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1.1.2 detail § <R

(RS
-lic T4 755, 75 DS-PAW 2235 H S N AT 4 1 DS-PAW -lic BI 7] 153 LicenseNumber. txt

5Tk

lic

A, %SO license [ HI I

W& ke -info

ik -info I TEFRMBRBUEE, T4 DS-PAW -info

WA #%BR: -example

M Jid:: -example i FHEPAT—IRITHE, 7K DS-PAW 275 IEAf 2255 , 4T 4 1 DS-PAW -example
w AR -ipp

M5k -ipp T4 DS-PAW BEH L BRGNS, GIEENEE. M T4% . PdTand: DS-PAW -ipp
A bR -mpi xxx

Mk -mpi 45 mpi $ATRRFIIALE, W -mpi mpirun

A %Fr: -mpiargs xxx

M itk -mpiargs A T3¢ mpi i2172%0, 41 -mpiargs “-np 16”

fir & #3Fk: -pob

ik

-pob T HAT AR G BCAZEOIN BB T, A parallel over band [AfE5 , W AEFERZ A

A AN 1 . DS-PAW FEFRF DI RETT HH JCIAIT /S pob,  MEIF 45 i warning - pob 5 ]

1.2 run BFiET

1.2.1 submit $<$RTIEIT

WS R

[export PATH={DS-PAW INSTALLPATH}/bin:S$PATH

AT T

[DS—PAW input.in

AT

1. BREFEN
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[DS—PAW -mpi mpirun -mpiargs "-np 16" input.in -pob

1.2.2 script HIAIRIIET

T HHEBA RS (5140 PBS. slurm 45) $2324F45, HEELCESEMAHN Y pbs 3 . slurm {4, Z J5f
F gsub xx.pbs B sbatch xx.slurm $ERAT-55 B 7],

4!

1
(3]

1.2. run 253
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RIENI]

AREFRFN L] DS-PAW WYX T RERYEEAMN , B S5l 5E. HliEs. Gl (BURher)
VBRI (BUBE®IE) W HmBOFSE. TRV s A SR . ARz RS T
PR R/RWHEIEVESE . A IR TS . DFT+U PREE. 3950 mrvb 5. ORSAPEROESE. B, sevkse ot
B BERER. N IER. ABREBLERAVEEE. o T AR, AN . PoliikiE. bader 1
RS BB RITAVEEE. AR BOHEE. IRV, W ERE . H TSRS . solid
state neb P15, FHILREESE. W3y it . wannier SR{ERENTVHEY: DS-PAW B{ER S HOREN 7324 A
TILE: SYBSHMRIISE. SRR XS SIREE XS SIS XS, B
ASREHHMNE. AEFERDSBAT NG, SRR 7 WA #r

2.1 relax &¥J5thi&itH

TER REZ ERIE (DFT) w5 R TR A SR AR ) S5 A4 4 i L o7 8 AN T (I A 753 1) 58 B 4 Sy
f/ME. S EERTBBATE, W ABATEREAN R T L2 ), SRR T E R 45t (—ERE b, ATRA
IR T E R R LSRR E ) o G R A A5 — IR T D & ok, HLEE
se HoAt DFT BRI Y254, 53 5b—4> DFT PR F 132 A —E e MY, BRITETHSEEAS
ZERI BRI B AR A T4 A i T

2.1.1 Si [RFE5h g A 3
i A SRS 2500 relax.in L5 SCAY: structure.as | relax.in UTTR

# task type

task = relax

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
Sys.spin = none

#scf related

&)
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(% L350
cal .methods = 2
cal.smearing = 1
cal.ksamping = G
cal.kpoints = [10, 10, 10]

cal.cutoffFactor = 1.5

#relax related

relax.max = 60

relax.freedom = atom
relax.convergenceType = force
relax.convergence = 0.05

relax.methods = CG

io.wave = false
io.charge = false

rela.in SCHERECTT IS 4 H4h B4
Bt R, i task S
o task : WEITHEEA, ARRITEN relax BIE5HI50E ;

B MRE RS R, REMRSEU sys. Ik, ot 2 GIKRNEH. {ZM. BEYE. X
PERR IS8

« sys.structure : FHEMRRMEEH I, DS-PAW SFf .as Fil .hS (ZEH SO (L] json SCPFAT
SCRHEAHEBUN I, 522 DS-PAW KA AR 2258 24 57 json #UiHiH ), .as SCPF AT 1] Device
Studio #PFEHAIN, BRI FEIEHE;

e sys.symmetry : BE DS-PAW T1ITI & 75 55 B0l R FRME

e sys.functional : WHE{ZK, HAMETFH LDA | PBE KZFMEILZK;

o sys.spin: WEMERWMNE, BT Si AR, HIH sys.spin % E 4 none ;
BRI SE, XRSEU cal. IFk:

e cal.methods: WEBHEH T, 2 Fn{#if] Residual minimization 75 ;

e cal.smearing : BCERMEREIED A LOIE, | Fon ] Gaussian smearing J57%;

e cal.ksamping : HZAAAEMX k SME T, G ERH Gamma centered J577:;

e cal.kpoints : BCEATHEINX k GIMASEUER /D, — B K R/ INTG ZEARTE (R 2 S A A R/ VR 2R
Y P PR B

SV FoE S B IS B, BIMETHsLERI )ik . S5Hh R S5 RyshERIRS S SEHIG BB,
Sk s AR PR AR T O LT B R R s MER ST, — Bk 2 i T IR

o relax.max: WHLEMWIBGE, HKETEEEG

o relax.freedom : WELMIMENH ML, atom FoR B IFTAIE; 554 AHE(E volume FoR H i
BAAS AR all FoRstig s A0 SRR

« relax.convergenceType : I E MBS AR, force Frn AR T2 JIME AR, SA T
i%{H energy;

. relax.convergence : BEATMLIN, T ISR
+ relax.methods : WEEMIMZRII L, CG FoRILYurhEE;
structure.as SFSZUNF

8 2. BREA]




L = N S S v R N

1
2

3

DS-PAW F

Total number of atoms

2

Lattice

0.00 2.75 2.75

2.75 0.00 2.75

2.75 2.75 0.00

Direct

Si -0.115000000 -0.125000000 -0.1225000000
Si 0.125000000 0.125000000 0.125000000

structure.as SCUFEEAE I, WA A6 X B —A 75 AFH AR B
o HATHEERIRAT
o BATNEIET M
o HEATHEERRTT
o S ENTTH R ME R
o HLATHETAARIIER, WiE(E A Direct F Cartesian (4:Pf H A0 K )
o H/THEB AR FAARER, B ATHFF S A ARRTE ARAR IR 4 511 2 5%

R JEIREH R R IR SR AL, BT B 5 — A SiUELTHE x 7 AR BR AN -0.125 Bk -0.115 .

O #ik

L WeRBSE BT, WIESS 7 FrmA Fix_x Fix_y Fix_z b33, S5EGA XD AL E A F 2%
T, FFmnAlle, T Fmniie.

Direct Fix_x Fix_y Fix_z
Si -0.115000000 -0.125000000 -0.125000000 F F F
Si 0.125000000 0.125000000 0.125000000 T T T

2.1.2 run BFIE1T

R A2 )G, ¥ relax.in F structure.as U4 FAE$) 2255 T DS-PAW BYRREE I, 33X HURFDA linux 21
BN BT 4

FETCEITE AN Y linux F35 R iz 7840 7528 54 windows [IREE N 21T P 2 A R IX B, FE linux
THREEAS T AOREITRE s R TR B — TR, SRR RS
ASCAREE ~/bashre , {Hid source [y 4R MR FHREEMABE M2 5, 1817 DS-PAW relax.in , LA H
FANLAR A DS-PAW HEAT1TEL s ISR N F5184T DS-PAW -mpi mpirun -mpiargs “-n 2” relax.in , -mpi {558
mpirun ()4 F%, -mpiargs $§5& mpirun JSTE S5 @A NE IS TR W SHHEBNRS (Flan
PBS, slurm 4) {232 E &5l EAH IV A - pos B . slurm A, i [T gsub DS-PAW.pbs 8§ sbatch DS-PAW.slurm
AR,

2.1. relax & i&itE 9
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2.1.3 analysis it E LR S#

IR ERFE A, WA G153 DS-PAW.log | relax.h5 . latestStructure.as 5%y H S04
 DS-PAW.log : DS-PAW 182 J55-5f) H & 3¢
o relax.h5 @ SUERVEEOR R hS i SCHE, ZEARRET DA b SUPRAS XLe ER4)y, DS-PAW RIEEHGZ hS 3¢
PEIATEE S
o latestStructure.as © SHIRLE Y as 5K SCHF, W EHIBEEESIE;
¥ latestStructure.as i A\ Device Studio Zr & L5 U1 F iR :

A latestStructure.as SCAF, PSR ES RS d B E B A0

Total number of atoms

2

Lattice

0.0000000000000000 2.7500000000000000 2.7500000000000000
2.7500000000000000 0.0000000000000000 2.7500000000000000
2.7500000000000000 2.7500000000000000 0.0000000000000000
Direct

Si 0.8801735223171917 0.8748246492235915 0.8748246492235915
Si 0.1298264776828063 0.1251753507764085 0.1251753507764085

ARREIBATHIAT T 3 DB TRMIH, BRATR T, PRSI Si i T7E x JrE b
AR ARAE i R T 2 S e AR

O #ik
L WpLiR DS-PAW jaf7 a4 ke + S SR, ERARIE A SCPE 44 0h abe.in IR 2 3 kAT
DS-PAW abc.in Hfin],

2. BRSO U T2 ), A UARE R AUCEICAIE , DL relax.covergenceType =

energy.
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DS-PAW F

2.2 scf BiaitE

e

FIA T RE AT 21 R 5 i (A Py VR BE M R RS, LT PSP T T R S T B ik R ey . 8%
SEH AT, FRAITE R HIR SRR . WA AT R A SR PR, AU T
FHATT AR AT B Rt — 2 T R . W S T a5t

N

221 S RF¥HEHHEZEZRAXHG
AL S SR scfin FNEER U structure.as | scfiin Y07F

# task type

task = scf

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sSys.spin = none

#scf related

cal.methods = 2

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [10, 10, 10]
cal.cutoffFactor = 1.5
#outputs

io.charge = true

io.wave = true

scf.in A HIGHI KRS HON A
o task : WEITHIM, HUGTHECY s BiEITH

e cal.cutoffFactor : iXHE cal.cutoff WAL, ITERHAWEWEE K/ NET cal.cutoff *cal.
cutoffFactor ;

» io.charge : il ML B SO 4 H AT 2 5
o io.wave : IS RBCCOR I IIT R
structure.as SIS

Total number of atoms

2

Lattice

0.00 2.75 2.75

2.75 0.00 2.75

2.75 2.75 0.00

Direct

Si -0.125000000 -0.125000000 -0.125000000
Si 0.125000000 0.125000000 0.125000000

FR TR SRR A B 2 MRS B S5 A ;

2.2. scf Bi&itHE 11




DS-PAW F

O #ik

1. eSSBS VFFb af DRAF elf . potential 9%, N0k io.elf I io.potential 3¢ 4 true HJI
n[3

2. VRN R RTMAT RoLer, W B sys.electron S5, %S EIREHLFIEE.

2.2.2 run BFE1T

A4 A S scfiin T structure.as 5, 530 EAE BTG 55 LB, IS M AR A R AN
DS-PAW scf.in .

2.2.3 analysis it B4R 9T

WG R A, 1A SER 2 )G 53] DS-PAW.log . scf.h5 . rho.bin . wave.bin | rho.h5 %45 H S04
« DS-PAW.log : DS-PAW 2 AR 8IHy H &300E, D7 E¥ LT AE R A S s (5

o scfhS © EHIGVIRXFIH hS S SO, SEHRAT WA b ST A4 Xt B4

o rhobin  HFFERENS “HERSCHE, P TIRSER R AL

o rho.hS : HAGTEERLEY hS A% SCHF, W] B VESTA BESHUAAR 0 (WLAaneh T ALl 042 ), AN
R LT A TR 5

o wave.bin : R IR, T IRGSES

ATl python ALY rho.hS SCRFEERR VESTA #cl S FroReat, FUABRIE A% 59 T 24k 7 4002 355, 4b
AT M. SRR, Hor S A RO A TR

2 2. BREA]
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2.3 band gEFitH

A AT A DI AT 580K, task=band [ 3%k & task=scf )3k, BLATRA Si AR MBI, NZP
GRS DRIVAE 21 &
2.3.1 Si hREEH T RBA Y
2.3.1.1 task = band F$

5 NSRS B0 scfin 1 band.in |, G585 S0 structure.as , scfiin W E S _EATEIGTTE—E, band.in
SR

# task type

task = band

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none
cal.iniCharge = ./rho.bin
cal.methods = 2
cal.smearing = 1
cal.cutoffFactor = 1.5
cal.totalBands = 12

#band related

band.kpointsLabel= [G,X,W,K,G,L]

band.kpointsCoord= [0, O, O, 0.5, 0, 0.5, 0.5, 0.25, 0.75, 0.375, 0.375, 0.75, 0, O,.
-0, 0.5, 0.5, 0.5]

band.kpointsNumber= [30, 30, 30, 30, 30]

band.in $i ASHNA

TEBEAT A T a] DU R EE sys. Fl cal. (9S543 band.in 1, 2 5 S REA T EAE S5

o task @ WEIHIM, RYITH band BEHTT

e cal.iniCharge : BB LM B SCIFIIBEAR, SO IRAR RAHXT R, X BL/3RR M TR T Y
rho.bin A4

RE TR ORI 7 — R B I S8, XS TERE TS R AR -

e band.kpointsLabel : B AETITERE MR EIRE, — > band.kpoint sCoord X} —4> band.
kpointsLabel ;

+ band.kpointsCoord : BB REH T IRXIFR S B bR, B =E0h—4;
« band.kpointsNumber : & ERFFHLBPIAEXTFRASAIN k 5N, BHFIEEE:
- M EZH0Ck band kpointsNumber= [30, 30, 30, 30, 30] i}, FrA mXHR S 2 [aEUS 8k 30;

MR B4 band kpointsNumber= [30] I, AP G 15 X 2 [BEHCY 30, DR AHEA
FEXTFRE X 5 W, W 5K, K5 G, G5 L 2RSSR, SRS ET A DS-PAW.log
HISET B R

e band.EfShift : g 27552 rho.bin 1) EFermi /F 4 band 11845 1 tH 1Y) EFermi, 2RiAH true, 3
7 M rho.bin {32 EFermi.,

2.3. band gEFIHE 13
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DS-PAW F#if

structure.as SCEFR AIEHE. (UL 2.277)

O #ik

1. WizB%Ist, scf.in Al band.in H15:%} cal.cutoffFactor F; cal.cutoff JAiPRFF—5, NS IBILKS H5L

PEASPE AL e

2. cal.iniCharge 1% F1 ¥ V502 A 07 3% 3 S rho.bin PrfEiife.

2.3.1.2 task = scf — &

WA S RO scfin , G5F3CHF structure.as , scf.in ZHUNTF :

# task type

task = scf

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
Sys.spin = none

#scf related

cal.methods = 2
cal.totalBands = 12

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [10, 10, 10]
cal.cutoffFactor = 1.5
#outputs

io.charge = true

io.wave = true

#band related

io.band=true

band.kpointsLabel= [G,X,W,K,G,L]
band.kpointsCoord= [0, O, O, 0.5, O,
-0, 0.5, 0.5, 0.5]
band.kpointsNumber= [30, 30, 30, 30,

228y

0.

75,

0.375,

0.375,

0.

75,

O #ik

1. fEF— 2B BN G5 Sy sefhS |, I BEHF AP ARTE scf.hS SCPFv, AT B 40 2 — 2488
Z442 ¥ bandplot.py JHI4<4b3H scf.hS L.

2. io.band=true HA{¥ task=scf B} 24:% .

3. Mio.band 43, AT LB caliniCharge = ./rho.bin, X} K 53 [a] 5 % BR SR SRR AE sef 5

I} R 2B 5E Bk -

4. sefin CPEPifagy Wik k £, calkpoints £ HY A VH5EM k A3, band.kpoints HIE S84 i g i

B kAL, PR K SR Al

14
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DS-PAW F

2.3.2 run EBFIEIT

PARIE SR B, KF SRRSO scfin . band.in TSI structure.as FAGBIN 554, 5 IRE5H50 R
IR I MR IIT DS-PAW scfiin . DS-PAW band.in .

2.3.3 analysis it &R ST

M EIRBHEA SR, RSN GR35 DS-PAW.log . scf.h5 . band.hS <5t SCF .
o DS-PAW.log : DS-PAW BB Z JEAH8IR H G, W EIESEPGTEE . VBM. CBM SFEH{EE;

o band.h5 : BEATTSER I hS i i SCF; PRAFRERAML(E A 28, B RARETHTR I & At
XL A

Al fifi ] python Xt band.h5 PEATEIGALFR , FLAHRNE DLAH B T Ak ] 042 0 . ACFEAS B e RISUR M.
R PR

BandStructure

\V4

Energy (eV)

O #ik
L G VS — I R 2B L 1 B R PBOR — 2

2.3. band gEFIHE 15



DS-PAW F#if

2.4 pband $&RRETHTHE

JETT Jg A I M A A TR

i

BOE R R ARTE AR T S AR PR R AR R B K R BRI RE

2.4.1 S RREETH VT EWMA

PR BETH I i A SR 5 S5O pw_band.in G5 S structure.as F1 B 51T A4S 21 i 3 i v 7ar 285 B2 S0
{4 rho.bin , pw_band.in 4’ :

# task type

task = band

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none
cal.iniCharge = ./rho.bin
cal.methods = 2
cal.smearing = 1
cal.cutoffFactor = 1.5
cal.totalBands = 12

#band related

band.kpointsLabel= [G,X,W,K,G,L]

band.kpointsCoord= [0, O, O, 0.5, 0, 0.5, 0.5, 0.25, 0.75, 0.375, 0.375, 0.75, 0, O,-
-0, 0.5, 0.5, 0.5]

band.kpointsNumber= [30, 30, 30, 30, 30]

band.project=true

pw_band.in iy ASENGH:
B RET A Sl A 1 X BHE TR SH0h K E T band. project 24k
band.project : #HIAEHF T PR IR ITF K

2.4.2 run BFIET

HE# 474 A SCIF pw_band.in F1I structure.as VA rho.bin 2 J5 , #5301 EAREIIR G54 Liztr, 5 IME5H4504
H AR T 00T DS-PAW pw_band.in .

16 2. BREA]




DS-PAW F

2.4.3 analysis it B4R 9T

HRAR_ESRAOSH AT, S FESE I S 4 215 8) DS-PAW.log . band.hS 41 th S
« DS-PAW.log : DS-PAW fAF 1552 IR 1) F 75 30

o band.h5 : FERFTEEMIN DS S SCEE, R AR O K AT S RAELE band S o, LK HORCH:
ZERTE LA b SUPRAA XL T4

Al fi ] python Xt band.hS PEATEIGALRR , FLAERIE LA B T A4k ] 2042 505 . ACFRAS B A RE T BISUR M.
WRFTR:

PBandStructure

DRV AR R W T

Energy (eV)

2.4. pband % 17
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DS-PAW F#if

2.5 dos BEEITE

BB EAP M T 588, task=dos [P 3% ) task=scf [—F35. BEATRA ST AR R N, AZEFifh
XN S HOR E
25.1 Si RRZBEETTEBAXH
2.5.1.1 task = dos F$E

By NSRS S B0 scfin « dos.in R E5K) U structure.as | scfiin B 5 BIGTTE—E, dos.in 250
T

# task type

task = dos

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE

sys.spin = none
cal.iniCharge = ./rho.bin
cal.methods = 2
cal.smearing = 4
cal.ksamping = G
cal.kpoints = [20, 20, 20]

cal.cutoffFactor = 1.5

#dos related
dos.range=[-10, 10]
dos.resolution=0.05

dos.in Wy NSENG
TS ETE R DR BEAREE sys. fl cal. 1S53 dos.in ', 2 5 BB EITEEERNSEEIA
o task @ WEWHIA, ARIFN dos WIS

« cal.iniCharge : WHEHMEENEIERE, RN SR LAXT AR, X B /R LHSE T
rho.bin A4

« cal.kpoints : W& k s MEEE, SRR k SEBOEKE AR PIRf AL
A BEHE A T30 S E A S, XSRS BT A R ER
o dos.range : WESKEIENGEEMN XA ;

e dos.resolution : WESHEEITHEENEEE, SFEITHENSEEIN dos.range 1 2E(H 5
dos.resolution [1 V(B +1;

structure.as SCLEFR AIEE. (WL 2.277)

O #ik
1. Wib%mk, scfin fl1 dos.in Hr 5% cal.cutoffFactor J% cal.cutoff AR —%, 7012 IR S B0
AP FCH i) o

18 2. BREA]




DS-PAW F

2.5.1.2 task = scf —#&

WA ST SROCNT scfin , G5F3CHF structure.as , scf.in ZHUNTF :

# task type
task = scf
#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
Sys.spin = none

#scf related

cal.methods = 2

cal.smearing = 4
cal.ksamping = G

cal.kpoints = [10, 10, 10]
cal.cutoffFactor = 1.5
#outputs

io.charge = true

io.wave = true

#dos related
io.dos=true
dos.range=[-10, 10]
dos.resolution=0.05

0 #ik
L %R — X G5 RS sefhS A% BB AEAETE scf.hS SCffrfy, AT EHER M40 8h — A
1% ] 2042 [ dosplot.py Jii A< 4b 3 sefhs .
2. io.dos=true HAE task=scf B} %% .
3. Mio.dos =}, ATETHEZUEE caliniCharge = ./rho.bin, LItk A G R EE DOS.

2.5.2 run BREIET

PAWGE BRG], RES B S scfin « dos.in FIEER SO structure.as FAZFIIRSS 4%, ¥ LSRR oY
BT EARIR AT DS-PAW scfiin . DS-PAW dos.in .

2.5.3 analysis it EZER ST

W BRI AR, RSN G 2138 DS-PAW.log . scf.hS . dos.h5 S5k 31t
« DS-PAW.log : DS-PAW 5% LV 2 5138 9 H 7530
o dos.h5 : FSEEVIIER A hS SO, BARGE AR & ST S XOLe s

Al ] python X dos.h5 JEATEEALPE, EARERIE W46 80 T A4 ) 2q2 3y . ACPRASRI S8 RIRUR
AR PR

25. dos BZEEITH 19




DS-PAW F#if

DOS

2.5

Density of States (1/eV)

-4 -2 0 2 4
Energy (eV)

20 2. BREA]



DS-PAW F

2.6 pdos IR EEEITH

B SE R RIS S O R R RS
TLRR -

22¢
-
>

B T IS RIT R A T S LB S

)«F

2.6.1 51 RBEBETEEMALH

B S W A S & S RO pdos.in G585 SCF structure.as F1 15 VRS2 1 HL T2 BE SCAF rho.bin
, pdos.in YR :

# task type

task = dos

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none
cal.iniCharge = ./rho.bin
cal.methods = 2
cal.smearing 4
cal.ksamping G
cal.kpoints = [20, 20, 20]
cal.cutoffFactor = 1.5

#dos related

dos.range=[-10, 10]
dos.resolution=0.05
dos.project = true

pdos.in 5 NSBINLE
BOYSE Sl S H R K OHE TV S ECH A T dos . project 24
« dos.project : FEHIEHLIR PRSI ERIFK;

2.6.2 run BFEIET

TE & U5 A SCH: pdos.in Rl structure.as VA S, rho.bin 22 )5, ¥F301 FAERIIR 5548 FisdT, #RIEEEHHh#E F
LB T IEINAT DS-PAW pdos.in

2.6.3 analysis i+ E%ZR S

WA B E A SR, WSS IR S5 2458 DS-PAW.log . dos.h5 %k th SCF .
« DS-PAW.log : DS-PAW &% LV 2 JE 138 9 H &30

o dos.h5 : FSHEEVTIAR A hS iSO BUESE R BIRIRATAE dos.h5 SUUFH, HRAEES
DLa s ST XL 405

A1) python X} dos.hS HEATHERAC IR, BEAABAE D40 80 © B4R 2042 R4y . WS 2 1 80E 8% K
ORI AN B -

2.6. pdos TS EEITE 2
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0.6

0.5

=
.

o
w

Density of States (1/eV)

o
(N

0.1

PDOS

NoSpin Si_s

NoBpin_81

NoSpin_Si_

B
d

Energy (eV)

22
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DS-PAW F

2.7 potential #FH#itE

PRBOTEA WA AT 5E AL, task=potential {3 & task=scf {)—¥E. BLATPA Si AR R BB, N4
WA R ) S
271 Si BEREHE RN
2.7.1.1 task = potential £ &

5 NSRS B0 sefin o potential.in FNZER SCAE: structure.as | scfin B -5 BIGTTH—3, potential.in
WEWT:

# task type

task = potential

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE

sys.spin = none
cal.iniCharge = ./rho.bin
cal.methods = 2
cal.smearing = 1
cal.ksamping = G
cal.kpoints = [10, 10, 10]

cal.cutoffFactor = 1.5

#potential related
potential.type=all

potential.in iy NS EEH -
FESBRFT Pl DU R B sys. Fl cal. (55503 potential.in | 2 J5i5 B 95 BB B4 1 S50 BI A -
o task @ WEITHEM, ARITHE N potential FEBITH;

o cal.iniCharge : BEE MR XIS, CRRAEXT RS RAXT AR, X B /RN SIS T
HJ rho.bin U4

FRBOT R TS S

« potential.type : FHIFRAMRIFIIIA, 2% all (YmHR, P eRBO TR 5 2 R R AT
WS (B 7%H hartree $52 1) SRk dy (i 5 AN ACHL IR IS 2 A1) 5

structure.as SCEFR B1EE. (UL 2.277)

0 #i
1. Wi2b3m}, scf.in f1 potential.in vf1:5 % cal.cutoffFactor J% cal.cutoff #2583, M2 BBk &
B ASVC LI [R]58 .

2. MR TR A R TG EEE B IR, et P S A IR AR B RSO P AR corr.dipol =
true UJ, }z corr.dipolDirection 234, corr.dipol = true F/3FT I EIER) I <, corr.dipolDirection
AR B IER i a. b, ¢ R E MRS RHE a. b, ¢ Jill.

3. MR R AR R BB RBI: Au-Al {5 Z ) e B 5B

2.7. potential & F#TE 23




DS-PAW F#if

2.7.1.2 task = scf — &

WA ST SROCNT scfin , G5F3CHF structure.as , scf.in ZHUNTF :

# task type

task = scf

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
Sys.spin = none

#scf related

cal.methods = 2

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [10, 10, 10]
cal.cutoffFactor = 1.5
#outputs
io.charge = true
io.wave = true
#potential related
io.potential = true

O #ik

L. R BN G5 SR SO sefhS | BUI 35 R BB A7 7E scf.hS SCffr, nf ER 408 © &
1% R 242 B9 R BAL B AR /3T sef.hS S

2. io.potential=true HfE task=scf I} /}:%{ .

2.7.2 run EBFIEIT

PAIAL R, RS EAE 6 S scfin « potential.in FIEEF U structure.as T AEFIIRSS 4%, Hi BE5H5014
AN T EM IR AT DS-PAW scfiin . DS-PAW potential.in

2.7.3 analysis it EZER ST

FidiE AR B A S, THRSENZ R 158 DS-PAW.log . scf.hS . potential.h5 %54 H SCF:
« DS-PAW.log : DS-PAW it 2 Je i 2 H & 30
o potential.h5 : FpRECTE XTI hS iy SO, FLARGER Wan o SO PHA4 XG0 3543

HI 1] python JIASFS potential. hS ks AL IS VESTA FpFSZH5 RS2, AR T B H 0l ) BIAS =43 ki
BOEATTE NP2, BRI 2 = L R 2042 FRAy . ACIRAS 2 B9 23 07 1) 35 ek B0l e AR s -

24 2. BREA]
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potential

75

25

value(eV)

2.8 elf BFBBFEEITHE

20

HL T SR BE VT S A PRy AT 52, task=elf B AA9E % task=scf fY—23k. BETDA Si R E BB, 7

LA RRTT YRR R L SRR

28. ef ¥ FBIEFEEITE

25



DS-PAW F#if

2.8.1 Si BFBEHBEITERAIHS
2.8.1.1 task = elf ¥ H

WSS SO sf.in I ELFin 858301 structure.as . scfiin WS AR IHA—8, ELF.in &8
LU

# task type

task = elf

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE

sys.spin = none
cal.iniCharge = ./rho.bin
cal .methods = 2
cal.smearing = 1
cal.ksamping = G
cal.kpoints = [10, 10, 10]

cal.cutoffFactor = 1.5

ELF.in s \SE N4
T ELF & paf DU AR EE sys. Fil cal. (S 8(3| ELF.in v :
o task : WHEITHERA, ARIHE N ELF 75

e cal.iniCharge : PEE MR R SO RRBUSAS, SCRpAT A4S AT 84S, X B/ FOR Y HIAE T
HJ rho.bin U4

structure.as SCEER (UL 2.2 797) HIGTTEL.

O #ik
1. WisB3Emt, scfin fil ELF.in %%} cal.cutoffFactor J% cal.cutoff WAZPRFF—%, &M< ILBRR S 5L
i Z N U S

2. ELF i} A 3% #§ non-collinear |53 .

2.8.1.2 task = scf —45H

S S SHOC: sefiin , Z5RSCHE structure.as | scfin ZELANF :

# task type
task = scf
#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

#scf related

cal.methods = 2

cal.smearing
cal.ksamping =

1

(Cawy

26 2. BRI




DS-PAW F it

(2 E70)
cal.kpoints = [10, 10, 10]
cal.cutoffFactor = 1.5
#outputs
io.charge = true
io.wave = true

#elf related
io.elf = true

O #ik
1. TSR B — A R N S5 SR S A sefhS B FEL R B BR AP A sef.hS SO, mE
V4080 T BAL R 202 B H T Ry BE AL H R A< 43 AT sef.hS S04
2. io.elf=true YA task=scf %L .
3. ELF |34~ % % non-collinear i}-33 .

. J

2.8.2 run BFIET

PAWIE SR, RS i S scfiin o ELF.in FIZ5F SO structure.as AR EIIRSS 4%, $i REEHIB0 I P/
IR IR BT DS-PAW scfiin . DS-PAW ELF.in .

2.8.3 analysis it EER ST

WA R E A SR, WSS S5 2458 DS-PAW.log . scf.hS . elf-hS Sk i 31T
* DS-PAW.log = DS-PAW Japls 5 BEVIHT 2 Je A B i) H 230 F 5
o elf.h5 : ELF VISR hS fith Sorf, ARG AR b ST 4% XL ol s

F /1] python A elfhS 483 NH AL VESTA Bt SZRprRE a0, AR ILAH 20 T L1822 i
e ARBRATEN B =4 L1 R B SR AR R -

28. elf B¥FEEEIHE 27
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2.9 pcharge S EBEEZBEITHE

ARATREAA SIG N B AT HEE kR E BB R LA L, AR SE N R A R s A, I
X > LT 4 B AR A T AT o

2.9.1 graphene &2 5EB5 B % B T H WA X

A SUEAD B 280 peharge.in FIEERI ST structure.as , B35 E A5 2 ) B RT 25 BE SR rho.bin R bR
BCft wave.bin , pcharge.in W1

# task type

task = pcharge

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

cal .methods = 2

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [9, 9, 1]
cal.cutoffFactor = 1.5
cal.iniCharge = ./rho.bin
cal.iniWave = ./wave.bin

#pcharge related
pcharge.bandIndex = [4,5]
pcharge.kpointsIndex = [12]
pcharge.sumK= false

pcharge.in ¥ NSBIN L

TEFR I FLAT 2 FEVH R AT DU BEOR B sys. Hil cal. (S 403 peharge.in ", 2 J5 UCELHR o) PO 35 BE VT 04
AISEERIAT

o task: WEIIHAT, AU M

» cal.iniCharge : B Hf% SO E U 42, SCRpEERT IS A2 ST B8 A%, X HL /RN M AT T
i) rho.bin SCA4;

o cal.iniWave : W E P RHBCCI R EEUEEE, SCRPAART RS SRR B8 AR, X BL/ZR/R M RIS 42 N
wave.bin A4

« pcharge.bandIndex : & & 3T R M2 BT B REAT 75, X HEL [4,5] FRHTREHF 4 FIBEHT 5 19
L2 5

« pcharge.kpointsIndex : WEITHMEEMIN K fFS, KB [12] R GEH Y i
LI kA 12;

+ pcharge. sumK : #FEHZERFIT TR A K sl min . X H false FRAAH
structure.as XS UNF
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L = N S S v R N

DS-PAW F

Total number of atoms

2

Lattice

2.46120000 0.00000000 0.00000000
-1.23060000 2.13146172 0.00000000
0.00000000 0.00000000 6.70900000
Cartesian

C 0.61530000 0.35524362 3.35450000
C 0.61530000 1.77621810 3.35450000

O #ik

L. 08 23 FLL A 85 56 40 WA 2 8 0, 585 2 o RS W 1 9 T B FL 45 985 5 SC P rho.bin K % vk 80 S04

wave.bin,

2.9.2 run EBFIEIT

HE R 474 A\ SCAF peharge.in | structure.as UK GV SEAFEI) rho.bin . wave.bin ST EAE B 5548 Ei51T,

IR T P Y AT iR IAT DS-PAW peharge.in

2.9.3 analysis it &R ST

M EIRBEA SR, TSN SR 2155 DS-PAW.log . pcharge.hS S5 i SCF: .
* DS-PAW.log : DS-PAW 7y Hifar 8 BT 8 2 S A58 4 H G305

o pcharge.ns = TSy HAAT B VF 58 U2 JE Y hS BE SO, RIS Y 2% REAY 14 P4 T R B OR AT AE

pcharge.hS W, HARRIEAIRATATE WLAR o STHAS XG0P B0 5

A ] python X} pcharge.h5 HATEARACHE , FAREAE LA B T A48 0 2042 30y AP k PSR 12 B

REATY 4 F1% LAy 285 S8 LRI SR I A s -

2.9. pcharge S BEEFEEITE

29




DS-PAW F#if

NS

wy)

o cZ

2.10 hse ftizFHTHE

ARATRFOA SUA RG], /41 DS-PAW Ryl A4 BT R AR I TSIz s e, G
AAZ BRI RS BRI BRI AZ AL o

2.10.1 S ZALZ HEFER A
by A SR S 2800 ioband.in FNEE SCAL: structure.as | ioband.in TR

# task type
task = scf
#system related

sys.structure = structure.as
sys.symmetry = true
sys.spin = none

#scf related

cal.methods = 1

cal.totalBands =

cal.smearing = 1

cal.ksamping = G

cal .kpoints = [5, 5, 5]

cal.cutoffFactor = 1.5

#band related

io.band = true

band.kpointsCoord=[0.62500000,0.25000000,0.62500000,0.50000000,0.00000000,0.50000000,
(SR

12
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DS-PAW F

(#z E70)
—0.00000000,0.00000000,0.00000000,0.50000000,0.00000000,0.50000000,0.50000000,0.
—25000000,0.75000000,0.37500000,0.37500000,0.75000000,0.00000000,0.00000000,0.
—00000000]
band.kpointsLabel = [U,X,G,X,W,K,G]
band.kpointsNumber = [20,20,20,20,20,20]
band.project = false
#HSE related
sys.hybrid=true
sys.hybridType=HSE06

#outputs
io.charge = true
io.wave = true

ioband.in 5y NSEN45 -

TEAACTZ BT S AT DU AR B sys. Al cal. 9B HE] ioband.in W, 2 G B2 Z BT RAFA RIS KN
n:

o sys.hybrid: #HI3MbIZ KR NTF X, true FRFIATMELIZ RTTHR:
e sys.hybridType : BEEZAIZ AT, 1HIH HSE06;
structure.as SCERE B¥GTHE, (W 2.2 75)

O #ik
L AN 1% il v 54T sys.functional 32 #{Z s8R, JfbiZ sfit50diid S8 sys.hybrid Type K ¥l
iz sfFh .

2. ZARIZ RS S Fr task=scf/relax [F15E, PHRbAARIZ s AT V5 SRRl L — 2D R SE ik .

3. ZALiZ PSS 1] damped MD/conjugated gradient Jj k4L 1 FIIATVEEE, XM SEE A
cal.methods = 4/5

4. FALiZ v T block Davidson Jj ik b4+ AIGTHEE, BIRLHIri% cal.methods = 1, gL}
scf.mixType 512X 2R\ b Kerker

2.10.2 run BFIE1T

HEA5 4 i A SCHT ioband.in I structure.as b AR 55 4% LizAT, i IREEHSIE PRI IkIAT DS-PAW

ioband.in .

2.10.3 analysis i+ E &R 94

M BRI A SO, ITRSENZ 52133 DS-PAW.log . scf.hS 54t 30 o AP scf.hs i) T340 (L
2.377) REITIRMNE, ALY RE RV SCR VAR FR -

2.10. hse Zx{tizEHitE 31




DS-PAW E}

BandStructure

Energy (eV)

ERIFT bz it B R il 5 S 2 IR BRAE K, 298 1.2394 eV, AdtFT44biz i A5 2 1
M2k 0.6433 eV,

3

2.10.4 feRyZiLiZEH Alpha R%

2.10.1 F55 IR A4z R J ¥ HSEO6,  HOX R [ 241012 R &4 sys .hybridAlpha = 0.25,
¥ sys.hybridAlpha ZHUEA T PIKITE:

o scfin fll band.in P15 Z41: sys.hybridAlpha = 0.20
o scfin fll band.in FAENZSE: sys.hybridAlpha = 0.30

PRI REHEXT LA -
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DS-PAW F it

A
4
S 2
d
o -
o
Ll
—21
—4
U X G X W K G

Wave Vector

I HHZE AT 5@ K sys . hybridAlpha ZECAT DAEREAAT BE— 53 HC . A DS-PAW.log SC{4 i)
Y sys. hybridAlpha 4 HIEUE 0.20 . 0.25 . 0.30 i, XFRAFEES 4% 1.1146 . 1.2394 . 1.3665 ¢V,

211 vdw SEEFL/RETEIEVT R

AN A SBAERAZA BN B, M 431E DS-PAW AUl IR ) i B FE AR LR ITIB IE, 3 B
FURMME IR S A B AR S BN S R IEA TR LT

2.11.1 graphite 5 28 &5#5h %A S

TER AT SRPEA TR, TR 207 BB TUR T AT B IR, D REBGZ s IR R, T/
ZAWIRN T IE TR I SR
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DS-PAW F#if

21111 PESIEEIE

B NSO B B relax.in FOEER SCE structure.as |

relax.in YN :

# task type

task = relax

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
Sys.spin = none

#scf related

cal.methods = 1
cal.smearing = 1
cal.ksamping = G

cal .kpoints = [21, 21, 7]
cal.cutoff = 600
scf.convergence = 1.0e-05
#relax related

relax.max = 60
relax.freedom = all
relax.convergence = 0.01

relax.methods = CG
#vdw related
corr.VDW = true

corr.VDWType = D3G

relax.in 8y NSBING:

TEFEAETL/R I IE TS ] DU R B
EEioE 2 GIDE

. corr.VDW: FEIEARHE
e corr.VDWType : WETEMELL/] ﬂ;’ﬂﬁ MR,
structure.as LA SZUNTF

FULIRHME IE 5%,

sys. fll cal. B HE relax.in H, 2 )5 BEE TGS FL/RIME IE TS

true TR EFTIT;
D3G #75 DFT-D3 of Grimme 53

Total number of atoms

4

Lattice

2.46729136 0.00000000 0.00000000
-1.23364568 2.13673699 0.00000000
0.00000000 0.00000000 7.80307245

Cartesian

C 0.00000000 0.00000000 1.95076811

C 0.00000000 0.00000000 5.85230434

C 0.00000000 1.42449201 1.95076811

C 1.23364689 0.71224492 5.85230434
O #ik

L R 5 R BRI AT IR, wl BRI RSB S84 G I IZ B, sys.functional [ nf

%115 PBE/REVPBE/RPBE/PBESOL

2. DS-PAW {2205 05 2R 8 BRI T3 84 T I IE R IR B A ARIZ el 3

34
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DS-PAW F

2.11.1.2 ZHBIE
V2 BRUG 1 6F B 1 i A SO relac.in BRI 40N B

# task type
task = relax
#system related

sys.structure = structure.as
sys.symmetry = true
sys.spin = none

#scf related
cal.methods = 1

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [21, 21, 7]
cal.cutoff = 600
scf.convergence = 1.0e-05
#relax related

relax.max = 60
relax.freedom = all
relax.convergence = 0.01

relax.methods = CG
#vdw related
sys.functional = vdw-optPBE

relax.in By NS EUN 41
TEAOPE LR B IETH R W DU RO B sys. Fil cal. (S 4UE) relax.in W, 2 5B EETE LR IHE IETH ARy
A ISR
« sys. functional : BHIZEMA, WHER A G MU AR EERGIZ S, 18 viw- 200012 65
HRPar, BRI vdw-optPBE 2 bR, SCHRFIUIZ BRI LA 200 E 0

O #ik

LONEER R K, A FLRWAT B R AN 2 1E T 5K, 53 X S5 corr.VDW = true (CEZE3{EIE) Al
sys.functional = vdw---- (JZHR{&IE).

2.11.2 run BFIET

PRREZIAE RG], HERIFmA S 2 G, R relax.in F structure.as SCUF_EAL I RS54 LizdT, R4S
SR NG T VE AT DS-PAW relax.in o

2.11.3 analysis it &R 94

IR ERME A, AN G538 DS-PAW.log . relax.h5 . latestStructure.as 554y 304, (O
YEXT EE I3 8 In— 202 FEU B FLR T A 145

Ff latestStructure.as $fi A\ Device Studio #r A 451, IS5 4E A G M8 ™ LR, @t tenl & 8t
NG FE FL /R 6 1E AT 45 F 5t 1 A5 it L 1) 2 ¢ ML 5 SE iR 45 1 e

! Celso R. C. Régo, Luiz N. Oliveira, Polina Tereshchuk, and Juarez L. F. Da Silva. Comparative study of van der waals corrections to the bulk
properties of graphite. Journal of Physics: Condensed Matter, 2015. doi:10.1088/0953-8984/27/41/415502.
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DS-PAW F#if

Procedure a(A) c(A)
vdw-D3G this work  2.463  6.954
PBE this work 2.464 7914
Experiment 2462 6.707

2.12 optical M REitE

SR AP 568, task=optical FPTA 1 task=scf Hy—H 3%, AAIAFOL Si AT NI, A2t

DS-PAW HH I EF A BT, 00— RS B i oy B B A T P A

2121 Si SRR

2.12.1.1 task = optical HEHE

I AL S S E0: scfin o optical.in FNE5HE S structure.as |, scfiin W& 5 HIGTTE—E, optical.in 1%

HR:
optical.in {0 °F :

# task type

task = optical

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
Sys.spin = none

#scf related

cal.methods = 1

cal.smearing = 1
cal.ksamping = G

cal .kpoints = [12, 12, 12]
cal.cutoffFactor = 1.5
cal.iniCharge = ./rho.bin

#optical related
optical.grid = 2000
optical.sigma = 0.05
optical.smearing = 1

TENCHAT A AP DUS B LR sys. I cal. IS ELE| opticalin W, Z ]GRBT EAA RS EEITT
o task: WEITHEL, RKITHEN task = optical : 5

e cal.iniCharge : WHEBPULMTE OIS, SRR ARSI AR, X BL/2OR Y RTBRAR T

i rho.bin ;
» optical.grid: F/R DS-PAW T GAE M BT I FE BE S X NI IAS S8, ILfiA 2000;
+ optical.sigma : #E {i /] optical.smearing g (1 I FVAR B ETETERE, HBIH 0.05;
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DS-PAW F

« optical.smearing: JLETE optical VI XAER R S A RESERIE, BN L.

2.12.1.2 task = scf —4%5H

NS S RO T scfiin TS5 SCIF structure.as , scf.in WA :

# task type
task = scf
#system related

sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

#scf related
cal.methods = 1

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [12, 12, 12]

cal.cutoffFactor = 1.5
#optical related
io.optical = true

scf-in I AS N4 -

TEGAE B B T AT US EEOR B sys. Al cal. (9S4 scfiin b, Z SR EGAAE BT BREA S AW -
e io.optical : #EHRDEAMHBIERIF R, 24 jo.optical=true I, XFARIEATIEEHTATHE;
structure.as SCEFR B1EE., (UL 2.277)

2.12.2 run BFIE1T

AP R BI, WE AT A S Z 5, 1 scfin o optical.in F structure.as U FAZBIIR S5 45 FisdT, #HR
LEM I TR AR T AT DS-PAW scfin | optical.in .

2.12.3 analysis it &R 24

FRAR_ESRAOS A, T FI5E I 28] DS-PAW.log . scfhS . optical-hs S5 i3I
- DS-PAW.log : DS-PAW JE2£HE .2 S5 311 H o 31

» optical.h5 @ YerEVEFOT A SE I Y hS Bl SCiF, YER hS SUPFI A AR task 282847 4— 3, hS SCfF
BRSSP WA b ST PH A LA FB 435
A] (1] python X optical. hS 85— LRI AR scfhs BATHURAL R, BARERAE A6 ) T A48 2042 For
ALPRRTAG A L RCSEER . A R EURERR . BOLRE ICREL Jeh SR AR PraER. ER kR
AL, PAMOE R BB, 152 Hh ZRCR E A0 BoR -
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DS-PAW F#if

Optical

2-106 |
1.5-108

1-106|

500000 |

AbsorptionCoefficient

o 10 20 30 40
Photon energy (eV)

2.13 frequency $iZEitHE

AATRFA CO 237 HBI, Sr4a1E DS-PAW R A TRt o8

2.13.1 CO SR EmA L
S S SHO: frequency.in FIZER SU: structure.as - frequency.in Q1R -

# task type

task = frequency

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

#scf related

cal.methods = 2

cal.smearing = 1
cal.ksamping = MP
cal.kpoints = [9, 9, 9]
cal.cutoffFactor = 1.5
scf.convergence = 1.0e-6

#frequency related
frequency.dispOrder = 1

&)
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© ® N9 v A W =

DS-PAW F

(% L350
frequency.dispRange = 0.02
#outputs
io.charge = false
io.wave = false

frequency.in ¥y NSBING -
TEBRT B P ] UR AR sys. Fl cal. BYSHE frequency.in W, 2 JG ¥ BRI B A SEHI ] :
o task: WETTHERA, ARIAN frequency FIFIHE;

+ frequency.dispOrder : WEBRITHENIEFIRN . 1 XN AL02EME, BE 2 FRE-FiR3h
X BAMHR/RIT A LTI N +frequency . dispRange 5 2 X W 4 Fsl 7 HRah A M
KR EIRETHI{iFS N £+frequency . dispRange il £2* frequency.dispRange ;

« frequency.dispRange : BEEMR I B TR K/
structure.as S UNT

Total number of atoms
2

Lattice

8.0 0.0 0.0

0.0 8.0 0.0

0.0 0.0 8.0

Cartesian Fix x Fix_ y Fix_z
O 000 T TF

C 0 0 1.143 T TF

O #ik
L BTSN 8 o FL IS VSR e BIORS 15, St BCBE ¥ 1.0e-6 L) I
2. TFEE T C, O BTAEx, y ik, Sk z il L),

2.13.2 run EBFIE1T

WA A2 05, X5 frequency.in FI structure.as SCUF_FALBIIRSS4% LaatT, $ RS5O P A0
AT DS-PAW frequency.in

2.13.3 analysis i+ E &2 94

H RAOHIA S, 552 SR & 5] DS-PAWlog . frequency.h . frequency.txt S5 3T
« DS-PAW.log : DS-PAW U572 J5 i #IAY H &30

o frequency.hS © AR E SN S hS BARSCE R B A e S T LR B S R
A A& X LR B4

o frequency.txt - BRI SE M JEHY txt SCARSCHF, %SG ABEAM KL, 5 frequency.hs SIFEHE
— 2, BT PR .

