
e 31 l�e 8 r i s 9|�\h
 1672-8785(2010)08-0009-05zhpoj
ngut{dfwtxmvk-+f�2S��V�L
(F#G�<�!bG��p0�)�!e F# 030024)���	/zBnWR	�8�gO;Q�?[Omx37Yb;P4�1LZN=F?RwpQ�?DUw};Æ�-l#EB� SiO2 Z[\;.+	�mx�<k>z�
`$�,I1z��9gO�'�?VQ�?[�gS(��WmgOVRmgOI)TH��_I� 3.3eV ℄ 4.3eV JlJ�\b�_�.937mx;Q3�'&mx37;U85XHYvH�&0PNWR	�mgO;t
QA�u_i�4�6;!BrMdM;t;?�8�N SiO2 Z[\;W	�mVR	�m6T�Ly^7Z�<;a9377�X:g}/Kk/{;Q�?�V��Bn	�8�/{;AQ\w)NzF>;Gq�em_	�?DUw}��9gO�	�m�QA���6�zbrg	 O471.5 {}℄xt	 A DOI: 10.3969/j.issn.1672-8785.2010.08.003

Study of Optical Properties of Ge and Si Nano

Structures by First Principle

WANG Bing-jie, CHAI yue-sheng, ZHANG Min-gang

(College of Materials Science and Engineering, Taiyuan University of Science

and Technology, Taiyuan 030024, China)

Abstract: To investigate the relation between the optical property and the crystal size of a nano

structure, a plane wave approximate method based on the density functional theory of first principle is

used to calculate the different nanocrystal models in SiO2. The band structure, state density and optical

property of the nano structure embedded in the SiO2 are analyzed. The result shows that for Ge and

Si structures, their intermediate levels are introduced at about 3.3eV and 4.3eV above the Fermi level

respectively. With the increase of the crystal size, the light absorption edge firstly moves to the red

side and then moves to the blue side. It is considered that the visible light emission in the Ge and Si

nanocrystal structures comes from the defects at their interfaces. In the Ge and Si nanocrystals embedded

in the SiO2, there exist minimum size limits suitable for quantum-confined models. These conclusions

give us a certain props both for improvement of the optical property of materials and for further study

of the luminescence mechanism of nano structures.
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�8\Zi4 a�|��E�kF^�CM�&B�yHW:�S8℄nxm/sHH$y℄#?���lX`;^Ui�,	oY��L3`[m��13�℄y�EHs|� Canham �^QpE (QC) s|13`[L|H�H$yC℄y [1] ��Z1y�℄QQ – K�/xm|GHe�℄y��� QCx��xm|H5=OWrm;�NM|H5=OW� Kanemitsu J� [2] �;`�A2:/ 4.2nm ∼ 14.4nm H nc–Ge/SiO2 e�u�℄n�℄y�WA*"�?A9{f:#�DlL3�/a)wH7YG�6H3j)/s�aS�\xm6�3j)/sr�Z=+/s�yC℄yH|QS�8Iy/s� Fukunishi J�
[3] �Z�/ Si/SiO2 /sG��Q�8g/ Si �
SiO2 H2q6�8\(&H$y℄#�/+9jxm/sG�2q6H��% (� Si–O, Si=O)/H$y℄#G�OJ�HY�� Yoshihiko J�
[4] 
Zxm7H�q/s4�`%��;�Dl�Z|�6xm7H�qG�H$y℄#�OJ�[h�Fauchet �;wV [5] 
d`[L|Gxm|�

|/℄yGHY��DlH/i1	Axm|H2:,;* (*;� 3nm) � PLQSxm|�\Axm|H2:�w* (*w�
1.6nm) � PL QS|�

|?"2qH Si=O;%�\
�jJ� [6] 1L3`^QpE – ℄yGz (QCLC) s|�A3xm/sH℄y�E�1?ÆH��R*De^QpE�℄yGz
(�o�,F) ��Z�-1vm?ÆH℄yd�E
�H|1�8℄m�?rR�SH�w	xm/sH℄y�E��k�Si��[�;�$
U/�5yHqB��;�
oYH$JOU1/,	`q�Q�Ui��Q�;xm7℄y�UH��[��`-�6S�QQ6>H`^Z SiO2 G+w2WHxm7 Ge /s4�`s~���
d`|=/s�GoW�yf5��Z13xm7H℄y�ELq`Ui�>�
2 a%�=^GC

