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- DESCRIPTION

AMORPHOUS OXIDE FIELD-EFFECT TRANSISTOR HAVING CRYSTALLINE REGION AT THE
SEMICONDUCTOR/DIELECTRIC INTERFACE

5 TECHNICAL FIELD
The pfesent invention relates to a field-effect

transistor.» In pérticular,'the present inyeﬁtion
reiates to a field-effect transistor using an amorphous
_oxidé for an active layer.

10 |
BACKGROUND ART
| In'recent years, studies have been‘made on a
techniQue'in which‘an oxide semiconductor is used for
an aptive layer of .a thin film transistor (TFT). In_

15 particuiar, an amorphéus oxide'made of InGaZn may have
highér-utiliﬁy,-in terms of a process temperature, than
amorphous silicon typically used for the aéfi&e layer
Qf the TFT, because the amorphods oxide méde of InGaZn
can be formed to a film at a room temperaturé.

20 _ For'exémple, WO 2005/088726 diséloses a technique
in which the amorphous oxide made of InGaZn is used for
the active layer of the TFT.

Amorphous silicon is generally said to have a
field-effect mobility of about 0.5 cm?/V-s.

25 - Meanwhile, WO 2005/088726 mentioned above
discloses an output characteristic of the TFT which

employs the amorphOUS,oxide‘made of InGazn for the
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active layef thereof.  According to WO 2005/088726, an

embodiment shows that the field—effect mobility in an

saturation region of the TFT is about 10 cmz/V's..
However, in order to allow the amorphous oxide

semiconductor to be used in place of amorphous silicon

~ having great versatility, further improvement in its

function is necessary.

DISCLOSURE OF THE INVENTION
VAIﬁ view of the above-mentioned Qircumstances, an
objectlof the presént invention is to provide a .novel
field-effect transistor using the émorphous oxide
having a high field-effect mobility.:
Acéording to the present.invention, there is
provided a field-effect transistor including:
~an active-layer, and- '
a gate insulating film,
wherein the active layér includes an‘amorphous
oxide layer contdining an amorphous region ahd a
crystalline fegion, and the ersfalline region is in a
&icinity of or iﬁ contact with an interface between the
amorphous oxide layer and the gate insulating film.
Incidentally, the inventors of the present
invention have made intensive studies, aiming at
further improving the field-effect mobility. As a
result of the studies, the inventors have found that a-

high fieldFeffect mobility can be obtained in a case
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where a crystalline phase (i.e., crystalline region) is
present in the vicinity of an interfacé with a gate
insulating film in the amorphous oxide layer which
becomes the active layer, and have made~the present
invention. Example described later shows an experiment
conducted by forming two active layers, one.héving such
the crystalline fegion present in the amorphous oxide,
and the other having no crystalline region in the

amorphous oxide. The two active layers are then

»compared with each other in terms of the field-effect

mobility.

BRIEF bESICRIPTION ‘OF'THE DRAWINGS

EIC. 1l is a croos—sectional TEM image for
explaining the present invention;

FIG. 2'io~a schematio cross—sectional view for
explaining.the present invention;

FIG. 3 is a schematic oroés—sectionél view for
explaining a field-effect transistor according to tho'
o;esent invontion; and

| FIG. 4 is a cross-sectional TEM image for

explaining Compérative Example.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention is characterized in that an
active layer 210 of a field-effect transistor is formed

of an amofphous oxide layer 217 as shown in FIG. 2, and



' PCT‘]D‘)nnR /§92327 |

WO 2007/055256 ’ PCT/JP2006/322327

l

»a crystailine'region 215 is present in the amorphous
\oxide layér 217 so as to be in the vicinity of an
- interface with a gate insulating film 220 or in contacf
with the interface. In other words, the active.layer

5 210 is composed of the amorphous region and'the
cr&stallinelregion, and the crystalline region 215 is
present in the amorphous oxide ;ayer SO as fé be in the
vicinity‘of the interface with the gate inSulating film
220 or in contact with the interface; -

, 10 _ ‘}Iﬁ Example described later, an oxide composed of
In, Ga and Zn is ﬁsed as an example. The crystalline
region 215 mentioned above is not present in the
.vicinity of a second interface 260 opposed to a first
interface 250 which is as an‘iﬁterface between the

15 amorphous oxide and the.gate insulating film.

Details on the reasdnslwhy the crystalline region
or microcrystalline region is formed in fhé amorphous'
oxide, particularly ‘at thév pdsition deécribed above,
areA unclear, but are conéidered ascribable to a

20 coﬁpositiOn .of the oxide, an oxygen concehtrafion at
the time of manufacturing, a debosition temperature, a‘
material \of_ the insulatiné film, or a manufacturing
method.

