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1 Preliminaries

1.1 ~^�·-

æ^ Xshell��§ë�ªàÑÖì,¤^��-Ñ´ Linux²�e�,e¡´�
~^�·-:

1. ls·- (list� �): �w8¹©��&E.

ls -a�Ñ8¹¤k�8¹§�)±.m©�Ûõ©�.

ls -A�ÑØ.9..�Ù¦©�.

ls -r�Sü�.

ls -S±©���üS.

ls -lØ
©�¶�	�ò©����!¤kö!©����&E�[�Ñ5.

2. cd·- (change directory� �): ��8¹.

cd ∼ (cd½öcd home)?\home8¹.

cd directory1?\ directory18¹.

cd .. �£þ�?8¹.

cd . �c8¹.

cd /?\�8¹.

3. mkdir·- (make directory� �)!rmdir·- (remove directory� �)

mkdir test3�c8¹eMï�� test�#©�Y

mkdir -p /tmp/test/test13 tmp8¹eMï´»� test/test1�8¹.

rmdir directory13�c8¹eíØ�� directory1��©�Y§5¿,T·-ØUíØ��8¹.

4. touch·-!pwd·- (print working directory� �).

touch file1#ï�� file1��©�. (vim file1��òÑ�U#ï���©�.)

pwd�w�cýé´».

5. rm·- (remove� �): íØ©�½8¹.

rm -i *.logíØ?Û .log©�,íØcÅ�Î¯(@.

rm -rf testíØ testf8¹9f8¹¥�¤k�Y,¿�Ø^(@.

rm -rf *íØ�c¤38¹�¤k©�. (�½�>&¦^!!!)

rm f*íØ± fmÞ�©�.

6. cp·- (copy� �): ò
©�E��8I©�.

cp ll.txt test/ò ll.txt©�E�� test/8¹e. (5¿ýé´»Ú�é´»�«O.)

cp ll.txt ll.pyò ll.txt©�E�� ll.py, ll.pyò�CX,ØE�3.

7. mv·- (move� �): £Ä©�½?U©�¶.

mv ll.txt ll.pyò ll.txt©�­·¶� ll.py©�.

mv ll.txt test/ò ll.txt©�£� test/8¹e
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8. cat·- (concatenate� �): �±w«SN���©�;�±rA�©�Ü¿���©�.

-nw«z1�1ê; -bw«1ê,�é�x1Ø?Ò;

cat file1�w file1©�p�&E.(� more file1aq)

cat file1 file2 > fileò file1©�!file2©�Ü¿¤�� file©�.

cat file1 > file2òfile1�SNE��file2¥, file2��SN�CX.

cat file1 >> file2òfile1�SNJ\�file2¥.

9. chmod·-: ^uUC©�½ö8¹��¯��.

r: Ö��¶wµ���¶xµ�1��¶-µíØ��¶sµAÏ��.

chmod +x fileO\file©��^r��1��

chmod -x fileíØfile©��^r��1��

10. tar·-: ^5)ØÚØ ©�.

-c: ïá#�Ø ©�; -x: lØ �¥Ä�©�;-r: V\©��®Ø ©��¥;(ùA�Ó��Uk��!)

-v: w«ö�L§; -Z:kcompressá5�; -z: kgzipá5�; -j: k bz2á5�. (ù
�À.)

-f: �½Ø ©�.ù�ëê´����ëê,�´7L�,�¡�U�©�¶.

tar -cvf file1 file2ò©��Ü��¤ tar�.

tar -xvf file.tar)Ø tar�.

tar -xzvf file.tar.gz)Ø tar.gz�.

tar -xjvf file.tar.bz2)Ø tar.bz2�.

tar -xZvf file.tar.Z)Ø tar.Z�.

Figure 1: ls -l·-ò©����!¤kö!©����&E�[�Ñ5,ã¥ùÚI5� �L«T©�´Äk�

�(x),©�¶ôÚ�U�Ù¦©�ØÓ.

±�XJ��é,�·-��[©�§kü�·-¬²~¦^:

1. command –help. ~X, command ls=�wls¶¡��Ï©�.

2. man command. Ón, man ls�U�w.

�'·-ë���:

1. https://www.cnblogs.com/qq350760546/p/7890680.html.

2. https://www.cnblogs.com/yjd_hycf_space/p/7730690.html.
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1.2 WindowsþSC�rà

1. Xshell´��^uWindows²��r�� SSH, TELNET,Ú RLOGINªà�ý^�.§¦�^rU�tÚS

�/lWindows PCþ�¯ Unix/LinuxÌÅ.

2. Xftp´��^uWindows²��r�� FTPÚ SFTP©�DÑ§S. XftpUS�/3 Unix/LinuxÚWindows

PC�mDÑ©�.

3. XshellÚ Xftp´ NetSarangúimu�,äNe1/�(�(�),·�ÀJ Free for home/school���:

Xshelle1/�: https://www.netsarang.com/products/xsh_overview.html.

Xftpe1/�: https://www.netsarang.com/products/xfp_overview.html.

4. Xftp�rà^5DÑ©�,�´éu'���©�,��±3 XshellþÏL rz/sz·-þD/e1©�.

5. 'uXÛ�¹gC¤3�K|�âr§e1��½�èAÃþ: https://hpc.nju.edu.cn/zh/manual. p¡
k�[�0�.

6. þãü��rà�èæ^��<���è+��+�y�yè. zg�¹I��w�yè�¹,k�¬éæ�.

~X,3��Ñ\: http://topo.nju.edu.cn/cgi-bin/getkey?key=OIXIN6W3TIK37UYJ=�w�y�yè,

Ù¥ OIXIN6W3TIK37UYJ´©��·���.

