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1
FIELD EFFECT TRANSISTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a Schottky gate field
effect transistor (FET) that operates in the microwave region
used for mobile communication, satellite communication,
satellite broadcasting and the like.

2. Description of the Prior Art

In comparison with Si, compound semiconductors are
known to have high electron mobilities. For example, the
electron velocity of GaAs is approximately 6 times in the
low electric field and 2 to 3 times in the high electric field
as fast as that of Si. Such characteristics of high-speed
electrons have been put to a good use in developing appli-
cations thereof to high-speed digital circuit elements or
high-frequency analog circuit elements.

In a FET using a compound semiconductor, however, a
gate electrode makes a Schottky junction with a channel
layer of a substrate so that the electric field centers on a
lower end (a circled field-centered section in FIG. 14) of the
gate electrode on the drain side, which may cause break-
down. This is the matter of great concern, especially for a
high-output FET that necessitates large signal operations.

Accordingly, several attempts have been hitherto made to
prevent this field centralization on the edge section of the
gate electrode on the drain side and improve characteristics
to withstand voltage.

Among them, there is one attempt in which an overhang-
ing section (referred to as a “field plate section’, hereinafter)
is set in a gate electrode, and, under this, a dielectric film
made of SiO, is formed. FIG. 12 shows schematically the
structure of the FET disclosed in Japanese Patent Applica-
tion Laid-open No. 87773/1988, wherein a dielectric film 34
is buried in a section below a gate electrode 33 on the drain
side. Such a dielectric film, if set, is generally considered to
be able to suppress the field centralization on the edge
section of the gate electrode 33 on the drain side.

In the above-mentioned conventional techniques,
however, the dielectric film must be made thin for the
purpose of obtaining a sufficient effect on the field relaxation
so that the value of electrostatic capacitance of a capacitor
that consists of a field plate section and a channel layer
separated by the dielectric film becomes large. On the other
hand, the reduction in the thickness of the dielectric film
tends to lead to a problem that the breakdown of the
dielectric film or the leakage of the current may take place.

Further, because there is a certain limit in making the
dielectric film thin, the maximum value for the electrostatic
capacitance naturally exists. Therefore, to attain a sufficient
effect on the field relaxation, the length of the field plate
section should be more than a certain length, for example, a
gate length, which may cause a problem of lowering the gain
characteristics. Moreover, in this instance, high-frequency
characteristics worsen significantly and this may become a
crucial problem, depending on the purpose of use thereof.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
overcome the above-mentioned problems associated with
the prior art and provide a FET having high withstand
voltage characteristics and good gain characteristics,
together with excellent high-frequency characteristics.

In light of the above problems, the present invention
provides a FET, comprising:
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a semiconductor substrate with a channel layer being

formed on its surface;

a source electrode and a drain electrode being formed at

a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-

trode and said drain electrode and making a Schottky

junction with said channel layer; wherein:

said gate electrode is provided with an overhanging
field plate section; and

between said field plate section and said channel layer,
there is laid a dielectric film made of a high dielectric
material with a relative permittivity of 8 or more.

In the FET of the present invention, because a dielectric
film is laid between the field plate section and the channel
layer, the field centralization which develops on the edge
section of the gate electrode on the drain side is made to
relax and spread over, improving characteristics of with-
stand voltage. This results from a fact that a capacitor that
consists of the field plate section and the- channel layer
separated by the dielectric film has a function to end the
electric flux line starting from ionized donors.

In the FET of the present invention, as a material for the
dielectric film laid between the field plate section and the
channel layer, a material with a relative permittivity of 8 or
more is utilized. Therefore, even when the diclectric film is
made thick, a high electrostatic capacitance can be obtained
and, in consequence, a sufficient effect on the field relaxation
can be attained. For example, compared with a SiO, film
being used in the prior art, the film thickness can be made
about twice as much as the conventional thickness to obtain
the same given electrostatic capacitance.

As described above, since the film thickness of the
dielectric film in the present invention can be made greater
than the conventional one, the breakdown of the dielectric
film and the generation of the leakage current can be
prevented and characteristics of withstand voltage of ele-
ment can be improved.

Further, because the dielectric film with a high permit-
tivity is laid therein, as mentioned above, even if the length
of the field plate section is not very long, a sufficient effect
on the field relaxation can be attained. For instance, the
length of the field plate section can be shorter than the gate
length. Therefore, high withstand voltage characteristics can
be obtained, while the reduction of the gain characteristics
is kept down.

Further, the present invention provides a FET comprising:

a semiconductor substrate with a channel layer being

formed on its surface;
a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer; wherein:

said gate electrode is provided with an overhanging field

plate section; and

between said field plate section and said channel layer,

there is laid a dielectric film; and

when the relative permittivity and the film thickness of the

dielectric film are denoted by € and t (anm),
respectively, one of the following conditions (1) and (2)
is satisfied.

1<€E<5, and 25<t/E<70,
5=€<8, and 100<r<350.

®
@

In the prior art, it was difficult to achieve a sufficient effect
on the field relaxation, while preventing the breakdown of
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the dielectric film directly under the field plate section and
the leakage of the current at the same time.

The present invention attempts to overcome this, by
looking into the relative permittivity and the film thickness
of the dielectric film and defining the relation between there
two.

When 1<€<5 is satisfied, if t/& is less than 25, the
breakdown of the dielectric film or the leakage current takes
place. On the other hand, if t/&€ exceeds 70, a sufficient effect
on the field relaxation cannot be attained. The relative
permittivity and the film thickness mean the average values
of the relative permittivity and the film thickness of the
dielectric film directly under the field plate section, respec-
tively. In the case that a plurality of dielectric films made of
different materials are laid directly under the field plate
section, a reduced value (1/€)gep given by the following
equation is used as the value of t/€ thereof,

() pep=t/E1+/E5+ . . . +1,/E,

(n is an integer that is equal to or more than 2). dielectric
films made of different materials are laid directly under the
field plate section, a reduced value (1/€)gzp given by the
following equation is used as the value of t/€ thereof,

() pep=t/E1+/E5+ . . . +1,/E,

(n is an integer that is equal to or more than 2).

