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COPYRIGHT of the program codes
Copyright (C) 1993-2006 Hideki Katagiri, Koichi Kato, Tsuyoshi Miyazaki, Yoshitada Morikawa, Hideaki
Sawada, Toshihiro Uchiyama, Tsuyoshi Uda, Takahiro Yamasaki, Noriaki Hamada, Akira Yanase, Takenori
Yamamoto, Hideaki Tsukioka, Masakuni Okamoto, Hideo Mizouchi, Kiyoshi Betsuyaku and Kazuki Mae.

It is understood by the authors that the Institute of Industrial Science (IIS), the University of Tokyo, dis-
tributes this program as ” CISS Free Software” with users’ agreement with the terms and conditions written in
the file, LICENSE.pdf or LICENSE_J.pdf (in Japanese).

HISTORY

The original version of this set of the computer programs "PHASE” was developed by the members of the
Theory Group of Joint Research Center for Atom Technology (JRCAT), based in Tsukuba, in the period 1993-
2001. The names of the contributors to the original version are Hideki Katagiri, K. Kato, T. Miyazaki, Y.
Morikawa, H. Sawada, T. Uchiyama, T. Uda and T. Yamasaki. Since 2002, this set has been tuned and new
functions have been added to it as a part of the national project ”Frontier Simulation Software for Industrial
Science (FSIS)”, which is supported by the IT program of the Ministry of Education, Culture, Sports, Science
and Technology (MEXT) of Japan. The program was developed further mainly by T. Yamasaki. T. Uda, T.
Yamamoto, H. Tsukioka, M. Okamoto, H. Mizouchi, K. Betsuyaku and K. Mae contributed to the improvement
of the code. The tetrahedron interpolation codes developed by N. Hamada, A. Yanase and Kiyoyuki Terakura
was included. The symmetrization code developed by A. Yanase and N. Hamada was also included. The manual
and tutorial were written by Makoto Itoh with the cooperation by Mineo Saito, H. Tsukioka, T. Yamamoto and
T. Yamasaki. The sample calculations were prepared by T. Yamamoto, H. Tsukioka and Hiroyoshi Momida.
Since 2006, this program set has been developed as a part of the national project ”Revolutionary Simulation
Software (RSS21)”, which is supported by the next-generation IT program of MEXT of Japan. Since 2008, this
program set has been developed as a part of the national project ”Research and Development of Innovative
Simulation Software”, which is supported by the next-generation IT program of MEXT of Japan. The activity
of "Multiscale Simulation System for Function Analysis of Nanomaterials”, CISS, is supervised by Takahisa
Ohno.

CONTACT ADDRESS

Center for Research on Innovative Simulation Software The Institute of Industrial Science (IIS), The University
of Tokyo

4-6-1 Komaba, Meguro-ku, Tokyo 153-8505, Japan

FAX +81-(0)3-5452-6662

E-mail: software@Qciss.iis.u-tokyo.ac.jp URL http://www.ciss.iis.u-tokyo.ac.jp

* When distributing CISS Software duplications, the user must attach the full text in this file.




m License to Use CISS Free Software for noncommercial purposes
Terms and Conditions of the CISS Free Software License

The Center for Research on Innovative Simulation Software (CISS) at the Institute of Industrial Science, the
University of Tokyo gives explicit permission for anyone to use any or all of the free software that is maintained
and made publicly available at the CISS site free of charge, subject to the terms and conditions detailed below.

1. Definition of CISS Free Software

CISS Free Software is any software explicitly marked* CISS Free Software” in CISS project source programs,
object programs, specifications, design specifications, data, implementation results, and instruction manuals.

2. Extent of Free Use

Users may use CISS Free Software free of charge to run their own data, and use any results obtained for their
own personal use. Users also have the rights to copy, to modify, and to redistribute the CISS Free Software.

3. Rules for Modification and Distribution

If the user creates a modified version of CISS Free Software by modifying the software itself, by incorporating
it into other software, or any other means; then copies and/or distributes the software, the user must retain
the words® CISS free software” in the name of the modified version (e.g., if the CISS free software is named
ProteinDF, the new software is named _______ /ProteinDF.); however, this shall not apply if the user concludes
separately a contract for the purpose of profit-making business. And also the user displays a copyright notice
in the modified version.

The" copyright notice” in the internal code of the CISS Free Software may not be altered for any reason,
except to update or add to modification records such as altering the name of the modifier or the date of
modification.

4. Copyright Notice

Users must prominently and conspicuously display the copyright notice in every CISS Free Software copy
at or near the beginning of the credits along with the name of the software, the version, and the copyright
holder. When distributing copies of CISS Free Software, the user must attach the full text of these Terms and
Conditions without any changes.

5. User Obligations

To publicly acknowledge that results have been achieved using CISS Free Software, users are obligated to
clearly display the name, version, and copyright holder, and acknowledge that ”these results were achieved by
using Innovative Simulation Software for an Industrial Science Project.”

If the user modifies the CISS Software and acknowledges that results were achieved using the software, the
user must attach an explanation detailing how the software was modified.

We request that users report any bugs or problems they discover in using the CISS Software to the Center for
Research on Innovative Simulation Software at the Institute of Industrial Science, the University of Tokyo. Users
may not publicly announce or disclose bugs or problems they discover in CISS software without permission.

6. Commercial Use

If a user intends to use CISS Free Software for a commercial purpose such as described in examples (1)-(3)
below, the user must enter into a separate commercial license agreement before using the CISS software.

(1) A user copies and distributes CISS Free Software, then demands compensation from the recipient for the
software itself as a copyrighted product or for copying and distributing the software.