M frequency.txt H R ZREX AN i -
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DS-PAW F#if

Frequency THz 2PiTHz cm-1 meV
1f 63.844168 401.144726 2129.612084 264.038342
2fh 0.051335  0.322546 1.712346 0.212304

CO R z J5 1) LA ol gl, R PIAR, Wi BT AR B — RSB R 2 63.8
THz, &F—FE 0 TR BN, — RS OLEN/NT 2THz B AZIE AT

2.14 elastic 3 E#itE

AATRELA St R ABI, M43 DS-PAW HHAIATHEA T3R5

2141 Si spMERTEMANXH
iy AL S 2800 elastic.in FNEE SCAY: structure.as ,  elastic.in TR

# task type

task = elastic

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

#scf related

cal.methods = 1

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [5, 5, 5]
cal.cutoffFactor = 1.5
scf.convergence = 1.0e-6

#frequency related
elastic.dispOrder = 1
elastic.dispRange = 0.01

#outputs
io.charge = false
io.wave = false

elastic.in iy N\SEING

TESMET S W DUR SR B sys. Tl cal. IS ELE elastic.in 1, 2 JG i BT AR S 4L -
o task : IWEITHEZIER  ARRITHER elastic JHHTTE;
+ elastic.dispOrder : WEBRIEIT MR TR I, 1R G220
« elastic.dispRange : BEE AT R AL H) KN

structure.as SIS HANT
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DS-PAW F

Total number of atoms

8

Lattice

5.43070000 0.00000000 0.00000000
0.00000000 5.43070000 0.00000000
0.00000000 0.00000000 5.43070000

Cartesian
Si 0.67883750 0.67883750 0.67883750
Si 3.39418750 3.39418750 0.67883750
Si 3.39418750 0.67883750 3.39418750
Si 0.67883750 3.39418750 3.39418750
Si 2.03651250 2.03651250 2.03651250
Si 4.75186250 4.75186250 2.03651250
Si 4.75186250 2.03651250 4.75186250
Si 2.03651250 4.75186250 4.75186250
O #ik

L 5Pk S EE 5 F1 IR TSRO BORS I, At I LA 1.0e-6 L) |-
2. SRVEVHEEAS SR M BT

2.14.2 run BFIE1T

WU A S 2 )5, elastic.in F structure.as SCIF EAERIIRSS #8 Laatr, ¥ BRE5HME A 230 Jr v

AT DS-PAW elastic.in .

2.14.3 analysis it E LR 94T

IR AR E A, RN G153 DS-PAW.log | elastic.h5 . elastic.txt 3% 3 A>3
o DS-PAW.log : DS-PAW #1155 27 J5 153 1Y H 25 30

o elastic.hS : SAPEVIELSE N2 JE 00 WS BdESCrE, LI SRR BRAFAE elastic.hS W, BARREIRES
TLat o ST AE XL EB43

o elastic.txt - SPETHESE R JE Y txt SCAR SO, %SO S A GRPEAR 8, 5 elastic.hS SCUFEdE—3, &
FH PR EUE S

M elastic.txt SCAARTFSUNT g o RO 1

RIS R -
158.7644 629858  62.9858  0.0000  -0.0000  0.0000
62.9858  158.7644 62.9858  0.0000  0.0000  0.0000
62.9858 629858  158.7644 -0.0000 0.0000  0.0000
0.0000 0.0000 -0.0000 75.8807 -0.0000  0.0000
-0.0000 0.0000 0.0000 -0.0000  75.8807 -0.0000
0.0000 0.0000 0.0000 0.0000  -0.0000 75.8807

A PESPE R
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DS-PAW F#if

0.0081  -0.0023 -0.0023 -0.0000 0.0000
-0.0023  -0.0000 -0.0000 0.0000
-0.0000  0.0000

-0.0023  0.0081
-0.0023  -0.0023 0.0081  0.0000

-0.0000 -0.0000 0.0000  0.0132  0.0000

-0.0000

-0.0000

0.0000  -0.0000 -0.0000 0.0000 0.0132  0.0000

-0.0000  0.0000  0.0000

-0.0000 0.0000  0.0132

HRBE: . SO . IR AR L

Properties Vogit Reuss Hill
BulkModulus(GPa) 949120 949120  94.9120
ShearModulus(GPa)  64.6841 61.5016 63.0929
YoungModulus(GPa) 158.1297 151.7315 154.9452
PoissonRatio 0.2223 0.2336 0.2279
Si {& £k Cubic i & , Z%dh RV ITCH =1 C11, C12 , C44 , 735X W LY 158.7644 , 62.9858
75.8807,

2.15 neb iFETVHE

 ARTPRERAH AE Pr(100) RIEHHO B, /4E DS-PAW R T JEAS TS . IEREER
FHEE T
2151 Pt TESHERAH

B A S & SO neb.in MZ S5 structureNo.as , neb.in ST -
task = neb
sys.structure = structure.as
sys.functional = PBE
sys.spin = none
sys.symmetry = true
cal.ksamping = G
cal.kpoints = [3,3,1]
cal.cutoffFactor = 1.0
cal.smearing = 1
cal.sigma = 0.05
neb.freedom = atom
neb.springkK = 5
neb.images = 3
neb.iniFin = true
neb.method = LBFGS

(ST )
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20
21
22
23

24

DS-PAW F

neb.convergence =
neb.stepRange = 0.
neb.max = 60

0.03
1

io.wave = false
io.charge = false

(% 50

neb.in i NS

TE PR A AT DU AR sys. Fl cal. FISELE neb.in . 2 JG B B ST BT RIS ZEI T -

o task @ WHEITHEIM, ARWITHE A neb TEITE;

+ neb.stepRange : WELE SR PR LK;

s neb.max : W EITESHHE PG MER BRI E

» neb.iniFin: #&EHlESTHRE TR SERARSE W Z

* neb.springK : WEHESTTE T HERHK;

e« neb.images : BEEMESIIR A AR LSEMEH ;

+ neb.method : & T ESITHE A EE;
 neb.convergence : ¥ & IESTHE A 32 07 B SRR 5
structure.as FHEHEZ AN, VIG5 structure00.as Z25 TR

AT EHB TR,

FER

Total number of atoms

13

Lattice

5.60580000 0.00000000 0.00000000
0.00000000 5.60580000 0.00000000
0.00000000 0.00000000 16.81740000
Cartesian Fix_x Fix_y Fix_ =z

H 2.80881670 4.20393628 6.94088012 F F F
Pt 1.40145000 1.40145000 1.98192999
Pt 4.20434996 1.40145000 1.98192999
Pt 1.40145000 4.20434996 1.98192999
Pt 4.20434996 4.20434996 1.98192999
Pt 0.00272621 0.00056545 3.91746017
Pt 0.00271751 2.80233938 3.91708172
Pt 2.80568712 -0.00141176 3.91894328 F F F
Pt 2.80548220 2.80426217 3.91792247
Pt 1.39865124 1.40124680 5.84694340
Pt 4.21951864 1.40156999 5.84719575
Pt 1.38647954 4.20437926 5.89984296
Pt 4.23154392 4.20414605 5.89983612

N OB P
W WP P
) =) = = = =
e L e e e B |
LB B I B |

B RS P DNDDND OO S D
SO RN

o 01 0 U1 W
e (] (es] () (s
Lo e ey B e B |
Lo e B B e B |

RASEEN structure04.as ZZ5 Y0

Total number of atoms

13

Lattice

5.60580000 0.00000000 0.00000000
0.00000000 5.60580000 0.00000000
0.00000000 0.00000000 16.81740000
Cartesian Fix_x Fix_ y Fix_z

H 1.52157824 2.80289997 6.91583941 F F F
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DS-PAW F#if

(% 50
Pt 1.40145000 1.40145000 1.98192999 T T T
Pt 4.20434997 1.40145000 1.98192999 T T T
Pt 1.40145000 4.20434997 1.98192999 T T T
Pt 4.20434997 4.20434997 1.98192999 T T T
Pt 0.02556963 0.00000000 3.90765450 F F F
Pt 0.02708862 2.80290000 3.91082177 F F F
Pt 2.83159105 0.00000000 3.91547525 F F F
Pt 2.82981856 2.80290000 3.90913282 F F F
Pt 1.45998966 1.38039927 5.88134827 F F F
Pt 4.25691060 1.38811299 5.84551487 F F F
Pt 1.45998966 4.22540069 5.88134827 F F F
Pt 4.25691060 4.21768697 5.84551487 F F F
O #ik

L. neb V¥ RNEAE T L T a5 LR -

2. PSR A T <l TSR Bot- 3L BEAS T 53> i) neb_interpolate_structures.py JHAS, 58
JAFA I )] neb_visualize.py HIACRHEH 5 HEATHIYE, WU cale_dist.py BIA 57 image Z 7]
R B AR

3. R PEEVEEIN &R SO structureNo.as {#GAECTEMT $4°0 No W SCEderh, Sefber's S ek otk
WS d—8. SO E 4 neb.in SCEERIV], {E neb.in Fi{E H #1471 DS-PAW ).

4. PR SEPATRUT I R B0 B images P B .

2.15.2 run BFIE1T

WER UM A2 5, R neb.in SCIERIELET structureNo.as SCFI) 224 SCAEIE SCHE_EAR BIIR 55 4 LaB1 T,
iz B 2R 5t 75 b A 2R 1) ﬁ{iﬁLﬁ DS-PAW neb.in .

2.15.3 analysis i+ & &R 94

M EAR A SR, IRSEINZ S

» WISTIARZSGE R e U Je &4 1% B a3 T2 15/ DS-PAW.log . latestStructure00.as . scf.h5 2555 H 0
145

» H[B)&5H) structureNo.as FITHESCUESE No (S 5 JESTHRE A o B 454 Irde SCbse, HhIal g A4k
neb.images B E) S BEMIAL TS nebNo.h5 . latestStructureNo.as 2%y 1 S0

» IINE B S 4E , DS-PAW.log . neb.hS 3X 2 304, Hirf neb.hS 3k No SCH396F 44 nebNo.hS SCA)
HEICE.

« DS-PAW.log : DS-PAW i JEATIHE 2 JE A8 9 H 75301

o neb.h5 : PSR SE M JEHY hS BSOS ARAR K BE B A A A B B IRAFAE neb.hS A
PRBEAREEA TEIL A s SCPHAS XL 753

"] ] python A% 8neb_check_results.py %f neb I RILERI:FT T, FAETHERY neb 1M H R
TRATAVTA, BRI DA B T AR 22 g

AEFERT 55| NEB T3 A4 M B e RS2 T 3R46 -

a4 2. BEAIT]




DS-PAW F

Image Force (eV/A) Reaction coordinate (A) Energy (eV) Delta energy (eV)

00 0.1803 0.0000 -39637.0984  0.0000
01 0.0263 0.5428 -39637.0186  0.0798
02 0.0248 1.0868 -39636.8801 0.2183
03 0.2344 1.5884 -39636.9984 0.1000
04 0.0141 2.0892 -39637.0900  0.0084

AL PRAS 2 1 95 22 I ORI AN R B -

—— interpld{'kind": ‘quadratic'}
—— CubicSpline
0.20 A
0.15 4
s
L
>
B 0.10
[}
[ =
w
0.05 1
0.00 1

0.0 0.5 1.0 15 2.0
Reaction Coordinate (A)

ALPRATE ) 02 image eI AR T B9 RE RS 52 0 AR B s -

2.15. neb j#j

dt

&

:.F
o}

45



DS-PAW F#if

— Max Force
—— Ener
3.0 1 ay
- —39636.70
2.5 -
- —39636.75
2.0 1
< S
” 2
E’ =
o o
1.5 =
E - —39636.80 X
- fim}
1.0
- —39636.85
0.5
0.0 4 e - —39636.90
T T T T T T T T T
0 2 4 6 8 10 12 14 16

Number of ionic step

3 u]fi | python JHI A neb_movie.py 43 A1 I 358 3 H AL AR AL , 2E ) neb_movie. json SC4-1] ] Device

Studio $THF, #RH—WIAN T PR :

46

2. BREA]



DS-PAW F

2.16 phonon E¥i%itHE
AT 43 DS-PAW A&7 Al A7 P 5 B s Reaiy Rl A5 BE T3 . DS-PAW SCReHFAs 11155

W7k fd A RIS IEA dipt %2 BB T vk . AT ARAS MgO R A B, A unfg i wFh 5 ikt
FAETRERISEE, IR TR IS E B AR AT AT -

2.16.1 MgO BEFiEReH TR

B NS & S B phonon.in FIE5RY U4 structure.as , phonon.in Q1R :

task = phonon
sys.structure = structure.as
sys.functional = PBE

sys.spin = none

cal.methods = 1

cal.smearing = 1
sys.symmetry = true
scf.convergence = 1.0e-07
cal.ksamping = G
cal.kpoints = [3,3,3]

cal.sigma = 0.25

phonon.type = bandDos
phonon.structureSize = [2,2,2]
phonon.primitivetUvWw = [0.0, 0.5, 0.5, 0.5, 0.0, 0.5, 0.5, 0.5, 0.0]
phonon.method = dfpt
(25 N30

2.16. phonon E¥ifitHE 47




20
21

22

23

24

25

26

DS-PAW F#if

phonon.gpoints = [41,41,41]
phonon.dosRange = [0,20]
phonon.gpointsLabel = [G,X,W,G,M]
phonon.gpointsCoord = [0.0, 0.0, 0.0, 0.5,
-5, 0.5, 0.5]

phonon.gpointsNumber = 51

io.charge = false

io.wave = false

-0, 0.

(% 50

0, ©.5, 0.5, 0,0, 0.0, 0.

phonon.in #§ NS4

TEFE T A DUSRAR B sys. Hl cal. B9ZHLE phonon.in W, 2 JGW B T B4 RIS LRI -
o task: WEITHEIA, AKITHE N phonon BTt ;

» phonon.type : WEH TIHARZER, bandDos X[V 1575 TREHFIASHE

e phonon.structureSize : & E A I HEHIA KN

s phonon.primitiveUVW : & & TREH TN I UVW 1) 2450

« phonon.method : BEAE TIHHEIIL, dpt HEEEZ M EILEE Ik

 phonon.gpoints : BB FITHE q 250 M EUE AN 41%41%41;

» phonon.dosRange : X & &% EITHEMN

[S1=E=N

HB B

XTa]4 [0,20];

s phonon.gpointsLabel : ¥&E FH1BEAHF VT I = R R SARSS 5
+ phonon.gpointsCoord : & E 1 BEHF TR E R X R s AR
e phonon.gpointsNumber : % & 7 T-REHTAHSB N 15 S R 5 14 e B 5

structure.as XS ZUNTH

Total number of atoms

8

Lattice
4.2555564654942897
0.0000000000000000
0.0000000000000000

Direct

0.0000000000000000
4.2555564654942888
0.0000000000000000

0.0000000000000000
0.0000000000000000
4.2555564654942897

Mg 0.0000000000000000 0.0000000000000000 0.0000000000000000
Mg 0.0000000000000000 0.5000000000000000 0.5000000000000000
Mg 0.5000000000000000 0.0000000000000000 0.5000000000000000
Mg 0.5000000000000000 0.5000000000000000 0.0000000000000000
¢} 0.5000000000000000 0.5000000000000000 0.5000000000000000
o] 0.5000000000000000 0.0000000000000000 0.0000000000000000
0] 0.0000000000000000 0.5000000000000000 0.0000000000000000
¢} 0.0000000000000000 0.0000000000000000 0.5000000000000000
O #ik

.58 -SRI SRS F1 S SEOOUCBORE , BB FLAE 1.00-7 B L.

2. TSI TR RRME , JEBGE S SR xE BRI IRRG 1, 538 sys.symmetryAccuracy uf ¥ b
1.0e-6 i/, By FARS1MERO TH3E45 4L

48
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DS-PAW F

3. phonon.iniPhonon W[5 M4 12 20 T-1133 (phonon.type = phonon) £5%1i¥j phonon.h5 3¢k, Mii
JER L A RN TR RO 5 A (7 A

4. phonon.type #Efilli] 55 ¥ 25 %Y, phonon X} i il 5% 1, band Xf Wi vh5 % g4, dos X Wil
S FAEEE, bandDos X [RIB} 1505 ¥ REds RIS #E)E . % phonon.type = band/dos/bandDos H.
phonon.iniPhonon A 475 U AENT, FE¥JE A 4h5EHK phonon.type = phonon #4155, SAKHE
PR S5 VR R sl AR

2.16.2 run BFIE1T

WA BT A SR Z 5 5 phonon.in Fil structure.as U FAZSI R 55 25% LisdT, HIREHTZR PN AR A
AT DS-PAW phonon.in

2.16.3 analysis it E LR 94

FRAR LSRAH ASCRE, V5958 SR 213 5) DS-PAW.log . phonon.hs . dfpt.json Fil dfpt.as “E4i th S
« DS-PAW.og : DS-PAW P -F-H 552 J 5811 H 25 30

o dfpras  FEEEREIISER U, HHE A PRI .

.« dfprjson : FEFIERNBECCH, W0k phonon.in SCPHR 8L, YHEA TR,

« phonon.h3 : P THFFISERLY JGHY hS KLHESCHE LTS TAEAPACRBEIRAZLE phononhs T, FLAKHOECH
LEFE LA o SRS XL B4
161 python JAIAKT phonon.hS HEFFECEALEE, AAFRAHE] R P FREMRISE VORI (a) . (b)
B

2.16. phonon E¥ifitHE 49



DS-PAW F#if

Frequenci

/

)

X W

Wave Vector

(a)

G

50

2. BREA]



DS-PAW F

PhononDOS

1.5+

1.25

0.75

Density of States (1/eV)

0.5

0.25

10
Frequencies(THz)

(b)

15

20

2.16. phonon E¥ifitHE
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1

2

R B N e

DS-PAW F#if

2.1

6.4 nac iItEER ST

EATRORE A E TE R AR B AR YA T BEH 155, #5737 JT non-analytical term correction (nac) JE177

T, A5 EABURE phonon.in SULFHERINUA TR WSS /AT :

phonon.dfptEpsilon=true
phonon.nac = true

2.1

PENAFE T RETRCR AN () BoR:

20.0]
17.5\ \

]
75| | A

G X W G M
Wave Vector

©

6.5 fdphonon FRUEEHEEF
AR OTRE I (£Q) VBB A SCHRQ R R, #5% phonon .method = dfpt #£8Jy phonon . method

= fd BIA], FEGEERRE, fd AT RS2 SRS dipt JEAE

tas

SYS.
SYS.
SYS.

cal

k = phonon

structure = structure.as
functional = PBE
spin = none

.methods = 1
C Ny

52
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DS-PAW F

(# E30)
cal.smearing = 1
sys.symmetry = true
scf.convergence = 1.0e-07
cal.ksamping = G
cal.kpoints = [3,3, 3]

cal.sigma = 0.25

phonon.type = bandDos

phonon.structureSize = [2,2,2]

phonon.primitiveUvWw = [0.0, 0.5, 0.5, 0.5, 0.0, 0.5, 0.5, 0.5, 0.0]
phonon.method = fd

phonon.gpoints = [41,41,41]

phonon.gpointsLabel = [G,X,W,G,M]

phonon.gpointsCoord = [0.0, 0.0, 0.0, 0.5, 0.0, 0.0, 0.5, 0.5, 0.0, 0.0, 0.0, 0.0, O.
-5, 0.5, 0.5]
phonon.gpointsNumber = 51

io.charge = false
io.wave = false

PA MgO fA % #fil, phonon.structureSize W N [2,2,2] , fd HEIHHHEBZ EHF&15% DS-
PAW.log . phonon.h5 WA SCAERT 001, 002 SCfFE2. 001 U8 NAFALE input.json K1 disp-001.as 3L, 002 3¢
e FAEAE input.json F disp-002.as 3L, SIS SCHESE R T 5 A A S0 in SCIERZE 240
(1) as 3L, AR (001 002+ ) AR T 1A R IR ARPE

i python JHIAAL PIA FRAAL J7¥A T AT EN Y phonon.hs SCIF, FHEIREMT B S A L &[] dipt Ik it 545
FlrlE (a) 5 (b) —E

O #ik
1. Al 8oyt 55 HAE phonon.method = dfpt 54 fig 52
2. phonon.nac [J3F 3 R E phonon.method = dfpt H. phonon.dfptEpsilon=true I}z %

2.17 soc B EESITE

AA5 /141 DS-PAW Wb AT HFEHUERM G115 LA BiaSes KR MBI, (EHMEEIEATREAF TSI X HE
i AT VR 23T -

2.17. soc Higf&B&itE 53




DS-PAW F#if

2171 BiySe; BReHERETTRIMA X
BT BIEITE . WA S SHOUE soi.in S5 S structure.as | soi.in IR

# task type

task = scf

#system related
sys.structure = structure.as
sys.symmetry = false
sys.functional = PBE

#scf related

cal.methods = 2

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [7, 7, 7]

cal.cutoffFactor = 1.5
#soi related

sys.spin= non-collinear
sys.sol = true

#outputs
io.charge = true
io.wave = false

soi.in y ASEAN2H

ﬁz-z A EBLENE 2o B T AR REORE sys. 11 cal. BB soiin o1, 2 J5 s B 1 HERLH RS & T BEASAT 10
ST

o sys.spin: WEMRER HEZAL, non-collinear F/RIELM: B JiE:
o sys.soi: #EHEE% EHEPERM AN ZSEHE sys.spin=non-collinear F}4E: % ;
structure.as SN

Total number of atoms

5

Lattice

-2.069 -3.583614 0.000000
2.069 -3.583614 0.000000
0.000 2.389075 9.546667

Direct

Bi 0.3990 0.3990 0.6970
Bi 0.6010 0.6010 0.3030
Se 0.0000 0.0000 0.5000
Se 0.2060 0.2060 0.1180
Se 0.7940 0.7940 0.8820

BEAF VTSRS A AT soiband.in . NZRAITR

# task type
task = band
#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
#scf related
cal .methods = 2
cal.smearing = 1
cal.ksamping = G

(ZEF )
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DS-PAW F

(B LE10)
cal.kpoints = [7, 7, 7]
cal.cutoffFactor = 1.5
#band related
cal.iniCharge = ./rho.bin
band.kpointsCoord = [0.00000000,0.00000000,0.00000000,0.00000000,0.00000000,0.
—-50000000,0.50000000,0.50000000,0.00000000,0.00000000,0.00000000,0.00000000,0.
—~50000000,0.00000000,0.000000001

band.kpointsLabel = [G,Z,F,G,L]
band.kpointsNumber = [20,20,20,20]
band.project = true

#soi related
sys.spin= non-collinear
sys.sol = true

soiband.in ¥ NS EN 4 -

15 BERUE M A AR TR, R BT A IR AT S S 83 soiband.in 2 R ECE AR
UE LR e S G

O #ik
I WG ESE < RHBI-NIO RN, 1E structure.as SCPFFSE-L17 5 E Mag
Fr2E Rl

2.17.2 run BFIET

HER AR A SUIE 2 )5, FF soiin . soiband.in FI structure.as ST EAE BN S5 4% Bizty, HRIE5HA50HE
BT 5 BT DS-PAW soi.in #1 DS-PAW soiband.in .

2.17.3 analysis it &R 94

M BB AR, RSN GR35 DS-PAW.log . scf.h5 . band.hS <5t SCF .

A3 band.hS (7RI (UL 2.3 9) BEAlf TSRk, RREIMBEITRCR IR (a) PO, 5 EA%
JE A TEBER AR, AR REIFSCR BN (b) FR:

2.17. soc HIEHEES Y 55




DS-PAW F#if

Energy (eV)

PBandStructure

56
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DS-PAW F

PBandStructure

Energy (eV)
(=]

(b)

M DS-PAW.log 7] 2E BandGap {&, & (a) FIE (b) M BMES 515 0.3251 eV 1 0.0814 eV , A[545i4: 3k
1T B ERE R AT BRI RM a5 541 Z (R A B

217. soc HiePlERESITE 57



DS-PAW F#if

2.18 aimd 93 FzhH S EH]

ARATRFUK S TR NG, E4iHE DS-PAW Frgfi ik

2.18.1 H,O 3 FshH SN L
B AU RS S EOCCE aimd.in FNE5HE SCH: structure.as

1o Tl Syt BT

aimd.in YR

#tas
task

#sys
SYS.
SyS.
Sys
SYS.

#scf
cal
cal.
cal
cal.
cal.

#aim

aimd.
aimd.
aimd.
aimd.
aimd.
aimd.
aimd.
aimd.
aimd.

#out
io.c
io.w

.functional =

1
.ksamping = G
1

k type
= aimd

tem related
structure =
symmetry = false
PBE

structure.as

spin = none

related

.methods = 1

smearing =

kpoints 1, 1]

= [
sigma = 0.1
d related
ensemble = NPT
thermostat = langevin
atomFCoeffElements =
atomFCoeffs = [1]
latticeFCoeff = 1
pressure = 100
timeStep = 1
totalSteps = 2000
iniTemp = 2000

[H_1]

puts
harge = false

ave = false

aimd.in §§ NS EN 45

FEAYF 3 2T 5 T DUR B

sys. Fl cal. B ZHLF] aimd.in v, 2 JGBLE 13 1R B

AHISEERIAT

task : WEITHERA, ARRIFEN aimd 7318 2B
aimd.ensemble : BB/ T-ol S RHE 0 R 25, BB RSEK E N NPT ;
BEE > T3l 1A 1 H A e A B TE s, BBk ) langevin 455K ;

aimd.atomFCoeffElements : W& % &K langevin L THITCEZ IR, MWHPKHAF— PSR TIXE N
langevin J5i-f-, FHZEUR T HEMm4 N H_L ;

aimd.atomFCoeffs : & B % 8N langevin J& T-XF W ¥ BEE 2280, EAA ps-1;
aimd.latticeFCoeff : % B langevin |E a5 1 ok MO EE I 2 B0 K0, BAN ps-1;
aimd.pressure : W& NPT FLIH A R H bR EMRE, PRA7 kbar;

aimd.thermostat :

58
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R - NV R S VOO S

DS-PAW F

+ aimd.timeStep : WES TBI I FRIR I RIE K, B0 fs;
o aimd.totalSteps : BB T3l SRR S5

e aimd.iniTemp : BE I T3 S FBAUR PRI AR, B0 K
structure.as LS ZUNTF

Total number of atoms

3

Lattice

4.00000000 0.00000000 0.00000000
0.00000000 4.00000000 0.00000000
0.00000000 0.00000000 4.00000000
Cartesian

H 2.63934013 1.89542007 1.58223984
H_ 1 1.36065987 2.11498988 2.45934006
O 1.65002999 1.88501012 1.54065994

O ik
L CREM BN “BOCRA + FRIZ + A B

2. BB B A A AR 14 langevin Ji IR AL R Ay 400 H_1, {E structure.as UG T 2%
JEFC R BRI T .

3. WRMEARP AR E SOTHE R HoL, Bipa A ghaesk Ho1 X H ooy, ) Jcksish
HESTHIIE S, .

2.18.2 run EBFIE1T

HER I AN 2 )5, FF aimd.in B structure.as U FAZ B IR S5 45 FastT, $RIRESH IR 2800 AR
47 DS-PAW aimd.in

2.18.3 analysis it E LR 2T

s ik A SC:, IR w2 5583 DS-PAW.log . aimd.h5 . latestStructure.as S5y H 34
* DS-PAW.log : DS-PAW 738l Jy BT A 2/ H 730

o aimdhS : 4 TE IS EAPI DS 5 SCEE; MRS A B TR . R R R S B
T7AE aimd hS 1, ELURIECRAEHITE NS h S P15 X000 35

o latestStructure.as : 73§ B JJERFEIT FTIFHIART as G5HISCHT, PRATACS M ZUAT A5 B 5

H T python JIAXT aimd. hS SCOFIATRURAL B, BARERAE WLAG 2 T A4k 7 2042 9. 75 NPT RERTR
Ll 2000 A5 2 A HEJIBEWER . BERGINT )AL (b i 28R B R AR B -

2.18. aimd 4337 S:484 59




DS-PAW F#if

DSPAW AIMD

350 4

Pressure-steps

300 A

250 4

200 4

150 -

Pressure Kinetic (kbar)

100 A

T T T T T T T
0 250 500 750 1000 1250 1500 1750 2000

Temperature-steps

2500 4

2000 A

1500 4

Temperature (K)

1000 +

0 250 500 750 1000 1250 1500 1750 2000

O %k

1. AN ZRE ol PR TEHEl: NVE 2220 % andersen $iz . NVT H2:0] 1% andersen. noseHoover
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DS-PAW F

1 langevin —fjihin, NPT ;0] %k langevin #iy . NPH Z4: 0] % langevin $% ;

2. I e R LR, B aimd.ensemble J4 SA, [A]Ibtifiid aimd.iniTemp Fl aimd.finTemp ¥
WIEFR AT BE R 5

3. % aimd.finTemp JAEELLLR KIHAER, i R0 NPT RINVT, AREBES T OIEMRE .

4. HEA SR langevin JiTIE, 4 BCKS langevin J5T XSRS SCPEAFAE THSE H 5%, DA S i
JFRA SIS SCHR B E3058.

2.19 efield phneE i+ E

F$%ﬁ%ﬁ%ﬁﬂ%%ﬁﬁ%ﬁ%,ﬂ%ﬁDM%W¢Wﬁﬁﬁ%M%%ﬁﬁ,%WM%%%E%@H
HAE O

2.19.1 EHETHEIMNESG T ERA S
kAU B 500 Efield.in FNE5F SCAY: structure.as , Efield.in U07F

# task type

task = scf

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

#scf related

cal.sigma = 0.1
cal.cutoff = 520
cal.ksamping = G
cal.kpoints = [9, 9, 1]

scf.convergence = le-5

#outputs
io.charge = false
io.wave = false
io.band = true

corr.dipol=true
corr.dipolDirection = c
corr.dipolEfield = 0.2

band.kpointsLabel = [G,M,K,G]

band.kpointsCoord = [0.00000000,0.00000000,0.00000000,0.50000000,0.00000000,0.
—~00000000,0.33333333,0.33333333,0.00000000,0.00000000,0.00000000,0.000000001
band.kpointsNumber = [100,100,100]

2.19. efield SMIEFHITE 61




© w9 wm A W =

DS-PAW F#if

Efield.in i NS G
BT R R SRR LAY, BREETFIT R EASI, S HONT:

e corr.dipolEfield : WEAIMBIAHI K/, ZBSEATE corr.dipol = true M&EHE corr.
dipolDirection BYIEH NARL:

structure.as S UNT

Total number of atoms

2

Lattice

3.860000 0.000000 0.000000
-1.930000 3.342860 0.000000
0.000000 0.000000 26.460000
Direct

Si 0.333333 0.166667 0.396825
Si 0.666758 0.833380 0.379216

2.19.2 run BFIET

HER IR A S Z )5, Efield.in Fl structure.as SUIF FAE BN S5 48 FIztT, IR A%
AT DS-PAW Efield.in .

2.19.3 analysis it B4R 94T

M ERBEA SR, RSN JER 2155 DS-PAW.log . scf.hS S5 tH (1
scfh5 © BIRTTEXTI hS FiHSCF, 2 io.band = true I, scf.hS SCHFE&H AREHT

HBIP B4 corr.dipolEfield = 0.2, HIAMIHEIAN RN 0.2 eV/A, EZ ALY FIbTAEHIT5E
BERREIF I E (a) PR,
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DS-PAW F

BandStructure

NS

Energy (eV)

(a)

LI ESH corr.dipolEfield = 0 HAE DA BIHE, HIFE o rE oL N #EATH
Kl (b) P,

(aYay
=
_{_.
o
am
g
=
F
3
25}
=

2.19. efield SMMEHITE 63



DS-PAW E}

BandStructure

Energy (eV)

(b)

XFHGE (a) AR (b) AIS45ie: SN o] AT H R I BR . A DS-PAW.log SCHA-RT 2 INFE 3 5 R
fe 3% BandGap F{E 435128 0.1176 eV £ 0.0010 eV .

O #ik
1. ALt S eV/A gl 132 Sy s gy
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DS-PAW F

2.20 polarization gH it &

ARATRFLA HfO2 B, N&iHE DS-PAW s faf il i BUAR AL BE EATER BT, 0 H fOo BOBRHLAR
1.

2.20.1 HfO, kBRI M
Wi AU E S B polarization.in Fil— Z25 A R AH S5 1 2546 SCAY: structure.as |, polarization.in {1°F

# task type

task = scf

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

#scf related
cal.methods = 3
cal.smearing = 4
cal.cutoff = 520
cal.ksamping = MP

cal.kpoints = [4, 4, 4]
scf.convergence = le-5
#outputs

io.charge = false
io.wave = false
io.polarization = true

polarization.in ¥y ASEN4H

STRTE G TR R AR B TR EE, IR AIA TSR EAR S, BiSECh:
* io.polarization: #ifil HIA T HERHEITERIT X

H f O $ALTT 1) T B BR AL AR S5 structure.as TS BT -

Total number of atoms

12

Lattice

5.04621935 0.00000000 0.00000000
0.00000000 5.07315250 0.00000000
0.00000000 0.00000000 5.25768906
Cartesian

Hf 1.34815269 1.22145222 0.17639072
Hf 1.34815269 3.75802848 2.45245381
Hf 3.69806665 1.22145222 2.80523525
Hf 3.69806665 3.75802848 5.08129834
O 0.35195212 1.93667284 1.92589951
O 0.35195212 4.47324910 0.70294502
O 2.32678304 2.48829365 3.85528783
O 2.32678304 5.02486989 4.03124575
O 2.71943629 5.02486989 1.40240122
O 2.71943629 2.48829365 1.22644331
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18

19

DS-PAW F#if

O 4.69426723 1.93667284 4.55474404
O 4.69426723 4.47324910 3.33178954

(% E50)

BRHAEARAL 7 T
H f Oy 1A J5 1 10]_ bRk FAH S structure.as SFSZZANTE -

Total number of atoms

12
Lattice

5.04621935 0.00000000 0.00000000
0.00000000 5.07315250 0.00000000
0.00000000 0.00000000 5.25768906

Cartesian

Hf 1.34815269 1.31512402 0.17639072
Hf 1.34815269 3.85170026 2.45245381
Hf 3.69806665 1.31512402 2.80523525
Hf 3.69806665 3.85170026 5.08129834
O 0.35195212 0.59990340 1.92589951
O 0.35195212 3.13647965 0.70294502
O 2.32678304 2.58485884 4.03124575
0 2.32678304 5.12143510 3.85528783
O 2.71943630 5.12143510 1.22644331
O 2.71943630 2.58485884 1.40240122
O 4.69426723 0.59990340 4.55474404
O 4.69426723 3.13647965 3.33178954
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DS-PAW F it

BRA AR A7 17 16)_E

TER A I T AR AL ) L 254 4l AR 9 e [ 4544, (1] ZePEARfE (neb.linear_interpolate) f)77v%, A
RZ IR TR neb_structure.py I, B A PS5 114>, ASEVIARSHALHIL 13 MYAL, XA #
BRI TIRACTT SR

2.20.2 run EBFIE1T

HER I ASCPEZ ), F polarization.in FI4%- structure.as SUIF LAREIIRSS 4, F 13 AL 13 4~ H 3%,
HRY % B S B A 21K J7 ¥k T DS-PAW polarization. in

2.20.3 analysis i+ E &R 45

A _FaR I AR, RS JER 2158 13 41 DS-PAW.log . scf-h5 Fl polarization.txt %% H SCF.
« DS-PAW.log : DS-PAW £KHLITHE 2 JFA35IHY H &30

o scfhS © EIGTIEXT R hS fithSCfF, FER hS SUFI A AR5 task 2RI H—E0. hS SCPFET WA & ST
RS ITIs

« polarization.txt : FRHEIACTHRSE ML JGH) txt ORISR, T B T otk S S AR Ak 14k
FAREFERZ ST, (T P PR PRI .

DAL R (00) ZRALARIA R MBI, M polarization.txt SCPERIFS H fOo (8RR AL B U0 T B -

Total(x y z) (uC/cm”2))

-0.000043  -8.715604  -0.000002
Quantum(x y z) (WC/cm”2)
60.067225 60.387821 62.584436

PARR AR b (12) BRAUAHIR ZABI, M polarization.txt SCFRTAG H fOo WER AR ALKAR IR P :
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DS-PAW F#if

Total(x y z) ((uC/cm”2))

-0.000049  8.715446  0.000001
Quantum(x y z) (WC/cm”?2)
60.067225 60.387821 62.584436

W PolaTotal.py JAIANS 5 NARACKAEH scf.hS SCUFREATRURALEE, BARERAEILAG 20 T S0 2042 ¥
gre X 13 AR AR AL HE, 1SRRI IE AT

Px Py Pz
150 S e . -
& L]
. ]
O T R S A A A L] - . [ B B BN BN B BN B BN OB BN B B
100 + g . . .
. L]
- .
L ]
&8 80 B8 880 E NN T ] LI B BN BN B B BN B B B BN O
50 - 1 5 * A
. L ]
. L ]
] ‘ i
WELEEENNE N NN N N N N E » . . EE R EE N N N N N N N N N
. [ ]
. L
™ L
& L ]
_5{]_............. | . .. * ]
o H ™ L B I BN BN I BN BN BN OB BN BN BN
o L]
.
—100 i i
—150 A . .

T T T T T T T T T T T T T T T T T T T T T 171 T T T 1 T T T T T T 71
slslslslslsls]lslsT=Farory =lalslslslsl=lslsl=FaPory o000 0000 A

13 LH G5 AR AL KU

B2 AR T AR AR x, y 2 =I5 HBRACERE Px, Py, Pz. [H H fO2 HACT 1924 y J5 1),
Px, Pz JU{EANFE R T LA TR 2L

B Py J5 AL e 3230 O i — 2 Bdi 041, H fO2 WIRALSR B AT (AL R, 75 00 sibifb i |,
F5 12) SHuxifcsl (R, PS5 06) Mt ibEir 2=, 4546 polarization.txt SCUE AN EARAL B R E , SRAS:
00 5 06 #4ZL M AL 22{EH K -69.103 nC/em”2
12 5 06 H R AL 228 69.103 pClem™2
%, HfOs WtALH (N 69.103 nCl/em”2
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DS-PAW F

221 bader EFitE

AATFFA NaCl g A B, /r431E DS-PAW A anfif kAT bader RAITEAL, 704 NaCl (AR 44 i TN S
VAR

2.21.1 NaCl Sk Bader BT E# NG

5 NS5 S8 bader.in FAZER SCAY: structure.as , bader.in Q11 :
bader.in XS0

# task type

task = scf

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

#scf related
cal.methods = 1

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [10, 10, 10]
cal.cutoff = 650

#outputs

io.charge = true

io.wave = false

io.bader = true

bader.in iy ASENEH

Ve PR B 36 T B BT bader HUBTVISE, [ BIAHITMEASAL, FRBECHT
 io.bader : Fifl EIAHHETR bader sAFFEEIGIF

structure.as S-S FZ IR

Total number of atoms

8

Lattice

5.68452692 0.00000000 0.00000000
0.00000000 5.68452692 0.00000000
0.00000000 0.00000000 5.68452692

Cartesian

Na 4.26339519 1.42113173 1.42113173
Na 1.42113173 4.26339519 1.42113173
Na 1.42113173 1.42113173 4.26339519
Na 4.26339519 4.26339519 4.26339519
Cl 1.42113173 1.42113173 1.42113173
Cl 4.26339519 4.26339519 1.42113173
Cl 4.26339519 1.42113173 4.26339519
Cl 1.42113173 4.26339519 4.26339519

O #ik

2.21. bader BfFitHE 69




DS-PAW F#if

1. io.bader = true B}, io.charge St A true

2.21.2 run EBFIE1T

WU A S22 5, 1 bader.in F structure.as U FAEBIIRS54% LisdT, HeMEEHIS0E H 04300 75 v

AT DS-PAW bader.in .

2.21.3 analysis it &R 94

M BB AR, RSN JERF 2135 DS-PAW.log . scf.h5 . bader.txt %5t SCF:

+ DS-PAW.log : DS-PAW bader HLfaf 114552 JE 15211 H 7 301

o scfhS : EIATIEXTIZAY hS itk SCPF, R hS SCPFRAA PR task 24" 48—, hS SCPHAT ILRRRY

BREEH T WA o ST S XL s

RN

bader.txt SCARNZEANN Frzx, bader HLfar A5 2] % 5 utexas K2#[1) Henkelman /NH S 211 2 Wy

o

Total number of valence electronics: 64

» bader.txt : bader HUFTT I 582 ST H txt SCASCHE, Z3CHFE A bader HUmTELS, 35 1) P Bes g
S

Element
Cl

Cl

Cl

Cl

Na

Na

Na

Na

X

0.25
0.75
0.75
0.25
0.75
0.25
0.25
0.75

Y

0.25
0.75
0.25
0.75
0.25
0.75
0.25
0.75

Z

0.25
0.25
0.75
0.75
0.25
0.25
0.75
0.75

Charge

7.85852
7.85704
7.84024
7.87537
8.14221
8.14223
8.14221
8.14221

AtomicVolume

35.893
35.83
35.0495
36.6765
10.0598
10.0607
10.0598
10.0598

MinDistance

1.65799
1.65799
1.65799
1.65799
1.10532
1.10532
1.10532
1.10532

2.22 bandunfolding ¥ RITETE

K

AL Cuz Au (R Z A, NMEAE DS-PAW HANfTbfragi AT B, o Cus Au T BRI BEN
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20

21

22

23

24

DS-PAW F

2.22.1 CuzAu REtE RITE T EHA I

REA AT B R PIAIE S BB, Pt A S & S8 sefin . bandunfolding.in FIZ5H ST

Structure.as

scfin YR :

task = scf

sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

cal.methods = 1
cal.smearing = 1
cal.ksamping = MP
cal.kpoints = [3, 3, 3]
cal.cutoff = 650

scf.convergence = 1.0e-05

io.charge = true

io.wave = false
bandunfolding.in 0T :

task = band

cal.iniCharge = ./rho.bin

sys.structure = structure.as

sys.symmetry = true
sys.functional = PBE
sys.spin = none

cal.methods = 1
cal.smearing = 1
cal.ksamping = MP
cal.kpoints = [3, 3, 3]
cal.cutoff = 500

scf.convergence = 1.0e-05

band.unfolding = true

band.primitiveUvw=[(0.0, 0.5, 0.5, 0.5, 0.0, 0.5, 0.5, 0.5, 0.0]
band.kpointsLabel= [R,G,X]

band.kpointsCoord= [0.5, 0.5, 0.5, 0.0, 0.0, 0.0, 0.5, 0.0, 0.5]
band.kpointsNumber= [101, 101]

io.charge = false
io.wave = false

bandunfolding.in iy NS5 44 -

e ST BT RO AE R TS A Bl ESE Ry, LBV AUE i R 5E 1. BRBET T R A S

B, BB T
« band.unfolding : il TR P REH T BT AITF

2.22. bandunfolding gt RiFEItE
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DS-PAW F#if

+ band.primitiveuvi: ¥t UVW R4, MBI KR L UVW RAS TIN5 K, 1T
PR R TR B

structure.as SUFSZUNF

Total number of atoms

4

Lattice

3.7530000210 0.0000000000 0.0000000000
0.0000000000 3.7530000210 0.0000000000
0.0000000000 0.0000000000 3.7530000210
Direct

Au 0.000000000 0.000000000 0.000000000
Cu 0.000000000 0.500000000 0.500000000
Cu 0.500000000 0.000000000 0.500000000
Cu 0.500000000 0.500000000 0.000000000

2.22.2 run BFIET

WU A S Z 05, KF scfiin . bandunfolding.in F) structure.as U FAER| R 55 4% ListT, & HE5HHE
AR IT AT DS-PAW scfin , (1Y E 52 MURAAAT DS-PAW bandunfolding.in

2.22.3 analysis it &R0 H

MR EIRBEA SR, RSN GR35 DS-PAW.log . scf.h5 . band.hS <5t SCF .

band.h5 - REAHFTE K hS & SCp:, M AR AE 1% S0 811G UnfoldingBandInfo #3%), ELAAZEH:
AT LA o SRS R0 3543

A AR bandunfolding.py X} band.h5 HATEARALRE, HARBAE LA 8) = A48 7 202 385y % BIiSE11
RETTRCRE N AR R, 50 IR IE LS —5.

2 Mingxing Chen and M. Weinert. Layer k-projection and unfolding electronic bands at interfaces. Phys. Rev. B, 98:245421, Dec 2018.
doi:10.1103/PhysRevB.98.245421.
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DS-PAW F

Band Structure Unfolding

Energy (eV)
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DS-PAW F#if

2.23 epsilon fFEEEHITE

AATRFA Si R FRAH], NEGiHE DS-PAW i A7 RO

2.23.1 Si SrEEET B SUF
g AN SCI LS S HOCCAE epsilon.in FNE5H SCAT: structure.as ,  epsilon.in TR :

# task type

task = epsilon

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sSys.spin = none

#scf related
cal.methods = 1

cal.smearing = 1
cal.ksamping = G
cal.kpoints = [5, 5, 5]
cal.cutoff = 500
scf.convergence = 1.0e-7

epsilon.in s NSEUN4 -
TR BT B AR task SERL, BT task HYRE(EANT :
o task: WETTHEAL, Fii epsilon S5, ALY A L H B 7535

O #ik

JE task = phonon H phonon.method = dfpt IR EEITE, B phonon.
dfptEpsilon = true Z¥(HIH],

structure.as SCFSZHNR

Total number of atoms

8
Lattice
5.43070000 0.00000000 0.00000000
0.00000000 5.43070000 0.00000000
0.00000000 0.00000000 5.43070000
Cartesian
Si 0.67883750 0.67883750 0.67883750
Si 3.39418750 3.39418750 0.67883750
Si 3.39418750 0.67883750 3.39418750
Si 0.67883750 3.39418750 3.39418750
Si 2.03651250 2.03651250 2.03651250
Si 4.75186250 4.75186250 2.03651250
Si 4.75186250 2.03651250 4.75186250
Si 2.03651250 4.75186250 4.75186250
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DS-PAW F

2.23.2 run EBFIEIT

WA A ST Z 05, FF epsilon.in Bl structure.as ST FAZBIIR S5 48 FasdT, FIRESHSER AH0 5
AT DS-PAW epsilon.in .

2.23.3 analysis it B4R 04T

M LR i A SO, TR G215 8] DS-PAW.log . epsilon.h5 . epsilon.txt %% S0
+ DS-PAW.log : DS-PAW 7B EHOT R Z 55310 H 7304
o epsilon.h5 : FEUEBOTEXT IR WS Gl oy, BARMEIRETE LA B A& XG0 #4)

. egsgon.txt: IHEFELOT RS G txt SCARSCPE, SIS AR RO R, 8T 1 P pude gk

H./Gho

M epsilon.txt SCAAH AT ERECANH 5 -

Total Part

13.309902 0.000000  -0.000000
-0.000000  13.309902 -0.000000
-0.000000  0.000000 13.309902

ST ERAIRZ IR R AR 13.309902 5 SCEGEE 13.31 —3L

2.24 piezo EHKEITE

AATFFA AIN R Z N B, r437E DS-PAW R4 AL K BT 5, R0 RERHI L R4 e33(0)

2.24.1 AIN ERKETEHAHF
i AL & S H00: piezo.in FEEK U structure.as , piezo.in W17F

task = epsilon
#system related
sys.structure = structure.as

sys.symmetry = true
sys.functional = PBE
Sys.spin = none

#scf related
cal.methods = 1
cal.smearing
cal.ksamping

1

cal.kpoints = [10, 10, 10]
(ST )

3 M. Gajdo, K. Hummer, G. Kresse, J. Furthmiiller, and F. Bechstedt. Linear optical properties in the projector-augmented wave methodology.
Phys. Rev. B, 73:045112, Jan 2006. doi:10.1103/PhysRevB.73.045112.
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DS-PAW F#if

cal.cutoffFactor = 1.5

scf.convergence

#outputs

= 1.0e-7

io.charge = false

io.wave = false

(% 50

piezo.in FE NS A -

. task: TELFEEAAY, B epsilon SHC, BLAERHR AR R

+ scf.convergence : WENHKETHH A ISR, S#UEREREE, HAARES 1.0e-7;
structure.as LS ZYNTF

Total number of
8
Lattice

atoms

3.11606630 0.00000000 0.00000000
0.00000000 5.39683518 0.00000000
0.00000000 0.00000000 5.00770902

Cartesian

Al 0.00000000
Al 0.00000000
Al 1.55803315
Al 1.55803315
N 0.00000000 3.
.00000000 1.
.55803315 0.
.55803315 4.

