
- 1 -       Title of the Invention      Method for Manufacturing a
Semiconductor Device        Background of the Invention  5  1. Field of the
Invention             The present invention relates to a method of
manufacturing      a semiconductor device, and more specifically, to a
method of      manufacturing a semiconductor device having a highly
integrated      CMOS circuit element.  0      2. Description of the Related
Arts             An impurity region (well) for forming a CMOS element has
been formed, e.g., by implanting impurity ions and subjecting to
thermal diffusion. However, even if an attempt is made to form a  5 well in
desired size, impurity ions would diffuse laterally so much      that the
region having a variety on the concentration of impurity      ions near the
boundary of the well would become longer. For this      reason, it was
necessary to provide in advance a wide ineffective      region in which a
threshold voltage or dielectric strength of a  10 transistor could not be
secured. The well has a profile that the      concentration of impurity
ions monotonously decreases from the      surface downwards, and it has a
structure susceptible to a latchup.      Furthermore, it is necessary to
include (i) a step of forming a      channel stopper layer for preventing a
leakage current in the  25 bottom of a device isolation region in the well
and (ii) a step of   



-2-      implanting ions for accurately controlling the distribution of
impurity in a channel region and the lower part of the channel      region
for the control of the short channel effect of the transistor      after
forming the well.  5         In the meantime, with recent development of
the technique      of implanting high energy ions, it has now become
possible to      implant ions into the deep inside region of a substrate.
Further,      the ion implantation for formation of a well is performed at
a      relatively low concentration, which causes only slight damages to
10 the substrate. Thus, it is possible to form the well by implanting
impurity ions in a multistage manner with high energy without
conventional high-temperature thermal treatment. Accordingly,      in
addition to the control of the threshold voltage of the transistor,
latchup tolerance can be improved (i) by implanting ions directly  15
below a thick isolation oxide film to form a channel stopper layer
after formation of a device isolation region and also (ii) by raising
the impurity concentration of the well within the substrate.
For example, Japanese Unexamined Patent Publication No.      Hei
2(1990)-264464 (corresponding to U.S. Patent No.5,141,882)  20  proposed a
method of manufacturing CMOS through forming a well      by the technique
of implanting high energy ions in comparison with      the conventional
twin-well structure.             According to the above method, an oxide
film and then a      silicon nitride film are formed on a silicon
substrate, followed by  25  coating with a resist. Then, adopting
photolithography and  



etching steps, an opening is made in the resist in a region which will
become a device isolation region, and the silicon nitride film in the
region is removed by etching.              Further processings are
explained as follows, referring to   5  Figs. 9(a) to 9(e) .
That is, a device isolation region 87 (0.5 [err] m thick) is formed      by
thermal oxidation, as shown in Figure 9 (a).              Subsequently, a
silicon nitride film 83 and an oxide film 82      are removed with hot
phosphoric acid solution and hydrofluoric   0 acid solution, respectively.
Then, as shown in Figure 9(b), a      protective oxide film 82a is formed
on a silicon substrate 81, and a      resist pattern 88 having an opening
in an NMOS transistor-forming      region 96 is formed. Then, boron ions
are implanted using the      energy over the following three steps to form
a P well 86 and to   5  control a channel region 93.              -First
ion implantation: 200 keV to 700 keV (Boron ions are      allowed to pass
through the device isolation region 87, forming a      channel stopper
layer 89 directly below the device isolation region      87.)  20
-Second ion implantation: 10keV to 250keV (The second      implantation is
performed with a lower energy than that of the first      ion
implantation.)              -Third ion implantation: 10 keV to 80 keV (A
channel region      93 for preventing the punch-through of a transistor and
controlling  25 the threshold voltage is formed.) 



-4-             Then, a resist pattern 88 is removed, and a resist pattern
90      having an opening in a PMOS transistor-forming region 97 is
formed, as shown in Figure 9(c). Thereafter, ions of phosphorus,
arsenic and boron are implanted with the following energy to form   5  an N
well 85 and to control the channel region.              -First ion
implantation: Phosphorus ions, 300 keV to 1200      keV (The ions are
allowed to pass through the device isolation      region 87, forming a
channel stopper layer 91 directly below the      device isolation region 87
to prevent a latchup.)  10         -Second ion implantation: Phosphorus
ions, 100 keV to 500      keV (This step is performed with a lower energy
than that of the first      ion implantation.)             -Third ion
implantation: Boron ions, 20 keV (A channel      region 95 for controlling
the threshold voltage of the transistor is  15 formed.)
-Fourth ion implantation: Arsenic ions, 50keV to 220keV      (The channel
95 for preventing the punch-through of the transistor      and controlling
the threshold voltage is formed.)             Subsequently, the resist
pattern 90 is removed, as shown in  20 Figure 9(d).             Further,
the protective oxide film 82a is removed, and a      CMOS transistor is
formed through the conventional methods, as      shown in Figure 9 (e).
In the above-mentioned method, the twin-well is formed  25 through two
lithographic steps. This means that the 



manufacturing steps are simplified as compared with a      conventional
manufacturing steps.             Furthermore, as a more simplified method,
a method of      forming a twin-well through one lithographic step was
proposed in   5 Japanese Unexamined Patent Publication Nos. SHO 62(1987)
254203 and SHO 63(1988)-88714. Its method is explained in the
following.             As shown in Figure 10(a), a protective oxide film
101 and a      resist pattern 112 having an opening in PMOS
transistor-forming  10  region are formed on a silicon substrate 100, and a
P type region (P      well) 102 is formed by implanting boron ions with
high energy.      Because the ions pass through the resist pattern 112 in
this      implanting step, a P well 102b is formed below the resist pattern
112 at a relatively shallow site of the silicon substrate 100, while  15
the P well 102a is formed at a relatively deep site of the silicon
substrate 100 in the region where the resist pattern 112 does not
exist.             Then, as shown in Figure 10(b), N type impurity ions
such as      phosphorus or the like are implanted with an energy which does
not  20 allow the ions to pass through the resist pattern 112, and thereby
an N well 103 is formed in the PMOS transistor-forming region. In      this
way, a twin-well can be formed through one lithographic step.
After that, a device isolation insulating film 104 and a gate
insulating film 105 are formed, as shown in Figure 10(c).  25
Furthermore, as an improvement over the above-mentioned 



-6-      method conducted by one lithographic step, U.S. Patent No.
5,501,993 proposed a method for performing ion implantation two      or
three times for forming each of N type and P type wells.
However, the methods of the above-mentioned prior arts are  5 those of
forming a twin-well structure which comprises forming an      NMOS
transistor having one kind of threshold voltage and a PMOS      transistor
having one kind of threshold voltage, and do not concern      a method of
forming MOS transistor having two or more kinds of      threshold voltage.
10       In other words, concerning a semiconductor device having a
CMOS circuit element for low voltage and low electric power
consumption for which there is a strong demand in recent years, it      has
become necessary to manufacture two different kinds of      transistors in
order to satisfy the two requirements of high -speed  15 operation and low
electric power consumption. Thus, one is a      transistor having a high
threshold which works at a slow speed but      whose stand-by leak current
is controllable, and another is a      transistor having a low threshold
voltage which is suitable for      working at a high speed but whose leak
current is large. However,  20 if an attempt is made to add the simplest
step of controlling the      concentration of impurity ions in the channel
region for forming two      regions of the same conductivity type having
different threshold      voltages, an additional lithography step is
required, and      accordingly an increase of the manufacturing cost is
incurred.  25       In various methods of the known arts as mentioned
above, a 



P well is formed by performing a step of implanting ions one to three
times. According to such a method, however, it is not possible to
sufficiently control the whole structure of a well (the whole P type
region, including the channel region but excluding the substrate, is   5
hereinafter referred to as a "well") which forms an NMOS transistor.
The reason for this is that a P well should have characteristics
satisfying all of the following requirements.              (1) A highly
concentrated region is formed within a      substrate, so that a well
resistance may be reduced and a latchup  10 tolerance may be increased.
(2) A relatively high concentrated region is formed in the      ends and
bottom portion of a device isolation region, so that a      device
isolation within a P well may be realized.              (3) The
concentration in the deep portion of a channel is  15 appropriately
controlled, so that a punch-through of a transistor      may be prevented.
(4) The concentration in a channel on the surface of a      substrate is
controlled, so that the threshold voltage of a transistor      may be
controlled.  20        It is difficult to control the threshold voltage of
the      transistor while preventing its short channel effect by implanting
ions only once. Further, there is a problem that, if ions are
implanted at a site of a channel stopper layer in such dosage as to
improve the latchup tolerance, it would affect the channel too  25 greatly
in very fine elements having a thin device isolation region. 



