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æ^�lfNOrzÆí��ÈEâ, ± SiH4 ��7
, NH3 Ú N2 �Ó���
, 3ü¬7�.þ��
Ø
Ó��z7��. X ��û�©Û��¬N(�, ÏLO�¬�º���y²
B�7�â��3. Fp�C�ù
	1Ì©Û
��¥��Ü�^�Cz¿(ÜzÆ�AL§é�z7��¥B�7�â�/¤Å�?1
ïÄ,

uy Si—Si ���7B��â�Ð© �, ��A�X)¤ Si—Si ���?1�, �±r?�z7��¥7B��
â�/¤. X ��û�©ÛÚ1�u1¢�(JL² Si—Si �ßÝO��, ¤/¤�B�7�â�º�ÚßÝÑ�
�O�.

'�c: �lfNOrzÆí��ÈEâ, �z7��, B�7�â, �Ü�^

PACS: 81.07.–b, 81.07.Bc

1 Ú ó

duB�º����þf���A, B�¬7
Úõ�7¥B�?7�â�U�mY°Ý²wO
�, Ù�r�¿§��u1y�31>fì��¡
äk�p�¢^d� [1]. B�¬7���­½5
9ó²þ�8¤>´�oN5 [2], ¦�B�7(
����Úu1A5�ïÄ��É�<��'5.
��B�7��i0�, �z7 (SiNx) äkÚ�
z7�C��.ÂB>| (7×106—10×106 V/cm),
�Ù�Y°Ý (5.3 eV) '�z7�Y (9 eV) Ä, �
B�7¥>fÚ�Ç�DÑJø
�$�.¡³
^, TA5éB�7>�u1ì�¥16f�5\
4�k| [3,4]. 3�c�ïÄ¥�lfNOrzÆ
í��È (PECVD) Eâ´¢y�i3�z7¥�
B�7 (B�7/�z7) �����~^Eâ. ®
kïÄ��3ü��z7���Ä:þ, ��Ñ

 N-rich SiNx / Si-rich SiNx õ��, Si-rich SiNx �
�B�¬7�â�³²�, ¦7�â�U?3Ù
¥Ñy
þfz, 3 Si-rich SiNx �¥¢y
7B

��â���)�, k�Jp
7Äá��u1
�Ç [5,6]. CÏïÄL², æ^ N2 Ú NH3 �Ó�
��
, ÏLUC NH3 6þÚ N2 6þ���L�
��z7��¥�U¢y¤�i�B�7�â�
��)� [7,8]. d	, �kïÄ(Jw«, æ^ N2

Ú NH3 �Ó���
�, �O� N2 6þ�, �±
O\��¥B�7�â�¤© [9]. Ïd, �\ï
Ä PECVD Eâ¤����z7��¥7B�7�
â�/¤Å�ék7�. �©æ^± NH3 Ú N2 �
Ó���
, ^ PECVD Eâ3ü¬7�.þ)�
�z7��, ÏLÿþ3ØÓ�í6þe¤���
L���z7���¬N(�!�Ü�^±91
�u1A5, é�z7��¥7B��â�/¤Å
�?1
©Û.

2 ¢ �

æ^ PECVD Eâ��SikB�7�â��
z7��, �ªõÇ� 100 W, )�§Ý� 200 ◦C,
�A¿Ør� 180 Pa. �¬�)��.�ü¡�1
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�ü¬7¡ Si (111), æ^ Ar Dº� 5%� SiH4

� � 7 
, æ ^ N2 Ú NH3 � · Ü í N � � �

, �± SiH4 Ú NH3 �íN6þ©O� 100 sccm
(1 sccm = 1 mL/min), 40 sccm ØC, ¦ N2 �6þ
©O� 30, 60, 75, 100 sccm, ��ØÓ��z7
���¬. �g¢�æ^ DX-2600 (Cu Kα radia-
tion) X ��û�¤ (XRD) ÿþ
ØÓ���¬
�¬N(�, æ^�9 FTIR-8400S .Fp�C�
ù	1Ì¤ (FTIR) ÿþ
ØÓ�¬¥��Ü�
^, æ^ 248 nm KrF O©f-1ì��-u1
,
^ Ocean Optics 4000 .1n1Ì¤�&ÿì, éØ
Ó�¬3¿§e�1�u1A5?1
ïÄ.