S O B W

= B O O

N
N
N

.59735137
.79945276
.89899597
.49786165
59851112 1.
79831356 4.
90013952 1.
49672497 4.

N O N O

.00946380
.51320124
.00945662
.51308138
91845914
42266820
91851680
42258192

2.24.2 run EBFIE1T

WER I A2 G, R piezo.in Fl structure.as U A B RG48 FasdT, 2!

4T DS-PAW piezo.in

o

2.24.3 analysis i+ E &R 5

M EIRBHEA SR, WS SR &35 DS-PAW.log . epsilon.hS . epsilon.txt “&%i S

« DS-PAW.log : DS-PAW [EHIBK R 2 5

F H &3

SERS B P AR DT IR IR

o epsilon.h5 © PALERTTEXNI hS iS00, BRI B ES T UL s SR 45 XL R
o epsilon.txt : BRI RSEMZ JEH) txt SCARSCM, %3OS AR R, 8T Pudi s B
M epsilon.txt ST H AT ARHCIT £t -
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DS-PAW F

Piezoelectric Tensor (C/m”2)( Row: x y z Column: XX YY ZZ XY YZ ZX)

Electronic Part

0.000000 0.000000 0.000000 0.000006 0.000000 0.336610
-0.000001 0.000007 0.000003 0.000000 0.336662 0.000000

0.266339 0.265888 -0.419569 0.000000 -0.000014 0.000000
Ionic Part:

-0.000004 0.000002 0.000002 0.000032 -0.000000 -0.681702
-0.000163 -0.000239 0.000314 -0.000000 -0.699012 -0.000000
-0.911456 -0.913265 1.943887 -0.000000 -0.000633 -0.000000
Total Part:

-0.000004 0.000002 0.000002 0.000039 -0.000000 -0.345092
-0.000164 -0.000232 0.000317 -0.000000 -0.362350 -0.000000
-0.645117 -0.647377 1.524318 -0.000000 -0.000647 -0.000000

A BT b AT A L SR B L T DT e3s(0) IOERMEA -0.419569 C/m? | B ALK S ess MIEE A
1.524318 C'/m? , 5k 5%H" -0.47 C/m? 1 1.46 C/m? £kt .

2.25 fixcell EEE XK itE

ARATFFA MoSy KR NBI, /r4iHE DS-PAW FUnfay AT [ 7 A% S T4

2.25.1 MoS, B EXKt& it EM A
H A SCPEEL S B MO relax.in RIEHISCUE structure.as , relax.in 1 F

# task type

task = relax

#system related
sys.structure = structure.as
sys.symmetry = false
sys.functional = PBE
sys.spin = none

#scf related

cal.methods = 1
cal.smearing = 1
cal.ksamping = G
cal.cutoff = 650
cal.kpoints = [19, 19, 5]
#relax related
relax.freedom = all
relax.convergence = 0.05
relax.methods = CG

structure.as S Z YN

4 Fabio Bernardini, Vincenzo Fiorentini, and David Vanderbilt. Spontaneous polarization and piezoelectric constants of iii-v nitrides. Phys. Rev.

B, 56:R10024-R10027, Oct 1997. doi:10.1103/PhysRevB.56.R10024.
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DS-PAW F#if

Total number of atoms

6

Lattice Fix_x Fix_ y Fix_ =z

3.19031572 0.00000000 0.00000000 FTT
-1.59515786 2.76289446 0.00000000 F F T
0.00000000 0.00000000 14.87900448 T T T
Cartesian

S 0.00000000 1.84193052 12.72413785

S 1.59515943 0.92096386 5.28463561

S 0.00000000 1.84193052 9.59436887

S 1.59515943 0.92096386 2.15486663

Mo 1.59515943 0.92096386 11.15925336

Mo 0.00000000 1.84193052 3.71975112

structure.as W2 BN

V1 R it L PE DA TSt I ST AE structure.as SCUFHRIG I ERRSS, HUTIE IS s (TR T
AERRIE AN Fix A% | [ E B R TEAE structure.as {55 =47 Lattice JS NN Fix A7%:, ARG GIRIARENS W [ &
an R ¢ A a 1 y. 2 5. bRy z 7).

2.25.2 run BFIE1T

HER I A 2 )5, B relax.in T structure.as SCH FAZBIIRSS 25 FastT, $RIRESHG0 I 2800 AR
47 DS-PAW relax.in

2.25.3 analysis it & &R0

W BRI A SO, I 52 S 2155 DS-PAW.log . relax.hs . latestStructure.as &4y i S«
o relax.h5 : SHBATEXT R hS ik Soe
o latestStructure.as : FIRLK 5[ as GEF SO, W E A A EORE
Rt latestStructure.as ¥ A\ Device Studio AL, 8 AT LS, ISR 4 1 i a5 i 5 an T

Total number of atoms

6

Lattice

3.19696732 0.00000000 0.00000000
-1.59848077 2.76865753 0.00000000
0.00000000 0.00000000 14.87900448
Direct

Mo 0.66666701 0.33333316 0.74999995
Mo 0.33333340 0.66666675 0.24999997

S 0.33333340 0.66666666 0.85535854
S 0.66666686 0.33333303 0.35535875
S 0.33333367 0.66666699 0.64464148
S 0.66666708 0.33333333 0.14464130

BN 1550 4 E a = b =3.19031572 , JG G T a=b=3.19696732 , i c = 14.87900448 7%,
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2.26 thermal BEFH DS M EiTE

AATRFA ST R RG], NEHE DS-PAW A AT 1A P58

2.26.1 Si EFRNFMRITERMAN S

5 AU S50 phonon-thermal.in FNE54) S8 structure.as , phonon-thermal.in QIR :

# task type

task = phonon

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sSys.spin = none

#scf related
cal.methods = 1
cal.smearing = 1
cal.ksamping = G
cal.kpoints = [5, 5, 5]
cal.cutoffFactor = 1.5

scf.convergence = 1.0e-7
#phonon related
phonon.structureSize = [2,2,2]
phonon.type =dos
phonon.gpoints = [31,31,31]

phonon.method = dfpt

phonon.thermal=true
phonon.thermalRange = [0,1000,10]

phonon-thermal.in #§ ASBN4H
. phonon. thermal : EHIATHE P ERITF %, (L7 phonon.method = dfpt I £k 2
« phonon. thermalRange : BFH I H LR H0IE OB A7 I

structure.as SCAFSZINT

Total number of atoms

2

Lattice

0.00 2.75 2.75

2.75 0.00 2.75

2.75 2.75 0.00

Direct

Si -0.125000000 -0.125000000 -0.125000000
Si 0.125000000 0.125000000 0.125000000
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DS-PAW F#if

2.26.2 run EBFIEIT

WER I A S Z IG, ’F phonon-thermal.in F1 structure.as SCAF AL FIIRSS #8 _LizdT, i BBE5 50 H A
7 AT DS-PAW phonon thermal.in

2.26.3 analysis it & &R 94

WG AR A, RSN G 2158 DS-PAW.log . phonon.h5 %4 i SCF
o DS-PAW.og : DS-PAW 75 11581551 H 75 S0

o phonon.h5 : DS-PAW BT 1E XS W) hS #ith Scfd:, FTHF 2 BRI 5, LB phonon.h5 U4
25 A\ Thermallnfo 545, HARMENT Wan b SRS X009 #5543

A] i H] phonon_thermal.py A X} 75 -3 128 -4 T AL R, HARSRAE W4d 80 © A4 ) 242 3045 o 0 pirii
TR, TR, A WX A R RERE IR AR - &R U, 5 phonony git (3R IR 454 —
2

Thermal

100 - —— Entropy (J/K/mol)
—— Heat Capacity (J/K/mol)
—— Helmholtz Free Energy (kJ/mol)

80

60

40

20

Thermal Properties

—-20

i i i i i
0 200 400 600 800 1000
Temperature(K)
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21

22

23

24

25

26

27

28

29

DS-PAW F

2.27 solid state NEB it&

AATFFA HEZeO (R Z 0B, /431 DS-PAW AR AT b M5t # 2EAT solid state NEB 1143

2.27.1 HfZrO Solid state NEB &% \ 3 {4

i A SRR B B B0 ssneb.in FNEEF SCAS: structure.as , ssneb.in W17R

task = neb

sys.structure = structure.as
sys.functional = LDA
sys.spin = none

sys.symmetry = false

cal.ksamping = G
cal.kpoints = [10,10,10]
cal.cutoff = 650

cal. .methods = 1
cal.smearing = 1
cal.sigma = 0.05

scf.mixType = Broyden
scf.mixBeta 0.4
scf.convergence = le-6
scf.max = 300

neb.springKkK = 5
neb.images = 6
neb.iniFin = true
neb.method = QM2
neb.convergence = 0.01
neb.max = 500
neb.freedom = all

io.wave = false
io.charge = false

ssneb.in #y NSEN 45
e neb. freedom: WEITESMBEALER, BE N all XPAV Il B RN
+ neb.method : IEHEIA Tk, % neb.freedom = all %S MY QM2 fil FIRE;

structure.as FEYEEZAS | WIS LM structure00.as ZZ AN

Total number of atoms

12

Lattice

5.00209138 0.00000009 0.00000004

0.00000009 5.00209143 -0.00000004

0.00000004 -0.00000004 5.07896990

Cartesian

Hf 2.50104558 2.50104575 0.00000000

Hf 0.00000000 0.00000000 0.00000000

O 3.75156841 1.25052303 1.47285183

O 3.75156857 3.75156869 1.04735062
(25 N30
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0 1.25052293 1.25052297 3.60611823
0 1.25052286 3.75156867 4.03161932
O 1.25052287 3.75156860 1.47285187
O 1.25052275 1.25052294 1.04735054
O 3.75156850 1.25052287 4.03161945
O 3.75156850 3.75156869 3.60611821

Zr 2.50104577 0.00000000 2.53948497
Zr 0.00000000 2.50104594 2.53948491

(% E50)

RESEEN structure07.as Z2Z5 YN

Total number of atoms

12

Lattice

4.98221520 -0.00002552 0.00036684
-0.00002562 4.99587652 0.00005905
0.00039053 0.00006126 5.18258321
Cartesian

Hf 2.30823006 2.49975412 0.04967381
Hf 0.00919001 0.00195723 0.38722458

O 4.03365086 0.66419181 2.12958714
O 4.00001549 3.18954023 0.89210846
O 0.95871628 1.24120307 4.04442128
O 0.94984693 3.74053908 4.19050825
O 1.35895285 3.73907584 1.57483409
O 1.36804279 1.24264997 1.42944278
0 3.29999107 0.69159253 4.72728663
O 3.26626721 3.16200890 3.48972595

Zr 2.31915914 0.00841995 2.97686955
Zr 4.98082249 2.50639160 2.64290889

WIAR S H AR Device Studio 1 /R G0 F

FIAS T M

82
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N °

ARA F AR

=l
™

O #ik
1. £ neb.freedom = all [}, neb.method A]1%{H 5~ QM2 = FIRE

2. [ SS R A nl R Al L0 T BORE- 3l B 4534 1) neb_interpolate_structures.py JHIAS, 5g
WA vT 41 neb_visualize.py A RHA R HE1 T %, W cale_dist.py A image 2 [A]
P B R AP

2.27.2 run EBFIE1T

WM A2 )G, 5 ssneb.in FILE structureNo.as SR 24 S0 B AL B IRSS #% Lasdr, %A%,
K55 RN 00 T AT DS-PAW ssneb.in o

2.27.3 analysis it & &R 94

M ER A SR, ITRSEINZ )

» WIASTIA S G e SO e 25 42 W B I3 T TSy DS-PAW.log . latestStructure00.as . scf-h5 25 H SC
4

» WA 2548 structureNo.as FITHE SCI96 No - (S5 10 ST B H TR 4544 e SCRse Wil 254 i A%
neb.images ZEE) S BT FTIS ) nebNo.h5 . latestStructureNo.as 2535y 1 S0

» IANE B SR 4E 1 DS-PAW.log . neb.h5 3X 2 D304, Hirp neb.hS 3k No SCH396F 44 nebNo.hS SCAHH)
H R

* DS-PAW.log : DS-PAW s ISR JEA5 2 i H 75 301

o neb.hS ¢ PSR SE ML JEHY hS BRSO OIS AR AR K BE B A AR B IRATAE neb.hS A
TR ER SE A TR WA o S A& XL T4 5

A fdi ] python JHIZR neb.py Xf neb T IEME R T /AT, TAETEEERY neb T H TR HATHTA, HAK
AR AR ) T LA R 2042 W) o ARBRASEIRY S 45 42 i SCR IV AN R -
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0.1F

0.05r

Energy(ev)

-0.05¢

-0.15¢

0 05 1 15 2
Reaction Coordinate

2.28 solvation i3F{LRETE

AATRA H2O (R Z N B, Ar437E DS-PAW il 53 o B AL R v 9] AL R -

84
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2.28.1 H>O [BEFIMLEETH AL

i NSRS S RO T scfiin TSI SCIF structure.as , scf.in QI°F -

# task type

task = scf

#system related
sys.structure = structure.as
sys.symmetry = true
sys.functional = PBE
sys.spin = none

#scf related
cal .methods = 1
cal.smearing = 3

cal.sigma = 0.2
cal.ksamping = G
cal.kpoints = [1, 1, 1]

cal.supGrid = true
cal.cutoff = 800
scf.convergence = 1.0e-6

#implicit solvation model
sys.sol = true
sys.solEpsilon = 80
sys.solTAU = 5.25E-4

#outputs
io.charge = false
io.wave = false

io.boundCharge = true

scf.in FIASHN 4 -

« sys.sol: FHIFIARKEFMBIAIT K, true W25 BRI ;
* sys.solEpsilon: WEFHINMRELAN, HHEN 80;

e sys.solTAU: $§5& B AR A A BRI SIS, AL eVIAN2 BRIAE N 5.25E-4, %S EHEKR
EoR/NT 1e-3 IEUE

+ io.boundCharge : ¥4 il 7 1] HRAH L fuf 25 B SCHF i B BT 5K o
LER A structure.as B2 UNR

Total number of atoms

3

Lattice

10.00000000 0.00000000 0.00000000
0.00000000 10.00000000 0.00000000
0.00000000 0.00000000 10.00000000
Cartesian

H 5.63934499 4.89541998 4.58224001
H 4.36065501 5.11499002 5.45934003
O 4.65002501 4.88500998 4.54065997
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2.28.2 run EBFIE1T

HER I A SR Z )G, R scfin I structure.as SCF EAR IR S25 FiatT, HREEHME P A ER
47 DS-PAW scf.in .

2.28.3 analysis it &R 5T

M BB AR, RSN G 2155 DS-PAW.log . scf.h5 . rhoBound.hS <5t SC{F: .
* DS-PAW.log : DS-PAW XA 5T 2 IG5 3 H 750

o scfhS © EIAVIRX R hS 6 S

« rhoBound.h5 : i FH ek P ARSI T S35 50 14 ) o400 Ao 4 SO

BB SR TR 325 JEIA L RE ) B A Esor , WOTALRETHEE 25000 F

Solvation Energy=E(sys.sol=true)-E(sys.sol=false)

AR AT H, 77337 sys.sol = false F 1R DAIRISEASE [BIE R REI B BE Enosot, $F Enosot fRALA
AR K TR -0.313 eV, 5530k HiGE I 25 R — B

o P B VA R B B EA TR SR, T DA IR] F 581 5 i o I P s 510) o 8 P A 285 2497 SCAF rhoBound. b5 W]
fii Fi python {7 rrans_rho.py XFiZ SO TG AL R, FLARBRAEDLAG 00 T B p A A2 30 FEA0 ) AL ST
{4E VESTA HrdT I, RTRAMSEIANT 4% FE T 4011 1 -

MR LAR R, FOIACHY IE SR I AT 3 BE M TE/K 2> THISNE, TE— AR, Al il
1, FHE B RA R ST R A HL A B 2

5 Kiran Mathew, Ravishankar Sundararaman, Kendra Letchworth-Weaver, TA Arias, and Richard G Hennig. Implicit solvation model for density-
functional study of nanocrystal surfaces and reaction pathways. The Journal of chemical physics, 140(8):084106, 2014. doi:10.1063/1.4865107.
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2.29 fixedpotential EFEHitE

AATRFA Cu — slab (R NBI, A EIAAHE DS-PAW A7 & i #5315

2.29.1 Cu — slab BITEFHRBITEHNLH
5 NSRS S B fixedPein FIE5F) S structure.as | fixedPin J07F :

# task type
task = scf

sys.functional = PBE
sys.structure = structure.as

cal.ksamping = G
cal.cutoff = 650
cal.sigma = 0.2
cal.smearing = 3
cal.kpoints = [7,7,1]

scf.convergence = 1.0e-6
scf.max = 200

sys.sol = true
sys.solEpsilon = 78.4
sys.solLambdaD = 3.04

sys.solTAU = O

# Potential fixed
sys.fixedP = true
sys.fixedPPotential = 2.155

io.charge = true
io.wave = false

fixedPin TIN5 AB RN

o task : WEIHEEA, KROITE ask=scf IR ERFE;

o sys.sol : FTIFRRMCHIR , 15 950 H S A 2E sk e A Sl 52

* sys.solEpsilon: BEEMMHRELAN, HHIBEN 78.4;

* sys.solLambdaD : fFIIIFASE /R % 2y FE HLCE EFF K B (Debye length) M, #AEE, WM
FRIEAR TR, B ik J I X LS5 A Tk

« sys.solTAU : #iE NI AR K IR/, BAGE eVIAN2 . BRIME N 5.25B-4, %S Hedlig
BR/NF e-3 EE

e sys.fixedP : FJHFEEHBITEH I

e sys.fixedPPotential : WERBIEHEAMBEIME, BIASFESHNESY (SHE) /EhS 2 EH

P EPAERATAAL (Potential of Zero Charge, PZC) {EAZEZ MM [iHESE sys.fixedPType =
PzC

O #ik
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1. XFHEFFKPE sys. solLambdaD, HEIER A Ap = /5055

IM 5 +/-1 B fF R B B TR K IS T PEFE K - 3.04 A

structure.as S Z YN

Total number of atoms

8

Lattice

3.63404989 0.00000000 0.00000000
0.00000000 3.63404989 0.00000000
0.00000000 0.00000000 23.62132454

Cartesian

Cu 0.00000000 0.00000000 1.81702310
Cu 1.81702495 0.00000000 3.63404620
Cu 1.81702495 1.81702495 1.81702310
Cu 0.00000000 1.81702495 3.63404620
Cu 0.00000000 0.00000000 5.46390548
Cu 1.81702495 0.00000000 7.22885308
Cu 1.81702495 1.81702495 5.46390548
Cu 0.00000000 1.81702495 7.22885308

2.29.2 run EBFIE1T

WER I AU 2 )G, A5 fixedP.in Rl structure.as SCUF_FAGBIRSA% LisdT, RSB0 P40 07 1%
AT DS-PAW fixedPin .

2.29.3 analysis it &4 RS

R EIARRS A, RSN G153 DS-PAW.log . scf-h5 54 i SCF
* DS-PAW.log : DS-PAW 5¢ Jf [ i B 351302 S A58 H 7 50
o scfhS o task ST scf [ DS-PAW Xf W 1) hS iy iy S0 AR ER ST WL Aa & U4 Xl g

DS-PAW SR ] et 1 B vk db A7 1812 i 950108, TH R AR v R AU AR A s AT R T 2 I BRI 58 DS-
PAW.log SN2 HAZ W HIG TR MRS LS R, HITE LOOP 5 kBN SR, 41 R i LOOP 5 25U iR 2%}
) HL 5 A

## FINISHED FIXEDPOTENTIAL LOOP 5 ##

Electron : 149.993000

ElectrodePotential_ SHE : 2.157747 vV

ElectrodePotential_ PZC : 2.484286 V

ElectrodePotential SHE (PZC) : —-0.326539 VvV

Chemical Potential (electron) : —6.757747 ev

Grand Total Energy (sigma->0) : —43088.518081 ev
Hr

Electron A% f{ 28 i 14 2 1) Fa {7 5
ElectrodePotential SHE 3%t 2¢ p5 (& Z A% T4 i SR AR FE 50 L #E
ElectrodePotential_PZC %4 SR Z AT T PZC 1) B #E;

88 2. BREA]




DS-PAW F

ElectrodePotential_SHE(PZC) %5 (& RTE P54 (B PZC) '~ (#X}T SHE) [ HAR L IHE ;

Chemical Potential(electron) 25 Hi 5 Q4 SR R b= (ARSI R BV I IR AL - 5o 25 05) 5
Grand Total Energy(sigma->0) 25 U Sl FEIEM AL N AR EAE, SERAREE. B,
ML AR 2E A K

WA IR R AR AEDY 2157V, 5 HTREE 2.155 V #230.

0 #iu
L. A7 I 5 S s 2 A R oA IR aEf 7, B sys.fixedP = true B, #J01¢ E sys.sol = true .
2. Hii, AL task = scf B} 3¢ F¢ Ml L3 V15
3. ElectrodePotential_ SHE=ElectrodePotential_ PZC+ElectrodePotential SHE(PZC)

2.30 wannier iH{EEESITE

AATRA Si AR R, AEATLE DS-PAW 1] wannier s $CHATHBERETF T

2.30.1 Si HG{EAEH TR
i AL S 2800 wannier.in 458 SCA: structure.as , wannier.in YR

# task type

task = wannier
sys.structure = structure.as
sys.symmetry = false
sys.functional = PBE
Sys.spin = none
cal.methods = 1
cal.smearing = 1
cal.ksamping = G
cal.kpoints = [16,16,16]
cal.totalBands = 12

#wannier related
wannier.functions = 12
wannier.wannMaxIter = 20000
wannier.outStep = 50

#interpolated band related

wannier.interpolatedBand = true

wannier.kpointsLabel= [G,X,W,K,G,L]

wannier.kpointsCoord= [0, O, O, 0.5, O, 0.5, 0.5, 0.25, 0.75, 0.375, 0.375, 0.75, 0,.
-0, 0, 0.5, 0.5, 0.5]

wannier.kpointsNumber = [100]

&)
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(# E30)
io.charge = true
io.wave = true

wannier.in § NSEN 4R

e task = wannier : PEIFEIAL, FrIrIBE(d wannier, F]F#EfT wannier 1155 ;
e wannier.functions : % & wannier EREHIE

e wannier.wannMaxIter : ﬁ%*@@%jﬁ%ﬁmjﬁ wannier @ﬁﬂﬁ*%‘éﬁﬁ{kﬁ’
e wannier.outStep : X task=wannier 5y SO RS R

e wannier.interpolatedBand : & HIFHEEN TTE I

« wannier.kpointsLabel : ¥ wannier K& A 15 (H BEHT I = AR SAG-55

+ wannier.kpointsCoord : & wannier pRE UL 47 {H BEHT I =g AR AR 5

« wannier.kpointsNumber : ¥ EHH{EAEW M XK K S22 B WHOSEG 6l &S50 wan-
nier.kpointsNumber= [100] , SXIFRA G 5 X Z AU ECH 100, PABLRASHOS &R XX R X
HW. W5K. K5G. G5HL Z[EFHITEE RS, LS ET N DS-PAW. log [ S44FT Bl /3K
B

structure.as S Z YN

Total number of atoms

2

Lattice

0.00 2.75 2.75

2.75 0.00 2.75

2.75 2.75 0.00

Direct

Si -0.125000000 -0.125000000 -0.125000000
Si 0.125000000 0.125000000 0.125000000

O #ik:

L. ®IEGEPEE I AL structure.as SCPEYP 52K, W JETESS 7 4rd3 WannProj %5, SRIGTE 124k
BANEPEE G 48k, DS-PAW 1] {H BB H1TE A FR 0L A~ 24509 1 wannier 35553

2. BEBIAR A SUEREEE , ROPPATRENLEFERNIGEOE . ik LGS, WB% TGk,

H & XWIRHSE AR structure.as SUHFS TR ¢

Total number of atoms

2

Lattice

0.00 2.75 2.75

2.75 0.00 2.75

2.75 2.75 0.00

Direct WannProj

Si -0.125000000 -0.125000000 -0.125000000 [s,p,sp3-1,sp3-2]
Si 0.125000000 0.125000000 0.125000000 [s,p,sp3-3,sp3-4]

O #ik
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1. BEXWIEREHMEN, structureas SCPEP G HLIE B0 % T wannier BRGNS % (wan-
nier.functions) , {FMIFLTFHEE .

2. BEBIRABER L S 2*(14+3+1+1) = 12, 5 wannier.functions = 12 5% 5%
3. X CTE R EAR B R T, TR Ak B A [1 BI] .
4. LB cal.totalBands e A 12, PLHE AR V-RINH A 12 B

2.30.2 run EBFIE1T

WER U A S Z IG5 wannier.in Fl structure.as SCF FAZ Rk S5 45 LiadT, HREEWME PN A
VAT DS-PAW wannier.in .

2.30.3 analysis i+ E &R0

T4 _EARr A S, THRSEZ G R 2155 DS-PAW.log . wannier.h5 <54y H SO
o DS-PAW.log : DS-PAW 5¢ i, wannier J8{f G817 1155 2 J5 152 A9 H &304
o wannier.h5 : wannier PR EGFEFEHT VTR M) hS S S0 BARAGBERSE DL o S % Xt 3
o
AT F 44 89 © B A% ) 2042 > band GEAFEGEALIE-> bandplot.py [ A< B 82 % wannier TH(E GEAF/EIR, 12HL
wannier.h5 B7] ,

UL 1) bandcompare.py f wannier SE{EAEHF 5 DFT REFEINTH, LSRR TL4H 20 21 7 2002 43,
AT HCR P A 5
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// \ ) _ — /
750~ / PN, AT
p / ‘ // _—-.\\-._ ‘;:_ -
5.0 AN
> 2.5+ , PN
8 . / \ -
T o = Wannier interpolated u
L 00 o terpolated up " | o
| — -
. — ]
\ ™

~7.5 —

—10.05 X w K G L

Wave Vector

O #ik
1. wannier VWAL EHFTIF pob , H. dft figdi i1 3%, (cal.totalBands) 2XPift)iwM4%%L (cores) i
eAs, P i wannier (&R cores 5 cal.totalBands £ £ R —2 .

2. 4 wannier B34 % (wannier.functions) /T- cal.totalBands b}, wannier F% i koAbt
PRGNS, Bem e F AR e RS 0 (wannier.disFrozWin) , FEFEHATHEIUER DA Frozen
Window #7115,

3. # A% X Frozen Window, FE#if% wannier.FrozWin W) &5 e 5 5 A fiE & T+ wannier.functions
M8, MRS e E4024. [IBHE WO A DA PEME, BNDJCIEER S A a5 8 .

4. 2023A Jii A DS-PAW 274~ 3% £ spin 28744 non-collinear [1] wannier i35 .

92 2. BREA]



DS-PAW F

2.31 ref &F ik

2.31. ref &E 3k
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AL DSPAW (05 HSLHSC0, SURELIE: W HSERIE . WTHSERRREB R s 1Pl o)

TR HERE, WTPAEIRA T DS-PAW K IFRY ] .

3.1 O RFMEHETE

3.1

AATRE ABAA S TR ZA PR N RV R I T3

A1 0 BRFEEHREZXFES
M T AR YOS B SRR TIOREAE, O AT AT a5 s a8, N BRI RTITR, RS

B scfin FNG5AE SCAF structure.as , scfin QF

tas
sys
sys
sys
cal
cal
cal

k = scf

.symmetry = false
.structure = structure.as
.spin = collinear
.smearing = 1

.sigma = 0.01

.kpoints = [1, 1, 1]

AP MR AR AT LA ST A

o sys.symmetry : DS-PAW nJ DUl R B DR FF i B, (HIEIm T g2
PSSR, AU R AR PR ;

o sys.spin: $HERRAIWLMEA collinear I JL2E ) ;
s cal.kpoints : X[ FEA MBI, K SATREN 1;
structure.as SCFSEHNR

KAER A G

e
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Total number of atoms

1

Lattice

7.50000000 0.00000000 0.00000000
0.00000000 8.00000000 0.00000000
0.00000000 0.00000000 8.90000000
Cartesian

O 0.00000000 0.00000000 0.00000000

SERSCUHE SRR AR AR, BRES LATHARARIE AN Cartesian 5 T ARG S S DX R,
FAR U (7.5, 8, 89187
3.1.2 run BFIE1T

WA A SR Z 5, B scfiin A structure.as SCUE AL B 22%5 T DS-PAW 335 [, 1547 DS-PAW scf.in

v

3.1.3 analysis it B4R 9T

W EIRBE AR, RSN JGRF 2138 DS-PAW.log . scf.hS S5 %t 3CF
{11 HDFView #{F4TIT scfh5 S0P, Eigenvalue F- 5l T :

¥ object {6}
AtomInfo {5}

v

Eigenvalue {3}
Energy {3}

Force {1}

4 v v v

MagInfo {1}
v TotalMag [1]
2 2.280996884905

» Stress {2}

1E scf.h5 1) Eigenvalue - Spin - Occupation #R7p nJ 153 [i_E F BERY AL 1S4 4, R EEAY AL 5 44
2, M Maglnfo 5 153 G RGN 2uB , [FIFAE DS-PAW.log "B n[ BEHUA R (19 ERERE N 2uB .
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3.2 NiO R REHITH

AFTRF LA NiO (A F A BN 2 el i B H R S R

3.2.1 NiO & B&8itE

AR BBV T 5B e, P E IR B TR e AT 8 Rt 5 . R SEOT sefin FIZEHY
A structure.as | scfin WK :

task = scf

sys.structure = structure.as
sys.spin = collinear
cal.smearing = 4

cal.kpoints = [8, 8, 8]
cal.cutoff = 650

AU EHEASCIE AP UL LA S8 B R i

e cal.smearing : AYTTEHRHA] WU A MARIEBEA 73k, MO TIARS sigma Ff5 H RO By
0;

o sys.spin : FEEMRRMENE, NiO K SR BRI BN collinear ;
e cal.cutoff : WEINIKIIENKTL 650 eV ;
structure.as S UNTH -

Total number of atoms

4

Lattice

4.16840000 2.08420000 2.08420000
2.08420000 4.16840000 2.08420000
2.08420000 2.08420000 4.16840000
Cartesian Mag

Ni 1.04210000 1.04210000 1.04210000 2.0

Ni 5.21050000 5.21050000 5.21050000 =20
O 3.12630000 3.12630000 3.12630000 0
O 7.29470000 7.29470000 7.29470000 0

B B R TR AR5 SR 26 -LATH) Cartesian Jofn b Mag #5345, TE IR AR ETFEAT IR B IR T
Wi, TR AR R B, (MR RN SR, AR AR, HHERT 4 NMERTROH, 5 4
AN R FRIRERH 3R 2, -2, 0, 0,

O #ik

1. Mag bp% il B IR R h & IR T RORERE . et A v S P s N R 5 R SRERERITT 5 A e B &
WA X, y, 2 I7 [0 L RREAE, BShIbR%:h Mag_x , Mag_y, Mag_z, {EX B i J5 1 AR A3 JE s 0
=5 ERGFERIAT . DA NIO (AR B, AT A ieBUEM AR, B RE AT

Total number of atoms

4

Lattice

4.16840000 2.08420000 2.08420000
2.08420000 4.16840000 2.08420000

(& F i)
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(# E30)
2.08420000 2.08420000 4.16840000
Cartesian Mag_x Mag_y Mag_z

Ni 1.04210000 1.04210000 1.04210000 0.0 0.0 2.0
Ni 5.21050000 5.21050000 5.21050000 0.0 0.0 -2.0
O 3.12630000 3.12630000 3.12630000 0.0 0.0 0.0
O 7.29470000 7.29470000 7.29470000 0.0 0.0 0.0

3.2.2 run BFET

Aﬁ/\@%ﬁ%%ﬁ/\ﬁdﬁlﬁz}ﬁ, f scf-in Rl structure.as LA AL F| 43T DS-PAW {y3Rss I, 11T DS-PAW scf.in
<o

3.2.3 analysis Bi&itEE&R 9

WA R A, RS G2 155 DS-PAW.log . scf-hS 554 1 SC . A DS-PAW.log HimT 2K

3.24 NiO $RZIEBEITE

ZIG MR AT BT, MER S BT pdos.in 5K U structure.as B IGVHEFT S FELAT 45 B S
rho.bin , W.B} pdos.in {II°F

task = dos

sys.structure = structure.as
sys.spin = collinear
cal.iniCharge = ./rho.bin
cal.smearing = 4

cal.kpoints = [16, 16, 16]
cal.cutoff = 650
dos.range = [-20, 20]
dos.resolution = 0.05
dos.project = true

pdos.in i AZHN 4 -

e dos.range : FREERITHEIXIE N -20 ] 20eV;

+ dos.resolution : FIRTERERTVIE XA NAT R n B BEkG
 dos.project : EHIEEEMBGL IR, AUGTEITH TR LW

N

3.2.5 run EBFIET
FEBT Y pdos.in S FAR B RSS4%, i84T DS-PAW pdos.in fii % .

98 3. ARSI




DS-PAW F

3.2.6 dos EEEITRERTHT

WdlE BRI A SR, TR SENZ S5 2455 DS-PAW.log . dos.hS #3046 2 © A4k R Sz
AN AR RS dos.hS SCPFREATRICRAL B, 73Tt 2 > Ni J5U 1Y 2g il eg BUIE, WIAHIR BrsaS Br1iA ,
BN U e O -

10.0 e g
7.5 _t2_g
wn
Y 50
©
w25
Y
© 0.0
Py
wn —25
3 -5.0
2 :
-7.5

~10.900-75 5.0 =25 00 25 50 7.5 10.0
Energies (eV)

NiO 355

3.2.7 NiO 6% DFT+U piaZEitE

NiO {4 % DFT+U W88 TR AR 5 LY NiO (R RS T AR — 2, ARZAAET /A
FIA IS AT S HER A DFT+U M S8, SR B A S EAN T R -

#correction related
corr.dftu=true
corr.dftuForm = 1
corr.dftuElements =[Ni]
corr.dftuOrbital=[d]
corr.dftuU [8]
corr.dftud [0.95]

AU RIS AR TUAS SRS i
o corr.dftuE G DFT+U BT, ABF i E o true;
e corr.dftuForm % E DFT+U J5¥%, 1 X DFT+U+] J5¥: (Liechtenstein’ s formulation);
e corr.dftuElements WEHENM U MICE, AKHH M Ni;
e corr.dftuOrbital WEFEM U KHIE, AFHEREE R dHE;
o corr.dftul WERAMKM UME, KREHEEN 8;
o corr.dftud KEEMAK T{H, AFHiXE N 0.95;
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FIARESE B M2 5, 205 2> Ni [T 7E#H T DFT+U 1HR2 5 ©2g #l eg PUESE 2, 15
B AT PN R B -

10.0
7.5
5.0;
2.5
0.0

—2.5;

—5.0;

—7.5]

—eJg
—t2¢

Density of states

—10.990-75 5.0 =25 00 25 50 75 10.0
Energies (eV)

NiO 5% (DFT+U )

O #ik:

1. DFT+U W[ DL 2 AN o # X HLIER U, B Ni iy d Juidin U 5k 8, J ik 0.95; O
W pSiEim Uik 1, Jfikh 0, BEBISEE M F: corr.dftuElements =[Ni,O] corr.dftuOrbital=[d,p]
corr.dftuU = [8,1] corr.dftuJ = [0.95,0].

2. DFT+U 2kl Jj i DFT+U(Dudarev’ s formulation), %} %:%( corr.dftuForm = 2, {iJi]i%Jj
IEE I RGO, UL eSO FiseE J sk
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3.3 AuAl slab BB FHH+E

3.3.1 AuAl slab BRI BB HZXHES

AR EBIENE T a5t g R, 1 E I A B R
A% structure.as , scfin YR :

PATEMTB B B . HER SO scfin MIG5HY

task = scf

sys.structure = structure.as
sys.spin = collinear
cal.smearing = 4

cal.kpoints = [8, 8, 1]
cal.cutoff = 530

io.potential=true
potential.type = hartree

#correction related
corr.dipol = true
corr.dipolDirection = ¢

AT EI E A SR AP AT LA SRR B R R
« io.potential N HEHITH I RREIITF X

« potential.type Ml HRERIFAZEEL, TR BN IS0 5 28 L 5 A0 e, X LA T8 po-

tential.type = hartree;

o corr.dipol AR IERIFR; ABIHIEN true;

« corr.dipolDirection Al it B MRS I 175 )l il A% K A ¢ 7).

structure.as SCAFSHINT

Total number of atoms
8
Lattice

4.06384898 0.
0.00000000 4.
0.00000000 O.

00000000 0.00000000
06384898 0.00000000
00000000 20.00000000

Cartesian

Au 1.01596223 1.01596223 0.00000000
Au 3.04788672 3.04788672 0.00000000
Au 3.04788672 1.01596224 2.03914999
Au 1.01596224 3.04788672 2.03914999
Al 1.01596224 1.01596224 4.07109999
Al 3.04788673 3.04788673 4.07109999
Al 3.04788673 1.01596224 6.09585000
Al 1.01596224 3.04788673 6.09585000

ST K

3.3. AuAl slab {ERF#itE
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O Au
O Al

3.3.2 run EBFIE1T

WERIFR A Z )G, FF scfin Fl structure.as SUIF_EAZ R 45 T DS-PAW BYBRSE |, 1247 DS-PAW scfin

e

3.3.3 workfunction ThEZEIBES T
R LR A S, RSN G &158] DS-PAW.log . scf-h5 %845 S0 X} sefhS SO T80
AL PR AT PR

" python BIAMT scfhS SCIF, K= eSS s BUIEATIHIN T2, BAASRAE WL AH ) = A0 8 2032 30
Ak PGB 1 23 T 1) PR St 2 T iR |
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potential
5 L
O L
— 9f
>
[iH]
g
g
-10
15
50 100 150
z

AuAl —4: 3w % &
T B R B L, TS Au FT AL Y EAS LIS IR 5.5 ev Fll 4.6 eV
M scf-hS HAT R K REZR A 0.113 eV

RIEAR w = —edp — Ep "1F AuAl slab #84r Au (TR %k 5.387 eV, Al T RECH 4.487 eV, 3L
BREE  Au TR EE 5.10-5.47 eV K], Al (3R BAE 4.06-4.26 eV [X ],

3.4 Ru— N1 BECFERETRRNEITE

R R WA ] DS-PAW A4 — AL IR RS . (Electrocatalytic nitrogen reduction reaction,
eNRR) . %S W PAB L 1 200 I 43 )8 Ru FRJEF R0, ] DS-PAW X R A6 000 - I I B B i Jii it
AR TR o

FEHLALZE A SO A RE A, T R SO AT S T F A FR S AN AR I, AR Ak
PG AN AR T, BRI FREIENRLE (grand canonical ensemble) , SEPRIA R & AFAE T H I
ASHE TR SRR S E W RS, EIERASFER M T RN, HIEHFARE

! William M Haynes, David R Lide, and Thomas J Bruno. CRC handbook of chemistry and physics. CRC press, 2016. doi:10.1201/9781315380476.
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ﬁﬁ%é‘]?ﬁﬁi&%){t%‘ﬁﬁfig, FOATAFAE HL AP A 25 140 R FF O T SRR A E H A 528 (constant charge
model, CCM),

DR R AR AN T A B A2 ST A, FRATRT R e R B IR AR ZE R R IT AR —MEs i, X
RO R FR [ 2 L 95 ¥ (fixed potential method/constant potential method ) . 7E I 3] H & A4 A1) FH [
ZE BB AR R 4 F Y (constant potential model, CPM) .

3.4.1 Flow i+ 57 R 3L+

A DABIR L 7 280 V8 4 S Ru LR A7), (] DS-PAW i FRAHAK 00431 W I Bk S At R A T
Bl B SR A RS TAERREE 7138 Ru B 1 RGPt/ ROV RIBX AT RS 1E: (Ru — Na) +
Ny = (Ru— Ny — Ny) , fEiTE AR P T CCM_vacuum, CCM_water, CPM_water =Fj A [a] izl | &
AR AR KRB AU, PEREFF T

3.4.1.1 Build {#£EE®

FERALEE: (a) BRAE 1A Ru J A (Ru — Ny) , (b) No B TR, (o) WEFE T N2 70 T A BR 112K Ru
JEFHAY (Ru — Ny — Na), BEREANR B

()

D— —
} o) ©

2*2*1 replicate

- x 1 i

g

Ru-N4 surface N, molecule Lo Ru-N4-N, model

3.4.1.2 Relaxation &#35th#&

XHEH RS AEATEA T, PAFRESTY, 7£ DS-PAW Hlt AT 455t R F5 2 L SR

relax.max = 200 #EEEH B R R ANE T I I K
relax.freedom = atom #EEEMMB N A mE
relax.convergence = 0.02 #iE R M B T Z 0l sk A
relax.methods = CG #3584 BT 7k A BB E &

3.4.1.3 Energy gtEitH

TEAFRRAT FHATRE R TR, SRAFREM BN I e S, T I R S AT A 44 -
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CCM_vacuum

WA EZS 2 R sef 718, BIR 3k CCM_vacuum #7 FAGRER, FIriZH 1778 DS-PAW Hiifif7 Mg
e R ENE LS

task = scf

SIS
cal.methods = 1 #EE BB ETHIMMAE T E 7?BD (block Davidson) F %
cal.smearing = 1 #45 & Gaussian smearing X X B HE N E B R W H 2 & A K
el Fasmping = G Pl A TR K B
cal.kpoints = [2, 2, 1] #35 EA B O K kA WA B KA
cal.cutoffFactor = 1.0 #IE P H K E K AW B 5 cal.cutoff iy 2 K
corr.VDW = true #38 & 5] A T 12 ' R EE’TT%IEV]’/%{
corr.VDWType = D2G #3¢ " DFT-D2 of Grimme7 ¥ ¥t 4T & £ B /R # & IE

CCM_water

1 CCM R o] DARI Y s R A A2 28 R R RO, X R RATTAZKIR A B, 41 M DS-
PAW 7E scf THRHTIA I AL B 5 28 B OS50

task = scf

#IE A K B AT X

sys.sol = true tEERENABRKXBEMNMER, truek 4T F
sys.solEpsilon = 78.4 #E R E AN B K, KB N EE BT84
sys.solLambdaD = 3.04 PREMMNBEARZETRFERKE, BL A4
sys.solTAU = 0 #%}fiiﬁﬁﬁfﬂ AKX RETEER B AN, BEfrev/dr2
io.boundCharge = false #i5 E R M AR R BT EE XM, falsex 7 Kk |

CPM_water

1t DS-PAW H JJ i 1 HL 9577 Y0158 BT 34 CPMUBEZL R RE R . 0T A A1 2023 A JCAS PP atb A i 7 H
B FLIEIAGRAAIL, XHHH T DS-PAW FER UK RERET T b7 Wit 5z o240

task = scf

#OE A B AT X

sys.sol = true teEREN AR RXBERNNER, truek 7 7 F
sys.solEpsilon = 78.4 #E R BN, BRAEA KA AN B E K784
sys.solLambdaD = 3.04 PR EMBE R B E T RYEARKE, BL A4
sys.solTAU = 0 #EE R E R ARXRE KA é!]j(/J\, ¥ Afrev/Ar2
io.boundCharge = false #IEE T E EF KRG BT R E X, falsek & x W
#E 2 B H IR E A K

sys.fixedP = true tEEREFBEZR W E, cruex A
sys.fixedPConvergence = 0.01

SHEEEERR ST EHRSEIEE, WERKE BIHH delta_electron N TR HEHE, HWHE XK
sys.fixedPMaxIter = 60 #15 RF&]& B ERH T AERS K

sys.fixedPPotential = 0
St R EER B EHESF AR ESE, RAUNSHEN S F B i b #
sys.fixedPType = SHE #45 7 sys.

—fixedPPotential%h M Wy HH W W # XA, L FFsHE (REARK) frrzc (F o 7 # L)
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3.4.1.4 ReactionEnergy R RifgitE

BEBIZER 1 3 ANASEIR VSRR, B SE A A BEY e BeE B i X -
CCM_vacuum

RIRE W S i) B

(Ru — N4) + N2(idealgas) = (Ru— N4 — N2)
FAMTE L AE NRVRE, SO RERTTHIRRIAA N :

AE = EO(Ru — N4 — N2) — EO(Ru — N4) — EO(N2)

Hrp, B0 W EARAU N AR AGE ((sigma—0), ZEME T BIG TSI sef.hS B system. json S
FFREL, #Efk M “TotalEnergy0” RIT[,

CCM_water

A A AN S (o
(Ru — N4)(inwater) + N2(idealgas) = (Ru — N4 — N2)(inwater)
AE = EO(Ru — N4 — N2) — EO(Ru — N4) — EO(N2)

Horr, EO XM K HORE A R R R SR ((sigma—0) , ZEE W M BIE TR scf.hS 5 sys-
tem.json AP EREL, B4R “TotalEnergy0” HW].

