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æ^n�ª�ª�1�>àÜEâ, |^$Ø�lfàÜC�3ØÓõÇ^�e���1�>àÜÔ (GDP)
��. |^L¡Ó+¤!Fourier C�ù	1Ì¤L�¤����3ØÓõÇe�)��ÇÚzÆ(�, ?Ø
õÇ
Czé��)��ÝÚzÆ(��K�. |^��©Û¤Úb	��1Ì¤L� GDP ��¥%��f'Ú1Æ5
�. ïÄL²: ���)��Ç��ªõÇ�O�kO\�~�, õÇ� 40 W �, )��Ç��� 0.34 µm/h. 3Å
��u 500 nm ���1«, GDP ���1ÆßLÇÑ3 90%±þ. GDP ���1ÆmY��ªõÇ�O�k~�
�O\, �ªõÇ� 50 W ��� GDP ���1ÆmY��.

'�c: �1�>àÜÔ, �È�Ç, Fourier ù	áÂ, 1Æ5�

PACS: 68.35.bm, 78.20.–e, 78.30.–j, 81.15.Gh

1 Ú ó

-1.5�åàC (ICF) ´¢yÉ�9ØàC
�A��«Ì��ª [1]. �1�>àÜÔ (GDP) �
�ÏÙä��p�åÆ5U!zÆ­½5!�Ð
�1ÆßL5!ûÐ�9­½5�`:, 3 ICF Ô
n¢��ïÄ¥~��q��¡� [2,3]. C 20 c,
k' GDP æ��ïÄ��´IS	ïÄ�9:Ú
­:. I	l 20 ­V 70 c�Òm©
�'+�
�ïÄ, X8®��
��²w�?Ð, Ä�÷v
àCÔn¢��I¦ [4−7]. ,
·I3T���
ïÄåÚ�é��, 3 GDP �����Eâ!(
�95U�¡�:I�\ïÄ. 3 ICF Ôn¢��
q���ïÄL§¥, Lé GDP q��S	L¡
o÷Ý!q�S DT -�X��ëê�5�?1
L�. 1ÆL��, �¦ GDP ��3��1ÚCù
	«äkûÐ1Æ5U, k|u¢y DT X��1
ÆÿþÚù	\9, k|uÏL1ÆEâþzq�
S� DT X� [8,9]. ���ÎÜ ICF Ôn¢��u
ÿ�¦� GDP q�, ÒI�éÙ GDP ���1Æ
5UÐmïÄ. 3 GDP q�����L§¥, ó²
ëêX�ªõÇ!ó�íØ!�AíN6þ'�
é GDP ���zÆ|¤�1Æ5Uké�K�.

8c, IS	é GDP ��1Æ5UïÄ�ó�m
���. �©Ì�ïÄ
�ªõÇé GDP ��z
Æ(��1Æ5U�K�5Æ, ?Ø
 GDP ��
�zÆ(�, C/H ���f'�1Æ5U�m��
p'X.

Äu ICF Ôn¢��¢SI�, �©æ^$
Ø�lfNàÜEâ, 3ØÓ�ªõÇ^�e�
� GDP ��. |^ XP-200 .L¡Ó+¤!Fourier
C�ù	1Ì¤ (FTIR)!��©Û¤Úb	��
1Ì¤ (UV-VIS) é GDP ����È�Ý!zÆ(
�!C/H �f¹þ'Ú1Æ5U?1
L�. ©Û

õÇé GDP ����È�Ç!zÆ(�!C/H
�f¹þ'Ú1Æ5U�K�, ¿?Ø
Ù�p'
X, � ICF Ôn¢�¤I GDP q��¡���E
â�ïÄC½Ä:.

2 ¢ �

¢�æ^��ª$Ø�lfNàÜC�Xã 1
¤«, Ì��)�¬¿!ý�Å�"!*Ñ©f
"!íN6þO!�ª>
9gÄ��ì�|¤.
�lfu)«d>a��ÚI/�=+|¤. ¢
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��ª>
�n�ªu)ì, ªÇ M = 40.68 Hz.
�A¤^íN� H2 (XÝ 99.999%) Ú�ª�¶
L (T2B, XÝ� 99.995%), ÏL6þ��ì°(
���AíN�6þ. íN�6þëê�½: H2

� 10 sccm (1 sccm = 1 mL/min), T2B � 0.4 sccm.
æ^�ª>aÍÜEâ¦·ÜíN3I/�=+
Sl)!lz/¤�lfN, ÏL3Ä.þ�Ôn
áNÚzÆáN/¤(������. Û�c�¬
¿S��.ØrÄ� 1.0×10−4 Pa, ���È��
¬¿Ør�±3 10 Pa. Si ¡��=¡Ä.ål�
=+� 3.0 cm. �ªõÇÀ� 20, 30, 40, 50, 60 W,
3�È(å�?1� � H+ ?n 2 h[10]. ¢�Ï
LN��È�m5��þÝ�Ó� GDP ��, �
�þÝ���� 5 µm.

