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(1) MR A 2 AR5 SCF POSCAR il DASP 1A S dasp.in .
(2) PREPARE: A1+ H Ards i VASP SEHE S50 A SCIE

(3) TSC: St Hbp SRS T2 ROE T, W TR A3 3 .

(4) DEC: 1A BUATEAER LA fEg (BALAESL)

(5)DDC: T AKEELL . BR T EERIBRE IR

(6) CDC: TR RRCE RO, BOR T SRR A AR S Ao

DASP iR .

W2, B R SAEE 41 POSCAR il dasp . in XA ASCIHE . IKICHATONT 5 & s, B
TS A B

dasp 1 (%} PREPARE)
dasp 2 (Xfp TSC)
dasp 3 (X% DEC)
dasp 4 (Xf). DDC)
dasp 5 (Xfp CDC)

1E TSC 315, IPAE tsc-state FTTHAL SR . 7€ DEC i1 5Af, W DAL dec-state #ifjiT
BATS .
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1.3 1.3. BITIERS

1.3.1 1.3.1. E—MFEET &4 VASP

DASP At JE ) 56— PR B 24, Vienna Ab initio Simulation Package (VASP) 3k 2 B G AH 3¢ il 454 Fn
gEMTEE, HIE, HPEF SR £ m iR ) VASP T S H 5%

1.3.2 1.3.2. Materials Project ¥{iEEE

DASP e Lee iy e, 2ilid pip install fip4d {344 Pymatgen,
AP HATH AR, FFiE i) Pymatgen 3K1jjlf) Materials Project ¥EEE, WU UIfF Materials
Project MRS HRHL API,
A TR BRI TH IS R T VASP (1) 2003 JRIESSCf:, BRI P25l IE G & Pymatgen, (i H DT
2003 i JE A
HARM B IR R -
1 F P AAT Rk 2003 Ji2f) POTCAR 304
2. 2R SEAITEL E T VAR 2% pymatgen W3l https://pymatgen.org/installation.html, B IR

After installation, do:

pmg config —-p <EXTRACTED_VASP_POTCAR> <MY_PSP>

In the above, <EXTRACTED_VASP_POTCAR> is the location of the directory that you extracted the downloaded
VASP pseudopotential files. Typically, it has the following format:

~ <EXTRACTED_VASP_POTCAR>
|- POT_GGA_PAW_PBE # (M A 0470 4 20034 )
| |- Ac_s

| | | ~-POTCAR

[11=...

or

— <EXTRACTED_VASP_POTCAR>
|- potpaw_PBE  # (dh Ab 2471 4 2003% )
| |- Ac_s

| | | -POTCAR

L ]-. ..

and follow the instructions. If you have done it correctly, you should get a resources directory with the following directory
structure:

— psp_resources
|- POT_GGA_PAW_PBE
| |- POTCAR.AC_s.gz
| |- POTCAR.AcC.gz
| |- POTCAR.Ag.gz

| - POT_GGA_PAW_PW91

After generating the resources directory, you should add a VASP_PSP_DIR config variable pointing to the generated
directory and you should then be able to generate POTCARSs:
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’pmg config —--add PMG_VASP_PSP_DIR <MY_PSP>

1.4 1.4. EASCE

DASP H{FRETT R AR MAB SRR SREE R ST, PRk, I PTETHIE 2 il Sl A S F s
RHEBAHE. W TEB%EW B SA, GGA Fl LDA Z547 e ST AT BE s Ul R MG H 2= 2, IR
FRMAAZ RETFRITE (RIS EER 1Y level=2 71 3).,
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CHAPTER 2

2. BRI 4R

PREPARE TSC DEC DDC CDC
dasp -1 dasp -2 dasp -3 dasp -4 dasp -5

2.1 2.1. PREPARE 32

DASP A~ J: 24 ASCfF POSCAR il dasp. in , Jit dasp. in & M S H5HI 30T
FEBATIEXIT S 2 B, PREPARE BURE B2 A0 dasp . in HHUBMASEOE B AL WERGH, WEZTH
— S, HHHE 1prepare. out NS TARMZ5E M.

LA PN AR R RS B L 3] 1prepare. out U, FFZ L. P TREMERERFE
BUARSHL, HnatT.

DASP 9 i 55— PR BT S5 VASP HFRRESHI R 745H 7153, ik, DASP 24R#JE dasp. in M AS L
H 374 VASP T A A S IARS5H S POSCAR | VASP S 405 S04 INCAR | k &S0
KPOINTS . JE# S POTCAR . L4235 HIAS S04

* POSCAR ¥y /2 DASP R ffJ P A RS54 SCIF POSCAR | il AT H 4L Y “JAASZ 5 A L
B, PE—AEEIR TRCEE Z NI S T R . RIS, TEE AR, R
AR IO EEA T AL, 138 POSCAR_final SCff.

« KPOINTS (#y=4: T & HE a5, DASP ¥R k S0, B KPOINTS U A&

\\\\\

« INCAR %52z DASP 2 7= Wi~ A Al iy INCAR, INCAR-relax h45H AT Ff il 1Y INCAR,
INCAR-static NESTHEM A INCAR. BUAFS S EY NE S, AHPSFEBW, v
1£ PREPARE HiHUZ 758 )5 BATE L. R4l dasp. in i AS4L, DASP W R H = FhR[R S50
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TR (LA S level=1 B 2 5 3). XIT level=2 Fil 3, FHFRAALIZ BRMTHA . X TMLiz R
AR SR R EE 9], DASP ] AR P E dasp . in FRBCEAYSEIRAT BE A ShERE , HRFIT
P S Ha i B R 2 L B 2405 A INCAR i,

* POTCAR SCIR#™ A MR 4 J1T 7 B (R JB5 95 SC PR B A%, DASP & [ 8l Ak T 58 B o 8 A9 JB 95 SO fF

POTCAR .

o AR5 PESMIA SRR A DASP ARl dasp. in I PIARI NI RGEL AR, SN . 7 ad. &
B vasp AT, AN AERSAL ST A SO

W _ERrid, PREPARE BLBCRF I ZhiH ] VASP JFRHIIATMRI AL . Az e i it oy LU Y 1 3l
SEVIE . #PTE dasp. in HEE R Lany-Zunger (BIEJ5 5 (P UL AZHL correction /247, %07 5% 5%
SRITE R XS I (Y EL PR H . AR AR IR AS 1, PREPARE it 3 ] VASP [ it SRR n) ke i
W, HEHA dasp.in 1, AR ELTERE FRC S M AR AR 5 .

A SR RS BT A, A Lprepare. out SUfF. AHRAPRES . SR S ARH(H S
A DAMRIG SRR RN IE T8 1A, FHE Lprepare. out IUFRBATEMIEMFER, J2k
TSC B 5 Bl IRFAIN % 15 5 -

)

2.2 2.2. TSC &R

TSC B T ZIRER T H ML G2 E SR AT A RE S AU R B RUETE R, o, Jogfb#
PF#E N —2 DEC Fll DDC BRI HIA o

—MeEYE R RERE, BT HIRINEE. WS Ha 4 i B SoRI AIZR A A S eI I RE A L
%, MRz AL &Y AR 22 BT AR E . R R R

s AR ERE PRI W — MY AR ERE O BTl At
M, B BHRER AT AGRIE LB BADIRAS ), B4, AR R R =254
(1) HEMEE AR R BE B F P TEPEREIL T, HARMEC A YR A BURY-5S 2 fR BAE T 3l
i, XMeE ABiCr Dy, BHRICRIE S 1 AZAAPITEIRE BY H2 e o150

kpa +lug +muc +nup = B (A,B,C, D)

(2) LHWEAY R ASER S RSN AR A REETT:  WE—ZHL Y A By Do, &
TR A A R AL A I TE B RE 5 20 2 h S A 25X

k/MA + lluB + n'uD < Ef(Ak/Bl/Dn/)

(3) HAMEAWAADRICRI TR ZIGIR: AR IE TR, AR 5 A R RS

/'[/A<Oa/J’B<07,U/C<Oa/J’D<O

TE25 TR AT RERY SE St AR BTG ,  ERA TR A B T DA E—VER,  AEWS 2 LA LA R 4%
7, WLAZAREEYEFERIER T2 ERIAREE . W, S EYEREARE, Sl 8O
AR BRI A AT, A U R A AN RE PR AU BRAARAS

ARG I AT 2R E TR FIRTES R, PR B S & WY energy above hull YEJIWr i ) =2 2 E 1
AR U2 energy above hull iE, ZALEWIARUE, JTCRAAFIATAAE L FW 2 LA LI 20
U2t energy above hull 171, AL EWIREE , JCRAFATHAAAE—MTERE 2 A BT 4%
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o IIEROEVEV S WA DR

W EiR e, RGP SRR A RE R TR B RE T, REITA G YIE
JERE. X o0, =o. Pt FOCEEEZICHAEY), HaTRERSE s ML R E , fEitHd
PITEE AR WRF AT, B A RERN GO BB RER . Hik, 520
% BT AT RERI RN TR TR T A RE MR TR A A S R i . R AT RE S 70 1975 P
ARTRERYZ A, DASP ARHE H AR SRR 4USTER, A3 % Materials Project A47F} 5k P &t 4 5 1)
AFATREASAN , FT ARG HIE BURE S SR PR S S0 H AR S W SR G AR, 0 H Asdt
EYIM BN, TTRERS R RE TS, RSS2 H TR B AL S B R E PEFI R A~y
PR ETE R . B AN B

o a7

DASP /[ Materials Project ${#5 % , #33% H Anib S 41 BT A W i vl e ZA , SRR 1% iy
e S5 45ME R . BN, 7745 Materials Project ${#& 22 —2( %) VASP 114524 (Materials Project (4}
H B H GGA-PBE 3¢ e BEF b)) F# A SCfF: INCAR . KPOINTS . POTCAR, POSCAR (& HIHH
FREER ), WA VASP iR HARME AP B BERTEEE  (FSLiT A 152 Y #E f 5 Materials Project
BAuE R R R E TR ) . THERE S Materials Project 34 R AR — 2, - PR S EAL 5 —
WESITE, A5 TSC/HIMEEY R4 B R relaxationl , relaxation2, static.,

e, ALEH LS ATE SRR S WIRIE BRE R B, SRAE_EId =PI 2 10 b A 55 AT AN 55
X4, WAL RERE, H0E RFCR A B RE T EI A . X — BTG
1 VASP 155 HARE S YIE SR SR A 25 AT BE, FF U2 RN GGA-PBE Xc e KL, 1 H AR
/AN TR AT R B Rt . SR H Materials Project $(fin /i, Jofiti. B, nIDAfREE., 78
IrETE EA RN, AT A2 K B2

o« b

EIXT B AR S RS — B B i 1) 4 42 AH , SR ] PREPARE #5824 (1) 55— 1) VASP 113 S 50R
A4 INCAR il POTCAR . TSC il H 3y~ ) KPOINTS . POSCAR (T HFMbEY, EHIEH
FHRAER SO X F oA, H 3l A Materials Project #(#i /4 F#%), 1A VASP EHiit & Hirfb &9
AR AAR R RE AL RE . AMPTT 8, AREL, (O HARb S B AR SR, 113 H
S TTSC/ B ARk A4AH ik S IRl 44 HSR” F “static_recale” . K5, fR#EAHT BT HARME PRI K%
HEAAHMIE NEE, BRI =W A i 4 U S0, RS e R k2 B e Ta R,
1M J5%E DEC fil DDC B H I TR b2- P A .

BT RRBTE T B AR AW B AR TR BCRERCE . TSC bt | 2hit 34 i H AR A1) energy
above hull (eV/atom) DA #5 Al BB/ FER1Z. energy above hull 7] Jl T4 H brfb &0 SR (FxXFT
AR ), HAEM Oz e e s HE N IER), kAW ARE, HABICGHORRE . iZEnT A
MArzAT, BBk, ATRAMERE B SR AR E M RS T Y el R T L.
gi%??@ﬁ%é%*@W,NCﬁﬂﬂ%%ﬂﬁ%%%%%@*:%Ezﬁﬁﬁigﬁﬁ@7E%%@
IR

TSC BHLZATRY A NS . TR MRS S, A AE 2t sc.out SUPEH, W] DAMRIE L SCHF AL 1%
B IZFIROL . BB T5E MR . BHE 2t sc. out UK BRI SEE B, JE%E DEC b
BRI 15 S -
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2.3 2.3. DEC #&h

DEC HLH ) F 2D AR 2 AR B MBI ] 1) 26—k SRR e T SR B AN BT TR I RE AN A5 BB (ML
), Xt 1990 4G4 R Bk A B — PRSI TSR SO 4 i R AR

DEC iR R dasp. in W1 P 1S 50R PREPARE i iR B IUSEH ,  H 3l 2k — R 5 B e
SRR . 2R)5, HET PREPARE BLH™ 4 1) VASP iy ASCPERI TSC b th i) e b 540 {E, DEC
R 25— PR SR VASP JT BRI RIS BT S5 F R T RT3, ARG LA T S5 i Al
ZRIRATERE A RESL, it B

TE- A5 2 1, DEC B E el dasp. in PUMASER G AR QERAH, WS~ 25,
HAE 3dec. out HSEIE HaF PIRAEE B

FARGH, WSRO R (5 B H 2] 3dec. out U, FEFLIL. T EARIEIR S BB
WHRSE, EhafT.

DEC BLBIZAT I LA R AR 7= P B . B shfd PR R 57 . AR Bk . B 3hfd s
HUBRFA TSR 55 . TR SERA RN SR FTCR A B RISORRES F ITRIRAE . il R

o VPPEERBERT A R AR A AL A DA K [RI PR S =2, DEC il f| ] PREPARE i =25 [
BB SCF POSCAR _final , RIS AR 4544 A X AR MR S 7= A A S 85 4 A7 B A 25 5 AR I Ao BB
FAE BE A o7 3 A B AT LA S ) T SR AR (R BRI B . Fr A B p= A 5E 5, DEC BiHuRf it
PREPARE bt =4 ff) INCAR. KPOINTS., POTCAR. {45 JHIAS {445 VASP #5 ASCHE, A%
ARFERE S . XA R A, Rp=ERin (B ). [ BRmifh i 2.

o AL A DEC BLBCRARYE P EBRIE 1T ISR (P PEBRE A AL (LAY SRS . AR A B F
HUBRIGE AT S H 5o T AR SR VTS R IR M S R, WIS S 2Rl LR

« AaBEAH3ATESS DEC B [ 3 VASP F1JR i o PRI B Sa i 4540 AL Fn st 38, oF
H IR IMAT 55 2 15 T AR IS FIHE dec HER, M4 dec-state B EFIAFITH
FATESIRAS, EIREMEIS. BRI, IR . IEEITE . IEESR, RIESHERS. ]
DEC #HUz 5255, T RISIRNTE A TS, P ] AEEAFH M ) B SR8 INCAR 2
B, IRHZE RS A dec HE R redo. in 0, FFEFHAT DEC k.

o JBRCHEVR TP AR T A
Ef = Eyoi(defect) = Etot(hosty + Zini(pi + Ei) + ¢(Er + Evpm) + Ecorr

;E\:':F]7 Ef %‘%i—\.ﬁ/ﬁﬁkﬁﬁa Etot(defect) %%gﬂgﬁﬁﬁa59§g§7 Etot(host) %%Ké\ﬁkﬁﬁﬁﬂaégﬁgi7
n; T A TE B AR R R AL BR B0 56 @ FROCR IR T4L (ns < 0) BB AR FEL (ni >0),
FORE @ FOCEMLES, HPOZRTE RN N E TR B (EAS % q FoRiiEEm
W (i FEE AL SR AR N IE R AS, ¢ > 0, B THRs RN 2 R EE Bk S48 Tl
WA, ¢ <0, BTHBABK), Er R TRER Ev v EASFHNTOKRGRI: Eeorr TR
R T AR ol R ORIV BR AN B 15 A A B S5 | AR TE BURE 1S TE1HL

DEC i 2 S — PR IR BB 4, AR AT A BB A ORGSR TE BLRE , IR AR
P P ERE E T A SIMABIE . X TR MECR IS B, WA ST REIE 6 .

o iR DEC BRIl 2 R4 T2 AR I 115345 2 i A5 B0 6 T2 10 R Bl 9 K RE A8 (b i [ 18, 604 dat 4%
L¥dE: pl.dat, p2.dat, ... Kpng#XME R pl.png, p2.png, ... (BFHER
TSC s h b4 523 [ U B R) . DA R e $idiE £1 . dat K& s t1l.png o iR
PE SO O Y 38 B 2R T 18 ]

A SR RS R T A, AR AR 3dec. out SUMF. MIRMPRES . AR IARER(E S, ATRAMR
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BRSO, BRSNS TSR , S 3dec. out SCHAJEAIEMSI I, 54 DDC Hibis)
R

2.4 2.4. DDC #&3R

X2 S UAP RIS R MERE UL S BT, BRIAVREE R — N ERA B4 S b, ATPAE S f AR
PEARERIGEARAN A T R T s e A R BRGNS E A EERER . T3 L, PR AEAE
ST BRI REST S S R I BE A, b, b IBRBER B RE T C R A2 I A5 A R AR PRI 2R, (T DA 5
EPERER IR LI . E RS % .

DDC #i) FHINRER , BEALLHT TSC Al DEC BRI I 2AL A 3 56 148 R A BB T U RE AN 5478 BN S5 45
R AR RS AT B ISR AR R AE A KR AR EE N oK BB . BB v EERN B Tk B

T CRHRARES) i q MBS o, HoPArS Rk TR :

n(a Q) = Nsitesgqexp[_Ef/kBT}

HorP Nites FORIRBRBETE AL AT AT RETE BRI LA B g FORIRBRIAAL TN q INAYSREESTRIF T3 By
FORGIERTEIRAE . | B JS FL SRR 2 SE M B TR . BT IR (q>0) BY S At = BRe 7 A A2
IEHATESA 32, solg* (e, @)] 5 Prailitid (q<0) 932 BB ERERATEN 3, <ol(—a) * (e, q)]
o FLPRIZS OB T VR LA ol AR S B (ZRlst) MYRIbIR P . 7SR, BoKAEZ AT AR
JHPATT H PR E -

i ng Ml po B HAME TS @Em THwE, B F=CkE:
“+oo
no = / 9(E)f(E)dE

w=| " (B - J(B))E

Hr g(E) 3oRE R ASEE, f(E) /& Fermi-Dirac 4371 BR4K .

EAAPERE FAE R TR, FERPRENE KR AR TARRE . AL, SR e s i AR R e
T, AEREE R PUHEIE A A A a] MBS T 25 AR . B s S, (02, BT R A BRI
A HURES P RERTEPRBUR K i, BREE AR () IR EERTRES FB 31l . DDC Bdrit
FES—E, B, e n A RIRETT BHORIE R PR R, AR BRSNS R B ) e L 5
BEJG, TEARM AR N FRUOR MR P A 0 R, (I R UL S M SR R BE R T A FE LARIELE
AP REROR AR, BEEAEE (BTA6ES) BBIREERE, A B i BEAR
Fermi-Dirac 7)1 BB H 011 BT i%UiiRe, W DATH I TARIREE T - A i) SR BB . R TR A
RS EH 15 B BRI R

DDC b 2 521 TSC 1 DEC BRI SE R A ) 2 EE. FARRES), HE MR IMIERF TR
ARFITARREE AT, IrA S IETER RN S . B UAR R I PR RN 00 TRk . FRARTEAT
B

 JERCREBIRI . DDC BIHUR R DEC BRI TA a2, B 308 T-%80 B S N g
REFNFE SRR SE 5, B FH B 7E S DefectParams. txt H1,
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o PORRBIL AW BIE KM P ERM RS, A BT R AR A KR A TARIRE T B3 KRR,
W FE 4dde.out Ml Fermi.dat H1,

o WRBRFNERTE VR MR TOKREGL, R WIS I A R U BE AN A S AR TR B, o A
{li Carrier.dat . Defect_charge.dat PAK png #&=CH) I8 F 3 density.png .

A RS R A AR, BRI AR 4dde. out SUF. MIRRPIRAS . SR RAREHEE, W]
ARSI I SO A 3

2.5 2.5. CDC &R

CDC #ibkis A DDC BRI REER, i REERIBIE MR, BT SR AESLMR BUAf i K S R
TR 2l e, PR TAIR ARG IO, IRt BOEBUOLE . B0 TR
SRR SR . RS SR, G A RIA TR B R AR T A . (RRsEfi)

BRI N AR EE, R 3 A KA
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CHAPTER 3

3. BINSH A

3.1 3.1. dasp.in &R

B A dasp . in PRSI PALAUT 43 L2k
e 1. fii/R3EA bool
- WRBEUGEBOE T4, HE 7450 T, WK True; HAlgR, B34 False.
o 2. FAFHREA str
- WESHEBIAMATFRT, HDA str (AT . #75ABT, RERAL R R AT AL B
+ 3. PRI int
- WERSHEBT A MATRF, HPA int PRg I AR 4 ARSI BR8N SCRE/ N
o4 FFREEEA float
- WERSHEB A M AFRF, HPA int 3 float AAXBEATALRE . iy ARS SRR A EU ML
5. FFEKA list
- WRSHOEBUR A ATAF, H LA space 3 EIR—AEEZAME. BAMEMZEESH LIV Pig—Fh.

PATR AR RH AR BRI (intrinsic defect) BBt ERY dasp.in. PAFHIZRBIHLEIERESEL, KikS
BOTHENL 3.2-3.5 77, P ATARGE S PR DL IR B S AL

#h##########AHF TJob Scheduling #############H

cluster = SLURM # (job scheduling system)

node_number = 2 # (number of node)

core_per_node = 32 # (core per node)

queue = batch # (name of queue/partition)

max_time = 24:00:00 # (maximum time for a single DFT calculation)

vasp_path_dec = /opt/vasp.5.4.4/bin/vasp_gam # (path of VASP)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std

job_name = submit_job # (name of script)

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)

(Rt
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max_Jjob = 5

FHAFAFHHHFFFAAF TSC Module #FEH##FAF#AFHFHHFHFH
database_apil = *rxxxxxkddkdkkkxxxxkk # (str-list type)

FHAFAFHHFFFA##H DEC Module #FEH####A#AFHHFHFHFH

level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)
min_atom = 190

max_atom = 240

intrinsic = T # (default: T)

correction = FNV # (default: none)

epsilon = 10.3

Eg_real = 1.45 # (experimental band gap)

FHAFAFHHFF#A#H DDC Module #HEH####AH#AFHFHHFHFH
ddc_temperature = 1000 300
ddc_mass = 0.09 0.84

3.2 3.2. EFRKEEEXRSH

3.2.1 3.2.1. cluster

cluster ZHLFRII R G4 PR, CFF PBS #l SLURM &%,
cluster W BH2E8 K str , TEEVME, 8 %S
cluster (S H0% B H:

# BRANE:LERIAE

cluster =

# PBSZ %
cluster = PBS/pbs/... # 5 #H ME KE & #PBS, ¥ 4 H M5 K

# SLURM% %
cluster = SLURM/slurm/... # 5 % {0 KB & % SLURM, ¥ K # % % #

3.2.2 3.2.2. node_number

node_number Z 53R A TH R T Sk
node_number SRR int | TLEGAE, N BiXSH.
node_number [ S5V BRI

# RAE:TRAE

node_number =
# FEH AT PR AK

TP, FEMER

node_number = 1
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3.2.3 3.2.3. core_per_node

core_per_node ZEFRINEEANTT 50 A% S
core_per_node SR E Ny int | TEEGAE, N BIESEL
core_per_node /)5 5% BBl

# BROAE L BAE
core_per_node =

#OE BTG PR KK

#AH, HEAER
core_per_node = 24

3.2.4 3.2.4. queue

queue ZHTFTRITE A IR BAS 2 5K -
queue SHEET N str , TLERINE, I BB
queue F S ELE R

#OBAE R B

queue =

#AB, BEATER
queue = normal

3.2.5 3.2.5. max_time

max_time ZHUFTR AT AL IS S KIRHR], 28 B0 I 1) > W BA S AR e 0tk 45 4

max_time WSHCRAN str , TCERIAME, I0H BXSE.
max_time [ S0 E Bl

#OBROAE L BN
max_time =

# XA AHH(H...):MM:SS, HHH >= 0, 0 <= MM < 60, 0 <= SS < 60

# R, HEAER
max_time = 24:00:00

3.2. 3.2. FRRGEEERSH
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3.2.6 3.2.6. vasp_path_dec, vasp_path_tsc
vasp_path_tsc 351357~ DASP-TSC i3 I 1Y vasp 42, vasp_path_dec %137 DASP-DEC #i
Al FI Y vasp B84
vasp_path_tsc 1 vasp_path_dec B Z325T0 0 str , TLEGAME, HWH BikSE.
vasp_path_tsc F1 vasp_path_dec Y] 500 &R Bl

# BRAE:-LBRINE
vasp_path_tsc =
vasp_path_dec =

# AR T %% T vasp

# B, BFEMTER

vasp_path_tsc = /opt/vasp5.4.4/vasp_std
vasp_path_dec = /opt/vasp5.4.4/vasp_gam

# vasp_path_dec = /opt/vasp5.4.4/vasp_std

3.2.7 3.2.7. job_name

Jjob_name ZHRIREZ VT AT 55 W I AR B 24 F
Jjob_name [ZEZETL N str ;. BRIAE K submit_job, I N A[IESEL,
Job_name WIS E R B

