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Äu�Úù�{ó²��
�«#.��þV>Ö��$Ø��¬N+. 3¿§�ª^�í�L§¥, ==|
^�¬qù��, Ò�Ó��ÈÑ�z�â (ITO) 
¦>4Ú ITO ��. 3dÄ:þ, ±�lfNOrzÆí��È
{ (PECVD) Ü¤�äkV>Ö��A��� SiO2 �»0�, ¤õ��Ñ±���.��$Ø�zÔ��¬N+.

ù«¬N+w«Ñ4Ð�5U: �$�ó�>Ø 1.5 V, |�A[£Ç� 20.1 cm2/Vs, æK��Ç� 188 mV/decade,

m'>6'� 5 × 105. ù«Äu�¿§�Úù�{ó²����þ�zÔ��¬N+äkó�>Ø$, ó²{ü,

¤�$í�`:, �~k"A^u�5B�ª$õÑ>f�¬��E¥.

'�c: �$ó�>Ø, �Úù�{, V>Ö�, �� SiO2

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

1 Ú ó

Cc5, Äu°��zÔß²��¬N+�ï
ÄÚå
<��2�'5, ù«¬N+k"A^
3�¬w«ì!í¯Daì!±9e��R5ß
²>f�¬þ [1,2]. 3¯õß²�zÔ��N¥,
InGaZnO4, ITO �á�duÙäkÚ��(�, 1
w�L¡, �¿§e�È��¬��G��>f[
£Ç�Ï~�p (> 10 cm2/Vs) �`:, Cc5Ú
å
2��ïÄ,� [3,4]. ,
, ù
��¬N+Ï
~I�é��°Ä>Ø (> 10 V) âU�~ó�, ¿
¼�v
�m'>6'. ó�>Ø�����
p
õÑ, ù�:î­��
ÙA^u¢S�B�ª>
f�¬�O¥ [5].

�
)ûù�¯K, ¢yì�3$>Øeó�,
Cc5Nõ�ï<
æ^p k »0�½öEÜ»
0���{5O�ì�»>N, l
Jp»4��
��m�>NÍÜ, k�/ü$
��¬N+�ó
�>Ø [6−11]. �C, Crispin �< [12,13] ��
�«
#.�|^àÜÔ>)�5�»0��kÅV>
Ö���¬N+, >)�SÜ��£Älf3	\
»Ø�^e/¤V>Ö�, »0�ü ¡È>Np

� 10 µF/cm2, ó�>Ø�ü$� 1V �m, ù¦�
V>Ö�¬N+m©¤�<�'5�9:.

C5, ·��K|¤õï�Ñ±�� SiO2 �
»0���zÔ��¬N+. §äk�$�ó�>
Ø (< 2 V), �p�m'>6' (> 105), ±9�p
�|�A[£Ç (∼20 cm2/Vs). 3dÄ:þ, ·�
JÑ
V>Ö�nØ¤õ)º
ÙÕA�$Øó
�A5 [14,15]: ¿§e SiH4 Ú O2 ���AíN, Ï
L PECVD {�È SiO2 »0�L§¥, l7�©�
Ñ5� H+ lf�±?\�� SiO2 ý��¥, ¤
�
 SiO2 ¥��£Älf. 3»4	\�Øe, ù

�£Ä� H+ lf� SiO2 þL¡£Ä, ���¥
�aA>f/¤
V>Ö�, ±¼����»>N.
Ïd, æ^·�ù«�� SiO2 »0������
¬N+, duÙäkV>Ö��A, �±��ü$
Ùó�>Ø [14,15].

