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Abstract: Carbon nanotubes and Ga-doped carbon nanotubes were synthesized by pyrolysis and then

purified. Thin films of the purified samples were fabricated by a screen-printing method. Field emission

properties of these films were studied. It was shown that the turn-on field of carbon nanotubes and

Ga-doped carbon nanotubes was 2.22V/µm and 1.0V/µm, and the current densities were 400µA/cm2

and 4000µA/cm2 for carbon nanotubes and Ga-doped carbon nanotubes at applied fields 2.4V/µm. The

electron field emission properties of the gallium-doped nanotubes were much better than those of carbon

nanotubes. Mechanisms of field emission of gallium-doped nanotubes were explained.
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182 G > , � s � 22 p}LBPDW [11]. D�Z8+8' �~ÆT
Ga2O3(0.5g) + Ni � (0.1g) s)9-2�p�� ��_`F+� N2 V6eR (120cm3/min) �C?
800◦C2�
/ H2 V (80cm3/min) ? 950◦C.g2�
N2 + H2 `9-V+=,V�T9�z#. (1g)`zL� (30mL) U=Wb�s)Kp�=�*�&8' +Z8+8' `Jr+EÆ�F%w!D�`6
G8' am�*J��S- 550◦C S�am�5G���FdInk&
�8' KE�g2TQ�pK�yÆ'�5℄`Nw� (18%)FKi?;���f2am'��Fd_��Q�T*J2`6
G8' -�In�F=}9Z�6`��8' �u�g2��I7|����2�EÆ�= 95%:5% `��I+�=T>�`9-�=��nG �u'`8' �29-lD��9��U����nG 8' `EÆ�= 3:2. >f2��)H�S�v>Q1�dF#*�55�g2�%
p&0��In��=}^O��.2������o2��o��#�D^`�0- H2-N2 R
500◦C Ki 20min, �9-KF��U�7|�

4 1 %7&� (a) *Y7*%7&� (b) �/ SEM 3G
Fig. 1 SEM images of (a) carbon nanotubes and (b)

Ga-doped carbon nanotubes;||)o4Æ-�8{P3 (5.0×10−5Pa) Fam���9��D^`8' �0U=�B��

p��#�` ITO~BÆC||`kQ��~B;N`r$��5=1r 270µm `(4H��<�k#bo�
q
!��~BN`kv��;�#I�||k��
3 qjm�x5 1(a) + (b) �%�&8' �0+Z8+&8' �0 SEM 4H�z�|V8Z8' `$/o*oJ&8' �-Z8+8' `:+�6\�x	MK����Z+O5Gx	�6GVb W+X8+`&8' �� [13,14], x6GVb-8VD8V+F`8' F//yEV [15]. 5
2 �wQF8' T<M�M�z�:-Z���8p8' F�

4 2 Y7*%7&��/;L�L
Fig. 2 EDS of Ga-doped carbon nanotubes

4 3 %7&� (a) *Y7*%7&� (b) �/}!!L
Fig. 3 Raman spectra of carbon nanotubes (a) and Ga-

doped carbon nanotubes (b)
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1 N � ��a�%7&�*Y7*%7&�:{zn;yh 1835 3(a) + (b) �%�&8' +Z8+&8' �0`~"#M�5F D S+ G S`[wZr
(ID/IG)��IIpCr;eX)Cr`�� [16,17] .&8' �0`~"#M D S+ G S`[wZrX
�DS`zZ. D∗ �x[Mr�ID/IG=0.5334.xZ8+&8' �0` D S+ G S`[wZr=XR�D∗ SZrXs� ID/IG=1.1741,�-Z8+&8' �0`IpCr;eX)CrX� [18].6 kQU;f�6`[&[�A�

4 4 %&� (a) *Y7*7&� (b) �/_d:�{z4_
Fig. 4 Field emission images of carbon nanotubes(a) and

Ga-doped carbon nanotubes(b)5 4(a) + (b) �%�&8' +Z8+8' �0`e;A||5`�5FU�lk_!`*A= 0.5cm2, z�w\Z8+8' ||h)r%%��2
k;R`&8' �5 5(a) + (b) �%�&8' ;|| J-E + F -

N aZ�z�w\ F -N aZAZo�P��-&8' `kQ||'C��� ℄e�
R`;AkQ||�=- F -N aZ`g�� –7.58658, 
&8' �(� �3=[2 (5eV)[19].5 6(a) + (b) �%�Z8+8' �0ij`

J-E + F -N aZ�Z8+&8' �0`;AkQ||` F -N aZAVZo�P�
-;||` ℄e��D��Lz�CtkQ||����BkQ||�Yk�)r J `UB= µA/cm2, k; E`UB= V/µm ��w F -N aZ=-=�<Z�g�= –5.87155. e;AkQ||�}F4^Z8+&8' `vTk;= 1.0V/µm, Yk;0K\
2.6V/µm��k�)rP\ 5000µA/cm2. zPZ8+&8' `;||o<��2�-RRA8+�`&8' �

4 5 %7&��/ J-E * F -N `Y
Fig. 5 J-E (a) and F -N (b) curves of carbon nanotubesM F -N ���M��℄;AkQ||o<��I��
����;0Z�Q β, z��(� Φ. 0Z�Q&R��(� Φ&
�;||o<k&)��℄0Z�Q`��I��||+`F,kM+;K�e��w�|kQ||�a (7Kk;�a) naB�`8' �W5�8' `<g�qn�<g�&R�;0Z�Qk&R�;K�e� 8' `uA)r���w�)C`8' �T89�xH;K�e���;0Z�Q β =Ve�w��naB�8' 0�Z8+`8' 0-;0Z�Q
β �*(*o�)�`�
�xQ;||o<f%)�-[2-RD�`&8' 0��L�F%l
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184 G > , � s � 22 p=Z8+�&8' ;AkQ||o<0Z`"���(�`Ve�DWF��
&8' �(� �3=[2 (5eV)[19], /�ng� =–6.83×103Φ3/2

β
,z��E&8' �0` β=9420. o&
Z8+&8' `;0Z�Q &8' [2�z���EZ8+&8' `�(�= 4.03eV.

4 6 Y7*%7&��/ J-E(a) * F -N(b) `Y
Fig. 6 J-E (a) and F -N (b) curves of Ga-doped carbon

nanotubes��l=� �x`eXwkQ;A||RNH�U� [20]. ~"#MY�EZ8+&8' �0`IpCr;eX)Cr���8+`&8' �eX)Cr`0K�z<�;kQ||h`)r0R�Mx
w;||o<�/'�X&8' +Z8+8' `~"#M+;||o<�F%l=IpCr;eX)Cr`0Rw;||o<��n`�W�W6G�W�/
`�*�;||o<R	r*�`I�"��8+-8' `�'<E�bT8
pi`<$)r�6fi`<$)r��*�8' `�(�
!����*�kQ||`)r!5�60�Z8+8' ;||o<*�`I��#�
4 qx2�O5i℄�~D�E&8' +Z8+&

8' ����9���
D�8' �0�w6
G8' ame;AkQ||4
Æ7Kk;=
2.4V/µm, &8' ||k�)r= 400µA/cm2, Z8+8' ||kQ)rP\ 4000µA/cm2. [&#-Z8+;||o<��2�-RRA8+�`&8' �6��&`;||o<I����Z`8+-�'<E�b
pi`<$)r�Mx�&8' `�(�Vex
R`�℄u	�
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