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SEMICONDUCTOR DEVICE AND METHOD

OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention:

This invention relates to a semiconductor
device, and more particularly to a semiconductor
device including a MOS element, such as a-semi-
conductor device (hereinafter called "Bi-MOS element”)
in which both a bipolar eslement and a MOS elemeﬁt are |
_forméd on a MOS field effect transistor (hereinafter
called "MOSFET") or a single semiconductor substrate

and a method of hanufacturing such semiconductor
device.
2. Description of the Related Art:

As advances have recently beeﬁ made in_integrat—
ing elements in a large scéle in MOS semiconductor IC
devices, épplication.of.a buried contact structure is
on the rise.

In a typical burigd4Eontact structure in conven-
tional MOSFETs, a gate electrode and a source elec-
trode and/or a drain electrode (hereinafter called
“source/drain electrode”) are formed during the growth
and process.of one and the same polycrystalline
silicon, and a contéct with a source diffused region

or a drain diffused region (hereinafter called
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“"source/drain diffused region”) is formed via a con-
tact diffused region by‘impuéity diffusion from the
source/drain electrode.

In response to the minute elements, an LDD
(Lightly Doped Drain) structure as a measure against
the hot electron problem'was used in MOSFET. -

The structure of this type semiconductor device
is schematically shown in FIG. 2 of the accompanying
drawings.

In FIG. 2, MOSFET is an n~-channel MOS transistoh
having an LDD structure. This MOSFET 100 has a buried
contact strucfure on a-p-type silicon substrate 10. A
contact diffused region 28 constituting this buried
contact structure is formed of an nt diffusion 1ay§r
formed by impurity diffusion from a source/drain elec-
trode 40 formed of an n+ftype polycrystalline silicon
layer. The source/drain electrode 40 is formed fo—
gether with a wiring portion 44 while tha layer of a
gate electrode 30 is formed. The n*-type contact dif-
fused region 28 is connected to one n*-type |
source/drain diffused region 42a via an n--type offset
region 52 which is located right under a side wall 50
contiguous to the source/drain electrode 40.

| In FIG. 2, reference numeral 12 designates a
field oxide filh; 14, a gate oxide film; and 18, a

silicon layer hollow formed during etching the
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polycrystalline silicon layer.

However, -the semiconductor device of FIG. 2 has

the following problems resulting from the buried con-

~

tact structure:

(1) If an impurity having a small diffusion con-
stant is used as the impurity in the source/drain
electrode 40 of the nt-type polycrystalline silicon,
the connection of the n+-type contact diffused region
28 would be shallow. The connection of the n--type
offset region 52 to be connected to the n*-type con-
tact diffused region 28 is originally shallow and has
a high resistance.'-Therefore, the resistance of the
whole buried contact structure would increase to add a
high parasitic resistance to the source/drain diffused
region 42a of MOSFET, thus impairing the mutual con-
ductance of MOSFET and the characteristic of the on
current adapted to flow when the transistor is in on
state.

(2) During forming the nt-type gate electrods 30
and the nt-type source/drain electrode 40 by etchihng,
the exposed portion of the p~type silicon substrate 10
also would be etched to form the silicon layer hollow
18. If the n--type offset region 52 is formed by ion
implantation, the impurity would hardly be doped to
the periphéral portion of the silicon layer hollow 18

so that the impurity concentration of the n--type off-

Il
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set region 52 to be formed tends to become lower than
a predetermined value waile:ﬁhe resistance of the same
n--type offset region 52 tend; to become increased.

As a result, the function of the LDD structure would
‘work only inadequately to cause the above problem (1).
This also results in a very irregularity of the above-
mentioned characteristic due to the non-uniform pro- |
cessing, such as in the etching step.

The foregoing problems are remarkable if arsenic
having a small diffusion constant is used as the im-
purity in the n*-type polycrystalline silicon layer
(source/drain electrode 40), the n--type offset region
52 and the nt-type source/drain diffused regions 42a,
42b.

