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(57) ABSTRACT 

In a thin film transistor, a gate insulating layer is formed on a 
gate electrode formed on an insulating Substrate. Formed on 
the gate insulating layer is a semiconductor layer. Formed on 
the semiconductor layer are a source electrode and a drain 
electrode. A protective layer covers them, so that the semi 
conductor layer is blocked from an atmosphere. The semi 
conductor layer (active layer) is made of, e.g., a semiconduc 
tor containing polycrystalline ZnO to which, e.g., a group V 
element is added. This allows practical use of a semiconduc 
tor device which has an active layer made of Zinc oxide and 
which includes an protective layer for blocking the active 
layer from an atmosphere. 
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SEMICONDUCTOR DEVICE, 
MANUFACTURING METHOD THEREOF, 

AND ELECTRONIC DEVICE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. Ser. No. 
13/072,910, filed Mar. 28, 2011, which is a divisional U.S. 
Ser. No. 10/560,907, filed Dec. 16, 2005, now U.S. Pat. No. 
8,093,589, which is the U.S. national phase of international 
application PCT/JP2004/008322 filed Jun. 14, 2004, which 
designated the U.S. and claims priority to JP 2003-177272 
filed Jun. 20, 2003, and JP 2004-079273 filed Mar 18, 2004, 
the entire contents of each of which are hereby incorporated 
by reference. 

TECHNICAL FIELD 

0002 The present invention relates to a semiconductor 
device having an active layer made of a Zinc oxide. The 
present invention particularly relates to (i) a semiconductor 
device Suitable for a Switching element for use in an elec 
tronic device, and (ii) an electronic device using the semicon 
ductor device. 

BACKGROUND ART 

0003 Conventionally, zinc oxide (ZnO) is transparent in a 
visible light region, and is a semiconductor having a relatively 
good property even when prepared under a low temperature. 
For this reason, study on ZnO has been actively carried out in 
recent years, so that various techniques have been reported. 
0004 For example, see Documents 1 through 3 of scien 

tific papers. Each of the Scientific papers teaches that a thin 
film transistor having an active layer made of ZnO operates 
with high performance. 
0005 (1) Document 1: 
0006 R. L. Hoffman, B.J. Norris and J. F. Wager, “ZnO 
based transparent thin-film transistors' APPLIED PHYSICS 
LETTERS VOLUME82, NUMBER5, 3 FEBRUARY 2003, 
pp 733-735 
0007 (2) Document 2: 
0008 P. F. Carcia, R. S. McLean, M. H. Reilly and G. 
Nunes, Jr. “Transparent ZnO thin-film transistor fabricated by 
rf magnetron sputtering APPLIED PHYSICS LETTERS 
VOLUME 82, NUMBER 7, 17 FEB. 2003, pp 1117-1119 
0009 (3) Document 3: 
0010 Junya NISHII et al., “High Performance Thin Film 
Transistors with Transparent ZnO Channels' Jpn. J. Appl. 
Phys. Vol. 42. (2003) pp L347-L349, Part 2, No. 4A, 1 April 
2003 
0011 Further, see Documents 4 through 6 of patent appli 
cations. Each of Documents 4through 6 discloses a technique 
of using ZnO as a semiconductor. 
0012 (4) Document 4: 
0013 Japanese Unexamined Patent Publication Tokukai 
2000-150900 (published on May 30, 2000) 
0014 (5) Document 5: 
00.15 Japanese Unexamined Patent Publication Tokukai 
2000-277534 (published on Oct. 6, 2000) 
0016 (6) Document 6 
0017 Japanese Unexamined Patent Publication Tokukai 
2002-76356 (published on Mar. 15, 2002) 
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(0018 (7) Document 7 
0019 Japanese Unexamined Patent Publication Tokukai 
sho 63-101740 (published on May 6, 1988) 
0020. Described in Document 4 is that a transistor 
becomes transparent by using a transparent semiconductor 
Such as Zinc oxide for a channel layer of the transistor, and by 
using a transparent insulating oxide foragate insulating layer. 
0021 Described in Document 5 is that: lattice mismatch 
between Zinc oxide and a priming film is eliminated by select 
ing a material of the priming film, with the result that a 
semiconductor device including a thin film transistor using 
Zinc oxide can have high performance. 
0022. Described in Document 6 is a method for doping a 
3d transition metal in Zinc oxide for the purpose of improving 
an ON/OFF ratio property and a mobility property of a tran 
sistor having a transparent channel layer made of Zinc oxide 
or the like. 

0023. Each of the scientific papers and the documents 
teaches effectiveness of the transistor using Zinc oxide. 
0024 However, zinc oxide is highly sensitive to an atmo 
sphere, so that a property of the device using Zinc oxide is 
greatly changed due to the atmosphere, as disclosed in Docu 
ment 7. Therefore, a layer of zinc oxide needs to be blocked 
from the atmosphere by a protective layer (insulator) Such 
that the device is put into practical use. Document 4 describes 
that a vertical type electric field effect transistor having the 
channel layer made of Zinc oxide is used as a gas sensor. 
0025 No protective layer is provided in each structure of 
Documents 1, 2, and 3. Moreover, none of Documents 1, 2, 
and 3 describe an influence rendered by providing the protec 
tive layer. Meanwhile, each of Documents 4, 5, and 6 
describes an example of a structure of blocking the Zinc oxide 
layer from the atmosphere; however, none of Documents 4, 5, 
and 6 describe the influence rendered by providing the pro 
tective layer. Here, the aforementioned gate insulating layer 
corresponds to the protective layer. 
0026. For the practical use, the transistor having the active 
layer made of Zinc oxide is required to have a stable property. 
An indispensable condition for attaining Such a stable prop 
erty is to block, from the atmosphere, the layer of zinc oxide 
highly sensitive to the atmosphere. For this reason, the influ 
ence rendered by providing the protective layer needs to be 
discussed. The following explains this. 
0027 FIG. 14(a) illustrates a transistor 50 having no pro 
tective layer. The transistor 50 has an inverse stagger struc 
ture. Specifically, a gate electrode 53 made of Ta is formed on 
a glass substrate 52. On the glass substrate 52 and the gate 
electrode 53, a gate insulating layer 54 made of Al-O is 
formed. Formed on the gate insulating layer 54 is a semicon 
ductor layer 55 made of zinc oxide which has not been sub 
jected to doping intentionally. Formed on the semiconductor 
layer 55 and the gate insulating layer 54 area source electrode 
56 and a drain electrode 57, each of which is made of Al. 
(0028 FIG. 14(b) illustrates a transistor 51 provided with a 
protective layer. The transistor 51 has a structure similar to the 
transistor 50, except that a protective layer 58 made of Al-O. 
is so provided as to cover apart of the semiconductor layer 55. 
a part of the source electrode 56, and a part of the drain 
electrode 57. 

(0029 FIG. 15 illustrates the difference between (i) the 
I-V property of the electric field effect transistor which has 
the active layer (semiconductor layer 55) made of zinc oxide 
and which has the protective layer, and (ii) the I-V property 
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of the electric field effect transistor which has the active layer 
(semiconductor layer 55) made of zinc oxide and which has 
no protective layer. 
0030. As shown in FIG. 15, the transistor having the pro 
tective layer has a threshold voltage greatly different from 
that of the transistor having no protective layer. Specifically, 
the threshold voltage of the transistor having the protective 
layer is greatly shifted to the negative side, as compared with 
that of the transistor having no protective layer. Such a greatly 
negative threshold Voltage makes it impossible that the tran 
sistor is put into practical use. 
0031. The following explains why such a phenomenon 
occurs. That is, Zinc oxide is intrinsically likely to have an 
oxygen hole from which free electrons are generated, so that 
Zinc oxide is a semiconductor having the n-type conductivity. 
However, when the surface level of the zinc oxide layer 
decreases the fermi level of the surface of the Zinc oxide layer, 
a depletion layer spreads inside the Zinc oxide layer to reach 
the interface of the gate insulating layer serving as a channel 
layer, with the result that the free electrons are removed. This 
causes the Zinc oxide layer to have a high resistance. There 
fore, Such a Zinc oxide layer having high resistance has a 
small number of free electrons that are movable charges, with 
the result that a small gate Voltage is required for removal of 
the free electrons. Accordingly, the absolute value of the 
threshold voltage becomes small. This is true when no pro 
tective layer is provided. 
0032. In the meanwhile, the surface level of the zinc oxide 
layer is decreased by covering the zinc oxide layer with the 
protective layer made of Al-O. This can be understood based 
on the report of 29p-F-8 (2003/3) of Japan Society of Applied 
Physics 50” meeting. Specifically, it is reported that: zinc 
oxide and Al-O match well with each other, so that a defect 
level is small. Such reduction of the surface level causes the 
fermi level of the surface of the zinc oxide layer to be restored 
to a position determined by the density of the free electrons 
intrinsically included in Zinc oxide. Accordingly, no deple 
tion layer spreads inside the zinc oxide layer. With this, the 
Zinc oxide layer is caused to have the intrinsic n-type conduc 
tivity, with the result that the Zinc oxide layer has a low 
resistance. Therefore, a large number of free electrons existin 
Such a Zinc oxide layer. Required for removal of Such a large 
number of free electrons is a great negative gate Voltage. 
Accordingly, the threshold Voltage is greatly negative. 
0033 FIG. 16 illustrates the difference between (i) the 
resistivity of the Zinc oxide layer in cases where the protective 
layer made of Al-O is provided, and (ii) the resistivity of the 
Zinc oxide layer in cases where no protective layer is pro 
vided. As shown in FIG. 16, the resistivity of the zinc oxide 
layer is reduced to approximately /6400 by providing the pro 
tective layer. This is an evidence of the aforementioned work 
ings. 
0034. This is the first time to find and discuss that the 
property of the electric field effect transistor using zinc oxide 
for the active layer is greatly changed by providing the pro 
tective layer as described above. 
0035 Zinc oxide is sensitive to the atmosphere, so that the 
protective layer is imperative for the electric field effect tran 
sistor using Zinc oxide for the active layer. However, as 
described above, the electric field effect transistor having the 
protective layer has the greatly negative threshold Voltage. 
For this reason, such an electric field effect transistor cannot 
be put into practical use. 
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0036. The present invention is made in light of the prob 
lem, and its object is to provide (i) a semiconductor device 
which use Zinc oxide for an active layer, and which has a 
protective layer for blocking the active layer from an atmo 
sphere, and which can be put into practical use; and (ii) an 
electronic device including the semiconductor device. 

