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[57] ABSTRACT

A method of fabricating a field effect transistor,
wherein impurity diffusion layers of source and drain
are formed by an ion implantation method using the
gate electrode as the mask by inclining the semiconduc-
tor substrate with respect to the ion beam incident di-
rection so as to prevent the channeling effect and also
rotating it in planarity with respect to the ion beam
scanning plane. As a result, impurity diffusion layers
can be formed symmetrically with respect to the gate
electrode.

10 Claims, 10 Drawing Sheets
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METHOD OF MAKING SYMMETRICALLY
CONTROLLED IMPLANTED REGIONS USING
ROTATIONAL ANGLE OF THE SUBSTRATE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made
by reissue.This application is a Continuation of now aban-
doned application, Ser. No. 07/581,781, filed Sep. 13,
1990,

BACKGROUND OF THE INVENTION

This invention relates to a method of fabricating a
field effect transistor, and more particularly to a method
of fabricating a field effect transistor by forming an
impurity diffusion layer by ion implantation method
using a gate electrode as the mask.

Conventionally, in the method of fabricating a field
effect transistor, as the process of forming an mmpurity
diffusion layer such as a source and drain region after
forming a gate electrode, the method of forming by ion
implantation using the gate electrode as the mask is
widely employed. At this time, in order to prevent the
channeling effect of the impurity ions into the semicon-
ductor substrate, it is a general practice to implant by
inclining the normal of the semiconductor substrate
surface 11 by 8 degrees, usually about 7 degrees, with
respect to the ion beam incident direction 14 as shown
in FIG. 1.

In this method, however, as the device becomes
smaller and smaller, the junction depth of the impurity
diffusion layer becomes shallower, and the heat treat-
ment is lowered in temperature, which results in a shade
or shadow part 26 in the gate electrode 23 as shown in
FIG. 2, so that the impurity diffusion layer 25 may be
asymmetrical with respect to the gate electrode 23.
Moreover, the device having such an assymmetrical
shape is also influenced in the electric characteristics.
For example, effects of the asymmetrical shape on the
electric characteristics in a MOS field effect transistor
having an LDD (lightly doped drain) structure are as
follows. FIG. 3 is a two-dimensional simulation diagram
of impurity distribution in the section along the channel
longitudinal direction in an LDD structure MOS tran-
sistor fabricated so that the LDD region may be asym-
metrical with respect to the gate electrode. In this ex-
ample, the process and device parameters are as fol-
lows. The impurity doping for threshold voltage con-
trol is boron with 40 keV, 4.0 1012 dose/cm?2, the im-
purity doping for the LDD region is phosphorus with
40 keV, 1.0xX 1013 dose/cm?, and the impurity doping
for the source and drain region 1s arsenic with 80 keV,
4.0 1015 dose/cm?. The gate oxide film thickness is 10
nm, the gate electrode height 1s 450 nm, the gate elec-
trode length is 0.8 pm, the width of an msulation film
sidewall spacer is 0.14 pm, and the total heat treatment
process after forming the gate electrode is 30 min at
900° C. The source and drain regions were formed to be
symmetrical with respect to the gate electrode. As clear
from FIG. 3, the portion becoming the shade or shadow
of the gate electrode at the time of ion implantation is
the area where the end portion of the LDD region 1s
offset with respect to the end of the gate electrode. The
drain current characteristic of the device fabricated
with said parameters is given in FIG. 4. The method of
fabrication conformed to the method proposed, for
example, by Paul J. Tsang et al., “Fabnication of High-
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2
Performance LDD FET’s with Oxide Sidewall-Spacer
Technology,” IEEE TRANSACTIONS ON ELEC-
TRON DEVICES, vol. ED-29, No. 4, April 1982. In
the operation where the source region is offset (forward
operation), since a high resistance region is formed at
the source side, the drain current (ID) becomes lower.
On the other hand, in the operation where the drain
region is offset (reverse operation), a high resistance
region is formed at the drain side, and the saturation
voltage is higher, so that the drain current becomes
higher. Thus, when the impurnty diffusion layer be-
comes asymmetrical to the gate electrode, an asymmet-
ricity occurs in the electric charactenistics of the device,
and it is hard to apply into a2 highly integrated circuit.