Further, for the same reason, the above problem
(1) will be caused even in the case of MOSFET having a
buried contact structure to which an LDD structure is
not to be added. |

Also in the case of a Bi-MOS element, when“form—
ing an n*-type emitter diffused region of the bipolar
transistor, the same problem as the MOSFET would cause
due to the imburity diffusion of arsenic from the n*-
éype polycrystalline silicon laver.

| In order to realize a high-speed bipolar
transistor, the connection of the n*-type emitter dif-

fused region should be shallow. Therefore, when form-
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ing a contact diffused region of MOSFET simultaneously

with the emitter diffuséd reéidn, the connection of
the contact diffused.kegion would be shgllow to cause
the above problems (1) and (2). Consequently, if in a
Bi-MOS element an parasitic‘resistance resulting from
the buried contact structure is to be reduced, the
connection of the diffused region should be deep.
This would be an oSstacle to a high-speed Bi-M0S ele-
ment. |
SUMMARY OF THE INVENTION

It is therefore an object of this invention to
provide a semiconductor device which hardly receives
influence of non-uniform processing such as in the
etching step, is stable in characteristic and has a
low-resistance buried contact structure.

Another objeci of the invention is to provide a
method of manufacturing the above-mentioned semi-

conductor device.

According to a first aspect of the invention,
there is provided a MOS-type semiconductor device com-
prising: |

(a) a semiconductor substrate;

(b) an MOS element formed on a main surtface of
said semiconductor substrate and having a buried con-

tact structure; and

(c) said buried contact structure including at



least a first éontact diffJg;d region formed by diffu-
sion from a polycrystaliine:gilicon layer, and a sec-
ond diffused region formed by diffusion deeper than
said first contact diffused.region.

According to a second aspect of.the invention,
there is provided a Bi-M0S-type semiconductor devicel
comprising:

(a) a semiconductor substrate;

(b) a bipolar element formed on a main surface
of said semiconductor substrate;

(c) an MOS element formed on the main surface of
said semiconductor substrate and having a buried con-
tact structure;

(d) an emitter electrode of said bipolar element
and a source/drain electrode of said MOS element being
in the form of a siﬁgle polycrystailine silicon laver;

(e) said buried contact structﬁre of said MOS
element including at least a first contact diffused
region formed by impurity diffusion from said
polycrystalline silicon layar and a second contact
diffused region formed by-diffu§ion deeper than said
first contact diffused region; and

(f) an emitter diffuéed region of said bipolar
element and said first contact diffused region being

formed by impurity diffusion from said polycrystalline

silicon layer.

Ili
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According to a third Zspact of the invention,
there is provided a methﬁd of manufacturing a MOS—type.
semiconductor device, comprising fhe steps of:

(a) forming a second contact diffused region by
forming a field oxide film and a gate oxide film on a
silicon substrate and then doping an impurity of a
large diffusion constant to a buried contact structure
forming region; -

"(b) forming a first contact diffused region by
forming openings in the gate oxide film, forming a
polycrystalline silicon layer on the silicon substrate
and then doping an impurity of a small diffusion con-
stant to the buried contact structure forming region
via the openings;

(c) etching the polycrystalline silicon layer to
form a gate electrode and a source/drain electrods;
and

(d) doping an impurity to form a source/drain
diffused region.

According to a fourth aspect of the invention,
there is provided a method of manufacturing a B8i-MOS-
type semiconductor device, comprising the steps of:

(a) forming a second contact diffused region and
a collector diffused region by forming a well and then
a field oxide film and a gate oxide film on a silicon

substrate and then doping a impurity of a large diffu-
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sion constant to a buried contact structure forming

region and a collector diffuéed region forming region;

(b) forming a first contact diffused region and
an emitter diffused region by dopiﬁg impurity, with
the MOS element forming region masked, to form a.baée
diffused region to a bipolar element, then by forming
openings in a gate oxide film of the buried contact
structure forminhg region and an emitter diffused
region forming region, by forming a polycrystalline
silicon layer on the silicon substrate, with the MOS
element forming region unmasked, and by doping an im-
purity of a small diffusion constant via the openings;

(c) etching the polycrystalline silicon layer to
form a gate electrode and a source/drain electrode 6f
the MOS element and an emitter electrode of the
bipolar element; ana

(d) doping an impurity, with a bipolar element
forming region masked, to form a source/drain diffused
region.