�
?�Ú{z��ó²�E,5, ü$ó²
¤�. 3�©¥, ·�À�ù«äkV>Ö��A
��� SiO2 �»0�, æ^�Úù�{3�Ü�
.þ¤õ��Ñ$Ø ITO ����¬N+. ITO �
�Ú
¦>4��È3�g^�í�¥Ó��¤.
du��L§==æ^
�¬qù��, ¿���
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ì����3¿§e�¤, �±4��ü$ì��
�ó²�E,Ý. 3dÄ:þ, é¬N+�>ÆA
5?1
�[ïÄ. ÿÁ(JL², æ^�Úù�
{�¿§ó²���$Ø�þ�zÔ��¬N+
Ø=äkûÐ�ì�>Æ5U, Ó��äkó²{
ü, ¤�$í�`:, k"3e���$¤�B�
ª>f�¬�O¥��A^.

2 ¢ �

ì���Äu.»(�, Xã 1(a) ¤«. Äk
æ^Ô�����.á�, ÏL�ª^�í�3
�þ�È��� 300 nm þ� ITO ��, ^5��
»4. ,�, ¿§eò SiH4 Ú O2 ���AíN,
ÏL PECVD {3 ITO þ)���� 4 µm þ��

� SiO2 »ý��. ��¿§eæ^�Úù�{Ó
�)¤ ITO 
¦>4Ú��: 3)¤� SiO2 L¡
�½�¬qù��, 3 0.5 Pa � Ar í�¸¥�ª
^�í��È��� 200 nm þ ITO 
¦4, í�
Ñ� ITO �â¬ÏLû��^?\¿�È3qù
��CX�«�, ù� ITO 
¦4/¤�Ó�, ü
4�m����� ITO ����Òduû�Ó�
/¤
. �����?þÝ� 30 nm, �ÈL§X
ã 1(b) ¤«. lã 1(c)ITO ��L¡×£>ºã�
�±wÑ, ^�í�Ñ� ITO �âº�®²��B
�?O. ���ÝÚ°Ý©O� 80 µm Ú 1000 µm.
ITO ��L¡Ú�� SiO2 �¡/mæ^|u�×
£>ºÿÁ (Hitachi S-4800 SEM). ì��>ÆA5
d Keithley4200 ��Nëê©Û¤3¿§eçV
�¸¥ÿÁ��.

ã 1 (a)ITO-TFT ì�(�«¿ã, ¿«¿����� SiO2 m�/¤�V>Ö; (b) �Úù�{L§«¿ã; (c) ITO ���¡
×£>ºã; (d) PECVD {����� SiO2 ×£>ºã

3 (J�?Ø

ã 1(d) ´·������ SiO2 »0��×£
>ºã. lãþ�±wÑ, §äkÕt!ÎG�ü
�(�, Ùmkéõ�Y. Ï
, æ^ SiH4 Ú O2 �
��AíN¿± PECVD {����� SiO2, �´

duäkù«Õt�õ�(�, �	\ Ø�, �
~·Ülf�$Ä. ITO 
¦4þÝ� 200 nm, �
��þÝl
¦4>��¥%4~, ¥m��?
� 30 nm. ¿��AÿÁw«Ñ ITO ��>{Ç
�ÙþÝ�'. 200 nm þ� ITO 
¦4� 30 nm
þ � � � � > { Ç © O � 5.86 × 10−4 Ω· cm
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Ú 1.19 × 10−3Ω· cm. 
éA�16fßÝ©O
� 3.47 × 1021/cm3 Ú 3.03 × 1021/cm3.

ã 2(a) w « 
 T ITO-TFT � Ñ Ñ A 5 ­
� (Ids-Vds). Xã, Vds d 0 V ×£� 1.5 V, Ó�,
Vgs d −0.4 V ×£� 1 V, zgO\ 0.2 V. dã�
�, �p� Vds eì�w«Ñ
éÐ�>6�ÚA
5, 
3�$ Vds e Ids �äkûÐ��5A5, ì
�äkûÐ�î0�>. ¬N+ó�3 n .Ñ¦.
�ª, 3 Ø Vds = 1.5 V Ú Vgs = 1 V eäk�p
��Ú>6 (∼ 28 µA). duþ©J��V>Ö�
�A [14,15], �ì�w«Ñ
�$�ó�>Ø 1.5 V.

