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(57) ABSTRACT 

Provided is a novel method for manufacturing a ?eld effect 
transistor. Prior to forming an amorphous oxide layer on a 
substrate, ultraviolet rays are irradiated onto the substrate 
surface in an oZone atmosphere, plasma is irradiated onto the 
substrate surface, or the substrate surface is cleaned by a 
chemical solution containing hydrogen peroxide. 
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FIELD EFFECT TRANSISTOR 
MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a method for manu 
facturing a ?eld effect transistor. 
[0003] 2. Related BackgroundArt 
[0004] In recent years, ?at image display devices (Flat 
Panel Display: FPD) have been developed for practical use as 
a result of the progress made in technologies such as liquid 
crystals and electroluminescence (EL). These FPDs are 
driven by the active matrix circuitry of ?eld effect thin-?lm 
transistors (Thin Film Transistor: TFT) Which use an amor 
phous silicon thin-?lm or a polycrystalline thin-?lm on a 
glass substrate in the active layer. 
[0005] Meanwhile, testing is being carried out into the use 
of resin substrates Which are light-Weight and ?exible inplace 
of a glass substrate in order to make such FPDs even thinner, 
lighter and have better their shatter resistance. 
[0006] HoWever, the manufacture of such an above-de 
scribed transistor Which uses a silicon thin-?lm requires a 
relatively high temperature thermal process, Whereby direct 
formation onto a resin substrate, Which usually has a loW 
thermal resistance, is dif?cult. 
[0007] Therefore, development is being actively conducted 
into TFTs Which are capable of deposition at loW tempera 
tures and Which use, for example, ZnO as a material for the 
oxide semiconductor thin-?lm (Japanese Patent Application 
Laid-Open No. 2003-298062). 
[0008] From the knowledge of the present inventors that 
ZnO cannot generally form a stable amorphous phase, exist 
ing mainly in a polycrystalline phase, carriers Would there 
fore be scattered at the interface betWeen polycrystalline par 
ticles. As a result of this fact, it Was learned that electron 
mobility cannot be increased. 
[0009] That is, a method has been sought for producing an 
amorphous oxide Which can be preferably used in the active 
layer of a ?eld effect transistor. 

SUMMARY OF THE INVENTION 

[0010] In consideration of the above-described back 
ground, it is an object of the present invention to provide a 
method for manufacturing a novel ?eld effect transistor. 
[0011] The present invention Will noW be explained in fur 
ther detail. 

(First Aspect of the Present Invention: Deposition Pre-Treat 
ment to Deposition Post-Treatment) 

[0012] The method for manufacturing a ?eld effect transis 
tor according to the present invention comprises: 
[0013] a ?rst step of preparing a substrate; and 
[0014] a second step of forming on the substrate an active 
layer comprising an amorphous oxide; Wherein 
[0015] prior to the second step, at least one of: 
[0016] a step of irradiating ultraviolet rays onto the sub 
strate surface in an oZone atmosphere; or 

[0017] a step of irradiating plasma onto the substrate sur 
face; or 
[0018] a step of cleaning the substrate surface With a chemi 
cal solution containing hydrogen peroxide is carried out. 
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[0019] Further, the method for manufacturing a ?eld effect 
transistor according to the present invention comprises: 
[0020] a ?rst step of preparing a substrate; and 
[0021] a second step of forming on the substrate an active 
layer comprising an amorphous oxide; Wherein 
[0022] the second step is carried out in an atmosphere com 
prising at least one selected from the group consisting of 
oZone gas, nitrogen oxide gas, an oxygen-containing radical, 
elemental oxygen, oxygen ion and an oxygen radical. 
[0023] Further, the method for manufacturing a ?eld effect 
transistor according to the present invention comprises: 
[0024] a ?rst step of preparing a substrate; and 
[0025] a second step of forming on the substrate an active 
layer comprising an amorphous oxide; Wherein 
[0026] subsequent to the second step, the method com 
prises at least one step of: 
[0027] a step of thermal processing at a higher temperature 
than the deposition temperature of the active layer in the 
second step; and 
[0028] a step of irradiating an oxygen-containing plasma 
onto the substrate comprising the active layer. 
[0029] The present invention also comprises, subsequent to 
the second step, at least one of the steps of: thermal process 
ing; irradiating oxygen-containing plasma onto the oxide 
?lm; mask deposition for patterning of the ?lm; and etching 
for patterning of the ?lm. 
[0030] The present invention also comprises, subsequent to 
the second step, subjecting the substrate comprising an amor 
phous oxide to: 
[0031] thermal processing in an atmosphere containing 
oZone; or 

[0032] thermal processing in an atmosphere containing 
nitrogen oxide; or 
[0033] thermal processing in an atmosphere containing 
Water vapor. 
[0034] The present invention also comprises, subsequent to 
the second step, subjecting the substrate comprising an amor 
phous oxide to: 
[0035] thermal processing in an atmosphere containing an 
oxygen radical; 
[0036] irradiating an oxygen-containing plasma onto the 
amorphous oxide; or 
[0037] irradiating oxygen-containing plasma onto the 
amorphous oxide in a state Wherein the substrate has been 
heated. 
[0038] The present invention also comprises, subsequent to 
the second step, subjecting the amorphous oxide to: 
[0039] irradiation With an oxygen-containing radical beam; 
or 

[0040] mask deposition for patterning of the amorphous 
oxide; or 
[0041] an etching step for patterning of the amorphous 
oxide. 

(Second Aspect of the Present Invention: Deposition (or Film 
Formation) Method) 
[0042] The method for manufacturing a ?eld effect transis 
tor according to the present invention comprises: 
[0043] a ?rst step of preparing a substrate; and 
[0044] a second step of forming on the substrate an active 
layer comprising an amorphous oxide; Wherein 
[0045] the second step is carried out by: 
[0046] resistance heating deposition; or 
[0047] electron beam deposition; or 
[0048] chemical vapor deposition; or 
[0049] line-beam laser deposition; or 
[0050] electrodeposition. 
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[0051] Resistance heating deposition can include, for 
example, resistance heating deposition using a Knudsen cell. 
Chemical vapor deposition includes methods having means 
for promoting source material decomposition by plasma, as 
Well as means for promoting source material decomposition 
by a catalyst. 
(Third Aspect of the present Invention: Substrate Tempera 
ture) 
[0052] The method for manufacturing a ?eld effect transis 
tor according to the present invention comprises: 
[0053] a ?rst step of preparing a substrate; and 
[0054] a second step of forming on the substrate an active 
layer comprising an amorphous oxide; Wherein 
[0055] the second step is carried out at a deposition tem 
perature of 70° C. or more. 

[0056] A loWer limit for the deposition temperature may be 
set as appropriate, although preferably it is loWer than the 
thermal deformation temperature of the substrate. 
[0057] Here, the thermal deformation temperature is, for 
example, from 100° C. to 200° C., inclusive thereof. There 
fore, the above-described deposition temperature is prefer 
ably 70° C. or more to 200° C. or less. 

[0058] The amorphous oxide produced in the above three 
aspects of the present invention is characterized, for example, 
in having an electron carrier density of less than l><l018/ cm3 , 
or, in being an amorphous oxide in Which electron mobility 
tends to increase as electron carrier density increases. 
[0059] Such an amorphous oxide is an oxide comprising at 
least one of In, Zn and Sn, or, is an oxide comprising In, Zn 
and Ga. 
[0060] The above-described ?rst to third aspects of the 
present invention may include a separate step in betWeen the 
?rst and second steps. In the present invention, While “depos 
iting an amorphous oxide on a substrate” obviously includes 
direct deposition onto the substrate, this phrase also includes 
deposition of the amorphous oxide onto the substrate via 
another layer(s). 
[0061] According to the present invention, a method for 
manufacturing a novel ?eld effect transistor comprising an 
amorphous oxide is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] FIG. 1 is a graph illustrating the relationship 
betWeen the electron carrier density of an In4GaiZn4O 
system amorphous ?lm deposited by pulsed laser deposition 
and the oxygen partial pressure during deposition; 
[0063] FIG. 2 is a graph illustrating the relationship 
betWeen the electrical conductivity of an In4GaiZn4O 
system amorphous ?lm deposited by sputtering using argon 
gas and the oxygen partial pressure during deposition; 
[0064] FIG. 3 is a graph illustrating the relationship 
betWeen the number of electron carriers of an In4Gai 
Zn4O system amorphous ?lm deposited by pulsed laser 
deposition and electron mobility; 
[0065] FIG. 4 is a graph illustrating the change in electrical 
conductivity, carrier density and electron mobility With 
respect to the x value in InGaO3(Zn1_xMgxO) deposited by 
pulsed laser deposition in an atmosphere having an oxygen 
partial pressure of 0.8 Pa; 
[0066] FIG. 5 is a schematic diagram illustrating a top-gate 
type MISFET device structure; 
[0067] FIG. 6 is a graph illustrating the current-voltage 
characteristics of a top-gate type MISFET device; 
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[0068] FIG. 7A is a schematic diagram for explaining the 
third aspect of the present invention; 
[0069] FIG. 7B is a schematic diagram for explaining the 
third aspect of the present invention; 
[0070] FIG. 8 is a schematic diagram of an apparatus for 
carrying out deposition by PLD; and 
[0071] FIG. 9 is a schematic diagram of an apparatus for 
carrying out deposition by sputtering. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0072] First, the above-described ?rst to third aspects of the 
present invention Will be explained With reference to a ?rst, 
second and third embodiment. 
[0073] After this explanation, the amorphous oxide accord 
ing to the present invention and matters common to each of 
the embodiments Will be described. 

First Embodiment: Pre-Deposition to 
Post-Deposition 

[0074] l-A The method for manufacturing a ?eld effect 
transistor according to the present embodiment is charac 
teriZed by, subsequent to preparing a substrate yet prior to 
forming on the substrate an active layer comprising an 
amorphous oxide, carrying out any of the folloWing steps: 

[0075] irradiating ultraviolet rays onto the substrate surface 
in an oZone atmosphere; or 

[0076] irradiating plasma onto the substrate surface; or 
[0077] cleaning the substrate surface With a chemical solu 
tion containing hydrogen peroxide; or 
[0078] coating With a ?lm comprising silicon and oxygen. 
[0079] As a result of the above surface treatment process of 
the substrate, contaminants adhered to the substrate surface 
are removed, Whereby the substrate surface is cleaned. 
[0080] As a result of the above process, performance dete 
rioration due to contaminants diffusing into the ?lm consti 
tuting a TFT (thin-?lm transistor), or other such ?eld effect 
transistor, can be reduced. 
[0081] Further, as a result of removing adhered matter from 
the substrate surface, adhesion betWeen the substrate and the 
?lm constituting the transistor can be improved. 
[0082] l-B The method for manufacturing a ?eld effect 

transistor according to the present invention is character 
iZed by, subsequent to preparing a substrate to be used for 
deposition, depositing an amorphous oxide in a prescribed 
atmosphere. 

