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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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1. OoOOoo 1

1 0000
1.1 UvVSOROGOOOO

UVSOR(Universal Virtual Spectroscope for Optoelectronics Research) 0000000000000 0OO0O0O
000000oo0oo0ooU0Do0DoooooooooDooouUvsSoROOOOoDOoooooooooooon
000000000000 PHASEOOOOOUOOOOOODODODOOO OHzDOOOOOOOOOOOOO
000o0U0oo0oo0oU0DoOOoO000oOo00ooOO0U0DooO00oOo0oooUooOooooOoooooooOog
gdoooooooooooooooooobobobooboboobDooobooobooo0ooooooooo
goooodododououoooboboooboobbodoouoDobobobO oL oL obOooOoo
00000000000000000000000 105Mega) 10°GigaHzOOOODOOODODOOOOOOOO
0000000000000 00 RF(Radio Frequency) 00000000000 OOOOOOOOOOOOODO
00o00o0o0U00ooodUooo0Uooo00ooo00oooooooDoooooooooooon

gdododobodooouobouobobobooobooooooouoooooooooboao
DDDDDD1012(Tera)Hz[|DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
oddo0ooodoooodguoooooooooo

UvSOrROOUOOOOOOO0OOOODOOOOOOODOO0OOO00O0O0O0ODOODOODDODO0ODOO00ODOO0OOo0HzOO
O000000oo0dU0Doo000ooo00oo0oooU0Uoo0oooo0oooooooooooooog
O0000ooo0oooooooooooooooooooovuvsorRUOOOO0OOoOoOooooooooorogg
Jo0d0r’o0d00oooooo0d0oooooooooooooooa

1.2 UVSOROOO
0l1o0o0ooooooobobobobobooooooboooooooooobobobobobooobooon

""""" : B fHesEsE

_______________________ "

AEE

10MH= 10GH= 10THz 10P‘i]{

0100000000

gooboooboooooooobooooobooboboooboooDooboboobDOooobDOoboooLobOoD
0O 10T(Tera)Hz OO0 RFOOODOOODOOOOOOOOOOOOOOOOOO0OOOOOOOOOOOOGOO
10THzOOOOODOOOOODOOOO0OOOoO0OooOoOOoOoooDooOoOoovuvsorbOoooooDoOoOooooOoo
000 UVSOR-Epsilon 0 UVSOR-Berry-Phonon 0000000000000 O0O0CODOOOOCOOCOOOOO
ooooobDoo0o0oooooo0ooooooOob0o0oooooOO0000oooHz.D000000D0000000
gbooooooboooooboboooooboobogo

1.3 UvVSOROOOOOO

000000000 UVSOR(Epsilon O Berry-Phonon) 0 0000000000000 O0OOOOOO
UVSOR-Epsilon 0O OO0O0O

1. PHASE/EKCALOOOUOOOOOOOOOOOOO0OOUOOOOOODOOODOOOOODOoOoOOoooo
2. PHASEOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0O0000000000O0



1. OoOOoo 2

3. 00ooOooooooooo
4. 0000000000000 OO00O0COOO00OOO00ODOO0O0O0OOO00ODOOOO0ODOOOODOO
5. 0000000000000 00O0DO0O0OOOOO0OoOOO
6. 0000000000000 0O0DOO00OO0O0OOOO0OOOOOOOOO
7.MPIOOOOOOOODO
UVSOR-Berry-Phonon 000000
1. PHASE/EKCALOOOOOOOOOO
2. BeryOOOOOOOOODOOOOODOOOOOOOO
. 000ooOOOoO0OO0OO0OO0O0O0OoOooOoOooooooooOoog
4. 000000000000

O00OOO0OOODO0O0O0OD0DODODOOO0OUVSOR version 3.30 00000000000 O0QOQOOOOOOOOO
gooouvsorROooooOoOoOOoOOOOOOODODODDDDOO