. With this semiconductor device, since the dif-
fused region forming the buriad contact structure of
the MOS element includes the first contact diffused
region formed by impurity diffusion from the
polycrystalline silicon layer and the second contact
diffused region formed by diffusion deeper than the

first contact diffused region, it is possible to real-
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ize a semicpnductor device which hardly receives in-

fluence of non-uniform processing such as in the etch-
ing step, is stable in characteristic, has a low-
resistance buried contact structure and has a low-
parastic resistance.

Further, since the MOS element of this invention
has a deep diffusion layer to increase the area of
connaction of the source/drain, it is suitable for uée
in, for example, a static random access memory (SRAMS.
As advances have recently been made in integrating
élements, demands for shallow connection of the
source/drain of a transistor are on the rise, for
which the area of such conﬁection must be reduced.
Thus the amount of connection of the source/drain
would be réduced so that the amount of connection of
storage node in a SéAM using this MOS element will be-
come inadequate. As a result, in SRAM, character;
istics such as resistance against noise, leak current
and a ray soft error. This problem would be remark-
able particularly on the side of the drain. However,
if an n-channel transistor in which the MOS element of
the invention is incorporated is std, it is possible
to increase the area of connection of the source/drain
and hence the amount of connection, with the connec-
tion of the source/drain near the channel of the

transistor being kept shallow, thereby eliminating the
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foregoing problems. . /.

In addition, since the depth of connection and
the impurity concentration of the second contact dif-
fused region constituting the buried contact structure
cgh be set independently of the impurity concentration
in the polycrystalline silicon layer, it is possible
to improve the degree of freedom of dévice designing.

If this MOS element is combined with a bipolar
element, it is possible not only to achieve a high-
speed operation of the bipolar element but also to
realize a Bi-MOS element having a small parasitic
resistance.

The foregoing semiconductor devices can be
manufactured in the same number of steps of prodﬁction
as conventional.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view schematically
showing a MOS-type semiconductor device according ta a
first embodiment of this invention;

FIG. 2 is a cross-sectional view schematically
showing a conventional MOS-type semiconductor device:

FiG. 3 is a cross-sectional view similar to FIG.
1, showing a modification according to the first em-
bodiment;

FIGS. 4A through 4G are cross-sectional views

showing the manufacturing process of the semiconductor
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device of FIG. 1; .

FIG. 5 is a cross-sectional view schematically
showing a Bi-MOS-type semiconductor device according
to a second embodiment;

FIGS. 6A through 6G are cross-sectional views
schematically showing the manufacturing process of the
semiconductor device of FIG. 5;

FIG. 7 is a cross-sectional view schematically
showing a MOS-type semiconductor device according to a
third embodiment; and

FIG. 8 is a cross-sectional view schematically
showing a Bi-MOS-type semiconductor device according
to the third embodiment.

| DETAILED DESCRIPTION

Typical embodiments of this invention will now
be described with réference to the accompanying draw-
ings.

Embodiment 1:

FIG. 1 shows a semiconductor device schematical-

ly according to the first embodiment of this inven-

tion.

Like reference numerals designate similar parts
or elements throughout FIGS. 1 and 2.

This semiconductor device comprises an n-channsl
MOSFET 100 having an LDD structure. In the MOSFET

100, a field oxide film 12 and a gate oxide film 14
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are formed on a p-type silicon substrate 10. 0On the

gate oxide film 14, a géte electrode 30 is formed, and
a source/drain electrode 40 is formed at a position
spaced from the gate electrode 30, and a wiring por-
tion 44 is formed contiguously to the source/drain
electrode 40. 0On the opposite sides of the gate elec-
trode 30 and the end of the source/dréin electrode 40,
side walls 50 each in the form of a silicon oxide film
is formed. Under each of the side walls 50, an n--
type offset region 52 constituting an LDD structure is_
formed.

In the silicon substrate 10, n*-type

éource/drain diffused regions 42a, 42b are formed on

the opposite sides of the gate electrode 30. In this

embodiment, one nt-type source/drain diffused region
42a is connected with the source/drain electrode 40 by
a buried contact structure 20.
| The buried contact structure 20 includes a first
nt-type contact diffused region 22 forméd shallowly on
the surface of the silicon substrate 10, and a second
n*t-type contact diffused region 24 formed on the sur-
face of the silicon substrate 10 more deeply than the
first nt-type contaét diffused region 22.