[0083] Such a prescribed atmosphere comprises at least one 
selected from the group consisting of oZone gas, nitrogen 
oxide gas, an oxygen-containing radical, elemental oxygen, 
oxygen ion and an oxygen radical. 
[0084] The oZone gas, nitrogen oxide gas, an oxygen-con 
taining radical, and oxygen radical can be fed into the depo 
sition chamber from outside of the deposition chamber. 
[0085] By irradiating an oxygen-containing plasma onto 
the substrate, elemental oxygen, oxygen ion and oxygen radi 
cals can be generated in the deposition chamber. 
[0086] Since the above-described oZone gas etc. is more 
strongly oxidative than oxygen in a molecular state, such 
substances are suitable When trying to obtain an amorphous 
oxide Which has little oxygen de?ciency. 
[0087] When the above-described amorphous oxide is used 
as the active layer of a ?eld effect transistor, according to 
above-described present invention, unnecessary oxygen de? 
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ciency can be reduced, whereby deterioration in transistor 
characteristics due to defect level formation can be sup 
pressed. 
[0088] The present invention also encompasses the case 
Where the amorphous oxide is used as an insulating layer. If 
the insulating layer is formed in accordance With the above 
described method, the advantageous effect that the insulating 
properties increase can be achieved. 
[0089] The present invention further encompasses the case 
Where during amorphous oxide deposition oxygen molecules 
are also incorporated into the above-described atmosphere. 
[0090] 1-C The present invention is also characteriZed in 

carrying out, subsequent to preparing a substrate (?rst step) 
and a second step of forming on the substrate an active 
layer comprising, an amorphous oxide, at least one step 
(post-treatment step) of the beloW-described post-treat 
ment steps. 

[0091] That is, a step of thermal processing at a higher 
temperature than the deposition temperature of the active 
layer in the second step; or 
[0092] a step of irradiating an oxygen-containing plasma 
onto the substrate comprising the active layer. 
[0093] The deposition temperature is, for example, room 
temperature. Speci?cally, the deposition temperature is in the 
range of 0° C. to 40° C. 

[0094] In some cases, such as When performing deposition 
at room temperature, deposition is intentionally carried out 
Without heating the substrate during deposition of the active 
layer. 
[0095] The above-described thermal processing step can be 
carried out as appropriate as long as such step is after amor 
phous oxide formation. 
[0096] Obviously, the thermal processing step can be car 
ried out after the gate insulating ?lm has been formed on the 
substrate, or after the electrode ?lms (the drain electrode, 
source electrode, gate electrode etc.) have been formed. 
[0097] In particular, When an oxide is used as the above 
described electrode ?lm, it is preferable to carry out the 
thermal processing step after electrode ?lm formation. 
[0098] The thermal processing step can be carried out in an 
oZone-containing atmosphere, a nitrogen oxide-containing 
atmosphere, a Water vapor-containing atmosphere, an oxygen 
radical-containing atmosphere and the like. 
[0099] The temperature in the thermal processing step is, 
for example, greater than room temperature and 600° C. or 
less. Preferably, the temperature is 200° C. or less. When a 
?exible substrate such as PET (polyethylene terephthalate) is 
used, the temperature is 200° C. or less, preferably 100° C. or 
less, and more preferably 50° C. or less. 

[0100] According to the above, unnecessary oxygen de? 
ciency can be reduced, Whereby deterioration of transistor 
characteristics due to defect level formation can be reduced. 

[0101] When an insulating layer comprising an oxide is 
formed on the substrate, the insulating properties thereof can 
be increased. 
[0102] In addition, the step of irradiating an oxygen-con 
taining plasma may be carried out as appropriate, as long as 
such step is after amorphous oxide formation. 
[0103] Speci?cally, this refers to after the amorphous oxide 
active layer deposition, after gate insulating ?lm deposition 
(When using an oxide for the gate insulating ?lm), or after 
electrode ?lm deposition (When using an oxide for the drain 
electrode, source electrode, or gate electrode). 

Oct. 21,2010 

[0104] Plasma irradiation can also be carried out While 
heating the substrate. 
[0105] As a result of such plasma irradiation, unnecessary 
oxygen de?ciency can be reduced, Whereby deterioration of 
transistor characteristics due to defect level formation can be 
suppressed. Further, When an insulating layer is comprised on 
the substrate, insulating properties can be increased. 
[0106] Furthermore, after the second step, the formed ?lm 
can be subjected to patterning in order to construct a ?eld 
effect transistor such as a TFT. 

[0107] Speci?cally, a mask layer to be used forpatterning is 
deposited. Alternatively, after the ?lm has been deposited, 
etching can be carried out after undergoing resist coating and 
lithography steps. 
[0108] By carrying out the above, the number of steps dur 
ing TFT device formation can be reduced, Whereby circuitry 
and devices can be obtained having little variation in charac 
teristics betWeen devices. 

(SecondAspect of the Present Invention: Deposition Method) 

[0109] The method for manufacturing a ?eld effect transis 
tor according to the present embodiment comprises: 
[0110] preparing a substrate (?rst step), folloWed by a sec 
ond step of forming on the substrate an active layer compris 
ing an amorphous oxide, Wherein the second step is carried 
out by: 
[0111] resistance heating deposition; or 
[0112] electron beam deposition; or 
[0113] chemical vapor deposition; or 
[0114] line-beam laser deposition; or 

[01 15] electrodeposition. 
[01 1 6] The present invention encompasses preparing a sub 
strate, folloWed by, When forming on the substrate at least one 
selected from the group consisting of an amorphous oxide 
active layer of a ?eld effect transistor, a source electrode, a 
drain electrode, a gate insulating ?lm and a gate electrode, 
forming by the above-mentioned resistance heating deposi 
tion, electron beam deposition, chemical vapor deposition, 
line-beam laser deposition or electrodeposition. 
[0117] From this, an active layer, an electrode ?lm or an 
insulating ?lm can be obtained having equal to or better 
quality than that of conventional pulsed laser deposition. 
Further, according to the invention in accordance With the 
present embodiment, the amorphous oxide can be deposited 
onto a substrate having the same or greater surface are than 
that of a sputtering technique. 
[0118] Although it depends on the apparatus used to carry 
out deposition, the conditions relating to oxygen (e.g. oxygen 
partial pressure) When depositing an amorphous oxide by the 
above-described techniques can be set, for example, in the 
beloW range. 

[0119] For resistance heating deposition and electron beam 
deposition, the oxygen partial pressure or the total pressure is 
set in the range of from 10-3 to 10 Pa. 

[0120] For chemical vapor deposition, half of the chamber 
internal total pressure, for example, can be set as the oxygen 
partial pressure. For line-beam laser deposition, the oxygen 
partial pressure range can be set, for example, from 4.5 Pa to 
less than 6.5 Pa. 

[0121] Line-beam laser deposition is a deposition tech 
nique Which uses a laser employed in pulsed laser deposition 
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(described below), to Which a line optical system is attached 
for generating a laser line beam having a prescribed Width. 

(Third Aspect of the Present Invention: Substrate Tempera 
ture) 
[0122] The method for manufacturing a ?eld effect transis 
tor according to the present embodiment comprises preparing 
a substrate (?rst step), and carrying out deposition at a depo 
sition temperature of 70° C. or higher during a second step of 
forming on the substrate an active layer comprising an amor 
phous oxide. 
[0123] Here, the term deposition temperature refers to, for 
example, the temperature of the substrate, the temperature of 
the uppermost surface of the substrate (the surface on Which 
the ?lm is being groWn), the temperature near the substrate, or 
the temperature indicated by a chamber internal thermometer 
installed in the respective ?lm deposition apparatus. 
[0124] Therefore, even When deposition is carried out With 
the atmosphere temperature set to room temperature (e. g. 
using a heater, or especially When conducting deposition 
Without heating), cases Where the temperature of the substrate 
itself or the temperature of the uppermost surface of the 
substrate is 70° C. or higher are Within the range of the 
invention according to the present embodiment. 
[0125] The loWer limit for the deposition temperature (eg 
substrate temperature) may be set as appropriate, although 
preferably it is loWer than the thermal deformation tempera 
ture of the substrate, for example. 
[0126] Although the thermal deformation temperature is 
dependent on the substrate, it is from 100° C. or more to 200° 
C. or less (inclusive thereof), for example. 
[0127] By setting the deposition temperature (eg substrate 
temperature) during deposition to 70° C. or higher, variation 
in ?lm characteristics, Which occurs in processes subsequent 
to formation of the amorphous oxide, is less likely to happen, 
Which ultimately results in reduced variation in the device 
characteristics. Here, examples of device characteristics 
include electron mobility, on/ off ratio, voltage betWeen drain 
and source, gate threshold voltage and the like, Which exist in 
a transistor fabricated using the above-described amorphous 
oxide. 
[0128] Further, the reason for setting the temperature to 70° 
C. or higher is because, When using an amorphous oxide to 
form the transistors for a display apparatus or similar device, 
there are cases Where in subsequent processes heating to 
about 60° C. is carried out, or the device heats up during use 
to about 60° C. 
[0129] In addition, the stability of the device improves dur 
ing hi gh-temperature operation or after hi gh-temperature 
environment storage. This concept is illustrated in FIGS. 7A 
and 7B. 
[0130] FIG. 7A illustrates the relationship betWeen a typi 
cal (variation in device characteristics after storage for 10 
hours at 60° C.)/ (variation in device characteristics before 
storage) on the vertical axis, and substrate temperature during 
deposition of the amorphous oxide on the horizontal axis. It 
can be seen that if the temperature is set to 70° C. or higher, 
the variation in characteristics decreases. 
[013 1] A preferable range for the substrate temperature Will 
depend on the deposition method and deposition techniques. 
HoWever, although since in a sputtering method high-energy 
particles are irradiated onto the substrate surface, a sputtering 
method is a preferable deposition method as deposition is 
good at even comparatively loW temperatures. 
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[0132] Here, although strictly speaking “substrate tempera 
ture” refers to the temperature of the substrate surface during 
deposition, in cases Where it is di?icult to directly measure the 
temperature during deposition, the temperature can be taken 
to be the average value of the substrate temperature prior to 
deposition and the substrate temperature immediately after 
deposition. Substrate temperature may be measured using an 
arbitrary thermometer, such as a radiation thermometer or a 
thermocouple. 
[0133] The deposition temperature (e. g. substrate tempera 
ture) is preferably loWer than that of the substrate thermal 
deformation temperature. Especially in cases Where a resin 
substrate is used, and When deposition is carried out at a 
higher temperature than the thermal deformation tempera 
ture, ?lm separation and ?lm damage can occur. 
[0134] That is, fabrication yield decreases. FIG. 7B is a 
schematic diagram illustrating the relationship betWeen yield 
on the vertical axis and substrate temperature during deposi 
tion on the horizontal axis. It can be seen that yield decreases 
if the substrate temperature is set higher than the thermal 
deformation temperature. 
[0135] Using a substrate Which has a substrate thermal 
deformation temperature of 100° C. or more to 200° C. or less 
is preferable from the vieWpoint of device stability and sub 
strate ?exibility. 
[0136] The deposition temperature (e. g. substrate tempera 
ture) in the invention according to the present embodiment is 
preferably 70° C. or more to 200° C. or less, and more pref 
erably from 70° C. or more to 100° C. or less, although this 
does depend on the kind of substrate that is used. 
[0137] Further, in terms of fabricating a TFT on a ?exible 
substrate, preferable conditions include using a material With 
a substrate deformation temperature of betWeen about 120 to 
150° C., and depositing at a substrate temperature of about 80 
to 100° C. 
[0138] The thermal deformation temperature of typical 
resin substrates is about 75° C. for acrylic resin (PMMA), 70° 
C. for PET and 150° C. for PC (polycarbonate), although the 
temperature Will vary depending on factors such as the pro 
duction method and the mixture. For example, by strength 
ening With glass ?ber or similar, materials do exist Which have 
their deformation temperature raised to about 200° C., even 
for PET based materials. 
[0139] Here, thermal deformation temperature can be 
evaluated in accordance With JIS K7206 testing standards. 
[0140] A glass substrate, plastic substrate or a plastic ?lm 
substrate can be used as a substrate to be formed With a 
transparent ?lm. The kinds of plastic Which can be used 
include an arbitrary resin such as polyethylene terephthalate 
(PET), polyimide, acryl (PMMA), epoxy and the like. 
[0141] It is noted that in addition to the deposition method 
explained for the second embodiment, the deposition method 
according to the present embodiment can also be appropri 
ately selected from among, for example, pulsed laser deposi 
tion (PLD) and sputtering (SP). 
[0142] The amorphous oxide Which can be applied in the 
above-describe ?rst to third embodiments Will noW be 
explained. 

