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HEaNE

AutoDefect SETEHEBNA P A, REEMFFAPWmati#1TH B R ERFEHEXIITEM D, ZIEFBRIH:

RED

o (1) BRSRENTE, S8, RO B, BRREEAERNE, SPRFERIEURET U ESREAEM~EREE S

o (2) TEUFH. RIETMEENZLTRENITE, EFRRPWmatitRREEMTIBRSITEANK. BFEUMEETE. BETHRRNBEFE
B FHAREEENNSHFETHBRENENMENEENE, WTHEREAREEET B8R GEAEEHBMEERERE,

o (3) TEERMETZMAEA RN AN £, ZERE, KFH. AUERARESIZXM4HM, RIERPUFTA—IRNHRFRE. RERE,
BAK BRBELRBYZE (Ko

o (4)IEHNEAEXSIFRENESEE, NTIEERBELEN, FTLUTERIERERSVBM, CBMZERENESSIHENE SRR, FRE@E, #
Mot LR FFahF .

AutoDefect

Defect Structure Defect Energy Defect Concentration Defect Dynamics
generation caculation caculation caculation
1. BEiFERNGE | | 1. BFERPWmatyd | | BETRABENER, 1. TS ERIEAYE
NSIHIAS RN, | RIGSHBITERN | | BRBE, KFH. ERRATA LR,
2. BEffFERERR | | HHIREEITE, BRBARESIE | |2 iHEHEERE
B, Bam=u. B, 2 BxfFiERETeE | | £KUHRRm, RIER | | SESERSIFES
KAz, BREERIREE | BNSHETEER | | PUEREE—PIR | | ESEE,
3. ET SRR | | PERERIEIE. BRFRE. BRER| | 3. ITERENESE
RIS S, 3. iTERARRERD | | B, DIREKBERRY | | BMOHERTE®.
TR, SR,




— m—

BITIRIE

1. AR EERARIZLE PWmat 125, H1R Gap read, convert_ wg2rho.x, convert_rho_diff.x, TDM.x ZiREHSHR;
2. BREEHFRRITHZASSH python &{EkRZS/9 python 3.10,

RESETIME
BFi—: BETHRES

IR conda FEIMIRIRHRIFERIRTES, HITUTH<SRE:
(1) BIEEINRE

conda create --name autodefect python=3.10

conda activate autodefect
(2) BREFHNE setup.py WEFTHIT:
pip install .
BFR=: McloudEBFEIZRAR
Mcloud 3 P a] UIE % AutoDefectit B &, ARSI T:

module load conda

source activate autodefect

BITERRS

AFRARIEA CHBRREFERJENIHARS, BELFEREUTEREN:


http://setup.py/

— input

— bulk.config

— structure/

— defect_names.txt

— supercell/

| }—supercell.config
— defect_typel/

calculate.log

prepare.log

B{FiE{THiE

BFEESITRENTEMRR, UFTEDITHNELER, ARFEL—PIHTEER.
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# GRIEAEE R 5] SO (RO sRBRRE 44 FRAR RS

# H A R A
Hit i £
# GREEEALSCME e, Wvacancy, etc

|

|

|

|

| f— defect1 # GRBESEL

| f— defect2 # BRIEEEH2

| = ...

| | defect_type2/

| L— competition # BTG YA

— prepare/ # P E AR SO H

| | input.json # SHIE M R HIAERD
| b job.sh # ARSI AT AR

|  }— relax_etot.input # SRS B REAR

| L— scf_etot.input # AT ESHOCAFRR

|

— calculate/ # THEARS H

| b bulk/ # e TS

| | |} relax/ # A R R AL 4 R

| | L scf/ # OB AT AR

|

| |— defect1/ LZNGIIN SR S

| | Faer

| | b relax/

| | L scf/

I

| ] L—other_q/

| ] — relax/

| ] L— scf/

|

| — defect2/

| L— competition # SRR EYIRE T

— result/ # PR L E %

| | formation.out # BRIETE B RE S 46 K

| b E_forms/ # LR BT Es R

| | | E_formation.txt # JRRAEECH CIF

| | — Formation_Energy.png # JEAE- KRSk K
| — competition

| | | chemical_pot_energies.csv  # F{LA AL R EE L1
| | L— chem_limits.txt # fh2F3Lsff

| — carriers

| | | carrier_with*.txt # U1K

| | L— *.png # TR

| — recombination

| | F *.png* # ARG/ ARAR G B A AR S
| | L— *.data # ARG/ ARAR G Al T A R
| — complete.json # T AT SRS A

|

|— out.log # EREFEITHE

# HEAESPUTH &
# I SHE R SO AR H
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TRIFIBZITEH
Effl—: FEEETHIERM
FE: BTEBIFIERRIEFE, Ymcloud B &5 Z icondatFiE,

module load conda
source activate autodefect

YT bulk.config # input,
BN input IHXBEHAT:

num_atoms = 64 320 # /N R T O KR T BRIA 64 320
intrinsic = T # T/F, RETRRAMEGRE, BOA T
intrinsic_type = Vacancy # AMEGEEAL, FHL Vacancy 5 Antisite ={AIR

YR TEERTHITHS:

autodefect -gen =k
autodefect -gen bulk.config

Hrhbulk.config i P IRERIFIRLEN, ATABRRBREEFEEMIHE/) N BRAFITT EMIES), BaIIPOSCARH &,
EFERRITERRGE, B1E structure X T F=EEMN BB XX HNT UGG, UREHRTRRSIXH defect_names.ixt,



Supercell.config 0 v Si.config
HERZBYdefect_names.txtSCEFINT :

supercell:[ 'supercell.config']

vacancy:['0_v_Si']
'guess_charge_state' :[[-1, 0, 1]]
‘multiplicity’ :[2]

