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DESCRIPTION

THIN-FILM TRANSISTOR AND METHOD OF MANUFACTURING SAME

TECHNICAL FIELD

The present invention relates to a thin-film

transistor using an oxide semiconductor, a method of

manufacturing the thin-film transistor, and a display

unit using the thin-film transistor. More

particularly, the present invention relates to a

thin-film transistor using an oxide semiconductor and

capable of being used as the switching device of a

display unit, such as an LCD and an organic EL

display, a method of manufacturing the thin-film

transistor, and a display unit using the thin-film

transistor .

BACKGROUND ART

In recent years, there has been actively

developed a thin-film transistor (TFT) which uses a

transparent polycrystalline oxide thin film formed

using ZnO as a primary constituent for the channel

layer of the TFT (refer to Japanese Patent

Application Laid-Open No. 2002-076356) . Since the

thin film can be formed at low temperatures and is

transparent to visible light, it is considered

possible to form flexible transparent TFTs on a



substrate, such as a plastic plate or film.

Nature, 488,432, (2004) discloses a technique to

use a transparent amorphous oxide semiconductor layer

(a-IGZO) made of indium, gallium, zinc and oxygen for

the channel layer of a TFT. The literature shows that

flexible, transparent TFTs exhibiting an excellent

electric field-effect mobility of 6 to 9 Cm2V 1S 1 can

be formed at a room temperature on a substrate, such

as a polyethylene terephthalate (PET) film.

J . Non-Crystalline Solid, 352 (2006), 1749-1752

shows that in a TFT using an oxide semiconductor

layer made of indium, zinc and oxygen, it is possible

to control the electric field-effect mobility µ, the

on/off ratio, and the S value of the TFT by

controlling the thickness of the oxide semiconductor

layer .

In addition, Nikkei Microdevices, February, 2006,

p . 74, Table 2 , describes that the operation of

flexible electronic paper has been verified using a

TFT that uses an a-IGZO.

DISCLOSURE OF THE INVENTION

The present inventors have conducted energetic

research and development on a bottom-gate TFT with a

protective layer using such an oxide semiconductor as

shown in FIG. 1 . As a result, the inventors have

found that the carrier density of an oxide



semiconductor interface changes depending on a film-

forming (which is also referred to as a deposition)

atmosphere when forming the protective layer. The

bottom-gate TFT uses a substrate 101 made of low-

resistance n-type crystalline silicon as a gate

electrode 102. The bottom-gate TFT is comprised of a

gate insulating film 103, which is made of a thermal

silicon oxide and formed on the substrate 101 also

serving the gate electrode 102, an oxide

semiconductor 104, a protective layer 105, a source

electrode 106, and a drain electrode 107. According

to the knowledge of the present inventors, a

threshold voltage Vth and Von (Von is a voltage

applied to the gate when a drain current (Id) rises

in the Vg-Id characteristic of the TFT) change (also

referred to as "shift") in the Vg-Id characteristic,

depending on formation conditions. For example, an

off-state current becomes significantly large when

the protective layer is formed in an Ar atmosphere,

thereby making no favorable TFT characteristics

unavailable. This is considered due to an increase in

the amount of carriers in the oxide semiconductor

interface. The amount of carriers in the oxide

semiconductor interface decreases if the amount of

oxygen contained in a film-forming gas is increased.

Hence, the following simulation was carried out,

in order to examine how Von was affected in a case



where a carrier density distribution was present in

the oxide semiconductor layer. That is, a simulation

was performed on a Vg-Id characteristic in such a

bottom-gate (inversely staggered) TFT model, the

oxide semiconductor layer of which was formed of two

layers having different carrier densities, as shown

in FIG. 2 . The TFT is comprised of a substrate 201, a

gate electrode 202, a gate insulating film 203, an

oxide semiconductor A 204, an oxide semiconductor B

205, a protective layer 206, a source electrode 207,

and a drain electrode 208. The result of this

simulation is illustrated in FIG. 3 , where the oxide

semiconductor layer was set to a thickness of 30 nm,

25 nm of which was a gate insulating layer-side

thickness, and Vth was set to 0 V . In addition,

calculations were made by fixing the gate insulating

layer-side carrier density of the oxide semiconductor

layer to lχ lθ17 (I/cm3) and setting the protective

layer-side carrier density thereof to lχ lθ16 (I/cm3) ,

IxIO 17 (I/cm3) and IxIO 18 (I/cm3) . FIG. 3B is a

partially enlarged view of FIG. 3A. From this result,

it is understood that if the protective layer-side

carrier density is made higher than the gate

insulating layer-side carrier density, Von shifts

toward a more negative side than when the carrier

densities are the same. Conversely, it is understood

that if the protective layer side-carrier density is



made lower than the gate insulating layer-side

carrier density, Von shifts toward a more positive

side, though slightly, than when the carrier

densities are the same.

