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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.




B 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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PHASE 1%, WHETOEFOIRES, BENBEEFEGHICESWTEHAELET, AFa2— U 7T, & 38U
BRICER T 7= E b L1, 22— —DERRIC R 2 KBk L Q=72 &, PHASE O HIEZEFA TV &
F9, BBV EIL, Bt —Y—~=o T A CIHBAWE LET, F 3 EiICH#ETeRIC, PHASE 2 & DR

F&HE

CRFEERODNE V) FICHOWT IV LES, 72, % 28T, PHASE DA v X M= Dt %

T LET

1.1

PHASE TMHETESMN?

PHASE #ffi5 &, MEOFHOLLTF O X 5 2B, Himiko b E T,

7.
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LE IR IR
IRENFRAT
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PHASE D45

. Local Density Approximation (LDA) X Generalized Gradient Approximation (GGA) Zf#-> T, #HEN
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VT MERT U ARHVET, IHDY T MERT UV AV ERAWD Z LT, HEICKELR RO
BaEod 2 N T, KFBGFHEDRRICR Y £7,

- WEBIS O R LIZ X, FEER/IME (RMM) i, Steepest Descent (SD) ¥4, oo BB SD 35, —RIuiFEFRIER

EMRBIRTE 9, F72, BEREEORAICE, HMIEATE, Broyden E7e EREHATE T4,
MATZAOREE O REIbE & LTIE, Quenched MD 3% & GDIIS %, CG #EMEZ F95,

CANT AN TR THERS A TOES, ZUTkY, HIOTHEMRT 22— —Th, AT A%

OMBEITERNEM LS VL )R> TWET,

LSy RHEERRIERFE (DOS) 2RI % Perl 22 U7 haHE LTV ET, [HHIS I 2L—v a0y

7 b T OFGERRFE ] Y u Y =7 b TR &7z Biostation viewer & AW AUIE, fEiaECERBE O
ZRITCEIRMNAJRE T,

PHASE 13 MPI Z ] L CTlf4fb STV E

ZDLHIZ, PHASE #ffi5 &, BEICHEINKE(LHIEAZMAEDLEL Z EI2LD, ZETHERORE,
R EECE FIREORE(LM TR E T, 51, (HEOME Y 7 2B nbdZ Lk, FEBEROBITLE
PAT IR 2 FE T,



2. AV A M=) AR 2

2 AVAR=I)L-HAF
2.1 N\yHr—TDERH

AIZ, PHASE O 7 u 25 A& EELET,
Linux =2 FreeBSD 72 & ®D, GNU 7 =YV 7 "IN A VA M=V ENTZV AT A EBHEWVOBEEIZIL,

% tar zxvf phase_v1100.tar.gz
ZLS O UNIX ~ & > OBEITI,

% gunzip phase_v1100.tar.gz
% tar -xvf phase_v1100.tar

& LT, phasevl100.tar.gz #EBBE L TF IV, Z I T,
b

LEWNEDIE, YA TFur RO ETT,
TG DR OIEET,

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

3. src_phase

4. src_stm

5. tools

6. samples

LWV DT 4 L N —=MELNTZIET TY,

2.2 PHASE®DOA VA =)L
PHASE ®OA A h—)ViZ, A > A b—% intall.sh Z W CiTWE1,

% cd $HOME/phase_v1100
% ./install.sh

FELWELBAIEA A b—/L~ == 7/l phase_install.pdf ICE PN TNWET DT, TSI,

2.3 TRLItE

ZITIE, ADEDICT A NETEEITRo THET,

PHASE %7« 77 A VO T, FHREICKLERFFENRENTHD, A7 OT T 3 AW THEE L
T#jﬁb@‘o

% 2.1 H#iT phase_v1100.tar.gz B L7=7 4+ L7 KU —T,

% cd phase/samples/testrun

LT, testrun EWOARIDT 4 L7 MU —IZBS>TFIW, ZO7 4L 27 M —T,

% mpirun ../../bin/phase

EXATLTY = F—%MT L, TAREDBEVET, v UICb L0 ETH, BEHOBRETIOFHEIX
DX T, MLRENFRINBVTHENKT LD, 4 VA M LR ERITFATHLTY, 7 A HE
DOFER, output000 £S5 77 A ARELNTVWAILT TT DT,

% grep TOTAL output000



2. AVAb—=NTAF 3

ELTHLNRRE, UTEHEBELTHATTS,

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

ZOHEOFERIT, NEURLLT 10 HTRREE £ TOFPA TR ER RO b 20 4UE, 7 A MHREITESEKR T,
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B 1: >V a3 TR D XA Y| RIS