Hrhsupercel BEIERETN, A BENERBRENXH, vacancy BTRERZFR, 0 v_SiRTRELEHXHR, guess_charge state IIRIEFRFAR L
SHEMAYEETRT, multiplicity DERFENL S IE RPN =EE,

AR, WRRAGHFEHEENING, I IEHguess_charge_state fmultiplicity Z#LUF FI LR G AL BE 1T E MIZ 7 Tk it Eo

HESREFREXMNInputSHETINT, AIRIEFERETRESEN.
num_atoms = 64 300

WA MG RNRDRFUEMNEREFHRE, RIARNRFH64, 300

min_length=10

WEA: AR5 BRI/ NRAREEL, BIAN10A

intrinsic = default: T

BB BEFESRERE, FATE

intrinsic_type default: None choice: vacancy, Antisite,

WA AMEERFASEEY, BRI

doping = F default: F
BiBA: doping=T/FR@&EF=EHERME, BRINAF

doping_atom

WA EEERTE, W doping_atom = Fe

doping_type

WA IREBHRKE, AE(EEEinterstitial, substitute, BIEIFRFIEIL

complex=F

WA BAEFEEAERIE, AR, MAT, NUEERE (AIEAD) AHl, EXREREES—ERME(D2).

complex_type=

BRI ERFERERE e S ARG, BID12ERY, F]i%vacancy, interstitial, substitution

complex_int_atom=

YR ERERMEAEMRRTFEE, WD2HER, MEZTRER

complex_sub_atom=

YRR ERERMEAEMRRTFEE, WD2RENL, MSEZTRER

max_int_complex=2

YiBA: D2ERRRFRIRAIE, WARBKRERERFAUDIAFL, raEMIKmIEFERAR. FKINME: 2.

defect_radius =

BEA: FRr0EME, FIAA3, BIA

interstitial_type = voronoi

WA FERRRFRAN, ERIAAvoronoifsiE, WANENrandom, bR AN S X I RERBRALR.



max_nums_interstitials =3

YA FAEPRE RIS RrandomBY, B RARYLA X RENEIRAU R (S REANESBERFRIT)NRKXEREFHE, 2RiAA3,
Tips

1. EAPIRE T num_atomsA—ME, WiEFEEBoERR/NEFEHE KX Fnum_atomsHYiEHE,
2. EpEME A A AR TR F B IRFI SR KRG S~ ENERHIFERER, MERBIERBIENEN,
3. MFBEMAEERRZR, MSIRAVERRS AR E

doping_atom = Si

doping_type = interstitial

MFBERINTAL, FIIRE

intrinsic = T

intrinsic_type = vacancy

complex=T

complex_type=vacancy

MFRETU+ER, BIRE

intrinsic = T

intrinsic_type = vacancy

complex=T

complex_type=interstitial

complex_int_atom=Si

EHZ: GaNPRTTERUFEMZ(URMEETHR

FRPEFZ R RERIRIC T B A A T S E MG #i2defect

HNNSEXRSE

[1] Christoph Freysoldt, Blazej Grabowski, Tilmann Hickel, J6rg Neugebauer, Georg Kresse, Anderson Janotti, and Chris G. Van de Walle, Rev.
Mod. Phys. 86, 253 2014 DOI: https://doi.org/10.1103/RevModPhys.86.253

HEHEERE

ARRAFFEREEE, Wmcloud B FEFLNEE

module load conda

source activate autodefect

2.1 EEERSHMERIELESN

HEinputfllbulk.config, HMABEinput IR T:

queue = slurm # slurm / pbs

partition = 3080ti # slurm 77X

nodes = 1 # A

ntasks-per-node = 4 # 545

ngpu = 4 # gpu #H

psp_path = /share/psp/allpsp # JRAFEE, BRIAIUSGLS/HR#
level = 2 # OUPEORSRE, ARAL+ T 2 SR IR 5 1
charge = 0 # 0/1,

#2R1h0, 0:Mdefect_names. txtiszBUHIIE M HLAT, 1:HEHEOUT . WGHIOUT . OCCit 57 34 Iy i 4y
# (level=1: PBE+PBE; 2: PBE+HSE; 3: HSE+HSE

Diec = 11.8 # M, AT BGRHEABIE

defect_Elements = Ga N # BRIEICER

Chemical_potential = -1769.32 -271.51 # GRIGTCZRALZEH, SEMEICEN N
intrinsic = T

intrinsic_type = Vacancy

gap =3.5

min_length = 9

YR TEERTHIT

autodefect -gen I{ defect_generate.py o
autodefect -gen bulk.config


https://www.pwmat.com/modulefiles/pwmat-resource/module-download7/pdf/guide_defect_level_20240709.pdf
https://doi.org/10.1103/RevModPhys.86.253

BT TE structure X2 T P A AB R BOEB RREE M SR ZS ARG, LA EEM B FRER 5 |3 defect_names.txt
defect_names.txtABINT:

supercell:['supercell.config"']

vacancy:['0_v_Ga', '1_v_N']
'guess_charge_state' :[[-4, -3, -2, -1, o, 1], [-1, o0, 1, 2, 3, 4]]
‘multiplicity’ :[2, 2]

=3
o ZERETRERNSHE!

intrinsic = T
intrinsic_type = Vacancy
min_length = 9

o HRSHNITEMBSEY, NFHERBERER.
o MFILIMETIFHIIFAPEEEY, AT{Edefect_names.txtFRF RS RS 48 H RN Rz 4514

2.2 HRERTLE
SR RERIASE G, 1T

autodefect -pre

EBYA2 R FeRk T RIS |

o X FprepareFlcalculates
TEprepare X HR1E T 127 B E ML ITE S relax_etot.input, BATTESHscl_etotinputfl{ES IR M4 job.sh, UK AERMAISEK
Hinput.json,

« TEcalculate SXfFIE R 4 Abulk BT B 4 S AN AR M ERPE B 1T B X 4 e flpreparation S FAE X T E S O 4.