The second ntr-type contact diffused region 24 is
formed by previous diffusion of phosphorous of a large

diffusion constant as an impurity into the silicon
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substrate 10, with a part of the second n*-type con-

tact diffused region 24 being connected to the
source/drain diffuséd region 42a. The first nt-type
contact diffused region 22 is formed by impurity dif-
fusion of arsenic of a small diffusion contact from
the source/drain electrode 40. The depth of the sec-
ond n*-type contact diffused region 24 should be ade-
guately large so that the contact résistance of the
buried contact structure 20 can be reduced lower than
a predetermined value. For example, the first n*-type
contact diffused region 22 may have a depth of diffu-
sion of 0.1 to 0.3 um, and the second n*-type contact
diffused region 24 may have a depth of diffusion of
0.5 to 0.8 um.

In the arrangement, the diffused region forming
the buried contact structure 20 includes the first n*-
type conﬁact‘diffused region 22 formed by impurity
diffusion of arsehic, and the second nt-type contact
diffused region 24 formed by impurity diffusion of
phosphorous deeper than the first contact diffused
regién 22. Because of this double-layer structure, it
is possible to reduce the buried contact resistance,
which would be a cause for the conventional problems,
to an adequately small value, realizing a MOSFET hav-
ing a small parasitic resistance. -

Further, having the second n*-type contact dif-
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fused region 24 deep in connection, the MOSFET 100 al-

lows the connecting area of .the n*-type source/drain
diffused region 42a to increase so that with the con-
nection of the n*-type séurce/drain diffused resion
42a, 42b near the channel being kept shallow, adequate
connection capacitance can be secured. Therefore the
MOSFET 100 is suitable for use as a static random
acess memory (SRAM).

Since the connection of the second N*-TYPE con-
tact diffused region 24 is set to be deeper than the
connection of the first n*-type contact diffused
region 22, it is possible to obtain a low-resistance
buried contact structure stably with no influence from
the non-uniform processing, such as irregular qepth of
etching of the silicon substrate 10.

Further, since the depth of connection and the
impurity concentration of the second nt-type contact
diffused region 24 can be set independently of the im-
purity concentration in the polycrystalline silicon
layer, it is possible to improve the degree of freedom
of device designing.

In this embodiment, the buried contact structure
is formed only for one source/drain electrode.
Alternatively, the buried contact structure may be
formed for both the source and drain electrodes.

FIGS. 4A through 4G shows the manufacturing pro-
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éess of the semiconductor device of FIG. 1. Like
reference numerals desigﬁate.similar parts or elements
throughout FIGS. 1 and 4.

(A) In the step shown in FIG. 4A, a field oxide
film 12 and a gate oxide fiim 14 are formed on a p-
type silicon substrate 10 in the usual method. Then,
using a resist film R1 as a mask, ion implantation
(indicated by arrows in FIG. 4A) of phosphorous is
made in the region defining a buried contact structure
20, under such a condition that energy of implantation.
is 80 to 120 KeV and an amount of implantation is
about 5x1013 to 5x1014 cm~2. After removing the
resist film R1, annealing is performed in the atmo-
sphere of nitrogen at 900 to 1,0004#C for 40 to 80
minutes. In this step, a second nt-type contact dif-
fused region 24 is formed.

(B) In the step shown in FIG. 4B, opening Hl1l is
formed in the géte oxide film 14 of the region defin-
ing the buried cantact structure 20, and then a
polycrystalline silicon layer 16 having a thickness of
about 2,000 to 5,000 Angstrom is piled on the silicon
substrate 10. Then, under such a condition that ener-
gy of implaﬁtation is 60 to 100 KeV and an amount of
implantation is 5x101% to 1x1016 cm-2, ion implanta-
tion (indicated by arrows in the drawing) of arsenic

is performed, and annealing is performed in the atmo-
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sphere of nitrogen at 900 to 1,000#C for 20 to 30

minutes. In this step, an n*-type contact diffused
region 22 is formed by impurity diffusion of arsenic
from the polycrystalline silicon layer 16.

