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1.1. ThEENT4R

DASP (Defect and Dopant ab-initio Simulation Package)' >3*> J&— - S AR Bl BA I 2% 0 M 5 10 45 — M R P 4
AL, A REET R AR PR S RS, BT BRI D A 800 e A2 — PR I BAR 0L, B st aR
Ff PRI 2ERE N, SBAFIATUR AR S B L RESL, PR REN TP . AN B IR B 2
KBEGL, KEEBRFEFIATT TS I CBORIGHE . SR T4 S AN R S AR B B /b1 T
PIPEREPEVF S TSC (Thermodynamic Stability Calculation) : 32 A 2 Sk SR S50, FFRESE—1E i
S RIBERTTY, IFVi1 Materials Project S PPREER AT FE AR G - SRR SE PGB, AT
SAERE T RIIEER, B SRR R TE A, VI 22 R R . RERE AU RRE TR AL
SERFERL, AT AR I 2 AR E P WA — R B A A A T T S A

W (Z) feht il 5B DEC (Defect Energy Calculation) : 32 AR SR RS5HY, FBIT LS )7 1O
M, BT ORI AT A PR PRI AR B A, 7 A A S B R AR B R R, T S — PR SRR T e
AL, TR RE TR ARR S RITTIN G IE A% T n] RERYT BT RURAS, IRt — 2T iy L Al
JREGTTR . RS — MR T S 45 R A TSC Bepy 45 2R B Sh i B s r TR I BRI B AL RESR . I B 3T 5%
BHRZEIE .

B (Z99i) HerEilsiBish DDC (Defect Density Calculation): 52 A TSC 1 DEC fibeit 2455 Hill A
PPN ST i 25 1 2 AR ot A R BB RN A ST IR BE . SR BB BB T B2, 45 i BT
2 HA A AR A8 . DDC 45 R AT DA T8 & 21 A0 S S BRIE A2 0T, 915 SEge
HAVREZAZRAT I, SNBSS0 IR BT SR AE B K.

Bini T3 J1°#iH 5B CDC (Carrier Dynamics Calculation) : 52 A\ DDC BB TIEEER, & XK BRI BRE A
N, HETPORRESUS B E R AR P S At e, TP TR AR AT, Rt

! Menglin Huang, Zhengneng Zheng, Zhenxing Dai, Xinjing Guo, Shanshan Wang, Lilai Jiang, Jinchen Wei, and Shiyou Chen. Dasp: defect and
dopant ab-initio simulation package. Journal of Semiconductors, 43(4):042101, 2022. doi:10.1088/1674-4926/43/4/042101.

2 Menglin Huang, Zenghua Cai, Shanshan Wang, Xin-Gao Gong, Su-Huai Wei, and Shiyou Chen. More se vacancies in sb2se3 under se-
rich conditions: an abnormal behavior induced by defect-correlation in compensated compound semiconductors. Small, 17(36):2102429, 2021.
doi:10.1002/sml1.202102429.

3 Menglin Huang, Shan-Shan Wang, Yu-Ning Wu, and Shiyou Chen. Defect physics of ternary semiconductor zn ge p 2 with a high density of
anion-cation antisites: a first-principles study. Physical Review Applied, 15(2):024035, 2021. doi:10.1103/PHYSREVAPPLIED.15.024035.

4 Jinchen Wei, Lilai Jiang, Menglin Huang, Yuning Wu, and Shiyou Chen. Intrinsic defect limit to the growth of orthorhombic hfo2 and (hf, zr) 02
with strong ferroelectricity: first-principles insights. Advanced Functional Materials, 31(42):2104913, 2021. doi:10.1002/adfm.202104913.

5 Shiyou Chen, Aron Walsh, Xin-Gao Gong, and Su-Huai Wei. Classification of lattice defects in the kesterite cu2znsns4 and cu2znsnse4 earth-
abundant solar cell absorbers. Advanced materials, 25(11):1522-1539, 2013. doi:10.1002/adma.201203146.



https://doi.org/10.1088/1674-4926/43/4/042101
https://doi.org/10.1002/smll.202102429
https://doi.org/10.1103/PHYSREVAPPLIED.15.024035
https://doi.org/10.1002/adfm.202104913
https://doi.org/10.1002/adma.201203146
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WERDEECOIEHE . BOR ARSI AR SR . BRESR A BRERIZ R E F BT S AP

ffﬁﬁo
Thermodynamic Defect Energy Defect Density Carrier Dynamics
Stability Calculation Calculation Calculation Calculation

HEWAMESENR | | EEBRURMERIE | | ge=ns ks SRS R E AU TRPEAN
. BREER BatR
WHHRHEESIREERE | | B saMZ RN HEAE L iR
ES LA PRI [T RER F LA gaEE
RIBTIERERE, &
FARIERBEERE | | = enn ”
HEN AL EMREHR N , O ko mnsp s e THEERPaFIZL FRRE R AT
hemEmngs | | ASEAmeE || BORRORE BD | | wnresan. e
525 (3] fgRa = S REFNEELRER R EAEIE T AR TGN RE BEAER, LTES

DASP ) TSC, DEC, DDC #l CDC # i T GEN24

FEXHE—21 304, DASP BAF R AV R AR I A N PR 2B RE TR . TURAF SR T E TR . BB
(A5, FIR)) TRIAE. SRPEHATRESL . AR R TIYSORAESL . B T RIS . SRIGEHEECOL
W BRBEN RO TR . BRI ARG R A AR A

1.2. HHRE

(1) fERHASCIE: RIS POSCAR FI DASP IS MM dasp . in .
(2) PREPARE: /LTI I VASP XSS RN A S

(3) TSC: X HAR-p AR IATIR A RGBT 5E, #E TCRALA S ATE -

(4) DEC: VBRI T B BE RN A RES (BMLRELR) .

(5)DDC: HHIRAES . BRI TR EERIBREEA L .

(6) CDC: IHBIETHFHPDEE I, H T SRR R S R piode R

4 1. 1. IR EN
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FEEEBRE,. BRPEFNZRBRANLEHIM
]

IRFEM R E A BRI S B £

W E BRSNS R, TR
RESFIE BT

FF R B2 Fh M ERBE AN 2L BB RN 2
AR FEEHEITE

————
1
1
1

PR R EA SRR SRR &R

RIHE BRS04 SR K52 ik fl. VASP
% !

=—-—-—L

FF & EB R FA AN 2% BB R R 254
MR FETE

3 BAR L &R K BTS20,

FRIGFREIT BT, FER

NEFREMMIT RN FHZ(E
TRESEE

T EAEIBAER R EXSTHEE
AR BRI B EMEES

AE(a, q’; Ez=0) — AE(a, q; Ez=0)
B, ||#@a)=—= . S

i q—q ’ E(OC, 41)9 E(bulk)’ Sy Ecorr

v
—> AEf(a, ‘I) = E(a’ q) - E(bulk) - Zini(:ui + El) + q(EF + 8VBM) + Ecorr

EBKRERAIFRREE AL, (e, 9. Ey) EKRET

KRR s SHEAEBK R R TIEIRE
3 SRR N0, g, Ep) = Ny, expl-AE (e, q, Er) | kyT]

itesS g’

N

Po (Ep) + X Np' (Ep) = no (Ep) + YNy (Ep)

& ERIE B
BERSHERE

N(o) =¥ ,N(a, 9)

_Jep( 4, T) | TIFRE T
Y fro(@ 4, T)

N'(a, g, Ep) = N()

B

RIERE FREED BATRE
N(a, 9) <_ Ep _» o, Do ’
T T -P} e IR
?
i
HERMRA R R SRR | B AN I
= B ARIE > (vicro0ly) R
1
1 1
. .
H T BR 2 g g
! = Lo B~ £ FEEAIR
g—pme i T
P VASP paine. [

1.2. it EiiE
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DASP it E R E .

fimMis 2z, FraHE RS 4f POSCAR fll dasp. in A ASME, IKPUTAT 5 &2, B
Al SE A TR

dasp 1 (XJ} PREPARE)
dasp 2 (Xfp TSC)
dasp 3 (XJ} DEC)
dasp 4 (XfM. DDC)
dasp 5 (Xfp CDC)

1E TSC i 5h}, WA tsc-state WAL SEE. 7 DEC 115, 7[PAEN dec-state FifiT
BATS .

s-/-ia; ::Efﬁ

1.3.1. £—HFRETE%YE: VASP

DASP #4558 1 55—k IR PT84k (40, Vienna Ab initio Simulation Package (VASP) & JT FE Bk BaAH 3¢ 1 454 1
&R, Wik, PR ERAEC 29101 VASP af$tT S0 H 5% .

1.3.2. Materials Project #iBE=

DASP 2 AF L2 e, & pip install 64 B 3h%C%E Pymatgen.
ERFPATH RS, Kfifid Pymatgen K757 Materials Project $#lifFE, WM A{E Materials
Project HEMIKSIFIKEL APL, pip 245 0] a7

pip install -U mp-api

FTZ R R ) B T 535 R VASP (1) 2003 JRBES SC:, R Pl 2 IE R BC E Pymatgen, {3 PTHC
2003 fi I JEE 35 P

BARR AL IR

L. P BT % 2003 Jitf#) POTCAR {7

2. B WAL E A R] 2% pymatgen B3 ¢ https:/pymatgen.org/installation.html, S EHEUT :

i 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:

6 1. 1. BREFEN
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~ <EXTRACTED_VASP_POTCAR>
|- POT_GGA_PAW_PBE # (U 4L db 71 420030 )
| |- Ac_s

| | | -POTCAR

or

—~ <EXTRACTED_VASP_POTCAR>
|- potpaw_PBE  # (k4L 20 J1 4 20030 )
| |- Ac_s

| | | -POTCAR

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:

‘pmg config -—-add PMG_VASP_PSP_DIR <MY_PSP>

1.4. EHEE

DASP BAFRETI R AN A SRR BIE R BT, PE, AT 52 pires Sl g S H skt
BHEEAWBR . XTSRS, GGA Rl LDA 45224 SCIUT (b n] BB MU BRARA EL 0 26, ORI 75
ZORMAAZ RAETF TS (BRI AR S EER 1 level=2 711 3)

1.4. {EHEHE 7
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2. BRI 4R

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

2.1. PREPARE iR

DASP P4~ T2 ASCHE POSCAR Ml dasp. in , Hrt dasp. in j& 3BTRS R RIS
TESATIEA I 2 B, PREPARE BURE G240 dasp . in WHUBIASEUE B AL WERGH, WEZTN
—HIIH, HHAE 1prepare. out NS TARMZ5E M.

PAE PN KA R AR Bt 3] 1prepare. out UM, FUFZ L. H P TRERERERE
BUARSHL, FEnatT.

DASP i 55— R BT 40 VASP FFREZEM AT 2501158, ik, DASP &R¥E dasp. in B ASEL
B 31774 VASP TSR B ASCEE: RSG5 S0 POSCAR | VASP HE S84 S0 INCAR |« k &30
KPOINTS . JEH {4 POTCAR . AT&4E35 BIA SO

« POSCAR [fy5= 1
DASP 4} ] P A 45F9 SCF POSCAR |, it AT H A& JRny il ik Bk, =&
—NEERTRGEEZ N Sl sr R . ARG, S AR, XA T R
PEHTHAL, 58] POSCAR_final 3Cff.

« KPOINTS [y
XA BRI RY T, DASP ¥R E K SR, B KPOINTS SCf4H HAL £ Gamma .

« INCAR 571
DASP & 7= AN AN  INCAR , INCAR-relax NEEHIALTTE i H B INCAR , INCAR-static
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ST INCAR . BOATE R SHUY N RN S8, M PIHREES, I7E PREPARE 4
YOZAToe e TS . Ml dasp. in (08 AS 4, DASP DR =AORISGIGT I (LA
S level=1 5 2 5 3). X level=2 il 3, TP AT BMTTAL . XA (LI 6 b oA S i
HYECA, DASP T DRI P 2E dasp . 1n sk B SSI I R A 1 B007E , I K PURE S BRI
LB IS 55 A INCAR Hi,

« POTCAR 3R F=:
FdE P AL RS S %42, DASP 2 B 8l =B TR Iras i B S/ POTCAR &

o AE55 BB WA SC PRIy ™ A
DASP £ dasp. in HH PRI ARIAIIRGE A FR. A4 S0k, BE vasp 642, AZI™
A SR AR5 W AR S

i b &, PREPARE BEHCR: H SR ] VASP JTREHMIAS AR O0AL . Zeibiz ok v 4 <2 il o3 EL 191G E 3
SEVI. M7 E dasp. in R E R Lany-Zunger (BIEJ5 58 (1 L AZ 4L correction /147, %07 5 2
ORI AR AT R P IO PR R AR ™ 2B i I 454, PREPARE B2 1] VASP A i 5 i) Dl we
B, FHFEA dasp.in 1o BALHYELTERE RO SE MR S TEARAN K .

PSR L AR A YT, HORAE] Lprepare. out SUfF. MRAPIRAS . SR LAREEFEE
A LAMRAR ISP . RS ia T 5e i, RHE lprepare. out UPFREAEMIZEMFER, JFZ:
TSC BB Bh IR % S

2.2. TSC &R

TSC B 3 2T RE R VT H b G2 E S A 2 RUE RS e A B RETE R, Mo, Joffess
¥H#120 T~ —2F DEC I DDC BRI HRIHIA o

— M EYERERRERGE, BT HIEMEE . WRH S HSE 5 (0 B BRI 2 A A S PE T I RE A
%, Wz AL &R AR 2 BT AR E « BRI AR AR

o ALE PR SRR RaE PR I
MR =AY BATER T 272 ERGE (AR BB ECHA A, G R R i AT DAPRIESE Y
FAPRES ), B4, HARZEW RN =51

(1) HbAb A it A S v i B4k g 27 -4l -
PG LT, AL L U 50 RSOV AL T 378, X&) A BiCrDn , S AUSIGR
A p JZA S YTE e B T2 e T 44

kpa +lpp +mpc +nup = Ef(AkBlCmDn) 2.1)

(2) LG HAEA Y R SE P2 RIS P AR AN e AT :
IHE—ZHA &Y Ay By Dy B ICRIIEE TS RIRMUEL A IR TE IR RE T 2009 2 T 81 A 25

Kpa+Upg+n'up < EY (A By Dyy) (2.2)

(3) HbstA WA alioc R0 R RIA 2B :
RERIE R, A IR A A SR AR A

pa <0, pup <0, pc <0, pp <0 (2.3)

10 2. 2. BN
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TE25 TR AT RERY SE ot AR BTG , R TTRAL A B T DAE— VSR, REWS 2 DA LA R 4%
7, W2AZAEEYESURIER T2 ERIEE . B, eGP RERARE, Sl M # U
R BRI A AT, A U R A AN R PRI AU BRAARAS

ARSI R I AT 2R E TR FIRTEER , SEPR B S E WY energy above hull YW iy =2 8 E 1
FRCREE . U energy above hull iE, ZALEWIARE, JTCRAAFATAAE L HW 2 LA LI 20
U2t energy above hull 1, AL EWIRLE , JCERAFATAAAE—MTERE 2 A BT 4%

o PIPFREVE VSRS BB

e FiATHE, TR G SR IR E A T BB R e TG R, FFEIrE M &R
BAE. XU, =JC. WUot. ot EEZ Ok EY, HulsErws ik amm L, Eita by
TEE R . MRFEATS, R EARE NSO AT R ER . FIL, Rar%EE
BT v RE R ZAH A H T A A R E R C B s B R o< . AR RE 700 2% SR BT ml
REMIZ4AH, DASP iR¥E H in 2 SARMA N ITE, B33 Materials Project #4432 PR 5 2 A 5 119 45
AIREZAH, AR LT i BB 45 S P nf s 52 ) H Ak G921 AR SEAE SR SRS, S B AR &
FISCERAAN, FFREASH T RE T, RS Rt — it B B b &Y R tER o k2 s
B AR YO R . BRSO AR B

o a7

DASP /[ Materials Project ${#% % , #23% H Anfb &P A1 BT A S I T R ZA , SRECECE 1 i
feE SEEHEE . A, 774 5 Materials Project itdiit E—%K % VASP 1425 (Materials Project (4 %
H i 5% J§ GGA-PBE Az #t X I #3bl) A% A S : INCAR |, KPOINTS . POTCAR, POSCAR (&I H H
FHRBER SR, WA VASP i HAME AP B BERTEREE (i BLiT 3155 1Y #E f 5 Materials Project
AR R R R EE TN ) . TR S Materials Project 34 R RE — 20, - PR &ML 5 —
WESITE, A 5HE” TSC/HIMEEY R4 HR” FH relaxationl , relaxation2 , static.,

W, ILEHE YT SRR S WRTE BRE R B, SRAE_EId =PI 2 108 b Y S5 A1 AN 55
X4, WA RERE, H0E RFICR A B RE TR A . X — i BO TR
1 VASP 155 HARE S -E R SR Z5 A BE, HF 2RI GGA-PBE X0 e KL, T1HE AR
/N R TR B R, S EHOK B Materials Project Xfi /e, ot Bk, wAtRE, 78
SYIIFE IR TP, AT AE S H A

o« B

E15 B bRl A A SE — B B 2 1) S B4 A, SR A PREPARE #5421 55— 1) VASP 1158 2 5(H 1
AU INCAR fll POTCAR . TSC #idk H 3/ 4: ) KPOINTS . POSCAR (XFHIrMb&EY, ZifilH A
FHREERI SR X s A, H s\ Materials Project #3572 2% ), 18/ VASP B3t 5 Hbrb &4
B BE R AIE RE . Pt 5, AP B, (06 B b &R A ST, 1R H &
T TSC/H bR A G4 HSR R static_recalce . A5, WA BATEM HIRMLEY)
R AEAA B TE NRE, FEHOR M Lk = 2P S W i AR 0L, AR TR B e
LIS A dasp.in X, YEAJG4E DEC #il DDC Bt R e Efb2- 35 A

BT EAPATR A HAME a9 IR R, TSC Bibkth B 2hit 5t ik HARE &1 energy

above hull (eV/atom) VAKHz ] GEFK 742 energy above hull Wl i T4t H AR IO RUERE . (RIXTT

FMRER ), FAEB A S PBARE ;. HANIER, A EWARE, HEBORBOARTEE . ST A

MSrIsfT, WL, ATRAMEAE R A AP R R E PR . RS T el T R TR

gg%fgz Vot S, TSC BRI AZ il C R s P s () o — 48 5 — AR fa e IKIA  , BAiE 2
ESUNEER

TSC BHLZATRY A ST . TR MRS S, A AE 2t sc.out SUPEd, W] DAMRIE L SCAF AR 1%
BHAIBFTIROL . BB ToE MR . BHE 2t sc. out IR BRI SERE B, JF4E DEC b
BRI 15 S -

2.2. TSC & 11
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2.3. DEC &R

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 S 55— PR IR R SR VASP TF SR SREAFI AT S5 AT T 25T B, AR L R S 4% BB A
ZRIRIIE BB RS RESL, it 18

TE7 LS 2 1, DEC B el dasp . in M ASEOR GG H. WERARE, WE3 N —21HE,
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 PR R R A
PR B A E A 00, AL DA R TR Bk =3¢, DEC A1l Ji] PREPARE AHRL ™ /E (1) 8 i SO
POSCAR_final , AR EHHA X BRIER 2=k A ANt G Y 2 (A S (BRI . 7B
T R BB I )y SR BRBeM . (BT P/ 52, DEC #uf#i PREPARE
b= ) INCAR, KPOINTS. POTCAR, E%ﬁﬂzlijdﬁlﬁ% VASP I ASCHE, S BREER H
e WTAMRAT, Ry (B OL) . B mF 2.

BRI
DEC BEMOHFRUIP PEBRMAI TR 25 R (RS AR A0 RS ) 7 A B P I
FEE S, AT PR ST IER B, MR 27 R

o AT S5
DEC #iHe4s H 5l ] VASP IR A o i P Ay B SR g g A A AL AS I T8, 9 A shidm) E%
TR A RIS AT7E dec H3RF, @4 dec—state KA F TG ﬁﬂ“ﬁﬂ’ﬂf%zﬁ(
FESEMEISL. SEMARIS. THE M. EETHE . EESRE, KRIEZHIRE. 5 DEC 1‘%@%1_17
SEESE, AT RIS R AR R4S, P T AR AAE B 1Y) B SRAE 2 INCAR ?%*AI ARG AEES
B A dec H3x I redo. in X4, HEF4T DEC fiidk.

o JBIRAEV
TEMBETT A A 2

Ef = Etot(defect) - Etot(host) —2in; (,U/z + Ez) + q(EF + EVBM) + Eecorr 2.4)

I:F‘ Ef %‘%Tﬁ/mﬁlﬁa Etot (defect) FD@%BEEE@B@HBEA Etot(host) %%TT/\@%BFE%E@B/JE‘EEJ

n; PN R TE B AR T A IS RIS @ MOoTRINE T (n < 0) B AR IS THL (1 >0),
%/T?E i FUCRMS, HAZCR PR ENE T IRER B NS %, g FoREia g
L (W BRE B R 5L IEHUIRES, ¢ > 0, TR i 2 320 B S A e
RE, ¢ <0, HMTWBAEM), Er ZORMNTRENR Ever EASHTKRGED Eeorr F08
iﬁﬂ@ﬁ‘ﬁﬁiﬂ Hh R TR M R N BRAN AR F AR A AR S5 5 AR TR I RE A I (R

DEC e 2 BEHCH— LTS A R A TS A BRBE A RS RO IRE . FFAR
P PR E B IE D A S MBI . XTI R RIECR IS B, WA 23R8 i AE

o HiilpE iR
DEC e 2 ARG AR 01T 345 R 4 45 B A T i RE B 2 K BE AR AL 5, 4346 dat A% =X 4L
#i: pl.dat, p2.dat, ... K png#&XWE KR pl.png, p2.png, ... (FFFIR TSCHL

12 2. 2. BN
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Pegy L B s R IR R ), DA RER AR £ 1. dat JeE R s t1.png o TARHESCIE
HO RV ) B A T 1

o WPAEE K5
DEC BUR S ARG SIRBIE LA TT SR, A3 RS . (ERRERI ISR UG ok
PRSI RS2 IS, 3508 B AR G BRI . FGE1T DEC BEEUEF T . X R 52 1id)
BRASHTT SR BRIG , AR S A RS 5 o

A ST SR BTAYS, BHRAT] Sdec. out TP, HIXIARA. SR RIREEITE, TTOUR
?Eltkjdﬁf:ﬁ}ﬁ] "E AP T8 UG, FAE 3dec. out SRR FERZIZE AR K., J5%k DDC B E3)
BRI

2.4. DDC &R

X APPSR RE UL R BB, SRBEVR I R — ARS8, Sl b, AT LA AR
PR ERIEARAN A T SR 0 T B e A R BRFE RTINS E A EPERER . THE L, R AEAE
SRETE BB RES T ST R B, b, b I BRI B R SO R A2 35 A5 A R ARt (T DA 5
RIERETE SRR, . ERINSH .

