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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 (1IS), the University of Tokyo, distributes 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. T'sukioka,
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 I'T 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@ciss.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
isnamed _______ /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 Industrial
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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000 f,e OO0 ALDAOOOOOOOOOOOOOODOOO (14)00OD0O0O0O0O0O0ODOOOOOD 10000
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4 UVSOR-Epsilon

4.1 0O0OO0O000OO0

Epsilon 0 OPHASE/EKCALOOOO0000O0OOAO filenames.datad 00000 O Epsilon O file_names.data
gbooooo

&fnames

F_INP = ’./nfinput.data’

F_POT(1) = ’../PP/atom_14_Si_lda_nc_bhs.gncpp2’
F_ENERG = ’./nfenerg.data’

F_ZAJ = ’./zaj.data’

F_CHGT = ’../scf/nfchgt.data

F_CNTN = ’./continue.data’

F_EPSOUT = ’./eps.datal’

&end

filenames.data 0 00 00 PHASE/EKCALUOOO [6) 000000000000 0OOOOO0

1. 0000000 FINPOOOOOOEpsilonOO0O00O0O0O0O EKCALOOOODOOOOODOOODOO
epsilon 000000000000 Oepsilon000000000DO 4230000

2. PHASEOOOOOOOOODOOOOODOODOO FCHGTOOOOODO
3. 00000000Do000ooDoOo0OoD FEPSOUTOOOODOO

4.2 0O0O0OO0O0OOODO

O0O0O0OO0O0OFINPOOOOUOOOOOOEKCALOOOODO [6]0 Epsilon000000000O000OOEpsilon
obooooboooooooobono
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4.2.1 control

control 0 000 0O O O condition = 200 00O condition=fixed charge 1 0000000000000 O0OO
OO000p0oOoO0 TMODOODOOOOODODOOODO use_additional_projector =on 0000000000000
4280000 Control 00 O0O0O0DODOOODODO

Control{
condition=fixed_charge
cpumax = 1 day ! {sec|min|hour|day}

max_iteration = 60000
use_additional_projector=on ! {on|off}

3

00000 use_additional _projector=on 0 00 0000000000000 O0O0OOQODODO use_additional_projector
OonO0OOO

4.2.2 accuracy

accuracy 0000000 O0ODODO Onum-bandd1 000 O Mksampling1 kO OO0O0O0 000000 ek_convergence
00000000000 000000000000000 PHASEODODOOOODOOOODOOOO

00o0oo0oDoooooO0o00ooooooOookODOOOO0O00DO0DODDOOOO0O0U0DO0DODODOOOOOOOoOo
00000000000000 [7jo 0700000000000 0DO0ODOOUOUDO0OOO0O0OOUOOOO
gooooooooor3nobouoooooon

ek_convergence [0 [0 0 delta_eigenvalue O 0 succession 0 0 O 0 O 0 O delta_eigenvalue O 0 succession O 00 O
oooooooo

O 1: ek_convergence 1O OO OO

000 delta_eigenvalue(Rydberg) succession
ooo le4 3
gogoooo le6 3

4.2.3 epsilon

epsilon 0000000000000 0DOOCOO0OOCOOODOepsilon0000O0O0COO0ODOOOOOO
O EJDDElElElD.[I[I[II:II:II:JI:JDDEJDElElDDDDDDDDDDDDDDDDDDDDDDDD

epsilon {
sw_epsilon = on ! {on|off}
crystal_type = single ! {single|poly}
fermi_energy{

read_efermi = off | {on|off}

‘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}
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transition_moment{

type = ks | {l|rn|ks|mks}

symmetry =on ! {on|off}
band_i=1
band_f=5

}

mass {

sw_mass = on ! {on|off}
direction{nx = 0.0, ny = 0.0, nz = 0.0}
point = band_edge ! {band_edge|input}

shift = 1.0d-4
ik =1
ib=5

}

BZ_integration {

method = t ! {parabolic(p)|gaussian(g)|tetrahedron(t)}
spin = both ! {both|major|minor}

}

band_gap_correction{
scissor_operator=0.00d0

}

drude_term{
drude= off ! {on]off|drude_only}
effective_mass = 1.0d0
damping_factor =
conductivity =
plasma_frequency =

}

nonlinear_optics {

process = off | {off|shg|thg}

excitation = all ! {alllelectron|hole|three_state}

band = all !{all|inter|intra}

term = all ! {alljomega|2omegal3omega}

double_resonance{
method = damping !{omit|damping}
cut_off = 10.0d-3 hartree

}

}

ipriepsilon=1

}

gboooobobooboobobooooboooooaon

4.2.4 sw_epsilon

ubooooooboooooobooboo

21
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gboooo
gpoooo

on OODOOO
offUOOODOOONO

OO0 off 100 OOOEKCALOOOOOOOOOODODOOOOOOOOOm

4.2.5 crystal_type

0oooOoOoOooooOoO0
0000000= singled OO0
000000 =poly O OO0

poly 0000000000000 0D00000O00DOO0000000000000D000 €= (epp+e€yy+esz)/3
goooodg

4.2.6 fermi_energy

goooooooooooooao
0000000 read_fermi
Oo00o0oOoooooooa on JO0OOOOOOOOODOO
goooooooooog off1000000D0DODOO0O0O0O0OODODODOO
0000000 efermi = 0000000000000 00b0O0b0dread_fermi = on OO
Jododooooooooooa (Hartree OO OGO O)

e.g. efermi = 0.124 [00.124 Hatreel
O00OOread_fermi = on 0000000000000 O0OOODO0O
Joddooooo0ooooooooooood

4.2.7 photon

gooboooooboooooooboooooboooDbobooo

g polar00 00000000000 OOODOOO

oobob0booobobbw =00000C0C00xO00O00O00O00OO

oooboboooobobw =00000C000yOOOOOOOO

ooboboooobobbwz =00000000 zO00000000

goo O e.g. polar{ux = 1.0, uy = 0.0, uz = 0.0}00x0000000000DO

ooooooog

0000 pointing: 0000000000000 OOOCOOOOOOC

ooobooooobbopex =00000C0O0O00O0COOxO0000C0O000

oooooooobooypy =000000O000D0COO0 yOOOOOOOO

oooooodobopz =0000000000000 z00000000

oo e.g. pointing {px = 1.0, py = 0.0, pz = 0.0}00x00000000O

cooooocooooon

Oenergy: JO0O0O0OOOOODOOOOOO
OO0oo00 high OO0OO00O000OO0 (Hartree DO OOOOOO0O 2.000
00000 step UODOOO0OO0O0O0OO (HartreedOODOOOOOOO 0.002)

oooobooooooobooooobooobbooooobobooooboOoooooooboOooon
gooboooooooon

ooo0i) JoooooooooooooooooooooooooOooOooOooOoOOoo

00 ii) boooooooooooooboooOooOoOoOOOOOOOOOOOOOOOOO

00 iii) 0000000000000000000000000000000000

00 iv) J0O00O0O0o0oobobooooooboooooboooobooooooobooo

og ogboooobooobo xx, yy, zz, xy, xz, yz0OOOOOOOOOOOOOOOOO

cooooo
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4.2.8 transition_moment

goodobobbboooooobobbbuooo

gobooon type : DOOOOO0OOODOOODOOO

000000 U00O0OO= 1 OlecalUOO0O0O0OO0ODODDODODOOO™OOOOOO

O00oO00oOooonoo = rn ORead and Needs 00O O0OO0O0OOO [2,3]

gooooooooooooOoOoOoOOOOOOOOODODOODOOO

00000000000 = ks OKageshima-Shiraishi(KS) 00O 0OOOOOOO0O [4]

ggodooboobotodoooobbobbooodobobbbbooooobnboboo

00000 O delq = [ORead and Needs(RN) 00O D0O0OODOOODOODOOOO [3]

gooooooooooooooooOoOoOO o.o010

OOoO0O000 symmetry 000000000 00O00O0O0O0OCOCOO

gOoQ0OOO0O 00000 =onm ODO0OO0OOOO

ooobobbooogd=off DOUOUOOOUDDDO

goodob vand_i = OOO0OOOOOOOO

OO0OO0O0D0 vand_f = OUOOOOOOOO

0000 00000000000000O0OODOOOOOOODOOUUOOOOOOOgd
goooooooooooo

OOO0ODb) band_i = all0 band_f = 000000 a —>b0000000000000
ggoobbobobooooobobbbboooouoobobobo

0000 1) ksO0OOOOoOooooOOoooooooksOoooooooooooooooo
OO0O0gnepp200000C0CO0O0OODODODODODOODODODODODODOODOOOCIAD
00000000000 DOsw_with_dipoleDOOOOOOOOOOOOOOCIAC
Ooo00000 11000000

000 4ii) O0000D0OO0ODDOODO0O0O0O0O0O0O0O000 ™IMOODOODOO0OoOoOoooo
kKsOOoOooooobOdooododOdadditional_projector OO UOOOON

oood
000 iii) RNOOOOODOOOOO0DOOO0O00DOOOO000OO000DOO000DO0
goao O Pickard and Payne 000 [121 0000000000delq0OO00O0DO0O0O
ooo oooobooooooooboo

000 iv) J0D00O000DOC000D0O0Osymmetry=on0000000O0O00OOO
0000w OO0O0000O000DODO000DOCOO0ObPand_i00 vand_£f000000

4.2.9 mass

Jodooooooooooooooo

0000000 swmassd OO OOOO

00ddooobOoo0dOg = oenO0ODOOO0O

000000000000 =off0 DOOOOOO

0000000 directionD OO0 O0O0O0O0O0O0OOO

0000000000000 nxOnyDnz0DOOODOOOOODO o0.00

0000000 peintD 00 O0D0OODOOODOODOOOODOO

O00000DO0O0OD00OD0 =vand_edge O OOOODOOOOODOODOOOO

000000000000 =input0DO0000ODOO

0000000 shiftOODO0OD0OD0O000 OO0OO0OOO0OOO000000O o.00

Uoo00o000 ixkO0k0O0000000direction=input 0000

0000000 ib00000000000direction=input 0000

JdddooooOo00ooooDoooooooooo

Jd0d0d4i) ODOO00ooOooooOobooOo0oooooo

000 ii) OODOO0OO0OO0O0OD00ODOdirection{nx=0.0, ny=0.0, nz=0.0}0000O

OO0 4ii) O00O0O0O00O0DOOdirectionO 00000000

000000 @oo)0D0O000DOO000DbDOOOOdirection{nx=1.0, ny=0.0, nz=0.0}0 000

000 4iv) O00O0OD0OO0O0ODO0O0Oshifit=/0.0d00 0000000 10.04-30 10.0d-40
v) point=input 00000 ik00 ib000000ODO

000 vi) read_fermi=off 00000000 (4.2.600)0
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000 vii) shift /= 0.0d00 000000000000 0O0O0DODO0OOODOOOODOOOOO