(Amorphous Oxide) 
[0143] The electron carrier density of the amorphous oxide 
according to the present invention is the value When measured 
at room temperature. Room temperature is, for example, 25° 
C., and more speci?cally can be selected as appropriate from 
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the range of about 0° C. to 40° C. The electron carrier density 
of the amorphous oxide according to the present invention 
does not have to be less than 101 8/cm3 over the Whole range of 
0° C. to 40° C. For instance, it is acceptable if electron carrier 
density is less than 1018/ cm3 at 25° C. If electron carrier 
density is further decreased to l><l0l7/cm3 or less, and more 
preferably l><l0l6/cm3 or less, a normally-off TFT can be 
obtained at a good yield. 
[0144] Additionally, the “less than l018/cm3” means pref 
erably less than l><l018/cm3, and more preferably less than 
l.0><l0l8/cm3. 
[0145] Measurement of electron carrier density can be 
obtained from the Holl effect measurement. 
[0146] In the present invention the term “amorphous oxide” 
refers to an oxide in Which a halo pattern can be observed and 
does not shoW a speci?c diffraction line in its X-ray diffrac 
tion spectrum. 
[0147] The loWer limit of the electron carrier density for the 
amorphous oxide according to the present invention is not 
particularly restricted, as long as the amorphous oxide can be 
employed as the channel layer of a TFT. The loWer limit is, for 
example l><l0l2/cm3. 
[0148] Accordingly, in the present invention electron car 
rier density is set at, for example, l><l0l2/cm3 or more to less 
than l><l018/cm3 by controlling the materials, composition 
ratio, production conditions and similar factors of the amor 
phous oxide, as shoWn in the beloW Examples. More prefer 
able is the range of l x l 0l3/cm3 or more to l><l0l7/cm3 or less, 
and still more preferable is the range of from l><l0l5/cm3 or 
more to l><l0l°/cm3 or less. 

[0149] In addition to InZnGa oxide, the amorphous oxide 
can also be appropriately selected from among In oxides, 
IrrCZnH oxides (022x21), InxSnHC oxides (082x21), or 
In,€(Zn,Sn)1_,C oxides (0.15 Ex; 1 ). 
[0150] In,€(Zn,Sn)1_,C oxide can also be Written as In7C 
(ZnySnl_y) 1% oxide, Wherein the range of y is from 1 to 0. 
[0151] For the case of an indium oxide Which does not 
contain Zinc or tin, a part of the indium may be substituted 
With gallium (i.e. the case of InxGaL,C oxide (0§x§l)). 
[0152] Amorphous oxides having an electron carrier den 
sity of less than l><l0l8/cm3 Which the present inventors Were 
successful in fabricating Will noW be explained. 
[0153] One of the above oxides comprised In4GaiZni 
0, wherein the composition of its crystalline state can be 
expressed as InGaO3(ZnO)m (m is a natural number of less 
than 6), characterized in that the electron carrier density Was 
less than l><l018/cm3. 
[0154] Another of the above oxides comprised In4Gai 
ZniMg4O, Wherein the composition of its crystalline state 
can be expressed as InGaO3(Zn1_xMgxO)m (m is a natural 
number of less than 6; 02x21), characteriZed in that the 
electron carrier density Was less than l><l018/cm3. 
[0155] It is preferable that the electron mobility in the ?lm 
constituted from these oxides is designed to exceed 1 cm2/ 
(V~sec). 
[0156] If the above-described ?lm is used for the channel 
layer, transistor characteristics can be realiZed Wherein the 
gate current When the transistor is off is a normally-off of less 
than 0.1 microamperes, and the on/ off ratio is more than 103. 
Further, such layer is transparent or translucent With respect 
to visible light, Whereby a ?exible TFT can be realiZed. 
[0157] The above-described ?lm is characterized by the 
fact that electron mobility increases in conjunction With an 
increase in the number of electrons being conducted. A glass 
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substrate, plastic substrate or a plastic ?lm substrate can be 
used as a substrate to be formed With a transparent ?lm. 
[0158] When the above-described amorphous oxide is 
employed for the channel layer, at least one of A1203, Y2O3, 
or HfO2, or a mixed compound consisting of at least tWo 
thereof, can be applied as the gate insulating ?lm. 
[0159] Further, intentionally not dosing into the amorphous 
oxide impurity ions for increasing electric resistance, and 
carrying out deposition in an atmosphere containing oxygen 
gas is also a preferable embodiment. 
[0160] The present inventors discovered the unique char 
acteristic that, in this semi-insulating oxide amorphous thin 
?lm, electron mobility increases in conjunction With an 
increase in the number of electrons being conducted. In addi 
tion, the present inventors discovered that if a TFT is fabri 
cated using this ?lm, transistor characteristics, such as on/off 
ratio, saturation current in a pinch-off state and sWitching 
speed, improve even further. That is, the present inventors 
discovered that, using an amorphous oxide, a normally-off 
type TFT can be realiZed. 
[0161] If an amorphous oxide thin ?lm is used as the ?lm 
transistor channel layer, electron mobility can be made to 
exceed 1 cm2/(V~sec), and preferably exceed 5 cm2/(V~sec). 
[0162] When the electron carrier density is less than 
l><l018/cm3, and preferably less than l><l0l 6/cm3 , the current 
betWeen the drain and source When in an off state (no applied 
gate voltage) can be made to be less than 10 microamperes, 
and preferably less than 0.1 microamperes. 
[0163] In addition, if the above ?lm is used, and When 
electron mobility exceeds 1 cm2/ (V -sec), and preferably 
exceeds 5 cm2/ (V ~sec), the saturation current after pinching 
off can be made to exceed 10 microamperes, and the on/off 
ratio can be made to exceed 103. 
[0164] In a TFT, in the pinched-off state, a high voltage is 
applied to the gate terminal, Whereby electrons are present in 
a high density in the channel. 
[0165] Accordingly, according to the present invention, the 
saturation current value can be further increased by just the 
amount that the electron mobility increases. As a result, an 
improvement in transistor characteristics, such as greater 
on/off ratio, higher saturation current and faster sWitching 
speed can be expected. 
[0166] In contrast, in a conventional compound, if the num 
ber of electrons increases, electron mobility decreases due to 
the electrons colliding into each other. 
[0167] Structures Which can be used for the above-de 
scribed TFT include a staggered (top-gate) structure Which 
forms a gate insulating layer and a gate terminal in that order 
on a semiconductor channel layer, and a inversely staggered 
(bottom-gate) structure Which forms a gate insulating layer 
and a semiconductor channel layer in that order on a the gate 
terminal. 

(First Deposition Method: PLD) 

[0168] An amorphous oxide having a composition in its 
crystalline state Which canbe expressed as InGaO3 (ZnO)m (m 
is a natural number of less than 6) can be stably maintained in 
an amorphous state until a high temperature of 800° C. or 
higher When the value of m is less than 6, but as the value of 
m increases, i.e. as the ratio of ZnO to InGaO3 increases, 
becoming more like a ZnO composition, the oxide crystal 
liZes more easily. 
[0169] Therefore, as an amorphous TFT channel layer, the 
value of m is preferably less than 6. 
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[0170] The deposition method preferably uses a vapor 
deposition method When the target is a polycrystalline sin 
tered body having an InGaO3(ZnO)m composition. Among 
vapor deposition methods, sputtering and pulsed laser depo 
sition are suitable. From a mass-production vieWpoint, sput 
tering is the most suitable. 
[0171] However, if an amorphous ?lm is fabricated under 
ordinary conditions, oxygen de?ciency occurs to a large 
extent, Whereby until noW it Was impossible to make the 
electron carrier density to less than 1><10l8/cm3 and electrical 
conductivity to 10 S/cm or less. Further, When such a ?lm Was 
used, it is impossible to construct a normally-off transistor. 
[0172] The present inventors fabricated In4GaiZn4O 
produced by pulsed laser deposition using the apparatus illus 
trated in FIG. 8. 
[0173] Deposition Was carried out using a pulsed laser 
deposition apparatus such as that illustrated in FIG. 8. 
[0174] In FIG. 8, reference numeral 701 denotes a RP (ro 
tary pump), 702 denotes a TMP (turbo molecular pump), 703 
denotes a preparation chamber, 704 denotes a RHEED elec 
tron gun, 705 denotes substrate support means for rotating 
and vertical movement of the substrate, 706 denotes a laser 
entrance WindoW, 707 denotes a substrate, 708 denotes a 
target, 709 denotes a radical source, 710 denotes a gas 
entrance WindoW, 711 denotes target support means for rotat 
ing and vertical movement of the target, 712 denotes a bias 
line, 713 denotes a main line, 714 denotes a TMP (turbo 
molecular pump), 715 denotes a RP (rotary pump), 716 
denotes a titanium getter pump and 717 denotes a shutter. 
Further, in FIG. 8 reference numeral 718 denotes an IG (ion 
gauge), 719 denotes a PG (Pirani gauge), 720 denotes a BG 
(Baratron gauge) and 721 denotes a groWth chamber (cham 
ber). 
[0175] An In4GaiZn4O system amorphous oxide 
semiconductor thin-?lm Was deposited on a SiO2 glass sub 
strate (1737, manufactured by Corning Incorporated) by 
pulsed laser deposition employing a KrF excimer laser. As a 
pre-deposition treatment, degreasing cleaning of the sub 
strate by ultrasound Was conducted using acetone, ethanol 
and pure Water (each for 5 minutes), and then drying in air at 
100° C. 
[0176] For the above polycrystalline target, an InGaO3 
(ZnO)4 sintered body target (siZe 20 mm([) 5 mmt) Was used. 
This Was obtained by subjecting In2O3:Ga2O3:ZnO (each a 
4N reagent) as the source material to Wet blending (solvent: 
ethanol), and then calcining (1,000o C. for 2 hours), dry 
grinding and sintering (1,550o C. for 2 hours). The electrical 
conductivity of the thus-obtained target Was 90 (S/ cm). 
[0177] The degree of vacuum of the groWth chamber Was 
set to 2x10‘6 (Pa), and deposition Was carried out by control 
ling the oxygen partial pressure during groWth to 6.5 (Pa). 
[0178] The oxygen partial pressure in the chamber 721 Was 
6.5 Pa and the substrate temperature Was 25° C. 
[0179] The distance betWeen the target 708 and the sub 
strate 707 Which Was to undergo deposition Was 30 (mm), and 
the poWer of the KrF excimer laser injected from the entrance 
WindoW 716 Was Within the range of 1.5 to 3 (mJ/cm2/pulse). 
Pulse Width Was 20 (nsec), and repetition frequency Was 10 
(HZ). Irradiation spot diameter Was set at 1><1 (mm angle). 
[0180] Deposition Was conducted in such a manner at a 