ã 1 �ª$Ø�lfNàÜC�«¿ã

¢�æ^ XP-200 L¡Ó+¤5ÿþ�È��
�þÝ, �â�È��þÝÚ¤^�m�{ü'
X, O�Ñ����È�Ý. æ^ Nicolet Nexus670
Fourier C�ù	1Ì¤é GDP ��zÆ(�?1
©Û, Åê��� 400—4000 cm−1. |^ Carlo Erba
1106 ��©Û¤é��¥�%��f¹þ'?1
L�. æ^ Perkin Elmer UV/Vis Spectrometer b	 -
��©11Ì¤é GDP ���1Æ5�?1©Û,

ÿþ¤^� GDP ���È3L¡1'��=¡,
ÿÁÅ��� 200—1100 nm.

3 (J�?Ø

3.1 GDP ������������ÈÈÈ���ÇÇÇ

ã 2 ����È�Ç�õÇCz­�. lã¥
�±wÑ, GDP ���)��Ç¥ykO��~�
�Czª³. õÇl 20 W ,� 40 W �, ���)
��Ç�XõÇ�O\Cq�5O�, 3õÇ 40 W
� 60 W �����È�ÇÅìeü. ��ªõÇ
� 40 W �, �È�Ç�����, v = 0.34 µm/h.
�� GDP ���)��Ç´d¤/¤�lfN¥
�k�¹5âf¡ä��È!H, H+ �¡±9¹5
lfÀÂé)��¡�Óå�^�(J. ���)
�L§´d>a���)�pª>^|¦k�ü
N T2B lz� CH ¡ã (CH+, CH+

2 , CH+
3 �) ��

ÈàÜ�. �X�ªõÇl 20 W O\� 40 W, õ
Ç�O\ò�5�lfN¥íN©f²þÑÑU
�O\ [11], úª�

E =
Pdc

N
× τ = A

P

ψ
, (1)

ª¥, E �z�íN©f�²þÑÑU, P �¢�
áÂ�õÇ, A �~ê, ψ �íNo6þ. d (1) ª
�±wÑíN©f�²þÑÑU��ªõÇ¤�
'. ü�©f²þÑÑUO\, kÅíN©f�
N´l). du H2 ' T2B zÆ�ä�¤IUþ
p: E (H—H) = 4.5 eV, E (C—H) = 4 eV, E (C—
C) = 3.6 eV, E (C¸C) = 6.4 eV[11], ��3�½�
ªõÇe, T2B ' H2 ´uä�/¤�lfN. õ
Çl 20—40 W, ·ÜíN¥� T2B lz§ÝÅì
,p, k��lfN¡ã�êþO\, Ï
Ä.þ
�È¤��k�âf¡ã�AÇO� [12], ¤±�
��)��Çk�õÇ�O\
O�. õÇO\
� 40 W �, T2B lz§Ý�C���. UYO��
ªõÇ, d�, H2 �lz§ÝwÍO\. H+ Ú H �
Oõ, lf��¡�A\ì, du T2B �k��l
fz¡ä®��4�, �A�È GDP ���k�
¡ã�Ç�C���. �´O\�ªõÇÚå H+

ßÝÚUþO\, H+ lf�¡�A\r, ¦��L
¡9gL¡©f��Ü©Äì��¡ÑL¡�A
ÇO\. ,	õÇ�Jp�Úå T2B lz¡ã�U
þO\, ÙéÄ.®�È��L��EÂ�^Or,
3��Ä.�L�Ø­½ÄìN´É�EÂlm
)���L¡�AÇ�3O\. ü«�¡�A��
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^e, ¦ GDP ����È)��Ç3 40 W ±��
õÇ�O\
eü [12].

ã 2 ���È�Ç��ªõÇ�Cz­�

3.2 GDP ���������|||¤¤¤(((���

ù	1ÌØ=UL���¥©fÄì�«a,
��±½5/©Û��¥Äì��é¹þ'~ [14].
ã 3 �ØÓ�ªõÇ^�e GDP ���ù	áÂ
1Ìã, lã¥��áÂÌk²wCz�Åê��
Ì�8¥3 2700—3100 cm−1 Ú 1200—1800 cm−1.

