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Description

BACKGROUND OF THE INVENTION

The present invention relates to semiconductor
integrated circuit devices, and more particularly to
_-a semiconductor integrated circuit device in which

measure against hot carriers and a measure
against electrostatic breakdown are taken and
whose internal circuit has a MOS field effect tran-
sistor of the LDD (Lightly Doped Drain) structure,
as well as a method of manufacturing the same.

In a semiconductor device, especially micro-
miniaturized semiconductor device, comprising
metal-oxide-semiconductor field effect transistors
{MOSFETs), it is proposed to employ the LDD
structure for a source and a drain to the end of
preventing the appearance of hot carriers. With the
LDD structure, source and drain regions are con-
structed of a high impurity concentration region
which is formed away from a gate electrode
{hersinbslow, expressed as formed in offset to a
gate electrode’), and a low impurity concentration
region which is disposed betwesen the high impurity
concentration region and the gate electrode. Owing
to the LDD structure, the elsctric field of a drain
edge in the direction of a channe! is relaxed, with
the result that the appearance of hot carriers is
suppressed. Thus, the degradations of element
characteristics attributed to the hot carriers can be
restrained to enhance reliability. In case of, for
example, an N-channel MOSFET (hersinbelow,
termed 'NMOSFET') the low impurity concentration
region mentioned above is set at a concentration
on the order of 10" ¢cm™2 and at a length of 0.2 -
0.4 um.

The LDD is described in "P. J. Tsang et al,
IEEE Transactions on Electron Devices, Vol. ED-
29, No. 4, P 580 (1982)".

SUMMARY OF THE INVENTION

Using the LDD structure, the inventors manu-
factured D-RAMs (Dynamic-RAMSs) etc. by way of
trial. Then, it has been revealed that electrostatic
breakdown voltages in input/output circuits are
problematic. That is, in a case where an element of
the LDD structure is utilized as an element in a
place, such as the input or output circuit, to which
external electrostatic energy is directly applied,
particularly as an input protective siement, the
breakdown or destruction of a gate insulator film is
induced even by comparatively low electrostatic
energy. A cause therefor will be that, since a volt-
age with which the input protective element turns
‘on' is raised by the presence of the low impurity
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concentration region, a voltage to act on the gate
insulator film becomes higher, resulfting in a lower
electrostatic breakdown voltage.

The inventors therefore repeated studies, and
have found out the following.

As regards the prevention of hot carrers, it is
more effective to make the source and drain re-
gions of a MOSFET for the input or output circuit,
out of phosphorus than to make them out of only
arsenic. A circuit using such MOS-transistors for
the input or output circuit is known from EP-A-Q
043 284. Further, in a case where the source and
drain regions of the MOSFET of the input or output
circuit are formed by utilizing phosphorus used for
the low impurity concentration region of the LDD
structure, the tmpurity concentration is not satisfac-
tory That is, the voltage with which the protective
element turns 'on' becomses high. Besides, in a
case where phosphorus at a high concentration is
introduced into a substrate by an ordinary method
{a method employing a gate electrode as a mask)
in order to form the source and drain regions, an
effective channel length under a gate {(gate effec-
tive length) becomes small because the diffusion
rate of phosphorus is great. When it is intended to
cope with this drawback, the length of the gate
increases contrariwise to the microminiaturization
of the semiconductor device. Of course, the hot
carriors appear with the construction which uses
only arsenic for the formation of the source and
drain regions.

An object of the present invention is to en-
hance the breakdown or destruction voltage of a
MOS type semiconductor integrated circuit device.

Another object of the present invention is to
provide a semiconductor device which can en-
hance an elactrostatic breakdown or destruction
(ESD) voltage in a semiconductor device employ-
ing a MOSFET of the LDD structure in its internal
circuit.

Another object of the present invention is to
provide a semiconductor device which renders the
appearance of hot carriers difficult while enhancing
an electrostatic breakdown voltage.

A further object of the present invention is to
provide a semiconductor device which can achieve
tise in the operating speed of an element without
increasing the resistances of source and drain re-
gions.

Still another object of the present invention is
to provide a method of manufacturing a semicon-
ductor device which can produce the aforemen-
tioned semiconductor devices readily without dras-
tically altering a manufacturing process for a semi-
conductor device of the LDD structure. The above
objects are solved by a semi conductor integrated
circuit device according to the appended claims.
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The above-mentioned and other objects and
novel features of the present invention will become
apparent from the description of this specification
and the accompanying drawings.

Typical aspects of performance of the present
invention will be briefly summarized below.

. The input or output circuit of a semiconductor

device employing a MOSFET of the LDD structure
in its internal circuit is constructed of a MOSFET of
a structure in which source and drain regions are
doped with phosphorus at a high concentration.
Thus, enhancement in an electrostatic destrustion
voltage is achieved, while the appearance of hot
carriers is rendered difficult.

Further, phosphorus at a high concentration is
infroduced in such a way that side wall spacers
formed on both the sides of a gate electrode are
used as a mask. Thus, notwithstanding that the
diffusion rate of phosphorus is great, source and
drain regions which overlap the gate slectrode little
can be formed. As the step of forming the side wall
spacers, the step of forming side wall spacers for
the LDD structure of the internal circuit can be
utilized as it is, so that sharp increase in the
number of steps is not involved.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing an embodi-
ment of the presant invention.

Figs. 2A - 2G are sectional views showing a
manufacturing process for the embodiment in Fig.
1.