deposition rate of 7 (nm/min). 
[0181] Small angle X-ray scattering method (SAXS) (thin 
?lm method, incidence angle 0.5 degrees) of the obtained 
thin-?lm shoWed that the fabricated In4GaiZn4O system 
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thin ?lm could be called amorphous, in vieW of the fact that a 
clear diffraction peak could not be observed. 
[0182] It Was learned from analysis of the pattern obtained 
from X-ray re?ectivity measurement that the root-mean 
square roughness (Rrrns) of the ?lm Was approximately 0.5 
nm and that ?lm thickness Was about 120 nm. Fluorescent 
X-ray @(RF) analysis shoWed that the metal composition 
ratio ofthe thin-?lm Was In:Ga:Zn:0.98:1.02:4. 

[0183] Electrical conductivity Was less than about 10'2 
S/cm. Electron carrier density could be estimated to be 
approximately 1016/cm3 or less, and electron mobility to be 5 
cm2/ (V ~sec). 
[0184] Analysis of the optical absorption spectrum shoWed 
that the optical bandgap energy of the fabricated amorphous 
thin-?lm Was about 3 eV. From the above results, it Was 
learned that the fabricated In4GaiZn4O system thin ?lm 
existed in an amorphous phase close to a composition of 
crystalline InGaO3(ZnO)4, that there Was little oxygen de? 
ciency, and that the thin-?lm Was a transparent and ?at thin 
?lm Which had loW electrical conductivity. 
[0185] This Will noW be speci?cally explained With refer 
ence to FIG. 1. FIG. 1 illustrates the change in electron carrier 
density of the deposited oxide if the oxygen partial pressure is 
varied When a transparent amorphous oxide thin-?lm consti 
tuted from In4GaiZn4O, in Which the composition is 
expressed as InGaO3(ZnO)m (m is a natural number of less 
than 6), and Which is assumed to have a crystalline state, is 
fabricated under the same conditions as the present embodi 
ment. 

[0186] Under the same conditions as those of the present 
embodiment, electron carrier density Was able to be reduced 
to less than 1><10l8/cm3 as illustrated in FIG. 1, by carrying 
out deposition in an atmosphere having a high oxygen partial 
pressure Which exceeded 4.5 Pa. In this case, the temperature 
of the substrate Was intentionally not raised, being maintained 
at approximately room temperature. When using a ?exible 
plastic ?lm as the substrate, it is preferable to maintain the 
substrate temperature to below 1000 C. 

[0187] If the oxygen partial pressure is still further 
increased, it is possible to reduce the electron carrier density 
still further. For example, as illustrated in FIG. 1, for an 
InGaO3(ZnO)4 thin-?lm deposited at a substrate temperature 
of 25° C. and an oxygen partial pressure of 5 Pa, it Was 
possible to further reduce electron carrier density to 1><1016/ 
cm3. 
[0188] As illustrated in FIG. 2, the obtained thin-?lm had 
an electron mobility of more than 1 cm2/ (V ~sec). HoWever, 
With the pulsed laser deposition method of the present 
embodiment, if the oxygen partial pressure is set to 6.5 Pa or 
more the surface of the deposited ?lm is uneven, making it 
dif?cult to use as the channel layer of a TFT. 

[0189] Therefore, if a transparent amorphous oxide thin 
?lm in Which the composition in a crystalline state is 
expressed as InGaO3(ZnO)m (m is a natural number of less 
than 6) is employed in an atmosphere Wherein the oxygen 
partial pres sure is more than 4.5 Pa, and preferably more than 
5 Pa, but less than 6.5 Pa, it is possible to construct a normally 
off transistor. 

[0190] In addition, the electron mobility of this thin-?lm 
Was more than 1 cm2/V~sec, and the on/off ratio could be 
increased to more than 103. 

[0191] Thus, as explained above, When carrying out depo 
sition of an InGaZn oxide by PLD under the conditions shoWn 
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in the present embodiment, it is preferable to control the 
oxygen partial pressure to be from 4.5 Pa or more, but less 
than 6.5 Pa. 
[0192] Further, the realiZation of an electron carrier density 
of less than 1><10l8/cm3 is dependent on factors such as the 
oxygen partial pressure conditions, the structure of the depo 
sition apparatus and the materials and composition Which are 
deposited. 
[0193] Next, an amorphous oxide Was produced in the 
above-described apparatus under conditions of an oxygen 
partial pressure of 6.5 Pa, and the top-gate type MISFET 
device illustrated in FIG. 5 Was fabricated. Speci?cally, ?rst, 
a 120 nm thick semi-insulating amorphous lnGaO3(ZnO)4 
?lm to be used as a channel layer 2 Was formed on a glass 
substrate 1 by the above-described amorphous ln4Gai 
Zn4O thin-?lm fabricating method. 
[0194] Next, the oxygen partial pressure in the chamber 
Was set to less than 1 Pa, and high-electrical conductivity 
lnGaO3(ZnO)4 and gold ?lm Were each laminated on top of 
this layer to a 30 nm thickness by pulsed laser deposition. A 
drain terminal 5 and source terminal 6 Were formed by pho 
tolithography and a lift-off technique. Finally, a YZO3 ?lm 
Was deposited as a gate insulating ?lm 3 by electron beam 
deposition (thickness: 90 nm; relative dielectric constant: 
about 15; leak current density: 10-3 A/cm2 When applying 0.5 
MV/cm). Gold Was deposited on top of this ?lm, and a gate 
terminal 4 Was formed by photolithography and a lift-off 
technique. 

MISFET Device Characteristics Evaluation 

[0195] FIG. 6 illustrates the current-voltage characteristics 
of the MISFET device measured at room temperature. It can 
be seen that the channel is an n-type semiconductor from the 
fact that the drain current IDS increases in conjunction With an 
increase in the drain voltage VDS. This does not contradict the 
fact that an amorphous lniGaiZniO system semiconduc 
tor is an n-type. This shoWs the behavior of a typical transistor 
Wherein the IDS is VDSIabout 6 V and is saturated (pinched 
off). A check of the gain characteristics shoWed that the 
threshold of the gate voltage VGS When VDSI4 V applied Was 
approximately —0.5 V. Further, When VG:10 V, current of 
lDS:1.0><10_5 A ?oWed. This matches With the fact that car 
riers Were able to be induced in the ln4GaiZn4O system 
amorphous semiconductor thin-?lm of the insulating body 
from the gate bias. 
[0196] The transistor on/off ratio Was more than 103. Cal 
culation of the ?eld effect mobility from the output charac 
teristics shoWed that a ?eld effect mobility of about 7 cm2 
(Vs)_l Was obtained in the saturated region. Although the 
same measurements Were performed by irradiating visible 
light on the fabricated device, no change in the transistor 
characteristics could be con?rmed. 
[0197] According to the present embodiment, electron car 
rier density is small, so that a thin-?lm transistor can be 
realiZed having a high electric resistance and a channel layer 
in Which electron mobility is large. 
[0198] The above-described amorphous oxide comprises 
the excellent characteristics of electron mobility increasing in 
conjunction With an increase in electron carrier density, and 
expression of degenerating conduction. 
[0199] Although in the present embodiment a thin-?lm 
transistor Was formed on a glass substrate, since the deposi 
tion itself can be conducted at room temperature, a plastic 
sheet, ?lm or similar substrate can also be used. 
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[0200] The amorphous oxide obtained in the present 
embodiment shoWed hardly any optical absorption of visible 
light, Whereby a transparent ?exible TFT can be realiZed. 
(Second Deposition Method: Sputtering (SP method)) 
[0201] Deposition by a high-frequency SP method employ 
ing argon gas as the atmospheric gas Will be noW explained. 
[0202] The SP method Was carried out using the apparatus 
illustrated in FIG. 9. In FIG. 9, reference numeral 807 denotes 
a substrate to undergo deposition, 808 denotes a target, 805 
denotes substrate support means equipped With a cooling 
mechanism, 814 denotes a turbo molecular pump, 815 
denotes a rotary pump, 817 denotes a shutter, 818 denotes an 
ion gauge, 819 denotes a Pirani gauge, 821 denotes a groWth 
chamber (chamber) and 830 denotes a gate valve. 
[0203] As the substrate 807 to undergo deposition, a SiO2 
glass substrate (1737, manufactured by Coming Incorpo 
rated) Was prepared. As a pre-deposition treatment, degreas 
ing cleaning of the substrate by ultrasound Was conducted 
using acetone, ethanol and pure Water (each for 5 minutes), 
and then drying in air at 1000 C. 
[0204] For the target material, polycrystalline sintered 
body target (siZe 20 mm([) 5 mmt) comprising an lnGaO3 
(ZnO)4 Was used. 
[0205] This sintered body Was produced by subjecting 
ln2O3:Ga2O3:ZnO (each a 4N reagent) as the source material 
to Wet blending (solvent: ethanol), and then calcining (1 ,0000 
C. for 2 hours), dry grinding and sintering (1,550o C. for 2 
hours). The electrical conductivity of this target 808 Was 90 
(S/cm), Which Was a semiconducting state. 
[0206] The degree of vacuum of the groWth chamber 821 
Was set to 1x10‘4 (Pa), and the total pressure of the oxygen 
gas and argon gas during deposition Was set to a ?xed value in 
the range of from 4 to 1x10‘1 (Pa). The oxygen partial pres 
sure Was varied in the range of 10'3 to 2x10“1 (Pa) by varying 
the partial pressures of the argon gas and the oxygen. 
[0207] The substrate temperature Was set to room tempera 
ture, and the distance betWeen the target 808 and the substrate 
807 Which Was to undergo deposition Was 30 (mm). 
[0208] The injected poWer Was RF 180 W, and the deposi 
tion rate Was 10 (nm/min). 
[0209] Small angle X-ray scattering method (SAXS) (thin 
?lm method, incidence angle 0.5 degrees) of the obtained 
thin-?lm shoWed that the fabricated ln4GaiZn4O system 
thin ?lm Was an amorphous ?lm, in vieW of the fact that a 
clear diffraction peak could not be observed. 
[0210] It Was further learned from analysis of the pattern 
obtained from X-ray re?ectivity measurement that the root 
mean square roughness (Rrms) of the ?lm Was approximately 
0.5 nm and that ?lm thickness Was about 120 nm. Fluorescent 
X-ray @(RF) analysis shoWed that the metal composition 
ratio ofthe thin-?lm Was ln:Ga:Zn:0.98:1.02:4. 

