 ╩ ∆╢  

│⁸tspace Ⱪ꜡♇◒≢ ⇔╕∆⁹Si ─ , tspace ─ │ ─╟℮⌐⌂╡╕∆. 

      tspace{  
         lattice_system  = facecentered  
     !{rhombohedral|hexagonal|primitive|facecentered|bodycentered|basecentered}  
         num_generators  = 3 
         generators{  
         #tag  rotation   tx    ty    tz  
                IE       0    0    0 
                C31+    0    0    0 
                C4X+    1/4   1/2   3/4  
         }  
      }  

 

╘, ╩ ℮↓≤╩ lattice_system = facecentered ≢, ╕√, ─ ⅜3≢№╢↓≤╩ 

num_generators = 3 ≢ ⇔√ ≢, ♃◓ generators ─ ≢, IE, C31+, C4X+ ⅜, ⌐3 ─

╩ ⇔≡™╕∆⁹ 

 

─ ─ ╩ ⇔╕∆⁹ 

─ ≢♪כ◖─ ,│ ⇔╕∆. │, ∕╣∙╣ ≈─ ⌐ ⇔╕∆. ─
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⅛ ─ ╩ ⇔≡generators♥כⱩꜟ─rotation ⌐ ╩ ⇔╕∆. ⅛╠ ╕≢

⅜ ∆╢ ╩ ⇔╕∆. ⌂⅔, , ─ ⌐ ╣≡™╢W│X- Y╩  ,│♪כ◖ .∆╕⇔

─ ≢╙ ─ ≢╙ ∆╢↓≤⅜ ≢∆.  

 

, ─ . 

                1   E     X  Y  Z                      13  IE     - X - Y - Z 
                2   C6+   W  X  Z                      14  IC6+   - W - X - Z 
                3   C3+  - Y  W  Z                      15  IC3+    Y - W - Z 
                4   C2   - X - Y  Z                      16  IC2     X  Y - Z 
                5   C3-   - W - X  Z                      17  IC3 -    W  X - Z 
                6   C6-    Y - W  Z                      18  IC6 -   - Y  W - Z 
                7   C211 - W  Y - Z                      19  IC211   W - Y  Z 
                8   C221  X  W - Z                      20  IC221  - X - W  Z 
                9   C231 - Y - X - Z                      21  IC231   Y  X  Z 
               10   C212  W - Y - Z                      22  IC212  - W  Y  Z 
               11   C222 - X - W - Z                      23  IC222   X  W  Z 
               12   C232  Y  X - Z                      24  IC232  - Y - X  Z 

 

, ─  

                1   E     X  Y  Z                      25  IE     - X - Y - Z 
                2   C2X   X - Y - Z                      26  IC2X   - X  Y  Z 
                3   C2Y  - X  Y - Z                      27  IC2Y    X - Y  Z 
                4   C2Z  - X - Y  Z                      28  IC2Z    X  Y - Z 
                5   C31+  Z  X  Y                      29  IC31+  - Z - X - Y 
                6   C32+ - Z  X - Y                      30  IC32+   Z - X  Y 
                7   C33+ - Z - X  Y                      31  IC33+   Z  X - Y 
                8   C34+  Z - X - Y                      32  IC34+  - Z  X  Y 
                9   C31-   Y  Z  X                      33  IC31 -  - Y - Z - X 
               10   C32-   Y - Z - X                      34  IC32 -  - Y  Z  X 
               11   C33-  - Y  Z - X                      35  IC33 -   Y - Z  X 
               12   C34-  - Y - Z  X                      36  IC34 -   Y  Z - X 
               13   C2A   Y  X - Z                      37  IC2A   - Y - X  Z 
               14   C2B  - Y - X - Z                      38  IC2B    Y  X  Z 
               15   C2C   Z - Y  X                      39  IC2 C  - Z  Y - X 
               16   C2D  - X  Z  Y                      40  IC2D   X - Z - Y 
               17   C2E  - Z - Y - X                      41  IC2E    Z  Y  X 
               18   C2F  - X - Z - Y                      42  IC2F    X  Z  Y 
               19   C4X+  X - Z  Y                      43  IC4X+  - X  Z - Y 
               20   C4Y+  Z  Y - X                      44  IC4Y+  - Z - Y  X 
               21   C4Z+ - Y  X  Z                      45  IC4Z+   Y - X - Z 
               22   C4X-   X  Z - Y                      46  IC4X-  - X - Z  Y 
               23   C4Y-  - Z  Y  X                      47  IC4Y-   Z - Y - X 
               24   C4Z-   Y - X  Z                      48  IC4Z -  - Y  X - Z 

 

, ⌐ ℮ │generators ─ꜟⱩכ♥ tx, ty, tz ⌐∕╣∙╣ ⇔╕∆. ⱬ◒♩ꜟ╩ ⌐

≢ ⇔≡ↄ∞↕™.  

 

4.2.1.3 ⅜№╢  

⅜№╢ , ↓╣╩ ∆╢ ⌐╟╡, ╩ ╠∆↓≤⅜≢⅝╕∆⁹ 

 

 ╩ ⇔⌂™  

 sw_inversion ⌐ off ╩ ⇔╕∆. ↓─≤⅝, Si ─ ─ atom_list │, ─╟℮⌐ ⇔╕∆⁹ 

 

        atom_list{  
             atoms{  
                  !#tag   rx         ry         rz     element  
                       0.125      0.125      0.125       Si  
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                      - 0.125     - 0.125     - 0.125       Si  
             }  
        }  

 

 ╩ ∆╢  

 sw_inversion ⌐on╩ ⇔╕∆.  

 

√≤ⅎ┌ ─ │♃כ♦ ╩ ≤⇔≡ ⅜№╢─≢ sw_inversion ╩ on⌐∆╢≤ ╩

╠∆↓≤⅜≢⅝╕∆⁹ 

     atom_list{  
          coordinate_system  = internal  !  {cartesian|internal}  
          atoms{  
          #units   !{angstrom(cartesian)  |  bohr(cartesian)}  
          #tag   rx         ry         rz       weight     element     mobile  
               0.125      0.125      0.125        1          Si         1 
              - 0.125     - 0.125     - 0.125        1          Si         1 
               }  
     }  

↓─ │ sw_inversion ╩on≤⇔≡⁸ ─╟℮⌐ ≢⅝╕∆⁹ 

     atom_list{  
          coordinate_system  = inter nal  !  {cartesian|internal}  
          atoms{  
          #units   !{angstrom(cartesian)  |  bohr(cartesian)}  
          #tag   rx         ry         rz       weight     element     mobile  
               0.125      0.125      0.125        2          Si         1 
               }  
     }  

      symmetry{  

sw_inversion = on  

      }  

 

⌐╟╡, ─Ⱶꜝכ≤⌂╢ ⅜№╢√╘⌐, weight ─ ≢ ↕╣╢ ─ ╖≠↑│, 2 ≤

⌂∫≡™╕∆⁹weight ⅜2─ │ ⌐ ─◖Ⱨכ⅜№╢ ⅜♃כ♦ ↕╣╕∆⁹  

 2 ≢ ⇔√ ⌐ ⅜ ╕╣╢ , ↓─option ╩ ∆╢↓≤╩ ⇔╕∆⁹ ⌂⅔, 

╩ ∆╢ ─ │, ≢№╢↓≤⌐↔ ↄ∞↕™⁹ ╕√ ─⌂™ ⌐⅔

™≡sw_inversion = on ╩ ∆╢≤ ⌂ ⅜ ↕╣≡⇔╕℮ ⌐ ⇔≡ↄ∞↕™⁹ 
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4.2.2 ◦ꜞ◖fi (Si2) 

 

◦ꜞ◖fi ⅜ ∆╢♄▬ꜘ⸗fi♪ ─ │ 2 ╩ ╖╕∆⁹↓↓≢│ ◦ꜞ◖fi 2 ⅛╠

⌂╢ Si2≤™℮ ╩ ≤⇔╕∆⁹  4.4│Si2─ ≢∆⁹ 

│⁸sample/Si2/≢∆⁹ 

 

 4.4 Si2─ ⁹ │ 2 ╩ ╗ ╩ ∆ 

 

 SCF  

 

SCF ╩ ™⁸ ╩ ⇔╕∆⁹ │sample/Si2/scf ≢∆⁹ 

 

ⱨ□▬  ꜟ file_names.data ⌐⅔™≡⁸ Ɽꜝⱷכ♃ⱨ□▬ꜟ≤ ⱳ♥fi◦ꜗꜟ╩ ⇔╕∆⁹ 

F_INP    = './input_scf_Si.data'  
F_POT(1)  = '../../pp/Si_ldapw91_nc_01.pp'  

F_CHGT   = '../scf/nfchgt.data'  
   ...  

 

Ɽꜝⱷכ♃ⱨ□▬ꜟ⌐⅔™≡⁸crystal_structure  ╩diamond ≤⇔≡⁸ ╩ ⇔╕∆⁹ 

accuracy{  
        cutoff_wf  =   9.00   rydberg  
        cutoff_cd  =  36.00   rydberg  
        num_bands  = 8 
}  

 
structure{  
        unit_cell_type  = Bravais  
        unit_cell{  
             a = 10.26,  b = 10.26,  c = 10.26  
             alpha  = 90,  beta  = 90,  gamma = 90 
        }  
        symmetry{  
             crystal_structure  = diamond  
        }  
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        atom_list{  
             atoms{  
                  #tag    rx         ry         rz     element  
                       0.125      0.125      0.125       Si  
                      - 0.125     - 0.125     - 0.125       Si  
             }  
        }  
}  

◄Ⱡꜟ◑כ ╩ ∆ num_bands ─ │ ⅜2 ⌂─≢8≤⇔≡™╕∆⁹ 

 

PHASE ╩ ⇔╕∆⁹ 

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

⅜ ∆╢≤ file_names.data ≤™℮ⱨ□▬ꜟ─ ≢   F_CHGT ≢ ⇔√ ⱨ□▬  ꜟ

nfchgt.data ⌐  ⌐╟∫≡ ╠╣√ ─ ⅜ ↕╣╕∆⁹ 

 

 (DOS)─  

 

DOS ╩ ⇔╕∆⁹ │⁸sample/Si2/dos≢∆⁹ 

─ ⱨ□▬ꜟ⅜ ⅝↕╣╢─╩ ↑╢√╘⁸SCF ╩ │≥כꜞ♩◒꜠▫♦√∫ ─♦▫꜠◒♩

≢כꜞ ⇔╕∆⁹  

SCF ─ ⱨ□▬ꜟnfchgt.data ╩ ™╕∆⁹ ⱳ♥fi◦ꜗꜟ│SCF ≤ ∂╙─╩ ™╕∆⁹ 

file_names.data ≢│ ⱨ□▬ꜟ╩ ─╟℮⌐ ⇔≡™╕∆⁹ 

F_INP    = './input_dos_Si.data'  
F_POT(1)  = '../../pp/Si_ldapw91_nc_01.pp'  
   ...           ...  
F_CHGT   = '../scf /nfchgt.data'  
   ...           ...  
F_ENERG  = './nfenergy.data'  
   ...           ...  

F_CHGT ≢ ⇔≡™╢ │♃כ♦─ SCF ≢ ╠╣√ ⱨ□▬ꜟ≢∆⁹ 

 

ⱨ□▬ꜟ│ input_dos_Si.data ≤ nfchgt.data ─2≈≢∆⁹  

ⱨ□▬  ꜟ input_dos_Si.data ⌐≈™≡ SCF ─ ⱨ□▬  ꜟ input_scf_Si.data ≤ ⌂╢ ╩

⌐ ⇔╕∆⁹ 

 

Control{  
       condition  = fixed_charge  
}  

 
accuracy{  
        cutoff_wf  =   9.00   rydberg  
        cutoff_cd  =  36.00   rydberg  
        num_bands  = 8 
        ksampling{  
                method  = mesh 
                mesh{   nx = 4,  ny =  4,  nz =  4   }  
        }  
        smearing{  
                method  = tetrahedral  
        }  
        xctype  = ldapw91  
        initial_wavefunctions  = matrix_diagon  
            matrix_diagon{  
               cutoff_wf  =  9.00   rydberg  
            }  
        ek_convergence{  
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                num_max_iteration  = 200 
                sw_eval_eig_diff  = on 
                delta_eigenvalue  = 1.e - 8 hartree  
                succession    = 2 
       }  
}  

 
postprocessing{  
       dos{  
          sw_dos       = ON 
          method       = tetrahed ral    !{  tetrahedral  |  Gaussian  }  
          deltaE_dos   = 1.e - 3 eV 
          nwd_window_width  = 10 
       }  
}  

 

─♃◓≢№╢ Control ─ ≢ SCF ≢ ╠╣√ ─ ╩ ⇔≡ ∆╢↓≤╩ ⇔╕∆⁹

ksampling ≢│Ὧ ◘fiⱪꜞfi◓⅜τ τ τ⁸smearing ≢│ ╩ ™╢↓≤⁸ek_convergence ≢

│ ╩ ⇔≡™╕∆⁹ Postprocess ing Ⱪ꜡♇◒≢│ ─ ≤⇔≡⁸ ⌐╟╢

─ ─Ɽꜝⱷכ♃⅜ ↕╣≡™╕∆⁹  

 

↓╣╠─ ⱨ□▬ꜟ╩ ∫≡⁸ⱪ꜡◓ꜝⱶekcal╩ ™≡⁸ ─ ╩ ™╕∆⁹ 

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

 

╩ ∆╢≤⁸nfenergy.data ≤™℮ ⱨ□▬ꜟ⅜ ↕╣╕∆⁹ ↓╣│ Ὧ ↔≤─◄Ⱡꜟ◑כ ╩

◄Ⱡꜟ◑כ─ ™ ⅛╠ ⌐ ⇔√╙─≢ ∕─ ─ │ ─╟℮⌐⌂∫≡™╕∆⁹ 

 

 num_kpoints  =    141  
 num_bands    =      8 
 nspin        =      1 
 Valence  band  max   =   0.233846  

 
=== energy_eigen_values  === 
 ik  =    1 (   0.000000   0.500000   0.500000  )  
     - 0.0484324491      - 0.0484324491       0.1258095002       0.1258095002  
      0.26 19554320       0.2619554320       0.6015285289       0.6015285289  
=== energy_eigen_values  === 
 ik  =    2 (   0.000000   0.490000   0.490000  )  
     - 0.0540717117      - 0.0427149546       0.1258687813       0.1258687813  
      0.2607026827       0.2633829946       0.600 6244013       0.6006244013  
=== energy_eigen_values  === 
 ik  =    3 (   0.000000   0.480000   0.480000  )  
     - 0.0596299923      - 0.0369220783       0.1260465996       0.1260465996  
      0.2596226501       0.2649874134       0.5980547648       0.5980547648  
=== energy_ eigen_values  === 
 ik  =    4 (   0.000000   0.470000   0.470000  )  
     - 0.0651046420      - 0.0310567694       0.1263428799       0.1263428799  
      0.2587131916       0.2667706685       0.5941566835       0.5941566835  
=== energy_eigen_values  === 
 ik  =    5 (   0.0000 00  0.460000   0.460000  )  
     - 0.0704931128      - 0.0251220735       0.1267574962       0.1267574962  
      0.2579721226       0.2687346642       0.5892968047       0.5892968047  

 

─2 │ ∕╣∙╣ Ὧ ≤Ᵽfi♪─ ╩ ⇔╕∆⁹ 3 │ ↓─ ≢☻Ⱨfi │ ↕╣≡™⌂™

↓≤╩  ╕√ 4 │ ⌐⅔↑╢◄Ⱡꜟ◑כ─ ╩ ⇔≡™╕∆⁹  

 

╩ dos.plꜟכ♠ ∫≡  ─ ╩ ⇔╕∆⁹ ∆╢◄Ⱡꜟ◑כ ─  E1 ≤  E2 
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╩ ╘≡   

 % dos.pl  dos.data  - erange=E1,E2  

≤∆╢≤ Postscript ─  density_of_states.eps ⅜ ╠╣╕∆⁹ ╕√ -with_fermi ≤™℮○ⱪ

◦ꜛfi╩≈↑≡ ↓─ ╩ ∆╢≤ ↕╣╢ ⌐ⱨ▼ꜟⱵה꜠ⱬꜟ⅜ ≢ ⅛╣╕∆⁹ √

∞⇔ ◑ꜗ♇ⱪ─№╢ ≢│  ─◄Ⱡꜟ◑כ ─≤↓╤⌐ ⅜ ⅛╣╕∆⁹  

↓─ ≢│⁸ ─╟℮⌐ ⇔╕∆⁹ 

 % dos.pl  dos.data  - erange= - 13,5  - with_fermi  

Si2─ ╩  4.5⌐ ⇔╕∆⁹ 

 

 

 4.5 Si2─  

 

 Ᵽfi♪  

 

DOS ╩ ⇔╕∆⁹ │⁸sample/Si2/band ≢∆⁹ 

 

file_names.data ≢│ ⱨ□▬ꜟ╩ ─╟℮⌐ ⇔≡™╕∆⁹ 

 F_INP    = './input_band_Si.data'  
 F_POT(1)  = '../../pp/Si_ldapw91_nc_01.pp'  
 F_KPOINT = '../tools/kpoint.data'  
 F_CHGT   = '../scf/nfchgt.data'  
   ...          ...  

 

ⱨ□▬ꜟ│ input_band_Si.data ╩⁸k kpoint.data │♃כ♦─ ≢№╢↓≤╩ ⇔≡™╕∆⁹  

ⱨ□▬ꜟ kpoint.data │ ꜟכ♠ band_kpoint.pl ╩ ™≡ ⇔╕∆⁹ ∆╢ k ╩ⱨ□▬ꜟ

bandkpt_fcc_xglux.in ≢ ⇔╕∆⁹ 

 % band_kpoint.pl  bandkpt_fcc_xglux.in  

 

↓╣╠─ ⱨ□▬ꜟ╩ ∫≡ ⱪ꜡◓ꜝⱶekcal ╩ ⇔╕∆⁹  

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

 

ⱨ□▬  ꜟ nfenergy.data ⅛╠ כ♠  ꜟ band.pl ╩ ™≡  Ᵽfi♪ ╩ ⇔╕∆⁹ 

כ♠  ꜟ band.pl ╩ ─╟℮⌐ ∆╢≤⁸Postscript ─ⱨ□▬  ꜟ band_structure.eps ⅜ ↕╣╕∆⁹ 
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% band.pl  nfenergy.data  bandkpt_fcc_xglux.in  - erange=E1,E2  - with_fermi  

 

↓─ ≢│⁸ ∆╢◄Ⱡꜟ◑כ ─  E1 ≤  E2 ╩  E1 = -13 ≤ E2 = 5 ≤⇔≡⁸ 

─╟℮⌐ ⇔╕∆⁹ 

% band.pl  nfenergy.data  bandkpt_fcc_xglux.in  - erange= - 13, 5 - with_fermi  

 

Si2─Ᵽfi♪ ╩  4.6⌐ ⇔╕∆⁹ 

 

 

 4.6 Si2─Ᵽfi♪  
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4.3 ☻Ⱨfi ╩ ⇔√  

 

╛ ╩ ℮ ⌐│☻Ⱨfi ╩ ∆╢ ⅜№╡╕∆⁹☻Ⱨfi ─ ⇔√ ⌐≈™

≡ ⇔╕∆⁹ 

 

↓↓≢│ ─ ≤⇔≡ ╩ ─ ≤⇔≡ ◒꜡ⱶ╩ ⇔≡ ╩ ™╕∆⁹ 

 

4.3.1 ─  

 

4.3.1.1 Ɽꜝⱷכ♃ 

 

─ ≤⇔≡ ╩ ⌐ ⇔╕∆⁹ │⁸sample/bcc_Fe≢∆⁹ 

 

Control{  
        condition  = initial  
        cpumax = 3 hour  
        max_iteration  = 250 
}  

 
accuracy{  
        cutoff_wf  =   25  rydberg  
        cutoff_cd  =  225.00   rydberg  
        num_bands  =  20 
        ksampling{  
                method  = mesh 
                mesh{  nx = 10,  ny = 10,  nz = 10 }  
        }  
        smearing{  
                method  = tetrahedral  
        }  
        xctype  = ggapbe  
        scf_convergence{  
                delta_total_energy  = 1.e - 10  hartree  
                succession  = 3 
        }  
}  

 
structure{  
        unit_cell_type  = Bravais  
        unit_cell{  
                 #units  angstrom  
                 a = 2.845,  b = 2.845,  c = 2.845  
                 alpha  = 90,  beta  = 90,  gamma = 90 
        }  

 
        symmetry{  
             crystal_structure  = bcc  
        }  

 
        magnetic_state  = ferro  

 
        atom_list{  
             atoms{  
                !#tag   rx        ry          rz       element  
                     0.000      0.000      0.000           Fe 
             }  
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        }  
        element_list{  !#tag  element   atomicnumber      zeta   dev  
                                 Fe            26    0.275   1.5  }  

 
}  

 
Postprocessing{  
        dos{  
                sw_dos  = ON 
                method  = tetrahedral  
                deltaE  = 1.e - 4 hartree  
                nwd_dos_window_width  = 10 
        }  
        charge{  
                sw_charge_rspace     = OFF 
                filetype             = cube  
                title   = "T his  is  a title  line  for  FM bcc  Fe"  
        }  
}  

 
printlevel{  
        base  = 1 
}  

 

 

 ─  

crystal_structure ≢⁸ ─ (bcc≤™℮ )≢№╢↓≤╩ ⇔≡™╕∆. ╟∫≡⁸ꜚ ♬♇♩☿

ꜟ│Ⱪꜝⱬכ ⌐╟∫≡ ⇔≡™╢─≢, │ 1 ≈─╖ ⇔≡™╕∆. ⌐№╢ │ ⇔≡

™⌂™ ⌐↔ ↄ∞↕™. crystal_structure ⌐ bcc≤™℮ ╩ ∆╢≤ ⱪ꜡◓ꜝⱶ⅜ ─ ╩

⌐ ∆╢─≢, ─ ─ │ ≤⌂╡╕∆⁹ 

 

 ☻Ⱨfi ─  

╩ ℮ ⌐│, magnetic_state ╩ ferro ≤ ⇔╕∆⁹ 

structure{  
        magnetic_state  =  ferro    !{para|antiferro|ferro}  
}  

 

↕╠⌐, ─☻Ⱨfi ─ ╩ ∆╢ ⅜№╡╕∆. ⱨ□▬ꜟ⌐№╢, 

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

 

─ zeta = 0.275 ≤™℮ ─ ⅜, ▪♇ⱪה☻Ⱨfi≤♄►fiה☻Ⱨfi─ ─ ╩ ∆, ☻Ⱨfi  

‒ ὲᴻ ὲȢ Ⱦὲᴻ ὲȢ  ─ ╩ ⇔≡™╕∆. 

 

4.3.1.2 ─  

 

☻Ⱨfi ─ │, ꜡◓ⱨ□▬ꜟoutput000 ⌐ ↕╣╕∆⁹ ─╟℮⌐⇔≡ ∆╢↓≤⅜≢⅝╕∆. 

% grep  charge  output000  |  grep  NEW |  more 

 
 !* ---  input - file  style  = NEW 
 !NEW total  charge  (UP,  DOWN, SUM) =     4.91749982  (+)     3.08250018  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.75677803  (+)     3.24322197  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.64472738  (+)     3.35527262  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.55104317  (+)     3.44895683  (=)     8.0 0000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.47221206  (+)     3.52778794  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.46057861  (+)     3.53942139  (=)     8.00000000  
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 !NEW total  charge  (UP,  DOWN, SUM) =     4.48476557  (+)     3.51523443  (= )     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.52141098  (+)     3.47858902  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.56555794  (+)     3.43444206  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.61364243  (+)     3.386 35757  (=)     8.00000000  
   .................................................................  
   .................................................................  
   .................................................................  

 
 !NEW total  charge  (UP,  DOWN, SUM) =     5.11286684  (+)     2.88713316  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     5.11285665  (+)     2.88714335  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     5.11284790  (+)     2.88715210  (=)     8.00000000  
 !NEW total  char ge (UP,  DOWN, SUM) =     5.11284030  (+)     2.88715970  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     5.11283035  (+)     2.88716965  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     5.11282059  (+)     2.88717941  (=)     8.00000000  

 

↓↓≢, ☻Ⱨfi ─  ‒ ὲᴻ ὲȢ Ⱦὲᴻ ὲȢ  ╩ ℮≤, ↓╣⅜ ‒ πȢςχψς ≤™℮ ⌐ ⇔≡™╢↓

≤⅜ ⅛╡╕∆. 

 

─╟℮⌐ ∆╢≤⁸ ─ ≢─ ─ ⅜ ≢⅝╕∆⁹ 

 % grep  charge  output000  |  more 

 
 F_CHGT     = ./nfcharge.data                                               opened  = false  
 !**  ---  charge  precondi tioning  ---  
 !**  sw_charge_rspace    =      0 
 !**  charge_filetype     =      1 
 !**  charge_title     =  
 !**  deviation(  1)  of  the  Gauss.  distrib.  func.  for  the  initial  charge  construction  =    1.50000  
 F_CHGT     = ./nfcharge.data                                               
 F_CHGT     = ./nfcharge.data                                               
 !!  total_charge  =        8.000000  (m_CD_initial_CD_by_Gauss_func)  
 !OLD total  charge  (UP,  DOWN, SUM) =     5.10000000  (+)     2.90000000  (=)     8.00000000  
 !NEW to tal  charge  (UP,  DOWN, SUM) =     4.91749982  (+)     3.08250018  (=)     8.00000000  
 !OLD total  charge  (UP,  DOWN, SUM) =     4.91749982  (+)     3.08250018  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.75677803  (+)     3.24322197  (=)     8.00000000  
 !OLD total  charge  (UP,  DOWN, SUM) =     4.75677803  (+)     3.24322197  (=)     8.00000000  
 !NEW total  charge  (UP,  DOWN, SUM) =     4.64472738  (+)     3.35527262  (=)     8.00000000  
   .................................................................  
   ........ .........................................................  
   .................................................................  

 

4.3.2 ─  

 

─ ╙ ─ ≤ ⌐│ ∂≢∆⁹√∞⇔ ╩ ∆╢√╘⌐│ ☻Ⱨfi

╩ ⌐∆╢ ⅜№╡╕∆⁹ ∕℮⇔⌂™≤ ™ ≢ ≢№╢ ─ ┼ ⇔╕∆⁹  

─ ⌐⅔™≡╙ ⇔√╟℮⌐ ☻Ⱨfi │ ↔≤⌐⇔⅛ ∆╢↓≤⅜≢⅝╕∑╪⁹∕↓≢

PHASE ≢│ ∂ ⱳ♥fi◦ꜗꜟ╩ ∆╢ ╩ ⇔ ₁⌐☻Ⱨfi ╩ ∆╢↓≤⌐╟∫≡

⌂ ☻Ⱨfi ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

4.3.2.1 Ɽꜝⱷכ♃ 

 

─ ≤⇔≡ ◒꜡ⱶ╩ ≤⇔≡ ⇔╕∆⁹ 

 

↓↓≢│⁸ ╩☻Ⱨfi ⅜ ⌂╢ ╩ ⌂╢ ≤⇔≡ ℮ magnetic_state │ ferro

≤ ∆╢ ╩ ⇔╕∆⁹Cr─ │⁸ ─╟℮⌐Cr1≤Cr2≤⇔≡ ⇔╕∆⁹ 

    element_list{  
        #tag  element   atomicnumber  zeta  
          Cr1            24     0.3  
          Cr2            24    - 0.3  
        }  
    }  
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Cr1 ≤Cr2 ≤™℮2 ─ ╩ ⇔ ☻Ⱨfi ≤⇔≡∕╣∙╣0.3, -0.3 ≤™℮ ╩ ⇔≡™╕∆⁹

│ ─╟℮⌐ ⇔╕∆⁹↓╣│ ≢⁸ ⅜ ╗⌐ ™☻Ⱨfi ─ ⅝↕│↓─

⅛╠ ∆╢↓≤⌐ ⇔≡ ↕™⁹ 

 

    atom_list{  
         atoms{  
         #tag   rx        ry          rz       element  
             0.000      0.000      0.000          Cr1  
             0.500      0.500      0.500          Cr2  
         }  
    }  

─ Cr1⌐ ─ ╩Cr2⌐⇔≡™╕∆ 

 

☻Ⱨfi ─ ≤⇔≡⁸magnetic_state ╩ ferro ≤ ⇔╕∆⁹ 

 

        magnetic_state  =  ferro    !{para| ferro}  

 

 

file_names.data ⱨ□▬ꜟ≢│⁸ ⱳ♥fi◦ꜗꜟ╩ ─╟℮⌐ ⇔╕∆⁹ 

&fnames  
 F_INP    = './nfinp.data'  
 F_POT(1)  = '../../Cr_ggapbe_paw_002.gncpp2'  
 F_POT(2)  = '../../Cr_ggapbe_paw_002.gncpp2'  
/  

↓╣⌐╟∫≡ Cr1, Cr2 ≤╙ ∂ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ⅜ ↕╣╢↓≤⌐⌂╡╕∆⁹ 

 

↓─ ╩ ∆╢↓≤⌐╟∫≡ ╟╡ ⌂ ╩ ≈ ─ ╩ ℮↓≤╙ ≢∆⁹  
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4.4  

 

⌐ ↄ ╩ ⇔≡ ╩ ℮↓≤⅜≢⅝╕∆⁹ ─ ╩ ⇔╕∆⁹ 

 

4.4.1 Ɽꜝⱷכ♃ 

 

╩ ℮⌐│ ⱨ□▬ꜟ╩ ─╟℮⌐ ⇔╕∆⁹ 

 

accuracy Ⱪ꜡♇◒⌐⅔™≡ ⌐ ↄ ─ ─ ╩ ─╟℮⌐ ™╕∆⁹↓─Ɽꜝⱷ⁸⅜כ♃כ

─ ≤⌂╡╕∆⁹ 

...  
accuracy{  
    ...  
    max_force  = 1.0e - 3 hartree/bohr  
    ...  
}  
...  

max_force─♦ⱨ◊ꜟ♩ │ ρπ  hartree/bohr ≢∆⁹ 

 

Structure Ⱪ꜡♇◒─ ─ atom_list ⌐mobile ╩ ⇔ ─ ≤⌂╢ ⌐1≤™℮ ╩

⇔╕∆⁹ ─ ≤⇔⌂™ │0№╢™│*≤⇔╕∆⁹ 

...  
structure{  
    ...  
    atom_list{  
    !#tag  element   rx      ry      rz      mobile  
          Ba       0.0000  0.5000  0.05    0 
          O        0.5000  0.0000  0.05    1 
          Ba       0.5000  0.0000  0.15    1 
          O        0.0000  0.5000  0.15    1 
          ...  
    }  
}  
...  

↓─ ≢│ 1 ─Ba │ ─ ≤∑∏ 2 ≤ 4 ─O ≤3 ─Ba ⅜ ─

≤⇔≡™╕∆⁹ 

 

structure_evolution Ⱪ꜡♇◒⌐⁸ ─ ╩⇔╕∆⁹ 

...  
structure_evolution{  
    method  = quench  
    dt  = 50 
    ...  
}  
...  

 

 

method ─ ╩ ⇔╕∆⁹ ─○ⱪ◦ꜛfi≤⇔≡ quench  (quenched MD ) cg  

(CG ) gdiis  (GDIIS ), bfgs  (BFGS ) ─™∏╣⅛⅜ ═╕∆⁹♦ⱨ◊ꜟ♩ │quench

≢∆⁹ 

dt ╩ ℮ ─ ╖≢∆⁹ ⅝™ ⅜ ↄ ┼™√╡╕∆⅜ ⅝∆⅞╢≤ ╩

⇔ↄ ↕∑╢↓≤⅜≢⅝⌂ↄ⌂╢ ⅜№╡╕∆⁹ ♦ⱨ◊ꜟ♩ │ ≢100≢∆⁹ 
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GDIIS №╢™│ BFGS │ ⌐ ↄ ⅜ ⅝™ ⌐ ≢⅝⌂™ ⅜№╢─≢ ⅜ ⅝™ │

quenched MD ⅛CG ╩ ⇔⁸№╢ ⅜ ↕ↄ⌂∫≡⅛╠GDIIS(BFGS) ⌐ ╡ ⅎ╢ ≤™℮

╩⇔╕∆⁹GDIIS(BFGS) ⌐ ╡ ⅎ╢ ─ ≤ ╡ ⅎ─ │ ∕╣∙╣

initial_method ≤c_forc2gdiis ╩ ⇔≡ ─╟℮⌐ ⇔╕∆. 

 

...  
structure_evolution{  

    method  = gdiis  
    dt  = 50 
    gdiis{  
        initial_method  = cg  
        c_forc2gdiis  = 0.0025  hartree/bohr  
    }  
}  
...  

Ⱪ꜡♇◒ │ GDIIS, BFGS ≢gdiis ≢∆⁹♦ⱨ◊ꜟ♩ │ initial_method ⅜cg , c_forc2gdiis ⅜

0.05 hartree/bohr ≢∆⁹ 

 

4.4.2 ─  

 

╩ ∆≤ F_ENFⱨ□▬ (ꜟ ─ⱨ□▬ꜟ nfefn.data )⌐◄Ⱡꜟ◑כ╛ ⌐ ↄ ─

─ ⅜ F_DYNMⱨ□▬ (ꜟ ─ⱨ□▬ꜟ nfdynm.data )⌐ ─ ⅜ ↕╣╕∆⁹  

 

 

4.4.3 ◦ꜞ◖fi ─  

 

◦ꜞ◖fi ─ ─ ≢∆⁹ ⌂ ⅛╠ ╩∏╠⇔≡ ∕↓⅛╠─ ╩

∆╢ ≢∆⁹ │⁸sample/Si2/relax ≢∆⁹ 

 

 ⱨ□▬  ꜟ

 

ⱨ□▬  ꜟ file_names.data ─ ≢│ ⱨ□▬  ꜟ input_relax_Si.data ≤ ─ ≤ ⌐ ↄ

─ ─ ⱨ□▬  ꜟ nfdynm.data ⅜ ↕╣≡™╕∆⁹ 

 F_INP    = './input_relax_Si.data'  
  ...  
 F_DYNM   = './nfdynm.data'  
  ...  

 

ⱨ□▬ꜟ input_relax_Si.data │⁸ ╩ 0.125≢│⌂ↄ 0.130 ≤⇔⁸ ⌂ ⅛╠ ╩

∏╠⇔≡™╕∆⁹ ╕√ mobile ─ ╩ yes ⌐⇔≡ ╩ ⌐⇔≡™╕∆⁹ 

structure{  
         ...  
        atom_list{  
             atoms{  
                #tag     rx         ry         rz     element  mobile  
                       0.130      0.130      0.130      Si    yes   
                      - 0.130     - 0.130     - 0.130      Si    yes   
             }  
       }  
}  

  

accuracyⱩ꜡♇◒≢ ⌐ ↄ ─ ╩ ⇔╕∆⁹ 

accu racy{  
        force_convergence{  



 

 100 

                max_force  = 1.0e - 3 
        }  
}  

 

 

  

 

─ ⱨ□▬  ꜟ nfdynm.data │ ─ ╡≢∆⁹ 
# 
#   a_vector  =         0.0000000000         5.1300000000         5.1300000000  
#   b_vector  =         5.1300000000         0.0000000000         5.1300000000  
#   c_vector  =         5.1300000000         5.1300000000         0.0000000000  
#   ntyp  =        1 natm =        2 
# (natm - >type)      1    1 
# (speciesname)      1 :    Si  
# 
 cps  and forc  at  (iter_ion,  iter_total  =     1      34 )  
    1    1.333800000     1.333800000     1.333800000    - 0.010794    - 0.010794    - 0.010794  
    2   - 1.333800000    - 1.333800000    - 1.333800000     0.010794     0.010794     0.010794  
 cps  and forc  at  (iter_ion,  iter_total  =     2      53 )  
    1    1.331707297     1.33170729 7    1.331707297    - 0.010402    - 0.010402    - 0.010402  
    2   - 1.331707297    - 1.331707297    - 1.331707297     0.010402     0.010402     0.010402  
 cps  and forc  at  (iter_ion,  iter_total  =     3      75 )  
    1    1.327597870     1.327597870     1.327597870    - 0.009 614   - 0.009614    - 0.009614  
    2   - 1.327597870    - 1.327597870    - 1.327597870     0.009614     0.009614     0.009614  
 cps  and forc  at  (iter_ion,  iter_total  =     4     100 )  
    1    1.321624355     1.321624355     1.321624355    - 0.008433    - 0.008433    - 0.008433  
    2   - 1.321624355    - 1.321624355    - 1.321624355     0.008433     0.008433     0.008433  
 cps  and forc  at  (iter_ion,  iter_total  =     5     127 )  
    1    1.314015753     1.314015753     1.314015753    - 0.006865    - 0.006865    - 0.006865  
    2   - 1.314015753    - 1.314015753    - 1.314015753     0.006865     0.006865     0.006865  
 cps  and forc  at  (iter_ion,  iter_total  =     6     155 )  
    1    1.305076108     1.305076108     1.305076108    - 0.004930    - 0.004930    - 0.004930  
    2   - 1.305076108    - 1.305076108    - 1.305076108     0.004930     0.004930     0.004930  
 cps  and forc  at  (iter_ion,  iter_total  =     7     184 )  
    1    1.295180554     1.295180554     1.295180554    - 0.002671    - 0.002671    - 0.002671  
    2   - 1.295180554    - 1.295180554    - 1.295180554     0.002671     0.002671     0.002671  
 cps  and forc  at  (iter_ion,  iter_total  =     8     213 )  
    1    1.284767108     1.284767108     1.284767108    - 0.000159    - 0.000159    - 0.000159  
    2   - 1.28 4767108    - 1.284767108    - 1.284767108     0.000159     0.000159     0.000159  

 

↓─℮∟ # ≢ ╕╢ │ ─♃כ♦ ╩ ⇔≡™╕∆⅜ ∕─ ─ │  ▬○fi∆⌂╦∟◖▪

─ ╩ ∆╢ ⌐ ⅜ 34 ≢№∫√↓≤  ∆⌂╦∟ ↓─ ⌐ ⅜ 33

↕╣√↓≤╩ ⇔≡™╕∆⁹ ─ ⌐ ∆╢ │  3 ─ ≤ ⌐  ◄Ⱡꜟ◑כ⌐

⇔≡ ↕╣≡™╕∆⁹  

╕√ ∕─ ─2 │ ─ (x,y,z, bohr )  ⅔╟┘ ─  (x,y,z, hartree/bohr )─

╩ ⇔≡™╕∆⁹ ↓╣⌐╟╡ ╩ ╕≢ ∫≡╝ↄ≤ ⅜ ╗⌐≈╣≡ ⌐ ↄ ⅜

⌐ ⇔≡╝ↄ↓≤⅜ ⅛╡╕∆⁹ ─ ≢ ─ ─ ⅜ ⌐ ↕╣√

⌐⌂∫√√╘⌐  ─ ⅜ ⇔≡™╕∆⁹ 
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4.5 ─  

 

4.5.1 ─ ╩ ∆╢⌐│ 

 

PHASE │ ⌐ ╩ ∆ ⅜№╢─≢ ⌂ ≢│ ⌂≥─ ╩ ℮↓≤│≢⅝╕∑╪⁹

⇔⅛⇔ ⌂ò ó╩ ↑╢↓≤⌐╟╡ ≤ ╦╠⌂™ ╩ ℮↓≤│ ≢∆⁹ │

≤ ⅜ ⇔⌂™ ─ ⅝↕╩ ╡╕∆⁹ 10¡↔╒≥─ ╩ ⇔╕∆⁹ ↕╣√◦

ꜞ◖fi ─ ╩ ≤⇔╕∆⁹ ↓─ ─ ⌐│  4.7 ⌐ ↕╣╢╟℮⌂☻ꜝⱩ ╩ ™╕∆⁹☻ꜝ

Ⱪ─ ─Si ─Ⱳfi♪│ ⌂ ≢ ⇔≡™╕∆⁹ 

 

 

 4.7 ⇔√Si(001)-p(2×1) ─  

 

↓─ ≢ ∆╢ file names.data ≢∆⁹ 

&fnames  
 F_INP    = './input_SiH2x1.data'  
 F_POT(1)  = '../pp/Si_ldapw91_nc_01.pp'  
 F_POT(2)  = '../pp/H_ldapw91_nc_01.pp'  
  ................................  
&end  

F_POT(1) ≤ F_POT(2) ⌐⁸Si ≤ H ─ ⱳ♥fi◦ꜗꜟ╩ ⇔≡™╕∆⁹ 

 

Ɽꜝⱷכ♃ ≢∆⁹ 

 

k ◘fiⱪꜞfi◓─ ≢∆⁹ 

accuracy{  
        cutoff_wf  =  15.00   rydberg  
        cutoff_cd  =  60.00   rydberg  
        num_bands  =  25 
        ksampling{  
                method  = monk  !  {mesh|file|directin|gamma}  
                mesh{   nx = 2,  ny =  4,  nz =  1  }  
                kshift{  k1 = 0.5,  k2 = 0.5,  k3 = 0.0  }  
        }  

 
        ...........................  
}  
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↓─ ≢│ ☻ꜝⱩ ╩ ™≡™╢√╘  k ─◘fiⱪꜞfi◓│ Ὧ ⌐│1 ∞↑╩ ∫≡™╕∆⁹ 

structure{  
        unit_cell_type  = primitive  
        unit_cell{  
                a_vector  =  14.512       0.000       0.000  
                b_vector  =   0.000       7.256       0.000  
                c_vector  =   0.000       0.000      30.784  
        }  
        symmetry{}  

 
        magnetic_state  = para    !{para|af|ferro}  

 
        atom_list{  
            coordinate_system  = internal  
            atoms{  
                #default  weight  = 1,  ele ment  = Si,  mobile  = 0 
                #tag    rx        ry        rz          element  
                       0.26177   0.50000   0.65651        H    
                       0.73823   0.50000   0.65643        H    
                       0.34138   0.50000   0.56971           
                       0.65858   0.50000   0.56966           
                       0.26229   0.00000   0.49388           
                       0.73763   0.00000   0.49385           
                       0.00000   0.00000   0.41498           
                       0.50000   0.00000   0.40298           
                       0.00000   0.50000   0.32769           
                       0.50000   0.50000   0.32150           
                       0.25000   0.50000   0.24167           
                       0.75000   0.50000   0.2 4167           
                       0.25000   0.20000   0.18269        H    
                       0.25000   0.80000   0.18269        H    
                       0.75000   0.20000   0.18269        H    
                       0.75000   0.80000   0.18269        H    
            }  
       }  
}  

 
postprocessing{  
    charge{  
        sw_charge_rspace     = ON 
        filetype             = cube   !{cube|density_only}  
        title   = "Si(001)  p(2x1)  surface  terminated  by H atoms"  
    }  
}  

 

atoms ─ ≢ ♦ⱨ◊ꜟ♩ ≤⇔≡ ╩ Si ⌐ ⇔≡™╢─≢   element ⌐ H ≤ ⇔≡™╢

─ ─ │ Si ⌐⌂╡╕∆⁹ ╕√ ╛│╡♦ⱨ◊ꜟ♩ ≤⇔≡ mobile = 0 ≤⇔≡™╢─≢ ≡─

─ │ ↕╣≡™╕∆⁹ 

 

 % grep  TOTAL output000  

≤⇔≡ ◄Ⱡꜟ◑כ─ ╩ ∆╢≤ ─╟℮⌂ ⅜ ╠╣╕∆⁹ 

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

 

↓─ │ ⌐ ∆╢◄Ⱡꜟ◑כ ∞↑╩ ⌐⇔≡™╕∆⅜ ╙⇔ ─ ─

╩ ℮ │⁸ ─╟℮⌐⁸ ─ ≤∕╣╠≤ ⇔√ Si ╩ ⇔⁸∕╣╠ ─ ╩  

(mobile = 1) ⌐ ⅎ≡╛╢ ⅜№╡╕∆⁹ 

 

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

 

Si(001) ─Ᵽ♇◒ꜟ⇔√♄▬ⱴכ─ │ p ς ρ ≢│⌂ↄ c τ ς ≢∆⅜ ↓─ ╩ ∆╢

⌐│ Si ♄▬ⱴכ╩╙℮ ≈ ╛∆⌂≥⇔≡  ⌐ ∆╢ Si ♄▬ⱴכ─ ╩ ⌐⇔⌂↑╣┌⌂

╡╕∑╪⁹ 

 

4.5.2 ╩ ⇔√ ─  

 

⌐│ ⅜№╢ ⅜№╡╕∆⁹ ╩ ∆╢↓≤⌐╟∫≡ ╒╓ ─ ≢2 

─ ↕─ ⸗♦ꜟ╩ ╡ ℮↓≤⅜ ≢∆⁹Pt ─(111) ╩ ≤⇔╕∆⁹↓─ ─ ⱨ□▬ꜟ─

structure Ⱪ꜡♇◒│ ─╟℮⌐⌂∫≡™╕∆⁹ 

structure{  
    element_list{  
        #tag  element  atomicnumber  mass zeta  deviation  
         Pt  78 355606.909  0.0  1.83  
    }  
    atom_list{  
        coordinate_system  = cartesian  
        atoms{  
            #units  angstrom  
            #tag  element  rx  ry  rz  mobile  weight  
Pt 0.00 0.00 0.00  
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Pt 1.4142135624 2.4494897428 0.00  
Pt 2.8284271248 0.00 0.00  
Pt 4.2426406871 2.4494897428 0.0 0 
Pt 5.6568542497 3.2659863239 2.30940111  
Pt 4.2426406874 0.8164965811 2.30940111  
Pt 2.828427125 3.2659863239 2.30940111  
Pt 1.4142135626 0.8164965811 2.30940111  
Pt 2.8284271245 1.6329931617 4.618802187  
Pt 4.2426406868 4.0824829045 4.618802187  
Pt 5.65685424 92 1.6329931617 4.618802187  
Pt 7.0710678116 4.0824829045 4.618802187  
Pt 5.6568543525 0.0000002214 6.928203264  
Pt 1.4142137683 2.4494897428 6.928203264  
Pt 2.8284271248 0.00 6.928203264  
Pt 4.2426406871 2.4494897428 6.928203264  
Pt 5.6568542497 3.2659863239 9. 237604341  
Pt 4.2426406874 0.8164965811 9.237604341  
Pt 2.828427125 3.2659863239 9.237604341  
Pt 1.4142135626 0.8164965811 9.237604341  
Pt 2.8284271245 1.6329931617 - 2.30940111  
Pt 4.2426406868 4.0824829045 - 2.30940111  
Pt 5.6568542492 1.6329931617 - 2.30940111  
Pt 7.0710678116 4.0824829045 - 2.30940111  
Pt 5.6568542497 3.2659863239 - 4.618802187  
Pt 4.2426406874 0.8164965811 - 4.618802187  
Pt 2.828427125 3.2659863239 - 4.618802187  
Pt 1.4142135626 0.8164965811 - 4.618802187  
Pt 2.8284270217 4.8989792642 - 6.928203264  
Pt 7.0 710676059 2.4494897428 - 6.928203264  
Pt 2.8284271248 0.00 - 6.928203264  
Pt 4.2426406871 2.4494897428 - 6.928203264  
Pt 2.8284271245 1.6329931617 - 9.237604341  
Pt 4.2426406868 4.0824829045 - 9.237604341  
Pt 5.6568542492 1.6329931617 - 9.237604341  
Pt 7.0710678116 4. 0824829045 - 9.237604341  
        }  
    }  
    unit_cell{  
        #units  angstrom  
        a_vector  = 5.6568542495  0.00  0.00   
        b_vector  = 2.8284271247  4.8989794856  0.00   
        c_vector  = 0.00  0.00  30.00   
    }  
    symmetry{  
        method  = automatic   
        tspace{  
            lattice_system  = primitive   
        }  
        sw_inversion  = on 
    }  
}  

 

↓─ ≢│ ╩ ⌐ ⅜№╡╕∆⁹↓─ ╩ ∆╢√╘⌐ symmetry Ⱪ꜡♇◒─ ─

sw_inversion ╩on≤⇔≡™╕∆⁹ ↓─ ╩♃כ♦ ∆╢≤  4.8≤⌂╡╕∆⁹ 

↓─ ─╟℮⌐ │ ↕ ─ ╩ ≤∆╢↓≤⌐╟∫≡ ⅜№╢╟℮⌐⌂╢ ⅜№╡╕∆⁹

↓─╟℮⌂ │ sw_inversion Ɽꜝⱷכ♃כ╩ on≤∆╢↓≤⌐╟∫≡ ╩ ⌐≢⅝╕∆⁹ ⌐↕

╠⌐ ╛ ⌂≥╩ ↕∑√ ╩ ℮ │ ─ ⌐ ∆╢↓≤⌐╟∫≡╛│╡

╩ ∆╢↓≤⅜ ≢∆⁹ 
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 4.8 Pt(111) ─ ⁹ ⸗♦ꜟ─ ╩ ⌐∆╢↓≤⌐╟∫≡ ⅜№╢⁹ 

 

4.5.3 ─ ◄Ⱡꜟ◑כ 

 

0K⌐⅔↑╢ ─ ◄Ⱡꜟ◑כ│ ─╟℮⌐ ∆╢↓≤⅜ ≢∆⁹ 

‎ Ὁ Ὁ Ⱦςὃ 

↓↓≢‎⅜ ◄Ⱡꜟ◑כ Ὁ⅜ ─ ◄Ⱡꜟ◑כ Ὁ⅜ ∆╢ ─ ◄Ⱡꜟ◑כ ὃ⅜ ≢∆⁹

2A≢ ∫≡™╢─│ ≢│ ⅜2≈ ╣╢⅛╠≢∆⁹ ╕√ Ὁ│ ⸗♦ꜟ≤ ⅜ ℮╟℮⌐☻◔

≢≥№√⇔ꜟכ ╩ ⇔╕∆⁹  

 

╩ ⇔√ ─ │⁸ ─ ◄Ⱡꜟ◑כ─ ≢∆⁹ 

 

Pt(111)  9 ─(111) , 36 ⁹ 

│ ὥ ὦ υȢφυχ!ȟὧ σπ!ȟ‌ ‍ ωπᶼȟ‎ ρςπᶼ 

 4.8─⸗♦  ꜟ

Pt(110) MR 15 ─missing -row (MR) (110) , 28  

MR ≤│ ─òó╩⌂⇔≡™╢ ⅜1 ⅔⅝⌐ ↑≡™╢ ─⸗♦ꜟ⁹ 

│ὥ τ!ȟὦ ςȢψςψτςχρςυ!ȟὧ σπ!ȟ‌ ‍ ‎ ωπᶼ 

 4.10─⸗♦ꜟ ↓─ ≢│ ≢ꜟ☿כⱤכ☻ ⇔≡™╢ ⁹ 

Pt(110)  15 ─(110) , 15 ⁹ 

│ὥ ψ!ȟὦ ςȢψςψτςχρςτψ!ȟὧ σπ!ȟ‌ ‍ ‎ ωπᶼ 

 4.9─⸗♦ꜟ ↓─ ≢│ ≢ꜟ☿כⱤכ☻ ⇔≡™╢ ⁹ 

 

 

 4.9 Pt(110) (☻כⱤכ☿ꜟ ) 
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 4.10 Pt(110) missing -row (☻כⱤכ☿ꜟ ) 

 

│ (111) ⅜ ╙ ≢ (110) ⌐≈™≡│ missing -row ⅜ ↕╣╢≤↕╣≡™╕∆⁹↓─╟

℮⌂↓≤⅜ ◄Ⱡꜟ◑כ─ ⅛╠ ≢⅝╢↓≤╩ ⇔╕∆⁹ 

⌂ ≢∆⁹ 

 ̧ ™∏╣─⸗♦ꜟ╙ ╩  

 ̧ ◌♇♩○ⱨ◄Ⱡꜟ◑25│כ Rydberg 

 ̧ k ◘fiⱪꜞfi◓│ (111) ⌐ ⇔≡│6x6x1, (110) ⌐ ⇔≡│6x8x1, (110) MR ⌐ ⇔≡│3x8x1 

 ̧ │BFGS ⌐╟∫≡ ─ │ς ρπ  hartree/bohr  

 ̧ ─ ≤⌂╢ │ ⅛╠4 ≠≈ 

↓─╟℮⌐⇔≡ ╠╣√ ◄Ⱡꜟ◑כ─ ╩  4.3⌐╕≤╘╕⇔√⁹(111) ─ ◄Ⱡꜟ◑כ⅜

↕ↄ ⌐(110) MR, ╙ ◄Ⱡꜟ◑כ⅜ ⅝™─⅜(110) ≤™℮ ⅜ ╠╣╕⇔√⁹ 

 

 4.3 ─ ◄Ⱡꜟ◑(110) ,(111)⁹כMR, (110) ─ ≢ ◄Ⱡꜟ◑כ⅜ ↕™⁹ 

 (111)  (110) MR  (110)   

◄Ⱡꜟ◑כ (eV/Åȏ2)  0.089  0.099  0.108   
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ה 4.6 ─  

 

ה ─ │ ╩ ↑╢↓≤⌐╟∫≡ ™╕∆⁹ ╛ ─ │⁸ ─ ⅜⌂

™╟℮⌐⁸∆═≡─☿ꜟⱬ◒♩ꜟ─ ≢ ╩ ↑╢ ⅜№╡╕∆⁹ Ὧ◘fiⱪꜞfi◓│ɜ ─╖╩

⇔╕∆⁹ 

 

4.6.1 Ɽꜝⱷכ♃ 

 

ה ─ │⁸ ╩ ↑╢╟℮⌐unit_cell ╩ ⇔╕∆⁹ 

        unit_cell{  
              a_vector  =  15.0                0.0                 0.0  
              b_vector  =   0.0               15.0                 0.0  
              c_vector  =   0.0                0.0                15.0  
        }  

 

─ ─ Ɽꜝⱷ⁹∆≢♃כ ⌐ ⇔⁸ ⌐ ⅝⌂ꜚ♬♇♩☿ꜟ≤⇔≡™╕∆⁹ 

Control{  
        condition  = initial   
        cpumax = 1 day  !  maximum cpu  time  
        max_iteration  = 6000  
}  

 
accuracy{  
        cutoff_wf  =   25.00   rydberg  
        cutoff_cd  =  225.00   rydberg  
        num_bands  = 8 
        xctype  = ggapbe  
        initial_wavefunctions  = matrix_diagon  
        matrix_diagon  {  
          cutoff_wf  = 5.0  rydberg  
        }  
        ksampling{  
          method  = gamma 
        }  
        scf_convergence{  
          delta_total_energy  = 1.e - 10 
          succession  = 3 
          num_max_iteration  = 300 
        }  
        force_convergence{  
          delta_force  = 1.e - 4 
        }  
        initial_charge_density  = Gauss 
}  

 
structure{  
        unit_cell_type  = prim itive  
        unit_cell{  
              a_vector  =  15.0                0.0                 0.0  
              b_vector  =   0.0               15.0                 0.0  
              c_vector  =   0.0                0.0                15.0  
        }  
        symmetry{  
             tspace{  
                lattice_system  = primitive  
                generators{  
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                   #tag  rotation  tx  ty  tz  
                        C2z      0  0  0 
                        IC2x      0  0  0 
                }  
             }  
        }  

 
        atom_list{  
             coordinate_system  = cartesian  
             atoms{  
                !#default  mobile=on  
                !#tag   rx              ry        rz           element  
                      - 1.45            0.000     1.123        H 
                       1.45            0.000     1.123        H 
                       0.0             0.0       0.0          O 
             }  
        }  
        element_list{   #units  atomic_mass  
                       #tag  element   atomicnumber  zeta   dev  
                            H             1       1.00   0.5  
                            O             8       0.17   1.0     }  
}  

 
wf_solver{  
        solvers  {  
        !#tag  sol     till_n  dts  dte  itr   var     prec  cmix  submat  
              msd      5    0.1  0.1    1    tanh  on   1    on 
              lm+msd  10    0.1  0.4   50    tanh  on   1    on 
              rmm2p   - 1    0.4  0.4    1    tanh  on   2    on 
        }  
        rmm {  
          edelta_change_to_rmm  = 1.d - 6 
        }  
        lineminimization  {  
          dt_lower_critical  = 0.1  
          dt_upper_critical  = 3.0  
        }  
}  

 
charge_mixing{  
        mixing_methods  {  
        !#tag  id  method    rmxs  rmxe  itr  var     prec  istr  nbxmix  update  
              1  broyden2  0.3   0.3   1   linear  on   5    10     RENEW 
              2  simple    0.2   0.5   100 linear  on   *     *       *  
        }  
}  
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4.7 ─  

 

PHASE │SCF │ ≢ ╩ ™╕∆⅜ ⇔√ ╩ ⌐ ⱨכꜞ◄ ⇔

↕∑╢↓≤╙ ≢∆⁹↓℮∆╢↓≤⌐╟∫≡ PHASE -Viewer ⌂≥╩ ⇔≡ ─ ╩ ℮↓≤⅜

≢∆⁹ ╩ ⌐ ↕∑╢√╘⌐│ ⱨ□▬ꜟ─ ⌐postprocessingⱩ꜡♇◒╩ ⇔

↕╠⌐∕─ ⌐ chargeⱩ꜡♇◒╩ ⇔∕─ ≢ ╩ ™╕∆⁹⁹ 

 

  postprocessing{  
      charge{  
          sw_charge_rspace  = on 
          filetype  = cube  
      }  
  }  

 

chargeⱩ꜡♇◒─ ≢│ ─ ─ ╩ ™╕∆⁹ 

 

sw_charge_rspace ╩ ≢ ∆╢⅛≥℮⅛╩ ∆╢ ≢∆⁹on⌐∆╢≤ ─

⅜ ↕╣╕∆⁹ 

filetype ╩♩♇ⱴכ◊ⱨ♃כ♦─♃כ♦  ⇔╕∆⁹density_only ≤cube⅜ ═╕∆⁹

density_only ─ ─╖⅜ ↕╣╕∆⁹ ♦ⱨ◊ꜟ♩ │density_only ≢∆⁹

cube─ Gaussian Cube ≢ ⅜ ↕╣╕∆⁹↓─Ɽꜝⱷכ♃כ│

cube⌐ ∆╢↓≤╩ ⇔╕∆⁹ 

title  Gaussian Cube ⱨ□▬ꜟ─ò ⇔ó╩ ⇔╕∆⁹ ╩ ╘╢ ╩

─2 ≢ ╖╕∆⁹ 

 

╕√ filetype ≤⇔≡ cube╩ ⇔√ file_names.data ⱨ□▬ꜟ⌐⅔™≡ ⱨ□▬ꜟ─ⱨ□▬ꜟ

╩ ⇔≡⅔ↄ↓≤╩ ⇔╕∆⁹ 

 

  &fnames  
  ...  
  F_CHR = './nfchr.cube'  
  /  

 

⇔⌂™ ─♦ⱨ◊ꜟ♩ │nfchr.data ≢∆⁹  

☻Ⱨfi ╩ ⇔≡™╢ │ file_names.data ≢ ⇔√ⱨ□▬ꜟ ⅜ nfchr.cube ≢№∫√≤∆╢≤

nfchr.up.cube ≤nfchr.down.cube ≤™℮2≈─ⱨ□▬ꜟ⌐∕╣∙╣☻Ⱨfi▪♇ⱪה♄►fi ⌐ ∆╢

⅜♃כ♦ ↕╣╕∆⁹ ─√╘  4.11⌐ ─ ☻Ⱨfi≤ ☻Ⱨfi─ ╩PHASE -Viewer

≢ ⇔√ ╩ ⇔╕∆⁹ 

↕╠⌐ ─◄Ⱡꜟ◑כ ─ ╩ ⅝ ⇔≡ ↕∑╢ ╙PHASE ⌐│ ╦∫≡™╕∆⁹↓─

⌐≈™≡│⁸ ⌐⅔™≡ ⇔╕∆⁹ 
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 4.11 Fe ─ . ≤○꜠fi☺ ─ │, ⌐╟╡ ∂√, ☻Ⱨfi≤ ☻Ⱨ

fi⌐╟╢ ─ ╩ ∆. 
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4.8 ─  

 

SCF ⅜ ⇔√─∟ ─ ╩ ╦∑╢↓≤⅜≢⅝╕∆⁹ ─ ╩ ℮√╘⌐│ ⱨ

□▬ꜟ─ ⌐postprocessingⱩ꜡♇◒╩ ⇔ ↕╠⌐∕─ ⌐dosⱩ꜡♇◒╩ ⇔∕─ ≢ ╩ ™

╕∆⁹ 

  postprocessing{  
      dos{  
          sw_dos  = on 
          method  = gaussian  
          deltaE_dos  = 1e- 4 hartree  
      }  
  }  

 

dos Ⱪ꜡♇◒≢│ ─ ╩ ℮↓≤⅜≢⅝╕∆⁹ 

sw_dos ╩ ℮⅛≥℮⅛╩ ∆╢ ≢∆⁹ ─ ╩ ℮ on ≤⇔╕

∆⁹ 

method ─ ╩ ⇔╕∆⁹gaussian ≤ tetrahedral ─™∏╣⅛╩ ∆╢↓≤⅜≢

⅝╕∆⁹gaussian╩ ⇔√ ◄Ⱡꜟ◑כ ╩●►☻ ⌐╟∫≡ ╩ √∑√ ≢

⇔√ ⅜ ╠╣╕∆⁹tetrahedral ─ ⌐╟╢ ⌂ ╩

℮↓≤⅜≢⅝╕∆⁹√∞⇔ tetrahedral ╩ ∆╢ ─ ⅜ ≢⅝╢

╙↔ ↄ∞↕™⁹ 

deltaE_dos ⌐ ↕╣╢◄Ⱡꜟ◑כ─ ╩Ɫכꜞ♩כ ≢ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │

1e-4 hartree ≢∆⁹ 

 

─ ≤⇔≡ tetrahedral ╩ ∆╢ ─ ⅜ √↕╣≡™╢ ⅜№╡╕∆⁹ 

 ̧ k ◘fiⱪꜞfi◓ ≤⇔≡mesh ╩ ⇔≡™╢ 

        accuracy{  
            ksampling{  
                method  = mesh 
            }  
        }  

 ̧ smearing ─ ≤⇔≡ tetrahedral ╩ ⇔≡™╢ 

        accuracy{  
            smearing{  
                method  = tetrahedral  
            }  
        }  

⅜ √↕╣≡™⌂™≤gaussian ⌐╟╢ ⅜ ╦╣≡⇔╕℮─≢ ↔ ↄ∞↕™⁹ 

 

─√╘ gaussian ≤ tetraheral ≢ ⇔√ ─ ╩∕╣∙╣ 2.10 ≤2.11 ⌐ ⇔╕

∆⁹k ⱷ♇◦ꜙ│∕╣∙╣ 10 × 10 × 10 ╩ ⇔╕⇔√⁹  4.12⅔╟┘  4.13╟╡ Tetrahedral 

≢ ─ ≢ⱪכꜗ◦⅜ ─╟™╙─⅜ ╠╣≡™╢↓≤⅜ ⅛╡╕∆⁹ 

 



 

 112 

 

 4.12 Gaussian ≢ ⇔√ ─  

 

 4.13  Tetrahedral ≢ ⇔√ ─  

 

PHASE ⌐│ ╛ ⌐╟∫≡ ⇔√ò ó╩ ∆╢ ╙ ╦∫≡™╕∆⁹↓─ ⌐≈™≡│⁸

⌐⅔™≡ ⇔╕∆⁹ 
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4.9 Ᵽfi♪ ─  

 

4.9.1 k ─♦כ♃─  

 

Ᵽfi♪ ─ ⌐│⁸Ᵽfi♪ ╩ ∆╢ k ⅜♃כ♦─ ≢∆⁹ 

k ꜟכ♠⁸│♃כ♦─ band_kpoint.pl ╩ ⇔≡ ⇔╕∆⁹╕∏ band_kpoint.pl ─ ⱨ□▬ꜟ╩

⇔╕∆⁹∕─ │ ─╟℮⌂╙─≢∆⁹ 

 

dkv  
b1x  b2x  b3x  
b1y  b2y  b3y  
b1z  b2z  b3z  
n1 n2 n3 nd # Symbol  
...  

 

dkv ⅜Ὧ ─ , b1x,b1y,b1z│ ⱬ◒♩ꜟὦ─x,y,z ≢∆⁹ ⱬ◒♩ꜟὦ,ὦ⌐≈™≡╙ ≢∆⁹ 

⌐ Ὧ ≤∕─◦fiⱲꜟ─ ╩⇔╕∆⁹ ◦fiⱲꜟ─ │ ≢│№╡╕∑╪⅜, ⅜№╢

, Ᵽfi♪ ─ ⌐ ↕╣╕∆⁹ ὲȟὲȟὲȟὲ╩ ™≡Ὧⱬ◒♩ꜟ╩  

Ὧ
ὲ

ὲ
ὦ

ὲ

ὲ
ὦ

ὲ

ὲ
ὦ 

─╟℮⌐ ⇔╕∆⁹◦fiⱲꜟ│#─ ⌐ ™≡ↄ∞↕™. ─ ─ ╩ ⇔╕∆. 

 

0.02                         <----  k ─  
- 1.0   1.0   1.0  

1.0  - 1.0   1.0                <----  ⱬ◒♩  ꜟ
1.0   1.0  - 1.0  
0 1 1 2 # X                 <----  n1 n2 n3 nd # Symbol  
0 0 0 1 # {/Symbol  G} 
1 1 1 2 # L 
5 2 5 8 # U 
1 0 1 2 # X 

 

↓─ⱨ□▬ꜟ╩ ⇔√╠ ─╟℮⌐band_kpoint.pl ╩ ∆╣┌ⱨ□▬ꜟkpoint.data ⅜ ↕╣╕∆⁹ 
% band_kpoint.pl  bandkpt.in  

 

kpoint.data │ ─╟℮⌂ ⌐⌂∫≡™╕∆⁹ 

141 141         (a)  
0 50 50 100 1   (b)  
0 49 49 100 1    
0 48 48 100 1    
0 47 47 100 1 
0 46 46 100 1 
0 45 45 100 1 
0 44 44 100 1 
0 43 43 100 1 
   ......  
   ......  
   ......  

 

│ ─╟℮⌂ ≢∆⁹ 

(a) k ─ ╩ ⇔╕∆. ↓─ ≢│, 141 ≢∆⁹ 

(b) 4≈─ │, ∕╣∙╣Ὧ ╩ ─╟℮⌐ ⇔√ ─ὲȟὲȟὲȟὲȟύ⌐⌂╡╕∆ 

(↓↓≢ὦᴆȟὦᴆȟὦᴆ│ ⱬ◒♩ꜟ≢∆).  
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Ὧᴆ ύ
ὲ

ὲ
ὦᴆ

ὲ

ὲ
ὦᴆ

ὲ

ὲ
ὦᴆ 

 

 

4.9.2 ─ ╩ ℮ 

 

─ │ ⱪ꜡◓ꜝⱶekcal ⱪ꜡◓ꜝⱶ╩ ⇔╕∆⁹ 

SCF─ ╩ ⌐כꜞ♩◒꜠▫♦√∫ ╩ ⇔≡╙ ⅜♃כ♦─≤⌂ ,⅜╪∑╕╡№│

⅝↕╣⌂™╟℮⌐∆╢√╘ √⌐ ─ ╩כꜞ♩◒꜠▫♦ ∆╢↓≤╩⅔ ╘⇔╕∆.  

 

4.9.2.1 Ɽꜝⱷכ♃ 

 

 file_names.data  

file_names.data │ ⌐│SCF ─ ≤ ≢∆⅜, F_CHGT ≢SCF ⌐╟∫≡ ╠╣√

ⱨ□▬ꜟ╩ ∆ ⅜№╢ ⅜ ⌂╡╕∆. ↓─ⱨ□▬ꜟ│ SCF ≢ ⇔√ file_names.data ─

F_CHGT ≢ ↕╣╢ⱨ□▬ꜟ≢№╡, ─ │nfchgt.data ≢∆⁹√≤ⅎ┌ SCF ╩ ∫√♦

כꜞ♩◒꜠▫ ⌐⅔™≡ ─ ╩♃כ♦ ⇔≡™╢ file_names.data ⌐ ╩ ⇔╕∆  

Ᵽfi♪ ╩ ╘√™ k ─♦כ♃ kpoint.data │ file_names.data ≢ ≢⅝╕∆⁹ 

 

     &fnames  

     ...  

     F_CHGT = '../nfchgt.data'  

F_KPOINT = ' kpoint.data'  

     ...  

     /  

 

╙⇔PAW ⌐╟╢ ╩ ∫≡™╢─⌂╠┌ F_CHGT ─╒⅛⌐F_CNTN_BIN_PAW ≤™℮ ⌐╟∫≡

↕╣╢ⱨ□▬ꜟ╙SCF ─ⱨ□▬ꜟ╩ ∆ ⅜№╡╕∆⁹╕√ DFT+U ⌐╟╢ ╩ ∫≡™╢

ⱨ□▬ꜟ╩SCF ─ⱨ□▬ꜟ╩F_OCCMAT ⌐╟∫≡ ∆╢ ⅜№╡╕∆⁹

⌐│ ─╟℮⌐⌂╡╕∆⁹ 

     &fnames  
     ...  
     F_CHGT = '../nfchgt.data'  

     F_OCCMAT = '../occmat.data'                         <---  DFT+U─ │  

     F_CNTN_BIN_PAW = '../continue_bin_paw.data'         <---  PAW ─ │  
     ...  
     /  

 

 Ɽꜝⱷכ♃ⱨ□▬  ꜟ

─ ⱨ□▬ꜟ╩ ⇔╕∆. ⌐│ SCF ≢ ⇔√ ⱨ□▬ꜟ╩ ⌐ ∆╢≤

╟™≢⇔╞℮⁹√∞⇔ ─ ⌐↔ ™√∞ↄ ⅜№╡╕∆. 

 

 ̧ ─ ─  

╩ ∫√ , ─ ≢│∕─ ↕╣√ ╩ ∆╢ ⅜№╡╕∆. ∫≡, 

╩ ∫√ │F_DYNM ⱨ□▬ꜟ⌐ ⅛╣≡™╢ ─ ╩ ⌐ ─ ╩ ⇔≡ↄ∞↕™⁹⁹ 

 

 ̧ ─  

≢ ∆╢ ≤™℮ ╩ ─ ≢ ™╕∆⁹ 

        Control{  
            ...  
            condition  = fixed_charge  
            ...  
        }  
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        ...  

 

─ ╙ ⌐ ⇔≡™╕∆⁹ ╩ ℮ , condition╩ fixed_charge_continuation ≤⇔

≡ↄ∞↕™⁹ 

 

 ̧ k ◘fiⱪꜞfi◓─  

⇔√ kpoint.data ╩ ╖ ╗╟℮⌐ Ὧ ◘fiⱪꜞfi◓ ╩ ─╟℮⌐ ⇔╕∆⁹ 

        accuracy{  
            ...  
            ksampling{  
                method  = file  
            }  
            ...  
        }  

 

 ̧ ek_convergenceⱩ꜡♇◒─  

─ ⌂≥╩ ∆╢, accuracy.ek_convergence Ⱪ꜡♇◒─ ╩ ℮ ⅜№╡╕∆⁹ , 

ek_convergenceⱩ꜡♇◒─ ─ ╩ ⇔╕∆⁹ 

        accuracy{  
            ...  
            ek_convergence{  
                num_max_iteration  = 500 
                delta_eigenvalue  = 1.e - 5 
                succession  = 2 
            }  
            ...  
        }  

 

ek_convergenceⱩ꜡♇◒─ ─ │ ─ ╡≢∆.  

num_max_iteration  ╡ ⇔ ─ ╩ ⇔╕∆. 

delta_eigenvalue  ╩ ⇔╕∆⁹↓─ ─♦ⱨ◊ꜟ♩ (1.e-15 hartree)│ ↕∆⅞╢─≢, ∏

⇔≡ↄ∞↕™⁹ , ─ │1.e-4 rydberg , ─ │1.e-6 rydberg

⅜╟™≢⇔╞℮⁹ 

succession ◄Ⱡꜟ◑כ─ ☻♥♇ⱪ≤─ ⅜delta_eigenvalue succession ≢ ╕∫√

≢ ⇔√≤ ⇔╕∆⁹ 

 

 ̧ ♁ꜟⱣכ─  

ekcal ─♦ⱨ◊ꜟ♩♁ꜟⱣכ│ ⌂ steepest descent ≢∆⁹↓─ ─ ⅜ ⌐⌂╢─≢⁸

lm+msd, davidson, rmm3 ♁ꜟⱣכ⌂≥╩↔ ↄ∞↕™⁹ 
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4.9.3 Ᵽfi♪ ─  

 

╩ ⇔√ Ὧ ─ Ᵽfi♪─ ◄Ⱡꜟ◑כ⅜ⱨ□▬ꜟnfenergy.data ⌐ ↕╣╕∆⁹ 

 
 num_kpoints  =    117                                                         (a)  
 num_bands    =      8                                                         (b)  
 nspin        =      1                                                         (c)  
 Valence  band max   =   0.233846                                               (d)  

 
 nk_converged  =      117                                                      (e)  
 ik  =    1 (   0.500000   0.500000   0.000000  )  
 ik  =    2 (   0.487805   0.487805   0.000000  )  
 ik  =    3 (   0.475610   0.475610   0.000000  )  
 ik  =    4 (   0.463415   0.463415   0.000000  )  
 ik  =    5 (   0.451220   0.451220   0.000000  )  
 ik  =    6 (   0.439024   0.439024   0.000000  )  
...  
...  
...  

 
=== energy_eigen_values  === 
 ik  =    1 (   0.000000   0.500000   0.500000  )                                   (f)  
     - 0.0484324576      - 0.0484324576       0.1258094928       0.1258094928       (g)  
      0.2619554301       0.2619554301       0.6015285208       0.6015285208  
=== energy_eigen_values  === 
 ik  =    2 (   0.000000   0.490000   0.4 90000  )  
     - 0.0540717201      - 0.0427149632       0.1258687739       0.1258687739  
      0.2607026807       0.2633829927       0.6006243932       0.6006243932  
                           ......  
                           ......  
                           ......  

 

╩ ⇔╕∆⁹ 

(a) k ⁹↓─ ≢│141 ≢∆⁹ 

(b) Ᵽfi♪ ⁹↓─ ≢│8 ≢∆⁹ 

(c) ☻Ⱨfi ⁹1 ⅛2 ─ ╩≤╡╕∆⁹↓─ ≢│1 ≢№╡, ☻Ⱨfi ╩ ⇔⌂™ ⌐ ⇔╕

∆⁹ 

(d) ⱨ▼ꜟⱵ◄Ⱡꜟ◑כ─ ⁹ / ─ ─ ─◄Ⱡꜟ◑כ⅜ ↕╣╕∆⁹ │Ɫ

 ⁹∆≢כꜞ♩כ

(e) ⇔√k  

(f) ─ ⅜ ↕╣╕∆⁹╕∏↓─ ≢, ≥─ k ⌐ ∆╢ ⅜⅛♃כ♦ ⅛╡╕∆⁹↓─

≢│, 1 ─k ≢, ∕─ │ ⱬ◒♩ꜟ╩ ≤⇔≡(0,0.5,0.5) ≤⌂╡╕∆⁹ 

(g) ─♦כ♃⅜, Ᵽfi♪─ ∞↑ ↕╣╕∆⁹ │Ɫ⁹∆≢כꜞ♩כ 

 

☻Ⱨfi╩ ⇔√ ─ ( ─(c) ⅜2 ─ ) ╙╒╓ ─ⱨ□▬ꜟ ≢∆⅜, ─(e) ─ ⌐ΓUPΔ

⅛ΓDOWNΔ ≤ ↕╣╢, ≤™℮ ™⅜№╡╕∆⁹∕╣∙╣ ☻Ⱨfi≤ ☻Ⱨfi⌐ ∆╢

⅜ ⅝ ↕╣╕∆⁹ 

 
                           ......  
                           ......  
                           ......  
=== energy_eigen_values  === 
 ik  =    1 (   0.000000   0.000000   0.000000)     UP  
     - 0.1998699758       0.0267639589       0.0267639589       0.0267639589  
      0.0725171077       0.0725171077       1.0289118953       1.0289118953  
      1.0289118953       1.1650173104       1.1650173104       1.1650173104  
      1.2129026022       1.2129026022       1.2994754011       1.2994754011  
      1.2994754011       1.6365336765       2.2629596795       2.2629596795  
=== energy_eigen_values  === 
 ik  =    2 (   0.000000   0.000000   0.000000)   DOWN  
     - 0.1960420390       0.1062941746       0.1062941746       0.1062941746  
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      0.1799862148       0.1799862148       1.0183970612       1.0183970612  
      1.0183970612       1.21742 66166       1.2174266166       1.2192701193  
      1.2192701193       1.2192701193       1.3289165100       1.3289165100  
      1.3289165100       1.6910264603       2.2876818717       2.2876818717  
                           ......  
                           ......  
                           ......  

 

♪Ᵽfi╠⅛♃כ♦⌂℮╟─↓ ╩ ∆╢─│ ⅜⅛⅛╡╕∆⅜ PHASE ⌐│↓─ ⅛╠Ᵽfi♪

╩ ⌐ ∆╢òband.pló≤™℮Perl ☻◒ꜞⱪ♩⅜ ⇔≡™╕∆⁹ band.pl │ ─╟℮⌐ ⇔╕∆ 

% band.pl  nfenergy.data  bandkpt.in  - erange= - 10,10  - color  - with_fermi  

 

≤⇔≡ ─Ᵽfi♪ ╩  4.14⌐ ⇔╕∆⁹ 

 

 

 4.14 ─Ᵽfi♪ ⁹ 
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4.10  

 

4.10.1  

 

│ ─ ⌐⅔™≡ ◄Ⱡꜟ◑כ╩ ∆╢↓≤⌐╟∫≡ ∆╢↓≤⅜ ≢∆⁹ ⌐

─ │ ─ⱴכ♫Ɫfi─ ⌐ⱨ▫♇♩∆╢↓≤⌐╟∫≡ ∞↑≢│⌂ↄ ╙╙

≤╘╢↓≤⅜ ≢∆⁹ 

Ὁ ὠ
ὄὠ

ὄΩ ὄΩ ρ
ὄΩ ρ

ὠ

ὠ

ὠ

ὠ

Ω

ρ Ὁ ὠ  

↓↓≢Ὁ ὠ│ ─ ὠ⌐⅔↑╢ ◄Ⱡꜟ◑כ ὄ│ ὄΩ│ ─ ὠ│

⌂ ⌐⅔↑╢ ─ ≢∆⁹ ὄȟὄΩȟὠȟὉ ὠ ─4≈⅜ⱨ▫♇♥▫fi◓Ɽꜝⱷ⁹∆≢כ♃כ 

 

4.10.2 Si  

 

Si ─ ─ ≢∆⁹↓─ │⁸sample/Si_lat ≢∆⁹ Si_lat ─ ⌐│ ↕╠⌐ volxxx ≤™℮◘

Ⱪ♦▫꜠◒♩ꜞכ⅜ ⇔╕∆⁹ ₁─◘Ⱪ♦▫꜠◒♩ꜞ │ xxx ≤™℮ ─ ⌐ ⇔√ ♃כ♦

⅜ ↕╣≡™╕∆⁹ √≤ⅎ┌ vol1200≤™℮♦▫꜠◒♩ꜞכ⌐⅔↑╢ ⸗♦ꜟ─ │ ─╟℮⌐⌂∫

≡™╕∆⁹ 

structure{  
  element_list{  
    #tag     element     atomicnumber  
            Si     14 
  }  
  atom_list{  
    atoms{  
      #units  angstrom  
      #tag     element     rx     ry     rz  
              Si     0.125   0.125   0.125  
              Si    - 0.125  - 0.125  - 0.125  
    }  
    coordinate_system  = internal  
  }  
  unit_cell{  
    a_vector  = 10.62658569182611066038  0 0 
    b_vector  = 0 10.6265856918 2611066038  0 
    c_vector  = 0 0 10.62658569182611066038  
  }  
  symmetry{  
    method  = automatic  
    tspace{  
        lattice_system  = facecentered  
    }  
    sw_inversion  = on 
  }  
  unit_cell_type  = bravais  
}  

 

│♃כ♦ ⱨꜝ◒◦ꜛ♫ꜟ⌂ ≢♃כ♦ ⇔≡™╕∆⁹◌ꜟ♥◦▪fi≢╙╟™─≢∆⅜ ╩

ⅎ╢√┘⌐ ╙ ⅎ╢─│ ⅜⅛⅛╢─≢  ─ ⌐│ⱨꜝ◒◦ꜛ♫ꜟ ⅜ ⇔≡™╢≤ ⅎ

╕∆⁹ 
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unit_cell_type ≤⇔≡bravais ╩ ⇔ ↕╠⌐ lattice_system ⌐ facecentered╩ ⇔≡™╕∆⁹↓─╟℮⌐

∆╢↓≤⌐╟∫≡ ─ ⅜⇔╛∆™Ⱪꜝⱬכ ⌐╟∫≡ ─ ╩ ⇔ ─ │╟╡

─ ⌂™ ≢ ℮↓≤⅜ ≤⌂╡╕∆⁹ 

 

─ │Ⱪꜝⱬכ ≢│⌂ↄ ≢ ╦╣╢─≢ ≤⇔≡Ⱪꜝⱬכ ─ ╩ ∆╢─≢№╣

┌ ⌐ ∂≡ ╩ ∆╢ ⅜№╡╕∆⁹ √≤ⅎ┌ ↓─ ─ │ 4 ⇔╕∆

─Ⱪꜝⱬכ ─ │ ─4 ─√╘ ⁹ 

 

╩ ™ ⱴכ♫Ɫfi─ ⌐ⱨ▫♇♩⇔√ ╩  4.15≤  4.4⌐ ⇔╕∆⁹ ⇔√ ─

◄Ⱡꜟ◑כ⅛╠ ◄Ⱡꜟ◑כ╙ ⇔≡™╕∆⁹ №√╡─ ◄Ⱡꜟ◑כ│ ─ ◄Ⱡꜟ◑כ⅛╠

─ ⌐⅔↑╢ ─ ◄Ⱡꜟ◑כ╩ ≢ ∫√ ╩ ↄ↓≤⌐╟∫≡ ╢↓≤⅜≢⅝╕∆⁹  

 

 

 4.15 ◦ꜞ◖fi─Energy -Volume ⁹ │ │ⱨ▫♇♩⇔√ ⁹ 

 

 4.4 ╠╣√ ≤  

 PHASE  ♦כ♃   

a (М) 5.48  5.43   

B (GPa) 87.5  98.8   

Ecoh (eV/atom) 4.60  4.63   
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5.  

 

5.1  

 

5.1.1 ☻♩꜠☻♥fi♁ .ꜟ 

 

5.1.1.1 ─  

 

PHASE ⌐│⁸☻♩꜠☻♥fi♁ꜟ╩ ∆╢ ⅜№╡╕∆⁹☻♩꜠☻♥fi♁ꜟ╩ ∆╢↓≤⌐╟╡⁸

╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

5.1.1.2 Ɽꜝⱷכ♃ 

 

☻♩꜠☻♥fi♁ꜟ╩ ∆╢⌐│⁸ Ɽꜝⱷכ♃ⱨ□▬ꜟ nfinp.data ⌐⅔™≡⁸structure_evolution Ⱪ꜡♇

◒─ ─ stressⱩ꜡♇◒≢⁸☻♩꜠☻♥fi♁ꜟ ╩ ⌐∆╢ ╩⇔╕∆⁹ 

Si ─ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ ╩ ⌐ ⇔╕∆⁹ │⁸sample/stress/≢∆⁹ 

 

Control{  
  cpumax = 24 hour  
}  

 
accuracy{  
  cutoff_wf  =  20.25   rydberg  
  cutoff_cd  =  81.00   rydberg  
  num_bands  = 20 
  xctype  = ggapbe  
  ksampling{  
    method  = mesh 
    mesh{  nx = 8,  ny = 8,  nz = 8 }  
  }  
  smearing{  
    method  = tetrahedral  
  }  
  scf_convergence{  
    delta_total_energy  = 1.0e - 10  hartree  
    succession  = 3 
  }  
  force_convergence{  
    delta_force  = 1.0e - 4 
  }  
  initial_wavefunctions  = matrix_diagon  
  matrix_diagon{  
    cutoff_wf  = 5.00   rydberg  
  }  
  initial_charge_density  = Gauss 
}  

 
structure{  
  unit_cell_type  = primitive  
  unit_cell{  
    #units  angstrom   !  Unit  of  LENGTH changes  to  Angstrom.  
    a_vector  =   0.0000000000    2.7296850000    2.7296850000  
    b_vector  =   2.7296850000    0.0000000000    2.7296850000  
    c_vector  =   2.7296850000    2.7296850000    0.0000000000  
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  }  

 
  symmetry{  
    crystal_structure  = diamond  
  }  

 
  atom_list{  
    coord inate_system  = internal  
    atoms{  
      #tag     rx       ry       rz    element   mobile   weight  
           0.125    0.125    0.125         Si      yes        1 
          - 0.125   - 0.125   - 0.125         Si      yes        1 
    }  
  }  
  element_list{  #tag    element    atomicnumber    dev  
                            Si             14    1.2  
  }  
}  

 
structure_evolution{  
  stress{  
    sw_stress=1  
  }  
}  

 

SCF ≤ ⌐ PHASE ╩ ⇔╕∆⁹  

% mpirun  PATH_TO_PHASE 

 

⅜ ⇔√╠ ╩ ⇔╕∆⁹ 

% grep  - A3 'STRESS TENSOR$' OUTPUT_FILE 

 

  STRESS TENSOR 
        0.0000003475         0.0000000000         0.0000000000  
        0.0000000000         0.0000003475         0.0000000000  
        0.0000000000         0.0000000000         0.0000003475  

 

☻♩꜠☻♥fi♁ꜟ│ 

ὢ ὢ ὢ

ὣ ὣ ὣ

ὤ ὤ ὤ
 

─ ≢ ↕╣≡™╕∆⁹ ↕╣≡™╢ ─ │ [Hartree/Bohr 3] ≢∆⁹ ─ ≢│ ⇔≥♃כ♦

≡╦∏⅛⌐ ╩ ↕ↄ ∫≡№╢√╘⁸ ─ ὢȟὣȟὤ ⅜ ↕╣≡™╕∆⁹ ⌂≥⌐╟╡⁸

⅜ ╡ ™─ ⌐№╢ │☻♩꜠☻♥fi♁ꜟ─ │ 0 ⌐⌂╡╕∆⁹  

╕√⁸ ╡ ™─ ⅛╠─ (ḳὩ)⁸☻♥▫ⱨⱠ☻ (ḳὧ)╩ ™╢≤ ─╟℮⌂ⱨ♇◒─ ⅜ ╡

∟╕∆⁹ 

ὢ ὧὩ ὧὩ ὧὩ

ὣ ὧὩ ὧὩ ὧὩ

ὤ ὧὩ ὧὩ ὧὩ

ὢ ὣ ὧὩ

ὣ ὤ ὧὩ

ὤ ὢ ὧὩ ữ
ỬỬ
Ữ

ỬỬ
ử

 

 

5.1.1.3  

 

☻♩꜠☻♥fi♁ꜟ─ ⅛╠⁸ ╩ ⇔╕∆⁹ ↓↓≢│⁸Si ╩ ⌐ ⇔╕∆⁹ 
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☻♩꜠☻♥fi♁ꜟ⅜ 0 ≤⌂╢ ╩ ⇔╕∆⁹ ⇔ↄ☻♩꜠☻♥fi♁ꜟ╩ ∆╢⌐│⁸ ⌂

╩ ∆╢↓≤⅜ ≢∆⁹↓─ │⁸☻♩꜠☻♥fi♁ꜟ⅜(╒╓) 0 ≤⌂╢ ≤⌂∫≡™╕∆⁹ 

    a_vector  =   0.0000000000    2.7297895000    2.7297895000  
    b_vector  =   2.7297895000    0.0000000000    2.7297895000  
    c_vector  =   2.7297895000    2.7297895000    0.0000000000  

 

☻♩꜠☻♥fi♁ꜟ╩ ∆╢≤ ─╟℮⌂ ⅜ ↕╣╕∆⁹ 

% grep  - A3 'STRESS TENSOR$' OUTPUT_FILE 

 

  STRESS TENSOR 
        0.0000000000         0.0000000000         0.0000000000  
        0.0000000000         0.0000000000         0.0000000000  
        0.0000000000         0.0000000000         0.0000000000  

 

⅜ ↕ↄ⌂∫≡™╢↓≤(№╢™│ 0 ⌐⌂∫≡™╢↓≤)╩ ⇔╕∆⁹ ⌐⁸x ∞↑╩ ⅛⌐

(↓↓≢│ 0.005 angstrom)  ∏╠⇔╕∆⁹unit cell │x ⌐ 0.01 angstrom ⅝ↄ⌂╡╕∆⁹ 

╩ ─╟℮⌐ ⇔╕∆⁹ 

symmetry  ♃◓│ ∏ ╕√│◖ⱷfi♩⌐⇔≡ↄ∞↕™⁹  

    a_vector  =   0.0000000000    2.7296850000    2.7296850000  
    b_vector  =   2.7296850000    0.0000000000    2.7296850000  
    c_vector  =   2.7296850000    2.7296850000    0.0000000000  

 

╩ ⅎ√ ≢ ⇔√ │ ─╟℮⌐⌂╡╕∆⁹ 

% grep  - A3 'STRESS TENSOR$' OUTPUT_FILE 

 

  STRESS TENSOR 
       - 0.0000093954         0.0000000063         0.0000000016  
        0.0000000063        - 0.0000033142         0.0000000000  
        0.0000000016         0.0000000000        - 0.0000033163  

 

↓─ ─ ─ ⌐│⁸☻♩꜠☻♥fi♁ꜟ─ ╩ ™╕∆⁹ ⌐╟╡⁸ὣ ≤ ὤ 

│ ∆╢╙─⌂─≢⁸ ὣ, ὤ │∕╣∙╣─ -0.00000331525╩ ™╢↓≤⌐⇔╕∆⁹↓─ ≢│⁸

╛ └∏╖╩ ⅎ≡™╕∑╪─≢⁸ │ ⌐ 0 ≤⌂╡╕∆⁹↓─ ─ │

⌐╟╢╙─≤ ⅎ╠╣╕∆⁹ 

≢ ™√ ≤ ╡ ™─ ⅛╠─ ( ὼ ┼0.01 angstrom)⁸ ╠╣√☻♩꜠☻♥fi♁ꜟ⅛

╠⁸ ☻♥▫ⱨⱠ☻ ὧ , ὧ╩ ⅛╠ ⇔╕∆⁹ 

ὢ ὧὩ ὧὩ ὧὩ

ὣ ὧὩ ὧὩ ὧὩ

ὤ ὧὩ ὧὩ ὧὩ

ὢ ὣ ὧὩ

ὣ ὤ ὧὩ

ὤ ὢ ὧὩ ữ
ỬỬ
Ữ

ỬỬ
ử

 

 

☻♥▫ⱨⱠ☻ ὧ , ὧ│ ─╟℮⌐ ↕╣╕∆( │ [ρπ ÄÙÎȾÃÍ])⁹ 

ὧ ρȢυπωρυςυ
ὧ πȢυσςυρχψ

 

⁸ (ꜘfi◓ (ḳὣ)הⱳ▪♁fi (ḳὖ)ה (ḳὠ))│ ☻♥▫ⱨⱠ☻ ╩ ™≡ ─╟℮⌂

≢ ⅝ ↕╣╕∆⁹ │ ὣȾς ςὖ ≤ ↑╕∆⁹ 



 

 123 

ὣ
ὧ ὧὧ ςὧ

ὧ ὧ

ὖ
ὧ

ὧ ὧ

ὠ
ὧ ςὧ

σ ữ
ỬỬ
Ữ

ỬỬ
ử

 

↓╣⌐☻♥▫ⱨⱠ☻ ὧ , ὧ╩ ∆╣┌ Si ─ ⅜ ─╟℮⌐ ╕╡╕∆⁹ 

ὣ ρȢςσρρπ ÄÙÎȾÃÍς ρςσȢρ'0Á
ὖ πȢςφρρφ

ὠ πȢψυψρπ ÄÙÎȾÃÍς ψυȢψ'0Á

 

 

╟╡ ─ ™ ─ ╩ ⌂™√™ ⁸ cutoff_wf ,  cutoff_cd ╩ ⅝╘⌐≤╡⁸ ╩ ⌐

↕∑╢ ⅜№╡⁸ ─⅛⅛╢ ⌐⌂╡╕∆⁹ 
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5.1.2 ≤  

 

5.1.2.1 ─  

 

⇔√ ╩ ∆╢√╘ ╛ ╩ ⅝╕∆⅜ ⌂ ⌐⌂╢≤ ⅜ ⌐⌂╡╕∆⁹

─ ╩ ╘╢↓≤⌐╟╡ ─ ⅜ ≤⌂╡╕∆⁹ ╛ ─ ⌐

─ ╩ ∆╢≤ ⌐╟╢ ─ ─ ╛ ─ ⅜≢⅝╕∆⁹ ◄Ⱡꜟ◑כ⅜№

╢◄Ⱡꜟ◑כ  ⌐ ╕╢ ⅛╠⌂╢ ╩ ∆╢≤ ∕╣╠─ ─ ⅜ ⌐ ⅛

╡╕∆⁹ ≤ ─ ≤ ─ ─ ╩BaO/Si(001) ╩ ⌐ ⇔╕∆⁹  

─√╘ BaO─ ⌐Si≤ ∂ (5.43ÅῩ)╩ ™╕∆⁹∕⇔≡  5.1⌐ ∆╟℮⌐ BaO/Si(001)

─ │5 ⅛╠⌂╢◦ꜞ◖fi ≤6 ⅛╠⌂╢BaO ╩O≢ →√ ⌐⇔╕∆⁹↓─BaO/Si(001)

─ │ sample/BaO_Si001 ≢∆⁹ 

 

Ɽꜝⱷכ♃─ ⌐ ∆╢ │ ─╟℮⌐⌂∫≡™╕∆⁹ 

structure{  
        unit_cell_type=bravais  
        unit_cell{  
          !!  a_Si=5.43  A,  c- axis=5*a_Si  
          !!  (c.f.  a_BaO=5.52  A)  
          !#units  angstrom  degree  
          a = 3.83958982184,  b= 3.83958982184,  c= 27.15  
          alpha=90.0,  beta=90.0,  gamma=90.0  
        }  

 
        symmetry{  
           tspace{  
              system  = primitive  
              generators  {  
                 !#tag  rotation  tx   ty   tz  
                       E         0   0   0 
                       C2z       0   0   0 
              }  
           }  
           sw_invers ion  = off  
        }  
        magnetic_state  = para   !{para|af|ferro}  

 
        atom_list{  
             coordinate_system  = internal  !  {cartesian|internal}  
             atoms{  
             !#default  mobile=no  
!#tag  element   rx      ry      rz      num_layer  
      Ba       0.0000  0.5000  0.05    1 
      O        0.5000  0.0000  0.05    1 
      Ba       0.5000  0.0000  0.15    2 
      O        0.0000  0.5000  0.15    2 
      Ba       0.0000  0.5000  0.25    3 
      O        0.5000  0.0000  0.25    3 
      O        0.0000  0.5000  0.35    4 
      Si        0.0000  0.0000  0.40    5 
      Si        0.5000  0.0000  0.45    6 
      Si        0.5000  0.5000  0.50    7 
      Si        0.0000  0.5000  0.55    8 
      Si        0.0000  0.0000  0.60    9 
      O        0.5000  0.0000  0.65   10 
      Ba       0.5000  0.0000  0.75   11 
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      O        0.0000  0.5000  0.75   11 
      Ba       0.0000  0.5000  0.85   12 
      O        0.5000  0.0000  0.85   12 
      Ba       0.5000  0.0000  0.95   13 
      O        0.0000  0.5000  0.95   13 
             }  
        }  
        element_list{  !#tag  element   atomicnumber   zeta   dev  
                                 Si             14  0.00   1.5  
                                 Ba            56  0.00   1.5  
                                 O              8  0.00   1.5  
        }  
}  

 

─ ⌐│ ⅜⅛⅛╢─≢ mobile ╩no⌐ ⇔≡ │ ╦⌂™↓≤⌐⇔╕∆⁹ 

 

5.1.2.2  

 

─ ╩ ∆╢⌐│♃◓ Postprocessing─ ⌐♃◓ dos≤♃◓ ldos╩ ⅝╕∆⁹∕⇔≡

♃◓dos─ ─ sw_dos╩ON⌐⇔ ♃◓ ldos─ ─ sw_aldos╩ON⌐⇔╕∆⁹ 

 

Postprocessing{  
   dos{  
       sw_dos  = ON 
       method  = g 
   }  
   ldos{  
      sw_aldos  = ON 
      aldos{  
         crtdst  = 6.0  bohr  
         naldos_from  = 1 
         naldos_to    = 19 
      }  
   }  
}  

 

♃◓aldos─ ─ crtdst │ ╩ ↔≤⌐Ⱳ꜡ⱡ▬ ∆╢≤⅝─ ≢∆⁹≥─ ⅛

╠╙↓─ ╣≡™╢ │ ≤╖⌂↕╣╕∆⁹ ─ │ ─ +1

─ ≤⇔≡ ↕╣╕∆⁹ naldos_form ≤naldos_to⌐ ╩ ∆╢ ─

≤ ─ ╩ ⇔╕∆⁹↓╣╩ ⇔⌂™≤ ⌐≈™≡ ⅜ ↕╣╕∆⁹╕

√ ♃◓ atoms ─ ≢ aldos ╩ off ⌐⇔√ ─ │ ↕╣╕∑╪⁹ aldos ╟╡╙

naldos_from ≤naldos_to─ ⅜ ↕╣╕∆⁹  

│dos.data⌐ ↕╣╕∆⁹ ╩ ∆╢⌐│ ─Perl ☻◒ꜞⱪ♩dos.pl╩ ™╕∆⁹

─╟℮⌐∆╣┌ dos_a001.eps,dos_a002.eps,...,dos_axxx.eps≤™∫√ⱳ☻♩☻◒ꜞⱪ♩ⱨ□▬ꜟ⅜ ↕

╣╕∆⁹  

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

 

BaO/Si(001) ─ ╩ ⇔√ ╩  5.1⌐ ⇔╕∆⁹ Si,Ba,O─

⌐∕╣∙╣─ ─ ╩ ╢↓≤⅜≢⅝╕∆⁹ 
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 5.1  BaO/Si(001) ─ ─ ⁹ ─ⱤⱠꜟ Si ─Si ─ ⁹ ─

ⱤⱠꜟ BaO ─Ba─ ⁹ ─ⱤⱠꜟ BaO ─O─ ⁹ 

 

5.1.2.3  

 

─ ╩ ∆╢⌐│♃◓ Postprocessing─ ⌐♃◓ dos≤♃◓ ldos╩ ⅝╕∆⁹∕⇔≡ ♃

◓dos─ ─ sw_dos╩ON⌐⇔ ♃◓ ldos─ ─ sw_layerdos╩ON⌐⇔╕∆⁹ 

   dos{  
       sw_dos  = ON 
       method  = g 
   }  
   ldos{  
      sw_layerdos  = ON 
      layerdos{  
         slicing_way  = by_atomic_positions  !{regular_intervals|by_atomic_positions

}  
         deltaz  = 1.0  angstrom  
         normal_axis  = 3crtdst  
         crtdst  = 3.5  bohr  
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      }  
   }  

 

♃◓ layerdos─ ─ normal_axis ≢│ ∆╢≤⅝─ ─ ╩ ⇔╕∆⁹1⅜a ≢ 2⅜b

≢ 3⅜c ╩ ⇔╕∆⁹ slicing_way ⌐by_atomic_positions ╩ ∆╢≤ ⌐╟∫≡

╩ ∆╢ ╩ ╘╢↓≤⅜≢⅝╕∆⁹↓─ ♃◓ atoms≢ num_layer ⌐╟∫≡ ⅜ ╕╣╢ ─

╩ ⇔╕∆⁹ ⌐ ⇔√ ─ ≢│13 ─ ⌐ ╩ ╡ ≡≡™╕∆⁹ slicing_way

⌐ regular_intervals ╩ ∆╢≤ №╢ ╩ ⌐ ⇔≡ ⇔√ ⌐≈™≡ ╩ ⇔╕

∆⁹∕─ │ deltaz ⌐ ⇔╕∆⁹ crtdst │ ╩ ∆╢ ╩ ╘╢ ≢∆⁹ ─ ⅛╠

↓─ ╕≢ ╩ ⇔╕∆⁹  

 

─ ⌐ ∆╢ ─╟℮⌂ ⅜output000 ⌐ ↕╣╕∆⁹ 

 !!l dos      no,         min,            max 
 !!ldos     1          0.00000000           5.13060607  
 !!ldos     2          5.13060607          10.26121214  
 !!ldos     3         10.26121214          15.39181821  
 !!ldos     4         15.39181821          19.23977276  
 !!ldo s    5         19.23977276          21.80507579  
 !!ldos     6         21.80507579          24.37037883  
 !!ldos     7         24.37037883          26.93568186  
 !!ldos     8         26.93568186          29.50098489  
 !!ldos     9         29.50098489          32.066287 93 
 !!ldos    10         32.06628793          35.91424248  
 !!ldos    11         35.91424248          41.04484855  
 !!ldos    12         41.04484855          46.17545462  
 !!ldos    13         46.17545462          51.30606069  
 !!ldos    14          0.00000000           0.00000000  

 

no│ ─ ≢∆⁹min ≤max│ ─ ─ ≤ ─ ╩ ⇔╕∆⁹ ─ │ ⇔√ ─ ≢

∆⁹  

│dos.data⌐ ↕╣╕∆⁹ ╩ ∆╢⌐│ ─Perl ☻◒ꜞⱪ♩dos.pl╩ ™╕∆⁹

─╟℮⌐ ∆╢≤ ⱳ☻♩☻◒ꜞⱪ♩ⱨ□▬ꜟdos_l001.eps,dos_l002.eps,...,dos_lxxx.eps⅜ ↕╣╕∆⁹  

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

 

BaO/Si(001) ─ ╩ ⇔√ ╩  5.2⌐ ⇔╕∆⁹  
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 5.2  BaO/Si(001) ─ ⁹ ─ⱤⱠꜟ Si ─ ─ ⁹ ⅛

╠ ─ⱤⱠꜟ BaO/Si(001) ─Si ─ ⁹ ─ⱤⱠꜟ BaO/Si(001) ─ №√╡─

⁹ ⅛╠ ─ⱤⱠꜟ BaO/Si(001) ─BaO ─ ⁹ ─ⱤⱠꜟ BaO ─

─ ⁹ 

 

5.1.2.4  

 

╩ ∆╢⌐│♃◓ Postprocessing ─ ─♃◓ charge ≢ ⇔╕∆⁹♃◓ charge ─ ─

sw_charge_rspace≤♃◓partial_charge ─ ─ sw_partial_charge ╩On⌐⇔╕∆⁹ 

Postprocessing{  

    charge{  

        sw_charge_rspace = on  

        partial_charge {  

sw_partial_charge = on  

Erange_min = 0 eV  

Erange_max = 0 eV  

Erange_delta = 1 eV  

        }  

    }  

}  
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Erange_min ≤ Erange_max ⌐◄Ⱡꜟ◑כ ─ ≤ ╩ ⇔╕∆⁹◄Ⱡꜟ◑כ│ ─

ⱨ▼ꜟⱵ꜠ⱬꜟ⅛╠ ╡ ─ │ ─◄Ⱡꜟ◑כ⅛╠ ╡╕∆⁹ Erange_delta ⌐

⇔√ ─ ─◄Ⱡꜟ◑כ ╩ ─◄Ⱡꜟ◑כ ⌐ ⇔╕∆⁹↓─≤⅝ ─◄Ⱡꜟ◑כ ⌐ ∆╢╟

℮⌐ Erange_delta ─ │ ↕╣╕∆⁹  

 

ⱨ□▬ꜟoutput000 ⌐│ ─ ⌐◄Ⱡꜟ◑כ ⌐ ∆╢ ⅜№╡╕∆⁹ 
 !pc  nEwindows  =   20,  nvb_windows  =   10,  ncb_windows  =   10 <<m_ESoc_set_nEwindows_pc>>  
 !pc     iw   if_elec_state                 erange(hartree)                         erange(eV)  
 !pc                              (asis)                   (shifted)              (shifted)  
 !pc      1       1       (   0.094537   0.096374  )  (  - 0.018375  - 0.016537  )  (  - 0.500000  - 0.450000  )  
 !pc      2       1       (   0.096374   0.098211  )  (  - 0.016537  - 0.014700  )  (  - 0.450000  - 0.400000  )  
 !pc      3       1       (   0.098211   0.100049  )  (  - 0.014700  - 0.012862  )  (  - 0.400000  - 0.350000  )  
 !pc      4       1       (   0.100049   0.1 01886  )  (  - 0.012862  - 0.011025  )  (  - 0.350000  - 0.300000  )  
 !pc      5       0       (   0.101886   0.103724  )  (  - 0.011025  - 0.009187  )  (  - 0.300000  - 0.250000  )  
 !pc      6       1       (   0.103724   0.105561  )  (  - 0.009187  - 0.007350  )  (  - 0.250000  - 0.200000  )  
 !pc      7       1       (   0.105561   0.107399  )  (  - 0.007350  - 0.005512  )  (  - 0.200000  - 0.150000  )  
 !pc      8       0       (   0.107399   0.109236  )  (  - 0.005512  - 0.003675  )  (  - 0.150000  - 0.100000  )  
 !pc      9       0       (   0.109236   0.111074  )  (  - 0.003675  - 0.0018 37 )  (  - 0.100000  - 0.050000  )  
 !pc     10       1       (   0.111074   0.112911  )  (  - 0.001837   0.000000  )  (  - 0.050000   0.000000  )  
 !pc     11       1       (   0.112911   0.114749  )  (   0.000000   0.001837  )  (   0.000000   0.050000  )  
 !pc     12       0       (   0.114 749  0.116586  )  (   0.001837   0.003675  )  (   0.050000   0.100000  )  
 !pc     13       0       (   0.116586   0.118424  )  (   0.003675   0.005512  )  (   0.100000   0.150000  )  
 !pc     14       0       (   0.118424   0.120261  )  (   0.005512   0.007350  )  (   0.150000   0.200000  )  
 !pc     15       0       (   0.120261   0.122099  )  (   0.007350   0.009187  )  (   0.200000   0.250000  )  
 !pc     16       1       (   0.122099   0.123936  )  (   0.009187   0.011025  )  (   0.250000   0.300000  )  
 !pc     17       1       (   0.123936   0.125773  )  (   0.011025   0.012862  )  (   0.300000   0.350000  )  
 !pc     18       0       (   0.125773   0.127611  )  (   0.012862   0.014700  )  (   0.350000   0.400000  )  
 !pc     19       0       (   0.127611   0.129448  )  (   0.014700   0.016537  )  (   0.400000   0.450000  )  
 !pc     20       0       (   0.129448   0.131286  )  (   0.016537   0.018375  )  (   0.450000   0.500000  )  

 

nEwindows │◄Ⱡꜟ◑כ ─ ≢∆⁹nvb_windows ≤ ncb_windows │∕╣∙╣ ≤

╩ ╗◄Ⱡꜟ◑כ ─ ≢∆⁹iw │◄Ⱡꜟ◑כ ─ ≢∆⁹if_elec_state│∕─◄Ⱡꜟ◑כ ⌐ ⅜№

╢⅛≥℮⅛╩ ⇔≡™╕∆⁹↓─ ⅜0─ │ ⅜⌂ↄ 1─ ⌐│ ⅜ ⇔╕∆⁹ asis⌐│

≢◄Ⱡꜟ◑כ ─ ⅜ ↕╣≡™╕∆⁹ ≈─ shifted ⌐│◄Ⱡꜟ◑כ─ ⅛╠ ∫√≤⅝─◄

Ⱡꜟ◑כ ─ ⅜ ≤eV ≢ ↕╣≡™╕∆⁹  

partial_charge_filetype ⌐ individual ╕√│ separate ╩ ∆╢≤ ◄Ⱡꜟ◑כ ↔≤⌐ ↕╣√

⅜ ↑↕╣√ⱨ□▬ꜟ⌐ ↕╣╕∆⁹ ∕─ ─ ─ ↑ │ ☻Ⱨfi ⅜⌂™ ≢№╣┌

F_CHR = nfchr.cube ⌐ ⇔≡nfchr.00xx.cube xx ⌐│ ─ ─ iw ─ ⅜ ╢ ≤™℮╟℮⌐⌂╡╕∆⁹☻Ⱨ

fi ⅜№╢ ⌐│ F_CHR = nfchr.cube ⌐ ⇔≡ nfchr.up.00xx.cube nfchr.down.00xx.cube ─

─ⱨ□▬ꜟ⅜ ↕╣╕∆⁹ ─ ≢ if_elec_state ⅜ 0⌐⌂∫≡™╢ ─│ ∕─ ⌐ ⅜№╢ ⅜⌂

™↓≤╩ ⇔≡™╕∆⁹∕─ cubeⱨ□▬ꜟ│ ↕╣╕∑╪⁹  

integrated ╩ ∆╢≤ ⅜└≤≈─ⱨ□▬ꜟ⌐ ↕╣ ─♃כ♦ ⌐│

PARTIALCHARGE ⅜ ↕╣ ╦╡⌐│END ⅜ ↕╣╕∆⁹  

BaO/Si(001) ─ ╩ ⇔√ ╩  5.3⌐ ⇔╕∆⁹ 
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 5.3  BaO/Si(001) ─ ⁹(a)BaO/Si(001) ─⸗♦ꜟ ⁹(b) ⱨ▼ꜟⱵ꜠ⱬꜟ (

◄Ⱡꜟ◑0.05-⅜כeV⅛╠0.0eV╕≢)─ ─ ⁹(c) ⱨ▼ꜟⱵ꜠ⱬꜟ ( ◄Ⱡꜟ◑כ⅜

0.0eV⅛╠0.05eV╕≢)─ ─ ⁹ │ ⅛╠ ╕≢⅜ ↕╣≡™╕∆⁹

™ ⌐│ ⅜ ⌂ↄ ™ ⌐│ ⅜ ↄ⌂∫≡™╕∆⁹ 
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 ̧ STM ─  

 

╩ ∆╢≤ STM ╩ ∆╢↓≤⅜ ≢∆⁹ ⇔√™Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ⌐ 

⇔√◄Ⱡꜟ◑כ►▫fi♪►─ ╩ ⅛╠№╢ ╣√ ⌐ ⇔√ ⅜ ─ STM 

≢∆⁹ ◘fiⱪꜟ♦כ♃(samples/stm_by_pcharge ) ╩ ⇔≡ ╩ ⌐ ⇔╕∆⁹ 

◘fiⱪꜟ│ Si ─(001) ⌐ ⁹∆≢♃כ♦╢∆ ─PHASE ⌐⁸ ─╟℮⌐ ─

╩ ⅎ≡™╕∆⁹ 

 

postprocessing{  

charge{  

sw_charge_rspace = on  

filetype = cube  

partial_charge{  

sw_partial_charge = on  

partial_charge_filetype = individual  

Erange_min = 0 eV  

Erange_max = 0 eV  

Erange_delta = 1 eV  

}  

}  

}  

 

↓─╟℮⌐ ∆╢↓≤⌐╟∫≡ ⱨ▼ꜟⱵ◄Ⱡꜟ◑1-≡╖╠⅛כ eV ⅛╠0 eV ╕≢─♦0≥♃כ eV ⅛╠1 eV 

─◄Ⱡꜟ◑כ►▫fi♪►─ ⅜ ↕╣╕∆⁹∕╣∙╣ -1 V ⅔╟┘1 V  

─Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ⌐ ⇔√ STM ⅜ ╠╣╕∆⁹↓─ ╩♃כ♦ ⇔≡ ╩ ∆╢≤

nfchr.0001.cube ( -1 eV ⅛╠0 eV ─ ▬□ⱨ♃כ♦ )ꜟ ≤nfchr.0002.cube (0 eV ⅛╠1 eV ─

▬□ⱨ♃כ♦ )ꜟ ⅜ ↕╣╕∆⁹∕╣∙╣ ⅛╠5 Å ╣√ ≢─◖fi♃כ ╩ ⌐≈™≡

 5.4(a)⌐ ⌐≈™≡  5.4(b)⌐ ⇔╕∆⁹ 

 

 

 5.4 Si (100) ─STM (a) ─ (b) ─ ⁹ 

 

5.1.2.5 ►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ╩ ⇔≡™╢ ─  

╩►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ╩ ⇔≡ ∆╢ ⌐ ↄ─ ⅜⅛⅛∫≡

(a) (b) 
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⇔╕℮ ⅜№╡╕∆⁹↓╣│ ─ ⌐ ⅜⅛⅛∫≡⇔╕℮⅛╠⌂─≢∆⅜ ↓─ ╩ ≢

℮↓≤⌐╟∫≡ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ ─ ╩ ≢ ℮⌐│ ─╟℮⌂ ╩

™╕∆⁹ 

 

Postprocessing{ 

   dos{ 

       sw_dos = on 

   } 

   ldos{ 

      sw_rspace = on 

      sw_aldos = on 

      sw_layerdos = on 

      aldos{ 

           é. 