# BRA(E -
job_name = submit_job
# 1%’ % @J /5\ ﬂi J% Ef‘ ,ﬁi s n/n, mon mskn ”S”/ mgr, w(nm_mjw

B, FEMER
job_name = job.pbs
# job_name = job.sh

3.2.8 3.2.8. potcar_path

potcar_path ZHFR N5 G RS U POTCAR [ SCRJ 1 42
potcar_path WIS ACR str . TRERAE, o BB 5L
potcar_path S5 E R

# BRAE: L BRIAE
potcar_path =

tERRABETFAER S X frk, BAREHR

# =, FEHAEX
potcar_path = /home/POT/potpaw_PBE

TEfR: WERORZ SR IARAE, HATBAIGIRUR . BB IR AR % SR T AMEAE 2 A FI S SOk
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3.2.9 3.2.9. max_job

max_job ZHUF R THIA TR, 4 A e B A B R AT 55 4K
max_job WIZHRA y int | BRIAER S, M AFESEL.
nax_job 25010 E il

# BN -

max_job = 5

# A, HEATER
max_job = 3

3.3 3.3. TSC HHXx&#

3.3.1 3.3.1. database_api

database_api Z50 9K RS I 2500 B Materials Project 1) IR 7421 (Application Programming
Interface , API) %4, HTHBUTA TR HAMEMEE .

database_api S EEF K str, TCEGME, HH BixSE.
database_api /505 B~ B

FROAE: TRAE

database_api =

3.3.2 3.3.2. key_phases_recalc

key_phases_recale i TSC HiH R AT 15 DEC Hile— S SRGRIT 001 3 . 2518
0 False , W TSC il U Materials Project KUMPE LAURBERE, Xt ML AL
FTRAEREHINT TR AT £ DET 315

key_phases_recalc [ ZH12H10 bool |, BRIAE N True, M AR[HESEL.
key_phases_recalc {255 Bl

# BRINE -
key_phases_recalc = True

# B, REMAER
key_phases_recalc = False

3.3. 3.3. TSC HxEH 19
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3.3.3 3.3.3. excluded_phase
excluded_phase Z45 45 7 531 B ARME A YRR E E I 75 ZLHERR I 24 . AT E 24 TR B HERR I 24 A
AR ZAH A PR [ 2 tg I
excluded_phase WS4 list , AW FAFER Z BFE HZMSTF, TREME, oS4k,
excluded_phase W) 250 &7

excluded_phase =

#EH, HEAEHR
excluded_phase = Zn(Ga02)2 Zn2InGaO>b

3.3.4 3.3.4. axis_element_x

axis_element_x Z40 3% H b b AW — 4 Fa g DR B B X Rl Tt B g e E 4k 2a . 4ROt
= Ios DU TC SR R 2L

axis_element_x [ ZH2E8 Ny ste , TLEGAME, HWATESEL.
axis_element_x [ Z505 BN

# RNE: BBROAE

axis_element_x =

# AR, HEAEYR
axis_element_x =

3.3.5 3.3.5. axis_element_y

axis_element_y ZH03 7~ H b G009 — 4 Az e DA y BT W g e B Ae2e 3 . M AT =
JEEK DY TCA AR R R

axis_element_y WS HRA 0 str, TEEGAME, MWCoRTERSHL.

axis_element_y S50 B~

# BOAE: RHAME
axis_element_y =

# A, HEATER
axis_element_y = Zn
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3.3.6 3.3.6. mid_element

mid_element Z4037~ Hbrb &9 00 — e Fe0e DA Il op HAAb 3 v R AR i T 2
mid_element [ SECRAN str, TLERNE, R TTESEL
mid_element [ 25015 B~

# BOAE: TERAAE

mid_element =

# T, FEAER
mid_element = Sn

3.3.7 3.3.7. fixed_chem_potential

fixed_chem_potential Z4(F3 45 IV TEAL & P — 4K 5 DX SR P BUAL 25 B S 1 T3, 24
OO I AR A SRS 5 T3 102 Pkt JOR e X el B2 A2
B R K AT P At L

fixed_chem_porential K ZHKTNy str , BOAE: HUARFDR B Bk T2, SLALE A ST 9
FOTRRS BEIRIA Y 0. WTRE(E: TR AR BB R s (V).

fixed_chem_potential ¥ Z 501 B~

TN YIELY:

PR, REAER
fixed_chem_potential = Se:-0.2
# fixed_chem potential = Se:-0.5

3.3.8 3.3.8. plot_2d

plot_2d ZHUH8 25 0 H AR G-k i e KRR, 4 Al 0O R =0 s U oe i b
plot_2d (WS4 AN bool , T =JeelPUicp 0k, BIAEN True, HHTTES L.

plot_2d [ SR B Bil:

# BRAME
plot_2d = True (= L& W T4 4)
plot_2d = False (Z T & W Tt W L&)

oRB, AR
plot_2d = False

3.3. 3.3. TSC #HXE&H

21




DASP

3.3.9 3.3.9. plot_3d

plot_3d ZH35 2150 H AR A B =2 iR e IR . Y1 S R e SRR R
plot_3d W ZHZEHN bool , ERINECH False, M NTIES4L.
plot_3d )B4 IR

# BROA(E :
plot_3d = False

# T, FEAER
plot_3d = True

3.3.10 3.3.10. tsc_only
1sc_only ZHH8 E & A5 FRMGE 1T TSC AL AP /- #1 H Arfb S e e M. #5411 # N True,
N PR sE R B potcar_path .
tsc_only B Z 5125 HK bool , BRINE N False, I NR[IESEL.
1sc_only HI S E Rl

N

tsc_only = False

#AB, EHAEY
tsc_only = True

3.4 3.4. DEC #HXx&%#

3.4.1 3.4.1. level

level Z %37~ DASP XHA £ S fEAYIT44 7775, 1: PBE+PBE 2: PBE+HSE 3: HSE+HSE.
level ()AL int | BRINEH 1, HOAWTESEL.
level 115505 B fil:

# ZAME -
level = 1

# level = 1MW FAE R X FAPBE, Ko it &4 % FIPBE. levelsh /M K 1,28 3
#AB, EEAER

level 2 # level = 2R W R F M E ML % A PBE, H & Wi &N X HHASE
# level =
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DASP

3.4.2 3.4.2. min_atom

min_atom Z: 51T O FH R B S NE 4K
min_atom S HERAR int | BRAEN 64, BHRTBESHL.
min_atom [ S5 E R

# BN -

min_atom = 64
# num rA refined cell® WWE T8, NGHFET HEHmff min_atom <= m * num_r <= max_atom

#RB, KEAEY
min_atom = 96

3.4.3 3.4.3. max_atom

max_atom ZEF TN EE 8 0 AR ) e/ N R A
max_atom W SHZET ) int |, BRIAE N 300, HohATESE.
max_atom [F)ZH0 E R Bl

max_atom = 300

# num_rkhrefined cellM W T8, N HEAEY B HmfE min_atom <= m * num_r <= max_atom

# R, HEATER
max_atom = 96

3.4.4 3.4.4. intrinsic

intrinsic Z R 2 H TR AE GG .
intrinsic (S EEAN bool , BRIMEN T, AT ESEL.
intrinsic WS 505 E R BI:

# BRAE:

intrinsic = T
# B, FEATE Y
intrinsic = F

3.4. 3.4. DEC #HXEH# 23
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3.4.5 3.4.5. vacancy

vacancy ZHFTR RV AL 2 (LB -
BOMEH T, BEATk

vacancy [HZ5125544 bool |
vacancy W ZHEE R B:

28

# ZROAME -

vacancy

T

AT K
F

# =,

vacancy

3.4.6 3.4.6. antisite

antisite ZFR 2
antisite 1) 25125514 bool
antisite 1) 255 E R

T AL AL -
BOMEA T, MRS EL

N

antisite = T

# B, HEATER

antisite F

3.4.7 3.4.7. interstitial
interstitial ZE(FN 2
interstitial ) 2525514 bool |
interstitial [ S50 B~

VT SEAE 5] BRI -
BOMER T, AT

# BN
interstitial = T

# R, HEATEK
interstitial = F

3.4.8 3.4.8. doping

doping ZHUFN RV B LG .

doping [1B50258 % bool , BRME KN F, BAW 540,
doping {1 SR BLE TR Bil:
# BRINFE:
doping = F
# 7& ﬂ' /7T1 fi} _/33“ Lﬁj% F’E} , 1)1 fri doping = T, H %/ HE th & fﬁimpurityé} ,[AK/,(
# dOpmgj%i/%?nFé i N

(Rt

24
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#RM, REAER
doping = T

3.4.9 3.4.9. impurity

impurity ZHFRBIIITCES -
impurity [N ZHRA Ay str, TCERGAE, LN TTESE0 (2% doping = T BEAB S5 .
impurity W) S50 BRI

#OBOAME: E B

impurity =
# X Ydoping = TH A %, impurityR BEWE LA A C KA N TE 4

#ahl, BFEATEHK
impurity = H

3.4.10 3.4.10. substitution_doping

substitution_doping Z R BT EAB I BLE -
substitution_doping WS %257 H bool , BRNE A T, B ATIESEL.
substitution_doping W) Z50% BBl

# BRAE -
substitution_doping = T

# AR, HEAEYR
substitution_doping =

|
Bl

3.4.11 3.4.11. interstitial_doping

interstitial_doping Z ¥R 25 THEIB 4 B BREE -
interstitial_doping WS4 EH bool , BRIAMEN T, MoNWHESEL.
interstitial_doping F) S50 B R

# BAE
interstitial_doping

Il
—

# B, HEATER
interstitial_doping = F

3.4. 3.4. DEC #HXEH# 25
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3.4.12 3.4.12. num_inter

num_inter ZH0FR A BBREG (AAEEI54%) HIEGE .
num_inter [ ZHEA, int , BRIAMEN 6, HATIESEL.
num_inter W) S50 E R

# BRA(E -

num_inter = 6
# num_inter# %, REFEHEBRME, 2 ¥ it EE

# B, BFEMTER
num_inter = 10

3.4.13 3.4.13. inter_host_distance

inter_host_distance Z R A [R] BRI FART ,  TRIBR R -5 HA 5 19 fie /N B
inter_host_distance I Z52580 4 float , BRIAE N 1.6, M NR[IESEL.
inter_host_distance 1) S50 BB

# BRINE -
inter_host_distance = 1.6

# inter_ host_distancefl #h A, 7 4 [ [ 6 /4 & F W &
# B, FEMTER
inter_host_distance = 1.4

T W EIES A PRIl BE AL S A, 3K inter_host_distance i n[ HE 2 53— FL
TCIE R B S MBI ¥, DASP-DEC iaf7 20kl sr i Jo i i Ak 8iiaqt. BRI ™41
BRI R — A it ZE Lo Bk ], = AR RIBE 2 b S B R Bk, KR (F240%8h) Jomsi, SRk
¥ P4t DASP-DEC.,

3.4.14 3.4.14. inter_inter_distance

inter_inter_distance Z5 7R 77 BTN (8] [a] B R o
inter_inter_distance 1A Z:52570 K float | ERIAE N 0.1, B AT %ESEL.
inter_inter_distance 1) S50 B~

# BN -
inter_inter_distance = 0.1

# inter_inter_distancefd # A, F° 4 |8 R 6k % & E B
# B, FEMER
inter_inter_distance = 0.2

TEfR: WEEEPTE LSS T RIBE -l B LS A, 3k kY inter_inter_distance {f v HE & 38— N
TCEBRBIFFA S MBI T/ 00 1, DASP-DEC ia47 81t o e ik IR 8k 8id 7. M BN ™ A 1)
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B e — B B IL 5 it i, ™A RIBG A S S BRI, A RBHR (T28h) JomR;, BEEBL
¥ diatt DASP-DEC.,

3.4.15 3.4.15. correction

correction ZHLF 7N HLBRIE A BRI ROV B IE . None 7 (U LIS X 57, T AMRBE R
HUAPE IE . LZ 7 Bl i L 93X 5% +Lany-Zunger SifR AT IZIEJ7 %€ FNV 2R FNV 211
% (AR EXITT) .

correction [ EET N str, BRAE N None, N A[ESEL
correction NS H% BRI

correction = None # A 5 4 NONEB 7]

# L2f% E
correction = LZ/1z/Lz/1%

# FNVE IE
correction = FNV/fnv/... # K5 K FNVEE E B 7]

# FEWBIEFETA5EXH: Phys. Rev. B 78, 235104 (2008); Phys. Rev. Lett. 102,.
016402 (2009)

3.4.16 3.4.16. epsilon

epsilon ZAYFRR FLER G IS IE I TR RS T i E SO
epsilon {15025 80% float | TCERIME, MANTT3ES 4L, (correction = LZ 5§ FNV) B} Jybh ik 55
epsilon ) SR BRI

# RANE: RHRINE

epsilon =

# B, FEATER
epsilon = 12.6

3.4.17 3.4.17. Eg_real

Eg_real 43R SR V), JITH55 HSE AU B0 AEXX.
Eg_real (9Z4KA Y int , TEBOAE, HNTHESH.
Eg_real ) S35 Ew :

# BN THIAE
Eg_real =

# B RMNY level = 1 B A K
# Eg_real > 0, &1 &b

W, TITFRE,
FRFAEAO.25M X BB W HTE LT K

(T IUakZE)

3.4. 3.4. DEC #HXEH# 27
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#OR, EEATER
Eg_real = 5.6

3.5 3.5. DDC {#Hx&#

3.5.1 3.5.1. ddc_temperature

ddc_temperature ZHEFRATRHG A KRR TAERE, RS20 & 4
ddc_temperature ) SN list |, JTCERGNME, M BSEL
ddc_temperature W) Z 50 BRI

# BRNE: THRINE
ddc_temperature =

#ORTMMEARKEEAL1000 K, I THEE (WEERK) %300 K
ddc_temperature = 1000 300
# ddc_temperature = 1300 330

3.5.2 3.5.2. ddc_mass
ddc_mass ZHFERM BB AR RN 2 73R &, AR ZTF st B 8m A 30Uk e
xyz = AN A LA (E
ddc_mass (S EZET M list , TCERIME, BEH BESE.
ddc_mass W20 B R H):

# RANE: RHRINE

ddc_mass =

#RAIMBEETFTARREHNO.Im 0, EXAHFKEH0.9m 0
ddc_mass = 0.1 0.9

3.5.3 3.5.3. ddc_path

ddc_path Z%#R DDC W HIL 3 (42, P55 dasp.in FPEA9s— 2, ATBCE MM EUE-

ddc_mass B ZHERACN tist , BRIMEN 12, BIEGATH dasp.in WPEE—Musi%s (pl) 25 A
e % (p2) BRARHIBRBEIRIE, NPT IESHL.

ddc_mass W ZH0 E R ):

# BN
ddc_path = 1 2

# XX Mdasp.inf ZANMNF BB F2MNNFHB W HER L, RBEREH TR
ddc_path = 4 2
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cHAPTER 4

4. SN2

4.1 4.1. PREPARE & f4%a H 3C i

PREPARE 28U 47 7E dec H3R'F, PA'R>H PREPARE R H %A :

dec

— 1prepare.out
— dasp.in

— madelung

L— INCAR
L— KPOINTS

| SJ—
=
>
>

o

-

o

(

static

— INCAR

— KPOINTS

T T

B

static

— ...

[
®

-

o]

b

7

.
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4.1.1 4.1.1. INCAR

PSR VASP B8 A SCHE . AR iR 2 SO $E INCAR-relax  (BRIAJE T B 4L INCAR) |
INCAR-static (BRfEHSITER INCAR),

4.1.2 4.1.2. POSCAR

BESCE Sk VASP B B A SC . AR B He B i Y % 2 S0 poscar (] P 4R I ) POSCAR)
POSCAR_refined (X} [ refined 5 i) POSCAR ). POSCAR_nearlycube (i 1E A in) POSCAR ).,
POSCAR_final (JET(iENALEH# POSCAR).,

4.1.3 4.1.3. KPOINTS

SO A VASP 1% A SCHE . A 9% 28 S04 KPOINTS o yER: DASP 2”4 Gamma-only [
KPOINTS {4 7)) T3 2 k mif) KPOINTS SC{F.

4.1.4 4.1.4. POTCAR

WSk VASP () A SO . AT %28 SO 4G POTCAR  (ANESRA T HI ) POTCAR ). POTCAR_X
(#4% X JLE M POTCAR).

415 4.1.5. {F RHATH
HSCA R VAT 45 BB P B AR SO, FIF458 DFT H AR I

4.1.6 4.1.6. EEERVEEFE

PREPARE it 27 dec H 3¢ T 6] # madelung H R 4T B8 ELOTH, HF HEHE dasp.in 1, fF
madelung ZHEBCAVT S ITRHI LT8R AL

4.1.7 4.1.7. HSE HEHIHTEE R

¥ level=2 %, 3 , I HILE T Eg_real 24, ABIHAAE dec H3EF Ol AEXX H 3B 2401, 1
X ) INCAR HHik .

4.1.8 41.8. BREFUEMRMEITREER
Jeifs level W5, PREPARE BIHU £ AF relax F 3 R TR IS F-(r B itk

30 Chapter 4. 4. &§ilh N8B



DASP

4.1.9 4.1.9. 1prepare.out

lprepare.out UM, WEHHUEITRI A AT, DARAFBATE R MHRES, AR I
SR IE A TR DL o

4.2 4.2. TSC =R % H 34

TSC B i AAE tse SR, PATR A TSC BB H %A

tsc
— 2tsc.out
— dasp.in
— materials_info.yaml
— materials_info_recalc.yaml
— pure_phase_energy.yaml
I— key_phases_info_recalc.yaml
— A
F— relaxationl
| L— INCAR ...
— relaxation2
| L— INCAR ...
F— static
L— INCAR ...
— static_recalc
L— INCAR ...
Z A1
— static_recalc
L— INCAR ...
12
static_recalc
L— INCAR ...

T

R Eaamee

T

4.2.1 4.2.1. materials_info.yaml

materials_info.yaml Jy TSC BERIAITH — TS A4 SC1F. SCHERATR H ARk
YRR RE AR, RS ATER:

« FE : HIRMLEWHIIENAE (eV/per atom ).
o TE : HAMEEWIVEGE (eV/per atom ),
« TS+ HAirmbEWHIHRFRENE (True/False).
* chemical_potentials : HAMULEWAAITCRMMFESEE .
- <TCRAK>;
- < TCEMFEHENE (V) >
- <TLERNFEHE/MA (eV) >
* decomp : HARMbAYIE AT REH R AE .
- < KR HFE >
* direct : HAMEAWIATE N EHATER (Direct) B{E#FEAHPL (Indirect).

4.2. 4.2. TSC &Y% 34 31
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* e_above_hull : HAMEEWIRYRER SR B NI BERAY2E, HIl Energy above hull (eV/per atom ),
HASE A ARGER IR, BN (.

* gap : HIMELEWRBEI/N (eV).

* hull_points : HAMELAWIIRE KIS AR A TC R AU
* <HICELF>;

o <pl SAZITEMAFS (eV) >

o <p2 A TCEMFES (eV) >

* hull points_2d: “HERE I P A DXt S A & e R A 35 UL -
* <KICRAPE>;

 <pl HAKICRAES (eV) >

© <p2 RALKTCRAES (eV) >

* key_phases : G H b AT E T KA .
o <K RBEAAHR >
* XX_doped_key_phases: AP THEBITTRMFFH I/ KA.
o < B RBEIRTIA TR >
* key_phases_2d : AR E I & sz H il A P e e T S A .
o <K RBEAAHR >
* secondary_phases : i HARME AT E M A b 25 BB BTG 2440 .
© <HAHZFR >
o <Z4HMEfE (eV/per atom) >

o <ZRHIENAE (eV/per atom) >

4.2.2 4.2.2. materials_info_recalc.yaml

materials_info_recalc.yaml 4 TSC EHPATEE T E 540 Wit id b i S0k . % 0 4s

5 materials_info.yaml [,

4.2.3 4.2.3. pure_phase_energy.yaml

pure_phase_energy.yaml 3y TSC BEHPATE — IR ITHE -5 70 M Ik Ay H [l ) SCIF, RSk 158
—UOTRE A TE R, %R Materials Project i 77 H Hi FIU) Bl AL R A4 4 2 B R
HDIEYS

* < HFRIA PR >
- TE © ZHEBAHIYERE (eV/per atom ).
- cif : REBHIIEEHY
- id: ZEJEAHTE Materials Project 25048 22 FH Y id.
- space group : RS RIFHEE .
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X H2, 02, N2, F2, Cl2, Br2 EJUFHETA, 3R ZEIHER IE R 454 S RE R, It ia = o,

space group = null, cif = null,

4.2.4 4.2.4. key_phases_info_recalc.yaml
key_phases_info_recalc.yaml 2y TSC BHINATE T -5 40 A ip i v [l S0, i
KT BB R S A M ad R i R ) S AR R AR R
o <FMHPE>
- TE : ZtHMEEE (eV/per atom ),
- direct : JRAAMHFHUA EIEAH (Direct) siAHETER (Indirect).
- gap : FHHIABRA/N (eV).

4.2.5 4.2.5. stable_2d.out

stable_2d.out Jy TSC BHER — K BerArisf iy th SO, A2 H Sk tse/2d-figures/, sk 1 4
FE RIS A I TS BT RAC A S U RN =0 RPA ERIIR R, FEFF 2 th AT Y png 4%
A RE R, WS —Pr B g R . BRI 25 RO PR, #aCanr.

HEAE> <TEAE> <TE A
S E S A EH AE
A F B B ¥
A B < H <A F
A F S M EH A EH

4.2.6 4.2.6. stable _recalc_2d.out

stable_recalc_2d.out 2}y TSC #EHEE — I B AT 0% H e, (0T H 5% tse/2d-figures/, it
SK T YR RRE KA A AL e R A B UE. RN ER S ZOuM bR, XS
stable_2d.out M. [FEEXT =70 KA ERRR, By hAHN e png 48 =X fe e D
B, XA B b s

4.2.7 4.2.7. stable.out

stable.out 24 TSC BB —Fr Brar ik i th SC1F, 2 H 3% tse/3d-figures/, 05 T =4EF
SE RIAG I AL U U . BRI A TS RO s, BRI

T EA T EE T E L
AL E B A F B <P B
A BB <l F B <y
AL B < E B B
A E B A F B < F B
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4.2.8 4.2.8. stable_recalc.out

stable_recalc_2d.out 2}y TSC #EHEE — I B AT f B4 H e, (0T H 5% tse/3d-figures/, it
KT Z YRS KA A S e R A2 B UE. REANER S Z0UM bR, X5
stable.out .

4.2.9 4.2.9. ori_data_MP

H% ori_data_MP W8 T TSC A — i Be oA i i b SO/, AT ERA7 Ir B A4 H S50 SCm - B
Fall_cif\, M Materials Project $48 /% HR B BRS04 DataRecord_XX.pkl' ~ PLHEAB Sl BUEE A
PAEARR 8 F B & O XxX\o TH XX\ BFREH R ELAY SRR (&BAIuEAK) W, R RET
AH AL T 1R A5 4578 SO 5 4 it -

4.2.10 4.2.10. 2tsc.out

2tsc.out Jy TSC BEHPATIIEAY H G SCHF, PWARGIE L EIEHTE S50 ut i, PAK AT fE
MBI (R R . AR AT 225 B R

4.3 4.3. DEC #=iRaY% H 3%

DEC HBAER i tH 43B7E dec H3R'T, PATR A DEC HLERAY H SR -

dec

F— 3dec.out

— dasp.in

I— Formation_Energy_Intrinsic_Defect
F— p1.dat

F— p2.dat

— pl.png

— p2.png

Transition_Level Intrinsic_Defect
F— tl.dat

F— tl.png

%
S
%

T T

4.3.1 4.3.1. Formation_Energy_(Intrinsic_Defect)

WH SR EARMESIB A (PASCEIe4 52 e ) BBAE T I RE R % K BE AR L 1 o A3 . dat 4% 21 IR i B
pl.dat, p2.dat, ...Flpng#t& KR pl.png, p2.png, ... . XFT.dat A& SCE, HPRTDAE
it origin $THH- gk, HATHEIE .
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4.3.2 4.3.2. Transition_Level (Intrinsic_Defect)

B H SRS AL B A (PASCPRI 7o) BRIGROSEASREZLAY P . A4 dat A% CR JEUG K £ 1. dat Al png
HAMER t1.png o XFTdat AFA SR, P AT RAE L origin FTIT 4k, AATHIE.

4.3.3 4.3.3. 3dec.out

3dec.out X, {07 DEC BHUBITRIFTA AT, AR FISTa R R HARAS, AT ARYRE I
SCPFERZBR I TR DL . BARA St A T 225 B TR .