[0211] While varying the oxygen partial pressure of the 
atmosphere during deposition, the electrical conductivity of 
the obtained amorphous oxide ?lm Was measured. The results 
are shoWn in FIG. 3. 

[0212] As shoWn in FIG. 3, by carrying out deposition in an 
atmosphere having a high oxygen partial pressure of more 
than 3x10‘2 Pa, the electrical conductivity Was able to be 
reduced to less than 10 S/cm. 
[0213] By increasing the oxygen partial pressure still fur 
ther, it is possible to reduce the electron carrier density even 
more. 

[0214] For example, as illustrated in FIG. 3, for an lnGaO3 
(ZnO)4 thin-?lm deposited at a substrate temperature of 250 
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C. and an oxygen partial pressure of 10'1 Pa, it Was possible 
to further reduce electric conductivity to about 10-10 S/cm. 
On the other hand, the electrical conductivity of an lnGaO3 
(ZnO)4 thin-?lm deposited at an oxygen partial pressure of 
more than 10'1 Pa could not be measured as the electric 
resistance Was too high. In a case such as this, although it Was 
impossible to measure electron mobility, the electron mobil 
ity Was estimated to be about 1 cm2/V~sec by extrapolating 
from the value from a ?lm having a large electron carrier 
density. 
[0215] That is, using a transparent amorphous oxide thin 
?lm constituted from ln4GaiZn4O produced using a 
sputtering deposition method, in Which the composition in a 
crystalline state is expressed as lnGaO3(ZnO)m (m is a natural 
number of less than 6), a normally-off transistor having an 
on/off ratio of more than 103 could be fabricated in an argon 
gas atmosphere having an oxygen partial pressure exceeding 
3x10‘2 Pa, and preferably exceeding 5><10_l Pa. 
[0216] When the apparatus and materials illustrated in the 
present embodiment are used, the oxygen partial pressure 
during deposition by sputtering is, for example, in the range 
of3><10'2 Pa or more and 5><10_l Pa or less. As illustrated in 
FIG. 2, a thin-?lm fabricated by pulsed laser deposition or 
sputtering has an electron mobility Which increases in con 
junction With an increase in the number of electrons being 
conducted. 
[0217] As explained above, controlling the oxygen partial 
pressure alloWs oxygen de?ciency to be reduced, thereby 
enabling electron carrier density to be reduced. Unlike in a 
polycrystalline state, since particle interfaces inherently do 
not exist in an amorphous state, an amorphous thin-?lm hav 
ing a high electron mobility can be obtained. 
[0218] It is noted that even When a 200 pm thick polyeth 
ylene terephthalate (PET) ?lm Was used in place of a glass 
substrate, the obtained lnGaO3 (ZnO)4 amorphous oxide ?lm 
shoWed the same characteristics. 

[0219] If polycrystalline lnGaO3 (Znl_xMgxO)m (m is a 
natural number of less than 6; 0<x§1) is used, a high-resis 
tance lnGaO3 (Znl_xMgxO)m amorphous ?lm can be obtained 
even if the oxygen partial pressure is less than 1 Pa. 
[0220] For example, When a target is used With 80 atom % 
of its Zn substituted With Mg, the electron carrier density of a 
?lm obtained by pulsed laser deposition canbe beloW made to 
be 1><10l6/cm3 (electric resistance value is about 10'2 S/ cm). 
[0221] Although the electron mobility of such a ?lm is 
loWer than that of a Mg-free ?lm, the difference is not large, 
Wherein the room temperature electron mobility is about 5 
cm2/ (V ~sec). Compared With amorphous silicon, this is a 
value larger by about one order. When deposition is con 
ducted under the same conditions, electrical conductivity and 
electron mobility both decrease in relation to the increase in 
Mg content. Thus, Mg content is preferably more than 20%, 
and is less than 85% (taking the content as x, 0.2<x<0.85). 
[0222] As described above, by controlling oxygen partial 
pressure, oxygen de?ciency can be reduced, Whereby elec 
tron carrier density can be reduced Without adding a speci?c 
impurity ion. Further, unlike a polycrystalline state, particle 
interfaces do not inherently exist in an amorphous state, 
Which alloWs for an amorphous thin-?lm having a high elec 
tron mobility to be obtained. In addition, since the number of 
electrons being conducted can be reduced Without the addi 
tion of a speci?c impurity ion, there is no scattering due to 
impurities, Whereby electron mobility can be maintained at a 
high level. 
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[0223] For a thin-?lm transistor Which employs the above 
described amorphous oxide, Al2O3, Y2O3, or HfO2, or a 
mixed compound consisting of at least tWo thereof, is prefer 
ably used as the gate insulating ?lm. 
[0224] If a defect is present in the interface betWeen the gate 
insulating thin-?lm and the channel layer thin-?lm, a reduc 
tion in electron mobility and hysteresis in the transistor char 
acteristics occurs. Further, leak current signi?cantly differs 
depending on the type of gate insulating ?lm. For these rea 
sons, it is necessary to select a gate insulating thin-?lm Which 
is suitable for the channel layer. If anAl2O3 ?lm is used, leak 
current can be loWered. If aY2O3 ?lm is used, hysteresis can 
be reduced. If a high dielectric constant HfO2 ?lm is used, 
electron mobility can be increased. If a mixed crystal of these 
?lms is used, a TFT can be formed in Which leak current and 
hysteresis is small, While electron mobility is large. Further, 
since the gate insulating thin-?lm forming process and the 
channel layer forming process can be carried out at room 
temperature, a TFT structure can be formed in either a stag 
gered structure or an inverse staggered structure. 
[0225] A TFT formed in this manner is a three-terminal 
device comprising a gate terminal, a source terminal and a 
drain terminal, Which uses a semiconductor thin-?lm depos 
ited on an insulating substrate, such as ceramic, glass, plastic 
or the like, as a channel layer through Which electrons or holes 
move, Wherein by applying a voltage to the gate terminal, the 
current ?oWing in the channel layer is controlled. A TFT 
formed in this manner is thus an active device Which has the 
function of sWitching the current betWeen the source terminal 
and drain terminal. 
[0226] It is important in the present invention to control the 
oxygen de?ciency amount in order to achieve a prescribed 
electron carrier density. 
[0227] Although in the above-described structure the con 
trol of the oxygen amount (oxygen de?ciency amount) of the 
amorphous oxide is achieved by carrying out deposition in an 
atmosphere comprising a prescribed density of oxygen, other 
preferable methods include controlling (decreasing or 
increasing) the oxygen de?ciency amount by subjecting the 
oxide ?lm to a post-treatment in an atmosphere Which con 
tains oxygen. 
[0228] To effectively control the oxygen de?ciency 
amount, the temperature of the oxygen-containing atmo 
sphere is set to 0° C. or more to 300° C. or less, preferably 
from 25° C. or more to 250° C. or less, and more preferably 
from 100° C. or more to 200° C. or less. 

[0229] Obviously, it is acceptable to carry out deposition in 
an oxygen-containing atmosphere, and then also carry out the 
post-deposition post-treatment in an atmosphere Which con 
tains oxygen. If the prescribed electron carrier density 
(1 ><1018/cm3) can be attained, it is also acceptable to not 
control the oxygen partial pressure during deposition, and 
carry out a post-deposition post-treatment in an atmosphere 
Which contains oxygen. 
[0230] The loWer limit of the electron carrier density in the 
present invention is, for example, 1><1014/cm3, although this 
depends on What kind of device, circuit or apparatus the 
obtained oxide ?lm is to be used for. 

(Expansion of the Material System) 

[0231] As a result of progress in research by broadening the 
material system, it Was discovered that an amorphous oxide 
comprising an oxide of at least one element selected from the 
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group consisting of Zn, In and Sn can be used to fabricate an 
amorphous oxide ?lm having loW electron carrier density and 
high electron mobility. 
[0232] It Was further discovered that such an amorphous 
oxide ?lm has the unique characteristic that electron mobility 
increases in conjunction With an increase in the number of 
electrons being conducted. 
[0233] A normally-off type TFT having excellent transistor 
characteristics, such as on/off ratio, saturation current in a 
pinched-off state and sWitching speed, can be fabricated by 
fabricating a TFT Which employs such ?lm. 

[0234] A complex oxide can be constituted comprising the 
beloW elements in the amorphous oxide Which comprises at 
least one element selected from among the above-described 
Zn, In and Sn. 
[0235] Such elements include at least one element selected 
from the group consisting of: group 2 elements M2 (M2 
denoting Mg and Ca) Which have an atomic number beloW 
that of Zinc; group 3 elements M3 (M3 denoting B, Al, Ga and 
Y) Which have an atomic number beloW that of indium; group 
4 elements M4 (M4 denoting. Si, Ge and Zr) Which have an 
atomic number beloW that of tin; group 5 elements M5 (M5 
denoting V, Nb and Ta); and Lu and W. 
[0236] In the present invention, an oxide can be employed 
Which has the beloW characteristics (a) through (h). 
[0237] (a) An amorphous oxide having an electron carrier 

density at room temperature of less than 1><1018/cm3 . 

[0238] (b) An amorphous oxide Wherein electron mobility 
increases in conjunction With an increase in the number of 
electrons being conducted. 

[0239] Here, room temperature refers to a temperature of 
from about 0° C. to 400 C. The term “amorphous oxide” refers 
to a compound in Which only a halo pattern (no speci?c 
diffraction lines shoWn) can be observed in its X-ray diffrac 
tion spectrum. Furthermore, “electron mobility” as used here 
refers to the electron mobility obtained from Holl effect mea 
surement. 

[0240] (c) The amorphous oxide described in the above (a) 
or (b), Wherein electron mobility at room temperature 
exceeds 0.1 cm2/(V~sec). 

[0241] (d) The amorphous oxide described in the above (b) 
to (c) Which expresses degenerating conduction. Here, the 
term “degenerating conduction” refers to the condition 
Where thermal activation energy in the temperature depen 
dency of electric resistance is 30 meV or less. 

[0242] (e) The amorphous oxide described in the above (a) 
to (d), Which comprises at least one element selected from 
the group consisting of Zn, In and Sn as a structural com 
ponent. 