In Example to be described later, it was

25 confirmed that the crystalline ;egion appeéred at é
specific position by'changing} in paiticula%, an oxygen.

atmospheré condition with respect to a specific
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composition at‘the time of producing the transistor.

In general, as regards the '‘amorphous oxide
functioning as a semiconductor, it is difficult to find
out a suitable composition and production condition
therefor so as to be used for the active layef of the
transistor.l

prever, according to the present inyeﬁtion, the
following guideline has been found. That'is, it is
possible to produce. a transistor having a high field-
éffeCf mobility by generating the crystalline region in
the vicinity ofrthé interface or at a position in |
contact with the interface in the émorphous layer to
form the active layer.

The reason why the crystalline regibn is present
oply in the vicinity of.the_interface with the gate
insulating film-in the preéent‘invention, without the
cfystalline region being dispersed in the.thiékne$s
direction of the entife amorphoﬁs oxide,'is assumed as
follows. '

.Even in the amorphous oxide, as the thickness of
a staked layer increases, stress may be accumulated or
energy may be applied on a surface side of the
amorphous oxide by formation of the insulating film.
Further, depending on the composition of the émorphéus
oxide, crystallization may be likely to occur, or’iﬁ
contrast, may be unlikely to occur. The combosition of

the amorphous oxide shown in Example to be described
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later may be jUSt close to the composition which easily

causes crystallization. This is the reason why the
crystalline region ‘is present only -in the vicinity of
the interface with the gate insulatiné film.

. That is, as film formation proceeds, the
properties lsurfacé conditlon,Aelectrical-eonductivity,
thermal conducti§ity and the like) of a film change,
ahd thereby the possibility of nucleation for crystal
growth on a film surface becomes high to easily cause
Crysfallization,in some cases. Eveh when an original
film'hés_an amorphous‘structure,‘lt ls considered that
an amorphous structure closer to a crystal has a higher
possibility of causing-thelabove—described phenomenon
(in_which crystallization starts on the way of film
formation) .

According to the present‘invention, the
crystalline region exists “at an inteﬁface~wlth or in a
vicinlty of” the gate‘insulating film, ahd fhereby a
region for‘forming a channel in an active layer on the
gate insulatlnglfilm side becomes an amorphous
structure closer to a crystalline structure among the
amorphous structure: Because of having such specific
structure, although it is amorphous, it is possible to
obtain an amorphous structure having excellent |

characteristics closer to the characteristics of a

~crystal. On the other hand, because the crystalline

region exists substantially in a dotted state; the
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almest part of a channel path is an amorphous'regiou,
and therefore it is considered that the mobility
reduction due to a grain boundary can be prevented.

On the contrary, the crystalline region exists in
a region composite to the region “at an iuterface with
or in a.vicinity of” the gate insulating film, and
thereby a region‘for forming a channel»in‘the active
layer on the gate insulating film side does not always .
become an amorphous structure closer to a crystalline
Struefure among the amorphous structute. Accordingly,
it is eonsidered that it is not always possible .to
obtain an amorphous structufe'having excellent
characteristics closer to the characteristics of-a
crystal.’

In the case where a polycrystal or a mlcrocrystal

,ex1sts in the whole active layer, which is different

from the present invention, 1t 1S'conSideredlthat the
mobility is reduced because a graln boundary exists.
Partlcularly, it is considered that, as the grain size
Qf a crystal.increases, there arises a problem that .
crystal orientation dependency on each of
characteristics exists to reduce the uniformity of the
characteristics.

Accordiug to the present invention, the method of

fdrming a crystalline region only “at an interface with

‘or in a vicinity of” the gate insulating film includes-

a method of forming a crystalline region in a self-
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matching ménnér without intentionally changing film
formation conditions during film‘formation, a method of .
forming a crystalline region with intentionaily
changing film formation conditions dufing film
formation, and the like. However, if formation of the
crystal_formation and the like are inconvenient, the
method is not.pafticularly limited. -

The method of forming a crystalline region in a
self-matching manner.without intenfionéily éhanging
film:fofmation conditions during film formation

utilizes a case where, as film formation proceeds,

'properties (surface condition, electrical conductivity,

thermal conductivity and the.like) of.a film change fp
easily ‘cause crystallization. ’For example, although_ ‘
film formation conditioﬁs are not changed during film’
formation, as film formatibﬁ‘pfoceeds, control of the
crystalllzatlon proceedlng condltlons (filﬁ ﬁroperty—
changing conditions) makes it p0531ble to form a |
crystallihe»region‘only “at an interface w1th or in a
vicinity of” the gate insulating filﬁ.