14 00O0OO0OOO0OO0OOOO
1.4.1 0O00O0OOO

O0000O0UVSOR O PHASE/EKCALOUOOOOOUOODODOOOOOOOOOOOOOUVSOR O PHASE
version 8.00 0 000000000000 OOCOOOPHASE version8.00000000000000O0C0OOCOO
0000000000 000000oOogo (http://www.ciss.dis.u-tokyo.ac.jp/) 000000000000 0OOO

14.2 000O0O0OOOO
vvsorROOOOOOOOODOOOOODOODOOUOOODOOOOOOObDOoOOoOoDO

% uvsor_v341l.tar.gz

0000DoO0o00ooooooooooo0oooooooo

% gunzip uvsor_v34l.tar.gz
% tar xvf uvsor_v34l.tar

J0o0o0oO0ooOoOoOo0o00o0oOoooboobooOoOoOoooooooa
./uvsor_v341
J0o0o0oOoOoOOo0OO00o0o0oooobObOOooooooooooon

bin doc src samples

1.4.3 UvVSOROOOOOOO

UVSORO PHASEOOOOOOOOOOOOOOOUVSORODODODOOUOUOUODOOPHASEODDODODOO
0000000000000 00000000000UOPHASE O$SHOME/phasev8000 0000000000
gooOooOoOoOoOoouvsSoROOOOOOOO PHASEQOOOODOODOOOOOOOOOODODO install.sh OO
goboooooo

% cd O $HOME/uvsor_v341
% ./install.sh



2. 00 si2-00000000 3

2 0O0O1Si2-00gopoogd

21 0OOOoOoooo

ggdddgoooooooobooboobooboobbobotdoooooooobbbbbbbbbobbuUuoUug
O00000000./uvsor.v34l/samples/electron/Si 0 0 0O O OO ./uvsor_v341/samples/electron/Si0 000 0O
scf eps 00 PPOODODOODOOOOOOCOCOCOODOOOOsctD phase00000O0CCOOOOOOOOOO
epsd UVSOR-Epsilon 0 0000000000000 O0O0OPPO SiOOOOOOOOOOOOCOOOOOOO
gogooooobood

0000Si00000000 PHASEOODOOOOOscf0ODDOOD0OO0OOscf0000O0O0OOODOOO
oooooo

[J file_names.data
nfinput.data

file names.datad PHASEO OO OOUOOOOOUOOO0OO0OO0OO0OOO0OOOOO0OOOOO0OOOO./nfchgt.data
OO0000OooooOoOoOoO0dOfilenamesdata 0000000000 OPHASEOOOOOOODOOOCOOO
goo

&fnames

F_INP = ’./nfinput.data’

F_POT(1) = ’../PP/atom_14_Si_lda_nc_bhs.gncpp2’
F_CHGT = ’./nfchgt.data’ 0 000000000000
&end

nfinput.data0 PHASEO OO Si0O0000000000000000000000000000O0O0O0O00O
gbooooog

0000000000 O0LDAPWI1

ooooos

kOOOOOOOO0OO (4x4x4)

SCF 0 000 O scf_convergence = 10~'2 Hartree; succession = 3

OO000o0oooOoocoooOoPrPPOOOOOOOO atom-_14_Sildanc_bhs.gncpp2000000000C0C0OOOO
obooooooo

oooO0O0O0O00000LDAPWIL
OO0O000O0O00O0OBHSOO

O0o0oQoOOoOoOoOoOoOoOoO0 PHASEOOOOOOOGOO

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

22 0000000
22,1 0000000

gbooobobooboboooboobobobboobbepsdbobonooobOobo0obobO0obOono
ggboobooboboobbooboobooboon

U file_names.data
nfinput.data

file_names.data 0 UVSOROOOOOOOOOOODOODOOO Onfinput.datad UVSOROOOOODOOOOO
filenamesdata 0000000000 OOOOOO

&fnames

F_INP = ’./nfinput.data’ - (1HDOODOOoOoOooooooo
F_POT(1) = ’../PP/atom_14_Si_lda_nc_bhs.gncpp2’ « (20 00 000000000000
F_CHGT = ’../scf/nfchgt.data’ ~(3)000o0oooooooao
F_EPSOUT = ’./eps.data’ ~ @O00ooooooooooao