3 PHIEL: > R (Sis)

TIE, REBEE DD Z LI LE L L 9, 8 2.1 HiTfT7257 phase_v1100.tar.gz D& TIEH 72 phase_v1100
EWVWOIT ALY RY—DF®, samples EW5 7 4 L7 M —IZBD &, oz oNnlEHAOT 47 FU —
DRONBITTTE, 22T, YV ayFEFSENSRD, Sig EWVIRICOVWTOHEERBZRH> Z LicLE
T M 1LICRLEDE, YY) avEinbib A YEy MEETT,

Si8 LWIHLHIDT 4 L7 MU —(Zi%, LFOT7 7 A VBB ENTOET,

file_names.data
input_scf_Si8.data

INBIEFANCETLHOTY,

3.1 AHNT774ILDEREA

phase OFHREIZMH 59 AS17 7 A V41, filenames.data EWIARTOT 7 A VOFTHREINTWHET, 20D
TrANDOHERL E, (ITHED AL FXERWT)

&fnames

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

&end

LEPNTWVWADIXTTY, Siddapw9lnc Ol.pp 1TV ar DR T ooy )b« T—HTT, TNHDT 7 A LH
PHASE Zff o -3t E Omfe T LRI 20%, K2R LE LTz,

PHASE %#E b8 5720121%, ®IER, #ART v v LvF7—% FPOT(1) &, EHEAS 7 7 A )L FINP 2 5E
SNTVWDLIRERSH Y F7, A, CIAO 2 L TERT 5 2 LA ARETT 23, AREIOFIE TIT72 5 FHEIZH
g, YV aVRETHOERT v x L s T2 B2 LTE 7 7 A /L Sildapw9l nc Ol.pp 723, ZOF 4 L7 b
U—PNICT TICHBESNTOET, B&1E, 22—, CoR{EE% PHASE ([T bE 50 ERETH120
B AN T 7 ANVT, ZOFTHEAIN TV DEEHIONTIE, AFRBEIZH > CTRIALET,

FITERMZ, FINP THESNTWDHANTZ 744V TH5, input_scf Si8.data ICOWTHHALES, Zo7 7
ANFZ IR TR SN TWET, 22T, FEE, BICEELHSICOVWTHHLES, 20774 LDE
FHICHRESN TWAE L OF S



3. Pl 1: >V a5 (Sis) 5

e

 outputooo

=

2: B 1. Sig DWFHRD 7 1 —F ¥ — . TV 7 A /L PHASE (21012 5 KRENI AT &, WTH) 2 &k
T5. e, HFOLARAITENTN, ETT7 ANV EANNT 7 A& LTS, FIINP (input_scf_Si8.data) :
A7 7 A v, FPOT (Sildapw91 nc_01.pp) : #R7 > ¥ v /L, F_.CHR (nfchr.cube) : M EHEE/SATDOH T 7 7
A IV, output000 : FHEFEROERER )T — 4 (v 77 7 A /L), Biostation viewer : [H#H)T I 2L —T a0 V7
Ny =T O] Ta Yoy N TRESHERY 7 k.

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

}

L, HAEHORKEZHEEL COET,
ZTOWRIZHDLFE2DOX 7L, HERBELZBETHILOT, TUEIUTO LIRS TWET,

accuracyq{
cutoff _wf = 9.00 rydberg
cutoff_cd 36.00 rydberg
num_bands = 20
ksampling{
method = mesh ! {mesh|filel|directin|gamma}
mesh{ nx =4, ny= 4, nz= 4 }

}

xctype = ldapw91l

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

}

WD 2 DD/3F7 A—4— cutoff_wf & cutoff_cd 1%, WENBIE L EMEENMDOT v AT « ZRLF—73, %
NEI 9.0Ry & 36.0Ry LWOHETHLH I LERLTWVET,

num_bands | IR LXF—HENEEZERLET, ZOFHETHE, Si78HEHROETA, KH 11X 4 HOME
ZHOl), HASNDENEL, AV COMBEEZZET D& 8x4/2=16 L7220 £¥, ZO7-® num_bands I3,
16 LEICEREL TS SLERH Y £9, £/, ksampling W5 X 71X, kK SOV 7Y o 7OREZRET S
Db ET, ZOFITIE, 4x4x4DRA Yo mAERRTERD ET,

xctype = ldapw91 Ti%, LDA RIZHAHRE = RNV F—Z2HEL TWET,

ZOWRDHE TIN5 2 DOEET, HEOWHRSGMFEEZRL TCWET, ZoFORE, 2L X —0OFHRE
2310712 Hartree ARJMZINE D &9 FERAERKE LT 3 ke 2 b, FHRAK T SED2 X ICHESLTVET,

E3DX T THD structure TIE, FEEENIEEINET, BALIXT 740 MREREBEAL L o TnET (B
S OHNLIE Bohr),



3. B 1 2V = Ak (Sis) 6

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
-0.1256 -0.125 -0.125
0.125 0.625 0.625
-0.125 -0.625 -0.625
0.625 0.125 0.625
-0.625 -0.1256 -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