DISCLOSURE OF INVENTION 

0037. A semiconductor device of the present invention 
include: (1) an active layer, to which group I elements, group 
III elements, group IV elements, group V elements, or group 
VII elements are added, and which is made of a semiconduc 
tor containing (i) polycrystalline ZnO or polycrystalline 
Mg,ZnO, (ii) amorphous ZnO or amorphous Mg,ZnO, 
or (iii) either (a) mixture of the polycrystalline ZnO and the 
amorphous ZnO or (b) mixture of the polycrystalline 
Mg,ZnO and the amorphous Mg ZnO, and (2) a block 
ing member for blocking the active layer from an atmosphere 
Such that the atmosphere never influences a region, in which 
a movable charge moves, of the active layer. 
0038. In the structure above, the blocking member may 
include not only a protective layer and an insulating layer but 
also an electrode and the like, as long as the active layer is 
blocked from the atmosphere. Further, the active layer may be 
wholly blocked by the blocking member. However, a part of 
the active layer may not be blocked by the blocking member, 
i.e., may be exposed to the atmosphere, as long as the active 
layer is blocked such that at least the region, in which the 
movable electric charges move, of the active layer is not 
influenced by the atmosphere. A specific example of Such a 
region is the channel portion of a thin film transistor. 
0039. An element property of the semiconductor device 
can be stabilized by blocking, from the atmosphere in this 
way, the active layer made of the ZnO or the Mg,ZnO each 
sensitive to the atmosphere. Further, the addition of the group 
I elements, the group III elements, the group IV elements, the 
group V elements, or the group VII elements to the active 
layer makes it possible to reduce the movable charges which 
are generated as the result of providing the blocking member 
such as the protective layer. This is explained as follows. That 
is, the formation of the protective layer or the like causes 
decrease of the surface level of the layer of, e.g., the ZnO, with 
the result that a depletion layer spread within the ZnO layer is 
eliminated. With this, the ZnO layer becomes an n-type semi 
conductor, with the result that too many free electrons are 
generated. However, for example, nitrogen of the group V 
elements works as an acceptor impurity with respect to the 
ZnO layer, so that the free electrons are reduced by adding 
nitrogen. Further, hydrogen of the group I elements works as 
a terminator with respect to the dangling bond attributing to 
the generation of the free electrons, while hydrogenis in ZnO. 
Therefore, the hydrogen addition also allows reduction of the 
free electrons. Such reduction of the free electrons allows 
decrease of the fermi level to the vicinity of the center of the 
band gap. This allows decrease of a gate Voltage required for 
removal of such too many free electrons, with the result that 
the threshold voltage of the semiconductor device is 
increased. As such, the threshold Voltage, which is one of 
important properties of a transistor, can be so controlled as to 
be a Voltage allowing for practical use of the semiconductor 
device. 
0040. It is preferable to arrange the semiconductor device 
Such that each of the elements corresponds to nitrogen, phos 
phorus, arsenic, or stibium; or the elements correspond to not 
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less than two of nitrogen, phosphorus, arsenic, and Stibium. 
The addition of these elements makes it possible that the 
threshold Voltage can be precisely controlled depending on an 
addition amount such that the threshold voltage falls within a 
relatively large range. 
0041. It is preferable to arrange the semiconductor device 
Such that: the elements corresponds to (i) hydrogen and (ii) 
nitrogen, phosphorus, arsenic, Stibium, or not less than two of 
nitrogen, phosphorus, arsenic, and stibium. The addition of 
these elements makes it possible to control the threshold 
Voltage of the semiconductor device depending on the addi 
tion amount such that the threshold voltage falls within a 
relatively large range. Further, in the manufacturing of the 
semiconductor device, the active layer is formed under an 
atmosphere containing (i) one or more of nitrogen, dinitrogen 
monoxide, nitrogen monoxide, and nitrogen dioxide, and (ii) 
one or more of water vapor, hydrogen peroxide, and ammo 
nia. With this, nitrogen and hydrogen are added to the active 
layer to be formed. 
0042. It is preferable to arrange the semiconductor device 
such that the blocking member is made up of different block 
ing layers. As described above, the blocking member may be 
made up of a plurality of blocking layers as long as the active 
layer can be blocked from the atmosphere by such a blocking 
member. Therefore, such a blocking member made up of the 
blocking layers makes it possible to easily apply the present 
invention to a thin film transistor etc., including an insulating 
layer, an electrode, an protective layer, and the like, which 
respectively serve as the blocking layers. 
0043. It is preferable to arrange the semiconductor device 
such that: at least one of the blocking layers is made of SiO, 
Al-O, AlN, MgO, Ta-Os, TiO, ZrO, stab-ZrO2. CeO. 
KO, Li2O, Na2O, Rb2O. In O. La-Os, ScC), Y.O. 
KNbO, KTaO, BaTiO, CaSnO, CaZrO, CdSnO, 
SrHfO, SrSnO, SrTiO, YScO, CaFIfC), MgCeO, 
SrCeO, BaCeO, SrZrOs. BaZrOs. LiGaO, a mixed crystal 
of LiGaO. Such as (Li-Na,K)(Gai-Al)O2, or a solid 
Solution containing at least two of them. Each of the materials 
matches well with the ZnO and the Mg,ZnO, so that the 
material is suitable for a blocking layer directly meeting the 
active layer. 
0044. It is preferable to arrange the semiconductor device 
Such that: a blocking layer constituting the blocking layers is 
made of SiO, Al-O, AIN, MgO, TaOs, TiO, ZrO., stab 
ZrO2. CeO, K2O, Li2O, Na2O, Rb2O. In O. La-Os, ScC), 
YO, KNbO, KTaO, BaTiO, CaSnO, CaZrO, CdSnO, 
SrHfO, SrSnO, SrTiO, YScO, CaFIfO, MgCeO, 
SrCeO, BaCeO, SrZrOs. BaZrOs. LiGaO, a mixed crystal 
of LiGaO, such as (Li-Na, K(Gai-Al)O, or a solid 
Solution containing at least two of them, and the blocking 
layer is so provided as to meet the active layer separately from 
(i) each of two electrodes serving as blocking layers and 
connected to the active layer, and (ii) an insulating layer, 
which serves as a blocking layer and meets the active layer, 
for insulating the active layer from a control electrode for 
controlling move of a movable electric charge in the active 
layer. The two electrodes connected to the active layer corre 
spond to, e.g., a Source electrode and a drain electrode of a 
thin film transistor, respectively. Moreover, the control elec 
trode corresponds to a gate electrode thereof. In an inverse 
staggered thin film transistor, a gate electrode is formed on a 
Substrate. Formed on the gate electrode is a gate insulating 
layer (blocking layer). On the gate insulating layer, the active 
layer is formed. The blocking layer meeting the active layer 
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separately from the gate insulating layer is such a blocking 
layer (corresponding to the protective layer 8 shown in FIG. 
1(a) through FIG.1(c)) that meets (i) the upper end surface of 
the active layer, and (ii) a part of the side end surface thereof. 
The upper end surface of the active layer refers to a surface 
positioned between the source electrode and the drain elec 
trode. As such, the structure is provided with the blocking 
layer which is provided separately from the electrodes and the 
insulating layer each required for Such a semiconductor 
device, and which serves as a protective layer for blocking the 
active layer from the atmosphere. Moreover, the blocking 
layer directly meeting the above region is made of each of the 
aforementioned materials that match well with the ZnO and 
the Mg,ZnO as described above. This makes it possible to 
stabilize the element property of the semiconductor device. 
0045. It is preferable to arrange the semiconductor device 
Such that at least one of the blocking layers is made of resin. 
A blocking layer made of resin can be formed with the use of 
an existing resin formation device. Accordingly, a complex 
film formation process is not required for the formation of the 
blocking layer. This makes it easier to manufacture the semi 
conductor device. This allows reduction of manufacturing 
cost of the semiconductor device. Further, the use of the resin 
allows improvement of flexibility of the semiconductor 
device. This is especially suitable in cases where a flexible 
substrate is used as the substrate of the semiconductor device. 

0046. It is preferable to arrange the semiconductor device 
Such that: a blocking layer constituting the blocking layers is 
made of resin, and the blocking layer is so provided as to meet 
the active layer separately from (i) each of two electrodes 
serving as blocking layers and connected to the active layer, 
and (ii) an insulating layer, which serves as a blocking layer 
and meets the active layer, for insulating the active layer from 
a control electrode for controlling move of a movable electric 
charge in the active layer. The two electrodes connected to the 
active layer correspond to, e.g., a source electrode and a drain 
electrode of a thin film transistor, respectively. Moreover, the 
control electrode corresponds to a gate electrode thereofIn an 
inverse-staggered thin film transistor, the blocking layer 
meeting the active layer separately from the gate insulating 
layer is such a blocking layer (corresponding to the protective 
layer 8 shown in FIG. 1(a) through FIG. 1(c)) that meets (i) 
the upper end surface of the active layer, and (ii) a part of the 
side end surface thereof, as described above. The upper end 
surface of the active layer refers to a surface positioned 
between the source electrode and the drain electrode. As such, 
the structure is provided with the blocking layer which is 
provided separately from the electrodes and the insulating 
layer each required for Such a semiconductor device, and 
which serves as a protective layer for blocking the active layer 
from the atmosphere. Moreover, the blocking layer directly 
meeting the region can be made of a resin. This makes it 
possible to reduce the manufacturing cost of the semiconduc 
tor device as described above. 

0047. An electronic device of the present invention 
includes, as a Switching element, any one of the semiconduc 
tor devices described above. A performance of the electronic 
device can be improved by the high performance semicon 
ductor device which uses the transparent ZnO and Mg, Zn 
xO for the active layer, and which is provided as the switching 
element. 

0048. It is preferable to arrange the electronic device such 
that the Switching element is connected to a picture element 
electrode Such that an image signal is written in or read out 
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from the picture element electrode. In an active matrix type 
display device (e.g., a liquid crystal display device or an 
organic EL display device) serving as the electronic device, 
the Switching element is turned ON when the image signal is 
Supplied from a driving circuit to the picture element elec 
trode. Further, in an image sensor serving as the electronic 
device, the switching element is turned ON when reading out 
the image signal captured in the picture element electrode. As 
Such, the semiconductor device can be used as the Switching 
element in the image displaying electronic device or the 
image capturing electronic device. This makes it possible for 
Such electronic devices to have high performance with ease. 
0049. As described above, the semiconductor device of 
the present invention includes: (1) an active layer, to which 
group I elements, group III elements, group IV elements, 
group V elements, or group VII elements are added, and 
which is made of a semiconductor containing (i) polycrystal 
line ZnO or polycrystalline Mg,ZnO, (ii) amorphous ZnO 
or amorphous Mg., ZnO, or (iii) either (a) mixture of the 
polycrystalline ZnO and the amorphous ZnO or (b) mixture 
of the polycrystalline Mg,ZnO and the amorphous 
Mg,ZnO, and (2) a blocking member for blocking the 
active layer such that the region, in which the movable 
charges move, of the active layer is not influenced by the 
atmosphere. 
0050. In this way, the ZnO or the Mg, ZnO each sensi 

tive to the atmosphere is blocked from the atmosphere. More 
over, the group I elements, the group III elements, the group 
IV elements, or the group V elements are added to the ZnO or 
the Mg,ZnO. This allows reduction of the movable 
charges generated in the active layer by the blocking layer. 
This makes it possible to provide a semiconductor device 
whose element property is stable and is never influenced by 
the atmosphere, and which uses the ZnO or the Mg,ZnO 
by each of which the threshold voltage can be so controlled as 
to fall within a Voltage range allowing for the practical use of 
the semiconductor device. 
0051. Additional objects, features, and strengths of the 
present invention will be made clearby the description below. 
Further, the advantages of the present invention will be evi 
dent from the following explanation in reference to the draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0052 FIG. 1(a) is a plan view illustrating a structure of a 
thin film transistor according to Embodiment 1 of the present 
invention. 
0053 FIG. 1(b) is a cross sectional view taken along A-A 
line of FIG. 1(a). 
0054 FIG. 1 (c) is a cross sectional view taken along B-B 
line of FIG. 1(a). 
0055 FIG. 2 is a cross sectional view illustrating another 
structure of the thin film transistor according to Embodiment 
1 

0056 FIG.3(a) is a cross sectional view illustrating a gate 
wire formation process in manufacturing the thin film tran 
sistor shown in FIG. 1. 
0057 FIG.3(b) is a cross sectional view illustrating a gate 
insulating film formation process in manufacturing the thin 
film transistor shown in FIG. 1. 
0058 FIG. 3(c) is a cross sectional view illustrating a 
semiconductor layer formation process in manufacturing the 
thin film transistor shown in FIG. 1. 
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0059 FIG. 3(d) is a cross sectional view illustrating pro 
cess of forming a source electrode and a drain electrode, in 
manufacturing the thin film transistor shown in FIG. 1. 
0060 FIG.3(e) is a cross sectional view illustrating a final 
process in manufacturing the thin film transistor shown in 
FIG 1. 