&end



2. 00 si2-00000000

(LOO0ODOOO0O0O PHASE/EKCALO OO ODOOOOOOODODDOOOODOOOODDOO
(y00boo00oooo0ooooo0oooooobooboOoooooo

Bscf 0000000 PHASENODODOOOODOOOODOOOODOOOODO

4 0o0booooooooooooobooboooooboo

22,2 0000O0000OO
nfinput.data 00 000000000000

Control{
condition = 2 (1) ! {01112]3}|{initiall|continuation|fixed_charge|fixed_charge_continuation}
cpumax = 1 day ! {sec|min|hour|day}
max_iteration = 6000

use_additional_projector = off
nfstopcheck = 1

}
accuracy{
cke_wavefunctions = 25.0 rydberg ! cke_wf
cke_chargedensity = 100.0 rydberg ! cke_cd
num_bands = 18 (2)
ksampling{
method = mesh ! {mesh|file|directin|gamma|monk}
mesh{ nx=4, ny = 4, nz= 4
}
smearingq{
method = tetrahedral ! {parabolic|tetrahedrall}
width = 0.001 hartree
}
xctype = ldapw91l ! ldapw91
scf_convergence{
delta_total_energy = 1.e-12 hartree
succession = 3 !default value = 3
}
force_convergenceq{
delta_force = 0.1e-3
}
ek_convergence{
num_extra_bands = 0
num_max_iteration = 300
sw_eval_eig_diff = on (3)
delta_eigenvalue = 1.e-6 rydberg (4)
succession = 3 (5)
}
initial_wavefunctions = matrix_diagon !{random_numbers|matrix_diagion}
matrix_diagon{
cke_wf = 20.00 rydberg ! cke_wf
initial_charge_density = file !{Gauss|Very_broad|pseudopotentialfile}
}
oooo
epsilon {
sw_epsilon = on [ a
crystal_type = single ! {singlel|poly} b
fermi_energy{
read_efermi = off ¢
efermi = 0.0000
}
photon{
polar {ux=1.00, uy=0.00, uz=0.00 } 4
pointing {px=0.00, py=0.00, pz=0.00}
energy  {low=0.000, high=2.000, step=0.002} e
}
transition_moment{
type = ks ! {llrnlks} £f0000000000000000O (6)
delq = 0.001
symmetry = on g
}
BZ_integration {
method = t !{parabolic(p) |gaussian(g) |tetrahedron(t)} h
}
band_gap_correctionq
scissor_operator=0.0d0 i
}
drude_term {
drude = off j
}
ipriepsilon = 1 k
}

@oo)



2. 00 si2-00000000 )

(1) control D 00000 condition=200000

(2) numbands 0000000 num bands 0000 SCFOOOOOOOOOOUODOOOOUOOOOOOOOO
oooboooroOOOO0OoDOOOOO0DOODOOOODOOOOO

(3) sw_eval_eigdiff=on 00 000

(4) delta_eigenvalue 0 0 0 0 0 0 00O delta_eigenvalue 0 0 0 0000000000000 10-¢ Rydberg 00O
000000 1074 Rydberg 00000

(5) succession=3 00000

(6) epsilon 00000 0epsilon 0000000000000 0O0OOOepsilon000000 UVSOROOO
gooooboboboooogo
000000000 epsilon 000 a, b, ¢, d, e, f, g, h,i, kOOOOOOOOOOOO

al0O0000O000OO0
swepsilon=off 0000000000000 COOO0OOOOO0ODOOOOO

bO0O0O0OO0OO0O0DOO

cbooooooooobooo

d00000000000o0o0oooUoOoooo (1.0,0.0,00)x0)000000OO0DOOO
e0000D0OO0OOO0ODOOOOODOO2.0HartreeDOODOOOO0O0ODOOOOD 0.002 HartreeO O OO

f000000000000000000O000000000000000D0O00O0 Kageshima-Shiraishi(KS)
oooooo

gO0O0000O0O0OO0OOOOODOOOOODOODbOOOnOO
h scissors operator 00 0000 (0000000000000 O0O0)O
igoooooog

