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(54) Manufacturing a CMOS device

(57) A method of manufacturing a complementary metal-oxide semiconductor device includes the steps of:
forming a plurality of field oxide regions 11 to define first, second, third and fourth active regions forming a
screen oxide film on the surface of each active region ; forming a first mask pattern 111 for exposing first and
second active regions; forming a N-type well 13 to a selected depth from each surface of the exposed first and
second active regions; forming a N-type ion implanted layer 14a, 14b right beneath each surface of the first
and second active regions; removing the first mask pattern 111; forming a second mask pattern (112, fig 1B)or
exposing the third active region; forming a P-type well 15 to a selected depth from the surface of the exposed
third active region; forming a first P-type ion implanted layer (16) right beneath the surface of the third active
region; removing the second mask pattern; forming a third mask pattern (113, fig 1C) for exposing first and
fourth active regions; forming a second P-type ion implanted layer (17a, 17b) right beneath each surface of the
first and fourth active regions, the first region thus being counter-doped; and forming a gate electrode 19a,
19b, 19¢, 19d including a gate oxide film on the first, second, third and fourth active regions. The implanted
layers control the threshold voltage of the device to a low level. Modifications are also described in which the
second mask pattern exposes the third and fourth active region, and the third mask pattern exposes the
second and fourth or the first and third active regions.
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2314974

METHOD OF MANUFACTURING A COMPLEMENTARY METAL-OXIDE

SEMICONDUCTOR DEVICE
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method of
manufacturing a complementary metal-oxide semiconductor
device, and more particularly to a method of manufacturing
a complementary metal-oxide semiconductor (hereinafter
simply referred to as "CMOS" device) for a n-channel
element and a p-channel element respectively having a low
threshold voltage 1in a semiconductor device, which is
convenient to manufacture.

Description of the Prior Art

Generally, it 1is required to ©provide special
performances to an integrated circuit due the high
integration and increased complex functionality of
semiconductor devices. For this purpose, a CMOS transistor
having an improved N-type MOS transistor and an improved P-
type MOS transistor has been developed. The improved N-
type MOS transistor and P-type MOS transistor have a
relatively low threshold voltage in regard to a specific
region in the semiconductor device, and are respectively
named Low Vt N-type MOS transistor and Low Vt P-type MOS

transistor. The Low Vt N-type MOS transistor and the Low
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vVt P-type MOS transistor minimize voltage drop between a
source and a drain in the MOS transistor. Consequently,
the characteristic of the semiconductor device employing
the CMOS transistor is enhanced.

In order to form the Low Vt N-type MOS transistor and

the Low Vt P-type MOS transistor, however, an addi-iocnal

. mask forming process and an additional :ion implantation

process must be applied to a region of the Low Vt N-type
MOS transistor and a region of the Low Vt P-type MOS
transistor, respectively. Consequently, the yield of the
CMOS transistor is decreased, the manufacturing cost of the

CMOS transistor is highly increased.

SUMMARY OF THE INVENTION

The present invention 1s provideda to solve the
foregoing propblems. It 1s an object of the present
invention to provide a method of manufacturing a CMOS
device including z Low Vt N-type MOS transistor and a Low
Vvt P-type MOS <ransistocr oy using an ion-implantation
process, 1in whicnh a counter doping technigue is emploved,
for controlling tne threshold voltage, without emploving an
additional mask <Zorming process and an additional ion-
implantation process for controlling the threshold voltage
during the production of the complementary metal-oxide
semiconductor device. Accordingly, the above described

CMOS device 1s convenient to manufacture, has improved
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yvield, and can be manufactured at a low cost.

In order to achieve the above object, the present
invention provides a method of manufacturing a CMOS device,
including the steps of:

(S1) forming a plurality of field oxide layers for
defining first to fourth active regions which are
sequentially positioned at predetermined regions of a
semiconductor substrate;

(s2) forming a screen oxide film on each surface of
the first to fourth active regions;

(s3) forming a first mask pattern for exposing first
and second active regions;

(S4) forming a N-type well to a selected depth from
each surface of the exposed first and second active
regions;

(85) forming a N-type ion implanted layer for
controlling a first threshold voltage right beneath each
surface of the first and second active regions;

(S6) removing the first mask pattern;

(s7) forming a second mask pattern for exposing the
third active region;

(s8) forming a P-type well to a selected depth from
the surface of the exposed third active region;

(89) forming a first P-type ion implanted layer for
controlling a second threshold voltage right beneath the
surface of the third active region;