2 VASP

2.1 {0

VASP=©�¡� Vienna Ab-initio Simulation Package,´�«¦^�³Ú²¡ÅÄ|?1lÞ (abintio)þfå

Æ©fÄåÆO�Ú1�5�nO��^��. ÏL8+p1k�VASP?1�'�O�.�{ü/@�´¦)T�

§,5¼�·�¤I��(J. (
−
~2

2m
∇2

k + V(r) +

∫
|ϕk′ (r′)|2

|r − r′|
+
δExc(ρ)
δρ

)
ϕk(r) = Ekϕk(r) (1)

VASP Ñ\o�­��©� (input files): INCAR!POSCAR!POTCAR!KPOINTS, ¬ÑÑA�­��©�

(output files): CHGCAR, CONTCAR, OSZICAR, EIGENVAL��.

e¡´�
 VASP�§,p¡k�[�0�Úö�6§.

1. VASP manual: http://cms.mpi.univie.ac.at/wiki/index.php/The_VASP_Manual.

2. PDF�§: http://cms.mpi.univie.ac.at/vasp/vasp.pdf.

3. ����§: http://cms.mpi.univie.ac.at/vasp/vasp/vasp.html.

eÃ{�¹þã�Õ,f�O�và�ÔnïÄ¿����: http://cmp.xmu.edu.cn/vasp/Contents.html.

2.2 Ñ\©�

2.2.1 INCAR©�

ù´ VASP¥�­��Ñ\©�,§��X VASPò?1N��O�±9�«ëê���.~X,�V©�e¡

Aaëê: $1ëê,>f¶þëê,lf¶þëê,U�±9��ÝO�ëê,Ù¦5�ëê��.

éu INCAR©�¥�ëê, VASP®²Ä�þÑ��
�'%@�(OUTCAR©�¹kINCAR�¤këê). 3

O���ÿ,ý�õêëê�±æ^%@�,�I��A�·�I��ëêÒ�±
. e¡´�'ëê�0�:(äN

�w(�Ãþ)
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SYSYTEM: £ã¤O��NX.

ISTART: 0-Ð©zÅ¼ê!1-lWAVECARÖ�Å¼ê (­½Â²¡Å)!2-lWAVECARÖ�Å¼ê(²¡ÅØ

C). %@�µe�3 WAVECAR ©�, ISTART=1, ÄK, ISTART=0.

ICHARG: 0-Ð©Å¼êO�>Ö�Ý!1-lCHGCARÖ�>Ö�Ý!2-ISTART=0!+10-�gU$�. %@�:

e ISTART=0, ICHARG=2, ÄK, ICHARG=0.

PREC: û½ ENCUT ���. %@�: PREC=Normal (VASP5.X ��).

LREAL: .TRUE.-¢�m!.FALSE.-��m. %@�: LREAL=.FALSE..

ISMEAR: û½^Û«�{5��z�Å¼ê�Ü©Óâê. %@�: ISMEAR=1.

SIGMA: û½ smearing �°Ý(eV). %@�µSIGMA=0.2.

RIWGS: DOSO�¦^. %@�: RWIGS=POTCAR ©�¥��.

LORBIT: �·�� RWIGS �åû½´ÄMï PROOUT ½ö PROOUT ©�. %@�: LORBIT=0, Mï DOSCAR

Ú PROCAR.

ENCUT: %@�: POTCAR ©�¥��� ENMAX �.

ENAUG: %@�: POTCAR©�¥� ENAUG �.

EDIFF: >fgU�ÂñIO. %@�: EDIFF=E-04.

NELM: >fgU��Úê. %@�: NELM=60.

NELMIN: >fgU��Úê. %@�µNELMIN=2.

NSW: lf£ÄÚê. %@�: NSW=0, L«lfØ£Ä.

EDIFFG: lfgU�ÂñIO. %@�: EDIFFG=EDIFF*10.

POTIM: lf£ÄÚ�, %@�: e IBRION=1,2,3, POTIM=0.5, eIBRION=0, ^rg1��.

IBRION: lfXÛ£ÄÚ�#, %@�: e NSW=0 ½ö NSW=1, IBRION=-1, ÄK, IBRION=0.

ISIF: (�`zëê, %@�: e IBRION=0, ISIF=0, ÄK, ISIF=2.

LSORBIT: .TRUE.L«g^;�ÍÜ�m, �·^u PAW �³.

ISPIN: g^4zO�, 1-Ø?1O�, 2-?1O�. %@�µISPIN=1.

MAGMOM: �½z��f�Ð©^Ý. %@�: éu ISPIN = 2, MAGMOM=NIONS*1.0, éu non-collinear

^5NX, MAGMOM=3*NIONS*1.0.

ISYM: 1!2!3-�±é¡5, -1!0-Ãé¡5. %@�µUS�³ISYM=1, PAW �³ISYM=2. � ISYM=3

�, =�ÄåÚAåÜþ�é¡5, >Ö�Ý´�é¡�.

5¿:

ISMEAR ��: -5µæ^ Blochl ?��o¡N�{! -4µæ^o¡N�{! -1µæ^ Fermi-smearing �{!

