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SPECIFICATION

TITLE OF THE INVENTION

Semiconductor Device and
Process for Producing the Same

FIELD OF THE INVENTION

The present invention relafes to a semiconductor
device for use as a switching elemenf.
BACKGROUND OF THE INVENTION |

Recently, the needs of semiconductor switches such as
analog switches, semiconductor relays and the like are
increasing for use as switches for turning high frequency
signals on or off. To use these semicqnductor switches for
turnihg on or off high fréquency signals, they are required
to have 1iﬁear current-voltage characteristics (having no
offset voltage) and low on-state resistance and also to
have a small output capacitance in the signal-OFF state so
as to improve thé high frequency cut-off characteristics.

SOI (silicon-on-insulator)-LDMOSFET (lateral double-
diffused MOSFET) is Known as a semiconductor element
capable of meeting these requirements.

A conventional SOI-LDMOSFET is constructed as follows,
using a SOI substrate which comprises a semiconductor
substrate (1) formed from a single crystal silicon, an
insulating layer {2) formed from a silicon oxide on the

semiconductor substrate (1), and a semiconductor layer (3)
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formed from a single crystal silicon on the insuiating
layer (2) (see Fig. 10a)). |

As shown in Fig. 10A, in this SOI-LDMOSFET, a p'-type
well region (5) ané an n**-type drain region (4) are formed
with a space therebetween in the n-type semiconductor layer
(3), and an n*'-type source region (6) is further formed in
the p*'-type well region (5). In this regard, a part of the
p'-type well region (5) and the n-type semiconductor layer
{3) are located between the n“—type source region (6) and
the n**-type drain region (4).

In addition, a gate electrode (9) is formed from, for

example, a poly-silicon, which is disposed on a gate-

insulating layer (8) formed on the p‘'-type well region (5)

between the n*-type source region (6) and the n*-type
drain region (4). The gate electrode (9) is formed
overhahging the n#-type source region (6) and the drift
region located between the p*-type well region {(5) and the
n**~type drain region (4) in the n—type semiconductor layer
(3), respectively, taken into account margins for a shift
of the position in the process of production.

A source electrode (11) and a drain electrode {(10) are
formed on the n**-type source region (6} and the n*'-type.
drain region (4), respectively.

In the conventional SOI-LDMOSFET constructed above as

shown in Fig. 10A, while a voltage is being applied across
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the n"*-type source region (6) and the n**-type drain region
(4) through the source electrode (11) and the drain

electrode (10), not less than a predetermined voltage is

' being applied to the gate electrode (9), so that a channel

is formed, under strong inversion condition, in a part of
the pf;type well region (5) under the gate electrode (9),
and  that current flows between the n*-type source region
(6) and the n™-type drain region (4) through the'channel.
{(the state of oﬁ). |

When the voltage to the gate electrode is decreased,
the p*-type well region (5) turhs into the original p-type
iayer, so that a PN junction in reverse bias is formed
between the p‘-type well region and the n**-type drain
region (4). As a result, current does not flow between the
n**-type source region (6) and the n"-type drain region (4).

In the SOI-LDMOSFET shown in Fig. 10A, a part of the
n-type semiconductor layer (3)_ between the p'-type well
region (5) forming the channel and the n"*~type drain
region (4) is called a drift region (20), and the impurity
concentration NO of the_drift region {20} is so selected as
to satisfy the RESURF condition expressed by the following
equation (1).

Tsoi X ﬁo % 1 X 10% (atm/ew®) ... (1)
wherein Tsoi represents the thiekness of the drift region.

As described above, the conventional SOI-LDMOSFET
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achieves high withstand voltage by selecting the impurity
concentration NO of the drift region (20) so that the above
RESURF condition for providing optimal conditions relative

to a surface electric field can be satisfied. In this

regard, in the SOI-LDMOSFET shown in Fig. 10A, the impurity

concentration NO of the drift region (20) is so selected as
to be uniform over a whole of the drift region (20).
‘Lately, structures for further improving the withstand
voltage of the SOI-LDMOSFET shown in Fig. 10A are proposed
in U.S. Patent Application Nos. 5300448, 54;2241 and so on,
In the SOI-LDMOSFET disclosed in U.S. Patent
Application No. 5300448, the n-type drift region (50)
locates between the drain region (52) having the drain
electrode (56) forméd theteon and the source region (51)
having the source electrode (54) formed thereon as shown in
Fig. 11, and the drift region (50) is so formed that the
impurity concentration of the drift region (50) can
linearly decrease as the distance from the drain region
(52) increases. In addition, a space between the source
region (51) and the drift region (50) has a gate electrpde
(59) formed therein spaced by the gate oxide layer (58) and
a p-type base region (60) for forming a channel.
Cohstructed as above, the SOI-LDMOSFET disclosed in U.S.
Patent Application No. 5300448 succeeds in uniforming tlhie

surface and the internal electric field of the drift regfdn
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(50) and thus further improving the withstand voltage.

However, the SOI-LDMOSFET disclosed in_U.S. Patent
Application No. 5300448 has a problem in that it is
impossible to decrease the length of the drift region (50)
(the length along which current flowsi. This disadvantage
comes from the following structure: as shown in.Fig. 12,
the drift region is formed on the semiconducter layer (3)
through a mask héving a plurality of openings (40) which
are formed so that the distance between each of the
openings changes in order and such a semiconductor layer
(3) is doped with a predetermined amount of impurity and
then treated by heéting, so that the impurity concentration
of the drift region (50) changes in order. This structure
mékes it hard to shorten the length of the drift region
(50}). It is described in U.S. Patent Application No.
5300448 that the length of the drift region (50} is 40 to
50 um.

Therefore, on-state resistance becomes higher because
the -length of the drift region (50} is long in the SOI-
LDMOSFET disclosed inlU.S. Patent Application No. 5300448.

The SOI-LDMOSFET proposed in U.S. Patent Application
No. 5300448 has a further problem in that it is inevitably
needed to decreaée the thickness of the drift region (50)
in order to improve the withstand voltage, which leads to

poor heat release. This results in a problem that
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allowable current in the state of ON can not bé increased.