Further, when 5=€<8 is satisfied, if t is less than 100, the
breakdown of the dielectric film or the leakage current takes
place. On the other hand, if it exceeds 350, a sufficient effect
on the field relaxation cannot be attained. The film thickness
means the average value of the film thickness of the dielec-
tric film directly under the field plate section.

As described above, in the FET of the present invention,
a dielectric film with a relative permittivity of 8 or more is
formed between a field plate section of a gate electrode and
a channel layer. The use of such a material with a high
permittivity allows making the film thickness of the dielec-
tric film substantial, while maintaining a sufficient effect on
the field relaxation. In consequence, the FET of the present
invention is well protected against the breakdown of the
dielectric film and the generation of the current leakage that
are the very problem for the prior art. Therefore, character-
istics of withstand voltage can be improved with effect while
the reduction of the gain characteristics is kept down.

Further, in the FET of the present invention, because a
material having a certain relationship between the relative
permittivity and the film thickness of the dielectric film is
utilized as the material of the dielectric film, characteristics
of withstand voltage can be improved with effect while the
reduction of the gain characteristics is kept down.

Further, with a structure in which the electrostatic capaci-
tance per unit area of a capacitor that consists of the field
plate section and a channel layer separated by the dielectric
film decreases with increasing distance from the gate
electrode, the effect on the field relaxation due to the field
plate section is moderated on the drain side, which facilitates
to achieve an ideal field profile. Therefore, characteristics of
withstand voltage can be improved with effect, while dete-
rioration of high-frequency characteristics is kept down to
the minimum.

Further, setting a field control electrode between the gate
electrode and the drain electrode brings about the multipli-
cation effect, together with the effect on the field relaxation
due to the field plate section and further improves charac-
teristics of withstand voltage.

Further, the formation of a sub electrode between the gate
electrode and the source electrode can lead to achieve a
higher efficiency of the element.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is schematic cross-sectional views illustrating in
sequence the steps of a manufacturing method a FET in
accordance with the present invention.

FIGS. 2(c)-2(g) are schematic cross-sectional views illus-
trating in sequence the further steps of the manufacturing
method of the FET in accordance with the present invention.

FIG. 3 is schematic cross-sectional views illustrating in
sequence the steps of another manufacturing method of a
FET in accordance with the present invention.

FIG. 4 is schematic cross-sectional views illustrating in
sequence the steps of another manufacturing method of a
FET in accordance with the present invention.

FIGS. 5(d)-5(e) are schematic cross-sectional views illus-
trating in sequence the further steps of the manufacturing
method of the FET in accordance with the present invention.

FIGS. 6(a)—6(d) are schematic cross-sectional views illus-
trating in sequence the steps of a manufacturing method of
another FET in accordance with the present invention.

FIG. 7 is a schematic cross-sectional view showing the
FET in accordance with the present invention.

FIG. 8 is schematic cross-sectional views illustrating in
sequence the steps of another manufacturing method of a
FET in accordance with the present invention.

FIGS. 9(e)-9(f) are schematic cross-sectional views illus-
trating in sequence the further steps of the manufacturing
method of the FET in accordance with the present invention.

FIG. 10 is a schematic cross-sectional views (i.e, 10(a)
—10(¢)) showing another FET in accordance with the present
invention, together with a group of schematic top plan views
showing various field plate sections thereof.

FIG. 11 is a pair of schematic cross-sectional views each
showing a FET in accordance with the present invention.

FIG. 12 is a schematic cross-sectional view showing a
conventional FET.

FIG. 13 is a schematic cross-sectional view showing
another FET in accordance with the present invention.

FIG. 14 is a schematic cross-sectional view of a conven-
tional FET in explaining the field centralization on a lower
end of a gate electrode therein.

FIGS. 15(a)-15(d) are schematic cross-sectional views
illustrating in sequence the steps of another manufacturing
method of an FET in accordance with the present invention.

FIGS. 16(e)-16(g) are schematic cross-sectional views
illustrating in sequence the further steps of the manufactur-
ing method of the FET in accordance with the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the present invention, the high dielectric material is
preferably a material selected from the group consisting
aluminium oxide (Al,O;), aluminium nitride, tantalum
oxide (Ta,Os), strontium titanate (SrTiO,), barium titanate
(BaTiO,), barium titanate strontium (Ba,Sr; _, TiO5 (O<x<1))
and bismuth tantalate strontium (SrBi,Ta,O,). The above
materials are each well suited to be formed as a film and
besides, having a high relative permittivity of 8 or more,
capable to provide a high electrostatic capacitance when laid
in a region below a gate electrode.

In the present invention, the dielectric film is preferably
formed only in a region directly under the field plate section.
For instance, as shown in FIG. 3(d), it is preferable that a
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dielectric film is set directly under a gate electrode 5 but not
in the other region between a source electrode 7 and a drain
electrode 8. In this manner, an unnecessary increase in
capacitance between the gate and the drain can be avoided
and a decrease in the gain, prevented.

In the case that the dielectric film is formed only in a
region directly under the field plate section as mentioned
above, it is preferable to make the structure of the FET in
such a way that the surface of a channel layer is partially or
entirely covered with a silicon oxide film and the dielectric
film is laid between this silicon oxide film and the field plate
section. In such a structure, over the silicon oxide film, the
channel layer comes into contact with the overlying semi-
conductor layers and this facilitates to prevent the impair-
ment of the device characteristics which is caused by the
deterioration of the interface characteristics.

The width of a field plate section in the present invention
is preferably 0.1 um or more and still more preferably 0.1 to
2 um. If the width of the field plate section is excessively
small, characteristics of withstand voltage obtained may not
be sufficient. On the other hand, when the value of the width
of the field plate section is too large, both the gain charac-
teristics and the high-frequency characteristics may worsen.

In the present invention, in using a high dielectric material
for the dielectric film, the average value of the thickness of
the dielectric film is preferably 100-1500 nm, and more
preferably 300-1000 nm. If the dielectric film is too thick,
the effect on the field relaxation is reduced. On the other
hand, the excessive thinness of the dielectric film may result
in the breakdown of the dielectric film or the leakage of the
current. It is preferable that an appropriate value in the above
range is selected, according to the value of permittivity of
the dielectric film. Further, if the dielectric film comprises
layers of structure, the sum of the thicknesses of all layers
is preferably within the above range.