(2) A user (corporate or individual) uses CISS Free Software not for personal use but to provide services to
other parties, regardless of whether the services are offered gratis or for a fee.

(3) A user seeks to assume a right of pledge, a security interest, or some other form of commercial interest in
CISS Free Software, including portions of the software that were modified by the user.

However, if a public entity seeks to provide services using CISS software for the purpose disseminating the
software, we require an exchange of memorandums between the CISS and the entity (in lieu a conventional
for-profit license agreement) detailing the nature of the service, regardless of whether the proposed service is
offered gratis or for a fee. The user acknowledges in advance that if he or she violates any of the provisions of
this agreement, the copyright holder of any software shall prohibit the user from using the software. The user
also acknowledges in advance that the copyright holder is entitled to be compensated by an amount equivalent
to any profit gained by the user through the violation of the terms of this agreement.

7. No Warranty

The Institute of Industrial Science (IIS), the University of Tokyo, the Foundation for the Promotion of Indus-
trial Science, and other concerned parties disclaim all warranties with respect to the quality, the performance,



or the results of CISS Free Software, either express or implied. The user assumes sole responsibility for the use
of CISS software including any damages or losses arising out of the use of the CISS software.

8. Violations of Terms and Conditions

If a user is found to be in violation of these Terms and Conditions, he or she agrees to immediately pursue any
and all steps required by the Institute of Industrial Science, the University of Tokyo to get back into compliance.
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2. 000O0O0OoOO0ODbOO 2

2 JOoooobogoao
21 JOO0Oooooo

O0ODOOPHASEOOODOODODDDDDDOOO
Linux O FreeBSD OOODOGNU DOOOODOOOOOOOOODOOOOODOOOODOODOOOO

% tar zxvf phase_v1000.tar.gz
gobOoOo UNIXOOOooooooo

% gunzip phase_v1000.tar.gz
% tar -xvf phase_v1000.tar

000D phase_v1000.tar.gz OO0 O0DO0O0O000O0OO00ODO
h

gbooooboboooboobooooboon
oboooooooooo

1. doc (O O phase_install.pdf, phase_tutorial.pdf, phase_samples.pdf)
2. bin

. src_phase

. src_stm

3
4
5. tools
6. samples
O

oboedbOOoOoOOobOOOOOOObDObOOOO

2.2 PHASEOOOOOOO
PHASEOOOOOOOOOOOOOOO intallshOOOOOOOOO

% cd $HOME/phase_v1000
% ./install.sh

000000 OOOOOO00O0O000 phasednstallpdf 0000000000000 O0OO0OOO

23 00000

gobooobooboooboobooboobooobn

PHASEOOOODOOOOODOOOOOOOOODOOOOO0ODOOOODOO0OODOOODOO0O0OO0ODODODOOO
oboooo

0 2.1 00 phasev1000.tar.gz 000000000 OO0DOOO

% cd phase/samples/testrun
O0O0D0testrun 000000 OODODOOOOOOOOOOOOOOOOOOOOOOO
% mpirun ../../bin/phase

gbobobobobobobobobooboboobobooboooboooooooOooboobOOobOobOobOobann
gboooooboboooboboooboobooboooooooobooboobooooooobooobboooboooon
O00O0OoutputOO0 DO O O0ODODOOOOODOOOOOOODO

% grep TOTAL output000
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gbooooooboooooboboooobooon

TOTAL ENERGY FOR
TOTAL ENERGY FOR
TOTAL ENERGY FOR

-TH ITER= -7.858496652840 edel = -0.785850D+01
-TH ITER= -7.877642072374 edel = -0.191454D-01
-TH ITER= -7.884173165960 edel = -0.653109D-02

1

2

3
TOTAL ENERGY FOR 4 -TH ITER= -7.894869062162 edel = -0.106959D-01
TOTAL ENERGY FOR 5 -TH ITER= -7.895854406233 edel = -0.985344D-03
TOTAL ENERGY FOR 6 -TH ITER= -7.896896464510 edel = -0.104206D-02
TOTAL ENERGY FOR 7 -TH ITER= -7.896965336639 edel = -0.688721D-04
TOTAL ENERGY FOR 8 -TH ITER= -7.896987810477 edel = -0.224738D-04
TOTAL ENERGY FOR 9 -TH ITER= -7.896999000751 edel = -0.111903D-04
TOTAL ENERGY FOR 10 -TH ITER= -7.897009945109 edel = -0.109444D-04
TOTAL ENERGY FOR 11 -TH ITER= -7.897012361067 edel = -0.241596D-05
TOTAL ENERGY FOR 12 -TH ITER= -7.897014072114 edel = -0.171105D-05
TOTAL ENERGY FOR 13 -TH ITER= -7.897014580162 edel = -0.508047D-06
TOTAL ENERGY FOR 14 -TH ITER= -7.897014905148 edel = -0.324986D-06
TOTAL ENERGY FOR 15 -TH ITER= -7.897015023768 edel = -0.118620D-06
TOTAL ENERGY FOR 16 -TH ITER= -7.897015098853 edel = -0.750857D-07
TOTAL ENERGY FOR 17 -TH ITER= -7.897015127853 edel = -0.289999D-07
TOTAL ENERGY FOR 18 -TH ITER= -7.897015145070 edel = -0.172165D-07
TOTAL ENERGY FOR 19 -TH ITER= -7.897015151163 edel = -0.609355D-08
TOTAL ENERGY FOR 20 -TH ITER= -7.897015154701 edel = -0.353806D-08
TOTAL ENERGY FOR 21 -TH ITER= -7.897015155674 edel = -0.972411D-09
TOTAL ENERGY FOR 22 -TH ITER= -7.897015156285 edel = -0.611410D-09
TOTAL ENERGY FOR 23 -TH ITER= -7.897015156328 edel = -0.425100D-10
TOTAL ENERGY FOR 24 -TH ITER= -7.897015156328 edel = -0.509814D-12
TOTAL ENERGY FOR 25 -TH ITER= -7.897015156328 edel = -0.113687D-12

gbooooboooboobdob ooboboboboooooboooobobooboobOobooooboboog
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U l.gb0booooboooobooboon