4.2.10 BZ_integration

go0obOoooooo0ooooOo0ooooObo0oooobOoOooooOoboO0oooog
O00O00 method DODOOODOODO
0000000000 O tetrahedronO OO0 tMOOOO0ODOCOOOODO (510000
000000000000 parabolicO OO0 pO Oparabolic smearing 00O 00O
gooboooOooooooobooooboog oooboooo
obob0bOobO0O00Od gaussiand OO0 g Ogaussian smearing 00 OO0 OO0
00000 width OO [0 gaussian/parabolic smearing 0O OO0 smearing 00O 0O
O0000C000D0OOHartree OO0O0OOO0OOOODO 0.01837451 Hartree(=0.50 eV)O
spin OOOCOOOOOOOnagnetic_state=sferro/af 0000000 [7]
00000 0O both OmajorJ0 minor OO0 DOOOODOOOODODO
ooooooOooooo0o0obO0O OoooDbooooDboo
O00000000000 majorOmajor 000000000000 OOOODO
000o00o0D0oo0On0 minerUminor 00000000 OOOODOOOOODO
g0o0oOo0oO00oOOoOo00DOoOOoO00DOO00O0Dspin0OO0O0O0DOOOODOO
ooooooOoooooooboooo
0000i) O0O0OO0000O0O0000kxDODOO0O0ODOODOOODOOOOO0ODOOOO0ODOD
000 ii) 000000000 00DO0O0O000OO0O00O0O000bO0O000
iii) width OO00OO0O00O00OD0OO0OOODOOOOODO (0.01837451Hartre) OO0
oooo

4.2.11 band_gap_correction

OO000Oscissors operator OO 0OO0OUOOOODOODOOODOO
U000000scissors_operator = [ scissors operator U0 U0 00O OHartree U 00O
ooobooooobooooobOoooO0obboOoOoO0nn 0.0 Hartreell
oooororTOO0ODODODOOOOOOOOO0OOOO0O0O0O0O0O0O0O000
oooooooooooooooooooooo

4.2.12 drude_term

gboocooobooooobooboooooon
ubobo0OOdb0drude0000OOOOOOOODO
oboooopooboboood= mUOOODO+ODOO0OODODOODOODODOO

gogn
gobgboboaobodabod= offhutbbubboabboabuodabuooboobanon
gboooooboooooog ooooooo

Ubo0oo0obO0boood=drude_onlyD 00000000000 O0O0O0O0DOOOO
gbooooboobooooono ogoo

Ub0O00000 effectivellmass = 0000000000000000

gdbdbO0d damping_factor = 00000 damping factor U U 0 UHartree O
oooooooooooOoOOOOODODODODOOODOO0OO0 0.0036749 Hartree (=0.1eV)0O
0000000 conductivity =0000000000m/Q0

000000 plasma_frequency U= 00000000000 OHartree 00O

goooooboobooboobooooboobooog

OoO0Oi) 0000000000000

00 ii) damping_factorU conductivityld 00O plasma_frequency DO O0OOOOOO

oooo oooooo

0 iii) damping factor OO DO O0ODOODOOOOODOODOOOODO (0.0036749
Hartree) DO OODOODO
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4.2.13 nonlinear_optics

Joodoooooooooon
0000000 processDUOO0ODODOOODOODO
godododoooooood off1 DODDOODDOODOOO (@DOOO)
godoooooooood sheO O 20000000000000OO
gooooooooooad thgD O 30 000000000ODO0OOO
0000000 excitationO OO OOOOOOOOO
00000 =all0000000000000000O00O0O00 (0ooo0o)
000000000000 =electrond 0000000000 OOODOOO
000000000000 =holeD000000D0ODOOOOOODOO
000000000000 =three_stated3000000000OO0DOODOOOO0O
0000000 vandd0ODOODOOO0O
000000000000 =all0000000000000000 (0OoOoOoag)
000000000000 =4inter000000D0O0OOOOOO0O0O
000000000000 =4intra000000O0OC0OOOOOO0O0O
00O0OoDoOo0 termO0OODOOOO
000000000000 =aallO0000000 (0oood)
O000D0O0O00D00O0 =omega0 D00 0OO0OOODOODOOOOODO
00oooooooooa =20mega|:||:| 2000000000000000
000000000000 =3megal 0 3000000D00O0O0OOOOOO
0000000 double_resonancel 200 00000O0OOOO0O
0000000000000 methodO200000000000DO0DODOOO
00o0dooooOoo0o0ooooDooD =emitDOO0OD0ODOOOO (OODOOO)
= damping0 OO0 00D0DOOOODODO

0000000000000 cut_off020000000000 (method = omitOd0O0O)
0000000000000 0DOO000DOO000D0OD00 (method = dampingdO0)
000000000000 0D0D0OO0O0000000DO 10.0d-3 hatree
JodooooOboooooooooog
00004 000000000000D0DOOBz_integration (2.1000) 000000 THG
U0000000001linear tetrahedron OO O OOOO

ii) read_efermi = off 000 0000004.2.6000

iii) DO00OO00OD0O0O0O00D0OODOscissors operator 000 (7.2.11) 000

iv) 0000000000000 DOOoDOO00 212000

4.2.14 ipriepsilon

gbooooboooooogooboo
gbooooboobobooubonoon
obooooooboobowooooobobooboonog
oooobobooobog 2000000
ooooboboooboos3anoooooon
ooooboooooobooon
goboobooooboboooooboooobobooboOobooon

4.3 00000
4.3.1 000O0OOO

PHASEOOOOODOOOOOOOOOODOODOOOOOCOOPHASEDOODODOOOODOODOO filenames.data
OO00D0OoFCNGTOOOODO
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4.3.2 0O0O0OO0OO0OO

Epsiion 0 0000000000000 DOOCOOO0O0O00ODOOODDODOOOOO0O00O0D filenames.data
o000 FCONGTOODOOOO
000000000000 0DOO00OO0Epsilon0000O0O0O

mpirun -np 1 $HOME/uvsor_v341/bin/epsmain >& log &

obobooooooooobOobobooboooooooboboooob0odnproc00O0O0OOD0OOOODOO
gooboooooMPIODODOOOOOOOOOODOOOODODOOO

mpirun - np nproc $HOME/uvsor_v341/bin/epsmain >& log &

4.3.3 0OO0O0OO0O4QOO

Epsilon 000000000000 COO0DOO0O0DOOOO0OO00ODOOOO0O0OO0ODDOO filenames.data O
000 FONGTOOOODOODOOOOOD nfinputdatadO0 00 epsilon 00000000000 O0DOOOOO
gooooo

gbooooobooobooboboooobooooog

massq{
SWw_mass = on ! {on|off}
direction {nx = 0.0, ny = 0.0, nz = 0.0}
point = band_edge ! {band_edgelinput}
shift 1.0d4d-4

¥
00000000000000000 ((100)00)000

massq{
sw_mass = on ! {on|off}
direction {nx = 1.0, ny = 0.0, nz = 0.0}
point = band_edge ! {band_edgelinput}
shift = 1.0d-4

}

000000000000 0DO0O00OO0Epsilon00000O0O

mpirun -np 1 $HOME/uvsor_v341/bin/epsmain >& log &

4.3.4 0OO0O0OO0OOOOOOOO

Epsilon0 000000000000 000000O00O0O0O000O00O00O00OOOODO filenames.data 0O
00 FCNGTOOUOODOOOOODODO nfinput.data 000 O nonlinearoptics 0 00000000 OODOOO
O00000000O0O0OD0O0ODO0O0O0OEpsilon000000O0

mpirun -np 1 $HOME/uvsor_v341/bin/epsmain >& log &

4.4 00000

000000000 ()OooooOoo0oo0oooo0o(2)U000o@®Uo0oooo0oooooooooooo
gobogbobooboaboabooboobobbooboobooboobuoobaoboa

4.4.1 DO0O0OOO0OOOOOOO

gobodoutputoOO D ODODOOO0DOOO0DO0OOOOOOOODOODOOOOOOOODOODLOODOO
gooooogokboooooooooooOooooooooboooOooDoooooDoboooooDoobooo
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grep transition output000

!* transition moment correction = Kageshima and Shiraishi method (1)
! transition moment square matrix is symmetrized (2)
! PP transition moment correction data : it = 1 number of data read from PP file = 18

Tk - transition moment of 1 -th k-point is calculated by UVSOR-Epsilon -----
Pk ————- transition moment of 2 -th k-point is calculated by UVSOR-Epsilon -----
Ik ————- transition moment of 3 -th k-point is calculated by UVSOR-Epsilon -----
Pk ————- transition moment of 4 -th k-point is calculated by UVSOR-Epsilon -----
Ik ————- transition moment of 5 -th k-point is calculated by UVSOR-Epsilon -----
Pk ————- transition moment of 6 -th k-point is calculated by UVSOR-Epsilon -----
Ik ————- transition moment of 7 -th k-point is calculated by UVSOR-Epsilon -----
Tk ————- transition moment of 8 -th k-point is calculated by UVSOR-Epsilon -----
Ik ————- transition moment of 9 -th k-point is calculated by UVSOR-Epsilon -----
Tk ————- transition moment of 10 -th k-point is calculated by UVSOR-Epsilon ----- (3)
Ik ————- transition moment of 11 -th k-point is calculated by UVSOR-Epsilon -----
Tk ————- transition moment of 12 -th k-point is calculated by UVSOR-Epsilon -----
Ik ————- transition moment of 13 -th k-point is calculated by UVSOR-Epsilon -----
Tk ————- transition moment of 14 -th k-point is calculated by UVSOR-Epsilon -----
Ik ————- transition moment of 15 -th k-point is calculated by UVSOR-Epsilon -----
Tk ————- transition moment of 16 -th k-point is calculated by UVSOR-Epsilon -----
Ik ————- transition moment of 17 -th k-point is calculated by UVSOR-Epsilon -----
Tk ————- transition moment of 18 -th k-point is calculated by UVSOR-Epsilon -----
Ik ————- transition moment of 19 -th k-point is calculated by UVSOR-Epsilon -----
' transition moment of all k-points is calculated (4)

Ik ————- weighted transition moment square of each k-point in irreducible Brillouin zone -----

integration of all possible band transitions (5)
I* tetrahedron integration of transition moment square over Brillouin zone (6)

gbooooboooboooogooboo

(1) Kageshima-Shiraishi(KS) DOO00O0O0O0OO000OOOOOOO

(2) OO0O0O0O0O0O0O0ODOOOODOOOOOODOOO transition_moment/symmetry = on 0000
(3) boooooooOoOOOOOOODOOO

(4) 000 xO00O0O0O000O0

(5) DOOOOOOOOOOOOOOOOOOOO0O0O00O0

(6) DOOOOOOOOOOOOOOOOOOO

4.4.2 0000
OkoooooooOooooooooboooOooooogoooooooobooogoo

————————— 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 0000 (7)
1 10 unfilled 0.00000
1 11 unfilled 0.00000
1 12 unfilled 0.00000
1 13 unfilled 0.00000
1 14 unfilled 0.00000
1 15 unfilled 0.00000
1 16 unfilled 0.00000
1 17 unfilled 0.00000
1 18 unfilled 0.00000
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half-filled wunfilled number of electrons
4.000000 (8)

filled
ispin = 1 4 0 14

total number of electron in the system = 4.00000
The system is insulating or semiconducting (9)

