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(7) ABSTRACT

A method for fabricating a semiconductor device is dis-
closed. In a high speed device structure consisting of a
salicide, in order to fabricate a device having at least two
gate oxide structures in the identical chip, an LDD region of
a core device region is formed, and an ion implant process
for forming the LDD region of an input/output device region
having a thick gate oxide and a process for forming a
source/drain region at the rim of a field oxide of the core
device region having a thin gate oxide are performed at the
same time, thereby increasing a depth of a junction region.
Thus, the junction leakage current is decreased in the
junction region of the peripheral circuit region, and the
process is simplified. As a result, a process yield and
reliability of the device are improved.
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SEMICONDUCTOR DEVICE WITH MULTIPLE
SOURCE/DRAIN REGIONS OF DIFFERENT
DEPTHS

BACKGROUND
[0001] 1. Technical Field

[0002] A method for fabricating a semiconductor device is
disclosed. In particular, an improved method for fabricating
a semiconductor device is disclosed which provides a dif-
ference in junction depth by performing at least one implant
process for forming an LDD region in a MOSFET having a
thin gate oxide in a high speed device having a salicide
(self-aligned silicide).

[0003] 2. Description of the Related Art

[0004] In general, the most important function of a tran-
sistor of a semiconductor circuit is a current driving func-
tion. A channel width of a metal-oxide-semiconductor field
effect transistor (MOSFET) is adjusted in consideration of
the current driving function. In the most widely-used MOS-
FET, an impurity-doped polysilicon layer is used as a gate
electrode, and a diffusion region formed by doping an
impurity on a semiconductor substrate is used as a source/
drain region.

[0005] A buried channel is formed in a positive metal-
oxide-semiconductor field effect transistor (PMOSFET)
which uses an N+ doped polysilicon gate electrode in a
complementary metal-oxide-semiconductor field effect tran-
sistor (CMOSFET). Here, because a negative metal-oxide-
semiconductor field effect transistor (NMOSFET) with a
channel on its surface and the PMOSFET have different
threshold voltages, there are various restrictions in design
and fabrication of the device.

[0006] That is, in the CMOSFET using a dual gate elec-
trode, the dual gate electrodes are formed by ion-implanting
N-type and P-type impurities twice. Therefore, a photoli-
thography process should be performed twice, and this
complicates the fabrication process. Accordingly, the device
is easily contaminated due to a wet process, and thus the
process yield and reliability of the devices are reduced.

[0007] FIGS. 1A through 1C are cross-sectional views
illustrating sequential steps of a conventional method for
fabricating such a semiconductor device which is an
example of a MOSFeT having a thin gate oxide film.

[0008] First, referring to FIG. 1A, a field oxide 11 defin-
ing an active region is formed on a semiconductor substrate
10. A thin gate oxide 12 and a polysilicon layer (not shown)
are formed on the semiconductor substrate 10. Thereafter,
the polysilicon layer is etched using a gate electrode mask as
an etching mask, to form a gate electrode 13. An LDD
(lightly doped drain) region 14 is formed by ion-implanting
a low concentration impurity to the semiconductor substrate
10 at both sides of or around the gate electrode 13. An
insulating film spacer 15 is formed at side walls of the gate
electrode 13.

[0009] Asshown in FIG. 1B, a first source/drain region 16
is formed by ion-implanting a high concentration impurity to
the semiconductor substrate 10 at both sides of or around the
insulating film spacer 15. Thereafter, a second source/drain
region 17 is formed by implanting a dopant having a high
diffusion ratio at a low dose.
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[0010] As shown in FIG. 1C, a silicide layer 18 is then
formed on the surfaces of the gate electrode 13, and the
semiconductor substrate.

[0011] However, the conventional method for fabricating
the semiconductor device has a limit due to a shallow
junction region resulting from miniaturization of the device.
Specifically, the depth of the junction region is increased by
the ion implant process for forming the silicide layer 18,
which influences the LDD region 14 due to the close
proximity of the silicide layer 18 to the LDD region 14 as
shown in FIG. 1C. Further, when the silicide layer 18 is
formed deeply along the rim of the field oxide, a leakage
current is considerably increased in the junction region
adjacent to the field oxide 11. Still further, as the height of
the field oxide is decreased during subsequent processes, the
leakage current increases.

SUMMARY OF THE INVENTION

[0012] Accordingly, a method for fabricating a semicon-
ductor device is disclosed which can prevent an increase of
the junction leakage current and which can improve the
process yield and reliability, by forming a deep junction near
the field oxide which does not influence the channel region
of a MOSFET where a gate oxide is thin (hereinafter
referred to as “a core device”), by partially exposing a
source/drain region adjacent to the field oxide to a photoli-
thography process for forming an LDD region of an input/
output device between the core device and a MOSFET
where the gate oxide film (hereinafter referred to as “a
input/output device) is thick in a CMOS fabrication process,
and by ion-implanting an impurity thereto at the same time
an ion implant process is carried out for forming the LDD
region of the input/output device region.