��,�H7Ys
/s�,e,�7Y{��7Y /SiO2 2q� SiO2 �FGU9/;^H�o��7z�(X�����
U�FH9�s|�\�AOs|G"Q9H2[�Zs~��HJxP&��
�a)FI�Weissker J�
[7] 3/ SiC �FGs(`6
m"QH�%67s|��W�VXYQ6>H`^��`h/sHy��F�8I/sZ�;yC℄yJ��xm7Y2WHwh(
����Z^QpEs|Lq`�>��E/�;xm/sH2q-%Zy℄#J�H�t`qgm�T�\�DlW�`[
x8S�/�� (VASP) ����9WrZ,K�Z`Lk��9W�|n[M`17Y2q-%Z ay��FH�t��`"�Yw2WHxm/s�/`)�7MH+7�G�R Si � Si ?"H
"Q��)�vH Si%\-�Q�.� Ge"QO�RVqH

(a) Ge3 0t
(b) Ge5 0t

(c) Ge '-0tV 1 SiO2 HI780tt}
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 Si "Q�GE`U 1 C.H Ge 7/s�Z`Y�,�R*(X` SiO2 &, Ge Hs|�lZMh4����
������|=/s�GoW�y��F�"�oW_�UiH�q�6>`^�*� –w[|�9�0 GGA–

PBE �Z0ZB�K"H+�Z0 (ultrasoft) �9WZ 1.0 × 10−6eV �.Y|^$Z 300eV �"� BFGS �^
���`
"QH 2s,2p ~F�|"QH 3s,3p ~F�� Ge H 4s,4p~FCZ�H|G�/�� Ge 7s|*� K O"�$DZ
2×3×3�Z`���,����`?�r>/sH Si 7s|��F SiO2 H|=�
3 hTP(~Z`	<$D#9HHE�����HN���lZNM`)�4��
����|=�GE7l)9 a=b=c=6.99Å�|
%*Z 1.60Å�
%%+Z 143.6◦ �|%%+Z 109.4◦ �\r�H,	9> [8] 
�Z a=b=c=7.33Å �|
%%*Z 1.58Å �
%%+Z 146.7◦ �|%%+Z
107.8◦ �5=OWH���Z 5.78eV � DaldossoJ�H���Z 5.84eV �89>�,GH�C3��`H��`^HH{W,k�
3.1 kind�
	�MhMGH�
�� 1C.�8�
1 GH�Æ5MCE� Ge3 /sHTQ|^KW�"Q7Z�"Q�:KWH�A�,k�8<r Ge3 /sHaS�K� Ge1 � Ge5 /s�Z� Si3 � Si5 H9��
H�C3 Si3 /s�� Si5 /saS� Ge3 � Si3 /sH7l��U�,;�8�H|1�� Ge3 � Si3 /s?��Z,�H'u�8
H�13Z+j,	Gx

%EHs
xm7YU?��%H~M8Ænv [9] �
3.2 `�nd��xm7�6&,s|H|=/s��/��U 2�U 3C.�8|=UGH�CE�Z�℄IN�LU!? Ge� SiHs
/s�xm7
�C(&HS 
|�^� SiO2 5=H"��
��J:S>�7lGH�o�-�F7l9TG3n= 9Ts�8\/=iG(&y|��8|=/sH�
�0QC�AO7YH2;�=iGH|�K'ubm|�E6����o��8� Weissker J� [7] H��/�ÆC� Ge1 /s��Hy|�/ 5.4eV 6���F
SiO2 K=K* 0.5eV � Ge3 /s|�/ 3.3eV �
5.1eV6�Ge5 /s|�^� 3.3eV� 4.8eV6���5="� 6eV �"L��nH1 SiO2 H�F� 0eV ∼ 4eV L��nH1 Ge � Si H�F�C��`�Z Ge3 H 3.3eV |�� Ge5 H 3.3eV|�1��7Y{��� Ge-Ge%\(&H�\
Ge5 H 4.8eV |�� Ge3 H 4.9eV |�� Ge1 H
5.1eV |�11���� Ge-O %\(&H�/|7Y/sG� Si3 H 4.3eV |�� Si5 H 4.6eV|�U1,%� SiO2 =iH|���&�|7GH Si-Si %��,|=/s�H�℄n�xm7Y/s2q6H Ge-O %� Si-O %H|�UE6�FH!=�AO7Y2:H2;�7Y2q6H Ge-O %� Si-O %H9^�2[��72q%Z�H|=GoW�r�2;�8U 4�U
5 HGoWUGH�Æ5MC38I�0�/67s|G�Ge3 � Ge5 !==℄f6 3.3eV63nHd�Z7Y{�/sZ�H|=� E6=� 1 ��������
���Æ��!����!���Æ��" 