($10) removing the second mask pattern;
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(S11) forming a third mask pattern for exposing first
and fourth active regions;

(S12) forming a second P-type ion implanted layer for
controlling a third threshold voltage right beneath each
surface of the first and fourth active regions; and

(s13) forming a gate electrode including a gate oxide
film on the first to fourth active regions.

furthermore, in order to achieve the apove object, the
present invention provides a method of manulacturing a CMOS
device, including the steps of:

(Ss1) forming a plurality of field cxide layers for
defining ZIfirst to fourth active regions which are
sequentially positioned at predeterminsed regions of a
semiconductor substrate;

iS2) Zorming a screen oxide film on esach surface ot
the first to fourth active regions;

{S3) Zorming & first mask pattern fcr exposing first

and second active regions;

134} Zorming & N-tvpe well to a selscted depth from
each surface of the exposed <first ana second active
regicns;

.35) Zorming a first N-type ion impianted layer for

contrclling & first threshold voltage right beneath each
surface ©f the first and second active recions;

136 removing the Ifirst mask pattern;

371 Zerming a second mask pattern Ior exposing the

~hird and Zcurth active regions;
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(s8) forming a P-type well to a selected depth from
each surface of the exposed third and fourth active
regions;

(S9) forming a P-type ion implanted layer for
controlling a second threshold voltage right beneath the
surface of the third and fourth active regions;

(810) removing the second mask pattern;

(S11) forming a third mask pattern for exposing second
and fourth active regions;

(512) forming a second N-type ion implanted layer for
controlling a third threshold voltage right beneath each
surface of the second and fourth active regions; and

(S13) forming a gate electrode including a gate oxide
film on the first to fourth active regions.

In addition, in corder to achieve the above object, the
present invention provides a method of Manufacturing a
complementary metal-oxide semiconductor device, having the
steps of:

(S1) forming a plurality of field oxide layers for
defining first to fourth active regions which are
sequentially positioned at predetermined regions of a
semiconductor substrate;

(32) forming a screen oxide film on each surface of
the first to fourth active regions;

(S3) forming a first mask pattern for exposing first
and second active regions;

(S4) forming a N-type well to a selected depth frem
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each surface of the exposed first and second active
regions;

(S5) forming a N-type 1ion implanted layer for
controlling a first threshold voltage right beneath each
surface of the first and second active regions;

(S6) removing the first mask pattern;

(87) forming a second mask pattern for exposing the
third and fourth active regions;

(S8) Iorming a P-type well to a selected depth from
each surface of the exposed third and fourth active
regions;

(S9) forming a first P-type i1on implanted laver for
controlling a seccnd threshold voltage right beneath the
surface of the third and fourth active regions;

(S10) removing the second mask pattern;

(S11) Zorming & third mask pattern for exposing first
and third active regions;

{S12) Zorming a second P-type ion implanted laver for
controlling a third threshold voltage right beneath each
surface of thne firs:i and third active regions; and

{S13) Zorming & gate electrcde including a gate oxide

Fh

th

ilm on the ZIirst o fourth active regions.

BRIEF DESCRIPTION OF THE DRAWINGS

)
)
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obiject and other characteristics and
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advantages of the present invention will become more
apparent by describing in detail a preferred embodiment
thereof with reference to the attached drawings, wherein:

FIGs. 1A to 1D are schematic sectional views showing
a manufacturing process of the CMOS device according to a
preferred first embodiment of the present invention;

FIG. 2 is a sectional view of a modified CMOS device
according to the preferred first embodiment of the present
invention, showing an impurity-buried layer formed in a
semiconductor substrate;

FiGs. 3A to 3D are schematic sectional views of a
CMOS device according to a preferred second embodiment of
the present invention, showing a manufacturing process of
the CMOS device; and

FIGs. 4A to 4D are schematic sectional views of a
CMOS device according to a preferred third embodiment of
the present invention, showing a manufacturing process of

the CMOS device.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the preferred embodiment of the present
invention will be explained in more detail with reference
to the accompanying drawings.

A first embodiment will be described with reference to
FIGs. 1A to 1D.

As shown in FIG. 1A, a plurality of field oxide



10

[
wm

20

25

layers 11 are formed at predetermined regions of a P-type
semiconductor substrate 10. A first to fourth active
regions are defined by the formation of the plurality of
field oxides 11, and are named from the right of figures.
A screen oxide film 12 is then formed for preventing the P-
type semiconductor substrate 10 from being damaged by
subsequent manufacturing steps of the CMOS device.
Thereafter, an impurity-buried lzayer {not shown) may be
formed in the P-type semiconduczor substrate 10 at a
predetermined depth.