[0013] A disclosed method for fabricating a semiconduc-
tor device comprises: forming a field oxide defining an
active region on a semiconductor substrate having a central
core device region and a peripheral input/output device
region; forming a gate oxide on the core device region;
forming a gate electrode on the gate oxide; forming a first
LDD region by ion-implanting a low concentration of impu-
rity ions to the input/output device region of the active
region; forming a photoresist film pattern over the gate
electrode and on the sides of the gate electrode, the photo-
resist film pattern reaching from an end of the gate oxide to
a part of input/output device region spaced a determined
distance from the gate electrode or gate oxide; forming a
second LDD region deeper than the first LDD region by
implanting a low concentration of impurity ions by using the
photoresist film pattern as an ion implant mask; removing
the photoresist film pattern; forming an insulating film
spacer on side walls of the gate electrode; forming a deep
source/drain region and a shallow source/drain region by
implanting a high concentration impurity ions to the input/
output device region of the active region of the semicon-
ductor substrate at least once, by using the insulating film
spacer as an ion implant mask; and forming a silicide film on
the gate electrode and the source/drain regions.

[0014] A novel semiconductor device made in accordance
with the methods disclosed herein is also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The disclosed methods and devices will become
better understood with reference to the accompanying draw-
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ings which are given only by way of illustration and thus are
not limitative of the disclosure, wherein:

[0016] FIGS. 1A through 1C are cross-sectional views
illustrating sequential steps of a conventional method for
fabricating a semiconductor device;

[0017] FIGS. 2A through 2D are cross-sectional views
illustrating sequential steps of a method for fabricating a
semiconductor device in accordance with a first embodi-
ment; and

[0018] FIGS. 3A through 3D are cross-sectional views
illustrating sequential steps of a method for fabricating a
semiconductor device in accordance with a second embodi-
ment.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

[0019] A method for fabricating a semiconductor device in
accordance with preferred embodiments will now be
described in detail with reference to the accompanying
drawings.

[0020] FIGS. 2A through 2D are cross-sectional views
illustrating sequential steps of a method for fabricating a
semiconductor device in accordance with a first embodi-
ment. A core device region is shown in an NMOS region or
PMOS region of a CMOS.

[0021] First, referring to FIG. 2A, a field oxide 21 defin-
ing an active region is formed on a semiconductor substrate
20. The active region defined by the field oxide can be
further characterized as including a central core device
region and a peripheral input/output device region. A gate
oxide 22 is formed on the active region of the semiconductor
substrate 20. A polysilicon layer (not shown) is formed on
the gate oxide 22. Here, the gate oxides 22 in the core device
region and the input/output device region are formed to be
different thickness.

[0022] Thereafter, the polysilicon layer is etched using a
gate electrode mask as an etching mask, to form a gate
electrode 23 on the gate oxide 22 in the core device region
and the input/output device region, respectively. A first LDD
region 24 is formed by ion-implanting a low concentration
impurity ions to the semiconductor substrate 20 at both sides
of or around the gate electrode 23 in the core device region.
At this time, the ion implant process is performed at a dose
ranging from about 1x10"> to about 2x10** ions/cm? with an
ion implant energy ranging from about 10 to about 50 keV.

[0023] When the core device region is a PMOS region, the
ion implant process is performed using BF,, B;;, or In as a
dopant. In the case that core device region is a NMOS
region, the ion implant process is performed using As or P
as the dopant.

[0024] Referring to FIG. 2B, a photoresist film pattern 25
is formed to partially expose the first LDD region 24 at the
inner rim of the field oxide 21 in the core device region. The
photoresist pattern 25 is used as an LDD ion implant mask
in the input/output device region.

[0025] Then, an impurity is ion-implanted to the exposed
portion of the input/output device region and the first LDD
region 24 by using the photoresist film pattern 25 as an ion
implant mask, thus forming a second LDD region 26. Here,
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the ion implant process is performed at a dose ranging from
about 1x10"3 to about 2x10"° ions/cm? with an ion implant
energy ranging from about 10 to about 50 keV. The second
LDD region 26 has a deeper profile than the first LDD region
24 (see FIG. 2B).

[0026] Referring to FIG. 2C, the photoresist film pattern
25 is then removed and an insulating film spacer 27 is
formed at sides walls of the gate electrode 23. A first
source/drain region 28 is formed by ion-implanting a high
concentration impurity to the semiconductor substrate 20 at
both sides of or around the insulating film spacer 27.