DDC b ERIRER, B ALLET TSC Ml DEC BB A2 5 25 1F T B BRIETE BB FIFL AL REL 25 25
R AR AT B VSR A R A KR AR EE N oK BEGL . Bl vk BERN R Tk

T GRRRE) b q MRS o, HAPS Rk TR :

N(7 Q) = Nsitesgqemp[_Ef/kBT] (2.5)

A Nogres FRVEBERAAE AL BT BRI GRG0, TRBMAL TN o B FIHER T By
FRBBARIIL AL . | B LR RO BN 2 A THOWIE . FIATFE D (q>0) OB HLHE BN A
EHMHEA 0 gsola* n(anq)] : A (q<0) M LB LR B GHHRN 3. ol(—a) * n(as q)]
. HUTRIZS R TV A P AR FISC B (Z0R) 1B LIERIPeE . (ETAS T, SORAES AT LR
FRRAR Hh PP A e

no + Z [(=q) = n(a, )] = po + Z [q % n(a, q)] (2.6)

a,q<0 a,qg>0

Horbno Ml po 2 A AL T2 7080 TR EE, i R :

+oo
ng = / g(E)f(E)E 2.7)

po = [ " (B)(1 - f(B)dE 2.8)

Hr g(B) FoRPEREREFMASRE, f(F) /& Fermi-Dirac 4311 4L

EARAPERE FAE R TR, BEPRENE KR AR TARRE . At s e s i AR R e
e, AEREE R POEIR A A A a] MBSO T2 AR . B s A ST, (02, BT R IR
A RS AT RERTE P IR K P, BB AT HURES (hAS) AOMREE AT RES HB /07l . DDC ARy it
ARS8, B, s n A RIRET BRI R PR TR, A5 PR BB &M AR T 1L 5
BEJG, TEARM AR N RRUORMER P A 0 A, (I R UL S MM SR BT A FE TARIELE
AP REROR AR, B (T HES) RBIREERE, THAA S B ik BEAR

2.4. DDC &R 13
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Fermi-Dirac 7)1 BB BT 01 BT %R, A DATHRH TARIR T - A i SR BB . T A
I ASHHT A 5 B o

DDC i 2 B2 TSC il DEC By i35 KA i OB MAE . FLREH), At RITEARRTTRASS.
iﬁ%ﬂlﬁfﬁﬁf%ﬁT, A BRETE A SR BE . 2 SRR 0 PR BEORN 380 VR B . ERAHEDAE
7 :'7’%%

* JEIRREB A
DDC B LR DEC BB B4 BRI, 1 201034 B B i T s
WEERAR, LRI B AE Y DefectParams . txt /1,

« PORBEHR AT IS
EASRA R PR PO AR, 0 SRR AR IR M AR TR SR BESL, % ihiAE 4ddc.

out fl Fermi.dat 1,

o WRBRRNETE RV
A oK BB, BIW] A B A 2 VR BE AT & M S B P v B2, 4 ih Bl carrier.dat |
Defect_charge.dat DA png #&=CHE A X density.png .

R A RS R BT AR, AR 4dde. out U, MIRAPIRAS . SR BARMHE R, W]
PRI e SCPR AT )

2.5. CDC &R

CDC BB R AR MBI TT R : (1) S E SRR TR SRR AL (E2); (2) JeEOLTBR: (3)
R AR HP IR R A (RFEEH) -

(1) FEI R ALK

PSRBT A FAT q=0 Fl q=+1 045, SLOMASEEASAESE (0/+) BrHimry, AT +1 B A+ TTUARE
PORE TSR T, B A . B RDEHEGT (BHOCT) 1R, B ERFROTI%
RN

nye>

Cn = .fspin‘/supercell 3 |<¢z|p‘¢f> |2Eopt (29)

m2yc32

Hrr f oy Sommerfeld N1, FEFRIFIRBIAGH B SRR TR EAER , X1 AT, HAFHR
HLF AR IVEH, RIIL f B AFE 5-10 Z 18] A, AnSRxdT AC (IR /A AT, Wl f =1,
PRI A F, e P R s B ORI S [ AN HE R IE ST o spin SN B BEEEERRIN . Viupercen FMRMBHIATE, n, R
MR, m @ BHETIEE, (Vilplvy) Fomsh&HFETT, I vasp BIFH i, AN =0
EWAH R LRI . Eope 2 ERPARDGFEEE RS (optical transition level ), W] F S 1) 4 24565 B
(thermodynamic transition level) I3 S5t EfS2] .

CDC #ide n] PAKET DEC BRI H A (BIANGRIEE5H . BREAFSRESE ), B 3 HAtt i 1
VASP U SR 55—V 3, BRI R AR, Bl em®s ™! o BTRRRALC, , FEHZA

14 2. 2. ERATE
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i&z—‘ﬁﬁiﬂ@ﬁ%ﬁ@%ﬁ Np (W28 DDC Bt ) Ao, SRNFHER v, FRHURES 25 KT 0 75
_ro 2.10
“r  C,Np (2.10)

(2) LB GHERTEAR

ST (steady-state photoluminescence spectroscopy) 42 FEfEHLfE A EELSLIG F B> —. PARTAIISHT
SR R B A B IE BB B 5 PL U (E A7 ELAH LR HEM T BB A SfE A4 2, 1T DASP fY CDC A5k n] DA
R PL GRS, M LML PL S B . I TE . R4k . Huang-Rhys NS89 P & 5 505G T
8o PL OGSl AT Sl nyitE, HEYERE eIt TR mmE:

10 =N*Y " pw Y limla) P(Ezpr + Bim = Epa —) @.11)

Hr N FITRIH—LH T, i B o 2 AIFRRVISHRESE FROEREL, Eip R Efy 2 5IE R WIS SE T
BT m AR n AMRSISHANE, Ezpr FnZESBRITE TLEE. N TSEMER A T
PR MMRSH S AMEE, CDC #H R H T —4if & (one-dimensional configuration coordinate diagram )
BRI ae i 2, IRz e i Sl e e, A2 R B AR B EL AR -

CDC i n] AR DEC BERAYTIIE H AN F HH (BIANGRIGE5H . SREEFASREREE ), B sh At S A
VASP iU RS — PR3, THRAOR A, Boekdl. AMEE, HEERELA RSB, R il
JeskFEARGE TR HAE L, B PL i,

(3) A7 ALK

55 (1) TR0, RGN A SLAT q=0 Al q=+1 145, FLOASEEASRESE (0/+) BT, AT +1 6
R AT (EHOR BT PP T B T DR, KRR . A AL,
HARERBTIAF R N

2
On = Vsupev"cellfwff me Z im|Q‘fn>2(E + Fim — Efn) (2.12)

HA Viupercen FBHTATL, Wi BEBEBEHFMIC, pn ZRRFATE m MREVSHHER, imnlQlrm)
RS RBESHS (5 (2) FRHESHOMEL, WX GE deltaQ TEFR ISR P IR 24 bR &
SR RB AT ) . deltaE FRiin FHIKITAER (carrier transition energy) . X257/ U748k, HIEK
THEE M ASRAZBEYL (charge-state transition level ) #IX}F VBM RURER2E; XL TRk, HEKITAER N
ASHER AN T CBM [ RE 2%,

5 CDC AR SHFER AR BT, AR R R BT RARRRER A T — RGBTk . F5 2%
AERR) 2, CDC AR constrained DFT (Rl 2 L 1~ i) SRITHEIMACSHI A BERIII 2, PAoiXsd b B
ST AEIE . BRI, Sl AR R TR RE RO T A RS IR 2L, DAMS B SR 5 RE I
&, MLABR ORI IR R B REC AR IR (RUARARREH C 2678 DEC YT HPEIE T ).

2.5. CDC &k 15
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BEAFEI Cn hy +1 MBI A PR THORE, HAPIREE R, (BAAL2 em™3s™1 ) ARAFIR N

R,=C,N"n (2.13)

St N SR AT HRIE, n R TIVRIE. T BRI G, R AT T
WA, VIRE “EE7 M YRR Wi, TR R LS SRH R R A S o DARFE T
(0/+) BERER N1, JCHE A S RIKIEN N 3 CIRIRED C , 2FIRRNCH Gy . IR (U
th SRH & A4 iy it B A

1 CrnCp(no + po + n)

=N

2.14
SRH Cr(ng+n1+n)+ Cp(po +p1 +n) ( )

Horp ng Fl po F PGS HFFIZ IR FIREE, ENTASREEE N #] PAE i DDC Bt 8A55]. ny
M p1 AR R K BB AT A BES I H RIS IV B, n i A AR SR A S8R T, JeiR&
PRk 101 — 105 em =3 K. (402 BT DAL I, HREAMESHE (ng =po <<n ), W]
PASE— 2R A -
1 GG,
SRH NCn +Cp

(2.15)

' WTRW Shockley and WT Read Jr. Statistics of the recombinations of holes and electrons.  Physical review, 87(5):835, 1952.
doi:10.1103/PhysRev.87.835.
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3. BINSH A

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. FRFHREA 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 RHIAE SR (intrinsic defect) BBt ERY daspin. PAFHIZRBI P LEIERESEL, KikS
BTN 3.2-3.5 77, P ATARGE S PR DL AR 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)

[y

17
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(€A

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. FRRBEWHERSH

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. 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

18 3. 3. HIASHIAEA
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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

# BT BN
core_per_node =

# R BARI R RN ERK

#aBl, FEATER
core_per_node = 24

3.2.4. queue

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

# BROAE: TR

queue =

#AB, BEATER
queue = normal

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

#EH, KERER
max_time = 24:00:00

3.2. FRRFEEEHEREH

19
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3.2.6. vasp_path_dec, vasp_path_tsc, vasp_path_cdc

vasp_path_tsc 3137~ DASP-TSC L I 1Y vasp 42, vasp_path_dec Z:%i3%7~ DASP-DEC #i
Pl IR vasp #6452, vasp_path_cde 24137~ DASP-CDC it S a8 i1 IRl 46 M T 75 2240 S
JIEY vasp A2

vasp_path_tsc . vasp_path_dec F| vasp_path_cdc W ZEZE8K str , TCEGAME, HH %S
vasp_path_tsc . vasp_path_dec 1 vasp_path_cdc 825005 &7l

# BN : T BROAE
vasp_path_tsc =
vasp_path_dec =
vasp_path_cdc =

R RS BT £ % T vasp

t T, EEAER

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
vasp_path_dec = /opt/vasp_optics/vasp_gam

3.2.7. job_name

Job_name Z ¥R RIEALH AL A4 5

job_name WZHEA str . ERINE A submit_job, MR HESEL.
Jjob_name WS4 R fl:

¢ OB -

job_name = submit_job

# ‘L%: 7] /@J /E’\ j}; Jéi ':jz '?'»‘ji P n, n/n, n?n, n*n, n$n, ne n, " (”, n) "

#rBl, FETER
job_name = job.pbs
# job_name = job.sh

3.2.8. potcar_path

potcar_path ZHUFINAL TG RS S POTCAR B U R AR
potcar_path [N ZHCEA st TEEGME, HoH BB
potcar_path SR BRI

# BRAE:-LBRINE
potcar_path =

tERRABETHFAER S XMk, BAREHR

# =fl, FEHATER
potcar_path = /home/POT/potpaw_PBE

20 3. 3. HIASHIAEA




DASP Documentation

Rl VRSO IAFE, HATSAIG IR . TEFORLEI% SO B AMEE A HIRI IR S5 SCAE

3.2.9. max_job

max_job ZHUFRIATHIATTER;, S A e B A B RAT 554K
max_job SRRy int | BIAEN S, M AESEL.
nax_job W 245 B 7R 1:

# BRAE:

max_job = 5

#TPl, FEMER
max_job = 3

3.3. TSC #HHx&#

3.3.1. database_api

database_api ZE0 AR R 4180 5 Materials Project ) FI#E#2 0 (Application Programming
Interface , API) %4, M TIHBOTEIIHRRMEMEE .

database_api W ZE80 % str , TTEGME, H BixSE.
database_api [ 255 B R B

# BRAE: BHIAE

database_api = KAk Kk A A A IA KA A A kA Ak hkhkkkk**k*k

#apik B ¥ % M B K Material Project HHE ——> F X EEHFAPT ——> HHETE K Ho
APT Key 4 # B 7 £ 4 # B .

3.3.2. key_phases_recalc

key_phases_recale ZH47 TSC B AT 5 DEC Bk SO S H0R TS0 150, 7%
% False , 1 TSC il A/ Materials Project SR FAOM AR, X H iR AT T
B b BINE T AM 4HIHEFF AT DET 44

key_phases_recalc ) ZE5Z551K bool |, BRANE N True, I MRS,
key_phases_recalc W) Z 50K BN Hl:

# B\

key_phases_recalc = True

# B, FEAER
key_phases_recalc = False

3.3. TSC g%8% 21
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3.3.3. excluded_phase
excluded_phase Z: 845 € 7341 H in b S RUE PERT R 2 HERR 9 4940 . AT e 24T B HERR I 24240
AR ZAH A PR [ 2 tg I
excluded_phase W ZHRGE R list , AW FAFER Z BFE HZMSTE, TREME, HohTESEk.
excluded_phase W) 250 &7

excluded_phase =

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

3.3.4. axis_element_x

axis_element_x Z%03% 7~ HAMEAPIY) —4EFa g DA H X BTSN e R b2a 3. SOt
= 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. 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

2 3. 3. WASHIE
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3.3.6. mid_element

mid_element Z813 7 H bl G0 — e fa i KA I HAb 3505 ) AE 2 ) T %
mid_element [ SECRAN str, TLERNE, R TTESEL
mid_element [ 25015 B~

# BAE: THAE

mid_element =

# T, FEAER
mid_element = Sn

3.3.7. fixed_chem_potential

fixed_chem_potential S40F7 42 I TE AL A PHY — AERa s X BUM P R LA 22 3 B s T, 24
OIS APRA . SRS 5 T3 102 Pkt JOR e K e, B 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~

# BRANE: BEFras A

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

3.3.8. plot_2d

plot_2d ZHH8E 21 R H ARG G i e R IR, 24w (S R = 7o s Te 2 S A b
¥

plot_2d (Y ZHZEEH bool |, KT =J0mPUIC 3k, BRINMEN True, BATTIESHL.

plot_2d )B4 B R

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

PR, EEAER
plot_2d = False

3.3. TSC #HxX&#
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3.3.9. plot_3d

plot_3d ZHCHE R B R L Wy = AR BRI . 4 1 DL S TEK S
plot_3d (W24 bool , BRIMH Ay False, AT HESEL
plot_3d () ZH BBl

# RN -
plot_3d = False

#RHl, EEMER
plot_3d = True

3.3.10. tsc_only
tsc_only ZE 4 € 5 5 B AT TSC B AT 3 M B AR G AR E PR . #Z TR BN True,
N PR35 [E B & potcar_path o
tsc_only HIZEZEHK bool |, BRIA(E N False, IMhm]EZE.
tsc_only [ Z 5 B R Bil:

¥ OB

tsc_only = False

bR, EERER
tsc_only = True

3.4. DEC #3584

3.4.1. level

level Z %37~ DASP XHA £ S fEAYIT44 7775, 1: PBE+PBE 2: PBE+HSE 3: HSE+HSE.
level U HKA N int |, BRINE N 1, AI3E(E: 1, 2, 3. HHATESEL.
level 15505 B fil:

# ZAME -
level = 1

# level = 1XRWE T EW®R WK APBE, & & W I H WK APBE, leveldd M A 1,283

#AB, EEAER
level = 2 # level = 2R W B F ML & M 1L % A PBE, M & W i+ & % FHSE
# level = 1/2/3

24 3. 3. HASK
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3.4.2. min_atom

min_atom Z:E 3R T BILE B FH AR I A B NE T8
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. max_atom

max_atom ZEF TN TG 8 B R ) B R R 4
max_atom [ASHERA N int | ERIAMEH 300, BHATESEL
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. intrinsic

intrinsic Z R 2 H TR AE GG .
intrinsic WS bool |, BRNE N T, B ATIESEL,
intrinsic WS 505 E R BI:

# BRAE:

intrinsic = T
# wBl, HEATEY
intrinsic = F

3.4. DEC Hx2&H 25
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3.4.5. vacancy

vacancy ZHFTR RV AL 2 (LB -
vacancy ISR bool , ERIAECA T, BLNAIIESHL.
vacancy (SR E R BI:

# ZROAME -
vacancy = T

# B, REMAER
vacancy = F

3.4.6. antisite

antisite ZHLFRTN B VT AME SALERE -
antisite P ZE02550°8 bool , BRINE N T, M NA[IESEL.
antisite [ 0% &R

N

antisite = T

S

" ~

# =B, FHEATEY
antisite = F

3.4.7. interstitial

interstitial ZE0F R 2TV AE 8] BRERLE -
interstitial [ ZEETKN bool , BHAMEN T, M NR[ESEL.
interstitial [ S50 B~

# BAHE -
interstitial = T

# R, HEATEK
interstitial = F

3.4.8. doping

doping ZEIFTR RV BRI .
doping IS KZEA N bool , BHAE N F, AT ESHL.
doping [ 5 B R BI:

# BN
doping = F

P EREWNHE B LK, REdoping = T, HG&AF WK Eimpuritys ¥
# dopingh B B & A B H W % X

[y

26
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(Fz E70)
# B, BFEMTER
doping = T
3.4.9. impurity
impurity ZHFTRBIINITTRL -
impurity SR str, TEBGAE, MCOHWESEL (2% doping = T WEHBBESEL) .
impurity W) ZE0CE R B:
bR B
impurity =
# W Hdoping = TH H &K, impurityR EWE LA A L RKAW TR 4
# B, FEAER
impurity = H
3.4.10. substitution_doping
substitution_doping ZHIFIR e BT HABARE AL .
substitution_doping WS %257 H bool , BRNE A T, B ATIESEL.
substitution_doping W) Z50% BBl
# BRAE -
substitution_doping = T
F R, REAER
substitution_doping = F
3.4.11. interstitial_doping
interstitial_doping ZH RN J VT A A ] BRGREE -
interstitial_doping {1242 H0 2 bool |, BRINMEN T, N ATES L.
interstitial_doping F) S50 B R
interstitial_doping = T
# B, FEMER
interstitial_doping = F
3.4. DEC Hx&# 27
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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. 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

s WAL SE B RIBRE R AL O™ A, K inter_host_distance i n[HE 2 58— F
TCIER BT A S BRI ¥, DASP-DEC ia47 21kl o i Jeik b i k8a it . BRI A B
Wb — s L bt ], AR RIBER LS B R B, KR (240 8h) JomRi, SRS
e wiigdit DASP-DEC.,

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 distancefll # A, 74 |8 [f & [ & E & B
# =, FEHAEX

inter_inter_distance = 0.2

ik WO IE S P RBRE il BEOLR S, b K inter_inter_distance {i [ R85 80—
TCE R BIFFA S A M BRE A1 ¥, DASP-DEC ia17 21k sr i Jeik i k8atr . BRI ™ A [l B
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Wb — e ZILA bt ], R RIBE G LS BB K, KR (124 8h) JemR, RIS
¥TPrisiT DASP-DEC.,

3.4.15. correction

correction ZHIFR X LR IE A PRI ROV A IE IE . None S (UL 55, AR B
HUFHEIE . LZ F7 (#5057 +Lany-Zunger BHEHAHEIE S . FNV R FNV £1E
T (HSEEEE BT .

correction S HEAN str, BRIAE N None, HJHE(E: None, LZ, FNV. I RA[3ES%.
correction NS H% BRI

# BRINE -
correction = None # A 5 4 NONEB 7]

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

# FNVE IE
correction = FNV/fnv/... # K5 A FNVIE IF Bl 7]

3.4.16. epsilon

epsilon BN LGS 1IE B iR MBS T L E U0,
epsilon [ ZHH 4 float | TEERIAME, M55, (correction = LZ 5§ FNV) Wb 55
epsilon )4 E R Bl

# RANE: RHRANE

epsilon =

#RB, HEAEYR
epsilon = 12.6

3.4.17. Eg_real

Eg_real ZHFIR LA BE (eV), I T 115 HSE WAt 24 AEXX.
Eg_real SRR Yy int , TBRIAE, HATTESHL
Eg_real [ S50 B/ Bil:

# BN TEBRINE
Eg_real =

# M EHEMNY level = 1 HWAX
# Eg_real > 0, XX pHE X BWRE, TIFRE,

(RN

! Stephan Lany and Alex Zunger. Assessment of correction methods for the band-gap problem and for finite-size effects in supercell defect calcu-
lations: case studies for zno and gaas. Physical Review B, 78(23):235104, 2008. doi:10.1103/PhysRevB.78.235104.