3 001: 000000 (Sis)

0000000000 00D00000D000 21000000 phase_v1000.tar.gzO0OO0D0OO0DOO phase_v1000
0000000000000 0samples 0000000000000 0O00O0O00O0ODODOOO0OOOOOOO
goo0opoooo0ooOooo0oooooooboo 8sgUooDooSigsboooooooooooooooooogg
gob100000b0oo0oooboboooooboooobobooo

SisgoopooOoOoOooooOoooooOoooboooOoooooOoooooOo

file_names.data
input_scf_Si8.data

gboooobooocooooo

3.1 Oogoooood

phase 0000000 OO0DOOOOOCOfilenamesdata 0000000000000 0OO0OOOOODOOODO
00o0o0ooooooo(Dooooooooooon)

&fnames

F_INP = ’./input_scf_Si8.data’
F_POT(1) = ’../pp/Si_ldapw91_nc_01.pp’
F_CHR = . /nfchr.cube’

&end

go0ooo0o0oO00ooDO0Siddapw9lneOl.pp DO0O00D00OCOO0O0ODOOOODOOOOOOOODOCOOOO
PHASEOOOOOOOOOOOOOOOOOOOO0OO0O 20000000

PHASEOUOOOOUOOOOOOOOOOOOOOOOOOO FPOT(1)ODODODDOOUOOOO FINPOOO
go0o0OO0oO0OoOoooooOoooOoOociIAooooOoOoooooooOoOoOooO0oooooooooooOoOoOoo
0000000oooooo0oo0o00o0oooooooooooon Siddapw9lneOlpp OOOCOOOOO
0000000000000 00000000D00D000000O0O0O0 PHASEOOOOOODOODODOOOOO
oboooooboobooooobooooobooboboooobooboooooboboooobooboobooboog

000000 FINPODOOOOOOOOOOODDODOOinputscfSi8data 00000000 ODOOODOO
gboooooooboooboobooboobooooobooooboooboobbooobooOooooboOooobooon
gbooooboob 1000

Control{
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e

. OUtpUtO0O

i

020010 S 0000000000000.000000 PHASEOOOOOOOOOOOOOOoOoood
00.00000000000000000000000000D0O00O0O0000. FAINP (input_scf_Si8.data)d
0oo0oooo, FPOT (Silddapw91l nc 0l.pp) 00000000, F.CHR (nfchr.cube)D00000000O0OO
00, output0000 000000000000 (D0OOOODO), Biostation viewerl DD OO D000 O0O0O0OO0OO
gbooooobooooobooboooobobooobooobooo.

cpumax = 3600 sec ! {sec|min|hour|day}

3

gboooobobooobooboooooo
obooooobo20000000000000000000DbO0O00O0DbO0OOOOODbOO0O0O

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

9.00 rydberg
36.00 rydberg
20

}

xctype = ldapw91l

scf_convergence{
delta_total_energy = 1.e-12 hartree
succession = 3 !default value = 3

3

000200000000 cutoffwf O cutoffed 00000000000000000000000O0O0O00
000 90Ry 0 36.0Ry 000000000000 00000

num bands 000000000000 000000000OSIO0 8000000000000 400000
00000000000000000000000000000 8x4/2=160000000000 num_bands 00
1600000000000000000000ksampling 0000000k0000000000000000
000000000000004x4x40000000000000000

xctype = ldapw91 D0 OLDAODDDOO0OO0OO0O0D000O0O0O0O0O00

000000000 2000000000000000000000000000000000000O000
01072 Hartree 0000 000000000000 300000000000000000000000000
03000000 structure 10 0000000000000000000000000000O000O00O0
00000 Bohr)d
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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
-0.6256 -0.125 -0.625
0.625 0.625 0.125
-0.625 -0.625 -0.125
}
}
element_list{ #tag element atomicnumber
Si 14
}
}

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

gboooobooooboooo

O00D0atomlist 00O0O0O00D0OCOOOO0O0ODOOOOOODOOOOODOOOODODOOODOOODOOOO
gO0000O0O0O000D0O0C0O00O0DODDelement list 0O0O0O0O0O0O0DODOOOOO0OODOODOOOOOOOO
oo0oOo0oO00ooOo0o00bOOo0o00DoOboO0ooon Silddapw9lme Ol.gnepp2 0 100000

14 4 3 0 : NATOMN, IVAL, ILOC, ITPCC

ubooooooboboo0 4yooooo 40000000000000
gboooobooboooooboooobooboobooboobooooobon

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

OO0OO0O0O0OD00ODDOO0OO0OD filenamesdataDOOF CHROOOOOOOOOOOOOOOOOOOOOOO
filetype = cube 0000000 0cube 0000000000000 0O0OF.CHROOOOOO fileDOO0OO*.cube
go0ooOooO00O0oO0O000cubed00OooOooooOOo0oOooOoOoOO0O0oOODOO0OODOOOODODOOO
O0D0OOO0OO0OO0OOO0OOD Biostationviewer 0000000000000 O0O0O0O0OOOOOO
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3.2 000000 phase 00O OOOOOO
goooooooooooOoOoOoOOUUOUOOOOOOOoOMPICDOOOOOOOOOOOODODOOOOO
% mpirun -np A ../../bin/phase ne=B nk=C