(MOO0O0000D00 (filledOOOO0DODOOhalf-filled0 00000 0unfilled00000) 0000000
8 0obooooooooooon
O O0o0DoO0o0ooooooooon

443 000000000 [20]

Thomas-Reiche-Kuhn’s sum rule 00 000000000000 O00DOOCOO0OOOOOOOOOOOOODO
gbobooooobooobooboooboboooboobooooooooboooboooobooobooooooon
oboooooobood0Osummule0 00000000000 0O0O0O00ODOOsumule0000000O0OOOODO
g000O0ooO00O0Oo0o00DOO0OO0Epsiion000000DOOO0O0ODOOOOODOOOOODOOOODOO

oboboooogbOoutputfOODOOOO0OOOOODOODOOOOOOODOODOODOOOOOOODOODOOOO
ogoood
grep oscillator output000
!'* sum of weighted oscillator strength of k-points in irreducible Brillouin zone = 0.91165
!'* oscillator strength per electron = 0.91165

000 SiODnum bands=18; kOO0 OO0 O0000004x4x4M000000000C0O00O0O0OODOOOOO
00o090000sum-rule00000O0OOODDOOODDODODODODOONnum-bands00000000000000O0
gboooobooobooboooobooooboToboboobOobooOobOOobObOOobOOoboOoobOOoboOoooOon

4.4.4 0OO0OO0OOOCOOO

O0000000oOoOoooOOdfienamesdatad 000 EPSOUTPUTOOOOOOOOOOOOOOOO
gooooooooo siopoooooooooo

Dielectric Function Optical Properties

. 1 (2) (3) (4 (5) (6) ¢

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 % 7377% 0.00000 0.00000 0.33392

ooo

gobopoboboobood

(LOODOOoOOoOooDOOoO @oooo@og) aoooo @moH
4ooo0 @o) eooo@moHy)oeooooo (rmyooooooo

gboobobooboobobobooboboobobooboboobooboboboboobaobooon
gbooooooooboo

[0 Dielectric Tensor Component(Imaginary part is in parenthesis)

Photon Energy(eV) XX vy 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 0.00000
0.00000) ( 0.00000) ( 0.00000) 0.00000) ( 0.00000) ( 0.00000)

0.21769 13 94790 13.94790 13 94790 0.00000 0.00000 0.00000
0.00000) 0.00000) 0.00000) 0.00000) ( 0.00000) ( 0.00000)

EII]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
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4.4.5 0OO0OO0OOOCOOO

29

goboobbooboobbooboobuoobbooboobbooboobboobboobOooboo

oo

goopbooOo sioboooooboooooooooooboooooDooooooDoobooo

!x effective mass at valence band top: ik =

effective mass calculation -—-—-————-

!* degeneracy = 3
'* warning :

effective mass should be wrong because of the degeneracy. U0 U

'* set direction indices and k-point shift parameter in tag_mass.

Ix 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
Ix ib = 3
' ispin = 1
aa = -0.09841 bb = -0.47571 cc = -1.07597 00 00000000O (1
a b c
-0.55182 0.63785 0.53725
0.52096 0.76670 -0.37519
-0.65123 0.07285 -0.75538
Ix ib = 4
I 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
Ix effective mass at conduction band bottom: ik = 4
!*x degeneracy =
Ix ib = 5
I* 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

() O0U0O0O0OO0Oroo0U0OO00OU00O0O0O0OO0Oro0o0000O000O000UO00O0OOO0OUOoOOn
ub-ooooao

(2) 000000000000 0OOOaa, bb,cc00DOOOODO (a,b,c) 00000000 xyzOOODO

0000oo0oOoooo(oeo)oo0oooooouoooooooo

effective mass calculation - —————--—--

!x effective mass at valence band top: ik = 1

!* degeneracy = 3

I ib = 2

'* ispin = 1

mass along (  1.00000 0.00000 0.00000) direction = -0.17130

1% ib =
I ispin

3
= 1
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mass along ( 1.00000  0.00000
I ib = 4

I ispin = 1

mass along ( 1.00000  0.00000

Ix effective mass at conduction band bottom:

'* degeneracy = 1
' ib = 5
I ispin = 1

mass along ( 1.00000 0.00000

(3) (1000000000000
(4) (1000000000000

4.4.6 SHGUOODOOOOODOOOOO

O0000000000o0o0DDO filenamesdataODOODOOOFNLOOODOOODOOOOOOOOOODOOO
0000000000000D00000 x?0)00D00000000000000000000Wurzite  AIN
Uiobo00bO0o0000obbO0Oscssorsoperator UO O OOO0OOO0OO0O0O0OO0OO0OO0OO0OO0OO0OO0OO0OCOOO
U000000D0000D000000000DD00 parabolicsmearing0 00000000000 00O0OOO
00000DO0O0000000oDoOoO0000oDOOoO000oDOob0O0O00n0On linear tetrahedron OO0 OO0

gogbogooaoo

Static SHG Susceptibility Tensor (10-8 esu)

0.00000)

0.00000)

0.00000)

SHG prrocess = all type excitation (1)
SHG term = all terms (2)

XXX = 0.00000 =xxy = 0.00000 xxz =
Xyy = 0.00000 xyz = 0.00000 xzz =
yXX = 0.00000 yxy = 0.00000 yxz =
yyy = 0.00000 yyz = -0.04514 yzz =
ZXX = 0.08732 zxy = 0.00000 zxz =
Zyy = 0.08732 zyz = 0.00000 zzz =

(1) D00 SHGUOUOOOOUOoOOooOooooo

(2) 0000000000000 OO0O0OUOOOOOOOO

(3) x®(0) 0000 0xx00 X2, 000000

FNLOODODODOODOODOOODOOO0O x®(-2ww,w)000000000000000000000O0

direction

direction

direction =

4

.04514
.00000
.00000
.00000
.00000
.92412

0000000000000 0OWuziteD AINOOODOOOODO

SHG susceptibility Tensor (10d-8 esu)

xxx(1)  (2) (3) (4)

Photon Energy(eV) real part imaginary part
0.00000 0.00000 0.00000
0.05442 0.00000 0.00000
0.10885 0.00000 0.00000

gogd

z2Z

Photon Energy(eV) real part imaginary part
0.00000 -0.92412 0.00000
0.05442 -0.92432 0.00000
0.10885 -0.92494 0.00000
0.16327 -0.92597 0.00000
0.21769 -0.92741 0.00000
0.27211 -0.92926 0.00000

(8

abs
0.00000
.00000
0.00000

o

abs
.92412
.92432
.92494
.92597
.92741
.92926

O O O O OO

-0.2719000 (3)

-0.27190

0.93658 (4)

(3)
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(1)
(2)
(3) x©
(4) x©
(5) x®

gboooooobao

gbooooooooboo

)(—2w;w,w) 000

)(—2w;w,w) 000

oood

4.4.7 THGOUOOODOOOOODOOOO

31

O00OOOoOoOOSHGOOOOOOOOfilenamesdataOOOO FNLOOOOOOOOOOOOOOOOOO
0000000000000 0000 Si0THGOOOOOOODOOOODOOscissor operator 1000000

0boooboO0o0oOoDbO0o00oO00o0obOob0O0gDoDg parabolic smearing 0 0 OO0 OO0

Static THG Susceptibility Tensor (10-12 esu)

THG prrocess

= all type excitation (1)

excitation = inter + intraband (2)

THG term =

xxxx =  59.
xxyy =  24.
Xyyy = 0
XZZ2Z = 0.
VXXZ = 0.
yXzz = 0.
yyzz =  24.
ZXXy = 0
ZXyZ = 0
zyyz =  24.

l. 0ob0oobooobooboboooob3oooono
2.0000000000DO000O0O0O0DOOOOODbOOn

19956
15228

.00000

00000
00000
00000
15228

.00000
.00000

15228

all terms (3)

XXXy =
XXyz =
Xyyz =
VXXX =
yXyy =
yyyy =
yzzz =
ZXXZ =
ZX2Z =
zyzz =

.00000
.00000
.00000
.00000
.00000
59.19956

0.00000
24.15228

0.00000

0.00000

O O O O O

XXXz

XXzz =

Xyzz
yXXy

yxyz =
yyyz =

ZXXX

ZXyy

2yyy
ZZZZ

24.

24.

O O O O O

59.

. 00oboboooboobooooboboooboobooon

4. x®(0)000000zz2z 000 v, 000000

.00000
15228
.00000
15228
.00000
.00000
.00000
.00000
.00000
19956

(4)

FNLOOOODOOOODOOODOODOOO x® (=3wjw,w,w)000000000000000000000
0000D000000000Si0x®oooooooog

THG susceptibility Tensor (10d-12 esu)

Xxxx (1)

Photon

O O O O O

(2)

Energy(eV)

.00000
.05442
.10885
.16327
.21769

(3
real part
59.19956
59.33822
59.75834
60.47272
61.50384

imaginary part
0.00000
0.00000
0.00000
0.00000
0.00000

59.
59
59.
60
61.

(5
abs
19956

.33822

75834

LAT7272

50384

() 00000000000 (2000000000 (3) x® (-3w;w,w,w) 00 (4) x® (=3w;w,w,w) 00 (5)
®pooo
X
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gboooooono (ooo oo

F_INP nfinp.data gbooooboooooooooboooooboo
oboooooobooooooo

F_BERRY berry.data gboooobooobooboboooooobo

F_EFFCHG effchgdata | OO0OO00D0OOOOODOCOOO

F_FORCE force.data gboboooboooooooooooboooo
goooog

F_MODE mode.data gboboooboooooooooooboooo
gbooooogoboo

F_EPSILON epsilondata | OO0O0O0O00O0OO0O0OOOCOOO

F_STRFRC strrc.data gbobooooboooobooboooboo
goooooooooobooboooboboobogo

0200000000000

5 UVSOR-Berry-Phonon
5.1 UOoOOongg
51.1 00000000

PHASEOOOOOOOOOODOOOODODO filenamesdata 0000000000000 0O0O0O0O0O00O0OO
goog

&fnames

F_INP = ’./nfinput.data’
F_POT(1) = ’./potential.l’
F_POT(2) = ’./potential.2’
F_CHGT = ’./nfchgt.data’

F_BERRY = ’./berry.data’

F_EFFCHG = ’./effchg.data’
F_FORCE = ’./force.data’
F_MODE = ’./mode.data’
F_EPSILON= ’./epsilon.data’
&end

FINPO PHASEOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OO0 PHASEOOOOOOOOOOODDODOOOOOOOFBERRYOOODDODODOOOOOOUOUOF_EFFCHG
gooooooopooocoboooOOoOOoOo00gOooooooorFFORCEODOODOOODOOOOOOOOOO
gooooooooOoOoooOFMODEOOOODODOOOOOODOOOOOODODOOOOODODOOOOO
OOOFEPSILONOOOODOOOOODOOOOODODOOO

gbooooboooobooboboooo 2000000

5.1.2 00OO0OOOO”FINP”