-8-              In the meantime, a method of manufacturing transistors
having different threshold voltages without increasing the number      of
lithographic steps has been proposed in Japanese Unexamined      Patent
Publication No. HEI 02(1990)-67755.  5        In this method, firstly, ions
of P type impurity such as boron      or the like are implanted at a dosage
of 8 X 10[err]/cm[err] in NMOS      transistor-forming regions 214 and 215
on a substrate 201, as      shown in Figure 11(a). Then, ions of N type
impurity such as      phosphorus or the like are implanted at a dosage of 6
x 10[err]/cm[err] in  10  the NMOS transistor-forming region 214 and a PMOS
transistor-      forming region 216. Further, the substrate 201 is
subjected to      thermal treatment at 1050 to 1200C to form an N well 203,
P well      202 and low concentrated P well 218.              Subsequently,
a device isolation region 204 is formed and  15  then ions of P type
impurity such as boron or the like are implanted      at a dosage of 7X
10[err]/cm[err] in channel regions 205, 206, 207 and      208, as shown in
Figure 11 (b).             As shown in Figure 1 1(c), a gate insulating
film 209, a gate      electrode 210 and source/drain regions 211 are
formed,  20 respectively, to complete three kinds of NMOS transistors of
different threshold voltages and one kind of PMOS transistor.
In the method mentioned above, the P well 202 and N well      203 are those
having ordinary concentration of impurity ions, and      the low
concentrated P well 218 is formed as a P well at a low  25 concentration by
canceling, with the N type impurity ions, a part of 



-9-      the P type impurity ions implanted as per Figure 11(a). In the
method mentioned above, the channel ion implantation for      controlling
the threshold voltage is performed on the whole surface      of the
substrate 201, and therefore three kinds of NMOS transistors  5 can be
formed by performing two lithographic steps for forming the      P well and
N well.             According to this method, the threshold voltages are
controlled by implanting boron ions into the whole substrate 201.      This
implantation controls the threshold voltage of an NMOS  10 transistor in a
normal P well, the threshold voltage of a PMOS      transistor in a normal
N well, and also the threshold voltage of an      NMOS transistor in a P
well formed by simultaneously implanting      the N type impurity ions and
P type impurity ions. Therefore, it is      extremely difficult to control
each of the threshold voltages  15  independently. This problem can be
easily overcome by increasing      the number of lithographic steps, but
that would pose another      problem of increasing the manufacturing steps.
Additionally, according to the method, both N type impurity      ions and P
type impurity ions are implanted to form one well, and  20  the
concentration of the well is decided by cancelling the two types      of
impurity ions with each other. This would restrict the formation      of
ordinary N and P wells, whereby the transistor formed in each of      the
three wells cannot be controlled independently. Moreover, the
cancellation-type formation of wells leads to such a great variation  25 in
the concentration of impurity ions and such a poor 



reproducibility that it would be extremely difficult to control the
threshold voltages in a highly accurate way. Especially in a case
where a threshold voltage is desired to be lowered, the design for
variation in the threshold voltage is so strict that it would be very  5
difficult to adopt the method itself. Furthermore, no      consideration is
given to implantation of impurity ions for the      channel stopper region
under the device isolation insulating film in      this method.    10
Summary of the Invention             The present invention provides a
method of manufacturing     a semiconductor device comprising forming a
device isolation     region in a semiconductor substrate; forming at least
a first     conductivity type impurity region in the semiconductor
substrate;  15 and forming on the semiconductor substrate a transistor
including a gate insulating film, a gate electrode, source/drain
regions and a channel located directly under the gate electrode,
wherein the first conductivity type impurity region is formed by the
steps of: an ion implantation 1 having a concentration peak at a  20
location deeper than the bottom of the device isolation region; an      ion
implantation 2 having a concentration peak at a location      around the
bottom of the device isolation region; an ion      implantation 3 having a
concentration peak around the junction      regions where the source/drain
regions are to be formed; and an ion  



25 implantation 4 having a concentration peak on or directly under the
- 11 -       surface of the region where the channel is to be formed.
Also, the present invention provides a method of      manufacturing a
semiconductor device comprising forming a device      isolation region
deeper than 0.6 [err] m in a first conductivity type   5  semiconductor
substrate; forming at least a first conductivity type      impurity region
in the first conductivity type semiconductor      substrate; and forming on
the semiconductor substrate a      transistor including a gate insulating
film, a gate electrode,      source/drain regions and a channel located
directly under the gate  10 electrode, wherein the first conductivity type
impurity region is      formed by the steps of: an ion implantation 1'
having a      concentration peak around the depth of 0.6 [err] m; an ion
implantation 2' having a concentration peak around the depth of      0.35
[err] m; an ion implantation 3' having a concentration peak  15  around the
junction regions where the source/drain regions are to      be formed; and
an ion implantation 4' having a concentration peak      on or directly
under the surface of the region where the channel is      to be formed.
Further, the present invention provides a method of  20 manufacturing a
semiconductor device comprising forming a device      isolation region in a
semiconductor substrate; forming plural first      conductivity type
impurity regions having different impurity      concentration in the
semiconductor substrate; and forming plural      transistors each having
different threshold voltage and including a 



25 gate insulating film, a gate electrode, source/drain regions and a
-12-        channel located directly under the gate electrode, wherein the
plural first conductivity type impurity regions having different
impurity concentrations are formed by the steps of: forming a mask
pattern on the semiconductor substrate, the mask pattern having  5 an
opening at least in a transistor-forming region where a      transistor
having threshold voltage of a first (larger) absolute value      is to be
formed; implanting first conductivity type impurity ions      selectively
into the transistor-forming region by using the mask      pattern by the
ion implantations 1 to 4 of the above (or by the ion  10 implantations 1'
to 4' of the above); and implanting first      conductivity type impurity
ions by ion implantation 5 that allows      ions to penetrate through the
mask pattern into the transistor-      forming region which is covered with
the mask pattern and in which      a transistor having threshold voltage of
a second absolute value  15  which is smaller than the first absolute value
is to be formed.        Brief Description of the Drawings
Figs. 1(a) to 1(d) are schematic sectional views showing an      example of
a method of manufacturing a semiconductor device  20 according to the
present invention.              Figs. 2(a) to 2(d) are schematic sectional
views showing      another example of a method of manufacturing a
semiconductor      device according to the present invention.  



Figs. 3(a) to 3(d) are schematic sectional views showing still  25 another
example of a method of manufacturing a semiconductor
- 13 -       device according to the present invention.              Fig. 4
is a view of the first process showing still another      example of a
method of manufacturing a semiconductor device      according to the
present invention.   5        Fig. 5 is a view of the second process
showing still another      example of a method of manufacturing a
semiconductor device      according to the present invention.
Fig. 6 is a view of the third process showing still another      example of
a method of manufacturing a semiconductor device  10 according to the
present invention.             Fig. 7 is a view of the fourth process
showing still another      example of a method of manufacturing a
semiconductor device      according to the present invention.
Figs. 8(a) to 8(d) are schematic sectional views showing still  15  another
example of a method of manufacturing a semiconductor      device according
to the present invention.             Figs. 9(a) to 9(e) are schematic
views of the process showing      a method of manufacturing a prior-art
semiconductor device.             Figs. 10(a) to 10(c) are schematic views
of the process  20  showing a method of manufacturing another prior-art
semiconductor device.             Figs. 1 1 (a) to 1 1 (c) are schematic
views of the process      showing a method of manufacturing still another
prior-art 