3 (J�©Û

3.1 ������¬¬¬NNN(((���©©©ÛÛÛ

ã 1 �ØÓ N2 6þ����¬� XRD ã. d
ã�±wÑ, 3���¬� XRD Ñy�¸ Ú/
GÄ���, 
�ÑÑy
 Si (111), β-Si3N4 �û
�¸, `²3�z7��¥þ�)
¬N7�â
Ú β-Si3N4 �â. d�r� Si (111) û�¸�±w
Ñ, 3�z7��¥Ñy(¬z§Ý'�p�¬
N7�â, ��.ü¬7¡ Si (111) �)����
�, ��¬N7�â�)��ª´Uì�.�¬
�J`��)�. é���¬� Si (111) û�¸?
1âÔ[[Ü, ���p° ∆(2θ) XL 1, ¿d�
Wúª [10]

d =
kλ

∆(2θ) cos(θ)

�Ñ���¬¥7¬N�â�º���XL 1, Ù
¥ k = 0.9, λ = 0.154 nm, ∆(2θ) �û�¸��p
°, θ =�û�¸¤éA��Ý (=z�lÝO�).
lL 1 �±wÑ, ¤/¤�7ìq�º�þ�B�
?º�, `²¤/¤�7ìq�B�¬7�â, �
¢�(J�w«, �XíN6þ�O�, ��¥¤
/¤�B�¬7�âº���¥ÅìO��ª³.
B�¬7�¤Ø¥%NÈ��, B�¬7�âº�
�� [11]. Ïd, �±@��X N2 6þ�O�, B�
¬7�¤Ø¥%NÈO�, l
¦��ª/¤�B
�¬N7�â�º����O�.

� � � � � � � � � � � �� � � � 	 	 
� � � 	 	 
� � � 	 	 
� � � 	 	 
� � 
 � � � � � � � � � � �� ������
� � � � �  ! "#$ %& '() *

ã 1 ØÓ N2 e6þ�¬� XRD ã

L 1 ØÓíN6þe�¬¥7�â�¬�º�

N2 6þ/sccm �p°/(◦) û��/(◦) d/nm

30 2.2 28.41 4.105476

60 2 28.42 4.516373

75 2 28.39 4.515096

100 1.81 28.45 4.991881

3.2 ������¥¥¥������ÜÜÜ���^̂̂

ã 2 �3Ù¦��^�ØC��¹e, =U
C N2 6þ©O� 60, 75, 100 sccm ����n�
�¬, æ^ FTIR ÿ�����¬�ù	1Ì. d
ã 2 ù	1Ì¥��áÂ¸rÝ� N2 6þ�C
z�±w����Ü�^�Cz�¹, Ù¥ 842—
884 cm−1 �ráÂ�� Si—N ���Ð�ª�',
2099—2201 cm−1 �áÂ¸éAu Si—H ���Ð
�ª, 3344—3365 cm−1 �áÂ¸8(u N—H �

� � � � � � � � � � � � � � � � �� � � � � � � 	 � � 	� � � 
 � � �
 � 
 � � �� � 
 � � �� ��� ����� �
� � � � �

ã 2 ØÓ N2 e6þ�¬� FTIR

��Ð�ª [12]. �±wÑ, �X N2 6þ�Oõ,
Si—N ¹þÅì~�, Si—H, N—H ¹þkO�, ,
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�~�. PECVD ���z7��áuzÆÜ¤, Ï
d3 SiH4 ��7
, N2 Ú NH3 �·ÜíN���

�, �3±e�A [8]

N—N + Si—H ↔ Si—N + N—H(A),

N—H + Si—H ↔ Si—N + H2 ↑ (B),

Si—N + Si—H ↔ Si—Si + N—H(C).

ÿÁ(JL²¤�����¥¹k Si—N,
N—H, Si—H Ú Si—Si �. Ó�uy, � N2 6þO
õ�, N—N ßÝO�, K (A) ���A�ÇO�,
=)¤ Si—N Ú N—H, l
r¦ (B) Ú (C) �A�
���?1. 
¢�(Jw«, �X N2 6þ�O
�, Si—N ¹þÅì~�, `² (B) ��?1��A
�Ç�u (C), =)¤� Si—N '�A�Ñ� Si—N
�. Ïd, � N2 6þOõ, N—N ßÝO��, ¬�
�§Ý/r? (C) �A���?1, r? Si—Si �
�þ)¤. XRD ¢�(JL², �X N2 6þ�O
�, B�¬7�¤Ø¥%NÈO�, l
¦��ª
/¤�B�¬N7�â�º����O�. 
3�
�)�L§¥, Ð© �Ï~ÄkàÜ�¤Ø¥%,
,�2/¤B�ìq, Ð© �ßÝ��, àÜ�
Ø�AÇ�p, ¤Ø¥%�NÈ���. Ïd�±
@�O� N2 íN6þ�, ßÝ��O�� Si—Si
�´7B��â��Ð© �. dd��, �_�
A (C) ����K´��¥/¤7B�ìqÐ©
 ����, ÏLO� N2 íN6þ�±r?T�
A���?1. d	, ã 2 �w«, �X N2 6þ�
Oõ, Si—H, N—H ¹þkO�, �~�. ù´Ï�
�X���A�?1, ��¥�m©¬/¤�þ
� Si—]!�, é H äkér�áN5, Ïd, k�
þ� Si—H �) [13]. ���A���?1, Si—H
���AÔ¬��Ñ, ��X N2 6þ�Oõ, ��
���A�Ç�O�, d]!�/¤� Si—H ò'
�A�Ñ� Si—H �, l
¦ Si—H kO��~�.