0-Gaussian smearing ! 1-N: æ^ Methfessel-Paxton �{, N��ê. éu��NÚý�N, k:ê8�u4�, �

ISMEAR=-5; �����
k:ê8���, � ISMEAR=0, SIGMA=0.05, ¦þ;� ISMEAR>0; éu7á, �

ISMEAR=1½2, SIGMA= 0.2.
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�e5,·�± Bi2Se3�~,?1(�`z�,Ù INCAR©�SN�:

SYSTEM=Bi2Se3 !5º1, {á£ãNX

ISTART =0 !m©#�O�

ICHARG =2 !l�f�>Ö�Ý­U�EÐ©>Ö�Ý

PREC =Accurate !O�°Ý

ENCUT =450 !²¡Å�äU

EDIFF =0.1E-07 !>fÂñIO

NSW =60 !¶þ��Úê

IBRION =2 !lfXÛ£Ä

ISIF =3 !(�`zëê

ISMEAR =-5 !æ^Blochl?��o¡N�{

GGA= PE !æ^�PBE�³

2.2.2 POSCAR©�

£ã¤O�NX�¬�ëê,�f�ê9¬�¥�f �.�X± Bi2Se3�~.

Bi2Se3 !5º1, £ãBi2Se3NX.

1.0 !Ä¥� �Xê.

10.4216690063 0.0000000000 0.0000000000 !ùn1´Ä¥

9.5794746485 4.1042478406 0.0000000000

9.5794746485 1.9657145021 3.6028900668

Bi Se !�fa., �Ø�.

2 3 !�f�ê.

Direct !L«�f��I´�éuÄ¥�Ñ�.

0.602659948 0.602659985 0.602660024 !�f� �.

0.397339969 0.397340044 0.397339994

0.000000000 0.000000000 0.000000000

0.217852976 0.217853019 0.217852988

0.782146873 0.782147034 0.782146981

3þã©��1l1¥,��±¦^(k��I(@o DirectU�¤ Cartisen,�f�A� ��k¤UÄ),§L«�

´�f�ýé�I.¿�T1±’C’, ’c’, ’K’ or ’k’mÞ�üc (�Ñ���)ÑL«æ^�(k��I.

'u�ï��NX� POSCAR,�±�â¢�êâg1�ï,e1 Material Studio^����A�ëê,��±

l�Õþ�êâ¥��e1 POSCAR,~X,

Material Project: https://www.materialsproject.org/

COD: http://www.crystallography.net/cod/search.html

Aflow: http://www.aflowlib.org/advanced.php��.

l�Õe1���´ .cif�ª�©�,2e1��¶� VESTA��Àz^��wT(�,¿ÑÑ POSCAR�ª

�©�. VESTAe1/�: http://www.jp-minerals.org/vesta/en/download.html,
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2.2.3 KPOINTS©�

Ùp�« k:,�©�gÄ�)ÚÃÄÑ\: ÃÄÀJ k:�3U�O���ÿ´7��,3�`zÚ5�O�

�·�Ï~ÀJgÄ�) k:.

1. gÄ�): ���Ä¥�����:ê�Ûê,¦��)� k:´±G�¥%.

Automatic generation !5º1

0 !0L«gÄ�) k :

Monkhorst-pack !æ^ Monkhorst-pack �{�) k :

2 6 6 !÷��f���þ��:�ê8

0 0 0 !é¤U��©��)� k :?1²£�þ

2. Line-mode�ª(�Ã��ª),^uO�U�.

k-points along high symmetry lines !5º1

50 !zépé¡:�m�)50� k :

Line-mode !±i1’L’,’l’mÞL«Uline�ª�) k :

Reciproc !±i1’R’mÞL«k:U��m, ±i1’c’,’k’mÞL«(k��I.

0.0 0.0 0.0 !G !�pé¡:� �

0.5 0.5 0.5 !Z

0.5 0.5 0.5 !Z

0.5 0.5 0.0 !F

0.5 0.5 0.0 !F

0.0 0.0 0.0 !G

0.0 0.0 0.0 !G

0.5 0.0 0.0 !L

3. Ã�Ñ\, (d�¹§S$1�m�á.)

k-points along high symmetry lines !5º1

50 !k50� k :

Reciproc !±i1’R’mÞL« k :U��m, ±i1’c’,’k’mÞL«(k��I.

0.0 0.0 0.0 !� k :� �

...

0.5 0.5 0.5

'upé¡:�À�,ë�T©z: Setyawan W, Curtarolo S. High-throughput electronic band structure calculations:

Challenges and tools[J]. Computational Materials Science, 2010, 49(2):299-312.

e1/�: http://materials.duke.edu/auro/AUROARTICULA/j.commatsci.2010.05.010.pdf

2.2.4 POTCAR©�

�³©�,�â�³?n�{ØÓk Ultra-soft�³ (USPP)ÚÝKM\Å��³ (PAW);�â��'é¼ê�Ø

Ók LDAÚ GGA;�â?n���k A, AsvÚ Apv;�â ENMAX��k A, AsÚ Ah,s(soft)!h(hard).

7

http://materials.duke.edu/auro/AUROARTICULA/j.commatsci.2010.05.010.pdf


3?n^5á��,¤O��NX¹kw7á!wè7á!±ÏL�>�3dLÞ��!JXÚ�X���,í�

^ PAW³.

8+ VASP§S�¥1k PAWÝKM\²¡Å�³. äN�w·-: ls /fs00/software/vasp/potpaw. �ÐJcò¤

I���³Ø �E�)Ø�gC���8¹e.

~X·ò potpaw-PBE.54.tar.gzE�)Ø�·Mï�� ∼/POTENTIAL8¹e,äN�ö�·-�g�:

>> cd /fs00/software/vasp/potpaw

>> cp potpaw-PBE.54.tar.gz ∼/POTENTIAL

>> tar -xzvf potpaw-PBE.54.tar.gz

ù�Ò��·�¤I��³©�.3¦^�, Uì POSCAR©�¥��f^S�gV\�³, ± Bi2Se3�~,

k��� Bi�f��³¥,¦^·-�: cat POTCAR >> ∼/test/POTCAR ,,�3���Se�f��³¥,¦^�Ó

�·-�µcat POTCAR >> ∼/test/POTCAR .ù�,3·��O�� ∼/test/8¹e,k���¹ Bi�fÚ Se�f�

POTCAR©�.