2 Christoph Freysoldt, Jorg Neugebauer, and Chris G Van de Walle. Fully ab initio finite-size corrections for charged-defect supercell calculations.
Physical review letters, 102(1):016402, 2009. doi:10.1103/PhysRevLett.102.016402.
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# BRFAFERHO2EM A B RHFATE L WE

#wfl, FEAEHR
Eg_real = 5.6

3.4.18. distorted_defect

distorted_defect ZHUFIN UL A Wi AR SERE ) BRIG 4 , W25 8RB SCEEIe g AR TR (TR BRERFE BR A1) o
(5] PRGLFEIE G AR, f]: N_i/random2 %W N_i-2,

distorted_defect ) ZHIARAA Nist , JCEOAME, MONPTIESHL, BWEAS IR B TR S T
&

distorted_defect [ ZH% B~ Hl:

#BROAME: TERIAE

distorted_defect =

# mfhl, BEMER
distorted_defect = Ga_N2 V_NI1 N_i-2

3.4.19. distorted_number

distorted_number Z ¥R ERIAZEAE , AR A AR S5 BCH -
distorted_number [\ ZH2EAK int | ERAMEN 10, HCHATESEL
distorted_number [ ZH% B~

# BRINE: 10
distorted_number = 10

# WS B Y IE# H & B distorted defect % W H 3%

#EH, EEAER
distorted_number = 6

3.5. DDC Hx&H

3.5.1. ddc_temperature

ddc_temperature Z{FRAPRHA A KRR TARIREE , P20 150 5 0
ddc_temperature [\ ZEZEFK list | TRERNE, o S5
ddc_temperature W) Z 50 BRI

# BRAME: £HNMAE
ddc_temperature =

# XTIMBWAEKEE 1000k, MIEERE (MNEEBE) #H300 K

EET )
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(% L0

ddc_temperature = 1000 300
# ddc_temperature = 1300 330

3.5.2. ddc_mass
ddc_mass ZHFERBRMG LTASUR BRI 7CERUR &, AN IZ T it B8 T SUR B
xyz AN I U1 .
ddc_mass SRR list , JTCEGAE, B BB
ddc_mass W ZH0 R ):

# BOAE: EHAME
ddc_mass =

#OREAMA MR T AR E A0 1m0, F KA MK E A 0. 9m_0
ddc_mass = 0.1 0.9

3.5.3. ddc_path

ddc_path Z438 DDC IR T A%, 755 dasp.in WgfA 320, ATRE P UE.

dde_path (B ORIy lst | BN 12, BUBGATHSE daspin s MEF55 (p1) B4
p% (p2) BEARRURFEIRIE, ATTIESHL.

ddc_path W)Z 30 E R B:

# ZAE -
ddc_path = 1 2

# Ko Mdasp.inF FAPMUFH BN E2NMFHHBERE L, SRR EHTA
ddc_path = 4 2

3.6. CDC #Hx&%#

CDC #ih &332 B_F LB 248 M level | epsilon . vasp_path_cdc . ddc_mass PUNZ50A N R iR EZ81

3.6.1. cdc_defect

cdc_defect ZHUFGE 75 BsHIT B I SIE .
cdc_defect (S ERACK str, TLEGAE, HH BiESE.
cdc_defect [ E0% B Hl:

# RN RRINE
cdc_defect =

# R AW HCcu_zn1 B W B MR
cdc_defect = Cu_Znl
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ik ASEAREEE FFRR S dec H LA H 3 #5588

i MG RS dec HatrP iRl T “initialstructure” 53¢ F P i

3.6.2. cdc_job
cde_job BT RIHE TR . radiative_rate 27 B REHEAR R ol i
BBLFA B G nonrad_rate FeniTRBLIA ) AR 4R SRR R B
cdc_job ST Ky str , TEBRIME, Wi%{h: radiative_rate, pl, nonrad_rate. I 5 #iS%L.
cde_job WS HE R

# BRAE: EBAME
cdc_job =

R LEETI LTS S
cdc_job = radiative_rate

R LRSI TET ST
cdc_job = pl

3.6.3. cdc_temperature

cdc_temperature Z8(45 i CDC ATHT L H A M 0T B ARk T Ak iR B
cdc_temperatre [\ SHRAN float | TLERIAME, bR BB
cdc_temperature [ Z50% BBl

# RN LEBIAE

cdc_temperature =

#ORAEAM A AR E A 300 KT B %R

cdc_temperature = 300

3.6.4. cdc_charge

cde_charge Z 803 R 30 T BKE 0l J5 A SR HL T
cdc_charge SR 0 list , ToERINME, R &S5
cdc_charge S50 &~ H:

# BN TERINE
cdc_charge =

#o
SERTF—NERKETERBS, MTHBEHATSATRS, BHEH, RS AE N, &7 E N9,
cdc_charge = 0 1

[y
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#RTFABRTREIEGRBS, THREVNNASNG N, EFEN-g AASFAEZN, BHEN-
=29,
cdc_charge = -1 -2

3.6.5. cdc_band

cde_band Z TR TAEBIE RIS TR BB G5 o et s BRI i 5 230 S T
Pl TS BREES 1 e i T ERIE, mﬂ%@’éﬁﬁ}:%?ﬁwﬂu?sﬁﬂ?ﬁ SHEFE S B

cde_band (WS EEADK List , TTELGAME, h xS E
cdc_band WZE0 &R HI:

# B fE -
cdc_band =

# XRERERTRE, KEWMESce4f b, BMFT,;, KEBFAEFsSL T, WHELS.
cdc_band = 864 865

# X &R TR T K
cdc_band = 866 865

ms

, R EF ek e®m, WK, KLEAEFSSL BT, NHES.

Frik: 4 cdc_band X P ERIE, cdc_charge WiZH il FERIE: %5/ CERERT DL AL

3.6.6. spin_channel

spin_channel ZHFRPOT BRI EBE. 1 XN B g FukJo B ek B o ; 2 %W B iEm T
spin_channel ISRy int | JLERGIAME, TIEfE: 1, 2. h BESE
spin_channel Y S50 &~

# RAE: TRAE

spin_channel =

#ORTHRE®EERL B ERMFR

spin_channel = 1

# kT B mAT

spin_channel = 2

3.6.7. refractive_index

refractive_index ZHRIIAERHITHE.
refractive_index [ Z40 250 float | ToBUIAE, UL HEBE.
refractive_index [ B R~
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# BROAE: TEBOIAE

refractive_index =

#ORT AR T AE A 2,38
refractive_index = 2.38

3.6.8. dQ_range

dQ_range ZHUF/RAIE K PG I RE T M & Bl . BB ARSI S 4 M 2 22
(AQ, —HEdRBNIT1) BIELBI; BIaN, 3 FORUTEIZIT MMIETT [H) 30%*AQ. TR LAH &
B RIAS

dQ_range W ZHIFEAN int , BOAfHRE: -5-4-3-2-1012345, AI4aETE 424 BUETE
[-50%*AQ, 50%*AQ], A kS -

dQ_range W) ZHIBLE IR

# RN -
dQ_range = -5 -4 -3 -2 -1 0 1 2 3 4 5

# BB AMERE, WFTRTAZABRMEEEZ[-808*20, 80%8*40].
dQ_range = -8 -7 -6 -5 -4 -3 -2 -1 012 3 456 738

# MEANGEE, EAANRBE, BAAELAEGHKR, RALAHY. WTRTFAZBFBMEREZ[-2008%20,
— 40%*AQ] .
dQ_range = -20 -14 -10 -8 -6 -4 -2 0 2 4

ik M DML RS R A AT . A I T5E— K CDC 155, ABUAIE IS AR, "TRA
Bk dQ_range, HFTIIH CDC, Fefy &AM K%

3.6.9. fitting_method
fitting_method S n P BT M2 UG k. WORH R eREUSA (Ronfigdksh) , S80h
parabolic ; BFEAHIAAEE (FliAARRITEIRS)), S%CH spline,

fitting_method ) ZEZ5F K str , BRIA{EZ: parabolic , W[i%({H: parabolic, spline. .5 w[ikZ
.

fitting_method W] 50 R fl:

# BRAE -
fitting_method = parabolic

# kR A R A
fitting_method = spline
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3.6.10. guassian_smearing
guassian_smearing Z 4R R M F R B IE I 1, B2 eV, S ECHIUE A RIREIES Z 7]
PRI B R

guassian_smearing (Y]S5 fleat , I L F IR IRE, BUMESARSIRIIGERE 1 0.75
fiz, Ik WS .

guassian_smearing ) Z501% &~ Hi:

# AP EEX, WFTREXRTREHNO0.012 eV,
guassian_smearing = 0.012

3.6.11. el_ph

el_ph ZHFoR B ERGIRSE, B2 eVi@murl/2 A),

el_ph S HRT N float , JTI i o R IEFRE , I WIS 8L. BRIk CDC ¥ 27T PAW
HEFT L PR SRR, 2 P RS, CDC R &b AR AL
el_ph )5 HOR B R

#HAPBEEX, WTHERTEFH/AWHHMEHN0.0089 ev/(amur1/2 4) .
el_ph =0.0089 eV/(amu”1/2 A)
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4.1. PREPARE &3 a9% HH 30

PREPARE KB i HH 4 7E dec HAXR, PAN i PREPARE b H SR -

dec

— 1prepare.out
— dasp.in

— madelung

L— INCAR
L— KPOINTS

:u —_— —
=
<
bad
o
vl
o

(

static

— INCAR

— KPOINTS

T T

B

static

[
®

-

o]

b

R e e

.
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4.1.1. INCAR

UESCHh VASP (% ASCHE. AR A% 2S00 INCAR-relax  (BRFE R TFALE ML) INCAR) |
INCAR-static (HEHFRSTIER INCAR),

4.1.2. POSCAR

UbSC R VASP [ B A SO AR H R i 28 SO PoscaR (] kY POSCAR)
POSCAR_refined (X} [ refined 5 i) POSCAR ). POSCAR_nearlycube (i 1E A in) POSCAR ).,
POSCAR_final (JET(iENALEH# POSCAR).,

4.1.3. KPOINTS

SO A VASP (15 A SO AR 1% 28 S0 KPOINTS oy : DASP B2/ Gamma-only 1]
KPOINTS (4. 7)) T3 2 k mif) KPOINTS SC{F.

4.1.4. POTCAR

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

4.1.5. {ESMIA
ISP AR AL AR 55 TS R B BIA SC PR, 4252 DFT H5EAR AL

4.1.6. DEEREHTEER

PREPARE it 275 dec F 5% 1 818 madelung H SRab AT EfERE RO, 3 HA 5] dasp. in o, K madelung
SRR VT ST 0 TR AL

4.1.7. HSE EHIHTEBF

# level=2 R 3, I HWAT Eg_real ZH, AR dec HR T A AEXX HRITRMSHOTR, HAE
XFRZE INCAR HiE

41.8. BREFEMEIVTERF
T level il %, PREPARE RiHL i £&7E relax H 3% FEA T M0 5 00 E 10 4k .
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4.1.9. 1prepare.out

lprepare.out XIFH, WEBIBUETTHIFTA AT, DARASFBTEE R M HAREE , AT LAMRYE I SC

PRI IE TR DL -

4.2. TSC {Rkp)% th 3L HF

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. materials_info.yaml

materials_info.yaml 3y TSC BLBRINATH — UG 0 imh i i SCrF

BYRPT FREM IR, AROEATEE:
« FE . HigLEWIIEEE (eV/per atom ).,
o TE : HAMEEWIVEGE (eV/per atom ),
« TS+ HAirmbEWHIHRFRENE (True/False).

* chemical_potentials : HAMEEYAICRIILAIHTEH

- <TCEAFF>;
- < TCEMFEHENE (V) >
- <TLERNFEHE/MA (eV) >
* decomp : HARMbAYIE AT REH R AE .
- < KR HFE >

s direct : HAMEAGWHYHB N BT (Direct) H#EH B (Indirect).

o XPHRATE Hnfl

4.2. TSC EHRuY% 3T 1%
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« e_above_hull : HEMLEYIRIAER 5 R M F AL 922, B Energy above hull (eV/per atom ).
AR S AR R IER, &0 6 (.

* gap : HAMEAWHHBRI/AN (eV).

* hull_points : HAMEAWIRIRE RIS 2 B AL 4 T R AL BUE .
* <BITLEL >

o <pl SAZITEMAFS (eV) >

© <p2 FALETCEER (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 <HRBILIE >
* 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. 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. pure_phase_energy.yaml

pure_phase_energy.yaml A TSC B IATER —UITIE -5 0 Il o Al G SCiF, RSk 158
— WIS R, U Materials Project %t 2 2 BUY) SUASE S (A A 5¢ BLUBAR Y
=

* < HFRIA PR >
_TE: EFMINEGE (Viper atom ),
- cif : REBHIIEEHY
- id: ZEJEAHTE Materials Project 25048 22 FH Y id.
- space group : RS RIFHEE .
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XHFH2, 02, N2, F2, C12, Br2 XJLFPEARA, TR ixE R Hhpg 4540 S5 RE 8, NIt ia = o,

space group = null, cif = null,

4.2.4. key_phases_info_recalc.yaml
key_phases_info_recalc.yaml JJj TSC BHIATEE TR i iy o) i S, id
TR YO RS AT AR R R SR 1
o <HAHAFR >
- TE : ZMERE (eV/per atom ).
- direct : ZRHIRYHFBUN BB (Direct) BRRIHEATER (Indirect).
- gap : ZRHHIAFERK/AN (eV).

4.2.5. stable_2d.out

stable_2d.out Jy TSCHLHER — K B Arisf iy ih SO, A2 H Sk tse/2d-figures/, sk 1 4
FE RIS A I AL BT RAC A S U RN =0 MPA ERIIR R, FEf7 2 ATV 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. stable recalc_2d.out

stable_recalc_2d.out & TSC B s — By B il i % S0, 2T H 5% tse/2d-figures/,
0SR T 4R e IS S AR e R A2 B U . BIRAE TS HEZGIU T s, S
stable_2d.out M. [FEEXT =70 KA ERRR, By hAHN e png 48 =X fe e D
B, XA B b a5 .

4.2.7. stable.out

stable.out Jy TSC B — BLrArisf i th SO, (07 H Sk tse/3d-figures/, sk T = 4EfE
RISA DT ST R A E . BANETSH RO PR, BT,

<TEE> <TEL> <KL
A < E B ¥
A E B L E B> <L B>
AU E B B <l
A F B < E B ¥
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4.2.8. stable_recalc.out

stable_recalc_2d.out 25 TSC BEHLEE — ¥y B ity S, (VT H 5% tsc/3d-figures/,
IOk T S YEROE R As i S AL T E b B . AN E S Z 20 R, 85
stable.out f{[d.

4.2.9. ori_data_MP

H3k ori_data_MP H{REH T TSC FLHEE — B BTt i i Sc i, I RAF T A 24 450 e+ H
5% all_cif\, M Materials Project {4 JFE FP B AT SR S04 DataRecord_XX.pkl PAREARK YL EEUE T,
PARCHII BT H 53 XX\ o T HR xxX\ AFREH H B &K (ZBaouE4K) Mg, Hhe mH
AR DL R 2% 30 45 4 S5 o0 BT i

4.2.10. 2tsc.out

2tsc.out oy TSCHHAATIIEN H S, WAL HIERIT RS I, AT fE
PR ER . B th A T 2% E B s .

4.3. DEC &= Ray%i th 3C

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. Formation_Energy_(Intrinsic_Defect)

I H SRS AE S8 (PASCHIe 7o) SFa i T R RE 2 K BEZ A Bl . £34 dat k& =X IR 1h 45t
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. 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. 3dec.out

3dec.out X, WF& DEC BHUSTRI BT A AN, DAL FSATE R o HARAS . T AR I
SCPFEZ BRI TR DL . BARA St A T 225 BRI TR .

4.4. DDC #=3R a5t 3L HF

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. DefectParams.txt

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

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

# BT AMRE H0.36m 0, EXHNAXFEH0.19m_0, # B Hdasp.inX ff
0.360000 0.190000

# B W 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

i AR HSZ T DASP-TSC il DASP-DEC UMVl AT, R P H 55 3 A4y U B 9 4% =X 1 4% Defect-
Params.txt, DASP R FIRF AU EASCHE, FRHATIHR. SREGS T TR S ma R 89, H ik
AATE RS, ATy 1.

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. Carrier.dat

Carrier.dat WA =5, E—F M (dasp.in Hifk2EHe) pl 3| p2, HALEHRMLEA AL,
B ZHA AR ALES AR R (HH) BT SRR TR

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. 4ddc.out

4ddc.out XfFH, {07 DDC BIHGBATHI AT, VAR FBITER AR, AT AR L
SRR IZF RO BRI N2 0] 225 RIS s .

4.5. CDC &Ry % th 3L HF

CDC L i 4 ede HxR, PATR A CDC LR H Sy :

cdc

— 5cdc.out

— dasp.in

F— pl_calc.list

— POSCAR

F— 18 & & 14

| L— Radiate_calc

| L— R EARS
| — final_state

| F— initial_state

| — intermediate_state
| F— pl.out

| — rad_rate.out

| — lineshape.dat

| — lineshape.png

|

L— ccdiagram.png

\
|
|
\
|
\
\
|
\—---

4.5.1. 5cdc.out

Scde.out X, {7 CDC BBIZFTHIFIA AT, AR FBITER M HARES, AT AR I
SCAFAIZAR A IZ RO . BARAYH 1 N 20T 225 E BB P .

4.5.2. lineshape.dat & lineshape.png

lineshape.dat ({2 PL W58 58 UG i A SR %S, 10 lineshape.png SO ZARYE
lineshape.dat 2 ilf) PL B, HARRH HAA TS5 Z OB TR

4.5.3. ccdiagram.png

ccdiagram.png R ILEFEPIS S REHNIEAARE (configuration coordinate diagram) . H
PR N 2R TT 275 RGBT R s .

4.5. CDC #=iRay%a 3

45




DASP Documentation

4.5.4. pl.out

pl.out XfFE2 ] PL i 5E UG Scde. out SXfF&H.

4.5.5. rad_rate.out

rad_rate.out SCfF 4 pIRAHF R R BT RS2 IMUGH Scde. out L&D

4.5.6. el_ph_calc.list

el_ph_calc.list JHER T HTIHERAEMAFLRIAR Q MTTHHAE.

4.5.7. nonrad_calc.list

nonrad_calc.list LR T H TR IERSHER R EAR Q Bt B L.

4.5.8. overlap.dat

overlap.dat SCPFH T RIS AR BRI ek B R E AL B Q ARk .

4.5.9. eigenvalue_i.dat

eigenvalue_i.dat SCPFHH 7RIS T A AL (E.

4.5.10. eigenvalue_f.dat

eigenvalue_f.dat SUPFHH T ARSI T3 BRI ANEE .

4.5.11. wavefunction_i.dat

wavefunction_i.dat S H THRIZSHIE T ERE.

4.5.12. wavefunction_f.dat

wavefunction_f.dat CHH T ARSHI RS TR A
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4.5.13. nonrad_rate.out

nonrad_rate.out SCE YT IR SHFEIR RO B UG 5cde. out XD

4.5.14. nonradiative_rate.dat & coefficient.png

nonradiative_rate.dat SCPFHHH T 80 1 B9 FR 5 57 38 A BOMF P00 G R A2 Al i JR iR Ko
coefficient.png XM nonradiative_rate.dat 22l FYFA T G728 R KGR 12k
KA. BRI NA TS HZBIUH] HR .
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5.1. CdTe BMAAEIRFETTER

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. #&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

49
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CdTe 11 )5 L4544

8] VASP AL AR AL, SUB O RS BN T EBLSE 0. AP BRTE P P35 il

1E dasp.in HEANESE

#H############ Job Scheduling #########F###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)

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

/opt/vasp.5.4.4/bin/vasp_std

vasp_path_dec =
vasp_path_tsc =

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

#H#######AAA#F TSC Module #########A##FH
database_apil = **rxFrxsdkrsdkkadkis 4 (str-list type)

#HEFFAFFAAFFAHHF DEC Module #########H###H#H#
level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE;
min_atom = 190

level=3: HSE+HSE)

(AN

1
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(B2 k1)
max_atom = 240
intrinsic = T # (default: T)
correction = FNV # (default: none)
epsilon = 10.3
Eg_real = 1.45 # (experimental band gap)
#H#FAAAAAFFAFF DDC Module ########F###HHH
ddc_temperature = 1000 300
ddc_mass = 0.09 0.84
B TRORRERT dasp. in ETA I B SEGHEATI .
cluster = SLURM
# RTHEAEFH G AT R R A SLURM
node_number = 2
# XX TEANERGTE, FAANAT A
core_per_node = 52
#FHTEHENTR, EAZAR. B TENEEG T, K I H2452=104%
queue = batch
# W H 4% K "batch"W N3 # AT HH. BN, E&kEdasp.ins Hzwl, FEHINEE/
SEBEHNRI &, ¥ 5. BH
max_time = 24:00:00 # (maximum time for a single DFT calculation)
FENEBEA AT ATHRARE 24 0, TEERE.
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
# st T TSCH &, & Fstdi #yvasp. Xt TDECH ¥ k& &, X F gamR # VASP,
job_name = submit_job # (name of script)
# REXES WA, &% K "submit_job", THERE.
potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
# POTCARM % 4%
max_job = 5
# AR EBRNESRAK
database_apil = *Fxxkdxsikdkxiknakskxx 4 (str-list type)
# J T i lMaterials Project ¥ iE &
level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)
# T RME, FRAPBER AR FHE, FAHSEH H LK &
min_atom = 190
max_atom = 240
# HATAEE KM K D FAEL190-240N R F 2 ], HR EFa=b=c, alblc
5.1. CdTe MA{EMPIIHE 51
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intrinsic = T # (default: T)
# FFHA KB, V.Cd V.Te Cd_Te Te Cd Cd_i Te_ i

correction = FNV # (default: none)

# W HEE B WG IEF EKAFNVE E

epsilon = 10.3
# CATedly /- W % $ % 10.3

Eg_real = 45 # (experimental band gap)
# CdTeéﬁ%gAﬁ%FMﬁé’gyﬁi.z;L
eV, DASPY MR N BB W EAEXxS K, NTIEBRLHBEBRHFTRMES T1.45 ev

ddc_temperature = 1000 300
# K ELEKEEHN1000 K, T E #300 K

ddc_mass = 0.09 0.84
#RERTHERMEAN0.09, BEXAKAE H0.84

5.1.1.2. (& DASP =4 LB\ 30

g Hx CdTe, 7E./CdTe/H A [H]I #EA 47 PA_ER) POSCAR U5 dasp. in XUfF, $hifT dasp 1, RIWA]
JAZ)) PREPARE i, LS TR aisMR1E. DASP &4l lprepare. out HEFIRFRIZITHE-

5.1.1.3. PREPARE &G {TiH =

A

T JoRE R min_atom=190 F1 max_atom=240 (3%, HahFHEMMY BB L (B R a=b=c H
alblc), FH#4HABHLM POSCAR 4. PAFA CdTe FEIP AR HM 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

WL TR, BATATAE R 4 i) CdTe Jsf fh il Je e B/, (Hig28ad DASP ARSI 2 =
T ELH -
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CdTe [ HIABEH .

