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3¿§e��
Äu�z�â (ITO) �.»(�Ã(��¬N+. 
¦>4Ú���Ñ´Ó�� ITO ��
á�, vk/¤DÚ�
4(Ú¦4(, Ï
4��{z
��6§, ü$
ó²¤�. ¦^äk�>N�V>Ö
� SiO2 ��»0�, uy� ITO ����þÝü�� 20 nm �, ì��»4>Ø�±éÐ�N�
¦>6. ù
Ã
(��¬N+äkûÐ�ì�5U: $ó�>Ø (1.5 V), �æK�{Ì (0.13 V/dec)!p[£Ç (21.56 cm2/V·s) Ú�
m'>6' (1.3 × 106). ù
ì�=¦��3�í�¸¥�� 4 ��, ì�5U�vk²w�z: æK�{Ì�±
� 0.13 V/dec, [£ÇÑ�eü� 18.99 cm2/V·s, m'>6'�,�u 106. ù«ó�>Ø$!ó²{ü!5U­½
�Ã($>Ø��¬N+�~kF"A^u$UÑB�ª>f�¬±9#.Daì+�.
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1 Ú ó

�C, �«�¡�Ã(B��¬N+�#.|
�A¬N+É�
2�'5 [1−4]. ù«ì���
�!
4Ú¦4���´ÏL�^��þÝ� 10

nm °Ý� 30 nm �­�,7B��, ÃI/¤

¦>4Ú��m�(. �º��B���A^¦�
ì���«�16f�±�»4 ØÑ¦, l
'
äì�. duÃI3
¦4Ú���m/¤(, ì
�(�����{z, l
ü$
��JÝ¿~�

ó²¤�. ù«ÃI/¤
(Ú¦(�#.|�
A¬N+(�, 3�5�Ü6>´Ú�;>´�A
^¥Ñ4äcµ [2]. ¦+þãì�äk¯õ`:
±9éÐ�A^cµ, �Ù��L§E,E,, Ù
¥����I�­�,±¼�v
�ÑÑ>6, �
I�°O�1�5/¤B��ãY. XJU
?�
Ú{z��ó², ò¦Ã(¬N+¼��Ð�A^
cµ.

�zÔ��Nduäkp[£Ç!ß²5Ú

��{ü�A:, 3��¬N+�¡�A^���
É'5 [5,6]. Ù¥�z�â (ITO) á�, duÙß
²�>5, ±9´u�È¤���, ®²�2�ï
Ä [7]. e¦^äk�p16f[£Ç� ITO á�O
�7B��, ��Ã(��¬N+����Ú
¦
>4, KÃIé���?1­�,Ú½. ,	��
¡, »0�á��Ü·ÀJ�´¢y|�A¬N+
k��·>N�±9ü$ó�>Ø�'�. »0�
�>N��, »4 Øé
¦4>6�·>N�Ò
¬�Ð. Cc5, àÜÔ>)�½lf�duäk
V>��>NA5±93kÅ¬N+�d3A^
d�, ®²Úå
2��ïÄ,� [8,9]. ,
, kÅ
Ô¬N+Ï~äk�íØ­½5!��16f[
£Ç$�Û�5. Ïd, mu#.�äkp>N�
»0�´�©7��. 8c, ·��K|®²ï�
ÑäkV>Ö��>N� SiO2 »0� [10,11]. 3d
Ä:þ, ?�Ú��
ó�>Ø4$�p5U��
¬N+ [12,13]. V>Ö� SiO2 »0����´3¿
§e, ± SiH4 Ú O2 ��AíNÏL�lfNOr
zÆí��È (PECVD) �È�, /¤B�ÎG�
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�(�. du¦^��AíN´ SiH4 Ú O2, ¤±
3 SiO2 »0�¥Ú\
 H+ lf. H+ lf3��
»4 Ø��^eÏLÎG
��mY����
£Ä, �ª3»0�Ú���m���Èà, du
>ÖaA, ���S/¤�Ý��ÎÒ���>Ö
�, �¤
V>Ö�, ¼�
�>N.