goooooooooooooAODBOCOOODOOODOOOODODODOOOODOOOOOOUOODDOOOOO
OO00O00O0000k00000000OOC0OODO0O0DO0OODOOOODODDODOOOOO0OA=BxCOOOC
obooooboooooobooog

gooilcpUOOOOOOOOOoOoOoO

% mpirun ../../bin/phase

gboboooboobooboooboboooobobooboooobooon
ubo0o0oooOobo0o0oobOobobooobOOobooogn outputéOO DOOOODOODOOOOODOODOO
gbobooboobooobooboooooboooboobooboooobooo20000b000bO0OO0OObOOn
000000 output000-001 O output000002 OO ODOOOOOO0O0OCOOOOO0OO0ODOO0DOOOOOOOODOODO
goboooopoooboobooooooboboog
oboooo

% grep TOTAL output000

Oo0O0O0O00000000000S8 0000000000000 outputoOO DOOODOOOO grep0 000
oboooopooobooooboooo

TOTAL ENERGY FOR
TOTAL ENERGY FOR
TOTAL ENERGY FOR
TOTAL ENERGY FOR

-TH ITER= -30.851502112276  edel = -0.308515D+02
-TH ITER= -31.428857832957 edel = -0.577356D+00
-TH ITER= -31.547875271353 edel = -0.119017D+00
-TH ITER= -31.575313743308 edel = -0.274385D-01

© 00 N O d WN -
|
—
s}

TOTAL ENERGY FOR ITER= -31.582591031973 edel = -0.727729D-02
TOTAL ENERGY FOR -TH ITER= -31.585296287695 edel = -0.270526D-02
TOTAL ENERGY FOR -TH ITER= -31.586566551584 edel = -0.127026D-02
TOTAL ENERGY FOR -TH ITER= -31.587203940144  edel = -0.637389D-03
TOTAL ENERGY FOR -TH ITER= -31.587536187844 edel = -0.332248D-03
TOTAL ENERGY FOR 10 -TH ITER= -31.587714367315 edel = -0.178179D-03
TOTAL ENERGY FOR 11 -TH ITER= -31.587811775875 edel = -0.974086D-04
TOTAL ENERGY FOR 12 -TH ITER= -31.587865777306 edel = -0.540014D-04
TOTAL ENERGY FOR 13 -TH ITER= -31.587896135394 edel = -0.303581D-04
TOTAL ENERGY FOR 14 -TH ITER= -31.587913347827 edel = -0.172124D-04
TOTAL ENERGY FOR 15 -TH ITER= -31.587923218322 edel = -0.987050D-05
TOTAL ENERGY FOR 16 -TH ITER= -31.587928921902 edel = -0.570358D-05
TOTAL ENERGY FOR 17 -TH ITER= -31.587932250599 edel = -0.332870D-05
TOTAL ENERGY FOR 18 -TH ITER= -31.587934208228 edel = -0.195763D-05
TOTAL ENERGY FOR 19 -TH ITER= -31.587935369846 edel = -0.116162D-05
TOTAL ENERGY FOR 20 -TH ITER= -31.587936064369 edel = -0.694523D-06
TOTAL ENERGY FOR 21 -TH ITER= -31.587937128483 edel = -0.106411D-05
TOTAL ENERGY FOR 22 -TH ITER= -31.587937146269 edel = -0.177857D-07
TOTAL ENERGY FOR 23 -TH ITER= -31.587937147223 edel = -0.953783D-09
TOTAL ENERGY FOR 24 -TH ITER= -31.587937147361 edel = -0.138854D-09
TOTAL ENERGY FOR 25 -TH ITER= -31.587937147369  edel = -0.733991D-11
TOTAL ENERGY FOR 26 -TH ITER= -31.587937147369 edel = -0.358824D-12
TOTAL ENERGY FOR 27 -TH ITER= -31.587937147369 edel = -0.117240D-12

gboobooooooooboobbooboooooooooobooboobO0oobOon0ono 310000000
gboobobobobobobobobooboobooboobOobOOoOoOoOoOoOoOoOoOoOOoDOOobOOobOOobOOooboann
gbooooboooboobobooooobo

000000000000 OnfchrecubeD 0000000000000 OOOOODOOO0ODOODOOODDOOO
obooobboobobo0oboo0obOo0bD0oo0nboOonn Biostation viewer 10000000000 OO0OOOOOODO
JO000o0ooOoboooonoon

gbooooobooooobobooooo 3gboooo



4 002000000 -000000 (Sig)

03: 0000000000000 (0000000000 cubefile00000000OO0O)

04 S, 000000000000 200000000000

4 002000000 -000O00O0O (Siy)

gbbooooboooboooooooboobbooobooobobooboooooooooboobooan 20

0oooooooooooooooo 200000 S, OO00O0O0OoooooooooO0OD0 400000000
uboooobodoboo sooo0ooaon

4.1 SCFOUO

O00Oo000O000O0O000O000O00DDOn0 samples0D00O Si20000000000000000

O000scf000D0O0O000DODOODOOO0O0O0O0 300000000000 DPhaseJ00O0DOOOO
gbooooobobooobobooooboon

0000 filenames.data O00O0OO

F_INP
F_POT(1)

’./input_scf_Si.data’
>../../pp/Si_ldapw91_nc_01.pp’