4.4 4.4. DDC &R a5 H 3L

DDC LB 4 i 4= H7E dde H3%'F, PATR i DDC BLERAY H SRy -

ddc

— 4ddc.out

— DefectParams.txt
— Fermi.dat

— carrier.dat

— Defect_charge.dat

4.4.1 4.4.1. DefectParams.ixt

DefectParams.txt & T DDC TR IR ASE, t4h: BF#, Nsites , WJFR1, §
Ahede, PEBBIERGE. DA ZnGeP2 SiiE-ABI, TEBITAMR Y J§ DefectParams. txt :

1000 300

0.360000 0.190000

2.067143

P_Znl 1.245078e+22 2 1.0959 1 0.7854 2 0.602 1 0.3478 2 1.3758 1 1.8193 2 1.8431 1 2.
—0373 2 3.993075 2.591475

Zn_P1 2.490156e+22 2 0.9803 1 0.4186 2 0.1979 1 x x 1.3004 1 1.6611 2 1.8974 1 2.0551.
—2 2.013776 3.415376

Ge_P1 2.490156e+22 2 0.017 1 x x x x x x 0.6089 1 1.4605 2 1.7595 1 x x 1.214661 1.
—681861

P_Gel 1.245078e+22 2 1.5928 1 0.6776 2 0.3533 1 x x 1.8788 1 2.0787 2 x x x X 2.
242467 1.775267

BATIRREANT -

# A KB E H1000 K, TR E 4300 K, B Hdasp.inx #
1000 300

#RTHAKME R0 36m_0, BRAMAKMEH0.19m_0, EH A dasp.inX
0.360000 0.190000

# B MWW IR, ¥ B Hdec/Intrinsic_Defect/host/EIGENVAL, I dec/Doping XX/host/
—EIGENVAL
2.067143
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# NEBAIRK A BG4, Nsites, g=0f 3 W F, (0/+) 8%, g=+1fH#F HF, (0/

S2+) B R, qger2E AR T, (0/3+) 8K, g3 HE T, (0/4+) R, g+ HHTF, (0/-
)R, o1 H BT, (0/2-) 8%, g=-2FFEF, (0/3-) 8%, =3 HFHEHF, (0/4-
)RR, g4 HBETF, R, WE2

# WL, WRE22HNANE THUFH AT (dasp.in¥ ) pifnp24t, #8680 B K E.
#NEWATR, B AFEITFRAE, MAREE LR AdecH T T 4 8 B o it &H
P_7Znl 1.245078e+22 2 1.0959 1 0.7854 2 0.602 1 0.3478 2 1.3758 1 1.8193 2 1.8431 1 2.
—~0373 2 3.993075 2.591475

#EE—fTRF—%, —HEFE2IFFH &

#o

SEE-NAFREFE, UNAWBETREAFMEHAE TR A<k T. Flln KT Hg=+4RBFAE, BHWE©
Sd+) BER, g=+4H B FERH Ax

Zn_P1 2.490156e+22 2 0.9803 1 0.4186 2 0.1979 1 x x 1.3004 1 1.6611 2 1.8974 1 2.0551._
—2 2.013776 3.415376

#AMNH, A Par2 qr3 gt 4R F A, B EMNBETREF AT H Mt A=
Ge_P1 2.490156e+22 2 0.017 1 x x x x x x 0.6089 1 1.4605 2 1.7595 1 x x 1.214661 1.
—681861

# AU, KT P+ =3 ¢=4F FE, BREMNMHXTEAMAFE T ERE Hx
P_Gel 1.245078e+22 2 1.5928 1 0.6776 2 0.3533 1 x x 1.8788 1 2.0787 2 x x x x 2.
242467 1.775267

AR ALY 57T DASP-TSC Hl DASP-DEC Hghi i, BV - H 5 #5435 Ui I ) A% X/ 4 Defect-
Params.txt, DASP B RRFHAUNEASCHE, FFEHETHE. SEESHIFHE TR S P g R B9, ey
ANt E HALAE, T 1.

4.4.2 4.4.2. Fermi.dat

Fermi.dat WHIIA M. H—FM (dasp.in fbady) pl B p2, HALAHRLMAL; 54
AR AT AR R BEOKRES . Horh EF=0 FRPORREN LT VBM.

4.4.3 4.4.3. Carrier.dat

Carrier.dat WA =5, 55N (daspin Hfifbazds) pl 2] p2, HAL2ARR9 LA L,
B ZAIR RIS R R (Ad) BT 2RI TR .

4.4.4 4.4.4. Defect_charge.dat

Defect_charge.dat WA LS. H—FhM (dasp.in Hi243) pl 2 p2, HAL2EHHL
PEARE: MBS B, AR5 RS S HBBEAEXT AL 2E B A IR B
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4.4.5 4.4.5. 4ddc.out

4ddc.out XfFH, {7 DDC KBTI AT, AR BTSSR A, AT AR I
SCAFAZAR A IZA RO . BARAYH 1 N 20T 225 E BB P s .
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CHAPTER D

5. [z FZH1

5.1 5.1. CdTe BYARIEERPGIT &

CdTe 2K JoHEIRFETA, BA 145 eV IWEIEH B, 1R Shockley-Queisser Bt , H LR LI
R THEIT 30% . SRIMT, T s, FRil @ G D erFEaTE, T G AR 3 1l BRI B
B, B TR T AR, I, ARG AT DA AR T, TR SR BRI AL L, P CdTe (-5 AL
L, A2t CdTe FEA R ALK ST BIBRIE M T 70 1T &

PATTITA6 A6 ] DASP B fF 155 CdTe ANE i ke ) 52l

5.1.1 5.1.1. &itE PREPARE

5.1.1.1. ##& POSCAR 5 dasp.in

M Materials Project $IE/FE P$ 3| CdTe JEffif) POSCAR 454y, T/RUITF:

Cdl Tel

1.0
4.6874446869
2.3437223434
2.3437223434

cd Te
1 1
Direct

0.000000000
0.750000000

0.0000000000 0.0000000000
4.0594461777 0.0000000000
1.3531487259 3.8272825601
0.000000000 0.000000000
0.750000000 0.750000000

REHAEA SR T IACRAT, a1 R
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CdTe 1 )5 s 2544

T VASP (LA AR AL, SUB L AR RN EBLSE I AP 9T P P8 o il

Tr dasp.in HEH ALESE

#h############ TJob Scheduling #############H

cluster = SLURM # (job scheduling system)

node_number = 2 # (number of node)

core_per_node = 52 # (core per node)

queue = batch # (name of queue/partition)

max_time = 24:00:00 # (maximum time for a single DFT calculation)

vasp_path_dec = /opt/vasp.5.4.4/bin/vasp_gam # (path of VASP)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std

job_name = submit_job # (name of script)

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
max_Jjob = 5

FHAFAFHHHFFFAAH TSC Module #HEH##H#HAH#AFHFHFHFHFH
database_apl = ****xrrrFdkkhhkrxrrk 4 (str-]list type)

FHAFAFHHHFFF##H DEC Module #HEH####A#AFHHFHFH
level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)

(FITaRER)
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(B b

)

min_atom = 190

max_atom = 240

intrinsic = T # (default: T)

correction = FNV # (default: none)
epsilon = 10.3

Eg_real = 1.45 # (experimental band gap)

#HA## A HAA##44 DDC Module #############4
ddc_temperature = 1000 300
ddc_mass = 0.09 0.84

FETRAFRS dasp. in FECA SIS BT .

cluster = SLURM

# RTEEBNNF R %K K SLURM

node_number = 2

F X TEHEANERGTE, EHMT A

core_per_node = 52

F A TEATA, £R2M . BRI TENMNERGHE, B*EA252=104%

queue = batch
# R % Kk "patch" W WAl # T . B, AR Bdasp. inZ K2, FEHRABHE/
SEBEBRAL. ¥R, K

max_time = 24:00:00 # (maximum time for a single DFT calculation)

FENERNWFTIAFERARE A 2400, THERERE,

vasp_path_dec = /opt/vasp.5.4.4/bin/vasp_gam # (path of VASP)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std
# X T TSCH it &, k A stdik B vAasP. Xt TDECH ¥ ki 5, X F gamht # vasp.

job_name = submit_job # (name of script)

tRREF WM A, @& K "submit_job", WHERE.

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
# POTCARW B £

max_Jjob = 5

#FAFFEHERNESRAK

database_api = **FxFxxxssddkkaxxsx 4 (str-list type)

# B T W FlMaterials Project H & &

level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)

# A TARME, ERAPBER U HE R T E, £ AHSEW HF A & #
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min_atom = 190
max_atom = 240

#RMAFZERWBIRARNAELI90-240MEF 2B, HREfa=b=c, alblc

intrinsic = T # (default: T)
# A KB, V.Cd V.Te Cd_Te Te_Cd Cd_i Te_i

correction = FNV # (default: none)

# MBS HBEET EXAFNE E

epsilon = 10.3
# CATely /- ¥ % %k 4 10.3

Eg_real = 1.45 # (experimental band gap)
# CdTeth L ¥ W IR (H 4 4 1.45.
—eV, DASPH R E W H R BAEXXS H, NI/ ERBREEHFTRESFT1.45 ev

ddc_temperature = 1000 300
# K EAEKIEEHN1000 kK, TIEE E #4300 K

ddc_mass = 0.09 0.84
# REETHBMERN0.09, ZXARFNEHNO.84

5.1.1.2. {& DASP =& B\

Hrd H % CdTe, 7E./CdTe/ H %N [N 47 PA_ERY POSCAR U5 dasp.in 3O, $hf7 dasp 1, HIW]
JE3)) PREPARE Bk, )5 TR IMEAE. DASP 24t 1prepare. out SUICRARFINEITH &

5.1.1.3. PREPARE Rz 1T

FEAEARRE

TR FHRYE min_atom=190 fl max_atom=240 {244, HahTFHEMWY M AL (BUREA a=b=c A
alblc), Jf45 MK POSCAR 3. PATR A CdTe JF iy sl POSCAR _nearlycube :

Cubic_cell

1.0

19.8871435472 0.0000000000 0.0000000000
0.0000000000 19.8871435472 0.0000000000
0.0000000000 0.0000000000 19.8871435472

Cd Te

108 108

Direct

0.0000000000 0.0000000000 0.0000000000
0.8333333333 1.0000000000 0.1666666666
0.8333333333 0.1666666666 1.0000000000
0.6666666666 0.1666666666 0.1666666666
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WL TR, BATATAE S 43 E) CdTe JsUE dh il Je e B/, (B2 280 DASP AR i 2 =
PIE RN

CdTe [ L5

Bifl 5 A P FAR S = AL R I SO, BT DR BT, RS IR S e 5 3 511 S A B A A EAE
. (BT Lany-Zunger f&1F)

PAEFI TR SER, W% 1prepare. out WU :

#HE######H#AHF Prepare Files module start ############

Read the structure file POSCAR you provided

Get the refined cell POSCAR_refined from POSCAR

Generate the nearlycube cell POSCAR_nearlycube from POSCAR
Generate job script through dasp.in parameters

Generate single-point KPOINTS

Generate pseudopotential file POTCAR through potcar_dir you set
Generate commonly used vasp input file INCAR

Start the madelung constant calculation

Generate the madelung calculation directory

Generate madelung calculation POSCAR

Generate madelung calculation POTCAR

Generate madelung calculation INCAR

Qi3]
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(£ 50

Generate madelung calculation KPOINTS

Generate madelung calculation job script

Job 103.host5 submitted: /home/test/CdTe/dec/madelung/static
Succeed job 103.host5: /home/test/CdTe/dec/madelung/static
The madelung constant calculation completed

The madelung constant = 2.837

HSE s #4350t 3

PR BRI P A (R S, S AEXX=0.25 Fil AEXX=0.3 ) HSE #7558, M fiARIE LR & VLR
Eg_real = 1.45 [f) AEXX {H. R, FRitHsEM)E, #IH CdTe/dec/ AEXX/H RN :

cd ./dec/AEXX
1ls
0.25 0.25880073638027207 0.3 AEXX.list

XFRIY AEXX =0.26 (REWPINI/INL) B, CdTe #BIBAFTERME R 1.45eV, K-S 5 A INCAR, [H M
lprepare.out AJPAFFIWT HE:

Start the HSE parameter AEXX calculation

Job 107.host5 submitted: /home/test/CdTe/dec/AEXX/0.25/static

Job 108.host5 submitted: /home/test/CdTe/dec/AEXX/0.3/static

Succeed job 107.host5: /home/test/CdTe/dec/AEXX/0.25/static

Succeed job 108.host5: /home/test/CdTe/dec/AEXX/0.3/static

Job 108.host5 submitted: /home/test/CdTe/dec/AEXX/0.25880073638027207/static
Succeed job 108.host5: /home/test/CdTe/dec/AEXX/0.25880073638027207/static
The HSE parameter AEXX calculation completed

The HSE parameter AEXX = 0.26

level = 2: Generate PBE relax vasp input file INCAR-relax

level = 2: Generate HSE static vasp input file INCAR-static

host #8 fa J& T2 H gtk

PREPARE L) i f5 — 2 KAl level=2 (B[l PBE fiifk) RALMEMN A MR 0 8. ALERISCeE, Ik
CdTe/dec/relax H 3 R POSCAR_final . [RFfHA]PAYE lprepare.out A PA DASP izf745 R trd, I
HIFRATT — P F A TSC Byt 5.

Start the POSCAR_nearlycube relax calculation
Generate the POSCAR_nearlycube relax directory

Job 109.host5 submitted: /home/test/CdTe/dec/relax
Succeed job 109.host5: /home/test/CdTe/dec/relax
The POSCAR_nearlycube relax calculation completed
Get the final structure POSCAR_final

HFHAFH#AHHFH#### Prepare Files module end ############

PREPARE# 3t finished, please run DASP-TSC next
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5.1.2 51.2. RNFREJFTRECEHTHE TSC
5.1.2.1. 57T TSC &tk

e b4 dasp 1 44T PREPARE idithf, 242 CdTe/dec Ht, HAEZH sH~4E
Iprepare.out Xff. FRRFIMITIEE, Lprepare. out AN AYIEBARE . #EA CdTe/dec Hik. Hiik
INCAR-relax, INCAR-static SIS U2 P47 . (P REE INCAR, DASP KR4 it H &1 INCAR
UGS

A PREPARE B 525, 013 CdTe H%, {4 dasp 2 $fT TSC Bidle. [AIFEHE, TSC Hidhads
CdTe HgH A4 M tse H K, HHESR T TSC Pt E A& T H SR A GE T H &S0
2tsc.out o SRRSO B JC T A AMERAE .

5.1.2.2. TSC ERIZITIRIE
host Zi a0y B Rkt - (55 MP A3k —30):
TSC Bkl 5 Materials Project $if4 5t & —EWHi AS4L (INCAR, KPOINTS, POTCAR) 3k

Xt P E IS AR A A AT S T 3. T, RS BB AE S MP Bl i S e T LAY . AP IR
Feh TSR0 CdTe FE VR SRBEAAN. ilad H Rl AR 2 :

cd tsc

cd CcdTe/

1s

relaxationl relaxation2 static

M CdTe/tsc/2tsc.out IR PAF FIFE FaafT H i, BIr=A4:i A S04, relaxationl. relaxation2. static, %{#E42
e N

KA AR -

TSC BLHCRHE S MP Bl i E AT 5 CdTe MISE5 K200, lid F—2 DFT 11511 CdTe #5685 MP %l
JERZRAIN B RE, FIMT T CdTe 2 RaxEm -

WiJs, FEFPR E B T8 CdTe R E MR KRB, AGIH L Cd Fl Te B, fE 2tsc.out HFHFE
BIAA A4 S

analysing the thermodynamic stability of CdTe.
key phases of CdTe are: Cd Te .

file key_phases_info_recalc.yaml generated.
analysing of CdTe is done.

host 5 ZxtazE by B feit L (PREPARE 43k #4 % 04 A4k ) -
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FER T KBS, TSC BiHus il i) PREPARE i 9241 (AEXX) 115 CdTe, Cd Fl Te [f)ELfg.
2tsc.out WH:

Job 112.host5 submitted: /home/test/CdTe/tsc/CdTe/static_recalc
Job 113.host5 submitted: /home/test/CdTe/tsc/Cd/static_recalc
Job 114.host5 submitted: /home/test/CdTe/tsc/Te/static_recalc
Succeed job 112.host5: /home/test/CdTe/tsc/CdTe/static_recalc
Succeed job 113.host5: /home/test/CdTe/tsc/Cd/static_recalc
Succeed job 114.host5: /home/test/CdTe/tsc/Te/static_recalc

e Heahit i

fdfs DFT 73 BEE, 115 CdTe I RE AL 4 Fe g X [R] . BT CdTe j2 —Jchy, TSC Bkt 2 M
PRI R, B Cd-rich 1 Te-rich, S A dasp.in:

# 7 5PoSCARY TR F — %, W& —% £cd, & % £Te

E_pure = -1.7736 -4.6974
pl = 0.0 -1.1854
p2 = -1.1854 0.0

& 2tsc.out AIAEBIREF T8 RO i -

dir '2d-figures', '3d-figures', 'ori_data MP' ready. try to read file: 'calc_list.yaml
analysing the thermodynamic stability of CdTe.
key phases of CdTe are: Cd Te .

analysing of CdTe is done.

DASP-TSC finished

X =J0PA LRI R, TSC ARt th RS e IR, RRe i DX A% o s AL A A 27 35

5.1.3 5.1.3. ERPEZ AR BEFIEE T HERITH DEC
5.1.3.1. iz1T DEC ik

1 E—S M6y 4 dasp 2 $hAT TSC BIHUR), S/ CdTe/tse A, FHAEZH ™k 2tsc. out fFs
SRR IATEE, 2tsc.out AMMMIFERARR . FTJT CdTe/dasp.in, BiALEHCWAEF HhHA -
BN TSC #EBRSE U, [015] CdTe Ha%, fiflfir4 dasp 3 $AfT DEC i, DEC R7E5E— 4 4Ll
dec%%;%gf%z}*éﬁﬁm‘ﬁ%jdﬁh CUARERIAEEH, BRI H %, PAROEAT HRESCHE 3dec.out o SERFAEF 58 MUY
] FE TG AN o
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5.1.3.2. DEC Rz 1TiRIE

FE A B )

IR dasp. in FIEYS L intrinsic = T, DEC #EHUEr~4: CdTe IARGESLFG, Bi4: i CdTe/dec/Intrinsic_Defect
TR H S, FEH TS 5AZSAEE V_Cd, V_Te, KA Cd_Te, Te_Cd, [AIBA{/GREE Cd_i, Te_i ffk
FAZEHATE Sk o ARPEXIFRIEFIWT, CdTe A& HRNAEAEIESE M Cd A1 Te J1-, P FEFERSEA TR
H—Ff

cd dec/Intrinsic_Defect/
1s
Cd_i1 Cd_Tel host Intrinsic_Defect.list Te_Cdl Te_1i V_Cdl V_Tel

[FHf, WIHE 3dec.out FHE| DEC B[R4

FH#HH##H#H##### Neutral Defect module start ##########+#

Make intrinsic defect directory Intrinsic_Defect

Generate host directory in Intrinsic_Defect

Start generating neutral vacancy defect

Generate neutral defect at: V_Cdl/initial_structure/q0
Generate neutral defect at: V_Tel/initial_structure/q0
Neutral vacancy defect generation completed

Start generating neutral intrinsic antisite defect

Generate neutral defect at: Te_Cdl/initial_structure/q0
Generate neutral defect at: Cd_Tel/initial_structure/g0
Neutral intrinsic antisite defect generation completed

Start generating neutral intrinsic interstitial defect
Generate neutral defect at: Cd_i/randoml/initial_structure/q0
Generate neutral defect at: Cd_i/random2/initial_structure/q0
Generate neutral defect at: Cd_i/random3/initial_structure/q0
Generate neutral defect at: Cd_i/randomé4/initial_structure/q0
Generate neutral defect at: Cd_i/random5/initial_structure/q0
Generate neutral defect at: Cd_i/random6/initial_structure/q0
Generate neutral defect at: Te_i/randoml/initial_structure/g0
Generate neutral defect at: Te_i/random2/initial_structure/g0
Generate neutral defect at: Te_i/random3/initial_structure/q0
Generate neutral defect at: Te_i/randomé4/initial_structure/g0
Generate neutral defect at: Te_i/random5/initial_structure/q0
Generate neutral defect at: Te_i/random6/initial_structure/q0
Neutral intrinsic interstitial defect generation completed

#H#H######### Neutral Defect module end ####H########

FTUAEE], DEC #EBH A=A T A stiE i At (q=0) Mit5 H k.

PR BTG q=0 7 AT 5

T PEBRBE B 25 S H 7 A 58 5 S . DEC BEHeRs il VASP X HC#EAT PBE bl HSE SRERYTIEE (X
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T dasp.in 1 level = 2 [N Z4L) , WA BREFFIIRIE K . ARG A 3dec. out 4. 3dec.out iy
(EPSEYEN NP

Job 245.host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/Cd_Tel/initial__
—structure/q0

Job 246.host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/Te_Cdl/initial_
—structure/g0

Job 247 .host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/V_Tel/initial_structure/
Job 248.host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/Te_i/random3/initial_
—structure/q0

Job 249.host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/Te_i/random2/initial_
—structure/q0

Failed job 245.host5: /home/test/CdTe/dec/Intrinsic_Defect/Cd_Tel/initial_structure/q0

ATPAEE] Cd_Tel AL HPPESSI AT I L T8¢, BB TR IOk SE M. (HRFETFHA ST, Tk
AREESEIIR T Cd_Te Z AMWITA VI, DI, F P I CFRMEMENE, SRART AT, (Cd_Te
BB I ) LR E R P P T o8 SR S ke ) %] VASP TR AR IR 0L, TS B

A ek IGay It R R

SRETA (I Cd_Te FIARE RS IYRIBIERRE ) AL MM SE I ), AR RHARE PR i T 455, )
WA BRPE O B ST L, AT AR JS0A A LR B 1) F SR SR, XTI B (undo, failed, not converged) B
HARBATIESAE (skip) HIBREE, 2PEFTHR. 3dec. out HHIMXAF BN IR

##4#4 4444444 Tonized Defect module start #######4#4#4

Start generating ionized defects

Warning: no EIGENVAL in /home/test/CdTe/dec/Intrinsic_Defect/Cd_Tel/initial_structure/
—g0/static, skipped this directory!

Start generating ionized defects

Ionized defect path: /home/test/CdTe/dec/Intrinsic_Defect/V_Tel/initial_structure/g+l
Tonized defect path: /home/test/CdTe/dec/Intrinsic_Defect/V_Tel/initial_structure/qg+2
Ionized defects generation completed

Start generating ionized defects

Tonized defect path: /home/test/CdTe/dec/Intrinsic_Defect/Te_i/random3/initial_
—structure/qg+1

Tonized defect path: /home/test/CdTe/dec/Intrinsic_Defect/Te_i/random3/initial_
—structure/qg+2

Tonized defect path: /home/test/CdTe/dec/Intrinsic_Defect/Te_i/random3/initial_
—structure/g+3

Tonized defect path: /home/test/CdTe/dec/Intrinsic_Defect/Te_i/random3/initial_
—structure/qg+4

REFR T BB SR TR R, R PR -

CdTe FYHRI BRI L -
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R R B ETG q20 93T HAE S

Ry HLBRIA I 2540 S H B SR = A 52 B . DEC #EHURR ] VASP XJ 47 PBE ik fl HSE BEERGITE (%)
T dasp.in 1 level = 2 SHL), WA BRGERFRITAILL 3.2.2 3K . 3dec. out HHHH MG E AT Brs :

#HEFF###FHFH## AutoRun — Ionized Defect module start ########H#H###
Job 693.host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/V_Tel/initial_structure/

—qt2

Job 694 .host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/V_Tel/initial_structure/
—qgtl

Job 695.host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/Te_i/random3/initial_
—structure/q+2

Job 696.host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/Te_i/random3/initial_
—structure/qg+1

Job 700.host5 submitted: /home/test/CdTe/dec/Intrinsic_Defect/Te_i/random3/initial_
—structure/qg+4

Succeed job 694.host5: /home/test/CdTe/dec/Intrinsic_Defect/V_Tel/initial_structure/
—qgtl

Succeed job 693.host5: /home/test/CdTe/dec/Intrinsic_Defect/V_Tel/initial_structure/
—qgt2

A W B a0 15T

FrA A REE (B Cd_Te) i85, DEC BRI FNV BIE (M4 dasp. in 11 correction =
mw%%ﬁg#ﬂ%ﬂﬂ%%&%ﬂ%@%ﬂoﬁﬁﬂﬁ%mﬁw@ﬁiﬁ%&%%E%ﬁﬁ,%E%ﬁ
3dec.out :

The formation energy (neutral) of V_Tel at pl is 1.684321
The formation energy (neutral) of V_Tel at p2 is 2.869721

The FNV correction (q = 2) E_correct = 0.279795 eV
The transition level (0/2+) above VBM: 1.2429
The FNV correction (q = 1) E_correct = 0.087991 eV

(FIUaRE:)
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The transition level (0/+) above VBM: 1.2833

JI A B TE L RE L AR RER P 45, AC SRAE AP H S R 1Y) defect . Log SCfH,

Hr b R e B %

AR &P T, B2 H IR &M Cd_Te $fE I Ba BT H . Mok :

1. #R¥E VASP ByR4E (5 H, & 2478 %% /home/test/CdTe/dec/Intrinsic_Defect/Cd_Tel/initial_structure/q0 H 3% F A
INCAR 4.

2. 3] dec H3%, H@—"14% K redo.in 3, RIS
A/home/test/CdTe/dec/Intrinsic_Defect/Cd_Te1/initial_structure/q0,

3. [0 CdTe H3%, FHRMEA 4 dasp 3 $47 DEC fidk. FEv2 HaHIMC &5 s, R
redo. in BT IZGRIE .