semiconductor device.  25                                       -14-
Detailed Description of the Preferred Embodiments             The present
invention is directed to a method of forming the      whole of an impurity
region (well) located extending from the      surface of a channel to the
inside of the semiconductor substrate by  5  performing the ion
implantation in four steps to give an optimum      impurity profile in
manufacturing a semiconductor device      including a transistor on a
semiconductor substrate in which a      device isolation region has been
formed.             The semiconductor substrate to be used in the present
10 invention is preferably a silicon substrate, but it is not particularly
limited as long as it is a substrate ordinarily used for forming
semiconductor devices such as PMOS, NMOS or CMOS, etc.             Firstly,
a device isolation region is formed in the      semiconductor substrate to
define an active region. The device  15 isolation region can be formed by a
conventional method such as      LOCOS method, improved LOCOS method,
device isolation method      by trench or the like. While the film
thickness of the device      isolation region can be appropriately adjusted
depending upon      various conditions such as size and depth of the
impurity region  20  (well) where a device is to be formed, concentration
of the impurity      ions, layout and size of the device or the like,
preferable thickness      is deeper than the source/drain region to be
formed later.             The first conductivity type impurity region
(well) is formed 



by 4-steps of ion implantation into the semiconductor substrate in  25
which the device isolation region has been formed.
15               As the ion implantation 1, the first conductivity type
impurity ions are implanted in such a way that the concentration
distribution of impurity ions has a peak at a place deeper than the
bottom of the device isolation region. It is preferable to conduct   5 the
implantation so that the peak is located at a place of about 0.4      to
1.0 [err] m deep. The location of the peak can be adjusted, for
example, by regulating the implanting energy. More specifically,      in
the case where the first conductivity type impurity ions are P type,
for example, it is preferable that boron ions are implanted with an  10
implantation energy of about 130 to 500keV. In the case where the
first conductivity type impurity ions are N type, for example, it is
preferable that phosphorus ions are implanted with an      implantation
energy of about 300 to 800 keV. Appropriate dosage      for implanting
impurity ions is about 5.0X 10[err] to 5.0 X 10[err]cm[err].  15
Furthermore, in the case where the device isolation region      has a film
thickness of about 0.6 [err] m or over, the first conductivity      type
impurity ions are implanted in such a way that the      concentration has a
peak at depth of about 0.6 [err] m as the ion      implantation 1'. In this
case, if the semiconductor substrate and  20 the first conductivity type
impurity ions are P type, it is preferable      that boron ions are
implanted, for example, with an implantation      energy of about 200 to
300 keV and a dosage of about 5.0 X 10[err] to      5.0 X 10[err]cm[err]. 



As the ion implantation 2, the first conductivity type  25  impurity ions
are implanted in such a way that the concentration
-16-       distribution of impurity ions has a peak near the bottom of a
device      isolation region. More specifically, in the case where the
device      isolation region has a film thickness of about 0.2 [err] m to
0.5 [err] m, it      is preferable to conduct the ion implantation by
selecting the  5  energy for implantation and the kind of ions
appropriately so that      a peak is located at depth of about 0.25 [err] m
to 0.6 [err] m. In the case      where the first conductivity type impurity
ions are P type, boron      ions are implanted, for example, with an
implantation energy of      about 80 to 200 keV. In this case, the dosage
of impurity ions to  10  be implanted is preferably about 1 X 10[err] to 1
X 10[err]cm[err]. In the      case where the first conductivity type
impurity ions are N type,      phosphorus ions are implanted, for example,
with an implantation      energy of about 150 to 500 keV and a dosage of
about 1 X 10[err] to 1      X 10[err]cm[err].  15        Furthermore, when
the device isolation region has a film      thickness of more than about
0.6 [err] m, the first conductivity type      impurity ions are implanted
in such a way that the concentration      has a peak at depth of about 0.35
[err] m or at depth of about two      thirds to one half of the film
thickness of the device isolation region,  20  as the ion implantation 2'.
When the semiconductor substrate and       the first conductivity type
impurity ions are P type, it is preferable       that boron ions are
implanted, for example, with an implantation  



energy of about 100 to 150 keV and a dosage of about 1 X 10[err] to 1
X 10[err]cm[err]  25        As the ion implantation 3, the first
conductivity type                                            17
impurity ions are implanted in such a way that the concentration
distribution of impurity ions has a peak near the junction regions
where the source/drain regions are to be formed. More specifically,      in
the case where the source/drain regions are formed at depth of   5  about
0.1 to 0.3 [err] m, it is preferable to conduct the ion      implantation
by selecting appropriately the energy for implantation      and the kind of
ions to be implanted so that the peak is located at      depth of about
0.15 to 0.4 [err] m. For example, in the case where the      first
conductivity type impurity region is P type, boron ions are  10 implanted
with implantation energy of about 40 to 150 keV. In      this case, the
dosage of impurity ions to be implanted is preferably      about 1 X
10[err] to 1 X 10[err]cm[err]. When the first conductivity type
impurity region is N type, phosphorus ions are implanted, for      example,
with implantation energy of about 100 to 300 keV. In  15  this case, the
dosage of impurity ions to be implanted is preferably      about 1 X
10[err] to 1 X 10[err]cm[err].              The ion implantation 3', which
is carried out in the case      where the film of the device isolation
region is thick, can also be      performed essentially in the same way as
the above-mentioned ion  20  implantation 3.             As the ion
implantation 4, the first conductivity type      impurity ions are
implanted in such a way that the concentration 



distribution of impurity ions has a peak on the surface of or directly
below a region to become a channel. More specifically, it is  25 preferable
to conduct the ion implantation by selecting
-18-      appropriately the energy for implantation and the kind of ions so
that the peak is located at depth of about 0 to 0.2 [err] m. In case of
P type impurity ions, boron ions are implanted with implantation
energy of about 10 to 60 keV; and the dosage of impurity ions to be   5
implanted in this case is preferably about 1 X 10[err] to 5 X
10[err]cm[err].      In case of N type impurity ions, phosphorus ions are
implanted with      implantation energy of about 10 to 150 keV; and the
dosage of      impurity ions to be implanted in this case is preferably
about 1 X      1012 to 5 X 10[err] cm[err].  10       The ion implantation
4', which is carried out in the case      where the film of the device
isolation region is thick, can be      performed essentially in the same
way as the above-mentioned ion      implantation 4.             The
above-mentioned ion implantations 1 to 4 and the ion  15 implantations 1'
to 4' can be sequentially performed by selecting      conditions so that
the peak of each implantation appears at a      different place. However,
these implantations need not to be      performed sequentially from the
first to the fourth. These      implantations may be conducted continuously
by changing the  20 implantation conditions. In addition, as long as the
above-      mentioned four characteristics can be controlled independently
each other, not only the four-step implantations but also 



implantations involving five or more steps can be conducted      according
to the sizes of the semiconductor device, the first  25 conductivity type
impurity region and the like.                                         - 19
-              The above-mentioned four-step implantations make it
possible to control the depth of each peak in the first conductivity
type impurity region by implanting ions independently and thus      can
control the characteristics of a transistor highly accurately   5        In
other words:              (1) By the ion implantation 1 or 1', the highly
concentrated      region is formed within the substrate, so that the well
resistance      can be reduced and the latchup tolerance can be increased.
(2) By the ion implantation 2 or 2', the relatively highly  10 concentrated
region is formed in the ends and the bottom portion of      the device
isolation region, so that the device isolation within the      well can be
realized.              (3) By the ion implantation 3 or 3', the
concentration in the      deep portion of the channel is appropriately
controlled to prevent a  15 punch-through of the transistor.
(4) By the ion implantation 4 or 4', the concentration at the      channel
region on the surface of the substrate is controlled to      adjust the
threshold voltage of the transistor.              In these four-step ion
implantations, the first conductivity  20 type impurity region, which is to
be finally obtained, may be      substantially uniformly controlled from
the surface of the substrate      to the bottom of the impurity region; or,
alternatively, the first 



conductivity type impurity region may be allowed to have an      impurity
profile fully satisfying the above-mentioned  25  characteristics. For
example, the whole concentration in the first
-20 -       conductivity type impurity region can be uniformly or non-
uniformly distributed within the range of about 5 X 10[err] to 5 X
10[err]cm[err].              After the first conductivity type impurity
region is formed by   5 the above-mentioned four-step ion implantation, the
transistors      each having a gate insulating film, a gate electrode and
source/drain regions are formed on the impurity region, and then      an
interlayer insulating film, a wiring layer and the like are formed      on
these transistors to complete the semiconductor device.  10        More
specifically, in order to form a gate insulating film, the       surface of
the silicon substrate may be oxidized by a thermal       oxidation method
in an atmosphere of oxygen and/or vapor at a       temperature of about 800
to 950[err]C.              The gate electrode can be formed with a
polysilicon single  15  layer, a silicide with a high melting point metal
and so on, or a       single layer or a laminate layer of a polycide of
these and so on, and       a side wall spacer can be optionally formed.
The source/drain regions can be formed by implanting       impurity ions at
a desired dosage, in such a way that the region has  20  a desired depth,
and then optionally performing an annealing. It is       preferable to
perform the annealing in this case at about 850 to  