In the FET of the present invention, the electrostatic
capacitance per unit area of a capacitor that consists of the
field plate section and the channel layer separated by the
dielectric film is preferably larger on the side of the gate
electrode than on the side of the drain electrode. This
moderates the effect on the field relaxation by the field plate
section on the drain side and facilitates to achieve an ideal
field profile. Such an arrangement, in particular, can control
deterioration of high-frequency characteristics with effect.

Now, the magnitude of the above-mentioned electrostatic
capacitance C is given by Equation (1).

c=€5/d @

(C: the capacitance, €: the permittivity, S: the area of
electrode, d: the distance between electrodes) Therefore, as
the structure of the FET as described above, there can be
considered structures in which one of the variables among
the distance between electrodes d, the area of the electrode
S and the permittivity € is varied with distance from the gate
electrode. The following is FETs realized in this way.
(i) A Field Effect Transistor wherein the Thickness of a
Dielectric Film Directly Under a Field Control Electrode is
Less on the Side of a Gate Electrode than on the Side of a
Drain Electrode

In this structure, the change in the electrostatic capaci-
tance per unit area is achieved by varying the distance
between electrodes d.
(i) A Field Effect Transistor wherein One or More Openings
are Formed in a Field Plate Section

In this structure, the change in the electrostatic capaci-
tance per unit area is achieved by varying the area of
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electrode S. An example of a field plate section in such a
structure is shown in FIG. 10(c). As shown in the drawing,
the opening is preferably set in a part of the field plate
section on the side of a drain electrode. ‘An opening’ in this
structure is a hole made through the field plate section and
may have any shape.

(iii) A Field Effect Transistor wherein the Edge Section of a
Field Plate Section on the Side of a Drain Electrode is
Comb-shaped

In this structure, the change in the electrostatic capaci-
tance per unit area is achieved by varying the area of
electrode S. The form referred to as ‘comb-shaped’ herein is
an intricate form the edge section of the field plate section
takes, for instance, in FIGS. 10(a) and (b) The examples
shown in the drawings, however, are given to illustrate the
invention and not to limit the scope of the invention and any
intricate form the edge section takes may be used as long as
the effective area of the electrode is reduced on the side of
the drain electrode.

(iv) A Field Effect Transistor wherein the Permittivity of a
Dielectric Film Directly Under a Field Plate Section
Decreases with Distance from a Gate Electrode

In this structure, the change in the electrostatic capaci-
tance per unit area is achieved by varying the permittivity €.

In the FET of the present invention, a float electrode may
be set under the field plate section. In this arrangement,
electrons are kept in the float electrode even when the
applied voltage to the field plate section is switched off and,
in consequence, the field centralization on the edge section
of the gate electrode on the drain side is relaxed and spread
over. As a material for the float electrode, tungsten silicide
(WSi), aluminium, gold, titanium/platinum/gold or the like
can be utilized. The float electrode itself can be formed, for
instance, by a method in which a metal film is applied to the
entire surface by means of vapour deposition and thereafter
superfluous sections are removed by ion milling with a
photoresist serving as a mask.

In the FET of the present invention, a field control
electrode may be additionally formed over the dielectric film
on said channel layer, between said gate electrode and said
drain electrode. The field control electrode has a function to
end the electric flux line starting from ionized donors, and,
therefore, makes the field centralization which develops on
the edge section of the gate electrode on the drain side relax
and spread over, which improves characteristics of with-
stand voltage. Together with the effect on the field relaxation
due to the field plate section, this brings about the multipli-
cation effect and further improves characteristics of with-
stand voltage. If both a dielectric film directly under the field
plate section and a field control electrode are set, an ideal
field profile can be produced between the gate electrode and
the drain electrode, which results in a still further improve-
ment in the characteristics of withstand voltage while the
deterioration of the gain characteristics or the high-
frequency characteristics is kept down to the minimum.

With respect to the high dielectric material used for the
field control electrode, it is preferably a high dielectric
material with a relative permittivity of 8 or more. For
instance, any material selected from the group consisting
aluminium oxide (Al,O5), aluminium nitride (AIN), tanta-
lum oxide (Ta,Os), strontium titanate (SrTiO;), barium
titanate (BaTiO5), barium titanate strontium (Ba,Sr;_ TiO4
(0<x<1)) and bismuth tantalate strontium (SrBi,Ta,0,) is
preferably utilized. Further, when the relative permittivity
and the film thickness of the dielectric film are denoted by
€ and t, respectively, a material satisfying one of the
following conditions (1) and (2) may be employed.
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With regard to the material for the field control electrode,
tungsten silicide (WSi), aluminium, gold, titanium/
platinum/gold or the like can be utilized. The field control
electrode itself can be formed, for instance, by a method in
which a metal film is applied to the entire surface by means
of vapour deposition and thereafter superfluous sections are
removed by ion milling with a photoresist serving as a mask.

The field control electrode herein is preferably connected
with the gate electrode and kept at the same electric
potential, though it may be set independently at a different
potential from that of the gate electrode. In particular, by
adjusting the voltage applied to the field control electrode
appropriately, an ideal field profile can be produced and the
field centralization directly under the gate electrode can be
prevented from developing and, thus, characteristics of
withstand voltage can be improved, while good gain char-
acteristics and high-frequency characteristics are main-
tained.

Further, in the FET of the present invention, a sub
electrode may be additionally set over the dielectric film on
said channel layer, between said gate electrode and said
source electrode. This can lower the resistance of the region
directly under the sub electrode and achieve higher effi-
ciency of the element.

With regard to the material for the sub electrode, tungsten
silicide (WSi), aluminium, gold, titanium/platinum/gold or
the like can be utilized. The sub electrode itself can be
formed, for instance, by a method in which a metal film is
applied to the entire surface by means of vapour deposition
and thereafter superfluous sections are removed by ion
milling with a photoresist serving as a mask. The sub
electrode is connected, for example, with a drain electrode,
to which a positive voltage is applied. This lowers the
resistance of the region directly under the sub electrode and
eases the current flow therethrough so that higher efficiency
of the element can be achieved.