METORFIZEH S TWET,

51T, atomlist TiX, FEICHE S FTHEAZEEL, TOHEMBENTONTEBIEME L, TILENDR DAL
EREE SN TOWDNENEZIREL TOET, element list TiX, THFH4HEZORTEZVRESNE T,
RIS LT, 8RT Uy b s T— BN S Lie 7 7 A /v Silldapw91 nc_01.gnepp2 @ 11T HIZIE,

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

LT, VY aroRTES 14, MiEFE 4 0BT RREESTHET,
ANT 7 A NDEZIIE, FEETROBRLBEAOZ 7Bl S THET,

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

EifEEIz LY, EREEN filenames.data N T, F.CHR L WHOERTIREEIND 7 7 A VT 1S E T,
filetype = cube &3 5HFIZLY, cube BATHHhShEd, 2D L&, F.CHR THE IS file DAHNE, *.cube
DA THLULENHY T, cube 7 7 AT [HEFHT I 2L —2 a0 Y7 M7 OS] Yny=y

N CAB L TWAHiM Y 7 | Biostation viewer > T/ T 7 v 7 AFRTH I LBFHETT,



3. BIREL o U = A (Sis) 7

3.2 EfTT7 74/ phase ZE--HEDET
ZIT, B AAF—2ROTHET, BEVOFHEEK LI, MPI A A FP—LENTNDZ & 2MRL,
% mpirun -np A ../../bin/phase ne=B nk=C

EHEALTLTFREY, 22T, A, B, CixEh*h, #HEIERTI oty h—0%, =RLX—HELDE|
HEOK, BLY, kEAOSEHEOE AR LET, TNHDONRTA—FZ—DEORIZIE, A=BxC o
FRDIFK Y SEo TWRIT T 0 8 A,

£72, 1 CPU OFtHEME M 5 LA,

% mpirun ../../bin/phase

LLTFREY, Z0%, V¥ —r - F—%2L Va7 azRALET,

HE OB EHERT DT, HEOn S - 77 AL THD output00 ICEXIAFN TVAH LT RLE—D
FHRRE RS, B LTV E I DERDH00, RbEfERGIETL LS, 2/ — FULETUHSEREEZ1T2-
72 5E121E, output000_.001 X output000-002 72 EH S SNETH, ZnbTHO / — RO THY, W5
TRy ZTHNEATDROIRY . Z2DT7 7 A LT,

ZZTiX
% grep TOTAL output000

LLTHELNTEREREZVFE LET, Si8 OV T A EM > TELN output000 (2% LT, EFLD grep 2B I 7%
2L, WDXIBERNFITRSNET,

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 O d WN -
|
—
s}

TOTAL ENERGY FOR ITER= -31.5825691031973  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 9 -TH ITER= -31.587536187844 edel = -0.332248D-03
TOTAL ENERGY FOR 10 -TH ITER= -31.587714367315 edel = -0.178179D-03
TOTAL ENERGY FOR 11 -TH ITER= -31.587811775875 edel = -0.974086D-04
TOTAL ENERGY FOR 12 -TH ITER= -31.587865777306 edel = -0.540014D-04
TOTAL ENERGY FOR 13 -TH ITER= -31.587896135394 edel = -0.303581D-04
TOTAL ENERGY FOR 14 -TH ITER= -31.587913347827 edel = -0.172124D-04
TOTAL ENERGY FOR 15 -TH ITER= -31.587923218322 edel = -0.987050D-05
TOTAL ENERGY FOR 16 -TH ITER= -31.587928921902 edel = -0.570358D-05
TOTAL ENERGY FOR 17 -TH ITER= -31.587932250599 edel = -0.332870D-05
TOTAL ENERGY FOR 18 -TH ITER= -31.587934208228 edel = -0.195763D-05
TOTAL ENERGY FOR 19 -TH ITER= -31.587935369846 edel = -0.116162D-05
TOTAL ENERGY FOR 20 -TH ITER= -31.587936064369 edel = -0.694523D-06
TOTAL ENERGY FOR 21 -TH ITER= -31.587937128483 edel = -0.106411D-05
TOTAL ENERGY FOR 22 -TH ITER= -31.587937146269 edel = -0.177857D-07
TOTAL ENERGY FOR 23 -TH ITER= -31.587937147223 edel = -0.953783D-09
TOTAL ENERGY FOR 24 -TH ITER= -31.587937147361 edel = -0.138854D-09
TOTAL ENERGY FOR 25 -TH ITER= -31.587937147369 edel = -0.733991D-11
TOTAL ENERGY FOR 26 -TH ITER= -31.587937147369 edel = -0.358824D-12
TOTAL ENERGY FOR 27 -TH ITER= -31.587937147369  edel = -0.117240D-12