Fig. 3 is a sectional view of another embodi-
ment of the present invention.

Figs. 4A and 4B are sectional views showing
some steps of a manufacturing process for the
embodiment in Fig. 3.

Figs. 5 and 6 are circuit diagrams showing
examples of input and output circuits to which the
present invention is applied, respectively.

Fig. 7 is a sectional view showing still another
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Fig. 1 shows an embodiment in which the
present invention is applied to a semiconductor
device, for example, a D-RAM constructed of com-
plementary MOSFETs. A region 1 is a region
{input/output circuit region) in which an element for
an input/output circuit is formed, while a region 2 is
a region (internal circuit region) in which elements
constituting an internal circuit other than a memory
coll are formed. The figure illustrates the sections
of the respective elements.
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An NMOSFET 11 is formed as the element of
the input/output circuit 1 on a semiconductor sub-
strate 10 made of a P-type silicon single crystal.
An NMOSFET 12 and a P-channel MOSFET
(hersinbelow, termed 'PMOSFET') 13 are respsc-
tively formed as the elements of the internal circuit
2 on the substrate 10 and an N-type well 14
provided therein. The individual MOSFETSs are in-
sulated from one another by a field insulator film
(Si02) 15 which is an element isolating insulator
film.

The NMOSFET 11 comprises a gate electrode
17 made of polycrystalline silicon, which is formed
on a gate insulator film (5i0z) 16, and N-type
regions 18 as source and drain regions, which are
provided in the main surface of the substrate 10.
Side wall spacers (insulator films) 22 made of SiO2
are formed on both the sides of the gate elactrode
17 by the low-pressure CVD process. However, the
MOSFET 11 has no LDD structure. Each of the N-
type regions 18 is composed of a region (low
concentration phosphorus region} 18 which is dop-
od with phosphorus at a low concentration, and a
region (high concentration phosphorus region) 20
which is doped with phosphorus at a high con-
centration. In case of this example, the concentra-
tions of the respective phosphorus regions 18 and
20 are 10" cm™2 (approximately 1 x 10'® cm~3) or
less and 1 - 10 x 10'® cm™2. In particular, the
phosphorus region 20 is set at a concentration of 1
- 20 x 10" cm™3 or above. The concentration of
the phosphorus region 20 needs to be, at least,
higher than that of a phosphorus region 26 to be
described later. The inventors have verified that,
even when the phosphorus regions of such a high
concentration are used as the source and drain
regions, the appearance of hot carriers is little,
while a strength against electrostatic destruction
increases, as will be stated later. In addition, the
depths of junctions which the respective regions 19
and 20 define with the substrate 10 are set to 0.2
um and 0.5 wm. The high concentration phos-
phorus regions 20 have their inner ends diffused to
positions under both the ends of the gate slectrode
17, into the shape in which they encompass the
low concentration phosphorus regions 19 therein.

The NMOSFET 12 comprises a gate electrode
23 made of polycrystalline silicon on a gate insula-
tor film 186, and N-type regions 24 as source and
drain regions. Side wall spacers 25 are formed on
both the sdies of the gate slectrode 23. Each of the
N-type regions 24 is composed of the low con-
centration phosphorus region 26, and a region
(arsenic region) 27 which is doped with arsenic at a
high concentration. In particular, the arsenic region
27 is formed so as to be apart from a projection of
the gate electrode 23 in the main surface of the
substrate 10 by the side wall spacer 25, and the
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low concentration phosphorus region 26 is formed
so as fo extend to under the side wall spacer 25.
Thus, the so-called LDD structure is established.
The concentration of the low concentration phos-
phorus region 26 is at most 10® cm™2
{approximately 1 x 10" cm™3), and that of the
~Arsenic region 27 is 5 - 10 x 10" cm™2 (1 - 4 x
0% cm™3). The depths of junctions which the
respective regions 26 and 27 define with the sub-
strate 10 are 0.2 pm and 0.2 - 0.3 um.

The PMOSFET 13 comprises a gate electrode
28 made of polycrystalline silicon on a gate insula-
tor film 16, and P-typse regions 29 as source and
drain regins formed in the N-type well 14, In this
example, the PMOSFET 13 is not of the LDD
structure. The P-type regions 29 are formed by
doping with boron at a concentration of approxi-
mately 5 x 10" cm™2.

Layers 33 and 34 of a silicide of platinum or a
refractory metal are respectively formed on the
surfaces of the source and drain regions 18, 24
and 29 and the gate electrodes 17, 23 and 28. In
the figure, numeral 31 designates an inter-layer
insulator film which is made of phosphosilicate
glass {PSG) or the like, and numeral 32 a wiring
layer which is made of aluminum.

Fig. 5 is a diagram showing an input circuit,
while Fig. 6 is a diagram showing an output circuit,
and they exemplify the input/output circuits 1 re-
spectively, As seen from Figs. 5 and 6, the
input/output circuits 1 are circuits which are con-
nected to bonding pads BP. NMOSFETs Qnq - Ong
and PMOSFETs Qg,, Qpz are respectively put into
the same structures as those of the NMOSFET 11
and the PMOSFET 13. The internal circuit 2 in-
cludes a portion except for the input/output circuits
1 and the memory cell, in other words, a circuit
such as decoder, sense amplifier, main amplifier or
any of various signal generators.

In the present embodiment, the NMOSFET of
the memory cell is put into the same structure as
that of the NMOSFET 12.