Next, a N-well mask pattern 211 for forming a N-well
is formed on third and fourth acti-e regions at a thickness
of about 2 to 4um. At this time, a desired N-well region
13 1s exposed. After Zorming the N-well mask pattern 111,
phosphorus atoms of N-type impuri:yﬁ are implanted into the

P-type semiconductocr substrate 10 at an energy of

700KeV~1.5MeV and at an icn-implantaticn concentration of
1x10°° £o 5xi0~° ions,cm . In order to control the threshold
voltage of tne Normal Z-type MOS :Iransistor at the voltage
of -0.45~-0.7V, zhe rnosphorus z:ztoms zre then implanted

into the P-zvpe semiccnductor supstrate 10 at an energy of
180KeV~250May and at an ion-implantaticn concentration of
5x10°° =Zo Sxi1C° icns/cm . Thereatzer, tne phosphorus atoms

semiconductor substrate

T3
()]

are also implianted into the P-ty
10 az =20 ensrgy of 2CXeV~80MeV and at zn ion-implantation
concentracticn ©f 2x1U- ©o 8x10- ionsscm-, whereby first

impurics lavers tda, l4éb are respectively formed at a
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region of a Normal P-type MOS transistor and a region of a
Low Vt P-type MOS transistor having a low threshold
voltage.

After removing the N-type well mask pattern 111, a P-
type well mask pattern 112 for forming a P-well, is formed
on the first and second active regions and the fourth
active region at the thickness of 2-4um. At this time, a
region of the Normal N-type MOS transistor having the
threshold voltage of 0.45~0.7V is left exposed as shown in
FIG. 1B. In order to form a P-type well 15, boron atoms
are then implanted into the P-type semiconductor substrate
10 at an energy of 500KeV~700MeV and at an ion-implantation
concentration of 1x10-° to 5x10*® ions/cm?. After the ion
implantation for the formation of P-well, a process for
forming a second impurity layer 16 is performed. Boron
atoms are first implanted into the surface of the P-type
well 15 at an energy of 70~120KeV and the ion-implantation
concentration of 1x10*° to 5x10** ions/cm?. The boron atoms
are then also implanted into the surface of the P-type well
15 at an energy of 10~50KeV and at an ion-implantation
concentration of 1x10-* to 5x10*? ions/cm?, whereby a second
impurity layer 16 is formed.

After removing the P-type well mask pattern 112, an
impurity mask pattern 113 for forming Low Vt NMOS/PMOS
transistors 1is formed. The impurity mask pattern 113
exposes the fourth active region where the N-type MOS

transistor 1is to be formed and the first active region
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where the Low Vt P-type MOS transistor is to be formed as
shown in FIG. 1C. Further, the Low Vt N-type MOS
transistor is formed on the fourth active region of the P-
type semiconductor substrate 10 where the well 1s not
formed. Boron atoms are then implanted into the P-type
semiconductcr substrate 10 at an energy of 10~50KeV and at
an ion-implantation concentration of 1x10** to 5x10°?
ions/cm®, whereby third impurity layers 17a and 17b are
formed. At this time, the threshold voltage of the Low Vt
N-type MOS transistor becocmes 0.2~0.4V. Furthermore, the
first impurity layer 14b of the first active region where
the Low Vt P-type MOS transistor is to be formed, 1is
counter-dopea with the third impurity layer 17b. As a
result, the threshold vecltage of the P-type MOS transistor
becomes -0.2~--0.4V.

Therea®ter, zthe impurity mask pattern 113 1is removed.
Afterwards, 2z gate oxide 18 and gate electrodes 19a~19d are
formed. The Zollowing process for manufacturing the CMOS
device is tns same as the manufacturing process of the CMOS

device accerding ¢ the pricr arc.

AS asscrikead above, accerding to the present
invention, - i1s pcssible o produce a MOS transistor
having a2 low thresnoid voltage by using the counter doping

an addircional icn-implantatlon process.
‘g to FIG. 2, a pluralicy of field oxide layers

21 and a plura’izv of screen oxide films 22 are formed on

)
O
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a semiconductor substrate 20. A first to fourth active
regions are defined by the formation of the plurality of
field oxides 11, and are named from the right of figures.
A N-type well 22 and a plurality of first impurity layers
23a, 23b are then formed on the semiconductor substrate 20.

