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OXIDE SEMICONDUCTOR, THIN FILM 
TRANSISTOR, AND DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to an oxide semicon 
ductor, a thin ?lm transistor in Which the oxide semiconductor 
is used, and a display device in Which the thin ?lm transistor 
is used. 
[0003] 2. Description of the Related Art 
[0004] The most commonly used material for thin ?lm 
transistor is hydrogenated amorphous silicon (a-SizH). 
Hydrogenated amorphous silicon can be deposited as a thin 
?lm over a substrate at a temperature of 3000 C. or loWer. 
HoWever, a-Si:H has a disadvantage in that it has a mobility (a 
?eld effect mobility in the case of a thin ?lm transistor) of 
only about 1 cm2/V~sec. 
[0005] A transparent thin-?lm ?eld-effect transistor is dis 
closed in Which a thin ?lm of a homologous compound 
InMO3(ZnO)m (M is In, Fe, Ga, or Al, and m is an integer 
number of greater than or equal to l and less than 50), as an 
oxide semiconductor material that can be formed into a thin 
?lm like a-SizH, is used as an active layer (see Patent Docu 
ment 1). 
[0006] In addition, a thin ?lm transistor is disclosed in 
Which an amorphous oxide Whose electron carrier concentra 
tion is less than l018/cm3 is used for a channel layer and Which 
is an oxide that contains In, Ga, and Zn, Where the ratio of In 
atoms to Ga and Zn atoms is l:l:m (m<6) (see Patent Docu 
ment 2). 

[Patent Document 1] 

Japanese Published Patent Application No. 2004-103957 

[Patent Document 2] 

PCT International Publication No. 05/088726 

SUMMARY OF THE INVENTION 

[0007] Nevertheless, so far an on-off ratio of about 103 only 
has been obtained With a conventional thin ?lm transistor in 
Which an oxide semiconductor is used. In other Words, even if 
a thin ?lm transistor having a predetermined on current is 
obtained, it cannot be considered of normally-off type 
because the off current is too high. Therefore, the thin ?lm 
transistor is not yet at the level of practical application. Such 
an on-off ratio of about 103 is at a level that can be easily 
achieved With a conventional thin ?lm transistor in Which 
amorphous silicon is used. 
[0008] It is an object of the present invention to increase 
?eld effect mobility of a thin ?lm transistor in Which a metal 
oxide is used and to reduce an off current to obtain a suf?cient 
on-off ratio. 
[0009] According to an embodiment that is given as an 
example, an oxide semiconductor contains In, Ga, and Zn as 
components and has a composition in Which the concentra 
tion of Zn is loWer than the concentrations of In and Ga. The 
oxide semiconductor preferably has an amorphous structure. 
[0010] According to an embodiment that is given as an 
example, an oxide semiconductor is represented by InMO3 
(ZnO)m (M is one or a plurality of elements selected from Ga, 
Fe, Ni, Mn, Co, and Al, and m is a non-integer number of 
greater than or equal to l and less than 50) and has a compo 
sition in Which the concentration of Zn is loWer than the 
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concentrations of In and M (M is one or a plurality of ele 
ments selected from Ga, Fe, Ni, Mn, Co, and Al). The oxide 
semiconductor preferably has an amorphous structure. 
[0011] Here, In is preferably a non-integer number of 
greater than or equal to l and less than 50, more preferably 
less than 10. Although m can be a non-integer number of 
greater than or equal to 50, increase in the value of m makes 
it dif?cult to maintain the amorphous state. 
[0012] According to an embodiment that is given as an 
example, in a thin ?lm transistor, a layer of any of the oxide 
semiconductors according to the above embodiments is used 
as a channel formation region. An oxide insulating layer is 
preferably provided in contact With the oxide semiconductor 
layer. It is more preferable that the oxide insulating layer be 
provided over and under the oxide semiconductor layer. A 
nitride insulating layer is preferably provided outside of the 
oxide semiconductor layer. 
[0013] According to an embodiment that is given as an 
example, in a display device, any of the thin ?lm transistors of 
the above embodiments is provided for at least one pixel. 
[0014] According to an embodiment that is given as an 
example, in a display device, the thin ?lm transistors of any of 
the above embodiments are provided for at least one pixel and 
a driver circuit for controlling a signal to be transmitted to the 
thin ?lm transistor provided in the pixel. 
[0015] Of In, Ga, and Zn that are contained as components 
of the oxide semiconductor, the concentration of Zn is set 
loWer than the concentrations of In and Ga, Whereby the 
carrier concentration can be decreased and, furthermore, the 
oxide semiconductor can have an amorphous structure. 

[0016] Such an oxide semiconductor layer is used as a 
channel formation region, Whereby the off current of the thin 
?lm transistor can be reduced and the on-off ratio thereof can 
be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1A is a plan vieW illustrating a structure of a 
TFT With an oxide semiconductor layer and FIG. 1B is a 
cross-sectional vieW illustrating the same. 
[0018] FIG. 2A is a plan vieW illustrating a structure of a 
TFT With an oxide semiconductor layer and FIG. 2B is a 
cross-sectional vieW illustrating the same. 
[0019] FIG. 3A is a plan vieW illustrating a structure of a 
TFT With an oxide semiconductor layer and FIG. 3B is a 
cross-sectional vieW illustrating the same. 
[0020] FIGS. 4A and 4B are cross-sectional vieWs illustrat 
ing a structure of a TFT With an oxide semiconductor layer. 

[0021] FIG. 5 is a diagram illustrating one mode of a dis 
play device including a TFT With an oxide semiconductor 
layer. 
[0022] FIG. 6 is a circuit diagram illustrating a structure of 
a selector circuit including a TFT With an oxide semiconduc 
tor layer. 
[0023] FIG. 7 is a timing chart illustrating an example of 
operation of a selector circuit. 

[0024] FIG. 8 is a block diagram illustrating a shift register 
including a TFT With an oxide semiconductor layer. 

[0025] FIG. 9 is a circuit diagram illustrating a ?ip-?op 
circuit including a TFT With an oxide semiconductor layer. 

[0026] FIG. 10 is an equivalent circuit diagram of a pixel 
including a TFT With an oxide semiconductor layer and a 
light-emitting element. 
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