The method of forming a crystalline region with
intentionally changing film formation conditions during
film formation utilizes film formation Condifions such
as a substrate temperature, a film formation rate, é
film formation power. That is, the film formation |
condifions for easy crystallization are to increase the

substrate temperature, decrease the film formation rate,

Al
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reduce a powef at time of film formation, and the like.
Thus intentional change of the film formation
conditions during film formation makes it possible to'
form a crystalline region only “at an interface with or
in a vicinity of” the gate insulating film. Since
these condifions are different depending on_conditions
stich as the consﬁitution of a film formation apparatus,
it is important to previously conduct a Sample film

formation, obtain the relation between film formation

'conditibns and the crystallization state of a deposited

film, and control these conditions on the basis- of thé
obtained results.

bThe amorphous oxide used in the present inVentiQn
contains, for example, In, Zn and Ga.

The crystalline region represents a crystalline
region of the active layef obéerved by a cross- .
sectional'transmission electron micro$cope\(fEM),
technique. |

The field-effect transistors accordiné to the

present invention include not only a stagger type and

an inverted stagger type, but also a coplanar type and

an inverted coplanar type.

A thickness of the amorphous oxide layer serving
as the active layer according to the present invéntion
may preferably be 0.05 um orAmoré and 1 pm or less.

The thickness of the amorphous oxide layer is

determined according to the following reasons. The
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crystalline region according to the present invention
has a eroes sectionalvdiameterlof less than 0.05 um.
Therefore, when the active layer has a thickness of
less than 0.05 um, there occurs a great difference in
performance between a TFT including the crystalline
region in ifs channel and a TFT including no
crystalline-regien in" its channel. Further, when the
thickness is_more~than 1 ym, the amorphous‘oxide layer
requires a long time for its film formation; the
thickﬁeés of more than.1 um is unsuitable for mass
product&on process.

In a case of using the active layer formed of the
amorpheus oxide heving the crystalline fegion in the
vicinity of the interface with the gate insulating fiim,
it is preferable to produce the transistor such that a
portion serving-as a channel of the transistor does not
include such the crystalline_region in_view of
eliminating the diffefence in performance‘between
ﬁransistors._ |

Furthe?, in the present invention, after forming
the amorphous oxide layer according to the present
invention, it is also possible to remove at least a
part of a region containing a crystalllne region which
exists in a surface layer portion of the amorphous
oxide layer, as occasion demands. When another layer
is formed on the amorphous oxide layer, this treatment

can control the existence amount and distribution state
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of the crystailine region existing on an interface
between the layers to theréby enhance the matching of
the interface. |

The “the vicinity of an interface” in the present
invention means a region within a distance of 1/2 of
the thickneés of the active layer from the ipterfacer
although it depehds on the thickness of the active
layer, and within-BOO nm, preferably_lQQ nm, and more
preferably 50 nm from the interface between the active
laye£ aﬁd the gate insulating layer.

' Additionally, it is consideied that;'when'the

thickness of the vicinity of the interface in the
presénf invention is a region . having a thickness equal

to or more than the thickness of the channel, the

‘present invention becomes more effective.

(Example)

A specific method.of prOducing the fieid—effect
transistor accordihg fo the preéent.invéhtion will be
explained. |
(1) Production of active Layer

First, a Si0; glass substrate (1737 manufactured
by Corning Incorporated) was prepared as a substrate on
which a film is to be deposited. Then, an amorphous
oxide layer composed of In, Zn, and Ga was formed by an
RF sputtering method.

"Herein, a polycrystalline sintered body of InGaZn

oxide was used as a target material. SH-350
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(manufactured by ULVAC, Inc.) in which a‘plurality of
target'substrates can be placed was used as an RF

sputtering apparatus. RF power was set to 300 W, a

 film formation pressure (i.e., total pressure) was set

to 4 mTorr (i.e., about 0.533 Pa), and a substrate
temperatﬁre was not particularly increased.
A film formétion atmosphere was made to be a mixed

gas atmosphere of oxygen and argon. An dxygen partial

pressure ~was set to 3.7% (i.e., about 0.0197 Pa) in

fléw rate. A distance between the target and the

substrate was set to about 5 cm in a vertical direction,'

- and film formation was performed. The film formation

was ‘finished at the time when the thickness of the
amorphdué~dxide layer became 50 nm. |

The composition of the bbtained amorphous\oxidél
layer was Iﬁ:Gaon = 1:0.9:0.65 by X-ray fluorescence
analysis. _ \
(2) Production of MISFET

Next, a top-gate MISFET device shown in FIG. 3
was produced. The transistor. was produced such that: a
channel length and a channel width were set to 10 Hm
and 150 pm, respectively.

On the substraté, a Ti film (film thickness: 5
nm) 283 and an Au’film (film thickness: 40 nm) 281 were

formed in the stated order by electron beam deposition

Amethod, and then subjected to patterning to have a

pattern .shown in FIG. 3. As a'result, a source -
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electrode and‘a drain electrode were formed. After
that, a resist (not shown) which was subjected to
patterning was formed on a part of béth the electrodes,
and the amorphous oxide layer 210 was provided by the
RF sputtering method. After that, a Y03 film 220 for
functioning as the gate insulating layer was.formed
(film thickness:\140 nm) by the RF sputtering method as
mentioned above.