4 002000000 -000000 (Sig) 9

(c) BAND

05 00208, 0000000000000000000000. (a)SCFOUO (O 4.10),(b)0000 (DOS)
00000 4200, (c)000000 (O 430). 000000 PHASEOOOOUOOODOOOOOODOOODOO.
0000000000000000000000000000000000. FINP (input_scf_Si.data 0)00 0O
0ooog,FPOT (Sildapw9l nc 0l.pp)d0 000000, PHASEDOOOUOOOOOOOODOOOOOOOODO
000000000 F.CHGT (nfchgt.data) D00 . ekcal DOF.CHGT OOOOOOOOOOOO 4200000
00000000 FDOS (dosdata) 00000 430 00000000000000000000O0O0OOOO
0000 F_ENERG (nfenergy.data) 00O . band kpoint.pl0k 0000000000 F_KPOINT (kpoint.data)
00000 Perl DOOO0O. dos.pldF.DOS (dos.data) D0 DO00D000000O000OO Postseript OO
00O density_of states.eps DO OO0 Perl DOOOO. bandplD0D k00000 OO0OOOOCODOODOO
F_ENERG (nfenergy.data) 0000000000 Postscript 0000 band_structure.eps D00 0O Perl OO
O000. output0OOD 000D DO00OOOOOD (DOODOODO).



4 002000000 -000000 (Sig) 10

O00OO0OO0OOOOO0O0O0OD0D0DOD inputsefSidata000 30000000000000000000000
gobooooooboooogo

accuracy{
cutoff_wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg
num_bands = 8
X
structure{
unit_cell_type = Bravais
unit_cellq{
a =10.26, b = 10.26, ¢ = 10.26
alpha = 90, beta = 90, gamma = 90
}
symmetryq{
crystal_structure = diamond
}
atom_list{
atoms{
#tag rx ry rz element
0.125 0.125 0.125 Si
-0.125 -0.125 -0.125 Si
}
b
b

00000000000 numbands 000020000000000000000000DO000O00O0O0O0O
gbooooboooboobobooooboooobobooooobooooobooboobooono
oboooopoobooog

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

g000o00DOO00DOo0o0booooooOoOgOfilenamesdata 00000000000 COO F.CHGT OO
00000000000 00D00O000 nfehgtdata 00000000000 OO0DOOOOOOOOOODOO

4.2 0000 (I)()S) HRERE
ooad
% cd ../dos

O000desOO00OO00O0O0DODOOOOOOOOODOOOOOODDDOOOOOOOODDODOOODOOOOO
0000000000000 zajdata00000000O0ODOOOODOCOO

OO0000DO0O00000O000000 filenamesdata 00000000000 OCOOOODOOCOOOO
oooo

F_INP = ’./input_dos_Si.data’

F_POT(1) = ’../../pp/Si_ldapw91l_nc_01l.pp’
F_CHGT = ’../scf/nfchgt.data’

F_ENERG = ’./nfenergy.data’



4 002000000 -000000 (Sig) 11

0000000 input_dos_Si.data O nfchgt.data 0 20000
000000 inputdosSidata 00000000000 OO0ODOODOODOO inputscfSi.data 00000000
gooooood

Control{
condition = fixed_charge

}

accuracy{
cutoff_wf
cutoff_cd
num_bands
ksampling{
method = mesh
mesh{ nx =4, ny= 4, nz= 4 }

9.00 rydberg
36.00 rydberg
8

}
smearingq{
method = tetrahedral
}
xctype = ldapw91l
initial_wavefunctions = matrix_diagon
matrix_diagon{
cutoff_wf = 9.00 rydberg
}
ek_convergence{
num_max_iteration = 200
sw_eval_eig_diff = on
delta_eigenvalue = 1.e-8 hartree
succession = 2

}

postprocessing{
dos{
sw_dos = 0N
method tetrahedral '{ tetrahedral | Gaussian }
deltaE_dos = 1.e-3 eV
nwd_window_width = 10

00000000 Control 0O OOphase 000000000000 DOODODOOOCOOOOO0OOOOOOO
000 2000000k0000004x4x400000000000000000000DO0O0O0O ek_convergence
gbobobobobobobboooooooooooooooboooooooobOobobOobOobobann
gboooobooboooooboboooobobooobooboooo

200 0000000000000 O0oO00oOO0bO0ObO s00DbOO0bObDObOob0 41Db0ObO0ODbODODOD
0000 nfchgtdata 000000000000 O00O00ODOO0OOOOCOOO filenames.data 0000

F_CHGT = ’../scf/nfchgt.data’
oo00o0ooO0oO0oooooOoooooon
F_POT(1) = *../../pp/Si_ldapw91_nc_01.pp’

obobob0 410000000000D0OO0
g0000OoOC0COOO0O0000oooOoOo00oboDOObO00Obekcal 0 1000000 ODODODOOOOO
ooooboooooo

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



4 002000000 -000000 (Sig)

gboooooboon

12

O000000C00000OCOnfenergydata 000000000000 O0O0DOOCOOOOOD kODOOOOO

ggbgobobooboaobooboobuoobooboobobboboobooboooboobooa

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
0.2619554320 0.2619554320 0.6015285289
=== energy_eigen_values ===
ik = 2 ( 0.000000 0.490000 0.490000 )
-0.0540717117 -0.0427149546 0.1258687813
0.2607026827 0.2633829946 0.6006244013
=== energy_eigen_values ===
ik = 3 ( 0.000000 0.480000 0.480000 )
-0.0596299923 -0.0369220783 0.1260465996
0.2596226501 0.2649874134 0.5980547648
=== energy_eigen_values ===
ik = 4 ( 0.000000 0.470000 0.470000 )
-0.0651046420 -0.0310567694 0.1263428799
0.2587131916 0.2667706685 0.5941566835
=== energy_eigen_values ===
ik = 5 ( 0.000000 0.460000 0.460000 )
-0.0704931128 -0.0251220735 0.1267574962
0.2579721226 0.2687346642 0.5892968047

o

0.
.5892968047

0

.1258095002
.6015285289

.1258687813
.6006244013

.1260465996
.5980547648

.1263428799
.5941566835

1267574962

Oo0dz200000000k00D00OCO0O00ODODOO30000O0ODO0ODO0O0O0OODODODOOOODODOO
gbooobo4000000000000DO0O0O0O0DODOOOOODODOO
O0Oekcal OOOOOODOOOOO Perl OOODOODOOO dospl OOODOOOOOOODOOODODOOO