N FEBEEXITERINESH (K=, BIE, BaZELIEREUENE) MESIEXHAREF, TN ERFENIITEH, AISEHNAIT
autodefect -pre IltBYprepare X KPS X GRS EZ, Mcalculate X 1F RIS RS I1EHK

ZRINE i Mrelax_etot.inputil T :

4 1

job = relax

relax_detail = 1, 100, ©.02, 0, 0, -0.001
in.atom = atom.config

in.pspl = /share/psp/allpsp/Ga.SG15.PBE.UPF
in.psp2 = /share/psp/allpsp/N.SG15.PBE.UPF
xcfunctional = PBE

ecut = 60
MP_N123 =1 11006061
spin = 2

accuracy = high
convergence = difficult



ZRINERAYscE_etot.inputdl -

4 1

job = scf

in.atom = atom.config

in.pspl = /share/psp/allpsp/Ga.SG15.PBE.UPF
in.psp2 = /share/psp/allpsp/N.SG15.PBE.UPF
xcfunctional = HSE

ecut = 60

MP_N123 =11 10001

spin = 2

accuracy = high

convergence = difficult

out.vatom = T
out.force = T
in.rho = T
in.wg = F
OUT.HSEWR = F

BRINERLRYjob.shl AN T

#!/bin/sh

#SBATCH --partition=3080ti

#SBATCH --job-name=defect_caculate
#SBATCH --nodes=1

#SBATCH --ntasks-per-node=4
#SBATCH --gres=gpu:4

#SBATCH --gpus-per-task=1

module load compiler/2022.0.2

module load mkl/2022.0.2

module load mpi/2021.5.1

module load cuda/11.6

module load pwmat

mpirun -np $SLURM_NPROCS -iface ib@ PWmat | tee output

2.3 WFETRIE (JEpik)
£ ERinputth RANESTSE4A H T A RTEERUSHLE THNES, m:

defect_Elements = Ga N
Chemical_potential = -1769.32 -271.51

EREERT, HEYNEEBEER—MIHREE, FINGaNFGafINKHEBLRHE:

KGaN = UN + UGa

Kea < pch (RIEGa)

pN < %NNz

MEXNTF—MEHNER, ERMEECFENERT, H@TiEF MMaterials Projecttf B FHTEA T ES M BERMUESWHLEE, WM
Binput LIS E |

api_key = 'your_api_key' #Materials Project API
defect_Elements = Ga N  #W[ it Zflt%

cem_plot=T #EBLHI R, BOAF
cem_mesh=0.04 HFRH TR E A I KB, 2R he.e4

BE1TRIEERifautodefect -preiz{TE 5SS :
ap_key/IMaterials Project API, RJfEMaterials ProjectE W/EMERIE (HRIEF{ZIFMRAPIZESR, BBEEEE32MFR),
MP#EEE Whttps://legacy.materialsproject.org/

autodefect -cem


https://legacy.materialsproject.org/

AR RIE B 5h T #iMaterials Projectrf GaFINRIZE 9B A5t X 4 S structure/competitiono BREEMIXEESN, TR T AP A X LA HITEMPEL
EBEFIIEXEE, Mstable_phases.json
BT

autodefect -cem

R R Aprepare XIS it Estructure/competition FEVFR B 51 TE MMM BIA1TE, BIANKRZEN0.04, HAHSEITE,
MLV B ohi ABEH R A EKRITEES,
&R =% cal_chem.log, TTEEMEIGEresult/competitionSX 3T =434 :

« chemical_pot_energies.csvXf, ZXHIERT ETERMUEYIHEES.
o chem_limits.txt3Z 4, 2R @idchemical_pot_energies.csvitBREl, ZXHIERT HEMNCFBRGIMEESTE, ZXGIRFEEREK
BT EPHNAFHIEE. TN

abs_chem_pots with respect to GaN:
Ga-rich: {Ga: -1769.4122 eV, N: -271.4290 eV}
N2-rich: {Ga: -1770.3600 eV, N: -270.4813 eV}

o WNEE cem_plot=T BG4 NFE S fE chem_pot_diagram.png, A TEFR:

My - HN° (V)

Hea - pGa0 (EV)

o EAFPEEIENGERARA, REERENEE, A& cem_meshB#,
. EEERBREEENLEHES, THEHEERES Achemical_pot_energies.csv, EIHIT autodefect -cem BNAIEIEIT B F B IREIFEESTE
E, BEEHASESTESEMMANEAE.
o HEUEFERTERIARESEMAUMNERITE, ENREK, ITEEFRTEBIAEFIMNEIRE, TRXERAITE. EXAXE
it
o 7EEpS1TIEIT autodefect -cem &
o BRI RS EZTETR, RXMIZAEsub.sh8EWT:

#1/bin/sh

#SBATCH --partition=cpu

#SBATCH --job-name=defect_caculate
#SBATCH --nodes=1

#SBATCH --ntasks-per-node=1

module load anaconda
source /share/app/anaconda3/etc/profile.d/conda.sh
conda activate autodefect

autodefect -cem
#autodefect -cal



=

slurm#g3Z /5 1\: sbatch sub.sh

2.4 BoREET R

HfRprepareX fF RIS HMjob.shSHAE, HETHTEFIRESL, BAXNinputSEHRINT:

queue = slurm # slurm / pbs

partition = 3080ti # slurm 43X

nodes = 1 # TR

ntasks-per-node = 4 # 1E%5 %

ngpu = 4 # gpu %H

psp_path = /share/psp/allpsp # RAPERE, BINHSGLSH
level = 2 # BRI, A+ A 4 B SREU) 7
# (level=1: PBE+PBE; 2: PBE+HSE; 3: HSE+HSE

charge = 0 # 0/1,

#201k0, 0:Mdefect_names . txtiEHCHI VA I HLAF, 1 :ARHEOUT .WGHIOUT . OCCT 4 ) W Hi fuf
Diec = 11.8 # MEEH, HTHREBHEAEE
defect_Elements = Ga N # BRIEICER