FHEERY IRTEIZ, 2R F—OMEPNR L TR ERTBo00 3, ZoEIE, F31HOAT7 74
JNZEPNT, BEZRVX RTINS 2 L2 ZATHRT LTV ET, BEVWOHEKTH, FL
FERBTFONDENE I DEHERLTFEN,

HEANK S5, 774, nfchr.cube, DMESNTWAIFTTY, EFHVIa2L—ra VT U TO
BFgERE%s ] a7 P TAB L TWAHEE Y 7 |k Biostation viewer & AW T, JRA#EEXSC, BAEESARD
SWILEREITH ZEMNTEET,

ZITIE, 20O LOBEMEESMEX 3ITRLET,



4. PiE 2

PNV RER - 2D = R (Siz) 8

3: U A AR OEMME AN (T EAHLT 2 E, cube file ITEEZMA TWET)

4: Sip OJFEFHEER, HEHIIET 2 a2 G0 EAK 2R

4 BIE2: N RHE - 2o #E& (Siy)

AR,

N FHEETRHSTHAEL LD, VY aVFEFPHERT D51 Y E Y PHEEOEAKTIE, T 2

EELOT, ZITHE, YU aYETF2ENGD Sip £V RERWVET, JRTEIEIIR 412, 2, AHIT
FROEEOFIEIZK 5127 LE LT,

4.1 SCF&tH®

D&,

BIEADBWD LN TNDT 4 L7 b —Tod 5 samples ODHD Si2 L5 7 1 L7 MU —IZAD FET,

ZIT, sef LW T4 LT FU—IZAY, ZOHT, F 3H LFEEROFNEIZNE> T, phase o2 HE 21772
VY, BTRLF—OFREEREZIOREEE T,
7 7 A L filenames.data O T,

F_INP
F_POT(1)

’./input_scf_Si.data’
>../../pp/Si_ldapw91_nc_01.pp’
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(b) DOS (c) BAND

5: B 2 : Sip & ffo72/N0 REFAEDOWLILEFED 7 v —F ¥ — b, (a) SCF 315 (55 4.1 &), (b) KEEEE (DOS)
DOFHE (G 4.24) | (c) /N NG (5 4.3 fi). 177 7 A /L PHASE (2115 5 RENI A %, Wi ha467.
o, HFLRIEhEN, FT7 7 AV E AN T 7 A A4 L T 5. FINP (input_scf_Si.data 55) : A7)
774V, F POT (Si_ldapw91_nc_01.pp) : R T > > )b, PHASE : K70 75 ADOFATT 7 A VAIKT, BfRE
FE AR OFHRAE R A2 F_CHGT (nfchgt.data) (2], ekcal : F.CHGT # AJJ7 7 A /L& LT, 5 4.2 HiCidikig
HE DR RS Z F_DOS (dos.data) (271, 6 4.3 T, WUANT 7 A VEfio TN REFRZITRY, £
DOfEF% F_ENERG (nfenergy.data) (2 7). band kpoint.pl: k SO AN )7 —4 Tl 5 F_ KPOINT (kpoint.data)
AT S Perl A7 U7 K. dos.pl : F.DOS (dos.data) # A1 7 7 A /L& LT, REEFEE D Postscript 7 7
A )V density of states.eps 4T 5 Perl A7 Y 7 k. band.pl: & k KOTRKLX—T—ZDOW )7 7 AV
F_ENERG (nfenergy.data) Z X2, /N2 &% Postscript 7 7 4 /L band_structure.eps (ZH /735 Perl 2 7
U 7" k. output000 : FHHEFEROEHEN 1T —% (0 77 74 )V).
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LLTHREEINTWD AN T 74V input_scf_Si.data @, & 3ETHWIEZANT 7 AL EDEWNE, B H
T OBOENIZE D HDOTT,

accuracy{
cutoff _wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg
num_bands = 8
X
structure{
unit_cell_type = Bravais
unit_cell{
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

TRV F—UEN I A FT num_bands OfEIE, 2 E VI JFEFEHITISC T, FiRlIED H/hELLE-THY £,
BT ML DORE SDRHEIEIOH53 DIEIZ /2 > TWD DI, JEIEDORY T OBENT LD HDTT,
ZDANNT 7 ANEHEST,

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

L LTHET DI TTR, ZoiHEN KD S L, filenames.data W9 77 A LOHF T, 2% F.CHGT ®A
FEE LTHRESNTWB A7 7 A /v nfchgt.data 12, FHEICE > THLNZERMOEFERAIE A SN ET,

”.