According to this construction, in the NMOS-
FET 12 in the internal circuit 2, the N-type region
24 is formed into the LDD structure by the arsenic
region 27 and the low conceniration phopshorus
region 26, so that an electric field at the edge of
the drain region 24 can be moderated to suppress
the appearance of hot carriers. As a result, the
fluctuation of a threshold voltage can be prevented
to enhance the reliability of characteristics in the
internal circuit 2,

On the other hand, in the NMOSFET 11 of the
input/output circuit 1, the source or drain region (N-
type region) 18 is formed of the high concentration
phosphorus region 20 encompassing the low con-
centration phosphorus region 19, so that the re-
verse breakdown voltage of the junction between
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the high concentration phosphorus region 20 and
the substrate 10 becomes small. Thus, the destruc-
tion voltage of the gate insulator film against elec-
trostatic destruction can be snhanced.

By setting the source and drain regions 18 at
the high impurity concentration, the slectric field
strength is raised. Since, however, the impurity is
phosphorus, the impurity concentration gradient is
gentle, and hence, the appearance of hot carriers
as in the case of arsenic is not involved. Of courss,
in the input/output circuits, the influences of the hot
carriers are originally little on the basis of the
relations between element sizes and voltages to be
applied.

Further, owing to the use of the silicide layer
33, it is possible to reduce the resistance of the
semiconductor region 18 and to raise the operating
speed of the element even when phosphorus is
employed as the impurity.

Next, a method of manufacturing the semicon-
ductor device of the above construction will be
described with reference to Figs. 2A - 2G.

First, as shown in Fig. 2A, an N-type well 14 is
formed in a semiconductor substrate 10 made of a
P-type silicon single crystal, and an slement Isolat-
ing insulator film (field insulator film) 15 and a gate
insulator film 16 are formed. Polycrystalline silicon
is deposited on the whols surface of the substrate
by CVD, and it is patterned to form gate electrodes
17, 23 and 28 of respective MOSFETs 11, 12 and
13. It is needless to say that these gate electrodes
are formed of a second polycrystalline silicon layer
in the case of a D-RAM.

Subsequently, as shown in Fig. 2B, under the
state under which the portion of the PMOSFET 13
is masked by a photoresist film 40, phosphorus at
a low concentration (10'* cm™2 or less) is ion-
implanted into the whole surface by employing the
gate electrodes 17 and 23 as a mask. Thus, low-
concentration ion-implanted layers 41 are formed.
At this time, an input/output circuit domain 1 may
well be covered with the photoresist film 40 so as
to prevent the phosphorus from being introduced
into the source and drain regions of the NMOSFET
11.

After removing the photoresist film 40, the re-
sultant structure is annealed thersby to form low
poncentration phosphorus regions 18 and 26 in the
respective NMOSFETs 11 and 12 as shown in Fig.
2C. An Si0O; film 42 is formed on the whole surface
of the substrate by the low-pressure CVD process
or the like.

The Si0; film 42 is etched by reactive ion
otching (RIE), whereby side wall spacers 22, 25
and 30 are respectively formed on both the sides
of the gate electrodes 17, 23 and 28 as shown in
Fig. 2D.
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Next, as shown in Fig. 2E, under the state
under which an internal circuit region 2, namely,
the portion of the NMOSFET 12 as well as the
portion of the PMOSFET 13 is masked by a
photoresist film 43, phosphorus at a high con-
centration (1 - 10 x 10'S ecm™?) is ion-implanted by
employing the gate electrode 17 and the side wall
spacers 22 as a mask. Thus, layers 44 ion-im-
planted with the high concentration of phosphorus
are formed.

After removing the photoresist film 43, the re-
sultant structure is annealed thereby to form source
and drain regions 18 made up of high concentra-
tion phosphorus regions 20 sncompassing the low
concentration phosphorus regions 19 as shown in
Fig. 2F.

Thareafter, as shown in Fig. 2F, under the state
under which the PMOSFET 13 and the input/output
circuit region 1 are masked by a photoresist film
45, arsenic is ion-implanted at a concentration of §
- 10 x 10" cm™2 by employing the gate electrode
23 and the side wall spacers 25 as a mask. Thus,
arsenic ion-implanted layers 46 are formed for the
NMOSFET 12.

By annealing after the removal of the photores-
ist film 45, arsenic regions 27 are formed as shown
in Fig. 2G. That is, the source and drain regions 24
of the NMOSFET 12 of the internal circuit 2 are
finished up as the LDD structures.

Subsequently, as shown in Fig. 2G, under the
state under which the NMOSFETs 11 and 12 are
masked by a photoresist film 47, boron (B) is ion-
implanted at a concentration of 5 x 10' cm™? by
employing the gate electrode 28 and the side wall
spacers 30 as a mask. Thus, boron-implanted lay-
ers are formed. By annealing after the removai of
the photoresist film 47, P'-type regions 29 as
source and drain regions are formed. Thereatfter,
the parts of the insulator film 16 on the source and
drain regions are removed. Subsequently, a metal
film of molybdenum (Mo) or the like is formed on
the whole surface of the resultant substrate and is
heat-treated into a silicide, and the unreacted parts
of the metal film are removed, whersby silicide
layers 33 and 34 are formed.

Thenceforth, an inter-layer insulator film
31.aluminum wiring 32 and final passivation film
{not shown) are formed by well-known processes,
whereby the semiconductor device in Fig. 1 can be
completed.