CPM_water

RNV SO RE S ST 8 No 78 KIS R -5 OV vs. SHE(hRIESHIAN) IR AL
TIPSR, BUN R BN MR TE, AT A, AT % S 7 EL PR RS

o nel : AR T B A ATEL
o ne: BIRFR AR RE (sys.fixedPPotential BT 8{EL, BLBIXTRY. O V) I & 1Y 5 74K
o dne: MR NBOEERT, RRAATHE: dne = ne — ned
o pe: RERTES, BB LCHEIRIRAL (B DFT 71305 2 0 i i B R i HL 958
o Ae: TSR RLT4L (AB) 15 I BRI B 231 B4 FE 141 (eA+eB) I 2E(H
« Q0 : grand total energy(sigma—0): Hi T-EIEMRLEFHARLRE, HREXA: Q0 = FO0 — dne * p,
Bemt, CPM_water % FWEEH SN ] B840 5k
Jithi—, RV EIE Ae , WP ROY AT G 1
Ru — N4(0Vwvs.SHE) + N2(idealgas) = Ru— N4 — N2(0Vvs.SHE) — Ae
AE = EO(Ru — N4 — N2) — Ae * pie — EO(Ru — N4) — EO(N2)
Horp, BO BB A FA VTS ITSHY sof.hS B system. json SCIF PRI, KT “TotalEnergy0” KT,

e Al e WPHUEAT I AV SEIT 4 DS-PAW.log (5K scfhS 5 system.json) SCREFRHIEL, Jol—1~ LOOP
TR HETE “Electron” FI “Chemical Potential(electron) ™ B[ T] ,

Tk, ZIER TEIEMRL M ARG QO
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H T TSR A TR R IR R S5, U SO RETT R R R B RE 20 24 Q0 AU
MR s S 7 2R B 44

(Ru — N4)(0Vvs.SHE) + N2(idealgas) = (Ru — N4 — N2)(0Vvs.SHE)
AE = Q0(Ru — N4 — N2) — Q0(Ru — N4) — Q0(N2)

Horr, QO EUE T A B THRLITAH1 DS-PAW.log (5 scf-hS B system. json) SCIFH 3R, £ )im—> LOOP
TEHK X8 “Grand Total Energy” BT,

T (Ru-N4) 55 (Ru-N4-N2) [{yi1 354 OV vs. SHE, Hotf (Ru-N4) 45 (Ru-N4-N2) 47 OV Rl sy
VHEL, D\ DS-PAW [R5 HH S S i1 SCPESE I8, 810 F ekt , RENESRAL eV:

system EO0 nE0 ne dne Le Q0
N2 -545.9393 10 / / / -545.9393
Ru-N4 -10572.2452 212 211.224 -0.776 -4.60223 -10575.81654

Ru-N4-N2  -11119.6117 222 221229 -0.771 -4.60054 -11123.15868

# 1. CPM_water B2 T [ & H1 501 540080

FERRAF #e 1 B AT R ks U A TR

Jith— e HIE Ae , SV AETTH L REAT:

Ru — N4(0OVwvs.SHE) + N2(idealgas) = Ru— N4 — N2(0Vvs.SHE) — Ae

AE = EO(Ru — N4 — N2) — Ae # pio — EO(Ru — N4) — EO(N2)

= —11119.6117 — (221.229 — 211.224 — 10) * (—4.600) — (—10572.2452) — (—545.9393)

= —1.4042eV

Jiik T ERTEIEN AL TR RERE Q0 , SOV R T:

(Ru — N4)(0Vvs.SHE) + N2(idealgas) = (Ru — N4 — N2)(0Vvs.SHE)

AE = Q0(Ru — N4 — N2) — Q0(Ru — N4) — QO(N2)

= —11123.1586 — (—10575.8165) — (—545.9393)

= —1.4027eV

I AT SRR R I RE 2. T UL DS-PAW g SCIr) Q0 RIFRT AR5 8 R 155 [ 2 i 95 1 14 B
LY g o

3.4.2 Run EFIETT

MER I A SIS, RIS, RERETHIE. [ A 53R in SCUEA structure.as S544 SO E A%
FIZ4E T DS-PAW (RS F, $MRAE 2 2 9847 DS-PAW input.in iy % BUH S AL AR 52 182 I
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3.4.3 ReactionEnergy N REEIB ST

¥R 1 EEES B4 CCM_vacuum . CCM_water . CPM_water #5507 it ;e W=, 18 =AM
T, eNRR i =B RN RE, 4R AT # 2 Fon:

reaction/ Ae (eV) CCM vacuum CCM_water CPM_water
(Ru — N4) + N2 = (Ru — N4 — N2) -1.3180 -1.3668 -1.4027
(Ru— N4—N2)+05H2 = (Ru— N4—N2—H) 1.1355 1.0833 1.6511
(Ru— N4— N2 - H)+05H2 = (Ru— N4— N2— H2) -0.6833 -0.8030 -1.0305

2. UV RER R
A LIRS R MU Y AR 2, R AT B 3

204 — CCM_vacuum
' —— CCM_water
J - Ru-N4-N2-H
— CPM_water
1 N
\
1.5 1 / \
1/ \
i / '
/ \
A A———— N ‘\
1.0 i W\
ron N
J ;o AN
;o N
;o \\\ \\
0.5 1 / 7 \\\\\
—_ Vi \
> 4 [ \\\\\\
[ Ru-N4 / 7 \‘\‘
~ - " \
R4 0.0 AN [ \\\\\
V4
< - \ S "\, Ru-N4-N2-H2
AN / /4 \
) 7 \
-0.5 LN l'//l }\\\
% W JAKY
(Y I” W\ c—
- ¥« 7 AYAY
N /i/ | e—
\Y /3 \
-1.0 1 N, RU-N4-N2 \ e
\\\\ l//l
- \\\\ V)
N7/
-1.5 4

Reaction coordinate

Bl 3. SR A= S L E 2k
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DS-PAW H{jn] ZFf .paw . .potcar . .pawpsp 3 FENERM, M EE S sys.
pseudoType & [ I EFH 1AL,

4.1 hzw I8 paw fER

DS-PAW BRA i ] 12 haw &S (.paw), X Z%L sys.pseudoType Ay -1, I} DS-PAW £ M 228
1% /pseudopotential BERUBES LU, HE haw B AL TCRIE 72 Fh, oeR IR 1-86 505 (£
JEE H A TR M) -

KT hzw A RHERR P PREAT ]S BT RO TR AT, HH RS RS SO REAR
GFRIWIE, XL T hzw LA I RETHA PR AR SR IR i O TE R 1

BEAN, BEXTRS R 72 FOCR T AR, BT LO ARSI AT T ARE 7 G RIS & ah
FLARARBITT AR, AT S35 72 Fhoe N, LDA F1 PBE {27 R J5F%5, it 144 Aot T AR S
AR WIEN2K TSRS R T IR, P TSR ZEAE e R R b Jon
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LDA

Cu
258%

Db Sg Bh Hs Mt Cn

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Ac Th Pa u Np Pu Am Cm Bk Cf Es Fm Md No Lr

-

BE

Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FI Mc Lv Ts Og
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Ac Th Pa u Np Pu Am Cm Bk Cf Es Fm Md No Lr

WIEN2K el i https://github.com/abinit/pseudo_dojo
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WIEN2Kk B3R $EME La. At V508G, ERARER La, At X8

WX AT, 1.0 RAEFARETT R G153 2RSS WIEN2K B4 R AR —2, HiiRFERK
HINICE Zn, XFME) LDA Al PBE JEFRIRZE 50 2.58% 1 3.31% , X P C R iy R Ak IR AEdEAT
Ho HARTURIBREEHEAIERITE 0.1% VAN, %HE— R0k T 5 P B A E R 1

2024/12/31 %A 11 RUAIESS, RYEAT AR RURA R RIL, RS-

4.2 VASP E#

DS-PAW $24it 1" #8 potcar #% =P (.potcar) ML, XMW S4( sys.pseudoType 10 , JLH}
DS-PAW 2 M BRIA B A4S o USRS S FRORUB ], DS-PAW WUt VASP BESAM M #20, JE3A S
PR HAT S . FE BT A RS 2 PR E S SRR MO Y s S, SR RETT R ) LDA J&ES, XTIV
POTCAR FEE M, Si_LDA.potcar, J'EF|+E HF (ATPAEL sys.pseudoPath 388 ) .

4.3 gbrv B

DS-PAW 4L S8 gbrv 4% JEF (.pawpsp) IEHEET, XFWZS% sys.pseudoType iy 11, JHH}
DS-PAW 2> M BRIABEAE o/ BB SO gbrv [ER 2 —En A 3 R A, BRI 64 Fhoc g
Feef:, REUM Y http://www.physics.rutgers.edu/gbrv/, FEEIEE 2=, DS-PAW 2 H7#% 2 /& PAW format
for Abinit, &5 ] I 75 2 H FHEES SCHE A MO B ek, W RETCE ) LDA JES:, XM I B S5
BMUR Si_LDA.pawpsp, BCEF| 5 H% (TLAM sys.pseudoPath %8 ) .

4.4 compare [E#TLL

441 SikZREEFHITE

XS HE =R R AR, ARTTVA SURER B, 23 566 LA E =R RSB0 T REAFITEE, T A REMT
XHECE, 200t BB = RSt SRR, AR AR B — Sk, Bk T hzw IS HERRTE .
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— hzw
4 — %
3_
2]
>
L 1
7o
w —11
_2.
—4G X W K G L

Wave Vector
BRI : R SRS S S 2 R P B B O

4.4.2 multi ZERZEHRITE

ARATAZARZE N B, S 1.0 BUA SR Le 1R 2R 08T HSEO6 AEHFTAT, IH153] T2 MA R AT BRE,
¥ DS-PAW A5 2 A B {E-S SCHkER (L) VASP K RESCU F{FI T R EF Xt e, 152 NI, kit
—HYUE T hzw EFHERG L.
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6 | | | I I I ! ! I ! ! I I T ! I I I
- --e-- DS-PAW 7
s\ --=-- VASP -
| --=-- RESCU ]
4 .
; L i
L
S 3 = -
S
0 | - -
L] _ /._‘*‘l [
Lﬁ 2 / e 7]
- ',:.’-:'-—-...l,.--—-' -
b —'// T
e _
0 1 1 1 1 | | 1 1 1 1 1 1 1 1 1 1 | | 1

InAs InSh Ge GaSb Si GaAs CdSe InP CdTe AlSb 7nTe CdS Z7nSe AIP AlAs GaP ZnS C BN

Bk ds . https://doi.org/10.1103/PhysRevB.97.075139
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4 A

5.1 parameter S#;%I|%K

o task

o sys.pseudoType
o sys.pseudoPath
o Sys.structure

o sys.symmetry

o sys.symmetryAccuracy
e sys.functional

o Sys.spin

o sys.spinDiff

o §YS.S0l

o sys.electron

o sys.hybrid

o sys.hybridType
o sys.hybridAlpha
o sys.hybridOmega
o sys.sol

o sys.solEpsilon

o 5ys.50lTAU

o sys.solLambdaD
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sys. fixedP

sys. fixedPConvergence

sys. fixedPPotential

sys. fixedPType

sys. fixedPMaxlter

cal.iniCharge
cal.iniWave
cal.cutoff Factor
cal.cutoff
cal.methods
cal.smearing
cal.sigma
cal.kpoints
cal.ksamping
cal.totalBands
cal.opticalGrid
cal.iniFixedP
cal. FFTGrid

cal.supGrid

io.charge
io.elf
io.potential
io.wave
io.band

io.dos
io.optical
io.bader
io.polarization
io.magProject
io.boundCharge

io.outJsonkFile

scf.max

scf.min
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o scf.mixBeta

scf.-mixType

e scf.convergence

scf.timeStep

o relax.max

relax. freedom

relax.methods

o relax.convergenceType

relax.conver: gence

relax.stepRange

e relax.pressure

e dos.range

dos.resolution

dos.project

e band.kpointsLabel
e band.kpointsCoord
e band.kpointsNumber

e band.project

band.unfolding
e band.primitiveUVW
band.EfShift

optical.grid
optical. KKEta

e optical.smearing

optical.sigma

e optical. Emax

potential.type

corr.chargedSystem

e corr.dipol

5.1. parameter &#%|% 119
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corr.dipolDirection
corr.dftu
corr.dftuForm
corr.dftuElements
corr.dftuOrbital
corr.dftull
corr.dftul
corr.VDW
corr.VDWType
corr.dipolEfield
corr.dipolPosition

corr.coreEnergy

pcharge.bandIndex
pcharge.kpointsindex
pcharge.sumK

neb.springK
neb.images
neb.iniFin
neb.method
neb.convergenceType
neb.convergence
neb.stepRange
neb.max

neb. freedom

[frequency.dispOrder
[frequency.dispRange

phonon.structureSize
phonon.method
phonon.type

phonon.isDisplacement

phonon.fdDisplacement

phonon.iniPhonon
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o phonon.gsamping

e phonon.gpoints

e phonon.gpointsLabel
e phonon.gpointsCoord
o phonon.gpointsNumber
e phonon.primitiveUVW
o phonon.dosRange

o phonon.dosResolution
e phonon.dosSigma
 phonon.dfptEpsilon

e phonon.nac

e phonon.thermal

e phonon.thermalRange

o phonon.eigen Vectors

elastic.dispOrder

elastic.dispRange

o aimd.ensemble

e aimd.thermostat

e aimd.andersenProb
o aimd.noseMass

aimd.latticeF Coeff

aimd.atomFCoeff Elements

aimd.atomFCoeffs

aimd.latticeMass

e aimd.pressure
o aimd.iniTemp
o aimd.finTemp

o aimd.timeStep

aimd.totalSteps

o wannier. functions
o wannier.wannMaxlter

wannier.disMaxlIter

wannier.disWin
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o wannier.disFrozWin

o wannier.disEfShift

o wannier.interpolatedBand
o wannier.kpointsLabel

o wannier.kpointsCoord

o wannier.kpointsNumber
o wannier.kmeshTolerance

o wannier.outStep

o WannProj

5.2 detail &#i¥ MR

SRR task
BRIMA: o

n % scf/relax/dos/band/optical/potential/elf/pcharge/neb/frequency/
phonon/elastic/aimd/epsilon/wannier

ik task ZEHERITERET, UIEE; scf/relax A DLEMNITE (REZEE cal.iniCharge
M cal.iniWave ) A DA A B 25 F Bl pR %R (3% B cal.iniCharge fil cal.iniWave ); dos/band/
optical/potential/elf NJFAbPRTIR, WAATELEHCR T B, 6 A FLAT 2 B B [l s n] e B A
WrREr (W% E caliniCharge , %% 1EiX & cal.iniWave ) ;

Z: task = scf

BB FR: sys.pseudoType
BRI -1
g -1/10/11

filiif: sys.pseudoType ZHNI'E DS-PAW I FFHNEERMEA -1 FORM haw &S (paw), B
BT DS-PAW % 3% **H He Li Be BC N O F Ne Na Mg Al Si P S Cl Ar K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se
Br Kr Rb Sr 'Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn* 72

FICER M hzw BFH; 10 KR SR potear 483G (porcar), 11 & 7w 913 pawpsp # Xk % (.pawpsp);
%Mil: sys.pseudoType = -1

BB H PR sys.pseudoPath

WRIAL: % sys. pseudoType =1 I, R E%BH, FIF FIEN S /pseudopotential HEI
A sys.pseudoType =10, BRIAE J/ ; sys.pseudoType =11, BRHAE J/

filiif: sys.pseudoPath ZHCHIE DS-PAW TR RIS BT Ae; — MR AATICE, 3
hzw SIS MBI R AR, SN S5 I S BRA M 214 B A B

ZM: sys.pseudoPath = ./
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BB AR sys.structure
BRiM: atoms.as
n[E{fi: .as /.h5 /.json

fiih: sys.structure R ELM CIRIIEAE, ZHF .as . .h5 fl . json #&3K, SCRRAEXT AR RIAH
XTEgAE s i DS-PAW 745 B BAA A I relax . h5 0, A HIERE sys.structure = relax.
hS PGS E A T A (json SCAET AT SZRHECR U P, DS-PAW & 7E% MR fE Hh5E 4
P 7 json #E 15 H)

Z&M5): sys.structure = relax.h5

SRR sys.symmetry

BRIMEL: true

nf i true/false

Hidk: svs.symmetry BB MR DSPAW HTRHEAHERTAIFAHE AT
ZHl: sys.symmetry = false

BB BR: sys.symmetryAccuracy

BRiINE: 1.0e-5

nf e real

Hish: sys.symmetryAccuracy ZHGER DS-PAW HELIHIFREE B ORIIE:
Ml sys.symmetryAccuracy = 1.0e-6

BB AR sys. functional
ZRilMii: LDA

n[i%1{fi: LDA/PBE/REVPBE/RPBE/PBESOL/vdw-optPBE/vdw-optB88/vdw-optB86b/vdw-DF/vdw-DF2/vdw-
revDF2

fiiA: sys.functional Z¥FEE DS-PAW 2 KA, 415 sys.functional=LDA | & 321038 & I
12 T LDA JFE% ;s vdw FF3k 1 22 91 JEE 5o0F B 12 bR 2R A U4 FL BT AR IE v

ZHil: sys.functional = PBESOL

BEHIR: sys.spin
BRIN{E : none
W[ %{f: none/collinear/non-collinear

fiid: sys.spin ZHEGE TR EHIEILR; none F/nicf HIE, collinear 75 IL2k i, non-collinear
PR A i

ZHl: sys.spin = collinear

SH AR sys.spinDiff
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BRIM: To

Al kA [0,inf)

filid: BCE BT A e TR
ZH: sys.spinDiff = 1

BEHPR: sys.soi
BRINE s false
Wik : true/false

ik sys.soi FIREEHEHIEPIEM G HIEHERE A0 75 ZAE sys.spin=non-collinear i} 74"
SR

ZKHBl: sys.soi = true

BB BFR: sys.electron

BRINMEL: A A L0 R

nf B real

fliik: sys.electron ZEFEEMHE T EE: DS-PAW it 5] AT st AT IR R
Rl sys.electron = 12

B HPR: sys.hybrid
BRINE . false
A E{E: true/false

filiik: sys.hybrid ZEIRERGHEHIMLIZE; true FRFIAZALIZ K, false Fm AT ALz K,
sys.hybrid HF¥E task = scf Fl relax [IFHMEAERL, sys.hybrid % & M true i} sys. functional ANFARL;

ZM§):  sys.hybrid = true

SR FR: sys.hybridType

ZRili: HSEO06

n[%{fi: PBEO/HSE03/HSE06/B3LYP

fi: sys.hybridType SR ERMIZRIYELL: ZSHULAELE syshybrid = true B AR
ZM):  sys.hybridType = HSE06

BEAIR: sys.hybridAlpha

BRIMA: 24 sys.hybridType = PBEO I}, ERIAMEN 0.25, 24 sys.hybridType = HSE06 I, BRIA(H
"4 0.25 ) Y4 sys.hybridType = HSEO3 i, BRIA(EHH 0.25

nE{E: real

fiiik: sys.hybridAlpha Z%04E E 22012 bR HORSH I A HAH X2 BRI R B ZS U A HE sys.hybrid
= true HJAERY
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ZHl: sys.hybridAlpha = 0.20

SR HFR: sys.hybridOmega

ERIM: 24 sys.hybridType =PBEO i, ERIAE N 0, 24 sys.hybridType = HSE06 i}, BRIAfE N
0.2, 4 sys.hybridType = HSEO3 If, ERIA(E N 0.3

Ak : real
filiif: sys.hybridomega Z¥IREAMIZ KINFEMAEG ESEUUALE sys.hybrid = true IHAERL
EHl: sys.hybridOmega = 0.2

ZEHBPR: sys.sol

BN false

n[kEfl: false/true

fiik: sys.sol ZHEEE RGN A BAL
ZPBl: sys.sol = true

SH R sys.solEpsilon

BRIM: 784

n[EA: real

fMiih: sys.solEpsilon ZHHREEHINHEE, BIMERKETHFEG
Zff]:  sys.solEpsilon = 80

BB BR: sys.solTAU
2RIME: 5.25E4
w%f: real

fid: sys.solTAU SEd8 & A TAA SRR KN, B0 eVIAN2, % SHUERE /N T
le-3 IIEUE

ZM:  sys.solTAU =0

BB FR: sys.solLambdaD
BRIME: G
Al E{E: real

iiik: sys.solLambdaD ZHHEEINAS /R 2% 2 B PHEFEK T (Debye length) HURL(H, B0 A, 25
ANV, AR T e EL 22 XU 2 X L 950 1) B MR 5

LMl sys.solLambdaD = 3.04

O #ik
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1. XFHEFFKPE sys. solLambdaD, HEIER A Ap = /5055

IM 5 +/-1 B fF R B B TR K IS T PEFE K - 3.04 A

B AR sys.fixedP

BRIMH: false

n[EfE: false/true

Hik: sys.fixedP ZHCHEHIEEHATENIFR, HETHS task = scf 3%
ZRM):  sys.fixedP = true

B AIR: sys. fixedPConvergence
BRI : 0.01
Al l: real

filih: sys.fixedPConvergence Z 4 #5 & [l & B H it B ISR B, METEPIR BIGTTEK
delta_electron /NT IR SICKS E, 11450 ;

ZM):  sys.fixedPConvergence = 0.01

B4R sys. fixedPPotential
BRMiE: T
Wk : real

fliif: sys.fixedPPotential ZHUHE FIE RSB R H AR A AME, BOAMRHES AR (SHE)
NS R

EBil: sys.fixedPPotential = 5.4723

SR ABIR: sys. fixedPType
RiME: SHE
Wi%f: SHE/PZC

filidi: sys.fixedPType Z4HE/E sysfixedPPotential 45 i) HL HE Y LAY, SHE Ny AFRHE SRR
R FE NS (E, PZC ABHARAI NS H(H:

EBl: sys.fixedPType = SHE

BB sys. fixedPMaxIter

RiM: 60

nIEf: int

fliik: sys.fixedPMaxIter 45 & [F & B BT B R KB L%
ZBl:  sys.fixedPMaxlIter = 100
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SR PR: cal.iniCharge
BRIME: o
W EEA: 457E rho.bin SCIFEEAE

flii: cal.iniCharge S8R/ AT AE S 46 & DS-PAW [ 15 B S 14 i B8 1135045 2 1 F A 285 S
4 rho.bin PR ARIEATIGLEMTTIAL; task=scf/relax i}, AR TEEFEHCE— Uy U 28 FE I IR cal .
iniCharge , SR EANFEE_F— R A A7 5 B I )&% B cal.iniCharge; 4 task= dos/band/potential/elf Fi}
WMELE cal. iniCharge $55E rho.bin WEEAZR; SCPFEEAR SCRPADN BEAE AN LA XT BRAE 5

Zf§: cal.iniCharge = ../scf/rho.bin

BEHFR: cal.iniWave
ERiIME: o
WA $5 5% wave.bin U ERAR

id: cal.iniwave SR A VAL AR E DS-PAW [ 3 Bl 45 #4) 5t B 5544 21 14 18 R B0
wave.bin AR UEATIE SRR AN ICE ISR AN SR wavebin 5 SO AR STRPARXT S AR A28 0 B A2 5

ZM: cal.iniWave = ../scf/wave.bin

B PR: cal.cutoff Factor
RiMi: 1.0
nf e real

filiif: cal.cutoffFactor FINEKIAESEL cal.cutoff ()R %L, 4 cal.cutoffFactor=1.5 I}, DS-PAW i}
SR A ARBTRE A cal.cutoff* 1.5, DS-PAW2022A it A Py B4 e £ 52 B, cutoffFactor 15 BRIAME 1.0
CABW R R Z TR ZEOR;

Ml cal.cutoffFactor = 1.0

SH AR cal cutoff
BRIMEL: 24 HITHR AT B TR IR BT R A B KA
WA : real

fMik: cal.cutoff ZE(FIR DS-PAW BTG i A A ~F- 1T U 5 R A BRRT B, AT HE 208 6 4% /pseu-
dopotential 755 25 JE S SR N B FTEE ecutoff (KN, WM O_PBE.paw U4 1] 52 H O_PBE [1 ecutoff >4 480
eV,

2Zl: cal.cutoff = 480

BEHIR: cal. methods

BRI : 1 (sys.hybrid = true I, BRIAE N 4)

W k{: 1/2/3/4/5

fiiih: cal.methods FI/RHIGH FEH LA 7%, 1 IR BD (block Davidson) Jik; 2 3

75 RM(residual minimization) F¥; 3 F/R RM(residual minimization) J53%Hl BD (block
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Davidson) F¥EMAHE; 4 TR damped MD (JHJE4rT3h f125) 7 5 F/n conjugated gradient

GLEERR TR Hod 4 F1 5 WTATERZ R P
2Hi: cal.methods = 1

SR AR: cal.smearing
BRI 1
n kel 1/2/3/4

fiid: cal.smearing Fin F MR 7 ¥ 6 34 B A AN I K B0 584 5 7 40 Gaussian smearing/Fermi-

smearing/Methfessel-Paxton order 1/tetrahedron method with Blochl corrections;

2Hl: cal.smearing = 2

B AR cal.sigma

BRiM: 0.2

W PEfi: real

Hisk: cal.sioma For (AT A SRR 47 BN O RETE
ZM: cal.sigma =0.01

BB IR: cal kpoints

BRMiE: [1,1,1]

nf PEfH: 3*1 int array

fMik: cal.kpoints F/R DS-PAW WE T HLIHX k A R IURE KN
ZHi: cal.kpoints = [9,9,9]

SR FR: cal. ksamping
BRilMii: MP
%l MP/G

fiik: cal.ksamping F/~x DS-PAW HzhA Bifi HIHIX k S MR 5, Monhkorst-Pack J5iE/

Gamma centered J¥k;
M4z cal.ksamping = G

SR cal.totalBands

BRI SRR G TR E AR

A A int

filiif: cal.totalBands Fx DS-PAW T15&E 1 Br0 &0 B BB 8 H
Z&f5: cal.totalBands = 100
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SR cal.opticalGrid

ZRINME: 2000

A ZEfili: int

flik: cal.opticalGrid Fix DS-PAW THHEEAME BT AE AR & X P A% S8, HAE jo.optical B A=

ZZM§: cal.opticalGrid = 2000

BEHR: cal.iniFixedP

BRI o

IR A5 TE L ST ) hS SRR AR

fliih: cal.iniFixedp 5} bE—YER BTG hS UUFWERFE, DS-PAW BEHGZ SO #EA T FE 95

o=

22Hl: cal.iniFixedP = ./scf.h5

SR EHWR: cal FFTGrid

BRI Bl T24k cal.cutoff F1 cal.cutoff Factor

n[%ff: 3*1 int array

fliif: cal.FETGrid 4 MMIAENTE =S FAs 517 i) FET-Grid #% 5850
2Z#l: cal. FFTGrid = [16,16,16]

BB W: cal.supGrid

BRIMH: false

W[V : true/false

Wik: cal.supGrid J#JE76ii] support FFTGrid fFF¢, Ik FFT-Grid )%
ZM: cal.supGrid = true

SR FBR: io.charge

PRIMI: true

W[k true/false

fiih : I HE S A S0 rho . bin A1 rho . h5 ; 24 io.charge=true i}, 4 i, rho.bin i rho.h5

A

Z: io.charge = true

BEIR: io.elf
BRINE: false
w] Gefili: false/true
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ik %y ELF B8R4SR Y task=scf/relax IHZSHUERG A LR RINHE B sys.spin=non-collinear
KW: jo.elf = true

BB io.potential
BRINI: false
W[kl false/true

Wik @B BRI BIELE S, Y task=scf/relax FHiZ S E04E % 24 io.potential=true H, ] DAE#E
potential.type JBEHHFREIIIEL;

ZMl: io.potential = true

SH /R io.wave

PRiAE: task = wannier HANIEHEL wave.bin SCEEFERIAE N true, HoAth task N ERIAME N false
n PEff: false/true

filaA s B B R RS — i SCF wave .bin 5 24 jo.wave=true B}, A wave.bin

Z2H: io.wave = true

S AFR: io.band

BRIMI: false

nf kAff: false/true

ik : 7E task=scf K275 EEAT I RET I K 24 io.band=true B}, Py REHY 113 S AL
%fH: io.band = true

BT io.dos

ERIMY: false

nf A : false/true

il : 7E task=scf B2 HHITH SR ERIF K 24 jo.dos=true B}, JrAASE A SEE LR
%Ml io.dos = true

SRR io.optical
BRINE: false
nf Al false/true

ik : =52 E AT EFEER T io.optical=true {YFE task=scf AR, 241Z S54RI XTI scf.h5
B A CEE TR ;

ZHl: io.optical = true

BEHPR: io.bader
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BRIN: false
n] H{f: false/true

i Pl 25 I T bader 114 io.bader=true {UFE task=scf B 24E50, 241%SEAEBURXT M ) scf.h5
A5 A bader L fafEdE ;

Z2f: io.bader = true

AR io.polarization
BRIMEL: false
W[k false/true

Ak PRI T R Ak jo.polarization=true {{{E task=scf BfZERG, 4% S 504 ST %] B 1)
scf.hS UL E ABRRARALEE

Z&M5: io.polarization = true

SE%IR: io.magProject

BRiMH: sys.spin=collinear A }% sys.spin=non-collinear Fif BRIA{E A true, FH ALK false
W[kl : false/true

ik AERGETTR, R BRI hS i SO B ABCE R

ZM): io.magProject = true

B4R io.boundCharge

BRINE: false

A {4 : true/false

A s A2 AR AR AR TR 2 5 i 7R SR v £ 7 B2 S5
Z#l: io.boundCharge = true

BB TR: io.outJsonFile

BRIN: true

A Gefili: true/false

il s e json ARSCHY 4 HH SO
24l: io.outJsonFile = false

SRR scf.max

ERIME: 60

A int

fMid: sct.max Fm DS-PAW TN T MR R A5
ZEHl: scf.max = 100
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SRAFR: scfmin

BRIME: 2

nf A int

fMik: scf.min iR DS-PAW 5B T2E i 20 80
2z scfmin=35

S HPR: scf-mixBeta

Riliti: 04

W[y real

fiiiR: scf.mixBeta F/x DS-PAW B TTHE M TR GE AR Beta {4
ZM5): scf. mixBeta = 0.2

SR PR: scfmixType
ZRiMMi: Pulay
] %A{fi: Broyden/Kerker/Pulay

Hitk: scf.mixType 357 DS-PAW ¥R TR G EEEE i o
ﬁiﬁ%n Pulay ﬁ‘zi; H 1kt E%:{%E/thgga B H i?ﬂ‘ BI‘Oyden jj(i& . Kerker
2l scf.mixType = Pulay

B4R scf.convergence

BRINE: 1.0e-4

n] e : real

fliifi: scf.convergence /R DS-PAW HAGTTHHERT, BEEMIILSHIE:
ZM: scf.convergence = 1.0e-5

S EHPR: scf.timeStep
BRiNME: 0.4
nf e real

ik : scf.timeStep Z4F5 M cal.methods=4/5 W[ HJH K 3 24 cal.methods =4 [}, scf.timeStep it 5E

mi > 1S T o " Z 9 . = )y . {j% MD
Fl‘] %Jﬁt : %ﬁjE/J\%IJ:ﬁﬁW@%%@gi B, R KKESE sef B & 24 cal.methods =5 Elﬂf,p scfﬁni:Step
HUE THIHASE KON, R RRTATRES L sef iTEARETE, K A/NTRESE T RIS R ;

RHl: scf.timeStep = 0.4

SR relax.max
RN 60

1
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W[ G int
Hi: relax.max 7% DSPAW GHBLiant, AR50
22H: relax.max = 300

SR PR relax. freedom

PRiNI: atom

[ % A{i: atom/volume/all/atom&shape

filih: relax.freedom 7 DS-PAW Z5#)5M T4 1% H f &, atom /s Hl B & volume 7R Hith

BAAR AR all FoRstg R O8RS AR I AR ;atom&shape 7Rt #5011 B A A TEAR S

22Hl: relax.freedom = atom

BEHIR: relax.methods

ZRili: CG

n] %ffi: CG/DMD/QN

Hidh: relax.methods 7% DS-PAW SHULHLN ik, CG F7JEAERIEY: DMD FRIEIZA T2

25 QN R AT

2 relax.methods = CG

e

R4 PR: relax.convergenceType

BRINY: force

n Pfl: force/energy

flliif: relax.convergenceType NI H ISR HERLSE, W DARER:3Z I sl DARE B ISl

ZM: relax.convergenceType = energy

SR FR: relax.convergence

ZRiNi: 0.05/1e-4

N[k : real

filid: relax.convergence /R DS-PAW Z5MGh T4}, JRF32 Jyal e g U s il s e 01 il sl

PRUEREERA(EY 0.05, PEFERE S ISR ER BOAEN Le-4;

ZM: relax.convergence = 0.01

SR %R relax.stepRange

BRIME: 0.5

W[ EAY: real

Hish: relax.steprange ZAAHILEAT, SR IAHAE
ZHl: relax.stepRange = 0.2
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SR BR: relax.pressure
ZRiM: 0
Wk : real

filid: relax.pressure F/RIFIEREINE FIHITEM ML, A HTZIE Pullay stress error, FA
kbar ;

ZM): relax.pressure = 100

BB HPR: dos.range

BRiMMi: [-10,10]

nE{f: 2*1 array

flii: dos.range FIiRY task=dos i}, % EITHEBERMIX;
ZHil: dos.range = [-15,15]

BB HFR: dos.resolution

BRiMil: 0.05

& real

fiiid: dos.resolution FiRN2Y task=dos I}, B EITE RN EEE
%M5l: dos.resolution = 0.1

BB AR dos.project
BRIN{: false
N[ kA : false/true

fliik: dos.project ZEIEHIEILSBEF; 24 task=dos [if,dos.project 2y false/true ; ZFTH K,
dos.project= ture , [t} dos.h5 W HSRFRESEENEE: HATTITEE , dos.project = false ;

ZHl: dos.project = true

S84 Br: band. kpointsLabel
BRIME: o
A % {E: n*1 string array

Mk LS A A AE task=band B} 4 g4 %(; band.kpointsLabel 2k HEHF 1154 B &5 % R bR 25,
band.kpointsLabel §{ZH /N2 band.kpointsCoord %§{ZH K /M) 1/3 5 b band.kpointsNumber £{ZH K/ 1 ;

Z2f§: band kpointsLabel = [G,M,K,G]

AR band.kpointsCoord
ERiIME: o
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[ % A{: 3n*1 real array
ik %S N AHE task=band B} 4 BEAE%; band.kpointsCoord Jy fEH7 i1 & B 1= % FR A 1 4 B0 AR AT,

band.kpointsCoord (4% K /]NE band.kpointsLabel Z{4g ) /MY 3 %

ZM: band kpointsCoord = [0, 0, 0, 0.5, 0.5, 0.5, 0, 0, 0.5, 0, 0, 0]

B4 Br: band. kpointsNumber

BRIME: To

WA : (n-1)*1 int array/ 1*1 int array

ik : ZSHH AR TR AR band.kpointsNumber A4 AH &P 4 = XK 5 2 [B] 1 K SN 4k
o MBI K E K (n-1)*1 int array I band.kpointsNumber [, band.kpointsLabel %3k /N 1

o MBECKEEN 1*Lint array B, PAZTESHCHIEME, XHIIA SO0 PR A T4 5 RS, S8 I AR AU
n] A DS-PAW.log [1) band.kpointsNumber 325 ;

ZM5: band kpointsNumber = [100]

B4 PR: band.project

PRIME: false

n] {f: false/true

fiif: band.project ZEIEHIERLHENT; 24 task= band I, #7i& &: band.project= ture , ] band.h5

AP ARG R IS B A AT, X E band.project = false ;

“%f5]: band.project = true

B AIR: band.unfolding

BRIMEL: false

nf A : false/true

filiif: band.unfolding B4R HEH EHTBMIT % 24 task= band i}, band.unfolding 4 %% (io.band = true

RAER), #¥%E band.unfolding= ture , band . h5 SCHH SARAF AT & RETH K 5

Z%f§: task = band, band.unfolding = true

o

SR PR: band. primitiveUVW

BRIME: T

[ % A{f: 9*1 real array

fili: band.primitiveUvw fEAFEITBIIEMS, BRI ELCR L UVW 28T R ER R

ZH: band.primitiveUVW = [0.0, 0.5, 0.5, 0.5, 0.0, 0.5, 0.5, 0.5, 0.0]

S84 Br: band. EfShift
BRI task=band F} 4 true, HiAth task Hfy false
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WL : true/false
fliik: band.Efshift BYFE /R task=band i, 275 M rho.bin H1i3H EFermi, {{{ff task=band 54
23fl: band.EfShift = true

BB PR: optical.grid
BRI 2000
W GE{f: int

fliik: optical.grid F/x DS-PAW T8t M it 78 BE & X 9 I A% s 8, HLE io.optical Fl
task=optical i 2ER% ;

EHil: optical.grid = 2000

B4 FR: optical KKEta
ZRiAi: EnergyAxe resolution®*0.99
A] Gl : real

fliih: optical.KKEta fil/f] Kramers-Kroning 5¢ ZRfEA L pR BRI 0 (. BHBOAMERT, 45
FRERANPE . 5K 0 TDALESRE P, (Ha bR s R RS R I — e R A . A
W R n , ESGE NS % (optical.grid) 1RGSR . CRIGIMILSER IHBAH, n (64 0.1)

ZHl: optical. KKEta = 0.1

BB AR optical.smearing
BRIMEA: 1
n ke 1/2/3

filiih: optical.smearing HeEXE optical 115 I XA B T AU RS EYE . 1/2/3 43 %t Y. Gaussian
smearing/Fermi smearing/Methfessel-Paxton order 1;

Z: optical.smearing = 1

BB PR optical.sigma

ZRiMi: 0.05

nf e : real

flii: optical.sigma i ffi i optical.smearing ke iE i) BT 55 IR ) JR 0 e B
ZM: optical.sigma = 0.05

SR % PR: optical Emax

BRI R (GRS mOREER *1.2 (eV)

A Ak : real

fiik: optical.Emax #iE optical T15HH*R (EnergyAxe) M K{H;
EHl: optical. Emax = 20
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SR HPR: potential.type
BRIN: total
[ ZE{ii: total/hartree/all

fili: potential.type IEHIFHH A4 HZEHY; 24 potential.type = hartree, potental.h5 HF A
Fri s (BT hartree 3342 Fi1), 24 potential.type = total, potental.h5 XHE A GiH (FARsci
KERSFZ ) B, 24 potential.type = all, potental.h5 SUIF[RIEE APFE

Zf§l: potential.type = all

SR BR: corr.chargedSystem

BRIMEL: false

N Ped: false/true

#iik: corr.chargedsystem FRYitHEATHRKRN, ADARERSEUE LA AR RV BER:
ZHi: corr.chargedSystem = true

BB FPR: corr.dipol

ERIME: false

n Efi: false/true

fliih: corr.dipol FIRGIANNWHEY (BB IE) KB IERZS B S AP R 178 ;
ZMB: corr.dipol = true

BB AR corr.dipolDirection
ERIME: o
W&y a/b/c/all

fiif: corr.dipolDirection FRBIIZIEAYTTI, alble 73R =AM F R T, all FRFr
A7, T IGL TR

ZEHl: corr.dipolDirection = ¢

BB PR: corr.dipolPosition

BRiMili: o

af %At 3*1 real array

flliid: corr.dipolPosition /RN IHEM MIAAIX O E
M)z corr.dipolPosition = [0.5, 0.5, 0.5]

SRR corr.dipolEfield
BRIMF: 0
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A P : real

Hik: corr.dipolEfield FRIMIIHHI KA, HLN eV/A, EBHUHE corr.dipol = true
& E corr.dipolDirection BEML FARL;

ZM: corr.dipolEfield = 0.05

SRR corr.dfiu

PRIMI: false

n PEff: false/true

fliik: corr.dftu FURJEf5| A hubbard U SRAMFHGRE AR ;
ZMl: corr.dftu = true

SR FR: corr.dftuForm
BRI 2
"k 172

ik corr.dftuForm F/REFEM—F DFT+U Jr%. 1 X3 DFT+U+J J5 (Liechtenstein’ s formulation)
2 %t DFT+U 753 (Dudarev’ s formulation) ;

Zf: corr.dftuForm = 2

B AR corr.dftuElements

BRIME: T

[ %{f: n*1 string array

fMiik: corr.dftuBlements FIRIZEHFEM U HTE;
LM corr.dftuElements = [Ni,0]

SRR corr.dftuOrbital

BRIMA: T

nfEfi: n*1 string array

fii: corr.dftuCrbital FRKEIERPICE FFFEM U WHLIE;
Bz corr.dftuOrbital = [d,s]

B corr.dftulU

BRME: T

[ %{f: n*1 real array

fliih: corr.dftuU IR EEPICREPPE FFEM U HERN RN
ZM: corr.dftuU = [8,1]
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SR corr.dftul

BRIMP: TC

& n*1 real array

ii: corr.dftul FRBEEHICRIEHHUIE EFEM I HERYR;
ZZl: corr.dftu) =[0.95,0]

SR corr. VDW

BRIMA: false

W[ A false/true

fliih: corr.vDW FIRBELI AL /RIHELE
ZRP: corr.VDW = true

BB AFR: corr. VDWType
BRiME: D2G
[ %A{i: D2G/D3G/D3BJ

filiik: corr.vDWType Fnfli FHIMPFPEMEEL/RETEIE, D2G sk DFT-D2 of Grimme J5¥%; D3G #/R
DFT-D3 of Grimme J57%; D3BJ /1 DFT-D3 with Becke-Jonson damping 7577 ;

%Hl: corr.VDWType = D3G

BB R corr.coreEnergy

BRIME: false

W EAH: true/false

fiik: corr.coreEnergy FniEEEE AR E S B THEY ;
%Ml: corr.coreEnergy = true

S BB pcharge.bandIndex

BRIMA: o

nfPE{E: n*1 int array

fiik: pcharge.bandIndex FRSEhAr B TS BE LT N BEH 1Y TR 25
ZZM§: pcharge.bandIndex = [1,3,4]

SR % PR: pcharge.kpointsindex

BRIMH: o

[ %{f: n*1 int array

fiik: pcharge.kpointsIndex F/RFS MM EETHR K 75
ZHl: pcharge.kpointsIndex = [12,14]
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S B ARk pcharge.sumK

RN : false

n[ i : false/true

Hiid: poharge . sumk 2R H ARG FMAFAHUB I AT A K 48, KRR N
ZMl: pcharge.sumK = true

BB Fr: neb.springK

BRIMH: 5

nf e : real

flidi: neb.springkK FRESIH IR K;
Z45: neb.springK = 7

B4 PR: neb.images

BRIME: o

n[REAF: int

fMiid: neb.images FIRTESTTHE PR PIISTHEHEH ;
ZHl: neb.images =5

BE4HR: neb.iniFin

BRIN{E: false

A Gefili: true/false

fMiih: neb.iniFin FIREESITEDVIELEMFASE R B IATHIB TR, true FORIETHIGTT

Z2M: neb.iniFin = true

SR AWK neb.method

BRIMYL: QN

WA LBFGS/CG/QM/QN/QM2/FIRE

iik: neb.method FIRdPESTHE RS
22fl: neb.method = QN

B PR: neb.freedom
BRIMEL: atom
[ %A : atom/all
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fiiik: neb.freedom FRIPESTHE HHHA H B, ol PAER: LR m 7, wal o it it
Z2: neb.freedom = all

B4 R: neb.convergenceType
BRIN: force
n] fl: force/energy

fliif: neb.convergenceType F/RitIERTHE HIRSARMERIEEE, ¥ LBFGS/CG/QM2/FIRE J5i:
i L RB A VE A Sk 5

% B: neb.convergenceType = energy

BB A FR: neb.convergence
RN 0.1/1e-4
A Gl : real

fiiif: neb.convergence FIRILPEATI 32 Iy AR ATUCSARIE s LEdF J7 A SObRHfE IR ERIAE N
0.1, HEFERER MILSBRUERTERINE R 1e-4;
Z&f5: neb.convergence = 0.01

S8 #F: neb.stepRange

BRIMH: 0.1

[ BE{: real

ik: neb.stepRange FRiTIERIIE MBI K
ZP: neb.stepRange = 0.01

B4 R: neb.max

BRIMIL: 60

n[REA: int

fMid: neb.max TR PS5 B R
2: neb.max = 300

SR HPR: frequency.dispOrder
BRIME: 1
%A 1/2

fi: frequency.dispOrder FIRMARITHEME TR, 1 X AOEME, APFIRETT
X, 2 XU RRR ST 3

ZM: frequency.dispOrder = 2
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BB AR frequency.dispRange

BRiME: 0.01

w] Gefif: real

iik: frequency.dispRange FRIHRITEM B T1IF%;
ZM4: frequency.dispRange = 0.05

BB 4 R: phonon.structureSize

BRIME: [1,1,1]

& 3*1 int array

filiiA: phonon.structureSize Fnm TiTEMEBIA /N
Z2f4: phonon.structureSize = [2,2,2]

B %R phonon.method

BRI fd

WA fd/dfpt

fliih: phonon.method FURFE TR fd A RAIFYE; dipt A% H 2 ML 7%
%f9l: phonon.method = dfpt

S 4 R: phonon.type
ZRiMib: phonon
n[%4fi: phonon/band/dos/bandDos

filiii: phonon.type FIRFHE T HEMFLEPET: phonon Xof W 155 ) B M4 EY force set; band X W15
FETREH; dos XTI ERS FASEE; bandDos % IV RS T REHE RS RS S

Z#l: phonon.type = bandDos

B4 PxR: phonon.isDisplacement

BRIMEL: true

W true/false

filiif: phonon.isDisplacement s fd LIRS FIHEN B G IS

Z%45: phonon.isDisplacement = true

SR %R phonon. fdDisplacement

BRiME: 0.01

A Ak : real

filiif: phonon.fdbisplacement Fin fd J¥ETTE R T AT AL H RN
Z#l: phonon.fdDisplacement = 0.05
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S8 ¥ FR: phonon.iniPhonon

BRIME: o

nf iz $5%2 phonon.h5 fYyifE

flliid: phonon.iniPhonon FynH 1 REMT B LT RIN LU T AU 4 5 force set Y BRAR:;
Z&#4: phonon.iniPhonon = ../phonon/phonon.h5

B4 R: phonon.gsamping
BRIME: MP
n] %k : MP/G

filiik: phonon.qgsamping F/RITHEFE FHA BRI q SoRFEHE, Monkhorst-Pack ¥/ Gamma
centered F¥%;

Zf§]: phonon.qsamping = G

% PR: phonon.gpoints

BRI [1,1,1]

n[Eff: 3*1 int array

fiik: phonon.gpoints FIRE M Q & [AFIMEIREEK/]N;
224§ phonon.gpoints = [9,9,9]

BB 4 Fx%: phonon.qgpointsLabel

[ %E{f: n*1 string array

fiif: phonon.qgpointsLabel KR T HEH VTN E X AR MARAE S
Z#l: phonon.gpointsLabel = [G,M,K,G]

S5 % Br: phonon.gpointsCoord

BRIME: o

n P 3n*1 real array

fi: phonon.gpointsCoord FERE T-REH T I B S AR S AR ;
Z&M: phonon.gpointsCoord = [0, 0, 0, 0.5, 0.5, 0.5, 0, 0, 0.5, 0, 0, 0]

S8 ¥4 Br: phonon.gpointsNumber
BRiMMiE: 51
W[ PEf: int
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filii: phonon.gpointsNumber FIR 1 HEHHH AR A SR HR Y H] B 5
Z:4§: phonon.gpointsNumber = 100

o

SR % BR: phonon.primitiveUVW
RIAMFH: [1,0,0,0,1,0,0,0,1]
[ %A : 9*1 real array

fiif: phonon.primitiveUvi fFHEHTIHRE, HHLAYMRFELEOR L UVW REEET R S s K

Z45: phonon.primitiveUVW = [1,0,0,0,1,0,0,0,1]

R4 R: phonon.dosRange

BRiMG: [0, 40]

W[ 2*1 real array

fiik: phonon.dosRange iR 1% E I RERAIXIA];
Z45): phonon.dosRange = [-15,15]

B4 %: phonon.dosResolution

BRiME: 0.1

nf A : real

filiif: phonon.dosResolution Fnp A5 BT AEfta] BRRs
Z&#l: phonon.dosResolution = 0.01

SE Pk phonon.dosSigma

BRIME: 0.1

& real

filiif: phonon.dosSigma F/RE THEEITERES;
2f9l: phonon.dosSigma = 0.1

B4 FxR: phonon.dfptEpsilon

BRIMEL: false

n] A : false/true

filiik: phonon.dfptEpsilon J& phonon.method = dfpt Fif4 il £ H H BT B A I 5% 5
Z214: phonon.dfptEpsilon = true

S8 PR phonon.nac
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BRiAffi: phonon.dfptEpsilon = true B} ERIA K true
n] H{f: false/true
filiik : 24 phonon.dfptEpsilon = true i}, Z12FEH A28 &, phonon.nac /f 44245 {# Jf] non-analytical term

correction [ FF 3¢ ;

%f: phonon.nac = false

B4 HR: phonon.thermal
BRINE: false

n[k{fi: false/true
fiiif: phonon.thermal ;& task=phonon H. phonon.type=dos 5¥ phonon.type=bandDos Ff 47 fil] #4724 i

PENBIES

%fl: phonon.thermal = true

B %R phonon.thermalRange

2RiA: [0,1200,10]

W %ffh: 3*1 real array

fifiif: phonon.thermalRange [min_T, max_T, AT] 372 vt 5 il B2 1 306 BN BT DA B 5090

A7fi 1] I

Z&f5: phonon.thermalRange = [0,1000,10]

S5 % BR: phonon.eigen Vectors
BRIMEL: false
W[k false/true

filif: phonon.eigenvVectors &2 i dynamical matrix f{)4fiF <& . phonon.eigenVectors=true,

Y§4E phonon i H 321 BandInfo "3 EigenVectors (1% 4 ; E 77 EigenVectors>Size %5 ! dynamical matirx 7%
fERBEHIER AN (KR [NumberOfQPoints,(NumberOf Atoms*3),NumberOfBand, (real,imag)]) , EigenVec-
tors>RowMajor /& 5 AT Seibizii i, EigenVectors>Values 45t ASiE % &AL BRI ;

Z#l: phonon.eigenVectors = true

SR elastic.dispOrder
BRI 1
Ak 1/2

fliid: elastic.dispOrder FURMIERAT AN R TR, 1 XM HOEDE, APRHRS
2 %o B U AR 2l 75 5

&M elastic.dispOrder = 1

SRR elastic.dispRange
BRIAME: 0.01
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A P : real
fifiid :
ZHl: elastic.dispRange = 0.05

elastic.dispRange FERPERETE R T

SR PR aimd.ensemble
BN : NVE
n[%fli: NVE/NVT/NPT/NPH/SA

fiid: aimd.ensemble FoR/ T3 S BHINE Y 4% SA 2l Simulated Annealing 455, X AR

ED/SUr
Z244]: aimd.ensemble = NVE

B R aimd.thermostat
BRIME: BT aimd.ensemble

[ %{: andersen/noseHoover/langevin
il :

