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3õN�6nØ�µee, ©Oæ^ G0W0 �{ÚOâfgU GW �{O� 3C-SiC Ú 2H-SiC �OâfU
?. d��²þ Monkhorst-Pack ��:þ�OâfU?ÚOâfÅ¼êÑu, (Ü�Û� Wannier ¼ê��, �
� 3C-SiC Ú 2H-SiC �gUOâfU�(�. 3C-SiC �d�º3 Γ :, ��.3 X :. DFT-LDA, G0W0 ÚOâf
gU GW �Ñ� 3C-SiC m�B�°Ý©O� 1.30 eV, 2.23 eV Ú 2.88 eV. 2H-SiC d�º3 Γ :, ��.3 K :.

æ^ DFT-LDA, G0W0 ÚOâfgU GW �{���m�B�°Ý©O� 2.12 eV, 3.12 eV Ú 3.75 eV. O�Äu�
³�{, éu 3C-SiC Ú 2H-SiC �OâfgU GW O��Ñ�B�°Ýþ'¢��Ñ�.

'�c: GW �{, �Û� Wannier ¼ê, SiC, U�(�

PACS: 71.15.−m, 71.15.Qe, 71.20.−b, 61.50.−f, 79.60.−i

1 Ú ó

C c 5, é � � ' é ³ æ ^ Û � � Ý C
q (LDA) ½2ÂFÝCq (GGA) ��Ý�¼n
Ø (DFT) O��2�$^uá��U�(�ýÿ,
Ì�Ú½�k����gU�>f�Ý, ,�3ù
�>f�Ý�Ä:þO�Ùp�«¥?¿ k :�
�gUM�îþ. Äu�Ý�¼nØ� DFT-LDA
Ú DFT-GGA Cq�{¤��� Kohn-Sham U?
¦+~��OâfUþ�Cq, �î�þ5ù¿Ø
UO(£ãNX£Ñ½V\��>f�Uþ, ¤�
��B�°Ý�éu¢��²~k�½�$�. Ä
uõN�6nØ� GW Cq, �±O(�£ãü
Oâf-u�, ¤���B�°ÝÚ¢��Ä��
� [1−3]. ÙÌ�Ú½�, Äk?1 DFT O�, d1
�Ú� DFT Å¼êÚU��O�ÔN�¶-�p
�^¼ê W , ,�ÏL Kohn-Sham U�Ú¶-�
p�^¼ê W O�gU

∑
�Ý
�, ��?1O

âfUþ?�, �� GW U? (G0W0).
3æ^ GW Cq�U�(�O�¥, dug

U�Î��Û�5, �½?1Oâf?�� k :

7Láu3 Kohn-Sham gUO�¥���: (Ï
~´d Monkhorst-Pack g:���þ!��),
ùÒ¦�Ùp�«?¿ k :� GW OâfU?�
��O��~äk]Ô5. éõ©z¥� GW O
�Ï~´é�O k :?1 GW ?�. du GW U
?Ú DFT-LDA U?3ØÓ k :?��É�ØÓ,
¤±���� GW U�(�Ø=´é�O k :
?1?�´4Ù��. �±ÏL,«���{
��Ùp�«¥¤��é¡�þ�U�(�, X
�Û� Wannier ¼ê (Maximally-localized Wannier
Functions, MLWF) ��{ [4−7].

3?1Äu MLWF � GW U�(����.
I�^�OâfU?ÚOâfÅ¼ê. DÚþ@
� LDA Å¼êÚ GW OâfÅ¼êÄ�þ��,
éu{üá�NX5`, üö 99.9%´��� [3],
¤ ± � ± � � ^ LDA Å ¼ ê � � GW � Å ¼
ê (G0W0 �{), ¿vk7�éÙ(J�gUO
�, ¿�3é GW �gUO��, $�¬ü$Ù�
�¼ê¥1Ì¼ê�O(5 [8]. ¤±�Ý@�g
U� GW O�´vk7��, ¿�éuÙ$^�©
äk�Æ5 [9−13]. �´, 3�Y�ïÄ¥uy GW
Ú LDA �Å¼ê¿vkþã@op�ÜÝ (=
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¦´éu7�Ná�)[14]. üöéud�Å¼êÚ
Ä�>f�ÝÎÜ��Ð, �´, éu���£ã
K�O�� [14]. �3égU� GW Cq�gU
¼ê$^·�CqÚ��Cq�{�, �±�Ø3
�gU�éuÙ��¼ê1Ì�L$ý�5, ?
�±éÐ��±Ù�(5. æ^·�CqgU GW
�{ [13] ��gU�OâfU?ÚOâfÅ¼êé
uÄu MLWF �OâfU�(���´7��.