Chemical_potential = -1769.32 -271.51 # GRFGICEILZES, HELE IR

BITANOT:

autodefect -cal

LRSI D It B AR, RIGEMNERNL, BFEMERITE. URARBHE THEEEEITR.,

B3 LR loghatHan T

1-calculate the formation energy

Bulk and neutral defect calculations start

RELAX end result:

It= 2 *END E= -131373.20071 M_F= 0.81E-02 dE= 0.11E-03 dRho= 0.42E-06 SCF= 28
bulk RELAX job has finished

RELAX end result:

It= 56 *END E= -129585.53388 M_F= 0.19E-01 dE= ©.52E-04 dRho= 0.99E-06 SCF= 8
0_v_Ga RELAX job has finished

ending_scf_reason = tol Rho_err 1.000000000000000E -005

bulk SCF job has finished

ending_scf_reason = tol Rho_err 1.000000000000000E -005

0_v_Ga SCF job has finished

Bulk and neutral defect calculations are finished

bulk_VBM(eV): 3.818683

bulk_CBM(eV): 6.640658

bulk_Gap(eV): 2.821975

=3

o IHEAEENFEMNEUMBRITE, BRK, IFEEFRITEBRaSFHIMEFTRE, JRRE

o TEMLITIEIT autodefect -cem &
o IR RFGIRXREHET &, BXMARsub.sh8E2 3 FHITEIR A
o SREBAMBEHATGFEESMAEE, FEFRIRENAGESEXXBNT:

Eait&. BRAXEMM.

[2] Zhao-Jun Suo, Jun-Wei Luo, Shu-Shen Li, and Lin-Wang Wang Phys. Rev. B 102, 174110 2020 DOI:

https://doi.org/10.1103/PhysRevB.102.174110

BRITERRE, BiEresultSX 3 =4 fformation.out:


https://doi.org/10.1103/PhysRevB.102.174110

bulk Energy (eV): -130614.1510

VBM value (eV): 3.8187

Gap value (eV): 3.5000
chemical_potential(eV): [Ga:-1769.45] [N:-271.43]

defect_type: 0_v_Ga
diff_bulk_element: [Ga]
diff_defect_element: []
charge_states: [-3, -2, -1, 0, 1]
defect spinl_VBM spinl_CBM

571 572
defect spin2_VBM spin2_CBM
567 572

q Initial_energy(eV) Energy_corr(eV) Tot energy(eV) Formation energy(eV)

-3 -128822.71933 2.76678 -128819.95256 13.29239 -3 *Ef
-2 -128827.97289 1.31488 -128826.65802 10.40561 -2 *Ef
-1 -128832.68800 0.39026 -128832.29774 8.58457 -1 *Ef
0 -128837.78401 0.00000 -128837.78401 6.91699

+1 -128842.03159 0.16387 -128841.86772 6.65196 +1 *Ef

transition levels (ev): {'-3/-2': 2.8868, '-2/-1': 1.821, '-1/0': 1.6676, '@/1': 0.265}
site_conc (cm”-3): 4.2283876940284196e+22
g list: [1, 3, 3, 3, 1]

M TEresult/E_formsSX I F=4E_formation.png#lE_levels.png, 5 AFRBEFNETRERE, N TEIFIR:
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=

o SSEFUBUKEI Fformation.outX ff, BEIHREIGHSH: autodefect -ef

o HIETMEE XM Tautodefect -cal, FARAREBERRITE, MeEEFEEX AL FHREPORTX HIRENEEEHHITHELIE,

o FRRAELEMIRDIALE R T structure/defect_names.ixtXfF, FAP AIEEZ X RIEF T E ML RPRLEM

o EHi&Echarge=0,NiR#Estructure/defect_names.txt PRI RIREN (S BT BB, NNBITEIDBRREZBESHF BTN,
guess_charge statefEIZBEHERER, Hi&Bcharge=1,MEEOUT.WGHIOUT.OCCX it BRAFEAERFIEATREN TS, =, Hcharge=1
BY, EBESHITESRIITEREE (SR ERTR), ISRIHES, BEREamitE-4Z4BES, FEXFHMAET RS FIEES
BEBEMIIN TS,

= TeCdRRIAIEERPEFZRFRE D

FEEFRIEAUTIE, Wmcloud B E5THTE

module load conda

source activate autodefect

3.1 HTERRPEAEE

REFIAFTHME ACdTe, HAMAERETTEEERM: —MATefRE, B—MACIIRE, BEAMSAIEETA. . EiR, RIUFERE.
FEETFbulk.confgflletot.input,input ST :



intrinsic = T # default: T

intrinsic_type = # Vacancy, Antisite,if not set, will use all types
doping = T # default: F,if not set, doping_atom and doping_type is useless
doping_atom = Te Cd
doping_type = interstitial #choice: interstitial,substitute
MITITa<:

autodefect -gen

PSRRI 7= Estructure/defect_names. RIS, WXHERT FIAMERMAEN, MR ITREBBEMERERTFRRIEL
5,
SHEMBT:

supercell:[ 'supercell.config"']
interstitial:['0_Te_i', '1_Te_i', '2_Te_i', '3_Cd_i', '4_Cd_i', '5_Cd_i']
'guess_charge_state' :[[-1, o, 1, 2], [-1, o, 1, 2], [-1, e, 1, 2], [-1, o, 1, 2], [-1, o, 1, 2], [-1, o, 1, 2]]
‘multiplicity’ :[4, 1, 1, 4, 1, 1]
native:['0_v_Cd', '1_v_Te', '2_Te_Cd', '3_Cd_Te']
'guess_charge_state' :[[-2, -1, o, 1], [-1, o, 1, 2,], [ -2, -1, e, 1], [-1, o, 1, 2]]
‘multiplicity’ :[1, 1, 1, 1]

AED IRV EE, fRIEEBESHT T FEhlliR.