(0061 FIG. 4 is a diagram illustrating the IAV property of 
each thin film transistor according to Embodiments 1 through 
3. 
0062 FIG. 5 is a plan view illustrating still another struc 
ture of the thin film transistor according to Embodiment 1. 
0063 FIG. 6(a) is a plan view illustrating a structure of a 
thin film transistor according to Embodiment 2 of the present 
invention. 
0064 FIG. 6(b) is a cross sectional view taken along C-C 
line of FIG. 6(a). 
0065 FIG. 6(c) is a cross sectional view taken along D-D 
line of FIG. 6(a). 
0.066 FIG. 7 is a cross section illustrating another struc 
ture of the thin film transistor according to Embodiment 2. 
0067 FIG. 8(a) is a cross sectional view illustrating a 
priming insulating layer formation process in manufacturing 
the thin film transistor shown in FIG. 6. 
0068 FIG. 8(b) is a cross sectional view illustrating a 
process of forming a source electrode and a drain electrode, in 
manufacturing the thin film transistor shown in FIG. 6. 
0069 FIG. 8(c) is a cross sectional view illustrating a 
process of forming a semiconductor layer, a gate insulating 
film, and a gate electrode, in manufacturing the thin film 
transistor shown in FIG. 6. 
0070 FIG. 8(d) is a cross sectional view illustrating a final 
process in manufacturing the thin film transistor shown in 
FIG. 6. 

0071 FIG. 9(a) is plan view illustrating a structure of a 
thin film transistor according to Embodiment 3. 
0072 FIG. 9(b) is a cross sectional view taken along line 
E-E shown in FIG. 9(a). 
0073 FIG. 9(c) is a cross sectional view taken along line 
F-F shown in FIG. 9(a). 
0074 FIG. 10 is a cross sectional view illustrating another 
structure of the thin film transistor according to Embodiment 
3 

0075 FIG. 11(a) is a cross sectional view illustrating a 
prime insulating film forming process in manufacturing of the 
thin film transistor shown in FIG. 9(a). 
0076 FIG. 11(b) is a cross sectional view illustrating a 
process of forming a source electrode and a drain electrode in 
the manufacturing of the thin film transistor shown in FIG. 
9(a). 
0077 FIG. 11(c) is a cross sectional view illustrating a 
process of forming a first gate insulating layer and a semicon 
ductor layer in the manufacturing of the thin film transistor 
shown in FIG. 9(a). 
0078 FIG. 11(d) is a cross sectional view illustrating a 
final process in the manufacturing of the thin film transistor 
shown in FIG. 9(a). 
007.9 FIG. 12 is a block diagram schematically illustrat 
ing a structure of an active matrix type liquid crystal display 
device according to Embodiment 5 of the present invention. 
0080 FIG. 13 is a circuit diagram illustrating a structure of 
a picture element of the liquid crystal display device shown in 
FIG. 12. 
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0081 FIG. 14(a) is a cross sectional view illustrating a 
structure of a thin film transistor having no conventional 
protective layer. 
0082 FIG. 14(b) is a cross sectional view illustrating a 
structure of a thin film transistor having the conventional 
protective layer. 
I0083 FIG. 15 is a diagram illustrating (i) the I-V prop 
erty of the thin film transistor having the protective layer, and 
(ii) the I-V property of the thin film transistor having no 
protective layer. 
0084 FIG. 16 is a diagram illustrating (i) the voltage 
resistivity property of an Zinc oxide film of the thin film 
transistor having the protective layer, and (ii) the Voltage 
resistivity property of an Zinc oxide film of the thin film 
transistor having no protective layer. 
I0085 FIG. 17 is a diagram illustrating the IAV property 
of a thin film transistor according to Embodiment 4. 
I0086 FIG. 18 is a diagram illustrating a TFT property 
change occurring over time in response to application of a 
positive gate Voltage, in the thin film transistor according to 
Embodiment 4. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0087. The following explains the present invention more 
in detail, with reference to examples and comparative 
examples; however, the present invention is not limited to 
these. 

Embodiment 1 

0088 Embodiment 1 of the present invention will be 
explained below with reference to FIG. 1 through FIG. 5. 
0089 FIG. 1(a) is a plan view illustrating a thin film tran 
sistor 1 according to the present embodiment. FIG. 1(b) is a 
cross sectional view taken along line A-A of FIG. 1(a). FIG. 
1(c) is a cross sectional view taken along line B-B of FIG. 
1(a). Note that, although FIG. 1(b) and FIG. 1 (c) describes 
rise and recess each formed in the central portion of the 
surface of a protective layer 8, FIG. 1(a) does not describe the 
rise and the recess for the sake of simplicity. 
0090. As shown in FIG. 1(a) through FIG. 1(c), the thin 
film transistor 1 serving as a semiconductor device has the 
inverse staggered structure. Specifically, a gate electrode 3 is 
formed on an insulating Substrate 2. On the insulating Sub 
strate 2 and the gate electrode 3, a gate insulating layer 4 is 
provided. Provided on the gate insulating layer 4 is a semi 
conductor layer 5. Provided on the semiconductor layer 5 and 
the gate insulating layer 4 are: a source electrode 6 and a drain 
electrode 7 each serving as an electrode section. Further, a 
protective layer 8 is so provided as to cover the semiconductor 
layer 5, the source electrode 6, and a part of the drain elec 
trode 7. 
0091. Further, in cases where the thin film transistor 1 is 
used for a display device such as an active matrix liquid 
crystal display device of Embodiment 4, the drain electrode 7 
is connected to a picture element electrode. Alternatively, the 
drain electrode 7 is formed in one piece with the picture 
element electrode, by way of a transparent conductive film. 
Therefore, the part of the drain electrode 7 is not covered with 
the protective layer 8. 
0092. The gate insulating layer 4 is made of an insulator. 
Examples of the insulator includes: SiO, Al-O, AlN, MgO, 
Ta-Os, TiO, ZrO, stab-ZrO2. CeO, KO, Li2O, NaO. 
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Rb2O. In O, La O. ScOYO, KNbO, KTaO. BaTiO, 
CaSnO, CaZrO, CdSnO, SrHfO, SrSnO, SrTiO, 
YScO, CaFIfC), MgCeO, SrCeO, BaCeO, SrZrOs. 
BaZrOs. LiGaO, and a mixed crystal of LiGaO. Such as 
(Li Na,K)(GaAl)O. Another example thereof is a 
Solid solution containing at least two of the insulators. Each of 
the insulators matches well with ZnO and Mg, ZnO. Fur 
ther, the gate insulating layer 4 may be made up of a plurality 
of layers made of the above insulators. For example, the gate 
insulating layer 4 may be made up of a first insulating layer 4a 
and a second insulating layer 4b as shown in FIG. 2. In Such 
a structure, the first insulating layer 4a is made of an insulator 
having a good interface property with the semiconductor 
layer 5, such as Al-O, AIN, and MgO. On the other hand, the 
second insulating layer 4b is made of an insulator having a 
good insulation performance, such as SiO. The gate insulat 
ing layer 4thus obtained on the insulating Substrate 2 is highly 
reliable. 

0093. The semiconductor layer 5 serves as an active layer, 
and is made of a semiconductor containing (i) polycrystalline 
ZnO or polycrystalline Mg, ZNO; (ii) amorphous ZnO or 
amorphous Mg, ZNO; or (iii) either mixture of the poly 
crystalline ZnO and the amorphous ZnO, or mixture of the 
polycrystalline Mg,ZNO and the amorphous Mg, ZNO. 
A group I element, a group III element, a group IV element, a 
group V element, or a group VII element is added to the 
semiconductor. Each of the group I element and the group V 
element is preferable for the element to be added thereto. For 
example, the semiconductor layer 5 is made of (i) a semicon 
ductor which contains nitrogen (N), phosphorus (P), arsenic 
(As), stibium (Sb), or not less than two of these elements, and 
which contains the polycrystalline ZnO or the polycrystalline 
Mg,ZNO; (ii) a semiconductor which contains nitrogen 
(N), phosphorus (P), arsenic (As), stibium (Sb), or not less 
than two of these elements, and which contains the amor 
phous ZnO or the amorphous Mg,ZNO; or (iii) a semicon 
ductor which contains nitrogen (N), phosphorus (P), arsenic 
(As), stibium (Sb), or not less than two of these elements, and 
which contains either (a) the mixture of the polycrystalline 
ZnO and the amorphous ZnO, or (b) the mixture of the poly 
crystalline Mg, ZNO and the amorphous Mg, ZN. O. 
0094. The protective layer 8 covers a portion of the semi 
conductor layer 5. The source electrode 6 and the drain elec 
trode 7 are not provided on the portion (the portion is not 
covered with the source electrode 6 and the drain electrode 7), 
and the portion does not meet (forman interface with) the gate 
insulating layer 4. The protective layer 8 is made of SiO, 
Al-O, AIN, MgO, Ta-Os, TiO, ZrO, stab-ZrO. CeO. 
KO, Li2O, NaO, Rb2O. In O, La-Os, ScC), Y.O. 
KNbO, KTaO, BaTiO, CaSnO, CaZrO, CdSnO, 
SrHfO, SrSnO, SrTiO, YScO, CaFIfC), MgCeO, 
SrCeO, BaCeO, SrzrOs. BaZrOs. LiGaO, a mixed crystal 
of LiGaO, such as (Li-Na,K)(GaAl)O, or a solid 
Solution containing at least two of them. 
0.095 Alternatively, the protective layer 8 may be made of 
a resin such as acryl. Such a protective layer 8 made of the 
resin can beformed with the use of an existing resin formation 
device. Accordingly, a complex film formation process is not 
required for the formation of the protective layer 8. This 
makes it easier to manufacture the thin film transistor 1. This 
allows reduction of manufacturing cost of the thin film tran 
sistor 1. Further, the use of the resin allows improvement of 
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flexibility of the thin film transistor 1. This is especially 
suitable in cases where a flexible substrate is used as the 
insulating Substrate 2. 
0096. Further, the protective layer 8 may be made up of a 
plurality of layers made of the aforementioned insulators. For 
example, as shown in FIG. 2, the protective layer 8 is made up 
of two layers: a first protective layer 8a and a second protec 
tive layer 8b. In such a structure, the first protective layer 8a 
is made of an insulator (Al-O, AIN, or MgO) which allows a 
good interface property with the semiconductor layer 5, and 
the second protective layer 8b is made of an insulator (SiO.) 
which blocks the semiconductor layer 5 from the atmosphere 
well. The protective layer 8 thus obtained is highly reliable. 
0097. In the thin film transistor 1, the gate insulating layer 
4, the source electrode 6, the drain electrode 7, and the pro 
tective layer 8 forms a blocking member, i.e., respectively 
serve as blocking layers. 
0098 Explained here is a method for manufacturing the 
thin film transistor 1 arranged as above, with reference to FIG. 
3(a) through FIG.3(e) respectively illustrating processes of 
the manufacturing thereof. 
0099 Firstly, sputtering is carried out such that Ta, which 