2l aimd.thermostat = andersen

aimd.thermostat FN 13l s U8 M )1 e s s 1EHE % 5

Thermostat/Ensemble NVE

andersen compatible*
noseHoover incompatible
langevin incompatible

NVT
compatible
compatible*
compatible

NPT
incompatible
incompatible
compatible*

NPH
incompatible
incompatible
compatible*

SA

incompatible
incompatible
incompatible

Note: * denotes default thermostat

B R aimd.andersenProb

BRiAi: aimd.ensemble = NVE IHERA(E N O
W E: NVE B A 5(E4 0, NVT B[ 3E{E K real (0<x < 1)

filiAk :
%4: aimd.andersenProb = 0

aimd.andersenProb 35| Andersen [HiE %S NJRT-525] “RifE” HIMER;

R %R aimd.noseMass
BRI O

nf Al real (x > 0)
fiti il :
22/5): aimd.noseMass = 0

aimd.noseMass ¥#] Nose-Hoover {H 5 #2144 30

&

SH AR aimd.latticeFCoeff
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BRiMHi: aimd.ensemble = NPH HERIA(E S O

WA : NPH BRI (A 0, NPT BFA]35(E ) real (x > 0)

filid: aimd.latticeFCoeff ¥/~ NPT/NPH & 4:F langevin {B {R25 11 1Y) i O EE 3 R B0/, BAT ps-1;
2ZM: aimd.latticeFCoeff = 10

BB AR aimd.atomFCoeff Elements
ERIME: o
[ %{f: n*1 string array

fiiid: aimd.atomFCoeffElements F/nikf langevin [HIRZFH % [k langevin R T-HITCR LR, Ay
FFNG CJRICES + TR + B CFER, a4k HE_L, structure.as SCHFFR RIZPEBUITESA

2l aimd.atomFCoeffElements = [Hf 1,0_1]

B BR: aimd.atomFCoeffs
BRIME: o
A % {l: n*1 string array

filiiR: aimd.atomFCoeffs Fynik /] langevin 1H iR A5 &K langevin JE 1% W 1Y EEIE 2 55, AT ps-1.
ZEE 5 aimd.atomFCoeffElements 25 TG A XY, W L6388 0 HE_1 JEFIRAE 10, S O_1 JF -1
4 5;

2l aimd.atomFCoeffElements = [Hf 1,0_1], aimd.atomFCoeffs = [10,5]

BB HR: aimd. latticeMass
RN 1000
nf e : real

fiiik: aimd.latticeMass F/8i% /] langevin fH FE#$3E4T NPT/NPH AU i S 0 B i E A B PR &, A
fi; amu ;

2f9]: aimd.latticeMass = 1000

SR % PR: aimd.pressure

BRIME: 0

Ak : real

iid: aimd.pressure FyRitfT NPT/NPH BN AR A HARERE, #07 kbar;
ZHl: aimd.pressure = 1000

ZEBR: aimd.iniTemp

BRIME: O

W& : real

fiik: aimd.iniTemp FIRFFT3h A RAU BT LG TR, A7 K
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Z#l: aimd.iniTemp = 1000

SR PR aimd. finTemp
BRiMii: aimd.iniTemp
B P : real

fMik: aimd.finTemp F/Ro T BRI ARSI, %S %0 FE aimd.ensemble = SA FER, #
K
ZM: aimd.finTemp = 1000

SHFR: aimd.timeStep

BRIMHA: 1

] BE{E: real

Hiik: aimd.timeStep FRAFII SRR BRI K, B fs
%Zf§]: aimd.timeStep = 1

BB PR: aimd.totalSteps

BRiMili: T

nf e : real

flidi: aimd.totalsteps FRsr T3 AR S EL
Z45): aimd.totalSteps = 10000

SR PR wannier. functions

ERiIME: o

nf A int

ffih: wannier.functions /8 wannier FBEI %

23fl: wannier.functions = 8

B WK wannier.wannMaxlIter

BRI 200

i int

fiiif: wannier.wannMaxIter F/RTER MR KR wannier b G RE H Y S ACIREL
2Ml: wannier.wannMaxIter = 500

SR wannier.disMaxlIter
BRIME: 100
n[ff: int

148 5. SHi%EH



DS-PAW F

filiif: wannier.disMaxTter F/nfRLMEREKRIEREE
2 M]: wannier.disMaxlter = 200

S PR wannier.disWin

BRI DA VSIS 0 b o AR ASAIE YL, o i ASAIEAY]

Pl 2*1 array

flii: wannier.disWin FURRAMAYRERTT I, BOAG S I HEY
22fl: wannier.disWin = [-1000,1000]

SRR wannier.disFrozWin

BRIME: o

n[E{fi: 2*1 array

iik: wannier.disFrozWin FIRMRLIEE I, MRAZRS, LE PSRRI
Z: wannier.disFrozWin = [-10,10]

SR PR wannier.disEfShift

BRIMEL: false

A P true/false

fiA: wannier.disEfShift F/~ wannier.disWin f wannier.disFrozWin % A [ EE R 2 & Ef=0;
ZZM: wannier.disEfShift = true

B4R wannier.interpolatedBand

BRINE: false

W[k true/false

ffiif: wannier.interpolatedBand 75 wannier V18R AEHT BT 55

ZM5: wannier.interpolatedBand = true

BB AR wannier.kpointsLabel

BRIMI: o

& n*1 string array

filii: wannier.kpointsLabel FIRIFHEREM 1 FXIFR FARAE
Z244: wannier.kpointsLabel = [G,M,K,G]

BB AR wannier.kpointsCoord
ERiIMiE: o
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[ % A{: 3n*1 real array
fiiif: wannier.kpointsCoord FKyRIH{ERET m X FR A AR R 5
Z&M5): wannier.kpointsCoord = [0, 0, 0, 0.5, 0.5, 0.5, 0, 0, 0.5, 0, 0, 0]

B PR wannier.kpointsNumber
BRIME: T
[ %fti: (n-1)*1 int array/ 1*1 int array

fﬁii= SSHA SRR TS A% wannier.kpointsNumber Sy E 43 K148 WA 15 4 F i 18] 19 K

o MEEKE N (n-1)*1 int array B} wannier.kpointsNumber [, wannier.kpointsNumber NE NN |

o YUBPAIN 1*Lintarray If, PAZESHONEAE, XA EFR A B TER 3 ERUS, SR I S U

0] M DS-PAW.log [1] wannier.kpointsNumber 332J¥ ;
Z&M5: wannier.kpointsNumber = [100]

SR % PR wannier.kmeshTolerance

PRIMNI: 1e-06

Ak : real

fiiid: wannier.kmeshTolerance tREM Tk S 2GR —TZE;
22fl: wannier. kmeshTolerance = 1e-06

S5 ¥4 Pr: wannier.outStep

BRiMi: 20

nfEf: int

fih: wannier.outStep F/~ task=wannier B4 ) wannier 1415 B 0481 8] b5 5
ZM5): wannier.outStep = 50

b2 #Fr: WannProj

BRIME: To

n] Effi: n*1 string array

iR : WannProj 25 wannier 1138 18 LG HLE I FRES, HT structure.as 7;
Hbil:

Total number of atoms

2

Lattice

0.00 2.75 2.75

2.75 0.00 2.75

2.75 2.75 0.00

Direct WannProj

Si -0.125000000 -0.125000000 -0.125000000 [s,p]
Si 0.125000000 0.125000000 0.125000000 [s,p]
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O #ik

1. WannProj $32%1X B AF structure.as SCAHIEE 7 47
2. BB HE S 2 (143) =8 4%

AREMTEIE: DS-PAW LS50 44 MG BLES AR, 7038, Rt
- BUERIAR, XMZEMPIER SR, PR R TR

name

[s]

[p]

(d]

(f]

[sp]

[sp2]

[sp3]

[sp3d]

[sp3d2]

number of projections

1

-9 FRERUERAAR, SR (BEEL, 1) MR 1SS HNE:

O #ik

[px] [py] [pz]

[dxy] [dyz] [dxz] [dz2] [dx2-y2]

[fz3] [fxz2] [fyz2] [fxyz] [fz(x2-y2)] [fx(x2-3y2)] [fy(3x2-y2)]
[sp-1] [sp-2]

[sp2-1] [sp2-2] [sp2-3]

[sp3-1] [sp3-2] [sp3-3] [sp3-4]

[sp3d-1] [sp3d-2] [sp3d-3] [sp3d-4] [sp3d-5]

[sp3d2-1] [sp3d2-2] [sp3d2-3] [sp3d2-4] [sp3d2-5] [sp3d2-6]

L ORE XIRHERT (Wit A1) 230 37), FRFHATRENLIER R IR -
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DS-PAW 2023A JiRAERIAAE B0 5t S04 JSON SO ] B #2311 Device Studio #E47/0 AR, i SC
{318 T hdf5 #52, 7] %} vitables (python 2355 K 4T pip install vitables) { HDFView ZF % hdf5 4§z 304,
i 44 80 T B4 7 2042 $RALAY python A HEA 454047

Wi AT 85 2 SO rho.hS L 70 AR PR 4 S8 i 1 S rhoBound.hS . A i 1 SUIR R SCIR44 I T task
K7L, I DS-PAW ¢4 task 257U 14 Ff, XN hS 0445 5k relax.h5 . scf-h5 . band.h5 . dos.h5 .
potential.h5 . elf.h5 . pcharge.h5 . frequency.hS . elastic.h5 . neb.h5 . phonon.h5 . aimd.h5 . epsilon.h5 . wannier.h5

DS-PAW 2023A 0] 32 £f .json M i 300, (ENERSUN AR ks X g 2R, DS-PAW 27t
EAURA AR 52 4 77 json AR, 4= L% RS 4EP 5719 P ATl io. outJsonFile
SR json SCIFRA I -

6.1 relax.hb5

relax.h5 A task = relax 05 8495 8 SAF, % task XA A4 HApbnt |, 2 S R
relax.h5 /DAL 9 AN JEARGER 4 :

~ [Bd relax. hS
) AtomInfo
D Eigenvalue
B Electron
) Energy
) Force
L NagInfo
) EelaxInfo
L) Stress
) Structures
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(1) Atominfo FRAFRRMEALMER, WM/, FETAIES;

~ @ AtomInfo
CoordinateType
Elements
B Grid
fH Lattice
B Position

(2) Eigenvalue WERAFREMFIT R . ANEEE . k SBCRE RABR . A REIFTER K AU XA HE b o
B RE AL

~ @ Eigenvalue
& Mumber0fBand
~ @ Spinl
# BandFnerszies
f Epoints
& Ocoupation
) SpinZ

(3) Electron " RAFRZ BB HE T4
(4) Energy WRATEHE X BEKAE:

~ @ Energv
) EFermi
B TotalEnersy
) TotalEnergyD

(5) Force "PRAF BRI T 5

~ @ Force
B ForceOndtoms

(6) Maglnfo HERTFIR T EMREAAE S, #HTIT T BOE MERIF BUE RIS B

~ @ NagInfo
i TotalMagOnAtom
~ @ TotalMagOnObrit
B d
B
=

(7) RelaxInfo " RAFA R AELE RS IR AT R b 20 1 .y B it
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~ i@ FelaxInfo
~ @ Step-1
f# Pressure
f Stress
fh TotalStress
) Step-2
) Step-3
stressDirection

(8) Stress W LRAFH A TT IR BL A RN, AR TRV

~ i@ Stress
Direction
B Pressure
fh Stress
B Total

(9) Structures W ERAF TR IR h Z5 H R AR A

~ i@ Structures
f FinalStep
~ @ Step-1
fH Lattice
fE Nag
f& Position
) Step-2
) Step-3

6.2 scf.hb5

scfhS # task = scf BF 045t T, % task £ A pbat, Z TR S
scf-hS Z/DAE 8 AN EARSE MK, HIEAF R relax.hs —3:

v [B] sef. hb
2 AtomInfo
) Eigenvalue
B Electron
) Energy
) Force
) NasgInfo
) Stress
2 Structures

6.2. scf.h5
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task = scf N[ sys Al 1o SESHAEHSEINE FIIIRERITTIEE, AIRINRE T ALY scf.hS ST E AN
I S RERY R, AR 23 LA O :

(1) A BLE io.optical = true fE FIRTHARERL EITELMDEEMR:

~ (B scf. hE
) AtomInfo
L Eigenvalue
f Electron
) Energyv
) Force
) MagInfo
) Opticallnfo
) Stress
) Structures

~ @ OpticalInfo
B AbsorptionCoefficient
B EnerszvAxe
B EnersylLoss
B ExtinctionCoefficient
) ImDielectricFunction
B OpticalConductivity
i ReDielectricFunction
f Reflectance
B Refractivelndex

~ @ Wavelerivative
B Derivativelndex
B DerivativeValue

(2) BHAEE io.bader = true 7£ HIATIAAY R L1145 bader Hifif:
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~ (Bl scf. b5

) AtomInfo
2 BaderInfo
I Eigenvalue
B Electron
) Energy

) Force

) NagInfo

) Stress

2 Structures

~ @ BaderInfo
f AtomicVolume

B Charse

R MinDistance

(3) #Wi3i%H io.polarization =

~ [B] scf. h5

) AtomInfo
) Eigenvalue
B Electron
) Enersyv

) Force

) MazInfo

true 7E AR T EA LA T BRI :

[ PolarizationInfo

) Stress
) Structures

~ i@ PolarizationInfo
B Electronic

B Tonic

& Quantum

B Total

(4) ST sys. fixedP = true 7 i HHFHER I IS5

6.2. scf.h5
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~ [B] scf. hb
) AtomInfo
B ChemicalPotential e-
8 Converszed
) EBulk
B EFermi
) Eigenvalue
B ElectrodePotential PZC
& ElectrodePotential SHE
f FlectrodePotential SHE (PZC)
B Electron
) Energy
) FixedPotential
) Force
) CrandTotalEnergyl
) Stress
) Structures

H:H ChemicalPotential_e “Jy iR Z ML T A2 988 EBulk BUE R BRI R 2 K BB shift {i *-17 ;
ElectrodePotential % AR FREARME T I EME; GrandTotalEnergy0 45 HL T E IE W R ZEF IR R AL .

~ @ FixedPotential
~ @ Step-1

B ChemicalPotential e-
fff EBulk
B EFermi
B ElectrodePotential PZC
i ElectrodePotential SHE
B ElectrodePotential SHE (PZC)
B Electron
) GrandTotalEnergyl

o) Step-2

L) Step-3

) Step-4

o) Step-&

f TotalStep

fixedPPotential 1555 T JEIT AL T IA AU AR H A B SHNFE EILA .

(5) #iT¥%E io.band = true . io.dos = true. io.potential = true. io.elf = true,

T AR B TR, B0 RO TR TR
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~ (B scf. hb

) AtomInfo
[F_I BandInfo I
(L Eigenvalue
B Electron
) Energy

) Force

) MagInfo

) Stress

) Structures

~ (B =cf. hb
) Atomlnfo
) Eigenvalue
B Electron
) Energy
LA Force
) MagInfo
) Stress
2 Structures

« [B] scf. hh

Q) AtomInfo
) Eigenvalue
B Electron
) Energy

) Force

) NaszInfo
[f:_l Fotential
L) Stress

) Structures

~ B scf. hb

) AtomInfo
L Eigenvalue
ff Electron
) Energyv

) Force

) MagInfo

) Stress

) Structures

6.2. scf.h5
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6.3 rho.h5

rho.h5 & task T 04 ¥, 37 5 FEdh b S,
rho.hS 187 2 N EER A -

~ B rho. hb
) AtomInfo
21 Fho

oo AtomiInfo 5 relax.h5 SCIFH) AtomiInfo Z5#—3, Rho W5 AFHL (i 25 IR «

~ @ Fho
L) Augmentation
f SpinCharze
B TotalCharge

6.4 rhoBound.h5
rhoBound.h5 75 7 AR TR F 04 75 70 R4 &, fo7 58 B Mok .
rhoBound.h5 135 2 45K {4

~ (B rhoBound. h5
) AtomInfo
) Eho

Hrp AtomInfo 5 relax.h5 SCIFIP) AtomInfo Z5F4 AR —EL, Rho WP ARV 7 R 248 e g 5% R 5090 -

6.5 band.h5

band.h5 #3 % task = band F tg%rdh S, % task KA A Akt 2 Rk .
band.h5 Z/VELE 3 PNEERIA:

« [B band. h5
) AtomInfo
) BandInfo
) Structures

Hip AtomiInfo . Structures 5 relax.h5 STHFAXT I B S5 R 2544 —5%,  BandInfo WP ARAFREW B -
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~ (@ BandInfo
f BandGap
& CEM
& Coordinates0fEPoints
f EFermi
B IsProject
f MunberOfBand
B NumberOfEpoints
£ Orkit
) Spinl
£ Spinlype
£ SymmetrvEPoints
f SymmetryEPointsIndex
& VBN

RENF AT BT XTI band.hS /057 4 AN EER 1A

« [B band. b5
) AtomInfo
2) BandInfo
) Structures
) UnfoldingBandInfo

Hdr AtomInfo . Structures 5 relax.h5 SCIFFAXS W S5 MR Z54)—2L, BandInfo W {-A7-Re B, Unfold-
ingBandlInfo W {R-AT-REAF R & A -

~ @ UnfoldingBandInfo
B Coordinates0fEPoints
f EFermi
B Mumber0fBand
B Munber0fEpoints
) Spinl
) Spin?
=l SpinTvpe
£ SymmetryEFoints
B SymmetrvEPointsIndex
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6.6 dos.h5

dos.hS H task = dos Fagth b S b, % task £ h HAbnt, %R
dos.hs /AL 3 E5HIA:

~ B dos. h5
) AtomInfo
2 DosInfo
L) Structures

Hr AromInfo . Structures 5 relax.h5 SCEFARN N BSR40 —3, Dosinfo TRTFSE EE PR

~ @ DosInfo
8 DosFnergy
f EFermi
8 FnergyMax
8 Fnergylin
B MumberOfDos
8 Project
~ i@ 5pinl
8 Dos
) Spin?
SpinType

6.7 potential.h5

potential.h5 #j task = potential T 9%k S, & rask X7 A HAbny, Z R

potential.h5 F/VALE 3 NGk 1A :

~ [B potential. hb
) AtomInfo
) Potential
L) Structures

Horr Potential " {RAFH BREREH -

~ @ Potential
B SpinFlectrostaticPotential
B SpinlocalPotential
B TotalElectrostaticPotential
B TotallocalPotential

162
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6.8 elf.h5

elf.hS # task = elf T ok XM, % task KR A Hpbnt | % M Rébdd
elf-h5 Z/DALE 3 NEEFik:

~ B elf.hb
2 AtomInfo
) ELF
20 Structures

o elf A7 Jepalies BE R

~ @ ELF
& SpinELF
& TotalELF

6.9 pcharge.h5

pcharge.h5 4 task = pcharge T 694 X, % rask X2 A HAend, Z XTI
pcharge.h5 687 2 N5 -

~ (B pcharze. b5
) ttomInfo
L) Pcharge

Horr Peharge HORAT 7> HL(T 4 BE K -

~ @ Pcharze
21
22
B Sumk

6.10 optical.h5

optical.h5 # task = optical F a49#r b S, % rask XA A HAbnt, Z T
optical.h5 F1E; 4 \~EEF A
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~ B opticall. h5
L) AtomInfo
L) Opticallnfo
L) Structures
L) Wavelerivative

(1) Jorr Arominfo AR R EEA SR, WSIRDN, RTALE A

~ i@ AtomInfo
E£] CoordinateType
£] Elements
B Lattice
B Position

(2) opticallnfo HERAF GBS FIE BAYRCE 5 B -

i@ OpticalInfo
B AbsorptionCoefficient
B Fnerzvhxe
B FnerzvLoss
i ExtinctionCoefficient
fH ImDielectricFunction
B OpticalConductivity
BH ReDielectricFunction
B Reflectance
B Refractivelndex

(3) Structures PARFILEV SIS HE B :

~ @ Structures
fH FinalStep
~ i@ Step-1
fH Lattice
B Position

(4) WaveDerivate FHARFFIEREONT k mIB9SECEH, Koy (5638, HERR) *NumberOfBand* {ffiE )5
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band % H *NumberOfKPoints*NumberOfSpin* (x,y,z); Derivativelndex %5 '\ S 4L ; DerivativeValue %

H SRR E

~ @ Wavelerivative
B Derivativelndex
B DerivativeValue

6.11 frequency.h5

frequency.h5 7y task = frequency T 694 b M, % rask XA A Hpbnt, Z R

TEH TG HIEITE DL frequency.hS £ 4 A4t 1A

~ [B frequency. hb
) AtomInfo
) FrequencyInfo
) MaszInfo
) Structures

HHr Frequencylnfo " ERAFARF AR «

~ @ Frequencylnfo
) EigenValues
L EigenVectors
f FrequencySize

6.12 elastic.h5

elastic.h5 7 task = elastic F 094 B A, & rask KA A Abnt, 2Tk .
EH B ARG T elastic.hs £ 4 E5RE A :

~ B elastic. hb
) AtomInfo
L) ElasticInfo
) MazInfo
) Structures

Hrr ElasticInfo W RAFSRMEE S -

6.11. frequency.h5
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~@ElasticInfo
B Elasticlodulus
~@Hill

B BulkModulus
B PoissonRatio
B ShearModulus
B TounsModulus

2 Feuss

) Voigt

6.13 neb.h5

neb.h5 # task =neb v, 9} E B Febhdhd
neb.h5 35 5 NEER A -

~ [B neb. h5
) BarrierInfo
B IniFin
) LoopInfo
L FelaxedStructure
) UInrel axStructure

g b el 1 RAROSSED] LA (i image IS 00 SSHIMMZAIESHS) . RO, 2
el

~ @ PBarrierInfo
B NaxForce
f ReactionCoordinate
f Tangent
B TotalEnersy

Hor IniFin PORAFHT BAIAS BT K -

B IniFin

Herr Looplnfo H{RAF neb LAt e 44 image B9 RE RS 52 )AL L -
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~ @ LoopInfo
— g 01

B NaxForce

B TotalEnersy

C 02
03
04

Hirh RelaxedStructure WP RA74 image {54045 o A S5 B0 -

w i@ FEelaxedStructurs

~ @ ImagelD

CoordinateType

Elements

f Lattice
ff# Position

) Imagell
) Image02
) Image(3
) Imageld
) Imagelb
20 Tmaze(f
) Image(7

Hrp UnrelaxStructure FFA7-4 image AL 2 BT A S5 150 -

~ @ TnrelaxStructure

~ @ Imagel)

Elements
B Lattice
B Position

CoordinateType

) Image0l
2 Image(?2
) Image(3
2 Imageld
) Imagels
2 Image(f
) Image(7

6.13. neb.h5
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6.14 neb01.h5

neb01.h5 # task = neb v, 01 F 54 & Fagird ST, R 02 ST 4 4 & neb02.h5 4.
TEAZ R EHERTE LT neb01.hS A5 12 g5k {4 :

~ (B neb01. hb
) Atomlnfo
) Distance
Q) Eigenvalue
B Electron
) Energy
) Force
B NaxForce
B NebSize
) Stress
) Structures
B Tangent
B TotalEnersy

A AtomiInfo . Eigenvalue . Electron . Energy. Force. Stress . Structures 5 relax.h5 SCAH-AHXT Y B 256 {4
S5M—3

Hdr Distance W A7 image 1 ZEPLAL I RE HP SOV R 1 BE B A 5 image 1) 25748 AL 5 5

~ @ Distance

B Next

B Previous

Horfr MaxForce "RAT image 1 FE O A AR i K52 0085
Hor NebSize PARFS PSR RS

Hor Tangent H{RAT image 1 7E0 (Lt A o 41 1 22 A Kcdha s
ot TotalEnergy "11{RA7 image 1 £ 00 K AR 1 AEAS (LA

6.15 phonon.h5

phonon.hS % task = phonon T #94i A, % rask %7 pent, % AR o
(1) 24 phonon.method = dfpt f}, phonon.f5 SCAFUI R iR
dfpt J7 SRS TAEHFRIAS S, SR AR, 74 FHOIZE BRI, phonon hS 4075 9 A4k
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~ [B] phonon. hS
2) BandInfo
) DosInfo
) EpsilonInfo
) ForceConstant
) PrimitiveAtomInfo
) SupercellitomInfo
) ThermallInfo
) UnitAtomInfo
2) phonon

HHt Bandinfo . DosInfo 5y IGRAFREAS IS IELE, JLE7 55 band.hS . dos.hS SCIFAINS BE 45K
REE—2

Herr EpsilonInfo (A7 A L BB -

~ @ Epsilonlnfo
B BornEffectiveCharsze

~@FEpsilon
B Electronic
B Tonic
B Total

~ @ Plezoelectric
B Electronic
& Tonic
B Total

Hrr ForceConstant " RA7 I 245 508 -

~ i@ ForceConstant
f ConstantIndex
B ConstantValue

Horfr PrimitiveAtomInfo . SupercellAtomiInfo . unitAtomInfo 7y HURTEIEN . FBH. MM HEE, DAFE
HPIEERINE

~ @ UnitAtomInfo
CoordinateType
Elements
B Lattice
B Position

Hrr Thermallnfo AT 4T 124 5585 -

6.15. phonon.h5 169



DS-PAW F#if

~ i@ ThermalInfo
B Entropy
B HeatCapacity
& Helmhol tzFreefnersy
B Temperatures

Hert Phonon W QRAT R TIT A A S BRI

~ i@ phonon
fh dfptEpsilon
f® dosRanze
B dosResolution
B dosSizma
f eigenVectors
B fdDisplacement
f isDisplacement
E| method
B nac
B primitivelVW
B qpoints
B qpointsCoord
£ gpointsLabel
f qpointsNunber
£l gsamping
B structureSize
B thermal
f thermalRanse
E| type

(2) 4 phonon.method = fd i, phonon.f5 LN AR
A RO EF S TR RIS T B, phonon.hS 405 9 PE5R 1A -

~ [BJ phonon. hb
L) BandInfo
L Displacements
2 DosInfo
L) ForceConstant
LA Forceset
) PrimitiveAtomInfo
) SupercellétomInfo
2 UnitAtomInfo
2) phonon

Hew BandlInfo . DosInfo 73 HIPRATRESHIE S LR, HE5M 72515 band.h5 . dos.hS SCIFARRXT I 25 H:
ARG —E
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oA ForceConstant WRLE 1245 50808, PrimitiveAtomlInfo . SupercellAtomInfo . unitAtomInfo 43 WRAE 5
M. . RRMESHEE, HE5H 5 phonon.method = dfpt BA: i phonon.£5 SCAAHXT R Y 25 ) {4
S5H—3

Hor ForceSet fRAF45 SR TT S BI04 27 AR A

~ @ Forceset
~@o
f Atomlndex
B Displacement
B Force
fsize
a1

Herr Phonon WA TS A SR8 :

~ @ phonon
B dfptEpsilon
#® dosRanze
f dosResolution
B dosSigma
B elgenVectors
B fdDisplacement
f® isDisplacement
method
& nac
B primi tivelVW
& qroints
B qpointsCoord
gpointsLabel
B qpointsiunber
gsamping
B structuresSize
& thermal
B thermalRange
E] type

6.16 phonon001.h5

task = phonon, phonon.method = fd &%, 001 T X+ F &4 5 A phonon.h5, ¥k hS XHEH & A
phonon001.h5, 132 002 A& T 4.4 4 m%, phonon.h5 S H,

T2 1& A BEMITE DL T phonon001.hS A5 7 NE5HIMA, S5HUNT :
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6.17 aimd.h5

aimd.h5 # task = aimd T 094y X, 5 rask

~ & phonon001, ke
) AtomInfo
) Eigenvalue
) Energy
) Force
) MagInfo
) Stress
L) Structures

1E2% 8 E RIS DL aimd.hS G55 9 AE5H1A

Ho BEAGE R 1F)
Hoep %‘J’r%d"] & Aimdinfo 105 n MR, FEANGHRRIFRA B T2 T R RIS

P =N 4L Ay
HE & Zj]ﬁlﬁ

v [B] aimd. hb
) AlmdInfo
2 AtomInfo
A Eigenvalue
B Electron
) Enerszy
QA Force
I NazInfo
) Stress
) Structures

B 5 relax.h5 —%§;

~ @ AimdInfo
~ i@ Step-1
f IonsKineticEnergy
f# Pressure
f Stress
f Temperature
B TotalEnersy
fE TotalFnergyl
fH TotalStress
) Step-2
) Step-3

KA LAk,

% SR

Huaﬁu{lﬂlr_‘ Fjj
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6.18 epsilon.h5

epsilon.h5 # task = epsilon T 84947 b X, 5 rask £8 A A0, %2 SR
TEH R ATERIIE LT epsilon.hS G5 4 DEEREK

~ B epsilon. hE
) AtomInfo
) Epsilonlnfo
) MagInfo
) Structures

Hh Epsiloninfo AT HE H B0 -

~ @ Epsilonlnfo
f BornfffectiveCharse

~ @ Epsilon
B Electronic
B Ionic
B Total

~ @Piezoelectric
B Electronic
B Tonic
f Total

6.19 wannier.h5

wannier.h5 # task = wannier F 8947 X, % task £ A HAbnT, Z RS
EAZEAENER T, THEREERE IS0 wannier.h5 18 9 ALK

~ [B warmier. hb
) AtomInfo
I Eigenvalue
fHElectron
) Energy
L Force
) Stress
) Structures
) WarmPBandInfo
) VarmierInfo

Hoert WannBandinfo W RAFR{ERET R, T 22 e 1 -
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~ @ VannPandInfo

B Coordinates0fEPoints

B EFermd

B NumberOfBand

f Number0fEpoints

~ @ Spinl

#F BandFnerzies
B BandProject
spinlype
oymmetrvEPoints
B SymmetrvEPointsIndex

HA Wanninfo {47 wannier pREL K, HE k A S AR IR 515 B 46

~ @ WannierInfo
) BlochBandsEpoints
) Projections
) Spinl

Herr Wanninfo 1 spinl “FORAT wannier pREU SRS, ALIETTFE DT A5 W T A Al -

v @ Spinl
f HaveDisentansled
B Lattice
f Mumber0fBl ochBands
B Mumber0fDFTBands
B Number0fWanni erFunctions
B OverlapMatrix
B Reciplattice
& FotationMatrix
~ @ Spreads
f Invariants
B Total
B Warni erFunctionCenters
~ i@ WannierSpaceHamil tonian
B ImaginaryHamiltonian
B Mumber0fRpoints
f RealHamiltonian
B FpointsDezeneracy
R FpointsVector
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DS-PAW H Fiyn] 3285 G5kt . S5, 5 T @Bl fluds it 55, B rho Al wave Tif)
RERYZER, ol ad 48 SO AR BEAT U T B P RS S A . AR LB A5 L

7.1 relax st HE L H A

ST SO RON A, SO R IR 6, WAL — K ST
A (FEPR R I EERITOL T K S A OB () IEF R UGB, DO T A7
latestStructure.as Fl relax.h5 SCA4-, latestStructure.as F relax.h5 F AT VE NS & T A SO . 25 FEAE BS54 1) Sl
TSR, B A T RS

I B TEmE S, ERFE A relax.in Fl latestStructure.as (Y relax.h5 ) ;

2. 7E relax.in U TR E S50 sys.structure = latestStructure.as (¥ sys.structure = relax.h5 ), Z5#) 01410
AR AT, B BE H RSSO ;

3. RS HATITE .
latestStructure.as R EEA MR E LA LA SCHE 22—, BRILPASE relax.hS SCIARRTVE RSB EA

7.2 neb iTiERITEEE %A

HESTEREIN R SEE RN RIS SO SR BRI P SR, AR R b — R B T
MRS (FER R R AR SN TR RBCR SRR R ) T YOS . SESITES
AT, %I T &30 No N BN latestStructureNo.as FI nebNo.h5 U, .as SCHFATAER
SERH A . DA ST 3 B, AR TRAEMLES MR B AT, W R A 8 T LAk ) 2R A
neb £ AR FEAT AL P -

81 python JIARDEA T i b P A e -
L HEA neb 1Y H %, AHZH R TR
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(base)

[hzw1002@mgt2 nebl$ 1s

00 01 02 ©3 04 dev.slurm DS-PAW.log _err.dat input.in neb-restart.py _out.dat

2. IR H K N neb_restart.py A, SATHIF Air 4

1 [python neb_restart.py

]

RPN AE A S I E neb JFUSCH R AR S BT 2 B S IR BBIHERE %03 SCIEIE N bakfile

3. HRAE neb Hx:

{base) [hzwlO02@mgt2 nebl$ 1s

66 01 82 03 04 bakfile dev.slurm _err.dat

input.in neb-restart.py _out.dat

ot bakfile 545 3L, 00-04 SUPFIATICEER PR ISR, FE1% H 5% F ] B AT 8007
4. AR SCAEI bakfile ZEFfEDT -

g

DS-PAW. log

neb.

00 .tar.xz

latestStructuredd. as

structureff.as

B1.tar.xz

latestStructurell.as

structurefdl.as

B2.tar.xz

latestStructured?. as

structuref??.as

B3.tar.xz

latestStructurel3.as

structuref3.as

64.tar.xz

latestStructuredd.as

structurefd.as

tar.xz
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AR SCAEIE T e ANE I 45 42 neb.tar.xz AFCRIVR neb TELI hS SCIE, T30 R BB NI neb
VTSI T IR SRy, TSI SNEAT I T S R A S5 # S

P BATHESR A, BUUR AT P ERSE N

1. HraETENE S, A neb.in U, WIRISEH S structure00.as . structureO4.as, 7 [A) R B R S 45
Ko SCAY: latestStructureOl.as . latestStructure02.as . latestStructure03.as ;

2. YEHRa]| EER S latestStructureNo.as 4y I EE iy 44 1 structureNo.as ;
3. BTS00, 01, 02, 03, 04, R EEH SCHFHCE TR ST 5
4. PEAES VTR .
.as SR ST SRR AT, ANEIUE ] nebNo.hs A 2T A SO

7.3 aimd 5 Fzhh FEHZH 5 A

TR S R BOEIMRBI , TR b — R SIS R S M A (TR
REEABERNTE T TARBOR SR RAEE D) ST B AL, 273l 2 ERIN 23 5 1 latest-
Structure.as Fl aimd.h5 A%, latestStructure.as F1 aimd.h5 FRATVE NS M AU . AR IS 00 Boml 1k
Tr8dg, B AT P BRSE L

L. BT E S, ERP N AU aimd.in FI latestStructure.as (B, aimd.h5 ) ;

2. ¥F aimd.in SRR E S5 sys.structure = latestStructure.as (2§ sys.structure = aimd.h5 ), £5t {4
AAFRAT HATIE L, EER AR H AR ;

3. AL ST

latestStructure.as K532 1 S A AR SUEZ —, BRILPAS aimd hS ST AT AE R AR A G510 1 158
Ao

© Note:

1. HEBRRLGIHITESE, FEMG latestStructure.as SC:H Next positions 7705 5., 75 M Z28 ] e}

N

o i

7.4 fixedPotential e ¥+ E L H 1% BH

TEHRSITFOR IR fod MRk, i 28 AR H AR R s e, TR FER 1 n Dl E IR
Y BT, A E AT AT R A Rk, WIS TRE, DA BT R 2R v A S e
SR AGEL HARR S, [HRBSE AR AT PR

L ARSI H S MBI fixedPotential.in SCIF, HEERMIUITI IR hS SCPEITTE H SR RITHEF T2, xRy,
Z#{ cal.iniFixedP = ./scf.h5.,

© Note:

1. ARREIKIT R scfh5 SCfF, R ESCHFEM S, WEGSH N readscfh5, ¥ & cal.iniFixedP =
Jfreadscf.h5
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2. SRS AR E SCAFAREC T ROM F AR LR B F5E, 7 in SCPF R IE RS RO

7.5 iE£H rho #1 wave £EE i8R

FAZ R AR, FE— 2D T AR S AR A S W SIONS B PR T BAL T R B A 8 Y P Ay AR
HRECC, Wit cal.iniCharge fl cal.iniWave S35 E &R RIA] . 40K Resatrt-HSE.in SC4-%1] H
ZAIZ PR ELS) KAES AL

# task type
task = scf

#hybrid related
sys.hybrid=true
sys.hybridType=HSE06

#read related
cal.iniCharge = ../01/rho.bin
cal.iniWave = ../01/wave.bin

#outputs related
io.charge = true

io.wave = true
O Note:
L. Tﬂé PRIV AR (1) 2205 75 (] I Ak F Ay 8 B AR RS S 4, di— AT
2. FAkiz s TR I Y rtho.bin 1 wave.bin SC{4, FIAETZEEHIA
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W T ELE R#E

O #ik
JH DSPAW 58 DFT 11585, AEPEHrE R . mE, 858w Wi AT 557

dspawpy (Python>3.9 ) siXkE—@alB TH, Bl AGREFE (% FURBIMA), it
T— MR R

BE R HEREZF )G, mATHA dspawpy J& B ZE B a] {f F 22 G AR 7

. loading dspawpy cli ...

*xxxrern ik R dspawpy @ 4 TR LA TR, FA A M Bexrnrrnes

: update ¥ I
: structure % f # 1,
: volumetricData# ## & #

| 1

| 2

| 3

| 4: bandft # H ¥ 4 #

| 5: dosA % E %K # 4 &

| 6: bandDosf ¥ M A X EHX FH & &
| 7: optlcalfu%ﬁbﬁﬁ%ﬁ]\@

| 8: nebi FEA WA HKEAE

| 9: phononfg%ﬁ’ﬁﬁ(%ﬂﬁ

| 10: aimd4 ¥ 37 &7 5 # M S 4 4 &
| 11: Polarization#k ® A% X %k & 4 #
| 12: ZPEE & R 3 f8 HU 48 A B
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| 13: TSH # K IE &

| 14: relaxationZ Mt B £ 4 #r
| 15: hdfSX B H %
|

|

q: R’ H

-——> MARFREEELEY G

S

o HBhthA: i Tab SERIFTARL, A BT-Hes B AR T Iris 2a 280

. iéﬂéﬁﬁﬁﬁuﬁ: TESER T P A G & mase . RISt AU ekt B NTE

A

o TEAEAR S 2% B, VAR RS e, FTREFRER KA Ssh ], HomdE sl
RER B8 (5IRSH:UN RS RE B A ) . IR TEEZ, WA C R 2%
dspawpy fifi /i

o i A dspawpy M % )5, python XSGz P EE, 52 5 2R - loading dspawpy cli - $/R1EA], #
MHHEASE B (JFAR N2k EE =5 Mt %8 )

o FREE B, SERYGEAE, HET dspwapy LS BURTIIINEL, A =B EELRE)
TR PR ) B REAL I AR AH 7 () AR, AT B3 I B B ek /D S5 £ )

8.1 RRE5EH

1. 75 HZW #l#s I, C3EHIZEEE dspawpy, [fH AT a2 30 M S R a] { ] -

[source /data/hzwtech/profile/dspawpy.env

2. FEHABHLES b, 5 BATL%E dspawpy (TFAIWIAN A ik —):
o {#i ] mamba B conda , Z3EEA]Fif: https://conda-forge.org/download/ " 3%

mamba install dspawpy -c¢ conda-forge
#conda install dspawpy —-c conda-forge

o BB pip3 GRMRVERGEH A pip3 AIHATART, LI pip)

pip
« pip3 /& python3 |7 i (A5 Pilds
o Linux Al Mac —fi& B python3 Al pip3.
« Windows - F] JF microsoft store 2% python %3 H[I 7]
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“Python” =

= Filters

( All departments ) Apps Games

Python 3.11 Owned Python 3.12
(@B 4% hops Develogertools @ 42* Avps Developertooks
d runtime

The Python 311 interpreter and runtime The Python 3.12 interpr

Python 3.10 Free Python 3.9
[ 4% hops Developertools @ 42* Avps Developertooks

The Python 310 interpreter and runtime The Python 3.9 in

terpreter and runtime.

o *
®

SRIGFTHF emd B powershell B[R] i A pip.

[pipB install dspawpy

J

Tl 58 & pip A1 conda B % ik DA 2238 o A2, W] 2% https://mirrors.tuna.tsinghua.edu.cn/help/pypi/

F https://mirrors.tuna.tsinghua.edu.cn/help/anaconda/

TR BEAMIRII, i221{_ 1A ) mamba/conda 42%& 1

B

TESERE L, R TRUR B, ASLEgiarh Y pip R W] REAS SCHE4 R e python 2, WAZTE pip install Ji5
MHEN ——user I ZEEF|FHRE ~/ . local/lib/python3.x/site-packages/ F, HMH 3.x FEix
python fEREZRIR A, x FIfERE 9-13 Z [AIAAE B R4

python FHIE S EEE R H 5% N 1Y dspawpy, B /AJL3AEE H111) dspawpy AR LE 2K H Sk H ) dspawpy [
WA B, AR PARTH ——user 423t dspawpy, MURIC TN HI K H & NHERRA dspawpy, Rl
source | /AL, TG A JLIREE ) dspawpy, KIHSHERA dspawpy, T34 BUG.,

Pk, %1 HZW 4080 8 [ ) 30 dspawpy, EIRANRAERK Hak FlEIR, CMMEBUMNER .
WSRAE AR E, 00 OR SN 3h HEOH R H S Y dspawpy

WA RN R 5 H sk Y dspawpy, XCOAAEEEEIE, W] PAYEIZAT python AR, S5 -s HE5kE 40 5
AZKHZH I dspawpy: python -s your-script.pye
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8.1.1 ¥ dspawpy

A dspawpy /& iF mamba/conda 2351, i F DATF i & B -

mamba update dspawpy
#conda update dspawpy

W dspawpy 2B 1T pip ZZ%EHY, HBA:

[pip install dspawpy -U # -U %k 7~ & % & 3 X

O #ik

f pip T E N R B G, AT RE T8 0 4 R R 2 BB dspawpy dspawpy TS EUIE I I
AT, A0 A5 % pip A pypi ‘B W T 3208

pip install dspawpy -i https://pypi.org/simple —--user -U # —-i 4§ & [ #{ H 3, —-user.
SKARALSMAF Z%, -UXKTFZRRHTK

WREFTHS H L dspawpy FHIRHTIRIE R, TR AR O IR S A ST A dspawpy H46 A 424
ek
$ python3 # = python
>>> import dspawpy
>>> dspawpy._ version__ # 4 H A 5
>>> dspawpy._ file_  # ¥ @ & & KA

8.2 structure ZE#g3t{L

BERU (5 LR read AT HF45HIME S AR, (1 write MG UlLEHIRE(L, B convert
AL

API: read(), write(), convert()

dspawpy.io.structure.convert (infile, si=None, ele=None, ai=None, infmt: str | None = None, task: str =
scf’, outfile: str = temp.xyz’, outfmt: str | None = None,
coords_are_cartesian: bool = True)

convert from infile to outfile.
« multi -> single, only keep last step
« crystal -> molecule, will lose lattice info
« molecule -> crystal, will add a box of twice the maximum xyz

o pdb, dump may suffer decimal precision loss

SH
e infile -
- h5/json/as/hzw/cif/poscar/cssr/xsf/mcsqs/prismatic/yaml/fleur-inpgen file path

- If a folder is given, will read {task}.h5/json files
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— If structures are given, will read multiple structures.
e si(int, list, or str)-
- Structure index, starting from 1
+ si=1, read the 1st
x si=[1,2], read the 1st and 2nd
x si=" ;7 ,read all
+ si=’ -3:7 , read the last 3

- If empty, for multi-configuration files, all configurations will be read; for single-configuration
files, the latest configuration will be read.

- This parameter is only valid for h5/json files.
e ele—
- Flement symbol, writtenas ‘H’ or[ ‘H’ ,” O’ ]
- If empty, atomic information for all elements will be read.
- This parameter is only valid for h5/json files.

e ai —

Atom index, starting from 1

Usage is the same as si

If empty, atomic information for all atoms will be read.

This parameter is only valid for h5/json files.
e infmt -

— Input structure file type, e.g., ‘h5’ . If None, the file extension will determine the format.
 task -

- Used when datafile is a folder path to locate the internal {task}.h5/json file.

3

- Calculation task type, including ‘scf’ , ‘relax’ , ‘neb’ , ‘aimd’ . Other values will

be ignored.
e outfile -
— Output filename
e outfmt -
- Output structure file type, e.g., ‘xyz’ . If None, the file extension will determine the format.
e coords_are_cartesian —

— Whether to write coordinates in Cartesian form (default: True); otherwise, fractional coor-
dinates will be used.

- This option is currently only valid for as and json formats.
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il
>>> from dspawpy.io.structure import convert
>>> convert ('tests/supplement/PtH.as', outfile='tests/doctest_out/PtH.hzw')
==> .../PtH...hzw
batch test
>>> for readable in ['relax.h5', 'system.json', 'aimd.pdb', 'latestStructure.as',
< 'Cu0.hzw', 'POSCAR']:
for writable in ['pdb', 'xyz', 'dump', 'as', 'hzw', 'POSCAR']:
C convert ('tests/supplement/stru/'+readable, outfile=f"tests/doctest_
—out/{readable.split ('.") [0] ). {writable /")
==> .../relax...pdb
==> .../relax...xyz
==> .../relax...dump
==> .../relax...as
==> .../relax...hzw
==> .../system...pdb
==> .../system...xyz
==> .../system...dump
==> .../system...as
==> .../system...hzw
==> ,../aimd...pdb
==> .../aimd...xyz
==> .../aimd...dump
==> .../aimd...as
==> .../aimd...hzw
==> .../latestStructure...pdb
==> .../latestStructure...xyz
==> .../latestStructure...dump
==> .../latestStructure...as
==> .../latestStructure...hzw
==> .../Cu0O...pdb
==> .../Cu0...xyz
==> .../Cu0O...dump
==> .../Cu0...as
==> .../Cu0...hzw
==> .../POSCAR...pdb
==> .../POSCAR...xyz
==> .../POSCAR...dump
==> .../POSCAR...as
==> .../POSCAR...hzw

dspawpy.io.structure.read (datafile: str | list, si=None, ele=None, ai=None, fmt: str | None = None, task: str |
None = ’scf’)

Read one or more h5/json files and return a list of pymatgen Structures.
BH
» datafile -
— file paths for h5/json/as/hzw/cif/poscar/csst/xsf/mcsqs/prismatic/yaml/fleur-inpgen files;

- If a directory path is given, it can be combined with the task parameter to read the
{task}.h5/json files inside

- If a list of strings is given, it will sequentially read the data and merge them into a list of
Structures
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e si(int, 1list or str)-—
- Configuration number, starting from 1
« si=1, reads the first configuration
» si=[1,2], reads the first and second configurations
« si=" :7 | reads all configurations
x si=" -3:7 | reads the last three configurations

- If empty, it reads all configurations for multi-configuration files and the latest configuration
for single-configuration files

- This parameter is only valid for h5/json files
e ele
- FElement symbol, format reference: ‘H’ or[ ‘H’ ,” O’ ]
- If empty, it will read atomic information for all elements
— This parameter is only valid for h5/json files

e ai —

Atom index, starting from 1

Same as si

If empty, it will read all atom information

This parameter is only valid for h5/json files

o fmt —

4 )

- File format, including
values will be ignored.

as’ , ‘hzw’ , ‘xyz’ , ‘pdb’ , ‘h5’ , ‘json’ 6 types, other

- If empty, the file type will be determined based on file name conventions.
e task -
- Used when datafile is a directory path to find the internal {task}.h5/json file.

- Determine the task type, including ‘scf’ , ‘relax’ , ‘neb’ , ‘aimd’ four types, other
values will be ignored.

R
Structure list
R IR

pymatgen_Structures

B

[>>> from dspawpy.io.structure import read

Reads a single file to generate a list of Structures

>>> pymatgen_Structures = read(datafile='tests/supplement/PtH.as')
>>> len (pymatgen_Structures)

1

>>> pymatgen_Structures = read(datafile='tests/supplement/PtH.hzw')

&)
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(#z E70)
>>> len (pymatgen_Structures)
1
>>> pymatgen_Structures = read(datafile='tests/supplement/Si2.xyz"')
>>> len (pymatgen_Structures)
1

>>> pymatgen_Structures = read(datafile='tests/aimd.pdb')

>>> len (pymatgen_Structures)

1000

>>> pymatgen_Structures = read(datafile='tests/2.1/relax.h5")
>>> len (pymatgen_Structures)

3

>>> pymatgen_Structures = read(datafile='tests/2.1/relax.json')
>>> len (pymatgen_Structures)

3

Note that pymatgen_Structures is a list composed of multiple Structure objects, each corresponding to a structure.
If there is only one structure, it will also return a list. Please use pymatgen_Structures[0] to obtain the Structure
object.