I fE e Aot 5t

B JE R R AR = A IR S, ST SO AR A TR, ORI A AT 5 3 20 8 S r AT 1) R AR A AR
. (7T Lany-Zunger {41F)

PAEPIAATI e, AIMEE 1prepare. out KFIHHUIT

#HAFH#AHHFH#### 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 103.host5 submitted: /home/test/CdTe/dec/madelung/static

(AN
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(% L0

Succeed job 103.host5: /home/test/CdTe/dec/madelung/static
The madelung constant calculation completed
The madelung constant = 2.837

HSE 5530t 5

TR PR AR = A (R B I SO, Jefilt AEXX=0.25 I AEXX=0.3 [#j HSE #3515, ATAR P R34 2 DL
Eg_real = 1.45 [f) AEXX {H. M, FRitHEsE)E, W CdTe/dec/ AEXX/H NN :

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

X FRAY AEXX =0.26 (REPINI/NL) B, CdTe #BIBAIFTERIE R 1.45eV, K-S 5 A INCAR, [H M
lprepare.out AJPAFFIW T 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 etk

PREPARE L) 15 f — 2 KAl level=2 (Bl PBE fiifk) RALMEMNETE IR0 8. ALERISCe:,
CdTe/dec/relax H 3% R POSCAR_final . [EFfH A PAYE lprepare.out A PA DASP izf745 R itrd, 7
HIFRATT — P F A TSC Byt

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

#HAFH#AHHFH#### Prepare Files module end ############

PREPARE# #t finished, please run DASP-TSC next
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51.2. RNEFREMFTELEHITE 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 ERE{TIHRTE
host % #ey %4kt S (5 MP S H4RF—20):
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. kP A REFNSE T RELR T H DEC
5.1.3.1. 5517 DEC #itk

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

HFHAFH#AHHF#### Tonized Defect module start ######H#HF#H#H#H#

Start generating ionized defects

Warning: no EIGENVAL in /home/test/CdTe/dec/Intrinsic_Defect/Cd_Tel/initial_structure/
—qg0/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 -
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CdTe [0 BRFA LS -

R L EHTE q20 93T HAE 5

Ry LR E I 54 S H S AR 5 eI, DEC AR B VASP X Hilk4T PBE Ll HSE S RERGITHE. (X
WF dasp.in Hi level = 2 (Y S4L), WA BRIIERR AL q=0 TTH A EK . 3dec.out PR FZEFEUT
FR

#H#FAA##HHFHFHF AutoRun — Ionized Defect module start ############
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/
—qtl

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

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

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/
<—>q+2

PR STV I

A AT HEEE (B Cd_Te) MITHRE 52, DEC BHURHTE FNV & IE (¥4 dasp. in W correction =
FNV EI’JZ‘@IE)P, HAT G ETE RE AL AR BE L . B DA S S IE IE EFTE BRI AR, #C R
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

(AN
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(€A

The FNV correction (q = 1) E_correct = 0.087991 eV
The transition level (0/+) above VBM: 1.2833

JI A TR I REAN A4S BEZR Kt , AL SRAE A A F SR R Y defect . Log SR

Hy T AE B :

IERE P O 2 A MPITEE, (HEE i h 3R A1 A Cd_Te SGH AT . M T

1. 4% VASP 45 5, & 24189 /home/test/CdTe/dec/Intrinsic_Defect/Cd_Tel/initial_structure/q0 H 5% H1)
INCAR 4.

2. [A%] dec H3g, Hrd—140 redo.in CMF, fEHES
A/home/test/CdTe/dec/Intrinsic_Defect/Cd_Te/initial_structure/q0,

3. [a1%] CdTe H3%, FRMEA 4 dasp 3 4T DEC ik, FEv2x HahHIKC 258 St 5, R
redo.in FPTEIZIRE.

4. DEC 2y BUEr X Cd_Te SRFAM A FBRFA TR, TR EIE e

fJi, DEC FIMIFr A2 IR JE 1) CdTe FEPMb-E A iSRG TEINEE, E Sk th BREE T EE v.s. SR REGLHY
B, AT EBR:

(a) 5.0¢ ] — Cdren
— Teca
— Vrea1
— Te,-3
< 38 G
2 — Tep
s — Cd,‘3
5 —— Cdjis
QC) — Cd,‘l
c — Cdjs
'.8 —— Cdie
E = Vca1
8
—1.0E - - . . i 0.2E . : . .
0.0 03 06 09 1.2 0.0 03 06 09 1.2
Fermi level (eV) Fermi level (eV)

CATe e (a) 7 A (b) i Te WHBLHATL ALAERE SR ALV L
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5.1.4. TRPEREFOTEKAERTTE DDC

5.1.4.1. =T DDC &k

7e DEC BB F5EUR . [61%] CTe Ht, (il1fr% dasp 4 4T DDC B, 4 FHAERHOMRIE.

5.1.4.2. DDC #HIE T HRE
DDC #i 1 Jo i AR 4 DEC R (i i 45 55 A R mb S Bl L 2T H R 55, H-RRX SE A i Bl 43R % e ot
DDC it8. FEJa E 38 TR ba s e aiaE . A RS, FtHFEEE. FIraREgRIE, A

DefectParams.txt X4,

Itk DDC #ileffe7 H & 4dde. out :

HFHA#H#H####### 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_Cd1l']
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_1i-3: .154092e+21 cm”-3.

Calculate Nsites for Te_i-4: .154092e+21 cm”-3.

Calculate Nsites for Te_i-1: .154092e+21 cm”™-3.

Calculate Nsites for Cd_i-3: .154092e+21 cm”-3.

Calculate Nsites for Cd_i-4: .154092e+21 cm”-3.

Calculate Nsites for Cd_i-1: .154092e+21 cm”™-3.

O W W W W O

(CaNi))
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Calculate Nsites for Cd_i-5: 9.154092e+21 cm”-3.
Calculate Nsites for Cd_i-6: 9.154092e+21 cm”-3.
Calculate Nsites for V_Cdl: 1.373114e+22 cm”-3.
#FH########## Collecting information from DEC ##########+##

Itk DefectParams.txt {4

1000 300

0.090000 0.840000

1.454001

Cd_Tel 1.373114e+22 1 1.3094 2 1.2726 1 x x Xx 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_1i-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 X 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 X 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 Xx X Xx 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 x x X X X x 1.626088 2.
811488

Cd_1i-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 BisT

DDC #AE T=1000 K (ddc_temperature = 1000 300 ) FM e L H G i BE AN TV B2, AR i rh i 5%
(GERER NS/ Nz

TERET AT H:

DDC #HAE T=300 K (ddc_temperature = 1000 300 ) {4 b 43 TR AN BB A A ORI, HF AR L rp
FAFFRR B IR AR SR BB -

b BR TG IR R

DDC Bid¥F CdTe/ddc HFEF, #HH P4 Cff: Fermi.dat Carrier.dat Defect_charge.dat
density.png . ZFAPRHAANFEPEKRE, density.png BE5HRAIT:
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=
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— Cdi51+
_ — V 1_
ca1

— Vrel?
— Te,‘11+
1 — Vear? ™

— Cdj2*

— Tey®

L TR BE MBI e B R Ak 2 T3 A2 A

5.1. CdTe HAFAERRPETHE




DASP Documentation

5.2. HfO2 FYAIEGRPE T E

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

HAREMEEZ I KR

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

5.2.1. #&itH 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 .
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HFO2 i IR E5 4 .

] VASP (RALI S A i A, s o s R BON T ICRE SR (. AP IR - T3l 521

1F dasp.in FEH AMESE

#H#####AFF#A## 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

#H###AA##FF#HA TSC Module ##########H#H#H#H
database_apl = **F*rrrrFdkhhkrxiks 4 (str-]list type)

#HAFAAFAAFHFAH#HF DEC Module ####H#H###H#F##FHH
level = 2 # (level=1: PBE+PBE; level=2: PBE+HSE; level=3: HSE+HSE)

ET )

5.2. HfO2 B)A{EGRPETE 67



DASP Documentation

(B2 k1)
min_atom = 96
max_atom = 96
intrinsic = T # (default: T)
correction = FNV # (default: none)

epsilon = 21.6
Eg_real = 5.68 # (experimental band gap)

#HA## A HAA##44 DDC Module #############4
ddc_temperature = 1000 300
ddc_mass = 2.95 2.99

FETRAFRS dasp. in FECA SIS BT .

cluster = PBS

# R ERNNF R S K PBS

node_number = 1

F X TEHEANERGTE, ERHINMT R

core_per_node = 96

# A TEANATR, RN, BhGTENMNERGHH, EHEA1796=96%

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
# 4 FTSCH it &, & Astdik 8y VASP, % TDECH 32 k& 3 &, % F gamma-only M #j 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 = 96
max_atom =

# &ﬂ]ﬁéiﬁkéﬁ%ﬁﬁﬂk NA9eNE T, HREMa=b=c, alblc

intrinsic = T # (default: T)
# P KAEBLW, V.HF V.O Hf. O O_Hf Hf. i O_i

correction = FNV # (default: None)
# R EBE EF X AFNVE E

epsilon = .6
# HFO2Hy 4 ﬁé&ﬁzz 6

Eg_real = 5.68 # (experimental band gap)
# HEOZHy SL 9o # IR (H 49 4 5. 68
—eV, DASPH R W K H KAEXXS M, NTERLTHRBEEWN T REF TS5.68 eV

ddc_temperature = 800 300
# EEAEKEE AHS00 K, THEE H300 K

ddc_mass = 2.95 2.99
# REETHBMEN2.95, EXAHUNEHN2.99

5.2.1.2. {F DASP F=H& B\

Bt H & HEO2, FE./HfO2/H 5% R B e &7 PA_L ) POSCAR U dasp.in X, $f7dasp 1, HiA]
)53l PREPARE a‘%ﬁ% WG TLFHHIMENE. DASP 251 1lprepare. out SRR FHYETT HAE.

5.2.1.3. PREPARE #ERiz1TiHiE

FEAEARRE

YRR RS min_atom=96 FI max_atom=96 [ Z%{, HNFHEMMY MR (B EM a=b=c H.
alblc), I45HE LAY POSCAR (4. PAR A HFO2 £5#))#iMfl 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
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REHAEA G AT, RS .

DASP j=A: 1) HEO2 S F) i (AR 2544 o

W J5 R R AR 7 A BRI SO, AT SR R T, R s A 5 4 20 SR AT Y B AR LA
P

PAEPIAATS e, PIEE 1prepare. out KEIHHUIT:

HHA#H##H##### 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

(CAN))
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(% L0

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 4% A 0t 5

TR RARIE T A= M S, St AEXX=0.25 Fil AEXX=0.3 ) HSE HFaS1T8, MR IE &30 2 Vohd
Eg_real = 5.68 ) AEXX {H, # AEXX=0.25 5 AEXX=0.3 B/ BH 5K ESE—, NWASIEFTE%: AEXX
T, BbAbEL R AEXX=0.25 B A BUER— 01, B, fRitfEses, v I HEO2/dec/ AEXX/ H 5% N
(I

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

XEHY AEXX =025 (PREWA/NMEE) WF, HEO2 BIAATFERIE N 5.68 eV, 45 A INCAR. [d]If Ak
lprepare.out AIDAFREUIT HE:

Start the HSE parameter AEXX calculation

Job 107.host5 submitted: /home/fudan/Hf02/dec/AEXX/0.25/static
Succeed job 107.hostb5: /home/fudan/Hf02/dec/AEXX/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 #8 fa Ja T 12 H etk

PREPARE R () 15 J5— 2 KR P level=2 (B[ PBE {4k ) CALEE I NI IR FOLE, IF7E dec B Frd4
B AP EER SO POSCAR_final o {4kt m] I HfFO2/dec/relax H 3%, [FIBTHA]DAYE 1prepare. out A P4
DASP izf745 R ibrds, A5 IRIRAT T — 275 B TSC BT 5HL.

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

FHIHFH#FFH#H### Prepare Files module end ##########+#

[y
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DASP-PREPARE finished, please run DASP-TSC next

5.2.2. RNFREMFTELESEITE TSC
5.2.2.1. 57T TSC #th

1E b— i fiy4 dasp 1 4T PREPARE BRI}, 2x/E % HFO2/dec A%, IR H A2k
lprepare.out . FMFRFIITHREE, 1prepare.out AHINASEMARE . JEA HO2/dec H k.
N INCAR-relax, INCAR-static U ISR AT T . (I AT E e INCAR, DASP R H 1Y
INCAR iS5 £E/) 5

i\ PREPARE #5285, [0l %] HFO2 F 5%, (il fir % dasp 2 $047 TSC bk, [m]FEH, TSC B LAE
HfO2 Fsfrp A2 il o tse B H Sk, HUHENOS 7 TSC Rfpiit B, AR 188 H R A SasdT H &S
2tsc.out . SFRAARF 58 YR O BN

5.2.2.2. TSC EHEITHR
host #5484 & Rt S50 (5 MP A3 RF—2):
TSC #EHLffi ] 5 Materials Project A sE4E 2k AS%l (INCAR, KPOINTS, POTCAR) 3k

Xt P E AR A M A AT . L, RS BB AE S MP Bl 0 S RE2 T LAY . AP IR
el T AREI 0 HEO2 FRE MY SRBEAAI. lad H SRl AE 2 :

cd tsc

cd Hf02/

1s

relaxationl relaxation2 static

M HFO2/tsc/2tsc.out FH ] PAH BNFE P et Hd, BIF=4z%5 A S04, relaxationl ., relaxation2, static, %{iEHE
g

KPS AR -

TSC BLHCRHE S MP Jfin i _EFrA 5 HEO2 MIZE 4%, iliid DFT 145 HFO2 [ 5L AE-5 MP Kl e 2k
HHRYERE, FIWTH HEO2 J2 Raxeif.

WS, FRFREE SR 200 HEO2 RUE MEfe BRI, A (U HE A1 O2 BRI . 7E 2tsc.out H[
BRI RAEE

analysing the thermodynamic stability of HfO2.
key phases of Hf02 are: Hf 02 .
file key_phases_info_recalc.yaml generated.

EET D)
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(% L0

analysing of Hf0O2 is done.

host 55 Ze a5 a4 % kit £ (PREPARE ¥E¥ o € 0 54k )

TERE KBS, TSC BEHLRs (1l PREPARE BLERHH E IS4 (AEXX) 1155 HFO2,

2tsc.out YF:

Hf 1 02 #5LBE -

Job 182.host5 submitted: /home/test/Hf02/tsc/Hf02/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

e 40yt i

HR¥E DFT TR EBE, 1158 HEO2 BTE sUREAI (L= 35 R g X Ta] . T HFO2 /2 —JThY, TSCHLRETH 2 1Mk

SEFI B SE, B Hf-rich #1 O-rich, G5 A dasp.in:

# W ¥ 5roscard T E M F— %, W% — 5l RAf, % =5l R0
E_pure = -11.1092 -8.2689

pl = 0.0 -5.8748

p2 = -11.7496 0.0

& 2tsc.out AIAHBIREF AT ROt

dir '2d-figures', '3d-figures','ori_data MP' ready. try to read file:
',

analysing the thermodynamic stability of HfO2.

key phases of HfO2 are: Hf 02

analysing of Hf0O2 is done.

DASP-TSC finished

'calc_list.yaml

X =J0PA BRI AR, TSC BEHCRE i Ao e DRIIATR , SR DXk it s AR A2 55 o

5.2. HfO2 ByAEERPEITE
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5.2.3. RPEF A REFNSE T HER T H DEC
5.2.3.1. 5517 DEC #itk

1E E— B 4 dasp 2 AT TSC BibRIN, 242 HEO2/tse H g, HAEIZHFH™/E 2tsc.out X, 4
FREFIITIERE, 2tsc.out HANIYSE MR . FTIT HfO2/dasp.in, BiilMer#Owidely AshfA .

BN TSC #EERSE U, 115 HEO2 H 5%, il fr4 dasp 3 $i47 DEC ik, DEC #iR&AEH PO 44 M
dec H SRSt MM SCIT, CARERIEESH, BE H %, PASGEFT HESUMF 3dec. out o SFFFIEF 58 M)
) JE TG A MR o

5.2.3.2. DEC EHRIETIRTEE

REE SO

R dasp. in F1 A4 intrinsic = T, DEC iUl r=4: HFO2 P ASHESSE, B A: i HFO2/dec/Intrinsic_Defect
TR HZ, EH T E MG V_HE, V_O, JAELE Hf_O, O_Hf, [AIBRfEE HE i, O_i fBLpEZ,
FFTE 5% ARPEXTFRIEHIWT, HEO2 fAg M AEAE SRS ) HE J51, EAEERMASENT O i1, It

;’&_07 Hf_O SREBI&A WA, V_Hf, O_Hf SLRE/MZCH —F, Hf_i, O_i fEEZEE M P MAS

cd dec/Intrinsic_Defect/
1s
Hf 1 Hf 01 Hf 02 host Intrinsic_Defect.list O_Hf1 O_1 V_Hfl1 V_01 V_0O2

REE A3 BB B4 S ARG HEA S R AT A, R PR
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DASP F=2E (1) HFO2 [)FB4M B 2544 .

[AlfF, W7E 3dec.out 7% DEC ey th4n T

HHA#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_Ol1/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_Ol/initial_structure/q0
Generate neutral defect at: Hf_02/initial_structure/q0
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/qo0
Generate neutral defect at: Hf_i/random3/initial_structure/q0

[Caun
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Generate neutral defect at: Hf_i/randomd4/initial_structure/q0
Generate neutral defect at: Hf_i/random5/initial_structure/q0
Generate neutral defect at: Hf_i/random6/initial_structure/g0
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/randomd4/initial_structure/q0
Generate neutral defect at: O_i/random5/initial_structure/q0
Generate neutral defect at: O_i/randomé6/initial_structure/q0
Neutral intrinsic interstitial defect generation completed

#tHA#FFFHH#F### Neutral Defect module end #####H#HFHHFHH#

AIPAEF], DEC #LE i "L T IrA sE R e (q=0) BHHEH %,

R q=0 it FAE 4

R PR E g5 S H SR AR sE SR I, DEC AU VASP X Hilk4T PBE fi bl HSE S REMITTHE (%)
r$dmpin¢ma_aﬁ%m WA RS K . T%Mﬁ§&Mcmmi# 3dec.out HIf]
*H?&{HAL»?D_FF)?F

Job 198.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/V_02/initial_structure/g0
Job 200.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/V_01/initial_structure/gq0
Job 202.host5 submitted: /data/Hf02/dec/Intrinsic_Defect/O_Hfl/initial_structure/qg0
Job 204 .host5 submitted: /data/Hf02/dec/Intrinsic_Defect/Hf_0Ol1/initial_structure/qg0
Job 206.host5 submitted: /data/Hf0O2/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.hostb5: /data/Hf02/dec/Intrinsic_Defect/V_02/initial_structure/q0
Failed job 204 .host5: /data/HfO2/dec/Intrinsic_Defect/Hf_0Ol1/initial_structure/g0
Succeed job 206.host5: /data/Hf02/dec/Intrinsic_Defect/Hf_i/random5/initial_structure/
—q0

W PAEE] HE_O1 Ay PEEE R AR TS B T 2840, SECTIE RS (RBRTF AL P, ke
SRSESE R T HE_OL Z MK TS . Ik, JH P U O oo A, %ﬁﬁ?h m%WﬂOMLm
BRI ) LRAE AL 7 AT 52 e G ke ) B3] VASP 1 AR I 20 00, 555 W L8

AR aagt AR

SR (Br HE_O1 MIBE B SRR BRGREG ) MR R sE 2 5, B RR S s B a T B ah R, )
W7 A BB I A ASTE R, AT AR AT LB 1) B SR B S Xﬂifrﬁ’r‘&m (undo, failed, notconverged) &,
HARMATIGEATA (skip) B, TR, 3dec. out M RAF B FFIR:
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#H#####H##H#### Tonized Defect module start ##########+##

Start generating ionized defects

Tonized defect path: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/qg+l
Ionized defect path: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/qg+2
Tonized defect path: /data/Hf0O2/dec/Intrinsic_Defect/Hf_02/initial_structure/g+3
Tonized 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/Hf02/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_
—sstructure/q0/static is skipped, skip ionized defect generation

R EETG q#0 093t A 5

Tl HLBRIE A 25 S H H SRk 52 55, DEC BEHeR 1 VASP X ST PBE (b1 HSE B RERYITEE (Xf
V. dasp.in level =2 (24%), M BRIGSETEITAILL 3.2.2 K. 3dec. out YA RFE RN IR

#H#H###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/Hf02/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.hostb5: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/qg+l
Succeed job 263.host5: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/q+3
Succeed job 267.host5: /data/HfO2/dec/Intrinsic_Defect/V_02/initial_structure/g+l

Succeed job 265.host5: /data/Hf02/dec/Intrinsic_Defect/Hf_02/initial_structure/q+2

SR AT LR

FrA A LG (B HE_O1 FIfE B =R BREkpE ) 1Tt A5 s, DEC BEHURTHH ENV B IE (M4
dasp.in " correction = FNV [2:%4) , I TR HEPEEMEEREE LK. HTZ At HA R (undo, failed,
not converged) BEANHATIFETH (skip) MIEEARIEHE R, TN EES M AR E IERFIE G 245k
fH, #CEAE 3dec. out Hi:

The formation energy (neutral) of Hf_ 02 at pl is 5.339603
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(Fz E70)
The formation energy (neutral) of Hf_02 at p2 is 22.964003
The FNV correction (g = 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 (q = 3) E_correct = 1.02256 eV
The transition level (0/3+) above VBM: 4.2496
The FNV correction (g = 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_
—sstructure/q0/static is skipped, skip formation energy calculation

Warning: calculation undo in /data/Hf02/dec/Intrinsic_Defect/Hf_0O1/initial_structure/
—g0/static, skipped calculate formation energy

B TR I RE FIAL AR B B, WATIC SRAER B H S I ) defect . log UFH.