With this method, the NMOSFET of the
input/output circuit can be readily formed merely
by adding the masking step of the photoresist film
43 and the doping step of the high concentration
phosphorus as shown in Fig. 2E, to the steps of
fabricating the NMQOSFET (12) of the LDD struc-
ture. Besides, in forming the high concentration
phosphorus regions 20, the side wall spacers 22
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are utilized, and hence, the high concentration
phosphorus regions 20 can be formed into a re-
quired depth. Also, the channel length can be read-
ily formed into a required length, and increase in
the channel length is not incurred, which is effec-
tive for microminiaturization.

Fig. 3 shows another embodiment of the
present invention. In the figure, the same portions
as in Fig. 1 are assigned the same symbols, and
they shali not be repeatedly explained.

In this example, each of N-type regions 18A as
the source and drain regions of the NMOSFET 11A
of an input/output circuit 1 comprisas a low con-
centration phosphorus region 19, a high concentra-
tion phosphorus region 20 so as to substantially
encompass the region 19, and an arsenic region 21
which is formed on the surface side of the region
20 and shallower than this region 20 and to be
apart from a gate electrode 17. The concentrations
of the phosphorus regions 19 and 20 are the same
as in the foregoing example, and the concentration
of the arsenic region 21 is the same as that of the
arsenic region 27 of the NMOSFET 12 of an inter-
nal circuit 2. The depths of the respective regions
19, 20 and 21 are 0.2 um, 0.5 um and 0.2 - 0.3
wm.

A method of manufacturing this semiconductor
device is as follows. First, the steps of Fig. 2A -
Fig. 2E in the foregoing example are carried out.
Thereafter, as shown in Fig. 4A, under the state
under which only the PMOSFET 12 of the internal
circuit 2 is covered with a mask of photoresist 50,
arsenic is ion-implanted at a concentration of 5 - 10
x 10" cm™2. Arsenic ion-implanted layers 51
formed for both the NMOSFETs 11A and 12 are
annealed, and the arsenic regions 21 and 27 being
apart from respect to the corresponding gate elec-
trodes 17 and 23 can be formed. Thus, the above-
stated construction of the scurce and drain regions
18A is obtained in the NMOSFET 11A, and the
LDD structures are obtained in the NMOSFET 2.

Subsequently, as shown in Fig. 4B, the NMOS-
FETs 11A and 12 are masked by the use of a
photoresist film 52, and i necessary, side wall
spacers 30 are efched and removed, whereupon
boron is ion-implanted. By subsequent annealing,
source and drain regions 29 are formed.

Thereafter, an inter-layer insutator film 31, alu-
minum wiring 32 and final passivation film are
formed, whereby the semiconductor device in Fig.
3 is finished up.

According to this exampls, the NMOSFET 12
of the internal circuit 2 is put into the LDD con-
struction as in the preceding example, so that the
appearance of hot carriers is suppressed. On the
other hand, in the NMOSFET 1tA of the
input/output circuit, the main constituents of the
source and drain regions 18A are the high con-
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centration phosphorus regions 20 extended to both
the ends of the gate electrode 17, so that the
electrostatic destruction voltage can be enhanced.
Moreover, the regions 20 have the high impurity
concentration but use phosphorus, so that the
lowering of the hot carrier generation can be sup-
~oressed.

' Further, since the arsenic regions 21 apart
from the gate electrode are included in the source
and drain regtons 18A, the overlaps of the high
concentration phosphorus regions 20 with the gate
electrode 17 can be made smaller than in the
preceding example, and the transconductance can
be enhanced owing to reduction in the junction
capacitances. Of course, the operating speed can
also be raised by the lowered resistances of the
source and drain regions 18A owing to the arsenic
regions 21.

Even in a case where the high concentration
phosphorus regions 20 do not get to both the sides
of the gate electrode 17, the low concentration
phosphorus regions 19 previously formed have
been formed by utilizing the gate electrode 17 and
reliably extend to under this gate electrode, so that
the MOS structure is not spoilt.

According to the present invention, the follow-
ing effects are produced.

In a semiconductor device whose internal cir-
cuit has a MOSFET of the LDD structure, the
source and drain regions of a MOSFET for an
input/output circuit are so constructed as to be
doped with phosphorus at a high concentration, so
that the electrostatic destruction voltage can be
enhanced.

Since source and drain regions are constructed
by the use of phosphorus at a high concentration,
the concentration gradient is gentle in spite of the
high impurity concentration, and the apperance of
hot carriers can be suppressed.

Since the concentration of phosphorus is made
as high as 1 - 20 x 10'® em™3, the appearance of
hot carriers can be suppressed, and the electro-
static destruction voltage can be enhanced.

Only an inputoutput circuit is provided with
regions made by the use of a high concentration of
phosphorus, and the cothers are put into the LDD
structures, so that even when the junction capacit-
ances between a substrate and the phosphorus
regions increase, the operating speed of the whole
IC does not lower.

Since source and drain regions are formed with
arsenic regions, resistances can be reduced to
achieve a raised speed.

Since source and drain regions are formed with
silicide layers, resistances can be reduced to
achieve a raised speed.
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Since source and drain regions are formed with
arsenic regions a part with respect to a gate elec-
trode, the overlaps between phosphorus regions
and the gate electrode can be diminished, and
junction capacitances can be reduced to enhance a
transconductance.

Since the overlaps between a gate electrode
and high concentration phosphorus regions can be
diminished, a gate length relative to an effective
gate length is shortened, which is effective for the
microminiaturization of an element.