3.2 (LFBME
HERTFjob.shXXfF, inputXHFNT:

queue = slurm # slurm / pbs
partition = 3e8eti # slurm parameter
nodes = 1

ntasks-per-node = 4

ngpu = 4

#iH# caculate set #iH#

psp_path = /share/psp/allpsp/

E_cut = 60

spin = 2

# 1: no spin  2: spin polarisation

level = 1

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

api_key=your_api_key # must set
defect_Elements = Cd Te # defect elements

miTa<:

auto_defect -pre

TR =S prepare X3, B8 T IHEFRHESE U relax_etot.input,scf_etot.input,job.sh&F HIATIREHRIT:

autodefect -cem

B2 18 B 5h F #iMaterials Project-f CdfI TetB X HIFR B2 E LM B A S {4 structure/competitionA.
WEEBERHIT:

autodefect -cem

B FER R X structure/competition R FR B S TG B8R, FHIEsEEITRERFE Aresult/competition X 43,

=

o HERENRK, INEFRERFRIEFRITEIESER, IRRERAITE. BRANARM:



o 78S 1TIBIT autodefect -cem &
o BRI RSRRETET &, BRI sub.sh8E2 3 FEH T EIRHIA:
#5350 [ 4 Hresult/competition/chem_limits. txt

abs_chem_pots with respect to CdTe:
Cd-rich: {Cd: -4226.0686 eV, Te: -2373.8057 eV}
Te-rich: {Cd: -4226.9978 eV, Te: -2372.8766 eV}

3.3 it EASEERPERYRES
e YFiob.ShXXF, inputiZfFEsSHINT:

queue = slurm # slurm / pbs
partition = 3@8eti # slurm parameter
nodes = 1

ntasks-per-node = 4

ngpu = 4

H#iH# caculate set H#iH#

psp_path = /share/psp/allpsp/

E_cut = 60

spin = 2

# 1: no spin  2: spin polarisation

level = 1

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

###  Formation energy caculation  ###

defect_Elements = Cd Te # defect elements
Chemical_potential = -4226.9978 -2372.8766
diec = 7.28

effectivemass=0.27 0.8
gap = 1.45

M7

autodefect -pre
# A Gprepare X fFIAZ, HINTCIREHAT:
autodefect -cal

BRIt E R A HPEHVEEE, FIFLERFE Nresult/formation_out> 4.

=

o ITEHENRK, IFMEEFNTEEISFFEANERRE, ARRERSITE. BRXARNEHM:
o T:Eﬁ@ﬁif_ﬁ' autodefect -cal &
o BRI RFIRRETET R, RRMIAEsub.shBE2 3 FHITEIRHA:

3.4 HRFRERXITE

HRFRETEGZ
R FREELZESZM, HXEXBNEETENRSEMNGETERISEE, KNMREERFRE,
HFEEHFSME, SHFEBFRE (n) SNHZIVRE (po), HITTUATHIHE:

no = Nc exp (—Ei;—fﬂ) ,  po= Nyexp (—E*,;;—f‘i)

Hep:
- 3/2
o No=2(2mel) " (@ mansEm)
o 3/2
Ny =2 (T) T R

e Eo. BEyR3ASHRNNTGINGEE, ErhfiKaedk, kpHRREEEL, THERE, hABBREL,
m, ABFERRE, m AT NEHREE,

RERPEIREE
ERFEIRE T E !



C =N xgx*exp (—AEk(fjf,’T))

He:

o NARMRFAUSEE, ghBHERT, AE(E;, T)ATRERESHRERREE, ks ARREZEER, THEE,
o ZANRIRERIEETEE R B RERR.

BRRGTHERFRES S
TEREMEASEFE THRRBPERERE:

(g * C;) +po —ng — Negg =0
Hrh:

o GNRERE
o CHBBESRE

S5 ERATNAIREP R A EIZRREER, RIGRIALEE, BRFHRERES—RIIER.

HAMBIZREI N T B R BB HA S EM, BRI SREIEEASIENERAT, STRARE T HERNARE. BSHEASE TSR
BRIEBIRRERN C) potal anncalings BATEFIEET, FRIEBIEREC, toral quenched -

Ci,total,quenched = Ci,total,annealing

SMEBEASHRERE C); &R

Cij = N * g; * exp (—%T’LT))
Heh, N; B%F | MERFGR] SIBMSBOAE, g,; 2F | MREBATEES q;; NWEHE, AE;,;;(Er,T) 2F | MEABLATBERS ¢, BRI
REE, TREKEER Ep FIEE THR,

J2PRIR(EHR
R EMinputiziO BN :

effectivemass = 0.27 0.8
gap = 1.45

anneal_T = 300 1000
#ferimi_range= 0 1.5
#mu_range=T
#limit_phase=CdTe
#work_t=300

Hrh

effectivemass RN F/ITHNEMRE,

gap FRNCATeVH IR, ATFIRELEEHE,

anneal_T RMBACRESEE, AILUZERME, LAIRERME, BIRAE, s/IVE, §ERMERNEIABSI50.

ferimi_range RINAEIIZEKBEREE, Xanneal TEUEREMERAER, AIRFIBIERE, TRZKER FRENERTFRED .

mu_range RNERLHINEB TN ENIRFRENDT L, Nanneal TEUEMER 4K

limit_phase Zmu_range=TBI43%, INTECATeAIEFRIEITEFREECITe, R ENTEFEEresult/competition/chem_limits txtSX 4, FREXIFRZAIL
FHEE,