"FINPPOODOO0OOOOOODOO0OOO0OOO0OOODO0ODOOO0OOOO0OOOOO0OOODOoOoOOn
Berry_phase 00000 Phonon OO O D OOO0OOOD0OOOOBerryphase0 0000000000 DOOOOONO
00 EKCALOOODDOOODODDOOOOUOOO00O0O0O0OPhononOODOOO PHASEOOOOOOOOOOO
oooooooog

Berry phase 000000000 O0DOO0OOODOODOO

Berry_phaseq{

sw_berry_phase = <ON_OFF>

g_index = <G_INDEX>

mesh{ n1 = <MESH_N1>, n2 = <MESH_N2>, J = <MESH_J> }
¥
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ooooooooo (ooo |oo

sw_berry_phase OFF ooooooOooooooobooooooo

g-index 1 0000000 gi(:=1,2,3)000 O

mesh kOODODO0ODOODOOoOoOOooOoooooo

nl,n2 4 ooooooooooD ggooooooo
Monkhorst-Pack OO O O0OOO nl x n2

J 20 ooooooooooo g,ooog Jg

0 3: BerryPhase 000 O000O00O00OOOO

opoooooooo |ooo | oo

sw_displace_atom OFF odooodoooooooooooooa

displaced_atom 0 gobobooobooon

ux 0.0 xO0OO0O0ooooooooobobobibo0 abonboO
goooooood

uy 0.0 yOooOOoooOoooooooooooo boooO
goooooood

uz 0.0 z00000000000C0000C00DO000O0 cOOQODO
ooooooodgo

04 0000000000000DO

gooboobooboooooooboboboboboobooobobooboOood Berry-PhononODOOOOOO
O00D0OO0O00DOO displacement 000000000 O00D00O atom list 00000000 O00O0DOOO

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

}
displacementq{

sw_displace_atom = <ON_OFF>
displaced_atom = <ATOM_ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>
}

00000000000 00o00000O000o0o000D0O000DbO00DO0 Postprocessing 00000
O Polarization 0 000000000000 ODOOOOOOODOOOOODOODO

Postprocessing{
Polarization{
0 sw_bp_property = <ON_OFF>
property = effective_charge

}

Phonon DO OOO0ODOOOO0O0ODOOOODOO

Phonon{
sw_phonon = <ON_OFF>
sw_calc_force = <ON_OFF>
displacement = <U>
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goboooooono |ooo | oo
Polarization 00oooooo0ooooooooooooooog
sw_bp_property OFF BerryOOOOOOOODOOODOOODOOODOOD
oono
property 0 polarization 0 O 0O 0 O O berry.data 0O 0O OO
Berry 0000000 0O O O effective_charge O O O
000 berrydataDOOOO0O0ODOOOOODODOOOO
oo
05 00000000DO00DO00ODO0ODOOOODOOn
goooooogo ooo | g0
sw_phonon OFF ooboobooooboooooooobooooog
oood
sw_calc_force OFF obooOOooO0obobo0obOobOobooooooooog
oNOOoDoOoooDOooooDpDoooooood
00000000 forcedata 0000 00O O0OOFF
00000 dsw_vibrational_ modes=ON 0 0 00O O
O0’FFORCE’ODODOOODOODOODOO
displacement 0.1 ooooooooooo
sw_vibrational modes OFF goooboOOdobooboooobooooooNOOd
00000000 00D00ODO0Omodes.datald OO
O00o0O0oOoFFOOODODOO0ODOO0ODOODOO
oood
point_group C1 oooooOoDoOOoboooooboobo
sw_lo_to_splitting OFF Lo-Toonooopooooooooooooon
electronic_dielectric_constant oo0o0oooOoooooDoDooboooDoon
exx 0.0 ooboodd zeOgo
eyy 0.0 oo0o0b0od yyoDOO
€77 0.0 0oooog zz000
exy 0.0 o0oo00d zyOODO
eyz 0.0 0o0oo0odyz000
ezx 0.0 000000 22000

sw_vibrational_modes =
point_group = <Point_Group>
sw_lo_to_splitting = <ON_OFF>
electronic_dielectric_constantq{

exx = 0.0, eyy
exy = 0.0, eyz
3

k_vector{ kx = 0.

e 0b00b0o0oboooboobon

<ON_OFF>

= 0.0, ezz = 0.0,

= 0.0, ezx = 0.0

0, ky = 0.0, kz = 0.0 }
<0ON_OFF>

sw_lattice_dielectric_tensor =
sw_dielectric_function

energy_rangeq{
min_energy = 0
max_energy = 0

}
}

.0
.01
division_number = 100

<ON_OFF>

gooboooooooooboeo 7oO0OOO
U0 point_group0 000000000 OODOO0ODOO0ODOOODOO

34
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goooooooo ooo (og

k_vector Jdo0odd0boooooooooooooooooa
oodd

kx 0.0 0dodoooobOooooo xooad

ky 0.0 dooo0ooooooogyonoo

kz 1.0 dooooooobooooo z000

sw_lattice_dielectric_tensor | OFF doooooooobooooooooooa

sw_dielectric_function OFF 000000000 ”’FEPSILON’ODOOOOOO0O
ogoooooo

energy_range goboooobooooboooobooobooobooa
oo

min_energy 0.0 oooooooooooad

max_energy 0.01 gooobooobooog

division_number 100 oooo0ooobooooad

07 000000000000000(@0OO

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

5.1.3 0OO0O0O0OOOOOO0OO”F_BERRY”
0O displaced-atom O (ugz,uy,u,) 000000000000000000O000O00O0O0O0OO0OOOOO

nkprep, ig, displaced_atom, displacement(1:3)
do i=1,nkprep

i, cphi(i), phi(i), wgh(i)
end do

00 displacement 0 1,23000000 ug,uy,u, D00000phiD 0000000 ¢000000000000O
O00000000cphid0OD phiD0OO0O00 OO00ODOOOO0DOOOO0Onkprep000000O0 JOODO
ig0000000D ¢, 0000000wghO kOOOOODOO
obooboooooooooooooboboboboboobooboboobobobOobUobobobooboboooo
obooooboooobOoboooobobooooobooooboOoboonog

51.4 000OO0OOO”F_EFFCHG”

obobooboooobooooooobooobooboboboboobooOooooooobOOobOOobOobOoboon
gbooooboobooooobooooboobooog

num_zeff

do i=1,num_zeff
ia
zeff(1,1:3,ia)
zeff(2,1:3,ia)
zeff(3,1:3,1ia)

end do

nmzeff 0000000000000 0ia0000000000zeffOO00COCOOOOOODOOOO

5.1.5 0O0O0OOO0OOOOOOO”F_FORCE”
"FFORCE’O00O0OOO0OO0OODOOO0OOOOO0OOOOO0ODODOOO0ODOOOOODODOOOODODOOOOD
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num_force_data
do i = 1, num_force_data
displaced_atom, displacement(1:3)
do ia = 1, natm
i, force_data(ia,1:3,1i)
end do
end do

num_force data0 000000000000 0OOdisplaced atomO00000000000000O00OQO displacement
0000000000 (ug,uy,u,) 0000

51.6 O0OOCOOO”F-MODE”

"FMODE’00000000000000000000000000000 a; = (ai,aiy,a::) 000000
oooooo

--- primitive lattice vectors ---
a_lx a_ly a_1z
a_2x a_2y a_2z
a_3x a_3y a_3z

O00000 natm 0000000 (24,9,2) 000 m; 0000 name(i) 00000000000

---— Equilibrium position and mass of each atom---
Natom = natm
do i=1,natm
i x(1) y(i) z(i) m(i) name(i)
end do

gboooooobooooobooooooon

--— 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 D0 00000000 Oactivelm) 0000000000000 ROODOODOUDOOOOOOOO
000 IROOOOO0OODOOO0IR&ROODOOOOOO0OODODOO0OODOOO0ODOOOOO0OvecOOO
0000000 OOomegahad HartreeJOOOOOO0OOOOomegaev0 0000000000 OOOODOO
omeganu OO OOOO
gooooooooooooobooo0ooobooOooOooooboOooooOboOoooDobooooo

-—- 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
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gboooobooooboobooooboobo

--- Lattice and static dielectric temnsors —--—-

[ elat_xx elat_xy elat_.xz ] [ eO_xx eO_xy eO_xz ]
[ elat_yx elat_yy elat_yz] [ eO_yx eO_yy eO_yz ]
[ elat_zx elat_zy elat_zz] [ eO_zx eO_zy eO_zz ]

elat 000000000 O0e00O0DOOOODOO

5.1.7 0OOOOOO”F_EPSILON”
"FEPSILON’0000O0O0O0O0O00000000000COO

Energy(eV) Elxx Elyy Elzz Elyz Elzx Elxy E2xx E2yy E2zz E2yz E2zx E2xy
do i=0,division_number

energy(i) elxx(i) elyy(i) elzz(i) elyz(i) elzx(i) elxy(i) e2xx(i) e2yy(i) e2zz(i) e2yz(i) e2zx(i) e2xy(i)
end do

energyd eVOOOOOOODODDOOOOOelxx,elyy,elzzelyz.elzx,elxy OO OO0 O00000O000ODOO xx,yy,22,Y2,2X,Xy
000000 e2xx,e2yy,e2zz,e2yz,e2zx,e2xy 1000000000000 xx,yy,zz,yz,zx,xy D0 00O 0O

5.1.8 0000OO0OO0OO0OOO

OO00000007%cutputo00”0 00000000000 OFBERRY’ODO0000ODOOCOOO0OODOOOOO
gboooobooobooboboooooobo

--— Calculated electronic effective charges ---
do i=1,num_atom_inputed
[ zel_xx (1) zel_xy (i) zel_xz(i) 1
Zel ( 1) = [ zel_yx(i) zel_yy (i) zel_yz(i) ]
[ zel_zx (1) zel_zy (i) zel_zz(i) ]

end do

num_atom_inputed 00 0000000000000 0O00OOzelxx(i),zelxy(i)00000 000000000
ubooooibO xxxy,...000000
gboooobooooobobooooboboboobooboooooDo

--— Calculated effective charges ---
do i=1,num_atom_inputed
[ zeff_xx(i) zeff_xy(i) zeff_xz(i) ]
Zeff( 1) = [ zeff_yx(i) zeff_yy(i) zeff_yz(i) ]
[ zeff_zx(i) zeff_zy(i) zeff_zz(i) ]

end do

zeff xx(1),zeff xy(1) DOO00O0 i0000000000 xxxy,...000000
ggogooobooobododooooobobobbooooobbobbooooooboobo

—-—— 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),zsymxy(i)) 00000 i0000000000000000 xxxy,...000000
gboooobooboobOobooooboboooboobooooboboooooboobooboOoooon
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--— 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()) 00000 i000000000000000 xxxy,...000000
00000000000000000000000000

--- 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,.. 10000000000 xxxy,...0O0O00O00O00O0OO
gooooOobOdOooOOooOOoboUooOobDoboooogoboo

--- 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) OO OO0 i0 0000000000 O00O0OO xxxy,..000000