In a luminescent display unit, a thin-film

transistor (TFT) is frequently used as a switching

device for controlling luminescence. The power

consumption P of the switching device when the TFT is

used as the switching device of a luminescent display

unit can be represented as p oc θ ∆V»f/2. Here, C

denotes the capacitance of mostly wirings, ∆V denotes

an AC voltage amplitude (Vth - Von) + margin, and f

denotes an AC frequency. This relational expression

shows that the power consumption P increases as the

∆V becomes larger. Considering environmental load, it

is desirable that the power consumption be low. As is

understood from the simulation result described

earlier, Von shifts toward a negative side if the

carrier density of the protective layer-side

interface of the oxide semiconductor is higher than

the carrier density of the gate insulating layer-side

interface thereof. Consequently, Vth - Von becomes

larger and the power consumption increases.

The present invention has been accomplished in

view of the above-described problem. It is therefore

an object of the present invention to provide a thin-

film transistor and a method of manufacturing the



thin-film transistor wherein the carrier density of

the protective layer-side interface of an oxide

semiconductor layer is lower than the gate insulating

layer-side carrier density thereof.

In addition, as is disclosed in J . Non-

Crystalline Solid, 352, (2006), 1749-1752, it is

known that the electron field-effect mobility µ, the

on/off ratio, and the S value vary depending on the

film thickness of the oxide semiconductor layer.

Hence, it is another object of the present invention

to optimize the film thickness of an amorphous oxide

semiconductor layer that includes at least one of the

elements In, Ga and Zn.

The present invention is directed to a thin-film

transistor comprising at least a substrate, a gate

electrode, a gate insulating layer, an oxide

semiconductor layer, a source electrode, a drain

electrode and a protective layer, wherein the oxide

semiconductor layer is an amorphous oxide containing

at least one of the elements In, Ga and Zn, the gate

electrode-side carrier density of the oxide

semiconductor layer is higher than the protective

layer-side carrier density thereof, and the film

thickness of the oxide semiconductor layer is 30 nm ±

15 nm. In addition, the thin-film transistor is a

bottom-gate transistor.

The present invention is also directed to a



method of manufacturing a thin-film transistor,

comprising at least forming a gate electrode on a

substrate, forming a gate insulating layer, forming

an oxide semiconductor layer, forming a source

electrode and a drain electrode, and forming a

protective layer, wherein the forming of the

protective layer is performed by a sputtering method

in an oxygen-containing atmosphere. In addition, the

oxygen-containing atmosphere is a mixed gas of O and

Ar. Furthermore, the O2/Ar mixing ratio of the mixed

gas of O and Ar is 20% or more and 50% or less.

The present invention is also directed to a

display unit comprising at least a thin-film

transistor and a display device connected to the

thin-film transistor through an electrode, wherein

the above-described thin-film transistor is used as

the thin-film transistor.

According to the present invention, it is

possible to reduce power consumption in a display

unit which uses a bottom-gate thin-film transistor

with a protective layer using an oxide semiconductor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating a

bottom-gate TFT with a protective layer using a

thermally-oxidized film as a gate insulating layer.

FIG. 2 is a schematic view illustrating a



bottom-gate TFT model, the active layer of which is

formed of two layers having different carrier

densities .

FIG. 3A and 3B are graphical views illustrating

the results of simulating the bottom-gate TFT model,

the active layer of which is formed of two layers

having different carrier densities.

FIG. 4 is a schematic view illustrating a

bottom-gate TFT with a protective layer according to

the present invention.

FIG. 5 is a graphical view illustrating the

dependence of carrier concentration upon an oxygen

partial pressure.

FIG. 6 is a schematic view illustrating a cross

section of one example of a display unit according to

the present invention.

