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Historical context
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Historical context

Wavefunctions are developped on a basis which is…

Localized Delocalized

Spherical harmonics + special functions

Plane waves

All electrons are taken into account Only valence electrons are taken into account

Pseudopotentials

Pb: - The atomic basis is
moving with atoms

Pb: - Use of pseudos wavefunctions
- Big size of the plane wave basis

PAW
« The Projector Augmented-Wave method is an extension of augmented
wave methods and the pseudopotential approach, which combine their
traditions into a unified electronic structure method »

Peter Blöchl
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A linear transformation I
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A linear transformation II

iφ
iφ~
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A linear transformation III
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The PAW method
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Plane wave part All electron spherical part Pseudized spherical part
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Notations

( )� −+=
R

RR EEEE 11 ~~

��
  

� :

��


��������

�
�

�

��

��

��������������
� ������ ;����
� ���
�� ��������#����


��������������
� � ;����
�
�����������

����������
������
�����
�

����� �
�����

���� : ���
����
�� ��� �=������	
�
�
�����	������
�����
��������



PAW basics 29/08/2005 11

Calculation of the energy I
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Calculation of the energy II
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Calculation of the energy III
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Calculation of the energy IV
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Calculation of the energy V
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Calculation of the Hamiltonian I
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Calculation of the Hamiltonian II
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The PAW method - overview
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Approximations: ultrasoft and norm-conserving 

D�
���������
���ρρρρ�� ����
������� ���������
���
�����������
�
��������	��
�������������
�	���� ��.

��� +++=
L

L
ijeff

xc
ij

kl
ijklklijij dQvDEDD rrr )(ˆ)(~0 ρ

r)r(ˆ)r(~
,

,0 dQvDD
L

L
jieff

US
ijij ��+= '������	�����������
�
��

	�������
�


(" &���$�%�����������	�����������
�
���

�

)" &���$�%����
���"��
����

�����������
�
���

0)(ˆ
, =rQL
ji �

KB
ijij DD ,0=

IS=

*���"��
����

�������������
�
��
	�������
�


jij
ji

ieff pDpv
nd

dE
H ~~~

2
1

~
~

,
�++∆−==



PAW basics 29/08/2005 21

PAW-uspp

Example of fcc Ca
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Example of fcc oxygen


����� ���������.

� 8���+��
�����
����'����

� 8���+��
�����
����'4

� 7
������>�77

��
�����
�����������.�∆!�����	"F�(����

�������
������ ��������.

� '���� .��@3���

� '4 .��@@���

� 7
�+>�77 .��(H���

B���	��.

� '���� .� �+ =�H$*I��$�$
,+ =�-(3�E7�

� 7
�+>�77.�����+ =�H$,3��$�$
,+ =�-3,�E7�

PAW-uspp



PAW basics 29/08/2005 23

Example of BaTiO3
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Conclusions
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