           é. 

      } 

      layerdos{ 

           é. 

           é. 

      } 

   } 

   é 

   é 

} 

 

ldosⱩ꜡♇◒≢ sw_rspace╩ ⇔ ∕─ ╩on≤∆╣┌ ─ ╩ ≢ ╦∑╢↓≤⅜≢⅝

╕∆⁹ 
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5.1.3  

 

PHASE ⌐│ ↔≤⌐ ⇔√ ╩ ∆╢ ╙№╡╕∆⁹↓↓≢│ ╩ ∆╢

╩ ⇔╕∆⁹ 

 

5.1.3.1 Ɽꜝⱷכ♃ 

 

╩ ∆╢⌐│ ⇔√™ ─ ╩ ─╟℮⌐ ⇔╕∆⁹ 

accuraccy{  

...  

projector_list{  

projectors{  

#tag no group radius l t  

1 1 1.0 0 1  

2 1 1.0 1 1  

3 2 1.5 0 2  

4 2 1.5 1 2  

5 2 1.5 2 2  

}  

}  

}  

 

no ⌐ ─ ╩ ⇔╕∆⁹ ≢∆⁹group ⌐│ Γ ╩ ⱪΔכꜟ◓ ⇔╕∆⁹└≤╕≤╘

⌐ ™√™ ⌐│ ∂ group ╩ ⇔╕∆⁹radius ⌐│ ─ ╩Ⱳכ▪ ≢ ⇔╕∆⁹

─ ╟╡╙ ↕⌂ ⅜ ≤⌂╡╕∆⁹♦ⱨ◊ꜟ♩ │1 bohr ≢∆⁹l ⌐│ ╩ ⇔╕

∆⁹0 ⅜ s 1 ⅜ p 2 ⅜ d 3 ⅜ f ⌐ ⇔╕∆⁹ ⌐ t ⌐ ╩ ⇔╕∆⁹

√∞⇔ ↓─ ─ ≤│ ⱳ♥fi◦ꜗꜟ⅛╠ √ ─ ≢№╡ ╒≤╪≥─ 1 ≤⌂╡╕∆⁹

ⱳ♥fi◦ꜗꜟ⌐╟∫≡│ ⅜ ∂ ⅜2 ≈ ↕╣≡™╢ ⅜№╡╕∆⁹2 ≈─℮∟◄Ⱡꜟ◑כ─

™ ╩ ⇔√™ ⌐ t ─ ╩2 ≤⇔≡ↄ∞↕™⁹ 

 

⌐ ⇔√ ╩ ⌐ ╡ ≡╕∆⁹↓╣│ ─╟℮⌐ ─ ⌐⅔™≡ proj 

_group╩ ⇔≡ ⇔╕∆⁹ 

 

structure{  

atom_list{  

atoms{  

#tag element rx ry rz mobile proj_group  

Fe1 0.0 0.0 0.14783 on 1  

Fe2 0.0 0.0 0.35217 on 2  

Fe1 0.0 0.0 0.85217 on 1  

Fe2 0.0 0.0 0.64783 on 2  

...  

...  

}  

}  

}  

 

≤ ─ ─  

─ ⅎ  ὰ π  ὰ ρ  ὰ ς  ὰ σ   

1  ί  ὼ  σᾀ ὶ  ᾀυᾀ σὶ    
2   ώ  ὼς ώς  ὼυᾀ ὶ    

3   ᾀ  ὼώ  ώυᾀ ὶ    

4    ώᾀ  ᾀὼ ώ    
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5    ᾀὼ  ὼώᾀ   

6     ὼὼ σώ    

7     ώσὼ ώ    

 

↓─ ≢│ Fe1 ⌐group ⅜1 ─ ╩ⱪכꜟ◓ Fe2 ⌐group ⅜2 ─ ╩ⱪכꜟ◓ ⇔≡™╕∆⁹

≢│ ⌂╢ ╩ⱪכꜟ◓ ∆╢ ⅜№╡╕∆⁹ 

 

postprocessing Ⱪ꜡♇◒⌐⅔™≡ ╩ ∆╢√╘─☻▬♇♅╩ ⌐⇔╕∆⁹ 

postprocessing{  

...  

pdos{  

sw_pdos = on  

}  

}  

 

─ │ postprocessing ─dos Ⱪ꜡♇◒⌐⅔↑╢ ⌐ ™╕∆⁹ 

 

5.1.3.2 ─  

 
PDOS: ia= 2 l= 1 m= 1 t= 1  

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

6 - 1.95781 0.0000000000 - 56.762838 0.0000000000 0.0000000000  

16 - 1.95681 0.0000000000 - 56.735626 0.0000000000 0.0000000000  

26 - 1.95581 0.0000000000 - 56.708415 0.0000000000 0.0000000000  

36 - 1.95481 0.0000000000 - 56.681204 0.0000000000 0.0000000000  

46 - 1.95381 0.0085366260 - 56.653992 0.0003137151 0.0000002437  

56 - 1.95281 0.0176460501 - 56.626781 0.0006484801 0.0000254127  

 

PDOS: ≤™℮ ⅛╠ ╕╢ ⅜ ─♃כ♦ ╕╡╩№╠╦⇔╕∆⁹ia=─ ⌐ ∆╢ ─

ID ⅜, l=─№≤⌐ ∆╢ ⅜ m=─№≤⌐ ∆╢ ⅜ t=─№≤⌐ ∆╢

⅜ ↕╣╕∆⁹∕╣ ─ │ ─ ≥♃כ♦ ∂≢∆⁹ ≤ ─ ─ │ ⌐

⇔≡™╕∆⁹ 

 

╩♃כ♦ ╪∞dos.data ─ ⌐│ dos.pl ⌐-mode=projected ○ⱪ◦ꜛfi╩≈↑≡ ⇔╕∆⁹ 
% dos .pl dos.data - mode=projected - color - with_fermi  

∆╢≤⁸EPS ─ⱨ□▬ꜟ dos_aAAAlLmMtT.eps ⅜ ↕╣╕∆⁹AAA │ ─ ID, L │

M │ T │ ⌐ ⇔√ ≢∆⁹╕√  -data=yes ○ⱪ◦ꜛfi╩ ∆╢≤

↔≤⌐ ↕╣√ ╩ꜟ▬□ⱨ♃כ♦ ╢↓≤⅜≢⅝╕∆⁹∕─ⱨ□▬ꜟ │ EPS ⱨ□▬ꜟ─

╩data ⌐ ⇔√╙─≤⌂╡╕∆⁹ 

 

5.1.3.3 BaTiO3 ─  

 

BaTiO3 ─ ╩ ⇔√ ≢∆⁹ 

BaTiO3 │Ɑ꜡Ⱪ☻◌▬♩ ╩≤╢ ≢∆⁹ ⌐│ ≢∆⅜ ⌐ ⌐ ™ ≢∆⁹↓

─ ≢│ ╩ ─╟℮⌐ ⇔ ≤⇔≡ ⇔≡™╕∆⁹ 

 

structure{  

atom_list{  

atoms{  

#units angstrom  

#tag element rx ry rz proj_group  

Ba 0.00 0.00 0.00  

O 0.50 0.50 0.00 2  

O 0.50 0.00 0.50 2  
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O 0.00 0.50 0.50 2  

Ti 0.50 0.50 0.50 1  

}  

}  

unit_cell{  

#units angstrom  

a_vector = 4 0.00 0.00  

b_vector = 0.00 4 0.00  

c_vector = 0.00 0.00 4  

}  

}  

 

∆╢ │ ─╟℮⌐ ⇔╕∆⁹ 

accuracy{  

projector_list{  

projectors{  

#tag no group radius l  

1 1 1.0 2  

2 2 1.0 1  

}  

}  

}  

 

ⱪכꜟ◓ 1 │ l ⅜ 2(d ) ⱪכꜟ◓ 2 │ l ⅜ 1(p ) ≢№╡ ∕╣∙╣ Ti ≤O ⌐ ╡ ≡≡™╕∆⁹

⌐ postprocessing Ⱪ꜡♇◒⌐⅔™≡ ╩ ∆╢ ╩ ⌐⇔≡™╕∆⁹ 

 

postprocessing{  

dos{  

sw_dos = on  

method = tetrahedral  

}  

pdos{  

sw_pdos = on  

}  

}  

 

│ tetrahedral ╩ ⇔≡™╕∆⁹⇔√⅜∫≡ k ◘fiⱪꜞfi◓│ mesh smearing │

tetrahedral ╩ ⇔≡™╕∆⁹ 

 

BaTiO3 ─ ╩  5.5⌐ Ti ─d ⌐ ⇔√ ╩  5.6⌐ ⇔╕∆⁹ 
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 5.5 BaTiO3 ─  

 

 

 5.6 Ti ─d ─  
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5.1.4 ꞉ ♬◄  

 

5.1.4.1 ─  

 

│ ⌐ ⅜∫√Ⱪ꜡♇ⱱ ≤ ┌╣╢ ≤⇔≡ ↕╣╕∆⁹Ⱪ꜡♇ⱱ ╩ k ⌐ ⇔≡ⱨכ  ꜞ

◄ ∆╢↓≤⌐╟╡ ╠╣╢ ⇔√ ╩꞉♬◄ ≤ ┘╕∆⁹꞉♬◄ ─ │ ─  

╩ ∆√╘ ∕─ ⅛╠ ─ ╩ ⌐ ╢↓≤⅜≢⅝╕∆⁹╕√ ꞉♬◄ ─2 │ ─ ╩ 

∆√╘ ⌐ ∆╢ ⅜ ╠╣╕∆⁹ ⌐꞉♬◄ │ ⌐ ╕╡╕∑╪⁹꞉ ♬◄ ─ ⅜╡

⅜ ⌐⌂╢╟℮⌐ ∆╢↓≤⌐╟╡ ╠╣ ╢ ⌐ ╕╢ ╩ ꞉♬◄ ≤™™╕∆⁹ 

 

꞉♬◄ │꞉♬◄ ─ ⅜╡╩ ∆ ⅜╡ ╩ ⌐∆╢╟℮⌐Ⱪ꜡♇ⱱ ╩  ꜚ♬

כꜞ♃ ⇔≡ ╘╕∆⁹ ⅜╡ כꜞ♃♬ꜚ│ ─ ≢ ⅜╡ כꜞ♃♬ꜚ╩  ⌐

⇔≡ ⇔≡ ╠╣╢ │꞉♬◄ ─ ⅜╡╩ כꜞ♃♬ꜚ╢╘ ─ ⌐⌂∫≡™╕∆⁹↓─  ⌐

כꜞ♃♬ꜚ⌐⅛∏╦ ⇔≡™ↄ↓≤≢ ꞉♬◄ ─ ⅜╡╩ ⌐∆╢↓≤⅜≢⅝╕∆⁹ 

 

5.1.4.2 Si─ ꞉♬◄  

 

꞉♬◄ ╩ ∆╢⌐│ Postprocessing≢Wannier ╩ ∆╢↓≤╩ ⇔╕∆⁹ 

Postprocessing{  
    wannier{  
        sw_wannier  = ON 
        eps_grad  = 1.d - 3 
        dt  = 1.d - 4 
        max_iteration  = 1000  
        filetype  = cube  
    }  
}  

 

─ ─ ⅝↕⅜eps_grad ⌐⌂∫√╠ │ ⇔╕∆⁹dt │ ─ ⌂ ╖≢∆⁹ 

╡ ⇔⅜max_iteration ╩ ⅎ√╠ │ ⇔╕∆⁹꞉♬◄ ─ ⱨ□▬ꜟ│Gauusian cube ⌐

⇔╕∆⁹꞉ ♬◄ ─ⱨ□▬ꜟ─ ⅜ cube ⌐⌂╢╟℮⌐ ─╟℮ ⌐ file_names.data  ⌐ⱨ□▬ꜟ

ⱳ▬fi♃F_WANNIER ╩ ⇔╕∆⁹ 

&fnames  
F_INP = './nfinput.data'  
F_POT(1)  = './Si_ldapw91_nc_01.pp'  
F_WANNIER = './nfwannier.cube'  
&end 

 

↓─ │ɜ ─╖─ ≢⇔⅛ ≢⅝╕∑╪⁹ 

ksampling{  
    method  = gamma 
}  

 

╕√ ⌐│ ⇔≡™╕∑╪⁹ ≢ ⇔√ ╩ ≡™╢ │ ─ ≤⇔≡꞉

♬◄ ─ ╩⇔≡ↄ∞↕™⁹ 

 

Si ─꞉♬◄ ─ │⁸sample/wannier/Si8 ≢∆⁹ ╩ ∆╢≤ ꞉♬◄ ─ ≤⇔≡⁸

nfwannier.00001.cube ≤™∫√ⱨ□▬ꜟ⅜ 16 ↕╣╕∆⁹∕╣╠─ ≈╩ ⇔√ ╩  5.7 ⌐

⇔╕∆⁹ ꞉♬◄ │Si-Si ⌐ ⇔≡™╢↓≤⅜╦⅛╡╕∆⁹↓╣│ Si ─ ⅜ ≢

№╢↓≤╩ ⇔≡™╕∆⁹ 
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 5.7 Si (a) ≤GaAs (b) ─ ꞉♬◄  

⇔⌂™ ⌐ ⇔≡⇔╕℮↓≤⅜№╡╕∆⅜ sw_random_wann ier  ╩ ON ⌐⇔≡ꜝfi♄ⱶ⌂

⅛╠ ╩ ╘╢↓≤≢↓─ ⅜ ≢⅝╢↓≤⅜№╡╕∆⁹ 

Postprocessing{  
    wannier{  
        ...  
        sw_randomize  = ON 
        ...  
    }  
}  

 

╕√ ⅜ ⌂ ≢ ⅜ ⇔≡™╢╟℮≢⇔√╠ sw_continue  ╩ ON ⌐⇔≡ ╩ ⇔≡ↄ

∞↕™⁹ 

Postprocessing{  
    wannier{  
        ...  
        sw_continue  = ON 
        ...  
    }  
}  
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5.1.4.3 Wannier90 ╩ ™√꞉♬◄  

 

 ─  

 

Wannier90 ⱪ꜡◓ꜝⱶ(http://www.wannier.org/ )≤ ∆╢↓≤⌐╟∫≡꞉♬◄ ╩ ∆╢↓≤╙ ≢∆⁹

Wannier90 ⱪ꜡◓ꜝⱶ≤ ∆╢↓≤⌐╟∫≡ PHASE ⌐ ╖ ╕╣√꞉♬◄ ≢│ ∆╢↓≤

─≢⅝⌂™ ─ ╩ ℮↓≤⅜ ≢∆⁹ 

 ̧ ȹ ∞↑≢⌂ↄ ─k ◘fiⱪꜞfi◓≢꞉♬◄ ╩ ∆╢↓≤⅜  

 ̧ ꞉♬◄ ⌐╟╡ Ᵽfi♪ ╩ ╢↓≤⅜  

 ̧ ꞉♬◄ ⌐╟╡ ⱨ▼ꜟⱵ ╛ ⌐⅔↑╢ ◄Ⱡꜟ◑כ ─ ⅜  

↓↓≢│ PHASE ╩ Wannier90 ≤ ↕∑≡ ─╟℮⌂ ╩ ℮ ╩ ⇔╕∆⁹ ╩ ∆╢

│ ─►▼Ⱪ◘▬♩⅛╠Wannier90 ⱪ꜡◓ꜝⱶ╩ ⇔ ◖fiⱤ▬ꜟ ╩ ∫≡⅔™≡ↄ∞↕™⁹ 

 

  

 

Wannier90 ≤ ⇔≡ ╩ ℮⌐│ ─╟℮⌂ ╩ ™╕∆⁹Wannier90 ─ ⱨ□▬ꜟ │

Wannier90 ╩ꜟ▪ꜙ♬ⱴכ◙כꜚ─ ⇔≡ↄ∞↕™⁹ 

 

1. Wannier90 ─ ╩♃כ♦ ⇔╕∆⁹ⱨ□▬ꜟ │ seedname.win ≤⇔╕∆⁹seedname│ ─

≢ ─ ⌂≥╩ ⇔╕∆⁹ 

2. Wannier90 ╩ ─╟℮⌐Γⱪꜞⱪ꜡☿☻⸗כ♪Δ≢ ⇔╕∆⁹ 

% wannier90.x - pp seedname  

↓─ ⌐╟∫≡ Wannier90 ⅜ ─♃כ♦╢∆≥ ╩ ⇔√ⱨ□▬ꜟ⅜ ↕╣╕∆⁹↓─ⱨ□

▬ꜟ─ ╩╙≤⌐PHASE ─ ⱨ□▬ꜟ╩ ⇔╕∆⁹ 

3. PHASE ─ Ɽꜝⱷכ♃כⱨ□▬ꜟ╩ ⇔╕∆⁹ ╛ k ◘fiⱪꜞfi◓╩Wannier90 ─ ⌐

╦∑≡ ⇔╕∆⁹∕─ │ ⌐⅔™≡ ⇔╕∆⁹↕╠⌐ postprocessingⱩ꜡♇◒⌐ ╩

⇔╕∆⁹ 

postprocessing{  

  wannier{  

    seedname = ñseednameò 

    sw_wannier90 = on  

    nb_wan90 = wannier90 ≢ ∆╢Ᵽfi♪  

  }  

}  

seedname⌐ ─seedname╩ ≢ ⇔╕∆⁹sw_wannier90 ╩on≤∆╢↓≤⌐╟∫≡

Wannier90 ⅜ ≤∆╢ⱨ□▬ꜟ╩ ∆╢↓≤⅜≢⅝╕∆⁹nb_wan90 ⌐│ Wannier90 ≢ ∆╢Ᵽ

fi♪ ╩ ⇔╕∆⁹PHASE ─Ᵽfi♪ ─ ⌐∆╢ ⅜№╡╕∆⁹ 

4. PHASE ╩ ╡ ⇔╕∆⁹∕─ Wannier90 ⅜ ≤∆╢ ╛♃כ♦ ─♃כ♦

↕╣√ⱨ□▬ꜟ⅜ ╠╣╕∆⁹√∞⇔ Wannier90 ⅜ ─♃כ♦╢∆ │ ≢ ℮ ⅜№

╢─≢ ╩⇔√™ │└≤╕∏ sw_wannier90 ╩ off ≤⇔≡ ╩ ↕∑√№≤⌐

sw_wannier90 ╩on≤⇔ ─ ≢Wannier90 ─ ╩ ™╕∆⁹ 

5. Wannier90 ╩ ⇔╕∆⁹ 

% wannier90.x seedname  

∕─ Wannier90 ─꜡◓ ╛꞉♬◄ ⅛╒─♃כ♦ Wannier ─♃▬♩Ᵽ▬fi♦▫fi◓ⱢⱵ

ꜟ♩♬▪fi♦כ♃⌂≥⅜ ╠╣╕∆⁹seedname.win ─ ⌐╟∫≡│ ∕─╒⅛Ᵽfi♪ ╛ⱨ▼ꜟⱵ

╩ ∆╢√╘⌐ ♃כ♦⌂ 1 ─ ⌂≥╙ ╠╣╕∆⁹ 

 

  

http://www.wannier.org/
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 ꞉♬◄  

 

wan_interp ⱪ꜡◓ꜝⱶ│ ꞉♬◄ ╩ ∫≡Ᵽfi♪ ╛ⱨ▼ꜟⱵ ─ ╩ ℮ⱪ꜡◓ꜝⱶ≢∆⁹∕─♁

│♪כ◖☻כ src_wan_interp ⌐№╡╕∆⁹◖fiⱤ▬ꜟ∆╢⌐│↓─♦▫꜠◒♩ꜞכ┼ ╡ ◖fiⱤ▬ꜟ

─◦▼ꜟ☻◒ꜞⱪ♩ make.sh ─ Fortran90 ◖fiⱤ▬ꜝכ≤ LAPACK ꜝ▬Ⱪꜝꜞכ─ ╩ ∫√№≤

make.sh ╩ ⇔≡ↄ∞↕™⁹⌂⅔ ꞉♬◄ ⌐╟╢Ᵽfi♪ ╛ⱨ▼ꜟⱵ ─ │ Wannier90 ⌐

╟∫≡ ∆╢↓≤╙ ≢∆⁹∕─ │ Wannier90 ╩ꜟ▪ꜙ♬ⱴכ◙כꜚ─ ⇔≡ↄ∞↕™⁹Wannier90

⌐╟∫≡ ℮ │ band.pl ⌐╟╢Ᵽfi♪ ─ ╛PHASE -Viewer ⌐╟╢ⱨ▼ꜟⱵ ─ ⌂≥│ ⅎ

╕∑╪⁹ 

 

wan_interp ⱪ꜡◓ꜝⱶ│ ─ⱨ□▬ꜟ╩ ≤⇔╕∆⁹ 

 ̧ seedname_hr.dat ⱨ□▬ꜟ Wannier90 ⱪ꜡◓ꜝⱶ⌐╟∫≡ ↕╣╢ ꞉♬◄ ─♃▬♩Ᵽ▬fi♦▫

fi◓ⱢⱵꜟ♩♬▪fi♦⁹∆≢♃כ 

 ̧ seedname.nnkp ⱨ□▬ꜟ Wannier90 ⅜ ╩♃כ♦╢∆≥ ∆╢√╘⌐ ⌂ ⅜ ↕╣√ⱨ□

▬ꜟ≢∆⁹Wannier90 ╩Γⱪꜞⱪ꜡☿☻⸗כ♪Δ≢ ∆╢≤ ╠╣╢ⱨ□▬ꜟ≢∆⁹ 

 ̧ kpoint.data ⱨ□▬ꜟ ⇔√™ k ─ ⅜ ↕╣√ⱨ□▬ꜟ⁹♦כ♃ⱨ◊כⱴ♇♩│ PHASE ─

─kpoint.data ⱨ□▬ꜟ─ⱨ◊כⱴ♇♩≢∆⁹∕─ │ Ᵽfi♪ ─ │Ᵽfi♪ ─

╩ ⱨ▼ꜟⱵ ─ │PHASE -Viewer ─ꜟ▪ꜙ♬ⱴכ◙כꜚ ⱦꜙכ▪כ─ ╩ ⇔≡ↄ∞↕™⁹ 

 ̧ nfefermi.dat a ⱨ□▬ꜟ ⱨ▼ꜟⱵ◄Ⱡꜟ◑כ─ ⅜ ↕╣√ⱨ□▬ꜟ≢∆⁹PHASE ⅛╠ ↕╣╕∆

─≢ wan_interp ⱪ꜡◓ꜝⱶ╩  ↄ∞↕™⁹≡™⅔≡⇔כⱧ◖⌐כꜞ♩◒꜠▫♦╢∆

 ̧ fs.data ⱨ□▬ꜟ ⱨ▼ꜟⱵ ─ PHASE -Viewer ⅜ⱨ▼ꜟⱵ ╩ ∆╢ ⌐ ∆╢ ♃כ♦

⅜ ↕╣√ⱨ□▬ꜟ≢∆⁹PHASE -Viewer ─ ⅝⌐╟∫≡ⱨ▼ꜟⱵ ─ k ╩ꜟ▬□ⱨ♃כ♦

⇔√ ⌐ ↕╣╕∆⁹ 

 

─ⱨ□▬ꜟ╩ ⅎ√╠ ≈⅞─ ≢ ⇔╕∆⁹ 

% wan_interp seed name 

 

  

 

≤⇔≡ GaAs ╩☻כ◔─ ⇔╕∆⁹↓─ ─ ⱨ□▬ꜟ│ samples/wan90/GaAs  ⌐№

╡╕∆⁹ 

 

 ̧ ꞉♬◄ ─  

 

╕∏ Wannier90 ╩ ─╟℮⌐ ⇔╕∆⁹ 

% wannier90.x ðpp gaas 

↓─ ⌐╟∫≡ ⌂ ⅜ gaas.nnkp ≤™℮ⱨ□▬ꜟ⌐ ↕╣╕∆⁹↓─ⱨ□▬ꜟ─ ╩╙≤⌐

PHASE ─ ⱨ□▬ꜟ╩ ⇔╕∆⁹ 

╕∏ gaas.nnkp ⱨ□▬ꜟ⌐│ ─╟℮⌂ ≢ ─ ⅜Å ≢ ↕╣╕∆⁹ 

begin real_lattice  

   0.0000000   2.8265001   2.8265001  

   2.8265001   0.0000000   2.8265001  

   2.8265001   2.8265001   0.0000000  

end real_lattice  

↓─ ⌐ ™ PHASE ─ Ɽꜝⱷכ♃כⱨ□▬ꜟ─ ─ │ ─╟℮⌐⌂∫≡™╕∆⁹ 

structure{  

  unit_cell{  

      #units angstrom  

      a=5.653, b=5.653, c=5.653  
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      alpha=90, beta=90, gamma=90  

  }  

  symmetry{  

    tspace{  

      lattice_system = f acecentered  

    }  

  }  

}  

↓─ ≢│ Ⱪꜝⱬכ ╩ ⇔≡ ─ ╩ ∫≡™╕∆⁹GaAs│ ⌂─≢ lattice_system

Ɽꜝⱷכ♃כ⌐ facecentered⅜ ↕╣≡™╕∆⁹ 

 

╕√ gaas.nnkp ⌐⅔™≡│k ◘fiⱪꜞfi◓─ ⅜ ─╟℮⌐ ↕╣≡™╕∆⁹ 

begin kpoints  

    64 

    0.00000000    0.00000000    0.00000000  

    0.00000000    0.00000000    0.25000000  

    0.00000000    0.00000000    0.50000000  

    0.00000000    0.00000000    0.75000000  

    0.00000000    0.25000000    0.000 00000  

    0.00000000    0.25000000    0.25000000  

    0.00000000    0.25000000    0.50000000  

    é 

    é 

end kpoints  

↓─ ╡⌐ ∆╢√╘ PHASE ─ ⱨ□▬ꜟ⌐⅔™≡│ ─╟℮⌐ k ◘fiⱪꜞfi◓╩Γ כ⸗

♪Δ╩ ⇔≡ ⇔≡™╕∆⁹ 

accuracy{  

        ksampling{  

                method = directin  

                kpoints{  

                #tag kx ky kz denom weight  

0       0       0       4       1  

0       0       1       4       1  

0       0       2       4       1  

0       0       3       4       1  

0       1       0       4       1  

0       1       1       4       1  

0       1       2       4       1  

é 

é 

}  

}  

}  

òmethod=directin ó⌐╟∫≡◘fiⱪꜟ∆╢k ╩ ∆╢↓≤⅜ ≢∆⁹kpoints ≡™⅔⌐ꜟⱩכ♥ kx, ky, 

kz, denom,weight ⌐╟∫≡ k ╩ ⇔╕∆⁹k ─ │(kx/denom, ky/denom, kz/denom) ∕─ ╖⅜

weight ≢∆⁹ 

 

PostprocessingⱩ꜡♇◒≢│ Wannier90 ─ ╩ ℮ ⅜ ↕╣≡™╕∆⁹ 

postprocessing{  

        wannier{  
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                seedname = "gaas"  

                sw_wannier90 = ON  

                nb_wan90 = 8  

        }  

}  

Wannier90 ─ │ ≢ ℮ ⅜№╢─≢ ╩⇔√™ │└≤╕∏ sw_wannier90 ╩

off≤⇔≡ ╩ ↕∑√№≤⌐ sw_wannier90 ╩on≤⇔ ≢Wannier90 ─ ╩ ™╕∆⁹ 

 

PHASE ╩ ⇔ Wannier90 ⅜♃כ♦─ ╠╣√╠ Wannier90 ╩- pp╩≈↑∏⌐ ⇔╕∆⁹ 

% wannier90.x gaas  

Wannier90 ⌐╟╢ ⅜ ∆╢≤ gaas_00001.xsf, gaas_00002.xsf,é ⌂≥─ⱨ□▬ꜟ⅜ ↕╣╕∆⅜

↓╣│ XCrysDen ⱪ꜡◓ꜝⱶ http://www.xcrysden.org/ ╩ ⇔≡ ∆╢↓≤─≢⅝╢꞉♬◄ כ♦

♃≢∆⁹XCrysDen ⱪ꜡◓ꜝⱶ╩ ∆╣┌꞉♬◄ ╩ ∆╢↓≤⅜≢⅝╕∆⅜ PHASE -Viewer ⌐╟

∫≡ ╩ ℮ │Gaussian cube ⌐ ∆╢ ⅜№╡╕∆⁹↓─ │ PHASE Ɽ♇◔כ☺⌐

╕╣╢ conv.py≤™℮Python ☻◒ꜞⱪ♩╩ ∆╢↓≤⌐╟∫≡ ∆╢↓≤⅜≢⅝╕∆⁹  5.8⌐

⌐╟∫≡ ╠╣╢꞉♬◄ ╩XCrysDen ≢ ⇔√ ╩ ⇔╕∆⁹ 

 

 

 5.8 GaAs─꞉♬◄  

 

 ̧ ꞉♬◄  

 

Wannier90 ⌐│ ⇔√꞉♬◄ ╩ ⌐♃▬♩Ᵽ▬fi♦▫fi◓ⱢⱵꜟ♩♬▪fi╩ ∆╢ ⅜ ╦∫≡

⅔╡ ↓─ ╩ ∆╢↓≤⌐╟∫≡ ─ ╟╡╙ ⌂™ ≢Ᵽfi♪ ╛ⱨ▼ꜟⱵ ◄Ⱡꜟ◑

כ ⌂≥─ ⌂≥╩ ℮↓≤⅜ ≢∆⁹↓─ │ wan_interp ⱪ꜡◓ꜝⱶ╩ ⇔≡ ™╕∆⁹↓─

≢│ GaAs─ ─ ◄Ⱡꜟ◑כ ╩ ∆╢ ╩ ⇔╕∆⁹ 

◄Ⱡꜟ◑כ ─ ⌐ ╩♃כ♦⌂ ∆╢√╘⌐│ PHASE -Viewer ─Γ ⱦꜙכ▪כΔ╩ ⇔╕

∆⁹∕─ │ PHASE -Viewer ╩ꜟ▪ꜙ♬ⱴכ◙כꜚ ⇔≡ↄ∞↕™⁹Γ ⱦꜙכ▪כΔ⌐╟∫≡

kpoint.data ⱨ□▬ꜟ⅜ ↕╣╢─≢ ↓─ⱨ□▬ꜟ≤ ꞉♬◄ ⌐╟∫≡ ╠╣√ gaas.nnkp ⱨ□▬

ꜟ gaas_hr.dat ⱨ□▬ꜟ─╒⅛ PHASE ⌐╟∫≡ ╠╣√nfefermi.data ⱨ□▬ꜟ╩ ⌐כꜞ♩◒꜠▫♦─≈

╕≤╘ wan_interp≡™⅔⌐כꜞ♩◒꜠▫♦─⧵ ⱪ꜡◓ꜝⱶ╩ ⇔╕∆⁹ 

http://www.xcrysden.org/
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% wan_interp gaas  

∆╢≤ ꞉♬◄ ⌐╟∫≡ kpoint.data ⱨ□▬ꜟ⌐ ↕╣√ k ─ ⅜♃כ♦ ↕╣ nfenergy.data

≤™℮ⱨ□▬ꜟ⌐ ↕╣╕∆⁹ ╠╣√ⱨ□▬ꜟ╩Γ ⱦꜙכ▪כΔ⌐╟∫≡ kpoint.data ⱨ□▬ꜟ╩

⁹∆╕⇔כⱧ◖⌐כꜞ♩◒꜠▫♦√⇔ ─ ≢ ◄Ⱡꜟ◑כ ╩ ∆╢√╘─ │ ≢∆⁹ ╠╣

√ ─ ◄Ⱡꜟ◑כ ╩PHASE -Viewer ≢ ⇔√ ╩  5.8⌐ ⇔╕∆⁹ 

 

 

 5.9 GaAs ─ ─ ◄Ⱡꜟ◑כ  

 

 ─  

 

 ̧ ꞉♬◄ │ ≢ ℮ ⅜№╡╕∆⁹ ╩ ℮ │└≤╕∏ sw_wannier90 ╩

off≤⇔≡ ╩ ↕∑√№≤⌐sw_wannier90 ╩on≤⇔ ─ ≢Wannier90 ─ ╩

∫≡ↄ∞↕™⁹ 

 ̧ ≢ ≢⅝╢ ⱳ♥fi◦ꜗꜟ│ ⱡꜟⱶ ─╖≢∆⁹ 
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5.1.5 STM  
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5.1.6 XPS  

 

5.1.6.1 ─  

 

X (X-ray Photoemission Spectroscopy, XPS) ─ ⱳ♥fi◦ꜗꜟ ⌐╟╢ │⁸

(Core Hole)╩ ╗ ─ ⱳ♥fi◦ꜗꜟ╩ ™≡⁸ ◦ⱨ♩(Core Level Shift, CLS) ╩ ⇔╕∆⁹ 

 

 ◦ⱨ♩ 

 

≤│ ─ ™ ─↓≤≢№╡ ⌐│ ⇔⌂™ↄ╠™ ⌐ ↄ ⇔√╙─≢∆⁹ 

ⅎ┌◦ꜞ◖fi ─ 14 ─ │ ρί ςί ςὴ σί σὴ  ─╟℮⌐ 5 ─ ╩ ⇔╕∆⅜

↓─ ≢ρί ςί ςὴ⅜ ≢∆⁹ ⌂◦ꜞ◖fi ─ ╩CIAO ≢GGA ∆╢≤ 

  Energy  levels  [All - electron]  
  Element  --- > Si   
-----------------------------------------------------------------------  
   symm    j           Energy  (Ha)          Energy  (eV)   nocc       focc  
-------------------------------- ---------------------------------------  
    1s    1/2       - 65.6258330748     - 1785.7697073691      2   2.00000  
    2s    1/2        - 5.1250077353      - 139.4585506190      2   2.00000  
    2p    1/2        - 3.5260321902       - 95.9482139488      2   2.00000  
    2p    3/2        - 3.5022484901       - 95.3010265676      4   4.00000  
    3s    1/2        - 0.3967820153       - 10.7969875601      2   2.00000  
    3p    1/2        - 0.1503011244        - 4.0899015276      2   2.00000  
    3p    3/2        - 0.1491437813        - 4.058408621 5     4   0.00000  
-----------------------------------------------------------------------  
  Total  number  of  electrons                                   14.00000  
-----------------------------------------------------------------------  

≤⌂╡⁸ │ ─ ≢№╢ eV╟╡ ⌐ ™↓≤⅜╦⅛╡╕∆⁹ ∕─√╘ ─

│ ⇔√ ≤ ⌂╡╩ √∏ ◄Ⱡꜟ◑כ  ─ ™ ╩ ∂╕∆⁹  

◦ꜞ◖fi ─ ╩ ∆╢ ≤⇔≡ 100 130 eV─ X ─ ╩ ⇔  ↕╣╢

─ ◄Ⱡꜟ◑כ╩ ∆╢ ⅜№╡╕∆[1]⁹ ∟⌂╖⌐ ◄Ⱡꜟ◑כ ─ │ ─▪fi☺

╠⅛♃כ꜠ꜙ ↕╣√ ◦fi◒꜡♩꜡fi ╩ ™╕∆⁹ ─Si ─ ╩ ⌐∆╣┌ ↓─

≢│ςὴ ⅛╠ ↕╣╢  ⌐ ⇔≡™╢↓≤⅜╦⅛╡╕∆⁹ ςὴ │☻Ⱨfi ─√╘⌐

ςὴȾ≤ςὴȾ⌐πȢφτ eV ⇔╕∆⁹  

─ ⅛╠╟ↄ ╠╣≡™╢╟℮⌐  ─◄Ⱡꜟ◑כ╩Ὤ’≤∆╣┌ ↕╣╢ ─ ◄

Ⱡꜟ◑כὉ │ 

 Ὁ Ὤ’ ὡ Ὁ Ὁ  (1) 

≤⌂╡╕∆⁹ ↓↓≢ ὡ│ Ὁ│ Fermi Ὁ│ ≢∆⁹ ⌐ ≢│ ─⇔╖

⇔⌐╟╢ ⅜ ↕╣╢√╘  ─ ∂╢ⱳ♥fi◦ꜗꜟ│ ⅛╠ ⌐⌂╣┌⌂╢╒≥ ↄ

⌂╡╕∆⁹ ∕─√╘ ╙ ≢│ ↄ⌂╡╕∆⁹ ↓─ ╩ ⌐ ⇔√─⅜  5.10≢∆⁹ ∕─

⌐≤╙⌂™ ─ⱳ♥fi◦ꜗꜟ⅜ ∆╢─≢  │↓╣⌐ ⇔√ ╙ ↑╢⁹ ↓─

2≈─ ─√╘ ◄Ⱡꜟ◑כ Ὁ│ ⌐╟╡ ⌂╢ ╩≤╡╕∆⁹ ◦ⱨ♩─ ≢│ ⅛

╠ ⌐ ∫√Ᵽꜟ◒  ─ ⌐╟╢ ╩ ⌐⇔≡ ─ ⅜ ⌂╢ ─

─ ◄Ⱡꜟ◑כ─ ╩ ∆╢↓≤⌐╟╡ ─ ─ ╛ ╩ ⇔╕∆⁹ 
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 5.10 ─◄Ⱡꜟ◑כⱪ꜡ⱨ□▬ꜟ ─ ⅜ ⅜Ᵽꜟ◒≢№╢⁹Fermi ╔╕│ ≢№╢─⌐

⇔≡ ╔╬│ ⌐╟╡ ⌂╡ ≢│Ᵽꜟ◒⌐ↄ╠═≡ ⅜ ↄ⌂╢⁹ 

 

↕≡ ◦ⱨ♩╩ ∆╢√╘⌐│ (1)⌐╟╣┌ ₁─ ─ Ὁ╩ ⇔╕∆⁹ ↓

─◄Ⱡꜟ◑כ Ὁ│ ╙ ℮ ╩ ⅎ┌ ∟⌐ ╠╣╕∆⅜  ─╖╩ ℮ ⱳ♥fi◦ꜗ

ꜟ ⅛╠│ ╠╣╕∑╪⁹ ↓─ ⅛╠ ⱳ♥fi◦ꜗꜟ ≢│ ≢⅝⌂™≤ ╦╣╕∆⅜ ↓─ ╩

⌐ ⇔√─⅜Scheffler ⱪ[2]≢∆⁹ Schefflerכꜟ◓─ ╠│  5.11⌐ ⇔√╟℮⌐  (initial state) ≤

(final state) ─ ™⌐ ⇔≡™╕∆⁹ 

 

 

 5.11 ─ ≤ (I)│Ᵽꜟ◒ ─ ⌐╟╢ (II)│ ─ ⌐╟╢ ╩

⇔≡™╢⁹ (initial state) ≢│ (▐ⱨ)≤ ⅜ ∆╢─╖⌂─≢(I)≤(II)│ ∂ ≢№╢⁹ (final state) ≢│

↕╣√ ─ ◄Ⱡꜟ◑כ╔▓░▪≤ ( )1 ╩╙∫√ ─ ◄Ⱡꜟ◑כ╔◄▫◄│(I)≤(II)≢ ⌂╢⅜

╔▓░▪╔◄▫◄│ ⇔™⁹ 

 

 5.11≢│ ⅜ ↕╣╢ ─ ⅜ ⌂╢2≈─  ╩ ⇔≡™╕∆⁹(I)│ ⅜Ᵽꜟ◒ ⌐№

╢ (II)│ ⅜ ⌐№╢ ≢∆⁹ ≢│ ⅎ≡™╢ ⌐│ (Ὤ’)≤ ⅜ ∆╢─

╖⌂─≢(I)≤(II)│ ∂ ≢∆⁹ ≢│ ⌐│ ↕╣√ ( ◄Ⱡꜟ◑כὉ )≤ 

( )⅜ ↕╣√ ( ◄Ⱡꜟ◑כὉ )⅜ ⇔╕∆⁹ ≤│ ⅜ ↕╣╢ ⌐ ⇔≡™

√ ⌐ ↕╣√ ─⌠↑⅜╠≢∆⁹ (I)≤(II)≢│Ὁ ≤Ὁ │∕╣∙╣ ⌂╢⅜  ⅜ ≤™℮

↓≤⅛╠ ─ ─ ◄Ⱡꜟ◑כ╙ ∂ ⌐⌂╠⌂↑╣┌ ⌂╠⌂™≤™℮ ─ ⌂ ⅜ ⅛╣╕∆⁹ 

 Ὁ Ὅ Ὁ Ὅ Ὁ ὍὍ Ὁ ὍὍ (2) 
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◦ⱨ♩ɝὉ ╩ ≢ ⇔╕∆⁹ 

 ɝὉ ḳὉ ὍὍ Ὁ Ὅ (3) 

╝ⅎ⌐ (2)╩ ™╣┌ 

 ɝὉ ḳὉ Ὅ Ὁ ὍὍ ɝὉ  (4) 

⅜ ╠╣╕∆⁹ (2)─ │ ⱳ♥fi◦ꜗꜟ ≢╙ ∆╢↓≤⅜≢⅝╕∆⁹ Scheffler ╠[2]│↓─ ⅎ⌐

≠⅝Si(100) ─ ◦ⱨ♩╩ ⱳ♥fi◦ꜗꜟ ≢ ⇔ Landemark ╠─ [1]╩ ⌐

⇔≡™╕∆⁹ Ὁ≤ ─ ◄Ⱡꜟ◑כὉ ≤─ │ (1)⌐╟╡ 

 ɝὉ ɝὉ (5) 

⅜ ╡ ≈─≢ (4)≤ ⇔≡ 

 ɝὉ ɝὉ  (6) 

⅜ ⅛╣╕∆⁹ 

 

 

 5.12 ─☻Ɑ◒♩  ꜟ

 

⌐ ╠╣╢ ╩ ⌐ ∆≤  5.12⌐ ⇔√╟℮⌂☻Ɑ◒♩ꜟ≢∆⁹ ↓↓≢│ fi꜡כ◒

▼☺כ○╢╟⌐ │ ⅎ╕∑╪⁹ │ ─ ◄Ⱡꜟ◑כὉ │ ( )≢∆⁹ ╕

√ │ ─ ◄Ⱡꜟ◑כὉ ≤╖╢↓≤╙≢⅝≡ ↓─ │ ╒≥ ⅜ ↄ⌂∫≡™╕∆⁹ 

Ᵽꜟ◒⅛╠─ ☻Ɑ◒♩ꜟ│ ≢ ⇔√╟℮⌐Ὁ Ὅ⌐ ─Ⱨ⁹∆╕∟╙╩◒כ ↓╣⌐ ⇔≡

⅛╠─ ☻Ɑ◒♩ꜟ│ ≢ ⇔√╟℮⌐™ↄ≈⅛─ Ⱨכ◒Ὁ ὍὍ⌐ ⅛╣╕∆⁹ Ⱨכ

◒─ │∕─Ⱨכ◒⌐ ⇔√ ─ ⅛╠ ╕╡╕∆⁹ ─ ─√╘Ⱨכ◒ │ ⌐

∏╣╕∆⁹ │ ─ ≢◄Ⱡꜟ◑כ╩ ℮─≢ Ᵽꜟ◒─Ⱨכ◒│ ⅛╠ ∑™−™

nm ─ ↕─ ⌐╟╢╙─≢№╢↓≤╩ ⇔≡ↄ∞↕™⁹ ≢⅝╢╙─│ Ᵽꜟ◒ ⅛╠Ⱨכ

◒ ─∏╣≤ Ⱨכ◒─ ⌂ ≢∆⁹ 

 

 ╩ ╗ ─ ⱳ♥fi◦ꜗ  ꜟ

 

ⱳ♥fi◦ꜗꜟⱣfi♪ ≢│ ╩ ↕∑ ╩ ⌐ ⇔╕∆⁹

∕─√╘Ᵽfi♪ ─ ≢│ ⌐ ╩ ∂↕∑╢↓≤⅜≢⅝╕∑╪⁹∕─⅛╦╡ ╩ ╗ ⱳ♥fi

◦ꜗꜟ╩ ∆╢↓≤│ ≢∆⁹ Scheffler ╠[21]│ ⌐ ↕╣√ │╕╦╡─ ⌐

╟╡∆╖╛⅛⌐ (screening)↕╣╢╙─≤ ⇔╕⇔√⁹⇔⅛⇔ ╩ ↕∑╢∞↑─ │⌂™≤⇔

≡™╕∆⁹╕√ √╣↕ⱪכ♪│ ⅛╠ ⌐ ↕╣╢ ∆⌂╦∟Fermi │ ⌐Ⱨfi♬

fi◓↕╣╢ ≤ ⅎ≡ ⌐ ⅜ √╣≡™╢╙─≤⇔≡™╕∆⁹↓╣╠─ ⌐╟╡ ↕╣√☻Ɑ◒♩

ꜟ│ ≤╟ↄ ⇔≡™╕∆⁹  

─ ⅎ ⌐ ⅎ┌ ╩ ╗ ─ ⱳ♥fi◦ꜗꜟ╩ ─╟℮⌐ ⇔╕∆⁹ ⅎ┌ςὴ ⌐

╩ ╗◦ꜞ◖fi ─  
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1. 14 ─ ⅛╠⌂╢ ρί ςί ςὴ σί σὴ ─ ─ ◦ꜞ◖fi ⌐⅔™≡ ςὴ ─

1 ╩σὴ ⌐ ⇔≡ ρί ςί ςὴ σί σὴ ≤⇔√ ─ ◦ꜞ◖fi ╩ ⅎ╢ 

2. ∕─ ─ ╩ ⌐⅔↓⌂℮ 

3. ≤⇔≡ σί σὴ ─5 ─ ╩│⅜⇔≡▬○fi ∆╢ 

4. ↓─╟℮⌐⇔≡ ╩ ⇔5 ⌐▬○fi ⇔√◦ꜞ◖fi ─ ⱳ♥fi◦ꜗꜟ⅜≢⅝╢ 

 

≤⇔╕∆⁹ ↓╣│  5.13─2≈─ (final state) ─℮∟ ─ screened hole( )⌐ ⇔╕∆⁹ 

 

כꜝ◌☻ ≢─ ⱳ♥fi◦ꜗꜟ ≢│ ─☻Ⱨfi │ ∑∏ ⌐ ⇔≡ ╖ ╩

≤∫√╙─╩ ≤⇔╕∆⁹ ─◦ⱨ♩ ─ ≢│ ↓─ ⌐╟╡ │ ╦╡╕∑╪⁹ 

 

 

 5.13 Si ─ │ ─ │ ⅜ ∂√ ─ ─ ≢№╢⁹ 

 

5.1.6.2 ─  

 

╩ ╗ ─ ⱳ♥fi◦ꜗꜟ╩ ™≡ ◦ⱨ♩╩ Ᵽfi♪ ⇔╕∆⁹  

 

Ᵽfi♪ │ ─╟℮⌐ ™╕∆⁹ 

1. ◦ꜞ◖fi ─ ╩ ⇔ ─◦ꜞ◖fi ⱳ♥fi◦ꜗꜟ╩ ™≡ ⌐ ⅜ ⅛⌂ↄ⌂╢╕≢

⌐ ↕∑╢ 

2. ∕─ ╩ ™≡ 1 ╩ ╩ ╗ ⱳ♥fi◦ꜗꜟ⌐ ⅝ ⅎ≡ ◄Ⱡꜟ◑כ╩ ∆╢ 

3. ∆═≡─ ⌐ ⇔≡ ⌐ ⅝ ⅎ≡ ◄Ⱡꜟ◑כ╩ ∆╢ 

4. Ᵽꜟ◒ ─ ╩ ╘≡ ↓╣╩ ⌐⇔≡ ─ ─ ◄Ⱡꜟ◑כ─ ╩≤╡ ◄Ⱡꜟ◑כ─◦ⱨ

♩ ╩ ∆╢ 

5. ╩ ╘√☻Ɑ◒♩ꜟ≤⇔≡ ∆╢ 

 

 

5.1.6.3 Si(100)  

 

 Si(100) ─⸗♦  ꜟ

 

╕∏│∂╘⌐ Si(100) ὴς ς ─⸗♦ꜟ╩ ⇔╕∆⁹ Si(100) │♄fi◓ꜞfi◓Ⱳfi♪ ╩

╠∆√╘♄▬ⱴכ ╩≤╡  ∕╣╠─♄▬ⱴכ│ ⌐ ⌐ ↄ↓≤(Ᵽ♇◒ꜞfi◓)≢ ∆╢↓≤⅜

╠╣≡™╕∆⁹ ↓─ Ᵽ♇◒ꜞfi◓⌐ ⇔≡♄▬ⱴכ─ ™ ⅛╠ ™ ⌐ ⅜ ⇔╕∆⁹ 

⌐│ Si(100) ὧτ ς ⅜ ≤⌂╢⅜ ≢│Ᵽ♇◒ꜞfi◓─ ⅜ ∫√ὴς ς ╩ ™╕∆⁹
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↓─ ⅜ ╩ ╠∑╢⅛╠≢∆⁹ ↓─ │Scheffler ╠[2]≤ ≢∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5.14 Si(100) ─⸗♦ꜟ ─ │ ( ) ↕ │8 ( )─⸗♦ꜟ╩ ∆╢⁹8 ╘≤9 ─

⌐ ╩ ⅎ≡™╢─≢ ─ ≢│ ≢16 64 ─☻ꜝⱩ⸗♦ꜟ≤⇔≡ ℮⁹ ─ ≢⌂™ ⌐ ◊
▀ ◊ ▀⌂≥─ꜝⱬꜟ╩≈↑╢⁹ 

 

─ ⸗♦ꜟ│ ≤⌂∫≡⌂↑╣┌⌂╠∏ ⌐ ⇔╕∆⁹ ⌐ ↄ ─ ╩

υ ρπ ⌐ ⅎ╢─⌐ ╩ ⇔╕⇔√⁹  5.14│ ↕╣√↕╣√ ─ ╩ ⇔≡

™╕∆⁹ │( )  ⱳ♥fi◦ꜗꜟ Si_ggapbe_nc_01.pp  ⱳ♥fi◦ꜗꜟ GGA-PBE  

◌♇♩○ⱨ◄Ⱡꜟ◑כ Ὧ ύὪ σȢυ  Ὧ ὧὬὫ χȢπ  ꜚ♬♇♩☿ꜟ ὥ ρτȢφψρφπρυςωπὥ

ρτȢφψρφπρυςωπὥ φπȢππππππππππ Ὧ τ τ ρ ≢∆⁹ ∕─ ↕╣√ ≤ │ ─╟

℮⌐⌂╡╕∆⁹ 
          x              y              z             fx           fy           fz  
 1   11.654665468     7.340800747    19.731672033    - 0.000108     0.000000     0.000136  
 2   10.943522273     0.000000002    18.308554343    - 0.000156     0.000000    - 0.000260  
 3    7.408260709     7.340800738    18.308043049     0.000156     0.000000    - 0.000288  
 4    6.696493833    - 0.000000008    19.730653256     0.000095     0.000000     0.000136  
 5   12.644826676    10.798805752    16.929970763    - 0.000186    - 0.000125    - 0.000051  
 6   12.644826664     3.882795799    16.929970692    - 0.000187     0.000125    - 0.000052  
 7    5.707073513    11.223532172    16.928492210     0.000184     0.000135    - 0.000066  
 8    5.707073576     3.458069376    16.928492250     0.000 184   - 0.000135    - 0.000066  
 9    9.176755229    11.011875138    14.003484695     0.000002    - 0.000042    - 0.000291  
10    9.176755074     3.669726457    14.003484706     0.000002     0.000042    - 0.000291  
11    1.834472402    11.011012299    14.542706201    - 0.000005    - 0.000002     0.000195  
12    1.834472400     3.670589245    14.542706195    - 0.000005     0.000002     0.000196  
13    9.235196168     7.340800802    11.460786586     0.000018     0.000000    - 0.000178  
14    9.118076207     0.000000001    11.459447663    - 0.000002     0.000000    - 0.000198  
15    1.882358440     7.340800774    11.863174990     0.000085     0.000000     0.000607  
16    1.785205792    - 0.000000009    11.863763387    - 0.000075     0.000000     0.000566  
17   12. 980433730     7.340800764     9.066215802     0.000364     0.000000    - 0.000060  
18   12.895937822     0.000000005     9.076888750     0.000103     0.000000    - 0.000067  
19    5.455961640     7.340800779     9.081857152    - 0.000145     0.000000    - 0.000096  
20    5.3700 66620    - 0.000000012     9.069872950    - 0.000307     0.000000     0.000025  
21   12.895952884    11.013570694     6.478028955     0.000077    - 0.000071     0.000099  
22   12.895952919     3.668030852     6.478029019     0.000078     0.000071     0.000099  
23    5.45569909 1   11.008682705     6.484530647    - 0.000072     0.000047     0.000112  
24    5.455699061     3.672918843     6.484530696    - 0.000072    - 0.000047     0.000112  
25    9.172291984    11.011379982     3.920759253    - 0.000013    - 0.000002     0.000122  
26    9.172291976     3.670221565     3.920759374    - 0.000013     0.000002     0.000122  
27    1.838705787    11.010982242     3.857185244     0.000014     0.000000    - 0.000054  
28    1.838705789     3.670619311     3.857185195     0.000014     0.000000    - 0.000053  
29    9.176000956     7.3 40800765     1.297682500    - 0.000017     0.000000     0.002104  
30    9.176000956     0.0             1.297682500     0.000472     0.000000     0.002118  
31    1.835200191     7.340800765     1.297682500    - 0.000774     0.000000    - 0.002772  
32    1.835200191     0.0             1.297682500     0.000325     0.000000    - 0.002761  
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↓↓≢│ ╩ ⅎ≡ ─ 32 ─ ╩ ⇔≡™╕∆⁹ 8 ─ 4 ─ (29 32 )│

⅜≈┬╣⌂™╟℮⌐ ⇔√─≢ ⅜ ⇔≡™╕∆⁹ 

 

 ◦ⱨ♩─  

 

⌐ ◦ⱨ♩(Surface Core Level Shift, SCLS) ─ ╩ ™╕∆⁹ ↕╣√ ⸗♦ꜟ─

╩ ⇔√╕╕ ◦ꜞ◖fi ╩ ⌐ ╩ ╗ ⱳ♥fi◦ꜗꜟ⌐ ⅝ ⅎ≡ ◄Ⱡꜟ◑כ╩

⇔╕∆⁹  

↓─ ╩  5.15⌐ ⇔╕∆⁹ │ ─ ◄Ⱡꜟ◑כ( │ eV)─Ᵽꜟ◒⅛╠─∏╣≢∆⁹ ↓─

Ᵽꜟ◒╩σ ─ ⌐≤∫≡™╕∆⁹ │ ≢ ↕╣╢─≢ №╕╡ ™ ─

⅛╠─ │ ⌐ ↕╣╕∑╪⁹ ↕╣╢─│ ⅛╠ nm≤™╦╣≡™╕∆⁹ ↓─√╘ Ᵽ

ꜟ◒╩σ ≤⇔√↓≤│ ≢№╢≤ ⅎ╠╣╕∆⁹ ∕─ σ≤σ─ ⌐≤╢ ╙ ⅎ╠╣╢⅜  

5.14 ╩ ⌐∆╣┌σ│♄▬ⱴכ ─ σ│♄▬ⱴכ ─ ⌐№╢─≢ σ⅛╠─ │ ⌐│

ⅎ╠╣╢↓≤⅜ ⅎ╠╣╢─≢ ↓↓≢│σ╩ Ᵽꜟ◒≤⇔╕⇔√⁹  

 5.15⌐╟╣┌screened≤unscreened─ ⌂ ™│ 1 ╘─down─Ⱨכ◒ ≢∆⁹ ─∟⅜

™│ ⅜ unscreened─ ⅜ screened╟╡ ⌂™↓≤≢∆⁹ ∕─√╘ unscreened≢│ down ─◦ꜞ

◖fi ⅜ ⌐╟╡ ↕╣╕∑╪⁹ screened≢│ ↕╣╢─≢ ↓─∟⅜™─√╘⌐ down ─Ⱨכ◒

⅜ ⌂∫√≤ ⅎ╠╣╕∆⁹ 

 

 5.15 SCLS─ ◄Ⱡꜟ◑כ ∕╣∙╣ │unscreened │screened─ ⱳ♥fi◦ꜗꜟ╩ ™√ ≢№╢⁹

│Scheffler ≤ ∂ ≢№╢⁹ │ ─ ◄Ⱡꜟ◑כ( │eV)─Ᵽꜟ◒⅛╠─∏╣≢№╢⁹↓─ Ᵽꜟ◒╩ ◊

─ ⌐≤∫≡™╢⁹ 

 

Scheffler ╠─ [2]⌐№╢ ≤ ∆╢√╘⌐   5.16⌐ ⅛╠3 ╕≢─ ⌐╟╢SCLS╩ ⇔

╕∆⁹ │ ≢№╡ │ ─ ╩≤∫≡™╕∆⁹ ⅛╠ ⌐ unscreened screened ─

╩ ⇔≡™╕∆⁹ │Landemark ╠[1]⌐╟╢╙─≢∆⁹ 
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 5.16 SCLS─ │SCLS─ ≢№╡ │ ─ ╩≤∫≡™╢⁹ ⅛╠ ⌐ unscreened screened─

╩ ⇔√⁹ │Landemark ╠[20]⌐╟╢╙─≢№╢⁹ ⌐ ℮─│ screened≢№╢⁹XPS ─

ⱳ♥fi◦ꜗꜟ│screened≢ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 

 5.16─ │ [1]╩╟ↄ ⇔  ╕√ Scheffler ╠─ ─ [2]⌐ ⇔≡™╕∆⁹ ⌐

℮─│ screened≢№╢↓≤⅜╦⅛╡╕∆⁹ ↓─√╘ XPS ─ ⱳ♥fi◦ꜗꜟ│ screened≢

⇔⌂↑╣┌⌂╡╕∑╪⁹ 

 

5.1.6.4  

 

[1]  òCore-level spectroscopy of the clean Si(001) surface: Charge transfer within asymmetric dimers of the 

ς ρ and ὧτ ς reconstructionsó, E. Landemark, C.J. Karlsson, Y.-C. Chao, and R.I.G. Uhrberg, Phys. 

Rev. Lett. 69, 1588 (1992).  

[2]  òEvidence for site-sensitive screening of core holes at the Si and Ge (001) surfaceó, E. Pehlke and M. 

Scheffler, Phys. Rev. Lett. 71, 2338 (1993). 
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5.1.7  

 

5.1.7.1 ─  

 

PHASE ╩ ⇔≡ ╩ ∆╢↓≤⅜ ≢∆⁹↓↓≢│ ╩ ∆╢ ╩ ⇔╕∆⁹ 

─ ╖ ⌐⅔↑╢ ≤│ ≤ⱨ▼ꜟⱵ◄Ⱡꜟ◑כ≤─ ≢∆⁹ │  

─SCF ╩ ⇔ ⅛╠ ⌐ ╣√ ≢─ ⱳ♥fi◦ꜗꜟ╩ ⇔≡ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

5.1.7.2 Ɽꜝⱷכ♃ 

 

╩ ∆╢√╘⌐│ ─⸗♦ꜟ╩ ∆╢ ⅜№╡╕∆⁹ ≤⇔√™ ─ ≤⇔√™  

╩╙≈ ⸗♦ꜟ╩ ⇔╕∆⁹↕╠⌐ ─♃כ♦ postprocessing Ⱪ꜡♇◒⌐ workfunc Ⱪ꜡♇◒╩

⇔ ╩ ™╕∆⁹ 

 

postprocessing{ 

workfunc{  

sw_workfunc = on  

sw_add_xc_to_vloc = off 

} 

} 

 

│ ─ ╩╙∟╕∆⁹ 

sw_workfunc  ─ ⌐ ╩♃כ♦⌂ ∆╢√╘─☻▬♇♅≢∆⁹ ↕∑√™

⌐on ≤⇔╕∆⁹ 

sw_add_xc_to_vloc ⱳ♥fi◦ꜗꜟ╩ ∆╢ ⌐ ╩ ╘╢⅛≥℮⅛╩ ⇔

╕∆⁹ ⅛╠ ╣√ ⌐⅔™≡│ │0 ⌐⌂╢≤ ⅎ╠

╣╢─≢ ⱳ♥fi◦ꜗꜟ⌐ ╘⌂ↄ≡╙ ⇔™ ⅜ ╠╣╢↓≤⅜

≢⅝╕∆⁹↓─☻▬♇♅╩ on ⌐⇔≡⅔ↄ≤╟╡ ⌂™ ≢ ⇔√

╩ ╢↓≤⅜ ≢∆⁹ 

 

↓─╟℮⌂ ╩ ∫√╠ ╡PHASE ╩ ⇔╕∆⁹ ⅜ ⇔√ ⌐ ⌂ ⱳ♥fi◦ꜗ  ꜟ

⅜≤⌂♃כ♦ ↕╣╕∆⁹∆≢⌐ ⇔√ ⌐ ∆╢ ≤⇔≡ ∆╢↓≤╙ ≢∆⁹ 

 

5.1.7.3 ─  

 

⅜ ⇔√ ≢│ ⱳ♥fi◦ꜗꜟ─♦כ♃⅜ ≡⇔≥♃כ♦─ ↕╣╕∆⁹ ╩ ╢√ 

╘⌐│ ╩♃כ♦─ ┼ ⱨכꜞ◄ ⇔ ≢ ╩ ⇔∕─ ╩ ∆╢ ⅜№╡╕ 

∆⁹↓─╟℮⌂ ╩ ℮ⱪ꜡◓ꜝⱶ⅜ workfunc ≢∆⁹↓─ⱪ꜡◓ꜝⱶ─♁כ◖☻כ♪│ src_workfunc ♦▫

│⌐╘√╢∆ꜟ▬fiⱤ◖⁹∆╕╡№⌐כꜞ♩◒꜠ Fortran90 ◖fiⱤ▬ꜝכ⅜ ≢∆⁹workfunc ╩◖fiⱤ▬

ꜟ∆╢⌐│ √≤ⅎ┌ ─╟℮⌂◖ⱴfi♪╩ ⇔╕∆⁹ 

% cd src_workfunc  

% export F90=ifort  

% make 

F90⌐Fortran90 ◖fiⱤ▬ꜝכ╩ ⇔╕∆⁹ F90─♦ⱨ◊ꜟ♩ │gfortran ≢∆⁹ 

 

─╟℮⌐ ⇔╕∆⁹ 

% workfunc - z ZAXIS  

ZAXIS ⌐ ⌐ ≤╖⌂∆ " ╩ ⇔╕∆⁹a ─ 1, b ─ 2, c ─ │3 ╩ ⇔╕∆⁹ 

⇔⌂™ ─♦ⱨ◊ꜟ♩ │3 ≢∆⁹ 
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5.1.7.4 ─  

 

workfunc ─ ⅜ ∆╢≤ nfvlcr.cube ≤nfvlcr _av.data ─2 ─ⱨ□▬ꜟ⅜ ↕╣╕∆⁹nfvlcr.cube 

ⱨ□▬ꜟ│ ─ ⱳ♥fi◦ꜗꜟ♦כ♃╩ ≈ Gaussian Cube ─♦כ♃ⱨ□▬ꜟ≢∆⁹

nfvlcr _av.data ⌐│ ⌐ ⌂ ≤ ≢ ⇔√ ⱳ♥fi◦ꜗꜟ─♦כ♃⅜ ↕╣≡™╕∆⁹ ─

♃כ♦⌂℮╟ ≤⌂∫≡™╕∆⁹ 

 

# Fermi energy (eV) - 0.37838  

# distance along the z - axis(Angstrom) aver aged local potential (eV)  

0.104167 - 0.218799E+01  

0.208333 - 0.250195E+01  

0.312500 - 0.331223E+01  

0.416667 - 0.427665E+01  

0.520833 - 0.495695E+01  

0.625000 - 0.496651E+01  

0.729167 - 0.425552E+01  

.....  

.....  

.....  

 

ⱨ□▬ꜟ─1 ⌐ⱨ▼ꜟⱵ◄Ⱡꜟ◑כ⅜eV ≢ ↕╣≡™╕∆⁹3 ⅜  ⁹1∆≢♃כ♦─

⌐Å ≢ ⌐ ⌂ ⅜ 2 ⌐ ∆╢ ⱳ♥fi◦ꜗꜟ─ eV ≢ ↕╣╕∆⁹

ⱳ♥fi◦ꜗꜟ│ ⅛╠№╢ ╣√ ⌐⅔™≡│╒╓ ≤⌂╡╕∆⁹↓─ ─ ≤ⱨ▼ꜟⱵ◄Ⱡ

─≥כ◑ꜟ ⅜ ⌐ ⇔╕∆⁹ 

 

nfvlcr_av.data ⱨ□▬ꜟ⅛╠ ⱳ♥fi◦ꜗꜟ⅜ⱨꜝ♇♩⌐⌂╢ ╩ ⇔ ⱨ▼ꜟⱵ◄Ⱡꜟ◑כ≤─ 

╩ ∆╢↓≤⌐╟∫≡ ╩╙≤╘╢Perl ☻◒ꜞⱪ♩⅜workfunc.pl ≢∆⁹ ─╟℮⌐ ⇔╕∆⁹ 

 

% workfunc.pl nfvlcr_av.data OPTIONS  

 

∆╢≤ ↕╣√ ─ ⅜ ⌐ ↕╣╕∆⁹╕√ workfunc.eps ≤™℮ ⱳ♥fi◦

ꜗꜟ≤ ⌐ ⌂ ─ ╩◓ꜝⱨ ⇔√EPS ⱨ□▬ꜟ╙ ↕╣╕∆⁹ 

 

5.1.7.5 ▪ꜟⱵ♬►ⱶ─  

 

▪ꜟⱵ♬►ⱶ─ ─ ╩ ⇔╕∆⁹◘fiⱪꜟ♦כ♃│ samples/workfunc/Al ≢∆⁹ 

∆╢ │ Al (111) 7 ─ ⸗♦ꜟ≢∆⁹ ⌐ ⌂ │ c ≤⇔╕∆⁹c ─ ↕│ 50 Å 

≤⇔╕⇔√⁹▪ꜟⱵ♬►ⱶ(111) │╒≤╪≥ ⇔⌂™─≢ │ ⇔╕∑╪≢⇔√⁹ ╩

⌐ ⅜ ∆╢╟℮⌐⸗♦ꜟ╩ ⇔╕⇔√⁹╕√ │ ⱳ♥fi◦ꜗꜟ⌐ ╘⌂

™ ≢ ╩ ™╕⇔√⁹▪ꜟⱵ♬►ⱶ─ ⸗♦ꜟ│  5.17⌐ ⇔╕∆⁹ 
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 5.17 Al(111) 7 ⸗♦  ꜟ

 

PHASE ⌐╟╢ SCF ⅜ ⇔√─∟⌐workfunc ⱪ꜡◓ꜝⱶ⌐╟∫≡ nfvlcr av.data ⱨ□▬ꜟ╩ ⇔

↕╠⌐workfunc.pl ☻◒ꜞⱪ♩╩ ⇔≡ ╠╣√ ⱳ♥fi◦ꜗꜟ≤ ⌐ ⌂ ─ ╩  5.18⌐

⇔╕∆⁹ │ 4.05 eV ≤ ↕╣╕⇔√⁹↓─ │ ≢№╢4.08 eV≤ ™ ≤⌂∫≡™╕∆⁹ 

 

 5.18 ⌐ ⌂ ≤ ⱳ♥fi◦ꜗꜟ─  
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5.1.8  

 

5.1.8.1 ─  

 

─ ≢№╢ │⁸ ≤ ∂ ╩ ∟⁸ ─ ╩ ∟╕∆⁹ │ ≤ ⇔⁸‎ ╩

⇔╕∆⁹↓─ ─ ╩ ⇔≡⁸ ─ ╛⁸ ─ ⅜ ≢∆⁹ ↓↓≢⁸

⅛╠ ⌂ ╩ ⅝ ∆─⌐⁸ ⌐ ≠™≡ ╩ ⇔⁸ ≤ ∆╢↓≤⅜

≢∆⁹PHASE ⌐│⁸ ⌐⅔↑╢ ╩ ∆╢ ⅜№╡╕∆⁹ 

 

⁸ ─ ≢ ╩ ™╕∆⁹ 

(A) │∂╘⌐ ─ Ᵽfi♪ ╩ ⇔╕∆⁹PHASE ⌐│⁸ ⱳ♥fi◦ꜗꜟה

⅜ ↕╣≡™╢─≢⁸↓─ ⌐ ≠™≡ ╩ ™╕∆⁹Ᵽfi♪ ⌐╟╡⁸ ─ ”⅜

╠╣╕∆⁹ ─ │ ≢ ⅎ╠╣╕∆⁹ 

” ” ” 

↓↓≢⁸”│⁸◖▪ ─ ≢∆⁹CIAO ≢ ⇔ ↕╣≡™╢ ⱳ♥fi◦ꜗꜟ─♦כ♃ⱨ□

▬ꜟ⌐│⁸ ⌂ ⌐⅔↑╢◖▪ ─ ─ ⅜ ╩♃כ♦─↓⁹∆╕™≡╣╕ ╖ ╖(1)

╩ ⇔╕∆⁹ 

(B) ‪│ ≢ ⅎ╠╣╕∆ ⁹ 

ρ

ς
ɝ ὨὶΩ

ᴆ
” ὶΩ

ᴆ
” ὶΩ

ᴆ

ὶᴆ ὶΩ
ᴆ

‘ ”ὶᴆ ‪ ὶᴆ ‐‪ ὧὶ 

↓↓≢⁸‘ │⁸ ה ⌐ ∆╢ⱳ♥fi◦ꜗꜟ◄Ⱡꜟ◑⁸│”⁸╡№≢כ ─ ╩

⇔╕∆⁹™╕⁸ │ ⌐ 1 ⇔⅛⌂™≤ ∆╢─≢⁸ ╙ ⌂ ─╖╩ ╘╣┌

╟™↓≤⌐⌂╡╕∆⁹⇔√⅜∫≡⁸ ─ │Ⱪꜞꜟ▪fi♂כfi ─ɜ ⌐ ⇔╕∆⁹↓─

╩ ⌐╟∫≡ ⇔╕∆⁹ 

‪ ὅᴆ
ᴆ

ÅØÐ ÉὋᴆẗὶᴆ 

↓↓≢⁸ ⱬ◒♩ꜟὋᴆ─ ╩ ⌐ ⅎ╢√╘⁸ ─ ◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹ 

(C) ╩ ╘╕∆⁹ 

” ὶᴆ ȿ‪ȿ 

(D) ┘ ─ ╩ ™≡⁸ ─ ╩ ⇔⁸ ╩ ⇔╕∆⁹ 
ρ

†
“ὶὧ Ὠὶ” ὶ” ὶɜ”  

↓↓≢⁸ὶ │⁸ ─ ⁸ὧ│ ╩ ⇔╕∆⁹ɜ│⁸ ≢№╡⁸ ה ─ ⌐

∆╢╙─≢∆⁹ PHASE ≢│⁸ ─ ⌐⅔™≡⁸ ─ ╩ ™≡™╕∆⁹ 

”ɜ” ḙ”ɜ” ”ɜ”  

↓─ ⅜ ╡ ≈√╘⌐│⁸ ≤◖▪ ─ ─ ⌂╡⅜ ↕™↓≤⅜ ≤⌂╡╕∆⁹ 

 

≢│⁸ ה ─ ⌐ ⇔≡⁸ ╩ ™≡™╕∆⁹∆⌂╦∟⁸ ⱳ♥fi◦ꜗꜟ≤

│⁸ ⌂ ●☻ ⌐ ⅜1 №╢ ⌐ ↕╣√ ╩╙≤⌐⁸ ─ ≤⇔≡ ⅎ

╠╣╕∆⁹ ⌐ ⇔≡│⁸ ⅜ ↕╣≡™╕∆[Puska95]⁹ 

ɜ ρ ρȢςσὶ πȢωψψωὶ
Ⱦ
ρȢτψςὶ πȢσωυφ

Ⱦ
ὶȾφ 

↓↓≢⁸ ὶ ρȾ”≢∆⁹╕√⁸◑ꜗ♇ⱪ─№╢ ⁸∆⌂╦∟ ⌐⅔™≡│⁸ ╟╡╙ כꜞ◒☻─

♬fi◓ ⅜ ↕™√╘⁸ ─ ╩ ℮ ╩ ⇔╕∆[Puska91],[ Nakamoto07 ]⁹ 

ɜ ρ ρȢςσὶ πȢωψψωὶ
Ⱦ
ρȢτψςὶ πȢσωυφ

Ⱦ
ρ ρȾ‐ ὶȾφ 

↓↓≢⁸‐ │ ≢∆⁹∕─ ⅜ ⌐╟╡ ↕╣≡™⌂™ ⌐│⁸UVSOR ⌐╟╡⁸

⌐ ≠™≡ ∆╢↓≤⅜≢⅝╕∆⁹ ─ ⌐≈™≡│⁸ [Nakamoto07 ] ╩ ↄ∞↕™⁹ 
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5.1.8.2 Ɽꜝⱷכ♃ 

 

Si ⌐⅔↑╢ ─ ╩ ≤⇔╕∆⁹ │⁸sample/positron/Si ≢∆⁹ 

Si ⌐⅔↑╢ ─ Ɽꜝⱷכ♃ⱨ□▬ꜟ⌐⅔™≡⁸ ⌐ ∆╢ ─╖╩ ⇔╕∆⁹ 

   

 Control ♃◓≢ ╩ ⌐  

 

Control{   

positron = BULK  

}  

Control ♃◓ ⌐ positron=BULK  ≤ ∆╢≤⁸ ─ (Ᵽfi♪ ╩ ∫√ ⌐⁸

╩ ™╕∆⁹ 

 

 accuracy ♃◓≢ ─○ⱪ◦ꜛfi╩  

 

accuracy{  
    cutoff_pwf  = 50.00  rydberg  
    positron_convergence{  
      num_extra_bands  = 8 
      delta_eigenvalue  = 1.d - 8 rydberg  
      succession  = 6 
      num_max_iteration  = 32000  
      dtim  = 0.01  
      epsilon_ele  = 12}  
}  

 

cutoff_pwf = 50.00 rydberg  ↓╣│⁸ ─ ╩ ∆╢ ─[(3) ]◌♇♩○ⱨ◄Ⱡꜟ◑כ≢

∆⁹ 

positron_convergence  ↓─♃◓─ ≢⁸ ╩ ⌐╟∫≡ ╘╢⁸∆⌂╦∟(2) ╩

ↄ⁸ ⌐⁸≥─╟℮⌐ ╩ ╟℮≤∆╢─⅛⁸∕─ ╩ ™╕∆⁹ 

num_extra_bands = 8  ─ │⁸ 1 ─╖╩ ∆╣┌ ≢∆⁹⇔⅛⇔⁸

≢ ╩ ╢⌐│⁸∕╣ ⌐⁸ ╟╡╙◄Ⱡꜟ◑כ─ ™

─ ╙ ∆╢ ⅜№╡⁸∕─ ╩ ⇔╕∆⁹⌂⅔⁸ ╘╢

│ ≡Ⱪꜞꜟ▪fi♂כfi ─ɜ ⌐ ⇔╕∆⁹ 

delta_eigenvalue = 1.d -8 

rydberg  

5.─  

succession = 6 ⌐⅔™≡⁸ ≤ ─ 7. ⅜ 4.≢ ⅎ╠╣√ ≢

⇔⁸5.≢ ↕╣√ ∞↑ ⇔≡⁸↓─ ╩ √∑┌⁸ │ ⇔

√≤╖⌂⇔╕∆⁹ 

num_max_iteration = 32000  │⁸↓─ ╡ ∆≤⁸ ⇔≡™⌂ↄ≡╙ ⇔╕∆⁹ 

dtim = 0.01  ╡ ⇔ ⌐⅔™≡⁸ ─ ╩≥╣∞↑ ⅝ↄ ↕∑╢⅛─ ≢

№╡⁸dtim ⅜ ⅝™╒≥ ⅜ ↄ⌂╡╕∆⁹⇔⅛⇔⁸№╕╡ ⅝™≤

⅜ ╠╣⌂ↄ⌂╡⁸↓─ ⅜ ↕™╒≥⁸ ⌐ ⅜ ╠╣╕∆⅜⁸ ↕

ↄ∆╢╒≥ ⅜ ↄ⌂╡╕∆⁹⇔√⅜∫≡⁸↓─ │ ∆╢ ⌐╟╡⁸ꜚ

⅜כ◙כ ⌂ ╩ ∆↓≤╩ ⇔╕∆⁹ 

epsilon_ele = 12 epsilon_ele│⁸◑ꜗ♇ⱪ─№╢ ⌐ ⇔≡⁸LDA ─ ╩ ℮

⌐ ™╢ tag ≢∆⁹=─ ⌐│⁸ Si─ 12 ╩ ™╕∆⁹╙⇔⁸

─ ╩ ╦⌂™─≢№╣┌ √≤ⅎ┌⁸ ─ ╩ ℮ ⁸8.─

│ ⇔╕∆⁹ 
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5.1.8.3 ─  

 

╩ ℮≤⁸output000 ⱨ▫ꜟ≤3 ─cube file ⅜ ↕╣╕∆⁹   

 

 ꜡◓ ⱨ□▬  ꜟ output000  

 

↓─ⱨ□▬ꜟ─ ─ │⁸Si─ Ᵽfi♪─ ⌐ ∆╢╙─≢∆⁹ ─Ᵽfi♪ ⅜ ╦╡⁸ ─

⅜ ╠╣√ ⁸ ─ ⅜ ╦╣╕∆⁹ 

⌐⅔↑╢ò---  initial  positron  energy  eigen  values  --- ó⅛╠⅜ ⌐ ∆╢╙─≢∆⁹

╡ ⇔ ⌐╟╡⁸ ─ ⅜ ↕╣╕∆⁹ ─ │⁸ ╡ ⇔ ─│∂╘⌐⅔™≡⁸

⅜⁸14.6379(eV)≢№╢↓≤╩ ⇔≡™╕∆⁹extra bands │∕╣╟╡╙◄Ⱡꜟ◑כ─ ™

(14.9628460558-15.0292289699 ╩ ⇔╕∆⁹ ╡ ⇔ ─2 ≢│⁸ ⅜⁸ 0.0021898139(eV) ≤

⌂∫≡™╕∆⁹ 

---  initial  positron  energy  eigen  values  ---  
 === positron  eigen  values  === 
     14.6378982055  
 --  extra_bands  --  
     14.9628460558      14.6842242625      14.9879179620      15.2755174303  
     14.8070539395      14.6061318397      14.8086346971      15.0292289699  

 
 === positron  eigen  values  === 
      0.0021898139  
 --  extra_bands  --  
      0.0892687578       0.1056325893       0.2037689630       0.2140559068  
      0.3115605599       0.3359746459       0.3540270556       0.4738130045  

 

ⱨ□▬ꜟ─ ─ ⌐│⁸ ─╟℮⌂ ⅜№╡╕∆⁹ 

***************************************************  
 positron  lifetime(ps)    220.184723312044       
 core  rate    3.79328791767622       % 
 *************************************************  

↓╣│⁸ ─ ╩ ╘╢ ⅜ ⇔⁸ ─ ⅜220ps≤ ↕╣√↓≤╩ ⇔≡™╕∆⁹core 

rate │⁸ ⌐ ∆╢◖▪ ─ ─ ╩ ⇔╕∆⁹ 

 

 Cubeⱨ□▬  ꜟ

 

⅜ ∆╢≤⁸ ─ ⁸ ─ ⁸ ה Ɑ▪─ ⅜⁸ⱨ□▬ꜟ electron.cube⁸

positron.cube⁸ep_pair.cube⌐ ↕╣╕∆⁹↓╣╠─ⱨ□▬ꜟ│Gaussian cube ≢№╡⁸ ≢⅝╕

∆⁹  5.19⌐ Si ⌐⅔↑╢ ╩ ⇔╕∆⁹ │ ≤⇔≡⁸ ⌐ ⇔⁸ │⁸

⌐ ∆╢↓≤⅜ ⅛╡╕∆⁹ ─ ⅜ ⅜╡ ◄Ⱡꜟ◑כ⅜ ⇔√ ⅜◄Ⱡꜟ◑כ ⌐

≢№╢↓≤⅛╠⁸ ⌐ │ ⌐ ∆╢ ⅜№╡╕∆⁹ ה ╩  5.19 (c)⌐

⇔╕∆⁹↓─ ⅜ ™≤↓╤≢⁸ ⅜ ⅝⌂ ≢ ∆╢↓≤⌐⌂╡╕∆⁹ 
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 5.19 Si ─ (a)⁸ (b)⁸ ה (c) 

 

5.1.8.4 ─  

 

─ ⌐⅔↑╢ ≢∆⁹ 

 

 ̧ ⱳ♥fi◦ꜗꜟ─  

 

⌐╟∫≡│⁸☿Ⱶ◖▪ ╩ ≈╙─⅜№╡╕∆⁹↓↓≢⁸☿Ⱶ◖▪ ≤│⁸◖▪ ─ ⁸ ⅜

⌐ ⅜╡⁸◖▪ ─ ≤ ─ ≤─ ⌂╡⅜ ≢⅝⌂™ ─↓≤≢∆⁹↓─ ⁸☿Ⱶ◖▪

╩ ≤⇔≡ ╡ ™⁸ ⱳ♥fi◦ꜗꜟ╩ ∆╢↓≤⅜ ╕╣╕∆⁹ ↕╣≡™╢ ⱳ♥fi◦ꜗꜟ⌐│⁸

⌐╟∫≡│⁸↓─╟℮⌐⇔≡ ↕╣√╙─⅜№╡⁸∕─ │↓╣╩ ∆╢↓≤╩ ⇔╕∆⁹╙⇔⁸∕

─╟℮⌂ ⱳ♥fi◦ꜗꜟ⅜ ↕╣≡™⌂↑╣┌⁸CIAO ╩ ™≡ ∆╢↓≤╙≢⅝╕∆⁹ 

 

 ̧ ◌♇♩○ⱨ◄Ⱡꜟ◑כ─  

 

Si ─Ᵽfi♪ ⌐⅔™≡⁸ ⁸ ⁸ ⌐ ∆╢◌♇♩○ⱨ◄Ⱡꜟ◑כ╩

─╟℮⌐ ⇔╕∆⁹ 

accuracy{  
    cutoff_wf  =  50.00   rydberg   !  cke_wf  
    cutoff_cd  =  200.00   rydberg   !  cke_cd  
    cutoff_pwf  = 50.00  rydberg  

↓╣╠─ ╩ ↕∑≡⁸ ↕╣√ ⅜ ⇔≡™╢↓≤╩ ⅛╘╢ ⅜№╡╕∆⁹ 

 

 ̧  

 

─ │⁸ ─ ≤ ⁸ ╡ ⇔ ⌐╟∫≡ ╘╠╣╕∆⁹ ╡ ⇔⌐⅔™≡

output000 ⱨ□▬ꜟ⌐│⁸ ─╟℮⌂ ⅜№╡╕∆ ↓↓≢│⁸ ╡ ⇔─ ⌐⅔↑╢ ╩ ⇔≡™╕

∆ ⁹ 

=== positron  eigen  values  === 
     - 0.5674635596  
 --  extra_bands  --  
     - 0.0490686179      - 0.0460091253      - 0.0446118499      - 0.0275856742  
     - 0.0102856694       0.0069403602       0.0274419414       0.2284487012  
lifetime:     220.180365487100         220.179503204077   

 

↓↓≢⁸ ↄ≢⁸ ─ positron eigen value ⅜ ⇔≡™╢↓≤╩ ⅛╘╕∆⁹◘fi

ⱪꜟ≢─ output000)≢│⁸  

  - 0.5674635596  

  - 0.5674635638  

 ⌂≥≤⌂∫≡⅔╡⁸ ⇔≡™╢↓≤⅜ ⅛╡╕∆⁹ ╕√⁸ ─ ≢ 220.180365487100    

220.179503204077≤™∫√ ⅜№╡╕∆⅜⁸↓╣│⁸ ╡ ⇔ ⌐⅔™≡⁸ ↕╣√⁸ ≤

↕╣√ ╩ ⇔≡⅔╡⁸ ╡ ⇔ ⌐╟╡⁸ ─ ⅜ ⌐ ≠™≡™╢ ╩ ⇔≡™╕∆⁹  

 

 

─ ─Ᵽfi♪ ⅜ ⇔≡⅔╡⁸⅛≈ ─ ─ ╩ ≢⅝╣┌⁸ │ ↕╣√

╙─≢№╢≤ ⅎ≡╟™≢⇔╞℮⁹ 
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5.2 ♄▬♫Ⱶ◒☻ 

 

5.2.1  

 

5.2.1.1 ─  

 

PHASE ⌐│ ─ ╩♪כ⸗ ∆╢ ⅜№╡╕∆⁹╕∏⁸ ╩ ⅛╠╦∏⅛⌐

↕∑≡ ╩ ™╕∆⁹∕─ ⅛╠ ╩ ⇔⁸∕╣⅛╠ ╩ ⇔╕∆⁹

─ ╩ ↄ↓≤⌐╟╡ ─ ≤ ⱬ◒♩ꜟ╩ ⇔╕∆⁹ 

 

Ὥ ─ ─ ⅛╠ ╩◊Ὥ≤⇔╕∆⁹ ⅜ ≢ ─ ⅜ ≢⅝╢≤⅝ ─

│ 

άὭόὭ‌ ɮὭ‌ȟὮ‍
Ὦ‍

όὮ‍ 

≤ ↑╕∆⁹ɮὭ‌ȟὮ‍│ ─ ≢ ⌐ ∆╢ ─◄Ⱡꜟ◑כὉ◊ȟ◊ȟȣ ─ ≤⇔≡ ↕╣≡™

╕∆⁹ 

ɮὭ‌ȟὮ‍
‬ςὉ

‬όὭ‌‬όὮ‍
 

─ │Ⱬꜟⱴfi-ⱨ□▬fiⱴfi ╩ ≢ ∆╢↓≤⌐╟╡  ╘╢↓≤⅜≢⅝╕∆⁹ 

ɮὭ‌ȟὮ‍
‬ὊὭ‌

‬όὮ‍
 

ⱪ꜡◓ꜝⱶ≢│ ↓─ │ ≢ ╦╣╕∆⁹ Ɽꜝⱷ♃כ╩ὥ≤∆╢≤ 

‬ὊὭ‌

‬όὮ‍

ὊὭ‌ȿόὮ‍ὥ
ὊὭ‌ȿόὮ‍ ὥ

ςὥ
 

≤ ↑╕∆⁹ ─ ⌐│ ─ ⌐╟╢ ⅜№╡ ↓╣╩ √∆╟℮⌐ ─ ╩ ∆╢ ⅜№╡

╕∆⁹ ⌐ ὭȟὮ ⅜ ─ Ὑȿ╣≢ὭΩȟὮΩ ⌐ ╢≤⅝ ♥fi♁ꜟɮὭȟὮ│ ♥fi♁ꜟ

ɮ
ὭΩȟὮΩ
╩ R≢ ↕∑√╙─⌐ ⇔™≢∆⁹≈╕╡  

Ὑ► ╣ ►Ω 

Ὑ► ╣ ►Ω 

⌂╠┌  

ɮὭȟὮ ὙὝɮ
ὭΩȟὮΩ
Ὑ 

≢⌂↑╣┌⌂╡╕∑╪⁹ ⌐ ♥fi♁ꜟɮὭȟὮ─ ‌‍╩ ─ Ὦ∆═≡⌐╦√╡ ⇔ ╦∑╢≤

♀꜡⌐⌂╡╕∆⁹≈╕╡  

ɮὭ‌ȟὮ‍
Ὦ

π 

≢∆⁹ ⌐ │ ≢⌂↑╣┌⌂╡╕∑╪⁹≈╕╡  
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ɮὭ‌ȟὮ‍ ɮὮ‍ȟὭ‌ 

≢∆⁹ ύὭ‌ όὭ‌άὭ≤ ὈὭ‌ȟὮ‍ ɮὭ‌ȟὮ‍Ⱦ άὭάὮ╩ ™≡  ─ (10)╩ 

ύὭ‌ ὈὭ‌ȟὮ‍
Ὦ‍

ύὮ‍ 

≤ ⅝ ⅎ╕∆⁹↓─ ╩ ↄ√╘⌐  ύὭ‌ ὗ‚Ὥ‌Ὡ
Ὥ℮™≥ ‏‫ὸ ╩ ⇔╕∆⁹ 

‚‫ς
Ὥ‌

ὈὭ‌ȟὮ‍
Ὦ‍

‚
Ὦ‍

 

↓╣│ ⅜≢‫ς ⱬ◒♩ꜟ⅜‚
Ὥ‌
≤⌂╢  ὈὭ‌ȟὮ‍─ ≢∆⁹ ≢│↓─

╩ ⅝ ─ ╩♪כ⸗ ╘╕∆⁹ 

 

5.2.1.2 Ɽꜝⱷכ♃ 

 

╩ ℮⌐│ ╕∏ ⅜ ⌐№╢↓≤⅜ ≢∆⁹ ⌐⌂™≤ ─ ⅜

⌐⌂╡ ⅜ ─♁ⱨ♩⸗כ♪⅜ ╣╕∆⁹ ─ │ ╩ ™≡ ⇔╕

∆⁹ ⅜ ⇔√╠ nfdynm.data ─ ⌐ ↕╣≡™╢ ≢─ Ɽꜝⱷכ♃ⱨ□▬ꜟ

╩ ⇔╕∆⁹ 

─ │⁸PhononⱩ꜡♇◒≢ ⇔╕∆⁹ 

 

Phonon{  
   sw_phonon  = on 
   sw_calc_force  = on 
   sw_vibrational_modes  = on 
   displacement  = 0.05  
}  

 

─ ╩ ⌐ ⇔╕∆⁹ 

 