Under the state under which at least an internal
circuit is masked, doping with a high concentration
of phosphorus is carried out by utilizing side wall
spacers, whereupon doping with arsenic is carried
out for at least the internal circuit by utilizing the
side wall spacers. Thus, the LDD structures can be
formed in the internal circuit, and source and drain
regions of the high concentration of phosphorus
can be formed in an input/output circuit. A semi-
conductor device of the prasent invention can be
readily manufactured by adding the step of the
masking and the step of the doping with the high
concentration of phosphorus, to a process for man-
ufacturing an NMOSFET of the LDD structure.

An impurity is introduced by doping before-
hand with a gate electrode used as a mask. There-
fore, even when the diffusion of a high concentra-
tion of phosphorus is insufficient in case of doping
with the high concentration of phosphorus, the
MQOS structure is not spoilt.

While, in the above, the invention made by the
inventors has been concretely described in con-
junction with embodiments, it is needless to say
that the present invention is not restricted to the
foregoing embodiments but that it can be variously
modified within a scope not departing from the
purport thereof.

The present invention is effective for a MOS-
FET, Qni or Quy whose drain is connected to a
bonding pad, especially a bonding pad to which an
input or output signal is applied. The reason is that
electrostatic breakdown is liable to occur in a cir-
cuit connected to the bonding pad to which the
input or output signal is applied.

Accordingly, the MOSFET Q. in Fig. 5 need
not be put into the same structure as that of the
MOSFET 11. To the contrary, the present invention
is also applicable to an NMOSFET constituting a
circuit of the next stage which is connected to an
inverter INVy or INV: constructed of the MOSFET
Qnt Or Qua. Further, it is possible that only the
drain region of an N-channel MOSFET such as the
MOSFET Quy or Qns is put into the siructure con-
forming with the present invention.

The fow impurity concentration regions 19 in
the MOSFET 11 can be omitted. As shown in Fig.
7, esach of the source and drain regions 18 of the
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MOSFET 11 is made up of only the phosphorus
region 20 of high impurity concentration. This can
be achieved in such a way that the resist mask 40
shown in Fig. 2B is formed so as to cover the
input/output circuit domain 1. That is, the number
of manufacturing steps does not increase in a
CMOSIC. In an IC {NMOSIC) which is constructed
of NMOSFETs without having the PMOSFET 13, a
masking step needs to be added.

As shown in Fig. 7, the layers 33 and 34 of the
silicide of platinum or a refractory metal can be
omitted.

An input protective resistor R shown in Fig. 5
can be formed by extending the source or drain
region 18 of the MOSFET 11. In case of forming a
resistor R made of a semiconductor region which is
identical and continucus to the region 18, the struc-
ture shown in Fig. 7 is dssirable. That is, the
source and drain regions 18 of the MOSFET 11 are
constructed only of the phosphorus regions 20.
The resistor R is formed by extending either phos-
phorus region 20. In order to bring the sheet resis-
tance of the region 20 to a proper value, the
silicide layer 33 is not formed. For the same rea-
son, at least the arsenic region 27 is not formed.
Accordingly, the resistor R can be formed in a
small area. One end of the resistor R is connected
to the bonding pad BP which is made of the
aluminum layer 32.

While, in the above, the invention made by the
inventors has been chiefly described on the ap-
plications to semiconductor devices of the CMOS
type which form the background field of utilization,
it is not restricted thereto. The present invention is
applicable to a memory IC and also a logic IC
other than a DRAM as long as & MOSFET of the
LDD structure is included in an internal structure.
Further, it is applicable, not only to CMOSICs, but
also to NMOSICs. The LDD structure in the present
invention may include, at least, a first semiconduc-
tor region has a high impurity concentration, and a
second semiconductor region which has an impu-
rity concentration lower than that of the first semi-
conductor region and which is formed closer to a
channel side (gate electrode sids) than the first
semiconductor region. The first semiconductor re-
gion need not be deeper than the second semicon-
ductor region. A bonding pad includes, not only a
pad for wire bonding, but also a pad for bonding
which utifizes a bump elecirode or the like. Various
semiconductor regions may well be opposite in
conductivity type to the foregoing. The concentra-
tions of phosphorus and arsenic can be variously
altered within the scope of the purport of the
present invention.
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12

Clalms

1.

2,

A semiconductor integrated circuit device com-
prising

a first MOSFET (12) forming part of an
internal circuit (1), and

a second MOSFET (11} forming part of an
inputioutput circuit (2), the second MOSFET
(11) being formed on the same semiconductor
substrate (10), and being of the same con-
ductivity type, as the first MOSFET (12), hav-
ing a source/drain region (18) which is con-
nected to a bonding pad and a gate insulator
film (16) of the same thickness as that of the
first MOSFET (12),

characterized in

that the source/drain region {24) of the first
MOSFET (12) includes a first semiconductor
region {27) of high impurity concentration and
a second semiconductor region {26) which has
a lower impurity concentration, and is formed
closer to the channel, than the first semicon-
ductor region (27), and

that the source/drain region (18) of the
second MOSFET (11) includes a third semi-
conductor region (20) being in contact with
with the substrate (10) and having a higher
impurity concentration than the second semi-
conductor region (26) of the first MOSFET
(12).

The device of ciaim 1, wherein said first and
second MOSFETs (12, 11) are N-channel
MOSFETs, and said first, second and third
semiconductor regions (27, 28, 20) respsc-
tively include arsenic, phosphorus and phos-
phorus as impurities.