In the FET of the present invention, it is preferable that a
distance between the gate electrode and the drain electrode
is longer than a distance between the gate electrode and the
source electrode. This structure is often referred to as an
offset structure and can relax and spread over the field
centralization on the edge section of the gate electrode on the
drain side more effectively. Moreover, from manufacturing
point of view, this structure has the advantage of relative
easiness in forming the field plate section. Further, the FET
of the present invention preferably has a recess structure, by
which the field centralization on the edge section of the gate
electrode on the drain side can be relaxed and spread over
more effectively. A recess structure can be a multi-stage
recess.

In the FET of the present invention, a group III-V com-
pound semiconductor such as GaAs may be utilized as a
material to constitute a substrate or a channel layer. The
group III-V compound semiconductors include GaAs,
AlGaAs, InP, GalnAsP and the like. Using a material of a
group III-V compound semiconductor, the high-speed high-
output field effect transistor can be produced.

EXAMPLES

5=€<8, 100<t<350.

First Example

In the FET of the present example, as shown in FIG. 2(g),
a gate electrode 5 is provided with an overhanging field plate
section 9 and between this field plate section 9 and a channel
layer, a dielectric film 4 made of Ta,O5 is formed.
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Referring to FIGS. 1 and 2, a manufacturing method of
the FET of the present invention is described below.

First, upon a semi-insulating GaAs substrate 1, an N-type
GaAs channel layer 2 (with a thickness of 230 nm) doped
with 2x10'7 ¢cm™ Si and an N-type GaAs contact layer 3
(with a thickness of 150 nm) doped with 5x10'” cm™ Si are
grown in succession by the MBE (Molecular Beam Epitaxy)
method (FIG. 1(a)).

Next, using a resist (not shown in the drawing) as a mask,
the channel layer 2 and the contact layer 3 are etched by wet
etching with a sulfuric acid based or phosphoric acid based
etchant so as to form a recess (FIG. 1(b)).

A dielectric film 4 of Ta,O5 is then deposited to a
thickness of 300 nm over the entire surface by the CVD
(Chemical Vapour Deposition) method (FIG. 1(c)). On this
dielectric film 4, a resist (not shown in the drawing) is
formed and, using this as a mask, a portion of the dielectric
film 4 where a gate electrode is to be formed is etched by dry
etching with CHF; or SF,. Next, using the dielectric film 4
as a mask, a portion of the channel layer 2 where the gate
electrode is to be formed is etched to a depth of 30 nm or so

(FIG. 1(d)).

Next, a 100 nm-thick WSi film, a 50 nm-thick TiN film,
a 15 nm-thick Pt film and a 400 nm-thick Au film are
deposited, in this order, over the entire surface by sputtering,
which forms a gate metal film 6 (FIG. 2(e)). After that, a
photoresist is applied only to a section thereof where the gate
electrode is to be formed, and the other superfluous section

is removed by ion milling, and thereby a gate electrode § is
formed (FIG. 2()).

Following this, the prescribed portions of the dielectric
film 4 are etched to expose the contact layer 3 and then an
8 nm-thick Ni film, a 50 nm-thick AuGe film and a 250
nm-thick Au film arc successively grown in this order by
vacuum deposition and thereby a source electrode 7 and a
drain electrode 8 are formed to accomplish a FET (FIG.

2(g))-

In the FET of the present example, because Ta,O5 (with
a relative permittivity of approximately 20) is utilized as a
material of the dielectric film 4 lying between the field plate
section and the channel layer, it is possible to make the film
thickness of the dielectric film 4 substantial while maintain-
ing a sufficient effect on the field relaxation. Accordingly, the
FET of the present example is well protected against the
breakdown of the dielectric film or the generation of the
current leakage, which is the very problem associated with
the prior art.

Further, while Ta,O5 is employed as a material of the
dielectric film 4 in the present example, any one among
silicon nitride (SizN,,), aluminium oxide (Al,O5), strontium
titanate (SrTiO;), barium titanate (BaTiOs), barium titanate
strontium (Ba,Sr;_ TiO; (0O<x<1)) and bismuth tantalate
strontium (SrBi, Ta,0,) can be utilized. At this, the value of
film thickness thereof is specifically determined according to
the permittivity of the selected material. For instance, in the
case that aluminium oxide (Al,O5) is used, the film thick-
ness is set to be 150 to 300 nm.

Further, while the channel layer 2 and the contact layer 3
are formed by the MBE method in the present example, they
can be formed by the MOCVD (Metal Organic Chemical
Vapour Deposition) method, instead.

Second Example

In the PET off the present example, as shown in FIG. 3(d),
a dielectric film 4 or Ta,Oy is formed only in a region
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directly under a field plate section. Referring to FIG. 3, a
manufacturing method of a FET of the present example is
described below.

First, in the same way as First example, upon a semi-
insulating GaAs substrate 1, a layered structure of an N-type
GaAs channel layer 2, an N-type GaAs contact layer 3, a
dielectric film 4 and a gate metal film 6 is formed (FIG.
3(a)). Next, a photoresist is applied only to a section thereof
where a gate electrode is to be formed, and the other
superfluous section is removed by ion milling, and thereby
a gate electrode 5 is formed (FIG. 3(b)). Following this, the
dielectric film 4 formed in the region other than the section
where the gate electrode 5 is formed is removed by etching
(FIG. 3(c)). After that, an 8 nm-thick Ni film, a 50 nm-thick
AuGe film and a 250 nm-thick Au film are successively
grown in this order by vacuum deposition and thereby a
source electrode 7 and a drain electrode 8 are formed to
accomplish a FET (FIG. 3(d)).

In the FET of the present example, because the dielectric
film 4 made of Ta,Os is formed only in the region directly
under the field plate section, excellent gain characteristics
can be obtained while maintaining withstand voltage char-
acteristics.

Third Example

In the FET of the present example, as shown in FIG. (e),
a dielectric film 4 of Ta,O is formed into a stepped shape
in a region directly under a field plate section. Referring to
FIGS. 4 and 5, a manufacturing method of a FET of the
present example is described below.

First, in the same way as First example, upon a semi-
insulating GaAs substrate 1, an N-type GaAs channel layer
2 and an N-type GaAs contact layer 3 are formed. Next, a
dielectric film 4 of Ta,Oj is formed thereon (FIG. 4(a)). The
film thickness of the dielectric film 4 is set to be 300 nm.