3�©¥, ·�æ^ PECVD �{�ÈV>
Ö� SiO2 �»0�, ,�|^{ü��g�ª
^�í�, 3¿§e�È7á�>�zÔ ITO �
���¬N+���Ú
¦>4, ¿�ÏL{ü
��� ITO ���þÝ5¼�ûÐ�¬N+·
> N � 5 U, 3 ¿ § e ¤ õ � � Ñ 
 � p 5 U
�.»Ã($>Ø��¬N+. ��ì�ó²
6 § � ¦ ^ 
 � ¬ q 7 á ù � �, Ã I E , �
1�Ú½. ù
ì�ó�>Ø=� 1.5 V. ¿�
äk4��æK�{Ì (0.13 V/dec)!ép��
�16f[£Ç (21.56 cm2/V·s) Úé��>6
m'' (1.3 × 106). ¢�uy, =¦ì�3�í
�¸¥�� 4 ��, ì�5U�vk²w�z:

æK�{Ì�±� 0.13 V/dec, [£ÇÑ�eü
� 18.99 cm2/V·s, m'>6'�,�u 106. ù«ó
�>Ø$!ó²{ü!5U­½�Ã($>Ø�
�¬N+�~kF"A^u$UÑB�ª>f�
¬±9#.Daì+�.

2 ¢ �

Tì�± ITO �>Àæ��.. ã 1(a) ´ì
��n�(�«¿ã, ã 1(b) ´ì���¡ã. Ä
k, ± SiH4 Ú O2 ��AíN, ÏL PECVD �{
�È 2 µm þ�V>Ö� SiO2 �� [10,11], �A
L§�Ør� 20 Pa, >
ó�ªÇ� 100 W, �
È�m� 15 min, SiH4 Ú O2 �6þ'� 5 : 18.

,�, 3V>Ö� SiO2 ��þÏL�ª^�í�
�È
ØÓþÝ� ITO �� (þÝ©O� 20 nm,

40 nm, 80 nm) ��Ã(¬N+�
¦>4Ú��
�. ·�æ^ ITO qá (�þ©ê� 90%� In2O3

Ú 10%� SnO2), �ª>
�õÇ� 100 W, í�L
§�ó�íØ� 0.5 Pa, ¿|^qù��¦ ITO /
¤ 150 µm × 1000 µm �Ý/ãY. ��¢�L§
Ñ´3¿§e�¤�. ì��>ÆA5´3¿§
eçV�¸¥|^ Keithley4200 ��Nëê©Û

¤ÿÁ���. 3ÿÁì��>Æ5U�, ò¤ì
�ü�¾&� (�» 10 µm) ë�� ITO ��üà,

ITO �üà¿�
¦>4, ¥mÜ©���.

ã 1 (a) ì�(�«¿ã; (b) ì��¡ã, ¿«¿V
>Ö�

3 (J�?Ø

ã 2(a) ´ØÓ ITO þÝ�Ã(��¬N+�
=£A5­�, Ù¥�
¦>Ø VDS �½� 1.5 V.

X ã ¤ «: � ITO � þ Ý � 80 nm �, » 4  
Ø (VGS) é
¦>6vkN!�^; � ITO �þ
Ý� 40 nm �, VGS é
¦>6�k���N!
�^; � ITO �þÝ� 20 nm �, VGS é
¦>6
å�éÐ�N!�^, ì�LyÑûÐ�¬N+
5U. a ­�� ITO þÝ� 20 nm �#ì��=£
A5­�, ÙæK�{Ì� 0.13 V/dec, m'>6
'p� 1.3 × 106. ,	, ·�òì�3�í�¸¥
��o���­#?1
ÿþ, b ­�� ITO þÝ
� 20 nm �ì�3�í�¸¥��
 4 ����
=£A5­�. ¢�(JL²: Ù5U¿vk²w

197201-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 197201

ã 2 (a) ì��=£A5­�; (b) ì��ÑÑA5­�

�z, ì��æK�{ÌÄ�ØC, �� 0.13 V/dec,

m'>6'E,�u 106. ì��Úó�« (VDS >

VGS − VTH) �K�>Ø VTH Ú��16f[£
Ç µ �d±eúªí���:

IDS =
WCiµ

2L
(VGS − VTH)2, (1)

Ù¥ L ´���Ý, W ´��°Ý, Ci ´»0
��ü ¡È>N. �Ñ (IDS)1/2-VGS ­�, î¶
��å=K�>Ø. ²O�, #ì��K�>Ø
� −0.21 V, ì�� n .Ñ¦.¬N+, dd�O�
��Ù��16f[£Ç� 21.56 cm2/V·s; �í�
¸¥��
 4 ����ì��K�>Ø� −0.04 V,

��16f[£Ç� 18.99 cm2/V·s. #Îì��'
�, æK�{ÌÚ>6m''Ä�ØC, ì�äk
�Ð�­½5. ,
, ¢�*	�ì����16
f[£ÇÑ�eü, K�>Ø���u)
¤£.