ã 3 ØÓ�ªõÇ^�e GDP ���ù	áÂ1Ì

lã 3 ¥�±wÑ, GDP ��¥¹k C—H �
�� �Ä!�­�ÄÚ C¸C V���ÄáÂ
¸. 3 2800—3100 cm−1 ��� C—H � �Ä«,
Ù�¹�áÂ¸k 2956.2, 2929.0 Ú 2870.9 cm−1,
©OéA sp3CH3 �é¡� �ÄáÂ¸!sp3CH2

�é¡� �ÄáÂ¸!sp3CH3 é¡�ÄáÂ
¸ [15]. �­�Ä« 1200—1500 cm−1 �3kü�
áÂ¸ 1456.3, 1376.7 cm−1, ©O´ sp3CH3 �é¡
�­�Ä!sp3CH3 é¡�­�Ä [15]. �k C¸C

V���ÄáÂ¸,  u 1711.5 cm−1, éAX —
CH¸CH—CH3, —CH¸CH—CH3 ¸��érÝ
�õÇ�O\Øäü$. õÇ� 40—60 W �Ìã
Ñy��²w� 1640.0 cm−1 ¸, éA —CH¸CH2

�, ¸rÝ�õÇ�,pØä,p. ù´duõÇ
,p��©f²þÑÑUO\, T2B ¥�`Ä�u
)ä�AÇ�ÌÝO\, Ó�Uþ���âf�¡
�k|u sp2 /¤ [16], Ï
V�¸rÝØäJp.
dãî�é'uy C—H � �Ä«Ú�­�Ä
«S��¸¡È�XõÇ�O\Ñ~�, �½5/
í���¥ H ����é¹þÅì~� [14].

é C—H � �Ä«S��¸©ÛL², ��
ªõÇ�O\, éA sp3CH2 ¸��érÝÅìO
�. õÇ�O�Úåü�©f�²þUþO\, H+

êþO\, �� H+ é GDP ����¡�^\r,
k|u/¤%ó��Ú�G(�� sp3CH2 � [17],
sp3CH2 �¹þ,p. ¤± sp3CH2 �¸rÝ�õÇ
O�
O�, l
 sp3CH3 ¸�érÝ�õÇO�
Øä~�, GDP ����éz§ÝJp.

3.3 GDP ������¥¥¥%%%���¹¹¹þþþ

�
��Ù/
) GDP ��¥|¤���f
¹þ�Cz, æ^��©Û¤é���¬¥%!
��f�é¹þ?1½þ©Û. ã 4 � GDP ��
¥%��f'��ªõÇCz�­�. dã��:
�XõÇ�O\, %��f�'�l 0.6695 þ,
� 0.7221; %�f��é¹þ3O\, ��f��
é¹þ3Åì~�. ù´duõÇO�, GDP ��
�ø��A\r, Uþ��� H lfé��L¡�
�¡, N´rL�ÚgL��il� H+ Ú H �(
Ü)¤ H2, ½ö���¥ —CH3 (Ü/¤ CH4 í
N [15], l��¥<ºÑ5. ù��¦��¥� H ¹
þ~�, ¤±%��f'�õÇ�O�
þ,. ù

ã 4 GDP ��¥%��f'��ªõÇ�Cz­�
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�ù	áÂÌé��¥� H ¹þ½5©Û(J�
��.

3.4 GDP ���������111ÆÆÆ555���

du ICF Ôn¢�¥ GDP q�3Ù�¥ÿþ
�¥SX�L���¡k­�A^, �¦é GDP
���1ÆßL5?1�\ïÄ. b	 - ��1Ì
´ïÄ��1Æ5��­�EâÃã. ã 5 �ØÓ
�ªõÇe��� GDP ���b	 - ��1ßL
Ç­�, Ù¥�ã´Å��� 420—620 nm ���
ã. éuþÝk���O��¬, �â1ÏLÔ�
�P~� Lambert ½Æ

I = I0 × exp(−αdf) (2)

?18�z, I0 ���c�1rÝ, I ����
�1rÝ, α ����1ÆáÂXê, df ���
� þ Ý. l ã ¥ � ± w �, 3 Å � � u 500 nm
� � � 1 «, ¤ k GDP � � � ß LÇé p, Ñ
3 90%±þ, ù´du��¥¹k�p�1Æß
L5�Ð�sp3C—C�, 3��1«äk�Ð�
1Æß15. 3Åê�u 500 nm �, GDP ��
�ßLÇm©²weü, GDP ��édÅ��
�S�1äk�r�áÂ5, 3Cb	«ßL
Ç�Cu 0 �. d����ã�±wÑ, �ªõ
Ç 20—50 W, GDP ���1�ßLÇCz�²
w, �ªõÇO\, ��ß�1����Å�O�
���£Ä. ß�1���Å�u) ‘ù£’, ù´
du GDP ��3b	 - ��1ì�e©fS	
�>f�[��ª� π→π∗, π >f´ÏL�Ý

?�Úlz�, lz�Aü$
 π∗ �;�U
?. ¿� GDP ��©f¥�²¡��ÝV�¹þ
�õÇO�
O\, ¤±ßLÇÅ���Å��

ã 5 ØÓ�ªõÇ^�e GDP ���b	 - ��1�ß�
1Ì

 £. �ªõÇ 60 W �, üN T2B ¥�V�m©
ä�, C¸C ¹þ~�. ��ÃS(�¥� sp2C—C
ìqO�, N´/¤%ó��½�G�(�, GDP
���ßLÇ­��Å��á���£Ä.