Thereafter, boron atoms are implanted into a lower portion
of the N-type well 22 at an energy of 1.5~1.8MeV and the
ion-implantation concentration of 1x10* to 5x10% ions/cm?,
whereby an impurity-buried layer 24 is formed in the
semiconductor substrate 20. The impurity-buried layer 24
is formed to have step difference as shown in this figure
due to the N-type well mask pattern. That is, the depth of
the impurity-buried layer which is positioned in the lower
portion of the N-type well, is greater than the depth of
the impurity-buried layer which is positioned in the lower
portion of the N-type well mask pattern. The succeeding
ion-implantation process and the gate electrode forming
process are the same as the manufacturing process of the
CMOS device according to conventional methods.

A second embodiment according to the present
invention, will be described with reference to FIGs. 3A to
3D.

As shown in FIG. 3A, a plurality of field oxide layers
31 are formed at predetermined regions of a P-type
semiconductor substrate 30. A first to fourth active
regions are defined by the formation of the plurality of

field oxides 31, and are named from the right of figures.

11
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A plurality of screen oxide films 32 are then formed for
preventing the P-type semicgnductor substrate 30 from being
damaged by successive manufacturing steps of the CMOS
device. .Thereafter, an impurity-buried layer (not shown)
can be formed in the P-type semiconductor substrate 30 at
a predetermined depth.

Next, a N-type well mask pattern 311 forming a N-well
is formed on the first and second active regions at a
thickness of about 2 to 4um. At this time, a desired N-
type well region 33 is exposed. After forming the N-type
well mask pattern 311, phosphorus atoms, which are of a N-
type impurity, are implanted into the P-tvpe semiconductor
substrate 30 at an energy of 700Kev~1.5MeV and at an ion-
implantation concentration of 1x10° to 5x10- ions/cm’.
Thereby, a N-type well 33 is formed. In order to control
the threshoid voltage of the P-type MOS transistor at the
voltage of -0.1--0.45V, the phosphorus atoms are then
implanted into the P-type semiconductor substrate 30 at an
energy of 180Kev-230MeV and at an ion-implantation
concentraticn of 3x10- ©o 2x10-° ions/cm®. Thereafter, the
phosphorus atoms z2re 2.1so implanted into the P-type
semiconductor substrate 20 at an energyv of 30~80KeV and at
an iocn-implantation concentration of  5x10°0  to  5x10%
ions, cm. Therspv, Iirst impurity layers 34a, 34b are

egion of a Normal P-type MOS
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~ransistor and a region cof a Low Vt P-type MOS transistor.

rfter removing the N-tvpe well mask pattern 311, P-

12
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type well mask pattern 312 is formed on the total structure
at the thickness of 2~4um as shown in FIG. 3B. 1In order to
form a P-type well 35, boron atoms are then implanted into
the P-type semiconductor substrate 10 at an energy of
500~700KeV and at an ion-implantation concentration of
1x10>* to 5x10-° ions/cm?. After the ion implantation for
the formation of P-well, a process for forming impurity
layers 36a and 36b is performed. Boron atoms are implanted
into the surface of the P-type well 35 at an energy of
70~120KeV and at an ion-implantation concentration of 5x10%
to 2x10*° ions/cm’. The boron ions are also implanted into
the surface of the P-type well 35 at an energy of 10~30KeV
and at an ion-implantation concentration of 1x10* to 5x10%?
ions/cm*, whereby second impurity layers 36a and 36b are
formed. As a result, the threshold voltage of the Normal
N-type MOS transistor becomes 0.45~0.7V.

After removing the P-type well mask pattern 312, an
impurity mask pattern 313 for forming Low Vt NMOS/PMOS
transistors, 1is formed. The impurity mask pattern 313
exposes a region of the Low Vt N-type MOS transistor and a
region of the Normal P-type MOS transistor, as shown in
FIG. 3C. Furthermore, the Low Vt N-type MOS transistor is
formed on the P-type well. Phosphorus atoms are then
implanted into the P-type semiconductor substrate 30 at an
energy of 30~80KeV and at an ion-implantation concentration
of 1x10° to 8x10** ions/cm?, whereby third impurity layers

37a and 37b are formed. At this time, the threshold

13
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voltage of the Normal P-type MOS transistor becomes -0.45~-
0.7V as the result of accumulation with the threshold
voltage of the first impurity layer 34a. Moreover, the Low
Vt N-type MOS transistor is counter-doped with the second
impurity layer 36b. As a result, the threshold voltage of
the Low Vt N-type MOS transistor becomes 0.1~0.4V.