(C) In the step shown in FIG. 4C, the

. polycrystalline silicon layer 16 is etched by the

usual photolithography and etching technology to form
an nt~-type gate-electrode 30, an nt-type sourée/drain
electrode 40 and a wiring portion 44 contiguous there-
to. At that time, the_exposed portion of thé p-type
silicon substrate 10 also is etched to form a hollow
18 on the substrate 10-

(D) In the step shown in FIG. 4D, under such a
condition that energy of implantation is 50 to 100 KeV
and an amount of implantation is 1x1013 to 3x10!3 cm-
2, ion implantation (indicated by arrows in the draw-
ing) of phosphofous or arsenic is performed ih order
to form an n—-type offset region of an LDD structure.
In this étep, a diffused region 523 is formed on the
surface of the silicon substrate 10.

(E) In the step shown in FIG. 4E, a silicon
oxide film 50a having a thickness of about 3,000 to
7,000 Angstrom is piled up by chemical vapor deposi-
tion (CcVD). |

(F) In the step shown in FIG. 4F, the silicon

oxide film 50a is etched by anisotropic etching. In
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this step, a side wall S0 in. the form of a silicon

oxide film is formed on fhe end of each of the gate
electrode 30 and the source/drain electrode 40.

(G) In the step shown in FIG. 4G, under such a
condition that energy of implantation is 50 to 100 KeV
and an amount of implantation is 1x1018 to 5x1015cm-§,
ion implantation (indicated by arrows in.the drawing)
of phosphorous or arsenic is performed, and annealing
is performed in the atmosphere of nitrogen at 900 to
1,000#C for 20 to 60 minutes. In this step, the n+-
type source diffused region 42a and the nt-type drain
diffused region 4zb are formed. Under the side wall
50, an n-~type offset region 52 constituted by-a part
of the diffﬁsed region 52a is formed to provide an LDD
structure.

By the foregoing series of steps, it is possible
to obtain the MOSFET shown in FIG. 1.

Another MOSFET 300 according to the first em-
bodiment, as shown in FIG. 3, can have a buried con-
tact structure to which no LDD structure is added.

This MOSFET 300 is essentially identical in
structure with the LDD-type MOSFET 1QO of FIG. 1, ex-
cept that there is no region corresponding to the n—-

type offset region 52 of the MOSFET 100.

" Embodiment 2:

FIG. 5 shows a semiconductor device according to



_18_
the second embodiment of this invention.

In FIG. 5, a Bi-MOS element includes an n-p-n-
type vertical bipolar transistor 200 of washed emitter
structure formed in an n—type well 10a on a p-type
silicon substrate 10, and an n-channel MOSFET 100 of
the LDD structure formed in a p-type well 10b.

MOSFET 100 of this embodiment is identical in
construction with the MOSFET 100 of the first embodi-
ment. fherefore, like reference numerals designate
similar parts or elements throughout FIGS. 1 and 5;
its detailed description is omitted here for clarity.

The bipolar_transistor 200 includes an nt-type
emitter diffused region 62 formed in the n-type well
10a, a p-type base diffused region 64 formed under the
nt-type emitter diffused region 62, and an n*-type
collector diffused region 66 located on the p-type
base diffused region 64 via a field oxide film 12. @n

‘emitter electrode é0 is formed on the nt-type emitter

diffused region 62.

The nt-type emitter electfode 60 of the bipolar
transistor 200, the nt*-type gate electrode 30 of MOS-
FET 100, a source/drain electrode 40 and a wiring por-
tion 44 connected to a buried contact region 20 are
formed of the n*-type polycrystalline silicon layer
having arsenic by the same layer forming process.

A first nt-type contact diffused region 22 com-
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posing a buried contact structure 20 of MOSFET 100,

and the n+—£ype emitter diffused region 62 of the
bipolar transistor 200 are simultaneously formed by
impurity diffusion of arsenic from the n*-type
polycrystalline silicon layers (40, 60), having sub-
stantially the same depth of diffusion and impurity
concentration. A second nt-type contact diffused
region 24 composing the buried contact structure 20 of
MOSFET 100 and the n*t-type collector diffused region
66 for connecting the collector electrode of the
bipolar transistor 200 are simultaneously formed by
impurity diffusion of phosphorous, having substantial-
ly the same depth of diffusion and impurity concentra-
tion.