[0243] (f) An amorphous oxide ?lm, Wherein the amor 
phous oxide described in the above (e) comprises at least 
one element selected from the group consisting of: group 2 
elements M2 (M2 denoting Mg and Ca) Which have an 
atomic number beloW that of Zinc; group 3 (group 13) 
elements M3 (M3 denoting B, Al, Ga andY) Which have an 
atomic number beloW that of indium; group 4 elements M4 
(M4 denoting Si, Ge and Zr) Which have an atomic number 
beloW that of tin; group 5 elements M5 (M5 denotingV, Nb 
and Ta); and Lu and W. (g) The amorphous oxide ?lm 
described in any of the above (a) to (f), Wherein the com 
position of its crystalline state is the simple compound 
InlO_,€M3,€O3 (Znl_yM2yO)m (02x, yél; m is Zero or a 
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natural number of less than 6), or a mixture of compounds 
in Which m is different. M3 is, for example, Ga, and M2 is, 
for example, Mg. 

[0244] (h) The amorphous oxide ?lm described in any of 
the above (a) to (g) provided on a glass substrate, a metal 
substrate, a plastic substrate or a plastic ?lm substrate. 

[0245] Further, the present invention is a ?eld effect tran 
sistor Which employs the amorphous oxide or amorphous 
oxide ?lm described in the above (10) for the channel layer. 
[0246] Constituted is a ?eld effect transistor Which 
employs an amorphous oxide ?lm having an electron carrier 
density ofless than 1><10l 8/cm3 but more than 1><10l5/cm3 for 
the channel layer, and Which is provided With a gate terminal 
via a source terminal, a drain terminal and a gate insulating 
?lm. When about 5 V is applied betWeen the source and drain 
terminals, the current betWeen the source and drain terminals 
When no gate voltage is applied can be made to be 10-7 
amperes. 
[0247] The electron mobility of an oxide crystal increases 
as the overlap of the metal ion s orbitals increases, so that an 
oxide crystal of Zn, In or Sn, Which have a high atomic 
number, has a large electron mobility of from 0.1 to 200 
cm2/ (V ~sec). 
[0248] Further, in oxides the oxygen and the metal ion are 
ionically bonded. 
[0249] For that reason, the chemical bond has no orienta 
tion, Whereby the structure is random. Thus, even for an 
amorphous state, in Which bond orientation is nonuniform, it 
is possible for electron mobility to be about the same magni 
tude as the electron mobility of a crystalline state. 

[0250] On the other hand, by substituting the Zn, In or Sn 
atom With an element having a loWer atomic number, electron 
mobility is reduced, Whereby the electron mobility of the 
amorphous oxide according to the present invention is about 
0.01 cm2/(V~sec) to 20 cm2/(V~sec). 
[0251] When fabricating the channel layer of a transistor 
using the above-described oxide, it is preferable that A1203, 
Y2O3, or HfO2, or a mixed compound consisting of at least 
tWo thereof, serves as the gate insulating ?lm. 
[0252] If a defect is present in the interface betWeen the gate 
insulating thin-?lm and the channel layer thin-?lm, a reduc 
tion in electron mobility and hysteresis in the transistor char 
acteristics occurs. Further, leak current signi?cantly differs 
depending on the type of gate insulating ?lm. For these rea 
sons, it is necessary to select a gate insulating thin-?lm Which 
is suitable for the channel layer. If anAl2O3 ?lm is used, leak 
current can be loWered. If aY2O3 ?lm is used, hysteresis can 
be reduced. If a high dielectric constant HfO2 ?lm is used, 
?eld effect mobility can be increased. If a mixed crystal of 
these ?lms is used, a TFT can be formed in Which leak current 
and hysteresis is small, While ?eld effect mobility is large. 
Further, since the gate insulating thin-?lm forming process 
and the channel layer forming process can be carried out at 
room temperature, a TFT structure can be formed in either a 
staggered structure or an inverse staggered structure. 

[0253] The In2O3 oxide ?lm can be deposited by a vapor 
phase method, Wherein an amorphous ?lm can be obtained by 
charging the atmosphere during deposition With about 0.1 Pa 
of moisture. 

[0254] While for ZnO and SnO2 it is di?icult to obtain an 
amorphous ?lm, an amorphous ?lm can be obtained by add 
ing about 20% by atomic Weight of In2O3 in the case of ZnO, 
and about 90% by atomic Weight of In2O3 in the case of SnO2. 
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In particular, to obtain a SniIn4O system amorphous ?lm, 
it is preferable to charge about 0.1 Pa of nitrogen gas into the 
atmosphere. 
[0255] The above-described amorphous ?lm can be dosed 
With an element constituting at least one complex oxide 
selected from the group consisting of: group 2 elements M2 
(M2 denoting Mg and Ca) Which have an atomic number 
beloW that of Zinc; group 3 elements M3 (M3 denoting B, Al, 
Ga and Y) Which have an atomic number beloW that of 
indium; group 4 elements M4 (M4 denoting Si, Ge and Zr) 
Which have an atomic number beloW that of tin; group 5 
elements M5 (M5 denoting V, Nb and Ta); and Lu and W. 
[0256] Dosing With such elements alloWs for better stabili 
Zation of the amorphous ?lm at room temperature, and 
enables a broader range of compositions Which the amor 
phous ?lm can be obtained. 
[0257] In particular, dosing With the strongly covalent B, Si 
or Ge is effective in stabiliZing the amorphous phase. Com 
plex oxides Which are constituted from ions having a large 
difference in ionic radius have a stabiliZed amorphous phase. 
[0258] For example, in an IniZniO system, although it is 
hard to obtain an amorphous ?lm if indium is not present in 
excess of about 20 atom % of the composition, a stable 
amorphous ?lm can be obtained by dosing With magnesium 
in an amount equivalent to that of the indium, With the indium 
making up about 15 atom %. 
[0259] In deposition by a vapor-phase method, an amor 
phous oxide ?lm can be obtained in Which the electron carrier 
density is less than 1><10l8/cm3 and more than 1><10l5/cm3 by 
controlling the atmosphere. 
[0260] It is preferable to use a vapor-phase method, such as 
pulsed laser deposition (PLD), sputtering (SP) and electron 
beam deposition, as the deposition method for the amorphous 
oxide. Among vapor-phase methods, PLD is suitable from the 
vieWpoint of easy control of the materials system composi 
tion, While sputtering is suitable from a mass-production 
vieWpoint. HoWever, the deposition method is not limited to 
these methods. 

(Deposition of an IniZn4Ga4O Amorphous Oxide Film 
by PLD) 
[0261] An IniZn4Ga4O system amorphous oxide 
semiconductor ?lm Was deposited by PLD employing a KrF 
excimer laser onto glass substrates (1737, manufactured by 
Coming Incorporated) With polycrystalline sintered bodies 
having an InGaO3 (ZnO) and an InGaO3(ZnO)4 composition 
serving as the respective targets. 
[0262] The apparatus illustrated in FIG. 9 Was used as the 
deposition apparatus. The deposition conditions Were the 
same as When the apparatus Was used. 

[0263] The substrate temperature Was 250 C. Small angle 
X-ray scattering method (SAXS) (thin-?lm method, inci 
dence angle 0.5 degrees) of the obtained ?lms shoWed that the 
IniZniGaiO system ?lms fabricated from the tWo kinds 
of target Were amorphous ?lms, since clear diffraction peaks 
could not be observed. 
[0264] It Was learned from analysis of the patterns obtained 
from X-ray re?ectivity measurement that the root-mean 
square roughness (Rrms) of the IniGaiZniO system 
amorphous oxide ?lms on the substrate Was approximately 
0.5 nm and that ?lm thickness Was about 120 nm. 

[0265] Fluorescent X-ray @(RF) analysis shoWed that the 
metal composition ratio of the ?lm obtained using a polycrys 
talline sintered body having an InGaO3 (ZnO) composition as 
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the target Was In:Ga:Zn:1.1:1.1:0.9, While the metal compo 
sition ratio of the ?lm obtained using a polycrystalline sin 
tered body having an InGaO3 (ZnO)4 composition as the tar 
get Was In:Ga:Zn:0.98:1.02:4. 

[0266] Varying the partial pressure of oxygen, the electron 
carrier density of the amorphous oxide ?lm obtained using a 
polycrystalline sintered body having an InGaO3 (ZnO)4 com 
position as the target Was measured. The results are shoWn in 
FIG. 1. Depositing in an atmosphere having an oxygen partial 
pressure in excess of 4.2 Pa alloWed the electron carrier 
density to be reduced to less than 1><1018/cm3. In this case, the 
substrate temperature Was maintained at roughly room tem 
perature by intentionally not heating. When the oxygen par 
tial pressure Was less than 6.5 Pa, the surface of the obtained 
amorphous oxide ?lm Was ?at. 
[0267] When the oxygen partial pressure Was 5 Pa, the 
electron carrier density of the amorphous oxide ?lm obtained 
using a polycrystalline sintered body having an InGaO3 
(ZnO)4 composition as a target Was to 10l6/cm3, and electri 
cal conductivity Was to 10'2 S/cm. Electron mobility Was 
estimated to be about 5 cm2/V~sec. Analysis of the optical 
absorption spectrum shoWed that the optical bandgap energy 
of the fabricated amorphous oxide ?lm Was about 3 eV. 
[0268] Further increasing the oxygen partial pressure 
enabled the electron carrier density to be further reduced. As 
shoWn in FIG. 1, in an IniZniGaiO system amorphous 
oxide ?lm deposited at substrate temperature of 250 C. and a 
oxygen partial pressure of 6 Pa, the electron carrier density 
could be reduced to 8><10l5/cm3 (electrical conductivity of 
about 8x10‘3 S/cm). Electron mobility Was estimated to be 
about 1 cm2/V~second. HoWever, using PLD, if the oxygen 
partial pressure is set at 6.5 Pa or more, the surface of the 
deposited ?lm becomes uneven, Whereby it is dif?cult to use 
as the TFT channel layer. 
[0269] The electron carrier density and electron mobility 
Were examined for IniZn4Ga4O system amorphous 
oxide ?lms deposited at different oxygen partial pressures 
using a polycrystalline sintered body having an InGaO3 
(ZnO)4 composition as the target. The results are shoWn in 
FIG. 2. If the electron carrier density is increased from 
1><10l6/cm3 to 1><102O/cm3, electron mobility shoWed an 
increase from about 3 cm2/V~sec to about 11 cm2/V~sec. In 
addition, amorphous oxide ?lms obtained using a polycrys 
talline sintered body having an InGaO3(ZnO) composition as 
the target also shoWed the same trend. 
[0270] Even When a 200 um polyethylene terephthalate 
(PET) ?lm Was used in place of the glass substrate, the 
obtained IniZn4Ga4O system amorphous oxide ?lm 
shoWed the same characteristics. 
[0271] (Deposition of an IniZniGaiMg4O Amor 
phous Oxide Film by PLD) 
[0272] Using polycrystalline InGaO3(Zn1_,€Mg,€O)4 
(0<x§1) as a target, an InGaO3(Zn1_,€Mg,€O)4 (0<x§1) ?lm 
Was deposited by PLD onto a glass substrate. 
[0273] The apparatus illustrated in FIG. 8 Was used as the 
deposition apparatus. 
[0274] A SiO2 glass substrate (1737, manufactured by 
Coming Incorporated) Was prepared as the substrate to 
undergo deposition. As a pre-deposition treatment on the 
substrate, degreasing cleaning by ultrasound Was conducted 
using acetone, ethanol and pure Water (each for 5 minutes), 
and then the substrate Was dried in air at 1000 C. As a target, 
InGa(Znl_,€Mg,€O)4 (x:1-0) sintered body (siZe: 20 mm([) 5 
mmt) Was used. 
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[0275] The target Was fabricated by subjecting In2O3: 
Ga2O3:ZnO:MgO (each a 4N reagent) as the source material 
to Wet blending (solvent: ethanol), and then calcining (1 ,000° 
C. for 2 hours), dry grinding and sintering (1,550° C. for 2 
hours). 
[0276] The groWth chamber degree of vacuum Was set to 
2x10“6 (Pa), and the oxygen partial pressure during groWth 
Was set to 0.8 (Pa). Deposition Was carried out at a substrate 
temperature of 25° C. The distance betWeen the target and the 
substrate Which Was to undergo deposition Was 30 (mm). 