When datafile is a list, it reads multiple files sequentially and merges them into a Structures list

>>> pymatgen_Structures = read(datafile=['tests/supplement/aimdl.h5', 'tests/
—supplement/aimd2.h5"'])

dspawpy.io.structure.write (structure, filename: str, fmt: str | None = None, coords_are_cartesian: bool =
True)

Write information to the structure file
S8
e structure —A pymatgen Structure object
o filename —Structure filename

o fmt -

4 )

- Structure file type, natively supports ‘json’ , ‘as’ , ‘hzw’ , ‘pdb’ , ‘xyz
, ‘png’ , ‘gif’ eight types

9

, ‘dump’

e coords_are_cartesian -

— Whether to write in Cartesian coordinates, default is True; otherwise write in fractional
coordinate format

3 )

— This option is currently only effective for ‘as’ and ‘json’ formats

L]

First, read the structure information:

>>> from dspawpy.io.structure import read, write
>>> s = read('tests/2.15/01/neb01.h5")

>>> len(s)

17

Writing structure information to a file:
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>>> write (s, filename='tests/doctest_out/PtH.]json', coords_are_cartesian=True)

==> .../PtH...Jjson

>>> write(s, filename='tests/doctest_out/PtH.as', coords_are_cartesian=True)
==> . ../PtH...as

>>> write(s, filename='tests/doctest_out/PtH.hzw', coords_are_cartesian=True)
==> .../PtH...hzw

PDB, XYZ, and DUMP file types can write multiple conformations to form a “trajectory.” The generated XYZ
trajectory files can be opened and visualized using visualization software like OVITO.

>>> write (s, filename='tests/doctest_out/PtH.pdb', coords_are_cartesian=True)

==> .../PtH...pdb

>>> write (s, filename='tests/doctest_out/PtH.xyz', coords_are_cartesian=True)
==> .../PtH...xyz

>>> write(s, filename='tests/doctest_out/PtH.dump', coords_are_cartesian=True)
==> .../PtH...dump

PNG and GIF formats can be used to export structure images using ASE’ s io module. PNG format exports a
single structure image, while GIF format can create an animation for multiple structures.

>>> write (s, filename='tests/doctest_out/PtH.png')

==> .../PtH...png
>>> write(s, filename='tests/doctest_out/PtH.gif')
==> .../PtH...gif

The recommended format for storing single structure information is as format. If the Structure contains magnetic
moment or degree of freedom information, it will be written in the most complete format, such as Fix_x, Fix_y,
Fix_z, Mag_x, Mag_y, Mag_z. The default value for degree of freedom information is F, and the default value for
magnetic moment is 0.0. You can manually delete this default information from the generated as file as needed.
Writing to other types of structure files will ignore magnetic moment and degree of freedom information.

[ %% 2conversion.py WA TEBUERAL :

# coding:utf-8
from dspawpy.io.structure import convert

convert (

infile="tests/2.1/relax.h5", # Structure to be converted, if in the current path,
— you can just write the filename

si=None, # Select configuration number, if not specified, read all by default

ele=None, # Filter element symbol, default reads atomic information for all.
—~elements

ai=None, # Filter atomic indices, starting from 1, default to read all atomic.
—information

infmt=None, # Input structure file type, e.g., 'h5'. If None, it will be matched.
—ambiguously based on the filename rule.

task="relax", # Task type, this parameter is only valid when infile is a folder.
—rather than a filename

outfile="tests/outputs/us/relaxed.xyz", # Structure file name

out fmt=None, # Output structure file type, e.g., 'xyz'. If None, it will be.
—fuzzy matched according to filename rules.

coords_are_cartesian=True, # Written in Cartesian coordinates by default

convert PRI LA KBS B0 B AL DL 26 -
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# 1: dspawpy SZHFIE G ST SCIESI#

infmt (% infle (BN BEME outmt(% outfle (%  5EA
A4t BL) H & X AW
) ) Uginy
h5 * hS X X DS-PAW 1852 S AR 17 hdf5 28
Bfy
json * json json * json DS-PAW 138 58 il G AR 4711 json 25
B
pdb *.pdb pdb *.pdb Protein Data Bank
as * as as * as DS-PAW it 38 5 1Ak A 5545 E A 45
Fascrt
hzw * hzw hzw * hzw DeviceStudio BRIA [ 4544 S
Xyz * xyz Xyz * xyz T2 B A S A5 43 1 5 4 1) FRL A B
BRI extended-xyz
AU A
X X dump * dump lammps-dump 2SR 376 42
X * cif */*.mcif * cif/mcif * cif */*.mcif*  Crystallographic Information File
X *POSCAR*/*CONTCAR*/*.vas poscar *POSCAR* VASP {4
X *, cssr¥ cssr * cssr¥ Crystal Structure Standard Representa-
tion
X * yaml/*.yml yaml/yml * yaml/*.yml  YAML Ain’ t Markup Language
X * xsf* xsf * xsf* eXtended Structural Format
X *rndstr.in*/*lat.in*/*bestsqs*  mcsqs *rnd- Monte Carlo Special Quasirandom
str.in*/*lat.in*/ Structure
X inp*.xml/*.in*/inp_* fleur- * in* FLEUR 4% ¥ S {4, 20 %6 4 20 3%
inpgen pymatgen-io-fleur /%
X * res res * res ShelX res 4t 30 f4:
X * config*/* pwmat* pwmat * con- PWmat 3 {2}
fig/*.pwmat
X X prismatic *prismatic* FTF STEM #4011 —Fh o445 X
X CTRL* X X Stuttgart LMTO-ASA ({2
O &
o BiARMEH > SFIRMERFR, X TR
» h5, json, pdb, xyz, dump, CONTCAR 545 A SR 2S4S MBS B (7 0L T 2451 i /b 5% NEB
sk # AIMD {T:45)
o in(out)fmt ZHLHSGHR T SCHEAHEMIICEERLIN: BI0, 4 inounfmi=" hS™ 5, SCPEA AT DA
BME, E£EWPAZ ajson
o YRR B SR json #530ET, (AT IAL NEB 54145, HEWLULAS NEB £ F5HH 3¢ Ui
o DS-PAW % /) neb.h5. phonon.h5. phonon.json. neb.json DA & wannier.json i FoyE e B ZE#15 EL
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8.3 volumetricData #ig4h 38

8.3.1 volumetricData T[#j{t

e &% 3vis_vol.py :

1 | # coding:utf-8
2 |from dspawpy.io.write import write_VESTA

4 |# Read data file (in h5 or json format), process it, and output to a cube file

5 |write_VESTA (

6 in_filename="tests/2.2/rho.h5", # Path to the json or h5 file containing.

—electronic system information

7 data_type="rho", # Data type, supported values are "rho", "potential", "elf",

— "pcharge", '"rhoBound"

8 out_filename="tests/outputs/us/DS-PAW_rho.cube", # Output file path
9 gridsize=(10, 10, 10), # Specifies the interpolation grid size
10 format="cube", # Supported formats: cube, vesta, and txt (xyz grid.

< coordinates + values)

1 )

R G B SCE DS-PAW _rho.cube $i A VESTA #{f:H1 i 7 -

s A BRI P 2 B TR T

]

8.3. volumetricData #ig4hE
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8.3.2 =4 volumetricData T[#{t

o« Z% 3dvol.py :

-
1 | # coding:utf-8
2 |from dspawpy.io.write import write_delta_rho_vesta

4 |# Read the data file (h5 or json format), process it, and output it to a cube.
—file, which can be directly opened with Vesta and has a small volume
s |write_delta_rho_vesta (

6 total="tests/supplement/AB.h5", # Data file for the system containing all.
—components

7 individuals=|[

8 "tests/supplement/A.h5",

9 "tests/supplement/B.h5",

10 1 # Data files for the system containing each component

1 output="tests/outputs/us/3delta_rho.cube", # Output file path

EIREA SR A TR R AT B S, oRBILA TR R N B, 1337 AB.hS 55 AhS Fl B.hS Z [
) HLAT 4 B 22 XA delta_rho.cube , ZSCIF AT B ] VESTA 47T

8.3.3 volumetricData HE 13

e % 3planar_ave.py :

# coding:utf-8
from dspawpy.plot import average_along_axis

axes = [
"2"
] # "o", "1", "2" correspond to the x, y, z axes respectively; select which axes to.

—average along

axes_indices = [int (i) for 1 in axes]
for ai in axes_indices:
plt = average_along_axis (

datafile="tests/3.3/scf.h5", # Data file path
task="potential", # Task name, can be 'rho', 'potential', 'elf', 'pcharge',
— "rhoBound'
axis=ai, # Axis along which to plot the potential curve
smooth=False, # Whether to smooth
smooth_frac=0.8, # Smoothing coefficient
subtype=None, # Used to specify the subclass of task data, currently only..
—used for Potential
label=f"axis{ai}", # Legend label
)
if len(axes_indices) > 1:
plt.legend()

plt.xlabel ("Grid Index")
plt.ylabel ("TotalElectrostaticPotential (eV)")

plt.savefig("tests/outputs/us/3pot_ave.png", dpi=300) # Image name

AR R ) 3.3 /NTTTIR TR IS SO, AT LS 5 1 A R R LA P -
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API: write_VESTA(), write_delta_rho_vesta(), average_along_axis()

e write_VESTA PR35 4LFE volumetricData 7] fi4k; :

dspawpy.io.write.write_VESTA (in_filename: str, data_type: str, out_filename: str = 'DS-PAW.cube’,

subtype: str | None = None, format: str | None = ‘cube’, compact: bool
= False, inorm: bool = False, gridsize: Sequence[int] | None = None)

Read data from a json or h5 file containing electronic system information and write to a VESTA formatted

file.
S

in_filename —Path to a json or hS file containing electronic system information

o ”

data_type —Data type, supported values are “rho

, “rhoBound”

, “potential” , “elf” , “pcharge”

out_filename —Output file path, default “DS-PAW.cube”

subtype —Used to specify the subtype of data_type, default is None, which will read the
TotalElectrostaticPotential data of potential

format —Output data format, supports “cube” and “vesta” ( “vasp” ), defaultis “cube”
, case-insensitive

8.3. volumetricData #ig4b38
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- compact —Each data point for each grid is placed on a new line, reducing the file size
by decreasing the number of spaces (this does not affect the parsing of VESTA software),
default is False

- inorm —Whether to normalize the volume data so that the sum is 1, default is False

- gridsize —The redefined number of grid points, in the format (ngx, ngy, ngz), default is
None, which uses the original number of grid points

RIA
VESTA formatted file
R ]

out_filename

P

>>> from dspawpy.io.write import write_ VESTA

>>> write_VESTA("tests/2.2/rho.json", "rho", out_filename='tests/outputs/
—doctest/rho.cube')

==> ...rho...cube

-

>>> from dspawpy.io.write import write_VESTA
>>> write_VESTA (
in_filename="tests/2.7/potential.h5",
data_type="potential",
out_filename="tests/outputs/doctest/my_potential.cube",
subtype='TotalElectrostaticPotential', # or 'TotalLocalPotential'
.. gridsize=(50,50,50), # all integer, can be larger or less than the.
—original gridsize
)
Interpolating volumetric data...
volumetric data interpolated
==> ...my_potential...cube
>>> write_ VESTA (
in_filename="tests/2.8/elf.h5",
data_type="elf",
out_filename="tests/outputs/doctest/elf.cube",

==> ...elf...cube
>>> write_VESTA (
in_filename="tests/2.9/pcharge.h5",
data_type="pcharge",
out_filename="tests/outputs/doctest/pcharge.cube",
- )
==> ...pcharge...cube
>>> write_VESTA (
in_filename="tests/2.7/potential.h5",
data_type="potential",
out_filename="tests/outputs/doctest/my_potential.vasp",
subtype='TotalElectrostaticPotential', # or 'TotalLocalPotential'
gridsize=(50,50,50), # all integer, can be larger or less than the.
—original gridsize
)
Interpolating volumetric data...
volumetric data interpolated
==> ...my_potential...vasp

(B30
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>>> write_ VESTA (
in_filename="tests/2.8/elf.h5",
data_type="elf",
out_filename="tests/outputs/doctest/elf.vasp",
o)
==> ...elf...vasp
>>> write_ VESTA (
in_filename="tests/2.9/pcharge.h5",
data_type="pcharge",
out_filename="tests/outputs/doctest/pcharge.vasp",
)

==> ...pcharge...vasp

>>> write_VESTA (
in_filename="tests/2.7/potential.h5",
data_type="potential",
out_filename="tests/outputs/doctest/my_potential.txt",
subtype='TotalElectrostaticPotential', # or 'TotalLocalPotential'

.. gridsize=(50,50,50), # all integer, can be larger or less than the.
—original gridsize
)
Interpolating volumetric data...
volumetric data interpolated

==> ...my_potential...txt
>>> with open ("tests/outputs/doctest/my_potential.txt") as t:
contents = t.readlines()

for line in contents[:10]:
C.. print (line.strip())
# 2 atoms

# 50 50 50 grid size

# x vy z value

0.000 0.000 0.000 0.3279418
0.055 0.055 0.000 -0.0740864
0.110 0.110 0.000 -0.8811762
0.165 0.165 0.000 -2.1283864
0.220 0.220 0.000 -4.0559144
0.275 0.275 0.000 -6.8291031
0.330 0.330 0.000 -10.1550910

volumetricData $§ [ 2 B 25 [A] 57 BAS AL A B, WA B rho, FBERRAL potential ,  Jeylak FLfif 4% . elf
T AT %5 & peharge , VA 77 R 28 1 77 %% & thoBound 45 . X S6%#i7E DS-PAW A DA volumetricData Z5ZU{R1E .
e write_delta_rho_vesta BRE M FTALTHIES) volumetricData 7] #i 4k, :
dspawpy.io.write.write_delta_rho_vesta (fotal: str, individuals: list[str], output: str =

delta_rho.cube’, format: str = ‘cube’, compact: bool =
False, inorm: bool = False, gridsize: Sequence | None
= None, data_type: str | None = rho’, subtype: str |
None = None)

Charge density differential visualization

DeviceStudio does not currently support large files; it is temporarily written in a format that can be opened
with VESTA.

28

- total —Path to the total charge density file of the system, can be in h5 or json format
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- individuals —Paths to the charge density files of each component in the system, can be
in h5 or json format

- output —Output file path, default “delta_rho.cube”
- format —Output data format, supports “cube” and ‘“vasp” , defaultto “cube”

- compact —Each data point for each grid is placed on a new line, and the file size is reduced
by reducing the number of spaces (this does not affect the parsing by VESTA software),
default is False

- inorm —Whether to normalize the volume data so that the sum is 1, default is False

- gridsize —Redefined grid number, format as (ngx, ngy, ngz), default is None, use the
original grid number

B
A charge density file after the difference of charges (total - individuall - individual2 - --+)

BRI

output

)

>>> from dspawpy.io.write import write_delta_rho_vesta

>>> write_delta_rho_vesta(total='tests/supplement/AB.h5"',
individuals=['tests/supplement/A.h5', 'tests/supplement/B.h5'],
output="'tests/outputs/doctest/delta_rho.cube')

==> ,..delta_rho...cube

e average_along_axis HREMITALFE volumetricData T ~F-3# 43 :

dspawpy.plot.average_along_axis (datdafile: str = potential. h5’, task: str = potential’, axis: int = 2,
smooth: bool = False, smooth_frac: float = 0.8, raw: bool =
False, subtype: str | None = None, verbose: bool = False,
*Ekwargs)

Plot the average curve of a physical quantity along a certain axis

ZH

- datafile —Path to an h5 or json file, or a folder containing any of these files, default
‘potential.h5’

3 7

- task —Task type, canbe ‘rho’ , ‘potential’ , ‘elf’ , ‘pcharge’ , ‘rhoBound’
- axis —Along which axis to plot the potential curve, default is 2

- smooth —Whether to smooth, default False

- smooth_frac —-Smoothing coefficient, default 0.8

- raw —Whether to return plot data to a CSV file

- subtype —Used to specify the task data subtype, default None, representing drawing Po-
tential/TotalElectrostaticPotential

- **kwargs —Other parameters, passed to matplotlib.pyplot.plot
B

Can be passed to other functions for further processing
AT e

axes
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B

[>>> from dspawpy.plot import average_along_axis

Read data from the potential.h5 file, plot, and save the original plot data to a CSV file

>>> plt = average_along_axis (datafile='tests/3.3/rho.h5', task='rho', axis=2,.
—smooth=True, smooth_frac=0.8)

>>> plt.savefig('tests/outputs/doctest/rho_h5.png'")

>>> plt = average_along axis(datafile='tests/3.3/rho.json', task='rho',.
—axis=2, smooth=True, smooth_frac=0.8)

>>> plt.savefig('tests/outputs/doctest/rho_json.png')

>>> plt = average_along_axis(datafile='tests/2.7/potential.h5', task=
—'potential', axis=2, smooth=True, smooth_frac=0.8, raw=True)

>>> plt.savefig('tests/outputs/doctest/potential h5.png"')

>>> plt = average_along_axis(datafile='tests/2.7/potential.json', task=
—'potential', axis=2, smooth=True, smooth_frac=0.38)

>>> plt.savefig('tests/outputs/doctest/potential Jjson.png')

>>> plt = average_along_axis (datafile="'tests/2.8/elf.h5', task='elf',K axis=2,.
—smooth=True, smooth_frac=0.8)

>>> plt.savefig('tests/outputs/doctest/elf _h5.png')

>>> plt = average_along_axis(datafile='tests/2.8/elf.json', task='elf', .
—axis=2, smooth=True, smooth_frac=0.8)

>>> plt.savefig('tests/outputs/doctest/elf_ json.png')

>>> plt = average_along_axis (datafile='tests/2.9/pcharge.h5', task='pcharge', .
—axis=2, smooth=True, smooth_frac=0.8)

>>> plt.savefig('tests/outputs/doctest/pcharge h5.png')

>>> plt = average_along_axis(datafile="'tests/2.9/pcharge.json', task='pcharge

—"', axis=2, smooth=True, smooth_frac=0.8)
>>> plt.savefig('tests/outputs/doctest/pcharge_ json.png')

>>> plt = average_along_axis (datafile='tests/2.28/rhoBound.h5', task='rhoBound
"', axis=2, smooth=True, smooth_frac=0.8)

>>> plt.savefig('tests/outputs/doctest/rhoBound_h5.png"')

>>> plt = average_along_axis(datafile='tests/2.28/rhoBound. json', task=
—'rhoBound', axis=2, smooth=True, smooth_frac=0.8)

>>> plt.savefig('tests/outputs/doctest/rhoBound_json.png')

A BE

AnR i SSH M R R 45 a7 IR, Bl QT MRS E R, WRERBMmREF (L
41 MobaXterm %) Fll QT FEAHeA, LAHHALR (HI41 VSCode i AL HAF A iifn 047), B4
7 python AR “ATIFRAS A ACHS :

import matplotlib
matplotlib.use('agg')
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8.4 band gEERFEIIEAME

O i

1. JIA i ] get_band_data() 2B R, A SEHUCEEE R B efermi=XX n]XF B8 =2 A8 Ch 5 2 MH
15 zero_to_efermi=True, W] ¥RE 125 s 48 20 BT 2 IR0 SO H Y B oK BB A

2. WA A pymatgen ) BSPlotter.get_plot() i [l , 7 €] B} 7] 1% ¥ zero_to_efermi=True, Kf AL i AE &
BN R FOREEHAL . |1 T pymatgen FE 2023.8.17 [1)— 4 & 5 5 HTRF-22 ] bR BIGR [ X 52 A plt 240
BT axes, SEUGLMIAT R PUR LS. RICH P RIASAH 563552 B i —A HIWHE R I PAAL#E

3. eI EBMNE L BT ERBOER SRR (M B IR IR system. json ) , #F3REURIML, P
AIAEY H get_band_data SEEUELHERT , FI| H S48 efermi (& 2 &2 5. 40 : band_data=get_band_data(
‘band.h5’ efermi=-1.5)

4. JHIA FR i EJE T pymatgen AR BSPlotter.get_plot, 24 ¥|WrA & NIAES B, % E zero_to_efermi £xiA

i VBM R 9 oK BB BE 5t 111 JE SCAF 2R 9 20 K BB . W4 R RN AES B, 8 B0 e % &
zero_to_efermi=True FI¥E H] & Bi% B zero_to_efermi=True 52| [} K <G X H|

PATAT AN python JIA, FFFSHWTRE N ERBER . HAECBER, FFEORERZE I
REFENBER T AL, IHHAR R

8.4.1 LiEfAETHAMIE

%7 4bandplot .py :

# coding:utf-8

import os

import matplotlib.pyplot as plt

from pymatgen.electronic_structure.plotter import BSPlotter

from dspawpy.io.read import get_band_data

datafile = "tests/supplement/pband.h5" # Specifies the data file path
band_data = get_band_data/(

band_dir=datafile,

syst_dir=None, # path to system.json file, required only when band_dir is a json.
—~file

efermi=None, # Used for manually correcting the Fermi level

zero_to_efermi=True, # For non-metallic systems, the zero point energy should be.
—shifted to the Fermi level
)

bsp = BSPlotter (band_data)
axes_or_plt = bsp.get_plot (

zero_to_efermi=False, # The data has already been shifted when read, so this.
—should be turned off

ylim=[-10, 10], # Range of the y-axis for the band structure plot

smooth=False, # Whether to smooth the band structure plot

vbm_cbm_marker=False, # Whether to mark the valence band maximum and conduction.
—band minimum in the band structure plot

smooth_tol=0, # Threshold for smoothing

smooth_k=3, # Order of the smoothing process

smooth_np=100, # Number of points for smoothing

(ST
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(% E50)
)

if isinstance (axes_or_plt, plt.Axes):

fig = axes_or_plt.get_figure () # version newer than v2023.8.10
else:

fig = axes_or_plt.gcf() # older version pymatgen

# Add a reference line for the energy zero point
for ax in fig.axes:
ax.axhline (0, 1lw=2, 1ls="-.", color="gray")

figname = "tests/outputs/us/4bandplot.png" # Filename for the output band plot
os.makedirs (os.path.dirname (os.path.abspath (figname)), exist_ok=True)
fig.savefig(figname, dpi=300)

O i

R P20 S 75 M BTG T AR BUE AR i 28 KRB (A system.json FRHX) , #FRICKNG, M P AHE
get_band_data pREL 45 E efermi S55 0k

AT AR AT AT 22U DA T Bty 1 -

10.0

—
75 ————
5 0 %é/\

e
é 0.0b I —
£ -25

~5.0

_7.5ﬁ>“<

-10.05 M K G

Wave Vector

A AR R A
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8.4.2 BEEHF R IB—HTRIHEE, BIERX/MRFIZTRIZHNEN ST

%:7% 4bandplot_elt.py :

# coding:utf-8
import os

import matplotlib.pyplot as plt
import numpy as np
from pymatgen.electronic_structure.plotter import BSPlotterProjected

from dspawpy.io.read import get_band_data

datafile = "tests/supplement/pband.h5" # Specify the data file path
band_data = get_band_data/(

band_dir=datafile,

syst_dir=None, # path to system. json file, required only when band dir is a json.
—file

efermi=None, # Used to manually adjust the Fermi level

zero_to_efermi=True, # For non—-metallic systems, shift the zero-point energy to.
—the Fermi level

)

bsp = BSPlotterProjected (bs=band_data) # Initialize the BSPlotterProjected class
axes_or_plt = bsp.get_elt_projected_plots(

zero_to_efermi=False, # The data has already been shifted when read, so this.
—should be disabled

ylim=[-8, 5], # Set the energy range

vbm_cbm_marker=False, # Whether to mark the conduction band minimum (CBM) and.
—valence band maximum (VBM)

)

if isinstance (axes_or_plt, plt.Axes):

fig = axes_or_plt.get_figure() # version newer than v2023.8.10
elif np.iterable (axes_or_plt):

fig = np.asarray(axes_or_plt) .flatten () [0].get_figure()
else:

fig = axes_or_plt.gcf () # older version pymatgen

# Add a reference line for the energy zero point
for ax in fig.axes:

ax.axhline (0, 1lw=2, 1s="-.", color="gray")
figname = "tests/outputs/us/4bandplot_elt.png" # The filename for the output band.
—plot

os.makedirs (os.path.dirname (os.path.abspath (figname)), exist_ok=True)
fig.savefig(figname, dpi=300)

O st

L PR TR B il RR Ay B O gidi . HE 75 2288 ] BSPlotterProjected A5k
2. f4iJf] BSPlotterProjected #53tr1 get_elt_projected_plots pK %k A% 22 45 Fh 7T 25 0138 o ik %) Y &

AT AR AT AT 2 ZAPA T Bty I -
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AR B e R A

A g5Y

AR SSH I AR 55 a7 _ iR, Bl QT MIXRREE R, WRERMMmREF (L
41 MobaXterm <) I QT FERAE, WAHHALT (HIH1 VSCode B AL HAH LKty 01T), AW
1 python JHIAR S AT TFARES A T AL :

import matplotlib
matplotlib.use('agg')

8.4.3 REF IR ETRARNENFTRAME

%7 4bandplot_elt_orbit.py:

# coding:utf-8
import os

import matplotlib.pyplot as plt
import numpy as np
from pymatgen.electronic_structure.plotter import BSPlotterProjected

from dspawpy.io.read import get_band_data
datafile = "tests/supplement/pband.h5" # Specify the data file path

band_data = get_band_data (
band_dir=datafile,

syst_dir=None, # path to system.json file, only required when band_dir is a json.
—file

efermi=None, # Used for manually correcting the Fermi level

zero_to_efermi=True, # For non-metallic systems, shift the zero point energy to.

—~the Fermi level

)

bsp = BSPlotterProjected(bs=band_data) # Initialize the BSPlotterProjected class
# Select elements and orbitals, create a dictionary
dict_elem_orbit = {"Mo": ["d"], "S": ["s"]}

8.4. band BEHIIENE 199




22
23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

DS-PAW F#if

(B LE10)

axes_or_plt = bsp.get_projected_plots_dots(

dictio=dict_elem_orbit,

zero_to_efermi=False, # The data has already been shifted when read, so this.
—should be turned off

ylim=[-8, 5], # Set the energy range

vbm_cbm_marker=False, # Whether to mark the conduction band minimum and valence.
—band maximum

)

if isinstance (axes_or_plt, plt.Axes):

fig = axes_or_plt.get_figure() # version newer than v2023.8.10
elif np.iterable(axes_or_plt):

fig = np.asarray(axes_or_plt).flatten() [0].get_figure ()
else:

fig = axes_or_plt.gcf() # older version pymatgen

# Add a reference line for the energy zero point
for ax in fig.axes:

ax.axhline (0, 1lw=2, 1ls="-.", color="gray")
figname = "tests/outputs/us/4bandplot_elt_ orbit.png" # Filename for the output band.
—plot

os.makedirs (os.path.dirname (os.path.abspath (figname)), exist_ok=True)
fig.savefig (figname, dpi=300)

o %I] ‘F\A'?\ :

1. {ifi f§ BSPlotterProjected {1 get_projected_plots_dots 7] DALE I P13 [ € LB H i HAp e £ 3
FhEE (L) WRE &

2. il get_projected_plots_dots ({ ‘Mo’ :[ ‘d’ 1,” S’ :[ ‘s’ 1D B2 Mo iy d BB S 1y s #iiE

AT AR T AT 22U PA T Bty I -
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AL HICR PR e AN

A B

WIS SSH E#: B RE IR &5 254 T Bk A, L QT M EpMESEE, WhERMHMEF (K
41 MobaXterm %) il QT FEAHE, EAHEHFEF (HlU VSCode 5# R4t H il (I & imtn 21T) , B
£ python JIZAEE —ATIFAEA N DA R ACHS :

import matplotlib
matplotlib.use ('agg')

8.44 REeFRIITRERFHFEE

%% 4bandplot_patom_porbit.py :

p
# coding:utf-8
import os

import matplotlib.pyplot as plt
import numpy as np
¢ | from pymatgen.electronic_structure.plotter import BSPlotterProjected

8 | from dspawpy.io.read import get_band_data

10 |datafile = "tests/supplement/pband.h5" # Specify the data file path

Gy
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(£ E50)
1 |band_data = get_band_data(
12 band_dir=datafile,
13 syst_dir=None, # path to system. json file, required only when band_dir.
—~1is a JSON file
14 efermi=None, # Used to manually adjust the Fermi level
15 zero_to_efermi=True, # For non-metallic systems, shift the zero point.

—energy to the Fermi level
16 )

18 |bsp = BSPlotterProjected (bs=band_data)

19 | # Specify elements, orbitals, and atomic numbers
0 |dict_elem_orbit = {"Mo": ["px", "py", "pz"]}

21 |dict_elem_index = {"Mo": [1]}

22

3 |axes_or_plt = bsp.get_projected_plots_dots_patom_pmorb (

2 dictio=dict_elem_orbit, # Specify the element-orbit dictionary

25 dictpa=dict_elem_index, # Specify the element-atomic number dictionary

26 sum_atoms=None, # Whether to sum over atoms

27 sum_morbs=None, # Whether to sum orbitals

28 zero_to_efermi=False, # Data has already been shifted during reading,.
—should be turned off here

29 ylim=None, # Set the energy range

30 vbm_cbm_marker=False, # Whether to mark the conduction band minimum and.
—valence band maximum

31 selected_branches=None, # Specify the energy band branches to be plotted

32 w_h_size=(12, 8), # Set image width and height

33 num_column=None, # Number of images displayed per row

34 )
35
36 |if isinstance (axes_or_plt, plt.Axes):

37 fig = axes_or_plt.get_figure() # version newer than v2023.8.10
33 |elif np.iterable (axes_or_plt):

39 fig = np.asarray(axes_or_plt).flatten() [0].get_figure ()

40 |else:

4 fig = axes_or_plt.gcf () # older version pymatgen

42
4 |# Add a reference line for the energy zero point
4 |for ax in fig.axes:

45 ax.axhline (0, lw=2, 1ls="-.", color="gray")

46
41 | figname = "tests/outputs/us/4band_patom_porbit.png"
—~figure filename

4 |os.makedirs (os.path.dirname (os.path.abspath (figname)),

49 | fig.savefig(figname, dpi=300)

# Output bandpass.

exist_ok=True)

p
O Jnixi:

I S S5 22 1 4 5 2 J 1S SR B 1Y R 1]
2. dictpa fif5E i1, dictio 45 % % T HIHIE

R CRYHE 5 sum_atoms B sum_morbs Z%i

1. ffi Jf] BSPlotterProjected 5t H get_projected_plots_dots_patom_pmorb #J H HEHE &, W PALEA ok

3. ARG — S — SR E R B S A Ok, i ARE get_projected_plots_dots_patom_pmorb
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A B,

LR R FERANIRE HUES KA L AFR (F W px. dxy. dxz) ;
get_projected_plots_dots_patom_pmorb pRECKHRES , R WL A

AT AR T AR B AU T BT 1 -

AR IR TEBE R R R

N

AR SSH AR 57 a7 iR, Bl QT MIKHMEEER, WRER MM mREF (L
A MobaXterm %) #1 QT FEAFE, WAHEMIET (B VSCode B RYE HAFMI Aty 017), HATH
7E python JHIAR S AT TFIRAS AT AL :

import matplotlib
matplotlib.use('agg')
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8.4.5 FEFHFRITELE

%% 4bandunfolding.py :

# coding:utf-8
import os

from dspawpy.plot import plot_bandunfolding

plt = plot_bandunfolding(
datafile="tests/2.22.1/band.h5", # Read data
ef=None, # Fermi level r he f
de=0.05, # Band wid
dele=0.06, # Band gap, default

plt.ylim(-15, 10)
figname = "tests/outputs/us/4bandunfolding.png" # Output band structure plot
os.makedirs (os.path.dirname (os.path.abspath (figname)), exist_ok=True)
plt.savefig(figname, dpi=300)

# plt.show()
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BCIHBER A SRR AR I SR BB RE R AT (BRANIFTTUN RERE A1) .

PN

WIRIE L SSH 4 2 FE AR 55 2 AT Bk A, L QT M S EE, WM HMEF (k
an MobaXterm %) QT FEAMZ, FAEWAT (i VSCode 8% 24t Al Lima D4T), AT
1 python JIAEE AT FF AU IMPA T ARG «

import matplotlib
matplotlib.use('agg')

8.4.6 band-compare gt EL El4bIE

53 BT RN wannier B2 il 7E [7]— K & L
%% 4bandcompare.py :

# coding:utf-8
import os

from pymatgen.electronic_structure.plotter import BSPlotter
from dspawpy.io.read import get_band_data

band_data = get_band_data/(
band_dir="tests/2.30/wannier.h5", # Wannier band file path
syst_dir=None, # system.json file path, only needed when band_dir is a json file
efermi=None, # Used for manually adjusting the Fermi level
zero_to_efermi=False, # Whether to shift zero energy to the Fermi level
)
bsp = BSPlotter (bs=band_data)
band_data = get_band_data (
band_dir="tests/2.3/band.h5", # Read DFT band structure
syst_dir=None, # path to system.json file, required only when band _dir is a json.
—~file
efermi=None, # Used for manually correcting the Fermi level
zero_to_efermi=False, # Whether to shift the zero point energy to the Fermi level

bsp2 = BSPlotter (bs=band_data)
bsp.add_bs (bsp2._bs)
axes_or_plt = bsp.get_plot (
zero_to_efermi=True, # Move the zero energy level to the Fermi level
ylim=[-10, 10], # Energy band plot y-axis range
smooth=False, # Whether to smooth the band structure plot
vbm_cbm_marker=False, # Whether to mark the valence band maximum and conduction.
—band minimum in the band structure plot
smooth_tol=0, # Threshold for smoothing

smooth_k=3, # Order of the smoothing process
smooth_np=100, # Number of points for smoothing
bs_labels=["wannier interpolated", "DFT"], # Band structure labels
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(% L350
import matplotlib.pyplot as plt # noga: E402

if isinstance (axes_or_plt, plt.Axes):

fig = axes_or_plt.get_figure() # version newer than v2023.8.10
else:

fig = axes_or_plt.gcf() # older version pymatgen

# Add a reference line for the energy zero point
for ax in fig.axes:
ax.axhline (0, 1lw=2, 1ls="-.", color="gray")

figname = "tests/outputs/us/4wanierBand.png" # File name for the output band.
—Sstructure plot

os.makedirs (os.path.dirname (os.path.abspath (figname)), exist_ok=True)
fig.savefig(figname, dpi=300)

BT U B L R He gl 2

10.0
7.57 \
5.0 /
|

2.5]

AN/

- wannier interpolated up
—— DFTup

0.0

E — Ef (eV)

—2.5]
—5.0

A

AR

—7.5] —

—1aq3 X W K

Wave Vector
i AT FL R /R B 5 DFT R 7~ w14

API: get_band_data()

« get_band_data B TATT AR RE AT -

dspawpy.io.read.get_band_data (band_dir: str, syst_dir: str | None = None, efermi: float | None =
None, zero_to_efermi: bool = False, verbose: bool = False) —
BandStructureSymmLine

Reads band structure data from an hS or json file and constructs a BandStructureSymmLine object.

ZH
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- band_dir -

« Path to the band structure file, band.hS / band.json, or a directory containing band.h5 /
band.json

» Note that wannier.h5 can also be read using this function, but band_dir does not support
folder types

- syst_dir —Path to system.json, prepared only for auxiliary processing of Wannier data
(structure and Fermi level are read from it)

- efermi —Fermi level, if the Fermi level in the hS file is incorrect, it can be specified using
this parameter

- zero_to_efermi —Whether to shift the Fermi level to 0

B

BandStructureSymmLine

=Pl

>>> from dspawpy.io.read import get_band_data

>>> band = get_band_data (band_dir="tests/2.3/band.h5")
>>> band = get_band_data (band_dir="'tests/2.4/band.h5")
>>> band = get_band_data (band_dir="tests/2.4/band.json")

If you want to process Wannier band structures by specifying wannier. json, you need to additionally specify
the syst_dir parameter.

>>> band = get_band_data (band_dir="tests/2.30/wannier.h5")
>>> band = get_band_data (band_dir='tests/2.30/wannier.json', syst_dir='tests/
—2.30/system.json"')

A EE

AUEsE SSH IEHE FLRR 45 20T LRI, 90 QT MOS8, TTRE RGO (I
#11 MobaXterm 45) I QT FEARA, BATHFIE (B VSCode HH RAL A AFT), BAT
1 python IS5 — 4T FFAAVR MDA T F A

import matplotlib
matplotlib.use('agg')

8.5 dos BEEHIBAIE

8.5.1 BMBEE

?

2% 5dosplot_total.py :

# coding:utf-8
import os

from pymatgen.electronic_structure.plotter import DosPlotter

&)
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(% L350
from dspawpy.io.read import get_dos_data
from dspawpy.plot import plot_dos

dos_data = get_dos_data(
dos_dir="tests/3.2.4/dos.h5", # Read projected density of states data
return_dos=False, # If False, always return a CompleteDos object (regardless of.
—whether projection was enabled during calculation)
)
dos_plotter = DosPlotter (
zero_at_efermi=True, # Whether to set the Fermi level as the zero point
stack=False, # True indicates drawing an area chart
sigma=None, # Gaussian broadening, None indicates no smoothing process
)
dos_plotter.add_dos (
label="total dos", dos=dos_data
) # Set the legend for the density of states plot # Pass the density of states data

ax = plot_dos(

dosplotter=dos_plotter,

x1lim=[-10, 5], # Set the energy range

ylim=[-15, 15], # Set the density of states range
)
ax.axhline (0, 1lw=2, 1ls="-.", color="gray")

filename = "tests/outputs/us/5dos_total.png" # File name for the output density of.
—states plot
os.makedirs (os.path.dirname (os.path.abspath (filename)), exist_ok=True)

fig = ax.get_figure ()
fig.savefig(filename, dpi=300)

O i
1. fiJ] get_dos_data pREI ] DAKF DS-PAW 11515511y dos.hS SCI4%4k A pymatgen SCHFHE
2. {ii f§ DosPlotter i3t 3k HF] DS-PAW .11 dos.hS (1%

3. DosPlotter pRE{ ] AL IBSHL: stack SEHRN I ASE B2 B MRS, zero_at_efermi /R @ HAESE
BRI TR R RE R R, X % stack=False , zero_at_efermi=False

4. i ] DosPlotter A3k i add_dos FEUZS 25 B i B
5. DosPlotter #5347 get_plot pRET 2 il 2525 K

BT T DA B LA T A5 1
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15

| —total dos

-1 23 6 2 2 o 2 A

Energies (eV)

Density of states (states/eV)

NiO &# R

A EE

WRE i SSH B AR AR 55 2 AT LR A, Bl QT MRAYMEEEE, Rt (t
1 MobaXterm %) Fll QT EAH A, ZAHHARF (G4 VSCode B AL HAF A ity 047), BAT
7 python AR “ATTFRAS A AU :

import matplotlib
matplotlib.use('agg')

8.5.2 WABERSATRMME L

%% 5dosplot_spd.py :

# coding:utf-8
import os

from pymatgen.electronic_structure.plotter import DosPlotter

from dspawpy.io.read import get_dos_data
from dspawpy.plot import plot_dos

dos_data = get_dos_data(

dos_dir="tests/3.2.4/dos.h5", # Read projected DOS data

return_dos=False, # If False, always return a CompleteDos object (regardless of.
—whether projection was enabled during calculation)
)
dos_plotter = DosPlotter (

zero_at_efermi=True, # Whether to set the Fermi level as the zero point
stack=False, # True indicates drawing an area chart
sigma=None, # Gaussian broadening, None indicates no smoothing is applied

&)
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(#z E70)

dos_plotter.add_dos_dict (

dos_dict=dos_data.get_spd_dos (),

key_sort_func=None, # Orbital projection # Specifies the sorting function
)
ax = plot_dos(

dosplotter=dos_plotter,

xlim=[-10, 5], # Set the energy range

vlim=None, # Set the density of states range
)

ax.axhline (0, 1lw=2, 1ls="-.", color="gray")
filename = "tests/outputs/us/5dos_spd.png" # Filename of the output density of.
—states plot

os.makedirs (os.path.dirname (os.path.abspath (filename)), exist_ok=True)

fig = ax.get_figure ()
fig.savefig(filename, dpi=300)

o ﬁli}l\ll\\ :

{8 i DosPlotter #it 1 add_dos_dict pR BRI 5 8% BRI EGE, 2 5 get_spd_dos F 15 B
¥ 18 spd FLE S H

AT AR T AR B AP T S A -

2 10.0 —d
@ —p
S 75 T
]

8 5.0

£

y 25

B0.0 << e
]

" 25

S

5 50

‘n —71.5

c

@ -10.0

a

-10 -8 -6 -4 -2 0 2 4
Energies (eV)

NiO Bl £ 3 5% s = K

A By

A SSH R AR AR 5w T T IR BIAS ) 3 QT M XM IAEE B, WEE 2 HMEY (k
41 MobaXterm %) il QT FEAHE, EAHEHFEF (HlU VSCode 5 # RE5: H il X 21T) , B4
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DS-PAW F it

F£ python A —ATTFHARES LA ACHS :
import matplotlib
matplotlib.use ('agg")

8.5.3 KEEERAMIAFANTEL

2% 5dosplot_elt.py:

# coding:utf-8
import os

from pymatgen.electronic_structure.plotter import DosPlotter

from dspawpy.io.read import get_dos_data
from dspawpy.plot import plot_dos

dos_data = get_dos_data(

dos_dir="tests/3.2.4/dos.h5", # Reads projected DOS data

return_dos=False, # If False, always returns a CompleteDos object (regardless of.
—whether projection was enabled during calculation)
)
dos_plotter = DosPlotter (

zero_at_efermi=True, # Whether to set the Fermi level as the zero point

stack=False, # True indicates drawing an area chart

sigma=None, # Gaussian broadening, None indicates no smoothing is applied
)
dos_plotter.add_dos_dict (

dos_dict=dos_data.get_element_dos(),

key_sort_func=None, # Projected DOS for elements # Specify the sorting function

ax = plot_dos(
dosplotter=dos_plotter,
x1lim=[-10, 5], # Set the energy range
ylim=None, # Set the density of states range
)

ax.axhline (0, 1lw=2, 1ls="-.", color="gray")

filename = "tests/outputs/us/5dos_elt.png" # Filename for the output density of.
—states plot
os.makedirs (os.path.dirname (os.path.abspath (filename)), exist_ok=True)

fig = ax.get_figure ()
fig.savefig(filename, dpi=300)

O i

{ii F] DosPlotter f53t H add_dos_dict BREGREEFR S EHEPE, 2 5/ get_element_dos ¥4 515
BB TR R

PATACRE AT AR 2 ZEADA T 4 -
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10.0 -0
75 —Ni
5.0
2.5
0.0;
-2.5
-5.0
-7.5

-10.0
-10 -8 -6 -4 -2 0 2 4
Energies (eV)

Density of states (states/eV)

NiO JEHEBLL SH LR A

A L

WRE i SSH B AR AR 55 2 AT LR A, Bl QT MRAYMEEEE, Rt (t
1 MobaXterm %) Fll QT EAH A, ZAHHARF (G4 VSCode B AL HAF A ity 047), BAT
7 python AR “ATTFRAS A AU :

import matplotlib
matplotlib.use('agg')

854 BBHERYATEARFHREME L

%% 5dosplot_atom_orbit.py :

# coding:utf-8
import os

from pymatgen.electronic_structure.core import Orbital
from pymatgen.electronic_structure.plotter import DosPlotter

from dspawpy.io.read import get_dos_data
from dspawpy.plot import plot_dos

dos_data = get_dos_data(
dos_dir="tests/3.2.4/dos.h5", # Reads projected density of states data
return_dos=False, # If False, always return a CompleteDos object (regardless of.
—whether projection was enabled during calculation)

)
dos_plotter = DosPlotter (

zero_at_efermi=True, # Whether to set the Fermi level as the zero point
stack=False, # True indicates drawing an area plot
sigma=None, # Gaussian broadening, None indicates no smoothing treatment

Gy
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(B LE10)
)
# ! Specify atomic number and orbital
dict_index_orbit = {0: ["dxy"], 2: ["s"]}
print ("Plotting...")
for index in dict_index_orbit:
_0s = dict_index_orbit[index]
_e = str(dos_data.structure.sites[index] .species)
for _orb in _os:
dos_plotter.add_dos (
f"{_ e} (atom—-{index}) {_orb}", # label
dos_data.get_site_orbital_dos (
dos_data.structure[index],
getattr (Orbital, _orb),
) ’
)
ax = plot_dos(
dosplotter=dos_plotter,
xlim=[-10, 5], # Set the energy range
ylim=None, # Set the density of states range
)
ax.axhline (0, lw=2, 1ls="-.", color="gray")
figname = "tests/outputs/us/5dos_atom_orbit.png" # Output density of states figure.
—filename

os.makedirs (os.path.dirname (os.path.abspath (figname)), exist_ok=True)

fig = ax.get_figure ()
fig.savefig(figname, dpi=300)

O it

1. fff I get_site_orbital_dos  pF % #& HU dos AU 4 T 4F & R T 4 € BLE W TR,
dos_data.structure[0],Orbital(4) F/RFKEE 1 NEFH dxy #Hi8 KIS %, get_site_orbital_dos
PR TS 0 FF 4G

2. SEFTHOHAR, RORRERCR RGN, WA SIS A

AT AR T AR B SAUDA T S A -
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—0Ol(atom-2) s
1.0{— Nil(atom-0) dxy

0.5

0.0 —

-10 -8 -6 -4 -2 0 2 4
Energies (eV)

Density of states (states/eV)
S
ul

NiO J5iF B A B 7

A L

WRE i SSH B AR AR 55 2 AT LR A, Bl QT MRAYMEEEE, Rt (t
1 MobaXterm %) Fll QT EAH A, ZAHHARF (G4 VSCode B AL HAF A ity 047), BAT
7 python AR “ATTFRAS A AU :

import matplotlib
matplotlib.use('agg')

8.5.5 BAZERVLITARFHSH d PliE (129, eg) k

%% 5dosplot_t2g_eg.py :

# coding:utf-8
import os

from pymatgen.electronic_structure.plotter import DosPlotter

from dspawpy.io.read import get_dos_data
from dspawpy.plot import plot_dos

dos_data = get_dos_data(
dos_dir="tests/3.2.4/dos.h5", # Read projected density of states data
return_dos=False, # If False, always returns a CompleteDos object (regardless of.
—whether projection was enabled during calculation)

)
dos_plotter = DosPlotter (

zero_at_efermi=True, # Whether to set the Fermi level as the zero point
stack=False, # True indicates drawing an area chart
sigma=None, # Gaussian broadening, None indicates no smoothing is applied

&)
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# print (dos_data.structure)

# Specify the atomic number, starting from 0
ais = [1]

print ("Plotting...")
atom_indices = [int (ai) for ai in ais]
for atom_index in atom_indices:
dos_plotter.add_dos_dict (
dos_data.get_site_t2g_eg_resolved_dos (dos_data.structure[atom_index]),

)

ax = plot_dos(
dosplotter=dos_plotter,
x1lim=[-10, 5], # Set the energy range
ylim=None, # Set the density of states range

)

ax.axhline (0, 1lw=2, 1s="-.", color="gray")
filename = "tests/outputs/us/5dos_t2g_eg.png" # Output density of states plot.
—filename

os.makedirs (os.path.dirname (os.path.abspath (filename)), exist_ok=True)

fig = ax.get_figure ()
fig.savefig(filename, dpi=300)

o %] ‘Rd@\ :

L. fiiJ}] get_site_t2g eg resolved_dos pR¥f it dos %t FH4 e I 1Y ©2g Ml eg BB TTRR, X2 RHCH
2R 2g A eg HLERITTHR

2. IATIUMIA, RIS, AT AR Y A S P

PATACTE T ATSEI S RILA R A B -

#i Sand 2\

S B~ N O N B OO ©

Density of states (states/eV)

"8 -6 -4 -2 0 2 &
Energies (eV)

I
=
o
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NiO 73-2%¢ d Bl Ji 7B S H R B A

O st
WRITCEAT dBUE, SmEREHE A
A EE

AnR i SSH M AR IR 45 a7 iR, Bl QT MIERREEE R, WRERMMmEF (L
41 MobaXterm %) Fll QT FEAHeA, TLAHHAR (G4 VSCode i AL HAFW A iifn 047), B4
F python AR —ATIFRAS A AU :

import matplotlib
matplotlib.use('agg')

8.5.6 d-HHILHT

DA Pb-slab & Z 4 fll, % Pt 57747 d-band HL 247
2% 5center_dband.py :

# coding:utf-8
from dspawpy.io.read import get_dos_data
from dspawpy.io.utils import d_band

dos_data = get_dos_data(
dos_dir="tests/supplement/dos.h5", # Read projected density of states data
return_dos=False, # If False, always returns a CompleteDos object (regardless of.
—whether projection was enabled during calculation)

)

for spin in dos_data.densities:

print ("spin=", spin)
c = d_band(spin, dos_data)
print (c)

AT ] A2 ZEILA R 4521

spin=1
-1.785319344084034

O &k
H ORISR TR TR d BUEH L, AR, ETr S BE, WA SR A ieTs
1) = E BV

get_dos_data BRI TTAL P B A :
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API: get_dos_data()

dspawpy.io.read.get_dos_data (dos_dir: str, return_dos: bool = False, verbose: bool = False)
Read density of states (DOS) data from an hS5 or json file, and construct a CompleteDos or DOS object

S8
o dos_dir —Path to the density of states file, dos.h5 / dos.json, or a folder containing dos.h5 /
dos.json
e return_dos (bool, optional)—-Whether toreturn the DOS object. If False, a Com-
pleteDos object is returned uniformly (regardless of whether projection was enabled during
calculation)
B

CompleteDos or Dos

B

>>> from dspawpy.io.read import get_dos_data
>>> dos = get_dos_data(dos_dir="tests/2.5/dos.h5")
>>> dos = get_dos_data(dos_dir='tests/2.5/dos.h5', return_dos=True)

8.6 bandDos gEHFIRFELFEE R

3

PAR A Si iR &R :

8.6.1 BEeHNEERERRE—KEL

%% 6bandDosplot.py :

# coding:utf-8
import os

import numpy as np
from matplotlib.axes import Axes
from pymatgen.electronic_structure.plotter import BSDOSPlotter

from dspawpy.io.read import get_band_data, get_dos_data

bandfile = "tests/2.3/band.h5" # Normal band data
band_data = get_band_data(

band_dir=bandfile,

syst_dir=None, # path to system.json file, required only when band_dir is a json.
—file

efermi=None, # Used for manually correcting the Fermi level
)
band_efermi = band_data.efermi
dosfile = "tests/2.5/dos.h5" # Density of states data
dos_data = get_dos_data(

dos_dir=dosfile,

return_dos=False, # If False, always return a CompleteDos object (regardless of.
—whether projection was enabled during calculation)

ST )
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)
dos_efermi = dos_data.efermi
bdp = BSDOSPlotter (
bs_projection=None,
dos_projection=None,
—projection
vb_energy_range=4,
cb_energy_range=4,
fixed_cb_energy=False,
egrid_interval=1, # Energy grid interval
font="DejaVu Sans",
—warnings due to missing font on Linux
axis_fontsize=20, # Axis font size
tick_fontsize=15, # Tick label font size
legend_fontsize=14, # Legend font size
bs_legend="best",
dos_legend="best",
rgb_legend=True, # Use colored legend
fig_size=(11, 8.5), # Figure size
)
if band_efermi != dos_efermi:
print (f" {band_efermi=:.4f} eV")
print (f" {dos_efermi=:.4f} V")
d_efermi = band_efermi - dos_efermi

print (

"! Band and DOS Fermi levels are inconsistent,

—reference"

)

band_data.bands = {spin: v + d_efermi for spin,
# ! Band and DOS Fermi levels are inconsistent,

# dos_data.energies —-= d_efermi

axes_or_plt = bdp.get_plot (
bs=band_data, dos=dos_data
) # Pass band data # Pass density of states data

if isinstance (axes_or_plt, Axes):
fig = axes_or_plt.get_figure()
elif np.iterable (axes_or_plt):

# Valence band energy range
# Conduction band energy range
# Whether to fix the conduction band energy range

# Default is Times New Roman,

(% E50)

# Band structure projection method, None means no projection
# Projection method for density of states,

None means no..

change to DejaVu Sans to avoid.