FIG. 7 is a schematic view illustrating a cross

section of another example of a display unit

according to the present invention.

FIG. 8 is a graphical view illustrating the

transfer characteristic of a TFT fabricated in

Exemplary Embodiment 1 .

FIG. 9 is a graphical view illustrating the

transfer characteristic of a TFT (protective layer-

forming atmosphere: Ar gas) fabricated in Comparative

Example 1 .

FIG. 10 is a graphical view illustrating the



transfer characteristic of a TFT (protective layer-

forming atmosphere: Ar :O2 = 90:10 gas) fabricated in

Comparative Example 1 .

FIG. 11 is a graphical view where the axis of

abscissa represents the film thickness of an oxide

semiconductor and the axis of ordinate represents the

mobility µ, the on/off ratio (Log (Idmax/Idmin) ) and

the S value.

FIG. 12 is a graphical view illustrating the

transfer characteristic of a TFT fabricated in

Exemplary Embodiment 2 .

BEST MODES FOR CARRYING OUT THE INVENTION

Best mode of the present invention will be

described in detail hereinafter with reference to the

accompanying drawings.

First, the structure and the manufacturing

method of a TFT according to the present invention

will be described.

FIG. 4 illustrates a cross section of a bottom-

gate (inversely staggered) TFT of the present

invention. The bottom-gate TFT is formed of a

substrate 401, a gate electrode 402, a gate

insulating layer 403, a channel layer 404, a

protective layer 405, a source electrode 406, and a

drain electrode 407.

As the substrate 401, a glass substrate is used.



In the present invention, a 1737 glass substrate made

by Corning is used as the glass substrate.

As the gate electrode 402, the source electrode

406 and the drain electrode 407, films of metal, such

as Au, Pt, Al, Ni or Ti, or oxides, such as ITO or

RuO2, are used. For the gate insulating layer 403,

SiO2 is desirably used. Alternatively, a material

containing at least one of SiO2, Y2O3, Al2O3, HfO 2 and

TiO can be used as the gate insulating layer.

As a method of film-forming the gate insulating

layer 403, a vapor deposition method, such as a

sputtering method, a pulse laser vapor deposition

method, or an electron beam vapor deposition method

can be suitably used. However, the film-forming

method is not limited to these methods.

The channel layer 404 is an oxide semiconductor

layer and, more specifically, an amorphous oxide

containing at least one of In, Ga and Zn.

Alternatively, the channel layer 404 may be an

amorphous oxide further containing at least one of Al,

Fe, Sn, Mg, Ca, Si and Ge, in addition to In, Ga or

Zn, and having a conductivity of 10 7 S/cm or more and

10 3 S/cm or less.

Under normal conditions, an oxygen partial

pressure is controlled at the time of film-forming,

in order to control the electric conductivity and the

electron carrier concentration of an oxide. That is,



mainly the amount of oxygen deficiency in thin films

is controlled by controlling the oxygen partial

pressure, thereby controlling the electron carrier

concentration. FIG. 5 is a graphical view

illustrating one example of the dependence of a

carrier concentration on an oxygen partial pressure

when an In-Ga-Zn-O-based oxide film is formed by a

sputtering method. By highly controlling the oxygen

partial pressure, it is possible to obtain a semi-

insulating film which is a semi-insulating amorphous

oxide film having an electron carrier concentration

of 1014 to 1018/cm3. Thus, an excellent TFT can be

fabricated by applying this thin film to a channel

layer.

As a method of film-forming the channel layer

404, it is desirable to use a vapor deposition method,

such as a sputtering method, a pulse laser vapor

deposition method, or an electron beam vapor

deposition method. However, the film-forming method

is not limited to these methods.

In addition, from the relationship among the

electron field-effect mobility µ, the on/off ratio,

the threshold voltage Vth and the S value, the film

thickness of the oxide semiconductor is desirably 30

nm ± 15 nm including a margin. The reason for this

will be described in detail in the later-described

exemplary embodiments.



