
�Z³�Z�{Ây�¶u�Ä¸u�»�ÉZÅ�Ä»Z¿�] 
LAPW0���

� Ä»Z¿�]LAPW0��Ê^¼¸¯� ¶Ì�¿ZfaeeNecoul VVV � �Ê´f�^¼Å� Ê·{Z^e� ¶Ì�¿Zfa� ,XCV�¶¯� ¶Ì�¿Zfa� Á�
XCcoultot VVV � ���{�Äf§���Z°]�Ä·{Z »¾ÅÂ¯�º�� � )()( rrVVV ikikikXCeeNe

���
FHF  ����� 2�Ä^�Zv»�Y�

|À¯�Ê»����
�Ä»Z¿�]�¾ËY�É{Á�Ácase.struct� � ,case.in0�Á�case.clmsum�½M�ÉZÆÌmÁ�y�Á�case.output0� ,case.scf0�,

case.vsp� Á�case.vns�Y|¿��ÉZÆÌmÁ�y�case.vsp� Á�case.vns�É{Á�Á� �Y� Ã{Z¨f�Y� Z]� Ä¯�case.clmsum�Ä]�
�¶Ì�¿Zfa�ÉÁ�¯��z]�\Ìe�e�Ä]�ÉÁZu�|ÀËM�Ê»�d�{�Ä]�Ê¿Á�f°·Y�Ê·Z´q�½YÂÀ�)(, rV ML 00 ����Ì£�ÉZÆ�z]�Á�

�¶Ì�¿Zfa�ÉÁ�¯)(, rV ML 0�|À�Z]�Ê»�Ä°^��ÉZÆ´ÀÅZ¼Å��Ë~aZ¿��ÅZ¯��ËZ¼¿��{��°]�\Ë�¬e��Â¿��ÉY�]�Äf§���Z
� Ê´f�^¼Å� Ê·{Z^e� ¶Ì�¿Zfa� Ä»Z¿�]� ��Âeinit_lapw� {|��®Ë� c�Â�� Ä]� ½M� x�Za� Á� {Â�� Ê»� µYÂ����{

case.in0��Ä»Z¿�]�É{Á�Á�½YÂÀ��Ä]LAPW0{Â��Ê»�Äf�Â¿�����{|��¾ËY�¶ËZ§��{�Ä¯case.in0��Ë�����[Zzf¿Y�
d�Y�Ã|����

��
TOT   13              MULT/COUL/EXCH/POT /TOT ;  VXC-SWITCH 
NR2V    (R2V / NR2V)   (#Exchange-correlation (case.r2v), Coulomb and total 

                        potentials (case.vcoul) are written as (Vr 2
) to a  
                        file for plotting with lapw5) 
0 0.0     (#of FK in E-field expansion, EFELD (Ry) 
0         (list of K-vectors) ��

�{Y|�Y��Y�®Ë��Å�|¿YÂe�Ê»»�f§�Z f�Ë�����
�
1 Moruzzi, Janak, Williams(78)�
5 Perdew and Wang 92, reparameterization of Ceperly-Alder data, the recommended LDA 
option�
13 Generalized Gradient approximation (Perdew-Bourke-Ernzerhof 96)�
14 Generalized Gradient approximation (Perdew-Wang 91)�
12 Meta GGA (Perdew et al. 2000).� ��

� {Y|�Y� ZË� Á� �´Ë{YÄËY�Ã|��� µÁ|m� �{�»�ÉZÆ¸Ì�¿Zfa� �YÂ¿Y� |¯� �{� {ÂmÂWIEN2k��� Ä]��z]É�Z�� Ã{Z»M�
|ÌËZ»�§� Ä mY�»�|�Z]���d�Y� Ã|�� Ã|¿ZnÀ³�É{Á�Á� �{� ¹Á{��y�¦Ì�Âe� ��Á� �yM��y�Á{�É{Ácase.in0�



 

{Â��¥~u�|¿YÂe�Ê»�Á�Ã{Â]�É�ZÌfyY� �¾ËY�¶Ì�¿Zfa�®Ë�ªË����Y�Ê°Ë�f°·Y�½Y|Ì»�Ê§� »�ÉY�]��yM��y�Á{
�Ã{�]��Z°]�Ê¯Y��®Ë�|¿Â��Ê»���\Ë�¬e�½{�]��Z¯�Ä]�ÉY�]Meta-GGA{Â��¹Zn¿Y��Ë��¶uY�»�d�Y�¹�Ó����

¦·Y���\Ë�¬e�Z]��Z³�Z�{Ây�¶u�Ä¸u�»��Y�Äy�q�®Ë�¶«Y|uGGA�Y�ÊÀ Ë��{|���Y�Ã{Z¨f����{�case.in0�
�{|���ÌÌ¤e��b��Á�,{Â��Y�mY���{|��Ä]����\Ë�¬e��Y�Ã{Z¨f�Y��Â�À»�Ä]�Meta-GGA���

[���¶ËZ§�¾fyZ�case.inm_vresp� ��¶ËZ§�Á�¶ËZ§�¾ËY��ZfyZ�case.inmd�Y�½Z�°Ë�� ��d�Y�Ê§Z¯�¾ËY�]ZÀ]
�¶ËZ§��Y�Ê§Z�Y�Äz�¿�®Ëcase.inm�¹Z¿�Ä]�case.inm_vresp�{Â��ÄÌÆe��cp case.inm case.inm_vresp� 

k��Ã�Ì·Z»�¿��Ì£��Z]�ÉZÆÌ·Z´q��Y�Ã{Z¨f�Y���½{Y{��Y�«�Z]��Z¯�¾ËYnorm=NO�¶ËZ§��{�case.inm_vresp�¹Zn¿Y�
{Â��Ê»���

{��¾Ì§Â»�cY�¯��Y�k�Zy�dze�kYÂ»Y�\�u��]�¶Ì�¿Zfa���]��{���«�É��¿Y��ËY�§Y��¶ËZ§��{�¾Ìecase.in2�
��Y���Ä]���.��(Gmax=24.9)��{[Â¸�»�ÊËY�´¼Å�µÂ�u�Ze��Z³�Z��{Ây�¶u�Ä¸u�»�ÉY�mY�½ZËZa�����

�\Ë�¬e� �{Meta-GGA�\Ë�¬e���Y�]� �Y�Ê·Z´q�Ê ]Ze� ÄË��¿�Ê´f�^¼Å�Ê·{Z^e�¶Ì�¿Zfa�GGA�½M� �{�Ä¯�
|ËM�Ê»�d�{�Ä]{�Ì³�Ê»�c�Â��Ê»Y�M�Ä]�Ê´f�^¼Å�Ê·{Z^e�¶Ì�¿Zfa�cY�ÌÌ¤e����Äf§ZË�ºÌ¼ e�\Ì��ÉZÆ^Ë�¬e��{

(GGA)�Ê·Z´q��¬§��Y�ÁZ»�\Ë�¬e��{�Ä¯�Ê·Zu��{�,d�Y��ZÌ¿�{�Â»�É{Á�Á�½YÂÀ��Ä]�½M�µÁY�ªf�»�Á�Ê �Â»
GGA�½Z¼Å�ZË�(Meta GGA)��Y�|ËZ]�¶Ì·{�¾Ì¼Å�Ä]�Ä¯� ,d�Y��ZÌ¿�{�Â»��Ì¿�Ê·ZfÌ]�Y�Ê�^Àm�É��¿Y�Ê·Z´q�

�ÉÓZ]�|uGmax{Â��Ã{Z¨f�Y����Y�ÁZ»�\Ë�¬e�Ê·{Z^e�É��¿Y�Ä¨·Â»GGAZÆq�Ä^e�»��Y�É{ZË��d«{�Z]��¾Ì¼ze��
{Ây��Y�Ê�Z¿�ÉZ�y��ÂÀÅ�Ä¯�Ê·Zu��{�,{Â��Ê»�Ã{���\Ë�¬e�Ê´f�^¼Å�É��¿Y�Ä¨·Â»���{�ZÆ¿Á�f°·Y��À°¼Å�]

�Y�ÁZ»GGA{�Y{�{ÂmÁ����Y�|Àe�Z^��\Ë�¬e�¾ËY�ÉZÅ|»ZÌa���
¦·Y��cY�¸§�Êv���ÉZÆË��¿Y�Á�Ê·Â°·Â»�É�Z��Ê¼eY�ÉZÆË��¿Y��Ì³�º�q�{Â^Æ]���
[��Ä°^��ÉZÆf]Zi��{�­|¿Y��ÌÌ¤e���
Zfa�¶Ì�¿coulV��¾Ë�³��Á��Ä]�Z¼Ì¬f�»�cY�¯�½Á�{��Â��Ä]�Ê°Ì�Ô¯{Â��Ê»�Ä^�Zv»�É��»��ËY���µZ¼�Y�Z]��

�¶Ì�¿ZfacoulV��cY�¯��Y�k�Zy�ÄÌuZ¿��{�Ê^�«�|Àq�ÄË�Â§���]�ªË����Y{Â��Ê»�Ä^�Zv»�Ê·Z´q����{�Ê·Z´q
�c�Â��Ä]�ÊfuY��Ä]�cY�¯��Y�k�Zy�ÄÌuZ¿�\�u�]�Ê·Z´q�ÄÌuZ¿�¾ËY��{�Y�Ë��{Â��Ê»�Ã{Y{���]�ÄË�Â§�É��

d�Y�Ã|��Ã{Y{���]�dze�kYÂ»Y�¬»��Y|�Ê·Z´q�ÄË�Â§�É���¾ËY��µÂ^«�¶]Z«�cY�¯��Y�k�Zy�ÄÌuZ¿��{��¬§
�½M��Ë{Z¬»�ÊÀ Ë�d�Y|À�Z]�Ê»��¸£�cY�¯�½Á�{��{� ��{ÂmÁ�Ê^�«�|Àq�½Z¼»��Â¿�Á{�cY�¯�½Á�{��{��a

{�Y{��^�«�|Àq�½Z¼»�Ê°Ë�cY�¯�½Á�{�tÌv��ÊQSP��tÌv�Z¿�Ê^�«�|Àq�½Z¼»�É�´Ë{�ÁQPW��cY�¯��Y�k�Zy
�cY�¯�½Á�{�Ä]�Äf§ZË�{Y|f»Y���Ä¯�ÊWZm�ÊÀ Ë{Â��Ê»�Ã{Y{���]�dze�kYÂ»Y�\�u��]�Ê·Z´q���¾ËY��§��ÉY�]

�d�Y�Ê§Z¯�Ä�Ì¬¿�Y|f]Y�Ä¯�Ê¸�Z¨e�½Z¼»�½Z¼»�Ä^��ZË�¦Ë� e�Y���Ë�ºÌÀ¯���



 

��
Qdiff=QSP-QPW�� ��

Ê·Z´q�®Ë��b�kYÂ»Y�\�u��]���,|À¯�|Ì·Âe� Y��©Â§�Ê¸�Z¨e�½Z¼»�Ä¯�{Â��Ã{Y{���]�ÉY�Ä¿Â³�Ä]�dze
|�Z]��¨��cY�¯��Y�k�Zy�ÄÌuZ¿��{�½M��Y|¬»�Ä¯�½M��]��Á��»��������Á{�Z]�Ê·Z´q��Y�|Ë|m�É���¾ËY��³Y

ÃZ´¿M� ,{Â��Ä§Z�Y�cY�¯��Y�k�Zy�ÄÌuZ¿��{�d�z¿�É���Ä]�©Â§� �¦·Y� ���Y�k�Zy��Z]� �Y�tÌv����]�®Ë
[�,d�Y{�ºÌÅYÂy�cY�¯��|¿Â��Ê»�|Ì·Âe�cY�¯�¹Z¼¿�½Á�{�Ê^�«�|Àq��Z]�ÉZÆ¿Z¼»���Ê^¼¸¯�¶Ì�¿Zfa�¾ËY�]ZÀ]

|¿Â��Ê»�Ä^�Zv»�¶]Z«�cY�¯�½Á�{�Á�k�Zy�ÉZÅ�ÄÌuZ¿� ��Ê°Ë�f°·Y�½Y|Ì»�½ZË{Y�³(EFG)�Ê°Ë{�¿� �{��Ì¿�
�ZÅ�Äf�Å��Y�ÊËZÆ¿Z°»)A.(

�

20�Z¿�]��{�Ê^ °»��Ì£�½�Z¬e�Z]��Ä»LAPW0d�Y�Ä^�Zv»�¶]Z«����
��

ORB���
� Ä»Z¿�]ORB�� µZfÌ]�Y� Ä]� Äf�]YÁ� ÉZÆ¸Ì�¿Zfa�Ê·ZfÌ]�Y� ÉZÆ¸Ì�¿Zfa� �|À¯� Ê»� Ä^�Zv»� Y�� ��Ê·ZfÌ]�Y� ÉZÆ¸Ì�¿Zfa

¾Ì§Â»�cY�¯��{��¬§�Ä¯�|¿Y�ÊËZÆ¸Ì�¿Zfa��Ê¼f¿YÂ¯�{Y|�Y�Ä]�Á�|À�Z]�Ê»��¨���Ì£�¾Ìel,m|¿Y�Äf�]YÁ����µZu��{
Y�ÉY�mY�ÉY�]���ZuË¾��Ä»Z¿�](x orb –up/dn)d�Y��ZÌ¿�{�Â»�Ê·Z´q��Ë�eZ»����Ê·Z´q��Ë�eZ»�|Ì·Âe�ÉY�]

|¿Â��Y�mY�®Ì°¨e�Ä]��Ë���Âf�{�Á{�d�Y�Ê§Z¯���
��

x lpwdm –up 
x lapwdm -dn ��

�Ä»Z¿�]�{�Â»��{lapwdm| ]�Y|��|ÅYÂy�hv]���{Á�ÁÉZÆË��¾ËYÄ»Z¿�]�(ORB)��case.struct��,case.inorb,�
case.dmat� Á�case.vsp� ½M� ÉZÆÌmÁ�y� Á�case.outputorb� ,case.scforbÁ��case.vorb�Y|¿��É{Á�Á�
case.inorb�µZj»�ÉY�]�NiO�½Z�°Ë��Ì£�ºeY�Á{�½M��ZfyZ���{�Ä¯�Ni|¿�Y{�{ÂmÁ���|¿YÂe�Ê»��Ë��c�Â��Ä]

|�Z]���
�
1  2  0                        nmod, natorb, ipr 
PRATT,1.0                      mixmod, amix 
1 1 2                          iatom nlorb, lorb 
2 1 2                          iatom nlorb, lorb 
1                              nsic (LDA+U(SIC) used) 
0.59 0.07                      U J 
0.59 0.07                      U J �



 

��{�Ä¯�µÁY��yZ]�[Zzf¿Y�nmod=1���Á���Y�Ã{Z¨f�Y�Ä]��¬§� Y��{ÂyLDA+UºËY�Ã�¯�{Á|v»�����{�Ä¯�½M
��Á�LDA+USIC��Ë{Z¬»�ÉY�Y�Ä]�,U=0.59 Ry, J=0.07 Ry��Y�®Ë��Å�ÉY�]�Nid�Y�Ã|��Ã{�]��Z¯�Ä]�,ZÅ����

��yZ�nsic��Y|¬»��]�ÃÁÔ��©Â§�¶ËZ§��{����´Ë{��Y|¬»�Á{�|¿YÂe�Ê»���Á����Z�fyY�{Ây�Ä]��Ì¿�Y��|Å{��
�,�¨���yZ�nsic=0��Á��Z]���ZÀf»�,LDA+UAMF�½M�Ä]�Ä¯�,d�Y�LDA+UDFT�|ÀËÂ³�Ê»��Ì¿����yZ�

�,®Ënsic=2��Á��Z]���ZÀf»�,LDA+UHMFd�Y�����
�ZÆ�Á��¾ËY�Z]�Äf�^¼Å�µZfÌ]�Y�ÉZÆ¿Á�f°·Y��À°¼Å��]�½{�¯�º¯�ÃÂv¿��{�ZÆ¿M�cÁZ¨e�Á�|Àf�Å�½Z�°Ë�Z^Ë�¬e

� ¾´¼Å� �Z³� µ|»� ª]Z�»� �´Ë|°Ë(double counting term)d�Y�� ��Ê^Ì¯�e� �f»Y�Za� Ä¯� d�Y� �¯}� Ä]� ¹�Ó
(Mixing Parameter)�Ä¯�Ã{Z¨f�Y�{�Â»��ZnÀËY��{�®Ë��]Y�]�{��Á��PRATT�Ê¸Ìy�|ËZ^¿�d�Y�Ã|���ZÌfyY�

{Â���ZÌfyY�®Ë��Y��f³��]�Ê¸Ìy�ZË��f°qÂ¯��d�Y�ÄÀÌÆ]�cZ^Ì¯�e�\¸£Y�ÉY�]�®Ë�{|�����\Ì¯�e��f»Y�Za��ÌÌ¤e
�¶ËZ§��{case.inorb�¶ËZ§��{��´Ë{�Ê^Ì¯�e��f»Y�Za�Z]�case.inm��Á�|À¯�Ê»�¶°�»�{ZnËY�Y��[Â¸�»�ÊËY�´¼Å

|Å{�Ê»��Y�«��Z �·Y�dve� ��¶ËZ§��{�Ê^Ì¯��e��f»Y�Zacase.inm��Y��f°qÂ¯�Ã�Y|¿Y��Å�|¿YÂe�Ê»���Ìa��Y|¬»
� ÊÀ Ë� ½M���§0.4� {Â�� �ZÌfyY��� Ôj»0.01Ê�Ì�ZÀ¤»� ÉZÅ� ÃZ´f�{� ÉY�]�� ��� �Â�y� �{�� Á���¶ËZ§� �Y�

case.inorb���¬§�µZfÌ]�Yd�½Z�°Ë��Ì£�ºeY�Á{�Ni�\Ë�¬e�µZ¼�Y�ÉY�]�LDA+U|¿Y�Ã|��¾ÌÌ e���ZÆÌmÁ�y�
�¶»Z��Á�Ê·Z´q��Ë�eZ»�Ê�Ë�eZ»���ZÀ��¶Ì�¿Zfa�Ê·ZfÌ]�Y|¿Y����

��
LAPW1���

�Ä»Z¿�]LAPW1�Z��É��«�Z]�Á�|Å{�Ê»�¶Ì°�e�Y��Ê³Zf§Y�ºÅ�ÉÁ���Ë�eZ»�Á�ÃZ´f�{�Ê¿Âf¸Ì»ZÅ��Ë{Z¬»�É�
|À¯�Ê»�Ä^�Zv»�Y��Ã�ËÁ�ÉZÅ�Y{�]�Á�Ã�ËÁ��ÃÁÔ����]�{�Y|¿Zf�Y��Á�LAPW��Á���Y�½YÂe�Ê»�APW+lo��Ì¿�

{�¯�Ã{Z¨f�Y��ÌyY�Äz�¿��{����Ë�eZ»���ZÀ��ZÆ¿M��{�Ä¯�,|Àf�Ì¿��Y{�Ây�]�½Á�YÁ�½�Z¬e��Y�Ä¯�ÊËZÅ�ZfyZ��ÉY�]
Äz�¿��Y�,|¿Y�Ê»ÂÅÂ»�{Y|�Y�Ê³{ZÀ§Y�ºÅ�ÉÁ��Á�Ê¿Âf¸Ì»ZÅ��Ä»Z¿�]�¾ËY�Ê»ÂÅÂ»�LAPW1C{�¯�Ã{Z¨f�Y�|ËZ]��

(x lapw1 –c –up/dn)���Ä»Z¿�]�ÉY�mY�½Z»�LAPW1�c�Â���{�Ä¯�,{�Y{�Ê´f�]�Ê¿Âf¸Ì»ZÅ��Ë�eZ»�{Z ]Y�Ä]�
�{Y| e��Y�Ã{Z¨f�Yk�d�Y��f�Ì]�\eY�»�Ä]�ZÅ�Ä»Z¿�]�ÄÌ¬]�ÉY�mY�½Z»���Y�{ZË��ÉZÅ����ÉY�]Ì¬¿�¾ËY��§��Ä�ºÌ�¬e

�{Y| ek�¯�¾Ì]�ZÅd�Y�Ã|��ÊÀÌ]��Ìa�¦¸fz»�ÉZÅ�eÂÌb»Z�Y�Ã{Z¨f�Y�¶]Z«�ÊfuY��Ä]�Ä¯�,�d (x lapw1 –p –c 

–up/dn)���{�Y|¿Zf�Y�ÉZÆÀÌeÁ��|Ë|m�Äz�¿��{�¾ËY��]�ÃÁÔ�LAPCK�ZÆÀÌeÁ��ZÆ¿M�Ä]�Ä¯�,|¿Y�Ã|��ÄÀÌÆ]��Ì¿�
{Â��Ê»�Äf¨³�¶»Z¯�É�Z��É��«��{Â��Ê¼¿�¹Zn¿Y�¶»Z¯��Â��Ä]�É�Z��É��«�¶¼���{���«�¶¼��Ä]�É�Z��É�

��Á���Y�Ã{Z¨f�Y�Z]�Ä¸u�»�Ä]�Ä¸u�»�Á�ÊnË�|e�c�Â�block-Davidson{Â��Ê»�¹Zn¿Y���Äq�³Y��Á��¾ËY�
� {�Y|¿Zf�Y��Á���Y�Ê·Á�d�Y�Ê^Ë�¬e�Ã|�¿�tÌv�e��LAPCK��d�Y��f Ë��� Ã�ËÁ�Ä]�{Z ]Y� Ä¯�É{�YÂ»��{



 

�±�]�Ê¿Âf¸Ì»ZÅ��Ë�eZ»|�Z]���Ä�§Zu�Ä]�Ä¯�d�Y�¾ËY��Á��¾ËY�µZ°�Y(RAM)�¾ËY��{�Y�Ë��{�Y{��ZÌ¿�É�f�Ì]�
� ¶^«� Ä¸u�»� cZ�Ô�Y� �Á��¶^«� �Z³�Z�{Ây� ¶u� Ä¸u�»� �{� Ã|�� |Ì·Âe� Ã�ËÁ� ÉZÅ�Y{�]� ��Ä^�Zv»� ÉY�]

|¿Y�ZÌ¿�{�Â»�|Ë|m�Ã�ËÁ�ÉZÅ�Y{�]� �u�»�Ã�ËÁ�ÉZÅ�Y{�]�¾ËY�]ZÀ]¸�|ËZ]�½Z»�¼Å��Â��Ä]�|Ë|m�Ä¸u�»�Á�¶^«�Ä
�Ä�§Zu��»Y�¾ËY�Ä¯�,|À�Z]���f�{�¶]Z«RAM�Ì]�|À¯�Ê»�\¸��Y��É�f����

� Ä»Z¿�]� ¾ËY� É{Á�Ácase.struct� � ,case.in1� Á�case.vsp� ½M� ÉZÆÌmÁ�y� Á�case.output1� ,case.scf1�,
case.vector�Á�� ,case.energy�d�Y�� ��É{Á�Á�Ä»Z¿�]�¾ËYcase.vnsp�¦Ì�Âe��{�Ô^«�Ä¯�{�Ë~a�Ê»��Ì¿� Y��

�Ä»Z¿�]LAPW0d�Y�Ã|��ÄfyY{�a�½M�Ä]���Â���{�{ÂmÁ�c�case.vnsp{Â��Ê»�¹Zn¿Y�¶»Z¯�¶Ì�¿Zfa�Z]�¶u����
� É{Á�Ácase.in1� Ä]� |ËZ]� ½Á�YÁ� ½�Z¬e� {ÂmÁ� ¹|�� c�Â�� �{�case.in1c� {Â�� ¶Ë|^e�(mv case.in1 

case.in1c)���É{Á�Ácase.in1�µZj»�ÉY�]�TiO2|�Z]��Ë��c�Â��Ä]�|¿YÂe�Ê»�� 

��
 
WFFIL       (WFPRI,WFFIL,SUPWF ; wave fct. print,file,suppress 
  7.500   10    4  (R-mt*K-max; MAX l, max l for hns ) 
  0.30    5 0 (global energy parameter E(l), with 5 other choices,   LAPW) 
 0   -3.00      0.020 CONT 0   ENERGY PARAMETER for s,               LAPW+LO 
 0    0.30      0.000 CONT 0   ENERGY PARAMETER for s-local orbital, LAPW-LO 
 1   -1.90      0.020 CONT 0   ENERGY PARAMETER for p                LAPW+LO 
 1    0.30      0.000 CONT 0   ENERGY PARAMETER for p-local orbitals LAPW-LO 
 2    0.20      0.020 CONT 1                                         APW-lo    
  0.20    3 0 (global energy parameter E(l), with 1 other choice,    LAPW) 
 0   -0.90      0.020 STOP 0                                         LAPW+LO 
 0    0.30      0.000 CONT 0                                         LAPW-LO 
 1    0.30      0.000 CONT 1                                         APW-lo 
K-VECTORS FROM UNIT:4   -9.0      1.5          IUNIT, Emin, Emax 

 ��
� ½M�{� Ä¯R-mt*Kmax=7.5|À¯� Ê»� ¾ÌÌ e� Y�� Ä»Z¿�]� ÉY�mY� d«{� Á� d���� Ä¯� d�Y� É�f»Y�Za�� �R-mt�

�¾Ë�f°qÂ¯¾Ì§Â»�Ã�¯��Z ��d�Y�¾Ìe��Kmax�cY�¯��Y�k�Zy�kÂ»��]YÂe���]��{�kÂ»��Y{�]�Ã�Y|¿Y�ÄÀÌ�Ì]�
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�Ê»�ÄÌ�Âe{Â�Ì¸¯�½{�¯�Ä§Z�Y�Z]�Ã{Z��c�Â��Ä]�É�Z��Ê�y�Ä¯���,|2�-in1new��Ä»Z¿�]�Ä]�,run_lapw 

(runsp_lapw)�c�Â��Ä]�run_lapw –in1new 2 (runsp_lapw –in1new 2)��¬§��b��Á�¹Zn¿Y�
{Â��ªÌ¬ve��½M�dv�����É{Á�Á��yM��ycase.in1d�Y��Ë��c�Â��Ä]����
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K-VECTORS FROM UNIT:4   -9.0      1.5          IUNIT, Emin, Emax ��

�½M��{�Ä¯Ã�Z]��[Emin=-9.0, Emax=1.5]^�Zv»�¹Z¼e�ÉÁ���]�±�]|Ë��\�u��]�É��¿Y��Y�Y��ÉY�Ã�nÀa��Ê»�cZ
|ËZ�³� �{Â�� Ê»� ¹Zn¿Y� É��¿Y� �Y� Ã�Z]� ¾ËY� �{� �¬§� cZ^�Zv»� ÄÌ¸¯� Ä¯� d�Y� ÊÀ »� ½Y|]� ¾ËY� ��É��¿Y� ¾Ì]