���1Æ�YU�þz/�N GDP ���
1ß1Ç���Å�Cz, 1Æ�Y´ïÄ��
(�Ú1Æ5U�­�ëê [19]. �âU�nØ,
d Tanc úª [18]

αhν = A(hν − Eg)1/n, (3)

α =
1
df

ln
(

1
T

)
, (4)

ª¥ A ��á�k'�~ê, hν �1fUþ, Eg

����1Æ�Y°Ý, n ´� GDP ��á5k
'�~ê, α ����1ÆáÂ~ê, T ����
b	 - ��1�ßLÇ. é GDP ��, � n = 1/2.
%���¥�1Æ�Y��@�´��¥zÆ
��� π ¤�;�� π∗ ��;��Uþ�¤û
½ [20]. |^ (3), (4) ª, db	 - ��1Ìêâ
�±O�Ñ GDP ��� (αhν)1/2 � hν 1fUþ
'X. ã 6 �ØÓõÇe� GDP ��� (αhν)1/2

� (hν) �'X­�, ò­���5Ü©�ò��î
¶ (αhν)1/2 = 0 ��¤�ê�=���æ��1
Æ�Y [20]. d���ã�±wÑ¤±�­���
5Ü©´Cq²1�, ÏL�ã������1Æ
�Yê�XL 1 ¤«.

ã 6 ØÓ�ªõÇ^�e GDP ��� (αhν)1/2 � (hν) �'
X­�

L 1 ØÓ�ªõÇ^�e GDP ���1ÆmYO��

õÇ/W 20 30 40 50 60

1ÆmY/eV 2.83 2.77 2.704 2.69 2.80

dL 1 wÑ, GDP ���1ÆmY��ªõ
Ç�O�k~��O\, õÇ� 50 W � GDP �
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��1ÆmY��. ��¥Ì�Äì¹k sp3, sp2,
H, Ù¥ sp2 Ly� C¸C Úa��G%ó. C¸C
¹þ�1Æ�Yk;��'X, 1Æ�Y� C¸C
V�¹þ�O\
~� [21−22]. �X�ªõÇ�
Jp, T2B ©f¥� C—C, C—H �lz§ÝO\,
��¥� C—C, C—H �¹þ~�, l
��¥�
C¸C �é¹þO\, GDP ���1Æ�Y��ª
õÇ�O�
~�. �ªõÇ� 50 W �, GDP �
�¥� C¸C V�¹þ��, ù�� Wang � [22]

é%���1ÆmY�ïÄ��, @�1ÆmY�
ûu��¥� sp2 � C¸C V�¹þ [20]. �ªõ
Ç 60 W �, du�þ� H+ lflz�¡��L
¡, |u/¤ìq���a�� sp2 Ú�éz§Ý
�p��ä(� [16], ��¥� C¸C V�¹þü

$, ��1ÆmY,p.

4 ( Ø

�©éØÓ�ªõÇe�� GDP ����È
�Ç!(�|¤!%��f'91Æ5U?1

ïÄ. ��ªõÇ�O\, GDP ���)��Çk
O��~�, õÇ� 40 W �, ����È�Ç��.
Å��u 500 nm ���1«, GDP ���ßLÇ
ép, 3 90%±þ. GDP ���1ÆmY��ªõ
Ç�O\k~��O�. õÇ� 50 W �, GDP ��
�1ÆmY��. �� GDP ��¥¹k�p¹þ
� C¸C V�, �$� H ¹þ. �$��ªõÇe
��� GDP ��1ÆßL5��Ð.
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Influence of radio frequency power on the structure
and optical properties of glow discharge polymer films
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Abstract
Taking advantage of triple radio frequency, hydrocarbon polymer films are fabricated at different powers by the glow discharge

polymerization technology. The deposition rates, the chemical structures, the atomic ratios and the optical properties are studied. The
thicknesses of glow discharge polymer (GDP) films are measured by the surface profiler technology. The chemical compositions of
GDP films are characterized by FT-IR spectra and element analysis. The optical properties of GDP films are investigated by UV-VIS
spectra. With RF power increasing from 20 W to 60 W, the deposition rate of GDP films first increases 0.34 µm/h, then decreases after
the RF power reaches 40 W. In visible light area more than 500 nm, the optical transmittances of all GDP films are more than 90%.The
optical band gaps of GDP films first decrease, then reaches the minimum at the RF power of 50 W, then increases when the RF power
increases from 20 W to 60 W.

Keywords: the glowing discharge polymer films, deposition rate, FT-IR spectrum, optical property
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