5.1.9 O00OCO0OO”F_STRFRC”

O0o0O00O0FSTRFRC’OO0O0OOOCOCOOODOOOOOODOODODOOODOUODOODODOOODO
goo

num_force_data
do i = 1, num_force_data
index(i) strain(i)
do ia = 1, natm
i, force_data(ia,1:3,1i)
end do
end do

5.2 000 1:00 (a-quartz) OO O0O0O0OO
5.2.1 0000

gbboooboooobooooooobboooobooboooboobooooooooboobOOoobooooOooonn
gbooog

l.ggbooboobobbobboobooboaa
2. nfdynmdata 000000000000 CO0O0O0 PHASEOOODOOOOODO
3. 00000000D00000000 berryUODOOODOODOOOOODOO phonon OJODODOOO

4. 000000 berry OO OPerl 00000 prepzeffpl 0000000000000 O0OOODOOOOO
template_berry O templatescf 0000000000000 220000000000000000O00

5. 2.0000000000DO0O0OO00O0DOODOO0O0ODOOO0ODOOO0ODOOO0ODOOOODODOOODOOOn
000000 phononOO0ODO
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6. 000000 berry DOprepzeffpl 0000 0000000000 PerlOOOO0O execzeff.plOOO0OOO
00000000 Oexeczeffpl DO D OD0O00000000000O0O0DOODOODOODODOOAOprep_zeff.pl
0 $HOME/uvsor_v341/bin O 00O

7.000000 phonon00D0CO0O0O0DOCOOOODOOOODOOOODOOOODOOOODO

1.000000000000000PHASEOODOODOQOOODOO2.000000000000O0ODODOO0OOO
0 O O coordinate system 0 cartesian 00 0000000000300 7000000000000

5.2.2 0O00O0OO0O0OO

D0000000OOekcalDDODDOOOOODODekcal 0O0DODODOOODODODODODODDODDODOOOOOODOOOO
O00o00ooooooooooooOoCOOOo00o00000oooooooboo000O0gOoan filenames.data
O000D0O00000OD0000 potentail. SiD OO0 OOODOO0O potential OO0 0 OO O0OOOD0OOOOCODOOO
gbooooboobooooobooooogon

&fnames

F_INP = ’./nfinput.data’
F_POT(1) = ’../../potential.Si’
F_POT(2) = ’../../potential.O’
F_CHGT = ’./nfchgt.data’
&end

gobooooooooooooooboooDo Xy,Zzo0o0oooooooooooooooboooboooooo
oooD’FINP’O0D0O0OO0O0DOCOOODO

Control{
condition = O ! {0|1]2]3}|{initiallcontinuation|fixed_charge|fixed_charge_continuation}
cpumax = 24 hour ! {sec|min|hour|day}
max_iteration = 60000

}

accuracy{

cke_wavefunctions
cke_chargedensity
num_bands = 32
ksampling{
method = monk ! {monk|mesh|file|directin|gamma}
mesh{ nx=2, ny=2, nz=2}

36.00 rydberg ! cke_wf
300.00 rydberg ! cke_cd

}

smearingq{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree

}

xctype = ldapw91l
scf_convergence{
delta_total_energy = 1.e-10 hartree
succession =3 ldefault value = 3
}
force_convergenceq{
delta_force = 0.1e+3
}

initial_wavefunctions = matrix_diagon !{random_numbers|matrix_diagion}
matrix_diagon{

cutoff_wf = 10.0 rydberg ! cke_wf
}
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}

structure{
unit_cell_type=Bravais
unit_cellq{
'#units bohr degree
a=29.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}

symmetryq{
tspaceq{
system = h
generators {
'#tag rotation tx ty tz

E 0 0 0
}
}
sw_inversion = 0
}
magnetic_state = para !{paralafl|ferro}
atom_list{
coordinate_system = cartesian ! {cartesian|internal}
atomsq{
l#default mobile=no
l#tag rx ry rz element

-2.136349214  -3.700265381 3.373333567  Si
4.272698428 0.000000000 0.000000000  Si
-2.136349214 3.700265381 6.746667135  Si
2.511045782 2.2032568231 1.129569348 O
0.6525564710  -3.276258553 4.502902914 O
-3.163600490 1.073000321 7.876236482 O
2.511045781  -2.203258231 -1.129569348 O
0.652554708 3.276258553 5.617097788 O

0

-3.163600489 -1.073000321 2.243764219

}
displacementq{
sw_displace_atom = on
displaced_atom = <ATOM_ID>
ux = <Ux>
uy = <Uy>
uz = <Uz>
b
}
element_list{ #units atomic_mass
'#tag element atomicnumber zeta dev mass
Si 14 0.00 3.5 28.0855
0 8 0.00 2.0 15.9994
b
X
wavefunction_solver{
solvers{
'#tag sol till_n dts dte itr var prec cmix submat

MSD 5 0.2 0.2 1 % on 2 off
1m+MSD 20 0.2 1.0 100 tanh on 2 on
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rmm2p -1 1.0 1.0 * * on 1 on
}

line_minimization{

dt_lower_critical = 0.1
dt_upper_critical = 3.0
}
rmm{
imGSrmm = 1

rr_Critical_Value = 1.e-15
edelta_change_to_rmm = 1.0e-6 hartree
}
}

charge_mixing{
mixing_methods{

'#tag no method rmxs  rmxe itr var prec istr mnbmix update
1 simple 0.50 0.90 400 tanh on
2 broyden2 0.30 0.30 100 * on 3 5 RENEW
}

}

Berry OOD0OODOO0OOOgenerators 000000000000 Datoms 00000 0ODOODO diplacement O
obo0ooOooOoooooooo

displacementq{
sw_displace_atom = on
displaced_atom = <ATOM_ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>

}

sw_displace.atom 0 ONOOOOOOO0OOOdisplaced.atom 00000000 (ux,uy,uz) 000000000
000ooon0 <ATOMID>,<Ux>,<Uy>,<Uz>000000000000OOprepzeffpl000000000
0000000000000 0D00000D00000 filenames.data O”’FINP’O00000O O template_scf O
ooo

00000000 filenamesdata 0000 000O0O0O00OOOO

&fnames

F_INP = ’./nfinput.data’

F_POT(1) = ’../../potential.Si’
F_POT(2) = ’../../pontetail.0’

F_CHGT = ’../<SCF_DIR>/nfchgt.data’
&end

000000000 filenamesdata0 D0 0000 F. CHGT' OOOOOOODOODOODDODOOOOODOOOOO
0000000000000 000D000D0Oprepzeffpld <SCFDIR>000000000000O0O000OO
0000000 filenamesdataO0 00000

00DO00oo0OoooO’FINPPOOODOODOOO

Control{
condition = 2 ! {0|1]2]3}|{initiall|continuation|fixed_charge|fixed_charge_continuation}
cpumax = 24 hour ! {sec|min|hour|day}
max_iteration = 400001

}

accuracyq{

cke_wavefunctions = 36.00 rydberg ! cke_wf
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cke_chargedensity = 300.00 rydberg ! cke_cd
num_bands = 24
ksamplingq{
}
smearingq{
method = parabolic ! {parabolic|tetrahedral}
width = 0.002 hartree
}
xctype = ldapw91l
ek_convergence{
sw_eval_eig_diff = on
succession = 3
num_max_iteration = 200
delta_eigenvalue = 1.0e-8
num_extra_bands = 0

initial_wavefunctions = matrix_diagon !{random_numbers|matrix_diagion}
matrix_diagon{
cutoff _wf = 10.0 rydberg ! cke_wf
}
b

structureq{
unit_cell_type=Bravais
unit_cellq{
'#units bohr degree
a=9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}

symmetryq{
tspaceq{
system = h
generators {
'#tag rotation tx ty tz
c3+ 0 0 2/3
€212 0 0 0/1
X
b
sw_inversion
}

magnetic_state = para !{paralafl|ferro}

]
o

atom_list{
coordinate_system = cartesian ! {cartesian|internal}
atomsq{
!#default mobile=no
l#tag rx ry rz element
-2.136349214  -3.700265381 3.373333567  Si
4.272698428 0.000000000 0.000000000  Si
-2.136349214 .700265381 6.746667135  Si
1
4
7

w

2.511045782 2.2032568231 .129669348 O
0.6525564710  -3.276258553 .502902914 O
-3.163600490 1.073000321 .876236482 O
2.511045781 -2.203258231 -1.129569348 0
0.652554708 3.276258553 5.617097788 0
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-3.163600489 -1.073000321 2.243764219 O
3
displacementq{

sw_displace_atom = on

displaced_atom = <ATOM_ID>

ux = <Ux>
uy = <Uy>
uz = <Uz>
}
}
element_list{ #units atomic_mass
I#tag element atomicnumber =zeta dev mass
Si 14 0.00 3.5 28.0855
0 8 0.00 2.0 15.9994
}

}

wavefunction_solverq{
solvers {
I#tag sol till_n dts dte itr prec submat

MSD 10 1.0 1.01 on on
1m+MSD 20 1.0 1.01 on on
rmm2p -1 1.0 1.01 on on
}
line_minimization{
dt_lower_critical = 0.1
dt_upper_critical = 3.0
}
rmm{
imGSrmm = 1
rr_Critical_Value = 1.e-15

edelta_change_to_rmm = 1.0e-4 hartree
}
3

Berry_phase{

sw_berry_phase = on

g_index = <G_INDEX>

mesh{ n1 = <MESH_N1>, n2 = <MESH_N2>, J = <MESH_J> }
X

BerryOOOOOOOODOOgenerators 00000000 OOOQOOdisplacement 00000000000 0O0O0O
000000000000 000000Berry0OO0ODOOOOQDOBerry_phased 000 O Osw_berry_phased ON
000000g-indexOd meshO0OOO00O n1,n2,J00000Og-index,n1,n2,J 0 0 O<GINDEX>O<MESH_N1>0
<MESHN2>0O<MESH J>000000000OOprepzeffpl0O000000000D00OOCOO0OODOOOO
0000000000000 0D0000filenames.data O”’FINP’O0000O0OO template_berry O 000

00000000000 0000000000000000000000 PerlOODOOO prepzeff.pl 0000
0000O0Oprepzeffpl 00 0000000000000 ODOO0ODOODOOOOODOODODOODOODOOOOODO
gpoood

prep_zeff.pl DISPLACEMENT ATOM_LIST MESH1 MESH2 MESH3

DISPLACEMENTOOOOOOOCO Bohr 000000000 O0OOO0.060000ATOMLISTOOOOOO
gooooooooooooooooooobooooooobobooooooobooooooooooooooooon
oo0ooO00oo00ooO0ooO00oo40000000000000CDO0OO0O00O0O0C00O0OOATOM_LIST
0724000 0MESH]L,MESAH2MESH3 OO OkOOOOODODOOOO0OOO n1,n2J0n1n2)00000
go0opoDooOooo0or2210'0000000000000000OpprepzeffplO000O0OO
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$ $HOME/uvsor_v341/bin/prep_zeff.pl "0.05" "2 4" "2 2 10" "2 2 10" "2 2 10"