Hy AR 15 :

IEHFR P 22T, (H2mai hIRA1 8 HE_O1 SpaIF A gt i, Mo dan T :

1. 1R VASP 1R45(E 8., & 2419 /home/test/Hf O2/dec/Intrinsic_Defect/Hf_O1/initial_structure/q0 H ¢4
INCAR &%k,

2. [HF] dec Hsg, Hi#—1440 redo. in WX, EHIES

A/home/test/HfO2/dec/Intrinsic_Defect/Hf _O1/initial_structure/q0.

3. mE| Hf_O1 H3%, PR A2 dasp 3 $i47 DEC i, #efy&x AZhHIBC &8 iyt 5, HR
redo.in FEHITIEIZEFE .

4. DEC ey Buph gt HE_O1 SRpaM b Ay a5, IR e e iae

)5, DEC BEEFI I FTA & IE 1 J5 1) HEO2 FEM/ b AP AL I BRIGTE R, 1 2l th BREETE RE v.s. Sk AE
FnE B . arrE TR
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Conduction band 4+/3+
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HO2 2 BRI AL REDL -

5.2.4. TRPEREFOTEKAEERTTE DDC

5.2.4.1. 1z17 DDC

16 DEC #0352 R . [81%) HEO2 3%, Wi dasp 4 4047 DDC il %I T oM.

5.2.4.2. DDC #HIETHRR

BRGHARILE -

DDC 5 S F AR DEC AFBR A Hh 25 SR FIBTIRLE i 28T g e, IRk SR A AR 4% it
DDC fit5. BEJG H S T S5 TR IRRE . FeAeRedt. fFIN T28E . KT MR, SA

DefectParams.txt X{Fd,

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

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

Read defect types from DEC calculation successfully.

Defects considered in DDC calculation: ['Hf_0O2', 'v_0o2', 'v_o1', 'O_Hf1', 'Hf_O1',
—'Hf_i-1', 'Hf_i-3', 'Hf_i-2', 'v_Hf1', 'O_i-1', 'O_i-3', 'O_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_0O1: 5.708701e+22 cm™-3.

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

Calculate Nsites for Hf 0Ol: 5.708701e+22 cm”-3.

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

ET )
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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#H##H####### Collecting information from DEC ##########+##

Itk DefectParams.txt {4

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

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_i-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

A ROBET B
DDC HIHAE T=800 K {1 T SRR e BEAN YR EE, HEARH L b 2 FLVA SR SR oK BB -
TARRET ABITH:

DDC FEHAE T=300 K {4 A5 FHT 20 118 D BRIE S Hr S IR R, AR PR AR PR 1 1SR A 2 K HESL
Hr B B G IR

DDC #i3fE HfO2/dde HRF, #il =40 ke o Fermi . dat , #5 TWE X4 carrier.dat
, BRBAWEESCHF Defect_charge.dat . A ffi ] Origin @&, L), DDC ey B i =4 S0 Hm A,
F=A: density.png S, UTR B TR
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AR 300K I, HFO2 M pl (Hf-rich) % p2 (O-rich) MYZRRAES . HI TR, BRIAKIE.
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104_

102_

10°

AR SS0K I, HFO2 M pl (Hf-rich) % p2 (O-rich) fIZRKAESL . HUE TIREE. BRIAWKIE.
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KR Y 800K I, HFO2 M pl (Hf-rich) % p2 (O-rich) fIZRAKAES . B TIREE. BRIAWKIE.
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5.3. H $#Z: Ga203 my&paite

Ga203 J&— @A), KRB R n BSRPEMEDEABEVIEE, FE PR Ras . s i i o
SR K PHBE R ) TOU T P AR R T 2501 A B i 2 B By B { L
&KBgﬁﬂ%%EE%%%%%ﬁTﬁiﬂﬁnﬂ%%ﬁ,ﬁ%%ﬁﬁ%ﬁ,$ﬁﬁﬁ%ﬁ%%%ﬁ%%
HIREMITE I .

fEi B DASP B, ] DA FEAE B A BB AN AR M SR EA T R GERIT TS, R Ga203 Y sk TR IAIB 2R AL
i, s S P 1] R HK

5.3.1. #&itE PREPARE
5.3.1.1. & POSCAR 5 dasp.in

M Materials Project il #F] Ga203 1) POSCAR {4, T/RUIF:

Ga8 012
1.0
12.2299995422 0.0000000000 0.0000000000
0.0000000000 3.0399999619 0.0000000000
-1.3736609922 0.0000000000 5.6349851545
Ga )

38 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

FEHAEA S AT, AR TR o
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I

X

Ga203 1) ih kg5 H

] VASP (LA AR AL, SUB SO AR BN EBLSE 00 . AP BRAE I P P 3h 5 il

TE dasp.in 15 AL ESEL

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

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

ittt ##H TSC Module #############H
database_api = ****xxxxisssiiiksissik 4 (str-]ist type)

#E#######F#H#H#H#HE DEC Module ###########H###

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

max_atom = 250

intrinsic = F # (default: T)

(AN

1
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doping = T # (default: F)

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

Eg_real = 4.9 # (experimental band gap)

#H#FAAAAAFFAFF DDC Module ########F###HHH
ddc_temperature = 1000 300
ddc_mass = 0.23 2.90

FERANEXS dasp. in HETA SIS BT .

cluster = SLURM

# R R & BE NG R K K SLURM

node_number = 4

rRTENEROAE, ERINT R

core_per_node = 52
R TEANATE, EA2MNE. BASTENE B HE, KEEHI52=208%

queue = batch

# ﬁf}ﬂfé?@"batch"é@l%ﬁ']iﬁﬁ/ﬁﬁo Hit, A Edasp.insk B2/, FEHARE

SEBEWRA L. TR, EK

/

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

FENEBOAETR AR AR B 2400, TEERE.

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
# % FTscey it &, X FHstd W VASP., % TDECH B k& it &, % JH gamfR Wy VASP.

job_name = submit_job # (name of script)

*RXEF B MA, &% K "submit_job", THERE.

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
# POTCARF ¥ 1

max_job = 5

tAFEHERNES RAK

database_apil = *Fxxkdxsikdkxiknakskxx 4 (str-list type)

# B T 9 FlMaterials Project H ¥ J&

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

# TR, EAPBERMERETHLE, £ AASEHFE L

min_atom = 200
max_atom = 250

#RMAZERWBRNET K A200-2501, HREfa=b=c, alblc

88
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intrinsic = F # (default: T)

# R R A ARE B

doping = T # (default: F)
# A

impurity = H
# BRHTE, FAEB LB WH Ga H O H 1

correction = FNV # (default: none)

# BB EHBEY RXAFNVE E

epsilon = 10.8
# Ga203Wy /W % H K 10.8

Eg_real = 4.9 # (experimental band gap)
# Ga203fy LW IR 4 K 4.9
—eV, DASP¥ R 45 b B {5 A RAEXXxS ¥, NTUEB L BHEBEE T RMESE T4.9 ev

ddc_temperature = 1000 300
# REAKIEE H1000 K, T K H300 K

ddc_mass = 0.23 4.21
# REETHBMERN0.23, EXAHAE H4.21

5.3.1.2. {E ] DASP =4 EM A X #

#i# H o doping-Ga203, ¥¢./doping-Ga203/H 5% P [F] Il 4 #F LA 1) POSCAR SLfF1 dasp. in S, 4T
dasp 1, HJH[JH2) PREPARE fiidl, MU/SITCH#isMELE. DASP &iit 1prepare. out SUPFHERAR T2
FTHE.

5.3.1.2. PREPARE I E{TRE

JrAAR:

T SR PR min_atom=200 FI max_atom=250 {24, HEFHEMAIY I (RUSEE a=b=c H.
alblc), IF45HHEAY POSCAR . PAR R Ga203 5t #ifl 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

EET )

~
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o O O O

.2212487535
.2787512464
.8756845017
.1243154982

0.2404162511
0.0929170821
0.1252281672
0.0414384994

O O O O

.3686292617
.6313707382
.2827255075
.2172744924

FEHAEA S AT RACHAT:, ATET TR o

BB Ht A

DASP £ [ Ga203 A i1 i 1A £

Wl S5 R R AR 7 A BRI SO, AT S ERE R T, R s A 5 4 20 SR AT Y A AR LA
M. (T Lany-Zunger &1F)

PAEPIAATSE S, AL 1prepare. out KEIHHUIT:
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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 #RaJ7 T 15 H a4tk Ak

5.3. H &2 Ga203 pykepaite 91



DASP Documentation

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. RNFREMFTRECESBITE TSC
5.3.2.1. i517 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:

# 7 5EPoScCARY TR F— %, W% —%5 &Ga, -l Ro, $=ZFREBLTEH
E_pure = -4.1294 -9.4157 -4.0091

pl = 0.0 -3.72 0.0

p2 = -5.5801 0.0 -1.7472

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. TRPE M REFIEE T RER ITH 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

T SCTTr

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

REF 3 BRIE 4 S ARG HEA i AR AT, T PR o
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DASP 774 (/14524 H 1) Ga203 [543 FE 454

[, WI7E 3dec.out FHE| DEC BHefihi i T :

#HF#H####### Neutral Defect module start ############
Make doping defect directory Doping_H

Generate host directory in Doping_ H

neutral doping_H antisite defect

Start generating
Generate neutral
Generate neutral
Generate neutral
Generate neutral
Generate neutral
Neutral doping_H
Start generating
Generate neutral
Generate neutral
Generate neutral
Generate neutral
Generate neutral
Generate neutral
Neutral doping_H

defect
defect
defect
defect
defect

at:
at:
at:
at:
at:

H_Gal/initial_structure/qg0
H_Ga2/initial_structure/q0
H_Ol/initial_structure/q0
H_02/initial_structure/q0
H_03/initial_structure/q0

substitution defect generation completed
neutral doping_H interstitial defect

defect
defect
defect
defect
defect
defect

at:
at:
at:
at:
at:
at:

H_i/randoml/initial_structure/q0
H_i/random2/initial_structure/q0
H_i/random3/initial_structure/q0
H_i/random4/initial_structure/q0
H_i/random5/initial_structure/q0
H_i/random6/initial_structure/q0

interstitial defect generation completed

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

5.3. H &% Ga203 pyfiRpaitE
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FTUAEE], DEC #EBH A=A T A stiE At (q=0) M5 H k.

PR BTG q=0 7 AT S

T PR I S5 S B SR 52 e, DEC BB I VASP % - T PBE (4L A HSE BAEm T8 O
W dasp.in i level =2 [(§B40), BPIRAFFFM AR . ATREMG A 3dec. out (ff. 3dec.out Hf
LIESEA NI

Job 598.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_Gal/initial_structure/
Job 600.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_Ga2/initial_structure/
ﬁqO

Job 602.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_0O1/initial_structure/g0
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.host5: /data2/home/chensy/zzn/doping-Ga203/H_Gal/initial_structure/g0
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/q0l

AR ARG AR &

LR (BREERREREBREE) BT RN 5, RBFRARE T HEE T AL R, IR BhiE
BN ASTERE, AN AR A8 7 B BREE ) B S e, T84 R (undo, failed, not converged) i AiEfT
JESETE (skip) FUERRE, S THUR. 3dec.out WM (S BRI

#H#####AFA### Tonized Defect module start ############

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

Start generating ionized defects

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

IR Z BTG q20 03t FAE %
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TPy HLBRIE A 25 S OH H SRy e R 5, DEC BEHCRE i) VASP X HEfT PBE (b1 HSE B RERYITEE (Xf
[V dasp.in i level =2 (9 24%), M BRIGSETEITAILL 3.2.2 K. 3dec. out YA RME RN IR

#H#F#A##HHFHFHF AutoRun — Ionized Defect module start ############

Job 659.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_0O1/initial_structure/
—qt2

Job 661 .host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_0Ol1/initial_structure/
g+l

Job 663.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_O1/initial_structure/
—qt+3

Job 665.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_0O1/initial_structure/g—
1

Job 667.host5 submitted: /data2/home/chensy/zzn/doping-Ga203/H_02/initial_structure/
—qgt2

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_O1/initial_structure/g+l
Succeed job 663.host5: /data2/home/chensy/zzn/doping-Ga203/H_01/initial_structure/g+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/qg+2

T+ H A b B L 0G5 IR

AR EE (BRAE R S RIBRELE ) Wit HEs, DEC B3 FNV & 1E (R4 dasp.in 1
correction = FNV [{JZ%}) , HITEHEEIE R AEMAZGES . T2 it E45R (undo, failed, not
converged) mXFH AIATIFEAE (skip) BIBFAMIRETFE, BB SHE IESRIE AR S IASUE,
FRACSRAE 3dec. out Hi:

The formation energy (neutral) of H_O1l at pl is 1.84 eV
The formation energy (neutral) of H_0Ol1 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
The FNV correction (q = 1) E_correct = 0.082 eV
The transition level (0/+) above VBM: 4.818 eV

The FNV correction (g = 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_1i/
—random3/initial_structure/qg0/static is skipped, skip formation energy calculation

BT A BT BRI AS RE A B, BARICRAEAS A H S T ) defect . log SUfFH.
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Hy T AR B 5

)i, DEC B BT A B 151 5 /9 Ga203 TEPI ML A AL R BRIETE ABE . 1A ki h BFETE ARE v.s. 2K
BRI . A I R -

5.5/

3.0

Formation energy (eV)

-45¢ . . . @0 @
o 1 2 3 4

Fermi level (eV)

7% H ) Ga203 75 pl Ak (Ga-rich) FOBA T M AEHEHe K REGRIN A .
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Formation energy (eV)

Fermi level (eV)

7% H i) Ga203 7 p2 4k (O-rich) HBRIETE BRERE 2 K RESLAY AL AL .

L 2 1 A B P R L T R
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Conduction band 24/1+

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

w
T
!

D
T

1h— i

Transition level (eV)
N

T I

Hoi Ho2 Hgai Heaz Hoz Hiz Ha His

B2k H 1Yy Ga203 Z5- R AR REDL -

5.3.4. fRPaREFOTEKAERITH DDC
5.3.4.1. 5517 DDC #&tk

FK;EE DEC BB 58 i, 191%] doping-Ga203 H3%, {lift]fir% dasp 4 $47 DDC bk, &[] TLFFH#M R
1.

5.3.4.2. DDC EREITHIE

EEE & RN

DDC e i Je 5 M H DEC FR i iy H 45 KT LE B B 8B sgse, I RHX LT (R Sk I 4 2% JE ik
DDC Wit8. Fi)5 H shi8 F 485 e SaE . BASRES . FIFHETEEE . BIramnEgRiie, SA
DefectParams.txt X4,

Itk DDC #ibh 2 H & 4ddc. out :

#H##t######## 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_0O3', '"H_
—i-2', 'H_i-1', 'H_i-5"]

(AN

1
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(€AY

Chemical potentials change from pl to p2.
Calculate gg for defect in each charge state.
Calculate Nsites for H_O1: 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.
#H#########H# Collecting information from DEC ############

I H DefectParams.txt {f:

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%e+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

ARBAT ARt

DDC #EHfE T=1000 K f 5T H i bk BER B T2, IEARA R PP k% 1 E R IR OR BSL -
TAFRET ST

DDC #EHAE T=300 K i 53 6 MBI S AR, IF AR A Ak 2% P PR BRI PR 2L -
iy TG R

DDC #HtfE doping-Ga203/dde H3gF, , #th =430 PoKBEH SCF Fermi . dat , B JE SUF
Carrier.dat , BRFAMCE 4 Defect_charge.dat . A[{#iff Origin & . 14, DDC #idkss 5 shiRE
A, PR density.png SO TR ER
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O No
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S
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—— Hjs'*
108 [ — HO31+
—_ 6
—~ 10

Ngefect (Cm a
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=
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=
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AR 300K I, $27% H i) Ga203 M pl (Ga-rich) | p2 (O-rich) HYSRARES . HIR TR . SREIRIE.
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4.6' —_— EF
S 45)
T 4.4}
553
4.1k
IE 1012 — Po
O — Mo
5 108
CS 109
1016
— Hil*
— Hjs°
101° — Ho3'*
—— Hoi*
o - His'~
' 1014
=
O
% 1013
C
1012
11\
10 1 >

AR 650K I, 27 H i) Ga203 M pl (Ga-rich) | p2 (O-rich) HYSRARES . HIR TR . SREIRIE.
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—— Hjs'*
—— Hjs°
—— Hjs'~
1017 —— Hps't
e —— Hga2?~
| — H 1+
c o1
L 116
=10
(@]
Q
(U]
S
[
1015
1014
1 2

AR 1000K I, 875 H ) Ga203 M pl (Ga-rich) #| p2 (O-rich) BYSRAES . BUR TIRIE . SREIRIE.
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5.4. ZnGeP2 By A {EfRPEITE

ZnGeP2 j2—FhIEL M E2# A RE, (B2 HAF B NAFAE R 2 e e FR ) 7 LY Y, S5 EiA kX Sem il 5
JRERIEAAHSC . FIL, A OAEXT ZnGeP2 ) S S YE T EHENS 1T, M AR & FR5E T HWR gAY R 5
PARFUE A H DASP 841115 ZnGeP2 ZAAE 5 BB 1) 5551 -

5.4.1. #&itH PREPARE

5.4.1.1. & POSCAR 5 dasp.in

R1F ZnGeP2 MRS5S POSCAR, ] VASP (AL LM HE R, BB ECH: AR 6 A T DL E S 6 fE
(R BRI P AAT5E )« SRR :

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

e AT B PR AN 1R
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L.
T
ZnGeP2 [ R S5H4 .
FE dasp.in F15 A B SR

#H#######A#### Tob Scheduling #############4#

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
vasp_path_cdc=/opt/vasp-optics/bin/vasp_gam

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

#H##FFHAFFAAFF TSC Module ######H###FHHAF

database_api = *rxxxxxddddkkakxxxkk # (str-list type)

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

(AN
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(€A

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#### A ##FA## DDC Module ############H#H
ddc_temperature = 1300 300

ddc_mass = 0.36 0.54

ddc_path = 1 2

#H###########H CDC Module #############H#H#
cdc_defect = Ge_Znl

cdc_job = pl / radiative_rate

cdc_charge = 0 1

cdc_band = 864 865

cdc_temperature = 300
spin_channel = 2
refractive_index = 2.38

R AKX dasp.in H A S H RIS R TI

cluster = SLURM
# R RSB NG R % SLURM

node_number = 4

t A TEHENMNERGIH, ERINT R

core_per_node = 32

# T EATE, FHZAN. B FENERGHE, E&EFHI32=128%

queue = normal
# B % K "normal" B N F HATHH . BEilh, ER Bdasp. inS H W, FEHNBEHL/
~EBBLHRI AL, ¥R, B

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

FENEBOA TR AR AR B 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

vasp_path_cdc = /opt/vasp-optics/bin/vasp_gam
#o
<Xt T ISCHy 3 5, & Flstdi #y VASP, X TDECH ¥ k&t 5, Xl gamft ¥y VASP. cDCit & % 2 ¥ J 44

job_name = submit_job # (name of script)

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

potcar_path = /opt/POT/potpaw_PBE # (path of pseudopotentials)
# POTCARH # 7
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max_Jjob = 5

# AR ERNESRAK

database_api = **Frxxxsixxss b (str-list type)

# J T i [l Materials Project ¥ E &

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

# TR, FAPBERMAMEE FMAE, £ AHSET H H K 4

min_atom = 180
max_atom 200

# %kﬂ]%?éiﬁké’]ifﬁﬂﬁk NFE180-200 R F 2 B, HR & a=b=c, alblc

intrinsic = T # (default: T)
# A KRS W, V.2Zn V.Ge V.P Zn_Ge Zn_ P Ge Zn Ge_P P_Zn P_Ge Zn_i Ge_i P_1i

correction = FNV # (default: none)

# BB EFEXAFNVE E

epsilon = 12.3
# ZnGeP2 Wy /- ¥ & K 12.3

Eg_real = 2.06 # (experimental band gap)
# ZnGeP2W L B W IR B % 2. 06
—eV, DASPH R b K H HAEXXSH, N/ LTHRBEREEW T RESF T2.06 ev

ddc_temperature = 1300 300
# WE A KWEEH1300 kK, TIEWRE K300 K

ddc_mass = 0.36 0.54
# REBTHRMERN0.36, ZXABKMEHO0.54

ddc_path = 1 2
# HEDDCH H ¥ H HE, 1 2 4 fdasp.in$ & — ML ¥ $H (p1) B E MU FEH (p2)

cdc_defect = Ge_Znl

# it B Ge zZnifk 4 B A X MR

cdc_job = pl / radiative_rate

# it EPLit /4R AT K A K

cdc_charge = 1

0
FRBASANFPUHSHEALTEA QB ELS, H

Y

XK i

d 64 865

band = 8
SRR TR, KW TR E 6 B A BU % 864 % f W KL £ % 865%

mﬁ

c
#

cdc_temperature = 300

# CDCHE Bk i+ B 300K T By B & M A
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spin_channel = 2

#RRTEERT

refractive_index = 2.38

# MORH Y IT 4T R K 2.38

5.4.1.2. {E] DASP F=4 A5 N\ 3

B H 5% ZnGeP2, 1E./ZnGeP2/H SN ] I fE £ 47 DA L) POSCAR U5 dasp. in 3(fF, #hfTdasp 1,
RIWlj53) PREPARE B, /5 OB AN /MEAE. DASP x4t 1prepare. out SUHHLREEFIETT H &

5.4.1.3. PREPARE Rz 1T

AR

AR PR YR min_atom=180 1 max_atom=200 )&%, AT &MY TSR (RIS a=b=c H.
alblc), FH4HBHE POSCAR 304, PAT N ZnGeP2 [Eid 4B Ml 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

Direct

0.0000000000 1.0000000000 0.2500000000
0.0000000000 0.0000000000 0.000000000O0
0.1666666666 0.6250000000 0.3750000000
0.1666666666 0.8750000000 0.3750000000

FREN R H S AR AT 1 s -
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ZnGeP2 B L5 .