SUMMARY OF THE INVENTION

It is hence a primary object of this invention to pres-
ent a method of fabricating a field effect transistor capa-
ble of forming an impurity diffusion layer symmetrical
to the gate electrode and obtaining a symmetricity in
the electric characteristics of the device, when forming
the impurity diffusion layer by an ion implantation
method using the gate electrode as the mask.

In order to achieve the above object, the method of
fabricating a field effect transistor of this invention 1s
intended to implant ions by inclining the semiconductor
substrate with respect to the ion beam incident direc-
tion; in order to prevent the channeling effect and also
subjecting said semiconductor substrate to plane rota-
tion with respect to the ion beam scanning plane, when
forming the impurity diffusion layer by an 1on implanta-
tion method using the gate electrode as the mask.

While the novel features of the invention are set forth
in the appended claims, the invention, both as to organi-
zation and content, will be better understood and appre-
ciated, along with other objects and features thereof,
from the following detailed description taken in con-

junction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration to explain a conventional
method of implanting ions by inclining the semiconduc-
tor substrate with respect to the ion beam incident di-
rection in order to prevent the channeling effect;

FIG. 2 is a sectional view to explain an asymmetrical
formation of an impurity diffusion layer with respect to
the gate electrode;

FIG. 3 is a two-dimensional simulation illustration of
impurity distribution in the section along the channel
longitudinal direction in an LDD structure MOS field
effect transistor with the LDD region formed asymmet-
rically with respect to the gate electrode;

FIG. 4 is a graph to show the drain current character-
istic result in an LDD structure MOS field effect tran-
s1stor;

FIGS. 5A to S5E are illustrations to explain the
method steps of ion implantation in one of the embodi-
ments of this invention;

FIGS. 6A to 6G are process drawings of the sectional
view along the channel longitudinal direction to show
an example of application of this invention to a method
of fabricating an LDD (lightly doped drain) MOS field
effect transistor;

FIG. 7 is a sectional view along the channel longitu-
dinal direction to show an asymmetrical formation of an
n-type EPS (efficient punchthrough stops) region in an
EPS structure MOS field effect transistor;
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FIG. 8 is a graph showing the subthreshold charac-
teristic result of the EPS structure MOS field effect
transistor; and

FIG. 9A to FIG. 9C are process drawings of the
sectional view along the channel longitudinal direction
to show an example applying this invention into a
method of fabricating an EPS structure MOS field ef-
fect transistor.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIGS. SA to SE, the ion implanta-
tion method to realize this invention is described below,
illustrating an example of a MOS field effect transistor.
In the actual semiconductor integrated circuit, as
shown in FIG. §A, the gate electrode is designed, in
most cases, so that 33a and 53b may orthogonally inter-
sect with each other on the semiconductor substrate 51.
That is, the gate of a MOS field effect transistor mostly
runs in two directions. Therefore, in the conventional
single ion implantation step, the shade or shadow of the
gate electrode 1s inevitably formed. In view of this
point, an object of the present invention is to form the
impurity diffusion layer by the following ion implanta-
tion method. When forming an impunity diffusion layer
by ion implantation using the gate electrode 33 as the
mask on the semiconductor substrate 51 on which a gate
insulation film 52 and a gate electrode 53 are formed, in
order to prevent the channeling effect, the semiconduc-
tor substrate S1 is inclined by an angle @ (for example, 7
degrees) with respect to the the normal of the ion beam
incident direction 54, and 1ons are implanted. At this
time, as shown in FIG. 5B, depending on the configura-
tion of the gate electrode on the semiconductor sub-
strate, a shade or shadow 56 of the gate electrode is
formed, and the formed impunty diffusion layer (for
example, the source and drain of the field effect transis-
tor) becomes as indicated by 55a and S5b, and it is
formed asymmetrically with respect to the gate elec-
trode. However, 1n succession, when ion implantation is
effected in the same conditions after 180-degree plane
rotation of the semiconductor substrate 51 with respect
to the 1on beam scanning plane, the impurity diffusion
layer may be formed symmetrically with respect to the
gate electrode, as shown 1n FIG. §5C, such as the region
55a and the region 55a and 37b, and the region 35b and
the region 55b and 57a, so that a symmetricity is ob-
tained in the electric characteristics of the device. On
the semiconductor integrated circuit, meanwhile, what-
ever the direction of gate electrode configuration may
be, the problems of asymmetrical shape of individual
transistors may be solved. Thus, by the second ion im-
plantation, after the first step, by 180-degree plane rota-
tion of the semiconductor substrate with respect to the
ion beam scanning plane, the asymmetrical shape of the
impurity diffusion layer with respect to the gate elec-
trode, at least, may be improved. At this time, the dose
of each ion implantation is half of the total dose.