�,,��æ^ cpE�·-,ò¤I�f��³���O�8¹e(ØÓ�f�³���·¶ØU��,ÄK¬

CX�k©�),��Eæ^ cat·-?1Ü¿,·-�: cat POTCAR-Bi POTCAR-Se > POTCAR.

2.3 ÑÑ©�

2.3.1 OUTCAR©�

OUTCAR©�´ VASP�Ì�ÑÑ©�§�(�¿vk�Ñ�õ�[äN�`²,¤±'uT OUTCAR©�

�0�,�ë�: http://blog.sina.com.cn/s/blog_180f8354b0102xb3l.html.

OUTCAR©�A��¹¤k�O�&E,©�c¡Ü©´ù
Ñ\©��&E,��^S�: POTCAR, POSCAR,

KPOINTS, INCAR�©��&E,�¡´TO��z�Ú��[&E,~X�)�U�êâ,`z½ögUz�ÚS

��$1�m��.

Figure 2: OUTCARÜ©&E,�C��f±9ål.

XJ���O�L§¥ INCAR©��¤këê,�±@ý��T©�� INCARÜ©.
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~X,3 OUTCAR©�¥,�±é�TNXz��f±�C���fa.±9ål. ·��Ué�TNX��

�NÈ±9��f¥þéA���f¥þ.

e��w OUTCAR©�¥�oU,·-�: grep ”TOTEN” OUTCAR | tail -1.

,	,XJ·���OO��$1�m,�±3OUTCAR©�¥é�LOOPù�'�c�wz�Ú�$1�m,

½ö��¦^grep LOOP OUTCAR·-ÑÑeã/ª�&E,z��LOOPÒ´�ggUS�, LOOP+´�glf

S�.

Figure 3: OUTCARÜ©&E

2.3.2 EIGENVAL©�

EIGENVAL(eigenvalues)©��&EÙ¢Ò´Uþ���,©�ÞÜo1�±�Ñ,l1Ê1êm©�NX�¶

¡(éAINCAR©�¥�SYSTEMëê),e�11��êâ�NX�od>fê,1��êâ´o�k:ê,1n�ê

â�O��U�.�X´�¬�êâ,z�k:P��¬,z¬p¡qkz^U��Uþ���.

Figure 4: EIGENVALÜ©&E
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2.3.3 OSZICAR©�

OSZICAR©�Ò´zgS�½lf£Ä�¹�{ü�®o,�m OSZICAR©��w¶þÚê±9´ÄÂñ.

éu>fgU,�k�¬êâ,éulfS�,z�ÚlfS�¥¹k��¬�>fS�. DAV´S�^���

{.

'u OSZICAR©�,��±ë�: http://blog.sina.com.cn/s/blog_180f8354b0102xb3h.html.

Figure 5: OSZICARÜ©&E

2.3.4 PROCAR©�

PROCAR©��¹©ÅÝK�&E,3INCARp��LORBIT=10,11,12�ÒUÑÑT©�.

éuLORBIT = 11:

1�1©O� k:ê8,U�ê8,lfê8. �¡´z� k:z^U�éA�ÝK&E.z���|〈Yα
lm|φnk〉|

2. Ù

¥αL«lf�I, l,m©O��Äþ±9^þfê, φnk �Å¼ê.

éug^4zO�,kü¬ÝK&E,©O�g^þÚg^e.

éu��5O�,¬ko¬ÝK&E,1�¬´o�ÝK&E,�¡´n����,Ù��:

p =
1
2

2∑
µ,ν=1

σ
j
µν〈χ

µ
nk |Y

α
lm〉〈Y

α
lm|χ

ν
nk〉. |Ψnk〉 = (χ↑nk, χ

↓

nk)T (2)

2.4 J�?Ö

8+¦^��NÝXÚ+n¤kO���,·�I�ÏL��NÝXÚJ�O���,�±æ^·-1½ö��

�ªJ�?Ö.äN�8+Ãþ: https://hpc.nju.edu.cn/zh/manual/34-submit.

1. ·-1
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bsub -q e52680v3ib! -n 24 -J jobs -o out -e err "module load ips/2017u2;module load

vasp/5.4.4;mpiexec.hydra vasp ncl"

2. ���ª(e��¶�file,3O�8¹eÑ\·-: bsub <file=�J�?Ö):

#BSUB -q e52680v3ib!

#BSUB -n 24

#BSUB -J jobs

#BSUB -oo out

#BSUB -e err

module load ips/2017u2

module load vasp/5.4.4

mpiexec.hydra vasp ncl

ù�,·�B�EÐ
 VASPÑ\©�,ÏLJ�?Ö=�O�.3�¡·�ò± Bi2Se3�~,O�kg^ÍÜ

�(SOC)�U�9��Ý.

2.5 O�Ú½

���©�±en�Ú½:

1,(�`z,´�
���­½�(�(Uþ�$),�� CONTCAR.

2,·�gU,òþã�`z(� CONTCARU¤ POSCAR©�,Ù¦ëêØC,��
 CHGCAR(���U��

DOS�O�).

3, DOSÚU�O�,Ñ\©�Ø
 INCAR!POSCAR!POTCAR!KPOINTS	��k·�gU� CHGCAR,

,	U�O��, KPOINTS��¤pé¡:�/ª.

5¿,z��O��Ð3��#�©�Y¥?1,ùn�O�¥� INCAR�,
ëê��ØÓ,äN��Ãþ.

XJ�m©¦^� POSCAR©�´®²`z
�(�,ÒØI�2?11�Ú�(�`z.