The SOI-LDMOSFET proposed in U.S. Patent Application
No. 5412241 or the like provides the structure which ﬁakes
it possible to decrease the on-state resistance and to
improve the withstand voltage characteristics. However,'
this SOI-LDMOSFET has a gate-field plate structure and |
therefore has a problem in that the output capacitance is
large. |

In the meantime, the switch for turning a high
frequency signal on or off is keenly demanded in the
voltage class from 20 to 300 V. In case where a SOI-LDMOS
of this class is constructed so as. to have an ideal
structural parameter, it is estimated that the optimal
value of the length of the drift region is 1 to 15 pum.
However, it is hard to form a drift region having an
optimal length of 1 to 15 um, because the method of
producing the SOI-LDMOSFET disclosed in U.S. Patent
Application No. 5300448 has a problem in the processing
precision.

The present invention is made to overcome the
foregoing problems, and the first object of the present
invention is to provide a semiconductor device capable of
increasing allowable current in the state of ON while
ensuring the demanded withstand voltage and decreasing

output capacitance and on-state resistance.
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The second object of the invention is to provide a

. process for readily producing the same semiconductor device

with high accuracy.

SUMMARY OF THE INVENTION
A semicondﬁctor device according to the present

invention comprising a semiconductor layer formed on a

semiconductor substrate, and the semiconductor layer

includes

a first conductivity type-drain region formed in a
part of the semiconductor layer,

a second coﬁductivity type-well region formed in a
part of the semiconductor layer and apart from the drain
region,

a first conductivity type-source region formed in the
well region and épart from one end of the well region on
the side of the drain region,'

a first conductivity type-drift region formed between
one_end of the well region and the drain region and in
contact with bpth the well region and the drain region, the
impurity concentration of said drift region decreasing both
in the lateral direction and in the vertical direction as

the distance from the drain region increases, the lateral

direction being parallel to the surface of the

semiconductor layer, the wvertical direction being
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perpendicular to the surface of the semiconductor layer,

a gate oxide layer-forﬁed on the well region located
between the drift région and the source region, and

a gate electrode formed on the gate oxide layer.

Constructed above, a depletion layer is effectively
spread in a part of the drift region in contact with the
well region, so that the concentration of an electric field
can be prevented and that high withstand voltage can be
achieved. Further, since the semiconductor layer can be
formed with a relative large thickness, the thermal
resistance can be decreased, and thus; the allowable
current in the state of ON can be increased.

Further, in the semiconductor device according to the
present invention, it is preferable that the semiconductor

layer is formed on an insulating layer on the semiconductor

substrate.

Further, it is preferable that the impurity
concentration in the lateral direction of the drift region
changes obeying the Gaussian distribution having, as a
parameter, the distane x from the drain region in the
lateral direction, and that the impurity concentration in
the vertical direction of the drift region changes obeying
the Gaussian distribution having,_as a parameter, the
distance y from the drain region inlthe vertical direction.

By doing so, the impurity concentration distribution’
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in the drift region can bé-controlled by the diffusion from
the side of the drain region.in the course of constructing
the semiconductor device, so that the semiconductor device
can be readily formed with high accuracy.

Further, a semiconductor device capable of having
withstand voltage of 20 to 300 V class which is widely
demanded for switches for turning high frequency signals on
or off, and having a drift length of about 1 to about 15 um
can be easily constructed. |

Further, it is preferable that the gate electrode is
formed so as to overhang the drift region as if covering a
part_of the drift region, and that the impurity
concentration of the part of the drift region locating just
under the gate electrode is lower than the impurity
concentration N(RESURF) which satisfies the RESURF
condition.

Thus, the on-state resistance can be held lower, and
the output capacitance can be effectively decreased.

Further, it is preferable that the impuritf
concentration of a part of the driit region in the vicinity
of the drain region is higher than the impurity
concentration N(RESURF) which satisfies the RESURF
condition. Thus, the on-state resistance can be decreased.

In this regard, the RESURF condition referred to

herein is to satisfy the following equation.
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Tsoi X N(RESURF) = 1 X 10%  (atm/cm?)
Tsoi: the thickness of the semiconductor layer (cm)
N(RESURF): the impurity concentration (atm/cm’®) satisfying
the RESURF condition

Further,; it is preferable that the thicknesé t of the

‘semiconductor layer is set within a rang of 0.3 pum £ €t £ 15

}un.

By selecting the thickness t of the semiconductor
layer so as to satisfy the requirement of 0.5 um < t < 4 un,
the resultant semiconductor device as a switching element |
can have withstand voltage of 25 to 100 V class and show
excellent high frequency wave characteristics.

Further, by selecting the thickness t of the
semiconductor layer so as to satisfy the requirement of 0.5
pm £ € £ 1.5 pm, the resultant semiconductor device as a
switching element can have withstand voltage of 25 to 50 V
class and show excellent ﬂigh frequency wave
characteristics. |

Further, it is preferable that the lateral distance of

- the drift region from one end of the drain region to one

end of the well region is set 15 pum or less. By doing so,

. the on-state resistance can be decreased. Further, by

doing so, the impurity concentration distribution can be
formed in practical time by the diffusion from the side-of

the drain region.
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Another aspect of the present invention relates to a
process for constructing a semiconductor device comprising
a semiconductor layer formed on a semiconductor substrate,
and the process comprises the steps of separately forming a
first conductivity type-drain region and -a first
conductivity type-source region apart from each other,
forming a drift region between the drain region and the
source region and in contact with the drain region, and
forming a channel region in contact with the source region.
The process of the present invention is charaéterized by
comprising the steps of'doping a region for forming the
drain region with a first conductivity type-impurity, and
heating and diffusing the impurity in the drift region.

According to the process of the present invention,
there can be formed such a drift region that the impurity
concentration in the lateral direction changes obeying the
Gaussian distribution using, aé a parameter, the distance x
from the drain region in the'lateral direction, and that
the impurity concentration in the vertical direction
changes obeying the Gaussian distribution using, as a
paﬁameter, the distance vy from the drain region in the
vertical direction.

Further, according to the process of the present
invention, the introduction of the impurity into the drain

region and the introduction of the impurity into the drift
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region can be carried out, using the same mask window, so
that the semiconductor device can be readily constructed

easilly with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A is a sectional view of a_LDMOSFET_accdrding to
the first embodiment of the present invention. |
Fig. 1B is a graph showing the substantial impurity
concentration distribution of the section of the LDMOSFET
on line X-X' in Fig. 1A.