4.2 KEZE (DOS) DFE
wIZ,
% cd ../dos

LT, dos EWIHILHTIDOT 4 L7 Y —IZBDET, 2HLTHIT 47 U —%FIHT201%, k%O
HREROHN 7 7 ANV TH D zaj.data S EEEZINDIOEMET D7D TT,

ZOF 4 LT N —IZHDHIEM T 7 A /L filenames.data TiX, A7 7 A NVADBLUTOL I ITHEESNT
l/\jz‘a—o

F_INP = ’./input_dos_Si.data’

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

F_ENERG = ’./nfenergy.data’
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A7 7 A /vid input_dos_Si.data & nfchgt.data @ 2 ->T,
AF17 74 /v input_dos_Si.data {22\ C, RfiDOFHE CE-72 A7 7 A /v input_scf_Si.data & B2 588505 %
LUFICRLET,

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
3
xctype = ldapw91l
initial_wavefunctions = matrix_diagon
matrix_diagon{
cutoff_wf = 9.00 rydberg
}
ek_convergence{
num_max_iteration = 200
sw_eval_eig_diff
delta_eigenvalue
succession = 2

on
1.e-8 hartree

3

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

WD Z 7T 5 Control D4 C, phase (2 X DFE THOLNIZEBEMONMEFHET HZ ENEEINTNE
T, H2DX 7 TIE, kROBEARZ 4x4x 4 2 U CHEREZ WD Z L b, N2 REHEIZHE ek_convergence
DPWHRFEMEEZIHRELTCWET, KFBEOX 7 TlE, FHEKTHROBLBOBRE T, WEEIEIC L DREEEOR
BREROESHLL, ZOBOZ RV —DOREENEEINTVET,

2ODDANNT 7 ANTHDLEMBEEDT =1L, M510L01DEH1T, H 41HOFETHLNZHS
7 7 AV nfchgt.data ZEWET, Ziux, AT 7 A /LVOFKIEH 7 7 A /v file_names.data O T,

F_CHGT = ’../scf/nfchgt.data’
ELTHRESNTVWEY, #RT v rd
F_POT(1) = ’../../pp/Si_ldapw91_nc_01.pp’

LT, T4l EBEOLDEFNET,
THEDANT 7 ANEES TIREBBEEDOHEZITR O bIiF TTR, ekcal 1 1 7a¥ v —DRITHIEL T
HDT, TOFHEIL,

% mpirun ../../../bin/ekcal
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ELTITRVET,
ZIVTAY REHRNFAT S, nfenergy.data & WO 7 7 A ABERINET, ZHUE, FkRIEDTX
NF—EE, TELF—DENGNLIRICEESH LD T, TORMOEIIILLTOL IR >THET,

num_kpoints = 141
num_bands = 8
nspin = 1
Valence band max =  0.233846
=== energy_eigen_values ===
ik = 1 ( 0.000000 0.500000 0.500000 )
-0.0484324491 -0.0484324491 0.1258095002 0.1258095002
0.2619554320 0.2619554320 0.6015285289 0.6015285289
=== energy_eigen_values ===
ik = 2 ( 0.000000 0.490000 0.490000 )
-0.0540717117 -0.0427149546 0.1258687813 0.1258687813
0.2607026827 0.2633829946 0.6006244013 0.6006244013
=== energy_eigen_values ===
ik = 3 ( 0.000000 0.480000 0.480000 )
-0.0596299923 -0.0369220783 0.1260465996 0.1260465996
0.2596226501 0.2649874134 0.5980547648 0.5980547648
=== energy_eigen_values ===
ik = 4 ( 0.000000 0.470000 0.470000 )
-0.0651046420 -0.0310567694 0.1263428799 0.1263428799
0.2587131916 0.2667706685 0.5941566835 0.5941566835
=== energy_eigen_values ===
ik = 5 ( 0.000000 0.460000 0.460000 )
-0.0704931128 -0.0251220735 0.1267574962 0.1267574962
0.2579721226 0.2687346642 0.5892968047 0.5892968047

BOIO 21T1E, ENEN, kREANV ROEERLET, 3/THIEL, ZOHETAV U SBIIEE STV RN
LE FE, ATHIMEE S BRI A 2R AF—DEEFR L CWVET,

WIZ, ekeal 12 XD EBEMEROMENTH Perl A2 U7 R TH D dos.pl i~ T, BEFREBEEORZH Z &I
LEd, i+ 52X —H#iHORIME E1 & & KIE E2 29T,

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

L% &, Postscript TR OINRERE X density _of states.eps 233 b E T, £7-, -withfermi & W9 A7 g
EOTT, ZOREEFEITT DL, ERSNOREBEERIZT =V - LAV BRERTHNLET, 72720, Fry
T DB HFHTHE, METHOTRALF —RKEDE ZAIZEHERT DI ET,

Z 2T,

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

ELTHELNIREREZ, K6ICRLET,
dos.pl DEMFBETCHEMZEMIEIC OV T, tools D=7 L& ZBMF S0,

4.3 N\ FEEH
AEX band EWHLAETOT 4 L7 R —IZBY £7,
% cd ../band

TSN TV 7 7 A /L filenames.data TiX, ATFD X 91T,

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)

Energy (eV)