4. DEC fbitfe2s B Er X Cd_Te SFEMH PRI FERFE TR, TR EIERE.

)5, DEC MM IE 51 CdTe ZEPI ML AR R BREETERE, B Sk th BREETEARE v.s. SeRAEGLM
BIR. AR R

@so 1 () — Com
4.2+ — Teca

= Vre1
— Te,-3

—_—— 3!8

> i — Tej

d 34 — Ten

S — Cd,‘3

o 2.6t —— Cdis

GC) 26 [ Cdil

c — Cd,’5

° i —— Cdjs

-‘g 14 18' — VCdl

S

LC

0.2t 1.0t
—1.0E - 0.2E . . : .
0.0 O. 3 O 6 O. 9 1. 2 0.0 0.3 0.6 09 1.2

Fermi level (eV) Fermi level (eV)

CdTe 7t (a) & Cd#1 (b) & Te WG TE M AERE T K RES AL AL .
CdTe FiBRIEHEAS RES

50 Chapter 5. 5. i



DASP

— 241+

L4 - - o 1 — 1+/0
12t —_ —_— — e 1 —— 2+/0
> — —_— 0/1-
— 1.0} |
3 _ —_ —_—1-2-
0.8} |
g —
206 |
2 I J—
S04t —]
=

0.2+ ]

0.0 Valence band

Cdre1 Tecar Vrer Tez Teis Ten Cdiz Cdis Cda Cdis Cdis Ve

5.1.4 5.1.4. BREG/REFITE KEER T HE DDC
5.1.4.1. 51T DDC ik

£ DEC BHUTR e s, 115 CdTe Ho%, (iflar4 dasp 4 4T DDC B, SFRpIRITCHR WOt .

5.1.4.2. DDC EHiaITiHR
DDC KB 1 SEF A DEC BB th 45 R FIBTIRLE SR IE DT RS, HIFX LA R 47 % Bk
DDC yit%. KiJa A ST A- 8 e aee . FAZReg. WA TEER. HIramEdnle, SA

DefectParams.txt X{Ed,

Ik DDC Rk FEF H it 4ddc. out ¢

#H#####AFA### Collecting information from DEC ############

Read defect types from DEC calculation successfully.

Defects considered in DDC calculation: ['Cd_Tel', 'Te_Cdl', 'V_Tel', 'Te_i-3', 'Te_i-4
-', 'Te_i-1', 'Cd_i-3', 'Cd_i-4', 'Cd_i-1', 'Cd_i-5', 'Cd_i-6', 'v_Cdl']

Chemical potentials change from pl to p2.

Calculate gg for defect in each charge state.

Calculate Nsites for Cd_Tel: 1.373114e+22 cm”-3.

Calculate Nsites for Te_Cdl: 1.373114e+22 cm”-3.

Calculate Nsites for V_Tel: 1.373114e+22 cm”-3.

Calculate Nsites for Te_i-3: 9.154092e+21 cm”-3.
Calculate Nsites for Te_i-4: 9.154092e+21 cm”-3.
Calculate Nsites for Te_i-1: 9.154092e+21 cm”-3.
Calculate Nsites for Cd_i-3: 9.154092e+21 cm”-3.
Calculate Nsites for Cd_i-4: 9.154092e+21 cm”-3.
Calculate Nsites for Cd_i-1: 9.154092e+21 cm”"-3.
Calculate Nsites for Cd_i-5: 9.154092e+21 cm”-3.
Calculate Nsites for Cd_i-6: 9.154092e+21 cm”-3.
(N TTARED)
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Calculate Nsites for V_Cdl: 1.373114e+22 cm”-3.
#H########## Collecting information from DEC ############

I/ DefectParams.txt {f:

1000 300

0.090000 0.840000

1.454001

Cd_Tel 1.373114e+22 1 1.3094 2 1.2726 1 X X X X X X X X X X X X 2.230998 4.601798
Te_Cdl 1.373114e+22 1 0.4662 2 0.6708 1 0.3386 2 0.1484 1 x x X X X X X X 4.243870 1.
—873070

V_Tel 1.373114e+22 1 1.2833 2 1.2429 1 x X X X X X X X X X X x 1.684321 2.869721
Te_i-3 9.154092e+21 1 0.4786 2 0.153 1 0.1435 2 0.012 1 X x X X X X X X 2.743050 1.
557650

Te_i-4 9.154092e+21 1 1.3461 2 1.1335 1 0.6062 2 0.4609 1 x x x Xx X X x x 5.154681 3.
—969281

Te_i-1 9.154092e+21 1 0.432 2 0.1299 1 0.0022 2 -0.0831 1 x x X X X X X X 2.740914 1.
—555514

Cd_i-3 9.154092e+21 1 1.2677 2 1.2331 1 0.7237 2 0.4498 1 x x X X Xx x x x 1.506642 2.
692042

Cd_i-4 9.154092e+21 1 1.2641 2 1.2314 1 0.7192 2 0.4466 1 x X X X X x x x 1.505396 2.
—690796

Cd_i-1 9.154092e+21 1 1.0881 2 1.0171 1 0.5865 2 0.3569 1 x x Xx X X X X x 1.626088 2.
811488

Cd_i-5 9.154092e+21 1 1.2629 2 1.2301 1 0.7187 2 0.4461 1 x X X X X x x x 1.493426 2.
678826

Cd_i-6 9.154092e+21 1 1.2629 2 1.2301 1 0.7187 2 0.4461 1 x X X X X x x x 1.493426 2.
—678826

V_Cdl 1.373114e+22 1 0.0676 2 0.0115 1 -0.0427 2 -0.0964 1 0.1918 2 0.2742 1 0.7753 2.
—1.0413 1 3.819933 2.634533

ARIBET AbT

DDC #iHerE T=1000 K (ddc_temperature = 1000 300 ) # MBS I e RERI G TR FZ, FFARYEHE it
[GRERERN. (57 &N/ 8

TARRET A&t

DDC #ibAE T=300 K (ddc_temperature = 1000 300 ) FI A5 B 7011 D EREA AN S HOWEE, FFARSEHE Atk
FSURERNERERN (/¢ e

Hir o BT R

DDC & ¥t ¥F CdTe/dde H 5% F, #i WA X 4: Fermi.dat Carrier.dat Defect_charge.dat
density.png . ZHIRHAANFPAERKIRERE, density.png FERNT:

AR 300 K, TAEREE 300 K I, CdTe HYSARRESL . B T BEMIBRIGE IR L e 27 iy Ae 4L .
AR 600 K, TARIRE 300 K i, CdTe HYSRAKRESL . BT BEMIBRIE G 2 I3 iy Ae AL .
AAHRE N 1000 K, AR 300 K i, CdTe [ 9KAESL . BT BERIBRIE R S Rl A2 5224k -
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5.2 5.2. HfO2 A {EEPEitE

HFO2 2HEEM R MLHLIE, Al Ta gy 2RI T4k, HrRMgR R A%katk, o
e K. HIO2 Bk AT RE WA RE YR . A MR, DI, ARZETHA HEO2 Ay ik

HEL

fEr ) DASP 3X — @i, T RARS 2 FBAE R s M S T R T ST, ) HEO2 v i) s R T AL ] 5
HANRE AR Z B AR

PATN IR R 1 ] DASP RS HEO2 ANIE s BRIy S50 -

5.2.1 5.2.1. #&itE PREPARE
5.2.1.1. & POSCAR 5 dasp.in

M Materials Project i3] HIO2 #) POSCAR X4, T/RUIF:

Hf4 08
1.00000000000000
5.0652456351012756
0.0000000000000000
-0.0006123763055649

0.0000000000000000
5.1942160710694010
0.0000000000000000

-0.8648023964655065
0.0000000000000000
5.3264852554835196

Hf (0]
4 8
Direct
0.7239198560286844 0.5430528338948646 0.2919471319794364
0.2760801439713155 0.0430528338948647 0.2080528680205637
0.2760801439713155 0.4569471661051352 0.7080528680205705
0.7239198560286844 0.9569471661051354 0.7919471319794295
0.5514108623083260 0.2575137054162841 0.0226462276199697
0.4485891376916739 0.7575137054162840 0.4773537723800304
0.4485891376916739 0.7424862945837160 0.9773537723800304
0.5514108623083260 0.2424862945837159 0.5226462276199696
0.9317881306845183 0.6693565882783469 0.6530354073676818
0.0682118693154819 0.1693565882783468 0.8469645926323182
0.0682118693154819 0.3306434117216532 0.3469645926323183
0.9317881306845183 0.8306434117216531 0.1530354073676817
R HAHA SRR, A s .

HFO2 (4 (R4 .

] VASP (RALI S AR AL, s e R s R BN PCRE SR (6 . AP IR ) T3l 58 1

1£ dasp.in 5 ANESE
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#H#####AF##A#H# Job Scheduling #############H#

cluster = PBS # (job scheduling system)

node_number = 1 # (number of node)

core_per_node = 96 # (core per node)

queue = batch # (name of queue/partition)

max_time = 24:00:00 # (maximum time for a single DFT calculation)

vasp_path_dec = /opt/vasp.5.4.4/bin/vasp_gam # (path of VASP)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std

job_name = submit_job # (name of script)
potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
max_job = 5

#HAFAAFAHHHAAFF TSC Module ##H#H#HFHFH##H#F##FHH
database_apl = ****rrrrFkkhakrrrir g (str-]list type)

#H#####A###H#H#H#H DEC Module #############H#
level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)
min_atom = 96

max_atom = 96
intrinsic = T # (default: T)
correction = FNV # (default: none)

epsilon = 10.3
Eg_real = 1.45 # (experimental band gap)

#HAFAAFAHFFAH#HF DDC Module ##H#H#HFH###F#F##FHH
ddc_temperature = 800 300

Qi3]
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ddc_mass = 2.95 2.99

AKX dasp. in HETA SIS BAEAT I

cluster = PBS

# R ERNNF R S K PBS

node_number = 1

# X TEHEANERGUE, ERHINMT R

core_per_node = 96

#ATENE A, GRACAR. EhATENERB NS, %5 EA196=068

queue = batch
# T%Jﬂ%ﬁ"batch"éwk@z& THH. B, #R BEdasp. inBZ B Za, FEHARLE/
BB EWRT 4. N

max_time = 24:00:00 # (maximum time for a single DFT calculation)

#FENERWHEIAFHRANE 2400, THEERE,

vasp_path_dec = /opt/vasp.5.4.4/bin/vasp_gam # (path of VASP)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std
# T TSCH &, % F stdik #hvasp, Xt TDECH B k& &, % F gamma-only R # VASP,

job_name = submit_job # (name of script)

*RRXEF WM A, @& K "submit_job", WHERE.

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
# POTCARW B £

max_Jjob = 5

#FAFFEHERNESRAK

database_api = **FxFxxxssdkkaxxxx 4 (str-list type)

# J T i Al Materials Project ¥ E &

level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE level=3: HSE+HSE)

# XX TRME, EAPBERAE R THLE, £ AASEHH LKLk

min_atom = 96
max_atom = 96

# BNBFELERBBEIEANN9INE T, HREFa=b=c, alblc

intrinsic = T # (default: T)
# FE A RKAES W, V.Hf V.O HF._O O_Hf Hf i O_1i

correction = FNV # (default: None)

# W HE B WG IEF EKAFNVE E
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epsilon = 21.6
# HFO2W - ¥ K H21.6

Eg_real = 5.68 # (experimental band gap)
# HEO2H) L Ho o [R AL 4 4 5. 68
—eV, DASPH R E W HE W KAExxS K, NTEHLGBREBGFRMESE TS5.68 ev

ddc_temperature = 1000 300
# REEKIEE H1000 K, TR E H300 K

ddc_mass = 2.95 2.99
P REBETHARREN2.95, ERAKXAEH2.99

5.2.1.2. (& DASP =404 A\ 30

gt H sk HEO2, FE./HEO2/ H sk NI HE % 4 LA_E Y POSCAR U5 dasp. in X, $ifTdasp 1, RIA[
JAZ)) PREPARE i8IS TofRHSMEIE. DASP 24l 1prepare. out HEFIEFIZEITHE-

5.2.1.3. PREPARE & {TiH =

FEAAR:

SRR AR min_atom=96 il max_atom=96 FUZHL, [ TFHEMMI % (EULREE azb=c FL
alblc), FH#HABHIM POSCAR 4. PAF A HFO2 45448l POSCAR _nearlycube :

Cubic_cell

1.0

10.2770806222 0.0000000000 0.0000000000
0.0000000000 10.3884321420 0.0000000000
-1.7940733247 0.0000000000 10.5008134501

Hf O

32 64

Direct

0.3619599280 0.2715264169 0.1459735659
0.1380400719 0.0215264169 0.1040264340
0.1380400719 0.2284735830 0.3540264340
0.3619599280 0.4784735830 0.3959735659

REHAEA S T RACHAT:, AR TR o

DASP 7/ 1 HEO2 i ML Fr) i (AR 2574 o
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W AR e R R R A AR SO, DT PR RO TR, R I A AT 55 409 208 S5 AL ART Y AR AT ELA
A

PAEPIAATE S, FIMEE lprepare. out KIHIHHAIT:

#H#FAHHA#H### Prepare Files module start ###########4#

Read the structure file POSCAR you provided

Get the refined cell POSCAR_refined from POSCAR

Generate the nearlycube cell POSCAR_nearlycube from POSCAR
Generate job script through dasp.in parameters

Generate single-point KPOINTS

Generate pseudopotential file POTCAR through potcar_dir you set
Generate commonly used vasp input file INCAR

Start the madelung constant calculation

Generate the madelung calculation directory

Generate madelung calculation POSCAR

Generate madelung calculation POTCAR

Generate madelung calculation INCAR

Generate madelung calculation KPOINTS

Generate madelung calculation job script

Job 103.host5 submitted: /home/fudan/Hf02/dec/madelung/static
Succeed job 103.host5: /home/fudan/Hf02/dec/madelung/static
The madelung constant calculation completed

The madelung constant = 2.841

HSE 33 A0t 5

TP BRI P AR (A SO, e AEXX=0.25 Fil AEXX=0.3 1) HSE #2518, AT AR S A 20 a2 DD

Eg real = 5.68 ] AEXX i, # AEXX=0.25 5 AEXX=0.3 I#7 Bl 51 B S48, WAL TE4: AEXX
T, BeAbwliE AEXX=0.25 I 2 AT BRE R — A6 F. Wk, fRTEsesE, w0 HfO2/dec/AEXX/ H s N
Wr:

cd ./dec/AEXX
1s
0.25 AEXX.list

XRWY AEXX =025 (FREWA/INEL) I, HEO2 BRI BE N 5.68 eV, KSH5 A INCAR. [N
Iprepare.out AIDAFREUIT HE:

Start the HSE parameter AEXX calculation

Job 107.host5 submitted: /home/fudan/Hf02/dec/AEXX/0.25/static
Succeed job 107.host5: /home/fudan/Hf02/dec/REXX/0.25/static
The HSE parameter AEXX calculation completed

The HSE parameter AEXX = 0.25

level = 2: Generate PBE relax vasp input file INCAR-relax
level = 2: Generate HSE static vasp input file INCAR-static

host #RaJ7 T 45 H a4tk AL
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PREPARE MU i Ji— 5 KA level=2 (B[l PBE fiifk) RAGEMIN A MR TFO0E, HF4E dec HRE R =k
AR SO POSCAR_final o Ak iTA] I, HFO2/dec/relax H 3. [AlHHA] AYE 1prepare. out AJDA
DASP JZT45 KR, HIRERAT N — T2 TSC By

Start the POSCAR_nearlycube relax calculation
Generate the POSCAR_nearlycube relax directory

Job 110.host5 submitted: /home/fudan/Hf02/dec/relax
Succeed job 110.host5: /home/fudan/Hf02/dec/relax
The POSCAR_nearlycube relax calculation completed
Get the final structure POSCAR_final

#H#FAHHF##H### Prepare Files module end ############

DASP-PREPARE finished, please run DASP-TSC next

5.2.2 5.2.2. BAFRWEMFIATRAFHEIHHE TSC
5.2.2.1. 57T TSC &tk

TE_b— 4 dasp 1 447 PREPARE (bR}, 24 p HfO2/dec H 5%, eI H b=
Iprepare.out (. FRFETFIITRE, Iprepare.out HMMNMTERIRE. #EA HfO2/dec H%.
A INCAR-relax, INCAR-static SCPFH IS EETATH). (P A& INCAR, DASP RHRYE I H S
INCAR i J5 2211154

ffiiN PREPARE Bibesg 5, %] HFO2 H3%, i1 4 dasp 2 047 TSC Bk, [FI#EHL, TSC BiHeqE
HfO2 H &P A 4% ok tse i H %, B 7 TSC R Em  , SIESTE H A s 4T H etk
2tsc.out o ERFRESE BN R JCRR B/ R .

5.2.2.2. TSC BIZITIRE
host 5 #84 F Ak (5 MP A3 MR F—%):
TSC HHURH#i 5 Materials Project $fESEE 8 AS% (INCAR, KPOINTS, POTCAR) 3

X P E B SRS M A AT T 3. T, RS BB RS MP B0 S BB W] ELRY . AP IR
el T AREI 0 HEO2 FRUE MY SRBEAA . o H SR AE 2 :

cd tsc

cd HfO2/

1s

relaxationl relaxation2 static

M HEO2/tsc/2tsc.out H 0] PLEFIFE 7Y T H &, BIF=A-% A (4. relaxation], relaxation2, static. {HEHE
HEZT B

KA AR F T -
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TSC BLBLRHE S MP Jfii i BT 5 HEO2 MIZE4 %I, iliid DFT 145 HFO2 [ 5L AE-5 MP Kl ik
HHRERE, FIWTH HEO2 J2 Raxeif.

Bt %%F?j%gi)ﬁTﬁ%ﬂrﬂ HFO2 e Mife RN, ARG U8 HE Ml O2 BAJiR . fE 2tsc.out Hii]
BRI RHEE:

analysing the thermodynamic stability of HfO2.
key phases of HfO2 are: Hf 02

file key_phases_info_recalc.yaml generated.
analysing of Hf0O2 is done.

host 5 ZeAnzs #hty ¥ ftit b (PREPARE 483 # € 04 545 ) -

TERAE KA 5, TSC BiHefs i il PREPARE 8 2 241 (AEXX) 15 HfO2, Hf fl O2 F)ERE.
2tsc.out WIF:

Job 182.host5 submitted: /home/test/Hf02/tsc/Hf0O2/static_recalc
Job 183.host5 submitted: /home/test/Hf02/tsc/Hf/static_recalc
Job 184 .host5 submitted: /home/test/Hf02/tsc/02/static_recalc
Succeed job 182.host5: /home/test/Hf02/tsc/Hf02/static_recalc
Succeed job 183.host5: /home/test/Hf02/tsc/Hf/static_recalc
Succeed job 184.host5: /home/test/Hf02/tsc/02/static_recalc

o2 e i 5

M4 DFT 115308, 1155 HEO2 (I i RE Ak g IX /] . BT HFO2 J& —JTiy, TSC B4 2 Mk
P SE, B Hf-rich 1 O-rich, H A dasp.in:

# W JF G Poscar® TR F — %, W% — % &ar, ¥ Z % &0

E_pure = —11.1092 -8.2689
pl = 0.0 -5.8748
p2 = -11.7496 0.0

1E 2tsc.out HJAFR IR FHAT5E LR H i

dir '2d-figures', '3d-figures', 'ori_data_ MP' ready. try to read file: 'calc_list.yaml
analysing the thermodynamic stability of HfO2.

key phases of Hf02 are: Hf 02

analysing of Hf02 is done.

DASP-TSC finished
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XFF=JCPA BRI R, TSC TRt fi AR IR, RRe i DX A% o AL O A 27 35

5.2.3 5.2.3. fRPEF R REFIR T RELR T H DEC
5.2.3.1. 5517 DEC #itk

1E E— B iy dasp 2 $hAT TSC LU, 4 HFO2/tse Hg, FFAEZH ™4 2tsc. out (. %
FFREFIATSERE, 2tsc.out AAMISEMARE . FTIF HfO2/dasp.in, HiiAfb223Cuefr HfA .
BN TSC #EERSE U, 115 HEO2 H 5%, (il dasp 3 $147 DEC ik, DEC #iR&AEH PO A4
dwaﬁiﬁiﬁﬁﬁ%iﬁ7@%ﬂ%%%,ﬂ%ﬁﬁ,%&Eﬁﬁ%iﬁ&mammo%%%?%ﬁ%
B TE A B MR

5.2.3.2. DEC Rz 1TiRIE

FE A B e

R dasp. in FIAYS L intrinsic = T, DEC FiHUE: =4 HFO2 ASTESRFE, Bl A il HFO2/dec/Intrinsic_Defect
TR H S, LT 2 0fa V_HE, V_O, Jefvdkfa Hf_O, O_Hf, [APRfiskfE H i, O_i EkEALS
FFTE 5% ARPEXTFRIEFIWT, HEO2 fidg A EAEIESF ) HE J51, EAEEMAARSENT) O i1, It
V_O, Hf_O §f@EBI& AW, V_Hf, O_Hf SLfEHZCH—F, Hf_i, O_i fyEfEiZEiam i rmAS
R E

cd dec/Intrinsic_Defect/
1ls
Hf i Hf 01 Hf_02 host Intrinsic_Defect.list O_Hf1 0_1i V_Hf1 V_01 V_02

REFR I R Y it AR SR A R TR, IR IR

5

DASP j/E ] HFO2 FFR 7 BRI 5 HA o

[AlINf, WIAE 3dec. out FH| DEC FHLA 4 i 4 h :

#H###H####H#H## Neutral Defect module start ########H#H###

Make intrinsic defect directory Intrinsic_Defect
Generate host directory in Intrinsic_Defect

Start generating neutral vacancy defect

Generate neutral defect at: V_Hfl/initial_structure/q0
Generate neutral defect at: V_O1/initial_structure/q0
Generate neutral defect at: V_02/initial_structure/q0
Neutral vacancy defect generation completed

Start generating neutral intrinsic antisite defect
Generate neutral defect at: O_Hfl/initial_structure/q0
Generate neutral defect at: Hf_Ol1/initial_structure/q0
Generate neutral defect at: Hf_02/initial_structure/q0

(Rt
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Neutral intrinsic antisite defect generation completed

Start generating neutral intrinsic interstitial defect
Generate neutral defect at: Hf_i/randoml/initial_structure/q0
Generate neutral defect at: Hf_i/random2/initial_structure/q0
Generate neutral defect at: Hf_i/random3/initial_structure/q0
Generate neutral defect at: Hf_i/randomé4/initial_structure/q0
Generate neutral defect at: Hf_i/random5/initial_structure/q0
Generate neutral defect at: Hf_i/random6/initial_structure/q0
Generate neutral defect at: O_i/randoml/initial_structure/q0
Generate neutral defect at: O_i/random2/initial_structure/q0
Generate neutral defect at: O_i/random3/initial_structure/q0
Generate neutral defect at: O_i/random4/initial_structure/q0
Generate neutral defect at: O_i/random5/initial_structure/q0
Generate neutral defect at: O_i/random6/initial_structure/q0
Neutral intrinsic interstitial defect generation completed

#HA##FFFH#### Neutral Defect module end ######H#H#H#H###

FIPAE R, DEC B H i -4 T A shig s 1t (q=0) T H %,

RE BTG q=0 i+ 15

PR BRI 5 H KL F 7 5505 . DEC M I VASP Xf L7 PBE A HSE 2 A3 (it
T dasp.in fHtlevel =2 (Z41) , WA IRERIF A . WHERA A 3dec. out 3. 3dec.out H1)
AH AR AR s -

Job 198.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/V_02/initial_structure/g0
Job 200.host5 submitted: /data/HfO02/dec/Intrinsic_Defect/V_01/initial_structure/g0
Job 202.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/O_Hfl/initial_structure/g0
Job 204 .host5 submitted: /data/Hf02/dec/Intrinsic_Defect/Hf_0l1/initial_structure/qg0
Job 206.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/Hf_i/random5/initial_
—structure/q0

Succeed job 202.host5: /data/Hf02/dec/Intrinsic_Defect/O_Hfl/initial_structure/q0
Succeed job 198.host5: /data/Hf02/dec/Intrinsic_Defect/V_02/initial_structure/q0
Failed job 204.host5: /data/Hf0O2/dec/Intrinsic_Defect/Hf_0Ol1/initial_structure/q0
Succeed job 206.host5: /data/Hf02/dec/Intrinsic_Defect/Hf_i/random5/initial_structure/

AIPAFE] HE_O1 (i PR AT B T R e, S EOTRICIRSE M. (RS pily, Tk
ARLESERFR T HE_O1 ZAMWRNA T3, B, P Bum CsR Mo sede, SR pharoe el . (Hf_O1
BB ) ) R TERE TP T 58 SR IS Al ) 3B %) VASP IR AR ARG, 5% 1 IR,

A b ER TGyt B
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SR (I HE_O1 FIRE RS RO BRERE ) M AP IR S 2 J5 AR ARIE T MRk A TR R, )
WA SPGB ST L, AT AR JOA A LR B 1Y) F SR SR, XTI B (undo, failed, not converged) B
HARBATIESAA (skip) HIBEE, 2PEFTHRR. 3dec. out HHIMXAFEANN IR

FHAFH#AHHFH##H## Tonized Defect module start ######H#HF##H#H#

Start generating ionized defects

Ionized defect path: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/qg+l
Tonized defect path: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/g+2
Ionized defect path: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/qg+3
Ionized defect path: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/qg+4
Ionized defects generation completed

Start generating ionized defects

Tonized defect path: /data/Hf02/dec/Intrinsic_Defect/V_02/initial_structure/g-2
Tonized defect path: /data/Hf0O2/dec/Intrinsic_Defect/V_02/initial_structure/g-1
Tonized defect path: /data/Hf02/dec/Intrinsic_Defect/V_02/initial_structure/g+l
Tonized defect path: /data/Hf02/dec/Intrinsic_Defect/V_02/initial_structure/g+2
Ionized defects generation completed

Warning: static calculation undo in /data/Hf0O2/dec/Intrinsic_Defect/Hf_0O1/initial_
—structure/q0/static, skipped generate ionized defect

The static calculation of /data/HfO2/dec/Intrinsic_Defect/Hf_i/random5/initial_
—structure/q0/static is skipped, skip ionized defect generation

R EBEBNG q20 Wit FAE %

T LR R 2 S H S A Se RS, DEC BEHeRii ] VASP X FCiEFT PBE Lkl HSE SRERYTIEE (X
T dasp.in # level =2 {Z4), B BRIGAFEFFIITA L 3.2.2 BT K. 3dec. out HHYMR(E BT IR

#H#H######### AutoRun - Ionized Defect module start ############

Job 259.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/g+4
Job 261.host5 submitted: /data/Hf0O2/dec/Intrinsic_Defect/Hf_02/initial_structure/g+l
Job 263.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/g+3
Job 265.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/g+2
Job 267.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/V_02/initial_structure/g+l

Succeed job 259.host5: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/g+4
Succeed job 261.host5: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/qg+l
Succeed job 263.host5: /data/HfO2/dec/Intrinsic_Defect/Hf_02/initial_structure/q+3
Succeed job 267.host5: /data/Hf02/dec/Intrinsic_Defect/V_02/initial_structure/g+1l
Succeed job 265.host5: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/q+2

T+ A b B Fa g5 E

FrA A LG (B HE_O1 FIRERR MM BihfE ) BTt 5 G . DEC BEHURTE ENV B IE  (HR4E
dasp.in " correction = FNV f34%) , T3 HEG R BERM LA e . T2 aiitH 4% (undo, failed,
not converged ) BH AMATIREETE (skip) MUBRIERIIRES (B, BENMBE SO & I B ATE AL RE A HL 1AL
{H, #BCFAE 3dec. out Hi:
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The formation energy (neutral) of Hf_02 at pl is 5.339603
The formation energy (neutral) of Hf_02 at p2 is 22.964003

The FNV correction (q = 4) E_correct = 1.80575 eV
The transition level (0/4+) above VBM: 3.9438

The FNV correction (g = 1) E_correct = 0.159401 eV
The transition level (0/+) above VBM: 4.7144

The FNV correction (g = 3) E_correct = 1.02256 eV
The transition level (0/3+) above VBM: 4.2496

The FNV correction (q = 2) E_correct = 0.502853 eV

The transition level (0/2+) above VBM: 4.4441

The static calculation of /data/HfO2/dec/Intrinsic_Defect/O_i/random4/initial_
—structure/q0/static is skipped, skip formation energy calculation

Warning: calculation undo in /data/HfO2/dec/Intrinsic_Defect/Hf_0O1/initial_structure/
—q0/static, skipped calculate formation energy

BT A BTE BB RIS BRI R, BARICRAEAS A H % T ) defect . log SUfFH.

