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1B phonon mode

Viewpoint Paper

First principles phonon calculations in materials science

Atsushi Togo *, Isao Tanaka *"*

* Center for Elements Strategy Initiative for Structure Materials (ESISM), Kyoto University, Sakyo, Kyoto 606-8501, Japan
P Department of Materials Science and Engineering, Kyoto University, Sakyo, Kyoto 606-8501, Japan
“Nanostructures Research Laboratory, Japan Fine Ceramics Center, Atsuta, Nagoya 456-8587, Japan

As found in text books [27-30], dynamical property of atoms in
the harmonic approximation is obtained by solving eigenvalue
problem of dynamical matrix D(q),

D(q)eq = wyeq. or > Dik(@ey = wjes, (3)
pr!
with
, @y (0K, [K') igteiticr—
Dx'ﬁ’ _ of ? el [r(l'k’) l'(DK)]’ 4
w @ =2 = @

where m, is the mass of the atom «, q is the wave vector, and j is
the band index. wq; and ey give the phonon frequency and polariza-
tion vector of the phonon mode labeled by a set {q, j}, respectively.

fdynamical matrix
AIFE 2 WRHE
AR  SNREEE

& —jie 43 i —>phonon mode_{q,j}
aEFETAR, JRETIND, NARTE



1. TTEISCF, 4 piwannierg& 3l (WFs)
O ERTFNF, #HIT—Kscfiz®E, SFEetot.inputfl T:

1 4

IN.ATOM atom.conf1ig
IN.PSP1 Al.SG15.PBE.UPF
IN.PSP2 As .SG15.PBE.UPF

JOB = SCF

MP N123 =4 4 4 0 0 0 2
XCFUNCTIONAL PBE
PWSCF_OUTPUT T
OUT.FORCE =T

AR XEMENYnkRMNEFTESEEANWFsHsupercel IR —X,
A tEMP_N1231X E—FE BXANIRME, UKL —EBFTIPWSCF_OUTPUT =T
UERIBTE RS ITTEERERELEEIR, HEERI 44




QEVEFERNEXRT, mfTin_wannx BF, HEIAEMWFsAIE A4
(in_wann.xfZxmoduleig{i)

[YaokunYe@mgr alas]$ in_wann.Xx

** JOB DONE!
** Please check file wannier90.win and wannier90.pw2wan!**

AR in_wannx2FHEAE R T Hatom.config X R R F N EE S
B EEHDFRMP_N1234 B AOUTKPT IR Mk S 1E B, MRk IX
SEEE, BRELRE BREBEMEIEENR

[YaokunYe@mgr alas]$ in_wann.Xx

File doesn't exist! Make sure you have file 'OUT.KPT'!
Program goes wrong'




(@) FEZwannier90.winFlwannier90.pw2wanig A\ X {4

SFFwannier90.win, EEIEEFHNNER :

num_wann2 = EWFsHI N, TES T
num_wann projectionsfYMI—EL, TTETTENA:
num_bands num_wann=  om i _fJWFs projections
num_iter

He, 1=0,1,2,3% K Fs, p.d, f, XTZHY
exclude_bands = 9-18 projections {821,357 (RHUIERTS%E
wannier90 user guide & JR FEE= 2047, It
AR BRF)

begin projections

IPleae Choose Tight Binding Basis Carefully! [ESEingaapiNGlIE=siNeTiTo VT Il NI e A= W)
Egigé%ggféj&ho;hl IABASIRF ISR HY(1+3), Binum_wann =8

end projections

ZAmoduled, #EFHnum_bands = num_wann

exclude_bands A1t EXWFsXJ 7 bands /5 HEER 12 A
bands, ZEEIEAnum wann+lZEscfitETEE
Bnum_band{E (T] Zetot.inputd 1% &3 {F
BRIA\{E, REPORTHI T [YZEF)



(@) FEZwannier90.winFlwannier90.pw2wanig A\ X {4

MiTEAR R TLEEEspin, 15 EEF Hin_wannxiBh4E B AYwannier90.pw2wan

tFwannier90.win, EEIEEMN AN AR :

wannier plot = T wannier_plot = T XA TR BIE]

wannier plot_supercell = 4 wannier_plot_supercell =4, J1EWFsHT AV AR A/ )\
RIEMarzarifVIETe, MIERERA/NNIZS R
_ Bk A h—AE, BB R A4 *4* Atk E Y
P grea A 4 %, BRI IZMEA* 4RI

Z tkwannierf0.win XX HE ZLEE =5, o UGz E
QAR AU TS GBERAFRMEFHIFLAIwannier90.x, FHZAmoduletZ )

wannier90.x -pp wannier90
pw2wannier90.x < wannier90.pw2wan
wannier90.x wannier90

[YaokunYe@mgr alas]$ ls wannier90*
wannier90 00001.xsf wannier90 00005.xsf wannier90. wannier90.nnkp wannier90.wout

wannier90 00002.xsf wannier90 00006.xsf wannier90. wanni1er90.pw2wan
wannier90 00003.xsf wannier90 00007.xsf wannier90.ei1g wannier90 u.mat
wannier90 00004.xsf wannier90 00008.xsf wannier90. wannier90.win