(O00)Read and Needs(RN) OO0 00000000000 D0O0OOOO0ODOODOOOKSOODOOOOOO
0000000000000 0000o0oOooooclAO000UoOoOoO KSOOooO (Dipole0O00O)0O0O
0000000000000 000000000000000UVSOR-EpsilonO 0 ClAOOOOODOOOOOO
gboboooobooooboboooobobooooobooooobooboon

223 0O0OOOOOO1
eps00000000DODOOO0ODOOOOODOOOOODODOOUVSOR-EpsilonO000O0O0O0OO

% mpirun -np 1 $HOME/uvsor_v341/bin/epsmain >& log &
gooooooOooOoOoOOOOOODOOOODOOO0OO0O0O0O0O00000O0O0OODODODODOODODODODODO

% grep converged output000

000000000000 all k-points are converged 0 0000 0000000000000 ODOOOOO
epsdata 000000000 DOOCO0O0O0DOCOOODOOOOODOOOOO

Dielectric Function Optical Properties

q (¢D) (2) (3 (4 (5) () <0

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 Iz 73775) 0.00000 0.00000 0.33392

ooo

gogbogboboobooboooogd

(LOODoOOooooDOD @obooo@oy (yoooo @oH
(4000 (@o) GYooo @o)o eyooooo (mogd

0000000000 o000o0o0oU0oU0Uo00oUOU00o00o0o0oOoooUoO 13.900000 (11.7)
gooOoOoOoOoOOO0OO0O0O0O0OOLDAOO SiOOOOOOOOOOODOODODODODODODODOODODOOOO



2. 00 si2-00000000 6

224 0O000ODOOO

gbooboooooboboboboboboboooooobobobobobooobobobobobo
goboobobboooobooobobbobooboobooboobod

% grep oscillator output000
goooooooooooo
'* oscillator strength per electron = 0.91165

0o0o0ooooooooooo

oooooooooooooOoOoOOOOOOOOOOOOOOOOO9I0C00OC0O0OO0OOOOOODOOOO0O
000000 (0b00Do00O00o0o0000O0D0)001000000000000D0D00 100000000
00000000 (num-bands0O0000)000000OO0Ooscillator strength per electron 000000000
O000oO0O000O0o00oO0O00b00o070000000 numbandsO00O0O000O0O0C00O0O0O0O0O0OOO
pooooOo0o0o0oOoooooOOoOOOO00O0ooOOOOOO0O00O0O0OOOObOo oO7TODOOOOODOOOO
Ooo0oo0oooOooooooooooo

225 000O0O0O0OO 2

OO0ORead and Needs(RN) 0D OO0O00DD0OO0O0O000OO0D0OOSIiOOOO0OOD0OO0O0OO0OOOOOOepsilon
O00f0000 type=rmmO000000000000000000C0CCOOepsdatald000000ODOOO
obooooooboooon

% cp eps.data eps.data-ks

00000000000 0000000O0 epsdatad00OD0OOODO

Dielectric Function Optical Properties
Photon Energy(eV) Real Part Imaginary Part n k abs(in 10**8 m-1) R
0.00000 13.97263 0.00000 3.73800 0.00000 0.00000 0.33395
0.05442 13.97510 0.00000 3.73833 0.00000 0.00000 0.33398
0.10885 13.98253 0.00000 3.73932 0.00000 0.00000 0.33408
0.16327 13.99492 0.00000 3.74098 0.00000 0.00000 0.33425
0.21769 14.01231 0.00000 3.74330 0.00000 0.00000 0.33449
0.27211 14.03476 0.00000 3.74630 0.00000 0.00000 0.33480
ooooo

000000 1B9700OKSOOOOODOOOOoOOooooooooOo0oOoos2300000KSooooog
gboocbooooooobooooboobOoboobobobooboooooocoooobooooobOob 2000000
goboobooooboboboooboboooobobooon
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02 Si00000000(x)00;(b)D00KSOODOORNOOOOOOUOOOOODOODOOUOOODOOOO
00 (CRC Handbook of Chemistry 79-th Ed,CRC Press, New York 1998) 0 00000000
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3 U0 2:GaAs-000O0DOO0O