O00o0o00ooo0o00oooOo0O00ooO0 E1DDO0O0 E200000

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

O00000OPostscript 00000000 density of states.eps 000000000 0O0-withfermi 00000000
oooodoooooooooDoOoO000fooooooooooo00gooooooooooooooooon
oo0ooo0oooo0oooooooooooooooooooooog

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

goboooboboboobbob e0obOOo

dospl OODOOO0ODOOCOOODOCOOOODOteols 0OOOOODOOOODODO

4.3 OUOOoon
000 band OOOOO0DOOOOODODOOOOODOO

% cd ../band

00000000000 000 filenamesdata OO0O0O00D00O0OO

F_INP = ’./input_band_Si.data’
F_POT(1) = *../../pp/Si_ldapw91_nc_01.pp’
F_KPOINT = ’../tools/kpoint.data’
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3.5 T T T T T T T T

25 |

15

DOS (states/eV)

0 1 1 1 1 1 1
-12 -10 -8 -6 -4 -2 0
Energy (eV)

O6:ekcal 0DDODO0ODOODOOOOODOOODODOOODODOOOO

F_CHGT = ’../scf/nfchgt.data’

000000000 input_band Sidata 000000000 OOO0ODO0O kpoint.data 0000000000
oooooooo

000000 kpoint.data O OPerl 000 OO band_kpoint.pl O bandkpt_fecexglux.in OO0 OO0 O0O0O0O0O0O
oooo

% band_kpoint.pl bandkpt_fcc_xglux.in

o00o0ooooOoooooooo

00 0Sildapw9l nc0l.pp O nfchgt.data 00 420 00000000pp 0 sef 00000000 OCOOOO
gooooood

0000000000 000D0000 ekcal DOODOODODOODOO

% mpirun ../../../bin/ekcal
00000000000 000 nfenergydata D000 Perl DO0O0D0O0O bandpl OOOOO
% band.pl nfenergy.data bandkpt_fcc_xglux.in -erange=E1,E2 -with_fermi

0000000000000 000Postscripp 000000000000 band_structureeps DO O000000O
goboboboo0oboob0ob0U0U0bU0 E10b000 2000000 E1=-130 E2=500000000
gobogrooooon

5 UO30bgooooon

bobooboobOoobOoooobooobooooboboobboobooobOooboooboobOoobooooOoDbn
0o0o0ooooooooooooooooooooooOoOoOOOOObOO0O0OooooooooOoooD si2 ™
ooo0ooo0oO0ooo0ooObo0ooobb0 relax 0000000 DOOOODOOOOO

% cd Si2/relax
JoodoooObOo0o000o00ooobooOoobooooooooooog

% cd ../relax



5. OO 3mbOOoOoOoOooon 14

Energy (eV)
B
T
N

|
8 >
-10 V/////// .
12 .
X r L u X

O 7 ekcal DODODODOOOODOD Si,0DOOODODO

oooooo
0000000000 00000 filenames.data 000003

F_INP ’./input_relax_Si.data’

F_DYNM

’./nfdynm.data’

0000000000 inputrelax Sidata OO000000O0O0O0COO00OO0ODOOOOOCOODOOOOO0O nf
dynm.data00 000000000000 00C0O00DO0O0 400000 scf000000000OO input_scf_Si.data
gbooooboooobooooon

structureq{
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
}
}
}

oO0o0oooo0O0o0go012500 0.1300000000000000Omobile 00000 yesOODODOOOO
gboooooooo
gboooobobooooobooooboobooobooboobooooboon

accuracyq{
force_convergenceq{
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max_force = 1.0e-3
}
ooopooooooooo
% mpirun ../../../bin/phase

g00D0O00000OO0000000 nfdynmdata O000O000D0OO

#
# a_vector = 0.0000000000 5.1300000000 5.1300000000
# Db_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: 8si
#

cps and forc at (iter_ion, iter_total = 1 34 )

1 1.333800000 1.333800000 .333800000 -0.010794 -0.010794 -0.010794

2 -1.333800000 -1.333800000 -1.333800000 0.010794 0.010794 0.010794
cps and forc at (iter_ion, iter_total = 2 53 )

1 1.331707297 1.331707297 1.331707297 -0.010402 -0.010402 -0.010402

2  -1.331707297 -1.331707297 -1.331707297 0.010402 0.010402 0.010402
cps and forc at (iter_ion, iter_total = 3 75 )

1 1.327597870 1.327597870 .327597870 -0.009614 -0.009614 -0.009614

2 -1.327597870 -1.327597870 -1.327597870 0.009614 0.009614 0.009614
cps and forc at (iter_ion, iter_total = 4 100 )

1 1.321624355 1.321624355 1.321624355 -0.008433 -0.008433 -0.008433

2  -1.321624355 -1.321624355  -1.321624355 0.008433 0.008433 0.008433
cps and forc at (iter_ion, iter_total = 5 127 )