Fig. 1C is a graph showing the substantial impurity

. concentration distribution of the section of the LDMOSFET

on line Y-Y' in Fig. 1A.

Fig. 2 is a graph showing the electric field
distribution in the section of the LDMOSFET on line X-X' in
Fig. 1A, in comparison with that of a conventional SOI
element.

Fig. 3 is a graph showing the current-voltage (I-V)

curve of the LDMOSFET according to the first embodiment of

the present invention, in comparison with that of a

conventional SOI element.

Fig. 4 is a graph showing the output capacitance
relative to the thickness of the semiconductor layer (3)
according to the first embodiment of the present invention.

Fig. 5§ is a graph showing the withstand voltage
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relative tc the drifc distance according to the first
embodiment of the present inwvention.

Fig. 6 is a graph showing the value of (output
capacitance) X (on-state resistance) and the withstand
voltage relative to the thickness of the semiconductor
layer (3) according to the firsf embodiment of the present
invention.

Figs. 7A to 7H are sectional views in the production
process, illustrating the steps of the production process
the first embodiment of the present -invention.

Fig. 8A is a sectional view of a LDMOSFET according to
the second embodiment of the present invention.

Fig. 8B is a graph showing the substantial impurity
concentration distribution of the section of the LDMOSFET
on line X-X' in Fig. 8A.

Fig. 8C is a graph showing the substantial impurity
concentration distribution of the section of the LDMOSFET
on line Y-Y' in Fig. BA.

Figs. 9A to 9J are sectional views, illustrating the
steps of the production process of the second embodiment of
the present invention.

Fig. 10A is a sectional view of a LDMOSFET according
to the prior art.

Fig. 10B is .a graph showing the substantial impurity

concentration distribution of the drift region in Fig. ldﬁ.



10

15

20

25

14

Fig. 11 is a sectional viewlof a LDMOSFET according to
another prior art. |

Fig. 12 is a sectional view of the LDMOSFET according
to another prior art, illustrating one step of the.

production process of the LDMOSFET.

DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described
in more detail by way of preferred embodiments thereof,
which should not be construed as limiting the scope of the
present invention, any way. For the convenience of
simplicity in the description, the first conductivity type-
type and the second conductivity type-type as are put in
the section of "Disclosure of the Invention"™ and the claims
are referrea to as n-type and p-type, respectively, however,
the n-type and the p-type may be replaced with each other.
Also, while the following description is made restrictively
about SOI-LDMOSFET, a LDMOSFET may be formed on an

epitaxial wafer.

First Embodiment

A SOI—ﬁDMOSFET according to this embodiment is
constructed as follows, using a SOI substrate which
comprises a semiconductor substrate (1) formed from a

single crystal silicon, an insulating layer (2) formed
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thereon from a silicon.oxide,'and'a semiconductor layer (3)
formed thereon from a single crystal silicon.
In this SOI-LDMOSFET shown in Fig. 1A, such a p'-type

well region (105) that has a depth reaching the insulating

- layer (2) is formed at a predetermined position in the n-

type semiconductor layer (3), and an n"'-type drain region
(104) is formed apart from the p‘-type well region (105).

An n“-type source reéion (106) is formed in the p'-
type well region (105), and a p"-type base contact region
(107) is formed in adjacent to the n*™-type source region
(106) .

The p’-type well region (105) having a channel region'
(150) formed thereon and the n-type semiconductor layer (3)
(the drift region (112)) are located between the n*'-type
source region (106) and the n*'-type drain region (104) .

A gate electrode (109) of, for example, a poly-silicon
is formed on a gate-insulating layer (108) which is formed
on the p'-type well region (105) (or the channel region
(150)) between the n**-type source region (106) and the n''-
type drain region (104).

In the present specification, a part of the n-type
semiconductor layer (3) between the p'-type well region .
(105) forming the channel'reg;on (150) formed thereon just
under the gate electrode and the n**-type drain region

(104) is referred to as an n-type drift region (112).
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In the first embodiment of the present invention, the
gate electrode (109) is formed overhanging the n—type drift
region (112) by a-predetermined length, and this portion
overhanging the n—type drift region (112) is referred to as
a gate overhanging region (113), and the length of such a
portion is feferred to as a gate overhanging length.

A drain electrode (110) is formed on the n''-type
drain region (104), and a source electrode (111) is formed
on and across the n*-type source region (106) and the p*'-
type base contact region (107).

The SOI-LDMOSFET constructed as above according to the
first embodiment shown in Fig. 1A can turn current on or
off between the drain region and the source region
depending on a voltage applied to the gate electrode in the
same manner as in the conventibnal SOI-LDMOSFET, and
further can have superior characteristics described later
to the conventional one, by constructing the n-type drift
region (112) as follows. |

In the SOI-LDMOSFET according to the first embodiment,
the impurity concentration of the n-type drift region (112)
is adjusted to gradually decrease in both of the vertical
direction (the thickness direction of the semiconductor.
layer, which is perpendicular to the surface of the
semiconductor layer) and the lateral direction (the

direction parallel to the surface of the semiconductor
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layer) as the distance. from the n'*-type drain region (1d4)
increases, as shown in Figs. 1B and 1¢.

Fig. 1B is a graph showing the impurity concentration
distribution in the vicinity of the surface of the n-type
drift region (112) in the lateral direction, and indicating
the impurity concentration of a part of the surface of the
n—-type drift region (112) rélative to the distance X from
the reference point (the interface between the n-type
drift region (112) and the n**-type drain region (104)) in
the lateral direction.

Fig. 1C is a graph showing the impurity concentration
of the n-type drift region (112) relative to the distance Y
from the surface of the semiconductor layer (3) in the
depth direction (the_vértical direction). |

In the SOI-LDMOSFET (100) constructed above according
to the first embodiment, the impurity concentration of the
n-type drift region (i112) is adjusted to gradually decrease
toward the p*-type well region (105) from the n**-type drain
region (104). Thus, as shown in Fig. 2, the electric field
concentrated around the region which is defined by the
drift region beneath the gate overhanging region is
relieved to form a more uniform electric filed distribution
in the-n—type drift region (112).