For the protective layer 405, a metal oxide film

containing at least one metal element is used. Among

metal oxides, one containing at least one of the

oxides listed below is more desirably used as the

protective layer:

SiO2, Al2O3, Ga2O3, In2O3, MgO, CaO, SrO, BaO, ZnO,

Nb2O5, Ta2O5, TiO 2, ZrO2, HfO2, CeO 2, Li2O , Na2O , K2O ,

Rb2O , Sc2O3, Y2O3, La2O3, Nd2O3, Sm2O3, Gd2O3, Dy2O3, Er2O3,

and Yb2O3.

Furthermore, a silicon oxynitride (SiOxNy) may

be used in place of these metal oxides.

As a method of forming any of the above-

described metal oxides or SiOxNy on the TFT as a

protective layer, a sputtering method is used. FiIm-

forming is carried out in an oxygen-containing

atmosphere during sputtering. In this example, a

mixed gas of O2 and Ar is used as the oxygen-

containing atmosphere.

According to the knowledge of the present

inventors, there is no upper limit for the 02/Ar

mixing ratio of a sputtering film-forming gas (which

is also referred to as a sputtering deposition gas)

under the condition of forming amorphous SiOx having

an effect of suppressing such oxygen-defect

production as described earlier. Thus, the

suppression effect is also available in a 100% O2 gas

atmosphere. However, the speed of film-forming



decreases as the result of the O2/Ar mixing ratio

being increased. From the viewpoint of productivity

and cost, the 02/Ar mixing ratio of the sputtering

film-forming gas is optimally approximately 50% or

lower. The relationship between the 02/Ar mixing

ratio of the sputtering film-forming gas and the

film-forming speed of amorphous SiOx is also dependent

on film-forming parameters, such as a film-forming

gas pressure and a substrate-to-target distance. In

particular, this relationship is extremely sensitive

to an oxygen partial pressure. For this reason, film-

forming conditions with a high oxygen partial

pressure are less frequently used as a rule. Under

these film-forming conditions, the film-forming

speeds were 77% and 39%, respectively, for 02/Ar gas

mixing ratios of 10% and 50% when an 02/Ar gas mixing

ratio of 0% was defined as the standard (100%) of

film-forming speed. Since the carrier density of the

oxide semiconductor interface becomes higher for an

02/Ar gas mixing ratio of 10% or lower, Vth and Von

shift greatly. Accordingly, the O2/Ar mixing ratio of

the sputtering film-forming gas is desirably 20% or

more and 50% or less.

By carrying out film-forming as described above,

the gate electrode-side carrier density of the oxide

semiconductor layer, which is a channel layer,

becomes higher than the protective layer-side carrier



density thereof. Thus, the power consumption of the

thin-film transistor becomes lower.

Next, a specific configuration example of the

display unit of the present invention will be

described using a cross-sectional drawing of the

display unit.

A display unit can be configured by connecting

the electrode of a display device, such as an organic

or inorganic electroluminescence (EL) device or a

liquid crystal device, to the drain which is the

output terminal of the above-described thin-film

transistor .

For example, as illustrated in FIG. 6 , a TFT

comprised of a gate electrode 612, a gate insulating

layer 613, an oxide semiconductor layer 614, a

protective layer 615, a source (drain) electrode 616

and a drain (source) electrode 617 is formed on a

substrate 611. An electrode 618 is connected to the

drain (source) electrode 617 through an interlayer

insulating layer 619. The electrode 618 is in contact

with a luminescent layer 620 and the luminescent

layer 620 is in contact with an electrode 621. With

such a configuration as described above, it is

possible to control a current injected into the

luminescent layer 620 by a current flowing from the

source (drain) electrode 616 to the drain (source)

electrode 617 through a channel formed in the oxide



semiconductor layer 614. Accordingly, the current can

be controlled by the voltage of the gate 612 of the

TFT. Note here that the electrode 618, the

luminescent layer 620 and the electrode 621 form an

organic or inorganic electro-luminescence device.

Alternatively, a configuration can be employed

in which a drain (source) electrode 717 extended so

as to also serve as an electrode 718, as shown in FIG.

7 , is used as an electrode 723 whereby a voltage is

applied to a liquid crystal cell or an

electrophoretic particle cell 721 held between high-

resistance films 720 and 722. The liquid crystal cell

or electrophoretic particle cell 721, the high-

resistance films 720 and 722, the electrode 718, and

the electrode 723 form a display device. The voltage

applied to these display devices can be controlled by

a current flowing from the source electrode 716 to

the drain electrode 717 through a channel formed in

the oxide semiconductor layer 714. Accordingly, the

current can be controlled by the voltage of the gate

712 of the TFT. Note here that the high-resistance

films 720 and 722 are not necessary if the display

medium of the display device is a capsule wherein a

fluid and particles are sealed within an insulating

film.