In this embodiment, the first n*-type contact
diffused region 22 of MOSFET 100 has a depth of diffu-
sion of 0.1 to 0.3 um, and the second n*-type contact
diffused region 24 has.a depth of diffusion of 0.5 to
0.8 um.

According to this embodiment, since the buried
contact structure 20 of MOSFET 100 includes the first
nt-type contact diffused region 22 formed by impurity
diffusion and the second n*-type contact diffused
region 24 formed by impurity diffusion deeper than the
first contact diffused region 22, it is possible to

reduce the'resistance of the buried contact structure.
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Therefore it is possible to form on one substrate both

MOSFET 100 having a small pa?;sitic resistance and the
high-speed bipolar tfansistor 200 with shallow diffu-
sion.

Since the second nt-type contact diffused region
24 composing the buried contact.structure 20 is made
deep, a buried.contact structure having a low
resistance can be formed with no influence by non-
uniform processing, such as irregular depth of etching
on the polycrystalline silicon layer as described in
connection with the first embodiment.

It is possible to set the depth of diffusion and
impurity concentration indepeﬁdently for the n+-type
emitter diffused region.62 of the bipolar transistor
200 and the second nt-type contact diffused region 24
of MOSFET 100. Therefore, the characteristics of the
buried contact structure 20 of.MOSFET 100 can be inde-
pendently set for the bipolar transistor 200, improv-
ing thg degree of freedom of device designing.

FIGS. 6A through &G shows the manufacturing pro-
cess of the semiconductor device of FIG. 5.

(A) In the step shown in FIG. 6A, using the
usual method, an n~type well 10a and a p-type well 10b
are formed in the p-type silicon substrate 10, and a
field oxide film 12 and an oxide silicon film 14a are

formed on the silicon substrate 10. Then, under such
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a condition that energy of implantation is 80 to 120

Kev and an’émount of implantation is 5x1013 to Sx1014
cm-2, ion implantation (indicated by ;rrows in the
drawing) of phoéphorous are performed on the silicon
substrate 10 via a resist film R2 as a mask having
openings, and annealing is performed in the atmosbhere
of nitrogen at 900 to 1,06090 for 40 to 80 minutes.
In this step, an n*-type collector difqued region 66
for connecting the collector electrode, and a second
nt-type contact diffused region 24 are formed.

(B) In the step of FIG. 6B, ion implantation of
a p~type impurity such as boron is performed to form a
base diffused region.64, whereupon a resist film R2 is
removed. Then, the oxide silicon film 14a shown in
Fig. 6A is formed with openings H2, H3 for forming a
buried contact structure and an emitter diffused
region, respéctive1y1 A.polycrystalline silicon laver
16 is deposited dn the substrate 10 to a thickness of
about 2,000 to 5,000 Angstrom by CVD. Under such a
condition that energy of implantation is 60 to 100 KeV
and an amount of implantation is Sx10!5 to 1x1016 cm-
2, ion implantation (indicated by arrows in the draw-
ing) of arsenic is performed, and annealing is per-
formed in the atmosphere of nitrogen at 900 to 1,005‘0
for 20 to 30 minutes. In this step,. an n*-type emit-

ter diffused region 62 and a first n*-type contact
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diffused region 22 are formed by arsenic diffusion:

from a polyéryétalline s&liqdn layer 16.

(C) In the step shown in FIG. 6C, the
polycrystalline silicon layer 16 is photo-etched to
form an nt-type emitter electrode 60, an nt-type gate
glectrode 30, an n*-type source/drain electrode 40 to
be connected to the buried contact structure, and a
wiring portion 44. At this time, an exposed portion
of the p-type silicon substrate 10 is also etched to
form a hollow 18 on the substrate 10;

(D) In the step shown in FIG. &D, a resist film
R3 is formed on a bipolar transistor forming region.
Then, under such a condition that energy of implanta-
tion is SO0 to 100 KeV and an amount of implantation is
1x1013 to 3x1013 cm-3, ion implantation (indicated by
arrows in the drawing) of arsenic orlphosphorous is
performed to form an offset region for the LDD struc-
ture on a MOSFET forming region. In this step, an n--
type diffused region 52a is formed in the MOSFET form-
ing region on the surface of the substrate 10.