⌐ ∆╢ ─  

╕√│♃◓  ♦ⱨ◊ꜟ♩     

sw_phonon OFF  Ⱪ꜡♇◒╩ ⌐∆╢⅛≥℮⅛─☻▬♇♅≢∆⁹  

sw_calc_force  OFF  ─√╘─ ╩ ℮⅛≥℮⅛─☻▬♇♅≢∆⁹  

ON ─√╘─ ╩ ™╕∆⁹( ⇔√ │

force.data⌐ ↕╣╕∆⁹  

OFF sw_vibrational_modes=ON ⌂╠ⱨ□▬ "ꜟF_FORCE"⅛╠

╩♃כ♦─ ╖ ╖╕∆⁹  

displacement  0.1  Ɽꜝⱷ⁹כ♃כ   

sw_vibrational_modes  OFF  ╩ ℮⅛≥℮⅛─☻▬♇♅≢∆⁹  

ON ⅜ ╦╣ modes.data⌐ ⅜ ↕╣╕∆⁹  

OFF │ ╦╣╕∑╪⁹  

norder  1  ╩ ∆╢Ɽꜝⱷ♃⁹∆≢כ   

sw_polynomial_fit  OFF  ON ⱨ▫♇♩≢ ─ ╩ ╘╕∆⁹ 

OFF ≢ ─ ╩ ╘╕∆⁹ 

 

 ̧ ≤ ─  

│ ⅜№∫≡╙∆═≡ ∆╢ ⅜№╡╕∆⁹∕─√╘ sw_inversion │OFF ⌐ ⇔╕∆⁹

─♪כ⸗ ≤ ─ ♅▼♇◒⌐ ─ ╩ ∆╢─≢ ╕√│∕─ ╩
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symmetry Ⱪ꜡♇◒≢ ⇔ↄ ⇔╕∆⁹ 

 

 ̧ ─ ─  

─ │element_list Ⱪ꜡♇◒─ mass≢ ∆╢⁹ (a.u.)≢│⌂ↄ (amu)≢

∆╢⌐│ #units atomic_mass ╩#tag ─ ⌐ ∆╢⁹ 

 

 ̧ ─  

│PhononⱩ꜡♇◒─displacement ≢ ⇔╕∆⁹ │0.1 a.u. ⌐≤╢≤ ™≢∆⁹

─ ╩ ═≡ ∆╢ ─ ⅜ ╠╣╢ ⌐ ⇔╕∆⁹norder ╩2⌐

∆╢↓≤≢ ─ ╩3⅛╠5⌐ ⅎ╢↓≤⅜≢⅝╕∆⁹diplacement ≢ ⇔√ ╩u≤∆╣┌

│-u,-u/2,u/2,u ⌐⌂╡╕∆⁹sw_polynamial_fit ╩ON⌐⇔≡ ⱨ▫♇♩⌐∆╣┌ norder ╩2╟╡ ⅝

ↄ ≢⅝╕∆⁹∕─≤⅝─ │-u/norder, -u/(norder -1),...,u/(norder -1),u/norder ≢∆⁹norder ╩ ⅝ↄ

∆╢≤ │╟ↄ⌂╡╕∆⅜ ─ ⅜ ⅎ╢─≢ │norder ⅜1─ ─2*norder ⌐

⌂╢─≢ ⇔≡ↄ∞↕™⁹ 

 

5.2.1.3 ─  

 

│⁸ ⱨ□▬ꜟmode.data⁸ ♃כ♦─ force.data ⌐ ↕╣╕∆⁹ 

 

mode.data⌐│ ─ ⅜ ↕╣╕∆⁹╕∏ ⌐ ⱬ◒♩ꜟ╪Ὥ ὥὭὼȟὥὭώȟὥὭᾀ⅜ ─ ≢

↕╣╕∆⁹ 

 ---  primitive  lattice  vectors  ---  
   a_1x  a_1y  a_1z  
   a_2x  a_2y  a_2z  
   a_3x  a_3y  a_3z  

 

⌐ ─ natm≤ ─ ὼȟώȟᾀ≤ άὭ≤ꜝⱬꜟname(i)⅜ ─ ↕╣╕∆⁹ 

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

 

⌐ ─ ⅜ ─ ≢ ↕╣╕∆⁹ 

 ---  Vibrational  modes ---  
 Nmode= nmode   Natom= natm  
do m = 1,nmode  
  n=   m  representatio n(m)  acvtive(m)  
  hbarW= omega_ha(m)  Ha = omega_ev(m)  eV;  nu= omega_nu(m)  cm^- 1 
  do i=1,natm  
     i   vec(m,i,1)  vec(m,i,2)  vec(m,i,3)  
  end do 
end do 

 

representation │ ─ ≢∆⁹active(m)│ꜝⱴfi ╡⌂⌐R ┌╣№♪כ⸗⌂ ≢♪כ⸗⌂

№╣┌ IR ≤⌂╡╕∆⁹ ≢№╣┌ IR&R ≤⌂╡╕∆⁹ ◘▬꜠fi♩⸗כ♪─ ⌐│ ╙ ↕╣╕∑╪⁹ 

vec│ ⱬ◒♩ꜟ─ ≢ omega_ha│Hartree ≢─ ≢  omega_ev│ Ⱳꜟ♩ ≢─

≢ omega_nu│ ≢∆⁹ 

 

ꜟ▬□ⱨ♃כ♦ force.data ⌐│ ─ ╩ ∆╢√╘─ ⅜♃כ♦─ ↕╣╕∆⁹∕─ │♃כ♦ ─

≢ ↕╣╕∆⁹ 
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num_force_data,  norder,  sw_ploynomial_fit   
do i  = 1,  num_force_data  
   displaced_atom,  displacement(1:3)  
   do ia  = 1,  natm  
      i,  force_data(ia,1:3,i)  
   end do 
end do 

 

num_force_data │ ╩ ∆╢ ─ ≢ displaced_atom │ ⇔√  ─ ≢ displacement

⅜ ─ ⱬ◒♩ꜟ όȟόȟό ≢∆⁹ norder │ ≢ ⇔√ norder ─ ⅜ ↕╣╕∆⁹

sw_ploynomial_fit │ ─sw_ploynomial_fit ⅜ON─≤⅝⌐ ON╩ ∆1⅜ ↕╣╕∆⁹OFF─ ⌐

│ 0⅜ ↕╣╕∆⁹  

sw_calc_force╩OFF⌐ ∆╢↓≤≢ ↕╣√ ╩ ╖ ╖ ╩╛╡ ∆↓≤⅜≢⅝╕∆⁹

─ ╩ ∆╢↓≤│ №╡╕∑╪⅜ ⌐ ∆╢ │ ⇔≡│⌂╡╕∑╪⁹ 

 

5.2.1.4 ─  

 

  

 

╩ ℮⌐│ ⅜ ⌐⌂↑╣┌⌂╡╕∑╪─≢ ╩ ℮≤⅝≤ ∂ ≢ ╩

™╕∆⁹ ⌐⌂™≤ ─ ⅜ ⌐⌂╡ ⅜ ─♁ⱨ♩⸗כ♪⅜ ╣╕∆⁹

─ ─ ╩ ⌐ ⇔╕∆⁹ 

 

control{  
        condition  = initial   
        cpumax = 1 day  !  maximum cpu  time  
        max_iteration  = 6000  
}  

 
accuracy{  
        cuto ff_wf  =   25.00   rydberg  
        cutoff_cd  =  225.00   rydberg  
        num_bands  = 8 
        xctype  = ggapbe  
        initial_wavefunctions  = matrix_diagon  
        matrix_diagon  {  
          cutoff_wf  = 5.0  rydberg  
        }  
        ksampling{  
          metho d = gamma 
        }  
        scf_convergence{  
          delta_total_energy  = 1.e - 10 
          succession  = 3 
          num_max_iteration  = 300 
        }  
        force_convergence{  
          delta_force  = 1.e - 4 
        }  
        initial_charge_density  = Gauss 
}  

 
structure{  
        unit_cell_type  = primitive  
        unit_cell{  
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              a_vector  =  15.0                0.0                 0.0  
              b_vector  =   0.0               15.0                 0.0  
              c_vector  =   0.0                0.0                15.0  
        }  
        symmetry{  
             tspace{  
                lattice_system  = primitive  
                generators{  
                   #tag  rotation  tx  ty  tz  
                        C2z      0  0  0 
                        IC2x      0  0  0 
                }  
             }  
             sw_inversion  = off  
        }  

 
        magnetic_state  = para  

 
        atom_list{  
             coordinate_system  = cartesian  
             atoms{  
                !#default  mobile=on  
                !#tag   rx              ry        rz           element  
                      - 1.45            0.000     1.123        H 
                       1.45            0.000     1.123        H 
                       0.0             0.0       0.0          O 
             }  
        }  
        element_list{   #units  atomic_mass  
                       #tag  element   atomicnumber  zeta   dev  
                            H             1       1.00   0.5  
                            O             8       0.17   1.0     }  
}  

 
wf_solver{  
        solvers  {  
        !#tag  sol     till_n  dts  dte  itr   var     prec  cmix  submat  
              msd      5    0.1  0.1    1    tanh  on   1    on 
              lm+msd  10    0.1  0.4   50    tanh  on   1    on 
              rmm2p   - 1    0.4  0.4    1    tanh  on   2    on 
        }  
        rmm {  
          edelta_change_to_rmm  = 1.d - 6 
        }  
        lineminimization  {  
          dt_lower_critical  = 0.1  
          dt_upper_critical  = 3.0  
        }  
}  

 
charge_mixing{  
        mixing_methods  {  
        !#t ag id  method    rmxs  rmxe  itr  var     prec  istr  nbxmix  update  
              1  broyden2  0.3   0.3   1   linear  on   5    10     RENEW 
              2  simple    0.2   0.5   100 linear  on   *     *       *  
        }  
}  

 
structure_evolution{  
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   method  = cg  
}  

 

file_names.data ⌐│ element_li st ≤ ∂ ≢ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ H_ggapbe_nc_01.pp ≤

O_ggapbe_us_02.pp╩ ⇔╕∆⁹↓─ ╩ ⇔≡ √ ─ ╩  5.20⌐ ⇔╕∆⁹ 

 

 

 5.20 ─  

 

  

 

⌐ ╩ ℮⌐│ ─ ╩ ⇔√ ⌐ ⅎ≡ Phonon Ⱪ꜡♇◒╩ ⅎ

─ ╩⇔╕∆⁹ │ ─ ⱨ□▬ꜟnfdynm.data ⌐ ↕╣≡™╢ ─

☻♥♇ⱪ─ ≢∆⁹ 

 

        atom_list{  
             coordinate_system  = cartesian  
             atoms{  
                !#tag   rx              ry        rz           element  
                      - 1.446816228     0.000     1.123327795  H 
                       1.446816228     0.000     1.123327795  H 
                       0.0             0.0       0.0          O 
             }  
        }  

 

─ │√≤ⅎ┌ ─╟℮⌐⇔╕∆⁹ │0.05≤⇔╕∆⁹ 

 

Phonon{  
   sw_phonon  = on 
   sw_calc_force  = on 
   sw_vibrational_modes  = on 
   displacement  = 0.05  
}  

 

PHASE ╩ ⇔╕∆⁹ 

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

  

PHASE ╩ ∆╢≤⁸ ─ⱨ□▬ꜟmode.data⅜ ↕╣╕∆⁹ 

꜠ⱬꜟ ꜟכ♠│ freq.pl ╩ ⇔≡ ⇔╕∆⁹ ─ ⌐│ ─╟℮⌐-mol ≤™℮○ⱪ◦ꜛfi╩

↑≡ freq.pl ╩ ⇔╕∆⁹ 
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% freq.pl  - mol  mode.data  

↓─ ─ ─ ─♪כ⸗ ╩  5.21⌐ ⇔╕∆⁹ 

 

 5.21 ─ ─♪כ⸗  

 

─ ⱬ◒♩ꜟ─ ╩ ∆╢√╘─ trajectory ─ⱨ□▬ꜟ│⁸♠כꜟanimate.pl ≢ ⇔╕

∆⁹ ─ ╩ ⇔√ⱨ□▬ꜟ control.inp ╩ ⇔╕∆⁹control.inp │ ─╟℮⌐ ⇔╕∆⁹ 

origin   7.5  7.5  7.5  

animate.plꜟכ♠ ╩ ─╟℮⌐ ⇔╕∆⁹ 
% animate.pl  mode.data  control.inp  

─ ⱬ◒♩ꜟ─ trajectory ─ⱨ□▬ꜟmode_*.tr2 ⅜ ↕╣╕∆⁹ 

↓─ ─ ─ ─♪כ⸗ ⱬ◒♩ꜟ╩  5.22 ⌐ ⇔╕∆⁹ ↕╣√ ─♪כ⸗ trajectory

─ⱨ□▬ꜟmode_7.tr2,mode_8.tr2,mode_9.tr2 ╩ ⇔√╙─≢∆⁹ 

 

1A1 bending                2A1 sym. stretching        1B1 asym. stretching  

 

 

 

 

 

 

 

 

 

   

 5.22 ─ ─♪כ⸗ ⱬ◒♩  ꜟ
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5.2.1.5 ◦ꜞ◖fi (Si2) 

 

 Ɽꜝⱷכ♃ 

 

◦ꜞ◖fi ─ ─ ≢∆⁹ │⁸sample/phonon/Si2 ≢∆⁹ 

 

Ɽꜝⱷכ♃ⱨ□▬ꜟnfinput.data ≢│⁸element_list ⌐◦ꜞ◖fi ─ 28.0855 amu ⅜ ↕╣≡™

╕∆⁹ ─ ╩ ≤∆╢√╘⁸#units ─ ⌐atomic_mass╩ ⇔≡™╕∆ 

element_list{      #units  atomic_mass  
         #tag  element   atomicnumber  mass 
                             Si        14     28.0855  
        }  

 

─Ɽꜝⱷכ♃╩PhononⱩ꜡♇◒≢ ⇔╕∆⁹ 

Phonon{  
   sw_phonon  = on 
   sw_calc_force  = on 
   displacement  = 0.1  
   sw_vibrational_modes  = on 
}  

 

sw_calc_force≤sw_vibrational_modes ⅜≤╙⌐ON⌂─≢ ─√╘─ ╩ ™ ⅜ ╦

╣╕∆⁹  

 

PHASE ╩ ⇔╕∆⁹ 

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

  

⅜ ∆╢≤ ⱨ□▬ꜟmode.data⌐ ─ ⅜ ↕╣╕∆⁹mode.data─ ─ │

─╟℮⌐⌂∫≡™╕∆⁹ 

 ---  primitive  lattice  vectors  ---  
   0.0000000000    5.0875600000    5.0875600000  
   5.0875600000    0.0000000000    5.0875600000  
   5.0875600000    5.0875600000    0.0000000000  
 ---  Equilibrium  position  and mass of  each  atom---  
 Natom=    2 
     1   1.2718900000    1.2718900000    1.2718900000     51196.42133  Si  
     2  - 1.2718900000   - 1.2718900000   - 1.2718900000     51196.42133  Si  
 ---  Vibrational  modes ---  
 Nmode=    6 Natom=    2 
 n=     1 T1u 
     hbarW=  0.00000000E+00  Ha =  0.00000000E+00  eV;  nu=  0.00000000E+00  cm^- 1 
     1   0.0000000000   0. 0000000000   0.7071067812  
     2   0.0000000000   0.0000000000   0.7071067812  

 

─ ⅛╠ │ ⱬ◒♩ꜟ╩№╠╦⇔≡™╕∆⁹ │ ╩ ⇔≡™╕∆⁹∕─ ─

⅛╠│ ─ ♦◌ꜟ♩ ꜝⱬꜟ⅜ ⌐№╠╦↕╣≡™╕∆⁹Vibrational modes ≤™℮♃

▬♩ꜟ ─ ─ ♪כ⸗│⌐ ≤ ⅜№╠╦↕╣≡™╕∆⁹↓╣ ⌐│ ─♪כ⸗ ╩

≤⇔≡ ⌐ ⅜№╠╦↕╣ ∕─ ─ ⅛╠ ⱬ◒♩ꜟ⅜№╠╦↕╣≡™╕∆⁹ ⱬ◒♩ꜟ│

─ ─ ⌐∕─ ⌐ ∆╢ⱬ◒♩ꜟ─ ⅜№╠╦↕╣≡™╕∆⁹ 

 

 ꜠ⱬꜟ  
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─ ⱨ□▬ꜟmode.data ─ ╠⅛♃כ♦─ ꜠ⱬꜟ ╩ כ♠⁸⌐℮╟─ ⁹∆╕⇔

ꜟ freq.pl ╩ ∆╢≤⁸Postscript ─ ꜠ⱬꜟ freq.eps⅜ ↕╣╕∆⁹ 

% freq.pl  mode.data  

 

◦ꜞ◖fi ─ ─ ꜠ⱬꜟ ╩  5.23⌐ ⇔╕∆⁹↓─ ⅛╠ ⅜517 cm-1≢№╢⸗כ♪⅜№

╢↓≤⅜ ─♪כ⸗─↓⁹∆╕╡⅛ │ T2g≢№╢─≢ ∂ ⅜♪כ⸗─ ⌐ ⇔≡™╕∆⁹

T2g⸗כ♪⅜ꜝⱴfi ≢№╢ ─ ─ ⌐R⅜ ↕╣╕∆⁹ ≢№╢ ⌐│ IR ≤

↕╣╕∆⁹ 

 

 5.23 Ᵽꜟ◒Si─ ⱨ◊ⱡfi⸗כ♪─  

 

─♪כ⸗   

 

─ ⱨ□▬ꜟ mode.data ⅛╠ Trajectory ─ⱨ□▬ꜟ╩ ∆╢↓≤⌐╟╡ ⱬ◒♩ꜟ

╩ ⇔√╡ ⅜ ∆╢▪♬ⱷכ◦ꜛfi≤⇔≡ ╩♪כ⸗ ꜟכ♠⁹∆╕⅝≢╡√⇔

animate.pl ╩ ⇔≡⁸ ─ ⱨ□▬ꜟmode.data ⅛╠ ─ ╩ ╡ ⇔ Trajectory

─ⱨ□▬ (ꜟ :tr2)╩ ⇔╕∆⁹ 

 

─ ≤☿ꜟⱬ◒♩ꜟ─ ╩ ⇔√ⱨ□▬ꜟ control.inp ╩ ⇔╕∆⁹control.inp │ ─╟℮⌐

⇔╕∆⁹  

origin   1.27189  1.27189  1.27189  
vector1  10.17512  0 0 
vector2  0 10.17512  0 
vector3  0 0 10.17512  

 

animate.plꜟכ♠ ╩ ─╟℮⌐ ∆╢≤ Trajectory ─ⱨ□▬ꜟ⅜⸗כ♪─ ∞↑ ↕╣╕∆⁹ 

% animate.pl  mode.data  control.inp  

↓─ ≢│ ╡ ∆☿ꜟ╩Ⱪꜝⱬכ ─ ⌐≤╡ ☿ꜟ─ ⌐◦ꜞ◖fi ⅜ↄ╢╟℮⌐ ⇔≡™

╕∆⁹√≤ⅎ┌ ↕╣√ Trajectory ─ⱨ□▬ꜟmode_6.tr2 ╩ ∆╢≤  5.24─╟℮⌐

ⱬ◒♩ꜟ⅜ ≢ ↕╣╕∆⁹  5.24 ⌐ ↕╣≡™╢☿ꜟ│ ↕╣√ grid.mol2 ⱨ□▬ꜟ╩ ╖ ↓≤

≢ ≢⅝╕∆⁹╕√ ↕╣√ Trajectory ⅛╠⁸ ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 
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 5.24 Ᵽꜟ◒Si─ ⱨ◊ⱡfi⸗כ♪─ ⱬ◒♩  ꜟ
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5.2.2 ⱨ◊ⱡfiⱣfi♪  

 

5.2.2.1 ─  

 

PHASE ⌐│ ȹ ∞↑≢⌂ↄ ─ k ⌐⅔↑╢ ╩ ™⁸ⱨ◊ⱡfi─ ╛Ᵽfi♪ ╩  

∆╢ ⅜№╡╕∆⁹ 

 

5.2.2.2  

 

 ⌂ Ɽꜝⱷכ♃כ 

↓─ ╩ ∆╢√╘⌐│ ȹ ─ ≤ phononⱩ꜡♇◒╩ ⇔ ╩ ™╕∆⁹ ⌐│

─╟℮⌐⌂╡╕∆⁹ 

 

phonon{  

    sw_phonon = on  

    sw_vibrational_modes = on  

    sw_calc_force = on  

    displacement = 0.1  

    method = dos  

    lattice{  

        l1 = 2  

        l2 = 2  

        l3 = 2  

    }  

    dos{  

        mesh{  

            nx = 10  

            ny = 10  

            nz = 10  

        }  

    }  

}  

 

⌂ Ɽꜝⱷכ♃כ╩ ⌐ ⇔╕∆⁹ 

1 Ⱪ꜡♇◒  2 3 Ⱪ꜡♇◒

 

♃◓   

phonon   ⱨ◊ⱡfi ─ ╩ ℮√╘─Ⱪ꜡

♇◒ 

  sw_phonon PHASE ─ ╩ ∆╢⅛

≥℮⅛╩ ⇔╕∆⁹ȹ ─╖─

≤ ≢∆⁹ 

  sw_vibrational_modes  ╩ ℮⅛≥℮⅛╩ ⇔╕

∆⁹ȹ ─╖─ ≤ ≢∆⁹ 

  sw_calc_force ─ ╩ ℮⅛≥℮⅛╩ ⇔

╕∆⁹ȹ ─╖─ ≤ ≢∆⁹ 

  displacement  ─ ╩ ℮ ⌐ ╩≥─

↕∑╢⅛╩ ⇔╕∆⁹ȹ

─╖─ ≤ ≢∆⁹♦ⱨ◊ꜟ♩

│0.1 bohr≢∆⁹ 

  method Γ Δ╩ ⇔╕∆⁹

─ │ dos, Ᵽfi♪ ─

│band╩ ⇔╕∆⁹ 

 lattice   k ─ │ ꜟ☿כⱤכ☻
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─ ╩ Ɽכ☻─⧵⁹∆╕⇔≥

─ꜟ☿כ ⅝↕╩ ∆╢Ⱪ꜡♇◒≢

∆⁹ 

  nx a ╩ ∆╢⅛╩ ⇔╕∆⁹ 

  ny b ╩ ∆╢⅛╩ ⇔╕∆⁹ 

  nz c ╩ ∆╢⅛╩ ⇔╕∆⁹ 

 dos  ─ ╩ ∆╢Ⱪ꜡♇

◒≢∆⁹ 

  mesh  ⌐ ∆╢ k ─ⱷ♇◦

ꜙ╩ ∆╢Ⱪ꜡♇◒≢∆⁹ 

  nx 1 ≈╘─ ⱬ◒♩ꜟ─ ╩

⇔╕∆⁹ 

  ny 2 ≈╘─ ⱬ◒♩ꜟ─ ╩

⇔╕∆⁹ 

  nz 3 ≈╘─ ⱬ◒♩ꜟ─ ╩

⇔╕∆⁹ 

 

method ╩ band ≤ ∆╢≤ ⱨ◊ⱡfiⱣfi♪─ ⌐⌂╡╕∆⁹Ᵽfi♪ ─ │ Ᵽfi♪ ≤

band_kpoint.pl ╩ ⇔≡ ∆╢k ─ ⅜ ↕╣√kpoint.data ⱨ□▬ꜟ╩ ⇔√№≤⌐ ⇔╕

∆⁹ 

 

 Ᵽfi♪ ⅔╟┘k  

 

ⱨ◊ⱡfiⱣfi♪ ╩ ℮ ─ꜟ☿כⱤכ☻ ⅜ ╦╣╕∆⁹Ᵽfi♪ ╛ k │ כ☻√╣↕

Ɽכ☿ꜟ⌐ ╦∑≡PHASE ⅜ ⌐ ⇔╕∆⁹ ─ ⅜ ≢∆⁹ 

 ̧ │ꜟ☿כⱤכ☻ Ⱪꜝⱬכ ⌐ ⇔≡ ↕╣╕∆⁹ ─PHASE ⌐╟╢ ─ unit cell type ⅜

Bravais ─ │ ⌐ ⇔≡ k ╩ ⇔╕∆⅜ ⱨ◊ⱡfiⱣfi♪─ │Ⱪꜝⱬכ ⌐ ⇔≡

℮╟℮⌐⇔≡ↄ∞↕™⁹ 

 ̧ Ᵽfi♪ │ ⇔√ ⌐⇔√⅜∫≡ ─ ≤ ∂╟℮⌐ ⇔≡ↄ∞↕™⁹ 

 

 ▬○fi ─ ─  

 

▬○fi ─ ȹ ⌐⅔™≡○ⱪ♥▫◌ꜟ⸗כ♪─ ≤ ⅜ ⌂∫√ ╩ ∟╕∆⁹↓─ │

LO-TO ≤ ┌╣╕∆⁹↓─ ╩ ╡ ╣╢ ⱨ□▬ꜟ⌐⅔™≡↕╠⌐ ─ ╩ ℮ ⅜

№╡╕∆⁹ 

 

phonon{  

    sw_lo_to_splitting = on  

    electronic_dielectric_constant{  

       exx = 2.6  

       eyy = 2.6  

       ezz = 2.6  

       exy = 0.0  

       exz = 0.0  

       eyz = 0.0  

    }  

}  

 

sw_lo_to_splitting ╩ on ≤∆╢↓≤⌐╟∫≡ LO-TO ╩ ⇔√ ╩ ℮↓≤⅜≢⅝╕∆⁹

electronic _dielectric _constant Ⱪ ꜡ ♇ ◒ ⌐ │ ─ ♥ fi ♁ ꜟ ╩ ⇔ ╕ ∆ ⁹

electronic _dielectric _constant Ⱪ꜡♇◒─ ─exx, eyy, ezz, exy, exz, eyz ⌐ ∆╢ ♥fi♁ꜟ─ ╩

⇔╕∆⁹ ♥fi♁ꜟ│ ╙⇔ↄ│UVSOR-Epsilon ⌐╟╢ ╩↔ ↄ∞↕™⁹ ─ ╙
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∆╢ ⅜№╡╕∆⁹↓╣│ ⌐כꜞ♩◒꜠▫♦ effchg.data ⱨ□▬ꜟ╩ ⇔ ─╟℮⌐ ⇔

╕∆⁹ 

 

2 

1 

1.12 0.0 0.0  

0.0 1.12 0.0  

0.0 0.0 1.12  

2 

- 1.12 0.0 0.0  

0.0 - 1.12 0.0  

0.0 0.0 - 1.12  

 

ⱨ□▬ꜟ─ 1 ⌐ ╩ ⇔╕∆⁹2 ⌐ ─ ╩ ⇔╕∆⁹╕∏ ─ ─ ID 

╩ ⇔ ↕╠⌐ ♥fi♁ꜟ╩ ⇔╕∆⁹ ♥fi♁ꜟ│ ╩ ∆╢↓≤╙≢⅝╕∆⅜  

UVSOR-Berry ⌐╟∫≡ ╠╣√Ⱳꜟfi ╩ ∆╢↓≤⅜ ╕⇔™≢∆⁹ 

 

 ─  

 

⅜♃כ♦ ≢⅝√╠ ╡ PHASE ╩ ⇔╕∆⁹╕∏│ PHASE │ ─ ⌐⇔√⅜∫≡☻

╩ꜟ☿כⱤכ ⇔╕∆⁹꜡◓ⱨ□▬ꜟ⌐│ ─╟℮⌐ ↕╣╕∆⁹ 

 

natm_super,natm2_super= 64 64  

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

1 1.27189 1.27189 1.27189 0.06250 0.06250 0.06250 1  

2 8.90323 8.90323 8.90323 0.43750 0.43750 0.43750 1  

3 1.27189 6.35945 6.35945 0.06250 0.31250 0.31250 1  

4 8.90323 13.99079 13.99079 0.43750 0.68750 0.68750 1  

5 6.35945 1.27189 6.3594 5 0.31250 0.06250 0.31250 1  

6 13.99079 8.90323 13.99079 0.68750 0.43750 0.68750 1  

7 6.35945 6.35945 1.27189 0.31250 0.31250 0.06250 1  

8 13.99079 13.99079 8.90323 0.68750 0.68750 0.43750 1  

9 11.44701 1.27189 1.27189 0.56250 0.06250 0.06250 1  

10 19.07835 8.9 0323 8.90323 0.93750 0.43750 0.43750 1  

11 11.44701 6.35945 6.35945 0.56250 0.31250 0.31250 1  

12 19.07835 13.99079 13.99079 0.93750 0.68750 0.68750 1  

13 16.53457 1.27189 6.35945 0.81250 0.06250 0.31250 1  

...  

...  

 

natm _super ⅜☻כⱤכ☿ꜟ─ ≢∆⁹cps │ ─◌ꜟ♥◦▪fi  pos │ⱨꜝ◒◦ꜛ♫ꜟ ≢∆⁹

ityp │ ─ ╩ ∆╢ ⌐ꜟ☿כⱤכ☻ ,√╕⁹∆≢ ╦∑≡ ⇔√Ᵽfi♪ ≤ k ─ⱷ♇◦ꜙ⅜

─╟℮⌐ ↕╣╕∆⁹ 

 

num_bands will be changed.  

neg,meg= 192 192  

k- point mesh will be changed.  

mesh= 1 1 1  

 

neg ⅜ ⇔™Ᵽfi♪ , mesh ⅜ ⇔™ k ⱷ♇◦ꜙ≢∆⁹ 

 

 ⱨ□▬  ꜟ
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mode.dataⱨ□▬  ꜟ

─ │mode.data ⱨ□▬ꜟ⌐ ↕╣╕∆⁹ⱨ◊ⱡfiⱣfi♪─ ─mode.dataⱨ□▬ꜟ│ √≤

ⅎ┌ ─╟℮⌐⌂╡╕∆⁹ȹ ─ ≤ ⇔≡ ─♪כ⸗ ─ ⅜ ⌂╡╕∆⁹ 

 

---  Vibrational modes ---  

Nmode= 6 Natom= 2 Nqvec 120  

iq= 1 q=( 0.00000, 0.00000, 0.00000) ( 0.00000, 0.00000, 0.00000)  

n= 1 T1u IR  

hbarW= 0.00000000E+00 Ha = 0.00000000E+0 0 eV; nu= 0.00000000E+00 cm^ - 1 

1 0.0000000000 0.7071067812 0.0000000000  

2 0.0000000000 0.7071067812 0.0000000000  

1 0.0000000000 0.0000000000 0.0000000000  

2 0.0000000000 0.0000000000 0.0000000000  

n= 2 T1u IR  

...    

iq= 2 q=( 0.01875, 0.01875, 0.03750) ( 0.02316, 0.02316, 0.00000)  

n= 1 B2 IR&R  

hbarW= 0.63506708E - 04 Ha = 0.17281054E - 02 eV; nu= 0.13938112E+02 cm^ - 1 

1 0.4999599615 - 0.4999599615 0.0000000000  

2 0.4999599615 - 0.4999599615 0.0000000000  

1 0.0063274755 - 0.0063274755 0.0000000000  

2 0.0063274755 - 0.0 063274755 0.0000000000  

n= 2 B1 IR&R  

...  

 

─♪כ⸗ ≤ ─ ⌐ k ─ ⅜ ↕╣╕∆⁹ k ─ ─♪כ⸗ ─ ⌐, k ─ ⅜

≤◌ꜟ♥◦▪fi ≢ ↕╣╕∆⁹ ─♪כ⸗ ⱬ◒♩ꜟ│ ⌐│ ≤⌂╢─≢, ⱬ◒♩ꜟ─

─ ⌐, ⅜ ↕╣╕∆⁹⌂⅔ ȹ ─ ≤ ⌐ ─ ⅔╟┘ ꜝⱴfi─ / ─

⅜ ↕╣╕∆⅜ ↓─ │ȹ ≢│ ⅜⌂™ ⌐↔ ↄ∞↕™⁹ 

 

phdos.data ⱨ□▬  ꜟ

ⱨ◊ⱡfi─ │phdos.data ⱨ□▬ꜟ⌐ ↕╣╕∆⁹∕─ │ ⌐│ ─╟℮⌂╙─≢∆⁹ 

 
# Index Omega(mHa) Omega(eV) Omega(cm - 1) DOS(States/Ha) DOS(States/eV) DOS(States/cm - 1) 

IntDOS(States)  

0 - 0.00050000 - 0.00001361 - 0.10973732 0.00000000 0.00000000 0.00000000 0.00000000  

1 0.00950000 0 .00025851 2.08500903 0.00473815 0.17412390 0.00002159 0.00001500  

2 0.01950000 0.00053062 4.27975539 0.01996324 0.73363561 0.00009096 0.00012976  

3 0.02950000 0.00080274 6.47450174 0.04568839 1.67901746 0.00020817 0.00044927  

4 0.03950000 0.00107485 8.66924810 0.08191360 3.01026946 0.00037323 0.00107853  

5 0.04950000 0.00134696 10.86399446 0.24722290 9.08527497 0.00112643 0.00286860  

6 0.05950000 0.00161908 13.05874081 0.37130693 13.64527929 0.00169180 0.00591423  

7 0.06950000 0.00189119 15.25348717 0.49 343689 18.13347292 0.00224826 0.01020273  

8 0.07950000 0.00216331 17.44823352 0.67844022 24.93222060 0.00309120 0.01602478  

...................  

...................  

 

1 │ ─▬fi♦♇◒☻ 2, 3, 4 ⅜∕╣∙╣mHa, eV, cm-1 ─◄Ⱡꜟ◑כ 5, 6, 7 ⅜∕ 

╣∙╣ states/Ha, states/eV,  states/cm-1 ≢─ 8 ⅜ ≢∆⁹ │

╙ ◄Ⱡꜟ◑כ─ ⌐⅔™≡│ ×3 ⌐⌂╡╕∆⁹ 

 

 Perl ☻◒ꜞⱪ♩ 

ⱨ◊ⱡfiⱣfi♪ ─ ─Perl ☻◒ꜞⱪ♩⅜PHASE ⌐│ ╦∫≡™╕∆⁹ ─3 ─Perl ☻

◒ꜞⱪ♩╩ ⇔≡ ─ ╩ ℮↓≤⅜≢⅝╕∆⁹ 
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phonon_dos.pl 

ⱨ◊ⱡfi─ ╠⅛♃כ♦ ₈ⱨ◊ⱡfi ₉╩ ∆╢Perl ☻◒ꜞⱪ♩≢∆⁹ ─╟℮⌐ ⇔

╕∆⁹ 

 

% phonon_dos.pl  phdos.data OPTIONS  

 

phdos.data  ⅜ PHASE ⅜ ∆╢ⱨ◊ⱡfi ∆≢♃כ♦ ∆╢≤ phonon_dos.eps  ≤™℮

EPS ─ ⱨ□▬ꜟ⅜ ↕╣╕∆⁹ ─○ⱪ◦ꜛfi╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

 
-- units=UNITS or - u UNITS  ◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹mHa, meV, THz, cm -1 ─

™∏╣⅛≢∆⁹♦ⱨ◊ꜟ♩ │ cm-1 ≢∆⁹ 
-- width=WIDTH or - w WIDTH ↕╣╢ ─ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │1 ≢∆⁹ 
-- erange=[emin:emax] or - e [emin:emax]  ◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹ 
-- drange=DRANGE or - d DRANGE ─ ╩ ⇔╕∆⁹ 
-- title=TITLE or - t TITLE  ─♃▬♩ꜟ╩ ⇔╕∆⁹ 
-- font=FONT or - f FONT  ◓ꜝⱨ⌐ ∆╢ⱨ◊fi♩◘▬☼╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩

│18 ≢∆⁹ 
-- keep or - k ─♦כ♃ⱨ□▬ꜟ╩ ∆╢ ↓─○ⱪ◦ꜛfi╩

⌐⇔╕∆⁹ 
-- mono or - m ⸗ⱡ◒꜡◓ꜝⱨ╩ ⇔√™ ⌐↓─○ⱪ◦ꜛfi╩

⇔╕∆⁹ 
-- dinc=DINC  ─ ╩ ⇔╕∆⁹ 
-- einc=EINC  ◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹ 

 

phonon_band.pl  

ⱨ◊ⱡfiⱣfi♪─♦₈╠⅛♃כⱨ◊ⱡfiⱣfi♪ ₉╩ ∆╢Perl ☻◒ꜞⱪ♩≢∆⁹ ─╟℮⌐ ⇔╕∆⁹ 

 

% phonon_band.pl mode.data OPTIONS  

 

mode.data ⅜ ─ ⅜ ↕╣√ⱨ□▬ꜟ≢∆⁹ ∆╢≤ phonon _band.eps ≤™℮EPS 

─ ⱨ□▬ꜟ⅜ ↕╣╕∆⁹○ⱪ◦ꜛfi⌐│ ─╟℮⌂╙─⅜№╡╕∆⁹ 

-- control=CONTROL or - c CONTROL band_ kpoint.pl ⱨ□▬ꜟ─ ⱨ□▬ꜟ╩ ⇔╕∆⁹

♦ⱨ◊ꜟ♩ │bandkpt.in ≢∆⁹ 

-- ptype=PTYPE or - p PTYPE ◓ꜝⱨ ⌐ ∆╢ⱪ꜡♇♩ ╩ ⇔╕∆⁹line ╩

∆╢≤ circle ╩ ∆╢≤ ≢ⱨ◊ⱡfiⱣfi♪

╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │ line ≢∆⁹ 

-- units=UNITS or - u UNITS  ◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹mHa, meV, THz, cm - 1 

─™∏╣⅛≢∆⁹♦ⱨ◊ꜟ♩ │ cm- 1 ≢∆⁹ 

-- width=WIDTH or - w WIDTH ↕╣╢ ─ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │1 ≢∆⁹ 
-- erange=[emin:emax] or - e [emin:emax]  ◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹ 
-- title=TITLE or - t TITLE  ─♃▬♩ꜟ╩ ⇔╕∆⁹ 
-- font=FONT or - f FONT  ◓ꜝⱨ⌐ ∆╢ⱨ◊fi♩◘▬☼╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩

│18 ≢∆⁹ 

 
-- mono or - m ⸗ⱡ◒꜡◓ꜝⱨ╩ ⇔√™ ⌐↓─○ⱪ◦ꜛfi╩

⇔╕∆⁹ 
-- keep or - k ─♦כ♃ⱨ□▬ꜟ╩ ∆╢ ↓─○ⱪ◦ꜛfi╩

⌐⇔╕∆⁹ 
-- einc=EINC  ◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹ 
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phonon_energy.pl  

ⱨ◊ⱡfi─ ⅛╠ ⌐ ∆╢ ◄Ⱡꜟ◑כ≤Ⱬꜟⱶⱱꜟ♠─ ◄Ⱡꜟ◑כ╛ ╩ ∆╢☻

◒ꜞⱪ♩≢∆⁹ ⌐ ∆╢Ⱬꜟⱶⱱꜟ♠─ ◄Ⱡꜟ◑כ⌐ ─ DFT ≢ ╠╣╢ ◄Ⱡꜟ◑כ╩

ⅎ╣┌ ⌐⅔↑╢ ─ ◄Ⱡꜟ◑כ╩ ∆╢↓≤⅜≢⅝ ─ ╩ ∆╢↓≤⌂≥

╙ ≢∆⁹ 

k─ⱨ◊ⱡfi─◄Ⱡꜟ◑כ│ ∕─ ʖ▓╩ ⇔≡ ρς ὲᴐ≥‫ ∆╢↓≤⅜≢⅝╕∆⁹

│1 В Ὡ ≤ ↕╣╢─≢ ⱨ◊ⱡfi─◄Ⱡꜟ◑כ╩ ⇔ ∆╢≤ ─ ⅜ ╠╣╕∆⁹ 

ὗ
ÅØÐ

ᴐ‫
ςὯὝ

ρ ÅØÐ
ᴐ‫
ὯὝ

Ȣ 

Ⱬꜟⱶⱱꜟ♠─ ◄Ⱡꜟ◑כ│& В ὯὝÌÏÇὗ≤ ≢⅝╢─≢ ─╟℮⌐ ↕╣╕∆⁹ 

&
ᴐ‫

ς
ὯὝÌÏÇρ ÅØÐ

ᴐ‫

ὯὝ
Ȣ 

⌐╟╢ ─ ◄Ⱡꜟ◑5│כ В Ὗ ÅØÐ ≤ ≢⅝╢─≢ ─╟℮⌐ ∆╢↓≤

⅜≢⅝╕∆⁹ 

5
ᴐ‫

ς

ᴐ‫

ÅØÐ
ᴐ‫
ὯὝ

ρ 
Ȣ 

◄fi♩꜡Ⱨכ│ & ⅔╟┘Ὗ ⅛╠ Ὗ Ὂ ȾὝ ≤ ∆╢↓≤⅜≢⅝╕∆⁹ │ ◄Ⱡꜟ◑כ─

⌐ ∆╢ ≢ ⅎ╠╣╢─≢ ─╟℮⌐ ∆╢↓≤⅜≢⅝╕∆⁹ 

#
‬Ὗ

‬Ὕ
Ë

ᴐ‫
ὯὝ
ÅØÐ

ᴐ‫
ςὯὝ

  

ÅØÐ
ᴐ‫
ὯὝ

ρ
Ȣ 

 

phonon_energy.pl ╩ ∆╢≤ ─╟℮⌂ ╩ ∆╢↓≤⅜ ≢∆⁹ ─╟℮⌐ ⇔╕∆⁹ 

 

% phonon_energy.pl mode.data  

 

↓─ ⌐╟∫≡ ─3≈─ⱨ□▬ꜟ⅜ ↕╣╕∆⁹ 

 

phonon_energy.data ⱨ□▬  ꜟ ◄Ⱡꜟ◑כ Ⱬꜟⱶⱱꜟ♠ ◄Ⱡꜟ◑כ ◄fi♩꜡Ⱨכ ─

⅜ ─ ≢ ↕╣≡™╢ⱨ□▬ꜟ≢∆⁹ 

 

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

0 0.125434126153072 0.125434126153072 0 0  

30 0.12552700746085 0.125409486111375 3.91737831580881e - 06 0.0820122071540538  

60 0.126828216477476 0.124936822438767 3.15232339784872e - 05 0.435633166874193  

90 0.130001095247047 0.123379006005857 7.35787693465625e - 05 0.787404251770626  

120 0.134948880737123 0.120473935403623 0.000120624544445835 1.12444793146534  

.......  

.......  

.......  
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1 ⌐ ⅜ 2 ⅛╠│ ◄Ⱡꜟ◑כ≤Ⱬꜟⱶⱱꜟ♠ ◄Ⱡꜟ◑כ⅜eV ≢ ◄fi♩꜡Ⱨכ⅜

eV/K ≢ №√╡─ ⅜ kB ≢ ↕╣╕∆⁹ 

 

phonon_energy.eps ⱨ□▬  ꜟ ◄Ⱡꜟ◑כ Ⱬꜟⱶⱱꜟ♠ ◄Ⱡꜟ◑כ ◄fi♩꜡Ⱨכ╩ ─ ≤⇔

≡ⱪ꜡♇♩⇔√EPSⱨ□▬ꜟ≢∆⁹ 

 

phonon_Cv.eps ⱨ□▬  ꜟ ≤ ─ ╩ⱪ꜡♇♩⇔√EPSⱨ□▬ꜟ≢∆⁹ 

 

Si ─ ⌐ ╠╣╢phonon_energy.eps⅔╟┘phonon_Cv.eps─ ╩ ⇔╕∆⁹phonon_energy.pl ☻◒ꜞ

ⱪ♩│ ⱨ◊ⱡfi ╩ ⇔√ ⌐ ╠╣╢mode.dataⱨ□▬ꜟ╩ ∆╢ ⅜№╢ ⌐↔ ↄ

∞↕™⁹ⱨ◊ⱡfiⱣfi♪ ╩ ⇔√ ⌐ ╠╣╢mode.dataⱨ□▬ꜟ╩ ∆╢≤ ⅜כꜝ◄⌂℮╟─

⇔ ≢ ⇔≡⇔╕™╕∆⁹⌂⅔ ╠╣╢◄Ⱡꜟ◑כ│ ≢ ⇔√ ≤⌂╡╕∆⁹ 

 

% phonon_energy.pl mode.data  

weight undefined for q - point no. 1 at /home/user/phase/bin/phonon_energy.pl line 131, <MD> line 4450.  

 

 

 

 5.25 phonon_energy.eps ≤phonon_Cv.eps )─  

 

phonon_energy.pl ☻◒ꜞⱪ♩─○ⱪ◦ꜛfi│ ─ ╡≢∆⁹ 
-- width=WIDTH or - w WIDTH ↕╣╢ ─ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │1 ≢∆⁹ 
-- trange =[tmin:tmax] or - t [tmin:tmax]  ─ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │0 K ⅛╠3000 K

≢∆⁹ 

-- nT=NT or - n NT ─ ─ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │100 ≢∆⁹ 

-- font=FONT or - f FONT  ◓ꜝⱨ⌐ ∆╢ⱨ◊fi♩◘▬☼╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩

│18 ≢∆⁹ 

-- mono or - m ⸗ⱡ◒꜡◓ꜝⱨ╩ ⇔√™ ⌐↓─○ⱪ◦ꜛfi╩

⇔╕∆⁹ 
-- t inc= TINC ─ ╩ ⇔╕∆⁹ 
-- einc=EINC  ◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹ 
-- cinc=EINC  ─ ╩ ⇔╕∆⁹ 

 

5.2.2.3  

 ◦ꜞ◖fi  

╙ ⌂ ─1 ≈≤⇔≡ ◦ꜞ◖fi ─ⱨ◊ⱡfiⱣfi♪≤ⱨ◊ⱡfi ─ ╩ ⇔√ ╩ ⇔╕

∆⁹↓─ ─ ⱨ□▬ꜟ│ samples/phband/Si ⌐№╡╕∆⁹ 
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╕∏│Ᵽfi♪ ╩ ™╕∆⁹samples/phband/Si/band ─ ⱨ□▬ꜟ╩ ⇔╕∆⁹band kpoint.pl  

─ ⱨ□▬ꜟ bandkpt.in  ─ │ ─╟℮⌐⌂∫≡™╕∆⁹ 

 

0.02  

- 0.8333333 0.8333333 0.8333333  

0.8333333 - 0.8333333 0.8333333  

0.8333333 0.8333333 - 0.8333333  

0 0 0 1 # {/Symbol G}  

1 1 0 2 # X  

5 3 0 8 # U  

0 0 0 1 # {/Symbol G} 

1 0 0 2 # L  

 

↓─bandkpt.in ⱨ□▬ꜟ╩ ⇔≡ ─╟℮⌐ kpoint.data  ⱨ□▬ꜟ╩ ⇔╕∆⁹ 

 

% band_kpoint.pl bandkpt.in  

 

─ ─ │ ─╟℮⌐⌂∫≡™╕∆⁹ 

 

structure{  

    unit_cell_type = bravis  

    unit_cell{  

        a = 10.17512  

        b = 10.17512  

        c = 10.17512  

        alp ha = 90.0  

        beta = 90.0  

        gamma = 90.0  

    }  

    symmetry{  

        tspace{  

            lattice_system = facecentered  

        }  

        method = automatic  

    }  

    atom_list{  

        coordinate_system = internal  

        atoms{  

             #tag  element rx ry rz mobile  

             Si 0.125 0.125 0.125 0  

             Si 0.875 0.875 0.875 0  

       }  

    }  

    element_list{  

         #units atomic_mass  

         #tag element atomicnumber mass  

         Si 14 28.0855  

    }  

}  

unit _cell _type  ╩bravais  ≤⇔ lattice_system  Ɽꜝⱷכ♃כ⌐╟∫≡↓─ ⅜ facecentered , ∆

⌂╦∟ ≢№╢↓≤╩ ⇔≡™╕∆⁹ ⇔√╟℮⌐ ─PHASE ─ ≢│↓─╟℮⌂ ⅜⌂↕╣

≡™╢ ╩ ⌐ ⇔╕∆⅜ ⱨ◊ⱡfiⱣfi♪ ≢│∕─╟℮⌂↓≤│ ╦╣╕∑╪⁹ ⌐

phonon  Ⱪ꜡♇◒╩ ─╟℮⌐ ⇔≡™╕∆⁹ 

 

Phonon{  

    sw_phonon = on  
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    sw_calc_force = on  

    sw_vibrational_modes = on  

    lattice{  

        l1 = 2  

        l2 = 2  

        l3 = 2  

     }  

     method = band  

}  

 

│ꜟ☿כⱤכ☻ a, b, c ∕╣∙╣╩2 ≤∆╢ ╩ ⇔≡™╕∆⁹ ─ ─╙≤PHASE ╩

╡ ⇔╕∆⁹ ⅜ ∆╢≤ ∕─ ⅜mode.data ⌐ ↕╣╕∆⁹mode.data  ⱨ□▬ꜟ⅛╠ⱨ◊ⱡ

fiⱣfi♪ ╩ ╢√╘⌐│ ─ ╩ ™╕∆⁹ 

 

% phonon_band.pl mode.data -- control=bandkpt.in  

 

-- control  ○ⱪ◦ꜛfi≢band kpoint.pl  ─ ⱨ□▬ꜟ╩ ⇔≡™╕∆⅜ ↓─ ⅜⌂™ │Ᵽ

fi♪ ⌐ ╩ ∆ ⌂≥│ ↕╣⌂ↄ⌂╡╕∆⁹ │ ⌐ ∆ ─╟℮⌐⌂╡╕∆⁹ 

 

 5.26 ◦ꜞ◖fi ─ⱨ◊ⱡfiⱣfi♪ 

ⱨ◊ⱡfi─ ─ ⌐ ⌂ │♃כ♦ samples/phband/Si/dos ⌐№╡╕∆ │ ╖

⌂─≢ band♦▫꜠◒♩ꜞכ─ ⌐№╢ force.data ⱨ□▬ꜟ╩◖Ⱨכ⇔≡ ∆╢≤ ╩☻◐♇ⱪ

∆╢↓≤╙ ≢∆⅜ ↓─ │ sw_calc_force Ɽꜝⱷכ♃כ╩ off ⌐ ⇔≡ↄ∞↕™ ↓─◘fiⱪꜟ

─ Ɽꜝⱷכ♃כⱨ□▬ꜟ⌐│ ─╟℮⌂ ⅜⌂↕╣≡™╕∆⁹ 

 

Phonon{  

    sw_phonon = on  

    sw_vibrational_modes = on  

    lattice{  

        l1 = 2  
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     l2 = 2 

     l3 = 2  

    }  

    dos{  

        mesh{  

            nx = 10  

            ny = 10  

            nz = 10  

        }  

    }  

    method = dos  

}  

 

method = dos ≤ ∆╢↓≤⌐╟∫≡ ╩ ℮↓≤╩ ⇔≡™╕∆⁹dos Ⱪ꜡♇◒─ ─mesh 

Ⱪ꜡♇◒⌐⅔™≡ ≢ ∆╢ⱷ♇◦ꜙ╩ 10×10×10 ≤⇔≡™╕∆⁹ ╩↓─╟℮⌐ ⇔

ⅎ√╠ PHASE ╩ ⇔╕∆⁹ⱨ◊ⱡfi ─ │ phdos.data ⱨ□▬ꜟ⌐ ↕╣╕∆⁹↓─♦

phonon dos.pl⌐≥╙╩♃כ  ☻◒ꜞⱪ♩╩ ⇔≡ⱨ◊ⱡfi ╩ ⇔╕∆⁹ 

 

% phonon_dos.pl phdos.data  

 

↓─ ╠╣╢ⱨ◊ⱡfi │ ⌐ ∆ ╡≢∆⁹ 

 

 5.27 ◦ꜞ◖fi ─ⱨ◊ⱡfi ⁹ 

 ꜜ► ◌ꜞ►ⱶ 

ꜜ► ◌ꜞ►ⱶ│NaCl ─ ╩╙≈ ▬○fi ─ ≢∆⁹  5.28 ⌐∕─ ╩ ⇔╕∆⁹↓↓

≢│ ↓─ ╩ ⌐ LO-TO ╩ ⇔√ⱨ◊ⱡfiⱣfi♪ ╩ ⇔╕∆⁹↓─ ─ ⱨ□▬ꜟ│

samples/phband/KI ⌐№╡╕∆⁹ 
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 5.28 ꜜ► ◌ꜞ►ⱶ─  

LO-TO ╩ ⇔√ ╩ ℮√╘⌐│ ─ ♥fi♁ꜟ≤ ⅜ ≢∆⁹↓╣╠│ ─╟

℮⌐⇔≡ ╕⇔√⁹ 

 ̧ ♥fi♁ꜟ UVSOR-Epsilon ╩ ⇔≡ ⇔╕⇔√⁹↓─ 2.2 eV─◑ꜗ♇ⱪ ╩ ⇔╕⇔√⁹

│ xx, yy, zz ⅜∕╣∙╣2.6≤⌂╡╕⇔√⁹ 

 ̧ UVSOR-Berry ╩ ⇔≡ Ⱳꜟfi ♥fi♁ꜟ─ ╩ ™╕⇔√⁹ │ ◌ꜞ►ⱶ─

⅜1.1262, ꜜ► ─ ⅜ 1.1262≤⌂╡╕⇔√⁹ 

 

↓╣╠╩ ⇔ sw_lo_to_splitting ╩on≤∆╢ │◦ꜞ◖fi ─ ≤ ∂≢∆⁹⌐ ╠╣√ⱨ◊ⱡfi

Ᵽfi♪╩ ⇔╕∆⁹ ─√╘ LO-TO ╩ ∑∏⌐ ⇔√ ╙ ╦∑≡ ⇔≡™╕∆⁹ ⅜

LO-TO ╩ ∑∏⌐ ⇔√ ⅜ ⇔≡ ⇔√ ⌐ ⇔╕∆⁹↓─ ⅛╠ ╠⅛⌂╟℮

⌐ ȹ ≢│LO-TO ⌐╟∫≡ ⇔⌂™ │ ⇔≡™╢ ⅜ ⇔≡™╕∆⁹ 
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 5.29 KI ─ⱨ◊ⱡfiⱣfi♪⁹ ⅜LO-TO ╩ ∑∏⌐ ⇔√ ⅜LO-TO ╩

⇔≡ ⇔√ ⁹ 

 

 ☻☼─  

⌐ ⱨ◊ⱡfi ◄Ⱡꜟ◑כ ─ ⌂ ≤⇔≡☻☼─ ─ ╩ ⇔╕∆⁹↓─

─ ⱨ□▬ꜟ│ samples/phband/Sn/a -Sn ɖ☻☼ ⅔╟┘samples/phband/Sn/b -Sn ɗ☻☼ ⌐№╡╕∆⁹ 

 

☻☼⌐│ ɖ☻☼≤ɗ☻☼≤ ┌╣╢ ⅜№╡╕∆⁹ɖ☻☼│♄▬ꜘ⸗fi♪ ɗ☻☼│∕─ ─ ╡ɗ

☻☼ ╩≤╡╕∆⁹∕─ ╩  5.30⌐ ⇔╕∆⁹ 

 

 5.30 ɖ☻☼ ≤ɗ☻☼ ─  

ɗ☻☼ │♄▬ꜘ⸗fi♪ ╩ c ⅛╠ ⇔≈┬⇔√╟℮⌂ ≢№╡ ╩ ╡╕∆⁹
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≢│ɗ☻☼⅜ ≢∆⅜ ≢│ɖ☻☼⅜ ⌐⌂╡╕∆⁹↓╣│ ∕─╙── ◄Ⱡꜟ◑כ│ɖ☻

☼─ ⅜ ™⅜ ⌐ ℮ⱨ◊ⱡfi─ ◄Ⱡꜟ◑כ─ │ɗ☻☼─ ⅜ ⅝™√╘№╢ ≢ ◄

Ⱡꜟ◑כ│ɗ☻☼─ ⅜ ↄ⌂╡ ∆╢⅛╠≢№╢≤ ⅎ╠╣╕∆⁹↓─╟℮⌂ ╩ ⱨ◊ⱡfi─

◄Ⱡꜟ◑כ ≤ ─ ◄Ⱡꜟ◑כ ╩ ╖ ╦∑≡ ⇔≡™⅝╕∆⁹ 

╕∏│ ─ ╩ ™╕⇔√⁹√∞⇔ ɗ☻☼ ─ c/a │0.54614≤ ⇔≡ ⇔╕⇔√⁹

│ ─ ⌐ ∆ ╡≢∆⁹ 

 a (Å)  c (Å) ◄Ⱡꜟ◑כ (ha./cell) 

ɖ☻☼ 6.6555 6.6555 -136.147884 

ɗ☻☼ 5.9184 3.2323 -136.144694 

↓─ ⅛╠ ╠⅛⌂╟℮⌐ ◄Ⱡꜟ◑כ│ɖ☻☼─ ⅜ ™─≢ ≢│ɖ☻☼⅜ ≢№╢≤ ⅎ

╠╣╕∆⁹ 

 ™≡ ╠╣√ ⌂ ─╙≤≢ ╩ ™╕⇔√⁹ ◄Ⱡꜟ◑כ╩ ∆╢ ⌐ ⌂

│ ─╖≢∆⁹ɖ☻☼ ɗ☻☼⌐ ⇔≡◦ꜞ◖fi─ ≤ ─ ╩PhononⱩ꜡♇◒≢ ™

╩ ⇔╕⇔√⁹ ⌐ ╠╣√mode.data ⱨ□▬ꜟ╩ phonon_energy.pl ☻◒ꜞⱪ♩≢

⇔╕∆⁹ 

 

% phonon_energy.pl mode.data  

 

╠╣╢ phonon_energy.data ⱨ□▬ꜟ─ 3 ⌐ⱨ◊ⱡfi─ ◄Ⱡꜟ◑כ⅜ ↕╣╕∆⁹↓╣│

№√╡─ ⌂─≢ ─ ◄Ⱡꜟ◑כ─ №√╡─◄Ⱡꜟ◑כ╩ ⅎ ─ ≤⇔≡ⱪ꜡♇♩∆╢

≤  5.31─╟℮⌂ ⅜ ╠╣╕∆⁹ 

 

 5.31 ɖ☻☼≤ɗ☻☼─ ◄Ⱡꜟ◑כ≤ ─ ⁹ ⅜ɖ☻☼ ⅜ɗ☻☼⌐ ∆╢⁹ 

 5.31 ⌐⅔™≡ɖ☻☼─ ≤ɗ☻☼─ ⅜ ∆╢ ⅜ ≤ ⅎ╠╣╕∆⁹↓

─ ≢│⅔⅔╟∕510 K≤⌂╡╕⇔√⁹ ⌐│290 K⌂─≢ ⅜ ↄ ↕╣≡⇔╕™╕⇔√⅜

↓─╟℮⌂ ⌐╟∫≡ ─ ╩ ≢⅝╢↓≤│⅔ ⅛╡™√∞↑√≤ ™╕∆⁹ 
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5.2.2.4 ─  

 ̧ ─ k ⌐⅔↑╢ ╩ ∆╢√╘⌐│ ⌐ꜟ☿כⱤכ☻ ∆╢ ╩ ℮ ⅜№╡╕∆⁹

⇔√⅜∫≡ ȹ ─╖─ ≤ ∆╢≤ ⌐ ↄ─ ⅜ ≢∆⁹ 

 ̧ ⱨ◊ⱡfiⱣfi♪ ⌐⅔™≡ ╙ ⅜ ⌐ꜟ☿כⱤכ☻⅜─™ ∆╢ ─ │♃כ♦─↓⁹∆≢ 1 

╠╣√╠ ∆╢↓≤⅜≢⅝╕∆⁹√≤ⅎ┌ⱨ◊ⱡfi─ ╩ ⇔√№≤⌐ⱨ◊ⱡfiⱣfi♪╩

∆╢ ╕√│ ⌂╢ ⌐∕∫√ⱨ◊ⱡfiⱣfi♪╩ ∆╢ ⌂≥│ ─╟℮⌐ sw_calc_ 

forceⱤꜝⱷכ♃כ╩off ≤∆╢↓≤⌐╟∫≡ ╩╛╡ ∆↓≤╩↕↑╢↓≤⅜≢⅝╕∆⁹ 

phonon{  

    sw_phonon = on  

    sw_calc_force = off  

}  

⌂⅔ ─ ⅜ ↕╣≡™╢ⱨ□▬ꜟ│ force.data ≤™℮ⱨ□▬ꜟ≢∆⁹Ᵽfi♪ ≤

╩ ≢כꜞ♩◒꜠▫♦╢⌂ ℮ ⌐ sw_calc_force = off ≤∆╢ │↓─ⱨ□▬ꜟ╩ ♦▫꜠

≡⇔כⱧ◖⌐כꜞ♩◒ ⇔≡ↄ∞↕™⁹ 

 ̧ ─ ─ ─ ╩ ℮≤ ≢ ↕╣√ Bravais │ Primitive ⌐ ↕╣≡

⅜ ╦╣╕∆⁹ 

structure{  

    unit_cell_type = bravais  

    ...  

    ...  

    tspace{  

         lattice_system = facecentered  

    }  

    ...  

    ...  

}  

≤↓╤⅜ ⱨ◊ⱡfiⱣfi♪ ─ │↓─ │ ↕╣∏ Bravais ─╕╕☻כⱤכ☿ꜟ⅜ ↕ 

╣ ⅜ ╦╣╕∆⁹k ◘fiⱪꜞfi◓ⱷ♇◦ꜙ╩ ∆╢ ⌂≥⌐ ⅜ ≢∆⁹ 

 ̧ ꜟ☿כⱤכ☻ ─Ɽꜝⱷכ♃כ l1, l2, l3 │╙≤─ ╩ ≈╟℮⌂ ─ ╩⇔≡ↄ∞↕™⁹ ⌂

╢ ─ ─№╢ │ ╦╣╕∑╪⁹ 
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5.2.3 ◦Ⱶꜙ꜠כ◦ꜛfi 

 

5.2.3.1 ─  

 

PHASE │⁸ ⌐ ↄ ╩ ⇔≡ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮↓≤⅜ ≢∆⁹ ◄Ⱡꜟ◑כ ≤

─ ◦Ⱶꜙ꜠כ◦ꜛfi⅜ ≢⅝╕∆⁹  

 

5.2.3.2 Ɽꜝⱷכ♃ 

 

◦Ⱶꜙ꜠כ◦ꜛfi ≤ №╢♃◓─ ╩ ⌐ ⇔╕∆⁹ 

 

◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ─№╢♃◓─  

1 Ⱪ꜡♇◒  2 3 Ⱪ꜡♇◒

 

♃◓   

structure_evolution ─♃כ♦    ╩ ∆╢Ⱪ꜡

♇◒ 

  method ─ ╩ ∆╢⁹

◦Ⱶꜙ꜠כ◦ꜛfi─  

velocity_verlet ◄Ⱡꜟ◑כ ─

◦Ⱶꜙ꜠כ◦ꜛfi  

temperature_control ─

◦Ⱶꜙ꜠כ◦ꜛfi ─™∏╣⅛ 

  dt ╖╩ ∆╢⁹ 

♦ⱨ◊ꜟ♩ │100 au ( 2.4 fs) 

 thermostat   ╩ ∆╢Ⱪ꜡♇◒⁹  ⁹♃כ♦

  temp ╩ ∆╢⁹ 

  qmass ─ ╩ ∆╢⁹ ─

⁹ 

structure  atom_list    

 atoms  ╩ ∆╢Ⱪ꜡♇◒⁹ כ♦

♃⁹ 

  thermo group  ⌐ ╩ ╡ ≡╢⁹ ⇔√ ⌐

≢ ∆╢⁹ 

♦ⱨ◊ꜟ♩ │ ⌂─≢ ⅜1 ≈

─ ≢╙ ∏ ∆╢⁹ 

 element_list   ╩ ∆╢⁹  ⁹♃כ♦

  mass ∆╢ ─ ╩ ∆╢⁹

≢№╢↓≤⌐ ⁹ 

printlevel     

  iprivelocity  F_DYNM ⱨ□▬ꜟ⌐ ╙ ↕∑√™

↓─Ɽꜝⱷ2⌐כ♃כ╩ ∆╢⁹ 

 

5.2.3.3 ─  

 

│♃כ♦ file_names.data ⱨ□▬ꜟ─ F_DYNM ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ⌐ ☻♥♇ⱪ≢─ ⅜

↕╣╕∆⁹ ∕─ │⁸ ─ ≤ ≢∆⁹ 
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 ̧  

│ ╩ ∫√ ≤ file_names.data ─ F_DYNM ⌐╟∫≡ ↕╣╢ⱨ□▬

 ꜟ ( ─ⱨ□▬ꜟ │ nfdynm.data) ⌐ ↕╣╕∆⁹↓─ⱨ□▬ꜟ│ ─ perl ☻◒ꜞⱪ♩ animate.pl ⌂

≥╩ ⇔≡⁸PHASE Viewer ⌂≥⅜ ╖ ╘╢ ⌐ ∆╢↓≤╙ ≤⌂∫≡™╕∆⁹ ⌐⅔™≡

printoutlevel Ⱪ꜡♇◒─ ─ iprivelocity ─ ╩2 ⌐⇔≡™√ ─ ╙♃כ♦─ ↕╣

╕∆⁹ │♃כ♦─ ⌐≥№─♃כ♦─ ≢ ↕╣╕∆⁹ 

 

 ̧ ☻♥♇ⱪ≢─◄Ⱡꜟ◑כ 

☻♥♇ⱪ≢─◄Ⱡꜟ◑כ│ file_names.data ─F_ENF ⌐╟∫≡ ↕╣╢ⱨ□▬  ꜟ ( ─ⱨ□▬

ꜟ │nfefn.data)⌐ ↕╣╕∆⁹◘fiⱪꜟ⌐╟∫≡ ╠╣╢ ╩ ⌐ ⇔╕∆⁹ 

  iter _ion iter_total etotal ekina econst forcmx  
     1      18    - 7.8953179624      0.0000042358     - 7.8953179624      0.0186964345  
     2      30    - 7.8953851218      0.0000665502     - 7.8953185716      0.0183575424  
     3      43    - 7.8955768901      0.000256539 6    - 7.8953203505      0.0173392067  
     4      56    - 7.8958649874      0.0005418445     - 7.8953231430      0.0156398790  
     5      69    - 7.8962052587      0.0008785990     - 7.8953266596      0.0132645441  
     6      83    - 7.8965425397      0.0012120826     - 7.8953304571      0.0102355854  
     7      97    - 7.8968179539      0.0014840140     - 7.8953339398      0.0066063151  
     8     111    - 7.8969784478      0.0016420281     - 7.8953364197      0.0024736141  
     9     125    - 7.8969875377      0.0016502900     - 7.895337 2478      0.0020111576  
    10     139    - 7.8968352058      0.0014992046     - 7.8953360011      0.0066379641  
    11     153    - 7.8965440599      0.0012113794     - 7.8953326806      0.0111430822  
                            ...............................  
                            ...............................  
                            ...............................  

 

│ ─ │ ─SCF ─ ≢∆⁹ │ ─ ◄Ⱡꜟ◑כ  

│ ─ ◄Ⱡꜟ◑⁹∆≢כ │ ─ ◄Ⱡꜟ◑כ≤ ◄Ⱡꜟ◑כ╩ ⇔√ ≢№╡ ◄Ⱡꜟ◑כ

─ ◦Ⱶꜙ꜠כ◦ꜛfi⌐⅔↑╢ ≢∆⁹ 

 

 

5.2.3.4 ◄Ⱡꜟ◑כ ─ ◦Ⱶꜙ꜠כ◦ꜛfi 

 

◄Ⱡꜟ◑כ ─ ◦Ⱶꜙ꜠כ◦ꜛfi─ Ɽꜝⱷכ♃ ≢∆⁹ 

│⁸sample/molecular_dynamics/NVE ≢∆⁹  

 

accuracy{  
    cutoff_wf  = 9.00  rydberg  
    cutoff_cd  = 36.00  rydberg  
    num_bands  = 8  
    xctype  = ldapw91   
    force_convergence{  
        max_force  = 1.0e - 8 Har tree/Bohr  
    }  
    initial_wavefunctions  = matrix_diagon   
    ksampling{  
        mesh{  
            nx = 4  
            ny = 4  
            nz = 4  
        }  
    }  
    scf_convergence{  
        delta_total_energy  = 1e- 12 Hartree  
        succession  = 3  
    }  
}  
...  
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...  
structure{  
    unit_cell_type  = primitive   
    unit_cell{  
        a_vector  = 0.0000000000         5.1300000000         5.1300000000   
        b_vector  = 5.1300000000         0.0000000000         5.1300000000   
        c_vector  = 5.1300000000         5.1300000000         0.0000000000   
    }  
    atom_list{  
        atoms{  
            #tag  element  rx  ry  rz  mobile  
             Si  0.130  0.130  0.130  yes  
             Si  - 0.130  - 0.130  - 0.130  yes  
        }  
    }  
    element _list{  
        #tag  element  atomicnumber  
         Si  14 
    }  
}  
...  
...  
structure_evolution{  
    method  = velocity_verlet   
    dt  = 100  
}  
...  
...  

 

↓─ │ ◦ꜞ◖fi ─ ╩ ⇔ ⇔√╙─≤⌂∫≡™╕∆⁹ atoms ≢│  ─òmobileó╩

òyesó≤ ⇔≡™╕∆⁹↓↓╩ònoó№╢™│ò0ó≤ ∆╢≤ ∕─ │ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫

≡╙ ↄ↓≤│№╡╕∑╪⁹↕╠⌐ ╩№ⅎ≡ ≢⌂™ ⌐⇔≡™╕∆⁹ ⌐│ Si ─ ≈─

╩(111) ⌐⅔ ™⅛╠ ╣╢╟℮⌐ ⇔∞↑∏╠⇔≡™╕∆⁹  

structure_evolution Ⱪ꜡♇◒≢│ òmethodó╩òvelocity_verletó≤⇔≡™╕∆⁹↓─ ⌐╟∫≡ 

─ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮↓≤⅜≢⅝╕∆⁹╕√ ☻♥♇ⱪ≢─ ( dt)╩ ≢ 

ò100ó≤⇔≡™╕∆⁹ ≢ ═√╟℮⌐ ↓─ │2.418 10-15s⌐ ⇔╕∆⁹  

↓↓╕≢ ⇔√◘fiⱪꜟ─ ╩ ∆╢≤ ─ │ ≡ 0 ≤ ↕╣╕∆⁹ ⌐ ╩

ⅎ╢ ─╟℮⌂ ╩ ⇔≡ↄ∞↕™⁹ 

 

structure_evolution{  
    method  = velocity_verlet  
    dt   = 100 
    temperature_control{  
        thermostat{  
            #tag  temp  
                 300  
        }  
    }  
}  

 

↓↓≢ òtempó≢ ─ ╩◔ꜟⱦfi ≢ ⇔╕∆⁹ ─ │ ↓─ ⌐⌂╢╟℮⌐  ⅛

≈ ⌐ ∫≡ ⅜0⌐⌂╢╟℮⌐ ↕╣╕∆⁹  

↔≤⌐ ⌂╢ ╩ ∆╢↓≤╙ ≢∆⁹↓─ ╕∏ ─╟℮⌂ ╩ ⇔╕∆⁹⁹ 

 

structure_evolution{  
    method  = velocity_verlet  
    dt   = 100 
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    temperature_control{  
        thermostat{!#tag  temp  
                         300  
                         500  
                         700  
        }  
    }  
}  

 

⌐atoms─ ⌐ òthermo_groupó≤™℮ ╩ ⇔╕∆⁹ 

structure{  
     ...  
    atom_list{  
        atoms{  
        !#tag  rx  ry  rz   el ement  mobile  weight   thermo_group  
            0.1159672611       0.1235205209       0.1215156388     Si    1   1  1 
           - 0.1329067626      - 0.1264216714      - 0.1225370484     Si    1   1  2 
            0.1273740089       0.6305999369       0.6247606249     Si    1   1  3 
            ...  
            ...  
        }  
    }  
    ...  
}  

 

↓─ ≢│ ─ ⅜300K⌐ ─ ⅜500K⌐  ─ ⅜700K⌐⌂╢╟℮ ⅜

↕╣╕∆⁹  

 

↓─ ─ ─ ◄Ⱡꜟ◑כ ◄Ⱡꜟ◑כ ◄Ⱡꜟ◑כ╩  5.32⌐ ⇔╕∆⁹ 

 

 

 5.32 ◄Ⱡꜟ◑כ ◄Ⱡꜟ◑כ ◄Ⱡꜟ◑כ≤ ─ ⁹ 
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5.2.3.5 ─ ◦Ⱶꜙ꜠כ◦ꜛfi 

 

─ ◦Ⱶꜙ꜠כ◦ꜛfi─ Ɽꜝⱷכ♃ ≢∆⁹ 

│⁸sample/molecular_dynamics/NVT ≢∆⁹  

 

 ̧ ─  

structure_evolution Ⱪ꜡♇◒⌐ temperature_control Ⱪ꜡♇◒╩ ⇔╕∆⁹ 

structure_evolution{  
    method  = temperature_control  
    dt   = 50.0  
    temperature_control{  
        thermostat{  
            #tag  temp   qmass 
                 300   5000  
        }  
    }  
}  

 

─ ≢│ ╕∏òmethodó╩ temperature_control ≤⇔≡™╕∆⁹↓─ ⌐╟∫≡ ╩ ℮

╟℮⌐ ⇔╕∆⁹ ≈™≢ òdtó╩ ⇔≡™╕∆⁹↓╣│ ╖─ ≢∆⁹ ≢ ⇔╕∆⁹

≢ ↕╣≡™╢50.0≤™℮ │  1.2fs⌐ ⇔╕∆⁹ 

↕╠⌐ temperature_control Ⱪ꜡♇◒≢ ─ ╩ ∫≡™╕∆⁹ òthermostatóⱩ꜡♇◒≢ ─Ɽꜝⱷ

╩כ♃ ⇔╕∆⁹òtempóⱤꜝⱷ♃כ⌐╟∫≡∕─ ─ ≤∆╢ (◔ꜟⱦfi )  òqmassóⱤꜝⱷ♃כ

⌐╟∫≡ ─ ( )╩ ⇔╕∆⁹ 

 

 ̧ ─ ╡ ≡ 

structur e Ⱪ꜡♇◒─ atoms Ⱪ꜡♇◒╩ ∆╢ ⅜№╡╕∆⁹ ╩ ⌐ ⇔╕∆⁹ 

structure{  
     ...  
    atom_list{  
        num_atoms  = 8 
        cooordinate_system  = internal  
        atoms{  
        !#tag  rx  ry  rz   element  mobile  weight   thermo_group  
            0.1159672611       0.1235205209       0.1215156388     Si    1   1  1 
           - 0.1329067626      - 0.1264216714      - 0.1225370484     Si    1   1  1 
            0.1273740089       0.6305999369       0.6247606249     Si    1   1  1 
           - 0.1152089939      - 0.6164829779      - 0.6221565128     Si    1   1  1 
            0.6299472943       0.1341313888       0.6253193197     Si    1   1  1 
           - 0.6305720382      - 0.1290073650      - 0.6187967685     Si    1   1  1 
            0.6151271805       0.6206113965       0.1333834419     Si    1   1  1 
           - 0.6276524003      - 0.6268549639      - 0.1175099372     Si    1   1  1 
        }  
    }  
    ...  
}  

 

⌐òthermo_groupóⱤꜝⱷ♃כ╩ ╡ ∫≡™╕∆⁹↓─Ɽꜝⱷכ♃⌐ ─ ╩ ⇔╕∆⁹⌂

⅔ ─ │ ─ ⌐ ╡ ╠╣╕∆⁹╕√ ─ ≤ ò#defaultó ♃◓╩ ∆╢↓

≤⌐╟∫≡♦ⱨ◊ꜟ♩ ╩ ∆╢↓≤╙ ≢∆⁹↓↓─ ≢│ ≡─ ⌐ ∂ thermo_group ╩ ⇔≡

™╕∆⅜  ⅜ ⌂╢ ⌐ ↑╠╣≡™≡╙ №╡╕∑╪⁹ 
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5.2.3.6 ⌐⅔↑╢  

 

◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ⌂ │№╡╕∑╪⁹►ꜟ♩ꜝ♁ⱨ♩⅔╟┘ PAW ⱳ♥fi◦ꜗꜟ

⌐ ⇔≡™╕∆⁹ ─ ⌐ ⅜ ≢∆⁹ 

 

 ̧ ─ │ ─ ⌐⅔™≡│ ─ ╩ ∆╢╙─≢│№╡╕∑╪⅜ ◦

Ⱶꜙ꜠כ◦ꜛfi─ │ ─№╢ ≢∆⁹⇔√⅜∫≡ ╩ ∆╢ │ ─ ⇔™ ╩

∆╢ ⅜№╡╕∆⁹PHASE ⌐⅔↑╢ ─ ─ │ ≢∆⁹√≤ⅎ┌ ─ │

≢1822.877333 ≢∆⁹ 

 ̧ ◄Ⱡꜟ◑כ│Ɫכꜞ♩כ ≢ ↕╣╕∆⅜  ◄Ⱡꜟ◑כ≤ ≤─ ⌐│Ὁ ὔ

ὯὝ ≤™℮ ⅜№╡╕∆⁹↓↓≢ ◄Ⱡꜟ◑כ╩Ὁ ╩ὔ Ⱳꜟ♠ⱴfi ╩Ὧ  

⌂ ╩Ὕ≤ ⇔╕⇔√⁹ ∫≡ ◄Ⱡꜟ◑כ⅛╠ ─ ╩ ╡√™ ╕∏ ◄Ⱡꜟ◑כ╩

≢ ╡  σȢρυχψρπ≤™℮ ╩ ↑≡(Ɫכꜞ♩כ ⅛╠ὯὝ ┼─ ) ↕╠⌐ ≢ ∫≡

↕™⁹ 

 ̧ ─ │ ≢ ⇔√ ╖─ (structure_evolution Ⱪ꜡♇◒ ─ dt ≤™℮ ≢

)╩ ↑╢↓≤ ⌐╟∫≡ ≢─ ⅜ ⅛╡╕∆⁹ ─ │ ≢ ∆╢↓≤⅜ ≢∆⅜

╩ ⇔√ (♦ⱨ◊ꜟ♩) ςȢτρψρπ ≤™℮ ╩ ↑╣┌₈ ₉⌐ ∆╢↓≤⅜ ≢

∆⁹√≤ⅎ┌100 a.u.≤™℮ │2.418 fs⌐ ⇔╕∆⁹ 

 

 

 ̧ ─ ◦Ⱶꜙ꜠כ◦ꜛfi⌐⅔↑╢⁸ ─ ὗ─ ⌐≈™≡ ╩ →╕∆⁹ ↕∆⅞

╢ὗ╩ ∆╢≤ ─♄▬♫Ⱶ♇◒☻⌐ ⌐ ⅜♪כ⸗⌂ ╢∆ ∂≡⇔╕™ ╕√ ⌐╟∫

≡│ ⅜ ⇔≡⇔╕™╕∆⁹ ⅝∆⅞╢ὗ╩ ∆╢≤ ⅜ ⌐ ∆╢─⌐ ↄ─☻♥♇ⱪ

╩ ≤∆╢╟℮⌐⌂∫≡⇔╕™╕∆⁹  

ὗ─ │ ─ ⌂ ─ ≤ ─ ─ ⅜⅔⅔╟∕ ⅛ ─ ⅜ ↄ⌂╢╟℮⌐ ┬

≤╟™≤↕╣≡™╕∆⁹ ─ ─ ≤ ─ ─ ─ ─ │ ⌐│ ─ ≢ ≢⅝

╕∆ (S. NosÅǲProgress of Theoretical Physics Supplement No 103 1991 pp.1-46)⁹ 

†
ς“

‫
ς“

ὗ

ςὫὯὝ

Ⱦ

 

↓↓≢† ╣∙╣⧵│‫ ─ ≤ Ὣ│ ─ (3 ∕─ ⌐ ↑╠╣≡™╢ ─ ) Ὧ

│ Ⱳꜟ♠ⱴfi Ὕ⅜∕─ ─ ≢∆⁹ ⅎ┌ †╩0.05 ps ─ ╩8 ╩300 K≤⇔≡ (10)

≢ὗ─ ╩ ╙╢≤ ≢⅔⅔╟∕4600 ≤⌂╡╕∆⁹ 
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5.3 ⌂ ─  

 

5.3.1 DFT+U  

 

5.3.1.1 ─  

 

PHASE │⁸ ⌐ ≠⅝⁸╒≤╪≥─ ─ ╩ ⌐ ∆╢↓≤⅜≢⅝╕∆⅜

⌐ ⇔≡│ ⌂ ╩ ⅎ╢↓≤⅜№╡╕∆⁹↓─ ≤⇔≡⁸ ╩ ∆╢

⌐ ⇔√ ─ ⅜ ╠╣≡™╕∆⁹↓─ ╩ ℮ ≤⇔≡⁸PHASE │ LDA+U ╕√│

DFT+U ╩ ⇔≡™╕∆⁹↓╣│⁸ ─ ╩○fi◘▬♩◒כ꜡fi ≤⇔≡ ╡

╗ ≢∆⁹ 

 

DFT+U ⌐│™ↄ≈⅛─ ⅜№╡╕∆⅜ PHASE ≢│ ↕╣√ ⸗♦ꜟ╩ ⇔≡™╕∆⁹

↓─⸗♦ꜟ≢│⁸DFT+U ─◄Ⱡꜟ◑כ (Ὁ$&45)│⁸ ─◄Ⱡꜟ◑כ (Ὁ$&4)≤ +U⌐

╟╢ ◄Ⱡꜟ◑כ ─ ≤⇔≡ ↕╣╕∆⁹( ─ │⁸ⱢⱣכ♪ ≤╙ ┌╣╕∆⁹) ╕√⁸ⱢⱣ

♪כ │⁸ ◘▬♩⌐≡ ↕╣√  ” ─ ≢∆⁹ 

Ὁ$&45 Ὁ$&4
ὟὩὪὪ

ς
”
άȟά
Ὅ„ ”

άȟάΩ
Ὅ„

άΩ

”
άΩȟά

Ὅ„

Ὅȟάȟ„

  

↓↓≢⁸I⁸m(mõ)⁸ ┘ „
 
│⁸ ◘▬♩⁸ ⁸ ┘☻Ⱨfi ⌐ ⇔╕∆⁹ὟÅÆÆ│⁸ ꜡כ◒

fi ─ ⅝↕≢∆⁹ 

 

│⁸  ⌐  ╩ ∆╢↓≤⌐╟╡ ⇔╕∆⁹ 

”
άȟάΩ
Ὅ„ Ὢ

Ὧὲ
„

Ὧȟὲ

ɰὯὲ
„ȿ‰

ά
Ὅ ‰

άΩ
Ὅ
ȿɰὯὲ
„  

↓↓≢ Ὧ ┘ ὲ│⁸∕╣∙╣ ⱬ◒♩ꜟ ┘Ᵽfi♪ ≢∆⁹╕√⁸Ὢ
Ὧὲ
„│ Ὧὲ„─ ≢∆⁹ 

ⱢⱣכ♪ │⁸ ⇔√ ─ ⇔√◄Ⱡꜟ◑כ ─ ╩╙√╠⇔╕∆⁹ ⌐⁸ ⅜ ⌐  (

)─ ⁸∕─◄Ⱡꜟ◑כ │
ὟὩὪὪ

ς
 ∞↑ ( ⇔╕∆⁹⌂⅔⁸ὟÅÆÆ─ │⁸ ⌐ ∆╢╟℮⌐ ╢

⅛⁸ ™│ ╩╙≤⌐ ╘╕∆⁹ 

 

 5.33 ⱢⱣכ♪ ⌐╟╢ ◄Ⱡꜟ◑כ─  
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5.3.1.2 Ɽꜝⱷכ♃ 

 

DFT+U ╩ ∆╢⌐│⁸ ─ ⅜ ≢∆⁹ ╘⌐⁸accuracy Ⱪ꜡♇◒ ⌐ hubbard Ⱪ꜡♇◒≤

projector_list Ⱪ꜡♇◒╩ ⅝ ⅎ╕∆⁹ ≢│ fi꜡כ◒ ◄Ⱡꜟ◑כ─ (ueff)╩ ⇔╕∆⁹⌂

⅔⁸sw_hubbard  =on │⁸ⱢⱣכ♪ ╩ ℮↓≤╩ ∆╢√╘⌐ ⇔╕∆⁹ ≢│⁸ ─ ≢

∆╢ ─ ╩ ⇔╕∆⁹no│ⱪ꜡☺▼◒♃כ group│ⱪ꜡☺▼◒♃כꜟ◓─כⱪ

radius │ l│ ≢∆⁹hubbard Ⱪ꜡♇◒≢ ⇔√ⱪ꜡☺▼◒♃כ │⁸projector_list

Ⱪ꜡♇◒≢ ⇔√ⱪ꜡☺▼◒♃כ ⌐ ∆╢↓≤⌐↔ ↄ∞↕™⁹ 

 

accuracy{  
        ...  
        hubbard{  
           sw_hubbard  = on 
           projectors{  
             #units  eV 
             #tag  no ueff  
                  1  10.0  
           }  
        }  
        projector_list{  
          projectors{  
            #tag  no group  radius  l  
                 1  1     2.75    2 
          }  
        }  
...  
}  

 

⌐⁸structure Ⱪ꜡♇◒⌐≡⁸ⱢⱣכ♪ ╩ ∆╢ ╩ ⇔╕∆⁹proj_group  ≢ ∆╢ │⁸

accuracy Ⱪ꜡♇◒≢ ⇔√ⱪ꜡☺▼◒♃כ ⌐ ⇔╕∆⁹ⱢⱣכ♪ ╩ ╦⌂™ ⌐│⁸proj_group  

≤⇔≡0╩ ╡ ≡╕∆⁹⌂⅔⁸ ⌐ ⇔≡⁸ ─proj_group ╩ ╡ ≡╢↓≤│ ╕∑╪⁹ 

 

structure{  
  ...  
  atom_list{  
    coordinate_system  = internal  !  {cartesian|internal}  
      atoms{  
        !#default  mobile=no  
        !#tag   rx    ry    rz   element  proj_group  
               0.0   0.0   0.0  Sr       0 
               0.5   0.5   0.5  Ti       1 
               0.0   0.5   0.5  O       0 
               0.5   0.0   0.5  O       0 
               0.5   0.5   0.0  O       0 
             }  
        }  
...  
}  

 

DFT+U ⌐╟╢ │⁸⇔┌⇔┌ ┼ ⅜ ⇔≡⇔╕™╕∆⁹ ⌂╢ ♁ꜟⱣכ╛

Ⱶ◐◘כ⌐╟╢ ╩ ™⁸↓─╟℮⌂ ⌐ ∫≡™⌂™↓≤╩ ∆╢↓≤╩ ⇔╕∆⁹ 

 

5.3.1.3 ─  

 

phase╩ ⇔╕∆⁹ 
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◄Ⱡꜟ◑כ─ ≤∕─ ─ ─№≤⌐ⱢⱣכ♪◄Ⱡꜟ◑כ(HE )≤ⱢⱣכ♪ⱳ♥fi◦ꜗꜟ◄Ⱡꜟ◑כ

(HP)⅜ ≢ ↕╣╕∆⁹ 

 

 TOTAL ENERGY FOR     2 - TH ITER=    - 79.756461901287    edel  =   0.482992D+01  
 KI=      45.2522902  HA=    125.6089055  XC=    - 43.2979227  LO=   - 147.0597534  
 NL=     19.3280980  EW=    - 92.0686823  PC=     12.2272681  EN=      0.0000000  
 HE=      0.2533348  HP=      0.6709743  

 

╕√⁸ⱢⱣכ♪ ╩ ∫√ ─ ─ ⅜ ↕╣╕∆⁹is │☻Ⱨfi─ ia │ ─

l│ ╩ ⇔╕∆⁹⌂⅔⁸ ─ │ (2l+1) x (2l+1)≢∆⁹↓─ ─ (m,mõ) │⁸

 m ┘mõ ( 1 <= m,mõ <= 2l+1 ) ─ ⌐⅔↑╢ ─ ⌐ ⇔╕∆⁹⌂⅔⁸ ─

│⁸ 5.1 ⌐ ⇔≡™╕∆⁹ ⌐⁸ ╩ ∆╢↓≤⌐╟╡ ╠╣╢⁸ ─ ⅜

↕╣╕∆⁹ │":"─ ⌐⁸ ∆╢ ⱬ◒♩ꜟ│ ⌐ ↕╣╕∆⁹ 

 

Occupation  Mattrix:  is,ia,l=     1    2    2 
   0.583    0.000    0.000    0.000    0.000  
   0.000    0.583    0.000    0.000    0.000  
   0.000    0.000    0.529    0.000    0.000  
   0.000    0.000    0.000    0.529    0.000  
   0.000    0.000    0.000    0.000    0.529  
Diagonalizing  Occupation  Mattrix:  is,ia,l=     1    2    2 
   0.529:    0.000    0.000    0.000   - 1.000    0.000  
   0.529:    0.000    0.000    1.000    0.000    0.000  
   0.529:    0.000    0.000    0.000    0.000    1.000  
   0.583:    0.000    1.000    0.000    0.000    0.000  
   0.583:   - 1.000    0.000    0.000    0.000    0.000  

 

 

Occmat.data ≤™℮ⱨ□▬ꜟ⌐│⁸ ⅜ ∆╢ ─ SCF iteration ⌐⅔↑╢ ─ ⅜ ↕╣

╕∆⁹ 

16 : num_om  

éé. 