# Band structure legend position
# Density of States legend position

using DOS Fermi level as.

v in band_data.bands.items () }

using Band level as the reference

# version newer than v2023.8.10

fig = np.asarray(axes_or_plt) .flatten () [0].get_figure ()
else:

fig = axes_or_plt.gcf() # older version pymatgen
filename = "tests/outputs/us/6bandDos.png"

—density of states plot output

os.makedirs (os.path.dirname (os.path.abspath (filename)),

fig.savefig(filename, dpi=300)
print ("==> Saved", filename)

# Filename for the band structure -.

exist_ok=True)

BT IS DA BRI Rl A e
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\ B T
—— spin up
------ spin down

E—EF/ eV

G k \/v k é L DOé
Wavevector k

FR IR S R A

A EE

WRE L SSH B AEAR 55 de AT LR A, Bl QT MRAYMEEEE , At MMty (1t
1 MobaXterm %) Al QT FEAH A, LAHHAL (B4 VSCode B AL HAFI A ity 047), BATE
7 python AR AT IFRAS AT AU :

import matplotlib
matplotlib.use('agg')

8.6.2 HEEHFMRVTSEERRE—KE L

%% 6bandPdosplot.py :

# coding:utf-8
import os

import numpy as np
from matplotlib.axes import Axes

&)
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(B0
from pymatgen.electronic_structure.plotter import BSDOSPlotter

from dspawpy.io.read import get_band data, get_dos_data

bandfile = "tests/2.4/band.h5" # Normal band data
band_data = get_band_data (

band_dir=bandfile,

syst_dir=None, # path to system.json file, required only when band _dir is a json.
—~file

efermi=None, # Used for manually correcting the Fermi level
)
band_efermi = band_data.efermi
dosfile = (

"tests/2.6/dos.h5" # DOS data for projected states
)
dos_data = get_dos_data(

dos_dir=dosfile,

return_dos=False, # If False, always return a CompleteDos object (regardless of.
—whether projection was enabled during calculation)

)

dos_efermi = dos_data.efermi
bdp = BSDOSPlotter (

bs_projection="elements", # Projection method for band structure, None means no..
—projection

dos_projection="elements", # Project DOS onto elements

vb_energy_range=4, # Valence band energy range

cb_energy_range=4, # Conduction band energy range

fixed_cb_energy=False, # Whether to fix the conduction band energy range
egrid_interval=1l, # Energy grid interval
font="DejaVu Sans", # Default is Times New Roman, can be changed to DejaVu Sans.
—to avoid warnings due to font not being installed on Linux
axis_fontsize=20, # Axis font size
tick_fontsize=15, # Tick label font size
legend_fontsize=14, # Legend font size
bs_legend="best", # Band structure legend position
dos_legend="best", # Position of the projected density of states legend
rgb_legend=True, # Use colored legend
fig_size=(11, 8.5), # Figure size
)
if band_efermi != dos_efermi:
print (f" {band_efermi=:.4f} V")
print (f" {dos_efermi=:.4f} eV")

d_efermi = band_efermi - dos_efermi
print (
"! Band and DOS Fermi levels are inconsistent, using DOS Fermi level as.

—reference"

)

band_data.bands = {spin: v + d_efermi for spin, v in band_data.bands.items () }

# ! Band and DOS Fermi levels are inconsistent, using Band level as reference

# dos_data.energies —-= d_efermi

axes_or_plt = bdp.get_plot (
bs=band_data,
dos=dos_data,
) # Pass band structure data # Pass projected density of states data
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if isinstance (axes_or_plt, Axes):

fig = axes_or_plt.get_figure() # version newer than v2023.8.10
elif np.iterable (axes_or_plt):

fig = np.asarray(axes_or_plt) .flatten() [0] .get_figure ()

else:
fig = axes_or_plt.gcf() # older version pymatgen
filename = "tests/outputs/us/6bandPdos.png" # filename for the band structure-

—projected density of states plot

os.makedirs (os.path.dirname (os.path.abspath (filename)), exist_ok=True)
fig.savefig(filename, dpi=300)

print ("==> Saved", filename)

PATACRE AT AT ZZEADA T B S I -

\ B T
—— spin up
------ spin down

E—EF/ eV

G X W K G L DOS

Wavevector k

A B
L e B e R, BONRITE TRIEGY ) AT AdE (BUARIT &TRFRRE 4 7)), W
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A, I

HEPSLSE AW, BOARFIPE TREY , M EESSY, A RE; HEkEs
{ﬁf ot LA 5 PS4 B4 16 5 BSDOSPotter(dos_projection=None), pymatgen £ [&IF2 7 #f- 4l 4% ,
X2 B S T —4 6bandDosplot.py SCFHJRIA -

A EY.

WIRIE L SSH 4 2 FE AR 55 A AT BRI, L QT M EE, WM HmEF (k
an MobaXterm %) QT FEAMZ, WA HEWA (i VSCode Bi 3 248 H I R 4T), HATE
1 python JIZAEE AT FFURU MDA T ARG «

import matplotlib
matplotlib.use('agg')

8.7 optical Ft5 14 B EIEAME

PAPREE AT Si AR Z G2 PE BT A B0 sefhs Bl (W itk SCF44 5 task —3(, task = scf , io.optical =
true A] THEIEAAMER ) -

R ARAL I, ©7% Toptical.py :

# coding:utf-8
from dspawpy.plot import plot_optical

plot_optical (

datafile="tests/2.12/scf.h5",

keys=["ExtinctionCoefficient", "Reflectance"],

axeeg=["R"], # [¥Ux7T, Oyw, Ogw  WEyw, Oygw = Ogio[

prefix="tests/outputs/optical", # Where to save, 1if empty, it means the current.
—~folder

save=True, # Whether to save the image with the tool's name, if False, please.
—refer to the script below to save manually

)

# The above function will plot and save the images of ExtinctionCoefficient and.
—Reflectance separately

# To plot multiple properties on the same figure, uncomment the following code and.
—set the save parameter above to False

# import os

# import matplotlib.pyplot as plt

#

# plt.tick_params (labelsize=16)

# plt.tight_layout ()

# filename = "outputs/us/7optical.png" # Filename for the output optical properties..
—plot

# os.makedirs (os.path.dirname (os.path.abspath (filename)), exist_ok=True)
# plt.savefig(filename, dpi=300)
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O K

Reflectance 2 hhg—Ff, i P o] AR F1 CUIRITESR I X712 80h “AbsorptionCoefficient”
5” ExtinctionCoefficient” BY” Refractivendex”, 4;7l%J WM R%L. JHE REAT %

BT AT A AT S DA LR B RS 1 i 2% :

0.7
0.61
0.5
0.4+

ectance

= 0.3

Re

0.2
0.11

0.0+

0 10 20 30 40
Photon energy (eV)

B ik Reflectance PG 1 RE AR L Hon 2 &

API: plot_optical()

dspawpy.plot.plot_optical (datafile: str = optical.h5’, keys: List[str] = ['AbsorptionCoefficient’,
‘ExtinctionCoefficient’, 'Refractivelndex’, 'Reflectance’], axes: List[str] = ['X’, Y,
7, XY, YZ', 'ZX'], raw: bool = False, prefix: str =", save: bool = True,
verbose: bool = False)

After the optical property calculation task is completed, read the data and draw a preview image

optical.h5/optical.json -> optical.png

S8
o datafile —Path to an h5 or json file, or a folder containing any of these files, default ‘op-
tical.h5’
e keys —One of “AbsorptionCoefficient” , “ExtinctionCoefficient” , “Refractivelndex” ,

“Reflectance” , default ‘“AbsorptionCoefficient”
o axes —Index, default “X” , “Y” , “Z” , “XY” , “YZ” , “ZX”
» raw —Whether to save plot data to CSV
« prefix —Folder path to save images, if empty, saves in the current directory

» save —Whether to save the image, default is True
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B

Plot and save the plot data to rawoptical.csv

>>> from dspawpy.plot import plot_optical

>>> plot_optical ("tests/2.12/scf.h5", "AbsorptionCoefficient", ['X', 'Y'], prefix=

—'tests/outputs/doctest')

>>> plot_optical ("tests/2.12/optical.json", ["AbsorptionCoefficient"], ['X', 'Y'],

— prefix='tests/outputs/doctest', raw=True)

A B

1£ python JIZAH AT IFAGTRIMA T AGHY :

AUARE L SSH JESR Pl A S5 AR AT LIBMA, 9 QT ARG, WRER AR (K

41 MobaXterm <) Il QT PFERARE, HAHHALT (Bl VSCode B A4 HATHI Ay 04T), ZATH

import matplotlib
matplotlib.use('agg')

8.8 neb T iEX T HELIE

PAPREE AT H FE Pr(100) iy B BT /48 -

8.8.1 MMANHZERPEIE

e ¥ 8neb_interpolate_structures.py :

1 (# coding:utf-8

2 | from dspawpy.diffusion.neb import NEB, write_neb_structures
3 | from dspawpy.diffusion.nebtools import write_json_chain

4+ | from dspawpy.io.structure import read

¢ |# Read initial configuration

7 |init_struct = read("tests/2.15/00/structure00.as") [0]
s |# Read final state configuration

9 | final_struct = read("tests/2.15/04/structure04.as") [0]

11 |neb = NEB/(

12 initial_structure=init_struct, # Initial structure

13 final_structure=final_struct, # Final state configuration

14 nimages=8, # Total of 8 configurations, including initial and final states
15 )

16 | structures = neb.linear_interpolate() # Linear interpolation

17 | # structures = neb.idpp_interpolate () # IDPP interpolation

19 | # Save as structure file to dest path
0 |write_neb_structures (

21 structures=structures, # Insert interpolated structure chains

2 coords_are_cartesian=True, # Whether to save 1n Cartesian coordinates

23 fmt="as", # Save format, supported formats: 'json', 'as', 'hzw', 'pdb', 'xyz
— ', 'dump'

2 path="tests/outputs/us/8neb_interpolate_structures", # Save path
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(2 E70)
25 prefix="structure", # File name prefix
26 )
27
8 | # Preview initial structure chain
» |write_json_chain (
30 preview=True, # whether to enable preview mode
31 directory="tests/outputs/us/8neb_interpolate_structures", # Directory for.
—NEB calculations
ko) step=-1, # Default to saving the structure chain of the last ion step.
— (latest)
3 dst="tests/outputs/us/8neb", # Save path
4 )
35 | # write_xyz_chain (preview=True, # Whether to run in preview mode
6 | # directory="tests/outputs/us/8neb_interpolate_ structures", #.
—NEB calculation directory
37 | # step=-1, # Default to saving the structure chain of the last.
—ionic step (latest)
| # dst='tests/outputs/us/8neb' # save path
9 | # )
.

O st
L AT DMRIETE 2 A T o s B, BB 8 1R8I E 8 NSRRI SCIRIE, Herp Rl AL

6 4>

2. neb.linear_interpolate Sy ZMEAH{E 5 ¥4, pbe ZHUN True IFF81E T H ALy HUH 4%, B False DA
SR Pl RS, X2

3. BABIT, WIESEE TR BT 0.2, AL 0.8, pbe = True FF5i fil B &Y HIEAE N 0.2 ->

-0.2, pbe = False I ffl P ] PAAFEFF 4% I 0.2 -> 0.8 A3 B AR TG s R e ig e, F3h
K 0.8 2k -0.2 BIRT, AT B GRAR P F o P 5 ) 25 P S8 IR (EL D45

8.8.2 4HlEE2ZE
8.8.2.1 neb.iniFin = true/false

455 neb.iniFin = trueffalse I, #5WT UYL neb H5EOHS G TS 0BT (W RBIACAS 1L S
neb HEFBET):

e« B 8neb_barrier_CubicSpline.py :

1 | # coding:utf-8
> | from dspawpy.diffusion.nebtools import plot_barrier

4 |directory_of_neb_task = (
5 "tests/2.15" # <-— Please modify to the actual NEB path
6 |)

8 |# Plotting the energy barrier using CubicSpline interpolation
9 |plot_barrier (

10 directory=directory_of_neb_task, # path of the neb task
11 method="CubicSpline", # Cubic spline interpolation
12 figname="tests/outputs/us/8neb_barrier CubicSpline.png", # Output filename.

(& F )
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(% L350
—for the energy barrier plot
13 show=False, # Whether to display the energy barrier plot
14 )
O #ik
BT EIRAS , RIAFRISBIATT =R A (EL A P 22 22
—— CubicSpline
0.20
0.15 -
>
2
o
& 0.10 -
18]
=
LL
0.05 ~
0.00 ~
T T

0.0 0.5 1.0 1.5 2.0
Reaction Coordinate (A)

XTREANER], ZREEAEG, AKX HIAGE CFE K, X@ = REEAHERE RN
Prk ey«

dspawpy PNERIRH scipy OFR(EIT L, _EIRXASBIARBATA = YA SR (E S 2O B, EAE scipy S0RY
g E SR

class scipy.interpolate.CubicSpline(x, y, axis=0, bc_type='not-a-knot',.
—extrapolate=None)

T TR S B0 5 axis, be_type, extrapolate, EL{& & XU, scipy.interpolate.CubicSpline . {1 7]
PAfE  plot_barrier R % 5 & #H N 11 3¢ 4 36] 2 £ (axis, be_type, extrapolate) , AL g
scipy.interpolate.CubicSpline X540,

THEATR 8neb_barrier.py MIAS, XfH =R iAIm{E L Hl i £k
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# coding:utf-8
import os

import matplotlib.pyplot as plt

from dspawpy.diffusion.nebtools import plot_ barrier

# Compare the differences in energy barrier curves drawn by different interpolation.
—methods, where show should be set to False

# 1. interpld
plot_barrier (

directory="tests/2.15", # path for NEB calculation

ri=None, # Reaction coordinate between the initial structure and the second.
—sStructure, required when the NEB task only calculated intermediate structures

rf=None, # Reaction coordinate between the last configuration and the second-
—~to—-last configuration, when the NEB task only calculated intermediate.
—configurations

ei=None, # Energy of the initial configuration, required when the NEB task.

—only calculated intermediate configurations
ef=None, # Energy of the final configuration, required when the NEB task only.
—calculated intermediate configurations
method="interpld", # Interpolation method
figname=None, # Name of the output energy barrier plot file
show=False, # Whether to display the energy barrier plot
kind="quadratic", # Parameter of the interpolation method
)
# 2. CubicSpline
plot_barrier (
directory="tests/2.15",
method="CubicSpline",
figname=None,
show=False,
)
# 3. pchip
plot_barrier (
directory="tests/2.15",
method="pchip",
figname=None,
show=False,

filename = "tests/outputs/us/8neb _barrier comparison.png" # Filename for the.
—energy barrier plot output

os.makedirs (os.path.dirname (os.path.abspath (filename)), exist_ok=True)
plt.savefig(filename, dpi=300)

# plt.show()
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—— interpld{'kind": 'quadratic'}
~—— CubicSpline

—— pchi
0.20 A sl

0.15

0.10 -

Energy (eV)

0.05 -

0.00 A

0.0 0.5 1.0 1.5 2.0
Reaction Coordinate (A)

ok .
AN N

L S AEREEE RN TR A R R BCR B R

2. ZHAEULT, 4% pehip DR AT = YRR AR AR E AR R AT A BB OR , X R BT A (5
%

&
g

)
a

8.8.2.2 neb.iniFin = true

4% & neb.iniFin = true [}, 32EL neb 1158 fF15:49 neb.h5/neb.json SCAF AT P 41345 2204
e« % 8neb_barrier_CubicSpline.py:

-
# coding:utf-8
from dspawpy.diffusion.nebtools import plot_ barrier

# Plot energy barrier using CubicSpline interpolation
plot_barrier (
datafile="tests/2.15/neb.h5", # Path to neb.hb5
method="CubicSpline", # Cubic spline interpolation
figname="tests/outputs/us/8neb_barrier .png", # Output file name for the.
—enerqgy barrier plot

[ R Y SR SR

(BT 50
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9 show=False, # Whether to display the energy barrier plot
10 )
AL BRI #5225 2 BT R BUR AR ROR — 2
~

@ i

1. neb.h5 I neb.json SLIFFT{7fESR A TotalEnergy, UNFFAHAEHAIE 20H, EUUR HEEE neb THAHAR
)7 ¥ T A3 (B TotalEnergyO)

A B

SR AT SSH IR SRR R 5547 04T iR MIAS, I QT MR HREEE S, WRREHNART (1L
U MobaXterm %) FI QT PEAME, BATMALT (41 VSCode B R4t A A it 4T) , ZATH
£ python JHIZASSE AT FEARVR MDA R A A«

import matplotlib
matplotlib.use('agg')

8.8.3 iTiES I EIIELE

NEB IR SEMUG, —Mcsim i fE A IS, IR B A MM B R A W 2 0, ITE AR 32 /T4
SEMBIE . QREPRRR, IR B A A EA AL I e b 2 D S e RARE Y, P2 H HIE
“Wesh” . RIS EAE R DHERIEES, MR, FATRML T ARG S R A summary

e« %% 8neb_check_results.py:

# coding:utf-8
from dspawpy.diffusion.nebtools import summary

T

# Import the neb calculation directory, a complete folder after neb calculation.
—needs to be provided
5 | summary (

6 directory="tests/2.15",

7 show_converge=False, # Whether to display the convergence plots of energy.
—and force

8 outdir="tests/outputs/us/8neb", # Path to save convergence plots of energy.
—and forces

9 figname="tests/outputs/us/8neb/neb_barrier_ summary.png", # Path to save the.

—enerqgy barrier plot

0 |)

n | # Additional keyword arguments can be set for plotting the barrier diagram, such.
—as.:

12 | # summary (directory="tests/2.15', method='CubicSpline') # Change to CubicSpline.
—for spline interpolation

O ity
L AR DARATE ST NS B RE R A2 0y e filRE &2, IRl MR RE -5 2 )
WS AR ]
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2. ¥ neb.iniFin = false , HFPWI BIETTE ISR SO scfhS 5 system.json LAY
BN W RIS TS0, BN CE SRR S EMZ IER, Rk R

3. BUAEULT, BEA2EIFFAHAE neb P15 HSRANR, 4 P M ZL R HE 5 52 7 BB TE 25 T

PELES

PATACRS AT AR BRI NEB 184 2 i B0 32 1 254K -

Image
00
01
02
03
04

Force (eV/A)

0.1803
0.0263
0.0248
0.2344
0.0141

Reaction coordinate (A)  Energy (eV)  Delta energy (eV)

0.0000
0.5428
1.0868
1.5884
2.0892

-39637.0984  0.0000
-39637.0186  0.0798
-39636.8801 0.2183
-39636.9984 0.1000
-39637.0900  0.0084

B T ATASRAS RE R I A, W] ARG 2 48 Ho ) R 2R ) i

sz st 2 (PA 02 #4245 31

—— Mazx Force
—— Enen
3.0 1 9y
F—39636.70
2.5
F—39636.75
2.0
< s
> 2
5 5
M
1.5 A H
£ - —39636.80 &
L L
1.0 A
F—39636.85
0.5
0.0 — F—39636.90
0 2 4 6 8 10 12 14 16
Number of ionic step
A B

AR SSH M R 45 a7 iR, miBL QT MRS R, WRERBMMEEF (L
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411 MobaXterm %) Fl QT EAHE, BAEMMAT (U VSCode 5(# R4 Bl A Imtn 247) , BEATH
TE python JIASE AT GG E N PA T AAS :

import matplotlib

matplotlib.use('agg')

8.8.4 M2z NEB 4

BEAL P NEB #4519 2 % {HAA 2L (structure00.as, structureOl.as, - ) Z [AIAJLTRAR , A A
TERAE R A

« NEB L4515 BOK, WL4¢ NEB S84 B T2 NEB THR RS . 74h, allad s {ERTA A e
4iM)G, AT EDE NEB 5. XLk Al 8neb_visualize.py MIASLEL:

# coding:utf-8
from dspawpy.diffusion.nebtools import write_json_chain, write_xyz_chain

# Convert the configuration chain under the NEB calculation path to a JSON format file
write_json_chain (

preview=False, # If the NEB calculation is already completed, preview mode is.
—not required

directory="tests/2.15", # NEB calculation directory

step=-1, # Default to saving the configuration chain of the last ion step.
— (latest)

dst="tests/outputs/us/8neb", # Save path

ignorels=False, # Set to True to ignore latestStructureXX.as files

)

# Convert the configuration chain in the NEB calculation path to xyz format files
write_xyz_chain (

preview=False, # If the NEB calculation is already completed, preview mode 1is.
—not required

directory="tests/2.15", # NEB calculation directory

step=-1, # Default to saving the configuration chain of the last ionic step.
— (latest)

dst="tests/outputs/us/8neb", # Save path

ignorels=False, # Set to True to ignore latestStructureXX.as files

O sl
1. MR A ZE B neb_movie*.json )5, i Device Studio —> Simulator —> DS-PAW —>
Analysis Plot FJJF json 3C{BImT %L
directory $57E iy NEB 115 %1%, FHEMt neb 715556 UG i 72 B S 45k
A SRR A B EAE A T Y (Eﬂiﬁ%’nﬁiﬂ’ﬁ) neb THESCOE, 5 8 AT P I S g A

4. xyz A4l E A OVITO 23441 % : i) Device Studio-—>Simulator —>OVITO FJJFRJ4R
AT, RF xyz SCEFHARIAT

5. gERI(E UL e« latestStructureXX.as > h5 > json; 1% B ignorels >4 True J5, Jea=ifistl h5 P
B, ISR json H i

2 W
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8.8

S ITHREGEERE

o ZEENHAR 8cale_dist.py:

p
# coding:utf-8

from dspawpy.diffusion.nebtools import get_distance
from dspawpy.io.structure import read

—according to the actual situation

—the two configurations
sl = read("tests/2.15/01/structurel0l.as") [0]
s2 = read("tests/2.15/02/structure02.as") [0]
# Calculate the distance between the two configurations,
—only accepts fractional coordinates
dist = get_distance(
spol=sl.frac_coords,
spo2=s2.frac_coords,
latl=sl.lattice.matrix,
lat2=s2.lattice.matrix,

)

print ("The distance between the two configurations is:",
.

# Please modify the paths of structurelOl.as and structure(02.as structure files.

# First read the fractional coordinates, element 1list, and cell information of.

note that this function..

dist, "Angstrom")

8.8.6 neb &£H

o WIRFEN) neb A TEL0A, T[Z% 8neb_restart.py :

# coding:utf-8
import os
from shutil import copytree, rmtree

from dspawpy.diffusion.nebtools import restart

if os.path.isdir ("tests/outputs/us/nebd4bk") :
rmtree ("tests/outputs/us/nebdbk")

copytree (
"tests/2.15",
"tests/outputs/us/neb4bk",
)
restart (

)

.

directory="tests/outputs/us/nebdbk", # NEB task path
output="tests/outputs/us/8neb_restart", # Backup destination

ELRBCER Woneb i 55 A4 A0
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8.8.7 neb itHitEdh{E

BRNRXEFZHINEHERE

o B neb VAR BE R MBI T Z A E A, WS 8neb_energy_force_curves.

py -

T

© ® 9 o v

)

.

g
# coding:utf-8
from dspawpy.diffusion.nebtools import monitor_ force_energy

—MaxForce.png images

# Specify the path to the NEB calculation folder; after running,
will be generated in the specified directory
unfinished_neb_folder = "tests/supplement/neb_unfinished"
monitor_force_energy (

directory=unfinished_neb_folder,

outdir="imgs",

# Output image path

Energies.png and.

KA R RS2 1A R 35 -

Energies

—40437.5

—40440.0 -

—40442.5 -

—40445.0 -

—40447.5 -

—40450.0

—40452.5 -

Y

t449

Image 01
Image 02
Image 03
Image 04
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Max Force
—8— Image 01
701 —o— Image 02
—o— Image 03
60 1 —8— Image 04
50
40 -
30 ~
20 -
10 +
0_
T T T T T T
0 10 20 30 40 50

API: write_neb_structures(), plot_barrier(), summary(), get distance(), write_movie_json(),
write_xyz(), restart()

e write_neb_structures AT A A FFY

dspawpy.diffusion.neb.write_neb_structures (structures: list, coords_are_cartesian: bool =
True, fmt: str = as’, path: str =".’,
prefix='structure’)

Interpolate and generate intermediate configuration files
S8
- structures -Structure list

- coords_are_cartesian —Is the coordinate Cartesian

143 ”

£mt —Structure file type, default to “as

- path —Save path

prefix —Filename prefix, default to “structure” , which will generate files like struc-
ture00.as, structureOl.as, -

B

Saves the configuration file
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First, read the .as file to create a structure object

>>> from dspawpy.io.structure import read
>>> init_struct = read("tests/2.15/00/structure00.as") [0]
>>> final struct = read("tests/2.15/04/structure04.as") [0]

Then, interpolate and generate intermediate structure files

>>> from dspawpy.diffusion.neb import NEB,write_neb_structures
>>> neb = NEB(init_struct, final_struct, 8)
>>> structures = neb.linear_interpolate () # Linear interpolation

Interpolated structures can be saved to the neb folder.

>>> write_neb_structures (structures, path="tests/outputs/doctest/11lneb_
—interpolate_structures")

==> .../structure00...as

==> .../structure0l...as

==> .../structure02...as

==> .../structure03...as

==> .../structure04...as

==> .../structure05...as

==> .../structure06...as

==> .../structure07...as

+ plot_barrier REMTTLHIRERE:

dspawpy.diffusion.nebtools.plot_barrier (datafile: str = 'neb.h5’, directory: str | None = None,
ri: float | None = None, rf: float | None = None, ei:
float | None = None, ef: float | None = None,
method: str = PchipInterpolator’, figname: str |
None = 'neb_barrier.png’, show: bool = True, raw:
bool = False, verbose: bool = False, **kwargs)

Call the scipy.interpolate interpolation algorithm to fit the NEB barrier and plot
S8
- datafile —Path to neb.h5 or neb.json file
- directory —NEB calculation path
- ri —Initial reaction coordinate
- rf —Final state reaction coordinate
- ei —Initial state self-consistent energy
- ef —Final state self-consistent energy
- method (str, optional)-Interpolation algorithm, default ‘PchipInterpolator’
- figname (str, optional)-Barrier image name, default ‘neb_barrier.png’
- show (bool, optional)—-Whether to display the interactive interface, default True

- raw (bool, optional)—Whether to return plotting data to CSV
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ity
- ImportError —The specified interpolation algorithm does not exist in scipy.interpolate

- ValueError —The parameters passed to the interpolation algorithm do not meet the re-
quirements of the algorithm

=Pl

>>> from dspawpy.diffusion.nebtools import plot_barrier
>>> import matplotlib.pyplot as plt

Comparing different interpolation algorithms

>>> plot_barrier (directory="tests/2.15', method='interpld', kind=2,.
—figname=None, show=False)

>>> plot_barrier (directory="tests/2.15', method='interpld', kind=3,.
—figname=None, show=False)

>>> plot_barrier (directory='tests/2.15"', method='CubicSpline', figname=None, .
—~show=False)

>>> plot_barrier (directory="tests/2.15"', method='pchip', figname='tests/
—outputs/doctest/barrier comparison.png', show=False)

==> .../barrier_comparison...png

Attempt to read neb.hS file or neb.json file

>>> plot_barrier (datafile="'tests/2.15/neb.h5', method='pchip', figname='tests/
—outputs/doctest/barrier_h5.png', show=False)

==> .../barrier_h5...png

>>> plot_barrier (datafile="'tests/2.15/neb.json', method='pchip', figname=
—'tests/outputs/doctest/barrier_json.png', show=False)

==> .../barrier_json...png

o summary BREHATTESS NEB P15 AE55 AL SOR -

dspawpy.diffusion.nebtools.summary (directory: str =".’, raw=False, show_converge=False, outdir:
str | None = None, **kwargs)

Summary of NEB task completion, execute the following steps in order:

— 1. Print the forces, reaction coordinates, energy, and energy differences from the initial configuration
for each structure

— 2. Plot the energy barrier diagram

- 3. Plot and save the convergence processes of energy and forces during the structure optimization

B8
- directory —NEB path, default to the current path
- raw —Whether to save the plot data to a CSV file

- show_converge —Whether to display energy and force convergence plots of the structural
optimization process, default is not displayed

- outdir —Path to save the convergence process figure, default to directory

- **kwargs (dict)—Parameters passed to plot_barrier
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>>> from dspawpy.diffusion.nebtools import summary

>>> directory = 'tests/2.15' # Path for NEB calculation, default to current.
—path

>>> summary (directory, show=False, figname='tests/outputs/doctest/neb_barrier.
—png')

shape: (5, 5)

[ I I | I |
\ FolderName i Force(ev/é) i RC(ﬁ) i Energy (eV) i E-EO0 (eV) \
| | | | | |
[ I I I I 1
| 00 I 0.180272 I 0.0 I —39637.097656 | 0.0 |
| 01 i 0.014094 I 0.542789 | -39637.019531 | 0.079814 |
| 02 I 0.026337 I 1.0868 | —39636.878906 | 0.218265 |
| 03 I 0.024798 | 1.588367 | -39637.0 I 0.100043 |
| 04 I 0.234429 I 2.089212 | -39637.089844 | 0.008414 |
L | | | | |
==> .../neb_barrier...png

==> .../converge...png

==> .../converge...png

==> .../converge...png

>>> summary (directory, show=False, figname='tests/outputs/doctest/neb_barrier.
—png', outdir="tests/outputs/doctest/neb_summary")
shape: (5, 5)

[ I I I I 1
\ FolderName i Force(eV/A) i Rc(ﬁ) i Energy (eV) i E-EO0 (eV) \
| | | | | |
[ I I | | |
| 00 I 0.180272 [ 0.0 I —39637.097656 | 0.0 |
| 01 I 0.014094 | 0.542789 | -39637.019531 | 0.079814 |
| 02 i 0.026337 i 1.0868 I -39636.878906 | 0.218265 |
| 03 I 0.024798 | 1.588367 | -39637.0 i 0.100043 |
| 04 I 0.234429 | 2.089212 | -39637.089844 | 0.008414 |
L | | 1 1 |
==> .../neb_barrier...png

==> .../converge...png

==> .../converge...png

==> .../converge...png

If inifin=False, the user must place a converged scf.h5 or system.json in the initial and final state subfolders.
+ get_distance pRECAT AT 1Y 8] g 2 -

dspawpy.diffusion.nebtools.get_distance (spol, spo2, latl, lat2)
Calculate the distance between two structures based on their fractional coordinates and cell parameters

B

- spol (np.ndarray) —Scores coordinate list 1

spo2 (np.ndarray) —Fractional coordinate list 2

latl (np.ndarray) —Cell 1

lat2 (np.ndarray)—Cell 2
A [E]

Distance
R

float
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First, read the structure information

>>> from dspawpy.io.structure import read
>>> s]1 = read('tests/2.15/01/structurell.as"') [0]
>>> s2 = read('tests/2.15/02/structurel2.as"') [0]

Calculate the distance between two configurations

>>> from dspawpy.diffusion.nebtools import get_distance

>>> dist = get_distance(sl.frac_coords, s2.frac_coords, sl.lattice.matrix, s2.
—lattice.matrix)
>>> print ('The distance between the two configurations is:', dist, 'Angstrom')

The distance between the two configurations is: 0.476972808803491 Angstrom

write movie_json fll write_xyz eREN DAFHPEFZLE A json B xyz SCIF::

e restart PREMITE T NEB 14

dspawpy.diffusion.nebtools.restart (directory: str =", output: str = bakfile’)

Archive and compress old NEB tasks, and prepare for continuation at the original path
S8
- directory —Old NEB task path, default current path

- output —Backup folder path, default is to create a bakfile folder in the current path for
backup; Alternatively, you can specify any path, but it cannot be the same as the current path

=Pl

>>> from dspawpy.diffusion.nebtools import restart

>>> from shutil import copytree

>>> copytree ('tests/2.15', 'tests/outputs/doctest/neb4bk2', dirs_exist_
—ok=True)

'tests/outputs/doctest/neb4dbk2’

>>> restart (directory="'tests/outputs/doctest/neb4dbk2', output='tests/outputs/
—doctest/neb_backup')

==> .../neb_backup...

The preparation for the continuation calculation may take a long time to complete, please be patient

e« monitor_force_energy R TIRZH NEB 118 R BE RN Z S A8k 4 A -

dspawpy.diffusion.nebtools.monitor_force_energy (directory: str, outdir: str =".’, relative:

bool = False)
Read forces and energies during NEB calculations from xx/DS-PAW.log and plot curves

No JSON files are output during the calculation, and only force information is present in nebXX.h5 files, so
DS-PAW.log must be read.

Energy matching mode, should hit -40521.972259
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8.8.7.1 LOOP 1:

# iter | Etot(eV) dE(eV) time # 1 | -35958.655378 -3.595866e+04 47.784 s # 2 | -40069.322436 -
4.110667e+03 15.146 s # 3 | -40490.281166 -4.209587e+02 15.114 s # 4 | -40521.972259 -3.169109¢+01
17.936s

B

>>> from dspawpy.diffusion.nebtools import monitor_ force_energy
>>> monitor_force_energy (
directory="tests/supplement/neb_unfinished",
outdir="imgs"
)
Max Force shape: (57, 4)

-40448.491374 -40437.026948 -40436.685178
-40446.613158
-40446.803281

-40449.978142

-40447.73947

-40450.686918
-40450.743777
-40451.405157

[ I I I 1

| Folder 01 | Folder 02 | Folder 03 | Folder 04 |

| | | | |

I I I I 1

| 23.775228 | 71.547767 | 72.641234 | 24.147289

| 22.683711 | 68.595607 | 69.704747 | 23.0549 |

| 5.624252 | 20.071221 | 20.049429 | 5.567894

| 5.354774 | 19.631643 1 19.599093 | 5.425462 |

| 3.188546 | 9.840143 | 9.748006 | 2.943709

| .. i e i . i e |

| 0.293867 | 0.812679 | 0.920251 | 0.573649

| 0.27249 i 0.7475 i 0.921836 | 0.540239

| 0.299767 | 0.360673 | 1.174016 | 0.416171

| 0.249903 | 0.288985 i 1.169237 | 0.366117 |

| 0.204396 | 0.518356 | 0.913792 | 0.300884 |

L | | | |

Energies shape: (57, 4)
I
Folder 01 i Folder 02 Folder 03 Folder 04
|
I
-40448.281556 | -40447.527434

|

-40451.391617 | -40446.884408
-40451.448662 | —40447.079933
|

[ I
|
! i
| -40436.419243 | -40436.084611
| i
| i
| !
| -40452.126865 | -40450.274376 |
| . i .
|
|
|
|
|
L

-40452.056262
-40452.055815
-40452.035357
-40452.037426

-40452.230568
-40452.231776

-40452.538682

-40452.544298

-40452.565649 | -40452.164604

-40452.569113 | -40452.164784

-40452.577864 | —40452.141919
|

-40452.620987
-40452.621777
-40452.620701
-40452.621371

-40452.622418 -40452.037885
==> ...MaxForce.png...
==> ...Energies.png...
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8.9 phonon E-¥it H#iE4hE
LA MeO 1 51175 T REHF A BE VSR 8 phonon. hs 1

N e

BT

8.9.1 F¥REHIIZANE

e 2% 9phonon_bandplot.py :

Un2RAZ%€ phonopy, 14T FAIIAK &3t no module named 'phonopy' fEEL, AEMARYIEH

# coding:utf-8
import os

from pymatgen.phonon.plotter import PhononBSPlotter

from dspawpy.io.read import get_phonon_band_data

band_data = get_phonon_band_data (
"tests/2.16.1/phonon.h5",

) # Read phonon band structure
bsp = PhononBSPlotter (band_data)

axes_or_plt = bsp.get_plot (ylim=None, units="thz") # Y-axis range # Units

import matplotlib.pyplot as plt # noga: E402

if isinstance (axes_or_plt, plt.Axes):

fig = axes_or_plt.get_figure() # version newer than v2023.8.10

elif isinstance(axes_or_plt, tuple):
fig = axes_or_plt[0].get_figure ()
else:
fig = axes_or_plt.gcf () # older version pymatgen

filename = "tests/outputs/us/9phonon_bandplot.png" # File name for the output phonon.

—band plot
os.makedirs (os.path.dirname (os.path.abspath (filename)),
fig.savefig(filename, dpi=300)

exist_ok=True)

BT A AT DATSEIK (LA T 7 TR 2
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17.5
— 15.0;
12.5
10.0;

7.5
5.0
2.5

/

)

Frequencies (THz

0.0

G X W G
Wave Vector

N

nSRE I SSH R BRIk &5 ge AT Bk B A, B QT M X p eS8, nlf
41 MobaXterm %5 ) F1 QT FEAFE, BHAHMAEF (Filin VSCode 5i# R4 H Y4
1E python JHIAEE A7 FFURU DA T ALY :

B HREr (H

man AT, HAW

import matplotlib
matplotlib.use('agg')

8.9.2 F¥EEREHIELE

e 2% 9phonon_dosplot .py :

# coding:utf-8
import os

from pymatgen.phonon.plotter import PhononDosPlotter
from dspawpy.io.read import get_phonon_dos_data

dos = get_phonon_dos_data("tests/2.16.1/phonon.h5")
dp = PhononDosPlotter (

10 stack=False, # True indicates drawing an area plot
1 sigma=None, # Gaussian blur parameter
(ST
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(# E30)

)
dp.add_dos (

label="Phonon", dos=dos
) # Legend # The phonon density of states to be plotted
axes_or_plt = dp.get_plot (

x1im=[0, 20], # x—axis range

ylim=None, # y-axis range

units="THz", # Unit
)
import matplotlib.pyplot as plt # noga: E402

if isinstance (axes_or_plt, plt.Axes):

fig = axes_or_plt.get_figure() # version newer than v2023.8.10
elif isinstance (axes_or_plt, tuple):

fig = axes_or_plt[0].get_figure()
else:

fig = axes_or_plt.gcf () # older version pymatgen

filename = "tests/outputs/us/9phonon_dosplot.png" # Energy barrier plot output.
—filename
os.makedirs (os.path.dirname (os.path.abspath(filename)), exist_ok=True)

fig.savefig(filename, dpi=300)
.

AT AR T AT 2B DAR 7 A5 £ -

1.6 — Phonon

n 1.41

g

c 1.21

I

Y 1.0

®)

>.0.8]

+

8 0.6

504
0.2

O'B.o 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Frequencies (THz)

T

FR RS TS R B A

¢

A B

AR SSH M BRI 55 a7 IR, Bl QT MRS R, WRERBMMEEF (L
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[ Y S O

DS-PAW F

1l MobaXterm %%) FI QT PFEAIES, TATIALT (40 VSCode B R4t A A it 04T) , ZATE
TE python JIASE AT GG E N PA T AAS :

import matplotlib

matplotlib.use('agg')

8.9.3 E¥#ANFRIELE

" PAZ#% 9phonon_thermal.py :

# coding:utf-8
from dspawpy.plot import plot_phonon_thermal

plot_phonon_thermal (
datafile="tests/2.26/phonon.h5", # phonon.h5 data file path
figname="tests/outputs/us/9phonon.png", # Output phonon thermodynamics figure.
—filename
show=False, # Whether to display the image
)

ATACRE T AR ZISEABADA R 7 -3y 22 i 26 -

Thermal
] pp— Entropy (J/K/mol)
—— Heat Capacity (J/K/mol)
80 F —— Helmholtz Free Energy (kJ/mol)
60
%]
.0
o 40
o
o
a
o 20°r
£
(&)
e
= 0Ff
_20 L
—40F}
0 200 400 600 800 1000
Temperature(K)

FL R RE RS T I A P BUR T A
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API: get_phonon_band_data(), get_phonon_dos_data(), plot_phonon_thermal()

e get_phonon_band_data ERE TR THEE

dspawpy.ilo.read.get_phonon_band_data (phonon_band_dir: str, verbose: bool = False)

Reads phonon band data from an hS or json file and constructs a PhononBandStructureSymmLine object

B8

phonon_band_dir —Path to the band structure file, phonon.h5 / phonon.json, or a folder

containing these files

BT

PhononBandStructureSymmLine

Z )

>>> from dspawpy.io.read import get_phonon_band_data

>>> band_data = get_phonon_band_data("tests/2.16/phonon.h5")

—band data

# Read phonon.

>>> band_data = get_phonon_band_data ("tests/2.16/phonon. json") # Read phonon.