Lt e Bot

Wt AR e R AR AR PR M SO, AT SR PR R RT3, TR LT 539 2)

P

Ry FA) 2R A A LA

PAERIATISE M, "I 1prepare. out HYHIIMAIE (Hirh sttt ZORZALS TR id) -

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

Read the

structure file POSCAR you provided

Get the refined cell POSCAR_refined from POSCAR

Generate
Generate
Generate
Generate
Generate

the nearlycube cell POSCAR_nearlycube from POSCAR

job script through dasp.in parameters

single-point KPOINTS

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

Start the madelung constant calculation

Generate
Generate
Generate

the madelung calculation directory
madelung calculation POSCAR
madelung calculation POTCAR

(AN
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(% L0

Generate madelung calculation INCAR

Generate madelung calculation KPOINTS

Generate madelung calculation job script

Job *xx*Axxk 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 54t 5

%ﬁ“ PR = A R R S, Jotl AEXX=0.25 Fil AEXX=0.3 ) HSE #35T144, M AR 58 i DT
g_real = 2.06 [¥) AEXX {. M, fFtE5E85E, 0 ZnGeP2/dec/ AEXX/H SEHUNF :

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

XRHY AEXX=0.27 (PREPIOL/IEL) W, ZnGeP2 @ MUAAF BN 2.06 eV, KFSHH A INCAR, [FHIA
lprepare.out AIABEAIT Hil (Hirr swsssess JORZAL 5515 id) -

Start the HSE parameter AEXX calculation

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

Job *AxAxAxE suybmitted: /home/test/ZnGeP2/dec/AEXX/0.3/static

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

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

Job *AxAxAxE suybmitted: /home/test/ZnGeP2/dec/AEXX/0.26795555051593156/static
Succeed job ****F*xF%: /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 Ak

PREPARE #HU 5 — 25 KA level=2 (B[ PBE {4k) EALEBML N ITA M IET( 8. 7] W ZnGeP2/dec/relax
H3%. [ AT PATE 1prepare. out A PA DASP iz 85 ARG, - F AT N — 22 TSC Bk it
B (Horp wsioniok ZORZITA IR id)

Start the POSCAR_nearlycube relax calculation
Generate the POSCAR_nearlycube relax directory

Job *xx*Axx%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

#H##AHHF##H### Prepare Files module end ############
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DASP-PREPARE finished, please run DASP-TSC next

5.4.2. RNFREMFTELEHITE TSC
5.4.2.1. 57T TSC #th

b4 dasp 1 #4147 PREPARE #iHif, £/ hf ZnGeP2/dec H %, e HFH =4
lprepare.out . FRETFIITHEE, Lprepare.out HHMNATEMIRE. #EA ZnGeP2/dec Hk.
fiA INCAR-relax, INCAR-static SCFH IS EURATATHY. (P A& INCAR, DASP REHR$E it H SR H )
INCAR i J5 2L 1)

i\ PREPARE B e )5, 12| ZnGeP2 Higk, ff S dasp 2 P47 TSC B, [FIFfH, TSC Bl
ZnGeP2 HpH A 44 M tse I H %, BLHEHESR T TSC R2F it , WG48 H Azt H & S0
lprepare.out . GERFRETSE IR JCTHIMELE .

5.4.2.2. TSC ST HRR

host #45#0 F Akt (5 MP A 847 F—20):
TSC Bl F§ 5 Materials Project FEFESLMAEA# AS%L (INCAR, KPOINTS, POTCAR) kXt

P E B SRS AL AT, RS 2 B RE S MP U ) BB T LR . P B T35
M ZnGeP2 FesE PEY SCHEAA . il H o AR 5

cd tsc

cd ZnGeP2/

1s

relaxationl relaxation2 static

M ZnGeP2/tsc/2tsc.out FH ] PAF BRI H&, BIy-4: 8 AU, relaxationl. relaxation2. static. %{#E
PEMEEAL IR

KA AR T -

TSC B T MP $udfn BB A 5 ZnGeP2 MISZ4 9%, liid DFT 11519 ZnGeP2 15 FE5 MP £ 4
A EE, FIBTH ZnGeP2 J2& B

Wl , REFPRT 5 ARBUR I ZnGeP2 R Pk SR, 4Bl E44E Ge, P, Zn3P2, ZnP2 Ml Zn., f£ 2tsc.
out HHIEFIMKMFHE:

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.

host 55 3 AR 25 #940 % iH A (PREPARE A3 #0700 52 )

TER € K HEZRR G , TSC BEHRe i il PREPARE BLERT € 1) 241 (AEXX) 115 ZnGeP2, Ge, P, Zn3P2, ZnP2
M Zn B EBE. 2tsc.out WF:

Job ***x*x*** gybmitted: /home/test/ZnGeP2/tsc/ZnGeP2/static_recalc

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

Job ***x*x#*%%* gubmitted: /home/test/ZnGeP2/tsc/Zn3P2/static_recalc
Job **#**#%%% gubmitted: /home/test/ZnGeP2/tsc/ZnP2/static_recalc
Job ***x*x*** gybmitted: /home/test/ZnGeP2/tsc/Zn/static_recalc
Succeed job *FFxxFEx: /home/test/ZnGeP2/tsc/ZnGeP2/static_recalc
Succeed job Fr**xxxFk: /home/test/ZnGeP2/tsc/Ge/static_recalc
Succeed job *FF**Fkx: /home/test/ZnGeP2/tsc/P/static_recalc
Succeed job *FF*FFAx: /home/test/ZnGeP2/tsc/Zn3P2/static_recalc
Succeed job Fr**xxx*k: /home/test/ZnGeP2/tsc/Zn/static_recalc
Succeed job *FF*xFxkk: /home/test/ZnGeP2/tsc/ZnP2/static_recalc

g Heny it H
M4 DFT R R EE, 115 ZnGeP2 fIE AL RE AL AR & IXA], TSC #ikgh i 4 M2 itis S, A

dasp.in:

# W7 5PoscARY TR M )7 — 3, W& — % Rzn, & _ 3 £Ge, & =% 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 2t sc.out W AH BT AT 52 5By Y -

dir '2d-figures', '3d-figures','ori_data MP' ready. try to read file: 'calc_list.yaml
analysing the thermodynamic stability of ZnGeP2.
key phases of ZnGeP2 are: Ge P Zn3P2 ZnP2 Zn

analysing of ZnGeP2 is done.

DASP-TSC finished

X =05 eI &Y, TSC BLBuRrA RS IR 1, B Xk i s Ak Ak 35 . aliad H SRl AR
3

cd tsc

cd 2d-figures/

1s

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

H 5% ZnGeP2/tsc/2d-figures/ o ) PU AN SCAA43-551 2 W UR 1155 20 B 2 e 228 1 A R DX 3k el 452 DA e PRI v 45 i
SRS
BH XM stable_2d.out 5 fig-zZnGeP2.png . & £ig-2nGeP2.png HREHAEFR S HI2 B H FrdR i oo

FRIAAT, TS I F AL e Xk, Hon B4 — AR et BB AR R AT RHA AL TR IS R
TEREIG ARG OL N A i 2, IR R — YO IS A A A 1AL

0 -0.8457 0
0 -0.0484 -0.3986
-0.0999 -0.0983 -0.3237
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ZnGeP2
0.0
—0.2 1
—0.4 1
>
L
N
—0.6 -
-084 — P
—_— Ge
— ZnP;
-1.04 — 4MmP
T T T T 1
—-0.25 —0.20 —-0.15 —0.10 —0.05 0.00
GefeV

ZnGeP2 HFE K IERE (R MP $di ) -

E N stable_recalc_2d.out 5 fig-ZnGeP2_recalc.png , D% IRITE S92 B
BHiE5E G .

-0.1593 -0.9207 0
0 -1.08 0
0 -0.1456 -0.4672
-0.1593 -0.2252 -0.3478
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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

ZnGeP2 (W& X & (Ok H DFT i15).

5.4.3. TRPET R AEFIR T RER T H DEC
5.4.3.1. 1517 DEC #&=ir
e E— 4 dasp 2 P47 TSCHLRIS, S/E K ZnGeP2/tse Hg, HAEIXH A7 E 2t sc. out I,

SRAEF TSR, 2tsc.out AMINMMSEMIRE . FTIT ZnGeP2/dasp.in, FiAb2 3 WAEF A Sl -

BN TSC BORSEUS , 1813 ZnGeP2 H%, {iflfi4 dasp 3 447 DEC #ilk. DEC Bibk&Afesi O &k
JRHY dec FSRAPARSUR AT SCPE, BUARBRIGLEH, SEITITH SR, AKsTT G 3dec. out o 45 f5E
J 5 IR T/ BRI
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5.4.3.2. DEC Rz 1TiRIE

FE A B )

N ERFRI R S, R RHRIE T P HE dasp . in HBCETE BTSN B SR O 2 T 5 H %
PABHL PP R SR AR 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_Znl V_P1 Zn_Gel Zn_P1

M 3dec. out HRILAFREIANT H -

FH##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_Znl/initial_structure/q0
Generate neutral defect at: V_Gel/initial_structure/q0
Generate neutral defect at: V_Pl1/initial_structure/q0

Neutral vacancy defect generation completed

Start generating neutral intrinsic antisite defect

Generate neutral defect at: Ge_Znl/initial_structure/q0
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/g0

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

#E##H#H#H#HFH#H#H#HF Neutral Defect module end ##A##H#H#HFHFHFHEH

PR SRR IR S R, T SRR S T RE R TR] B AL AR B R -
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"J'V;nz‘r- ﬁ\\\, L ]

LY
‘\iﬁsgb. 0‘; !P

-

ZnGeP2 @I FR 43 GRFE L5 R B .
R R EETE q=0 T HAL 5

TERSLAFA TR R AP BRI T F SR S AL, R A S ST s — M s 55 B i SO IR R T 3
155, FHMARFERTTERAE S LN dasp . in HEE max_job ({H. ML 3dec.out FRILAFRRIMIT

Hi:

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

Job ***x***% gubmitted: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/Intrinsic_Defect/P_
—7Znl/initial_structure/qg0

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

Job ***x*x*** gsybmitted: /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_
—P1/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_
—P1/initial_structure/q0

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

AR ERGNIT B
FEH BT SE U, R RN A B T REAY L B SR, 25 AR i L ST 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 R EHTG q20 03+ FAL 4

TERNL ISR A B S o TR H SR S A, R B S st S8 — MR R 5 B 5 SOOI R S AT B8
155, HUARFE R RS AN dasp. in FEEU max_job (. M 3dec. out HAILAF R

Hk:

#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 *#*#*#**%%* gubmitted: /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 FALEHREOLFRTZMAE . RN TR B IE RAHE E0T (LZ/ENV), DA
AR B RES . dasp. in SCPFHPRRML IR ORI LA B BB oL, A pl, p2, p3, p4 I
MIERRE(. MICHF 3dec. out HFRIDAESIQIT 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

TERRIERBEIE B e 5 B A B VT 552 o), B B A i AE A R 2A S5 00 F Bk B i R P 1% e B
P, {1 Hk/dec/Formation_Energy_Intrinsic_Defect/r]r .
dasp.in CAHEEME T PUFPR TR L2F B BUERE L, A 00 R -5 2 .

cd dec

cd Formation_Energy_Intrinsic_Defect/

1s

pl.dat pl.png p2.dat p2.png p3.dat p3.png p4d4.dat pé.png

H PR AR dat SCPERPROECE BT 2 H IR G, S ER H B2 S png BRI, MOICHE 3dec. out HTH]
PAB ST H &

#tH###FFF#F## 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_FEnergy_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 pé4: /data/home/test/Zn_Ge_P/DASP-test-0128/dec/
—Formation_FEnergy_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

#H##F#FAFA### Plot Diagram module end ############

FEFF 322 i 10 P VAR 20 51 0 s
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(a) (b)
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ZnGeP2 KA HIETEILF TS (@) pl, (b) p2, (¢) p3, (d) p4 ALHYTE SR RE B KRBT AR 1.
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5.4.4. BXREREEFITAK LRI DDC
5.4.4.1. iz1T DDC #&in

1t DEC BT 5e s, 015 ZnGeP2 HR, flijlfi4 dasp 4 $47 DDC Fibk. SR LT aoMRIE.

5.4.4.2. [)D(:ﬁﬂtkui' 7m

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,

PAF %52k B DDC A2 H 7 4ddc. out ¢

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

Read defect types from DEC calculation successfully.

Defects considered in DDC calculation: ['P_7Znl', 'Zn_P1', 'Ge_P1', 'P_Gel', 'P_i-3'",
~'P_i-1', 'P_i-4', 'V_2Znl', '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.

B RN N

#H####FAF### Collecting information from DEC ############

PAF %K H DefectParams. txt 4

1300 300

0.360000 0.540000

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

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 Xx x x 4.262836 3.

(AN

1
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(€AY

795636

A KB T AG A
DDC #EHAE T=1300 K ()5 5 H G E Ik BRI TR B, AR i &8 H VA SRR Z oK BESL -

#HAFAAAFHHFFF 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.
#H########AF First—-time self-consistent calculation ############

IR T BBt
DDC BEBFE T=300 K ()i 55 0 A5 N RIGE A I ST, FARYE B AP R S PR B VAR IR SR KRB

#H####FAFA##F# 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

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

Hr o BTG R

DDC #ideHF ZnGeP2/ddc H xR, Wi =48 45— 1B A X4 Fermi.dat Carrier.dat
Defect_charge.dat PAJ density.png .,

Output Fermi level as [Fermi.dat].

Output Carrier density as [Carrier.dat].

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

"] ] Origin AR¥ EABUESCIFEIE, TS H AR H b K density.png , HAMAL 35 pl
2 p2 TR E ARG T AR AL PR AN T B |
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ZnGeP2 (AL=EF M 1 I3 2 I 2K FEZR | %ﬂiﬁ?iﬁfi%ﬂ@%l"é%f}?o (AR 1300K, TARHRIE:
300K

HPAIAE dasp . in SCPFPREEARIRIE S TARERE, SRAFARFOL TSGR . BIUTE dasp. in SXPFH
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BT RS, HREM 4 dasp 4 P07 DDC BB, T DASRAFAN SREE AR A AL I

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

ddc_mass = 0.36 0.54

ddc_path = 1 2
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—

=

o
=
N

=
o
(o)}

Ncarrier (Cm_3)

=
o
o

=

o
=
)]

1015 N

-3

=

o
=
H

Ngefect (CM

1013_

— Gep;?
—— Gepp!~
- PGellJr
1 —— Gezn?*?

- ZnGel:L -

1+
Gezn1

I Zr‘Gel2 -

0
—— ZNge1

1012

ZnGeP2 fAL=EF A 1 I IR 2 I SRR RESL . SR TR EEFIBREERE . (ERIRAE: 800K, TS : 300K)
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#H##EHAAA#A#### DDC Module ####H#########H#
ddc_temperature = 300 300

ddc_mass = 0.36 0.54

ddc_path = 1 2
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ZnGeP2 FAL2EF M 1 P2 2 I 2R oKBEZR . 20 TR B RIB AR . (AL - 300K, AR - 300K)
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5.4.5. {EHERE R RAOALB A AILITE CDC
5.4.5.1. &7 CDC &tk

i} CDC B2 1, TEHORA T LIRS -

(1) DEC e &35 58 (7 ABkiE DDC Hyit58) .

(2) & MEPEERIT SR, HERE RSN SV AZ 2 /] BEAAE I BIE N A, HAE BRI .«

(3) BHHREFREGHER AL, AT vasp BIFHA, TEANRAED7 U &AM X TARIT . £ dasp.in Hh
vasp_path_cdc 3 A vasp f§4%.

T ZnGeP2, FRATHEEIE Gezn SEFEM O 2] +1 A2 7RI RE , FoATTTT BT BRBA T T BB BB
Al VBM BEZL I fEH /75 (band index) . FRATEI: BT PEMESITE EIGENVAL SCURRAf & REW 1T
o X Geyz, , H VBM [HEETT 7542 864, HELFEAEAMIAE W 52 865, Jf H A EIGENVAL H|WriZ it
FEEAE H e NGBS &4z, R ] DAZE dasp.in "5 ADARE & :

#H##AAAAAFFAFF CDC Module #########AFHFFH
cdc_defect = Ge_Znl
cdc_job = pl

cde_charge = 0 1 PEKNNFRRAEN, BREHFRRALSR
cdc_band = 864 865 # B WFEER, BHBEANTFEAER
cdc_temperature = 300

spin_channel = 2

refractive_index = 2.38

(/i< dasp 5 AT CDC ik, SERHUIE] JorE# oM

5.4.5.2. mifAtE
CDC BEHLIF 1 SEHR A dasp.in H level F{EAIT H ARG AIRIAS 5 ACS S5 2R 258 1 HSE 12 8K T R4

fifk. 5 level 2, CDC L5 B ARERIAM HSE IZ B FISLAL, 25 level Sy 3 MBIt 44 L4535
7 level 1 23R H AR A T3

PAT %k B DDC BLRAYFER H & Scde. out

finished : /data/home/.../ZnGeP2/cdc/Ge_Znl/Radiate_calc/_qg0_to_gl_/initial_state/
—relaxation

finished : /data/home/.../ZnGeP2/cdc/Ge_7Znl/Radiate_calc/_q0_to_qgl_/final_state/
—relaxation
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$% T >k CDC ¥ 2 R H HSE 32 s AL S5 BB FE S5 T RIS R R TR RE M T, PASCRSH FSEY
BEMTRPEZ (intermediate_state) AR .

PAF AR H CDC g fE /5 H & Scde.out -

Ge_Znl : from g0 state to gl state
hole : from 864 band to 865 band

finished : /data/home/.../ZnGeP2/cdc/Ge_Znl/Radiate_calc/_qg0_to_gl_/initial_state/
—static_optic

finished : /data/home/.../ZnGeP2/cdc/Ge_Znl/Radiate_calc/_qg0_to_qgl_/intermediate_
—state/static

i), CDC *ﬁﬁﬂﬁﬁﬁﬁﬁﬁ%@ﬁ’éuzﬁm’]%ﬁ RER A TAAE (E_zpl), ARGEHES S A AE RS FH6k
B EE M BIAS G I f i S TR R (E_rel), MMIASEIREHDE T HYfER (E_emission).

PAR AR H CDC A fyFE /5 H & Scde.out -

transition level is 1.4203 eV

E_zpl ( Energy of zero phonon line ) is 1.4203 eV

total energy of the final state with the initial state configuration is -1142.4152 eV
total energy of the final state is -1142.6177 eV

E_rel (the lattice relaxation energy) is 0.2025 eV

E_emission (the emission energy) is 1.2178 eV

5.4.5.3. ERFRABITHERR

S RIS, CDC BLHGA ARG MR 300 1A U5 R S5 HA R4S G S 7 AR R B A XA
S GIPNAR

PAF AR H CDC R F H & Scde.out -

Radiative carrier capture coefficient is 0.9106*1e-13 cm"3/s

5.4. ZnGeP2 P ARIERPEITEH 129




DASP Documentation

5.4.5.4. CDC {1k PL it &%
IRE A% 5, CDC Biles /At HSE 17 pRAAL IS SRIG RIS . RASHAGEIAE) AR FTRIZESR Q , IF
WEZ M &M= — RV 450

1 H s%/cdc/Ge_Zn1/Radiate_calc/_q0_to_ql_/final_state 5 H 5%/cdc/Ge_Zn1/Radiate_calc/_q0_to_q1_/initial_state
TS ML T 2SR H %

Q0 010 ©0-10 Q2 0-2 Q4 04 Q6 0-6 08 0-8

S IR S, CDC Bl DR 7 A= 4 45 44 KOk B2 A il B T A RE /MR B 01 5 -5 RS T AT R0 1 g
5L TR EA BRI E- BTN T (Huang-Rhys factor) , i T AFRAHZ BRI B 255 A S — E AR A,
B R ccdiagram.png , WIFFR.

CC diagram of Ge_Zn1 in ZnGeP2

@ state: q0
3.0 1 e state: gl

2.5 1
2.0

1.5+

Energy (eV)

1.0

0.5 1

0.0 -

-4 -2 0 2 4 6 8
Q (amu'” A)

ZnGeP2 W5 Ge_Znl {—2Efi LA,

PAT 2R B CDC B ESY H & Scde.out

Analysing deltaQ (the structure difference in generalized coordinate)
deltaQ between two structures in a.u.:232.2316
deltaQ between two structures in amu”1/2*Angs: 2.879

Generating structures...

ZET )
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(% L0

analysing for pl spectrum...

effective phonon energy of the initial state is 0.01397 eV
effective phonon energy of the final state is 0.01338 eV
Huang-Rhys factor of the final state is 15.13453

ccdiagram.png saved in dir /data/home/Zn_Ge_P/cdc/Ge_Znl/Radiate_calc/_qgO_to_qgl_

B, i PLAEI AR 1ineshape . dat PASCHARUEAL ., ~FIETE, ) KIIEAF/7T Llineshape. dat
S

lineshape.dat saved in dir /data/home/cai/daike/Zn_Ge_P/CDC_test_0310/cdc/Ge_2Znl/
—Radiate_calc/_qg0_to_qgl_

Position of the peak in the lineshape is 1.26 eV
Full width at half maxima of the lineshape is 0.21 eV
analysis for pl spectrum finished

lineshape.png saved in dir /data/home/Zn_Ge_P//cdc/Ge_Znl/Radiate_calc/_qg0_to_qgql_

lineshape.dat XA FE BT~
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1o Ge Znl in ZnGeP2 at 300.0 K

1.0

0.8 A

0.6

Intensity (arb. unit)

0.4 -

0.2 A

0.0 T T T T T -
0.0 0.5 1.0 1.5 2.0

Energy (eV)

FEE IR ZnGeP2 ik Ge_Znl f PL ii%.