The above-described two examples illustrate that

a pair of electrodes for driving the display device



are provided in parallel with the substrate. However,

the present exemplary embodiment is not limited to

this configuration. For example, either one or both

of the electrodes may be provided vertical to the

substrate as long as the connection between the drain

electrode, which is the output terminal of the TFT,

and the display device remains topologically the sam e

The above-described two examples also illustrate

that only one TFT connected to the display device is

shown. However, the present invention is not limited

to this configuration. For example, the TFT shown in

the figure may further be connected to another TFT.

In a case where the pair of electrodes for

driving the display device are provided in parallel

with the substrate, either one of the electrodes is

required to be transparent to an emission wavelength

or the wavelength of reflecting light, if the display

device is a reflective display device, such as an EL

device or a reflective liquid crystal device. If the

display device is a transmissive display device, such

as a transmissive liquid crystal device, both

electrodes are required to be transparent to

transmitting light.

Furthermore, all structures can be made

transparent in the TFT of the present exemplary-

embodiment. Hence, it is possible to form a

transparent display device. Such a display device can



also be provided on a less heat-resistant substrate,

including a plastic substrate made of a lightweight,

flexible, transparent resin.

Exemplary Embodiments

Next, exemplary embodiments of the present

invention will be described using the accompanying

drawings. However, the present invention is not

limited to the exemplary embodiments described

hereinafter .

(Exemplary Embodiment 1 )

In the present exemplary embodiment, a bottom-

gate (inversely staggered) TFT illustrated in FIG. 1

was fabricated. The TFT in FIG. 1 uses low-resistance

n-type crystalline silicon for a substrate 101 also

serving as a gate electrode 102, and a thermal

silicon oxide for a gate insulating film 103. The TFT

further includes an oxide semiconductor 104, a

protective layer 105, a source electrode 106 and a

drain electrode 107.

First, a 20 nm thick In-Ga-Zn-O oxide

semiconductor was deposited by an RF sputtering

method on the low-resistance n-type crystalline

silicon substrate as the oxide semiconductor layer

104, using a polycrystalline sintered object having

an InGaO 3 (ZnO) composition as a target. In the

present exemplary embodiment, the RF power applied at

that time was 200 W . The atmosphere applied at the



time of film-forming was at a full pressure of 0.5 Pa,

and the gas flow rate ratio at that time was Ar:O =

95:5. The film-forming rate was 8 nm/min. In

addition, the substrate temperature was 25°C.

Photolithography and etching methods were

applied to the deposited In-Ga-Zn-O oxide

semiconductor to process the oxide semiconductor into

an appropriate size. Next, a 5 nm thick Ti film, a 50

nm thick Au film, and another 5 nm thick Ti film were

deposited in this order. Then, the source electrode

106 and the drain electrode 107 were deposited by

photolithography and lift-off methods.

An SiO2 film was further deposited as the

protective layer 105 on top of these electrodes to a

thickness of 100 nm by a sputtering method. In the

present exemplary embodiment, the RF power applied at

that time was 400 W . The atmosphere applied at the

time of film-forming was at a full pressure of 0.1 Pa,

and the gas flow rate ratio at that time was Ar:O2 =

50:50. The film-forming rate was 2 nm/min. In

addition, the substrate temperature was 25°C.

Next, the upper portions of the drain electrode

106 and the source electrode 107 were partially

removed by photolithography and etching methods to

form contact holes, thereby fabricating the TFT.

FIG. 8 is a graphical view illustrating the

transfer characteristic of the TFT fabricated in the



present exemplary embodiment. The TFT characteristics

evaluated from this graph were as follows: threshold

voltage Vth = 11.57V, ' Von = 5.75V, mobility µ = 8.03

(cm2/V-s), S value = 0.63 (V/decade) , on/Off ratio =

108-35 .

(Comparative Example 1 )

In this comparative example, TFTs were

fabricated in those cases where the atmosphere was an

Ar gas and where the gas flow rate ratio was Ar:O2 =

90:10 when forming the protective layer in Exemplary

Embodiment 1 , to characterize the TFTs.