3.1 0ogn

0000000000000 00000C00O0O00O0OPHASEOOOOOOOODOOODOODOOODOOOOOO
O00000DDOO0O000D0O0OO0eekcal ODOOOOODODODOOOODODODOOODOOO0OODDOO ekcaldO
gbooooog

3.2 0OOOgoooo

O000GaAsO0 000000000000 DO00O00OO0D000000O0D0000OODOOOsamples/lattice
/GaAs/berry 0000000000 OOOOO

cd uvsor_v341/samples/GaAs/berry

0000000000000 0000000000000000 template berry 00000000000 OOOO
00000000000 SCFODOO0OOOnNODOOO templatescf 00000000000 DODOOOOOOODO
0000000000000 PerlODOODOO prepzeffpl 00000000 OO template_scf 0 O O nfinput.data
0ooooSsCrO00d0lODOOOOO0OXY,Z000000000000D00000000000O0atomsO
ooopooooooooood

displacementq{
sw_displace_atom = on
displaced_atom = <ATOM_ID>

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

}

displaced-atom 0 0 0000000000000 COOOOOOOCOOOOOOO0O000000 (uxyuy,uz) OO
000000 ux,uy,uz0O0O00OMI0O0ODO O coordinate_system [0 cartesian 00000000 OOOOO
displaced_atom,ux,uy,uz 0 0 <ATOM_ID> <Ux> <Uy><Uz>000000000000000O calczeff.sh
gboooobooboooooboooobobooooobooboobOoboooooboon

template_berry D 0000000 nfinputdata 00 0000000000000 OOOOOOOOOOOOO
goood

Berry_phaseq{

sw_berry_phase = on

g_index = <G_INDEX>

mesh{ nl1 = <MESH_N1>, n2 = <MESH_N2>, J = <MESH_J> }
b

gindex 0000000000 OOOO0OO (1020000 3)00000000000 mesh000kOOOOO
000 nln2,JO0000000nl,n20 sef0000000000000JO00000 30005000000
00 DOg.index,nl,n2,J 00 <GINDEX>,<MESH.N1>,<MESH.N2> <MESH.J>0000000000000
00 prepezeffpl 0000 0000000000000000000000000000000000000
0000000$HOME/uvsor_v341/bin 00 prepzeffpl 0000000000000

$ $HOME/uvsor_v341/bin/prep_zeff.pl 0.05 °1 2’ ’4 4 20° ’4 4 20° ’4 4 20°

00od0ooOo0oo0o0oo0ooooooooOooooooo00Do0ooOo0oooo0oDoooOoooOoOon
00000002 000000000000 (n1,n2,))000000000O0O0OOOOOOOOOOOO
gobooooboOoO0bOOooOdobOOoO0oOogoUooO0obOoUooOOoooOO0obDUOOoOOoboooOOobOoUobDUObooOooDo
000000000000 0000O00.05bohr 0000100000 (Ga)OODOOOODO (As)00O00OOODO
0000000000000 000000000 (4420000000000000000000000 PerlOO
0000 template_scf O template berry 0000 0000000000000 O0OD0OO0OOOOOOOOOODO
scf_a0,....berry_a0_gl,. 00 000000000000 O0D0O0OOO0OO0ODOOODOOO phased00 ekcal 000
0000000000 0D0ODODO0O00 PerlOODOOO execzeffpl 00000000 OO0ODOOOODOOODOOODO
opbooogooo
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$ ./exec_zeff.pl "$HOME/uvsor_v341/bin/phase" \
"$HOME/uvsor_v341/bin/ekcal" "1"

OO0000oDoooOOoo0o0doO0OOberrydata0 00 00000O0DOOOOOOODODOOCOODOOODOOOOO
go0bDo0oO0ooo0oO0ooDo0oOoO0oDOboOoOoOoDOoboboO phononOOOOOODOOOODDOO