is a material (gate electrode material) of the gate electrode 3. 
is so provided on the insulating Substrate 2 as to have a 
thickness of approximately 300 nm. Then, a resist pattern 
having a predetermined shape is formed on the gate electrode 
material in accordance with the photolithography process. 
The gate electrode material is Subjected to dry etching using 
CF+O gas, with the use of the resist pattern thus formed. 
This allows formation of (i) the gate electrode 3 obtained by 
patterning the gate electrode material in accordance with the 
resist pattern, and (ii) a gate wire (not shown) connected to the 
gate electrode 3 (see FIG.3(a)). Examples of the insulating 
Substrate 2 include: a glass Substrate, a quartz Substrate, a 
plastic Substrate, and the like. Examples of the gate electrode 
material include: Ta, Al, Cr, and the like. 
0100 Next, Al-O is provided as the gate insulating layer 
4 in accordance with the pulse laser deposition method so as 
to have a thickness of approximately 500 nm, for example. 
The formation of such a Al-O thin film is carried out in the 
following conditions (1) through (4): (1) a Substrate tempera 
ture is set at 300° C., (2) the film forming is carried out under 
vacuum oxygen atmosphere, (3) a laser power is set at 3.0 
J/cm, and (4) a repetition frequency is set at 10 Hz. (see FIG. 
3(b)). Note that the material of the gate insulating layer 4 is 
Al-O, here; however, each of the aforementioned insulators 
may be used for the material. 
0101. After the Al-O deposition, the following is carried 
out for the purpose of forming the semiconductor 5 continu 
ously. For example, polycrystalline ZnO to which nitrogen is 
doped is so formed in accordance with the pulse laser depo 
sition method as to have a thickness of approximately 50 nm. 
The deposition is carried out under the following conditions 
(1) through (4): (1) the substrate temperature is set at 300°C., 
(2) the film forming is carried out under mixture atmosphere 
of vacuum oxygen and nitrogen monoxide, (3) the laser 
power is set at 1.1 J/cm, and (4) the repetition frequency is set 
at 10 Hz. With this method, a layer of ZnO to which nitrogen 
is doped is formed. Note that nitrogen monoxide is used as a 
nitrogen source here; however, a gas including nitrogen Such 
as dinitrogen monoxide, nitrogen dioxide, and ammonia may 
be used for the nitrogen source. Note also that the material of 
the semiconductor layer 5 is ZnO here; however, ZnO 
(Mg,ZnO) containing Mg may be used as the material. 
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Further, the ZnO and the ZnO containing Mg may be amor 
phous, polycrystalline, or amorphousand polycrystalline. 
0102) A resist pattern having a predetermined shape is 
formed, in accordance with the photolithography process, on 
the ZnO layer to be the semiconductor layer 5. Then, wet 
etching using nitric acid, acetic acid, or the like is carried out 
with respect to the ZnO layer, with the use of the resist pattern 
thus formed. Accordingly, the semiconductor layer 5 having 
the predetermined shape is obtained (see FIG. 3(c)). 
0103) Next, Al is so provided as to have a thickness of 
approximately 200 nm, in accordance with the Sputtering 
method. Then, the layer of Al is subjected to photolithography 
and dry etching using Cl gas so as to be patterned. Accord 
ingly, the source electrode 6 and the drain electrode 7 are 
formed (see FIG. 3(d)). 
0104 Further, Al-O is so formed in accordance with the 
pulse laser deposition method as to have a thickness of 
approximately 200 nm. The layer of Al-O is subjected to ion 
milling using a predetermined resist pattern made in accor 
dance with photolithography, with the result that an irrelevant 
part of the Al-O layer is removed. This allows formation of 
the protective layer 8, with the result that the manufacturing 
of the thin film transistor 1 is completed (see FIG.3(e)). Note 
that the material (insulator) of the protective layer 8 is Al-O. 
here; however, the material may be each of the aforemen 
tioned insulators. Moreover, the protective layer 8 may be 
made up of a plurality of layers of the aforementioned insu 
lators. 

(01.05 FIG. 4 illustrates the IAV property of the thin film 
transistor 1 manufactured as above. Compare the I-V prop 
erty shown in FIG. 4 with the L-V property (see FIG. 15) of 
the thin film transistor which has the protective layer and 
which uses ZnO to which no nitrogen is doped. The compari 
son clarifies that the thin film transistor 1 has a threshold 
voltage V of on the order of 0 V. As such, the doping of 
nitrogen into ZnO makes it possible that the threshold voltage 
V of the thin film transistor 1 having the protective layer 8 is 
so controlled as to be a Voltage practically causing no prob 
lem. Especially, depending on the doping amount, the thresh 
old Voltage can be controlled to be increased from a negative 
Voltage up to approximately +10 V. 
0106. It is understood why the threshold voltage V, is 
controlled by doping nitrogen into ZnO, as follows. That is, 
the formation of the protective layer causes decrease of the 
surface level of the ZnO layer. This causes elimination of the 
band-bending spread over the depletion layer formed within 
the ZnO layer. Accordingly, the ZnO layer becomes the 
n-type semiconductor indicating the intrinsic resistance, with 
the result that too many free electrons are generated. Nitrogen 
is a group V element, so that nitrogen works as an acceptor 
impurity. Therefore, the doping of nitrogen allows reduction 
of such too many free electrons, with the result that the fermi 
level is decreased to the vicinity of the center of the band-gap. 
This allows decrease of the gate Voltage required for removal 
of the too many free electrons, with the result that the thresh 
old voltage becomes on the order of 0 V. 
0107 This is also true when another group V element such 
as P. As, or Sb is used. Specifically, see an example in which 
a Zn compound containing a group V element such as Zn2P, 
ZnAS, or ZnSb is used as a target for the doping, and in 
which the semiconductor layer 5 is formed in the following 
conditions (1) through (3): (1) the substrate temperature is set 
at 300° C., (2) the film forming is carried out under vacuum 
oxygen atmosphere, and (3) the laser power is set at 1.1 J/cm. 
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With this, the threshold voltage V, can be so controlled as to 
be on the order of OV. Moreover, depending on the doping 
amount, the threshold voltage can be controlled to be 
increased from a negative Voltage up to approximately +10 V. 
This is the same as the case where nitrogen is used for the 
doping. Of course, the threshold Voltage V, can be controlled 
in the same manner in accordance with the above method 
when Zn-N is used as the target for the doping. 
0108 Further, the threshold voltage V can be controlled 
in a similar manner when doping a group I element, a group 
III element, a group IV element, or a group VII element into 
a semiconductor containing (i) the polycrystalline ZnO or the 
polycrystalline Mg,ZNO; (ii) the amorphous ZnO or the 
amorphous Mg, ZNO; or (iii) either the mixture of the 
polycrystalline ZnO and the amorphous ZnO, or the mixture 
of the polycrystalline Mg2NO and the amorphous 
Mg,ZN. O. 
0109) Note that the semiconductor layer 5 is wholly cov 
ered with the protective layer 8 in the structure shown in FIG. 
1(a); however, the semiconductor layer 5 does not need to be 
wholly covered with the protective layer 8 as long as a chan 
nel portion (a region in which a carrier (movable charge) 
moves) of the semiconductor layer 5 of the thin film transistor 
1 is not influenced by the atmosphere. For example, see FIG. 
5 illustrating a structure in which the semiconductor 5 extends 
in the direction of the channel width and has end portions 
which are not covered with the protective layer 8 and which 
are exposed to the atmosphere. In such a structure, the end 
portions are influenced by the atmosphere; however, in cases 
where the channel portion is distant away from the end por 
tions so as to be free from the influence, the semiconductor 
layer 5 does not need to be covered wholly with the protective 
layer 8 and the gate insulating layer 4. 

Embodiment 2 

0110 Embodiment 2 of the present invention will be 
explained below with reference to FIG. 6 through FIG. 8. 
0111 FIG. 6(a) is a plan view illustrating a thin film tran 
sistor 11 according to the present embodiment. FIG. 6(b) is a 
cross sectional view taken along line C-C of FIG. 6(a). FIG. 
6(c) is a cross sectional view taken along line D-D of FIG. 
6(a). Note that, although FIG. 6(b) and FIG. 6(c) describes 
rise and recess each formed in the central portion of the 
surface of a protective layer 19, FIG. 6(a) does not describe 
the rise and the recess for the sake of simplicity. 
0112. As shown in FIG. 6(a) through FIG. 6(c), the thin 
film transistor 11 serving as a semiconductor device has the 
staggered structure. Specifically, a priming insulating layer 
13 is formed on an insulating substrate 12. A source electrode 
14 and a drain electrode 15 are formed on the priming insu 
lating layer 13 with a space therebetween. Formed on and 
above the source electrode 14, the drain electrode 15, and the 
priming insulating layer are a semiconductor layer 16, a gate 
insulating layer 17, and a gate electrode 18 in this order. 
Further, the protective layer 19 is so formed as to cover the 
semiconductor layer 16, the gate insulating layer 17, and the 
gate electrode 18. In the thin film transistor 11, the semicon 
ductor layer 16, the gate insulating layer 17, and the gate 
electrode 18 are patterned to have the same shape (see the 
shape of the semiconductor layer 16 in FIG. 6(a)), and are 
formed on top of one another. 
0113. Further, in cases where the thin film transistor 11 is 
used for a display device Such as the active matrix liquid 
crystal display device of Embodiment 4, the drain electrode 
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15 is connected to the picture element electrode. Alterna 
tively, the drain electrode 15 is formed in one piece with the 
picture element electrode, by way of a transparent conductive 
film. 
0114. The priming insulating layer 13 is made of an insu 
lator. Examples of the insulator includes: SiO, Al-O, AIN. 
MgO, TaOs, TiO, ZrO, stab-ZrO, CeO, KO, LiO, 
NaO, Rb2O. In O, La O. ScOYO, KNbO, KTaO. 
BaTiO, CaSnO, CaZrO, CdSnO, SrHfC), SrSnO, 
SrTiO, YScO, Califos, MgCeO, SrCeO, BaCeO, 
SrZrOs. BaZrO, LiGaO, and a mixed crystal of LiGaO. 
Such as (Li-Na,K)(Gai-Al)O3. Another example 
thereof is a Solid solution containing at least two of the insu 
lators. The priming insulating layer 13 meets a region of the 
bottom surface of the semiconductor layer 16. The region 
does not meet the source electrode 14 and the drain electrode 
15. 
0115 Alternatively, the priming insulating layer 13 may 
be made of a resin Such as acryl. Such a priming insulating 
layer 13 made of the resin can be formed with the use of an 
existing resin formation device. Accordingly, a complex film 
formation process is not required for the formation of the 
priming insulating layer 13. This makes it easier to manufac 
ture the thin film transistor 11. This allows reduction of manu 
facturing cost of the thin film transistor 11. Further, the use of 
the resin allows improvement of flexibility of the thin film 
transistor 11. This is especially suitable in cases where a 
flexible substrate is used as the insulating substrate 12. 
0116 Further, the priming insulating layer 13 may be 
made up of a plurality of layers made of the aforementioned 
insulators. For example, as shown in FIG. 7, the priming 
insulating layer 13 is made up of two layers: a first insulating 
layer 13a and a second insulating layer 13b. In Such a struc 
ture, the first insulating layer 13a is made of an insulator 
(SiO) which allows a good interface property with the insu 
lating substrate 12, and the second protective layer 8b is made 
of an insulator (AlO. AlN, or MgO) that allows a good 
interface property with the semiconductor layer 16. The prim 
ing insulating layer 13 thus obtained is highly reliable. 
0117. In cases where the insulating substrate 12 is made of 
glass or quartz, the semiconductor layer 16 is covered with 
either SiO2 or an insulator containing SiO even when no 
priming insulating layer 13 is provided. This is because glass 
or quartz contains either SiO2 or such an insulator. Accord 
ingly, the semiconductor layer 16 is blocked from the atmo 
sphere. 
0118. The semiconductor layer 16 serving as an active 
layer is made of a semiconductor containing (i) polycrystal 
line ZnO or polycrystalline Mg, ZNO; (ii) amorphous ZnO 
or amorphous Mg, ZNO; or (iii) either mixture of the poly 
crystalline ZnO and the amorphous ZnO, or mixture of the 
polycrystalline Mg,ZNO and the amorphous Mg, ZNO. 
A group I element, a group III element, a group IV element, a 
group V element, or a group VII element is added to the 
semiconductor. Each of the group I element and the group V 
element is preferable for the element to be added thereto. For 
example, the semiconductor layer 16 is made of (i) a semi 
conductor which contains nitrogen (N), phosphorus (P), 
arsenic (As), stibium (Sb), or not less than two of these 
elements, and which contains the polycrystalline ZnO or the 
polycrystalline Mg,ZNO; (ii) a semiconductor which con 
tains nitrogen (N), phosphorus (P), arsenic (AS), Stibium (Sb). 
or not less than two of these elements, and which contains the 
amorphous ZnO or the amorphous Mg,ZNO; or (iii) a 
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semiconductor which contains nitrogen (N), phosphorus (P), 
arsenic (As), stibium (Sb), or not less than two of these 
elements, and which contains either (a) the mixture of the 
polycrystalline ZnO and the amorphous ZnO, or (b) the mix 
ture of the polycrystalline Mg,ZNO and the amorphous 
Mg,ZN. O. 
0119 The gate insulating layer 17 meets the semiconduc 
tor layer 16, and is made of an insulator. Examples of the 
insulator includes: SiO, Al-O, AlN, MgO, Ta-Os, TiO, 
ZrO, stab-ZrO2. CeO, KO. LiO, Na-O, Rb2O. In O, 
La O. ScO YO, KNbO, KTaO, BaTiO, CaSnO, 
CaZrO, CdSnO, SrHfO, SrSnO, SrTiO, YScO, 
CaHfO, MgCeO, SrCeO, BaCeO, SrzrOs. BaZrOs. 
LiGaO, and a mixed crystal of LiGaO, such as (Li 
Na,K)(Gai-Al)O3. Another example thereof is a solid 
Solution containing at least two of the insulators. Further, the 
gate insulating layer 17 may be made up of a plurality layers 
made of the above insulators. For example, the gate insulating 
layer 17 may be made up of a first insulating layer 17a and a 
second insulating layer 17b as shown in FIG. 7. In such a 
structure, the first insulating layer 17a is made of an insulator 
having a good interface property with the semiconductor 
layer 16, such as Al-O, AlN, and MgO. On the other hand, 
the second insulating layer 17b is made of an insulator having 
a good insulation performance, such as SiO2. The gate insu 
lating layer 4 thus obtained between the semiconductor layer 
16 and the gate electrode 18 is highly reliable. 
0120. The protective layer 19 is so formed as to cover the 
semiconductor layer 16, the gate insulating layer 17, and the 
gate electrode 18, which are formed on top of one another. 
The protective layer 19 is made of an insulator. Examples of 
the insulator include: SiO, Al-O, AIN, MgO, TaOs, TiO, 
ZrO, stab-ZrO2. CeO, KO. LiO, Na-O, Rb2O. In O, 
La O. ScO YO, KNbO, KTaO, BaTiO, CaSnO, 
CaZrO, CdSnO, SrHfO, SrSnO, SrTiO, YScO, 
CaHfO, MgCeO, SrCeO, BaCeO, SrzrOs. BaZrOs. 
LiGaO, and a mixed crystal of LiGaO, such as (Li 
Na,K)(Gai-Al)O3. Another example thereof is a solid 
Solution containing at least two of them. 
0121 Alternatively, the protective layer 19 may be made 
of a resin Such as acryl, as is the case with the priming 
insulating layer 13. This renders the same benefit as the ben 
efit rendered when the priming insulating layer 13 is made of 
CS1. 