%z7´�«��(�á�Ú°�Y��
Ná�, ®²uy�¬.küzõ«. ;.�¬N
(��©�üa, �´ α-SiC, �)8�/½!/(
� (2H-, 4H-, 6H-, 9R-, 15R- �), �´ β-SiC, =ð
 ¶(� SiC, �
NyÙæ÷gS��� 3C-SiC.
3C-SiC Ú 2H-SiC 3 SiC õ.N�éõ5��)
U�(�¥?uü�4à, Ù¦8�½!/õ
.N�5�Ï~0u 3C-SiC Ú 2H-SiC �m. du
%z7�3A^þ��5±9 3C-SiC (�{ü
´ÿÁO��{�ûÐ�.NX, ®k�õé%z
7õ.NÄu DFT �U�(�ÚÌ�O� [15−21].
Wenzien �æ^{z� GW �{O�
%z7õ
.N�U�(� [22], Ù{z�)æ^�.�0>
¼êÚé¤¢Û�|�A (local-field effect) �Cq
?n. Backes � [23] Ú Ummels � [24] æ^lÞO
� GW �{©Oéá� SiC Ú8� SiC ���m
�O k :�OâfU??1
?�, �vkO��
�U�(�. 8c�vkæ^OâfgU GW �{
éu SiC U�(��O���.

� © æ ^ DFT-LDA � { Ú GW � { O �

 3C-SiC Ú 2H-SiC �U�(�. $^gU GW
�{Ú MLWF ����
 3C-SiC Ú 2H-SiC �O
âfU�(�, ¿Ó DFT-LDA ÚDÚ� G0W0 �
(J?1
'�.

2 O��{

æ^�Ý�¼nØµee�²¡Å�³�
{?1¬N(�AÛ`zÚÄ�>f(�O�.
^ Troullier-Martins.�Åð�³5?n�fØÚ
�>f��^, 3 Kohn-Sham O�¥²¡Å�äU
À� 1088 eV (40 Hartree). 10×10×10 Ú 10×10×6
� Monkhorst-Pack g:¤�� k :���^u 3C-
SiC Ú 2H-SiC �1�Ùp�«È©. ��'é³
æ^ LDA Cq. AÛ`z�Ì Broyden-Fletcher-
Goldfarb-Shanno �{ [25].

�
?1æ^ GW Cq�OâfU�(�
O�, ·�Äk�� DFT-LDA Cqe�1�Ùp
�«¥� k :�Å¼êÚU?, ,�ÏL·�C
qgU GW �{ [13,26,27], ��þãd Monkhorst-
Pack g:�ª����| k :þ��?�L�
U��. Ù¥éu�p�^¶-¼ê W $^�Å
� Cq (Random Phase Approximation, RPA). 3
¶-¼ê W O�¥, ^5L«0>Ý
 ε Ú0
>Ý
�ê ε−1 �²¡Å¼ê�äU� 408 eV
(15 Hartree), ^5L«Õáâf4zÇ (indepen-
dent particle susceptibility) χ0

KS �²¡Å�äU�
� 435 eV (16 Hartree). éugU�Cq�Ì Faleev
�JÑ�N��gUgU [13], rgU©�M�î
þ (�é�z) Ú�M�îþ (�é�z) üÜ©, 3
gU�L§¥, M�îþ����5��Cý¢
� GW ¥�é�z��, �k�é�z����N
�. O�¥^5�)gU�Î��Ü©�²¡Å�
äU�� 490 eV (18 Hartree), gUO�¥L«Å¼
ê�²¡Å�äU�� 544 eV (20 Hartree). 3¶
-¼êÚgU�O�¥, ?n�U�ê8é 3C-SiC
Ú 2H-SiC ©O� 260 Ú 344. 3gU GW O�¥,
æ^�gUS�gê� 4 g, 1 4 ggUO�¤�
�OâfU?Ú1 3 ÚgUO�¤��OâfU
?�É�u 0.1 eV.