By doing so, the SOI-LDMOSFET of the first embodiment

can have higher avalanche breakdown point as shown in Figl



10

15

20

25

18

Also, in the SOI-LDMOSFET (100) of the first
embodiment, the impurity concentrétion of a part of the n-
type drift region (112) in the vicinity of the junction
between the p'-type well fegion (105) and the n-type drift
region (112) is adjusted to bé lower, and particularly; the
impurity concentration is adjusted to be as low as the
initial concentration level of the n-type semiconductor
layer (3) in the vicinity of the insulating layer (2).
Therefore, even when a voltate is not applied to the n**-
type drain region, a depletion layer is effectively spread
from the junction between the.pf-type well region (105) and
the n-type drift region (112) toward the n''-type drain
region (104) within the n-type_drift region (112).

Thus, it becomes poSsible to increase the width of the
deplétion layer of the n-type drift region (112) in the
state of OFF and therefore also possible to decreaée the
capacitance between the source region and the drain region.

Further, since the impurity concentration can be
changed in not only the lateral direction but also the
vertical direction, it is possible to form the n-type drift
region (112) with a relatively large thickness.

The increasing thickness of the drift region makes it
possible to decrease the thermal resistance efficiently;.éo

that allowéble current in the state of ON can be increaséd.
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Therefore} the SOi-LDMOSFET can permit a relatively large
amount of current to pass through in the sﬁate of ON.

As is'undeistood from the foregoing, the SOI-LDMOSFET
{100) of the first embodiment can have withstand voltage
closer to an ideal value and also increase the amount of
allowable current in the state of ON. |

Hereinafter, more preferred modes of the SOI-LDMOSFET
(100) according to the first embodiment will be described,
however, the scope of the present invention should not be

restricted to the details of the following construction.

(1) Impurity Concentration Distribution of
n-Type Drift Region (112)

In the.presént invention, it is preférable that the
impurity concentration of the n4type drift region (112) is
so adjusted as to change obeying the Gaussian distribution
represented by the following equation (2).

N(x,y) *= Npeak-exp(-(x/Lx)?) -exp(~{y/Ly)?) ... (2)
wherein the parameters and the constants in the equation
(2) are defined as below:

x: the distance from an end of the.n”—type drain
region (104) on the surface of the n-type drift
region (112) |

y: the distance in the thickness direction from the

surface of the semiconductor layer within the
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n-type drift region (112)
N(x,y):'the impurity coﬁcentration of a position
represented by coordinates (x,y).
Npeak: the highest impurity concentration of the n-type

drift region (112)

Lx: the diffusion length of an'impurity in the
lateral direction in the n-type drift region
(112)

Ly: the diffusion length of an impurity in the
thickness direction in the n-type drift region
(112)

This impurity'qoncentration distribution of the n-type
drift region (112) which changes obeying the Gaussian
distribution is determined by the distance from the end of
the n"*-type drain region (104) as the reference point, and
therefore, the impurity concentration distribution of the
n-type drift region (112} can be controlled by fhe
diffusion from the side of the n"-type drain region (104).

Therefore, the n-type drift region (112) having the
impurity concentration distribution which changes obeying
the Gaussian distribution is not required to be subjected
to highly accurate mask-processing which is esséntial for
the construction of the conventional SOI-LDMOSFET, and
therefore, it is readily formed.

In addition, since this n-type drift region (112) is
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ﬁot restricted by mask-processing accﬁracy, the SOI-
LDMOSFET can have a short_drift length. |

Therefore, the use of the n-type drift region (112)
having the impurity concentration disfributidn which
chahges obeying the Gaussian distribution makes it easy to
construét é highly accurate SOI-LDMOSFET capable of having
withstand voltage of 20 to 300 V class which is well
required for a switch for turning a high frequency signal

on or off and capable of having a drift length of about 1

 to about 15 pm.

(2) Impurity Concentration of n-Type Drift Region (112)
under Gate Overhanging region {113) '

It is.preferabie that the impurity concentration of a
region (under gate oﬁerhanging region) located under the
gate overhanging'regidn {(113) within the n-type drift
region (112) is adjusted to be lower than the impurity
concentration N(RESURF) which satisfies RESURF condition
giﬁen by the following eguation (3);

Tsoi X N(RESURF) = 1 X 10 (atm/cm®) ... (3)
wherein the parameters and the constants in the equation
{(3) are defined as follows:

Tsoi: the thickness of the n-type semiconductor layer

(3) (cm)

N(RESURF) : the impurity concentration (atm/cm®) satisfying.
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RESURF condition

As mentioned above, by adjustiiig the impﬁrity
concentration of the under gate overhanging region of the
n-type drift regioh (112) to be N(RESURF) or lower, a
depletion layer can be more effectively spread in the n;
type drift region (112) in the state of OFF where the gate
voltage is negative or at zero potential. Thus, it becomes
possible to increase the width of the depletion layer of
the n-type drift region (112) in the state of OFF, which
makes it péssible to decrease the capacitance between the
source region and the drain region.

Particularly; in the state of QfF, it becomes possible
to maké very low the impurity concentration of a part of
the n-type drift region (112) in the vicinity of the
jﬁnction between the n-type drift region (112) and the p'-
type well region (105) and also in the vicinity of the
insulating layer (2), and therefore, it becomes very easy
to spread the depletion layer in su&h a region having a
very low impurity concentration. As a result, the effect
of decreasing the output capacitance is more remarkably
exhibited.

Further, in the state of ON where ON gate voltage (in
this case, it is positive voltage) is applied to the gate
electrode (109), carriers (electrons) are accumulated in

the under gate overhanging region of the n-type drift_
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region (112) because of the potential of the gate electrode
(1095. Therefore, the carrier concentration in the state
of ON can be relatively high as in the case where the
impurity concentration is set at a value equal to or
greater than the value of N(RESURF), in spite of the
condition under which the impurify conceﬁtration of the
above region is set at a low value (N(RESURF) or less).

| Therefore, by séfting the impurity concentration of
the under gate overhanging region lower than N (RESURF), it
becomes possible to increase the allowable current in the
state of ON while an ideal withstand voltage being held and
also possible to effeqtively decrease the output

capacitance without an increase in the on-state resistance.