(E) In the step shown in FIG. 4E, after removing
the resist film R3, a silicon oxide film 50a having a
thickness of 3,000 to 7,000 Angstrom is piled up by
CVD. |

(F) In the.step shown in FIG. &6F, the oxide

silicon film S50a undergoes the anisotropic étching to

W
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form silicon oxide side walls 50 on the end of each of

the gate electrode 30 ana nﬂQtype source/drain elec-
trode 40 and on the opposite ends of the n*t-type emit-
ter electrode 60.

(G) In the step shdwn in FIG. 6G, a resist film
R4 is formed on a bipolar transistor forming region.
Then, under such a condition that energy.of implanta-~
tion is S0 to 100 KeV and an amount of implantation is
1x1015 to Sx1015 cm-2, ion implantation (indicated by
arrows in the drawing) of arsenic or phosphorous is
performed, and annealing is performed in the atmo-
sphere of nitrogen at 900 to 1,000°C for 20 to 60
minutes. In this step, an n*-type source diffused
region 42a and an n*-type drain diffused region 42b
are formed for MOSFET 100. The offset reéion 52 con-
stituted by part of the n--type diffused region 52a is
formed under the side wall SO to provide an LDD struc-
ture.

In the second embodimehi, like the first embodi-
ment, in MOSFET it is also possible to obtain a buried
contact structure to which no LDD structure is added.

Both the n*-type emitter diffused region 62 and
the first n*-type contact diffused region 22 éan be
formed by the same first step, and the nt-type collec-~
tor diffused.region 66 and the second contact diffused

region 24 are formed by the same second step, thus
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simplifying the manufacturing process of a semi-
conductor device.

Embodiment 3:

FIG. 7 shows a modification of the MOSFET of the
first embodiment. _ |

MOSFET 400 of this embodiment is essentially
identical in construction with the MOSFET 100 of FIG.
1, except that there is a cover portion 46. The cover
portion 46 is formed by extending the end of the
source/drain electrode 40 of the polycrystalline
silicon layer, covering the gate oxide film 14.

The cover portion 46 prevents the silicon lavyer
of the first embodiment from being formed with a hol-
loﬁ 18, since the silicon substrate 10 is not exposed
during etching. Therefore, no leak current is caused.
on the diffused layer due to the hollow 18.

For this purpose, a masking film is formed on
.the silicon layer 16 at a cover portion forming region
during etching (FIG. 4C).

" FIG. 8 shows a Bi-MOS element similar to the Bi-
MOS element of the second embodiment, to which the
structure of MOSFET 400 is used. The Bi-MOS slement
of this embodiment is identical with that of FIG. 5,

except that the cover portion 46 is formed.

In addition to the above-identified advantages

as attained by the first and second embodiments, MOS-



. ~25~
FET and Bi~-M0OS slements of this embodiment can offer

an advantage that the co;er pbrtion 46 serves to as—
sist in preventing the leak current in the diffused
layer which leak current might be caused by etching.
Therefore, it is possible not only to prevent the leak
current in the buried contact structure but also to
prevent the subthreashold characterics of MOSFET from
being deteriorated.

lalthough certain preferrgd embodiments have been
shown and described, it should be understood that many
changes and modifications may be made therein without
departing from the scope of the appended claims. For
example, this invention is also applicable to p-n-p
bipolar elements and/or p-channei MOS elements as well
as the n-channel MOSFET as a MOS element and n-p-n

bipolar transistor as the bipolar element.
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1. A semiconductof;device comprising:

(a) a semiconducto} substrate;

(b) an MOS element formed on a main surface of
said semiconductor substrate and having a buried con-
tact structure; and

(c) said buried contact structure including a
first contact diffused region formed by diffusion from
a polycrystélline silicon layer, and a second diffused
region formed by diffusion deeper than said first con-

tact diffused region.