ã 2 (a)ITO-TFT � IDS-VDS Ñ Ñ A 5 ­ �; (b) ITO-TFT
� IDS-VGS =£A5­�, ±9 Vds = 1 V eéA� I

1/2
DS -

VGS ­�

ã 2(b) w«
ÙéA�=£A5­� (Ids-
Vgs). dã��, Vds �½3 1 V, »Ø Vgs d −2.0 V
×£� 0.5 V, ì��m'>6'p� 5 × 105, æ
K��Ç S � 188 mV/decade. ì��K�>Ø�
±ÏL

√
Ids-Vgs ­���, Xã��K�>Ø Vth

� −1 V. Ï
�Ú« (Vgs > Vgs − Vth) |�A[£
Ç�±�â±eúª¼�:

Ids =
µFECoxW

2L
(Vgs − Vth)2, (1)

ª¥ L ����Ý 80 µm, W ���°Ý 1000 µm,
Cox �·��K|����� SiO2 ü ¡È>
N [14,15], �� 2 µF/cm2. ÏLO���, �Ú«|

�A[£Ç µFE �� 20.1 cm2/Vs.

ã 3 ¿§e PECVD {�È��� SiO2 ¦>6­�

ã 4 ITO ��¬N+�óÀ�A

ã 3 �¿§e PECVD {����� SiO2 �
»¦>6­�ã. 2V  Øe¦>6�� 0.9 nA, '
æ^àÜÔ>)����õ [12,13]. �,�� SiO2

äkõ�(�, �´duÙSÜvk>zÆy�,
lf>6�é�, ¤��¦>6'��>6�
 5
�êþ?, ùÒ�y
ì���~ó�Ø¬É�»
¦>6�K�.

ã 4 � T ITO � � ¬ N + � ó À � A ã.
3 Vds 	\>Ø 1 V, Vg 	\ −2.5 V Ú 0.5 V �
óÀÿÁ&Òe, ì��,w«ÑéÐ�5U: ­
E5'�Ð, ì�m'>6'���u 105. ù

L²3»4 Øe, ITO ���Ú�� SiO2 �m
vk²w�>zÆ�,u), ì�w«Ñ
�Ð�
­½5.

4 ( Ø

·�0�
�«Äu�þ, æ^�Úù�{
)¤
¦>4Ú���#.V>Ö� ITO ��
¬N+. ¿§e PECVD {����� SiO2 ý

047202-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 047202

�����aA>f/¤V>Ö�, du V>
Ö��A [14,15] ��3, ù«¬N+w«Ñ
é
Ð�5U: �$�ó�>Ø 1.5 V, |�A[£Ç
� 20.1 cm2/Vs, �$�æK��Ç 188 mV/decade,

Ú p � 5 × 105 � m ' > 6 '. ¿ d u § ¤ õ
���3Ô���.þ, Ï
ù«�$> Ø¬
N+�k"A^3�5�$¤�$õÑ>fì
�þ.
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Abstract

A new kind of electric-double-layer indium-tin-oxide (ITO) thin-film transistor (TFT) is fabricated on a paper substrate by one-

shadow-mask process. The channel layer can be simultaneously self-assembled between ITO source/drain electrodes by only one

shadow mask during RF magnetron sputtering deposition at room temperature. Base on this, we choose microporous SiO2 with electric

double layer effect as a gate dielectric, and successfully develop the ultralow-voltage oxide TFT on a paper substrate. The TFT exhibits

a good performance with an ultralow operation voltage of 1.5 V, a field-effect mobility of 20.1 cm2/Vs , a subthreshold swing of

188mV/decade, and a large on-off ratio of 5× 105. The full-room-temperature oxide TFT on the paper substrate by one-shadow-mask

process shows a lot of advantages, such as low operation voltage, simple device process, low cost, etc. Such a TFT is very promising

for the application of low-power and portable electronic products in the future.
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