äNùnÚ�n),�±ë���:

http://muchong.com/html/200910/1614952.html.

https://blog.csdn.net/kyang_823/article/details/59110848.

2.6 O�¢~

2.6.1 (�`z

1�Ú`z�f(�§ÙSi>f(�§�Ó�`zlf¢Ú>f�(�. Ù8��
¦�¬�Uþ�­½(�

$)§��S�ê§¦��ª�oU�����Cz3�½��#N��§=�ÑÑ�­½�¬�(�!>Ö�Ý

�5?1����gUO�.

INCAR©�:

SYSTEM=Bi2Se3 !5º1, {á£ãNX

ISTART =0 !m©#�O�

ICHARG =2 !l�f�>Ö�Ý­U�EÐ©>Ö�Ý

PREC =Accurate !O�°Ý

ENCUT =450 !²¡Å�äU

EDIFF =0.1E-07 !>fÂñIO
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NSW =100 !¶þ��Úê

IBRION =2 !lfXÛ£Ä

POTIM = 0.1

ISIF =3 !(�`zëê

ISMEAR =-5 !æ^Blochl?��o¡N�{

LWAVE=.FALSE.

NPAR = 2

MAGMOM =0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

lMaterial Project�Õþe1 POSCAR©�:

Bi2Se3 !5º1, £ã Bi2Se3 NX.

1.0 !Ä¥� �Xê.

10.2655248642 0.0000000000 0.0000000000 !ùn1´Ä¥

9.4098673101 4.1030961412 0.0000000000

9.4098673101 1.9623288780 3.6034238328

Bi Se !�fa., �Ø�.

2 3 !�f�ê.

Direct !L«�f��I´�éuÄ¥�Ñ�.

0.398434981 0.398434959 0.398435012 !�f� �.

0.601564944 0.601565016 0.601564988

0.215714983 0.215714994 0.215715001

0.784284953 0.784285003 0.784285016

0.000000000 0.000000000 0.000000000

KPOINTS©�:
Automatic generation

0

Gamma

8 8 8

0 0 0

POTCAR©�æ^ PAW LDA.�³(��¬ù��o¦^ LDA.�³),l8+¥���O�8¹.

��J���?Ö: bsub < jobs. (b���©�¶� jobs), O��¤�, VASP ÑÑNõ©�: DOSCAR!

EIGENVAL!CONTCAR!OSZICAR!CHGCAR!OUTCAR!WAVECAR!IBZKPT��.

2.6.2 ·�gU

r(�`z�Ñ\©� INCAR!KPOINTS!POTCAR!POSCARE��·�gUO�8¹. ¿�ò¤�)�

CONTCARE�� POSCAR.

POSCAR©�(þ�Ú� CONTCAR©�):
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Bi2Se3

1.00000000000000

9.5969283073465217 -0.0973464676471235 -0.0578328114596895

8.7580909140311700 3.9250927139069343 -0.0578328114601191

8.7580909140307348 1.8264077643587071 3.4747564123831474

Bi Se

2 3

Direct

0.4012483452648447 0.4012483232648424 0.4012483762648427

0.5987515797351598 0.5987516517351590 0.5987516237351572

0.2091980495048141 0.2091980605048191 0.2091980675048168

0.7908018864951806 0.7908019364951842 0.7908019494951810

0.0000000000000000 0.0000000000000000 0.0000000000000000

?UINCAR©�p�ëê:

SYSTEM=Bi2Se3 !5º1, {á£ãNX

ISTART =0 !m©#�O�

ICHARG =2 !l�f�>Ö�Ý­U�EÐ©>Ö�Ý

PREC =Accurate !O�°Ý

ENCUT =450 !²¡Å�äU

EDIFF =0.1E-07 !>fÂñIO

#NSW =100 !¶þ��Úê

#IBRION =2 !lfXÛ£Ä

#ISIF =3 !(�`zëê

ISMEAR =-5 !æ^Blochl?��o¡N�{

LWAVE=.FALSE.

MAGMOM =0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ù¦©�Ø^?U,J�?Ö.

2.6.3 �·�gU·��Ý

ò·�gU�INCAR!POSCAR!POTCAR!KPOINTS!CHGCAR©�E���O���Ý�8¹. I�?

UINCAR©�p�ëê,Ù¦©�ØC.

INCAR©�:
SYSTEM=Bi2Se3

ISTART =1

ICHARG =11

PREC =Accurate
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ENCUT =450

EDIFF =0.1E-07

#NSW =100

#IBRION =2

#ISIF =3

ISMEAR =-5

LSORBIT=.TRUE.

MAGMOM =0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

LORBIT = 11

ù�, $1 VASP, �� vasprun.xml ©�(��ÏL·- sze1��/), ^ p4vasp �w��Ý (p4vasp 38+

/fs00/software p¡k, 38+ã/.¡�±�m, ½öò§����/>M). ,	��ÏL?���©�©Û

DOSCAR©�5±�Ñ��Ý.

Figure 6: Bi2Se3��Ýã. ã¥k�ãé���Y.

2.6.4 �·�gU·U�O�

�e5?1 Bi2Se3U��O�,ò·�gU� INCAR!POSCAR!POTCAR!KPOINTS!CHGCAR©�E�
�#�O�U��8¹. ?U INCAR©�:

SYSTEM=Bi2Se3

ISTART =1

ICHARG =11

PREC =Accurate

ENCUT =450

EDIFF =0.1E-07

ISMEAR =0

LSORBIT=.TRUE.

MAGMOM =0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

LORBIT = 11
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?UKPOINTS©�,���pé¡:�/ª.

k-points along high symmetry lines !5º1

50 !zépé¡:�m�)50�k:

Line-mode !±i1’L’,’l’mÞL«Uline�ª�)k:

Reciproc !±i1’R’mÞL«k:U��m, ±i1’c’,’k’mÞL«(k��I.