1 1.314015753 1.314015753 .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

1
1

1
1

1
1

1 1.284767108 1.284767108 .284767108 -0.000159 -0.000159 -0.000159
2 -1.284767108 -1.284767108 -1.284767108 0.000159 0.000159 0.000159

000004 000000000000 00O000O000O0O00OO00DOO00DOO0O0DOO0O0OO0OO0OOO00Oad
godddoooooobbbobbboddoooo 4000000000000 oobDbobboboono 33000
goddjjoooooobboooobbbobbbbodddooUbD s bbbboooooo
goooooood

0000000 20000000000000 (x,y,2, bohr 00)ODO0O0O0OO0O00OO (x,y,2, hartree/bohr 0 0)
oooooooobooodoobooooobooobo0ob bbb bOooobooDbooobooo
oo oo bobObObOboOobObO000000UoUUuOoOoo
goooobobobooooooobobboooogo
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6 0D0O0O: 0000 -000000 (Siy)
6.1 000000000

goooooOoooooOoOooboooopboog20SCcroOoOo0OoDOoOoOoOoOOobOOoOoOobooOoOooDon
0000000000000 000000000000000O00nO phonon/Si20 00000000000
gooo

cd phase/samples/phonon/Si2
0000000000 nfinput.data 0 O element_list

element_list{ #units atomic_mass
00000000 #tag element atomicnumber mass
Si 14 28.0855
}

Oo0oO0DooboOon0 28085 amu0 000000000 0OO0O0O0O0O0ODOOODO0O0ODO0O0O0OO#uwits0On0
atomicmass 00000000000 0O0OOO
O00DoOOo0oO00oDoOO0O0o0DO PhononOOOOODOOODO

Phonon{
sw_phonon = on
sw_calc_force = on
displacement = 0.1
sw_vibrational_modes = on

3

sw_calc_force 0 sw_vibrational modes 0 000 ONODOOOOODOOOOOODOOOOOODOOOOOODOO
gboooooobooooobooboooooo
SCFO0O0O0O0O0OOODOOOOOOOPHASEOOOOOOOOOO

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

0000000000 000D000 modedata000D0O0O00DDOOOODODODOmodedata00000O0OO
gboooobooood

--- 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 Tiu
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

goooooboooobooboobooooboooobooooooooooboobooobbooboboooboooooooDoooon
go0oooDOoO00o000oooOboOoOo0000oDoOobO000O0DODOOOn Vibrational modesO0 OO0 OO0
gboobobobobobobobobobobOobOobOoooobooooboobOobOOobOOobOOobOobOonbann
gbobdoboboboboboooooooooooOooooobooboooobooobobOobobOobaonn
gbooboooooboooooboboooobobobooooboooo
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6.2 OOOOOOO
00000000000 modedata 0O DO ODOODODOOODOOODOOODOOODOOOO
% freq.pl mode.data

O0000OPostscripp 0000000000 freqeps00000000O00O8OODOOCOOOODODOOOOO
517em~!0000000000000D0O00ODOOO0DOODOOODOOOD T,,000000000000000
oo0o0oooo0o0o0o0dT,, 00000000000000000000000000000 ROOOOOO
ooooooboooooboooobo IRODOoboOogooo

6.3 U0OUOOODOOOO

BioStationViewer 1 0 0000000000 CO0OOOOOODOODOOOOOOOOODOOOOODOOOO
OO000OO000DOO000oD0o0O0OO00DO000DOO000D0O00000 modedataDOOOODDOOO
0000000 Trajectory D00 0O00 (OO00:4r2) 0000000000 animateplD000O00O0O

% animate.pl mode.data control.inp

0000000 Trajectory DO0OO0DOOOO0O0O0DOOOO0DOOO00OOOOcontrolinp00000O0DOOOO
gboobooboooobobooooboon

origin 1.27189 1.27189 1.27189
vectorl 10.17512 0 O
vector2 0 10.17512 0O
vector3 0 0 10.17512

goooobooooooboboooboooobooboobooooooobbooooooobooboboooboboobooboOooon
g0000DOO0000O000 Trajectory 000 00D O mode6.tr2 O BioStationViewer 000000000
0000000000000 0000O0OOOOOBioStationViewer O Trajectory OO0O0O0OOOOOOOO
oo00o0ooDbOoO0O00000oo0Y0ooooDoO0o000o00oon gridmel20000000D0O0COO0OOO
oooo

Vibrational Analysis

700 F :

600 | T2gR :

500 1 517

400 t 1

300 r 1

Frequency (cm'l)

200 r 1

100 r 1

08 0O00Sgooooooooooooonoon
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0o 0oogosSiooooooooooooooooooo
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7 00 5: 0000000000000 (Si)

gboboooboobooooooboobooooooobooboobooobooooooooOobbooooboOooon
gbooboooboooboobboooboooboobbooboobboobobooobuoobbooboon
gbggbooboobboaoboan

71 0ODOO00OO0

000000000000 00000Ofilenames.data O filenames.data 0000000000 0O0O000O
OO00D00Siscfin 000000000000 000DO0O000D SisctinO00O00O0O
gbooooboboooooboboooboobooobood

% cd PATH_TO_WORKING_DIRECTORY_FOR_STRESS
0000 Siscfin 000000000000

:Control{
cpumax = 24 hour

3

cutoff_wf 20.25 rydberg
cutoff_cd 81.00 rydberg
num_bands = 20
:  xctype = ggapbe
10: ksampling{

1

2

3

4:
5:accuracy{
6.