FIGS. 9 and 10 illustrate the transfer

characteristics of the respective TFTs.

From FIG. 9 , it is understood that the TFT, the

protective layer of which was formed in an Ar gas,

has a significantly large off-state current and,

therefore, favorable TFT characteristics are not

available. The possible reason for this is that as

the result of the protective layer having been formed

in an Ar gas atmosphere, the carrier density of an

oxide semiconductor interface became significantly

high .

According to FIG. 10, the characteristic values

of the TFT, the protective layer of which was

fabricated with a gas flow rate ratio of Ar:O2 = 90:10

were as follows: threshold voltage Vth = -9.3 V , Von

= -25.3 V .



From the results described above, it is

understood that the value of Vth - Von has become

larger than the value in Exemplary Embodiment 1.

Consequently, it is understood that the amount of O2

is insufficient if the O2/Ar gas mixing ratio is 10%.

(Comparative Example 2 )

In this comparative example, TFTs were

fabricated by setting the film thickness of the oxide

semiconductor to 10 nm, 30 nm and 50 nm in Exemplary

Embodiment 1 , with other conditions kept the same as

in Exemplary Embodiment 1 , to characterize the TFTs.

FIG. 11 shows the characteristic values

(mobility µ, on/off ratio (Log (Idmax/Idmin) ), and S

value) of the TFTs evaluated from the transfer

characteristics of the TFTs fabricated with the

respective film thicknesses.

In the TFT in which the film thickness of an

oxide semiconductor is 10 nm, it is understood that

the mobility and the on/off ratio are low and the S

value is large, thus exhibiting unfavorable TFT

characteristics. It is also understood that the

mobility and the on/off ratio are optimum at 30 nm

for a film thickness of the oxide semiconductor of 20

nm or greater, and the S value worsens as the film

thickness increases.

Accordingly, a film thickness of 30 nm ± 15 nm

including a margin is considered desirable.



(Exemplary Embodiment 2 )

In the present exemplary embodiment, the bottom-

gate TFT illustrated in FIG. 4 was fabricated.

A s a substrate 401, a Corning 1737 glass

substrate was used. First, a 5 nm thick Ti film, a 50

nm thick Au film, and another 5 nm thick Ti film were

deposited in this order on the substrate 401 by an

electron beam deposition method. The deposited films

were formed into a gate electrode 402 by

photolithography and lift-off methods. In addition, a

200 nm thick SiC>2 film was formed on top of the

electrode by an RF sputtering method to form a gate

insulating layer 403. Subsequently, a 20 nm thick In-

Ga-Zn-O oxide semiconductor was deposited as a

channel layer 404 by an RF sputtering method using a

polycrystalline sintered object having an InGaO (ZnO)

composition as a target.

In the present exemplary embodiment, the RF

power applied was 200 W . The atmosphere applied at

the time of film-forming was at a full pressure of

0.5 Pa, and the gas flow rate ratio at that time was

A r :O2 = 95:5. The film-forming rate was 8 nm/min. In

addition, the substrate temperature was 25°C.

Photolithography and etching methods were

applied to the deposited In-Ga-Zn-O oxide

semiconductor to process the oxide semiconductor into

an appropriate size. Next, a 5 nm thick Ti film, a 50



nm thick Au film, and another 5 nm thick Ti film were

deposited in this order. Then, the source electrode

406 and the drain electrode 407 were formed by

photolithography and lift-off methods. In addition,

an SiO film was formed on top of the electrodes to a

thickness of 100 nm by a sputtering method as a

protective layer 405.

In the present exemplary embodiment, the RF

power applied was 400 W . The atmosphere applied at

the time of film-forming was at a full pressure of

0.1 Pa, and the gas flow rate ratio at that time was

Ar: θ2 = 50:50. The film-forming rate was 2 nm/min.

In addition, the substrate temperature was 25°C.

Next, the upper portions of the gate electrode

401, the drain electrode 406 and the source electrode

407 were partially removed by photolithography and

etching methods to form contact holes. Finally,

annealing was carried out at 200 0C to fabricate the

TFT.