æ^�Û� Wannier ¼ê��{5��÷�Ù
p�«é¡��U�(�. |^þ!��þ� GW
?�U?�ÚOâfÅ¼ê5�E�Û� Wannier
¼ê [5,6]. ÏLù
�Û�z� Wannier ¼ê, ·�
�±$^��{��31�Ùp�«¥?¿ k :
�U?. du3¦^ Wannier ¼ê��{��Ùp
�«AÏé¡�þ� GW U�(��L§¥,I�
éÙ�5�Å¼ê?1�Û�z?n, ©z¥��
� [14] Ú·��ÿÁÑL²æ^ Wannier ¼ê��
{��OâfU�(�I�æ^gU�OâfÅ
¼êÚOâfU?.

�ó�æ^ ABINIT §S 6.8.2 �� [27−29],
�Û� Wannier ¼ê��æ^ Wannier90 §S [7],
Wannier90 ®����8¤� ABINIT ¥.

3 O�(J9?Ø

3C-SiC äkð ¶(� (�m+Ò 216, F -
43m), 2H-SiC ä k n ¶ ( � (� m + Ò 186,
P63mc). A Û ` z � � 3C-SiC ¬ � ~ ê a
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� 4.331 Å, ¢ � � � � 3C-SiC ¬ � ~ ê �
� 4.35 Å[30], �É3 1%±S. ¬�`z��� 2H-
SiC �¬�~ê a � 3.058 Å, c � 5.020 Å, S�I u

� 0.3757. ��Ú1�Ùp�«Xã 1 ¤«. 3U
�(��O�¥Ú�À^·�Äu DFT-LDA O�
¤��(�ëê.

O � ¤ � � 3C-SiC Ú 2H-SiC � O â f g
U GW U�(��ã 2(a) Ú (b), ��'� DFT-
LDA O�¤��U�(��3ã 2 ¥�Ñ. lã 2

�±w�, 3C-SiC Ú 2H-SiC Ñäkm��Y. DFT-
LDA ÚOâfgU GW �{���d�ºÚ��
. ��Ó, 3C-SiC Ú 2H-SiC d�ºþ uÙp
�«¥� Γ :, 3C-SiC ��. u X :, 2H-SiC
��. u K :. æ^OâfgU GW �{O�
¤��U�(�3d����éu DFT-LDA O�
(Jke£ª³, 3����Kkþ£ª³. GW
?��ÌÝéØÓU�ÚØÓ k :kCz. GW B
�°Ý�éu DFT-LDA B�°Ý²wC�.

ã 1 3C-SiC (a) Ú 2H-SiC (b) ���Ú��m1�Ùp�«9AÏpé¡:. �¥�L Si �f,�
¥�L C �f

ã 2 U�(� (a) 3C-SiC; (b) 2H-SiC. o (ù) �� QPscGW O�(J, [ (É) �� DFT-LDA (J. QPscGW U��d�ºUþ�� 0

��'�, æ^ DFT-LDA, ~5 G0W0 ÚO
âfgU GW �{O�¤��Ùp�«¥�A
Ï:�pÓâU?Ú�$�ÓâU?�±9B

� ° Ý � � 3 L 1 ¥. 3C-SiC � DFT-LDA B
�°Ý� 1.30 eV, �u¢�� 2.390 eV[31]. 3C-
SiC � G0W0 Ú O â f g U GW B � ° Ý ©
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O � 2.23 eV Ú 2.88 eV, � ¢ � � � Î Ü ² w
' DFT-LDA �Ð, Ù¥ G0W0 B�°Ý'¢��
� 0.16 eV, OâfgU GW �O�(J'¢��
� 0.49 eV. 2H-SiC � DFT-LDA B�°Ý� 2.12 eV,
�u¢�� 3.330 eV[32]. 2H-SiC � G0W0 B�°
Ý 3.12 eV '¢��� 0.21 eV, OâfgU GW
B�°Ý 3.75 eV, K'¢��� 0.42 eV. Oâfg
U GW �{�O�(JÚ DFT-LDA �'�¢�Î
Ü��Ð, �´�éuDÚ� G0W0 ¿vkU?.
3·�O�� 3C-SiC Ú 2H-SiC ü«á�¥, Oâ
fgU GW �{�B�°Ýýÿþ'¢�� �.
Bruneval æ^�³Cqé Si �OâfgU GW �

O�(J�'¢�� � [14]. OâfgU GW �
{�éuDÚ G0W0 knØþ�î�5, ÚéuS
�m©�Ð��6���`:, ��±���Û
� Wannier ��¤I�OâfÅ¼ê. Fallev �æ
^ LMTO �{�OâfgU GW O�, �Ñ� Si
�¢���'é�C�(J [13], q����³C
q´þã¯K�5, �´3O�L§¥ LMTO �
{�k Muffin-tin Cq. æ^ LMTO �{�Oâf
gU GW O�é GaAs �B�°Ý�Ñ ��(
J [26]. 8cOâfgU GW �{'¢�� ��
�ÏÄ¾´3u�³Cq�´égUæ^�·�
CqÚ��CqI�?�Ú�ïÄ.

L 1 ^ LDA CqÚ GW �{O�¤��Ùp�«�AÏ:��pd�U?Ú�$��U?9B�°Ý, ü  eV.
(a) á�%z7 (3C-SiC); (b) n ¶(�%z7 (2H-SiC)

(a) 3C-SiC

E4Γ E4X E4W E4L E4K E5Γ E5X E5W E5L E5K Egap

LDA 1.03 −2.21 −3.77 −0.04 0.08 7.49 2.33 6.19 6.52 6.66 1.30

G0W0 0.41 −3.04 −4.56 −0.75 −2.38 7.73 2.64 6.74 6.83 4.49 2.23

QPscGW 0 −3.58 −5.14 −1.20 −1.07 8.05 2.88 7.07 7.12 7.21 2.88

(b) 2H-SiC

E8Γ E8A E8H E8K E8M E8L E9Γ E9A E9H E9K E9M E9L Egap

LDA 1.01 0.29 −0.75 −2.89 −0.20 −1.31 5.86 6.93 6.08 3.13 3.70 4.26 2.12

G0W0 0.42 −0.37 −1.49 −3.70 −0.91 −2.11 6.18 7.27 6.47 3.54 4.07 4.59 3.12

QPscGW 0 −0.84 −2.00 −4.27 −1.39 −2.64 6.42 7.54 6.73 3.75 4.29 4.82 3.75

4 ( Ø

3õN�6nØµeeæ^ GW Cq�O�
�{�±�ÑOâfU�(��O(ýÿ. ·�
3�©¥©Oæ^ DFT-LDA, G0W0 ÚOâfg
U GW �{O�
 3C-SiC Ú 2H-SiC 3�Ùp�
«AÏ:�U?, ¿ÄugU�OâfU?ÚOâ
fÅ¼êæ^�Û� Wannier ¼ê���{�Ñ

 3C-SiC Ú 2H-SiC ÷Ùp�«�é¡�� GW

U�(�. 3C-SiC �d�º3 Γ :, ��.3 X

:, DFT-LDA, G0W0 ÚOâfgU GW B�°Ý
©O� 1.30 eV, 2.23 eV Ú 2.88 eV. 2H-SiC �d�
º3 Γ :, ��.3 K :, DFT-LDA, G0W0 ÚO
âfgU GW B�°Ý©O� 2.12 eV, 3.12 eV
Ú 3.75 eV. OâfgU GW �{nØþ�î�, �
�±��OâfÅ¼ê^u�Û� Wannier ��.
�´æ^ Si Ú C ��Åð�³�gU GW O�(
J�¢���'Ñ �.
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Abstract

Quasiparticle band structures of 3C-SiC and 2H-SiC were calculated using ab initio many body perturbation theory with GW

approximation. Quasiparticle energies along high symmetry lines in the first Brillouin zone were evaluated using quasiparitcle self-

consistent GW (QPscGW) method and the Maximally-localized Wannier Function interpolation. Both 3C-SiC and 2H-SiC have an

indirect band gap with valence band maximum locating at Γ point. The conduction band maximum of 3C-SiC is at X point. As a

comparison, band gaps of 3C-SiC calculated by DFT-LDA, one-shot G0W0 and QPscGW are 1.30 eV, 2.23 eV and 2.88 eV respectively.

The conduction band minimum of 2H-SiC locates at K point with a band gap of 2.12 eV, 3.12 eV and 3.75 eV predicted by DFT-

LDA, one-shot G0W0 and QPscGW respectively. Lattice parameters calculated by DFT-LDA were used in this work. The QPscGW

calculations are based on pseudopotential method, predicting slightly larger bandgaps for both 3C-SiC and 2H-SiC comparing with

experiments.
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