2. A semiconductor device according to claim 1,
whereih said MOS element is an n-channel MOS
transistor. |

3. A semiconductor device according to claim 1,
wherein said Mos_element is a p-channel MOS

transistor.

4. A semiéonductor device according to claim 1,
wherein said polycrystalline silicon layer constitutes
a source/drain electrode.

5. A method of manufacturing a semiconductor
device, comprising the steps of:

(a) forming a second contact diffused region by
forming a field oxide film and a gate oxide film on a
silicon substrate and then doping an impurity of a

large diffusion constant to a buried contact struc-
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(b) forming a firsé.contact diffused region by
forﬁing openings in the éate oxide film, forming a
polycrystalline silicon layer on the silicon substrate
and then doping an-impurity of a small diffusién con-
stant to the buried contact structure forming regibn
via the openings;

(c) etching the polycrystalline silicon layer to
form a gate-electrode and a source/drain electrode;
and

(d) doping an impurity to form a source/drain
diffused region.

6 . A semiconductor device according to claim 4,
wherein said source/draip electrode is formed, simul-
. taneously with forming a gate electrode, by forming
said polycrystalline silicon layer and etching the
same.

7 . A semiconductor device comprising:

(a) a semiconductor substrate{

(b) a bipdlar element formed on a main surface
of said semiconductor substrate;

{(c) an MOS element formed on the main surface of
said semiconductor substrate and having a buried con-
tact structure:;

(d) an emitter electrode of said bipolar element

and a source/drain electrode of said MOS element being
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in the form of a single polycrystalline silicon layer;

(e) said buried coAtacﬁ structure of said MOS
element including a firsf contact diffused region
formed by impurity diffusion from said polycrystalline
silicon layer and a second contact diffused region
formed by diffusion deeper than said first contact
diffused region; and

(£) an emitter diffused region of said bipolar
element and said first contact diffused region being
formed by impurity diffusion from said polycrystalline
silicon layer. '

8. A semiconductor device according to claim 7,
wherein said semic&nductor substrate is a silicon sub-
strate, said MOS element is a MOS transistor
formed in a well, and said bipolar element is a
bipolar transistor formed in a well.

9. A semiconductor device according to claim 1
or 7, wherein said first contact diffused region has a
depth of diffusion of 0.1 to 0.3 um and said second
contact diffused region has a depth of diffusion of
0.5 to 0.8 um.

10. A semiconductor device according to claim 1
or 7, wherein said first contact diffused region is
formed by doping arsenic having a small diffusion con-
stant and said second constant diffused region is

formed by doping phosphorous having a large diffusion
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constant.

11. A éemiconductér device according to claim 1
or 7, wherein said-polyérystalline silicon layer to be
connected to said buried contact structure has a cover
portion formed to extend over a gate oxide film of
said MOS element so as to cover a gap between said
gate oxide film and said polycrystalline silicon
layer.

12, A semiconductor device according to claim 1
or 7, wherein offset regions are formed in both a con-
necting portion between a gate electrode and a
source/drain diffused region and a connecting portion
between said first and second diffused regions of said
buried contact structure so as to provide an LDD
structure.

13. A method of manufacturing a semiconductor
device, comprising the steps of:

(a) forming a second contact diffused region and
a collector diffused region by forming a wéll and then
a field oxide film and a gate oxide film on a silicon
substrate and then doping a impurity of a large diffu-
sion constant to a buried contact structure forming
region and a collector diffused region forming region;

(b) forming a first contact diffused region and
an emitter diffused region by doping impurity, with

the MOS element forming region masked, to form a base
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diffused reéion to a bipolar element, then by forming
openings in a gate oxide film of the buried contact
structure forming regioﬂ and an emitter diffused
region forming region, by forming a polycrystalline
silicon layer on the silicon substrate, with the MOS
element forming region unmasked, and by doping an im-
purity of a small diffusion constant via ﬁhe openings;

(c) etching the polycrystalline silicon layer to
form a gate‘electrOde and a source/drain electrode of
the MOS element and an emitter electrode of the
bipolar element; and

(d) doping an impurity, with a bipolar element

forming region masked, to form a source/drain diffused

region.