0.0 0.0 0.0 !G !�pé¡:� �

0.5 0.5 0.5 !Z

0.5 0.5 0.5 !Z

0.5 0.5 0.0 !F

0.5 0.5 0.0 !F

0.0 0.0 0.0 !G

0.0 0.0 0.0 !G

0.5 0.0 0.0 !L

Ù¦©�ØC,J���?Ö, VASPÑÑvasprun.xml,^ p4vasp�mT©�,=��w Bi2Se3�U�.

Figure 7: Bi2Se3U�ã. 3G:ÑyU��=

ÏL p4vaspéU�?1 fatband©Û,��U�3¤�¡NCd=
;�¤©|¤. äNö��:3 p4vasp.¡

þ,ÀJ Electronic→ Local dos+ bands control,,�ÀJ¤�©Û��f±9 s,p,d;�,leã¥,·�uy Bi2Se3

¤�¡NC�;�´ Bi�fÚ Se�f� px, py, pz;�. ��5¿�´,�m SOC�,U�êâÑ3 p4vasp� spin

upÀ�.

2.7 (�`z©Û

2.7.1 ENCUT

²¡Å��äÄU,%@�� POTCAR©�¥���� ENMAX.XJv�ÿÁ, ENCUT���ENMAX�1.3

�. æ^%@��´ÃÄ�Ñ\,í���{´ÃÄÑ\,3?Û5��O��c,?1 ENCUTÂñ�¹�O�,d
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Figure 8: Bi2Se3U�ã. ¤�¡NC´ px,py,pz;�|¤.

d5(½��Ü·��äÄU�,,�ÃÄ��.�e5,·���{üÿÁ: POTCAR©�æ^ GGA., POSCAR,

KPOINTS©�Óc¡(�`zÜ©,^5?1O����©��:
#!/bin/sh

for i in 200 250 300 350 400 450 500 550 600

do

mkdir ENCUT$i

cp POSCAR POTCAR jobs KPOINTS ENCUT$i/

cd ENCUT$i

cat > INCAR <<!

SYSTEM=Bi2Se3

ISTART =0

ICHARG =2

PREC =Accurate

ENCUT =$i

EDIFF =0.1E-07

ISMEAR =-5

!

echo "ENCUT = $i eV";

bsub < jobs

cd ..

done

$1T��©� (��¶�script),·-: sh script�1T��©�,eT��©�k��1��,·-: ./script��

�1T��©�.���?Ö�¤�,$^,����©� (script1)�w OUTCARp¡�oU,òÙ�±3 comment

©�¥, script1��©��:
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#!/bin/sh

for i in 200 250 300 350 400 450 500 550 600

do

cd ENCUT$i

E=‘grep "TOTEN" OUTCAR | tail -1 | awk ’printf "%12.6f ", $5’‘

echo $i $E >> ../comment

cd ..

done

5¿, script1��¥� E=‘grep ...‘¥�ÎÒØ´ÚÒ,´��þ Tab�þ��ÎÒ,
� E=... �Ò�¡ØU3�

�.

�)� comment©��:

200 -19.242745 250 -19.260254 300 -19.262753 350 -19.262983

400 -19.263110 450 -19.263244 500 -19.263399 550 -19.263495 600 -19.263554

oUCz30.001eV�mÒ�±,��±� ENCUT=400eV.éu��Ü·�¬�~ê,��æ^þã���ÿÁ

�ª,±¢���éì,��¬�~êT�NC�ê,5�ÑØÓ(��oU,oU��,Ù(J�­½.

(a) æ^GGA,Ù¥ISIF=2. (b) æ^LDA,Ù¥ISIF=2.

(c) æ^GGA,Ù¥ISIF=3. (d) æ^LDA,Ù¥ISIF=3.

Figure 9: æ^ØÓ��³ÚISIF�?1(�`z�¤��Bi2Se3U�ÿÁã. �3ã(d)¥ÑyU��=.
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2.7.2 (�¶þ©Û(J

ENCUTëêÀ��,·�©Oæ^ LDAÚ GGA�³©�?1(�¶þ,¿���ØÓ� ISIF�(ISIF = 2ØU

C���/GÚNÈ, ISIF = 3´UC���/GÚNÈ).©O3 INCAR¥���A�ëê,,�À�Ü·��³©

�5?1(�`z,�g?1·�gUÚU�O�,�ªU�(JXã9:

©ÛU�ãuy,�3ã(d)¥Ñy
U��=,`²3ã(a)/(b)/(c)¤�E�(�Øn�,ù´�Udu1�Ú�

(�`z���,�±wÑ,æ^ØÓ��³éÙ(JK��´é��,

Ïd�e5, ·�5©Û(�`zÜ©, k�w(�`z�)�CONTCAR ©�, æ^ GGA(ISIF=2), G-

GA(ISIF=3), LDA(ISIF=2) ùn«(�`z�¤�� CONTCAR ����, 
æ^ LDA(ISIF=3) (�`z�)�

CONTCAR©�k��Cz. (´Ø´ LDA.�³�U¬r¬�~êC�, GGA.�³¬r¬�~êC�???).

(a) æ^GGA(ISIF=2)(�`z��CONTCAR (b) æ^LDA(ISIF=3)(�`z��CONTCAR

Figure 10: ü«(�`z�Ñ�CONTCAR.

·��w OUTCAR©�¥�oU,·-�: grep ”TOTEN” OUTCAR | tail -1. �[&E�eL,lL¥wÑ,1o

«�¹�oU�$,d��(��éþ¡n«�­½.