Furthermore, in a semiconductor integrated circuit, if
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it is necessary to adjust the electric characteristics of 60

individual transistors strictly, the semiconductor sub-
strate is placed, as shown in FIG. 5D, so that the 1on
beams may enter in the direction 84a parallel to the gate
electrode 53 for the first ion implantation. Next, after a
90-degree plane rotation of the semiconductor sub-
strate, a second ion implantation is effected from the
direction 54b orthogonal to the gate electrode 53. Simi-
larly, ions are implanted from directions S4c¢ and 54d.
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That is, ions are implanted in a total of four steps by
rotating the semiconductor substrate by 90 degrees each
step. At this time, the dose of each implantation is one
fourth of the total dose. As a result, two effects are
obtained. First, while 55a and 57a of the impunity diffu-
sion layer obtained by the two-rotation ion implantation
in FIG. 5C is about half of the total dose, 58a and 58b of
the impurity diffusion layer obtained by the four-rota-
tion ion implantation in FIG. SE is about three-fourths
of the total dose, so that a diffusion layer closer to the
desired impurity concentration may be obtained. Sec-
ond, since the gate electrodes of the transistor are de-
signed to be arranged orthogonally in a semiconductor
integrated circuit as shown in FIG. SA, 55a and 57a of
the impurity diffusion layer obtained by the two-rota-
tion ion implantation in FIG. 5C are not formed in the
same shape if the gate electrode is arranged as 53a and
53b. That is, the asymmetricity of the diffusion layer is
improved, but the shape of the diffusion layer in individ-
val transistors cannot be uniformly adjusted, and the
electric characteristics cannot be matched strictly. On
the other hand, 58a and 58b of the impurity diffusion
layer obtained by the four-rotation ion implantation in
FIG. SE can be formed nearly in the same shape regard-
less of the gate electrode configuration, so that the
electric characteristics of the transistors may be nearly
matched.

Thus, by four-rotation 1on implantation, not only the
asymmetricity of the impurity diffusion layer can be
improved, but also a desired performance may be ob-
tained in the electric characteristics of the transistor
regardless of gate electrode configuration.

Incidentally, the ion implantation method in this
method is not limited to two or four implantations, but
the ion implantations may be performed 2n times
(where n is a positive integer). That 1s, in order to cancel
the shade or shadow of the gate electrode, after at least
one ion implantation, another ion implantation is ef-
fected by rotating the semiconductor substrate by 180
degrees. The angle of rotation may be arbitrary, but 1n
order to match the electric charactenstics of transistors
in a semiconductor integrated circuit, particularly, 360
degrees/4 m times (m is a positive integer) should be
desired, and it is preferable that the gate electrode con-
figuration of the transistor in the circuit design should
also conform to this angle. Furthermore, when rotating
the semiconductor substrate, it may be also possible to
implant ions once while rotating the substrate continu-
ously k times (k being a positive integer such as 1), but
at this time, the rotation necessary for implanting a
necessary dose, that is, the rotating speed of the semi-
conductor substrate when implanting ions, must be at
least faster than one revolution per one implantation.

As one of the embodiments, herein, an example of the
application of this invention to a method of fabricating
a MOS field effect transistor having an L.DD structure
is described while referring to the process steps shown
in FIGS. 6A to 6G. This embodiment relates to the
two-rotation ion implantation steps, in which the sec-
tional view along the channel longitudinal direction is
shown.

In the first place, a gate insulation film 62 is formed in
a film thickness of 10 mm on a semiconductor substrate
surface (P-type Si) 61, and a polysilicon film 63 is
formed, and a gate electrode is formed by patterning
with resist (FIG. 6A).

