
� 23 � � 3 � Vol.23 No.3

2 0 0 9 � 6 � CHINESE JOURNAL OF MATERIALS RESEARCH June 2 0 0 9

� � � � � �

�������	
��
�� ∗

��� 1 � � 1 ��� 1 ��� 2

1. ���������� �� 621010

2. ��������		� �� 621900

� � �
��	
�����

� (MPCVD) ��, �
��������������, �Æ���Æ

��
7.480 nm ��������� 15.72 nm ���	�������
���; ������	���������, ����

��
���. � �
�
����������!������
, �
����Æ

�������"���Æ���,

�#������
������������; ������
$������, �
�$�%�"�, ��� ������

���������!"��.

&'( �������, ��, ����
���, ���

�

)*+ O484 ,-.+ 1005-3093(2009)03-0288-05
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ABSTRACT High-quality ultrananocrystalline diamond film was prepared with Ar/CH4/CO2 by using
microwave plasma chemical vapor deposition (MPCVD) technology. The average size of the crystalline
grains and surface roughness are about 7.480 nm and 15.72 nm, respectively. B-doped diamond thin film
was synthesized by adding B2H6 into the gas resource. The results showed that within a certain limits
along with the addition of B2H6, the grains size and surfaces roughness of the diamond thin films increased
dramatically, and their crystallinity got better. The diamond thin film no longer had the characteristics
of the ultrananocrystalline diamond film. Meanwhile, with the addition of B2H6, the diamond phase
constitutes in these films increased gradually, and more obvious residual stress and better conductivity
appeared at the same time.
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1 BCDE
1.1 BCFGHIJ

#�� ��$!9C0<P�9'�QKL
< MPCVD MN:5P, �O(=�(= 1 >?, 4

W0( 2.45 GHz, J<2( 1.5 kW, X1K9YÆR

YAS@Æ0.

(9C#>A'#�� ��!A(TB�0
ZL[CF@%$C#4BP'(%-0.UDUX

1� 10 mm×10 mm C/DM' n V Si(100) \&

GEFGNW�G'X]?1OH4E(%:PY1

'0� 0.5 µm ' ��4Q�GE^/5P.?�

G, Q1R$'0 40 µm ' ��Q'Z_[S\

#F�G]? 20 min, RT1]GZ_H^>̀ UT

V/S@IC1.

9C#�� ��!5H B  ��!'%J?

NaK(^ 1 >?. �2 Ar/CO2/CH4 'IAI%

� 200 mL/min>8 mL/min>10 mL/min 4bc/1.

6S_TZ6;WLM'RXMJ (B2H6 'J0�

0.2%), 5�MJS!$K L9H/6=>'YA.

�,=NTQ1 H2 BM;�S@^/5P 20 min

'`aNO]?, bdP^/eO'�PBZ ��

#.

1.2 UVWXYZ[\]^
�9C&' ��!, 1QD Renishaw[Q In-

Via V\MQR (Raman) RRIOS']/^X?
2, f��] ��$!'@<S5c#g0'1;

5PT_; 1 Leica Cambridge LTD [Q S440 VU

TAC (SEM) `h$!'^/*U, bT_>I!

�'&')*2&5_`=�,D; 1VUV?[Q

SPI3800N UTWaG4C (AFM) 5P$!^/'

Xd*U`Y, bY<#�� ��!'^/ij0

5!�'&')*2&.

2 bcdef
f= 2 WbX&, K1?N a 9C' ��$

!g-�4BP, '00 5.5 µm he, �&')*

/�$!'0'4(�>�1;, $!�%&&'

g-aL�(, /6 ��'4�� ��$! (�

�'4�� ��$!b/0�i?&, /Z#�

� ��$!b/j/%&&''g-aL). =X

� AFM =f (= 2c, 2d) WbX&, �^/ZkM

c, YI'&'[B'Y0 7.480 nm he, ij00
15.72 nm he, dX#�� ��',k.

)= 3 WZGX&/6H6J0' ��$!

^/*U'1;e[. 6M;'H/, 3#�� �

�$!'&')*ZG42, R40!< '@, �

3H6J0'4(�42, 6'$!'=&;11I

!6. = 3a G?'�!?I\' ��&\', =

3c ']]$>9-, &g$lI)*Q@2'&',

= 3e G?$=&;1Q@6' ��$!, 2)*

'\'^-_`. $!' AFM =f*hm^Z$$

!'&')*5^/ij0'1;]], S@''Y

5^/ij0�" AFM YA:I, (^ 2 >?.