[0027] Still referring to FIG. 2C, a second source/drain
region 29 is formed by ion-implanting a high concentration
impurity to the semiconductor substrate 20 at both sides of
or around the insulating film spacer 27. Here, the ion implant
processes for forming the first source/drain region 28 and the
second source/drain region 29 are performed at a dose
ranging from about 1x10* to about 1x10*¢ ions/cm? with an
ion implant energy ranging from about 5 to about 60 keV. In
the case of the PMOS, the ion implant process is carried out
by using BF,, B,; or In. In the case of the NMOS, the ion
implant process is performed by using As or P. In addition,
heavy ions are used among the identical conductive type
doses when forming a shallow region such as the first
source/drain region 28, and light ions are used when forming
a deep region such as the second source/drain region 29.

[0028] As shown in FIG. 2D, a silicide layer 30 is formed
on the gate electrode 23 and the first and second source/drain
regions 28, 29.

[0029] FIGS. 3A through 3D are cross-sectional dia-
grams illustrating sequential steps of a method for fabricat-
ing a semiconductor device in accordance with a second
embodiment. As compared with the first embodiment, the
processes of FIGS. 2A and 2B are performed in a different
order.

[0030] Turning first to FIG. 3A, a substrate 31 is provided
with a field oxide 32 that defines an active region that can be
characterized as including a central core region and a
peripheral input/output device region. A gate oxide 33 and
gate electrode 34 are disposed in the active region. A
photoresist film pattern 35 is then formed to partially expose
the core device region at the inner rim of the field oxide.
Then, an impurity is ion-implanted to the exposed portion of
the core device region of the substrate 31 using the photo-
resist film pattern 35 as an ion implant mask, thus forming
a first LDD region 36.

[0031] Turning to FIG. 3B, the photoresist film pattern 35
is removed and a second ion implantation step is carried out
at a low concentration of impurity ions to form a second
LDD region 37.

[0032] Turning to FIG. 3C, an insulation film spacer 38 is
then formed on the sidewall or sidewalls of the gate elec-
trode 34/gate oxide 33 structure. Then, a first source/drain
region 39 is formed by ion-implanting a high concentration
of impurity ions to the semiconductor substrate 31 around
the insulating film spacer 38. Subsequently, a second source/
drain region 40 is formed by ion/implanting another high
concentration of impurity ions to the semiconductor sub-
strate 31 around the insulating film spacer 27. The first
source/drain region 39 is formed using heavy ions while the
second source/drain region 40 is formed using lighter ions.
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Then, as shown in FIG. 3D, a silicide layer 41 is formed on
top of the gate electrode 34 and the first and second
source/drain regions 39, 40.

[0033] As described earlier, in the high speed device
structure consisting of a self-aligned salicide, in order to
fabricate a device having at least two gate oxide structures
in the identical chip, the LDD region of the core device is
formed, and the ion implant process for forming the LDD
region of the input/output device having a thick gate oxide
and the process for forming the source/drain region at the
rim of the field oxide of the core device having a thin oxide
film are performed at the same time, thereby increasing the
depth of the junction region. Thus, a junction leakage current
is decreased in the junction region of the peripheral circuit
region, and the whole process is simplified without requiring
additional processes. As a result, a process yield and reli-
ability of the device are improved.

[0034] As the present invention may be embodied in
several forms without departing from the spirit or essential
characteristics thereof, it should also be understood that the
above-described embodiments are not limited by any of the
details of the foregoing description, unless otherwise speci-
fied, but rather should be construed broadly within its spirit
and scope as defined in the appended claims, and therefore
all changes and modifications that fall within the meets and
bounds of the claims, or equivalences of such meets and
bounds are therefore intended to be embraced by the
appended claims.

What is claimed:
1. A method for fabricating a semiconductor device com-
prising:

forming a field oxide layer defining an active region on a
semiconductor substrate, the active region including a
core device region and an input/output device region;

forming a thin gate oxide layer on the core device region
and a thick gate oxide layer on the input/output device
region;

forming gate electrodes on the gate oxide layers;

forming a first LDD region by ion-implanting low con-
centration impurity ions to the core device and input/
output device regions of the active region;

forming a photoresist film pattern which is an LDD
ion-implant mask for the input/output region, wherein
the photoresist film exposes a portion of the semicon-
ductor substrate at both sides of the gate electrode in the
input/output device region and a portion of the semi-
conductor substrate adjacent to the field oxide layer at
the outer rim of the core device region of the active
region;

forming a second LDD region deeper than the first LDD
region by implanting low concentration impurity ions
by using the photoresist film pattern as an ion implant
mask;

removing the photoresist film pattern;

forming an insulating film spacer on side walls of the gate
electrodes;

forming a deep source/drain region and a shallow source/
drain region by implanting high concentration impurity
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ions to the active region of the semiconductor substrate
at least once, by using the insulating film spacer as an
ion implant mask; and

forming a silicide film on the gate electrodes and the deep

and shallow source/drain regions.

