Contents lists available at ScienceDirect

Engineering

{
ELSEVIER journal homepage: www.elsevier.com/locate/eng
Research

Materials Genome Engineering—Article

WESBEEITE —8iF B R THERREITRE
Andrew Supka *, Nicholas A. Mecholsky ®, Marco Buongiorno Nardelli “*, Stefano Curtarolo ¢,
Marco Fornari *®*

2 Department of Physics & Science of Advanced Materials Program, Central Michigan University, Mount Pleasant, MI 48859, USA
b Department of Physics & Vitreous State Laboratory, The Catholic University of America, Washington, DC 20064, USA

¢ Department of Physics & Department of Chemistry, University of North Texas, Denton, TX 76203, USA

d Center for Autonomous Materials Design, Duke University, Durham, NC 27708, USA

¢ Department of Mechanical Engineering and Materials Science, Duke University, Durham, NC 27708, USA

ARTICLE INFO HE

Article history: ISR T ) i . ARV M B A R A R AT (B AR 22 B (R 3 — 2, AR OO AT T e 1 -

Received 6 July 2020 VAR IR AR TR 5 B, URCE BRI R A . 28— 2R SN HLIH X (BZ) g R 2ok

Revised 9 February 2021 B2 1.5 eV (1 eV = 1.602176x 107" J)3(5 Bl 1 A T i, 35 T 50 AU OR RAEIX L . AU T

R e e ary 2022 JURINES —JEUER S RO BRI 70 €A AT T Holie SO 073 B S U6 57 A
v B AR, BTG S S AR AR IE AL S ks B g . AR SCUER] T % & Realy

H5857 SR IR A 2 A M DA B SR ROTURE (¥ B AN VA E IR e B . AR SO THERIE R AUR AR

S e RACTERITE BT .

Egi i © 202;J THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher

Pt ;;' : Education Press Limited Company. This is an open access article under the CC BY-NC-ND license

he T“B‘ i (http://creativecommons.org/licenses/by-nc-nd/4.0/).

A R

L35 PO PR N E DA P o S LR 21 s 4

S M UGV MR T E . AR, T 4ERORTR AN

HLTFRETH S R BT RE B AR, LR 7 Bz sy a8, BT DL Teh 48 5 B Tl 1 4 30 2

AR =B R T T R IEE BEEH . 2R H T Ve, #HUEL, WS SCERIP PR, HO RS R
5E % (Schrodinger) 52 I I A BOC R M T 2 & A5

B, BYRIEMEIR KR ZH I EE. RS ME KR ZKE

RP—RY (Hrh, NEMXEWIEE, n SRR, &k

B B ) RS, S AGE 4 (2D) AR T ke ()86 B A2 HE ¥ R T 445 1 1 B BEARRAIE . R IX 6 A

TIFE A, H2D fe R AR5 LA PR A .

i 7t 254k, OE (k)/ok =0 [FF, OE (k) ok En E, (k)

Aot kKR . BN Ao — e W= L, &®E[DOS; MHAEE E. DE)I K HFRIRAK
(3D) i EWX (BZ) MEK, keBZeR®, Fiblmfess  (REE: ZNBHTHRD.

* Corresponding author.
E-mail address: marco.fornari@cmich.edu (M. Fornari).

2095-8099/© 2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

YLCJFE 3L Engineering,2022,10(3):74-80

5] Fi4<3C: Andrew Supka, Nicholas A. Mecholsky, Marco Buongiorno Nardelli, Stefano Curtarolo, Marco Fornari. Two-Layer High-Throughput: Effective Mass Calcu-
lations Including Warping. Engineering, https://doi.org/10.1016/j.eng.2021.03.031



D(E)—ZELfm“ﬂ(%oﬂaEAkM%\

I 7 R E A A AR R VA —AN TG 75 /NI 1 E R
R dSo M Fr w2 VAl BB BLRF AN 78 70 R AL R R
K. i, xT2DMEL BE s SENEE B, =
ANYEJE R 1 e K AE AN B /ME 2= 3 BUDOS (197 U5 iR B A K
P, JF H 438 van Hove & sl BUET S [4]. BRlIE,
WA I s 2 — D EE H AR,