$ cp berry.data ../phonon

3.3 Uooooooooooon
00000O0DO0O0OO0O0OO0O0ODbDO0 phononOOOODOO
$ cd ../phonon
000000000 PHASEOOO nfinput.data0 0000000000 PhononOOOOODOOOODO

Phonon{
sw_phonon = on
sw_calc_force = on
displacement = 0.1
sw_vibrational_modes = on
point_group = Td
sw_lattice_dielectric_tensor = off

}

GaAsO0O0OO0O0ODO 7,000000point_group0 0000000 00O0OOsw_calc_force D sw_vibrational_modes
0000 oONOO0OO0O000oooooooooooooooooooooooooo00oo00o0o0ooooood
ooooo

SCFOUOO0ODOO0OU0OOUODO0OOOOPHASEOODOOOODOOO

% mpirun -np 1 $HOME/uvsor_v341/bin/phase

00000O0D0O0 forcedataDODOOOOOO
00000 sw_calc_force 0 OFF 0O 0O O sw_lattice_dielectrictensor 0 ON O O D OOOODDOOOOOOOOO
berry.data0 000000000 DOOOOO0O0O0DOOOOO sweeffectiveccharged ONODOODOOOOOODODOO

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

0000000 PHASEOOOOOOO
% mpirun -np 1 $HOME/uvsor_v341/bin/phase
0000000000000 000 modedataJ 00000000000 0OCOOOOO0OO0OQOODOODOOOOO

n= 6 T2 IR&R
hbarW= 0.12314123E-02 Ha = 0.33508432E-01 eV; nu= 0.27026376E+03 cm”~-1
1 0.7197015024 0.0000000000 0.0000000000
2 -0.6942836217 0.0000000000 0.0000000000
Mode effective charge and its norm:
Z= 0.3438767680 0.0000000000 0.0000000000 Norm= 0.3438767680
-—- Lattice and static dielectric tensors --—-
[ 1.8176 0.0000 0.0000 1 [ 1.8176 0.0000 0.0000 1]
[ 0.0000 1.8176 0.0000 1 [ 0.0000 1.8176 0.0000 1]
[ 0.0000 0.0000 1.8176 1 [ 0.0000 0.0000 1.8176 ]
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gboboboboooobooooboobooboboboboboboooooooboooooooboobooboOonann

00'z="000000000000000DO00O0O0000DOCOO0O0O0DOOO0O0OO0OO0 Nerm="0000000

gooooobooooboobobooboo0oboobooobbooboo0ooobooooooDb sx30b0obooooooogoo

gboobobobOobobobobobobobobobobbooooboooboooooooboooooooann

gbobooobobooobOooboooobboooobo18booooobooon
gboo0oobodoutputo01 0O00OOOOOOOO

--— Corrected effective charges ---
[ 2.06653 0.00000 0.00000 1]

Zeff( 1) = [ 0.00000 2.06653 0.00000 1]
[ 0.00000 0.00000 2.06653 ]
[ -2.06653 0.00000 0.00000 1]
Zeff( 2) = [ 0.00000 -2.06653 0.00000 1

[ 0.00000 0.00000 -2.06653 ]

"Corrected effective charges’ 000 0000000000000 3x3000000000000000O0O0O0O Zeff’
00000000000 00000000Gad0 0000000000 207000000AsOO00O0ODOOO
0-20r000o00ooooo

4 0000

goOouvsoROUOOOOOOUOCODOOUODODODOOOO0OO Si20 GaAsOOOOOOOODOOOOOOUVSOR
O00O0o00DbO0o0oDbO0o0DOoO000O0oOo000O0o0DOoO0DO0o0DOO0O0000O0000Osamples 00
(CwODOOUOOOOOODOUOOODOo0OoOO0oUoO0oo0ooO0oUo0o0o0o0oU00O00o0o0oUoOU0ooooo
OSigdoooodopooooo cwbOOoOoOoDooOoOooooOooooOoooOOoOoOoDoOoOo RNODOOOO
oooooo0ooooboOoooobooogooovuvsorRObODOoOoOoOooDOooOoooDooOooo