950[err]C for about 5 to 20 minutes. Thereafter, PSG, BPSG, SiO2,       SiN
or the like is formed as an interlayer insulating film on the
transistors thus formed, and the contact and metal wiring are  25 provided
to construct the semiconductor device.
- 21              The important feature in the method of manufacturing a
semiconductor device according to the present invention, namely in
forming the first conductivity type impurity region by implanting      ions
in four steps is that, immediately after these ion implantations,   5 a
thermal treatment is not conducted particularly for forming wells.      In
other words, the method according to the present invention omits
thermal treatment for the formation of wells and utilizes, for this
purpose, thermal treatment performed in other steps for forming
integrated circuits including transistors.  10         For example, one or
more thermal treatments conducted in      the following steps can be
utilized gate insulating film forming      step, source/drain region
forming step, or interlayer insulating film      forming step. The thermal
treatment in each step is carried out for      a relatively short time, for
example 10 seconds to 30 minutes,  15 usually at 1100[err]C or below,
preferably at 900[err]C or below. By      utilizing the thermal treatments
in the above steps, it is possible to      prevent excessive diffusion of
impurity ions implanted for forming      the first conductivity type
impurity regions.             Furthermore, another feature of the method of
20 manufacturing a semiconductor device according to the present
invention is that two or more first conductivity type transistors  



having different threshold voltages can be formed on a      semiconductor
substrate.             In this invention, the device isolation region can
also be  25  formed in the same way as mentioned above. In accordance with
- 22 -      the film thickness of the device isolation region, it is
possible to      adjust the depth of ion implantation for the formation of
the first      conductivity type impurity region which is formed in a later
step.             Firstly, a mask pattern is formed on a semiconductor  5
substrate on which the device isolation region has been formed.      This
mask pattern has an opening at least in a transistor-forming      region
where a transistor having threshold voltage of a first      absolute value
(e.g., high-Vth) is to be formed among plural first      conductivity type
transistors having different threshold voltage.  10  The mask pattern can
be formed by applying a known resist to a      thickness of about 1.0 to
4.0 [err] m and patterning the resist into a      desired shape by
photolithography and/or etching steps. This mask      pattern can also have
an opening in the outer circumference of a      transistor-forming region
where a transistor having threshold  15  voltage of a second absolute value
(e.g., threshold voltage of smaller      than the first absolute value;
low-Vth) is to be formed in addition to      the opening in the high-Vth
transistor-forming region.              First conductivity type impurity
ions are selectively      implanted into the high-Vth transistor-forming
region by using the  20  above-mentioned mask pattern. This implantation of
the first      conductivity type impurity ions can be performed by the ion



implantations 1 to 4 or the ion implantations 1' to 4' in accordance
with the film thickness of the device isolation region formed by the
previous step. Concerning the ion implantations, it is preferable  25  to
adjust implanting conditions appropriately in order to secure the
-23-       four characteristics (1) through (4) as described above. Thus,
it is      possible to form the first conductivity type impurity region in
the      high-Vth transistor-forming region in a relatively high
concentration, for example, the first conductivity type impurity  5  region
having a uniform or non-uniform impurity profile within an      impurity
concentration range of 5 X 10[err] to 5 X 10[err]cm[err].             In
the case where in previous steps the mask pattern has an      opening in
the outer circumference of a low-Vth transistor-forming      region too,
the first conductivity type impurity region in a relatively  10 high
concentration is likewise formed in the outer circumference.      Thus,
this ensures the device isolation in a low-Vth transistor-      forming
region.             Further, the ion implantation 5 is performed using the
same      mask pattern. In this ion implantation 5, first conductivity type
15  impurity ions are introduced into the surface of the semiconductor
substrate through the mask pattern and it is necessary to perform      the
implantation with energy large enough to pass through the      mask
pattern. Moreover, the dosage of first conductivity type      impurity ions
to be implanted in this step can be properly decided  20  depending upon
the threshold voltage of a low-Vth transistor      because the dosage
corresponds to the impurity concentration in 



the channel portion of the transistor. Thus, the relatively shallow,
first conductivity type impurity region having a relatively low
concentration is formed on the whole or a part of the region covered  25
with the mask pattern. In the region where the mask pattern does
-24-       not exist, namely in a high-Vth transistor-forming region, the
first      conductivity type impurity ions are implanted in a considerably
deep place in the semiconductor substrate, so that the      characteristics
of the high-Vth transistor are not directly affected.   5 This ion
implantation 5 does not need to be conducted after the ion
implantations 1 to 4 or the ion implantations 1' to 4'. The ion
implantation 5 may be alternatively conducted before or between      these
ion implantations or at any time as long as the same mask      pattern can
be used for the ion implantation.  10         While the aforementioned
method is explained about      transistors having at least two different
threshold voltages, it is      applicable to both N type and P type
transistors. Furthermore,      this method can also be applied to N type
transistors having two      different threshold voltages and a P type
transistor, P type  15  transistors having two different threshold voltages
and an N type      transistor, or P type transistors having two different
threshold      voltages and N type transistors having two different
threshold      voltages. In these methods, at least two lithographic steps
and a      simplified manufacturing method can be realized.  20
More specifically, the formation of a CMOS comprising  



NMOS transistors having at least two different threshold voltages      and
PMOS transistors having at least two different threshold      voltages is
as follows             At first, a mask pattern having an opening in each
of a  25 high-Vth NMOS transistor-forming region and a low-Vth PMOS
-25-      transistor-forming region is formed. While a P type impurity
region in a relatively high concentration is formed in these regions
using the mask pattern by ion implantations in four steps, P type
impurity ions are implanted in the surface of the low-Vth NMOS   5
transistor region and the surface of the high-Vth PMOS transistor
region covered with the mask pattern, by ion implantation through      the
mask pattern. Concerning the dosage of ions implanted to      allow the
impurity ions to pass through the mask pattern, it is      preferable to
set the concentration of impurity ions at a relatively  10 low level,
because the implantation is to form the low-Vth NMOS
transistor-forming region.             Then, by conventional methods, a
mask pattern having an      opening in each of a high-Vth PMOS
transistor-forming region and      a low-Vth PMOS transistor-forming region
is formed, and an N type  15  impurity region is formed by ion
implantations in four steps, using      this mask pattern. By the
aforementioned four-step ion      implantation, P type impurity ions of a
relatively high concentration      have been implanted in the low-Vth PMOS
transistor-forming      region; and P type impurity ions for adjusting the
threshold voltage  20  of the low-Vth NMOS have been implanted at a deep
place in the  



semiconductor substrate. It is preferable to adjust appropriately      the
dosage of impurity ions to be implanted, so that the P type      impurity
ions at least on the surface of the semiconductor substrate      are
cancelled by this four-step ion implantation to form an N type  25 impurity
region in a relatively low concentration. Likewise, a P
-26-       type impurity region in a relatively low concentration has been
formed in the high-Vth PMOS transistor-forming region by ions
implanted through the afore-mentioned mask pattern. It is      preferable
to adjust appropriately the dosage of impurity ions to be  5 implanted, so
that the low concentrated P type impurity ions are      cancelled by this
four-step implantation to form an N type impurity      region in a
relatively high concentration.               Hereinafter, practical
examples on the method of  10 manufacturing a semiconductor device
according to the present      invention is described based on the drawings.
Example 1             First, as shown in Figure 1(a), a device isolation
region 2      with a film thickness of about 3000[err] was selectively
formed in an  15 inactive region on a P type silicon substrate 1 by an
improved      LOCOS method. A protective oxide film 3 of 200A was also
formed by a thermal oxidation in an active region which is not      coated
with the device isolation region 2. In this example, the      formation of
an NMOS transistor as well as the formation of a PMOS  20
transistor-forming region 5 adjacent to an NMOS transistor- 



forming region 4 are explained.             Then, in order to form a P well
14, as shown in Figure 1(b),      a resist pattern 6 with a film thickness
of 2.0 [err] m having an opening      in the NMOS transistor-forming region
4 (including a part of the  25 device isolation region 2) was formed, and
boron ions were                                           -27 -
implanted using this resist pattern 6 as a mask under the following
conditions.         B1 Implantation energy: 250 keV, Dosage: 1 X
10[err]cm[err]         B2 Implantation energy: 120 keV, Dosage : 3 X
10[err]cm[err]   5    B3 Implantation energy: 60 keV, Dosage : 2 X
10[err]cm[err]         B4 Implantation energy: 20 keV, Dosage : 3 X
10[err]cm[err]             All ions implanted under the above-mentioned
conditions      remained in the resist and were not implanted into the PMOS
transistor-forming region 5 coated with the resist pattern 6.  10
Thereafter, the resist pattern 6 was removed, and, as shown      in Figure
1(c), in order to form an N well 15 and a superficial P      region 16, a
resist pattern 7 with a film thickness of 2.0 [err] m having      an
opening in the PMOS transistor-forming region 5 (including also      a part
of the device isolation region 2 ) was formed, and phosphorus  15 ions and
boron ions were implanted using this resist pattern 7 as a      mask under
the following conditions.              P1    Phosphorus ions, implantation
energy: 600keV,                     Dosage : 3 X 10[err]cm[err]
P2    Phosphorus ions, implantation energy: 230keV,  20
Dosage: 2 X 10[err]cm[err] 