5 LT e AR IR R B AR SR 1 — R R AU
BEIKEM, ERBEHY R kTR

S EI3D ik

-1
. R [GE(K)
M, , (k)= me( Ok, 0k; )k (2)

X, n BT eEG: RO I & m T
R Fhsiv jHTAR IO BUR 27k E M B0 & k1)
R E. ARREKRENEHSREE AR RGO,
E, (k)& 5 3R W A5 4 AN 22 Ve I i oG B By VP A A
I SRR A (N A A R e A, AU T AR
FE R ARMRAT 55 (BT, Hessian H0 B AS 2 X6 F) 4R B 1 550
SSRGS i, X AE 2 MG LT A iR HI[5-6],
EAR A 2D fg s BR335SR e R L 3K
ke, FLAHIE BRI A TR . X SR R TE [
SYHEAE T TREPRET, G, e e
R P SB[ 71E T B % R A A B e B 1
2 REEGRME8]. K73 BT Bl 45 1 FH T e IS i o 20 55 3 i
W, AU RES HEAT SR SRR A AR (7], ASEEE I A T
K, DOSH RUR & A& R 45 M — AL AR, ALl
L A L PR[9-18] VU R %3%[19]. Shubnikov-de Haas
PR¥%1[16,20-23] HEAE 3LIR[15-16,24-25]. KAT I [A)JEE 4%
HRE[7,26-29]. AL AN R AF[30-32], LA K AL AN S AT
i BB HEEE[33-35 kM B . % H bR A% Lk il i X
S [ 952 J7 1E 3R A5 B R0 B A () A X de g5 R
L2 A T SR — B

AN H T —F W Z B & (high-throughput, HT)
Jii, BIEMFRUCH R SCEIR P A R 5 SR A — 3
M. 55— B RAES MBS WEN (5%
HR[36-42]), 282Xt E, (k) BEAT 70 LA 5 IR A s F
PEFOE I AR R IR R . SR HT B8 T — &5 58
MEL: -V Sk HAMRBER T, USSR
MZARER B . SR RERIA R, AR BZ 34
e 5 ot A A UREAS [ 9 BAIE 7 7260 52 I 2 551 1 280
H[43]. XU VEIERAE T RER R, JEIERTHE TR

S0 H R AR B DOS A MUT B [6]. B FTA, XA E IR
Xt BZ KHR 7> X AT R AT HT 152

ASCHESRE 2 P W) 7 TR RAOARTS, RS 3T R
THEMEER CREDBER S ERRATD, HEH470
TR AR AR AR

2. &

ARTAEEPEMER MR F: TV A3k (B
IR 45 14 (1) AISb F AIP) s #5#h (PbTe. GeTe. SnTe.
PbS. GeS. SnS. PbSe. GeSe #1SnSe) HlJZIRH%)E LY
(Bi,Te;»  Bi,Te,Se.  Bi,Se,Te. Bi,Se,» Bi,Te,S #
Bi,Se,S); JE4A H g A H 7 B B ¥ CReJil 2 CoSb,s
CaCo,Sb,, F1 BaCo,Sb,,) . X TR FBR:, #2564 il —
ML ETHUIE SR (PAO-TB) WSHHE, %&E
T SRR fff b 4 N B8 T 45 74 [44]. A SO A Quantum
Espresso (Quantum ESPRESSO Foundation, % [® ) [45-
46K 11 AFLOWm HT T 5HAESL[47]H (1) FEL T 4544

AFLOWm [t LAEWAE (B 1) H#Esh T ACBNO [48-51]
HE (SGHHFEAFRES]. £S4. ESI14FFESI8)
Hubbard U IERITHE, RAGT SMAIZH, HAERT
PAO-TB Wy % #i &t . I3 bR 50R0 F 1o 2 B8 4% 14 20 51 N
150 Ry (1 Ry =2.179872x107"* J) F1600 Ry, FHffifH T
BFREZ)790.01 A7) Monkhorst-Pack k & K% . Ik 35 13k
52 T 7 B KAk PAO-TB B! it R AP 02 K e 5 (1 5%
#; NIb, X PSlibrary [52]4 il H) Perdew-Burke-Ernzer-
hof (PBE) -4 (PAW) JE#A AT T ofidk, (4
HAY RAEMA44]. ITHEBREEZRT AR-HUERE. AT
ARG, AR SEIGIE AT T %A e IE 5.
PAOFLOW CEE L= K22 [S3JH THIFHEE KR
F14) W 25 1 B N T THD 9 66 itk 5% 52 21 58 A5 2 1) PAO-TB J fil
Hi . PAO-TB I %5 2 70 ) A8 B -4 (B R 3R 15T 0 1)
BEAMT 45 M o AR SCK 52 B BZ K143 A — AN 12x12x12 P A%
HAEFAME R PR — AN k. R — MR
ZEG MG R . REIIEEE T — A 12x12x12 M5 L
FEAERRPEAN T SRR 2 [ ISP . S8 )5 3 R AR 2 K L
B k-2 G AR A B, DURBIME— G A BN
FEEIASRI ) ARG, IR FEMOR 9 T T A b i —
S G