0122) The protective layer 19 has sidewalls covering the 
side Surfaces, which are Surfaces excluding (i) the bottom 
surface of the semiconductor layer 16, and (ii) the upper 
surface of the semiconductor layer 16. The bottom surface of 
the semiconductor layer refers to the Surface meeting the 
priming insulating layer 13, the Source electrode 14, and the 
drain electrode 15. The upper surface thereof refers to the 
Surface meeting the gate insulating layer 17. Further, the 
protective layer 19 may be made up of a plurality layers made 
of the aforementioned insulators. For example, as shown in 
FIG. 7, the protective layer 19 is made up of two layers: a first 
protective layer 19a and a second protective layer 19b. In such 
a structure, the first protective layer 19a is made of an insu 
lator having a good interface property with the semiconductor 
layer 16, such as Al-O, AIN, and MgO. On the other hand, 
the second protective layer 19b is made of an insulator block 
ing the semiconductor layer 16 from the atmosphere well, 
such as SiO. The protective layer 19 thus obtained is highly 
reliable. 
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I0123. In the thin film transistor 11, the priming insulating 
layer 13, the source electrode 14, the drain electrode 15, the 
gate insulating layer 17, and the protective layer 19 forms a 
blocking member, i.e., respectively serve as blocking layers. 
0.124 Explained here is a method for manufacturing the 
thin film transistor 11 arranged as above, with reference to 
FIG. 8(a) through FIG. 8(d) respectively illustrating pro 
cesses of the manufacturing thereof. 
0.125 Firstly, Al-O is provided on the insulating substrate 
12 as the priming insulating layer 13 in accordance with the 
pulse laser deposition method so as to have a thickness of 
approximately 100 nm (see FIG. 8(a)). The deposition is 
carried out in the following conditions (1) through (4): (1) the 
substrate temperature is set at 300° C. upon the deposition, (2) 
the film forming is carried out under vacuum oxygen atmo 
sphere, (3) the laser power is set at 30 J/cm, and (4) the 
repetition frequency is set at 10 Hz. Note that the material of 
the priming insulating layer 13 is Al-O here; however, each 
of the aforementioned insulators may be used for the material. 
I0126. Next, Al is so provided on the priming insulating 
layer 13 as to have a thickness of approximately 150 nm, in 
accordance with the sputtering method or the like. Then, dry 
etching is carried out with the use of a resist patterned in a 
predetermined shape in accordance with photolithography, 
with the result that an irrelevant part of the Al layer is 
removed. This allows formation of the source electrode 14 
and the drain electrode 15 (see FIG. 8(b)). 
I0127 Next, the following is carried out for the purpose of 
forming the semiconductor layer 16. For example, polycrys 
talline ZnO to which nitrogen is doped is so provided in 
accordance with the pulse laser deposition method as to have 
a thickness of approximately 50 nm. The deposition is carried 
out in the following conditions (1) through (4): (1) the sub 
strate temperature is set at 300°C. upon the deposition, (2) the 
film forming is carried out under a mixture atmosphere of 
vacuum oxygen and nitrogen monoxide, (3) the laser power is 
set at 1.1 J/cm, and (4) the repetition frequency is set at 10 
HZ. With this method, a layer of ZnO to which nitrogen is 
doped is formed. Note that nitrogen monoxide is used as a 
nitrogen Source here; however, a gas including nitrogen Such 
as dinitrogen monoxide, nitrogen dioxide, and ammonia may 
be used for the nitrogen source. Note also that N is used here 
as the impurity to be doped to ZnO; however, P. As, or Sb may 
be used as the impurity. Note also that the material of the 
semiconductor layer 16 is ZnO here; however, ZnO (Mg,Zn 
aO) containing Mg may be used as the material. Further, the 
ZnO and the ZnO containing Mg may be amorphous, poly 
crystalline, or amorphousand polycrystalline. 
I0128. Formed continuously after the deposition of the 
semiconductor layer 16 is the gate insulating layer 17. The 
gate insulating layer 17 is formed, e.g., as follows. That is, 
Al-O is so provided in accordance with the pulse laser depo 
sition method as to have a thickness of approximately 500 nm. 
The formation of the Al-O thin film is carried out in the 
following conditions (1) through (4): (1) the substrate tem 
perature is set at 300° C., (2) the film forming is carried out 
under vacuum oxygen atmosphere, (3) the laserpower is set at 
3.0J/cm, and (4) the repetition frequency is set at 10 Hz. 
Note that Al-O is used as the material of the gate insulating 
layer 17; however, the aforementioned insulators may be used 
instead. 

I0129. Thereafter, Al or the like is formed as the gate elec 
trode 18 in accordance with the Sputtering method so as to 
have a thickness of approximately 200 nm. Then, ion milling 
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is carried out with the use of a resist patterned in a predeter 
mined shape in accordance with photolithography, with the 
result that respective irrelevant parts of the A1 layer, the gate 
insulating layer 17, and the semiconductor layer 16 are 
removed. With this, the gate electrode 18 is formed on and 
above the semiconductor layer 16 and the gate insulating 
layer 17 (see FIG. 8(c)). Here, the respective side surfaces of 
the gate electrode 18, the gate insulating layer 17, and the 
semiconductor layer 16 are perpendicular to the upper Surface 
of the insulating substrate 12. However, for attainment of a 
good coverage by the protective layer 19, the side surfaces 
may form a forward tapered shape expanding from the gate 
electrode 18 toward the semiconductor layer 16. 
0130 Finally, for example, the protective layer 19 is 
formed. Specifically, Al-O is so formed in accordance with 
the pulse laser deposition method as to have a thickness of 
approximately 200 nm. The film forming is carried out in the 
following conditions (1) through (4): (1) the substrate tem 
perature is set at 300° C., (2) the film forming is carried out 
under vacuum oxygen atmosphere, (3) the laserpower is set at 
3.0J/cm, and (4) the repetition frequency is set at 10 Hz. 
Thereafter, ion milling is carried out with the use of a prede 
termined resist pattern made in accordance with photolithog 
raphy, with the result that an irrelevant part of the Al-O layer 
is removed. This allows formation of the protective layer 19, 
with the result that the manufacturing of the thin film transis 
tor 11 is completed (see FIG. 8(d)). Note that the material of 
the protective layer 19 is Al-O, here; however, the material 
may be SiO, AlN, MgO, Ta-Os, or a solid solution contain 
ing at least two of SiO, AIN. MgO, Ta-Os, and Al-O. 
0131 The thin film transistor 11 thus obtained has the 
same I-V property as the property shown in FIG. 4. That is, 
the threshold voltage V of the thin film transistor 11 is so 
controlled as to be on the order of 0V. As such, the threshold 
voltage V of the thin film transistor 11 is so controlled as to 
be a Voltage causing practically no problem, by forming the 
semiconductor layer 16 with the use of the semiconductor 
obtained by doping nitrogen into ZnO. 
0.132. Further, as described in Embodiment 1, doping of 
the other group V element such as P, AS, or Sb makes it 
possible to control, in the same manner, the threshold Voltage 
V, to be on the order of 0 V. 
I0133. Further, the threshold voltage V can be controlled 
in the same manner when doping a group I element, a group 
III element, a group IV element, or a group VII element into 
a semiconductor containing (i) the polycrystalline ZnO or the 
polycrystalline Mg,ZNO; (ii) the amorphous ZnO or the 
amorphous Mg,ZNO; or (iii) either the mixture of the 
polycrystalline ZnO and the amorphous ZnO, or the mixture 
of the polycrystalline Mg2NO and the amorphous 
Mg,ZN. O. 
0134) Note that the semiconductor layer 16 is wholly cov 
ered with the priming insulating layer 13, the source electrode 
14, the drain electrode 15, the gate insulating film 17, and the 
protective layer 19 in the structure shown in FIG. 6(a) through 
FIG. 6(c); however, the semiconductor layer 16 does not need 
to be wholly covered as long as a channel portion (a region in 
which a carrier moves) of the semiconductor layer 16 of the 
thin film transistor 11 is not influenced by the atmosphere. For 
example, see chain-double dashed line in FIG. 6(a), illustrat 
ing a structure in which: the semiconductor layer 16, the gate 
insulating layer 17, and the gate electrode 18 each having the 
same shape extend in the direction of the channel width, and 
respectively have end portions which are not covered with the 
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protective layer 19 and which are exposed to the atmosphere. 
In such a structure, the side surfaces of the end portions of the 
semiconductor layer 16 are influenced by the atmosphere: 
however, in cases where the channel portion is distant away 
from the end portions so as to be free from the influence, the 
semiconductor layer 16 does not need to be covered wholly. 