LA EFITE T AERRACRE TG REME R FREHT T oIk
{RiE7F1Eformation_outXff, HiTm<:

autodefect -ef
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E, XBTEREITEEN, BERKERNTERRENRE, HNAEFHZNAREDRRT ZERERTUNERRE. S8 MBNESRELETR
EEH,
NRABEMERENERFRERE KRN T HES, FHRE:

anneal_T = 1000
ferimi_range = 0 1.5
gap = 1.45

BILIEHERRERET, HRTF. REIIRESEKERNKXRIT:
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YIARFRUFENRME, BREHRE:

mu_range = T
anneal_T = 1000
limit_phase = CdTe

ItEBYA2 R itBRresult/competition/chem_limits. txtXX fF, FREXWRZEVEFEEERE, HARIREMFEE THRRFREL Wi
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ERHBELERYREF Eresult/carriers/ XX T, AIRIBERZHITLE D,

=M. GaNBIGaZ IRIEHETEIRESENESERITH
BETRRERRETRER, FREFZ, FMTLUIEGaNFMGaZ RGN ERES RN E AR,
B E SEEMRA A3

[3] H. Zhang, L. Shi, X. Yang, Y. Zhao, K. Xu # L. Wang, Adv. Optical Mater. 5, 1700404 (2017).


https://doi.org/10.1002/adom.201700404
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H o BERINE, n BITHE, W BHEERE, o EZENEBEH, H BEMREHR, c RETHIVER, o BIFAEHELR
FANVAT LA AFEFHERTHRIBRENITTE, MMREREREERBVERTIME, WAt NMREEABHEENES R,

pEd
tdm_range S BIERINER PRGN EBFLEH; MIEEM recomb_charge I recomb_band S4B, FIEEHRTFEARENVSNERS, Uk

ERIRER, HIRE radiactive=T 3%, HNEFRITEKENSNBEFEMITEERNESRI.
HERAYinputBHIN T :

refractive = 2.2 # i

defect_name = @_v_Ga # TF TR B 4 AR
#recomb_charge = -1 @ # BT E A RKENVISIRES
#recomb_band = 567 568  # i1 H & KAENRE

#radiactive = T # T/FREITERNEE, AT
tdm_range = 567 572 # A AT SO AR AR
spin_channel = 2 # EEKAEMAREE, 1/238R7 ESETER L/m T

HrA tdm_range FYBV{ERIEZE formation_out XA4HFiTHIVBMFICBMAYI &
HafR1EEformation_outHFME ERILSE, MHMEAERKNOUTWG, OUT.EIGEN,OUT.OCCEIH B, MiTHm<:

autodefect -tdm

LB S5 R RR G AR B RV ER RS, UM ERIERERMBNESRE, MTEMT:

Spinup-0_v_Ga Spindn-0_v_Ga
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B R R 17 Eresult/recombinationXX 32T, SiItbER, FrEETBIRIENE EWERTEEresultirecombination/0_v_Ga_TDM.json/, AJiRiE
B ME IR ER TR,

MRFOITEFERBIIEEREL, FJIRE recomb_charge Fl recomb_band B, HiRE radiactive=T (40_LinputfiTR), EFRITEKIENSHETF
HEMHTRENESRE. AT

autodefect -rec

LHEBS A2 748 AL og S f recombination. log i iaitH M R AES E SHEXMES, 0!



start to run recombination calculations
trans_level (eV) is 1.6712100000000003

calculate the reorganization energy ...

reorganization energy calculate is finished in path:
your_path/calculate/0_v_Ga/q_-1/Reorganization_energy_-1-0
radiactive calculation start ...

Volume of supercell (cm”3) is 1.4899296034034992e-21

hole from band 567 -> 568 spin_channel =
transition_moment(e~2*bohr~2) in Gamma point = 13.36
radiactive rate is 1.2087e+08 s"-1

radiactive captured coefficient is 1.8009e-13 cm"3-s”-1

radiactive calculation has finished, calculate path =

your_path/calculate/0_v_Ga/q_-1/radiactive_hole_567-568

E=fIE: GaNFHGaZIRIGHIIFEHNESERITE

ETHEFEMETEER, HEREGZ, FHMTLUTEGaNFTHGaT (Ui fARIFEFESRE,
ERFTPHNIERNESNITE A ESETHESEE THREAT BATSE LT H

[4] L. Shi, LW. Wang, Phys. Rev. Lett. 109, 245501 (2012).

[5] L. Shi, K. Xu, L.W. Wang, Phys. Rev. B 91, 205315 (2015).

[6] L. Shi, K. Xu, L.W. Wang, Phys. Rev. B 97, 077302 (2018).

AN ERERSEFENESRRITES X
FRHESGHARKQNOT:

1 (7ksgT 12 (Bq — By — \)?
Wap =~ 5 ( \ ) ( wl 'Z M, ) exp (_74)\kBT )
Hr, abRIBMRENBFES, V(i) BII—UNEFRR | HEE, ZEF¥E’J§§|, E,, B, BUSHNAKRSHEEE, \EEHAE
KEMgER, RINFREUTESEC

defect_name = @_v_Ga # TG 42 FR
recomb_charge = -1 0 # BT EERENVISNARES
recomb_band = 567 568 # #ii T HE & KAEMBET
radiactive = F # T/FRGIHERENEE, AT
nonradiactive = T # T/FRGIFEIRENEE, SAF
spin_channel = # HERANMEEEE, 1/2587RH RS AE R b /H
temperature = 300 1000 # ARRRI S A R AR 1R R
HITEmS:

autodefect -rec

LR ETITEESARE, BEERGRAKIMMREEFER, hHLogX frecombination.logi it X W AFRMNE SHEXNESR, N TFR:


https://www.pwmat.com/modulefiles/pwmat-resource/module-download7/pdf/defect_nonradiative.pdf

nonradiactive calculation start ...