000000000000 000000000 PerlOO00O0ODO execzeffpl 00000000000 OO00OOOO
00000000000000000000000 berry-ai-ua-gl (berry_a0_gl) O scf_ai_ua (sef.a0) 0000
00000000, =1,230000/0000000000«00000000000 (1—2,2—1y,3— 2043
0000000000000 00000000000000000000 berry_ai_ua_gl (berry_a0_gf) O ekcal
00000000000 0000 ekeal UOOOOODDOOOOOUDOOOOOODO scfai_ua (scf-a0) O phase 00O
goboboobooboooboobuoobuoobobobobboobooboobOoOo3boonooonog

(b) i FBDRERFNAMIZERLE-
(a) #EPRAE TOBerryRIFRETE IREETDBerryfu st E

scf_ai_uo

berry_a0_g1
berry_a0_g2
berry_a0_g3

berry_ai_uc,_g1

berry_ai_uc,_g2

berry_ai_uo, g3

O 3 BerryOOOOOOODOOOOO

PerlOOO OO execzeffpl 000 0000000000000 Oexeczeffpl 00000000000 OODODO
00o00o0O0DO00oO0ooobo0oooDoooooDOoooon

$ ./exec_zeff.pl PHASE EKCAL PARALLEL {-vppl-primepower|-sr}

"PHASE’0 PHASEO U0 0 O $HOME /uvsor_v341/bin/phase 0 0 0 0 ’EKCAL’0 EKCAL O 000 O $SHOME /uvsor_v341/]
O000O0OCberryDOODOOOODDOOODOODO phased ekcal 00O ODOOO0OOODOODOODOOO
O000O0UOCOO0O0OO0O0’PARALLEL’ 00000000 COOOOO (PHASEDOOO EKCAL)OOOOOOOO

execzeffpl 00O OODOOOOOOOOOODOOOOOOOOOOOO berryDOOOOOO berrydatal 00O

good

$ ./exec_zeff.pl $HOME/uvsor_v341/bin/phase \
$HOME/uvsor_v341/bin/ekcal 1

MPIOOUOODOOOOODODOOOO-machinefile 000000000000 OOOODO OO machinefile 00O
gbooogoobooooboooooo

VPP, PRIMEPOWER,SR8000,SR110000 000000000 MPIOOODOOOOOOOOODOOOOOOO
MPIOOOOOOOOOODOODOOO0O0ODOOO0O0-arch000D0000O0-arch00000O0O0DODOOO 800
gooocooooboo

./exec_zeff.pl $HOME/uvsor_v341/bin/phase $HOME/uvsor_v341/bin/ekcal 1 -arch=primpower

gbooooooboooood

oo0O0O00000000000O0O00CPUDOOODOOOOOO0OO0O0O0Oexezeftpl00000O0O00O
0000 mpirun 0000000000 DODOOCOOOCPUOOODODODOOOOODOOOOOODODOOOOO
OO000D0O0CO0000O0DO-loadleveler 000000000 DOODOCOOOOOSRII000OO 4000000000
gbooooooooboo

./exec_zeff.pl $HOME/uvsor_v341/bin/phase $HOME/uvsor_v341/bin/ekcal 4 -arch=sr -loadleveler
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O 8 execzeffpl DODOOODO

oodo arch 0 0O
VPP5000 vpp
PRIMEPOWER HPC500 primepower
SR11000 ST

D000 CPUDDOOOOOOODOOOOOO execzeffplOOOOOOexeczeffplOOOO0ODODOOOOOOO
CPUOOO0OO0OOOOODODO-cadlevelerDOOOOOOOOOOODOOOODOO
000000000000 00D00O execzeffpl0000000ODOOOODOOOOODOOOO
PerlOO0OOOOO0000O03000000000C0O00000000000 berryODODDOOQODO berry.data
ooooooooooooooOoOCOCoOoOO0O00ooooDoOobOObOOOoOoOoOgOOberrydatad oo
goooog

523 000OO0OO0OO0OOOOO
000000 O000O0”FBERRY’OO0O0O0O0OOOOODOOO

4 1 2 0.0 0.0 0.50000000000000D-01
1 0.63456226917922D+00 -0.20888574273791D-02 -0.32917965405901D-02 0.25000000000000D+00
2 0.63432394408679D+00 -0.20934910658866D-02 -0.33003380756268D-02 0.25000000000000D+00
3 0.63289711025371D+00 -0.19971191896918D-02 -0.31555090531068D-02 0.25000000000000D+00
4 0.63151794421351D+00 -0.20390845515460D-02 -0.32288511895501D-02 0.25000000000000D+00

0000000 Si000o000d 2000 005au.000000000000000D00O000berry.datadd
OO00O0F.BERRY’O00O000DOCOO00DOOOCOOOODOOO0ODOOOODOOOOOD 21000000
goo

524 000000

phonon 0000000000000 OOCOCOOOOCODO potential SiDOOO0O0OOOOOODO potential.O O
OOOOOOO0ODO0O0O0O0D0D0D filenamesdataD 000000 O0O0O

&fnames

F_INP = ’./nfinput.data’
F_POT(1) = ’../potential.Si’
F_POT(2) = ’../potential.0’
&end

gooooooOoooooOoOor’rFINPPOOODOODO

Control{
condition = 0 ! {0]1]2|3}|{initial|continuation|fixed_charge|fixed_charge_continuation}
cpumax = 24 hour ! {sec|min|hour|day}
max_iteration = 60000
}
accuracy{
cke_wavefunctions = 36.00 rydberg ! cke_wf

cke_chargedensity
num_bands = 32
ksamplingq{
method = monk ! {monk|mesh|file|directin|gamma}
mesh{ nx=2, ny=2, nz=2}
}

smearing{

300.00 rydberg ! cke_cd
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method = parabolic ! {parabolic|tetrahedral}
width 0.002 hartree

}

xctype = ldapw9l

scf_convergence{
delta_total_energy = 1.e-10 hartree
succession =3 !default value = 3

}

initial_wavefunctions = matrix_diagon !{random_numbers|matrix_diagion}
matrix_diagon{
cutoff_wf = 10.0 rydberg ! cke_wf
}
}

structure{
unit_cell_type=Bravais
unit_cellq{
'#units bohr degree
a=9.2, b= 9.2, c= 10.12, alpha=90.0, beta=90.0, gamma=120.0
}

symmetryq{
tspaceq{
system = h
generators {
'#tag rotation tx ty tz

C3+ 0 0 2/3
C212 0 0 0/1
3
}
sw_inversion = 0
}
magnetic_state = para !{paralaf|ferro}
atom_list{
coordinate_system = cartesian ! {cartesian|internal}
atoms{
'#default mobile=no
'#tag rx ry rz element

-2.136349214  -3.700265381 3.373333567  Si
4.272698428 0.000000000 0.000000000  Si
-2.136349214 3.700265381 6.746667135  Si
1
4
7

N

.511045782 2.2032568231 .129669348 O
0.652554710  -3.276258553 .502902914 O
-3.163600490 1.073000321 .876236482 O
2.511045781  -2.203258231 -1.129569348 O
0.652554708 3.276258553 5.617097788 0
-3.163600489 -1.073000321 2.243764219 O

displacementq{
sw_displace_atom =
displaced_atom = 0
ux = 0
uy = 0
uz = 0

off
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}
}
element_list{ #units atomic_mass
#tag element atomicnumber =zeta dev mass

Si 14 0.00 3.5 28.0855
0 8 0.00 2.0 15.9994
}
}
wavefunction_solver{
solversq{
'#tag sol till_n dts dte itr var prec cmix submat
MSD 5 0.2 0.2 1 =* on 2 off
1m+MSD 20 0.2 1.0 100 tanh on 2 on
rmm2p -1 1.0 1.0 * * on 1 on
}
line_minimization{
dt_lower_critical = 0.1
dt_upper_critical = 3.0
}
rmm{
imGSrmm = 1
rr_Critical_Value = 1.e-15
edelta_change_to_rmm = 1.0e-6 hartree
}
}

charge_mixing{
mixing_methods{

'#tag no method rmxs  rmxe itr var prec istr nbmix
1 simple 0.50 0.90 400 tanh on
2 broyden2 0.30 0.30 100  * on 3 5
}
charge_preconditioning{
amix = 0.90
bmix = -1.00
}
3
Phonon{

sw_phonon = on
sw_calc_force = on
force_calcq{
start = 1, end = 0
}
displacement = 0.05
norder = 1
sw_polynomial_fit = on
sw_vibrational_modes = on
point_group = D3
electronic_dielectric_constant{
exx = 2.56011, eyy = 2.56011, ezz
exy = 0.0, eyz = 0.0, ezx

2.57411
0.0

update

RENEW
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}
k_vector{ kx = 0.0, ky = 0.0, kz = 0.0 }
sw_lattice_dielectric_tensor = off

3
Postprocessing{
Polarization{
sw_bp_property = off
property = effective_charge
}
b

diplacement 0 000000000 Osw.diplaceatom 0 of 00 00D 0000 0OO0ODOOO0ODOOOOOOOODOO
element 000000 (mass) 0000000000000 0000ODOOO0OC0O0O00OOOOOOO #units
atomic_massd 0 element list 00 0000000000000 O00O0DOOO0OO0ODOOOPhonon 0000 OOO
000000000000 D0O0O00OOPHASEODODODOOOODOODOOsw_phonon O sw_calc_force O
ONOOOOOOOOO (diplacement) 0 0.0 000000000000 OQO Ds 0000 point_group O D3
0000000000000 0000000D0DOO00DOOddelectronic_dielectric.cconstant D OO0 O OO
OD000D000000D0 eq = €y = 256011, ¢,, = 257411 000000000000000000000
0 0 0 sw_lattice_dielectric_tensor 0 of 0 000000000000 DODODOODOOOOOSsw_caleforced off 00
sw_lattice_dielectric_tensor [0 sw_bp_property 0 on 0 0000000000000 000D0O0O0O0ODOOO PHASE
0000000000000 000000000000 PHASEDOODOODODODODODOOOO

5.2.,5 000O0O0OO0OOODOO
output001 D00 O0O0O00O0O0OO0OOOOOOODOOOOO

—-—-— Calculated electronic effective charges ——-—
[ -1.00158 0.00284 -0.00266 ]

Zel ( 2) = [ -0.00001 -0.35464 -0.32379 ]
[ 0.00000 0.28121 -0.56029 ]
[ -7.31546 0.50495 0.31818 ]
Zel ( 4) = [ 0.45145 -8.00477 -0.70090 ]

[ 0.25220 -0.73456 -7.72450 ]

0000 " Calculated electronic effective charges” 000000000 0ODOOOOODOODOODOOOOODOODO
000 3x3000000D00000DO0DbOZeY0000ODOOOODOODOOOOODOOOODODOODOD
oodoooo0o2000400000000000000O0DODO0O0O

--— Calculated effective charges ---
[ 2.99842 0.00284 -0.00266 ]

Zeff( 2) = [ -0.00001 3.64536  -0.32379 ]
[ 0.00000 0.28121 3.43971 1]
[ -1.31546 0.50495 0.31818 ]
Zeff( 4) = [ 0.45145 -2.00477 -0.70090 1]