Thereafter, the impurity mask pattern 313 is removed.
Then, oxide films 38 and gate electrodes 39a-39d are
formed, as shown in FIG. 3D. The succeeding process for
Manufacturing the CMOS device is the same as the
manufacturing process of the CMOS device according to
conventional methods. In the same manner as ths first
embodiment according to the present invention, boron ions
can be implanted into the P-type semiccnductor substrate 30
at an energy of 1.5~2.5MeV and at an ion-implantation
concentration of 1x10-° to 5x10-° ions/cm®, whereby an
impurity-burised laver is formed.

A third embodiment according £o the present invention
will be describea with reference to FIGs. 1A to 4D.

As shown in FIG. 42, a field oxide laver 41 is formed
at vredetermined regions of a P-type semiconductor
substrate 40. 2 first to fourth active regions are defined
by the formation ¢I the pluralitv of field oxides 41, and

are named from tre right of figures. A screen oxide film 42

J

is formed fcr preventing the P-type semiconductor substrate
40 from being damaged by successive manufacturing steps of

the CMOS device. Thereafter, a N-type well mask pattern

14
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411 for exposing first and second active regions, is formed
at a thickness of about 2 to 4um. At this time, a desired
N-type well region is exposed. After forming the N-type
well mask pattern 411, a phosphorus ion, which is a N-type
impurity, 1is implanted into the P-type semiconductor
substrate 40 at the energy of 700KeV~1.5MeV and the ion-
implantation concentration of 1x10*® to 5x10 ions/cm?.
Thus, a N-type well 43 is formed. After forming the screen
oxide film 42, an impurity-buried layer can be formed in a
semiconductor substrate at a predetermined depth in the
same manner as the second embodiment according to the
present invention.

In order to control the threshold voltage of the
Normal P-type MOS transistor at the voltage of -0.7~-0.45V,
the phosphorus atoms are implanted into the P-type
semiconductor substrate 40 at an energy of 180KeV~250MeV
and at an ion-implantation concentration of 5x10*? to 2x10%
ions/cm?. Thereafter, the phosphorus atoms are also
implanted into the P-type semiconductor substrate 40 at an
energy of 30~80KeV and at an ion-implantation concentration
of 2x10* to 8x10°* ions/cm®. Thus, first impurity layers
44a, 44b are formed at a region of a Normal P-type MOS
transistor and a region of a Low Vt P-type MOS transistor.

After removing the N-type well mask pattern 411, a P-
type well mask pattern 412 for forming a P-well 45, is
formed on first and second active regions the thickness of

2~4um as shown in FIG. 4B. Then, boron atoms are

15
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implanted into the P-type semiconductor substrate 40 at an
energy of 500KevV~700MeV and at an ion-implantation
concentration of 1x10 to 5x10-° ions/cm‘. Thereafter,
poron atoms are implanted into the surface of the P-type
well 45 at an energy of 70-~120Kev and at an ion-
implantation concentration of 5x10* to 2x10°° ions/cm*. The
boron atoms are then also implanted into the surface of the
P-type well 45 at an energy of 10~30KeVv and at an ion-
implantation concentration of 2x10-- to 3x10*® ions/cm?,
whereby a pluralicy of second impurity lavers 46a and 46éb
are formed. As a result, the threshold vocltage of the Low
vt N-type MOS transistor becomes 0.1-~0.4V,

After removing the P-tvpe well mask pattern 412, an
impurity mask pattern 413 is formed such that a region of
_ow Vt P-type MOS transistor and a region of Normal N-type

0S8 transistor ars rsspectively exposed as shown in FIG.

C. Boron atcms zare then implanted into the P-type

emiconductor supstracte 40 at an energy of 10-30KeV and at

n

an ion-implantation concentration of 1x10** to 5x10%
‘ons,/cm‘, wherepbv third impurity layers 47a and 47b are
Zormed. At this zime, the zhreshold voltage of the normal

T-tyvpe MOS transistor pecomes 0.45~0.7V as the result of

chat of the seccnd Zmpurity laver 46a. Furthermore, the

-ty

I(j

e MOS transistor having a low threshold voltage 1is
zounter-doped wizh =nhe ZIZirst impurity laver 46b. As a

resulsz, the thresnold wvoltage of the P-type MOS transistor
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becomes -0.1--0.4V.

