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Influences of Positive Bias on Microstructure and Electrical Properties of

Nanocrystalline Diamond Films
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Abstract: In a system of electron assisted hot filament chemical vapor deposition, nanocrystalline di-

amond films were deposited at 1kPa reaction gas pressure with different bias current. The films were

characterized by X-ray diffraction, field emission scanning electron microscope and semiconductor charac-

terization system. With appliance of bias current, the films exhibit a pronounced preferential orientation

of (110) planes and change of the surface morphology. When bias current is 8A, the deposited film displays

finest grain and smoothest surface. Formation of preferential orientation of (110) planes and its influence

on electrical properties of the films are discussed under the condition of electrons bombardment and lower

reaction gas pressure.
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2 l�~P,z)�$�JW=��Bi
k���Ct0zAP,�M�wA�Ct4
 n ,
(100)Si �x (20mm×20mm×0.5mm). Cto�J
{m$2z 7mm. Wu4
%g�s�z
2.5vol%(CH3COCH3/H2). �Az 1kPa,Ct}�z
850◦C, �J}�z 2200◦C, wAz 0∼30V, wMz
0∼10A. Bi6{z 5h.BijhmjZ�f
 X (�E( (XRD) �1���	�
;�(!`z� (FE-SEM) =6�"^�w/V�Hz~℄����� 500◦C q℄
40min, T}&"^ H p��:o����f"^
 H2O2+H2SO4 ZL�Nz��t 30min T%L"^3gpz��4
2)�(m��~�f"^�� Au zm�
Æe
℄45C
k=5�fm
I-V ℄4�
3 QILo[n 1 �=~ 1kPa �℄�A��0zwM 0∼10A6�'-Bijh�(3�f�~ XRDn}�-,Æ�'�=�
m�(3 (111)�(220)�(311)E(��" 1DKA-HzE(�m�����S�-T��HzmE(�����'w2A�&���&� I(110)/I(111)=0.25, 
~��� I(110)/I(111) \wz 0.65∼1.8. /! X (�E(sKf�-��b
I(110)/I(111) m��\m�&�6�"
�5Hzoj\>{1mHz5C^�q�f,>^m (110)

m 1 } 1kPa ��+iv�yLe��iY�'2�e X '�D'm|
Fig. 1 XRD patterns of nanocrystalline diamond

films deposited at 1kPa gas pressure with differ-

ent bias current

(a) 0A; (b) 2A; (c) 4A; (d) 6A; (e) 8A; (f) 10A

6 1 d{<X?b℄SDj2_ X iu~iBv?g>:�w
Table 1 Influence of bias current on intensity of

X-ray diffraction for the nanocrystalline

diamond films

Face index
Bias

current/A 111 220 311

0 100 76 11

2 100 89 11

4 100 95 17

6 100 180 17

8 100 111 22

10 100 65 21

Normal value 100 25 16�^�Y
U~ (110) Æ6��7F
D�
u�=A%��AJwAq7~�f�/F�f�$�^�q/FÆ6�/!k-H - ����
,>}N�"^q\m�^,>MQL\�uO�=��(3�^"^q\(G7z (110) > (100) > (111).C "
� H ms"JW

pm"^.�BBi�(3fm<�/� [3∼6]. (100) � (110) ^J
(111)^s H �1�#wz 2.9 � 4.1 J 3.5eV. -�W

p~ (100) ^� (110) ^J (111) ^#.��1�#wz 2.0∼3.0�3.3∼3.8J 0.5∼3.5eV.~�s�Am�℄f���%`,>"^m Hs)JW

pms�Jq>�j	\�z�e�~ (110) ^#m"^�℄\4p�
,>MQj	\�z�Y
~�:�/F (110) Æ6� XRD n}�wMz
0A 6��f�:Q�= (110) �f�$�bwMwASG);"��\6�P`,>"^mz)mq>JF>LS(h\"��z��q>Nw.,>"^s):�j\�s H zM�9,\> sp3 ::���*::��j7mzM�
,>�Y
 (110) ^�f�$jTz��bwMS
0A �\� 6A 6�E(���� I(110)/I(111) "��\�bwMS 6A �\� 10A 6�F>0�q>0\mz)%`,>"^�/F0�m sp3 ::�p sp2 + p ���S{1m sp3 �
{J p �
{41/F π ��"^�℄\4jT�s��
,>MQ�s�: (110) ^�f�$jT}��E(���� I(110)/I(111) "��(�
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m 2 } 1kPa ��+iv�yLe��iY�'2�e:Æ' _y�!℄.U
Fig. 2 FE-SEM surface morphologies of nanocrystalline diamond films deposited at 1kPa gas pressure