Embodiment 3 

I0135 Embodiment 3 of the present invention will be 
described below with reference to FIG.9 through FIG. 11. 
0.136 FIG. 9(a) is a plan view illustrating a thin film tran 
sistor 21 according to the present embodiment. Further, FIG. 
9(b) is a cross sectional view taken along line E-E of FIG. 
9(a). FIG. 9(c) is a cross sectional view taken along line F-F 
of FIG. 9(a). 
I0137 As shown in FIG. 9(a) through FIG. 9(c), the thin 
film transistor 21 serving as a semiconductor device is 
arranged as follows. That is, a priming insulating layer 23 is 
formed on an insulating Substrate 22. Formed on the priming 
insulating layer 23 are a source electrode 24 and a drain 
electrode 25. Further, a semiconductor layer 26 is formed on 
the priming insulating layer 23, the Source electrode 24, and 
the drain electrode 25. Formed on the semiconductor layer 26 
is a first gate insulating layer 27. The semiconductor layer 26 
and the first gate insulating layer 27 are covered with a second 
gate insulating layer 28 which also serves as a protective layer 
of the semiconductor layer 26. Formed on the second gate 
insulating layer 28 is a gate electrode 29. 
0.138. Further, in cases where the thin film transistor 21 is 
used for a display device Such as the active matrix liquid 
crystal display device of Embodiment 4, the drain electrode 
25 is connected to a picture element electrode. Alternatively, 
the drain electrode 25 is formed in one piece with the picture 
element electrode, by way of a transparent conductive film. 
0.139. The priming insulating layer 23 is made of an insu 
lator. Examples of the insulator includes: SiO, Al-O, AIN. 
MgO, Ta-Os, TiO, ZrO, stab-ZrO, CeO, K2O, LiO, 
NaO, Rb2O. In O, La O. ScOYO, KNbO, KTaO. 
BaTiO, CaSnO, CaZrO, CdSnO, SrHfC), SrSnO, 
SrTiO, YScO, Califos, MgCeO, SrCeO, BaCeO, 
SrZrOs. BaZrO, LiGaO, and a mixed crystal of LiGaO. 
Such as (Li Na, K, (Gai-Al)O3. Another example 
thereof is a Solid solution containing at least two of the insu 
lators. 
0140 Alternatively, the priming insulating layer 23 may 
be made of a resin Such as acryl. Such a priming insulating 
layer 23 made of the resin can be formed with the use of an 
existing resin formation device. Accordingly, a complex film 
formation process is not required for the formation of the 
priming insulating layer 23. This makes it easier to manufac 
ture the thin film transistor 21. This allows reduction of manu 
facturing cost of the thin film transistor 21. Further, the use of 
the resin allows improvement of flexibility of the thin film 
transistor 21. This is especially suitable in cases where a 
flexible substrate is used as the insulating substrate 22. 
0.141. The priming insulating layer 23 meeting a region of 
the bottom surface of the semiconductor layer 26. The region 
does not meet the source electrode 24 and the drain electrode 
25. Further, the priming insulating layer 23 may be made up 
of a plurality of layers made of the aforementioned insulators. 
For example, as shown in FIG. 10, the priming insulating 
layer 23 is made up of two layers: a first priming insulating 
layer 23a and a second priming insulating layer 23b. In Such 
a structure, the first priming insulating layer 23a is made of an 
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insulator (SiO) which allows a good interface property with 
the insulating Substrate 22, and the second priming insulating 
layer 23b is made of an insulator (Al2O. AlN, or MgO) which 
allows a good interface property with the semiconductor layer 
26. The priming insulating layer 23 thus obtained on the 
insulating Substrate 22 is highly reliable. 
0142. In cases where the insulating substrate 22 is made of 
glass or quartz, the semiconductor layer 26 is covered with 
either SiO, or an insulator containing SiO even when no 
priming insulating layer 23 is provided. This is because glass 
or quartz contains either SiO2 or such an insulator. Accord 
ingly, the semiconductor layer 16 is blocked from the atmo 
sphere. 
0143. The semiconductor layer 26 is made of a semicon 
ductor containing (i) polycrystalline ZnO or polycrystalline 
Mg,ZNO; (ii) amorphous ZnO or amorphous Mg,ZN 
xO; or (iii) either mixture of the polycrystalline ZnO and the 
amorphous ZnO, or mixture of the polycrystalline Mg, ZN 
aO and the amorphous Mg2N.O. A group I element, a 
group III element, a group IV element, a group V element, or 
a group VII element is added to the semiconductor. Each of 
the group I element and the group V element is preferable for 
the element to be added thereto. For example, the semicon 
ductor layer 26 is made of (i) a semiconductor which contains 
nitrogen (N), phosphorus (P), arsenic (As), stibium (Sb), or 
not less than two of these elements, and which contains the 
polycrystalline ZnO or the polycrystalline Mg,ZNO; (ii) a 
semiconductor which contains nitrogen (N), phosphorus (P), 
arsenic (As), stibium (Sb), or not less than two of these 
elements, and which contains the amorphous ZnO or the 
amorphous Mg,ZNO; or (iii) a semiconductor which con 
tains nitrogen (N), phosphorus (P), arsenic (AS), Stibium (Sb). 
or not less than two of these elements, and which contains 
either (a) the mixture of the polycrystalline ZnO and the 
amorphous ZnO, or (b) the mixture of the polycrystalline 
Mg,ZNO and the amorphous Mg, ZN. O. 
0144. The first gate insulating layer 27 meets the semicon 
ductor layer 26, and is made of an insulator. Examples of the 
insulator includes: SiO, Al-O, AlN, MgO, Ta-Os, TiO, 
ZrO, stab-ZrO2. CeO, KO. LiO, Na-O, Rb2O. In O, 
La O. ScO YO, KNbO, KTaO, BaTiO, CaSnO, 
CaZrO, CdSnO, SrHfO, SrSnO, SrTiO, YScO, 
CaHfO, MgCeO, SrCeO, BaCeO, SrzrO, BaZrO, 
LiGaO, and a mixed crystal of LiGaO, such as (Li 
Na,K)(Gai-Al)O3. Another example thereof is a solid 
Solution containing at least two of the insulators. Further, the 
gate insulating layer 27 may be made up of a plurality of 
layers made of the above insulators. For example, the gate 
insulating layer 27 may be made up of a first insulating layer 
27a and a second insulating layer 27b as shown in FIG. 10. In 
Such a structure, the first insulating layer 27a is made of an 
insulator having a good interface property with the semicon 
ductor layer 26, such as Al-O, AlN, and MgO. On the other 
hand, the second insulating layer 27b is made of an insulator 
having a good insulation performance, such as SiO2. The gate 
insulating layer 27 thus obtained between the semiconductor 
layer 26 and the gate electrode 28 is highly reliable. 
0145 The second gate insulating layer 28 is so formed as 
to cover the semiconductor layer 26 and the first gate insulat 
ing layer 27, which are formed on top of each other. The 
second gate insulating layer 28 is made of an insulator. 
Examples of the insulator include: SiO, Al-O, AlN, MgO, 
Ta-Os, TiO, ZrO, stab-ZrO2. CeO, KO, Li2O, NaO. 
Rb2O. In O, La O. ScOYO, KNbO, KTaO, BaTiO, 
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CaSnO, CaZrO, CdSnO, SrHfO, SrSnO, SrTiO, 
YScO, CaFIfC), MgCeO, SrCeO, BaCeO, SrZrOs. 
BaZrOs. LiGaO, and a mixed crystal of LiGaO. Such as 
(Li Na,K)(GaAl)O. Another example thereof is a 
Solid solution containing at least two of them. 
0146 Alternatively, the second gate insulating layer 28 
may be made of a resin Such as acryl, as is the case with the 
priming insulating layer 23. This renders the same benefit as 
the benefit rendered when the priming insulating layer 23 is 
made of resin. 
0147 The second gate insulating layer 28 has sidewalls 
covering the side surfaces, which are surfaces excluding (i) 
the bottom surface of the semiconductor layer 26, and (ii) the 
upper surface of the semiconductor layer 26. The bottom 
surface of the semiconductor layer refers to the surface meet 
ing the priming insulating layer 23, the Source electrode 24, 
and the drain electrode 25. The upper surface thereof refers to 
the Surface meeting the first gate insulating layer 27. As such, 
the second gate insulating layer 28 provided under the gate 
electrode 29 serves as a protective layer covering the side 
surface of the semiconductor layer 26. Further, the second 
gate insulating layer 28 is provided such that the first gate 
insulating layer 27 and the second gate insulating layer 28 
constitute a gate insulating layer securely having a thickness 
significant for a gate insulating layer. 
0.148. Further, the second gate insulating layer 28 may be 
made up of a plurality of layers of the aforementioned insu 
lators. For example, as shown in FIG. 10, the second gate 
insulating layer 28 is made up of two layers: a lower insulat 
ing layer 28a and an upper insulating layer 28b. In such a 
structure, the first insulating layer 28a is made of an insulator 
having a good interface property with the semiconductor 
layer 26, such as Al-O, AIN, and MgO. On the other hand, 
the second insulating layer 28b is made of an insulator block 
ing the semiconductor layer 26 from the atmosphere well, 
Such as SiO2. The second gate insulating layer 28 thus 
obtained between the first gate insulating layer 27 and the gate 
electrode 29 is highly reliable. 
0149. In the thin film transistor 21, the priming insulating 
layer 23, the source electrode 24, the drain electrode 25, the 
first gate insulating layer 27, and the second gate insulating 
layer 29 forms a blocking member, i.e., respectively serve as 
blocking layers. 
0150 Explained here is a method for manufacturing the 
thin film transistor 21 arranged as above, with reference to 
FIG. 11(a) through FIG. 11(d) respectively illustrating pro 
cesses of the manufacturing thereof. 
I0151. Firstly, for example, Al-O is provided on the insu 
lating Substrate 22 as the priming insulating layer 23 in accor 
dance with the pulse laser deposition method so as to have a 
thickness of approximately 100 nm (see FIG. 11(a)). The 
deposition is carried out in the following conditions (1) 
through (4): (1) the substrate temperature is set at 300°C., (2) 
the film forming is carried out under vacuum oxygen atmo 
sphere, (3) the laser power is set at 30 J/cm, and (4) the 
repetition frequency is set at 10 Hz. Note that the material of 
the priming insulating layer 23 is Al-O here; however, each 
of the aforementioned insulators may be used for the material. 
0152 Next, Al is so provided on the priming insulating 
layer 23 as to have a thickness of approximately 150 nm, in 
accordance with the sputtering method or the like. Then, dry 
etching is carried out with the use of a resist patterned in a 
predetermined shape in accordance with photolithography, 
with the result that an irrelevant part of the Al layer is 
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removed. This allows formation of the source electrode 24 
and the drain electrode 25 (see FIG. 11(b)). 
0153. Next, the following is carried out for the purpose of 
forming the semiconductor layer 26. For example, polycrys 
talline ZnO to which nitrogen is doped is so provided in 
accordance with the pulse laser deposition method as to have 
a thickness of approximately 50 nm. The deposition is carried 
out in the following conditions (1) through (4): (1) the sub 
strate temperature is set at 300 °C., (2) the film forming is 
carried out under a mixture atmosphere of vacuum oxygen 
and nitrogen monoxide, (3) the laser power is set at 1.1 J/cm, 
and (4) the repetition frequency is set at 10 HZ (see FIG.3(b)). 
With this method, a layer of ZnO to which nitrogen is doped 
is formed. Note that nitrogen monoxide is used as a nitrogen 
Source here; however, a gas including nitrogen Such as dini 
trogen monoxide, nitrogen dioxide, and ammonia may be 
used for the nitrogen source. Note also that N is used here as 
the impurity to be doped to ZnO; however, P. As, or Sb may be 
used as the impurity. Note also that the material of the semi 
conductor layer 26 is ZnO here; however, ZnO (Mg,ZnO) 
containing Mg may be used as the material. Further, the ZnO 
and the ZnO containing Mg may be amorphous, polycrystal 
line, or amorphousand polycrystalline. 
0154 Formed continuously after the deposition of the 
semiconductor layer 26 is the first gate insulating layer 27. 
The first gate insulating layer 27 is formed, e.g., as follows. 
That is, Al-O is so provided in accordance with the pulse 
laser deposition method as to have a thickness of approxi 
mately 50 nm. The formation of the Al-O thin film is carried 
out in the following conditions (1) through (4): (1) the sub 
strate temperature is set at 300° C., (2) the film forming is 
carried out under vacuum oxygen atmosphere, (3) the laser 
power is set at 3.0J/cm, and (4) the repetition frequency is set 
at 10 Hz. Note that Al-O is used as the material of the first 
gate insulating layer 27; however, the aforementioned insu 
lators may be used instead. Further, the first gate insulating 
film 27 may be made up of a plurality of layers made of the 
aforementioned insulators. 