Next, in order to form an LDD region, ions are im-
planted using the gate electrode as the mask, and a first
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source region 65s and a drain region 65d are formed
(FIGS. 6B and C). At this time, the ion implantation
angle is inclined 7 degrees with respect to a normal to
the semiconductor substrate surface in order to prevent
the channeling effect of impurities. That is, first ions are
implanted into the semiconductor substrate surface ver-
tically with respect to the channel widthwise direction
and in the source or drain direction with respect to the
channel longitudinal direction (FIG. 6B, solid-line
arrow A), and by a 180-degree plane rotation by the
semiconductor substrate ions are implanted by inclining
so as to enter the other drain or source region (FIG. 6B,
broken-line arrow B), so that a desired impurity ion
dose is achieved (FIG. 6C). As the impurity, phospho-
rus was used, and the implantation energy was 40 keV,
and the dose was 1.0 1013 dose/cm? in total. A single
implantation dose was 2.5X 1012 dose/cm?.

After forming the first source and drain regions 63s
and 65d (FIG. 6C), in order to form the insulation film
sidewall spacer of the gate electrode, a CVD-SiO; film
66 is formed (FIG. 6D). By reactive ion etching (RIE),
the CVD-8iO; film 66 is subjected to anisotropic etch-
ing, and the CVD-SiO; film 66 formed on the flat part
is removed (FIG. 6E). After this step, only the SiO2 film
around the gate electrode is left over, and an insulation
film sidewall spacer 67 is formed by part of the CVD-
SiO; film 66. Here, the width of the insulation film
sidewall spacer is set at 0.14 pm. Consequently, in order
to form the regular source and drain regions (n+ lay-
ers), ions are implanted in both A and B directions the
same as when forming the first source and drain region
(FIG. 6B), and a second source region 64s and drain
region 64d are formed (FIG. 6F), thereby composing an
LDD structure n-MOS FET. As the impurity, arsenic
was used, and the implantation energy was 80 keV, and
the dose was 4 X 1013 dose/cm? in total. Each implanta-
tion dose was 1.0 1015 dose/cm?. Finally, after heat
treatment, the source and drain regions of the LDD
structure are formed symmetrical to the gate electrode
as shown in FIG. 6G. Here, the source 64s and dramn
64d regions were also formed by two-rotation ion 1m-
plantation in order to avoid the possibility of asymmet-
ricity of the LDD region length.

In this way, according to this embodiment, by form-
ing the LDD structure having source and drain regions
symmetrically with respect to the gate electrode, the
transistor characteristics may be also obtained symmet-
rically regardless of the direction of source and drain.

In the steps shown in FIGS. 6B and 6E, meanwhile,
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the total dose and rotating the semiconductor substrate
by 90 degrees for each dose, it is also possible to implant
ions by rotating the substrate four times, which 1s suited
to the .semiconductor integrated circuit with the gate
configuration as shown in FIG. 5A. Similarly, it is also
possible to implant ions while rotating the semiconduc-
tor substrate continuously.

Incidentally, the transistor shown in FIG. 6 is an
n-channel MOS, but it is evident that this invention may
be similarly applied to a p-channel MOS transistor, 100.

The ion implantation method of this invention is not
limited to application into the LDD region or source/-
drain region. When forming an impurity diffusion layer
inside the semiconductor substrate using the gate elec-
trode as the mask, this invention is extremely effective.
That is, as compared with the case of implanting impu-
rity ions onto the semiconductor substrate surface,
when implanting impurity ions inside the semiconduc-
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tor substrate, the ion implantation energy is high, and
the distance of penetration of the impurity is long, so
that the effect of the shade or shadow portion of the
gate electrode is greater. For example, the asymmet-
ricity is particularly obvious in the MOS field effect
transistor having an EPS (efficient punchthrough stops)
structure as shown in FIG. 7 (S. Odanaka et al., A
New Half-Micrometer p-Channel MOSFET with Effi-
cient Punchthrough Stops”, IEEE TRANSACTIONS
on ELECTRON DEVICES, vol. ED-33, No. 3, March
1986).

These n-type EPS regions 75s and 75d are to improve
the degradation of electrical characteristics of the sub-
threshold region as a shrink of minimum feature size of
a device and are to contribute to enhancement of char-
acteristics of a p-channel MOS transistor, in particular.
When formed asymmetrically at the time of ion implan-
tation, for example, the n-type EPS region 75s formed
at the shade side of the gate electrode 73 is shifted to the
source/drain region 78s side, so that the effect of the
n-type EPS region 75s is weakened. To the contrary,
since the n-type EPS region 75d formed at the unshaded
to non-shadow side of the gate electrode 73 is shifted to
the channel region 74 side, the effect of the n-type EPS
region 75d is intensified. Therefore, when operated
using the region 75s as the source (forward operation, as
the drain voltage increases, the threshold voltage be-
comes lower, and the channels come to be likely to be
inverted (the curve of For. in FIG. 8). To the contrary,
when operated using the region 75d as the source (re-
verse operation), if the drain voltage increases, the
threshold voltage is kept at a high level, so that the
electrical characteristics of the device are asymmetrical
(the curve of Rev. in FIG. 8). Accordingly, by employ-
ing the four-rotation ion implantation which is an ion
implantation method of this invention, when the n-type
EPS region is formed to be symmetrical, if operated by
exchanging the source and drain, the subthreshold char-
acteristics are almost identical (the curves of Rot. In
FIG. 8).