Following this, a photoresist (not shown in the drawing)
is applied to a region other than a section where a gate
electrode is to be formed and the dielectric film 4 is dry
etched (FIG. 4(b)). After the photoresist is peeled off, a
photoresist (not shown in the drawing) is again applied
thereto but in such a way that a width of the opening section
thereof is broader than the previous one and then the
dielectric film 5 is dry etched (FIG. 4(c)). In this way, a
stepped part in structure is shaped in the section where the
gate electrode is to be formed.

Next, a 100 nm-thick WS film, a 50 nm-thick TiN film,
a 15 nm-thick Pt film and a 400 nm-thick Au film are
deposited, in this order, over the entire surface by sputtering,
which forms a gate metal film 6. After that, by removing the
superfluous section, a gate electrode 5 is formed (FIG. 5(d)).

Next, the dielectric film 4 formed in the region other than
the section where the gate electrode is formed is removed by
etching. Subsequently, an 8 nm-thick Ni film, a 50 nm-thick
AuGe film and a 250 nm-thick Au fim are successively
grown in this order by vacuum deposition and thereby a
source electrode 7 and a drain electrode 8 are formed to
accomplish a FET (FIG. 5(e)). The film thickness of the
dielectric film 4 for the stepped part under the field plate
section is 150 nm in a thin-film section shown on the left side
of the drawing and 300 nm in a thick-film section on the
right side.

In the present example, because the stepped dielectric film
made of Ta,Oy is formed in the region directly under the
field plate section, the FET produced has excellent high-
frequency characteristics, together with high withstand volt-
age characteristics.
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Fourth Example

As shown in FIG. 7, the FET of the present example has
a structure wherein a gate electrode is provided with an
overhanging field plate section and two sorts of dielectric
films 4a and 4b are formed between this field plate section
and a channel layer 2. The dielectric film 4b has a lower
relative permittivity than the dielectric film 44 and,
therefore, in the region directly under the field plate section,
viewed from the gate electrode 5 towards the drain electrode
8, the relative permittivity (the average value) of the dielec-
tric films drops when the film thickness thereof increases.
Accordingly, the capacitance of a capacitor that consists of
the field plate section and a channel layer 2 separated by a
first dielectric film 4a and a second dielectric film 4b
becomes smaller towards the drain electrode 8. Now, refer-
ring to FIGS. 6 and 7, a manufacturing method of a FET of
the present example is described below.

First, in the same way as First example, upon a semi-
insulating GaAs substrate 1, a layered structure of an N-type
GaAs channel layer 2, an N-type GaAs contact layer 3, a first
dielectric film 44 and a gate metal film 6 is formed, and the
superfluous section of the gate metal film 6 is removed by
ion milling, and thereby a gate electrode 5 is formed (FIG.
6(a)).

The material for the first dielectric film 4a is Ta,O5 and
the film thickness thereof is 150 nm.

Next, a second dielectric film 4b is deposited over the
entire surface (FIG. 6(b)). The material for the second
dielectric film 4b is SizN, and the film thickness thereof is
150 nm.

The entire surface is then subjected to dry etching and the
second dielectric film 4b lying on the gate electrode 5 is
completely removed in substance (FIG. 6(c)).

Next, a 50 nm-thick TiN film, a 15 nm-thick Pt film and
a 400 nm-thick Au film are deposited, in this order, over the
entire surface by sputtering, which forms a gate metal film
6, again, and thereafter, by removing the superfluous section
by means of ion milling, a gate electrode 5 is formed (FIG.
6(d).

Next, the first and the second dielectric films 4a and 4b
formed in the region other than the section where the gate
electrode 5 is formed are removed by etching. Subsequently,
an 8 nm-thick Ni film, a 50 nm-thick AuGe film and a 250
nm-thick Au film are successively grown in this order by
vacuum deposition and thereby a source electrode 7 and a
drain electrode 8 are formed to accomplish a FET (FIG. 7).

In the FET of the present example, because the dielectric
films made of Ta,O5 and SizN,, respectively, are formed
only in the region directly under the field plate section,
excellent gain characteristics can be obtained while main-
taining withstand voltage characteristics.

Further, the FET of the present example has a structure in
which the capacitance of the capacitor formed in the section
directly under the field plate section decreases towards the
drain electrode 8. This arrangement moderates the effects on
the field relaxation by the field plate section on the drain side
and facilitates to achieve an ideal field profile. Therefore, the
FET produced has still more excellent high-frequency
characteristics, together with high withstand voltage char-
acteristics.

Fifth Example

As shown in FIG. 9(f), the FET of the present example has
a structure wherein two sorts of dielectric films 4a and 4b are
formed between an overhanging field plate section and a
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channel layer 2. In the region directly under the field plate
section, viewed from the gate electrode § towards the drain
electrode 8, the relative permittivity (the average value) of
the dielectric film drops. Accordingly, the capacitance of a
capacitor that consists of the field plate section and the
channel layer 2 becomes smaller. Now, referring to FIGS. 8
and 9, a manufacturing method of a FET of the present
example is described below.

First, in the same way as First example, upon a semi-
insulating GaAs substrate 1, a layered structure of an N-type
GaAs channel layer 2 and an N-type GaAs contact layer 3
is formed. Next, after a gate metal film is deposited over the
entire surface, the superfluous portion thereof is removed by
ion milling, and thereby a gate electrode 5 is formed (FIG.
8(a)).

Next, over the entire surface, a first and a second dielectric
film 4a and 4b are deposited (FIG. 8(b)). The material for the
first dielectric film 44 is Ta,O5 and the film thickness thereof
is 150 nm. The material for the second dielectric film 4b is
Si;N, and the film thickness thereof is 150 nm.

Aphotoresist is then formed, leaving only a section where
a gate electrode is formed as an opening (FIG. 8(c)). Using
this photoresist as a mask, dry etching is applied so as to
remove completely in substance the second dielectric film
4b lying on the gate electrode 5 (FIG. 8(d)).