[ 0.25220 -0.73456 -1.72450 1]

0000 " Calculated effective charges” OO0 00000000 O00DOOOO0OOOCOODOOO0ODOOOODOOOO
ZeffOOODOOODOOODOO ZelOOOOOOOOO

--— Symmetrized effective charges ---
[ 2.99842 0.00000 0.00000 1]
Zsym( 2) = [ 0.00000 3.64536  -0.32379 ]
[ 0.00000 0.28121 3.43971 ]
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[ -1.31546 0.50495 0.31818 ]
Zsym( 4) = [ 0.45145  -2.00477  -0.70090 ]
[ 0.25220 -0.73456  -1.72450 ]

0000 " Symmetrized effective charges” 00 0000000000000 O00O0OOOCOOO0OODOOOOOO
gooooogod

--— Effective charges of all atoms ---

L 3.48362 -0.28013  -0.28041 ]
[ -0.28013 3.16016 .16190 ]
[ 0.24354 -0.14061 3.43971 1]

o

Zeff( 1)

[ 2.99842 0.00000 0.00000 1]
Zeff( 2) = [ .00000 3.64536  -0.32379 ]
[ 0.00000 0.28121 3.43971 1]

o

[ 3.48362 0.28013 0.28041 1]
Zeff( 3) = [ 0.28013 3.16016 0.16190 ]
[ -0.24354 -0.14061 3.43971 1]

[ -1.31546 0.50495 0.31818 ]
Zeff( 4) = [ 0.45145  -2.00477 -0.70090 1]
[ 0.25220 -0.73456 -1.72450 ]

[ -2.24657 0.08613 -0.76609 ]
Zeff( 5) = [ 0.03263 -1.07365 0.07490 ]
[ -0.76225 0.14887  -1.72450 ]

[ -1.41830 -0.51083 0.44791 1]
Zeff( 6) = [ -0.56433 -1.90192 0.62600 ]
[ 0.51005 0.58569  -1.72450 ]

[ -1.31546 -0.50495 -0.31818 ]
Zeff( 7) = [ -0.45145 -2.00477 -0.70090 1]
[ -0.25220 -0.73456  -1.72450 ]

[ -2.24657 -0.08613 0.76609 ]
Zeff( 8) = [ -0.03263 -1.07365 0.07490 ]
[ 0.76225 0.14887  -1.72450 ]

[ -1.41830 0.51083  -0.44791 ]
[ 0.56433 -1.90192 0.62600 ]
[ -0.51005 0.58569  -1.72450 ]

Zeff( 9)

0000 " Effective charges of all atoms” OO0 0 0000000000000 DOOO0O0ODOOOOODOOOOO
goooooOoOoOoOoOoOoOOoOOOODOOODODOOOOOOOODOO

--— Averaged effective charges ---
L 0.00055 0.00000 0.00000 ]
Zave = [ 0.00000 0.00055 0.00000 ]
[ 0.00000 0.00000 -0.00310 1]

0000 " Averaged effective charges” 000000000000 OO000O00OODOOCOOOCOOOOOOO
gooooboooobuoooobooobboob b oo oo oo buoooo
000o00oooOo00oooo0oo00oDoOO00oo0o0ooO00ooDooOO00oooOOooDoOoooDoOOooooog
000 " Corrected effective charges” 00000000000



5. UVSOR-Berry-Phonon

--— Corrected effective charges ---

Zeff (

Zeff(

Zeff(

Zeff(

Zeff (

Zeff(

Zeff(

Zeff(

Zeff (

1)

2)

3)

4)

5)

6)

7)

8)

9

[ 3.48307
[ -0.28013
[ 0.24354
[ 2.99787
[ 0.00000
[ 0.00000
[ 3.48307
[ 0.28013
[ -0.24354
[ -1.31602
[ 0.45145
[ 0.25220
[ -2.24713
[ 0.03263
[ -0.76225
[ -1.41886
[ -0.56433
[ 0.51005
[ -1.31602
[ -0.45145
[ -0.25220
[ -2.24713
[ -0.03263
[ 0.76225
[ -1.41886
[ 0.56433
[ -0.51005

-0.28013
3.15960
-0.14061

0.00000
3.64480
0.28121

0.28013
3.15960
-0.14061

0.50495
-2.00532
-0.73456

0.08613
-1.07421
0.14887

-0.51083
-1.90248
0.58569

-0.50495
-2.005632
-0.73456

-0.08613
-1.07421
0.14887

0.51083
-1.90248
0.58569

5.2.6 0000OO0OO0OO0OOOODOOO

ooooOoOo”FMODE’OOOOOO

--- primitive lattice vectors ---

9.2000000000
-4.6000000000
0.0000000000

0.0000000000
7.9674337148
0.0000000000

0
-1

.28041 ]
.16190 ]
.44281 ]

.00000 ]
.32379 ]
.44281 ]

.28041 ]
.16190 ]
.44281 ]

.31818 ]
.70090 ]
.72141 ]

.76609 ]
.07490 ]
.72141 ]

.44791 ]
.62600 ]
.72141 ]

.31818 ]
.70090 ]
.72141 ]

.76609 1]
.07490 1]
.72141 1]

.44791 ]
.62600 ]
.72141 1]

0.0000000000
0.0000000000
10.1200000000

--- Equilibrium position and mass of each atom---

Natom=

1

© 00 NO O WN

9

.1363492140
.2726984280
.1363492140
.5110457820
.6525547100
.1636004900
.5110457810
.6525547080
.1636004890

-3.
.0000000000
.7002653810
.2032682310
.2762585530
.0730003210
.2032582310
.2762585530
-1.

0

w

7002653810

0730003210

NOF, NP, OO W

.3733335670
.0000000000
. 7466671350
.1295693480
.5029029140
.8762364820
.1295693480
.6170977880
.2437642190

51196.
51196.
51196.
29164.
29164.
29164.
29164.
29164.
29164.

42133
42133
42133
94360
94360
94360
94360
94360
94360

Si
Si
Si

OO0 ooo

50
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-—- Vibrational modes ---
Nmode= 27 Natom= 9
n= 1E IR&R

hbarW= 0.00000000E+00 Ha

0.00000000E+00 eV; nu=

4 E IR&R
hbarW= 0.58285132E-03 Ha
.1076861591 -0.
.0000000001 O©.
.1076861592 -0.
.0710674524 0.
.0266667306 -0.
.3853480075 0.
.0710674522 0.
.0266667309 -0.

9 .3853480076 0.0172331772
Mode effective charge and its norm:
Z= 0.0000000000 0.0159080661 0.

5 E IR&R

hbarW= 0.58285208E-03 Ha 0.15860211E-01 eV; nu=
.0750340743 .1076820548 .0502260531
.1114922066 .0000000001 .0000000000
.0750340742 .1076820548 .0502260531
2462863619 .2627994415 .2280661351
.2551052896 .2184164183 .3536922309
.0340512209 .1936020463 .1256104976
.2462863620 .2627994412 2280661348
.2551052896 .2184164186 .3536922309

9 .0340512205 .1936020463 .1256104979
Mode effective charge and its norm:
Z= 0.0159051835 0.0000000000 0.

n=

0.
0492955392
1372246738
0492955391
2294802586
2719065772
0172331774
2294802589
2719065770

15860191E-01 eV; nu=
.0289969411
.0579965405
.0289969411
.2767253313
.0591536507
.3358772210
.2767253316
.0591536503
.3368772209

00 ~NOoO O WN -

0000020096 Norm=
n=

O ~NO O WwN -

0000000000 Norm=

---— Lattice and static dielectric tensors --—-

[ 2.1944 0.0000 0.0000 1 [ 4.7545
[ 0.0000 2.1944 0.0000 1 [ 0.0000
[ 0.0000 0.0000 2.3874 1 [ 0.0000

o1

0.00000000E+00 cm~-1

0.12792108E+03 cm™-1

0.0159080663

0.12792125E+03 cm™-1

0.0159051835

0.0000 0.0000 1]
4.7545 0.0000 1]
0.0000 4.9616 ]

000000000000D0000000000000D000000000’Z=000000000000000
0000000000000 000D0000O0 Nerm="000000000000000000000000OO
0000000000000000D0 3x30000000000000000000000000ODODODOO
0000000000000000000000000 e =€ =22, 4=240000000000000
0000000000 €),=¢,=48, ¢, =500000000000

53 00O 2:AINOOOOODODO

5.3.1 0O0O0O0O

O ANOO0O0O0O0O0O0O0000000000Q0ooooooooOoOoOoOO0OoOoOUOoOoLoOULoLoLo

ooo
1. 000OobOoo0ooooobooog

2. 00000000000000000DOO0

w

. nfdynmdata 00000000000 CCCOOQO PHASEOO
.000000000O000D000 berryOODOOO

gooooao
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5. 000000 berry OO0OPerl 00000 prepzeffpl 000000000 O0O00OOCOOOOOOOOOO
template_berry O templatescf 0000000000000 3.00000000000000000

6. 0000000000000 phononOOOODOO

7.3.00000000000000000D0000000D00000O0D0ODO00O0OODODOOoOOOnDd
00000d phononO0 OO0

. 0IUDDDOOUODOOOO0DDO piezoODOOOODOOOODOOONO clamped O internal 00000

9. 000000 clamped 00 OPerl 00000 preppiezo.pl 000000000000 0ODOODOOOOODO
O template_berry O template scf 0000000000000 3.0000000000000O000O00O0

10. OODO0O0ODO internal DO 0OPerl D00 OO prepstrfrepl 00000000 DOOOOCDODOOO template_scf
obooobooboooooobo s.0oboooobooboooooboon

11. 000000 berryOOprepzeffpl OO0 0O O0O0OD0ODOODOO PerlOOODOO execzeffplOODOOOO
D0000000Oexeczeffpl 00 0000000000000 00OODDOOODOOODODOOprep-zeff.pl
0 $HOME/uvsor_v341/bin 0 0 0 O

12. 000000 phonon 000000000 O0O0DOOOODO

13. 000000 piezo/clamped O Oprep_piezo.pl 0 D0 0000000000 PerlO0O 00O exec_piezo.pl
0000000000000 O0DOexecpiezopl 00000000000 ODOOOODODOOOODODOOOOO
00000000 prep-piezo.pl 0 $HOME /uvsor_v341/bin 0 0 0 O

14. 000000 piezo/internal O O prep_strfrc.pl 00 000000000000 PerlOO0ODO O execstrire.pl
0000000000000 OOexecstrfrepl 00 000000-00000000000OO0O0OOO0O
00000000000 prep-strire.pl O $HOME /uvsor_v341/bin 0 0 0O

15. 000000 phonon0O0O0O0O0O0DOOODODOODOOOOOOODO-O0O0OOOOOOOOOOODODODO
good

1.00000002.00000000000000PHASEDDOOOOODOOOO3.0000000O0DODOOO
00000000000 coordinate_system [0 cartesian 00 0000000000400 15000000000
ooo