Hy T Ae B

IR C & AT, (gt HaRATA B HE_O1 SIS a w5 . M T
1. /4% VASP d 455 5, & 2418 4%& /home/test/HfO2/dec/Intrinsic_Defect/Hf _O1/initial_structure/q0 H 5% H ¥
INCAR &%,

2. 013 dec H3g, #if—1 40 redo.in W3, fEHEE
A/home/test/HfO2/dec/Intrinsic_Defect/Hf _O1/initial_structure/q0,

3. [a1%) Hf_O1 H3g, PR A4 dasp 3 $4T DEC £, FIF & B KT 25wyt
redo.in i%ﬁﬁ‘%i%ﬁkﬁfé o
4. DEC oy B Erxf HE_O1 SRPAM AT i sk A 5, TR EmIE e

I )7, DEC BUA I FrA 1R 5 19 HEO2 FERI MU - S RIS TR IRRE, A St SFE T EE v.s. PookAE
AR N E TR

HfO2 7 pl &b (Hf-rich) FBREETE IS RERE 9% K BEZL AL .
HfO2 7t p2 4b (O-rich) AYBRIETE IS RERE 9% K BEZR IO 1L o

L 2 A B P B PR T R

HFO2 2% B[ e AL REZR -
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5.2.4 5.2.4. RPEREFITKAERTH DDC
5.2.4.1. ;&7 DDC #k

1t DEC BB se s, 015 HfO2 H3%, (il dasp 4 47 DDC Bk, Sl TLFasMRIE .

5.2.4.2. DDC EHIETTiH

BIGRARIL S -

DDC HLb 5 G DEC BB th 5 R I WTRL BRI 2T RSE e, HIFIX LA i 4= 7% ik
DDC {15, FiJG s T4 8iakm th e ee . FALRed . WFHT8ER. HIramEdIHlE, SA

DefectParams.txt X{d,

Jﬂﬁj\] DDC 7{‘%@%5@&? El s 4ddc.out :

HFHA#H##R##### Collecting information from DEC ############

Read defect types from DEC calculation successfully.

Defects considered in DDC calculation: ['Hf_O2', 'v_o2', 'v_o1', 'O_Hf1', 'Hf O1'",
—'Hf_i-1', 'Hf_i-3', 'Hf_i-2', 'V_Hf1', 'O_i-1', '0_1i-3', '0_i-2"]
Chemical potentials change from pl to p2.

Calculate gg for defect in each charge state.

Calculate Nsites for Hf 02: 5.708701e+22 cm”-3.

Calculate Nsites for V_02: 5.708701e+22 cm”-3.

Calculate Nsites for V_0Ol1l: 5.708701e+22 cm”-3.

Calculate Nsites for O_Hfl: 2.854350e+22 cm”-3.

Calculate Nsites for Hf _0Ol1l: 5.708701e+22 cm”-3.

Calculate Nsites for Hf_i-1: 2.854350e+22 cm”-3.

Calculate Nsites for Hf i-3: 2.854350e+22 cm”-3.

Calculate Nsites for Hf_i-2: 2.854350e+22 cm”-3.

Calculate Nsites for V_Hfl: 2.854350e+22 cm”-3.

Calculate Nsites for O_i-1: 2.854350e+22 cm”-3.

Calculate Nsites for O_i-3: 2.854350e+22 cm”-3.

Calculate Nsites for O_i-2: 2.854350e+22 cm”-3.

#FH########## Collecting information from DEC ############

Itk DefectParams.txt

800 300

2.950000 2.990000

5.611337

Hf_02 5.708701e+22 1 4.714 2 4.444 1 4.25 2 3.944 1 x x x x x x x x 5.340000 22.964000
V_02 5.708701e+22 1 4.089 2 3.835 1 x x x x 5.621 2 5.558 1 x x x x 1.106000 6.981000
V_01 5.708701e+22 1 3.652 2 3.477 1 x x x x 5.539 2 5.542 1 x x x x 0.986000 6.861000
O_Hf1 2.854350e+22 1 0.79 2 0.557 1 x x x x 0.374 2 1.022 1 1.689 2 1.841 1 22.704000-

—5.080000
Hf_01 5.708701e+22 1 4.646 2 4.631 1 4.517 2 4.296 1 x x X Xx X Xx X X 6.205000 23.
—830000

@3
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Hf_i-1 2.854350e+22 1 4.964 2 4.622 1 4.407 2 4.125 1 5.194 2 5.326 1 x x x x 5.
—601000 17.351000

Hf_i-3 2.854350e+22 1 4.914 2 4.608 1 4.423 2 4.135 1 x x x x X X X x 5.544000 17.
294000

Hf _1-2 2.854350e+22 1 4.974 2 4.632 1 4.415 2 4.131 1 5.194 2 5.326 1 x x x x 5.
—614000 17.364000

V_Hf1l 2.854350e+22 1 x x x x x x x x 0.606 2 0.751 1 0.944 2 1.18 1 18.743000 6.994000
O_i-1 2.854350e+22 1 2.09 2 1.17 1 0.784 2 x x 1.697 2 1.831 1 x x x x 8.596000 2.
722000

O_i-3 2.854350e+22 1 2.093 2 1.374 1 0.814 2 x x 1.675 2 1.824 1 x x x x 8.606000 2.
731000

O_i-2 2.854350e+22 1 2.095 2 1.153 1 0.791 2 x x 1.674 2 1.825 1 x x x x 8.606000 2.
731000

ARIBET BbT

DDC BEHAE T=800 K A 5 5 HARRE v FERI BRI THRIL, I A L b 2 L RS oR REZRL
TARBET A6t

DDC AR T=300 K {5 FHT 70113 6 AR S A B FEARE L 2% PR PR IR SR AR 2R REZ
Hr o B G L

DDC #idfE HfO2/dde HRF, #il =0 ke o Fermi . dat , #5 TWE X4 carrier.dat
, BRPAMRESCMF Defect_charge.dat . HJffi ] Origin i &l. th4h, DDC Bidksx H SR = Sofkm E
74 density.png . R EIFTR -

A KRR 300K B, HFO2 M pl (Hf-rich) F| p2 (O-rich)
KRN 550K 1, HFO2 M pl (Hf-rich) #| p2 (O-rich) )
H KRN 800K I, HFO2 M pl (Hf-rich) F| p2 (O-rich) f)

POKRESR . BOR TR, BRAEIREE.
PORBES . B TIRIE . BREARE.
PORBES . B TWE . BREERE

5.3 5.3. H $&Z Ga203 py&kpgit=

Ga203 J&— P i Ay, KRB R n BSRPEMEDEAEIEE, FE TR mas . s i i o
SR K BHBE R ) T TR P AR R 2501 B B e =i B By B {L
&XBgﬁﬁ%%E%%%%%%%Fﬁﬁﬂﬁnﬂ%%ﬁ7ﬁ%%ﬁﬁ%ﬁ,ﬁﬁﬁﬁ%ﬂ%%%ﬁﬂ%
HIREMITEI .

fEi Bl DASP #fF, a] DA MEAE I A BB AN A M SREA T R GERT TS, 95 Ga203 1Y sk TR IAIB 2R AL
i, S P [A] HK

5.3.1 5.3.1. £%&itE PREPARE
5.3.1.1. & POSCAR 5 dasp.in

M Materials Project $#RE 35| Ga203 1% POSCAR {4, ERIF:

Ga8 012
1.0
12.2299995422 0.0000000000 0.0000000000

(FItakgs)
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(8 7))
0.0000000000 3.0399999619 0.0000000000
-1.3736609922 0.0000000000 5.6349851545
Ga 0O

8 12

Direct
0.158409998 0.500000000 0.314081997
0.341589987 0.000000000 0.685917974
0.089878000 0.000000000 0.794761002
0.410122007 0.500000000 0.205238998
0.658410013 0.000000000 0.314081997
0.841589987 0.500000000 0.685917974
0.589878023 0.500000000 0.794761002
0.910121977 0.000000000 0.205238998
0.495896995 0.000000000 0.256491005
0.004103000 0.500000000 0.743508995
0.173598006 0.000000000 0.564293981
0.326402009 0.500000000 0.435705990
0.336497009 0.500000000 0.891047001
0.163503006 0.000000000 0.108952999
0.995896995 0.500000000 0.256491005
0.504103005 0.000000000 0.743508995
0.673597991 0.500000000 0.564293981
0.826402009 0.000000000 0.435705990
0.836497009 0.000000000 0.891047001
0.663502991 0.500000000 0.108952999

5 AT R, B R .

Ga203 [ b iR 45H4 o

1) VASP ARACH AR AL, BUE SO AR BN T DERCSL e . b BRG H F F3h5e i

1t dasp.in 15 ALESEL

#H###A A HFFA#A Tob Scheduling ##############

cluster = SLURM # (job scheduling system)

node_number = 4 # (number of node)

core_per_node = 52 # (core per node)

queue = batch # (name of queue/partition)

max_time = 24:00:00 # (maximum time for a single DFT calculation)

vasp_path_dec = /opt/vasp.5.4.4/bin/vasp_gam # (path of VASP)

vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std

job_name = submit_job # (name of script)

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)

max_Jjob = 5

FHAFFAHHFAHA#H TSC Module #######H#H##H#F#H

database_apil = *rxxxxxddddkkakxxxkk ¢ (str-list type)

(Foaksh)
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#HEFAAAAAFFAFHF DEC Module ########F####HH

level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)
min_atom = 200

max_atom = 250

intrinsic = F # (default: T)

doping = T # (default: F)

impurity = H
correction = FNV # (default: none)
epsilon = 10.8

Eg_real = 4.9 # (experimental band gap)

#H#########F##H#H DDC Module ##############
ddc_temperature = 1124 300
ddc_mass = 0.23 2.90

ERANEXS dasp. in HETA SIS BT .

cluster = SLURM
# RTEAGEH G KT R S A SLURM

node_number = 4

A TEHENMNERGITH, ERINT R
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core_per_node = 52

FRATEANTE, ERMHE. BUSTENERGI T, BEEHI52=208¥

queue = batch
#Tﬁ"iJﬂ%ﬁ"batch"é’JW\ﬁlz&'ﬁﬁ H, #% BEdasp.inB B 2w, FEHARLE/
BB EHRIAZ. X

max_time = 24:00:00 # (maximum time for a single DFT calculation)

FENEBOAERT AR AR B 24w, THEERE.

vasp_path_dec = /opt/vasp.5.4.4/bin/vasp_gam # (path of VASP)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std
# Xt T TSCH it &, X A stdi W VvASP. Xt TDECH ¥ k&t &, X Agamhi # VASP,

job_name = submit_job # (name of script)

RXEHBMA, &% K "submit_job", THEKE.

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
# POTCARW B 7

max_Jjob = 5

#FAFFEHERNESRAK

database_api = **FxFxxxsskkkxxxxk 4 (str-list type)

# J T i Al Materials Project ¥ 1E &

level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)

# A TRME, EAPBER MR FME, £ AHSEW HF A & #

min_atom = 200
max_atom = 250

#ERMAFLERGBBE R T KK 200-2501, HREHa=b=—c, alblc

intrinsic = F # (default: T)

# R A RAE B T

# (default: F)

impurity = H
# BEETLE, FAB LB BHE Ga HO H 1

correction = FNV # (default: none)

# R B HEET EXANE E

epsilon = 10.8
# Ga203Wi /- & % &K K 10.8

Eg_real = 4.9 # (experimental band gap)
# Ga203Hy LI W R ME A H 4. 92
—eV, DASPY R B A HAExxL %, NTEB LG BEREMEGFIRMESE T4.9 ev
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ddc_temperature = 1000 300
# REAKIEE H1000 K, T K A300 K

ddc_mass = 0.23 4.21
# REBERTFERFER0.23, BREXFE H4.21

5.3.1.2. { ) DASP P4 B

Hiid H 5% doping-Ga203, 1./doping-Ga203/ H 35 P[] % & A |11y POSCAR U5 dasp. in 30, AT
dasp 1, RJH[jH2h PREPARE #b, WJGToH#isMENE. DASP &4t 1prepare . out PHERF M
FrH&.

5.3.1.2. PREPARE &Rz {72

JE AR

TR FHRYE min_atom=200 fl max_atom=250 {&4%, HahTFHEMWY M AL (HUREM a=b=c H
alblc), F#HHEHK POSCAR 4. PAF A Ga203 541K 48l POSCAR_nearlycube :

Cubic_cell

1.0

18.9887859181 0.0000000000 0.0000000000
-1.4600617135 9.0023673390 0.0000000000
0.7906182108 0.1282275357 14.7068652328

Ga O

96 144

Direct

0.1256845017 0.0418948339 0.5327255075
0.3743154982 0.2914384994 0.4672744924
0.2212487535 0.2404162511 0.3686292617
0.2787512464 0.0929170821 0.6313707382
0.8756845017 0.1252281672 0.2827255075
0.1243154982 0.0414384994 0.2172744924

REHAHEA SR T TRRACHAT, AnET TR o

DASP j£ 1] Ga203 FEH 1 il R 25 o

[

M Aot

=

5

WE A e R AR S A BRI SO, AT ER PR RSO AR, TR SRfads A LA 55 309 208 5 AL Amp Y AR AT LA
M. (T Lany-Zunger &1F)

PAEPIHAT 52, AIMEE 1prepare. out KFIHHUIT
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#HA#FFHHHFF## Prepare Files module start ############

Read the structure file POSCAR you provided

Get the refined cell POSCAR_refined from POSCAR

Generate the nearlycube cell POSCAR_nearlycube from POSCAR

Generate job script through dasp.in parameters

Generate single-point KPOINTS

Generate pseudopotential file POTCAR through potcar_dir you set

Generate commonly used vasp input file INCAR

Start the madelung constant calculation

Generate the madelung calculation directory

Generate madelung calculation POSCAR

Generate madelung calculation POTCAR

Generate madelung calculation INCAR

Generate madelung calculation KPOINTS

Generate madelung calculation job script

Job 503.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/dec/madelung/static
Succeed job 503.host5: /data2/home/chensy/zzn/doping-Ga203/dec/madelung/static
The madelung constant calculation completed

The madelung constant = 2.411

HSE 33 %4t 5

TP R AR = A B I SO RSB AEXX=0.25 il AEXX=0.3 ¥J HSE #2571, A AR S 245808 i PLiD
Eg_real = 4.9 1) AEXX {H, #r AEXX=0.25 5 AEXX=0.3 W IH 5% BESE—8, NWASHETGE%: AEXX
. B, FRTR5ERUG, WL doping-Ga203/dec/ AEXX/H SR N AN T :

cd ./dec/AEXX
1s
0.25 0.3 0.3292780889291405 AEXX.list

XM AEXX = 0.33 (PR WAL/ B, Ga203 ML BRE N 4.9 eV, K255 A INCAR. [F]ATA
lprepare.out AJPAFFWI N HZE:

Start the HSE parameter AEXX calculation

Job 507.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/dec/AEXX/0.25/static
Succeed job 507.host5: /data2/home/chensy/zzn/doping-Ga203/dec/AEXX/0.25/static
Job 508.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/dec/AEXX/0.3/static
Succeed job 508.hostb5: /data2/home/chensy/zzn/doping-Ga203/dec/AEXX/0.3/static
Job 509.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/dec/AEXX/0.
—3292780889291405/static

Succeed job 509.host5: /data2/home/chensy/zzn/doping-Ga203/dec/AEXX/0.
<+3292780889291405/static

The HSE parameter AEXX calculation completed

The HSE parameter AEXX = 0.33

level = 2: Generate PBE relax vasp input file INCAR-relax

level = 2: Generate HSE static vasp input file INCAR-static

host #RaJR T 15 H gtk Ak
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PREPARE Uiy 5 — 5 KAl level=2 (K[ PBE {ifk.) RALEMIP A R0 8, H7E dec HE R4 i
LI ZER SCF POSCAR_final o flifkiT44m] I, doping-Ga203/dec/relax H 3. [A]HH AT PATE
Iprepare.out AJPA DASP izfT45 ARG, H5IRFRATF— 20752 TSC B it 5.

Start the POSCAR_nearlycube relax calculation

Generate the POSCAR_nearlycube relax directory

Job 510.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/dec/relax
Succeed job 510.host5: /data2/home/chensy/zzn/doping-Ga203/dec/relax
The POSCAR_nearlycube relax calculation completed

Get the final structure POSCAR_final

#H#FAHHF##H### Prepare Files module end ############

DASP-PREPARE finished, please run DASP-TSC next

5.3.2 5.3.2. AN FREMFITRMACFHIHH TSC
5.3.2.1. 57T TSC &tk

TE b2 w4 dasp 1 $447 PREPARE f5iepf, 24 il doping-Ga203/dec H 3%, 1 H &4
lprepare.out . EHEFIITREE, lprepare.out G NI B A E . #EA doping-Ga203/dec H
k. HiiA INCAR-relax, INCAR-static SC{HHSEZTITTH. (P {Ze INCAR, DASP REAR$E I H 5
) INCAR U J5 £ 11 1155

ffi\ PREPARE BBt 5E 5, W15 doping-Ga203 Hsk, i fir4 dasp 2 $447 TSC f5idk. [FIFFEHE, TSC ik
£7F doping-Ga203 H s AE R4 N tse B H %, HHEsk T TSC BRIt L, S8 1HE H A Gz
FTHRESF 2tsc.out o SERFART 58 UN R IO R ASMELE

5.3.2.2. TSC BERIZITIRIE
host 5 #84 F Ak (5 MP A3 MR F—%):
TSC HHURH#i 5 Materials Project $fESEE 8 AS% (INCAR, KPOINTS, POTCAR) 3

X P E B R A M A AN T 3. IR, RS BB RS MP B0 S BB W] LAY . AP IR
Fe N T RIS Ga203 FE TERY) SRBEAM . alid H T AR #]

cd tsc

cd Ga203/

1s

relaxationl relaxation2 static

M doping-Ga203/tsc/2tsc.out 7] DAF BRI isfT H&s, BIy=4%y AU, relaxationl . relaxation2. static.
BRI

KA AR F T -
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TSC BEHLRHE T MP Jlla LA 5 Ga203 MIST4 9240, iad DFT 1153/ Ga203 (45 fE5 MP Xdls i
ZRHAMERE, HIBTIH Ga203 J2 A

WS, FEFREE 30T 2 IR AR H B Ga203 FUE M X BRI, ARGy H A GaHO2, 7% 2tsc.out
HT FA R B

analysing the thermodynamic stability of Ga203.

The stability of Ga203 is: True.

key phases of Ga203 are: Ga 02

key phases of H doped Ga203 are: H2 GaHO2

analysing of Ga203 is done.

sub-module of tsc: 'auto thermodynamic calculation' ends successfully.

host 5 ZeAatE by B heit S (PREPARE 483k #4 % 04 4% ) -

TERE KA )G, TSC 5l i} PREPARE i £ 19248 (AEXX) 1% Ga203, GaHO2, H2 [
fE. 2tsc.out YF:

Job 520.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/tsc/GaHO2/static_recalc
Job 521.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/tsc/H2/static_recalc
Succeed job 520.host5: /data2/home/chensy/zzn/doping-Ga203/tsc/GaHO2/static_recalc
Succeed job 521.host5: /data2/home/chensy/zzn/doping-Ga203/tsc/H2/static_recalc

o2 e i 5

M4 DFT 11531 SR8, T1HE52% H 1) Ga203 B ek 2E 35 4e0E X E) . BT Ga203 J& —JTiy, TSC L
B 2 MMb2Enis S 8, BP Ga-rich #I1 O-rich, B A dasp.in:

# W ¥ 5PosCARY TR M JF — %, WH —FlRca, #_Fl R0, F=FRBETEH
E_pure = -4.1294 -9.4157 1.0503

pl = 0.0 -3.72 -4.9467

p2 = -5.5801 0.0 -6.8066

1E 2tsc.out HJAFR IR FHAT5E LR H i

dir '2d-figures', '3d-figures', 'ori_data MP' ready. analysing the thermodynamic.
—stability of Ga203.

The stability of Ga203 is: True.

key phases of Ga203 are: Ga 02

key phases of H doped Ga203 are: H2 GaHO2

analysing of Ga203 is done.

sub-module of tsc: 'auto thermodynamic calculation' ends successfully.