P3    Phosphorus ions, implantation energy: 100keV,
Dosage: 1 X 10[err]cm[err]              B5    Boron ions, implantation
energy: 20keV,                     Dosage : 3.3 X 10[err]cm[err]  25
All ions implanted under the above-mentioned conditions
- 28 -       remained in the resist and were not mplanted into the NMOS
transistor-forming region 4 coated with the resist pattern 7.
Then, using a conventional technique, as shown in Figure      1(d), there
was formed a CMOS transistor having an NMOS  5  transistor comprising a
gate insulating film 8 with a thickness of      about 80 A; a gate
electrode including an N[err] polysilicon film 9 with      a thickness of
1000[err] and a WSi film 10 with a thickness of 1000      A and having a
side wall spacer 11; and source/drain regions 12      having an LDD
structure, and the PMOS transistor comprising a  10  gate insulating film
8; a gate electrode including an N[err] polysilicon      film 9 and a WSi
film 10 and having a side wall spacer 11;      source/drain regions 13
having an LDD structure; and a superficial      P region 16. In this
example, because the N[err] polysilicon gate      electrode was used in
both NMOS and PMOS transistors, the PMOS  15 transistor became a buried
channel type and, therefore, the      threshold voltage was adjusted by
providing the superficial P region      16 on the surface of the N well 15.
In this example, the gate electrode was formed to have the      minimum
gate length of 0.35 [err] m for the NMOS transistor and the  



20  minimum gate length of 0.45 [err] m for the PMOS transistor. In
addition, though it was not shown in the drawings, a wire (a ground
wire) for electric power supply to the wells was connected to the
NMOS transistor-forming region 4, and the P[err] diffusion region was
formed therefor. In the case of the PMOS transistor-forming  25 region 5,
the N[err] diffusion region was likewise formed.
29              In this example, no intentional annealing to activate the
wells was carried out. In the gate oxidizing step or in the step of
annealing the interlayer insulating film (BPSG film, not shown in      the
drawing) formed on the transistor after completion of the  5  transistor,
the impurity ions forming the wells were automatically      activated.
These thermal treatments were all carried out at 900[err]C .      No
remarkable diffusion of impurity ions occurred at such a      temperature.
Therefore, the well concentration transition region      occurring between
the N well and the P well was about 1.0 [err] m at  10 the largest, and the
ineffective region between the N well and P well      was reduced to about
1.5 [err] m, in view of the superposition      precision in the
photolithographic step and various margins.             In respect to the
NMOS transistor in this example, the peak      of impurity concentration
(peak position) at each place shown below  15 could be controlled by
performing ion implantation in four steps      from B 1 to B4. Though
impurity ions influenced each other in the      implanting region between
the N well and the P well, the controlling      capability was improved.
B1 Peak position: 0.6 [err] m   A place deeper than the bottom of 



20                                    the device isolation region
B2 Peak position: 0.35 [err] m  Near the bottom of the device
isolation region (0.35 [err] m thick)         B3 Peak position: 0.18 [err]
m  Near the junction of source/drain
regions (0.15 [err] m deep)  25    B4 Peak position: 0.05 [err] m
Superficial channel layer                                          30
It was also noted that, by changing the implanted dosage of      B4 above,
the threshold voltage of the NMOS transistor was freely      controlled at
not less than 0.4 V, in which case the short channel      effect of the
transistor did not worsen. In other words, as  5  compared with a
long-channel transistor, the reduction of      threshold voltages with a
gate length of 0.35 [err] m was controlled      below 0. 1V in each
implantation. Therefore, it became possible to      establish easily an
optimum threshold voltage for each of various      devices.  10 Example 2
As shown in Figure 2(a), a device isolation region 2 and a     protective
oxide film 3 were formed on a silicon substrate 1 in the     same way as in
Example 1, except that the thickness of the device     isolation region was
about 2500[err]. In this example, detailed  15  explanation is given on the
formation of a PMOS transistor and also      on the case where an NMOS
transistor-forming region 4 is formed      adjacent to a PMOS
transistor-forming region 5.             Then, as shown in Figure 2(b), in
order to form a P well 14,  



a resist pattern 6 having an opening in an NMOS transistor-forming  20
region 4 was formed, and boron ions were implanted in four steps in
the same way as in Example 1.             Thereafter, the resist pattern 6
was removed, and, as shown      in Figure 2(c), in order to form an N well
15, a resist pattern 7      having an opening in the PMOS
transistor-forming region 5  25 (including a part of the device isolation
region 2) was formed, and                                           -31 -
phosphorus ions were implanted using this resist pattern 7 as a      mask
under the following conditions.              P1 Implanting energy: 600keV,
Dosage: 3 X 10[err]cm[err]              P2 Implanting energy: 230keV,
Dosage : 2 X 10[err]cm[err]  5        P3 Implanting energy: 100keV, Dosage:
1 X 10[err]cm[err]              P4 Implanting energy: 60keV, Dosage: 3.3 X
10[err]cm[err]              Then, as shown in Figure 2(d), a CMOS
transistor having an      NMOS transistor and a PMOS transistor, each
comprising the      following components was formed, using a conventional
technique:  10 a gate insulating film 8 with a thickness of about 60A : a
gate      electrode including an N[err] polysilicon film 19 or a P[err]
polysilicon film      20 with a thickness of about 2000[err] having on the
surface a silicide      layer (TiSi2 layer) 21 with a thickness of about
1000[err] ;      source/drain regions 12 or 13 having an LDD structure and
having  15 a silicide layer 21 formed in a self-aligned manner on the
surface in      the self-alignment on the surface the silicide layer 21.
Because      the dual-gate structure was adopted in Figure 2(d) in which an
N[err]      polysilicon gate electrode was used for the NMOS transistor and
a 



P[err] polysilicon gate electrode was used for the PMOS transistor, both
20 transistors were of the superficial channel type.             In this
example, the gate electrode was formed to have the      minimum gate length
of 0.25 [err] m for the NMOS transistor and the      minimum gate length of
0.25 [err] m for the PMOS transistor. In      addition, though it was not
shown in the drawings, a wire (a ground  25 wire) for electric power supply
to the wells was connected in the
-32-      NMOS transistor-forming region 4, and the P[err] diffusion region
was      formed therefor. In the case of the PMOS transistor-forming
region 5, the N[err] diffusion region was likewise formed.             In
this example, no intentional annealing to activate the  5 wells was carried
out. In the gate oxidizing step and in the step of      annealing for
forming the source/drain regions, the wells were      automatically
activated. Of the temperatures for the thermal      treatment, the highest
temperature was 1100[err]C (treatment time:      10 seconds). No remarkable
diffusion of impurity ions occurred at  10  such a thermal budget.
Therefore, the well concentration transition      region occurring between
the N well and the P well was about 1.0      [err] m at the largest, and
the ineffective region between the N well and      the P well could be
reduced to about 1.5 [err] m in view of the      superposition precision in
the photolithographic step and various  15  margins.             With
respect to the NMOS transistor in this example, the      peak of impurity
concentration at each place could be controlled in      the same way as in
Example 1 by performing ion implantation in 



four steps from B1 through B4. Though impurity ions influenced  20  each
other in the implanting region between the N well and the P      well, the
controlling capability was improved.              As to the NMOS
transistor, the implanting dosage of B4      above was changed, and the
threshold voltage of the NMOS      transistor could be freely controlled at
not less than 0.3 V, as in  25  Example 1. Even in such a case, the short
channel effect of the                                           33
transistor did not worsen in particular. In other words, as      compared
with a long-channel transistor, lowering of the threshold      voltage at a
gate length of 0.25 [err] m was each controlled below 0. 1V.      Thereby,
it became possible to set an optimum threshold voltage   5  easily for each
of various devices.              In respect of the PMOS transistor, in the
meantime, peaks of      the impurity concentration at each place shown
below could be      controlled by performing ion implantation in four steps
from P1      through P4. Though impurity ions influenced each other in the
10 implanting region between the N well and the P well, the controlling
capability was improved.         P1 Peak position: 0.7 [err] m  At a place
deeper than the bottom                                      of the device
isolation region         P2 Peak position: 0.28 [err] m Near the bottom of
the device  15                                  isolation region (0.25
[err] m thick)         P3 Peak position: 0. 1 [err] m  Near the junction
(0.15 [err] mdeep) of                                    the source/drain
diffusion layers  