The device of claim 1 or 2, further comprising
a third MOSFET (13) formed on said semicon-
ductor substrate {10) and being of a conductiv-
ity type opposite to that of the first and second
MOSFETs (12,11).

The device of any of claims 1 to 3, wherein the
impurity concentration of said third semicon-
ductor region (20) is at least 1 x 10" /cm?.

The device of many of claims 1 to 4, further
comprising side wall spacers (25, 22, 30)
which are formed on two side walls of each of
the gate elactrodes (23, 17, 28) of said first,
second and third MOSFETs (12, 11, 13),
wherein said first semiconductor region
{27) is defined by said gate electrode (23) of
said first MOSFET (12) and said side wall
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spacers (25), and said second semiconductor
region (26) is defined by said gate electrode
(23) of said first MOSFET (12).

The device of claim 1, wherein the
source/drain region (18) of the second MOS-
FET (11) includes at least one further semicon-
ductor region (19, 21) having a lower impurity
concentration than the third semiconductor re-
gion (20).

A method of manufacturing a semiconductor
integrated circuit device which has first and
second MOSFETs (12, 11) formed on a semi-
conductor substrate (10) and forming part of an
internal circuit and an input/oufput circuit, re-
spectively, comprising:

forming gate electrodes (23, 17) of said
first and second MOSFETs (12, 11) on said
semiconductor substrate (10),

introducing an impurity of the first con-
ductivity type at a low concentration into at
least a region to form said first MOSFET (12),
by employing said gate electrodes (23, 17) as
a mask, whereby second semiconductor re-
gions (19, 26) are formed,

forming side wall spacers (25, 22) on two
side walls of each of said gate electrodes {23,
17) of said first and second MOSFETs (12,
1),

introducing an impurity of the first con-
ductivity type into a region to form said second
MOSFET (11), by employing said gate elec-
trode (17) of said second MOSFET (11} and
said side wall spacers (22) thereof as a mask,
whereby third semiconductor regions (20) as
source and drain regions (18) of said second
MOSFET (11) are formed, the impurity con-
centration of said third semiconductor regions
{20} being higher than that of said second
semiconductor regions (19), and

introducing an impurity of the first con-
ductivity type into at least said region to form
said first MOSFET (12), by employing said
gate electrode (23) and said side wall spacers
(25) as a mask, whereby first semiconductor
regions (27) are formed, the impurity concen-
tration of said first semiconductor regions {27}
being higher than that of said second semicon-
ductor regions (26), a source or drain region
(24) of said first MOSFET (11) being made of
said second and first semiconductor regions
(26, 27).

The method of claim 7, wherein said first and
second MOSFETs (12, 11} are N-channsl
MOSFETs, and said first, second and third

10

15

20

25

30

35

45

50

55

10.

14

semiconductor regions {27,26,20) are respec-
tively formed by introducing arsenic phospho-
rus, and phosphorus.

The method of claim 7 or 8, whersin said first
semiconductor regions (27) are formed in only
said first MOSFET (12).

The method of any of claims 7 to 9, wherain

a resistor (R) is formed one end of which
is connected to said source or drain region
(18) of said second MOSFET (11), said resistor
(R) being made of a semiconductor region
which is formed by the same step as that of
said third semiconductor region (20), the other
end of said resistor (R) being connected fo a
bonding pad {BP).

Revendications

1.

Dispositif & circuits intégrés & semiconduc-
tours comprenant

un premier transistor MOSFET (12) faisant
partie d'un circuit interne (1}, et

un second transistor MOSFET (11) faisant
partie d'un circuit d'entrée/sortie (2), le second
transistor MOSFET (11) étant formé sur le
méme substrat semiconducteur (10) et possé-
dant le méme type de conductivité que le
premier transistor MOSFET (12) et comportant
une région de source/drain {(18) qui est raccor-
dée 2 un plot de liaison, et une pellicule d'iso-
lant de grille {16) possédant ta m&me épais-
sour que celle du premier transistor MOSFET
(12},

caractérisé en ce

que la région de source/drain (24) du pre-
mier transistor MOSFET (12) comprend une
premigre région semiconductrice (27) possé-
dant une concentration élevée en impuretés et
une seconds région semiconductrice (26), qui
posséde une concentration inférieure en impu-
retés ot est formée dans une position plus
proche du canal, que ne V'est la premidre ré-
gion semiconductrice {27), et

gue la région de source/drain (1B) du se-
cond transistor MOSFET (11) comprend une
troisitme région semiconductrice (20) qui est
en contact avec le substrat (10) et posséde
une concentration en impuretés plus élevée
gue la seconde région semiconductrice (26) du
premier transistor MOSFET (12).

Dispositif selon la revendication 1, dans lequel
lesdits premier et second transistors MOSFET
(12,11) sont des transistors MOSFET 3 canal
N et que lesdites premidre, seconde et troisié-
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me régions semiconductrices (27,26,20) com-
prennent respectivement, comme impuretés,
de |'arsenic, du phosphore et du phosphore.

Dispositif selon la revendication 1 ou 2, com-
prenant en outre un troisi#me transistor MOS-
FET (13) formé sur ladit substrat semiconduc-
teur (10} ot possédant un type de conductivité
opposé A celui des premier et second transis-
tors MOSFET (12,11).

Dispositif selon I'une guelconque des revendi-
cations 1 4 3, dans lequel la concentration en
impuretés de ladite troisidme région semicon-
ductrice (20) est égale & au moins 1 x
10"%/cm?3.