Now, referring to FIGS. 9A to 9G, an example of
applying this embodiment in the method of fabrication
of an EPS structure MOS field effect transistor 1s briefly
explained below.

After forming a p-type impurity diffusion layer 94
which becomes a buried channel in the transistor form-
ing region of the semiconductor substrate in which an
n-well 91 is formed, a gate electrode composed of gate
insulation film 92 and polysilicon 93 is formed (FIG.
9A).

Next, in order to form an EPS region, ions are im-
planted using the gate electrode as the mask, and an
n-type impurity diffusion layer 95s and 95d is formed
(FIGS. 9B and C). At this time, the fourrotation ion
implantation method was employed (FIG. 9B), which 1s
similar to FIG. 6B in the fabricating method of the
LDD structure MOS field effect transistor. The angle
of one rotation was 90 degrees, and phosphorus was
used as the impurity element, and the implantation en-
ergy was 130 keV and the total dose was 2.4X 1012
dose/cm2. The dose of each implantation was 61011
dose/cm?.

After forming the n-type EPS region (FIG. 9C), an
insulation film side wall 97 is formed, the same as in
FIGS. 6D and E (FIGS. 9D and E). In succession, 1o
form source and drain regions (pt+ layers), impurity
diffusion layers 98s and 98d are formed by the four-rota-
tion ion implantation method as when forming the n-
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type EPS region (FIGS. 9E and F). At this time, BF>+
was used as the impurity element, and the implantation
energy was 40 keV, and the total implantation dose was
4.0 1015 dose/cm?. The dose of each implantation was
1.0 1015 dose/cm?. Finally, after heat treatment, an
EPS structure MOS field effect transistor as shown in
FIG. 9G 1s obtained. In this embodiment, as clear from
the description above, the n-type EPS region can be
formed symmetrically with respect to the gate electrode
and the effect of the n-type EPS region can be main-
tained, so that the transistor characteristics may be sym-
metrical regardless of the direction of source and drain.

Incidentally, in the steps of FIGS. 9B and E, the
four-rotation ion implantation method was employed,
but the two-rotation ion implantation may be similarly
applied. At this time, the asymmetrical shape will be at
least improved. Similarly it is also possible to implant
ions while rotating the semiconductor substrate contin-
uously.

Meanwhile, the process and device parameters used
in the device formation in FIG. 8 and FIGS. 9A to G
were as follows. The impunty doping for threshold
voltage control is BF2+ with 50 keV, 2.2x 1012 do-
se/cm?, the impurity doping for EPS region is phospho-
rus with 130 keV, 2.4 X 1012 dose/cm?, and the impurity
doping for source and drain regions is BF>+ with 40
keV, 4.0 1015 dose/cm?. The gate oxide film thickness
i1s 10 nm, the gate electrode height is 450 nm, the gate
electrode length is 0.8 um, the channel width is 10 pm,
the insulation film side wall thickness is 0.14 um, and
the total heat treatment process after forming the gate
electrode is 30 minutes at 900° C.

Incidentally, the transistor shown in FIG. 9 is a p-
channel MOS, but 1t is evident that this invention may
be similarly applied to an n-channel MOS transistor,
t00.

Thus, as clear from the description made so far, by
conforming to the ion implantation method of this in-
vention, the impurity diffusion layer may be formed
symmetrically with respect to the gate electrode, and
the electrical characteristics of individual transistors in
the semiconductor integrated circuit may be uniformly
matched, and its practical effect is extremely great.

While specific embodiments of the invention have
been illustrated and described herein, it is realized that
modifications and changes will occur to those skilled in
the art. It i1s therefore to be understood that the ap-
pended claims are intended to cover all modifications
and changes as fall within the true spirit and scope of
the invention.