  1     3     1     3     1 : is, ia, iproj; it, l  

    0.17441054E+01      - 0.20464246E - 02      - 0.99899010E - 03 

   - 0.20464246E - 02       0.17539484E+01      - 0.39442624E - 02 

    - 0.99899010E - 03      - 0.39442624E - 02       0.17529809E+01  

  1     4     1     3     1 : is, ia, iproj; it, l  

    0.17365161E+01      - 0.12145064E - 01      - 0.11970673E - 01 

   - 0.12145064E - 01       0.17903944E+01      - 0.85524320E - 02 

   - 0.11970673E - 01      - 0.85524320E - 02       0.17856965E+01  

éé 

 

1 ─num_om│⁸ ↕╣√ ─ ╩ ⇔╕∆⁹2 │⁸ⱢⱣכ♪ ╩ ∫√ ⌐⅔↑

╢ ─ ⅜ ↕╣╕∆⁹is│☻Ⱨfi─ ia│ ─ iproj │ⱪ꜡☺▼◒♃כ ⁸it │

─ ⁸l│ ╩ ⇔╕∆⁹ ↕╣╢ ─ │⁸num_om⌐ ⇔≡™╕∆⁹ 

 

ὲ„ȟὭȟὴ│ςὰ ρ ςὰ ρ ─ ≢ ⇔╕∆⁹ 

ὲρȟρ
„ȟὭȟὴ

ὲρȟς
„ȟὭȟὴ

Ễ ὲρȟςὰρ
„ȟὭȟὴ

ὲςȟρ
„ȟὭȟὴ

ὲςȟς
„ȟὭȟὴ

Ễ ὲςȟςὰρ
„ȟὭȟὴ

ể ể Ệ ể

ὲςὰρȟρ
„ȟὭȟὴ

ὲςὰρȟς
„ȟὭȟὴ

Ễ ὲςὰρȟςὰρ
„ȟὭȟὴ

 

─ ⅎ │ ╩ ⇔╕∆⁹ ὰ≢─ ⅎ ≤ ─ ≤─ ╩  5.1 ⌐ ⇔╕∆⁹ 

occmat.data │ ╩ ╛ ─ ╩ ⅎ╢ ≤⌂╡╕∆ 
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 5.1 ─ ⅎ ≤ ─ ─  

─ ⅎ  ὰ π  ὰ ρ  ὰ ς  ὰ σ   

1  ί  ὼ  σᾀ ὶ  ᾀυᾀ σὶ    
2   ώ  ὼς ώς  ὼυᾀ σὶ    

3   ᾀ  ὼώ  ώυᾀ σὶ    

4    ώᾀ  ᾀὼ ώ    

5    ᾀὼ  ὼώᾀ   

6     ὼὼ σώ    

7     ώσὼ ώ    

 

5.3.1.4 SrTiO 3 

 

SrTiO 3─ ≢∆⁹ 

 ̧ DFT+U/SrTiO3/cubic+u   ( ὟÅÆÆ│⁸Ti 3d ⌐ ⇔≡10 eV ) 

 ̧ DFT+U/SrTiO3/cubic     ( ὟÅÆÆ│0 eV ) 

↓╣╠─ ╩  5.34⌐ ⇔╕∆⁹ 

 

 5.34 SrTiO3─  

 

 

5.3.1.5 LaVO3 

 

LaVO3─ ≢∆⁹ 

 

 ̧ DFT+U/LaVO3/cubic+u  ( ὟÅÆÆ│La 4f ⌐ ⇔≡20 eV  ) 
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 ̧ DFT+U/LaVO3/cubic    ( ὟÅÆÆ│0 eV ) 

ὟÅÆÆ⅜0 eV─≤⅝│ 4f ⌐╟╢Ᵽfi♪│ⱨ▼ꜟⱵ꜠ⱬꜟ─ 1.5eV ⌐ ╣╕∆⅜⁸ὟÅÆÆ╩20eV≤∆╢≤

8eV ⌐ ╣╕∆⁹  

 

 

5.3.1.6 LaVO3 

 

LaVO3 ─ ≢∆⁹ 

 ̧ DFT+U/LaVO3/orthrombic+u  (ὟÅÆÆ│⁸V 3d │ 5 eV⁸La 4f │20 eV ) 

 ̧ DFT+U/LaVO3/orthrombic   ( ὟÅÆÆ│0 eV) 

 

DFT+U ≢│V ─ ⅜♩ⱷfiכ⸗ ⌐ ⇔╕∆⁹ 

 

 

5.3.1.7 FeO 

 

FeO ─ ≢∆⁹↓─ │⁸occmat.data ⱨ□▬ꜟ ─ ╩ ─ ≤⇔≡ ∆╢

╙─≢∆⁹ 

 ̧ DFT+U/FeO/gga+u (ὟÅÆÆ│ Fe 3d ⌐ ⇔≡5 eV  ) 

 ̧ DFT+U/FeO/gga   (ὟÅÆÆ│0 eV ) 

▪♇ⱪ☻Ⱨfi⌐ ⇔≡│ ─ ⅜ 1⁸♄►fi☻Ⱨfi⌐ ⇔≡│
 

─ ⅜ 0

⌐ ↕╣≡™╕∆⁹ὟÅÆÆ⅜0 eV≢│
 

─ ╩ ≈dⱣfi♪⅜ⱨ▼ꜟⱵ꜠ⱬꜟ╟╡ ⌐ ╣╕∆

⅜⁸ⱢⱣכ♪ ≢│ ⌐ ╣╕∆⁹╕√⁸ⱢⱣכ♪ ⌐╟╡Ᵽfi♪◑ꜗ♇ⱪ⅜ ⅝╕∆⁹ 
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5.3.2 Ɫ▬Ⱪꜞ♇♪  

 

5.3.2.1 ─  

 

local density approximation=LDA ╩ ∆╢ ⌐│ generalized 

gradientapproxiation=GGA ─╒⅛⌐⁸Hartree -Fock ╩ ╡ ╣╢Ɫ▬Ⱪꜞ♇♪ ⅜

№╡╕∆⁹PHASE/0 ≢│⁸PBE0[1-4]≤HSE06[5-8]─ ─ ⅜ ⅎ╕∆⁹ 

◄Ⱡꜟ◑כ Hartree -Fock ◄Ⱡꜟ◑כ ὉØ
ÅØÁÃÔ│⁸{Ë⁸ɢ⁸„}≢ ↕╣╢{◘fiⱪꜞfi◓ ⁸Ᵽ

fi♪⁸☻Ⱨfi }─ ‪
Ὧ’„
► ╩ ™≡ 

 

ὉØ
ÅØÁÃÔ

ρ

ς
Ὠ

ÏÃÃ

Ὧ’ȟὯᴂ’ᴂ„

►ρ Ὠ►ς
‪
Ὧ’„
ᶻ ►ρ‪Ὧᴂ’ᴂ„►ρ‪Ὧᴂ’ᴂ„

ᶻ ►ς‪Ὧ’„►ς

ȿ►ρ ►ςȿ

ὗ
ὭὮ
►ρ ►ς ‪Ὧ’„‍Ὥ ‍Ὦ‪Ὧᴂ’ᴂ„

ȿ►ρ ►ςȿ
 

(1) 

 

≢ ⅎ╠╣╕∆⁹↓↓≢⁸ɢ⁸ɢΩ⌐ ∆╢ │ ⌐ ╠╣╕∆⁹╕√⁸2 ─ὗ╩ ╗ │

⌐ ⇔⁸►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ ⌐ ╣╕∆⁹ 

 

PBE0 │‌╩Ɽꜝⱷכ♃≤⇔≡ 

 Ὁὼὧ
0"%π ‌ὉØ

ÅØÁÃÔρ ‌ὉØ
0"% ὉÃ

0"% (2) 

 

≤ ↕╣╕∆[1-4]⁹↓↓≢⁸ὉØ
0"%│PBE ≢⁸ὉÃ

0"%│PBE ≢∆⁹ ‌
ρ

τ
⅜╟ↄ ╦╣

╢ ≢∆⁹Ɫ▬Ⱪꜞ♇♪ ⌐│⁸↓─╒⅛⌐ ὉØ
ÅØÁÃÔ╩☻◒ꜞכ♬fi◓⇔≡ ⅎ╢HSE Ὁὼὧ

(3%

⅜№╡╕∆⁹↓╣│⁸ 

 Ὁὼὧ
(3% ‌ὉØ

ÅØÁÃÔȟ32‫ ρ ‌ὉØ
0"%ȟ32‫ Ὁὼ

0"%ȟ,2‫ Ὁ
Ã

0"%
 (3) 

─ ≢ ↕╣╕∆[5-8]⁹│‫ ⅜ ↄ ╩ ∆╢ Ɽꜝⱷ⁸≢♃כ‫ π≢Ὁὼὧ
0"%π⌐ ⇔

ↄ⁸≢‫ᴼӓ ⌐Ὁὼὧ
0"%⌐ ≠⅝╕∆⁹HSE06 ╩ ∆╢≤⁸ ─ │☿ꜟ◘▬☼⁸ ─

│k ⌐ ∆╢ ⅜⁸PBE0 ╩ ∆╢ ⌐ ⇔≡╟ↄ⌂╡╕∆⁹≈╕╡ ∂ ╩

╢√╘─ ⅜ ⌐ ↕ↄ⌂╡╕∆⁹ ╩ ∟⌂⅜╠ ╩ ≢⅝╢ ≤⇔≡⁸│⌐ ‫

0.1(Bohr -1) ─ ⅜╟ↄ ╦╣╕∆⁹ 

 

5.3.2.2 Ɽꜝⱷכ♃ 

 

Hybrid ≢ ╩ ℮⌐│⁸ ─╟℮⌐ ⇔╕∆⁹ 

accuracy{  
    ksampling{  
        method  = gamma 

base_reduction_for_GAMMA = OFF  

base_symmetrization_for_GAMMA = OFF  
    }  
    xctype  = ggapbe  
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    hybrid_functional{  

sw_hybrid_functional  = ON 

functional_type = HSE06 ! {PBE0 | HSE06 | HF}  

        alpha  = 0.25  

omega = 0 . 106 
    }  
}   

↓─ ─ │⁸HSE06 ╩ ⇔√↓≤⌐⌂╡╕∆⁹HSE06 ─╒⅛⁸PBE0⁸HF ╩ ∆╢↓≤⅜

≢∆⁹ ≢│⁸sampling k │ȹ method=gamma ╩ ⇔≡™╕∆⅜⁸╒⅛⌐ sampling

method=mesh №╢™│Monkhorst -Pack⌐╟╢☻Ɑ◦ꜗꜟ k sampling method=monk ╩ ∆╢↓

≤╙≢⅝╕∆⁹ȹ ╩ ⇔√ ⁸base_reduction_for_GAMMA ⅔╟┘base_symmetrization_for_GAMMA

╩ off ⌐ ⇔≡⅔™≡ ↕™ ↓─ ⁸ȹ ─ ╩ ∫√ ─ │ ╦╣∏⁸ ─ ≤

∂ ™⌐⌂╡╕∆ ⁹↓─ ⅜⌂™ ⁸ ⅜ ∆╢↓≤⅜№╡╕∆⁹Ɽꜝⱷכ♃alpha │(2)⁸(3) ⌐

╣╢ ─  ‌≢⁸♦ⱨ◊ꜟ♩─ │0.25≢∆⁹Omega│(3) ⌐ ╣╢ Ɽꜝⱷכ♃כ

♩ꜟ◊ⱨ♦⁸≢‫ │0.106 bohr -1≢∆⁹ 

 

╩ ╡ ™≡⁸Hartree -Fock ╩ ℮ │ ─╟℮⌐ ⇔╕∆⁹ 

accuracy{  
    hybrid_functional{  
        sw_hybrid_functional  = ON 
        functional_type = HF  

    }  
}  

 

√∞⇔⁸Hartee -Fock ─ │PBE0≤ ═≡╙ ⇔ↄ ↄ⌂╡╕∆⁹ 

 

PBE ╩ ∫≡ ↕∑√ ≤ ⅜№╢ ⁸↓╣╩hybrid ─ ≤

≤∆╢↓≤⅜≢⅝╕∆⁹∕─√╘─ ╩ ⌐ ⇔╕∆⁹ ≢│№╡╕∑╪⅜⁸Ɫ▬Ⱪꜞ♇♪

│ ─GGA ╟╡╙│╢⅛⌐ ↄ─ ⅜⅛⅛╢─≢⁸↓─╟℮⌐ ⇔ ⇔≢╙ ╩ ╠∆↓

≤╩ ⇔╕∆⁹ 

accuracy{  
    initial_wavefunctions  = file  
    initial_charge_density  = file  
}  

↓─╟℮⌐ ╩ ∆╢ ⁸ ⌐ ∞∫≡PBE ─ ⱨ□▬ (ꜟzaj.data)≤ ⱨ□

▬ (ꜟnfchgt.data)╩ ⌐כꜞ♩◒꜠▫♦ ∏◖Ⱨ⁹∆╕⇔כSampling k ⌐ȹ ╩ ╪≢™╢ ⌐│⁸ ─

↓≤⌐ ⇔⌂↑╣┌⌂╡╕∑╪⁹∆⌂╦∟⁸Ɫ▬Ⱪꜞ♇♪ ⌐ ∞∫≡ ℮ PBE ≢╙⁸

base_reduction_for_GAMMA ⅔╟┘base_symmetrization_for_GAMMA ╩off⌐ ⇔≡⅔⅝╕∆⁹ 

 

Ɫ▬Ⱪꜞ♇♪ │⁸Ᵽfi♪⅔╟┘ k ─ 2 ꜟכⱪ─ ⅜№╡╕∆⁹↓─℮∟⁸ ─ k ⌐ ∆

│ⱪכꜟ╢ ⌐↕╒≥ ⅜⌂™ ⅜№╡╕∆⁹∕↓≢⁸↓─ ─ k ꜟכⱪ╩Γ ↄΔ↓≤⌐

╟∫≡ ╩ ╠∆ ⅜ PHASE ⌐│ ╦∫≡™╕∆⁹↓─ ╩ ∆╢⌐│⁸ ─╟℮⌐ ⇔╕

∆⁹ 

accuracy{  

   ksampling{  

        method = mesh  

        mesh{  

            nx = 4  

            ny = 4  

            nz = 4  

        }  

    }  

hybrid_functional{  

reduction_factor{  

f1 = 2  
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f2 = 2  

f3 = 2  

}  

}  

}  

 

 f1⁸f2⁸f3 ⌐╟∫≡ nx⁸ny⁸nz ╩∕╣∙╣ ─ ⌐∆╢⅛╩ ⇔╕∆⁹↓─ ≢│⁸∕╣∙╣─

─ ꜙ◦♇ⱪ─ⱷכꜟ ⅜ 1/2 ⌐⌂╡╕∆⁹ 

 

►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ╩ ∆╢ ⁸Ɫ▬Ⱪꜞ♇♪ ─ ─╒≤╪≥⅜►ꜟ♩ꜝ♁ⱨ

♩ ⱳ♥fi◦ꜗꜟ ─ ⁹(1) ─ὗ ⌐ ∆╢ ⌐ ╛↕╣╕∆⁹Ɫ▬Ⱪ

ꜞ♇♪ ⌐⅔™≡│⁸ ─ ─ ⅝™ ╩ ↄ↓≤⌐╟∫≡⁸ ⌐

⅝⌂ ╩ ╓↕∏⌐ ∆╢↓≤⅜ ≢∆⁹PHASE /0≢↓─ ╩ ∆╢⌐│⁸ charge_mesh╩

⇔╕∆⁹ 

accuracy{  

hybrid_functional{  

    charge_mesh = fine  

}  

}  

 

charge_mesh⌐│⁸exact, fine , moderate, coarse─™∏╣⅛╩ ⇔╕∆⁹exact╩ ∆╢≤

─∆═≡─ ╩ ⇔╕∆⁹fine, moderate, coarse ─ ⌐ ∆╢ ⅜ ⌂ↄ⌂╡╕∆⁹charge_mesh

─♦ⱨ◊ꜟ♩ │ fine ≢∆⁹ 

 

►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ╩ ⇔≡™╢ ⌐ ∆╢ ╩ ≢ ℮↓≤⌐╟∫≡

∆╢↓≤╙ ≢∆⁹∕╣⌐│⁸ ─╟℮⌐ ⇔╕∆⁹ 

accuracy{  

hybrid_functional{  

         sw_rspace = on  

     }  

}  

 

Ɫ▬Ⱪꜞ♇♪ ⌐⅔↑╢ ─ │O(N 4)─ ⅜⅛⅛╡╕∆⅜ ╩ ∆╢↓≤

⌐╟∫≡↓─ ╩O(N 3)⌐∆╢↓≤⅜≢⅝╢─≢ №╢ ⅝⌂ ≢│ ─ ≤⌂╡╕∆⁹⌂⅔↓─

╩ ℮ ─charge_meshⱤꜝⱷכ♃│ ╩ ∟╕∑╪⁹ 

 

5.3.2.3  

 

  

 

─PBE ⁸PBE0 ⁸Hartree -Fock ─ │⁸samples/hybrid/H2 ─♦▫꜠◒♩ꜞ

PBE⁸PBE0⁸HF ≢∆⁹go_h2.sh╩ ∆╢≤⁸↓╣╠─ ╩ ⌐ ⇔╕∆⁹↓╣╠─ ≤Gausian03

─ ≤─ ╩  5.35⌐ ⇔╕∆⁹ 
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 5.35 PBE ,PBE0 ,Hartree -Fock ⌐╟╢ ─HOMO ≤LUMO ─◄Ⱡꜟ◑כ⅜

Gaussian03 G03 ─ ≤ ⇔≡ ↕╣≡™╢⁹ 

  

 

─PBE ⁸PBE0 │⁸samples/hybrid/H2O ─♦▫꜠◒♩ꜞ─PBE⁸PBE0≢∆⁹go_h2o.sh

╩ ∆╢≤⁸↓╣╠─ ╩ ⌐ ⇔╕∆⁹↓╣╠─ ≤Gausian03 ─ ≤─ ╩  5.36⌐ ⇔

╕∆⁹ 

 

 

 5.36 PBE ,PBE0 ⌐╟╢ ─◄Ⱡꜟ◑כ ⅜Gaussian03 G03 ─ ≤ ⇔≡
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↕╣≡™╢⁹ 

 

 ◦ꜞ◖fi  

 

◦ꜞ◖fi ─ ─ ╩⁸PBE, PBE0, HSE06 ≢ ∆╢ ⅜samples/hybrid/Si ⌐№╡╕∆⁹

╩ ∆╢≤ ╠╣╢ ╩  5.37⌐⁸ ╠╣╢Ᵽfi♪◑ꜗ♇ⱪ╩  5.2⌐ ⇔╕∆⁹ 

 

 5.37 PBE, PBE0, HSE06 ⌐╟∫≡ ╠╣√Si ─  

 5.2 ⌐╟∫≡ ╠╣╢Ᵽfi♪◑ꜗ♇ⱪ─  

 Ᵽfi♪◑ꜗ♇ⱪ (eV) 

PBE 0.7 

PBE0 1.9 

HSE06 1.3 

 

samples/hybrid/Si_k10 │⁸k ⱷ♇◦ꜙ╩ 10×10×10≤⇔√ ≢∆⁹ ⌐ ─⅛⅛╢ ≢∆⅜⁸╟

╡ ⌂ ⅜ ╠╣╕∆⁹ 

 

5.3.2.4 ⌐⅔↑╢  

 ̧ Ɫ▬Ⱪꜞ♇♪ │ ╩ ∆╢ ⅜ ⅎ╕∑╪⁹ ╩ ∆╢ ≢№∫≡╙

sw_inversion Ɽꜝⱷכ♃╩on≤∆╢≤ ⅜ ⇔╕∆─≢⁸↓─ │⇔⌂™≢ↄ∞↕™⁹ 
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5.3.3 ⱨ□fi♦ꜟ꞉כꜟ☻  

 

5.3.3.1 ─  

 

╩ ⌐ ∆╢ van der Waals density functional (vdW -DF) ╩ ⇔√ⱪ꜡◓

ꜝⱶ⌐≈™≡ ⇔╕∆ PHASE ≢╙ ↕╣≡™╢ ↕╣√ Generalized Gradient 

Approximation (GGA) ≢│ ⅜ ↕╣≡™⌂™√╘⌐ ⅎ┌ ◓ꜝⱨ□▬♩─ ◄Ⱡꜟ

╩≤⌂כ◑ ⌐ ∆╢↓≤⅜≢⅝╕∑╪ ≢ ╡ fi│GGA♅כꜟ╢→ ─↓─ ╩ ℮√╘⌐

↕╣√╙─≢ ↓╣╩ ™╢↓≤≢ van der Waals ⅜ ⅝ↄ ∆╢ ─ ◄Ⱡꜟ◑כ╛ ╙╟

╡ ⌐ ≢⅝╢╟℮⌐⌂╡╕∆ ╕√ ↓─ vdWDF │ ⌂ ╩ ⇔≡™≡ ⌂Ɽꜝⱷכ

♃ ╩ ™≡™⌂™─≢ ─ ─ ⌐ ⇔≡ ⌐ ∆╢↓≤⅜≢⅝╕∆  

ⱪ꜡◓ꜝⱶ│ ◄Ⱡꜟ◑כ─╖╩ ∆╢ ⌐ ™╢ⱳ☻♩ ─ⱪ꜡◓ꜝⱶ vdW.F90 ≤ Ᵽfi♪ ⌂

≥─ ╙ ∆╢ ⌐ ™╢☿ꜟⱨה◖fi◦☻♥fi♩ ⱪ꜡◓ꜝⱶ vc_nl.F90 ─ ≈⅛╠ ↕╣╕

∆ ◖fiⱤ▬ꜟ│ ⌐∆╢ │№╡╕∑╪⁹PHASE ╩◖fiⱤ▬ꜟ∆╣┌ │ ╕∆⁹ 

 

5.3.3.2 ╩ ╘√ ◄Ⱡꜟ◑כ ⱳ☻♩  

 

  

 

 ̧  

ⱪ꜡◓ꜝⱶ vdW.F90 ≢│ Ὁ ╩ ⇔╕∆ ↓─Ὁ ⌐ GGA≢ ╠╣╢ Ὁ ≤LDA ⅛

╠ ╠╣╢ Ὁ ╩ ⇔ ╦∑╢↓≤≢₈ ╙ ⇔√ ₉╩ ⇔╕∆ ∆⌂╦∟

◄Ⱡꜟ◑כὉ │ 

 Ὁ Ὁ Ὁ Ὁ  (1) 

≤⌂╡╕∆ ↓─℮∟ ─ ⅜ ╙ ≢ vdW≢│Dion ╠[1]⌐╟∫≡ ↕╣√ ⌐ ∫

≡ ↕╣╕∆ ↓─ ≢│ ╩ 

 
Ὁ

ρ

ς
Ὠ►►”►‰►ȟ► ”►  

(2) 

≤⇔≡ ⇔╕∆ ⌐ ⅜ ≈ ►≤► №╢↓─ ≢│ GGA╛LDA ≤ ∫≡ ╣√

⌐№╢ ”►≤”►  ─ ╙ ⇔≡™╕∆ ‰►ȟ► │ 

 
‰►ȟ►

ς

“
ὨὥὨὦὥὦὡὝ 

(3) 

─╟℮⌐ ↑╕∆ ↓↓≢  

 
ὡ ὥȟὦ

ς

ὥὦ
σ ὥ ὦÃÏÓ ὦÓÉÎ ὥ σ ὦ ὥÃÏÓ ὥÓÉÎ ὦ 

ὥ ὦ σÓÉÎ ὥÓÉÎ ὦ σὥὦÃÏÓ ὥÃÏÓ ὦ 

(4) 

≢∆ ╕√  

 
Ὕὼὥȟὼὦȟὼ ὥȟὼ ὦ

ρ

ς

ρ

ὼὥ ὼὦ

ρ

ὼ ὥ ὼ ὦ
 

ρ

ὼὥ ὼ ὥ ὼὦ ὼ ὦ
 

ρ

ὼὥ ὼ ὦ ὼὦ ὼ ὥ
 

(5) 

≤ ↕╣╕∆ ↕╠⌐ │ 

 
ὼὥ

ὥ

ς

ρ

ρ Ὡὼὴ 
τ“ὥ
ωὨ

ȟ 
(6) 

 Ὠ ȿ► ►ȿή ►ȟ (7) 

 
ή ►

τ“

σ
‭ ”►

ὤ

ω

​”►

ςὯ ►”►
Ὧ ►ȟ 

(8) 
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 Ὧ ► σ“”►    Ὦ Ὥ  ÏÒ  Ὧ (9) 

≤⌂∫≡⅔╡ ↓╣⅛╠╦⅛╢╟℮⌐ ╩ ─ ≤⇔√ ≤⌂╢╟℮⌐ ↕╣≡™╕

∆ ↓↓≢ (8)─ ὤ πȢψτωρ│ ⌐ ↕╣√ ≢∆ ⌐╟╢ ◄Ⱡꜟ

כ◑ ‭ │O. Gunnarsson et al [2]⌐╟╢╙─╩ ™≡™╕∆ ↓╣╠ ─ │plasmon-pole model╩

╙≤⌐ ↕╣√╙─≢№╡ ∕─√╘ van der Waals ⌐ ↕╣╢ ╩ ╗ ◄Ⱡꜟ◑כ

⅜ ◖☻♩≢ ⌐ ╠╣╢╟℮⌐⌂∫≡™╕∆  

↕╠⌐ ⌐ ╩ ℮√╘⌐ (2)─ ‰►ȟ► ╩ ∆╢▪ꜟ◗ꜞ☼ⱶ⅜ ↕╣╕⇔√

↓─ ‰►ȟ► │ ⌐│ di≤ dj⌐⇔⅛ ⇔⌂™√╘  di=D(1+ȃ) dj=D(1-ȃ)≤ √⌐ ↕╣√

D ȃ╩ ™≡‰►ȟ► ╩‰Ὀȟ‏≤⇔≡ ╘ ↕╣√ ☿♇♩╩ ∆╢╟℮⌐⇔╕⇔√ ↓╣⌐╟

∫≡ ⇔√◓ꜞ♇♪ ⌐ ∂≡ (3)─ 2 ╩ ℮ ⅜⌂ↄ⌂╢√╘ ⅜ ⌐ ↕

╣≡™╕∆  

 

 ̧ ─  

(6)≢ ὥ π≢⅛≈► ►─ │ ⌐╟∫≡ὼὥ╩ ∆╢─│ ≢∆ ↓─√╘ (2)─

╙ ╩ ╗↓≤⌐⌂╢√╘ ⇔ↄ⌂╡╕∆ ∕↓≢ȿ► ►ȿḺρ─ ≢│ ╩”►

”► ≤ ⇔≡► ─ ⌐ ∆↓≤⌐⇔╕∆ ↓╣⌐╟∫≡ (2)─℮∟ ►╩ ⌐⇔√ –─

≢─► ╩ 

 ρ

ς
Ὠ►”►‰►ȟ► ”► ḙ

ρ

ς

τ“–

σ
” ► Ὠ►‰►ȟ►Ὤὸ 

ρ

ς

τ“–

σ
” ► τ“ Ὠὶ‰ὨȟὨ  

ρ

ς

τ“–

σ
” ► τ“ ὨὈ‰Ὀ

Ὀ

ή
 

(10) 

≤ ⌐∆╢↓≤⅜≢⅝╕∆ √∞⇔ ὶ ȿ► ►ȿ≤⇔≡™╕∆ ↓↓≢ ⅛╠ ┼│

Ὀḳή► Ὠ Ὠ ╩ ⇔≡ ╩ ™≡™╕∆ ─ │ ╩ ╕⌂™√╘ ↓╣

≢ ╩ ∆╢↓≤⅜≢⅝╕∆  

 

 ̧ ┼─  

≢│ ╩ ≢ ⇔ ∕─╕╕ ╩ ╘≡™ↄ√╘⌐↓─╕╕≢│ ◘▬

☼─ ⌐ ™√ ≤⌂∫≡™╕∆ ⌐ ╩ ∆╢⌐│ ⌐►≤►⅜ ╣√ ╕≢ (2)

─ ╩ ╦⌂ↄ≡│⌂╠∏ ⌐ ⅜ ↄ⌂╡╕∆ ⌐ van der Waals │ ⌐⅔

™≡╙∕─ │⌂∞╠⅛⌐⇔⅛ ⇔╕∑╪ ∕↓≢ ╩ ™╢↓≤≢ ╩↓─ ⌐╙

≢⅝╢╟℮⌐⇔╕⇔√ (2)─ ⌐№╢ ‰►ȟ► │►≤►⅜ ⌐ ╣√ ⌐│ 

 

‰►ȟ► ᴼ
ρς
τ“
ω

ὨὨ Ὠ Ὠ
 

ὅ

ὶ

ρ

ή ὶή ὶ ή ὶ ή ὶ
 

ὅ

ὶ
‪”►”►  

(11) 

─╟℮⌂ ⌐ ≢⅝╢↓≤⅜∕─ ⅛╠╦⅛╡╕∆ √∞⇔ὅ ρςτ“Ⱦω ↓─ ⌐│ (3)

─╟℮⌂ ⅜ ╕╣≡™⌂™√╘ ⌐ ⌐ ⅜ ⅎ╢≤™℮ ⅜№╡╕∆ ↓─ ─

─℮∟Ώ×ΐ─ ─ │►─ ⌐ ∂≡ ⌐ ⇔≡™ↄ ≢ ↓╣⌐ ⇔≡Ώ×ΐ─ ╤─

‪”►ȟ”► │ (8)⅛╠╦⅛╢╟℮⌐ ⌐│ ⇔⅛ ╩ √⌂™√╘ ⌐⅔™≡│

⌂ ≤⌂∫≡™╕∆ ↓─↓≤╩ ∆╢≤ (2)─℮∟ ►≤►⅜ ⌐ ╣√ ὶ –)⌐│ ─╟

℮⌐ ╩ ≢⅝╕∆ ∆⌂╦∟ 

 ρ

ς
Ὠ►Ὠ►”►‰►ȟ► ”► ḙ

ρ

ς
Ὠὺ ”

►ᶰ►ᶰ

►‰►ȟ► ”►  
(12) 
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ρ

ς
Ὠὺ ”

Ἲ Ἴ Ἲ

◄ ᶰ►ȟ►ᶰ

►‰►ȟ► ◄ ”► ◄  

ὅ

ς
Ὠὺ ”

►ȟ►ᶰ

►‪”►ȟ”► ”►
ρ

ὶ

◄ ᶰ

ȿἺ Ἴ Ἲȿ  

 

≤ ╩ ↑╢↓≤⅜≢⅝╕∆ ↓↓≢Ὠὺ│ ╩ ℮ ─◓ꜞ♇♪ ⌐ ╕╣╢ ≢ ◄

│ ╩ ┬ ⱬ◒♩ꜟ≢∆ ↓─ ─ ─℮∟ │►≤►─ ⅜ꜚ♬♇♩☿ꜟ ⌐

↕╣≡™╢─≢ ◖☻♩│ ≢∆ │ρȾὶ ⅜ ≢⅝╢╒≥ ↕ↄ⌂╢╕≢ ⌐

∫≡ ∆╢↓≤⌐⌂╡╕∆ ⇔⅛⇔ ∕╙∕╙ ⅜ ⌐ ⌂ ⌐ ”►≤│ ≢

◓ꜞ♇♪ ─ ─╖⌐╟∫≡ ╕╢ ⌂─≢ ╘ ╘≡⅔↑┌╟™╙─≢∆  

─╟℮⌐ ╩ ∫≡↕╠⌐ (12)─╟℮⌐ ╩ ∆╢↓≤⌐╟∫≡ ─ ╕

≢ ╟ↄ ∆╢↓≤⅜≢⅝ ↓╣⌐╟∫≡ ╩ ⌐╙ ≢⅝╢╟℮⌐⇔≡™╕∆  

 

 ̧ ▪ꜟ◗ꜞ☼ⱶ 

van der Waals ╩ ╘√ ◄Ⱡꜟ◑כ │ ─GGA⅛╠ ╩ ⇔√ ╩☿

ꜟⱨה◖fi◦☻♥fi♩⌐ ∫√ ─ ╩ ™≡ Ὁ ⅔╟┘ Ὁ ╩ⱳ☻♩ ∆╢↓

≤⌐╟╡ ⇔╕∆ ⌐↓╣╠ ≈─ ╩ ─ ╩ ⇔√GGA ∆⌂╦∟ ─╖

⅛╠ ╠╣√ ◄Ⱡꜟ◑כὉ ⌐ ⅎ╢↓≤≢₈ ╙ ⇔√ ◄Ⱡꜟ◑כὉ ₉╩ ⇔╕

∆  5.38│ fi♅כꜟ vdW.F90 ╩ ™√ ─ ╣╩ ⇔≡™╕∆ ⅜vdW≢ ⅜ ─╖

─GGAꜟכ♅fi≢∆ ≈╕╡ ─╖─GGA ╩☿ꜟⱨה◖fi◦☻♥fi♩⌐ ™ ” ►≤

Ὁ ╩ ↕∑╕∆ ™≡vdW⌐” ►╩ ↕∑ Ὁ ⅔╟┘Ὁ ╩ⱳ☻♩ ≤⇔≡ ↕∑╕∆

⌐↓╣╠ ≈─◄Ⱡꜟ◑כ ╩ ⇔ ╦∑╢↓≤≢Ὁ ≤⇔╕∆  

 

 5.38 fi♅כꜟ vdW.F90 ─ ─ ╣ 

 

  

 

 ̧ PHASE ⌐╟╢ ─  

fi♅כꜟ vdW │ vdW.F90 ≤™℮ⱨ□▬ꜟ ≢ ≡ ⇔≡™╕∆ ↓╣│ⱳ☻♩ ⌐ ↕╣≡

⅔╡ PHASE─ ─╖╩ ⇔√GGA ⅛╠ ╠╣╢ ” ►─ ⱨ□▬ꜟnfchr.cube

≤ ◄Ⱡꜟ◑כ ⱨ□▬ꜟnfefn.data ╩ ⇔ ◄Ⱡꜟ◑כὉ ≤Ὁ ╩ ⇔╕∆ ⌐GGA
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─╖ ⌐╟╢ ◄Ⱡꜟ◑כ⌐↓╣╠╩ ⅎ√ Ὁ ╩ ⇔╕∆  5.38 ↓─√╘GGA

⌐ nfchr.cube ╩ ∆╢╟℮⌐PHASE ─ inputfile ╩ ∆╢ ⅜№╡╕∆ ╕√ ⱳ♥fi◦ꜗꜟ

│PBE ─╙─╩ ≤⇔≡™╕∆ ↓╣╠╩ ╕ⅎ≡PHASE ─ file_names.data ≤ inputfile ≢ vdW╩

∆╢√╘⌐│ ─╟℮⌂ ⅜ ⌐⌂╡╕∆  

 

fi le_names.data (PHASE)  

F_ENF =  ó./nfefn.dataô 

F_CHR =  ó./nfchr.cubeô 

 

Ɽꜝⱷכ♃ (PHASE)  

 

accuracy{  

    xctype = ggapbex  

}  

postprocessing{  

    charge{  

        sw_charge_rspace = on  

        filetype = cube  

    }  

}  

 

PHASE ⌐│ggapbe ─ ⱳ♥fi◦ꜗꜟ╩ ™╢─≢∆⅜ ↓─ ╩ ∆╢ ⅜№╡╕∆

∕↓≢ ₈xctype = ggapbex₉≤∆╢↓≤≢ggapbe─℮∟ ─╖╩ ∆╢╟℮⌐ ≢⅝╕∆ ∆╢

ⱳ♥fi◦ꜗꜟ│ggapbe─ ≤ ∂⌐⇔╕∆  

 

 ̧ ⱪ꜡◓ꜝⱶvdW.F90 ─◖fiⱤ▬  ꜟ

ⱪ꜡◓ꜝⱶ vdW.F90 │ Fortran90 ◖fiⱤ▬ꜝכ⌐╟∫≡◖fiⱤ▬ꜟ≢⅝╕∆ ╕√ OpenMP ⌐╟∫

≡ ↕╣≡™╢√╘ ⌐╙◖fiⱤ▬ꜟ⅜≢⅝╕∆ Intel compiler ─ │ ⌐-openmp─○ⱪ

◦ꜛfi╩ ⅎ╢∞↑≢ ⅜≢⅝╕∆  

◖fiⱤ▬ꜟ   

$  ifort -openmp -o vdW vdW.F90  

 

 ̧ ⱳ☻♩ ≤⇔≡─vdW─  

 ™≡ vdW─ ⌐≈™≡ vdW│ PHASE ≢ ╠╣╢nfchr.cube ≤nfefn.data ⅜ ♦▫꜠◒♩ꜞ ⌐

⇔≡™╣┌ ⌐∕╣╠╩ ≤⇔╕∆ √∞⇔ⱨ□▬ꜟ │nfchr.cube nfefn.data ≢ ≢⅝╕∑╪  

 

 ̧ ⌐≈™≡ 

vdW ╩ ⇔√ │ ─╟℮⌂ⱨ◊כⱴ♇♩≢ ↕╣╕∆ │ ─ PHASE ≤ ∂ↄ Hartree

≢∆  

 

 

≤⇔≡phase/samples/vdW/input_scf_Si.data ⅛╠─ ⱨ□▬ꜟnfchr.cube≤nfefn.dat a╩ ™≡ ⇔

≡™╕∆  

 

E_total(GGA exchange)  = - 7.5363221703000  

 

Ec(LDA)  = - 0.5429739815997  

Ec(nl)  = 0.0203272639208  

Ec (= Ec(LDA) + Ec(nl) )  = - 0.5226467176789  

 

E_total(vdW - DF)  = - 8.0589688879789  
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Given in Hartree atomic units  

 

# Calculation time  0 : 11 : 33.7280  

 

 

─   

E_total(GGA exchange)  GGA (exchange)─ ◄Ⱡꜟ◑כ 

Ec(LDA)  LDA ⌐╟╢  

Ec(nl)   

Ec (= Ec(LDA)  + Ec(nl) )   

E_total(vdW -DF)  vdW-DF ╩ ╘√ ◄Ⱡꜟ◑כ 

Calculation time   

E_total(vdW -DF)⅜↓─vdW─ ≢№╢₈ ╩ ╗ ◄Ⱡꜟ◑₉כ≢∆  

 

5.3.3.3 ◦ꜞ◖fi ♄▬ꜘ⸗fi♪  

 

◦ꜞ◖fi ♄▬ꜘ⸗fi♪ ─ │⁸phase/samples/vdW ≢∆⁹vdW/ ─ file_names.data ┘

input_scf_Si.data ╩ ™≡╕∏│ phase╩ ⇔ nfchr.cube ≤ nfefn.data ╩ ↕∑╕∆ ♦▫꜠◒♩ꜞ

⌐vdW.F90 ⅜ ⇔≡№╢─≢↓╣╩◖fiⱤ▬ꜟ⇔ ∕─╕╕ ╩⇔╕∆  

 

  

$  cd phase/samples/vdW/ ─ ↕╣≡™╢♦▫꜠◒♩ꜞ⌐  

$  ../../bin/phase   phase⌐╟╢GGA ─  

$  ifort -openmp -o vdW vdW.F90  ♦▫꜠◒♩ꜞ ⌐№╢vdW.F90 ╩◖fiⱤ▬ꜟ  

$  ./vdW   ∕─╕╕  

 

⅜ ─╟℮⌐⌂╡╕∆⁹ 

E_total(GGA  exchange) = - 7.5363221703000  

 
Ec(LDA) = - 0.5429739815997  
Ec(nl) = 0.0203272639208  
Ec (=  Ec(LDA)  + Ec(nl)  ) = - 0.5226467176789  

 
E_total(vdW - DF) = - 8.0589688879789  

 
Given  in  Hartree  atomic  units  

 
# Calculation  time 0 :  11 :  33.7280  

 

 

5.3.3.4 ◓ꜝⱨ□▬♩─ ◄Ⱡꜟ◑כ  

 

 │∂╘⌐ 

 ↓↓≢│ ⌐ fi♅כꜟ vdW ╩ ™√vdW-DF ─ ╩ →╕∆ │GGA╛LDA ≢│

⌐ ≢⅝⌂™ ≢№╢ ◓ꜝⱨ□▬♩ A-B stacking ─ ◄Ⱡꜟ◑כ─ ≤⇔╕⇔

√ ─GGA ─ ≢↓─ ─ ◄Ⱡꜟ◑כ ╩ ∆╢≤◄Ⱡꜟ◑כ ⌐ ⌂ │ ╣∏

⌐ ◓ꜝⱨ□▬♩ │ ™⌐ ╕≢ ∆╢≤™℮ ⌐⌂∫≡⇔╕™╕∆ │ ⌂ ≢

◄Ⱡꜟ◑כ ⌐ ⌂ ⅜ ∆╢√╘ GGA ⌐╟╢↓─ │ ⌐ ∫≡™╕∆ ↓╣│

⌂ ≢№╢ van der Waals ╩GGA⅜ ↄ ≢⅝≡™⌂™↓≤⌐ ⌂ ⅜№╡ כꜟ

♅fi╩ ∆╢↓≤≢↓─ ™⅜ ↕╣╢↓≤╩ ⇔╕∆  
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≢│ ╛ ─ ─ ⅜ ⌐№╢A-B stacking ─ ◓ꜝⱨ□▬♩╩ ⌐⇔╕⇔

√ ꜚ♬♇♩☿ꜟ ⌐ ─ ╩ ╖╕∆ ◓ꜝⱨ□▬♩─ ⌐ z ╩≤∫≡☿ꜟ◘▬

☼│4.3×2.5×z(=x×y×z[Å3])≤⇔ z╩5⅛╠12[Å]╕≢ ↕∑⌂⅜╠ z ≢─ ◄Ⱡꜟ◑כ╩ ↕∑╕⇔

√ ↓─ ╩ ─GGA≤vdW-DF ─ ╡≢ ™ ∕╣∙╣⅛╠ ╠╣╢ ◄Ⱡꜟ◑כ ╩ ⇔

╕∆ vdW-DF ⌐│ ≤⇔≡ ” ►⅜ ⌐⌂╡╕∆⅜ ↓─◓ꜞ♇♪ │GGA

⌐ ⇔√ cutoff ⌐ ⇔≡⅔╡ ↓↓≢│32×18×40(to 96) ─◓ꜞ♇♪╩ ⇔≡™╕∆ ⌂⅔

◓ꜞ♇♪ │ ≢№╢√╘ z ─ ⌐ ∫≡ ⌐ ∆╢↓≤⌐⌂╡╕∆ ≈╕╡ ─◄Ⱡꜟ

כ◑ ⅜ ⌐ ∆╢ │↓─ ⅜ ≢№╢√╘ ⌐ ∂≡PHASE ─ inputfile ─cutoff

╩ →╢↓≤≢⌂╘╠⅛⌐⌂╡╕∆ ╕√ vdW│ ⌂ ⌐⌂╢√╘GGA╟╡│ ⅝⌂ ◖☻♩

⅜ ≤⌂╡╕∆  

 

  

 │ ≢ ⇔√ ◓ꜝⱨ□▬♩ A-B stacking ─ ◄Ⱡꜟ◑כ─ ╩ ⇔√╙─

≢∆ │ ─GGA⌐╟╢ ╩ │ vdW⌐╟╢ vdW-DF ─ ╩∕╣∙╣ ⇔≡™╕∆ ╕

√ │ [3,4]⌐╟╢ ≤∕─≤⅝─ ◄Ⱡꜟ◑כ │ ╩ ⌐ │ ─ [5]

⌐╟╢╙─≢∆ GGA ≢│ ↄ ⅜ ≢⅝⌂™─⌐ ⇔≡ vdW-DF ≢│⅛⌂╡ ─ ↄ

≢ ╩ ⅎ≡™╢─⅜ ≢⅝╕∆  

 

 5.39 ◓ꜝⱨ□▬♩─ ◄Ⱡꜟ◑כ─ GGA ≤GGA + vdW ⌐╟╢

 

 

5.3.3.5 ╩ ╘√ ☿ꜟⱨה◖fi◦☻♥fi♩  

 

  

Van der Waals ╩ ⅎ√ ◄Ⱡꜟ◑כ╩ ∆╢√╘⌐│ ─ ≢ ⇔√ⱳ☻♩ ─ⱪ꜡◓ꜝ

ⱶ vdW.F90 ╩ ™╣┌╟™≢∆⅜ Ᵽfi♪ ╛ ⌂≥─ ╛ ⌐⅛⅛╢ ⌂≥╩ ∆╢

√╘⌐│Kohn-Sham ⌐ ⇔≡☿ꜟⱨה◖fi◦☻♥fi♩⌐ ∆╢ ⅜№╡╕∆ ⌂⅔ ⌐│

◄Ⱡꜟ◑כ╙☿ꜟⱨה◖fi◦☻♥fi♩ ⌐╟∫≡ ╘╢ ⅜№╡╕∆⅜ vdW ⌐╟╢ ─ │

⌐│ ⅛≢№╡ ⌐ ◖☻♩─ ™ⱳ☻♩ ≢╙╒≤╪≥ ⇔ ⅎ⌂™↓≤⅜ ↕╣≡™╕∆

[6] 

 DFT ≢ ™╢Kohn-Sham │ ╩ ™≡ ⅛╣╢√╘vdW ╩ ⅎ╢ ⌐╙◄Ⱡꜟ◑כ ╩

⌐╟∫≡ ⇔√ ⱳ♥fi◦ꜗꜟ╩ ∆╢ ⅜№╡╕∆ ≈╕╡ 

 
ὺ

Ὁ‏

►”‏
 

(13) 
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ὺ
Ὁ‏

►”‏
 

─╟℮⌐◄Ⱡꜟ◑כ ╩ ≢ ⇔√ ⌐  

 ὺ ὺ ὺ ὺ  (14) 

╩Kohn-Sham ⌐ ⇔╕∆ (3)⅛╠╦⅛╢╟℮⌐ Ὁ ╛Ὁ │ ”►╩ ⌂⅛√∟

≢ ╗√╘⌐ ╩ ⌐ ╘╢↓≤⅜≢⅝╕∆ ≈╕╡  

 
ὺ Ὠ►▓ⱬ►▓ ‌▒

▒

►░ȟ►▓ɮ►░ȟ►▓  
(15) 

≤⌂╡╕∆ [*6]↓↓≢‌╛ɮ Ὦ ρ τ│ (2)─ ‰╩ ∆╢ ⌐ ∆╢ ≢∆  

 

  

─fi│GGA♅כꜟ ⱳ♥fi◦ꜗꜟὺ ⌐ ⱳ♥fi◦ꜗꜟὺ ⅔╟┘ ⱳ♥fi◦ꜗꜟὺ

╩ ⅎ√Kohn-Sham ╩☿ꜟⱨה◖fi◦☻♥fi♩⌐ ⇔╕∆  PHASE ≢GGA─ ≤ ⌐ ⱨ

□▬ꜟ phase╩ ∆╢∞↑≢ vdW ╩ ⇔√ ⅜ ≢⅝╕∆ ╕√ ⌐⅛⅛╢ ╙

vdW ⅜ ↕╣≡™╢╙─⅜ ⱨ□▬ꜟ nfdynm.data ⌐ ≤ ⌐ ↕╣╕∆ √∞⇔

≢│☿ꜟⱨה◖fi◦☻♥fi♩ │ꜟ☿♩♇♬ꜚ│≢fi♅כꜟ─ ≢№╢ ⅜№╡╕∆ ⱳ☻♩

─ⱪ꜡◓ꜝⱶ⌐│↓─ │№╡╕∑╪  

PHASE ─ ⱨ□▬ꜟ ≢ vdW ╩ ╘√☿ꜟⱨה◖fi◦☻♥fi♩ ⌐ ⌂ √⌂ │ ─╟℮

⌐⌂╡╕∆  

 

Ɽꜝⱷכ♃ (PHASE)  

accuracy{  

xctype = vdwdf  

}  

 

 ↓─ │⁸OpenMP ╩ ™≡ ↕╣≡™╕∆ 

 

 

5.3.3.6  
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5.3.4 ⱨ□fi♦ꜟ꞉כꜟ☻  

 

5.3.4.1 ─  

 

 ̧ Williams ─  

   R.W. Williams, et al.: Chemical Physics 327 (2006) 54 -62 
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Ɽꜝⱷכ♃ 

vdw radius 20.0 bohr  

scaling factor CS  0.8095 (PHASE), RS  0.80     PBE  CS  0.85  RS  0.80 

damping factor d  3.0 

 

 polarizabilities  

A3 

vde coef C6 

Hartree*bohr 6 

vdw radius  

 

 polarizabilities  

A3 

vde coef C6 

Hartree*bohr 6 

vdw radius  

 

H 0.387 2.831179918 1.17 NTE  0.964 20.89758657 1.50 

F 0.296 3.94987377  NTR2 1.030 23.08003267 1.50 

Cl 2.315 3.94987377  NPI2  1.090 25.12582491 1.50 

Br  3.013 128.2756865  NDI  0.956 20.63799109 1.50 

I 5.415 309.0603852  OTE 0.637 11.86370812 1.40 

CTE 1.061 22.67403316 1.70 OTR4 0.569 10.01566303 1.40 

CTR 1.352 32.61525204 1.70 OPI2 0.274 3.346856941 1.40 

CAR 1.352 49.790/Sc 1.70 STE 3.000 121.2531939 1.80 

CBR 1.896 54.16430826 1.70 STR4 3.729 168.0350502 1.80 

CDI  1.283 30.15058105 1.70 SPI2 2.700 103.5277919 1.80 

    PTE 1.538 42.11289383 1.80 

 

 

 ̧ Grimme (DFT-D2)─  

   S. Grimme,  J. Comp. Chem. 27, 1787 (2006). 
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jiij CCC 666 = , 
jiij RRR 000 +=  

 

Ɽꜝⱷכ♃ 

vdw radius  30.0A  

scaling factor 6s  0.75,  damping factor d  20.0 

 

 
C6 

Jnm 6/mol 

R0 

A 
 

C6 

Jnm 6/mol 

R0 

A 

H 0.14 1.001 K 10.80 1.485 
He 0.08 1.012 Ca 10.80 1.474 
Li  1.61 0.825 Sc-Zn 10.80 1.562 
Be 1.61 1.408 Ga 16.99 1.650 
B 3.13 1.485 Ge 17.10 1.727 
C 1.75 1.452 As 16.37 1.760 
N 1.23 1.397 Se 12.64 1.771 
O 0.70 1.342 Br  12.47 1.749 
F 0.75 1.287 Kr  12.01 1.727 
Ne 0.63 1.243 Rb 24.67 1.628 
Na 5.71 1.144 Sr 24.67 1.606 
Mg 5.71 1.364 Y-Cd 24.67 1.639 
Al 10.79 1.716 In  37.32 1.672 
Si 9.23 1.716 Sn 38.71 1.804 
P 7.84 1.705 Sb 38.44 1.881 
S 5.57 1.683 Te 31.74 1.892 
Cl 5.07 1.639 I 31.50 1.892 
Ar  4.61 1.595 Xe 29.99 1.881 
1 J/mol = 3 .8088e-7 hartree,  1 bohr = 0.5291772480 A  

 

5.3.4.2 Ɽꜝⱷכ♃ 

 

vdW ─♃◓  

♃◓    

Control  sw_vdw_correction    

Accuracy vdw_method  williams  

grimme or dft -d2 

♦ⱨ◊ꜟ♩ 

 vdw_radius   20 bohr 

30 A (Grimme DFT -D2) 

 vdw_scaling_factor   0.805 (Williams)  

0.75 (Grimme DFT -D2) 

 vdw_scaling_factor_r   0.8 (Williams)  

 vdw_damping_factor   3.0 (Williams)  

20.0 (Grimme DFT -D2) 

Structure  atom_list    

   atoms #tag vdw ≢vdw ⌐⅔

↑╢ ─ type╩  

 

 vdw_list  vdw ⌐⅔↑╢

⌐ ∆╢Ɽꜝⱷכ♃ 

Williams  

#tag type  c6  r0  p  

Grimme  

    #tag type  c6  r0  

    

│⁸vDW ╩ ™╢ ─ ─  

 

vdW ─ ─Ɽꜝⱷכ♃─  
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Williams ⁸Grimme(DFT -D2) ─ ─Ɽꜝⱷכ♃╩ⱪ꜡◓ꜝⱶ ≢ ∟⁸♦ⱨ◊ꜟ♩ ≤⇔≡™╢⁹ 

vdw_list ─ type│⁸atom_list ≢ ⇔√ vdw─ type≤ ⇔≡™╢ ⅜№╢⁹ 

 

Williams  
       vdw_list{  

             #tag type  c6  r0  p  

                   H     2.831179918  1.17  0.387  

                   CTE   22.67403316  1.70  1.061  

       }  

Grimme(DFT -D2)  
       vdw_list{  

             #tag type  c6  r0  

                   H     0.14  1.001  

                   C     1.75  1.452  

       }  

 

Ɽꜝⱷכ♃  

 

vdW ─ ♃כ♦ ╩ ⌐ ∆⁹ 

 

Methane  Dimer   Williams  
Control{  

        sw_vdw_correction = ON  

}  

accuracy{  

        vdw_method = williams  

        vdw_radius = 20.0  

        vdw_scaling_factor = 0.8095  

        vdw_scaling_factor_r = 0.8  

        vdw_damping_factor = 3.0  

}  

structure{  

        atom_list{  

             coordinate_system = cartesian ! {cartesian|internal}  

             atoms{  

                 #units angstrom  

                 #default mobile=on  

#tag  element  rx        ry        rz   vdw  

C       0       0       0       CTE  

H       0       1.093   0       H  

H       1.030490282     - 0.364333333    0       H  

H       - 0.515245141    - 0.364333333    0.892430763     H  

H       - 0.515245141    - 0.364333333    - 0.892430763    H  

C       0       - 3.7    0       CTE  

H       0       - 4.793  0       H  

H       - 1.030490282    - 3.335666667    0       H  

H       0.515245141     - 3.335666667    - 0.892430763    H  

H       0.515245141      - 3.335666667    0.892430763     H  

             }  

        }  

       vdw_list{  

             #tag type  c6  r0  p  

                   H     2.831179918  1.17  0.387  

                   CTE   22.67403316  1.70  1.061  

       }  

}  

 

Methane  Dimer   Grimme(DFT -D2)  
Control{  

        sw_vdw_correction = ON  

}  

accuracy{  

        vdw_method = grimme  
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        vdw_radius = 30.0  

        vdw_scaling_factor = 0.75  

        vdw_damping_factor = 20.0  

}  

structure{  

        atom_list{  

             coordinate_system = cartesian ! {cartesian|internal}  

             atoms{  

                 #units angstrom  

                 #default mobile=on  

#tag  element  rx        ry        rz   vdw  

C       0       0       0       C  

H       0       1.093   0       H  

H       1.030490282     - 0.364333333    0       H  

H       - 0.515245141    - 0.364333333    0.892430763     H  

H       - 0.515245141    - 0.364333333    - 0.892430763    H  

C       0       - 3.7    0       C  

H       0       - 4.793  0       H  

H       - 1. 030490282    - 3.335666667    0       H  

H       0.515245141     - 3.335666667    - 0.892430763    H  

H       0.515245141     - 3.335666667    0.892430763     H  

             }  

        }  

       vdw_list{  

             #tag type  c6  r0  

                   H     0.14  1.001  

                   C     1.75  1.452  

       }  

}  

 

5.3.4.3  

 

 ̧ Water_Dimer  (Williams, Grimme(DFT -D2)) 

 ̧ Methane_Dimer  (Williams, Grimme(DFT -D2)) 

 ̧ Ethane_Dimer  (Williams, Grimme(DFT -D2)) 

 ̧ ATstack  (Williams)  
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5.3.5 ESM  

 

5.3.5.1 ─  

 

ESM (Effective Screening Medium) [1][2]≤│⁸ ⸗♦ꜟ╩ ╟ↄ ℮√╘─ ≢∆⁹PHASE │

≤⇔≡ ╩ ∆╢ⱪ꜡◓ꜝⱶ⌂─≢⁸ ⌐│ ─╖ ╡ ℮↓≤⅜ ≢∆⁹ ⸗♦ꜟ

╩ ℮ ⁸ ⌐ ⌂ ⌐Γ Δ╩ ↑╢↓≤⌐╟∫≡ ╩ ⇔√ ─ ╩ ™╕∆⁹↓─╟

℮⌂ ─ ⁸√≤ⅎ┌ ⇔√ ⌂≥│ ⇔ↄ ⅎ⌂™─≢ ⌂ ╩ ∆ ⅜№╡╕∆⁹ESM

│⁸ ⌂ screening medium ╩ ⌐ ∆╢↓≤⌐╟∫≡ ⌐⅔╟┬ ╩

─ ≢ ℮↓≤╩ ≤∆╢ ≢∆⁹↓↓≢│⁸PHASE ⌐ ╖ ╕╣√ ESM ─ ╩ ⇔

╕∆⁹ 

 

5.3.5.2 Ɽꜝⱷכ♃ 

 

╕∏│⁸ ─PHASE ≤ ─ Ɽꜝⱷכ♃כⱨ□▬ꜟ╩ ⇔╕∆⁹↓─ ⁸ ─ ─

⌐ ⅜ ≢∆⁹ESM ⱪ꜡◓ꜝⱶ│⁸ ⅜ ─ ─╟℮⌐ ↕╣≡™╢↓≤╩ ⇔≡™╕∆⁹ 

 

 5.40 ESM ⌐⅔™≡ ⇔≡™╢ ─ ─  

│⁸2 ≢│ ⁸1 ≢ ≢№╢↓≤╩ ⇔≡™╕∆⁹ ≢№╢ │⁸c ≢№╢ ⅜

№╡╕∆⁹c ─ ⅜ 0⌐⌂╢ ⌐ ─ ⅜ ∆╢╟℮⌐ ⌐ ∂≡ ╩◦ⱨ♩⇔⁸ⱪꜝ☻ⱴ▬♫☻

⌐ ╩ ↑╕∆⁹↕╠⌐⁸0⅛╠╖≡ Ɽꜝⱷכ♃כⱨ□▬ꜟ⌐⅔™≡ ≢⅝╢ z1 ╣√ ⌐

ESM⅜⅔⅛╣╕∆⁹ 

 

accuracyⱩ꜡♇◒⌐esmⱩ꜡♇◒╩ ⇔⁸ESM ─ ╩ ⇔╕∆⁹ ⌐│⁸ ─≤⅔╡⁹ 

 

...  

...  

accuracy{  

  esm{  

    sw_esm = on  

    bc = pe1  

    electric_field = 0.001  

  }  

  ...  

  ...  

}  

...  

...  

 

esmⱩ꜡♇◒─ ≢│⁸ ─ ╩ ∆╢↓≤⅜ ≢∆⁹ 

sw_esm ESM ╩ ∆╢⅛≥℮⅛╩ ∆╢☻▬♇♅⁹on╩ ∆╢≤ESM ╩ ⇔╕∆⁹

♦ⱨ◊ꜟ♩ │off 

z1 ESM ─ ╩ ⇔╕∆⁹ 

bc ╩ ⇔╕∆⁹BARE, PE1, PE2 ─™∏╣⅛╩ ⇔╕∆⁹BARE │ ─ESM

⅜ 1 ⁸PE1│ ─ESM ⅜ ӓ PE2│ESM ─ ⅜ ⁸
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╙℮ ⅜ ≤™℮ ≢∆⁹♦ⱨ◊ꜟ♩ │BARE 

electric_field  ╩ ⇔√™ ⌐⁸∕─ ╩ ≢ ⇔╕∆⁹↓─ │⁸bc⅜PE1≢

№∫√ ─╖⌐ ╩╙∟╕∆⁹∕╣ ─ ⁸ ↕╣╕∑╪⁹ ─

│⁸hartree/bohr ≢∆ 51.4 V/Å ⁹ 

add_elec ╩ / ⇔√™ ⌐ / ⇔√™ ╩ ≢ ⇔╕∆⁹ ⇔√™

│ ─ ╩ ⇔╕∆⁹ 

z_wall  ⅜ ─№╢ ⅛╠│╖≢⌂™╟℮⌐Γ Δ╩ ↑╢ ⌐⁸∕─Γ№╢ Δ

─ ╩ ≢ ™╕∆⁹↓─Ɽꜝⱷכ♃כ─ ⅜№∫√ ⌐↓─ ⅜ ≤⌂╡

╕∆⁹ 

bar_width  Γ Δⱳ♥fi◦ꜗꜟ╩ ↑╢ ⌐⁸∕─ ╩ ↕─ ≢ ⇔╕∆⁹ 

bar_height  Γ Δⱳ♥fi◦ꜗꜟ╩ ↑╢ ⌐⁸∕─ ↕╩◄Ⱡꜟ◑כ─ ≢ ⇔╕∆⁹ 

 

5.3.5.3 ─  

 

─ │⁸ ─PHASE─ ╡ ™╕∆⁹ ─ ╛ ⱳ♥fi◦ꜗꜟ─ ⌂≥│ ⌐№╡╕∑╪⁹

≢⅝╢ ⌐╙ ⌐ │№╡╕∑╪⁹ 

 

5.3.5.4  

 

  

 

ESM ≤⇔≡⁸ ⌂ ─ ╩ ⇔╕∆⁹↓─ ─ ⱨ□▬ꜟ│⁸samples/esm/H2O

⌐№╡╕∆⁹ │⁸ ≢ ⱷfi♩╩╙∫≡™╢─≢⁸כ⸗ │ ─ ─ ─

◄Ⱡꜟ◑כ⌐ ─ ⅜ ⇔╕∆⁹ESM │⁸1≈─ ⌐≈™≡│ ─ ╩ ℮↓≤⌐⌂╢─≢⁸

⇔™ ◄Ⱡꜟ◑כ⅜ ╠╣╢≤ ⅎ╠╣╕∆⁹ 

↓─╟℮⌂↓≤╩ ∆╢√╘⁸ ─╟℮⌂ ╩ ⇔╕∆⁹ 

1. ─⁸ ⌐⅔↑╢ ◄Ⱡꜟ◑כ  

2. ─⁸ESM ⌐╟╢ ◄Ⱡꜟ◑כ  

3. ╩ ™ ™⌐ ⇔√ ─⁸ ⌐⅔↑╢ ◄Ⱡꜟ◑כ  

 

 5.41 H2O ╩ ™ ™⌐ ⇔√ ⁹ 

3. ─╟℮⌐ ╩ ™ ™⌐ ⇔√ ╩ ∆╢↓≤⌐╟∫≡⁸ ╩♩ⱷfiכ⸗ ∟ ∆↓≤⅜ ≢

∆⁹⇔√⅜∫≡⁸3.─ ⌐╟∫≡ ╠╣√ ◄Ⱡꜟ◑כ─ ─ │⁸2. ─ ≤ ⅜ ∆╢│∏≢∆⁹

↓↓≢│⁸↓─╟℮⌂ ⅜ ╠╣╢⅛≥℮⅛╩ ⇔╕∆⁹ 

↕╣√ ◄Ⱡꜟ◑כ─ │⁸ ⌐ ⇔╕∆⁹ 
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 ◄Ⱡꜟ◑כ (hartree/ H 2O) ≤─  (hartree/H 2O) 

1.─  -17.1855148193 1.8927504×10-3 

2.─  -17.1836307637 8.6948×10-6 

3.─  -17.1836220689 0 

⅛╠ ╠⅛⌂╟℮⌐⁸ESM ⌐╟╢ ≤ 3. ─ ─ │ ⌐ ↄ⁸Γ ─ ─ Δ⅜ ESM ⌐

╟∫≡ ≢⅝≡™╢↓≤⅜╦⅛╡╕∆⁹ 

 

 ╩ ⇔√  

 

ESM ╩ ∆╢≤⁸c ⌐ ╩ ⇔√ ╩ ∆╢↓≤⅜ ≢∆⁹↓↓≢│⁸ ⌂ ⌐╟∫≡

∕─ ╩ ⇔╕∆⁹↓─ ─ ⱨ□▬ꜟ│ samples/esm/Al111 ⌐№╡╕∆⁹ 

⇔√ │⁸ ─ ≢╙ ⇔√Al(111)─ ≢∆⁹ ─╟℮⌂ ⌐╟∫≡ESM╩ ⇔╕∆⁹ 

 

accuracy{  

    esm{  

        sw_esm = on  

        bc = pe1  

        electric_field = 0.001  

    }  

}  

 

╩ ∆╢⌐│⁸Ɽꜝⱷכ♃כbc≤⇔≡pe1╩ ∆╢ ⅜№╢ ⌐ ⇔≡ↄ∞↕™⁹╕√⁸ ─

╩╖╢√╘⌐ ⱳ♥fi◦ꜗꜟ╩ ∆╢─≢⁸ ⌐ ∆╢ ╙ ⌐⇔≡№╡╕∆⁹ 

 

postprocessing{  

    workfunc{  

        sw_workfunc = on  

    }  

}  

 

─ ⅝↕│⁸-0.001, 0, +0.001 │ ≤ ↕∑≡ ╩ ™╕⇔√ │☻כ◔─0 ─

≤╒╓ ∂≢∆ ⁹ ⌐⁸↓─ ⌐│ ⅜№╡╕∆⅜⁸ ╩ ∆╢≤ │ ⌂╦╣╢

─≢sw_inversion Ɽꜝⱷכ♃כ│ ⇔≡™╕∑╪⁹ 

─ ─╙≤⁸ ╡ PHASE ╩ ⇔╕∆⁹ ☻כ◔ ⅜ ⇔√╠⁸workfunc ⱪ꜡◓ꜝⱶ╩

⇔≡ⱳ☻♩ ╩ ⇔╕∆⁹↓─ ─ ╠╣╢ ⱳ♥fi◦ꜗꜟ≤ ⌐ ⌂ ─ ─

╩  5.42 ⌐ ⇔╕∆⁹↓─ ⌐⅔™≡│⁸ ─∟╞℮≥ ─ ⅜ ─ ⁸∆⌂╦∟  5.42 ─±c/2

─ ⌐⌂∫≡™╕∆⁹ 
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─ꜟꜗ◦ⱳ♥fiꜟ◌כ꜡ 5.42  ≤ ⌐ ⌂ ≤─ ⁹ ⁸☻כ◔─0.001⅜

⅜  ⁹☻כ◔─0.001

⅛╠ ╠⅛⌂╟℮⌐⁸ ╩ ∆╢↓≤⌐╟∫≡ ⱳ♥fi◦ꜗꜟ⌐⅛√╗⅝⅜ ⇔≡⅔╡⁸╕√⁸⅛

√╗⅝─ ⅝│+─ ≤ ─ ≢ ⌂∫≡™╕∆⁹↕╠⌐⁸ ⅝─ ⅝↕│ ≢ ⇔√±0.001 au≤

╒╓ ⇔≡™╕∆⁹™∏╣╙⁸ ╩ ⇔√ ─ ⱳ♥fi◦ꜗꜟ─ ╢ ™≤⇔≡╙∫≤╙╠⇔™╙

─≤™ⅎ╕∆⁹ 

 

5.3.5.5 ⌐⅔↑╢  

 

 ̧ ESM ╩ ∆╢ ⁸◖fiⱤ▬ꜟ─ ⌐ⱨכꜞ◄ ꜝ▬Ⱪꜝꜞכ≤⇔≡FFTW ╩ ∆╢ ⅜№╡

╕∆⁹ 

 ̧ ─ ⌐⅔™≡│⁸ ─ ─ │ ∆╢╟℮⌐⇔⁸weight Ɽꜝⱷ1⌐⌡≈│♃כ

≤⇔≡ↄ∞↕™⁹ 

 ̧ ╩ ∆╢ ⁸ ⌐ ⅜№∫√≤⇔≡╙ ⌂╦╣╢─≢⁸sw_inversion Ɽꜝⱷכ♃כ╩ on

⌐│⇔⌂™≢ↄ∞↕™⁹ 

 

5.3.5.6  

 

[1] M. Otani and O. Sugino, òFirst -principles calculations of charged surfaces and interfaces: A plane -wave 

nonrepeated slab approach ó, Physical Review B 73, 115407 (2006). 

[2] Hamada, M. Otani, O. Sugino and Y. Morikawa, òGreenõs function method for elimination of the 

spurious multipole interaction in the surface/interface slab  modeló, Physical Review B 80, 165411 

(2009). 

 

5.3.5.7 ꜝ▬☿fi☻ 

 

PHASE ─ESM │⁸EsmPackꜝ▬Ⱪꜝꜞכ╩ ∂≡ ↕╣≡™╕∆⁹EsmPackꜝ▬Ⱪꜝꜞ⁸│כ

⅛╠MIT ꜝ▬☿fi☻≢ ↕╣≡™╢⁸ESM ╩ ∆╢√╘─ ─ꜝ▬Ⱪꜝꜞ⁹∆≢כ

─ꜝ▬☿fi☻ ╩↔ ™√∞™√ ≢↔ ↄ∞↕™⁹╕√⁸ ╩ ⇔≡ ⌂≥╩ ℮ ⁸

∏ [1], [2]╩ ⌐ ╘≡ↄ∞↕™⁹ 
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Copyright (c) 2012, Minoru Otani < minoru.otani@aist.go.jp > 

Permission is hereby granted, free of charge, to any person  

obtaining a  copy of this software and associated documentation  

files (the "Software"), to deal in the Software without restriction,  

including without limitation the rights to use, copy, modify, merge,  

publish, distribute, sublicense, and/or sell copies of the Softwa re,  

and to permit persons to whom the Software is furnished to do so,  

subject to the following  

conditions:  

  

The above copyright notice and this permission notice shall be  

included in all copies or substantial portions of the Software.  

  

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,   

EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES  

OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND  

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT 

HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,  

WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,  

OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER  

DEALINGS IN THE SOFTWARE.  

 

 

 

  

mailto:minoru.otani@aist.go.jp
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5.4 ─  

 

5.4.1 NEB  

 

5.4.1.1 ─  

 

Nudged Elastic Band (NEB) ⅔╟┘Climing Image (CI) NEB │ ⌐⅔↑╢ ≤ ─ ─

◄Ⱡꜟ◑כ ≤ ╩ ╘╢ ≢∆⁹  

NEB ⅔╟┘CI-NEB ╩ ™√ ⌐⅔™≡│ ─ (Ὑᴆ)⅔╟┘ ─ (Ὑᴆ)

⅜ ≢№╢≤⇔≡ ≤ ─ ─ (ὙᴆȟὭ ςḐὔ ρ)─ ╛◄Ⱡꜟ◑כ⌂≥╩

∆╢ (▬ⱷכ☺) ⅜┌⌡⌐╟∫≡ ┌╣≡™╢≤™℮ ─ ≢ ╩ ™╕∆⁹↓↓≢Ὑᴆ

│ ▬ⱷ3╢↑⅔⌐☺כὓ (ὓ│ )─ ≢∆⁹NEB ⅔╟┘CI-NEB ─ ⌐⅔↑╢

│ ≤ ⅛╠ ⌐ ∆╢↓≤⅜ ≢∆⅜ ≤ ╩▬ⱷכ☺≢ ⇔ ╘╢

⅜ ↄ─ ↕╣╕∆⁹ 

 

 ̧ ─NEB [?] 

 

─NEB ⌐⅔™≡│ ▬ⱷכ☺─ │ ─╟℮⌐ ⅎ╠╣╕∆⁹ 

Ὂᴆ Ὂᴆȿ᷆ ​ὉὙᴆȿȢ 

↓↓≢ Ὂᴆȿ᷆│ ∆╢▬ⱷכ☺ ─┌⌡⌐╟╢ ─ ─ ≢№╡ ─╟℮⌐ ╘╠╣╕∆⁹  

Ὂᴆȿ᷆ Ὧ Ὑᴆ Ὑᴆ Ὑᴆ Ὑᴆ ẗ†Ƕ†ǶȢ 

↓↓≢Ὧ│┌⌡ ≢∆⁹†Ƕ│ ─ ⱬ◒♩ꜟ≢№╡ ─╟℮⌐ ⇔╕∆⁹ 

†Ƕ
Ὑᴆ Ὑᴆ

Ὑᴆ Ὑᴆ

Ὑᴆ Ὑᴆ

Ὑᴆ Ὑᴆ
Ȣ 

(11) ─​ὉὙᴆȿ│ ⌂≥⌐╟∫≡ ╠╣╢ ⌐ ↄ ─ ⌐ ⌂ ≢№╡ ─╟

℮⌐ ╘╠╣╕∆⁹ 

​ὉὙᴆȿ ​ὉὙᴆ ​ὉὙᴆ ẗ†Ƕ†ǶȢ 

 

 ̧ CI-NEB [?] 

 

CI-NEB │ ─NEB ⌐ ⇔≡ ╙◄Ⱡꜟ◑כ─ ™▬ⱷכ☺⌐⅔↑╢ ─ ╩ ⇔√

≢∆⁹CI-NEB ≢│ ─NEB ╩ ™≡ ╩№╢ ╘√ ⌐ ╙ ™◄Ⱡꜟ◑כ

─▬ⱷכ☺(Ὑᴆȟ )╩ ⇔ Ὑᴆȟ ⌐ ↄ ╩ ─╟℮⌐ ⇔╕∆⁹ 

Ὂᴆȟ ​ὉὙᴆȟ ς​ὉὙᴆȟ  

Ὂᴆȟ ȿ Ὂᴆȟ ȿ᷆ 

 

 ̧ ┌⌡ ─ [?] 
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◄Ⱡꜟ◑כ╩ ╘╢ ⌐⅔™≡│ ─ ╩ ↄ∆╢↓≤⅜ ╕⇔™≤ ⅎ╠

╣╕∆⁹↓─↓≤⅛╠ ≢▬ⱷכ☺─ ╩ ↄ⇔ ─ ⅝╩ ™ ≢ ╘╢ ⅜№╡╕∆⁹

⌐ ≤ ⇔≡ⱳ♥fi◦ꜗꜟ ─ ⅜ ╘≡ ™ ⌐│ ⱳ♥fi◦ꜗꜟ ─▬ⱷכ

☺ ╩ ↄ∆╢↓≤⌐╟╡ ─ ╩ ╟ↄ ℮↓≤⅜ ≤⌂╡╕∆⁹ ◄Ⱡꜟ◑כ ⌐⅔™≡

⌐▬ⱷכ☺╩ ⌐ ↕∑╢ ≤⇔≡ ─┌⌡ Ὧ╩ ⅝ↄ∆╢ ⅜ ⅎ╠╣≡™╕∆⁹

NEB ⅔╟┘CI-NEB ⌐⅔↑╢ │ ┌⌡⌐╟╢ ≤◄Ⱡꜟ◑כ ⌐╟∫≡ ╠╣√ ─

≢ ╦↕∑╣╢─≢ ▬ⱷכ☺ ─┌⌡ │ ⌂╢ ╩ ∆╢↓≤⅜ ≢∆⁹┌⌡ ─

≤⇔≡│ ─◄Ⱡꜟ◑כ─ ⅜ ↕╣≡™╕∆⁹ 

Ὧ Ὧ ɝ
Ὁ Ὁ

Ὁ Ὁ
    Ὁ Ὁ ─ ȟ 

Ὧ Ὧ ɝὯ                        Ὁ Ὁ ─ Ȣ 

↓↓≢ Ὧ │┌⌡ ─ ɝὯ│┌⌡ ─ ≤ ─ ≢∆⁹Ὁ│Ὥ ─┌⌡≢ ┌╣√ 2≈

─▬ⱷכ☺─℮∟ ™◄Ⱡꜟ◑כ─▬ⱷכ☺─◄Ⱡꜟ◑כ Ὁ │ ▬ⱷכ☺ ╙ ™◄Ⱡꜟ◑כ Ὁ │

≤ ─℮∟ ™ ─◄Ⱡꜟ◑⁹∆≢כ↓─Ὁ ─ ─ ⌐╟∫≡ ⌐⅔↑╢ ≤

─▬ⱷכ☺ ⅜ ⇔ↄ⌂╡╕∆⁹ 

 

5.4.1.2 Ɽꜝⱷכ♃ 

 

 Ɽꜝⱷכ♃─  

 

NEB ⌐ ∆╢ ─⧵┘╟⅔◓♃─♃כ♦ ╩ ⌐ ⇔╕∆⁹ 

 

NEB ⌐ ∆╢  ♃כ♦

1Ⱪ꜡♇◒  2 3Ⱪ꜡♇◒  ♃◓      

Control     

  multiple_replica_mode  NEB ─  

ON,OFF   

  multiple_replica_max_iteration  NEB iteration    

multiple_replica     

  method   

  

nudged_elastic_band_method  

 accuracy   

  dt  NEB ⌐⅔↑╢

─ɝὸ   

  neb_time_integral     

quench, steepest_descent(♦

ⱨ◊ꜟ♩)   

  penalty_function  Ɑ♫ꜟ♥▫  ON,OFF   

  neb_convergence_condition  NEB ( )   

  neb_convergence_threshold  NEB    

 constraint    

  ci_neb  CI-NEB ON, OFF   

  sp_k_init  ┌⌡ ( )   

  sp_k_min  ┌⌡ ( )   

  sp_k_max  ┌⌡ ( )   

  sp_k_variable  ┌⌡ ─  

OFF ON     
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 structur    

  number_of_replicas  ꜠ⱪꜞ◌    

 replica    ꜠ⱪꜞ◌    

  endpoint_images  ─▬ⱷכ☺─  

 directin, file  

 atom_list_end0   ─▬ⱷכ☺─ ꜞ☻♩   

 atom_list_end1   ─▬ⱷכ☺─ ꜞ☻♩   

 

NEB ─ Ɽꜝⱷכ♃─ ⌐≈™≡ ⇔╕∆⁹ 

NEB ─ │ ─ ╩ ™╕∆⁹  

 ̧ NEB ─ ╩ ⌐∆╢  

 ̧ NEB ─ ─ ╩ ℮  

 ̧ ꜠ⱪꜞ◌ ─꜠ⱪꜞ◌─ ╩♃כ♦ ∆╢  

 ̧ ꜠ⱪꜞ◌─ ꜠ⱪꜞ◌─ ╩♃כ♦ ∆╢  

₁⌐≈™≡ ⌐ ╩⇔╕∆⁹  

 

 ̧ NEB ╩ ⌐∆╢⁹ 

PHASE ⌐ NEB ⌐╟╢ ╩ ∆╢↓≤╩ ⅎ╢√╘ ─╟℮⌐ control Ⱪ꜡♇◒─ ≢

multiple_replica_mode ╩on≤⇔╕∆⁹ 

control{  
  multiple_replica_mode  = on 
}  

 

 ̧  

│ multiple_replica Ⱪ꜡♇◒─ ─ accuracyⱩ꜡♇◒─ neb_convergence_condition

≢ ⇔╕∆⁹ 

 

multiple_replica {  
accuracy{  

  neb_convergence_ condition  = energy_e  

}  

}  

 

neb_convergence_condition ⌐│ ╕√│ ╩ ∆╢↓≤⅜≢⅝╕∆⁹  12⌐ ≢⅝╢

╩ ⇔╕∆⁹ 

 

─Ɽꜝⱷכ♃כ 

       

1 energy_e  dE threshold   

2 phase_force  PHASE ─ ─ threshold   

3 neb_force  NEB ≢ ⇔√ ─ threshold   

4 force_at_transition_state  ◄Ⱡꜟ◑כ▬ⱷכ☺─PHASE ─ ─ threshold   

5 phase_force_normal  PHASE ─ ⌐ ⌂ ─ ─ threshold   

 

 ̧ ─꜠ⱪꜞ◌─ ≢ ∆╢  

─꜠ⱪꜞ◌─ ╩ ⌐⅔™≡ ∆╢⌐│ ─╟℮⌂ ╩ ™╕∆⁹ 

multiple_replica{  
    ....  
    ....  
    structure{  
        ....  
        ....  
        endpoint_images  = directin  
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        atom_list_end0{  
                 coordinate_system  = cartesian  !  {internal|cartesian}  
            atoms{  
            #units  angstrom  
            #tag  element  rx  ry  rz  
            Si     0.000000000000       0.000000000000       0.000000000000  
            Si     2.751721694800       2.751721694800       0.000000000000  
            ....  
            ....  
            }  
        }  
        atom_list_end1{  
                 coordinate_system  = cartesian  !  {internal|cartesian}  
            atoms{  
            #units  angstrom  
            #tag  element  rx   ry   rz      
            Si     0.000000000000       0.000000000000       0.000000000000  
            Si     2.751721694800       2.751721694800       0.000000000000  
            ....  
            ....  
            }  
        }  
        ....  
        ....  
    }  
    ....  
    ....  

 

endpoint_images ⌐directin ≤™℮ ╩ ⇔, ↕╠⌐ atom_list_end0 Ⱪ꜡♇◒⌐ ─

atom_list_end1 ⌐ ─꜠ⱪꜞ◌─ ╩ ─PHASE ─atom_list Ⱪ꜡♇◒⌐⅔↑╢ ≤ ∂

╟℮⌐ ⇔╕∆  

 

 ̧ ─꜠ⱪꜞ◌─ ─꜠ⱪꜞ◌─ ╩ⱨ□▬ꜟ⅛╠ ∆╢  

─▬ⱷכ☺─ ╩ⱨ□▬ꜟ≢ ∆╢ │ endpoint_images─♃כ♦ ─ ╩ file ≤⇔

file_names.data ⌐▬ⱷכ☺─ⱨ□▬ꜟ ╩ ⇔╕∆⁹ ∕─ file_names.data ⱨ□▬ꜟ ≢│

F_IMAGE(- 1) ⅔╟┘ F_IMAGE(0) ≤™℮ⱨ□▬ꜟⱳ▬fi♃כ╩ ⇔╕∆⁹ │⁸ ≥♃כ♦

file_names.data ─ ≢∆⁹ 

 

─♃כ♦  

multiple_replica{  
    ...  
    ...  
    structure{  
        endpoint_images  = file  
    }  
    ...  
    ...  
}  

 

file_names.data ⱨ□▬ꜟ─  

&fnames  
...  
...  
/  
&nebfiles  
F_IMAGE(0)   = './endpoint0.data'  
F_IMAGE(- 1)  = './endpoint1.data'  



 

 220 

...  

...  
/  

 

╕√ ▬□ⱨ♃כ♦ (ꜟ ─ ≢│ endpoint0.data ╛ endpoint1.data ≤™℮ⱨ□▬ꜟ )│

─╟℮⌂ ≢ ⇔╕∆⁹ 

coordinate_system=cartesian  

 
#units  angstrom  

 
Si       0.000000000000       0.000000000000       0.000000000000  
Si       2.751721694800       2.751721694800       0.000000000000  
Si       1.375860847400       1.375860847400       1.375860847400  
Si       4.127582542200       4.127582542200       1.375860847400  
Si       0.000000000000       2.751721694800       2.751721694800  
Si       2.751721694800       0.000000000000       2.751721694800  
Si       1.375860847400       4.127582542200       4.127582542200  
Si       4.127582542200       1.375860847400       4.127582542200  
Si       0.00 0000000000       0.000000000000       5.503443389600  
Si       2.751721694800       2.751721694800       5.503443389600  
Si       1.375860847400       1.375860847400       6.879304237000  
H       1.644706293661       1.095414892118      11.000000000000  
H       1.095414 929519       1.644706317263      11.000000000000  

 

 

 ̧ ꜠ⱪꜞ◌─ ꜠ⱪꜞ◌─ ╩ ─ ─ ≢ ∆╢

(proportional ) 

꜠ⱪꜞ◌─ ╩ ─ ─ ≢ ∆╢ │⁸ replica ♃◓ ─

howtogive_coordinates ╩proportinal ≤⇔╕∆⁹ ─♃כ♦ ╩ ⌐ ⇔╕∆⁹ 

 

multiple_replica{  

structure{  

number_of_replicas = 6  

replicas{  

#tag replica_number  howtogive_coordinates   end0  end1  

            1            proportional              0      - 1 ! 0: end0, - 1:end1  

            2            proportional              0      - 1 

            3            proportional              0      - 1 

            4            proportional              0      - 1 

            5            proportional              0      - 1 

            6            proportional              0      - 1 

        }  

}  

}  

 

 ̧ ꜠ⱪꜞ◌─ ꜠ⱪꜞ◌─ ╩ⱨ□▬ꜟ⅛╠ ∆╢ (file ) 

▬ⱷכ☺╩ⱨ□▬ꜟ≢ ∆╢ │ replica ♃◓ ─ howtogive_coordinates ╩ file ≤⇔

∆╢ ⱨ□▬ꜟ│ file_names.data ⱨ□▬ꜟ≢ ≥♃כ♦ ⁹∆╕⇔ file_names.data ⱨ□

▬ꜟ─ ╩ ⌐ ⇔╕∆⁹ 

 

─♃כ♦  

multiple_replica{  
    ...  
    ...  
    structure{  
        number_of_replicas  = 3 
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        replicas{  
                #tag  replica_number   howtogive_coordinates    end0   end1  
                1            file               0      - 1 !  0:  end0,  - 1:end1  
                2            file               0      - 1 
                3            file               0      - 1 
        }  
    }  
}  

 

file_names.data ─  

&fnames  
...  
...  
/  
&nebfiles  
F_IMAGE(0)   = './endpoint0.data'  
F_IMAGE(- 1)  = './endpoint1.data'  
F_IMAGE(1)   = './image1.data'  
F_IMAGE(2)   = './image2.data'  
F_IMAGE(3)   = './image3.data'  

 
/  

 

╩♃כ♦ ∆╢ⱨ□▬ꜟ─ │ ▬ⱷכ☺─ ≤ ∂≢∆⁹ 

 

 

Ɽꜝⱷכ♃─ ╩ ⌐ ⇔╕∆⁹ 

Control{  
    condition  = initial    !  {initial|continuation|automatic}  
    cpumax = 1 day  !  {sec|min|hour|day}  
    max_iteration  = 10000000  
    multiple_replica_mode  = ON 
    multiple_replica_max_iteration  = 2000  
}  
accuracy{  
    cutoff_wf  =  10.00   rydberg  
    cutoff_cd  =  40.00  rydberg  
    num_bands  =  28 
    ksampling{  
        method  = monk  !  {mesh|file|directin|gamma}  
        mesh{   nx = 2,  ny =  2,  nz =  1  }  
    }  
    smearing{  
        method  = parabolic  !  {parabolic|tet rahedral}  
        width   = 0.001  hartree  
    }  
    xctype  = ggapbe  
    scf_convergence{  
        delta_total_energy  = 0.5e - 7   hartree  
        succession    = 2   !default  value  = 3 
    }  
    initial_wavefunctions  = matrix_diagon   !{random_numbers|matrix_dia gion}  
    matrix_diagon{  
        cutoff_wf  =  3.00   hartree  
    }  
}  
structure{  
    unit_cell_type  = primitive  
    unit_cell{  
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         a_vector  =  10.400       0.000       0.000  
         b_vector  =   0.000      10.400       0.000  
         c_vector  =   0.000       0.000      30.200  
    }  
    symmetry{  
        sw_inversion  = off   
    }  
    atom_list{  
        coordinate_system  = cartesian  !  {cartesian|internal}  
        atoms{  
        #units  angstrom  
                #tag   element   rx   ry   rz    mobile  
    Si     0.00000 0000000       0.000000000000       0.000000000000     0 
    Si     2.751721694800       2.751721694800       0.000000000000     0 
    Si     1.375860847400       1.375860847400       1.375860847400     0     
    Si     4.127582542200       4.127582542200       1.375860847400     0     
    Si     0.000000000000       2.751721694800       2.751721694800     0     
    Si     2.751721694800       0.000000000000       2.751721694800     0     
    Si     1.375860847400       4.12 7582542200       4.127582542200     0     
    Si     4.127582542200       1.375860847400       4.127582542200     0     
    Si     0.000000000000       0.000000000000       5.503443389600     0     
    Si     2.751721694800       2.751721694800       5.503443389600     0     
    Si     1.375860847400       1.375860847400       6.879304237000     0     
    H    1.644706293661       1.095414892118      11.000000000000     1 
    H    1.095414929519       1.644706317263      11.000000000000     1 
         }  
    }  
    element_list{   
            #tag  element   atomicnumber   mass  zeta    dev  
            #units  atomic_mass  
            Si         14     28.085  
            H          1     1.008   
    }  
}  
multiple_replica{  
    method  = nudged_elastic_band_method  
    accuracy{  
        dt  = 40 au_time  
        neb_time_integral  = quench  
        penalty_function  = off  
        neb_convergence_condition  = 3 
        neb_convergence_threshold  = 5.0e - 04 
    }  
    constraint{  
        ci_neb  = OFF 
        sp_k_init  = 0.03  
        sp_k_min  = 0.03  
        sp_k_max = 0.03  
        sp_k_variable  = OFF 
    }  
    structure{  
        number_of_replicas  = 6 
        replicas{  
            #tag  replica_number   howtogive_coordinates    end0   end1  
            1            proportional               0      - 1 !  0:  end0,  - 1:e nd1 
            2            proportional               0      - 1 
            3            proportional               0      - 1 
            4            proportional               0      - 1 
            5            proportional               0      - 1 
            6            proportional               0      - 1 
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        }  
        endpoint_images  = directin  !  {no  or  nothing  |  file  |  directin}  
        howtogive_coordinates  = from_endpoint_images  
        atom_list_end0{  
                 coordinate_system  = cartesian  !  {internal|cartesian}  
            atoms{  
            #units  angstrom  
            #tag  element  rx  ry  rz  
            Si     0.000000000000       0.000000000000       0.000000000000  
            Si     2.751721694800       2.751721694800       0.000000000000  
            Si     1.375860847400       1.375860847400       1.375860847400  
            Si     4.127582542200       4.127582542200       1.375860847400  
            Si     0.000000000000       2.751721694800       2.751721694 800 
            Si     2.751721694800       0.000000000000       2.751721694800  
            Si     1.375860847400       4.127582542200       4.127582542200  
            Si     4.127582542200       1.375860847400       4.127582542200  
            Si     0.000000000000       0.000000000000       5.503443389600  
            Si     2.751721694800       2.751721694800       5.503443389600  
            Si     1.375860847400       1.375860847400       6.879304237000  
            H    1.644706293661       1.095414892118      11.00000000000 0 
            H    1.095414929519       1.644706317263      11.000000000000  
            }  
        }  
        atom_list_end1{  
                 coordinate_system  = cartesian  !  {internal|cartesian}  
            atoms{  
            #units  angstrom  
            #tag  element  rx   ry   rz      
            Si     0.000000000000       0.000000000000       0.000000000000  
            Si     2.751721694800       2.751721694800       0.000000000000  
            Si     1.375860847400       1.375860847400       1.375860847400  
            Si     4.127582542200       4.127582542200       1.375860847400  
            Si     0.000000000000       2.751721694800       2.751721694800  
            Si     2.751721694800       0.000000000000       2.751721694800  
            Si     1.375860847400       4.12758254220 0      4.127582542200  
            Si     4.127582542200       1.375860847400       4.127582542200  
            Si     0.000000000000       0.000000000000       5.503443389600  
            Si     2.751721694800       2.751721694800       5.503443389600  
            Si     1.375860847400       1.375860847400       6.879304237000  
            H    2.22686927      0.48813212      7.65400988  
            H    0.48813224      2.22686933      7.65400957  
            }  
        }  
    }  
}  
wavefunction_solver{  
    solvers{  
        #tag    sol     till_n   dts   dte   itr   var     prec  cmix  submat  
          lmMSD   - 1      0.2   0.2   1  linear    on    1   on 
    }  

 
}  
charge_mixing{  
    mixing_methods{  
    #tag  no   method    rmxs    rmxe    itr   var      prec  istr   nbmix   update  
          1  broyden2   0.10    0.10    1  linear   on  1  0   RENEW 
    }  
}  
printoutlevel{  
    base=1  
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}  

 

 

 NEB ⱨ□▬ꜟ─  

 

NEB ─ⱨ□▬ꜟ│ file_names.data ≢ ⇔╕∆⁹ ─╟℮⌐ ⇔╕∆⁹  

 

&fnames  
F_INP='./nfinp.data'  
F_POT(1)='./Si_ggapbe_nc_01.pp'  
...  
...  
/  
&nebfiles  
F_IMAGE(0)   = './endpoint0.data'  
F_IMAGE(- 1)  = './endpoint1.data'  
F_NEB_OUT   = './output_neb'  
F_NEB_ENF   = './nfnebenf.data'  
F_NEB_DYNM  = './nfnebdynm.data'  
/  

 

ⱨ□▬ꜟ ╖ ╖─namelist ≤⇔≡ &nebfiles ╩ ⇔≡™╢ ⌐↔ ↄ∞↕™⁹  

&nebfiles ≢ ≢⅝╢ⱨ□▬ꜟⱳ▬fi♃כ╩ 13⌐ ⇔╕∆⁹ 

 

NEB ≢ ≢⅝╢ⱨ□▬ꜟⱳ▬fi♃כ 

ⱨ□▬ꜟ   Unit   ♦ⱨ◊ꜟ♩      

F_IMAGE(- 1:99)   201  ./endpoint0.data  (F_IMAGE(0))  

 ./endpoint1.data  (F_IMAGE(1))  
▬ⱷכ☺─    

F_NEB_STOP  202  ./nfnebstop.data   NEB ☻♥♇ⱪ ⱨ□▬

 ꜟ

F_NEB_OUT  203  ./output_neb   NEB  ꜡◓    

F_NEB_CNTN  204  ./neb_continue.data   NEB ⱨ□▬  ꜟ   

F_NEB_ENF  205  ./nfnebenf.data   ◄Ⱡꜟ◑כ ⱨ□▬  ꜟ   

F_NEB_DYNM  206  ./nfnebdynm.data   ⱨ□▬  ꜟ

 

 

5.4.1.3 ─  

 

NEB │₈꜠ⱪꜞ◌ ₉⌐ ⇔≡™╕∆⁹ ─╟℮⌐ ⇔╕∆⁹  

% mpirun  - n NP phase  ne=NE nk=NK nr=NR 

 ↓↓≢ NP│MPI ⱪ꜡☿☻─ NR│ ≢ ∆╢꜠ⱪꜞ◌─ NE, NK│PHASE ≤ Ᵽfi♪⅔╟

┘▓ ─ ≢∆⁹√∞⇔ NP = NR x NE x NK≤™℮ ⅜ ⇔≡™╢ ⅜№╡╕∆⁹ 

 

 

5.4.1.4 ─  

 

NEB ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢≤ ─ PHASE ─ ≤ ⇔≡ ↄ─ⱨ□▬ꜟ⅜ ╠╣╕∆⁹ ╕∏

꜡◓ⱨ□▬ (ꜟoutput000)╛ ⌐ ↕╣╢ⱨ□▬ (ꜟcontinue.data ⱨ□▬ꜟ⌂≥)│ ∆═≡꜠ⱪꜞ◌ ⌐

↕╣╕∆⁹ ─√╘ ∕╣∙╣─ⱨ□▬ꜟ─ ⌐ò_rxxxó≤™℮ ⅜√↕╣╕∆⁹ ↕╠⌐ NEB

─ ─ⱨ□▬ꜟ⅜ ╠╣╕∆⁹ 

 

 ̧ output_neb_pxxx  

NEB ─꜡◓ⱨ□▬ꜟ≢∆⁹xxx ⌐│MPI ⱪ꜡☿☻─ ⅜ ╡ ╠╣╕∆⁹NEB ⌐ ∆╢꜡◓⅜
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↕╣╕∆⁹ 

 

 ̧ nfnebenf.data  

NEB ─◄Ⱡꜟ◑כ╛NEB ⌂≥⅜ ↕╣√ⱨ□▬ꜟ≢∆⁹ ─╟℮⌂ ≢ ↕╣╕∆⁹ 
 #step   image   image_distance   energy    force_org   force_neb   force_normal  
    1    1    0.00000000 00E+00   - 0.4399458479E+02     0.1112676571E - 01    0.1112676571E - 01    0.0000000000E+00  
    1    2    0.1323772380E+01    - 0.4397221867E+02     0.5212041989E - 01    0.4899393390E - 01    0.4899393390E - 01 
    1    3    0.2640972887E+01    - 0.4393533860E+02     0.53 68141337E - 01    0.5023308254E - 01    0.5023308254E - 01 
    1    4    0.3958252743E+01    - 0.4389613534E+02     0.4830449879E - 01    0.4474348402E - 01    0.4474348402E - 01 
    1    5    0.5277489255E+01    - 0.4389237657E+02     0.4486782793E - 01    0.4486782793E - 01    0.4486782793E - 01 
    1    6    0.6594794555E+01    - 0.4396965451E+02     0.8881334200E - 01    0.8881334200E - 01    0.8881334200E - 01 
    1    7    0.7911999993E+01    - 0.4404244254E+02     0.5849229655E - 01    0.5849229655E - 01    0.5849229655E - 01 
    1    8    0.9229437211E+01    - 0.4405831588E+02     0.2414216682E - 01    0.2414216682E - 01    0.0000000000E+00  
    2    1    0.0000000000E+00    - 0.4399458479E+02     0.1112676571E - 01    0.1112676571E - 01    0.0000000000E+00  
    2    2    0.1356841287E+01    - 0.4398451885E+0 2    0.4270600251E - 01    0.4018848625E - 01    0.4018734489E - 01 
    2    3    0.2677587331E+01    - 0.4394948430E+02     0.5479419750E - 01    0.5096369018E - 01    0.5096445426E - 01 
    2    4    0.4004269114E+01    - 0.4390739111E+02     0.5004508819E - 01    0.4463448 973E- 01    0.4464878761E - 01 
    2    5    0.5328036512E+01    - 0.4389409127E+02     0.4291037894E - 01    0.4291037894E - 01    0.4291037894E - 01 
    2    6    0.6642907129E+01    - 0.4397034020E+02     0.8879366098E - 01    0.8879366098E - 01    0.8879366098E - 01 
    2    7    0.7959713712E+01    - 0.4404290631E+02     0.5713917408E - 01    0.5713917408E - 01    0.5713917408E - 01 
    2    8    0.9278358213E+01    - 0.4405831588E+02     0.2414216682E - 01    0.2414216682E - 01    0.0000000000E+00  
    3    1    0.0000000000E+00    - 0.4399 458479E+02     0.1112676571E - 01    0.1112676571E - 01    0.0000000000E+00  
    3    2    0.1356624500E+01    - 0.4399408010E+02     0.1114085905E - 01    0.1114085905E - 01    0.1114085905E - 01 
    3    3    0.2730952540E+01    - 0.4397302719E+02     0.5096325231E - 01    0.4680553493E - 01    0.4683808222E - 01 
    3    4    0.4090362450E+01    - 0.4392669466E+02     0.5272530274E - 01    0.4351975945E - 01    0.4355359239E - 01 
    3    5    0.5418808773E+01    - 0.4389735067E+02     0.3886543373E - 01    0.3886543373E - 01    0.3886543373E - 01 
    3    6    0.6726370673E+01    - 0.4397144829E+02     0.8809362538E - 01    0.8809362538E - 01    0.8809362538E - 01 
    3    7    0.8041492838E+01    - 0.4404354368E+02     0.5543086596E - 01    0.5543086596E - 01    0.5543086596E - 01 
                                                         .......  
                                                         .......  

 

⌐ 1≈─꜠ⱪꜞ◌⌐ ∆╢◄Ⱡꜟ◑כ╛ ─ ⅜ ↕╣╕∆⁹1 ⅜NEB ☻♥♇ⱪ 2 ⅜꜠

ⱪꜞ◌─ ID, 3 ⅜0 ─꜠ⱪꜞ◌⅛╠─ò ó, 4⅜꜠ⱪꜞ◌─◄Ⱡꜟ◑כ 5 ⅜꜠ⱪꜞ◌⌐ ↄ

─ 6 ⅜NEB ─ 7 ⅜꜠ⱪꜞ◌⌐ ↄ ─ ╩ ⌐ ⇔√ NEB ─

⌐ ↕╣╢ ─ ⌐ ⇔╕∆⁹ 

 

 ̧ nfnebdynm.data  

─♃כ♦ ⅜ ↕╣╕∆⁹ ─ PHASE ─ ≢ ╠╣╢ nfdynm.data ⱨ□▬ꜟ≤ ∆╢≤

↕╣√ ≢ ↕╣╕∆⁹ ⌐│ ─╟℮⌂ ≢ ↕╣╕∆⁹ 

 #step   image   atom  cps  
    0    1    1        0.000 0000000         0.0000000000         0.0000000000  
    0    1    2        5.2000000098         5.2000000098         0.0000000000  
    0    1    3        2.6000000049         2.6000000049         2.6000000049  
    0    1    4        7.8000000147         7.8000000147         2.6000000049  
    0    1    5        0.0000000000         5.2000000098         5.2000000098  
    0    1    6        5.2000000098         0.0000000000         5.2000000098  
    0    1    7        2.6000000049         7.8000000147         7.8000000147  
    0    1    8        7.8000000147         2.6000000049         7.8000000147  
    0    1    9        0.0000000000         0.0000000000        10.4000000197  
    0    1   10        5.2000000098         5.2000000098        10.4000000197  
    0    1   11        2.6000000049         2.6000000049        13.0000000246  
    0    1   12        3.1080442326         2.0700339938        20.7869859136  
    0    1   13        2.0700340645         3.1080442772        20.7869859136  
    0    2    1        0.0000000000         0.0000000000         0.0000000000  
    0    2    2        5.2000000098         5.2000000098         0.0000000000  
    0    2    3        2.6000000049         2.6000000049         2.6000000049  
    0    2    4        7.8000000147         7.8000000147         2.6000000049  
    0    2    5        0.0000000000         5.2000000098         5.2000000098  
    0    2    6        5.2000000098         0.0000000000         5.2000000098  
    0    2    7        2.6000000049         7.8000000147         7.8000000147  
    0    2    8        7.8000000147         2.6000000049         7.8000000147  
    0    2    9        0.0000000000         0.0000000000        10.4000000197  
    0    2   10        5.2000000098         5.2000000098        10.4000000197  
    0    2   11        2.6000000049         2.6000000049        13.0000000 246 
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    0    2   12        3.2652054480         1.9060914168        19.8836995566  
    0    2   13        1.9060915098         3.2652055024        19.8836994729  

 

⅜ №╢NEB ☻♥♇ⱪה№╢꜠ⱪꜞ◌ה№╢ ─ ⌐♃כ♦ ⇔╕∆⁹1 ⅜NEB ☻♥♇ⱪ 2

⅜꜠ⱪꜞ◌─ ID, 3 ⅜꜠ⱪꜞ◌ ⌐⅔↑╢ ─ ID, 4, 5, 6 ⅜ ≢∆⁹ │ Ⱳכ▪

◌ꜟ♥◦▪fi ≢ ↕╣╕∆⁹ 

 

nfefn.data ⱨ□▬ꜟ≤ nfdynm.data ⱨ□▬ꜟ│ ─ PHASE ─ ⌐⅔™≡│∕╣∙╣◄Ⱡꜟ◑כ⅔╟┘

─ ⅜ ↕╣╢ⱨ□▬ꜟ≢∆⅜  NEB ─ │ ─꜠ⱪꜞ◌ ─◄Ⱡꜟ◑כ⅔╟┘ ♃כ♦

⅜ ↕╣√ⱨ□▬ꜟ≢∆⁹nfefn.data ⱨ□▬ꜟ⌐│ nfnebenf ⌐ ─♃כ♦√╣↕ ─ NEB ☻♥♇ⱪ─

⅜♃כ♦ ↕╣╕∆⁹nfdynm.data ⱨ□▬ꜟ│ PHASE ─ ─ ≢ ↕╣╕∆⅜ ─ ≢│

╛ ◦Ⱶꜙ꜠כ◦ꜛfi─ ≤⌂╢≤↓╤⅜꜠ⱪꜞ◌ ⌐⌂╡╕∆⁹ 

 

5.4.1.5 ◦ꜞ◖fi ⌐ ⅜ ∆╢  

 

◦ꜞ◖fi ⌐ ⅜ ∆╢ ─ ─ ⱨ□▬ꜟ│ samples/neb ⌐№╡╕∆⁹  

↓↓≢ ∆╢ │ ◦ꜞ◖fi ⌐ ⅜ ∆╢ ╩◦Ⱶꜙ꜠⁹∆╕⇔♩כ │ ≤

⅛╠ ╣√ ⌐№╢ ⅛╠ ╢ │ ─◦ꜞ◖fi ⌐ ⅜ ⇔ ⇔√

≢∆⁹ ≤ ─ ╩∕╣∙╣  5.43⁸  5.44 ≤⌐ ⇔╕∆⁹ √∞⇔ №ↄ╕≢ ≢∆─≢

│ ∆╢ ─ │ ⇔≡™╕∑╪⁹ 

 

 

 5.43 ─  
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 5.44 ─  

 

 ⱨ□▬  ꜟ

control Ⱪ꜡♇◒⌐⅔™≡ ⌂ ─ ╩ ™╕∆⁹ 

Control{  
    condition  = initial    !  {initial|continuation|automatic}  
    cpumax = 1 day  !  {sec|min|hour|day}  
    max_iteration  = 10000000  
    multiple_replica_mode  = ON 
    multiple_replica_max_iteration  = 2000  
}  

 

multiple_replica_mode ⌐ON╩ ∆╢↓≤⌐╟╡ NEB ─ ⅜ ↕╣╕∆⁹╕√ NEB ─ ╡

⇔ ─ ╩multiple_replica_max_iteration  ⌐╟∫≡2000≤⇔≡™╕∆⁹  

multiple_replica Ⱪ꜡♇◒─ ─ structure Ⱪ꜡♇◒⌐⅔™≡꜠ⱪꜞ◌─ ╩ ⇔≡™╕∆⁹ ─

╟℮⌐⌂╡╕∆⁹ 

 

multiple_replica{  
    ....  
    structure{  
        number_of_replicas  = 6 
        replicas{  
            #tag  replica_number   howtogive_coordinates    end0   end1  
            1            proportional               0      - 1 !  0:  end0,  - 1:end1  
            2            proportional               0      - 1 
            3            proportional               0      - 1 
            4            proportional               0      - 1 
            5            proportional               0      - 1 
            6            proportional               0      - 1 
        }  
        endpoint_images  = directin  !  {no  or  nothing  |  file  |  directin}  
        howtogive_coordinates  = from_endpoint_images  
        atom_list_end0{  
                 coordinate_system  = cartesian  !  {internal|cartesian}  
            atoms{  
            #units  angstrom  
            #tag  element  rx  ry  rz  
            Si     0.000000000000       0.000000000000       0.000000000000  
            ...  
            ...  
            }  
        }  
        atom_list_end1{  
                 coordinate_system  = cartesian  !  {internal|cartesian}  
            atoms{  
            #units  angstrom  
            #tag  element  rx   ry   rz  
            Si     0.000000000000       0.000000000000       0.000000000000  
            ...  
            ...  
            }  
        }  
    }  
    ....  
}  

 

number_of_replicas ⌐ 6 ≤ ⇔≡™╕∆⅜ ↓─ ⌐╟∫≡꜠ⱪꜞ◌ ╩ 6 ≤⇔≡™╕∆⁹ 
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replicas Ⱪ꜡♇◒⌐⅔™≡ ⌐≥─╟℮⌐꜠ⱪꜞ◌─ ╩ ╢⅛╩ ⇔≡™╕∆⁹↓─ ≢│  ∆═

≡ ה ─ ⌐╟∫≡ ╢ ≤™℮ ⌐⌂╡╕∆⁹  atom_list_end0 ⅔╟┘

atom_list_end1 Ⱪ꜡♇◒⌐│ ה ─ ╩ ⇔≡™╕∆⁹ ↓─ │ ─ ╡ ─

PHASE ─ ≤ ╦╢≤↓╤│№╡╕∑╪⁹ 

 

multiple_replica{  
     ...  
     accuracy{  
              dt  = 40 au_time  
              neb_time_integral  = quench  
              penalty_function  = off  
              neb_convergence_condition  = 3 
              neb_convergence_thresh old  = 5.0e - 04 
     }  
}  

 

  

 

╩ ∆╢≤ ╠╣╢ ╩ ⇔╕∆⁹  

 5.45⌐ ╩ ∆╢≤ ╠╣╢ NEB ─ ╡ ⇔ ≤NEB ─ ─ ╩ ⇔╕∆⁹│∂╘

─℮∟│ ⅝⌂ ⅜ ™≡™╕∆⅜ ⅜ ∆╢⌐≈╣≡ ↕ↄ⌂∫≡™⅝ 41 ─ ╡ ⇔ ─

╩ √⇔≡ ⅜ ⇔≡™╕∆⁹  

 5.46⌐ ╩ ∆╢≤ ╠╣╢ ▬ⱷכ☺≤◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹ ↓─ ╟╡ │

4 ─꜠ⱪꜞ◌≢№╡ ⅛╠ ╢≤ ◄Ⱡꜟ◑כ⅜ 1.08 eV≢№╢↓≤⅜ ⅛╡╕∆⁹ 

 

 

 5.45 NEB ─  
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 5.46 ⌐ ╠╣╢ ≤ ꜠ⱪꜞ◌─◄Ⱡꜟ◑כ─  

 

 5.47⌐ ⌐⅔↑╢ ╩ ⇔╕∆⁹↓─ ⅛╠ ╠⅛⌂╟℮⌐ ≢│₈ ⅜

∕⇔≡ ∆╢₉ ─ ⅜ ≢∆⁹ 

 

 5.47 ⌐⅔↑╢  

 

5.4.1.6 ⌐⅔↑╢  

 

 ̧ ꜠ⱪꜞ◌  

NEB │₈꜠ⱪꜞ◌ ₉⌐ ⇔≡™╕∆⁹꜠ⱪꜞ◌ ╩ ∆╢√╘⌐│ ⌐

─  ne=NE nk=NK ⌐ ⅎ ⇔√™꜠ⱪꜞ◌ ╩ NR≤∆╢≤ nr=NR ╩ ⅎ╕∆⁹ MPI ⱪ꜡☿☻ │

NE x NK x NR≤ ⇔™ ⅜№╡╕∆⁹ √≤ⅎ┌ ─╟℮⌂◖ⱴfi♪⌐⌂╡╕∆⁹  

% mpirun  - n N phase  ne=NE nk=NK nr=NR 

 

 ̧ ─ ≤  

NEB │ ─ ≤ ⌐ ⇔≡™╕∆⅜ ─ ≤│ ⌂╢ ⅝⅜ ≢∆⁹ 
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 ̧ ─☻♩♇ⱪ 

multi_replica_max_iteration─♃כ♦ ╕√│ nfnebstop.data ⌐ ↕╣√NEB ─ iteration

≢ NEB │ ⇔╕∆⁹╕√ ▬ⱷכ☺─ ⌐⅔™≡ ─♃כ♦ max_iteration , 

cpumax, nfstop.data ⱨ□▬ꜟ─ ⌐╟∫≡╙ │ ⇔╕∆⁹™∏╣─ ≢╙ ⇔√ ⅛╠ꜞ

⅜≥↓╢∆♩כ♃☻ ≢∆⁹  

☻♩♇ⱪ ⌐⅔↑╢ ─PHASE ≤─ ╩ →╕∆⁹PHASE ≢│ nfstop.data ⱨ□▬ꜟ⌐╟∫

≡ ⇔√ nfstop.data ⱨ□▬ꜟ│ ⱨ□▬ꜟ≤⌂╡╕∆⁹ NEB ≢│ №╢▬ⱷכ☺╩

nfstop.data ⌐╟∫≡ ⇔√ nfstop.data │√∞∟⌐│ ⱨ□▬ꜟ≤│⌂╠∏ ╒⅛─▬ⱷכ☺─

╩ ™╕∆⁹NEB ⌐⅔™≡│∂╘≡nfstop.data ⱨ□▬ꜟ╩ ⱨ□▬ꜟ≤⇔╕∆⁹ 

 

 ̧  ♩כ♃☻ꜞ─

PHASE ≤ ≡™⅔⌐♃כ♦ condition ─ ╩con tinuation ♩כ♃☻ꜞ≡∫╟⌐≥↓╢∆≥

╩ ™╕∆⁹ 

Control{  
    condition  = continuation  
    ...  
    ...  
}  

 

♩כ♃☻ꜞ ⌐ ∆╢ⱨ□▬ꜟ│ ─ⱨ□▬ꜟ≢∆⁹ 

NEBה : neb_continue.data   

ה : ꜠ⱪꜞ◌─PHASE ▬□ⱨ♩כ♃☻ꜞ ;ꜟ   

neb_continue.data , continue.data_r* , continue_bin.data_r* , zaj.data_r* , nfchgt .data_r*  

 

 

5.4.1.7  

 

[1] G. Mills and H. J ónsson, ``Quantum and Thermal Effects in H 2 Dissociative Adsorption: Evaluation of 

Free Energy Barriers in Multidimensional Quantum Systems'' Phys. Rev. Lett. 72 (1994) p. 1124. 