Dispositif selon 'une quelconque des revendi-
cations 1 & 4, comportant en outre des entre-
toises de parois latérales (25,22,30), qui sont
formées sur deux parois latérales de chacune
des électrodes de grille (23,17,28) desdits pre-
mier, second et troisisme transistors MOSFET
(12,11,13),

dans lequel ladite premigre région semi-
conductrice (27} est définie par ladite électrode
de grille (23) dudit premier transistor MOSFET
(12) ot par lesdites entretoises (25) des parois
latérales, et ladite seconds région semiconduc-
trico (28) est définie par ladite électrode de
grille (23) dudit premier transistor MOSFET
(12).

Dispositif selon la revendication 1, dans lequel
la région de source/drain (18) du second tran-
sistor MOSFET (11) comprend au moins une
autre région semiconductrice (19,21) qui pos-
séde une concentration en impuretés inférieure
4 celle de la troisidme région semiconductrice
(20).

Procédé de fabrication d'un dispositif & circuits
intégrés A semiconducteurs, qui posséde des
premier et second transistors MOSFET (12,11)
formés sur un substrat semiconducteur (10} et
faisant partie respectivement d'un circuit inter-
na et d'un circuit d'entrdée/sortie, comprenant :

la formation d'dlectrodes de grille {23,17)
desdits premier et second transistors MOSFET
(12,11} sur ladit substrat semiconducteur (10),

l'introduction d'une impureté possédant le
premier type de conductivitd en une faible
concentration dans au moins une région pour
former ledit transistor MOSFET (12), moyen-
nant Futilisation desdites électrodes de grille
(23,17) en tant que masqgue, ce qui permet de
tormer des secondes régions semiconductrices
(19,26),
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la formation d'entretoises (25,22} sur deux
parois latérales de chacune desdites électro-
des de grille (23,17) desdits premier et second
transistors MOSFET (10,11),

Pintroduction d'une impureté possédant le
premier type de conductivité dans une région
pour former ledit second transistor MOSFET
{11}, moysennant I'utilisation de ladite électrode
de grille {(17) dudit second fransistor MOSFET
{11) et desdites entretoises (22) des parois
latérales de cette électrode en tant que mas-
que, ce qui permet de former des troisiémes
régions semiconductrices (20) en tant que ré-
gions de source et de drain (18) dudit second
transistor MOSFET (11), la concentration en
impuretés desdites troisidmes régions semi-
conductrices (20) étant supérieure & celle des-
dites secondes régions semiconductrices (19),
ot

l'introduction d'une impureté possédant le
premier type de conductivité dans au moins
ladite région pour former ledit premier transis-
tor MOSFET (12), moyennant ['utilisation de
ladite électrode de grille (23) st desdites entre-
toises (25) des parcis latérales en tant que
masque, ce qui permet de former des premie-
res régions semiconductrices (27), la concen-
tration en impuretés desdites premigres ré-
gions semicanductrices (27) étant supérieure &
celle desdites secondes régions semiconduc-
trices (26), une région de source ou de drain
{24) dudit premier transistor MOSFET (12)
étant formée par lesdites seconde et premiére
régions semiconductirices (26,27).

Procédé selon la revendication 7, selon lequel
lesdits premier et second transistors MOSFET
{12,11) sont des transistors MOSFET & canal
N, et lesdites premiére, seconde et troisidme
régions semiconductrices (27,26,20) sont for-
mées respectivement par introduction d'arse-
nic, de phosphore, et de phosphore.

Procédé selon la revendication 7 ou 8, selon
lequel lesdites premiéres régions semiconduc-
trices {27) sont formées uniquement dans ledit
premier transistor MOSFET (12).

Procédé selon I'une quelconque des revendi-
cations 7 4 9, selon lequel on forme une
résistance (R), dont une exirémité est raccor-
dée 3 ladite région de source ou de drain (18)
dudit second transistor MOSFET (11), ladite
résistance {R) étant formée d'une région semi-
conductrice qui est réalisée au moyen de la
méme étape que I'étape de formation de ladite
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troisi#me région semiconductrice (20), I'autre
extrémité de ladite rédsistance {R) étant raccor-
dée & un plot de liaison (BF).

Patentanspriiche

~31.

Integrierte Halbleiterschaltung mit

ginem ersten MOSFET (12), der Teil siner
internen Schaltung (1) ist, und

einem zweiten MOSFET (11), der Teil si-
ner Eingangs-/Ausgangsschaltung (2) ist und
den gleichen Leitféhigkeitstyp aufweist sowie
auf dem gleichen Halbleitersubstrat {10) gebil-
det Ist wie der erste MOSFET (12), und mit
sinem mit sinern Bonding-Anschluf verbunde-
nen Source/Drain-Gebist (18) sowle einem
Gate-Isolationsfilm (16} der gleichen Dicke wie
derjenige des ersten MOSFETs (12) versehen
ist,

dadurch  gekennzeichnet, daf das
Source/Drain-Gebiet (24) des ersten MOSFETs
(12) ein erstes Halbleitergebiet {27} hoher Stdr-
stellenkonzentration und ein weiteres Halbleit-
ergebist (26), das eine niedrigere Stbrstellen-
konzentration aufweist und dichter am Kanal
gebildet ist als das erste Halbleitergebiet (27),
umfaBt, und

daf das Source-Drain-Gebiet (18) des
zweiten MOSFETs (11) ein drittes Halblsiter-
gebiet (20) umfaft, das in Kontakt mit dem
Substrat (10) steht und eine h&here Stdrstel-
lenkonzentration als das zweite Halbleitergsbiet
(26) des ersten MOSFETs (12) aufweist.