Atz EfE, TTIAEREIBR TEZENWFs (BXREFWFsE S HE)




2. {F ApwmatFE FIREITEEF, FEImesh.yamI XX fF

DIM = 2 2 2
PRIMITIVE AXI
BAND = 0.0 0.
BAND LABELS

BAND_POINTS 5 2 BRI — 3
FC_SYMMETRY

=4 4 4
.TRUE. = M AE Skm g —E

FPITCH = 0.1
SIGMA = 0.1 _

EIGENVECTORS = .TRUE. % R f£phonon_std#y
GAMMA_CENTER = .TRUE. band_dos.conf 3 {1
MESH SYMMETRY = .FALSE. N EXMITHEL

[ YaokunYe@mgr old]$ Ls mesh.yamlx*

mesh.yaml mesh.yaml.dat

B2 =5 X Emesh.yamlFimesh.yaml.dat, FHEFMASCHES TR E X T



3. ZESCFEY B3 TN, 1=f7DISPLACEMENT.xf#{displacement, 5 &l disp-xxx 3 {4 3£ ¥z 17 2~

YaokunYe@mgr module-test ~/DISPLACEMENT. x
There are 2 atoms in the unit cell
Atoms in unit cell are:
1 33 0.0000000000000008 O0.00000000000006008 O0.80000000000008008
2 13 8.250000000000600006 0.25000000000000008 0.2500000000000008
Program will produce 13 sub-directories
Num_wann: 8
Super cell grid 1is: 4 4

Doing As atom!

Move towards x axis
Creating Supercell
Move towards -x axis
Creating Supercell
Move towards y axis
Creating Supercell
Move towards -y axis . S AA . N
Creating Supercell / - ‘I‘ - 14:9% E/\] 1 x
Creating Supercell Jrun-disp.sh, 1TE.disp-xxx3 EgYSCHTESS
Creating Supercell

Move towards -z axis

Creating Supercell

[YaokunYe@mgr module-test]$ 1ls *.sh
check-run.sh 1n-IN.WG.sh run-disp.sh run-hpsi.sh

Doing Al atom!

Move towards x axis
Creating Supercell
Move towards -x axis
Creating Supercell
Move towards y af%s
Creating Superce S, 3y A A -

ove towards -y axis E ARIERIAT] AT E# A,

Creating Supercell

Cramting Smercail’ VR R SCRIT R BB S5 53 a5 %5 20 . pbs

Move towards -z axis
Creating Supercell

Created 13 files

*% JOB DONE ~ ~ . disp-xxx files have been created.
Please check these folders!




FH AN disp-0003 {3 . 1 z17G-wann.x, FWFsE AGZ g

[YaokunYe@mgr disp-000]$% ~/G-wann.x
JOB 'WFs into G-space' Starts!
Supercell grid 1is:

Num_wann:

1R H disp-000 3 432 2| | = 343k
JIn-INWG.sh, &R IFhpsi {3 B /Y

var=/share2/YaokunYe/ele-ph-module/ref/alas/disp-000

NUM BAND=512

Jrun-hpsi.sh, ZEdisp-xxx3 {43 BB 1+ EJ0B=HPSI

[YaokunYe@mgr hpsi]$ 1s
aaa.pbs As.SG15.PBE.UPF etot. input IN.VR OUT.HPSI OUT.NONSCF OUT.SYMM

Al1.SG15.PBE.UPF atom.config final.config IN.WG OUT.KPT output REPORT

HREMERFEIOUTHPSI M, HEESTEEFRENTEME



[YaokunYe@mgr test]$ ./check-run.sh [YaokunYe@mgr test]$ ./check-run.sh
disp-000

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-001 i

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-002 1

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-003 i

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-004 1

total computation time (sec)= -rw- YaokunYe YaokunYe 1019883676
disp-005 1

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-006 1

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-007 1

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-008 (

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-009 [

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-010 i

total computation time (sec)= YaokunYe YaokunYe 1019883676
disp-011 1

total computation time (sec)= -rw- YaokunYe YaokunYe 1019883676
disp-012 1

total computation time (sec)= YaokunYe YaokunYe 1019883676

M 5Erun-disp.sh#run-hpsi. sh?ﬁﬂﬁ‘}xﬁi oJ |M 45 F./check-run.sh
KREF N XHEESIMFITTEST



4. B E|SCFRIBE X T, izfTcalc_EPW.x, 5ZE|epw.out> {5

[ YaokunYe@mgr module-test]$ ~/calc_EPW.x
calc_EPW.x starts!
Num_atom: 2
Num_wann: 8
Num_super: 4

Program calculated 1/12

Program calculated 2/12

Program calculated 3/12

Program calculated 4/12

Program calculated 5/12

Program calculated 6/12

Program calculated 7/12
Program calculated 8/12
Program calculated 9/12
Program calculated 10/12
Program calculated 11/12
Program calculated 12/12
Time used: 80.29237




EABERESEREHNEEX

WMENE, NEEEFREBD A fetrE

1t B &[5 & & — P epc.input B9 % N\ 4K 6 2 da L ST
FRXEWepcinput ERSERT, REEEFTiz{Tcalc_EPCxBENT]

BT AL FmIBUESEE
BT ARTNHFnNEESEE

B=1TARTRKNEETEHE
FTARTRRNERETEHE
PN Mo BUESE Bl iR B

[YaokunYe@mgr module-test]$ ~/calc_EPC.x
JOB calc_EPC.x starts!