�É�Z�Y|m(S.E.) �É��¿Y�Á�Emin�Ä�]Y��Emin=S.E. -1{�Y{�{ÂmÁ���É��¿Y��ËY�§Y�Emax�ÊfÌ^�¿�cZ^�Zv»��{�
{�Y{�cZ^�Zv»�d«{��ËY�§Y��{�ÊËY���Ä]��¬¿�É�·Z°�Y�ZË�É{|���Y��ËY�§Y�É��¿Emax�ÊËY�´¼Å�µÂ�u�Ze�
¾Ìb�Y��À°¼Å��]��¬¿�Ä¯�ÊËZm�ÃZ´f�{�¶¯�É��¿Y��{�[Â¸�»��d�Y�ºÆ»��Y|»�ZÅ|Ì¿Zf¯M��{�Ôj»���É�Á��

d�Y����ÉZÆ·ZfÌ]�Y��Y�|ËZ]�ZÆ¿M�Ê���]�ÉY�]�Ä¯�|¿�Y{�{ÂmÁ�ÊËZÆf·Zu�Ã�¤»�Ä^��ÄÌuZ¿��{�É��¿Y�Ã�nÀa�¾ËY��{
Ê �Â» (local orbitals) {{�¯� Ã{Z¨f�Y�� �� Z]�Ê �Â»�ÉZÆ·ZfÌ]�Y�¾ËY�LO��Á���{�LAPW�Ê»� Ã{Y{��ËZ¼¿�

��Á��½M�Ä]�Á�|¿Â�LAPW+LO|ÀËÂ³�Ê»�����Á���{APW�Z]�Ê �Â»�ÉZÆ·ZfÌ]�Y�lo�|¿Â��Ê»�Ã{Y{��ËZ¼¿�
��Á��Ä^�Zv»��Á���Ä]�ZÆ·ZfÌ]�Y�¾ËY��Y�Ã{Z¨f�Y�c�Â���{�Ä¯APW+lo {Â��Ê»�Äf¨³����Ê»�µZfÌ]�Y��Å�ÉY�]

�É{Á�Á��{�½YÂecase.in1{�¯�¦Ë� e�Ã�¤»�Ä^��ÄÌuZ¿��{�É�´Ë{�Á�dÌ§���ÄÌuZ¿��{�Ê°Ë�ÄËZa�Á{���Ä��Ôj»�
�É{Á�Á��Y��Ë���ycase.in1|Ë�Ì´]���¿��{�Y�����

�
1   -1.90      0.020 CONT 0   ENERGY PARAMETER for p                LAPW+LO 
1    0.30      0.000 CONT 0   ENERGY PARAMETER for p-local orbitals LAPW-LO 
2    0.20      0.020 CONT 1                                         APW-lo 
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{Â��Ê»� ¹Zn¿Y�É�·Z°�Y�ÊfÌ^�¿� Ä·{Z »� ��¾ËY�ÊfÌ^�¿�cY�iY� �Y�Ê�z]�Ä¯�d�Y�ÊÀ »�½Y|]��Á� ¹�m�tÌv�e
ÊÀËÁ�Y{�tÌv�e��|¿Y�Ã|���Zv·�É�·Z°�Y�ÊfÌ^�¿�Ä·{Z »��{�Ô^«���Ã|¿Z»�Ê«Z]��z]�¾Ìb�Y��À°¼Å�]��Y|»��

�ÉZÆ^Ì¯�e�ÉY�]��f�Ì]�Ä¯�d�Y¯Md�Y�Ä�uÔ»�¶]Z«�É|Ì¿Zf� ��Ã|��|Ì·Âe�ÉZ�§��{�É�Z��É��«�Ä°¿M�ÉY�]
(case.vector)���Âe��Ä»Z¿�]LAPW1|�Z]��f¸»Z¯�Äq��Å�Z�§�¾ËY�Ä¯�d�Y�¹�Ó�{Â��¹Zn¿Y�Ê]Ây�Ä]����ÉY�]

�Z�§�¾ËY�½{�¯��f¸»Z¯�É�·Z°�Y�ÊfÌ^�¿�����Âe�Ã�ËÁ��Y{�]�É�f�Ì]�Äq��Å�{Y| e�|ËZ]LAPW1{�¯�|Ì·Âe���
{�¯� �e�Z]� Y�� É��¿Y� Ã�nÀa� ½YÂe� Ê»� �Â�À»� ¾ËY� ÉY�]� �� � É��¿Y� Ã�nÀa� ½{�¯� �e�Z]� ÉY�]EmaxÁ� �{��É{Á�

case.in1ºÌÅ{�Ê»��ËY�§Y�Y������Y��ËY�§Y�¾ËY1.5 Ry�Ze�ÊÅZ³�10 Ry{Â��¹Zn¿Y�Ä¯�d�Y�¹�Ó����|u��ËY�§Y
�É��¿Y� Ã�nÀa�ÉÓZ]���«�É��¿Y� �d�Y�ÊeZ^�Zv»�ÄÀË�Å��ËY�§Y� Z]�µ{Z »� ��µÂ�u� Ze��ËY�§Y�¾ËY�Ê§����Y

{Â��¹Zn¿Y�|ËZ]�¶¯�É��¿Y��{�ÊËY�´¼Å��Ä§Z�Y�Ä¯�d�Y�Ã|��Ã{Y{�½Z�¿�ÄËZa�½{�¯�21/P�kÂ»��]YÂe�Ä]��Ê�Z �
|�z]�Ê»�{Â^Æ]� Y����]�ÄËZa�Ã�¤»�Ä¼Ì¿�ÄÌuZ¿,�Ä¯�É�Â��Ä]�� Z]�ÊfuEmax��f°qÂ¯�ÉZÅ���{Á|u3 Ry����Ì¿

|ËM�Ê»�d�{�Ä]�Ê·Â^«�¶]Z«�lËZf¿����Ê�Z ��ÄËZa�½{�¯�Ä§Z�Y��Y��a���«�É��¿Y��{��ÅZ¯�¾ËY�d¸�21/p�½M�
�kÂ»��]Ze� Ze|¼��Ä¯�d�Y21/p�Äf�Å�Ê°Ë{�¿��{���Ì£�¨��Y�d����{�ÄËZa�½{�¯��f¸»Z¯�ÉY�]��Ôe�¾ËY�]ZÀ]

�kÂ»��]Ze�¾ËY�|Ì·Âe�ÉY�]�Ze|¼��É�·Z°�Y�ÊfÌ^�¿�ÉZ�§21/p{�Ì³�Ê»�c�Â�����kÂ»��]Ze�¾ËY�¶^«��Y��³Y�Y~¸§
]��Ôe�|�Z]�Ã|��|Ì·Âe��f�Ì���«�É��¿Y��ËY�§Y��d�Ì¿�¹�Ó���ÊfÌ^�¿�Ä·{Z »�{Â��Ê»�Ä�uÔ»�Ä¯��Â�¿Z¼Å



 

�ÊfÌ^�¿� Ê¼f¿YÂ¯� {|�� �Y� ¶¬f�»� É�·Z°�YNd�Y�� �¾Ìb�Y��À°¼Å�]� ¾f§�³� ��¿� �{��v»� Ä]��{|�� �Y|»
�ÊfÌ^�¿�Ê¼f¿YÂ¯N{Â��Ê»�cZ^�Zv»�{�YÁ����¯�{|��¾ËY��iYZÆ·ZfÌ]�Y�Ê´f§Z°��Ê¼f¿YÂ�p�,d�Á�f��Ë��c�Â��Ä]�
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�©Â§� Ã|�� Äf§Z°�� �]YÂe� ¾Ì]� �{21/pd�Y� �Y{�Ây�]� É�f�Ì]�dÌ¼ÅY� �Y�� ��Ê�Z �� kÂ»� �]YÂe� ¾Ì]� Äq�³Y

�Ã|��Äf§Z°�2725 // f,fe�¾Ì]�cÁZ¨e�,{�Y|¿�{ÂmÁ�Ê¿Y|Àq�cÁZ¨e��Ã|��Äf§Z°��Ê�Z ��kÂ»��]YÂ2321 // p,p�
d�Y�Ä�uÔ»�¶]Z«�{�YÂ»�Êy�]��{���Ä¯�,|¿Â��Ê»�µZ¼�Y�cY�¯�½Á�{�ÉZÆ¿Á�f°·Y��]��¬§�ÊfÌ^�¿�cZ�uÔ»