[0277] The poWer of the KrF excimer Was 1.5 (mJ/cm2/ 
pulse). Pulse Width Was 20 (nsec), and repetition frequency 
Was 10 (HZ). Irradiation spot diameter Was set at 1><1 (mm 
angle). 
[0278] The deposition rate Was 7 (nm/min). 
[0279] The atmosphere had an oxygen partial pressure of 
0.8 Pa, and substrate temperature Was 250 C. Small angle 
X-ray scattering method (SAXS) (thin-?lm method, inci 
dence angle 0.5 degrees) of the obtained ?lm shoWed that the 
fabricated IniZniGaiMg4O system ?lm Was an amor 
phous ?lm, since a clear diffraction peak could not be 
observed. The surface of the obtained ?lm Was ?at. 

[0280] The x value dependency of electrical conductivity, 
electron carrier density and electron mobility Were examined 
for IniZniGaiMg4O system amorphous oxide ?lms 
deposited at an oxygen partial pressure of 0.8 Pa using dif 
ferent x value targets. 

[0281] The results are shoWn in FIG. 4. It is shoWn that, 
When the x value exceeded 0.4, an electron carrier density of 
less than 1><10l 8/cm3 Was possible at an atmosphere having an 
oxygen partial pressure of 0.8 Pa. Further, for an amorphous 
oxide ?lm having an x value of more than 0.4, the electron 
mobility Was more than 1 cm2/V~sec. 

[0282] As illustrated in FIG. 4, When a target is used in 
Which the Zn is substituted With 80 atom % of Mg, and at an 
atmosphere having an oxygen partial pressure of 0.8 Pa, the 
electron carrier density of a ?lm deposited by pulsed laser 
deposition can be made to be less than 1><10l6/cm3 (electrical 
resistance of about 10-2 S/cm). Although the electron mobil 
ity of such a ?lm is loWer than that of a Mg-free ?lm, the 
difference is not large, Wherein the room temperature electron 
mobility is about 5 cm2/ (V ~sec). Compared With amorphous 
silicon, this is a value larger by about one order. When depo 
sition is conducted under the same conditions, electrical con 
ductivity and electron mobility both decrease in relation to the 
increase in Mg content. Thus, Mg content is preferably more 
than 20 atom %, and is less than 85 atom % (taking the content 
as x, 0.2<x<0.85). Even more preferable is 0.5<x<0.85. 

[0283] Even When a 200 um polyethylene terephthalate 
(PET) ?lm Was used in place of the glass substrate, the 
obtained InGaO3(Zn1_XMgxO)4 (0<x§ 1) amorphous oxide 
?lm shoWed the same characteristics. 

(Deposition of an In2O3 Amorphous Oxide Film by PLD) 

[0284] An In2O3 ?lm Was deposited by PLD using a KrF 
excimer laser onto a 200 um PET ?lm With an In2O3 poly 
crystalline sintered body serving as a target. 
[0285] The apparatus illustrated in FIG. 8 Was used as the 
apparatus. A SiO2 glass substrate (1737, manufactured by 
Coming Incorporated) Was prepared as the substrate to 
undergo deposition. 

Oct. 21,2010 

[0286] As a substrate pre-deposition treatment, degreasing 
cleaning by ultrasound Was conducted using acetone, ethanol 
and pure Water (each for 5 minutes), and then drying in air at 
100° C. 
[0287] As a target, an In2O3 sintered body (siZe: 20 mm([) 5 
mmt) Was used. The target Was prepared by subjecting an 
In2O3 (4N reagent) source material to calcining (1 ,000° C. for 
2 hours), dry grinding and sintering (1,550° C. for 2 hours). 
[0288] The groWth chamber degree of vacuum Was set to 
2x10“6 (Pa), the oxygen partial pressure during groWth Was 
set to 5 (Pa), and the substrate temperature Was set to room 
temperature. 
[0289] The oxygen partial pressure Was set to 5 Pa and the 
Water vapor partial pressure to 0.1 Pa. Oxygen radicals Were 
generated by applying 200 W to an oxygen radical generator. 
[0290] The distance betWeen the target and the substrate 
Which Was to undergo deposition Was 40 (mm). The poWer of 
the KrF excimer Was 0.5 (mJ/cm2/pulse). Pulse Width Was 20 
(nsec), and repetition frequency Was 10 (HZ). Irradiation spot 
diameter Was set at 1><1 (mm angle). 
[0291] The deposition rate Was 3 (nm/min). 
[0292] Small angle X-ray scattering method (SAXS) (thin 
?lm method, incidence angle 0.5 degrees) of the obtained ?lm 
shoWed that the fabricated In4O system ?lm Was an amor 
phous ?lm, since a clear diffraction peak could not be 
observed. Film thickness Was 80 nm. 

[0293] The obtained In4O system amorphous oxide ?lm 
had an electron carrier density of 5><1017/cm3 and an electron 
mobility of about 7 cm2/(V~sec). 

(Deposition of an IniSniO System Amorphous Oxide 
Film by PLD) 

[0294] An IniSn4O system oxide ?lm Was deposited by 
PLD using a KrF excimer laser onto a 200 um PET ?lm With 
an (InO_9SnO_l)O3_ 1 polycrystalline sintered body serving as a 
target. 
[0295] Speci?cally, a SiO2 glass substrate (1737, manufac 
tured by Coming Incorporated) Was prepared as the substrate 
to undergo deposition. 
[0296] As a substrate pre-deposition treatment, degreasing 
cleaning by ultrasound Was conducted using acetone, ethanol 
and pure Water (each for 5 minutes), and then drying in air at 
100° C. 
[0297] As a target, an In2O3iSnO2 sintered body (siZe: 20 
mm([) 5 mmt) Was prepared. The target Was prepared by sub 
jecting an In2O3iSnO2 (4N reagent) source material to 
material to Wet blending (solvent: ethanol), calcining (1 ,000° 
C. for 2 hours), dry grinding and sintering (1,550° C. for 2 
hours). 
[0298] The substrate temperature Was at room temperature. 
The oxygen partial pressure Was set to 5 (Pa) and the nitrogen 
partial pressure Was set to 0.1 (Pa). Oxygen radicals Were 
generated by applying 200 W to an oxygen radical generator. 
[0299] The distance betWeen the target and the substrate 
Which Was to undergo deposition Was 30 (mm). The poWer of 
the KrF excimer Was 1.5 (mJ/cm2/pulse). Pulse Width Was 20 
(nsec), and repetition frequency Was 10 (HZ). Irradiation spot 
diameter Was set at 1><1 (mm angle). 
[0300] The deposition rate Was 6 (nm/min). 
[0301] Small angle X-ray scattering method (SAXS) (thin 
?lm method, incidence angle 0.5 degrees) of the obtained ?lm 
shoWed that the fabricated IniSniO system ?lm Was an 
amorphous ?lm, since a clear diffraction peak could not be 
observed. 
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[0302] The obtained IniSn4O system amorphous oxide 
?lm had an electron carrier density of 8><10l7/cm3 and an 
electron mobility of about 5 cm2/(V~sec). Film thickness Was 
100 nm. 

(Deposition of an In4GaiO Amorphous Oxide Film by 
PLD) 
[0303] A SiO2 glass substrate (1737, manufactured by 
Corning Incorporated) Was prepared as the substrate to 
undergo deposition. 
[0304] As a pre-deposition treatment of the substrate, 
degreasing cleaning by ultrasound Was conducted using 
acetone, ethanol and pure Water (each for 5 minutes), and then 
drying in air at 100° C. 
[0305] As a target, an (In2O3)1_xi(Ga2O3),C @(IO-l) sin 
tered body (siZe: 20 mm([) 5 mmt) Was used When, x:0.1, for 
example, the target Would be an (InO_9GaO_1)2O3 polycrystal 
line sintered body. 
[0306] The target Was prepared by subjecting an In2O3i 
Ga2O2 (4N reagent) source material to Wet blending (solvent: 
ethanol), calcining (1,000o C. for 2 hours), dry grinding and 
sintering (1,550o C. for 2 hours). The groWth chamber degree 
of vacuum Was set to 2x10“6 (Pa), and the oxygen partial 
pressure during groWth to 1 (Pa). Deposition Was carried out 
With a substrate temperature at room temperature. The dis 
tance betWeen the target and the substrate Which Was to 
undergo deposition Was 30 (mm). The poWer of the KrF 
excimer Was 1.5 (mJ/cm2/pulse). Pulse Width Was 20 (nsec), 
and repetition frequency Was 10 (HZ). Irradiation spot diam 
eter Was set at 1><1 (mm angle). The deposition rate Was 6 

(nm/min). 
[0307] Substrate temperature Was 250 C. and the oxygen 
partial pressure Was 1 Pa. Small angle X-ray scattering 
method (SAXS) (thin-?lm method, incidence angle 0.5 
degrees) of the obtained ?lm shoWed that the fabricated 
IniGaiO system ?lm Was an amorphous ?lm, since a clear 
diffraction peak could not be observed. Film thickness Was 
120 nm. 

[0308] The obtained In4GaiO system amorphous oxide 
?lm had an electron carrier density of 8><10l6/cm3 and an 
electron mobility of about 1 cm2/(V~sec). 

(Fabrication of a TFT Device Using an IniZn4Ga4O 
System Amorphous Oxide Film (Glass Substrate)) 

TFT Device Fabrication 

[0309] The top-gate type TFT device illustrated in FIG. 5 
Was fabricated. 

[0310] First, an IniGaiZniO system amorphous oxide 
?lm Was fabricated onto a glass substrate 1 using the above 
described PLD apparatus under an oxygen partial pressure of 
5 Pa With a polycrystalline sintered body having an InGaO3 
(ZnO)4 composition serving as the target. A 120 nm thick 
IniGaiZniO system amorphous oxide ?lm to be used as 
a channel layer 2 Was formed. 