Num_wann: 8

READ <Wp_ dH/dR_Wg> from epw.out

Checking WFs symmetry...0K!

Total kl*k2*q 1is: 262144

Paired (kil,q,k2): 4096

Input information: 5 5 5§ 5 14 3 1
Doing EPC calculation...

Time used: 2.3133607 (s)

*%x JOB DONE "~ ~ . <psi1 mkl|dH/dv _bq|psi_nk2> has been written
** Please check the file "OUT.EPC"

i=47calc_EPCx, BF|OUTEPCX 1, =itE



OUT.EPCXFHRIER L 2
BRI =17 #/EK1+q=k28Ik1, q. k2&FR

JREEA3N, NARBRTENE T XN NEERaREEER

0.0000000E+00 ©.0000000E+06 ©.0000000E+00

0.0000000E+00 ©.0000000E+00 ©0.0000000E+00

0.0000000E+00 ©0.0000000E+06 ©.0000000E+00
-7.06119 -7.06119 0. .00000000 .00000000 0.00000000
-7.06119 -7.06119 0. .00000000 .00000000 0.00000000
-7.06119 -7.06119 0. .00000000 . 00000000 0.00000000
-7.06119 -7.06119 46. .00001993 .00000000 0.22525045
-7.06119 -7.06119 46. .00002653 . 00000000 0.29986604
-7.06119 -7.06119 46. .00001875 .00000000 0.21192353

0.0000000E+00 ©0.0000000E+00 ©0.0000000E+00

0.0000000E+00 ©.0000000E+00 ©.2500000

0.0000000E+00 ©0.0000000E+08 ©.2500000
17 -7.06119 -6.45454 7 .00000343 .00000084 .09958246
17 -7.06119 -6.45454 7S .00000053 .00000068 .02414633

17 -7.06119 -6.45454 18. .08579563 .00126490 .45862827
17 -7.06119 -6.45454 45. .00000415 .00000051 .04754462
17 -7.06119 -6.45454 45. .00000050 .00000220 .02568016
17 -7.06119 -6.45454 49. .01239736 .00642492 .30729738

0.0000000E+00 ©.0000000E+06 ©.0000000E+00

0.0000000E+00 ©.0000000E+00 ©.5000000

0.0000000E+00 ©0.0000000E+00 ©.5000000
33 -7.06119 -5.55401 .33448 .00000195 .00000009 .65190413
33 -7.06119 -5.55401 .33448 .00000011 . 00000022 .00650775
33 -7.06119 -5.55401 .75983 .00446475 .00024131 .36128164
33 -7.06119 -5.55401 .43849 .00000162 .00000001 .01842305
33 -7.06119 -5.55401 .43849 .00000020 .00000013 .00273123
33 -7.06119 -5.55401 .45714 .01605756 .00086792 .55968079

WMEFTR, E—3HE I MmN FS

F=. M. B, ~IEKRAKL, b, q. kRAFS
FFE/\F| k1. k23 EIAIERE=(eV)

F NI AFEF IR EIL R EE=E(meV)

E+FHIFE+— ﬁﬂﬁEEF%%A%EEE’J*jB%Df‘*B J&F B A)

RE— B EREREEE(meV)




FHF’!ZD’ﬁ =22, o] Pl{&E A degenerate.x
‘I

[YaokunYe@mgr module-test]$ ~/degenerate.x

**% JOB DONE! Please check the file "NEW-OUT.EPC"

LALE L RaE, MREBFMHMEREENKL. k2. qnIgEEEMAR, NIAAEE I
A B ENEB—1TEARFLY, MEFR

PARNY

0.0000 0.0000 0.2500
0.0000 0.2500

0.0000 0.5000

.4545 .5540

.4545 .5540

.4545 .5540

.4545 .5540

.4545 .5540

.4545 .5540

0.2500 0.0000
0.2500 0.0000

0.5000 0.0000
.4545 .5540
.4545 .5540
.4545 .5540
.4545 .5540
.4545 .5540
.4545 .5540




FIEPWHI ST EE
) A 12

{KZ . AlAs
EfEFFE T m=n=5

7.4222 0.0000 0.0207

2 7.4222 0.0000 0.0186
3 18.6508 50.5914  50.5965
4 45.5245  0.0000 0.0142
5 45.5245  0.0000 0.0173
6 49.5436 183.4980 181.5947