FIG. 12 is a graphical view illustrating the

transfer characteristic of the TFT fabricated in the

present exemplary embodiment. The TFT characteristics

evaluated from this graph were as follows: threshold

voltage Vth = 8.1 V , Von = 0.3V, mobility = 4.11

(cm2/V-s), S value = 0.58 (V/decade) , On/Off ratio =

1 0 8.63_



(Exemplary Embodiment 3 )

In the present exemplary embodiment, a display

unit using the TFT illustrated in FIG. 4 will be

described.

First, a method of manufacturing the TFT will be

described using FIG. 4 .

As a substrate 401, a Corning 1737 glass

substrate was used. A 150 nm thick ITO film was

formed on the substrate 401 by a sputtering method.

Next, a gate electrode 402 was formed using

photolithography and etching methods. In addition, a

200 nm thick SiO film was formed on top of the gate

electrode by an RF sputtering method, to form a gate

insulating layer 403. Subsequently, a 20 nm thick In-

Ga-Zn-O oxide semiconductor was deposited as a

channel layer 404 by an RF sputtering method using a

polycrystalline sintered object having an InGaO (ZnO)

composition as a target. In the present exemplary

embodiment, the RF power applied at that time was 200

W . The atmosphere applied at the time of film-forming

was at a full pressure of 0.5 Pa, and the gas flow

rate ratio at that time was Ar: θ 2 = 95:5. The film-

forming rate was 8 nm/min. In addition, the substrate

temperature was 25°C.

Photolithography and etching methods were

applied to the deposited In-Ga-Zn-O oxide

semiconductor to process the oxide semiconductor into



an appropriate size. Next, an ITO film was formed by

a sputtering method. Then, the source electrode 406

and the drain electrode 407 were formed by

photolithography and etching methods.

An SiO2 film was further deposited as a

protective layer 405 on top of these electrodes to a

thickness of 100 nm by a sputtering method. In the

present exemplary embodiment, the RF power applied at

that time was 400 W . The atmosphere applied at the

time of film-forming was at a full pressure of 0.1 Pa,

and the gas flow rate ratio at that time was Ar :O =

50:50. The film-forming rate was 2 nm/min. In

addition, the substrate temperature was 25°C.

Next, a display unit which uses the above-

described TFT will be described using FIG. 7 . The

drain electrode of the TFT was extended by up to 100

µm . After securing wiring lines to the source and

gate electrodes while leaving over 90 µm of the

extended portion, the TFT was coated with an

insulating layer. A polyimide film was coated on the

insulating layer and a rubbing process was applied.

On the other hand, there was prepared a component

wherein an ITO film and a polyimide film were formed

also on a plastic substrate and whereto a rubbing

process was applied. The component was faced with a

substrate, wherein the above-described TFT was formed,

with a 5 µm gap therebetween, and a nematic crystal



liquid was injected into the gap. In addition, one

each of a pair of polarizing plates was provided on

both sides of this structure. When at this point, a

voltage was applied to the source electrode of the

TFT to change the applied voltage of the gate

electrode, a change took place in the optical

transmittance of only a 30 µm 90 µm region, which

was part of the ITO film extended from the drain

electrode. In addition, the transmittance could also

be changed continuously by the source-drain voltage

under a gate voltage at which the TFT was in an on

state. In this way, a display unit using a liquid

crystal cell as a display device and corresponding to

FIG. 7 was fabricated.

In the present exemplary embodiment, a display

unit has a structure in which a white plastic

substrate is used as a substrate on which a TFT is to

be formed, the respective electrodes of the TFT are

replaced with those made of gold, and the polyimide

film and the polarizing plates are eliminated. In

addition, the display device is structured so that a

capsule wherein particles and a fluid are sealed with

an insulating film is loaded into a gap between the

white and transparent substrates. In the case of the

display unit having this structure, a voltage between

the extended drain electrode and the ITO film on top

thereof is controlled by the TFT. As a result,



particles within the capsule move up and down. Thus,

it is possible to create a display by controlling the

reflectance ratio of the extended drain electrode

region as viewed from the transparent substrate.

Also in the present exemplary embodiment, it is

possible to adjacently form a plurality of TFTs to

configure, for example, a usual current-controlled

circuit comprised of 4 transistors and 1 capacitor.

Then, one of the final-stage transistors is used as

the TFT illustrated in FIG. 6 , to drive an EL device.