(3) It is preferable that the impuritj concentration of a
part of the n-type drift region (112) in the vicinity of
the n"-type drain region (104) and also in the vicinity of

the surface of the n-type drift region (112) {(high

concentration region) should be'selected to a value higher

than the impurity concentration N(RESURF) which satisfies
the above RESURF condition.
As described above, when a region having a higher

impurity concentration than N(RESURF) is formed in the n-—

‘type drift region (112), the carrier concentration in such

a high impurity concentration region naturally becomes
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higher. Most of current which flows in the state of ON
flows in the vicinity of the surface of the n-type drift
region. Thus, by increasing the carrier concentration in
the vicinity of the surface, the on state resistance can be
decreased.

In this case, the output capacitance can be suppressed
without an increase in the on state resistance, by
adjusting the impurity concentration of the part of the n-
type drift regioh (112) just under the gate overhanging
region (113) to a value lower thaﬁ'N(RESURF).

Therefore, by forming a region having a higher
impurity concentration than N(RESURF) in the n-type drift .
region (112), the allowable current in the state of ON can
be increased while the ideal withstand voltage being
ensured, and also, the on-state resistance can be
effectiveiy decreased without an increase in the output

capacitance.

(Production Process of Lb—MOSFET of First Embodiment)

Next, the production process of an LD-MOSFET according
to the first embodiment of the present invention will be
described with reference to Figs. 7A to 7H.

This process relates to a case where an impurity
concentration distribution obeying fhe Gaussian

distribution is formed in the n-type drift region.
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First, an oxide layer is formed on the surface of a
SOI substrate which comprises a substfate (1) formed from a

single crystal-siliqon or the like, an insulating layer (2)

formed thereon from a silicon oxide or the like, and a

semiconductor layer (3) formed thereon from a single
crystal silicon or the like.

Then, an oxide layer (1015) is formed by removiﬁg
parts of the above oxide layer into which impurities will
be doped to form a p*—typé ﬁell region, an n™-type drain
region and so on (see Fig. 74).

Next, the regions other than a region on which an n™-

_type drain region (104) will be formed. are covered by a

resist mask (1016), and then, an n-type impurity is

implanted into that region above (see Fig.'7B). The n-type

impurity is diffused by heat treatment so as to have a

predetermined diffusion length. An impurity diffusion
distribution obeying the Gaussian distribution represented
by the equation (2) is formed in the n-type d:ift region
(112) by controlling the temperature and the time of the
heat treatment step. In this regard, the pattern of this
distribution is showﬁ by the plurality of lines on Figs. 1
and 7C which are contour lines} and thus, in practice, the
impurity concentration coﬁtinuously éhanges according to
the equation (2). |

Next, as shown in Fig. 7C, an impurity for forming a
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p'-type well region (106) is implanted through the oxide
layer (1015) as a mask and a resist mask (1017), and the
impurity is diffused by heating so as to form the p'-type
well region (106) which reaches up to the insulating layer
(2).

Next, a resist mask.(1018) for forming the n"'-type
source region (106) and the n*-type drain region (104) is
formed, and an n-type impurity is impianted through the
resist mask (1018} and the silicon oxide layer (1015) as a
mask to thereby form n-type impurity-implanted regions |
{(106a) and (104a} (see Fig. 7D).

Next, the resist mask (1018) is removed, and then, a
resist mask (1019) for forming a p'-type base contact
region is formed,*and a p—type impurity is introduced
through the mask to form a p;type impurity-implanted region
(107a) (see Fig. 7E). |

After the resist mask (1019) is removed, heat
treatment is carried out so as to diffuse the respective
impurities in the n-type impurity-implanted regions
{104a) , (106a) and the p-type impurity-implanted region
(107a), so that the n"-type drain region (104}, the n**-
type source region (106) and the p“-type base contact
region (107) are formed, respectively.

| Then, a silicon oxide layer (108’ for a gate oxide

layer is formed (see Fig. 7F).
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Next, a gate electrode (109) is formed on the silicon
oxide layer (108), and an intermediate layer (1020) is
further formed, and a part of the intermediate layer (1020)
for forming drain, source and base contact regions is
removed by etching (see Fig. 7G).

J Then, a drain electrode (110) and a source electrode
(111) are formed, and a protective layer (1021) is formed.
Thus, the LDMOSFET according to the first embodiment is
completed. |

In thé'foregoing production process of the LDMOSFET
according to the first embodiment, the impurity
concentration distribution of the n-type drift region, the
well region, the drain region and the source region are
formed in an self alignment manner, using the oxide layer
(1015) as the mask. Therefore, a very fine semiconductor
element can be accurately produced.

In addition, the impurity concentration distribution
of the n-type drift region (112) can be formed according to
the distance from the n™-type drain region so as to obey

the Gaussian distribution.

(Thickness of n-Type Drift Region (112) and
Related Characteristics)
Next, the relationship between the thickness of the n-

type drift region (112) (the n-type semiconductor layer
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(3)) and the drift length, and the characteristics of the

first embodiment is described.

(1) n-Type Drift Region (112) with Thickness of
Substantially 0.3 pm '

In the SOI-LDMOSFET according to the first embodiment

of the present invention, the n-type drift region (112) can

be formed with a thickness of substantially 0.3 pum. Also,

in this case, the foregoing-effects can be obtained.

By forming the n-type semiconduétor layer (3) with a

‘relatively thin thickness as above, the area of the

junction between thé n-type drift region (112) and the p-
type wéil region (105) can be.decreaséd, and thus, the
output capacitance can be decreased substantially in
proporéion to the thickness of the semiconductor layer (3)
as shown in the graph of Fig. 4.

In the meantime, in the construction of the first
embodiment, by the heat diffusion of the impurities, there
is formed, in the n-type drift region (112), such an
impurity concentration distribution that the impurity
concentration gradually decreases also in the vertical
direction from the surface of the ﬁ—type semiconductor
layer (3) to the insulating layer (2). Such an impurity
concentration distribution cén be formed when the thickness

of the n-type semiconductor layer is about 0.3 pum.