5.3.2 0O0O0ODOOOO

0000000000000 000000000000000000D000000 samples/lattice/AIN/berry
OD0ODDODOUOAINOOOOprepzeffpl 0000 0000000000000 O0O0O0O0O0OOOOOOOOOO

prep_zeff.pl 0.1 ’1 3’ ’6 6 15’ ’6 6 15’ ’6 6 15’

gddddolauw.00000000000000000O0O0O0O0O0O0OODOOUDOOODODOODOODOODODODODONIxN2xd
00000000 e6x6x150000000000000000O0 execzeffplOOOOODOOOOODOOOOO

exec_zeff.pl phase ekcal 1
gbo1goMPIODOOOOOODOOOOODOODOOOODOODOOOOOYMPIDOOOODOOOOO

5.3.3 0O0OOOOO

00000000000 0000000000000D00000000000O00O samples/lattice/ AIN/phonon
obooobooboooooboooobOobooboobooooooboobooooon
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Wurtzite structure

Wyckoff positions:
Al (2b): (1/3,2/3,0)
N (2b). (1/3,2/3,u)

O 4: Wurtzite 0 O O AIN

534 00000O0OO0OODOOOOOO

000000 berry0OOOO0ODO0OD0O0OOOOOOO0OODOO0ODOODOOOO piezo/clamped 0000000
oooooQoOoOoOoOoOOOOOOU00400000O0 AINDDDDDODOOODOOOOOO

atom_list{
coordinate_system = internal ! {cartesian|internal}
atomsq{
'#tag rx ry rz element mobile
0.3333333333 0.6666666666 0.0000000000 Al off
0.6666666666 0.3333333333 0.5000000000 Al off
0.3333333333 0.6666666666 0.3820000000 N on
0.6666666666 0.3333333333 0.8820000000 N on
}
}

gbooboboboooooooooooooobooboboboboboboobobooooboooboooooboooDoOoDn
obooooobooobooboobooooobooogooo

strain{
sw_strained_cell
ell = <E11>, e22
e23 <E23>, e32

ON
<E22>, e33 = <E33>
<E32>
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e31
el?2

<E31>, el3
<E12>, e21

<E13>
<E21>

3

<E11>000 preppiezo.pl 0000 000O0DODOOCOODODODOOOOOO0OOO0OOODOODOOOOOOO
oboooooooboobooobooboooooon

Berry_phase{

sw_berry_phase = on

g_index = <G_INDEX>

mesh{ n1 = <MESH_N1>, n2 = <MESH_N2>, J = <MESH_J> }
X

prep_piezo.pl 0000000 0000OCODDOOOOO Oprep_piezo.pl0000000000O0OOQO prep_piezo.pl
00ooDooooooooooooooo

prep_piezo.pl STRAIN INDEX_LIST MESH1 MESH2 MESH3

STRAINODOOOODOOOOOINDEX LISTOOOOOOOOOOODODOOOOOOU0OOOOOOOMESHLO
OO0 prepzeftpl OOOCOCOAINOOOOOOOOOOOOOOOOOOOODOOOOOOO es1,e33,e15 00
gooooo

prep_piezo.pl 0.01 ’1 3 5’ ’6 6 15’ ’6 6 15’ ’6 6 15’

go0oooDOoO0o0.010000000000D0D00 €1,6e3,es0000000D0ODOOO execpiezo.pl0OO0O
gboooooo

exec_piezo.pl phase ekcal 1

o00o1ooMPIOODOOOODOOOOODOOOOOOODOOOOOOO4MPIOOOOOOODODOOO
00000000 berry.dataO piezo/clampled 00 0000000000000 O sefe00000000O0O
0000000 nfinput.data O

Postprocessing{
polarization{
sw_bp_property = ON
property = piezoelectric_const

}
000000O0OCcondition00O00O0O0OCO0OOOOO0OODODOOODODODODO

Control{
condition = continuation

}
OO0 output001 000000000000 OOOOOOOODOOOOOOO

=== Piezoelectric constant (C/m~2) ===

1 -0.0000488692 0.0000008508 0.2508631403
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000015381 0.0000020659 -0.3977128777
4 0.0000000000 0.0000000000 0.0000000000
5 0.3321219558 0.0000004282 0.0030073377
6 0.0000000000 0.0000000000 0.0000000000

00000 xyz00000000000000000000000000000 € = 0.251C/m?, e =

—0.398C/m2, ¥ =0.332c/m? 00 000000000000 0000000000000000000000
000000000000000
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5.3.5 0O00OOOOOOOOOOOO

prepstrfrepl 0000000000000 templatesscf 000000 clamped 000 00000OCO0O0OCODO
gpooooood

cd piezo/internal
cp -R ../clamped/template_scf .

prepstrfrepl OO 0000000 DOOOOO0ODOOOOODOOOOOOO
prep_strfrc.pl STRAIN INDEX_LIST

000000 preppiezopl 00O OOOOODOAINODDODODODODOOOOOOOOOO
prep_strfrc.pl 0.02 ’1 3 5’

gob-obogboboobooobooboooboobboobooboobobobobbobooboobboobon
go00o0o0.0200000000000DO execstrfrepl00000DO0OOODOCODO

exec_strfrc.pl phase 1

gobo1l1gooMPIODOODOOOOODOOOOODODOOODODOOOOeMPIDOOOODOOOOO
000000000000 O00O piezo/internal O strfre.data 0000000000000 O00 OO phonon O
0000000000000 phonond0OO0O0OO nfinput.data00000000O00O0OO0O

Phonon{
sw_phonon = on
sw_calc_force = off
displacement = 0.05
sw_vibrational_modes = on
sw_internal _strain_piezoelectric_tensor = on

X
Postprocessing{
Polarization{
sw_bp_property = on
property = effective_charge
3
X

sw_calc_force O off 0 0 Osw_internal_strain_piezoelectric_tensor 0 on O O Osw_bp_property 0 on 0 O 0O O Ophase
00o0ooooooodoutputo01l DO D ODDOOOOOOODODODDODOOOOOOOODOOOO

=== Internal-strain piezoelectric tensor (C/m"2) ===

1 0.0000000000 ~0.0001106316 ~0.9017585866
2 0.0000000000 0.0000000000 0.0000000000
3 0.0000000000 0.0000000000 2.0047352963
4 0.0000000000 0.0000000000 0.0000000000
5 ~0.6775051139 0.0000000000 0.0000006994
6 0.0000000000 0.0000000000 0.0000000000
00000 xyz0000000000000000000000000000 €0 e = —0.9020/m?,

el = 2.005C/m2, e{Y) = —0.678C/m? 0000000000000 D00D00D000000000000000
0000000000000000000
ANDODOOODODODODO0900000000000000000000000000

6 TDDFT

6.1 0OOdgQ
6.1.1 OOO0OO0OOOOOO
LR-TDDFTOOOOO0OO0O0OC0OOO0ODOO00O0O0O00OO0O0O0O0O000O0O
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09 AINOOODO (C/m?)

oo o0Oooooo bOooooo oo oono

es1 0.251 -0.902 -0.651  -0.58
es3 -0.398 2.005 1.607  1.55
e1s 0.332 -0.678 -0.345 -0.48

controlJ 000 OO0Ophase0000000 SCFOOOOOOOOOOOOOOOOOOOOOLR-TDDET
0000000000000 000D0O0CDOO000Ocontrol00O0O0ODO condition = fixed_charge 0 00 00O
googoguvsorROOOOoOOOOOoOOOOoOoOoDOOOOO0OOoOooT™MOODOOOOOODOOOOOO
use_additional_projector =on OO0 O OO0O0O

oo

controlq{
condition = fixed_charge
cpumax = 1 day
max_iteration = 600
use_additional_projector=on

accuracy 0000 accucuracy DO OO00OODOOUVSOROOOOOODODOOOOODOOOODOODOODOO
oooo
ood

accuracy{

ek_convergence{
num_extra_bands = 0
num_max_iteration = 2000
sw_eval_eig_diff = on
delta_eigenvalue = 1.e-6 rydberg
succession = 3

structure 0000 kOODODOOOODOOOOOOO0O0O0O0O0O0O0O0OODOOOOOkKOOODODOOO
obeE00d00o0oboOooooboooon
oo

structure{

symmetryq{
method = manual
tspaceq{
lattice_system = primitive
generators{
'#tag rotation tx ty tz
E 0 0 O
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spectrum U000 LR-TDDFT ODO0O00OO00D0OO0OO00O0OO0O0OOOO0O0OO0OOOOO0OOO0ODOOOODOO
00o000o0o0oo0o0ooOoUoOoU]o00D0000o0DO0o0Oo0oO0UDOOO0DO0OoOO0nOo

e type 00 [OPTICS]
OPTICSOPACSOOOOOOOOOPTICSOOOOOODOOOOOOUOODDOOOOOOOPACSO
gobobooboobooboobooboon

e momentum_transfer 0 O O O
momentum transfer 00 000000000 0O0OOOO

— deltaq 000 [1.0E-3]
momentum transfer 0000 q 0000000000000 0A'O0OD

— nx, ny, nz0 00O [0.0, 0.0, 1.0]
momentum transfer 0000 q 0000000 O0OO

— LongWaveApprox 0 0 O [ON]
00000 (g—0)0000000000O0OOFFOOODOOOO

o tddft 0O OO

— sw.tddft 000 [OFF]
LR-TDDFTOOOOOOOOCOOO ONOOODOODO

— solver 0O OO0
O00ooooooooooooa

% equation 0 O [DYSON]
DYSONOOOOOCOCOOOOODOO DYSON 00 Bethe-Salpeter 1000000000000
BSOOOODOUOOOOOOooOoooooooooooooooo

e XCKernel JODODODO
exchange-correlation kernel 0 0000000000000 O0OO

— kernel_type 00 [RPA]
RPAOLRCOALDA-ROO0ODOOOO0ORPA OO exchange-correlation kernel 0 000000000
O0LRCOOOOO0OOODOO0O000O0ODO00DOODO0O00O0ODO0O00O0ODO0OUOUOOOODALDA-R
000000000oOo0oOoooooooo

— LRC.alpha OO [1.0]
kernel 000 LRCOODOOODOOODOOODOOO

e Coulomb_Kernel 00 0O 0O
coulomb kernel 000000 OOO0OOOO

— sw.NLF 00 [OFF]
Local field (|G| >0)0000000000000000NOOOODOOO

e Expansion 0000
0000000 GOoOUooooooooooood

— NumGVec 00 [100]
dooooooooobooooooboooon

ecnergy 000000000 DODOOO00ODOOOOODOOOODOODOOOOUVSORODODOOODO

— low, high,step 00 O
lowDhighOOOOOODODOODODOO0OOOstep0 00000000 0ODOODOODOOO

e BZ_Integration 0 OO0
ooooooOooooo0oooobOoOoooDooooo

— width 00 [1.0E-4 hartree]
Lorentzian OO0 O000O00O0DO0O
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e band_gap_correction 0 0 00O
0000000000000 DO0o0DO0oOoooOoooOoOoo uvsorROoooooOo

— scissor_operator O O [0.0]
gbooboobobooboooa

gobobooaon
oo

spectrum{

type = optics

momentum_transfer{
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# Optical spectrum
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