Next, a 50 nm-thick TiN film, a 15 nm-thick Pt film and
a 400 nm-thick Au film are deposited, in this order, over the
entire surface by sputtering, which forms a gate metal film
6, again, and thereafter, by removing the superfluous section
by means of ion milling, a gate electrode 5 is formed (FIG.
9(e)).

Next, the first and the second diclectric films 4a and 4b
formed in the region other than the section where the gate
electrode 5 is formed are removed by etching. Subsequently,
an 8 nm-thick Ni film, a 50 nm-thick AuGe film and a 250
nm-thick Au film are successively grown in this order by
vacuum deposition and thereby a source electrode 7 and a
drain electrode 8 are formed to accomplish a FET (FIG.
9()).

In the FET of the present example, because the dielectric
films made of Ta,O, and Si;N,, respectively, are formed
only in the region directly under the field plate section,
excellent gain characteristics can be obtained while main-
taining withstand voltage characteristics.

Further, the FET of the present example has a structure in
which the capacitance of the capacitor formed in the section
directly under the field plate section decreases towards the
drain electrode 8. This arrangement moderates the effects on
the field relaxation by the field plate section on the drain side
and facilitates to achieve an ideal field profile. Therefore,
characteristics of withstand voltage can be improved, while
the deterioration of the high-frequency characteristics is kept
down to the minimum.

Sixth Example

In the present example, as shown in FIG. 10, a gate
electrode 5 takes a varied shape. FIGS. 10(@) and (b) each
show a gate electrode 5 with the edge section on the drain
side in the shape of a comb and FIG. 10(c) shows a gate
electrode 5 with a plurality of openings in the edge section
on the drain side. In any form, the area of electrode S in
Equation (1)

Cc=€S/d (1)

(C: the capacitance, E: the permittivity, S: the area of
electrode, d: the distance between electrodes) is reduced on
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the drain side and thereby the electrostatic capacitance per
unit area directly under the gate electrode 5 is made smaller
on the drain side than on the gate side. This arrangement
moderates the effects on the field relaxation by the field plate
section on the drain side and facilitates to achieve an ideal
field profile. Therefore, the FET produced has still more
excellent high-frequency characteristics, together with high
withstand voltage characteristics.

Further, the gate electrode can be worked into a varied
shape such as the one shown in FIG. 10, using known
etching techniques.

Seventh Example

The FET of the present example is provided with a field
control electrode 11 between a drain electrode 8 and a gate
electrode 5, as shown in FIG. 11(ag). This arrangement
further improves characteristics of withstand voltage.

This FET can be produced by forming a field control
electrode 11 after a gate electrode S that has a dielectric film
4 directly under a field plate section is formed, following the
same steps as Second example. With regard to the field
control electrode 11, a 50 nm thick Ti film, a 30 nm-thick Pt
film and a 200 nm-thick Au film are first grown in succession
in this order over the entire surface by vacuum deposition.
Thereafter the superfluous section is removed by ion
milling, and thereby the field control electrode 11 is formed.

Eighth Example

The FET of the present example is provided with a sub
electrode 12 between a source electrode 7 and a gate
electrode 5, as shown in FIG. 11(b).

This FET can be produced by forming a sub electrode 12
after a gate electrode 5 that has a dielectric film 4 directly
under a field plate section is formed, following the same
steps as Second example. With regard to the sub electrode
12, a 50 nm-thick Ti film, a 30 nm-thick Pt film and a 200
nm-thick Au film are first grown in succession in this order
over the entire surface by vacuum deposition. Thereafter the
superfluous section is removed by ion milling, and thereby
the sub electrode 12 is formed.

The sub electrode 12 is connected, for example, with a
drain electrode, to which a positive voltage is applied. This
lowers the resistance of the region directly under the sub
electrode 12 and eases the current flow so that higher
efficiency of the element can be attained.

Ninth Example

The FET of the present example is provided with a float
electrode 13 under a field plate section 9, as shown in FIG.
13. For this FET, after carrying out the steps of First example
up to the step of FIG. 1(c) (the dielectric film 4 of FIG. 1
corresponds to a dielectric film 4a of FIG. 13) in the same
manner, a metal material to constitute a float electrode 13
and then a dielectric film 4b are deposited. Next, the section
where a gate electrode is to be formed is etched and
thereafter a gate metal film 6 is formed over the entire
surface. Subsequently, the same steps as those of First
example after FIG. 2(e) are performed and the FET with a
structure shown in FIG. 13 is accomplished. As a material
for the float electrode, for instance, tungsten silicide (WSi),
aluminium, gold, titanium/platinum/gold or the like can be
utilized.

Because the FET of the present example is provided with
a float electrode as described above, electrons are kept in the
float electrode even when the applied voltage to the field
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plate section is switched off and, in consequence, the field
centralization on the edge section of the gate electrode on the
drain side is relaxed and spread over.

Tenth Example

In the FET of the present example, as shown in FIG.
16(g), a gate electrode is provided with an overhanging field
plate section 9 and a dielectric film 4' made of SiO, is
formed between this field plate section 9 and a channel layer
2.

Referring to FIGS. 15 and 16, a manufacturing method of
a FET of the present example is described below.

First, upon a semi-insulating GaAs substrate 1, an N-type
GaAs channel layer 2 (with a thickness of 230 nm) doped
with 2x10'” cm™ Si and an N-type GaAs contact layer 3
(with a thickness of 150 nm) doped with 5x10'” cm™ Si are
grown in succession by the MBE (Molecular Beam Epitaxy)
method (FIG. 15(a)).

Next, using a resist (not shown in the drawing) as a mask,
the channel layer 2 and the contact layer 3 are etched by wet
etching with a sulfuric acid based or phosphoric acid based
etchant so as to form a recess (FIG. 15(b)).

A dielectric film 4' of SiO, is then deposited to a thickness
of 150 nm over the entire surface by the CVD (Chemical
Vapour Deposition) method (FIG. 15(c)). On this dielectric
film 4', a resist (not shown in the drawing) is formed and,
using this as a mask, a portion of the dielectric film 4' where
a gate electrode is to be formed is etched by dry etching with
CHF; or SF,. Next, using the dielectric film 4' as a mask, a
portion of the channel layer 2 where the gate electrode is to
be formed is etched to a depth of 30 nm or so (FIG. 15(d)).