 N—H �� (A) �AÚ (C) �A��Ô, �X�
A�?1, ¬¦� N—H ßÝO�, �´� N2 6þ
UYO��, N—H ßÝm©~�. ©Û@��U�
K��A�Ù¦Ï�k'.

3.3 ØØØÓÓÓ���������¬¬¬111���uuu111AAA555

nþ¤ã, Si—Si ´��¥B�¬N7�â/
¤�Ð© �, �·ÜíN¥ N2 6þO��, ¬N
7�â�º���O�. ÏdUC N2 6þ, Ø=�
±UC)¤ Si—Si �zÆ�A�Ç, 
���±?

�ÚUC¤/¤�B�¬N7�â�º���. �

?�ÚïÄ��¥B�7�â� N2 6þ�m
�'X, ·�3¿§eïÄ
ØÓ�¬�1�u1
A5, ¤��1�u1Ì (PL) �ã 3. lã 3 �±
wÑ, �¬3 620 nm � 670 nm ��SÑy
�X
��u1¸, ���¬� PL Ì¸ Ú¸.Ä��
Ó, �3 636 nm ?Ñy
�ru1¸, �X3 647,
629, 656, 664, 623, 668 nm �gÑy
rÝÅì~
��¸. (JL², 3 248 nm KrF -1ì-ue, �
�¥Ë�EÜ�)1f�UþÌ�� 1.94 eV, ¿�
3NC�Ñy
�X�©á�u1Ì, Ïd�3©
á�u1¸. d XRD ©Û��, 3��¥�3B�
?�¬N7�â, Ïd7B��â3��¥/¤þ
f:äk���A [14,15], U?¥yþfz©Ù¿
���X�©á�U?, duU?�lÑzÚU�
�­�z�¬Ñy�Y�Ð°½öÂ , ¿��X
�X�þfz�1fUþ [16,17], ù� PL Ì�¢�
(J�ÎÜ�. ù�?�Ú`²��¥B�7�â
��3, �Ë�EÜ1f´dB�7�â�). l
¢�(J��±wÑ, �X N2 6þO�, ���¬
�u1rÝ¥��Or�ª³. ù`² N2 6þO
�, Si—Si ßÝO�, ¦B�7�â¤Ø¥%ßÝ
�O�, �ª)¤�B�7�â�ßÝ�òO�.
��ÏLO� N2 6þ, r? Si—Si �)¤, Ø=�
±O�7B��â¤Ø¥%�NÈ, 
��±O�
¤Ø¥%�ßÝ, ?
r?7B��â�/¤.

� � � � � � � � � � � �
� � � � � � �	 
 � � � �� � 
 � � �� � � � � �� � ��� � � �� ���� � �

ã 3 ØÓ N2 6þe�¬�1�u1Ì

4 ( Ø

æ^ PECVD Eâ, ± NH3 Ú N2 �Ó���

, 3ü¬7�.þ)��z7��. ÏLÿþ
3ØÓ N2 6þe¤���L���z7���
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¬N(�!�Ü�^±91�u1A5, é�z
7��¥7B��â�/¤Å�?1
©Û, �
Ñ PECVD ���z7��¥B�7�â/¤�
Å�, = Si—Si ���7B��â�Ð© �. �
��ëþ¦zÆ�A�X Si—Si �ßÝO��

��?1�, Ø=�±O�)¤�7B��â�
ßÝ, ��±O�7B��â�º���, ùéæ
^ PECVD Eâ¢y�z7��¥7B��â��
�)�äk­��¿Â.
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Abstract

The silicon nitride films are prepared on c-Si substrates by plasma enhanced chemical deposition (PECVD) with silane as the

silicon source in mixture gas (N2/NH3) as the nitrogen source. We prepare different kinds of films at different flow rates of the

nitrogen with other conditions kept the same. X-ray diffraction (XRD) is employed to analyze the crystal structure, and the existence

of the silicon nanoparticles embedded in the silicon nitride film is verified according to the caculation of the lattice size. Fourier

transform infrared spectra are employed to probe the concentration evolutions of various chemical bonds with the flow rate of the

nitrogen, with which by combining the chemical reaction process, the formation mechanism of the silicon nano-clusters embedded in

silicon nitride is investigated. The results show the initial positions of silicon nanoparticles are conducible to the formation of silicon

nanoparticles when the chemical reaction proceeds towards the direction in which the Si—Si bonds form. In addition, XRD analysis

and photoluminescence characteristics show that the size and the concentration of the embedded nanoparticles increase with the flow

rate of the nitrogen increasing.

Keywords: PECVD, silicon nanoparticles, silicon nitride, chemical bonds
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