0155 Thereafter, ion milling is carried out with the use of 
a resist patterned in a predetermined shape in accordance with 
photolithography, with the result that respective irrelevant 
parts of the ZnO layer and the Al-O, layer is removed. With 
this, the first gate insulating layer 27 and the semiconductor 
layer 26 are formed (see FIG.11(c)). Here, the respective side 
surfaces of the first gate layer 27 and the semiconductor layer 
26 are perpendicular to the upper Surface of the insulating 
Substrate 22. However, for attainment of a good coverage by 
the second gate insulating layer 28, the side Surfaces may 
form a forward tapered shape expanding from the first gate 
insulating film 27 toward the semiconductor layer 26. 
0156 Next, the second gate insulating film 28 is formed, 

e.g., as follows. That is, Al-O is so provided in accordance 
with the pulse laser deposition method as to have a thickness 
of approximately 450 nm. The film forming is carried out in 
the following conditions (1) through (4): (1) the substrate 
temperature is set at 300° C., (2) the film forming is carried 
out under vacuum oxygen atmosphere, (3) the laser power is 
set at 3.0J/cm, and (4) the repetition frequency is set at 10 
Hz. Note that Al-O is used as the material of the second gate 
insulating layer 28; however, the aforementioned insulators 
may be used instead. Further, the second gate insulating film 
28 may be made up of a plurality of layers made of the 
aforementioned insulators. 
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0157. Thereafter, for the purpose of forming the gate elec 
trode 29, Al or the like is so provided in accordance with the 
sputtering method as to have a thickness of 200 nm. Carried 
out next is ion milling with the use of a resist patterned in a 
predetermined shape in accordance with the photolithogra 
phy, with the result that respective irrelevant parts of the gate 
electrode 29 and the second gate insulating film 28 are 
removed. With this, the manufacturing of the thin film tran 
sistor 21 is completed (see FIG.11(d)). 
0158. The thin film transistor 11 thus obtained has the 
same I-V property as the property shown in FIG. 4. That is, 
the threshold voltage V, of the thin film transistor 21 is so 
controlled as to be on the order of 0V. As such, the threshold 
Voltage V, is so controlled as to be a Voltage causing practi 
cally no problem, by forming the semiconductor layer 26 with 
the use of the semiconductor obtained by doping nitrogen into 
ZnO. 
0159 Further, as described in Embodiment 1, doping of 
the other group V element such as P, AS, or Sb makes it 
possible to control, in the same manner, the threshold Voltage 
V, to be on the order of 0 V. 
0.160) Further, the threshold voltage V, can be controlled 
in the same manner when doping a group I element, a group 
III element, a group IV element, or a group VII element into 
a semiconductor containing (i) the polycrystalline ZnO or the 
polycrystalline Mg,ZNO; (ii) the amorphous ZnO or the 
amorphous Mg, ZNO; or (iii) either the mixture of the 
polycrystalline ZnO and the amorphous ZnO, or the mixture 
of the polycrystalline Mg, ZNO and the amorphous 
Mg,ZNO. 
0.161. Note that the semiconductor layer 26 is wholly cov 
ered with the priming insulating layer 23, the source electrode 
24, the drain electrode 25, the first gate insulating film 27, and 
the second gate insulating film 28 in the structure shown in 
FIG. 9(a) through FIG. 9(c); however, the semiconductor 
layer 26 does not need to be wholly covered as long as a 
channel portion (a region in which a carrier moves) of the 
semiconductor layer 26 of the thin film transistor 21 is not 
influenced by the atmosphere. For example, see chain-double 
dashed line in FIG. 9(a), illustrating a structure in which: the 
semiconductor layer 26 and the first gate insulating layer 27 
extend in the direction of the channel width, and respectively 
have end portions which are not covered with the second gate 
insulating layer 28 and which are exposed to the atmosphere. 
In such a structure, the side surfaces of the end portions of the 
semiconductor layer 26 are influenced by the atmosphere: 
however, in cases where the channel portion is distant away 
from the end portions so as to be free from the influence, the 
semiconductor layer 26 does not need to be covered wholly. 

Embodiment 4 

0162 Embodiment 4 of the present invention will be 
described below with reference to FIG. 1, FIG. 2, FIG.3, FIG. 
5, FIG. 6, FIG. 7, FIG.9, FIG. 10, FIG. 17, and FIG. 18. Note 
that, materials having the equivalent functions as those of the 
materials of Embodiments 1 through 3 will be given the same 
reference symbols, and explanation thereof will be omitted 
here. 
0163. See FIG. 1(a) through FIG.1(c). The semiconductor 
layer 5 of the thin film transistor 1 is replaced with a semi 
conductor layer 105. The semiconductor layer 105 serves as 
an active layer, and is made of a semiconductor as is the case 
with the semiconductor layer 5. Specifically, the semiconduc 
tor layer 105 is made of a semiconductor containing (i) poly 
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crystalline ZnO or polycrystalline Mg, ZNO; (ii) amor 
phous ZnO or amorphous Mg, ZNO; or (iii) either mixture 
of the polycrystalline ZnO and the amorphous ZnO, or mix 
ture of the polycrystalline Mg,ZNO and the amorphous 
Mg,ZN. O. A group I element, a group III element, a group 
IV element, a group V element, or a group VII element is 
added to the semiconductor. Each of the group I element and 
the group V element is preferable for the element to be added 
thereto. For example, the semiconductor layer 105 is made of 
(i) a semiconductor which contains hydrogen, and which 
contains nitrogen (N), phosphorus (P), arsenic (AS), Stibium 
(Sb), or not less than two of these elements, and which con 
tains the polycrystalline ZnO or the polycrystalline Mg,ZN 
aO; (ii) a semiconductor which contains hydrogen, and which 
contains nitrogen (N), phosphorus (P), arsenic (AS), Stibium 
(Sb), or not less than two of these elements, and which con 
tains the amorphous ZnO or the amorphous Mg, ZNO; or 
(iii) a semiconductor which contains hydrogen, and which 
contains nitrogen (N), phosphorus (P), arsenic (AS), Stibium 
(Sb), or not less than two of these elements, and which con 
tains either (a) the mixture of the polycrystalline ZnO and the 
amorphous ZnO, or (b) the mixture of the polycrystalline 
Mg,ZNO and the amorphous Mg, ZN. O. 
0164. In the manufacturing of the thin film transistor 1 thus 
arranged, the semiconductor layer 105 is manufactured in 
accordance with a manufacturing process different from that 
of the semiconductor layer 5 as described below. For 
example, for the purpose of forming the semiconductor layer 
105 continuously after the Al-O deposition for forming the 
gate insulating layer 4 as shown in FIG.3(b), polycrystalline 
ZnO to which nitrogen and hydrogen are doped is so provided 
in accordance with the pulse laser deposition method as to 
have a thickness of approximately 50 nm. The deposition is 
carried out in the following conditions (1) through (4): (1) the 
substrate temperature is set at 200°C.; (2) the film forming is 
carried out under mixture atmosphere of nitrogen gas and 
water vapor; (3) the laser power is set at 1.1 J/cm2, and (4) the 
repetition frequency is set at 10 Hz. With this method, a layer 
of ZnO to which nitrogen and hydrogen is doped is formed. 
0165. The nitrogen gas is used as a nitrogen Source here; 
however, a gas including nitrogen Such as dinitrogen monox 
ide, nitrogen dioxide, and ammonia may be used for the 
nitrogen Source. Moreover, the water vaporis used as a hydro 
gen source; however, a gas including hydrogen such as hydro 
gen peroxide may be used as the hydrogen Source. Further, a 
gas containing nitrogen and hydrogen may be used. A specific 
example of such a gas is an ammonia gas. In cases where Such 
a gas is used, the nitrogen Source is not required. Alterna 
tively, a plurality of gases may be used, as the hydrogen 
Source, from among the water vapor, the hydrogen peroxide 
gas, and the ammonia gas. Further, the explanation here 
assumes the case where the material of the semiconductor 
layer 105 is ZnO; however, ZnO (Mg,ZnO) containing Mg 
may be used for the material. Further, the ZnO and the ZnO 
containing Mg may be amorphous, polycrystalline, or amor 
phous and polycrystalline. 
(0166 FIG. 17 illustrates the I-V property of the thin film 
transistor 1 thus obtained. Compare the I-V property shown 
in FIG. 17 with the IAV property (see FIG. 15) of the thin 
film transistor which has the protective layer and which uses 
ZnO to which no nitrogen and no hydrogen are doped. The 
comparison clarifies that the thin film transistor 1 has a thresh 
old voltage V of on the order of 0V. As such, the doping of 
nitrogen and hydrogen into ZnO makes it possible that the 
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threshold voltage V of the thin film transistor 1 having the 
protective layer 8 is so controlled as to be a voltage practically 
causing no problem. 
(0167. It is understood why the threshold voltage V, is 
controlled by doping nitrogen and hydrogen into ZnO, as 
follows. That is, the formation of the protective layer causes 
elimination of a Surface depletion layer. Accordingly, too 
many free electrons are generated. Nitrogen is a group V 
element, so that nitrogen works as an acceptor impurity. 
Therefore, the doping of nitrogen allows reduction of Such 
too many free electrons. Hydrogen is a group I element, so 
that hydrogen works as a terminator with respect to dangling 
bond attributing to the generation of the free electrons. There 
fore, the doping of hydrogen also allows reduction of such too 
many free electrons. Further, the doping of nitrogen and 
hydrogen causes decrease of the fermi level to the center of 
the band-gap. This allows decrease of the gate Voltage 
required for removal of the too many free electrons, with the 
result that the threshold voltage becomes on the order of 0 V. 
0.168. Further, the doping of hydrogen allows restraint of a 
TFT property change (threshold voltage positive shift AVth) 
occurring over time in response to application of a positive 
gate voltage, as shown in FIG. 18. Specifically, see the fol 
lowing observation of the threshold Voltage change occurring 
over time under Such a condition that the Source electrode and 
the drain electrode each had a ground potential, and that a 
voltage of +30 V was applied to the gate electrode. The 
observation clarifies that the TFT formed under the HO+N 
atmosphere allows restraint of the threshold voltage shift 
amount as compared with the TFT formed under the O+NO 
atmosphere. 
0169. This is also true when another group V element such 
as P. As, or Sb is used. Specifically, see an example in which 
a Zn compound containing a group V element such as Zn2P, 
ZnAS, or ZnSb is used as a target for the doping, and in 
which the semiconductor layer 105 is formed under the fol 
lowing conditions (1) through (3): (1) the Substrate tempera 
ture is set at 200°C., (2) the film forming is carried out under 
vacuum water vaporatmosphere, and (3) the laser power is set 
at 1.1 J/cm. With this, the threshold voltage V, can be also so 
controlled as to be on the order of OV. Ofcourse, the threshold 
Voltage V, can be controlled in the same manner in accor 
dance with the above method when Zn-N is used as the target 
for the doping. 
(0170 Such an effect can be also rendered in cases where 
each of the semiconductor layer 5 shown in FIG. 5, the semi 
conductor layer 16 of the thin film transistor 11 shown in FIG. 
6, the semiconductor layer 16 shown in FIG. 7, the semicon 
ductor layer 26 of the thin film transistor 21 shown in FIG.9. 
and the semiconductor layer 26 shown in FIG. 10 is made of 
a semiconductor containing (i) the polycrystalline ZnO or the 
polycrystalline Mg,ZNO; (ii) the amorphous ZnO or the 
amorphous Mg,ZNO; or (iii) either the mixture of the 
polycrystalline ZnO and the amorphous ZnO, or the mixture 
of the polycrystalline Mg, ZNO and the amorphous 
Mg,ZN. O. The semiconductor contains (i) hydrogen, and 
(ii) nitrogen (N), phosphorus (P), arsenic (As), stibium (Sb), 
or not less than two of these elements. With this, the threshold 
voltage V, can be so controlled as to be on the order of 0 V. 