with different bias current

(a) 0A; (b) 2A; (c) 4A; (d) 6A; (e) 8A; (f) 10Al 2 �<?	u?�hX�&1�d \�u-Tk^��`uKx 0A 4�|�q�?k/aÆ�DFOi^)��8IV|&�hXE=r�^8��,*&O�Rx'*�N^)= \� \k[2|E=*��x�
��RDFO"-��8IV�&�XQ`uKx 4A4��d�8IVXfO+l&��`uKx 6A 4��dn�8G���k (110) �\�d�"� (110) �\�
(111) �\"i�Zk� \p����`DF3R�̀ 8` \"i�Zk� \p4��FÆ�FIVJ�Z�XQ`uKx 6A 4��d�8k�i�xTZ�	��8�,*&O�̀ uK�O.�Z4� (110) �\�d�"|�� \[2|

E=k�x�
��RDFO�O."-�`uK"-� 8A 4��d�8IVXfO+l&��	��8IV�,&y�l 3 xGyk I-V ��l� 2 xh#ltNifk�dx+O�| 1kPa�?H 0A uK4�P��8�&�^�8`n��;E����%�Æ\99~x H S�H�XQhX�d"i�Zx+O�Xf 2.2×107Ω·cm. `uKx 4A 4�hlx'N^8)���n���8�dx+OZZÆ��x 5.1×103Ω·cm. |x 6A uK 1h R�{?{uK&v8�g 4h. �g�ikhX�dx+O$q�x 8.6×106Ω·cm. |x 8A uK 1h R�{?{uK&v8�g 4h. �g�ikhX�dx+O



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

384 � d 0 B ; � 22 %6 2 d{<X?b℄SDj2_<	Y:�w
Table 2 Influence of bias current on resistivity of the nanocrystalline diamond films

Bias current/A 0 4 A B

Resistivity/Ω·cm 2.2×107 5.1×103 8.6×106 1.0×108

A: Deposited with 6A for 1h at first, then with 0A for 4h; B: Deposited with 8A for 1h at first, then with 0A for 4h

m 3 } 1kPa ��+iv�yLe��iY�'2�e I-V \3
�
Fig. 3 I-V curves of nanocrystalline diamond films deposited at 1kPa gas pressure with different bias current

(a) 0A; (b) 4A; (c) A; (d) B

A: Deposited with 6A for 1h at first, then with 0A for 4h; B: Deposited with 8A for 1h at first, then with 0A for 4h�)�x 1.0×108Ω·cm. rX+pA�`xR 6A uK4��8G� (110)�\�d�"�̀ a 8AuK�g�d4�dk (110)�\�d�"ZZ|��	 (111) �\�d�"��iS���hl 0A uK4�g�d�8k�d�"n 6AuK4�g�d�8k�d�"*h�	n 8A uK4�g�d�8k�d�"���|�d�"*hk�8"�g�d4�x?XfÆ\k�|5I�xÆ\|W[�n�U����d�Z��)��8�x+OÆ��	|�\�d�"�hk \v8�g�d4��8n��;E����%�x+O�)�
4 Q[| 1kPak�[�?Æ.x	u?�+R8�d�J���k (110) �\�d�"�h4hX�dk \�u-TJ��Z�U�̀ uKx 8A4��8-&� \->
���d.xuKR�(111) �

\"kr H ?0HV	ao�!?0ZZ�q�8i (111)�\�"�&1�dk)=LOZZ^)�
� (110) �\�d�"a�x��|�hk�d�"DF \"2a*hkuKv8�ghX�&1�d��x+O�Z�7Vqs
[1] Gruen D M. Annu.Rev.Mater.Sci., 1999, 29:211-259

[2] E<��YqQ� 6$ (LIN Liang-Wu, et al). �e1C<�
(Journal of Inorganic Materials), 2005, 20 (5): 1263–1269.

[3] 5~Y�J�H�MdP�o (LI Dong-Hui, et al). �e1C<� (Journal of Inorganic Materials), 2004, 19 (4): 887–894.

[4] Sharda T, Umeno M, Soga T, et al. Appl. Phys. Lett.,

2000, 77: 4304–4306.

[5] Huang D, Frenklach M. J. Phys. Chem., 1991, 95: 3692–

3695.

[6] Reinke P, Oelhafen P. Phys. Rev., 1997, B56: 2183–2190.

[7] t '�K>W��+(�o��2�b<�� 2000, 29:

280–284.

[8] Lambrecht W R L, Lee C H, Segall B, et al. Nature, 1993,

364: 607–610.