However, if the thickness of the n-type semiconductor
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layer is thinner than 0.3 um, the distance betweén the n**-
type source region (;06) and the insulating-layer (2)
becomes smaller, and because of the built-in potential,
thére is formed such a depletion layer that spreads from
the junction between the n™-type source region (106) and |
thé p'-type well region (105) into the interior of the p'-
type well region (105). As a result, the p'-type well
region {(105) between the n''-type éource region (106) and
the insulating layer (2) is apt to come into a pinchéoff"
condition. '

Because of this disadvantage, a body-floating
phenomenon which causes an unstable potential in the p'-
type.well region (105) just under the gate electrode (109)
occurs, which leads to a problem that the withstand voltage
and tﬁé tolerance dose lowerf

Therefore, it is preferable in the present invention

that the thickness of the n-type semiconductor layer (3)

should be 0.3 pum Or more.

(2) n-Type Drift Region (112) with Thickness of
Substantially 15 pm '

According to this embodiment, the SOI-LDMOSFET may
include an n-type semiconductor layer (3) with a thickness

of 15 um,
In this case, it is preferable that the drift distance
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(the width of the n-type drift region (112)) from an end of

the pt-type'well region'(105) extending along the surface

‘of the n-type semiconductor layer (3) to an end of the n**-

type drain region (104) should be selected to about 15 um.

As mentioned above, in the SOI-LDMOSFET according to
the first embodiment, even if the n-type semiconductor
layef {3) has a thickness of 15 um, the foregoing effects
can be obtained.

More specifically, in most of cases, there is a
relationship of {withstand voltage) o« (drift distance)
between the withstand voltage and the drift distance. It
is confirmed by experiments-that, when the drift distanEe
is set at 15 pm, the highest withstand voltage is indicated
at 300 V in the case of a switch of ~300 V class which is
acutely demanded as a switch for turning a high frequency _
signal on of:off {see Fig. 5).

As described above, it is confirmed, from the results
of the various tests we have conducted, that relatively.
good fgatures can be ensured when the thickness of the n-
type semiconductor layer (3) is substanfially in the range
of 0.3 to 15 pm. Therefore, when a decrease in output
capacitance is needed while it is allowed for the withstang
voltage to be relatively low, the thickness of the n-type
semiconductor layer (3) is decreased. On the other hand,

when higher withstand voltage is requifed, the thickness of
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the n-type semiconductor layer (3) is increased.

Further, by increasing the thickness of the n-type
semiconductor layer (3), heat can be efficiently released
through the n-type drift region (112), so that the
resulting element can have an improved thermal resistandé
feature. Thus, it becomes possible to increase the
allowable current in the state of ON.

However, there remains the following problems. When
the foregoing impurity concentration gradienf is formed in
the n-type drift region having a thickness.of 15 um 6r more,
the time taken in diffusing impurities by heat becomes
longer. When the impurities are diffused from the surface
of the semiconductor layer with a thickness of 15 um or
more, the diffusing speed becomes lower as the impurity
diffusion distance becomes longer and longer. Therefore,
it is preferable in the present invention that the |
thickness of the n-type semiconductor layer (3) should be
15 um or less.

As mentioned above, according to the SOI-LDMOSFET of
the first embodiment of the present invention, it is
possible to form the n-type drift region (112) with a
thickness of ébout 15 um, and therefore possible to
construct the SOI-LDMOSFET in practical time, having very
high withstand voltage (to about 300 V) and.also a large

amount of allowéble current in the state of ON.
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(3) n-Type Drift Region (112) with Thickness of
substantially 0.5 um

It is preferable in thé present invention that the
thickness of the n-type drift region (112) should be set at
0.5 uym or more so as to hold the output capacitance
relatively small, and the reason therefor is described
below.

There is the following relationship-between the
thickness of the n-type semiconductor layer (3), and the
output capacitance and on-resistance:

(dutput.capacitance) X (on-resistance) «< (Thickness of n-
type. semiconductor layer (3)) .
It is confirmed by experiments that, when the thickness of
the n-type semiconductor laye; (3) becomes thinner than
about 0.5 um, decrease in the value of (output capacitance)
X (on-state resistance) is gradualiy saturated (see Fig. 6).

On the 6ther hand, as shown in Fig. 6, the withstand
voltage further lowers when the thickness of the n-type
semiconductor layer (3) becémes thinner than about 0.5 pm.,

Thus, in case where the'thickness of the h-type
semiconductor layer (3) is decreased to less than about 0.5
um, it is impossible to decrease the value of (output
capacitance) X (on—~state resistance) in spite of

sacrificing the withstand voltage.
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Therefore, it is_prefefable that a design for
decreasing the value of (output capacitance) X (on-state
resistance) should be made after a required withstand
voltage has been ensured by setting the thickness of the n-
type semiconductor layer (3) at about 0.5 um or more.

Thus, it is preferable to set thé thickness of the n-
type semiconductor layer (3) at 0.5 um or more in order to
increase thé allowable current in the state of ON while
ensuring high withstand voltage and also to efficiently
decrease the value of (output capacitance) X (on-state

resistance).

(4) n-Type Drift Region (112) with Thickness of
substantially 4 um and Drift Length of about 4 pm

The following features are obtained, in case where, in
the SOI-LDMOSFET of the present invention, the thickness of
the n-type semiconductor layer (3) is set at about 4 um,
and where the length of the_n-type drift region {112) (in
other words, the drift distance) from an end of the p'-type
well region (105) to an end of the n"-type drain region
(104) is set at about 4 pm. |

As described above, there is the relationship of
(withstand voltage) « (drift distance) between the
withstand voltage and the drift distance.

It is confirmed by experiments that, by setting the --
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drift distance at 4 um and the thickness of the n-type

semiconductor layer (3) at about 4 um based on this
relationship, the withstand voltage can achieve the class
of 100 V (see Fig. 5).

In addition, by setting the thickness of the n-type'
seﬁiconductor layer (3) at a larger value in order to
achieve the above withstand voltage, the thermal resis£ance
is decreased, and therefore, the allowable current in the
state of ON can be increased.

For this reason, according to thé SOI-LDMOSFET of this
embodiment, by setting the drift distance at 4 pum and ﬁhe
thickness of the n-type semiconductor layer (3) at about 4
um, it is possible to provide é switching element capable
of turning a high frequency signal on or off, ensuring
wiﬁhstand voltage of 100 V class which is acutely demanded
for relatively high voltaée—resistant SWitching_elements,u
and increasing the allowable current in the state of ON.