[2] G. Henkelman, B. P. Uberuaga and H. J ónsson, ``A climbing image nudged elastic band method for 

finding saddle points and minimum energy paths'' J. Chem. Phys. 113 (2000) p. 9901. 
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5.4.2 ⅝♄▬♫Ⱶ◒☻≤Blue Moon ⌐╟╢ ◄Ⱡꜟ◑כ  

 

5.4.2.1 ─  

 

╩ ∆╢ ≤⇔≡ Ⱳfi♪ ╛Ⱳfi♪ ⌂≥─ ╩ ≠↑╢ ₈ ₉╩ ⇔

⇔√ ≢∕─ ╩ ↕∑⌂⅜╠ ╩ ⇔√ ╛ ◦Ⱶꜙ꜠כ◦

ꜛfi╩ ∆╢ ≤™℮ ⅜ №╡╕∆⁹ ⌂ ─ ⌐⅔↑╢ ⅜ ╠╣

─ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢≤ ◄Ⱡꜟ◑כ ⅜ ╠╣╕∆⁹↓↓≢│  PHASE ╩ ⇔

≡ ⅝♄▬♫Ⱶ◒☻╩ ∆╢ ╩ ⇔╕∆⁹ 

 

5.4.2.2 Ɽꜝⱷכ♃ 

 

≤ №╢♃◓─ ╩  14⌐ ⇔╕∆⁹ 

 

⅝♄▬♫Ⱶ◒☻⌐ ─№╢♃◓─  

 
1Ⱪ꜡♇◒  2 3Ⱪ꜡♇◒     ♃◓      

control     

  driver  ♄▬♫Ⱶ◒☻─ ╩ ∆╢ ⁹  

⅝♄▬♫Ⱶ◒☻─ constraints ╩ ∆╢⁹ 
structure    ♦כ♃─ ╩ ℮Ⱪ꜡♇◒   

 constrainablexx   ╩ ∆╢Ⱪ꜡♇◒⁹ 

xx⌐│ ╩ ∆╢√╘─ ╩1│∂╕╡≢    

  type  ─ò ó─   

bond_length, bond_angle, dihedral_angle  

bond_length_diff, bond_angle_diff, distance_from_pos,  

plane, center_of_mass, coordination_number  

  atomx  ⅜ ╦╢ ╩ ∆╢⁹x│ ≢ √≤ⅎ┌

type = bond_length ─ 2 ⅜ ⌐ ╦╢─≢

atom1≤atom2≢ ∆╢⁹  

  mobile  ⅜ò ⅛ó╩ ∆╢⁹on≤∆╢≤  

off≤∆╢≤ ⁹♦ⱨ◊ꜟ♩ │off  

  monitor   ─ ╩ò ó∆╢⅛≥℮⅛╩ ∆╢ ⁹ 

♦ⱨ◊ꜟ♩ │off   

 reaction_coordinate   ─ ⅜ò ó≤⇔√™ ⌐ ∆╢Ⱪ꜡

♇◒⁹ 

  sw_reaction_coordinate  on─ ≤╖⌂↕╣╢⁹   

  init_value  ─ ╩ ∆╢ ≢ ⁹   

  final_value  ─ ╩ ∆╢ ≢ ⁹   

  increment  final_value,init_value ─ ╖ ╩ ⁹   

 plane   ⌐⅔↑╢ ─ ⱬ◒♩ꜟ╩ ∆╢Ⱪ꜡♇◒   

  normx,normy,normz  ⱬ◒♩ꜟ─x,y,z    

 distance_from_pos  ─ ╩ ℮Ⱪ꜡♇◒   

  posx,posy,posz ⇔√™ ─x,y,z    

 coordination_number   ╩ ℮Ⱪ꜡♇◒   

  kappa_inv  ─‖─ ╩ ↕─ ≢    

  kappa  ─‖╩1/bohr ≢    

  rcut  ─ὶ─ ╩ ↕─ ≢    

 center_of_mass  ╩ ↕∑╢ ╩ ∆╢Ⱪ꜡♇◒   

  directionx  ⇔√™ ─x    

  directiony  ⇔√™ ─y    

  directionz  ⇔√™ ─z    

structure_evolution    ♄▬♫Ⱶ◒☻─ ╩ ℮Ⱪ꜡♇◒   

  method  ♄▬♫Ⱶ◒☻─ ╩ ∆╢⁹ 

⅝♄▬♫Ⱶ◒☻─  

quench,damp,velocity_verlet,temperature_contro  

─╖ ⁹ 
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⅝♄▬♫Ⱶ◒☻╩ ∆╢⌐│ ╕∏ ─ ≢ condition Ⱪ꜡♇◒─ ≢driver ╩ ⇔╕

∆⁹ 

condtion{  
  ...  
  driver=constraints  
  ...  
}  

 

⌐ ─╟℮⌐ structure Ⱪ꜡♇◒─ ⌐ constrainablexx Ⱪ꜡♇◒╩ ⇔╕∆⁹↓↓≢ xx│ ≢∆⁹ 
structure{  
    ...  
    ...  
    constrainable1{  
       type=bond_length  
       atom1=1  
       atom2=2  
       mobile  = off  
       monitor  = off  
       reaction_coordinate{  
          sw_reaction_coordinate=on  
          init_value  = 2.4  angstrom  
          increment   = 0. 1 angstrom  
          final_value  = 8.0  angstrom  
       }  
       plane{  
           normx=1  
           normy=0  
           normz=0  
       }  
       coordination_number{  
           kappa  = 5.0  
           rc      = 2.0  angstrom  
       }  
    }  
    ...  
    ...  
}  

 

│™ↄ≈≢╙ ≢∆⅜ √≤ⅎ┌ constrainable1, constrainable2, constrainable4 ≤™℮3≈─

constrainablexx Ⱪ꜡♇◒⅜ ∆╢ constrainable4 Ⱪ꜡♇◒│ ─ ⌐│⌂╡╕∑╪⁹╕√

™⌐ ™╣⌂™ ╩ ⇔≡⇔╕℮≤ ╩ ∆√╘─ ⅜ √╪⇔≡⇔╕℮ ⅜№╡

╕∆─≢ ⅜ ≢∆⁹ constrainablexx Ⱪ꜡♇◒─ ≢│ ─ /Ⱪ꜡♇◒╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

type   ─ò ó╩ ⇔╕∆⁹ ─™∏╣⅛─ ╩≤╡

╕∆⁹ 

 bond_length  2 ─ ╩ ⇔╕∆⁹ 

 bond_angl 3 ─ ∆Ⱳfi♪ ╩ ⇔╕∆⁹ 

 dihedral_angle  4 ─2 ╩ ⇔╕∆⁹ 

 bond_length_diff  2 ─ ─ ╩ ⇔╕∆⁹ 

 bond_angle_diff  3 ⅜ ∆ ─ ╩ ⇔╕∆⁹ 

 distance_from_pos ─ ⅛╠─ ╩ ⇔╕∆⁹ 

 plane ⌐ ─ ╩ ⇔╕∆⁹ 

 center_of_mass ─ ─ ╩ ⇔╕∆⁹ 

 coordination_number  ╩ ⇔╕∆⁹↓↓≢ 0 ─ ─ ╡─₈

₉│ ─ ⌐╟∫≡ ⇔╕∆⁹ 
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„ Ὓȿ► ►ȿȟ 

„ Ὓȿ► ►ȿȟ 

‖ȟὶ│Ɽꜝⱷכ♃כ≢№╡ first coordination shell ≢╒≥

╟ↄ0⌐ ≠ↄ╟℮⌐ ⇔╕∆⁹ 

atomx   ─ ⅜ ╦╢ ╩ ⇔╕∆⁹x │ ≢№

╡ √≤ⅎ┌ 2 ─ ─ │ 2≈─ ⅜ ⌐

╦╢─≢ atom1≤atom2⌐ ∆╢ ─ ╩

⇔╕∆⁹type⅜coordination_number ─ ╩

∆╢ ─ ─ ╩ ⇔╕∆⁹ 

mobile   ─ ⅜ò ⅛ ⅛ó╩ ∆╢√╘─☻▬♇♅

≢∆⁹off≤∆╢≤ ↕╣ on≤∆╢≤ │↕╣╕∑╪⁹

♦ⱨ◊ꜟ♩ │off≢∆⁹ 

monitor   ─ ╩ò ó ╩ ⇔ ꜡◓ⱨ□▬ꜟ⌐

∆╢⅛ ⅛╩ ∆╢☻▬♇♅≢∆⁹♦ⱨ◊ꜟ♩ │off≢

∆⁹ 

reaction_coordinate 

Ⱪ꜡♇◒ 

 ─ ⅜ ò ( ╩ ↕∑╠╣╢)ó≢

№╢ ⌐ ∆╢Ⱪ꜡♇◒≢∆⁹ ─ ╩ ∆╢↓

≤⅜≢⅝╕∆⁹ 

 sw_reaction_coordinate  on─ ≤╖⌂↕╣╕∆⁹ 

 init_value  ─ ╩ ∆╢ ≢ ⇔╕∆⁹ ⅜⌂

™ ─ ⅛╠ ╘╠╣╢ ⅜ ↕╣╕∆⁹ 

↓─ ≤ ─ ⅛╠ ╘╠╣╢ ⅜ ⌂╢

─ ⅜ ↕╣√─∟⌐ ⅜ ↕╣╕∆⁹↓

─√╘  ─( ╙ ╗) ⌐ ↄ ─ ⅜

↑ ⌐ ⅝⌂ ≤⌂╢↓≤⅜№╡╕∆⅜ ↓╣│

⌂ ╢ ™≢∆⁹ 

 final_value  ─ ╩ ∆╢ ≢ ⇔╕∆⁹ 

 increment  final_value ≤ init_value ─ ─ ╖ ╩ ⇔╕∆⁹ 

  ╩ ↕∑╢ │☻כ◔─ , ≢№

╢─≢ ⅜ ≢∆. 

 type⅜plane─  ↓─ ∆╢─│ ─ ≢∆. ─ │

─ ⱬ◒♩ꜟ≤ ─ ⅛╠ⱪ꜡◓ꜝⱶ⅜

⌐ ╘╕∆⅜ ─ ≤⇔≡│ ⱬ◒♩ꜟ─

⌐ ⅜ ∆╢ ≤™℮ ╢ ™⌐⌂╡╕∆⁹

init_value, final_value, increment │ ↓─ ─ ╩

⇔≡ↄ∞↕™⁹⌂⅔ ↓─ ─ init_value ─♦ⱨ◊

ꜟ♩ │ 0 ≢∆⅜ ⌐ ∆╢ │⌂™│∏

≢∆⁹ 

 type ⅜ center_of_mass

─  

↓─ ╩ ─ ⌐ ↕∑╕∆⁹init_value, 

final_value, increment │ ↓─ ╩ ⇔≡ↄ∞↕™⁹

⌂⅔ ↓─ ─ init_value ─♦ⱨ◊ꜟ♩ │ 0≢∆⅜

⌐ ∆╢ │⌂™│∏≢∆⁹ 

planeⱩ꜡♇◒   

 normx  ⱬ◒♩ꜟ─ὼ ⁹ 

 normy  ⱬ◒♩ꜟ─ώ ⁹ 

 normz ⱬ◒♩ꜟ─ᾀ ⁹ 

distance_from_pos Ⱪ

꜡♇◒ 

 type ≤⇔≡ distance_from_pos ╩ ∆╢ ─ ─

╩ ℮Ⱪ꜡♇◒≢∆⁹ ─ ╩ ∆╢↓≤⅜≢⅝╕

∆⁹ 

 posx ⇔√™ ─ ὼ ╩ ↕─ ≢ ⇔╕∆⁹ 
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 posy ⇔√™ ─ ώ ╩ ↕─ ≢ ⇔╕∆⁹ 

 posz ⇔√™ ─ ᾀ ╩ ↕─ ≢ ⇔╕∆⁹ 

coordination_number

Ⱪ꜡♇◒ 

 ─ ⌐⅔↑╢‖ȟὶ─ ╩ ∆╢Ⱪ꜡♇◒

≢∆⁹ ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

 kappa_inv  ‖─ ╩ ↕─ ≢ ⇔╕∆⁹ 

 kappa ‖─ ╩─ ╩ 1/bohr ≢ ⇔╕∆⁹kappa_inv ╟╡

╙ ↕╣╕∆⁹ 

 rcut  ὶ─ ╩ ↕─ ≢ ⇔╕∆⁹ 

center_of_mass Ⱪ꜡

♇◒ 

 type≤⇔≡ center_of_mass╩ ⇔ ⅛≈ ╩

↕∑╢ ₈ ↕∑╢ ₉╩↓↓≢ ⇔╕∆⁹ 

 directionx  ↕∑╢ ─ὼ ╩ ⇔╕∆⁹ 

 directiony  ↕∑╢ ─ώ ╩ ⇔╕∆⁹ 

 directionz  ↕∑╢ ─ᾀ ╩ ⇔╕∆⁹ 

 

─ ─ │ ∆╢♄▬♫Ⱶ◒☻─▪ꜟ◗ꜞ☼ⱶ╩ ⇔╕∆⁹ ─ PHASE ─ ≤

structure_evolution Ⱪ꜡♇◒─ ≢ ™╕∆⁹ 

structure_evolution{  
    method=quench  
    dt=40  
    ...  
}  

 

↓↓≢ method ≤⇔≡│quench, damp, velocity_verlet, temperature_control ╩ ∆╢↓≤⅜≢⅝╕∆⁹

╩ ⇔≡™╢ gdiis, cg ⌂≥⌐│ Ᵽכ☺ꜛfi≢│ ⌂─≢↔ ↄ∞↕™⁹╕√ damp │

damped molecular dynamics ⌐╟╢ ╩ ∆╢ ⌐ ⇔╕∆⁹↓─ │ ↄ─ ⌂

quenched MD ╟╡│ ⅝⌂ ╖(dt)╩ ∆╢↓≤⅜≢⅝ ↄ ↕∑╢↓≤─≢⅝╢ ≢∆⁹ 

 

⌐⁸ ─ ─ ⌐≈™≡ ⇔╕∆⁹ 

 

 ̧ ─ ╩ ↕∑╢  

 

─ ╩ ↕∑╢ ─ⱪ꜡◓ꜝⱶ─ ╢ ™╩ ⇔╕∆⁹√≤ⅎ┌ ─╟℮⌐ ≢

⇔√ ⌐≈™≡ ⇔╕∆⁹ 

structure{  
    ....  
    ....  
    constrainable1{  
      mobile  = off  
      monitor  = on 
      type  = dihedral_angle  
      atom1  = 2 
      atom2  = 4 
      atom3  = 3 
      atom4  = 1 
      reaction_coordinate{  
        sw_reaction_coordinate  = on 
        init_value  = - 179 degree  
        final_value  = - 1 degree  
        increment  = 5 degree  
      }  
    }  
    constrainable2{  
      type=bond_length  
      monitor=on  
      atom1=3  
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      atom2=4  
      reaction_coordinate{  
        sw_reaction_coordinate=on  
        init_value  = 1.2  angstrom  
        final_value  = 1.6  angstrom  
        increment  = 0.05  angstrom  
      }  
    }  
    ....  
    ....  
}  

 

╕∏ constrainable1 Ⱪ꜡♇◒⌐⅔™≡ 2 ╩-179 ᶼ⅛╠-1 ᶼ╕≢ 5 ᶼ ╖≢ ↕∑╢╟℮⌐ ⇔

≡™╕∆⁹ ↕╠⌐ constrainable2 Ⱪ꜡♇◒⌐⅔™≡│Ⱳfi♪ ╩1.2 Åȏ⅛╠1.6 Åȏ╕≢0.05 Åȏ╖≢

↕∑╢╟℮⌐ ╩⇔≡™╕∆⁹↓─╟℮⌂ ╩ ⇔√  ╕∏Ⱳfi♪ ╩1.2 Åȏ⌐ ⇔√ ≢2

╩-179 ᶼ⅛╠-1 ᶼ╕≢ ↕∑≡ ⅜ ↕╣╕∆⁹-1 ᶼ─ ⅜ ⇔√╠ │Ⱳfi♪ ╩1.25 Åȏ⌐

↕∑ │-1 ᶼ⅛╠-179 ᶼ╕≢ 2 ╩ ↕∑╢ ╩ ⇔╕∆⁹↓─╟℮⌂ ─↕∑ ╩

∆╢↓≤⌐╟∫≡ ╡ ℮ ─ ─ ≢ ⅜ ⌐ ∆╢↓≤╩ ™≢™╕∆⁹  

─╟℮⌂ ≢ ∆╢ ⅜ ╕╡╕∆─≢ ∆╢≤ ∆╢ ─ │ ‌⌐⅔™

≡ ∆╢ ─ ╩ὲ≤∆╢≤Б ὲ≤⌂╡╕∆⁹↓╣╟╡╙⅝╘ ╛⅛⌐ ─ ╩ ∆╢⌐│

⌐ ∆╢₈ ─ ─ ╩ⱨ□▬ꜟ╩ ⇔≡ ∆╢₉ ╩ ⇔╕∆⁹  

 

 ̧ ⱨ□▬ꜟ⅛╠ ─ ─ ╩ ∆╢  

 

─ ─↕∑ │ ─ reaction_coordinate Ⱪ꜡♇◒⌐⅔™≡ ⇔╕∆⅜ ↓─ ─ │

─ ≢∆⁹ ⌐ ─ ─ ╩ ↕∑╢ ⌐⅔™≡│ ‌⌐⅔™≡ ∆╢

─ ╩ὲ≤∆╢≤Б ὲ ─ ╩ ∆╢↓≤⌐⌂╡ ⅜ ⌐⌂╢↓≤⅜№╡╕∆⁹↓─╟

℮⌂ ⅜ ≤⌂╢ ⌐ ₈ ─ ₉╩ⱨ□▬ꜟ⅛╠ ∆╢↓≤⅜ ≤⌂∫≡™╕∆⁹  

╕∏ ⇔√™ ╩ constrainablexx Ⱪ꜡♇◒⌐⅔™≡ ╡ ⇔╕∆⁹ ⌐ structure Ⱪ꜡♇◒

─ ⌐ ─ ╩ ⇔╕∆⁹ 

structure{  
  ....  
  reac_coord_generation  = via_file  
  ....  
}  

 

⌐ ⌐כꜞ♩◒꜠▫♦ reac_coords.data ≤™℮ⱨ□▬ꜟ ─ⱨ□▬ꜟ╩ ⇔ ─╟℮⌂ ╩

⇔╕∆⁹ 

       1       - 1.9373154697         2.2676711906  
       2       - 1.7627825445         2.2676711906  
       3       - 1.5882496193         2.2676711906  
       4       - 1.4137166941         2.2676711906  
       5       - 1.2391837689         2.2676711906  
       6       - 1.0646508437         2.2676711906  
       7       - 0.8901179185         2.2676711906  
       8       - 0.7155849933         2.2676711906  
       9       - 0.7155849933         2.3621574902  
      10       - 0.8901179185         2.3621574902  
      11       - 1.0646508437         2.3621574902  
      12       - 1.2391837689         2.3621574902  
      13       - 1.4137166941         2.3621574902  
      14       - 1.5882496193         2.3621574902  
      15       - 1.7627 825445         2.3621574902  
      16       - 1.9373154697         2.3621574902  
      17       - 1.9373154697         2.4566437898  
      18       - 1.7627825445         2.4566437898  
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      19       - 1.5882496193         2.4566437898  
      20       - 1.4137166941         2.4566437898  
      21       - 1.2391837689         2.4566437898  
      22       - 1.0646508437         2.4566437898  
      23       - 0.8901179185         2.4566437898  
      24       - 0.7155849933         2.4566437898  
                ......  
                ..... .  
                ......  

 

⅜1≈─ ─ ⌐ ⇔╕∆⁹ ─1 ⌐│∕─ ─ ╩ ∆╢√╘─ ╩ ≢

⇔╕∆⁹2 │ ⇔√ ─ ≢ ─ ╩ ⇔╕∆⁹ ↓─ ≢│2 ─ ╩

⇔≡™╢↓≤⌐⌂╡╕∆⁹1≈ ─ ─ ≢│ 1 ─ ≤⇔≡ò-1.9373154697ó≤™℮ 2

─ ≤⇔≡ò2.26711906ó≤™℮ ╩ ∆╢↓≤⌐⌂╡╕∆⁹ │ PHASE ─♦ⱨ◊ꜟ♩─

╩ ⇔≡ ∆╢╟℮⌐⇔≡ↄ∞↕™⁹ ↕⌂╠┌bohr , ⌂╠ radian ≢∆⁹ 

 

5.4.2.3 ─  

 

⅝♄▬♫Ⱶ◒☻│₈ ╩ ↕∑≡ │≡™⅔⌐☻כ◔₉╢∆ ⌐ ∆╢

⌐ ⇔≡™╕∆⁹PHASE ╩ ─╟℮⌐ ⇔≡ↄ∞↕™⁹  

% mpirun  - np NP phase  ne=NE nk=NK nr=NR 

 

 ↓↓≢ NP⅜ MPI ⱪ꜡☿☻ NE⅜Ᵽfi♪ NK⅜▓ NR ⅜ ≢№╡

NP = NE x NK x NR≤™℮ ⅜ ⇔≡™╢ ⅜№╡╕∆⁹ ↓─ ╩ ∆╢ ─

⅜ⱪ꜡◓ꜝⱶ ≢ ∆╢─≢ ≢ nr ╩ ╢⌂≥כꜝ◄≥╢∆╡√∫⅛⌂⇔╡√⇔ ⌐↔

ↄ∞↕™⁹ nr │1≢╙ ╦⌂™─≢ ╩ ─№╢♃▬Ⱶfi◓≢ ⌐∆╢ NR╩1

≤∆╣┌ ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

5.4.2.4 ─  

 

ⱨ□▬ꜟ│₈ ╩ ↕∑╢₉ ╩ ⇔≡™⌂™ │ ─PHASE─ ≤ ≢∆⁹

∆⌂╦∟ file_names.data ⱨ□▬ꜟ⌐⅔™≡F_ENF ⌐╟∫≡ ↕╣╢ ⱨ□▬ꜟ⌐ ☻♥♇ⱪ⌐⅔↑

╢◄Ⱡꜟ◑כ╛ ⌐ ↄ ─ ⅜ F_DYNM ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ⌐ ☻♥♇ⱪ⌐⅔↑╢

╛ ⌐ ↄ ⅜ ↕╣╕∆⁹ √∞⇔ ₈ ⌐ ↄ ─ ₉│ ╩ ∆√╘⌐

⌂₈ ₉╙ ╗ ⌐ ⅜ ≢∆⁹  

₈ ╩ ↕∑╢₉ ╩ ⇔≡™╢ ─╟℮⌂ⱨ□▬ꜟ ⅜ ↕╣╕∆(↓↓≢

F_ENF ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ─ⱨ□▬ꜟ ╩nfefn.data, F_DYNM ⌐╟∫≡ ↕╣╢ⱨ

□▬ꜟ─ⱨ□▬ꜟ ╩nfdynm.data ≤⇔╕∆)⁹ 

 

nfefn.data.reacxx  xx ─ ─ ☻♥♇ⱪ⌐⅔↑╢◄Ⱡꜟ◑כ⅔╟┘

⌐ ↄ ─ ⅜♃כ♦─ ↕╣╕∆⁹ 

nfefn.data.converged  

( ─ ─╖) 

⌐⅔™≡ ─ ∕─╙─≤ ⇔√◄Ⱡꜟ

┘╟⅔כ◑ ⌐ ↄ ─ ⅜ ↕╣╕∆⁹ ≤◄

Ⱡꜟ◑כ─ ╩ⱪ꜡♇♩∆╢↓≤⌐╟∫≡₈ ₉≤₈◄

Ⱡꜟ◑₉כ─ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ 

nfdynm.data.reacxx  xx ─ ─ ☻♥♇ⱪ⌐⅔↑╢ ╛ ⌐

ↄ ⅜ ↕╣╕∆⁹ 

nfdynm.data.converged  

( ─ ─╖) 

⌐⅔™≡ ⅜ ⇔√ ─ ⅜

↕╣╕∆⁹ 

nfbluemoon.data.reacxx  

( ◦Ⱶꜙ꜠כ◦ꜛfi─ ─╖) 

xx ─ ─ ◄Ⱡꜟ◑כ ╩ ∆╢√╘⌐

⌂ꜝ◓ꜝfi☺ꜙ─ ─ ⅜ ↕╣╕∆⁹ 

 



 

 237 

↕╠⌐ ⱨ□▬ꜟ╛ ה ⱨ□▬ꜟ⌂≥│ ↔≤⌐ ↕╣╕∆⁹ 

 

5.4.2.5 Blue Moon ⌐╟╢ ◄Ⱡꜟ◑כ─  

 

 ─  

 

⅝─ ◦Ⱶꜙ꜠כ◦ꜛfi⅜ ∆╢ (blue moon ensemble)─♦כ♃╩ ∆╢≤

⇔√ ─ ⌐⅔↑╢ ◄Ⱡꜟ◑כ─ ╩ ∆╢↓≤⅜≢⅝╕∆ [?]⁹  

⅜‚⅛╠‚┼ ∆╢ ─ ◄Ⱡꜟ◑כ │ ─╟℮⌐ ∆╢↓≤⅜ ≢∆⁹ 

ὡ ‚ ὡ ‚ Ὠ‚
‬ὡ

‬‚
Ȣ 

↓↓≢ ◄Ⱡꜟ◑כ─ │mean force≤ ┌╣╢ ≢№╡ ⱢⱵꜟ♩♬▪fi─

≤ ─╟℮⌂ ⅜№╡╕∆⁹ 

‬ὡ

‬‚

‬Ὄ

‬‚
Ȣ 

↓↓≢ἂỄἃ ≤│₈ ⅝ ₉≢∆⁹ ⅝ ◦Ⱶꜙ꜠כ◦ꜛfi─ ≤

⅝ │ ⌐│ ┘≈⅝╕∑╪⅜ (21) │ ⅝ ╩ ∆╢ ⌐ ∆╢ꜝ◓ꜝfi☺

ꜙ─ ‗╩ ⇔≡ ─╟℮⌐ ∆╢↓≤⅜≢⅝╕∆⁹  

‬ὡ

‬‚

ȿ̔ȿ Ⱦ‗

ἂȿ̔ȿ Ⱦἃ
 

ɧ
ρ

ά

‬‚

‬ὶᴆ

‬‚

‬ὶᴆ
 

(22) ⌐│ ⌐│╟╡ ⌂ ⅜≈⅝╕∆⅜ │ ⌂™≤↕╣≡™╕∆⁹  

 

PHASE⌐╟╢ ⅝ ◦Ⱶꜙ꜠כ◦ꜛfi─ ⅛╠ ◄Ⱡꜟ◑כ ╩ ∆╢⌐│, PHASE

Ɽ♇◔כ☺⌐ ⇔≡™╢bluemoonⱪ꜡◓ꜝⱶ╩ ⇔╕∆⁹  

Ᵽכ☺ꜛfi≢│ bluemoonⱪ꜡◓ꜝⱶ│ ⅜1≈─ ─╖⌐ ⇔≡™╕∆⁹ 

 

 bluemoonⱪ꜡◓ꜝⱶ─◖fiⱤ▬  ꜟ

 

bluemoon ⱪ꜡◓ꜝⱶ─♁כ◖☻כ♪│ PHASE ▬fi☻♩כꜞ♩◒꜠▫♦ꜟכ─ src_bm ⌐כꜞ♩◒꜠▫♦

╘╠╣≡™╕∆⁹bluemoonⱪ꜡◓ꜝⱶ│Fortran90 ◖fiⱤ▬ꜝכ≤C◖fiⱤ▬ꜝכ╩ ≤⇔╕∆⁹Fortran90

◖fiⱤ▬ꜝכ╩ F90⌐ C◖fiⱤ▬ꜝכ╩ CC⌐ ⇔ make◖ⱴfi♪╩ ∆╣┌◖fiⱤ

▬ꜟ∆╢↓≤⅜≢⅝╕∆⁹ │⅔ ™─◦☻♥ⱶ⅜bash≢ Fortran ◖fiⱤ▬ꜝכ─◖ⱴfi♪⅜ f90 C◖fi

Ɽ▬ꜝכ─◖ⱴfi♪⅜ cc─ ─ ≢∆⁹ 

% cd phas e0_2014.01  
% cd src_bm  
% export  F90=f90  
% export  CC=cc 
% make 
% make install  

 

F90≤CC─ ⅜⌂™ gfortran ≤ gcc⅜♦ⱨ◊ꜟ♩ ≤⇔≡ ↕╣╕∆⁹ ◖fiⱤ▬ꜟ⅜

∆╢≤ bluemoon ≤™℮ ─ ↕⌂ⱪ꜡◓ꜝⱶ⅜ ↕╣╕∆⁹  % make install ≤∆╢

≤ phase 0_2014.01 /bin ─כꜞ♩◒꜠▫♦ ⌐bluemoon╩ ∆↓≤⅜≢⅝╕∆⁹  
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 bluemoonⱪ꜡◓ꜝⱶ─ Ɽꜝⱷכ♃ 

 

bluemoon ⱪ꜡◓ꜝⱶ─ ⱨ□▬ꜟ│ PHASE ─∕╣≤ ≢∆⁹nfinp.data ⱨ□▬ꜟ⌐

thermodynamic_integration Ⱪ꜡♇◒╩ ⇔ ╩ ⇔╕∆⁹√≤ⅎ┌ ─╟℮⌐⌂╡╕∆⁹ 

thermodynamic_integration{  
  nsteps=2000  
  nequib=1000  
  istart_reac_coords=1  
  nreac_coords=14  
  nsample=10  
  smooth=off  
  basedir=.  
}  

 

thermodynamic_integration Ⱪ꜡♇◒≢│ ─ ╩ ℮↓≤⅜≢⅝╕∆⁹ 

nsteps ⌐⅔↑╢ ◦Ⱶꜙ꜠כ◦ꜛfi─ ☻♥♇ⱪ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ

♩ │2000≢∆⅜ ⇔√ ⌐ ╦∑≡ ⇔≡ↄ∞↕™⁹ 

nequib nsteps ─ ─√╘ ≡╢☻♥♇ⱪ ╩ ⇔╕∆⁹nsteps ╟╡╙ ↕ↄ

⌐ ∫√≤ ⅎ╠╣╢ ╩ ⇔≡ↄ∞↕™⁹ 

istart_reac_coords  ⌐ ∆╢ ─ ID ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │1≢∆⁹ 

nreac_coords ⌐ ∆╢ ─ ╩ ⇔╕∆⁹ 

nsample ╩ ╙╢ ⌐◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢⅛╩ ⇔╕∆⁹ 

smooth on≤∆╢≤ ─☻ⱪꜝ▬fi ⌐╟∫≡ ╩ ╠⅛⌐⇔╕∆⁹ 

basedir ╩ ╩כꜞ♩◒꜠▫♦╢∆ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │◌꜠fi♩♦▫꜠◒♩ꜞכ≢

∆⁹ 

 

 bluemoonⱪ꜡◓ꜝⱶ─  

 

─╟℮⌂ ╩ ⇔√╠ ─╟℮⌐bluemoon╩ ╠∑╕∆⁹ 

% bluemoon  inputfile  

 

≢ ∆╢ inputfile │ ⱨ□▬ꜟ─ⱨ□▬ꜟ ≢∆⁹ ⅜⌂™ nfinp.data ≤™℮ ⅜ ↕

╣╕∆⁹  

 

 ─  

 

⅜ ∆╢≤ ─ⱨ□▬ꜟ⅜ ↕╣╕∆⁹ 

 

 ̧ potential_of_mean_force.data  

◄Ⱡꜟ◑כ─ ⅜ ↕╣╕∆⁹ ─╟℮⌂ ≢ ↕╣╕∆⁹ 

#value,  potetial  of  mean force  in  Hartree,  eV,  kcal/mol,  kJ/mol  
2.4566437898  - 0.0215821952  0.0003443042  - 0.5872816633  0.0093689992  - 13.5430301648  

0.2160541460  - 56.6640534911  0.9039707906  
2.2676711910  - 0.0224669448  0.0003796767  - 0.6113569350  0.0103315334  - 14.0982188431  

0.2382507016  - 58.9869635475  0.9968412043  
2.0786985910  - 0.0226882285  0.0004435350  - 0.61737837 47 0.0120692073  - 14.2370764737  

0.2783223931  - 59.5679440305  1.1645012069  
                                                ............  
                                                ............  
                                                ............  

⅜1≈─ ⌐♃כ♦─ ⇔╕∆⁹1 ⅜ ─ 2 3 ⅜Ɫכꜞ♩כ 4

5 ⅜ Ⱳꜟ♩ 6 ≤ 7 ⅜ kcal/mol 8 ≤ 9 ⅜ kJ/mol ≢─ ◄Ⱡꜟ◑כ

≤∕─ ─ ⌐ ⇔╕∆⁹ 
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 ̧ ean_force_raw.data  

⇔√ ⅛╠ ╠╣╢mean force─ ⅜ ↕╣╕∆⁹ ─╟℮⌂ ≢ ↕╣╕∆⁹ 

        2.4566437898         0.0066082098         0.0188118 786 
        2.2676711910         0.0034758686         0.0099291734  
        2.0786985910        - 0.0009537509         0.0028573953  
        1.8897259920        - 0.0074922663         0.0213420952  
        1.7007533930        - 0.0098143395         0.0279585555  
        1.5117807940        - 0.0157974842         0.0449758051  
        1.3228081950        - 0.0161451965         0.0459534340  
                            ............  
                            ............  
                            ............  

potential_of_mean_force.data ⱨ□▬ꜟ≤ ⌐ ⅜ 1≈─ ⌐♃כ♦─ ⇔╕∆⁹1 ⅜

─ 2 ⅜mean force─ ( hartree/ ∆╢ ─ ) 3 ⅜ ⌐ ⇔╕∆⁹ 

 

 ̧ mean_force_smoothed.data 

─☻ⱪꜝ▬fi ⌐╟∫≡ ◄Ⱡꜟ◑כ ╩ ╠⅛⌐∆╢ mean force ╩ ╠⅛⌐⇔√№≤⌐(20)

─ ╩ ⇔╕∆⅜ ∕─ ╠⅛⌐⇔√ mean force ─ ⅜ ♃כ♦─⧵ ⁹∆╕╣↕ │

mean_force_raw.data ⱨ□▬ꜟ⅛╠ ─ ╩ ™√╙─⌐⌂╡╕∆⁹ 

 

5.4.2.6 H2O2⅔╟┘H2S2 ─ ─  

 

⅝ ─ ≤⇔≡ H2O2⅔╟┘H2S2 ─ ─ ╩ ⇔╕∆⁹ H2O2, H2S2

│  5.48≢ ∆ ╩ ∆╢ ⌂ ≢∆⁹HOOH (HSSH) ⅜ ∆2 ─ ⱳ♥fi◦ꜗꜟ│ H

─ ≤H ≤O(S) ─ ≤─ ⅜ ⇔ W ⱳ♥fi◦ꜗꜟ⌐⌂╢↓≤⅜

╠╣≡™╕∆⁹2 ╩ ⇔√ ╩ ─ 2 ⌐⅔™≡ ∆╢↓≤⌐╟╡ ↓─╟℮⌂ ╢ ™

⅜ ╠╣╢⅛≥℮⅛╩ ⇔╕∆⁹ 

 

 5.48 H2O2⅔╟┘H2S2 ─  

↓─ ─ ⱨ□▬ꜟ│ samples♦▫꜠◒♩ꜞכ─ ─ constraints H2O2 ⅔╟┘H2S2♦▫꜠◒♩

∏╕⁹∆╕╡№⌐כꜞ structure Ⱪ꜡♇◒─ ⌐│ ─ ⅜№╡╕∆⁹ 

structure{  
    constrainable1{  
      type  = dihedral_angle  
      atom1  = 2 
      atom2  = 4 
      atom3  = 3 
      atom4  = 1 
      reaction_coordinate{  
        sw_reaction_coordinate  = on 
        init_value  = 9 degree  
        final_value  = 179 degree  
        increment  = 10 degree  
      }  
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    }  
    ...  
    ...  
}  

 

constrainable1 Ⱪ꜡♇◒╩ ⇔ ∕─ ≢ ─ ╩ ∫≡™╕∆⁹↓─ ≢│ │ ≈─

╖ ⇔╕∆⅜ ™⌐ ™╣╢ ≢№╢⌂╠┌™ↄ≈≢╙ ∆╢↓≤⅜ ≢∆⁹ │ 2 ─

╩ ∆╢─≢ type ≤⇔≡│dihedral_angle ╩ ⇔≡™╕∆⁹ ╕√ 2 ╩ ∆╢√╘⌐ ⌂

4≈─ ─ ╩atom1⅛╠atom4 ⌐╟∫≡ ⇔≡™╕∆⁹ ↕╠⌐ reaction_coordinate Ⱪ꜡♇◒╩

⇔ ↓─ ╩ ↕∑╢ ╩ ™╕∆⁹ sw_reaction_coordinate ╩ on, init_value ≤

final_value ╩∕╣∙╣9 degree≤179 degree, increment ╩10 degree≤⇔≡™╕∆⅜ ↓─╟℮⌂ ⌐╟∫

≡ 9°⅛╠179°╕≢ 10° ╖≢ 2 ╩ ↕∑≡ ╩ ™╕∆⁹  

 5.49⌐ 2 ≤ ─ ╠╣√◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹  5.49⌐│ [?]╙ ∑≡

≢ ⇔≡™╕∆⁹ ⇔≡ ╠⅛⌂╟℮⌐ ≤ │╟™ ⅜ ╠╣≡™╕∆ ⅔⅔╟∕ 1 

kcal/mol ─ ™ ⁹  

H2O2≤H2S2─ ⅝⌂ ™│2 №╡╕∆⁹1 │ ⌂2 ─ ≢∆⁹H2O2│4 ─ ≢№╢109.5°

⌐ ™ ⅜ ≢№╢─⌐ ⇔ H2S2│90° ⅜ ⌂2 ≢∆⁹2 │ trans ◄Ⱡꜟ◑כ  5.49

≢│180° ─ ◄Ⱡꜟ◑כ ─ ↕≢∆⁹H2O2≤ ∆╢≤ H2S2─ trans ││╢⅛⌐ ⅝ↄ

⌐│ 6 ─ ⅜ ╠╣≡™╕∆⁹™∏╣─ ╙ ⌐╟∫≡ ↕╣≡⅔╡ ⌂ ⅜ ╠╣≡™╢

╙─≤ ⅎ╠╣╕∆⁹ 

 

 5.49 H2O2⅔╟┘H2S2 ─2 ≤◄Ⱡꜟ◑כ─  

5.4.2.7 ⌐⅔↑╢  

 

⅝♄▬♫Ⱶ◒☻│ ≡─ ⱳ♥fi◦ꜗꜟ≤ ╖ ╦∑≡ ∆╢↓≤⅜≢⅝╕∆⁹ ⌐╙

⇔≡™╕∆⁹╕√ ⌐ ∆╢ ╩ ∆╢↓≤⅜≢⅝╕∆⁹ ⌐ ⇔≡ ╩ ℮

NEB ─ ≤ ─╟℮⌂◖ⱴfi♪╩ ⇔╕∆⁹  

% mpirun  - n NP phase  ne=NE nk=NK nr=NR 

 

5.4.2.8  

 

[1] Michiel Sprik and Giovanni Ciccotti, Journal of Chemica l Physics 109 (1998) p. 7737. 

[2] G. Pelz, K. Yamada, and G. Winnewisser, Journal of Molecular Spectroscopy 159, (1993) p. 507.   
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5.4.3 Meta-dynamics  

 

5.4.3.1 ─  

 

Meta -dynamics [?,?]│ ⌂≥─ ◄Ⱡꜟ◑כ─ ∆╢ ╩ ╟ↄ ∆╢√╘─ ≢∆⁹

Meta-dynamics ⌐⅔™≡│ Ὓ ὶ ≤™℮ò ó╩ ⇔╕∆⁹↓↓≢™℮ ≤│ ⌐│

≤∆╢ ─ ⅛╠ ⌂ Ⱳfi♪ ╛Ⱳfi♪ ⌂≥─ ╛ ⌂≥ ╩ ╘

√╙─≢∆⁹ ⌐│ ⌂ò ó⅜ ╡ ≡╠╣╢╕∆⁹↓─ ò ⌂ ─ ó─↓≤╩

Meta-dynamics ≤╟┘╕∆⁹Meta -dynamics ─▪ꜟ◗ꜞ☼ⱶ╩℮╕ↄ ∆╢↓≤⌐╟∫≡ ╟ↄ

⇔≡™╢ ⅜ ╢ ◄Ⱡꜟ◑כ ╩ ∆╢↓≤⅜≢⅝╢≤ ⅎ╠╣╕∆⁹↓↓≢│ PHASE ⌐

↕╣√Meta-dynamics ─ ╩ ⇔╕∆⁹  

Meta -dynamics ≢│ ─ ⌐ ∆╢Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟὠὸȟί╩№╢ ⅛╠ MD

☻♥♇ⱪ ≢ ⇔↓╪≢™⅝╕∆⁹↓─╟℮⌂ ╩ ∆╢↓≤⌐╟∫≡ ◄Ⱡꜟ◑כ ⌐⅔™≡

╣√ ⌐ ╣≠╠ↄ∆╢ ⅜ ↕╣╕∆⁹ ™ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮≤ὠὸȟί⅜ ◄Ⱡꜟ◑

כ ╩ ╘ ↄ⇔≡⇔╕™ │ ⌐ ↓╢↓≤⅜≢⅝╢╟℮⌐⌂╡╕∆⁹↓─ ⌐ ╢ὠὸȟί ⌐-1

╩ ↑√ ⅜∆⌂╦∟ ◄Ⱡꜟ◑⁹∆╕⅝≢⅜≥↓∆⌂╖≥╢№≢כ  

Meta -dynamics ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi─ ⌂ ╩  5.50⌐ ⇔╕∆⁹↓─ ≢│ ╕∏◦Ⱶꜙ꜠כ

◦ꜛfi│1─ ⅜ ╡ ≡╠╣√ ⅛╠ ╕╡╕∆⁹2─Ᵽ▬▪☻╩ ⇔ ↕╠⌐3─Ᵽ▬▪☻╩ ∆≤ ⇔

™ ≢ ╙ ─ ⌐ ╡╕∆⁹↕╠⌐4, 5, 6≤Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ∆≤╙∫≤╙◄Ⱡꜟ

─כ◑ ™ ≢ ╙ ─ ┼ ╢↓≤⅜≢⅝╕∆⁹ ⌐7─Ᵽ▬▪☻╩ ⇔ ↕╠⌐8─Ᵽ▬▪☻

ⱳ♥fi◦ꜗꜟ╕≢ ∆≤ │ ─ ╩ ⌐ ⅝ ≢⅝╢╟℮⌐⌂╡╕∆⁹↓─ ≢─Ᵽ▬▪☻ⱳ

♥fi◦ꜗꜟ⌐-1╩ ↑╢≤ ∕╣│ ◄Ⱡꜟ◑כ≤ ∆↓≤⅜≢⅝╢↓≤⅜ ⅛╡╕∆⁹ 

 

 

 5.50 Meta-dynamics ◦Ⱶꜙ꜠כ◦ꜛfi─  

 

Meta -dynamics ─ ≤⇔≡ ≤ ↑╠╣√ ─ ─ ╩ ∆╢ ⅜ →╠╣

╕∆⁹↓─ ⅎ ╩ ∆╢↓≤⌐╟∫≡ ─ ╩ ∆╢↓≤⅜ ≤⌂╡ ╕√

⅜ò╙∫≤╙╠⇔™ó ╩ ⇔≡ↄ╣╢ ⅜ ≢⅝╕∆⁹╕√ blue moon ─ ─

╩ ╡ ℮↓≤│ │ ≢│№╡╕∆⅜ ⇔™─⌐ ⇔ meta dynamics ⌐⅔™≡│ ≢

∆⁹⇔√⅜∫≡ ⅜ №╢ ╛ ⅜ ≢⌂™ ⌂≥⌐⅔™≡ ⌂ ≢№╢≤ ⅎ

╠╣╕∆⁹Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─ ─ ™⌐╟╡ ◄Ⱡꜟ◑כ ╩ ↄ ∆┌╛ↄ ∆╢↓≤

╙ ⅝╘ ⅛ↄ ╟ↄ ∆╢↓≤╙ ≢∆⁹ Meta-dynamics ◦Ⱶꜙ꜠כ◦ꜛfi│ №╠⅛∂╘ ╘

╠╣√ ≢Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ⇔⌂⅜╠ ⇔≡™⅝╕∆⁹↓─ ⌐Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ∆╢

⌐│ 0⅛╠ ≡═∆╩♃כ♦─≢╕ ⇔≡ ╩ ╢ ⅜№╢─≢ Meta-dynamics │ὕὸ  ─

≤⌂╡╕∆ √∞⇔ ≢ ∆╢⅛⅞╡↓─ ⅜ ⌐⌂╢↓≤│⌂™≢⇔╞℮ ⁹  
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Meta-dynamics ─ⱢⱵꜟ♩♬▪fi│ ⌐│ ─╟℮⌐ ↕╣╕∆⁹ 

Ὄ Ὄ
ρ

ς
‘ί

ρ

ς
Ὧ Ὓ ► ί ὠὸȟίȟ 

ὠὸȟί ύÅØÐ 
ί ὸ ίὸ

ςῳί
 

↓↓≢ ‌│ ⌐ ╕╣╢ ╩ ∆╢ ‘≤ί│∕╣∙╣ ⌂ ─ ≤ Ὓ ►│

≤⇔≡™╢◦☻♥ⱶ⅛╠ ↕╣╢₈ ₉ Ὧ│ ⌂ ─ ≤ ╩ ┘≈↑╢₈┌⌡

₉ ὠὸȟί⅜Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ≢∆⁹ ⇔↓╪≢™∫√Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ⇔≡⅔ↄ≤ ∕↓

⅛╠ ◄Ⱡꜟ◑כ╩ ╙╢↓≤╙ ≢∆⁹↓─╟℮⌂ⱢⱵꜟ♩♬▪fi⅛╠ ╠╣╢ │ ─╟℮⌐

╕≤╘╢↓≤⅜≢⅝╕∆⁹ 

 ̧ │ ╩ ⇔≡ ⌂ ─ ⌐ ↄ ↕╣╢⁹ 

 ̧ ⌂ ─ │ Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ⌐╟∫≡ ∆≢⌐ ╣√ ⌐│ ≠╠™⁹ 

 

⌂ ─ ─ ≤ ─ ─ ⌂♃▬ⱶ☻◔כꜟ⅜ ⌂╣┌ ⌂ ─ ⅜ ™♃▬ⱶ☻

┌╣№≢ꜟכ◔ ─ │ ⌂ ─ ─ ╩∕╣╒≥│ ↑⌂™─≢ ⌐│ ⇔ↄ ─ ╩

⇔ ⅛≈╝╢╛⅛⌐ ─ ╢ ╩ ∆╢↓≤⅜ ≤⌂╡╕∆⁹ ⌂ ─ │ ─

╟╡ ─ ⅜♪כ⸗ ╟╡╙ ↄ⌂╢╟℮⌐ ⇔╕∆⁹  

Meta -dynamics │ ─ ╩ ∆╢─≢│⌂ↄ ⌐ Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ⇔↓╪≢™

ↄ↓≤⌐╟∫≡ ∆╢ ╙№╡╕∆[?]⁹↓─╟℮⌂ ╩ ∆╢≤ ⌂ ─ ╛∕╣≤

╩ ┘≈↑╢┌⌡ ─ ⅜ ≤⌂╡ ╟╡◦fiⱪꜟ⌐ ∆╢↓≤⅜ ≤⌂╡╕∆⁹ 

 

5.4.3.2 Ɽꜝⱷכ♃ 

 

≤ №╢♃◓─ ╩  5.3⌐ ⇔╕∆⁹ 

 

 5.3 ⱷ♃♄▬♫Ⱶ◒☻⌐ ─№╢♃◓─  

1Ⱪ꜡♇◒    2 3Ⱪ꜡♇◒     ♃◓      
control     

  driver  ♄▬♫Ⱶ◒☻─ ╩ ∆╢ ⁹  

⅝♄▬♫Ⱶ◒☻─

meta_dynamics ╩ ∆╢⁹ 
meta_dynamics    ⱷ♃♄▬♫Ⱶ◒☻─ ╩ ℮Ⱪ꜡♇◒   

  meta_dynamics_type  ⱷ♃♄▬♫Ⱶ◒☻─ò ó─  

bias_and_fictitious,bias_only,bias_generatio

n─™∏╣⅛ 

♦ⱨ◊ꜟ♩ │bias_only. 

  max_bias_update  Ᵽ▬▪☻ ╩ ∆╢⁹ 

♦ⱨ◊ꜟ♩ │-1( ─ ─ ↓─

≢│ ⇔⌂™↓≤╩ ∆╢).    

  extensive_output  on≤∆╢≤ │ ⌂ ╙ ╠╣╢  

  output_per_rank  on≤∆╢≤꜠ⱪꜞ◌ ⌐ ꜝfi◒↔≤

⌐ ⅜ ╠╣╢  

 collective_variable   ─ ╩ ℮Ⱪ꜡♇◒⁹  

  type  ─ò ó─ ⁹ ⅝♄▬

♫Ⱶ◒☻≤ ∂⁹  

bond_length, bond_angle, dihedral_angl  

bond_length_diff, bond_angle_diff, 

distance_from_pos, 

plane, center_of_mass, 

coordination_numbe  

  atomx  ⅜ ╦╢ ╩ ∆╢⁹x│

≢ √≤ⅎ┌ type = bond_length ─ 2

⅜ ⌐ ╦╢─≢atom1≤atom2≢

∆╢⁹ 
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  k  ─┌⌡ ╩ ∆╢   

  delta_s  Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ɝί╩ ∆╢   

  smin  Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─ ╩    

  smax  Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─ ╩    

  ds  Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─ ╖ ╩    

  control_velocity  on⌐⇔√ ─ ╩ ∆╢   

  mass_thermo  ─ ╩ ∆╢ ─ ─

   

  target_KE  ─ ╩ ∆╢ ♇◕כ♃─

♩ ◄Ⱡꜟ◑כ   

 plane   ⌐⅔↑╢ ─ ⱬ◒♩ꜟ╩

∆╢Ⱪ꜡♇◒   

  normx,normy,normz  ⱬ◒♩ꜟ─x,y,z    

 distance_from_pos  ─ ╩ ℮Ⱪ꜡♇◒   

  posx,posy,posz ⇔√™ ─x,y,z    

 coordination_number   ╩ ℮Ⱪ꜡♇◒   

  kappa_inv  ─‖─ ╩ ↕─ ≢    

  kappa  ─‖╩1/bohr ≢    

  rcut  ─ὶ─ ╩ ↕─ ≢    

 center_of_mass  ╩ ↕∑╢ ╩ ∆╢Ⱪ꜡♇◒   

  directionx  ⇔√™ ─x    

  directiony  ⇔√™ ─y    

  directionz  ⇔√™ ─z    

 bias_potential   Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ╩ ℮Ⱪ꜡♇

◒   

  height  ⌐ ∆Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ↕╩   

   ◄Ⱡꜟ◑כ─ ≢    

  update_frequency  Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ∆ ╩  

√≤ⅎ┌ 10≤∆╢≤ 10MD ☻♥♇ⱪ⌐ 1

Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ⅜ ↕╣╢⁹ 

♦ⱨ◊ꜟ♩ │20⁹ 

  output_frequency  meta_dynamics_type ⅜bias_generation ─

⌐ Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ╩ ⌐

1 ℮⅛╩ ∆╢⁹ 

♦ⱨ◊ꜟ♩ │10    

 continuation_strategy   ꜠ⱪꜞ◌ ⌐⅔↑╢ ─

╩ ∆╢⁹  

  randomize_velocity  on≤∆╢≤ │ ∑∏ ≢ ╕╢╟

℮⌐⌂╢  

  scale_velocity  on≤∆╢≤ ─

velocity_scaling_factor  

⌐ ∂≡  ⁹╢╣↕ꜟכ◔☻⅜

  velocity_scaling_factor  ╖ ╪∞ ╢∆ꜟכ◔☻╩ ⁹♦ⱨ◊ꜟ

♩ │1  

  configuration_from_input  on≤∆╢≤ ⱨ□▬ꜟ≢│⌂ↄ

ⱨ□▬ꜟ⅛╠ ╩♃כ♦ ╖ ╗⁹♦ⱨ◊

ꜟ♩ │off     

 

Meta -dynamics ─ Ɽꜝⱷכ♃─ ⌐≈™≡ ⇔╕∆⁹ 

Meta -dynamics ─ │ ─ ╩ ™╕∆⁹  

 ̧ Meta-dynamics ╩ ⌐ ∆╢ 

 ̧ Meta-dynamics ─ ╢ ™╩ ∆╢ ♄▬♫Ⱶ◒☻ ♪כ⸗ Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ

⌂≥  

 ̧ ─MD ◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ ℮ 

 ̧ ─ ╩ ℮ ⌐ ╘╢ ─ ╩ ─ ∞↑  

 ̧ Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ╩ ℮ Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ↕ ⌂≥  

 ̧ ꜠ⱪꜞ◌ ╩ ∆╢ ∕─ ⁹ 

 

 ̧ Meta-dynamics ╩ ⌐ ∆╢ 
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Meta-dynamics ─ ╩ ⌐∆╢⌐│ control Ⱪ꜡♇◒⌐⅔™≡ ─ ╩ ™╕∆ 

control{  
    driver  = meta_dynamics  
}  

↓─ ⌐╟╡ PHASE ─ ─ ♄▬♫Ⱶ◒☻◖כ♪≢│⌂ↄ Meta-dynamics ─ⱷ▬fiהⱪ꜡◓

ꜝⱶ⅜ ┌╣╕∆⁹ 

 

 ̧ Meta-dynamics ─ ╢ ™─  

 

Meta -dynamics ─ ⌂ ╢ ™─ ╩ ⇔╕∆⁹↓─ │ ⱨ□▬ꜟ─ ⌐

meta_dynamics Ⱪ꜡♇◒╩ ⇔ ↕╠⌐ ─╟℮⌂ ╩◒♇꜡Ⱪה ∆╢↓≤⌐╟∫≡ ™╕∆⁹ 

meta_dynamics{  
  meta_dynamics_type  = bias_only  
  max_bias_update  = - 1 
  extensive_output=on  
  output_per_rank=on  
  output_cvar_every_step=off  
  continuation_strategy{  
    randomize_velocity=on  
    scale_velocity=off  
    velocity_scaling_factor=0.7  
    configuration_from_input=off  
    ...  
    ...  
  }  

 

meta_dynamics Ⱪ꜡♇◒≢│ ─ /Ⱪ꜡♇◒─ ╩ ℮↓≤⅜≢⅝╕∆⁹ 

meta_dynamics_type   bias_and_fictitious, bias_only, bias_generation ─

™∏╣⅛╩ ⇔╕∆⁹bias_and_fictitious ≤∆╢

≤ ─ ╩ ⇔√ⱷ♃♄▬♫Ⱶ◒☻

╩ bias_only ≤∆╢≤Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─╖╩

⌐⇔√ⱷ♃♄▬♫Ⱶ◒☻╩ ∆╢↓≤⅜≢⅝

╕∆⁹bias_generation ≤⇔√ Meta dynamics

│ ↕╣∏ ⌐כꜞ♩◒꜠▫♦ ∆╢ⱨ□

▬ꜟ⅛╠Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ⅔╟┘ ─

╖⅜ ↕╣╕∆⁹ 

max_bias_update   Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ∆╢⅛╩

⇔╕∆⁹ ─ ╩ ∆╢≤ Ᵽ▬▪☻ⱳ♥fi◦ꜗ

ꜟ─ ≢│ │ ⇔╕∑╪⁹↓╣⅜♦ⱨ

◊ꜟ♩─ ╢ ™≢∆⁹ 

output_per_rank   n ≤∆╢≤ ꜠ⱪꜞ◌ ⌐ ⅜ ꜝ

fi◒↔≤⌐ ╠╣╕∆⁹ 

extensive_output   on≤∆╢≤ ─ ╛ ⌐ ↄ ⌂

≥ │ ⌂ ╙ ╠╣╕∆ 

continuation_strategy Ⱪ꜡

♇◒ 

 ꜠ⱪꜞ◌ ⌐⅔↑╢ ─ ─

╩ ™╕∆⁹꜠ⱪꜞ◌ ⌐│

╩ ↕∑√ ⌐ ─ ╩ ⌐ ∆╢↓

≤│≢⅝⌂™─≢ ↓↓≢≥─╟℮⌂ ≢ ∆

╢─⅛ ∆╢ ⅜№╡╕∆⁹↓─Ⱪ꜡♇◒≢│

─ ╩ ℮↓≤⅜≢⅝╕∆⁹ 

 randomize_velocity  on≤∆╢≤ ⌐ ╩ ∑∏

≢ ╡ ╡╕∆⁹♦ⱨ◊ꜟ♩ │off⁹ 

 scale_velocity on ≤∆╢≤ ╖↓╪∞ ╩≈⅞⌐ ∆╢
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velocity_scaling_factor ─ ⌐ ╕⇔ꜟכ◔☻≡∂

∆⁹♦ⱨ◊ꜟ♩ │off⁹ 

 velocity_scaling_factor  ╖ ╪∞ ⌐↓↓≢ ⇔√ ╩⅛↑╕∆⁹♦

ⱨ◊ꜟ♩ │1⁹ 

 configuration_from_inpu  on≤∆╢≤ ⱨ□▬ꜟ≢│⌂ↄ ⱨ□▬

ꜟ⅛╠ ╩♃כ♦ ╖ ╗⁹♦ⱨ◊ꜟ♩ │off⁹ 

 

 ̧ ─  

 

≤│ ò ó╩ ╕≤╘√╙─≢∆⁹↓─ │ meta_dynamics Ⱪ꜡♇◒ ⌐⅔™≡ ™╕

∆⁹ ⌂ │ ─ ╡≢∆⁹ 

meta_dynamics{  
  ....  
  ....  
  collective_variable{  
    mass=1000  
    k=100  
    delta_s  = 0.08  
    control_velocity=on  
    mass_thermo  = 50 
    target_KE  = 0.1  
  }  
  collective_variable1{  
     type=bond_length  
     atom1=5  
     atom2=4  
     delta_s=0.05  angstrom  
     smin=1  angstrom  
     smax=5 angstrom  
     ds = 0.1  angstrom  
   }  
  ....  
  ....  
}  

 

╕∏ meta_dynamics Ⱪ꜡♇◒─ ⌐ collective_variable Ⱪ꜡♇◒╩ ⇔╕∆⁹collective_variable Ⱪ꜡♇◒

⌐│ ⌐ ─ ╩ ™╕∆⁹ ⌐ ∆╢ ─ ⌐ ⅜⌂™ ─╖↓↓≢─

⅜ ↕╣╕∆⁹  

⌐ ╩ ⇔√™ ∞↑ collective_variable xx Ⱪ꜡♇◒⌐⅔™≡ ⇔╕∆⁹↓↓≢ xx │

─ ID ≢∆⁹ ─ ─ ╩ ∆╢↓≤⅜ ≢∆⅜ 1 ⅛╠ ⌐ ∆╢ ╩ ∆╢ ⅜

№╡╕∆⁹√≤ⅎ┌ collective_variable1, c ollective_variable2, collective_variable4 ─ 3 ≈─

collective_variable xxⱩ꜡♇◒⅜№∫√ collective_variable1 ≤collective_variable2 ─╖ ↕╣╕∆⁹  

collective_variable ⅔╟┘ collective_variable xx Ⱪ꜡♇◒│ ⅝♄▬♫Ⱶ◒☻─ ─ ⌐ ∆╢

≤ ─ ╩ ∆╢↓≤⅜ ≤⌂∫≡™╕∆⁹ ⌐│ ─ ╩ ∆╢↓≤⅜ ≢

∆⁹ 

 

type   ─ò ó╩ ⇔╕∆⁹ ─™∏╣⅛─ ╩≤

╡╕∆⁹ 

 bond_length  2 ─ ╩ ≤⇔╕∆⁹ 

 bond_angle 3 ─ ∆Ⱳfi♪ ╩ ≤⇔╕∆⁹ 

 dihedral_angle  4 ─2 ╩ ≤⇔╕∆⁹ 

 bond_length_diff  2 ─ ─ ╩ ≤⇔╕∆⁹ 

 plane №╢ ─ ─ ≢─ ≤⇔╕∆⁹ 

 center_of_mass ─ ─ ╩ ≤⇔╕∆⁹ 
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 coordination_number  ╩ ≤⇔╕∆⁹ 

 distance_from_pos №╢ ⅛╠─ ╩ ≤⇔╕∆⁹ 

atomx   ─ ⅜ ╦╢ ╩ ⇔╕∆⁹x│ ≢№

╡ √≤ⅎ┌2 ─ ─ │2≈─ ⅜ ⌐

╦╢─≢ atom1 ≤ atom2 ⌐ ∆╢ ─ ╩

⇔╕∆⁹type ⅜ coordination_number ─

╩ ∆╢ ─ ─ ╩ ⇔╕∆⁹ 

planeⱩ꜡♇◒  ─ ─ ⇔√™ ─ ⱬ◒♩ꜟ╩ ∆

╢√╘─Ⱪ꜡♇◒≢∆⁹ ─ ╩ ∆╢↓≤⅜≢⅝╕

∆⁹ 

 normx  ⱬ◒♩ꜟ─ x ⁹ 

 normy  ⱬ◒♩ꜟ─ y ⁹ 

 normz ⱬ◒♩ꜟ─ z ⁹ 

coordination_number

Ⱪ꜡♇◒ 

 ─ Ὥ─ ὲ │

ὲ В
 ► ►

≤ ⇔≡™╕∆⅜ ↓─

⌐⅔↑╢‖ȟὶ─ ╩ ∆╢Ⱪ꜡♇◒≢∆⁹ ─ ╩

∆╢↓≤⅜≢⅝╕∆⁹ 

 kappa_inv  ─ ╩ ↕─ ≢ ⇔╕∆⁹ 

 kappa ‖─ ╩ 1/bohr ≢ ⇔╕∆⁹kappa_inv ╟╡╙

↕╣╕∆⁹ 

 rcut  ὶ─ ╩ ↕─ ≢ ⇔╕∆⁹ 

mass   ─ ╩ ⇔╕∆⁹meta_dynamics_type ⅜

bias_and_fictitious ─ ─╖ ─№╢ ≢∆⁹ 

k   ≤ ─ ┘≈⅝╩ ╘╢ ┌⌡ ╩

⇔╕∆⁹meta_dynamics_type ⅜bias_and_fictitious ─

─╖ ─№╢ ≢∆⁹ 

delta_s   (23) ─ί‏─ ╩ ⇔╕∆⁹ 

smin   Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─ ─ ╩ ⇔╕∆⁹ 

smax   Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─ ─ ╩ ⇔╕∆⁹ 

ds   Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─ ─ò╖ ó╩ ⇔╕∆⁹ 

control_velocity   òonó⌐⇔√ ─♄▬♫Ⱶ◒☻╩ ∆╢ ⌐

╩ ∆╢↓≤⌐╟∫≡∕─ ╩ ⇔╕∆⁹

meta_dynamics_type ⅜bias_and_fictitious ─ ─╖

─№╢ ≢∆⁹ 

mass_thermo   control_velocity ⅜òonó─ ─ ─ò ó╩ ⇔╕

∆⁹ 

target_KE   control_velocity ⅜òonó─ ─ ≤∆╢ ─

╩ ∆╢⁹ 

 

 

 ̧ Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─  

 

Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ │ meta_dynamics Ⱪ꜡♇◒─ ⌐bias_potential Ⱪ꜡♇◒╩ ⇔≡ ™╕∆⁹

⌐ ⌂ ╩ ⇔╕∆⁹ 

  bias_potential{  
    height  = 0.02  eV 
    update_frequency=20  
    output_frequency=100  
  }  

 

bias_potential Ⱪ꜡♇◒⌐⅔™≡ ⌂ │ ─ ╡≢∆⁹ 
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height  ⌐ ∆Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ↕╩◄Ⱡꜟ◑כ─ ≢ ⇔╕∆⁹ ⌐ ∆Ᵽ▬

▪☻ⱳ♥fi◦ꜗꜟ─ │ ─ ≢№╢─≢bias_potential Ⱪ꜡♇◒≢│⌂ↄ

─ ╩ ℮ collective_variable xxⱩ꜡♇◒ ≢ ™╕∆⁹ 

output_frequency

 

meta_dynamics_type ⅜bias_generation ─ ─╖ ─№╢ ≢∆⁹ ⌐1 Ᵽ▬

▪☻ⱳ♥fi◦ꜗꜟ╩ ∆╢⅛╩ ⇔╕∆⁹ 

update_frequency  Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │20≢∆⁹ 

 

 ̧ ꜠ⱪꜞ◌ ─  

 

╩ ↕∑╢ 

⌐ ⅜⌂™ │∆═≡─꜠ⱪꜞ◌≢ ≢ ─ ─╖ ⌂╢ ≤™℮ ≢ ⅜

⌂↕╣╕∆⁹ ⌂╢ ⅛╠ ╘╢─≢ ⅜ ∂≢╙ ꜠ⱪꜞ◌│™∏╣ ⌂╢ ╩≤╢╟℮⌐

⌂╡╕∆⁹√∞⇔ ─↓≤⌂⅜╠ ─℮∟│ │ ╒╓ ∂ ≤⌂╡╕∆⁹ 

 

─ ╩ꜝfi◒↔≤⌐ ⌐ ∆╢ 

ⱨ□▬ꜟ⌐⅔™≡ ꜠ⱪꜞ◌↔≤⌐ ⌂╢ ╩♃כ♦ ∆╢↓≤╙ ≢∆⁹↓─ │ atomsxx Ⱪ

꜡♇◒ ↓↓≢ xx│MPI ꜝfi◒─ ╩ ⇔ ∕↓≢ ╩ ∆╢↓≤⌐╟∫≡ ™╕∆⁹√≤ⅎ┌

ꜝfi◒0⅜ ∆╢꜠ⱪꜞ◌≤ꜝfi◒1⅜ ∆╢꜠ⱪꜞ◌⌐∕╣∙╣ ⌂╢ ╩ ⅎ╢⌐│ ─╟℮⌂

╩ ™╕∆⁹ 

 

structure{  
    atom_list{  
        ....  
        atoms0{  
            #units  angstrom  
            #default  weight  = 1,  element  = Si,  mobile  = 1 
            #tag  element  rx  ry  rz  mobile  weight  
            C 5.015736304 3        5.6563796505         5.8043454319  1 1 
            C 4.7499007526         4.2727134018         5.7364572058  1 1 
            ...  
            ...  
        }  
        atoms1{  
            #units  angstrom  
            #default  weight  = 1,  element  = Si,  mobile  = 1 
            #tag  element  rx  ry  rz  mobile  weight  
            C       4.5897384578     5.5998560107     5.7723226564  1 1 
            C       5.1658344359     4.3217914066     5.6857269157  1 1 
            ...  
            ...  
        }  
    }  
}  
}  

 

 

5.4.3.3 ─  

 

Meta-dynamics ╩ ∆╢⌐│ ─PHASE ⌐╟╢ ≤ ⌐ ─◖ⱴfi♪╩ ⇔╕∆⁹ 

mpirun  - n NP phase  ne=NE nk=NK nr=NR   

 

↓↓≢ NP │ MPI ⱪ꜡☿☻ NE │Ᵽfi♪ NK │ k NR │꜠ⱪꜞ◌ ≢∆⁹

NP=NE×NK×NR ≤™℮ ⅜ ⇔≡™╢ ⅜№╡╕∆⁹ne, nk, nr │™∏╣╙ ♦ⱨ◊ꜟ♩ │

1 ∆═≡ ─ NE=NP ≢∆⁹  
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Meta dynamics ⌐ ╠╣╢Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ │₈ ╙ ╠╣√Ᵽ▬▪☻ⱳ♥fi◦ꜗ

ꜟ₉─╖≢∆⅜ Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ⱳ☻♩ ⌐ ⇔ ∕╣╩ ↕∑╢↓≤╙≢⅝╕∆⁹↓─

╩ ∆╢⌐│ ⱨ□▬ꜟ─meta_dynamics Ⱪ꜡♇◒─meta_dynamics_type ⌐bias_generation ≤

™℮ ╩ ⇔╕∆⁹↓─ meta_dynamics Ⱪ꜡♇◒─ ─ bias_potential Ⱪ꜡♇◒⌐⅔™≡ ↕╣

╢ bias_output_frequency ⌐ ↕╣√ ⌐ 1 ╩ ™╕∆⁹√≤ⅎ┌ bias_output_frequency

⅜10, Ᵽ▬▪☻─ ⅜100∞∫√ 10 20 30 ... 100 ─ ─Ᵽ▬▪☻ⱳ

♥fi◦ꜗꜟ⅜∕╣∙╣ ⇔√ⱨ□▬ꜟ⌐ ↕╣╕∆⁹∕─ⱨ□▬ꜟ │ òbias_potential.dataxxó≤⌂╡╕

∆⁹↓↓≢ xx⅜ ∆╢ ≢∆⁹↓─ ╩ ∫√№≤ Meta-dynamics ╩ כꜞ♩◒꜠▫♦√∫

⌐⅔™≡PHASE ╩ ⇔╕∆⁹ⱨ□▬ꜟ╩ ╖ ╖Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ∆╢─╖⌂─≢ ≢

∆╢ │№╡╕∑╪⁹ 

 

 

5.4.3.4 ─  

 

Meta dynamics ◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮ ╟╡╙ ↄ─ⱨ□▬ꜟ⅜ ↕╣╕∆⁹ ⌐ ₁⌐≈™

≡ ⌐ ⇔╕∆⁹ 

 

 ̧ curr_bias_potential.data ⱨ□▬  ꜟ

ò ─óⱣ▬▪☻ⱳ♥fi◦ꜗꜟ⅜ ↕╣√ⱨ□▬ꜟ≢∆⁹ ─╟℮⌂ ≢ ↕╣╕∆⁹ 

        1.2000000000        - 3.1400000000         0.0000000000  
        1.3000000000        - 3.1400000000         0.0000000000  
        1.4000000000        - 3.1400000000         0.0000000000  
        1.5000000000        - 3.1400000000         0.0000000000  
        1.6000000000        - 3.1400000000         0.0000000000  
        1.70 00000000        - 3.1400000000         0.0000000000  
                             ....  
                             ....  
       
        1.2000000000        - 3.0400000000         0.0000000000  
        1.3000000000        - 3.0400000000         0.0000000000  
        1. 4000000000        - 3.0400000000         0.0000000000  
        1.5000000000        - 3.0400000000         0.0000000000  
        1.6000000000        - 3.0400000000         0.0000000000  
        1.7000000000        - 3.0400000000         0.0000000000  
                             ....  
                             ....  

⅜ò ─ ó⌐ ⇔╕∆⁹ ⇔≡™╢ ∞↑ ⅜ ↕╣√№≤ ∕─ò ─ ó⌐⅔

↑╢Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ⅜ ↕╣╕∆⁹ 

 

 ̧ bias_potential.dataxx ⱨ□▬  ꜟ

Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ╩♪כ⸗─╖─╢∆ ⇔√ ⌐ ╠╣╢ ⌐ ∂√Ᵽ▬▪☻ⱳ♥fi◦

⅜♃כ♦─ꜟꜗ ↕╣╢ⱨ□▬ꜟ≢∆⁹ⱨ□▬ꜟ ─ xx ⅜Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ⌐ ⇔╕∆⁹∕

─ⱨ□▬ꜟ │ curr_bias_potential.data ≤ ≢∆⁹ 

 

 ̧ nfdynm.data_at_bias ⱨ□▬  ꜟ

Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ⌐⅔↑╢ ⅜♃כ♦ ↕╣╢ⱨ□▬ꜟ≢∆⁹PHASE ─ ♃כ♦

≢№╢ F_DYNM ≢ ↕╣╕∆⁹ 

 

 ̧ nfefn.data_at_bias ⱨ□▬  ꜟ

 

Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ⌐⅔↑╢◄Ⱡꜟ◑כ─ ⅜ ↕╣╢ⱨ□▬ꜟ≢∆⁹PHASE ─ ⌂◄Ⱡꜟ◑

♃כ♦כ ≢№╢ F_ENF ≢ ↕╣╕∆⁹ 
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 ̧ collective_variables. data ⱨ□▬  ꜟ

Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ⌐⅔↑╢ ─ ⅜ ↕╣╢ⱨ□▬ꜟ≢∆⁹ ─╟℮⌂ ≢ ↕╣╕∆⁹ 
       2        1.6399047278         0.0906233310  
       3        1.6933783940         0.2327954221  
       4        1.6487636847         0.0655806009  
       5        1.7510381463        - 0.1403803460  
       6        1.7880912692        - 0.2122517967  
       7        1.7558411086        - 0.2557274737  
       8        1.7939362867        - 0.0296094373  
       9        1.7595919709         0.1959354384  
      10        1.7773637731         0.3761827029  
      11        1.7657919080         0.3998392061  
      12        1.7604309483        - 0.0107912799  
      13        1.6218441177        - 0.3366407543  
                         ....  
                         ....  

⅜Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─♃▬Ⱶfi◓⌐ ⇔╕∆⁹ ⅜Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ≢№╡

⌐ ∆╢ ─ ⅜ ↕╣╕∆⁹ 

 

 ̧ bias_potential_parameters.data ⱨ□▬  ꜟ

Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─Ɽꜝⱷכ♃כ⅜ ↕╣╢ⱨ□▬ꜟ≢∆⁹ ─♃▬Ⱶfi◓≢↓─Ɽꜝⱷכ♃כ╩

↕∑√ ∕╣ ─Ɽꜝⱷכ♃כ─ ⅜ ⅛╠⌂™≤Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ⅜≢⅝⌂™↓≤⅛╠

⌂ⱨ□▬ꜟ≢∆⁹ ─╟℮⌂ ≢ ↕╣╕∆⁹ 

       2        0.0200000000         0.1000000000         0.1000000000  
       3        0.0200000000         0.1000000000         0.1000000000  
       4        0.0200000000         0.1000000000         0.1000000000  
       5        0.0200000000         0.1000000000         0.100000 0000  
                         ....  
                         ....  

⅜Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─♃▬Ⱶfi◓⌐ ⇔╕∆⁹ ⅜Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ≢№╡

⅜(23) ⌐⅔↑╢ύ─ 3 ⅜ ─(23) ─ί‏╢↑⅔⌐ ≢∆⁹ 

 

5.4.3.5 ─◄Ⱡꜟ◑כ  

 

  

 

Meta dynamics ╩ ⇔√ ≤⇔≡ ─◄Ⱡꜟ◑כ ╩ ═√ ╩ ⇔╕∆⁹ ⌐│ C4H6

─ ╩ ╡ →╕∆⁹ C4H6 │ trans 1 -3Ⱪ♃☺◄fi cis 1-3 Ⱪ♃☺◄fi ◦◒꜡Ⱪ♥fi

─3 ─ ⅜ ╠╣≡™╕∆⁹◦◒꜡Ⱪ♥fi│ trans 1 -3Ⱪ♃fi☺◄fi│ ─ ≢∆⅜

cis 1-3Ⱪ♃☺◄fi│ ⌐│⌂╠∏ 2 ╩30°╒≥└⌡∫√ ⅜ ⌂ ≢∆(gauche )⁹∕─

╩  5.51⌐ ⇔╕∆⁹◄Ⱡꜟ◑כ│ ™ ⌐◦◒꜡Ⱪ♥fi cis 1-3Ⱪ♃☺◄fi trans 1 -3Ⱪ♃☺◄fi

≢№╡ ─ ≤⇔≡│ 1-3 Ⱪ♃☺◄fi⅜ ⇔≡ ≢№╢◦◒꜡Ⱪ♥fi╩ ∆╢ №╢™│

⌐◦◒꜡Ⱪ♥fi⅜ ⇔1-3Ⱪ♃☺◄fi⅜ ↕╣╢ ╕√ 2 ─1-3 Ⱪ♃☺◄fi─

─cis-trans ⅜ ⅎ╠╣╕∆⁹ ה │ ─ ╩ ∆╢↓≤⅛╠ ⅝⌂ ◄Ⱡꜟ◑כ⅜

№╡ 1 eV ≥╢№≢כ♄כ○─ ⅎ╠╣╕∆⁹ cis⅛╠ trans ┼─ │∕↓╕≢─ │⌂ↄ 100 

meV ≥╢№≢כ♄כ○─ ⅎ╠╣╕∆⁹ ⌐ ⌐⅔™≡│ 1-3 Ⱪ♃☺◄fi≤◦◒꜡Ⱪ♥fi≤≢

│2 ─ ⅜ ⌂╡ ≤⇔≡│ ↄ ⌂╢╙─≢№╢√╘ ⌂ⱳ♥fi◦ꜗꜟ≢ ╡ ℮─│

⌐ ⇔™≤ ⅎ╕∆⁹↓─ ╩PHASE ≢ ⇔ↄ ⅎ╢⅛≥℮⅛╩ ⇔╕∆⁹ 
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 5.51 C4H6 ─  

 

─ │  5.52 ≢ ∆◦◒꜡Ⱪ♥fi╩ ⇔╕∆⁹↓─ │ PHASE ⌐╟∫≡ ⇔√

╙─≢∆⁹ 

 

 5.52 C4H6 ─  
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 Ɽꜝⱷכ♃ 

 

Meta dynamics ╩ ⌐ ⇔╕∆⁹↓╣│ control Ⱪ꜡♇◒─ ─driver ⌐meta_dynamics ╩

∆╢↓≤⌐╟∫≡ ™╕∆⁹ 

condition{  
    driver  = meta_dynamics  
    ....  
}  

 

⌐ ╩ ⇔╕∆⁹∕─ │ ₁≢∆⅜ ↓↓≢│ ╩ ⇔╕∆⁹  

1.  24─ 1≤ 2─ ⁹Ɽꜝⱷכ♃כds, delta_s│∕╣∙╣0.1 Åȏ≤0.05 Åȏ 

2.  24─ 1-4-3-2─ ╢ ⁹Ɽꜝⱷכ♃כds, delta_s│∕╣∙╣10 ᶼ≤5 ᶼ  

↓─ │ meta_dynamics Ⱪ꜡♇◒─ ≢ ─╟℮⌐ ⇔╕∆⁹ 

 

meta_dynamics{  
....  
....  
  collective_variable1{  
     type=bond_length  
     atom1=5  
     atom2=4  
     delta_s=0.05  angstrom  
!for  bpot  output  
     smin=1  angstrom  
     smax=5 angstrom  
     ds = 0.1  angstrom  
   }  
   collective_variable2{  
     type=dihedral_angle  
     atom1=5  
     atom2=3  
     atom3=2  
     atom4=4  
     delta_s  = 5 degree  
!for  bpot  output  
     smin  = - 180 degree  
     smax = +180 degree  
     ds = 10 degree  
   }  
}  

 

Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ↕│0.02 eV(0.46 kcal/mol)≤⇔╕∆⁹Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ │ 20 MD

☻♥♇ⱪ⌐ ≤⇔╕∆⁹↓─ │ meta_dynamics Ⱪ꜡♇◒─ ⌐bias_potential Ⱪ꜡♇◒╩ ⇔ height

Ɽꜝⱷכ♃כ≢ ∆╢↓≤⌐╟∫≡ ™╕∆⁹ 

 

meta_dynamics{  
    ....  
    ....  
    bias_potential{  
        update_frequency  = 20 
        height=0.02  eV 
    }  
}  

 

Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩ ∆╢ │ ≢∆⅜ ≢⅝╢ ◄Ⱡꜟ◑כ ╩ ╢√╘⌐│ ─
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⅜ ≢∆⁹ 

 

  

 

◦Ⱶꜙ꜠כ◦ꜛfi⌐╟∫≡ ╠╣╢ ╩ ⇔╕∆⁹╕∏  5.53⌐Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ╩18,140

⇔√ ╠╣√◄Ⱡꜟ◑כ ─ ╩ ⇔╕∆⁹ 

 

 

 5.53 C4H6 ─ ◄Ⱡꜟ◑כ  

 

 5.53╟╡ ↓↓≢ ╠╣√◄Ⱡꜟ◑כ─ ⌐│ 4≈─ ⅜№╢↓≤⅜ ≢⅝╕∆⁹∆⌂╦∟

⅜ 1.5 Åȏ ≢ ⅜╒╓0 radian ─ ⅜3.3 Åȏ ≢ ⅜0 radian

⅜3.7 Åȏ ≢ ⅜ 3 radian ─2≈─ ≢∆⁹↓╣╠│ ∕╣∙╣◦◒꜡Ⱪ♥fi cis 1-3Ⱪ♃☺◄fi

trans 1 -3Ⱪ♃☺◄fi⌐ ⇔╕∆ ─ ─ cis≢│⌂ↄ gauche ≤⌂╡╕∆⅜ 300K ─

Meta dynamics ◦Ⱶꜙ꜠כ◦ꜛfi≢│ cis≤gauche─ ⌂ ⅜≈↑╠╣╢ │ ╠╣╕∑╪≢⇔√

╠╣√◦◒꜡Ⱪ♥fi≤ trans 1 -3Ⱪ♃☺◄fi─◄Ⱡꜟ◑כ │ 16 kcal/mol ◦◒꜡Ⱪ♥fi≤ cisⱩ♃☺◄

fi─◄Ⱡꜟ◑כ │ 12kcal/mol ≤⌂╡╕⇔√ ™∏╣╙ ─ ≤ ∆╢≤╟╡ ⅝⌂◄Ⱡꜟ

כ◑ ≢∆   

 5.54⅔╟┘  5.55⌐│ ⅜Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ≤ ⌐≥─╟℮⌐ ⇔≡™∫√⅛╩ ⇔

≡™╕∆ ⅜  26 ⅜  27─ ╢ ™≢∆  5.54⅔╟┘  5.55╟╡ Ᵽ▬▪☻ⱳ♥

fi◦ꜗꜟ╩ 700 ╒≥ ⇔√ ≢ ╩ ⅎ≡Ⱪ♃☺◄fi⌐ ∫≡™╢↓≤⅜ ≢⅝╕∆ ∕↓⅛╠

18,000 ─ ╕≢│ ↄ◄Ⱡꜟ◑כ ╩ ⇔≡™╕∆  5.51╠╙ ⅛╢╟℮⌐ ↓↓≢ ⅎ≡

™╢ │◦◒꜡Ⱪ♃fi╩ ↄ≤ ⌐ ⇔≡ ™ ─ ╩ ╡ ╕∆ ∕─√╘ ↓─ ╩ ╘ ↄ∆

─⌐ ↄ─Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ⅜ ≤⌂∫≡™╕∆ 18,000 ─Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─

┘◦◒꜡Ⱪ♃fi┼ ∫√↓≤⅜ ≢⅝√ (  5.56)≢ ╩ ↕∑╕⇔√⁹ 
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 5.54 2 ≤Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─  

 

 

 5.55 ≤Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ ─  

 

 5.56 (a)⅛╠(d)╕≢⌐ Meta dynamics ◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ⌐ ╠╣√ ─☻♫♇ⱪ◦ꜛ♇♩╩

⇔╕⇔√⁹↓↓≢ ⇔≡™╢╟℮⌐ Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ─ ⌐╟∫≡ ₁⌂ ⅜ ⇔≡™╢↓

≤⅜ ⅛╡╕∆⁹ 
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 5.56 Meta dynamics ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟∫≡ ╠╣√ ─☻♫♇ⱪ◦ꜛ♇♩ (a) : Ᵽ▬▪☻ⱳ♥fi

◦ꜗꜟ2  (b) Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ690  (c) Ᵽ▬▪☻ⱳ♥fi◦ꜗꜟ1,500  (d) Ᵽ▬▪☻ⱳ

♥fi◦ꜗꜟ18,070  

 

5.4.3.6 ⌐⅔↑╢  

 

Meta dynamics │ ∆═≡─ ⱳ♥fi◦ꜗꜟ≤ ╖ ╦∑≡ ∆╢↓≤⅜≢⅝╕∆⁹꜠ ⱪꜞ◌ ╩ ╘√

╙ ℮↓≤⅜≢⅝╕∆⁹ √∞⇔ ─№╢ ╩ ╢√╘⌐│ ⌂ ╩ ╛∆ ⅜№╡╕∆⁹ 

꜠ⱪꜞ◌ ╩ ℮ ─♃▬Ⱶfi◓≢꜠ⱪꜞ◌ ╩ ↕∑╢ ∆╢꜠ⱪꜞ◌─

ⱨ□▬ꜟ⅜ ⇔⌂™ ⅜№╡╕∆⁹↓─ │ ↄ─ꜝfi◒─ ╩♃כ♦ ╖ ╖ ↕╠⌐

continuation_strategy ≢ ⇔√ ⌐ ∫≡ ꜠ⱪꜞ◌╩ ⇔╕∆⁹ 

 

5.4.3.7  

 

[1] A. Laio and M. Parrinello, Proceedings of the National Academy of Sciences 99, (2002) p. 12562. 

[2] M. Iannuzzi, A. Laio and M. Parrinello, Physical Review Letters  90, (2003) p. 238302. 

[3] A. Laio, A. Rodriguez -Fortea, F. L. Gervasio, Ceccarelli and M. Parrinello, J. Phys. Chem. B 109, (2005) 

p. 6714. 
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5.5 TDDFT  

 

5.5.1 ─ RTTDDFT ⌐╟╢ ☻Ɑ◒♩ꜟ  

 

5.5.1.1 ─  

 

TDDFT ⌐ ≠™≡⁸ ─ ╩ ↄ↓≤⌐╟╡⁸ ⅎ╠╣√

⌐ ∆╢ ♄▬♫Ⱶ☻◒ה◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮⁹

 

ⱬ◒♩ꜟk≤Ᵽfi♪ n╩ ≤∆╢ ╩fnk≢ ╦∆⁹ ⱢⱵꜟ♩♬▪fi╩H

≢ ∆⁹ ─ ⅛╠⁸ ─ │ ─╟℮⌐ ↕╣╢⁹

 

─ │⁸ ⅔╟┘ ⌐ ⇔≡ ╩ ⇔≡ ↕╣⁸∕╣∙╣ ₁⌂

⅜ ↕╣≡™╢⁹ │ Dt⅜ ⌐ ↕↑╣┌ ─╟℮⌐ ≢⅝╢⁹ 

 

↕╠⌐⁸ ⌐ ∆╢ כꜝ▬♥≡⇔≥ ⅜ ↕╣╢⁹

 

↓─ ─ ⁸ Dt≤ Nmax⅜ ⌂ Ɽꜝⱷ⁸╡№≢♃כ ≤ ─

⌡ ™╩ ⇔≡ ╩ ∆╢ ⅜№╢⁹ 

⌐│⁸ ⌐⅔™≡Ⱬꜟⱴfiהⱨ□▬fiⱴfi ╩ ⇔⁸∕─ ⌐ ∫≡ ─♄▬♫Ⱶ◒☻╩

∆╢↓≤╙ ≢№╢⁹√∞⇔⁸ ⱪ꜡◓ꜝⱶ⌐│ ↕╣≡⅔╠∏⁸ │ ⇔√ ≢ ♄▬

♫Ⱶ◒☻ ╩ ℮⁹  

t=0 -─ │⁸ⱪ꜡◓ꜝⱶPHASE ⌐╟∫≡ ╘╠╣╢ ─ ╩ ™

≡ ∆╢√╘⁸ ⌐DFT ⌐╟╢ ─ ╩ ⅎ≡™╢ ⅜№╢⁹ ⱪ꜡◓ꜝⱶ≢│⁸

fnk (r, t=0 -)╩ ─╟℮⌐ ◦ⱨ♩↕∑╢↓≤⅜≢⅝╢⁹

 

↓╣│ t=0+⌐⅔™≡Ɽꜟ☻ ╩ ⌐ ⅎ╢↓≤⌐ ∆╢⁹ ⌐⅔™≡ √╕ⱷfi♩d(t)כ⸗

│ J(t)╩ ⇔⁸ ♄▬♫Ⱶ◒☻ה◦Ⱶꜙ꜠כ◦ꜛfi ⌐⁸↓╣╠─ ╩ ─ ⅛╠

┼≤ⱨכꜞ◄ ∆╢↓≤⌐╟∫≡⁸ ≤ ⌂ ה ☻Ɑ◒♩ꜟ⌂≥─ ⅜

╘╠╣╢⁹ 

 

5.5.1.2 Ɽꜝⱷכ♃ 

 

─ ♃◓─ │⁸ ≤⇔≡₈x ┼ ⅝↕0.01 ─♦ꜟ♃ Ɽꜟ☻ ₉╩ ⌐ ⅎ⁸

₈ ╖0.1 / ☻♥♇ⱪ≢1,000 ☻♥♇ⱪ ◦Ⱶꜙ꜠כ◦ꜛfi 100 ₉

─ RT-TDDFT ╩ ∆╢ ≢∆⁹√∞⇔⁸DFT ⌐╟╢ ─ ⅜ ⇔≡™╢ ─╖

RT-TDDFT ⅜ ↕╣╢╕∆⁹ 

 

postprocessing{  

  rttddft{  

    sw_rttddft = on  

Ὥᴐ
‬

‬ὸ
‰ὲ
▓►,ὸ= Ὄὸ‰ὲ

▓►,ὸ 

‰ὲ
▓►,ὸ+ ῳὸ= exp

Ὥ

ᴐ
ὨὸᴂὌὸᴂ

ὸ+Ўὸ

ὸ

‰ὲ
▓►,ὸ 

‰ὲ
▓►,ὸ+ ῳὸḙexp

Ὥ

ᴐ
ЎὸὌὸ ‰ὲ

▓►,ὸ 

exp
Ὥ

ᴐ
ЎὸὌὸ =

1

ὔ!

Ὥ

ᴐ
ЎὸὌὸ

ὔЊ

ὔ= 0

 

‰ὲ
▓►,ὸ= 0+ = ὩὭ‐▲Ͻ►‰ὲ

▓►,ὸ= 0  
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    time_step_delta = 0.1  

    time_step_max = 1000  

    ext_pulse_epsilon = 0.01  

ext_pulse_kx = 1.0  

ext_pulse_ky = 0.0  

ext_pulse_kz = 0.0  

  }  

}  

 

Ɽꜝⱷכ♃ ♦ⱨ◊ꜟ♩   

sw_rttddft  OFF ON  RTTDDFT ╩ ∆╢ 

OFF  RTTDDFT ╩ ╦⌂™ 

time_step_delta  0.1  ╖ 

◦Ⱶꜙ꜠כ◦ꜛfi │⁸time_step_delta×time_step_max

≤⌂╢⁹ 

⌐│0.05 0.1 ─ ⅜ ↕╣╢ 

1 │⅔╟∕0.024 fs  

⅝⌂ time_step_delta ╩ ⇔√ ⌐│ ⅜ ↕╣╢

↓≤⅜№╡⁸∕─ │ ╩╟╡ ↕ↄ ⇔≡ ∆╢

⅜№╢⁹ 

time_step_max  100  ╩ ∆╢╕≢─  

⌐☺ꜛⱩ╩ ↕∑╢↓≤│≢⅝⌂™ nfstop

│  

 

♦ꜟ♃ Ɽꜟ☻ ╔ὸ Ὁ▄‏ὸ ⌐ ∆╢Ɽꜝⱷכ♃ 

Ɽꜝⱷכ♃ ♦ⱨ◊ꜟ♩   

ext_pulse_epsilon  0.0d0 ─ ⅝↕Ὁ 

ext_pulse_kx  0.0d0 ─ ⅝▄ 

ext_pulse_ky  0.0d0 ─ ⅝▄ 

ext_pulse_kz 0.0d0 ─ ⅝▄ 

 

5.5.1.3 ─  

╕∏│⁸ ─ SCF ╩ ™╕∆⁹↓─ │⁸sw_rttddft Ɽꜝⱷכ♃כ│ off ⌐ ⇔≡⅔⅝╕∆⁹

─SCF ⅜ ⇔√╠⁸sw_rttddft Ɽꜝⱷכ♃כ╩ on ≤⇔⁸↕╠⌐ ⌐ ∂≡ rttddft Ⱪ꜡♇◒─

Ɽꜝⱷכ♃כ╩ ⇔⁸control Ⱪ꜡♇◒─ ─ condition Ɽꜝⱷכ♃כ╩ continuation ⌐ ⇔╕∆⁹↓─

╟℮⌂ ╩ ⇔√╠⁸ ╡ PHASE ─ ╩ ∆╢≤TDDFT ⅜ ↕╣╕∆⁹ ≢ ⇔√ 

RT-TDDFT │⁸ ─ ext_pulse_epsilon,  ext_pulse_kx,  ext_pulse_ky, ext_pulse_kz ╩∆

═≡ 0 ≤⇔⁸condition=continuation ≤⇔√╕╕≢ PHASE ╩ ∆╣┌ ℮↓≤⅜≢⅝╕∆⁹ 

 

5.5.1.4  

│⁸꜡◓ⱨ□▬ꜟ⌐ ↕╣╕∆⁹ ─╟℮⌐⁸ ≥♩ⱷfiכ⸗ ⅜ ≢ ↕╣

╕∆⁹ 

 

# time_step=   991  time=  0.9910E+02 au =  0.2397E+01 fs  

...  

P=        0.0285381798        0.0002058360        0.0001702915  

J=       - 0.0133497494        0.0000068680       - 0.0000030064  

P=─№≤─ 3 ≈─ ⅜ ─≈ ⱷfi♩─ x, y, z ⁸J=─№≤─ 3כ⸗ ⅜ ─ x, y, z 

≢∆⁹  

  

⁸ ⅛╠ ⌐ⱨכꜞ◄ ∆╢↓≤⌐╟∫≡☻Ɑ◒♩ꜟ╩◄Ⱡꜟ◑כ─ ≤⇔≡

╢↓≤⅜ ≢∆⁹↓─ⱨכꜞ◄ ╩ ∆╢ⱪ꜡◓ꜝⱶ─♁כ◖☻כ♪⅜ src_spectrum ─ ⌐№╢ 
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spectrum.f90 ≢∆⁹↓─ⱪ꜡◓ꜝⱶ │⁸ ⌂ Fortran90 ◖fiⱤ▬ꜝכ⌐╟∫≡◖fiⱤ▬ꜟ∆╢↓≤⅜

≢∆⁹∕─ │⁸ ─ ╡≢∆ ╩כꜞ♩◒꜠▫♦℮™≥ ⁸ft≡⇔≥כꜞ♩◒꜠▫♦ ⇔≡

∆╢ ⁹ ╕∏⁸ ╩ ftכꜞ♩◒꜠▫♦⌐℮╟─ ─כꜞ♩◒꜠▫♦─⧵⁸⇔ ⌐⌐ ─ ╩

⇔√ j.data ≤™℮ⱨ□▬ꜟ╩ ⇔╕∆⁹ 

 

% mkdir ft  

% cd ft  

% grep òJ=ò ../output001 > j.data 

 

j.data ⱨ□▬ꜟ⌐⁸ ─╟℮⌐  1 ⌐  time_step_delta ≤  ext_pulse_epsilon ╩ ⅎ⁸↕╠⌐ 

time_step_max ─ ╩ 2 ⌐ ⅎ╕∆⁹ 

 

0.1  0.01   

1001    

J=      - 0.2999128661        0.0000002015       - 0.0000008972  

J=      - 0.2970981909       - 0.0000022160       - 0.0000000155  

é  

é 

↓─ⱨ□▬ꜟ╩ ⇔√╠⁸spectrum.f90 ╩◖fiⱤ▬ꜟ⇔√Ᵽ▬♫ꜞכ √≤ⅎ┌ a.out ╩ ⇔╕∆⁹  

≤⇔≡│⁸ ─ⱨ□▬ꜟ⅜ ╠╣╕∆⁹ 

ⱨ□▬ꜟ   

j.out  ≤ ─ ⁸Jx(t) Jy(t) Jz(t)  

p.out ↕╣√ ≥♩ⱷfiכ⸗ ─ ⁸Px(t) Py(t) 

Pz(t) 

pw.out  ⱨכꜞ◄ ↕╣√  ⱷfi♩⁸Re[Px(w)]כ⸗

Im[Px(w)]  

abs.out ⸗כⱷfi♩ ─☻Ɑ◒♩  ꜟ

 

5.5.1.5  

 

≤⇔≡⁸ⱬfi♀fi  5.57 ─ RT-TDDFT ╩ ⇔╕∆⁹↓─ ─ ⱨ□▬ꜟ│

samples/tddft/work_benzene ⌐№╡╕∆⁹ 
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 5.57 ⱬfi♀fi ─  

│⁸╕∏│SCF ╩ ⇔⁸≈™≢RT-TDDFT ╩ ⌐⇔√ ╩ ⇔╕⇔√⁹RT-TDDFT ─

☻♥♇ⱪ │11,000≤⇔⁸ ╖│0.1 au ( 0.0024 fs)≤⇔╕⇔√⁹↕╠⌐⁸ ╠╣√ ╩5.5.1.4≢

⇔√ ⅝⌐╟∫≡ⱨכꜞ◄ ⇔╕⇔√⁹ ╠╣╢ ☻Ɑ◒♩ꜟ│  5.58≢ ∆ ╡≢∆⁹ 

 

 5.58 ⌐╟∫≡ ╠╣╢ ☻Ɑ◒♩  ꜟ

 

─Ⱨ⁸⅜◒כ 6.8 eV⌐ ╣≡™╕∆⁹ ─SCF ⌐╟∫≡ ╠╣╢HOMO -LUMO ◑ꜗ♇ⱪ│

5.1 eV≢∆⅜⁸↓─ ╟╡╙ ⅝⌂ ⅜ ≤⇔≡ ╠╣≡⅔╡⁸╙∫≤╙╠⇔™ ≤ ⅎ╠╣╕∆⁹ 

 

5.5.1.6 ─  

 

 ̧ ⱡꜟⱶ ⱳ♥fi◦ꜗꜟ╩ ⇔≡ↄ∞↕™⁹►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ⌐│ ⇔≡™╕∑╪⁹ 
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 ̧ ─ ⅜ꜚ♬♇♩☿ꜟ ⌐ ∆╢╟℮⌐ ╩ ⇔⁸ ⅜ ⌂ ⌐ ╕╣√ꜚ♬

♇♩☿ꜟ◘▬☼╩ ⇔≡ ↕™⁹ ⅜☿ꜟ ╩╕√™≢ ∆╢ ⌐│⁸ ⅜♩ⱷfiכ⸗

⇔ↄ ↕╣╕∑╪⁹  

 ̧ ksampling{ }♃◓ ≢₈base_reduction_for_GAMMA = off ₉≤₈base_symmetrization_for_GAMMA = off ₉

╩ ⇔≡ ↕™⁹ 

 ̧ symmetry{ }♃◓ ≢₈method = manual₉≤₈sw_inversion = off₉╩ ⇔≡ ↕™⁹ 

 ̧ Ᵽꜟ◒ ─ ⌐│ ⇔≡™╕∑╪⁹ 
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5.6  

 

5.6.1 ☻♩꜠☻♥fi♁ꜟ╩ ⇔√ꜚ♬♇♩☿ꜟ  

 

5.6.1.1 Ɽꜝⱷכ♃ 

 

╕∏│ ╡ Ɽꜝⱷכ♃כⱨ□▬ꜟ╩ ⇔╕∆⁹☿ꜟ╩ ↕∑√№≤⌐ ─ ╩ ™√™

│ ╡ ─Ɽꜝⱷכ♃כ╩ ∆╣┌☿ꜟ─ ќ ⅜ ⇔≡™⌂™ │ ─

≤™℮ ╩∆╢╟℮⌐⌂╡╕∆⁹↕╠⌐ ─ ─╟℮⌂ ╩ ⅎ╕∆⁹ 

stru cture_evolution{  

  lattice{  

    sw_optimize_lattice = on  

  }  

}  

 

sw_optimize_lattice ╩on≤∆╢≤ ╩ ∆╢↓≤⅜≢⅝╕∆⁹lattice Ⱪ꜡♇◒⌐│ ─ ╩

∆╢↓≤⅜ ≢∆⁹ 

 

sw_optimize_lattice  ╩ ⌐∆╢ on≤⇔╕∆⁹♦ⱨ◊ꜟ♩ │off≢∆⁹⌂

⅔ ↓─☻▬♇♅⅜on─ │ sw_stress│ ⌐on⌐⌂╡╕∆⁹ 

sw_uniform  ╩ ⌐ ↕∑√™ ⌐on≤⇔╕∆⁹♦ⱨ◊ꜟ♩ │off≢∆⁹↓

─Ɽꜝⱷכ♃כ⅜ on─ ☻♩꜠☻♥fi♁ꜟ─ ─ ⌐╟∫≡

╩ ↕∑╢╟℮⌐ ⇔╕∆⁹ 

sw_rebuild_pws  ╩ ↕∑√ ⌐ ╩ ╡ ∆⅛≥℮⅛╩ ⇔╕∆⁹♦ⱨ◊

ꜟ♩ │on, ≈╕╡ ⅜ ∆╢ ⌐ ╩ ╡ ⇔╕∆⁹Off≤∆╢↓

≤⌐╟∫≡ ─ ╩ ↕∑╢↓≤⅜≢⅝╕∆⅜ ⅜

⇔≡╙ ∂ ☿♇♩╩ ⇔≡™╢ ≤™℮↓≤│ ⌐│◌♇♩○ⱨ◄

Ⱡꜟ◑כ⅜ ⌐ ⇔≡™╢ ≤™℮↓≤⌐ ∆╢ ⌐ ⅜ ≢∆⁹

╕√ ↓─Ɽꜝⱷכ♃כ╩off≤∆╢≤ ⅜≢⅝⌂ↄ⌂∫≡⇔╕™╕∆⁹ 

method ─ ╩ ⇔╕∆⁹bfgs, quench, sd─™∏╣⅛╩ ⇔╕∆⁹♦ⱨ

◊ꜟ♩ │bfgs≢∆⁹ 

delta_stress  method ⅜quench⅛sd─ ─ ─ ╖ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │

1≢∆⁹ 

max_stress ⌐ ∆╢ ☻♩꜠☻♥fi♁ꜟ─ ╩ ─ ≢ ⇔╕∆⁹

♦ⱨ◊ꜟ♩ │1.e-6  hartree/bohr 3≢∆⁹sw_uniform ⅜on─ │☻♩꜠

☻♥fi♁ꜟ─ ─ ⅜ ⌐ ↕╣╕∆⁹ 

sw_optimize_coordinates_once ─ │1 ─ ─ ─╖ ™√™ ⌐on≤⇔╕∆⁹ 

 

⌂⅔ ∆╢╟℮⌐☻♩꜠☻♥fi♁ꜟ─◌♇♩○ⱨ◄Ⱡꜟ◑כ⌐ ∆╢ │⅛⌂╡ ™ ⅜№╡╕∆⁹

☻♩꜠☻Ⱶ♬ⱴⱶ≤ ◄Ⱡꜟ◑כ─Ⱶ♬ⱴⱶ⅜ ⇔⌂™ ⅔∕╠ↄ◌♇♩○ⱨ⅜ ≢№╢↓≤⅜

≤ ⌐☻כ◔⌂℮╟─↓⁹∆╕╣╦ ⇔√╠ ☻♩꜠☻♥fi♁ꜟ≤◌♇♩○ⱨ◄Ⱡꜟ◑כ─ ╩⇔╠═≡™

√∞ↄ↓≤╩ ⇔╕∆⁹ 

 

5.6.1.2 ─  

 

│output000 ⱨ□▬ꜟ nfefn.data ⱨ□▬ꜟ nfdynm.data ⱨ□▬ꜟ⌐ ↕╣╕∆⁹ 

output000 ⱨ□▬ꜟ⌐│ ☻♩꜠☻♥fi♁ꜟ⅜ ↕╣╕∆⁹ ─◖ⱴfi♪⌐╟∫≡∕─ ╩ ∆╢↓≤

⅜≢⅝╕∆⁹ 

% grep ïA3 óSTRESS TENSOR$ô output000 

 

  STRESS TENSOR 
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        0.0002326236        0.0000000000        0.0000000000  

        0.0000000000        0.0002326236        0.0000000000  

        0.0000000000        0.0000000000        0.0002142790  

--  

  STRESS TENSOR 

        0.0002272841        0.0000000000        0.0000 000000  

        0.0000000000        0.0002272841        0.0000000000  

        0.0000000000        0.0000000000        0.0002077216  

--  

       éé.. 