DASP-TSC finished
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XFF=JCPA BRI R, TSC TRt fi AR IR, RRe i DX A% o AL O A 27 35

5.3.3 5.3.3. TRPEM R REFIR T RELR T H DEC
5.3.3.1. 5517 DEC #itk

1E b 4 dasp 2 ST TSC #EHe, 23425 doping-Ga203/tsc H 3%, IFAEIZHEH 4 2tsc.out
SO SERFREFIATIERE, 2tsc. out HHNASERATRE . $TFF doping-Ga203/dasp.in, HiiAfbAHE ML T
HalHA

TN TSC BIHSE RS, 115 doping-Ga203 H 3%, fli 14 dasp 3 $447 DEC fidk. DEC i fes—4 0
ZH R dec H Sk PRSI AH SO, BFEEALEH, BFEE SR, PAMGETT H &S 3dec. out o R
J- 52 IR Fo TR A A MEAE

5.3.3.2. DEC Rz {TiRIE

2 Q10K

MR dasp. in HF1HZ%L doping = T Al impurity = H, DEC #HUR =4 Ga203 #5874 H [5G, BIA I
doping-Ga203/dec/Doping_H 1154 H 5%, #EH N4> A B ALEE H_Ga, H_O, [alBAEREE H_i iBLE S5
FH K. ARPEXTFREFIWNT, Ga203 gk HAFHEPIFI RSN Ga J7 1, (HAFE =AM O JiF, it
H_Ga a4 WA, H_O SLREMZA =R, H_i (BEARECRE B P A S B2 .

cd dec/Doping_H/
1s
Doping_H.list H_Gal H_Ga2 H_i H_01 H_02 H_03 host

REFR I R Y it AR SR A R TR, IR IR

DASP /L {4582 H 1) Ga203 [ H - SR FE S5 -

[AlINf, WIAE 3dec. out FH| DEC FHLA 4 i 4 h :

#H###H####H#H## Neutral Defect module start ########H#H###

Make doping defect directory Doping_ H

Generate host directory in Doping_H

Start generating neutral doping_H antisite defect

Generate neutral defect at: H_Gal/initial_structure/q0
Generate neutral defect at: H_Ga2/initial_structure/q0
Generate neutral defect at: H_Ol1/initial_structure/q0
Generate neutral defect at: H_0O2/initial_structure/q0
Generate neutral defect at: H_03/initial_structure/q0
Neutral doping_H substitution defect generation completed
Start generating neutral doping_H interstitial defect
Generate neutral defect at: H_i/randoml/initial_structure/q0
Generate neutral defect at: H_i/random2/initial_structure/q0

(Rt
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Generate neutral defect at: H_i/random3/initial_structure/q0
Generate neutral defect at: H_i/random4/initial_structure/q0
Generate neutral defect at: H_i/random5/initial_structure/q0
Generate neutral defect at: H_i/random6/initial_structure/q0
Neutral doping_H interstitial defect generation completed

#H##H#H#H#H#H#H#H#HF Neutral Defect module end #####H#HFHFHFH#HH

FTPAE ], DEC #EBHE A4 T A stig it (q=0) M5 H %,

TR BTG q=0 71 F1E 5%

b PR BA I 250 B Fe H PR 525 S, DEC BRI T VASP X #H47 PBE 4L H1 HSE S BERYTHE (%)
VT dasp.in "t level =2 (S:45) , WA TRERTRIEK . WFEREG A 3dec. out (. 3dec.out H1H)
H AR BT R -

Job 598.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_Gal/initial_structure/
—q0

Job 600.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_Ga2/initial_structure/
_‘qO

Job 602.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_01/initial_structure/qg0
Job 604.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_02/initial_structure/q0
Job 606.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_03/initial_structure/qg0

Succeed job 602.host5: /data2/home/chensy/zzn/doping-Ga203/H_01/initial_structure/q0
Succeed job 600.host5: /data2/home/chensy/zzn/doping-Ga203/H_Ga2/initial_structure/qg0
Succeed job 598.hostb5: /data2/home/chensy/zzn/doping-Ga203/H_Gal/initial_structure/q0
Succeed job 604.host5: /data2/home/chensy/zzn/doping-Ga203/H_02/initial_structure/q0
Succeed job 606.host5: /data2/home/chensy/zzn/doping-Ga203/H_03/initial_structure/q0

Ve A AR RC

SR (BRBER R AOBIBRGEE ) PR se M2 )T, R T R BRFE AT TSR EE R FI A B
RIS R, AT A AT LR B ) H 5% B2 SCF . P53 484% (undo, failed, not converged) s AiEfT
JREETHL (skip) MYBRRE, SUEFTHR7R. 3dec. out WA AR BN TR R -

FHE#H##FH##### Tonized Defect module start ##H####H######

Start generating ionized defects

Tonized defect path: /data2/home/chensy/zzn/doping-Ga203/H_01/initial_structure/g+l
Ionized defect path: /data2/home/chensy/zzn/doping-Ga203/H_0O1/initial_structure/g+2
Tonized defect path: /data2/home/chensy/zzn/doping-Ga203/H_Ol1/initial_structure/g+3
Tonized defect path: /data2/home/chensy/zzn/doping-Ga203/H_01/initial_structure/qg+4
Ionized defects generation completed

(Rt
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Start generating ionized defects

Tonized defect path: /data2/home/chensy/zzn/doping-Ga203/H_02/initial_structure/g+l
Ionized defect path: /data2/home/chensy/zzn/doping-Ga203/H_02/initial_structure/g+2
Ionized defect path: /data2/home/chensy/zzn/doping-Ga203/H_02/initial_structure/qg+3
Tonized defect path: /data2/home/chensy/zzn/doping-Ga203/H_02/initial_structure/qg+4
Ionized defects generation completed

The static calculation of /data2/home/chensy/zzn/doping-Ga203/H_i/random3/initial_
—structure/q0/static is skipped, skip ionized defect generation

PR L &G q=0 093+ FAE 5

T LRI 5 S L H 7 A 52 RS, DEC BEHeRsifi il VASP X HC#EAT PBE Lkl HSE SRERYTTEE (X
T dasp.in H level =2 24, BUAPBRAGSEFEIITAI L 3.2.2 BT K . 3dec. out HHYAXAEEANTN R

#HAFH#A#HHF###HF AutoRun — Ionized Defect module start ##########H#H#

Job 659.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_Ol1/initial_structure/
—qt2

Job 661 .host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_Ol1/initial_structure/
—gtl

Job 663.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_0Ol1/initial_structure/
—qgt+3

Job 665.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_01/initial_structure/qg-
-1

Job 667.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_02/initial_structure/
—gt2

Succeed job 659.host5: /data2/home/chensy/zzn/doping-Ga203/H_01/initial_structure/g+2
Succeed job 661.host5: /data2/home/chensy/zzn/doping-Ga203/H_0O1/initial_structure/g+l
Succeed job 663.host5: /data2/home/chensy/zzn/doping-Ga203/H_0O1/initial_structure/q+3
Succeed job 665.host5: /data2/home/chensy/zzn/doping-Ga203/H_01/initial_structure/g-1
Succeed job 667.host5: /data2/home/chensy/zzn/doping-Ga203/H_02/initial_structure/g+2

A b B L 0905 IE

B WG (BRAE R R I FBRERE ) M55 Us , DEC Bk NV ZIE (R4 dasp. in it
correction = FNV (&%), i1 HHEATE R AEMEL AL REH . BT 2 HiiTH 4% (undo, failed, not
converged) BXF AIATIFETE (skip) MIEIAMIRETFE, MBS SHEIESRIE AN B AASUE,
HRICSRAE 3dec. out H:

The formation energy (neutral) of H_0l1 at pl is 1.84 eV
The formation energy (neutral) of H_Ol at p2 is 7.42 eV
The FNV correction (g = 2) E_correct = -0.247 eV

The transition level (0/2+) above VBM: 2.627 eV
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The FNV correction (g = 1) E_correct = 0.082 eV
The transition level (0/+) above VBM: 4.818 eV
The FNV correction (q = 3) E_correct = -0.075 eV
The transition level (0/3+) above VBM: 1.739 eV
The FNV correction (g = -1) E_correct = -0.056 eV
The transition level (-/0) above VBM: 4.769 eV

The static calculation of /data2/home/chensy/zzn/doping-Ga203/dec/Doping_H/H_i/
—random3/initial_structure/q0/static is skipped, skip formation energy calculation

BT A BT BN AS BRI R, BRI RAEAS A H S T ) defect . log SUIFH.

Hr b R e B 1%

fJi . DEC B I Fr A B 1E L5 19 Ga203 FEPTME S5 p kI TE MARE , B sl i SRIETEIMEE v.s. 2K
BB R AR E PR

Bk HIY) Ga203 7 pl 4 (Ga-rich) sl BRERE 28 K RESLYAE 1L .
£ HiYy Ga203 7E p2 4t (O-rich) HYBRRETE M AERE 2 K REZL AL 1K -

I th £ 414 B A R B . T R P

B2k H 1Y) Ga203 25 e AR REDL -

D

5.3.4 5.3.4. EREEREFITL KEERITHE DDC
5.3.4.1. ;51T DDC &k

£ DEC BT8R 5E /5, 813 doping-Ga203 H >k, fliJlfin4 dasp 4 44T DDC fidk. S5R7UIE] Joqh #i oM
.
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Conduction band 24/1+

T 1+/0
0/1-
3+/1+
1-/2-
2+/0

D
T

w
T
!

Transition level (eV)
N

=

T I

Hoi Ho2 Hgai Heaz Hoz Hiz Ha His

5.3.4.2. DDC BT HR

T SN

DDC #5551 DEC BB i th 458 FIWTIR LB 2T TS 5E e, P SE B il o 4= 30525 [ ok
DDC (it BEJG FZh T4 S5 TR IRARE . Feaefedt. SR Ta8E . KT MBS, SA

DefectParams.txt X{Ed,

>k DDC #ie 7 H i 4dde. out :

#HE#######AF Collecting information from DEC ############
Read defect types from DEC calculation successfully.
Defects considered in DDC calculation: ['H_O1', 'H_02', '"H_Gal', 'H_Ga2', 'H_O3', '"H_
—~i-2', 'H_i-1', 'H_i-5'"]

Chemical potentials change from pl to p2.

Calculate gg for defect in each charge state.

Calculate Nsites for H_0Ol1l: 5.727808e+22 cm”-3.

Calculate Nsites for H_02: 5.727808e+22 cm™-3.

Calculate Nsites for H_Gal: 3.818539e+22 cm”-3.

Calculate Nsites for H_Ga2: 3.818539e+22 cm”-3.

Calculate Nsites for H_03: 5.727808e+22 cm™-3.

Calculate Nsites for H_i-2: 3.182116e+22 cm”—-3.

Calculate Nsites for H_i-1: 3.182116e+22 cm”-3.

Calculate Nsites for H_i-5: 3.182116e+22 cm”—-3.
#FHAFH#AHHFH##H## Collecting information from DEC ############
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Ik DefectParams.txt

1000 300

0.230000 4.210000

4.836382

H_01 5.727808e+22 2 4.818 1 2.627 2 1.739 1 x x 4.769 1 x x x x x x 1.840000 7.420000
H_02 5.727808e+22 2 4.812 1 2.461 2 1.811 1 1.36 2 4.768 1 x x x x x x 1.942000 7.
—522000

H_Gal 3.818539%9e+22 1 0.466 2 0.373 1 0.332 2 0.336 1 1.41 2 1.647 1 2.779 2 3.312 1 8.
—045000 4.325000

H_Ga2 3.81853%9e+22 1 0.857 2 0.756 1 0.571 2 0.374 1 2.307 2 2.163 1 3.112 2 3.554 1.
—6.993000 3.272000

H_03 5.727808e+22 2 4.815 1 2.622 2 1.736 1 1.287 2 4.771 1 x x x x x x 1.688000 7.
—268000

H_i-2 3.182116e+22 2 4.738 1 2.571 2 1.708 1 1.266 2 4.733 1 x x x x x x 1.318000 3.
178000

H i-1 3.182116e+22 2 4.747 1 2.577 2 1.712 1 1.233 2 4.719 1 x x x x x x 1.311000 3.
—171000

H_i-5 3.182116e+22 2 4.779 1 2.581 2 1.592 1 1.23 2 4.741 1 x x x x x x 1.301000 3.
—160000

ARBET ABHHE:

DDC #HAE T=1000 K [RGB E R AN 27k B, 1A i b b 2k B 1A SRR 2K B -
TAERET BT

DDC EHAE T=300 K {1 i 5 57 40 R A SRR A AR EE , I AR M L P PR A TR E AR R Sk B 2K
i b BR TG IR R

DDC #H7E doping-Ga203/ddc HgF, , #ith =30 FOKBEH S Fermi . dat |, R+ W JE SO
Carrier.dat , BRPAME X} Defect_charge.dat . A[{#iff] Origin & . 4, DDC #itk<s 5 shiRTE
AR K], 77E density.png SCEE. AT B FTR :

PRI 300K I, 457% H ¥ Ga203 M pl (Ga-rich) | p2 (O-rich) BYSRKAELL. B TIRIE . BREGWRIL.
AR 650K I, 27 H i) Ga203 M pl (Ga-rich) | p2 (O-rich) HYSRAES . HIR TR . SREIRIE.
AR 1000K I, $87% H ) Ga203 M pl (Ga-rich) | p2 (O-rich) BSRAES . BUA TIRIE . SRIEIKRIE.

5.4 5.4. ZnGeP2 By A {EEPRITE

ZnGeP2 Jg—FhARLIOAARE, ER AR BN AR RV 2 UM SO R R T 1T, Sl AR X 2l 5
RERBEATC . L, AR ZnGeP2 [ Sk AV RT REBNE VT ER, 73S [] i A BRIE H HM il i SR L
PATTITUG A6 DASP {115 ZnGeP2 AL sk 51 :
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5.4.1 5.4.1. #&itHE PREPARE
5.4.1.1. ##& POSCAR 5 dasp.in

ARAF ZnGeP2 MR S5 SCIF POSCAR, (] VASP (AL HEAAR B &L, BB iR Bl ks 8 O T PE L S 36 (L
(BT AFTE M)« R E

Zn4 Ge4 P8

1.0

5.468 0.0000000000 0.0000000000
0.0000000000 5.468 0.0000000000
0.0000000000 0.0000000000 10.745

Zn Ge P

4 4 8

Direct

0.000000000 0.500000000 0.250000000
0.000000000 0.000000000 0.000000000
0.500000000 0.000000000 0.750000000
0.500000000 0.500000000 0.500000000
0.500000000 0.000000000 0.250000000
0.500000000 0.500000000 0.000000000
0.000000000 0.500000000 0.750000000
0.000000000 0.000000000 0.500000000
0.250000000 0.754127026 0.375000000
0.745872974 0.750000000 0.125000000
0.254126996 0.250000000 0.125000000
0.750000000 0.245873004 0.375000000
0.750000000 0.254126996 0.875000000
0.245873004 0.250000000 0.625000000
0.754127026 0.750000000 0.625000000
0.250000000 0.745872974 0.875000000

T A PTORAL PR P 1R

ZnGeP2 1y iR 544

1E dasp.in 15 ANESE

#H#####A###A#H# Job Scheduling #############H#

cluster = SLURM # (job scheduling system)

node_number = 4 # (number of node)

core_per_node = 32 # (core per node)

queue = normal # (name of queue/partition)

max_time = 24:00:00 # (maximum time for a single DFT calculation)

vasp_path_dec = /opt/vasp.5.4.4/bin/vasp_gam # (path of VASP)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std

job_name = submit_job # (name of script)
potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
max_job = 5

Qi3]

96 Chapter 5. 5. i



DASP

5.4. 5.4. ZnGeP2 pyA{EERPEITE

97



DASP

(£ 50

#H####AAA#AFFF TSC Module #####H##A####H#H
database_apil = ***FFxxxxsdddkkaxxxx 4 (str—list type)

#H############ DEC Module ##############

level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)
min_atom = 180

max_atom = 200

intrinsic = T # (default: T)

correction = FNV # (default: none)

epsilon = 12.3

Eg_real = 2.06 # (experimental band gap)

#H#FAAAAAFFAFHF DDC Module ########F###HHH
ddc_temperature = 1300 300

ddc_mass = 0.36 0.54

ddc_path = 1 2

FERAAEXT dasp.in HETA S H IS EEEA T

cluster = SLURM

# RTE R EBNNF R S K SLURM

node_number = 4

F X TEHEANERGUE, ERHINT R

core_per_node = 32

F A TEATER, £RAM . B TENMNERG T E, BEEAI32=128%

queue = normal
# ER & K "normal"H AR HATHH . B, AR Hdasp.ink H W, TEHINBHL/
SEBRLEWRI AL, ¥R, BK

max_time = 24:00:00 # (maximum time for a single DFT calculation)

FENEBROAERT AN RARE 24w, THEERE.

vasp_path_dec = /opt/vasp.5.4.4/bin/vasp_gam # (path of VASP)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std
# Xt T rscH it #, KA stdfi HVASP. Xt TDECH B k& &, % F gamhR #y VASP,

job_name = submit_job # (name of script)

tRRXEF WA, @& K "submit_job", WHEKRE.

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
# POTCARW B £

max_Jjob = 5

#FAFFEHERGESRAK

database_api = ****Fxxxxsddkkaxxxx 4 (str-list type)

# B T 9 FlMaterials Project H & &
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level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)
# T RN, FRAPBERA KR FHE, £ AASET H LK &

min_atom = 180
max_atom = 200

# RNFEZLERNAEE KD ELI80-200NEF 8, HREFa=b=c, alblc

intrinsic = T # (default: T)
# FFHA KRS W, V.2Zn V.Ge V.P Zn_Ge Zn P Ge Zn Ge P P_7Zn P_Ge Zn_i Ge_i P_1i

correction = FNV # (default: none)

# MR G B IE T R RPNV E

epsilon = 12.3
# ZnGeP2H N W ¥ K K 12.3

Eg_real = 2.06 # (experimental band gap)
# ZnGeP2W L B W IR B % 2. 06
—eV, DASPH R W K H KAEXXS M, NTERLTHRBEEN T REF T2.06 ev

ddc_temperature = 1300 300
#REBEKIEE N1300 K, TR E X300 K

ddc_mass = 0.36 0.54
# REETHBEMEN0.36, ZXARFTEHNO0.54

ddc_path = 1 2
# RE

5.4.1.2. (€ DASP =4 A5 A\ 30

Hg H 5 ZnGeP2, 71E./ZnGeP2/H SN A fEA 47 DA L) POSCAR (5 dasp. in 3(fF, #hfrdasp 1,
RIA 52 PREPARE #ile, IS ICFHIMENE. DASP &4 1prepare. out XHEREEFHZ T H &,

5.4.1.3. PREPARE & {TiH =

JEAARR:

T SERRT ARG min_atom=180 FIl max_atom=200 W24, AT HREMPAT LR (LR a=b=c H.
alblc), HZHABHM POSCAR 4. PAF N ZnGeP2 EHIY iiAIAE M POSCAR _nearlycube :

Cubic_cell

1.0

16.4040000000 0.0000000000 0.0000000000
0.0000000000 15.3313770093 0.0000000000
0.0000000000 0.2701043094 15.3289975100
Zn Ge P

48 48 96

Qi3]
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(£ 50

Direct

0.
0.0000000000
0.

0.1666666666

0000000000

1666666666

o O O =

.0000000000
.0000000000
.6250000000
.8750000000

o O O O

.2500000000
.0000000000
.3750000000
.3750000000

FHEN B A AT & B -

LB Aot 5t

%)ﬁﬁ?#ﬁﬁﬁfﬂééﬁﬁﬂﬂiﬁ, AT B R BRI, RORAA AT 53 )

ZnGeP2 4 #8 fl 4514

T ST AR A LA

PAEPIAITSEM, WIS Lprepare. out MEIHANT (Jrp s FrmZ T 55 19I5 id) -

100
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#HA#FFHHHFF## Prepare Files module start ############

Read the structure file POSCAR you provided

Get the refined cell POSCAR_refined from POSCAR

Generate the nearlycube cell POSCAR_nearlycube from POSCAR
Generate job script through dasp.in parameters

Generate single-point KPOINTS

Generate pseudopotential file POTCAR through potcar_dir you set
Generate commonly used vasp input file INCAR

Start the madelung constant calculation

Generate the madelung calculation directory

Generate madelung calculation POSCAR

Generate madelung calculation POTCAR

Generate madelung calculation INCAR

Generate madelung calculation KPOINTS

Generate madelung calculation job script

Job *xx*kAxxk gubmitted: /home/test/ZnGeP2/dec/madelung/static
Succeed job ******%*: /home/test/ZnGeP2/dec/madelung/static
The madelung constant calculation completed

The madelung constant = 2.833

HSE 33 %4t 5

FE PP AR e A (AR I SO, et AEXX=0.25 Fl AEXX=0.3 ] HSE #8750 15, MM A 50 52 DT T
Eg_real = 2.06 [¥) AEXX {H. I, FpitEsEmE, v I ZnGeP2/dec/ AEXX/H RN :

cd ./dec/AEXX
1s
0.25 0.26795555051593156 0.3 AEXX.list

XK AEXX=0.27 (LREPIN/INEL) B, ZnGeP2 HEMBATH BUE A 2.06 eV, S5 A INCAR, [
lprepare.out A[PAFFIUIF Hiki (i sk FoRZT 51 R id) :

Start the HSE parameter AEXX calculation

Job *AxAxAxE submitted: /home/test/ZnGeP2/dec/AEXX/0.25/static

Job ******x* gubmitted: /home/test/ZnGeP2/dec/AEXX/0.3/static

Succeed job ***x***%: /home/test/ZnGeP2/dec/AEXX/0.25/static

Succeed job ****FxxFx%: /home/test/ZnGeP2/dec/AEXX/0.3/static

Job *#*xAxkx%k gubmitted: /home/test/ZnGeP2/dec/AEXX/0.26795555051593156/static
Succeed job ***x***x%: /home/test/ZnGeP2/dec/AEXX/0.26795555051593156/static
The HSE parameter AEXX calculation completed

The HSE parameter AEXX = 0.27

level = 2: Generate PBE relax vasp input file INCAR-relax

level = 2: Generate HSE static vasp input file INCAR-static

host #RaJ& T 15 H a9tk

PREPARE #iHui J5— 2045 MR35 level=2  (HJl PBE fifk) RAGEEIEAITA MR T8 . #] ), ZnGeP2/dec/relax
Hsk. FIERHBATPATE 1prepare . out W PA DASP B {74 sRARE , HEIFRAT T 20 F5 2 TSC Byt
B (Horp seeiekionl FORPATR ST id) o
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Start the POSCAR_nearlycube relax calculation
Generate the POSCAR_nearlycube relax directory

Job *#x*xxxx%k gubmitted: /home/test/ZnGeP2/dec/relax
Succeed job *******x%: /home/test/ZnGeP2/dec/relax
The POSCAR_nearlycube relax calculation completed
Get the final structure POSCAR_final

#HAFH#AHHF#### Prepare Files module end ############

DASP-PREPARE finished, please run DASP-TSC next

5.4.2 5.4.2. ANFRWEMFTECFERITE TSC
5.4.2.1. 517 TSC itk

1 b—B a4 dasp 1 $i4T PREPARE iy, 2/ ZnGeP2/dec Hog, FAEZH ™/
lprepare.out . FFRFRFIITIERE, lprepare.out HHINASERARE . #EA ZnGeP2/dec K.
i\ INCAR-relax, INCAR-static SCPFHHHISHUR I TR . (Al &k INCAR, DASP AR I H Sk H Y
INCAR 52115

i PREPARE BLERSE N5, 113 ZnGeP2 Hk, fliJlar4 dasp 2 #47 TSC ik, [, TSC HibkaAE
ZnGeP2 H A48 N tse %, HIAHICR T TSC RFHIHTHH L, WiF4 1 H R A Kaztr H &30
lprepare.out o SEFFREF5E MM A EFHHSM AT .

5.4.2.2. TSC IEREITARE

host Zs 109 B Reit A (55 MP S84k —30):

TSC i | 5 Materials Project S FEHi L A 2% (INCAR, KPOINTS, POTCAR) 3k%fH
P 1 R A S A AL AN ST, I T RS R RGeS MP 5 R B Re 2 v Leid . b BN 7152
5 ZnGeP2 g PER RBEAA . i HoR T AR F):

cd tsc

cd ZnGeP2/

1s

relaxationl relaxation2 static

M ZnGeP2/tsc/2tsc.out 7] DAF BRI 4T H&, BIy=4 4 A {4, relaxationl. relaxation2. static. (%
PEHEF DB

KA AARF

TSC BEHLFE T MP Jdli LA 5 ZnGeP2 MIST4HYZ%I, lid DFT 11531 ZnGeP2 15 fE5 MP %idfi
AR AR, FIBT L ZnGeP2 J2& e

WG, FERF T RARIGE I ZnGeP2 Fa € ik KRR AM], A0 {4% Ge, P, Zn3P2, ZnP2 fl Zn, 1
2tsc.out FHHHMRIEL:

analysing the thermodynamic stability of ZnGeP2.
key phases of ZnGeP2 are: Ge P Zn3P2 ZnP2 Zn .
file key_phases_info_recalc.yaml generated.
analysing of ZnGeP2 is done.
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host 55 ZeAn s 04 B fieit S (PREPARE 483k #7204 5 4% ) -

TEWE 424 IS, TSC il (fi i PREPARE i £ 1054 (AEXX) it% ZnGeP2, Ge, P, Zn3P2,
ZnP2 iﬂ] Zn E/JILA\HBQ 2tsc.out ﬁ[]——F

Job ***x*x*** gsybmitted: /home/test/ZnGeP2/tsc/ZnGeP2/static_recalc
Job ***x**** gubmitted: /home/test/ZnGeP2/tsc/Ge/static_recalc
Job *#**#*#%%*% gubmitted: /home/test/ZnGeP2/tsc/P/static_recalc

Job *#**x*%%%x* gubmitted: /home/test/ZnGeP2/tsc/zZn3P2/static_recalc
Job ******** gubmitted: /home/test/ZnGeP2/tsc/ZnP2/static_recalc
Job *#*#*#*#%%*% gubmitted: /home/test/ZnGeP2/tsc/Zn/static_recalc
Succeed job *FF*xFkx: /home/test/ZnGeP2/tsc/ZnGeP2/static_recalc
Succeed job *FF*xFEx: /home/test/ZnGeP2/tsc/Ge/static_recalc
Succeed job Frrxxx*x*k: /home/test/ZnGeP2/tsc/P/static_recalc
Succeed job *FF*x*Fxx: /home/test/ZnGeP2/tsc/Zn3P2/static_recalc
Succeed job *FF*xFEx: /home/test/ZnGeP2/tsc/Zn/static_recalc
Succeed Jjob *F*F*x*kkx: /home/test/ZnGeP2/tsc/ZnP2/static_recalc

byt
M DFT 1R EBE, 1158 ZnGeP2 KYTR IR RERI (L2 F5 45 E X 1), TSC BBy il 4 AMesp iy mifi, SA

dasp.in:

# Wi Jf HPOSCARY T XM 5 —%, W% — 7 2n, # =75l RGe, % =5 £P
E_pure = -2.0283 *5.9739 -7.3365

pl = -0.1456 0.0 -0.4672

p2 = -1.08 0.0 0.0

p3 = -0.9207 -0.1593 0.0

p4 = -0.2252 -0.1593 -0.3478

1E 2tsc.out AIAHEBIREF T8 R0t -

dir '2d-figures', '3d-figures','ori_data_MP' ready. try to read file: 'calc_list.yaml
o

analysing the thermodynamic stability of ZnGeP2.

key phases of ZnGeP2 are: Ge P Zn3P2 ZnP2 Zn .

analysing of ZnGeP2 is done.