Vorrichtung nach Anspruch 1, wobei der erste
und der zweite MOSFET (12, 11) N-Kanal
MOSFETs sind und das erste, das zweite und
das dritte Halbleitergebiet (27, 26, 20) entspre-
chenderweise Arsen, Phosphor und Phosphor
als Stirstoffe enthalten.

Vorrichtung nach Anspruch 1 oder 2 mit einem
auf dem Halbleitersubstrat (10) gebildeten drit-
tean MOSFET (13), eines zum ersten und 2wei-
ten MOSFET (12, 11) entgegengesetzten Leit-
fahigkeitstyps.

Vorrichtung nach einem der Anspriiche 1 bis
3, wobei die Stdrstellenkonzentration des drit-
ten Halbleitergebiets (20) mindestens 1 x
10" /cm? batrégt.

Vorrichtung nach einem dar Anspriiche 1 bis
4, weiterhin umfassend:
Seitenwand-Abstandshalter (25, 22, 30),
die an zwei Seitenwinden jeder der Gate-Elek-
troden (23, 17, 28) des ersten, zweiten und
dritten MOSFETs (12, 11, 13) ausgebildet sind,
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wobei das erste Halbleitergebiet (27) durch
die Gate-Elektrode (23) des ersten MOSFETs
(12) und die genannten Seitenwand-Abstands-
halter (25) definiert wird und das genannte
zwoite Halbleitergebiet (26) von der Gate-Elek-
trode (23) des ersten MOSFETs (12) definiert
wird.

Vorrichtung nach Anspruch 1, wobei das
Source/Drain-Gebiet (18) des zweiten MOS-
FETs (11) mindestens ein weiteres Halbleiter-
gebiet (19, 21) mit einer niedrigeren Stérstel-
lenkonzentration als das dritte Halbleitergebiet
{(20) umfaft.

Verfahren zur Herstellung einer integrierten
Halbleiterschaltung mit einem ersten und ei-
nem zweiten MOSFET (12, 11), die auf dem
Halbleitersubstrat (10) ausgebildet sind und
entsprechenderweiss einen Teil einer internen
Schaltung und giner
Eingangs/Ausgangsschaltung bilden, umfas-
send:

Bildung von Gate-Elektroden (23, 17) des
ersten und zweiten MOSFETs (12, 11) auf dem
Halbleitersubstrat (10},

Einbringen eines Stdrstoffs des ersten
Leitfahigkeitstyps niedriger Konzentration in
mindestens ein Gebiet, um den ersten MOS-
FET {12} zu bilden, indem die Gate-Elektroden
(23, 17) als Maske verwendet werden, wodurch
zweite Halbleitergebiste (19, 28) gebildet wer-
den,

Bildung von Seitenwand-Abstandshaltern
(25, 22) auf zwei Seitenwiinden jeder der ge-
nannnten Gate-Elektroden (23, 17) des ersten
und zweiten MOSFETs (12, 11),

Einbringen eines Stdrstoffs des ersten
Leitfihigkeitstyps in ein Gebist, um den zwei-
ten MOSFET (11) zu bilden, indem die Gate-
Elektrode (17) des zweiten MOSFETs (11) und
deren genannte Seitenwand-Abstandshalter
(22) als Maske verwendet werden, wodurch
dritte Halbleitergsebiete (20) als Source- und
Drain-Gebiete (18} des zweiten MOSFETs (11)
gebildet werden, wobei die Stdrstellenkonzen-
tration der dritten Halbleitergebiete (20) h&her
als die der zweiten Halbleitergebiete (18} ist,
und

Einbringen eines Stdrstoffs des ersten
Leitfdhigkeitstyps in mindestens das zur Bil-
dung des ersten MOSFETs (12) vorgesehens
Gebiet, indem die genannte Gate-Elekirods
(23) und die Seitenwand-Abstandshalter (25)
als Maske verwendet werden, wodurch erste
Halbleitergebiste (27) gebildet werden, wobei
die Storstellenkonzentration der ersten Halb-
leitergebiete (27) h&her als die der zwsiten
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Halbleitergebiete (28) ist und das Source- oder
Drain-Gebiet (24) des zweiten MOSFETs (11)
aus den zweiten und ersten Halbleitergebisten
(26, 27) gebildst ist.

Verfahren nach Anspruch 7, wobsei die ersten
und zweiten MOSFETs (12, 11) N-Kanal MOS-
FETs sind und das genannte erste, das zweite
und das dritte Halbleitergebiet (27, 26, 20)
entsprechenderwsise durch Einbringen von Ar-
sen, Phosphor und Phosphor gebildet werden.

Verfahren nach Anspruch 7 oder 8, wobei die
ersten Halbleitergebiete (27) lediglich im ersten
MOSFET (12) gebildet werden.

Verfahren nach einem der Ansprliche 7 bis 9,
wobei ein Widerstand R gebildet wird, dessen
eines Ende mit dem Source- oder Drain-Gebiet
{18} des zweiten MOSFETs (11} und dessen
anderes Ende mit einem Bonding-Anschluf
{(BP} verbunden ist, wobei der Widerstand von
einem im gleichen Schritt wie das dritte Halb-
Ieitergebiet (20) hergestelliten Halbleitergebiet
gebildet wird.
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