[0311] Next, the oxygen partial pressure in the chamber 
Was set to be less than 1 Pa, and high-electrical-conductivity 
IniGaiZniO system amorphous oxide ?lm and gold ?lm 
Were each laminated on top of this layer to a 30 nm thickness 
by PLD. A drain terminal 5 and source terminal 6 Were 
formed by photolithography and a lift-off technique. 
[0312] Finally, a YZO3 ?lm to be used as a gate insulating 
?lm 3 Was deposited by electron beam deposition (thickness: 
90 nm; relative dielectric constant: about 15; leak current 

Oct. 21,2010 

density: 10'3 A/cm2 When applying 0.5 MV/cm). Gold Was 
deposited on top of this ?lm, and a gate terminal 4 Was formed 
by photolithography and a lift-off technique. Channel length 
Was 50 um and channel Width Was 200 um. 

TFT Device Characteristics Evaluation 

[0313] FIG. 6 illustrates the current-voltage characteristics 
of a TFT device measured at room temperature. It can be seen 
that the channel is an n-type conductor from the fact that the 
drain current I D S increases in conjunction With an increase in 
the drain voltage VDS. 
[0314] This does not contradict the fact that an amorphous 
IniGaiZniO system amorphous oxide ?lm is an n-type 
semiconductor. This shoWs the behavior of a typical transistor 
Wherein the I DS is VDSIabOut 6 V and is saturated (pinched 
off). A check of the gain characteristics shoWed that the 
threshold of the gate voltage VGS When VDSI4 V applied Was 
approximately —0.5 V. 
[0315] Further, When VG:10 V, a current of IDS:1.0><10_5 
A ?oWed. This matches With the fact that carriers Were able to 
be induced in the IniGaiZniO system amorphous oxide 
?lm of the insulating body from the gate bias. 
[0316] The transistor on/off ratio Was more than 103 . Cal 
culation of the ?eld effect mobility from the output charac 
teristics shoWed that a ?eld effect mobility of about 7 cm2 
(V s)“1 Was obtained in the saturated region. Although the 
same measurements Were performed by irradiating visible 
light on the fabricated device, no change in the transistor 
characteristics could be con?rmed. 
[0317] Further, setting the electron carrier density of the 
amorphous oxide to be less than 1><10l8/cm3 alloWs applica 
tion as a channel layer. This electron carrier density Was 
preferably 1><10l7/cm3 or less, and Was more preferably 
1><10l6/cm3 or less. 

(Fabrication of a TFT Device Using an IniZn4Ga4O 
System Amorphous Oxide Film (Amorphous Substrate)) 

[0318] The top-gate type TFT device illustrated in FIG. 5 
Was fabricated. First, a 120 nm thick IniZn4Ga4O system 
amorphous oxide ?lm to be used as a channel layer 2 Was 
formed onto a polyethylene terephthalate (PET) substrate 1 
by PLD under an oxygen partial pressure of 5 Pa With a 
polycrystalline sintered body having an InGaO3 (ZnO) com 
position serving as the target. 
[0319] Next, the oxygen partial pressure in the chamber 
Was set to be less than 1 Pa, and high-electrical-conductivity 
IniZniGaiO system amorphous oxide ?lm and gold ?lm 
Were each laminated on top of this layer to a-30 nm thickness 
by PLD. A drain terminal 5 and source terminal 6 Were 
formed by photolithography and a lift-off technique. Finally, 
aY2O3 ?lm to be used as a gate insulating ?lm 3 Was depos 
ited by electron beam deposition. Gold Was deposited on top 
of this ?lm, and a gate terminal 4 Was formed by photolithog 
raphy and a lift-off technique. Channel length Was 50 um and 
channel Width Was 200 um. Three kinds of TFT Were fabri 
cated having the above-described structure employing YZO3 
(thickness: 140 nm), Al2O3 (thickness: 130 um) and HfO2 
(thickness: 140 pm) as the gate insulating ?lm. 

TFT Device Characteristics Evaluation 

[0320] The current-voltage characteristics of the TFT 
devices formed on a PET ?lm measured at room temperature 
Were the same as that in FIG. 6. That is, it can be seen that the 
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channels Were an n-type conductor from the fact that the drain 
current I DS increases in conjunction With an increase in the 
drain voltage VDS. This does not contradict the fact that an 
amorphous In4GaiZn4O system amorphous oxide ?lm is 
an n-type semiconductor. This shoWs the behavior of atypical 
transistor Wherein the I DS is VDSIabOut 6 V and is saturated 
(pinched-off). Further, When VGIO, a current of I(,,S:l0_8 A 
?oWed, and When VGIIO V, a current of IDS:2.0><l0_5 A 
?oWed. This matches With the fact that carriers Were able to be 
induced in the IniGaiZn4O system amorphous oxide 
?lm of the insulating body from the gate bias. 
[0321] The transistor on/off ratio Was more than 103. Cal 
culation of the ?eld effect mobility from the output charac 
teristics shoWed that a ?eld effect mobility of about 7 cm2 
(Vs)_l Was obtained in the saturated region. 
[0322] Although the same measurements for transistor 
characteristics Were performed by bending the devices fabri 
cated on a PET ?lm at a 30 mm radius of curvature, no change 
in the transistor characteristics could be con?rmed. In addi 
tion, the same measurements Were performed by irradiating 
visible light on the fabricated devices, although no change in 
the transistor characteristics could be con?rmed. 
[0323] Even the TFT using an Al2O3 ?lm as the gate insu 
lating ?lm shoWed transistor characteristics similar to those 
illustrated in FIG. 6, although When VGIO, a current of 
I dSIlO‘6 A ?oWed, and WhenVG:l0V, a current of IDS:5.0>< 
10'6 A ?oWed. The transistor on/off ratio Was more than 102. 
Calculation of the ?eld effect mobility from the output char 
acteristics shoWed that a ?eld effect mobility of about 2 cm2 
(Vs)_l Was obtained in the saturated region. 
[0324] Even the TFT using an HfO2 ?lm as the gate insu 
lating ?lm shoWed transistor characteristics similar to those 
illustrated in FIG. 6, although When VGIO, a current of 
I (15:10“6 A ?oWed, and WhenVG:l0V, a current of IDSII .0>< 
10'6 A ?oWed. The transistor on/off ratio Was more than 102. 
Calculation of the ?eld effect mobility from the output char 
acteristics shoWed that a ?eld effect mobility of about 10 
cm2(Vs)_l Was obtained in the saturated region. 

(Fabrication of a TFT Device Using an In2O3 Amorphous 
Oxide Film by PLD) 

[0325] The top-gate type TFT device illustrated in FIG. 5 
Was fabricated. First, an 80 nm thick In2O3 amorphous oxide 
?lm to be used as a channel layer 2 Was formed onto a 
polyethylene terephthalate (PET) substrate 1 by PLD. 
[0326] Next, the oxygen partial pressure in the chamber 
Was set to be less than 1 Pa, and the applied voltage to the 
oxygen radical generator Was set to Zero. High-electrical 
conductivity In2O3 amorphous oxide ?lm and gold ?lm Were 
each laminated on top of the above layer to a 30 nm thickness 
by PLD. A drain terminal 5 and source terminal 6 Were 
formed by photolithography and a lift-off technique. Finally, 
aY2O3 ?lm to be used as a gate insulating ?lm 3 Was depos 
ited by electron beam deposition. Gold Was deposited on top 
of this ?lm, and a gate terminal 4 Was formed by photolithog 
raphy and a lift-off technique. 

TFT Device Characteristics Evaluation 

[0327] The current-voltage characteristics of a TFT device 
formed on a PET ?lm Were measured at room temperature. It 
can be seen that the channel is an n-type semiconductor from 
the fact that the drain current IDS increases in conjunction 
With an increase in the drain voltage VDS. This does not 
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contradict the fact that an amorphous In4O system amor 
phous oxide ?lm is an n-type conductor. This shoWs the 
behavior of a typical transistor Wherein the I DS is VDSIabOut 
5 V and is saturated (pinched-off). Further, When VGIO, a 
current of I dS:2><l0_8 A ?oWed, and When VGII 0V, a current 
of IDS:2.0><l0_6 A ?oWed. This matches With the fact that 
carriers Were able to be induced in the IniO system amor 
phous oxide ?lm of the insulating body from the gate bias. 
[0328] The transistor on/off ratio Was about 102. Calcula 
tion of the ?eld effect mobility from the output characteristics 
shoWed that a ?eld effect mobility of about 10 cm2(Vs)_l Was 
obtained in the saturated region. A TFT device fabricated on 
a glass substrate also shoWed the same characteristics. 
[0329] Although the same measurements of transistor char 
acteristics Were performed by bending the device fabricated 
on a PET ?lm at a 30 mm radius of curvature, no change in the 
transistor characteristics could be con?rmed. 

(Fabrication of a TFT Device Using an IniSniO System 
Amorphous Oxide Film by PLD) 

[0330] The top-gate type TFT device illustrated in FIG. 5 
Was fabricated. First, a 100 nm thick IniSniO system 
amorphous oxide ?lm to be used as a channel layer 2 Was 
formed onto a polyethylene terephthalate (PET) substrate 1 
by PLD. Next, the oxygen partial pressure in the chamber Was 
set to be less than 1 Pa, and the applied voltage to the oxygen 
radical generator Was set to Zero. High-electrical-conductiv 
ity IniSn4O system amorphous oxide ?lm and gold ?lm 
Were each laminated on top of the above layer to a 30 nm 
thickness by PLD. A drain terminal 5 and source terminal 6 
Were formed by photolithography and a lift-off technique. 
Finally, aY2O3 ?lm to be used as a gate insulating ?lm 3 Was 
deposited by electron beam deposition. Gold Was deposited 
on top of this ?lm, and a gate terminal 4 Was formed by 
photolithography and a lift-off technique. 

TFT Device Characteristics Evaluation 

[0331] The current-voltage characteristics of a TFT device 
formed on a PET ?lm Were measured at room temperature. It 
can be seen that the channel is an n-type semiconductor from 
the fact that the drain current I DS increases in conjunction 
With an increase in the drain voltage VDS. This does not 
contradict the fact that IniSniO system amorphous oxide 
?lm is an n-type conductor. This shoWs the behavior of a 
typical transistor Wherein the I DS is I DSIabOut 6 V and is 
saturated (pinched-off). Further, When VGIO, a current of 
I dS:5><l0_8 A ?oWed, and When VGII 0 V, a current of I DSIS. 
0x10‘5 A ?oWed. This matches With the fact that carriers Were 
able to be induced in the IniSn4O system amorphous oxide 
?lm of the insulating body from the gate bias. 
[0332] The transistor on/off ratio Was about 103. Calcula 
tion of the ?eld effect mobility from the output characteristics 
shoWed that a ?eld effect mobility of about 5 cm2(Vs)_l Was 
obtained in the saturated region. A TFT device fabricated on 
a glass substrate also shoWed the same characteristics. 
[0333] Although the same measurements of transistor char 
acteristics Were performed by bending the device fabricated 
on a PET ?lm at a 30 mm radius of curvature, no change in the 
transistor characteristics could be con?rmed. 

(Fabrication of a TFT Device Using an In4Ga4O System 
Amorphous Oxide Film by PLD) 
[0334] The top-gate type TFT device illustrated in FIG. 5 
Was fabricated. First, a 120 nm thick In4Ga4O system 