DASP-TSC finished

XFF=IC S PUTTHAL A, TSC BLBRH AR DI R, e KOs i AL A2 %50 i H SR T AR
3

cd tsc

cd 2d-figures/

1s

fig-ZnGeP2.png fig-ZnGeP2_recalc.png stable_2d.out stable_recalc_2d.out

HI 5% ZnGeP2/tsc/2d-figures/ i {18 U A SO 2 PTG 20 A e A v 22 S 1A gt s DX Sl el 4R DA % P4 4% i
SALBIE TS o

BHE stable_2d.out 5 fig-ZnGeP2.png . [ £ig-ZnGeP2.png WAL IR Il I8 R BT AR 1)
EfbES, HE IZEJEU“JEE*T%A%E’J% DIk, ot BB — A R A B TR (AT RMA Ak T T 1 ﬁﬂi
TE BRI ARG B0 b5t 2, X2 S— I E 5 /il A ML
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0 -0.
0 -0.
-0.0999 -0.

0.0

ZnGeP?2

-0.4 -

Znfev

—0.6 -

—0.8 1

—1.0 -

T
—-0.15
GefeV

T 1
—0.10 —0.05 0.00

ZnGeP2 [ EE XK Ok 5 MP HdliE ) .

HE A stable_recalc_2d.out 55 fig-2zZnGeP2_recalc.png , X425 WRITE 50 ik i

BiE5EIE .

Ge zn
-0.1593 -0.9207
0 -1.08
0 -0.1456
-0.1593 -0.2252

ZnGeP2 [{faE X8 (3£ DFT i145).
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ZnGeP?2
0.0
—0.2 1
—0.4 1
> _0.6 -
)
S
—0.8 -
1.0 - P
—_ Ge
— ZnP;
-1.24 — Zn;P;
T

T T T T T T 1
—0.35 —0.30 —0.25 —0.20 —-0.15 —0.10 —0.05 0.00
GefeV
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5.4.3 5.4.3. iRPaTZ R REFIRL T RER VT H DEC
5.4.3.1. &7 DEC ##itk
1E E— B dasp 2 AT TSC BRI, /B ZnGeP2/tse H3g, FFAEZH FH 74 2tsc. out .

ERREFFIATRESE, 2tsc.out HHIMAZEMIRE . 7T ZnGeP2/dasp.in, HiALEHCWALF HhHA .

N TSC Bk 5E U , B3] ZnGeP2 Hk, (A4 dasp 3 $ifT DEC filt. DEC #&TEs S 4/E
JRHY dec H Sk Set AR SO0, BARBRIALAEH, SIETTHE RS, ASGzfT BB 3dec. out o S5 f5fE
J 58 Y TB) TC 75 A AT -

5.4.3.2. DEC #EIEITiRIE

2 BRI

NI EAFEIRP RS R, RRRPRHRE T e dasp . in PRCE TR RO IR I AR SR I 5 H %
PABHL R PR R AL 2

cd dec

cd Intrinsic_Defect

1s

Ge_1i Ge_Znl Intrinsic_Defect.list P_i V_Gel V_iZnl Zn_1i
Ge_P1 host P_Gel P_7Znl V_P1 Zn_Gel 7Zn_P1

M 3dec. out HIRIPAEFIANT H &

FHFF#FHFH##### Neutral Defect module start ############

Make intrinsic defect directory Intrinsic_Defect

Generate host directory in Intrinsic_Defect

Start generating neutral vacancy defect

Generate neutral defect at: V_Znl/initial_structure/q0
Generate neutral defect at: V_Gel/initial_structure/q0
Generate neutral defect at: V_Pl/initial_structure/q0

Neutral vacancy defect generation completed

Start generating neutral intrinsic antisite defect

Generate neutral defect at: Ge_Znl/initial_structure/g0
Generate neutral defect at: P_Znl/initial_structure/q0
Generate neutral defect at: Zn_Gel/initial_structure/g0
Generate neutral defect at: P_Gel/initial_structure/q0
Generate neutral defect at: Zn_Pl1/initial_structure/q0
Generate neutral defect at: Ge_Pl/initial_structure/q0
Neutral intrinsic antisite defect generation completed

Start generating neutral intrinsic interstitial defect
Generate neutral defect at: Zn_i/randoml/initial_structure/q0
Generate neutral defect at: Zn_i/random2/initial_structure/q0

Generate neutral defect at: Ge_i/randoml/initial_structure/q0
Generate neutral defect at: Ge_i/random2/initial_structure/q0

Generate neutral defect at: P_i/randoml/initial_structure/q0
Generate neutral defect at: P_i/random2/initial_structure/q0

Neutral intrinsic interstitial defect generation completed

#HEH#H#H##H##### Neutral Defect module end ############

PR B BA ST R, T BRI S T BE R 18] B AL T B R -
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"J'V;nz‘r- ﬁ\\\, L ]

LY
‘\iﬁsgb. 0‘; !P

-

ZnGeP2 @I FR 53 G P L5 R B A
R R EETE q=0 i+ HAE 5

TERNLAFA AU HL AP BRI T3 F SR S AL, BRI A ST s — M 55 P il SO R A 3
L55, FHMFERTTERAE S BN dasp. in HEE max_job H{H. ML 3dec.out FRIPARRIMIT

H&:

#H##F###FHFF# AutoRun — Neutral Defect module start #########H###

Job *#*#***%%% gubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—7Znl/initial_structure/g0

Job ***xxx*** gybmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/
—7Zn_Pl/initial_structure/q0

Job ***xxx*** gsyubmitted: /data/home/test/Zn_Ge_ P/DASP-test-0128/dec/Intrinsic_Defect/
—Ge_P1/initial_structure/q0

Job *#*#*#*#%%% gubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—Gel/initial_structure/qg0

Job **xx*x*** gyubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—1/random3/initial_structure/q0

Succeed job *****x*%:. /data/home/test/zZn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/Zn_
—P1l/initial_structure/q0

Job #*#*#**#%%% gubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—i/randoml/initial_structure/q0

Succeed job *******%: /data/home/test/zZn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/Ge_
—P1l/initial_structure/q0

#######H##### AutoRun — Neutral Defect module end ###########+#

FA R ERIGNIT B &
FEH BT SE U, R R IR A5 B T BB A L B S AR, 25 AR A H B SR B S S B A
A,
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#H#####H##H#### Tonized Defect module start ##########+##

Start generating ionized defects

Ionized defect path: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—znl/initial_structure/g-4

Ionized defect path: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—7Znl/initial_structure/g-3

Ionized defects generation completed

#H#A##FHFFF## Tonized Defect module end ######H#H#H####

R E BTG q20 03t FAE %

TERNL ISR A B S o TR H SR S B, R B St s — MR R 5 B 5 SOOI R S AT B8
155, HMURFERT RS BN dasp. in FEE U max_job (. ML 3dec. out HA[AF R

H:

#HA##FFFH#H### AutoRun — Ionized Defect module start ###########H#

Job **#*#*#*%%% gubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—7Znl/initial_structure/g-1

Job **xx*x*** gyubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—znl/initial_structure/g-4

Job ***x*x%%%* gubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—zZnl/initial_structure/g-2

Job *#*#*#*#*%%% gubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—7Znl/initial_structure/g+3

Job *#**#*#*%%*% gubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—zZnl/initial_structure/g-3

Succeed job *******%: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—Znl/initial_structure/g-1

Job **#*#*#%%% gubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—7znl/initial_structure/g+l

#HH########## AutoRun - Ionized Defect module end ############

PR TR I

TEASFRBU AL RIS BRI TR S UG, REFPIF T I R BRIE R TR IR . 45 L BSOS BB, A H Xt
3dec.out HILFASKHRETEAR FALEHREOLFATZMAE . AR FFRIBHIE RAHE E0T (LZ/ENV), DA
AR B RES . dasp. in SCPFHPRRML IR TR LA BB oL, A pl, p2, p3, p4 I
M AE(E . MICHF 3dec. out R LAFREIANT H &

#HAFH###F##H## Formation Energy module start ############
Start the formation energy calculation

neutral) of P_Znl at pl is 993075
neutral) of P_Znl at p2 is 591475
)
)

The formation energy 3.
2.

of P_Znl at p3 is 2.750775
3.
4

(
The formation energy (

The formation energy (neutral
(

The formation energy (neutral) of P_Znl at p4 is 794075
The FNV correction (g = -1) E_correct = 0.0859854 eV
The transition level (-/0) above VBM: 1.3758
The FNV correction (g = -4) E_correct = 1.43843 eV
(

The transition level 4-/0) above VBM: 2.0373

#H####FAFH### Formation Energy module end ############
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Hy T AR B 5

FER R ILBRIFTE IR RE 5 4 B RES T 558k, B (1Sl AR LA S 0L B AR T IR GEPE R B Bt , A7 T 1 ot/ de
dasp. in IO T PR ICRI AT BUETE 0L, IHIA POy R S5 2 -

cd dec

cd Formation_Energy_Intrinsic_Defect/

1s

pl.dat pl.png p2.dat p2.png p3.dat p3.png péd.dat péd.png

H PRl R dat SCPFRRROECE BT SR G, S ER B B2 S pag BIRSCHE. MICHE 3dec. out Hri]
PABREIIE H s

#H########## Plot Diagram module start ######H######

Start plotting the diagrams

Generate formation energy diagrams at pl: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/
—Formation_Energy_Intrinsic_Defect/pl.dat

Generate formation energy diagrams at p2: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/
—Formation_Energy_Intrinsic_Defect/p2.dat

Generate formation energy diagrams at p3: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/
—Formation_Energy_Intrinsic_Defect/p3.dat

Generate formation energy diagrams at p4: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/
—Formation_Energy_Intrinsic_Defect/p4.dat

Generate transition level diagram: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/
—Transition_Level Intrinsic_Defect/tl.dat

All diagrams completed

#FHE##FH#H##### Plot Diagram module end #####H####H###

REFY [ Bl 2l i P i 1l 68 7 S an 1 i 7
ZnGeP2 KALBRIGLEF AT () pl, (b) p2, (¢) p3, (d) p4 AT IR RERE B K BEZR 2L .

5.4.4 5.4.4. BEBAREFI® KL HE DDC
5.4.4.1. =47 DDC #&ih

£ DEC BT SE M, 1915 ZnGeP2 Hg, flifilfi4 dasp 4 $if7 DDC bk, &R0 JoF A MELE

5.4.4.2. DDC EHIBITIRIE

BIGRARIL S -

DDC HLb 15 SEKF A DEC BBy th 45 R IR LSRG 2T RE e, HIFIX LA i 4= 78 % Bk
DDC {15, FiJG A si% T4 ek th e ee . FALRed . RFHTEER. HIramEdIHlE, SA

DefectParams.txt X{d,

PAF %K H DDC #ik ey H & 4dde. out :
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(a) (b)
5.0 I I I : H— Pzn1 — Pim
— Znpy 477 — Znpm
— Gep — Gep
. — Pam . — Pam
= — F'J3 -3 3-6' — FI13
d —wn 3 —
> — Py > — P
5 —Vm  § 25 — Vam
E' — GEzn'l E' — GEIHI
- — ZNget c — ZNget
o — Vg o — Vm
E — Geg E 1.4r — Geg
E — Gey E — Gej
E — Geg uﬂ_ — Ges
= Vige1 0.3t — Voe1
— ZN — Zns
— ng — ng
—15t 2 o8 | —
0.0 04 08 1.2 16 2.0 00 04 08 1.2 16 2.0
Fermi level (eV) Fermi level (eV)
(c) (d)
32 — Fam 5.0r Pzn1
— an]_ — an]_
— Genm — Gep
4.0} — Ponr — Pe
= — Pa = 3.7 — F‘;zl
) — D I
= — Py = —_ P
o I 4
5 28 = Vim E 2.47 — Vzm
& — Gezn ¢ — GEzn
@
g _ inﬁe] = — Pigal
= - Vm o — Vp
® 1.6 — Gey ® L1y — GEIr'a
g — Gey E — Gey
o —_— Gepx [a] o GEEI
0.4 — Va1 - —-0.2} — Von
— I — Znig
— Zng —— Znjs
-8 . NoEme o sl 0 2
0.0 04 08 1.2 16 2.0 0.0 0.4 0.8 1.2 16 2.0
Fermi level (eV) Fermi level (eV)
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#H####FAFA### Collecting information from DEC ############

Read defect types from DEC calculation successfully.

Defects considered in DDC calculation: ['P_Znl', 'Zn_P1', 'Ge_P1', 'P_Gel', 'P_i-3'",
—'P_i-1', 'P_i-4', 'V_Znl', 'Ge_Znl', 'Zn_Gel', 'V_P1', 'Ge_i-3', 'Ge_i-1', 'Ge_i-5"',
< 'V_Gel', 'Zn_i-6', 'Zn_i-5', 'Zn_i-4']

Chemical potentials change from pl to p2.

Calculate gg for defect in each charge state.

Calculate Nsites for P_Znl: 1.245078e+22 cm”—-3.

Calculate Nsites for Zn_P1l: .490156e+22 cm”™-3.

Calculate Nsites for Ge_Pl: .490156e+22 cm”-3.

Calculate Nsites for P_Gel: .245078e+22 cm”-3.

Calculate Nsites for P_i-3: .660104e+22 cm”™-3.

Calculate Nsites for P_i-1: .660104e+22 cm”-3.

=S S I N

#HE##H#####AF Collecting information from DEC ############

PAF %K H DefectParams. txt {4

1300 300

0.360000 0.540000

2.067143

P_7Znl 1.245078e+22 2 1.0959 1 0.7854 2 0.602 1 0.3478 2 1.3758 1 1.8193 2 1.8431 1 2.
—0373 2 3.993075 2.591475

Zn_P1 2.490156e+22 2 0.9803 1 0.4186 2 0.1979 1 x x 1.3004 1 1.6611 2 1.8974 1 2.0551.
—2 2.013776 3.415376

Ge_P1 2.490156e+22 2 0.017 1 x x x x x x 0.6089 1 1.4605 2 1.7595 1 x x 1.214661 1.
—681861

P_Gel 1.245078e+22 2 1.5928 1 0.6776 2 0.3533 1 x x 1.8788 1 2.0787 2 x x x x 2.
—242467 1.775267

P_i-3 1.660104e+22 2 0.463 1 0.1405 2 0.0186 1 x x 1.1848 1 x x x x x x 3.841352 3.
374152

P_i-1 1.660104e+22 2 1.3134 1 0.5638 2 0.2947 1 0.112 2 1.09 1 x x x x x x 4.262836 3.
—795636

ARIBET BSIT
DDC FEHAE T=1300 K {5 T HH B M BOR P, TR i P2 B TR oK 2R

#HAFFA#AHHHFHF First—time self-consistent calculation ############
Fermi level at growth temperature of 1300.000000 K

Fermi level = 0.622739 eV
Fermi level = 0.626234 eV
Fermi level = 0.629768 eV
Fermi level = 0.633339 eV
Fermi level = 0.636946 eV

The defect density for one single defect is fixed at the value calculated at T=1300.
—000000 K.
FHA#FAHHFH##H## First—time self-consistent calculation ############

IR T BBt
DDC HAE T=300 K B i 57 20 11BN A S SRR, AR H A M 2 PR VA SR RS K BE S
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FHFH#H#HHFH##### Second-time self-consistent calculation ############
Defect densities in each charge state are redistributed.
Fermi level at working temperature of 300.000000 K

Fermi level = 0.575485 eV
Fermi level = 0.577322 eV
Fermi level = 0.579134 eV
Fermi level = 0.580921 eV
Fermi level = 0.582682 eV

#H####H##H#### Second-time self-consistent calculation ############

Hy b B 1G IR L :

DDC FidtHF ZnGeP2/ddc H 3%, #iH =14 45— 1B F 3 ff: Fermi.dat Carrier.dat
Defect_charge.dat PAf density.png .

Output Fermi level as [Fermi.dat].

Output Carrier density as [Carrier.dat].

Output Defect density as [Defect_charge.dat].
#H########## DDC calculation is done. ##H##########

"] ] Origin A df EARBAESCIF I, TS B AR H b i 7R density.png , Ho M35 pl
2 p2 TR E A T AR AL PR AN T B |

ZnGeP2 [AL=EF M 1 IR 2 I 2K FESL | ﬁ%ﬁ?i&fﬁ%ﬂ@%ﬁﬁ%ﬁo (B 1300K, T AR -
300K
MFAAE dasp. in SCOFA IR AR 5 TARIRE, SRAGA T 0L T BREE YR . Bl UNHE dasp. in SCIF
FHATN B S, PB4 dasp 4 $hdT DDC SR, W] RAPRAS AT i i E AR AL 1R

FHAHEHAA###### DDC Module ##H##H#####H#H##H
ddc_temperature = 800 300

ddc_mass = 0.36 0.54

ddc_path = 1 2

ZnGeP2 A=A 35 M 1 1 33 2 I 9 oK BES . B TR FEANBR IR B . (AR IR - 800K, TAFAZ : 300K)
&

#H##F##A##A#### DDC Module ##############
ddc_temperature = 300 300

ddc_mass = 0.36 0.54

ddc_path = 1 2

ZnGeP2 FAL2EF M 1 PR 2 I 9K BEZR . 20 TR FERIBRFE IR L . (A2l : 300K, AR - 300K)

5.5 5.5. MEGAY #EHIRE MY RETHE T

TELA BRI, FATER T TSC BLRAT AT TR 3, 1T DEC B SRS TR s RETT 38, L4k, TSC
WATLASSZIZAT R AT H A PR E N, T o7 J6f T PREPARE BEHUK 15

£ dasp.in PR tsc_only = T , WDAE#ZiaT TSCHibR, fF TSC G5 —HrBiat)s, F HATI level =
15 BB #r.

PAF /R FIR Cs2AgBiCl6 5 Rb2Lilnl. K2LiYF6 =SS AR AT 1 2 o
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Ngefect (Cm_3)
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5.5.1 5.5.1. Cs2AgBiCl6 (FilIER: &%)

5.5.1.1. E&XH

HIH TSC BRI 7 AT AR E TSR — 2R 2 HE A 4F POSCAR 55 dasp. in X(fF.

1K} Cs2AgBiCl6 [ POSCAR {4 H] Z:% Materials Project 08845, 50 P BT AL s s B b iR g5 . AR
ZIR I POSCAR LA :

Cs2 Agl Bil Cle6
1.00000000000000

7.7438184481880610 0.0000000000000355 0.0000000000000251
3.8719092240440918 6.7063434983622878 -0.0000000000000092
3.8719092240440918 2.2354478328207339 6.3228012862560394
Cs Ag Bi Cl

2 1 1 6

Direct

0.7500000000000000 0.7500000000000000 0.7500000000000000
0.2500000000000000 0.2500000000000000 0.2500000000000000
0.5000000000000000 0.5000000000000000 0.5000000000000000
-0.0000000000000000 -0.0000000000000000 0.0000000000000000

0.7508700137251050 0.2491299562748926 0.2491299562748926
0.2491299562748926 0.2491299562748926 0.7508700137251050
0.2491299562748926 0.7508700137251050 0.7508700137251050
0.2491299562748926 0.7508700137251050 0.2491299562748926
0.7508700137251050 0.2491299562748926 0.7508700137251050
0.7508700137251050 0.7508700137251050 0.2491299562748926

& dasp. in X, M IRNE H SIS OLBCEAR 55 A XS HL, I A 1sc_only = T LA} database_api

#h############ Job Scheduling #######F#H####H

cluster = SLURM # (job scheduling system)

node_number = 4 # (number of node)

core_per_node = 32 # (core per node)

queue = normal # (name of queue/partition)

max_time = 24:00:00 # (maximum time for a single DFT calculation)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std

job_name = submit_job # (name of script)

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
max_Jjob = 5

#H###AAAHFFAFHF TSC Module #############H
database_apil = *FFxxxxddddkkakxxxkk ¢ (str-list type)
tsc_only = T

plot_3d =T

o, XFT TSC Biber S5k

database_api = ****xxxxxsssiidiksk 4 (str-]ist type)

# JF T i | Materials Project ¥ E &

:: tsc_only = T # {UFFAT level = 1 1 R& M HLE AT
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i plot_3d =T # X PUTCAL ), ARl it =4 (VB 2%), MSEEIAN F, 58N T BIA]
H = ZERA A

55.1.2. tH 55

host #45 #04 Z 46T (5 MP A 34RF—20):

TSC Bl F§ Materials Project HIEERMEMNHI ASEL (INCAR, KPOINTS, POTCAR) %fH %4
FE ) R I A A R ST AR, AR B R SR S MP B R B RE 2 T TR . AP BRI A T 15215
Cs2AgBiCl6 faE MRy R, @t B ] AR E|:

cd tsc

cd Cs2AgBiClé6/

1s

relaxationl relaxation2 static

M Cs2AgBiCl6/tsc/2tsc.out A PAE B FE P AT/t H s, BI7= A% A SO, relaxationl . relaxation2. static.
BRI ST

TR b KR ARik 54T

TSCHHLIFE T MP Blfa BTy 5 Cs2AgBICI6 AHTE 4+ AT, ARIGA L IR 4t S materials_info.
vaml FJPAKHEL, BT %5 A AR 1 -

secondary_phases:
- — Cs
- Bi
- Cl2
- Ag3Bi
- Ag2C13
- Ag3Cl
- AgCl
- Cs2AgC1l3
- CsAgCl2
- CsAgCl3
- Bi6Cl7
- BiC13
- Cs3BiClé6
- Cs3Bi2C19
- CsBi
- Cs3Bi2
- CsBiz2
- Cs3Bi
- CsCl

i id DFT 31551 Cs2AgBICI6 )5 A5 MP Kdla e P2 E B, FITHH Cs2AgBiCl6 2 Raxeif -

b5, BRI RREUE i Cs2AgBICI6 FE P A Z4AH , A B g Ag. Cs. Bi, CI12, AgCl, CsAgCI2,
Cs3BiCl6, CsAgCl3, CI2Cs3Bi2Cl9 , 7£ 2tsc.out HA[HFIH 115 4. :

analysing the thermodynamic stability of Cs2AgBiClé6.

The stability of Cs2AgBiCl6 is: True.

key phases of Cs2AgBiCl6 are: AgCl Ag Cs3Bi2Cl9 CsAgCl2 Cs3BiCl6 CsAgCl3 Cs Bi Cl2 .
analysing of Cs2AgBiCl6 is done.
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[FIlf, materials_info.yaml XA A E B H

key_phases:
- AgCl
~ CsAgCl2
- CsAgC1l3
- Ag
- Cs3BiCl6
- Cs3Bi2C19
- Cs
- Bi
- Cl2

host 55 ZeAa45 0 & Akt A

BTz ARGV R RER, PILTER 2 KIS, TSC BIBRISMER — B Befy o S8, RIRFARYE )
PRI RS A2 1K) POTCAR U, $% level=1 1151 Cs2AgBiCl6 J DA EASS BRI MIK S fiE. 2tsc.out
LUNE

Job *#x*xxx% gubmitted: /home/test/Cs2AgBiCl6/tsc/Cs2AgBiCl6/static_recalc
Job *AxAxAxF submitted: /home/test/Cs2AgBiCl6/tsc/AgCl/static_recalc
Job FxxxAxxk gubmitted: /home/test/Cs2AgBiClé6/tsc/CsAgCl2/static_recalc

Succeed job 12267.host2: /home/test/Cs2AgBiCl6/tsc/Cs2AgBiCl6/static_recalc
Succeed job 12269.host2: /home/test/Cs2AgBiCl6/tsc/AgCl/static_recalc
Succeed job 12271.host2: /home/test/Cs2AgBiCl6/tsc/CsAgCl2/static_recalc

HAHKIFAEAL ST AR, o BATBECR — TR XS 4L, W INCAR B KPOINTS SEICFNEA, A
JEFRRIEAT RAA R 27 0 UL R .

e Heahit e

M4 DFT 18R S E, 7153 Cs2AgBICI6 [T LR b % Fa e X ], TSC BLHLs i 8 A fb2E 35 i s
H A dasp.in:

# WJF 5 POSCAR® T & WM )7 — %, & —Jl=RCs, % =5 RAg, % =5 xBi, FWF RCl.

E_pure = -0.836 -2.6987 -3.8871 -1.7877
pl = -3.5853 -0.4806 -2.9502 -0.5666

p2 = -3.1047 -0.0 -1.5084 -1.0472

p3 = —-4.1861 -0.781 -3.2506 -0.2662

p4 = -3.4051 -0.0 -0.9076 -1.0472

p5 = -3.5373 -0.5286 -2.9982 -0.5666

p6 = —-3.0087 0.0 -1.4124 -1.0952

p7 = -3.7897 -0.781 -3.2506 -0.3983

p8 = -3.0087 -0.0 -0.9076 -1.1793

1E 2t sc.out A PAH BT AT 52 5By HY -

analysing the thermodynamic stability of Cs2AgBiClé6.

The stability of Cs2AgBiCl6 is: True.

key phases of Cs2AgBiCl6 are: AgCl Ag Cs3Bi2C1l9 CsAgCl2 Cs3BiCl6 CsAgCl3 Cs Bi Cl2
analysing of Cs2AgBiCl6 is done.

sub-module of tsc: 'auto thermodynamic calculation' ends successfully.