Thereafter, the impurity mask pattern 413 is removed.
A gate oxide 48 and gate electrodes 49a-49d are then
formed, as shown in FIG. 4D. The succeeding process for
manufacturing the CMOS device is the same as the
manufacturing process of the CMOS device according to
conventional methods. In the same manner as the second
embodiment according to the present invention, an impurity -
buried layer can be formed.

As described above, according tc the present
invention, it 1is possible to produce a CMOS device
including the N-type MOS transistor having a low threshold
voltage and the P-type MOS transistor by using one ion-
implantation process. Therefore, it 1is unnecessary to
perform an additional mask forming process and an
additional ion-implantation processes for controlling the
threshold voltage during the production of the CMOS
transistor. Consequently, the yield of the CMOS transistor
is increased, and the manufacturing cost of the CMOS
transistor is reduced.

While the present invention has been particularly
shown and described with reference to a particular
embodiment thereof, it will be understood by those skilled
in the art that various changes in form and detail may be
effected therein without departing from the spirit and

scope of the invention as defined by the appended claims.

17
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What is claimed is:

1. A method of manufacturing a complementary metal-
oxide semiconductor device, comprising the steps of:

(S1) forming a plurality of field oxide layers for
defining first, second, third and fourth active regions
which are sequentizllv positioned at predetermined regiohs
of a semiconductor substrate;

{s2) forming a screen oxide film on each surface of
the first, second, third, and fourth active regions;

(83) forming a first mask pattern for exposing first
and second active regions;

(S4) forming z N-type well to a seiected depth from
cach surface of the exposed first and second active
regions;

{s5) forming N-type ion 1implanted laver for

st

controlling a first threshold voltage right beneath each
surface of the first and second active regions;
(S6) removing ths first mask pattern;

(87) forming & second mask pattern Ior exposing the

{S8) forming & T-:type well to a selected depth from

-ne surface of the =exposaed third active region;

wn
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o-type ion ‘mplanted layer for

.
¥

sntrolling a seccond threshold voltage right beneath the

zurface of the thira active regilon;

n
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ot

the second mask pattern;
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(S11) forming a third mask pattern for exposing the
first and fourth active regions;

(812) forming a second P-type ion implanted layer for
controlling a third threshold voltage right beneath each
surface of the first and fourth active regions; and

(813) forming a gate electrode including a gate oxide
film on the first, second, third, and fourth active

regions.

2. The method as claimed in claim 1, further
comprising the step of forming an impurity-buried layer at
a predetermined depth of said semiconductor substrate by
using the ion-implantation process, following the screen

oxide film forming step (S2).

3. The method as c¢laimed in claim 1, further
comprising the step of forming an impurity-buried layer at
a predetermined depth of said semiconductor substrate by
using the ion-implantation process, following the step (S5)
of forming a N-type ion imblanted layer for controlling a

first threshold voltage.

4. The method as claimed in claim 3, wherein said
impurity-buried layer is formed by implanting boron atoms
into said semiconductor substrate at an energy of 1.5~1.8
MeV and at an ion-implantation concentration of 1x103 to

5x10-° ions/cm®.
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5. The method as claimed in claim 1, wherein said

first mask pattern has a thickness of 2 to 4um.

6. The method as claimed in claim 1, wherein said N-
type well is formed by implanting phosphorus atoms 1into
said semiconductor substrate at an energy of 700KeV to 1.
5MeV and at an ion-implantation concentration of 1x10*° to

5x10-° ions/cm’.

7. The method as claimed in claim 1, wherein the
step (S5) forming a N-type ion implanted layer for
controlling a first threshold voltage comprises the steps
of:

implanting phosphorus atoms into the surface of said
semiconductor substrate at an energy of 180 to 250KeV and
at an icn-implantaticon concentration of 5x10°% to 5x10°
ions,/cm; zand

implanting phospnorus atoms into the surface of said
semiconductor substrate in at an energy of 30 to 80KeV and
at an ion-implancation concentration of 2x107* to 8x10%

ions,cm.

8. ~he method as claimed in claim 1, wherein said P-

type well is formed by implanting boron atoms into said

semiconductor supstrate at an energy of 500 to 700KeV and

n

ar an ion-implancation concentration of 1x10~ to 5x107

ions cm-.
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9. The method as claimed in claim 1, wherein the
step(S9) of forming a first P-type ion implanted layer for
controlling a second threshold voltage comprises the steps
of:

implanting boron atoms into the surface of said
semiconductor substrate at an energy of 70 to 120KeV and at
an ion-implantation concentration of 5x102 to 2x10°°
ions/cm?; and

implanting boron atoms into the surface of said
semiconductor substrate at an energy of 10 to 30KeV and at
an ion-implantation concentration of 1x10*? to 5x10%2

ions/cm?.