For example, a TFT which uses the aforementioned ITO

film as the drain electrode thereof is used. Then, an

organic electroluminescence device comprised of a

charge injection layer and a luminescent layer is

formed in a 30 µm x 90 µm region which is part of an

island of the ITO film extended from the drain

electrode. In this way, it is possible to form a

display unit which uses the EL device.

The thin-film transistor (TFT) of the present

invention can be applied as the switching device of a

display unit, such as an LCD or an organic EL display.

In addition, it is possible to incorporate all TFT

processes in a flexible material, including a plastic

film, at low temperatures. Thus, the TFT can be

widely applied to not only flexible displays but also

to IC cards and ID tags.



The present invention is not limited to the

above-mentioned embodiments and various changes and

modifications can be made within the spirit and scope

of the present invention. Therefore to apprise the

public of the scope of the present invention, the

following claims are made.

This application claims priority from Japanese

Patent Application No. 2007-050004 filed on February

28, 2007, which is hereby incorporated by reference

herein .



CLAIMS

1 . A thin-film transistor comprising at least:

a substrate;

a gate electrode;

a gate insulating layer;

an oxide semiconductor layer;

a source electrode;

a drain electrode; and

a protective layer;

wherein the oxide semiconductor layer is an

amorphous oxide containing at least one of the

elements In, Ga and Zn, the gate electrode-side

carrier density of the oxide semiconductor layer is

higher than the protective layer-side carrier density

thereof, and the film thickness of the oxide

semiconductor layer is 30 nm ± 15 nm.

2 . The thin-film transistor according to claim

1 , wherein the thin-film transistor is a bottom-gate

transistor.

3 . A method of manufacturing a thin-film

transistor, comprising at least:

forming a gate electrode on a substrate;

forming a gate insulating layer;

forming an oxide semiconductor layer;

forming a source electrode and a drain

electrode; and



forming a protective layer;

wherein the forming of the protective layer is

performed by a sputtering method in an oxygen-

containing atmosphere.

4. The method of manufacturing a thin-film

transistor according to claim 3 , wherein the oxygen-

containing atmosphere is a mixed gas of O2 and Ar.

5 . The method of manufacturing a thin-film

transistor according to claim 4 , wherein the 02/Ar

mixing ratio of the mixed gas of O2 and Ar is 20% or

more and 50% or less.

6 . A display unit comprising at least a thin-

film transistor and a display device connected to the

thin-film transistor through an electrode, wherein

the thin-film transistor according to claim 1 or 2 is

used as the thin-film transistor.



















INTERNATIONAL SEARCH REPORT
'International application No

PCT/JP2008/052597

A. CLASSIFICATION OF SUBJECT MATTER .
INV . H01L29/10 H01L29/786

According to lntetnational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOlL

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2006/163674 Al (CHO YONG S [KR]) 1-8
27 July 2006 (2006-07-27)
paragraph [0033] - paragraph [0034]

NOMURA K ET AL: "Room-temperature 1-8
fabrication of transparent flexible
thin-film transistors using amorphous
oxide semiconductors"
NATURE, NATURE PUBLISHING GROUP, LONDON,
vol. 432, no. 25,

25 November 2004 (2004-11-25), pages
488-492, XP002410190
ISSN: 0028-0836
the whole document

EP 1 737 044 A (JAPAN SCIENCE & TECH 1-8
AGENCY [JP]) 27 December 2006 (2006-12-27)
paragraph [0033] - paragraph [0034];
figure 1

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
"T1 later document published after the international filing date

or priority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O1 document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

'P" document published prior to the international filing date but in the art.

later than the priority date claimed ■&' document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

6 June 2008 13/06/2008

Name and mailing address of lhe ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

TeI. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Juhl , Andreas

Form PCT/ISA/21D (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT
International application No

Information on patent family members
PCT/JP2008/052597

Patent document Publication Patent family Publication
cited in search report date 'member(s) date

US 2006163674 Al 27-07-2006 . KR 20060079356 A 06-07-2006

EP 1737044 27-12-2006 WO 2005088726 Al 22-09-2005
KR 20060123765 A 04-12-2006
KR 20070116888 A 11-12-2007
KR 20070116889 A 11-12-2007
US 2007194379 Al 23-08-2007

Form PCT/ISA/21 0 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