We claim:

[1. A method of fabricating a field effect transistor
comprising the steps of:

forming a gate electrode on a semiconductor sub-

strate by way of a gate insulation film;

forming an impurity diffusion layer by implanting

ions into said semiconductor substrate using said
gate electrode as the mask, by inclining the direc-
tion of an 10n beam with respect to said semicon-
ductor substrate surface for said ion implantation;
and

repeating said ion implantation step 4m times (m is a

positive integer) by rotating said semiconductor
substrate in planarity, the angle of rotation of said
semiconductor substrate for each ion implantation
being 90/m degrees.}

[2. A method of fabricating a field effect transistor as
set forth in claim 1, wherein m is 1.
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3. A method of fabricating a field effect transistor
comprising the steps of:

forming a gate insulation film on a semiconductor

substrate and forming a gate electrode on the gate
insulation film;
forming a first impurity diffusion layer by first ion
implantation on said semiconductor substrate using
sald gate electrode as the mask, by inclining the
direction of an ion beam for said firs? ion implanta-
tion with respect to said semiconductor substrate
surface;
repeating said first ion implantation [step]} by rotat-
ing said semiconductor substrate in planarity,
wherein the number of ion implantations is 4m times
(m is a positive integer), and the angle of rotation of
the semiconductor substrate for each step is 90/m
degree;
forming an insulation film on said semiconductor
substrate and the gate electrode, and partially re-
moving said insulation film, leaving said insulation
film only on the side of the gate electrode, so as to
form a gate electrode insulation film side wall;

forming a second impunty diffusion layer, overlap-
ping said first impurity diffusion layer, by second
1on implantation on said semiconductor substrate
using the gate electrode having said gate electrode
insulation film side wall as the mask, by inclining
the emission direction of an ion beam for said sec-
ond ion implantation with respect to said semicon-
ductor substrate surface[[; and

repeating said second ion implanting step by rotating

said semiconductor substrate in planarity].
4. A method of fabricating a field effect transistor as
set forth in claim 3, further comprising a step of heat
treatment after forming said second impurity layer.
[ 5. A method of fabricating a field effect transistor as
set forth in claim 3, wherein, when the number of said
ion implantation is 2n times (n is a positive integer), the
angle of rotation of said semiconductor substrate for
each 1on implantation is 180/n degrees.}
[ 6. A method of fabricating a field effect transistor as
set forth in claim 3, wherein, the number of said ion
implantations is 4m times (m is a positive integer), and
the angle of rotation of the semiconductor substrate for
each ion implantation is 90/m degrees.}
L7. A method of fabricating a field effect transistor as
set forth in claim 3, wherein ions are implanted continu-
ously while rotating the semiconductor substrate con-
tinuously. J
[ 8. A method of fabricating a field effect transistor as
set forth in claim §, wherein n is 1.}
9. A method of fabricating a field effect transistor as
set forth in claim [6] 3, wherein m is 1.
10. A method of fabrication a field effect transistor
comprising the steps of:
forming a buried channel layer on a semiconductor
substrate, forming a gate insulation film, and form-
ing a gate electrode on the gate insulation film;

forming a first impurity diffusion layer in the bound-
ary region of said buried channel layer and the
semiconductor substrate by implanting a first im-
plantation of 1ons in said buried channel layer using
said gate electrode as the mask, by inclining the
emission direction of an ion beam for said first 1on
implantation with respect to said semiconductor
substrate;

repeating said first ion implantation by rotating said

semiconductor substrate in planarity, wherein the
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number of ion implantations is 4m times (m in a
positive integer), and the angle of rotation of the semi-
conductor substrate for each step is 90/m degrees;
forming an insulation film on said buried channel
layer and the gate electrode, and partially remov-
ing said insulation film, leaving said insulation film
only on the side of the gate electrode, so as to form
a gate electrode 1nsulation film side wall;
forming a second impurity diffusion layer, reaching
up to the [principal] substrate surface plane of said
buried channel layer on said first impurity diffusion
layer by a second ion implantation in the buried
channel layer using the gate electrodes having said
gate electrode insulation film side wall as the mask,
by inclining the direction of an ion beam for said
second ion implantation with respect to said buried
channel layer surface[; and
repeating said second ion implantation step by rotat-
ing said semiconductor substrate in planarity].
11. A method of fabricating a field effect transistor as
set forth in claim 10, further comprising a step of heat
treatment after forming said second impurity diffusion
layer.
[12. A method of fabricating a field effect transistor