It is understood from the foregoing descriptions (1)
to (4) that, according to the present invention}=the
thickness of the n-type'semicondﬁctor layer (3) should be
selected within a range of 0.5 to 4 um in accordance with
the requirement of end use, in case whére the withstand
voltage is required to achieve the class of 100 V, and
where the output capacitance and the on-state resistance

are required to be relatively small.
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Also, according to the present invention, tﬁe
thickness.of the n-type semicoﬁductor layer (3) should be
selected within a range of 4 to 15 pm in accordance with
the requirement of end use, in case where the withstand

voltage is required to achieve the class of 100 to 300 V.

(5) Element Having Voltage Resistance of 25 to 50 V Class

Next, an element having withstand voltage of 25 to 50
V class which has fhe largest demand in the switches for
turning high frequency signals on or off is constructed
according to the first embodiment of the present invention.

This element is constructed taken into account the
variation in the thickness of the n-type semiconductor
layer (3) within a range of about 0.5 to about 1.5 um which
is found when the n-type semiconductor layer (3) is formed
on a SOI substrate;

specifically, the length of the n—type drift region
(112) (in other words, the drift d1stance) from an end of
the p'-type well region (105) extending along the surface
of the n-type semiconductor layer (3) to an end of the n"'-
type drain region (104) is selected within a range of 1 to
2 pMm.

By doing so, it is confirmed by experiments that the
drift distance of 1 to 2 um makes it possible to achieve

withstand vdltage of 25 to 50 V class which has the 1arge§t
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demand in the switching elemeﬁts for turning high frequency
signals on or off (see Fig. 5).

As has already bean.described in the section (3), it
is known that the thickness of the n-type semiconductor
layer (3) should be set at about 0.5 um in ofder to
efficiently decrease the value of (output capacitance) X
(on-state resistance) (see Fig. 6).

In the state of the present technical level, the
thickness of the n-type semiconductor layer (3) formed on a
provided SOI wafer has a variation of about 0.5 to about
1.5 pm because of the limit in controllability of growth of
thin layers and so on. However, according to the .SOI-
LDMOSFET of this embodiment of the present invention, by
selecting the drift distance within the range of 1 to 2 um,
a withstand voltage of 25 to 50V class.can be achieved,
and. the wvalue bf (output capacitance) X {on-state
resistance) can be decreased to a relatively smali.value,
and further, the allowable current in the state of ON can

be increased to a relatively large value.

Second Embodiment
As shown in Fig. 8A, a LDMOSFET (200) according to the
second embodiment of the present invention is constructed

in the same manner as in the LDEMOSFET according to the

first embodiment, except that an n—typé drift region (212)
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in which the impurity concentration changes stepwise is
formed instead of the n-type drift region (112) of the
LDEMOSFET of the first embodiment in which the impurity
concentration continuously changes. -

In this regard, in Fig. 8A, the same reference
numerals are used for the same parts as those shown in Fig.
1A.

In the LDMOSFET (200} according to the second
embodimént, the n-type drift region (212) comprises a low
concentration région {212a), a medium goncentration region
(212b) and a high concentration region (212¢c), and the
impurity concentration becomes higher as the distance from
the n™-type drain region (104) becomes shorter.

In the second embodiment, the low concentration region
{(212a) locates just under the gate overhanging region (113)
of the gate electrode (109) and the high concentration
region (212c¢) locates in contact with the n#—type drain
region (104).

It is preferable that the impurity concentration Na of
the low concentration region (212a) of the n-type drift '
region (212) should be set at a value not more than
N(RESURF), and that the impurity concentration Nc of the
high concentration region (212c) thereof should be set at a
value not less than N(RESURF).

The impurity concentration Nb of the medium
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concentration region (212b) may be set at a value equal to

the value of the.impurity concentration Na of the low
concentration region (212a) or that Nc'of the high
concentration region ({(212c), and preferably, Nb is set at a
value satisfying the condition of Na < Nb < Nc.

The n-type drift region (212) may have an impurity
concentration distribution in which each of the low
concentration region-(212a), the medium concentration
region (212b) and the high concentration region (212¢) has
an impurity concentration distribution in which the
concentration of each impurity beéomes lower as the
distance from the n**-type drain region (104) becomes
longer. 1In this case, the impurity concentration
discontinuously qhanges at the interface between each of
the regions adjacent to each other.

In the LDMOSFET of the second embodiment as
constructed above, the impurity concentration Na of the low
concentration region (212a) which locates just under the’
gate overhanging region (113) is set at a low value, and
therefore, a depletion layer can be effectively spread in
the low concentration region (212a) in the state of OFF in
which the gate voltage is negative or has zero potential.
By doing so, it becomes possible to increase the width of
the depletion layer in the n-type drift'region (212) in the

state of OFF, so that the capacitance between the source



10

15

20

25

38

' region and the drain region can be more decreased.

On the other hand, in fhe state of ON gate voltage (in
this case, positive voltage) is applied to the gate
electrode (109), carriers -(electrons) are accumulated on
the surface of the low concentration region (212a) by the
potential of the gate electrode (109). Therefore, it ié
possible to increase the carrier concentration in the state
of ON, in spite of the condition under which the impurity
concentration of the low concentration region (212a) is set
at a lower value.

The impurity qoncentration Nc of the high
cpncentration region (212c) is set at a relatively high
value, and therefore, the carrier concentration of the high
concentration region (212c) naturally becomes higher, so
fhat the on-state resistance can be decreased.

As described above, the n-type drift region (212) of
the LDMOSFET of fhe second embodiment can operate in the
séme manner as the n-type drift region (112) of the first
embodiment, so that the LDMOSFET of the second embodiment
can provide the same effects as those provided by the

LDMOSFET of the first embodiment.

(Process of Constructing LDMOSFET of Second Embodiment)
Next, the production process of the LDMOSFET of the

second embodiment of the present invention is described
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with reference to Figs. 9A to 9J.

First, an oxide layer is formed'on the surface of a
SOI substrate, and subjected to patterning to form an oxide
layer {(1115) (see Fig. 93).