—band data

+ get_phonon_dos_data MM ITEIE FEEL:

dspawpy.io.read.get_phonon_dos_data (phonon_dos_dir: str, verbose: bool = False)

Reads phonon density of states data from an h5 or json file, constructs a PhononDos object

28

phonon_dos_dir —Path to the phonon DOS file, phonon_dos.hS / phonon_dos.json, or a

folder containing these files
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>>> from dspawpy.io.read import get_phonon_dos_data
>>> phdos = get_phonon_dos_data (phonon_dos_dir='tests/2.16.1/phonon.json")
>>> phdos = get_phonon_dos_data (phonon_dos_dir='tests/2.16.1/phonon.h5")
>>> phdos. frequencies
array ([ 0. , 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, O
1.1, 1.2, 3, 1.4, 1.5, 1.6, 1.7, 1.
2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2
3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 4.
4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5., 5.
5.5, 5.6, 5.7, 5.8, 5.9, 6., 6.1, 6.
6.6, 6.7, 6.8, 6.9, 7., 7.1, 7.2, 7.
7T, T8, 7:-9, 8. , 8.dl, 8.2, 8.3, 8
8.8, 8.9, 9., 9.1, 9.2, 9.3, 9.4, 9
9.9, 10. , 10.1, 10.2, 10.3, 10.4, 10.5, 10
1. , 11.1, 11.2, 11.3, 11.4, 11.5, 11.6, 11
12.1, 12.2, 12.3, 12.4, 12.5, 12.6, 12.7, 12
13.2, 13.3, 13.4, 13.5, 13.6, 13.7, 13.8, 13
14.3, 14.4, 14.5, 14.6, 14.7, 14.8, 14.9, 15
15.4, 15.5, 15.6, 15.7, 15.8, 15.9, 16. , 16

[N
~

[N
o

N
~

= e

o o

w N

S

=

o o

S W N e
S

~

S50
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(% L350
16.5, 16.6, 16.7, 16.8, 16.9, 17. , 17.1, 17.2, 17.3, 17.4, 17.5,
17.6, 17.7, 17.8, 17.9, 18. , 18.1, 18.2, 18.3, 18.4, 18.5, 18.6,
18,7, 18.8, 18,9, 19, , 19.1, 19.2, 19,3, 19.4, 19,5, 19.6, 19,7,
19.8, 19.9, 20. 1)

+ plot_phonon_thermal B HIF T4yt R

dspawpy.plot .plot_phonon_thermal (datafile: str = phonon.h5’, figname: str = phonon.png’, show:
bool = True, raw: bool = False, verbose: bool = False)

Task completed for phonon thermodynamic calculations, plot curves of relevant physical quantities versus
temperature

phonon.h5/phonon. json -> phonon.png
BH

- datafile —Path to an h5 or json file or a folder containing any of these files, default
‘phonon.h5’

- figname —Filename to save the image

- show —~Whether to pop up an interactive interface

- raw —Whether to save the plotting data to rawphonon.csv file
Bl

Image path, default ‘phonon.png’
BT

figname

P

>>> from dspawpy.plot import plot_phonon_thermal

>>> plot_phonon_thermal ('tests/2.26/phonon.h5', figname='tests/outputs/
—doctest/phonon_thermal_h5.png', show=False)

>>> plot_phonon_thermal ('tests/2.26/phonon.json', figname='tests/outputs/
—doctest/phonon_thermal json.png', show=False, raw=True)

A By

IR IE L SSH 4 B FER 5 #5407 Bk A, I QT M myREE(EE., WRER M MY (K
an MobaXtermfr) QT FEARFEZ, BLAHHEE (40 VSCode BiE A4 HAF A AFT), BAals
£ python JIZAEE — AT AN DA R ACHS :

import matplotlib
matplotlib.use('agg')
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8.10 aimd 4-¥zh ) SEHI L IR4bE

PAPREEAT] HoO 53 1R 323130 J1 2 AU 21 aimd.hs S

8.10.1 B3 % #E =k .xyz &.dump

M aimd % ) hdfS SCPFAPSEROEOE , A2 Bl SCpF

H B xyz B dump #2304, Bl HE A OVITO W%, 1T Device Studio —> Simulator —> OVITO #]Jf OVITO
AL AR, K xyz SCPFER dump S A OVITO Bjia]

%2 10write_aimd_traj.py:

# coding:utf-8
from dspawpy.io.structure import convert

convert (

infile="tests/2.18/aimd.h5", # Structure to be converted, if in the current path,
— only the filename can be written

si=None, # Filter the configuration number, if not specified, read all by default

ele=None, # Filter element symbol, default reads atomic information for all.
—elements

ai=None, # Filter atomic indices (starting from 1), default to read all atomic.
—information

outfile="tests/outputs/us/10aimdTraj.xyz", # Can also generate .dump files.
— (lower precision), currently only supports orthogonal unit cells

)

PAT IR LE K xyz Fl.dump A& APET SO, 20T S OVITO $THF. 6 T450 SCIF-4EAb g 5 2 41
A7, S FEstructure Y5 AL

O i
OVITO & dspawpy #A SCHRRRFEIE RS i B 7R R ARAFA dump ST

8.10.2 HNFIEPEEE . BEFTILiL

e« 2% 10check_aimd_conv.py :

g
# coding:utf-8
from dspawpy.plot import plot_aimd

1

2

3

4 |plot_aimd(

5 datafile="tests/2.18/aimd.h5", # Data file path

6 show=False, # Whether to pop up the image window

7 figname="tests/outputs/us/10aimd.png", # Output image file name
8 flags_str="1 2 3 4 5", # Select data types

9

The meaning of flags_str is as follows
1. Kinetic energy

2. Total Energy

3. Pressure

S R

(BT 50
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14

15

Energy (eV)

(€ A1)
# 4. Temperature
# 5. Volume

—466.0

Temperature (K)

—466.5

Pressure Kinetic (kbar)

PAT AR5 A SN A

DSPAW AIMD

Kinetic Energy (eV)
= = [
o )] o
1 1 1

o
L
1

300 +

200 4

100 +

2500 +

2000 +

1500 +

1000 ~

500 4

60

Volume (Angstrom™3)

T T T T T T
0 250 500 750 1000 1250 1500 1750 2000
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A =i

iRt SSH 2 BRIk 55 2e AT Bk A, BB QT XS E R, "TRER N (kb
4N MobaXterm %) 1 QT FEAHME, EATHELT (HlU VSCode sk H R4 HT I L mm1T), BAW
1E python JHIAEE — AT FFURES I PA R AR :

import matplotlib
matplotlib.use('agg')

8.10.3 ¥)5 s (MSD) 43#f

o 2% 10aimd_msd.py :

# coding:utf-8
from dspawpy.analysis.aimdtools import get_lagtime_msd, plot_msd

T

# If AIMD is not completed in one go, you can assign multiple h5 file paths to.
—the datafile parameter in a list form
s |lagtime, msd = get_lagtime_msd(

6 datafile="tests/2.18/aimd.h5", # Data file path

7 select="all", # Default selects all atoms

8 msd_type="xyz", # Default to calculate MSD in the xyz directions
9 timestep=None, # Default reads the timestep from the datafile

0 |)
u | # Plot the graph using the obtained data and save it

2 |plot_msd(

13 lagtime, # X-axis coordinate

14 msd, # vertical axis

15 x1lim=None, # Set the display range of the x-axis

16 vlim=None, # Set the display range of the y-axis

17 figname="tests/outputs/us/10MSD.png", # Output image filename
18 show=False, # Whether to pop up the image window

19 ax=None, # Optional subplot specification

AT AR A SRR P
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1000 A

800 4

600 -
<
)
wn

= 400

200 ~

0 -

0 250 500 750 1000 1250 1500 1750 2000
Time (fs)
B ik (MSD) /RER
A BE

MR E T SSH 2 B AR R 55 2 AT Lk A, B QT MRS E R, TR HNEF (K
41 MobaXterm %) 1 QT FEAH}E, EAEHFEF (HlU VSCode 5iH R4: H i Lt 24T), B4
TE python JHIAEE — AT UGES N PA LRS-

import matplotlib
matplotlib.use('agg"')

8.10.4 ¥ H#R{m=E (RMSD) 4%

e 2% 10aimd_rmsd.py :

# coding:utf-8
from dspawpy.analysis.aimdtools import get_lagtime_rmsd, plot_rmsd

# If AIMD is not completed in a single run, you can assign multiple paths of h5.
—~files in list form to the datafile parameter
s |lagtime, rmsd = get_lagtime_rmsd (

(& F )
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(# E30)
6 datafile="tests/2.18/aimd.h5",
7 timestep=None, # Data file path # Default reads the time step from the.
—datafile
s |)
9 |plot_rmsd(
10 lagtime, # Horizontal coordinate
11 rmsd, # vertical coordinate
12 x1lim=None, # Set the display range of the x-axis
13 ylim=None, # Set the display range of the y-axis
14 figname="tests/outputs/us/10RMSD.png", # Output image filename
15 show=False, # Whether to pop up the image window
16 ax=None, # Optional subplot specification
17 )
PAT A RE LR AL T 18 S
30 A
25 A
20 A
<
@ 15
=
o
10 A
5
0 -
T T T T T T T T T
0 250 500 750 1000 1250 1500 1750 2000
Time (fs)
Y7 mZE (RMSD) 7R &
A By
it SSH R MR S48 AT Hid A, BBl QT M XS EE, "hee @ MR (I
1 MobaXterm %) 1 QT PEARHA, A HBATF (K41 VSCode da%/%éﬁﬁﬂ?ﬁ’] Kt AT), HAl
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1 python JIAS S AT ARSI AR AUAS :

import matplotlib
matplotlib.use('agg')

8.10.5 RFMSMEAEBBERSMEE (RDFs) 5347

e 2% 10aimd_rdf.py :

1 | # coding:utf-8
2 | from dspawpy.analysis.aimdtools import get_rs_rdfs, plot_rdf

4 |# If AIMD is not completed in one go, you can assign multiple h5 file paths to.
—~the datafile parameter in the form of a list.
5 |rs, rdfs = get_rs_rdfs(

6 datafile="tests/2.18/aimd.h5", # Data file path
7 elel="H", # Central element

8 ele2="0", # Target element

9 rmin=0.0, # Minimum radius

10 rmax=10.0, # Maximum radius

1 ngrid=1000, # Number of grid points

12 sigma=0.1, # sigma value

13 )
14 | plot_rdf (

15 rs, # x—-axis values

16 rdfs, # Vertical coordinate

17 "H", # Central element

18 "O", # Object element

19 figname="tests/outputs/us/10RDF.png", # Image save path
20 show=False, # Whether to pop up the image window

21 ax=None, # Subplot can be specified

PAT ARG R7 A SRR P
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0.0025 A

—— gos(n[H,0]

0.0020 A

0.0015 4

0.0010 A

0.0005 A

0.0000 A

r(A)

Fer Ak % (RDFs) 7R A
o XN RGN TR, E2ATTHSH KA AP

API: plot_aimd(), get_lagtime_msd(), plot_msd(), get_rs_rdfs(), plot_rdf(), get_lagtime_rmsd(),
plot_rmsd()
o plot_aimd BEA] FH T WIS AF AIMD 142 55 A5 o 22 B 0 i iy i St i«

dspawpy.plot.plot_aimd (datafile: str = aimd.h5’, show: bool = True, figname: str = aimd.png’,
flags_str: str = ’12345°, raw: bool = False)

Plot the convergence process of key physical quantities after the AIMD task completion
aimd.h5 -> aimd.png
B8

- datafile Location of the h5 file. For example, ‘aimd.h5’ or [ ‘aimd.h5’ , ‘aimd2.h5’
]

- show —Whether to display the interactive interface. Default is False
- figname —Path to the saved image. Default ‘aimd.h5’

- flags_str —Subplot number. 1. Kinetic Energy 2. Total Energy 3. Pressure 4. Temper-
ature 5. Volume
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B

raw —Whether to output plot data to a CSV file

Image path, default ‘aimd.png’
AT i

figname

P

[>>> from dspawpy.plot import plot_aimd

J

Read the contents of the aimd.h5 file, plot the convergence process graphs of kinetic energy, total energy,
temperature, and volume, and save the corresponding data to rawaimd_*.csv.

>>> plot_aimd(datafile="tests/2.18/aimd.h5', flags_str='1 2 3 4 5', raw=True,.
—show=False, figname="tests/outputs/doctest/aimdconv.png")

>>> plot_aimd(datafile="tests/2.18/aimd.json', flags_str='1 2 3 4 5',_
—show=False, figname="tests/outputs/doctest/aimdconv_json.png")

o get_* Ml plot_* pREHATTIEL AIMD V15 I A2 P i) 5 B P A

dspawpy.analysis.aimdtools.get_lagtime_msd (datafile: str | List[str], select: str | List[int] =
all’, msd_type: str = xyz’, timestep: float | None

= None)

Calculate the mean squared displacement at different time steps

B8

datafile -

» Path to aimd.h5 or aimd.json files, or a directory containing these files (prioritizes search-
ing for aimd.h5)

« Written as a list, the data will be read sequentially and merged together
» For example [ ‘aimdl.hS’ , ‘aimd2.h5’ , ‘/data/home/my_aimd_task’ ]
select —Select atomic number or element; atomic numbers start from 0; default is ‘all’

, which calculates all atoms

4 )

msd_type —Calculate the type of MSD, options: xyz, Xy, Xz, yz, X, Y, Z, default is
, which calculates all components

Xyz

timestep —Time interval between adjacent structures, in units of fs, default None, will be
read from datafile, if failed, set to 1.0fs; If not None, this value will be used to calculate the
time series

lagtime (np.ndarray) —Time series

result (np.ndarray) -Mean square displacement sequence

8.10. aimd 43-FzhJ) FRHIE B IE
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Zy )

—17)

='0"])

>>> from dspawpy.analysis.aimdtools import get_lagtime_msd

>>> lagtime, msd = get_lagtime_msd(datafile='tests/2.18/aimd.json',
—timestep=0.1)

Calculating MSD...

>>> lagtime, msd = get_lagtime_msd(datafile='tests/2.18/aimd.h5")
Calculating MSD...

>>> lagtime

array ([0.000e+00, 1.000e+00, 2.000e+00, ..., 1.997e+03, 1.998e+03,
1.999e+0317)

>>> msd

array ([0.00000000e+00, 3.75844096e-03, 1.45298732e-02, ...,

7.98518472e+02, 7.99267490e+02, 7.99992702e+02])
>>> lagtime, msd = get_lagtime_msd(datafile='tests/2.18/aimd.h5', select='H")
Calculating MSD...
>>> lagtime, msd = get_lagtime_msd(datafile='tests/2.18/aimd.json', select=[0,

Calculating MSD...
>>> lagtime, msd = get_lagtime_msd(datafile="'tests/2.18/aimd.h5', select=['H',

Calculating MSD...
>>> lagtime, msd = get_lagtime_msd(datafile='tests/2.18/aimd.json', select=0)
Calculating MSD...

dspawpy.analysis.aimdtools.get_lagtime_rmsd (datafile: str | List[str], timestep: float | None =

S8

=Pl

None)

datafile —

+ Path to aimd.h5 or aimd.json files, or a directory containing these files (prioritizes search-
ing for aimd.h5).

» Written as a list, the data will be read sequentially and merged together
» For example [ ‘aimdl.hS’ , ‘aimd2.h5’ , ‘/data/home/my_aimd_task’ |

timestep —Time interval between adjacent structures, in fs, default None, will be read
from datafile, set to 1.0fs if failed; If not None, it will be used to calculate the time series

lagtime (numpy.ndarray) —Time series

rmsd (numpy.ndarray) —Root mean square deviation sequence

>>> from dspawpy.analysis.aimdtools import get_lagtime_ rmsd

>>> lagtime, rmsd = get_lagtime_rmsd(datafile="tests/2.18/aimd. json')
Calculating RMSD...

>>> lagtime, rmsd = get_lagtime_rmsd(datafile="tests/2.18/aimd.h5"', .
—timestep=0.1)

Calculating RMSD...

>>> lagtime

array ([0.000e+00, 1.000e-01, 2.000e-01, ..., 1.997e+02, 1.998e+02,

EEF )
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1.999e+02])
>>> rmsd
array ([ O. , 0.05321816, 0.09771622, ..., 28.27847679,
28.28130893, 28.28414224])

dspawpy.analysis.aimdtools.get_rs_rd£s (datafile: str | List[str], elel: str, ele2: str, rmin: float =
0, rmax: float = 10, ngrid: int = 101, sigma: float =
0)

Compute the radial distribution function (RDF).
S
- datafile -

» Path to aimd.h5 or aimd.json files, or a directory containing these files (prioritizes search-
ing for aimd.h5)

« Written as a list, the data will be read sequentially and merged together
» For example [ ‘aimd1.hS’ , ‘aimd2.h5’ , ‘/data/home/my_aimd_task’ ]
- elel —Central element
- ele2 —Adjacent elements
- rmin —Radial distribution minimum value, default is 0
- rmax —Radial distribution maximum value, default is 10
- ngrid —Number of grid points in the radial distribution, default is 101

- sigma -Smoothing parameter

- r (numpy.ndarray) —Grid points for the radial distribution

- rdf (numpy.ndarray) —Radial distribution function

Zy )

>>> from dspawpy.analysis.aimdtools import get_rs_rdfs

>>> rs, rdfs = get_rs_rdfs(datafile="tests/2.18/aimd.h5',elel="H',ele2="'0",_
—sigma=1le-6)

Calculating RDF...

>>> rs, rdfs = get_rs_rdfs(datafile="tests/2.18/aimd.h5',elel="H',ele2="'0")
Calculating RDF...

>>> rdfs

array ([ O. , 0 , 0. , 0 , 0. ,
0. , 0. , 0. , 0 , 14.61375247,
27.14259351, 1.15450104, O. , 0 , 0. p
0. , 0 , 0. , 0 , 0. ;
0. , 0 , 0. , 0 , 0. :
0. , 0 , 0. , O , 0. ’
0. , 0 , 0. , 0 , 0. ;
0. , 0 , 0. , 0 , 0. :
0. , 0 , 0. , 0 ;o O ’
0. , 0 , 0. , 0 , 0. ;
0. 0 0. 0 0.
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dspawpy.analysis.aimdtools.plot_msd (lagtime, result, xlim: Sequence | None = None, ylim:

Sequence | None = None, figname: str | None = None,
show: bool = True, ax=None, **kwargs)

Compute mean squared displacement (MSD) after the AIMD task is completed
e
- lagtime (np.ndarray)—Time series
- result (np.ndarray)-Mean squared displacement sequence
- xlim —x-axis range, default None, set automatically
- ylim —y-axis range, default to None, automatically set
- figname —Image name, default to None, do not save the image
- show —Whether to display the image, default is True
- ax —Used to draw the image on a subplot in matplotlib

- **kwargs (dict) —Other parameters, such as line width, color, etc., are passed to plt.plot
function

B MY
Image after MSD analysis

=P

[>>> from dspawpy.analysis.aimdtools import get_lagtime_msd, plot_msd

)

Specify the location of the h5 file, use the get_lagtime_msd function to obtain data, and the select parameter
selects the nth atom (not by element)

>>> lagtime, msd = get_lagtime_msd('tests/2.18/aimd.h5', select=[0])
Calculating MSD...

Plot the data and save the figure

>>> plot_msd(lagtime, msd, x1im=[0,800], ylim=[0,1000], figname='tests/
—outputs/doctest/MSD.png', show=False)
==> .../MSD...png

dspawpy.analysis.aimdtools.plot_xdf (rs, rdfs, elel: str, ele2: str, xlim: Sequence | None = None,

ylim: Sequence | None = None, figname: str | None = None,
show: bool = True, ax=None, **kwargs)

8. W TAFERNE
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Post-AIMD analysis of rdf and plotting.
e
- rs (numpy.ndarray) —Radial distribution grid points
- rdfs (numpy.ndarray) —Radial distribution function
- elel —Center element
- ele2 —Adjacent elements
- x1im —x-axis range, default to None, i.e., set automatically
- ylim —y-axis range, default to None, i.e., automatically set
- figname -Image name, default to None, meaning no image is saved
- show —Whether to display the image, default to True

- ax(matplotlib.axes.Axes) —Axis for plotting, default is None, which means creat-
ing a new axis

- **kwargs (dict)—-Other parameters, such as line width, color, etc., are passed to plt.plot
function

BRI
Image after RDF analysis

P

[>>> from dspawpy.analysis.aimdtools import get_rs_rdfs, plot_rdf

First obtain the rs and rdfs data as the x and y axis data

>>> rs, rdfs = get_rs_rdfs('tests/2.18/aimd.h5', 'H', 'O', rmax=6)
Calculating RDF...

Passing x and y data to the plot_rdf function to plot

>>> plot_rdf (rs, rdfs, 'H','O', xlim=[0, 6], ylim=[0, 0.015], figname='tests/
—outputs/doctest /RDF.png', show=False)
==> .../RDF...png

dspawpy.analysis.aimdtools.plot_rmsd (lagtime, result, xlim: Sequence | None = None, ylim:
Sequence | None = None, figname: str | None = None,
show: bool = True, ax=None, **kwargs)

Post-AIMD analysis of RMSD and plotting
BH
- lagtime —Time series
- result —Root mean square deviation sequence
- x1lim —x-axis range
- ylim —y-axis range
- figname -Image save path

- show —Whether to display the image
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- ax(matplotlib.axes._subplots.AxesSubplot)-If plotting subplots, pass the
subplot object

- **kwargs (dict)—Parameters passed to plt.plot
B

Image of RMSD analysis of structures

B

[>>> from dspawpy.analysis.aimdtools import get_lagtime_rmsd, plot_rmsd ]

timestep represents the time step length

>>> lagtime, rmsd = get_lagtime_rmsd(datafile="tests/2.18/aimd.h5"',.
—timestep=0.1)

Calculating RMSD...

>>> lagtime, rmsd = get_lagtime_rmsd(datafile="tests/2.18/aimd.json',_
—timestep=0.1)

Calculating RMSD...

Saving directly as RMSD.png image

>>> plot_rmsd(lagtime, rmsd, x1im=[0,200], ylim=[0, 30],figname='tests/
—outputs/doctest/RMSD.png', show=False)
==> .../RMSD...png

o RPEIE A T EHE S %

T

g
from dspawpy.io.read import get_sinfo
from dspawpy.io.structure import read

aimd_h5_files = ['aimdl.h5','aimd2.h5', 'aimd3.h5'] # H AN H & 2 &K 8 £ 4~ aimd.h5.
o B AR R B B A I

# —RMERE Maimd. h5X ¥ ) #4E I 4] B pymatgen#y Structures?| &
pymatgen_structures = read(datafile=aimd_h5_ files)

# REFEZAREY K
for i, df in enumerate (aimd_h5_files): # KW 3%k B & Maimd.h5X W W # #
Nstep, elements, positions, lattices, D_mag_fix = get_sinfo (df)
# Nstep R T 2B F ¥ % (int)
# elements %k 77 L& %l %k, (Natom x 1)
# positions kB F &%, (Nstep x Natom x 3)
# lattices R i 4%, (Nstep x 3 x 3

# D_mag_fix BHE. HEEMXEEFH

A B

Al MobaXterm %) 1 QT FEARFE, WAHEHILT (Bl VSCode B R4E HANK Kty 047) , H AT
1t python JHIAR S —ATTFIRAS AT AL :

AR SSH EEFEAR R 57 a7 iR, Bl QT MIKHREEER, WRERMMmEEF (L

import matplotlib
matplotlib.use('agg')
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8.11 Polarization iRkt EIELME

PATRIEAL] H f O f& RERHITEAF RN RS scfhS Ryl
e % 11Ferri.py:

-
# coding:utf-8
from dspawpy.plot import plot_polarization_figure

plot_polarization_figure (
directory="tests/2.20", # Path for iron polarization calculation
repetition=2, # Number of times to repeat the data points when plotting
figname="tests/outputs/us/11lpol.png", # Output polarization figure filename
show=False, # Whether to display the polarization figure

) # ——> pol.png

.

PATRIG R A A R A P

Px Py Pz
oo
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° 6 ° 000000000000
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OCOO0OO0OO0CO0OOOOHAHH OCOO0O0O0CO0OOCOOHHH OCOO0OO0OO0CO0CO0OOO HAHH
12 AR R AR AL B
HAEE MR EIE, WTASEIT
from dspawpy.plot import plot_polarization_figure
(BT 50
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(B LE10)
3 |plot_polarization_figure (directory='."', annotation=True, annotation_style=1) #._
A= R &
PATARS R AE i A
Px Py Pz
150 - . -
* L ]
. .
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12 HEEFIRT ARACEA (7 ey A B
o] DA 56 AP AR
1 | from dspawpy.plot import plot_polarization_figure
2
3 |plot_polarization_figure (directory='."', annotation=True, annotation_style=2) #._

~ETERMAGKERNLEKME

PATACRS RS SN A
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API: plot_polarization_figure()

e plot_polarization_figure RER 2R gt b &

dspawpy.plot.plot_polarization_figure (directory: str, repetition: int = 2, annotation: bool =
False, annotation_style: int = 1, show: bool = True,

125.17
125.17

62.58
62.58

0.00
-0.00

-62.58
-62.58

-125.17
-125.17

figname: str = pol.png’, raw: bool = False)

Plot the polarization results of the iron electrode

B8

- directory —Main directory for the iron polarization calculation task

- repetition —Number of times to repeat drawing along the upper (or lower) direction,

default 2

- annotation —Whether to display the polarization values of the iron electrodes at the be-

ginning and end configurations, displayed by default
- show —Interactive display of the image, default True
- figname —Image save path, default ‘pol.png’
- raw —Whether to save the raw data to a CSV file
B

axes —Can be passed to other functions for further processing

8.11. Polarization Rt LIELMIE
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[HE 3!

matplotlib.axes._subplots. AxesSubplot

P

>>> from dspawpy.plot import plot_polarization_figure

>>> result = plot_polarization_figure (directory='tests/2.20', figname='tests/
—outputs/doctest/poll.png', show=False, annotation=True, annotation_style=1)
>>> result = plot_polarization_figure (directory="'tests/2.20', figname='tests/
—outputs/doctest/pol2.png', show=False, annotation=True, annotation_style=2)

A By

U Id SSH ¥ 2 AR AR 45 AT Bk IAS, i BL QT A X MR e 5 B, TR
41 MobaXterm %) Il QT i AHER . 54 BHEE ({14 VSCode K F4: B A0 404
TE python JHIASE AT AR E M PA T AAS -

import matplotlib
matplotlib.use('agg')

e R (B
I T), B

g
S

8.12 ZPE F R iRz e IR IE

PAPGE AT CO (R R TAGEIAY frequency.oxt SCHENH], TWHZE RfREhAE, HTAH A

3N hl/‘
ZPE = Z 21

i=1

Hep, v RAEIESR, b 2EEHEE (6.626 x 107347 - s), N 24
o % 12getZPE.py :

# coding:utf-8
from dspawpy.io.utils import getZPE

# Import the frequency.txt file obtained from frequency calculation
getZPE (
fretxt="tests/2.13/frequency.txt",

R T N T

)

PATICEE R SR PRATE] ZPE.dat SCIFH, SUPFNZRANT -

Data read from D:\quickstart\2.13\frequency.txt
Frequency (meV)
284.840038

—-—> Zero-point energy, ZPE (eV): 0.142420019

.
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API: getZPE()

* getZPE MBI R E Rlk3hfE:
Some functions are extracted from [ase](https://wiki.fysik.dtu.dk/ase/index.html).
dspawpy.io.utils.getZPE (fretxt: str = frequency.txt’)
Read data from fretxt, calculate ZPE

The results will also be saved to ZPE_TS.dat.
2

fretxt —Path to the file recording frequency information, default to ‘frequency.txt’ in the
current path

Bl

Zero-point energy

e L EASLE!
ZPE

Zy )

>>> from dspawpy.io.utils import getZPE
>>> ZPE=getZPE (fretxt='tests/2.13/frequency.txt")
—-—> Zero-point energy, ZPE (eV): 0.1424200165

8.13 TS W ELIEHE

8.13.1 kP BBy ZE S R R ) STk
HRETIATAR:

3N

ASuas (0 T,P%) = S = Y ol Nahw:

o _ _—hv; /kgT
T /m 1) Rln (1 ik )]

1=

Hodr ) AS,qs FRMPH T AHAS , ARSI . Spip BRIREIE . v R RIER, Na @B R
¥ (6.022 x 1028mol=1 ), h B AL (6.626 x 10734 T - s), kp RB/REDHE (138 x 107237 . K1),
RZFHAAER (8.314] -mol™" - K1), T RIERRE, MK,

e £ 13getTSads.py :

# coding:utf-8
from dspawpy.io.utils import getTSads

T R

# Import the frequency.txt file calculated from frequency, temperature can be.
—modified arbitrarily

5 |getTSads (

6 fretxt="tests/2.13/frequency.txt",
7 T=298.15,

8

)

.

PATACRD G5 RS RHARAF R TS.dar SCUEH, SCPENAINTE
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Data read from D:\quickstart\2.13\frequency.txt
Frequency (THz)
68.873994

—-—> Entropy contribution, T*S (eV): 4.7566990201851275e-06

8.13.2 HRSF1HE seERI STk

TR AR
o P
S(T,P)=S8(T,P°) —kgll’lﬁ
P
= Sians + Srot + Selec + Svib — kg In ﬁ
2eMksT\*? ksT| 5
Stl'ans = kB In <]7,2) po + 5
0 , monatomic
S = kg [ln 8”;# +1 , linear
R 3/2
kg {ln v “ngIC (SﬂhszT> } + g} , nonlinear

Selee = kpIn[2 X ( total spin ) 4 1]

vib DOF

o € B _ —ei/k T)
Siib = kg Z kgT (eei/kBT — 1) In (1 ¢ '

Hr: Iy 3] Io 2R T =AF W, T 240 RIS, o 29 FXHE. 54,
monatomic F/8 BLJF 1431, linear F¥/R 261431, nonlinear /R JEL 4T total spin 42 24 H g%k . vib DOF
ForYRB H .

« 3% 13getTSgas.py A

# coding:utf-8
from dspawpy.io.utils import getTSgas

# Read elements and coordinates from the calculation result file (json or hb5)
TSgas = getTSgas (
fretxt="tests/2.13/frequency.txt",
datafile="tests/2.13/frequency.hb5",
potentialenergy=-0.0,
geometry="1linear",
symmetrynumber=1,
spin=1,
temperature=298.15,
pressure=101325.0,
)
print ("Entropy contribution, T*S (eV): ", TSgas)

# If only the frequency.txt file is available, the calculation can be completed.
—by manually specifying the elements and coordinates

&)
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(# E30)
18 | # TSgas = getTSgas (fretxt="'tests/2.13/frequency.txt', datafile=None,.
—potentialenergy=-0.0, elements=['H', 'H'], geometry='linear', positions=[[0.0,.
0.0, 0.0], [0.0, 0.0, 1.0]], symmetrynumber=1, spin=1, temperature=298.15,.
—pressure=101325.0)

API: getTSads(), getTSgas()

* getTSads PRECHTTITHME I AR A X fE o F) Dk -
Some functions are extracted from [ase](https://wiki.fysik.dtu.dk/ase/index.html).
dspawpy.io.utils.getTSads (fretxt: str = frequency.txt’, T: float = 298.15)
Read data from fretxt, calculate ZPE and TS
Will also save the results to TSads.dat
e

- fretxt —Path to the file recording frequency information, default ‘frequency.txt’ in the
current path

- T —Temperature, unit K, default 298.15
RA

Entropy correction

BRI R
TS

=P

>>> from dspawpy.io.utils import getTSads
>>> TSads=getTSads (fretxt="'tests/2.13/frequency.txt', T=298.15)
——> T*S (eV): 4.7566997225177686e-06

* getTSgas MR TTTHH AR AR X e &Y Tk -
Some functions are extracted from [ase](https://wiki.fysik.dtu.dk/ase/index.html).

dspawpy.io.utils.getTSgas (fretxt="frequency.txt’, datafile="", potentialenergy: float = 0.0,
elements=None, geometry="linear’, positions=None, symmetrynumber=I,
spin=1, temperature=298.15, pressure: float = 101325, verbose: bool =
False)

Energy contribution to entropy under the ideal gas approximation”

B8

- fretxt —Path to the file recording frequency information, default is ‘frequency.txt’ in
the current path

- datafile —Path to the JSON or hS file or folder containing them, default to the current
path; If set to None, the elements and positions parameters must be provided

- potentialenergy —Potential energy, unit eV
- elements —List of elements, if

- geometry —Molecular geometry, monatomic, linear, nonlinear
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positions —Atomic coordinates, unit Angstrom

symmet rynumber —Symmetry number
- spin -Spin number
- temperature —Temperature, unit K
- pressure —Pressure, unit Pa
B
Under the ideal gas approximation, calculates the energy contribution to entropy, in units of eV

BRI
TSgas

P

>>> from dspawpy.io.utils import getTSgas

>>> TSgas=getTSgas (fretxt="tests/2.13/frequency.txt', datafile='tests/2.13/
—frequency.hb', potentialenergy=-0.0, geometry='linear',6 symmetrynumber=1, .
—spin=1, temperature=298.15, pressure=101325.0)

-=> T*S (eV): 0.8515317035550232

8.14 relaxation &#a{t{t BE9#

FFf#AT DS-PAW [HZERIAL H & (BN DS-PAW.Iog) , IRk 32 ) Shks, JFnl s 5 5
INZ IR

T RBEE A :
o Wt relax_summary.csv, WERHEHERZ H56ERE
o A[A K relaxing. xyz Il SCAE
o W[2E B min_force.as S5 SO

API: read_relax_data()

« read_relax_data BREUTTEEIREEM LML H 5 T4 e T 45 5R
Parse DS-PAW.log from relax task.
dspawpy.analysis.post_relax.read_relax_data (logfile: str = 'DS-PAW.log’, print_efs: bool =

True, relative: bool = False, write_traj: bool =
True, write_as: bool = True)

Read relax data from log file, not h5/json, because they lack data.

Call this function will print info to screen directly.
S

logfile —location of “DS-PAW.log” ,suchas ‘../another/DS-PAW.log’ .

print_efs —whether to print energies and forces table.

- relative —whether to print energies and forces relative to the first step value.

write_traj —whether to write traj xyz file
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- write_as —whether to write structure.as file corresponding to the minimal force.

>>> from dspawpy.analysis.post_relax import read_relax_ data
>>> read_relax_data(logfile='tests/2.1/DS-PAW.log')

==> ...relaxing...xyz

==> relaxing.xyz

==> min_force.as

==> ...min_force...xyz

shape: (3, 3)

[ | I 1
| step | force (eV/Angstrom) | energy (eV) |
I | | |
[ I I 1
| 0 I 0.489284 | —216.967842 |
| 1 i 0.1096 | -216.976886 |
| 2 i 0.024697 | -216.977327 |
L 1 | |

==> relax_summary.csv

.

>>> read_relax_data(logfile='"tests/2.1/DS-PAW.log', relative=True, write_
—traj=False, write_as=False)
shape: (3, 3)

[ | I 1
| step | force (eV/Angstrom) | energy (eV) |
| | | |
[ I I 1
| 0 i 0.0 i 0.0 |
| 1 I -0.379684 i —0.009044 |
| 2 I -0.464587 | -0.009485 |
L 1 1 |

==> relax_summary.csv

8.15 hdf5 L HFiFFE

M T4 hdf5 SCIFNEREEESSHE 5 RN 2, X CLI 3R 15,
RS :

o BRG] hSglance name.h5 %2545

« BdlifiE: Wil hsglance name.h5 - &FH RAGEAEIE
o R W ptdump —d name.h5 EEHEEIEBNA
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8.16 B3

o P ETE A, S AP MA . zip
o dspawpy B H &
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o)

9.1 License E &R {E R

o fER{EH: Error code: -10, Get License File Error

o FELPENE: SR A IR F) license AF R EIE A AURATH

o fERfEH " Error code: -20, Get License Product Error

o RN RITSAE Bk 4

o fER{EH: Error code: -30, Check Local Environment Error

o BEIRVENE: AR AHE IRt 45

o fER{ZH: Error code: -40, Check Install Path Error

o FEIREN T AMa FRE IR0 4

. %ﬁ%fn,ul Error code: -50, Check Validate White User Error

o BRI G B REd 4, SATA P REG LEA

o fER{EH: Error code: -60, Check Device Studio license Error
o GERTENS: 45iR04 DS T RE 8

o fER{EH: Error code: -70, Check Device Studio license Error
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o BRIRIENE: DS THA = &b B F P A DS-PAW 41+

P#f{EH: Error code: -80, Check Device Studio license Error

i
o HERPERS: DS license  DS-PAW L aTR A & T MHp A

o fER{EH: Error code: -90, Check Device Studio license Error
i

IS DS license ¥ DS-PAW A2 34 77 2000, 2 M 20

9.2 Inputcheck I ERAXHEREIRIED

o fER{=H: Parameters task error
i

BN rask S8 RASOR H4RIR

o fER{EH: Parameters Check error
o BRRTEN: ABHR

. %’L}é'fﬁ,%\: Parameters type error
BRRTERE . SRR R B4R

lﬁfa,ﬁl Parameters data error

W AT IR B P

o fE{ZH " Parameters size error
G

RN AR RO NE B PR

i%f5H: Parameters range error

PP AACLERE R

o fER(ZH: Structure key error
FEIRTENS . 22U P R FHek

o F5IRMFHE: Structure type error
HRRTENG - g5 UAE P R 4R B 45K

R{EZH: Structure size error

5
o FERIERE sk A AR A KN R R
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9.3 Error it EZ P EREIRER

- BHRER
o GRS
W ESIES

E1015/E1011/E1012/E1014/E1005

DK EEEUE k4R

\q

BEENF@IE I K S FE (TARiXEE 0 20% A4, AZH @ ey K L RBIEm) S5
X cal.smearing #= cal.sigma, 4% F cal.smearmg = 1, cal.sigma = 0.05

o BERMER:
o BEIRIEN
o MRS

E1188
&mm@%ﬁ%ﬁKﬁ%Mk%4A

EEAN T Q¥ K S FRE (TA iR 40 20% 24, BZH 6 ey K SRR H0) 05
X cal.smearing #= cal.sigma, 4% & cal.smearmg 1, cal.sigma = 0.05

R{ZH: E1005

o k& shift i2I4E%

o RS 2iX4EA calksampling= G

o HRMEE: E1013

o FEIRTEN: K B4 12iRI4E R

o R E: 2£iX1EA cal.ksampling= G

o HRMEE: E1022

o RN I wave.bin P oy RAEAE K & 4R

o RV ARG E MM AN SS, RIE A wave.bin

 BRRMER:
o BRTRTEN:
o fRBRTTS:

E1024
L AT H A ARG M AL KN rho.bin P ik F) 04 R —F
IR R F NSAR, FRIE # 04 rho.bin

o FHRER
o FHBREN
o RIS
s H

E1042/E1041
ZBRENT 33k 23 FAR B 400t & 4 4512

MBE S PR IR AERT — 0925 ), A R ITAY M, Z B IR S IEAE E scf.convergence

SN GeTE ik Ay relax.methods = ON & #7i+ 5

o BERMER:
o BERTEN
o fRRTTS:

E1063

FEAE A davidson block 7 ik0Y , AT LAPACKE_zhegv_work %

A% cal. methods

R &SRR

9.3. Error it8i#

BEPREIRHER

i

B
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: E1064
© AT AALEY, AT LAPACKE zhegv_work Fi 30 K £ 453%
: IBEE cal.methods

: E1073
P AT RIE A L R
CJERR B AR F £ ) -pob G A EHTIE R AE S

FE: E1115
P oantgIRARA O

1 E1186
DR RaR AR 4B R G 1 A 8 A 4R
D KA AR sys.symmetry = false

1 E1187
D RS AR 0L BT R 4R
o 22X R cal ksamping= MP

H: E1226
N A ALy
D AR E S

: E1248
D EIE AL FEeY, LAPACKE. zpotrf_work )3k & 45i%

: A% sys.symmetry = false [ it i )s relax.stepRange

: E1249
C IR AR S #nt, LAPACKE _ztrtri _work G308 4+ 459%

: E2024/E2025
DR RARFEFE IR oG BT K AR IR
D REA ARG, 4ok F sys.symmetryAccuracy = 1.0e-6

i
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o fER(EHE: E3058
o FEIRTER: RAGRIER

o EYLJTEE: B AT DS-PAW 344 72 A L 09 R, B R SF RS B LR AT R B AR A A
8 RAFE B, BARGES AR U HE A R EG 4

o BR{EHE: E4001
o EEIRTENS  wannier it BB HAE S wannier Fi53E T —E

o RO % R structure.as SAF P ATHE I HE 0980T, RF ST input.in IAF P 84 B2 wannier. functions
AT A AT 3.

o HR(EE: E4024
o FERIENS: wannier it A5 H 2R H 4R

o ROV hReEE 2 NET O E T S T wannier H3 0982, FHDALERTD

iy

F
iy

o fERfEH: Failed to converge the scf calculation
HREE: &FF E&E 5 HA Rolkst
o RO T2iIXNWSK A £ A calmethods = 1, 4.7 224X e X cal.totalBands

9.4 Version A ¥E & I o] &l

1. DS-PAW 5 Device Studio FE25 1 AH ¢ i) 7t :
+ DS-PAW 2023A {4 I B FI 7S TGN A 475 DS HHTAIF 1777

DS-PAW 2023A $57 H1 P @804 HE Sof4F ) Band ¥l T BandEnergies {454 B NS . |6
BT Device Studio 2022B-2.0.6 iUAS T 2 T A HEAAEE . 7348, W Rik th S04 7 #Y BandEnergies
M a4 Band, XFETE Device Studio 2022B-2.0.6 2 B i 1 A< 1t BEFT IF- .

« DS-PAW 2023A /L i) NEB ¥fii A A AN EAE DS HHTIT?

DS-PAW 2023A %7 H 380 B SO T TR %2 . A F5%8— nebON. json/nebON.h5 #I neb. json/neb.h5
HRRSS , TR A AL B Y B & SO ST SE . b T 5 4 AR AT Device Studio %y, FRATHEAML
T 2 neb AT AS AT /& & AP St FE K, LA neb_visualize.py JHIZS T % neb {54k 1sh B H AT 2 45 4 9
1A K neb f 5B N xyz BB S, neb_check_results.py IS W] PAFT B NEB 11554514 BY 1 fiE 5t
Iz 1388, filae2eE, 2245 image (fe & 552 USRI S5 . RN UARA, 335 IWLAH 8 — B4k ) 4
A2 I PESEIEA TR . Device Studio [1) 2023A fitAs H B CAMGRAMEAL I, A TCVEFTHHE BB R -

2. DS-PAW 2023A thlyft-4 task=band XL 4 217 b 1517

T2 B R TR , task=band F1T fo.band=true 15 AR IS BR T HI AT RESE 450, o T il 1)
PSERRIH KB, Fofl 176 task=band (HE 13 HHEE) PRI LRIz A
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9.5 FHf4EXE]=E

1. EPUB., MOBI 4T G HEEE AL, BIA RIS, SR sie sz

AR 0T B 2 158 12 A JE L SRS 1) 22, windows i 4 i calibre o35 sigil [452; 10S i (58 F R 40 H 7 i &
45 app

2. [ B i 2 R G
AT BB W28 IR, T L S5 TR G 5
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10.1 2025A

10.1.1 EHBEH

VY 5 R = (K Ca Sc Ti V Fe Co Ni Cu Zn Ga Ge As Se Br Sr'Y Zr Nb Mo Tc RuRh Pd Ag Cd In Sn
Sb Te Hf Ta W Re Os Ir Pt Au Hg Pb Bi Po) [ LDA J% PBE JE# 1.1 JiAS, 27 T MEmt:, Bt T8
Wrfig

10.1.2 ThEEML{L

1. fiAk peharge THE I INFAEISE
2. U amiite, $Re 1T

10.2 2023A RAEH ik

10.2.1 FiET)HE

1. SCF 1550 SCRefE L 3507 ¥4
2. SRR AR

3. AIMD 72301 Langevin {HiR (&) #%, #4015 NPT/NPH % %%; aimd.thermostat=none T 445 SA
(simulated annealing )

4. T ErEKEEALEL R /R E %L (Maximally Localized Wannier Function, MLWF) $)l & KAl {E e 1T 5

275



DS-PAW F#if

10.2.2 EHEH

Hi=JEMICZ (H, He, Li, Be, B, C, N, O, F, Ne, Na, Mg, Al Si, P, S, Cl, Ar) [ LDA & PBE JE# - 1.1
WRAS, $EE T ER T, AR T ARE

10.2.3 10 A%

1. B HDFS A8 SCHEh DS-PAW [ BRIA S SCHAE, IR TI4ED json A& =X i i SCiF
2. DS-PAW.log Z: ¥t H B/ 16 2k
3. ZP tmp S

10.2.4 THEEH(L

scf.mixType Fii#% Pulay 7] 26 {H

relax.freedom i1 atom&shape 7] 3%{H

Hri# relax.pressure 24§

i FFT grid 4 X244 : cal.FFTGrid, cal.supGrid

TF io.optical=true i}, P37 FZ5%) cal.opticalGrid
band.kpointsNumber 34 7 35455 5=

Fri corr.dftuForm 244, F LAk E DFT+U Jy kAL
HrigE 20 VDW B IERAS I A4 K2 pR 22

® =N kWD =

10.2.5 2023A 2024/04/03 FE#i
10.25.1 10 A%

1. optical VT3 #h ek H I R BN ke (195

10.2.5.2 ThiEEML{L

L. Brd sys.spinDiff 245, HPARR®HI_ BT BigH T8 2 22
2. B corr.coreEnergy 244, M LAY TS AL T-HEY
3. AR UL mag SRR 4 EY bug
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10.2.6 2023A 2024/03/15 EFfi

10.2.6.1 ThiEEfE{L

L BETRE TR H, (1 PWSP S5 575 1Y
2. {feAl HSE 15573 AU PAsE St B intel error (1417 25

10.2.7 2023A 2024/01/12 EHi
10.2.7.1 10 if%E

1. {£ rho.bin 3§ e K HELL {5

a. task=dos/band 1] F{ 4% EH rho.bin H1 )27 K AEH TCFH M system.json HEEE;  (IEIUAS 28 IH AR
A4 EFermi f{j rho.bin, {H|H R DS-PAW 0] E2EU R A %y H 7Y rho.bin )

b. #0125 band EfShift, FPA$E | task=band K275 A rho.bin H1i52E EFermi
2. DS-PAW.log H' #PARAMETERS## #4343t io.band, i0.dos 1% H
3. DS-PAW.log H¥fn A5 L b

10.2.7.2 yEEfit

1. fB5LT task=pcharge I}, S5 A 1R MR
2. WHISHK scf.timeStep, [T PAEI®E cal.methods=4/5 s} HL T A Sk
3. Winz % task=optical
a. cal.opticalGrid Z%(4 & ¥l optical.grid
b. 24} optical. KKEta, optical.smearing, optical.sigma, optical. Emax

10.2.8 2023A 2023/10/07 EH

10.2.8.1 10 A%
1. {852 sys.hybrid = true Fi}, ANFEHA SO E S sys.functional 235154 i warning (17 51
2. 155 task=aimd/relax B}y H FinalStep 5 step-XX %t H AN VCHEL ) ) 75

10.2.8.2 ThEEf it

1. AR A, 5 i P2 SR )
2. B A4V Tz bR task=relax 3% J7 5 ) 7] 8

10.2. 2023A gAEHii A 277
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10.2.9 2023A 2023/6/21 EH
10.2.9.1 10 A%

1. neb L, 7E nebOX.h5 13534 force K 4t

2. ¥ E2095 4%l warning,  FEEMFEAH 261

3. E%& task=wannier #H &% AR

4. B sys.fixedP # EBHE TS M S EUE A ST

10.2.9.2 ThEEE{L
1. fltfk band.unfolding A K FE3%, [RAIGHE BE A A 15t IRl Y T L3R
2. FixedPotential 15}, X4 H.input.json ST RS BEFE I, B IEH > B ER 1HE
3. MBS T ER G axt i IR AR AR SR, B 1 e g e
10.2.10 2023A 2023/5/9 E#
10.2.10.1 10 iF%
1. JH#& T task=neb, sys.hybrid=true, scf.mixType=Broyden FH 3%y H{5E
2. 8% task=phonon, phonon.thermal=true fii} HeatCapacity % H} null [)% 5%
10.2.10.2 ThEEfE{L

1. latestStructure.as % 7e [ 5 i A% B2 [ S L EAH A5 B 1852 mag AH A5 5 M A5 A
2. &% sys.spin = collinear/non-collinear [} io.magProject BRiA{EH A true

3. 1B LB relax. json/relax.hS H1 mag AH 3¢5 BV 7 1] 750

278 10. & 7mifBA



DS-PAW Fi

10.3 functions IhEEHIE

. LDAs, GGAS, L3355 KRR
) L 3 &  DEE
DFT Ufr%EE iZH&AZIE . BEFXRIZE
« vdW-DF ;ZX|/DFT-DF{E1E . A (pcharge)
« Baders2 9t
. BETH
. BERRIFE

g . SRR
- Al SN . INETTA
. E B . NEBES IS

- BieSLERS « BOE—145 FanF =M

HhF P

R
« EFMR
o SMEEK
o SRR
« BornBX
o EEKE

o TR EXS SRR AN Y
* JMINEEL

* RREF e RE
c [ERERE

10.4 history ek AEH ik 8A

10.4.1 2022A
10.4.1.1 FtEThie

1. % #F revPBE/PBEsol/RPBE %z i 3¢ BXiZ IR
2. ¥ vdw-optPBE/vdw-optB88/vdw-optB86b/vdw-DF/vdw-DF2/vdw-revDF2 i {2 5 /K12 bR

3. SCHRAN NS R

wannier basis

10.3. functions IhfEHEE
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© »® N s

10.
11.
12.
13.

SRR R RS AT AE Y NEB 315 (solid state NEB, ssNEB)
SRR B AL B T Bk r A A 1
SCRpRET LT & fE

SRR 75 BRI 5 2 AR 2 1 v /] o TR R A AR
SR TR TR P R O HAEH

SR P R B T SR LK

S L S ) B K

SRR R 5714 59 v S R R A
SCHE(IH Bader HLA 4T

SCREAESEF AL I 2 SR 4 BE 1 ks 1 eb

10.4.1.2 et

A e

o

Y Hr.paw (P97 Tk PAW JE#H& ) /.potcar (VASP POTCAR fE#4&5L,) /. pawpsp (GBRV PAW JEH &)
TE B VE AR PR G T AL B S By 125

1 NEB b33 A b g P 15 M5t 750y v

TESSA RN NEB TR T, B s U Sl i e sy X

Y B M Z iz B P Alpha F1 Omega %%, 3% Adaptively Compressed Exchange Operator JjjI 33 24
iz it

TEf SR RIS BOE R R R, SR ERZ Ty, W ESEIRZ Ty, BB A AT B
TEVHR H SR B s T B SC e paw_tmp, AT AEBOS AR SO R AR R E

10.4.2 2021B

10.4.2.1 FHiEHE

._
e

A S A S

SCHF CI-NEB 15 AT SR

% PBE0, HSE03. HSE06 Z4{LiZ i

3¢ DFT-D2. DFT-D3 {ufE /R4 1E

IRTEABRER IR RAPR. IR RS

Pe L G TSI

S E S G

SR BRCRS I 7 575 TREA . 7 T A
SCRFE DFPT Jrk b5 TRE 75 TR

S DET+U AR PG SRR A 2
SRR IR T B 2
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10.4.3 2021beta
10.4.3.1 FEThEE

A5 P~ T 5 P ek 2L R T4 B 5
{52 JH L5 0 - T 0 I 55
SEMTB IR, SRR T ALE IR SARTBIR . AR T B R
ERER7AZ N
SRR A, LA Te. AR A i b A iEuE R A R R
AGBRERITR
IR T2
SRR
REnl (BeErenly) 1R
Ry SEE (BESHE) 1
- LT SRR e B 5
C BERBOTR, SRR R RS R BT

Y ® Nk w D=

—
D= O
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