^ 2 Ka^Z, #�� ��$!H63&')

*12, =X� SEM =fW Raman MR=BWX

l 1 1imn_ MPCVD opbfg`
Fig.1 Structural sketch of the bell jar-type MPCVD

setup

q 1 ;=1N<Oanhjob

Table 1 Growth conditions of the diamond film

Flow of B2H6 Power Pressure Sub temp.
Sample No. Reaction gases

/mL/min /W /kPa /p

a Ar+CO2+CH4 0 1400 11.300 800

b Ar+CO2+CH4+B2H6 3 1400 11.300 800

c Ar+CO2+CH4+B2H6 5 1400 11.300 800

d Ar+CO2+CH4+B2H6 7 1400 11.300 800
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l 2 M9:;=1N<Occ�d`k (a lqemf, b lije`k) kr�gnod`k (crd)

Fig.2 SEM micrographs (arb)and AFM micrographs (crd) of the ultrananocrystalline diamond film

&�=&;116,j/]]�p4� ��H6#
Æ' [6,7] (4� ���3H6J0'4(&')*
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91$#�� ��$!'�,d4 (#�� ��

$!'�,N9/6 ��'��4� ��, �9
C"-22A C2 Ge't0�F/W8' [8], 9

C2 Ge'KAl8;!<-0', ��,N9u&
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/;#�� ��$!, WE C2 Ge'KA>�$

1;), f�m?$#�� ��$!'$.*%-

0, @g&')*42, =&;16.

f= 4a #�� ��$!' Raman MRgq

a 2WbX&, S@2Y$#�E0Q@#' ��
,kn (a 1332 cm−1 ]), =9, B$shht0
tr'W18�� ��,knia' PA(:jZ
i) n>Z&Sn (D n) b5Q@ZG'�Pn (G

n). �H6 ��$!' Raman MRgq (b,c,d)

2, t0' ��n!�oj, 6'0 1470 cm−1 h
e&g$!7ZG'En, k�*(l/J=�' 

��YmJ',kn, �0 1230 cm−1 p"&g'"

n, �)6M;H/ ��&q2Æ(' [9,10], Wb

X8�H6 ��$!',kn. ) Raman \n

� sp3 ^'kl05;m� sp2 ^' 1/50, >bWb
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Z ��#YAQ@?. �2,S@ a ' Raman gq
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' ��nu#&�Pn, j^Z#�� ��$!
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PPpXgqvY'/L [10,11], (= 4b >?.

Cd =
100Ad

Ad +
∑
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l 3 wpL8qxO;=1N<Occ��nod`k (arcre) kccqw`k (brdrf). r� arcre

ts�8tOrssyl 3r5r7 mL/min

Fig.3 SEM micrographs (arcre) and AFM micrographs (brdrf) of the diamond film disposited with

different contents. B2H6 flow of sample a, c and e are 3r5r7 mL/min, respectively

q 2 ;=1N<Outuxkqez{x

Table 2 The mean diameter and surface roughness

of the different diamond films

Sample a b c d

Mean diameter/nm 7.480 897.3 1336 1819

Surface roughness/nm 15.72 95.00 120.8 128.3

q 3 wpts�;=1Ou<ts
Table 3 Relative content of the diamond with dif-

ferent samples

Sample b c d

Diamond content/% 79.91 86.62 93.85
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l 4 wphj{x{�O;=1N<O Raman y| (y`l<{|z}z}{~{O||`)

Fig.4 Raman spectra of the diamond films deposited with different conditions

PH'yw, 3$!}�e}<S; H6J0#', $

!&g ~;@A(,k, $!2u*($!7=>
P, f�3$!}�$@2'e}<S [10−13]. 6'

6;'H/, wF&} ��$!PH!<'@A;

1, 4@A;1�3H6J0'4(��# [5−7]. j
�5�6M;'H/, �#$$!'�~J0, 5�

4E$$!'@A;1.

3 b f
1. X1 MPCVD ~�, K1|M>�;>$�

;SRXMJWb9C&#>A#�� ��$!,

$!g-�BP, �'Y0 7.480 nm he, ^/ij

00 15.72 nm he.

2. H63#�� ��$!)��*2=4�

*2:1, I;'$!/Q%C#�� ��$!'
,;.

3. #�� ��$!H6T, 0!<'J0 
'@,  ��$!'&')*ZG42, =&;16,

6'$!'@A;1I;C2�#.

4. #�� ��$!H6T, 0!<'J0 
'@, $!2 ��'#�YA�3H6J0'4(
�4(, R4$!2}�$�H6J04(�12'
e}<S.
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