Next, a 100 nm-thick WS film, a 50 nm-thick TiN film,
a 15 nm-thick Pt film and a 400 nm-thick Au film are
deposited, in this order, over the entire surface by sputtering,
which forms a gate metal film 6 (FIG. 16(¢)). After that, a
photoresist is applied only to a section thereof where the gate
electrode is to be formed, and the other superfluous section
is removed by ion milling, and thereby a gate electrode § is
formed (FIG. 16(f)).

Following this, the prescribed sections of the dielectric
film 4' are etched to expose the contact layer 3 and then an
8 nm-thick Ni film, a 50 nm-thick AuGe film and a 250
nm-thick Au film are successively grown in this order by
vacuum deposition and thereby a source electrode 7 and a
drain electrode 8 are formed to accomplish an FET (FIG.
16().

In the FET of the present example, SiO, is utilized as a
material of the dielectric film 4' between the field plate
section and the channel layer. The relative permittivity of
Si0, is 3.9 or so and the film thickness of the dielectric film
4'is 150 nm. Thus, the value of t/€ becomes approximately
38 and the following equations (1) and (2) are satisfied.

1<€<5, (€]

@
With a dielectric film 4' that satisfies the above conditions,
the FET of the present example shows excellent character-
istics of withstand voltage and, in addition, has a good
protection against the breakdown of the dielectric film or the
generation of the current leakage.

25<«t/E<70.

Eleventh Example

Apart from using a SiN film as a material of a dielectric
film 4' and setting the film thickness thereof 200 nm, a FET
is manufactured in the same way as Tenth example (FIG.

16(g)-
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The relative permittivity of SiN is 7 or so and the film
thickness of the dielectric film 4' is 200 nm so that the FET
of the present example satisfies the following equations (1)
and (2).

SZE<8, @

100<¢<350. @

Accordingly, the FET of the present example shows excel-
lent characteristics of withstand voltage and, in addition, has
a good protection against the breakdown of the dielectric
film or the generation of the current leakage.

The entire disclosure of Japanese Patent Application
No.HEI10-268394 including specification, claims, drawings
and summary are incorporated herein by reference in its
entirety.

What is claimed is:

1. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being

formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer by contact, said chan-
nel layer being uniform in thickness with the exception
of the portion optionally etched-in where said gate
electrode is in contact with said channel layer, said
channel layer having a flat bottom surface in the region
between the source electrode and the drain electrode,

wherein said gate electrode is provided with an overhang-
ing field plate section, and between said field plate
section and said channel layer, there is laid a dielectric
film, and when the relative permittivity and the film
thickness of the dielectric film are denoted by € and t
(nm), respectively, the following condition is satisfied:

5=€<8, and 100<r<350.

2. The field effect transistor according to claim 1, wherein
said dielectric film is formed only in a region directly under
said field plate section.

3. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being

formed on its surface;

a source electrode and a drain electrode being formed at

a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,

wherein said gate electrode is provided with an overhang-
ing field plate section,

between said field plate section and said channel layer,
there is laid a dielectric film,

when the relative permittivity and the film thickness of the
dielectric film are denoted by and € and t (nm),
respectively, one of the following conditions (1) and (2)
is satisfied:

1<E<5, and 25<t/E<70, @

5=<8, and 100<r<350, 2

and

the electrostatic capacitance per unit area of a capacitor
that includes said field plate section and said channel
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layer separated by said dielectric film decreases with
distance from the gate electrode.

4. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,

wherein said gate electrode is provided with an overhang-
ing field plate section,

between said field plate section and said channel layer,
there is laid a dielectric film,

when the relative permittivity and the film thickness of the
dielectric film are denoted by and € and t (nm),
respectively, one of the following conditions (1) and (2)
is satisfied:

1<E<5, and 25<t/E<T0, @

5=€E<8, and 100<r<350, 2

and

the thickness of said dielectric film directly under said
field plate section is less on a side of said dielectric film
closest to said gate electrode than a corresponding
thickness of said dielectric film on a side of said
dielectric film closest to said drain electrode.

5. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,

wherein said gate electrode is provided with an overhang-
ing field plate section,

between said field plate section and said channel layer,
there is laid a dielectric film,

when the relative permittivity and the film thickness of the
dielectric film are denoted by and € and t (nm),
respectively, one of the following conditions (1) and (2)
is satisfied:

1<€E<5, and 25<t/E<70,
5=€<8, and 100<r<350,

@
@

wherein, said dielectric film is formed only in a region
directly under said field plate section and one or more
openings are formed in said field plate section.

6. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer by contact, said chan-
nel layer being uniform in thickness with the exception
of the portion optionally etched-in where said gate
electrode is to be in contact with said channel layer,
said channel layer having a flat bottom surface in the
region between the source electrode and the drain
electrode,
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wherein said gate electrode is provided with an overhang-
ing field plate section, between said field plate section
and said channel layer, there is laid a dielectric film,
when the relative permittivity and the film thickness of
the dielectric film are denoted by and € and t (nm),
respectively, one of the following conditions (1) and (2)
is satisfied:

1<E<5, and 25<t/E<70, @

5=E<8, and 100<r<350, 2

wherein said dielectric film is formed only in a region
directly under said field plate section and the edge
section of said field plate section on the side of the drain
electrode is comb-shaped.

7. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,

wherein said gate electrode is provided with an overhang-
ing field plate section,

between said field plate section and said channel layer,
there is laid a dielectric film,

when the relative permittivity and the film thickness of the
dielectric film are denoted by and € and t (nm),
respectively, one of the following conditions (1) and (2)
is satisfied:

1<E<5, and 25<t/E<70, @

5=E<8, and 100<r<350, 2

and

the permittivity of said dielectric film directly under said
field plate section decreases with distance from said
gate electrode.

8. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,

wherein said gate electrode is provided with an overhang-
ing field plate section,

between said field plate section and said channel layer,
there is laid a dielectric film, when the relative permit-
tivity and the film thickness of the dielectric film are
denoted by and € and t (nm), respectively, one of the
following conditions (1) and (2) is satisfied:

1<E<5, and 25<t/E<70, @

5=E<8, and 100<r<350, 2

and
a float electrode is set under said field plate section.
9. A field effect transistor, comprising:
a semiconductor substrate with a channel layer being
formed on its surface;
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a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,

wherein said gate electrode is provided with an overhang-
ing field plate section,

between said field plate section and said channel layer,
there is laid a dielectric film,

when the relative permittivity and the film thickness of the
dielectric film are denoted by and € and t (nm),
respectively, one of the following conditions (1) and (2)
is satisfied:

1<E<5, and 25<t/E<T0, @

5=€E<8, and 100<r<350, 2

wherein a field control electrode is set between said gate
electrode and said drain electrode.

10. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,

wherein said gate electrode is provided with an overhang-
ing field plate section, and

between said field plate section and said channel layer,
there is laid a dielectric film, and

when the relative permittivity and the film thickness of the
dielectric film are denoted by and € and t (nm),
respectively, one of the following conditions (1) and (2)
is satisfied:

1<E<5, and 25<t/E<T0, @

5=€E<8, and 100<r<350, 2
wherein a sub electrode is set between said gate electrode
and said source electrode.

11. The field effect transistor according to claim 1,
wherein said channel layer is made of a group III-V com-
pound semiconductor.

12. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being

formed on its surface;
a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer by contact, said chan-
nel layer being uniform in thickness with the exception
of the portion optionally etched-in where said gate
electrode is to be in contact with said channel layer,
said channel layer having a flat bottom surface in the
region between the source electrode and the drain
electrode, wherein said gate electrode is provided with
an overhanging field plate section, and between said
field plate section and said channel layer, there is laid
a dielectric film having a non-uniform aspect.

13. The field effect transistor of claim 12, wherein said
non-uniformity of said dielectric film is due to at least one
of:
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a variation in thickness of said dielectric film;

a variation in composition of materials forming various
regions of said dielectric film;

a variation in composition such that said dielectric film
comprises a plurality of layers having different com-
position;

a variation in composition of said dielectric film, wherein
a floating electrode layer separates at least two layers
forming said dielectric film;

a non-uniformity in an outline shape of an edge of said
dielectric film closest to said drain electrode; and

a predetermined set of openings in said dielectric film.

14. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate;

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer, wherein said gate
electrode is provided with an overhanging field plate
section, and a dielectric film having a non-uniform
aspect is formed between said field plate section and
said channel layer; and at least one of:

a field control electrode located between said gate
electrode and said drain electrode;

a sub electrode located between said gate electrode and
said source electrode; and

a floating electrode associated with said overhanging
field plate section.

15. The field effect transistor of claim 12, wherein when
the relative: permittivity and the film thickness of said
dielectric film are denoted by and € and t (nm), respectively,
one of the following conditions (1) and (2) is satisfied:

1<€E<5, and 25<t/E<70,
5=€<8, and 100<r<350,

®
@-
16. The ficld effect transistor of claim 12, wherein said
channel layer comprises a group III-V compound semicon-
ductor.
17. A field effect transistor, comprising:
a semiconductor substrate with a channel layer being
formed on its surface;
a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and
a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,
wherein said gate electrode is provided with an overhang-
ing field plate section,
between said field plate section and said channel layer,
there is laid a dielectric film,
when the relative permittivity and the film thickness of the
dielectric film are denoted by and € and t (nm),
respectively, one of the following two conditions (1)
and (2) is satisfied:

1<€E<5, and 25<t/E<70,
5=€<8, and 100<r<350,

@
@

and, at least one of the following two conditions (3) and

(4) is satisfied:

(3) a first distance between said gate electrode and said
drain electrode is greater than a second distance
between said gate electrode and said source elec-
trode; and
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(4) a width of said field plate section is in the range 0.1
to 2.0 um.
18. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer by contact, said chan-
nel layer being uniform in thickness with the exception
of the portion optionally etched-in where said gate
electrode is to be in contact with the channel layer, said
channel layer having a flat bottom surface in the region
between the source electrode and the drain electrode,

wherein said gate electrode is provided with an overhang-
ing field plate section,

between said field plate section and said channel layer,
there is laid a dielectric film having a plurality n of at
least two layers,

when the mean average relative permittivity and the film
thickness of the dielectric film are denoted by and €
and t (nm), respectively, one of the following two
conditions (1) and (2) is satisfied:

1<E<5, and 25<t/E<T0, @
where

1C=1,/E+1,/E2,+ . . . +1,/E,,
and

5=€E<8, and 100<r<350, 2.

19. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,

wherein said gate electrode is provided with an overhang-
ing field plate section, and

said field plate section is configured such that the elec-
trostatic capacitance per unit area of the capacitor
formed by the field plate section and the channel layer
decreases with increasing distance from the gate elec-
trode.
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20. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a source electrode and a drain electrode being formed at
a distance on said semiconductor substrate; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer,

wherein said gate electrode is provided with an overhang-
ing field plate section, and at least one of the following
two conditions (1) and (2) is satisfied:

(1) a first distance between said gate electrode and said
drain electrode is greater than a second distance
between said gate electrode and said source elec-
trode; and

(2) a width of said field plate section is in the range 0.1
to 2.0 um.

21. A field effect transistor, comprising:

a semiconductor substrate with a channel layer being
formed on its surface;

a contact layer being formed on said semiconductor
substrate, said contact layer comprising two regions
separated by a first distance;

a source electrode being formed on a first of said two
regions of said contact layer;

a drain electrode being formed on the remaining of said
two regions of said contact layer; and

a gate electrode being placed between said source elec-
trode and said drain electrode and making a Schottky
junction with said channel layer by contact, said chan-
nel layer being uniform in thickness with the exception
of the portion optionally etched-in where said gate
electrode is to be in contact with the channel layer, said
channel layer having a flat bottom surface in the region
between the source electrode and the drain electrode,

wherein said gate electrode is provided with an overhang-
ing field plate section, wherein said gate electrode is
separated from said first and second regions of said
contact layer by at least a second distance, between said
field plate section and said channel layer, there is laid

a dielectric film, and

when the relative permittivity and the film thickness of the
dielectric film are denoted by € and t (anm),
respectively, one of the following conditions (1) and (2)
is satisfied:

1<E<5, and 25<t/E<70, @
5=E<8, and 100<r<350, ).
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