4After lift-off was performed through resist
femo&al; a resist was férmed again, patterning was
performed, and then a gate electrbde 230 composed of_a
Ti film'233 and an Au film 231 was formed in the same
way és‘the drainAelectrode éndlthe like. As a result,
the top—gate TFT can be obtained. The fbrmation of the
electrodes and the gate insulating film was performed‘

in a state wherée heating was not particularly carried

out. A structure of the gate electrodé 230 was the

same as that of the source elecfrode.
(3) Characteristic evaluation and structure evaluatioﬁ
of MISFET

A curreht—voltage characteristic of the TFT thus
produced was determined at a room temperature. As a
drain voltage Vps increased, a drain current Ipg
increased, and this indicates that the channel is an n-
type semiconductof; Further, behavior of a‘typicél

semiconductor transistor was shown in which a pinch-off

(saturatéd) state occurred when the drain voltage Vps
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reached about 6 V. When a gain characteristic was
examined, a threshold of a gate voltage Vgs at the time
of applying the drain voltage Vps of -6V was about +1 V.
In addition, the drain current Ipg of 7.5 x 107 A
flowed when the gate voltage Vgs was 4 V.

An on/off’ratio of the transistor exceeded 10°.

The field-effect mobility was calculated from the

© output characteristic in the saturated region to be

about 15.7 cm?/V-s, thereby obtaining a high field--
effect moblllty

" Then, the transistor hav1ng such the hlgh field-
effect moblllty was observed by the cross- sectlonal TEM
technlque. To be spec1f1c, the cross section of the
transiStbr was formed using FIB (FB—ZOOO manufactured
by Hitachi, Ltd. was used), and was - observed by the

cross-sectional TEM technique. For the observation, H-

800 manufactured by Hitachi} Ltd. was used. FIG. 1

shows a cross—sectional TEM image thereof. 1In FIG. 1,
an InGaZn oxide layer is located between thé substrate
and the insulating film. Further, the oxide layer
includes crystal grains in or around the vicinity of.
the interface with the insulating film.
(4) Comparative Example

For comparison with the above Example, the

transistor was produced under the same conditions as in

‘Example excépt that an oxygen partial pressure at the

time of forming an amorphous oxide layer was Changed to
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3.4% (i.e., 0;018 Pa). The transistor was observed by
the cross-sectional TEM technique mentioned above. As
shown in FIG. 4, a cryétalline region was not present
in the amorphous oxide layer. The composition of the
active layer was almost the same as that of the above
Example. |

A transistér Eharacteristic was evaluated to
reveal that a field-effect mobility was about 10

cm?/V+s in the saturated region. This value is lower

'than.that of the above-mentioned transistor of Example.

As apparent from the above, it is ‘preferable, in
terﬁs of the field-effect mobility, to form the active
layér.such that the amorphous. oxide includes fhe
crystalline region in the vicinity of the interface

with the gate insulating layer.

INDUSTRIAL:APPLICABILITY

The present invéntion is épplied to‘a transiétor
for @ display device using a liquid crystal‘or a light
emission layer such as an organic EL layer or an
inorganic EL layer. Further, the transistor according
to the present invention can be produced by film
formation at a low temperature, and thus can be
produced onva flexible substrate made of a resin,
plastic, or the like. Therefore, the transistor'cén be

suitably used for an IC card, an ID tag, and the like.
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EFFECT OF THE INVENTION
According to the present invention, the
transistor having a high field-effect mobility can be

provided.

This appliéation claims'priority from Japanese

Patent Application No. 2005-323689 fiied November 8,

12005, and Japanese Patent Application No. 2006-283893

field October 18, 2006 which are hereby incorporated by

‘reference herein.
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CLAIMS
1..A field—efféct transistor comprising:
an active layer, and
a gate insulating film,

5 - wherein the active layer comprises an amorphous
oxide layervcontaining an amorbhous region and a
crystalline regién,'and the crystalline region is in a..
vicinity of or in contact with an inte:facé:betWeen the
amorphous- oxide layer and the gate insulating film.

.10
'2.lA field-effect transistor according to claim 1,
wherein'the‘crystalline region is absent in a vicinity
of a'sécond,interface opposed .to a first interface.
which is the interface between the amorphous oxide

15 layer and the gate insulating film. -

3. A field-effect transistor acCQrdiné to claim 1
or 2, wherein the amorphous oxide layer is composed of
an oxide containing In, Zn and Ga. 4
20
4. A field-effect transistor according to any one
of claims 1 to 3, wherein the amorphous oxide layer has

a thickness of 0.05 um or more and 1 um or less.
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