¶þÚê oU dE E-fermi

GGA(ISIF2) 7 -21.10889049eV -.430843E-03 3.3370eV

GGA(ISIF3) 7 -21.10951893eV -.777915E-06 3.2398eV

LDA(ISIF2) 12 -24.19229146eV -.141887E-05 3.1353eV

LDA(ISIF3) 24 -24.38485441eV -.248665E-07 4.6458eV

2.8 Ù¦¯K

2.8.1 �¡©Û

�¡ÏLÅ¼ê�Xê5©Û,3 VASP�)�WAVECAR©�(�?�©�,���m�Ïè)k�þ�Å¼

êXê. I�/Ï��©�©ÛT©�, ~X·�|^T��: https://github.com/yangzhl/Transwave?from=

singlemessage ,p¡k�� Fortran©� Transwave.f90Ú�� python©� parity.py,òÙþD��©Û�8¹þ.

\1 Fortran?Èì: module load ips/2017u6. kü«?È�ª:

-gfotran

gfortran Transwave.f90 -o Transwave

-ifort

ifort Transwave.f90 -assume byterecl -o Transwave
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,�$1 Transwave©�: ./Transwave -k kpoint -b band,Ù¥, kpoint´=�� k:, band´�A^U�.

��±/Ï parity.py©�,�IÑ\©Û� k:±9U�ê,§S¬gÄÑÑpé¡:��¡.

�'ë�: https://www.researchgate.net/post/How_can_one_calculate_parity_of_electronic_bands_

from_first_principles_method_VASP_wien2k#opennewwindow.

�C, ¥��Ôn¤��dïÄ
uÙ�vasp2trace �§SU
��B/5©Û�¡. äN���: https:

//www.cryst.ehu.es/cgi-bin/cryst/programs/topological.pl. T§S�)� trace.txtkXz�é¡ö���

��,�)�¡ö�(1��é¡ö�),2�â Fu-KanenØ©ÛÑTNX�ÿÀ5�.

2.8.2 L¡O�

3�!¥·�ò±MnBi2Te4NX(111¡)�~,3R�uT¡���þ\�ý�þÝ,�V15 Å�m,�E 6«

ØÓa.�slab�.5O�NX�L¡�. (\ý�8�´B�NX�	.�Hopping5�[L¡.)

Figure 11: MnBi2Te4��(�

1,�Ä¥,.Ük�Ü©ý�,ý�Ì�3�à.

2,�Ä¥,.Ü��fÓâ,ý�3�à.

3,�Ä¥,üà�þ!�ý�.

4§��Ä¥,.Ük�Ü©ý�,ý�Ì�3�à.
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5,��Ä¥,.Ü��fÓâ,ý�3�à.

6,��Ä¥,üà�þ!�ý�.

O��U�Xeã¤«,�±`Ä�v?Û«O.�´3 Γ:NC��,Ò¬uy§��m�´k����O,'

X1 3,6«slab�.O��U�'�n�,U�{¿'�¬Ü,�±wÑ,O�,L¡���Ð3(�üà���Ó�

ý��'�n�.

(a) 11«(��L¡� (b) 12«(��L¡� (c) 13«(��L¡�

(d) 14«(��L¡� (e) 15«(��L¡� (f) 16«(��L¡�

Figure 12: MnBi2Te4�L¡�.
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(a) 11«(��L¡� (b) 12«(��L¡� (c) 13«(��L¡�

(d) 14«(��L¡� (e) 15«(��L¡� (f) 16«(��L¡�

Figure 13: Γ:NC�U�.

2.8.3 gU´Ä\SOCÿÁ

3�!¥,·�± Bi2Se3�~O�gU´Ä\g^;�ÍÜ(SOC)�K�,±e´ü|é'|. O�(JL²·

�gU´Ä\SOCéU�K�Ø�.

(a) ·�gUØ\SOCU�O�Ø\SOC (b) ·�gU\SOCU�O�\SOC

(c) ·�gUØ\SOCU�O�Ø\SOC (d) ·�gUØ\SOCU�O�\SOC
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3 WANNIER90

3.1 ?È

WANNIER90 e1/�: http://www.wannier.org/download, ïÆe1 wannier90-1.2 ��, �þkNõù

���0�, XJÑy¯K�ë�c<�²�. ò©����gC�8¹þ, ?\ wannier90-1.2 8¹, �Ö

README.install©�,Ñ\·-µ

>> cp config/make.sys.ifort make.sys

?U make.sys©�:�K-Vaxlib.(T·-ifortØ|±)

LIBDIR = /fs00/software/intel/ps2015u3/composer xe 2015.3.187/mkl/lib/intel64

LIBS = -L$(LIBDIR) -lmkl intel lp64 -lmkl sequential -lmkl core -lpthread

\1 Fortran�¬ (module load ips/2017u6),�ªÑ\·-: make all, wannier90-1.2Ò?È¤õ
.

Ï�I� VASP�) wannier¼ê,¤±�3 VASP§Sp¡�\ wannier90. l8+¥ò VASP���gC�8

¹,�Ö README©�,U©��«­#?È VASP,Ù¥I�?U makefile.include©�:
CPP OPTIONS= -DHOST= "LinuxIFC "

...

-Duse shmem

-DVASP2WANNIER90

--------------------------------------------snip--------------------------------------

LLIBS = /fs12/home/zhj zhangh/software/wannier90-1.2/libwannier.a $(SCALAPACK)

$(LAPACK) $(BLAS)

Ù¥/fs12/home/zhj zhangh/software/wannier90-1.2/libwannier.a´·gC� WANNIER90�´». ,�Ñ\ make

all , VASPÒ?È¤õ
. ,	,XJ^��J�?Ö,��©���1§S�U¤:

mpiexec.hydra /fs12/home/zhj zhangh/software/vasp.5.4.4/bin/vasp std

Ù¥/fs12/home/zhj zhangh/software/vasp.5.4.4/bin/vasp std´·�VASPýé´».