6: ekcal IZLDEHEATHE LNV ) I DF A YT RiEGEDIRER E

F_CHGT = ’../scf/nfchgt.data’

A7 7A4/v& LT input_band_Si.data ZHHT D& L, kHADOT —X % kpoint.data 7>5 AN D5 Z &R
EESNTWET,

AJ17 7 4 )V kpoint.data 1%, Perl A2 U 7"k band_kpoint.pl & bandkpt_fccxglux.in & W H 7 7 1 L%
i~ T,

% band_kpoint.pl bandkpt_fcc_xglux.in

ELTERTLZENTEET,

F72, Sildapw9l nc0l.pp & nfchgt.data (355 4.2 Hildkk, ZhZh, pp & scf LWVWH T4 L7 M —IZH D
HDOEENET,

INOEDOANT 7 ANEH ST, B ekcal OFFEEITRNET,

% mpirun ../../../bin/ekcal
ZH L TH LN 7 A L nfenergy.data %512, Perl A2 UV 7° K band.pl T,
% band.pl nfenergy.data bandkpt_fcc_xglux.in -erange=E1,E2 -with_fermi

LLTCTF—2ET 5 Z L1k, Postscript FED N MEER TH 5 band_structure.eps ZHH AL ET, =
2T, T 5 =R L X —HHOF/IME E1 &R KA E2 %, DIAIFEEREL =-13 & E2 =5 & LT LA
K%, TIORLET,

5 PIE3: RFHEENRKREL

INETOFETIE, BERFEFEESEZRINOHBELT, FRITSUEEFREOHEA2ITR-> TRE L,
AEITIE, DI LLERBFEFRENSFAELZT S LT, FInLOBMBRAZFELTAET, HUSI2 0
FALZ FU—ICAY, EBITEFDOTICHD relax EWVWHLDT 4 L7 MU —IZBY £7°,

% cd Si2/relax
BN, BIEIONRY FEEDFHEROT L7 ) —hbiE Lk,

% cd ../relax
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Energy (eV)
D
T
N

-10 | / i
12 .

X r L u X

X 7: ekcal IZ X BFHETHE LI Sip DNV R

LD ES,
ST, TZIZHHHEIEH T 7 A v filenames.data O F Tl

F_INP

>./input_relax_Si.data’

F_DYNM

’./nfdynm.data’

L LT, A7 7 AV input_relax_Si.data &, JRF DN EEIE L AR < DOHEKROH 7 74 )L nf-
dynm.data EDREESINTWET, ZOANT7A LD, B AT THWZ scf 74 L7 hY —IZ&H % input_scf_Si.data
LWIHI AN T 7 AN EDTERENL,

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
}
}
}

L LT, BEEREZ 0.125 705 0.130 IZZEZTW5H Z & TF, %72, mobile ZHDEZ yes (2L T, JFAALE
A L TVWET,
JRFIE < DO SAEZ, FIUANT 7 A NDOHFOFHBEREED Z 7 OESL T

accuracyq{
force_convergenceq{
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max_force = 1.0e-3
3
ELTHERABNTWET,
% mpirun ../../../bin/phase

ELTCHELTE NS HF 7 74 /v nfdynm.data [ZLL F i@ Y T,

#
# 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: si
#

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 .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

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

DY, #RETHEDHDIANT —HO—HE2RLTOETR, TORDITIE, A4 ThbbaT i
T ONEERE 2 — [ EHT 50, 2EHEEN 4B TH-7-2 &, Thbb, ZOMICEEIRIEAS 33 [ F 5
SN EERLTOET, WERBEEOTEFHICRTD20OREME, 6 3HOFEE Rk, 2o LF—icxiL
TSN TWET,

£, TORD 297X, WTOFE T, KAAIE (x,y,2, bohr B7), L OO (x,y,2, hartree/bohr HA7)
OHEFERELELTCWET, ZhICEY, #ERETETU-STL &, FHENRETIZONT, KB < R0
WD LT ZENS0 £9, BEOFHT, HOEBRD DGR, BT SRS T IS
o120, BREREOHENE T LTWET,
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6 PHlEA4: IRENEEN - ) 3 %E& (Si)
6.1 ANT774ILDEREA

Z O TITIREENT O T AHA L E428, FIE2 0 SCF HEOHIONALZHM L THZ & AREL LE 1
F, 2V AR ORERNT 21T 5 7202, AT 4 L2 b U O phonon/Si2 E VO TF 4 LY U —IlB
D jz‘a‘o

cd phase/samples/phonon/Si2
Z 2T S LTV D nfinput.data Cit element _list

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

WU a VRO & 28.0855 amu BWREINTWET, BEOBEM AR FEEHRN LT 5 2 & &2H#units DRI
atomic_mass Zitih 95 Z & THREL TWET,
Z DAINITIRENEAT A #1595 Phonon 71 v 7 & 0 £,