       éé.. 

 

 

─ ─ ☻♩꜠☻♥fi♁ꜟ⅜1 ╣╢─╖≢∆⅜ ╩ ⇔≡™╢ │☻♩꜠☻♥fi♁

ꜟ─ ⅜ ↕╣╕∆⁹ 

 

nfefn.data ⱨ□▬ꜟ⌐│ ╡ ◄Ⱡꜟ◑כ╛ ⌐ ↄ ─ ─╒⅛ ☻♩꜠☻♥fi♁ꜟ─

sw_uniform ⅜on─ │ ─ ⅜ ↕╣╕∆⁹√≤ⅎ┌ ─╟℮⌂ ⅜ ╠╣╕∆⁹ 

 
iter_unitcell, iter_ion, iter_total, etotal, forcmx, stressmx  

     1    1      18     - 181.4043211413        0.0020128619  

     1    2      27     - 181.4043355689        0.0015666906  

     1    3      36     - 181.4043464493        0.0011267018  

     1    4      44     - 181.4043509953        0.0008837770  

     1    5      53     - 181.4043582176        0.0000137026        0.0002326 236 

     2    1      73     - 181.4044226903        0.0000645338        0.0002272841  

  ééé.. 

  ééé.. 

 

nfdynm.data ⱨ□▬ꜟ╙ ─╙─≤╒╓ ∂≢∆⅜ ─ ─ │ ⇔⅛ ↕╣⌂™Ⱬ♇♄כ⅜

☿ꜟⱬ◒♩ꜟ⅜ ↕╣╢ ⌐ ↕╣╕∆⁹ 

 
# 

#   a_vector =         8.6795114819        0.0000000000        0.000000000 0 

#   b_vector =         0.0000000000        8.6795114819        0.0000000000  

#   c_vector =         0.0000000000        0.0000000000        5.5916992108  

#   ntyp =        2 natm =        6  

# (natm - >type)     2    2    1    1    1    1  

# (speciesname)     1 :   O    

# (speciesname)     2 :   Ti   

# 

 cps and forc at (iter_ion, iter_total =     1      18 )  

    1    0.000000000    0.000000000    0.000000000    0.000000    0.000000    0.000000  

    2    4.339755741    4.339755741    2.795849605    0.000000    0.000000    0.000000  

    3    2.643779197    2.643779197    0.000000000   - 0.001423   - 0.001423    0.000000  

    4    6.983534938    1.695976544    2.795849605   - 0.001423    0.001423    0.00 0000 

                              éé 

     éé 

# 

#   a_vector =         8.7672856463        0.0000000000        0.0000000000  

#   b_vector =         0.0000000000        8.7672856463        0.0000000000  

#   c_vector =         0.0000000000        0.0000000000        5.6429940606  

#   ntyp =        2 natm =        6  

# (natm - >type)     2    2    1    1    1    1  

# (speciesname)     1 :   O    

# (speciesname)     2 :   Ti   

# 

 cps and forc at (iter_ion, iter_total =     1     111 )  

    1    0.000000000    0.0000000 00    0.000000000    0.000000    0.000000    0.000000  

    2    4.383642823    4.383642823    2.821497030    0.000000    0.000000    0.000000  

    3    2.663907294    2.663907294    0.000000000    0.001773    0.001773    0.000000  

    4    7.047550117    1.71 9735530    2.821497030    0.001773   - 0.001773    0.000000  

    5    1.719735530    7.047550117    2.821497030   - 0.001773    0.001773    0.000000  

    6   - 2.663907294   - 2.663907294    0.000000000   - 0.001773   - 0.001773    0.000000  
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                              éé 

     éé 

 

5.6.1.3 ꜟ♅ꜟ TiO2 

 

Ɽꜝⱷכ♃כⱨ□▬ꜟ⌐│ ─╟℮⌂ ╩ ⇔╕⇔√⁹ 

 ̧ ◌♇♩○ⱨ◄Ⱡꜟ◑80│כ Rydberg 

 ̧ ⱳ♥fi◦ꜗꜟ│ CISS ►▼Ⱪ◘▬♩⌐⌐⅔™≡ ↕╣≡™╢ Ti_ggapbe_us_02.pp ≤

O_ggapbe_us_02.pp 

 ̧ ─ ╩ ∆ │BFGS ≤⌂╢ ─ │2e-4 

 ̧ ⅔╟┘ │ ☻כⱬ♃כ♦ AtomWork http ://crystdb.nims.go.jp/ ⌐ ↕

╣≡™√ꜟ♅ꜟ TiO2─♦כ♃╩  

 ̧ ♁ꜟⱣכ Ⱶ◐◘כ│ ∑∏ ♦ⱨ◊ꜟ♩ ╩ ⁹ 

⇔√◌♇♩○ⱨ◄Ⱡꜟ◑80│כ Rydberg≤ ⅝⌂╙─≢∆⅜ ─╟℮⌐TiO2─ │↓╣ↄ╠

™ ≢№╢≤ ⅎ╠╣╕∆⁹ 

 

nfefn.data ⱨ□▬ꜟ─ │ ─╟℮⌐⌂╡╕⇔√⁹ 
  iter_unitcell, iter_ion, iter_total, etotal, forcmx, stressmx  

     1    1      18     - 181.4043211413        0.0020128619  

     1    2      27     - 181.4043355689        0.0015666906  

     1    3      36     - 181.4043464493        0.0011267018  

     1    4      44     - 181.4043509953        0.0008837770  

     1    5      53     - 181.4043582176        0.0000137026        0.0002326236  

     2    1      73     - 181.4044226903        0.0000645338        0.0002272841  

     3    1      92     - 181.4044839579        0.0001241955        0.0002222588  

     4    1     111     - 181.4056948858        0.0025074070        0.0002222588  

     4    2     120     - 181.4057176163        0.0020195652        0.0002222588  

     4    3     130     - 181.4057600852        0.0000156213        0.0000444895  

                              éé 

     éé 

    9    1     248     - 181.4058191217        0.0001647915        0.0000332105  

    10    1     268     - 181.4058328662        0.0000709369        0.0000119789  

    11    1     287     - 181.4058349707        0.0000268520        0.0000015502  

    12    1     306     - 181.4058351835        0.0000244918        0.0000006790  

 

╕∏│ ─ ⅜ 5 ↕╣≡™╕∆⁹∕─ ☻♩꜠☻♥fi♁ꜟ│ ⌂─≢ 6 │ ⌐

⌂∫≡™╕∆⁹5 ≢ ⌐ ↄ ─ ⅜ ╟╡ ↕ↄ⌂∫√─≢ ☿ꜟ╩ ↕∑√─∟⌐ ⅜

⇔≡™╕∆⁹↓─ ⌐ ─ ╩ ∆1 ─ ⅜2⌐⌂∫≡™╢↓≤⅜╦⅛╡╕∆⁹╕

√ 6 ⌐☻♩꜠☻♥fi♁ꜟ─ ⅜ ↕╣≡™╕∆⁹2 ≤ 3 ─ │☿ꜟ╩ ↕∑≡╙

⌐ ↄ ─ │ ∞∫√─≢ ─ │ ↕╣╕∑╪≢⇔√⅜ 4 ☿ꜟⱬ◒♩ꜟ

⌐│∕℮≢│⌂⅛∫√─≢ ─ ⅜ ╦╣≡™╕∆⁹↓─╟℮⌐☿ꜟ─ ≤ ⌐ ∂√

─ ⅜ ╦╣≈≈ ⅜ ⇔ ☿ꜟ─ ⅜ 12 ≤⌂∫√≤↓╤≢☻♩꜠☻♥fi♁ꜟ─

⅜ ≤⌂∫√─≢ │ ⇔√≤╖⌂↕╣ ⇔≡™╕∆⁹ ─ ╩ ⌐╕≤╘

╕⇔√⁹ 

 



 

 263 

 

 5.59 ─ ⁹ ◄Ⱡꜟ◑כ ☻♩꜠☻♥fi♁ꜟ─ ⁹ 

 

⌂ │ nfdynm.data ⱨ□▬ꜟ⌐ ↕╣√ ─☿ꜟⱬ◒♩ꜟ ─ ⅛╠╙≤╘╢↓≤⅜≢⅝

╕∆⁹↓─ ─ a=8.7934 bohr, c=5.6164 bohr≤ ╠╣╕⇔√⁹ 

 

 ̧ ☻♩꜠☻♥fi♁ꜟ≤◌♇♩○ⱨ◄Ⱡꜟ◑כ 

☻♩꜠☻♥fi♁ꜟ│ ◄Ⱡꜟ◑כ╛ ≤ ⇔≡◌♇♩○ⱨ◄Ⱡꜟ◑כ⌐ ⇔≡ ⇔≠╠™ ⅜№

╡╕∆⁹ ≤⇔≡ ─ ≢ꜟ♅ꜟ TiO2─☻♩꜠☻♥fi♁ꜟ≤◌♇♩○ⱨ◄Ⱡꜟ◑כ─ ╩ ⌐

ⱪ꜡♇♩⇔╕⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5.60 ꜟ♅ꜟ TiO2─ ─ ☻♩꜠☻♥fi♁ꜟ≤◌♇♩○ⱨ◄Ⱡꜟ◑כ─  

⅛╠╦⅛╢╟℮⌐ ◌♇♩○ⱨ50 Rydberg ─ ☻♩꜠☻♥fi♁ꜟ─ ⅜ ∫≡⇔╕∫≡™╕∆⁹

│≢☻כ◔─↓ №╢ ⇔√☻♩꜠☻♥fi♁ꜟ╩ ╢√╘⌐│ ≢╙80 Rydberg ─◌♇♩

○ⱨ◄Ⱡꜟ◑כ⅜ ≢№╢↓≤⅜ ↕╣╕∆⁹ 
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5.7 ⱡfi◖ꜞ♬▪ ─ ⁸☻Ⱨfi  

 

5.7.1 ⱡfi◖ꜞ♬▪ ─  

 

5.7.1.1 ─  

 

─ ≢│⁸ ⌂ ─♩ⱷfiכ⸗ ⅝↕│⁸▪♇ⱪה♄►fi☻Ⱨfi ─ ≢ ↕╣⁸∕─

⅝⌐≈™≡│ ↕╣╕∑╪⁹ ⅝╕≢ ∆╢√╘⌐│⁸1 ≈─ ⅜▪♇ⱪ ┘♄►fi☻Ⱨfi ╩╙

≈╟℮⌐∆╢⁸∆⌂╦∟2 ☻Ⱨⱡכꜟ≢ ∆ ⅜№╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

↓╣⌐ ⇔≡ │ 

 

 

 

─╟℮⌐⁸☻Ⱨfi ⌐ ⇔≡2x2 ≤⌂╡╕∆⁹╕√⁸ ⌂ ┘  ⱷfi♩│⁸כ⸗

 

 

 

 

 

 

 

 

≤⌂╡╕∆⁹ 

 

5.7.1.2 Ɽꜝⱷכ♃ 

 

ⱡfi◖ꜞ♬▪ ─ ⁸∆⌂╦∟ 2 ☻Ⱨⱡכꜟ≢─ ╩ ℮⌐│⁸structure Ⱪ꜡♇◒⌐ 

òmagnetic_state =  noncollinear  ò ≤ ⇔╕∆⁹╕√⁸ ─ ─♩ⱷfiכ⸗ ─

╩⁸ómx my mzó ⌐ ⇔╕∆⁹ ⌐ ⇔⌂™ │⁸z ╩ ↄ≤ ⇔╕∆⁹ ─♩ⱷfiכ⸗

─ │⁸ótheta phi ó ( degree) ≢╙ ≢∆⁹ 

structure{  

        ...  

     magnetic_state =  noncollinear  

 

  element_list{  

  #units atomic_mass  

  #tag element atomicnumber    zeta   deviation  mx  my   mz  

O       8          0.166666   1.5     0.0  0.0   1.0  

max

max

( 0)

( )

( 0)

( )

nk

nk nk

nk nk

nk

G

G G

G

G G

y

y y

y y

y

¬

¬ ¬

® ®

®

å õ=
æ ö
æ ö
æ ö
æ ö

å õæ ö=
=æ öæ öæ ö =æ öç ÷
æ ö
æ ö
æ ö
æ öæ ö=ç ÷

( ) nk nk nk

nk

n fab a by y=är r r

() [ ] () ()Tr ( )totn n n naa bb= = +r r r r

() () ()xm n nab ba= +r r r

() () ()ym i n nab baè ø= - +ê úr r r

() () ()zm n naa bb= -r r r
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      }  

...  

}  

 

5.7.1.3 ─  

 

⌐│⁸ ─╟℮⌂ ⌐♩ⱷfiכ⸗ ∆╢ ⅜ ↕╣╕∆⁹Tot, Mx, My, Mz │⁸∕╣∙╣⁸

⌂ ┘ ╩♩ⱷfiכ⸗ ≢ ⇔ ╦∑√ ≢∆⁹↓╣ │ ─ ⌐╟╢ ≤

≢∆⁹ 

!OLD Chg ** Tot: 40.00000000  Mx: 0.00073742  My: 0.00000000  Mz: 16.17742289  

!NEW Chg ** Tot: 40.00000000  Mx: 0.00075559  My: 0.00000000  Mz: 16.17739619  

 

 

5.7.2 ☻Ⱨfi  

 

5.7.2.1 ─  

 

2 ☻Ⱨⱡכꜟ⅜ ⌐⌂╢─│⁸☻Ⱨfi ╩ ∆╢ ≢∆⁹☻Ⱨfi │⁸ 

 

 

 

≢ ↕╣╕∆⁹↓↓≢⁸ ( )cV r │ ╡─ ⌂ⱳ♥fi◦ꜗꜟ≢∆⁹↓─Hamiltonian │⁸ ─▪

♇ⱪ ┘♄►fi☻Ⱨfi ─ ⌐ ╩ ⅛∑╢√╘⁸5.8.1 ≢ ⇔√ 2 ☻Ⱨⱡכꜟ⅜ ⌐⌂╡╕

∆⁹ 

 

5.7.2.2 Ɽꜝⱷכ♃ 

 

☻Ⱨfi ╩ ∆╢⌐│⁸accuracyⱩ꜡♇◒ ─spin_orbit Ⱪ꜡♇◒⌐ òmode = pawpot ò ≤ ⇔╕

∆⁹↓╣ │⁸ⱡfi◖ꜞ♬▪ ─ ≤ ≢∆⁹ 

accuracy{  

   é  

  spinorbit{  

        mode = pawpot  

    }  

    é 

}  

 

5.7.2.3 ─  

 

☻Ⱨfi ⌐╟╢◄Ⱡꜟ◑⁸│כ ⌐ESpinOrb_ old, new ≢ ↕╣╕∆⁹ 

⌂⅔⁸↓╣╠─ │⁸◖fiⱤ▬ꜟ ⌐CPPFLAG ⌐ -DUSE_ESPINORB  ╩≈↑√ ⌐─╖ ↕╣╕∆⁹ 
TOTAL ENERGY FOR 53 - TH ITER=    - 41.454944288742  edel =  - 0.170628D - 08 : SOLVER = SU  

BMAT + RMM3 

 KI=     13.204535394898 HA=     32.283599969986 XC=     - 6.801519951682 LO=    - 83.580054495015  

 NL=      7.597059454569 EW=      5.402894293900 PC=      0.000000000000 EN=      0.000000000 000 

 PHYSICALLY CORRECT ENERGY =     - 41.454944288742  

 EOHXC_PAW=     - 0.4786729 HA_PAW=      0.0218350  

 XC_PAW_AE=    - 15.6619733 XC_PAW_PS=     - 5.6000049  

!XC_PAW_AE- XC_PAW_PS=    - 10.0619684  

 ESpinOrb_old=     - 0.0000308 ESpinOrb_now=     - 0.0000293  

 

 

  

2

soc 2 2

( )1

2

cV r
H

m c r r

µ
= Ö

µ
L S
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5.7.2.4 O2 ⁸Pt2  

 

│⁸sample/SpinOrbit ≢∆⁹↓╣╠─ ≢│⁸ ╩ x ⌐ ⇔⁸ ─♩ⱷfiכ⸗ ⅝( theta )

⌐╟╢ ◄Ⱡꜟ◑כ─ ™╩ ⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 5.61 ☻Ⱨfi ─ ─  

 

O2  

 ̧ SpinOrbit/O2 /Theta_0  

 ̧ SpinOrbit/O2 /Theta_90  

 

─ ⅜⁸1 №√╡ 0.108 meV ≢∆⁹ 

 

Pt2  

 ̧ SpinOrbit/Pt2 /Theta_0  

 ̧ SpinOrbit/Pt2 /Theta_90  

 

─ ⅜⁸1 №√╡ 17.215 meV ≢∆⁹ 

 

 

5.7.2.5 ─  

 

 ̧ ☻Ⱨfi ╩ ™≡◄Ⱡꜟ◑כ ╩ ℮ ⁸ ╩E─╖⌐↕╣╢↓≤╩⅔ ╘⇔╕∆⁹ 

 ̧ smearing ⌐⅔™≡method = parabolic ─╖⅜ ≢∆⁹ 
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6. PAW ⌐╟╢  

 

6.1 ─  

 

PAW ≤│ projector -augmented wave ─ ≢∆⁹►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ ≤ ™ ─№╢

≢∆⅜ ►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ ≤ ∆╢≤ ⌐ ╩ ∆╢ ╛ ─ ⅝⌂

⌐⅔™≡ ⌂ ⅜ ⅎ╢≤↕╣≡™╢ ≢∆⁹↓↓≢│ PAW ⌐╟╢ ╩PHASE ≢ ∆

╢ ╩ ⇔╕∆⁹ 

 

6.2 Ɽꜝⱷ⁸♃כ ─  

 

PAW ╩ ∆╢√╘⌐│ PAW ⱳ♥fi◦ꜗꜟ╩ ∆╢ ⅜№╡╕∆⁹PAW ⱳ♥fi◦ꜗꜟ│ ⱳ♥fi

◦ꜗꜟ   ⌐כꜞ♩◒꜠▫♦

_ggapbe_paw_xxx.pp  

≤™℮ⱨ□▬ꜟ ≢ ⇔╕∆⁹ ─ⱡꜟⱶ ⅔╟┘►ꜟ♩ꜝ♁ⱨ♩ⱳ♥fi◦ꜗꜟ≤ file_names.data

ⱨ□▬ꜟ⌐⅔™≡ F_POT ≢ ∆╢ ─ⱨ□▬ꜟ╩ ⇔╕∆⁹↕╠⌐ ─╟℮⌐ paw ╩

∆╢╟℮⌂ ╩ ⱨ□▬ꜟ⌐ ⇔╕∆⁹ 

PAW ⱳ♥fi◦ꜗꜟ╩ ⇔≡╙ ♦ⱨ◊ꜟ♩─ ≢│PAW ─ │ ╦╣╕∑╪⁹PAW ─ ╩ ℮⌐

│ ⱨ□▬ꜟ─accuracyⱩ꜡♇◒≢ paw ╩ ⇔ ∕─ ╩on⌐∆╢ ⅜№╡╕∆⁹ 

accuracy{  
    paw = on 
}  

  

PAW ─ ─ ™ ╩ ∆╢↓≤⌐╟∫≡ ╩ ↕∑╢↓≤⅜≢⅝╢ ⅜№╡╕∆⁹

─ ╩ ∆↓≤⌐╟╡ ↄ─ ⅜ ↕╣╕∆⁹ 

charge_mixing{  
    ...  
    sw_mix_charge_hardpart  = on 
}  

 

ekcal⌐╟╢ ─ ╩ ℮ ↕╠⌐file_names.data ⌐F_CNTN_BIN_PAW ╩ ⇔≡PAW

╩♃כ♦─ ⇔ ╖ ╕∑╢ ⅜№╡╕∆⁹↓─ⱨ□▬ꜟ─ ─ⱨ□▬ꜟ │

continue_bin_paw.data ≢∆⁹√≤ⅎ┌ SCF ╩כꜞ♩◒꜠▫♦╩ ⅜כꜞ♩◒꜠▫♦√∫ 1 ─♦▫

√∫∞כꜞ♩◒꜠ ─╟℮⌂ ⅜ ≢∆⁹ 

&fnames  
...  
...  
F_CNTN_BIN_PAW='../continue_bin_paw.data'  
/  

 

 

6.3 ◒꜡ⱶ 

 

PAW ╩ ⇔√ ≤⇔≡ ◒꜡ⱶ─ ─ ╩ ⇔╕∆⁹◒꜡ⱶ│ ►ꜟ♩ꜝ

♁ⱨ♩ ⱳ♥fi◦ꜗꜟ≢ ∆╢≤ ⅜ ↕╣ ╕√ ⅜ ↕╣╕∆⁹↓─ ⅜≥

─╟℮⌐ ↕╣╢⅛ ⇔╕∆⁹  

⌐ │♃כ♦√⇔ samples/Cr ⌐№╡╕∆⁹samples/Cr ⌐│ ─ⱨ□▬ꜟ⅜№╡╕∆⁹ 

Cr_ggapbe_paw_002.gncpp2  

Cr_ggapbe_us_02.pp  

paw/  



 

 268 

us/  

 

Cr_ggapbe_paw_002.gncpp2 ⅜PAW ─ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ Cr_ggapbe_us_02.pp ⅜►ꜟ♩ꜝ♁ⱨ

♩ ⱳ♥fi◦ꜗꜟ─ⱨ□▬ꜟ≢∆⁹♦▫꜠◒♩ꜞכpaw⌐PAW ─ ⅜♃כ♦ us⌐►ꜟ♩ꜝ♁ⱨ♩ ─

⅜♃כ♦ ↕╣≡™╕∆⁹paw, us─ │⌐כꜞ♩◒꜠▫♦ ⅜כꜞ♩◒꜠▫♦─ ⇔╕∆⁹ 

catenergy.sh  

vol20/  

vol21/  

... ... 

 

catenergy.sh │ ∆═≡─ ⌐≈™≡─ ⅜ ⇔√№≤⌐◄Ⱡꜟ◑כ♦כ♃ⱨ□▬ꜟ╩ ∆╢◦▼ꜟ☻

◒ꜞⱪ♩≢∆⁹vol20, vol21, ...│∕╣∙╣ 20Åȏ3, 21Åȏ3,...─ ⌐♃כ♦ ⇔╕∆⁹∆═≡─♦▫꜠◒♩ꜞ

≢כ ╩ ⇔√№≤ catenergy.sh ╩ ∆╢≤ paw(us)♦▫꜠◒♩ꜞכ⌐ ─◄Ⱡꜟ◑כ╩ ⇔√

ⱨ□▬ꜟ energy.data ⅜ ↕╣╕∆⁹  

paw♦▫꜠◒♩ꜞכ ─ ⅜♃כ♦ ─כꜞ♩◒꜠▫♦√╣↕ file_names.data ⱨ□▬ꜟ⌐│ ─╟℮

⌂ ⅜№╡╕∆⁹  

 F_POT(1)  = '../../Cr_ggapbe_paw_002.gncpp2'  
 F_POT(2)  = '../../Cr_ggapbe_paw_002.gncpp2'  

↓─ ⅜№╢─≢ PAW ─ⱳ♥fi◦ꜗꜟ⅜ ↕╣╕∆⁹ ∂╟℮⌐ us♦▫꜠◒♩ꜞכ ─ ♃כ♦

⅜ ─כꜞ♩◒꜠▫♦√╣↕ file_names.data ⱨ□▬ꜟ⌐│Cr_ggapbe_us_02.pp ╩ ∆╢ ⅜№╡╕∆⁹  

─ ╠╣√Ὁὠ ╩  6.1⌐ ⇔╕∆⁹ ⇔≡ ╠⅛⌂╟℮⌐ PAW ≤ US ≤≢│ ↄ↓≤

⌂╢Ὁὠ ⅜ ╠╣╕∆⁹ ↕╠⌐ ↓─Ὁὠ ╩╙≤⌐ ◄Ⱡꜟ◑כ╩╙≤╘√

╩ ≤≤╙⌐  6.1⌐╕≤╘╕⇔√⁹ US ≤ ⇔≡PAW ⌐╟∫≡ ≤─ ⅜ ⇔≡™╢

↓≤⅜ ⅛╡╕∆⁹ 

 

 

 6.1 ◒꜡ⱶ─EV ⁹ ⅜PAW ─ ⅜US ─ ⁹ ≢ ╠╣√ ╙ ™◄Ⱡꜟ◑כ╩

◄Ⱡꜟ◑כ─ ≤⇔≡™╢⁹ 
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 6.1 PAW ⅔╟┘US ⌐╟∫≡╙≤╘√ ◄Ⱡꜟ◑כ 

 US  PAW     

a (М) 2.994  2.886  2.88   

B (GPa) 89.2  150.5  190.1   

Ecoh (eV/atom) 4.01  3.065  4.10   

 

 

6.4 PAW ≢ ⌂  

 

PAW ≢ ⌂ ≢∆⁹ 

 

 ̧ ◄Ⱡꜟ◑כ 

 ̧  

 ̧ ☻Ⱨfi  

 ̧  

 ̧ ה ─  

 ̧ ─  

 ̧ Ᵽfi♪  

 ̧ ☻♩꜠☻♥fi♁ꜟ─  

 ̧   

 ̧  

 ̧  

 ̧ DFT+U  

 ̧ ESM  

 ̧ ⅝♄▬♫Ⱶ◒☻ 

 ̧ ⱷ♃♄▬♫Ⱶ◒☻ 

 ̧ NEB  

 ̧  

 ̧ ⱡfi◖ꜞ♬▪  

 ̧ ☻Ⱨfi  

 ̧ UVSOR-Epsilon ─  

 ̧ UVSOR-Berry -Phonon─  
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7.  

 

7.1 ⁸  

 

7.1.1 ◌♇♩○ⱨ◄Ⱡꜟ◑כ≤  

 

╩ ⇔≡™╢ ─1≈≤⇔≡ ◌♇♩○ⱨ◄Ⱡꜟ◑כ│ ⅝ↄ∆╣┌∆╢╒≥ ∏ ◄Ⱡꜟ◑כ

│ ↕ↄ⌂╡  ─ ⌐ ≠ↄ ≤™℮ ⅜ →╠╣╕∆⁹ ≤⇔≡ ─▪

ꜟⱵ♬►ⱶ ╩ ⇔√♥☻♩ ╩ ⇔╕∆⁹  7.1⌐◌♇♩○ⱨ◄Ⱡꜟ◑כ≤ ◄Ⱡꜟ◑כ─ ╩ ⇔

╕∆⁹ 

 

 

 7.1 ▪ꜟⱵ♬►ⱶ ─ ─ ◌♇♩○ⱨ◄Ⱡꜟ◑כ≤ ◄Ⱡꜟ◑כ─  

⅛╠ ╠⅛⌂╟℮⌐ ◌♇♩○ⱨ◄Ⱡꜟ◑כ╩ ⅝ↄ∆╢≤ ◄Ⱡꜟ◑כ⅜ ↕ↄ⌂╡ ─ ⌐ ⇔≡

™╕∆⁹ ↓─ ╢ ™│ ⇔≡™╢ ⱳ♥fi◦ꜗꜟ⌐ ⇔╕∆⁹↓─ ≢│ 36 Rydberg╒≥≢ №√

╡1 meV ╕≢ ⇔≡™╕∆⁹ ≥─ ─ ╩ ∆═⅝⅛│ №╢ ⌐╟∫≡ ⌂∫≡⅝╕∆⅜

10 meV ─ ⅜ ╠╣≡™╣┌ ≢№╢≤ ⅎ╠╣╕∆⁹ ╕√ ◄Ⱡꜟ◑כ─ ◄Ⱡꜟ◑כ

≢│⌂ↄ ◄Ⱡꜟ◑כ─ │╟╡ ↕⌂◌♇♩○ⱨ◄Ⱡꜟ◑כ≢ ∆╢↓≤⅜ ≢⅝╕∆⁹ 

 

 

7.1.2 k ◘fiⱪꜞfi◓≤  

 

PHASE │ ╩ ⇔≡™╢─≢ ⅎ╢ │ ⌐ ╠╣╕∆⁹⇔√⅜∫≡ ∆═≡─ │

⌐│ Ⱪꜞꜚ▪fi♂כfi ≢ ∆╢ ⅜№╡╕∆⁹↓─ Ⱪꜞꜚ▪fi♂כfi ─ ─ ⅛↕╩

∆╢─⅜Ὧ ◘fiⱪꜞfi◓≢∆⁹ Ὧ ◘fiⱪꜞfi◓ ≤ ◄Ⱡꜟ◑כ─ ╩  7.2⌐ ⇔╕∆⁹ 
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 7.2 ▪ꜟⱵ♬►ⱶ ─ ─ k ≤ ◄Ⱡꜟ◑כ─  

 

Ὧ ⌐ ⇔≡│ ⅜ ∆╢╦↑≢│⌂™─≢ Ὧ ⌐ ∂≡ ◄Ⱡꜟ◑כ⅜ ∆╢╦↑≢│⌂

™ ⌐│ ⅜ ≢∆⁹  30─ ≢╙ ◄Ⱡꜟ◑כ⅜ ⅝ↄ⌂∫≡⅛╠ ┼ ∫≡™╢↓≤⅜ ⅛

╡╕∆⁹  

⌂⅔ ◌♇♩○ⱨ◄Ⱡꜟ◑כ─ ≤ ↓↓≢╖√ ◄Ⱡꜟ◑כ─ ◄Ⱡꜟ◑כ≢│⌂ↄ ◄Ⱡꜟ◑כ─

│ ╟╡ ⌂™Ὧ ◘fiⱪꜞfi◓ ≢ ∆╢↓≤⅜ ≢⅝╕∆⁹ 

 

7.1.3 ≤  

 

SCF ─ ╩ ⇔ↄ∆╢≤ ⌐ ↄ ╩╟╡ ╟ↄ ∆╢↓≤⅜ ≤⌂╡╕∆⁹ ─

─ ρπ  hartree ─ ╩ ∆╣┌ ↄ─ ⌂ↄ ⇔╕∆⁹ ◦

Ⱶꜙ꜠כ◦ꜛfi⌐⅔™≡ ╩ ↕∑╢⌐│ ↕╠⌐ ⇔™ ╩ ∆╢ ⅜№╡╕∆⁹  

 7.3⌐ SiO2⌐ ⇔≡ ╩ ↕∑⌂⅜╠ ─ ╩ ∫√ ╩ ≤⇔≡⇔╘⇔╕∆⁹↓─ ⅛╠  

╩ ↕∑╢√╘⌐│ρπ  hartree ─ ⇔™ ⅜ ↕╣╢↓≤⅜ ⅛╡╕∆⁹ 
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 7.3 SiO2 ─ ≤ ─ ─  
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7.1.4 ⱬfi♅ⱴכ◒ ♁ꜟⱣכ─  

 

7.1.4.1 FCC-Cu 

FCC-Cu ⌐≈™≡ ♁ꜟⱣכ⅜≥─ ─Ɽⱨ◊כⱴfi☻╩ ∆⅛ ⅛╘≡╖╕⇔╞℮⁹⌂⅔ ↓↓

≢ ∆╢ ─ │♃כ♦  ⁹∆╕╡№⌐כꜞ♩◒꜠▫♦Ⱪ◘─כꜞ♩◒꜠▫♦─

samples/sol_cmix_test/Cu  

 

 ♃כ♦ 

╕∏ ♁ꜟⱣכ ─  ⁹∆≢♃כ♦
Control{  
    condition  = initial  
    cpumax = 1 day  
}  
accuracy{  
    cutoff_wf  =  25.0  rydberg  
    cutoff_cd  = 225.0  rydberg  
    num_bands  = 10 
    ksampling{  
        mesh{  
            nx = 10 
            ny = 10 
            nz = 10 
        }  
    }  
    scf_convergence{  
        delta_total_energy  = 1.e - 10 hartree  
        succession    = 3 
    }  
    initial_wavefunctions   = atomic_orbitals  
    initial_charge_density  = atomic_cha rge_density  
}  
structure{  
    unit_cell_type  = primitive  
    unit_cell{  
        !#units  bohr  
        a_vector  =  0.0000000   3.4704637   3.4704637  
        b_vector  =  3.4704637   0.0000000   3.4704637  
        c_vector  =  3.4704637   3.4704637   0.0000000  
    }  
    symmetry{  
         method  = automatic  
         tspace{  
            lattice_system  = fcc  
         }  
         sw_inversion  = on 
    }  
    atom_list{  
         atoms{  
            !#tag   rx        ry        rz        weight    element     mobile  
                  0.000     0.000      0.000        1        Cu        0 
        }  
    }  
    element_list{  
     #tag  element   atomicnumber  
               Cu          29 
    }  
}  
wavefunction_solver{  

         
}  
charge_mixing{  
    mixing_methods{  
        !#tag   method    rmxs     rmxe     itr    var    prec  istr   nbmix   update  
              broyden2   0.60     0.60     *      *      on     3    15     RENEW 
    }  
}  
printlevel{  
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    base  = 1 
}  

 

⌐ ♁ꜟⱣכ─ ╩ ⇔╕∆⁹ 

 

 ̧  
wavefunction_solver{  
    solvers{  
          !#tag    id  sol     till_n   dts   dte    itr    var   prec  cmix  submat  
                1  matrixdiagon    - 1    *       *     *       *    on 1 off  
    }  
}  

 

 ̧ lm+msd, │  
wavefunction_solver{  
    solvers{  
          !#tag    id  sol     till_n   dts   dt e   itr    var   prec  cmix  submat  
                1  lm+msd   1    *       *     *       *    on 1 on 
    }  
    submat{  
      before_renewal=off  
    }  
}  

 

 ̧ lm+msd, │  
wavefunction_solver{  
    solvers{  
          !#tag    id  sol     till_n   dts   dte    it r    var   prec  cmix  submat  
                1  lm+msd   1    *       *     *       *    on 1 on 
    }  
    submat{  
      before_renewal=on  
    }  
}  

 

 ̧ lm+msd ќ rmm3, │  
wavefunction_solver{  
    solvers{  
          !#tag    id  sol     till_n   dts   dte    itr    var   prec  cmix  submat  
                1  lm+msd   1    *       *     *       *    on 1 on 
                2  rmm3      - 1    *       *     *       *     on   1    on 
    }  
    rmm{ 
      edelta_change_to_rmm  = 5.0e - 3 
    }  
    submat{  
      before_renewal=off  
    }  
}  

 

 ̧ lm+msd ќ rmm3, │  
wavefunction_solver{  
    solvers{  
          !#tag    id  sol     till_n   dts   dte    itr    var   prec  cmix  submat  
                1  lm+msd   1    *       *     *       *    on 1 on 
                2  rmm3      - 1    *       *     *       *     on   1    on 
    }  
    rmm{ 
      edelta_change_to_rmm  = 5.0e - 3 
    }  
    submat{  
      before_renewal=on  
    }  
}  
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 ̧ Davidson ќ rmm3, │  
wavefunction_solver{  
    solvers{  
          !#tag    id  sol     till_n   dts   dte    itr    var   prec  cmix  submat  
                1  davidson    1    *       *     *       *    off  1 off  
                2  rmm3      - 1    *       *     *       *     on   1    on 
    }  
    rmm{ 
      edelta_change_to_rmm  = 5.0e - 3 
    }  
    submat{  
      before_renewal=off  
    }  
}  

 

 ̧ Davidson ќ rmm3, │  
wavefunction_solver{  
    solvers{  
          !#tag    id  sol     till_n   dts   dte    itr    var   prec  cmix  submat  
                1  davidson    1    *       *     *       *    off  1 off  
                2  rmm3      - 1    *       *     *       *     on   1    on 
    }  
    rmm{ 
      edelta_change_to_rmm  = 5.0e - 3 
    }  
    submat{  
      before_renewal=on  
    }  
}  

 

 ̧ Davidson 
wavefunction_solver{  
    solvers{  
          !#tag    id  sol     till_n   dts   dte    itr    var   prec  cmix  submat  
                1  davidson    - 1    *       *     *       *    off  1 off  
    }  
}  

 

  

ⱬfi♅ⱴכ◒♥☻♩─ ╩  2⌐  ╩  2⌐ ⇔╕∆⁹ Intel Fortran Compiler 11.1 for Linux 

≢◖fiⱤ▬ꜟ⇔≡  2.4GHz ─Opteron280 ⱪ꜡☿♇◘╩ ≡™⅔⌐ⱴ◦fiכ♃☻ꜝ◒√⇔ k 4 ≢

╩ ™╕⇔√⁹ 
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 7.4 ♁ꜟⱣכ⌐╟╢ ─ ↕─  

 

 7.1│ ♁ꜟⱣכ⌐╟╢ ─ ≢∆⁹ ╡ ⇔ │ ─ ─ ≢∆⁹╕√

│Opteron 280 2.4GHz ─◒ꜝ☻♃כⱴ◦fi≢ k 4 ≢ ∫√ ─ ≢∆⁹№ↄ╕≢ ≤⅔

ⅎↄ∞↕™⁹ 

 7.1 ♁ꜟⱣכ⌐╟╢ ─ ⁹ 

  ╡ ⇔      

  13   19.2    

lm+msd, │   67   22.2    

lm+msd, │   105   32.4    

lm+msd  O rmm3, │   34   12.4    

lm+msd  O rmm3, │   16   8.4    

Davidson  O rmm3, │   23   11.2    

Davidson  O rmm3, │   15   9.5    

Davidson  17   11.8    

 

│ ╡ ⇔ ≢ │ ⅛╠─ ⌂◄Ⱡꜟ◑⁹∆≢כ SCF ≢│ ⅜ ╡ ≈─

≢ ◄Ⱡꜟ◑כ⅜ ™╒≥ ⌂ ≤⌂╡╕∆⁹ │ ╡ ⇔ ≢ √ │ ™─≢∆⅜

1 №√╡─ │ ⌐ ⅝ↄ  ≤ↄ⌐ ─◘▬☼⅜ ⅝ↄ⌂╢≤ ↓─ │ ≢⅝⌂ↄ⌂╡

╕∆⁹ ⌐│ ≢ rmm3 ┼ ⅜☻כ◔╢∆ ↄ ⇔≡™╕∆⁹╕√ rmm3 │

╩ ⌐ ∆╢ ⅜╟╡ ↄ ⇔≡™╕∆⁹  

∆╢ ⌐ ⇔≡ ─ ↕ │ ⇔╕∆⁹∕↓≢ ∕─ ⌂ ╩ ∆╢ ╩

⅔ ╘™√⇔╕∆⁹ ≢ ─ ™ ≤⇔≡  LM+MSDƂRMM3, Davidson , 

DavidsonƂRMM3⅜ ↄ─ ↕╣╕∆⁹╕√ RMM3 ╩ ∆╢ │

⌐ ⇔√ ⅜╟™ ⅜ ™≢∆⁹ Davidson ╩ ∆╢ (precon)│off≤⇔≡⅔™√ ⅜

╟™≢⇔╞℮⁹ 

 

7.1.4.2 Fe(100)  

⌐ ☻Ⱨfi╩ ⇔√ ─ ≤⇔≡Fe(100) ─ ╩ ⇔╕∆⁹ ↓─ ≢│ ♁ꜟⱣכ

│ ≤⇔ ╩ ⇔√♥☻♩╩ ™╕∆⁹ ↓↓≢ ∆╢ ─ │♃כ♦ ─♦▫꜠
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 ⁹∆╕╡№⌐כꜞ♩◒꜠▫♦Ⱪ◘─כꜞ♩◒

samples/sol_cmix_test/Fe100  

 

 ♃כ♦ 

╕∏ ─  ⁹∆≢♃כ♦
control{  
  condition  = initial  
  max_iteration  = 200 
}  
accuracy{  
  num_bands  = 52 
  ksampling{  
    method=monk  
    mesh{  
      nx = 6 
      ny = 6 
      nz = 1 
    }  
  }  
  cutoff_wf  = 30 rydberg  
  cutoff_cd  = 300 rydberg  
  initial_wavefunctions  = atomic_orbitals  
  initial_charge_density  = atomic_charge_density  
  scf_convergence{  
    delta_total_energy  = 1e- 9 
    succession  = 3 
  }  
  force_convergence{  
    max_force  = 0.0005  hartree/bohr  
  }  
}  
structure{  
  atom_list{  
    atoms{  
      #tag     element     rx     ry     rz     mobile     weight  
            Fe    0.5     0.5     0    off     1 
            Fe    0    0    0.0948333333333     off     2 
            Fe    0    0    0.2845     off     2 
            Fe    0.5     0.5     0.189666666667     off     2 
    }  
  }  
  ferromagnetic _state{  
    sw_fix_total_spin=off  
    total_spin=14  
    spin_fix_period=5  
  }  
  unit_cell{  
    a_vector  = 5.3762704477  0.0  0.0  
    b_vector  = 0.0  5.3762704477  0.0  
    c_vector  = 0.0  0.0  28.3458898822  
  }  
  element_list{  
    #tag     element     atomicnumber     mass    zeta     deviation  
          Fe    26    101802.230406     0.375     1.83  
  }  
  symmetry{  
    method  = automatic  
    sw_inversion  = on 
  }  
  magnetic_state=ferro  
}  
structure_evolution{  
  method  = gdiis  
  gdiis{  
    initial_method  = cg  
    c_forc2gdiis  = 0.005  hartree/bohr  
  }  
}  
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wavefunction_solver{  
  solvers{  
    #tag     sol     till_n     prec     cmix     submat  
          davidson     1    off     1    off  
          rmm3       - 1     on    1    on 
  }  
  rmm{ 
    edelta_change_to_rmm  = 5e- 3 hartree  
  }  
  submat{  
    before_renewal  = on 
  }  
}  
charge_mixing{  

         
}  
printoutlevel{  
  base  = 1 
}  

 

⌐ ─ ╩ ⇔╕∆⁹ 

 

─ ≤ ≢ ⌂╢ ╩ ▪ꜟ◗ꜞ☼ⱶ│Broyden2 (case0) 
charge_mixing{  
  spin_density_mixfactor=4  
  mixing_methods{  
    #tag     no    method     rmxs     rmxe     itr     var     prec     istr     nbmix     update  
          1    broyden2     0.1     0.1    40    linear     on    3    5    renew  
  }  
}  

 

─ ≤ ≢ ⌂╢ ╩ ▪ꜟ◗ꜞ☼ⱶ│Pulay (case1) 
charge_mixing{  
  spin_density_mixfactor=4  
  mixing_me thods{  
    #tag     no    method     rmxs     rmxe     itr     var     prec     istr     nbmix     update  
          1    pulay     0.1     0.1    40    linear     on    3    15    renew  
  }  
}  

 

─ ≤ ≢ ∂ ╩ ▪ꜟ◗ꜞ☼ⱶ│Broyden2 (case2) 
charge_mixing{  
  spin_density_mixfactor=1  
  mixing_methods{  
    #tag     no    method     rmxs     rmxe     itr     var     prec     istr     nbmix     update  
          1    broyden2     0.1     0.1    40    linear     on    3    15    renew  
  }  
}  

 

─ ≤ ≢ ∂ ╩ ▪ꜟ◗ꜞ☼ⱶ│Pulay (case3) 
charge_mixing{  
  spin_density_mixfactor=1  
  mixing_methods{  
    #tag     no    method     rmxs     rmxe     itr     var     prec     istr     nbmix     update  
          1    pulay     0.1     0.1    40    linear     on    3    15    renew  
  }  
}  

 

  

ⱬfi♅ⱴכ◒─ ╩  3 ⌐╕≤╘╕⇔√⁹ ∂ ┼ ⇔≡™╢↓≤╩ ∆╢√╘ ╠╣√

◄Ⱡꜟ◑כ╙№╦∑≡ ⇔≡™╕∆⁹ ↓─ ≢│₈ ─ ≤ ≢ ∂ ╩ │Pulay

 ₉(case3)≢ ─ ≢ ╩ ╢↓≤⅜≢⅝╕⇔√⁹ ↄ─ case3─ ⌐╟∫≡ ⌂™

≢ ⅜ ╠╣╕∆⅜ ⌐╟∫≡│Broyden2 ╩ ⇔√ ⅜ ™ ╙№╡╕∆⇔ ─ ─



 

 279 

╩ ⅝ↄ⇔√ ⅜╟™ ╙№╡╕∆⁹ ↕╠⌐ ☻Ⱨfi╩ ⇔√ ─ ☻Ⱨfi ╛☻Ⱨfi

╩ ∆╢⅛ ⅛⌂≥⌐╟∫≡╙ │ ⇔╕∆⁹ ⇔≠╠™ ⇔⌂™ ─ ⌂≥╩

⌐ ⌂ ─ ╩ ∫≡ↄ∞↕™⁹ 

 

 7.2 Fe (100) ─ ⌐ ╢╕≢─SCF ≤ ⇔√ ◄Ⱡꜟ◑כ 

 SCF   ◄Ⱡꜟ◑כ (ha.)   

case0  36  -153.877775988322   

case1  32  -153.877775991437   

case2  34  -153.877775825592   

case3  29  -153.877775990755   

 

 

7.1.5 ♁ꜟⱣכ⅔╟┘ ─  

 

PHASE ⌐ ↕╣≡™╢ ♁ꜟⱣ⁸│⌐כMSD ⁸lm+MSD ⁸Davidson ⁸CG ⁸RMM ⁸

⌂≥─ ♁ꜟⱣכ≤ ♁ꜟⱣכ≤⇔≡─ subspace rotation ⅜№╡╕∆⁹↕╠⌐⁸ Ⱶ

≡⇔≥כ◘◐ ⁸Pulay ⁸Broyden ⌐╟╢2 ─ ⌂≥╩ ⇔≡™╕∆⁹↓╣╠╩⁸ ⌐

∂≡ ⌐ ╖ ╦∑╢↓≤⌐╟∫≡ ⌂ ⅜ ≢⅝╕∆⁹⇔⅛⇔⁸↓─╟℮⌐ ⌐ ∂≡ ⌐ ╖

╦∑╢─│ ⌐ ⅜⅛⅛╢ ≢∆⁹∕↓≢⁸PHASE ⌐│⁸ ⌂ ♁ꜟⱣכ╛

╩ⱪ꜡◓ꜝⱶ⅜ ⌐ ∆╢ ⅜ ╦∫≡™╕∆⁹↓↓≢│⁸↓─ ─ ╩ ⇔╕∆⁹↓─

⌐╟∫≡ ₁⌂ ╩ ↕∑╢↓≤⅜≢⅝≡™╕∆⅜⁸╙⇔⌂⅛⌂⅛ ↕∑╠╣⌂™ │⁸ ≢

♁ꜟⱣכ╛ Ⱶ◐◘כ─ ╩ ℮╟℮⌐⇔≡ↄ∞↕™⁹ 

 

↓─ ╩ ∆╢↓≤⌐╟∫≡⁸ ₁⌂ ≢ ⌐ ⅜ ╠╣≡™╢↓≤╩ ⇔≡™╕∆⁹ ≤⇔≡⁸

(100) ─ ╩ ⇔√╙─╩ ─ ⌐ ⇔╕∆⁹ 

Ɽꜝⱷכ♃כⱨ□▬ꜟ⌐ ♁ꜟⱣכ⅔╟┘ ─ ⅜⌂™ ─ ╩ v1100

≤ ≤≢ ⇔╕⇔√⁹ │ ╩ ⇔≡ ™╕⇔√⁹ │ ─ ╡≢∆⁹ 

 

 7.5 ♁ꜟⱣכ⅔╟┘ Ⱶ◐◘כ─  

⅜ ─ ⁸ ⅜ v1200╩ ⇔√ ≢∆⁹ 

⅛╠ ╠⅛⌂╟℮⌐⁸ PHASE (Ᵽכ☺ꜛfi 11.00)╩ ∆╢≤ ♁ꜟⱣהכ ─

╩⇔⌂™ │ ╩ ↕∑╢↓≤⅜≢⅝╕∑╪⅜⁸ ╩ ∆╢≤ ↕∑╢↓≤⅜≢⅝≡™╕∆ 
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7.2  

 

7.2.1  

 

7.2.1.1  

 

─ ▪ꜟ◗ꜞ☼ⱶ⅜≥─╟℮⌐ ╢ ℮⅛╩ ═╢√╘ ⌐ →╢ ─ ╩ ↕╣≡

™╢▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡ ⇔╕⇔√⁹ 

Ι ◔1☻כ : cis ─☺◒꜡꜡◦◒꜡Ⱬ◐◘fi 

Ι ◔2☻כ : ꜟ♅ꜟ TiO2 

Ι ◔3☻כ : SiO2 

Ι ◔4☻כ : Si(001)  

↓╣╠─ │ כꜞ♩◒꜠▫♦─ ─◘Ⱪ♦▫꜠◒♩ꜞ⁹∆╕╡№⌐כ 

samples/strevl_test  

 

─ │ ρπ≢☻כ◔─≡═∆  hartree/bohr ≤⇔╕⇔√ ↓─ │ ⇔™ ≢

∆ ⁹ ╕√ ─ ρπ≢☻כ◔─≡═∆│  hartreee 1 ≤⇔╕⇔√⁹ ─ │  

200 ™ ∕╣≢╙ │☻כ◔™⌂⇔ ≤ ⌂⇔╕⇔√⁹  

₁─ ─▪ꜟ◗ꜞ☼ⱶ│ ─╟℮⌐ ⇔╕⇔√⁹ 

 

 quenched MD  

structure_evolution{  
  method  = quench  
}  

 

 cg  

structure_evolution{  
  method  = cg  
}  

 

 gdiis  

structure_evolution{  
  method  = gdiis  
  gdiis{  
    initial_method  = cg  
    c_forc2gdiis  = 0.01  hartree/bohr  
  }  
}  

 

↓─╟℮⌐ ∆╢≤ ╕∏│ cg ─▪ꜟ◗ꜞ☼ⱶ⌐ ∫≡ ⅜ ⇔╕∆⁹ ⌐ ↄ ─ ⅜

c_forc2gdiis≢ ∆╢ ╟╡╙ ↕ↄ⌂∫√ ≢gdiis ⌐ ╡ ╦╡╕∆⁹√∞⇔ ─3 │ ⌐

ↄ ─ ⌐ ╦╠∏⌐ cg ⅜ ↕╣╕∆⁹ 

 

 bfgs  

structure_evolution{  
  method  = bfgs  
  gdiis{  
    initial_method  = cg  
    c_forc2gdiis  = 0.01  hartree/bohr  
  }  
}  
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↓─╟℮⌐ ∆╢≤ ╕∏│ cg ─▪ꜟ◗ꜞ☼ⱶ⌐ ∫≡ ⅜ ⇔╕∆⁹ ⌐ ↄ ─ ⅜

c_forc2gdiis≢ ∆╢ ╟╡╙ ↕ↄ⌂∫√ ≢bfgs ⌐ ╡ ╦╡╕∆⁹√∞⇔ ─3 │ ⌐

ↄ ─ ⌐ ╦╠∏⌐ cg ⅜ ↕╣╕∆⁹bfgs ─ │gdiis Ⱪ꜡♇◒≢ ™ ╕√ ─

╙gdiis ─ ≤ ↄ ∂≢∆⁹ 

 

7.2.1.2   

 

ⱬfi♅ⱴכ◒─ ╩  7.3⌐╕≤╘╕⇔√⁹↓─ quenched MD │ ⅜ ™↓≤⅜ ⅛╡╕∆⁹

│≢☻כ◔─ ╖≤⇔≡♦ⱨ◊ꜟ♩ 100 au ╩ ⇔╕⇔√⅜ ↓─ ╩ ∆╢↓≤⌐╟∫≡

⅜ ↕╣╢ │№╡╕∆⁹GDIIS │ SiO2─◔כ☻≢│ ╙ ↄ ⇔≡™╕∆⅜ ∕╣ ☻כ◔─

≢│№╕╡ ⌐ ⇔≡™╕∑╪⁹gdiis ─ ╢ ™│ c_forc2gdiisⱤꜝⱷכ♃כ╩╟╡ ↕⌂╙─⌐⇔√

╡ ─ ╩╟╡ ⇔ↄ∆╢↓≤⌐╟∫≡ ↕╣╢ │№╡╕∆⁹cg │ ⌐

⅜≢⅝≡™╕∆⁹bfgs │ ≢☻כ◔─≡═∆ ⇔ ╕√ ⌐ ⌂™ ≢ ╩ ℮↓≤⅜≢

⅝╕⇔√⁹ 

 

 7.3 ─ ™⌐╟╢ ⌐™√╢ ─ ⁹200 ─ ╩ ≡╙ ─ ⅜10ĭ4 ≤⌂

│☻כ◔√∫⅛⌂╠ Ⱬ◐◘fi꜡◒◦꜡꜡◒☺⅜ 1☻כ◔⁹√⇔≥ ꜟ♅ꜟ⅜ 2☻כ◔ TiO2, ◔3☻כ ⅜

SiO2, ◔4☻כ ⅜Si(001) ⌐ ∆╢⁹ 

   4 ☻כ◔  3 ☻כ◔  2 ☻כ◔  1 ☻כ◔ 

quenched MD    115  166     

cg  195  62  28  124   

GDIIS    71  13  176   

BFGS  87  38  16  67   

 

 

7.2.2 ─ ⁸ ─ ─  

 

PHASE ⌐│⁸ ╛ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫≡™╢ ⌐⁸ ╛ ╩ ─

⌐ ╦∑≡Γ Δ∆╢↓≤⌐╟∫≡ ╩ ↕∑╢ ⅜ ╦∫≡™╕∆⁹ │⁸ [2]≢ ↕

╣≡™╢ ⌐╟∫≡ ∫≡™╕∆⁹™ↄ≈⅛─ ⌐⅔™≡ ╩ ⇔√ ╩ ☻כ◔─╣∏™⁹∆╕⇔

⌐⅔™≡╙⁸⅔⅔╗⌡ ↕╣╕∆⁹ 

 

 

 no prediction  charge0 charge1 

 11 11 11 

SCF  245 185 163 

 

☺◒꜡꜡◦◒꜡Ⱬ◐◘fi  

 no prediction  charge0 charge1 

 25 25 25 

SCF  481 330 310 

 

SiO2  

 no prediction  charge0 charge1 

 16 16 16 

SCF  193 144 136 

 

Si (100)  

 no prediction  charge0 charge1 charge1+wf  
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iteration_ionic  21 21 21 21 

SCF  324 200 187 157 

⁸charge0│sw_charge_predictor = on, charge1 │sw_charge_predictor = on ≤

sw_extrapolate_charge = on, charge1+wf │sw_charge_predictor = on , sw_extrapolate_charge = on, 

sw_wf_predictor = on ⌐  

 

Si 64 300K MD 50  

 no prediction  charge0 charge1 charge1+wf  

SCF  613 413 387 231 

⁸charge0│sw_charge_predictor = on, charge1 │sw_charge_predictor = on ≤

sw_extrapolate_charge = on, charge1+wf │sw_charge_predictor = on , sw_extrapolate_charge = on, 

sw_wf_predictor = on ⌐  

 

[2] T. Arias, M. C. Payne and J. D. Joannopoulos, òAb initio  molecular -dynamics techniques extended to 

large-length -scale systemsó, Physical Review B 45, 1538 (1992). 
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7.3 PHASE ─  

 

PHASE ⌐⅔™≡ ↕╣╢ │ ≤⇔≡Ɫכꜞ♩כ ≢∆⁹↓↓≢│ Ɫכꜞ♩כ

⅛╠∕─╒⅛─ ⌐ ∆╢ ─ ╩ ⇔╕∆⁹ ─ ─ ⌐↔ ↄ∞↕™⁹ 

 

◄Ⱡꜟ◑1 כ hartree = 2 rydberg = 27.21139615 eV = 4.359745836 ρπ  J 

↕ 1 bohr = 0.5291772480 Å↔= 0.5291772480 ρπ m 

 1 au mass = 1822.877333 amu = 9.1093897 ρπ  kg 

 1 au volume = 0.1481847426 Å↔  = 1.48184726 ρπ  m  

 1 au velocity = 2.187691417 ρπ  Å↔/s = 2.187691417 ρπ m/s 

 1 hartree/bohr = 51.42208259 eV/Å ↔= 8.238725025 ρπ  N 

 1 au time = 2.418884327 ρπ  fs = 2.418884327 ρπ  s 

☻♩꜠☻ 1 au stress = 2.903628623 ρπ atm = 2.942101703 ρπ  Pa 

 1 au density = 1.23013834 ρπ amu/Å↔  = 9.1093897 ρπ  g/cm  = 9.1093897 

ρπ  kg/m  
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8. PHASE─▬fi☻♩כ  ꜟ

 

8.1  

 

PHASE │⁸PC⅛╠ ─♃כꜙfiⱧ◖כⱤכ☻─ ₁⌂ ≢ ⇔╕∆⁹ 

PHASE ⱪ꜡◓ꜝⱶ│ fortran90 ≤C≢ ↕╣≡™╕∆⁹↓╣╠─◖fiⱤ▬ꜝ⅜ ⅎ╢ ◦☻♥ⱶ⅜

≢∆⁹ ╩∆╢ ⌐│MPI ꜝ▬Ⱪꜝꜞ⅜▬fi☻♩כꜟ↕╣≡™╢ ⅜№╡╕∆⁹ 

 

⌂♁ⱨ♩►▼▪⁸ꜝ▬Ⱪꜝ  ꜞ

 ̧ Fortran90 ◖fiⱤ▬ꜝ⁸C◖fiⱤ▬ꜝ  

 ̧ MPI ꜝ▬Ⱪꜝꜞ ⌐  

 ̧ ꜝ▬ⱩꜝꜞLAPACK, BLAS ○ⱪ◦ꜛfi  

 ̧ FFT ꜝ▬ⱩꜝꜞFFTW ○ⱪ◦ꜛfi  

 ̧ Perl ○ⱪ◦ꜛfi PHASEהההה ≢ꜟכ♠  

 ̧ Gnuplot ○ⱪ◦ꜛfi PHASEהההה ≢ꜟכ♠  

 

PHASE ─ ╩ ∫≡™╢ ╩ ⌐ ⇔╕∆⁹ 

 

PHASE ─  

 ◖fiⱤ▬ꜝכ  ꜝ▬Ⱪꜝ  ꜞ   

Linux  GNU  Compiler  

Intel  Compiler  

PGI Compiler   

LAPACK, BLAS, ScaLAPACK  

MKL, ACM L 

FFTW3   

Windows XP  GNU  Compiler  

Intel  Compiler  

PGI Compiler   

MKL, ACML  

FFTW3   

Intel Mac OS X  GNU  Compiler  

Intel  Compiler  

MKL, ACML  

FFTW3   

Oracle Solaris  GNU  Compiler  

SUN Compiler   

Sun Perf.(LAPACK)  

ACML 

FFTW3   

SGI Altix  Intel  Compiler  SCSL, MKL  

FFTW3   

IBM AIX  IBM XL  ESSL(LAPACK)  

FFTW3   

Hitachi SR11000  HITACHI  

IBM XL  

MATRIX/MPP(FFT)  

HITACHI LAPACK  

ESSL(LAPACK)   

NEC SX Series  Fortran90/SX  Mathkeisan(LAPACK)  

ASL(FFT)   

Fujitsuu FX10  Fujitsu Compiler   

 

 ̧ MPI ꜝ▬Ⱪꜝꜞ│⁸( MPICH1 , MPICH2 , OpenMPI  )⌐ ⇔≡™╕∆⁹ 

 ̧ GNU Compiler gfortran, gcc │⁸Ᵽכ☺ꜛfi 4.1 ╩ ⇔≡ↄ∞↕™⁹ ─ GNU Compiler

Windows ⁸MacOS ⁸Linux │http://gcc.gnu.org/⅛╠ ≢⅝╕∆⁹  

 ̧ ↑─ ─AMD Core Math Library │ http://developer.amd.com/ ⅛╠ ≢⅝╕∆⁹  

 ̧ PGI compiler │⁸Ᵽכ☺ꜛfi6.2╩ ⇔≡ↄ∞↕™⁹ 

 ̧ Intel compiler │⁸Ᵽכ☺ꜛfi9.1 ╩ ⇔≡ↄ∞↕™⁹ 

 

  

http://www-unix.mcs.anl.gov/mpi/mpich1/
http://www-unix.mcs.anl.gov/mpi/mpich2/index.htm
http://www.open-mpi.org/
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8.2 ▬fi☻♩כꜟ  

 

Linux ╩ ⌐⇔≡▬fi☻♩כꜟ ╩ ⇔╕∆⁹↓↓≢│⁸Linux ⌐ Intel Fortran compiler ⅜▬fi

╩≥↓╢™≡╣↕ꜟכ♩☻ ⇔╕∆⁹ ─◖fiⱤ▬ꜝ╩ ∆╢ │◖fiⱤ▬ꜝ─ ─≤⅝⌐⁸∕─◖fi

Ɽ▬ꜝ╩ ⇔≡ↄ∞↕™⁹╕√⁸MPI ꜝ▬Ⱪꜝꜞ≤⇔≡⁸OpenMPI ╩ ∆╢↓≤╩ ⇔≡™╕∆⁹ⱪ꜡

◓ꜝⱶ⸗♦ꜟ─ ─≤⅝⌐₈Serial₉╩ ∆╣┌MPI ꜝ▬Ⱪꜝꜞ╩ ⇔⌂™≢ⱪ꜡◓ꜝⱶ╩ ∆╢↓≤

╙≢⅝╕∆⁹  

 

╕∏⁸PHASEⱤ♇◔כ☺phase_v1200.tar.gz╩PHASE╩▬fi☻♩כꜟ∆╢♦▫꜠◒♩ꜞ⌐ ⇔≡ↄ∞↕™⁹ 
$ tar  zxf  phase_v1 200.tar.gz  

  

 ♦▫꜠◒♩ꜞphase_v1200⌐ ╡⁸▬fi☻♩כꜝכ╩ ⇔≡ↄ∞↕™⁹  

$ cd phase_v1000  
$ ./install.sh  

 

 

 === PHASE installer  === 
 Do you  want  to  install  PHASE? (yes/no)  [yes]  

▬fi☻♩כꜟ∆╢⅛≥℮⅛ ™≡⅝╕∆─≢⁸ ╙ ∑∏⌐Enter ╩כ◐ ⇔≡ↄ∞↕™⁹  

Supported platforms  

 0) GNU Linux (IA32)  

 1) GNU Linux (EM64T/AMD64)  

 2) NEC SX Series  

 x) Exit  

Enter number of your platform. [0]  

∆╢ ─ ⅜ ↕╣╕∆─≢⁸₈GNU Linux (AI32) ₉⌐ ∆╢0╩ ⇔≡⁸Enter ╩כ◐ ⇔≡

ↄ∞↕™⁹  

Supported compilers  

 0) GNU compiler collection (gfortran )  

 1) Intel Fortran compiler  

 x) Exit  

Enter number of a desired compiler. [0]  

 ∆╢◖fiⱤ▬ꜝכ─ ⅜ ↕╣╕∆─≢⁸₈Intel Fortran compiler 9.x ₉⌐ ∆╢2╩ ⇔≡⁸Enter

╩כ◐ ⇔≡ↄ∞↕™⁹  

Supported programming - models  

 0) Serial  

 1) MPI parallel  

 x) Exit  

Enter number of a desired programming - model. [0]  

∆╢ⱪ꜡◓ꜝⱶ⸗♦ꜟ─ ⅜ ↕╣╕∆─≢⁸₈MPI parallel ₉⌐ ∆╢1╩ ⇔≡⁸Enter ╩כ◐

⇔≡ↄ∞↕™⁹  

Supported MPI libraries  

 0) MPICH1/MPICH2/Open MPI  

 1) Intel(R) MPI  

 x) Exit  

Enter number of a desired MPI library. [0]  

∆╢MPI ꜝ▬Ⱪꜝꜞ─ ⅜ ↕╣╕∆─≢⁸₈Open MPI₉⌐ ∆╢0╩ ⇔≡⁸Enter ╩כ◐

⇔≡ↄ∞↕™⁹  

Supported BLAS/LAPACK  

 0) Netlib BLAS/LAPACK  

 1) Intel Math Kernel Library (MKL)  

 x) Exit  

Enter number of a desired library. [0]  

∆╢BLAS/LAPACK ꜝ▬Ⱪꜝꜞ─ ⅜ ↕╣╕∆─≢⁸₈Netlib BLAS/LAPACK ₉⌐ ∆╢0╩
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⇔≡⁸Enter ╩כ◐ ⇔≡ↄ∞↕™⁹  

Supported FFT libra ries  

 0) Built - in FFT subroutnes  

 1) FFTW3 library  

 x) Exit  

Enter number of a desired library. [0]  

 ∆╢FFT ꜝ▬Ⱪꜝꜞ─ ⅜ ↕╣╕∆─≢⁸₈Built -in FFT subroutnes ₉⌐ ∆╢0╩ ⇔≡⁸

Enter ╩כ◐ ⇔≡ↄ∞↕™⁹  

Do you  want  to  edit  the  makefile  that  has  been  generated?  (yes/no/exit)  [no]  

↕╣√Makefile ╩ ∆╢⅛≥℮⅛ ™≡⅝╕∆⁹Makefile ╩ ⇔√╡ ∆╢ ⅜⌂↑╣┌⁸ ╙

∑∏⌐Enter ╩כ◐ ⇔≡ↄ∞↕™⁹  

 Do you  want  to  make PHASE now? (yes/no)  [yes]  

PHASE ─◖fiⱤ▬ꜟ≤▬fi☻♩כꜟ╩ ∆╢⅛≥℮⅛ ™≡⅝╕∆⁹ ╙ ∑∏⌐ Enter ╩כ◐ ⇔≡⁸

PHASE ─◖fiⱤ▬ꜟ≤▬fi☻♩כꜟ╩ ╘≡ↄ∞↕™⁹  

PHASE was successfully  installed.  
Do you  want  to  check  the  installed  programs?  (yes/no)  [no]  

PHASE ⅜ ⌐▬fi☻♩כꜟ↕╣√↓≤╩ →╢ⱷ♇☿כ☺─ ⁸ⱪ꜡◓ꜝⱶ─♥☻♩ ╩ ∆╢⅛≥℮

⅛ ™≡ↄ╢─≢⁸ ⅜№╣┌ yes╩ ⇔⁸Enter ╩כ◐ ⇔≡ↄ∞↕™⁹♥☻♩ ╩⇔⌂™⌂╠┌⁸no

╩ ⇔≡Enter ╩כ◐ ⇔≡ↄ∞↕™⁹♥☻♩ ╩ ⇔≡ ─╟℮⌂ ⅜ ╠╣╣┌ №╡╕∑╪⁹  

Do you  want  to  check  the  installed  programs?  (yes/no)  [no]  
yes  
Checking  total - energy  calculation.  
 Total  energy  :  - 7.897015156331  Hartree/cell  
 Reference     :  - 7.897015156332  Hartree/cell  
Checking  band - energy  calculation.  
 Vale nce  band  maximum :  0.233846  Hartree  
 Reference             :  0.233846  Hartree  

 

 

MPI ⱪ꜡◓ꜝⱶ─ ⌐ ™╢mpirun ╛mpiexec⌂≥─◖ⱴfi♪╩ ™≡ ⇔╕∆⁹ 

 

$HOME/phase_v1200/bin ╩ PATH ⌐ ⇔≡⅔ↄ≤⁸PHASE ─ⱪ꜡◓ꜝⱶ─Ɽ☻╩ ∑∏⌐

≢⅝ ≢∆⁹ 

Bourne shell(Ⱳכfi◦▼ )ꜟ ≢№╣┌ ⁸$HOME/.bashrc ⌂≥⌐PATH ╩ ⇔╕∆⁹ 

expo rt  PATH=$HOME/phase_v1200/bin:$PATH  

C shell(◦כ◦▼ )ꜟ ≢№╣┌⁸$HOME/.cshrc ⌐PATH ╩ ╕∆⁹  

setenv  PATH $HOME/phase_v1 200/bin:$PATH  

 

MPI ꜝ▬Ⱪꜝꜞ─bin ♦▫꜠◒♩ꜞ⌐╙ ∏Ɽ☻╩ ∆╟℮⌐⇔≡ↄ∞↕™⁹ 

Bourne shell(Ⱳכfi◦▼ )ꜟ ≢№╣┌⁸$HOME/.bashrc ⌂≥⌐PATH ╩ ⇔╕∆⁹ 

export  PATH=$HOME/openmpi/bin:$PATH  

C shell(◦כ◦▼ )ꜟ ≢№╣┌⁸$HOME/.cshrc ⌐PATH ╩ ╕∆⁹ 

setenv  PATH $HOME/openmpi/bin:$PATH  

 

─╟℮⌐⇔≡⁸PHASE ╩ ⇔╕∆⁹ 

$ mpi run  - np 2 phase  ne=1 nk=2  
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8.3 ↔≤─  

 

8.3.1 Linux 

 

Intel Math Kernel Library ─FFTW3 ▬fi♃כⱨ▼כ☻ꜝ▬Ⱪꜝꜞ│▬fi♥ꜟC++◖fiⱤ▬ꜝכ╩ ∫≡

⇔≡ↄ∞↕™⁹  

cd /opt/intel/mkl/9.1/interfaces/fftw3xf  
make lib32  

EM64T ≢│ ─ lib32 ╩ libem64t ⌐⇔≡ↄ∞↕™⁹ꜝ▬Ⱪꜝꜞⱨ□▬ꜟ libfftw3xf_intel.a │  

/opt/intel/mkl/9.1/lib/32     (IA32  

╕√│ 

/opt/intel/mkl/9.1/lib/em64t  (EM64T  

⌐ ↕╣╕∆⁹/opt/intel ♦▫꜠◒♩ꜞ ⌐MKL ꜝ▬Ⱪꜝꜞ╩▬fi☻♩כꜟ↕╣√ │⁸∕─♦▫꜠◒♩

ꜞ ⌐▬fi☻♩⁹∆╕╣↕ꜟכ 

 

8.3.2 Windows XP 

 

Windows ≢│Unix ⅜ ≢∆⁹ MSYS/ MinGW  №╢™│ Cygwin  ╩▬fi☻♩כꜟ⇔≡ↄ∞↕

™⁹Cygwin ╩▬fi☻♩כꜟ∆╢ │⁸make╩▬fi☻♩כꜟ∆╢╟℮⌐⇔≡ↄ∞↕™⁹  

MPI Ᵽ▬♫ꜞ╩ ∆╢⌐│⁸Windows ↑MPI ꜝ▬Ⱪꜝ  ꜞ DeinoMPI  ╩№╠⅛∂╘▬fi☻♩כꜟ⇔

≡ↄ∞↕™⁹  

Intel Math Kernel Library ─ FFTW3 ▬fi♃כⱨ▼כ☻ꜝ▬Ⱪꜝꜞ│ nmake ◖ⱴfi♪⌐õF=msõ○ⱪ◦ꜛfi

≤õMKL_SUBVERS=serialõ○ⱪ◦ꜛfi╩ ⇔≡⁸ⱴ▬◒꜡♁ⱨ♩ C++◖fiⱤ▬ꜝכ╩ ∫≡ ⇔≡ↄ∞↕

™⁹makefile ⅜  

C: ¥Program  Files ¥Intel ¥MKL¥9.1 ¥interfaces ¥fftw3xf  

⌐№╡╕∆⁹ ⌂◦ꜞ▪ꜟꜝ▬Ⱪꜝꜞ╩ ∆╢√╘⌐⁸makefile ─ ⅛╠ ─õ/MTõ○ⱪ◦ꜛfi╩

⇔≡ↄ∞↕™⁹makefile ╩ ⇔√√╠⁸◖ⱴfi♪ⱪ꜡fiⱪ♩╩ ⅝⁸ ─╟℮⌐⇔≡ꜝ▬Ⱪꜝꜞ╩ ⇔≡

ↄ∞↕™⁹  

C: ¥Program  Files ¥Intel ¥MKL¥9.1 ¥interfaces ¥fftw3xf  

nmake lib32  F=ms MKL_SUBVERS=serial  

 EM64T ≢│ ─ lib32 ╩ libem64t ⌐⇔≡ↄ∞↕™⁹ꜝ▬Ⱪꜝꜞⱨ□▬ꜟ fftw3xf_ms.lib │  

C: ¥Program  Files ¥Intel ¥MKL¥9.1 ¥lib ¥_serial ¥ia32 ¥lib   IA32 )  

╕√│ 

C: ¥Program  Files ¥Intel ¥MKL¥9.1 ¥lib ¥_serial ¥em64t ¥lib  EM64T )  

⌐ ↕╣╕∆⁹ 

 

8.3.3 Intel Mac OS X 

 

Intel Fortran compiler Ᵽכ☺ꜛfi10 ╩ ⇔≡ↄ∞↕™⁹  

Intel Math Kernel Library ─FFTW3 ▬fi♃כⱨ▼כ☻ꜝ▬Ⱪꜝꜞ│ Intel C++ ◖fiⱤ▬ꜝכ╩ ∫≡ ⇔≡

ↄ∞↕™⁹  

cd /Library/Frameworks/Intel_MKL.framework/Version/9.1/interfaces/fftw3xf  
make lib32  MKL_SUBVERS=serial  

EM64T ≢│ ─ lib32 ╩ libem64t ⌐⇔≡ↄ∞↕™⁹ꜝ▬Ⱪꜝꜞⱨ□▬ꜟ libfftw3xf_intel.a │  

/Library/Frameworks/Intel_MKL.framework/Version/9.1/lib_serial/32     (IA32  

╕√│ 

/Library/Frameworks/Intel_MKL.framework/Version/9.1/lib_serial/em64t  (EM64T  

⌐ ↕╣╕∆⁹  

MPI Ᵽ▬♫ꜞ╩ ∆╢⌐│⁸ OpenMPI  ╩№╠⅛∂╘▬fi☻♩כꜟ⇔≡ↄ∞↕™⁹Fortran ≢╙

≢⅝╢╟℮⌐◖fiⱤ▬ꜟ⇔≡ↄ∞↕™⁹  

http://www.mingw.org/download.shtml
http://sourceforge.net/project/showfiles.php?group_id=2435
http://cygwin.com/
http://mpi.deino.net/index.htm
http://www.open-mpi.org/
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9. PHASEⱪ꜡◓ꜝⱶ⁸♠כꜟ─  

 

9.1 ⱪ꜡◓ꜝⱶphase 

 

9.1.1 ⱪ꜡◓ꜝⱶphase─  

 

PHASE │SCF ⁸ ╩ ™╕∆⁹╕√ ⇔√ ⅛╠ ╛Ᵽfi♪ ╩

∆╢↓≤⅜≢⅝╕∆⁹ 

 

Ɽꜝⱷכ♃ⱨ□▬ꜟ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ╩ ♦▫꜠◒♩ꜞ⌐ ⅝╕∆⁹file_names.data ╩

∆╢ ⌐│⁸∕╣╙ ∂♦▫꜠◒♩ꜞ⌐ ™≡ↄ∞↕™⁹ 

ⱪ꜡☿♇◘ ◖▪ ─ ╩ ℮ ⌐│⁸ ─╟℮⌐ⱪ꜡◓ꜝⱶ phase ╩ ⇔╕

∆⁹ó../../phase_v1200/bin/ó│⁸PHASE ⅜▬fi☻♩⁹∆≢ꜞ♩◒꜠▫♦╢™≡╣↕ꜟכ 

 

% ../../phase_v1 200/bin/phase  

 

╩ ℮ ⌐│⁸⅔ ™─ ─ ∆╢ MPI ꜝ▬Ⱪꜝꜞ─ ◖ⱴfi♪╩ ⇔╕∆⁹ │

⅔ ™─ ◦☻♥ⱶ─ⱴ♬ꜙ▪ꜟ╩ ↄ∞↕™⁹ ⌂◖ⱴfi♪│mpirun ≢∆⁹ 

 

% mpirun - np NP ../../phase_v1 200/bin/phase ne=NE nk=NK  

 

↓↓≢ NP │MPI ⱪ꜡☿☻ NE │Ᵽfi♪ NK │k ≢∆⁹ 

 

9.1.2 ⱪ꜡◓ꜝⱶphase─ ○ⱪ◦ꜛfi 

 

9.1.2.1 Ᵽfi♪ ⁸k  

 

Ᵽfi♪ ⁸k ≢│⁸Ᵽfi♪ NE⁸k NK ╩ ⇔╕∆⁹NP = NE×NK ≤

™℮ ⅜ ⇔≡™╢ ⅜№╡╕∆⁹ne, nk ≤™℮ │ ∆╢↓≤╙ ≢∆⁹∕─ │NE = NP, 

NK = 1 ⅜ ↕╣╕∆⁹ 

 

% mpirun - np NP ../../phase_v1 200/bin/phase ne=NE nk=NK  

 

Ᵽfi♪ ╟╡╙ k ─ ⅜ ⅜ ™≢∆⁹ ⇔√⅜∫≡ ⌂ │ k ╩ ⅝ↄ∆╢

≤ ™≤ ⅎ╠╣╕∆⁹√∞⇔ k │ ⅝⌂ ─ ≢│ ⌂ↄ∆╢↓≤≤⁸ ⌂ k ⅜ ∏⇔╙

≢⅝╢ⱪ꜡☿☻ ≢ ╡ ╣╢╦↑≢│⌂™≤™℮ ⌐ ⅜ ≢∆⁹k ╟╡╙NK ─ ⅜ ⅝™≤◄

√╕⁹∆╕╡⌂⌐כꜝ k ⅜NK ≢ ╡ ╣⌂™ │ ⌂ ⅜ ╠╣╕∑╪⁹∕↓≢ ⌐ ∂≡

Ᵽfi♪ ╙ ╖ ╦∑≡ ╩ ⇔≡ↄ∞↕™⁹ 

 

9.1.2.2 ꜠ⱪꜞ◌  

 

NEB ⅝♄▬♫Ⱶ◒☻ ⱷ♃♄▬♫Ⱶ◒☻⌂≥─ ⌐╟∫≡│Γ꜠ⱪꜞ◌ Δ ⅜ ≢⅝

╢ ⅜№╡╕∆⁹꜠ⱪꜞ◌ ╩ ∆╢⌐│ ─◖ⱴfi♪╩ ⇔╕∆⁹ 

 

% mpirun - np NP ../../ phase_v1 200/bin/phase nr=NR ne=NE nk=NK  

 

NR │꜠ⱪꜞ◌ ≢∆⁹NP = NR×NE×NK ≤™℮ ⅜ ⇔≡™╢ ⅜№╡╕∆⁹꜠ⱪꜞ◌ ─

│ k ╟╡╙ ⌐ ™≢∆⅜ k ≤ ∂ ⅜ ≢∆⁹╕√Γ╙∫≤╙ ─ ™꜠ⱪꜞ◌Δ

⅜ ≤⌂╢─≢ ⌐│ ∏⇔╙ ≤│ ╡╕∑╪⁹ 
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9.1.3 ⱪ꜡◓ꜝⱶphase 3 G ɗ  

 

PHASE │Ᵽfi♪≤k ─2 ⌐ ⇔≡™╕∆⅜ ─G ─ ⌐╙ ⇔≡™╕∆⁹√∞ 

⇔ ↓─ │ Ᵽכ☺ꜛfi≢│ ⌂╙─≢№╡ ─╟℮⌂ ⅜№╡╕∆⁹ 

 ̧ k ≤ ⌐ ∆╢↓≤│≢⅝╕∑╪⁹ 

 ̧ ⱳ☻♩ ╩ ℮↓≤⅜≢⅝╕∑╪⁹ 

 

G ⌐ │♪כ◖☻כ♁√⇔ ┼כꜞ♩◒꜠▫♦─↓src_phase_3d ⌐№╡╕∆⁹כꜞ♩◒꜠▫♦ ╡

Makefile ╩ ∆╢√╘⌐ ─◖ⱴfi♪╩ ⇔╕∆⁹ 

% sh configure  

 

▬fi☻♩כꜟⱴ♬ꜙ▪ꜟ⌐ ™≡№╢ ⅝≤ √ ⅝≢ Makefile ╩ ⇔ ↕╣√ Makefile ⌐ ⇔

≡ ⌐ ∂≡ ╩ ⇔╕∆⁹≈™≢ ─ ≢◖fiⱤ▬ꜟ⇔╕∆⁹ 

 

% make 

 

∆╢ ⌐│ ⌐כꜞ♩◒꜠▫♦ nml.lst ≤™℮ ─ⱨ□▬ꜟ╩ ⇔ ─╟℮⌂ ╩ ⇔╕

∆⁹ 

&decomp3d 

ng=NG 

ne=NE 

nk=1  

/  

 

↓↓≢NG ⌐G ╩ NE ⌐Ᵽfi♪ ╩ ⇔╕∆⁹NG ≤NE ─ │ MPI ⱪ꜡☿☻─ ⌐

⇔™ ⅜№╡╕∆⁹ 

 

 

% mpirun - np NP ../../phase_v1 200/bin/phase  
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9.2 ⱪ꜡◓ꜝⱶekcal 

 

9.2.1 ⱪ꜡◓ꜝⱶekcal─  

 

⁸Ᵽfi♪ ⌐⅔™≡⁸k ─ ⅜ ™ ⌐ ℮ⱪ꜡◓ꜝⱶ≤⇔≡ekcal⅜№╡╕∆⁹ 

SCF ─ ─ ╩ ≤⇔≡ ≢⅝╕∆⁹ 

 

SCF ─ ─ ⱨ□▬ꜟnfchgt.data ╩ ♦▫꜠◒♩ꜞ⌐◖Ⱨ⁸│√╕⁹∆╕⇔כ ⱨ

□▬ꜟ ⱨ□▬ꜟ file_names.data ⌐⅔™≡⁸F_CHG⌐SCF ─ ─ ⱨ□▬ꜟ ⇔╕∆⁹ 

 

Ᵽfi♪ ⌐⅔™≡│⁸◘fiⱪꜞfi◓ k ─ ⱨ□▬ꜟkpoint.data ╩ ⇔╕∆⁹ 

 

─╟℮⌐ⱪ꜡◓ꜝⱶ ekcal ╩ ⇔╕∆⁹óphase_v1200/bin/ó│⁸PHASE ⅜▬fi☻♩כꜟ↕╣≡™╢♦▫

꜠◒♩ꜞ≢∆⁹ 

 

% ../../phase_v1200/bin/ekcal  
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9.3 ⱪ꜡◓ꜝⱶuvsol 
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כ♠ 9.4  ꜟ dos.pl 

 

─  

 

PHASE ─ ≢ ╩♃כ♦ ↕∑╢↓≤⅜ ╕∆⁹ ∕╣⌐≈™≡│ PHASE ꜟ▪ꜙ♬ⱴכ◙כꜚ

↔╩ꜟ▪ꜙ♬ⱴꜟ▪ꜞ♩כꜙ♅╛ ↄ∞↕™⁹ ∕─ ♃כ♦ dos.data╩ ∆╢ⱪ꜡◓ꜝⱶ⅜ dos.pl

≢∆⁹ example─dos.data╩work ⌐◖Ⱨ⁹∆╕⇔כ  

$ cd PHASE_INST_DIR/samples/tools/work  

$ cp ../example/dos.data  .  

 ™⌂ↄdos.data⅜◖Ⱨכ↕╣≡™╢↓≤╩ ls≢ ⇔≡ↄ∞↕™⁹  

$ ls  dos.*  

dos.data  

 dos.pl╩ ™≡ ↓─ ♃כ♦ dos.data╩ ⇔≡╖╕⇔╞℮⁹ ─╟℮⌐◖ⱴfi♪╩ ⇔≡ ↕

™⁹  

$ dos.pl  dos.data  - erange= - 13,5  - color  

 ↓℮∆╢≤ EPSⱨ□▬ꜟdensity_of_states.eps ⅜ ↕╣╕∆⁹ UNIX ≢ ↓╣╩ ╢⌐│ghostview

╛gv⌂≥╩ ≤⇔╕∆⁹  

$ ghostview  density_of_states.eps  

 ╕√│  

$ gv density_of_states.eps  

 

 

 9.1 Ᵽꜟ◒Si─  

 

dos.pl ╩ ∆╢≤⅝⌐ ♃כ♦ dos.data ─ ⌐ ⇔√-erange │ ∆╢◄Ⱡꜟ◑כ─ ╩ 

∆╢○ⱪ◦ꜛfi -color│◌ꜝכ ╩ ℮√╘─○ⱪ◦ꜛfi≢∆⁹ 

 

9.4.1 dos.pl─○ⱪ◦ꜛfi 

 

⌂⌐╙ ∑∏⌐dos.pl╩ ∆╢≤ ⅜ ↕╣╕∆⁹  

$ dos.pl  
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Version:  3.00  
Usage:  dos.pl  DosData  - erange=Emin,Emax  - einc=dE  - dosrange=DOSmin,DOSma x - dosinc=dDOS   
- title=STRING  - with_fermi  - width=SIZE  - font=SIZE  - color  - mode={total|layer|atom|projected}   
- epsf={yes|no}  - data={yes|no}  

 

 DosData ⌐ ⅜♃כ♦ ↕╣√ⱨ□▬ (ꜟ dos.data )╩ ⇔╕∆⁹ ∕─ ⌐ ╩ ∆╢○

ⱪ◦ꜛfi╩ ⇔╕∆⁹  

- erange=Emin,Emax  ∆╢◄Ⱡꜟ◑כ─ ╩eV ≢ ∆╢⁹ 

√≤ⅎ┌ - 10 eV⅛╠5 eV╕≢ ⇔√™ │  
- erange= - 10,5  

≤⇔╕∆⁹ ╩⇔⌂™≤ ─♃כ♦ ה ⅛╠ ⌐ ↕╣

╕∆⁹ 
- einc=dE  ╡─ ╩ ∆╢⁹ 

√≤ⅎ┌ 2eV ⌐ ╡╩┤╡√™⌂╠  
  - einc=2  

≤⇔╕∆⁹ 
- dosrange=DOSmin,DOSmax  ∆╢ ─ ╩ ⅎ╢⁹ 

√≤ⅎ┌ 0 states/eV ⅛╠12 states/eV ╕≢ ⇔√™ │  
- dosrange=0,12  

≤⇔╕∆⁹ 
- dosinc =dDOS ( )─ ╡─ ╩ ∆╢⁹ 

√≤ⅎ┌ 2 states/eV ⌐ ╡╩┤╡√™⌂╠  
- dosinc=2  

≤⇔╕∆⁹ 
- title=STRING  ◓ꜝⱨ⌐♃▬♩ꜟ╩ ↑√™≤⅝⌐ ∆╢⁹ 

√≤ⅎ┌ ♃▬♩ꜟ╩₈Total  DOS₉≤∆╢⌂╠  
- titile="Total  DOS" 

≤⇔╕∆⁹ 
- with_fermi  ♦ⱨ◊ꜟ♩≢│ ⅛⌂™ⱨ▼ꜟⱵ꜠ⱬꜟ╕√│ ─◄Ⱡꜟ◑כ꜠

ⱬꜟ╩ ↄ⁹ ≢│ⱨ▼ꜟⱵ꜠ⱬꜟ╩ ⇔ ה ≢№╣┌

─◄Ⱡꜟ◑כ꜠ⱬꜟ╩ ⇔╕∆⁹ 
- width=SIZE  ─ ─♦ⱨ◊ꜟ♩ │1≢№╢⅜ ∕─ ╩ ⇔√™ │ 

↓─○ⱪ◦ꜛfi╩ ℮⁹√≤ⅎ┌ 0.8 ⌐ ⇔√™ │ 
- width=0.8  

≤⇔╕∆⁹ 
- font=SIZE  ⱨ◊fi♩─◘▬☼╩ ⇔√™≤⅝⌐│ ↓╣╩ ∆╢⁹ │14≢∆⁹ 

√≤ⅎ┌ ⱨ◊fi♩◘▬☼╩28⌐⇔√™⌂╠┌  
- fon t=28  

≤⇔╕∆⁹ 
- color  ◓ꜝⱨ╩◌ꜝכ ⇔╕∆⁹ 
- mode={total|layer|atom}  total ╩ ∆╢≤ ⅜ ↕╣╕∆⁹ 

layer ╩ ∆╢≤ ─ ─ ⅜ ↕╣╕∆⁹ 

atom ╩ ∆╢≤ ─ ─ ⅜ ↕╣╕∆⁹ 

projected ╩ ∆╢≤ ─ ─ ⅜ ↕╣╕

∆⁹ 

│ total ≢∆⁹ 
- epsf={yes|no}  ⱳ☻♩☻◒ꜞⱪ♩ⱨ□▬ꜟ╩ ⇔⌂™≤⅝⌐│ no╩ ⇔╕∆⁹

│yes ≢ 

⅜⌂↑╣┌ ⱳ☻♩☻◒ꜞⱪ♩ⱨ□▬ꜟ⅜ ↕╣╕∆⁹ 
- data={yes|no}  ╛ ─ ╩ꜟ▬□epsⱨ╠⅛♃כ♦ ∆╢─≢│⌂ↄ

─ⱨ□▬ꜟ⌐ ∆╢≤⅝⌐│ yes ╩ ⇔╕∆⁹ 
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9.5 k ⱨ□▬ꜟ כ♠  ꜟ band_kpoint.pl 

 

Ᵽfi♪ ╩ ↄ⌐│ ⌐ ∫√▓ ─ ╩ ⇔ ∕─ ▓ ≢─ ◄Ⱡꜟ◑כ╩ ekcal≢ ⇔╕

∆⁹ekcal│▓ ⅜♃כ♦─ ⅝ ╕╣√ⱨ□▬ꜟ kpoint.data ╩ ╖ ╖ ▓ ≢─ ◄Ⱡꜟ◑כ╩ ⇔╕

∆⁹∕─▓ ─ⱨ□▬ꜟ─ ╩ ∆╢ⱪ꜡◓ꜝⱶ⅜ band_kpoint.pl ≢∆⁹band_kpoint.pl ─ ⱨ□▬ꜟ

─ │ ─ ⌐⌂∫≡™╕∆⁹ 

 

dkv  
b1x  b2x  b3x  
b1y  b2y  b3y  
b1z  b2z  b3z  
n1 n2 n3 nd # Symbol  
...  

 

dkv ⅜▓ ─ b1x,b1y,b1z│ ⱬ◒♩ꜟ╫─x,y,z ⁹ ⱬ◒♩ꜟ╫,╫⌐≈™≡╙ ≢∆⁹ 

⌐ ▓ ≤∕─◦fiⱲꜟ─ ╩⇔╕∆⁹◦fiⱲꜟ─ │ ≢│№╡╕∑╪⅜ ⅜№╢

Ᵽfi♪ ─ ⌐ ↕╣╕∆⁹ ὲȟὲȟὲȟὲ╩ ™≡▓ⱬ◒♩ꜟ╩ 

▓
ὲ

ὲ▀
╫

ὲ

ὲ▀
╫

ὲ

ὲ▀
╫ 

─╟℮⌐ ⇔╕∆⁹◦fiⱲꜟ│#─ ⌐ ™≡ↄ∞↕™⁹ ─ ─ ╩ ⇔╕∆⁹ 

 

0.02                         <----  k ─  
- 1.0   1.0   1.0  

1.0  - 1.0   1.0                <----  ⱬ◒♩  ꜟ
1.0   1.0  - 1.0  
0 1 1 2 # X                 <----  n1 n2 n3 nd # Symbol  
0 0 0 1 # {/Symbol  G} 
1 1 1 2 # L 
5 2 5 8 # U 
1 0 1 2 # X 

 

↓╣≤ ∂╙─⅜♦▫꜠◒♩ꜞexample⌐№╢─≢ ∕╣╩◖Ⱨכ⇔≡band_kpoint.pl ╩ ⇔≡╖╕⇔╞℮⁹  

$ cd PHASE_INST_DIR/samples/tools/work  

$ cp ../example/bandkpt_fcc_xglux.in  .  

$ band_kpoint.pl  bandkpt_fcc_xglux.in  > output  

 ↓℮∆╢≤ kpoint.data ⅜ ↕╣╕∆⁹↓╣⅜Ᵽfi♪ ─▓ ─ⱨ□▬ꜟ≢∆⁹ ↓─▓ ─ⱨ□▬ꜟ

╩ ⌐ ⅎ≡ ekcal≢▓ ≢─ ◄Ⱡꜟ◑כ╩ ⇔≡ↄ∞↕™⁹ 
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9.6 Ᵽfi♪ כ♠  ꜟ band.pl 

 

9.6.1 band.pl─  

 

band.pl ≢Ᵽfi♪ ╩ ↄ↓≤⅜≢⅝╕∆⁹ PHASE ─ekcal─ nfenergy.data ≤band_kpoint.pl ─

ⱨ□▬ꜟ⅜band.pl ─ ⌐⌂╡╕∆⁹ ─ ≢ ⇔√ kpoint.data ╩ ≤⇔ ekcal≢ ◄Ⱡ

כ◑ꜟ ╩ ™  ╠╣√ ◄Ⱡꜟ◑כⱨ□▬ꜟnfenergy.data ⅜ ♦▫꜠◒♩ꜞexample⌐№╡╕∆⁹ 

↓─ⱨ□▬ꜟ╩ ∫≡Ᵽfi♪ ╩ ™≡╖╕⇔╞℮⁹example ⌐№╢ nfenergy.data ≤ 

bandkpt_fcc_xglux.in ╩work ⌐◖Ⱨכ⇔ ∕╣╠╩ ≤⇔≡band.pl ╩ ⇔╕∆⁹  

$ cd PHASE_INST_DIR/samples/tools/work  

$ cp ../example/nfenergy.data  .  

$ cp ../example/bandkpt_fcc_xglux.in  .  