NIRRT A, ARSI T RE

\\\\\

RS v, A /M)

l aE‘n(k) _ i 78671/
‘hé%_mm<hxma (3)

B



import AFLOWpi
import glob

# start the AFLOWpi with config file AFLOWpi.config

session = AFLOWpi.prep.init('\WARPING', SET='"Warp_HT"),
config="/AFLOWSpi.config')

# get a list of QE input files

input_files = glob.glob('./ input_files /*.in")

# form the calculation set from list of input files

calcs = session.scfs ( input_files )

# relax the structure

calcs.verelax()

# perform self-consistent Hubbard U calculation

calcs.acbnO(kp_factor=2)

# relax the structure with Hubbard U

calcs.verelax()

# change to fully relativistic pseudopotentials

calcs.change_pseudos(”./FR_PP/'t)

# set spin orbit flag to true

calcs.change_input("&system”,”Ispinorb”,” .true.”)

calcs.change_input("&system”,"noncolin”,”.true.”)

calcs.change_input("&system”,”lda_plus_u_kind”,"1")

# calculate tight binding Hamiltonian

calcs_tb=calcs.tight_binding(kp_factor=2,proj_thr=0.99)

# calculate band structure and density

# of states using PAO-TB Hamiltonian

calcs_tb.dos()

calcs_tb.bands()

# plot band structure and density of states

calcs_tb.plot.bands(en_range=[-5,5])

calcs_tb.plot.dos(en_range=[-5,5])

# make sure the os package is loaded

calcs.addToAll(POSTPROCESSING''import 0s’)

# string of command to run after PAO-TB Hamiltonian generated

wppc = "os.system(’srun —n 56 python “/warp_pp.py > warp.out’)’

# add command to run the warping code as post-

# processing to all of the calculations in the set

calcs.addToAll("POSTPROCESSING”,wppc))

# submit calculations to queue

calcs.submit()
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1 AL B0 TEMS 30U 2 Cm,) (LS50 G, DAL Com, )
DOS A RO i B (m DI, FERER A e LT b %
PN s0: 518D LA A I F A 3R

Sample Type my mg m, m ;p

PbTe m; (L) 0.105 0.105 0.105 0.13 [58]

PbTe my (L) -0.120  -0.120  -0.120  0.13 [58]

AlIP m(I) 0.235 0.235 0.235 0.22 [59]

AlIP m, -0.346  -0.346 0346  0.29—0.34[59]
AlSb m, -0.237  -0.237  -0.237  0.22[59]

AlSb m,(I) 0.100 0.099 0.100  0.09—0.18 [59]
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B IUARIFRVEAE ST AN e, X LT 402 45 7 I S s fr
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AlSb my, () 0 -0.186 -0.549 -0.193 -0.0950
AlSb my () 0 -0.036 -0.099 -0.095 -0.1890
AIP mi(X) -2391 0101 3979 2936  0.5746
CaCo,Sb, mi(H) -0027 0055 0598 0517 12390
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PbTe mi () -1.017 -0497 — ~0.841  -1.0830
GeTe my () -1.569 0.097 0.316 0.246 1.0430
GeTe mo(I)  -1.569 -0.551 — -0.712  -0.9480

For saddle points, the warped DOS effective mass is unavailable. The fit ()
and Fourier (m;) methods for computing the components of the effective
mass are only valid when the IEMS is not warped (ellipsoidal or hyperboloi-
dal). When the IEMS is warped, then the fit and Fourier method fail and the
m” calculated with those methods differs from the correct value of m:
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