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

3

sw_calc_force & sw_vibrational_modes 78 & H1Z ON [Z72 > TWDH DT, IEEMIT O DD I1FHEEZITV, Fhn
TRCET Ldb i, EHRr»iTbhEd,
SCF 35 T o772 & & LRI UAEIZ LT, PHASE ZE{TLTLZ &V,

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

ZOHENKDD L, K17 7 A )V mode.data (ZIRENVENT OFE R H I S E T, mode.data DO /31T
ToXohsTHET,

--- 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

BeHIO AT B D 4T BRGNS M %55 b L TNET, AFEIETHEE L TOET, 2ORDTN
ik, BTY0EE, TV NEE, BE, TJUVRATICHLb I TWET, Vibrational modes &9 Z A b
IATOWRDITICIEE— R EFEFER S SbENTWET, ZHURICIZIEIREE— FOBNIERZLHEITE L
T, ATIZIREBER H 5 Ei, TORDITHLEARNY MR HLDbEINTWET, BEHRY MUVTIRTOE
BORIZFDRFIIFET X7 MO 3SHONHLHLEINTWVET,
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6.2 H{EBBLAILK
IREVEAT D) 7 7 4 /L mode.data 2> HIREEOEFHR A HL, RIZLTREL X 9,
% freq.pl mode.data

L% &, Postscript JTEADIREIE L~V freq.eps GO E T, THEK8ITIRLE T, Z ORI LIREEN
517 cm™! THHE— RRHDHZ LBV ET, Z0OF— ROBENRBLUL Ty, THLHOT, [ UESHHOE—F
MEBEIMEEL TOET, Ty T— FIET7 v AEETH Y, KIZIFBENER O ZOLMIES R TEDOZ ERN
RENTWET, FRINEETHLHAEITITIR LaRENET,

6.3 REBE— FOAFRIE

BioStationViewer Z i H3 2% &, EAXT MEARHEZRLEY, BIFPREHTLT7=A—a & LTES
E—REAHUE LY TEET, ENEIT O, ETIREBEN T OM ) 7 7 4 /L mode.data 2> HIREIE O 1F# %
B Hi L, $E3E Trajectory D 7 7 A )V (JEBE 1-:t12) ZAERT 5 A7 U 7 b animate.pl Z{#HH L £ 7,

% animate.pl mode.data control.inp

LI B L, PEIE Trajectory WD 7 7 A AT — ROEZIFTH 1SN E T, controlinp IZIZLA T X 51280 H
TEADFEERT NABEBESNTOET,

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

ZOANTEHYYHTEAEZ T T R—EFOHMEICE Y, BADOFRICT ) VIR D LR ELTCNE
T, 72 2L, M1 &Itk Trajectory JEID 7 7 A /L mode_6.tr2 % BioStationViewer TR S E 5 &,
9D EIICEFY PARRKHITRENE T, F72, BioStationViewer ® Trajectory ¥EAEIZ LV, R IRENT
DEETERDZENTEET, KIITREINTWAHEME, &7z gridmol2 7 7 A VEFHHIAZ & TERT
xFET,

Vibrational Analysis

700 F :

600 | T2gR :

500 - 1 517 .

400 t 1

300 r 1

Frequency (cm'l)

200 r 1

100 r 1

8 /L7 Si OFfFERH.OL T o+ /o — RORENK
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9: /L7 Si OFEIEHFLT A+ ) E— ROBEFRT ML
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7 I 5: RELRATUVILEBETEEL (Si)

COFITIEA ML AT UYL EEHERE RO TAHAEL X D, M., MEAZHRICT 5720, KETIXSLT O
EWNET, LR EE LS b ORTEE LSS, AfiTH AN AR BB EFOEEHNE 2 &
ITHREFADOTIEEL E S0,

71 ABTFAN

MBI NS T 7 A VILREIETE TL FEEE, filenames.data & file_names.data O THHEL THIHEAT > v IL
77 A/, Siscfin T, AL AT VILOFBEICHERZETIX Siscf.in 7715 T,
FNTE, FHEEZFEITTLET AL NI A~ABYEL XD,

% cd PATH_TO_WORKING_DIRECTORY_FOR_STRESS
fER9 % Siscfin ORNFIZLLTOEY T,

: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:structureq{
32: unit_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

2.7296850000  2.7296850000  0.0000000000

37: c_vector
38: }
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42: atom_list{

43: coordinate_system = internal

44: atoms{

45: #tag rx ry rz element mobile weight
46: 0.125 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:}

54 .
b5:structure_evolution{

56: stress{

57: sw_stress=1
58:

59:}

ZIT, RLFTRLUTHDHES (55 THMD 59 {THET) BNA VAT Y NVEFRET D ADONEY 7T,
£, ERLY A NEHSOBTF (n:) 1EA tutorial THEE BT THY, EEO T 7 A /WIZEEER L TEWT
T A,