$ band.pl  nfenergy.data  bandkpt_fcc_xglux.in  - erange= - 13,5  - color  

 ↓℮∆╢≤ EPSⱨ□▬ꜟband_stru cture.eps⅜ ↕╣╕∆⁹ ↓─ⱨ□▬ꜟ╩↔ ⌐⌂╢⌐│ ghostview

╛gv⌂≥─♁ⱨ♩►▼▪⅜ ≢∆⁹  

$ ghostview  band_structure.eps  

 ╕√│  

$ gv band_structure.eps  

 

 

Ᵽꜟ◒Si─Ᵽfi♪  

 

band.pl ╩ ∆╢≤⅝⌐ ⇔√-erange │ ∆╢◄Ⱡꜟ◑כ─ ╩ ∆╢○ⱪ◦ꜛfi -color │◌ꜝ

כ ╩ ℮○ⱪ◦ꜛfi≢∆⁹ 

 

9.6.2 band.pl─○ⱪ◦ꜛfi 

 

⌂⌐╙ ∑∏⌐band.pl ╩ ∆╢≤ ⅜ ↕╣╕∆⁹  

$ band.pl  

Usage:  band.pl  EnergyDataFile  KpointFile  - erange=Emin,Emax  
- einc=dE  - ptype={solid_circles|lines}  - with_fermi  
- width=SIZE  - color  
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KpointFile ─ ⅜ ╩ ∆╢○ⱪ◦ꜛfi≢∆⁹ 

 

- erange=Emin,Emax  ∆╢◄Ⱡꜟ◑כ─ ╩eV ≢ ∆╢⁹ 

√≤ⅎ┌ - 10 eV⅛╠5 eV╕≢ ⇔√™ │  
- era nge=- 10,5  

≤⇔╕∆⁹ 

- einc=dE  ╡─ ╩ ∆╢⁹ 

√≤ⅎ┌2eV ⌐ ╡╩┤╡√™⌂╠  
- einc=2  

≤⇔╕∆⁹ 

- ptype=TYPE  ╩ ∆╢⁹ 

- ptype=solid_circles   :  ↄ ╡≈┬↕╣√ ≢ ∆╢⁹ 

- ptype=lines           :  ≢≈⌂←(♦ⱨ◊ꜟ♩)⁹ 

- with_fermi  ♦ⱨ◊ꜟ♩≢│ ⅛⌂™ⱨ▼ꜟⱵ꜠ⱬꜟ╕√│ ─◄Ⱡꜟ◑כ꜠ⱬꜟ╩

ↄ⁹ ≢│ⱨ▼ꜟⱵ꜠ⱬꜟ╩ ⇔ ה ≢№╣┌ ─◄Ⱡ

╩ꜟⱬ꜠כ◑ꜟ ⇔╕∆⁹ 

- width=SIZE  ─ ─♦ⱨ◊ꜟ♩ │0.5 ≢№╢⅜ ∕─ ╩ ⇔√™ │↓─○ⱪ◦ꜛfi╩

℮⁹√≤ⅎ┌ 0.3 ⌐ ⇔√™ │ 
- width=0.3  

≤⇔╕∆⁹ 

- color  ◓ꜝⱨ╩◌ꜝכ ∆╢⁹ 
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9.7 ─ trajectory ┼─ כ♠  ꜟ dynm2tr2.pl 

 

Perl ☻◒ꜞⱪ♩dynm2tr2.pl │⁸ ⁸ (nfdym.data)♃כ♦─ ╩ trajectory ⌐

⇔╕∆⁹ 

 

dynm2tr2.plꜟכ♠ ╩ ─╟℮⌐ ⇔╕∆⁹  

$ dynm2tr2.pl  nfdynm.data  

↓─╟℮⌐∆╢≤ dynm.tr2 ≤™℮ⱨ□▬ꜟ≤grid.mol2 ≤™℮ⱨ□▬ꜟ⅜ ↕╣╕∆⁹ │ ─ ⌂

≥⅜ ↕╣√ⱨ□▬ꜟ≢№╡  │ ∆╢☿ꜟ─ ⌂≥⅜ ↕╣√ⱨ□▬ꜟ≢∆⁹ 

 

FCC─ⱪꜞⱵ♥▫Ⱪ☿ꜟ⌐Si⅜ ∫√ ╩ ≤⇔ ⇔√ ╩ trajectory

⌐ ⇔⁸ ⇔√ ≢∆⁹ 

 

 9.2 Ᵽꜟ◒Si─ ─  

 

 9.2─ │ ⌐ ∆╢ ╩ ⇔≡™╕∆⁹ ⅜ ⌐⌂∫√№≤│ ─ ⅜ ╗ ⌐ ⌐

∆╢ ⅜ ↕ↄ⌂╡ ⅜ ↕╣≡™ↄ ⅜ ⅛╡╕∆⁹  9.2 ≢│ⱪꜞⱵ♥▫Ⱪ☿ꜟ≢

↕╣╕∆⅜  ─╟℮⌂control.inp ≤™℮ⱨ□▬ꜟ╩ ∆╣┌ ─ ╛☿ꜟ─ ⅜≢⅝╕∆⁹ 

 

origin   1.2825  1.2825  1.2825  
vector1  10.26   0     0 
vector2   0    10.26   0 
vector3   0     0    10.26  
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↓─control.inp ╩ ⇔≡dynm2tr2.pl ≢dynm.tr2 ╩ ∆╢≤ ⅜(1.2825,1.2825,1.2825) bohr⌐ ╡  

☿ꜟ─ⱬ◒♩ꜟ⅜(10.26,0,0) (0,10.26,0) (0,0,10.26) bohr ⌐⌂╡╕∆⁹ ─╟℮⌐⇔≡ dynm.tr2 ╩

⇔╕∆⁹  

$ dynm2tr2.pl  nfdynm.data  control.inp  

 

 Ⱪꜝⱬכ☿ꜟ≢ ─ step 10╩ ⇔√─⅜  9.3≢∆⁹ 

 

 

 9.3 Ⱪꜝⱬכ☿ꜟ≢ ⇔√Ᵽꜟ◒Si─ (step 10) 
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9.8 ꜠ⱬꜟ כ♠  ꜟ freq.pl 

 

PHASE ─ ╩ ∆╢≤ ─ ─♪כ⸗ ≤ ⱬ◒♩ꜟ⅜ ╠╣╕∆⁹ 

─ │⁸ⱨ□▬ꜟmode.data⌐ ↕╣╕∆⁹Perl ☻◒ꜞⱪ♩ freq.pl │ mode.data⅛╠ ♃כ♦─

╩ ╡ ⇔ ꜠ⱬꜟ ╩ ⇔╕∆⁹freq.pl ∆╢≤ EPS ─ ⱨ□▬ꜟ freq.eps⅜ ↕╣╕

∆⁹ 

 

$ freq.pl  [options] mode.data  

 

Ᵽꜟ◒Si─ ─ ─꜠ⱬꜟ ╩  9.4⌐ ⇔╕∆⁹ 

 

 

 9.4 Ᵽꜟ◒Si─ ꜠ⱬꜟ  

 

꜠ⱬꜟ╩ ∆ │ ↔≤⌐ ⌐╕≤╘≡ ↕╣ ∕─ ─ ⌐│ ─ ≤ ╩

∆ (IR,R,IR&R,NON) ⅜ ↕╣╕∆⁹IR │ ╩ ⇔ R│ꜝⱴfi ╩ ⇔╕∆⁹IR&R │

≤ꜝⱴfi ⅜№╢↓≤╩ ⇔╕∆⁹ NON │◘▬꜠fi♩⸗כ♪≢№╢↓≤╩ ⇔≡™╕∆⁹ ↕╣√

꜠ⱬꜟ ≢│ ─ ⌐│ ⅜ cm-1 ≢ ↕╣╕∆⁹ ↔≤⌐ ─ ™ ⌐

↑↕╣ ─ ⌐ ↕╣╕∆⁹ 

 

9.8.1 freq.pl─○ⱪ◦ꜛfi 

 

⌂⌐╙ ∑∏⌐ freq.pl ╩ ∆╢≤ ⅜ ↕╣╕∆⁹  

$ freq.pl  

 

***  A visualization  program  for  vibrational  freqencies  ***  
Usage:  freq.pl  [ - width =W] [ - height=H]  [ - nrep=N]  { - solid| - mol| - ignored_modes=LIST}  

mode.data  

 

freq.pl ─○ⱪ◦ꜛfi≢∆⁹ 

- width=W  ─ ─♦ⱨ◊ꜟ♩ │ 1 ≢№╢⅜ ∕─ ╩ ⇔√™ │↓─○ⱪ◦ꜛfi╩

℮⁹ 

√≤ⅎ┌ 0.3 ⌐ ⇔√™ │ 
- width=0.3  

≤⇔╕∆⁹ 

- height=H  ─ ─♦ⱨ◊ꜟ♩ │ 1 ≢№╢⅜ ∕─ ╩ ⇔√™ │↓─○ⱪ◦ꜛfi╩

℮⁹ 
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√≤ⅎ┌ 2.5 ⌐ ⇔√™ │ 
- height=2.5  

≤⇔╕∆⁹ 

- nrep=N  ≈─ ⌐ ∆╢ ─ ⁹ ─♪כ⸗ ⅛↓─ ╟╡╙ ™≤⅝

⌐│ ─EPSⱨ□▬ꜟ⅜ ↕╣╕∆⁹ 

- solid  ─ ⌐ ╩ ⌐∆╢○ⱪ◦ꜛfi⁹ 

↓╣│♦ⱨ◊ꜟ♩≢ ↕╣≡™╕∆⁹ 

- mol  ─ ⌐ ≤ ╩ ⌐∆╢○ⱪ◦ꜛfi⁹ 

- ignored_modes=LIST  LIST ─≤↓╤⌐◖fiⱴ≢ ∫≡ ═√ │♪כ⸗─ ↕╣⌂ↄ⌂╡╕∆⁹ 

√≤ⅎ┌  
- ignored_modes=1,2,3  

≤∆╢≤1,2,3 │♪כ⸗─ ↕╣⌂ↄ⌂╡╕∆⁹ 
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9.9 ─ ─ trajectory ⱨ□▬ꜟ כ♠  ꜟ animate.pl 

 

Perl ☻◒ꜞⱪ♩ animate.pl │⁸mode.data ⌐ ↕╣≡™╢ ─♪כ⸗ ⱬ◒♩ꜟ─♦כ♃╩ ╖ ╖

─ ╩ trajectory ⱨ□▬ꜟ⌐ ⇔╕∆⁹  

 

control.inp ≤™℮ⱨ□▬ꜟ╩ ∆╢≤⁸ ─ ≤☿ꜟⱬ◒♩ꜟ─ ⅜≢⅝╕∆⁹ 

control.inp ─ ≢∆⁹ 

origin   1.27189  1.27189  1.27189  
vector1  10.17512  0 0 
vector2  0 10.17512  0 
vector3  0 0 10.17512  

 

↓─ ≢│⁸Ⱪꜝⱬכ☿ꜟ≢ ∆╢√╘⌐ ╩(1.27189 1.27189 1.27189) bohr⌐ ⇔ ☿ꜟⱬ◒♩ꜟ

╩(10.17512 0 0) (0 10.17512 0) (0 0 10.17512) bohr ⌐ ⇔╕∆⁹ 

 

animate.pl ╩ ─╟℮⌐ ⇔╕∆⁹ 

$ animate.p l  mode.data  control.inp  

─≥↔♪כ⸗ trajectory ⱨ□▬ꜟmode_1.tr2 mode_2.tr2 ... mode_6.tr2 ≤™℮ⱨ□▬ꜟ≤

grid.mol2 ≤™℮ⱨ□▬ꜟ⅜ ↕╣╕∆⁹ trajectory ─ⱨ□▬ꜟ│ ─♪כ⸗ ∞↑ ↕╣╕∆⁹ 

 

Ᵽꜟ◒Si─ ─6 ─ ─ ⱬ◒♩ꜟmode_6.tr2 ╩ ⇔√ ╩  9.5⌐ ⇔╕∆⁹  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 9.5 Ᵽꜟ◒Si─ ─ ⱬ◒♩  ꜟ
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10. ⱨ□▬  ꜟ

 

10.1 ⱨ□▬  ꜟ

 

10.1.1 Ɽꜝⱷכ♃ⱨ□▬  ꜟ nfinp.data 

 

 

 

 

 

10.1.2 ⱳ♥fi◦ꜗꜟⱨ□▬  ꜟ

 

ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ─ⱨ◊כⱴ♇♩⌐≈™≡ ⇔╕∆⁹ 

≤⇔≡ Si ─ ⱳ♥fi◦ꜗꜟ─ ─ ╩ ⌐ ⇔╕∆⁹ 

   14   4   3   0   2  :  zatom,  ival,  iloc,  itpcc   
ldapw91   :  name  
     2.160000     0.860000     1.605400    - 0.605400   :    alp,cc  
   1501    96.000000    60.000000   :    nmesh,   xh,  rmax  
VALL 
 - 0.14250064037552332E+07  - 0.141023924 78975291E+07  - 0.13956251181755565E+07  
 - 0.13811624288404209E+07  - 0.13668496105922471E+07  - 0.13526851103651347E+07  
 - 0.13386673911985729E+07  - 0.13247949320589846E+07  - 0.13110662276746516E+07  
 - 0.12974797883723934E+07  - 0.12840341399159116E+07  - 0.127072782334 58301E+07  
 - 0.12575593948213934E+07  - 0.12445274254637859E+07  - 0.12316305012010917E+07  
 - 0.12188672226148657E+07  - 0.12062362047882713E+07  - 0.11937360771558125E+07  
 - 0.11813654833546225E+07  - 0.11691230810772763E+07  - 0.11570075419261454E+07  
 - 0.11450175512692 606E+07  - 0.11331518080976552E+07  - 0.11214090248841981E+07  
 - 0.11097879274438950E+07  - 0.10982872547956155E+07  - 0.10869057590252746E+07  
 - 0.10756422051504281E+07  - 0.10644953709862572E+07  - 0.10534640470129563E+07  
 - 0.10425470362444966E+07  - 0.10317431540987322E+07  - 0.10210512282688706E+07  
 - 0.10104700985962711E+07  - 0.99999861694454885E+06  - 0.98963564707499891E+06  
  ........................................................................  
  ........................... .............................................  
  ........................................................................  

 

ⱳ♥fi◦ꜗꜟ╩ ⇔√ⱨ□▬ꜟ─ ─ ─ ⇔√ ⌐│ # ≢ ╕╢◖ⱷfi♩ ╩ ∆╢ ↓≤⅜

≢⅝╕∆⁹╙⇔◖ⱷfi♩ ╩ ⅝ ╣╢≤ PHASE ╩ ╠∑√≤⅝⌐  (output000) ⌐ ∕─◖ⱷ

fi♩ ⅜ ↕╣╕∆⁹  

ⱪ꜡◓ꜝⱶ PHASE  ⌐ ⱳ♥fi◦ꜗꜟ♦כ♃╩ ╖ ╕∑╢⌐│ ∕─ ─ 4  (◖ⱷfi♩ ⅜№╢ ⌐

│ ◖ⱷfi♩ ─4 ╕≢)⌐  ─Ɽꜝⱷכ♃כ─ ⅜ ↕╣≡™╢ ⅜№╡╕∆⁹ 

 

1  natomn, ival, iloc, itpcc, igncpp  

↓╣╠─ │ ∕╣∙╣ ὤ ─ ὤ  ─ ὰ  ⌐ 1╩ ⅎ√  ◖▪♅

☺כꜗ ─ (=1) (=0)  ⱳ♥fi◦ꜗꜟ♦כ♃─ GNCPP1(=1) GNCPP2(=2)─ ⌐ ╦╣╕∆⁹ 

 

2  xctype 

◄Ⱡꜟ◑כ─ ╩ ⇔╕∆⁹ ≢⅝╢─│ LDAPW91, GGAPBE ─ ╣⅛≢∆⁹ 

 

3  alp1, alp2, cc1, cc2 

↓╣╠─Ɽꜝⱷכ♃כ╩‌ȟ‌ȟὧȟὧ≤ ↄ≤  PHASE ─ ≢│ ◖▪ ─ ⱳ♥fi◦ꜗꜟ╩ 
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ὠ
ὤ

ὶ
ὧÅÒÆ‌ὶ ὧÅÒÆ‌ὶ  

≤™℮ ≢ ⇔≡ ⇔╕∆⁹ √∞⇔ ὩὶὪẗ │●►☻─ ≢∆⁹ ╕√ 2≈─  ὧ ≤ ὧ ─

⌐│ ὧ ὧ ρ ─ ⅜№╡╕∆⁹ 

 

4  nmesh, xh, rmax  

─ⱷ♇◦ꜙ╩ 

ὶ ὶ ÅØÐ Ὥ ὔ Ⱦὼ Ὥ ρȟỄȟὔ  

─ ⌐⇔√⅜∫≡ ⇔╕∆⁹√∞⇔ ὔ  │ ─ⱷ♇◦ꜙ─ ╩ ⇔╕∆⁹ 

 

4 ╩ ≈ 14─ Si ─ LDAPW91 ⌐╟╢ ⱳ♥fi◦ꜗꜟ≢№╢ ↓≤⅜ ↓╣╠─

⅛╠ ⅛╡╕∆⁹  

5 (◖ⱷfi♩ ⅜№╢ ⌐│ 6 )⌐ ⅛╣≡™╢ VALL ≤™℮─│  PHASE ─ⱪ꜡◓ꜝⱶ ≢ ⱳ

♥fi◦ꜗꜟ─♅▼♇◒ ⌐ ╦╣╢ ≢∆⁹  

∕─ ─ ⅛╠⅜ ⱳ♥fi◦ꜗꜟ─ ─♃כ♦─↓ ⁹∆≢♃כ♦─ ─Ⱪ꜡♇◒│ ↕╣√ ⱳ♥

fi◦ꜗ  ꜟ (screened All Electron potential, ὠ ὶ) ⌐ ∆╢╙─≢ ♃כ♦─⧵ │  

 do ir  = 1,  nmesh 

  ὠ Ὥὶ  
 end do 

 ≤™℮ ⌐⌂∫≡™╕∆⁹  

2─Ⱪ꜡♇◒│ ↕╣√ ⱳ♥fi◦ꜗ  ꜟ (screened local potential, ὠ ȟ ὶȟὰ) ⌐ ∆╢╙─≢∆⁹ 

ὠ ὶ ♃כ♦─⧵ │   

 do ir  = 1,  nmesh 

  ὠ ȟ ὭὶȟὭὰέὧ  

 end do 

 ≤⌂╡╕∆⁹  

3─Ⱪ꜡♇◒│ ─  (valence charge density, ὲ ὶ) ⌐ ─  τ“ὶ ╩⅛↑√╙─≢

∆⁹ ↓╣╩ ” ὶ ≤∆╢≤ (” ὶ τ“ὶὲ ὶ) │♃כ♦─⧵    

 do ir  = 1,  nmesh 

  ” ὶ  
 end do 

 ≤ ⅛╣≡™╕∆⁹  

↓╣╠─3Ⱪ꜡♇◒─ ⅜ ∫√ ⌐ ⌐ ≤ ⱳ♥fi◦ꜗꜟ─ ♦כ♃⅜ ↕╣╕∆⁹ ∕

─ │ ⱡꜟⱶ ─ ≤►ꜟ♩ꜝ♁ⱨ♩─ ≢ ↄ ⌂╡╕∆⁹  

⇔ↄ│ CIAO ─ꜚכ◙כⱴ♬ꜙ▪ꜟ╩↔ ↄ∞↕™⁹ 
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10.2 ⱨ□▬ꜟ ⱨ□▬  ꜟ file_name.data 

 

 

 

10.3 ⱨ□▬ꜟ ⱪ꜡◓ꜝⱶekcal  

 

 

 

10.3.1 ◘fiⱪꜞfi◓k ⱨ□▬  ꜟ kpoint.data F_KPOINT  

 

≤⇔≡, ekcal⌐╟╢Ᵽfi♪ ╩ ℮ ⌐ ∆╢ⱨ□▬ꜟ≢∆. ∆═⅝Ὧ ─ ⅜ ⇔≡№╡╕∆. 

Ὧ ◘fiⱪꜞfi◓─ ≤⇔≡òfileó╩ ⇔√ ─ⱨ□▬ꜟ≤⌂╡╕∆. √∞⇔, ↓─ⱨ□▬ꜟ│ │

band_kpoint.pl ☻◒ꜞⱪ♩( ? )⌂≥⅛╠ ╢∆ ≢≤⌂כ♃▫♦◄ .∆╕⇔ │ ↄ⌂™≤ ╦

╣╕∆⅜. ─√╘ ⇔╕∆.  

F_KPOINT ⱨ□▬ꜟ│, ⌐│ ─╟℮⌐⌂╡╕∆. 

 

141 141         (a)  
0 50 50 100 1   (b)  
0 49 49 100 1    
0 48 48 100 1    
0 47 47 100 1 
0 46 46 100 1 
0 45 45 100 1 
0 44 44 100 1 
0 43 43 100 1 
   ......  
   ......  
   ......  

 

 

(a) Ὧ ─ ╩ ⇔╕∆. ─ , 141 ≤⌂╡╕∆. 

(b) 4 ≈─ ⅜ ╪≢™╕∆⅜, ∕╣∙╣Ὧ ╩(9) ─╟℮⌐ ⇔√ ─ὲȟὲȟὲȟὲȟύ⌐⌂╡╕

∆(↓↓≢ὦᴆȟὦᴆȟὦᴆ│ ⱬ◒♩ꜟ≢∆). 

Ὧᴆ ύ
ὲ

ὲ
ὦᴆ

ὲ

ὲ
ὦᴆ

ὲ

ὲ
ὦᴆ 
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10.4 ⱨ□▬  ꜟ

 

10.4.1 ⱨ□▬  ꜟ dos.data (F_DOS) 

 

F_DOS ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ⌐│, ─ ⅜ ↕╣╕∆. ─ⱨ□▬ꜟ │

dos.data≢∆.  

ⱨ□▬ꜟⱨ◊כⱴ♇♩≤⇔≡│, ╕∏, ☻Ⱨfi╩ ⇔≡™⌂™ ≢│ ⅜♃כ♦─ ─╟℮⌐

↕╣╕∆. 
  No.    E(hr.)         dos(hr.)          E(eV)           dos(eV)               sum 
    6  - 0.20528       0.0000000000     - 11.949000       0.0000000000         0.0000000000  
   16  - 0.20491       0.0000000000     - 11.939000       0.0000000000         0.0000000000  
   26  - 0.20455       0.0000000000     - 11.929000       0.0000000000         0.0000000000  
...............  
...............  
...............  
END 

 

↓↓≢ No.─ │ ⌐ ╡ ╠╣√ , E(hr.)│Ɫכꜞ♩כ ─◄Ⱡꜟ◑כ, dos(hr.)│Ɫכꜞ♩כ ≢

◄Ⱡꜟ◑כ╩ ⇔√ ─ , E(eV)│ Ⱳꜟ♩ ≢─◄Ⱡꜟ◑כ, dos(eV)│ Ⱳꜟ♩ ≢◄Ⱡ

╩כ◑ꜟ ⇔√ ─ , sum │ ⌐∕╣∙╣ ⇔╕∆. , ☻Ⱨfi╩ ⇔√ ─

─╟℮⌐⌂╡╕∆. 
No.   E(hr.)     dos_up(hr.)        dos_down(hr.)       E(eV)          dos_up(eV)         dos_down(eV)

      sum_up   sum_down sum_total  
  1  - 1.5451       0.0000000000       0.0000000000        - 45.4403       0.0000000000       0.0000000

000    0.0000     0.0000     0.0000  
 11  - 1.5441       0.0000000000       0.0000000000        - 45.4131       0.0000000000       0.0000000

000    0.0000     0.0000     0.0000  
 21  - 1.5431       0.0000000000       0.0000000000        - 45.3859       0.0000000000       0.0000000

000    0.0000     0.0000     0.0000  
 31  - 1.5421       0.0000000000       0.0000000000        - 45.3587       0.0000000000       0.0000000

000    0.0000     0.0000     0.0000  
 41  - 1.5411       0.0000000000       0.0000000000        - 45.3315       0.0000000000       0.0000000

000    0.0000     0.0000     0.0000  
 51  - 1.5401       0.0000000000       0.0000000000        - 45.3043       0.0000000000       0.0000000

000    0.0 000    0.0000     0.0000  

 

dos_up, dos_down│∕╣∙╣▪♇ⱪ☻Ⱨfi≤♄►fi☻Ⱨfi─ , sum_up≤sum_down│∕╣∙╣▪♇

ⱪ☻Ⱨfi≤♄►fi☻Ⱨfi─ ⌐ ⇔╕∆. sum_total │sum_up≤sum_down─ ≢∆.  

, ╩ ⇔√ , ↕╠⌐↓─ ⌐≥─╟℮⌂ ⅛╩ ∆

─ ─ ⌐ ⅜♃כ♦╢∆ ↕╣╕∆. ⌂⅔, ☻Ⱨfi╩ ⇔√ ≤⇔⌂™ ─ ™│ ─

≤ ⌂─≢ ⇔╕∆.  

 

 ̧  

─ , ─╟℮⌂ ⅜ ╠╣╕∆. 

ALDOS     num_atom =       1 
  No.    E(hr.)         dos(hr.)          E(eV)           dos(eV)               sum 
    6  - 0.84950       0.0000000000     - 26.189850       0.0000000000         0.0000000

000  
   16  - 0.84850       0.0000000002     - 26.162639       0.0000000000         0.0000000

000  
                             .........................  
                             .........................  
                             .........................  
END 
ALDOS     num_atom =       2 
                             .........................  
                             .........................  
                             .........................  
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│ALDOS≤™℮ ⅛╠ ╕╢ ⅛╠END ╕≢ ↕╣╕∆. ALDOS─ ⌐

↕╣≡™╢, num_atoms = 1 ⌂≥─ │, ∆╢ ─▬fi♦♇◒☻≢∆. ↓─▬fi♦♇◒☻│ ⱨ□▬

ꜟ⌐≡ ⇔√ ─ ≤ ∂≤⌂╡╕∆. 

 

 ̧  

─ ─╟℮⌂ ⅜ ╠╣╕∆. 

LAYERDOS   num_layer  =       1 
  No.    E(hr.)         dos(hr.)          E(eV)           dos(eV)               sum 
    6  - 0.84950       0.0000000000     - 26.189850       0.0000000000         0.0000000

000  
   16  - 0.84850       0.0000000002     - 26.162639       0.0000000000         0.0000000

000  
                             .........................  
                             .........................  
                             .........................  
END 
LAYERDOS     num_layer  =       2 
                             .........................  
                             .........................  
                             .........................  

 

⌐│ ≤ ≢∆⅜, ⅜LAYERDOS ≤⌂∫≡™╢↓≤, num_layer ≢

ⱨ□▬ꜟ⌐≡ ⇔√  ⅜ ↕╣╢↓≤, ⌂≥─ ™⅜№╡╕∆. 
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10.4.2 ◄Ⱡꜟ◑כ ⱨ□▬  ꜟ nfefn.data (F_ENF) 

 

F_ENF ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ⌐│, ─ ◄Ⱡꜟ◑כ╛ ⌐ ↄ ─ , ↕╠⌐

◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√ │▬○fi─ ◄Ⱡꜟ◑כ╛ ⌂≥╙ ↕╣╕∆. ╩ ∫√

≤ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√ ≤≢ ⅜ ⌂╢─≢, ∕╣∙╣⌐≈™≡ ⇔╕∆.  

 

 ̧  

⌂ ╩ ∫√ ─F_ENF ⱨ□▬ꜟ─ ╩ ⇔╕∆. 

 iter_ion,  iter_total,  etotal,  forcmx  
     1      24     - 108.4397629733         0.0086160410  
     2      40     - 108.4401764388         0.0076051917  
     3      56     - 108.4405310817         0.0068758156  
     4      73     - 108.4410640011         0.0065717365  
     5      94     - 108.4414256084         0.0099533097  
     6     113     - 108.4414317178         0.0094159378  
                  ........  
                  ........  
                  ........  

 

│ ₁ ─╟℮⌂ ⌐ ⇔╕∆⁹ 

iter_ion  ▬○fi─ ≢∆⁹ 

iter_total  SCF ꜟכⱪ─ ≢∆. ↓─ │ ─ ⅜ ↕╣╕∆⁹ 

etotal  ◄Ⱡꜟ◑כ╩, Ɫכꜞ♩כ ≢ ⇔╕∆⁹ 

forcmx ⌐ ↄ ─ ╩ (hartree/bohr3) ≢ ⇔╕∆. ↓─ ⅜ ⱨ□▬

ꜟ⌐≡ ⅎ√ ─ ╩ √∆╕≢ │ ↕╣╕∆⁹ 

 

 

 ̧  

─ , ─╟℮⌐⌂╡╕∆⁹ 
      iter_ion,  iter_total,  etotal,  ekina,  econst,  forcmx  
     1      18    - 7.8953179624      0.0000000000     - 7.8953179624      0.0186964345  
     2      30    - 7.8953851218      0.0000665502     - 7.8953185716      0.0183575425  
     3      43    - 7.8955768901      0.0002565396     - 7.8953203505      0.0173392067  
                          ........  
                          ........  
                          ........  

 

─ ≤╒╓ ≢∆⅜, √⌂ ⅜ ↕╣╕∆⁹ 

ekina  ─ ◄Ⱡꜟ◑כ, 

econst ─ , ∆⌂╦∟◄Ⱡꜟ◑כ ─ ◦Ⱶꜙ꜠כ◦ꜛfi─ ─ ◄Ⱡ

─ ,כ◑ꜟ ◦Ⱶꜙ꜠כ◦ꜛfi─ ─ ◄Ⱡꜟ◑כ⌐ ─◄Ⱡ

╩כ◑ꜟ ⅎ√ ≢∆⁹ 

 

 ̧  

─ ╩ ∫√ ─╟℮⌐⌂╡╕∆⁹ 

 

iter_unitcell, iter_ion, iter_total, etotal, forcmx, stressmx  

1    1      25     - 181.4043211381        0.0019960638  

1    2      33     - 181.4043560304        0.0004826299  

1    3      40     - 181.4043582176        0.0000016495        0.0002327496  

2    1      49     - 181.4044223602        0.0000572790        0.0002273231  

3    1      58     - 181.4044833189        0.0001158383        0.0002220365  
                            ........  
                            ........  
                            ........  
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─ ⌐☻כ◔─ ⅎ ─ ⅜ ⅎ╠╣╕∆⁹ 

 

iter_unitcell  ─  

stressmx ☻♩꜠☻♥fi♁ꜟ─  
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10.4.3 ⱨ□▬ꜟnfdynm.data F_DYNM  

 

F_DYNM ⌐╟∫≡ ↕╣╢ⱨ□▬ꜟ⌐│, ─ ≤∕╣⌐ ↄ ⅜ ↕╣╕∆. ╛

◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√ │▬○fi─ ─ ⅜♃כ♦↑∞ ⅝ ╕╣╕∆. ⌂

F_DYNM ⱨ□▬ꜟ─ ╩ ⌐ ⇔╕∆. ⌂⅔, ↓─ⱨ□▬ꜟ⌐⅔™≡ ↕╣╢ │∆═≡

≢∆.  

 
# 
#   a_vector  =         9.2863024980         0.0000000000         0.0000000000  
#   b_vector  =        - 4.6431512490         8.0421738710         0.0000000000                 (a)  
#   c_vector  =         0.0000000000         0.0000000000        10.2158587136  
#   ntyp  =        2 natm =        9                                                        (b)  
# (natm - >type)      1    1    1    1    1    1    2    2    2                               (c)  
# (speciesname)      1 :    O                                                                (d)  
# (speciesname)      2 :    Si    
# 
 cps  and forc  at  (iter_ion,  iter_total  =     1      24 )                                    (e)  
    1    3.161057370     1.169332082     1.214972077    - 0.004058    - 0.005565    - 0.004966      (f)  
    2    6.69 3102525     2.152889944     4.620258315     0.006945    - 0.001028    - 0.004994  
    3    4.075293851     4.719951845     8.025544553    - 0.002872     0.006394    - 0.004796  
    4   - 1.482093879     6.872841789     5.595600399    - 0.004362     0.005502     0.004993  
    5   - 0.567857398     3.322222026     9.000886637    - 0.002792    - 0.006296     0.004965  
    6    2.049951276     5.889283925     2.190314161     0.006974     0.000708     0.004795  
    7    4.921740324     0.000000000     3.405282833     0.001436     0.000122     0.000068  
    8   - 2.460870162     4.262352150     6.810569070    - 0.000612     0.001305    - 0.000066  
    9    2.182281087     3.779821719    10.215855308    - 0.000660    - 0.001143     0.000001  
 cps  and forc  at  (iter_ion,  iter_total  =     2      40 )  
    1    3.156999743     1.16 3767576     1.210005993    - 0.002904    - 0.005755    - 0.003892  
    2    6.700048015     2.151861938     4.615264365     0.006567     0.000186    - 0.003832  
    3    4.072421499     4.726345880     8.020748072    - 0.003503     0.005487    - 0.003829  
    4   - 1.486455954     6.878343743     5.600593135    - 0.003122     0.005780     0.003831  
    5   - 0.570648922     3.315925959     9.005851266    - 0.003532    - 0.005392     0.003892  
    6    2.056925355     5.889992076     2.195109289     0.006503    - 0.000290     0.003828  
    7    4.9231763 44    0.000121757     3.405351146     0.000397    - 0.000013     0.000018  
    8   - 2.461482612     4.263656762     6.810503226    - 0.000210     0.000337    - 0.000017  
    9    2.181621403     3.778679157    10.215856638    - 0.000197    - 0.000341     0.000000  

 
                                        ........  
                                        ........  
                                        ........  
                                        ........  
                                        ........  

 

 

(a) ☿ꜟⱬ◒♩ꜟ⅜ ⅛╣≡™╕∆⁹a_vector, b_vector, c_vector ⌐∕╣∙╣a , b , c ─ⱬ

◒♩ꜟ⅜ ↕╣≡™╕∆⁹ 

(b) ntyp = ─ ⌐│ ↕╣≡™╢ ─ ⅜ ↕╣≡™╕∆⁹↓─ ≢│ 2 ≢∆⁹╕√, 

natm = ─ ⌐│ ⅜ ⅛╣≡™╕∆⁹↓─ ≢│9 ≢∆⁹ 

(c) (natomќtype) ─ ⌐│, ≤ ─ⱴ♇Ⱨfi◓⅜ ⅛╣≡™╕∆⁹↓─ ∞≤, 1 ⅛

╠6 ─ ─ │1, 7 ⅛╠9 ─ │2 ≤™℮ ⌐ ⇔╕∆⁹ 

(d) (speciesname) ─ ⌐│, ≤ ID ─ⱴ♇Ⱨfi◓⅜ ⅛╣≡™╕∆⁹↓─ ≢│, 1 ≤™℮

│O( ), 2 ≤™℮ │Si( ) ⌐ ∆╢, ≤™℮↓≤⌐⌂╡╕∆⁹ 

(e) ☻♥♇ⱪ≢─ ⅜ ↕╣≡™╕∆⁹↓─ ≢│, ▬○fi─ ⅜1 , SCF ─

⅜24 ≤⌂╡╕∆⁹ 

(f) ─ ─ ≤∕─ ⌐ ™≡™╢ ⅜ ↕╣≡™╕∆⁹1 ─ │ ─ ID, 2 

⅛╠4 ─ ⅜ ─ ─x,y,z , 5 ⅛╠6 ─ ⅜ ⌐ ↄ ─x,y,z 

≤⌂╡╕∆⁹╙⇔ ⱨ□▬ꜟ⌐⅔™≡ printlevel Ⱪ꜡♇◒─ velocity ╩ 2 ⌐

⇔≡™√ 7 ⅛╠9 ─ ⌐ ⅜ ≢ ↕╣╕∆⁹ 
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10.4.4 ⱨ□▬ꜟnfchr.cube F_CHR  

 

F_CHR ⱨ□▬ꜟ⌐│ ⌐⅔↑╢ ⅜♃כ♦─ ↕╣╕∆. √∞⇔, ↓↓≢│ PHASE ─♦ⱨ◊ꜟ

♩─ ≢│⌂ↄ, file_type ≤⇔≡ cube╩↔ ™√∞™√ ⌐ ╠╣╢Gaussian Cube ─ⱨ□▬ꜟ⌐

≈™≡ ⇔╕∆⁹PHASE ♦ⱨ◊ꜟ♩─ ╩ ∆╢↓≤│≢⅝╕∑╪. ⌂╢═ↄGaussian Cube ─

ⱨ□▬ꜟ╩↔ ™√∞ↄ↓≤╩⅔ ╘⇔╕∆. 

 
 This  is  a title  line  for  the  bulk  Si                                                (a)  
 SCF Total  Density                                                                    
     8    0.0000     0.0000     0.0000                                                 (b)  
    20  0.513000   0.000000   0.000000                                                 (c)  
    20  0.000000   0.513000   0.000000                                                  
    20  0.000000   0.000000   0.513000                                                  
    14  4.000000   1.282500   1.282500   1.282500                                       (d)  
    14  4.000000   8.977500   8.977500   8.977500  
    14  4.000000   1.282500   6.4 12500   6.412500  
    14  4.000000   8.977500   3.847500   3.847500  
    14  4.000000   6.412500   1.282500   6.412500  
    14  4.000000   3.847500   8.977500   3.847500  
    14  4.000000   6.412500   6.412500   1.282500  
    14  4.000000   3.847500   3.847500   8.977500  
  0.8 7897E- 01  0.80457E - 01  0.63811E - 01  0.47743E - 01  0.35993E - 01  0.26628E - 01      (e)  
  0.18342E - 01  0.12084E - 01  0.83725E - 02  0.65941E - 02  0.60774E - 02  0.65941E - 02 
  0.83725E - 02  0.12084E - 01  0.18342E - 01  0.26628E - 01  0.35993E - 01  0.47743E - 01 
  0.63811E - 01  0.80457E - 01  0.80457E - 01  0.76575E - 01  0.63379E - 01  0.51118E - 01 
  0.43367E - 01  0.35993E - 01  0.26413E - 01  0.17302E - 01  0.11265E - 01  0.80672E - 02 
  0.65941E - 02  0.62411E - 02  0.68963E - 02  0.88010E - 02  0.12493E - 01  0.18342E - 01 
  0.26413E - 01  0.37600E - 01  0.5318 0E- 01  0.70418E - 01  0.63811E - 01  0.63379E - 01 
                                   ........  
                                   ........  
                                   ........  
                                   ........  
                                   ........  

 

(a) ♃▬♩ꜟ╛◖ⱷfi♩ ≢∆. │ ⱨ□▬ꜟ⅛╠↔ ™√∞ↄ↓≤╙≢⅝╕∆. 

(b) 8│ ─ , ò0.0000 0.0000 0.0000ó│ ≢∆. │, PHASE ≢│ ⌐(0,0,0)≢∆. 

(c) ☿ꜟ─ ⅜ ⅎ╠╣≡™╕∆. √≤ⅎ┌, ò20 0.513000 0.000000 0.000000ó≤№╢ , ≈ ─

╩20 ⇔, ─ │0.513,0.00,0.00≢№╢↓≤╩ ⇔╕∆. ↕─ │Bohr ≢∆. 

(d) ≈ ─ │ ≢∆. ─ ≢│ 14 ⌂─≢, ◦ꜞ◖fi≢№╢↓≤⅜ ⅛╡╕∆. ─

4.00000≤™℮ │, ≢∆. ∕─ ─ ≈─ │ ∆╢ ─ x,y,z ≢∆. │

Bohr ≢∆. 

(e) ─ ─ ⅜ ⅝ ↕╣≡™╕∆. ╕∏z , ⌐y , ⌐x ⅜ ∆╢╟℮

⌂ ≢ ↕╣╕∆. 
(1,1,1)   (1,1,2)   ......   (1,1,20)   (1,2,1)   (1,2,2)  
......   (1,20,20)   (2,1,1)   ......  
(20,20,19)   (20,20,20)  
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10.4.5 ⱨ□▬  ꜟ continue.data F_CNTN  

 

↓─ⱨ□▬ꜟ⌐│, ∆╢ ─№╢ ⅜♃כ♦─ ↕╣≡™╕∆. √≤ⅎ┌, ╩ ℮

⌐ ─ ╩ ⇔√™ ╛, ∆≢⌐ ⇔√ ╩ ⇔≡ ⇔√™ ⌂≥│ ↓─

ⱨ□▬ꜟ╩ ∆╢ ⅜№╡╕∆. ∕─ │, √≤ⅎ┌ ─╟℮⌐⌂╡╕∆. 

 
 iteration,  iteration_ionic,  iteration_electronic  
        19         1        19                                                      (a)  
 Ionic  System  
  (natm)  
         2                                                                          (b)  
  (pos)  
  0.1249999 999999999D+00   0.1250000000000001D+00   0.1250000000000001D+00             (c)  
  0.8749999999999994D+00   0.8749999999999994D+00   0.8749999999999994D+00  
  (cps)  
  0.1282864712563094D+01   0.1282864712563093D+01   0.1282864712563093D+01             (d)  
  0.898005 2987941646D+01   0.8980052987941646D+01   0.8980052987941646D+01  
  (cpd)  
  0.0000000000000000D+00   0.0000000000000000D+00   0.0000000000000000D+00  
  0.0000000000000000D+00   0.0000000000000000D+00   0.0000000000000000D+00  
  (cpo(   1))  
  0.0000000000000000D+00   0.0000000000000000D+00   0.0000000000000000D+00  
  0.0000000000000000D+00   0.0000000000000000D+00   0.0000000000000000D+00  
  (cpo(   2))  
  0.0000000000000000D+00   0.0000000000000000D+00   0.0000000000000000D+00  
  0.0000000000000000D+00   0.0000000000000000D+00   0.0000000000000000D+00  
  (cpo(   3))  
  0.0000000000000000D+00   0.0000000000000000D+00   0.0000000000000000D+00  
  0.0000000000000000D+00   0.0000000000000000D+00   0.0000000000000000D+00  
 Total  Energy  
 - 0.7851066208137508D+01  - 0.7851066208137508D+01                                     (e)  
 isolver  
        17  
convergence  
         2                                                                          (f)  
edelta_ontheway  
  0.1000000000000000D - 07                                                            (g)  

 

⌂ ⌐≈™≡ ⇔╕∆. 

 

(a) ⇔√ , ▬○fi─ , SCF ─ ⅜ ↕╣╕∆. 

(b) ─ ⅜ ↕╣╕∆. 

(c) ─ ⅜, ☿ꜟⱬ◒♩ꜟ⌐ ∆╢ ≢ ↕╣╕∆. 

(d) ─ ⅜, ≢, bohr ≢ ↕╣╕∆. 

(e) ≈ ─☻♥♇ⱪ≤ ─☻♥♇ⱪ─ ◄Ⱡꜟ◑כ⅜ ↕╣╕∆. 

(f) ⅜ ↕╣╕∆. 

 0: , 1: SCF│ ⇔≡™╢⅜▬○fi─ │ , 2: ╖   

╩ ⇔╕∆. ⌐2─ ≢ ╩ ℮≤, ≤ ⌐ⱳ☻♩ ⌐ ╡╕∆. ₈ │

⇔√╙──, ╩ ⇔√ ⌐ ╩ ™√™₉⌂≥─ ⌐⅔™≡│, ↓─ ╩ 0 ≤⇔

≡ↄ∞↕™. 

(g) SCF─ ─ ⅜ ↕╣╕∆. ⌐≡SCF ─ ╩ ∆╢ , ⱨ□▬

ꜟ∞↑≢│⌂ↄ↓∟╠╙ ⇔≡ↄ∞↕™.  
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ⱨ□▬ꜟnfenergy.data♃כ♦ 10.4.6 F_ENERG  

 

ekcal⌐╟╢ ─ ⅜ ⅝ ╕╣╢ⱨ□▬ꜟ≢∆. ⌂ ╩ ⌐ ⇔╕∆. 
 num_kpoints  =    117                                                         (a)  
 num_bands    =      8                                                         (b)  
 nspin        =      1                                                         (c)  
 Valence  band  max   =   0.233846                                               (d)  

 
 nk_converged  =      117                                                      (e)  
 ik  =    1 (   0.500000   0.500000   0.000000  )  
 ik  =    2 (   0.487805   0.487805   0.000000  )  
 ik  =    3 (   0.475610   0.475610   0.000000  )  
 ik  =    4 (   0.463415   0.463415   0.000000  )  
 ik  =    5 (   0.451220   0.451220   0.000000  )  
 ik  =    6 (   0.439024   0.439024   0.000000  )  
...  
...  
...  

 
=== energy_eigen_values  === 
 ik  =    1 (   0.000000   0.500000   0.500000  )                                   (f)  
     - 0.0484324576      - 0.0484324576       0.1258094928       0.1258094928       (g)  
      0.2619554301       0.2619554301       0.6015285208       0.6015285208  
=== energy_eigen_va lues  === 
 ik  =    2 (   0.000000   0.490000   0.490000  )  
     - 0.0540717201      - 0.0427149632       0.1258687739       0.1258687739  
      0.2607026807       0.2633829927       0.6006243932       0.6006243932  
                           ......  
                           ......  
                           ......  

 

 

(a) Ὧ ─ ⅜ ™≡№╡╕∆. ↓─ ≢│117 ≢∆. 

(b) Ᵽfi♪─ ⅜ ⇔≡№╡╕∆. ↓─ ≢│8≢∆. 

(c) ☻Ⱨfi ⅜ ⇔≡№╡╕∆. 1⅛2─ ╩≤╡╕∆. ↓─ ≢│1≢№╡, ☻Ⱨfi ╩ ⇔

⌂™ ⌐ ⇔╕∆ 

(d) ⱨ▼ꜟⱵ◄Ⱡꜟ◑כ─ ⅜ ™≡№╡╕∆. / ─ ─ ─◄Ⱡꜟ◑כ⅜

↕╣╕∆. │Ɫכꜞ♩כ≢∆. 

(e) ⇔√Ὧ ⅜ ↕╣╕∆. 

(f) , ─ ⅜ ↕╣╕∆. ╕∏↓─ ≢, ≥─Ὧ ⌐ ∆╢ ⅜⅛♃כ♦ ⅛╡╕

∆. ↓─ ≢│, 1 ─Ὧ≢, ∕─ │ ⱬ◒♩ꜟ╩ ≤⇔≡(0,0.5,0.5)≤⌂╡╕∆. 

(g) ─♦כ♃⅜, Ᵽfi♪─ ∞↑ ↕╣╕∆. │Ɫכꜞ♩כ≢∆. 

 

☻Ⱨfi╩ ⇔√ ─ ( ─(c)⅜ 2 ─ )╙╒╓ ─ⱨ□▬ꜟ ≢∆⅜, ─(e)─ ⌐òUPó⅛

òDONWó≤ ↕╣╢, ≤™℮ ™⅜№╡╕∆. ∕╣∙╣ ☻Ⱨfi≤ ☻Ⱨfi⌐ ∆╢ ⅜ ⅝

↕╣╕∆.  
                           ......  
                           ......  
                           ......  
=== energy_eigen_values  === 
 ik  =    1 (   0.000000   0.000000   0.000000)     UP  
     - 0.1998699758       0.0267639589       0.0267639589       0.0267639589  
      0.0725171077       0.0725171077       1.0289118953       1.0289118953  
      1.0289118953       1.1650173104       1.1650173104       1.1650173104  
      1.2129026022       1.2129026022       1.2994754011       1.2994754011  
      1.2994754011       1.6365336765       2.2629596795       2.2629596795  
=== energy_eigen_values  === 
 ik  =    2 (   0.000000   0.000000   0.000000)   DOWN  
     - 0.1960420390       0.1062941746       0.1062941746       0.1062941746  
      0.1799862148       0.17998621 48      1.0183970612       1.0183970612  
      1.0183970612       1.2174266166       1.2174266166       1.2192701193  
      1.2192701193       1.2192701193       1.3289165100       1.3289165100  
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      1.3289165100       1.6910264603       2.2876818717       2.2876818717  
                           ......  
                           ......  
                           ......  

 

 

 

  



 

 314 

 

11. ⱪ꜡◓ꜝⱶ UVSOR 

 

11.1 │∂╘⌐ 

 

11.1.1 UVSOR≤│ 

 

UVSOR(Universal Virtual Spectroscope for Optoelectronics Research) │ ⱳ♥fi◦ꜗꜟ ⌐ ≠

™≡⁸ ─ ה ╩ ꜠ⱬꜟ≢ ∆╢ⱪ꜡◓ꜝⱶ≢∆⁹UVSOR│⁸∆≢⌐ ↕╣≡™╢

♁ⱨ♩►▼▪PHASE ─ ╩╙≤⌐⁸ ─ ╩0Hz ─ ≢

∆╢↓≤⅜≢⅝╕∆⁹ │⁸ ─ ה ╩ ∆╢ ⌂ ≢⁸∕─ │◄꜠◒

♩꜡♬◒☻ ┘ ⌐⅔↑╢ ⌂ ≢∆⁹ │ ╩ ™≡ ∆╢↓≤⅜≢⅝╕∆⅜⁸ ─

│ ⅜ ╠╣≡™╢─≢⁸ ⌐ ╩ ∆╢⌐│⁸™╤™╤⌂ ─ ╩ ™

↑╕∆⁹√≤ⅎ┌⁸◄꜠◒♩꜡♬◒☻ ≢ ⅜№╢106 (Mega) 109 (Giga)Hz ≢─ ╩ ∆╢⌐

│⁸∕─ ─ ╩ ↕∑╢RF(Radio Frequency) ╩ ⇔╕∆⁹╕√⁸ ⌐⅔™≡ ⅜

№╢ ⁸ ⁸ ⌐⅔↑╢ ╩ ∆╢⌐│⁸∕╣∙╣─ ─ ╩ ⇔╕∆⁹  

⇔⅛⇔⁸ ⅔╟┘ ─ │⅛⌂╠∏⇔╙ ≢│⌂ↄ⁸↓─↓≤⅜ ─ ╩ ⌐⇔≡™╕

∆⁹╕√⁸1012 (Tera)Hz ─ │⁸ ⌐ ∆╢╙─⅜ ⇔╕∑╪⁹↓─√╘⁸↓─ ≢─

│ ╘≡ ≢№╢─⅜ ≢∆⁹  

UVSOR │↓─╟℮⌂ ╩ ∆╢ ◦Ⱶꜙ꜠כ◦ꜛfiה♁ⱨ♩►▼▪≢∆⁹ ⌂ ⅜⁸0Hz

─ ≤ ╘≡ ↄ⁸◄꜠◒♩꜡♬◒☻ה ─ ⌐⅔™≡ №╢╒≤╪≥ ≡─ ⌐

⅔↑╢ ╩ ⌐ ≠™≡ ∆╢↓≤⅜≢⅝╕∆⁹UVSOR │⁸∕─ ⅜ ∆╟℮⌐⁸ ─"

"≤⇔≡ ⇔⁸ ה ─ ⌐ ™╢↓≤⅜≢⅝╕∆⁹ 

 

 11.1│⁸ ─ ─ ╩ ⌐ ⇔≡™╕∆⁹ 

 

 11.1 ─  

─ │⁸ ⌐⁸ ─ ⌐ ∆╢ ≤⁸ ⌐ ∆╢ ─

≢ ⅎ╠╣⁸ ─ ⅜ ─ ╟╡╙ ™ ─10T(Tera)Hz ─RF ≢│⁸

│ ┘ ─ ≢ ⅎ╠╣╕∆⁹ ⁸ ─ ⅜ ─ ╟╡╙ ™ ─

10THz ─ ≢│⁸ ─╖⅜ ⌐ ⇔╕∆⁹ 
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UVSOR│⁸ ─ ╩ ∆╢UVSOR-Epsilon ≤⁸ ─ ╩ ∆╢UVSOR-Berry -Phonon ⅛

╠⌂╡⁸↓╣╠─ⱪ꜡◓ꜝⱶ│∕╣∙╣ ┘ ╩ ∆╢↓≤⅜≢⅝╕∆⁹↓╣╠─ⱪ꜡◓

ꜝⱶ╩ ∆╢↓≤⌐╟╡⁸ 0Hz ⌐ ┬ ╘≡ ™ ≢─ ╩

∆╢↓≤⅜≢⅝╕∆⁹UVSOR │⁸ ⁸ 2 ┘3 ⁸⌂╠┘⌐ ה ─

╩ ∆╢↓≤⅜≢⅝╕∆⁹UVSOR│ ─ ≤⇔≡ ⇔⁸ ⌂╠┘⌐ ◙כ꜠ה

─ ⌐ ™╢↓≤⅜≢⅝╕∆⁹UVSOR─♁⁸│♪כ◖☻כ MPIה ↕╣≡™╕∆⁹ 

 

11.1.2 UVSOR─ ≤  

 

UVSOR-Epsilon │ PHASE ─ ⌐ ≠⅝⁸ Ᵽfi♪ ╩ ⇔⁸ ─ ╩ ℮ⱪ

꜡◓ꜝⱶ≢№╢⁹∕─ │ ─ ╡≢№╢⁹ 

 

UVSOR-Epsilon ─ ≤  

1. PHASE/EKCAL ≤ ⱨ□▬ꜟ╩ ⇔≡™╢ 

│⁸PHASE/EKCAL ─ ⱨ□▬ꜟ⌐ ─ ♃◓╩ ⇔√ ≤⌂∫≡⅔╡⁸  

⌐ ╩ ℮↓≤⅜≢⅝╢⁹ 

2. PHASE ─ ╩ ⇔≡ ╩ ∆╢ 

PHASE ⌐╟╡ ╠╣╢ ╟╡ Ᵽfi♪ ╩ ╘⁸ ╩ ∆╢⁹ Ᵽfi♪ 

│⁸Ᵽfi♪ ┘ k ╩ ⌐ ⅎ≡ ╩ ≢⅝⁸ ─ ™ ╩ ℮↓≤⅜≢ 

⅝╢⁹ 

3. ─  

Random Phase Approxi mation ⌐ ≠⅝ ─ ╩ ╘⁸ ╩◒ꜝⱴה☻כ◒  ꜡

♬♇ⱥ ∆╢↓≤⌐╟╡ ─ ╩ ⇔≡™╢⁹[1] 

4. ≤ ∂ ╩ ╢↓≤⅜≢⅝╢ 

ⱳ♥fi◦ꜗꜟ⅜ ⌐♩ⱷfiכ⸗ ╓∆ [2, 3, 4] ╩ ∆╢↓≤⌐╟╡⁸ ≤ ∂  

╩ ╢↓≤⅜≢⅝╢⁹ ⱳ♥fi◦ꜗꜟ│⁸CIAO ╩ ™≡ ⇔√ⱡꜟⱶ Troullier -Martin(TM) ⱳ♥ 

fi◦ꜗꜟ⁸ ┘ⱡꜟⱶ ►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ╩ ™╢↓≤⅜≢⅝╢⁹ ⱳ♥fi◦ꜗꜟ│⁸ 

TM ≢ ↕╣√ ⱳ♥fi◦ꜗꜟ⁸BHS⁸ ⱳ♥fi◦ꜗꜟ╩ ℮↓≤⅜≢⅝╢⁹ 

♩ⱷfiכ⸗ │⁸Read and Needs(RN) [3] №╢™│Kageshima -Shiraishi(KS) [4] ─™∏╣ 

⅛╩ ≢⅝╢⁹ⱡꜟⱶ ⱳ♥fi◦ꜗꜟ─ │RN №╢™│KS ╩⁸►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥ 

fi◦ꜗꜟ─ │KS ╩ ™≡ ╩ ℮⁹ 

ה .5 ─╒⅛⁸ ⁸ ─ ╡ ™⅜≢⅝╢ 

ה ─╒⅛⁸ ⁸ ⌐ ⇔√ꜞ♬▪♥♩ꜝ┼♪꜡fi [5] ┘gaussian/parabolic  

smearing ╩ ⇔≡™╢⁹ ─ ⁸ ☻Ⱨfi ─ ┼─ ╩ ≢⅝╢⁹ ─  

♦כꜟ♪⁸ ╩ ⇔√ ╩ ℮↓≤⅜ ≢№╢⁹ꜞ♬▪♥♩ꜝ┼♪꜡fi │⁸UVSOR 1.00 ─  

╟╡╙ 2 ↕╣≡™╢⁹ 

6. ☻Ɑ◒♩ꜟ─  

╟╡ ☻Ɑ◒♩ꜟ ⁸ ⁸ ☻Ɑ◒♩ꜟ ╩ ≢⅝╢⁹ │ ┘  

╩ ╡ ℮↓≤⅜≢⅝╢⁹ 

7. 2 ─  

(Second Harmonic Generation(SHG)) ─2 (2)( 2!; !; !) ┘ 

Third Harmonic Generation(THG) ─3 (3) ( 3!; !; !; !) ─  

┘ ╩ ╩ ⇔≡⁸ ≤ ∂ ≢ ≢⅝╢⁹ 

8. ─  

┘ ─ ╩ ≢⅝╢⁹ ⌐│ kp ╩ ™≡™╢⁹ 

 ⱪ꜡◓ꜝⱶ▫♥ꜞ♥כꜚ .9

⁸ ╩ ╡ ╩ⱪ꜡◓ꜝⱶ▫♥ꜞ♥כꜚ─╘√℮ ⅎ≡™╢⁹ 

10.  

 MPI ↕╣≡™╢⁹│♪כ◖☻כ♁
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UVSOR-Berry-Phonon ─ ≤  

1. PHASE/EKCAL ⌐ ╖ ╕╣≡™╢⁹ 

│⁸PHASE/EKCAL ─ ⱨ□▬ꜟ⌐Berry ⅔╟┘ ─ ♃◓╩ ⇔ 

√ ≤⌂∫≡⅔╡⁸ ⌐ ╩ ℮↓≤⅜≢⅝╢⁹ 

2. Ⱳꜟfi ─  

ⱬꜞכ ⌐ ≠⅝ ─ ─ ╩ ⇔≡⁸Ⱳꜟfi ╩ ∆╢↓≤⅜≢⅝╢⁹ 

3. ─  

─ ≤Ⱳꜟfi ⅛╠ ╩ ⌐ ≢⅝╢⁹ 

4. ─  

ⱬꜞכ ⌐ ≠⅝ ─ ─ ╩ ⇔≡⁸ ─▬○fi ╩ ∆╢↓≤⅜≢⅝ 

╢⁹ ─ ≤Ⱳꜟfi ≤└∏╖- ⅛╠ ─ └∏╖ ╩ ⌐ ≢ 

⅝╢⁹ 

 

 

11.1.3  

 

2009 6 ─ │ ─ ╡⁹ 

 

Ᵽכ☺ꜛfi3.20 

2009/06   

PHASE ver 8.00 ⌐  

Ᵽכ☺ꜛfi3.21 

2010/03   

PHASE ver 8.01 ⌐  

Ᵽכ☺ꜛfi3.30 

2010/06   

PHASE ver 9.00 ⌐  

DFT+U ╩ ⇔√ ⌐  

Ᵽכ☺ꜛfi3.40 

2011/06  

PHASE ver 10.00 ⌐  

Ᵽכ☺ꜛfi3.41 

2011/08   

PHASE ver 10.01 ⌐  

TDDFT ─  

Ᵽכ☺ꜛfi3.42 

2012/06   

PHASE ver 11.00 ⌐  

─  

Ᵽכ☺ꜛfi 12.00 

2013/063  

PHASE ver 12.00 ⌐  
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11.1.4 Ɽ♇◔כ☺─  

ⱪ꜡◓ꜝⱶ│⁸ⱪ꜡◓ꜝⱶⱤ♇◔כ☺PHASE ⌐ ↕╣≡™╢⁹ 

 

♦▫꜠◒♩  ꜞ   

phase_v1200 bin epsmain, tdlemain  

 samples/uvsol/ 

 

  ⱪ꜡◓ꜝⱶ─  

electron 

 

 

 

 

 

Si 

Cu  

AlN  

NiO  

UVSOR-Epsilon ─  

Si ─  

─  

▪ꜟⱵ♬►ⱶ─  

DFT+U ╩ ⇔≡ ╩ ∆╢  

lattice  

 

 

 

 

GaAs  

AlN  

Quartz  

UVSOR-Berry -Phonon─  

GaAs ─  

▪ꜟⱵ♬►ⱶ─  

─  

lr -tddft   

C6H6  

SiBulk  

TDDFT ─  

C6H6 ─  

Si ─  

 uti l eps_file.f90,  nlo_file.f90  

 

│⁸samples/uvsor ≢№╢⁹ 

samples/uvsor/electron ⌐│UVSOR-Epsilon ─ ⁸samples/uvsor/lattice ⌐│UVSOR-Berry -Phonon─

⅜№╡╕∆⁹samples/uvsor/lr -tddft ⌐│TDDFT ─ ⅜№╢⁹ 

 

samples/uvsor/electron ⌐│⁸Si ─ ⁸ Cu─ ⁸ ▪ꜟⱵ♬►ⱶAlN ─ ⅜№╡╕∆⁹

NiO │⁸DFT+U ╩ ⇔≡ ╩ ∆╢ ≢№╢⁹ 

♦▫꜠◒♩ꜞ ⌐│⁸UVSOR-Epsilon ─ ⌐ ⌂ ╩phase⌐╟╡ ∆╢√╘─♦▫

꜠◒♩ꜞ scf⁸⅔╟┘UVSOR-Epsilon ⌐╟╡ ╩ ℮√╘─♦▫꜠◒♩ꜞeps⁸⅔╟┘ ⱳ♥fi◦ꜗ

ꜟⱨ□▬ꜟ╩ ∆╢♦▫꜠◒♩ꜞ PP ⅜ ∆╢⁹ Si ♦▫꜠◒♩ꜞ ⌐│⁸ ╩ ℮√

╘─♦▫꜠◒♩ꜞmass ┘ 3 ─ ╩ ℮√╘─♦▫꜠◒♩ꜞ chi3 ⅜ ∆╢⁹AlN

♦▫꜠◒♩ꜞ ⌐│⁸2 ╩ ℮√╘─♦▫꜠◒♩ꜞ chi2_p ┘ chi2_t ⅜ ∆

╢⁹chi2_p│parabolic smearing ⁸chi2_t │⁸ꜞ♬▪♥♩ꜝⱫ♪꜡fi ≢№╢⁹  

 

samples/uvsor/lattice ⌐│⁸GaAs ─ ⁸ ▪ꜟⱵ♬►ⱶAlN ─ ⁸ Quartz ─ ⅜№

╢⁹ ♦▫꜠◒♩ꜞ ⌐│⁸ⱬꜞכ ╩ ∆╢√╘─♦▫꜠◒♩ꜞ berry⁸⅔╟┘ ⅔╟┘

╩ ℮√╘─♦▫꜠◒♩ꜞphonon⁸⅔╟┘ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ╩ ∆╢♦▫꜠◒♩ꜞPP

⅜ ∆╢⁹  

 

samples/uvsor/lr -tddft ⌐│⁸C6H6 ─ ⁸Si ─ ⅜№╢⁹ 
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11.2  

 

11.2.1  

 

11.2.1.1 [1] 

 

│⁸ ─ ⅜ ─ ≤ ⇔⁸ ⅛╠ ⌐ ∆╢↓≤⌐

∆╢⁹ │⁸ ⅜ ⅝ ↓∆ ─ ╟╡ ╘╢↓≤⅜≢⅝╢⁹ ≢│⁸ ─

╩ ╘⁸ ╩ ∆╢ ╩ ∆╢⁹ 

 

11.2.1.2 ─  

 

≤ ⇔≡™╢ ─ ⱢⱵꜟ♩♬▪fi│(1) ≢ ⅎ╠╣╢⁹ 

 
Ὄ

ρ

ςάὩ
▬ Ὡ═ ὠ► 

(1) 

ά│ ─ ⁸Ὡ│ ⁸▬│ ⁸═│ ─ⱬ◒♩ꜟⱳ♥fi◦ꜗꜟ⁸ὠ►│ ─ⱳ♥fi◦

ꜗꜟ≢№╢⁹ ≤ ─ ╩ ∆ ─ ⱢⱵꜟ♩♬▪fi│(2) ≤⌂╢⁹ 

 Ὄ ὩȾά═ẗ▬ (2) 

⅜ ≢№╢ ⁸ⱬ◒♩ꜟⱳ♥fi◦ꜗꜟ│ ≢ ⅎ╠╣╢⁹ 

 ═ ὃ◊ÅØÐ Ὥ▓ẗ► ‫ὸ (3) 

↓↓≢⁸◊│ ─ ⱬ◒♩ꜟ⁸▓│ ⱬ◒♩ꜟ⁸►│ ⱬ◒♩ꜟ⁸│‫ ⁸ὸ│ ≢№╢⁹  

≤─ ⌐╟╡ ─ ⅜ ὸ─ ⌐ ─ ⌐ ∆╢ │⁸ ≢ ⅎ╠╣╢⁹ 

 
ύ▓‫ȟὸȟ▓ȟ

Ὡ

ά ü
ὨὸΩ Ὠ►ɰ ▓ȟ►ȟὸΩ ═▓ȟ►ȟὸΩ ẗ▬ɰ ▓ȟ►ȟὸΩ  

(4) 

 

 

ɰ│ ─ ─ ⁸▓│ɰ─ ⱬ◒♩ꜟ⁸ɰ│ ─ ⁸▓│ɰ─ ⱬ◒♩ꜟ≢№╢⁹

▬fi♦♇◒☻ὧ ┘ὺ│☻Ⱨfi▬fi♦♇◒☻╩ ╗⁹ɰ ┘ɰ│ ∂☻Ⱨfi╩ ∆╢ ≢№╢⁹ɰ ┘ɰ│

─╟℮⌐ ⅝ ∆↓≤⅜≢⅝╢⁹ 

 
ɰ ▓ȟ►ȟὸΩ ÅØÐ ɀ

Ὥ

ü
Ὁ ▓ὸΩ ÅØÐ Ὥ▓ẗ►ό ▓ȟὶ 

(5) 

 
ɰ ▓ȟ►ȟὸΩ ÅØÐ 

Ὥ

ü
Ὁ ▓ὸΩ ÅØÐ Ὥ▓ẗ►ό ▓ȟὶ 

(6) 

(5) ┘(6) ╩(4) ⌐ ⇔⁸ὸΩ⌐ ⇔≡ ╩ ℮↓≤⌐╟╡⁸ ╩ ╢⁹ 

 
ύ▓‫ȟὸȟ▓ȟ

ὩὉ

ά ‫
ὨὸΩÅØÐ Ὥü Ὁ ▓ Ὁ ▓ ü‫ὸΩ ◊ẗ╜  

(7) 

↓↓≢⁸╔ ‬═Ⱦ‬ὸὉ◊ÅØÐ Ὥ▓ẗ► ‫ὸ ┘▬
ü
​─ ╩ ™√⁹‫ȟ ┘◊ẗ╜ │⁸∕╣∙╣(8)

┘(9) ≢ ↕╣╢ ≢№╢⁹ 

 
‫ȟ

ρ

ü
Ὁ ▓ Ὁ ▓  

(8) 

 
◊ẗὓ Ὠ►ÅØÐ ▓ ▓ẗ►όᶻ◊ẗ​ÅØÐ Ὥ▓ẗ►ό 

(9) 

​│(10) ≢ ↕╣╢ ≢№╢⁹ 

 
​ ░

‬

‬ὼ
▒
‬

‬ώ
▓
‬

‬ᾀ
 

(10) 

░, ▒,▓│∕╣∙╣⁸ὼ, ώ, ᾀ ─ ⱬ◒♩ꜟ≢№╢⁹ (7) ╩ ∆╢↓≤⌐╟╡ ╩ ╢⁹ 
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ύ▓‫ȟὸȟ▓ȟ
ὩὉ

ά ‫

Ὡὼὴ 
ὭὉ Ὁ ü‫ὸ

ü
ρ

ὭὉ Ὁ ü‫ὸ
ü

◊ẗ╜   

(11) 

(11) ─ ╩ὸ≢ ∆╢↓≤⌐╟╡⁸ ╩ ╢⁹ 

 ‬ύ

‬ὸ

ὩὉ

ά ‫
ȿ◊ẗ╜ ȿς“ü‏Ὁ Ὁ ü‫  

(12) 

(12) │⁸ №√╡⌐ ⅜ɰ⅛╠ɰ┼ ∆╢ ╩ ⅎ╢⁹ №√╡─ ὡ │⁸

⌐╟╡ ╠╣╢⁹ 

 
ὡ

ὩὉ

ά ὠ

ȿ◊ẗ╜ ȿ

‫
▓ȟȟ

ς“ü‏Ὁ Ὁ ü‫  
(13) 

↓↓≢ὠ│ ─ ≢№╡⁸ɫ│ ה ,▓─≡ ─ ╖ ╦∑⌐≈™≡ ╩≤╢↓≤╩ ∆

╢⁹ 

 

11.2.1.3 ─  

 

⌐ ↕╣√ │⁸ ─ ╩ ⅝ ↓⇔⁸◄Ⱡꜟ◑כ╩ ℮⁹∕─◄Ⱡꜟ◑כ │

ὡ ü⁹╢№≢‫ ⁸ⱴ♇◒☻►▼ꜟ─ ≢│⁸∕─ │„╔≤⌂╢⁹„│ ─○ⱪ♥▫◌ꜟ◖fi♄

◒♥▫ⱦ♥▫≢№╢⁹ ∫≡⁸ 

 ὡ ü‫ „╔Ⱦς (14) 

⁸„≤ ─ ‭─ ⌐│ ─ ⅜№╢⁹ 

 ‭ τ“„Ⱦ(15) ‫ 

(14) ┘(15) ╟╡‭─ ╩ ╢⁹ 

 
‭

ψ“Ὡü

ά ὠ

ȿ◊ẗ╜ ȿ

‫
▓ȟȟ

Ὁ‏ ▓ Ὁ ▓ ü‫  

ψ“Ὡü

ά ὠ

ȿ◊ẗ╜ ȿ

Ὁ ▓ Ὁ ▓
▓ȟȟ

Ὁ‏ ▓ Ὁ ▓ ü‫  

(16) 

(16) ─ ╩ ∆╢√╘⌐ ╩ ∆╢⁹ ─ │⁸ ─ꜚ♬♇♩☿ꜟ─ ⅝↕╟╡╙│

╢⅛⌐ ™⁹ ∫≡⁸▓ȟ▓ ▓≢№╢─≢⁸ ─╟℮⌐ ≢⅝╢⁹ 

 
◊ẗ╜ ḙ Ὠ►ÅØÐ ▓ẗ►όᶻ◊ẗ​ÅØÐ Ὥ▓ẗ►ό 

(17) 

▬╩ ℮≤ 

 
◊ẗ╜ ḙ

Ὥ

ü
ἂɰ ▓ ȿ◊ẗ▬ȿɰ ▓ ἃ 

 

(18) 

 Ὥ

ü
ἂɰ ▓ ȿ◊ẗ▬ȿɰ ▓ ἃ 

(19) 

≤⌂╢⁹▓ ▓ ▓≢№╢⁹ἂɰ ▓ ȿ◊ẗ▬ȿɰ ▓ ἃ─ │⁸▓ ▓─ ─╖ ≢⌂™⁹(16) ┘(19)

╟╡⁸▬ ─‭ ⅜ ╠╣╢⁹ 

 
‭

ψ“Ὡü

άὩὠ

ȿ   ▓ ȿ◊ẗ▬ȿ  ▓ ȿ

Ὁ ▓ Ὁ ▓
▓ȟȟ

Ὁ‏ ▓ Ὁ ▓ ü‫  
(20) 

○ ▬Ⱦά╩ ™╢≤⁸v ─  [11]⅜ ╠╣╢⁹ 

 
‭

ψ“Ὡü

ὠ

ȿ   ▓ ȿ◊ẗ○ȿ  ▓ ȿ

Ὁ ▓ Ὁ ▓
▓ȟȟ

Ὁ‏ ▓ Ὁ ▓ ü‫  
(21) 

ⱷfi♩⌐│⁸כ⸗ ─ ⅜ ╡ ≈⁹ 

 
ɰ ▓ ȿ▬ȿɰ ▓

Ὥά

ü
Ὁ ▓ Ὁ ▓ ɰ ▓ ȿ►ȿɰ ▓  

(22) 

(20) ┘(22) ╟╡ r r ─ ╩ ╢⁹ 

 
‭

ψ“Ὡ

ὠ
ȿ ɰ ▓ ȿ◊ẗ►ȿɰ ▓ ȿ

▓ȟȟ

Ὁ‏ ▓ Ὁ ▓ ü‫  
(23) 
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│⁸ ╠╣√‭╩ ─ ‭≢ ╢↓≤⌐╟╡ ╠╣╢⁹ ─ ‭│‭─◒ꜝⱴכ☻ה

◒꜡♬♇ⱥ (24) ⌐╟╡ ↕╣╢⁹P│◖כ◦כ─ ╩ ╢↓≤╩ ∆╢ 

 
‭ ‫ ρ

ς

“
ὖ

 ‭  

  ‫
Ὠɱ 

(24) 

ⱪ꜡◓ꜝⱶ│(23) ⌐╟╡‭╩ ╘⁸(24) ⌐╟╡‭╩ ∆╢⁹ 

 

11.2.1.4 ☻Ɑ◒♩ꜟ─  

 

‭ ‭ Ὥ‭╟╡⁸ ─ ☻Ɑ◒♩ꜟ╩ ∆╢↓≤⅜≢⅝╢⁹  

 ̧  ὔ ὲ ὭὯ: N = ‭Ⱦ  

 ̧ –: –   

 ̧ ☻Ɑ◒♩  ꜟὙ: Ὑ   

 

11.2.1.5 ⌐╟╢  

 

⌐│⁸ ♩ⱷfiכ⸗ ɰȿ►ȿɰ ╩ ∆╢↓≤⅜ ≢№╢⁹ ≢│ ⱳ♥fi◦ꜗ

ꜟ ⌐╟╢ ─♩ⱷfiכ⸗ ⌐≈™≡ ∆╢⁹ ⱳ♥fi◦ꜗꜟ ≢│⁸ ⅜ ⌐

╓∆ ╩ ⱳ♥fi◦ꜗꜟ⌐ ⅝ ⅎ⁸ ─╖╩ ℮↓≤⌐╟╡ ╩ ∆╢⁹ ⱳ♥fi◦ꜗꜟ ≢

─ ─ ⱢⱵꜟ♩♬▪fi│ ≢ ⅎ╠╣╢⁹ 

 
Ὄ

ρ

ςά
▬ ὠ►ȟ▬ 

(25) 

ὠ│ ─ⱳ♥fi◦ꜗꜟ≢№╢⁹ ⱳ♥fi◦ꜗꜟ ≢│⁸ ─ ▬⌐ ∆╢ⱡfi꜡כ◌ꜟⱳ♥fi◦ꜗꜟ╩

™╢⁹ ≤ ∆╢ ─ ⱢⱵꜟ♩♬▪fi│⁸ ≢ ⅎ╠╣╢⁹ 

 
Ὄ

ρ

ςά
▬ ▄═ ╥►ȟ▬ ▄═ 

(26) 

ⱢⱵꜟ♩♬▪fiὌ │(27) ≢№╢⁹ 

 Ὄ ὩȾά═ẗ▬ ὴὴὧ (27) 

(27) ─ │⁸(2) ─ ⱢⱵꜟ♩♬▪fi≢№╢⁹ ppc │ὠ⌐ ∆╢ ⱢⱵꜟ♩♬▪

fi≢№╢⁹ ≢ ╩♩ⱷfiכ⸗ ∆╢ ⁸ppc ╩ ⇔≡ ╩ ℮ ⅜№╢⁹⁹ ⌐

∆╢ ♩ⱷfiכ⸗ ꜟ◌כ꜡╩ ⁸ppc ⌐ ∆╢ ╩ⱡfi꜡כ◌ꜟ №╢™│ppc ≤ ┬↓≤⌐

∆╢⁹ppc ╩ ∆╢ ≤⇔≡│⁸Read and Need─ (RN ) [3]≤Kageshima and Shiraishi ─ (KS

) [4]⅜№╢⁹ ⱪ꜡◓ꜝⱶ│↓╣╠─ ╩ ™≡ppc ╩ ≢⅝╢╟℮⌐⌂∫≡™╢⁹ 

 

11.2.1.6 Read and Needs  

 

 [11,2] 

RN │ⱡꜟⱶ ⱳ♥fi◦ꜗꜟ⌐ ∆╢ ╩ ∆╢ ≢№╢⁹ ⅜▬⌐ ╓∆ ⅜ ↕™

≤ ⇔≡⁸(26) ─ὠ►ȟ▬ Ὡ═╩ ─╟℮⌐ ∆╢⁹ 

 
ὠ►ȟ▬ Ὡ═ ὠ►ȟ▬

‬ὠ

‬▬
Ὡ═ 

(28) 

▬
╩ ╘╢√╘⁸ὠ‰╩▬≢ ∆╢⁹‰│ ─ ≢№╢⁹ 

 ‬

‬▬
ὠ‰

‬ὠ

‬▬
‰ ὠ

‬‰

‬▬
 

(29) 

╝ⅎ⌐⁸ 

 ‬ὠ

‬▬

‬

‬▬
ὠ ὠ

‬

‬▬
 

(30) 

↓↓≢⁸Ὥü
▬
►≤ ∆╢⁹ ↕╣√►│ ▬ȟ► ὭὬ‏ ╩ √∆⁹‌ȟ‍│ ▬fi♦♇◒☻
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ὼȟώȟᾀ≢№╢⁹↓─ ╩ ™≡(30) ╩ ⅝ ∆≤ ╩ ╢⁹ 

 ‬ὠ

‬▬

‬

‬▬
ὠ ὠ

‬

‬▬

ρ

Ὥü
►ȟὠ

Ὥ

ü
ὠȟὶ 

(31) 

(28) ┘(31) ╩ ™≡ ╩ ∆╢≤⁸ ─ ╩ ╢⁹ 

 
ὴὴὧ

Ὥ

ü
ὠȟὶὩ═ 

(32) 

∫≡⁸ ⱢⱵꜟ♩♬▪fi│⁸ 

 
Ὄ ὩȾά═ẗ▬

Ὥ

ü
ὠȟ►Ὡ═ ὩȾά═ẗ▬

Ὥά

ü
ὠȟ►  

(33) 

≤⌂╢⁹ ∆╢‭─ │⁸(20) ⌐⅔™≡▬ᴼ▬
ü
ὠȟ►≤ ⅝ ⅎ╢↓≤⌐╟╡ ╠╣╢⁹ 

 

‭
ψ“Ὡü

ά ὠ

 ▓ ȿ◊ẗ▬
Ὥά
ü
ὠȟ► ȿ ▓

Ὁ ▓ Ὁ ▓
▓ȟȟ

Ὁ‏ ▓ Ὁ ▓ ü‫  

(34) 

r ─ │⁸(23) ⌐⅔™≡⁸ 

 
ɰ ▓ ȿ►ȿɰ ▓

ρ

Ὥ‫ ά
ɰ ▓ ȿ▬ȿɰ ▓

ρ

ü‫
ɰ ▓ ȿὠȟ►ȿɰ ▓  

(35) 

≤∆╢↓≤⌐╟╡ ╠╣╢⁹‫ │ ≢ ↕╣╢ ≢№╢⁹ 

 
‫

ρ

ü
Ὁ ▓ Ὁ ▓  

(36) 

ⱪ꜡◓ꜝⱶ≢│⁸(23) ┘(34) ╩ ™≡ ╩ ∆╢⁹(35) ─ ꜟ◌כ꜡╩ ⁸ ╩ⱡ

fi꜡כ◌ꜟ №╢™│ppc ≤ ┬⁹ 

 

 

ꜟ◌כ꜡ │⁸ɰ ┘ɰ╟╡ ≢⅝╢⁹ 

 ρ

Ὥ‫ ά
ɰ ▓ ȿ▬ȿɰ ▓

ρ

Ὥ‫ ά
ɰ ▓ ȿ

ü

Ὥ
​ȿɰ ▓  

(37) 

 
ɰ ▓ȟὶ

ρ

ὠ
‰ȟ▓ ╖

╖

ÅØÐ Ὥ▓ ╖ẗ► 
(38) 

 
ɰ ▓ȟὶ

ρ

ὠ
‰ȟ▓ ╖

╖

ÅØÐ Ὥ▓ ╖ẗ► 
(39) 

↓↓≢⁸ὠ│ ꜚ♬♇♩☿ꜟ─ ⁸╖│ ─Gⱬ◒♩ꜟ⁸‰│ ≢№╢⁹(37) ┘(38) ╩(36)

⌐ ⇔⁸ ─ ╩ ꜟ◌כ꜡≥╢™ ─ ╩ ╢ (40) ⁹ ⱪ꜡◓ꜝⱶ│ ─ Ᵽfi

♪ ─ ╠╣╢ɰ ┘ɰ╟╡꜡כ◌ꜟ ╩ ∆╢⁹ 

 ρ

Ὥ‫ ά
ɰ ▓ ȿ▬ȿɰ ▓

ü

Ὥ‫ ά
‰ȟ▓ ╖
ᶻ

╖

‰ȟ▓ ╖▓ ╖ 
(40) 

ⱡfi꜡כ◌ꜟ ─ │⁸ ὠȟ►╩ ∆╢↓≤⌐╟╡ ℮⁹ ⱳ♥fi◦ꜗꜟ─ⱡfi꜡כ◌ꜟ │(40)

─╟℮⌐№╠╦∆↓≤⅜≢⅝╢⁹ 

 ὠ ȿὲȟὍ Ὀ άȟὍȿ (41) 

ȿὲȟὍ ┘ άȟὍȿ│ ⱳ♥fi◦ꜗꜟ─ⱡfi꜡כ◌ꜟⱪ꜡☺▼◒♃⁸כὈ│ ⁸Ὅ│ ─▬fi♦♇◒☻≢№╢⁹

ⱡfi꜡כ◌ꜟ │ ⌐╟╡№╠╦↕╣╢⁹ɰ ┘ɰ─ ⱬ◒♩ꜟ▓│ ⇔≡№╢⁹ 

 ρ

ü‫
ɰȿὠȟ►ȿɰ

ρ

ü‫
ɰȿὲȟὍ Ὀ ὰȟὍȿ►ȿɰ  

(42) 

 ρ

ü‫
ɰȿ►ȿὲȟὍ Ὀ ὰȟὍȿɰ  

(43) 

ⱪ꜡◓ꜝⱶ│⁸Pickard and Payne ─  [12]((44) ⌐╟╡ ὲȟὍȿ►ȿɰ ╩ ⇔⁸ⱡfi꜡כ◌ꜟ ╩

∆╢⁹‫ ȟ ὰȟὍȿɰ │ Ᵽfi♪ ⌐╟╡ ╠╣╢ ╩ ™╢⁹ 

 
ὲȟὍȿ►ȿɰ

ρ

ςὭȿ▲ȿ
ὲȟὍὩ▲ẗ►ɰ ὲȟὍὩ ▲ẗ►ɰ  

(44) 

☻◒♇♦fi▬fi▪◦♥כ◌│‌ ὼȟώȟᾀ≢№╡⁸▲│ ≢ ↕╣╢ⱬ◒♩ꜟ≢№╢⁹ 

 ▲ ήȟπȟπȠ▲ πȟήȟπȠ▲ πȟπȟή (45) 



 

 322 

ή│Ɽꜝⱷ⁸╡№≢♃כ ⌂ ≢№╢⁹ 

 

11.2.1.7 Kageshima and Siraishi  

 

 [3] 

KS ⌐⅔↑╢ ⱷfi♩│(46)כ⸗ ≢ ⅎ╠╣╢⁹ 

 
• ▓ ȿ►ȿ• ▓

ρ

Ὥ‫ ά
• ▓ ȿ▬ȿ• ▓

ρ

Ὥü‫
•ȿὲȟὍ ▬ ὰȟὍȿ•  

(46) 

─ ꜟ◌כ꜡│ ≢№╢⁹ ─ ⅜ppc ≢№╢⁹▬ │ ≢ ↕╣╢ ≢№╢⁹ 

 ▬ ‰ȿ▬ȿ‰ ‪ȿ▬ȿ‪  (47) 

‰│ ⌐╟╡ ╠╣╢ Ὅ─ ⁸‪│ Ὅ─ ⁸ὲὰ│ ▬fi♦♇◒☻≢№╢⁹ 

 

 

ⱪ꜡◓ꜝⱶ│⁸ ⱳ♥fi◦ꜗꜟ ⱪ꜡◓ꜝⱶ CIAO ─ ∆╢▬ ╩ ╖ ╖(46) ─ ppc ╩ ∆╢⁹

‫ ȟ ὲȟὍȿ• │ Ᵽfi♪ ⌐╟╡ ╠╣√ ╩ ™╢⁹  

 

 

11.2.1.8  

 

─ (23) │ ⱬ◒♩ꜟ▓⌐ ∆╢ ╩ ╗⁹ ⱪ꜡◓ꜝⱶ│▓⌐ ∆╢ ╩ ⌐

⅝ ⅎ⁸‭╩ ╘╢ (48) ⁹ 

 
‭

Ὡ

“
ȿ ɰ▓ ȿ◊ẗ►ȿɰ▓ ȿ

ȟ

Ὁ‏ ▓ Ὁ ▓ ü▓‫Ὠ  
(48) 

│⁸Linear Tetrahedron ╩ ™≡ ℮⁹Linear Tetrahedron ─ ⌐≈™≡│  [5]╩ ↕╣√™⁹

‭╩◒ꜝⱴכ☻ה◒꜡♬♇ⱥ (24) ∆╢↓≤⌐╟╡‭╩ ╢⁹◒ꜝⱴה☻כ◒꜡♬♇ⱥ │(24) ╩

╩ ™≡ ∆╢↓≤⌐╟╡ ╘╢⁹ 

 

11.2.1.9  

 

─ ╩ὖ⁸ ╩Ὂ≤⇔√ ⁸ ⌐ὖ│Ὂ─ ≢№╠╦∆↓≤⅜≢⅝╢((49) )⁹ ─

│⁸Ὂ⌐ ∆╢2 ─ ╩ ⇔⁸ὖ│Ὂ─ ≢№╢≤ ⇔≡ ◙כ꜠⁸⇔⅛⇔⁹╢⅝≢

─╟℮⌐ ⅜ ™ ╩ ⌐ ⇔√ ⁸ ─ὖ⌐ ∆╢ ⅜ ≢⅝⌂ↄ⌂╡⁸ ⌐

∆╢ ה ╩ ≤⌂╢⁹ ⌐ ∆╢ ה ⅜ (nonlinear optical 

effect)≢№╢ [13]⁹ 

 ὖ … Ὂ … ὊὊ … ὊὊὊ (49) 

↓↓≢⁸ὭȟὮȟὯȟὰ│XYZ ─▬fi♦♇◒☻⁸… │ ♥fi♁ꜟ⁸… ┘… │⁸∕╣∙╣3 ┘4

─ ♥fi♁ꜟ≢№╢⁹… ⌐ ∆╢ ╩ 2 ⁸… ⌐ ∆╢ ╩ 3

≤ ┬⁹ ─… ┘… │⁸ ⁸ ┘ ⅛╠─ ⅛╠⌂╡⁸ ─

⅜ ─ ╟╡╙ ™ ⌐│ ≤ ⅜⁸ ⅜ ╟╡╙ ™ ⌐│ ─

╖⅜ ⌐ ∆╢⁹꜠ ◙כ ─ │⁸ ╟╡╙ ™√╘⁸ ≢│ ─… ┘…

⅜ ─ ≢№╢⁹  

UVSOR│⁸ Second Harmoni c Generation (SHG) ┘ 3 Third Harmonic 

Generation(THG) ─ ╩ ∆╢⁹SHG │⁸ ⌐ ↕╣√ⱨ◊♩fi⅜ 2 ⇔⁸ ⅜ ─

⅜ ∆╢2 ≢№╢⁹∕─ … ς‫ȠέάὩὫὥȟ│‫ ≢№╡((50) )⁸ ╩ Ɫ

Ⱶꜟ♩♬▪fi≤∆╢3 ─ ╩ ™≡⁸ ─ Ᵽfi♪ ╟╡ ≢⅝╢⁹ 

 
… ς‫Ƞ‫ȟ‫ …

Ω
ς‫Ƞ‫ȟ‫ Ὥ…

ΩΩ
ς‫Ƞ‫ȟ‫  

(50) 

≢│⁸ ─ Ᵽfi♪┼─ ≤ ⱱכꜟ≤ Ᵽfi♪┼─ ╩ ⅎ╢⁹

┘ ─ ╩  11.2⌐ ⌐ ∆⁹ 
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 11.2 SHG ⌐⅔↑╢ ≤ ─  

 

…
ΩΩ

ς‫Ƞ‫ȟ│‫ ⌐╟╢…
ΩΩ

ς‫Ƞ‫ȟ≥‫ ⌐╟╢…
ΩΩ

ς‫Ƞ‫ȟ─‫ ≢ ⅎ╠╣

((51) )⁸…
ΩΩ

ς‫Ƞ‫ȟ…≥‫
ΩΩ

ς‫Ƞ‫ȟ(52)╣∙╣⧵│‫ ┘(53) ⌐╟╡ ↕╣╢ [14]⁹  

 
…

ΩΩ
ς‫Ƞ‫ȟ‫ …

ΩΩ
ς‫Ƞ‫ȟ‫ …

ΩΩ
ς‫Ƞ‫ȟ‫  

(51) 

 
…

ΩΩ
ς‫Ƞ‫ȟ‫

“

ς

Ὡü

ά

Ὠ▓

τ“
ȟȟ

ᴑ▬ ▬ ▬

Ὁ Ὁ Ὁ
Ὁ‏ ü‫  

ᴑ▬ ▬ ▬

Ὁ ςὉ Ὁ
Ὁ‏ ü‫

ρφᴑ▬ ▬ ▬

Ὁ ςὉ Ὁ
Ὁ‏ ςü‫  

(52) 

 
…

ΩΩ
ς‫Ƞ‫ȟ‫

“

ς

Ὡü

ά

Ὠ▓

τ“
ȟȟ

ᴑ▬ ▬ ▬

Ὁ Ὁ Ὁ
Ὁ‏ ü‫  

ᴑ▬ ▬ ▬

Ὁ ςὉ Ὁ
Ὁ‏ ü‫

ρφᴑ▬ ▬ ▬

Ὁ ςὉ Ὁ
Ὁ‏ ςü‫  

(53) 

ά│ ⁸Ὡ│ ⁸ὧȟὺ│∕╣∙╣ ┘ Ᵽfi♪─▬fi♦♇◒☻⁸▬│ ─ ⱷfiכ⸗

♩╟╡ ↕╣╢ ─♩ⱷfiכ⸗ ((54) )⁸Ὁ │Ᵽfi♪ ◄Ⱡꜟ◑כὉ▓ Ὁ▓≢№╢⁹

ᴑ│ ╩≤╢↓≤╩ ∆╢⁹ │⁸∆═≡─▓ ⌐≈™≡ ─ ╩≤╢↓≤╩ ∆╢⁹

─ ≤ ⌂╡⁸ Ᵽfi♪ ⅔╟┘ Ᵽfi♪ ─ ⅜ ∆╢↓≤⌐ ⁹ 

 ▬ ɰ▓ȿ▬ȿɰ▓ ὭάὉ▓ Ὁ▓ ɰ▓ȿ►ȿɰ▓  (54) 

▬ ▬ │(55) ⌐╟╡ ↕╣╢♥fi♁ꜟ≢№╢⁹‌ fi▪◦♥כ◌│‍┘ (ὼȟώȟᾀ)─▬fi♦♇◒☻≢№╢⁹ 
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▬ ▬

ρ

ς
▬ ȟ▬ ȟ ▬ ȟ▬ ȟ  

(55) 

(51)-(53) ⌐╟╡ ╠╣╢…
ΩΩ
╩◒ꜝⱴה☻כ◒꜡♬♇ⱥ ((56) )⇔⁸ …

Ω
╩ ╘╢⁹ 

 
…

Ω
ς‫Ƞ‫ȟ‫

ς

“
ὖ

 … ς Ƞ ȟ ΩΩ

  ‫
Ὠɱ 

(56) 

ⱪ꜡◓ꜝⱶ≢│⁸ ▓ ⌐⅔↑╢Ᵽfi♪ ─ ⱷfi♩╩(54)כ⸗ ⌐╟╡ ╘⁸ ─ ≢

… ς‫Ƞ‫ȟ╩‫ ╘╢⁹ (52) ┘(53)─ │⁸Gaussian/parabolic smearing ┘ linear tetrahedron

╩ ™≡ ℮⁹ Read and Needs (3.1.6)№╢™│Kageshima and Shiraishi (3.1.7)╩ ™≡ ♩ⱷfiכ⸗

─ ╩ ∫√ ⌐│⁸ ≤ ∂ ⅜ ╠╣╢⁹  

(52) ┘(53) ─♦ꜟ♃ ─ │ ≢№╡⁸ │ 0 ≤⌂╡℮╢⁹♦ꜟ♃ ─ ⅜ ⇔ ─

⅜0≤⌂╢ ⁸(52) ┘(53) ─ │ ∆╢⁹↓─ │⁸2 (double resonance)≤⇔≡ ╠╣

╢⁹2 │⁸ ─♄fiⱧfi◓ⱨ□◒♃כ⅜ 0≢№╢≤ ⇔√√╘⌐ ⅝╢ ≢№╢⁹ ⱪ꜡◓ꜝ

ⱶ≢│⁸ ─ ⅜ ─ (◌♇♩○ⱨ )╟╡╙ ↕ↄ⌂∫√ ⁸∕─ … ─┼─ ╩ №╢™│♄

fiⱧfi◓∆╢↓≤⌐╟╡⁸2 ─ ╩ ⇔≡™╢⁹◌♇♩○ⱨ │⁸ ≢ ⅎ╢╟℮⌐⌂∫≡™╢

(4.2.13)⁹  

THG │⁸ ⌐ ↕╣√ⱨ◊♩fi⅜ 2 ⇔⁸ ⅜ 3 ─ ⅜ ∆╢3 ≢№╢⁹

THG │⁸ ─ ⅜ ⌐ ↕╣╢ ( )⁸ ─ ⅜ ⌐ ↕╣╢

( )⁸ ┘ ≤ ⅜∕╣∙╣ ⌐ ┘ ⌐ ↕╣╢ 3 ⅛╠⌂╢[21]⁹

ⱪ꜡◓ꜝⱶ│⁸ ╩ ⱢⱵꜟ♩♬▪fi≤∆╢ 4 ─ ⌐╟╡ … σ‫Ƞ‫ȟ‫ȟ╩‫

∆╢⁹ 

 
)Í… ‫

“

σ

Ὡü

ά

Ὠ▓

τ“
ɫȟȟȟ2Å▬ ▬ ȟ▬ ȟ▬ ὪὉȟὉ ȟὉȟü‫  

(57) 

 
)Í… ‫

“

σ

Ὡü

ά

Ὠ▓

τ“
ɫȟȟȟ2Å▬ ▬ ȟ▬ ȟ▬ ὪὉȟὉȟὉ ȟü‫  

2Å▬ ▬ ȟ▬ ȟ▬ ὪὉȟὉ ȟὉ ȟü‫  

2Å▬ ▬ ȟ▬ ȟ▬ ὪὉȟὉȟὉ ȟü‫  

(58) 

 
)Í… ‫

“

σ

Ὡü

ά

Ὠ▓

τ“
ɫȟȟȟ2Å▬ ▬ ȟ▬ ȟ▬ ὪὉȟὉ ȟὉȟü‫  

σ

Ὁ σὯὉ ςὉ σὉ Ὁ
Ὁ‏ σü‫  

ρ

Ὁ Ὁ σὉ
 

Ὁ Ὁ

Ὁ σὉ Ὁ Ὁ
Ὁ‏ ü‫  

(59) 

↓↓≢⁸ 

 
ὪὉȟὉȟὉȟü‫

σ

Ὁ σὉ ςὉ σὉ Ὁ
Ὁ‏ σü‫  

ς ςὉ Ὁ

Ὁ ςὉ Ὁ ςὉ σὉ ςὉ Ὁ
 

ρ

Ὁ Ὁ ςὉ

ρ

Ὁ σὉ

ςὉ

Ὁ Ὁ Ὁ ςὉ
Ὁ‏ ü‫  

(60) 

≢№╢⁹‌ȟ‍ȟ‎ȟ┘כ◌⁸│‏♥◦ꜗfi (ὼȟώȟᾀ)─▬fi♦♇◒☻╩ ∆╢⁹ȣ │⁸ ♩ⱷfiכ⸗ ─

▬fi♦♇◒☻‍ȟ‎ȟ┘‏╩ ∆╢↓≤╩ ∆╢⁹(57), (58), (59) │∕╣∙╣⁸ ⁸ ⁸ ┘

⌐╟╢… ─ ╩ ⅎ╢⁹… ─ │⁸)Í… ȟ)Í… ȟ┘)Í… ─ ≢ ⅎ╠╣╢⁹… ─

╩◒ꜝⱴה☻כ◒꜡♬♇ⱥ ∆╢↓≤⌐╟╡… ─ ╩ ╢((61 ))⁹ 

 
2Å… σ‫Ƞ‫ȟ‫ȟ‫

ς

“
ὖ

‫

‫ ‫
)Í… σ‫Ƞ‫ȟ‫ȟ‫ ȏὫὬὸὨ‫ φρ 

(61) 
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(57)-(59) ─Ⱪꜞꜟ▪fiכ♂הfi │Gaussian/parabolic smearing ⌐╟╡ ∆╢⁹ ─

│⁸SHG ─ ⁸ ╩ №╢™│♄fiⱧfi◓⇔≡ ℮⁹ 

 

11.2.1.10  

 

┘ ─ │⁸kp ╩ ™≡ ⌐╟╡ ↕╣╢ [15]⁹ 

 

ü
ρ

άᶻ ȟ

‬Ὁ▓
‬▓‬▓

‏
ρ

ά

▬ Ω
▓ ▬Ω

▓ ▬ Ω
▓ ▬Ω

▓

Ὁ▓ Ὁ
▓ΩΩ

 

(62) 

▓ ┘‗│ ╩ ℮▓ ┘Ᵽfi♪─▬fi♦♇◒☻⁸‗Ω│ ─Ᵽfi♪─▬fi♦♇◒☻⁸‌ ┘‍│

▬fi♦♇◒☻⁸▬ Ω

▓ │Ᵽfi♪‗‗Ω ─ │▓ⱷfi♩⁸Ὁכ⸗ ╩ ℮▓ ≢─Ᵽfi♪‗─◄Ⱡꜟ◑⁹╢№≢כ  

Ᵽfi♪⅜◄Ⱡꜟ◑כ ⌐ ⇔≡™╢ ⁸ ⅜Ᵽfi♪ ≢ ↨╡ ℮√╘⁸(62) ⌐╟╡ ⇔≡™╢

Ᵽfi♪─ ╩ ∆╢≤⁸ ⇔™ ⅜ ╠╣⌂™ ⅜№╢⁹↓─ │⁸ ⌐ɜ ≢─ ─

╩ ∆╢ ⌐ ≤⌂╢⁹ ⱪ꜡◓ꜝⱶ≢│ɜ ≢─ ╩⁸ ⅜ ↑≡™╢ɜ ╟╡ ⅛◦ⱨ♩⇔√

≢ ∆╢╟℮⌐⇔≡⁸↓─ ╩ ⇔≡™╢⁹◦ⱨ♩ ─ │ ≢♃כ♦ ∆╢(4.2.9)⁹ 
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11.2.2  

 

11.2.2.1  

 

ⱪ꜡◓ꜝⱶBerry -Phonon│ ⱪ꜡◓ꜝⱶPHASE ─ ≤⇔≡ ↕╣≡™

╢⁹ ─ ─ ⌐│ ≤ ─ ─ ⅜ ≢№╢⁹Berry -Phonon ≢│ ─

╩ⱬꜞכ ⌐ ≠⅝ ⇔⁸ ─Ⱳꜟfi ╩ ╘╢⁹╕√⁸PHASE ≢ ↕╣╢Ⱬ

ꜟⱴfi-ⱨ□▬fiⱴfi ╩ ∆╢↓≤⌐╟╡ ╩ ⇔⁸↓╣⅛╠ ╩ ⇔≡⁸∕─ ─

╩ ⅝⁸ ─ ≤ ⱬ◒♩ꜟ╩ ╘╢⁹Ⱳꜟfi ≤ ─♪כ⸗ ⱬ◒♩ꜟ⅛

♪כ⸗╠ ⅜ ╕╢⁹ ─ ♪כ⸗≥ ⅛╠ ⅜ ↕╣╢⁹↓─ ─

╩ ─ ≢ ∆╢⁹ 

 

 11.3 Berry -Phonon  

 

11.2.2.2  

 

─Ὥ ─ ─ ⱬ◒♩ꜟ╩◊≤∆╣┌⁸ ⅜  ⅛╠∏╣√ ⌐ ∆╢ ─ │ 

 ɝ╟
Ὡ

ὠ
╩ᶻ◊ (63) 

≤№╠╦↕╣╢⁹↓↓≢⁸e│ ≢№╡⁸V│ ─ ─ ≢№╢⁹ ╩ᶻ│Ⱳꜟfi ♥fi♁ꜟ

≤╟┌╣⁸ ─  ⌐ ─ ≢№╢⁹ ─ ◊╩ ─ ≢♪כ⸗ ∆╢↓≤⅜

≢⅝╢⁹ 

 ά◊ ‚ ὗ  (64) 

↓↓≢⁸‚ │ ─ ⱬ◒♩ꜟ≢№╡⁸ ὗ│ ≢№╢⁹ά│Ὥ ─ ─ ≢№╢⁹ 

─ ╩ ≢ ∆╣┌ 

 ɝ╟
Ὡ

ὠ
╩ὗ  (65) 

≤⌂╢⁹↓↓≢⁸ ─♪כ⸗ ╩ 

 
ὤ

ρ

ά
ὤᶻ ‚  

(66) 
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≤ ⇔√⁹  

─‫ ⌂ ♪כ⸗⁸┌╣∆≥╔╩ ⅜♀꜡≢⌂™ ─ ὗ│ ⌐ ⇔≡

∆╢⁹ 

 
ὗ

Ὡὤẗ╔

‫ ‫
 

(67) 

‭ ╟τ“ɝ │‫ ‭ ≢╔‫ ↕╣╣╢⁹ ↓─ ≤(65) ≤(67)  ⅛╠ │ 

 
‭ ‫

τ“Ὡ

ὠ

ὤ ὤ

‫ ‫
 

(68) 

≤ ≢⅝╢⁹THz ─ ‭ │‫ ‭ ⌐‫ ‭ ╩ ⅎ√╙─≢№╢⁹ 

 
‭ ‫ ‭

τ“Ὡ

ὠ

ὤ ὤ

‫ ‫
 

(69) 

 

 

11.2.2.3 ⱬꜞכ [16, 17, 18] 

 

Ⱳꜟfi ╩ ╢⌐│╕∏⁸ ─ ╩ ╘╢ ⅜№╢⁹ ─ │▬○fi⅛╠─ ╟ ≤

⅛╠─  ╟ ≤⅛╠⌂╢⁹ 

 ╟ ╟ ╟   (70) 

▬○fi⅛╠─ │ 

 ╟  
Ὡ

 
ὤὙ (71) 

≢№╢⁹ ─ ─ │ 

 ɝ╟ ╟ ╟  (72) 

 
ὖ

ὭὪή

ψ“
Ὠ▓ ό▓ ȿ‬Ⱦ‬Ὧȿό▓  

(73) 

≤№╠╦∑╢⁹ ↓↓≢⁸▓│╖᷆⌐ ⌂ ─ⱬ◒♩ꜟ≢№╢⁹▓╩ ╡⁸Ὃ᷆⌐ ⌂ ↕ȿ╖᷆ȿ ╩J

∆╢ ▓ ▓ Ὦ╖᷆Ⱦὐ Ὦ πȟȣȟὐ ρ╩ ⅎ╢⁹↓─≤⅝⁸ ‰ ▓ ╩ ─╟℮⌐ ∆╢⁹ 

 ‰ ▓ )ÍÌÎɩ Ὓ ▓ȟ▓  (74) 

 Ὓ ▓ȟ▓ ÄÅÔ ό▓ ȿό▓   (75) 

↓↓≢⁸ό▓ Ὡ ╖᷆ẗ►ό▓ ≢№╢⁹↓╣│ὐO Њ─≤⅝▓╩ ╢ ─ⱬꜞכ ≤⌂╢⁹ 

 
‰ ▓ ÌÉÍ

ᴼ
‰ ▓  Ὥ Ὠ

ȿ╖᷆ȿ

▓᷆ ό▓ ȿ
‬

‬▓᷆
ȿό▓  

(76) 

(77) 

k ≢ ⌐ ╩ ⇔√≤⅝⌐│ⱬꜞכ ─ ─ ∏╣⅜ ↕╣╢⁹(77) ≢│⌂ↄ(76)

╩╙∟™╢↓≤⌐╟╡⁸∕─ ∏╣╩ ∟ ∆↓≤⅜≢⅝╢⁹↓╣╟╡⁸ ─ ὖ᷆ │ 

 
ὖ᷆

Ὢή

ψ“
Ὠ▓‰ ▓   

(78) 

≤№╠╦∑╢⁹╫ ⌐ ∫≡ ╘╠╣√ⱬꜞכ ╩‰ ≤∆╣┌ │ 

 
╟

Ὢή

 

ὥ░
ς“
‰  

(79) 

≤№╠╦∑╢⁹  

►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ╩ ™√ │ ╩ ℮ ⅜№╢⁹ (75) ⌐ ╣╢

ό▓ ȿό▓ │‪▓ ► Ὡ▓ẗ►ό▓ ►╩ ™≡⁸ 
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 ὓ ▓ ‪▓ ȿὩ ▓ẗ►ȿ‪▓ ▓ȟ  (80) 

≤ ∑╢⁹↓↓≢⁸ɝ▓ ╖᷆Ⱦὐ≢№╢⁹ ►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ╩ ™√ ⌐│ ╩ ℮√╘⌐

(80) ─ ─ ⌐  

 ὑ► ȿ► ►ȿ ὗ ►ȿ‍ ‍ȿ (81) 

╩ ⇔⌂↑╣┌⌂╠⌂™⁹ ↓↓≢⁸ὰ Ὑȟ†│ ╩ ∆ꜝⱬꜟ≢№╢⁹ 

 
ὓ ▓ Ὠὶ ‪▓ ȿὑ►Ὡ ▓ẗ►ȿ‪▓ ▓ȟ  

(82) 

(82) ⅛╠ ╕╢(80) ⌐ ∆╢ ╩ὓ ▓≤∆╢⁹ 

 
ὓ ▓ Ὠὶὗ ►Ὡ ▓ẗ► ‪▓ ȿ‍ ‍ȿ‪▓ ▓ȟ  

(83) 

 
Ὠὶή ►Ὡ ▓ẗ►Ὂᶻάȟ▓Ὂ ὲȟ▓ ɝ▓ 

(84) 

─ │ ╩ ⇔√ (‪▓ ► В ὧ▓ȟ╖╖ Ὡ▓ ╖ẗ►)─ ≢№╡⁸ 

 ὗ ► ή ► Ⱳ Ὑ (85) 

 ‍ ► ‍ ► Ⱳ Ὑ (86) 

 
Ὂ ὲȟ▓

ρ

Ѝ 
Ὠ

╖

ὶ‍ ►Ὡ▓ ╖ẗ►Ὡ╖ẗⱲὧ▓ȟ╖ 
(87) 

 ‍ȿ‪▓ Ὡ ▓ẗ╡ ⱲὊ ὲȟ▓ (88) 

≤™∫√ ╩ ™≡ ⅜ ╡ ⅛╣≡™╢⁹‪▓ ╖ȟ ‪▓ ⌂─≢⁸ ‍ȿ‪▓ ‍ȿ‪▓ ╖ȟ ⅜ ╡

≈⁹(88) ╩ ∆╣┌⁸Ὂ ὲȟ▓ ╖≤Ὂ ὲȟ▓─ ─ ⅜ ↑╢⁹ 

 Ὂ ὲȟ▓ ╖ Ὡ ╖ẗⱲὊ ὲȟ▓ (89) 