Next, the regions other than the regions for forming
an n"-type drain region (104) and an n-type drift region
(212) are covered by a resist mask (1116), and a small dose
of n-type impurity for forming a low concentration.regidn
(212a) is injected to the regions for n**-type drain region
and n-type drift region (see Fig. 9B). Then, the n-type
impurity is diffused to a predetermined length by heating.

Next, a resist (1117) for covering up to a region for
forming the low concentration region (212a) is formed, and'
a little larger dose of n-type impurity for forming a
medium concentration region (212b) is injected (see Fig.
9C). Then, the n-type impurity is diffused to a
predetermined length by heating.

Next, a resist (1118) f§r covering up to a region for
forming the medium concentration region (212b} is formed,
and a large dose of n-type impurity for forming a high
concentration region (212c) is injeéted (see Fig. 9D).
Then, the n-type impurity is treated by heat and diffused
to a predetermined length. '

In this‘way; different dosés of n-—-type impurities are

"injected and diffused by heating, separately in three
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stages, so that an n-type drift region (212) in which the
impurity concentration changes s;epwise between each of the

respective regions is formed.

‘Next, as shown in Fig. 9E, an impurity for forming a

.;f-type.well region (105) is injected through the oxide

layer mask (1115) and a resist mask (1119) and treated by
heat, so that the p'-type well region (105) which reaches
up to the insulating layer (2) is formed.

Next, a resist mask (1120) for forming an n**-type
source region (106) and an n**-type drain region (104) is
formed, and an n-type impurity is injected through the
resist mask (1120) and the silicon oxide layer (1115) as
the mask so as to form n-type impurity-implanted regions
(104a) and (106a) (see Fig. 9F).

Next, the resist mask (1120) ié removed, and then, a
resist mask (1121) for forming a p"”-type base contact |
region is formed, and a p-type impurity is injected through
the resist mask {1121) to form a p~type impurity-implanted
region (107a) (see Fig. 9G).

The resiét mask (1121) is removed, and a heat
treatment is carried out to diffuse the respective
impurities in the n-type impurity-implanted regions (104a)
and (106a) and the p-type impurity-implanted region (107a),
so that the n'*-type drain region (104), the n"-type souice

region (106) and the p"-type base contact region (107) are
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formed, respectively.

Then, a silicon oxide-layer'(IOS) for a gate oxide
layer is formed (see Fig. O9H).

Next, a gate electrode (109) is formed on the silicon
oxide layer (108), and an intermediate laver (1122) ié
further formed, and a part of the intermediate layer (1122)
for forming drain, source and base contact regions is
removed by etching (see Fig. 9I).

Then, a drain electrode (110) and a source electrode
(111) are formed, and-finally, a pfotective layer (1123) is
formed to thereby complete the LDMOSFET according to the
second embodiment.

According to the production process of the LDMOSFET
(1100} of the second embodiment, the impurity concentration
distribution of the n-type drift region (212) can be formed,
spending a relatively short time in diffusing the
iﬁpurities, in case where the n-type semiconductor layer
(3) is thin and the drift length is relatively long.

It is further understood'by those skilled in the art
that the foredoing descriptions are the preferred
embodiments of the disclosed device and that various
changes and modifications may be made in the invention

without departing from the spirit and scope thereof.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising a semiconductor
layer formed on a semidonductor substrate, said
semiconductor layer including

a first conduétivity.typefdrain region formed in a-
part of the semiconductof layer,

a second conduétivity type-well region formed in a
part of the semiconductor layer and apart from the drain
region,

a first conductivity type—éource region formed in the
well region and apart from one end of the well region on
the side of the drain region, |

a first conductivity type-drift region formed between
one end of the well region and the drain region and in
contact with both the weil region and the drain region, the
impﬁrity concentration of éaid drift region decreasing both
in the lateral direction and in the vertical direction as
the distance from the drain region increases, the lateral
difection'being parallel to the surface of the
semiconductor layer, the vertical direction being
perpendicular to the.surface of the semiconductor layer,

a gate oxide layer formed on the well region located.
between the drift region and the source region, and

a gate electrode formed on the gate oxide layer.
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2. The semiconductor device according to claim 1,
wherein the semiconductor layer is formed on an insulating
layer on the semiconductor substrate.

. | .

3. The semiconductor device according to claim 1,
wherein the impurity concentration in the lateral direction
of the drift region changes obeying the Gaussian
distribution having, as a parameter, the distance x from
the drain region in the lateral direction, and the impurity
concentration in the vertical direction of the drift.region
changes obeying the Gaussian distribution having, as a

parameter, the distance y from the drain region in the

vertical direction.

4. The semiconductor device according to claim 1,
wherein the gate electrode is formed so as to overhang the
drift region for covering é part of the drift region, and
the impurity concentration 6f'said part of the drift region
locating just under the gate electrode is lower than the
impurity concentration N(RESURF) which: satisfies the RESURF

condition.

5. The semiconductor device according to claim i,
wherein the impurity concentration of a part of the drift

region in the vicinity of the drain region is higher than
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the impurity concentration N(RESURF) which satisfies the

" RESURF condition.

6. The semiconductor device according to claim 1,
wherein the thickness t of the semiconductor layer is set

within a range of 0.3 ym < ¢ £ 15 pum.

7. The semiconductor device according to claim 1,

wherein the thickness t of the semiconductor layer is set

within a range of 0.5 ym < t < 4 pm.

8. The semiconductor device according to claim 1,
wherein the thickness t of the semiconductor layer is set

within a range of 0.5 ym £ £t £ 1.5 um.

9. The semiconductor device according to claim 1,
wherein the distance of the drift region from one end of

the drain region to one end of the well region is set 15 um

or less,

10. A process for producing a semiconductor device
comprising a semiconductbr layer formed on a semiconductor -
substrate, sald process comprising the steps of separately
forming'a first conductivity type-drain region and a first

conductivity type-source region apart from each other,
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forming a drift region between the draiﬁ region and the
source region and in contact with the drain regiqn, and
forming a channel region in contact with the source régiOn,
characterized by comprising the steps of doping a region
for forming the drain region with a first conductivity
type-impurity, and heating and diffusing the impurity in

the drift region.