Embodiment 5 

(0171 Embodiment 5 of the present invention will be 
described below with reference to FIG. 12 and FIG. 13. Note 
that, materials having the equivalent functions as those of the 
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materials of Embodiments 1 through 4 will be given the same 
reference symbols, and explanation thereof will be omitted 
here. 
0172. As shown in FIG. 12, a display device according to 
the present embodiment is an active matrix type liquid crystal 
display device, and includes a picture element array 31, a 
source driver 32, a gate driver 33, a control circuit 34, and a 
power source circuit 35. 
(0173 The picture element array 31, the source driver 32, 
and the gate driver 33 are provided on a substrate 36. The 
substrate 36 is made of an insulative and translucent material 
Such as glass. The picture element array 31 includes source 
lines SL, gate lines GL, and picture elements 37. 
0.174 Specifically, in the picture element array 31, a large 
number of gate lines GL, GL1, ..., are so provided as to 
cross with a large number of source lines SL, SL, ... Each 
of the picture elements 37 indicated as “PIX” in FIG. 12 is 
provided in a portion Surrounded by two adjacent gate lines 
GL and two adjacent Source lines SL. As such, the picture 
elements 37 are formed in a matrix manner in the picture 
element array 31. One source line SL is provided for each row 
of the picture elements 37, whereas one gate line GL is 
provided for each column of the picture elements 37. 
(0175. As shown in FIG. 13, each of the picture elements 37 
provided in Such a liquid crystal display is made up of a 
transistor T Serving as a Switching element, and a picture 
element capacitor C, having a liquid crystal capacitor C. 
Generally, for attainment of a stable display operation, the 
picture element capacitor C in the active matrix type liquid 
crystal display includes an auxiliary capacitor C provided in 
parallel with the liquid crystal capacitor C. The auxiliary 
capacitor C is necessary for restraint of respective influences 
of (i) respective leakage currents of the liquid crystal capaci 
tor C, and the transistor 7, (ii) a gate-source capacitance of the 
transistorT. (iii) a picture element potential change caused by 
a parasite capacitance such as a picture element electrode 
signal line capacitance, (iv) display data dependency of the 
liquid crystal capacitor C, and the like. With this, the influ 
ences are restrained to the minimum. 
0176 The transistor Thas a gate connected to the gate line 
GL. Further, each of the liquid crystal capacitor C, and the 
auxiliary capacitor C has an electrode connected to the 
source line SL via the drain of the transistor T and the source 
thereof. The electrode, which is connected to the drain, of the 
liquid crystal capacitor C serves as a picture element elec 
trode 37a. The other electrode of the liquid crystal capacitor 
C is connected to a counter electrode with a liquid crystal cell 
therebetween. Further, the other electrode of the auxiliary 
capacitor C is connected to a common electrode line (not 
shown) which is shared by all the picture elements, in cases 
where the display device adopts the Cs-on-Common struc 
ture. In cases where the display device adopts the Cs-on-Gate 
structure, the other electrode of the auxiliary capacitor C is 
connected to an adjacent gate line GL. 
(0177. The gate lines GL, GL, ... are connected to the 
gate driver 33, and the data signal lines SL, SL. . . . are 
connected to the source driver 32. The gate driver 33 is driven 
by different power source Voltages V and V, and the 
source driver 32 is driven by different power source voltages 
Vs., and Vs. 
0.178 The source driver 32 samples an image signal DAT 
supplied from the control circuit 34. The sampling is carried 
out in accordance with a sync signal CKS and a start pulse 
SPS. Thereafter, the source driver 32 sends the sampled 
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image signal DAT to the Source lines SL, SL, ... which are 
respectively connected to the rows of the pixels. The gate 
driver 33 generates a gate signal in accordance with Sync 
signals CKG and GPS, and a start pulse SPG, each of which 
is Supplied from the control circuit 34. The gate signal thus 
generated is supplied to the gate lines GL, GL, ... which 
are respectively connected to the columns of the picture ele 
ments 37. 
0179 The power source circuit 35 is a circuit for generat 
ing (i) the power source Voltages Vs, Vs, V, and V; (ii) 
a ground potential COM; and (iii) a voltage V. The power 
Source Voltages Vs and Vs are Voltages whose levels are 
different, and are supplied to the gate driver 33. The power 
Source Voltage V and V are Voltages whose levels are 
different, and are supplied to the gate driver 33. The ground 
potential COM is supplied to the common electrode line (not 
shown) which is provided in the substrate 36. 
0180. When the transistor T becomes ON in response to 
receipt of the gate signal from the gate driver 33 via the gate 
line GLs, the image signal Supplied from the Source driver 32 
via the source line SL is written in the picture element 37 
(picture element electrode 37a). The transistor T corresponds 
to each of (i) the thin film transistor 1 shown in FIG. 1(a) and 
described in Embodiments 1 and 4; (ii) the thin film transistor 
11 shown in FIG. 6(a) and described in Embodiment 2; and 
(iii) the thin film transistor 21 shown in FIG. 9(a) and 
described in Embodiment 3. Each of the thin film transistors 
1, 11, and 21 makes it possible that the threshold voltage V, 
is so controlled as to be a voltage practically causing no 
problem, as described above. An appropriate threshold volt 
age of the liquid crystal display device arranged as above falls 
within a range from approximately OV to approximately 3V. 
Therefore, in cases where the thin film transistor is applied to 
Such a liquid crystal display device, the threshold Voltage can 
be set appropriately by controlling the doping amount. There 
fore, each of the thin film transistors 1, 11, and 21 can be used 
for the transistor T for driving the picture element 37. This 
causes practically no problem. 
0181 Further, each of the thin film transistors 1, 11, and 21 
can be used for a transistor of a transistor circuit of circuit 
elements constituting the source driver 32 and the gate driver 
33. This causes practically no problem. 
0182 Further, when the transistors 1, 11, and 21 are used 
for the transistor T of the picture element 37 and the transistor 
of each of the driving circuits, these transistors can be simul 
taneously manufactured on the Substrate 36 in accordance 
with the same process. This allows reduction of manufactur 
ing processes of the matrix display device. Accordingly, the 
cost of the matrix display device is reduced. 
0183. As described above, the threshold voltage is appro 
priately controlled by using each of the thin film transistors 1, 
11, and 21 for the transistor T of the picture element and the 
transistor of the driving circuits. This makes it possible to 
provide a matrix display device operating stably. 
0184. In the above description, the present embodiment 
and the other embodiments provide the examples; however, 
the present invention is not limited to the embodiments above, 
and is applied to any structure formed based on a similar idea. 
0185. For example, Embodiments 1 through 4 exemplify 
the transistors 1, 11, and 21. However, the present invention is 
applicable to a pn connection diode, a Schottky diode, a 
bipolar transistor, a Shottky barrier electric field effect tran 
sistor, a connection type electric field effect transistor, and the 
like as long as each of the diodes and transistors has a struc 
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ture in which: an active layer is made of ZNO or Mg,ZNO, 
and a protective layer is provided, and nitrogen or the like is 
doped to the ZnO in the same manner. 
0186. Further, Embodiment 5 exemplifies the active 
matrix type liquid crystal display device serving as an elec 
tronic device; however, the present invention is applicable to 
another display device as long as each of the thin film tran 
sistors 1, 11, and 21 is used as a Switching element. Examples 
of the display device include: an organic EL display device, 
and a flexible display device. 
0187 Further, the present invention is applicable to an 
electronic device other than the display device. Examples of 
Such an electronic device include: a line type image scanner, 
a matrix type image Scanner, an X-ray image sensor, and the 
like, in each of which each of the thin film transistors 1, 11, 
and 21 is used as a Switching element. In Such scanner and 
sensor, the Switching element is connected between a picture 
element electrode and a source line for the purpose of dis 
charging electric charges accumulated in an electric charge 
accumulation capacitor, and becomes ON upon receipt of a 
gate Voltage (scanning signal) Supplied via the gate line. 
Therefore, a part for reading out each of the image signals can 
be formed in the scanner and the sensor each including the 
transistor T as the Switching element, by replacing, with the 
electric charge accumulation capacitor, the liquid crystal 
capacitor C, and the auxiliary capacitor C of the picture 
element 37 of the liquid crystal display device shown in FIG. 
12. In the structure, the source driver 32 is replaced with a 
circuit to which the image signal is sent from the picture 
element. Further, the picture elements used in the line type 
scanner may correspond to one line. 
0188 The embodiments and concrete examples of imple 
mentation discussed in the foregoing detailed explanation 
serve solely to illustrate the technical details of the present 
invention, which should not be narrowly interpreted within 
the limits of Such embodiments and concrete examples, but 
rather may be applied in many variations within the spirit of 
the present invention, provided Such variations do not exceed 
the scope of the patent claims set forth below. 

INDUSTRIAL APPLICABILITY 

0189 A semiconductor device of the present invention has 
a blocking member such that a layer of ZnO or Mg,ZnO 
each sensitive to an atmosphere is blocked from the atmo 
sphere. Further, a group I element, a group III element, a 
group IV element, a group V element, or a group VII element 
is added to the ZnO or the Mg,ZnO. This allows reduction 
of movable electric charges generated in the active layer by 
providing the blocking member. The present invention makes 
it possible to provide a semiconductor device whose element 
property is stable and is never influenced by the atmosphere, 
and which uses the ZnO or the Mg,ZnO by each of which 
the threshold voltage can be so controlled as to fall within a 
Voltage range allowing for the practical use of the semicon 
ductor device. Further, the semiconductor device is prefer 
ably usable for an electronic device Such as a display device. 

1. A display device, comprising: 
a Substrate; 
a gate line provided over the Substrate; 
a source line provided over the Substrate so as to cross the 

gate line; and 
a first Switching element; 
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the first Switching element comprising: 
a gate electrode electrically connected to the gate line; 
a gate insulating layer contacted to the gate electrode: 
an active layer contacted to the gate insulating layer, the 

gate insulating layer being disposed between the gate 
electrode and the active layer, the active layer containing 
group III elements, group IV elements, or group V ele 
ments, and being made of a semiconductor containing (i) 
polycrystalline ZnO or polycrystalline Mg,ZnO, (ii) 
amorphous ZnO or amorphous Mg, ZnO, or (iii) 
either (a) mixture of the polycrystalline ZnO and the 
amorphous ZnO or (b) a mixture of the polycrystalline 
Mg,ZnO and the amorphous Mg ZnO; 

a source electrode and a drain electrode electrically con 
tacted to the active layer, the source electrode being 
electrically connected to the source line; and 

a protective layer provided over the active layer, the source 
electrode and the drain electrode. 

2. The display device as set forth in claim 1, further com 
prising: 

a gate driver which is provided over the substrate and to 
which the gate line is electrically connected, 

the gate driver including a second Switching element con 
nected to the gate line, the second Switching element 
having a same configuration as the first Switching ele 
ment. 

3. The display device as set forth in claim 2, further com 
prising: 

a source driver which is provided over the substrate and to 
which the source line is electrically connected, 

the source driver including a third Switching element elec 
trically connected to the source line, the third switching 
element having a same configuration as the first Switch 
ing element. 

4. The display device as set. forth in claim 3, further com 
prising: 

a power Supply circuit for Supplying a power Supply Volt 
age to the gate driver and the Source driver. 

5. The display device as set forth in claim 1, further com 
prising: 

a blocking member made of a plurality of blocking layers 
for blocking a region of the active layer from an atmo 
sphere in which region movable electric charges move, 

the gate electrode being configured to control move of the 
movable electric charges in the active layer, 

the gate insulating layer serving as one of the plurality of 
blocking layers and insulating the gate electrode from 
the active layer; 

the Source electrode and the drain electrode serving as 
others of the plurality of blocking layers and being con 
nected to the active layer, and 

the rest of the plurality of blocking layers, except the 
Source electrode and the drain electrode and the gate 
insulating layer, being made of SiO2, Al2O, AlN, MgO, 
TaOs, TiO, ZrO., Stab-ZrO. CeO, KO, LiO, 
NaO, Rb2O. In Os, La O. ScO YO, KNbO, 
KTaO, BaTiO, CaSnO, CaZrO, CdSnO, SrHfO, 
SrSnO, SrTiO, YscO, CaFIfC), MgCeO, SrCeO, 
BaCeO, SrZrOs. BaZrOs. LiGaO, a mixed crystal of 
LiGaO represented by (Li Na,K)(Gai-Al)O3. 
or a solid solution containing at least two of them. 

c c c c c 