2. The method according to claim 1, wherein the low
concentration impurity ion is As or P when the input/output
device region and the core device region are defined as an
NMOS region.

3. The method according to claim 1, wherein the low
concentration impurity ion is BF,, B;; or In when the
input/output device region and the core device region are
defined as a PMOS region.

4. The method according to claim 1, wherein the high
concentration impurity ion to form a deep source/drain
region and a shallow source/drain region is As, P or com-
binations thereof when the input/output device region and
the core device region are formed in an NMOS region.

5. The method according to claim 1, wherein the high
concentration impurity ion is BF,, B;;, In or combinations
thereof, to form the deep source/drain region and the shallow
source/drain region when the input/output device region and
the core device region are defined as a PMOS region.

6. The method according to claim 1, wherein the ion
implant process for forming the first LDD region is per-
formed at a dose ranging from about 1x10 to about 2x10*3
ions/cm?® with an ion implant energy ranging from about 10
to about 50 keV.

7. The method according to claim 1, wherein the ion
implant process for forming the second LDD region is
performed at a dose ranging from about 1x10*3 to about
1x10" ions/cm* with an ion implant energy ranging from
about 10 to about 70 keV.

8. The method according to claim 1, wherein the second
LDD region of the core device region is formed before the
first LDD region is formed.

9. A method for fabricating a semiconductor device com-
prising:

forming a field oxide on a semiconductor substrate defin-
ing an active region, the active region having a core
device region and an input/output device region, the
input/output device region being disposed between the
core device region and an inner rim of the field oxide;

forming a gate oxide layer on the core device region;
forming a gate electrode on the gate oxide layer;

forming a photoresist film pattern over the gate electrode
and covering a portion of the input/output device region
but leaving a portion of the input/output region exposed
that extends from the inner rim of the field oxide to a
point of the input/output device region spaced a pre-
determined distance from the gate electrode;

forming a first LDD region by ion-implanting low con-
centration impurity ions to the exposed input/output
device region using the photoresist film patter as an ion
implant mask;

removing the photoresist film pattern;

forming a second LDD region shallower than the first
LDD region by implanting low concentration impurity
ions and using gate electrode as an ion implant mask;
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forming an insulating film spacer on side walls of the gate
electrode;

forming a deep source/drain region and a shallow source/
drain region by implanting high concentration impurity
ions to the input/output device region at least once,
using the insulating film spacer as an ion implant mask;
and

forming a silicide film on the gate electrode and the deep

and shallow source/drain regions.

10. The method according to claim 9, wherein the low
concentration impurity ion is As or P when the input/output
device region and the core device region are defined as an
NMOS region.

11. The method according to claim 9, wherein the low
concentration impurity ion is BF,, B;; or In when the
input/output device region and the core device region are
defined as a PMOS region.

12. The method according to claim 9, wherein the high
concentration impurity ion to form a deep source/drain
region and a shallow source/drain region is As, P or com-
binations thereof when the input/output device region and
the core device region are formed in an NMOS region.

13. The method according to claim 9, wherein the high
concentration impurity ion is BF,, B,;, In or combinations
thereof, to form the deep source/drain region and the shallow
source/drain region when the input/output device region and
the core device region are defined as a PMOS region.

14. The method according to claim 9, wherein the ion
implant process for forming the first LDD region is per-
formed at a dose ranging from about 1x10 to about 2x10*3
ions/cm? with an ion implant energy ranging from about 10
to about 50 keV.

15. The method according to claim 9, wherein the ion
implant process for forming the second LDD region is
performed at a dose ranging from about 1x10*3 to about
1x10" ions/cm* with an ion implant energy ranging from
about 10 to about 70 keV.
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16. A semiconductor device made in accordance with the
method of claim 1.

17. A semiconductor device made in accordance with the
method of claim 9.

18. A semiconductor device comprising:

a substrate with a field oxide having an inner rim defining
an active region, the active region having a central core
device region and a peripheral input/output device
region, the input/output device region being disposed
between the core device region and the inner rim of the
field oxide layer;

a gate oxide layer disposed on the core device region;

a gate electrode disposed on the gate oxide layer, the gate
electrode having a side wall;

a first LDD region disposed in the input/output device
region and extending from the inner rim of the field
oxide layer to a point spaced radially outward from the
gate oxide layer;

a second LDD region shallower than the first LDD region,
the second LDD region extending from the inner rim of
the field oxide layer to a point disposed beneath the gate
oxide layer;

an insulating film spacer on the side wall of the gate
electrode;

a deep source/drain region and a shallow source/drain
region both extending from the inner rim of the field
oxide layer to points disposed radially outwardly of the
gate oxide layer; and

a silicide film disposed on the gate electrode and a portion
of the input/output device region extending from the
insulating film spacer to the inner rim of the field oxide
layer.