7

8

9

11: method = mesh

12: mesh{ nx = 8, ny = 8, nz = 8 }
13: }

14: smearingf{

15: method = tetrahedral

16: }

17: scf_convergence{

18: delta_total_energy = 1.0e-10 hartree
19: succession = 3

20: }

21: force_convergence{

22: delta_force = 1.0e-4

23: }

24: initial_wavefunctions = matrix_diagon
25: matrix_diagon{

26: cutoff_wf = 5.00 rydberg
27: %

28: initial_charge_density = Gauss
29:%}

30:

31:structure{
32: wunit_cell_type = primitive
33: unit_cell{

34: #units angstrom ! Unit of LENGTH changes to Angstrom.
35: a_vector =  0.0000000000  2.7296850000  2.7296850000
36: b_vector =  2.7296850000 0.0000000000  2.7296850000

37: c_vector 2.7296850000  2.7296850000  0.0000000000

38: }
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42: atom_list{

43: coordinate_system = internal

44: atoms{

45: #tag rx ry rz element mobile weight
46: 0.1265 0.125 0.125 Si yes 1
47: -0.125 -0.125 -0.125 Si yes 1
48: T

49: }

50: element_list{ #tag element atomicnumber dev

51: Si 14 1.2

52: }

53:}

E%gstructure_evolution{
56: stress{
B7: sw_stress=1
58: }
59:}
0000000000 0000ODO (50000 K0000)0000C000O0DO0OOO0OODOOOOOODOOO
O00000000000000 ()00 tuwtoriall 0000000000000 0O0OD0O0OOO0DO0O0OOOOOO

ooog
OO0O0QOO SCFOOODODODODODO PHASEOOOOODOO

% mpirun PATH_TO_PHASE &

gboboooooboooooboooobobmxbooooboooooooboooooboooon
gboboooooboooooboobooo

% grep -A3 ’STRESS TENSOR$’ OUTPUT_FILENAME
STRESS TENSOR

0.0000003475 0.0000000000 0.0000000000
0.0000000000 0.0000003475 0.0000000000
0.0000000000 0.0000000000 0.0000003475
0000000000000000
X, X, X.
Y, Y, Y. (1)
Z, Z, Z.

000000000000000000 [Hartree/Boht® ] 000000000000 0000O0DOOOOOOOO
oo0o0ooo0000000 X,,Y,,Z, 00000000000000000000000000000000
gboooobooooooboooob oboboOooo

00000000000000000 (ze) 00000000 (00000000000 0ODOOOOOO
ooogoo

Xy = criegy + C12€yy + c12€;.

Yy = C12€gq + Cl1€yy + c12€;;

Z, = C12€zz + C12€yy + c11€z2 (2)
Xy(=Ys) = caseqy

Y.(= Zy) = casey:

Zm(: Xz) = C44€zy

7.2 0OOOO

gbooooooooobooobooobooboboooboooobooOOoooooobooobooobooboboOooOooon
00000 0000000000000000000000D0'0000000000000000000 350
ugbo 3rooobooood

00000000000 000000000000000000000000000000000000000D00000000000
ooo
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000000o0o0o0U0ooo0 (DD0)o000D000O0000UDO0O0O0O0D0UDUOO0O0D0ODOOO0DOUODO
PHASE O ODOOOOODOOOOODOOOOOOO

35: a_vector =  0.0000000000  2.7297895000  2.7297895000
36: b_vector = 2.7297895000 0.0000000000  2.7297895000
37: c_vector =  2.7297895000  2.7297895000  0.0000000000

gbobobobooooooooboooboobobobobobobooboooboooooboooboooboooboooboann
oooog

% grep -A3 ’STRESS TENSOR$’ OUTPUT_FILENAME
STRESS TENSOR

0.0000000000 0.0000000000 0.0000000000
0.0000000000 0.0000000000 0.0000000000
0.0000000000 0.0000000000 0.0000000000

0000o000o0o0o0ooO000 (D000 00000000 0)0U0000U0O00DOO00: 0000000
00 (0000 0.005 angstrom)? 000000

35: a_vector =  0.0000000000  2.7297895000  2.7297895000
36: b_vector =  2.7347895000 0.0000000000  2.7297895000
37: c_vector =  2.7347895000 2.7297895000  0.0000000000

gooooboobobooboboooboobboobooboD 390000 4100000 symmetry OO0
00000 (Dbo0o0U0oOo0U00oo0)000DU00O0U000O00UO000U0O0O0DUODOOOUOOOO

% grep —-A3 ’STRESS TENSOR$’ OUTPUT_FILENAME
STRESS TENSOR

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

0000000000000000000000000000000000000 00000000000000
00000000000000000000000000000000000000000000Y, 000 Z, O
000D000000000000000000000000000Y,,Z 00000000 (—0.00000331525)
00000000000

00000000000000000000000 (0000 20000 0.01 angstrom)J00000000
000000 (2)000000000000000 (e1y, ¢12) 00000

c11 = 1.5091525 }

c12 = 0.5325178 (3)

000000000 (000 [10*2dyn/cm?])0
0000000 (0000 (zY) 000000 (=P) 000000 (=V))00000000000O0OOOOO
0000000000030

2 2
011 + C11C12 — 2612

Y —
€11 + €12
_ C12 (4)
011:-2012
C11 C12
V=——1—"
3

0000 (3)000000000 Sidoo00oooooooooooooo

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

gbooooboobooooobooooboobooogooo
gbobooooboooboboooooboboO0dgdDlcutoff_wf, cutoff_cd000OOOOOOOOOODOOO
gboobooooboobdoobobooobooboooobooboobobooboooboooboooOoobooon

2unit cell 0000 z 0000 0.01 angstrom 00000000
s0000 Y/(2+2P) 000000
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8 ooy

000 PHASEOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOPHASED
CIAOOPHASE TOOLS OOOOOODOOOOODOOOOODOOOOO