P4 Peak position: 0.05 [err] m Superficial channel layer             In
respect of the PMOS transistor, the same effect as in the  20  NMOS
transistor in Example 1 was obtained. By changing the      implanting
dosage of P4 above, the threshold voltage of the PMOS      transistor was
freely controlled at not less than 0.3V. Even in      such a case, the
short channel effect did not worsen in particular.      In other words, as
compared with a long-channel transistor, the  25  lowering of the threshold
voltage at a gate length of 0.25 [err] m was
-34-       each controlled below 0. 1V. Thereby, an optimum threshold
voltage for each of various devices was easily set.      Example 3
This example was performed in the same manner as in   5  Example 2 except
that a device isolation region was constructed by      relatively deep
trench isolation. In other words, as shown in      Figure 3(a), a trench
device isolation region 32 with a depth of 0.7      [err] m was formed on a
P type silicon substrate 1.             As shown in Figure 3(b) and Figure
3(c), further the ion  10 implanting energy and the dosage for forming
wells in an NMOS      transistor-forming region 4 and a PMOS
transistor-forming region      5 were the same as in Example 2. As shown in
Figure 3(d), the      subsequent formation of the transistors was the same
as in      Example 2.  15       In this example, since a device isolation
region 32 was      trench-shaped and relatively deep, it was necessary to
implant ions      targeting at the deeply trenched bottom and also below
the bottom 



if the ion implantation was to be realized in the same way as in
Examples 1 and 2. For example, if the trench is 1.0 [err] m, 500keV  20  to
1.0 MeV of energy is required for implanting boron ions and 800      keV to
1.5MeV of energy is required for implanting phosphorus ions.      In order
to stop ions to be implanted with such high energy, the      resist thicker
than those actually used in Examples 1 and 2      becomes necessary.
However, if a thicker resist is used, the  25  resolving power decreases,
and it becomes difficult to dispose, with
- 35 -        good precision, the ends of a resist pattern on the isolation
region      which has been formed in a fine structure by trench isolation.
Besides, an equipment for implanting high energy ions will be
required, which would unfavorably incur an increase in the cost of   5
equipment.             Even if the trench isolation was deep as in this
example, the      same conditions as in Example 2 can be adopted in
implanting ions      for forming wells, because the characteristics of a
transistor are      determined near the surface. Since in this case P type
impurity  10 ions have not been implanted into the trench isolation bottom
in the      NMOS transistor-forming region 4, the concentration of the P
type      impurity ions may become low and may lead to leakage pass.
However, since the concentration of P type impurity ions in the
electric current passageway along the sides of the trench isolation  15  is
kept at a high level by the above ion implantation, leakage      current
can be maintained at a low concentration level as in  



Example 2.      Example 4             In this example, a method of
manufacturing MOS  20  transistors having different threshold voltages is
described.      Namely, a method of manufacturing the CMOS transistor
comprising a high-Vth NMOS transistor of a relatively high      threshold
voltage (Vth being 0.4 to 0.7 V), a low-Vth NMOS      transistor of a
relatively low threshold voltage (Vth being 0 to 0.3 V),  25 additionally a
high-Vth PMOS transistor of a relatively high (in the
- 36 -       absolute value) threshold voltage (Vth being -0.4 to -0.7 V)
and a      low-Vth PMOS transistor of a relatively low (in the absolute
value)      threshold voltage (Vth being 0 to -0.3 V) is shown herein.
Firstly, as shown in Figure 4, a device isolation region 2 with  5  a film
thickness of about 3000A and a protective oxide film 3 with      a
thickness of 200A were formed on a P type silicon substrate 1 in      the
same way as in Example 1.             Then, as shown in Figure 5, a resist
pattern 44 with film      thickness of 2.0 [err] m, having an opening in
each of a high-Vth NMOS  10  transistor-forming region 40 and a low-Vth
PMOS transistor-      forming region 43 was formed, and boron ions were
implanted using      this resist pattern 44 as a mask under the following
conditions.         B1 Implanting energy: 250 keV, Dosage: 1.6 X
10[err]cm[err]         B2 Implanting energy: 120 keV, Dosage: 4.7 X
10[err]cm[err]  15    B3 Implanting energy: 60 keV,   Dosage: 3.1 X
10[err]cm[err]         B4 Implanting energy: 20 keV,   Dosage: 3 X
10[err]cm[err]  



B10 Implanting energy: 1000 keV, Dosage: 1.2 X 10[err]cm[err]
Of these implanted ions, all ions implanted by the steps      from B 1
through B4 remained in the resist and were not implanted  20  into a
high-Vth PMOS transistor-forming region 42 and a low-Vth      NMOS
transistor-forming region 41 coated with a resist. The ions      implanted
by B10 penetrated through the resist pattern 44 and      reached the
surface of a silicon substrate 1. By this implanting      step, it was
possible to directly adjust the concentration of impurity  25  ions on the
surface of the silicon substrate 1 in the low-Vth NMOS
- 37 -      transistor-forming region 41 (thus, the low concentrated P type
region 46 in Figure 7 was formed.). In the region where the resist
pattern 44 did not exist, ions implanted through this implantation
step reached the deep portion of the substrate (deeper than 1 [err]  5  m),
and the dosage of implanted boron ions was much lower than      that in B1
(by about an order of magnitude). Thus, there is little      electrical
influence to be taken into consideration.             Further, the low-Vth
NMOS transistor-forming region 41      was not completely coated in the
resist pattern 44, while an exposed  10 region X was provided in the outer
circumference of the      transistor-forming region 41, and a coated region
Y was provided in      the outer circumference of the low-Vth PMOS
transistor-forming      region 43. Thereby, definite device isolation in
the low-Vth MOS      transistor-forming region is assured.  15
Thereafter, the resist pattern 44 was removed, and, as      shown in Figure
6, a resist pattern 45 with a film thickness of 2.0  



[err] m having an opening in each of the high-Vth PMOS transistor-
forming region 42 and the low-Vth PMOS transistor-forming region      43
was formed, and phosphorus ions were implanted using this  20 resist
pattern 45 as a mask under the following conditions.             P1
Implanting energy: 600 keV, Dosage : 3.1 X 10[err]cm[err]             P2
Implanting energy: 300 keV, Dosage: 1.2 X 10[err]cm[err]             P3
Implanting energy: 120 keV, Dosage: 5.3 X 10[err]cm[err]             P4
Implanting energy: 40 keV, Dosage: 1.7 X 10[err]cm[err]  25         All
ions implanted by the steps from P1 through P4
- 38 -       remained in the resist and were not implanted into the NMOS
transistor-forming regions 40 and 41 coated with the resist.             In
the high-Vth PMOS transistor-forming region 42, the      implantation
dosage for the steps P3 and P4 was increased as  5 compared with Example 2.
This is because boron, i.e., P type      impurity, had been implanted into
the surface of the substrate 1 in      the previous ion implantation step
B10, and therefore, it was      intended to increase the concentration of N
type impurity ions for      compensating for the boron ions. Furthermore,
since the boron  10 concentration in the surface brought about by the step
B10 was      about several times to ten times lower than the phosphorous
concentrations brought about by the steps P3 and P4, there is little
variation in the threshold voltage of the high-Vth PMOS transistor      due
to the step B10.  15       In the low-Vth PMOS transistor-forming region
43, both of      boron ions and phosphorus ions were implanted into the
positions 