10. The method as claimed in claim 1, wherein the
step (S12) forming a second P-type ion implanted layer for
controlling a third threshold voltage comprises the step of
implanting boron atoms into the Low Vt N-type MOS
transistor region and the Low Vt P-type MOS transistor
region at an energy of 10 to 50KeV and at an ion-

implantation concentration of 1x10*? to 5x10*? ions/cm?.

11. A method of manufacturing a complementary metal -
oxide semiconductor device, comprising the steps of:

(S1) forming a plurality of field oxide layers for
defining first to fourth active regions which are

sequentially positioned at predetermined regions of a
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semiconductor substrate;

(S2) forming a screen oxide film on each surface of
the first, second, third and fourth active regions;

(s3) forming a first mask pattern for exposing first
and second active regilons;

(s4) forming a N-type well to a selected depth from
each surface of the exposed first and second active
regions;

(85) forming a first N-type ion implanted layer for
controlling a first threshold voltage right beneath each
surface of the first and second active regions;

{S6) removing the first mask pattern;

(87) forming a second mask pattern for exposing the
third and fourth active regions;

(S8) Zforming a P-type well to a selected depth from

s

each surfzace o the exposed third and fourth active
regions;

(S9) forming a P-type icn implanted layer for
controlling a seccond threshold voltage right beneath the
surface of the thira and fourth active regions;

(S10) removing tne second mask pattern;

{S11) forming a third mask pattern for exposing second
and fourth active recicns;

(S12} forming a seccnd N-type lon implanted layer for
controllinag & third threshold voltage right beneath each
surface of tne secend and fourth active regions; and

ming a

-
P

ate electrcde including a gate oxide

n
s
(D

[
Q
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film on the first, second, third and fourth active regions.

12. The method as claimed in claim 11, further
comprising the step of forming an impurity-buried layer at
a predetermined depth of said semiconductor substrate by
using the ion-implantation process, following the screen

oxide forming step (S2).

13. The method as claimed in claim 11, further
comprising the step of forming an impurity-buried layer at
a predetermined depth of said semiconductor substrate by
using the ion-implantation process, following the step (S5)
of forming a N-type ion implanted layer for controlling a

first threshold voltage.

14. The method as claimed in claim 13, wherein said
impurity-buried layer is formed by implanting boron atoms
into said semiconductor substrate at an energy of
1.5~2.5MeV and at an ion-implantation concentration of

1x10" to 5x10* ions/cm®.

15. The method as claimed in claim 11, wherein said

first mask pattern has a thickness of 2 to 4um.

16. The method as claimed in claim 11, wherein said

N-type well is formed by implanting phosphorus atoms into

said semiconductor substrate in at an energy of 700KeV to
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1.5MeV and at an ion-implantation concentration of 1x10* to

5x10*° ions/cm®.

17. The method as claimed in claim 11, wherein the
step (S5) forming a N-type 1on implanted laver for
controlling a first threshold voltage comprises the steps
of:

implanting phosphorus atoms into the surface of said
semiconductcr substrate at an energy of 180 to 250KeV and
at an ion-:mplantation concentration of 5x10-% o 2x10°
ions/cm*; and

implanzing phosphorus atoms into the surface of said

semiconductcr substrate at an energy of 30 to 80KeV and at

an ion-implantation concentration of 5x10°* to  5x10°
ions/cm®.

18. Tn= method as claimed in claim 11, wherein said
P-type well s formed by implanting boron atoms iInto said

semicenduczzr substrate at an energy of 500 to 700KeV and

the ion-irmrlantaticn concentration of 1x10> to 5x10°
ions/cmt.
2. Tr2 method as claimed 1n claim 11, wherein the

step i5%) oF Zforming & first P-type ion implanted layer for

controlling 3 second tnreshold voltage comprises the steps

implanting boren atoms into the surface of said
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semiconductor substrate at an energy of 70 to 120KeV and at
an lon-implantation concentration of 5x10** to 2x10%
ions/cm®; and

implanting boron atoms intec the surface of said
semiconductor substrate at an energy of 10 to 30KeV and at
an ion-implantation concentration of 1x10*? to 5x10%

ions/cm?.