as set forth in claim 10, wherein, when the number of

said 1on implantation is 2n times (n is a positive integer),
the angle of rotation of the semiconductor substrate for
each 10n implantation is 180/n degrees.}
[13. A method of fabricating a field effect transistor
as set forth in claim 10, wherein, the number of said ion
implantations is 4m times (m is a positive integer), and
the angle of rotation of the semiconductor substrate for
each ion implantation is 90/m degrees.}
[14. A method of fabricating a field effect transistor
as set forth in claim 10, wherein ions are implanted
continuously while rotating the semiconductor sub-
strate continuously.’}
[15. A method of fabricating a field effect transistor
as set forth in claim 12, wherein n is 1.}
16. A method of fabricating a field effect transistor as
set forth in claim [137] 10, wherein m is 1.
[17. A method of fabricating a field effect transistor
comprising the steps of:
forming a gate electrode on a semiconductor sub-
strate by way of a gate insulation film; and

forming an impurity diffusion layer by implanting
lons into said semiconductor substrate using said
gate electrode as the mask, by inclining the direc-
tion of an ion beam with respect to said semicon-
ductor substrate surface for said ion implantation,

said 10n implantation being carried out continuously
while said semiconductor substrate is rotated k
times (k is a positive integer) in planarity, the sub-
strate being rotated at least 360 degrees during the
continuous step of implantation.J

[18. A method of fabricating a field effect transistor
as set forth in claim 17, wherein k is 1.

19. A method of fabricating a field effect transistor
comprising the steps of-

forming a gate insulation film on a semiconductor sub-

strate and forming a gate electrode on the gate insula-
tion film;
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Jorming a first impurity diffusion layer by first ion im-
plantation on said semiconductor substrate using said
gate electrode as the mask, by inclining the direction
of an ion beam for said ion implantation with respect
to said semiconductor substrate surface;

repeating said first ion implantation step by rotating said
semiconductor substrate in planarity;

forming an insulation film on said semiconductor sub-
strate and the gate electrode, and partially removing
said insulation film, leaving said insulation film only
on the side of the gate electrode, so as to form a gate
electrode insulation film side wall: and

forming a second impurity diffusion layer, overlapping
said first impurity diffusion layer, by second ion im-
plantation on said semiconductor substrate using the
gate electrode having said gate electrode insulation
Jilm side wall as the mask, by inclining the emission
direction of an ion beam for said ion implantation
with respect to said semiconductor substrate surface.

20. A method of fabricating field effect transistors as set
Jorth in claim 3, wherein the process of forming gate elec-
trodes on a gate insulation film comprises the steps of
forming an elongated first gate electrode for a first transis-
tor and forming an elongated second gate electrode for a
second transistor with the directions of elongation of the
respective gate electrodes being substantially orthogonal to
each other.

21. A method of fabricating field effect transistors as set
Jorth in claim 10, wherein the process of forming gate
electrodes on a gate insulation film comprises the steps of
Jorming an elongated first gate electrode for a first transis-
tor and forming an elongated second electrode for a second
transistor with the directions of elongation of the respective
gate electrodes being substantially orthogonal to each
other.

22. A method of fabricating a field effect transistor
comprising the steps of-

forming a buried channel layer on a semiconductor
substrate, forming a gate insulation film, and forming
a gate electrode on the gate insulation film;

Jorming a first impurity diffusion layer in the boundary
region of said buried channel layer and the semicon-
ductor substrate by a first implantation of ions in said
buried channel layer using said gate electrode as the
mask, by inclining the emission direction of an ion
beam for said ion implantation with respect to said
semiconductor substrate;

repeating said first ion implantation by rotating said
semiconductor substrate in planarity;

Sforming an insulation film on said buried channel layer
and the gate electrode, and partially removing said
insulation film, leaving said insulation film only on
the side of the gate electrode, so as to form a gate
electrode insulation film side wall; and

forming a second impurity diffusion layer reaching up to
the substrate surface plane of said buried channel
layer on said first impurity diffusion layer by second
ion implantation in the buried channel layer using the
gate electrode having said gate electrode insulation
film side wall as the mask, by inclining the direction
of an ion beamn for said second ion implantation with

respect to said buried channel layer surface.
* % x % %
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