in the similar depths. In a relatively deep portion of the substrate      1
(the region in which phosphorus ions were implanted by P1 and      P2)
concentration of phosphorus ions is higher, and accordingly the  20 N type
regions are formed as a whole. In a relatively shallow      portion of the
substrate 1 (the region in which phosphorus ions      were implanted by P3
and P4), a low concentration N type region (47      in Figure 7) having
phosphorus concentration approximately      equivalent to the boron
concentration in the low-Vth NMOS  25 transistor is formed.
- 39 -               Because a dual type structure was adopted in this
example,       the NMOS transistor and the PMOS transistor having an almost
equal threshold voltage in the absolute value, respectively showed
substantially almost equal concentrations of P type impurity ions   5 and N
type impurity ions on their surface. In order to attain such       a state
in the high-Vth NMOS transistor-forming region 40 and the       high-Vth
PMOS transistor-forming region 42, the dosage of N type       ions
implanted into the high-Vth PMOS transistor-forming region       42 was
larger than the dosage of boron ions implanted into the   10  high-Vth NMOS
transistor-forming region 40, by the dosage       equivalent to that of
boron ions implanted into the surface by the       step B10.
Then, as shown in Figure 7, a CMOS transistor having an       NMOS
transistor and a PMOS transistor, each comprising the  15 following
components, was formed by using a conventional  



technique: a gate insulating film 8 with a film thickness of about 60
A; a gate electrode having a silicide layer (TiSi2 layer) 21 with a film
thickness of about 1000 A on the surface and including an N[err]
polysilicon film 19 and P[err] polysilicon film 20 with a film thickness
20 of about 2000[err]; source/drain regions 12 or 13 having an LDD
structure and having a silicide layer 21 formed in a self-aligned
manner on the surface.               In this example, the gate electrodes
were formed to have the       minimum gate length of 0.25 [err] m for the
high-Vth NMOS transistor,   25 the minimum gate length of 0.45 [err] m for
the low-Vth NMOS                                        -40-
transistor, the minimum gate length of 0.25 [err] m for the high-Vth
PMOS transistor and the minimum gate length of 0.45 [err] m for the
low-Vth PMOS transistor. In addition, though it is not shown in      the
drawings, a wire (a ground wire) for electric power supply to the   5 wells
was connected to the NMOS transistor-forming region 4, and      therefore
the P[err] diffusion region was also formed. In case of the      PMOS
transistor-forming region, the N+ diffusion region was      likewise
formed.             In the CMOS thus manufactured in this example, the  10
threshold voltages of the transistors were 0.65 V for the high-Vth
NMOS transistor, 0.2 V for the low-Vth NMOS transistor, -0.7V for      the
high-Vth PMOS transistor and -0.2 V for the low-Vth PMOS      transistor
respectively.             In this example, the resist pattern 44 used in
Figure 5 was  15 formed so as to provide an exposed region X in the outer  



circumference of the low-Vth NMOS transistor-forming region 41      and the
coating region Y in the outer circumference of the low-Vth      PMOS
transistor-forming region 43; and as a result, the region in a
relatively high impurity concentration was formed in the outer  20
circumference of each of the low-Vth NMOS transistor-forming      region 41
and the low-Vth PMOS transistor-forming region 43. In      other words, a P
well 14 and an N well 15, which were formed in the      high-Vth NMOS
transistor-forming region 40 and the high-Vth      PMOS transistor-forming
region 42 adjacent to the low-Vth NMOS  25 transistor-forming region 41 and
the low-Vth PMOS transistor-                                        - 41 -
forming region 43, reached the outer circumference of the low-Vth      NMOS
transistor-forming region 41 and the low-Vth PMOS      transistor-forming
region 43. This is to assure a definite device      isolation by
positioning a relatively high concentration region near  5  the outer
circumference of the above-mentioned transistor-forming      regions
because, especially in case of NMOS transistors, OFF state leakage
current occurs in a lowly concentrated well due to a positive fixed
charge in the bottom and the ends of a device isolation region and      the
off characteristics of the transistor are deteriorated. In case of  10 PMOS
transistors, it is not always necessary to position such a      relatively
high concentration region but it is useful to allow their      device
isolation property to be common to that of the high-Vth MOS
transistors. In other words, in case where the device isolation
property is different between a high-Vth MOS transistor and a  15  low-Vth
MOS transistor, different layout rules have to be 



established for the respective MOS transistors and, therefore, the
design becomes much complicated. On the other hand, according      to this
example, the device isolation property can be common in all      the
transistors and the designing of CMOS's becomes easier.  20         As
explained above, it is possible in this example to realize      the step of
forming a well for a CMOS circuit element comprising      two kinds of NMOS
transistors having different threshold voltages      by conducting the
photolithographic step twice. Further, it is      possible in case of NMOS
transistors to control the impurity  25  concentration in the whole of the
well structure by using a mask                                        - 42-
pattern having an opening in the well for a high-Vth transistor in
which the NMOS transistor having the larger threshold voltage in      the
absolute value is positioned. It is possible to control the      threshold
voltage of the NMOS transistor (whose region is always  5 coated with a
mask pattern through the photolithographyic step      conducted twice)
having the smaller threshold voltage in the      absolute value by such an
ion implantation (low-Vth implantation)      that allows ions to penetrate
through the above-mentioned mask      pattern. This ion implantation gives
little influence on the  10  characteristics of transistors having the
larger threshold voltage in      the absolute value. The reason is that the
low-Vth implantation      implants ions into the deepest place in the
high-Vth well and also      that impurity ions for low-Vth are implanted at
lower concentration      and less dosage than impurity ions for high-Vth.
While the low-  15  Vth implantation is made into the PMOS region as well
in this 



example, the dosage implanted is little and so it can be easily
corrected by adjusting the dosage implanted into the N well.      According
to the present invention, therefore, two kinds of      threshold voltages
can be controlled easily with high precision,  20 without leaving
significant effects.             In this example, both of the NMOS
transistor and the PMOS      transistor are intended to have two kinds of
threshold voltages, and      the low threshold voltage PMOS
transistor-forming region 43 is      open for each of the two kinds of
masks, whereby impurity ions of  25  the N well and the P well are
simultaneously introduced to cancel
-43 -      the impurity ions with each other. The stability of the
threshold      voltage is not so good as compared with the low-Vth NMOS
transistor, but slight variations in Vth are within an acceptable
range for practical use, because the limitation on off-current are  5 not
so stringent in the low-Vth PMOS transistors unlike single Vth
transistors.      Example 5             In this example, explanations are
also given on a method of      manufacturing MOS transistors having
different threshold  10 voltages.             Firstly, as shown in Figure
8(a), a device isolation region 52      with a film thickness of about 3000
A was selectively formed in an      inactive region on a P type silicon
substrate 1 by LOCOS method in      the same way as in Example 1. A
protective oxide film 3 of 140A  



15 was also formed by thermal oxidation on an active region which is
not coated with the device isolation region 52.             Then, as shown
in Figure 8(b), there was formed a resist      pattern 63 having an opening
on an NMOS transistor-forming      region 62 (including the device
isolation region 52) and a part of the  20 device isolation region 52
located in the outer circumference of a      low-Vth NMOS
transistor-forming region 61; and boron ions were      implanted using this
resist pattern 63 as a mask under the      following conditions.         B1
Implanting energy: 250 keV, Dosage: 1 X 10[err]cm[err]  25    B2
Implanting energy: 120 keV   Dosage: 3 X 10[err]cm[err]
- 44 -          B3  Implanting energy:  60 keV   Dosage: 2 X 10[err]cm[err]
B4  Implanting energy:  20 keV   Dosage: 3 X 10[err]cm[err]
Thereby, an ion-implanted region 66 can be formed directly      under the
device isolation region 52 while a P well 67 is formed.  5 Thus, the
characteristics such as device isolation dielectric      strength and the
like can be improved.             Thereafter, the resist pattern 63 was
removed, and, as      shown in Figure 8(c), the resist pattern 64 having an
opening in a      PMOS transistor-forming region 60 (including a part of
the device  10 isolation region 52) was formed, and phosphorus ions and
boron      ions were implanted using this resist pattern 64 as a mask under
the following conditions.             P1 Phosphorus ions, Implanting
energy: 600 keV,                                    Dosage:3 X
10[err]cm[err] 