¾Ì§Â»�cY�¯��Z ��Ä]�É{Á|u�Ze�lËZf¿�Ä¯�{Â��Ê»�\^���»Y�¾ËY�|À�Z]�Äf�Y{��´f�]�¾Ìe���ÄËZa�½{�¯�Ä§Z�Y
21/p¾Ì§Â»�cY�¯��Z ��Ä]�Ê´f�]YÁ�¾ÌÀr¼Å��d�Y�Ã{Y{��ÅZ¯�Y��¾Ìe���É{Á�Á��Y�Ä¿Â¼¿�®Ëcase.inso��{�

d�Y�Ã|��Ã{�ÁM��Ë�� 
 
 
WFFIL 
 4  0  0                      llmax,ipr,kpot  
 -9.0000   3.5000           Emin, Emax 
     0 0 1                       h,k,l (direction of magnetization) 
   2                             number of atoms with RLO 
 1    -3.5      0.005 STOP       atom-number, E-param for RLO 
 3    -4.5      0.005 STOP       atom-number, E-param for RLO 
 1   2                           number of atoms without SO, atomnumbers 

 
�Är]Zf¯��{�½M��Â�y�ÄÌ¸¯�Ä¯WIEN2K|¿Y�Ã|��¦Ì�Âe�¶»Z¯��Â��Ä]��Á�ÄËY�Y�¦Ì�Âe�Z]�ºÅ�É{Á|u�Ze�
�É{Á�Á�ÉY�]�ZnÀËY��{�Ã|�case.in1�Y{�dÅZ^��¿|���ÉZÅ�ÃZ´f�{�[Z]��{��Ë��Äf°¿��¯}�Ä]�ZnÀËY��{�¾ËY�]ZÀ]
{Â�� Ê»� Z¨f¯Y� Ê�Ì�ZÀ¤»� �m�»� dÆm�®Ë� Ê�Ì�ZÀ¤»� cZ^Ì¯�e� �{�{�Y{� {ÂmÁ� Ê�Ì�ZÀ¤»� t� ��dÆm� ¾ËY

»¤�¹�ZÆq��y��{�Ê�Ì�ZÀ�É{Á�Á��Ycase.inso���Âv»�dÆm��{z�ZÅ�(0 0 1)d�Y�Ã|���ZÌfyY���ÃZ´f�{��³Y�
¾Ìb�Y��À°¼Å�]�|�Z]�Ê�Ì�ZÀ¤»�{Â]�|ÅYÂy��´Ë{�cZÆm��Y��f�Ì]�ÃZ´f�{���ZÀ¤»�dÆm��{��Y|»����ËY�§Y

¾Ìb�Y��À°¼Å�]�ÉZÆfÆm�Ä]�d^�¿�dÆm�®Ë��{��Y|»�ÃZ´f�{�ÄÌ·ÁY�ÊËZ�§�ÃÁ�³�½�Z¬e��ÅZ¯�\^���´Ë{�



 

�¾Ìb�Y��À°¼Å�]�[ZÌ£��{��Y|»��{Â��Ê»� ��Ê^°»�ÊËZ�§�ÃÁ�³��ZÀ��{Y| e��d�Y�� ��ÃÁ�³���ZÀ��{Y| e
�®Ì^»�Âe�ÁY�ÊËZ�§��d�Y����d�Y�ÉÁZ�»�ºÅ�Z]�Ê^ °»�ÊËZ�§�ÃÁ�³�{Z ]Y�(a=b=c)�ÃÁ�³�| ]�Ê·Zu��{�,

�ÉZf�Y�� �{�®Ì^»�Âe�ÁY�ÊËZ�§zZ]��d�Ì¿�ÉÁZ�»� �´Ë{�ÉZf�Y�� Á{�(a=b<>c)� � ��dÆm�[Zzf¿Yz�ÉY�]�
� �Y� Y��Ê^ °»� ÃÁ�³�ÉZÆ¿�Z¬e� {Y| e�Ê^ °»� ÃZ´f�{�®Ë���ZÀ¤»��� Ä]���¾Ìb�Y��À°¼Å�]� �iY� �{����Y|»

|Å{�Ê»��ÅZ¯���d¨m�Ä¯�d�Y�ÊÀ »�½Y|]�¾ËY���Y|»�¾Ìb�Y�Ê³|��ÉZf�Y���{���ZÀ¤»�[Zzf¿Y�Áz �µ{Z »�
Ê^ °»�½�Z¬e��ËÂ e�Z]d�Y�®Ì^»�Âe�Y��f¼¯�½�Z¬e�Z]����½�Z¬e��ÅZ¯¾Ìb�Y�Ê³|��d¨m�¾ËY�]ZÀ]�Á���{��Y|»

{Â��Ê»��Ì¿�½Z�°Ë�ÉZÆ¼eY��Y�Ê� ]�½|��½Z�°Ë��Ì£�\^��Ê�Ì�ZÀ¤»�ÉZÅ�ÃZ´f�{� ���Ì£�Á�½�Z¬e��ÅZ¯
�{� |ËZ]� µÁY� ¹|«� �{� ZÆ¼eY� ½|�� ½Z�°Ë� Ê¸�Y� É{Á�Á�case.struct��Zv·{Â��� � ��Ê¸�Y� É{Á�Á� �ÌÌ¤e

case.struct�ÉZÆ¸ËZ§� Ã�ËÁ�Ä]� ,|Å{�Ê»� �Y�«��Z �·Y�dve� Y��cZ^�Zv»�Ä¼Å� Z^Ë�¬e�case.klist� ,case.in2c�,
case.in1� ,case.kgen�¶ËZ§��case.in2�Ä»Z¿�]�Ê¸�Y�É{Á�Á�LAPW2�|ÅYÂy�ÄfyY{�a�½M�Ä]� Y| ]�Ä¯�d�Y�

|���¾Ìb�Y��À°¼Å�]�¾f§�³���¿��{�c�Â���{��Ä»Z¿�]�Ê»ÂÅÂ»�Äz�¿��Y�|ËZ]��Y|»LAPW2{�¯�Ã{Z¨f�Y���
�¹Z¿��ÌÌ¤e�Z]��Z¯�¾ËYcase.in2�Ä]�case.in2c{Â��Ê»�¹Zn¿Y����|Ì·Âe�ÉZÅ�Y{�]�Ã�ËÁ�Ä¯�d�Y�½M��»Y�¾ËY�d¸�

¾Ìb�Y��À°¼Å�]�¾f§�³���¿��{� �Y��a�Ê�Ì�ZÀ¤»��Ì£�Äq�Á�Ê�Ì�ZÀ¤»�ÉZÅ� ÃZ´f�{�ÉY�]� Äq� Ã|����Y|»
(case.vectorso)|¿Y� Ê»ÂÅÂ»�� ��³� Ã|Ë{Z¿� �Y� É�Ì³Â¸m� ÉY�]��Ä»Z¿�]� �Y� Ä¯� d�Y� �fÆ]� ©Â§� cZ°¿� ¾f§

intso_lapw{Â��Ã{Z¨f�Y����Ã{Z��Ä»Z¿�]�¾ËY�Ä»Z¿�]��Y��a�Ä¸�Z§Ô]�|ËZ]init_lapw{Â��Y�mY�� 

 
��

LAPW2���
� Ä»Z¿�]LAPW2��Ë{Z¬»� �Y� Ã�ËÁ�(case.vector)� Ä»Z¿�]� �{� Ã|�� Ä^�Zv»�LAPW1�Ã�ËÁ� �Ë{Z¬»� �Y� ZË� Á�

(case.vectorso)� Ä»Z¿�]� �{� Ã|�� Ä^�Zv»�LAPWSO|À¯�Ê»� Ã{Z¨f�Y�� �� Ä»Z¿�]LAPW2�¾ËY� �Y� Ã{Z¨f�Y� Z]�
�Ã�ËÁ��Ë{Z¬»�Ê¿Á�f°·Y�Z]�ÉZÆÌ·Z´q�ÉZÆ��]�Á�Ê»�§�É��¿Y�Ë��c�Â��Ä]��
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ÉY�]�Y��cY�¯�½Á�{�Ã|��µZ¤�Y�d·Zu��Å�(S)kÂ»��Y{�]��Å�Á�K
&�cY�¯�½Á�]�(I)|À¯�Ê»�Ä^�Zv»�����b�

�ÊË�m�ÉZÅ�Z]�Ã�¤»�Ä^��Á�dÌ§���ÊuYÂ¿���cY�¯�½Á�{�cY�¯�k�Zy��Z]�Á|¿Â��Ê»�Ä^�Zv»�É�Ì´·Y�´f¿Y�Z]��
�Ä»Z¿�]�¾ËY�É{Á�Ácase.struct��,case.vector,�case.vsp��Ácase.energy��½M�ÉZÆÌmÁ�y�Ácase.output2�,

case.scf2�,case.clmval�,case.clmsc�,case.help3*�Á�case.qtl���µÁ|m�����|¿Y����Å�ÉY�]�ÊË�m�ÉZÅ�Z]
�d·Zu�É��¿Y� �Y|¬»� Ã�ËÁ� ���Y{�]� �Å�ÁK

&�ÉZÆÌmÁ�y� �{�½YÂe�Ê»� Y��case.help31, case.help32�Ã�Ì£�Á�
{�Ä¯�,d§ZË��yM�ÉZÅ|��ZÆ¿M����Ôj»��ZË��ZnÀËY��{���|¿�Y{�Ã�Z�Y�½Z�°Ë��Ì£�ÉZÆ¼eY�Ê¼eY��yZ��Ä]���¾ËY