ZALETO SCF A & [HERIC LT PHASE #9447 L £7,

% mpirun PATH_TO_PHASE &
ZITIE, BBEWEHERMAZE L ETOT, (&) 2T TNy 7 7T 0 RTEITLTVWET,

FHEMET LI DERZMRLEL £ 9,

% 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
ZITEBNTEARLAT VY UIT
X, X, X.
Y, Y, Y. (1)
Zy Zy Z,

OFATHAIENTHET, HABENLIT [Hartree/Bohr’] T, EORERETIIANT —4 & L THENITK TEKE
INEL S THDHD, ED X, Y, Z, BHANINTWET, st Slc ko, FrBEA$D AV ohn
EIZHDEREIA RN VAT U Y AVOEESIL 012720 £,

Fo, BV BVDOMENS DA (=e). AT 4 7XAER (=) THWDERD X D727 v 7 OIEIDRL
DIALHET,

Xw = C11€zz t+ C12€yy + c12€22

Yy = C12€g4 + C11€yy + c12€;;

Z, = C12€zz + C12€yy + cr1€;z (2)
Xy(=Ys) = caaeyy

Y.(= Zy) = casey.

Zx(: Xz) = C44€zp

7.2 TEETEH

ST, ARLVRATUYNLDOHENRHKE LIZOT, BHEEHREZROTHELE Y, FOEITIT. 9. A LR
FUVNN 0 ERDEIBRTFERERDRTIERY EHAL, ThbE, i TRLULEAN T 7 A LD 35 1T
B2 37T THZFHHEI L £9,

i;%ﬁ%#fﬁ%@i@hﬁ\EL<2FVZ?VVWﬂ%%éﬂf“é%%ﬁ%Téﬁ%?%ﬁ%ﬁ%%ﬁﬁ%*@6ﬂ5i5%@@L
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TITE AMVATUYAN (IFF) 0 ERDEI DT ERELG D LICLETR, EEDOFHETIE,
PHASE FIHFEBHIC L > THET Z L1 £7,

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

BFEHAEZ FO XS IcExHmZ, MifieFBEICLTARN AT UYL ERHETLZLUTOL S REERELND
[ G I

% 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

FERGBRF NS 720 TNDHZE (HBDHWEL0IZR>TND I L) ZRER LT RSV, WIZ, z 8Fm720T 28
2T (Z ZTiE 0.005 angstrom)? 9" 5 L E 3,

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

B, MPERE Lo X s cES M2 £, £, ORI 39 TS 41 1TH £ TO symmetry % 71
BFHLT(HDWEI A FT T RLT) SV, MELHKAT ETHE LZHERIIUTOL 51220 £,

% 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

22T, REETREEERHIB O 2 E 5 X TOEEAD T, HAEITHERANC 0 L2 _&E L ZATY, o
T, EORERTHN TV DI AHITEIERREIC L2 b D EZXONET, Flo, IHMEICED . Y, e Z, ik
Db —HITRELIATTOT, DLFHMEERDO R TR L TILY,, Z. ZHEhoFEAMH (—0.00000331525)
ERAWSHZ LT LET,

SR CTHWER T ER LS AVDONLED D DE (Z Z Tk o 87~ 0.01 angstrom), 5572 A LA
FUINER (2) MAT D E, AT 4 TRAER (c11, c12) BENZR

c11 = 1.5091525
C12 = 0.5325178
DX OITREY £ (HALIT [10"2dyn/cm?]),
—J7 . WHEER (Y 7R (ZY) - BT Y U (= P) - EHIER (= V) 132 T 4 7R AEREZ N TRD &
A THEERINETS,

3)

2 2
Cll —+ C11C12 — 2012

€11 + C12
C12

C11 + C12
c11 + 2ci2

3
S (3) DFERAZRATIUE St OBMEERBLLTO L S 1TRkRED £,
Y ~ 1.231[10'2dyn/cm2] = 123.1[GPa] }

Yy —

V =

P ~0.261
V ~ 0.858[10'2dyn/cm2] = 85.8[GPa]

PLETA ML RAT YR IO EROFIIIKY TF,
KO REOBERWHIEEROFHE 24TV WIS, cutoff_wf, cutoff_cd Z KX DLV, BIREERZ T
IR SRR A, tMOBREIZ LSRR OBNDFHEIZR D T8, BHETF X LUV LTAHATTFI,

2unit cell & LTiE « 5 MIC 0.01 angstrom K& <720 £,
SEIME=RIL Y/ (2 + 2P) LETET,

()
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8 HbHYIC

ZNT PHASE OF =2— U 7T T CF, EBICZ B OWFSRIC LB /238 2 BT AK81C1E, PHASE,
CIAO, PHASE TOOLS @Oz —H#—X « v =2 T /L THBEBF XU,