5.4.6. FEIEHFERRLITE CDC
5.4.6.1. i&{T CDC #ith

] CDC BT RARRR AR R BT, FEFERA T ILA:

(1) DEC itk 31 55gil (AT LABk DDC 31 5) .«

(2) MURIZIAE X RIE, e IRBESA BRI, THSBAI LR AL RER
(3) e B A B 1 AR FE S PR A

X ZnGeP2 Wiy Gezp 16, FATEZITFMN +1 415 0 riy i FARRHFIOERR , 0 2o shia T
FEHBE REGR CBM REZRIIRETT S (band index). FRATANL: EZFEH A PER#HZSTTH EIGENVAL SO
ARBEREN T o XT Gegn , HIRFERER AIREH 542 865, CBM HYREHT 7542 866. RITEIAHIZHE
WA, HIVEE dasp.in FEHAPAREA:

#HEFAAAFAFFAFF CDC Module #########AFHFFH
cdc_defect = Ge_Znl

cdc_job = nonrad_rate

cdc_charge = +1 0 FAKHNFRRAEN, BRBEAF LRSS
cdc_band = 866 865 # AT EEW, BRGERANTFEER
cdc_temperature = 300

spin_channel = 2
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il T4 dasp 5 4T CDC Bk, AEFFIIA] LT HIMELE.

5.4.6.2. pifAitE
CDC B 1 5EMRE dasp. in Y level B IR H ARSI RIS S A S LM R E 52 7 HSE 2 58 T 944

Ak . 5 level 3y 2, CDC &AM H ARE-FAM HSE 7 bR T SETI AL, 5 level Sy 3 Wk 4544 DAk A 3R
#r level 2y 1 M 2R iz B 115

PAF AR H CDC R F H & Scde.out -

Finished : /data2/home/.../ZnGeP2/cdc/Ge_Znl/Nonrad_calc/_qgl_to_g0_/initial_state/
—relaxation

Finished : /data2/home/.../ZnGeP2/cdc/Ge_Znl/Nonrad_calc/_qgl_to_qg0_/final_state/
—relaxation

5.4.6.3. CDC RRIFEFHFRARIT HRE
STV 345 2] HSE 32 s AL WIS RS S 5, CDC BUR AT 5] SRR T 25 Q
FEUTAE %7 T RN A — R B S5

1 H s%/cdc/Ge_Zn1/Nonrad_calc/_ql1_to_q0_/final_state 5 H 5%/cdc/Ge_Zn1/Nonrad_calc/_q1_to_q0_/initial_state
IS IA T 2 ERS TR E

Q0 01 0O-1 02 Q-2 Q3 QO3 04 04 05 05

MAh, fE H 3¥/cde/Ge_Znl/Nonrad_calc/_ql_to_qO_/final_state/el_ph Frr=4: DA F 24 T B BB &5 500
FASTH R H %

Q0.0 Q0.49 0-0.49 00.74 0©-0.74

SERL BRI S, CDC ] DU 7= A B 4548 K B B B T B RE K/ IMS I WIS S KRS FRA RS T
B TR EA RS- B 7 (Huang-Rhys factor) PAK I FAGE AR SHTR R0 B0 =i
%% (gaussian smearing) FIZEZLFER T (sommerfeld factor) , i A] DARBZERIGHIS SRS —4EMIB K, &
KK R ccdiagram.png , W RFIR.
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CC diagram of Gezn1 in ZnGeP2

TN T T T T T T T T T 1

1.0

<

Z

>

(@)}

3]

5 0.5
i @ state: gl

0.0 @ state: q0
T | L1 | L1 T S s !
-5 0 5

Q (amut? R)

ZnGeP2 HE Ge_Znl M +1 M1 5] 0 Mri—4E (i e A

)5, CDC Bt ARPEE M ATR . #iA3Um &S5 5da s G R IMF R 2 E AT B R =R T % &
BN, HAEE S /cde P nonradiative_rate.dat X4FE F coefficient .png , MWIFR,
b s B T AR SR AR R BDA S A S (7 R o O B ) A8 4k

electron capture coefficient of Gez,1 in ZnGeP2
— 1. 1.1 1 111 11T T T T T T T 1T

1077

1078

10-°

10710

Coefficient (cm?3/s)

10—11

10712 1

200 400 600 800 1000
T(K)

ZnGeP2 Hik i Ge_Znl A +1 2] O i 1123k R BBEIR Z AR L R AR

PAFINZK H CDC g fE ¥ H & Scde.out ¢
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Analysing deltaQ (the structure difference in generalized coordinate)
deltaQ between two structures in a.u.:245.3062
deltaQ between two structures in amu”1/2*Angs: 3.0411

Generating structures...

transition level is 1.4203 eV

band gap is 2.0672 eV

E_zpl ( Energy of zero phonon line ) is 0.6469000000000003 eV
Analysing deltaQ (the structure difference in generalized coordinate)

deltaQ between two structures in a.u.:245.3062
deltaQ between two structures in amu”1/2*Angs: 3.0411

analysing for nonradiative carrier capture coefficient...

electron-phonon coupling constant in eV/ (Angs*amu”1/2): 0.02999

barrier for the nonradiative process is 0.15573 eV

try to plot the ccdiagram...

ccdiagram.png saved in dir /data2/home/.../cdc/Ge_Znl/Nonrad_calc/_qgl_to_qg0_

initial state phonon energy and wavefunction saved in dir /data2/home/.../cdc/Ge_Znl/
—Nonrad_calc/_gl_to_qg0O_/initial_state/phonon

final state phonon energy and wavefunction saved in dir /data2/home/.../cdc/Ge_zZnl/
—Nonrad_calc/_qgl_to_qg0_/final_state/phonon

effective phonon energy of the final state is 0.01373 eV

Huang-Rhys factor of the final state is 15.38015

effective phonon energy of the initial state is 0.01255 eV

gaussian smearing is 0.00941 eV. The sommerfeld factor at 300.0 (K) is 7.
—936136753462156

The carrier capture coefficient at 300.0 (K) is 3.717573134196475e-08 cm"3/s.

see file nonradiative_rate.dat in dir /data2/home/.../cdc for more details.
coefficient.png saved in dir /data2/home/.../cdc/Ge_Znl/Nonrad_calc/_qgl_to_qg0_

ALt DDC RS 3 BRFE A T, PAS CDC AT R Y (AR ST 7R R %, AT LAMRYE SRH (Shockley—
Read-Hall) ZASAGE I 28070 1 10 ARFE S A6 sri
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XEF AR SER R BT, AT AT DOR I —Bre 2 i e dm (i 5 RE I L5 53 (quadratic-spline) , &k
dasp.in CAFANR:

tH#### A AA### CDC Module ########A#####H#H
cdc_defect = Ge_Znl

cdc_job = nonrad_rate

cdc_charge = +1 0 #FIR AT RO A AT, T}i kvﬂ‘m Bk A E
cdc_band = 866 865 # Y % B R, B ]au& oF TR
cdc_temperature = 300

spin_channel = 2

fitting_method = spline

AR 4 dasp 5 $h4T CDC bk, SERHYIE o FRBoMEME .

CDC Hibk 274 HSE 32 ek (AL IR S FIACS A STE) SCBAR R IZES: Q . HIE T M RIS
AR Rl 7 A — R BS54

1E H s%/cdc/Ge_Zn1/Nonrad_calc/_ql_to_q0_/final_state 5 H 5%/cdc/Ge_Zn1/Nonrad_calc/_ql_to_q0_/initial_state
o ML N 2SR H SR

Q0 01 0O-1 Q2 Q-2 Q3 0-3 Q4 04 Q5 0-5

Ak, AFH #%/cdc/Ge_Zn1/Nonrad_cale/_ql_to_q0_/final_state/el_ph Hry=4 PR 24 T B E R &5 50
/LJ\‘I/‘]—%: H %

Q0.0 Q0.49 0-0.49 Q0.74 Q-0.74

mﬁfab‘;ﬁ%ﬁiﬁ, CDC A n] DARRHE 7 A (8 25K 0T 17 A it 6 2 B RE /M B 0259 RS A 8007 1 g
5 7T UK BOA ARSI - HUBr A1 (Huang-Rhys factor) PAK I FAS AR AHFR R L e 80 mlls

5¢ (gaussian smearing) FIZELIEH T (sommerfeld factor) , i& T DASRISZERIEHIS SAS I —HEAIEIE L
tﬂjﬁl’éﬂ# ccdiagram.png , AIFFR.
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CC diagram of Gezn1 in ZnGeP2

i5sF 1T 1T ¢ 11 1 1 1 1 1 1 1T 1T 1T J
1.0
3
>
2
[«}]
c
w 0.5
@ state: gl
0.0 @ state: q0
TR S TN T NN N A AN N M
-5 0 5
Q (amu'? R)

ZnGeP2 Wikl Ge_Znl M +1 3] 0 it —H4EALIE A

nPAEE], AHLEL parabolic 77k, KA spline 13L& Ty VA RHEAS R IR T 200 IRFI 0.1 eV, FRATE B 25T
R parabolic AT REM G . f)i, CDC B SARIGBMARL . #7300 s S8 45 & s 7
RAF AT E S B = R/, HAEH % /cde Mt nonradiative_rate.dat CHFIE
H coefficient.png, WITFFR, HAPGH T IEMEGHTIR R BB ARG SH7 A bl L i 221

electron capture coefficient of Gez,1 in ZnGeP2
L L L L L L L L I L L L L

Coefficient (cm3/s)

200 400 600 800 1000
T(K)

ZnGeP2 [ Ge_Znl M +1 4 3] 0 fr AL 7738 R EBHHR L AR L K AR

PATZR B CDC BIRFEF H & Scde. out
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Analysing deltaQ (the structure difference in generalized coordinate)
deltaQ between two structures in a.u.:245.3062
deltaQ between two structures in amu”1/2*Angs: 3.0411

Generating structures...

transition level is 1.4203 eV

band gap is 2.0672 eV

E_zpl ( Energy of zero phonon line ) is 0.6469000000000003 eV
Analysing deltaQ (the structure difference in generalized coordinate)

deltaQ between two structures in a.u.:245.3062
deltaQ between two structures in amu”1/2*Angs: 3.0411

analysing for nonradiative carrier capture coefficient...

electron-phonon coupling constant in eV/ (Angs*amu”~1/2): 0.02999

barrier for the nonradiative process is 0.23881 eV

try to plot the ccdiagram...

ccdiagram.png saved in dir /data2/home/.../cdc/Ge_Znl/Nonrad_calc/_qgl_to_qg0_

initial state phonon energy and wavefunction saved in dir /data2/home/.../cdc/Ge_Znl/
—Nonrad_calc/_gl_to_g0O_/initial_state/phonon

final state phonon energy and wavefunction saved in dir /data2/home/.../cdc/Ge_Znl/
—Nonrad_calc/_gl_to_g0_/final_state/phonon

effective phonon energy of the final state is 0.01338 eV

Huang-Rhys factor of the final state is 14.11924

effective phonon energy of the initial state is 0.01259 eV

gaussian smearing is 0.00945 eV. The sommerfeld factor at 300.0 (K) is 7.93614
The carrier capture coefficient at 300.0 (K) is 3.18217e-9 cm”3/s.

see file nonradiative_rate.dat in dir /data2/home/.../cdc for more details.
coefficient.png saved in dir /data2/home/.../cdc/Ge_Znl/Nonrad_calc/_qgl_to_qg0_
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5.5. MESAY M EHRE MR RETHE T

TEVA LB, AR T TSC B AT ATHIE TR AL A 4, 1T DEC BIRA BRI E s AETT 5. 1e4h, TSC
WA LABSZIZAT R T H AR PR E N, T o7 S6f T PREPARE L5

£ dasp.in R tsc_only = T , W PAE a7 TSC A, iy TSC L5 —BrBiat)s, F HATM level =
1S BB

PA T 7R {5124 Cs2AgBiCl6 & Rb2Lilnl, K2LiYF6 = Fl X AEEk A AN AT L .

5.5.1. Cs2AgBiCl6 (FiillsER: E)

55.1.1. EZXH

FIH TSC B ot bR E PR 26— 8K @ E £ 4F POSCAR 5 dasp. in 4.

#kE Cs2AgBiCI6 1) POSCAR SL{ ] 2% Materials Project i3k, 75 M /7 AT AL BUB B R IR 4 . A
20 SR I POSCAR LN -

Cs2 Agl Bil Cl6
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

Tt dasp.in X, H P ERYE B BE R EAS A X SE, HRE tsc_only = T PA K database_api .

#Hh############ TJob Scheduling #######F#F###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##t## A #A#AE TSC Module #########A###H
database_api = K*hkkhkkhkkhkhkhkhkrkkhkrkkkk kK # (Str*list type)
tsc_only =T

plot_3d =T
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o, T TSC BB

database_api = ***xFrskrdnsdkxdknnrx 4 (str-list type)
# F T FlMaterials Project# 1% %

tsc_only = T
# AT level = 1 B AR E M BE M.

plot_3d =T
#o
CH BT, AHATREZ4HE (RERAPS%) , ASRKAANF, REATH TH i = 4

5.5.1.2. itE59h

host %5 ¥4 % ket B (5 MP A 34543 —%):

TSC Hibe i fl Materials Project HIRFEIRMEM#H AZSEL (INCAR, KPOINTS, POTCAR) XfH 4
FE W R A G LA I AT 38, TSRS B SR S5 MP B e B RE 2 W Le i . B BRE R TS 25
Cs2AgBiCl6 FaE PERY RBEAM. s H T AR 3 -

cd tsc

cd Cs2AgBiCl6/

1s

relaxationl relaxation2 static

M Cs2AgBiCl6/tsc/2tsc.out FH, 7] DAFEBIFR )P a4T H i, By~ % A S04, relaxationl . relaxation2, static, %§
PEPREAE D IR

fe gtk XAk ARt AT

TSC KBRS T MP i oE_E T 5 Cs2AgBiCl6 M TE4F AT, ARHEA S BRAYH 30/ materials_info.
yaml WPAREL, A% BRI A 1 -

secondary_phases:
- — Cs
- Bi
- Cl2
- Ag3Bi
- Ag2C13
- Ag3Cl
- AgCl
— Cs2AgC1l3
- CsAgCl2
- CsAgC1l3
- BieCl7
- BiC13
- Cs3BiCl6
- Cs3Bi2C19
- CsBi
- Cs3Bi2
- CsBi2
- Cs3Bi
- CsCl

il it DFT 151 Cs2AgBICI6 {5 AE-5 MP Kudla P 240G BE, FIIRTHH Cs2AgBICl6 2 Raxzif .
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B, R BB I Cs2AgBICl6 R P X BRI L, ABIHA04E Ag. Cs. Bi. CI2, AgCl, CsAgCI2,
Cs3BiCl6, CsAgCl3. CI2Cs3Bi2Cl9 , 7E 2tsc.out HA[FHF|H M= . :

analysing the thermodynamic stability of Cs2AgBiClé6.

The stability of Cs2AgBiCl6 is: True.

key phases of Cs2AgBiCl6 are: AgCl Ag Cs3Bi2C1l9 CsAgCl2 Cs3BiClé6 CsAgCl3 Cs Bi Cl2
analysing of Cs2AgBiCl6 is done.

[FEf, materials_info.yaml XA A E B H -

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

host 5 ZeFa ¢ #yhY % it A

M Tz B EY R fREny, BIAER e MG, TSC BHGAMES — M Beia#r S5 iHE, BIRHARHE H -
FRALI E H AR TP Y POTCAR S, $% level=1 1155 Cs2AgBiCl6 [z DA 452K KA S AE. 2tsc.out W
T

Job ****x*x* submitted: /home/test/Cs2AgBiCl6/tsc/Cs2AgBiCl6/static_recalc
Job *AxAxHkxx submitted: /home/test/Cs2AgBiCl6/tsc/AgCl/static_recalc
Job *xxFkAxxk gubmitted: /home/test/Cs2AgBiClé6/tsc/CsAgCl2/static_recalc

Succeed job 12267.host2: /home/test/Cs2AgBiCl6/tsc/Cs2AgBiClé6/static_recalc
Succeed job 12269.host2: /home/test/Cs2AgBiCl6/tsc/AgCl/static_recalc
Succeed job 12271.host2: /home/test/Cs2AgBiCl6/tsc/CsAgCl2/static_recalc

HAH KOTSRS, o BT — Mo T RUTRR M XS, U0 INCAR B KPOINTS E3LIFNEA, A
JEFRRIEA T RAA R 27 0 UL R .

e eyt i

Rl DFT 115 R EE, 1155 Cs2AgBICl6 T I REFIfb2F #eAa i X ], TSC Fibesh i 8 Ml nd i i fE
H A dasp.in:

# W7 5 POSCARY TR M F — %, W& — %l RcCs, =% RAg, ¥ =% ZBi, £ N 3|&ECl.

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

1t 2tsc.out AIAEBIREFIIT5E R0t
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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 Cl1l2
analysing of Cs2AgBiCl6 is done.

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

DASP-TSC finished

X =Ie ST A Y, TSC BEBURE HAE IR B, SR e KA i AL I A=A 35 X 4R,
L H R AR £ :

cd tsc

cd 2d-figures/

1ls

fig-Cs2AgBiCl6.png fig-Cs2AgBiCl6_recalc.png stable_2d.out stable_recalc_2d.out

H 5% Cs2AgBiCl6/tsc/2d-figures/H (1) PU A SCA: 43 2 PRI TS5 40 et A v 22 Tl 0 s e I el el 4 DA B PRI 4%
At AL A

BHE M stable_2d.out 5 fig-Cs2AgBiCl6.png . & £ig-Cs2AgBiC16.png IREIARFR HI 2 K
HTFRIRIC R A, BI5E I B b A ise Kk, i i — A 4R AR I T AR IR AT RMA B4k
TS R BRIm ARG O rfb2e i &, X258 — ot 5ot B th i % .
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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

Cs2AgBICl6 e KIF K (Ok B MP i 2 )

HHE X stable_recalc_2d.out 5 fig-Cs2AgBiCl6_recalc.png , Do IRITE S54SR
S B .
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Cs2AgBiCI6 p(Cs) = -3.5974 eV

CsAgCls

AgCl
Cs3BiClg

Cs3BizClg

Agfeyv

—0.7

T T T T T T
=3.0 2.5 =2.0 -1.5 -1.0 —0.5 0.0
BijeV

Cs2AgBiCl6 [ fe e I (Of A28 Bt 5)

X =4EE G, il HoRAT 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/H ) PU AN 343 512 YR T3R5 40 BT aed i v 2 1 1) e e DXk el 12 DA e 1A vh
Ui AL P T T

#5HE /1 stable.out 5 fig-Cs2AgBiCl6_3d.png . & fig-Cs2AgBiC16_3d.png FHikRiE=FRIC
RIS BRI L= AR, 21 e 2 S5 B IXIECh Cs2AgBICl6 1) = 4R e KO, X2 — IR 54 Mt
R A MR, DRI A S AR AR T AL S0 stable . out FKE.

-3.17837 6.73289e-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

[y
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(€A

-3.46999 -0.38897
-3.7209 -0.639883

-2.97922
-3.23014

-0.562812
-0.395537

Cs2AgBICl6 i) =4 i I (Ck B MP s )
BHE M stable_recalc_3d.out 5 fig-Cs2AgBiCl6_3d_recalc.png , X% " KiTES55MS

Bi

TR R B2
Cs Ag Bi Cl
-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
-3.0087 -0 -0.9076 -1.17933
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0.0
-0.1
-0.2
-0.3
—0.4

-0.5 AQ
—0.6

-0.7

—-3.0 —0.8

Cs2AgBiCl6 B = 4R e KIS (Ok A5 —FrBat5)

5.5.2. K2LiYF6 (FTIM4R: FE%E)

5.5.2.1. ##& POSCAR 5 dasp.in

¥ K2LiYF6 ) POSCAR {4 1] 2% Materials Project {4t 2 3k45%, T H P BATIALE B IR L5 . A%
BRI POSCAR S KH AL EITE Bos i -

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
0.250000 0.250000 0.250000 K
0.750000 0.250000 0.250000 K
0.750000 0.750000 0.250000 K
&ETn)
146 5. 5. MTFHZEHI



DASP Documentation

(% 150
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
¥
0y

i

d;gfﬁbﬂ

K2LiYF6 ) i AR 5 7 it I

IE dasp.in M, HPERES S EIRETES A XS5, HiRE tsc_only = T DA K database_api .
BART] 2% Cs2AgBiCl6 &1k,
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5.5.2.2. i+ E 55 4F

host #5#y04 kit (5 MP SRR —2):

TSC Bl ff Materials Project FIRERMMNH AZSEL (INCAR, KPOINTS, POTCAR) %fH 4
FE ) R BB AL A ST, P RS E 0 E BES MP SR B RE R T L. WS A T35
Cs2AgBiCl6 fauE PEY LBl . i H R AHE 2 :

cd tsc

cd K2LiYF6/

1s

relaxationl relaxation2 static

M K2LiYF6/tsc/2tsc.out FH, 7] DLE BT s H&, BIr-4:# A SCfF. relaxationl. relaxation2. static. %§
PP ISR IR

fe g bk by XAk Je ARtk AT

TSC BEHLIFE T MP % 2 b Ay 5 K2LiYF6 RI3a i, ARYEA S PRI 4 th SCPF materials_info.
yaml WJPARHEL, A5 BRI R A a1 -

secondary_phases:

- - K
- Li
- Y
- F
- KF2
- KF3
- KF
- KF5
- KLiYF5
- K3YF6
- KYF4
- K2YF5
- KY3F10
- KY2F7
- LiF
- LiF3
- LiYF4
- LiYF2
- Li3YF6
- YF3
- K3Li
- KLi3
- K3Y
- LiY3
- Li3Y

il DFT 1534 K2LiYF6 (14,5685 MP Zfla e 2 S RE, P K2LiYF6 Jg AREM . 7 2tsc.out
Hal & FIR R AR

analysing the thermodynamic stability of K2LiYF6.

The stability of K2LiYF6 is: False.