�tÌv�e�¾ÌÀr¼Å�Ä»Z¿�]�ÉÁ�Ì¿�Y��Ê·ÁZaÄ]�Y��½M�Á�|À¯�Ê»�Ä^�Zv»��{�Ã|��Ä^�Zv»�Ô^«�ÉZÅÁ�Ì¿��½Z°»�Äf�Å
�ZÅ�Ê·ÁZa�tÌv�e�¾f§�³���¿��{�½Á|]��|À¯�Ê»�Ä§Z�Y���Z¬e�|«Z§�ÃZ´f�{�®Ë��³Y�Ä»Z¿�]�|ËZ]�|�Z]�½Á�YÁ�½

LAPW2C�{Â�� Y�mY�(x lapw2 –c)� ��Ä»Z¿�]run(sp)_(c)_lapw�Ä»Z¿�]� ,�LAPW2C�,|À¯�Ê»�Ê¿YÂyY�§� Y��
�É{Á�Á��³Ycase.in2c|�Z]�Äf�Y{�{ÂmÁ����Ä¯�d�Y�¹�Ó�ÊÅZ³�,|�Z]�ºÅ�½Á�YÁ�½�Z¬e�ÉÁZu�ÃZ´f�{�®Ë��³Y
LAPW2C{Â�� Y�mY�� � �� Ã�ËÁ� ÉZÅ�Y{�](case.vectorso)�� Ä»Z¿�]� �Y� ¶�ZuLAPWSO�[ZÌ£� �{� Êfu�

|¿Y� Ê»ÂÅÂ»� {Y|�Y� Ä�Ì¼Å� ÊÀÌb�Y� Ê³|Ì^�«� � �¾Ìb�Y� �À°¼Å�]� �Â�u� �{� ¾ËY�]ZÀ]��Ä»Z¿�]� |ËZ]� �Y|»
LAPW2C|�Z]�½Á�YÁ�½�Z¬e�É�Y{�ÃZ´f�{��³Y�Êfu�,{Â�� Y�mY�� ��|�Z]�½Á�YÁ�½�Z¬e�ÉY�Y{�ÃZ´f�{��³Y�Z»Y

�Ä»Z¿�]�Ä¯�d�Y�Ê§Z¯LAPW1{Â��Y�mY��Y�Ê°Ë��Ä»Z¿�]��Y�Ã{Z¨f�Y�ÉZËY�»��initso_lapw�{Ây�Ä¯�d�Y�¾ËY�
�É{Á�Ácase.in2c|À¯�Ê»�|Ì·Âe�Y����¥Â� »�Ã�¤»�Ä^��ÄÌuZ¿�ÉZÆ¿Á�f°·Y�Ä]��¬§�Y��cZ^�Zv»�ºÌÅYÂz]��³Y��

� Ä»Z¿�]� �Y� Ä¯�d�Y� Ê§Z¯� ºÌÀ¯LAPW2SºÌÀ¯� Ã{Z¨f�Y�� �� Ä»Z¿�]� Ê¸�Y�É{Á�ÁLAPW2S��Y�d�Y�c�Z^��
case.in2s��ÉZÆÌ·Z´q���Z]��uZ¿ÌÃ�¤»�Ä^��Ä���Ä»Z¿�]��Y�Ã{Z¨f�Y�c�Â���{LAPW2S��{�case.clmsc�ÉZm�Ä]�

case.clmval|¿Â��Ê»�Ã�Ìy}�����Y�Ä¿Â¼¿�®Ë�Ê¸�Y�É{Á�Á(case.in2)�Ä»Z¿�]�LAPW2d�Y��Ë��c�Â��Ä]����
�
TOT                         (TOT,FOR,QTL,EFG) 
-9.0       32.000   0.5  0.05  (EMIN, # of electrons,ESEPERMIN, ESEPER0 ) 
TETRA       0.0      (EF-method (ROOT,TEMP,GAUSS,TETRA,ALL),value) 
 0 0 2 0 2 2 4 0 4 2 4 4  
 0 0 1 0 2 0 2 2 3 0 3 2 4 0 4 2 4 4 
14.0      (GMAX) 
FILE      (NOFILE, optional)��

�f»Y�Za�Gmax�\�u��]���«�É��¿Y�(Ry)1/2
����]�ÉY�]�Ê·Z´q�Á�¶Ì�¿Zfa�kÂ»��]YÂe�Ä¿�Á���k�Zy�ÄÌuZ¿��{�Y�

¾Ì§Â»� cY�¯� �Y�|À¯� Ê»� ¾ÌÌ e� ¾Ìe� �� �f»Y�Za� ¾ËY� ¾ÌËZa� |u�ÓZ]� |u� Á�� ½M� É���d�Y�
).G.( max 02509 dd���Äq�³Y���Ê·Á�,{Á��Ê»��Z¼��Ä]�É{| f»�{�YÂ»��{��f»Y�Za�¾ËY�ÉY�]�Ê^�ZÀ»�{|��



 

�¿� {�Â»� ÉZÅ�f»Y�Za� ÊËY�´¼Å� ªÌ¬ved�Y� É�Á���� �f»Y�Za� ¾ËY� �ËY�§Y� Z]� �� ��¹Z¿� Ä]� Ê�yZ�ming��{�
�ÊmÁ�ycase.outputd�Ä»Z¿�]�LSTART�d�Y�ÉÁ������«�É��¿Y��Y�½M�½{Â]��f°qÂ¯�Ä¯� ,{�Y{� {ÂmÁ�

minmax gG !� ��ÊÅZ³����minmax gG !M�]���]� Ä¯� ,{Â��Ê¼¿� Ã{�Á¼½M�ÉZÆf¸�� ½{���§�� �{� |¿YÂe�Ê»�
|À¯�®¼¯�¶°�»����

¦·Y��¾Ì§Â»�Ã�¯��Z ��½{Â]�®qÂ¯��d�Y�ÉÁ����®^��Ê¸Ìy�ÉZÆ¼eY��{�Ä¯�,¾Ì§Â»���
[����f»Y�Za�½{Â]�±��]�RKmax���
k���f»Y�Za�½{Â]�®qÂ¯�Gmax���

�f»Y�Za�{Ây��ËY�§Y��ËY�§Y�¶u�ÃY��¾Ë�fÆ]�Gmax�d�Y���f»Y�Za�Ê·Á�Gmaxd�ÓZ]�|u�®Ë�ÉY�Y{�� ���Y��a
Zzf¿Y�f»Y�Za�¾Ë�f³��]�[�Gmax���f»Y�Za��ÅZ¯�¹Á{�ÃY��RKmax�d�Y�����f»Y�Za��ÅZ¯�Ê·ÁRKmax��cZ^�Zv»�d«{

|Å{�Ê»��ÅZ¯�Y���¾Ì§Â»�Ã�¯��Z ���ËY�§Y�Z]�c�Â��¾ËY��{���f»Y�Za�Á{�|ËZ]�®^��ºeY�¾ÌeGmax�Á�RKmax�
ÄÀÌÆ]|¿Â�����

� Ä·Z^¿{ 0 0 2 0 2 2 4 0 4 2 4 4 �¦¸fz»�cZ^Ì¯�eLM�a���]� �{�Ê·Z´q�Á�¶Ì�¿Zf� Y���Ì£�ºeY�ÉY�]
�µÁY� ½Z�°Ë|Å{�Ê»�½Z�¿� �� Ä·Z^¿{ 0 0 1 0 2 0 2 2 3 0 3 2 4 0 4 2 4 4 �¦¸fz»�cZ^Ì¯�eLM�

|Å{�Ê»�½Z�¿�¹Á{�½Z�°Ë��Ì£�ºeY�ÉY�]�Y��Ê·Z´q�Á�¶Ì�¿Zfa���]��{���ÉÓZ]�|u�µZj»�¾ËY��{L=4�Ã|���ZÌfyY�
d�Y����cZ^Ì¯�eLM{�cÁZ¨e�¹Á{�ºeY�Z]�µÁY�ºeY�{�Y���Z]�µÁY�ºeY�ÉY�Ä�¬¿�ÃÁ�³�Ä¯�d�Y�½M�cÁZ¨e�¾ËY�d¸�

{�Y{�cÁZ¨e�¹Á{�ºeY�ÉY�Ä�¬¿� ÃÁ�³� ��cZ^Ì¯�e�{Y| eLM�cZ^Ì¯�e�{Y| e��Y��f¼¯�µÁY�ºeY�LMd�Y�¹Á{�ºeY���
�cZ^Ì¯�e�{Y| e�½{Â]��f¼¯LM��Y��f�Ì]�µÁY�ºeY�ÉY�Ä�¬¿�ÃÁ�³�Ê¿�Z¬e���ZÀ��{Y| e�Ä¯�d�Y�½M�ÉZËÂ³�µÁY�ºeY�

��{Y| eºeY�ÉY�Ä�¬¿�ÃÁ�³�Ê¿�Z¬e���ZÀd�Y�¹Á{�����cZ^Ì¯�e�{Y| eLM�ÉY�]�½�Z¬e�¾Ë�f¼¯��{�L=4�c�Â��Ä]�
d�Y�Ä^�Zv»�¶]Z«��Ë����

��
� � 259753112

4

0

 ���� �¦
�L
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��
{�Y{�{ÂmÁ�Ä»Z¿�]��{�cZ^Ì¯�e�{Y| e�ÉY�]�ÓZ]�|u�®Ë�Ä¯�d�Y�|Ì¨»�Äf°¿�¾ËY��¯}� ���f»Y�Za� Z]�ÓZ]�|u�¾ËY

NCOM�d�Y��ÌÌ¤e�¶]Z«����f»Y�ZaNCOM{Â��Ê»�¦Ë� e��Ë��c�Â��Ä]����
��
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SYMMETRY�Á�,ÉY�Ä�¬¿�ÃÁ�³��Å�Z]���ZÀf»�Ê¿�Z¬e�ÉZÅ�´¸¼��,Ä°^���Z¬¿��Y�®Ë�Å�ÉY�Ä�¬¿�ÉZÆÅÁ�³�
��Ë{Z¬»LM¿�|À¯�Ê»�¾ÌÌ e� Ã|��Ã{Y{�Ê¼eY�ÉZÆfÌ «Â»�Á�Ä°^���Â¿��Z�Y��]� Y��Ä°^��ÉZÆ´ÀÅZ¼Å��ËZ¼� �
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��

µÁ|m�������cZ^Ì¯�eLMÊ^°»�ÃÁ�³�� 

½�Z¬e cZ^Ì¯�eLM��
23  0 0, 4 0, 4 4, 6 0, 6 4,-3 2, 6 2, 6 6,-7 2,-7 6, 8 0, 8 4, 8 8,-9 2,-9 6,-9 4,-9 8,10 0, 10 4,10 8, 10 2, 10 6, 10 10  
M3  0 0, 4 0, 4 4, 6 0, 6 4, 6 2, 6 6, 8 0, 8 4, 8 8,10 0, 10 4,10 8, 10 2, 10 6, 10 10  
432  0 0, 4 0, 4 4, 6 0, 6 4, 8 0, 8 4, 8 8,-9 4,-9 8,10 0, 10 4,10 8  
-43M  0 0, 4 0, 4 4, 6 0, 6 4,-3 2,-7 2,-7 6, 8 0, 8 4, 8 8,-9 2,-9 6,10 0, 10 4,10 8  
M3M  0 0, 4 0, 4 4, 6 0, 6 4, 8 0, 8 4, 8 8,10 0, 10 4,10 8   ��
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LAPWDM���
�Ä»Z¿�]LAPWDM�µZfÌ]�Y�Ä]�Äf�]YÁ�ÉZÆ¸Ì�¿Zfa�ÉY�]�Ê·Z´q��Ë�eZ»��Ê·ZfÌ]�Y�ÉZÆ¸Ì�¿Zfa��|À¯�Ê»�|Ì·Âe�Y����
�Ä»Z¿�]ORB� Y��Ê·ZfÌ]�Y�ÉZÆ¸Ì�¿Zfa��Ê·Z´q�ÉZÆ�Ë�eZ»��Y�Ã{Z¨f�Y�Z]|À¯�Ê»�Ä^�Zv»���Ä»Z¿�]�Ê§����YORB�

�Ä»Z¿�]��Y�¶^«LAPWDM{Â��Ê»�Y�mY����d�z¿�Äy�q��{�¾ËY�]ZÀ]�Ê·Z´q��Ë�eZ»��Z³�Z�{Ây�¶u�®Ë��Y
d�Y� Ã|�¿� |Ì·Âe� �ÂÀÅ� ��{Ây�¶u� �Á��� �Y� ¶^«�Ê·Z´q�ÉZÆ�Ë�eZ»� Ä¯�d�Y�Ê§Z¯�¶°�»�¾ËY� �§��ÉY�]

� ÉY�m� Z]� �Z³�Z�x lapwdm (-up/dn)|¿Â�� |Ì·Âe�� ��µÂ�u� Ze� Ê·Z´q� �Ë�eZ»� É| ]� ÉZÅ� Äy�q� �{
|¿Â��Ê»�|Ì·Âe��Z]�[Â¸�»�ÊËY�´¼Å��¼»�|¿YÂe�Ê»�Ä»Z¿�]�¾ËY��{�Ê^�«�Á{�Á�É�Y|»�ÉZÆ¼Æ��,É�Y|»�ÉZÆ¿Z
|Å{�d�{�Ä]��Ì¿�Y���Ë��©Â§�½Y|Ì»����´¸¼��¾Ì´¿ZÌ»��Y|¬»�Ä»Z¿�]�¾ËYX|À¯�Ä^�Zv»�|¿YÂe�Ê»��Ì¿�Y������´¸¼�

X�c�Â��Ä]�|¿YÂe�Ê»�Ä¯�|�Z]��¨���Ì£�cY�¯�½Á�{��{�|ËZ]��¬§�)s,l(X)r(XX lsr
&& ��ÉZÅ�ÌÌ¤f»�ÄËÁY�

� ºÅ� �Y� ½M� Ê�Z �� Á� ÉY|¿Â�� Y|m� �� Ä»Z¿�]� ¾ËY� ÉZÆË{Á�Ácase.struct� � ,case.indm,�case.vsp�,
case.vector(so)� ,case.inso� � ,case.energy� Á�case.weight� ½M� ÉZÆÌmÁ�y� Á�case.outputdm�,

case.scfdm� ,case.dmat|¿Y���ÊmÁ�y�case.dmat�d�Y�Ê·Z´q�ÉZÆ�Ë�eZ»�ÉÁZu���É{Á�Á�ÊmÁ�y�¾ËY
�Ä»Z¿�]ORBd�Y�� ����µZfÌ]�Y� �{�{ÂmÂ»�ÉZÆ¿Á�f°·Y� {Y| e�Ê·Z´q��Ë�eZ»���«�ÉÁ����ZÀ���¼m���Â��Ä]

Äf�^¼Å�ÉÂ«��|Å{�Ê»�½Z�¿�Y���É{Á�Á��Y�Ä¿Â¼¿�®Ë�case.indmd�Y�Ã|��Ã{Y{��ËZ¼¿��Ë���{�� 

�
-9.          Emin cutoff energy 
 1           number of atoms for which density matrix is calculated 
 1  1  2     index of 1st atom, number of L’s, L1 
 0 0         r-index, (l,s)-index 
 �µZfÌ]�Y�ÉY�]�|Å{�Ê»�½Z�¿�Ä¯d{Â��Ä^�Zv»�Ê·Z´q��Ë�eZ»�|ËZ]�®Ë�Ã�Z¼��ºeY�����
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RINDEX=1 LSINDEX=1���X �½Á�{�ÉZÆ¿Á�f°·Y{Y| e¾Ì§Â»�Ã�¯��¾Ìe��¿�{�Â»�ºeY����
RINDEX=2 LSINDEX=1���X �Y|¼�q��Y|¬»�Êf�
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¾Ì§Â»�Ã�¯�½Á�{����¿�{�Â»�ºeY�¾Ìe���
RINDEX=1 LSINDEX=2���X �¾Ì§Â»�Ã�¯�½Á�{�ÊÀÌb�Y�½Z¼»��ËÂ�e���¿�{�Â»�ºeY�¾Ìe���
RINDEX=1 LSINDEX=3���X �¾Ì§Â»�Ã�¯�½Á�{�É�Y|»�½Z¼»��ËÂ�e���¿�{�Â»�ºeY�¾Ìe���
RINDEX=3 LSINDEX=3���X ���¿�{�Â»�Äf�Å�½Z°»��{��Ë��©Â§�½Y|Ì»�É�Y|»��z]���
RINDEX=3 LSINDEX=5���X ��¿�{�Â»�Äf�Å�½Z°»��{��Ë��©Â§�½Y|Ì»�Ê^�«�Á{��z]��� 

 
©Â§�¦Ë�Z e�dv��ªÌ¬ve��Â�À»�Ä]�§Â»�Ã�¯�½Á�{�ÉZÆ¿Á�f°·Y�{Y| e�½YÂe�Ê»�Ôj»¾Ì��Ä]� Y��ºeY�®Ë�¾Ìe

��Ë��c�Â���ZÌfyY�Z]11  � � index_)s,l(   ,indexr�{�¯�[Z�u������� 

��
-9.                      Emin cutoff energy 
 1                       number of atoms for which density matrix is calculated 
 1  4  0 1 2 3     index of 1st atom, number of L’s, L1 
 1 1           r-index, (l,s)index  ��

 
�É{Á�Ácase.indmc�Ä¯�|Å{�Ê»�½Z�¿�©Â§��ÉZÆ·ZfÌ]�Y�ÉY�]s�,p�,d�Á�f�Ê»�|Ì·Âe�Ê·ZfÌ]�Y�¶Ì�¿Zfa��µÁY�ºeY�

{Â����É{Á�Ácase.indmc�ÉZm�Ä]�case.indm¾Ìb�Y�Ê³|��d¨m��Â�u��{�cZ^�Zv»�Ä¯�|Å{�Ê»�½Z�¿��
�d�Y� Ã|�� ¹Zn¿Y� �Y|»(-dn)  up-  so  c  lapwdm  x ��� ÊmÁ�y� �{� ½M� ¶�Zu� Ä¯� ,case.scfdmup�Ä]�

d�Y��Ë��c�Â���� 

��
  atom     L        upup         updn       dndn            total 
:XOP01  0     1.16264     0.00000     1.14548     2.30812 
:XOP01  1     3.11761     0.00000     3.11894     6.23655 
:XOP01  2     4.46323     0.00000     1.53959     6.00282 
:XOP01  3     0.00657     0.00000     0.00630     0.01286��

 
�Y�d�Y�c�Z^��µÁY�½Âf��½M��{�Ä¯�X ¾Ì§Â»�Ã�¯�½Á�{�ÉZÆ¿Á�f°·Y{Y| e����¿�{�Â»�ºeY�¾Ìe��µÁY�ºeY���

� ¹Á{�½Âf��ÉZÆ·ZfÌ]�Ys� ,p� ,d� Á�f�|Å{�Ê»�½Z�¿� Y��µÁY�ºeY� ��Ã�¯�½Á�{�ÉZÆ¿Á�f°·Y� {Y| e�É| ]�ÉZÆ¿Âf�
¾Ì§Â»��ÓZ]�¾Ìb�Y�Z]�¾Ìe��
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nn�¾ÌËZa�¾Ìb�Y�Á���

nn�ZÆ¿M��{�Ä¯�,|ÀÅ{�Ê»�½Z�¿�Y��n�
d�Y�µZ¤�Y�{|���fÌ]�Y�ÉZÆ¿Á�f°·Y�{Y| e��yM�½Âf��ÉZÆ·Zs�,p�,d�Á�f|Å{�Ê»�½Z�¿�Y��µÁY�ºeY����{Y|�Y��¼m
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� ÉZÆ¿Á�f°·Y� ,¾ÌËZa� ¾Ìb�Y:CHA01up+:CHA01dn=14.5639{�ÁM� d�{� Ä]� ºÅ� ,� ��Á{� Ê^Ë�¬e� É�Z³�Z�
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-9.                      Emin cutoff energy 
 1                       number of atoms for which density matrix is calculated 
 1  4  0 1 2 3     index of 1st atom, number of L’s, L1 
 1 2           r-index, (l,s)index  ��

 
� ZnÀËY��{�Ä¯RINDEX=1 LSINDEX=2d�Y�Ã|���ZÌfyY�� ��½M�¶�Zu�Ä¯�ÊmÁ�y��{case.scfdmup�Ä]�

d�Y��Ë��c�Â������
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  Atom      L        upup          updn         dndn          total 
:XOP01  0     0.58132     0.00000    -0.57274     0.00858 
:XOP01  1     1.55880     0.00000    -1.55947    -0.00067 
:XOP01  2     2.23161     0.00000    -0.76980     1.46182 
:XOP01  3     0.00328     0.00000    -0.00315     0.00013 

 
�Y�d�Y�c�Z^��µÁY�½Âf��½M��{�Ä¯�RINDEX=1 LSINDEX=2���X �Ã�¯�½Á�{�ÊÀÌb�Y�½Z¼»��ËÂ�e�
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LCORE���
� Ä»Z¿�]LCORE�d�Y� Ê¼eY� |¯�®Ë� Ã|�� tÌv�e� Äz�¿� �{Z¨f�Y� Z]� |¯� ¾ËY�\Ë�¬e� �Y� ÃLSDA�Ä·{Z »�{�
­Y�Ë{��ÊfÌ^�¿�Ô»Z¯�¶u�Ä]�­Â§�Ã�¤»�ÉZÆ¿Á�f°·Y�¾Ìb�Y��À°¼Å�]�¾f§�³���¿��{�Z]���Y|»����Ì£�¶u�ZË�Á

��³Y�ÊfÌ^�¿NERL��{�case.struct�{�Y{�a�Ê»�|�Z]�Ã|��tË��e��[J. P. Desclau��{�Y{�a�Ê»���¾ËY�ÉZÆË{Á�Á
� Ä»Z¿�]case.struct� � ,case.inc,�case.vsp�� ½M�ÉZÆÌmÁ�y�Ácase.outputc� ,case.scfc� ,case.clmcor|¿Y����

� Ã|�� |Ì·Âe� ¶Ì�¿Zfa�ÉÁ�¯��z]case.vsp� Ä»Z¿�]���Âe�LAPW0�{�Â»�É{Á�Á� ½YÂÀ�� Ä]� Ä¸u�»� �Å� �{�
{�Ì³�Ê»� �Y�«� Ã{Z¨f�Y� �� Ä»Z¿�]LCORE� ,Ã�ËÁ� �Ë{Z¬»�case.clmcore�Á� Ã�¤»�ÉZÆ¿Á�f°·Y� ��ZÀf»�ÉZÆÌ·Z´q� ,

Y�ºÆ�|Å{�Ê»�d�{�Ä]�Y��Ê¼eY�ÉZÅÁ�Ì¿��{�Ã�¤»�ÉZÆ¿Á�f°·��É{Á�Á��Y�ÉY�Ä¿Â¼¿�case.inc��Ë��c�Â��Ä]�
d�Y� 

�
�4 0.0       # of orbitals,  shift of potential 
 1,-1,2      n (principal quantum number), kappa, occup. number 
 2,-1,2      2s 
 2,-2,4      2p 
 2, 1,2      2p* 
 1   0.0          # of orbital of second atom 
 1,-1,2      1s 
 0           end switch 
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1 1 2                          iatom nlorb, lorb 
2 1 2                          iatom nlorb, lorb 
1                              nsic (LDA+U(SIC) used) 
0.59 0.07                      U J 
0.59 0.07                      U J 
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µÁ|m��Z³�Z�{Ây�¶u�Ä¸u�»�ÉZÅ�Ä»Z¿�]�É�ZÌfyY�Á�É�Á���ÉZÆÌmÁ�y�Á�ZÆË{Á�Á����
ZÅ�Ä»Z¿�]  {Á�ÁËZÆÉ ÉZÆÌmÁ�y 

 É�Á�� É�ZÌfyY É�Á�� É�ZÌfyY 

LAPW0  Lapw0.def  case.clmup/dn  case.output0  case.r2v 

 case.struct  case.scf0  case.vcoul 

 case.in0   case.vsp(up/dn)   

 case.clmsum   case.vns(up/dn)   
ORB  orb.def  case.scf1  case.outputorb  case.br1orb 

 case.struct  case.vorb_old case.scforb case.br2orb 

 case.inorb  case.vorb  case.weigh 

 case.dmat  orb.error  

 case.vsp     
LAPW1  lapw1.def  case.vns  case.output1(s) case.nsh(s) 

 case.struct  case.klist  case.scf1(s)  

 case.in1   case.vector(s)  

 case.vsp   case.energy   

LAPWSO  lapwso.def     

 case.struct   case.outputso case.vectorso 

 case.inso   case.scfso case.vectordum 

 case.vector  case.norm  lapwso.error   

 case.vsp     

 case.energy     
LAPW2  lapw2.def  case.kgen  case.output2(s)  case.qtl(s) 

 case.struct  case.nsh(s) case.scf2(s) case.weight 

 case.in2(s) case.weight 
case.clm[val sc]  

case.weigh 

 case.vector(s) case.weigh case.help3*  

 case.vsp     

 case.energy     

LAPWDM lapwdm.def  case.inso  case.outputdm   



 

 case.struct   case.scfdm  

 case.indm  case.dmat   

 case.vector  lapwdm.error  

 case.vsp     

 case.weigh     

 case.energy     

SUMPARA  case.struct case.scf2p case.outputsum  

 case.clmval   case.clmval   

   case.scf2   
LCORE  lcore.def  case.vns  case.outputc  case.corewf 

 case.struct   case.scfc   

 case.inc   case.clmcor   

 case.vsp   lcore.error   

��Y�| ]LCORE��ÉZÆ¸ËZ§x�case.scfZ§�Ä]��¶Ëcase.scf,¾ÌÀr¼Å�Á�|¿Â��Ê»�Ä¼Ì¼��  

�¶ËZ§case.clmsum�¶�Z§�Ä]�case.clmsum_old|]ZË�Ê»�¹Z¿��ÌÌ¤e���
MIXER  mixer.def  case.clmsum_old case.outputm case.broyd1 

 case.struct case.clmsc  case.scfm case.broyd2 

 case.inm  case.clmcor  case.clmsum  

 case.clmval  case.scf  mixer.error   

  case.broyd1    

  case.broyd2    

��Y�| ]MIXER�¶ËZ§�case.scfm�¶ËZ§�Ä]�case.scf{Â��Ê»�Ä¼Ì¼����
�¾ËY�]ZÀ] 
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