DASP-TSC finished

X =Ie S IR Y, TSC BEHUREA R UE I IAT 1, R KI5 i AL I A2 35 X 4R 1R
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i H T AR ] -

cd tsc

cd 2d-figures/

1s

fig-Cs2AgBiCl6.png £fig-Cs2AgBiCl6_recalc.png stable_2d.out stable_recalc_2d.out

H 5 Cs2AgBiCl6/tsc/2d-figures/H (1) DU SCE43 1@ W IR -5 4 B it 78 v 22 1 ) e e X 1R 452 DA e 1A v
bt AL R A

BHEM stable_2d.out 5 fig-Cs2AgBiCl6.png . K fig-Cs2AgBiCl6.png HIAEINARFRA FI2 K
TR IRICR AT, B I B Ak iR DX, ol L0 — 4 R A I BT An R A RMA B4k
TS R R A G 0L bk, X2 5% — T E S o trid R G

Cs2AgBiCI6 p(Cs) = -3.5994 eV

0.0
— (CsAgdls
0.1 — Agdl _
— C53BiClg
—— (53BizClg
0.2
—0.3 -
=
QX
2’ _D.4 —
—0.5 -
—0.6
—0.7 -
T T T T T T
—3.0 —2.5 =2.0 -1.5 —-1.0 —0.5 0.0

BijeV

Cs2AgBICI6 [ e KIH K (Ok B MP i 2 )

HHE X stable_recalc_2d.out 5 fig-Cs2AgBiCl6_recalc.png , Do IRITE 5400
R EdE 5 EG
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Cs2AgBiCI6 p(Cs) = -3.5974 eV

0.0
_D.l -
_D.z -
—0.37 —— CsAgCl;
3 | — AgCl
=] —-0.4 —— Cs3BiClg
— 53BizClg
_D.S‘ -
_D.ﬁ -
_DI?’ -
T T T T T T
-3.0 2.5 -2.0 -15 -1.0 -0.5 0.0

BijeV

Cs2AgBiCl6 fifaE KIkE Ok H & I BOHE)

T =4EE, i R AR E:

cd tsc

cd 3d-figures/

1s

fig-Cs2AgBiCl6_3d.png fig-Cs2AgBiCl6_3d_recalc.png stable.out stable_recalc.out

H 5% Cs2AgBiCl6/tsc/3d-figures/ ' Y PUAS ST 43 122 VR 535 20 Al R Hp 22 il ) i DX 3l el 45 DA K Je 1 v
Bt AL A

T5HE U stable.out 5 fig-Cs2AgBiCl6_3d.png . & fig-Cs2AgBiCl6_3d.png HiARiH = R0
FE A FE BN B = AR FR S, 2T {0 2R A fu Xl Cs2AgBiCl6 1) =4 fa g K I, X258 —atE 500
TR O RR , %A S AR BRI S stable . out FRHL.
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Cs Ag Bi Cl
-3.17837 6.73289%9e-17 -1.90967 -0.903106
-3.47796 -0 -1.31049 -0.903106
-3.08102 -3.47289e-18 -1.81231 -0.951782
-3.08102 -0 -1.31049 -1.03542
-3.51867 -0.340294 -2.93055 -0.562812
-4.11785 -0.639883 -3.23014 -0.263223
-3.46999 -0.38897 -2.97922 -0.562812
-3.7209 -0.639883 -3.23014 -0.395537

T—1.50
T—1.75
T—2.00
T—2.25
T—2.50
T—2.75
T—3.00

Bi

0.0

-0.1

-0.2
-0.3

-0.4 Ag

-0.5

-0.6

Cs2AgBiCl6 {) =4EfGE I (Of F MP %l )

E N stable_recalc_3d.out 5 fig-Cs2AgBiCl6_3d_recalc.png , X8 IRITE 54082
Tk s S E G .

Cs Ag Bi Ccl
-3.5853 -0.4806 -2.9502 -0.5666
-3.1047 -3.63857e-17 -1.5084 -1.0472
-4.1861 -0.781 -3.2506 -0.2662
-3.4051 -0 -0.9076 -1.0472
-3.5373 -0.5286 -2.9982 -0.5666
-3.0087 0 -1.4124 -1.0952
-3.7897 -0.781 -3.2506 -0.398333

@3
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(£ 50

-3.0087 -0 -0.9076 -1.17933

—-0.6

-0.7
—-3.0 —0.8

Cs2AgBiCI6 [ =2k K& (OFk A 45 M Beit )

5.5.2 55.2. K2LiYF6 (TR : FRTE)

5.5.2.1. ##& POSCAR 5 dasp.in

0.0
-0.1

-0.2
-0.3
—0.4
-0.5 AQ

FI¥E K2LiYF6 ) POSCAR SC{Fr[ 2% Materials Project 4i#fs B2 k4%, M 7 AT LGB E fh AL . A

5 REL) POSCAR U4 K Hon] AL L B 4 F

K8 Li4 Y4 F24

1.0

8.557390 0.000000 0.000000
0.000000 8.557390 0.000000
0.000000 0.000000 8.557390
KLiYF

8 4 4 24

direct

0.250000 0.250000 0.750000 K
0.250000 0.750000 0.750000 K
0.250000 0.750000 0.250000 K

@3
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0.250000 0.250000 0.250000 K
0.750000 0.250000 0.250000 K
0.750000 0.750000 0.250000 K
0.750000 0.750000 0.750000 K
0.750000 0.250000 0.750000 K
0.500000 0.000000 0.000000 Li
0.500000 0.500000 0.500000 Li
0.000000 0.000000 0.500000 Li
0.000000 0.500000 0.000000 Li
»
£y

Al

e 4

K2LiYF6 [ i AR 454 R 2 A

Tt dasp.in OO, H PR B BG OCEAL S A X S8, R tsc_only = T DA database_api .
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HAE 2% Cs2AgBiCl6 ZBIfrik.

5.5.2.2. itE 59

host “5 ey Bheit (5 MP S8R F—5):

TSC #HUE i ] Materials Project IR FEEALH AS%L (INCAR, KPOINTS, POTCAR) X} '4
FE ) R A A AL ST &, R AR B RS MP B S e 2 T Hed . LA BREN T 158 520
Cs2AgBiCl6 FUE PR Bl . it H R ABE 2 :

cd tsc

cd K2LiYF6/

1s

relaxationl relaxation2 static

M K2LiYF6/tsc/2tsc.out 0] LB IR FHE4T H s, BIr=A% A SO, relaxationl ., relaxation2. static, %¥
PRIRHAE D IR

TR K ARk 5 AT

TSC BHURFHE T MP Kdle A 5 K2LiYF6 ST i8I, MRGEAS L BR A th 30 materials_info.
yaml A[DAREL, Frf 5 RS AL 4 -

secondary_phases:

- — K
- Li
- Y
- F
- KF2
- KF3
- KF
- KF'5
- KLiYF5
- K3YF6
- KYF4
- K2YF5
- KY3F10
- KY2F7
- LiF
- LiF3
- LiYF4
- LiYF2
- Li3YF6
- YF3
- K3Li
- KLi3
- K3Y
- LiY3
- Li3Y

iy DFT 71534 K2LiYF6 .55 MP Bl A S RE, FI T K2LiYF6 Jg AR . 78 2tsc.out
HA IR K RAE

analysing the thermodynamic stability of K2LiYF6.
The stability of K2LiYF6 is: False.
K2LiYF6 may decompose into ['K2YF5', 'K2YF5'].

(T IUakZE)
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you can set tag: 'excluded_phase' to get some reference values of chemical potentials.
analysing of K2LiYF6 is done.

K2LiYF6 [} energy_above_hull (eV/atom) ${E#i 175 materials_info.yaml H, HAENIE, 5 “i%
EYATE” W Hras RAHAT .

e_above_hull: 0.0466

Horfr=adE K2YF5, K2YF5, X — i n M SCfF materials_info.yaml #K50:

decomp:
- K2YF5
- LiF

BT K2LiYF6 Afese, HRIABIHICEHIN I A, oy hfeoe K EIME, 1 H., TSC ffs
P — R B BT

R PSR A BB B BT R, SRR R e KAk AT, AT AR IR 2tsc.out SCPFER/R, WA E:
excluded_phase FHERRHE L =T5% H Artb SR tE 2, — e BEHERR o i b g —Fh sk 2 Fh, Sk fiifs
Hinb &Y A Sk E X, B, fF dasp.in XEFEE excluded_phase = LiF 5% excluded_phase =
K2YFS5 | JREY excluded_phase = LiF K2YF5 | $XJGE#izft TSC B, SLRy, A aeizfb e nfseE,
FIDAKE 24 Hi 20 i B A2 P ) SR L8V S B N B A -guilabel:excluded_phase , X5 FRIz1T TSC Bl

5.5.23. BIIitE 594
TEAGIH, HEBRBELE E A0S (A5 H AR YR E K dasp . in SUPFSHEATR R

t##########A### Job Scheduling ##############

cluster = SLURM # (job scheduling system)

node_number = 4 # (number of node)

core_per_node = 32 # (core per node)

queue = normal # (name of queue/partition)

max_time = 24:00:00 # (maximum time for a single DFT calculation)
vasp_path_tsc = /opt/vasp.5.4.4/bin/vasp_std

job_name = submit_job # (name of script)

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
max_job = 5

FHA#AFFFHFH#H###H# TSC Module #H#H#H#HHAH##FFHFHFH#H#
database_apil = *rFxxxxdddkdkkakxxnkk ¢ (str-list type)
tsc_only = T

plot_3d =T

excluded_phase = K2LiYF6 K2YF5 LiF KLiYF5 LiYF4

A P HERE Y ZuAE fudE K2LiYF6, K2YFS, LiF, KLiYF5, LiYF4.
MTARRENAEY, HTHRWIAEAR, REXETRAR, FRSfiuts%.
FoMBRETT R C AR, BRI AT ATE 2t sc. out & RIM X RE ST E B -

analysing the thermodynamic stability of K2LiYF6.

excluded phase of K2LiYF6: K2LiYF6 K2YF5 LiF KLiYF5 LiYF4

The stability of K2LiYF6 is: True.

key phases of K2LiYF6 are: KYF4 K3YF6 Li3YF6 KF2 KF Li KY3F10 KY2F7 F2 K Y .

CFITgkED)

5.5. 5.5. MEHEKT FHEHRE MBI BRE T E T 125




DASP

(£ 50

file key_phases_info_recalc.yaml generated.
analysing of K2LiYF6 is done.

It HATX B E B R B B A, B BT E &R, 2tsc.out AIF:

Job

wHkkkxxk gubmitted: /home/fudan/daike/KLiYF/DASP_0219/tsc/K2LiYF6/static_recalc
Job ****x%x%* gybmitted: /home/fudan/daike/KLiYF/DASP_0219/tsc/KYF4/static_recalc
Job ****%%%*% gubmitted: /home/fudan/daike/KLiYF/DASP_0219/tsc/K3YF6/static_recalc
Job *#*#*#*#*%%% gubmitted: /home/fudan/daike/KLiYF/DASP_0219/tsc/Li3YF6/static_recalc

K*khkKhhkhkkk ko

/home/fudan/daike/KLiYF/DASP_0219/tsc/K2LiYF6/static_recalc
/home/fudan/daike/KLiYF/DASP_0219/tsc/KYF4/static_recalc
/home/fudan/daike/KLiYF/DASP_0219/tsc/K3YF6/static_recalc
/home/fudan/daike/KLiYF/DASP_0219/tsc/KF2/static_recalc

Succeed job
Succeed job
Succeed job
Succeed job

Ak Khkhkk Kk kK o
KKK KKK KK o

K*NkhkKhhkhkkk ko

A RIAFAEAT ST A, T BATBECE M BT TRA X240, W INCAR 5 KPOINTS %5 UM%, 2R
JaKIEFT TSC, EARTT S5 WA A R .

a5

4 DFT 50 EEE, 1158 K2LiYF6 HYTEMREFIA 2= 9 Fa X [H), TSC AEEg 14 Me2e i il 5
A dasp.in:

Ky — K —

# W7 5PoSCARF TE 7 — 3, WE -5 2K, % RLi, F=ZF Ry, FWH ZF,
E_pure = -1.086 -1.8579 -6.453 -1.8583
pl = -0.0059 0.0 -0.1727 -5.5633

p2 = -5.5692 -5.5633 -16.8626 0.0

p3 = -0.4569 0.0 -0.6237 -5.3378

p4d = -5.7947 -5.3378 -16.6371 0.0

pS5 = -5.4204 -5.4145 -16.9064 -0.0671
p6 = -5.5546 -5.5487 -16.9064 0.0

p7 = -0.0059 0.0 -0.6629 -5.4816

p8 = -5.4204 -4.1335 -18.1874 -0.0671
p9 = -5.5546 -4.2677 -18.1874 0.0

pl0 = -1.2869 0.0 -5.7869 -4.2006

pll = -1.2869 0.0 -2.0624 -4.8213

pl2 = -6.1083 -4.8213 -16.5265 0.0

pl3 = -0.5489 0.0 -0.7709 -5.2826

pld = -5.8315 -5.2826 -16.6187 0.0

1E 2tsc.out Al DAK BRI T 58 SRt i -

analysing the thermodynamic stability of K2LiYF6.

excluded phase of K2LiYF6: K2LiYF6 K2YF5 LiF KLiYF5 LiYF4

The stability of K2LiYF6 is: True.

key phases of K2LiYF6 are: K3YF6 Li3YF6 KF2 KF KYF4 F2 Li KY3F10 KY2F7 K Y
analysing of K2LiYF6 is done.

sub-module of tsc:

'auto thermodynamic calculation' ends successfully.

DASP-TSC finished

X =0 5T A Y, TSC BEHuRfA i RRE IKIRIE B, RARE KA i AL AL 2 35 X 418,
I H SRR AR
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cd tsc

cd 2d-figures/

1s

fig-K2LiYF6.png fig-K2LiYF6_recalc.png stable_2d.out stable_recalc_2d.out

H 5% K2LiYF6/tsc/2d-figures/ FH 1) PUAS SR B2 G U3 T35 5 20 B ash R v 22 g 1) i g DX 3 el 45 DA X% R vh 4%
Ui s AR R Al 2E B

BEM stable_2d.out 5 fig-K2LiYF6.png . & £ig-K2LiYF6.png HIREZ\ALER S HlE B H FrdR iR
TCERMES, TR XIENE B Anb A i i K, A& — R 22 M Y s I BHE I T TE LS
RIEBEIE ARG 0L i3 ih 4, X8 — TR 5ot B i e .

-7.3952 -1.7304 -3.0425 -3.0094
-11.1139 -1.7304 -3.0425 -2.3896
-9.8349 -3.0094 -3.0425 -2.3896
-9.3452 -3.0094 -3.0425 -2.4712
-8.4446 -2.5591 -3.0425 -2.6964
-8.3183 -2.4689 -3.0425 -2.7325

K2LiYF6 p(K) = -3.0425 eV

0.0
— Li3YFs
— KF
—0.57 — KY3iFyp
— KYzFy
~1.0- —_— K3¥Fg
KXFa4
_1.5‘_
N
3
_E.D_
_2.5‘_
—3.0
\
T = T T T T
=10 -8 —6 —4 -2 0

Yiev

K2LiYF6 ffasE Kk & (ok H MP i )% )

HE X stable_recalc_2d.out 5 fig-K2LiYF6_recalc.png , X256 IKITE S90S B i
B 5% .

5.5. 5.5. MEHEKT FHEHRE MBI BRE T E T 127




DASP

-7.373 -1.7702 -3.0571 -3.0512
-11.0975 -1.7702 -3.0571 -2.4304
-9.8165 -3.0512 -3.0571 -2.4304
-9.3263 -3.0512 -3.0571 -2.5121
-8.4243 -2.6002 -3.0571 -2.7376
-8.2955 -2.5082 -3.0571 -2.7744

K2LiYF6 p(K) = -3.0571 eV

0.0
— Li3YFs
— KF
—0.5 7 —— K3YFsg
—— KYFa
~1.0 - — KY3Fyp
KYz2F7
_1.5 -
)
3
_2.D -
_2“5 - ;
~3.0 1 /
T V/ T T T T
=10 -8 —6 —4 -2 0

Yiev

K2LiYF6 fyfasE KR (3 H 5 HrBeabr)

T =4EE, i R AR

cd tsc

cd 3d-figures/

1s

fig-K2LiYF6_3d.png fig-K2LiYF6_3d_recalc.png stable.out stable_recalc.out

H 5% K2LiYF6/tsc/3d-figures/ it PUAS SCHA-43 )& W U 1355 4 B ack A v 22 ol A 6 g DX 3 P 45 DA R P b 4%
Ui AL A A 2E T

BE M stable.out 5 fig-K2LiYF6_3d.png . & fig-K2LiYF6_3d.png FEFRIR =FInE Kb
PRI = ARG, 200 S X K2LIYF6 ) = 4Efa e K3, X @ 56— kIS5 bt R 4 v
B, ZIXIAS S A BR A E R SO stable . out FRHL.
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K Li Y F
-0.0331078 0 -0.806716 -5.39901
-1.31209 0 -5.92265 -4.12003
-0.0331078 0 -0.316988 -5.48063
-0.483403 0 -0.767283 -5.25549
-0.573574 0 -0.911557 -5.20138
-1.31209 2.75724e-17 -2.20396 -4.73981
-5.49866 -5.46555 -16.8041 5.92119%e-16
-5.49866 -4.18657 -18.0831 5.92119%e-16
-5.51374 -5.48063 -16.7589 1.77636e-15
-5.73889 -5.25549 -16.5337 1.77636e-15
-5.77496 -5.20138 -16.5157 1.18424e-15
-6.0519 -4.73981 -16.4234 0
-5.36558 -5.33247 -16.8041 -0.0665391
-5.36558 -4.05349 -18.0831 -0.0665391

-1

0

K2LiYF6 f =4Efs e X (Ok F MP %)

HE X stable_recalc_3d.out 5 fig-K2LiYF6_3d_recalc.png , Do IRKITE 5000 S8
S5 B .

-0.0059 0 -0.1727 -5.5633
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-5.5692  -5.5633 -16.8626 0
-0.4569 0 -0.6237 -5.3378
-5.7947  -5.3378 -16.6371 0
-5.4204  -5.4145 -16.9064 -0.0671
-5.5546  -5.5487 -16.9064 O
-0.0059 0 -0.6629 -5.4816
-5.4204  -4.1335 -18.1874 -0.0671
-5.5546  -4.2677 -18.1874  5.92119%e-16
-1.2869 0 -5.7869 -4.2006
-1.2869 1.56171e-17  -2.0624 -4.82135
-6.10825 -4.82135 -16.5265 0
-0.5489 0 -0.7709 -5.2826
-5.8315 -5.2826 -16.6187 5.92119%e-16
K2LiYF6 [ =2 f D (Ok B 26 BBt )
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5.5.3 5.5.3. Rb2Lilnl6 (FTAMLER: FE)

5.5.3.1. #& POSCAR 5 dasp.in

B Rb2LINI6 1) POSCAR U4 7] £:% Materials Project £(#i 3K AS,,

R POSCAR LN

P AT A BB R A . AR

Rb2 Lil Inl I6
1.0
7.7485766411
3.8742883205
3.8742883205
Rb Li In I
2 1 1 6
Direct
0.750000000
.250000000
.500000000
.000000000
.750886977
.249112993
.249112993
.249112993
.750886977
.750886977

O O O O O O o o o

O O O O O O o o o o

.750000000
.250000000
.500000000
.000000000
.249112993
.249112993
.750886977
.750886977
.249112993
.750886977

0.0000000000
6.7104642143
2.2368214048

O O O O O O o o o o

0.0000000000
0.0000000000
6.3266863345

.750000000
.250000000
.500000000
.000000000
.249112993
.750886977
.750886977
.249112993
.750886977
.249112993

7 dasp. in SCPR, JHPUFRARSR SIS BT 55 A 6 280, R ssc_only = T WAJK database_api .
AR 2% C2AgBICI6 ZHITIA

5.5.2.2. itE 59

host #5 ey B akit £ (5 MP AR F—2):

TSC Bl J Materials Project $dRERMEMH A S%L (INCAR, KPOINTS, POTCAR) *}H 4
FE ) MM A AL R ST, RS B0 B R 5 MP B 2 ) B R /2 T HLi (2 BRa SC & AD) .

fe bk XAk ARtk AT

TSC B T MP $dla % E BT A5 Rb2LIINI6 ST AT, MRIEA IR S0 materials_info.
yaml WJPARE, A %5 BRI A e 1 -

secondary_phases:
- - Rb
- Li
- In
- I
- InI4
- InI3
- InI
- InI2
- LiInI4
- Rb3InI6
- RbInI3
- RbInI4
- LirT

(FItgss)
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- RbI

- RbI3

- LiIn3

- Li3In

- LiIn

- LiIn2

- Li5In4
- Li2In

- Lil3In3
- Li3In2
— Rb3In

- RbInd

- Rb2In3
- Rb8Inll
- Rb3Li

il DFT 315/ Rb2LilnI6 Y5 AE-5 MP £odls 42 h 0 G RE , BT HE RD2LAINI6 J& AR . 7E 2t sc.out
o E IR AR

analysing the thermodynamic stability of Rb2LiInIé6.

The stability of Rb2LiInI6 is: False.

Rb2LiInI6 may decomposed into ['RbInI4', 'LiI', 'RbI'].

you can set tag: 'excluded_phase' to get some reference values of chemical potentials.
analysing of Rb2LiInI6 is done.

K2LiYF6 [ energy_above_hull (eV/atom) (% H7FE X f materials_info.yaml H, HAEHIE, 5 “i%
WEYATRE” DT a R AT .

e_above_hull: 0.0819

HA R Y6335 RbInl4, Lil, Rbl, X— St AT MEH S0 materials_info.yaml $RHl:

decomp:
- RbInI4
- LiT

- RbI

1T K2LiYF6 AFE, HRIASBETL R G B, ok iR Kk 18, i L, TSC BibvR &
P B B R

A PSR A B B BOT S, BRASARUE KAk B, T DAR I 2tsc.out SCPFAY4RAR, WTPABEE
excluded_phase FHE R K 2L IR TTU HARL S W REVERI O, — B HERR 0 P i) — Fh el 2 A, R 15
H AR YA W 25 1 FE DKk

A, ¥ dasp.in X9 i%E excluded_phase = RbInl4 5§ excluded_phase = Lil |, JREY, excluded_phase = RbInl4
RbI %5, SRS E Bz T TSC A, BUR, A BBz b SRR E , W] DURE 24 Fi o e A2 g R se b &
YIB NS A excluded_phase , $RJGTRIZTT TSC #id. (71 2:% K2LiYF6 [F43Hrid 4 )
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CHAPTER O

6. Bl R FERTE

6.1 6.1. DASP #H<|o]§H

6.1.1 6.1.1. IN{If¢E Pymatgen ?
o JAP#E4%% DASP B2 H 3l %4% Pymatgen, BRI T814%E. Pymatgen R PRI E N

VASP {1 2003 JiRfE# 2, 150 DASP R2FF T H RS AT EE:; (H24E DASP fitE s, JES A n]
fEERE . B dasp.in H1f#) potcar_path X} WATRIRAY) VASP &%,

6.1.2 6.1.2. IN{A B sxdefectalign A ?

« H F m B 47 fF https://sxrepo.mpie.de/projects/sphinx-add-ons/files<https://sxrepo.mpie.de/projects/
sphinx-add-ons/files [ 3t N #;, sxdefectalign.bz2 , IR P H F ¥ sxdefectalign HJ
PATHIRUR, Bl chmod +x sxdefectalign , JFRfHERRMAIEAE .

6.1.3 6.1.3. redo.in X {47 PREPARE #1 DEC i+H48J{EMH ?

o FiHF) VASP RS S, AT FaE M “INCARMI X SHL, HFHZITE HRE A dec H3E R redo. in
XA, Bl dec/redo.in , FH-FHRATREF .
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6.1.4 6.1.4. BREMRZEFT, BFLEEERIT.

* DASP [t 5 BRIA fin i R BRI AT 2% B (T PREPARE 11555 T2l 180k INCAR , #EEEAHIH),
PS5 BRI RS R =S 10) . Al G, W RE R EUL I R B

6.1.5 6.1.5. vasp_path_tsc 0 vasp_path _dec o] HixBE—HE ?

o XPFSEOTABE A o (HE FA T vasp_path_dec R vasp_gam iiiAs. N5 DASP H B AL
FiZ k s (RPN eig s ) .

6.1.6 6.1.6. RELEEBiERILFIHRMERS ?

* DASP BRIAJ74E1Y INCAR |, SRt B HEAI T, B ISPIN=2 . 3 T5 BE U E B el A it 5,
TR BLAE dasp.in HE VASP [151% 4 vasp_ncl Jii4s, 7f HYE PREPARE #2714 5880 INCAR H1Y
MRS

6.2 6.2 VASP it+Ei8xX 6 R

6.2.1 6.2.1. SYMPREC &##8X0)ji S5 VASP k.

o fEYLITEE FE INCAR H3 K SYMPREC ZH(BUE, HFRIATIHR . AT R R, APl RA
1E PREPARE #& /%145, #F INCAR HF5hi%H SYMPREC %k,

6.2.2 6.2.2. {#H level=28; 3, HSE Hi&itEMHEBEFEFIEL.

o R PUAREYE, AF INCAR FiE ALGO=Damped 3%, All (AW YE ] Normal) ; {3 K SIGMA %
R, B EIC , IE SIGMA JF BB A e L, T

6.2.3 6.2.3. TSC it EIE—M Ex. relaxation1 relaxtion2 =& static it EHEBEFER
Wrss.

* fRULJT S TSC WEE—Br L, DASP R 5 MP $difE 58 4 — 31y INCAR ¥ 71158 (PBE), Btk
TEDEGOLT, FLeR R RESAULSL . MRt H R MU, #F INCAR Wik ¥ ALGO=Fast %, Normal .

6.2.4 6.2.3. DEC fEfi{LERFEEBAREY, BERWSBRTTRFILAER.
* fRUTS: —fitks CONTCAR il POSCAR, FRACHATHHEEIAT .,
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