3.2 �EWannier¼ê

�
�� Wannier,3�¤ VASP·�gU�,·��3 INCAR©�¥\\ LWANNIER90=TRUE, LCHARG =

11,2?1gUO�,¿�g1V\��©� wannier90.win.
num wann = 30

begin projections

Bi: px;py;pz

Se: px;py;pz

end projections

�ggU$�¬)¤�	� wannier90.eig, wannier90.mmn, wannier90.amn, wannier90.wout o�©�, rù

wannier90.eig, wannier90.mmn, wannier90.amn©�Ú wannier90.win©����#�8¹e,$1 wannier90. 5¿ù

g$1I�3 wannier90.win©�\\:
dis num iter=1000

num iter=400

iprint=2
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!min of outer window

dis win min = -2.0

dis win max = 18.0

!inner -

dis froz min = -2.0000

dis froz max = 5.5000

hr plot = .true.

write xyz = .true.

bands plot = .true.

�EÐWannier¼ê±�§c[u��e wannier90.wout,|¢0Final State0,3ùp�±w�z^Wannier;

��Ð°,dd�±u�\�E�Wannier¼ê´Äv
Û�.XJk,�Wannier¼ê�Ð°'¬�~ê�Nõ,

ÒL²\� Wannier¼ê�EØ´én�,I�ØäN!ÝK;�,)Å�I�±9 FrozenI��. lù
;��

¥%ÚÐ°�UwÑ;��m�{¿5XÛ,dd��±�ä¤�E�Wannier¼êé¡5XÛ.�
�²w/wÑ

Wannier¼ê´ÄÛ�,���1�5O��U�?1é'.

äN�ë�T��: http://blog.sciencenet.cn/blog-567091-802483.html. T�¡k WANNIER90 ±9

VASPSC?È��@6§,
��0�
XÛ(Ü¦^ VASPÚWANNIER90.

�þ�Ø^WANNIER90����±¤�¡� VASP�?n��§S:

http://blog.sciencenet.cn/home.php?mod=space&uid=1502061&do=blog&id=1093325.

¦^MATLABò BXSF©�=���±^VESTA�m� XSF©�:

http://blog.sciencenet.cn/blog-1502061-1026133.html.

4 WannierTools

4.1 ?È

WannierToolsÌ�^uO�ÿÀØCþl
�ä��á�´Ä�#�ÿÀá�§Ó��U
�ÑÿÀá���


A�5�§XL¡��,��: http://blog.sciencenet.cn/blog-2626210-1011066.html.

e1/�: https://github.com/quanshengwu/wannier_tools. c[�ÖÙ¥�install©�SC?ÈT§S.

,	,�Ödoc©�Ye�User Guide,p¡k�[�`²©�.

5¿,T§S¥©��5º1,�U±!mÞ, #Ø1,Ï�§^�´Fortran�ó.

4.2 O�L¡��

T§Skü�Ñ\©�: wt.in, wannier90 hr.dat. 3 wt.in©�¥���A�ëê,=���·�¤I�(J. wt.in

©�éõSNÑ�±��lwannier90.winÚwannier90.wout¥��, wannier90 hr.datÏL�EWannier¤�.

FORTRAN namelistzaëêÑ±&mÞ,± /(�.éu,
A½�ëê�ªI�î��Å,~XATOM POSITIONS,

�fê8û½ÙÖ��1A1. ØØ?1Û«O�,'u wanniertools�Ñ\©�, &SYSTEMù
ëêI�Äk�

�Ð.

~XO�NU�,±WannierTools§S¥ examples� Bi2Se3�~. wt.inÑ\©��:
&TB FILE

Hrfile = ’wannier90 hr.dat’

Particle= ’electron’
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/

LATTICE

Angstrom

-2.069 -3.583614 0.000000 ! crystal lattice information

2.069 -3.583614 0.000000

0.000 2.389075 9.546667

ATOM POSITIONS

5 ! number of atoms for projectors

Direct ! Direct or Cartisen coordinate

Bi 0.3990 0.3990 0.6970

Bi 0.6010 0.6010 0.3030

Se 0 0 0.5

Se 0.2060 0.2060 0.1180

Se 0.7940 0.7940 0.8820

PROJECTORS

3 3 3 3 3 ! number of projectors

Bi px py pz ! projectors

Bi px py pz

Se px py pz

Se px py pz

Se px py pz

&CONTROL

BulkBand calc = T

/

&SYSTEM

SOC = 1 ! soc

E FERMI = 4.4195 ! e-fermi

/

&PARAMETERS

Nk1 = 41 ! number k points odd number would be better

/

KPATH BULK ! k point path

4 ! number of k line only for bulk band

G 0.00000 0.00000 0.0000 Z 0.00000 0.00000 0.5000

Z 0.00000 0.00000 0.5000 F 0.50000 0.50000 0.0000

F 0.50000 0.50000 0.0000 G 0.00000 0.00000 0.0000

G 0.00000 0.00000 0.0000 L 0.50000 0.00000 0.000024



$1�¤�, �±3�c©�Yew� bulkek.gnu, bulkek.dat. ¦^ gnuplot5.0 ±þ���^�§Ò�±��

bulkek.eps.

(e) wannier tools)¤�U� (f) wannier tools)¤�L¡�

�Y�¦)L§�±ë���: http://blog.sciencenet.cn/blog-2626210-1035936.html.

http://zhuanlan.zhihu.com/p/25432728,ùü���þÑk�[�`².
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