⇔√⅜∫≡⁸Ὂ ὲȟ▓ │Ὂ ὲȟ▓ ⌐ Ὡ ╖᷆ẗⱲ╩⅛↑√╙─⌐ ⇔™⁹ 

 Ὂ ὲȟ▓ Ὡ ╖᷆ẗⱲὊ ὲȟ▓  (90) 
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11.2.2.4 Ⱳꜟfi  

 

─№╢ ─Ⱳꜟfi ♥fi♁ꜟ╩ᶻ│∕─ ─ ◊╟∫≡ ∂√ ─ ɝ╟≤∕─ ≤─

≤⇔≡ ↕╣╢⁹ 

 ɝ╟ 
ή

 
ὤᶻ◊ (91) 

(70),(71),(79)╩ ™╢≤⁸Ⱳꜟfi │ 

 
ὤᶻ

 

ή

‬ὖ

‬ό
 

 

(92) 

 
ὤ ‏

Ὢ

ς“
ὥ ẗ

‬‰ ό‍

‬ό
  

(93) 

≤ ≢⅝╢⁹↓↓≢⁸╪│ ⱬ◒♩ꜟ≢№╡⁸‰ ◊│ ⱬ◒♩ꜟ╫─ ⌐ ╩ ∫√

─ ◊⌐╟╢ⱬꜞכ ≢№╢⁹ⱬꜞכ ─ ⌐╟╢ │ │ ≢ ╘╢⁹

ɝό⌐╟╢ⱬꜞכ ─ ╩ɝ‰≤∆╢≤⅝⁸ 

 ‬‰ ό‍

‬ό

ῳ‰

ῳό
 

(94) 

─╟℮⌐ ╘╢⁹  

─ ─ │ ─ ╩ ⌂℮≤ ⌂ ⌐ ╢⁹ ╩ ⅛↕⌂™ ─ ⅛╠ ↕╣

╢ ⅜∕─ ─ ╩№╠╦∆⁹ ♥fi♁ꜟ│ ⌐⇔√⅜™♀꜡≢⌂™ ⅜ ╕╢⁹

─ ╩Ὑ≤∆╣┌⁸Ⱳꜟfi ╩ᶻ│  

 
╩ᶻ  

ρ

ὔ
Ὑ╩ᶻὙ  

(95) 

╩ √↕⌂↑╣┌⌂╠⌂™⁹↓↓≢⁸ὔ│ ─ ≢№╢⁹  

─Ⱳꜟfi ♥fi♁ꜟ│ ⌐ ∆ Ὑȿ╣╩ ↕∑≡ ╘╢↓≤⅜≢⅝╢⁹ 

 ╩ᶻ Ὑ╩ᶻὙ  (96) 

 ► Ὑ► ╣ (97) 

Ⱳꜟfi ♥fi♁ꜟ⌐│ ⅜№╡⁸ ─ ─Ⱳꜟfi ╩ᶻ─ ╩≤╢≤♀꜡⌐⌂╠⌂↑

╣┌⌂╠⌂™⁹[19] 

 ╩ᶻ π (98) 

k ╛ ⌐ ∆╢ ⅜ ≢№╢≤⁸Ⱳꜟfi ─ ⅜ √↕╣⌂ↄ⌂╢⁹Ⱳꜟfi

─  

 

╩ᶻ
ρ

ὔ
╩ᶻ 

(99) 

╩ ╘⁸Ⱳꜟfi ╩ᶻ⅛╠Ⱳꜟfi ─ ╩ᶻ╩ ⇔ ↄ↓≤≢ ↕╣√Ⱳꜟfi ╩ȟz ╩

╘╢↓≤⅜≢⅝╢⁹ 

 ╩ȟz ╩ᶻ ╩ᶻ (100) 

 

 

11.2.2.5  

─ │PHASE ─ⱴ♬ꜙ▪ꜟ─9.2 ╩ ↕╣√™⁹ 
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11.2.2.6  

 

⅜ ╗↓≤⌐╟╡⁸ ⅜ ∆╢⁹ ╖⅜╦∏⅛≢№╣┌⁸ⱨ♇◒─ ⅜ ╡ ∟⁸ ─╟℮⌐

ὧ ╩ ™≡ „≤ ╖ ‭⅜ ┘≈↑╠╣╢⁹ 

 „ ὧ ‭  (101) 

↓↓≢⁸ὭȟὮȟὯȟὰ│♦◌ꜟ♩ ─▬fi♦♇◒☻ὼȟώȟᾀ╕√│ρȟςȟσ≢№╢⁹ ⅜‐─ ≢│ Ὁ≤ ὖ

─ ⌐ ─ ⅜ ╡ ≈⁹ 

 
ὖ

‐ ‏

τ“
Ὁ  

(102) 

╖‭≤ Ὁ⅜ ⇔√⇔√ │⁸ (101)⌐│ ⌐╟╢ ⅜ ╦╡⁸ (102)⌐│ ╖⌐╟╢ ⅜ ╦╢⁹ 

Ὡȟ│└∏╖⌐╟╢ ─ ≤⇔≡ ↕╣╢⁹ 

 
Ὡȟ

‬ὖ

‬‭
 

(103) 

↓╣╟╡⁸(102) │ ─╟℮⌐ ↕╣╢⁹ 

 
ὖ Ὡȟ ‭

‐ ‏

τ“
Ὁ  

(104) 

╖‭≤ „─▬fi♦♇◒☻Ὧὰ│ ⇔√ 1,2,3,4,5,6≢ ↕╣╢↓≤⅜№╢⁹∕─ ╩ ⌐ ∆⁹ 

Ὧὰρρςςσσςσσρρς

ρ ς σ τ υ φ
 

─ ≢╙⁸ ↓─ ╩ ™╢⁹  

⌐ ⌐╟╢ ─ ╩ ⌐╟╡ ↄ⁹ ─ Ὠὖ⌐╟╢◄Ⱡꜟ◑כ │

ВὉὨὖ≢№╢⁹ ╖─ Ὠ‭⌐╟╢◄Ⱡꜟ◑כ │В „ Ὠ‭≢№╢⁹↓╣╠─ ⅜ ◄Ⱡꜟ◑כ

ὊὝȟὩὴίὭὰέὲȟὖ─ ≢№╢⁹ 

 ὨὊ ὉὨὖ „ Ὠ‭   (105) 

↓╣⌐ ≤ ≤─ ◄Ⱡꜟ◑כὡ ВὖὉ─ Ὠὡ╩ ⅎ≡ꜟ☺ꜗfi♪ꜟ ╩ ™⁸ ╩

╗ ◄Ⱡꜟ◑כὊᶻὝȟ‭ȟὉ─ ⅜ ╕╢⁹ 

 ὨὊᶻ ὨὊ Ὠὡ (106) 

 ὖὨὉ „ Ὠ‭   (107) 

↓╣╟╡⁸ 

 ‬Ὂ

‬Ὁ
ὖ 

(108) 

 ‬Ὂ

‬‭
„   

(109) 

≢№╢⅛╠⁸ ─ ⅜ ⅛╣╢⁹ 

 ‬„

‬Ὁ

‬ὖ

‬„
Ὡȟ   

(110) 

(111) 

↓╣╟╡⁸(101) │ ─╟℮⌐ ↕╣╢⁹ 

 „ ὧ ‭ ὩȟὉ (112) 

(104) ⅛╠ │ 

 Ὀ τ“ Ὡȟ ‭ ‐Ὁ  (113) 

≤⌂╢⁹↓─ ≤(112) ╩№╦∑≡ ≤™℮⁹ 

 

11.2.2.7 ─ⱬꜞכ [22] 

 

(103) ⌐╟∫≡ ↕╣╢ │▬fiⱪ꜡Ɽכ Ὡȟ≤ ┌╣╢⁹↓╣≤│ ™ⱪ꜡Ɽכ
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Ὡǿȟ│⁸ ╖ ‭ǿ ⌐╟╢ ὐ─ ≤⇔≡ ⅎ╠╣╢⁹ 

 
Ὡǿȟ

‬ὐ

‬‭ǿ
  

(114) 

▬fiⱪ꜡Ɽכ Ὡȟ≤ⱪ꜡Ɽכ Ὡǿȟ─ ⌐│ ─ ⅜ ╡ ≈⁹ 

 Ὡǿȟ Ὡȟ ὖ‏  ὖ   (115)‏

ⱬꜞכ ⌐╟╣┌⁸ ⅛╠─ ┼─ ╩ ╩╙≤⌐ ∆╢↓≤⅜ ≢№╢⁹↓

↓≢│⁸ ≢ ⅎ╠╣╢╟℮⌐⁸ⱬꜞכ ╩ ∆╢⁹ 

 
‰

ψ“

ὠ
ὨὯ ό▓ȿ Ὥ╫ ẗ​▓ȿό▓  

(116) 

‌│ ⱬ◒♩ꜟ╫─▬fi♦♇◒☻ 1,2,3╩ ╦∆⁹ ό▓│ ─ ≢№╡⁸n │Ᵽfi♪▬fi♦

♇◒☻≢№╡⁸▓│ ⱬ◒♩ꜟ≢№╢⁹ὠ│ ─ ≢№╡⁸ ─ ⅎ BZ│Ⱪꜞꜙ▪fi♂כfi ≢

∆╢↓≤╩ ∆⁹ ↓─≤⅝⁸ⱬꜞכ ╟ │ ─ ⌐№√ⅎ╠╢⁹ 

 
╟

ρ

ς“

Ὡ

ὠ
‰ ╪  

(117) 

↓↓≢⁸╪│ ⱬ◒♩ꜟ≢№╢⁹ ─▬○fi⅛╠─ │ ─╟℮⌐ ⅎ╠╣╢⁹ 

 ╟
Ὡ

ὠ
ὤὙ (118) 

ὤ│▬○fi─ ≢№╡⁸Ὑ│▬○fi─ ⱬ◒♩ꜟ≢№╢⁹↓↓≢⁸ ‰ В╫ ẗ╡╩ ∆╢⁹↓

╣≤ⱬꜞכ ‰ ╩ ⅎ ╦∑√ ╩‰≤∆╢⁹↓╣╩ ™≡⁸ ╟│ ─╟℮⌐ ⅝ ∑╢⁹ 

 
╟

ρ

ς“

Ὡ

ὠ
‰ ╪  

(119) 

↓─ ╟╩ ╖≢ ⇔√╙─│▬fiⱪ꜡Ɽכ ╩ ⅎ╢↓≤╩ ∑╢⁹ⱬꜞכ │ ╪─

─ ╩ ∟⁸∕─√╘▬fiⱪ꜡Ɽכ │ ⌐ ╕╠⌂™⁹⇔⅛⇔⁸ⱪ꜡Ɽכ │

⌐ ╕╢↓≤⅜ ∑╢⁹ⱪ꜡Ɽכ ─ ((120) )│(119) ╩(115) ⌐ ⇔≡ ╕╢⁹ 

 
Ὡǿȟ

ρ

ς“

Ὡ

ὠ

‬‰

‬‭
ὥȟ 

(120) 

 

 

11.2.2.8 ─  

 

─ ό╩ ⇔≡ ╩(120) ⌐ ™ ⇔√≤⅝⁸∕─ ╩◒ꜝfiⱪ♪▬○fi ⱪ꜡

Ɽכ ≤ ┬⁹↓─≤⅝ ‰│ⱬꜞכ ≤⇔≡╟™⁹◒ꜝfiⱪ♪▬○fi ⱪ꜡Ɽכ │

─ ⌐ ∑╢⁹ 

 
Ὡǿȟ

‬ὖ

‬‭
 

(121) 

↓↓≢⁸ό │ ╖─ ™≤⅝ ╩ ∆⁹ ⅜ ╪∞≤⅝⌐ ⅜ ∆╢ ╩ ╡ ╗⌐│⁸

╖Ɽꜝⱷכ♃כ ≤Ⱳꜟfi ὤᶻ
╟

╡
⌐ ∆╢ ╩ ⇔⁸∕─ ╩◒ꜝfiⱪ♪▬○fi

ⱪ꜡Ɽכ ⌐ ⅎ╣┌╟™⁹ 

 
Ὡǿȟ Ὡǿȟ

‬ὖ

‬ό

‬ό

‬‭
 

(122) 

└∏╖Ɽꜝⱷכ♃│ ɮ ȟ ≤└∏╖- ὅ ȟ ╩ ™≡™ ∑╢⁹  

 ‬ό

‬‭

‬ό

‬Ὂ

‬Ὂ

‬‭
 

(123) 

│ ≤ ⱬ◒♩ꜟ╩ ™≡ ≢⅝╢─≢⁸(122) ─ │ ─╟℮⌐ ∆↓≤⅜≢⅝╢⁹ 
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 Ὡ

ὠ

ὤὅȟ

‫
 

(124) 

↓↓≢⁸ -╖∏└─♪כ⸗ ╩ 

 
ὅȟ

ρ

ά
ὅ ȟ ‚  

(125) 

≤ ⇔√⁹ 
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11.3 UVSOR-Epsilon 

 

11.3.1 ⱨ□▬ꜟ─  

Epsilon │⁸PHASE/EKCAL ≤ ⌐⁸ⱨ□▬ꜟ ╩ file_names.data ≢ ℮⁹ ⌐ Epsilon ─

file_names.data ─ ╩ ∆⁹ 

&fnames  
F_INP    = './nfinput.data'  
F_POT(1)  = '../PP/atom_14_Si_lda_nc_bhs.gncpp2'  
F_ENERG  = './nfenerg.data'  
F_ZAJ    = './zaj.data'  
F_CHGT   = '../scf/nfchgt.data  
F_CNTN   = './continue.data'  
F_EPSOUT    = './eps.data1'  
&end 

 

file_names.data ─ │PHASE/EKCAL ─  [6]≤ ∂≢№╢⅜⁸ ─ ⌐ ∆╢⁹ 

1. ⱨ□▬ꜟ╩ F_INP ⌐ ∆╢⁹Epsilon ─ ⱨ□▬ꜟ│EKCAL ─ ⱨ□▬ꜟ⌐ ─

epsilon♃◓╩ ⇔√╙─≢№╢⁹epsilon♃◓─ ⌐≈™≡│3╩ ⁹ 

2. PHASE ⌐╟╡ ╠╣√ ⱨ□▬ꜟ╩F_CHGT ⌐ ∆╢⁹ 

3. ─ ╩ ∆╢ⱨ□▬ꜟ╩F_EPSOUT ⌐ ∆╢⁹ 

 

─♃כ♦ 11.3.2  

 

ⱨ□▬ꜟ F_INP ⱨ□▬ꜟ─ │⁸EKCAL ─  [6]⌐Epsilon ─ ╩ ⇔≡ ℮⁹Epsilon

─ ⌐≈™≡ ∆╢⁹ 

 

11.3.2.1 Control Ⱪ꜡♇◒ 

control Ⱪ꜡♇◒⌐⅔™≡⁸condition = 2 №╢™│condition=fixed_charge ≤∆╢⁹ ⱳ♥fi◦ꜗꜟ⅜ ⱳ

♥fi◦ꜗꜟ≢№╢TM ⱳ♥fi◦ꜗꜟ╩ ™╢ ⁸use_additional_projector = on ≤∆╢ ⅜№╢

│⁸8╩ ⁹Control Ⱪ꜡♇◒─ ╩ ⌐ ∆⁹ 

Control{  
    condi tion=fixed_charge  
    cpumax = 1 day               !  {sec|min|hour|day}  
    max_iteration  = 60000  
    use_additional_projector=on  !  {on|off}  
}  

 

↓─ ≢│ use_additional_projector=on ≤⇔≡™╢⁹ⱳ♥fi◦ꜗꜟ─ ⅜ ⌂≤⅝⌐│

use_additional_projector ╩on⌐∆╢⁹ 

 

11.3.2.2 accuracyⱩ꜡♇◒ 

 

accuracy Ⱪ꜡♇◒≢ ⅜ ⌂ │⁸num_bands Ᵽfi♪ ⁸ksampling k ☿♇♩─ ┘

ek_convergence Ᵽfi♪ ─ ≢№╢⁹↓╣╠─ ─ │PHASE ─ⱴ♬ꜙ▪ꜟ⌐ ↕╣≡™

╢⁹  

≤⇔≡│⁸Ᵽfi♪ ╩≢⅝╢∞↑ ↄ⁸k ╩≢⅝╢∞↑ ↄ∆╢↓≤⅜ ╕⇔™⅜⁸ ⌐│⁸

№√╡─ ─  [7]⅜0.7╩ ⅎ╢╟℮⌐⁸Ᵽfi♪ ┘ ☿♇♩╩ ∆╣┌╟™⁹

─ ⌐≈™≡│⁸7.3⌐⅔™≡ ∆╢⁹  

ek_convergence≢│⁸delta_eigenvalue ┘succession─ ╩ ℮⁹delta_eigenvalue ┘ succession─

│ ─ ╡⁹  
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 11.1 ek_convergence ─  

  delta_eigenvalue(Rydberg)  succession   

  1.e-4  3   

ה   1.e-6  3   

 

 

11.3.2.3 epsilonⱩ꜡♇◒ 

epsilonⱩ꜡♇◒⌐⅔™≡⁸ ─ ╩ ∆╢⁹ ⌐epsilon♃◓─ ┘∕─ ╩ ∆⁹  

 │ ─ ⁸ ─ │○ⱪ◦ꜛfi ⌐ ≤⌂╢ ⁸ ─ │ ⌂ ≢№╢⁹ 

epsilon {   

sw_epsilon = on ! {on ȿoff}   

crystal_type = single ! {single ȿpoly}  

fermi_energy{   

read_efermi = off ! {on ȿoff}   

efermi = 0.000   

}   

photon{   

polar {ux=1.00, uy=0.00, uz=0.00}   

pointing {px=0.00, py=0.00, pz=0.00}   

energy {low=0.000, high=2.000, step=0.002}   

}   

transition_moment{   

type = ks ! {l ȿrnȿksȿmks}   

delq =0.001   

symmetry =on ! {on ȿoff}   

band_i=1  

band_f=5  

}   

mass {   

sw_mass = on ! {on ȿoff}   

direction{nx = 0.0, ny = 0.0, nz = 0.0}  

point = band_edge ! {band_edge ȿinput}  

shift = 1.0d - 4  

ik = 1  

ib = 5  

}   

BZ_integration {   

method = t ! {parabolic(p) ȿgaussian(g) ȿtetrahedron(t)}   

spin = both ! {both ȿmajor ȿminor}  

}   

band_gap_correction{  

scissor_operator=0.00d0  

}  

drude_term{  

drude= off ! {on ȿoff ȿdrude_only}   

effective_mass = 1.0d0   

damping_factor =   

conductivity =   

plasma_frequency =   

}   

nonlinear_optics {   

process = off ! {off ȿshgȿthg}   

excitation = all ! {all ȿelectron ȿhole ȿthree_state}  

band = all !{all ȿinter ȿintra}  

term = all ! {all ȿomegaȿ2omegaȿ3omega}  

double_resonance{   
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method = damping !{omit ȿdamping}  

cut_off = 10.0d - 3 hartree   

}   

}   

ipriepsilon=1   

}   

 

 

11.3.2.4 sw_epsilon 

 

─ ☻▬♇♅≢№╢⁹ 

○ⱪ◦ꜛfi = on ╩ ℮ 

      = off ╩ ╦⌂™ 

 off≤⇔√ ⁸EKCAL ≤⇔≡ ∆╢ Ᵽfi♪ ─ ─╖ ℮ ⁹ 

 

11.3.2.5 crystal_type  

 

♃▬ⱪ─  

 ○ⱪ◦ꜛfi = single   

        = poly    

 poly ╩ ⇔√ ⁸ ─ │ ↕╣≡™╢≤╖⌂⇔⁸ ─  ‭ ‭ ‭

‭ Ⱦσ╩ ∆╢⁹ 

 

11.3.2.6 fermi_energy  

 

ⱨ▼ꜟⱵ꜠ⱬꜟ╩ ∆╢ 

 Ɽꜝⱷכ♃ read_fermi  

       ○ⱪ◦ꜛfi  = on ⱨ▼ꜟⱵ꜠ⱬꜟ╩ ∆╢ 

              = off ⱨ▼ꜟⱵ꜠ⱬꜟ╩ ⇔⌂™ ∆╢  

       efermi  =      ⱨ▼ꜟⱵ꜠ⱬꜟ─ ╩ ∆╢ read_fermi  = on  

                   (Hartree ≢ )  

                                 e.g.   efermi  = 0.124  0.124  Hatree  

 read_fermi  = on≤∆╢↓≤⌐╟╡⁸ ╩ ≢⅝╢ 

 ⅔╟┘ ─ ⌐─╖ ⁹ 

 

11.3.2.7 photon 

 

⅔╟┘◄Ⱡꜟ◑כ꜠fi☺ ─  

       polar ─ ⱬ◒♩ꜟ╩ ∆╢⁹ 

    Ɽꜝⱷכ♃ ux = ⱬ◒♩ꜟ─ x  

          uy = ⱬ◒♩ꜟ─ y  

          uz = ⱬ◒♩ꜟ─ z  

                e.g.  polar{ux  = 1.0,  uy = 0.0,  uz = 0.0} │⁸x ⌐ ⇔√  

                         ╩ ∆╢⁹ 

    pointing:  ─ⱳ▬fi♥▫fi◓ⱬ◒♩ꜟ╩ ∆╢⁹ 

    Ɽꜝⱷכ♃ px = ⱳ▬fi♥▫fi◓ⱬ◒♩ꜟ─ x  

          py = ⱳ▬fi♥▫fi◓ⱬ◒♩ꜟ─ y  

          pz = ⱳ▬fi♥▫fi◓ⱬ◒♩ꜟ─ z  

                  e.g.  pointing  {px  = 1.0,  py = 0.0,  pz = 0.0} │⁸x ⌐ ∆╢ 

                         ╩ ∆╢⁹ 

 energy:  ─◄Ⱡꜟ◑כ╩ ∆╢⁹ 
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        Ɽꜝⱷכ♃  high  ◄Ⱡꜟ◑כ    (Hartree ⁸♦ⱨ◊ꜟ♩  2.0)  

               step  ◄Ⱡꜟ◑כ☻♥♇ⱪ (Hartree ⁸♦ⱨ◊ꜟ♩  0.002)  

 ↕╣√ ⌐ ∆╢ ⅔╟┘ ☻Ɑ◒♩ꜟ ⁸ ⁸ 

        ⅜ ↕╣╢⁹ 

  i)  ⱬ◒♩ꜟ─™∏╣⅛─ ⅜ ≢⌂™ ⁸ ⅜ ↕╣╢⁹ 

     ii)  ⱳ▬fi♥▫fi◓ⱬ◒♩ꜟ─™∏╣⅛─ ⅜ ≢⌂™ ⁸ ⅜ ↕╣╢ 

    iii)  ⱬ◒♩ꜟ≤ⱳ▬fi♥▫fi◓ⱬ◒♩ꜟ╩ ⌐ ∆╢↓≤│≢⅝⌂™⁹ 

     iv)  ⱬ◒♩ꜟ⅔╟┘ⱳ▬fi♥▫fi◓ⱬ◒♩ꜟ─ ≡─ ⅜ ≢№╢ ⁸ 

         ♥fi♁ꜟ  xx,   yy,   zz,   xy,   xz,   yz ⅜ ↕╣╢⁹ ☻Ɑ◒♩ꜟ│  

           ↕╣⌂™⁹ 

 

11.3.2.8 transition_moment  

 

♩ⱷfiכ⸗ ○ⱪ◦ꜛfi─  

 Ɽꜝⱷכ♃ type  : ♩ⱷfiכ⸗  ─  

       ○ⱪ◦ꜛfi=   l   local ♩ⱷfiכ⸗ ⌂⇔ ♦ⱨ◊ꜟ♩  

             =  rn  Read and Needs ♩ⱷfiכ⸗ [2,3]  

              ⱡꜟⱶ ⱳ♥fi◦ꜗꜟ  

            =  ks  Kageshima - Shiraishi(KS) ♩ⱷfiכ⸗ [4]  

              ⱡꜟⱶ ┘►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ  

       delq   =   Read and Needs(RN) ♩ⱷfiכ⸗ ─Ɽꜝⱷ[3]♃כ  

              ♦ⱨ◊ꜟ♩ 0.001  

       symmetry ─♩ⱷfiכ⸗  ○ⱪ◦ꜛfi─  

       ○ⱪ◦ꜛfi = on ╩ ℮ 

            = off  ╩ ╦⌂™ 

       band_i   =  Ᵽfi♪─  

       band_f   =  Ᵽfi♪─  

 a) ─♩ⱷfiכ⸗ ╩ ⌐ ∆╢↓≤⌐╟╡⁸ ≤ ∂  

          ╩ ╢↓≤⅜≢⅝╢⁹ 

    b)  band_i  = a ┘band_f  = b≤⇔√ ⁸ a - > b─Ᵽfi♪ ⌐ ∆╢  

           ⅜ ↕╣⁸ ─Ᵽfi♪ ╩ ℮↓≤⅜≢⅝╢⁹ 

  i)  KS ♩ⱷfiכ⸗ ╩ ℮ ⁸KS ╩ ╗ ⱳ♥fi◦ꜗꜟⱨ□ 

           ▬ꜟ gncpp2 ╩ ™╢ ⅜№╢⁹ ╩ ╗ⱨ□▬ꜟ│⁸CIAO 

           ─♄▬ⱳכꜟ○ⱪ◦ꜛfi sw_with_dipole ╩ ™≡ ≢⅝╢⁹ │⁸CIAO 

           ─ⱴ♬ꜙ▪ [ꜟ10] ─↓≤⁹ 

    ii)  ⱳ♥fi◦ꜗꜟ⅜ ⱳ♥fi◦ꜗꜟ≢№╢TM ⱳ♥fi◦ꜗꜟ╩ ™≡ 

           KS ♩ⱷfiכ⸗ ╩ ℮ ⁸additional_projector ╩ ╩∆╢  

           ⅜№╢⁹ 

   iii)  RN │⁸ⱡꜟⱶ ⱳ♥fi◦ꜗꜟ⌐ ⇔≡─╖ ≢№╢⁹  

        │Pickard  and Payne ─ [12] ⌐╟╡ ⇔≡™╢⁹delq │ ⌐ 

        ⌂ Ɽꜝⱷ⁹╢№≢♃כ 

    iv)  ╩ ⇔√ ≢│⁸symmetry=on ≤∆╢↓≤⅜─∙╕⇔™⁹ 

    v)  ─Ᵽfi♪ ╩ ╦⌂™ ⁸band_i ┘band_f │ ∆╢⁹ 

 

11.3.2.9 mass 

 

№╢™│ ─  

 Ɽꜝⱷכ♃ sw_mass ☻▬♇♅ 

       ○ⱪ◦ꜛfi = on ╩ ℮ 

             = off  ╩ ╦⌂™ 
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       direction ─ ╩ ∆╢ 

       Ɽꜝⱷכ♃ nx⁸ny⁸nz ♦ⱨ◊ꜟ♩  0.0  

       point ╩ ∆╢Ᵽfi♪⁸ ─  

       ○ⱪ◦ꜛfi = band_edge  ┘ ≢ ╩ ℮ 

             = input ∆╢ 

       shift ─ ◦ⱨ♩ ♦ⱨ◊ꜟ♩ 0.0  

       ik k ▬fi♦♇◒☻ direction=input  

       ib Ᵽfi♪▬fi♦♇◒☻ direction=input  

 №╢™│ ─ ⅜ ↕╣╢⁹ 

 i)  ≤ │ ₁─☺ꜛⱩ≢ ∆╢⁹ 

    ii)  ⌐│⁸direction{nx=0.0,  ny=0.0,  nz=0.0} ≤∆╢⁹ 

    iii)  ⌐│⁸direction ≢ ╩ ∆╢⁹ 

     (100) ─ ╩ ∆╢ ⁸direction{nx=1.0,  ny=0.0 ,  nz=0.0} ≤∆╢⁹ 

    iv)  ⌐│⁸shifit=/0.0d0 ≤∆╢⁹ │10.0d - 3 10.0d - 4⁹ 

        v)  point=input ⌐│⁸ik ┘ ib ─ ⅜ ⁹ 

    vi)  read_fermi=off ⅜ ↕╣╢(4.2.6 )⁹ 

   vii)  shift  /=  0.0d0 ≤⇔√ ⁸ ⅔╟┘ ⌐ ⅜ ∂╢⁹ 

 

11.3.2.10 BZ_integration  

 

♩ⱷfiכ⸗ ╩Ⱪꜞꜟ▪fi♂כfi ≢ ∆╢ ╩ ∆╢⁹ 

Ɽꜝⱷכ♃ method  ─  

     ○ⱪ◦ꜛfi  tetrahedron t ꜞ♬▪♥♩ꜝ┼♪꜡fi [5] ╩ ™╢ 

           parabolic p  parabolic  smearing ╩ ™╢ 

                        ♦ⱨ◊ꜟ♩  

           gaussian g  gaussian  smearing ╩ ™╢⁹ 

     width    gaussian/parabolic  smearing ⌐⅔↑╢smearing ─  

          Hartree  ♦ⱨ◊ꜟ♩ 0.01837451  Hartree(=0.50  eV)  

          spin       ☻Ⱨfi─ magnetic_state=ferro/af ─ ─╖ [7]  

          ○ⱪ◦ꜛfi  both  major ┘minor  ☻Ⱨfi ─ ⌐≈™≡ 

                 ∆╢ ♦ⱨ◊ꜟ♩  

           major major ☻Ⱨfi ─ ⌐≈™≡ ∆╢ 

           minor minor ☻Ⱨfi ─ ⌐≈™≡ ∆╢ 

 ╩ ⇔≡ ╩ ≢⅝╢⁹spin ○ⱪ◦ꜛfi╩ ⇔√ ⁸ 

    ─☻Ⱨfi ⅜ ⁹ 

 i)  ꜞ♬▪♥♩ꜝ┼♪꜡fi │ k ⅜ⱷ♇◦ꜙ ⌐╟╡ ↕╣√ ⌐─╖ ⁹ 

    ii)  ─ ╩ ℮ ⁸ꜞ♬▪♥♩ꜝ┼♪꜡fi ─ ⅜ ╕⇔™⁹ 

      iii)  width  Ɽꜝⱷכ♃╩ ⇔⌂™ ⁸♦ⱨ◊ꜟ♩ (0.01837451Hartre) ⅜  

           ↕╣╢⁹ 

 

11.3.2.11 band_gap_correction 

 

scissors  operator ⌐╟╡Ᵽfi♪◑ꜗ♇ⱪ─ ╩ ℮ 

 Ɽꜝⱷכ♃ scissors_operator  = scissors  operator ─ ╩ ∆╢ Hartree  

                 ♦ⱨ◊ꜟ♩ 0.0  Hartree  

 DFT ─ ≢№╢Ᵽfi♪◑ꜗ♇ⱪ─ ╩ ≢⅝╢⁹ 

 №╢™│ ─ ⌐─╖  

 

11.3.2.12 drude_term  
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♦כꜟ♪ ─Ɽꜝⱷכ♃╩ ∆╢ 

 Ɽꜝⱷכ♃ drude ♦כꜟ♪ ─  

       ○ⱪ◦ꜛfi =  on ♦כꜟ♪ +Ᵽfi♪ ⌐ ∆╢ ╩  

                                 ∆╢⁹ 

             =  off Ᵽfi♪ ⌐─╖ ∆╢ ╩ ∆╢⁹ 

                     ♦ⱨ◊ꜟ♩  

             = drude_only ♦כꜟ♪ ⌐─╖ ∆╢ ╩  

               ∆╢⁹ 

       effective mass   = ─  

       damping_factor damping♦כꜟ♪ =      factor ─ Hartree  

                  ♦ⱨ◊ꜟ♩ 0.0036749  Hartree  (=0.1eV)  

       conductivity       = ─ m/ɋ 

       plasma_frequency  = ⱪꜝ☼ⱴ ─ Hartree  

♦כꜟ♪─ ╩ ⇔√ ╩ ℮ 

i)  ─ ⌐─╖ ≢№╢ 

   ii)  damping_factor ⁸conductivity ⁸ ┘plasma_frequency │™∏╣⅛└≤≈╩ 

     ≢⅝╢⁹ 

   iii)  damping_factor Ɽꜝⱷכ♃╩ ⇔⌂™ ⁸♦ⱨ◊ꜟ♩ (0.0036749   

         Hartree) ⅜ ↕╣╢⁹ 

 

11.3.2.13 nonlinear_optics  

 

─  

 Ɽꜝⱷכ♃ process ─  

       ○ⱪ◦ꜛfi = off  ─ ╩ ╦⌂™(♦ⱨ◊ꜟ♩)  

             = shg 2 ─ ╩ ℮ 

             = thg 3 ─ ╩ ℮ 

       excitation ⱪ꜡☿☻─  

              ○ⱪ◦ꜛfi = all ≡─ ⱪ꜡☿☻─ ╩ ∆╢(♦ⱨ◊ꜟ♩)  

             = electron ⱪ꜡☿☻─ ╩ ∆╢ 

             = hole ⱪ꜡☿☻─ ╩ ∆╢ 

             =three_state 3 ⱪ꜡☿☻─ ╩ ∆╢ 

       band Ᵽfi♪ ─  

       ○ⱪ◦ꜛfi = all Ᵽfi♪ ─ ╩ ∆╢(♦ⱨ◊ꜟ♩)  

             = inter Ᵽfi♪ ─ ╩ ∆╢ 

             = intra Ᵽfi♪ ─ ╩ ∆╢ 

       term ─  

       ○ⱪ◦ꜛfi = all ╩ (♦ⱨ◊ꜟ♩)  

             = omega ⌐ ∆╢ ╩ ∆╢ 

             = 2omega 2 ⌐ ∆╢ ╩ ∆╢ 

             = 3omega 3 ⌐ ∆╢ ╩ ∆╢ 

       double_resonance 2 ─ ™⌐ ∆╢  

       Ɽꜝⱷכ♃ method 2 ─ ╡ ™ ╩ ∆╢ 

             ○ⱪ◦ꜛfi = omit ╩ ∆╢(♦ⱨ◊ꜟ♩)  

                                     = damping ╩♄fiⱧfi◓∆╢ 

             cut_off 2 ◌♇♩○ⱨ(method  = omit )  

                 ♄fiⱧfi◓ⱨ□◒♃כ(method  = damping )  

                 ♦ⱨ◊ꜟ♩ 10.0d - 3 hatree  

 ⅜ ↕╣╢⁹ 

 i)  Ⱪꜞꜟ▪fiכ♂הfi │⁸Bz_integration  (2.10 )≢ ∆╢⁹THG 
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     ≢│⁸linear  tetrahedron │ ≢⅝⌂™⁹ 

       ii)  read_efermi  = off ⅜ ↕╣╢ 4.2.6  

      iii)  ─ ⌂ ⌐│⁸scissors  operator ─ (7.2.11) ⅜  

       iv)  ┘Ᵽfi♪ ─ │⁸ 21╩  

 

11.3.2.14 ipriepsilon  

 

ⱪꜞfi♩○ⱪ◦ꜛfi─  

    ○ⱪ◦ꜛfi 0 ꜠ⱬ  ꜟ

          1 ꜠ⱬꜟ ♦ⱨ◊ꜟ♩  

          2 ꜠ⱬ  ꜟ

          3 ♦Ᵽ♇◒꜠ⱬ  ꜟ

 ꜠ⱬꜟ╩ ∆╢⁹ 

 ♦Ᵽ♇◒꜠ⱬꜟ│ ♃כ♦ ⅜ ⌐ ⅝ↄ⌂╢─≢ ⁹ 

 

11.3.3 ─  

 

PHASE ⌐╟╢ ─ ╩ ℮⁹ ⱨ□▬ꜟ│⁸PHASE ╩ ∆╢♦▫꜠◒♩ꜞ⌐№╢

file_names.data ⌐⅔™≡⁸F_CNGT ≢ ∆╢⁹ 

 

11.3.3.1 ─  

 

Epsilon ╩ ⌐כꜞ♩◒꜠▫♦℮ ⱨ□▬ꜟ╩◖Ⱨ⁸⇔כ כꜞ♩◒꜠▫♦ ⌐№╢ file_names.data

⌐⅔™≡F_CNGT ⌐ ∆╢⁹  

 

11.3.3.2 ─  

 

─◖ⱴfi♪╩ ∆╢↓≤⌐╟╡⁸Epsilon ⅜ ↕╣╢⁹  

% mpirun   - np  1  $HOME/uvsor_v342/bin/epsmain  >& log  & 

╩ ℮ ⌐│⁸ ─◖ⱴfi♪╩ ∆╢⁹ⱪ꜡☿♇◘כ─ ╩nproc≢ ∆╢⁹ ╩ ℮

⌐│№╠⅛∂╘MPI ╩▬fi☻♩כꜟ⇔≡⅔ↄ↓≤⅜ ≢№╢⁹  

% mpirun  - np  nproc   $HOME/uvsor_v342/bin/epsmain  >& log  & 

 

 

11.3.3.3 ─  

 

Epsilon ╩ ℮♦▫꜠◒♩ꜞ⌐ ⱨ□▬ꜟ╩◖Ⱨ⁸⇔כ ♦▫꜠◒♩ꜞ ⌐№╢ file_names.data ⌐

⅔™≡ F_CNGT ⌐ ∆╢⁹ ⱨ□▬ꜟ nfinput.data ⌐⅔↑╢ epsilon ♃◓⌐⅔™≡⁸ ⌐

⌂ ╩ ℮⁹  

≢─ ♥fi♁ꜟ─   

        mass{  
             sw_mass = on     !  {on|off}  
             direction  {nx  = 0.0,  ny = 0.0,  nz = 0.0}  
             point  = band_edge  !  {band_edge|input}  
             shift  = 1.0d - 4 
        }  

 

≢─ ((100) )─   

        mass{  
             sw_mass = on     !  {on|off}  
             direction  {nx  = 1.0,  ny = 0.0,  nz = 0.0}  
             poi nt  = band_edge  !  {band_edge|input}  
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             shift  = 1.0d - 4 
        }  

 

─◖ⱴfi♪╩ ∆╢↓≤⌐╟╡⁸Epsilon ⅜ ↕╣╢⁹  

% mpirun  - np 1 $HOME/uvsor_v342/bin/epsmain  >& log  & 

 

11.3.3.4 ─  

 

Epsilon ╩ ℮♦▫꜠◒♩ꜞ⌐ ⱨ□▬ꜟ╩◖Ⱨ⁸⇔כ ♦▫꜠◒♩ꜞ ⌐№╢ file_names.data ⌐

⅔™≡F_CNGT ⌐ ∆╢⁹ ⱨ□▬ꜟnfinput.data ⌐⅔↑╢nonlinear_optics ⌐⅔™≡⁸ ⌂ ╩

℮⁹  

─◖ⱴfi♪╩ ∆╢↓≤⌐╟╡⁸Epsilon ⅜ ↕╣╢⁹  

% mpirun  - np 1 $HOME/uvsor_v342/bin/epsmain  >& log  & 

 

 

11.3.4 ─  

 

─ │⁸(1) ─♩ⱷfiכ⸗ ⁸(2) ⁸(3) ─ ╩ ⇔≡ ℮⁹↓╣

╠─ ─ │⁸ ─ ⅜ ≢№╢⅛≥℮⅛ ∆╢ ≢ ≢№╢⁹ 

 

─♩ⱷfiכ⸗ 11.3.4.1  

 

⅜output000 ≢№╢ ⁸ ─◖ⱴfi♪╩ ∆╢↓≤⌐╟╡⁸ ─♩ⱷfiכ⸗ ╩ ≢

⅝╢⁹ ≡─ k ⌐⅔™≡ ⅜♩ⱷfiכ⸗ ↕╣≡™╢⅛≥℮⅛ ∆╢↓≤⅜ ≢№╢⁹  

 

% grep   transition  output000  

  
!*  transition  moment correction  = Kageshima  and Shiraishi  method  (1)  
!*  transition  moment square  matrix  is  sy mmetrized  (2)  
!  PP transition  moment correction  data  :  it  =   1  number  of  data  read  from  PP file  =  18 
!*  -----  transition  moment of     1 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of     2 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of     3 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of     4 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of     5 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of     6 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of     7 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of     8 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of     9 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of    10 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  (3)  
!*  -----  transition  moment of    11 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of    12 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of    13 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of    14 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of    15 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of    16 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of    17 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of    18 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  -----  transition  moment of    19 - th  k- point  is  calculated  by UVSOR- Epsilon   -----  
!*  transition  moment of  all  k- points  is  calculated  (4)  
!*  -----  weigh ted  transition  moment square  of  each  k- point  in  irreducible  Brillouin  zone  -----  
 integration  of  all  possible  band transitions  (5)  
!*  tetrahedron  integration  of  transition  moment square  over  Brillouin  zone  (6)  

 

 

─ │ ─ ╡≢№╢⁹  

(1)  Kageshima - Shiraishi(KS) ♩ⱷfiכ⸗ ╩ ™≡™╢ 

(2) │♩ⱷfiכ⸗  ─ ╩ ⇔≡™╢ transition_moment/symmetry  = on≢№╢  
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(3)  ≢─ ♩ⱷfiכ⸗  

(4)  ≡─k ⅜ ⇔≡™╢ 

(5)  ⌂∆═≡─ ╩ ⇔≡ ╩ ∆╢ 

(6)  │ꜞ♬▪♥♩ꜝ┼♪꜡fi ╩ ™≡™╢ 

 

11.3.4.2  

 

k ≢─ ⅜♩ⱷfiכ⸗ ↕╣√ ⁸ ⌐ ∆╢ ⅜ ↕╣╢ 
  ---------  list  of  band type  and occupation  ----------  
  ispin     band       type        occupation  
     1       1        filled       1.00000  
     1       2        filled       1.00000  
     1       3        filled       1.00000  
     1       4        filled       1.00000  
     1       5      unfilled       0.00000  
     1       6      unfilled       0.00000  
     1       7      unfilled       0.00000  
     1       8      unfilled       0.00000  
     1       9      unfilled       0.00000     (7)  
     1      10      unfilled       0.000 00 
     1      11      unfilled       0.00000  
     1      12      unfilled       0.00000  
     1      13      unfilled       0.00000  
     1      14      unfilled       0.00000  
     1      15      unfilled       0.00000  
     1      16      unfilled       0.00000  
     1      17      unfilled       0.00000  
     1      18      unfilled       0.00000  

 
  ----------  list  of  band  numbers  for  each  spin  ----------  

 
                    filled     half - filled   unfilled   number  of  electrons  
  ispin  =  1           4           0          14          4.00000  (8)  

 
  total  number  of  electron  in  the  system  =    4.00000  
  The system  is  insulating  or  semiconducting  (9)  

 

(7) Ᵽfi♪─♃▬ⱪ(filled Ᵽfi♪ half - filled Ᵽfi♪ unfilled Ᵽfi♪) ┘

 

(8) ♃▬ⱪ─Ᵽfi♪ ┘  

(9) │⁸ №╢™│  

 

11.3.4.3 ─ [20] 

 

Thomas-Reiche-Kuhnõs sum rule│⁸ ─ ⌐⅔™≡⁸ ≡─ ⌂ ⌐ ∆╢ ╩ ⇔ ╦

∑╢≤⁸∕─ │ №√╡ ≤⌂╢↓≤╩ ∆╢⁹ ─Ᵽfi♪ ≢│⁸ ─Ᵽfi♪ ╩ ™≡

╩ ∫≡™╢─≢⁸↓─ sum rule ⅜ ⌐ √↕╣╢↓≤│⌂™⁹⇔⅛⇔⁸sum rule │ ⅜≥─ ─

╩ ⇔≡™╢⅛╩ ∆ ≤⌂╢⁹Epsilon │ ─ ╩ ∆╢ ╩ ⇔⁸∕─ ╩ ∆

╢⁹  

ⱨ□▬ꜟ⅜output000 ≢№╢ ⁸ ─◖ⱴfi♪╩ ∆╢≤⁸ ─ ⅜ ⌐ ↕

╣╢⁹  

% grep    oscillator  output000  

 

!*  sum of  weighted  oscillator  strength  of  k- points  in  irreducible  Brillouin  zone  =

    0.91165  
!*  oscillator  strength  per  electron  =    0.91165  

↓╣│Si num_bands=18; k ☿♇♩ ⱷ♇◦ꜙ 4x4x4 ─ ─ ≢№╢⁹ ─ ─

│ 0.9≢№╡⁸sum-rule ⅜ ↄ √↕╣≡™╢↓≤⅜╦⅛╢⁹ num-bands─ ╩ ╛∆↓≤⌐╟╡
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─ │ ⌐ ≠ↄ⅜⁸ ⌐│⁸ ⅜ 0.7╩ ⅎ≡™╣┌ │⁸╒╓ ⇔≡™╢ ⅜

™⁹ 

 

11.3.4.4 ─  

 

⌐╟╡ ╠╣√ │⁸file_names.data ⌐⅔™≡ EPS_OUTPUT ⌐ ⇔√ⱨ□▬ꜟ⌐ ↕╣╢⁹

─ │⁸Ᵽꜟ◒Si ─ ≢№╢⁹ 
              Dielectr ic  Function                                     Optical  Properties  

        (1)             (2)            (3)               (4)             (5)             (6)          

   (7)   

 Photon  Energy(eV)    Real  Part    Imaginary  Part         n              k      abs(in  10**8  m- 1)   

    R 

      0.00000        13.90891        0.00000           3.72946         0.00000         0.00000        

 0.33307  

      0.05442        13.91137        0.00000           3.72979         0.00000         0.00000        

 0.33310  

      0.10885        13.91876        0.00000           3.73079         0.00000         0.00000        

 0.33320  

      0.16327        13.93110        0.00000           3.73244         0.00000         0.00000        

 0.33337  

      0.21769        13.94843        0.00000           3.73476         0.00000         0.00000        

 0.33361  

      0.27211        13.97078        0.00000           3.73775         0.00000         0.00000        

 0.33392  

                                                    ( )  

 

◌ꜝⱶ─ │ ─ ╡⁹  

(1) ─◄Ⱡꜟ◑(2) כ ( )  (3) ( )   

(4) ( )  (5) ( )  (6)  (7) ☻Ɑ◒♩  ꜟ

  

─ ⱬ◒♩ꜟ ┘ⱳ▬fi♥▫fi◓ⱬ◒♩ꜟ─ ╩ ≡ ≤⇔≡⁸ ♥fi♁ꜟ╩ ⇔√ ⌐│⁸

─ ⅜ ╠╣╢⁹ 
                     Dielectric  Tensor  Component(Imaginary  part  is  in  parenthesis)  
 Photon  Energy(eV)      xx              yy              zz              xy              xz            

  yz  
      0.00000         13.90838        13.90838        13.90838         0.00000         0.00000        

 0.00000  
                  (    0.00000)     (    0.00000)     (    0.00000)    (    0.00000)     (    0.00000)    

(    0.00000)  
      0.05442         13.91084        13.91084        13.91084         0.00000         0.00000        

 0.00000  
                  (    0.00000)     (    0.00000)     (    0.00000)    (    0.00000)     (    0.00000)    

(    0.00000)  
      0.10885         13.91824        13.91824        13.91824         0.00000         0.00000        

 0.00000  
                  (    0.00000)     (    0.00000)     (    0.00000)    (    0.00000)    (    0.00000)     

(    0.00000)  
      0.16327         13.93058        13.93058        13.93058         0.00000         0.00000        

 0.00 000 
                  (    0.00000)     (    0.00000)     (    0.00000)    (    0.00000)    (    0.00000)     

(    0.00000)  
      0.21769         13.94790        13.94790        13.94790         0.00000         0.00000        

 0.00000  
                  (    0.00000)     (    0.00000)     (    0.00000)    (    0.00000)    (    0.00000)     

(    0.00000)  

 

∕╣∙╣─◌ꜝⱶ│⁸♥fi♁ꜟ ─ ─ ┘ ╩№╠╦∆⁹ │ ⌐ ↕╣≡™╢⁹ 

 

 

11.3.4.5 ─  

 

─ │⁸ ⱨ□▬ꜟ⌐ ↕╣╢⁹ ≤ ─ │ ₁⌐ ∆╢↓≤⌐ ∆
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╢⁹  

│⁸Ᵽꜟ◒Si─ ≢─ ♥fi♁ꜟ╩ ⇔√ ─ ≢№╢⁹ 

----------  effective  mass calculation  ----------  
 !*  effective  mass at  valence  band  top:  ik  =    1 
 !*  degeneracy  =   3 
 !*  warning  :  effective  mass should  be wrong  because  of  the  degeneracy.    Ŷ 
 !*  set  direction  indices  and  k- point  shift  parameter  in  ta g_mass.  
 !*  ib  =    2 
 !*  ispin  =    1 
  aa =   - 0.10765     bb =   - 0.36038     cc  =   - 0.88554  
             a                  b                  c 
          0.70986            - 0.07279             0.70057  
          0.53349            - 0.59385            - 0.60227  
         - 0.45987            - 0.80128             0.38272  
 !*  ib  =    3 
 !*  ispin  =    1 
  aa =   - 0.09841     bb =   - 0.47571     cc  =   - 1.07597           (1)  
             a                  b                  c 
         - 0.55182             0.63785             0.53725  
          0.52096             0.76670            - 0.37519  
         - 0.65123             0.07285            - 0.75538  
 !*  ib  =    4 
 !*  ispin  =    1 
  aa =   - 0.10696     bb =   - 0.29293     cc  =   - 2.32353  
             a                  b                  c 
          0.23175             0.97159            - 0.04797  
         - 0.71433             0.13650            - 0.68637  
         - 0.66032             0.19333             0.72567  

 
 !*  effective  mass at  cond uction  band  bottom:  ik  =    4 
 !*  degeneracy  =   1 
 !*  ib  =    5 
 !*  ispin  =    1 
  aa =    0.93658     bb =    0.18362     cc  =    0.18362  
             a                  b                  c 
          1.00000             0.00000             0.00000                  (2)  
          0.00000             1.00000            - 0.00235  
          0.00000             0.00235             1.00000  

 

 

(1) ɜ ≢─ ♥fi♁ꜟ⁹ɜ ≢│Ᵽfi♪⅜ ⇔≡™╢√╘⁸ ⌐│ ⅜№╢

ƀ─   

(2) ─ ♥fi♁ꜟ─ aa, bb, cc ≤∕╣╠─ (a, b, c)─ ⁹ │xyz   

 

│⁸ (100) ╩ ∫√ ─ ≢№╢⁹ 

----------  effective  mass calculation  ----------  
 !*  effective  mass at  valence  band  top:  ik  =    1 
 !*  degeneracy  =   3 
 !*  ib  =    2 
 !*  ispin  =    1 
  mass along  (    1.00000    0.00000    0.00000)  direction  =   - 0.17130  
 !*  ib  =    3 
 !*  ispin  =    1 
  mass along  (    1.00000    0.00000    0.00000)  direction  =   - 0.27190   (3)  
 !*  ib  =    4 
 !*  ispin  =    1 
  mass along  (    1.00000    0.00000    0.00000)  direction  =   - 0.27190  
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 !*  effective  mass at  conduction  band  bottom:  ik  =    4 
 !*  degeneracy  =   1 
 !*  ib  =    5 
 !*  ispin  =    1 
  mass along  (    1.00000    0.00000    0.00000)  direction  =    0.93658     (4)  

 

 

(3) (100) ─   

(4) (100) ─   

 

 

11.3.4.6 SHG ─  

 

│⁸ ⱨ□▬ꜟ ┘ file_names.data ⌐⅔™≡⁸F_NLO ⌐ ⇔√ⱨ□▬ꜟ⌐ ↕╣╢⁹

⌐│⁸ ⌂ ♥fi♁ꜟ… π⅜ ↕╣╢⁹ │ ─ ╡⁹ │⁸Wurzite 

AlN ─ ≢№╢⁹↓─ ≢│⁸scissors operator ╩ ⇔≡Ᵽfi♪◑ꜗ♇ⱪ⅜ ≤ ∂⌐⌂╢╟℮

⌐⁸◑ꜗ♇ⱪ╩ ⇔≡™╢⁹ ╕√⁸Ⱪꜞꜟ▪fi♂כfi ⌐parabolic smearing ╩ ™≡™╢⁹↓─√╘⁸ 

─ │⁸Ᵽfi♪◑ꜗ♇ⱪ╩ ⇔⌂⅛∫√ №╢™│Ⱪꜞꜟ▪fi♂כfi ⌐ linear tetrahedron

╩ ™√ ─ ≤ ⌂╢⁹ 

  Static  SHG Susce ptibility  Tensor  (10 - 8 esu)  
   SHG prrocess  = all  type  excitation  (1)  
   SHG term  = all  terms  (2)  
   xxx  =    0.00000   xxy  =    0.00000   xxz  =   - 0.04514  
   xyy  =    0.00000   xyz  =    0.00000   xzz  =    0.00000  
   yxx  =    0.00000   yxy  =    0.00000   yxz  =    0.00000     (3)  
   yyy  =    0.00000   yyz  =   - 0.04514   yzz  =    0.00000   
   zxx  =    0.08732   zxy  =    0.00000   zxz  =    0.00000  
   zyy  =    0.08732   zyz  =    0.00000   zzz  =   - 0.92412  

(1) ≡─SHG ┘ ╩   

(2) ≡─ ┘ ⌐ ∆╢ ╩   

(3) … π♥fi♁ꜟ xxx │… ╩ ∆╢   

F_NLO ⌐ ⇔√ⱨ□▬ꜟ⌐│⁸ ─… ς‫Ƞ‫ȟꜟ♁fi♥‫ ─ ⁸ ┘ ⅜◌ꜝⱶ

⌐ ↕╣╢⁹ │ │⁸Wurzite AlN ─ ≢№╢⁹ 

   SHG susceptibility  Tensor  (10d - 8 esu)  
 xxx(1)   (2)              (3)              (4)              (5)  
 Photon  Energy(eV)    real  part    imag inary  part        abs  
      0.00000          0.00000         0.00000         0.00000  
      0.05442          0.00000         0.00000         0.00000  
      0.10885          0.00000         0.00000         0.00000  

                           
 zzz  
 Photon  Energy(eV)    real  part    imaginary  part        abs  
      0.00000         - 0.92412         0.00000         0.92412  
      0.05442         - 0.92432         0.00000         0.92432  
      0.10885         - 0.92494         0.00000         0.92494  
      0.16327         - 0.92597         0.00000         0.92597  
      0.21769         - 0.92741         0.00000         0.92741  
      0.27211         - 0.92926         0.00000         0.92926  

 

(1) ♥fi♁ꜟ─▬fi♦♇◒☻  

(2) ─◄Ⱡꜟ◑כ  

(3) … ς‫Ƞ‫ȟ─‫   

(4) … ς‫Ƞ‫ȟ─‫   

(5) … ─  
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11.3.4.7 THG ─  

 

│⁸SHG ─ ⁸file_names.data ⌐⅔™≡F_NLO ⌐ ⇔√ⱨ□▬ꜟ⌐ ↕╣╢⁹

│ ─ ╡⁹ │⁸Ᵽꜟ◒Si─THG ╩ ≢№╢⁹scissor operator ╩ ™≡Ᵽfi♪◑

ꜗ♇ⱪ─ ╩ ™⁸Ⱪꜞꜟ▪fiכ♂הfi ⌐parabolic smearing ╩ ™≡™╢ 

  Static  THG Susceptibility  Tensor  (10 - 12 esu)  
   THG prrocess  = all  type  excitation  (1)  
   excitation  = inter  + intraband   (2)  
   THG term  = all  terms  (3)  
   xxxx  =   59.19956    xxxy  =    0.00000    xxxz  =    0.00000  
   xxyy  =   24.15228    xxyz  =    0.00000    xxzz  =   24.15228  
   xyyy  =    0.00000    xyyz  =    0.00000    xyzz  =    0.00000  
   xzz z =    0.00000    yxxx  =    0.00000    yxxy  =   24.15228  
   yxxz  =    0.00000    yxyy  =    0.00000    yxyz  =    0.00000      (4)  
   yxzz  =    0.00000    yyyy  =   59.19956    yyyz  =    0.00000  
   yyzz  =   24.15228    yzzz  =    0.00000    zxxx  =    0.00000      
   zxx y =    0.00000    zxxz  =   24.15228    zxyy  =    0.00000  
   zxyz  =    0.00000    zxzz  =    0.00000    zyyy  =    0.00000  
   zyyz  =   24.15228    zyzz  =    0.00000    zzzz  =   59.19956  

 

(1) ∆═≡─ ⁸ ⁸3 ╩   

(2) ∆═≡─Ᵽfi♪ Ᵽfi♪ Ᵽfi♪ ╩   

(3) ∆═≡─ ┘ ⌐ ∆╢ ╩   

(4) … π─♥fi♁ꜟ ὼὼὼὼ⌂≥│… ╩ ∆╢   

F_NLO ⌐ ⇔√ⱨ□▬ꜟ⌐│⁸ ─… σ‫Ƞ‫ȟ‫ȟꜟ♁fi♥‫ ─ ⁸ ┘ ⅜◌ꜝ

ⱶ ⌐ ↕╣╢⁹ │⁸Si─… ≢№╢⁹ 

   THG susceptibility  Tensor  (10d - 12 esu)  
 Xxxx(1)  
        (2)               (3)             (4)              (5)  
 Photon  Energy(eV)    real  part    imaginary  part        abs  
      0.00000         59.19956         0.00000        59.19956  
      0.05442         59.33822         0.00000        59.33822  
      0.10885         59.75834         0.00000        59.75834  
      0.16327         60.47272         0.00000        60.47272  
      0.21769         61.50384         0.00000        61.50384  

(1) ♥fi♁ꜟ─▬fi♦♇◒☻ (2) ─◄Ⱡꜟ◑(3) כ … σ‫Ƞ‫ȟ‫ȟ‫  (4) … σ‫Ƞ‫ȟ‫ȟ‫  

(5) … ─  

 

  



 

 346 

 

11.3.5 Si2-  

 

11.3.5.1 ─  

 

▬fi☻♩כꜟ⅜ ⇔√╠⁸♥☻♩ ╩ ⌡≡⁸◦ꜞ◖fi ─ ┘ ☻Ɑ◒♩ꜟ╩ ⇔≡╖╕

⇔╞℮⁹ │./uvsor_v342/samples/electron/Si ⌐№╡╕∆⁹./uvsor_v342/samples/electron/Si ─ ⌐│⁸scf⁸ 

eps ┘PP≤™℮ │⁹scf∆╕╡№⅜כꜞ♩◒꜠▫♦─ phase⌐╟╢ ─♦▫꜠◒♩ꜞ⁸eps

│UVSOR-Epsilon ⌐╟╢ ─♦▫꜠◒♩ꜞ⁸PP│Si ─ ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ╩ ∆╢♦

▫꜠◒♩ꜞ≢∆⁹  

⌐⁸Si ─ ╩PHASE ≢ ⇔╕∆⁹scf⌐ ⇔≡ↄ∞↕™⁹scf⌐│ ─ⱨ□▬ꜟ⅜ ╕╣

≡™╕∆⁹  

 file_names.data  

  nfinput.data  

 file_names.data │ PHASE ─ ⱨ□▬ꜟ╩ ∆╢ⱨ□▬ꜟ≢∆⁹↓─ ≢│⁸

╩./nfchgt.data ⌐ ∆╢ ⌐⌂∫≡™╕∆⁹file_names.data ─ ⌐ ∆╢ │⁸PHASE ─ⱴ♬ꜙ▪

ꜟ╩ ⇔≡ↄ∞↕™⁹ 

&fnames  
F_INP    = './nfinp ut.data'  
F_POT(1)  = '../PP/atom_14_Si_lda_nc_bhs.gncpp2'  

F_CHGT   = './nfchgt.data'   Ŷ ⱨ□▬ꜟ─  
&end 

 

nfinput.data │ PHASE ⌐╟╡ Si ─ ╩ ∆╢√╘─ⱨ□▬ꜟ≢∆⁹ │ ─╟℮⌐

↕╣≡™╕∆⁹  

ⱳ♥fi◦ꜗꜟ LDAPW91  

Ᵽfi♪ 8  

k ☿♇♩ ⱷ♇◦ꜙ (4x4x4)  

SCF scf_convergence = 10  Har tree; succession = 3  

∆╢ ⱳ♥fi◦ꜗꜟ│⁸PP⌐ ↕╣≡™╢atom_14_Si_lda_nc_bhs.gncpp2≢∆⁹ ⱳ♥fi◦ꜗꜟ─

│ ─ ╡≢∆⁹  

ⱳ♥fi◦ꜗꜟ LDAPW91  

ⱳ♥fi◦ꜗꜟ BHS   

─◖ⱴfi♪╩ ⇔≡PHASE ─ ╩ ™╕∆⁹  

% mpirun   - np  1  $HOME/uvsor_v342/bin/phase  >& log  

 

11.3.5.2 ─  

 

─ ⅜ ⇔√╠⁸ ─ ╩ ™╕∆⁹eps♦▫꜠◒♩ꜞ⌐ ⇔≡ↄ∞↕™⁹↓─♦▫꜠

◒♩ꜞ⌐│ ─ⱨ□▬ꜟ⅜ ↕╣≡™╕∆⁹  

 file_names.data  

  nfinput.data  

 file_names.data │UVSOR ─ ⱨ□▬ꜟ ╩ ℮ⱨ□▬ꜟ⁸nfinput.data │UVSOR ─ ⱨ□▬ꜟ

≢∆⁹file_names.data │ ─╟℮⌐ ↕╣≡™╕∆⁹ 

 

&fnames  

F_INP    = './nfinput.data'                      Ŷ(1)♦כ♃ⱨ□▬ꜟ─  

F_POT(1)  = '../PP/atom_14_Si_lda_nc_bhs.gncpp2'  Ŷ(2)ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ─  

F_CHGT   = '../scf/nfchgt.data'                  Ŷ(3) ⱨ□▬ꜟ─  

F_EPSOUT = './eps.data'                          Ŷ(4) ⱨ□▬ꜟ─  
&end 
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(1) ⱨ□▬ꜟ│PHASE/EKCAL≤ ∂ ≢∆⁹ ⱨ□▬ꜟ │ ≢ ⇔╕∆⁹ 

(2) ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ│⁸ ─ ™√╙─≤ ∂≢∆⁹ 

(3)scf ♦▫꜠◒♩ꜞ≢PHASE╩ ⇔≡ ╠╣√ ⱨ□▬ꜟ╩ ⇔╕∆⁹ 

(4) ─ ⱨ□▬ꜟ≢∆⁹ │ ≢∆⁹ 

 

ⱨ□▬ꜟ─  

 

nfinput.data │⁸ ≤⌂∫≡™╕∆⁹ 

 

Control{  
        condition  = 2  (1)  !       {0|1|2|3}|{initial|continuation|fixed_charge|fix

ed_charge_continuation}  
        cpumax = 1 day   !  {sec|min|hour|day}  
        max_iteration  =  6000  
        use_additional_projector  = off  
        nfstopcheck  = 1 
}  

 
accuracy{  
        cke_wavefunctions  =  25.0        rydberg   !  cke_wf  
        cke_chargedensity  = 100.0        rydber g  !  cke_cd  
        num_bands  = 18 (2)  
        ksampling{  
                method  = mesh !  {mesh|file|directin|gamma|monk}  
                mesh{   nx= 4,   ny =  4,  nz =  4   }  
        }  
        smearing{  
                method  = tetrahedral    !  {parabolic|te trahedral}  
                width   = 0.001  hartree  
        }  
        xctype  = ldapw91   !  ldapw91  
        scf_convergence{  
                delta_total_energy  = 1.e - 12  hartree  
                succession    = 3   !default  value  = 3 
        }  
        force_conv ergence{  
                delta_force  = 0.1e - 3 
        }  
        ek_convergence{  
                num_extra_bands  = 0 
                num_max_iteration  = 300 
                sw_eval_eig_diff  = on (3)  
                delta_eigenvalue  = 1.e - 6 rydberg  (4)  
                succession    = 3 (5)  
        }  
        initial_wavefunctions  = matrix_diagon   !{random_numbers|matrix_diagion}  
            matrix_diagon{  
               cke_wf  =  20.00   rydberg   !  cke_wf  
            }  
        initial_charge_density  = file  !{Gau ss|Very_broad|pseudopotentialfile}  
}  

 

         

 
epsilon  {  
        sw_epsilon  = on a 
        crystal_type  = single  !  {single|poly}   b 
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        fermi_energy{  
               read_efermi  = off   c 
               efermi  = 0.0000  
        }  
        photon{  
               polar     {ux=1.00,  uy=0.00,  uz=0.00  }  d 
               pointing  {px=0.00,  py=0.00,  pz=0.00}  
               energy    {low=0.000,  high=2.000,  step=0.002}   e 
        }  
        transition_moment{  
                type  = ks  !  {l|rn|ks}   f                 (6)  
                delq  = 0.001  
                symmetry  = on  g 
        }  
        BZ_integration  {  
                method  = t  !{parabolic(p)|gaussian(g)|tetrahedron(t)}   h 
        }  
        band_gap_correction{  
                scissor_operator=0.0 d0  i  
        }  
        drude_term  {  
                drude  = off   j  
                   }  
        ipriepsilon  = 1  k 
}  

 

( )  

 

(1) control ♃◓⌐⅔™≡condition=2 ≤⇔╕∆⁹ 

(2) num_bands ╩ ⇔╕∆⁹num_bands │ ─SCF ─ ╟╡╙ ⅝⌂ ≤⇔≡⁸ №√╡─

⅜0.7 ⌐⌂╢╟℮⌐⇔╕∆⁹ │ ≢ ⇔╕∆⁹ 

(3) sw_eval_eig_diff=on ≤⇔╕∆⁹ 

(4) delta_eigenvalue ╩ ⇔╕∆⁹delta_eigenvalue ─ │⁸ ה ─ │10  Rydberg

⁸ ─ 10  Rydberg ≢∆⁹ 

(5) succession=3≤⇔╕∆⁹ 

(6) epsilon♃◓╩ ⁹epsilon♃◓≢ ─ ╩ ⇔╕∆⁹epsilon♃◓─ │UVSORꜚכ◙ⱴ

♬ꜙ▪ꜟ╩↔ ↄ∞↕™⁹ ↓─ ⌐⅔↑╢epsilon♃◓─a, b, c, d, e, f, g, h, i, k─ │ ─ ╡≢∆⁹ 

a ─ ╩ ℮ 

sw_epsilon=off ≤∆╢≤ ─ ╩ ╦⌂™─≢ ⇔≡ↄ∞↕™⁹ 

b ≤⇔≡ ∆╢ 

c ⱨ▼ꜟⱵ꜠ⱬꜟ╩ ∆╢⁹ 

d │ ⇔≡⅔╡⁸ ⱬ◒♩ꜟ│(1.0, 0.0, 0.0)(x )─ ╩ ™≡™╢⁹ 

e ─◄Ⱡꜟ◑כ꜠fi☺│0 2.0 Hartree ≢№╡⁸◄Ⱡꜟ◑כ☻♥♇ⱪ│0.002 Hartree ≢№╢⁹ 

f ⸗כⱷfi♩ ╩ ™⁸ ≤ ∂ ⅜ ╠╣╟℮⌐∆╢⁹ │Kageshima -Shiraishi(KS)

╩ ™╢⁹ 

g ꜞ♬▪♥♩ꜝⱫ♪꜡fi ╩ ™≡ ─ ╩ ╘╢ 

h scissors operator ╩0≤∆╢(Ᵽfi♪◑ꜗ♇ⱪ─ ╩ ╦⌂™)⁹ 

i ≤∆╢⁹ 

( )Read and Needs(RN) │⁸ⱡꜟⱶ ⱳ♥fi◦ꜗꜟ─ ⌐─╖ ≢∆⁹KS │ⱡꜟⱶ ┘

►ꜟ♩ꜝ♁ⱨ♩ ⱳ♥fi◦ꜗꜟ⌐ ≢∆⅜⁸CIAO ⌐╟╡ ↕╣√KS (Dipole )╩ ╗

ⱳ♥fi◦ꜗꜟⱨ□▬ꜟ╩ ∆╢↓≤⅜ ≢∆⁹ │⁸UVSOR-Epsilon ┘CIAO ─ⱴ♬ꜙ▪ꜟ╩ ↄ

∞↕™⁹⌂⅔⁸↓─ ⌐ ™╢ ⱳ♥fi◦ꜗꜟ│ ╩ ╪≢™╕∆⁹ 

 

11.3.5.3 ─ 1 
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eps♦▫꜠◒♩ꜞ≢ ─◖ⱴfi♪╩ ⇔≡╖≡ↄ∞↕™⁹UVSOR-Epsilon ⅜ ↕╣╕∆⁹  

% mpirun  - np 1 $HOME/uvsor_v342/bin/epsmain  >& log  & 

  

⅜ ╦∫√╠⁸ ─ ╩ ⇔╕∆⁹ ─ │⁸ ─◖ⱴfi♪≢ ℮↓≤⅜≢⅝╕∆⁹  

% grep  converged  output000  

  

↓─◖ⱴfi♪╩ ⇔≡⁸!* all k -points are converged ≤ ⌐ ↕╣╣┌⁸ │ ⇔≡™╕∆⁹  

eps.data╩ ≡╖╕⇔╞℮⁹ ─╟℮⌂ ⅜ ╠╣≡™╢│∏≢∆⁹ 

 
              Dielectric  Function                                     Optical  Properties  

        (1)             (2)            (3 )               (4)             (5)             (6)          

   (7)   

 Photon  Energy(eV)    Real  Part    Imaginary  Part         n              k      abs(in  10**8  m- 1)   

    R 

      0.00000        13.90891        0.00000           3.72946         0.00000         0.00000        

 0.33307  

      0.05442        13.91137        0.00000           3.72979         0.00000         0.00000        

 0.33310  

      0.10885        13.91876        0.00000           3.73079         0.00000         0.00000        

 0.33320  

      0.16327        13.93110        0.00000           3.73244         0.00000         0.00000        

 0.33337  

      0.21769        13.94843        0.00000           3.73476         0.00000         0.00000        

 0.33361  

      0.27211        13.97078        0.00000           3.73775         0.00000         0.00000        

 0.33392  

                                                    ( )  

 

◌ꜝⱶ─ │ ─ ╡≢∆⁹  

(1) ─◄Ⱡꜟ◑(2) כ ( )   (3) ( )   

(4) ( )   (5) ( )  (6)  (7)  

 ─◄Ⱡꜟ◑כ 0 ⌐⅔↑╢ ⅜ ≢∆⁹ ⌐╟╡ ╠╣√ │ 13.90 ≢⁸

(11.7)╟╡╙ ⅝⌂ ≤⌂╡╕∆⁹↓╣│⁸LDA ⅜Si─Ᵽfi♪◑ꜗ♇ⱪ╩ ∆╢↓≤⌐ ⇔≡™╕∆⁹ 

 

11.3.5.4 Ᵽfi♪ ─  

 

─ │⁸ ⌐ ™╢Ᵽfi♪ ⌐ ⅝ↄ ⇔╕∆⁹ ╩ ∆╢⌐│⁸ №√╡─

─ ╩⇔╠═╕∆⁹ ─ │⁸ ─◖ⱴfi♪╩ ⇔╕∆⁹  

% grep   oscillator   output000  

 ↓─◖ⱴfi♪╩ ∆╢≤   

 !*  oscillator  strength  per  electron  =    0.91165  

 ≤™℮ ⅜ ⌐ ╦╣╕∆⁹  

↓─ │⁸↓─ ⌐⅔↑╢ №√╡─ ─ ⅜ 0.91≢№╢↓≤╩ ⇔≡™╕∆⁹

─ ─fiכ◒הⱥ▬ꜝה☻ⱴכ♩) )│⁸1 №√╡─ ─ ⅜ 1 ⌐⌂╢↓≤╩ ⇔

╕∆⁹Ᵽfi♪ (num_bands Ɽꜝⱷכ♃)╩ ╛∆⌐≈╣⁸oscillator strength per electron ─ │ ⌐ ≠™≡

™⅝╕∆⅜⁸ ─ ≢│⁸↓─ ⅜ 0.7╩ ⅎ╢╟℮⌐ num_bands ╩ ∆╣┌⁸ │╒╓ ⇔

≡™╢↓≤⅜ ⌐╦⅛∫≡™╕∆⁹↓─ ≢│⁸ №√╡─ ─ ⅜0.7 ≤⌂∫≡⅔╡⁸

Ᵽfi♪ │ ≢№╢↓≤⅜╦⅛╡╕∆⁹ 

 

11.3.5.5 ─ 2 

 

⌐⁸Read and Needs(RN) ≢⁸ ♩ⱷfiכ⸗ ╩ ™⁸Si ─ ╩ ⇔≡╖╕⇔╞℮⁹epsilon

♃◓─ f─ ╩ type = rn ≤⇔≡⁸ ⌐ ╩ ∫≡╖╕∆⁹ ╩ ℮≤eps.data⅜ ⅝↕╣╢─≢⁸

◖Ⱨ⁹∆╕⅝⅔≡∫≥╩כ  
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% cp eps.data   eps.data - ks  

  

⌐ ╩ ℮≤⁸ ─╟℮⌂ ⅜eps.data⌐ ↕╣╕∆⁹  

 
              Dielectric  Function                                     Optical  Properties  
 Photon  Energy(eV)    Real  Part    Imaginary  Part           n              k      abs(in  10**8  m- 1)

      R 
      0.00000        13.97263        0.00000           3.73800         0.00000         0.00000        

 0.33395  
      0.05442        13.97510        0.00000           3.73833         0.00000         0.00000        

 0.33398  
      0.10885        13.98253        0.00000           3.73932         0.00000         0.00000        

 0.33408  
      0.16327        13.99492        0.00000           3.74098         0.00000         0.00000        

 0.33425  
      0.21769        14.01231        0.00000           3.74330         0.00000         0.00000        

 0.33449  
      0.27211        14.03476        0.00000           3.74630         0.00000         0.00000        

 0.33480  

                                                    

 

│13.97≢⁸KS ⌐╟╢ ⌐ ╘≡ ™ ≤⌂∫≡™╕∆⁹3.2.3≢ ╠╣√KS ⌐╟╢

≤⁸↓↓≢ ╠╣√ ╩ ⇔≡ⱪ꜡♇♩∆╢≤⁸ ─╟℮⌐⌂╡╕∆⁹⌂⅔ 2⌐│⁸ ─

√╘⁸ ⌐╟╡ ↕╣√ ╙ ⇔≡№╡╕∆⁹ 

 

 

Si ─ (a) ; (b) ⁹KS ┘RN ╩⇔≡ ⇔√ ╩ ∆⁹ ─  (CRC 

Handbook of Chemistry 79 -th Ed,CRC Press, New York 1998) ╩ ─√╘ ∆⁹ 
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11.4 UVSOR-Berry-Phonon 

 

11.4.1 ─  

 

11.4.1.1 ⱨ□▬  ꜟ

 

PHASE ≤ ⌐ ⅔╟┘ ⱨ□▬ꜟ│ file_names.data ⌐ ⇔≡ ∆╢⁹ √≤ⅎ┌⁸ ─╟℮⌐

∆╢⁹ 

 &fnames  
 F_INP    = './nfinput.data'  
 F_POT(1)  = './potential.1'  
 F_POT(2)  = './potential.2'  
 F_CHGT   = './nfchgt.data'  
 F_BERRY  = './berry.data'  
 F_EFFCHG = './effchg.data'  
 F_FORCE  = './force.data'  
 F_MODE   = './mode.data'  
 F_EPSILON= './epsilon.data'  
 &end 

 

F_INP │ PHASE ─ ⱨ□▬ꜟ≢№╡⁸ⱬꜞכ ╛ ─ ╙ ↓─ⱨ□▬ꜟ⌐ ∆╢⁹

─ PHASE ⌐│ ™ⱨ□▬ꜟ⌐≈™≡─╖ ╩∆╢⁹ F_BERRY │ⱬꜞכ ─ ≢№╢⁹

F_EFFCHG │ │ ↕╣⌂™⅜⁸ ╩ ∆╢ⱨ□▬ꜟ≢№╢⁹F_FORCE │ ⌐ ≤

↕╣╢ⱨ□▬  ꜟ⅜ ↕╣╢ⱨ□▬ꜟ≢№╢⁹F_MODE │ ─ ♪כ⸗┘╟⅔ ≤ ⅜

↕╣╢ⱨ□▬ꜟ≢№╢⁹F_EPSILON │ ⅜ ↕╣╢ⱨ□▬ꜟ≢№╢⁹  

⅔╟┘ ⱨ□▬ꜟ─ ╩ 2⌐╕≤╘√⁹ 

 

 2. ⱨ□▬ꜟⱳ▬fi♃─  

ⱨ□▬ꜟⱳ▬fi♃       

F_INP  nfinp.data  ⱨ□▬ꜟ⁹ ⁸ ⁸ ─ ⌂≥─ ⅜

↕╣≡™╢⁹  

F_BERRY  berry.data  ⱬꜞכ ─ ⅜ ↕╣╢ⱨ□▬ꜟ⁹  

F_EFFCHG  effchg.data  ╩ ∆╢ⱨ□▬ꜟ⁹   

F_FORCE  force.data ⌐ ≤↕╣╢ ⅜♃כ♦─ ↕╣╢ⱨ□▬ꜟ⁹  

F_MODE  mode.data ─ ♪כ⸗┘╟⅔ ≤ ⅜ ↕╣╢ⱨ□▬

ꜟ⁹   

F_EPSILON  epsilon.data  ⅜ ↕╣╢ⱨ□▬ꜟ⁹  

F_STRFRC  strfrc.data  ⱨ□▬ꜟ⁹ ╩ ⇔≡ ╩ ╕∑√ ⌐ ⌐

∆╢ ╩ ∆╢ⱨ□▬ꜟ⁹  

 

11.4.1.2 ⱨ□▬ "ꜟF_INP"  

 

"F_INP"≢ ↕╣╢ⱨ□▬ꜟ⌐│⁸ ⁸ ⁸ ─ ⌂≥╩ ∆╢⁹ │⁸

Berry_phase Ⱪ꜡♇◒≤PhononⱩ꜡♇◒≢ ⌐ ↕╣╢⁹Berry_phase Ⱪ꜡♇◒│ ╩ ∆╢ⱪ꜡

◓ꜝⱶEKCAL ≢─╖ ≢⁸ⱬꜞכ ─ ╩ ℮⁹PhononⱩ꜡♇◒│PHASE ≢─╖ ≢⁸

─ ╩ ℮⁹  

Berry_phase Ⱪ꜡♇◒─ │ ─╟℮⌐⌂∫≡™╢⁹ 

Berry_phase{  
  sw_berry_phase  = <ON_OFF> 
  g_index  = <G_INDEX> 
  mesh{  n1 = <MESH_N1>, n2 = <MESH_N2>, J = <MESH_J> }  
}  
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 3. BerryPhase ⌐ ∆╢ ─  

╕√│♃◓      

sw_berry_phase OFF ⱬꜞכ ╩ ℮⅛≥℮⅛─☻▬♇♅⁹  

g_index  1  ⱬ◒♩ꜟ▌ Ὥ ρȟςȟσ─ Ὥ⁹   

mesh  k ─ⱷ♇◦ꜙ╩ ∆╢Ⱪ꜡♇◒♃◓⁹   

n1,n2 4 ⇔√ ⱬ◒♩ꜟ▌⌐ ⌂ ─Monkhorst -Packⱷ♇◦

ꜙ─ ὲρ ὲς   

J 20  ⇔√ ⱬ◒♩ꜟ▌─ ὐ⁹  

 

ⱬꜞכ ╩ ℮√╘⌐ ╩ ↕∑╢ ⅜№╡⁸∕─√╘─ ⅜Berry -Phonon⌐│ ╦∫≡™╢⁹

∕╣│⁸ ─╟℮⌐displacement Ⱪ꜡♇◒╩ ╩ ∆╢atom_list ⌐ ∆╢↓≤≢≢⅝╢⁹ 

atom_list{  
  coordinate_system  = cartesian  
  atoms{  
   #tag   rx         ry         rz          element  
         0.000      0.000      0.000       Al       
         2.6561175  2.6561175  2.6561175   As      
  }  
  displacement{  
    sw_displace_atom  = <ON_OFF> 
    displaced_atom  = <ATOM_ID> 
    ux =  <Ux> 
    uy =  <Uy> 
    uz =  <Uz> 
   }  
}  

 

 4. ╩ ↕∑╢ ─  

╕√│♃◓      

sw_displace_atom OFF ╩ ↕╣╢⅛≥℮⅛─☻▬♇♅⁹  

displaced_atom  0  ↕∑╢ ─ ⁹   

ux 0.0  x ─ ╕√│⁸ ⱬ◒♩ꜟ╪⌐ ∫√ ─

⁹  

uy 0.0  y ─ ╕√│⁸ ⱬ◒♩ꜟ╫⌐ ∫√ ─

⁹  

uz 0.0  z ─ ╕√│⁸ ⱬ◒♩ꜟ╬⌐ ∫√ ─

⁹  

 

ⱪ꜡◓ꜝⱶ⌐│ ╩ ∆╢√╘─ ⅜ ╦∫≡™╢⁹∕╣╩ ℮⌐│ Postprocessing Ⱪ꜡♇◒

⌐Polarization Ⱪ꜡♇◒╩ ⅎ≡ ∆╢⁹ │ ─╟℮⌐⌂∫≡™╢⁹ 

Postprocessing{  
   Polarization{  
    sw_bp_property  = <ON_OFF> 
     property  = effective_charge  
   }  
}  

 

 5. ⌐ ∆╢ ⌐ ∆╢ ─  

╕√│♃◓      

Polarization   ─ ⌐ ∆╢ ─ ╩ ∆╢Ⱪ꜡♇◒⁹  

sw_bp_property  OFF Berry ⌐ ⇔√ ╩ ∆╢√╘─☻▬♇♅  

property  0 polarization ╩ ∆╢≤berry.data ╩ ╖ ╖Berry ╩

∆╢⁹effective_charge╩ ∆╢≤berry.data ╩ ╖ ╖Ⱳꜟfi

╩ ∆╢⁹  
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PhononⱩ꜡♇◒─ │ ─╟℮⌐⌂∫≡™╢⁹ 

Phonon{  
   sw_phonon  = <ON_OFF> 
   sw_calc_force  = <ON_OFF> 
   displacement  = <U> 
   sw_vibrational_modes  = <ON_OFF> 
   point_group  = <Point_Group>  
   sw_lo_to_splitting  = <ON_OFF> 
   electronic_dielectric_constant{  
     exx  = 0.0,  eyy  = 0.0,  ezz  = 0.0,  
     exy  = 0.0,  eyz  = 0.0,  ezx  = 0.0  
   }  
   k_vector{  kx  = 0.0,  ky  = 0.0,  kz  = 0.0  }  
   sw_lattice_dielectric_tensor  = <ON_OFF> 
   sw_dielectric_function  = <ON_OFF> 
   energy_range{  
     min_energy  = 0.0  
     max_ener gy = 0.01  
     division_number  = 100  
   }  

 

╕√│♃◓─ ╩ 6≤7⌐№→╢⁹ 

 6. ⌐ ∆╢ ─  

╕√│♃◓      

sw_phonon OFF  Ⱪ꜡♇◒╩ ⌐∆╢⅛≥℮⅛─☻▬♇♅⁹  

sw_calc_force  OFF  ─√╘─ ╩ ℮⅛≥℮⅛─☻▬♇♅⁹ ON ─≤

⅝⌐│⁸ ─√╘─ ╩ ℮⁹( ⇔√ │

force.data ⌐ ↕ ╣ ╢ ⁹ OFF ─ ≤ ⅝ ⌐ │ ⁸

sw_vibrational_modes=ON ⌂╠ⱨ□▬ "ꜟF_FORCE"⅛╠ ─

╩♃כ♦ ╖ ╗⁹  

displacement  0.1  Ɽꜝⱷ⁹כ♃כ   

sw_vibrational_modes  OFF  ╩ ℮⅛≥℮⅛─☻▬♇♅⁹ ON ─≤⅝⌐│⁸

⅜ ╦╣⁸modes.data ⌐ ⅜ ↕╣╢⁹ OFF

─≤⅝⌐│⁸ │ ╦╣⌂™⁹  

point_group  C1  ◦▼fiⱨꜞכ☻ ≢─ ─ ⁹  

sw_lo_to_splitting  OFF  LO-TO ╩ ∆╢⅛≥℮⅛─☻▬♇♅⁹   

electronic_dielectric_constant   ╩ ∆╢Ⱪ꜡♇◒─♃◓ ⁹  

exx 0.0  ─ὼὼ ⁹  

eyy 0.0  ─ώώ ⁹  

ezz 0.0  ─ᾀᾀ ⁹  

exy 0.0  ─ὼώ ⁹  

eyz 0.0  ─ώᾀ ⁹  

ezx 0.0  ─ᾀὼ ⁹  

k_vector  ─ ⱬ◒♩ꜟ─ ╩ ∆╢Ⱪ꜡♇◒─♃◓⁹  

kx 0.0  ─ ⱬ◒♩ꜟ─x ⁹  

ky 0.0  ─ ⱬ◒♩ꜟ─y ⁹  

kz 1.0  ─ ⱬ◒♩ꜟ─z ⁹  

sw_lattice_dielectric_tensor  OFF  ╩ ∆╢⅛≥℮⅛─☻▬♇♅⁹   

sw_dielectric_function  OFF  ╩ⱨ□▬ "ꜟF_EPSILON" ⌐ ∆╢⅛≥℮⅛─☻▬♇

♅⁹   

energy_range  ─◄Ⱡ◄ꜟ◑כ ╩ ∆╢Ⱪ꜡♇◒─♃◓⁹  

min_energy  0.0  ◄Ⱡꜟ◑כ ─ ⁹  

max_energy 0.01  ◄Ⱡꜟ◑כ ─ ⁹  
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division_number  100  ◄Ⱡꜟ◑כ ─ ⁹  

 

point_group ≢ ⌂◦▼fiⱨꜞכ☻ ╩ ⌐№→╢⁹  

Oh, O, Td, Th, T, D4h, D4, D2d, C4v, C4h, S4, C4, D2h, D2, C2v, D6h, D6, D3h, C6v, C6h, C3h, C6, D3d, D3, 

C3v, S6, C3, C2h, Cs, C2, Ci, C1  

 

11.4.1.3 ⅔╟┘ ⱨ□▬ "ꜟF_BERRY"  

 

displaced_atom ╩ όȟόȟό ↕∑≡ ⇔√ ⌐⁸ ⱬꜞכ ⅜♃כ♦ ─ ≢ ↕╣╢⁹  

nkprep,  ig,  displaced_at om, displacement(1:3)  
do i=1,nkprep  
   i,  cphi(i),  phi(i),  wgh(i)  
end do 

 

 displacement ─1,2,3 ─ ⅜ό,ό,ό⌐ ∆╢⁹ phi │ ⱬ◒♩ꜟὫ⌐ ⌂ ⌐ ∫√ⱬ

כꜞ ─  ≢№╡⁸cphi│∕─phi ─ ≤⌂╢ ─ ─ ─ ≢№╢⁹ nkprep │ ─ ╖J

≢№╡⁸ig│ ⱬ◒♩ꜟὫ─ ≢№╡⁸ wgh│k ─ ╖≢№╢⁹  

ⱬꜞכ ─ │ ⱨ□▬ꜟ╩ ⇔√╙─≢№╢⅜⁸ⱨ□▬ꜟ─ ⌐│∕─ⱬꜞכ ─♃כ♦

╩ ⇔⌂↑╣┌⌂╠⌂™⁹ √∞⇔⁸ ⱨ□▬ꜟ╩ ∆╢ │ ╦⌂™⁹  

 

 

11.4.1.4 ⱨ□▬ "ꜟF_EFFCHG"  

 

Ⱳꜟfi ╩ⱬꜞכ ⅛╠ ∑∏⌐ ╖ ╗↓≤⅜≢⅝╢⁹ ⅛╠ ↕╣╢◘▬♩─Ⱳꜟfi

─╖╩ ∆╣┌╟™⁹ ─ ≢ ↕╣╢⁹ 

num_zeff  
do i=1,num_zeff  
   ia   
   zeff(1,1:3,ia)  
   zeff(2,1:3,ia)  
   zeff(3,1 :3,ia)  
end do 

num_zeff │Ⱳꜟfi ─ ≢№╡⁸ia⅜ ─ ≢№╡⁸ zeff⅜Ⱳꜟfi ─ ≢№╢⁹ 

 

11.4.1.5 ⅔╟┘ ⱨ□▬ "ꜟF_FORCE"  

 

"F_FORCE"⌐│ ─ ╩ ∆╢√╘─ ⅜♃כ♦─ ↕╣╢⁹ ∕─ │♃כ♦ ─ ≢ ↕╣╢⁹ 
num_force_data  
do i  = 1,  num_force_data  
   displaced_atom,  displacement(1:3)  
   do ia  = 1,  natm  
      i,  force_data(ia,1:3,i)  
   end do 
end do 

num_force_data │ ╩ ∆╢ ─ ≢№╡⁸displaced_atom │ ⇔√  ─ ≢№╡⁸

displacement ⅜ ─ ⱬ◒♩ꜟ όȟόȟό ≢№╢⁹ 

 

11.4.1.6 ⱨ□▬ "ꜟF_MODE"  

 

"F_MODE"⌐│ ─ ⅜ ↕╣╢⁹ ╕∏ ⌐ ⱬ◒♩ꜟ╪ ὥȟὥ ȟὥ ⅜ ─ ≢ 

↕╣╢⁹ 

 ---  prim itive  lattice  vectors  ---  
   a_1x  a_1y  a_1z  
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   a_2x  a_2y  a_2z  
   a_3x  a_3y  a_3z  

⌐ ─ natm ≤ ─ ὼȟώȟᾀ≤ ά≤ꜝⱬꜟname(i)⅜ ─ ↕╣╢⁹ 

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

⌐ ─ ⅜ ─ ≢ ↕╣╢⁹ 

 ---  Vibrational  modes ---  
 Nmode= nmode   Natom= natm  
do m = 1,nmode  
  n=   m  representation(m)  acvtive(m)  
  hbarW= omega_ha(m)  Ha = omega_ev(m)  eV;  nu= omega_nu(m)  cm^- 1 
  do i=1,natm  
     i   vec(m,i,1)  vec(m,i,2)  vec (m,i,3)  
  end do 
end do 

representation │ ─ ≢№╢⁹active(m)│ꜝⱴfi R⌐⌂╡⁸ ┌╣№♪כ⸗⌂ ♪כ⸗⌂

≢№╣┌ IR ≤⌂╢⁹ ≢№╣┌⁸IR&R ≤⌂╢⁹ ◘▬꜠fi♩⸗כ♪─ ⌐│ ╙ ↕╣⌂™⁹ vec

│ ⱬ◒♩ꜟ─ ≢⁸omega_ha│Hartree ≢─ ≢№╡⁸ omega_ev│ Ⱳꜟ♩ ≢─

≢№╡⁸omega_nu│ ≢№╢⁹  

╩ ⇔√ ♪כ⸗⁸│⌐ ⅜ ↕╣≡⁸ ─ ≢ ↕╣╢⁹ 

 ---  Vibrational  modes ---  
 Nmode= nmode   Natom= natm  
do m = 1,nmode  
  n=   m  character(m)  active(m)  
  hbarW= omega_ha(m)  Ha = omega_ev(m)  eV;  nu= omega_nu(m)  cm^- 1 
   do i=1,natm  
     i   vec(m,i,1)  vec(m,i,2)  vec(m,i,3)  
   end do 
   Mode effective  charge  and its  average:  
   Z=  z(m,1)    z(m,2)    z(m,3)    Ave.=   zave  
end do 

∕⇔≡⁸ ⌐ ⅜ ─ ≢ ↕╣╢⁹ 

 ---  Lattice  and static  dielectric  tensors  ---  
 [    elat_xx    elat_xy    elat_xz  ]   [    e0_xx    e0_xy    e0_xz  ]  
 [    elat_yx    elat_yy    elat_yz  ]   [    e0_yx    e0_yy    e0_yz  ]  
 [    elat_zx    elat_zy    elat_zz  ]   [    e0_zx    e0_zy    e0_zz  ]  

elat ⅜ ≢№╡⁸e0⅜ ≢№╢⁹ 

 

 

11.4.1.7 ⱨ□▬ "ꜟF_EPSILON"  

 

"F_EPSILON" ⌐│ ─ ⅜≈⅞─ ≢ ↕╣╢⁹ 

Energy(eV)  E1xx  E1yy  E1zz  E1yz  E1zx  E1xy  E2xx  E2yy  E2zz  E2yz  E2zx  E2xy  
do i=0,division_number  
   energy(i)  e1xx(i)  e1yy(i)  e1zz(i)  e1yz(i)  e1zx(i)  e1xy(i)  e2xx(i)  e2yy(i)  e2zz(

i)  e2yz(i)  e2zx(i)  e2xy(i)  
end do 

energy │ eV ─◄Ⱡꜟ◑כ─ ≢№╢⁹e1xx,e1yy,e1zz,e1yz,e1zx,e1xy │∕╣∙╣ ─ ─

xx,yy,zz,yz,zx,xy ≢№╢⁹e2xx,e2yy,e2zz,e2yz,e2zx,e2xy│∕╣∙╣ ─ ─ xx,yy,zz,yz,zx,xy

≢№╢⁹ 
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11.4.1.8 Ⱳꜟfi ─  

 

Ⱳꜟfi │öutput000"⌐ ↕╣╢⁹╕∏ ⌐⁸"F_BERRY"⅛╠ ╖ ╪∞ⱬꜞכ ⅛╠ ⇔√

Ⱳꜟfi ⅜ ─ ≢ ↕╣╢⁹ 

  ---  Calculated  electronic  effective  charges  ---  
do i=1,num_atom_inputed  
            [     zel_xx(i)     zel_xy(i)     zel_xz(i)  ]  
Zel  (   i)  = [     zel_yx(i)     zel_yy(i)     zel_yz(i)  ]  
            [     zel_zx(i)     zel_zy(i)     zel_zz(i)  ]  
  
end do 

num_atom_inputed │ ⅜ ↕╣√ ─ ≢№╢⁹ zel_xx(i),zel_xy(i)⌂≥│ i ─Ⱳꜟfi

─ ⅛╠─  ─xx,xy,... ≢№╢⁹  

⅛╠─ ⌐▬○fi─ ╩ ⅎ√ ⅜ ─ ≢ ↕╣╢⁹ 

  ---  Calculated  effective  charges  ---  
do i=1,num_atom_inputed  
            [     zeff_xx(i)  zeff_xy(i)  zeff_xz(i)  ]  
Zeff(   i)  = [     zeff_yx(i)  zeff_yy(i)  zeff_yz(i)  ]  
            [     zeff_zx(i)  zeff_zy(i)  zeff_zz(i)  ]  

 
end do 

zeff_xx(i),zeff_xy(i)⌂≥│ i─Ⱳꜟfi ─ ─xx,xy,... ≢№╢⁹  

◘▬♩─ ╩ ⇔≡⁸ ↕╣√Ⱳꜟfi ⅜ ─ ≢ ↕╣╢⁹ 

  ---  Symmetrized  effective  charges  ---  
do i=1,num_atom_inputed  
            [     zsym_xx(i)  zsym_xy(i)  zsym_xz(i)  ]  
Zsym(   1)  = [     zsym_yx(i )  zsym_yy(i)  zsym_yz(i)  ]  
            [     zsym_zx(i)  zsym_zy(i)  zsym_zz(i)  ]  

 
end do 

zsym_xx(i),zsym_xy(i)⌂≥│ i─ ↕╣√Ⱳꜟfi ─ ─xx,xy,... ≢№╢⁹  

─ ↕╣√Ⱳꜟfi ⅛╠ ─Ⱳꜟfi ╩ ⇔√ ⅜ ─ ≢ ↕╣╢⁹ 

  ---  Effective  charges  of  all  atoms  ---  
do i=1,natm  
            [     zeff_xx(i)  zeff_xy(i)  zeff_xz(i)  ]  
Zeff(   i)  = [     zeff_yx(i)  zeff_yy(i)  zeff_yz(i)  ]  
            [     zeff_zx(i)  zeff_zy(i)  zeff_zz(i)  ]  

 
end do 

zeff_xx(i),zeff_xy(i)⌂≥│ i─Ⱳꜟfi ↕╣√ ─ xx,xy,... ≢№╢⁹  

Ⱳꜟfi ─ ─ ⅜ ─ ≢ ↕╣╢⁹ 

  ---  Averaged  effective  charges  ---  
       [    zave_xx    zave_xy    zave_xz  ]  
Zave  = [    zave_yx    zave_yy    zave_yz  ]  
       [    zave_zx    zave_zy    zave_zz  ]  

zave_xx,zave_xy,...⌂≥│Ⱳꜟfi ─ xx,xy,... ─ ≢№╢⁹  

⌐⁸ ↕╣√Ⱳꜟfi ⅜ ─ ≢ ↕╣╢⁹ 

  ---  Corrected  effective  charges  ---  
do i=1,natm  
            [     zeff_xx(i)  zeff_xy(i)  zeff_xz(i)  ]  
Zeff(   i)  = [     zeff_yx(i)  zeff_yy(i)  zeff_yz(i)  ]  
            [     zeff_zx(i)  zeff_zy(i)  zeff_zz(i)  ]  

 
end do 

zeff_xx(i),zeff_xy(i)⌂≥│ i─ ↕╣√Ⱳꜟfi ─ ─xx,xy,... ≢№╢⁹ 
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11.4.1.9 ⱨ□▬ "ꜟF_STRFRC" 

 

ⱨ□▬ "ꜟF_STRFRC"⌐│ ─ ≢ ╩ ⇔≡ ╩ ╕∑√ ⌐ ⌐ ∆╢ ╩ ∆

╢⁹ 

num_force_data  
do i  = 1,  num_force_data  
   index(i)  strain(i)  
   do ia  = 1,  natm  
      i,  force_data(ia,1:3,i)  
   end do 
end do 

 

 

11.4.2 (ɖ-quartz)─  

 

11.4.2.1  

 

─ ─ ╩ ≤⇔≡⁸ ─ ─ ╩ ∆╢⁹ ╕∏⁸ ─ ─

╩ ∆⁹  

1. ⇔√™ ⌐⅔™≡⁸ ╩ ℮⁹  

2. nfdynm.data ─ ⌐ ⅛╣≡™╢ ≢─PHASE─ ╩ ∆╢⁹  

3. ⱬꜞכ ╩ ℮♦▫꜠◒♩ꜞberry≤ ╩ ℮♦▫꜠◒♩ pꜞhonon ╩ ∆╢⁹  

4. ♦▫꜠◒♩ꜞberry⌐│⁸Perl☻◒ꜞⱪ♩prep_zeff.pl⅜ ∆╢⁸ ─♥fiⱪ꜠כ♩╩♦▫꜠◒♩ꜞ

template_berry ≤template_scf⌐ ↄ⁹ ♥fiⱪ꜠2│♩כ.≢ ⇔√ ╩ ⇔≡ ∆╢⁹  

5. 2.≢ ⇔√ ╩ ⇔≡⁸ ⁸ ≤ ⌐ ⌂ ⅜№╢ ╩ ⇔⁸

♦▫꜠◒♩ꜞphonon⌐ ↄ⁹  

6. ♦▫꜠◒♩ꜞberry≢⁸prep_zeff.pl╩ ⇔≡⁸ ─√╘─Perl☻◒ꜞⱪ♩exec_zeff.pl≤ ⌐

∆╢ ╩ ⇔⁸exec_zeff.pl╩ ⇔≡ ⌐ ⌂ⱬꜞכ ╩ ∆╢⁹⌂⅔⁸prep_zeff.pl

│$HOME/uvsor_v 342/bin⌐№╢⁹  

7. ♦▫꜠◒♩ꜞphonon≢ ╩ ™⁸ ⌐ⱬꜞכ ╩ ╖ ╪≢ ╩ ∆╢⁹  

8. 1.─ ─ ⌐≈™≡│⁸PHASE─ⱴ♬ꜙ▪ꜟ╩ ╟⁹2.≢│ ─ ╩♦◌ꜟ♩ ≢ ∆

╢─≢⁸coordinate_system╩cartesian⌐ ∆╢⁹ ─ ≢⁸3⅛╠7⌐≈™≡⁸ ⌐ ∆╢⁹ 

 

11.4.2.2 ⱬꜞכ  

 

ⱬꜞכ ─ │ ekcal ╩ ™≡ ℮─≢⁸ekcal ⌐ ∆╢ ⌂ ⅜ ≢№╢─≢⁸∕─

─ ♥fiⱪ꜠כ♩╩ ∆⁹ │◦ꜞ◖fi ≤ ⅛╠⌂╢─≢⁸ ─

file_names.data ⌐│⁸◦ꜞ◖fi─ⱳ♥fi◦ꜗꜟ potentail.Si ≤ ─ⱳ♥fi◦ꜗꜟ potential.O ─ ⅜№╢⁹

↓╣╠─ⱳ♥fi◦ꜗꜟ│ ⌐ ⅛╣≡™⌂↑╣┌⌂╠⌂™⁹ 

 &fnames  
 F_INP    = './nfinput.data'  
 F_POT(1)  = '../../potential.Si'  
 F_POT(2)  = '../../potential.O'  
 F_CHGT   = './nfchgt.data '  
 &end 

ⱬꜞכ ─ ≢│⁸ ╩ ⅛╠X,Y,Z ⌐╦∏⅛⌐ ↕∑√≤⅝─ ⅜ ≢№╢⁹

∕─ "F_INP"─♥fiⱪ꜠כ♩╩ ⌐ ∆⁹ 
Control{  
  condition  = 0 !  {0|1|2|3}|{initial|continuation|fixed_charge|fixed_charge_continuation}  
  cpumax = 24 hour     !  {sec|min|hour|day}  
  max_iteration  = 60000  
}  

 


















































