20. The method as claimed in claim 11, wherein the
step(S12) forming a second P-type ion implanted layer for
controlling a third threshold voltage comprises the step of
implanting boron atoms into the Low Vt N-type MOS
transistor region and the Low Vt P-type MOS transistor
region at an energy of 30 to 80KeV and at an ion-

implantation concentration of 1x10* to 8x10*? ions/cm?.

21. The method of Manufacturing a complementary
metal-oxide semiconductor device, comprising the steps of:

(81) forming a plurality of field oxide layers for
defining first, second, third, and fourth active regions
which are sequentially positioned at predetermined regions
of a semiconductor substrate;

(32) forming a screen oxide film on each surface of
the first to fourth active regiocns;

(S3) forming a first mask pattern for exposing first
and second active regions;

(S4) forming a N-type well to a selected depth from
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each surface of the exposed first and second active
regions;

(s5) forming a N-type ion implanted layer for
controlling a first threshold voltage right beneath each
surface of the first and second active regions;

(S6) removing the first mask pattern;

(87) forming a second mask pattern for exposing the
third and fourth active regions;

(S8) forming a P-type well to a selected depth from
each surface of the exposed third and fourth active
regions;

{(s9) forming a first P-type ion implanted layer for
controlling a second threshold voltage right beneath the
surface of the third and fourth active regions;

(S10) removing the second mask pattern;

(S11) Zorming a third mask pattern for exposing first

and zhird acrtive

[

sgions;

(812) Zforming a second P-type ion implanted layer for
controlling a third threshold wvoltage right beneath each
surface of the first and third active regions; and

{$13) Zorming a gate electreode including a gate oxide

n on the “irst, second, third and fourth active regions.

h
'_l .
[
3

22. Tne method as claimed in claim 21, further
comprising the step ¢©f forming an impurity-buried layer on
said seniccnducctor substrate b using the ion-implantation

ocess, fc.lowing the screen -xide forming step (S2).
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23. The method as claimed in claim 21, further
comprising the step of forming an impurity-buried layer at
a predetermined depth of said semiconductor substrate by
using the ion-implantation process, following the step (S5)
of forming a N-type ion implanted layer for controlling a

first threshold voltage.

24. The method as claimed in claim 23, wherein said
impurity-buried layer is formed by implanting boron atoms
into said semiconductor substrate at an energy of 1.5-2.5
MeV and at an ion-implantation concentration of 1x10!® to

5x10°° ions/cm.

25. The method as claimed in claim 21, wherein said

first mask pattern has a thickness of 2 to 4um.

26. The method as claimed in claim 1, wherein said N-
type well is formed by implanting phosphorus atoms into
sald semiconductor substrate at an energy of 700KeV to 1.
5MeV and at an ion-implantation concentration of 1x10? to

5x10-* ions/cm".

27. The method as claimed in claim 21, wherein the
step (S5) forming a N-type ion implanted layer for
controlling a first threshold voltage comprises the steps
of:

implanting phosphorus atoms into the surface of said
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semiconductor substrate at an energy of 180 to 250KeV and
at an ion-implantation concentration of 5x10*? to 2x10"
ions/cm*; and

implanting phosphorus atoms into the surface c¢I said
semiconductor substrate in at an energy of 30 to 80KaV and
at an ion-implantation concentration of 2x10** to 8x10%

ions/cm®.

28. The method as claimed in claim 21, wherein said
P-type well is formed by implanting boron atoms into said
semiconductor substrate in the step (S8) of forming a P-
type well at an energy of 500 to 700Kev and an 1ion-

implantation concentration of 1x10°° to 5x10%° ions/cx’.

29. The method as claimed in claim 21, wherein the
step (S9) cf forming a first P-type ion implanted layer for
controlling a second threshold voltage comprises the steps
of:

implanting Dboron atoms into the surface of séid
semiconductor substrate at an energy of 70 to 120KeV and at
an ion-implantaticon  concentration of  5x10*?  to  2x10%°
ions cm-; and

implanting Dboron acoms into the surface of said
semiconductor substrate at an energy of 10 to 30KeV and at
an lon-imp.antation concentration of  2x10°°  to  3x10%

1ons Ccmh.
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30. The method as claimed in claim 21, wherein the
step (812) forming a second P-type ion implanted layer for
controlling a third threshold voltage comprises the step of
implanting boron atoms into the Low Vt N-type MOS
transistor region and the Low Vt P-type MOS transistor
region at an energy of 10 to 30KeV and at an ion-

implantation concentration of 1x10!? to 5x10*® ions/cm?.
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