Volume of supercell (cm”3) is 1.4899296034034992e-21

hole from band 567 to 568 spin_channel = 2

Reorganization_energy(eV) from charge -1 to © = 0.10183870000764728
job = scfep is completed

ep_path = your_path/calculate/0_v_Ga/q_-1/epc_hole_567-568_2
ending_scf_reason = tol Rho_err 1.000000000000000E -005

prepare to calculate defect phonon

defect_center is [0.37, ©0.42, 0.24] radius = 3.0

job = phonon_std is completed

path: your_path/calculate/bulk/phonon_std/phonon_std

job = phonon_defect is completed

path = your_path/calculate/0_v_Ga/q_-1/phonon_defect/phonon_defect
nonradiactive rate is 2.040847e-14 with E_f-E_i(eV) = 1.6712100000000003
nonradiactive rate is 2.040847e-14 s*-1

nonradiactive captured coefficient is 3.040718361317221e-35 cm"3-s”-1
thermal velocity is [13057902.097362885] (m/s)

capture cross-section is 2.3286e-42 (cm”2)

nonradiactive calculation has finished, calculate path =
your_path/calculate/0_v_Ga/q_-1/nonradiactive_hole_567-568_2

start to calculate nonradiative rate with different temperatures
nonradiative rate with different temperatures is:

T(K) rate(s~-1) thermal_velocity(m/s) capture_cross_section(cm”2)
300.0 1.143825e-85 1.3058e+07 1.3051e-113

320.0 2.574943e-79 1.3486e+07 2.8448e-107

340.0 1.039041e-73 1.3901e+07 1.1136e-101

e A ST YRR TE Eresult/recombination XX £ R,
HENARRE THIERHE & REMEREEm I FTEFIR:

— rate

—=- capture_cross_section
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o HEThAIFIBFE S ITERBITFPYPWmat, AP HEESFILEINE FTRNZEPYPWmat, IAEFHITAEYI, FEFRIElogiz
KR (EERITPWmatPhonon.pyie3XE55, PyPWmatfyiE it fERITE ILPyPWmat-2.0

* McloudfiF BE&IRFI R EIFPYPWmat, THEEH L E,

N

s

e BFAEFIHBENEK, FRRXNESZ, BOERATUERFESHFRKIE, ARAUBTEERRZES (BT autodefect -rec &) B

X, HERRZSUrmESHER (FR3ZHI A sub.shSE2 3 FHITEIRMA) WNFITHIE FESRR.

o BRABERTEFITEAELIAN, MBEHRRESKMY, EIRIE recombination.log XFHEREHIRERES, HiRERSEESHERADR

FEEE.

o BREEEFIHEFRIESHEENRSITEURIELCREERR LA EM, IIREEEEFRIA 5.
o ZEFMURMITERRE, SMMTENMZRIEGERARBEENTELENSH, MR

B ERMER,


https://www.pwmat.com/modulefiles/pwmat-resource/module-download7/pdf/guide_PyPWmat2.0_20240724.pdf

MR

1.°]gEB AMlinux®m <

BT R REIT B RSB EIRK, OAFETEERA, FRHIATTESERETMERMEX XY, UNAEETE, #TiTEahNM RIS
fE=EIE7E o

PR S SR K PR F SR TR EERE, AIEA U T

find . -type 1 -exec rm {} +

EHFIRE TR FERAMOUTWG X (AIBRAEEXHE)
find . -type f -name 'OUT.WG*' -delete

INERMER LRSS, PLLIRMIREREXMF

SR

1. ESRESE
queue = slurm

WiEA: BAFUERCE R, 3285 siurm #0 pbs PAFY, 34T siurm P, BEREEWT:

partition = 3080ti
nodes = 1
ntasks-per-node = 4

ngpu = 4

Hrh, partition I3 X &R, nodes T =%k, ntasks-per-node IE N EESEL, ngpuligpuik B,
3 FpbsPAFl, EIEEMT:

nodes = 1
ntasks-per-node = 4
squeue_name = batch
walltime = 1000:00:00

Hr, squeue_name APAFIBIR, walltime NIZEFERAIZITEIIEL
2. ITEIGESH:
in.atom = atom.config

WEA: HA, inatomAPWmatitBEHEEBTR, EXIAatom.config

psp_path
BEA: psp_pathNIEEMBEXMHENRKE, TRIAEN, WA FRIESXHRER I prepareX KT
psp_name

WA WBRM, INEBNSGI5MES, WMFEELL, AlfEinputigE, flin:

psp_name = Mg.SG15.PBE.UPF 0.SG15.PBE.UPF

e_cut = 70
WER: PWmat&iafibil BiaiTERVERRE, 25 Ryd.
spin = 2

ALEME: 172

B PWmatfi LA BEE8RIBERE, spin = 1RRAX D BERE, spin=2&% KX % BiiE.

level= 2

AIE(E: 1/2/3

WA PWmatfL b F BT EFEEKTE, 1RRPBEML+PBEER, 2R/ RPBEMML+HSERS, 3RTHSEMMW+HSERR, BRINTMBIE
5%,

BEZSHAIUERPWmat BEAFM, AFTEEXEHREEH.

api-key

WA AT AAMaterials ProjectfIAPI, TEINE, WHAR, FEinputigE, HeiRZiFHhkMaterials Project API()o

cem_plot = F

ANEE: F/T, BAF

WA BEEBITRGHIERAERE, BAF, NEELEH, BIREMRT, INETRLERFETI N REKaleidoE: pip install kaleido o
cem_mesh=0.04

AlE(E: float, 2AIA(E0.04

WA RENFARBRMUEYNKEMBZRE, ZA1A0.04, B10.04 /A, FTF level=3 , ZBHTMo WT level=2 , ZBE XN FscfitBETL
Mo HARIETIE Mprepare/sct_etot.inputillprepare/relax_etot.inputf BNk 52 A& S48