K2LiYF6 may decompose into ['K2YF5', 'K2YE5'].

you can set tag: 'excluded_phase' to get some reference values of chemical potentials.
analysing of K2LiYF6 is done.
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K2LiYF6 f{}] energy_above_hull (eV/atom) #{E 4 H7E X4 materials_info.yaml H1, HAENIE, 5 “iZ%fk
EYATE" TSR .

e_above_hull: 0.0466

HAOr=YuFE K2YF5. K2YF5, X — St ] K H 0/ materials_info.yaml 3RH:

decomp:
- K2YF5
- LiF

T K2LiYF6 AFE , H AI ARG oA, tIoykd i fe e DI AR, 1T HL, TSC BLBUR it
— A B BT R

PR A BRI B BT AR, RAS AR e DX Ak I, WIAT DAFR IR 2tsc.out SCHFHER, ATRARE
excluded_phase FHEFRFLE AT B AR SR e PER R, — Mk BEHERR - R h i — Ak 2 F0, R ffif5
HirbEWHA T SZ e E Xk, B, ¥£ dasp.in X9 E excluded_phase = LiF B excluded_phase =
K2YF5 | JREX excluded_phase = LiF K2YF5 | SRJGTEHHEFT TSC ik, ULRE, £ A%k &mmskAagss, W
_IU\'Hé‘l AR A T ) S 24k S B '?/\ excluded_phase , X5z 1T TSC Hdk,

5.5.2.3. BNitES59H
TEAG R, HERR e =0 J5 A5 H bR e SR E XIS dasp . in SCHSENT Fis

#h############ TJob Scheduling ########H##F#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_job = 5

#H#FAAAAAFFAFF TSC Module ############HH
database_apil = *FFxxrxddddkkakxrrkk 4 (str-list type)
tsc_only = T

plot_3d =T

excluded_phase = K2LiYF6 K2YF5 LiF KLiYF5 LiYF4

AL B eI Z4 A (4% K2LiYF6, K2YFS, LiF, KLiYF5, LiYF4,
Xﬁ?ﬁ%ﬁé@ﬁ%A% W T HEER IR ], AU KT REAR TR, ik SHU S
BT A5, NIARKRATLALE 2t sc.out WA F M KARE T 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 .
file key_phases_info_recalc.yaml generated.

analysing of K2LiYF6 is done.

HEHAR B (5 BB K, 28 BB R E 4 R, 2tsc.out AR
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Job

kkhxxkkkxk gubmitted: /home/fudan/daike/KLiYF/DASP_0219/tsc/K2LiYF6/static_recalc
Job **#**%%%* gubmitted: /home/fudan/daike/KLiYF/DASP_0219/tsc/KYF4/static_recalc
Job *#*#**#%%% gubmitted: /home/fudan/daike/KLiYF/DASP_0219/tsc/K3YF6/static_recalc
Job *****x%%* gyubmitted: /home/fudan/daike/KLiYF/DASP_0219/tsc/Li3YF6/static_recalc
Succeed job *FFxxFEx: /home/fudan/daike/KLiYF/DASP_0219/tsc/K2LiYF6/static_recalc
Succeed job Fr**xx*x*k: /home/fudan/daike/KLiYF/DASP_0219/tsc/KYF4/static_recalc
Succeed job *FF*xFxx: /home/fudan/daike/KLiYF/DASP_0219/tsc/K3YF6/static_recalc
Succeed job *FFxxFAx: /home/fudan/daike/KLiYF/DASP_0219/tsc/KF2/static_recalc

A RIAFAEAT S TR A, vl BATBCE M BRI XS5, W0 INCAR 5 KPOINTS S5 {4 %, 4R
JEFHKIEET TSC, EARTT 24 WA A R .

e Henyit He

i DFT 1150 BRE, 115 K2LiYF6 W M RE R348 e X ], TSC Bibas i 14 ME2F3A i sfl, 5
A dasp.in:

# W7 5PoscaRt TR F — %%, W& -3 £K, $ -5 &Li, # =% Ry, # W3 £F,
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

p4 = -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 HJPABR IR FHAT5E LR H 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 =IeE IR Y, TSC BEBUR HAE IR B, SR KA i AL I A2 35 X 4R 1R,
i H sk AR ] :

cd tsc

cd 2d-figures/
1s
fig-K2LiYF6.png

fig-K2LiYF6_recalc.png stable_2d.out stable_recalc_2d.out

FI 5% K2LiYF6/tsc/2d-figures/mt {8 PUAS SCPF23 5l P U35 0 e e 2 i P A DRI PR AR DA S P 8 45 i
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SRR AT

BE L stable_2d.out 5 fig-K2LiYF6.png . [& fig-K2LiYF6.png HIREZAALERS 2 I 0 TR iH
TR S, B K2 H Ao Sy teeE K, H Bl dg— 2 2@ Y BT IR A RME TP AL TR LS
HIE B ARG DL T A I 2, X 8 — RT3 5 b A 4 ) R

-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 fyfasE KR (o 5 MP Hdli %)

HE X stable_recalc_2d.out 5 fig-K2LiYF6_recalc.png , D228 WKITE 500 A B i
w5 K% .

-7.373 -1.7702 -3.0571 -3.0512
-11.0975 -1.7702 -3.0571 -2.4304
-9.8165 -3.0512 -3.0571 -2.4304

[y
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-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
—0.51 —— KsYFg
—— 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 [fa e Kk (ok H 55 B Berbr)

X =4EE G, il HRAT AR E -

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/ H 4] PUAS SCA443 1)@ VR 155 20 B act A v 22 3 9 A e X Pl 1 DA I TR v 4% i
AL

BEM stable.out 5 fig-K2LiYF6_3d.png . [ fig-K2LiYF6_3d.png FHFRIE =FIcE WL~
BRI = AL G, 200 2R S X3 K2LiYF6 i) = 4Efa e X I, X2 58—k -5 bt A 4 v g 1
%, HIXIA S AL FR AT BT S stable . out FRHL.

[y
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(% 150
-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 5.9211%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

K2LiYF6 1 =4EfaE I Al (R 1 MP i)

HE U stable_recalc_3d.out 5 fig-K2LiYF6_3d_recalc.png , X e IKITE 500 i
HEES B .

K Li Y F
-0.0059 0 -0.1727 -5.5633
-5.5692 -5.5633 -16.8626 0

(AN

1
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(% 150
-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 0
-0.0059 0 -0.6629 -5.4816
-5.4204 -4.1335 -18.1874 -0.0671
-5.5546 -4.2677 -18.1874 5.92119%9e-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%9e-16
K2LIYF6 i = 4Efe e I IA Ok 12 BBt )
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5.5.3. Rb2Lilnl6 (FiMER: FiF)
5.5.3.1. #& POSCAR 5 dasp.in

18l Rb2Lilnl6 [ POSCAR {4 1] 2% Materials Project {85 RS, FH P BT AL SR & RGN . AR
15 SR EU) POSCAR SCHFANTF

Rb2 Lil Inl I6

1.0
7.7485766411 0.0000000000 0.0000000000
3.8742883205 6.7104642143 0.0000000000
3.8742883205 2.2368214048 6.3266863345
Rb Li In I
2 1 1 6
Direct
0.750000000 0.750000000 0.750000000
0.250000000 0.250000000 0.250000000
0.500000000 0.500000000 0.500000000
0.000000000 0.000000000 0.000000000
0.750886977 0.249112993 0.249112993
0.249112993 0.249112993 0.750886977
0.249112993 0.750886977 0.750886977
0.249112993 0.750886977 0.249112993
0.750886977 0.249112993 0.750886977
0.750886977 0.750886977 0.249112993

7E dasp. in SCPFf, I PTRARIR E LR (£ A A B M, IFBLEL sc_only = T WK database_api .
SLIRTT 5% Cs2AgBICI6 FHIFTIA

5.5.2.2. itE 59

host “5 ey Bheit (5 MP SR F—50):

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 5 MP $dla % _E BT A5 Rb2LIINI6 MITE 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

EET D)
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(% L0

- 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

HI T K2LiYF6 AFE/E, H RIABIHICIAFINT i i, B eikd e KRR, i H., TSC BibA &t
— R B BT

FR POV OB BB, SRR LS, WA LURIE 2tsc.out SCPRIGRLE, TIUARE
excluded_phase F 3 AL AOTN AL AP ERERO B, — IO HE I 0 —Fhsk 2, Rl
B R AT 2 R E R,

A, ¥£ dasp.in XHH i E excluded_phase = RbInl4 B excluded_phase = Lil |, JRBY, 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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5.6. GaN $pCy RPERIIEIRFHERZETE

5.6.1. i=T CDC {&h

1] CDC BB AR MR R BT, FH 2 ERA T LA

(1) DEC ek it Hse il (WA DDC [i155), H dasp.in i level Jy 3, Cn SREIIRIS S AESS
MESE T HSE iZ s Z5 1AL -

(2) MHEIERAER R, B REEHRBIE , HA5BAH R 8 BB L

(3) e B A B T AR FE S P AR A

XHF GaN ) On 8RB, FATEZETFM-1 03] 0 iy 2R S F e, BRIE BEZR I BT 752 256,

BT GaN ) VBM f74E = Ef/iJF, HINARENF 52 253, 254, 255, MALRAFS 0 253 MIRES:, BIoNi%
REZ 5 BRI REZR 2 1)) LA A i e (SRR R, T AR [ REZR 22 UCIB AT A DR R 1y L P
MAWHAIN) o RTINS RERAG I, HIMAE dasp. in HH AL ER:

#HEFAAAAAFFAFF CDC Module #######A#AHHFFH
cdc_job = nonrad_rate
cdc_defect = C_N1

cdc_charge = -1 0 PEFRT T RRASEN, FREFARSESR
cdc_temperature = 300

cdc_band = 253 256 #W U MFEER, FEERNFEER
spin_channel = 2

refractive_index = 2.38

il 4 dasp 5 4T CDC Bk, AFFFIIE] TR #OMELE .

5.6.2. FFEEHFRALTERE
£ HSE Z B AL RIS AAS S5 A 1, CDC BRSO T AN EHTET SRR R Y225 Q , IR %7
I 2P A — AR B 5 o

1 H 5%/cdc/C_N1/Nonrad_calc/_q-1_to_q0_/initial_state 5 H 5%/cdc/C_N1/Nonrad_calc/_g-1_to_q0_/final_state 7
B hBA T 28T AR H

00 01 0o-1 Q2 0-2 Q3 0-3 04 04 Q05 05

Ah, AFE H 3¢/cdc/C_N1/Nonrad_calc/_g-1_to_q0_/final_state/el_ph F1 774 DA N 24N T B i Bl A i B e
AHEH -

Q0.0 Q-1.1 Q1.1 0Q-1.64 Ql.64

SEMEIRTIIS, CDC BB AT DARRE 7 A5 B S5 44 JO0T 157 64 BB T BRE R/ MBI 01 S5 RS BT A5 1 e
BT RREA SRS B-BUST T (Huang-Rhys factor) AR TS AR (R AR R A RS0 i e
i (gaussian smearing) FIZRZLAER T (sommerfeld factor) , 0] ASRIF LG WIS S ARSI — ALK,
oM R ccdiagram.png , AR FIR.

5.6. GaN HhCy BRFEHIERFFRRMITE 157




DASP Documentation

CC diagram of Cpu; in GaN

—

Energy (eV)

© state: g-1
@ state: g0

-2.5 0.0 2.5
Q (amul? R)

GaN APkfE C_NT -1 78] 0 iy —ZERITE 1A .

)i, CDC Bl n AT B A 8Um s S8R 4 & AR 7R R B0 A0 s 25 T iZ R
BN, HAEH S /cde P nonradiative_rate.dat XAMIEF coefficient .png , RIS,
oA T AR SRR R B R A k. WPAE ], S50t Y Fig. 5 A3 (R TAGI R o755 g
PWER, IR R BE /N ) o

L hole capture coefficient of Cyz in GaN
T [ T T T 1 T T T [ T T T [ T T 1

107°

Lol

Coefficient (cm?3/s)

[
o

[

-

S}

T T T TTTI]

Ll

10—11Ill||ll|lll|1ll|lll
200 400 600 800 1000

GaN Hk s C_N1 -1 frE 0 423U A KRR L A AR K 2R

PAFINZEK H CDC R F H & Scde.out -

! Audrius Alkauskas, Qimin Yan, and Chris G Van de Walle. First-principles theory of nonradiative carrier capture via multiphonon emission.
Physical Review B, 90(7):075202, 2014. doi:10.1103/PhysRevB.90.075202.
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Analysing deltaQ (the structure difference in generalized coordinate)
deltaQ between two structures in a.u.:110.4249
deltaQ between two structures in amu”1/2*Angs: 1.369

Generating structures...

transition level is 1.0765 eV
E_zpl ( Energy of zero phonon line ) is 1.0765 eV

Analysing deltaQ (the structure difference in generalized coordinate)

deltaQ between two structures in a.u.:110.4249
deltaQ between two structures in amu”1/2*Angs: 1.369

analysing for nonradiative carrier capture coefficient...
electron-phonon coupling constant in eV/ (Angs*amu”~1/2): 0.1339
barrier for the nonradiative process is 0.70622 eV
try to plot the ccdiagram...
ccdiagram.png saved in dir /data2/home/ - /cdc/C_N1/Nonrad_calc/_g-1_to_qg0O_

initial state phonon energy and wavefunction saved in dir /data2/home/ - /cdc/C_N1/
—Nonrad_calc/_g-1_to_g0_/initial_state/phonon

final state phonon energy and wavefunction saved in dir /data2/home/ - /cdc/C_N1/
—Nonrad_calc/_g-1_to_g0_/final_state/phonon

effective phonon energy of the final state is 0.04105 eV
Huang-Rhys factor of the final state is 8.92799
effective phonon energy of the initial state is 0.04671 eV

gaussian smearing is 0.03503 eV. The sommerfeld factor at 300.0 (K) 1is 11.50398.

The carrier capture coefficient at 300.0 (K) is 8.94773e-11 cm"3/s.
see file nonradiative_rate.dat in dir /data2/home/ - /cdc for more details.

coefficient.png saved in dir /data2/home/ - /cdc/C_N1/Nonrad_calc/_g-1_to_qg0_

X ARG R R BV, AT AT DUR H —Bire 2k AR (H i 5 RETR LG )53 (quadratic-spline) , &1k
dasp.in CAFIIF:
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#H##EH#AAA###HF CDC Module ########A####H#H#H
cdc_job = nonrad_rate
cdc_defect = C_N1

cdc_charge = -1 0 #FHWweRA&EW, FREFERIAER
cdc_temperature = 300

cdc_band = 253 256 #W UM FEEN, RERRGTFEER
spin_channel = 2

fitting_method = spline

[ 4 dasp 5 $h4T CDC bR, SERHYIE oA B MESE

CDC Kibk 27 HSE 32 R (AL BRI SIS A SAE) SCBAR RIS Q | FHFITE T T R
(R Bl 7 2 — 2R A 45

SERUITA BSTHE E . CDC b n] DUAR B8 72 A 1 45 44 Tkt . i S T2 B BE K /M B 0135 5 R ST WA =
THER. BT I REA RS- 7 (Huang-Rhys factor) PAK TG B ARG SHP R R 50 BB =
WriEsE (gaussian smearing) FIZRVLIEH T (sommerfeld factor), AR ASKIFIZ BB RIS S5 R SH — 4B A,
BN cediagram.png , WRIR.

CC diagram of Cp1 in GaN

2
3
>
o
(]
c
H
§ @ state: g-1
Un @ state: g0
1 T TN NN TR NN N B
-2.5 0.0 2.5

Q (amul? A)

GaN ikt C_N1 A-1 frE] 0 i) —4ERIE A .

A PAE R, AHLEE parabolic 773k, KA spline 13L& T VA RHEAS R IR T 2 00IRFI 0.3 eV, FATE B2
K parabolic A THREM UG . fe)i, CDC BERSARIGBMARL . #7300 58 45 & s 7
RAF AL E =R R AR/, HAEH K /cde Tt nonradiative_rate.dat XK
h coefficient.png , W RN, HAgH T IR T R LA T AR 73R8 BE i 5 1 A8 1k .
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hole capture coefficient of Cyy in GaN
10_8!II|\\I[\II|I\I|I\I

T

10°°

T T T TTTTT
Ll

10710

Coefficient (cm3/s)

T T TTTTTT
Ll

10711

T TTTI
cunnl

il

|-
200 400 600 800 1000

10712 L1

GaN Hriitfis C_N1 -1 frE 0 42 UFAR AR KR R AR A K AR

PAT 2R B CDC B FE/F H & Scde. out

Analysing deltaQ (the structure difference in generalized coordinate)
deltaQ between two structures in a.u.:110.4249
deltaQ between two structures in amu”1/2*Angs: 1.369

Generating structures...

transition level is 1.0765 eV
E_zpl ( Energy of zero phonon line ) is 1.0765 eV

Analysing deltaQ (the structure difference in generalized coordinate)

deltaQ between two structures in a.u.:110.4249
deltaQ between two structures in amu”1/2*Angs: 1.369

analysing for nonradiative carrier capture coefficient...
electron-phonon coupling constant in eV/ (Angs*amu”1/2): 0.1339
barrier for the nonradiative process is 1.03875 eV

try to plot the ccdiagram...
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(€AY

ccdiagram.png saved in dir /data2/home/chensy/.../cdc/C_N1/Nonrad_calc/_g-1_to_g0_

initial state phonon energy and wavefunction saved in dir /data2/home/chensy/.../
—cdc/C_N1/Nonrad_calc/_g-1_to_qgO_/initial_state/phonon

final state phonon energy and wavefunction saved in dir /data2/home/chensy/.../cdc/
—C_N1/Nonrad_calc/_g-1_to_qg0_/final_state/phonon

effective phonon energy of the final state is 0.04108 eV
Huang-Rhys factor of the final state is 8.77443
effective phonon energy of the initial state is 0.04662 eV

gaussian smearing is 0.03497 eV. The sommerfeld factor at 300.0 (K) is 11.50398.

The carrier capture coefficient at 300.0 (K) is 2.33508e-11 cm"3/s.
see file nonradiative_rate.dat in dir /data2/home/chensy/.../cdc for more details.

coefficient.png saved in dir /data2/home/chensy/.../cdc/C_N1/Nonrad_calc/_g-1_to_g0_
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6.1. DASP #H><o]&#

6.1.1. I fHE Pymatgen ?
o AP#E%%% DASP if2x H %45 pymatgen, HNWIETRTF8h%%E. Pymatgen I ER PRI E N

VASP Y 2003 Ji fEE #4275 0] DASP F2 /7 TR 45 R AR5 (HU24E DASP fitE s, JES A n]
fEEWE . B dasp.in H1f#) potcar_path AIX} AT IRAY) VASP &%,

6.1.2. T B sxdefectalign B ?

H P R B 1T 1E https://sxrepo.mpie.de/projects/sphinx-add-ons/files<https://sxrepo.mpie.de/projects/
sphinx-add-ons/files 3t N %, sxdefectalign.bz2 , IR FH P HEF sxdefectalign W]k
FTRALER, Bl chmod +x sxdefectalign , FFHFHESARMIAIGAL & .

6.1.3. Prepare $1 Dec #%3R vasp it HiBZIR s N bR ?

o FHBE] VASP RS, n] FaEM INCAR M X SEL, HRZITE H RS A dec H3E A redo.in X
{4, Bl dec/redo.in , HHERHIITIEF.
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6.1.4. EREMTAERT  BEFELEIERRIT-

* 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. vasp_path_tsc 0 vasp_path_dec o] H{ixBE—# 7

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. REEE BB RRILFIBRMERES ?

* DASP BN INCAR |, 2 A et Abr it 5, B ISPIN=2 . i e e B e PuE i Y158,
TFEE dasp. in W3 VASP 4255 vasp_ncl A, I HAE PREPARE 27l JF & INCAR H11)
MRS

6.2 VASP it 8185 0)

6.2.1. SYMPREC &#{4Hxic]Bi 53 VASP R4t .

o fEYLITZE T FE INCAR Hi3 K SYMPREC Z40EUE, HFRRIATIE . T R ba R, APl A
1E PREPARE #& /%145, #F INCAR HF5hi%H SYMPREC %k,

6.2.2. {§H level=28 3 , HSE B8t &R EBFEFUSEL.

o fRIRTE: WASEYE, fF INCAR HiXE ALGO=Damped 2%, All (TR Normal) ; i3k SIGMA %
R, B EI , IE SIGMA T BB SN, T

6.2.3. TSC itEIE—MER, relaxationi relaxtion2 gf#& static tEHEBEFEFUEL.

o fifPL % TSC IS —BrEL, DASP K5 MP i 5 52 &30 INCAR 47114 (PBE), Hitt
TEDRUFOLT , L fh R TR A i R 25, 8 INCAR Hi%'E ALGO=Fast 3, Normal .

6.2.3. DEC 7Efii{tERpeitBAnEt, BERWSER TR FIERIRER .

o RIS — iR CONTCAR & il POSCAR, FRKIATITFERIAT
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7. ZAnii A

2022B ka7~ :

2022 4 12 H 30 H: 2022B

CDC ey, B B p b i AR A S i R AR v R0 257 SO T AR R K (BT ) rZhRE. % hREfii i
MG AN, IaE 4 (configuration coordinate diagram) F{J7 ik, HRALIZEGL T MAF A F B &
ZIA AR AR AR . BRI B R (4 M AT, SRahi s BBy shfExhl T
B AR SR A A (BT ) o IXER AT A IRAEZIEAS I (DLTS) R ZARETRXT H, FTRAME 31k
' TCAD Ay ELH BRI 1 28070 T (R R A R S A S 28

BT ARR R AR R (B ), 7T DA Shockley-Read-Hall 23 G552 S0 v AR B 280070 1l k¥ 75
SRS G A5 . [FIRE, CDC BLBAE TS BRI 5 T BOOEHE R RIS, 28 T AT Sk % e o i S o
REAFA LTS R TR AR AR KL, FET e, T DARE—2 T S % i e S i Rt P 1 A3 e 5
Wi LRETZ PR TSR ALE, WA TR T A ar i SRR, TS SR IR A i ERE

PRI RER T TT RASR 35208 14 S sl AP B SRR BEAIAUIZ o - BB 2RI R AT
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