Modle dE/ion (10−6eV) |F|max (10−2ev/A) |dR|max (10−3A) enthalpy (104eV)

Ge1 10.39 2.970 0.8748 –1.5750

Ge3 94.00 12.67 17.78 –2.8869

Ge5 2.857 2.175 2.148 –1.3987

Si3 7.906 4.299 1.681 –1.4878

Si5 5.416 3.533 1.301 –1.3998
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V 2 78t}I}>0t

V 3 }8t}I}>0t℄6* 5.0eV f6H Ge-O %CZ�HGoWA7YH2;\2;���gubm|��TH�0�8H|1�ZAO7YH2;� Ge-O %GH Ge H���r��C�
CC�|7s|HGoW
�S>H�
�P�
3.3 f���U 6 �U 7 
�167/s�|7/sHf5��Ge1 /sHf5d�/ 10.2eV6�Ge3/sHf5d�^� 9.1eV6�Ge5 /sHf5d�^� 8.5eV 6�H�C3�AO67YH2;�yf5d�K'u*�`u�T�bl8UG�H�Æ5MCE� Ge5 /s� Ge3 /sHf5�rZ7M Ge Hf5�℄&`R��8<r7Ys
/s3n`=i4Ox��^QpEs|HÆmT3JO<1=i4Ox� [10] �\rZ�NM a�s
/sH=i4O;1�^QpEx�HMn��1AOxm7YH

2;�^QpEs|H=i4Ox��2��\��/��m.2:,;H Ge5 /sH=i�,wH Ge3 /sH�O�8<r Ge xm/sG9/2�^QpEs|HWw2:p�bl/
d|7/s�H�G3� Si xm/sGR�9/2�^QpEs|H2:Lq� Ge5 /s� Si5 /sHyf5d^�PX� �TH$y�,(��yf5�
^�RPy��\bl/,	Gx%E2:,wHxm/s/
y� �,�HyC℄yd [4] �8<rxm/sHH$y℄#1Q�QQH="+���QQ,nH� Ge5 /sHyf5�d�^� 8.5eV �
13.0eV 6�QQH="+�℄yHd��hZ
4.5eV �8���1H$y��7H�4="+�HH|���xm/sHH$y℄#BH|&��Q���6�|U1�CM�rZ� SiO2 ��QQ��7�℄��7�QH(&�QQ –K�ZH�℄1/xm7Y{℄&H�\QQ –K�He�ÆÆ℄&/!=L�=i|��C=?"��	qHIiH>�Ge-O %� Si-O %��H|���^�!=L��7�QHe�℄y1/2qH Ge-O %� Si-O %6℄&H�C��`=1 Fauchet �;wVHxO��Zw2:xm7/sHy℄#QS7Y2q6H Ge-O%� Si-O %�

V 4 7t}IHpXV
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V 5 }t}IHpXV

V 6 780tIzg6�

V 7 }80tIzg6�
4 h~�`"����q�Z0HNÆ�"UZRÆ�FGs
�R2:H6xm7�|xm7Hs|4�`����<��/�4�`Ii��Z9/2�^QpEx�HWw7Y2:�Z�xm7Hy℄#�E��`=1 FauchetJ�HxO��ZYw2:xm|Hy℄#L

�Q&�7Y2q6H Si-O %�R*L3�w2:xm6/sHy℄#�ER|7r>��QS7Y2q6H Ge-O %�^q{}
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