3. MEEBE S
num_atoms = 64 300
FIIEME: intint
BEA: ERAENSVRFEENEXEFHE, RIS NRFH64, 300
MRAFRRGE—NESH, —RGER/DNERFHREHEINGE, BFEEINERTRNRFHENSM.
min_length = 10
BRA: TR AR R EE, BIAN10 A
4. GRPEIRE
intrinsic = T
BIE(E: T/F
BEA: BEFEARERME, BINAT
intrinsic_type
BIE(E: Vacancy / Antisite
YEA: ANTERRPEEEY, SRR
doping = F
AlEE: T/ F
WER: doping=T/FEBEF=EFRRE, PRIAAF
doping_atom
AIE(E: JTTRBM HTRBMTIR
WA 8B BHITE, B4 doping_atom = Fe
doping_type
AJIE{E: interstitial / substitution
BEA: IREBAEE, SFERMNE
complex = F
ALEE: T/F
WER: BEFEESTRME, FRINF, WAT, MUEERE (UAIZAD1) R0, EIZREEEES—MRE(D2).
complex_type=
AJE{E: vacancy / interstitial / substitution
BEA: TEAMERIERIEN LS SR, BID1KE, ANA=f, EfR, (.
complex_int_atom =
AlEE: TTRAMF
BEA: ESMREMERETFHEE, MD2RER, tgEZTRER
complex_sub_atom =
FIEE: JTTEREWR
YER: ESMRMEREMRETFERE, MD27E, MSEZTRER
max_int_complex = 2
AIAE: B
PiEA: D2ERRREFHIRAIE, WARREFAUDI AP, A ENEkNIEFER A=, BRIAE: 2.
defect_radius =
AE(E: int/float
BiEA: FErVEVE, BRIAA3, BUA
n_eff_doping=
BB BRUERRE, BTFERFRETERBHAMRMGAIRE, BiLR0.0
interstitial_type = voronoi
AJ3%E{E: voronoi / random
BEA: FEEPRREFRIAIN, BRikAvoronoisiE, WEIIEArandom, AR AR5 X FHEERIERRAL o
max_nums_interstitials = 3
FIE(E: int
BEA: FEERREFRYZ randomBs, EHER AR XS HEENERA AR RKERERFHE
5. RRE S ERFIHHIRE
charge=
AEE: e/ 1,8A e
iRBE: TREGTZERE T B ERIESNSHRES T, W0, MWIEFEIE Mstructrue/defect_names.ixtHIEEVERFEMNTS, A1, NIEFIRIERERER
OUT.WG UK H1EHOUT.OCCIREX A RERIERIATS, EEIZE NOFEFiEdefect_names.ttFMINMSTLNAIE, T2 MRE, FIRIEHRFES
MEN—H M. BN NBEERIEFEPEREMTHREMRBOUTWG, OUT.OCCXHETE, LIMSIENSEEETRENS A&
Eo

E_corr = T

mEE: T/F, BIAAT



W BEHITMEEELE, EEERIECERERBAIBEMBERLE.
initial_mag =
BIR{E: JTTERBW BIEE
iHEE: IREVIAMEFE, FI0, initial_mag = Fe 2 Si 0FRRFeJiaMFEIR N2, SiHIIRHLEIR 0,
anneal_t =
AJiE(E: float/ [float float int]
W BRFREITENNRARETTE, 246K, AgAENEES, Wanneal_t=300; AILUEA [&IME, =AME, eER (ATEER)],
#anneal_t = 300 1000,
ferimi_range
A]E(E: [folat float]
HER: ERFRET BN KEERSTE (zui), BileV, TERIAE, 0ferimi_range=01.2 , FRWNERZSE, FIRE anneal_t NEE,
mu_range
AEE: FIT, BRAERF,
W RAEERFUED vs BRTFRERLL, X anneal_t BUERER 4K
limit_phase
AE(E: WEYIRTR, WGaN, TEIAE
HAE: Hmu_range=TEI4EX, & ENTEFIEEresult/competition/chem_limits txt>X {4, FREXS BV FHSEHE,
work_t = 300
Ai&(E: float, BRIAEF300, F(iUK
WER: FRFRETENNEENIERE,
defect_elements = Si Fe
chemical_potential = -107.27 -3216.56
iBA: defect_elements NERFELEMIEIERITCER, chemical potential JJ defect_elements MW AIVET, AR AMRIETRIVIFENITESHSE
ERIEEEN, FER, FEITESHT, TZNUEBREMATRE, AMBEENKEE N SFMSCRtESH THERFRE—H.
6. HMTEAITESH
defect_name
AEE: HRERR
WA defect_name NFAARMERFE SHEXRIEZR, ZSESdefect_names.txtFRAVERFE B FRERITF—.
recomb_charge = 0 1
AJE(E:[int int]
WA EARIERENMSIERS, Fi0 1 JRRIUESH NS, RXEA +1 N5
recomb_band = 135 136
A& [int int]
YiBH: EAKEMBEHE, Srecomb_charge—3, ¥tFrecomb charge =01, {NitE=NES, HUMNEEH N recomb_band = 135 136
RR (1358EF AVBM, 136 RRRFERESR) ; HiIHEBFES, ESTH N recomb_band = 135 136% T~ (135K RERFEAES, 136F T~ CBM)
radiactive = T
ALEME: TIFZRINMEAT
W EEItEERNESERE,
nonradiactive = T
A& T/F, BRIAEAF
W REitEIERERAEAEE,
spin_channel = 2
AEE: 12, TEAE
WER: FRTFERAENBIGEE, spin_channel = 1R/~ BHEIEE Aspin upZ A X 53 BhiEspin_channel = 237K B @& Aspin down,
temperature = 300
A]E{E: float / [float float (int)]
YA FEENESHUEE. BAIAKI300 K, tHATEY[min max]sk[min max points],pointsZAIA 350
tdm_range
AE(E: [intint]
WER: I EBTEBIRIEREETSERE, W120 124K i1 8 120-12488 5 (8 Fr B LB FE, 18 & 7JElvmb,cbm

ChangeLog:
v1.0.0:

o #liAhRES, HEEREATH, BSME~E, REEE. HRFREDN. EGTESIE.
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