15         P2 Phosphorus ions, Implanting energy: 230 keV:
Dosage:2 X 10[err]cm[err]             P3 Phosphorus ions, Implanting
energy: 100 keV:                                    Dosage: 1 X
10[err]cm[err]             B5 Boron ions,      Implanting energy: 20 keV:
20                                Dosage:3.3 X 10[err]cm[err]
Then, as shown in Figure 8(d), the MOS transistor was      formed using
known technique.             Namely, a gate electrode comprising an N[err]
polysilicon 9 with      a film thickness of about 1000 A was formed on the
active region  25 of the silicon substrate 1 via a gate insulating film 8
with a film                                         -45-       thickness of
about 80 A. Also, a side wall spacer 11 was formed      on the side walls
of these gate electrodes, and source/drain regions      12 and 13 were
formed there. An interlayer insulating film 68 was      formed on the gate
electrode. The gate electrode and the   5 source/drain regions 12 and 13
were connected to a metal wire 70      via a tungsten plug 69.
In this example, no intentional annealing to activate the      wells was
carried out. The impurity ions that formed the wells      were
automatically activated in the gate oxidizing step and in the  10  step for
annealing the interlayer insulating film formed on the      transistor
after completion of the transistor. Each of these      thermal treatments
was carried out at 900[err]C for a short time. No      remarkable diffusion
of impurity ions occurred under such  



conditions.  15         When the thermal treatment was conducted at
1000[err]C for      the minimum period of time required for the activation,
lateral      diffusion of impurity ions occurred in the boundary region of
the N      well and the P well, and impurity concentration in both wells
was      lowered. However, since the concentration of impurity ions was  20
originally as low as about 10[err] to 10[err]/cm[err], the diffusion fell
within      an alignment precision allowance (for example, 0.1 to 0.5 [err]
m) for      masks used for forming wells. But, in the region where impurity
ions for forming wells have not been implanted, impurity ions      diffuse
from the adjacent wells by thermal treatment because the  25  concentration
of impurity ions in the region was as low as 10[err] to
10[err]/cm[err]. Accordingly, the circuit must be redesigned by widening
the size of the circuit in compliance with the prolonged length of
diffusion due to thermal treatment. Therefore, it is necessary to
perform thermal treatment for a short time and at a low  5 temperature.
Through the above -mentioned step, one set of CMOS      transistors and one
kind of MOS transistor having different      threshold voltages could be
formed, without increasing the number      of masks and the area of the
circuit.  10         According to the present invention, the first
conductivity      type impurity region (well) for forming a transistor on a
semiconductor substrate is formed by four-step implantation, by      which
the following four controls can be achieved independently of 



each other and without increasing the number of the steps:  15   (1) the
well resistance can be reduced, and the latchup tolerance            can be
increased;        (2) definite device isolation within wells can be
assured;        (3) the punch-through of the transistor can be prevented;
and        (4) the threshold voltage of the transistor can be controlled.
20         Furthermore, the present invention also makes it possible
to manufacture PMOS's and /or NMOS's having different threshold
voltages, one set of CMOS's, and one kind of MOS's having different
threshold voltages within the range for mask alignment precision;      not
to incur increases in manufacturing time and cost; and to  25 realize the
manufacture of integrated circuits with complicated               47
circuit structures.                - 48-       What We Claim is:      1.
A method of manufacturing a semiconductor device      comprising
forming a device isolation region in a semiconductor  5 substrate;
forming at least a first conductivity type impurity region in      the
semiconductor substrate; and  



forming on the semiconductor substrate a transistor      including a gate
insulating film, a gate electrode, source/drain  10 regions and a channel
located directly under the gate electrode,             wherein the first
conductivity type impurity region is formed      by the steps of:
an ion implantation 1 having a concentration peak at a      location deeper
than the bottom of the device isolation region;  15         an ion
implantation 2 having a concentration peak at a      location around the
bottom of the device isolation region;             an ion implantation 3
having a concentration peak around      the junction regions where the
source/drain regions are to be      formed; and  20         an ion
implantation 4 having a concentration peak on the      surface or directly
under the surface of the region where the      channel is to be formed.
25  2.    A method of manufacturing a semiconductor device
-49-       according to claim 1, wherein the first conductivity type
impurity      region formed through the ion implantations 1 to 4 is
activated      simultaneously with the formation of the gate insulating
film on the      semiconductor substrate.  5      3.    A method of
manufacturing a semiconductor device      comprising  



forming a device isolation region deeper than 0.6 [err] m in a      first
conductivity type semiconductor substrate;  10         forming at least a
first conductivity type impurity region in      the first conductivity type
semiconductor substrate; and             forming on the semiconductor
substrate a transistor      including a gate insulating film, a gate
electrode, source/drain      regions and a channel located directly under
the gate electrode,  15         wherein the first conductivity type
impurity region is formed      by the steps of:             an ion
implantation 1' having a concentration peak around      the depth of 0.6
[err] m;             an ion implantation 2' having a concentration peak
around  20 the depth of 0.35 [err]m;             an ion implantation 3'
having a concentration peak around      the junction regions where the
source/drain regions are to be      formed; and             an ion
implantation 4' having a concentration peak on the  25  surface or directly
under the surface of the region where the                    -50-
channel is to be formed.        4.    A method of manufacturing a
semiconductor device      according to claim 3, wherein the first
conductivity type impurity  5 region formed through the ion implantations
1' to 4' is activated      simultaneously with the formation of the gate
insulating film on the      semiconductor substrate.  



5.    A method of manufacturing a semiconductor device  10 comprising
forming a device isolation region in a semiconductor     substrate;
forming plural first conductivity type impurity regions      having
different impurity concentration in the semiconductor  15 substrate; and
forming on the semiconductor substrate plural transistors      each having
different threshold voltage and including a gate      insulating film, a
gate electrode, source/drain regions and a      channel located directly
under the gate electrode,  20        wherein the plural first conductivity
type impurity regions      having different impurity concentrations are
formed by the steps of:            forming a mask pattern on the
semiconductor substrate, the      mask pattern having an opening at least
in a transistor-forming      region where a transistor having threshold
voltage of a first  25 absolute value is to be formed;
implanting first conductivity type impurity ions selectively      into the
transistor-forming region using the mask pattern by the ion
implantations 1 to 4 according to claim 1; and             implanting first
conductivity type impurity ions by ion  5 implantation 5 that allows ions
to penetrate through the mask      pattern into the transistor-forming
region which is covered with the      mask pattern and in which a
transistor having threshold voltage of  



a second absolute value which is smaller than the first absolute      value
is to be formed.  10      6.    A method of manufacturing a semiconductor
device      according to claim 5, wherein the mask pattern has an opening
that      reaches an outer circumference of the transistor-forming region
where a transistor having threshold voltage of the second absolute  15
value is to be formed.        7.    A method of manufacturing a
semiconductor device,      comprising             forming a device
isolation region in a semiconductor  20 substrate;             forming
plural first conductivity type impurity regions      having different
impurity concentration in the semiconductor      substrate; and
forming on the semiconductor substrate plural transistors  25 each having
different threshold voltage and including a gate                 52
insulating film, a gate electrode, source/drain regions and a      channel
located directly under the gate electrode,             wherein the plural
first conductivity type impurity regions      having different impurity
concentrations are formed by the steps of:  5         forming a mask
pattern on the semiconductor substrate, the      mask pattern having an
opening at least in a transistor-forming      region where a transistor
having threshold voltage of a first  



absolute value is to be formed;             implanting first conductivity
type impurity ions selectively  10  into the transistor-forming region by
means of the mask pattern      through the ion implantations 1' to 4'
according to claim 3; and             implanting first conductivity type
impurity ions by ion      implantation 5 that allows ions to penetrate
through the mask      pattern into the transistor-forming region which is
covered with the  15 mask pattern and in which a transistor having
threshold voltage of      a second absolute value which is smaller than the
first absolute      value is to be formed.        8.    A method of
manufacturing a semiconductor device  20 according to claim 7, wherein the
mask pattern has an opening that      reaches an outer circumference of the
transistor-forming region      where a transistor having threshold voltage
of the second absolute      value is to be formed.    