��
ó, K�>Ø���¤£�±d±eü«Ä
��.)º: >Ö�²Ú"� [14−17]. Jeong � [18]

�ïÄL²�³������í¥�YÚ�í�
�A´K�>Ø��¤£�­��Ï. du·�

�ì��vkÚ\ðz�, ¤±�±3Ã(¬��
N+��þ�ÈÜ·�ðz�-K�>Ø�\­
½ [19], ?�ÚJpì��­½5.

ã 2(b) ´ ITO þÝ� 20 nm �#ì��ÑÑ
A5­�, VGS d 0 V þ,� 1 V, zgO\ 0.2 V.

3 VDS ���, ì�äk²w��5«, � VDS �
��, ì�äkéÐ��ÚA5. � VGS �u 1 V,

VDS �u 1.5 V �, ì�äk����Ú>6 (�
� 27 µA). ���5UûÐ�Ã($>Ø��¬N
+, QI�4�����, »4 ØâUÑ¦��
��16f, ?
'äì�; qI�äk�>NÚ
ûÐý�5U�»0�, ±Béì�¢yk��·
>N�¿�~�»¦>6.

ã 3 (a) V>Ö� SiO2 »0�>N�ªÇUC�­�;

(b) ì�»0�¦>6­�

ã 3(a) ´V>Ö� SiO2 »0�>N�ªÇU
C�A5­�, ·�|^ ITO/SiO2/ITO n�(�ÿ
Á��ù�­�. duV>Ö��A, »0�äk
é��>N, �ªÇ� 20Hz �, Ùü ¡È>N
� 4.55 µF/cm2. ã 3(b) ´ì��»¦>6 (IG) ­
�, dã��»¦>64� (�u 5 nA), �±�y
ì��>Æ5UØ¬É�»¦>6�K�. ·�Ï
L PECVD �È�V>Ö� SiO2 »0���¡ä
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k�>N, �±�y»4 Øé
¦>6�ûÐN
�, 4ì��±3�$�>Øeó� [11,12]; ,��
¡qkûÐ�ý�5U, �yì��>Æ5UØ¬
É�»¦>6�K�. Ïd, V>Ö� SiO2 ´¢y
Ã(��¬N+��«��n��»0�.

4 ( Ø

·�3¿§e¤õ��Ñp5U�.»(�
Ã($>Ø��¬N+. ì������L§�

¦^
�¬q7áù��, ÃIé���?1�
,ÚE,�1�Ú½, {z
��ó². ²L`
z�ì�ó�>Ø=� 1.5 V, ¿�äk4��æ
K�{Ì (0.13 V/dec)!ép���16f[£
Ç (21.56 cm2/V·s) Úé��>6m'' (1.3×106).

Ó�Tì��äkûÐ�­½5, =¦3�í�¸
¥�� 4 ��, 5U�vk²w��z. ù«��
ó²{ü!ó�>Ø$!5U­½�p5UÃ(
$>Ø��¬N+�~kF"A^ue���$
¤�$UÑB�ª>f�¬±9#.Daì+�.
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Abstract

Bottom-gate junctionless thin-film transistors (TFTs) based on indium-tin-oxide (ITO) are fabricated at room temperature.

Source/drain electrodes and channel layer are the same ITO thin films without source/drain junction formation, hence the fabrication

process is greatly simplified and the fabrication cost is reduced. We employ electric-double-layer (EDL) SiO2 with large capacitance

as the gate dielectric, and find that the drain current can be effectively modulated by the gate bias when the thickness of ITO film

decreases to about 20 nm. These junctionless TFTs show excellent electrical performances with a small subthreshold swing of 0.13

V/dec, a high mobility of 21.56 cm2/V·s and a large on/off ratio of 1.3×106. The performances of these junctionless TFTs do not show

significant degradation even after 4 months in air ambient, the subthreshold swing is still 0.13 V/dec, the mobility slightly decreases to

18.99 cm2/V·s and the on/off ratio is still larger than 106. Such TFTs are very promising for the applications in low-cost low-power

portable electronic products and novel sensors.

Keywords: thin-film transistors, junctionless, low-voltage, indium-tin-oxide

PACS: 72.80.Ey, 73.40.Qv, 73.61.Ng

* Project supported by the National Basic Research Program of China (Grant No. 2007CB310500), and the National Natural Science Foundation

of China (Grant No. 10874042).

† E-mail: zhaokongsheng@yahoo.cn

197201-5


